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50-neTne Ha4yana ctpouTernbCTBa
Bankano-AMypckon marmcrtpanu

Toeinze B yectsb S0-1€THS HaYala CTPOUTEIbCTBA

BAMa BcTpernnuch ctadeTHBIE Oe3/1a U3

XabapoBcka u VpKyTcka, CHMBOJIM3HPYS CTHI-
KOBKY «30110TOr0» 3BeHa bAMa. CocTaBel B TedeHHE
HECKOIBKUX JHEH IN HaBCTpedy ApYT Apyry. B uncie
naccaxupoB — 6oiiee 600 BeTepaHOB U IIOYETHBIX TOCTEH.
Bcero B cronmuiie BAMa co6panuce Gonee 2 ThICSY To-
cTel co Bcelt cTpaHsbl 1 ObIBIINX pecmyOmk CoBeTcko-
ro Co103a, 9T00BI BHOBb BCTPETUTHCS M BCIIOMHHTb, KaK
OHM TIOJNBEKAa Ha3ajJ MPOKIAABIBATH AOPOTY CKBO3b
OECKpaiHIO TaWTry, peKd U ropHbie XpeoTel Cubupu
u JlansHero Bocroka.

B 5TOT 3k€ 1eHb GBI OTKPHIT TAMATHHUK CTPOUTEIISIM
MarucTpany. Kommosnmws, BeuHTast 13 OPOH3BL, yCTa-
HOBJICHA HA IPAaHUTHOM nocTamenTe. C 00enx CTOpoH
CKYJIBITYPBI Pa3MEIIEeHBI CIOXKEThI U3 KU3HU 0aMOBLICB
U MaplIpyT JeTeHIapHOH >keae3HOi Zoporu. ABTOp
NMaMsITHUKAa — HapOAHBIH XynoxHUK Poccuu CanaBar
Ilep6axoB.

8 mroms — OMH W3 WIABHEIX JHEH B mctoprn BAMa.
Hecwmortpst Ha 1o, 49TO K 1€ty 1974 roma pabora Ha maru-
CTpaJIll Y’Ke BOBCIO KHII€IIa, U 31€Ch TPYAUINCH OTPSIIBI
komcomoublieB, nocranoBienue L[K KIICC u Coera
MunuctpoB CCCP Ne 561 «O crpourensctse baiikaio-
AMypCKO# MarucTpaimy ONPEAENMIIO JTANBl H CPOKH
CTPOUTENBCTBA, 00BEMBI OSCIIPEIICACHTHOTO (PMHAHCHPO-
BaHML.

BAM cran ky3uuiei pekopaoB. O01ias mpoTsHKeH-
HOCTb MaruCTpaiu cocTapisieT 4287 KM, OHa TPOXOIUT
yepe3 Boctounyro Cubups 1 JJansauii Boctok k Tuxo-
My OKeaHy. A Takke IepeceKaeT TEPPHTOPHIO ABYX
pecyonuk (Bypsaran u SIkytim), 1Byx kpaes (Xabapos-
CKOTO M 3a0alKanbCKoro), AByx obmacreit (MpkyTckoi
1 AMYpCKOif), IPOXOAUT 4epe3 7 ropHbIX XpeOToB u 11
TIOJIHOBOAHBIX pek (cpexu Hux JleHa, Butum, Onékma,
Awmyp, 3es1, Cenemmxka, Bypest).

Ha npoxnazke myTeil B IUKOBBII EPUOJ CTPOUTEIIb-
CTBa OBLIO 3aHATO OKOMIO 130 THICSY COBETCKHX TPaKIaH,
a 3a BCIO HCTOPUIO B COOpYy>KeHUH baiikano-AMypckoi

Domo na nepeoii 06nodicKe: npecc-yenmp M pCmea mp pma Poccuiickoii

MarucTpaiy IPHHSIIA yJacTHE CBEIIIE 2 MHUJUIHOHOB
YeNoBEK, B TOM YHCIIE MPEACTaBUTENH 13 peciyOmuk
CCCP u 22 apronomuii PCOCP.

PaboThl IPOXOAMIIN B CIOKHBIX KIMMAaTHYECKHUX
1 TE0JIOTHYECKUX YCIOBHUSIX, YTO TPEOOBAJIO OTPOMHOTO
BKJIa/Ia OT BCeX cep rocynapcTpa, HO MPEXkKE BCETo OT
TeX JI0[eH, KOTOpPBIe HEIOCPEACTBEHHO NMPHHUMAIN
ydactue B crpoutenscTBe. Cozmarenn BAMa pemmnmn
3a1a4y OOLIEroCyAapCTBEHHOTO YPOBHSI, OTKPBUIN J0C-
Ty K IIPUPOAHBIM pecypcaM OrpOMHOIO PErHoHa, Mo-
CTPOMJIM KpaT4aHIINii MEKKOHTHHEHTAIBHBIN JKEeTIe3HO-
JOPOXHBIN MapumpyT Boctok — 3amax m ykpemwmin
BOCHHO-CTPATETHIECKOE MOJI0KEHNE CTPAHBL.

CumBoanuHo, 4T0 K 40-nmetuio BAMa, 8 uromns
2014 rona, Ilpesunent Poccun Baagumup [lytin man
ounmansueli crapt «bAMy-2» — KpynHelei coBpe-
MEHHOH cTpolike Ha BocrounoM monurone. IIpoext
pacupenuss BAMa HanpaBiieH Ha yBeIMUYEHUE TPAHC-
TIOPTHOH CBs3HOCTH Poccuu co cTtpaHamu A3HaTCKO-
THX0OKEaHCKOr0 PETMOHA U YJIY4YIIEHUE YCIOBHH
COIMAIbHO-9KOHOMHYECKOro pa3Butus Jlamsaero Boc-
TOKA.

B 2024 rogy no nopyuenuro I'maBbl rocygapcrsa
YTBEpKIEH TPETHit Tl paboT MHBECTUIIMOHHOTO IIPO-
€KTa [T0 MOASPHU3ALNH KEJIE3HOAOPOKHOH HHPPACTPYK-
Typsl BAMa u Tpanccuba g0 2035 roga. B pamkax
MPOEKTa CO3AAETCs IPUHIUINAIBHO HOBAsI 110 KAYECTBY
JKEJIE3HONOPOKHAsE MHPPACTPYKTYpa C NPUBICYCHUEM
CaMBbIX TIEPENOBBIX TEXHUKO-TEXHOJIOTHYECKHX pelre-
HUH. B yClI0BUSX OBBIIEHHOTO CIIpOca Ha rpy3o1epe-
BO3KH B BocTouHOM HampaBieHuHW pa3Butue bAMa
u Tpanccuba sABIseTCs OXHON U3 KIIFOUEBBIX HALIMOHAIb-
HBIX 3a]a4.

Ilo undopmanmn npecc-neHTpa
MunucrepcrBa TpaHCIIOPTA
Poccuiickoii ®egepanuu:
https://mintrans.gov.ru/press-center/
news/11342 @

epayuu https://mintrans.gov.ru/press-center/news/11342.

Forn cover photo: media centre of the Ministry of Transport of the Russian Federation https://mintrans.gov.ru/press-center/news/11342.
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AHHOTALINA

BaxHbIM ycriosuem 0nis dKkcniyamayuu ocoboepy3oHanpsi-
JKeHHbIX UHUU A8ngemcs obecneyeHue cmabunbHocmu éeomem-
pUU penbCcosoli Koreu, 8 MOM Yucre 8 8epmukaribHol nockocmu,
Komopasi 80 MHO20M 3asucum om cmabusbHoCmu nodwnarb-
HO20 OCHOBaHUS U, 8 MOM 4ucIe, 0m omcymemeusi 0cmamoyHol
Oecpopmayuu bannacmHozo Crosi.

B cmambe npusedeH aHanu3 pedynbmamoe uccrnedosaHus
NO yMeHbWEHU 0cmamoyHbIx 0echopmayuli 6annacmHo2o crios
npu nomowiu nodwnasnbHbIx Npoknadok. Liensio 0aHHol paboms!
A815eMcs OUeHKa UxX 81UsHUS Ha pabomy 6annacmHol npu3Mb!

pernbca, ocmamoyHble Oechopmayuu bannacma.

Mup Tparcriopta, 2024. T. 22. N 4 (113). C. 6-12

MogaenupoBaHue paboTbl 6annacTHON NPU3MbI
C NOALWNanbLHLIMA NPOKNaaKaMu

Ezop Onezosuu /Joinés’,
Eezenuni Camyunosuu Awinus’

:2Poccutickutl ynueepcumem mpancnopma,
Mockea, Poccus.

YORCID: https://orcid.org/0009-0005-0665-822X;
PUHI] SPIN-x00: 6475-9848; PUHL] AuthorID:
1157251

2 ORCID: hitps://orcid.org/0000-0003-1334-

2117; PUHI] SPIN-xo0: 5412-7662; PUHI]
AuthorID: 169354.
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8 nepuod cmabunuzayuu U nepuod HopmanbHol e20 pabombi.
B nabopamopuu nonyyeH epagpuk ocadku wmamna, onpedesneHa
UHMeEHCUBHOCMb €20 0cadku, uamepeHa nnowadb KoHmakma
nodowsb! wWmamna ¢ banmacmom, paccyumaHbl KOHMaKmHble
HanpsbKeHUsT U NOCMPOeH 2paghuk UaMeHeHuUs MoOysis ynpyeocmu
modenu.

INo pesynbmamam uccredosaHusi 8bIS8NEHO, 4mo nodwnass-
Hble NPOKNadku NomMo2aom yMeHbW UMb 0CmamoyHbie Oegpopma-
yuu banmacmHo20 ¢ros 8 nepuod e20 cMabunusayuu U yMmeHb-
Wumb UHMEHCUBHOCMB 0cadku 8 0CHO8HOU nepuod e2o pabom!.

Kntoyesbie crioga: xene3Ho00poxXHbIl nymb, nodwnasnbHbie npoknadku, Modynb ynpyeocmu nymu, 6annacmubii crol, ocadka

Jns uumupoearus: [lbinée E. O., Awnus E. C. ModenuposaHue pabomsi 6annacmHoli npuambi ¢ nodwnasbHbiMu npoknadkamu //
Mup mparcnopma. 2024. T. 22. Ne 4 (113). C. 6-12. DOI: https:/doi.org/10.30932/1992-3252-2024-22-4-1.

MonHbili mekcm cmambu e nepeeode Ha aHanulickull A3bIK Ny6nuKyemcst 80 emopoll Yacmu GaHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE

CTabmIbHOCTh TEOMETPHH PEITECOBOM KOJICH
SIBISIETCS] B)KHBIM YCIIOBHEM O€30MacHOM 3Kc-
TUTyaTaluy KEJIE3HBIX JOPOT ¢ WHTEHCHBHBIM
IBIKCHUEM W OONBIIM O00BEMOM IEPEBO30K
rpy30B. B eme Oompiieif Mepe 3TO OTHOCHTCS
K 0COOOTpY30HAIPSHKEHHBIM JIMHUSM ', TIPOTS-
JKEHHOCTh KOTOPBIX, HampuMmep, Ha cetn OAO
«PXX» coctaBisietr Ha ceromHs 16 Thic. kM [1].

HccenoBaHnsaM HaKOIUICHHSI OCTAaTOYHBIX
nedopmariii B 0amuracTHOM citoe OBLTH TIOCBSI-
mensl padotsl yaeHsix BHUMXKT Bo BTOpO#t
monmoBuHe XX Beka [2-5], B pe3ynbrare 4ero
O0BTO0 cpOpMUPOBAHO OCHOBHOE IMOHUMAaHHE
paboTHl 3TOTO ANIEMEHTa KOHCTPYKIHH ITyTH.
PaccmarpuBas paboTy 6aIacTHOTO CIIOS JKeIe3-
HomoposkHoro myTH, C. H. [TomoB ykaseiBai, 9To
UIsT 00ecIIeueHns JIINTEIBHON CTaOMIBHOCTH
TTOAIIIATBHOTO OCHOBAHMS Ha JIMHHSAX C BBICO-
KOH TPpy30HANPSHKEHHOCTHIO HEOOXOANMO HMETh
TaKyI0 KOHCTPYKIHIO ITyTH, B KOTOPOH Oasmact-
HBI citoit pabotanm OBl Ha BCEM MPOTSHKCHUU
ITyTH C PABHOMEPHBIM HaKOTIICHHEM OCTATOIHBIX
nedopmariii [2]. 3ydas xapakTep HAKOIDICHUS
OCTaTOYHBIX ehopmarnii GamTacTHOTO CIOS Ha
MIPOTSHKEHUHN €TO KM3HEHHOTO IIUKIIA, OH BhIJIE-
JIWJT 9ETHIPE XapaKTEPHBIX MEPHUOAA, KOTOPHIC
OITHCAJI CIIEAYIOIINM 00pa30M: BO BpEMsI IEPHO-
nma 1 (mepnon ctaOWIM3aIMy) MPOUCXOANUT HH-
TEHCHBHOE HAKOIUICHHE OCTAaTOYHBIX Aeopma-

' CIT 119.13330.2012 JXKenes3Hbie XOPOTH KOJEH
1520 mMm. AkryanusupoBaHHas penakuus CHull 32-
01-95. [DnekrpoHnHbiii pecypc]: https://docs.cntd.ru/
document/1200095541?ysclid=m7endujtqq310261972.
Hoctym 21.08.2024.

Memaanerkul suiy
{4 g T8 35 !

LW 332 CYET MepeynaKkoBKH 3epEeH U OKOoJIa UX
OCTpBIX I'PaHei, KOTOPOE K KOHILY PE3KO CHIKa-
eTcs, ¥ B iepuoze 2 (eproji HopMaibHOU pado-
Thl) HaKOILUIEHHE OCTAaTO4YHOI nedopmanuu
CTaHOBUTCS MUHUMaJIbHBIM. [lepnon 3 xapakre-
pH3yeTCsl pOCTOM HAKOIUICHHSI OCTaTOYHBIX Jie-
(hopMaruii, KOTOPBIH CBSI3aH C 3arPSI3HEHHOCTHIO
meOHsT K KOHLY CPOKa ero 3KCIUIyaTaluu.
B neproze 4 nporcxonut 4pe3amMepHO UHTEHCHB-
HOE€ HaKOIUIEHHE 0CaJIKM, HaCTyMaroIee BelaeI-
CTBHE HEBBIIOJIHEHHS] CBOEBPEMEHHOTO PEMOH-
Ta MyTH.

OCHOBHOI MPUYNHON HAKOIUIEHUS OCTATOY-
HBIX JedopMmanuii B 6amiacte B IpoOLECCE IKC-
wtyararuu B. Y. JIbICIOK cuuTan AMHaMHYEeCKOe
BO3/IEHCTBHE MOE3/I0B HA My Th [3], KOTOpOoe TeM
CHJIbHEE, YeM BBIIIIE )KECTKOCTh BEPXHETO CTPOEe-
Hust. [IpuMepoM yBenn4eHHs KECTKOCTH ITyTH
SIBJISIETCSI TIEPEXOJI C JEPEBSHHBIX LINAN Ha JKe-
ne300eToHHbIe. Takoe N3MEHEHNE KOHCTPYKLUH
MOBJIEKJIO 32 COOOi TOBBIIIEHUE JTUHAMUYE-
CKOTO BO3/ICHCTBUSI TOE3/10B Ha MY Th U, COOTBET-
CTBEHHO, POCT MHTEHCHUBHOCTH HAKOILJICHUS
OCTaTOYHBIX Aedopmaiyii B 0aIacTHOM cioe,
4TO OTMeuaIoch B padbore B. ®@. denynosa [4].
HawuGonpiime npo6ieMbl Ipy 3TOM BO3HUKAIOT
IIPY AMHAMUYECKOM BO3/ICHCTBUH B 30HE PEilb-
COBOTO CTBIKA, JIsl PELICHUS KOTOPBIX B padoTe
[5] mpemnaranock 1OOUTHCS YMEHBIICHHUS OCTa-
TOYHBIX JeopManuii Oanaacra ycTpoHCTBOM
YOpyrod CBS3M MO HUKHEHW OMOPHOM MOBEpX-
HOCTH )KeJIe300eTOHHOI ITalIbl, KOTopast yiy4d-
LIAT YCJIOBHSI KOHTAKTa YacTHIl MEOHS C MOI0-
HIBO¥M LINajibl, yMEHBIIUT €T0 IPOOUMOCTH
U UCTHPaHUE.
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Puc. 1. Cxema ycmpoiicmea nabopamopHoii modenu [8bINOJIHEHO agmopamu].
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Puc. 2. lpachux npunoxerus Hazpy3ku k modenu. F . = 40,63 kH; F

B 3apy0OexHbIX cTpaHaxX Ha PsAAE Y4acTKOB
CHIDKEHUE HANIPSDKEHUH B 0aTaCTHOM CIIO€ IOCTH-
raeTcst 3a cYeT NMPUMEHEHHs MOJIIITAIBHBIX MPO-
knanok (nanee — I1IIIT) [6]. B Poccuu uccneno-
Banwusi ¢ dexruHocTH [TIUTT cranu npoBoanTHCS
c cepenuHbl XX Beka [5; 7; 8], HO B OCHOBHOM OHU
ObUIM HaNpaBJICHbI Ha 00eCTIeYeHIE CTAOUIBHOCTH
IyTH B CTHIKOBBIX 30HaX. B wactHOCTH, B pabote
B. H. Kannuna [9] moaTBepkaeHa TEXHHUKO-
sKoHOMHYecKas 3()(PEKTUBHOCTh MPUMEHEHHUS
TILIII npu BIIIPaBKE ITYTH B CTHIKAX.

Ha coBpeMeHHOM 3Tarne MOBBIIEHUS T0E3/1-
HOM Harpy3Ku Ha ITyTh HEOOXOUMO HCCIIEI0BATh
Bonpoc 3¢ dekruBHocTr npumenenus [TIHTT
U BHE 30HBI CTBIKOB, PACCMOTPEB BO3MOXHOCTb
CHIDKEHHS HaKOIUICHUS AedopManuii B ycio-
BUAX OECCTBIKOBOTO IyTH, YTO CTAJIO Yeabio
UCCIIEI0BaHMUS, PE3YIIBTAThI KOTOPOTO MPUBOAST-
Cs B CTaThe.

Hcxons U3 npuBeEHHON BBIIIE XapaKTepH-
CTHKHU YETBIPEX MEPUOI0B pabOThl OalIacTHOU
npusMbl, chopmynupoBannoii C. H. [TonoBsim,
MOXKHO MpPeAnonokuTs, uyto [TIHI1, Gnaroxaps
YMEHBUIEHUIO KOHTAaKTHBIX HaINpsXKEHUH,
JOJDKHBI YMEHBIIHUTH O0CaJIKy 0aJIaCTHOTO CIIOS
B riepuoabl 1 u 2 ero paboThl, a Ha MEpUOAbI 3
1 4 OKa3bIBATh BIHMSHUE HE OyIyT, TAK KAK OCHOB-
HOE BIUSHHE HAa YBEJIMYEHUE OCAAKHU B ITO
BpEMsI OKa3bIBACT €TI0 3arPA3HEHHOCTb.

Jlns monTBep K ACHUS IPEACTAaBICHHOM TUIIO-
Te3bl OBUIO MPUHATO PELIeHHe O NMPOBEICHUH
71a00paTOPHOTO FKCIIEPUMEHTA, Y€/1b10 KOTOPOTO
6110 onpeaenenue Bnusiaus [T Ha neprost
1 u 2 paboThI OAIITACTHOTO CIIOSI.

PE3YNbTATbI
YeaoBust HCIBITAHUIM

MonenupoBaHue paboThl 0AJTACTHOTO CIIOST
BBINIOJTHEHO KaK MOJICTUPOBAaHNE B IByXMEPHOM
MPOCTPAHCTBE, IZI€ 3a MIOCKOCTh MOJEINPOBa-
HUS IPUHUMAETCS INIOCKOCTb BAOJb ITyTH B IO~
penbcoBoil 30He. BO3MOXXHOCTE IpoBeAEHUS

®  Mwup TpaHcnopTa. 2024

"‘-\-_
——
t.c

= 4,06 kH [ebinonHeH aemopamul].

min

TAKOTO OIlbITa ObLIa MOATBEpXk/IeHa B padote [10]
IIPY M3y4eHHU Ae(OpPMAIMOHHBIX CBOHCTB 3a-
IpsA3HEHHOTO OasuiacTa.

CxemMa Mozienu mprBezieHa Ha puc. 1.

Mogens cobupasach B METaIINYECKOM
AIMKE, Pa3MePbl KOTOPOTO COCTABIISAIN: BIIOJb
ocu myTH — 850 MM (MHHMMAJIBHBIA pa3Mep st
HCKJIIOUCHHSI BJIUSHUS TPAaHUYHBIX YCIOBUH),
a ronepex — 535 MM (HauMeHbIINH pa3mep st
HCTIBITAHUH eOHS JOJDKEH MPEBHIIIAaTh MAKCH-
MaJIbHBIH pa3Mep YacTHIl MeOHs He MeHee YeM
B ATH pa3 [11]), Beicora — 400 MM.

B ocHOBaHuu fA1MKa yKIaAbIBaJICs YIPYTHil
MaT TonuHoM 10 MM, KOTOpPBI MOAETHpOBAa
OCHOBHYIO IUIOIIA/IKy 3EMJISHOTO IOJIOTHA (J1a-
nee — OII3II). [Ins uckiodeHnss MECTHBIX Jie-
dbopmanuii Ha ynpyrui cioil ykiiaJgplBajiach
(danepa TommuuHON 3 MM. Takasi KOHCTPYKIHUS
M03BOJIMJIA JTOOUTHCS MOAYNS NeGopManuu
OII3I1 8 80 MITa. ITpu aToM TONIIMHA OaIacT-
HOTO cJ1og coctapisuia 30 cm.

Ha cnenyromeM sramne nociaolHO yKiaabl-
BaJICsl TPAHUTHBIN 111e0€Hb BTOPOI KaTeropuw,
3€pHOBOI COCTaB KOTOPOTO COOTBETCTBYET
T'OCT 73922, TonmuHa CJI0S COCTaBIISIA
100 mm. Kasxp1if c110# yIITOTHSIICS ITPY TIOMOIIN
JepeBSIHHOTO mTaMmna pasMepom 830x525 Mm.
K nepBeIM BYM CII0SIM Harpy3ska IpHKIIa/bIBa-
nach B konudecTBe 10 ThIC. IUKIIOB, K TPEThEMY
cnoro — B konnuectse 500 Thic. ukioB. [paduk
TIPUIIOKEHUS HATPy3KH MPEACTaBICH Ha pUC. 2.
YacToTa MpHIIOKEHUsT HAarpy3Kku paBHa § I'm.
JlaHHBIN pe)KUM YIUIOTHEHUS TO3BOJISIET JOOUTh-
cs HaWJTydIIero yrjaoTHeHus [12].

INocne yninoTHeHHs yCTaHABIMBAJICS XKENIE30-
OeToHHBIH mTamiL. J{jis obecnedeHus peatbHOro
KOHTaKTa MEXIy IINaJIoi 1 0amiacToM, ITaMII

2 TOCT 7392-2014. Ille6eHp U3 MIOTHBIX TOPHBIX
MopoJa Ais 0analacTHOTO CJIOs XKEJIEe3HOLOPOKHOTO
nyTH. TexHuueckue yciaoBus. [DIEKTPOHHBIH pecypc]:
https://files.stroyinf.ru/Data2/1/4293762/4293762301.
pdf?ysclid=m872wmf7pk430161462. Joctym 21.08.2024.
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Puc. 3. labopamopHasi Modesib 8 c6ope [8bINOHEHO agmopamu].

Puc. 4. BHewruii eud MLLI mMs2ko20 muna nocne ucnsimaxuli [8bINOIHEHO agmopamu].

OBUT BBIPE3aH M3 CPEJAHEW YacTH IIMaJbl MOJ-
tumna [113-71 4x10. ®oTo cobpaHHOW MOAEIH
MIPUBEICHO Ha puc. 3.

B MOMEHT mpoBescHHUsT caMOro dKCIEpH-
MEHTa K MOJIEJIN IIPUKJIA/IbIBANIaCh HAarpy3Ka TaK
JKe, KaK U BO BpeMs YIUIOTHEHHS, COTJIACHO
puc. 2. MakcumarbHas CHja o3BOJISIET J00UTh-
Csl IOMYCTHMBIX HAINPSHKCHUH O] MOJOIIBOM
mmnansl OT BaroHOB, paBHbIX 325 klla. [lanHoe
3HAYCHUE HANPSHKCHUH yCTaHOBIECHO B MeTo-
JIMIKE OLICHKH BO3/ICHCTBHS TIOJIBIYKHOTO COCTaBa
Ha IYTh 10 YCJIOBHSM OOECIIeUeHHs HaJeHKHO-
ctu’ (nanee — MeToauka).

KonnuecTBo LMKIOB B SKCIEPUMEHTE CO-
CTaBJIsUIO 2 MJIH.

YacToTra Bo3/1efiCTBUS HATPY3KH COCTABIISAET
8 I'm. OOOCHOBaHHMEM NPHUHSTOW 4acTOTBI BO3-
JNEUCTBUS SIBUJIUCH CIIEAYIONINE MapaMeTphl:
0aza tenexxku pasmepom 1850 MM U cpenHEeceTe-
Basi CKOPOCTb, paBHas 55 km/4 (15,28 m/c).

> MeToaMKa OLEHKH BO3ASHCTBHS MOJABHKHOIO COCTaBa HA
ITyTb 110 YCJIOBHSIM 00ECTICUCHHUS HAIC)KHOCTH, YTBEPIKICHHAS
pacnopskeHreM OAO «PXKI» ot 22.12.2017 Ne  2706p.
[OnexTponnsrit pecypc]: https://meganorm.ru/mega
doc/norm/metodika/0/metodika_otsenki_vozdeystviya
podvizhnogo sostava na_put po.html. loctym27.08.2024.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 6-12

BbUI10 BBINOIHEHO TPH 3KCIIEPUMEHTA, KOTO-
pble MeXay cO00I MMENH pa3nyus B KOHTAKTe
MEXY MMOJOIIBON IITaMIa u 0aJutacToM:

— mozens Ne 1 — 6e3 ITIIIT;

— moguelb Ne 2 — ¢ ITIHIIT msarkoro Tuma;

— Mmogenb Ne 3 — ¢ [THIIT cpennero tuma.

COopKa KaXI0# U3 IPeNICTaBIEHHBIX MOJIe-
JIel MPOMCXOAWIIa COMNIAaCHO NMPEACTABICHHOMY
BBILIE OMUCAHUIO.

[IIIT u3roToBICHBI U3 MOJUOICHUHOBOTO
Matepuaa, TouHoi 10 MM U ¢ pacnipeneneH-
HBIM CTaTHYE€CKHM MOJIYJIEM YHNPYTOCTH
0,14 H/mm? (Msirkoro tumna) u 0,24 H/mm? (cpen-
HETO TUIIa).

Tunsr TTHIIT cOOTBETCTBYIOT TEXHUYECKHM
tpebosanusam 1[JI1.02.20204.

Pe3ynabTaThl JIaG0paTOPHOro IKCIEPHMEHTA
[Mocune 3aBepeHUst SKCTIEpUMEHTa OBLI ITPO-
B€JICH BU3yalbHBIN ocMOTp coctostHus TTIHIIT.
CTOUT OTMETHUTb, YTO, NMPOBENS LUKINYECKHE
UCIIBITaHHS IO/ HATrPy3KOH, KOTOpasi BHI3bIBAET
MaKCHMaJbHO JOMYCTUMbIC HaNpsDKEHUS IO/

4 HpOKJ’IaZ[KP[ ToAmITaJIbHBIC. TeXHH‘{CCKI/I€ TpeGOBaHI/Iﬂ.
LUII.02.2020.
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Puc. 5. BHewHuii eud MLLIM cpedHezo muna nocie ucnsimaHull [8bINOIHEHO agmopamu].

Taéauna 1

HNHTEeHCHBHOCTH OCAAKH IITAMIIA [Bbll'lOJ'lHeHO aBTOpaMPI]

Monens Benmunuuna ocagku mocie
OKOHYaHHs IIEPBOTO Mepuoa

(1a 100 THIC. MUKIIOB), MM

Ocajxka nrrammna mocjie | MHTEHCMBHOCTD 0CaIKH
2 MIIH IIUKJIOB, MM BO BpeMsl BTOPOTO IIEPHOJA,
MM/MJIH IIUKJIOB

Bes ITLIIT 7,70 9,75 1,03
C IIIUIT cpeanero Tuna 4,28 6,38 1,00
C TILII msirkoro Tuma 3,22 5,05 0,92

moxomBoii mmabl, Ha [TIIIT He 61710 CKBO3HBIX
npoboeB u TpemuH. Ha puc. 4 u 5 npuBeneHs
toro IMIIIT mocne ucpITaHUH.

Ha puc. 6 npuBeneH rpaduk ocaaky mrammna
B TPEX MOJEJISIX, U3 KOTOPOrO BUAHO, UTO OCA-
Ka Oayiacta B KOHIIE IIEPBOTO TIEPUOAA €T0 pa-
601H1 ymMeHbmmtack B mMozpensx c¢ [TIHIT npu-
MEpHO B JIBa pa3a.

OTMETKH YpOBHS IITaMIla MO0 OKOHYAHUIO
MEePBOTO Mepuoaa paboThl U B KOHIIE IKCIICPH-
MeHTa OBLIM BBIHECEHBI B Taba. 1 jjs Toro,
4yTOOBI JaTh OLEHKY 3P ()EKTHBHOCTH UCIIOIH30-
Banus [TLTI.

AHanu3 pe3ynbTaToB, NPEACTaBICHHBIX
B Tabia. 1, MOKa3pIBaeT, YTO MCIOIH30BAHUC
TIIIIT cpenHero Tuma MO3BOJMIO YMEHBIIUTD

OcCaJIKy LITaMIla B KOHIIE NIEpBOTO IepHoJa pa-
00THI OayuTacTHOM TpU3MBbI Ha 44 %, a MATKOTO
trna — Ha 58 %. Takxe HE00X0UMO OTMETHTh,
yTto ucnons3osanue [T npuseno k ymeHsle-
HUIO MHTEHCUBHOCTH OCAJIK! ILITaMIIa BO BTOPOM
nepuoae paboTel OamracTHON mpu3Mbl. Tak
[T cpegHero Tuma yMEHbUIMIN UHTEHCUB-
HocTb Ha 3 %, a [TIIII markoro Tuna —Ha 11 %.

Pa3HuIB B M”3MEHEHUH 3€PHOBOTO COCTaBa
mEeOHs MEXy TPeMsI MOJEISIMHU TOCTe IKCIe-
puMeHTa He oOHapyxeHo (Tabm. 2). JlaHHBII
pe3yNbTaT MOXKET OBITh OOBSICHEH CIIEACTBUEM
peXuMa yIIIOTHEH!s OaiacTa repe; npoBesie-
HUEM CaMOTr0 HKCIIEPHUMEHTa, KOTOPBIH IpUBeI
K 00pa30BaHMIO MEIKOW (hPAKIIHMH CIIe Ha MO~
TOTOBHUTEJIHHOM 3Tarle, 3a CYET OKOJIa OCTPBIX

Tadauma 2
HN3meHeHNe 3¢ePHOBOIO COCTABA IeOHS [BBHINOJIHEHO ABTOPAMH|
Pasmep cura, Jlo ucnbITanus TTocne ucnbiTanust
MM Bes TTIITT C TILIT msirkoro tuma | C TIHIIT cpeanero tuma
% KT % KT % KT % KT
60 1,6 4 1,6 4 1,6 4 1,6 4
40 73,4 183,5 72,9 182,3 72,5 181,2 72,9 182,3
25 25 62,5 25 62,4 25,5 63,7 24,9 62,3
or 0,01 1o 25 |- - 0,5 1,3 0,5 1,2 0,5 1,4
Bceero 100 250 100 250 100 250 100 250
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Taoauna 3

Iiomaab KOHTAKTA MOAOIIBHI IITAMIIA ¢ 0AJJIACTOM [BLI]’[OJ'IHQHO aBTopaMn]

ITapamerp be3 ITHITT C ITHIIT msirkoro tvma | C ITIHIIT cpexnrero tuma
IInomans KOHTaKTa NOAOLIBBI 9 20 20

mramia ¢ 6amiactom, %

KonTakrHble Hanpsokenusi, MITa 3,61 1,63 1,63

KonumuectBo mukinos, x 100 Teic.
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Puc. 6. pagpuk ocadku wmamna [6bINOIHEHO agmopamu].
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Puc. 7. UsmeHeHue modyns ynpy2ocmu Modenu [8bINOTHEHO asmopamu].

rpaneil 3epeH meOHs. Bemenctsue 3Toro
MOXHO cjenarh BeiBox o ToM, uto [THIIT oka-
3BIBAIOT BIIMSTHUE HA COCTOSTHHUE IEOHS 3a CUeT
YMEHBIIECHUSI OKOJIA OCTPBIX TpaHel, KOTOPBIN
rmorygaeTcs Oaronaps pacrpeIeIcHAI0 Halpsi-
JKCHUH Ha OOJBIIYIO TUIOIIATE.

Juist oripeieieHnst KOHTAKTHBIX HATPSKCHIH
B Oaiiacte OBUTH M3MEPEHBI TUTOIAIN KOHTAKTa
3epeH IMeOHS 110 HIKHEH TOBEPXHOCTH IITTAIIBL,
KOTOPBIE ONPEAEISIINCH IPU MOMOIIU PacTpo-
BOrOo MeTo/a. BenuuyuHbl 1iomaneid KOHTakTa
W KOHTAKTHBIX HANPSOKCHUH MpeNCcTaBICHBI
B TaOI. 3.

Pesynprar mokaszai, 94To IpH MPUMEHCHHH
TTOIIMATBHEIX MPOKIAOK TUIOMAh KOHTaKTa
mebHs co mmanol ysenumuwmiaack B 2,20 pasa,
a, CIeJ0BATENbHO, KOHTAKTHBIC HATIPSKCHHS
yIanu BO CTONBKO ke pa3. COOTBETCTBEHHO
JMAaHHOC CHIDKCHUE HAIPSHKCHHH IOBICYET 3a
c000¥ YMEHBIICHHE OKOJIOB OCTPHIX TpaHEH
3epeH meOHs, UX MEePeyNaKkoBKy, a, CIelI0Ba-
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TEJIbHO, IIOBBICHUT CTa0MIIBHOCTH KEIE3HOTOPOK-
HOTO ITYyTH B BCpTHKaHLHOﬁ IIJIOCKOCTH.

KpOMC TIPUBEACHHBIX JaHHBIX IO HAKOILIC-
HHIO BEJIMYUHBI OCTAaTOYHBIX OCAd0K IJIA K&)K).'[Oﬁ
MOACIIH OBLIO OMPEACICHO U3MECHEHUE MOIYIIA
YIPYTOCTH IIYTH B T€YEHHE DKCIEPUMEHTA II0
tdhopmyie (1):

aoC

U= M

rae o — K03 GUIMEeHT U3ruda Imal, T.¢. OTHO-
IIEHHE CPeTHEH 0CA KK IIITAIbI K €€ 0CAKE MO/
penbcoM;

® — IUTONIAb TTOYILTIANb;

C — K03 PUIHIEHT MOCTEIH TIIIANHI;

| — paccTosiHEE MEXIy IITaTaMu.

B cBor ouepens korddummeHT mocrenn
mmansl C Beraucisuics mo ¢popmye (2):

AF
C—m, 2

rae AF — cpeaHee IpHpanieHue Harpy3kd Ha
MOJTYIITIANY;
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Ay — cOOTBETCTBYIOIIIEE PUPALICHHE TIepe-
MEICHUSI.

B dopmyse (1) koadduiuenT uzruba o s
IITamIia ObUT TPUHST PABHBIM 1, TUTOLIAb MOTY-
mimassl © Obita npuHsTa paBHou 0,125 M (uio-
I1a/1b TOJIOMIBHI IITAMIIA), & PACCTOSHUE MEXKITY
HINAJIAMH COOTBETCTBYeT amtope 1840 mit./km.

B dopmyne (2) AF saBusercs pa3HuLeH
MEXK/1y MaKCUMaJIbHOW U MUHUMAJILHOM Harpys3-
KOM, PUKJIaJbIBAEMOI K IITaMITy, a BEIMUYUHA
Ay OblIa MoTy4eHa SKCIIEPUMEHTAIBLHO U SIBIISI-
€TCsl pa3HHIIEH B MEPEMENICHUH IITamIa mpu
MHUHUMaJIbHOM U MaKCHMAaJIbHOM 3HaYCHHSIX
MIPUKIIABIBAEMOI CHIIBL.

Ha puc. 7 npeacrasnen rpagyk M3MeHEHHS
MOAYJISL YIPYTOCTH IyTH JUISl KaXKI0H MOJIEIH,
BBIYHCIIEHHOTO 1O (hopmyuie (1) B TeUeHHEe BCero
JKCIIEPUMEHTA.

W3 rpaduka BUIHO, YTO MOneNb Oe3 Moa-
HINATHHON IPOKJIAJIKH UMEET MOALYJIb YIIPYTOCTH
omm3kuii k 100 MIla, yro cortacyercs ¢ naH-
HBIMH, IPUBEICHHBIMU B MeTonnKe ? 17151 %Kernes-
HOJIOPOXKHOTO IYTH Ha JKEJIE300E€TOHHBIX IlMa-
nax. AHanu3upys rpaduk, MOXKHO CKa3aTh, 4TO
WCIIOJIb30BaHNE MATKUX MPOKJIAI0K YMEHBIAET
MOJIyJIb YIIPYTOCTH MYTH NPAKTUYECKH B JIBa
pasa u npuoIKaeT ero K MyTH Ha JAePEBIHHBIX
HINanax, KOTOPbIi CYNTAETCS ONTUMAIIBHBIM LIS
B3aUMOJICHCTBHS Y TH U MOJBHXHOTO COCTABa.

BbIBOAbI

ITocTaBeHHBINH KCIIEPUMEHT MOJTBEPIUII
3asIBJICHHYIO THIIOTE3y O CHHYKEHUH OCTaTOYHBIX
0caloKk 0aJIaCTHOTO CJIOSl IPHU MPUMEHEHUHU
TIIIII. TTpu >ToM mocie 2 MJIH UKIIOB Harpy-
JKCHUH BeJTMYMHA OCTATOYHOI ocajiku Oanact-
HOTO clost yMeHbIuIach B 1,5 paza npu ITIHITT
cpexnero Tuna u B 1,9 npu 1T markoro turma.

IInomanas KOHTaKTa MEXIY MOAOIIBOM Ke-
JIe300€TOHHOTO IITaMIa U 3epHaMU IEOHs PH
npumeneruu [TIIIT Bo3pocna npuMepHO B 1Ba
pa3za, 4TO BO CTOJIBKO XK€ pa3 CHU3UIIO KOHTAKT-
Hble HaNpsDKEHUsI Ha 111e0eHb U COOTBETCTBEHHO
YMEHBIIMJIO PUCK €r0 UCTUPAHUS.

Bennunna Moyt ynpyrocTH My TH B SKCIIe-
pumente s moaenu 6e3 [TIHIT nmomydena

OJU3KON K BEJIMYMHE aHAJIOTHMYHOTO MOIYJIS,
MIPUHUMAEMOTO B pacyeTrax mo MeToauke 2, 4to
YKa3bIBaeT Ha KOPPEKTHOCTh PE3yNbTaTOB DKC-
TePUMEHTA.

Monyns yrnpyrocTu myTd Mpyu NPUMEHEHUH
TIIIIT mMsarkoro TUIla CHU3MUJICS O BEIHUYUH
MOIYJIS YIIPYTOCTH JIEPEBSHHBIX I, KOTOPBIA
CUUTAETCS ONTUMAJILHBIM JIJI B3aUMOICHCTBUS
ITyTH ¥ TIOJBI)KHOTO COCTaBa.
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AHHOTALINA

U3smeHsiowuecs 06bembl NEPe8o30K 2py308 8bi3bisalom
Heob6xodumocmb 8 YCKOPEHHOM NPOO8UXEHUU 2py30N0MOK08,
8 MOM YUCITe 3@ CYEM USMEHEHUSI MEeXHO02UU Nponycka noe3dos
no uHghpacmpykmype xene3HodopoxHo20 mpaHcnopma. B makux
ycrnogusix mpebyemcs cozdams Yughpossie Modenu, uestb Komo-
PpbIx —8ocnpoussecmu pabomy opueuHana. [lonyyeHHsle peyrb-
mambI pabombI yughposoli Modenu nociyxam obocHosaHueM ons
nocnedytowel paspabomku eapuaHmos pabombi modenupye-
M020 06beKkma, HanpPaeIeHHbIX Ha 8bINOTHEHUE NEPCNEKMUBHbIX
nokasamenel paboms| Xxene3Ho00POXHO20 MpaHcnopma.

B ces3u ¢ amum, & pamkax npogedeHHo20 uccredosaHus
pa3paboman anzopumm oyUGhPOBKU MEXHOM02UYECKUX 2paghuKO8

Knrodesnle criosa: yuighposasi Moderb Xene3HoAopOXHOU cmaryuu, oyuhposaHHbIi mexHomnoeuyeckuli epachuk obpabomku noesoa,
£mon-c/080, leMMamu3ayusi, Mynbmukiaccosas Knaccughukayus (cryyalnbii nec), gekmopusayusi mekcma, memod TF-IDF, koagh-

¢huyueHm [xuHu.

Mup tpaHcnopra. 2024. T. 22. Ne 4 (113). C. 13-21

10puit MA3ONCKUIA

Cepren KAIIMHWUH

obpabomku noe3dos. Llens paspabomanHo20 aneopumma — co-
2/1acHo e2o cmpykmype chopMuposams npozpammy, obecneyu-
8aKOWYI0 ONepamugHbIl asmomMamu3upogaHHbIl y4em mexHo-
n102uu pabome! OpuUHasbHbIX 06LEKMO8 XKene3HoA0POXHO20
mpaHcnopma 8 ycrogusix mpaHcopmayuu aHano2080l UHgop-
mayuu 8 ee yugposol mun. lpoepammHbIvM, CMPYKMYyPHbIM
U cucmeMHb M Memodamu bbin co3daH aneopumm, 8 0CHO8e Komo-
P020 — MawuHHas Modenb 0byyeHus. OueHka moyHocmu onpe-
OeneHus nodagaeMoll mexHomo02u4ecKol onepayuu OyeHusa-
emcs yucmomoli UHhOPMAYUOHHOZ0 y3na, a Onsi akchepuMesma
6bu7u oyuposaHsi 6onee 120 mexHonozu4eckux epaghukos obpa-
6omku noe3008 Pas/uYHbIX Xee3HOO0POKHbIX CaHyu.

Llna uumuposanus: fHes X., flyeosckuti H. B., Masotickuti t0. O., KanuHun C. B. Ameopumm oyuchposku mexHomoauyeckux
epacghukos 0bpabomku noe3008 Ha Xene3Ho00pOXHbIX cmaHyusx // Mup mpaHcnopma. 2024. T. 22. Ne 4 (113). C. 13-21. DOI: https://

doi.org/10.30932/1992-3252-2024-22-4-2.

MonHbiii mekcm cmambu 8 nepegode Ha aHanulicKull A3bIK ny6ukyemes 60 8mopoli Yacmu 0aHHO20 8bInycKa.
English translation of the full text of the article is published in the second part of the issue.

-.

® © AHes XK., Nyroeckuii H. B., Masonckuii 0. O., Kanunuu C. B., 2024

‘.““‘h.\-“‘.‘"‘"_,
R

HAYKA I TEXH/KA

-



BBEOEHUE

HeobxonrMocTh B OBICTpOM 00CITY)KUBAaHIH
M0€370B, B TOM YHCIIC MPH NEPEOPHEHTAINH
00BEMOB TTEPEBO30K TPY30B, TPEOyeT BHECEHUS
KOPPEKTHPOBOK B TEXHOJOTHIO pabOTHI JKele3-
HOMOPOXHBIX cTaHmmii [1]. B cBsizu ¢ 3TuM,
HEOOXOIMMO OTIepaTHBHO 000CHOBHIBATH KOP-
PEKTHOCTB TpEAJIaracMbIX MEPONPHUSATHH MO
M3MEHEHUIO KOH(HUTYparuu HHPPACTPYKTYPHI
WM TEXHOJIOTUU PaOOTHI JKEIE3HOMOPOKHBIX
CTaHIXH. ITO BOBMOXKHO ITyTEM CO3TaHUS IHQ-
POBBIX MOAENEN KEIE3HOAOPOKHBIX CTAHIUH,
cocToAnx U3 Oioka nupoBoi WHPPACTPYK-
TYpPHOM MOJENHN KEJIE3HOAOPOKHON CTaHUUU
u OJIOKa, OMUCHIBAIOIIETO TEXHOJOTHIO 00pa-
0OTKHM 1TOE3710B 1 BKIIOYEHHBIX B HETO pecypc-
HBIX dneMeHToB. [TogpoOHas cTpykrypa mudpo-
BOM MOJENHN KXEIE3HOAOPOXKHON CTAaHLUHUHU
npexacrasiena B padore [2]. IlpemnoxeHHbIe
OJIOKH JTOIKHBI 00ECTICYNTh BHICOKHH YPOBEHB
HWACHTHIHOCTH TTOBEACHHS OPUTHHANIA B BUPTY-
AJIIEHOM MHpE, KOTOPBIH 3a CUeT CO3JaHus nud-
POBBIX HHPPACTPYKTYPHBIX MOZICIIEH 1 OITU(pO-
BaHHBIX TEXHOJIOTHYECKIX TPaUKOB 00paboTKH
TI0€37I0B MTO3BOJIUT B YCKOPEHHOM HIIN OIIEPATHB-
HOM PEXXHME IPOBOANTH ITIAHUPOBAHHE U OpTa-
HU3AINI0 PabOTHI )KEJIE3HOMOPOXKHBIX CTAaHIINH,
YTO SIBJISIETCS BECbMa aKTyaJlbHOM 3anauei,
CTOSIIIEH TEpEx KEITE3HOIOPOXKHBIM TPAHCIIOP-
TOM, 0coOeHHO B Poccun.

B paborax [3; 4] maetcs onpeneneHue mud-
poBo#t Mozenu (g pPOBOTO TBOMHMKA') *Kees-
HOOPOXXHOM CTaHIMH, COTIIACHO KOTOPOMY
IU(POBBIE MOAEIH B IIEJIOM NTPEAHA3HAYCHBI TS
MOZICTTMPOBAHNS MOBEICHNSI OPUTHHATIA B yCIIO-
BUAX H3MCHSIOMINXCS HCXOAHBIX BEIUUYNH
W TEXHOJIOTHUU pabOTHI.

Hudposeie Momenn kexe3HOTOPOKHON
CTaHINN TAaK)XX€ MOTYT OBITh UCIIOIB30BAHBI IS
pa3paboTKH CIleHapWeB MOBEIEHUs O0OBEKTOB
B paMKax OIEPAaTHBHOTO YIPaBICHUS JKeJIE3HO-
JIOPOXXHBIM TPAHCIIOPTOM. ABTOPHI B paboTax
[5—7] mpumum; k BEIBOAY, 9TO HH(MDOPMAIIMOHHAS
6a3a TEXHOJIOTUYECKUX TMapaMeTpOB JOJDKHA
BKJIFOYATh TEXHOJIOTMUECKNE HOPMATHUBBI paOOTHI
JKEIIE3HOIOPOKHBIX CTAHIUH ISl MOCIEeRyTo-
IIETO OTEPATHBHOTO ITPOTHO3NPOBAHMUSL.

B paGore [8] aBTOpHI PUBOIAT MEPEUCHD
neraprameHToB kommanun OAO «PXX]]», B koto-
PBIX B TIEPBYIO OYEpeNb MOJICKAT BHEAPECHUIO
¥ HMCTOJIb30BAHUIO IN(POBEIE U KBAHTOBBIC

! Hudpossie aoitnuku P/, Kak ucnons3yior muhposoit
JIBOMHUK HA POCCHICKHX KEEe3HBIX I0pOrax [ DneKTpOHHBIH
pecypc]: https://twins.rzddigital.ru/twins.
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HHCTPYMEHTHI B IIEJSAX YIy4IICHHS CepBHCa
KIHMEHTOB MOCPEACTBOM MOBBINICHHUS YPOBHS
MPUHATHS OTNIEPATUBHBIX pelieHuil. B uccneno-
BaHHU OTMEYAETCS BAXHOCTH HCIOJIB30BAHHS
(POBBIX MOIYJICH B MpoLIeCcCe IIAHHPOBAHHS
paboThI CTAHIMH, YTO MOATBEPIKAACT aKTyallb-
HOCTB pa3pabOTKU MOYIISI IO OIU(POBKE TEXHO-
JIOTHYECKOTO rpaduka 00pabOoTKH MOE3/I0B.

Jlis MoneaupoBaHus MOBEACHHUS CyIIe-
CTBYIOIIICH JKEJIC3HOOPOKHOM CTaHIMHU (OPUTH-
Hajia) B YCJIOBHSAX MOCTOSHHOTO H3MEHCHHS
HCXOMHBIX BEJIMYMH M TEXHOJOTHH PaboThI
TpebyeTcsi MAKCUMAITBHO OTIEPaTHBHOE BHECEHUE
KOPPEKTHPOBOK B TEXHOJOTHYECKUE TpapuKu
00pabOTKK TOE3/I0B.

BBuy 3TOT0 €160 JAHHOTO UCCIICTOBAHHS
SIBJIIETCS pa3paboTKa Mopsiika AeUCTBUN IO
onudpOBKE TEXHOJIOTHYESCKUX IpadUKoB 0Opa-
OOTKH MMOE3/I0B C MUHUMATbHBIMU BPEMEHHbIMU
MOTEPSMH B aBTOMATU3HPOBAHHOM BH/IE.

[pennaraemplii aropuT™ A0JDKEH 001a1aTh
YHHUBEPCAIBHOCTHIO IS MOCIEAYIOIIEro UC-
MOJIb30BAHUsSI HA 3TAaNax MOATOTOBKH MacIiTab-
HBIX KOHIICMIIHHA M MPOCKTOB MO HHPPOBOH
TpaHchopMalru KoManuii [9].

C MOMOIIBIO CIMPYKMYpPHO20 n00X00a ObLIa
OMHCAaHa apXHUTEKTypa alropuT™a orudpoBKH
TEXHOJIOTHUECKUX TpaduKoB 00pabOTKH I1Moe3-
JIOB, & TAK)KE €T0 COfIepIKaTeNIbHAs YaCTh, COCTOS-
115 U3 TSTH OCHOBHBIX OJTIOKOB: 3arpy3KH HCXOI-
HoW uH(popMalmu, 6aiiToBoil Tpanchopmarmu,
JIeMMATH3AINH, BEKTOPU3AINH U BBIIAYH IOTO-
BOTO OIM(POBAHHOTO TEXHOJIOTHYECKOTO rpa-
(uka 00pabOTKH 1OE3/10B.

Cucmemnubiii n00X00 TO3BOII CHOPMHPO-
BaTh MepeueHb TPeOOBAHUMH, MPEIbIBISIEMBIX
K pa3pabOTaHHOMY aJITOPUTMY.

Memodom npozpammuposarus OJIOKU HaJIe-
JeHbl HE0OX0AMMOH (GYHKIIMOHAIBHOCTHIO,
a TaKKe MPOBEICH PS/T SKCIIEPHMEHTOB 10 OIH-
(bpoBKe ¢ UCHOIB30BaHHEM pa3paboTaHHON
POrpaMMBbl COOTBETCTBYIOIINX TEXHOJIOTHYE-
ckux rpadukoB 00paboTku noe3no.. I1o pe3yib-
Taram paboThl IPOTPAMMBI OIIEHUBAETCS YHCTO-
Ta HHPOPMAIIMOHHOTO y3I71a, GOpMHPYIOTCS
1 (POBBIE TEXHOIOTHYESCKUE IETTOYKH, TOCIIEe/-
HHE 3arpy’KaroTcs B MPOrpaMMy MHOTOYPOBHE-
BOUW CHCTEMBI YIPABJICHHS ISl TOCIIEIYOIIETr0
MOJICITUPOBAHUS PabOThI JKEIE3HOAOPOKHOM
CTaHIINH.

[pu BHECEHUH KOPPEKTHPOBOK HJIH OMHCA-
HHUH TEXHOJIOTHH PAOOTHI CYIIECTBYIONIUX HIIH
BHOBB CO3/IaHHBIX LU(POBBIX MOAENIEH KeJe3-
HOJOPOXXKHBIX CTAHIHHA TEXHOJIOTaM-MOJIEI-
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Bpewms B MunyTax

Ne o "
nepauuns CIIOJIHUTENIb
/i pau Ha 10 20 30 40 50 60 70 80 90 100
OIIepaLIo
ManmHiCT MaHEBPOBOTO
1 | 3ae3 MaHEBPOBOI'O JJOKOMOTHBA
5 JIOKOMOTHBA
2 |Ip JIOKOMOTHBA 1 I JlokoMoTHBHas Gpuraja
TIpoBepKa NPaBHILHOCTH CLEIIICHHS
3 poBep P u 1 JlokomotuBHas Gpurana
TICPBOTO BarOHa C JIOKOMOTHBOM
| MaryHiCT MaHEBPOBOTO
4 | OnpoGoBanue TOPMO30B 14 JIOKOMOTHBA, COCTABHTEIb
T0e3/10B
ManmHiCT MaHEBPOBOTO
5 | IlepecranoBka cocTaBa 45 P
JIOKOMOTHBA
6 | 3akpeneHue coctaBa 15 "r CocrasuTenb 0€3/10B
7 | Otuenka JIOKOMOTHBA 1 JlokomoTHBHas Gpuraaa
ManmHiCT MaHEBPOBOTO
8 | Bble3j JIOKOMOTHBA 15 P
JIOKOMOTHBA
OO61ast POAOIKUTENBHOCTD 96

Puc. 1. llpumep mexHonozu4yecko20 2paghuka 06pabomku noe30a [8bINONHEHO agmopamu].

nepaM? TpeOyeTcsi OT HECKOJIbKUX YacOB JI0
HECKOJIBKUX CYTOK ISl BOCCO3JaHUsI TEXHOJIOT U~
YECKOTO MOBENICHUS PEabHON KEIE3HOIOPOXK-
HOM cTaHInH. B CBSA3M ¢ 3TUM, B JAHHOM CTaThe
TIPEATIOKEH AITOPUTM (DOPMHUPOBAHUS U TPAHC-
(dopMann TEXHOIOTHYECKUX TpauKoB 0Opa-
60TKM Moe370B B X M(poBOH THI. B pe3yns-
Tare paboThI AITOpUTMa OyeT MOoTydeH onudpo-
BaHHBIA TEXHOJOTMYECKUil rpaduk oOpaboTKH
noeszaa’.

PE3YNbTATbI

Ha Bxone BBognTCS HCXOMHBIH (aii, B KOTO-
POM H3JIOKEHBI TEXHOJIOTHYECKHE TPpadUKH 00-
pabotku nmoesaa (puc. 1).

Texuonornueckue rpadpuku o6paboTkn
TI0€3/10B ITPHUBE/ICHBI B HOPMaTHBHBIX JOKyMEH-
Tax KaKJOH JKeJIe3HOJOPOKHON CTAHIINH (TEX-
nporecc, Texkapra). OHM MOTYT OBITH Tpen-
CTaBIJICHBI B BHJIC PUCYHKa, rpaduka Win Tad-
JHUIBI C yKa3aHUEM MPOJOJIKHTEIbHOCTH
1 OYEPETHOCTH BBINIOJHEHHS COOTBETCTBYIO-
LIUX ONepanuil.

[Iporpamma, paspabaTsiBaeMas COTJIACHO
TIPEATIOKCHHOMY aITOpUTMY (puC. 2), TOIDKHA
o0nasnarh caeayomuM QyHKIIMOHATIOM:

— pacIio3HaBaTh Oy4aeMyto HH(OpMaIHEO
JBYX THUIOB (TEKCT M N300paKkeHue);

2 TeXHOJIOr-MOJIEILIEP — COTPYIHUK, UMEIOLLMI KOMIICTCHIIHH
1 HaBBIKY B 00JIACTH OpraHuU3aIii paboThl XKEIE3HBIX JOPOT,
OIIBIT CO3/IaHMS LU(PPOBBIX MOJEICH JKEIE3HOJOPOKHBIX
00BEKTOB, 00U CTa’Kk pabOTHl KOTOPOTO HE MEHee ABYX
JIET. — npUM. agm.

3 OuupoBaHHBIN TEXHOIOTHUCCKHN TpaduK 00paboTKH
roe3/1a— MQpoBOii IBOHHIK aHATIOTOBOTO TEXHOJIOTHYECKOTO
rpaduka 00pabOTKH mMoe31a, MOJYYCHHBIH B PE3yibTraTe
paboTHI CIELMATM3UPOBAHHOIO aJITOPHTMA, YIUTHIBAIOIIETO
HOPMATHBHYIO MPOJOJKUTEIBHOCTh U OYCPEIHOCTH
BBITIOJTHEHHUSI OTIEPALHIA C TI0€3710M HIIM HHBIMH O0BEKTaMH
Ha JKEJIC3HOJOPOXKHON CTAHIIMH. — NPUM. ABM.
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— IpeoOpa3oBBIBATh MOJYUYCHHBIH THII MH-
¢dopmannu B 6aiiTOBBII hopmart;

— 00pabareIBaTh TEKCTOBBIC MPEATIOKECHUS
1 W300pakeHus U1 OOyIeHUS MOJSITH MaIllHH-
HOTO O0y4eHWUS;

— BEKTOPHU30BATh TEKCT C TIOMOIIBI0 METO/A
TF-IDF (Term Frequency-Inverse Document
Frequency; Be106op merona TF-IDF oObsicaseTcs
TeM, 4To, Hanpumep, meton Word2vec Oombiire
TIOAXOJNT JUTS BEKTOPH3ALNH TEKCTa B HEHPOH-
HBIX CETSX, a TAKXKE 10 MPUINHAM, OIMCAHHBIM
HIUXKeE);

— co3/1aBaTh OLM(POBAHHBIH TEXHOJIOTHYE-
ckuii rpaduk 00paboTKH moesna.

[Mocne BBO#a nCXOmMHON MH(POPMAIIMH B BUIC
TEKCTa WJIM W300pKEHHS IO MPEIIOKEHHOMY
Ha pHC. 2 aITOPUTMY ITPOU3BOJHUTCS OTOOP HYX-
HOI MH(pOPMALINH ITyTEM YAAJICHHS CTOI-CIIOB*
n3 npenoxenus. [Tocie ounctku o6padarpiBae-
MOTO TEKCTa OT CTOII-CJIOB, IIPEATIOKEHHBIHN aJro-
PHTM 3aIlyCKaeT MeXaHu3M JieMMarm3anuu’ [11].

Anroput™ ouH(pOBKH TEXHOJIOTHYECKOTO
rpaguka oOpabOTKH rmoe3na paboTaeT Ha Mpo-
rpamMMe, HallMCaHHOW C MOMOIIBIO S3BIKA MPO-
rpammupoBanus Python.

J1ns1 pacrniozHaBaHys MH(OPMAIIIH, IOy JaeMOi
13 TEXHOJIOTHYeCKoro rpaduka o0paboTKu rmoesa,
AITOPUTM JIOJDKSH BKITFOYaTh JIBE (PYHKIINH:

— (pyHKUIMS 9TEHHUS NAHHBIX M3 TEKCTa —
€CIIM TEXHOJIOTHYECKHH TpauK MpeaCTaBICH
B BH/JI€ TAOIHIIBI WIIM JOKYMEHTA C TEKCTOM, TO

4 CTOII-CIIOBO — 3TO HEHYXKHOE JUIsl aJITOPUTMA BEKTOPHU3ALINH
TEKCTa CJIOBO B BHC MpeAjora, COrw3a, 4aCTUIIbI U T.II.,
cozzaroiiee H30BITOYHOCT HH(POPMALIMK B HHPOPMALIOHHON
cpene [10] — npum. agm.

5 HeMMaTI/I3aHHH — OTO HIponecc NpUuBEACHUSA BCEX
H3MEHSAEMBIX (DOPM CIIOBA K €IMHOMY 3HAYEHHUIO, CHIDKAFOLINH
BapHaTHUBHOCTH OJHOI'O U TOTr'O K€ CJIOBA UIs ITOBBIIICHUSA
Ka4y€CTBO aHaM3a TCKCTA. — npum. agm.
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)
1E1: 1. 3arpy3ka TexHoJ0ruuecKoro rpaguxa 06paGoTKu noesa
‘ (TeKCTOBBIN BUJ/M300pakeHHE)

!

2. Pacno3naBanue nHGOpMAaNUU B TEXHOJOTHYECKOM
rpaduke 00padoTKH M0E310B
Texker 1 / U3o06paxenue 1
Texcr 2 / 300paxenne 2
Texcr 3 / V3o0paxenue 3
Tekcr N / U3obpaxenue N

v

3. JlemmaTH3anus ucxogHoi HHGopManuu
U yAaJIeHHe CTOM-CJI0B

}

4. TokeHu3anusl ¥ BEKTOPU3ALMS
HCXO0HO¥ HH(popManun

!

5. Co3nanue MalMHHOI MojieJH H
e¢ o0yueHHe HA TPEHHPOBOYHBIX
JAaHHBIX

.

6. I'oToBbIii onndpoBaHHBI TeXHOJOrHYeCKHI
rpaduk 06paboTKH MOe31a B BUe
U (POBOI TEXHOJIOTHYECKOH HemouKH

Puc. 2. Anzopumm oyughpoeKu mexHoI02U4ecK020 2paghuka o6pabomku noesda [6bINOIHEHO agmopamu].

def read_tables from docx{docx file):
# Lood the Word document
doc = Document{docx_file)

all tables = []

& Itergte through all tobles in the docusent
for table in doc.tables:
table_data = []

& Itevate through each row in the toble
for row in table.rows:
row_data = []

# Iterate through eoch cell in the row

for cell in row.cells:
# get the text in each cell ond append to row dato
row_data.append{cell.text)

& Append the row dota te table dote
table data.append(row_data)

# Append the toble dato to all tables
all_tables.append(table data)

return all_tables

Puc. 3. ®paesmeHm yHKyuU YmeHUs OaHHbIX U3 MeKCMa MeXHOM02UYecko20 2paghuka o6pabomku noesda aHano208020 hopMama
[8bInonHeHo asmopamu].
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def extract_images from docx(docx file):

doc = Document(docx file)
images = []

for 5 in doc.inline_shapes:

blib = s._inline.graphic.graphicbata.pic.bliprill.blip

rid = blib.embed

document_part = doc.part

image_part = document_part.related parts[rid]

image _bytes = image part.blob

images . append(inage_bytes)
return imapes

Puc. 4. ®pazmeHm (yHKyUU YmeHus1 AaHHbIX U3 PUCYHKA MeXHOM02U

(GYHKIMS TPUHMMAET BHJ, NPEACTaBICHHBIN
Ha puc. 3;

— (yHKIMS YTCHUS JaHHBIX M3 M300paxe-
HUSI — €CJIU TEXHOJIOTMUECKHUH rpadK Mpe/ICTaB-
JIeH B BUJI€ M300pa)KeHHs MM PacTpOBOM rpa-
¢buky, To QYHKIMS TPUHUMAET BHJI, TPEACTaB-
JICHHBIN Ha puc. 4.

[ocne BocnipusiTis nHpOPMALUK TPOTpaM-
MO# M3 JBYX THIIOB MCTOYHHMKOB (TEKCT WU
PHCYHOK) 3aITyCKaeTcsi oJIcucTeMa npeodpaso-
BaHMsI COOTBETCTBYIOLIEH MH(pOpManH B Oaii-
TOBBIW BH/[, KaK 3TO IPEJICTABIEHO Ha pUC. 5.

Ha ycnemnyto 6e3omubounyto padoTy
MIPEIOKEHHOTO aNropuT™Ma 00pabOTKH TEKCTa
BIIUSIET TOKCHU3AlHs U BEKTOPU3ALNS TEKCTa
[12]. Tokenuzanusi IPOU3BOAUTCS B IEISIX

A

) 2pachuka o6pabomku noesda [6bINOIHEHO aemopamu].

pasjieseHns Ha3BaHUs TEXHOIOTUIECKO# ore-
paluu Ha OTAEIbHBIC CIOBA C COXpPaHECHHEM
MOpsAIKa MX PaclojOXeHus. Bekropusanus
TEKCTa HeoOxomuma it 0OecredeH s BbICO-
KOM CTETICHU BOCTIPUATHS MOJaBaeMoit HHpOP-
Mall{ MOJICIIBI0 MAITUHHOTO 00yueHus. Me-
ton TF-IDF [13; 14] Obl1 BbIOpaH 1o psiny
MPUYHH, TaK KaK OH:

— YYHUTBIBAET BAXHOCThH CJIOBA B KOHTEKCTE
JIOKYMEHTa;

— BBISIBJISICT KJTFOYEBBIC CIIOBA,;

— YCTpaHsIeT YacTO BCTPEUYAIOIIHECS CI0BA;

— XOPOIIIO MacIiTabupyeTcs (MOXKET IIpUMe-
HSITHCS K GONBIIIM KOPITyCaM TEKCTOB).

Bexkropu3aiust mpou3BeieHa ¢ MPUMEHCHHEM
meroaa TF-IDF cornacho ¢opmyne (1):
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Puc. 5. lpumep (hpaemerm) mpaHcghopmayuu coomeememeytoweli mexHonozuyeckol onepayuu 8 6aiimoeniii 6ud

[ebInonHeHo asmopamu].
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Puc. 6. PesynbmambI mokeHu3ayuu u 8exmopu3ayuu mekcma mexHonoau4eckoeo epaghuka obpabomku noe3da [ebInonHeHo asmopamu].

N — KOIMYECTBO NPEIUIOKEHUH B BBIOOPKE;

df, — KONMMYeCTBO NPEUIOKEHHH U3 0Omen
BBEIOOPKH, COIEPIKAIIUX CIIOBO X.

Bexropuzarms Tekcta — 310 IpeodpasoBaHue
TOKEHOB B urcla. [lanHoe eiicTBIe Heo0X0auMOo
JUTS TajbHEHIero o0ydeHus, 1000y IeHHs 1 KOp-

N
Wiy = #x,y x log(d_fx) > (1)

Ie w,  — LEHHOCTb CIIOB;

i, , — JOIIs TIOBTOPCHHIi CI0BA X B OJXHOM
MPETIOKEHHH TI0 OTHOIIIECHUIO K O0IIEMY YHCITY
TaKHX CJIOB X BO BCEX MPEATIOKCHUAX,

= 11
b = (18,3 £ 500 L0600 0S
EIROELBALEOSEE
LT
e T

gn e 0.

o = 11
R AR
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=z b
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Puc. 7. Cmpykmypa modesiu MawuHH020 06y4eHus C UCNob308aHUEM My/bMUKIaccosoll Knaccugukayuu («cyyaiHbii necy)
[8bInonHeHo asmopamu].
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parasetrs={ "max_depth": [2,5,7,18], n_estimators’ ¢ [18,50,100], "win samples split”:[18,20,30], win_sasples laaf’:[18,20,30])

scoring = {“acouraty”: Taccuracy”,
precision’s "precision macro’,
recall s ‘recall mro’,
10 "1 macrn'}

¢1f = RandemForestClassifier|)

grid search_cv_clfzoridsearchOv(clf, parasetrs, cv=5,5coring = scoring,refit="accurary’ Jedotofianes e kpocr-Bamdoge |

grid_search_cv_clf.fit(vectorfze text, numeric_labels)
best_params = grid_search_cv_clf.best_params_

e §

Puc. 8. lepeyeHb napamempos, Noka3bI8arouwux MOYHOCMb MawuHHoi Modenu obyyeHus [ébINOTHEHO agmopamu].

PEKTHPOBKH paboOThI alropuT™Ma B mpollecce
paboThl MOJIETH MAITHHHOTO 00y YeHHMSI.

ITocrne ycnemnHoi TOKEHU3AI[MK U BEKTOPH-
3alliM TEKCTa, TEXHOJIOTUIECKUil rpaduk odpa-
OOTKH MOe3/1a U3 PUC. 5 IPUHUMAET BUJI, TPe/-
CTaBJICHHBIH Ha pHC. 6.

[MonyuuTs KOPPEKTHBIN pe3yiasTar paboTs
MOJIEITH MAIIHHHOTO 00YYEHHsI BO3MOKHO MPH
00paboTke OOJBIIET0 KOJTHYECTBA TPEHUPOBOY-
HBIX MaHHBIX. [[03TOMY Clie/lyeT BRIOpaTh COOT-
BETCTBYIOIIYIO MOJICNb MANIMHHOTO O00yYeHHs,
KOTOpast IOMOXET C(OPMUPOBATH HAOOP HABBI-
KOB, KOMITCTCHIINH 1 3HAHWH, HATPABICHHBIX Ha
H3TOTOBJICHHE ONU(PPOBAHHOTO TEXHOIOTHYE-
cKoro rpaduka 00paboTKH 1moesna.

TpeHHpOBKa MOJICIH MAIIIMHHOTO 00y IeHHS
B paMKax JJaHHOTO MCCIICIOBAHUSI TPOBOIIIACH
C MCIIOJIb30BAHUEM MYJIBTHKIIACCOBOM KIIACCH-
¢dukanmu («ciydaiiHblil Jec»), kotopas odec-
MEeYNBAET XOpOmYyo o0paboTKy OonbmINX
JAHHBIX, YCTOWYMBOCTh TEPeoOydeHuUs U pado-
Ty ¢ pa3HOOOpa3sHbIMHU JaHHBIMH. CTPYyKTypa
MOJICIA MAIIMHHOTO OOYYCHHUS MpEeACTaBlICHA
Ha puc. 7.

B mpeaniokeHHO# CTPYKType MOjenu Mma-
LIMHHOTO 00yYeHHsI MYJIBTHKIIACCOBO KIIacCH-
¢ukanueit Obu1 Mcnonb30BaH napamerp «Gini
impurity» (ko3 HULMEHT 1K oKa3aTesb HeO-
HOpOAHOCTH (HeomnpeaencHuocTn) Jxunn) [15;
16]. On u3MepseT BEpOSITHOCTH TOTO, YTO CIIy-
YaifHO BEIOPAHHBIH IIEMEHT U3 MHOKECTBa OyieT
HETPABIJIBHO KIACCU(DUIIMPOBAH, €CIIH OH OBLIT
CIy4aifHO TIOMEYEH B COOTBETCTBUH C pacrpe-
JieNieHheM MeTok B y3une. [lis y3ma ¢ MHOXe-
CTBOM 3JIEMEHTOB, MPUHAUICHKAIIUX K Pa3JIny-
HBIM Kjaccam, «Gini impurity» BBIYHCISICTCS
cienyomuM obpasom: Ecnu Bce niieMeHTHI
B y3JIe TIPUHAJIEkKAT K OJHOMY Kiaccy, «Gini
impurity» Oynet paBeH 0, 4TO yKa3bIBaeT Ha JIy4-
LIYI0 BOBMOXKHYIO YHCTOTY y3ia. Ecnu xe ane-
MEHTBI PABHOMEPHO PACTIPECIICHBI [0 Pa3Iui-
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HbIM KiaccaM, «Gini impurity» OyaeT O30k
k 0,5, 4TO yKa3bIBaeT Ha MAKCHUMAJIbHYIO HEOIpe-
JIETICHHOCTh WITH PA3HOPOIHOCTD YHCTOTHI Y371
[15; 16].

TOYHOCTH MOJIENTH MAIIIMHHOTO O0YYEHHS 1O
onu(dpoBKe TEXHOJIOTHYECKOTO rpadrka odpa-
00TKH TOe3/[a MOXKET OBITh COPMHUPOBaHA Ha
OCHOBaHUHU MapaMeTpoB (IIyOHHA JE€pPEBBEB,
KOJIMYECTBO JE€PEBHEB, MUHUMAIBHOE KOJIH-
YeCTBO BHIOOPOK ¥ MHHHUMAJIBHOE KOJIHYECTBO
JIUCTOB Pa3fieNieHusl), IPUBEICHHBIX Ha PHC. 8.

BbIBOObI

B pesynbrare paboThl MOZIEIN MalInHHOTO
00yueHHs ObLTH MPOBEICHBI 127 SKCTIEPUMEHTOB
Mo OouU(PPOBKE TEXHOJIOTUYECKUX TpadUKOB
00paboTku moe3noB. Ha puc. 9 mpencrarieHs
HUTOTOBBIC TTAPAMETPHI OLICHKHU Ka4eCTBA MOICIIH
MaIIMHHOTO O0YYCHHS 10 OIH(PPOBKE TEXHO-
JIOTHYECKOTO rpadrka 00paboTKH moe3a.

O1eHKa TOYHOCTH MOJICTIH MAaIIMHHOTO 00-
YUEHHUS TI0 OLU(PPOBKE TEXHOIOTUUECKOTO Ipa-
¢uka oOpaboTKM Moe3na Ha TPEHUPOBOUHBIX
JIaHHBIX MpuBeneHa Ha puc. 10 u cocraBuna
0,938 y.e., 4TO COOTBETCTBYET BHICOKOMY ypPOB-
HIO TOYHOCTH OTIPE/ICIICHUS, BOCIIPHUATHS U TIpe-
00pa3oBaHus MOJTyyaeMoi HH(pOPMAIIHH.

B pesynbrare paboThI TPeJI0KEHHOTO aJIro-
pUTMa moTyYeH ouru(POBAHHBIN TEXHOIOTHYC-
CKuil Tpaduk 00pabOTKH MOE3/I0B B BUIC ITH(]-
POBOI TEXHOJIOTHUECKOH IIEMOYKH, UCTIONB3YI0-
mIeics B MpoIecce MOACIUPOBAHUS PabOTHI
JKEJIC3HOOPOKHOM cTaHuu (puc. 11).

[IpennoxeHHBIH alITOPUTM OLH(PPOBKHU
TEXHOJIOTMUYECKOro rpaduka 00pabOTKU moe3aa
MOXET OBITh UCTIONB30BaH JJISL:

— 00paboTKH M Nepeady MPUKa3oB, pacro-
PSKCHHI M TeJerpaMM Ha OOpT JIOKOMOTHBA,
a TaKkXKe JUCIeTYepcKoMy nepcoHany (mpezio-
JKEHHBII aJITOPUTM I10 TepepaboTKe aHaJIOroBOU
HH(OPMAIIUK YHUBEPCATBHBII, T03TOMY M03BO-

AneB X., llyroBckun H. B., Masouckun 0. O., KanuHuH C. B. Anroputm oumndpoBKu
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best_params

{'max_depth": 5,
‘min_samples_leaf': 18,
‘min_samples_split®: 1@,
'n_estimators': 100}

Puc. 9. YucneHHble 3Ha4eHus1 napaMmempoe Modesu, o6ecnequswux Haulyyuwue 3Ha4eHusi MempuK MmoYHOCMU 8 NpoeedeHHbIX ONbImax
[8bIinonHeHo asmopamul].

accuracy_score{clf.predict{vectorize text), nuweric_labels)

D OIBE5IDTIAS1 I8

Puc. 10. OyeHKka moYyHOCMU UCKYCCMBEHHO20 UHMesIekma Modesu MaWluUHHO20 06yYeHust
no oyughpoeke MexHOM02UYeCK020 2paghuka o6pabomku noe3da [8bINONHEHO agmopamu].

Mpuem noesga
JaKpenneHwe cocTasa

OTuenka NoesgHoro NOKOMOTHES

A INL IOV | N

OrpaxaeHue cocTasa

OcmoTp cocTaga

OdopMneHie JoKYMEHTOR

CHATWE orpas#aeHna CoCcTasa
MpuLenka NOE3HOO NOKOMOTHES
¥Bopka cpeacTe 3aKpennetua
OnpofSosanue TOpMosoE

U’mPEBJIEHIHE noesna

Puc. 11. lpumep yughposoll mexHom02u4eckol YenoyKu [8bINONHEHO agmopamu].

nsteT onudpoBaTh JOKYMEHTHI, 00eCIeunBaro-
e 3a01aroBpeMeHHOe MpeaylpexIeHHe Ho-
€3/1HOi1 OpHurazsl 0 MPEICTOSMIMX BHEIITATHBIX
OTpaHMYCHHUAX, BIMAIOINX HA XOMOBYIO CKO-
pocTh moe3na);

— pa3paboTKH TEXHOJIOTHYECKUX IpaUKOB
00paboTKM MOE30B Ha KEJIEe3HOAOPOIKHBIX
CTaHIMUAX HEOOIIEeTo MOIB30BaHMU (TEXHOIOTH-
yeckue rpaduku 06paboTKU MOE3I0B Ha JKele3-
HOZIOPOXKHBIX CTaHIMAX HEOOIIET0 MTOJIb30BaHuUS
XpaHATCs B aHaJIOroBoM Buje. Ha srame ommca-
HUSI TEXHOJIOTHH Pa0OThI TAKMX OOBEKTOB Tpe-
OyeTcst co3aBarh U(POBbIE TEXHOIOTHYECKHE

®  Mup TpaHcnopTa. 2024. T. 22.

LIETIOYKH Bpy4HY10. JIaHHBIN ITpoLecC 3aHUMAET
10 BpEMEHH OT OJTHOM HEJIEeIH! 10 JBYX MECSLEB,
B 3aBHCHUMOCTH OT MacIITaGHOCTH MOJEIHpYe-
Moro oobsekta. CokpalieHne BpeMeHHBIX 3aTpar
Ha OITHCaHUE TEXHOJIOTUH PAaOOTHI B 3TOM Clydae
OyZeT JOCTUTHYTO C UCIIOIb30BAaHHUEM IIPEIIO-
KEHHOTO AJITOPUTMA M NPOTPAMMHOTO MOIYJIS
Mo OUM(POBKE TEXHOJOTHUECKUX rpadukoB
00paboTKK MOE3/I0B);

— (hOpMUPOBAHHS TEXHOJIOTHIECKUX LIETTOUeK
00paboTKM TOE3/10B B paMKax IMPOEKTOB cO3/1a-
HUA «OH(POBBIX KEJIC3HOLOPOKHBIX CTAHIIHI»
(MHOTOBapHaHTHBINA peXHUM pabOTHl 00BEKTa

AneB X., llyroBckun H. B., Masouckun 0. O., KanuHuH C. B. Anroputm oundpoBKu
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B IIPOLIECCE MOJETINPOBAHMS TPEOyeT OlepaThB-
HOTO M3MCHEHHSI BPEMEHHBIX HOPM IO BBIMOJ-
HEHHIO TEXHOIIOTHYECKHX IpadukoB. 3MeHeHe
TEXHOJIOTHYECKUX IpaUKOB 0OpPadOTKH Moe3-
JIOB, & TaK)Xe BIHCAHHBIX BPEMEHHBIX HOPM
MOXET OBITh BBIIIOJIHEHO C HCIONb30BaHHEM
MPEUIOKEHHOTO TIPOrPAMMHOTO MOIYJIS M JIr0-
pUTM™Ma).
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AHHOTALINA

O6ecneyeHue HadexHOCMU NOA8ECKU 8a20HO8 MEMPONOU-
meHa Hanpsmyto onpedensiemcs demansmu, 8Xo0sWUMU 8 KOMN-
JleKc cucmemb| Ha0byKco8020 NodeewuaHuS.

B daHHoli pabome paccmMampugaemcs WNUHMOHHas nod-
eecka. inuimon npedcmasnisiem coboll kpyenbili cmasnsHol
CcmepXeHb, KOMOpbILi Kpenumcs 4epe3 emyrky k 6anke menexxu
ceoeli 8epxHell Yacmbio, 8 MO 8peMs Kak €20 HUXHUL KOHel
ecmaesisemcs 8 npoywuHy 6yKkcel. LleHmparnbHas cexkyus WnuH-
MoHa cryxum ceoeobpasHoli Hanpagnsowel 0nst NPYXUH noo-
eeLUsaHUs.

MpuHyun paboms! 0CHOBbIBAEMCS HA CNOCOBHOCMU WNUH-
MOoHO8 pacnpedeniams Haepy3Ku, 803HUKaKUWUe 8 NPoUecce
dguxeHus noezda MemponoaumeHa. dma mexHo02usi N03eo-
JIiem 3Ha4UMesTbHO YMEHbWUMb U3HOC PE/bCO8 U KOMECHBIX Nap,
yeenuyueasi mem cambiv 6€30NaCHOCMb U CHUXas pacxodbl Ha
MexHuYeckoe 00CyxusaHue NodBUXHO20 cocmasa.

cmanu, cmarnb 40X, cmanb 35.
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Ha ce2o0HAwHuli Oerb cywecmsyem psd npobrem, 8bi38aH-
HbIX OMKa3amu WNUHMOHOB, COOK CTyX6b! KOMOPbIX HE coenacy-
€mcs No 8PEMeHHbIM NapaMempam ¢ OMKa3amu pam 8a20HHbIX
menexek. [Momumo npoyezo, Gonbwoe konuyecmeo uzdenuil
ombpakosbigaemces Ha 3mane npou3so00CMBeHHbIX UcnbimaHud,
Ymo 8b138aHO HanuU4UeM eHympeHHuUxX Oechekmos. Tak kak on-
Ppock! HalexHocmu cmosim Hauboriee ocmpo, kpaliHe akmyarnbHO
Halimu cnocobb| N0BbILUEHUS A0N208€4HOCMU WNUHMOHHORO Y3/1a.
[laHHoe uccnedosaHue HanpaeneHo Ha NOUCK ONMUMalbHbIX
MexHOM02UYeCKUX peweHuli 0ns uszomossneHus Oemaned. Mpo-
eedeH aHanu3 Mamepuana U 803MOXHbIX MemoOuK 06pabomku
WNUHMOHO8.

B pesynsmame cOesiaH 861800 0 NepCneKmMUBHOCMU 3aKarnoy-
HO20 oxnaxdeHus 6bIcmpod8LXYWUMCS NOMOKOM 800b1, MaK Kak
8 x00e nposedeHHbIx LccredosaHuli 00ka3aHo AOCMUXEHUE 8CEX
mpebyeMbIx napamempog.

Knroyesbie criosa: MempononumeH, WnuHmoH, Hadbykcosoe nodgewlugaHue, ynpouHeHue demarned, mepmoobpabomka, 3akarnka
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BBEOEHUE

B KoHCTpYKIMM POCCUNCKUX BATOHOB MET-
pOTIONIMTEHA NIMPOKO NCIIOTB30BAINCH TOBOI-
KOBasi CHCTEMa TO/IBEIINBAHYS U IIITMHTOHHAS,
13 KOTOPBIX Oojee ONTHUMaIbHOH, C TOUYKH
3peHust 00eCTIeUeHUS HAa/IeKHOCTH, SBISIETCA
IIMUHTOHHAS CHUCTeMa MoaBemnBaHus. [laH-
HBIN y3€1 HCIOoIb3yeTcsl A obecnedeHus
cTtabmipHOCTH M KoM(popTa B Baronax. Hermo-
CPEICTBEHHO IIMHUHTOH SIBISICTCS LIEHTPalb-
HBIM 3JIEMEHTOM TaCHTENsI KoyieOaHuH, KOTO-
pBIfi B CBOIO ouepensr MPEeACTaBiIseT co0oi
MEXaHU3M, MTPEeTHA3HAYCHHBINA I CHUKCHUS
aMIUTUTYJbl BEPTHUKAJIBHBIX MEPEeMEICHUN
Ky30Ba, BO3HUKAIONINX B MIPOIECCE IBUKCHUS
BaroHOB, M pabOTaIOMNK B TAHJEME C IPYKH-
HaMH peccopHoro nonsemuBanusi. CyTs pabo-
THI IIMUHTOHA 3aKJII0OYAeTCs B CO3MaHUN JIUC-
CUTIaTUBHBIX (PacCEHBAIOIINX) CHI, KOTOPhIE
aKTUBUPYIOTCS NPHU B3aHMMOACHCTBHHU C TIPY-
KUHAMU TS 3¢ (HEKTHBHOTO TallIeHUs Koyreba-
Huii. CxeMa MINMUHTOHA MpPEACTaBIcHAa Ha
puc. 1.

B mpomecce 3kcIuryaTanuy MIMAHTOH TOJ-
BepraeTcsl BO3JCHCTBUIO OOJIBIIIOTO CIEKTpa
Harpy3oK — Kak JUHaMHYIECKHX, TaK U CTaTH4e-
CKHUX. DTO 00CTOSITENBCTBO MMOJIEPKHUBACT BAXK-
HOCTb 3a0auu ONPEACICHHUS €r0 HaleKHOCTH
1 IOJTOBEYHOCTH.

PE3YNbTATbI
AHaJu3 MaTepuasa AeTajJau HIMUHTOH

Ha HaganpHBIX 3Tammax MpuMeHEHHUS TEIeKEK
IIMTUHTOHHOTO THITA BEISBIIIACH IPOOIIEMa BO3-
HUKHOBEHHS YCTAJIOCTHBIX TPEIINH B 30HE ITepe-
CEUCHHUS KOJNBIIEBHIX IIBOB BBAPKU BTYJIOK
BHYTPEHHUX HIMHHTOHOB C IIPOJOJHHBIMHU
IIBAMH TIPOJONIBHEIX OAJIOK. DTO MPHUBOAIIIO
K HeraTHBHBIM ITOCIIeACTBUAM. braromaps psamy
KOHCTPYKTHBHO-TEXHOJIOTHYECKUX MEPOIPHUsI-
TUH, TAKUM KaK [IpUBapKa CrielraibHON HaKIal-
KM Ha BEepXHEH IOJIKe B 30HE BBAPKU BTYIKH
¥ IByCTOPOHHSS pa3/ieika KPOMOK IO KOJIbIIe-
BOW MIOB, yJAJIOCh JIMIIh YaCTHYHO PEUIUTH
JTAHHYIO TIPOOIIEMY.

Hosrle MeTonbI 00paOOTKH 1 UCCIICTOBAHUS
MaTepralioB MTO3BOJISIOT pa3paborars 3pdhexTs-
HBIC TEXHIYECKUE M TEXHOIOTUIECKHE PEIICHHUS
JUTS TIPEIOTBPAIICHUS JaTbHEHUIITNX TIOBPEkKIe-
HUH 1 obecrieueHms 0e30MacHoi HKCILTyaTaun
TEIIeKEK.

BonpmuHCTBO MMMHTOHOB HA CETOMHSIITHII
JIEHb M3TOTOBIISIETCS COTJIACHO TPEOOBaHUSIM
KOHCTPYKTOPCKOH JTOKYMEHTAIlUH W3 CTaJu

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 22-26

Mapku 40X. DToT Marepuain, OTBEYAIOIIHUI
T'OCT 4543, oboramieH XpoMOM B JUAma3oHe
0,78...1,15 %, uro obecreunBaeT H3AEIUIO
BBICOKYIO HaJIS)KHOCTh I10 3KCIUTyaTalliOHHBIM
xapakTepuctukam [1]. JlaHHBIA BUJI KOHCTPYK-
LIMOHHOM CTaJI OTHOCHUTCSI K KATErOPUH JIy4IINX
Onaronapsi CBOeH YCTOHUMBOCTH K TOBpPEX/e-
HUSM U JOJTOBEYHOCTH, XOTS U COIPSIKEH
C BBICOKOW cToMMoOCThI0. HecMmoTpst Ha 3ToO,
3HAYUTEJIBHOE YUCJIO LIITMHTOHOB ITOJIEKHUT
OTOpaKOBKE M3-32 HAJIMYUsI HEMETATHUECKUX
BKITtoueHU#. OHM PEACTaBISIIOT CO00H nedek-
ThI MCXO/IHOTO MeTajlla, KOTOPblE MOTYT IpO-
SIBUTh ce0sl KaK Ha TIOBEPXHOCTH, TaK U B IO/~
MIOBEPXHOCTHOM ciioe uzaenust [2]. Takue nae-
(EeKTHI OIPENENSIOTCS C UCTIONB30BAHUEM Mar-
HUTHOTO METO/Ia Hepa3pyLIAOIIero KOHTPOJIS.
CiemyeT OTMETHTB, YTO 1a)Ke BBICOKOKa4eCTBEH-
HBIE CTAJIM MOTYT COZIEPKaTh HEMETAITHUECKHE
BKJIFOUEHUSI, YTO HE UCKIIFOYAET X UCIIOJIb30Ba-
HUE B NPOU3BOACTBE, HO TPeOyeT BHUMATEIb-
HOTO KOHTPOJISL.

J1J1s1 TOBBINIEHNS] SKOHOMUUECKOH 3 PeKTHB-
HOCTH TpE/AJIararoTcsi albTepHAaTHUBHbIEC pellle-
HUSI, BKIIOYAIOIME 3aMEHY MCXOJHOTO MaTe-
pHaja Ha aHaJOTMYHBIHA 110 CBOMM XapaKTepu-
ctukam. PaccmarpuBaercs craib, kotopas o0ia-
JIaeT CPaBHUMBIMHU (PH3HMYECKHMHU CBOICTBAMHU.
C 1enblo ONTUMU3AIMKE BBIOOpa MaTepuana
OCYIIECTBIISIETCS] aHAJU3 M CpaBHEHHUE BCEX
MPEAJIOKEHHBIX aJbTEPHATUB MO Py KpUTe-
pHEB, BKJII0Yasi CTOMMOCTb, IOCTYITHOCTb U COOT-
BETCTBUE TEXHUUECKUM TPEeOOBAHUSIM POU3BO/I-
crBa'. Takoi MOIXOM MO3BONSET HE TOIBKO Ta-
PaHTHUPOBATh BHICOKOE Kaue€CTBO KOHEYHOTO
MPOJYKTa, HO U 00ECIEYUTh IKOHOMHYECKYIO
3¢ peKTHBHOCTH MPOU3BOJICTBEHHOT'O IIPOIIECCa.

[Tpy oxoHuUaTEILHOM BBHIOOPE MaTrepHajoB
YUUTHIBAIOTCS YCIOBUSI SKCILTyaTalluy 1 BHEII-
HHe (HaKTOPbI, TAKKE KaK MEXaHUYECKUE Harpy3-
KU ¥ BIUsHUE BHemHe# cpenbl [3]. B ciyuae
HEOOXOAMMOCTH TMPOPadaThIBAIOTCSI BOIPOCHI
VAyYIIEHUS] MEXaHHYECKUX CBOMCTB AeTajei
IyTeM BBOZA JOIOJHHUTEIILHOM yIPOUHSIOMEeH
06paboTku’.

PaccmarpuBatoTcsi HECKOJIBKO MOIXOISIINX
MarepuaoB: YIIEPOAUCTHIE CTAIN — CTallb 35,
cranb 45 u crans 471°T.

! PekOMEHIALUH [0 MPUMEHEHHIO HU3KOJIETHPOBAHHBIX
BBICOKOIIPOYHEIX CTallel A7 CBAPHBIX KOHCTPYKIHUH: OTIET
o HUP / UncrutyT snexrpocBapku uM. E. O. ITarona. — Kues,
1977.-77 c.

2T'OCT 1050-2013 MeTtamionpomyKLust U3 HeJlerHpOBaHHbIX
KOHCTPYKIIMOHHBIX KaU€CTBEHHBIX U CIICLIHATbHBIX CTANCH.
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Puc. 1. LinuHmoHHbIU y3en ea2oHa MempononumeHa: 1 - 3aujumHbIl KONINak; 2 — pe3uHoeasi Npoknadka; 3 — HUXHSS onopa
NpYXuHbI; 4 — nnacmmaccosas emynka; 5 — KpenexHasi nposoroka; 6 — npyxuHa; 7 — 8epxHss Hanpaenswas onopa; 8 — WNUHMOH;
9 - cmonopHas nnanka; 10 - eunm; 11 - pukcupyrowas 2alika; 12 - 3auwjumnbIii KOXyX; 13 - 2aiika; 14 — HUKHSS ONOPa NPYXKUHbI;
15 - pe3uHosas emynka; 16 — cmsxHol xomym®,

[IpoBeneHHE CPABHUTENBFHOTO aHAJIHM3a CO-
CTaBa MCTAJJIOB ITIO3BOJISICT ITIOHATH UX MCXaHU-
YECKUE CBOWCTBA M CIIOCOOHOCTH K 00paboTKe.
KpOMe TOTO, 5TO MOMOTAET ONTUMH3UPOBATH
TPONECCHI MPOMU3BOACTBA M YITYYIIUTH KAYE€CTBO

3 CasunoB C. 0. ITarent RU 16722 Ul. Poccuiickas
Oenepanusi, ['acutenap pe3oHaHCHBIX KonebaHuid, No
2000119297/20, 3asBn. 15.02.2000: omy6a. 02.10.2001 /
DenepaibHOE TOCYIAPCTBEHHOE YHUTApHOE IPEANPHUITHE
«lleHTpanpHOe KOHCTPYKTOPCKOE OIOpPO TPAHCIIOPTHOTO
MalIMHOCTpOeHUs». — § ¢. [DnekTponHslil pecypc]: https:/
patents.s3.yandex.net/RU16722U1 20010210.pdf. Joctyn
10.10.2020.

rOTOBOW MPOAYKIUU. AHAIU3 XUMHYECKOTO
cocTaBa Marepuraia craimm Mapku 40X, pezcras-
JIeH B Tabmmue 1.

AHanu3 pe3ylbTaTtoB, MPUBEICHHBIX B Ta0-
nuue 1, Toka3bIBaeT COOTBETCTBHE ACHCTBUTED-
Horo coctaBa ctanu 40X TpeboBaHUAM
I'OCT 4543.

AJBTepHaTHBHBIM MaTEpHaJIOM JIJIsl H3TOTOB-
JIEHWs] IIIMHTOHOB PAaCCMaTPUBAETCS CTalb 35.
OHa OTHOCHTCS K CPETHEYTIICPOANCTHIM CTAJISIM,
KOTOpBIE MPUMEHSIOT MOCJIE HOPMAaNU3aluu,
YIy4IIEHUs ¥ TOBEPXHOCTHOW 3aKaJKH ISt

Taéauna 1

Xumuyeckmii cocTaB IWINMHUHTOHA M3 cTaan 40X [cocTaBiieHa aBTOpaMu]|

OOBEKT HCCIIEOBAHUS | DIIEMEHT, MaccoBast 10J1s, %o

C Si Mn S P Cr Ni Cu
IInunaToH, crans 40X | 0,42 0,23 0,67 0,001 0,005 1,05 0,09 0,05
TpeGoBanus 0,35-0,45 |0,15-0,39 |0,48-0,82 | e Gosee 0,78-1,15 | ne Gosee
FOCT 4543-71 0,035 0,035 0,30 0,30

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 22-26
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Puc. 2. Cxema 30HbI «210» wnuHmMoHa [ebInonHeHa asmopamu].

pa3HooOpa3HbIX aetaneid MamwmH [4]. Xumude-
CKHUH cocTaB cranu 35 nmpuBeeH B Tadiuie 2.

AHanmu3 pe3yabTaToB MCCIIEOBAHUS CTaIH
35, mpeACTaBICHHBIX B Ta0dHIE 2, MTO3BOJISCT
yOenuTbes B COOTBETCTBUHU €€ XMMHUYECKOTO
coctaBa crangaptam ['OCT 1050.

Be16op B nonb3y cranu 35 OCHOBBIBAacTCS Ha
Ppsiie PEUMYILIECTB Iepe/] APYTUMH MaTepralaMy-
AHAJIOTaMU: U3IeJIMS U3 Hee BBIIEPIKHUBAIOT BBICO-
KUe ynapHble Harpy3ku. s Marepuana xapax-
TEPHO OTCYTCTBHE CKJIIOHHOCTH K 0Opa30BaHUIO
TpewuH. [loMuMo Bcero mpouero, i craiu 35
XapakTepHO COYETaHNE HEBBICOKOH IITACTHYHOCTH
¢ TBepaocThio. Cpeay NMPEenMyIIecTB TaKKe
MOXKHO Ha3BaThb CTOMMOCTHBIE XapaKTEPHUCTHKH:
TPOCTOTA IPOM3BOICTBEHHOTO MPOIIEeCcca CKa3bIBa-
€TCsl Ha OTHOCHUTENBHO HEBBICOKOM IIEHE N3IEIHSL.
Takxxe HEeT HEOOXOIMUMOCTH BHEAPSTH IOPOTO-
crosiye Jiernpyromme nodasku. st cramm 35
XapakTepeH JIOCTAaTOuHO LIMPOKUH TemIieparyp-
HBII JMana3oH npumeHenus ot —40 no +425°C.

MonepHu3anus 1 ONTHMH3ALUSA
TEXHOJIOTUY M3r0TOBJIEHHS INNHHTOHA
OO6paboTka geraneil TpeOyeT TIIATEIBHO
MOOOPAHHBIX METOIUK TS JOCTHYKSHHUSI OITH-
MaJIbHBIX CBOMCTB m3nenuit'. Haubosee parmo-
HaJIbHBIN TEXHOJIOTMUECKHH Iporiecc 00paboTKu
LIMTHHTOHOB CKJIAAbIBACTCS U3 CICAYIOLIUX
JTAIoB: 3arOTOBKA, MOJMYYECHHAs LITaMIIOBKOM,
HOpMaNu3aLus, JpOOSOYHCTKA, KOTOpast obecre-
YHBAeT yAaJCHHE 3ayCCHIICB U IPYTUX MOBEPX-

4 TOCT 2999-75 Metauibl U criaBsl. MeTon M3MepeHus
TBepocty 1o Bukkepcy. — Been. 1976.01.07. — M.: Toc.
xomurer CCCP mo cranmapram, 1975. —31 c.

HOCTHBIX nedektoB [5]. CraemyromuM 3Tanom
MPOBOJUTCS MeXaHH4yeckas oOpaboTka s
TOYHOU OTHENKH (OPMBI U Pa3MEPOB JCTAIIH.
JHaiee — Tepmudeckast 00padOTKa, BKITIOUAIOIIAS
HATPEB, 3aKaJIOYHOC OXJIAXKICHUE U OTITYCK.

B 6a30BoM BapuaHTe I yCTPAHECHUS 3aKa-
JIOYHBIX TPEILMH Ha INUHTOHE u3 cranu 40X
HEOOXOAUMO MPOBOTUTH OHOBPEMEHHOE HHTCH-
CHBHOC 33aKaJOYHOC OXJAXKJCHHE C OTBOJIOM
Terlla OT Bcex yactel neranu [6—8]. 3akanaounas
cpena — macio. [ pemieHus mpoOIeMbl SKO-
JIOTUYECKON YHCTOTHI MPOU3BOJICTBA, KOTOpas
OyZeT CTaHOBHUTHCS BCE 0oJice aKTyallbHOU
C TEYCHUEM BPEMCHHU, MPEIaraeTcsi 3aMCHUTh
3aKAJIOYHYFO CPEY MAaclia Ha BOAY. ITO IO3BOJIUAT
CHU3UTH HETaTHBHOE BO3/ICHCTBHE Ha OKPYKAI0-
myio cpeny. Mcmonb3yeTcs OBICTPOIBUKY-
IIUACS TTOTOK BOJIBI JJIS OXJIKACHUS MaTepuaa
C YYE€TOM CKOPOCTH ITOTOKA, JABJICHUS M TEMIIC-
paTypbl IS TOCTHIKCHHUS KEITACMBIX XapaKTepH-
CTHK 3aKaJICHHOTO u3aenus [9].

[TokazareneM kadecTBa sBISIETCS obecreue-
HUC PAaBHOMEPHOW TBEPAOCTH IO BCEMY IMEpHU-
MeTpy H31enus 0e3 HeoOXOMUMOCTH IPUOEraTh
K JOTIOJHUTEIBHBIM OIEpalusIM, TAKAM Kak
MHIYKIUOHHBIN Harpes [10; 11].

AHanu3 3KCILUTyaTallMOHHBIX TOBPEKIE-
HUH IMIWHTOHA, U3TOTOBJICHHOTO M3 CTald
40X, moka3bpIBaeT, YTO HAMOOJIEE YacTO OBpE-
JKJACHHUE MPOUCXOAUT B 30HE «210» (cMm.
puc. 2), 9TO BEI3BAaHO U3MEHECHIEM MTPOYHOCT-
HBIX CBOWCTB METalljla Ha yYacTKe mepexoja
OT BBICOKOTIPOYHOM 30HBI, 3aKAJICHHON WHIYK-
LIUOHHBIM CIIOCOOOM, K 30HE C yIy4YLICHHOU
CTPYKTYpOH.

Tadauna 2

XHUMUYecKHii COCTaB IINMHUHTOHA U3 cTajm 35 [cocTaBiiena aBTopaMu]|

OOBEKT HCCIIEOBAHUS | DIIEMEHT, MaccoBas J10J1si, %o

C Si Mn S P Cr Ni Cu
IlInuuToH, cTans 35 0,33 0,24 0,62 0,001 0,005 0,11 0,09 0,06
TpeboBanust 0,31-0,41 |0,15-0,39 |0,47-0,83 | He Gonee
T'OCT 1050-2013 0,040 0,035 0,25 0,30 0,30
IlnuuTOH, cTans 35 0,38-0,41 |0,35-0,39 [0,79-0,83 | ue Gonee 0,21-0,25 | 0,25-0,30 | He
(cernekr) 0,040 0,035 Gosee
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ITpy MUCHBITAHWK UIMHHTOHOB JUIS OLIEHKH
KayecTBa M3JAeNUi HEOOXOAMMO MPOBOIUTH
OLIEHKY TBEPIOCTH, MEXaHUYECKUX CBOMCTB IO
CEUEHUIO JICTaJIe, YIapHOU BSI3KOCTU M METaJI-
norpaduIecKre UCCIeIOBAHMS.

Ipu moabope ONTUMANILHBIX PEKUMOB TEM-
[epaTypHOTO BO3AEHCTBHS (BIMSHUE TPOAOIIKHI-
TENILHOCTH BO3JEUCTBUS M TEMIIEPATYPhI Ha Ka-
YECTBEHHBIE MAapaMeTPhl U3JEIUN MOKA3aHO
B pabotax [ 12—14]) B mporiecce 3aKaaKu OBICTPO-
JIBHOKYITUMCSL [TOTOKOM BOJIBI M JaJbHEHIIET0
OTITyCKa MOKHO JJOCTHYH PABHOMEPHOH TBEPIO-
CTH IO BCEMY CEUEHHMIO IIMHUHTOHA HA YPOBHE
45-50 HRC.

BbIBO[bI

IIIMUHTOHHBIC CUCTEMBI ITOIBEIIINBAHUS SIB-
JISSIOTCS BaXXHBIM TEXHHUYECKHUM PEIICHHEM
B 00JIACTH KEJIE3HOIOPOKHOW TEXHUKH H I10-
JIBIDKHOTO cOCTaBa MeTporoiureHa. Pazpaborka
HOBBIX IMOJXO/I0B K TEXHOJOTMU 3aKaJOYHOTO
OXJIQKJICHUS TIPH HU3TOTOBJICHUH IIMMMHTOHOB
Ba)KHA JJISl TTOBBILICHUS HAJIE)KHOCTH M JI0JITO-
BEYHOCTH NPOAYKIMHU. [IperiokeHHass TeXHO-
JIOT U1 3aKAJIOYHOTO OXJIAXKICHUS! OBICTPOIBHIKY-
IIAMCS TIOTOKOM BOJIBI IIPEAIIONAraeT Cleayro-
IMe PEeuMyILIEeCcTBa:

— YJIy4IIEHHE SKOJIOTHYECKOH 00CTaHOBKH 32
CUET Iepexo/ia OT 3aKaJKH B Maclie K BOJIE;

— CHIKEHUE ceOECTOMMOCTH JleTallell Ipu
ucronb30BaHuu ctanu 35 BMecTo 40X.

Takum 00pa3oM, HOBBII TEXHOJIOTHYECKHIA
MPOLIECC POU3BOJCTBA IIMHHTOHOB HE TOJBKO
MIO3BOJIMT MOBBICUTB KAY€CTBO U TOUHOCTH U3T0-
TaBJIMBACMbIX JieTaleld, HO U OyIeT BBITOJeH
C TOYKH 3pEHUsI SKOHOMHUYECKOH 3(h(PEeKTHBHOCTH
M DKOJIOTHYECKOH 0€30I1aCHOCTH, YTO B CBOIO
ouepeb 00ECIEYUT BHICOKYIO CTEIEHb KOM-
(opra 1 6e301IacCHOCTh MACCAKUPCKUX TIEPEBO-
30K, @ TAK)KE OTKPOET HOBBIE IIEPCIEKTUBBI JIJIS
pa3pabOTKU M COBEPLICHCTBOBAHHS METPOIO-
€3/10B.
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AHanu3 paboTbl pacnpeaeneHHoro
peecTpa AaHHbIX Ha NpUMepe a3ponopTa

Wrops PO3EHBEPT fkos OAJIUHIEP

AHHOTALNA

[MokasaHbl 803MOXHOCMU NPUMEHEHUs MexHOMo02uu pac-
npedeneHHo20 peecmpa s XpaHeHUst daHHbIX 8 UHGHOPMAYUOH-
HbIX cucmemMax asponopmos U asUalUOHHbIX CUCMEM pasniuy-
HO20 ypOBHSI.

OmmeyeHb! ocobeHHocmu pabomsl pacnpedenieHHoz20 pee-
cmpa 8 UHGhOPMaULOHHBIX cucmemax. MccrnedosaHbl pasnudHble
sapuaHmbI (hopmMupogaHusi coobLeHuUl ON1s1 XpaHeHus 8 pac-
npedenieHHOM peecmpe U hapaMempsl NOMOKO8 COobuUieHu.
BbideneHbl 0c06EHHOCMU NPUMEHEHUS] mexHomo_uU 610KYelH
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npu co3daHuu pacnpederneHHbIX peecmpos 8 cry4ae Heobxoou-
MOCMU KOPPEKYUU XpaHUMoll UHGopmayuu.

[Moka3aHb1 803MOXHOCMU NPUMEHEHUS CEMe8bIX MeXHOMoauLl
npu ¢hopMuposaHuL pacnpedenieHHb X PEECMpPO8, Y3iibl KOMopPbIX
Haxo0simcsi Ha 3HaYumesbHbIX paccmosiHusix dpye om Opyea
(PeecmpbI HECKOMbKUX a3pONopmos).

MpedcmagrieHHble OaHHbIe MO2ym NPUMEHSMLCS npu co30aHuu
HalexHb X pacnpedeneHHbIX XpaHUNULY, UH(hOPMaUUU, KaK 8 pamKkax
0om0derTbHO20 asponopma, mak U Arist epynnbI a3ponopmoe.

Knroyesbie crnosa: pacnpedeneHHasi UHGOPMaYUOHHasi cucmema, pacnpedeneHHbll peecmp, 61ok4elH, uHopMayuoHHas
6e30nacHocms, Kpunmosawuma, MameMamudeckue Modenu, epaxdaHckas aguayusi, asponopme.
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BBEJEHUE

TexHOoJIOTHS paclpeneICHHBIX PEECTPOB
(gacTo, TexHOJIOTHSA Ha 0a3e ONOKYEHH) cTa-
HOBHTCS Bce OoIee MOy IsIpHON MTPH CO31aHUH
pacupeneNeHHbIX HH()OPMAIIMOHHBIX CHCTEM
BBUJY TaKUX €€ 0COOEHHOCTEH, Kak [1-6]:

* pacTpeieIeHHOE XpaHEeHUE KON, TI03BO-
JAI0IIEe OCYIIECTBISATh OJHOBPEMEHHBIN
JOCTYIl K PEECTpPy MHOTHX IOJIb30BaTENEH
B Pa3IMYHBIX TeorpadUIecKuX TOUKaX;

* HEBO3MOXKHOCTh BHECCHHS HECAHKIHO-
HUPOBAaHHBIX U3MEHEHHUH B CO3/1aHHBIC KOTIHH;

* BBICOKAs (pyHKIIMOHAIbHAS HAJIEKHOCTh
peectpa;

* BO3MOXKHOCTbH yIPaBICHHUSA JOCTYIIOM
K KOIIHUSIM PEecTpa;

* KOTEPEHTHOCTH (TIOJTHOE COOTBETCTBHE)
KOIHM peecTpa;

* BO3MOXXHOCTH HEOTPAHUUEHHOTO HAPAIIH-
BaHHUS COACPKUMOTO peecTpa.

OTO MO3BOISAET NPUMEHATH TEXHOIOTHIO
pacupeneseHHBIX PEeCTPOB A MOCTPOCHUS
CIIEUAIN3UPOBAHHBIX MHPOPMAIMOHHBIX
CHCTEM TIPEANPUATHA U UX 0OBeAMHEHUI Ha
pEeTHOHATIBHOM U (elepaIbHOM yPOBHAX .

IIponecc co3nanus cenuanu3upOBaHHBIX
nHQOPMAIIMOHHBIX CHCTEeM Ha 0ase pacmpene-
JICHHBIX PEECTPOB U UX SKCIUTyaTalus 3HAYH-
TEIbHO OTIWYAIOTCS OT METOJOB CO3JAHUS
¥ 9KCIUTyaTalluy CHCTEM, CBA3aHHBIX C KPUIITO-
BAJIIOTOHM, YTO HEOOXOAWMO YIUTBIBATH IIPH
MPOBEACHIH pa3paboToK.

OCHOBHBIE OTJIHYUSA COCTOSIT B CIENYIO-
meMm:

* OTrcyTcTBHE MaWHMHTA, CBSI3aHHOTO
C HEOOXOAMMOCTHIO KOHKYPHPOBATh 32 MPABO
3aHECCHHSI ITaHHBIX B PEECTP M BO3HATPaXKIe-
HHE.

» TepputopuanbHas J0KaJIU3alus KONUM
pacmpeneseHHoro peectpa (Harnmpumep, B Ipe-
JIeNax PeruoHa, TOCyAapCcTBa | T. 11.).

* CobOmrofeHne 3aKOHOIaTEIBHBIX, OTpac-
JEBBIX M MPOYUX HOPMATHBOB, PErIaMEHTH-
pyromux 06paboTKy U TOCTYT K HH(pOpMAIIHH.

* HeoOxoqnuMocTh 00OeCIIEYeHUs 3aIIATEI
HHQOPMAIUHU OT CHEIU(PUIECKUX YTPO3, CBS-
3aHHBIX ¢ (QYHKIMOHWPOBAHUEM peecTpa,
CBOHCTBaMH XpaHUMOHM HHPOPMALUN YIpaB-
JIEHUEM JTOCTYTIOM (pelIeHne 3aad Kuoepoes-
OTIACHOCTH).

! Crinpruna A. B. PazpaGoTka Mozie/i PUMEHEHHS CHCTEM
pacrpe/eIecHHOTO PEECTPa ¥ OLICHKH X BITUSHHS Ha CETEBBIC
xapakrepuctukn / Jlucc... kaHj. TexH. Hayk. — CII6.:
CII6I'VT, 2022. - 186 c.
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* HeoOxonumocTh obecriedeHust 10CTyma
K peecTpy OONBIIOTO YHCIIa TMONTb30BATENCH
(amMUHHCTPATOPBI, OCYUIECTBISIOIINE Bee-
HHUE peecTpa; MoJb30BaTeNd, OOpaamurecs
C 3aIpOCaMu K PeecTpy).

* Hanuume crenuaibHBIX CPEACTB MPO-
BepKku (BajduIallMi) TAHHBIX, 3aHOCHUMBIX
B pPEECTp, B 3aBUCHMOCTH OT HA3HAYCHHUS TaH-
HBIX.

» Hamuune kpunrorpaduveckux CpeacTs
3aIUThl JaHHBIX (HHdpoBaHue, XIUHPOBA-
Hue, ayTeHTudukanus) [7-11].

Kpome Toro, xomuu peectpa comepxar
6osbIIOE KOJHYECTBO Pa3IHyHON HHPOpMA-
LUK, CTPYKTYPHPOBAaHHOH B BHJIE OIOKOB, 4TO
TpeOyeT CO3qaHus CPEICTB ee MOUCKA U TpeI-
CTaBIECHUSA B yIHOOHOM /s MOJb30BaTeNeh
Bujie (0a3a MaHHBIX peecTpa).

Bce 310 00ycniaBnuBaeT 11e1ecoo0pasHoCTh
CO3IaHMsI METOJ0B aHaju3a BapUAHTOB pac-
MpeNeIeHHOTO peecTpa, 00yCIOBICHHBIX
crerduKoii ero MPaKTU4IeCKOro MpUMEHEHHS.

Cpenu 3a1au OpraHu3aIfy BaXKHOE MECTO
3aHUMAIOT 3a7a4i GOPMHUPOBAHHUS MOTOKA
0JI0KOB JIAHHBIX LIS 3aITUCH B PeecTp.

Lenvio MccnenoBaHUs SIBISETCS aHATH3
BO3MOXKHOCTH MPUMEHEHHS TEXHOJIOTHH Pac-
MpENeICHHOT0 peecTpa MpHU CO3MaHUHU pac-
MpeeeHHBIX 6a3 TaHHBIX HH(POPMAIHOHHBIX
CHCTEM a3pOIOPTOB M ABHAMPEIIPUATHIA pa3-
JIUYHOTO YPOBHSI.

B uccnenoBaHuuM OBIIM HMCIOJB30BaHBI
Memoobl CHCTEMHOTO aHallN3a, TEOPUH OUepe-
JIeii, TECOPUU BEPOATHOCTEH, TEOPHH KOMIIIO-
TEPHBIX CeTel 1 WHPOPMAIHOHHBIX CHCTEM.

PE3YJIbTATbI
Onucanue peectpa

PacrnipenenenHslii peectp 1esiecoodpasHo
co3JaBaTh Kak pa3BUTHE MHTETPUPOBaHHBIX
pacupezesieHHbIX 0a3 TaHHBIX, KOTJa UMEeTCs
COBOKYITHOCTh MH(OPMaLMOHHBIX PECYpPCOB
C yCTaHOBJICHHBIMHU CBSI35IMH, CUCTEMOH 3a1po-
coB 1 0OHOBJIeHUT [12]. Bo3MOXHBIN BapuaHT
OpraHu3alyy paclpeae’]eHHOro peectpa pac-
CMOTpEH AJIs cily4asi TPAHCIOPTHOTO Ipej-
MIPUSTHS, HAIPUMEP a’poropTa, co CIeqyIo-
LIMMH XapaKTePUCTUKAMU:

1. PacnipeneneHHblil peecTp co3gaercs Ha
0a3e nMeroIuxcst HH(OPMaIMOHHBIX PECYpPCOB
U COCTOMT M3 IPYIIBI JOKAJIBHBIX PEECTPOB
OTJENBHBIX MOJPAa3/IEICHUI a9POIIOPTOB.

2. Bce noxanbHbIE peecTpbl MOTYT CO3/1a-
BaThCsl B BHJIE OJIOKYEHHOB — CIEIMaJIbHBIX
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Puc. 1. O606weHHass cmpykmypa pacnpedesneHHo20 peecmpa asponopma [cocmaeneHa asmopamu].

[IETIOYEK JaHHBIX, 00JaJal0NINX CBOMCTBAMH,
TepevrcIeHHBIMY BhIe [1; 2; 6; 11].

3. TexHONOTHIO OIIOKYEHH IeTIecooOpa3Ho
MPUMEHSATH JJIS CITy9aeB, KOT/Ia HMEIOTCS T10-
BBIIICHHBIE TPeOOBaHUA K 0E30IMACHOCTH
JMAHHBIX, OJJHAKO IIPH 3TOM BO3HUKAIOT 3HAYU-
TEIBHBIC CIIOKHOCTH ¢ BHECCHUEM M3MEHEHUH
B XpaHUMBIC JJaHHBIC.

4. Kaxxplif JIOKaIBHBIN peecTp co3maeTcs
JUISL OTHOTO WM HEeCKOJIBKHX IO/pa3IeIeHUH
a’pornopra, HHPOPMAIHS TOKATEHBIX PEeCTPOB
MOJXKET ITepeCeKaThCsl.

5. dnst BHeceHHUs 3ammceil (OJIOKOB) B JIO-
KaJIbHBIC PEECTPHI BEIACISIOTCS CIICIIHAIBHBIC
paboune MecTa ¢ COOTBETCTBYIOUIUM IIPO-
TpaMMHBIM O0OeCIIeYeHHEM, MMO3BOISIOIINM
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MIPOBOJIUTH BaJUAANNIO U COTIIACOBAHUE JaH-
HBIX.

6. Kornu mokanbHBIX peecTpOB JOCTYITHBI
COTPYAHHKAM — aJIMHHHCTPAaTOpaM pEecCTpOB
COOTBETCTBYIOLINX MOApa3AcIeHUH, KOTOpBIE
o0ecrneunBaroT UX 3aroHeHHE U paboTy ¢ pee-
CTpaMH I10 3aIIpOCcaM COTPYAHHUKOB a3poIopTa
1 BHEIIHUX OpraHW3amuil (mosb3oBaTeneH
peectpa).

7. PacnpeneneHHBIN peecTp COAEPKUT
KapTy JOKaJIbHBIX peecTpoB (0a3y maHHBIX
peectpa), rae GOPMHUPYIOTCA JaHHBIE IS
JIOCTYTIA K JIOKAJIbHBIM PEECTpaM TI0 3aIpocam.

Pabora ¢ peecTpoM cocTouT U3 POPMHPO-
BaHUs OJIOKOB JOKYMEHTOB ISl 3alIHCH, 3aITH-
cu OJIOKOB M KOIMH B JIOKAJIbHBIE PEECTPHI,

PoseH6epr WU. H., OlanuHrep . M. AHanu3 paboThl pacnpeAeneHHOro peectpa AaHHbIX
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00paboTKHU 3ampocoB K peecTpy (MMOUCK Tpe-
Oyemoil mHbOpMAIKMH, MPEACTABICHHE Haii-
JneHHoW uHopmanuu B TpeOyeMoil dopme).
ChopmupoBaHHbIe IJIsI 3AMUCH OIOKH MPOXO-
JT TPOBEPKY (BalUIAIMI0) HA OTCYTCTBHE
KOTIHA, TPABUIIbHOCTH 3AIKUCH H MOCIIE YCIIeI-
HOM MPOBEPKH 3aMUCHIBAIOTCS 10 YCTAHOBIICH-
HBIM IIpaBWJaM B JIOKaJbHBIH peecTp (OI0K-
YeiH) COOTBETCTBYIOIIETO MOAPA3ACICHUS.

Ipumep BapuanTa 000OMICHHOW CTPYKTY-
PBl pacmpenesieHHOTO peecTpa aspomopra
npuBe/cH Ha puc. 1. B 1aHHOM ciyvae JToKasb-
HBIE PEECTPHI CO3/IAHBI C MPUMEHEHHEM TEXHO-
JIOTUH OJOKYEHH.

Bo3MoxHO MacITabupoBaHUE CTPYKTYPHI
JUTS. aBHATPAHCIIOPTHOW CHCTEMBI, BKIIOUAIO-
el HEeCKOJIbKO aBHAINMOHHBIX M BCIIOMOTA-
TeIbHBIX (00CIY)KHBAIOIIKX ) MPEANPUATHN.

COoTpynHHKH — aAMUHHCTPATOPHI JIOKAIb-
HBIX PEECTPOB MMEIOT MPaBo GopMHUpOBATH
OJ0KHM JOKYMEHTOB UIsS 3allUCH B CBOM pee-
CTpBI, 00pabaThIBaTh 3aIIPOCHI K pEECTPaM.

Bioku cOCTOST U3 KOHEYHOTO YKCIIA TOKY-
MEHTOB, KOTOPbIe 00pabaThIBalOTCS B JAHHOM
MO/Ipa3ACICHUH.

Kaxaslii agaMuHHCTPaTOp GOPMHUPYET
OJ0KH U3 3aJaHHOTO MHOXECTBa JOCTYIHBIX
€My IOKYMEHTOB TaK, 4TO OJIOKH Pa3HBIX aJIMH-
HUCTPATOPOB HE COAEPIKAT OMUHAKOBBIX JIOKY-
MEHTOB.

JIOKyMeHTBI MOTYT 00pa30BBIBATHCS B TIPO-
recce paboTsl MOApa3AeIeHus TH00 OCTyNaTh
W3 BHEUIHUX TOIPAa3ICICHHIN HIIH OpraHU3aIHi
[13].

Iepexa 3amuchio CO37aHHOTO OJOKA B JIO-
KaJbHBIH PEECTpP MPOBOIUTCS €r0 BaJIHIAINS,
KOTOpasi 3aKJII0YaeTCsi B MPOBEPKE KOPPEKT-
HOCTH IOKYMEHTOB, MPOBEPKE OTCYTCTBHUS
OJIMHAKOBBIX JOKYMEHTOB B Pa3HBIX OJOKax,
NpoBEepKe KOPPEKTHOCTH 3aMUCH JaHHBIX
o Biazgenble (co3aarene) Ooka.

Jlnst Bamuaiu CO3MaHHbIH OJI0K pacchuia-
€TCsI BCeM COTPYAHUKAM — aIMUHHCTPATOPaM
JIOKaJBHOTO peecTpa. AIMUHHCTPATOP, MOTY-
YUBMHA OJOK, MPOBOJHUT €ro MPOBEPKY
U BBICBUTAET OTBET C Pe3yJIbTaTaMH MPOBEPKU
B ajJipec aJMHHHCTPATOPa, CO3/aBIIEero OJIO0K
[13].

Ecnu Bce 0OTBETHI COOpaHBI M BCE OHU MOJIO-
JKHUTENBHBI, aIMAHHCTPATOP, CO3AaBIINiT OIIOK,
MPOBOJUT €r0 3aMUCh B CBOIO KOTHIO JOKAJb-
HOTO peecTpa.

Ecnu HECKObKO aMUHUCTPATOPOB pado-
TAIOT C OJJHOM KOMHUEHl, TO 3aIUCh TPOUCXOIUT
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B YCTAHOBJICHHOM IS HUX TIOPsIKE O0€3 PO3bI-
IphIIA [IPaBa 3aMuCH.

B 3ajaHHbIE MOMEHTBI BPEMEHH MTPOUCXO-
JIUT COTIACOBAHUE KOMUHU JIOKAJILHOTO PEECTPa.

B03MOXHBI yTOUHEHHSI paOOThI, CBSI3aHHbIE
co crnenu(pUKOM MpeanpHusITUs, HAIPUMED,
pUMeHeHue Mu(POBaHUS JOKYMEHTOB, pac-
MpeelieHne Kiouel s 00paboTku OJIOKOB
U JOKYMEHTOB, YCTaHOBJIEHHE CIEIHATbHBIX
MPaBUJ BEICHUS M COTIACOBAHMSI KOMHH JIO-
KaJIbHOTO peecTpa.

Jlnst obecrneveHnss MOUCKA TOKYMEHTOB
B IpeleiaX BCEro pacipeneeHHOro peectpa
COCTAaBJISICTCS KapTa JOKaJIbHBIX PEECTPOB
yupexaenus. Kapra mpencrapiser cnenuaim-
3UPOBAaHHYI0 0a3y MaHHBIX, TA€ XPaHUTCS
HHpOpPMAIUs O pa3sMEN[eHHH JOKYMEHTOB,
JIaHHBIC O BJIAJICNIbIIaX OJIOKOB, JAHHBIC VIS
(dhopMHpOBaHUS 3aPOCOB K JOKAIBHBIM pee-
cTpam.

Jnst cosnanus u obecrnedeHUs padboOTHI
JIOKaJbHBIX PEECTPOB PACIIPEACICHHOIO pee-
CcTpa CO3MaI0TCs amnmapaTHO-IPOTpaMMHBIE
CpeicTBa — y3JIbl JOKAJIbHBIX PEeCTPOB, KOTO-
PhIE MOJKHO pacCMaTPHUBATh Kak pabodne MecTa
aIMUHHCTPATOPOB JIOKAJIBHBIX PEeCTPOB [2;
3]. Ha y3max co3marorcst OJOKH JaHHBIX ISt
3aIKCH B PeecTp.

Bce y3i1b1 paboTaroT B COCTABE JTOKATIbHOM
CeTH YYPEKICHHUS JTUOO0 PETHOHAIBHOW WU
MECTHOH CeTH.

CeTb n0/mKHA 00eCeYnBaTh BOBMOXKHOCTh
peanu3ainiy yCTaHOBJICHHBIX MpaB JAOCTyIa
K y3J1aM ISt COTPYAHHUKOB YUPEKICHUS, 00eC-
MEYUTh 3alUTy OT HECAHKIIMOHUPOBAHHOTO
JIOCTyTIa K peecTpaMm, 3alluTy KaHaJIOB CBSI3H,
00€CIICUNTh JTOKATH3ALUI0 PACIPEACICHHOTO
peectpa B mpenenax yupexacHus. Cyiie-
CTBYIOT pa3HOOOpa3HbIe PEIICHUS TaHHBIX
3a1a4, MoAPOOHO HMCCIIeJOBAaHHBIC B JINTEPA-
Type [8; 14; 15].

MaremMaTu4ecKne MOJIETH Y3108
JIOKAJbHBIX peecTPOB

Co3nanue pacrpeesieHHOTO peecTpa Tpe-
OyeT pelieHus psiia 3a1a4d ¥ aHajau3a, Mo3B0-
JIIONIMX TOJTyYaTh YUCJIEHHBIE 3HAUYEHUS Xa-
PaKTepUCTUK PabOThI pPaCHpeeICHHOTO pee-
CTpa B 3aBUCHMOCTH OT MMapameTpoB (MHTEH-
CHBHOCTH MOTOKa 3aMpOCOB K peecTpy,
HHTEHCUBHOCTH [TOTOKA JOKYMEHTOB JIJIsI 3aHeE-
CEHHUS B peecTp, MIUTEIbHOCTh 00paboTKH
3alIPOCOB B peecTpe, CTPYKTypa U COCTaB
0JIOKOB peecTpa):
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* aHAJIM3 MpoLeccoB GpopMHUpOBaHHUS OJI0-
KOB JIOKyMEHTOB Ha y3J1ax JJisl 3allUCH B JIO-
KaJIbHbBIE PEeCTPHI;

* aHaJIM3 MPOLIECCOB 3arucH OJIOKOB B OJI0K-
YeifHBI JIOKAJIBHBIX PEECTPOB U CO3JaHUs KO-
MUH;

* aHaJIU3 MPoLEecCOB 00pPabOTKHU 3apoOCoB
oJib30BaTeliell peecTpa.

Jnst mpoBeneHus aHainu3a pa3paboTaHBbI
MareMaTHYeCKUEe MOJEIHU C MOTIOIEeHUEM
coo0IIeHHH, npeAcTaBiIcHHbIC B padoTax [13;
16—-18]. Pang mozneneii, Mo3BOIAIONIUX HCCIIE-
JIOBaTh CETEBBIE CTPYKTYPHI, MPEACTABICH
B pabore [14].

B naHHOM ciryyae nonioneHue dieMeHTap-
HBIX COOOIIEeHHH (JOKYMEHTOB) MOJpasyme-
BaeT GOpMUpPOBaHUE U3 HUX OJIOKOB IS 3aITH-
CH B peecTp.

B Momensx KaxIbli TOKYMEHT COOTBET-
CTBYET DJIEMEHTApPHOMY COOOIICHHUIO, a TPO-
necc popMHupOBaHUs OJ0Ka JOKYMEHTOB CO-
OTBETCTBYET CO3/IaHUIO CIIOKHOTO COOOIICHNUS
(6110Ka) B cucTemMax ¢ MOTIIOIIEHUEM DIIEMEH-
TapHBIX COOOIICHUH.

Kak npaBuiio, 4uciio JOKyMEHTOB, TIOCTY-
MAOIIUX JIJIs 00pa0OTKU M XpaHEHHSI KOHEYHO,
II03TOMY B Kau€CTBE MOJIEJIH Y3J1a paccMaTpH-
Bajlach cucrema ¢ UKCUPOBaHHBIM COCTABOM
CJIOXHOTO cooOuenus (010Ka TOKyMEHTOB)
M C OTPAHUYCHHBIM YHCIIOM MECT IS OXKH/a-
HUSI B OYEePE/IH SIIEMEHTAPHBIMH COOOIICHUAMHE
(moxymeHnTamn).

[Ipu co3panum Mojeneil cuuTanock, 4YTo
Ha y3eJ noctynaet N NOTOKOB JOKyMEHTOB —
JJIEeMEHTapHBIX cooluieHuit (co > N > 1), us
9TUX coobuieHui Gpopmupyercss M O0KOB
(coxHubIX coobuieHuit). [Ipasuia popmupo-
BaHMsI OJIOKOB Ha y3JIax 3a/1al0TCsl MaTpHLIEH
M=|m|, rne m; > 0 — 49HCI0 JOKYMEHTOB
IOTOKa HOMEP J, KOTOpbIE BXOAST B COCTaB
omoka Tuma i (i = 1, 2,..., M; j =1, 2,...,
N) [191.

[Ipu bopMHUPOBaHUH DIEMEHTOB MATPHIIBI
M mnpenrmnosnarajioch CoOJIIOICHNE YCIOBHI:

a) TOKYMEHTHI KaXJOTO MOTOKa MOTYT
y4acTBOBAaTh MPU CO3AaHUHU OJIOKOB TOJBHKO
OJTHOTO THMA (U151 K&KAO0r0 COTPYIHHKA yCTa-
HOBJICHBI HaOOPBI JTOCTYIHBIX JOKYMECHTOB
U KaXK/10€ NOoJIpas/ielieHHe CO3JaeT CBOU OJIOKH
U TOKyMEHTHI);

0) B KaxJbli OJIOK BXOIUT XOTs ObI OJHH
JOKYMEHT.

B03MOXHBI BapUaHTHI, YYUTHIBAEMBIC
B MaTeMaTH4YeCKUX MOJENSX:
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— JUINTENBHOCTh (POpMUPOBaHUS OJIOKa HE
orpaHu4eHa, U HOpMHUPOBaHNE 3aKAHYNBAETCS
IIPH MOCTYIIJICHUH HEOOXOJUMOT0 KOJIN4eCTBa
JIOKYMEHTOB;

— JUIUTENBbHOCTh (opMHUpOBaHHs 0JIOKa
OTpaHHYeHa;

— YHCJIO IOKyMEHTOB B OJIOKE ciryuaiiHas
BEJIMYMHA.

[Torepst JOKYMEHTOB B peecTpe MCKIIIo4a-
€TCsl 3a CYeT 3aJaHMs Ha y3JIax J0CTaTOYHO
0OJIBIIOrO KOJIMYECTBA MECT JUJIsl OXKHMIAHUS
JIOKyMeHTaM# (opMHUpOBaHHs OJIOKOB, B CO-
CTaB KOTOPBIX OHH BOMIYT.

Mopenu 115 aHaIM3a BApUAHTOB IPEICTaB-
neHsl B paborax [13; 16—18; 20]. Moaenu
JIAI0T BO3MOXKHOCTb JIOTIOJTHUTENIBHO UCCIIE/10-
BaTh CJeNyIolle BapUaHThl cocTaBa GOpMHU-
PYEMBIX OJIOKOB JIOKYMEHTOB: 0JI0K (hopMuUpy-
eTCsl U3 JOKYMEHTOB TOJIbKO OJHOTO THIIA
(moToka), KOIM4eCTBO KOTOPBIX 3aJ]aHO; OJIIOK
dbopmupyercsi U3 ITOKYMEHTOB pPa3jUYHBIX
MIOTOKOB, KOJMYECTBO AOKYMEHTOB KaXKIOI'0
MOTOKa 3aJaHo.

[IpumMeHeHHe MaTeMaTHuYeCKUX Mojelel
MO3BOJISIET BBIYUCIATH 3HAYCHUS XapaKTepH-
CTHK peecTpa, B YHCIe KOTOPBIX:

* CpenHsisl JUTUTEIbHOCTh (POPMUPOBAHUS
0JI0Ka TOKYMEHTOB ISl 3aIIMCH B PEECTp;

* cpelHee BpeMs OXUIaHHs JTOKyMEHTOM
3aIliCH B peecTp;

* CpeAHsisl IIMHA OYepelid JOKyMEHTOB;

* cpeJHee BpeMs 3alucH 0JoKa B peecTp
(TIpH BBIYHCICHUH 3TOW XapaKTePUCTUKHU yUH-
THIBA€TCSI OTCYTCTBHE COCTA3aHUI IPH 3aITUCH
B peecTp (OJ0KUYEHH), U 3aIUCh MPOUCXOIUT
B YCT@HOBJIGHHOM JUJISl Y3JIOB aJAIMHHHUCTPATO-
POB TOpsIZIKE).

Mozenu Mmo3BOJSIOT BapbUpOBaTh Mapa-
MeTpBl peecTpa (Mojeineil, COOTBETCTBEHHO)
JUTSL TIOMCKA ONTHMAJBHBIX HIIH MPUEMIIEMBIX
[0 3HAYCHHUSIM XapaKTEePUCTHK PEUICHHH.
Cpenu 3TUX mapaMeTpoB:

e cocTaB 0JI0Ka;

* CpenHsisl JUTUTEIbHOCTh (POPMUPOBAHUS
0110Ka;

* IOIyCTHMAs AJIMHA OYePeIn JJOKYyMEHTOB;

* KOJIMYECTBO y3JI0B aJIMUHUCTPUPOBAHUS
JUTSL JIOKAJIBHOTO peecTpa.

Maremarnyeckue MOJIeNIM aHaIu3a CUCTEM
BO3MOXKHO PUMEHSTh JUIsl aHAJIM3a IPOLIECCOB
CO3/1aHHUs ¥ DKCIUTyaTalluu pacipeesieHHOTO
peectpa, paboratouiero 0e3 omnpeneneHus
OUYEpEeIHOCTH IpaBa 3amucu GopMUPYyEMBIX
0JIOKOB (CJIOKHBIX COOOLIEHHIA).

PozeHGepr WU. H., OanuuHrep . M. AHanu3 pa6oTbl pacnpeaeneHHOro peectTpa AaHHbIX

Ha npumepe asponopTa




BbIiBOAbI

TexHOJOrusl paclpe/eIeHHbIX PeeCTPOB
M TEXHOJOTHs OJIOKYCHH CEerofHs 3aHUMAIOT
Ba)KHOE MECTO B PELICHUH 33134 3alUThl HH-
(opmarun: o6ecredeHne NeI0CTHOCTH, 3aIIH-
Ta OT U3MCHEHHH JAHHBIX, YIIPaBICHHE TOCTY-
IOM, COITACOBAHUE TAHHBIX.

bonbiroe paznoo6Gpa3ue NPaKTHUECKHUX
MPUJIIOKEHUH, TJ€ HCIOIB3YIOTCS JaHHBIC,
TpeOyeT pa3paboTKH M IpeaBapUTEILHOTO
aHaJl3a METOMOB CO3JIaHUs OJOKOB JaHHBIX
JUIS XpaHEHHUsS B peecTpe, CTPYKTYPhI U aJro-
pUTMOB pabOTHl Y3J0B PacnpeneieHHOro
peectpa. s pemeHus 3TUX 3a]a4 Leecoo0-
pa3sHO HCHONB30BAaTh MaTeMAaTHYECKOE MOJe-
JUPOBaHUE.

JlaHHBIC O BOBMOXKHOM CO3JIaHHHU U HUCCIIe-
JOBaHUY pacIpeieIeHHOTO peecTpa Ha Oase
OJOKYEHH 1J1s1 adpOoropTa MOXKHO MaclITaOu-
poBaTh A Cilyvas aBHaTPaHCIOPTHOH cuc-
TEMBI, U1l PETHOHAJIBHBIX CUCTEM YIIPaBICHHS
aBHANEPEBO3KAMH.
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MeToz onpeneneHus 4ONroBe4YHOCTH
NPOMNETHOro CTPOeHMs MOCTa

Ine6 OFYPLIOB

Hukonait EPMOLUWH

AHHOTALNA

Llenbto uccnedosaHusi sensemces pa3pabomka memoda
onpedenerus 0on208e4HOCMU xene306emoHHol basku nponém-
HO20 CmpoeHusi npu 8030elicmauU azpeccusHbIX cped.

HayuyHoe obocHosaHue Memoda 8bIN0THEHO Ha OCHO8E 3aKO-
HO8 ycmaHoB/eHUs! Cpedu 20MO2eHHbIX Yyacmell xene3o6emoxa
PasHOMEPHO20 pacnpedenieHus KOHUeHmpayuli ammocepHbIX
2a308 u onpedeneHus 2mybuHbl ux Oughgpysuu. [ns onucaHus
CKOPOCMU NPOHUKHOBEHUS NPUMEHEHbI aHaNIUMUYeCKUe ypasHe-
Husi onpedeneHus 2nybuHbl ughpy3uu ammoceepHbIX 2a308
8 6emon. Mpu docmuxeHuu npodykmamu Aughgpy3uu paboyel
apmamypbl HaYUHaIOMCS NPOUECCHI KOPPO3UU, YMO Bbi3bieaem
CHWXeHUe 3ghehekmusHol nnowadu, u, kak crnedcmeue, NOMePH
Hecywell cnocobHocmu Gasku nPoIémHo20 CMPOEHUS 80 8peMs
JKCNTyamayuu MOCMO8020 COOPYKEHUS.

Ine6 Jleonudosuu Ozypyos’,
Huxkonaii Anexceesuu Epmowiun’

12 Boicuias wikona npoOMbLULIeHHO-EPANCOAHCKO20

u dopodicroeo cmpoumenvcmea, Canxm-
Tlemep6ypeckozo norumexHu4ecko2o yHugepcumema
Ilempa Benuxozo, Cankm-Ilemep6ype, Poccus.
!ORCID: 0000-0002-5183-7420; Web of Science
Researcher ID: AF1-6310-2022; Scopus Author ID:
57939891300, PUHL] SPIN-xo00: 1150-8781; PUHL]
Author ID: 957338.

2ORCID: 0000-0002-0367-5375,; Web of Science
Researcher ID: ABA-1133-2020; Scopus Author ID:
57215847497, PUHL] SPIN-k00: 6694-8297; PUHIL]
Author ID: 735873.

b4 Togurtsov_gl@spbstu.ru.

Ha ocHosaHuu npednoxeHHo20 Memoda pacyéma cghopmupo-
8aHa pe2peccUoHHasi ModerTb OUEHKU O0/T20864HOCU Kee306emoH-
HbIX KOHCMPYKYUL 8 3agucumMocmu om Ougbghy3uu aepeccusHbIx cped
U pa3Ho20 Koruyecmaa OHell 8 200y ¢ ocadkamu. AHanU3 Nomy4YeHHb X
Ppe3ynbmamos nokasar, 4mo npu GocmuxeHuU npodykmoe dughgy-
3UU ammocghepHbIx 2a308 paboyel apmamyps! Ha4UHaMCA Npo-
Uecch! HeobpamuMb IX U3MEHeHUL (HeobpamuMO20 CHLXKEHUS) HECY-
weli cnocobHOCMU NPONEMHO20 CMPOEHUS.. YCMaHOBIIEHO, YMO CPOK
cryx6bi Ao omka3a npu 8030elicmeuU 2amoeeHos U 2aoeeHgo0o-
POOHB IX KUCIOM MOXem cocmasume He 6onee 30 nem. lNpumererue
Memoda no3gonsiem onpedensims 0CcmamoYHb I Cpok cryx6bi npo-
JIEMHO20 CMPOEHUS Ha OCHOBAHUU OUEHKU pecypca Hecywel cno-
cobHocmU U pa3pabame i8ambs HOpMamueHs e AOKYMEHMbI N0 CPOKaM
8bINOMHEHUSI PEMOHMHB X pabom.

Knoyesble crioga: mpaHcnopmHoe cmpoumesiscmeo, d0f1208e4HOCMb, CPOK CAIYXBbI, HECYWASs CNOCOBHOCMb, NPONEMHOE CMpoe-
HUe, MOCIOB0E COOPYXeHUE, KOpPO3usi apMamypbl, a2peccugHbie Cpedb!.

[na yumuposarus: Ozypyos I". J1., Epmowun H. A. Memod onpedeneHus 0on208e4HoCmU nponémHo2o cmpoeHust mocma // Mup
mparcnopma. 2024. T. 22. Ne 4 (113). C. 33-42. DOI: https://doi.org/10.30932/1992-3252-2024-22-4-5.

MonHbil mekcm cmambu 8 nepeeode Ha aHanulickull A3bIK Ny6nuKyemcsi 80 emopoll Yacmu daHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEEHUE

MocTOBbIE COOPYKEHHS SBISIOTCS HEOTh-
€MJIEMOM YaCThI0 aBTOMOOMIIBHBIX JIOPOT, OT UX
COCTOSIHMSI 3aBUCHUT O€30I1aCHOCThH JOPOXKHOTO
JBIDKEHUS. B Lensx npemynpexieHus apapuii-
HOT'O COCTOSIHHUSI aBTOZIOPOXHBIX MOCTOB TpeOy-
€TCsl ONpEeNeNsITh HECYIYI0 CIIOCOOHOCTh UX
KOHCTPYKTHBHBIX 3JIEMEHTOB C y4ETOM Jedek-
TOB, BBI3BaHHBIX BO3ACHCTBHEM TPaHCIIOPTa
U arpecCUBHBIMH CPEIaMH.

HanéxHocTp ene300eTOHHBIX MTPOJIETHBIX
CTPOEHHI BO MHOTHX CITy4asiX ONpeesieTcs: uX
JIOJITOBEYHOCTBIO M 0€30TKa3HOCThI0. CHM)KEHHUE
Hecylleil crocoOOHOCTH MPOJIETHOTO CTPOCHUS
B pesynbrare Je()eKTOB, BHI3BAHHBIX BO3JEH-
CTBHEM arpecCHUBHBIX CpeJ, CHHXKAET CPOK
CITY>KOBI U SIBJISIETCS OTHOM N3 OCHOBHBIX PHYHMH
MPEXKIEBPEMEHHOTO Pa3pyILICHUs MOCTOBBIX
KOHCTPYKIMI C HAHECEHUEM BpeJla JKH3HH U 3710-
POBBIO JIIO[IEH, UMYIIECTBY M OKpY’Karouei
cpene. [ns obecrieueHuss paboTOCIOCOOHOTO
COCTOSIHUSI MOCTOBBIX COOPYKEHHI HEOOXOIUMO
MPOU3BOIUTH ITPEXKAEBPEMEHHBIE PEMOHTBI, BOC-
CTaHOBJICHUE WJIM 3aMEHY BBILLIE/IINX U3 CTPOs
KOHCTPYKTHUBHBIX 3JI€MEHTOB [1].

Ha BozHuKHOBeHUE Ae(PEKTOB MPOIETHOTO
CTPOEHHUS, CHIIKAIOIUX HECYIIYI CHOCO00-
HOCTbH, BIUSIOT NMPUPOAHO-KINMAaTHYECKUE
yCIIOBHSI M TexHOTreHHbIe daktopsl [2]. TIpu-
POIHO-KJIMMAaTHYE€CKHUE YCJIOBHS BBI3BIBAIOT
MOCTENIEHHOE CTApEHNE MAaTEPUaJIOB, CHHIKEHHE
MOJYJISl yIIPYTOCTH M TIPOYHOCTH Ha PaCTsKe-
HUE U C)KaThe OeTOHA, YMEHBIICHHUE MOJIe3HON
TUIOIAAN APMHUPOBAHUS H, KaK CIEACTBUE, M10-
TEpI0 Hecylield crocoOHOCTH M OTKa3 MOCTO-
BOro coopyxeHus. K rexHoreHHbIM pakropam,
MPEkKIe BCEro, CleJyeT OTHECTH M3MEHEHHE
MHTEHCUBHOCTH U COCTaBa JBM)KECHHS TpaHC-
MOPTHBIX CpecTB. VX Bo3neiicTBHE BBI3BIBACT
HaKOIUICHHE U Pa3BUTHE YCTAJIOCTHBIX Je(op-
Manuil U MOBPEXICHUH, a TaK)Ke U3HOC Mare-
pHUaNoB KOHCTPYKTHBHBIX 3JIeMEHTOB. B Hac-
TOSIIIIEe BPeMsT HOPMATHBHOM JTOKYMEHTAIHEeH
2 mpeiycMaTpUBaeTCs, 4TO ITAPaMETPhI JKeJe30-
OeToHHOTO 3IeMeHTa (pa3Mepbl ONePeduHOr0o

! CIT 63.13330.2018 BeroHHble U Kele300eTOHHBIE
KOHCTPYKIMH. OCHOBHBIC MOJTOXKEHUS. [DIeKTPOHHEIH
pecypc]: https://ano-alpha.ru/upload/iblock/58¢/ mjvjzkir
ysdmzq31jd53bipezO0mxsqd5/ SP_63.13330.2018_-2.pdf.
JHoctyn 01.08.2024.

2 CII 35.13330.2011 MocTtsl u TpyObl. [DIEKTPOHHBIIH
pecypc]: https://www.mos.ru/upload/ documents/
files/4784/SP35133302011MostiitrybiAktyalizirovann
ayaredakciyaSNiP20503-84(sIzmeneniemN1) Tekst.
pdf?ysclid=m8s0d9x4tj580224091. Joctym 01.08.2024.
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CEUeHHs, TUaMETP apMaTypbl, IPOYHOCTh Ha
CXXaTHe M T.J.) OCTAIOTCS HEM3MCHHBIMH Ha
BCEM CpOKe CITy’k0bI. OZTHAKO B CBSI3H C TEM, UTO
0eTOH MMeeT KamMIISIPHO-TIOPUCTYIO CTPYK-
TypY, IPH SKCILTyaTallud MOCTOBOTO COOPYKe-
HUS BO3HUKAIOT CICAYIONINE IS(EKTHI MPONIET-
HOTO CTPOCHHS: KOPPO3HsI apMaTypbl, H3MEHE-
HUE MTPOYHOCTH OETOHA Ha PAacTSHKEHHUE U CxKa-
THE, a TAaKXKe YMEHbBIICHNE TUIOMAAn paboueit
apMarypsl IpU MUKJINIECKOM Harpy>KeHHH, 9TO
TIPUBOJINT K CHIDKCHHIO HECYIIIEH CIIOCOOHOCTH
6aJIOK MPOIIETHOTO CTPOCHMUSL.

Taknm 06pazomM, yenbio UCCIeIOBaHNS SIBIIS-
eTcs pa3padoTKa 1 000CHOBaHME METO/IAa OTpe-
JeJICHUS OJITOBEYHOCTH KeIne300€TOHHOH
0aJIKH TPOJIETHOTO CTPOCHMUS MOCTA B YCIIOBHUSIX
BO3JICHCTBHS arpeCCUBHBIX CPEJl, BIMSHUE KOTO-
PBIX IIPUBOANT K AETPalalliyl CBOMCTB MaTepHa-
JIOB U CHIDKCHHUIO HECYIIEH CIIOCOOHOCTH.

METOQONOrnA

Hauvano koppo3um apmarypsl NpOJIETHOTO
CTpOeHUs 00yCIOBICHO MponeccoM anuddy3un
rasa, comepkamerocs B arMocdepe, B 0eTOH
1 TIOCITIEAYIONIEH AemacCuBaluy apMaTypHBIX
crepkHeil. [Ipouecc nenaccuBanuu 3akiroya-
eTcsl B 0Opa3oBaHUM U PACTIPOCTPAHCHNH TPAHC-
KPUCTAJUIMTHBIX TPEIIMH BIIyOb MeTaya
C YMEHBIICHAEM TOJIE3HOH IIJIOIIAAN €To IMoTIe-
PEYHOTO CEYeHUs B pe3ylbTaTe OJHOBPEMEH-
HOTO BO3AEHCTBHUS IMKIMYECKHX PACTATHBAIO-
IIMX HATPy30K X aHOTHOTO PaCTBOPEHHS METaI-
na. Auddys3us onuceBaeTcs aHATUTHICCKIMHA
YpaBHEHHSMH IIEPBOTO M BTOPOTO 3aKOHOB Drka
[3]. Bo3neiicTBrE arpecCUBHBIX CPEI 3aBUCUT OT
YCIIOBHH HKCIUTyaTalliil MOCTOBOTO COOPY>KEHHS
1 MEpOIPHUATHH 10 ero coaepxaunuio [4; 5].
Crenens BiusiHASA Iporiecca nuddys3um onperne-
JISIETCSI Pa3IMIHBIM COCTaBOM M KOHIIGHTpAIHeit
arMoc(epHBIX ra3oB. B pamkax uccrnenoBaHuit
[6-8] paccMoTpeHBI OCHOBHBIE aTMOC(epHBIC
ra3bl, B3aUMOJCHCTBYIONIHE C OETOHOM U apMa-
Typoii. Ocoboe BHUMaHME 3acCiTyXHBAIOT yTJIe-
kucnpii raz (CO,), ranorenst (Cl,) u ramoren-
Bopopozubie kuciots! (HCI), Tak kak npu JocTu-
xeHun GppoHTOM nHPDYy3uM apMaTypHBIX
CTEp)KHEW HayWHAeTCsl Iporecc Kopposun [9],
YTO MPUBOANT K M3MEHEHHIO HECYIIEH CrIoco0-
HOCTH IPOJIETHOTO CTPOECHHUS.

B crarpsx [3; 10; 11] npuBeneHs! pe3ynbraTsl
HCCIIEZIOBaHUH, B XO/I€ KOTOPBIX OIpE/eIcHA
ckopocTs auddy3un yrimekncioro raza B 0eToH-
HbIe 00pasiel. CkopocTs aAudQy3un 3aBUCUT OT
KOHIICHTPAIMX YTJIEKUCIIOTO Ta3a Ha TOBEpPX-
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Puc. 1. Fny6uHa dughgby3uu yanekucnozo 2a3a u UOHO8 Xopuda [paspabomaHo asmopamu].

HOCTH 00pa3ioB, BOJOIIEMEHTHOTO OTHOIICHHS
Y IPUMEHSIEMOTO0 3aIoHUTENs OeToHa. [TyoruHa
nuddy3uu yriekucsoro rasa [3] onpenensercs
o opmye (1):

X, =\/2'Dco2 a6 =6) T
et
C;

)
.»— BPEMSI BO3JIEHCTBHSA YIIEKHCIIOTO Ta3a,

Do, —x03pPuument nudppysuu CO, BriyOb
6eToHa, M?/C, KOTOPBI 3aBUCHT OT COCTaBa Oe-
TOHA, CTETIeHH! T'HAPATaLl1 U COAEP)KaHHs BJIary;

¢, ¥ ¢,— COOTBETCTBEHHO, COIEPKAHHE JIHOK-
CHJa yIJIepo/a Ha BHEIIHEH MOBEPXHOCTH OeTo-
Ha ¥ Ha rpaHuie kapOoHu3zaimu (OECKOHEYHO
MaJias BeIW9IHHA), YacTeil Ha MIJUIHOH (ppm);

a — KOJTMYECTBO COZ, HE00X0AUMOe JIJIst Ipe-
BpAIIeHUS BCEX CITOCOOHBIX KapOOHM3MPOBATHCS
MPOAYKTOB THAparanuu rementa [12], kr/m?,
ompenensieMoe 1o gpopmyie (2):
a=04¢f+p-lL, @)
e f— CTeneHb HeWTpanu3anuy OeToHa, paBHast
OTHOILECHUIO KOJIMYECTBAa OCHOBHBIX OKHCIIOB,
[IPOPEarupoBaBIINX C YIJIEKHCIBIM Ta30M,
K 00LIeMy UX KOINYECTBY B IEMEHTE, IPHHIMae-
Mas paBHoii 0,6;

P — KOJIMYECTBO OCHOBHBIX OKHCIIOB B LIEMEH-
Te B iepecyere Ha CaO B OTHOCHTEIBHBIX BEJIH-
YUHaX 10 Macce M0 TaHHBIM XHMHUYECKOTO
aHanm3a, MpIHIMaeMas paBHoii 0,6;

L — yncneHHOE paBHOE COnEpKaHHUE [IEMEH-
Ta B OETOHE, KI/M>.

I'ny6una nuddysun nonos xmopuzna [3]
omnpeaeisercs no popmyne (3):

3-270,6
o, (tt)[ e

Xo= s (3)

TJI€ T, — BPEMsI BO3JIEHCTBUSI HOHOB XJIOPH/A, C;
C u C_ — COOTBETCTBEHHO KOHICHTPAIMS
XJIOPHJIOB Ha TIOBEPXHOCTH OETOHA 3alUTHOTO
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CJIOS ¥ KPUTHUECKash KOHIIEHTPALUS XJIOPHIOB
Ha MOBEPXHOCTH apMaTypsl, % 110 Macce [eMeH-
Ta;

t, ¥ { — COOTBETCTBEHHO, BO3pacT O€TOHa #,=
28 cyToK U (pakTHYECKHI BO3PACT #, CyTKHU;

erf! — pynkuums omubok [aycea;

D,,, — xooppunment nuddysuu Xa0punos
B Oetome [3], M%/c, onpesessieMslii o hopmyiie
(4):

DCIO _ 10(42,05+2,4»B/Ll) ) (4)

C ucnonb3oBanueM BoipaxkeHui (1) u (3)
MOCTPOCHBI rpauKu NTyOUHBI AU y3uH yriie-
KHCJIOTO Ta3a U MOHOB XxJiopuaa [14] mo romam
(puc. 1) s nocTosiHHBIX 3HaYeHuH hopmyt (1)
u (3). [Ipouieccyl NPOHMKHOBEHUS YIIIEKHCIIOTO
ra3a u MOHOB XJIOpHU/ia IPOUCXOJAT OT MOBEPX-
HOCTH HEMOpPaKEHHOTO OETOHA BHYTPH dJie-
MEHTa.

B craresax [8; 10; 11; 14] npuBeneHs! pe3yib-
TaThl 3KCIEPUMEHTAIBHBIX HCCIIEI0OBaHUI BO3-
JIEMCTBUI TIPOAYKTOB KapOOHHM3aLUK Ha MPoy-
HOCTb OETOHA IPU PA3IMYHBIX KOHIIEHTPALUIX
YIJIEKUCIIOTO ra3a. YCTaHOBJIEHbI 3aBUCHMOCTH,
CBUJICTEJIbCTBYOIIKE O TOM, YTO TIPH YBeJHUe-
HHUH BPEMEHH yCKOPEHHOMN KapOOHHM3aIMU M KOH-
LEHTPALMH YIIIEKHCIIOTO ra3a MPOMCXOAUT POCT
MpeeIbHON MPOYHOCTH OETOHA Ha CYKATHE, TIPU
3TOM OTCYTCTBYIOT CBEJIEHUS 00 M3MEHEHHHU
NIpe/IeNIbHOM MPOYHOCTH Ha pacTsbkeHue. B mpo-
necce kapbonusaiuu [14—17] 6erona obpasy-
I0TCSI CIIOXKHBIE MOJIMMEPHBIE CPOCTKU U HAOJIIO-
JIAeTCsl OTCYTCTBHE BUIUMBIX MTOJIBYaThIX KPHU-
CTaJIJIOB THPOCHIIMKATA KaTbLHs1, IEMEHTHPYIO-
IUX CTPYKTYypy OeTOHa, YTO MPUBOIUT
K CHW)KEHHIO KOT€3WH M IPOYHOCTH OETOHa Ha
pacTsbKeHUe, HO yBEIMYMBAET IIPOYHOCTH OETO-
Ha Ha cxxarue. Kak nokazanu uccnenosanusi [ 18],
1 dy3unst HOHOB XJIOPHIOB IPHUBOJUT K CHUXKE-
HUIO TPOYHOCTH OETOHA Ha CXKATHE M PaCTshKe-
HUE.
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Ilpu moctmwxkenuu npomykramu nuddy3un
YIJIEKUCIIOTO Ta3a U MFOHOB XJIOpH/ia apMaTyPHBIX
CTEp)KHEH, a TakxkKe MPH CHHKEHHH KUCIOTHO-
1IeIoYHoro GanaHca OETOHa HAYMHAETCS MpO-
1iecc KOppO3HH, B XO/ie KOTOPOTO MPOUCXOJHUT
yMeHbleHue 3¢ GEeKTUBHOM U101 apMaTyp-
Horo crepxHsi. Kopposust apMarypsl siBIsieTcst
EKTPOXUMHYECKHM IIPOLIECCOM, KOTOPasi BO3-
HUKAeT MPU YMCHBIICHUH MEIOYHOCTH OKPY-
JKarole cpensl 10 3HadeHuid pH, paBno#t 11,
a TakoKe MMpH JAecTBUM HOHOB XJopuaa [19, 20].
Jlna onumcanus paHHOrO Inporecca [3] ncnons-
3yercs ¢popmyia (5):

2
A, = n-[%—0,0l-%—tw) s %)
rae N — KONMYeCTBO JHEH B rofy ¢ OCajKkaMu
bonee 2,5 MM;

t .~ BpEMS KOPPO3HH, TOJIBL.

IIpu Hanuuuu TpemuHsl, mupuHoH 0,3 MM
u Oonee [17], WM JIOKATBHOTO MOBPEKIACHUS
MIPOUCXOJIUT YCKOPEHHE MPOIlecca KOPPO3HH
apmatypsl. JlaHHbIi npouecc [3] onuckiBaeTcs

hopmyoii (6):
d N, ’
Acor:n'(5_0’06'%ltmrj . (6)

IIpu Bo3nelicTBUN MOHOB XJIOpUAA HA apMa-
TYpPY CKOPOCTb KOPPO3HH MOBBIIIaeTcst. Dhpex-
THUBHAs IUIOMIAb B TaHHOM ciydae [3] ompene-
nsietes o popmye (7):

2
P o

B pamkax TaHHOTO HCCIIEIOBaHHSI PACCMOT-
peHo momnepeyHoe cedyeHue Oanku b
3300.b.153-TB nponéTHOro CTPOCHHUS, COOTBET-
cTBYyIOLIEro pabounm ueprexam «Cor3a0pIpo-
ekT™». B cootrBeTrcTBHUM ¢ 3aBUCHMOCTBHIO (1)
OTIpeJIeNIeHO, YTO MPU BO3IACHCTBUH YIJICKHC-
noro raza GpoHT auddy3un 10CTHUraeT BepXHen
HeHarnpsiraemoii padoueii apmarypsl (Alll &12)
NpOJETHOTO CTPOCHHUS B TEUCHHE ISATHU JIeT
(puc. 2) u HUKHEH HEHampAraeMOoH apMaTypbl
(AI ) 3a nepsath et (puc. 3). Kopposus Hampsi-
raemoii apmatypsl (K7 24(J5B) Haunnaetcs Ha
44-#1 To1 TocTe BBOAA B OKCIUTyaTaIHIO COOPY-
skenus (puc. 4). Usmenenue 3 hexTuBHOM
TUTOLIAM TIPH KOPPO3HH OIUCHIBAETCS KBaapa-
TUYHO 3aBUCHMOCTBIO, HO B CHITY MaJIOTO U3Me-
HEHHsI IMaMeTpa apMaTypbl, IPOTEKaeT Mej-
JICHHO, TPHOJIMKASACH K TMHEHHOM 3aBHCUMOCTH
(cm. puc. 2-4).

B Teuenue cpoka ciryObl IPOJIETHOTO CTPOE-
HUS B pe3yabrare TudQy3ud HOHOB XJIOpUAA
HAUMHAETCS KOPPO3Hs BEPXHEr0 M HIDKHEro
HEHAIpsIraeMoro apMUpOBaHUsI B BO3pacTe TPEX

®  Mwup TpaHcnopTa. 2024

U TISATH JIET COOTBETCTBEHHO (pHC. 5 U 0), a Ha-
npsAraemMoil apmarypsl — B Bo3pacTe 24 jer
(puc. 7) B pe3ynbrare pacKpbITHs TpeluH [3].

O0o0cHOBaHUE 3aKOHOMEPHOCTEH H3MEHEHHST
TUIOLIA/I! apMaTypHBIX CTEPXKHEH B pe3ynbrare
rporecca KapOOHHU3alNU MO3BOJISET HepeiTn
K OIIPE/ICNICHUIO HECYILEH CIIOCOOHOCTH JKeJe30-
OETOHHBIX KOHCTPYKIHH.

Pacuér npenenbHOro M3rudaroiero MoMeH-
Ta MPOM3BOIUTCS 110 MPOYHOCTH HOPMAJILHOTO
CEUEeHHS HKeJIe3006TOHHOTO MTPOJIETHOTO CTPOe-
Hus. B nanHo# Mojenu mpuHUMaloTCs peaesb-
HBIE YCUITHS 1151 CKAaToro OETOHa, paBHbIE COIIPO-
THBJIEHHIO CKAaTHIO R,; JUIs PaCTAHYTOro OETOHa,
PaBHbIE CONPOTHBIIEHUIO PACTKEHUIO R, ; 1ist
pacTsHyTOW POAOILHON HEeHANpsIraeMol apMa-
Typbl, paBHbIE CONPOTUBJICHUIO PACTSKEHHS R ;
IJTS CKATOM — R IS HAPSTAEMOM TIPOJIOILHOM
apMarypbl, paBHbIE COIPOTUBIICHHUIO PaCTsDKe-
HHUIO Rp. ComnpoTuBieHHs: 0€TOHA CKATUIO U pac-
TSOKEHHIO IPUHUMAIOTCSl PAaBHOMEPHO pacripe-
JITICHHBIMH 110 C)KaTOM M pacTSHYTOM 30HaM.

HopmanbsHoe ceuenue (puc. 8) pasouaercs
Ha MHOXECTBO 3JIEMEHTAapHBIX ILIOIIAZ0K
¢ marom S.

[IpenenbHble ycuius, co3naBacMble Ha dlie-
MEHTapHBIX IUIOMIAAKAX, IIPUIIOKEHBI K LIEHTPY.
Pemenue 3a1a4u CBOIUTCS K TOUCKY TTOJI0KEHHS
Toukn «O», KOTOpas HaXOJUTCsS Ha TpaHUlle
cxaToi M pacTaHyTol 30H. ITockonbpky 3amaua
ocecuMMeTpuyHas, Touka «O» pacronaraercs
Ha BEPTHKAJIBHOW OCH HOPMAaJIBHOTO CEUEHHSI.

IpenenbHbId U3ruOAIONIUHA MOMEHT HOP-
MaJIbHOTO CEYEHHs olpesensieTcs 1o Gopmysie
(8), kOoTOpAast ONTyYeHA MPH PEIICHUH YPAaBHEHHUS
paBHOBECHS] MOMEHTOB OTHOCHUTEJIBHO TOYKH
«Om: ) .

Z;Rb Ayt YR A= DR, oA
i=1 . u:][ Jj=1 (8)
—ZRS A, - ZRP 4, =0,

y=1 e=1
e Z, — TUIeY0 JEUCTBHS YCUIIUS JUIS i-OH dJie-
MEHTapHOM IJIOIIAAKK CKAToro OeToOHa, MM;

Z_ —TIeY0 NEWCTBUSA yCHITUS JUIA U-OH CKa-
TOW apMartypbl, MM;

zZ, 7~ TUIed0 JIeficTBUS yCUIIUS IJIS j-Of 3me-
MEHTapHOM IUIOIIA/IKU PacTSIHYTOro OETOHA, MM;

Zsy—v MIJIe40 IeUCTBUSL YCUIIUSA JUIsl -0i pac-
TSHYTOI apMatypbl, MM;

Zpe— [UIEYO NEHCTBUS yi:pmns[ JUTs1 p-Oif pei-
BapUTEIbHO HANPSHKEHHOM apMarypbl, MM;

A, A, A, » Asj, Ape— IJIOIIAIN 3JIEMEHTap-
HBIX TUIOLIAJIOK C)KaToro OeToHa, CyKaTo apMa-
TYpbl, PaCTAHYTOr0 OETOHA, PacTSIHYTOW apMa-
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TYpBl U HampsraeMoidl apMaTtypbl COOTBET-
CTBEHHO, MM,

IIneun peiicTBUs yCUIIUd SIBISIOTCS AETEP-
MUHHUPOBAHHBIMU BEIIMYMHAMHE, KOTOPHIE OIpe-
nensirorest o popmynam (9-13):

Zbi=x—10-ai, )
Z,,=1530-x-10-b, (10)
ZSC =x-Z, (11)
Z,=1530-x-Z7, (12)
Z,=1530—-x- Ze, (13)

e x — (haKTHYEeCKasi BRICOTA CHKAaTOM 30HBI, MM;

a, bj— MOPSAIKOBBII HOMEP FOPU30HTAIBHOTO
psiia cKaTblX M PaCTSHYTHIX 3JE€MEHTapPHBIX
MJIOLIAJ0K COOTBETCTBEHHO;

Z, Zy, Z,— paccTosHusl OT LEHTPa CHKATOH,
PACTSHYTOH U HampsraeMou apMaTypsl 10 OJIH-
JKalIIero Kpast 2JIEMEHTa, MM.

[lnomanu sneMeHTapHBIX MJIOIIAJ0K HOP-
MaJbHOTO CEUEHUS SIBJISIOTCS MOCTOSHHBIMU
BEJIMYMHAMU JJI ONPEAeIEHHOI0O MOMEHTa
BpEMEHHU.

[Ipu ompenencHUM MpeaeTFHOTO U3rHOAKO-
LIEr0 MOMEHTA JIOJIKHO BBINOJIHATHCS YCIOBHE
(14), koTOpOE MOITYYICHO MIPH PEIICHUHU YpaBHE-
HUSI PAaBHOBECHS CHJI IPUMEHUTENBHO K MPO-
JOJBHOM OCH (OpPTOrOHATBFHON TUIOCKOCTH HOP-
MaJIBHOTO CEUCHWSI) JJICMEHTA!

n » m
ZRIJ Ay + ZRsc A~ Zbe 'Aby' -
-1 u=1 Jj=1
k !
SR, YR, =
y= e=l

Pacuér HOpMasbHOTO CeYeHUs] BO BpEMEHH
TIPOU3BOANTCS B COOTBETCTBHH C hopmynamu (8)
u (14). 3nauenns >3¢hhexTrBHOM MI0IAAN pado-
Yell apMarypbl OIPEAENsIeTCs] B COOTBETCTBUH
¢ puc. 2—7 Juisl KOHKPETHOTO MOMEHTa BPEMEHH.
Pesynbrarsl Mpon3BeAEHHBIX pacyETOB Mpe-
CTaBJICHBI HA pUC. 9 TSI Pa3IMYHOTO KOJTMYECTBa
0CaJIKOB B TEUCHHE T'0/1a IPH BO3ACHCTBUH yTJIe-
KHCIIOTO Ta3a, a Ha puc. 10 — npu Bo3aeiicTBun
HOHOB XJIOpU/A.

(14

PE3YNbTATHI

[ onpeneneHus BO3HUKAIOMIMX yCHUIHH
MIPOMU3BEAECHO MOJIEIMPOBAHNE PA3PE3HOTO IIPO-
JETHOTO CTPOEHUSI, BBIIIOIHEHHOTO C IPUMEHE-
HueM 6aiox 3300.b.153-TB. IIpu pacnionoxxeHun
MOJIBMXHON HAarpy3ku HaJ Oalkoil B LIEHTpe
MPOJIETA CO3ACTCS U3THOAIOIINN MOMEHT My =
8787,90 xkH-m (puc. 11).

AHanu3 NOJY4YEHHBIX PE3yJbTaToB (CM.
puc. 9, 10) moxasai, 4To npy T0CTHKEHUH pado-
Yyell apMaTypbl HAYMHAIOTCS IPOLIECCHl HeoOpa-
TUMBIX U3MEHEHNH (He0OpaTUMOro CHIKCHUS)
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."A‘bri

Puc. 8. PacyémHas cxema HOPMasibHO20 ceveHus [paspabomaHo
asmopamul].

HECYIIEH CrToCOOHOCTH TMPOJIETHOTO CTPOCHHUSL.
B mpouecce quddy3un yrekucaoro raza mpo-
HCXOIHUT KOPPO3HsI apMaTypHBIX CTEPXKHEH, 4TO
MIPUBOANT K CHIDKEHHIO HECYIIEH CIOCOOHOCTH
Oasok mpoiérHoro cTpoeHus. [lo Hagama Koppo-
3WH HaIpsATaeMoi apMatypsl (45 ier) Habmona-
ercs norepst 0,03 % oT nepBOHa4YaTBHON HECy-
el CIIoCOOHOCTH OaIKH MPOJIETHOTO CTPOCHHS,
nocie 45 ner norepst cocrasisgeT 0,52 %.

ObocHoBaHME (HOPMYITBI TPOTHOZUPOBAHHMS
TEKYIIIETO MPEeIeIbHOTO N3rNOaI0Iero MOMEHTa
BBITIOJTHEHO HA OCHOBAHHH TPa(MKOB, TIPEICTaB-
JICHHBIX Ha puc. 12, 13.

3HaueHHEe TPEACTFHOTO M3THOAIOIIET0 MO-
MeEHTa IS 0aJIKH, MOJBEPTHYTOH BO3ACHCTBUIO
YIIIEKUCIIOTO Ta3a B TEUEHNE BPEMEHH , U JJIST KO-
JUYecTBa THEH B TOy ¢ ocankamMu bornee 2,5 MM
N, onpenensercs no gpopmyie (15):

M M+ (1-013*N, Fe 107+

+0 04 « N ot 107), 1%5)
rae t — (l)aKTI/I'-IeCKOG BpEMs BO3JCHCTBHS yIIe-
KHCJIOTO Ta3a Ha IIPOJIETHOE CTPOCHHE, JIET;

Nw— KOJIMYECTBO JTHEH B IOy € OCaJKaMH
bonee 2,5 MM;

M, , — maganpHOE 3HAYCHHE MPEACTBHOTO
H3ru0aroIero MoMenra, KHm.

CHmKeHrne Hecyllel CrocOOHOCTH CBHE-
TEJNBCTBYET O HETaTUBHOM Bo3neiicTBun auddy-
3WH YITIEKUCIIOTO Tra3a. Bo Bpems skciutyaranmun
ClIelyeT MPUHUMATh MEPHI K IPEIOTBPAIICHHIO
muddy3un aTMOCHEPHBIX Ta30B: OKPAITHBAHHE
MIOBEPXHOCTH OETOHA M TPUMEHEHHUE YIIIOTHSIO-
IUX CTPYKTYpy HobOaBok. Takxke HEoOXOOMMO
KOHTPOJIMPOBATH U ITPOU3BOIUTE 3aMEHY 1Opa-
JKEHHOTO OETOHA 10 NOCTIXKEHUS (PPOHTOM Ha-
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Puc. 9. U3smeHeHue npedenbHo20 us2ubarouje2o MOMeHma npu 8o30elicmeuu y2eKuc020 2a3a U pa3HoM Konuyecmee dHell ¢ ocadkamu
8 200 [paspabomaHo asmopamu].
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Puc. 10. U3smeHeHue npedenbHo20 us2ubatouje2o MoMeHma npu eosdelicmeuu UoHO8 xopuda u pasHoM Konuyecmee OHell ¢ ocadkamu
8 200 [paapabomaHo asmopamu].

npsiraeMoi apMatypsl. [ocne Hauana koppo3un
HanpsAraeMoii apMaTypsl IPOUCXOJUT HEOOpaTH-
MBI} MPOLECC CHIDKEHHS SKCIUTyaTallMOHHBIX
CBOWCTB, TIPH 3TOM H3THOAIOMINA MOMEHT OT
JIeHICTBHUS MMOJIBU>KHOM HArPy3KU HE MPEBBIIIAET
MIpENeIbHOTO 3HAUYCHHUS B TEUCHHE CPOKa JKC-
mryaranui. OTKa3el 0aJloK MPOIETHOTO CTpoe-
HUS HaCTymaroT B Boszpacte 105; 117; 126; 139
u 158 ner.

B mpomecce skcruryatanuu mpoJIETHOTO
CTPOEHUSI HOHBI XJIOPHJIA TOCTUTAIOT HaIpsirae-
MYIO apMaTypy B pe3yJIbTaTe PacKpbITUS Tpe-
IIMH, 00pa30BaBIINXCS MPH KOPPO3UU HEHa-
MIPSITa€MOT0 HMXKHETO aPMUPOBAHHUS U CHIDKE-
Hus nmpodHocTH OetoHa. Koppos3us BepxHero
¥ HUXXHEro HEHaIpsAraeMoro apMHUpPOBAHUS
HauMHAETCs B BO3pacTe TPEX U ISATH JIET COOT-
BETCTBEHHO, HAaIIPATaEMON apMaTypsl — B 24 ro-
na. CKOpOCTh IpoIiecca KOPPO3HHU IPH BO3ACH-
CTBHM MOHOB XJIOPHIOB B 28 pa3 BBHIIIE, YeM
TIpH BO3AECHCTBUM YTIEKUCIIOTO Ta3a, HO Mpo-
HUKaionas crnocoOHocTs Huke. Jlo Havama
KOppO3HMH HampsAraeMoi apmatypsl (24 rona)
Habmronaercs moteps 0,72 % oOT mepBoHavYaIb-
HOMW HecymIel crocoOHOCTH OAIKH MTPOJIETHOTO
CTpoeHUs, nocne 24 JeT MOoTepsi COCTaBISIET
9,84 %.

®  Mwup TpaHcnopTa. 2024

3HaueHNEe MPEIEIbHOr0 M3THOAI0IIEro Mo-
MEHTa JUIsl OaJIKH, TOJBEPTHYTOH BO3IEHCTBHIO
MOHOB XJIOPH/IA B TEUCHNE BPEMEHH ¢ 1 KOJIHYe-
CTBa JHEH B rofty ¢ ocaakamu 6omee 2,5 Mm N,
ompezemnsercs mo ¢popmyine (16):

M, =M, + (1-0,82 + N - e 107 —
—0,12+N <t=107), (16)
rae ¢ — paKTHIecKoe BpeMs BO3IEHCTBHS yTiie-
KHCJIOTO Ta3a Ha IIPOJIETHOE CTPOCHHE, JIET;

N, — KOJIMYECTBO JIHEW B TOIY C OCAKAMU
6omee 2,5 MmM;

M, , — HaganpHOE 3HAYCHHE MPEACIBHOTO
n3rudaroniero MoMeHTa, KHm.

Bo Bpems akctyataiu MOCTOBOTO COOPY-
KEHUS C IPEBATPYIOIIIM BO3ACHCTBIEM HOHOB
XJIOPHZA CIIELyeT He 10Ty CKaTh BOSHUKHOBEHHE
TPELINH, B PE3yJIbTAaTe KOTOPHIX BO3ZHUKHET KOP-
posus HampsiraeMol apMartypbl. OTka3bl Oatok
MIPONETHOTO CTPOEHHSI IIPOUCXOIAT B BO3pACTE
25;26; 27; 28 u 30 ner.

BbIBOObI

B nanHOM nccnenoBaHnU NPEAIOAKEH METO
OTIPEZICTICHUS TOJITOBEYHOCTH JKEJIe300€TOHHOH
0aKy IpOIETHOTO CTPOEHMS MOCTA IIPH BO3ZIEH-
CTBUM arpecCUBHBIX cpell. [IpemnoxxeHHblil Me-
TOJ COCTOUT U3 LHIECTH 3TAIOB:
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Puc. 11. 3ntopa uszubatoujux momenmos My, kH-m [paspabomaHo aemopamu].
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Puc. 12. U3meHeHue omHocumesnbHO20 npedenbHO20 U32ubarousezo MOMeHma npu 803delicmeuu yenekuca020 2a3a U pa3HoM Konuyecmee
dHell ¢ ocadkamu e 200 [paspabomaHo asmopamu].

1.Onpenenenne MpeBaIMPYIOIETO BO3ICH-
CTBHSI arpECCHUBHOM CPEJIBL.

2.0Omnpenenenne ckopoctn quddysun arMo-
chepHBIX Ta30B.

3.Omnpenenenne u3MeHeHNs d3PPEKTUBHON
TUTOIIA Y TTOTIEPEYHOTO CEUCHUS apMaTyphbl.

4.0Omenka Hecymel cmocoOHOCTH Oankd
TIPOJIETHOTO CTPOEHHUSI B HadaJle IKCIITyaTalrH.

5.Pacyér Tekymiero npeaeabHOro H3rubaro-
IIIETO MOMEHTA OaJIKy.

6. OtipezienieHue 0CTaTOYHOTO CPOKa CITYXKOBI.

[NomydeHsl 3aBHCUMOCTH TIPEETBHBIX H3TH-
6aroIX MOMEHTOB OaJIKH MPOJIIETHOTO CTPOCHHS
JUTS Pa3IIMYHBIX YCJIOBHH 3KCILTyaTaIllH, OIpe-
JIeNEHHBIX Ha OCHOBAHNH aHATMTHIECKUX 3aBHU-
cumocteit muddy3nn arMocdepHBIX ra3os (yrie-
kucnpii raz (CO,), ranorensl (Cl)) u ranoren-
BOJIOPOJHBIEC KUCIIOTHI). B kKadecTBe 0CHOBHOTO
BO3CHCTBYIOMEr0 yCIOBHUS BBIOPAHO KOJH-
YeCTBO JAHEH ¢ 0caJkaMH B TEYEHHE TOf1a.

IIpennoskeHHBI METOJ, UCHOIB30BaH IPH
pacuére HecyIei CrrocoOHOCTH KeIe300e TOHHOH
6ankn mposerHoro crpoenus b 3300.b.153-TB.
YeTaHOBIIEHO, UTO CPOK €€ CITY>KOBI 10 OTKa3a pH
BO3JIEHCTBUH YTJIIEKUCIIOTO Ta3a COCTABISET

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 33—42

158 sreT, mpy BO3/IEHCTBUY I'aJIOTEHOB 1 TAJIOTEH-
BOZOPOIHBIX KHUCIIOT — 27 JIeT.

Taknm 00pa3om, MpUMEHEHUE TaHHOTO Me-
TOZIa TIO3BOJISIET ONPEAEIATh OCTABIIUICS CPOK
CITy>KOBI TPOJIETHOTO CTPOCHUS, a TAK)KE PECYpe
10 HEeCyIei cmocOOHOCTH M TPOTHO3MPOBATh
TpeOyeMble PEMOHTHO-BOCCTaHOBHUTEIbHBIC
paboTHI.
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Haranbs KCEH30BA

Mapuna BOTHAPIOK

AHHOTALIUA

Mopckoli nopm, 58n8Cb CIOXHOU 3KOHOMUYECKOU Ccuc-
memol, obecneyugaem nompebHOCMU 3KOHOMUKU CMpaHhb! 8
MOpCKUX nepeso3kax. Haxodscs & mecHoM e3aumodelicmeuu ¢
Kene3HoA0POXHbIM U a8MOMOBUTbHBIM MPaHCNOPMOM, MOPCKUE
nopmbI NPUHUMalm akmusHoe yyacmue 8 peweHuu 3adayu 0o-
cmasku 2py308 00 KOHeYHo20 nompebumens. Takxe Mopckue
nopmbI NPUHUMAoM yyacmue 8 nonosiHeHuu brodxema cmpab!
U passugalom mopzosble OMHOWeEHUs 20cydapcmea, ykpennss
€20 cmamyc Ha Muposoli apeHe. B amoli ces3u 00HoU u3 eaxHel-
Lwux 3aday A8semes NPO2HO3UPosaHue 2py30060poma MOPCKUX
nopmoe.

Llens uccredosarus cocmoum 6 NocmpoeHuU U 060CHOBaHUU
Mo0esTu npo2Ho3a Pe3yibmamugHoCmuU 0esmesTbHOCMU MOPCKUX
nopmos, ompaxatoujell 3agucumocms 2py3006opoma nopmosoll
ompacsiu 0m 0CHOBHbIX MaKkpPOIKOHOMUYECKUX nokasamened.

0O6bekm 0aHHO20 UccedogaHusi — pocculickue MOpcKue
nopm.. [ins nposederus uccnedosaHus Ucnonb308aHb! aHaus,

Mup TpaHcnopra. 2024. T. 22. Ne 4 (113). C. 44-53

JKOHOMETpHUYecKana Moaenb NpPorHo3a
rpy30060poTa MOPCKMX NOPTOB

Mapuna Baaoumuposna Bomnapiox’,
Hamanvesa Huxonaesna Kcenszoea?

-2 Tocyoapcemeennblil MOPCKOUL yHUSepcumen
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CUHMe3, KOHMEeHM-aHanu3 Hay4Hol IumepamypbI U cmamucmu-
yeckux daHHbIX, 8 MOM yucne, ompacnesbix, 3a psd fem, Ymo
060cHO8b18aEM AOCMOBEPHOCMB NOMYYEHHbIX Pe3ynbmamos. [Mou
nocmpoeHuU 3KOHOMempu4eckol Modenu Ucnonb308anuch Me-
mo0bI KOPPENSUUOHHOZ0 U QUCNEPCUOHHO20 aHanu3a, HaumMeHb-
Wwux keadpamos.

Hogbim 0151 daHHO20 uccne0osaHust AGNSEMCH NPUMEHEHUE
8 kayecmee Modenu npoeHo3a 2py30060poma MOPCKUX Nopmos
cucmeMbI PeKypCUBHBIX ypagHeHul, 8 Komopol onpedensouwumu
¢hakmopamu epy30060poma kak pesybmamugHo20 npusHaka
ABMIAIOMCA Na206ble 3a8UCUMbIE NEPEMEHHbIE 3a NPedbiOyuull
nepuod.

PaspabomaHHas akoHomempuyeckasi Mo0esTb Moxem bbimb
ucnonb308aHa 0151 KPamKOCPOYHO20 NPOSHO3UPOBAHUS 2py30-
o6opoma Mopckoli nopmogoli ompacnu, a makxe 0715t OUEHKU ee
3a8UCUMOCTIU OM COCMOSIHUS U yPOBHST Pa38UMUS HELWHEIKOHO-
Muyeckoli desmenbHOCMU U 3KOHOMUKU CMpaHb| 8 Uenom

Knioyesbie crioga: nopmogas ompaciis, 2py30060p0m, KOHOMEMPUYECKasi MOOEIb, CUCMEMa PEKYPCUBHBIX ypasHEHUl, asmo-
pezpeccust ¢ pacnpedeneHHbIMU lazamu, KpamKoCPOYHOe NPOSHO3UPOBaHUE.
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BBEOEHUE

[Ipobnema HyHKIMOHUPOBAHUS YKOHOMHYE-
CKHX CHCTEM B YCIIOBHSX HEONPEAEICHHOCTH
1 HECTAaOMIBHOCTH BHEIIHEHW Cpelbl BCeTaa
CUUTAIACh OHOH U3 KITFOUEBBIX B 00TACTH CTpa-
TETUYECKOr0 IUIaHUPOBaHUs. B »Tol cBsA3U
B TEUEHHE PsAA ACCATHIECTHH MHOTHE UCCIIENO-
BaTeJIN TIOCBAIIAIOT CBOU TPY/BI PEILICHUIO 3a/1a-
Y CO3/aHMsI MOAEIEH MPOTHO3UPOBAHUS pa3-
BHUTHS KaK HAIIOHAIBHONM U MHUPOBOH 3KOHO-
MUKW, TaK ¥ OTASIBHBIX On3Hec-eauHuL. Harpu-
Mep, B pabore [l] oTpakeHB BOMPOCH
TIOCTPOEHMS MOJETIEH ITPOTHO3a SKOHOMHUYECKUX
WHIUKATOPOB, 0€3 KOTOPBIX CIIOKHO ONPEACITNTD
TPAEKTOPHIO CTPATETMYECKOTO IIIAHWPOBAHUS
npennpuarus. Takue yuensle, kak B. A. Kprokos
" 1p. [2] 3aHIMArOTCS MPOOIEMHBIMH BOIIPO-
CaMHM CPEJCTB MaKPOIKOHOMUYECKOTO, MEXpe-
THOHAJIBHOTO ¥ MEKOTPACIICBOTO aHAIIN3a U TIPO-
rHOo3upoBaHust. OTHAKO, HA HAIII B3IV, JaHHbIE
MOJZICTIH HE B MOJIHOW MEpE YUHUTHIBAIOT CIEIH-
(hUKy OTHENBHBIX OTpaciell HApOTHOTO XO3si-
CTBa, YTO B HEKOTOPBIX OOCTOSTEIBCTBAX SIBIIS-
eTcs OJHMM U3 BaXKHEHIINX KPUTEPHEB 0TOOpPa
Mozenu. B 3T0il cBsI3u MHTEPECHOI peacTaBs-
eTcst Mogens, npemroxkernas T. JI. CaMKoBBIM,
KOTOPBIN BBISIBHII 3aBUCHMOCTB ITPOTHO3a BaJo-
BOTO BHYTPEHHETO NPOAYKTa OT CyMMapHOTO
BO3/ICHCTBHSI 00bEMOB M CTOMMOCTH JE€PHUBATH-
BOB OMPIKEBBIX C/IEJIOK HA TPOJIAXKy BaXKHEHIIINX
TOIUTMBHO-PHEPTETUUECKIX TOBAPOB U CHIPHA [3].

Oco0yto 3HAYUMOCTB JJIS PA3BUTHS POCCHIL-
CKOM SKOHOMUKH, a TAK)KE BHYTPEHHEN U BHEIII-
HEH TOPTOBIHM MPEACTABISACT TPAHCIIOPTHAS OT-
pacib 1, B 9aCTHOCTH, OTPAciIb MOPCKOTO TpaHC-
mopTa, o0ecIreanBaromas NoTpeOHOCTH HApOa-
HOTO XO3sliicTBa B mepeBo3kax. MccienoBanus,
MIPOBEJICHHBIE KOJUISKTHBOM aBTOPOB [4—6], Ha-
TISITHO TIOKAa3bIBAIOT B3aHMOCBA3b MHPOBOH
TOPTOBJIM ¥ MOPCKOTO TPAaHCIOPTa, YTO 000CHO-
BBIBACT HEOOXOAMMOCTh ITOCTPOCHHUS MOZEIEH,
C TTOMOIIBIO KOTOPBIX TTOSIBIISIETCSI BO3MOKHOCTh
MIPOTHO3UPOBAHUS IPy30000pOTa M, COOTBET-
CTBEHHO, IUTAHUPOBAHMS pabOTHI TPAHCIIOPTHON
CHCTEMBI B 3aBHCHMOCTH OT KITFOYEBBIX MAKpO-
SKOHOMHYECKHUX (PaKTOpPOB. 3aBHCHMOCTH 00Be-
MOB MOPCKOI TOPTOBIIM OT Pa3BUTHSI KaK HAIHO-
HAJIBHOM, TaK 1 MUPOBOM SKOHOMUKH TaKKe OTpa-
JKeHa B pabOTax MHOTHX OTE€UECTBEHHBIX H 3apy-
OCXKHBIX HcclienoBarenei [7-9].

B 51001 cBsI3U MpencTaBIseT HHTEPEC HAyY-
Has ctarbi [ 10], KoTopas mocesmeHa BorpocaM
TIOCTPOCHUSI TOTHCTUYECKHUX MOJIETEH TPaHCTIOp-
THUPOBKH HE(PTH. AHAIHM3 HAYIHBIX ITyONAKATIIHIA,

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 44-53

MOCBSIIEHHBIX JTAHHOW TeMaTHhKe, MmoKa3al
0oJbIIIoe pa3HOOOpa3Ke MOAXOM0B M METOIOB,
MIPUMEHSEMBIX ITPU pa3paboTKe IPOrHO30B pa3-
BUTHUSI MOPCKHUX IEPEBO30K M TPy30BOU 0a3bl
Mopckux noptoB. Hampumep, 0. M. Kpakos-
ckuit u T. JlaBaaHsAM 3aHUMAIOTCSI KOMILIEKCHBIM
MIPOrHO3MPOBaHKUEM 0a30BBIX ITOKa3areseH nepe-
Bo304HOro mporecca [11]. B pa6ore [12] npu
IIPOTHO3UPOBaHKK 0A30BBIX MOKa3aTeei nepe-
BO30YHOT'O MpOLIEcca MPUMEHSETCsl CLIEHAPHBIN
noaxo/1. [lpyrue aBropbl pejjiaratot co3aBarb
THOpUIHBIE CUCTEMBI MOJIEIel TIPOrHO3UPOBa-
HUSI, @ TAK)KE HHTEIJICKTYaJIbHBIE MOJIEIIH, B TOM
4HCclie UCKYCCTBEHHBIE HelipoHHbIE ceTH [13].
Uccnenoanus JI. A. Mauepera u P. A. TutoBa
OpHUEHTUPOBaHbl Ha MOJY4YEHHE PE3YJIbTATOB
B CTPAaTerMuyecKoM IUIAHHUPOBAaHUHM Pa3BUTHUS
HMHTEPMOJIAILHOW TPaHCIOPTHOM MH]pacTpyK-
Typsl [14]. Tawoke 111 MOAETHUPOBAHUS U TIPO-
THO3MPOBAHMSI CIIPOCA Ha IPY30BbIE NIEPEBO3KU
[15] u mokazareneit sxcniopra ToBapoB Poccuii-
ckoit @eneparyu [16] MHOTHE aBTOPBI UCTIONb-
3yI0T 9KOHOMeTpuieckue Moaean. OcoOeHHOCTH
[IPOTHO3UPOBAHKS MHOTOMEPHBIX HECTALIMOHAP-
HBIX BPEMEHHBIX PSIAOB C MCIHOJb30BaHUEM
HEeHPOMOJIETUPOBAHHSI TIPEJICTABICHBI B paboTe
[17]. llIupokoe mpuMeHEeHUE B MIPOrHO3UPOBA-
HUH Pa3BUTHS MOPCKOTO TPAHCIIOPTA IOy YHIH
METO/Ibl SKOHOMETPUYECKOTO MOJIEIINPOBAHHS
B pabotax 3apyOexHbIX aBTopoB [18—-19].
O000IIHB W3JI0)KEHHOE BHIIIE, aBTOPAMHU
MIOCTaBJIEHA Yelb — NOCTPOUTH DKOHOMETpHYE-
CKYI0 MOJIEJIb, KOTOpasi OyJeT OTpaxxaTh 3aBUCH-
MOCTb I'Py30000pOTa MOPCKHUX IIOPTOB OT OCHOB-
HBIX MAKPOIKOHOMUUECKHX MTOKa3aTeeil, xapak-
TEPU3YIOIINX Pa3BUTHE SKOHOMHKH CTPAHBI.

METOAbI UCCNEQOBAHUA

B HacrosmieM uccieoBaHUM MOCTPOEHA
SKOHOMETpPHUYECKasi MOZIENb 3aBUCUMOCTH TPy30-
000pOTa MOPCKHMX MOPTOB OT OCHOBHBIX MaKpPO-
SKOHOMUYECKHUX TOKa3aTelel, XapakTepusyro-
LIUX pa3BUTHE SKOHOMUKHU CTpaHbl. B kauecTBe
TaKMX MoKa3areield paccMaTpUBAIMCh 00beM
MIPOMBIIILIEHHOTO ITpon3BozicTBa Poccuu (OI1I),
BHEIIHETOProBeiid 000poT crpansl (BTO), moka-
3arenu J00bIYM M dKCIopTa He(TH, UHIEKC
npomblnuieHHoro npoussozacTea (UI1IT), a Taxke
MHUpOBasi 1leHa Ha He(Th U 00BEMBI MUPOBBIX
MOPCKHUX MEPEBO30K I'PY30B.

WudopmarronHyto 6a3y HaCTOSILETO HCClle-
JIOBaHUS COCTaBHIM NaHHble DenepanbHOI
CITy’KOBbI TOCYJapCTBEHHOM CTaTUCTUKH, Acco-
LHAIU MOPCKUX TOPTOBBIX IOPTOB, a TAKXKe

BotHaptok M. B., KceH3oBa H. H. OkoHomeTpuyeckas Mogenb NnporHo3a rpysoobopora
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Tadauna 1
Marpuua napHbix k03¢ pHUMeHTOB KOppeIsiuMu [COCTABJIEHO ABTOPaMH|
I'pyso- BTO Mpuposast | Mopckue | O6bem Oxcmopr | UIIIT OTIIT
060poT LeHa MEepPeBO3KH | HOOBIUH HeTH
TIOPTOB Ha He(TH HeTH
I'pyzoo6opot 1
HIOPTOB
BTO 0,78006 1
Muposas nesa Ha | 0,39046 0,61031 1
HeTH
O6beM MOPCKHX 0,98732 0,35628 0,46302 1
IePEBO30K
O6beM 100bUH 0,80778 0,79408 0,59408 0,88856 1
HedTH
DKkcnopT HedTH 0,77895 0,93061 0,91431 0,53733 0,69191 1
WIIIT —025629  |-0,23199 |[-0,16080 |-0,24581 [-0,27402 |-0,15166 |1
OIlII 0,76810 0,87829 0,51883 0,46517 0,89420 0,40410 |-0,17434 |1

naaHbie KoH(epernunu OOH mo Toprosie u pas-
utHio UNCTAD 3a neprox ¢ 2000 o 2022 rog.
BpeMeHHOII HHTEpBaNT MPOAOIIKUTENBHOCTBIO
23 roma SIBISIETCS BIIOJHE JAOCTATOYHBIM JUIS
TTOTYYEHHS JOCTOBEPHBIX PE3YIBTATOB MOJIEIIH-
poBanms. B tabmmie 1 mpencraBneHa Marpuna
TapHBIX KOA(POUIMEHTOB KOPPEISIINH.

Ha ocHoBe aHami3a npuBeneHHBIX KO3 PUITH-
€HTOB apHOH 1 MEX(HaKTOPHOH KOPPEISIIIH BBISIB-
JIEHBI 3aBUCUMOCTH MEXIy MOKa3aTelsIMU. YCTa-
HOBJICHA TECHas CBSI3b MEXIY I'py30000pOTOM
TIOPTOB ¥ BHEIITHETOPTOBBIM 000POTOM, KO (HIIH-
eHT Koppersimu coctaBui 0,78006; MexIy Tpy30-
000pOTOM 11 00BEMaMH MUPOBBIX MOPCKHX IIEPEBO-
30K, TeCHOTa CBs13M KoTophix — 0,93061. B TO %e
BpPEMSI SIBHO NPOCIICKNBACTCS CHITBHAS B3aMOCBSI3b
MEXITy BHEIIHETOPTOBBIM 000OPOTOM M 00bEeMaMH
TIPOMBIIIIEHHOTO IIPOU3BOICTBA M 3KCITOPTA HE(TH.

B pesynbrare B kaqecTBE SKOHOMETPUIECKOH
MOJIETIH TIPOTHO3a TPy30000pOTa MOPCKHUX MOP-
TOB TIPE/IBAPUTEIHEHO MOXKET OBITH MPEIOKEHA
cHcTeMa peKyPCUBHBIX YPaBHEHHUI Bua:

Y, =f(X, X)), (1)
Y, =f(Y, X), @
e Y, — BHENIHETOPTOBLIH 000POT, MIIPA AOJIL.,
paccMmarprBaeTcs Kak 3aBHCHUMast (9HI0TeHHAs)
NepeMeHHast OT 00BEMOB ITPOMBIIIITIEHHOTO ITPO-
W3BOJICTBA 1 3KCIIOPTa HEPTH;

Y, — rpy30060pOT MOPCKHX IOPTOB, MIIH
TOHH, paccCMaTpUBaETCs KaK 3aBHCHMAas (3HIO-
TeHHAas) TIepeMEeHHas OT IOKa3arelis BHEIIHe-
TOProBOro 000poTa M 00BEMa MUPOBBIX MOPCKHX
TIEPEBO30K.

X, — 00beM NPOMBIIIIIEHHOTO MPOU3BO/ICTBA,
MJIpA IOJUL., He3aBUCHMAs (3K30TCHHAs) mepe-
MEHHas;
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X, — TonoBoM 00BEM IKCTIOPTa HE(TH, MIPH
JI0JIJ1., He3aBHCUMasl (3K30TCHHAs ) IEPEMEHHas;

X, — 00beEM MHPOBBIX MOPCKHX MEPEBO3OK
Ipy30B, MJIH TOHH, He3aBUcHMas (3K30TCHHAas)
TepeMeHHasl.

B utore npemioxxeHHas cucremMa 3aBHCH-
MOCTeH mpencTaBisieT co0oii cucTeMy pekyp-
CHBHBIX YPaBHEHHUH, B KOTOPOH 3HAOTE€HHAs
nepeMeHHas Y, BKIIOYaeT B KadecTBe (ak-
TOpa 3aBHCUMYIO NMEPEMEHHYIO Y, Hapsamy
C HE3aBUCUMBIMU IIEPEMEHHBIMHA XI, XZ " XS.
Tak Kak MCXOAHBIE AaHHBIC NMPENCTABISAIOT
co0ol BpeMeHHwIe Psiibl, TpeOyeTcst uX Mmpo-
BEpKa Ha CTAllMOHAPHOCTh. B ciryyae Hecra-
LIMOHAPHOTO BPEMEHHOI'O psla ero Heo0Xo-
JUMO TPUBECTH K CTAlMOHAPHOMY BHUIY,
YCTpaHUB U3 ypPOBHEH pslia MUKIMYECKYIO
COCTaBISAIONYIO (TIpU €e HAJIMYUH) U UCKITIO-
YUB TEHACHIHIO. B cucreMe kaxmoe ypaBHe-
HHE paccMaTpUBAETCs KaK CAMOCTOSTENbHOE
YpaBHEHHE PErpecCcHu M €ro ImapamMeTpbl
OIICHMBAIOTCS METOJIOM HAUMEHBIINX KBaJIpa-
ToB. [Iponecc MomennpoBaHus COMPOBOKIA-
eTcs OLICHKOM KadecTBa M 3HAYMMOCTH Kak
IapaMeTpoB MOJIYyYEHHON MOJENH, TaK U BCe
SKOHOMETPUYECKOH MOJEIH B IIEJIOM.

PE3YNbTATbI UCCNEQOBAHUA

IIpu MogenmupoBaHUU B3aUMOCBA3EH PSIOB
JUHAMHKH JIOJDKHO BBITIOJHATHCS TpeOOBaHME
HX CTAalMOHAPHOCTH, TO €CTh B HUX JIOJDKHBI
OTCYTCTBOBATH TeHACHIN 1 IUKIMIECKHUE KOJIe-
6anust. BusyaneHblil ananm3 rpadukoB ucxon-
HBIX JAaHHBIX, IPEACTaBICHHBIX Ha puc. 1-5,
onpeneneHne k03hGUIMEHTOB aBTOKOPPEIISIIIAN
YPOBHEH psAla TUHAMHUKH TTO3BOJISIOT C/ENATh
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Puc. 1. JuHamuka 2py30060poma MOpCcKux nopmoe
Poccuu 3a nepuod 2000-2022 22. [cocmaesieHo agmopamu
no: Mopckue eecmu Poccuu. [9nekmpoHHbIli pecypc]:
https://morvesti.ru. ocmyn 10.10.2023].
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Puc. 3. JuHamuka 06bemoe NpoMbIuwIeHH020 npoussodcmea
Poccuu 3a nepuod 2000-2022 22. [cocmaesieHo agmopamu no:
Mupoeoii uvnopm moeapoe u ycnye: 1970-2023. [SnekmpoHHb Il
pecypc]: http://global-finances.ru. Jocmyn 10.10.2023].

BBIBOJ] O HAJIMYHMH TEHJICHIIUH BO BCEX paccMar-
pHUBaEMBIX pAOAX.

Janee mpencTaBieHa JMHAMUKA BHEIIHE-
ToproBoro obopora Poccun, nokaszareneit OITIT
1 9KCIopTa HedTH, a TakKe 00bEeMOB MUPOBBIX
MOPCKHUX TiepeBo30k 3a nepuox 2000-2022 rr.

Hannane TeHAeHIN TOATBEPKIAIOT TAKXKE
MIPECTaBIICHHBIE B Ta0nuIe 2 aBTOKOPPEIISIIH-
OHHBIE (DYHKIIMH yPOBHEH TMHAMUYECKUX PSIIOB.

Camble BbICOKHE 3HaUeHUsT KOI(DDHUIMEHTOB
ABTOKOPPEIISIIMN MEPBOTO HOPSAIKA CBUAETEIb-
CTBYIOT, BO-TIEPBBIX, O HAJIMYNU TECHICHLUU
B psfax IMHAMHUKH PAacCMaTpPHBAacMBIX MOKa3a-
Tellel U, BO-BTOPBIX, 00 OTCYTCTBHHU B HUX IIe-
puonuueckux konebanuii. TeHaeHIUs B paaax
JVUHAMHKH MOXKET CITy>KUTh IPUYUHOM MPUCYT-
CTBMSI TaK HA3bIBAEMOM JIOXKHOW KOppEIsiLuu
MEJK/Ty NCCIIEAYyEMBIMH TIOKa3aTeNsIMy. Brinstaue
(axropa BpeMeHu OyJIeT 0OTpaXKaThCsi B KOppelisi-
LIMOHHOW 3aBHCHUMOCTH MEXAY 3HAUCHUAMH

Puc. 2. lunamuka eHewHemop208020 o6opoma Poccuu 3a nepuod
2000-2022 22. [cocmasnieHo aemopamu no: Muposol umnopm
moeapos u ycnya: 1970-2023. [AnekmpoHHbIlU pecypc]:
http://global-finances.ru. Jocmyn 10.10.2023].
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Puc. 4. fJunamuka o6emos 3kcnopma Hegpmu 3a nepuod
2000-2022 22. [cocmasnieHo aemopamu no: Muposoli umnopm
moeapoe u ycnye: 1970-2023. [AnekmpoHHbIl pecypc]:
http://global-finances.ru. Jocmyn 10.10.2023].
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Puc. 5. JuHamuka 06BeMo8 MUPOBbLIX MOPCKUX NEPeso3ok 3a nepuod
2000-2022 22. [cocmaeneHo aemopamu no: Mopckue eecmu Poccuu.
[3nekmporHbiii pecypc]: https:// morvesti.ru. Jocmyn 10.10.2023].

CITy4aifHBIX OITHOOK g, NPEACTABICHHOM B BUZIE
KO3 (QHUIHUEHTOB aBTOKOPPEISIHHA B OCTATKAX.
ITosTomy TpebyeTcst HOMOMHUTENbHAS OLEHKA
KaK HaJIW4us U CHJIBI B3aHMOCBSI3H, TaK U 3Ha-
YMMOCTH ¥ JOCTOBEPHOCTH MOTyYEHHBIX PE3YIIb-
TaTOB MOZAEINPOBAHUSL.

[Ipu nocTpoeHNH 3KOHOMETPUUECKON MOJiE-
JIV BBITTOJTHEHHAS POBEPKa IT0Ka3asa, 4To ypas-

Taoauua 2
ABTOKOppeISUHOHHBIe QYHKIIUU PSI0B TUHAMHKH [COCTaBJIEHO aBTOpaMHu|
Jlar KosdpuipeHTsr aBTOKOppeIsiiny ypoBHEii psiia IMHAMUKH
T'py3zoo6opot Bremmneroprossiii | O6beM Oxcnopt HeBTH MupoBeie MOpcKHe
MIOPTOB obopoT MIPOMBILIIIEHHOTO (X)) MIEPEBO3KH
(Y, Y) npousBoacTsa (X,) X)
1 0,994781 0,833217 0,971767 0,786571 0,989384
2 0,987086 0,694483 0,934653 0,525941 0,978356
3 0,973855 0,577053 0,918512 0,386775 0,965031
4 0,96252 0,435739 0,896265 0,208981 0,96001
5 0,957859 0,304595 0,865891 0,032208 0,958601
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Tadauna 3
IapameTps! 1 noka3areaun nocrpoenusi OLS-moneu [cocTaBiaeHo aBTopaMu]|
Koppensauuonnslii ananms
Koaddunuent muoxectBeHHoi koppesiiuu (R) 0,969321
WHpeKke MHOKECTBEHHOI neTepmunarmu (R?) 0,939583
CKOppEeKTHPOBAaHHBIH HHIEKC MHO)KECTBEHHOU JIeTePMHUHAIIHU (l/{\z) 0,933542
CraHyaprHas ommnoKa IIepeMeHHOH Y 60,431017
Yucno HabmogeHui 23
JlucnepcuoHHbIN aHaIN3
Yucno cmeneneil | ucnepcus Jucnepcus na Pacuemmbiii Pacuemnwiii
8060001 00Hy cmenehb F-xpumepuii yposenn
80060001 Quwepa 3HAUUMOCMU
F-xpumepuii
Duwepa
daxropHas 2 1135882,596 567941,297 155,519 6,47918E-13
perpeccust
Ocrarounas 20 73038,157 3651,907
perpeccus
O6mas perpeccus | 22 1208920,753
Perpeccronnslit ananmu3
Tapamempul Cmandapmuas Pacuemmuoiii Pacuemmsiii yposens
ypaeHeHus peepeccuu | ouwubKka nepemennoll | t-kpumepuii HauUMOCmu
Cmbiooenma t-kpumepus
Cmbiodenma
PesynbraruBnas —275,493989 75,860589 —-3,631582 0,001661791
nepemeHHas Y
daxropHas 0,406330 0,082354 4,933921 8,00174E-05
nepemenHas X,
DaxropHas 3,465934 0,329692 10,512613 1,35614E-09
nepeMenHas X,

HEHUSI CUCTEMBI SBISIOTCS HICHTUDUIMPYE-
MbIMU. B 3TOM CBsI3U 17151 perieHus B HacTos e
cTaThe Oy/IeT UCTIONB30BaH JIBYXIIArOBbIA METOI
HaMMEHbBIIUX KBaJparoB. B kauecTBe moxenu
3aBUCUMOCTH BHEIIHETOPTOBOTO 000pOTa OT
00BEMOB ITPOMBIIIIICHHOTO IPOU3BOICTBA M IKC-
nmopta HedTH BeiOpana OLS-moxens [22]:

Y =a+bX +bX, 3)
e a, b, u b, — napameTphl ypaBHEHHUs perpec-
CHH.

Mognenp pemraetcs cpeactBamu Microsoft
Excel. TTapameTpsl U MOKa3aTeld MOCTPOCHHUS
OLS-Monenu npuBecHBI B TAOIHIIE 3.

ITo xputeputo Ctrrofenta u F-kpurepuro
Ouiiepa, pacueTHble 3HAYCHUSI KOTOPBIX IIpe-
BBILIAIOT UX TAOJIUYHBIC 3HAUSHHUS, U BHICOKOMY
3HAYEHHUI0 MHJEKCA JCTEPMUHALMH MOXHO
YTBEpPKIaTh, YTO JAHHOE YPaBHEHHE MHOXe-
CTBEHHOH pEerpeccuu AOCTOBEPHO OMHUCHIBACT
3aBHCHMOCTb HCCIIEyeMbIX TIOKa3aTelNeH.

Takum 00pa3zom, perpecCHOHHas MOJAEIb
3aBUCUMOCTH T0Ka3aTelisi BHEIIHETOPTOBOTO
000poTa 0T 00bEeMa MPOMBIIILICHHOTO TPOU3BO/I-
CTBa M JKCIIOPTa HE(YTH NPUHUMAET BH:

Y, =-275,494 + 0,4063X, + 3,4659X, + £.(4)

[IpumeHeHne MeTo1a HANMEHBIINX KBapa-
TOB IPEIIONAraeT COONIOICHHE ONPEIENICHHBIX
TpeboBanuii — npeanocsuiok MHK otHOCH-
TEJIBHO CIIy4allHOW BEJIMYUHBI €:

— CIIy4YalHOCTH KoJe0aHWH 0CTaTKOB, KOTO-
pble TPEACTAaBIASIOT CO00N BPEMEHHOU P
YPOBHEN OCTaTOYHOM [TOCIEN0BATENBHOCTH;

— MaTeMaTH4Yeckoe OXuaaHue (CpeaHss Be-
JINYMHA) OCTAaTKOB & PABHO HYIIIO;

— OCTaTKH BPEMEHHOTO psijia JOJKHBI OBITh
TOMOCKEAACTHYHBI, TO €CTh JIOJDKHA OBITH OITU-
HaKOBas IMCIEPCHS € JUIS BCEX MIEPEMEHHBIX X,

— B OCTATKax €, JIOJDKHA OTCYyTCTBOBATh aBTO-
KOPPEISILHNS;

— pacmpenereHne 0CTaTKOB JODKHO MOIYH-
HATHCSI HOPMAJIEHOMY 3aKOHY paclpe/ieIeHusI.

Jannsie s mpoBepku mpennockimok MHK
MPHUBEICHBI B TabmuIe 4.

Ha puc. 6 npencrasneH rpaguk 3aBUCHMOCTH
Clly4aiHbIX OIIHMOOK € OT pacueTHOro Y, o © e~
JIBIO TIPOBEPKH TepBoro TpedoBanus MHK.

BusyaibHblii aHaIM3 KOPPEISALIMOHHOTO OIS
OCTATKOB €, KOTOPBIE PACIIOJIOKHUIINCE B TPAHH-
11aX TOPU30HTAIBHON JIMHUH, ABISIETCA JOKa3a-
TEIBCTBOM CJIy4aliHOCTH OTKJIOHEHUH OCTaTKOB,
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Taoauna 4

Omnpenesnenne cay4aiHbIX 0CTaTKOB £ 4 Y, [cocTaBieHo apTopamu]

Habmronenne Daxrn- TeopeTn- Habmro- Daxru- Teopern-
YecKoe 4ecKoe Ocrarkuy €, JieHHe ueckoe Y, | geckoeY, | Ocrarku g
Yi Yl(X)
1 136,9 111,9642 24,9357 13 842 818,7929 23,2070
2 141,8 119,6901 22,1099 14 842,2 795,4992 46,7008
3 152,9 143,5354 9,36458 15 7844 734,9523 49,4476
4 191 208,4498 17,4497 16 526,4 513,0122 13,3877
5 257,1 303,301 —46,2009 17 468,1 466,6123 1,4876
6 340,2 406,9176 —66,7175 18 585,1 552,758 32,3419
7 439,1 497,0251 —57,9251 19 688,1 694,6048 —-6,5047
8 551,7 592,066 —40,3659 20 672 688,1707 -16,1707
9 734,7 732,1343 2,5657 21 572,6 504,018 68,5819
10 469 474,2153 —-5,2153 22 789,4 662,9137 126,4862
11 625,1 625,4944 —0,3943 23 611 790,6586 —-179,6585
12 822,5 806,5141 15,9858 Cymma 2,50111E-12
cJemoBaTEIbHO, MEepBOC TpeboBaHUE- 150
npenanoceiuika MHK BeimonHsieTcs — pacueTHbie 100 ¢
3HAYCHUSA PE3YJIBTUPYIOILIETO NI0Ka3aresd «BHem- - ., .. . ° o,
HUH TOPrOBBI 060POT» XOPOIIO AIMPOKCHMH- % S - P A

PYIOT €ro SMIUPHUUYECKHE BETHYHHBL.

Bropoe TpeboBaHMEe MeTO/1a HAMMEHBIINX
KBa/IPaToOB OTHOCHTEIFHO MaTEMaTHYECKOTO 0XKH-
JIaHMs OCTATKOB O3Ha4aeT, uto (¥ — Yi(X))20 =0.
CyMMa OCTaTKOB JJIsl UCCIIEAYEMO 3aBUCUMO-
ctu coctaBuna 2,50111E-12, npakTuuecku
paBHa HYIIO, 3HAYUT, BTOpas MPEIIOChUIKA
OllpaB/iaHa.

TpeTtbe TpeOoBaHHE MeTOJa HAWMEHBIIUX
KBaApaToB (rOMOCKEAACTHIHOCTh OCTATKOB)
TaKKe BBIMOJIHAETCS, YTO CIEAYEeT U3 TOTO Ke
rpaduka, npuBeAeHHOrO Ha puc. 6. Ha rpaduke
OCTAaTKH & PacroNOKIIMCh BIONb PAMOH TMHUH
(ocu Y, (X)), YTO SBIISIETCS] SIBHBIM MPHU3HAKOM
TOMOCKEIACTHYHOCTH.

UerBepTasi MpeANOChlUIKa METO/Ia HAUMEHb-
LIMX KBA/IPaTOB 00 OTCYTCTBUH aBTOKOPPEJISLIUH
OCTaTKOB, TO €CTh 00 OTCYTCTBHHU 3aBUCUMOCTHU
MEX/y OTJCIbHBIMHU YPOBHSIMH JJMHAMUYECKOTO
Ppsilia OCTaTKOB, MOATBEPIKAAET COCTOATENILHOCTh
u 3G ()EeKTUBHOCTh HAWICHHBIX MapaMeTPOB
ypaBHEHUs1 perpeccuu. Tak Kak MOCTPOCHHE
9KOHOMETPHUYECKOW MOJEIH MPOM3BOIUTCS MO
psinaM IMHaMHKH, KOTOPbIE, KaK IPaBUIIo, Cofiep-
JKaT TEHJICHLIUIO (3aBUCHMOCTb MOCIIC/YIOIIET0
YPOBHS psifia TUHAMUKH OT HPEIbIAYIIEro),
BBITIOJTHEHUE JTAHHOW MPEANOCHUIKH 00s13a-
TEJbHO MPHU MPOBEJCHUH COOTBETCTBYIOIIUX
uccnenopanuii. [loaTomy B paboTe MCHONB30-
BaHbI JIBA TE€CTa MPOBEPKU aBTOKOPPEINSIHH
OCTaTKOB — MOCTPOCHHUE aBTOKOPPEISIIMOHHON
¢byHKIMM M puMeHeHue tecra JapOuHa-
VYorcona. Cpencreamu Microsoft Excel paccun-
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Puc. 6. lpacgpuk 3aeucumocmu ocmamkoe &,om on
[cocmaeneHo aemopamu].

TaHbl KOA()(ULIUEHTHI ABTOKOPPEIISLIUA OCTATKOB
(aBTOKOppENSLMOHHAS (YHKLHUS) ypaBHEHUS
perpeccuu, 3Ha4Y€HHsI KOTOPBIX MPHUBEICHBI
B Tabnuue 5.

Huskue 3HadeHus nokasarelieil mo3BoJIsIOT
cliejaTh BBIBOJ: aBTOKOPPEJSLHUS OCTATKOB
B PaCCMOTPEHHOM JIMHEHHOM YpaBHEHUH MHO-
JKECTBEHHOW PErpecCUH OTCYTCTBYET.

VY0enuThcs B OTCYTCTBHU aBTOKOPPEIISLIUU
OCTaTKOB J1a€T BO3MOXKHOCTh kputepuil ap-
OouHa-YorcoHa. /Iyt ero npuMeHeHus Ipou3Be-
JICH pacyeT BEJIMYHMHEI d 110 popmyrie:

_ 27:2(8’ —6.)"
Ty ®

Jlns paccumTaHHOTO ypaBHEHHUS MHOXe-
CTBEHHOH perpeccur (pakTuueckas BeTHYUHA
kputepus Jlapbuna-YoTcoHa cocrtaBuna: d =
40760,95/19862,86 = 2,052.

CornocTaBieHIe PacueTHOTO 3HAYEHHS C KpH-
TUYECKHMH J1aeT BO3MOXKHOCTB CJIeNIaTh BBIBOJ
00 oTcyTCTBUU aBTOKOppelsiiuu. Takum obpa-
30M, ueTBepTas npeanocsbuika MHK moarsepx-
JTAeTCH.

B cooTBeTcTBUM € MATON MPEANOCHUTKON
MHK ocrtarku mogYuHAIOTCA HOPMaJIbHOMY

BotHaptok M. B., KceH3oBa H. H. OkoHomeTpuyeckas Mogenb NnporHo3a rpysoobopora
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Tadauua 5

ABTOKOppeIuHOHHAs GYHKIMSA 0CTATKOB Y, [cOCTAB/IEHO aBTOpaMHu]

Ha3zBauue nokazarerst 3HaueHne
K03} GHUITMEHT aBTOKOPPEIIIUH 1-ro mopsiaka —1,8E-05
K03()GHUIMEHT AaBTOKOPPEISLIMH 2-TO HOPSIIKa —-0,14941
K03()(HUITMEHT aBTOKOPPEISILMY 3-TO HOpsIIKa 0,20467

K02 PUIMEHT aBTOKOPPEISALHHU 4-T0 MOPSIKa 0,093643
K02 HUIMEHT ABTOKOPPEISALIMH 5-TO MOPSIKa -0,27394

3aKOHY pacIpeeNeHus], YTO MO3BOMISIET IPOBO-
JIUTH MIPOBEPKY MapaMeTPOB PErpeccuu U Kop-
pendauuu Ha ocHOBe kpuTepue CTblofeHTa
u @umepa. IlocTpoeHHOE ypaBHEHHE perpeccuu
OTBEYaeT TPeOOBaHUSIM IISATON MPEANOCHIIKN
(nanHbIE TAOMHMIBL 3).

KauecTBo nocTpoeHHOr0 ypaBHEHUs perpec-
CUU OLIEHUBAETCS TAKXKe CpPeJHEH OmMOKOU
aNMpOKCUMAIMU — CPEJHUM OTKIIOHEHHEM pac-
YCTHBIX 3HAYCHHIT ¥\, OT HX (axTH4ecKux 3Ha-
4enuil Y, onpenensercs no gopmyie:

Y.~ Yo

1
A==3" 17

i ©)

Jns HalileHHOTO ypaBHEHUsl PEerpeccHuu
cpenHsst omuOKa anmpoKCUMAaIllMU COCTaBUIIA
8,45 %, 4T0 TOBOPUT 0 XOPOIIIEM OAOOPE ypaB-
HEHHS K UCXOIHBIM JaHHBIM.

[Toy4eHHbIE pe3ynbTaThl OLIEHKH MTapameT-
POB perpeccum U INokasaTeneil Koppensluu,
YPaBHEHHUsSI PETPECCUU B LIEJIOM MPHU3HAIOTCS
CTaTHCTUYCCKU 3HAYUMBIMU U HAJICKHBIMH,
a TIOCTPOEGHHOE ypaBHEHHE XOPOIIO aNPOKCH-
MUpYET HCCIETYEeMYIO 3aBUCUMOCTb.

Ha BTOpOM 3Tarne noctpoeHus: 5KOHOMETPH-
YECKOW MOJICNIH PEKYPCHBHBIX YPaBHEHUH pe-
TPECCHU ONPENIeIISIeTC sl 3aBUCUMOCTb IPy30000-
POTa MOPCKHX ITOPTOB OT MOKa3aTeeii BHEIIHETO
TOBapoOOOPOTa CTPAHbl M MUPOBBIX MOPCKHX
NepeBo3oK. B kadecTBe Mozenu 3aBUCHMOCTH
TaKke OBbUIO MCIIOIB30BAHO JINHEHHOE ypaBHe-
HHE MHOXXeCTBEeHHOI perpeccud. [ToiyueHnsie
Ppe3yabTaThl MOAEIMPOBAHUS, TPEABAPUTEIbHAS
OLICHKA [TapaMeTPOB PErPECCUH 10 ~-KPUTEPHUIO
Creionienta u F-kputeputo @uiepa ykazpIBaau
Ha MX CTaTHCTHYECKYIO 3HaYMMOcTh. Ha ocHo-
BaHMM PACCYMTAHHOTO yPAaBHEHHS PErPEeCcCHU
ObUIH OmlpezeNeHbl TEOPETHUECKUE 3HAYCHUS
pe3yJIBTaTUBHOTO NPHU3HAKa (TI0Ka3aTesst Tpy30-
000poTa), pacCYUTAaHBl OCTATKH YpPaBHCHHUS
1 onpe/eseHbl KO3 GHUIMEHTH aBTOKOPPEISLIIN
OCTAaTKOB.

Ho npu mosnoxuTenbHBIX pe3yiabTaTax
OIICHKU CTaTHMCTHYECKOH 3HAYMMOCTH OBbLIN
MOJYYCHBI BRICOKHE 3HaueHUsI K03 duiimeHTon
ABTOKOPPEJISILIMI, KOTOPBIE CBUAETEHLCTBOBAIIN
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0 HAJIMYUU B OCTATKaX 3aBUCUMOCTU ypPOBHEH
psaa, TO €CTh HaJIM4Ke aBTOKOPPETISIIUU OCTaT-
KOB YpaBHEHMS PErpecCcHH, YTO HENOIyCTHUMO
IpU 3KOHOMETPUYECKOM MOAEIHUPOBAHUU
B3aMMOCBSI3ell TUHAMUYECKUX PAJIOB.

B cBs13u ¢ 3THM B paboTe aBTOpamMHu B Kaue-
CTBE MOJIENH 3aBUCUMOCTH Ipejjaraercs pac-
CMOTpPETh aBTOPETPECCHOHHYIO0 MOJEIb C pac-
npeaeneHHbIMU TaraMu ADLM, koTopas mo3so-
JISIeT yUUTHIBATh BO3JCHCTBUE YPOBHEN JUHAMMU-
YECKHX PAI0B, CHOPMHUPOBAaHHBIX B IPEBLIYIINE
nepuossl. ITyTeM skcriepiMeHTaIbHBIX pacyeToB
Ha OCHOBE CPAaBHUTEJIBHOM OLICHKU KpUTEpUaIb-
HBIX MTOKa3aTesel ONpeiereH0 UTOTOBOE ypaB-
HEHHE aBTOPErPECCHH, OOLINI BUJI KOTOPOTO
CIIe Ty IOIIIMIA:
Y, = YZ((-[) + Yl(t-l) TX e ™
e Y, , — rpy30060poT MOPCKHX MOPTOB B Iic-
puoA BpeMeHH t-1;

Y, y" BHEIIHUH TOBapOOOOPOT B MEPUOJ
BpEeMEHHU #-1.

Pe3ynpTaThl pacueToB M CTaTUCTHUYECKOU
OIICHKH YPAaBHEHUS aBTOPErPECCHHU C pacIpese-
JICHHBIM JIarOM NPUBEJCHBI B TA0IHLE 6.

CnenoBarensHo, ADLM-Monens nmst mpo-
THO3MPOBAHMS IPy30000p0OTa MOPCKHX MOPTOB
MIPUHUMAET BUA:

Y, =—143,9483 + 0,6495Y, , + 0,0673Y, , +
+0,0449X, + & ®)

AJIeKBaTHOCTb NMOCTPOCHHOM MOfEIH 3aBU-
CHUMOCTH UCCIIElyEeMBIX ITOKa3areeil moaTBepik-
JlaeTcsl MPOBEPKON 3HAYMMOCTH MapaMeTpoB
YpaBHEHHUS PErpecCUu U YpaBHEHMsS B LIE€JIOM
t-kputepueM CtorofenTa u F-kputeprem Ourre-
pa.

ITocTpoeHHOE ypaBHEHUE aBTOPETPECCUU
C paclpefeseHHBIMU JlaTaMU TaKk)kKe JO0JKHO
oTBeyath AT npeanocelnkam MHK. Jlns npo-
BEJICHUsI IPOBEPKH B TA0NHIIE 7 IPUBEJICH pacyuer
OCTaTKOB JAHHOTO YPaBHEHUS.

Huzkue 3HaueHns Kod(pUINEHTOB aBTO-
KOppeJSIiY, IPUBEICHHbIE B Ta0IHIIE 8, TOBO-
pAT 00 OTCYTCTBHU aBTOKOPPEISLIUU B OCTAT-
KaX MOCTPOEHHOI0 YpaBHEHUS aBTOPETPECCUU
nas YZA

BotHaptok M. B., KceHzoBa H. H. OkoHomeTpuyeckass Moaenb NnporHo3a rpysoobopora
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Taodauna 6

IapameTps! 1 noka3areaun nocrpoenusi ADLM-monenu [cocTaBiieHo aBTopaMu]|

KoppesinuoHHbIH aHaIH3
Koaddumuent muoxxectBeHHOH Koppermsinuu (R) 0,996994
WHpekc MHOXKeCTBEHHOM feTepMuHarun (R? 0,993998
CKOppEKTHPOBAaHHBIH HHIEKC MHOXKECTBEHHOM 0,992997
nerepmuHanuu (K
CranpapTHas oumOka nepeMeHHoi Y 16,965676
Yucno HadmroaeHuit 22
JlvcnepcroHHbIH aHaIn3
Yucno cmeneneii | [Jucnepcus Jucnepcus na Pacuemmnviii Pacuemmnvuii
€806000b1 00Hy cmenenb F-xpumepuii yposenb
€60000b1 Quwepa 3HAYUMOCMU
F-kpumepuii
Duwepa
®daxropHas 3 858067,220 286022,407 993,705 3,55112E-20
perpeccust
Ocrarounast 18 5181,015 287,834
perpeccus
Ob6uias perpeccus |21 863248,240
Perpeccuonnslit aHammu3
THapamempuol Cmandapmnasn Pacuemmnpiii Pacuemnviil yposens
ypasHenus pezpeccuul | owubKa nepemeHHol | t-kpumepuii 3HauUMocmu
Cmviodenma t-Kpumepusi
Cmbiooenma
PesynbraTiBHAs —143,948359 59,396017 —2,423535 0,026131
nepemMenHas Y,
®dakropHast aroBast | 0,649551 0,101800 6,380610 5,218E-06
nepemenHas ¥,
®dakropHas narosas | 0,067330 0,025066 2,686071 0,015091
nepemennas ¥,
dakTopHast 0,044959 0,013255 3,391929 0,003249
nepemenHas X,
Tadaunma 7
Omnpenenenne cayyaiHbIX 0CTATKOB € 11 Y, [cocTaB/aeHo aBTopamu]|
Habmo- | ®akruueckoe | Teopermueckoe | OctaTtku Hab6mo- | ®axtnueckoe | Teoperuueckoe | Octatkw €,
JneHue Yi YXi g JnieHue Yi YXi
1 203,7 235,5762 —31,8763 13 589 595,9448 —6,9448
2 260,8 253,5400 7,2599 14 623,4 628,3191 —4,9191
3 286 303,9349 —-17,9349 15 676,7 677,2517 —0,5517
4 364 328,3520 35,6479 16 721,9 726,8583 —4,9583
5 406,9 389,2027 17,6972 17 787 766,6391 20,3608
6 421 436,9808 —15,9808 18 816,5 814,9832 1,5167
7 451 453,5747 -2,5747 19 840,3 839,3204 0,9795
8 454,6 469,5070 —-14,9070 20 820,8 842,4992 —21,6992
9 496,4 473,0549 23,3450 21 835,2 830,6121 4,5878
10 5259 514,4688 11,4311 22 841,5 845,0535 —-3,5535
11 535,4 537,1996 -1,7996
12 565,5 560,6258 4,8741 Cymma 2,558E-12

s mpoBepku nepBoii mpeanocsuika MHK
cTpoutcs rpa(uk 3aBUCHMOCTH OCTaTKOB € OT
TEOPETHIECKUX 3HadeHui Y, (puc. 7).

BusyanbHblii aHanu3 rpaduka 1aeT BO3MOK-
HOCTb C/I€JIaTh BBIBOJ O BBINOJHEHHH INEPBOH
npennocsuiku MHK. Bropas npeamoceiika —
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HyJIeBasl CPEIHssI BEIMUYHMHA OCTATKOB TaKXkKe
OIIpaB/aHa, TaK KaK CyMMa OTKJIOHEHHI TeOpeTH-
4eCKHX 3Ha4eHuH Y, 0T ero pakTuieckux ypoBHeit
TIPaKTMYECKH paBHa Hymo: ) (YY) =2,558E-12.

Brmmonaenne Tperbeii npeamocsiikn MHK —
TOMOCKEJaCTUYHOCTh OCTaTKOB — TaKXKe MOJ-

BotHaptok M. B., KceH3oBa H. H. OkoHomeTpuyeckas Mogenb NnporHo3a rpysoobopora
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Taoaunma 8
ABTOKOppeassuHOHHASA PYHKIUSA 0CTATKOB Y2 [cocTaBieHO aBTOpaMH|
HasBanue nokasarerst 3HaueHHe
K03} dHUITHEHT aBTOKOppEAHH 1-ro mopsiaka -0,1927
K02 (DHUIHEHT aBTOKOPPETALMH 2-TO MOPsIKa —-0,0028
K09 (PHUIIMEHT aBTOKOPPEIALMH 3-T0 MOpsIKa —0,07455
KO3 PUIIMEHT aBTOKOPPEIISAIMHU 4-TO MOPsIIKa —-0,0523
K02 HIHEHT aBTOKOPPEIALHH 5-TO MOPsIAKa 0,066453

~ N
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OCTaTKM g
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220 ° °
TeopeTunyeckoe 3HadeHune Y,y

Puc. 7. lpaghuk 3aeucumocmu ocmamkoe g,.om Y,,
[cocmaeneHo aemopamu].

TBEPKAAETCS TPaPUKOM OCTATKOB YPaBHEHHS
aBTOperpeccuu (puc. 7).

Ha ocHoBe maHHBIX TAaOMUIIBEI 6 IPOBEPsICTCS
msitast npeanocsuika MHK — octarku ypaBHeHns
ABTOPETPECCUN MOTIMHSIIOTCS HOPMAJIbHOMY
3aKOHY PacCHpeNeNeHus], YTO MOATBEPKAACTCS
TECTHPOBaHUEM MO ¢{-KpuTepuio CThIOfCHTa
u F-xpurepuro @umepa.

Jlnst ypaBHEHHSI aBTOPETPECCHH TaKXKe pac-
CUMTaHa CpeAHss OmMMOKa amnpOKCHMAIHH,
KoTopas coctaBmia 2,9 %, 9To TOBOPUT O XOpO-
IeM KadecTBe MoJ00paHHON MOJIETTH HCCIIeye-
MO 3aBUCUMOCTH.

B pesynbrare mpoBeICHHOTO HCCIIECTOBAHMS
9KOHOMETPHYECKas MOJIETb MPOTHO3MPOBAHUS
Tpy30BOi 0a3bl MOPCKHX TOPTOB MOXKET OBITH
MpeCTaBIIEHA CIEAYIOIIE CUCTEMON PEKYPCHB-
HBIX YPaBHEHUIL:

Y, =-275,494 +0,4063X +3,4659X, +¢, (10)
Y, =-143,9483 + 0,6495Y, , +
+0,0673Y, ., + 0,0449X, + &. (11)

B cooTrBercTBUM € 3KOHOMHUYECKOW HHTEP-
MpeTanuei mapaMeTpoB ypaBHEHUS PErPecCHH
YCTaHOBJICHA CIIEAYONIast 3aBUCHMOCTh MEXy
MTOKa3aTesIMHA NIEPBOTO YPaBHEHUSI CHUCTEMBI:
yYBEIHMUCHNE 00BEMa ITPOMBIIUICHHOTO MPOH3-
BOJICTBA CTPAHBI Ha | MIpA AOJII. TPUBOJUT
K pOCTY BHEUTHETOPTOBOTO 000POTa B CPEIHEM
Ha 0,4063 Mipz ZOMUL. B TOA; TOMOBO POCT IKC-
mopta HepTH Ha 1 MiIpa momt. obecrieunBaeT
CpPeHETO/I0BOH aOCOMIOTHBIA NPHUPOCT BHEIIHE-
ToproBoro obopota Ha 3,4659 mupna nos.

Hanuaue B cuctemMe ypaBHEHHS aBTOpETpec-
CHH C JIATOBBIMU NIEPEMEHHBIMU 03HAYaeT 3aBH-
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CHUMOCTD PE3yJIbTaTUBHOTO ITPU3HAKA OT MPEIbI-
OyIMAX 3HAYCHUH (DaKTOPHBIX MEPEMEHHBIX
MOJIEJH, BBIP2XKEHHYTO B 3HAUCHUAX KO PHIIH-
€HTOB PErPECCHH:

— Ipy30000pOT MOPCKHX ITOPTOB YBEITMIHUTCS
B cpemHeM 3a To Ha 649,5 TeiCc. TOHH HOJ BO3-
JEWCTBHEM CBOETO XK€ POCTa HEMOCPEACTBEHHO
B IIPEIIICCTBYIONIUN TO/ HAa | MITH TOHH;

— TOIOBOM POCT BHEITHETOPTOBOTO 000poTa
cTpaHbl Ha | MJIpA JOMJI. B MOMEHT BPEMEHH
(t — 1) obecneunBaeT cpeqHUil aOCOMIOTHBIN
TIPUPOCT TPy30000pOTa MOPCKUX MOPTOB B T10-
CIEIYIOMIMIA T B pa3Mepe 67,3 ThIC. TOHH;

— POCT MUPOBBIX ITEPEBO30K IPYy30B Ha 1 MITH
TOHH B TOZ TIOJIOKHTEIBHO BIHSET HAa 0OBEMBI
TICPEBAJIKN TPY30B B POCCHICKUX ITOPTax, yBe-
JMYMBas X B cpenHeM Ha 44,9 ThIC. TOHH.

3AKNIOYEHUE

B xoze uccenoBanus ObIT IPOBECH aHAIN3
JMHAMHKH IPy30000poTa MOpCcKux roptos Poc-
CHH, OCHOBHBIX MaKpOAKOHOMHUYECKIX MOKa3a-
Teneil — 00beMOB BHEITHETOPTOBOTO 000poTa
1 TIPOMBIIIIEHHOTO MPOU3BO/ICTBA, HKCIOPTa
He(TH 1 00BEMOB MHPOBEIX IIEPEBO30K TPY30B
1 BBISBJICHBI B3aUMOCBSI3H MEX/y HUMH 32 Tie-
puox ¢ 2000 mo 2022 rox. Ha ocHoBaHuy mody-
YEHHBIX JAHHBIX YCTaHOBJICHBI OCHOBHBIC (haK-
TOPBI, ONPENEIISIOMNE B JAHHOM CIIydae BeNu-
YUHY Ipy30000poTa, U pa3paboTaHa 3KOHOMeE-
TpUYecKasi MOJIeNIb MIPOTHO3a Tpy30000poTa
MOPCKHX TIOPTOB, KOTOpast MPECTABIISET COOOH
CHUCTEMY PEKYPCHBHBIX ypaBHEHHH. OTindm-
TesbHasE 0COOCHHOCTh MOJIETM COCTOHT B TOM,
YTO OHA ITO3BOJISIET HE TOJBKO MPEICTABUTH
KPaTKOCPOYHBIH IPOTHO3 BEITMYHHBI IPY30000-
pOTa MOPCKHX TTOPTOB, HO M OIICHUTH 3aBHCH-
MOCTb OPTOBOH OTPACIIN OT COCTOSTHHS HAIHO-
HaJIbHOH SKOHOMHKH M €€ BHEIIHEAKOHOMHYE-
CKOM I€ATENbHOCTH.

[TomyyenHast sKOHOMETpHYECKass MOJIEIb
MIPOIILIA OI[EHKY HA TECHOTY CBSI3H MEXIY TOKa-
3aTersIMU, Ha 3HAYMMOCTh M HaJIS)KHOCTH Mapa-
METPOB PETPECCHH U yPaBHEHHH pErpeccHu
B menoM. Kpome 3Toro, ocymecTBieHa mpo-
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BEpKa MOJICJIM HA BBIMOJHCHHUE MPEANOCHUIOK
METO/Ia HAMMEHBIIINX KBaIPATOB, KOTOPAs TAK)KE
MOJTBEPAMIIA XOPOIllee Ka4eCTBO OCTPOCHHOM
MO/ICITH.

[IpuMeHeHne MPEeaCTaBICHHOW MOMIEIH Ha
MPAKTUKE MO3BOJIMT HA OCHOBAaHUHU MPOTHO3a
rpy30BOi 0a3bl peliaTh Takue 3aadu, Kak Io-
MTOJTHEHUE TOProBOro (10Ta, 000CHOBAHUE AKTY-
AJIbHOCTH MHBECTUPOBAHUS B OCHOBHBIC [TPOM3-
BOJICTBEHHBIC (DOH/BI TOPTOBOW MHPPACTPYK-
Typsl. Ha 0CHOBE MOJIyYEeHHBIX NaHHBIX MIPEI0-
CTaBJISCTCS YHUKAJIbHAS BOSMO)KHOCTD IPUHSITUS
CTPaTETHYCCKU BAXKHBIX JUISI OTPACTH M IKOHO-
MHKH CTPaHbI PEUICHUH, KACAIOIIMXCS TPOIYCK-
HOM CIOCOOHOCTH OEperoBOi COCTABIISIOINICH,
KCIIOJIb30BaHMUS TOPTOBBIX MOIITHOCTEH, a TAKKe
MPOTHO3UPOBAHHUS 3aHATOCTH TPYIAOBBIX PECyp-
COB, YTO IO3BOJIUT CBOCBPEMCHHO MPUHUMATH
MPEBEHTUBHBIC MEPHI B CIIydac BOSHUKHOBEHUS
TaKkoW HEOOXOIMMOCTH.
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Banepuit XAUTBAEB Esrennit YEPHAEB

AHHOTALIUA

Llenb cmambu — oueHUMb 8USHUE NPOCMPaHCMBEHHOU
MoQesnu mepMUHasnbHO-cKadCKuX KOMNEKCOo8, pacnooxeHue
KOMOPbIX 10Kanu308aHo Ha MeppuMopusX UHOYCMpuarnbHbIX
NapKos, Ha pe2UOHallbHbIe SKOHOMUYECKUE NoKasamenu.

B cmambe uccnedosaHa pezuoHansHas npocmpaHCcmeeH-
Has Modenb mepMuHanbHo-cknadckux komnnekcos (TCK),
(hyHKYUOHUpYtowas Ha niowadke uHOycmpuanbHO20 napka
(M1). O63op 3apybexHol u omeyecmeeHHOU numepamypbi
noseonun ebiieums onpedeneHHblll deuyum memodos
oueHku TCK Kak uHuyuamopa u cmumynsmopa peauoHanbHol
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OueHKa BNMAHUA NPOCTPAHCTBEHHON MOAENU
TePMUHANbHO-CKNAACKNUX KOMNIIEKCOB
Ha perMoHanbHble IKOHOMUYECKUE NOKa3aTenu
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9KOHOMUYeckol OessmenbHOCMU. BbisienieHbl nomeHyuanbHble
UCMOYHUKU pocma 3KOHOMUYECKUX noKa3amenel peauoHa,
obycnosnexHble 8o3delicmgueM NPOCMPaHCMEEHHO20 hak-
mopa u npeumywecmeamu pasmewjeHus obbekmos mepmu-
HasnbHO-cKknadckux komninexcos Ha nnowadkax (nnowadsix) UIT.
MpednoxeHbl nodxo0bl K cmamucmuyeckoll uHmepnpemayuu
peauoHarbHbIX nokazamenel. Mx pazgumue npUMEHUMENbHO
Kk oyeHke nomeHyuana TCK noseonum e OanbHelwem gKiko-
Yyamb MHO2UE NOKa3amesiu Pe2UoHO8 C Uesbio aHanu3a 3KOHO-
Mu4eckoeo enusaHus U

Knroyesble criosa: mepMUHaﬂbHO-CKﬂadCKaﬂ cucmema, Udecmpuaanb/L“l napk, 3KOHOMUYECKUL poCM peauoHa, UH8eCMUYUOHHas
nhpueriekamesiHOCMb, pe2uoHallbHOe 3KOHOMU4YeCcKoe passumue.
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BBEOEHUE

3a mocielHUE OECSATHUICTHS MOSBUIOCH
Oonpmroe pasHoOoOpa3me TPY30BBIX IEPEBO30K
1 JJOTUCTHYECKIX 00bekTOB. KoHTeltHepr3amnms,
«OKOJIOUIOPHHT», ayTCOPCHHT TPAaHCIOPTHON
1 JOTUCTHYECKOH NEATEIBHOCTH, COBEPIICH-
CTBOBaHME MH()DOPMAIMOHHBIX TEXHOJIOTHUH
1 MEXIyHapOoAHas CTaHIapTHU3aLHs, TTI00aIbHOE
cHa0XeHHe, yCUuJIeHne Mep 0e30MacHOCTH
1 3aIUIICHHOCTH B IETIOYKaX MOCTABOK, yCTOM-
YUBBIA TPAHCIIOPT M COKPAIIECHHE KU3HEHHOTO
[UKJIa MPOXYKIMH - 3TO JIUIIb HEKOTOPBIC U3
Hanbomee BAKHBIX M3MEHEHHH B JIOTHCTHKE
1 TPAHCIOPTHOM OTPAcin, KOTOPHIE CYIIECTBEH-
HO BJIMSIFOT Ha HA0Op M KadeCTBO YCIYT, Mpen-
JaraeMbIX TEPMUHAIBHO-CKIIaICKIMH KOMILICK-
camu (TCK). 3a 310 BpeMsi H3MEHHIINCH CIIO-
COOBI YITaKOBKH, XPaHEHHSI K TPAHCIIOPTHPOBKU
TOBAapoOB, W MO3TOMY CHPOC Ha pa3IHMYHBIC
YCITYTH IIPUBOJHT K BEICOKO An( P epeHINPOBaH-
HBIM JIOTUCTHYECKUM PEIICHHUSIM, TaKUM Kak
nHaycTpuanbsabie napku (MIT). B pesynsrare
TECHBIE CBSI3M MEXIy WHTETPHPOBAHHBIMHU JIO-
THCTHYECKIMHU YCIIyTaMH U yIOBICTBOPEHUEM
KIIMEHTOB NPHUBOZSAT HE TOJIBKO K ITEPBOHAYAITb-
HOMY IpuHATHIO KoHUenuuu UII, Ho u ompas-
JBIBACT UX MOCTOSTHHOE Pa3BUTHE.

B Hacrosiee BpeMs 1o BceMy MUY CO3/1aHa
pas3BUTas cCHCTEMa TEPMHUHAIBHO-CKIAICKAX
KOMIIIEKCOB (BHYTPEHHNE TAMOXXECHHBIE CKIIa b,
MHTEPMOAAIBHBIE TPY30BbIC IEHTPHI, JIOTHUCTH-
YECKHE ICHTPBI, CyXHUe MOPTHI, BHYTPECHHUE
1 MHTEPMOAAIBHBIE TEPMHUHAIIBI, PACTIPEICITH-
TENBHBIE IIEHTPBI U JPYTHE), KOTOPAsk MOJI0KH-
TENBHO BIMSIET HE TOJIBKO HAa O0IIEee KadecTBO
TPaHCIIOPTHBIX YCIIYT, HO ¥ HA 5KOHOMHKY CBOUX
PETHOHOB.

COBMECTHO HCIIONB3YS CBOM WHPPACTPYK-
TypHBIE 1 (YHKIIMOHANBHBIE pecypcsr, UIT mpen-
JararoT KaK BBICOKOE Ka9eCTBO M PUTMHYHOCTD
TPaHCIOPTHBIX YCIIYT, TaK ¥ TOCTOSIHHYIO CKIIa]-
CKYIO MOIITHOCTB B PEKHUME PEATHOTO BPEMEHH.
B cBs3u ¢ TeMm, 9TO KOMIAHUM TPATSAT MHOTO
CPEACTB, YTOOBI MOBBICUTH CBOIO THOKOCTH
B YCJIOBUSIX IIOCTOSSHHO M3MEHYMBOTO CIIPOCa Ha
PBIHKaX, UX IVIaBHAsI LENb - MOIYINUTh IPEUMY-
IIECTBO 3@ CYET MPSIMOTO MM KOCBEHHOTO
B3aumoaencteus ¢ UIT.

HecMotpst Ha SKOHOMHUYECKHE MPOOIEMBI
M3MEHYMBOM OM3HEC-CPEIbl MHOTHE CTPAHBI yKe
pacuIMpHiIN CBOW TPAHCHIOPTHBIE U JOTUCTHYC-
CKHE YCIIyTH, BKJIIOYasi B CBOIO TPAHCIIOPTHYIO
CHCTEMY KaK OMMOJaJIbHBIE, TaK U TPUMOJAITh-
HblE BHYTpeHHUE TepMHuHaisl u UIT.

® Mwup TpaHcnopTa. 2024. T. 22. No 4 (113). C. 54-60

CoBpeMeHHbIE TEOPUU PETHOHAIBHOTO Pa3-
BUTHSI, KOTOPBIC KJIACCU(PUITUPYFOTCS KaK HHCTH-
TYIMOHAJIbHBIE TEOPHH, ONMUPAIOTCA Ha paHee
pa3paboTaHHBIC TEOPUH U TIOAYCPKUBAIOT HEOO-
XOJAMMOCTh TIOJIEPKKHU CO3/IaHUS MpEeUuMyle-
CTBCHHO MaJIbIX U CPETHIX KOMITaHH (TI0CKOJIb-
Ky MaJible ¥ CPEIHIE KOMITAHHH CIIOCOOHBI ObI-
CTPO pearupoBaTh Ha OM3HEC-MOTPEOHOCTHU
PBIHKA), CO37aBasi U U3MEHSsST OM3HEC-KIMMAT
B peruoHe. C Apyroil CTOpPOHBI, Ha Pa3BUTHE
peruoHa BIUSIET €T0 COIMaIbHO-OKOHOMHUYECKAs
crnenuanusanus, pazsutue UII. B muposoit
npaxtuke MII nponum HECKOIBKO 3TANoB pas-
BUTUS, U C€iiYac MOYKHO TOBOPUTH O HECKOJIBKUX
MOKOJICHUSX UHAYCTPUATBHBIX MapKOB.

HII mepBOro mokoJieHHs, MOCTPOCHHbBIE
B 1970-x rogax, OmIM4ar0TCs OT IPYTUX MOKOJIE-
HUI JIOBOJBHO YIPOIIEHHON apXUTEKTYpPOH.
B kax10M HOBOM MOKOJIEHUH OHA YCIIOKHSLIACH,
TIOJTHEE UCTIONB30BAIACh TEPPUTOPHSL, PACIIUPSLI-
cs mopT(helib YCIyT, YBEIMYUBAIOCH KOIUYECTBO
aJIMUHHCTPATUBHOIO MIEPCOHAIA U PAOOTHHUKOB.

HII, HecoMHEHHO, OKa3bIBAIOT MOJIOXKHUTEITb-
HOE BIHUsHUE Ha OW3HEC B PErHOHE, INIe OHU
pacnonoxenbl. OHU BBITOAHBI TEM, UYTO MPUME-
HAIOT COBPEMEHHbIE TEXHOJIOTHUH U WHHOBAIIMH
B IIPOU3BO/ICTBEHHBIX MPOIIECCaX, MPHU BHITYCKE
TOBapoB OoJiee BBICOKOTO Kilacca, KpOMe TOro,
PETHOH MMOJyYaeT MPUOBLIL OT UHOCTPAHHBIX
KOMITaHUH, paCTIONOKEHHBIX B TAPKaX, MOCKOJIb-
Ky OHHU MPUBHOCAT B PETHOH SKOHOMUYECKHIA
Y UHHOBAIMOHHBIM MOTEHIIMAT WJIM XOPOIIO
3apEKOMEH/IOBABIIIHE Ce0sl HAa MEXKYHAPOTHOM
YPOBHE HOY-Xay M, TAKAM 00pa3oM, MOIICPIKU-
BaIOT MPOIECC PEKOHCTPYKILUHU U MOAECPHHU3AIIH
MIPOMBIIIJIEHHOCTH ¥ OTHOBPEMEHHO TTOKPHITHE
Ipu HEOOXOAUMOCTHU BBICOKOTO AeduiiuTa Top-
roBOro OajaHca.

Eme onHUM MONOXUTETbHBIM MOMEHTOM
CYILIECTBOBAHMUS MHAYCTPUATIBHBIX MTAPKOB SIBJIS-
€TCS1 TO, UTO OHM CO3/IAI0T YCIIOBUS JJIsl Pa3BUTHSA
MaJIbIX ¥ CPEIHMX MPEIIPUATHI U UX COTPYI-
HUYECTBA C CyObEKTAMU BHEIITHEAKOHOMUYECKOM
JIeSITENIbHOCTH, a 3HAYUT, TIOJIOKUTENLHO BIUSIFOT
Ha KOHKYPEHTOCIOCOOHOCTb, MPOU3BOIUTEIIb-
HOCTh TpyJa U yBEJIMYEHHUE 3aHITOCTH.

Hemanoaxuo u Biusaue WI1 Ha obiee pas-
Butue peruona. OueBuHo, uto ot UII Hemb3s
OXXKHJIaTh HEMEJJICHHBIX Pe3yJbTaToB, TEM HE
MeHee, MOKHO MpeJcKa3arh, YTO CO3/1aBaeMble
paboune MecTa WJIM Iepeaada TEeXHOJOTHH
MEX]Ty KOMIIAaHUSIMU TIPUBEIYT K CHHEPreTHYe-
ckomy 3ddekry. KoHIleHTpanus HEKOTOPHIX
BUJIOB KOMIIAHUW MOXET MPHUBIEYb B PETHOH

Xant6aeB B. A., YepHsieB E. B. OueHka BNMSAHUA NPOCTPaHCTBEHHOW MOAENY TePMUHANbHO-CKNAaaCcKUX
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MHOTHX HHBECTOPOB, UTO MPUBEIET K HEOOXOAU-
MOCTH HabOpa HOBBIX COTPYIHHKOB.

I]envio TAHHOTO HCCIEIOBAHUS SBISCTCS
BeIgBieHne BiausgHus norennuana TCK, ckoH-
LEHTPUPOBAHHOTO Ha wioaakax UIT cyosexra
Poccuiickoii denepannn, Ha SKOHOMUYECKUN
pPOCT peruoHa.

Hcnonb30BaHbl MemoOvl SMIUPUUECKOTO
aHaJin3a, CUCTEMHBIH IMOAX0/1, JIOTHYECKHUE, CTa-
TUCTHYECCKHE M SKOHOMHUYECKUE METOIBI, KOppe-
JISIITMOHHBIN aHAJIN3, METOJ PEHTHHIOBBIX OIlC-
HOK.

KPATKWA OB30P NIUTEPATYPbI
W UCCNENOBAHNA

MHorune 3KOHOMHCTBI TITyOOKO HCCIIEA0BaH
pons TCK kak reHeparopa 3KOHOMHYECKOTO
pocta. HecMoTps Ha TO, 4TO CyIIECTBYET LIHPO-
KHI CIIEKTP pa3lUYHBIX METOJUYECKUX HCCIIe-
nosanuii o Bustaud TCK Ha noBbiieHue s dex-
TUBHOCTH 3KOHOMUYECKOH CHUCTEMBI PETHOHA,
HaOJI0aeTCsl 3aMETHBIN e(DUIUT METONI0B
OILIEHKHU €€ POJM KaK MHUIMATOPOB U CTUMYIIS-
TOPOB PErHOHAIEHON 3KOHOMHUYECKOH AesTeNnb-
Hoctu. CylecTByomas TeopeTuyeckas 06asa
TaKOTO YTBEP)KJIEHHUS NPEACTABIAETCS COBEP-
IIEHHO HEI0CTaTOYHOM.

C. JIanuH ¥ COaBTOPBI pacCMaTpPUBAIOT TEO-
PHIO «IIOJFOCOB POCTa» B pErHOHAIILHOM, (eze-
panbHON M MUPOBOM AKOHOMHKE, Ipejajaras
akTuBHOE ynpasneHue passutueM TCK pernona
¢ yueToM Kputepues dddexTuBHOCTH. JJaHHBINA
MOJXOJ YYUTHIBAeT He Tosbko pazsutue TCK
PeruoHa, Ho ¥ COLMaNIbHO-IKOHOMUUECKOE pa3-
BUTHE NPUJIETAIOIINX K HEMY CYOBbEKTOB, KpOoMe
TOTO, YIIOMHUHAET PETHOHATIBHOE BIUSHUE IIPEea-
HNPUATUH, YCTOMUUBOCTh KOTOPHIX 3aBUCHUT OT
pabors! 1 npousBoguresnsHOcTH UIT [1].

M. Boiin 1 coaBTOPHI IPOBETU aHAJIU3 BIUS-
HUS JIOTUCTHYECKHX OOBEKTOB, B YACTHOCTHU
«TPY30BBIX JIEPEBEHb» Ha MOTEHIMAJ Pa3BUTH
peruoHos [2].

OCHOBHOI BOIIPOC, KOTOPBIi pacCMaTpUBAIOT
J. banucrep u . Bepekman, — crnocoOHOCTh
nnBecTuLmii B cepe NI conericTBoBaTh SKOHO-
MHYECKOMY POCTY Ha PErHOHAJIBHOM 1 MECTHOM
YPOBHSIX, JONOJHUTENBHBIM BBITOIaM I pa3-
BUTHS. HecrnocoOHOCTh TOYHO ONpeneauTh
U U3MEPUTH TH NIPEIioNaraeéMble BBITOBI pa3-
BUTHUSI HEM30EKHO MPHUBEIET K UX JBOHHOMY
yderTy, co3/1aBasi TeM CaMbIM PUCK peau3aluu
HekoppekTHbIX npoekTtoB TCK [3].

ITo muenwuro T. Horrebyma u XK.-I1. Poxpura,
tepmuHainsl, UI1 u apyrue norucruyeckue o0b-
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€KTBI CTAJIM HEOThEMJIEMOI1 4aCThIO TPAHCIIOPT-
HOW CHCTEMBI, OCOOCHHO B PETHOHAX, CHUJIBHO
3aBucAnMx ot Toprosiu. Pazsurue TCK nmocre-
MIEHHO CMEIIAETCS B PETHOHBI U3-3a CI0KHOCTH
COBPEMEHHOI'0 pacHpesesieHusl TPy30B, MOBbI-
LIEHHOTO BHUMAaHHUS K UHTEpMO/aIbHBIM TPaHC-
TIOPTHBIM PELIEHHSM U IPOOJIeMaM IPOIYCKHOM
CIOCOOHOCTH. 3a/1a4u CHIDKEHUS 3arpyKEHHO-
CTH TPaHCIIOPTHOW CETH, COKPAIEHHS IOTPeo-
JICHUSI SHEPTHU U MOPOKHUX NEPEBO30K CTAHO-
BATCSI CUIIBHBIMHU CTUMYJIAMH JUISl PACCMOTPEHUS
co3nanus U pa3Butus pernoHanbHbeIx TCK [4].
JlokanbHbIe rpy30BbIe IOTOKH SIBISIFOTCS PE3yib-
TaTOM NJIOOAJIBHBIX ¥ PETMOHAIBHBIX YIKOHOMHU-
YEeCKHUX MPOIIECCOB, HAIIPABICHHBIX HA UCTIOJb-
30BaHHE OCHOBHBIX CTPATETHIl «TOYHO B CPOK»
1 «OT ABEPH 0 IBEPI». ABTOPHI IPEIIOIONKUIH,
YTO Ha PETHOHAJIFHOM YpPOBHE AEATEIBHOCTB,
CBSI3aHHAs C paclpeieseHHeM IPYy30B, MOXKET
OBITh M3MEHEHA C IOMOILBIO PA3BUTHSI K CTPOU-
tenbeTBa HOBBIX TCK B OTBET Ha pocT moTped-
JISHUS ¥ CIIPOCa, a TaK)Ke HEe0OXOIMMOCTh H3Me-
HEHUS [eNoYeK MOCTaBoOK [4].

B pabore [5] oTMeuaeTcs IepCIeKTUBHOCTD
TCK B kauecTBE IKOHOMHUUYECKUX JBIKYIIIUX CHIT
peruoHoB. KpoMme Toro, erie oAHUM HHTEPECHBIM
anemenToM UII siBisieTcst nx oOruast He3aBUCH-
MOCTB OT APYT'HX KJIACTEPOB U OTpacieil B coue-
TaHHU C TeM (AaKTOM, YTO OOJIBILIOE KOJTHYECTBO
MPEIIPUATHH B pa3IMYHBIX OTPACIIAX 3KOHOMHU-
4yecku 0a3MpyroTCs Ha JIOTHCTUYECKHX O0BEKTaX,
a MHOIJIa ¥ PacIoOKEeHbI BOKPYT HUX [5; 6].

ABTOpEHI [7] OTMEYaIOT, YTO PETUOHANbHBIE
BiacTH cTpemsrcsi npusieub WII, 4Tobsl cro-
COOCTBOBATh YKOHOMHYECKOMY Pa3BHTHIO, MECT-
HOMY NpeIPUHIMATEILCTBY U YPOBHIO 3aHATO-
CTH.

Bsaumocssa3p Mexay UII u pernoHanbHeIM
SKOHOMHUYECKHM Pa3BUTHEM IpeACTaBIEHA
B pabote [8], B KOTOpOi OTMEYaeTCs, YTO Co3/1a-
Hue UII BHOCUT 3HAYUTENBHBINA BKJIAJA B CO3/a-
HUE YCTONYMBON SKOHOMUKH.

Pabora [9] HampaBieHa Ha OIpeneiiCHUE
KJIIOUYEBBIX MaKPOIKOHOMUYECKUX (PaKTOPOB,
Brausomux Ha cozganue UII, okaspiBarommx
MOJIOKUTEIHHOE BIMSAHUE HA YCTONUNBOE peruo-
HaJbHOE pa3BUTHE.

B uccnenoranuu [10], B yacTHOCTH, OTMeya-
etcs HaueneHHocts U1 Ha pacimpenne uatep-
MOJAJIBHBIX NTEPEBO3OK.

ABtops! [11] u3yyanu BO3MOXKHOCTH YIyd4-
LICHUS UMUJDKA U KOHKypeHTocmocoonocTu UIT
IyTeM HCIOIb30BAaHUS COBPEMEHHBIX KOHIIETI-
LHUHA CO3MaHMS U Pa3BUTHS CHUHEPTHH MEXIY

XaunTt6aeB B. A., YepHsieB E. B. OueHka BNMAHMSA NPOCTPaHCTBEHHOW MoAenu TepMUHanbHO-
CKNaACKuX KOMMJEKCOB Ha pernoHanbHble 3KOHOMUYECK/e NoKasaTenu



Taoéauna 1
KoHueHTpanus 3aHATOCTH B ceKTope « TpaHCOPTHPOBKA U XpaHEHHE

CyOBEKTBI VYnenbHBIN Bec
2020 2021 2022 2023

Poccwuiickas ®enepanms 7.4 % 7,6 % 7,77 % 7,82 %
oo 6,46 % 6,46 % 6,83 % 7,07 %
Pecmyonuka bamkoprocran 5,49 % 5,53 % 5,84 % 6,19 %
Pecny6nika Mapwuii O 4,46 % 4,67 % 491 % 4,92 %
Pecryonika Moprosust 5,21 % 5,19 % 5,36 % 5,77 %
Pecny6nuka Tarapcran 7,22 % 7,17 % 7,45 % 8,12 %
Ynmyptckas Pecryonuka 5,93 % 5,95 % 6,34 % 6,16 %
Uysamickas Pecrryonuka 3,72 % 3,86 % 431 % 4,47 %
Iepmckuii kpait 7,46 % 7,39 % 7,89 % 7,56 %
Kuposckas obnacts 5,26 % 5,59 % 6,18 % 6,59 %
Hixeropozckas o6iaacts 5,94 % 5,97 % 6,74 % 6,93 %
OpenOyprckas obnacTb 6,60 % 6,56 % 7,52 % 7,64 %
Tlensenckas o6acThb 5,80 % 5,80 % 6,63 % 6,66 %
Camapckasi 001acTh 8,38 % 8,32 % 8,44 % 8,98 %
CapatoBckast 001acTb 7,56 % 7,53 % 7,14 % 7,03 %
VibsiHOBCKast 00J1aCTh 5,83 % 5,83 % 5,93 % 6,28 %

Hcrounnk: denepanbHas ciryx0a rocyIapcTBeHHOH CTaTHCTUKHY https:/rosstat.gov.ru.

TIPOM3BOJICTBEHHBIMH, TPOMBIIINICHHBIMH U JIO-
THCTHYECKUMH (PUPMaMH C [ENBIO TIOBBIIICHHS
3¢ (HEKTUBHOCTH M YCTOWYMBOCTH T'PY30BBIX
1 JIOTHCTHYECKHX MPOIIeccoB. Bee kommanun Ha
tepputopuu UII MOryT pa3BuBaTh COBMECTHBIE
MapKETHHTOBBIE YCIYTH, B PE3yJIbTaTe Yero
MaJlble U CpeaHIEe (PHPMBI TIOyJaT HanOOMBIITyT0
BBITOZTy OT NMOZOOHBIX CHTYaIHH.

B uccnenoBanuu [12] npennaraercs pa3Bu-
Barb kiactepHsie I kak 3¢ GexTuBHBIA MeTOx
JUTS TIOBBIIICHNS] KOHKYPEHTOCIIOCOOHOCTH OT-
paciel ¥ OpraHu3aiy pabodrx MecT.

PE3YNbTATbI

[TapannensHO ¢ OCHOBHOI 1 Gosee MMPOKOH
ponbio TCK B mponBrmkeHNN HHTEPMOAATBHBIX
TIEPEBO30K CYHIECTBYET TAKXKE TOMOIHUTEIbHAS
1 HE MEHee BaXKHAs MX POJIb KaK MHUIMATOPOB
PErHOHAIBHOTO 3KOHOMHYECKOTO Pa3BHUTHSL.
[TnomankamMu A71st 3TOTO SBISIFOTCS] pETHOHAIb-
Hble MHIycTpruansHsle napku, (M), koTopsre
co3matoT 0a3y A pa3BHTHS SKOHOMHUYECKOTO,
WMHTEIIEKTYaIFHOTO M IMTPOMBIIIIIEHHOTO TIOTEH-
[[Maja pernoHa, IMIOPTO3aMEICHUS, YBETHUe-
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HUSI HAJIOTOBBIX MTOCTYTUICHUH B OFO/KETHI BCEX
yposHe#l. Mudpactpykrypa UII oTHOCHTCA
K JIOTHCTHYECKOM, TaK KaK BKIIOYAET B ceOs
cKJIanbl Kinacca A u B, pacnpenenurenbHble
LEHTPBI KOMIAHWUN, MAPKETIUIEHCOB.

HUII BBICTYNAlOT ABMXKYILEH CHUIOH HKOHO-
MHKH CBOMX PErMOHOB, ITOTEHIINAIIHLHO BIUSIO-
el Ha PEernOHANBHBIN YpPOBEHb 0€3paboTHIIbI,
BAJIOBOH pernoHanbHbIN mpoaykT (BPIT) u co3-
JlaHWEe PaboYMX MECT, HHBECTHIMOHHYIO TPH-
BJICKaTEIFHOCTh U OOBEMBI TOPTOBIH (PErmo-
HaJIbHBIA UMIOPT/3KCIIOPT). YpOBeHb Oe3pado-
tunsl 1 BPII MO)HO oxapakTepH3oBaTh Kak
HanboJee XapakTepHbIE SKOHOMHUECKHE TTOKa-
3aTeM PErMOHOB. MIHBECTUIIMOHHAS MTPUBIICKa-
TEIBHOCTD MILTIOCTPUPYET OOIIyI0 TpHBIICKA-
TEJIFHOCTh BHYTPEHHUX W WHOCTPAHHBIX MHBE-
CTHIUH JJISl KaXKJIOTO PETHOHA.

WunycrpuanbHble TapKu 00ECTICYHBAIOT Ipe-
BOCXOJIHYIO MHCTHTYIIHOHAJILHYIO OCHOBY, Tpe-
JIOCTABIISIIOT JIOTIOJHUTEIBHBIC YCIYTH U Kade-
cTBeHHYI0 HHDpacTpykTypy. OHH CITOCOOCTBYIOT
TIPUBIICICHHIO Y PEaIN3alliii HEOOXOIMMBIX HHBE-
CTUIMH, YBEINICHHIO 3aHATOCTH HAaCEICHHUS,

Xant6aeB B. A., YepHses E. B. OueHka BNMAHUA NPOCTPaHCTBEHHOW MOAENN TepMUHanbHO-
CKNaACKuX KOMMJIEKCOB Ha pernoHanbHble 3KOHOMUYECKWe NoKasaTenu




Tadauma 2
Junamuka BPII 3a 2020-2023 roasi, Miapa pyo.
2020 2021 2021/2020 |2022 2022/2021 | 2023 2023/2022
Poccuiickas deneparys 94410,2 121183,0 | 128,36 % |140670,8 |116,08% |171041 |121,59 %
TpuBomxckuit DenepanbHblii okpyr | 13655,4 15963,18 | 116,90 % | 19664,6 123,19% | 20188 102,66 %
Kuposckast obmacts 396,9 452,77 114,06 % | 554,6 122,51 % | 575,1 103,70 %
Hwmxeropozckas obnacts 1600,30 1730,6 108,14 % | 2287,9 132,20 % | 2390 104,46 %
OpenOyprckast 061acTb 1046,70 1239 118,37% | 15714 126,83 % | 1500 95,46 %
ITen3enckas obnactb 484.,8 586 120,87 % | 592,9 101,18 % | 593 100,02 %
Tlepmckuii kpait 1385,40 1400 101,05 % [2002,8 143,06 % | 1800 89,87 %
Pecmrybmuka barmkoprocran 169420 |2059,4 121,56 % | 2242,6 108,90 % | 2544 113,44 %
Pecmybmika Mapuii On 198 214 108,08 % | 262 122,43 % | 247,7 94,54 %
Pecry6muka MoproBust 266,4 299,8 112,54 % | 342,6 114,28 % | 361,5 105,52 %
Pecrryomuka Taraperan 2631,30 | 3400 129,21 % | 4179,3 12292 % | 4153,7 99,39 %
Camapckast 0011acTb 1625,50 1969,6 121,17 % | 2378,5 120,76 % | 2800 117,72 %
CapartoBckast 00nacTb 856,5 984.8 114,98 % | 1194 121,24 % | 1300 108,88 %
Yamyprckast PecryOnuka 684.,4 790,68 115,53 % | 965,7 122,14 % | 956 99,00 %
‘VibsiHOBCKast 00J1acTh 439 484.6 110,39 % | 588,8 121,50 % | 571 96,98 %
Uysamickast PecryOmmka 346 352 101,73 % | 501,5 142,47 % | 396 78,96 %

POCTY KOHKYpPEHTOCIIOCOOHOCTH, CTaOMIEHOMY
OCYILECTBICHUIO OM3HEC-CTPATETHH U peTrno-
HaJIbHOMY 9KOHOMHYECKOMY Pa3BUTHIO. Takke
OHH CO3JAIOT CPEy I UCTIOIb30BaHNSI HOBBIX
TEXHOJIOTHiA, 00y4EHNSI 1 NHHOBALIUH, CO3aHus
pabouuXx MECT M PHIHKOB U, B UTOTE, KOHCOJIHIA-
LIUH CYIIECTBYIOMUX oTpacuei [13-16].

Pacnonoxennsie B 72 peruonax Poccuu
WH/TyCTpHAJIBHBIE TTapKH 00eCTeunBaoT ynoo-
HBII JIOCTYII K KPYIIHBIM TOPOJICKUM arjioMepa-
UM ¥ PhIHKaM cObITa nponykiud. [Ipeanpus-
TUS, QYHKIHOHUPYIOLINE B MHAYCTPHAIBHBIX
TapKax, sIBJISIFOTCS] BAYKHBIMU CyObEKTaM1 MecT-
HOW HKOHOMUKH (0COOEHHO 3TO KacaeTcst hupm,
B KOTOPBIX 3aHATO OOJIbIIIEe KONUYECTBO JIIONIEH),
W Takasl CUTyallusi, CKOpee BCEro, COXPaHUTCS
U B crefyromue 4-5 ner.

CosznaBas paboune MecTa W yBEIWYUBas
WHBECTHIIMH B TPOU3BOJICTBO, HHAYCTPUAIIBHBIC
TapKH Pa3BUBAIOT SKOHOMHKY HE TOJIBKO PETHO-
Ha, HO ¥ CTPaHBI.

[Tocne TmaressHOrO PaccCMOTPEHUS! CTaTH-
CTUYECKHX JaHHBIX MO>KHO TTOATBEPUTH 001IIee
YBEJNNYCHUE KOHIIEHTPALIMH 3aHATOCTH B CEKTOpE
TPaHCIOPTHPOBKH M XpaHEeHUs Kak /i Poccuii-
ckoit denepanum, Tak U 1o cyobekTam [IprBomK-
cKoro ¢enepansHOro okprya (cMm. taom. 1). Hc-
KITFOYECHHEM SIBISIFOTCST YIMypTckas PecrryOnuka
u Ilepmckuii kpaii, rae B 2023 rogy o CpaBHEHUIO
¢ 2022 rofoM Mpou301III0 CHUYKEHUE JO0JIY 3aHsI-
TBIX B 9TOM CEKTOpE.

BPII no-npexHeMy ocTaeTcst OCHOBHBIM UHIU-
KaTOpOM YPOBHSI PETHOHAJIBHOTO COLUAIBHO-
9KOHOMHYECKOTO pa3BuTHs. JlnHamuka oomiero
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Hcrounnk: denepanbHas ciryx0a rocyIapcTBeHHOH CTaTHCTUKH https:/rosstat.gov.ru.

BPII Poccun u [1PO npexncraneHa B Tadm. 2
1 TIoKasbIBaeT ero poct 3a 2020-2023 rompr. O6-
mmii 0osem BPIT Poccniickoit deneparmy B HoMu-
HaJIEHOM BBIPYKEHNH YBETMUMIICS 32 aHAJIM3HpYe-
MBI ieprox Ha 76630,8 muipn py0. B cymmapaom
BBIPKEHHH 110 BceM cyOobekTam P 3a ananmizu-
pyemsiit nepuon BPII yBenuumsics B 1,8 paza. [o
cyosekram PO B [1DO - B 1,5 paza.

CTabHUIbHOCTh 9KOHOMUYECKOTO Pa3BUTHS
obecrieunBaeT MoJOKUTENbHas quHamMuka BPII
B cexTope «TpaHCTOPTHpPOBKAa M XpaHEHHE»
(TX): poct B Poccuiickoii ®enepanuu B 1,7
paza u B I1DO B 1,6 paza 3a 2017-2023 roasl.

E1ne oauM BaskHBIM (pakTOpOM SIKOHOMHYE-
CKOTO POCTa PErHoHa SIBISICTCS MHBECTHIIMOH-
HBII KaluTaj, KOTOPbIH MPOaHaIN3UPOBAaH Ha
npumepe Poccuiickoit @enepannu u [1OO (cm.
Tabn. 3). IlonoxkuTenpHas THHAMHKa pocTa
CBUJIETENBCTBYET O TOM, 4TO PD u [1PO nBu-
JKYTCSI TTO ITyTH SKOHOMHYECKOTO POCTa 3a CUeT
YBEJIMUYECHHUS] CBOETO KaruTala, KOTOPHIH B TO-
cileiHee BpeMsl aKTUBHO pacipeiessieTcs 1 nH-
BECTHpYETCsS B ceKTOp «TpaHcmopTHpoBKa
U XpaHEeHHUE».

Bricokass ”HBECTHIIMOHHAS aKTUBHOCTH
B [I®O 00ycnoBneHa He TONBKO JTOKaTH3aIHeH
B JIAHHOM OKpYT€ KPYIHBIX IpeIIpHusIThii 00pa-
OarbIBaroniel M TOOBIBAIONIEH POMBIIUICHHO-
CTH, HO 1 aKTUBHBIM Pa3BUTHEM MaJIOTO U Cpe/l-
Hero Ou3Heca, CO CTOPOHBI KOTOPBIX TEHEPUPY-
€TCs CYIIECTBEHHBIH CIIPOC Ha IUTONIAIKH HHTY-
CTPUAIIBHBIX ITapKOB.

Takum oOpazoM, 3a mocieJHUE YEeThIpe
ro/ia MPOJEMOHCTPUPOBAHBI MTOJIOKHUTEIBHBIE

Xaut6aeB B. A., YepHsieB E. B. OueHka BNMAHUA NPOCTPAaHCTBEHHOW MoAenyu TepMUHarnbHO-
CKNaAACKMX KOMMIIEKCOB Ha perMoHanbHble 3KOHOMUYECKUe nokasarTenu



Taoéauna 3

IlﬂHaMl/IKa MHBECTHLHMI B OCHOBHOM KANMTAJ U CEeKTOp «Tpaﬂcnoanpomca N XpaHEHUE»

WuBectunym, mipy pyo.
2021 2022 2023 AbconoTHOE OTHOCHTEIBHOE
H3MECHEHHE H3MEHEHHE
2023/2021 2023/2021

Bcero | TX Bcero | TX Bcero [ TX Bcero | TX BCETO X
Poccwiickast 17690 |3226,4 |21829 |(4219,8 34036 |4963,7 (16346 |[1737,3 [192,40 % | 153,85 %
Denepanus
TpuBODKCKHI 2073,3 [314,2 [25652 [601,4 [4830,2 [778,92 [2757 464,72 232,97 % | 247,90 %
DenepanbHblit
OKpyT
Kuposckast 52,1 6,9 59,2 8,6 106,24 | 10,4 54 3,5 203,92 % | 150,72 %
obnactb
Hxkeropomckast 265,6 |33,7 462,1 164,5 |686,93 |226,7 |421 193 258,63 % | 672,70 %
obnactb
Open0yprekast 149,3 15,3 179,5 | 24,9 2934 [32,5 144 17,2 196,52 % | 212,42 %
obnactb
Tlensenckas 53,8 9,1 60,3 12,7 121,81 | 13,6 68 4,5 226,41 % | 149,45 %
00macTh
Tlepmckuit kpait 2422 |21,8 290,2 33,02 |370,3 |49,5 128 27,7 152,89 % | 227,06 %
PecryGnuka 2479 45,6 305,6 |53,25 |620 58,575 | 372 12,975 250,10 % | 128,45 %
Bamrkoprocran
Pecny6Onuxa 22,2 2,9 25,5 3,3 52,23 | 3,63 30 0,73 235,27 % | 125,17 %
Mapuii On
PecmyOmnuka 41,1 6,6 48,6 12,7 74,1 13,97 |33 7,37 180,29 % | 211,67 %
Mopnosus
PecmyOnuka 4512|594 597,5 143,9 | 11804 |158,29 |729 98,89 261,61 % | 266,48 %
Tarapcran
Camapckast 264,8 | 66,6 306,6 |97,8 516,6 | 107,58 |252 40,98 195,09 % | 161,53 %
obnacth
CaparoBckast 123,1 |27,5 1499 |42,5 286,54 | 46,75 163 19,25 232,77 % | 170,00 %
obacth
Vamyprckast 70,3 5,9 85,96 |8,3 166,3 |9,13 96 3,23 236,56 % | 154,75 %
Pecryoimka
VnbsHOBCKAsT 50,2 7,6 56,7 7,7 120,8 | 8,47 71 0,87 240,64 % | 111,45 %
obnacth
Yysaruckast 39,5 52 71,6 36,2 1234 39,82 |84 34,62 |312,41 % | 765,77 %
Pecmy0mika

HUcrounuk: ®enepanbHas ciryxba rocynapCTBEHHON CTaTUCTUKH https://rosstat.gov.ru/

TEMIIBl BCEH PETHMOHAIbHON YKOHOMHUYECKON
JeATEIbHOCTH, KOTOPast MPSIMO HIJIM KOCBEHHO
CBSI3aHA C CEKTOPOM TPAHCIIOPTHPOBKH M Xpa-
HeHus. Passutue u ysenuuenue UII n ux pas-
JIUYHBIX MOTU(UKAINH (TEXHOTIapKH, OM3HEC-
nHKyOaTtoper, 023 u T.71.) co3maroT mHpa-
CTPYKTYpy U MPOMBIIIICHHOTO MPOU3BOJ-
cTtBa, ocobernno B IID®O, B kKoTOpOM
CKOHIICHTPUPOBaHa TpeTh AchcTByromux MII
CTpPaHBI.

JUis n3ydeHus CTENEHN CBSI3U MEKIy Iepe-
MEHHBIMHU Yallle BCETO B YKOHOMHUYECKUX HCCIIe-
JOBAaHMIX HCIIONB3YETCS KOPPEIIIHOHHBIA
aHaJN3, KOTOPBIH, ABISIETCS HHCTPYMEHTOM
TTO3BOJISIOIINM ITOKa3aTh OJM30CTh OJJHOM Iepe-
MEHHOH K Apyroii. Hanboee gacto B mogoOHBIX
HCCIIEIOBAaHMAX HCIOIb3YETCS TMHEHHBINA KOp-
permanuoHHbIN aranm3 [17-19].

Jns TIOO 115 OLEHKY BIUSHAS Pa3BUTHS
UII Ha ero sxoHOMHYeckuit poct (BPII,
00bEeM MHBECTHIIUHN, YHCICHHOCTh 3aHATHIX)
paccuuTaH KO3(QUINEHT Koppensuun (ze-
TaNbHBIA pacdyeT B JaHHOW CTaTbe HE MpHU-
BOJHUTCS), KOTOPBIM yKa3bIBAET HA TECHYIO
B3aMMOCBs3b Mexay yuciaoMm UII u ocHOB-
HBIMH COLMATIbHO-3KOHOMHYECKUMH MOKa3a-
TEISIMU PETHOHA.

B I1®O pernonamu-muepamMu Mo KOJHUe-
ctBy W11 sBnsrorest Pecrryonmkn bamkoproctan
n TarapcraH, YibstHOBCKas o0nacTh (IecaThb
n 6onee UII B pernone). Takoe pactipeneneHue
00yCIIOBJIIEHO YPOBHEM COIHAIBHO-IKOHO-
MUYECKON aKTUBHOCTH, Pa3BUTOM TPAHCIOPTHO-
JIOTHCTHYECKOH MH(PACTPYKTYpOi, HaIH4IneM
KPYIHBIX IPOMBIIUIEHHBIX 00BEKTOB, CIIPOCOM
MIPOU3BOIUTENEH.
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BbIBOAbI

IIpoBeneHHbBIIT 0030PHBIH aHAIN3 CBUACTEINb-
cTBYeT 0 ToM, uTo UII urparor cyiiecTBeHHYyO
ponb s obecriedeHnsT THHAMHUYIHOTO POCTa
PErHoHaAIbHBIX SKOHOMUK, CO3/IaHUSI KOHKYPEHT-
HBIX YCJIOBUH U1 HOBBIX IIPOU3BOACTB, MPHU-
BJICUCHISI OTCUECTBEHHBIX M MHOCTPAHHBIX HHBE-
CTHUIIAN B PETUOHBI, CHIXKCHUS 0e3paboTHIIH 32
CUET CO3/IaHMsI HOBBIX pabOYMX MECT, UCIIONB3Ys
TPYIOBOH OTESHIINAI ONIMKAUIIINX HACEICHHBIX
ITyHKTOB.

HWccnenoBanue nMo3BosseT MO3UTHBHO OIIpe-
nenuthb Bkinan UII B noctmxeHune nenen ycroi-
YUBOTO PAa3BUTHUSL PETMOHOB 3a CUET CO3[aHUSA
HEo0XoMUMOI MH(PACTPYKTYpPBI, YBEIHYCHHUS
3aHATOCTH, 00HEMOB IPOMEBIIIIICHHOTO MTPOU3-
BOJZICTBA, a TAKXKE MOMOIHEHUS PETUOHAIBLHOTO
U MECTHOT'O OIOIKETOB.
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AHanu3s meToan4eckux noaxoaoB K BbIOopy
MYHULMNAnNbHbIX MapWpPYTOB perynsipHbIX
nepeBo3oK AN IKCnyaTauum anekTpobycos

Makcum CKOPKUH

Makcum KY[PSILLOB

AHHOTALNA

Cmamebs noceswieHa aHanusy meHOeHyul skcnmyamayuu
u 8bibopy napamempos Ons peweHus 3adayu onMuUMarnsHo20
Ha3HayeHUs 31ekmpobycos Ha 3a0aHHbIli Habop Mapwpymos.

BbinonHexa ougHka Koudecmea nocmaHo8oK Ha y4em u npo-
0Oax Kak 00H020 U3 Memodos OUEHKU MeHOeHUUL aKcnmyamayuu
anexkmpobycos. OnpedeneHbI cpedHUe NoKa3amenu 3Ha4eHUsT eMKo-
cmu AKB 8 3agucumocmu om Kame2opuu U HasHayeHUs! 3M1eKmpo-
6yca. [pugedeHb! 0CHOBHB e CMamUCMUYECKUE 3HaYEHUS, NOMy4eH-
Hble N0 pe3ynbmamam aHau3a UHOCMpPaHHbIX 20Cy0apCmBeHHbIX
npozpamm 3nekmpugbuKayuU Naccaxupckozo mpaxcnopma. Pac-
CMOMPEH 0MeYEeCMBeHHb ILi ONb IM 3KCNTyamayuu 3ekmpobycos Ha
MyHULUNITBHb X Mapuipymax peyrisipHbIX NEPego3ok.

INo pe3ynbmamam 8bINOTHEHHO20 aHaNU3a, C y4emoM ebIsie-
TeHHbIX meHAeHyull nocmasneHa 3adaqa 8bibopa nepsooyeped-
HbIX napamempos Onsi onpedeneHusi 06CTyKUBaeMbIX 31EKMPO-
6ycamu mapuwpymos.

Maxcum Anexcanoposuu Kyopsauioe',
Maxcum Banepvesuu Cxopxun’

-2 Mockosckutl a8momoounbHO-00pOdICHbLIL
20CY0apCcmeeHHblll MeXHUYeCKUull yHugepcumen
(MA/TH), Mockea, Poccusi.

! PUHL] SPIN-x00: 6666-0154;

PUHI] Author ID: 890537.

04 ! sparky5@yandex.ru.

B kayecmse obbekma uccrnedosaHus 8bI6paHbl MyHUYU-
narnbHble Mapwpyms| pezynsipHbIX NEpeso3ok, 06C1yKusaeMble
'Yl «Moczopmpatrcy, KpynHelwum 8 Eepone onepamopom,
3KCNMyamupyouwum 31ekmpobychI.

B kayecmee 0cHo8HO20 Memoda uccrnedosaHusi UChob30-
8aHa anpobuposaHHas MemoOuka Mema-aHasnu3a paHee 8bInos-
HeHHbIx uccrnedosaruti PRISMA. Mo pesynbmamam 8bINoHeH-
HO20 aHanu3a dgaduyamu 08yx memoouyeckux nodxo008 k opaa-
Husayuu paboms! anekmpobycos onpedeneHb! Yembipe Nepeo-
0YepeOHbIX MEXHUKO-3KCNTyamayUoHHbIX napamempa, 8nusio-
wux Ha 8b16op mapwpyma (Lm, Va, Nocm, Q). lMpednoxeH obuuli
aneopumm peweHus 3adaqu no 8s160py ONMUMarbHbIX MyHUYU-
nanbHbIX MapWpymos pezynsipHbIX NePeso3ok Ons aKkcnyama-
yuu anekmpobycos. OnpedeneHsb! HanpasneHus danbHelwux
uccnedosaHudl.

Kntoyesbie cnosa: naccaxupckuli mpaxcnopm, 3neKmp06yc, MyHuyunarsbHble Mapwpymb! pe2ynapHbIX Nepeso3oK, MexHUKo-

JKCIITyamayuoHHbIe nokasamesiu Mapuipyma.

g uumuposanus: Kyopswos M. A., Ckopku M. B. Ananu3 memoduyeckux no0xod08 K 8b160py MyHULUNAMbHBIX Mapwpymos
pezynspHbIX Nepeso3ok Ans akcnmyamayuu anekmpobycos // Mup mpaxHcnopma. 2024. T. 22. Ne 4 (113). C. 61-68. DOI: https://doi.

0rg/10.30932/1992-3252-2024-22-4-8.

MonHbil mekcm cmambu 8 nepeeode Ha aHanulickull A3bIK Ny6nuKyemcsi 80 emopoll Yacmu daHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE

B nocienHue roapl HHTEHCHBHO PEAT3yeTCs
TEH/ICHIIMS K POCTY HCIIOJIB30BaHUS IIEKTPOOY-
COB Ha MYHHIIMITAJIEHBIX MapIIPyTax PeryJsipHbIX
MIePEBO30K. AKTYaIbHBIM B 9TOH CBS3H SIBJISCTCS
peleHre 3aJa4d ONTHMAJIFHOTO Ha3HAYCHUS
JIIEKTPOOYCOB Ha 3aJaHHBINA HAOOp MapIIpyTOB.
L{envro IPEACTABICHHOTO B CTAThe HCCICNOBAHMUS
SBIISCTCS. AHAIM3 TCHIEHIMH DKCILTyaTaIiu
1 BEIOOPA [TAPaMETPOB JUTS PELLICHHUSI 5TOU 3a1a4H.

PE3YNbTATbI

AHaJu3 001eMHPOBBIX TeHIeHIHI
IKCIIYyaTALMH 3JIeKTPoOyCcoB

HAa MYHMIMIIAJIBHBIX MAPLIPYTax
peryJisipHbIX NepeBo30K

OnHMM U3 METOZIOB OLICHKU TEHJCHIIUI KC-
TUTyaTaliHx 3EKTPOOYCOB SIBISIETCS OLICHKA KO-
YyecTBa IMMOCTAaHOBOK Ha ydeT u mponax. Ilocra-
HOBKHM Ha y4eT ITOKa3bIBAIOT KOJIMYECTBO aBTO-
MOOMITIEH, KOTOPBIE BIIEPBEIC OBLIH ITOCTABICHBI
Ha y4YeT B TOCY/IapCTBEHHBIX OpraHaxX WM CTpa-
XOBBIX KOMITaHHSIX.

Ha puc. | mpeacTaBieHsl pe3ynbTaTsl aHa-
JIM3a KOJIMYIECTBA TOCTAHOBOK Ha yUYET M POIICHT
TIpoIax AMEeKTpoOycoB B Mupe B 2016-2022 ro-
nmax. Heobxommmo otmeTnts, uTo B Kurae crpa-
XOBaHHUE TPAHCIIOPTHOTO CPEZICTBA TPON3BOIUTCS
B OTHOIIICHWH MAIIMHBI, @ HE KOHKPETHOTO BOAIHU-
TETISL.

B cootBercTBUM ¢ nokianoM MexayHapon-
HOTO DHEpTeTHYecKoro areHTcTBa (MDA),
«B 2022 romy Bo BceM MUpe OBIIO TIPOAaHO OKOJIO
66 TBICSIY ANEKTPOOYCOB, UTO COCTABIIAET OKOJIO
4,5 % Bcex mpopax aBToOycoB. Kuraif nmpogon-
JKaeT JIMANPOBATh B MPOM3BOACTBE M MPOJAKAX
AIIEKTpUUeCcKuX aBToOycoB. B 2022 rony 8 KHP
OBLITO 3apETHCTPHPOBAHO 54 THIC. HOBBIX JIEKTPO-
Oycos, uto cocrapisieT 18 % ot obmiero oorema
nponax asroOycoB B Kutae u okomo 80 % ot
00IIEeMHIPOBOTO 00BEMA ITPOIAXK AIEKTPOOYCOBY.
BaxHO OTMETHTB, YTO «MHOTHE aBTOOYCEHI, TIPO-
nmaBaemble B EBpone, Jlarnuckoit n CeBepHoit
Awmepuke, OBUTH Tak K€ CAETaHBI KHTAHCKUMHU
MIPOU3BOAUTEISAMI .

«B EBporie HanOOJBIINIA MPOIEHT MPOIaX
3NeKTPoOyCcoB ObLT 3auKcHpoBaH B OUHITHINH,
TJe Ha MEKTPOOYCHl MPUXOAMIOCH 2/3 mpomax
aBroOycoB B 2022 roxy; B Hopeerrm 1 Hunep-

! Global EV Outlook 2023 (I'mo6ansHbIil IPOTHO3 Pa3BUTHS
anexrpomodwmiieii, 2023 rox). Jokinan MexyHapoxHOTo
SHEPreTUYECKOro areHTCTBa [DIEKTPOHHBIH pecypc]:
https://www.iea.org/reports/global-ev-outlook-2023. Jloctyn
04.12.2023.
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JIAHAAX Ha HUX HPUXOJMJIACH MOYTH IOJOBHHA
npopax; a B Jlanun — noutu Tpeth. Takxke mpo-
LIEHT mpofax Obul BeicokuM B I1IBeruu, 111Beii-
napuu u Mspaunne» '

Ba)xHO 3aMeTHTB, YTO HECKOJIBKO JIET 00BEMBI
MIPOU3BOJICTBA U MPOAAXK AEKTPOoOyCcOB Koneda-
JIUCh 32 CUET MPEeloCTaBIseMbIX cyOcuauii (00-
rast cymma cyocuauii ¢ 2018 mo 2021 roj cocra-
Bwia meHee 2,9 miipn oyt CIIA), onHako, Haum-
Has ¢ 2021 roza, npoaaxu 31eKTpoOyCoB HayaIu
CHOBa pact .

U3 umeroiuxcst B Ipoziake Mojiesiei AIeKTpo-
OycoB B 2022 rony 60 % (6onee 500 moneneit)
ObUIM MPOM3BENECHBI KUTAHCKUMU TPOM3BOJIUTE-
nsmu. Emie 20 % (6onee 170 moneneit) Obutn
TPOM3BE/ICHbI AMEPUKAHCKMMH ITPOU3BOAUTEIISIMU
u 15 % (Gonee 120 morerneit) — eBporieicKuME .

Tabnuia, cocTaBieHHas Ha OCHOBE JaHHbIX '
u Global Drive to Zero ZETI?, mpexacrasnsier
MOJICJIBHBIN PsiJ] aBTOOYCOB C HYJIEBBIM YPOBHEM
BBIOPOCOB M CPEAHIOI0 EMKOCTh MCIOJIB3YEMBIX
Ha HUX aKKyMYJISITOpOB (Tao. 1).

C 2021 mo 2022 ron yBeIWUYWICS CHPOC HA
JIUTHH-MOHHBIE aKKyMYJISITOpHBIE Oarapen mpu-
MepHo Ha 65 % ¢ ~330 I'Bt u o ~550 I'BT v,
IVIaBHON MPHYUHOM CTaJ POCT NMPOAAXK IEKTPU-
YECKHX JIETKOBBIX aBTOMOOHJIEH, ITPY 3TOM KOJIU-
YECTBO HOBBIX TIOCTAHOBOK Ha y4eT YBEINUHIOCh
Ha 55 % B 2022 roay ortHocutesbpHo 2021 roma !

B 2022 rony, cormacHo ykazaHHOMY JOKJIay
MDA, oTMeY€eH «pOCT BEHUYPHOTO (PHHAHCHPO-
BaHUSI TPOU3BOJICTBA EKTPOMOOMIIEH U TEXHO-
norui 3apaaxu (a 50 % 1o 1,2 mupxn nomwiapos
CIIA, 2021-2022 rr.). OcoOeHHO 3HAYUTEITLHBII
POCT IIPOU30LIEN B CETMEHTE 3apsiiKU, KOTOPBIi
TIOJTYYHIT PEKOPJHOE (PMHAHCUPOBAHHUE B pa3Mepe
730 muronoB postapoB CILIA. dunancupoBa-
HHeE NepepadoTKU U TOBTOPHOTO MCIOJIB30BAHHS
aKKyMYJISITOPOB TaK)Ke 3aMETHO YBEIHYHIIOCH
u coctaBuio 200 mmwumoHos gomtapos CIIA,
YTO B BOCEMb pa3 6oJblire, ueM B 2021 romy» !
AHaJIOruuHbIe TPEH/IB! BBISBICHBI U B JTAHHBIX
Cleantech Group i33.

Ha ocroBe 6a3bl nanHbix MDA*, aBTOpamu
ObuTH OTOOpaHbI Jiis aHanmu3a 294 noKyMeHTa
CTPATErn4ecKoro IaHUPOBAHUS U IPOTPaMMBI

2 ZETI (Zero-Emission Technology Inventory).
[AnexrponHsIit pecypc]: https://globaldrivetozero.org/tools/
zeti/. octyn 04.12.2023.

3 Be6-caiit Cleantech Group i3 [DnekrpoHnHsiii pecypc]:
https://www.cleantechforeurope.com/publications/cleantech-
q3-briefing-2022#chapter-03. Joctyn 04.05.2023.

4+ IEA policies database [DaextpouHbIii pecypc]:
https://www.iea.org/policies?sector%5B0 %5D=Passenger%:20
transport%20 %28Road%29. loctymn 04.05.2023.

Kyapswos M. A., CkopkuH M. B. AHanu3 meTtogM4yeckux NoAxoAoB K BbIGOPY MyHULMNANbHbIX
MapLUPYTOB perynsipHbIX NepeBO30K AJNIA KCNyaTauMm 3reKTpobycoB




IS
&

MocTanBoK Ha yver (Tsic.)
-
3

S

(9]
I . I |
2016 2017

2018 2019

mKuraii M Espona

clwa

% NPOAAK30%
(Toukm)

25%

20%

3}

-1 :
1
5

l o

2022

@

%

Q

%

xR

2020

X

2021

Apyrve

Puc. 1. Konuyecmeo nocmaHoeok Ha y4em u npoyeHm npodax anekmpobycoe e Mmupe 8 2016-2022 22 [IEA (2023),
Electric bus registrations and sales share by region, 2015-2022, IEA, Paris https://www.iea.org/data-and-statistics/charts/electric-bus-
registrations-and-sales-share-by-region-2015-2022, Licence: CC BY 4.0].

Tao6auna 1

Cpennss emxocts AKB asexTpodycos [', Global Drive to Zero ZETI database]

Kareropus n HasHauenne TC Cpenusist emxocts AKB (kBt9) H3menenue cpennero

2019 2020 2021 2022 WELELRIENET
2019-2022 rr.

M3III, MyHUIUNATBHBIE U PETHOHANBHBIE | 264 322 225 345 31%

TIePEBO3KH

M3I, M3II, 3aka3Hble EPEBO3KU 104 119 120 150 45 %

M3I, M3II, nepeBO3KH OPraHU30BaHHBIX | 155 141 207 137 -12%
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Puc. 2. Konuyecmeo dokymeHmoe u npozpamm pasnuyHbIX CmMpaH e cghepe
3nekmpugpukayuu Ha3eMHo20 20pP0ACK020 NACCaXUPCKO20 MpaHcnopma [Ha 0cHoge AaHHbIX ].

(BKITIOUAs! TTAHBI, JOKYMEHTHI, yCTaHABINBAIO-
mue npedepeHnnanbHble PeKUMBI, TPaHTHI
1 T.71.), AMEIOIIUX OTHOIIEHHUE K dEeKTpHprKa-
M1 Ha36MHOTO TOPOJICKOTO MacCa)XMPCKOTO
tpancnopta (HI'TIT), cpenn koTophix HanOoIb-
11ee KOJIMIecTBO OBLTO yTBEp KAeHO B Mcnanuw,
Hopryrammu, CHIA, KHP, Utamuu n Kanane
(puc. 2).

W3 294 mporpaMMHBIX JTOKYMEHTOB 223
(76 %) sBIATHUCH Ha TOT MOMEHT JIEUCTBYIO-
MMy, 66 (23 %) yTpaTuim cuity, OCTaBIIHECS
HaXOIWJIUCh Ha CTaJlH YTBEPKACHHS U pa3pa-
6otxu (puc. 3).

Ananu3 cdepsl neficTBHS TOKYyMEHTOB
(puc. 4) nmoka3pIBaeT npeodIagaHue IPOrpaMM
HaIMoHANBHOH fopucankinn (239 mm 81,3 %

0T O0IIETO YHCIIa), 32 HUMH CIIELyeT TOpoJICKast/
MyHununansHas opucaukiys (30 wm 10,2 %),
IOPHUCANKIMA IITaTa/mpoBrHINH (22 mitu 7,5 %)
n MexayHapoxaHas opucankius (3 i 1 %).

B 3HauMTENBPHOM UYMCIIE aHATU3UPYEMBIX
IIpOTpamMM TPUBOISTCS IPOTHO3 3araca Xoja
U MOIIHOCTH 3JIEKTpoOyCOB Ha MEPHUOX A0
2030 TT. MO pa3NWYHBIM CLEHApHIM, a TaKXKe
MIPOTHO3HBIEC 3HAYCHHS 10 KOJIMIECTBY 3aps/THBIX
CTaHLUN.

OTeuyecTBEHHBIH ONBIT IKCILTYATAIIMH
3J1IeKTPO0yCcoB

ITo cocrostHMio Ha 2023 rox B Poccuiickoit
denepanri OCHOBHBIMHU MPOU3BOIUTEISIMHU
armekTpoOycoB sBsUHCE: [TAO «KAMA3y, [TAO
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Puc. 3. Pacnpedenerue dokymeHmoe u npozpaMm no cmamycy [Ha 0cHoge daHHbIX *].
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Puc. 4. Pacnpedenexue dokymeHmoe u npoz2paMm no pucouKyusim [Ha 0cHoee AaHHbIX *].

Ta6auna 2
MogenbHBbli psig NPOU3BOAUTEIEH
3/1eKTPo0yCcoB [coCTaB/IeHO aBTOpPaMHu]

Tabauna 3
IKCIUTyaTalus JIeKTPo0ycoB
HAa MYHMIMIIAJBHBIX MAPIIPYTAX Pery/IsipHbIX

Ne IpousBoauTeh Koauuectso nepeBo30K [cocTaBiieHO aBTOpamu]
Mopedei Topon KoimuecTBo KonmnuecTBo
1 TTAO «KAMA3» 2 3JIEKTPO0ycOoB MapuIpyToB
) TTAO «[A3» 1 Mocksa 1055 79
C -Iletep6 10 1
3 00O «Bomnrabdac» 1 AHKT CTCPOYPT
2 e JIuneux 5 1
AO «Cunapa-TpaHcriopTHbIE 1
MAMIHHED Bnagnusoctok 2 1
5 00O «IIK TpaHcropTHble 3 Pribumck 2 !
CHCTEMBD» Coun 2 1
6 AO «CrpoiirpaHcy 1 TroMeHb 1 1

Puc. 5. Cxema mapwpymHoii cemu anekmpo6ycos (Cxema Mapwpymoe 3siekmpobyca. [SneKmpoHHbIi
pecypc]: https://www.mosgortrans.ru/electrobus/map/. Jocmyn 07.05.2023.)
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«I'A3», OO0 «Boarabdac», AO «Cunapa-
Tpancnoptasie MamuHbey, OO0 «IIK Tpanc-
noptHeie cucteMbl», AO «CtporTpancy. Mo-
JIeTIbHBIN PsiJi, IPEICTaBICHHBIA Ha OQHIIAIb-
HBIX caiTax Mpou3BOAUTENEH, CHCTEMAaTU3UPO-
BaH B Tal. 2.

ITo cocrosnuto Ha stHBapb 2023 rona smek-
TPOOYChI 00CITYKHUBAIM MyHHUIUITATBHBIC MapIII-
PYTBI PETYISIPHBIX MEPEBO30K B CEMH ropoax
(tabm. 3).

Takum 00pa3oM, KpYITHEHUIINM OIIepaTopoM
HI'TIT, skcnnyaTUpyIomuM 3JIeKTpoOyCchl Ha
PETYIASPHBIX MYHUIIMITAIBHBIX MapIIPyTax, sB-
nsaerca ['YII «Mocroptpancy. Ilo cocTosiHuio
Ha mapt 2023 roga ['VII «MocroptpaHcy dKc-
wiyarupoBaio 1055 anekTpoOycos Ha 79 mapiii-
pyrax. Tpacchl cieqoBaHusI MapIIpyTOB dJIEK-
TpoOyca Ipe/CTaBIeHbI Ha puC. 5.

AHanu3 nHGOpMaLKu o 3apsaHoi nHppa-
CTPYKTYpE 3JeKTpoOycOB (KOJIMYECTBE U Me-
CTOITOJIOKEHHUH 3aPSIHBIX CTAHLUN) OBLIT BbI-
MOJIHEH TI0 pe3yJbTaTaM 3aKIIOYeHHBIX KOHT-
pakToB, ONyOJIMKOBAaHHBIX Ha BeO-caiiTe rocy-
JapCTBEHHBIX 3aKynok. Ha ocHoBe aHamuza
ObIJI0 BBISBICHO, 4TO Ha KoHen 2022 rozaa
B MockBe pacnosnoxeHo 208 3apsaHbIX CTaH-
LM, 4aCTh KOTOPBIX MIPECTaBIeHa Ha puc. 6.
Mecrononoxenue 82 3apsaHbIx cTaHuii B T3
OTCYTCTBOBaJIO (MCIIOJIb30BaNach Gpopmynu-
POBKa: «TOYHBIN aJpec MOCTaBKH MIPEOCTaB-
nsiercs [locraBmuky nyrem opUIMAIBHOTO
yBenomiienust ot I'YII «MocropTtpascy B Tede-
Hue 5 (mATn) pabouux JHEH ¢ MOMEHTAa MO-
MMUCAHUS JOTOBOPAY).

AHaJIN3 MeTOTUYECKUX MOAX010B 110
Ha3HAYeHHIO 3J1eKTPOOYCOB HA MAPLIPYT

B nensix onpeseneHus pakropoB, BIUSIOINX
Ha BBIOOp IEepeBOsia MaplpyTa WM CO3AaHUe
HOBOTO MapIpyTa s 3JeKrpolyca, ObuI Ipo-
BE€/ICH aHaJIM3 METOJMYECKHUX IMTOAXOJO0B K JKC-
IUTyaTaluy 3JIeKTpoOyCcOB Ha MYHHIUIIAIBHBIX
MapuIpyTax ¢ NpUMEeHEeHHeM arpoOUpOBaHHOM
panee metomonoruun PRISMA (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses) [1]. OOwuii anroputm MeTon0-
JIOTHH TIPEJICTABIIEH Ha PHC. 7.

®dopmupoBaHue MEepedHs TIOMCKOBBIX 3aIpo-
COB OBUIO BBITIOJIHEHO C MCIIOJIB30BAHUEM IIPO-
IPaMMHBIX ITPOYKTOB JJIsl COCTABJICHHS CEMaH-
THYECKOTO SiApa M aHaJiu3a KIIOYEBBIX CJIOB
B paHee BBINIOJIHEHHBIX UCCIICJIOBAHUSX.

IIpu mocnenyromeil oreHKEe YaCTOTHOCTH
U KJIacTepU3alUK C yYETOM UX CEMaHTHUKH J10-

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 61-68
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Puc. 6. PacnonoxeHue yacmu 3apsidHbIx cmaxyud 'Y
«MoceopmpaHc» [pucyHoK cocmasnieH asmopamu].

MTOJTHUTENIBHO OBUT BBIMOJIHEH aHalu3 KITIode-
BEIX CJIOB B paHee BBITOJIHEHHBIX HCCIIEAOBa-
HHUSX.

BrinosiHeHHBI aHATW3 TOKA3bIBAET, YTO
0c00yI0 aKTyaJdbHOCTH NTAHHOE HaIlpaBICHUE
TTOYYHIIO B ITOCTIENHIE TOBL. Takke HeoOXoam-
MO OTMETHUTb, YTO OOJBITUHCTBO PabOT BEITIOIN-
HEHO MHOCTPaHHBIMHU aBTOPAMH.

AHam3 IMoKa3aj, 9T0 OCHOBHBIMH TTOKa3are-
JISIMH ITPY BEIOOpE MapIpyTa st 00CITyKHBaHUS
ANEeKTPOoOycaMu SBISIFOTCS: MAacCaXXUPOTOTOK,
CKOPOCTB, KOIMYECTBO OCTAHOBOYHBIX ITyHKTOB
W JUTiHa MapuipyTa. Bpems obopora Ha mMapii-
pyTe HCKIIOUYECHO M3 JaNbHEHIIEeTo aHalm3a,
MTOCKOJIBKY TAaHHBIA TTapaMeTp SBISICTCS HaTpsI-
MYIO 3aBHCHMBIM OT VUHUTBHIBAEMOH IITUHEI
MapIIpyThl, CKOPOCTH, KOIMIECTBA OCTAHOBOU-
HBIX TYHKTOB. B TabnmIte 4 npeacTaBieHs! CBOM-
HBIC PE3YIIBTATH KAYECTBEHHOTO aHAIIN3a BKITIO-
YEHHBIX B HETO IMyOIMKAIINH.

O0ocHoBaHHe BbIOOpPa aBTO0YCHOTO
MapUIPyTa VISl lepeBo/ia ero Ha
3J1eKTPOoOyChI

ITpu pa3paboTke MPOEKTOB SKCILTyaTaIH
aBTOOYCOB Ha 3JIEKTPUIECKOH TATE Ha MyHHIIH-
MAJIBHBIX MapUIpyTax PeTyISIpHBIX MEPEeBO30K
HEOOXOIMMO OTIPE/ICITUTh Ka9eCTBEHHBIE M KOJTH-
YeCTBEHHBIE TPEeOOBAHMS K 3apsHON MH]pa-
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Oran
o " KomnuuecTso HaiineHHbIx
KoniecTBo Hall/IeHHBIX MyOIHMKaIMii B X0/I€ MOMCKA B =
" . a ny6mMKauuii B X0/1e MOHCKa
6asax manubix (elibrary, cyberleninka, rsl.ru, Springer,
B . - 4epes Ipyrue MCTOUHUKH
1 ScienceDirect u T.1.) (n=) (=)

K BO it o aHanM3a KI

CIIOB, (uens,

00BEKT, IPEIMET, Hst
(n=)

(n=)

Vccnenopanus, BKIIOYEHHbIE B KAUECTBEHHBII CHHTE3

HcenenoBanus, BKIIOYEHHBIC B
KOJIMYECTBEHHBIH CHHTE3
(=)

* 1 - Koauvecmeo nyoaukayuil

Puc. 7. ADanmuposaHHasi cxema Mmemodosnozuu PRISMA [cocmaeneHa aemopamu].

CTPYKTYpE U MTOJIBUKHOMY COCTaBY, BHITTOJIHUTH
SKOHOMHUYECKYIO OLICHKY MpeIaracMbIX pellie-
HUH B KOHKPETHBIX YCIOBHUAX IKCILTyaTalllu.

OOmMit aNMTOPUTM PEIICHUs 3a/1auH MO BBI-
0opy ONTHMATBHBIX MYHHIIMITAIEHBIX MapIIi-
PYTOB PETYISIPHBIX MEPEBO30K ISl SKCILTyaTa-
LM JIEKTPOOYCOB C yU4ETOM OTOOpaHHBIX Mapa-
METpOB U300pakeH Ha puc. 8.

J— /

3AKNIOYEHKE

Hampasnenuem nanpHeNILX Ucciae10BaHUN
SIBIISIETCS CTATUCTUYECKUN U KJIACTEPHBIN aHAIIN3
aBTOOYCHBIX, JIEKTPOOYCHBIX M BCEH COBOKYII-
Hoctu MapupytoB I'YII «Mocroprpance» no
BBIOpaHHBIM ITapaMeTpaM C OLICHKOIT JOIH JJIEeK-
TPOOYCHBIX MapIIPYTOB B KiacTepax. JlononHu-
TEJILHO IPEUIAracTcs BBITOIHUTD OLIEHKY COOT-
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OneHKa 7107 1eKTPOOYCHBIX
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TYHKTOB
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Z=(grgs)/ o Zep — CPEjIHEE 3HAUCHHE g
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Puc. 8. Anzopumm peweHusi 3a0a4u no eb160py ONMUMabHbIX MyHUYUNATbHBIX MapPWpymos
peaynspHbIX nepego3ok A1 SKcnTyamayuu 3n1ekmpobycos [ebINonHeHo agmopamu].
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Taoauna 4

Yuder nokasareJieil BIUSIIOIAX HA BLIOOP MApPIIPYTa [COCTABJIEHO aBTOpaMH]|

TexHuko-3koHOMHYecKue nokazarenu (TIIT)

No /o Mapmpyt ITaccaxxuponorok HCTouRmK

v, |I L[ty |h [N |} Q. |Q |Q, |m [P,
1 + - + + + + + + + + + + [2]
2 + - + + + + + + + + + + [3]
3 + - + + + + + + + + + + [4]
4 + - + - + + + + + + - + [5]
5 + + + + + + - - + + - - [6]
5 + + + + . - + + + + - - (7]
7 + - + + + + - - - + - - *
8 + - + + - + - - + - - [8]
9 + - + + - + + - - - - - [9]
10 + + + + - + + + - - - - [10]
11 - - + + - + + - + + - - [11]
12 + - + + - + - - - - - - [12]
13 - - + + - + + - - - - - [13]
14 + - + - - + + - - - - - [14]
15 - - + - - + + - - - - - [15]
16 - - + + - - + - _ + _ _ sk
17 - - + + - - - - + + - - [16]
18 - - + + - - - - - - - - Fdok
19 + + + + - - - - - - - - [17]
20 - - + + + + - - - - - - [18]
21 - - + - - - - - - - - - [19]
by 13 |4 21 17 |8 14 13 6 8 11 3 4

[pumeyanus: V, — sKcIulyaTalOHHast CKOPOCTh; | — nHTepBan ABwkeHus; L — NpOTSHKEHHOCTh MapuipyTa; t . — Bpems
000poTa MOABHKHOIO CoCTaBa; h, —vacTora ABiKeHHs; N, — 0GLICE KOIMUECTBO OCTAHOBOYHBIX ITYHKTOB; | — IPOTSKEHHOCTH
J-TO ydacTka mapmpyta; Q — MakCMMalbHbIH MAacCa)XUPONOTOK; Q, — 4acOBOH MACCaKUPONMOTOK; QcyT — CYTOYHBIN
MAaCCAKUPONOTOK; P,- maccaxnpooOMeH i-ro 0CTaHOBOYHOTO ITYHKTa; P — MaccaxMuponoToK Mo y4acTkaM MapuipyTa.

* Jlokimax MeskIyHapOIHOTO COr03a 00LIeCTBeHHOTO TpaHcopra. Performance evaluation framework: For electric buses
in India. [DnexTponHblii pecypce]: https://www.uitp.org/publications/performance-evaluation-framework-for-electric-buses-
in-india/. Jocrtym 05.05.2023.

** The Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH [Hemelkoe areHTCTBO 110 MEXXIyHapOAHOMY
corpyaumdectBy]. Training Needs Assessment for Electric Buses in India: Volume I-Identification of Training Needs.
[Onexrponnsiii pecype]: https:/transformative-mobility.org/multimedia/training-needs-assessment-for-electric-buses-in-
india-volume-i-identification-of-training-needs/. Joctym 05.05.2023.

*** E-Bus. Solution booklet. Smart Cities Marketplace 2023 European Union. [DnekTpoHHEIH pecypc]: https:/www.

eiturbanmobility.eu/wp-content/uploads/2023/02/230113-Solution-Booklet-E-bus-Updated.pdf. loctyn 07.05.2023.

BETCTBHS aBTOOYCHBIX U 3IEKTPOOYCHBIX MapIil-
PYTOB ITyTEM COIIOCTABJICHUS CPEIIHUX 3HAYCHUH
HOPMMPOBAHHBIX M0OKA3aTeJIEH BCEU COBOKYII-
HOCTH NOJTyYESHHBIX KIaCTEPOB IEKTPOOYCHBIX
u aBTOOYCHBIX MapupyToB. Ilo pe3yasraTam
aHaJIM3a BBIIBUTACTCS TMIIOTE3a O HAUOOJIbIIEM
COOTBETCTBUH KJIacTepa aBTOOYCHBIX MapIIPyTOB
aneKTpoOycHbIM. [Iisi arpobanuu npeioxKeH-
HOW METOAMKH U PELICHUS TEXHOJOTHMYECKUX
3aJa4 OpraHu3anuy paboThl MOABMKHOIO CO-
CTaBa, C yYE€TOM OJHOPOAHOCTH IapaMeTpoB

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 61-68

MapIuIpyToB B KJlacTepe, BEIOMpaeTcss MapLIpyT
U peIaloTcsl OCHOBHBIE TEXHOJIOTHYECKHE 3a/1a-
YM OpraHu3aluu paboThl AEKTpodyca Ha BbI-
OpaHHOM MapuIpyTe:

— ompezielieHHe HOMUHAIBHOHN Maccaxupo-
BMECTHMOCTH B COOTBETCTBUH C TPEOOBaHUAMHU
COIMAJILHOTO CTaH/IapTa TPAHCIIOPTHOTO 00CTy-
’KUBAaHHS HACEJICHNUS B PEaKIIUH PACIIOPSHKEHHS
Muntpanca Poccun ot 13.04.2018 Ne HA-55-p;

— IIJJaHUPOBaHKE PabOTHI MOABMKHOIO CO-
CTaBa U BOJUTENEH, B TOM 4ucie rpaduka ABU-
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JKCHUA U pacxolia 3JICKTPOIHCPIruu, Ha Mapui-

pyrte.
B 3aBepiiieHre HEOOXOAUMO BBIMOITHHUTE Pac-

YeT OCHOBHBIX TE€XHHKO-3KCILUTYyaTallMOHHBIX
U SKOHOMHUYECKHUX IOKa3aTesel, COCTaBUTh Cy-
TOYHYIO BEJOMOCTh T€XHHMKO-3KOHOMHUYECKHUX
MoKa3arejled U cMeTy TEeKyIIMX 3arpaT Ipu
OOBIYHOM CHCTEME HAJIOr000I0KEHUSL.
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AHHOTALIUA

[ins pewieHus 3KoHOMUYeCKUX npobieM npu2opodHo20 naccaxup-
CK020 KOMNIIeKca XenesHo0opoXHo20 mparcnopma mpebyemcs hopMu-
PO8aHUe HOBbIX U COBEPLIEHCMBOBAHUE CYWECMBYIOUWUX MeMOOUYECKUX
0CHO8 €20 (YHKUUOHUPOBAHUS. Ha aHHOM 3mane pa3sumusi Naccaxupckux
nepeso3ok 8 Poccutickoll ®edepayuu ux, kak npagusio, NPUHSMO pa3densms
no gudam mparcnopma u eudam coobueHull. XKenesHo0opoxHble nacca-
KUPCKUE Nepesosku no eudam COOBLWEHUL YKpYNHeHHO pasdensiom Ha
OanbHee cnedosaHue U npueopodHoe coobuyeHue.

B pesynbmame cmpykmypHoU peghopMb Xeie3HOO0POXHO20 MpaHc-
nopma, komopasi npogedeHa ¢ 2003 no 2015 2001, chopmupPOBaH PbIHOK
NpuU2OPOOHBIX NACCAXUPCKUX Kene3HOO0POXHbIX Nepe8o3oK. [larHbILi pbIHOK
npedcmasneH 25 npu2opodHs MU NACCAXUPCKUMU KOMNaHUSMU — A0YEPHUMU
u 3asucumbimu obuwecmeamu OAO «PXK[», psdom He3agucuMbIX Nepegos-
YuKos u cmpykmypHbix nodpasdeneruli OAO «PXK[]», 8bInonHsowux nepe-
803KU 8 CneyuaribHbIX ycrnogusix. [pueopodHbIe naccaXupcKue xenesHooo-
POXHbIE NEPEBO3YUKU SIBIAI0MCs Cybbekmamu ecmecmeeHHbIX MOHoNonudl
U 8 GonbWUHCMBE CiTy4aes co30aHb! C yyacmueM peauoHaslbHbIX OpeaHos8
anacmu, a ux 0essmernibHoCMb S8MIFeMCS CoyuarbHO 3Haqumoli 0nst obecne-
YeHusi mpaHcnopmHoli NOO8UXHOCMU HaceneHus 8 peauoHax Poccutickoli
®edepayusi. Takum 06pa3om, MpaHCNOPMHbIL PbIHOK NPUOPOOHbIX nacca-
KUPCKUX Nepesos3oK 8nsiemes CrioxHol cucmemol ¢ 0cobbiM Nopsokom
83aUMOOBLICMBUST €6 OCHOBHBIX CYOBEKMO8.

Kntodeeble crioga: naccaxupoobopom, mpaHcnopmHbIL PbIHOK, NPU2OPOOHbIE NAaccaxupckue KoMnaHuu, cybeuduu, (UHaHCOBbIE Pe3ynbmamel,

keapmunbHbIl aHanus, ABC-XYZ-aHanus, ybbImoYHOCMb, PUCK.
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Angpeii KOBbINULIKUNA

Anactacus KYPAHOBA

B cospemerHoll HayyHoll u y4ebHoU numepamype cywecmayem
onpedenexHblli npobesn 8 knaccugukauuu cmpyKmypHbIX 31eMeHMos
naccaxupcKoeo mpaHCNOPMHO20 pbIHka. Aemopamu npednoxeHo Ucnomb-
308amb UHcmpymermapuli ABC-XYZ-aHanusa 0ns ¢hopMuposaHusi mak
HasbigaeMo20 «si0pay NpU2OPOOHbIX NACCAXUPCKUX KOMNaHUU u uccredo-
8aHUsI pe2auoHanbHbIX ducnponopyull mpaHcnopmHol naccaxupckol
cucmemsl.

B cmambe npednoxeHbl Memodudeckue 0CHOBbI Kiaccugukayuu
Npu2opPOOHbIX NACCAXUPCKUX KOMNaHUl 8 3agucumMocmu Om 6efu4uHb!
cybeuduli K 8bINOSTHEHHOMY naccaxupoobopomy. Ha ocHoge uccnedogarus
coomHoweHus cybeudutl, npedocmassnsembix npu2opoOHOMY naccaxup-
CcKOMYy KOMNIeKkcy 8 pesynbmame 20cydapCmeeHH020 peaynuposaHusi
mapuehos U 8bINOTHEHHO20 haccaxupoobopoma npoussedeHa knaccugu-
Kayusi npueopodHbIx naccaxupckux komnanul (MM1K). B pesynbmame
nposedeHHo20 asmopamu ABC-XYZ-aHanu3a nokazameneli pabomsi 1K
paspabomaHa UxX Knaccugukayusi Ha 0CHoge OaHHbIX PacCMOMPEHHO20
nepuoda u npednoxeHbl peKoMeHAaLUU NO OYEHKE PUCKO8 yBbIMOYHOCMU
U 803MOXHbIX nymell UX CHUXeHUsI. BbiagneHHas cmpykmypa npu2opod-
HO20 Naccaxupcko20 MpaHCNOPMHO20 PbiHKa MOXEM CiTyXumb 0CHOBOU
0ns cenaxusaHus OUCNPONOPUUL 8 yposHe MPaHCNOPMHO20 06Ty KUBaHUS
HaceneHus.

[na uumuposanus: Modcopur B. A., Byposues B. B., Kobbinuyxuii A. H., KypaHosa A. A. Memoduyeckas ocHosa Knaccugbukayuu npu2opoOHbIX
naccaxupckux komnaHuti 8 Poccuu // Mup mpaxcnopma. 2024. T. 22. Ne 4 (113). C. 69-75. DOI: https://doi.org/10.30932/1992-3252-2024-22-4-9.

MonHbIl mekcm cmambu 8 nepegode Ha aHanulickull A3bIK ny6nukyemcsi 60 8mopoll Yacmu 0aHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE

IToTpeOGHOCT YenoBEKa B MEPEABIKCHUH
YAOBIIETBOPSAETCS HAa MACCAKUPCKOM TPAHCIIOPT-
HOM DBIHKE, IJI€ BCTYNAlOT BO B3aNMOJIEIiCTBHE
TI0JIB30BATENHN TPAHCIIOPTA M TPAHCIIOPTHEIC
OpraHN3aliH, OKa3bIBAIOIINE PA3ITHIHBIC TPAHC-
MOPTHBIE YCIYru. TpaHCIOPTHBIA PBIHOK
B cepe maccakupCcKuX MepeBO30K (PBIHOK
MacCcaXUPCKUX IIEPEBO30K) UMEET CBOH OTIINYIH-
TEIbHbIE 0COOCHHOCTH, TaKHE KaK yCJIOBHS
OCYIIECTBIICHUS TIEPEBO30K M HEOOXOIMMOCTh
TOCYJapCTBEHHOTO PETYINpOBaHMs, Kak B Poc-
CHH, TaK u 3a pyoeskom 2 [1-4].

K monp3oBaresnsiM TpaHCTIOpPTa CIEAYET OTHO-
CHTB ITACCAXXHPOB, a K CyOBEKTaM PHIHKA — KOM-
TIaHWUH-TIEPEBO3YMKH. PerynsropamMu TpaHcmopr-
HOTO PBIHKA B c(hepe MacCaKMPCKUX MEPEBO30K
BBICTYNAIOT (heaepanbHble U PETHOHAIbHBIC
OpTaHbl UCTIOIHUTEIBHON BIACTH, B cepy OT-
BETCTBEHHOCTH KOTOPBIX OTHECEHO (hOPMHUPOBa-
HHUE Tapu(oB HA YCIYI'H €CTECTBEHHBIX MOHO-
OJTHH U aHTHMOHOIIOJIBHOE PEryupoBanue’ 3.

METOQONOruA, LENA N 3A0AYX
WCCNEOOBAHUA

TpaHCTIOPTHBII PBHIHOK B cpepe mpuropom-
HBIX )KEJIE3HOIOPOXKHBIX MEPEBO30K SIBISACTCS
CIIO)KHOHM COIMaIbHO-PKOHOMHUYECKOH CHC-
TEMOH, KOoTopast cOopMUpPOBAIACH IO UTOTaM
CTPYKTYPHOH pedOpPMBI KEIE3HOZOPOKHOTO
Tpancnopra Poccuiickoit denepanuu B nepuon
¢ 2001 mo 2015 roxer. [Ipuuem mponneHme
CPOKOB IPOBENEHHS pedOPMBI HA MAThH JIET
(2010-2015 rox) Bo MHOTOM OBLTO 00YCIIOB-
JICHO HE3aBEPIICHHOCTHIO PHIHOYHON TpaHC-
(hopmanmy maccaknpCKOro KOMIUIEKCa JKEJIe3-
HOZOPOXHOTO TPAaHCHOPTa KaK B JalIbHEM
CJICZIOBAaHUM, TaK U B IPUTOPOTHOM COOOIIEHUN
[7-9]. B yka3auusIii Iepuoa GpopMupoBaachk
crcTeMa HOPMaTUBHBIX IPABOBBIX aKTOB, KOTO-
PpBI€ PETYIINPOBAIIN TIPABHIIA U TIOPSITOK B3aNMO-
JCHCTBUS yYaCTHUKOB PHIHKA B YaCTH apeH/IBI
nHPPaCTPYKTYphl, MOABUKHOTO COCTaBa
7 TIOpsiZIKa KOMIIEHCAINX BBINAAI0IINX T0XO0-
JIOB B pE3yIbTaTE FOCYJapCTBEHHOTO PETYIINPO-
BaHUA Tapr(OB; IPABUTEITHCTBOM OKa3bIBAIUCH
00BeMBI HEOOXOonMMOH (UHAHCOBOW MOX-

! KoHuenuust pasBUTHA NPUTOPOAHBIX MACCAXKUPCKUX
TepPEeBO30K JKEJIE3HOJOPOKHBIM TPAaHCHOPTOM. — YTB.
pacnopspkenueM IIpaBurensctBa PO ot 19.05.2014 N
857-p. [Dnekrponnslii pecypc]: https://docs.cntd.ru/
document/499097146?marker=656010. Jloctyn 18.10.2023.

2 DKOHOMHKA MACCaKUPCKOTO TpaHcmopTra: Yueb. mocodue
Juist OGakanaBpoB / mox pen. B. A.Ilepcuanosa. — 2-e u3p.,
crep. — M.: Knopyc, 2014. -390 c.
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JePKKH KaK BIIaJesblly HHPpacTpyKTyphl, TakK
U JIOTallMOHHBIM PETHOHAM, CO3/1aBAJIUCH IIPH-
ropoanble naccaxxupckue komnanuu (I1I1K).
OHAKO CIIOXKHUBIIUICS PBIHOK NMPUTOPOIHBIX
MacCaAKUPCKUX HEPEBO30K HENb3s IMPU3HATH
OJTHOPOJIHBIM KaK B YaCTH BBIIIOJIHIEMBIX 00be-
MOB TPaHCIOPTHOW PabOTHI, TaK U B YacTH
9KCIIyaTallHOHHBIX, COLUAIbHO-IKOHOMH-
YECKHUX W MHBIX yClIOBHUil. B paborax aBropoB
[10; 11] BBIsAiBIEHA 3HAUUTENBHAS HEPAaBHOMED-
HOCTh BBIJEJISIEMBIX AOTAIMH MPUTOPOTHOMY
MACCAXKUPCKOMY KOMIUIEKCY KaK B 20COJIIOTHOM
BBIPQ)KEHHH, TaK U OTHOCHTEJIBHBIX MIOKa3aTe-
JISIX, HAallpUMep, 10 BeJIMYHWHE CyOCHAMH Ha
BBINOJIHEHHBIH AaCCAKHUPOOOOPOT.

L]envio uccnenoBanus sABisieTcs pa3paboTKa
METOJUYECKUX MOIXO0J0B K KilacCu(UKALNU
CYOBEKTOB [PUTOPOAHOTO MACCAKUPCKOTO KOMII-
JIeKca ISl COBEPLICHCTBOBAHMS YKOHOMHUYE-
CKOT'0 MEXaHM3Ma €r0 YCTOWYHBOIO Pa3BHUTHSL.

Memooonoeus nccnenoBanust 6a3upyercst Ha
paboTax OTEe4eCTBEHHBIX U 3apyOe)HBIX aBTOPOB
B 00J1aCTH KOHOMHKH IaCCaKUPCKOTO KOMII-
JIEKCA Ha XKeJe3HOJOPOKHOM TpPaHCIOpTE,
a TakXkKe MyONHMKaUsIX pe3ylbTaroB Hay4YHbBIX
HCCIIeJOBaHUH 10 ero pa3BuTHI0. OCHOBHBIMH
HAyYHBIMH METOJaMH U MPHUEMaMH SBISIOTCS
METO/IbI CHCTEMHOTO MO/IX0/1a, MaTeMaTHUECKOH
CTaTHUCTUKH, SJKOHOMHUECKOTO aHaAIN3a U JIp.

Mertoauyeckast OCHOBA KIacCU(HKALIMK [PH-
TOPOHBIX MAaCCAXUPCKUX KoMIaHuii B Poccun
onupaercs Ha:

— CHUCTEMHBIH aHAJIU3, TO €CTh BECh KOMILIEKC
METO0JIOTMUECKOTO HHCTPYMEHTapHsl, KOTOPBIN
MIPUMEHSIETCS JUIsl BBIPAOOTKH M 00OCHOBaHHS
peleHuii mo npodiaeMam CIOXKHBIX CUCTEM;

— MeTonuKy KBapTmibHOro 1 ABC-XYZ—-
aHaJIN3a;

— METOJOJIOTHIO UHIUKATUBHOTO IUIAHUPO-
BaHUS ¥ [IPOTHO3UPOBAHUSI [TOKa3aresield paboTsl
TPaHCIIOPTHBIX OpraHU3aLuil.

PE3YINbTATbI

[IpuHnunuansHasg cxemMa JOTHPOBAHUA
1acCa)XXUPCKOTO KEIE3HOJOPOKHOTO KOMII-
JIeKca B pe3ylbpTare ToCylapCTBEHHOIO pery-
nupoBaHus Tapudos cienyromas. CornacHo
Mertonuke pacueTa YJKOHOMUUECKH 0O0CHOBaH-
HBIX 3aTpaT, NPUTOPOJHBIE MACCAKUPCKUE
KOMIIAaHUM MPOU3BOJAT OIEHKY OKHJaeMBIX
3arpar 1o 3JIEMEHTaM U COCTaBIIAIOLIUM: IS
BaroHHOW, HHPPACTPYKTYPHOH U BOK3aJIbHOU
COCTaBJIAIONINX 3aTPaT B BUJIE pacyeTa UHACK-
ca U3MeHeHHsI 00beMOB pabOThl B BaroHO-
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KHJIOMETPax, a JUisl JIOKOMOTUBHOMW — B [10€3]10-
KuJioMeTpax. Pe3ynbrarsl OlleHKH IIpeoCcTaB-
JISIFOTCSl B OpraHbl UCIOJHUTEILHOW BIACTH
cyOBbeKTa B 00J1aCTH FOCYIapCTBEHHOTO PEry-
JIMpoBaHus Tapuda, B COOTBETCTBHH C HUMHU
(dbopMmupyeTcsi TocyqapCcTBEHHBII 3aKa3 Ha
TpaHcnoptHoe obecnieuenue [12; 13].

B cBsi3M ¢ roCyIapcTBEHHBIM pETyIHpOBa-
HUeM Tapuda, yCTaHOBJICHHBIM HHU)KE IKOHOMHU-
YeCKH 00OCHOBAHHOTO YPOBHSI, IIPH BBIIOJIHE-
HUU TOCYJapCTBEHHOIO 3aKa3za o0pa3yroTcs
BBINAIAIOIINE JJOXO/IbI, KOTOPHIE BIIOCIEACTBUH
KOMITEHCUPYIOTCSI U3 CPEJICTB PETHOHAIBHBIX
OIOKETOB B BHJIE TOCYIapCTBEHHON MOMOIIN
CyObeKTaM eCTeCTBEHHBIX MOHOIIOIHUH.

Ha prIHKe naccaxupCKHX MepeBO30K B JIAITb-
HEM CJICIOBAHMU TOXE JCHCTBYET MEXaHU3M
CyOCHIMPOBaHUs 3a TOCYApPCTBEHHOE PETYIIH-
pOBaHHME YCTaHOBIJICHHOTO TapHda, Hampumep,
B OTHOILIEHUH TaKHX OIepaTopoB, kak AO «De-
JepajibHas MaccaXUpckas KOMIIaHUSI»
(AO «DIIK») n «/lupexuust CKOpOCTHOTO CO00-
menusn» (JOCC) — dunuman OAO «PXK]»,
(GYHKIMOHHUPYIOIINH B cepe NepeBO30K CKO-
PBIMH, CKOPOCTHBIMU U BBICOKOCKOPOCTHBIMH
moesnamu > * 5. PerynupoBaHue MacCaxupcKux
MEPEBO30K B JIAJIbHEM CJIEOBAHUU MPOU3BO-
JIUTCS TI0 JIPYTOil cXeMe, a UMEHHO 4epe3 ycTa-
HOBJIeHHE Tapu(a 3a Mmpoe3]| B IUIalKapTHBIX
1 O0IIMX BaroHax B COOTBETCTBHU C Tapu(oOM,
paccuutanHbM 1o npukasy ®CT Poccun ot
27.07.2010 Ne 156-1/1, CKOpPEKTHPOBaHHBIM
WHTETrPUPOBAHHBIM HHJEKCOM ISl COOTBET-
CTBYIOLIETO Iepuoa, a Takke nquddepeHunpo-
BaHHBIMU [0 KaJCHAApHBIM IEPHOAAM rojaa
unaekcamu [13].

CyOcuanu BBICTYNAIOT OCHOBHBIM HCTOY-
HUKOM 1oKpbITUs YobITKOB ITI1K, uTo moarBep k-
JaeTcs (PaKToOM TOTro, YTO CTPYKTYpHO Yy Oosee
YeM IOJIOBUHBI KOMIIAHUH KOMIIEHCAIIMU COCTaB-

> 06 ompeeaeHHH YKOHOMHIECKH 000CHOBAHHOTO YPOBHS
Tapr(OB HA MEPEBO3KH MACCAKHUPOB KEICIHOLOPOIKHBIM
TPAHCIIOPTOM OOIIEro MOJIB30BAHMUS B JAJIbHEM CIICIOBAHUH
B IUTAIIKAPTHBIX M o0Omux BaroHax Ha 2023 romg u ero
MpOrHo3Horo ypoBHs Ha 2024 ron. — [Ipuka3z ®AC Poccun
ot 5 mas 2023 1. Ne 270/23 // CipaBo4HO-TIpaBOBasi CHCTEMa
«Koncyapraut ILmocy / Komnanust «Koucynsrant [Lrocy.
[Onexrponnslit pecypc]: https://www.consultant.ru/
document/cons_doc_ LAW_448640/. Joctym 27.10.2023.

+ TomoBoii oTdyeT akuuoHepHOro obmectBa «dDenepanbHast
naccaxxupckas komnanus» 3a 2022 rogx // LleHTp packpbITHs
xoprnopatuBHo# mHpopMmanuu AO «MA HnuTtepdaxcy.
[OnexrponHsIii pecypce]: https://www.e-disclosure.ru/portal/
FileLoad.ashx?Fileid=1799918. loctym 19.10.2023.

S Odunmansaslii caitt OAO «PXX1». [DnexrpoHHSbIi pecypce]:
https://company.rzd.ru/ru/9349. loctym 13.10.2023.
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ns110T 40-65 % noxomoB® 7 [2]. DKOHOMUYECKUM
000cHOBaHHEM HEOOXOIMMOro pa3Mepa cyOcH-
JIUM BBICTYIIAET €KEKBapTalbHAash OTYETHOCTD
o cocrase 3arpart [ITIK:7 [10; 11].

Jlns onlenku 3 PEKTUBHOCTHU TPEIOCTABIIC-
nust cyocuanii [1TTK pernoHanbHbIMU OpranamMmu
BJIACTH aBTOpaMH IIPOBEICHA IPYIITUPOBKA pa3-
Mepa KOMIEHCALUil Ha MaccaXupo-KHUIOMETP
IIPY TIOMOIIM pacyera KBapTHield B PaHXUPO-
BaHHOM psy (cM. Tabi. 1). B kauecTBe 0CHOB-
HOTO aHAJIM3MPYEMOro IMoKa3areisi BEIOpaHO
COOTHOIIEHHE BEIUYMHBI CYOCUIUIT TIPUTOPOI-
HBIM [ACCAXKMPCKUM KOMIIAHUSM K BBINOJIHSIE-
MOMY MMH HacCaXupooOOpOTy Ha OCHOBE
OIyOJIMKOBaHHBIX JJAHHBIX KOPIIOPATHBHOW OT-
YEeTHOCTH. ANIIPOKHUCUMHUPOBAHHBIH MaccUB
JaHHbIX 3a nepuon 2021-22 rr. ucnoab3oBayics
HCKJIFOUUTENBHO VTS anpo0alyy MeTOI0IOTHA
knaccupukauunu I1I1K, a He nis cpaBHeHUs
rokazareneil 3)eKTUBHOCTHU JIESITEIbHOCTH OT-
JIeNIbHBIX KOMITaHHi, YTO HE BXOIMJIO B 3a/1a4M
aBTOPOB, TeM 0oJjiee C y4eTOM pacCMOTPEHHS
OTHOCHTENILHO KOPOTKOT'O BPEMEHHOTO IIEPUO/Ia.
B 37011 cBSI3M JanpHENIIE pacueThl IPUBOAATCS
B CTaThe 0e3 yKa3aHUsl HANMEHOBaHHUI KOHKPET-
ueix [IIIK.

Hns yrnyonenno#t kinaccudukanuu [TITK
aBTOpPAaMHU MPOBEJIEH CTAaTUCTHYECKUH aHalu3
3¢ (HEKTUBHOCTH TMOJNy4YaeMBbIX CYOCHIMN 1O
metonuke ABC-XYZ.

ABC-ananus (cm., Hamp., *°, [14-15]) mpen-
noJjiaraet paHxupoBanue mMHoxecTBa [IITK
B 3aBHCHMOCTH OT BEJIMYUHBI COOTHOIICHUS
cyOCH/IMU 1 TacCaKUpooOOpoTa MepeBo3urKa.
Komnanun oO0benMHSAIOTCS B TPU TPYIIIBL:
rpynmna A — [I1K ¢ BeicokuMu 3aTparamu 0rof-
JKETHBIX CPEJICTB Ha OJIH IaCCaKUPO-KHIIOMETD;
rpynmna B — ymMepeHHbIH pe3ynsTaT HCIoIb30Ba-
Hust cyocumum; rpymmna C — Hanoonee 3 GeKTuB-
HOE€ NPUMEHEHHUE BBIJCICHHOW KOMIICHCAIUH.
Meron pacnpeaenenus [1I1K no rpynnam npen-
1oJIaraeT YJOBJIETBOPEHHUE CIIECAYIOIIUM YCIIO-

¢ TomoBo#t oTueT akuuoHepHoro obuecTBa «LleHTpanbHas
MPUTOPOJHAas MacCaXupckas komnaHus» 3a 2022 rox
/I Beb6-caiit https://disclosure.skrin.ru/disclosure/
7705705370/?DTI=7 [Dnexrponnstii pecypc]: https:/clck.
ru/3PxkTD. [loctyn 15.10.2023.

7 IleHTp pacKpbBITHUS KOPIOPATUBHOUW HHGMOpPMAIUU
AO «MA Hutepdaxcy. [DnexTpoHHEIH pecypc]:
https://www.e-disclosure.ru. Joctym 12.10.2023.

8 Kouresa /1. 1. MeTozip! 1 MOZIEI ! IOTHCTHKH: Y 4e0.-METOI.
nocobue. — Ekarepun6ypr: YpI'YIIC, 2018. — 166 c.

° @amun I ., @anua A. . VI30paHHbIe [IaBbI OITHCATETbHON
cratucTuky: Yue6. mocodoume.—M.: MAKC IlIpecc, 2011.—
131c.
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BusAM: A — 50 % nepBBIX CyMM J0el HaKOMHU-
TenbHBIM uToroM; B — ot 50 10 80 % u C — 6oitee
80 % KyMyJIATUBHOTO MoOKazatels. Pe3ynbrars
TPYIIIUPOBKH IPUTOPOJHBIX IACCAKUPCKUX
nepeBo3unkoB 1Mo ABC-aHanu3y npuBeIeHbI
B TaO. 2.

Crenyromuii tan Kiaccu(pUKaluy 3aKiIro-
yaeTcsd B NMpoBefeHUH XY Z-aHaln3a, ¢ IOMO-
b0 KOTOPOTO MPOMCXOAUT paH)XMPOBAHUE
IITIK o nuHamMuKke moka3aTesei, 4To XapaKTe-
pHU3yeT CTaOUIBHOCTh M MPOTHO3UPYEMOCTH
U3MEHEHUH.

O1eHKa IPOU3BOANTCS HA OCHOBE BBIUHUCIIE-
HUSL KO3 QUIIEHTa BapHaLlUK [0 KKI0H KOM-
MaHUM 32 PACUYECTHBIH MEPHOA NEATEIBHOCTH.
KoadduuueHnTt Bapuanuu npeacraBisier coooi
OTHOIIIEHHE CPEJHEKBAIPATHYECKOTO OTKIIOHE-
HUSI K cperHeapu(MeTHYecKoi, oTpaxas cre-
NeHb pa30dpoca 3Ha4eHUH BOKPYT CpetHer BeH-
YHHBI.

Tak, qucnepcus (6°) U cpeaHeKBaapaTHye-
CKOE OTKJIOHEHHE G PacCUUTHIBAIOTCS 1O (Hop-
mynam (1) u (2) 1112

Z(X‘. _f)z
A (M)

n
rae X — cpeaHee 3HaYeHHe CyOCHIMU Ha macca-

JKMPOOOOPOT 32 paccMaTpHBaeMblii epuo, pyo./
acc.-KM;

X,— 3Ha4YEHHE CyOCHIMM Ha MMACCAKUPOOOOPOT
3a -1 rof1, py0./macc.-Km; 7 — 4UCIIO JIET, 32 KOTOPOe
MPOBOIUTCS aHAIH3,
o=o . )

CrienoBarenbHO, K03(pdUIHEHT Bapuayu (V)
MOYET OBITH OIpe/IeTIeH 10 CIEMYOMIM (popmy-
aM 9,11, 12:

> -5y

n

ve 100% wm v=—-100% . (3)
X

Ha ocHoBe momydeHHOTO KO3(QHIeHTa Ba-
pYaLUK IPUTOPOIHBIH ACCAKUPCKUM IEPEBO3UMK
OTHOCHTCS K OIJHOU U3 TpeX Ipymit: X — IIph Kod(-
(ummente Bapuarun ot 0 % mo 10 %, 9To yKa3sl-
BacT Ha CTa0MIIBHOCTH ¥ TOYHOCTB IIPOrHO3HPOBA-

19 TTaccaxxupoo6OpOT KEIE3HOAOPOIKHOTO TPAHCIIOPTA
obmero mone3oBaHus // DenepanpHas cmyxda
rocygapcTBeHHOW cratuctuku Poccuiickoit denepanuu
(Poccrar): odunuansHbIi calfT. [DIeKTpOHHBII pecypc]:
https://rosstat.gov.ru/statistics/ transport. loctym 15.10.2023.

' oyreprn K. BBeneHne B 5KOHOMETPUKY. YUeOHHK UIst
By30B: Ilep. ¢ anm. - M.: MHdpa-M, Dxon. pax. MT'Y um. M.B.
Jlomonocoga, 1999. - XIV, 402 c. ISBN 5-86225-458-7.

12 O61mast Teopust cTaricTuku: YueOnuk / [lom pe. wi.-kopp.
PAH U.U. Enuceeoii. - 4-e u3n., nepepad. u jgom. -M.:
®dunancel u cratrctuka, 2001. - 480 c.

®  Mwup TpaHcnopTa. 2024

HUS paccMaTpuBaeMoro nokasarens; Y — ot 10 %
110 25 %, 9TO OTpaXkaeT yMEPEHHYIO OTHOPOITHOCTh
COBOKYITHOCTH ¥ BEPOSITHOCTH OTKJIOHEHHSI TIPO-
THO32 OT (JaKTUUECKOTO TIOJI0KEHHUSI HA BEJIMUUHY
He Ooree uem 25 %; Z — 4To yKa3bIBacT Ha BBICO-
Ky0 U3MEHYMBOCTB [TOKa3aTelIs paccMaTpyuBaeMoi
TIIK &% 11, itoru rpynmmpoBKH yKa3aHbl B Ta0M. 3.

Ilo pesynbraram uHTerpanuu ABC-ananmza
u XYZ-ananmsa, cocTaBjieHa cBoAHas Taoi. 4

OBCYXOEHUE

Anamm3 ABC-XYZ noka3zai, 4To CTpyKTYpHO
HauOOJIBUINI yHENbHBIH BEC NMPUHAMICKUT
rpymme CX — 30,43 % (cm. Tabn. 4). Bonbiryio
yacth [1IIK, otHOCAIMXCS K rpynmne CX, oTiu-
YaloT JIOCTATOYHO BHICOKHE OIO/PKETHBIE IIOCTYII-
neHusi cyocunuii. OTHOCUTENbHO 00BEMOB
TPaHCIIOPTHOW pabOTHI JIaHHBIE KOMIIAHUM CTa-
OMJILHO TIOKa3bIBAIOT BBICOKYIO 3((EKTHBHOCTD
BIIOKEHUH OIOMKETHBIX CPEINCTB — CPEJHHH
YPOBEHb CYOCHAMH Ha MAcCaxupooOOpoT Mo
rpyre cocraBisiet 1,47 py0./macc.-KM, yIUThIBas
HU3KYIO BapHalHUIO.

IlepeBo3unku rpymms! CY OTIMYaIOTCS MEHb-
LIIeH CTEeNIEHbIO CTaOMIIBHOCTH, OJIHAKO, TAK JKE, KaK
u npencrasureny rpymnsl CX, pe3ynsrarel UX
paboThl OMpaBAbIBAIOT 00bEMbI (DHHAHCOBOTO
obecreyeHusl.

IIpuropomssle nepeBo3unku rpynn BX u BY
HaIrpoTHB MeHee d(P(PEKTUBHBI C TOYKH 3PEHHS
HCIIONIb30BaHUsI KOMIICHCAIIMH M, B CPAaBHEHUH
C KBapTHJIBHOH KiaccuuKanuei, moJIHOCThIO
YHUCISITCSL B COCTaBE «LEHTPAJIBHOI» TPYIIIBL.
[IK, Bxomsime B BX, uMeroT cTaOWIIBHBINA pe-
3yJIBTAT, OHAKO, YUUTHIBASI HX CPEAHIO 3D dek-
THUBHOCTb, JAHHBIM ITEPEBO3YHKAM LIEIeCO00pa3HO
TriepeiiTy B rpymiry ¢ GoJiee JMHaMUYHBIM M0Ka3a-
TeneM paboThL.

Haubonbiuero BuuManus TpeOyrot rpyrmbt AX
n AY, Tak KaK cofepKaliecsi B HUX KOMIIAHUH
HMEIOT HanOoJee BHICOKKE 3aTparbl Ha €AUHUILLY
naccaxupoodopora. bosee Toro, n3 ananmmza ABC—
XYZ BuiHO, YTO KOMIaHUU 2 ¥ 3 YCTOWYMBO 3aHU-
MaloT yKa3aHHbIE B KBAPTUIILHOM KilacCH(UKALIIK
TIO3ULIMH (TPEThS TPYIIa).

[IIK 21 (rpynma CZ) nokazana HauOOJbIIyO
3 dexTHBHOCTB HCTIONB3yeMBbIX cpeacTB B 2022 ro-
ny. HauBbiciimii mokasarens Bapuaimu — 39,24 %
(cM. Tabn. 3), IpH ero MOJOKUTEILHOM TPEHJIC,
yKa3bIBaeT Ha LeJIeCO00Pa3HOCTh MOTYyYeHHBIX
KOMITEHCAII 1 COOTBETCTBHE UX 0Ty YEHHs [TOKa-
3aressiM naccaxupoodopora. [Ipornosupyst nans-
Heiiyto nesrenbHoCTh [TTTK 21, MOXXHO OTMETHTD
JIBE OCHOBHBIE IIEPCIEKTUBBL: YKPEIUICHHE TT03H-
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Kaacenpuxanus ITIK no Bernyune cyocnamii
Ha nacca:kupoodopot 3a nmepuon 2021-2022 roga [11]

Taoéauna 1

HaunmeHoBaHHe Py6./macc.-xm 3a 2021 . | HanmeHoBanue Py6./macc.-kM 3a
2022
Tlepsas rpymnma — 26,09 %: «3eneHas 30Ha»
Cesepo—3amnazuast ITITK 0,10 Cesepo—3anaguas ITTTK 0,15
Ky6ans Dxcnpecc-ITpuropon 0,45 Caeputosckas [TK 0,32
Dkcnpecc—IIpuropon 0,732 Ky6anb Dxcnipecc—IIpuropos 0,38
Caeputosckas [TK 0,733 Hentpanbhas ITITK 0,78
Hentpanshas ITITK 0,89 Okcrnpecc—IIpuropon 0,92
Anraii—nipuropos 1,09 Anraii-npuropon 1,26
Bropas rpynmna — 47,82 %: «ueHTpanbHas (3KenTast) 30Ha»
OMCK—TIpHropoz 1,10 Camapckas [TIIK 1,43
Bonro—Bsirekas TTITK 1,26 OMCK—TIPHrOpos 1,53
Camapckas [TITK 1,29 Bosaro—Bsitekas TTTTK 1,54
Conpyxectso ITTTK 1,81 Cesepo—Kagkasckas ITTTK 1,58
Tlepmcxkas ITK 2,07 Conpyxectso ITITK 1,82
Cesepo—Kasxka3ckas ITITK 2,25 Tepmckas TTK 2,447
Kpacnpuropon 2,42 Kpacnpuropox 2,453
Dkcemnpece [Ipumopbs 2,48 Okcnpecc [Ipumopbs 2,52
Kys6acc—IIpuropox 2,49 Kanununrpazackas ITITK 2,77
Kanununrpanckas ITITK 2,68 Bousrorpaarpancnpuropos 3,07
Bonrorpaarpancipuropos 3,37 Baiikansckas TTTTK 3,11
Tpetbs rpynmna — 26,09 %: «kpacHast 30Ha»
Baiikansckas ITTTK 3,47 Kys6acc—IIpuropon 3,22
ITIIK Yepuosembe 4,20 Bamkoprocranckas ITTK 4,82
Bamkoprocranckas IITK 4,95 TIITK YepHozembe 5,22
Cesepnas [1ITK 5,55 Cesepnas I1TTIK 591
3abaiikanbckast [TITK 11,84 3abaiikanbckas ITITK 13,92
K Caxanun (npuroponHoe coobmenne) | 20,55 TIK Caxamun (npuroponHoe coobmenue) | 14,09
VICTOYHHUK: COCTABIEHO aBTOPAMH Ha OCHOBE MPENICCTBYOmuUX myonukarmii [11], manspix > 6710, Ta6auna 2
ABC-anamu3 cTpyktypbl cyocuauposanus IITIK 3a 2021-2022 roas!
TIIIK CyGcuauu Ha maccaxupoobopor, py6./mace. -km Cpennee 3HaueHHe, | YIeJIbHbINH Hakoruiennas | I'pynma
2021t 20221 Ppy6./macc.-km Bec, % BeJIMYHHA, Y0
1 20,55 14,09 17,32 22,64 22,64 A
2 11,84 13,92 12,88 16,83 39,47 A
3 5,55 591 5,73 7,49 46,96 A
4 4,95 4,82 4,88 6,38 53,34 B
5 4,20 522 4,71 6,15 59,50 B
6 3,47 3,11 3,29 4,30 63,80 B
7 3,37 3,07 322 4,21 68,01 B
8 2,49 322 2,86 3,73 71,74 B
9 2,68 2,77 2,72 3,56 75,30 B
10 2,48 2,52 2,50 3,26 78,56 B
11 2,42 2,45 2,44 3,18 81,75 C
12 2,07 2,45 2,26 2,95 84,70 C
13 2,25 1,58 1,92 2,51 87,20 C
14 1,81 1,82 1,81 2,37 89,57 C
15 1,26 1,54 1,40 1,83 91,40 C
16 1,29 1,43 1,36 1,78 93,18 C
17 1,10 1,53 1,31 1,72 94,90 C
18 1,09 1,26 1,18 1,54 96,44 C
19 0,89 0,78 0,84 1,09 97,53 C
20 0,73 0,92 0,82 1,08 98,60 C
21 0,73 0,32 0,53 0,69 99,29 C
22 0,45 0,38 0,42 0,54 99,83 C
23 0,10 0,15 0,13 0,17 100,00 C
Uroro: — — 76,51 100,00 — —

VICTOYHHUK: COCTABIEHO aBTOPAMH 110 JaHHBIM > &7 10
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Taoauua 3

XYZ-anaau3 ctpyktypbl cyocuaupoBanus ITIIK 3a 2021-2022 roabl

HanmeHoBanme Cpennee 3HaueHue, | Jucnepcust CpennexBaaparu- | Koaddumuent Tpynma
py6./mace.-km YecKoe OTKJIOHEHHE | BapHaluH, %
1 17,32 10,4287 3,2293 18,65 Y
2 12,88 1,0758 1,0372 8,05 X
3 5,73 0,0325 0,1803 3,15 X
4 4,88 0,0046 0,0676 1,39 X
5 4,71 0,2571 0,5071 10,77 Y
6 3,29 0,0318 0,1782 5,41 X
7 3,22 0,0218 0,1475 4,58 X
8 2,86 0,1329 0,3646 12,76 Y
9 2,72 0,0022 0,0473 1,74 X
10 2,50 0,0003 0,0186 0,74 X
11 2,44 0,0003 0,0179 0,74 X
12 2,26 0,0357 0,1890 8,37 X
13 1,92 0,1111 0,3333 17,39 Y
14 1,81 0,0000 0,0069 0,38 X
15 1,40 0,0197 0,1405 10,02 Y
16 1,36 0,0046 0,0678 4,99 X
17 1,31 0,0449 02118 16,12 Y
18 1,18 0,0071 0,0843 7,16 X
19 0,84 0,0031 0,0558 6,68 X
20 0,82 0,0085 0,0920 11,17 Y
21 0,53 0,0426 0,2065 39,24 zZ
22 0,42 0,0014 0,0375 9,04 X
23 0,13 0,0008 0,0276 21,86 Y
Uroro: 3,33 — — — —

HcTouHuK: cOCTaBICHO aBTOpaMM.

Tadauna 4

Kaacendpukanus ITK no Bernunne cydcuamii Ha naccaxnpoo6opor
Ha ocHoBe ABC-XYZ-ananu3a 3a nepuoa 2021-2022 roabt

HaunmenoBanue HanMCHOBAHIE KOMITAHIH Vueng;ﬂmﬁ Cpentsisi BeM4HHA CYOCH I
TPy Bec, % 10 rpymie, py6./macc.-km
AX 2,3 8,70 9,30

BX 4,6,7,9, 10 21,74 3,32

CX 11, 12, 14, 16, 18, 19, 22 30,43 1,47

AY 1 4,35 17,32

BY 5,8 8,70 3,78

CY 13,15, 17,20, 23 21,74 1,12

AZ - - -

BZ - - -

(74 21 4,35 0,53

Uroro: - 100,00 -

McrouHuk: cocTaBiieHO ABTOpPaMHU IO TaHHBIM 67,10 g BBILICITPUBEACHHBIX Ta6J'II/H.I.

LIMH, a, CJe0BaTeIbHO, Oyaymui mepexon
B rpyrmy CY wmm ansHedmmii poct a(hexTrs-
HOCTH TIPH HaXOXKAeHKU B rpynmne CZ.
Comnocraisis pe3yJIbTarh IPHMEHEHNS CyOCH-
T 3a Tapr(hHOE PETYITMPOBAHNE y IEPEBO3YHKOB
TIPUTOPOTHOTO U JAJIBHETO CJIEI0BaHMsI, YPOBHIO
cyOcuTMH Ha TacCca)KMPOoOOpPOT B PETYITHPYEMOM
cermente AO «@DITK» — 0,26 py6./macc.-km 3a
2022 ton *, coorBercTBYIOT TONBKO TTTTK, BXOMIS-
1ye B HIDKHUM kBapTwib wi rpynnsl CY u CZ
ABC—XYZ—anammza, ammvenso [TTIK 23 u ITTIK 21.
ITo pesyneraram aHanu3a pe3yJbTaToB Jies-
tenpHOCTH TITIK 3a 2021-2022 roas! MOXXHO
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CJICNIaTh BBIBOJl O CHJIBHOM 3aBUCHMOCTH B Pac-
CMOTPCHHBIN TIEPHO]] MPUTOPOIHBIX MACCAKHP-
CKHX TIEPEBO3YMKOB OT HMCIOJIHEHUS OIO/KETOM
00s13aTeNBCTBA 0 BOMEIICHHUIO MOTEPh OT Iocy-
JIAPCTBEHHOTO peryimpoBanus Tapuos [5; 17].

3AKINIOYEHUE

Pesynbrars! Kimaccudukayy cyObeKTOB MpH-
TOPOHOTO ACCAKUPCKOTO KOMILIEKCA B PACCMOT-
PEHHOM IepHoje MOKa3alu AUCIPONOPLHUIO
B obecrneyeHuHn cyOCUIHMSIMHU KOMITaHUH-
TIEPEBO3YMKOB, UTO BIICUET PHCKH CHIDKEHUS Kade-
CTBa TPAHCIIOPTHOTO OOCITY’KUBaHUs HACEICHUSI
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3 deKTHBHOCTH paOOTHI TPAHCTIOPTHOM CHCTEMBI
PETHOHOB.

Ksaprunensiii 1 ABC-XYZ-ananu3s npuro-
POAHOTO MaCCAXKUPCKOTO KOMIUIEKCA, IPOBEIEH-
HBII IPUMEHUTENBHO K OTIPE/ICIICHHOMY BpEMEH-
HOMY TICPHOJY, MOXKET IIPU YCIOBHHU DPEryJysip-
HOCTU M CHUCTEMHOCTH €r0 OCYILLECTBIEHUs IMO-
CITy’KHUTb OCHOBOH JUTS IPUHATHS YIIPABJIEHUECKUX
peleHuit o nanpHeHmeMy pedopMHUPOBAHHUIO
1 Pa3BUTHUIO IIPUTOPOJHOTO MACCAKUPCKOTO
KOMILIEKCA B MHTEpECcax IacCaXXMPOB U HKOHO-
muku Poccun. [IpennoxenHas aBTopaMu Kiac-
cudukamus [IK Ha ocHOBe ABC-XYZ-aHa-
32 HHPOPMHUPYET YIACTHUKOB M PETYIIATOPOB
PBIHKA MAacCaXXUPCKHUX MEPEBO30K O CTEHEHU
3¢ QEKTUBHOCTH HCIIOIb30BaHUS MOTY4aeMbIX
KOMIIEHCAlUH U 11e1ec000pa3HOCTH BbIICICHHS
OIIpe/IeJICHHBIX 00bEMOB rOCy1apCTBEHHOH 110/
JEPKKH MPUTOPOJHOTO KEJIE3HOLOPOKHOIO
TpaHcnoprta. [Ipu 3TOM OIleHKa B LESIX MPH-
HSTHS yNPaBIEHYECKUX pELIeHHH 0e3yCcIOBHO
JIOJDKHA HOCHTHh KOMILUIEKCHBIH XapakTep, BO
BHUMaHUE JIOJDKHA IPUHIMATHCST COBOKYITHOCTh
JIpyrux (akTopoB COLMATBHO-IKOHOMUYECKOTO
¥ MHOTO Xapakrepa.
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AHHOTALNA

B Hacmosiwee 8pems pa3pabomka mexHU4eCKUX U NOONEPAYUOHHBIX
HOpM yOerbHO20 pacxoda MOoNUBHO-3HEP2EMUYECKUX PECYPCO8 Ha A2y
noe3008s, 3KcnIyamupyembix Ha xene3Hbix dopoeax Poccutickoll @edepa-
yuu u cmpar CHI, sedemcst memodamu, paspabomaHrHsiMu ewe 6 60- 2e.
XX eexa. Mcnonb3osarue npu pacyeme HOPM COBPEMEHHbIX Memodos
UHMennekmyanbHo20 aHanu3a daHbIx npednonazaem npedsapumerbHoe
uccnedosaHue U 8bI60p (hakmMopos, OKa3bIBaIOLLX 3HAYUMENTLHOE BIUSHUE
Ha 8e/IuYUHy pacxoda monugHo-3HEPSeMUYECKUX PeCypCos.

Hacmosuwee uccnedosaHue HanpaeeHo Ha ebisigneHue pasnuquil
8 xapakmepe go30elicmeus nokazamenell UCNONL308aHUS SIOKOMOMUBOS,
maKux KaK y4acmkosas U mexHUYeckas ckopocmb, Macca cocmaea, Ha-
2py3Ka Ha 0Cb, Ha 8eMUYUHY yOe/IbHO20 pacxoda ANeKmpOosHep2UU Ha mazy
noe3008 0151 Pa3IUu4HbIX MUNO8 Xee3HOO0POXHO20 2py308020 NOOBUX-
Hozo cocmasa. Ocoboe 8HUMaHUe 8 cmambe ydensemcs onpedeneHun
Xapakmepa e/usiHUS (hakmopos Ha yOesbHbIli pacxod 3nekmposHepauu
KOHMeUHepHbIX N0e3008.

B pabome Hawnu npumeHeHue Memod cmamucmudeckoli obpa-
60mku OaHHbIX CmblodeHma, ucnonb3yeMbit 0nsi onpedeneHusi 00HoPoO-
Hocmu uccriedyembix 8bI60POK, U Memod KOpPersayUoHHO20 aHanusa
Mupcora 8 yacmu onpedeneHus K03aghuyueHmos Koppensyuu mexoy

KOPPENAUUOHHbIL aHanu3, KoHmelHepHbie noe3da.
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BrninsHne coctaBHOCTU NOE3A0B Ha XapakTep
BO3AencTBUA (haKTOPOB, BNUAIOLLMUX
Ha 3HepronoTpebneHune
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y0enbHbIM pacxodoM s/1eKmposHepauu Ha msey noesdos u hakmopamu,
npednonoXumesnbHO BIUSIOWUMU Ha 8eUYUHY amoeo pacxoda. Peepec-
CUOHHbIe MOdenu, onucklgalwjue 3asucumocms ydenbHo20 pacxoda
3/1eKMpo3HepaulU Ha mseay noe3dos om paccmampusaeMbiX MUSIOULLX
¢hakmopos, NOCMPOEHbI C UCNOb308aHUEM Memoda MHOXeCMmeeHHoU
NuHelHoU peepeccuu.

Cmames codepxum pe3ynbmame! npogepKu 00HoPodHoCMU ucciie-
AyeMbix 8b160POK yOenbHO20 pacxoda 3ekmposHepauU 8 sude 3HaveHul
t-kpumepus CmbtodeHma, OuaepamMbi PaCCesHUS 8eUYUHbI YOeIbHO20
pacxoda 31eKmposHepauU 8 3agUCUMOCMU OM 8EUYUHbI BIUSIOUUX
¢hakmopos, onucaHue 8enuYUH paccyumanHbIx Ko3ghghuyueHmos Koppe-
nayuu 0ns Kaxool uccnedyemoll epynnbi epy308bix noe30os. Ydensemes
8HUMaHUEe BO3MOXHbIM NPUYUHaM Pa3fu4us 8 Xapakmepe U cmenexu
8030elicmeus (hakmopos 01151 pa3HbIX MUNO8 2py308020 NOABLXKXHOEO CO-
cmasa.

MposedeHHoe uccrnedosaHue apeymeHmupyem Heobxodumocms
paspabomku memoduku HOpMupogaHus pacxoda MoNAUBHO-
3HEp2eMUYeCKUX pecypcos Ha msey noe3dos, noseonsiowell yyecms
87usiHUE COCMagHOCMU N0e3008 C UCNOb308aHUEM COBPEMEHHbIX MEmo-
008 aHanu3a OaHHbIX.

Knioyeable crioga: xenesHodopoXHbI MPaHCNOPM, aHanu3 3HepaonompebrieHus, HOPMUPOBaHUE IHEP2ONOMPEBITEHUS, COCMABHOCMb N0e3008,

3HEP2EMUYECKUX PECYPCO8 Ha ms2y Noe3d0e».
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BBEOEHUE

B Hacrosiiiee Bpems mporiece aHanm3a, IIaH!-
pOBaHUS M HOPMHPOBAHUS TOIJIUBHO-
sHepreTudeckux pecypcos (TOP) Ha Tsary moe3nos
Ha jKeNe3HbIX noporax Poccuiickoit ®eneparyn
u ctpad CHI' permameHTHpYeTCS pa3iMunIHBIMA
HOPMAaTHBHBIMHU JJOKYMEHTaMH{ B OOJTACTH ITAHH-
POBaHMS, HOPMHUPOBAHUSI, aHAIN3a F IPOTHO3MPO-
BaHUS pPacxofia TOIIMBHO-IHEPTETHIECKUX PECYP-
COB Ha TSIy TIOE37I0B .

B pamkax BBIAEIEHHBIX JTUMUATOB (pHHAHCH-
POBaHHMS C YYETOM IUTAHOBOTO 00BEMa MEPEBO-
309HOI pabOTHI HA PEANPHUSITHH OIIPEACIIICTCS
IIaHUpyeMBIid 00beM motpebnenus TOP Ha
TATY 10e3710B. Jlanee pacCUUTHIBAIOTCS COOTBET-
CTByIOIIME OOBEMBI Ha PA3IMYHBIX YPOBHSIX
OPTaHM3aIOHHONW CTPYKTYPBI KEITE3HOIOPOXK-
HOH oTpaciu. B kauecTBe OCHOBHOIO IOKa3a-
TEJSl HEPTOEMKOCTH ITEPEBO30YHOTO MpoIecca
Ha ypOBHE ITOE3/KH HCIIOIb3YETCs yAEIbHBIN
pacxox TOP — orHomeHNe o0BeMa PHEPTOIO-
TpeOneHuss K 00beMy padoOTHI, BEIpaKEHHON
B COOTBETCTBYIOIINX CIMHUIIAX.

B mensx MoTMBanMyM MpUYACTHBIX MOApa3-
JENCHUH K BBIIIONHEHUIO IUIAHOBBIX 00BEMOB
pacxona TOP ycraHaBIUBArOTCS HOPMBI yCIh-
HOTO pacxona TOP Ha TATY M0Oe310B — 10 BUAAM
pecypcoB (MMEKTPOIHEPT S, TU3EITHHOE TOTLIN-
BO, T'a3, Ma3yT, YTojb); 10 YPOBHIO HOPMHPOBa-
HUSI (TEXHUYECKHE, TTOOTIEPALIOHHBIE ATISI IOKO-
MOTHBHBIX OpHTraj, TPyNIoOBbIC ISl yPOBHA
CTPYKTYPHBIX MOAPA3AEICHUI 1 BBIIIE); MO BHU-
JlaM TSITH; TI0 BUIaM JIBH)KCHHS U BBITIOJTHAEMON
paboThl; o y9acTkaM paboTHI U 10 MEepHOoAaM
HOPMHUPOBAHUSL.

BaxHelmmMm HamnpaBieHHEM Ul aHalu3a
SHEpreTHYecKoi (P PEKTHBHOCTH EPEBO30YHOTO
TIpolLecca ABISIETCS YCTAaHOBIEHHE TEXHUUECKUX
1 MTOOTICPAIIMOHHBIX HOPM JUTS ITOE3/I0K JIOKOMO-
TUBHBIX Oprral. TeXHnaecKrne HOPMBI YASIBHOTO
pacxoma TOP pa3pabaTbiBatoTCsl HA OCHOBE pe-
KMMHBIX KapT B 3aBUCHMOCTH OT CEPHH MOIBIIK-
HOTO COCTaBa JUIsl K&KJOTO ydacTKa padoTsl,
B 3aBHCHMOCTH OT MpOouiIs ¢ rpajanueil mo
Macce Moe3/ia, a TakXKe Harpy3Ke Ha OCh HIIH CO-
cTaBHOCTH rnoe3na. OCHOBOM UIsl ONpeeneHNs

! Cm. manp: CTII BY 17.217-2012 Pacuer HOpM pacxoma
JIN3ETBHOTO TOIINBA HA TATY MOE3/I0B JUIS MOJpa3/IeIeHII
JIOKOMOTUBHOTO X03siiicTBa benopycckoil kxeme3Hol
goporu. — MuHCK: MUHHCTEPCTBO TpaHCIOpTa U
komMyHuKanuii Pecnyonuku benapycs, 2012. — 23 c;
IMonoxeHne o IIaHNPOBAaHWH W HOPMUPOBAHHH PAcXoza
TOIIMBHO-DHEPIreTHIECKUX PECypCOB HA TATY MOE3I0B
B OAO «PXI». YTBepskneHo pacnopsuxkeHneM OAO «PXK»
ot 17 mast 2019 . Ne 962/p.
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TEXHUYECKHX HOPM SIBJISIIOTCS OTBITHBIE IOE3IKH
TSTOBO-OHEPIreTUUECKHUX J1ab0paTopuil, JaHHbBIE
SHEPrOONTHMAJIBHBIX PEKMMOB BOXKJICHUS TI0€3-
JIOB (C IOMOIIBIO AaBTOMaTH3UPOBAHHBIX CUCTEM
MOCTPOEHUSI IHEPrOONTUMANIBHBIX IpaUKOB
JIBIDKEHHMS TTO€3/I0B), & TAK)KE TATOBBIE PacyeThl,
BBINIOJIHSIEMbIE KaK B PYYHOM PEXHME, TaK
U C IPUMEHEHNEM COBPEMEHHBIX IIPOIPAMMHBIX
cpenctB. [loonepannoHHbIe HOPMBI YIIEIBHOTO
pacxozna TOP pa3pabaTbIBatOTCsI IS y4eTa yCIio-
BUI MOE3/IKH, OTINYAIOIIMXCS OT CPEAHECTATH-
CTUYECKHX, 3AJI0)KEHHBIX B TEXHUYECKYIO HOPMY.
[MoomnepannoHHbIe HOPMBI YYUTHIBAIOT SHEPTrO-
noTpeOiieHne Ha OTIENbHBIE TEXHOJIOTHUECKHE
orepaluy, TaKue Kak NpOCTOH MOIBIIKHOTO CO-
cTaBa B paboueM COCTOSHUH, HAaroH OINO3IaHHs
MACCAKUPCKHUX U IPY30BBIX MI0E37I0B IS BXOXK/IEe-
HUS1 B pacIiicaHye, IporpeB BArOHOB MOTOPBArOH-
HOTO TMOJBMYKHOTO COCTaBa B MYHKTaX OTCTOSI,
BBITIOJIHEHHE NIPEAYTPEXKACHUI 00 OrpaHYEHUN
CKOPOCTH, OCTAHOBKH Y 3aIIPEIIAIOLINX CUTHAJIOB,
Herpa(UKOBbIE OCTAaHOBKH, OITPOOOBaHHE TOPMO-
30B [10€3/1a B [Ty TH CJIE/IOBAHMUS MIOCJIE JUTUTEILHON
CTOSIHKH, HE TIPEAYCMOTPEHHOH TpaKOM JIBU-
JKEHHS T10€3/I0B, U T. 1.

B cBs3M CO 3HAYMTENHHOW CIONKHOCTBIO
BBINIOJTHEHHS ITOE3/10K C IPUBJIIEYCHUEM TATOBO-
SHEPreTUYEeCcKON J1abopaTopuu ¥ MPUMEHEHHUS
MPOrPaMMHBIX KOMIUIEKCOB JIJISl BHIITOJHEHHS
TSTOBBIX PACUETOB, HA MPAKTUKE MAITMHUCTAMU-
HWHCTPYKTOPAaMH IO TEIIOTEXHUYECKOH padboTe
LIMPOKO NMPUMEHSETCS] CTAaTUCTUYECKUH METOJ
oTpeseNeHus] TEXHUYECKHX HOPM YAEIbHOTO
pacxona TOP. [Ipu 3ToM U3 reHepanbHON COBO-
KyHHOCTH noe3nok kaxaou cepun TIIC, B coot-
BETCTBYIOIIEM BHUJE JABMXXEHUs, C I10€3/1aMHU
COOTBETCTBYIOIEH Macchl (MM C COOTBETCTBYIO-
1IeH Harpy3Koii Ha OCh BaroHa) 1o KOHKPETHOMY
M0E3/10y4acTKy OTOUpAIOTCs Te, KOTOphIE, 1O
MHEHHUIO MallMHUCTa-UHCTPYKTOPA, SIBISIOTCS
00pa3LOBBIMHU U BHIIIOJIHEHBI B CPEIHECTATUCTH-
4yeckux ycioBusix. CpejnHee 3HaYeHUE y/Eib-
Horo pacxona TOP 1o yka3aHHBIM BbIOOpKaM
OTPENENSICTCS ¢ YISTOM KOAPPHIIUECHTOB yUeTa
CE30HHOCTH, ITOTOJIHBIX YCJIOBUM, IPUMEHEHHS
ONTHMAJIBHBIX METO/IOB BeJleHHUs roe3/a (onpe-
JIeNIsieMbIX Ha OCHOBE METO/Ia IKCIIEPTHBIX Olle-
HOK) ¥ CUMTAeTCs YJeJIbHOW HOPMOH, KOTOpast
MOXET OBITh CKOPPEKTUPOBaHA MPU OTKJIOHEHUH
OT YYHTHIBAEMBIX YCIIOBHI BBITIOJIHEHUS 11OE€3-
nok. Takum o0Opa3om, 3HaYE€HHE PACCUUTAHHOM
VAEJIbHOW HOPMBI SHEPronoTpeOlieHNsI Ha TATY
TIO€3/10B COJIEPIKHT B cE0E CYIIECTBEHHYIO JIONIO
CYyOBEKTUBHM3MA, a BHIOpaHHBIE MOE31KH MOTYT

BuTtoBckas B. B., AaBbigoB A. U., KomsikoB A. A. BnusiHue coctaBHOCTU Noe340B Ha XapakTep
BO3AeNCTBUSA (paKTOPOB, BNUSAIOLWMX HA 3HEpronoTpedneHue




HE JI0 KOHIIa YYHTBIBATh MMOTEHIMAJ METOJ0B
9Hepro3¢hGpeKTUBHOTO BEAECHN [I0€3/1a U COZep-
»Karh B ce0e OUTMOKY HOPMUPOBAHUS IPEIBIY-
IIMX BPEMEHHBIX nepuonoB. Kpome toro, mpu
MOJICPHU3ALIUH CUCTEMBI aHAJIN3a U HOPMHUPOBa-
HUSI SHEProNOTPeOJICHUS] Ha TATY HI0€3/10B He00-
XOJIUMO YYECTh BO3MOXKHOCTH COBPEMEHHBIX
BBIUNCIIMTEIbHBIX CPEACTB, @ TaKXKe METOJbI
MHTEJUIEKTYaIbHOTO aHaIN3a JaHHbBIX.

L]envio paboTHI OBLIO UCCIEAOBAHUE PA3IIH-
Yuid B Xapakrepe BIUSHUS (DAKTOPOB Ha BeJH-
YUHY YAEJIBHOTO PAacXoja 3IEKTPOIHEPTUH
(YPD) st HanGoJ1ee MPOKO SKCILTYaTHPYEMbIX
Ha xene3HbIx poporax Poccun u crpan CHI'
THUIIOB IPY30BBIX TI0€3/10B.

MATEPWAIbI U METOAbI

OrnpeneneHnu0 U U3y4eHHIO (HaKTOPOB,
BIUSIONIMX Ha dHEPronoTpedieHue mnoesna,
MOCBSAIICHO MHOXECTBO 3apyOekHbIX [1-8]
Y OTE€YECTBEHHBIX HccienoBanuii [9—15].

TpaauuuoHHO HccieayeTcs BO3AeHCTBUE Ha
BEJIMUMHY YIEIBHOTO pacxofia JIeKTPOIHEPIHU
W, CICIYIOIUX MOKA3aTe/el UCTIONb30BAHNS
JIOKOMOTHBOB: y4aCTKOBOH CKOPOCTH qu, TEXHHU-
4EeCKOH CKOpocTH V , Maccel cocTapa m , Ha-
rpy3k# Ha och ¢. C 1eTIbIo OIpe/IeNIeHHs Xapak-
Tepa BO3AEHCTBHS Ha BeNU4YHHY Y PO nepeunc-
JICHHBIX ()aKTOPOB MTPOBOIUTCS AHAJIU3 JAHHBIX
0 Oonee yem 9000 moe3nkax 3JICKTPOIMOE3IOR,
MIPOM3BENICHHBIX JJOKOMOTHBHBIMU Opuragamu
OJIHOTO M3 DKCIUTYyaTallMOHHBIX JJOKOMOTHUBHBIX
nerno 3anaaHo-CuOupCKOil JKeIe3HOM TOporu 3a
nepuoj ¢ oktsaops 2022 mo ampesip 2023 rr
OCHOBHBIM MCTOYHHKOM WH(OpPMALUK O BEIH-
YHHAX BIUSIOUIMX (haKTOPOB SBJISIOTCS JaHHbIC
CHCTEMBI LICHTPAJIM30BaHHOM 00pabOTKN MapI-
pyra Maimaucta (LHOMM). C ucnons3oBaHuemM
TabauuHoro mpoueccopa Microsoft Excel
U si3pIka nporpammupoBanus Visual Basic for
Applications TpOU3BOANTCS pacyeT BETHYHHBI
psina dpakTopoB, HHGOPMALIUS O KOTOPBIX COZIEp-
JKUTCS. B OTYETHBIX (hOPMax B HESIBHOM BUJC
(YPD, macca coctaBa, Harpy3ka Ha OCh).

HccnenoBanue xapakrepa BiIusHHUSA (HaKTo-
POB BezieTcst 1S 5 TPYIII Oe3/10B: 0011el COBO-
KyITHOCTH BCEX THIIOB I'Dy30BBIX 1moe3noB (1
rpyIna), CKBO3HBIX MO€37I0B (2 TpyIIa), CKBO3-
HBIX T0€3710B Maccoii 0ombire 5500 1 (3 rpymma)
u Mensbine 5500 T (4 rpynna) 1 KOHTEHHEPHBIX
noe3znoB (5 rpynma). Takoe nenenne o0yciioB-
JICHO HAJIMYMEM psijia OTIIMYUTENbHBIX TPU3HA-
KOB B OpraHU3allM{ MEePEeBO30YHOIO Ipolecca
JUISL TIOABMIXKHOTO COCTaBa, IPEICTABIISIOIIETO
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Kaxaylo rpyniy. Hanpumep, ckBo3HbIe moesza
Maccoii 6osbiie 5500 T 4acTo SBNIAIOTCS cOCTa-
BaMU C HAJIMBHBIMH I'Py3aMH, COCTaBaMH C BBICO-
KUM K03 PHULIMEHTOM HCIIONB30BaHUS TPYy30-
MOALEMHOCTH BaroHa. B cBoto ouepens KoHTeH-
HEpHBIE [10€3/1a UIMEIOT CIIEIYIOIINE OTIINYUTEIIb-
HbIE 0COOCHHOCTH: HU3Kasl BEJIMUMHA Harpy3KH
Ha OCh BaroHa, OTHOCUTEJIBHO MaJjiasi Macca co-
CTaBOB, HCIOJIb30BaHHE 0COOOTO BUIA ITOJBHK-
HOro cocTaBa — IUIaTGOPM — ISl IEPEBO3KU
KkoHTeitHepoB. CKBO3HBIE TI0€3/1a MACCON MEHb-
n1e 5500 T BBLAETSIOTCS B OTAEIBHYIO TPYIITY 110
MIPUYMHE HAJIMYUSI CXOIHBIX NPU3HAKOB C KOH-
TEHHEPHBIMU [T0€31aMH — MaJiasi Macca 1 Harpys-
Ka Ha ocb. COBOKYIIHOCTb JIaHHBIX, ITPEACTaB-
JISIIOIMX Tpymiy 1, siBisieTcst reHepaIbHOU BbI-
O0OpKOl B JaHHOM HccleqoBaHuu. Beibopka
BTOPOM I'PYIIIBI COIEPIKUT JaHHbIE O MOE3/IKaX
BCEX CKBO3HBIX I10€3/10B, UCKJIIOYas JaHHBIC
0 MOEe3/IKax KOHTEHHEPHBIX MOE3/I0B.

J1J1st IpoBepKY HaIM4KsI 3aBUCUMOCTH XapaK-
Tepa BO3IEHCTBUS (haKTOPOB OT THIIA MOJBHXK-
HOT'O COCTaBa, UCCIIEyeM OTHOPOIHOCTh BHIOO-
pok o YPO rpynn 2 u 5 u rpynn 4 u 5 noe3nos
metonoM t-kputepust Cterofenta [16]. [Ipume-
HEHUE TPAJIUIIMOHHOTO METOJA CTaTUCTUYe-
CKOTO aHajM3a JIOIyCTUMO, TaK KaK BBIOOPKH
HE3aBHCUMBI JIPYT OT Jpyra, a YucIio HalIo/e-
HUH B BEIOOpKax Oosbiioe [17].

[lepen npoBeneHneM KOPPEISLUOHHOIO
aHaJi3a ObUTH [TOCTPOCHBI AUarpaMMbl paccesi-
HUs W B 3aBUCHMOCTH OT BEJIMYNHBI HCCTIE/Tye-
MBIX BIHUSIOIIUX (PAKTOPOB.

OrmpezeneHune CTeNeH BIUSHUS 1 XapakTepa
BO3/ICHCTBHSI (DaKTOPOB MPOBOIUTCSI METOIOM
KOppesiroHHoro ananm3a [Tupcona, Bkirouato-
UM pacdeT Ko3(h(ULUHUEHTOB KOPPEISIUU 7
U IIOCTPOEHHUE KOPPEISIIHOHHBIX MaTPHII.

Pacuer xoaddurmenTa koppessiuy BeaeTcs
T10 BBIPAXKEHUIO:

2 =)= )
— _i=1
TS s ey (1
[I€ X, ¥, — i-€ 3HAYEHHS CIIy9allHbIX BEJINYNH;

X, ¥ — CpeAHHE 3HAUYCHHS CIIydailHBIX
BEJIMYMH,

n — 00beM BBIOOPKH;

S, Sy— CpeIHHE KBaJ[paTUYEeCKUE OTKIOHE-
HUS CIy4YalHBIX BEJIHYHUH.

O1ieHKa CHJIBI KOPPEIISIIUOHHOM CBSI3H OCY-
IIECTBISAETCS B COOTBETCTBUHU cO IKanoi Yen-
JIOKa.

ITocTpoeHne perpecCHOHHBIX MOJEINCH Jist
YPD no yetkipeM UccieayeMbIM (akTopaM Be-
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Taoauna 1

OMIUpHYecKUe 3HAYEHHUS /~-KPUTEPHS LISl HccllelyeMbIX BBIOOPOK [mo1yyeHo aBTopamu]

Iepuon Hccremyemple BRIOOPKH

rpynnsl 2 U 5 rpynnsl 4 u 5

HEYETHOE HAIPaBJICHHE | YeTHOE HANPABJICHHE | HEYETHOE HANPABICHUE | YETHOE HAINPABICHUE
SIHBaph -7,89 -8,69 1,12 -3,89
Deppanb -5,13 -3,06 1,23 0,08
Maprt -5,92 -2,6 -0,73 0,13
Arnpenb -5,76 -3,54 -0,09 -0,55
OKT6pB 4,1 -7,76 3,01 -3,46
Hos6ps -3,76 -4,28 4,88 -1,05
Jlexabpb -4,83 -5,46 4,15 -1,07
7 MecsIeB -13,78 -13,08 5,25 -3,65

JIETCSl METOIOM MHO>K€CTBEHHOM JINHEHHOM pe-
rpeccud. B pabote BBIONHSAETCS TOCTPOEHUE
JIBYX perpeccHOoHHbIX Mozeneil. [lepsas Monens
peanu3yeTcsi HA OCHOBE JaHHBIX T'€HepalIbHOM
COBOKYITHOCTH, BTOpPasi — 10 IAHHBIM O TI0€3/1KaxX
TOJIEKO KOHTEHHEPHBIX M0e3/10B. BriOopky ne-
JIATCS Ha JBe yacTu: AaHHble o 80 % moe3nok
HCIONB3YIOTCS HEOCPEICTBEHHO ITPU ITOCTPOe-
HUH MOJIeITH, ocTaibHbIe 20 % (TecToBas BEIOOp-
Ka) — IIPU OLIEHKE TOYHOCTH Mojenu. OOuuii
BHJI, TTOJYYaeMbIX YPaBHECHHI PErPEeCCUH OIH-
CBIBACTCSI BEIPAKCHUEM:
W, = A+ A, qu +AYV  FAm +Ag, 2)
e A—j-e KO3 GHUIUECHTH! YpaBHEHUS perpec-
CHH.

TouHnocTh MozeTNEl MpoBepsieTCs HA 3HaYe-
HusAX YPD KoHTeHEepHBIX [T0€3/10B U3 TECTOBOM
BBIOOPKU.

PE3YNbTATbI

[To pe3ynbrataM CTaTHCTHYECKOTO aHAJIM3a
CrhrofieHTa cocTaBiieHa Taoi. 1, B KOTOpoi oTpa-
KCHBI SMIIUPUYECKHUE ¢ 3HAYEHMS (~KPHTEPHUSI
JUIsL UcclenyeMbIX BhIOOpok. Kputnueckoe
3HAYCHHME KPUTEPHs £, HA yPOBHE 3HAYTUMOCTH
0,05, ompeneneHHOE MO CTATUCTHYECKOU Taod-
nute [18], paBHo 1,96 mist Bcex uccienyeMbIx
BBIOOPOK, TaK KaK YHCIIO CTENEeHeH CBOOOJBI
B HUX IpeBblIaeT 3HaueHue 120.

ComnitacHoO TaHHBIM Ta01. 1, Bce uccuemye-
Mble BbIOOpkH YPO rpynn 2 u 5 okasanuchk
HeoqHOpoaHbIMU. [Ipu cpaBHEHUU ¢ BBIOOD-
kamu YPD rpynn 4 u 5 BBIOOpKH SIBISIOTCA
OHOPOIHBIMU B 9 u3 16 cimyuaeB. Hanuuue
HEOJHOPOJHOCTH CPaBHHBAEMBIX BHIOOPOK
MO3BOJISIET C/IENaTh BBHIBOJ O Pa3iHyUAX B Xa-
pakTepe Bo3deilcTBUs Ha BeauuuHy YPO
BIIHMAIONINX (haKTOPOB (MacChl COCTaBa, HArPy3-
KM Ha OCh, CKOPOCTH JIBUKEHUS 10371 U T. 11.)
JUISL UCCIIEAYEMBIX THUIIOB I'PY30BBIX MOE3I0B.
[Ipruem HEOTHOPOTHOCTH C BEIOOPKaMH O3~
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JIOB IPYIIIBI 4 MOXKET 03HAYATh, YTO MPUIHMHON
OTJIMYUH B XapaKTepe BO3ACHCTBHUS BIHSIOIINX
(haKkTOpOB Ha KOHTEHHEPHBIE MMOE3/a MO CPaB-
HEHHIO C IPYTHMHU SBJISICTCS HE TOJILKO X OTHO-
CHUTENbHO HeOOoNbInas Macca.

[Tepen mpoBeneHreM KOPPEISIUOHHOTO
aHajau3a OBUIM MCCIIEIOBaHbI TUATPaMMEI pac-
CesIHUS BENUYUHBEI YPD B 3aBHUCHMMOCTH OT
BEJIMYMHBI BIASIOIMUX (pakTopoB. B kauecTBe
npuMepa Ha pHUC. | MPUBEICHBI THArPaMMBbI
paccessHUS JJIS MOE3/10K, MPOU3BEASHHBIX
B anpene 2023 roxa 1 UccaeayeMOU TpYyIbI
1. JIluarpaMMbl UMEIOT CXOXKUU BHJ JIJISl BCEX
HCCIIeIyeMBIX TPYIII MOe3/10B.

BusyanbHblil aHaTU3 qUarpamMm paccesHus
MO3BOJISIET MPEINOJI0KUTh a0y U OYCHBb
CI1a0yr0 KOPPEIAIMOHHYIO CBA3b MEXKITY W, qu
(puc. 1a), Mmexay w,nV, (puc. 10) cpenHto0

TEX

¥ CHIIBHYIO CBSI3b W, C M, (puc. 1B) u W, ¢q
(puc. 1r)

PaccmoTpuM pe3ynbTaThl MCCIEoOBaHUS
KOPPEIIALMOHHBIX CBA3CH MEXKIY W, U ydacT-
KOBOH qu U TEXHUYECKOH V _ cKopoCTAMH,
Maccoii cocTaBa m_ W Harpy3Koi Ha oCb g.

Y4acTkoBas CKOPOCTb V mpencrapiser
co0o0li cpelnHee 3HaYEHUE CKOPOCTH Ioe3/a
C Y4eTOM BpEMEHHU OCTaHOBOK, BPEMEHHU Ha
3aMeJUIeHHs U Pa3roHbl. TeXHIuecKas CKOpoCTh
V. . B OTIMYHE OT YYaCTKOBOH HE YYMTHIBAET
BpeMsl CTOSIHOK. B 3aBuCHMMOCTH OT BBIOpaH-
HOTO peXHMa BEJeHHs I0e3]la YBeIHYeHUE
CpeIqHel CKOPOCTH JIBHXKEHHS MOXKET IPUBO-
JIUTB KaK K BO3PACTaHHUIO, TaK U K YMEHBIICHHIO
YPD [19]. AHanu3 nmokasaj, 4To KOppemsu-
OHHas CBA3b Mexay YPO u yuactkosoit V
1 TEXHHYECKOH CKOpPOCTBIO V,  XapakTepusy-
ercs kak cinabas. Koaddunuenr koppensuun
C Yy4acTKOBOM CKOpPOCTBIO F,  H3MEHAETCH
B auanaszone ot —0,17 mo 0,09, kosddunueHt
KOPPEJIAIUH ¢ TEXHUIECKOH CKOPOCTBIO 7}, —
B auama3one oT —0,12 no 0,11. Haubonpime
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Puc. 1. [JuazpaMMbI paccesiHUs! 3Ha4yeHull W , 8 3a8UCUMOCIU OM 8eUYUHBI:
a) - yyacmkoeoli ckopocmu V, , 6) - mexHuyeckoi ckopocmu V.,
8) — Maccbl cocmasa m,, 2) - Haegpy3Ku Ha ock q [noy4eHo asmopamu].

110 MOJYNIO OTpHIATEIbHbIE KO3(PPUIHEHTHI
KOPPEJSIIHN XapaKTEPHbI TSI TI0€3710B IPYTIITHI
3, a HanOONBIIHE MOJIOKUTEIBHBIC — JUIS TI0E€3-
JoB rpymm 4 u 5.

OTMedaeTcsi OTPHUIATENBHBIN XapakTep
BIUSHUSA Ha YPD ydacTKOBON M TEXHUYECKOH
CKOPOCTH JUISl TOE3[]0B I'PYHIBI 3, KOTOPBIN
MOJKET OBITh CBA3aH CO 3HAUUTEIbHBIMH SHEP-
TEeTHYECKUMHM 3aTpaTaMH Ha Pas3ToH IMOE370B
maccoit 6onpme 5500 T mocie OCTaHOBKH.
CyImecTBOBaHNE CTATHCTHYECKH 3HAYMMBIX
TTOJIOXKUTENBHBIX K03(Y(DUIIMEHTOB KOPPEIALIUH
JUIs1 CKOPOCTEN KOHTEHHEPHBIX MOE3/10B U 1O-
e3710B Maccoit MmeHbIe 5500 T cBsA3aHO C TeM,
YTO T0€3/1a HANMEHbIICH MacChl B 3TUX I'PyI-
1ax, UMEIOIIHE, KaK MPaBUIIO, OOIBIIHH yACTb-
HBIH pacxojl, UMEIOT ¥ HAaHOOJIBIIYIO CKOPOCTb.

Koppensunonnas cBsi3p Mexxy YPO u mac-
COIi cocTaBa, COTNIACHO IUarpaMMe pacCcessHus
Ha puc. 1B, TOJKHA XapaKTepHU30BaThCs Kak
CUJIbHAs WIIU OYEHb CHIIbHAs. IIpoBeneHHBIN
KOPPEISIMOHHBIA aHaIn3 Jajl CIEeAYIOIIHE
pe3yabTaTh:

— k03¢ ¢unueHT koppemsinuun YPD ¢ mac-
Coli cocTaBa 7, IMEET OTPULIATEbHBIE 3HATE-

®  Mwup TpaHcnopTa. 2024. T. 22. N2 4 (113). C

HUS JUISL BCEX HCCJIENYEMBIX TPyII MOE3I0B
B KaXKIBIH TIEPHOJI BPEMEHH;

— MOZynb KO3 HUIHMEHTAa KOPPENAIHUHA 7,
nMeeT HanOoMbIINe 3HaYeHUs U1t rpynn | u 4
u u3MeHsercs B auamnaszone ot 0,91 mo 0,67
¢ mpeobIasaHueM CHIIBHON KOPPesIIIOHHON
CBAI3M;

— HAUMEHBIINMH 3HAYCHUSIMH MOIYIIS
ko3 dunrenHTa Koppensnnuy, B ANANA30HE OT
0,60 1o 0,21 ¢ mpeobmaganueM cpegHeit Kop-
PEIAUOHHON CBS3H, XapaKTepU3YIOTCS MO-
e3ga rpynmn 3 W 5, IpH TOM, YTO CpeIHHUE
Macchl 3TUX T'PYII OTIHYaOTCS Oojee deM
B JIBa pasa.

Ha puc. 2 npuBenen rpaduk 3aBucHMOCTH
VPO or m_ 111 MOe3/10K 3a OKTAOPh. MeHbme
3HaYEHUS 7, JUIS TIOE3/I0B TPYTIIBI 3 MOTYT OBITH
00yCIIOBIICHBI TEM, YTO JUIS JIEKTPOBO3a IMPH
OONBIINX Maccax COCTaBa CO3MAIOTCS YCIOBUS
paboTel B peskuMe, ONM3KOM K HOMHHAJIHHOMY,
I7ie TOKOBBIE Harpy3Kd MMEIOT ONTHMAalbHbIC
3HaueHus. JlanpHelee yBeTMYEHUE MaCChl CO-
cTaBa OyzieT MpUBOIUTH K yBenmueHuto Y PO [20].

Jyana3zoHy 3Ha4YCHHI ONTUMAIIBHBIX 110 Be-
nmarHe Y PO Macc cOOTBETCTBYET TOPH30HTAb-
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Puc. 3. fJuanasox macc Ha konuyecmeo ocell Onsi: a - koHmelHepHbIX noe3doe, 6 — 2py30ebix noesdoe [nosyyeHo aemopamu]

HBII y4acCTOK anNIpOKCUMHUPYIOHIENH KPUBOM.
Kpusas, npoiiid ToUKy MHHUMyMa, HauHET
Bo3pacTarh. OHAKO 3TO HE HAIIIO OTPAXKECHHA
Ha pHC. 2, TaK KaK OTCYyTCTBYIOT JJaHHBIE O pabo-
Te cocTaBoB Maccoit 6onee 9000 T Ha uccienye-
MOM Yy4acTKe.

s BBISICHEHUS! NPUYMHEI OoJee crmaboro
XapaKTepa BIMAHHA U3MEHEHU m Ha Y PO s
KOHTEHHEPHBIX MTOE3/I0B OBLIN ITOCTPOCHBI ANa-
TpaMMBI PacCESHUS MacC COCTaBOB B 3aBHCUMO-
CTH OT KOJIMYECTBA OCEH I KOHTEHHEPHBIX
moe3/10B (puc. 3a) ¥ COBOKYITHOCTH OCTATBHBIX
TPYIII IPY30BBIX 1M0€3710B (puc. 30).

Hcxons u3 nuana3oHa U3MEHEHHS Macc JUIs
Ka)XJIOT0 KOJIMYECTBa Oceil Ha puc. 3a, yBenude-
HUE MacChbl KOHTEITHEPHBIX MOE3[0B MPOU3BO-
JUTCS B OCHOBHOM 32 CUET yBEITUUEHHS KOJINYe-
cTBa oceil. 3MeHeHne Macchl y OCTalIbHBIX
TPY30BBIX ITOE€3/10B IPOU3BOIUTCS B OOJIBIIECH
CTEIIEHH, YEM y KOHTEHHEPHBIX OE3/10B, 33 CUET
YBEIHYEHHS HAarpy3K1 Ha 0Cb. DTUM MOXET 00b-

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 76-83

SCHATBCSL Oosiee CiaOblil XapakTep BIHUSHHS
YBEIMYCHHUS M Ha CHIKCHUE VPO i1t KoHTEHR-
HEPHBIX MOE370B.

VBenudenne m_ 3a CYET NOOABIEHHA Ocer
TIPUBOJIUT K OOJIBIIIEMY BO3PACTaHHUIO COITPOTHB-
JICHUSI IBIKCHUIO TI0€3/1a, YEM 32 CUET HOBBIIIIE-
HUS ¢, TaK KaK HEKOTOPbIE COCTABIIAIOIINE OC-
HOBHOTO COIIPOTHUBJICHHUS JBIDKCHHUIO M0E371a HE
3aBUCHAT OT ¢, HAIPUMEP, BO3AYIIHOE CONPOTHB-
JICHHE.

KoppenaunonHuslii aHanu3 B3auMOCBS3H Be-
nuauHel YPD u Harpy3ku Ha och BaroHa ¢
HMEET CIEAYIOIINE PE3yIbTaThl:

— ko3pdunmeHT xoppensuuu YPD ¢ Ha-
TPY3KOM Ha OCh 7, KaK U 1, HMECT OTPHIATeIIb-
HBIE 3HAYCHUS IS BCEX MCCIEAYEMBIX BBIOO-
POx;

— Moxynb ko3 dunmuenra xoppensinuu r,
NMeeT HamOOoJIbIINE 3HAYEHHS I TEX JKe
TPYNI MOE310B, YTO U MOIYJb 7, M M3MEHS-
ercs B nuanasone ot 0,83 mo 0,91;
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Taoauua 2
Pe3yabTaThbl HOCTPOEHHUsI U IPOBEPKH PerpecCHOHHBIX MojieJieil [moyyeHbl aBTopamMu]
| Aj-Koa(m)HuHeHT | p-3HaueHUe R | 5, %

Mozens 1(Ha OCHOBE JaHHBIX O BCEX MOE3IKAX)
A, 133,223 0,81 10,77

. -0,102 0,018

e 0,179 0,001
m, -0,003 0
q -3,192 0
Mozens 2 (Ha OCHOBE JaHHBIX O MOE3/IKaX KOHTCHHEPHBIX MOE3/0B)
A, 146,793 0,65 9,92
Ve -0,097 0,251
Vo 10,165 0,108
m, -0,006 0
q -3,579 0

— HAUMCEHBIIMMHU 3HAYSHHSIMH MOIYJIS
KO3 QHUIMEHTa KOPPEISIIIMY, B JHaNa30He OT
0,44 no 0,78 ¢ mpeobnagaHueM cpegHEH Kop-
PENIALHOHHON CBA3M, XapaKTePU3YIOTCS II0-
e3na rpymnm 4 u 5;

— MOJYIH 7, JUlsi KOHTCHHEPHBIX MOE3/0B
HMMEIOT 3Ha4YeHus B cpejineM B 1,4 pa3a 60i1b-
e, YeM MOJYJIH 7', IJIS OCTAJBHBIX TPyl
moe3/10B — B cpeaHeM B 1,2 pasa.

Pe3ynbraThl MOCTPOCHUST PErPeCCHOHHBIX
MozeNnell IpeacTaBiIeHsl B Taba. 2, B KOTOPOH
CBeJIeHbI 3Ha4YeHUsT A K03 duUIHeHToB perpec-
cuu, K03 PUIMEHTOB AeTepMHUHANK R2, p-3Ha-
YeHHs, a TAKKE CPEIAHIE 3HAYEHNS OTHOCUTEIb-
HBIX TIOTPEITHOCTEH Moziereit .

Ipumenenne moxenn 1 s pacyera w,
KOHTEHHEPHBIX II0E3/I0B JaJI0 CpeHee 3HaYCHUE
oTHOcHuTenbHON norpemrHoctu 10,77 %, npu
TOM, YTO B T€HEPaJIbHON COBOKYITHOCTH MOE3IIKH
KOHTEHHEPHBIX MOE3I0B COCTABIIOT 25,9 %.

Ucxoas u3 3HaueHusT R2, TIOMYIECHHOTO ISt
MOJIENH 2, TOTBKO 65 % aucnepcun W, MOXKHO
OOBSCHUTH paccMaTpUBaeMBIMU (AKTOPAMH.
HcxiroueHne nepeMeHHbIX qu UV He NOBbI-
mIaet 3HaueHue R%, OQHAKO CTAHAAPTHAs OIIHO-
Ka perpeccuu cHmxaercs ¢ 3,41 mo 1,29. Hdns
MIOBBIIICHUS] TOYHOCTU BTOPOH MOJIENH HE0O-
XOIMMO Y4YeCThb U IpyTrHe BIustonme GpakTopsl,
HaIpuMep, MOTOJHBIE YCIIOBHSI.

IIpenBapuTenbHbli pErpecCUOHHBIN aHAIN3,
C y4eTOM JIONOJIHUTEIIbHBIX (PAaKTOPOB MOKa3all,
YTO BO3MOXKHO CHIbKeHHE O 110 4,87 % miisg mo-
nemu 2 u 1o 9,31 % mns monenu 1. Bropas mo-
JieJTb IMeeT OOJIBIINI MOTEHIHAI K TIOBBIICHUIO
TOYHOCTH IIPU BKJIIOYEHHHU B Hee (haKTOpOB MO-
TOHBIX YCIIOBHH, YTO SIBJISETCS NPEIMETOM
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nampHeHmuXx uccienoBanuii. C menp0 MomI-
TBEP)KICHUS HATMYHS 3aBUCUMOCTH MEXTY Xa-
paktepoMm BiusiHUsS (HAKTOPOB HA BEIHYUHY
YIAENBHOTO pacxoa YHEPTOPECYPCOB U COCTAB-
HOCTBIO MOE3/10B, TpeOyeTcsi MPOBe/IeHNE aHa-
JIOTUYHBIX HCCIECAOBAHUNA JJISI IPYTUX MOE3I0-
Y9aCTKOB.

3AKNIOYEHUE

Hcnionp3yeMble B HACTOSIIEE BPEMS Ha JKe-
Jne3HblX poporax Poccuiickoit denepanuu
u ctpan CHI' moxxons! k aHam3y, INIaHHPOBa-
HHUIO B HOpMupoBaHuio TOP He mo3BongroT
MIPON3BOANTH PACUET MPOTHO3HBIX 3HAYCHUH
norpebnenuss TOP Ha TAry ¢ y4eToM COCTaB-
HOCTH IT0€3/I0B.

B crarbe ObuTH TPOaHATM3UPOBAHbI JaHHBIE
0 IOE3/KaX, COBEPIICHHBIX Ha TEPPUTOPUH
Poccuiickoit @eneparyu B rpaHniax 3amagHo-
Cubupckoii xxeneznoit moporu. I[IpoBepka
JAHHBIX yAEIHHOTO PacXofa 3JIEKTPOIHEPTHU
MeTtozoM CTBIOAEHTA [l PA3NMYHBIX THIIOB
IPYy30BBIX O€3/0B MT0Ka3aJia HAININE HEOTHO-
POIHOCTH UccienyeMbIX BEIGopok. [IpoBeneH-
HBII KOppEJSIMMOHHBINA aHanu3a IIupcoHna mno-
3BOJIMJI ONMCATh XapaKkTep M CTENEHb BO3JEH-
CTBUA BIUSIOMUX (AKTOPOB HA yAEIbHBIH
pacxoz AIEKTPOIHEPTHH UCCIEAYEMbIX THIIOB
IPy30BBIX M0e310B. OTMEYAIOTCS CYIIECTBEH-
HBIE Pa3NU4Us BO BIMSHUU BEIUYHMHBI MACCHI
cOCTaBa U OCEBOM Harpy3KH Ha yIelbHBINA pac-
XOJI SIIEKTPOIHEPTHH I KOHTCHHEPHBIX M0E3-
IIOB ¥ T10€340B Maccoii ooisire 5500 T.

Beienenne moe3aoB 1Mo XapakTepHBIM IPH-
3HaKaM B OTZEIbHBIC TPYIIIBI TO3BOJISIET IPOH3-
BOIMTbH MHAWBHIYAJILHBIH NOXOOP BIUSIOLINX

ButoBckas B. B., [laBbigoB A. U., KomsikoB A. A. BnusiHne coctaBHOCTU Noe3aoB Ha XapaKkTep
BO3A4eNCTBUA (pakTOPOB, BNUAIOLLMX Ha IHepronoTpebnexve




(haxTOpPOB, OKA3BIBAIOIINX 3HAYMMOE BO3ICHCT-
BHE Ha dHEpPronorpediIeHune. ITo JaeT BO3ZMOK-
HOCTb MTOBBICUTH TOYHOCTH MOJIENIEH IPOTrHO3H-
POBaHUs 3HAYEHHUH YIETBHOTO Pacxoaa YHEPro-
PECypCOB IS KaXI0TO THIIA TIOC3/0B.
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AHHOTALNA

Heobxodumocms adanmayuu u pa3sumusi aguakoMnaHuli
8 yCrosusix crioxHou u AuHamuyHol cpedsi npedonpedensem
KOMNmeKcHoe cmpameauposaHue 0esimesibHOCMU C 8bISIBIEHUEM
CUMbHbIX U criabbix CMOPOH, 803MOxHocmel u yepo3. Liens uccre-
0osaHus1 3akio4yaemcs 8 nposedeHUU KOMNIEKCHO20 aHanusa
OesimenbHOCMU a8uakoMNaHUU C 8bI0eNeHUEeM OCHOBHbIX Hanpags-
neHuli pazsumusi, Heobxodumbix Ans paspabomku cmpameauu.
UccnedosaHust bbinu 0CHOBaHbI Ha HaY4HbIX NPUHYUNAX cucmem-
H020 No0X00a, 01151 KOMNIIEKCHO20 U3YHEHUS PaanuyHbIX acnekmos
desimenbHoCMU BbITU UCNOMb308aHb1 Pa3HO00Pa3HbIe IMNUpUYE-
ckue memodbl, 8KKYas UHCMPYMEHMbI CMamucmu4ecko2o
aHanusa.

Cxema cmpameauposaHus OessmenibHoOCmU aguakoMnanull
8KI0Yaem aHanu3s hyHKUUOHUPOBaHUs U deKomno3uyuto npob-
71eM ¢ nocnedylwum agpeauposaHueM U paHxuposaHuem
cmpameauti passumus. [Todxod k cmpameauposaHuto desimerb-
Hocmu asuakoMnaHull Ha ocHoee 0606WeHHO20 aHanu3a
8HYMPEHHUX U 8HewHux hakmopos (IFAS/EFAS), OTSW-aHa-
u3a Nokasbleaem MHOXECM80 HO8bIX y2po3. [Tpu 3Mom 0cHog-

Mup Tparcriopta. 2024. T. 22. Ne 4 (113). C. 84-93

CTpaTerMpOBaHMe AeATesIbHOCTU aBUAKOMMAHUU

Mockogckuii 2ocyoapcmeentblil mexHU4ecKull YHU8epCcumen 2palcoancKoll asuayuu;
Poccutickuii s5xonomuueckuil ynusepcumem umenu I B. Ilnexanosa, Mockea, Poccus.
ORCID: https://orcid.org/0000-0003-0865-6621; Web of Science Researcher ID:
F-4750-2019; Scopus Author ID: 56747827800, PUHL] SPIN-x00: 5806-8449; PUHI]

Hasi cmpameeusi pa3gumusi aguakomnaruu (Maxi/Maxi) OomxHa
y4qumbieamsb 3GhheKmugHOe UCNOMb30BaHUE UMEIUWUXCS 803-
MoXHocmell U HakonneHHo20 nomeHyuana. AHanuz OTSW,
A6/1515Cb MeMOAOM CMPame2auyecko20 NaHUPOBaHUsl, 0CHOBAH-
HbiM Ha Moducpukayuu SWOT-aHanu3a, exmoyaem e cebs usyye-
Hue chakmopos 8HymperHel u sHewHel cpeds!. [ns nposedeHus
0aHHO20 aHanu3a co30aemcsi OTSW-mampuya, komopas nos-
801157eM CPasHUMb BHELWHUE 803MOXHOCMU U Y2pO3bl C 8HYMPEH-
HUMU CUMbHbIMU U criabbiMu cmopoHamu, omobpaHHbIMU Ha
0CHOBE OUEHOK 3kcnepmos. o pe3ynbmamam makoeo aHanu3a
MOXHO Oeftamb 8bI1800bI 0 HanuUyuu y moli unu UHoU asuakom-
naHuu 0ocmamoyHo20 KOnu4ecmeo 803MOXHOCMeEU U NOMeH-
yuanbHbIxX y2po3, ckadbiealouwuxcs nod 8nUSHUEM SKOHOMUYE-
CKUX, NOSTUMUYECKUX, CoYUasbHbIX U MEXHOM02UYECKUX hakmo-
pos. OcHosHasi cmpameausi pa3gumusi aguakoMnaHuu AomkHa
bbImb Hanpagnexa Ha ucnob308aHUe UMEIUWUXCS 803MOXHO-
cmeli u nomenyuana (Maxi/Maxi), eknroyas ebisgneHue, 8Hed-
PeHue U peanusayuto Hauboee nepcNeKMUBHbIX cmpameaude-
CKUX HanpaeseHu(.

Kntoyesbie crosa: aguakomnaHusi, cmpameaupogaHue dessmensHocmu, OTSW-ananus, cmpameeus Maxi/Maxi.

C. 84-93. DOI: https://doi.org/10.30932/1992-3252-2024-22-4-11.
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MonHbili mekcm cmambu 8 nepegode Ha aH2ulickull A3bIK Ny6IuKyemcsi 80 mopoll Yacmu daHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.




MATEPUAIbI U METOObI

I'paxkmaHckas aBWanus UMeeT 3HAYUMOCTD
JUTS SKOHOMHUKH JTF000# cTpaHsl, a 1 Poccnn
¢ ee OOITBIIION TepPUTOPHUEH U TeoTrpapuIecKuMI
MacmTabamMu JaHHas OTpacib MPEeIOCTaBIsSET
OoubIIe BO3MOKHOCTH JIJIS Pa3BUTHSL, & B HEKO-
TOPBIX CHUTYAIlUSX CTAHOBUTCS HE3aMEHUMOM.
Tak, ms pationoB kpaitHero Cesepa, Cubupu,
Hanbnero BocToka rpaxianckas aBuanus sBis-
€TCsI OCHOBHBIM CPEACTBOM TPAaHCIIOPTHOTO CO-
OOIIeHUS ¢ APYTUMH PETHOHAMH CTPAHBI.

Asnakommannu Poccnu peannsyroT yTBepK-
JNEeHHBIE CTpPaTeTUYECKHE TLIaHBI Pa3BUTHSA
(puc. 1).

Hayunas npobaema ucciredoganus onpene-
ngeTca KaK KOMIUIEKCHOE CTpaTeTHpOBaHHUE
JIEATCIIBHOCTH C BBISIBIICHUEM CHITBHBIX U C1a0bIX
CTOPOH, BO3MOXKHOCTEH 1 yTPO3, pelIeHne KOTo-
O IO3BOJIUT MOTYYUTh HAyIHO-000CHOBAHHBIE
PEKOMEHIAINA 0 pa3pabOoTKe CTpaTeruii pas-
BUTHSI aBUAKOMITAaHUH B YCIIOBHSIX HEOTIPEICIICH-
HOocTH. OOBEKTOM HUCCICAOBAHUS SBIISCTCS
JIESTENbHOCTD BEAYIINX aBUakoMIiaHuii Poccuii-
ckoit @eneparmm. MapopmarmonHas 6aza wnc-
CJIeTOBaHUS BKITIOYACT CTATUCTHYECKUE JaHHBIC,

JIAHHBIC aBUAKOMITAHUN M JPYTHe MCTOYHUKH.
Teoperuko-mMeTononornyeckas 6aza uccie1oBa-
HUI OCHOBAHA HA HAYYHBIX TMOJOXCHHUSIX CHC-
TEMHOTO0 NoAXo/a. B nccnenoBanuu UCmosb3o-
BAJTHCh SMIUPUUYECKUe MeTOIBL. TakKe B Hcciie-
JIOBaHUH HCIIOJIb30BAIHUCH IKCIIEPTHBIE METOIbI
Y KOHCYJIBTaTUBHBIE CECCHH CO CIICIIUATHCTAMHA
OTpPACIH, KOTOPBIE MTO3BOJIMIIN MOIYIUTH Kaue-
CTBEHHBIE OLIEHKH IO BOIIPOCAM CTPATETHPOBa-
HUSI ICATENIbHOCTH aBuakommanuii. Hayunas
HOBH3HA HCCIIEI0OBAHMUS OTIPEIENISIETCs alanTa-
el MPUMEHUTEIHHO K CTPATErHPOBAHUIO
JEATEIIbHOCTH aBUAKOMIIAHHH METOJOJOTHH
OTSW-ananu3a, metona enbdu, 0000meHus
BHEIIHMX W BHyTpeHHHX ¢akTopoB (IFAS/
EFAS) u np.

OUCKYCCUA

3HAYUMOCTh TEMbI TIOBBIIICHUS KOHKYPEHTO-
CIIOCOOHOCTH TPAHCIOPTHBIX KOMITAHUH Ompe-
JIeJIsIeT aKTyaJIbHOCTh UCCIIEZIOBAaHUM CTpaTeruii
UX Pa3BUTHUS B COBPEMEHHBIX YCIOBHSIX. B 3TOM
IUTAHE MOYKHO BBIJICITUTH Psijl pad0T POCCUICKIX
YYCHBIX, MOCBAIICHHBIX PA3IMYHBIM ACIIEKTaM
atoro Bompoca. Tak, O. 1. [lonnosa, A. B. Bono-

» Crparerust paszsutusi 10 2025 I - HMHHOBALMOHHOE pPAa3BUTHE, BKIIIOYAs

MOBBINICHHE OE30HAaCHOCTH M YIydYlICHHE OOCIYKHUBAHUS MAaCCAKHUPOB.
3HauUTENbHBIE PECYPCHl HANpaBICHBl Ha LH(POBYIO TpaHC(HOPMALHMIO,
Aspohio BHEJIpeHHe oTeuecTBEHHbIX I T-perienuii.
JIOT
P * Crparerus 2027-2028 rr. «30/30» - yBenu4uTh 00beM MaccaKMponoToka Ha 30
MJTH 9eJIOBEK B IOl M YMEHBIIIHTh IIEHbI HA MOJICTHI B 9KOHOMKJIacce Ha 30%.
+ Crpaterns yCTOIYMBOTO PasBHTHS C yTydIIEHHEM KauecTa (IoTa BO3IYLIHBIX
S7 Group ~ CYHOB M NPOTSOKEHHOCTH MAPLIPYTHOM CETH, PEATH3alMs SKOIOTHYECKO
Airlines ~ TONHTUKH (COKpAIlleHHe BBIOPOCOB IAPHUKOBBIX Ta30B M d({eKTHBHOE
moTpebIeHne PECypCOB).
* Peanusyer nporpamMmy COKpAlLIEHHs U3IEPIKEK, IIOBBILICHHS KaueCcTBa CEPBHCA
Utair U1 IACCAKMPOB, TPEH]I Ha KIIMEHTOOPUEHTHPOBAHHOCT.
» Crparerust Ha COBEPIIEHCTBOBAHHE IIPOIIECCOB TEXHUYECKOTO OOCITY>KMBaHHs
BO3IYIIHBIX CYZIOB HA OCHOBE COOCTBEHHBIX JIMHEWHBIX CTAHIHI.
NordStar Ay 2l bt
» Crparerusi pa3sBHTHSI PETHOHAJIBHON MapIIpyTHOH CETH M3 a’ponopToB iora
Poccun.
AzumyT
» Crparerus ¢ OpHeHTallMeH Ha MEXIyHapOIHbIE PEHChl, HA MONOIHEHHE MapKa
Red camoneramu Ty-204/214, Ha noOAroTOBKY K 9Kciulyaramuun MC-21, Ha
- yBenuuenue napka SSJ.
Wings
* Pacmmpenne HU3KOOIOKETHBIX TIEPEBO30K
Smartavia

Puc. 1. OmdenbHble Knioyesble acnekmsl cmpame2u4ecKux naHos poccuiickux aguakomMnaHuii
[cocmaeneHo asmopom Ha 0cHoee daHHbIX, Haxodsuuxcsi 8 omKkpbImomM docmyne].
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xoB, JI. E. MopkoBKMH U3yumin roOanbHbIE
nepcnekTuBsl pa3sutus apuanu [1]. 1. I Kax-
pumanoBa 1 M. A. CokosIoB UCCIeIOBAIN TEH-
JIEHIIMU pa3BuUTHUS aBuaotpaciau Poccuum [2].
M. M. BpyTsH npoBes aHaJIN3 pbIHKA I'pakKIaH-
cKoif aBuaru VIHIUY ¥ BBIAEINI IEPCIEKTUBBI
ero passurtus [3]. MccnenoBaHusi nepcrieKTUB
pa3BUTHUS IpYrUX BUAOB TPAHCIOPTa TAKKe
akryaibHbl [4—7]. A. B. Kopones obocHoBain
MOAXOJIBI K pa3padoTKe CTPaTeruy Macca)up-
CKOT'O TPaHCIOPTa B HOBBIX YCJIOBHSIX HHTErpa-
IMOHHOTO nepeycTrpoiicTBa [8]. Teopus paspa-
OOTKM cTpaTeruii craHOBUTCS Bce Oosee BOC-
TpeOOBAHHOM U HAIPABJICHHOM Ha TIPAKTUYECKOE
BHE/IPEHHE TEOPETUUECKUX OCHOB U METOJ0J0-
rudeckux nonoxenui. KO. B. Hectepos
u A. b. ®paiiMaH ycTaHOBUIM BaXKHOCTh Iapa-
JIUTMBI CTPaTEerniecKoro YIpaBJIeHHs] BO3IYIL-
HBIM TpaHcTopToM [9].

IIpu 3TOM MeTonmoIOTHS CTpaTerupOBaHUS
MPEINPUSATHIA, OTpACIIeH, KOMIUIEKCOB, PETHOHOB
B COBPEMEHHBII IEPHOJI HAXOMUTCS B CTaIUU
¢opmupoBanusi. OcHOBaTeIEM METOA0JIOTHU
CTPaTETUPOBAHUS B POCCUIICKON Hayke U Mpak-
tuke spisercs B. JI. Ksunt [10; 11]. B. JI. KBunT
IpearaeT UCHoIb30BaTh KaKk OCHOBY METOJ
SWOT-ananu3a ¢ JaabHeHIIei JeKOMITO3UIEH
(haxTOPOB 10 YPOBHSIM CTPAaTErn4eCKUX HAIpaB-
JICHWH, 4TO MO3BOJISICT pa3padarbiBaTh 3 dhek-
TUBHBIE CTpaTteruu pa3sutus [12; 13]. B cTpate-
ru OONbIIOE BHUMAaHHE YIENSeTCS aHalu3y
(haxTOpOB BHEUIHEI! U BHYTPEHHEH Cpeabl, I10-
9TOMY MHOTHE WCCJIEJOBAaTeNIN MPOBOAAT (ax-
TOpHBIH aHanu3. Cpean HenaBHUX padoT, CBS-
3aHHBIX C HCClleloBaHuEM (DaKTOPOB Cpelbl,
MOHO OTMETHTh paboty U. B. 3axaposoii [14].
C. E. Pamenckas u 0. B. ducyn npencrasuinu
aHaJIM3 BEIOOpA CTpaTeruu pa3BUTHS aBUALIMOH-
HO komnanuu [ 15].

HecMmotpst Ha mpoBoguMBbIe HCCIIEIOBAaHUS,
aKTyaJIbHOCTh TEMBI CTPaTErUPOBaHHUS JICATEIb-
HOCTH U pa3paboTku 3((heKTHBHON cTpaTeruu
pa3BUTHUS aBUAKOMITAaHWH, B TOM YHUCJIE C yYETOM
(hakTOpPOB HEOIPEEeNIEHHOCTH U ITOCTOSHHBIX
MOJINTUKO-OKOHOMUUECKHX U3MEHEHHH Ha BHEII-
HUX PBIHKax, 00yCJIOBIMBaET HEOOXOAUMOCTh
MIPOBENIEHHSI HOBBIX UCCIIEIOBAHUI.

PE3YNbTATbI UCCNEQOBAHUA

OO01ast cxema CTpaTerupoBaHUA AesATENbHO-
CTH aBHAKOMITaHUH BKJIIOYAET aHAIN3 (PYyHKIHO-
HHUPOBaHMUS U JIEKOMIIO3ULIUIO IIPOOJIEM C IOCIIe-
JYIOUIMM arperupoBaHUEM M PaH)KUPOBaHUEM
cTpareruii pa3Butus (puc. 2).
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[poBoauTest aHaNM3 YeThIpeX rpyIi (JakTopoB
BHEIIIHEHN Cpeibl IeITENbHOCTH aBUAKOMITAaHUH.

[lepBast rpynna (GakTopoB BKIIOYAET IOJIH-
THYeckue (GakTopbl, KaK BHEIIHHE, BKIIOYas
HU3MEHEHHE TeONONUTHYECKONW CUTYallMH, TaKk
U BHYTpPEHHHUE, HAlpaBJICHHbIE Ha pa3BUTHE
IPKIAHCKON aBHALMH, NPUMEPOM KOTOPBIX
SIBJIIETCSl TOCYJapCTBEHHAs MIporpaMma mMoj-
JIep)KKH aBHAaTPAHCIIOPTHOM OTpaciy, IPHHSATAs
B 2022 roxy'.

AHanu3 SKOHOMUYECKUX (haKTOPOB IT0Ka3al,
YTO CpEeIU 3HAYMMBIX JETEPMHUHAHT MOXHO
BBIJIEITUTS!

1. I3MeHeHus 1IeH Ha TOTUIMBO, apEH Iy Camo-
JIETOB U JIp. U COOTBETCTBEHHO NMPHUOBLIN aBHa-
KOMITaHHH.

2. KonebaHusi cripoca Ha aBUaIepeBO3KH CO
CTOPOHBI I1ACCAKUPOB.

3. YBenuueHHe HaJIOrOBOM Harpy3Ky Ha aBua-
KOMITaHHH, B TOM YHCJIE 33 CYET pOCTa aKLU30B
Ha TOIUIMBO, YTO MOXKET YBEJIMYMBAThH 3aTPaThl
ABHAIIEPEBO3UYMKOB M CO3/aBaTh JIOTIOJHUTEIb-
HOe (hruHAHCOBOE OpeMmsl.

4. TocynapcTBeHHbIC TOTAIUH (B YACTHOCTH,
6naromapst uM B 2023 roxy uucTas npuObLIb
ABMAKOMITaHHMH 3HAYHUTEIHLHO BO3POCIIa).

CoumasnbHble (aKTOpbl MOTYT BIIUSTH Kak
TMIOJIOKUTENBHO, TAK U HETaTUBHO Ha JESTEIb-
HOCTbh aBUaKOMITAHUU:

1. Jemorpadudeckue TCHACHIUA MOTYT
MOBJIMSATh HAa TIOTPEOHOCTh B aBUAIEPEBO3KaX
1 B 3aBUCHMOCTH OT 3TOT'0 CO3/1aTh BO3MOXKHOCTH
JUISl HOBBIX MapLIPYTOB WIIM CHHIKEHHS CIIpoca
Ha UMEIOLIHECs.

2. I3MeHeHne MoTpeOUTEeNbCKUX PUBBIYEK
U NPEeANOYTeHNI aBHanacCaKMpOB MOTYT HPH-
BECTH K CHIDKEHHIO CIIPOCa Ha HEKOTOPbIE MapIl-
PYTBI Wi HA000POT, K TIOBBIILIEHUIO JUIsl IPYTHX.

3. VYBenuueHue AOCTyNa K MHPpOpMALUU
U yciyraM IpUBOIUT K TOMY, YTO aBHaracca-
JKHPBI CTAHOBSITCS O0JIee OCBEIOMIICHHBIMH. DTO
I03BOJISIET MIM JIEr'de CPaBHUBATh IIPEJIOKEHHS
Pa3IMYHBIX aBUAKOMIIaHHIA, YTO B CBOIO OYEPE/Ib,
MOBBIILIAET YPOBEHb KOHKYPEHIIMHU: KOMIIaHHH
BBIHY)KJCHBl HE TOJIBKO YJIy4dllaTh KaueCTBO
CBOUX TOBApOB U YCIIYT, HO ¥ IIpe/uiaraTh dosee
ru0Kre W NpUBJIEKaTeNbHbIE YCIOBHUS, YTOOBI
YAEPIKUBATh MACCAKUPOB.

BaxubimMu Qakropamu Makpocpessl sBIIs-
FOTCSI TEXHOJIOTHYECKHE acIIeKThl, KOTOPBIE JUIs

! Pacniopskenne IlpaBurenscra Poccuiickoit deneparmn
oT 25 uronsa 2022 r. Ne 1693, [DnexTpoHHBIH pecypc]:
https://www.garant.ru/products/ipo/prime/doc/404798711/
?ysclid=lzv5ndpc80898790885. Nocrym 27.05.2024.
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AHanu3 JesTelIbHOCTH aBUaKOMITAHHH

R 2

,HCKOMHOCH/IL[I/IS{ HpO6J’I€M Ppa3sBUTHUs aBUAKOMIIaHUH KaK o0beKTa CTpaTerupoBaHus

Amnanu3 Makpocpepl (HanOHaIbHEINH
PBIHOK, MHPOBOH PBIHOK)

PaspaboTka peecTpa BO3MOKHOCTEHT
M yrpo3

AHanu3 BHyTpeHHeH cpebl
JIeATeIbHOCTH aBUaKOMITAHUH

Paspaborka peectpa CHIBHBIX H CIa0BIX
CTOPOH Pa3BUTHUsI aBHAKOMIIAHTHI

DKcrepTHas OLEHKA U PAHKUPOBAHHE
BO3MOXKHOCTEN M yrpo3

OKcrepTHas OLEHKa M PAaHKHPOBaHUE
cI1abbIX CU CHIIBHBIX CTOPOH

. 2

A 2

dopmuposanme Marpull koppensiuu noyeit OTSW

V4

Bosmoxrocty — VTpO3sI — CHIbHBIE

croponbl TS

CHJIBHBIC CTOPOHEI
oS

Bo3moxHOCTH —

crabble CTOPOHBI Vrposs —cnabiie
ow

cropousl TW

| O6001eH I aHaTN3 BHYTpeHHHX 1 BHEIIHNX (aktopos (IFAS/EFAS) |

2
| Konctpyuposanue marpu crpareruit OTSW |

V4

ArpempOBaHHe CTpaTeI‘P[ﬁ Ppa3sBUTHU aBUAKOMIIaHUH

A4

PaH)KPIpOBaHI/IC C’I‘paTCFI/Iﬁ PpasBUTHU aBUAKOMIIAHUH

Puc. 2. Anzopumm cmpamezupoeaHus dessmenbHOCMU agUakoMNaHuu
[paspa6omaro aemopom no aKcnepuMeHmarnbHbIM GaHHBIM U GaHHBIM U3 OMKPLIMLIX UCMOYHUKOE].

JIeSITeTbHOCTH aBUAKOMITAHUM SBJISIOTCS MOJIO-
JKUTETbHBIMU:

1. TIporiecchl aBTOMaTH3alvK TTOBBIIAIOT 00-
1ee KayecTBO OOCITYXMBAaHUS MacCaXKHpPOB,
a TaKkxke 00ecreyrBaloT MUHUMH3AIMIO 3aTpar
aBHUANPEATPUSTHSL

2. HoBble TeXHONIOTHH aBUAIH 00ECTIeUHBAIOT
HaJIeKHOCTh M 0€301acCHOCTh MOJIETOB, a TaKKe
YMEHBIIIAIOT 3aTPaThl Ha OIEePaI[MOHHbIE PACXO/IBL.

3. VBenuueHue Mpou3BOAUTEILHOCTH 000pY-
JIOBaHMA MPEAOCTABISIOT ABUAKOMIIAHUSAM BO3-
MOXHOCTh HCIIOJIB30BaTh CBOM PECypchl Oolee
3¢ dexTuBHO.

AHanu3 BHENIHEH cpelbl MMOKa3bIBACT, YTO
aBHAKOMITAHWHU HaXOMSATCS B BBICOKO KOHKYPEHT-
HOH cpejie, I7ie OHU JIOJDKHBI TIOCTOSIHHO aJ1atl-
THUPOBATHCS K HOBBIM SKOHOMHYECKHM, TTOJTUTH-
YECKUM, COUHAIbHBIM U TEXHOJOTHYECKUM
¢axTopam. J[st ONlEeHKH PBIHOYHOW CHUTyalMu
MIPOBOJIUTCS aHAITU3 YIPpo3 (KOHKYPEHTHBIE CH-
JIBI) ITyTEM pa30MeHHs NX Ha OTAEIbHBIE COCTAB-
JISTIOINHE (JICTePMUHUPYIOMTHE (haKTOPHhI). 3aTeM,
Ha OCHOBE DKCIIEPTHBIX OLIEHOK, ONPE/IeNsIeTCs
3HAYMMOCTB KaXJIOTO 3JIEMEHTa JICKOMITO3UIHH
C YCTaHOBIIEHHEM BECOBBIX KOX((HUIMEHTOB
(tabmn. 1).

® Mup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 84-93
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f’z-'i a Taonuua 1

88 JJjieMeHThI AeKOMIO3MIUH (PaKTOPOB KOHKYPEHTHOI cpeibl aBUAKOMIIAHUH

Ne | DremMeHTBI IeKoMITO3HUIIMH (AKTOPOB KOHKYPEHTHOH CPEIbI Onericu
JKCIEPTOB

1 | Crenens quddepeHnnanny ToBapos/ yCiIyT aBHaKOMITAHUH 2/3
2 | Mons mOKYyNOK Imaccakupa B 00beMe IPoJaxk aBHAKOMIIAHUI 1/3
3 | YpoBeHb JOXOJ0B MACCAKUPOB IS LIETIEBOTO CErMEHTa 2/3
4 | [ons aBuaycityr aBUaKOMIIAHHM B CTPYKTYPE MOKYTIOK Maccakxupa 3/3
5 | KauecTBO aBMayciyr aBUakoMIaHUN 4/3
6 | JoctymHOCTh HH(pOpManuK 00 aBHayCIIyrax ¥ aBUa0Tpaciu 2/3
7 | CrouMocCTh nepeHanpapiIeHus acCaXKupa 1eJIeBOro CErMEHTa Ha Ipyrie aBUallMOHHbIE YCIIYyTH 4/3
8 | Bapbepsl, NPensATCTBYOIME BBIXOY aBUAKOMIIAHUU U3 aBUALIMOHHOM OTpaciu 3/4
9 | Crenens quBepcudukanyuy aBuabu3Heca 4/3
10 | [Torennuan aBuapbIHKa 3/4
11 | CrpemieHre aBHAKOMIIAHUH K JOCTIKEHUIO d()(heKTa «KPUBOH OIBITA 2/1
12 | BennunHa KanuTaaoBIOKEHUH Ul BXOJa aBUaKOMITAaHUY Ha aBUAPbIHOK 3/4
13 | Llensl, cepKuBaOLINE BXOJ HA aBUAPBIHOK 2/3
14 | AKTHBHOCTSH I€iiCTBUiT aBUAKOMITAHHI B OTBET HA IPOHUKHOBEHHE Ha aBHAPBIHOK HOBBIX KOMIaHui | 3/2
15 | YpoBeHb rocy1apcTBEHHOH MOAEPKKH aBHAKOMITaHU I 4/3
16 | locTyrmHOCTB KaHAJIOB COBITA T HOBBIX aBHAKOMITAHUH 2/2
17 | IlpuBepskeHHOCTH K OpeHly aBHAKOMIIAHUI 3/3
18 | KonnuecTBo Ha phIHKE aHAJIOIOB aBHAYCITYT 1/1
19 | Crenenp nuddepeHuuauy aBuaycuyr 2/2
20 | 3HaYMMOCTB JIs MOCTABIMKOB 00BEMA MOKYIIOK ITACCAKHUPOB 4/3
21 | KoopanHaiys AesSTeNbHOCTH aBUAKOMIAHUH 4/3
22 | VpoBeHb COOTHOILICHHS LIEHA/KAYECTBO ISl 3aMEHUTEIS aBHAYCITyT 2/2
23 | JloxomHOCTb aBHAyCIIyT — 3aMEHMTENS aBHAYCITYT 3/2

Hcrounuk: pa3pa60TaHo ABTOPOM IO 3KCTICPUMEHTAJIBHBIM JaHHBIM U OTKPBITHIM JaHHBIM.

Taoauma 2
Onpene.ﬂelme CHJIBI TaBJICHUS (l)aKTOpOB Ha NeATEJIbHOCTh aBUAKOMIIAHUU
j | [puauuHBIe (hakTOpbhI Bnusiaue Bec Cpenusist Orenka W*X
(axropa (axropa OLICHKA C y4eToM
Ha pe3yabtu- | (W) SKCIIEPT- BITUSTHHS
pyonIyo HOTO (axrTopa
OLICHKY thaxropa X)
1 | Crenens nuddepeHnmay aBuayciyr - 0,17 2 5-2=3 0,56
aBUAKOMITAHUH
(HU3Kas — BBICOKasT)
2 | lons aBuanaccaxupa B 00beMe poax + 0,16 1 1 0,16
aBHAKOMIIAHUH (MaJasi — OoMbIIast)
3 | lons aBuaycityr aBUaKOMIIAaHUU B CTPYKTYype | — 0,15 3 5-3=2 0,30
MOKYIIOK Maccakupa (masnasi — GoJibIast)
4 | YpoBeHb JJOXOJI0B ITACCAXKUPOB LIEIEBOTO + 0,21 3 3 0,63
cerMeHTa (HU3KHII — BBICOKUI)
5 | KauecTBO aBHayciayr aBUAaKOMIAHUH - 0,19 3 5-3=2 0,38
(HH3KOE — BBICOKOC)
6 | JocTyn maccaxxupa K HHpOpManuu + 0,11 2 2 0,21
00 aBHayciyrax 1 aBUaoTpacin
(OorpaHUYCHHBII — CBOOOIHBIN)
O1eHKa CHJIBI JABJICHHS HA ABUAKOMITAHHIO CO CTOPOHBI ABHAMACCAXKUPOB 2,23
1 | IToreHuman pocra aBuapblHKa - 0,19 4 54=1 0,19
(MaTbIif — GOJIBIIION)
2 | BennunHa GapbepoB BBIXOA aBUAKOMITAHHU | + 0,24 4 4 0,95
W3 aBHAOTpaCy (HU3KUE — BBICOKHUE)
3 | CTouMOCTb IePEeKIIIOUCHHUS] aBUAIACCAKUPOB | — 0,15 3 5-3=2 0,33

L[EJIEBOTO CErMEHTA Ha JIPyrHe aBHayCIIyTH
(HU3Kas — BBICOKAsT)
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Tabauna 2 (okoHYaAHHE)
OnpenesieHne CUIIbI AaBJIeHHs (PAKTOPOB HA JeATEILHOCTH ABUAKOMIIAHUH

j | [lpuuunHBIe (haKTOPHI Brusiaue Bec Cpensist Onenka W*X
(axropa ¢axropa OIICHKA C y4eToM
Ha pe3yasTa- | (W) SKCIIEPT- BIIMSHHUSA
j2%0114%0) HOTO (axropa
OLICHKY thaxtopa X)
4 | Hauenennocts anaxoMmanuii Ha ekt + 0,16 4 4 0,64
«KPUBOH OIIBITa»
(cnmabast — cusIbHast)
5 | Crenens JMBEPCU(PUKALNN IESATCIBHOCTH - 0,24 1 5-1=4 0,96
aBHAKOMITAaHUH
(HM3Kas — BBICOKas)
OreHKa CHITBI IaBJICHUSI HA aBUAKOMITAaHUIO CO CTOPOHBI CYIIECTBYIOIINX KOHKYPEHTOB 3,09
1 LleHOBBIC TPEH/BI ABUAOTPACIIH, - 0,06 3 53=2 0,12
CIIep)KUBAIOIINE BXOJ] Ha PHIHOK (HH3KHE —
BBICOKHE)
2 | AxtuBHOCTS JIeWCTBUI aBUAKOMITaHUI - 0,10 3 5-3=2 0,20
Ha MOMBITKY HPOHHUKHOBEHHS HOBBIX
aBHAKOMITAaHUH Ha PHIHOK (HH3Kast —
BBICOKas)
3 VYpoBeHb KalUTAJIOBIOKCHUHN AT BXO/Ia - 0,24 3 5-3=2 0,50
aBMAKOMIIAaHUHU B OTPACIb (HU3KUI —
BBICOKHIA)
4| Crenens TIPUBEPIKSHHOCTH MACCAXKUPOB - 0,25 3 53=2 0,50
LIEJICBOTO CErMEHTA K OpeH/y aBHaKOMITAHUH
(HU3Kas — BBICOKAsT)
5| Crenens JIOCTYITHOCTH KaHAJIOB cObITa + 0.2 2 2 0,40
ABHAOTPACIIH JUISI HOBBIX aBHAKOMITAaHUIT
(HU3Kast — BBICOKAs)
6 | Crenenn TOCYIapCTBEHHOMU MOIEPIKKH - 0,15 3 53=2 0,32
aBMAKOMIIAHHH, yke paboTaoIHMX B OTPACIH
(HU3Kas — BBICOKAs)
OreHKa CHITBI JJABJICHUS HA ABUAKOMITAHHIO CO CTOPOHBI HOBBIX KOHKYPEHTOB 2,00
1 KommaecTBo B3auMo3aMeHIEMBIX YCIyT Ha - 0,25 1 5-1=4 1,00
aBHapbIHKe (Manoe — 6oJbIIoe)
2 YpoBeHb qupGepeHIay aBuayciyr + 0,23 2 2 0,46
ABUAKOMITAHUHI
(HU3Kas — BBICOKAs)
3 | 3naunmocts 1 nOCTABIMKOB OBbeMA - 0,3 3 53=2 0,6
TIOKYTIOK AaCCAKUPOB (HU3KAsl — BBICOKAsT)
4| Crenens KOOPJIMHALIUHN JESTEIbHOCTH + 0,21 4 4 0,84
aBHAKOMIIaHUI
(HU3Kasi — BBICOKAs)
OreHKa CHITBI JaBJICHHUs HA aBHAKOMIIAHUIO ¥ KOHKYPEHTOB CO CTOPOHBI TOCTABIHKOB 2,94
1 YpoBeHb COOTHOIICHHUS [IEHA/Ka4eCTBO - 0,7 4 5-4=1 0,70
aBHAYCIIyT
(HU3KHI — BBICOKHI)
2 JIOXOIHOCTh aBHAYyCITyT-3aMCHHTEIS + 0,3 2 2 0,60
aBHaycCIyT (HU3Kast — BBICOKas)
OmeHKa CHIIBI JaBJICHUS Ha aBHAKOMITIAHHIO U KOHKYPEHTOB CO CTOPOHEI IIOSBIICHUS aBUaycIyr-3aMenuTenei | 1,30

Hcrounuk: pa3paﬁoTaHo ABTOPOM I10 SKCTICPUMEHTAJIBHBIM JaHHBIM U OTKPBITHIM JaHHBIM.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 84-93
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Yrpo3a naBjaeHus co CTOPOHBI ITOKyIaTenei

Yrposa
MOSIBIICHUSI
Ha pbIHKE
TOBapOB-
3aMEHUTEIICH

JlaBreHue co CTOPOHBI
MTOCTABIINKOB

KonkypentHoe
JlaBIIEHUE
CO CTOPOHBI
CYIIECTBYIOIUX
KOHKYPEHTOB

VYrpo3sa nosiBieHus
Ha PBIHKE HOBBIX
KOHKYPCHTOB

Puc. 3. Jlenecmkosas duazpaMma KOHKYPeHMHO20 6eHYMapKuHaa
[paspabomara asmopoM no akcnepuMeHManbHbIM, OMKPbIMbIM U CMOOETUPOBaHHEIM OaHHbIM].

Taéauna 3

OcHOBHBIE BO3MOKHOCTH U YTPO3bI 1eITeJIbHOCTH
aBHakoMmnanuii Ha ocHoBe OTSW-ananu3a

BosmoxnoCcTH CuibHbIC CTOPOHBI

Ol | Pacumpenue MappyTHOH CETH: KOMITAaHUS MOXET S1 [ Ilupokas ceTb MapLUIPyTOB: aBUAKOMITAaHUS
PaCIIHPATH CBOIO CETh MapIIPyTOB, YTOOBI IPUBIEYH OCYIIECTBIISIET PETyIISIPHEIC PEiichl B Pa3IHIHbIC
6OJIBIIIE MACCAKUPOB U YBEIUYHUTD CBOIO JOJIO Ha peruons! Poccun 1 3a ee npefensl, odecnednsas
PBIHKE. raccakupaM IIUPOKUI BEIOOp HaIlpaBICHHUIL.

02 | BHempeHue HOBBIX TEXHOJIOTHIl: aBUAKOMIIAHUS MOXKET | S2 KoHKypeHTHBIE LICHbI: aBUAKOMIIAHUS
BHE/IPATh HOBBIE TEXHOJIOTHH TaKHE KaK CHCTEMBI TIpEIaraeT JOCTYITHbIE IIEHBI Ha OHIIETHI,
OpOHUPOBAHMS OHJIAMH, YTOOBI 0OecednTs Oosee BKJIIOYAs CHEIHAIBHBIC TAPUQEL.

YIOOOHEIN U OBICTPBIH TOCTYII K YCIyTaM.

O3 | Ymy4mieHue JOIOIHUTENBHBIX YCITyT: KOMITAaHUSL S3 | be3omacHOCTH IaccaXkUpPOB: B KOMIIAHUH
MOXKET YJTy4IIUTh CBOM OaraskHbIC M TPAHCIOPTHBIC AKTHBHO BHEAPSIOTCSA MEpPbI 0€30MacHOCTH
YCIIyTH TS IPUBJICUCHUS HOBBIX H COXPAHEHHUS ¥ TeXHOJIOTMYECKHEC HHHOBAIINH TS
CYIIECTBYIOIINX MACCAXKUPOB. obecrnieueHus 6e30MacHOro MoJieTa.

O4 | Pacmmpenue coTpyiHUYECTBA C APYTUMH
ABMAKOMITAHUSAMH 1151 O0JIErdeHUs epecagKu
TaccakMpoB MEXJLy peiicamu, a Takxke
COTPYAHHYECTBA HE TONBKO C ABUAKOMIIAHUSMH, HO
U C APYyrUMH OM3HECAMHM B Pa3HBIX OTPACIISAX IS
MOBBIILICHHS Y3HABAEMOCTH OpEH/a U MPUBICUCHHS
HOBBIX KJINEHTOB
Yrpo3st Crma0ble CTOPOHBI

T1 | KoHkypeHIHs ¢ ApyrUMH aBUAKOMITAHUAMH, W1 | He3HauurenbHast ppIHOUHAS 101
TIpeUIaraloIMMH CXOHbIC YCIIyTH U IICHBL ABHAKOMIIAaHUS 3aHUMAeT HeOOIBIIYIO OO

Ha PbIHKE aBUAINePEBO30K, M0ITOMY eit
CII0)KHee KOHKYPUPOBATh C 0oiIee KPYIHBIMU
KOMITAaHHSIMU.

T2 | CokpallieHne KOIMMYecTBa Iy TelIeCTBEHHUKOB W2 | OTrcyTcTBHE IPOrpaMMBI JIOSITBHOCTH JUIS

1 COOTBETCTBEHHO YMEHBIICHHE ACCAKUPOIOTOKA. naccaxupos: [1o cpaBHeHUIO C MUIEpaMH
aBHAKOMIIAHWS CHIIBHO YCTYIIaeT UM B 3TOM
MOMEHTE.

T8 | YBenuuenue TOIIMBHBIX pacxonoB: Hecrabunprocts | W3 | Yerapesiuue TapruHbIe IpyIIbl KOMIAHHH:
LICH Ha PhIHKE TOILIMBA SBIETCS 3HAYUTEIBHOM B cBsi3u ¢ HeCTaOMIIBHBIM PBIHKOM HEKOTOPBIX
Yrpo30ii 11 aBUAKOMITAaHHUH, TaK KaK 3TO 3HAYHTEIBHO aBMAyCIyT ¥ CUIIbHOW KOHKYpEHIHEH co
BIUSET HAa UX (PHHAHCOBYIO yCTOHYHBOCTb. CTOPOHBI aBHAKOMIIaHUI{, aBHAKOMITAaHUH

ClIeyeT alaTHPOBATh CBOO MOIUTHKY IS
YCHIICHHS CBOSH KOHKYPEHTOCIOCOOHOCTH
1 NIPUBIICKATEILHOCTH JUISl TTACCAXKHPOB.

Hcrounuk: paspaGOTaHo ABTOPOM IO SKCIICPUMEHTAJIBHBIM JaHHBIM.
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9KCIHEPTHBIE OHEHKHA:

CTENeHH 3HaYMMOCTH i-OW CHJIbHOW CTOPOHBI /JIsl HCIIOJIb30BAHUS k-0l BO3MOXKHOCTH;
CTEHCHHM 3HAYMMOCTH i-OW CHJILHOW CTOPOHBI AJIsl IPOTUBOACHCTBUS /M-0H yrpose;

CTCIICHU BJIUSHUSA j-OfI ciraboit CTOPOHBI Ha IMEPCIIEKTUBLI UCITIOJIb30BaHU A k-oit BO3MOXXHOCTH,

CTENICHH BIHSIHUSA j-OU CIIA00H CTOPOHBI HAa yCYyTryOJIeHHE BO3MOXKHBIX ITOCIIEACTBAN pean3aui m-ou
YTPO3HI;

BEPOATHOCTH BOSHUKHOBCHUS k-oit BO3MOXHOCTH,
CTENEHb 3HAYUMOCTH k-0il BOBMOKHOCTH JJIs1 pa3BUTHS 6H3Heca;
BEPOATHOCTH BOSHUKHOBCHUS m-ou YIpo3sbI;

CTEICHH TSHDKECTH BO3MOXKHBIX HOCIICICTBUH IIPH PEATIU3ALMH /-0 YTPO3bI.

Puc. 4. kcnepmHas oyeHka coyemaHull 03MoXHOCMel u y2po3 CUnbHbIM U cnabbim CMopoHaM desimenbHOCMU aguaKoMNaHuu.

Taoauna 4
OTSW-anauu3 1esiTeJIbHOCTH ABHAKOMIIAHUY C PEHTHHIOBBIMHA ONleHKAMM
Bosmokaocta (O) Vrpossr (T)
= E
S =
i) =
= > g5 < g g
5 S = == = 9 g
g 2 g8 = £ o7
e 2 2 = Z = g :
E 2 5 EE £ E e £
x g 2z g2 S E
=) 5 S gg &2 g 5
& a S 8 & gg = g
: e = e3 | 58 | g 5
z % = 5 § 2 § 5 = £
g 2 =X £ £ S E 2
=t I g3 > 5 S s g
: g = | 25| 3% | 2E | 2
A m - Ao ) T o =
CubHbe | [TTpnokas cets (5:4;5) (3;5:4) (3;2;3) (5:3:4) (5:4:5) (3;4;4) (2;3:4)
CTOPOHEI (S) MapIIpyTOB
KoHKypeHTHEIC (4;4;5) (2;5:4) (3;2;3) (4;3;4) (5:4;5) (3;:4:4) (4;3;4)
IICHBI
Be30macHOCT (2;4:5) (1;5:4) (1;2;3) (3;3:4) (3:4:5) (2;4;4) (1;3:4)
ImaccaxupoB
CuaGere Hesnaunrensaas | (h%5) (2;5:4) (2;2;3) (4:3:4) (5:4;5) (3:4:4) (2;3;4)
25&(;)?01‘151 PBIHOYHAS 0TS
OtcyTetsue (3;4:5) (4;5:4) (1;2:3) (3;3:4) (4;4;5) (1;4;4) (1;3:4)
MPOrpaMMBbI
JIOSIJIBHOCTH
JUI MacCaXupoB
Yerapesiume (5:4;5) (2;5:4) (3;:2;3) (2:3:4) (5:4:5) (1:4:4) (4:3;4)
Tapu(HBIEe TPYIITBI
KOMITaHUH

Hcrounuk: pa3pa60TaHo ABTOPOM I10 SKCIIEPUMEHTAJIBHBIM, OTKPBITBIM U CMOACJIMPOBAHHBIM JaHHBIM.
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Tadauua 5

Martpuna ¢paxkropo OTSW

CuinpHble CTOPOHSHI (S)

Cnabsie ctopoHs! (W)

Bosmoxknoctu (O)

Crparerun Maxi/Maxi

Crparernn Mini/Maxi

Yrpossr (T)

Crparerun Maxi/ Mini

Crpareruu Mini/Mini

Pesynprupyromas orneHka Y7 3KCIEPTHBIX
MHEHUH PaHXKUPOBAHUS i-yIpO3 OINPEAEISIETCS
10 BBIPAKECHUIO:

Yi =3 Wij « Xij, )
rae Wij —BecoBble KOO((HUIIMEHTHI j-X SJIEMEHTOB
JIEKOMIO3HUIINH i-X yTPO3;

Xij — OLIGHKH j-X DIIEMEHTOB JIEKOMIO3UINN
i-X yTpos3.

Jlanee mpoBOIUTCS KOJIMYECTBEHHAS OLIEHKA
yIpo3 JUIi aHAJTU3UPYEMOH aBUAKOMITAaHWH U €€
IpsIMBIX KOHKYpeHTOB. B Tabn. 2 mpuBenen
MIPUMeEp TaKOH KOJMYEeCTBEHHOH OLIEHKH IpUMe-
HHUTEJILHO K CMOZIEIMPOBAHHBIM JJIS 3TOTO yCII0-
BUSIM.

Pe3ynbpTaThl OLIEHOK KOHKYPEHTHBIX CHII
B TaKOW CMOJIETTMPOBAHHOM CUTYaIMH IIPEJICTaB-
JICHBI Ha auarpamme (puc. 3).

OTSW-ananu3 npeacTaBiseT coO00i METO
CTPaTEernuecKoTo ILUIaHUPOBAHUS, KOTOPBIN
aBusetcs moxupukanueit SWOT-ananu3za
U BKJIIOYAaeT aHajiu3 (aKTOpOB BHYTpEHHEH
Y BHeUIHeH cpenpl. JJaHHBINA aHaIU3 CTPOUTCA
Ha pa3zpaborke OTSW-marpurisl (Tabdm. 3), KOTo-
Ppasi TO3BOJISIET COMTOCTABUTH BHEITHUE BO3MOX-
HOCTH M YI'PO3bl C BHYTPEHHUMH CHJIbHBIMU
U c1a0BIMU CTOPOHAMH, KOTOPBIE MPOIUIN OT-
00p Ha OCHOBE PE3YNBETHPYIOMIUX OIIEHOK AKC-
MIEPTOB.

Ha cnenyromem sTarne nmpoBOAUTCS aHAIH3
COOTBETCTBHSI BO3BMOXKHOCTEH M YTPO3 CHIIbHBIM
1 cl1abbIM CTOPOHAM JIESITEIEHOCTH aBUaKOMITa-
HUH (pHcC. 4).

Pesynsrarel OTSW-ananusa ycinoBHOTO,
CMOJEIUPOBAHHOTO NMpUMepa PEeHTHUHTOBOM
OLIEHKH OT/IEJIFHO B3SITOH aBHAKOMITAHHUH TIPE-
CTaBJICHBI B Ta0. 4.

Ha ocnoBe nonyuennoit OTSW-marpuiisl
(hakTOpOB MOXHO C(OPMHPOBATH YETHIPE H3-
BECTHBIX T'PYIIIBI aJbTEPHATUBHBIX CTPaTETHH
C IpropuTeTaMu Ha cTparernu Maxi/Maxi, KoTo-
prie GopMHpPYIOTCS B pe3yibrare KOMOMHAINU
BO3MO)KHOCTEU M CHJIBHBIX CTOPOH (Ta0II. 5).

CrenoBarenbsHO, 110 pe3yJbTaraM IpoBeieH-
HOTO aHalin3a MOXHO CJeNaTh BBIBOJ, YTO
Y aBHaKOMITaHUH, yCIOBUS e TEIBHOCTH KOTO-

Mup TpaHcnopra. 2024 2. Ne 4 (113). C. 84-93

POl CMOACIHPOBAHEI B XOJI¢ KCIMECPUMEHTA,
HUMEETCS IOCTATOYHOE KOJTMYECTBO KaK BO3MOXK-
HOCTEH, TaK M TIOTCHIMABHBIX YIPO3, BEI3BaH-
HBIX MHOXECTBOM SKOHOMHYCCKHUX, TOIUTHYIC-
CKHX, COITUATBHBIX U TEXHOJIOTUICCKUX PaKTO-
poB. [IpenmoyTHTETFHBIM B pacCMaTPUBACMOM
MpUMepe SBISCTCSA BapHaHT CTPATETUYCCKOTO
MPOCKTUPOBAHUS PA3BUTHs KOMIIAaHWH, HaIlC-
JICHHBIA Ha Peau3aliio HMCIOIIUXCS BO3MOXK-
HOCTEH M HaKOIUICHHOTO moteHnwuana (Maxi/
Maxi), KOTOpBIH HpeanonaraeT pa3paboTKy,
BHE/IPEHHE M OCYIECTBICHHUE PsJia CTPaTeTH-
yecKkuX HampapiieHuid. Cpein HUX OCHOBHAs
BO3MOXKHOCTbH CBSI3aHA C PACIIMPCHUEM MapIil-
PYTHOI ceTn aBuakoMIiaHuu. Pa3sutue mapmi-
PYTHOH CETH YKpPEIUT MO3UIINY KOMIIAHUH Ha
PBIHKE aBHAMEPEBO30K U OOCCIEYUT MPUTOK
naccakupororoka. OHaKo peaau3anuio J1aH-
HOW BO3MOXXHOCTH CTaBWT I10J] YyTpo3y cyiadas
CTOpOHA KOMITAHWH — YCUJICHUEC BHYTPCHHEH
KOHKYPCHIIUH, KOTOpasi MOXKET CHIBHO OTpa-
3UThCS Ha €€ JiesiTeIbHOCTH. C Apyroi CTOPOHBI,
MPOTUBOCTOATH JAHHOU yTPO3e MOMOTYT TaKue
CWJIBHEBIC CTOPOHBI, KaK MIHPOKasl CETh Mapill-
PYTOB ¥ KOHKYPEHTHBIC IICHEI, O1arogaps KOTo-
pBHIM aBHAKOMIIAHUS MOXET CONEPHHUYATH
C IPYTrUMHU aBHAKOMIIAHUSMHU HAa MapIIpyTax
¥ TOIJICPKUBATH CIIPOC HA aBUANCPEBO3KHU.
[Maccaxupel OyayT mMpOMOIKATH BEIOUPATH
OpeH]] aBHaKOMITAHWH H3-3a PHIHOYHBIX IICH Ha
OWJICTHI M BO3MOXKHOCTH BBIOOPA Ky/Ia ITOJICTETh.
Ermie omHUM BaskKHBIM HAITPABICHUEM CTPATETUN
Maxi/Maxi siBisieTcsl pa3paboTKa U peain3arus
MPOTPAMMEBI CHIKCHUS H3ICpKEK. B 1emom,
YTOOBI B MOJHOW Mepe BOCIIOIB30BATHCS BO3-
MOXKHOCTSIMH U TIPOTHBOCTOSTH yrp0O3aM aBHa-
KOMIIaHUU CTOUT CKOHICHTPUPOBATH CBOU
YCWIIHS HA PEIICHUH BBISBISEMBIX TPU MIPOBE-
JICHUHU OITMCAHHOTO BHIIIE aHaNn3a nNpooieM.

3AKNIOYEHUE

Crparernieckoe IJIaHUPOBAHKUE MO3BOJISET
ABHAKOMITAHUSIM TIPEIBUNICTh BO3MOXKHBIC PHCKH
¥ BOBMO)KHOCTH, a TaKXke pa3padarsiBaTh THOKHE
Y aJJANTUBHBIC MOIXOITBI K YIIPABJICHHIO OU3HECOM.

CyI.LIKO 0. . CTpaTerMpoaaHue AeATeNbHOCTU aBMakoMnaHum



B yciioBusix HeonpeIeIeHHOCTH, TAKUX KaK
TIaH/IEMHUH, N3MEHEHNUS KJIMMaTa 1 KOH(IMKTHI,
AaBHAKOMITAHUH BBIHYKJCHBI OBICTPO aJalTH-
pOBaTHCS ¥ BHEAPSTH HHHOBALIUU. DTO MOXKET
BKJIIOYATh B ce0s BHEAPEHHE HOBBIX TEXHO-
JIOTUH, yTy4IlIeHHe CEpBHCa JIJIsl TACCAXKHUPOB,
a TaK)Xe MOMCK HOBBIX PHIHKOB U TAPTHEPCTB.
Crparerndeckoe MBIIIUIEHUE W TPOAKTUBHOCTh
CTaHOBSATCS KIIOYEBBIMH (haKTOpaMH ycIiexa,
MIO3BOJISISL aBUAKOMITAaHUSAM HE TOJIBKO BBIKH-
BaTh, HO M Pa3BUBATHCS B YCIOBHSX IOCTOSH-
HBIX U3MeHeHHH. [{1s1 pazpaboTku spdexTns-
HOU CTpaTeruy pa3BUTHs aBUAKOMIIAHUH HE00-
XOIMMO IIPOBECTH NIyOOKHI aHAIN3 BHYTPEH-
HHUX ¥ BHEUIHUX (PAKTOPOB, BIUSIOMIMX Ha
O6uszHec. BHyTpeHHHE (aKTOpPHI BKIIOYAIOT
B ce0s CTPYKTYpy KOMIaHUH, ee QHHAHCOBOE
COCTOSIHUE, TEXHOJIOTHYECKHE BO3MOXKHOCTH
U 4YeJoBeYecKue pecypcsl. B To ke Bpems
BHENIHUE (aKTOPbI, TaKMe KaK M3MEHECHUs
B 3aKOHO/IaTENIbCTBE, KoJIeOaHMsI [IeH Ha TOTI-
JIMBO, CIIPOC HA aBUAIEPEBO3KH U KOHKYPEHT-
Hasl cpelia, TAKXKe HIPAIOT BAXKHYIO POJIb.

Takum 00pa3om, MMOJXOA, OCHOBAHHBIN Ha
CTpaTerupoBaHUU JICSITEILHOCTH aBUAKOMITAHH I
Ha 0a3e 000OMIEHHOr0 aHanu3a BHYTPEHHHUX
n BHemHUX (axropoB (IFAS/EFAS), OTSW-
aHaJn3a, M03BOJISIET BBIBIATH HOBBIE YIPO3BI
U yYUTHIBaTh B OCHOBHOI CTpaTeruy pa3BUTHA
aBuakommannu (Maxi/Maxi) a¢pekTuBHOE HC-
M0JIb30BAaHUE MMEIOIIMXCS BO3MOXKHOCTEH
1 HaKOIUICHHOTO TTOTEHIINAIA.

[pakTH4eckass 3HAYUMOCTH HCCIIEAOBAHHS
BO3MOXHOCTH BHeapeHuss OTSW-ananuza
B CTpaTETHPOBaHUE JICATEILHOCTH aBUaKOMITa-
HUIl 00ycIIOBJI€Ha aKTyaJbHOCTBIO 3a/1ad pas-
BUTHUS IPaXKIAHCKOH aBHALMK B PAMKaX JOCTH-
JKEHHS HALMOHAJIBHBIX LIeJeil pa3BUTHS, pealu-
3allMM HallMOHAJBHBIX IIPOEKTOB, CBS3aHHBIX
¢ popmupoBanueM 3(h(eKTHBHOM TPaHCIIOPTHON
CHCTEMBI.
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Anpgpeit BTACEHKO

AHHOTALINA

Cmoumocmb nepegosku (mapugp) siensemcsi 00HUM U3
KITH04e8bIX (hakmopos pa3sumus aguampaHcnopmHol cucmems|
(ATC) moboli cmpaHbl, 8 YyacmHocmu Poccutickoli ®@edepayuu.
B cgoto o4epeds, hopmuposaHue mapugha Hanpsmyro 3asucum
om cebecmoumocmu nepesosku U ee cocmagnsiiowux. MpoeHo-
3uposaHue U ModenuposaHue cebecmouMocmu ¢ y4emom 8rusHUS
BHEWHUX (hakmopos NO38OISIEM NOMY4UMb OUEHKY nomeHyuana
u3MeHeHus mapucba, Komopasi Moxem bbimb UCNOb308aHa
8 kayecmee uHOUKamopa HanpaeneHusi passumusi ATC u koppex-
MUPOBKU NOBLIWEHUS ee 3ghchekmusHOCMU.

Llenb uccrnedogaHusi 3akno4aemcs 8 paspabomke modenu
OUEHKU nomeHyuana U3MeHeHus mapucos Ha asuanepesosku
8 Poccutickoli @edepayuu, 8 nepcnekmuge 2030-2040 20008 dnsi
napka mazucmparbHbIX caMonemos UHOCMpPaHHO20 NPOU3go0-
cmea. OueHka nomeHyuasna U3MeHeHus mapuga cmpoumcs Ha
0CHOBE U3MEHEHUS HaUBOee 3HaYUMb X BHEWIHUX COCMABsIoUUX
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cebecmouMocmu nepesosky, Makux Kak cmoumocms monnuea,
yposeHb 20008020 Hanema, CmMouMocmb MeXHUYeCKo2o 0bCiy-
JKueaHusi U pemoHma. Bbibop cocmasnsowux obycroeneH Hau-
bonbwum enusiHUEM Ha Hux 0T20CPOYHbIX (haKmopos.

C noMowbio Mamemamuyecko20 MoAenuposaHus U npume-
HEHUS 9KOHOMUKO-MamemMamu4eckux Memodos, Ha 0CHoge cma-
MUCMUYECKUX U NPO2HO3HbIX aHHbIX, ModesTb anpobuposaHa ons
onpedeneHus1 OUEHKU NOMEHYUanbHO20 USMEHEHUS 8e/UYUHb!
U cmpykmypbI NPSAMbIX 3KCNTyamayUoHHbIX pacxo00e Mazu-
cmparibHbIX CaMosiemos No YKPYNHEHHbIM CmMambsiM pacxodos.
C ucnonb308aHueM cyeHapHbIx donyweHutl onpedeneHbl UHmep-
8arlbl 8apbUPOSAHUS (hakmopos, BNUSIOU4UX HA cebECMOUMOCTb.
Pesynsmam modenuposaHusi nomeHyuana usMeHeHus cebe-
cmoumocmu u mapughos demoHcmpupyemces 0515 dsyx epynn
MazucmparbHbIX KOMMEPYECKUX CaMOonemos: Y3KoIo3esiKHbIX
U WUPOKOGHIOIETSIKHBIX.

Kntoyesbie criosa: asuanepesosku, cebecmoumocm, mapuc, 3KcniyamayuoHHble pacxodb/, Mamemamu4eckoe ModenuposaHue.

3252-2024-22-4-12.

[ns uumuposarusi: Ypronur U. B., Bnacerko A. O. ModenupogaHue oueHKu nomeHyuana UsMeHeHus1 mapugoe Ha asuanepegosku
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BBEOEHUE

CrouMocCTh (Tapud) SABIICTCS KIIOYCBBIM
(hakTOpOM, BIUSIONINM Ha CIIPOC Ha aBHAarepe-
BO3KH. B 10 ke Bpemst Tapud Hanmpsmyro CBs-
3aH ¢ ce0ECTOMMOCTBIO aBHANEPEBO3KH, TO
€CTh 3aBHCHT OT NPSIMBIX U KOCBEHHBIX 3aTpar,
HEOOXOAMMBIX ISl BBIMOJHEHUS MOJIETOB
1 paboTel KomMnaHuu. K OCHOBHBIM CTaTbiIM
pacxomoB, GopMHUPYIOIIUM CceOECTOMMOCTD
aBnabuieTa, OTHOCSTCA OOCTy)KHBaHHE Tac-
CaXXMpoB, Oaraka M BO3AYIIHBIX CyZOB B a3p0-
TIOPTY, 3aTPAThl HAa AaBHAIIMOHHOE TOIUIMBO, HA
peMoHT 1 TexHndeckoe obcnyxuBanue (TOuP)
BO3JYIIHBIX CyJOB, CTPAaXOBAHWE W JIN3UHT,
¢oHI ommaTel TpPyda, 3aTpaThl HAa peKIaMy
W aAMUHHCTPATHBHBIC PACXOJbl, KOMUCCHH
u cOOpBI, adpOHABUTAIIMOHHOE U MeTeoo0ec-
MeYeHNE, aMOPTH3AINIO0 BO3AYIIHOTO CyAHA
[1-4].

BmecTe ¢ TeM Ha CTOMMOCTH aBHAOHIIETOB
TaK)k€ OKa3bIBAIOT BIMSHHE YPOBEHb KOHKY-
PEeHINH W M3MEHEHHE IUIaTEeXECIOCOOHOTO
crpoca HaceJeHHs. Tak, Ha JMHHUAX C OONb-
IITM KOJIMYECTBOM MEPEBO3UNKOB aBUAOUIICTHI
3a49acTyI0 MOTYT IPOAABATHCS HIXKE CeOECTON-
MOCTH Pajyl yAEp KaHUS MO3UIUI KOMIaHUH
Ha pbIHKe. Takke CyIneCTBEHHOE BIUSHUE Ha
CTONMOCTH aBHAOMIIETa OKA3bIBACT M KOMME-
yeckas MOJUTHKa KoMmmaHuu. Ipu 3Tom 3Ha-
YUTEIHHOE BO3/ICHCTBIE OKA3BIBAIOT MIEPHOIBI
BBITIOJTHEHHUS TOJETOB (CE30HHOCTH) [5],
B KOTOpBIE aBHaKOMIaHUH (OPMHUPYIOT pac-
MMCAaHWE M yCTaHABIMBAIOT Pa3HbIC YPOBHH
tapruos. BmecTe ¢ 3TMM aBHAKOMITAaHUH YacTO
MIPUMEHSIOT IPUHIAI [ICHOBOH TNCKpUMHUHA-
MW TTACCAXHUPOB [6], 3aKITIOIATOIIHIICS B TOM,
YTO NMOTPEOUTENH MOTYT IUIATUTH Pa3HYIO
LIEHy 3a OJHY M Ty K€ aBHAIlEepPeBO3KYy. JTO
CBSI3aHO C TEM, UTO, KaK IIPABHIIO, Y ABHAKOM-
MaHUH 110 Ka)KJOMy HalPaBICHHUIO CYIIECTBY-
€T MHOTO Tapu(oOB, OTIMYAIONINXCS yCIIO-
BHSMU U ITpaBuiamMu OpoHupoBanus. K ocHOB-
HBIM «OTpaHUYCHUSIM» OTHOCSTCS [7]: paHHEe
OponupoBaHue (MUHHMaIbHOE BPEMs IO BEI-
JeTa B CyTKax), IPOBEACHNE B TyHKTE HAa3Ha-
yeHUs cyOOOTHETO Bedepa, HauuCIeHne MUAJTb
(OoHYCOB) YACTO JNETAIONIUM ITacCa)Xupam,
BO3MOXHOCTH BO3Bpara/oOMeHa Ouiera, pac-
MMCAaHUE aBHAKOMITaHHH.

Ha neny Omiera TakXe MOXET BIHSATH
MIPUHAJICKHOCTH MOTPEONUTESI K OTIPEIETICH-
HOH conuaisHOM rpynne. Hanpumep, Tapudsr
JUTSI MOJIOZIEKH, IETEH, CTYIEHTOB, TICHCHOHE-
poB. YacTp U3 3TUX COLMATBHBIX TPYII ITOMA-

JIaeT B IPOTrpaMMbl CyOCHIMPOBaHUs aBUaIe-
peBo30K .

OHako, HEOOXOUMO OTMETHTh, YTO 0OJIb-
LIMHCTBO U3 MPE/ICTAaBICHHBIX BbIIE (PaKTOPOB
SIBJISIFOTCSI 2JIEMEHTaMH ONIEPaTUBHOTO YITpaBJIe-
HHI aBUAKOMITaHUEH (ONIepaTUBHOTO yIPaBJIeHHs
noxonamu) [8; 9] U NpakTHYECKH HE CBSI3aHBI
¢ DKCIUTyatupyemoit Texaukoit. [loatomy enun-
CTBEHHBIM ()aKTOPOM, OKa3bIBAIOLIMM CYLIeE-
CTBEHHOE BIIMSIHUE Ha YPOBEHB TapU(a B JJ0JIT0-
CPOYHOM IEPCIIEKTHUBE U CBI3aHHBIM C TEXHUKOH,
SABJISIETCS ce0ECTOMMOCTh aBHAIEPEBO3KH.
VIMeHHO ee n3MeHeHHe B HauOOJbIIIEH CTeleHN
orpeziessieT MOTeHIMANBHBIN 00beM aBHarepe-
B030K [3; 10], BBIpYyUYKY ¥ NPUOBLIb KOMITAHHH.

B Hacrosiiiee BpeMsi MOXKHO BBIJEIUTh Pt
npoOJsieM B 00JIaCTH IKCIUTyaTalli U TeXHHYe-
CKOT0 00CITy’)KMBaHUsI BO3LyIIHOW TeXHUKH [11],
YTO B CBOIO OYepellb MOXET MOTCHIIHAJIBHO
0Ka3aTh CyLIECTBEHHOE BIMSHHE HA CTPYKTYPY
1 BEJIMYMHY DKCIUTyaTallMOHHBIX PACXOIOB U, KaK
CJIE/ICTBHE, MTOBJIEYb POCT YPOBHS Tapu(OB Ha
aBuanepeBo3ku. TakuMm o0Opa3om, 3adaua onpe-
JIeNIeHNs1 TOTeHLalla U3MEHEeHuUs! Tapuda sBIs-
€TCs aKTyaJIbHOM JUIs INIAHUPOBAHUS CTPATETHU
aBUAKOMITaHUI M TPOTHO3UPOBAHUS CIIpoca Ha
aBUAIEPEBO3KU M Pa3BUTHUS aBUATPAHCIIOPTHOU
cucremsl (ATC) B niesiom.

J1nist oripesienieHus NOTEHIUMAIBHOTO U3MEHe-
HUS Tapu(OB Ha aBHANepeBO3KHU B padoTe, ¢ 1o-
MOILBIO Mamemamuyeckozo mooenuposanus [1;
12-14] u “CHOIB30BAHUS CIMAMUCTNUYECKUX
U POCHO3HBIX BXOOHBIX OAHHbIX, UMEBIIUXCS Ha
MOMEHT UCCIIE/IOBaHHS B OTKPBITBIX HCTOUHHKAX,
CO3/1aHa MOJIENb OLIEHKH M3MEHEHHUS BEJIMUMHBI
U CTPYKTYPBI MPSMBIX KCIUTyaTallMOHHBIX pac-
xo10B (IIDP) BO3myIIHBIX CyNOB, BKIIIOYAIOLIAs
cienyrone ykpynHeHHble ctatbu: aBual CM,
TOwuP, omnara Tpyaa neTHOro U KAOMHHOTO KU-
naxkeif, adpornopToBbIE PACXObl, BIAJCHHE.
Cpenun Hanbosee 3HAYMMBIX BHEIIHHUX YCJIOBHH,
BIIMSIONINX HAa OLIEHKY Ce0eCTOMMOCTH Iepe-
BO3KH M0J1 BO3ACHCTBHEM JIOITOCPOYHBIX (PAKTO-
POB, BBIJICJICHBI TPU: CTOUMOCTH ToIuKBa, TOuP
U YPOBEHb IrOJJOBOTO HaJIETa.

J1s BBIZIENIEeHHBIX ()aKTOPOB IPOBEJICH CLIEHAP-
HBI aHaJU3 U3MEHEHUS! U YyBCTBUTEIbHOCTH
CTPYKTYPBI 1 CyMMapHOT'0 3HaYeHHs1 ce0eCTONMO-
CTH aBHarepeBo3KkH. B mnopsiike arpodanmu uc-
TI0JIb30BaHUSI MOJIEIH ISl KaXKJIOT0o U3 (paxTopoB

! Tlocranosnenue [pasutenscrea PO or 02.03.2018 Ne 215.
[DnextponHsIit pecypc]: http://static.government.ru/media/
files/oY69DJH21BsDYTY g9wGksgA7AbENSAVi.pdf.
Joctymn 29.01.2024.
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paccMaTpUBAITKCh CLICHAPHBIC WHTEPBAJIBI BaphH-
posanusi. Ha ocHOBe HOTy4eHHBIX B X071€ anpoda-
X PE3YJIBTATOB M3MCHEHHS CE0ECTOMMOCTH U €€
COCTAaBJISIIOIIUX PACCMOTPEHBI CIICHAPHBIC HHTEP-
BaJIbl M3MeHeHus Tapuda B nepcnekrise 2030—
2040 rr. Pe3ynbrar o11eHOK MOTEHIIMaa H3MEHEHHS
TapudOB MpPeCTaBIICH 11 MATUCTPATTBHBIX CAMO-
JICTOB 3apy0eKHOT0 MPOM3BOZCTBRA.

PE3YIbTATDI
OnpenejieHne HHTEPBAJIOB BAPbHPOBAHUS
¢axTopoB, BIUSIIOIHUX HA Ce0ECTOUMOCTD

Cmoumocms u mun monauea sBISIFOTCS KITFO-
YEeBBIMH YCJIOBUSIMH JUIsl OTIPEZENeHus TpeboBa-
HUI K TOIUTUBHOM 3(PEKTHBHOCTHU TIEPCIICKTUB-
HbIX iBUTarelnell. [IockoiIbKy CTOMMOCTD aBHalu-
OHHOTO TOIUIMBA B PETPOCHEKTHBHBIA NEPHON
CHJIBHO KOPPEITHPOBAlia CO CTOMMOCTBIO He(TH?,
MOXXHO OXKHJaTh, YTO CPEIHSsI CTOUMOCTb TOII-
nuBa Ha nepuoj 2030-2040 rr. cymecTBeHHO
TIOMEHSIETCSI T10] BIUSIHUEM N3MEHEHHSI CTOUMO-
ctu Hedrr. [Tpu 3TOM TOTIONTHUTETEHOE BO3IIEHCT-
BUE OyIlyT OKa3bIBaTh PaCIIMPEHUE UCIIONb30Ba-
HHS CHHTETHYECKOTO aBHATOILIMBA U BBEACHMS
Pa3IMYHOTO BU/IA IIJIATEKEH 3a JIOTIOIHUTEIbHBIE
BBIOPOCHI yIiieposia B arMocdepy — Tak Ha3bIBae-
MOTO «yTIIEpOIHOTO Hajoray [15-17].

J17151 OLIEHKM CTOMMOCTH aBUALIMOHHOTO KEPO-
CHHa B KaueCTBE NMPOTHO3HBIX 3HAYEHUH CTOM-
Moctu HetH B 2030—-2040 romax UCoab30BaHbI
3HaueHus 85—105 nomut. CLIA 3a 6appesb, npu-
CYTCTBYIOILIME TaKK€ B KAaueCTBE JOMYILECHUN
B mporuoze FAA*wu EU* Tlpu takoil nene
He(TH CTOMMOCTH aBHAI[MOHHOI'O KEPOCHHA
coctaBuT oT 730 10 930 mos. 3a TOHHY.

C 0o0muM y>XEeCTOUEHHEM 3KOJIOTHYECKHX
TpeboBanuii B mepuosn 2030—-2050 romos Tpaau-
LIUOHHBIE U TMOPUAHBIE CHIIOBBIE YCTaHOBKHU
B 3HAYMTEJIbHON CTEINIEHW MOTYT MepeiiTH Ha
UCIIOJIb30BaHNE OMO- MIIM CUHTETHYECKOTO TOTI-
nuBa— SAF (Sustainable Aviation Fuel) [Tepexon
K ucroyib3oBaHuto SAF MoXeT cyliecTBeHHO
YBEIMYHUTh (PAKTUYECKYI0 CTOMMOCTH TOILIMBA

2 Jet Fuel Price Monitor. [Dnexrpounbiii pecype]: https://
www.iata.org/en/publications/economics/fuel-monitor/.
JTocrym 29.01.2024.

3 FAA Aerospace Forecast Fiscal Years 2023-2043.
[Onexrponustit pecypc]: https://www.faa.gov/sites/faa.gov/
files/2023-FAA%?20Aerospace%20Forecasts.pdf. Jloctyn
29.01.2024.

4 Hydrogen-powered aviation. A fact-based study of hydrogen
technology, economics, and climate impact by 2050.
[Anexrponustii pecypc]: https://op.europa.eu/en/publication-
detail/-/publication/55fe3ebl-cc8a-11ea-adf7-01aa75ed71al
JTocrym 29.01.2024.
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OTHOCHTEJIBHO MPOTHO3HOM CTOMMOCTH He(TH.
C y4eToM MPOrHO3UPYEMOTO MEXKIyHAPOIHBIM
SHEPreTHYECKUM areHTCTBOM® YBETMUYEHHS JOJIH
TaKoOro TOIUIMBA B OOIIEM O00ObeMe aBHAlMOH-
Horo TortuBa ¢ 10 % B 2030 romy mo 19 %
B 2040 roxy, pakTHyecKkasi CTOMMOCTh aBHAIIH-
OHHOTO TOTIJIUBA MOYKET COCTABUTH OT 864 0L,
CIIIA 3a tonny no 1020 gonn. CIHA 3a ToHHYy.

JIOTIOJTHUTENIBHOE YBEIMYECHUE CTOMMOCTH
HCKOIIAeMOTO TOIUIMBA B OYAyIIIEM TaKKE MOXKET
OBITh CJICICTBHEM PACIIPOCTPAHCHUS MPAKTHKH
BBEJICHHUS YIIEPOAHOro Hajora. B kauectBe
JIOTYIICHHS TIPH PACUETe YBEIUYCHUS CTOUMO-
CTH aBUAIIMOHHOTO KEPOCHHA 3HAYCHHUE YIIICPOJI-
HoOro cOopa MOXeT ObITh NpuHsTO 32 50 1o
CIIA 3a Touny CO,e B 2030 roxy u 200 nom.
CHIA 3a touny CO,e B 2040 rony*, 4to B epe-
pacuyeTe Ha TOHHY CIKUT'aeMOIr0 aBHAIMOHHOTO
KEepOCHHA OyIeT COOTBETCTBOBATh CTOUMOCTH OT
157 no 630 nomnn. CLLIA 3a ToHHYy. B 3TOM Cityuae,
CTOMMOCTh CMECH M3 MCKOIIAaeMOTO U HCKYC-
CTBEHHOTO TomuuBa B 2035 rogy cocTaBUT
1100-1500 momnn. CIIA 3a TOHHY.

B Poccuu B HacTosiiiee BpeMst epPCIeKTUBBI
BBEJICHUS YIJIEPOIHOTO HAJIOTa M IIPOU3BOICTRA
OHMOTOILTHBA IIOKA HE SICHBL. B TO e BpeMs moJi-
HBII OTKAa3 OT MCKOMAEeMOro TOILIMBA MPEACTaB-
JIAETCST MAJOBEPOSTHBIM. CpeHsIsl CTOUMOCTh
TorrBa B Poccuu B 11€710M OTpaxaeT AMHAMUKY
MHPOBBIX II€H, HO B MCHBIIICH CTEIICHU MOIBEP-
KeHa konebaHusiM. Haubonee pealncTuYHbIM
KOpUJOPOM 3HAUEHHU CpeaHeill CTOMMOCTH
aBUAIMOHHOTO TOIUIMBA JUIsl ycioBui Poccwii-
ckot deneparuu Ui TPATUIIMOHHBIX BUraTe-
neit B 2030-2040 roap! npeacTapisieTcs auana-
30H oT 730 monn. CIIA o 1100 momn. CIILIA 3a
TOHHY. [10CKOJIBKY IIeHA aBHATOILTHBA HAa MHUPO-
BOM PBIHKE B IIOCJICTHEE BPEMST ICMOHCTPUPYET
BBICOKYIO BOJIATWJILHOCTb, JIOTIOJTHUTEIILHO OBLIO
paccmotpeno 3Hauenue 1500 momn. CIIIA 3a
TOHHY. ba30BOE 3HAYEHHE CTOMMOCTH aBUATOII-
nuBa npuHATO Ha ypoBHe 850 momn. CIHIA 3a
touHy’ (B tienax 2021 roxa).

3 Aviation fuel consumption in the Sustainable Development
Scenario, 2025-2040. [OnexrpoHHSIii pecypc]: https://www.
iea.org/data-and-statistics/charts/aviation-fuel-consumption-
in-the-sustainable-development-scenario-2025-2040 Jloctyn
29.01.2024.

¢ Hydrogen Insight 2021. [DnexTpoHHBIil pecypc]:
https://hydrogencouncil.com/wp-content/uploads/2021/02/
Hydrogen-Insights-2021.pdf Joctyn 29.01.2024.

7 ®eepanbHOE areHTCTBO BO3JYIIHOIO TPAHCIOPTA.
[Dnexrpounstit pecypc]: https://favt.gov.ru/dejatelnost-
ajeroporty-i-ajerodromy-ceny-na-aviagsm/ Jloctyn
05.03.2022.
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Puc. 1. Asponopmoenbie pacxo0bl [6bINOHEHO agmopamu].

3ampamul na TOuP sBNAI0TCS BaXKHOHM CO-
crapJstonei cedecronmocth. [TockonbKy B 001b-
IIMHCTBE PAacCMaTPUBAEMBIX B HCCIIEAOBAHHH
COBpEMEHHBIX BO3AyIIHBIX cynoB (BC) B Poccun
HCTIONB3YeTCs] OONBIIOE KOTMYECTBO KOMILIEK-
TYIOIIX U TEXHOIOT Ui HHOCTPAHHOTO IPOHM3BOI-
CTBa, B YHCJIE MCXOJHBIX NMPEANOCHUIOK IPU
(hopMHUPOBaHNH CLICHAPHEB IPHHATO yBEINUCHIE
PacxomoB O JaHHOMU CTaThe, B TOM YHCIIE 32 CHET
KyPCOBBIX M3MEHEHHH CTOMMOCTH, YCIOKHCHUS
U yAOPOXKaHHUS JOTHCTUKH JOCTABKH 3aIT4acTeil.
Tak kak To4HOE cOalaHCHPOBAHHOE 3HAYCHUE
OTHOCHUTENFHOTO M3MEHeHus 3arpar Ha TOwuP
B HACTOsIIIee BpeMs MpeICKa3aTh HEBO3MOXKHO,
B Ka4€CTBE CIIEHAPHBIX JOMYIIICHUH 111 MOJENb-
HBIX pacdyeToB KO3(PPHUIIMEHTHI YIOpOKAHUS
TOwuP Ha neTHBINH Yac OBUIN NPUHSTHI PABHBIMU
1 (6e3 ynopoxanus), 1,3 (He3HaYUTETBHOE YII0-
poxanue) u 1,7 (CHIBHOE yIOpOXKaHHE).

Yposenv 20006020 nanema TecHO CBsI3aH
C BO3MOXXHOCTBIO mpoBeneHust TOuP u oxassl-
BaeT NPAMOE BIMAHHUE HA 00bEM BBIIOIHIEMOH
paboThl B rof. CHIKEHHE NaHHOTO ITOKa3aTems
IIPUBOUT K MPONOPIHOHAIBLHOMY CHIKEHHIO
roJI0BOro o0beMa pabOThl U, COOTBETCTBEHHO,
TaKOMY K€ POCTY YAEIbHOI CTOMMOCTH Blajie-
HUS BO3LYLIHBIM CYIHOM.

IIpu mpoBelneHUH MOAENBHBIX PacyeTOB
YPOBEHB TOJIOBOTO HaJIeTa, OTHOCUTEIBHO XapakK-
TepHOro Ui rpynn BC, nis Tpex runorernye-
CKHUX CIIeHapHeB ObUT NPUHAT Ha ypoBHe 1 (co-
XpaHeHue Haneta), 0,85 (He3HauuTeIbHOe CHU-
skeHue HaneTa), 0,7 (CUJIbHOE CHIKEHUE HAJIeTa).

Pacxodvl Ha onnamy mpyda NeTHOTO U Ka-
OWMHHOTO PKHIAXEH I MPOBEACHUS PACUETOB
ObuTH 3a(DMKCHPOBAaHBI Ha XapaKTEPHBIX IS
kiaccoB BC Tekymux ypoBHSIX.

Asponopmossie pacxodsi ObIIN OLIEHEHBI TS
k1accoB BC myTem noity4eHns cpeiHeB3BeIIeH-
HBIX 3HAYECHUH a3pOIOPTOBHIX COOPOB Ha OCHO-
Be 00beMa paboTHI KIAcCOB MO a3ponopTaM
aBuarpaHcropTHoii cucremsl Poccutickoit dene-
pammu (puc 1). B pacuere Ha TOHHY MaKCHMaJb-

HO¥ B3seTHON Maccel (MBM) onu ObutH TipHU-
HATHI Ha ypoBHE okojIo 15 nomt. CHIA s y3ko-
¢rozemsoxubix (Y®) BC u okoso 14 nom. CIITIA
Jutst pokodrozenskabix (ILD) BC.

Ha ocHOBe JJaHHBIX O JIETHO-TEXHHYECKHX Xa-
pakrepuctukax (JITX) ObuUiM OLleHEHBI YPOBHH
MPSIMBIX 3KCIUTyaTalMOHHBIX PACXO/IOB ISl COBpE-
MeHHbIX BC 3apy0e:KHOT0 Ipon3BOICTBA, TI0 KOTO-
PBIM HMEIOTCS TAHHBIC 00 MX TEXHUYECKOM OOJTHKE.

Tak Kak KOMIIOHOBKH U XapakTep NpUMeHe-
HUSI CAMOJIETOB OT KOMITAaHUH K KOMITAHHH MOT'YT
CHIIBHO OTJIMYAThCS, U CPABHUMOCTH PE3YJib-
TaTOB OLIEHKU YPOBHS YIIEJbHBIX PACXO/I0B ObLTH
MIPUHATHI CleAyromue gonyuienus: (1) ams Bcex
BO3IYLIHBIX CYIOB B paMKax OJHOTO Kiacca
TEXHUKH OBLIO IPUHSATO OJJMHAKOBOE 3HAYCHUE
CpellHEro HajieTa, COOTBETCTBYIOIEE KIIACCY
TEXHUKH; (2) A7 BCEX BO3AYIIHBIX CYJOB MPH-
HUMAJIUCh PacCUETHbIE OJHOKJIACCHBIE KOMIIO-
HOBKH CaJIOHa C OJIMHAKOBBIM IIarOM KPecel.

CueHapHbI€ OLIEHKH PAcXOJ0B CIPYIIUPO-
BaHbI 110 JIBYM pacCMaTpUBaeMbIM Kjaccam
KOMMEPYECKHX MAaruCTpalbHbIX CaMOJIETOB:
Y3KO(IO3EIDKHBIE CAMOJIEThI, ITUPOKO(IO3EISIK-
HBIE CaMOJIETBI.

C uiesbro onpeeeH s HOTEeHIMala U3MEHEHH s
ce0eCTOMMOCTH TIEPEBO3KU PACUEThI IIPOBEICHBI
MCXOIs1 M3 0A30BBIX CLICHAPHBIX 3HAYCHHUH OTCUETa
MHTEPBAJIOB U3MEHEHHsI TPEX PaccMaTprUBAaEMBbIX
¢axropos: (1) croumocth TorutkBa — 850 1O,
CIIA; (2) — ynopoxanue ctoumoctt TOuP —0 %;
(3) camxenue ypoHst Hasera— 0 %. [Tockomnbky 3tu
(hakTophl 000COOICHHO BIIMSIOT HA HE 3aBHCSIINC
JIPYT OT JIpyTa CTaTbH PacXOJIOB, UX BIMSHUE MOKHO
paccMarpHBaTh 110 OTIEITBHOCTH.

Jliist onpenieneHus ce0ecTOMMOCTH, Ha OCHO-
B€ OTKPBITHIX JaHHBIX *° 0 IIepeBO3Kax MaccaKu-
POB U IPy30B, OIPE/IEIICHbI CPEAHUE NATBHOCTH

8 FlightRadar24 [Onexrpounsiii pecypc] https:/www.
flightradar24.com/. loctyn 29.01.2024.

® MepepanpHas Ciy)0a TOCyIapCTBEHHON CTATHCTHKU
[OnexTpounsrit pecypc] https://fedstat.ru/. Joctyn
29.01.2024.
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Puc. 2. YdenbHble npsiMble 3KcnyamayuoHHble pacxodb! Y& BC e pacyeme
Ha a) Kkpecno-kusoMemp u 6) MOHHO-KusIOMemp [paccyumaHbi asmopamu].

IMEPEBO3KU IJId pacCMaTpUBAC€MBbIX KJIaCCOB
ABUATCXHHUKHU.

OneHKa NPSMBIX IKCITYATALHOHHBIX
pacxonoB MarucTpaiabHbix BC

OueHKka NPSIMBIX IKCILTyaTallMOHHBIX PAcXo-
noB (ITOP) momydeHa ¢ MOMOIIBIO MaTeMaTH4e-
CKOTO MOJENMPOBAaHHUA M IKOHOMHKO-
MaTeMaTH4eCKUX METONOB, Ha OCHOBE MMEIO-
IIMXCSI CTAaTUCTHYECKUX JJAHHBIX M 3aBUCHMOCTEH
[1; 14]. HanHble pacyeTsl B 3HAYUTEILHOM Mepe
HOCST YCJIOBHBIIl XapakTep, He CBS3aHBI C 3KC-
IUTyaTallMOHHBIMU IIOKa3aTeNsIMH OTJEJIbHBIX
KOMIIaHHI{, He YYUTBIBAIOT U3MEHEHHUH, IIPOU30-
IIEMHX B IEPHOA NOCIe IOATOTOBKH MaTepHa-
JIOB MICCIIEZIOBAHMSA, U UCIOJB3YIOTCS UCKIIIOYH-
TEJBHO JUIS apoOalliy [IPEAIaraeMoi pacueTHOH
MOJIE/IU B paMKaX 3aJaHHbBIX CIICHAPHEB.

MarucrpajbHble Y3K0(}03eIsKHbIe
caMoJIeThI

Ha puc. 2 npencrasieHbl THarpaMMbl yIelb-
HBIX [IOP YO BC B pacuere Ha Kpeclno-KHIOMETP
Y Ha TOHHO-KUJIOMETP B 3aBUCHMOCTH OT JaJlb-
HocTH monera. ONTHUMaJbHbIC YICIbHBIE pac-
XOJIbI MIPH TTACCAKUPCKHUX MEPEBO3KaX JTOCTUTA-
rorest Ha ganpHOCTAX 1900-7000 kM u cocTas-
nsroT B 3aBucuMocty oT BC ot 3,5 10 4,5 11€HTOB

®  Mwup TpaHcnopTa. 2024

CIIIA 3a xkM. J[pana3oHbl OMTHMAIBHBIX JalTb-
HOCTEH MpPH I'Py30BBIX MEPEBO3KaX CMEIICHBI
BiIEBO M HaxoasaTcs B quamnasone 1000-6500 kM.
CTOMMOCTB IEPEBO3KH B 3aBUCUMOCTHU OT MOJIE-
JIM BO3AYIIHOTO cyaHa coctasisieT 0,3—0,4 gort.
CIIA 3a TKM.

VYrenabHbIE MPsIMbIE PAcXOlbl HA CPEIHUX
JaTBbHOCTAX (pUC. 3) COCTABIISIOT ISl TACCAKHP-
CKHX TMEpPEeBO30K B CPEAHEM OKOJIO 4,6 LIEHTOB
CIIA nHa kKM, a ajst rpy30BbIX — 34,3 IIeHTOB
CIIA Ha TKM.

MarucrtpajbHble IIMPOKO(PIO3eNsKHbIE
caMoJIeThl

Ha puc. 4 npencrasnens! yaenbHeie [19P
[II® BC B pacuere Ha Kpecilo-KUIOMETP U Ha
TOHHO-KMJIOMETP B 3aBHCUMOCTHU OT JaTbHOCTH
nosieta. OnTUMaNbHbIE YAeTbHBIE PAacX0/Ibl IPU
MMacCa)KUPCKUX MEPEeBO3KaxX MOCTUTAIOTCA Ha
nanpHOCTIX 4000-14000 KM M COCTaBISIOT
B 3aBucumMocTu ot BC ot 3,1 1o 4 nenros CIIIA
3a KKM. /[Mana3oHbl ONTUMAaIBHBIX TaJbHOCTEH
IIpU TPY30BBIX MEPEBO3KAaX CMEIICHBI BICBO
u Haxoxarcd B nuamnasone 2000—-13000 xkm. 1LID
BC 00najatoT MUHUMAJILHOM CTOUMOCTBIO TIepe-
BO3KH TOHHO-KHJIOMETpPa, KOTOPast B 3aBUCHMO-
ctu ot mozenu BC cocrasager 22—-30 1ieHTOB
CIIIA 3a TKM.

YpronuH U. B., BnaceHko A. O. MogenupoBaHue OLeHKX NoTeHuunana nuameHeHus TapudoB Ha
aBuanepeBO3KW Ha OCHOBE COCTaBNsAOLMX cebecTonMocTH
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0) 6 pacueme Ha MOHHO-KUTIOMEMD

Puc. 3. PacnpedeneHue ydenbHbIX NPSAMbIX 3KCNIyamayUoHHbIX pacxodoe No cmambsm
pacxodoe Yo BC e pacyeme Ha a) kpecnio-kunomemp, 6) moHHo-KunomMemp [paccyumarbl agmopamu].
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0) 6 pacueme Ha MOHHO-KUIOMEMD

Puc. 4. YdenbHble npsiMble 3kcniyamayuoHHble pacxodsi LL® BC e pacyeme
Ha a) Kpecno-kusomemp u 6) MoHHO-KunoMemp [paccyumaHbi asmopamu].
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0) 6 pacueme Ha MOHHO-KUTIOMEMD

Puc. 5. PacnpedeneHue ydesbHbIX NPsiMbIX 3KCNIyamayuoHHbIx pacxodoe LLI® BC no cmambsim pacxodoe
8 pacyeme Ha a) kpecno-kunomemp, 6) MoHHo-kuoMemp [paccyumakrbl asmopamu].
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6) LI® BC

Puc. 6. M3meHeHue NpsiMbIX 3KCNTyamalyuoHHbIX pacxodoe Npu eapLUpPoeaHuU (hakmopos [8bINOMHEHO asmopamu].
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Puc. 7. JuHamuka ydenbHbix pacxodos, He exodsujux 8 [13P [ebinonHeHo asmopamu].

VrenbHbIE IPSIMBIE PACXOIbI Ha CPEIHUX AT~
HOCTSIX (PHC. 5) COCTABISIOT IS TTACCAKUPCKIX
TIEPEeBO30K B cpenHeM okono 3,9 nenta CILIA 3a
KKM, JUIst TPy30BbIX — 26,2 rienTa CIIIA 3a TkM.

BapbsupoBanue pakTopos cedecTOMMOCTH

Hcxons n3 nosmydyeHHOM 1Sl KaKJ0TO Kitacca
BC cTpyKTypbl pacxomoB OICHEHO M3MEHEHHE
CyMMapHO# ce0eCTOMMOCTH TP BapbUPOBAHUN
B IIPEIUTOKEHHBIX BBIIIE HANa30HaX TPeX (ak-
TOPOB OTHOCHTENIBHO 0a30BOTo 3HaueHus. B
Ka4eCTBE CLICHAPHBIX TPUMEPOB IS IOCTPOCHHS
MOZIEIH OBIIIM B3ATHI 3HAUCHHUS:

— CroumocTts ToruBa 730, 1100 m 1500
nmoin. CHIA 3a Torny (14 %, +29 % u +76 %
OTHOCHTENHLHO 0a30BOT0 3HAYEHHS U B YCIIOBHSIX
BBICOKOW BOJIATHIIBHOCTH);

— Veenmuenue croumocta TOuP na 30 %
u 70 %;

— CHmxenne Hanera Ha 15 % u 30 %.

Ha puc. 6 mpencraieHs pe3ynbTaThl MOJEITH-
POBaHMS H3MEHEHNSI MPSIMBIX KCTLTyaTallIOHHBIX
PacxooB MMAacCAKUPCKUX U TPY30BBIX HEPEBO30K
B 3aBHCHMOCTH OT H3MeHeHHUs (pakTopoB it YO
BC u II® BC. U3 nomydeHHBIX pe3yibTaToB
BHJTHO, 4TO 3HAYEHHUSI CPEJTHETO M3MEHEHHS Tapr(a
TIpH 33/TAaHHOM N3MEHEHUH (haKTOpa JUTs TPY30BBIX
1 TIACCAKUPCKHUX TePeBO30K odeHb Omm3ku. [1pn
3TOM C POCTOM CpeIHEN NaTbHOCTH NPUMEHEHHUS
BC nabnromaeTcst yBenM4eHNE BIMSIHUS TOTIIHB-
HOM COCTaBJISIIOLLEN Ha YPOBEHD PAaCXOJOB.

Ouenka usmeHenusi Tapuga

Ecau HUCXOOUTHh U3 NOCTATOYHO HU3KOTO
YPOBHS OIIEPaIlMOHHON PEeHTA0CTBHOCTH ITacca-
KUPCKUX aBHATICPEBO30K (HAIIpUMED, OTIepaIin-
OHHAas peHTa6CJII>HOCTB macCaXupCKUxX aBHUa-
mrepeBo3ok B Poccumn, mo marasiM OO0 «Harmo-
HaJIbHBIC KPECOUTHBIC peﬁTPIHFPl)) OLICHHBAJIaCh

B TOT niepuox B 1-4 %'%), ToBOpHUTh O HATUYUH
YCKOPEHHOTO pocTa Tapuda Mo CPaBHEHHIO
¢ cebecTonMocCThio He ipuxonutes. [Ipu mpomy-
IIEHNH, YTO YPOBEHb PEHTAOEIBHOCTH OydeT
HaXOJHUThCS OKOJO HYJsl, M3MEHEHHEe Tapuda
OyZleT MPOUCXOAUTh CHHXPOHHO C M3MEHEHUEM
HOJIHOH ce0eCTOMMOCTH.

Jlist mepexozia OT MPSIMBIX SKCILTyaTalnoH-
HBIX PAacXoJIOB K TIOJTHOH ce0eCTOMMOCTH He00-
XOJIMIMO y4€CTb IIPOYHE PACXO/BI, HE BXOJSIINE
B [IOP. [IpoBeieHHBIN aBTOpaMH aHAJIN3 CTPYK-
TYpPbI U AMHAMHUKH PaCcXO/I0B MTOKA3BIBAET, YTO X
3HAUEHHE KaK JJIS MacCAXHUPCKUX, TAaK W IS
TPY30BBIX NEPEBO30K B MOCTOSHHBIX II€HAX
¢ 2013 . MeHsIeTCS OYCHB €1a00 1 OIIEHUBACTCS
B opsiaka 0,9 nenra CIIA 3a xkm u oxoo 8,7
nenra CIIA 3a kM (puc. 7).

C y4erom no6aBku, He yuareHHOH B 1P, ompe-
JIETIEHO OTHOCHTEIbHOE M3MEeHeHue Tapua (prc. 8).
HaunbGomnbmmii poct Tapuda mst YO BC u LD BC
OyreT Mpy SKCTpeMaIbHO BBICOKUX [ICHaX Ha TOII-
ymBo. [Tpu arom L1ID BC nemoHcTpupytoT O0MbIImit
pocT Tapuda IpH yIOpOKaHUH TOTUINBA.

AHann3 9yBCTBUTEIBHOCTH Tapuda
K BIMSIONINM Ha cebecToMMOCTh (akTopam
MOKa3aj, YTO IMACTUIHOCTh Tapruda OTHOCH-
TEIHHO YBEITNYCHNUS CTONMOCTH aBHATOILIHBA
cocrasisieT o1 0,26 (YO BC) 10 0,31 (ILID BCO),
oTHOcUTENbpHO ynopoxanus TOuP ot 0,13
(II® BC) no 0,16 (Y& BC), oTHOCHTETHHO
camkenus Hainera ot 0,27 (II® BC) mo 0,29
(Y® BC). B meixom MOXHO OTMETHUTB, UTO
C YBEIMYEHHEM CpeAHEIl ManbHOCTH Iepe-
BO3KH POJIb TOIITMBHON COCTABIISIONIEHN pacTeT.
HanGonpmrass 9yBcTBHTENFHOCTS Tapuda Ha

1 Baitmyxamerosa JI. TpaHcropt: rae 3apbita Mapika? HKP,
6.12.2021, C. 10. [Dnexrponnsiii pecypc]: https://ratings.
ru/files/research/corps/Transport_margin_Dec2021.pdf.
Joctym 29.01.2024.
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Puc. 8. UsmeHeHue mapucha e 3agucumocmu om (haKmopoe, Oka3biearoWux eusHUs
Ha u3MeHeHue ce6ecmoumocmu (8bINOITHEHO agmopamu).

nepeBo3ku s YO BC nabmromaercs xk cHU-
skenuto Hajeta, 1 111D BC — k ctoumoctH
TOILIHBA.

MonenupoBanue nokassiBaet (puc. 9), 4ro
IIPU COYETAHHHU BBICOKHX 3HAYECHHH CIIEHAPHBIX
(hakTopoB (creHapwii 1: CTOUMOCTH TOILUTHBA
1100 nonn. CHIA 3a ToHny, ynopoxxanue TOuP
Ha 70 % u cHmkeHue Haneta Ha 30 %) poct
tapuda g YO BC cocraBur okono 30 %, ans
HId BC —29 %.

B ciydae, eciau Ha TOMJIMBO YCTaHOBATCS
skcTpemanbHblie neHsl (1500 momn. CHIA 3a

50%

40% 30,05% 29,26%
30%
20%
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0%
Yo BC o BC
CueHapuin 1

W CToMmocTb TONAnBa

B TOunP

ToHHY) 1ipu 70 % ynopoxxanun TOuP u 30 %
CHIDKCHUH Hajera (CUeHapuil 2), yBeluueHHe
tapuda cocrasur uis1 YO BC — 43 %, g LD
BC —-45 %.

KPATKUE BbIiBOAbI

B pabote, Ha OCHOBE OLIEHKH NPUPAIICHUN
COCTaBIIOMHX CEOECTOMMOCTH IEPEBO3KH
IpeACTaBICHa MOJEIbh U Ha OCHOBE IIPEIIO-
JKCHHBIX CLICHAPUEB PACCUMTaHA yCPEIHEHHAsI
BEJIMYMHA U CTPYKTypa MPSMbIX 3KCILTyaTallH-
OHHBIX PacXO0J0B MEPEBO3KH MacCaXXupoB

42,86% 44,85%
Y& BC Lo BC
CueHapuit 2

W BnageHune BC n cTpaxoBKa

Puc. 9. Cmpykmypa yeenuyeHusi mapucha Ha nepego3ku e deyx cyeHapusix MoOesu [8bINOTHEHO asmopamu].

®  Mup TpaHcnopTa. 2024

YpronuH U. B., BnaceHko A. O. MogenupoBaHue OLeHKX NoTeHuunana nuameHeHus TapudoB Ha
aBuanepeBO3KW Ha OCHOBE COCTaBNsAOLMX cebecTonMocTH




U IPy30B B aBHAaTPaHCHOPTHOU cucteme PO,
COOTBETCTBYIOLIAs CPEIHEN B3BELLIEHHOM AaJib-
HOCTH TOJIETa Y3KO- M IMHUPOKO(IO3EIIKHBIX
MarucTpaibHBIX caMoieToB. [Ipu crieHapHOM
JMOTMYIICHUU 00 YBEIMYCHHH CTOUMOCTH TOII-
nuBa ¢ 850 1o 1100 gomn./t, croumoct TOuP
Ha 70 % u cHmxennn Haneta 10 30 % ot 6a3o-
BOTO YPOBHS MOJYYEHO, YTO POCT HPSMBIX
JKCILTYaTaIlMOHHBIX PACXOJIOB COCTABUT OKOJIO
36 %, npuuem st YO BC Bkiaa aBual CM —
10 %, TOuP — 14 %, nanera— 12 %, a s 1D
BC Bknang aBualCM — 12 %, TOuP — 12 %,
Hanera — 12 %.

C ydJeToM HalJICHHBIX OIICHOK (PaKTOpOB
M3MEHEHUS Ce0eCTOMMOCTH MEPEBO3KH H TIPU
YCIIOBHH OKOJIOHYJICBBIX 3HAYCHHU peHTa0eNb-
HOCTH aBHAICPEBO30K B aBHATPAHCIIOPTHOH
cucreme Poccuiickoit denepanuy, no pe3yabra-
TaM PacyeTOB MOIYYEHBI OLCHKH M3MCHCHUS
Tapuda Ha IEPEBO3KH.

AmnpoOupoBaHHas B XOJI€ HCCICIOBAHUS
MOJIeNIb U TOJIyYCHHBIE TOIXOIBI K OI[CHKE
W3MEHEeHHs Tapuda Ha aBHATICPEBO3KU MOTYT
OBITH UCIIOJIF30BAaHBI B JaTbHEUIIIEM MIPH MPO-
THO3UPOBAHHUH IMOTCHI[MAIBHOTO CIIpOCca Ha
aBHAaNepPEeBO3KU MAaCCaXUPOB M I'PYy30B Ha
OCHOBE BBOJIa aKTYallbHBIX JAHHBIX, y4eTa
U3MEHSIONIUXCS MapaMeTPOB BHEIIHUX (haK-
TOpPOB.
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Bacunuit XXYKOB

AHHOTALNA

Pasgumue cogpemeHH020 8030yWHO20 mpaHcnopma Hepas-
PbIBHO C8513aHO C NOCMYNamelbHbIM POCMOM 06bEMO8 2py308bIX
aguanepeso3ok. AguayuoHHas ompacrb sensemcs o0Hol u3
camoll HayKoeMKUX U CIIOXHbIX ompacneli akoHomuku. Coomeem-
CMBEHHO MEeXHOMo2UYeCKUe NPOUECChI, Npoucxodsujue 8 ompac-
nu, onupaomcs Ha 00CMUXEHUS HayKu U COBEPWEHCME08aHUU
UHGhOpMaYUOHHO20 0becneyeHuUs], KOmopoe NpuHUMaem yugpo-
8yt hopmy. CK8O3HbIE 4UhPOBbIE MEXHOM02UU HAWIU WUPOKOE
npuMeHeHue 8 passumuu epaxdaHcKol aguayuu cmpaHsl.
Mpedmemom uccnedogaHus 8 amoli cmambe A8nsemcs aHanu3
cywecmeyrouux mexHomoeull Yugposoli mpaHceopmayuu npu
OpeaHu3ayuu npoyecca nepesosku 2py3os. dmom npoyecc
MOXHO pa3deniumb Ha 3manbI; 0hopMIIeHUe Nepeso3ku, obpa-
6omka epy3a Ha cknade omnpaeneHusi, docmaska U 3a2py3ka Ha
6opm 8030ywHO20 CyOHa, Nepesoska, pasapyska u 0ocmaska Ha
cknad npubbimus, obpabomka apy3a Ha cknade asponopma npu-
6bImusi, ebidaya epy3a nonyyamento. Kaxdbll us nepeyuceHHbIx
3manos umeem 8 c8oem cocmase OUckpemHs Il Habop onepayu,
Komopble 8 0buweli cosoKynHocmu npespawjatom OUCKpemHbIl
npouecc 8 HenpepbiBHbIl. OCHOBHBIMU CK803HbIMU LLIGhPO8bIMU

hopMbI.

Bacunuii Ezopoeuy Kyxoe

Mup Tparcriopta, 2024. T. 22. Ne 4 (113). C. 104-110

LinchpoBbie TeXHONOrUM B rPy30BbIX
aBnanepeBO3Kax

Canxm-Ilemep6ypeckuii 20Cy0apcmeeHHblil YHUSEPCUMem epalcoancKoll asuayuu
umenu Iasnoeo mapwana asuayuu A.A. Hosurxosa (CI16I'YTA), Canxm-Ilemepbype,

PUHL] SPIN-x00: 6931-6423, PUHL] Author ID: 525856.
b4 vasizhukov@yandex.ru.

MEeXHOMo2UAMU MOXHO Ha3gamb 60nbwue daHHbIe; HelpomexHo-
1102UU U UCKYCCMBEHHbIU UHMeIiekm; cucmemb! pacnpedeneH-
HO20 peecmpa; K8aHMo8bIe MEeXHOM02UU; HOBbIE NPOU3BOOCMEEH-
Hble MEXHOM02UU; NPOMbILIEHHBIU UHMEPHEM; KOMNOHEHMbI
PPOBOMOMeEXHUKU U CEHCOpUKa; mexHonoauu 6ecnposodHoli cesi3u;
mexHomo2uu eupmyansHol u OoNOoHeHHOU peanbHocmedl.

3adava, nocmaenenHas e uccnedosaHuu, — 3Mo aHanu3
MUPOBO20 U OMEYECMBEHHO20 ONbiMa NPUMEHEHUS 4uhposbIX
mpaHcgopmayuli, yacmu nepeyuCIeHHb X YUghposbIX mexHomoauli
8 Op2aHu3ayuU 2py308bIX NEPEBO3OK 8030y HbIM MPaHCNOPMOM.
Paccmampugaemcs makxe 80npoc opaaHu3ayuu epy308bixX
«xabos» U, KaKk credcmeue, UHMe2payuu epy30ebIx asuanepe-
8030K.

PeweHue nocmasneHHol 3ada4u npedycmampusaem Hasu-
Yue 02paHuYeHuLll, c8s3aHHbIX CO CneyuGhuKoLl nepegosKu epy308,
mak Kak KaxObIli 8ud mpaHcnopma umeem cgou 0cobeHHocmu,
cen3aHHble ¢ 06pabomkoli epy308020 NOMOKa, U Op2aHu3ayust
pabomsi 2py308020 d8opa xene3HodopoxHOU cmaHyuu 6ydem
omnu4YambCs 0m opeaHu3ayuu pabomsl epy308020 mepmMuHasna
asponopma.

Kntoyegble croga: 2py306ble asuanepesosKu, uud)poeble mpchd)opMauuu, mexHo/102u4eckue npouyecchbl, uud)poeb/e nnam-

[ns uumupoganus: Xykoe B. E. Ljughposblie mexHomozuu 8 epy308bix asuanepegoskax // Mup mpaHcnopma. 2024. T. 22. Ne 4
(113). C. 104-110. DOI: https://doi.org/10.30932/1992-3252-2024-22-4-13.

MonHbili mekcm cmambu 8 nepegode Ha aH2ulickull A3bIK Ny6IuKyemcsi 80 mopoll Yacmu daHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE
JlnHaMHKa Ipy30BbIX aBHANIEPEBO30K

Ba)kHOCTH TPY30BBIX aBHAIEPEBO30K BO3pa-
CTaeT Mo Mepe HIKOHOMHIECKOTO pa3BUTHSL. [ py-
30BbIC aBHAIIEPEBO3KH SABIISIFOTCSI HEOTHEMIIEMOH
YacThIO TII00ATBHOI TOPTOBOW cHCTeMBI [1].
AHanm3 TeMIT0B TPy30BbIX aBHAIIEPEBO30K, IPE-
CTaBJICHHBIN B oTueTe MEKT1yHapoIHOM accolua-
mun Bo3mymHoro tpaHcropra (IATA), mokassr-
BacT TOJIOKUTENBHYIO INHAMIKY B TCUECHHE TI0-
CIIeTHUX Tpex JieT. [ToGanbHEIA crpoc Ha aBHa-
TIEPEBO3KH I'PY30B, BBIPayKEHHBIIN KOJIMYECTBEHHO
B ToHHO-KIoMeTpax (Cargo Tonne-Kilometres,
CTK), B okTs16pe 2023 roma cocrasmin 21,9 mupz
TKM. 70 Ha 3,8 % GornbIile M0 CPaBHEHHMIO C aHa-
JIOTMYHBIM ITEPHOIOM Tporutoro roxa. Hecmotps
Ha 3TOT POCT, MOKA3aTelIn OTPACIH OCTAITCA
HECKOJIBKO HI)KE YPOBHSI, CYIIECTBOBABIIETO JI0
TIAHIEMAN. YCTOWUMBHIN exeromnsiii poct CTK
c aBrycra 2023 roma CBHAETENBCTBYET O TIPOHOII-
JKAIOIIEMCS BOCCTAHOBIICHUH MUPOBOTO PBIHKA
TPY30BBIX aBHANCPEBO30K U SBISACTCS MO3UTUB-
HBIM CHTHAJIOM JUTS 3aBEpIICHUS roja ¢ Oonee
BBICOKUMH TOKa3aressiMu (puc. 11).

OO0mas TMHAMHUKA POCTa TPY30BBIX TOHHO-
KHJIOMETPOB C y4ETOM CE30HHBIX KOJIeOaHUH, 13
ordyera IATA, mpencrasieHa Ha puc. 2.

IMoaxoas! K U3yYeHHIO IpeAMeTa
HcCIeI0BAHNSA

Omnepamnuu 1Mo 00paboTKe TPy30B UTPAOT
Ba)KHYIO POJIb B IPY30BBIX aBHAINIEPEBO3KaX, U X
MOXXHO Pa3euTh Ha HECKOIBKO TPYIIL:

— opopMIiTeHHE 3aKa3a Ha OTIIPABKY Ipy3a;

— JOCTaBKa Ipy3a B adspornopT (Ha rpy30BOit
TEePMUHAI a3POIIOPTa);

— 00paboTKa rpy3a Ha CKIIaZe TEpMHIHAIA,
KOMIUIEKC OIepalHi M0 KaTeropupOBaHHIO
rpy3a, B3BEIIMBAHHIO, MAPKUPOBKE, YIAKOBKE,
MaKeTHPOBAHHUIO, KOMIUIEKTOBaHUIO Ha peiic,
npoBepKa 6e30MacHOCTH Ipy3a;

— ohopMITEHHE TTIEPEBO30YHBIX JOKYMEHTOB;

— B3WMaHHe TUIaTHI [2].

JuckpeTHOCTH Tporecca 00pabOTKU Tpy3a
TpeOyeT YeTKOH OpraHu3aluy ImpoLecca, B CBs-
3H € YeM MPOIIECCH I(PPOBHIX TpaHCHopMannii
HaXOIIAT Bce OoJbIIiee MPUMEHEHHUE B 00ectiede-
HUH TIPOLIECCa IPY30IepeBO30K.

Hudposas Tpanchopmaims — 3TO MpoIecc,
KOTOPBIH BKIIIOYaeT MHTErPaluio MUPPOBBIX

' TATA Air Cargo Market Analysis October 2023.
[Dnexrponnsiit pecypce]: https://www.iata.org/en/iata-
repository/publications/economic-reports/air-cargo-market-
analysis—-october-2023. Jloctyn 19.05.2024.

TEXHOJIOTHI B Pa3INYHbBIC ACTICKTHI ACSTEIIbHO-
CTH OpTraHHU3aIUH WK OTPACITH, KOPEHHBIM 00pa-
30M MCHSIOIINI METO/IbI BEZICHHSI OM3HECa, ONITH-
MU3UPYIOIINK MPOLECCH U CO3JAIOIINN [eH-
HOCTH [3].

B KOHTEKCTE YCTOWYMBOTO Pa3BUTHS TPAHC-
nopra uugposast TpaHcHopMarys IPEoIaraet
HCIOJIb30BaHUE TEXHOJIOTUI U PELICHUI, OCHO-
BaHHBIX HA JAHHBIX, JUISI PELICHHUS JKOJIIOTHYC-
CKHX, COIIMATIbHBIX U SKOHOMUYECKHX IPo0IIeM,
CBSI3aHHBIX C TPAHCIIOPTHBIMU cucTeMamu [4].

Braromaps ©Cnob30BaHKIO HU(PPOBBIX ILIAT-
¢dopM, cOopy TaHHBIX B PEKUME PEeaTbHOI0
BPEMEHHU U TIEPEIOBON aHATUTHUKE TPAHCIIOPT-
HBIC OPTaHU3AI[UH MOTYT ONITHMHU3HUPOBATH CBOIO
JIESITEIIBHOCTD, CBOJISI K MUHUMYMY TEPErpyKeH-
HOCTb, COKpAIIlasi BpeMs B IIyTH U ONITUMUZHPYS
MapuipyTsl [5].

[IpuBeneHHast Maas 4aCTh KITFOYEBBIX MOJIO-
JKEHUHU, COICPIKALIUXCS B HAYYHBIX CTAThIX,
MOCBSIICHHBIX BOIIpOcaMm IudpoBoii Tpancdop-
Manuu B cepe TpaHCHOPTa, MOJYCPKUABACT
Ba)XXHOCTh HEOOXOJAMMOCTH H3YUYCHHUS ITOTO
BOTIpoOCA.

PE3YNbTATbI
Hundppoeusanus nepeBo304HBIX JOKYMEHTOB

Kax ysxe ObIJIO OTMEYEHO, ITepeBO3Ka rpy3a
HavyMHaeTcsi ¢ 0QOPMIICHUS [IEPEBO30YHBIX JOKY-
MeHTOB. ['py3oBas aBuanaknannas (AWB) —
OCHOBHOM JOKYMEHT, perjaMeHTUPYIOIMHI
npouecc nepeso3kud. AWB peanusyer Huxke-
crenyronye QyHKIMH B COOTBETCTBHU C COAEP-
JKarencs: B Heil nHdopmaren:

— JIOTOBOP IIEPEBO3KH — COITIALLICHUE MEXKAY
IPY300TIIPABUTENEM U IIEPEBO3YUKOM, B KOTOPOM
yKa3aHbl YCIOBUS NIEPEBO3KU I'PY30B;

— CBHJIETEIIBCTBO O MOJTY4YEHUH TOBapa aBHa-
KOMIIaHHEHN — IocJIe MOIMICAHUS 9TO IOpUITIe-
CKOE€ JI0Ka3aTeIbCTBO TOT0, YTO aBHANIEPEBO3UHMK
TIOJIyYHJI TOBap JJIsl IEPEBO3KH (B Cilydae BO3-
HUKHOBEHUS KaKUX-JIMOO CIIOPOB);

— OTCJIeKUBaHUE OTIpaBku — HoMep AWB
SIBJISIETCS BAXKHOW MH(pOpMaLUeH, O3BOJIAIOIIEH
OTCIIe)KUBATh I'Py3 (TaKKe B HEW yKa3aHbI J1eTa-
JI MapIIpyTa ¥ KOkl a@3POIIOPTOB);

— KOHTaKTHasi HH(opMaIus Bcex CTOPOH —
KOHTAKTHBIE JaHHbIE BCEX BOBIEUEHHBIX CTOPOH;

— HakJIaJHas Ha NepeBO3Ky — WHQopManus
0 pacxoyiax, CBA3aHHBIX C IPOIIECCOM OTIPAaBKH,
nosToMy AWB MOXeT CIy’XUTh CUETOM WU
HMHBOWCOM BMECTE C NMOATBEPIKIAIOIIHUMU JTOKY-
MEHTaMHM, a TakKXe MOJAEPKUBATh MPOIecC
ydera;

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 104-110
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— TaMOXXEHHasl JEeKJIapanys — 3TO OJUH U3  APOOHYIO HH(OPMALHUIO O CTPAXOBOM ITOKPHITHH.
OCHOBHBIX JOKYMEHTOB, TPEOyeMbIX TaAMOXKCH- Jlis xaxnoil ormpaBku Tpedyercs HaOop
HBIMH OpTaHaMHM Ul pa3pelieHUs IIePeBO3KH  COIPOBOAUTENBHBIX JOKYMEHTOB, KOTOPHIE
IPY30B; HE00X0MMO XpaHHUTh, PACIIPOCTPAHSITh U OT-
— omnMcaHue ToBapa — moApodHas nHpopma-  ciexusars. B 2010 rony IATA mpencrasuna
[Usl O KOJIMYECTBE, BECE, pa3Mepax, CTOMMOCTH  DJIEKTPOHHYIO aBHaHaKJIaAHYIo (e-air waybill
¥ XapakTepe IepeBO3MMBIX TOBApOB; nnn e-AWB), koTopast cTajia ToroBOpoM rnepe-
— PYKOBOJICTBO 10 00pabOTKe M JTOCTaBKE  BO3KH I10 YMOJIYAHHIO IS BCEX IPY30BBIX aBUa-
y Y
TOBapOB — MOT'YT OBITH BKJIIOUEHBI ClienaibHble  IepeBo3ok ¢ | stHBapst 2019 roma. D10 vacTh
MHCTPYKIMHU MO OOPAIEHHIO C OTNPAaBKOH, Ha-  mporpamMmbl IATA 10 37eKTpOHHBIM HEepeBO3-
IIpUMeEDp, U ONACHBIX, XPYIKUX WJIM TPy30B  KaM, HallpaBJICHHOW Ha OLU(POBKY OTPACIH
YYBCTBUTEIBHBIX K IIEpenasaM TeMIEPaTypsl; u niepexos Ha 06e30ymakHbIi Gpopmar. OHa Ha-
— CTpPaxoBOH cepTH(UKAT — CBUAETENLCTBO IpaBieHa Ha IMOBbIMICHHE 3()PEeKTUBHOCTH,
0 TOM, 4TO IPy3 3aCTpaxoBaH, COJAEpIKallee [0-  KadecTBa AaHHBIX, )KOHOMHUYHOCTH M YCTOHYIH-

XKykos B. E. LludpoBble TeXHONMOrM1 B rpy30BbIX aBuanepeBo3Kax
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BoctH (ycrpaneHue 6onee 7800 ToHH Oymaxk-
HBIX JOKYMEHTOB €XKEroJ[HO), a TAKXKe Ha Jpy-
rUe MPEeUMYIIEeCTBa sl HHIYCTPUHU TPYy30BbIX
aBHATICPEBO30OK.

CeronHsi, B COOTBETCTBUY ¢ Pe3omonmei 672
110 MHOTOCTOPOHHUM JJIEKTPOHHBIM aBHAHA-
KJIa{HBIM %, OyMarkKHbIC aBHAHAKIIAIHbIE OOIbIIIe
He TpeOyIOTCsL. ITO 03HAYACT, YTO UMH ITO-TIPEK-
HEMY MOJKHO TIOJTb30BaThCs1, HO IATA 1 ee WwieHbt
B OCHOBHOM ITE€PEILIH Ha 3EKTPOHHYO BEPCHIO,

2 IATA Resolution 672. Form of Multilateral E-Air Waybill
Agreement. [DaexTpoHHbIi pecypc]: https://www.iata.
org/contentassets/783ac75f30d74e32a8eaef26af5696b6/
csc-672-en-28dec2019.pdf. Joctyn 15.03.2024.
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KoTOpas OBICTpee 0OpabaThIBaeTCs 1 0OOMEHMBA-
eTcs, TPOIle B XpaHEHUH U OpPraHW3alliy U Ha-
MHOro Oe3omacHee sl OKpY)Kalomel Cpembl.
Pazpaborano mogpoOHOE pyKOBOACTBO s
9KCIIETUTOPOB O TOM, O TOM, KaK HHTETPHUPOBAThH
e-AWB3.

Hudpossie miardopmsbl
Hudposas Tpanchopmanus opraHu3aLuN
Ipolecca rpy30IepeBo30K BO3AYIIHBIM TPAHC-

3 Sauv, D. E-AWB Implementation Playbook. February
2022. [DnexTpoHHBIH pecypc]: https://www.iata.org/
contentassets/4bc75639b37641ba882e81e5516a020/e-awb-
implementation-playbook.pdf. Toctym 19.05.2024.

® Mwup TpaHcnopTa. 2024. T. 22. Ne 4 (113). C. 104-110
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MIOPTOM UJIET 110 IIYTH CO3/IaHHs IPOTPAMMHOTO
obecrieueHust Ut HUGPOBBIX TIATHOPM.

Hanpumep, «Scope» ot kommanuu Riege
Software — 3T0 moJIHOIEHHAs] TPAHCIIOPTHO-
JKCHEINIUOHHAs TIaThopMa JUIst yIpaBIeHHS
MOPCKHMH ¥ BO3JLyILIHBIMHU MEXK/yHAPOIHBIMU
nepeBo3kaMu ‘. OYHKIHOHATbHBIE BO3MOXK-
HOCTH aBHAalepeBO30K BKIIIOYAIOT aBTOMATH-
yeckoe co3naHue e-AWB, anMuHucTprpoBa-
Hue HomMepa AWB nepeBo3unka, moakiode-
HUE K CHCTeMaM cooOLIecTBa I'Py30BbIX Ie-
PpeBO30K Juist oOMeHa COOOIIEHUsIMU U MHOTOE
Jpyroe.

udposas rpysosas miarpopma Magaya®
aBTOMAaTU3MPYET MHOTOUYHCIICHHbIE paboune
MPOLIECCHI B LETIOYKE [TOCTABOK, BKJIIOYAs MO~
KJIFOYEeHUE MepeBo3YnKoB yepe3 AWB 1 oOMeH
3neKTpoHHBIMH AW B-CO00IIeHUSIMHE.

Logitude® Takxe nmpeaaraeT moJTHOIECHHYO
00JauHy0 IaThOpPMY IUTsl IEPEChUTKU TPY30B
C HaJeXHBIMU cepBucamu e-AWB, xoTopslie
BKJIIOYAIOT HE TOJBKO T€HEepaluio U OOMeH e-
AWB, HO U MOHUTOPUHT CTaTUCTUKU, OTCIIEHKH-
BaHHE CPOKOB JIOCTaBKH, OTYETHOCTh U MHOTOE
Jpyroe.

Smart AWB7 — 5T0 04eHb IPOCTOE B HCIIOIb-
30BaHHUM 00JIAYHOE PellIeHHE, KOTOPOE ITO3BOJISIET
JKCIIEAUTOPaM CO3/1aBaTh, pacleyarbiBarb, OT-
MIPaBJIATh U OTCJIEKUBATH dNEKTPOHHBIE AWB.

AJbTepHAaTHBON NPUOOPETEHUIO KOHKPET-
HOTO MHCTPYMEHTa MOXET OBbITh WHTErpanus
C OJIHOH MJIM HECKOJIBKUMH Tu1aThopMaMu oOMe-
Ha JaHHBIMU. DTH NI0OaJIbHBIE COOOIIECTBa
IPY30BBIX aBUANEPEBO30K 00ECIIEUMBAIOT TOY-
HbIH 1 3¢ dexTuBHBI 00MeH HH(pOpMaIKeid,
00BbeIMHSs BCE CTOPOHBI, YYaCTBYIOIINE B MIPO-
1ecce MepeBo3KH (aBUaKOMITAHUH, TPY30BBIX
areHTOB / SKCIIEIUTOPOB, ar€HTOB 110 HA3EMHOMY
00CITy’)KUBaHHIO, TPY300TIPABHUTEIIEH, TAMOXKHIO
U T.J.).

[TpumepaMu opHUX U3 HanOoJiee KPYMHBIX
W3 HUX SIBJISIIOTCS ClIEyIOLINE.

4 Logistics Software for Sustainable Growth Scope.
[Onexrponnsiii pecypc]: https://www.riege.com/. JJoctyn
19.05.2024.

° Logistics software enabling you to move smarter, faster,
and with full control. [DnexTponHslii pecypc]: https://www.
magaya.com/. Jloctyn 15.03.2024.

¢ Electronic Air Waybill for Freight Forwarders.
[Onexrponnsiii pecype]: https:/logitudeworld.com/eawb/.
Joctyn 15.03.2024.

7 Smart AWB [DuiekrporHbIii pecypc]: https://www.
smartawb.com/. Joctym 15.03.2024.
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TRAXON cargo HUB® ot xommauuu
CHAMP — kpymHeiimas miardopma, obecredu-
BaloOIlasi CEpPBUCHOE OOCIY)XKHBaHHE I'PY30BBIX
aBUAINEPEBO30K, JIEKTPOHHYIO CBA3b MEXAY
6onee uem 100 aBuakoMmnanusiMu 1 Gosee 4eM
3000 skcrieauTOpaMu. ITO IOMOTAET aBTOMATH-
3MpOBaTh OPOHMPOBAHUE, Ollepalui, 00pabOTKy
JOKYMEHTOB M TaMOXXEHHBIE MPOLECCH.
TRAXON nomiep>k1BaeT BCE TUITBI COOOIICHHIA,
Cpeiv KOTOPBIX T€, KOTOPBIE CBS3aHbI C 0OMEHOM
e-AWB, OpoHupoBaHueM, POBEPKOil cTaryca,
coobueHusMu 00 ommoOkax u apyrumu. s
MOAKITIOYEHUS K Tu1aT(opMe MPeIoCTaBISIOTCS
API (uHTEpdelc NPUKIATHOrO MPOrpaMMUPO-
BaHUA).

Bcemupnas uadopmarmonnas cets (WIN)®—
970 11aTdopma, KoTopast 00CITy)KUBAET B OCHOB-
HOM HE3aBUCHMBIX IKCIIETUTOPOB I'PY30B, MPe/-
Jlarasi UM MpocToe MOAKIIYEeHHE K Oojee uemM
160 aBuaKoMIaHusIM JUIs SJIEKTPOHHOTO OPOHU-
poBanus U reHepain e-AWB, oOmeHa u orcie-
xuBaHus. K WIN MoXHO MONy4uTh AOCTyI
yepe3 VHTepHeT uin uepe3 unrterpanuto ¢ API
BeO-cepBuca. Kpome Toro, oHa mpeanaraer Mo-
OMIIBHOE PUIIOXKEHHE ISl TPY300TIpaBHUTEIEH,
KOTOPOE MOAJIEP)KUBAET OTCIICIKMBAHHE OTIIPAB-
JIEHWH, OTIPaBKY 3arpocoB Ha Tapud u Tak ja-
nee.

Cargonaut!® ynpasnser uH(OOPMAHOHHON
miardopmoii Cargo Community B Cxumnxosie
(AMmcrepaam), KpyHEHIIeM ToJIaHACKOM TPy-
30BOM aBuay3siie. OHa nojepKuBaeT 0OMEH
JAHHBIMH MEX/y BCEMH CTOPOHAMH Tpy30Iiepe-
BO30K M ONTHMH3HPYET COOTBETCTBYIOIHE
MIPOLIECCHI B a3POIIOPTY.

Pacnipenesennslii peectp (0/10K4eiiH)
CoBepIlIeHCTBOBAHNE CHCTEMBI YIIPABICHHS
IPY30BBIMHU MEPEBO3KaMU OyIeT peaan30BbI-
BaThCs B CHCTEME PACHPE/ICICHHOTO peecTpa
(6mokueiin). Mcnonb30BaHue 3TOH CHCTEMBI
MTO3BOJIUT clieNiaTh 0osee 3 HEeKTUBHBIM MPOIIeCC
OTCIIC)KHUBAHUSI TPY3a U JBIKCHUE COIIPOBOXK/IA-
IOUIMX TPY3 JHOKYMEHTOB — aBHAHAKIATHBIX,
TaMOKEHHBIX JIeKJIapanuii, ca4eToB-HaKkTyp,
YMaKOBOYHBIX JIHCTOB, MACIIOPTOB OE30MacHo-

8 Traxon cargo HUB. [DnekrponHsiil pecypc]: https://
www.champ.aero/products/champ-ecargo/traxon-cargohub.
JHoctyn 15.03.2024.

® FREIGHTOSCOPE ™. [QnekrpoHHslii pecypc]: https://
www.winwebconnect.com/index.html. Joctym 15.03.2024.
10 Schiphol and Cargonaut start using updated IT cargo
platform. [Qmexrponustii pecypc]: https://www.schiphol.nl/
en/cargo/news/schiphol-and-cargonaut-start-using-updated-
it-cargo-platform/; https://cargonaut.nl/. loctym 15.03.2024.
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CTH, IOBEPEHHOCTEH Ha MOJTy4eHHe TPpy3a U JApY-
rux. Cucrema SJIEKTPOHHOTIO JAOKYMEHT0000-
pOTa ¥ MHTEPHET Bellleil COeIMHSIOTCS B 001Ieit
CHCTEME PacIpeaeIeHHOTO peecTpa.

broxyeiin —3T0 AeleHTpaIM30BaHHAS TEXHO-
JIOTUSI TPAH3aKLMH U XpAaHEHHs! IAHHBIX, KOTOPast
IIOMOT'aeT YaCTHBIM JIMLAM U KOMIIAHUSM Xpa-
HUTD U JACIHUTHCS LIEHHOCTSIMH 0€3 UCIIOIb30Ba-
HUS OOBIYHBIX TOCPETHUKOB [6]. DTO mepeaoBas
TEXHOJIOTHs1, CIOCOOHAsI IEPEBEPHYTh TPA UL -
OHHBIE YKOHOMHYECKUE U COLUAIBHBIE CTPYK-
TYpPbI ¥ 3aMEHUTb UX CHCTEMaMH, KOTOPBIE SIBJISI-
10TCsl OoJiee OCTYIHBIMH, HAJIS)KHBIMH U CTa-
OwnbHbIMH. TexHoMOrHs OJIOKYEHH OCHOBaHA Ha
100aJIbHO paclpeneieHHONW «OyXranTepcKoi
KHUTE», KOTOpasi PETUCTPUPYET U YTBEPIKAAET
TpaH3aKIH1H, UCIIOJIb3Ys CBOWCTBA MAaCIITAOHOM
oxHOpaHroBoi cetu [7]. ba3a maHHBIX OJI0K-
YyeifHa — 3TO MOCTOSHHBINA apXUB TPaH3aKLHUH,
KOTOPBIE MPOUCXOISAT MEXKIY YACTHBIMH JIMLIAMU
WA MEXJY KIUEHTaAMHU M MPEINPUITUIMH.
Cy1ecTByeT MHOXKECTBO peajn3auuii Onok-
YeliHa, KOTOpbIE BCE €Ille HAXOASATCS B CTaJUH
pa3pabotku. CTOMMOCTB TPaH3aKIKMHU AOCTYITHA
JII000MY TIOJIB30BATENIO0 CETU C IPUBHIIETHIMHU
JOCTyTa, YTO JeaeT CHUCTEMY TpaH3aKLIHH
C TMOJJICPKKOW OJIOKUYEiiHA Ype3BhIYAHO MPO-
3payHoii [8]. D10 O4eHb 3aTpyaHSET IPOBEICHUE
MOIIEHHUYECKUX TpaH3akiuil. OiHaKo pH co-
BEpLIEHUU TPaH3aKIUU TOJb30BaTENb CETH
BbIOMpaeT, kakoil MH(opMauendn o cBoei aud-
HOCTH OH XOYET IOAEINUTHCS C OCTAIBLHOM ya-
CTbIO CETH, YTO HPUBOJHUT K HCIIOJIb30BAHUIO
nceBqoHUMOB. [{udpoBrie TexHoOIOrUHM CHO-
COOHBI pa3pyLINTh 3T OAPbEPHI, MO3BOJISS Lie-
TOYKE IIOCTABOK CTaTh O-HACTOSAIIEMY B3aUMO-
CBSI3aHHBIM PBIHKOM, ITOJTHOCTBEO OTKPBITBIM TSI
BCEX 3aMHTEPECOBAHHBIX CTOPOH — OT MIPOHU3BO-
JIUTEJIEH ChIPbsI, TOBAPOB U KOMILIEKTYIOLINX JI0
NIePEBO3YHNKOB FOTOBOM MPOIYKIIMH ITHX OCTAB-
LIMKOB W, B KOHEYHOM CHeTe, JJIsi KOHEYHBIX
nonib3oBarenei [9].

dopMupoBaHue 11EJEBOT0 pelIeHust
NMOCTABJCHHOM 3a1a4H

WHTerpanus UHTEpHEeTa Bellel U TEXHOIOo-
MU OJIOKYEHH B MHTEIJIEKTYalIbHbIE TPAHCIIOPT-
HBIC CUCTEMBI MTOTCHIIMATIBHO CIIOCOOHA MPe0d-
pa3oBarh Ipy30BYyI0 OTpacib, odecrednBas 3¢-
(dexTrBHOE, Oe30MacHOe U JIOCTOBEPHOE OTCIIe-
JKMBaHUE TPy30B M yNpaBlICHHE UMM 10 BCEH
LIETIOYKE TOCTABOK. VICIIONB3Ys JaTYMKH HHTEP-
HeTa BelIeH AJIsl OTCIIEKUBAHUSI TPY30B B PEXKU-
M€ peajbHOr0 BPEMEHHM M XpaHs JaHHBIC Ha

JELEHTPATN30BaHHON TIarGopMe OJOKUYCHH,
MOXXHO YCTPaHUTh IIOCPETHUKOB, CHU3UB 3aTpa-
ThI ¥ NTOBBICUB ITPO3padHOCTh. cnone3oBanue
CMapT-KOHTPAKTOB MOXET aBTOMAaTU3UPOBATh
MHOTHE TIPOLECCH], COKpalllasi py4yHOe BMeIlla-
TEJIbCTBO U IOBBINIAS CKOPOCTh U TOYHOCTH
Tpan3akiuii [10].

TexHoJorus OJIOKYEHH — BEJICHUE pacipesie-
JIGHHOTO peecTpa JOJKHO COOTBETCTBOBATh
npoueccy (HU3MYECKOro IepeMelIeH s Ipy3a u3
IIyHKTa OTIPABKH 4Yepe3 I'Py30BOIl TepMUHAT
MYHKTa OTHPaBKK Ha OOPTY BO3IYIIHOIO CyIHA
B IPy30BOI TepMHHAJI ITyHKTa Ha3HayeHus. [Ipo-
LIECC OTCIISKUBAHUS IBMKECHUS IPy3a HEBO3MO-
skeH 0e3 unTepHera Beuiei (IoT). Murepuer Be-
e, wiu cokpaiieHuo loT, — 3To TepmuH, 060-
3HAUAIOIIMI KOHIIETIIUIO TOAKIIIOUEHHS LIUPO-
KOTO CIIEKTpa yCTpOUCTB K HTepHETY — U apyT
k apyry. [To cytu, loT — 310 orpomHas rmobanbHast
CeTh MOKIIIOYEHHBIX YCTPOKUCTB, PUCIIOCOOIIe-
HUH, MalllMH 1 JIIONIeH, UCTIONb3yomuX ux. Bee
ycrpoiicta, noakitodeHHsie k 10T, codbupator
JTaHHBIE O CBOEM HCIIOJIb30BAHUM U CpPElax,
B KOTOPBIX OHU pabOTaloT, 1 0OMEHHBAIOTCS IMH.
«MutepHer Betuei (10T), sBstsAch BaKHOM 4acThIO
MH(OPMALMOHHBIX TEXHOJIOTHH HOBOTO ITOKOJIE-
HUSI, TOAKITIOYAET JIF000H 00bekT K MHTEepHETY
B COOTBETCTBHMHU C COINIACOBAHHBIM MPOTOKOJIOM
MOCPEICTBOM PaIMOYacTOTHOH UIeHTH(DUKALIIY,
100aTbHOM CHCTEMBI HO3ULIHIOHUPOBAHHUS U JIPY-
roro MHQOPMaIMOHHO-U3MEPUTEIILHOTO 000pY-
JIOBaHUsI 15l 0OMeHa HH(opMaIHei 1 KOMMYHH-
kanuu. HenpepbIlBHOE pa3BUTHE TEXHOIOTHU
HHTEpHEeTa Belled MPHUAalo HOBBIE CHIBI €€
JlabHEHMIIIeMy pa3BUTHIO U YCOBEPIIIEHCTBOBA-
Huto. MHTepHeT TpaHcnopTHeIX cpencts (IoV)
HaxoauTcs B ieHTpe BHUManus [oT» [11].

VrpapneHue IEeNoYKaMH MOCTaBOK — TOHKAs
W MHOTOIpaHHasi 00JIacTh, ¥ 10 Mepe MacIITaOu-
poBaHus OM3HECA OHA MOXET CTaTh OYEHb CIIOXK-
HOH. B X011e 0/1HOM MOCTaBKM MOT'YT BBITIOJHATHCS
JIECATKY OIepalnii 1 3a1a4 oqHoBpeMeHHo. Coenu-
HEHUE TEXHOJIOTHH MHTEpHeTa Beuled U OJIOK-
YeifHa [I03BOJIUT YIIPABJIATH OOIBIINMU 00beMaMu
IPY30BBIX MEPEBO30K M CTAHET BAXKHBIM 3TalloM
BHE/IPEHUsI HOBBIX IIM(POBBIX METOOB, BKIIIOUAsI
coznaHue HU(POBBIX MIATPOPM, AACT BO3MOK-
HOCTh ONTHUMH3MPOBATh MAapIIPYTHl TPY30BBIX
nepeBo30K. B yacTHOCTH, O/THO U3 EPCIIEKTUBHBIX
HalpaBJlIeHUH Pa3BUTHS MEPEBO30OK I'Py30B BO3-
JIYIIHBIM TPaHCIIOPTOM — 3TO CO3/IaHUE TPY30BbIX
«xaboB» W WCIOJIBb30BAHKE /IS ATHX LIEJIeH CeTH
IPY30BBIX a3ponopToB. Mes manexko He HOBaf,
Hanpumep, B CIIIA, co3nanbl rpy30Bbie XaObl Ha
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6a3ze asponoproB «Puxendakep — KomamOyc»
(Oraiio), «Crokron Metpomonuren» (Kamdop-
uus) [ 12]. B Kutae oTKpBIT Crielan3upoBaHHbII
rpy30Boii asporiopt B Jwkoy'. B ucropuu pas-
BUTHUS POCCUICKON TpaKJAHCKON aBUALUK MPe-
MPUHUMAJIach TIOIBITKA CO3/IaTh IPY30BOM a’po-
nopt Ha 0a3e OBIBIIEr0 BOSHHOTO a’poJpoMa
«BerieBoy, mporpaMMoii pa3BUTHS TPAHCTIOPTHOM
cucrembl Cankr-IlerepOypra n Jlenunrpaackoi
obiactu Ha nieprioz 1o 2020 rozxa, npemycmarpu-
BaJIOCh CTPOUTEILCTBO I'PY30BOTO a3poOIopTa
«Yerp-Jlyran 2,

IIpumeHeHue y3710BOI CETH U CUCTEMBI IIepe-
BAJIKU IPY30B MOYKET IIPUBECTH K CYIIIECTBEHHON
9KOHOMHH TPaHCIIOPTHBIX PACXOJOB, IIPU ITOM
KOJINYECTBO Y3JIOB M MX PAaCIIOJIOKEHHE SIBIISI-
I0TCS PEIAIOIUMH (haKTOpaMu.

Hudpossie iarhopMbl U TEXHOJIOTHHU T10-
3BOJISIT ClIeNIaTh YIpaBleHUE IPY30BBIMU Iepe-
BO3KaMH uepe3 Y3JI0BbIE IPy30BbIE a9PONOPThI-
xa0bl MPO3pavYHbIM JUIS TPY30BOIl KIMEHTYDHI
1 3G HEKTUBHBIM ISl [IEPEBO3YHKA.

3AKNOYEHKUE

AHanu3 yxe NpUMEHSIEMBIX B I'DYy30BbIX
aBHAIepeBO3Kax HU(PPOBBIX TEXHOJIOT U1 U OLIeH-
Ka IIEPCIIEKTHB UX PA3BUTHS B XO/I€ AaTbHENUIINX
HCCIICIOBAHUH JIOJDKCH OBITH JIOMOJIHEH HU3yYe-
HHEM cep BHEAPESHUS TAKUX CKBO3HBIX LI PO-
BBIX TEXHOJIOTHA, KaKk OOJIbLINE JaHHbIE; HEWPO-
TEXHOJIOTUU M HCKYCCTBEHHBIH MHTEJUIEKT;
KBaHTOBBIE TEXHOJIOTUH; HOBBIE ITPOU3BOJICTBEH-
HbI€ TEXHOJIOTHH; IPOMBIIIJICHHBIA UHTEPHET;
KOMITOHEHTBI POOOTOTEXHUKU M CEHCOPHKA;
TEXHOJIOTHH OECIIPOBOAHON CBSI3U; TEXHOJIOTUH
BUPTYaJIbHOH U JOIOIHEHHON peanbHOCTEH.

" Kuraii OTKpbIBaeT 1epBblil B A31H ClIeLHAIM3HPOBAHHBIH
rpy30BOil a’pomopT B DUxoy, HpoBUHOUA XyOdi
B lentpansnom Kurtae. [DnexrponHslit pecypc]: https:/
www.globaltimes.cn/page/202207/1270695.shtml. Joctyn
15.03.2024.

12 TIporpamMma pa3BUTHs TPAHCIOPTHON cucTeMbl CaHKT-
ITetepOypra u JleHuHrpanckoif ob6macTu Ha IEPHOA 1O
2020 rozma. YTBepxkaeHa KoopIuHAIIMOHHBIM COBETOM I10
Pa3BUTHIO TPAaHCIOPTHOH cucTeMbl I. CaHkr-IlerepOypra
u Jlenunrpaackoit oonactu: Tom 5, C. 16, 9 centabps
2014 rona.
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UCTOPUS
WHHOBALWA
HA XENE3HOOOPOXHOM

TPAHCMOPTE 112
|
MHHOBaUUU Kak Heombemnemas
0uxywas cuna pa3gumusi XenesHbix
Oopoe 8 Poccuu 6 koHue XIX — Havane
XX 8eka. XpoHomoaus U 83aUMoces3b
passumusi UHghpacmpykmypb1, pocma
nepeso3oK U COBEPWEHCMBOBaHUS
MeXHUYeCKUX peweHud.
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Omutpuit MAYEPET

Anacracus KYAPABLIEBA

AHHOTALINA

®opmuposaHue 8 Poccuu k koHuy XIX eexka macwmabHou
Xene3HodopoxHoU cemu cnocobcmeosano 3Ha4yumesnbHOMy
YCKOPEHUI0 COYUanbHO-3KOHOMUYECKO20 pa3gumusi Cmpakbl,
8 mom yucne 6razo0aps y8enuyeHuto 06bemMos, NOBbILIEHUD
Kayecmea U 3¢hheKmuBHOCMU 2py308bIX NEPEBO3OK.

Llenibio onucaHHo20 8 cmambe uccrie0ogaHus siensiemcs
aHasnu3 pacliupeHus Macwmabos dessmesibHoCMU U yKpenneHus
nosuyuli xenesHbix 00poe Poccuu Ha pbIHKe 2py308bIX NEPEBO3OK
8 KoHue XIX — Havane XX 8eka u ebisgneHue 3Hayumocmu ons
3amoeo npoucxoduswezo 8 ompacnu 8HedpeHuss UHHosayul
C ucnonb3osaHueM Memodog LCMOPUYECK020 U cmamucmuye-
CKO20 aHasu3a, OUEHKU UHHOBALUOHHOCMU MEXHUYECKUX cpedcms
U beHYMapKuHea.

B xode uccnedogaHusi 8bISMEHO, YMO 803pacmaHue IKOHO-
Mu4eckoll ponu xenesHbix dopoe, 8 mom yucne — ux 0onu Ha
PbIHKe 2py308bIX NEPEBO3OK 8 paccMampusaembili nepuod onpe-
densnock CuHepaueli pocma NPoMsKEHHOCMU X€e/1e3HO00POXHOL
cemu u ece boree UHMEHCUBHOZ0 ee Ucnonb308aHusl briazodaps
UHHOBAUUOHHO-0PUEHMUPOBAHHOMY Pa3sumUI0 Xerne3Ho00pOX-

Mup TpaHcnopra. 2024. T. 22. Ne 4 (113). C. 112-122

WHHOBaUMOHHAA OCHOBA YKpenneHUsa PbIHOYHbIX MO3ULMUIA
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Holl ompacnu. MHHosayuu oxgambigasu 8ce achekmbi passumust
KenesHbIx 00poe CMpaHbl: CMPOUMENbCMBO U COOEPXaHUe Xe-
11€3HO00POXHOL UHGhPacMpPyKMypbI, KOHCMPYKLUIO NOOBLKHOZ0
cocmasa U OpeaHu3ayuio e2o0 Ucnonb3osaxus. B yacmuocmu,
8bICOKUL OUHAMU3M UHHOBAUUOHHORO YITy4IEHUS KOHCMPYKULIOH-
HbIX Xapakmepucmuk mMoeapHb X Naposo308 U 8a20H08 NOOMBEPX-
0Oaemcs pocCMoM coomeememeyouwUx KoaghghuyUeHmMoe UHHoa-
YUOHHOCMU.

WHHOBaYUOHHO-0pUEHMUpPOB8aHHOE paszsumue pocculi-
CKUX xene3Hbix 0opoe 8 paccmampugaembili nepuod no3eo-
U0 UM 3aHAMb 8edyujue NO3UYUU Ha HAayUOHaIbHOM pbIHKe
2py308bIX NEPEBO3OK U, KaK caUOemenbCmayom biNOMHeH-
Hble MeXcmpaHosble cpagHeHusi, 006UMbCs MUpoe8o2o Audep-
cmea no pady KYesbIX NPoU3s0dCMEEHHO-9KOHOMUYECKUX
nokasamesneli. 3mom ucmopuyeckuli onbim eeceMa UHmMepe-
CEH 8 COBPEMEHHbIX yCri08UsiX, koeda Xene3Hble 0opoau Ha
UHHOBAUUOHHOU 0CcHOge pewarm AoM20CpoyHbIe 3adayu
3hhekmusHO20 NO3UYUOHUPOBAHUS Ha PbIHKE MPaHCNOPMHO-
f102UCMUYECKUX ycye.

Knoyesbie crioga: mpaHcnopmHas cucmema, XenesHbie 0opoau, PbIHOK 2DY308bIX NEPEBO3OK, KOHKYPEHMOCNOCOBHOCb, UHMEH-
CUBHOCTL 2DY308bIX NEPEBO3OK, AQ(PEKMUEHOCTIL 2DY308bIX NEPEEO3OK, UHHOBAULOHHO-0PUEHMUPOBAHHOE PasEUMUE.

Lns uumuposanus: Mayepem [. A., Kydpsisuesa A. B. MIHHoBauuOHHas 0CcHO8a yKpeNieHUs PbIHOYHbIX NO3ULULI XenesHbix dopo2
(Ha npumepe pocculicko2o pbiHKa 2py308bix nepeso3ok koHua XIX — Hayana XX es.) // Mup mpaxcnopma. 2024. T. 22. Ne 4 (113).
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BBEJEHUE

[Mpubmmkarorieecs AByXCOTIETHE KETE3HBIX
JIOPOT SIBJISIETCS XOPOLIMM CTUMYJIOM K yriTyOute-
HUIO UCCIIEIOBAaHUI 0 HICTOPUH JKeJIe3HOIOPOXK-
HOTO TPaHCIOPTa, B TOM YHCJIE — SKOHOMHYE-
ckoil. Poccust Oblia OfIHOM M3 MEpBBIX CTPaH
B Mupe (ceapMoii o cuety [1]), roe 06110 co3ma-
HO KeJEe3HOJOpPOXKHOE COODIIeHne — yKe
B 1837 romy, uepe3 12 yer mocliie MOSBICHUS
MIEPBOI1 JKeNle3HOM Jopory U yepe3 7 JeT mocie
TOT0, KaK KEJIE3HOIOPOKHOE COOOIIEHHE C ITapo-
BOl TSTOW MOJIyYnJIO NMPU3HAHHE B KauecTBE
3 PEeKTHBHOTO U MEPCIIEKTHBHOTO B/ TPAHC-
nopta [2; 3, C. 15]. XoTs B TeUeHHUE TpeX ECATH-
JIETUH TOCJE 3TOTO KeJIe3HOJOPOXKHAs CETh
B Halllell CTpaHe pa3BHBaach HEBBICOKUMU
TEMIIaMH, 3aTeM, B YCIOBHSX HPOBEICHHS ITy-
OOKHUX COIMANBHBIX pehopM, ObUIH CO3IaHBI
WHCTUTYIIMOHAIIBHBIE MEXaHU3MBbI, 00eCIIeUHB-
M€ KapIUHAJIFHOE YCKOPEHHE KeJIe3HOTOPOXK-
HOTO CTpOUTENLCTBA [4—6]. TemIbl BBoJ1a HOBBIX
JKEJIe3HOAOPOXKHBIX JTUHUM Pe3K0 BO3pPOCIHU
¢ 1868 roma [7, C. 35], a k xoHiry 1870-x rogos
B CTpaHe Oblia co3/jaHa MaciiTaOHast KeJIe3HO-
JIOpOXKHasl CETh NPOTSKEHHOCTHIO CBBIIIE
20 ThIC. KM, COCJMHUBIIAS B €UHOE IKOHOMH-
YeCKoe MPOCTPAHCTBO OCHOBHBIE perioHbl EBpo-
NEeHCKON 4acTH CTpaHbl M CIIOCOOCTBOBABIIIAS
YCKOPEHHIO COLIMAJIbHO-IKOHOMMYECKOTO pa3-
BUTHSA [8; 9].

B 1890-¢ roap! ObUTH TOCTUTHYTHI PEKOPI-
HBIE B POCCUICKON HUCTOPUH TEMIIBI CTPOUTEIb-
cTBa Jkese3HbIx Jopor [10], u k Hagamy XX Beka
Poccus BeIUTa Ha BTOpO€ MECTO B MHUpE IO
MIPOTSKEHHOCTH JKEJNEe3HOJJOPOXKHOM ceTH [11].
IIpu 3TOM NPOUCXOAMUIO KaUECTBEHHOE COBEP-
HICHCTBOBaHHUE KEJIE3HOJOPOXKHONH TEXHUKHU
U OpTraHU3aIlM NIePEBO30YHOTO Mpoliecca, uTo,
BMECTE C MO3UTHBHBIM BIIUSHHUEM pPa3BUTHUS
KEJIe3HOZOPOKHOTO TPAHCIIOPTA Ha 3KOHOMUKY
CTpaHbl, ObLIO packpbITO B padorax [1; 7-9;
12—15] u psine Apyrux.

Tem He MeHee, MHOTHE aCIEKThl Pa3BUTHS
poccHiickux kene3HbIX popor B XIX — Hauane
XX Beka TpeOyIoT JONOIHUTENEHOTO U3YYeHHS
W OCMBICTICHHUSL.

L]env naHHON CTaTbyU — MPOAHAIU3UPOBATH
paciiupeHre MacuTaboB AESATEIbHOCTH
1 YKpeTUIeHHEe MO3ULIUH JKelle3HbIX gopor Poccrn
Ha PHIHKE I'PY30BBIX IEPEBO30K B yKa3aHHBIN
MIEPHOJT M PACKPBITh 3HAUMMOCTB JJIs 3TOTO MPO-
WCXOJMBILIETO B OTPACITY BHEIPEHUS] MTHHOBAIIHH.
Jns mocTKeHHs YKa3aHHOM IefTl MCIONb30-
BaHbI MemoObl UCTOPUUECKOTO M CTATUCTHYE-
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CKOIo aHajiu3a, a TakKXXe€ OILCHKa MHHOBaIlMOH-
HOCTH TEXHUYCCKUX CPCIACTB U 6eH‘IMapKI/IHF.

PE3YNbTATbI
PocT 3HaYMMOCTH KeJIe3HBIX J0pOr
B TPaHCHOPTHOI cucteme Poccnu

B noxene3sHomopoKHYIO 310Xy OCHOBHBIMU
BUaMH TpaHcropTa B Poccum, Kak u B Apyrux
CTpaHax, ObLIN T'y)KEBOW 1 BHYTPEHHUI BOJHBIM.
IIpu 3TOM BO3MOXHOCTH IPOBO3a I'Py30B IO
TPYHTOBBIM JIOpOram ObUIM OIpaHUYeHbl M3-3a
OCEHHEeH U BeceHHeH pacmyTullsl. Bpems orpa-
HUYEHHOCTH TIpOe3/la COCTABIIAI0, HApUMeEp,
B Kypckoii u Tynbckoii ry0epHUsIX 4eThipe Me-
csua B rony, [lensenckoii u Pszanckoit — ueTsipe,
natb, KocTpomckoit — mects, a B [lepmckoit,
Bosnoroackoii, ApxaHreabCKol U psje APYTUX —
60bIyr0 yacTh roaa [16, C. 129]. Kak ormeuan
OCHOBOIIOJIOXHHUK 3KOHOMHUKH KEJIE3HOIOPOXK-
Horo TpaHcnopra A. U. Uyrnpos, «iHor1a ObIBa-
JI0 Takoe 0e30pOKbe, YTO M3BO3YMKH, CIIO-
JKUBILY TOBapbl, pa3derajincby», JOCTaBKa ke
TOBapa B YCTAHOBJICHHBIN CPOK «ObLIa JEIOM
coBepueHHon ymaun» [17, C. 13]. IIpomonxu-
TEJIbHOCTh HAaBUTAIIMM HA BHYTPEHHUX BOIHBIX
MyTsX OblIa OrpaHU4eHa EPUOIOM OT BCKPBITHS
(OKOHYATEILHOW OYMCTKU BOJIHOTO IYTH OTO
JIb/Ia) O 3aMEp3aHusl U COCTABIUIA MATh-CEMb
MecsaueB B rogy [17; 18]. Otu TpaHcmopTHbIE
OrpaHMYEHMs KpaiHe HEeraTUBHO BJIMSUIM Ha
SKOHOMHYECKOE M COLMAIBHOE Pa3BUTHE CTpPa-
Hbl. TeM He MeHee, BOJHBIE IyTH COOOIIECHUS,
B HABUTALOHHBII IIEpHOJT 00J1a1aBIINE BBICOKOU
IIPOBO3HOH CIOCOOHOCTBIO, pacCMaTpPUBAIINCH
KaK OCHOBA MaruCTpaJbHBIX IPy30BbIX IEPEBO-
30K.

B xoze auckyccuii 0 BO3MOXXHOCTH M HEO0-
XOAMMOCTH CTPOUTEIBCTBA XKEIE3HBIX AOPOT
B Poccun, passepHyBmuxcs B Hadane 1830-x
TOJI0B, HEKOTOpPbIe CTOPOHHUKH UX CTPOUTEIIb-
CTBa paccMaTpHUBaJU JKeJIe3HbIe JOPOTH KaK
BCIIOMOTaTeIbHbIE TPAHCIIOPTHBIE apTEPUH, Be-
JyIiHe K OCHOBHBIM CYJOXOAHBIM peKaM, IO
KOTOPBIM OCYILECTBIIATIACH BHYTPHUPOCCUNHCKAS
TOPIOBJIS Ha aJbHUE paccTosHuUs. [IpoTUBHUKN
e JKEJIE3HONOPOXKHOTO CTPOUTENIbCTBA apry-
MEHTHPOBAIIU CBOIO IIO3ULIUIO B TOM YHCIIE U TEM,
YTO )KEJIE3HOIOPOKHOE COOOIIEHUE YCTyIaeT
OoJiee AelIeBOI BOJHOM TPaHCIIOPTHPOBKE TOBA-
poB [19]. Takum 00pa3oM, MOKHO TOBOPHUTH
0 CyIIECTBOBAHHHU B TO BpEMs KOHCEHCyca IO
IIOBOAY BeAyIleH poiu BHYTPEHHEr0 BOJHOTO
TpaHCIIOPTa B peasu3alii MarucTpaibHbIX Ie-
peBo30ok ToBapoB. O1HaKo, Kak ObIBAJIO CO MHO-

Maueper [. A., KyapsisueBa A. B. UHHOBaLMOHHas 0CHOBa YKpenneHUsi PbIHOYHbLIX NO3ULIUA
Xene3HbIX Aopor (Ha NpMMepe POCCUMMUCKOro pbiHKa rpy30BbIix NepeBo3ok koHua XIX — Hayana XX BB.)




Taoauna 1

PacnpenesieHne MarucTpajibHbIX I'PY30BbIX epeBo30K B Poccun mexay
JKeJIe3HOAOPOKHBIM M BHYTPEHHHMM BOJAHBIM TPaHCHIOPTOM B KOoHIe XIX — Hauasne XX Beka

Tonsl OOBeM Ipy30BBIX IEPEBO30K, MIIH TOHH Houns
Bonmgrit Tpancropr | XKenesnonopoxneii | CymmapHO ZRACREOINELOD
TPaHCIIOPT TpaHcnopra, %
18761880 (B cpennem) | 13,956 17,248 31,204 55,3
1881-1885 (B cpennem) | 13,956 23,227 37,183 62,5
1886-1890 (B cpennem) | 16,626 29,50 46,126 64,0
1891-1895 (B cpennem) | 20,115 37,183 57,298 64,9
1896-1898 (B cpennem) |27,584 49,943 77,527 64,4
1913 50,90 158,20 209,10 75,7

VlcTouHMK: COCTaBIECHO M PACCUUTAHO aBTOPaMH 110 JaHHBIM [13; 18; 20].

Tadauma 2

H3menenne ko3¢ GpUIHMEHTOB NEePEBO3UMOCTH KeT1€3HOAOPOKHBIM TPAHCIIOPTOM HEKOTOPBIX
BakHeiimux ToBapoB B koHIe XIX — Hauane XX Beka

Tonpl ToBaps!

Xe6 (3epHO) KameHHbIH yronb Hedrs
18821886 (B cpegnem) 0,163
1892-1896 (B cpeaHem) 0,221 0,643 0,196
1902-1906 (B cpenHem) 0,232 0,727 0,168
1913 0,221 0,782 0,473

Ucrounuk: [1].

Tadauna 3

Pacnpenesenne nepeBo3oK 0OCHOBHBIX PO/IOB I'PY30B MEKAY Ke1e3HOI0POKHBIM
M BHYTPEHHUM BOJHBIM TpaHcnoptToM B EBponeiickoii yactu Poccun
(mo nanubIM 3a 1898 ron), %

I'py3sl JKene3HomOopOoXKHBIA TPAHCIOPT BHyTpeHHMIT BOAHBIN TPaHCIIOPT
T'naBubIe X71€6a 69,4 30,6

Conb 61,5 38,5

Kamennslii yrons 98,6 1,4

Hedrsmble npoayKTs 47,7 52,3

JlecHble CTpOUTENbHBIE MaTepHaIbl U JPOBA 31,1 68,9

IIpoune 82,0 18,0

Bcero 64,9 35,1

Vcrounuk: paccuuTaHo aBTopamu 1o JaHHbIM IIpmnoxenns k Craructuueckomy c6opuuky MIIC. Bem. 59. — CII6.,

Ortnenenne cratuctuky 1 kaprorpaduu MIIC, 1900.

THIMH ITPOPBIBHBIMU HHHOBALIMSIMH 1 110, U TIOCTIC
JKEJIE3HBIX JI0POT, WX BHEJIPEHUE HE TOJIHKO
OTIPOBEPIIIO AOBOMBI CKENITHKOB, HO ¥ IIPEB30-
VIO OKHIAHUSI CTOPOHHHUKOB. YK€ BO BTOPOH
nonoBHHE 1870-X ronoB kene3Hble JOPOTH BbI-
TIONTHSUTH TToYTH Ha 24 % OonbImii 006eM Ipy-
30BBIX MEPEBO30K, YEM BHYTPEHHUUN BOAHBIN
TPAHCIIOPT, ¥ B AAJbHEHIIIEM UX JI0JIS TTOCTYTIa-
TEJIFHO pocia (Tabm. 1).

Bce 6onpLast 10515 BaXKHSHILHX TPAHCIIOPTO-
€MKHX TOBapOB, IPON3BOANMBIX B CTpaHe, Iepe-
BO3HJIACh IO XeJIe3HbIM goporaM (tabdm. 2). [Ipu
9TOM BO3HHKJIA CTICIHAIM3ALUs BHJOB TPAaHC-
1OpTa: yroib, COJb, XJICOHBIE TPY3bI B OONBILICH
CTETICHN IEPEBO3MITUCH IT0 JKEJIE3HBIM I0pPOTaM,
JIECHBIE CTPOHTEIILHBIE MaTePHAIIBI 1 IPOBA — 10
BOIHBIM IyTAM coo0teHus (tadm. 3). C Toukn

®  Mwup TpaHcnopTa. 2024.

3peHUsT KOHKYPEHTOCIOCOOHOCTH JKEJE3HBIX
JIOpOT Ha TPAHCIIOPTHOM PBIHKE ¥ KX POJIH B 9KO-
HOMHKE CTpPaHbl Ba)XXHO, YTO OdnbpLIas 4acTh
«IIPOYMX» TPY30B (KyJa BXOMMIN pa3HOOOpa3-
HBIE BUIBI TOTOBOH MTPOIYKIINH, ITPEAHA3HAYCH-
HOW Kak AJIsi MIPOM3BOJCTBEHHOTO, TaK U IS
JIMYHOTO MoTpebienust) yxe B konie XIX Beka
TIEPEBO3MIIACH IMEHHO MO JKEJIE3HBIM JIOPOTaM.
B nocnenyromem Takxke NpOUCXOIMIT YCKOPEH-
HBIH POCT KEJIE3HOIOPOJKHBIX ITEPEBO30K MHO-
TUX BUAOB Takux ToBapoB. Hanmpumep, B 1909—
1913 romax mo cpaBHEHHIO ¢ mepuogoM 1894—
1900 ronoB, cpeaHerofoBbIe 00BEMBI KEIE3HO-
JIOPOXKHBIX IIEPEBO30K CBEXHX (DPYKTOB, IIIIOZIOB
1 ATOJ BO3POCIH HOYTH B 2,6 pa3a, CBEKHUX
oBoulel — B 3,8 pasa, skenesa, CTaal U YyryHa —
B 2,4 pa3a, CelbCKOXO3SIIICTBEHHBIX MAalllUH —
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B 4,8 paza [14, C. 323-324].

OCHOBHBIMH TIPEUMYLIIECTBAMH HKEJIE3HO0-
POXHBIX IIEPEBO30K OBUTH PETYJIIPHOCTD U Oostee
BBICOKasi CKOpocCTh. IIpu 3TOM mpuBOgUMAas
A. . YynpoBsM 1 oTHOCsmasics kK 1870-m ro-
JlaM OIICHKa CpeAHeH OOBIYHOW CKOPOCTH JI0-
CTaBKH I'PY30B M0 JKEJIE3HBIM I0OPOraM Ha 00JIb-
e paccrostuust «B 300 Bepet! B cyTkm» [17,
C. 13] mpencrasnsercs 3aBblllieHHON. Bripouem,
B TO BpPeMsl JUIsl TAKUX OLEHOK U He ObLJIO HEe0O-
XOIUMO# cTaTucTrdeckoii 6a3sl. [lepBbie oOcie-
JIOBaHHUS CKOPOCTH IIPOJIBUIKEHHUS TPY30B, Iiepe-
BO3MMBIX [TOBarOHHBIMH OTIIPaBKaMH, Ha POC-
CHICKHUX KEJIE3HBIX JI0OpOrax ObUIM MPOBEAEHBI
B aBrycre-centsope 1907, 1910, 1911, 1912 ro-
JIOB IO pSAY KOHKPETHBIX MapuipyToB [21,
C. 59]. Cpennue 3Ha4eHUs] CKOPOCTU JTOCTABKU
Ha 9THX MaplpyTax kosuedanucs ot 100 1o 148
KHJIOMETPOB B cyTkH. O000IIeHHE pe3ybTaToB
yKa3aHHBIX 00CIIeI0BaHHI ITO3BOJIMIIO OIpeie-
JIUTB, YTO CPEIHEE 3HAYCHUE CKOPOCTH JOCTABKH
JUTS BCEX HUX COCTaBIsLIo 141 KM/CyT. ipu cpej-
Hell nanbHOCTH 1epeBo3ku 1103 kM (uto Gonee
YeM B/IBOE MPEBBIIIANIO CPEAHECETEBYIO Iallb-
HOCTB MepeBo3KH Toro nepuonaa’). [lonydyennoe
3Ha4YEHHE CKOPOCTH JI0OCTaBKH, 10 COBPEMEHHBIM
MepKaM, HeBeJuKo. OHAKO OHO HOJHOCTBIO
COBIIQJIAET CO CPEJHECETEBbIM 3HAYEHUEM CKO-
POCTH JIOCTaBKHU [TOBarOHHBIX OTIIPABOK B COOT-
BETCTBYIOILIEM MOSICE AaJBHOCTH I10 AaHHBIM 32
centsiops 1949 (1) roxa’, xorma ObLT BBeACH
PErYJISIPHBIN y4eT CKOPOCTH U CPOKOB JIOCTABKH
rpy3oB. (CoBnazeHue Mecsla ¢ nepuogaMu mpo-
BEJICHHSI BBILICYIIOMSHYTBHIX 00CIea0BaHUN
HMMEET CYIIECTBEHHOE 3Ha4YCHHUE, TaK KaK CKO-
POCTh JOCTaBKH I'PY30B 3HAYMMO Pa3IHM4YaeTcst
mo ce3oHaMm roja [22; 23].) Takum oOpasom,
TEXHOJIOTHYECKUE MPEUMYIECTBA JKEJIE3HBIX
JIOpOT — BCECE30HHOCTh MIEPEBO30K, CPOYHOCTD
JOCTaBKH I'PY30B, BBICOKas! POBO3HAsI CIIOCO0-
HOCTb — B COUETaHUH C YACIIECBICHHEM JI0CTaB-
KM Ha JaJibHUe paccTosHus [8; 17] o0ycnoBmin
MOBBIILICHHE UX 3HAUUMOCTH B TPAHCIIOPTHOM
cucreme Poccuu 1 yBennueHue 1074 Ha PhIHKE
MarucTpajbHBIX IPY30BbIX 1epeBo30K. [Tpn aTom
MECTHBIE IIEPEBO3KH Ha HEOOJIbILINE PACCTOSTHHS

"1 Bepcra =1 066,8 M

2 D10 0OCTOATENIBCTBO 3HAYUMO, T.K. C POCTOM AAIbHOCTH
MEPEeBO3KH CKOPOCTh JOCTABKM IPY30B MMEET TECHJCHLIHIO
K pocty [22].

3 [IpOROIKUTENBHOCTD IOCTABKH U CKOPOCTD IPOBIKCHHS
TpY30B Ha Kelle3HbIX Jqoporax B 1949-1953 rr. Marepuanst
10 CTaTUCTHKE JKEJIE3HOIOPOXXHOTO TpaHcIopTa. Beimyck
267.-M., 1953. - 232 c.
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(o 25 kM) ocTaBajoch Oosiee BHITOAHO OCYIIe-
CTBJISITh TYXeBbIM TpaHcroptom [16, C. 128].
Crienpanu3anys ¥ B3aMMOICHCTBUE Pa3IMuHbIX
BUJIOB BHYTPEHHETO TPAHCHOPTA — JKEJIE3HO/I0-
POXHOT0, BOAHOTO ¥ T'Y’)K€BOTO — ITO3BOJISLIH
TOBapoBJIa/iesibllaM BbICTpanBarh Hanboiee
BBITOJTHBIE CXEMBI JIOCTAaBKH CBOMX TOBapOB Ha
pa3iinuHbIE PHIHKH.

B koHTEKCTE JaHHOTO UCCIIEIOBaHUSI BAXKHO,
4TO yXe ¢ KoHIa XIX Beka jkesle3Hble JOpOTd
UTPaJIi HA POCCHICKOM PBIHKE TPY30BBIX Iepe-
BO30K BEIYILYIO U Bce Oojlee 3HaYUMYIO POIIb.
Crnenyer OTMETHUTD, YTO YKpEIUIEHHE MO3UIHH
JKEJE3HBIX JOPOT HA POCCUICKOM PBIHKE TPy30-
BBIX TIEPEBO30K KOPPEIUPYET C YCKOPEHHEM pa3-
BUTHS SKOHOMUKH CTpaHbl B KoHIle XX — Hauae
XX Bexka [15; 24]. 3to nmoaTBepKIa€T JUCKYCCH-
OHHBII Xapakrep BbIBOIOB HoOeseBckoro ay-
peata Pobepra dorens, KOTOPHIA, HA OCHOBE
MOCTPOEHUS] KOHTP(AKTUUECKOW MOJIEIN SKOHO-
Mmukn CIITA XIX Beka, mpuiesn K 3aKJI0YeHHUIO,
YTO OTCYTCTBHE JKEJIE3HBIX JIOPOT U UCIIONB30Ba-
HHE BMECTO HUX BHYTPEHHHX BOJHBIX ITyTeH 3a-
TOPMO3UIIO OBl SKOHOMHYECKOE Pa3BUTHE JIUIIb
Ha HECKOJIBKO JIeT [25; 26], U CBHIETENbCTBYET
B TIOJIb3Y OIIPABIAHHOCTH MHEHUS, YTO MOENb
®doreJst HE OITHOCTBIO YYUTHIBAJIA MAKPOIKOHO-
Mu4ecKre 3 (EKThI OT PA3BUTHS KEIE3HOAOPOXK-
HOI1 CETH, B YaCTHOCTH, CBSI3aHHBIE C YCKOPEHUEM
Ipy30BBIX IepeBo3ok [27]. EcTb Bce ocHOBaHUS
T10JIaraTh, YTO TOJIBKO Ha OCHOBE Pa3BUTHSI HKEJIe3-
HOJIOPOYKHOTO COOOIIEHHS B BELYIINX SKOHOMH-
KaxX MUpa MOIJIM OBITh IOCTUTHYTHI B Ty JIOXY
CTOJIb BIEUATIISIIOLLME PE3YJIBTaThl, KOTOPhIE OTME-
YalOTCsl B COBPEMEHHBIX MaKPOIKOHOMHYECKUX
uccienoBanusx [11; 27; 28].

Poct MaciiTaboB 1 MHTEHCHBHOCTH
JKeJIe3HOIOPOKHBIX I'PY30BBIX NEPEBO30K
[ToBbllIeHNE YKOHOMUYECKOH 3HAYMMOCTH
JKEJIE3HBIX JIOPOT, MX JIOJH Ha PBIHKE IPY30BBIX
[epPEBO30K, 0€3yCIIOBHO, OBLIO CBS3aHO C pas-
BUTHEM JKEJIE3HOLOPOKHOM CETH, MPOTSIKEH-
HoCTb KoTopoii ¢ 1870 o 1913 rox yBenuuunace
Gonee ueM B 6,6 pasa, U, 10 MEpe 3TOrO POCTa,
BCE HOBBIE PaliOHBI, HACEJICHHBIE ITYHKTBI, IIPE]I-
MIPUSTHS TOTyYaJId HEMIOCPEICTBEHHBIN JOCTYII
K XKeJIe3HOIOpOXKHOMY coolmenuto. Ho, otme-
4asi pOCT MPOTSDKEHHOCTH YKEJIE3HBIX JOPOT,
Heo0XoquMO 00paTHTh BHUMAaHUE U Ha Bce Ooriee
WHTEHCHUBHOE X UCIoNb30BaHue. ['yctora rpy-
30BBIX I1€PEBO30K, OIpe/eIieMas Kak OTHOIIe-
HHe Ipy30000pOTa K 3KCIUTyaTal[UOHHOM AnnHe
CeTH, pociia HEHaMHOTO MEAJIEHHee, YeM caMma
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Puc. 1. JuHamuka pa3eumusi u ucnonb308aHust
07151 2py308bIX NEPEBO3OK CeMU JKene3HbIx dopo2
Poccuu e koHue XIX — Hayane XX eexa (1870 2.= 100 %).
MWcmoyHuk: paccyumaro asmopamu no daHHbIM [7; 12; 18].
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Puc. 3. ConocmaeneHue duHamuku 2py30060poma u napkoe
mosapH020 N0J8UXHO20 COCMasa Ha cemu Kesne3HbIx dopo2
Poccuu (6e3 dopoe MecmHo20 3HayeHusi) 8 koHuye XIX — Hayane
XX eeka. kcmoyHuk: paccyumaro asmopamu no daHHbIM [18; 29].

CeTb JKeJIe3HBIX Jopor (Oosee uem B 4,8 pasa 3a
TOT e MEPHO]I), YTO, B CHHEPTHH C POCTOM CETH,
TI03BOJIMJIO YBEJIMYHUTH IPY30000pOT OUTH B 32
pasa (puc. 1).

Poct rycToTsl rpy30BBIX IEPEBO30K obecTie-
YKBAJICS, BO-TIEPBBIX, 33 CUET YBEIUUCHHUSI HACHI-
LICHHOCTH CETH MOJBIKHBIM COCTaBOM (pHC. 2),
YTO SBISETCS CBHACTEIHCTBOM MOBBILMICHHUS
CTETIeHU HCIIO0JIb30BaHMS IIPOIYCKHOI CIIOC0o0-
HOCTH >KeJIe3HBIX 0pOr (IIPH 3TOM (aKTHUSCKUE
pa3Mepsl ABHKCHHUsI MOIJIA MPEBOCXOAUTDH pac-
yetnsle [29, C. 102]) u pocra uX MpOBO3HOM
cniocobnoctu. IlocienHee Takxke MOATBEPKIa-
€TCs TE€M, YTO KOJMYECTBO BarOHOB POCIIO ObI-
CTpee KOJIMYECTBa I1apoBO30B. JTO 3HAYMT, YTO
MOBBIIIAJICH COCTAB M BEC [T0€3/1a, U AaXKe IPH
TOM K€ YUCJIE T0E3/10B MOXKHO OBbLIIO YBEJIMUUTh
00BEMBI IPY30BBIX MIEPEBO30K.

Eme Gonee HaIAHO XapaKTepH3yeT POCT
MIPOBO3HBIX CIIOCOOHOCTEH KENE3HBIX J0POr
COIOCTAaBJIEHHE IMHAMUKH I'Py30000pOTa U Nap-
KOB TOBapHOI0* MOIBUKHOTO cocTaBa (puc. 3).
Bonee ObICTpHII pocT rpy30000pOTa 110 CpaBHe-
HHIO C MTAPKOM TOBApPHBIX BArOHOB CBHICTEIb-

* Torma ObUIO HIPUHATO UCIIONB30BATh ITOT TEPMHUH.
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Puc. 2. JuHamuka HacblujeHHoCMu cemu
JKenesHbIx dopo2 Poccuu nodeuxHbIM cocmagom
8 koHye XIX - Hayane XX eexa (1889 2. = 100 %).
* [ons naccaxupckux napogo3oe cocmaensina 15-20 %.
** B 1907-1913 22. - eKk/0Yyass ecnoMo2amernbHble.
HUcmoyHuk: paccyumaHo asmopamu no daHHbIM [7; 18; 29].
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Puc. 4. JuHamuka cpedHeli danbHOCMU 2py308bIX NEPEBO3OK HA
cemu xene3Hbix dopo2 Poccuu e koHye XIX - Hayane XX eexa.
HcmoyHuk: paccyumaro aemopamu no daHHbIM [18; 29].

CTBYET O pOCTE AMHAMHUUYECKON HAarpy3KH U Npo-
W3BOJUTEILHOCTH BaroHa. A Gojee OBICTpBIH
pOCT IapKa BaroHOB IO CPaBHEHUIO C MapKOM
I1apOBO30B, KaK YK€ ObLIIO OTMEYEHO, — O POCTE
cpesHero cocTasa M Beca noeszna. 06a daxropa
B COBOKYITHOCTH XapaKTe€PU3YIOT pOCT IIPOU3BO-
JUTEIbHOCTH UCIIONb30BaHU TaPOBO30B U IPO-
BO3HOH CIIOCOOHOCTH KEJIE3HBIX JIOPOT.
BaxHoii xapakTepucTUKoil pacuIMpeHus reo-
rpaduuecKkux MaciuTaboB >KeJIE3HOIOPOKHBIX
IPY30BBIX NEPEBO30K ABISAETCS JOCTATOUYHO
YCTOHYMBAs TEHICHIIMS ITOBBIIIEHUS UX CPEHEH
JanbHOCTHU (pHc. 4), KOTOpask yCHIIMIIACh MOCie
TOTO, Kak, Oyaroziapsi CTpoUTeNbCTBY Bennkoro
Cubupckoro nytu — Tpanccubupckoir Maru-
CTpanu, >KeJIe3HOAOPOXKHAS CeTh LIarHyia 3a
VYpan u gocrurna Tuxoro okeana [30; 31].
Crnenyer OTMETUTh, YTO B XOA€ OUCKYCCHH
0 BapHaHTaX OpraHu3aliy TPAHCIIOPTHOTO CO00-
mienus Cubupu u JlaneHero Boctoka ¢ EBporeii-
CKOM 4acCThIO CTPaHbl BHOBb IPOSBUIIACH AJIBTEP-
HAaTUBHOCTb XEJIE3HOJOPOKHOTO M BOJHOTO
TpaHcnopTa. Hekotopele yueHsle, B YaCTHOCTH,
A. . Yynpos [32, C. 180], u rocynapcTBeHHbIE
nesitenu, B yactHocTd U. A. BelmHerpaackuii
[33, C. 54], xoTopblii 3aHUMAJ IOCT MUHHUCTPA
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¢unancoB B 1887—1892 rr., BeICTyHamu 3a TO,
4yTOOBI HE COOPYKATh CILIOIMIHON PEIbCOBBIN
IyTh Yepe3 BOCTOYHBIE PETHOHBI CTPAHBI, & JIMIIb
COE/IMHUTH XKEJIE3HBIMU JJOPOraMH peyHble Oac-
CeiHbI, COPMHUPOBAB, TAKUM 00pa30M, HKeJe3-
HOJIOPO’KHO-BOAHOE COOOILIEHHE M COKPAaTUB
TpeOyeMy0 IPOTSHKEHHOCTD KEJIE3HOIOPOKHBIX
JuHMI OoJiee ueM BaBoe. Byayun meHee 3aTpat-
HOM, peai3anus 1oJo0HOTo IIPoeKTa, 6e3yCIIoB-
HO, HE MO03BOJMJIa Obl 00ECIEYUTh HU TaKYIO
PEryIISIPHOCTb M CKOPOCTH IIEPEBO30K, HU TAKYFO
MIPOBO3HYIO CIIOCOOHOCTh M HE OTKpbLIa ObI
CTOJIb MacCIITaOHbIE TIEPCIIEKTHBEI JI0ITOCPOY-
HOTO COLIMAJIbHO-DKOHOMHYECKOTO Pa3BUTHUS
Cubupu u JlanpHero Bocroka, kak co3gaHue
HETPEPHIBHOTO JKEJIE3HOJJOPOKHOTO COODIICHHS
ot EBponeiickoif yactu cTpaHsl g0 Tuxoro
OKeaHa, KOTOpOe, B UTOTe, ObLIIO OCYILECTBICHO
[30; 31].

[Ipu crpourenscrBe Tpancenba ObL peanu-
30BaH psiJi THHOBALIMOHHBIX PELICHH, OT MeXa-
HU3aLUU 3eMIISTHBIX pa0oT, BKIIIOYAsi IPUMEHe-
HUE «MHOTOKOBILIOBBIX 9KCKaBaTOPOB, H3TOTOB-
neHHBIX Ha [lyTHJIOBCKOM 3aBole», a TaKKe
rpy30oBbix aBromobwmieit [31, C. 199], mo yHu-
KaJIbHBIX MH)KEHEPHBIX pelleHuid B obnactu
HUCKYCCTBEHHBIX coopykeHuit [30; 34].

[Ipu 3TOM ¥ B LIEJIOM pa3BUTHE POCCUICKUX
JKeJe3HBIX Jjopor B KoHlle XIX — Hayane XX Be-
Ka ObLJI0O MHHOBAIlMOHHO-OPUEHTHPOBAHHBIM,
YTO 3aCJIy)KMBAET AETAIBHOTO PACCMOTPEHHS.

HNHHOBaLIMOHHASI OCHOBA POCTAa
HHTEHCUBHOCTH U 3¢ (pexTHBHOCTH
rPY30BBIX KeJIE3HOTOPOKHBIX IEPEBO30K

PeTpocneKTHBHBII aHAJIN3 OCHOBHBIX HHHO-
BalMi B chepe KeIe3HOAOPOKHOIO TPAHCIIOpTa
rmokasbiBaeT, yto eciu B 1830-¢ — 1840-¢ roapl
OOJIBIIMHCTBO TaKUX MHHOBALMI TOSBISIOCH
B BenukoOpuranum, To yxe HauuHas ¢ 1850-x
TOJIOB BCE OOJIbILIE MHHOBALIUI OCYIIECTBIISUIOCH
B Poccum [35, C. 55-58]. Ux peanuzanus naBa-
Jla BOBMOXKHOCTh OoJiee MHTEHCUBHO M 9KOHO-
MHUYHO HCIIOJb30BaTh HHPPACTPYKTYPY H IO-
JBIDKHOM COCTaB, TEM CaMbIM MOBBILIAs TIPE]-
JIO)KEHUE JKEIIE3HOZOPOKHBIX I'PY30BBIX IIEPEBO-
30K M YKPEIUISs MO3UIMHU JKEJE3HbIX TOPOr Ha
9TOM pBIHKE.

KpynHeiiiei nHHOBaIel B 00nacTu opra-
HU3AIMK I'PY30BBIX MEPEBO30K, HOCUBILIEH HE
TOJIBKO TEXHOJOTMYECKH, HO U UHCTUTYIHO-
HaJIbHBII XapakTep, «Obljla OpUrHHAJIbHAS CUC-
TeMa B3aMMHOT0 T10JIb30BaHUsI TOBAPHBIMHU Baro-
Hamu» [1, C. 66], mONTHOCTRIO BHEApPEHHAs
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Puc. 5. ConocmaeneHue yposHs u duHaMuKu npousgodumenbHocmu
moeapHbIX 8a20HO8 (8 pacyeme Ha eQUHULY 2py30n0dbeMHOCMU)
sedyuux xene3HodopOXHbIX cucmeM Mupa 8 Hayane XX eeka, %.
HUcmoyHuk: cocmaenieHo asmopamu no daHHbIM [1].

B 1889 roxy nocie 6omnee yem 20 siet coBepiieH-
CTBOBaHHMSI B3aUMO/ICHCTBHS MEXKILY HKEJIC3HBIMU
JIOpOraMu B cpepe HCIOIb30BAHHSI TOBAPHBIX
BaroHoB [7, C. 63—65]. B pamkax 3Toi cuCTeMBI
«BECh TOBApHBIM BAarOHHBIN MapK CETH OJHOU
LUIMPUHBI KOJIEW MOXKET OBITh MPEJ0CTaBIICH
B OecruiaTHOe oOlee MoIb30BaHUE BCEX JTOPOT
IIPU YCJIOBUU:

1.TlocTosHHOrO COXpaHEHHUs pa3Mepa BaroH-
HOTO MapKa Ka)J0H OTJeIbHON JIOPOTH.

2.110CTOSIHHOTO COXpaHEHUs yCTaHOBIICH-
HOT'0 KaueCcTBa M COCTOSIHUS TOBAPHBIX BATOHOBY
[1,C. 67].

CucremMy B3aMMHOTO IOJIb30BaHUSI TOBAp-
HBIMH BaroHaMH MOXKHO CUUTaTh IPO0OpazoM
COBPEMEHHOI SKOHOMUKH COBMECTHOTO HCIIOJIb-
30BaHusl pecypcoB [36-38]. Bueapenue sToii
CHCTEMBI ITO3BOJIMIIO PEeaIn30BaTh Oecrieperpy-
304HOE COOOIIEHHE MEX/Y BCEMH JKEJIE3HBIMU
noporamu Poccuu, TeM caMbIM 3HAUUTENHLHO
YCKODHB 1 Y/ICLIEBHB IEPEBO3KU TOBAPOB 1 00ec-
MEYMB, B CHHEPTHU C MHBIMU TEXHHKO-
TEXHOJIOTMYECKUMH HHHOBAIMSMHU, CYIIECTBEH-
HO 0oJiee TPON3BOANUTENILHOE U ITOCTYATENIEHO
yiydlaBlieecs HCIOJIb30BaHUE BaroHOB MO
CPaBHEHHUIO C JIPYTHMMH JKEJIE3HOAOPOKHBIMU
cucteMaMu. DTO HaIISIIHO BHUIHO M3 JaHHBIX
puc. 5, chOpMHPOBAaHHOTO Ha OCHOBE METOJa
OeHUMapKuHra, akTUBHO UCIIONB3YEMOTO B Hay4-
HBIX HCCIIEIOBAHMSX B chepe KeIe3HOTOPOXK-
Horo TpaHcnopta [39; 40].

D¢ heKTUBHOE UCIOIH30BAHUE TOBAPHBIX
BaroHOB CIIOCOOCTBOBAJO MHTEHCHU(PUKALNU
UCIIOB30BaHMUS HFHPPACTPYKTYPBI IS IPY30BBIX
nepeBo3oK (puc. 6). AHaIU3 TaHHBIX, IPUBEICH-
HBIX Ha pHC. 5 U 6, C UCTIOIB30BAHUEM METOI0-
JIOTUH, IpeUIOKeHHOH JlaypearoM HobeneBckoii
IIPEMHUU 10 3KOHOMHKE DnmyHjoM Penrcom
[41], mo3BonsieT caenarh BBIBOA O BBICOKOM
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Puc. 6. ConocmaeneHue ypoeHs U QUHaMUKU Npou3800uUMesIbHOCMU UCNOJTb308aHUS Kee3HO000POXHOU
UHGbpacmpyKkmypbI Ons 2py306bIX NEPEBO30K (2yCMombI 2py306bIX NePe8o30k) 8edyusux Kene3HodopoXHbIX CUCMeM MUpa 8 Havane
XX eeka, %. McmoyHuK: paccyumaro asmopamu no daHHbIM [1].

YPOBHE IMHAMU3MA, T.€. CTPEMIIEHHSI M CIIOCO0-
HOCTU K MHHOBAIIUSIM, POCCUHCKUX KEJIE3HBIX
Jopor B Hauasie XX Beka.

MHHOBaIuM OXBAaThIBAJIM BCE aCIEKThl pas-
BUTHSI JKEJI€3HBIX IOPOT CTPaHBbI.

B nmyteBoM x034liCTBEe BakHEHIIUMY UHHO-
BalMsIMU OBUIM IEPeX0Jl K MCIOJIb30BaHUIO
CTaJIbHBIX PEJIbCOB, IPHMEHEHHE PENBCOB Oojiee
TSKETIBIX TUIIOB, COBEPILIEHCTBOBAHUE PEIIbCO-
BBIX CKpEIUICHHUH, UCIOJIb30BAaHHE MPOMUTKU
1IMaJl, COBEPIICHCTBOBAHUE CUCTEMBI COAEPIKa-
HUs U peMoHTa nytu [1; 42]. Ha psne nopor
WCHBITHIBAJIM U NPHUMEHSIM MHHOBAIL[IOHHBIE
KOHCTPYKIIMH NOJAPEIbCOBOIO OCHOBaHUS C UC-
nonb30BaHueM OeToHa, acanbToOeTOHa U Ke-
ne3obetona [43; 44].

CoBepIIeHCTBOBAJICS MOABMXKHOM COCTaB.
Bbnarogaps pany ynyduiaromux HHHOBAIUH Mo-
BBIIIIaJIaCh MOIHOCTh MapOBO30B, COBEPILEH-
CTBOBAJIOCH MapopacnpeneieHue, yBeIuunuBa-
JIUCh JIaBJIEHUE B KOTJIE U Harpy3ka Ha ock. Ha
9TOH OCHOBE OTKPBIBAJIUCH BO3MOXHOCTHU JJIS
MOBBIIIEHUS BE€Ca U CKOPOCTH IMOE370B, POCTa
SKOHOMHYHOCTH NepeBo30oK. CoBpeMeHHbIE
METOJIbl OLICHKH MHHOBallMOHHOCTH TEXHHYE-
cKuX cpencts [45—47] naroT BO3MOXKHOCTb, Ha
OCHOBE JaHHBIX [48], OLIEHUTh TUHAMUKY POCTa
MHHOBAI[IOHHOCTH TOBapHBIX NapoOBO30B, MPO-
n3BoauBIIuxcsa B Poccun B koH1e XIX — Hagane
XX Beka (Ta0m. 4).

Ha uHHOBaLMOHHON OCHOBE MPOUCXOAUIIO
U Ka4EeCTBEHHOE YNIyulIeHHEe Mapka TOBapHBIX
BAaroHOB — POCT I'Py30IOABEMHOCTH U Ipy30-
BMECTUMOCTH, CHIXKEHHE KO HUIHeHTa Tapbl
u ap. [1; 49]. 3naunTensHbIA POCT YPOBHS HHHO-
BAallMOHHOCTH OBLI XapaKTepeH /Ui BaroHOB
Pa3HBIX TUIIOB (TabJ1. 5), BKIIFOYast BATOHBI [TOBBI-

Mwup TpaHcnopTa.

LIEHHOW I'Py30M0JbEMHOCTH, MMOSBUBLIMECS
B Havayie XX Beka (Tabi. 6).

Baxxnoil cocTaBsitomeil HHHOBAllHUOHHOTO
Pa3BUTHS NOJBIXKHOTO COCTaBa ObLIO MPOU3BOI-
CTBO M HCIIOJIb30BaHUE CIEHUATN3UPOBAHHBIX
TOBapHBIX BaroHOB. Y>ke B 1862 roxy nosBUiInuch
BarOHBI-JIEJIHUKH JUIS NIEPEBO3KH CKOPOIOPTSI-
LIUXCS TPY30B, B 1868 romy — nymmnkapsl — Baro-
HBI C OIIPOKH/IBIBAIOIIIMCSI Ky30BOM JUIsl HACHITI-
HBIX TPY30B, a B 1872 rogy — nucTepHsI oTede-
cTBeHHOTrO Mpoussoactsa [42, C. 89-90]. Beimy-
CKaJIUCh U JIpyTHE THITbI CIIEHAIU3HPOBAHHBIX
BaroHoB [1, C. 101]. K nagamy XX Beka nomns
CHENHMAIM3UPOBAHHBIX BarOHOB B IapKe Ipe-
Beimana 13 % (puc. 7). XoTs B MOCIEAYIOIINE
roJbl OHa He pociia, Oojee TOro, yBelMueHHe
KOJINYECTBa CIIELHAIN3UPOBAHHBIX BaroHOB
OTCTaBaJIO OT OOIIEro TeMIIa pocTa napka, napk
CHEIMAIN3UPOBAHHBIX BarOHOB MO3BOJIAI YIO-
BJIETBOPATH PACTYIIUH CHPOC Ha IEPEBO3KU
HEMaccoBBIX I'py30B. IIpu 3TOM mosBIsLIINCH
MIPUHLIMIINAILHO HOBBIE BaroHsl. Hampumep,
B 1910 roxy OblI MOCTPOEH MEPBBINA H30TEPMHU-
YEeCKUH BaroH ¢ MEXaHWYECKUM OXJIAXKJICHUEM
[49, C. 40]. B nenom, cnenuanusainusi BaroH-
HOT0 IapKa Coco0CTBOBaJIA yKPETUIEHHIO 03U~
LU JKEJIE3HBIX TOPOT Ha PBIHKE TPY30BBIX Iie-
PEBO30K.

BaxHO OTMETHUTB, YTO UHHOBAIIMK BHEAPSI-
JIUCh KOHKPETHBIMH JKEJIE3HBIMH JJOPOTaMH,
SIBJISIBIIUMHUCS CyOBEKTaMH TPaHCIIOPTHOTO
pPBIHKA U 3aUHTEPECOBAaHHBIMU B ITOBBIIICHUH
cBoei 5 PEeKTHBHOCTH U KOHKYPEHTOCIIOCOOHO-
cru [1, C. 65-66, 94-96, 102]. B cyuae ycnexa
MX IPUMEHEHUE PAaCIIUPsUIOCh, BILUIOTH 10 0011e-
cereBoro. Iloka3zaTeapHbIM IPUMEPOM CTANIO
YBEJIMYEHUE T'PY30IOABEMHOCTH HOPMAJIBHOTO
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Taoauna 4
IoBbIlIeHNe YPOBHSI HHHOBALMOHHOCTH POCCHICKUX
ToBapHbIX NapoBo30B B XIX — HayaJse XX Beka

Cepust Hauano MoniHocTb, JlaBnenue Harpyska CKOpocCTh, Koaddurment
mapoBo3a MOCTPOHKH, I.C. B KOTJIE, aTM. | Ha OCh, TC KM/ HMHHOBAIOHHOCTH
rog

pis 1845 140 8 11 15 1

r 1863 150 8 11 20 1,10

ot 1897 400 11 12 50 2,16

OB 1905 420 11 12 50 2,20

111 1906 550 14 14 65 2,82

€) 1912 1000 12 16 65 3,61

VIcTOYHUK: COCTaBIEHO M PACCYMTAHO aBTOPAMHU 110 JJaHHBIM [48].

Tadnuua 5
IloBbIIEHME YPOBHSI HHHOBAIITMOHHOCTH
poccuiickux TOBapHbIX BaroHoB B XIX — Hayase XX Beka

Pon Barona | Tum KoHCTpyKLUM BaroHa 2
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Kpeitsie ITetepOypr-MockoBckoii Joporu 1846 2,05 9,775 4,9 0,95 1

I[TerepOypr-Bapmasckoii noporu 1860 4,1 23,1 8,9 0,73 1,87
IetepOypr-MocKoBCKoit opor, 1863 4,7 19,55 9,8 0,78 1,88

NIEPECTPOCHHBIN U3 YETHIPEXOCHOTO
B JIBYXOCHBIH

HeropmosHoli KoBpoBckux Mactepekux | 1870 5 20,05 8,75 0,58 1,98
CO IIIPEHTeIIMHI

Heropmo3snoii Konomenckoro 3aBoza 1879 6,25 18,1 7,9 0,52 2,08
Hopmaibsstiii 12,5 T HeTOpMO3HO# 1892 6,25 20,0 8,8 0,54 2,16
Hopmaubnslii 16,5 T HeTOpMO3HOM 1911 8,25 19,5 8,8 0,43 2,50
IInardopmser | ITetepOypr-MockoBckoii foporu 1846 2,5 - 5,625 0,60 1
IetepOypr-BapuiaBckoii goporu 1860 6,25 - 8,7 0,39 1,86
Konomenckoro 3aBoia 1878 6,75 - 11,75 0,38 2,12
TpexocHast 1881 5,0 - 7,87 0,48 1,55
HopmainpHoro Tumna HeTopmMo3Has 1892 6,25 - 12,45 0,54 1,94
Tlonysarouns! | J{ns nepeBo3ku yris 1861 5,0 4,0 - 0,42 1
C IepeBSIHHON paMoi Ky30Ba
Jlns nepeBo3ku yrist 1880 6,25 10,0 - 0,48 1,54
€O CTaJbHBIMU IIBEIUICPaMH,
HETOPMO3HOH
Luctepust | st mepeBo3kH HE)TH HETOPMO3HAS 1872 5,0 5,85 - 0,62 1
Jlns mepeBo3ku He(TH HOPMAIBHOTO 1895 7,5 7,75 - 0,50 1,35

THIIa, HETOPMO3Has

Jliist mepeBo3ku OeH3UHA 1908 7,5 9,25 - 0,58 1,38

VIcTOYHUK: COCTABIEGHO U PACCUUTAHO aBTOPAMH 110 JaHHBIM [49].
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Taoauua 6

IloBbIlIeHHe YPOBHS HHHOBAIMOHHOCTH POCCHIICKHX TOBAPHBIX BATOHOB MOBBILICHHOI
rpysonogbemHocT B XIX — Hayase XX Beka

Pox Barona Ty KOHCTPYKIMU BaroHa . .
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KpsiTbie MockoBcko-KazaHckol joporu 1905 6,875 16,4 109 0,45 1
0e3 TenemeK
IOro-3anagubix qopor 1906 9,375 25 138 0,48 1,27
Cpenne-A3uarckoil 10poru 1909 9,375 19,5 144 0,55 1,21
ExarepuHuHCKo# 1oporu 1906 8,33 25 119 0,42 1,22
TInardopmsr IletepOypr-Bapmasckoit foporu 1903 8,25 - 109 0,42 1
VinHenHas 1908 8,25 - 125 0,51 0,99
TTomyBaronst VroabHbINH 1908 7,5 9 130 0,40 1
C MeTaJuINYeCcKUM Ky30BOM 1906 9,375 12,5 134 0,43 1,15
EkarepuHUHCKOI JOpork 1906 8,33 10,7 113 0,36 1,06
Hucrepubt Brnanukaskasckoii u Kasanckoii gopor | 1895 6,25 7,25 97 0,54 1
IOro-BocTtounsix gopor 1898 8,25 9,5 119 0,45 1,26

McToYHMK: COCTaBICHO U PACCYMTAHO ABTOPAMHU MO JIaHHBIM [49].
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Puc. 7. U3smeHeHue yposHs cneyuanu3ayuu mogapHbIX 8a20H08 Ha cemu xenesHbix dopoz Poccuu
8 Hayane XX eeka. MlcmoyHuK: paccyumaHo asmopamu no 0aHHbIM [18].

toBapHoro Barora ¢ 900 mo 1000 mymos?®
B 1907 rony Ha FOro-BoCTOYHBIX Kele3HBIX
Joporax. Bckope oHa cTana NIpUMEHSTHCS Ha
Exarepununckoil u BnaarkaBkazckoi xKeIe3HbIX
Joporax, a ¢ 1910 rona 6pu1a y3akonena MuHu-
CTEpCTBOM IIyTeil cOOOIIeHus Al BCeil cetn
Kene3Hbx jopor [1, C. 65].

Cucrema B3aUMHOTO IOJIB30BAaHUSI TOBAp-
HBIMH BaroHaMu, B CBOIO O0Yepellb, «BBIPOCIIA
13 IOTOBOPEHHOCTEN MEXILy COCETHIMHU JKelle3-
HBIMH JIOpOraMu 00 opraHuzanuu Oecrieperpy-

> 1 myn — 16,38 k.

®  Mwup TpaHcnopTa. 2024.

30YHOTO COOOMIICHUS W ObIJIa OKOHYATEIBHO
peanu3oBaHa TAK)Ke HA OCHOBE COTNIALICHUS
MEX/Iy JKeJIE3HBIMH JIOPOTaMH, YKe ofIecere-
Boro [7, C. 64—65]. [Ipu 3TOM HE MPOU3OILIO
CO3JaHus «OOIIEro Mapkay BarOHOB Ha OCHOBE
€ro [EHTPAITU3aIUH, a OBLIO 00ECIIEUeHO B3auM-
HOE HCIIOJIb30BaHKUE MAPKOB, MTPUHAIEKAIINX
KOHKPETHBIM JJOPOTraM. DTOT OMBIT MpUMeyare-
JIEH B KOHTEKCTE COBPEMEHHBIX JAUCKYCCHU 00
ONTUMH3AIMY YIIPABICHHUS TAPKOM TPY30BBIX
BaroHoB [50].

Ha ocHOBe MHHOBAIMOHHO-OPHUEHTH-
POBAHHOTO PA3BUTHUS POCCUUCKHUX KEIE3HBIX

2. Ne 4 (113). C. 112-122
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JIOpOT B YCJIOBUSIX PACTYIIETO B CTPAaHE TOBap-
HOTO MPOM3BOJICTBA U PBIHKA NEPEBO30K, NMPHU
MIPOBEACHNN PallMOHAILHON IPaBUTEIbCTBEH-
HOW SKOHOMHUYecKoi monutuku [14; 51; 52],
OBUTM TOCTHTHYTHI BBICOKHE IOKa3aTenu 3¢-
(HEKTHBHOCTH KEJIC3HOLOPOKHOW OTPACIIH.
K nagany XX Beka mo ypoBHIO OTAA4u Ha
BJIOXKCHHBIH KamuTal xelie3Hble Joporu Poc-
CUU 3aHIUMAJIH BTOPOE MECTO CPEIH BEAYIINX
JKeJIE3HOJOPOKHBIX cucteM Mupa [12, C. 303],
a [0 YPOBHIO 9KOHOMHUYECKOi 3 (heKTUBHOCTH
TeKyIeH NesITeNIbHOCTH (110 KPUTEPHUIO MUHH-
MyMa kod(PUIHEHTa IKCIIyaTaluOHHBIX
u3nepxek) B 1913 roxy numuposanu [53,
C. 103].

3AKNOYEHUE

AHanu3 pa3BUTHS XKEJIE3HOJOPOXKHOTO
TpaHcnopta B koHIle XIX — Hauyane XX Beka,
BBINOJTHEHHBIH Ha IPUMEpPE KEIEe3HOI0POKHOM
orpaciu Poccni, 0O3BOJHI YCTaHOBHTS, UTO YKE
B TIEPBOI1 (ha3e IBOIIOIMHU HKEJIEIHOJOPOIKHOTO
TpaHcropTa — (haze IPEeuMyIIeCTBEHHO KCTEH-
cuBHoro pazsutus [27, C. 130], Ha nHHOBALIK-
OHHOM OCHOBE OCYIIECTBIISIIACH MHTeHCH(DHKa-
LUS IeATENBHOCTH JKENIE3HBIX JIOpPOT, KOTOpas
craja 0a3oi pa3BUTHs M pocTa 3PPEKTUBHOCTH
oTpacid BO BTOpo# (ase ee sBomronuu [27,
C. 131-133]. luHOBaIIIOHHO-OPUEHTHPOBAHHOE
pa3BUTHE POCCHICKUX JKEJIE3HBIX TIOPOT B pac-
CMaTpUBAEMBbIil MIEPUOJI, MTOJIOKUTEIBHOE BIIUS-
HHE Ha KOTOPOE OKa3ajxa MyJIbTHIICHTPHYHOCTh
BBIPaOOTKM M peajn3alii MHHOBAIIMOHHBIX
PpeIIeHHH, TIO3BOJIIIIO UM 3aHSTh BETyIITHE ITO3H-
LIMH Ha HallMOHAJILHOM PBIHKE I'PY30BBIX Iepe-
BO30K H JOOUTHCS MHPOBOTO JIHJIEPCTBA 10 PSLY
KITIOUEBBIX NTPOU3BOJCTBEHHO-IKOHOMHYECKUX
TI0Ka3aTelleH.

3TOT HCTOPUIECKHH OMBIT BEChbMa HHTEPECEH
B COBPEMEHHBIX YCIOBHUAX, KOTJA >KEJIEe3HbIE
JIOPOTH Ha MHHOBAIMOHHOM OCHOBE PEIIaloT
JIOJITOCPOYHBIE 331a4H d(PPEKTHBHOTO ITO3HIHO-
HUPOBaHUS Ha PBIHKE TPAHCHOPTHO-JIOTHCTHU-
YeCKHX ycuyr [54].
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[Npuknadxas aHanumuka.
Memodonozus dns 6ydyuwjux
u Oelicmeyroujux aHanumuKos.

KHUWXHAA NOLKUA

ABTOPE®EPATHI
OUCCEPTALIUNA 129
|

» OcmamoyHb i pecypc AUMuULi-UOHHbIX
aKkKymynsamopHbix bamapeu
JIOKOMOMUBOB.

* B3aumodelicmgue gHewHe20

U Ms208020 311eKMPOCHabKEHUs
nepemeHHo20 moka 25 KB.

* MoHumopuHe pa3mbigos epyHma

¥y 0nop xene3Ho00POXHbIX MOCMOB.

* YnpaeneHue puckamu

8 J102UCMUYecKoU cucmeme 2py308bIx
Kene3HOO0POKHbIX NEPEBO3OK.

HOBBbIE

KHUM 132
|
Hosble y4ebHuUKU U MOHO2paghuu

8 cchepe mpaHcnopma.
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Bacunuit KYNPUSHOBCKUM

AHHOTALNA

MoHkun U. B. Memodonoausi HayyHbIX uccnedoeaHull
U npuknadHoll aHanumuku: Y4e6Huk. U3daHue 5-e, donosH.
u nepepab. B deyx momax. Tom 1: lpuknadHas aHanumuka
(Macmepcmeo u ucKyccmeo aHanumuyecko20 MbIWAEHUS!
u aHanumuyeckoli pabomsi) / KoHcopyuym «AHanumuka.
Mpaeo. Yugppar. — M.: Byku Bedu, 2024. - 720 c. (Cepus:
«Memodonoausi u oHmonozus uccnedogaHuii»). ISBN 978-5-
4465-4179-9.

YuebHUK — NOBbILLIEHHO20 YPOBHS CIOKHOCMU, NOCBAWEH
memamuyeckomy 20pU30HMY Meopuu U Memodonoauu npuknad-
HoU aHanumuku. Ob6bACHEHb!I NOHAMUE, Cymb, npupoda, oHMo-
1102usi NPUKNaOHoU aHamumuKu (kak poda cneyugudeckoli Mbic-
numenbsHol OesimensHOCMU U Kak ee npodykma), ee ¢hyHKUYUo-
HasbHO-8U0080e U ompacnegoe MHo2o0bpasue. ModpobHo onu-
CaHbl U pa3bsiCHEHb! MEMOObI, MEXHOM02UU U UHCMPYMEHMbI
npuknadHod aHanumuKu, KOHUENMbI U CXEMbI 8 OCHO8E ee op2a-
HU3aYUU U peanu3ayuu.

CMBO 8 aHanuUMU4YecKom obecneyeHuU.
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MoaroToBKa NpoeccMoHanbHbIX aHanNUTUKOB:
CNOXHble BONPOChI, HeNPOCTbIe OTBETh!

Bacunuii ITasénosuu Kynpusanosckuii

Poccuiickuii ynusepcumem mpancnopma (MHUHUT), Mockea, Poccus.
D4 v.kupriyanovsky@rut.digital

OnucaHbI KpUmepUU OUEHUBaHUS aHaIUMUYECKUX NPOUECCO8
U npodykmos. Y4ebHUK ychewHo anpobuposaH Ha pa3HbIx ayou-
MOpUsIX.

W3darue npedHasHayeHo Ons npogheccUOHarbHbIX npakmu-
Ko8-aHanmumuKkoe (pasHbix ompacnel u Hanpaenenud), npenoda-
gameneli aHanumuku, pykogodumesnel u COmMpPYOHUKOB HayuHbIX
U aHanumuyeckux opeaHusayull u nodpasdenerut, 3akasyukos
npuKnadHbIX aHanumMuU4Yeckux npodykmos, couckamenell y4eHsIx
cmeneHell U UX HayyHbIX KOHCYnbmaHmos / pykogodumened,
Hayu4HbIX pabomHuKkos U npogheccopcko-npenodagamesnbCcko20
cocmasa 0b6pa3osameribHbIX OpeaHu3ayull, a makxe 8cex UHme-
pecyrouuxcs amoil memamukod.

Peuen3aust npedcmaensiem cobol HEKOMOpb e PasMb ILTEHUS
asmopa no nogody nepgo2o moma namoeo u3darusi «Memodo-
J102UU Hay4HbIX uccnedosaHull u npukiadHoU aHamumukuy agmop-
cmea W. B. [ToHKUHa U Uncmpupo8aHHo20 K HEMY NPUMOXEHUS.
Asmop noOHUMaem Cr0XHbIe 80NPOCkHI NOA20MOBKU npogheccuo-
HarbHbIX aHaumuKoe.

Kmiouesbie crioga: npuknadHasi aHanumuka, Hayka, nod20moeka npakmuKo8-aHaUMUKo8, aHauMuUYecKue UeHmpbI, NpeuMyule-

[ns yumuposaHusi: KynpusiHosckuli B. 1. [Todzomoska npogheccuoHasbHbIX aHanumukos: CIoXHbIe 80NpOCk], HENPOCMbIe 0Meema!
// Mup mpa+cnopma. 2024. T. 22. Ne 4 (113). C. 124-128. DOI: https.//doi.org/10.30932/1992-3252-2024-22-4-15.
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MonHbili mekcm cmambu 8 nepegode Ha aH2ulickull A3bIK Ny6IuKyemcsi 80 mopoll Yacmu daHHO20 8bINycKa.
The full text of the review article in English is published in the second part of the issue.




aIMKaJIHO MOBBICUTH Ka4€CTBO MHTEIUIEK-

TyaJbHOH MOJTOTOBKH (KaK Hay4HOM, TaKk

W TPUKJIAJHON aHaJIMTHUYECKOM), BBINTH
Ha OIepaTHUBHBIH IPOCTOP BBICOKOH Mpodeccro-
HaJIbHOM aHAJIUTHKH, MPEOJO0JIETh OTPOMHBIMN
pa3pbIB MEX]y BBICOKONPO(ECCHOHAIbHBIM
OTIBITOM U TOTAJBHON HEOMBITHOCTHIO, MEXKIY
HEU3BECTHOW TeopHuei M POOKOW NMpaKTUKOH
B MPUKIATHON aHAJTUTHKE — 3TH KPUTHYECKU
BaXKHBIE 337]a9M CTOAT CETOHS Mepes CUCTEMOM
TOCYy/lapCTBEHHOT'O YIpaBJIEHHS B IIEIOM, HO
CTOJIb )K€ aKTyaJIbHBI U I MHXKEHEPHOH Moj-
TOTOBKH, TIOATOTOBKH IOPHCTOB, SKOHOMHUCTOB,
yIpaBJIEHIIEB. YBBI, IPENOAaBaTh, yUUTh UHTEI-
JIEKTYyaJIbHBIM PaboTaM, MacTEpCTBY U ICKYCCTBY
AQHAJIUTUYECKOTO MBIIIICHUS U aHAJTUTUYECKOI
paboThI — IIOYTHU HE 110 YEMY.

Hawnbonee sipkoe 1 BIIOJIHE 3aCITyKEHHO 3/1€Ch
MapKHpyeMoe UCKITIoueHne — yueOHHK «MeTozo-
JIOTHUSI HAYYHBIX HCCIIEIOBAaHUN U MPUKIATHON
aQHAJUTUKU» 1.10.H., npod. U. B. Ilonkuna
(PAHXuI'C, MI'FOA). Pabota Beinepixana yxe
HECKOJIbKO Mepeu3naHuil. YYeOHHUK MOXHO
CMeJI0 Ha3BaThb MHCTPYMEHTOM, Pa3BHBAIOLIUM
WHTEJUIEKT U CIIOCOOHOCTH PYKOBOJCTBA, JUIS
Hay4HBIX HCCIIeZoBaTeNel U NMPUKIAHBIX aHa-
JINTUKOB, PYKOBOIUTENEH PO HILHBIX ITOpa3-
JIeTIeHUH.

ABTOp peleH3uH, IPU3HATHCSA, yKe JaBall
CBOM OTKIIHK [1] Ha TpeThe (OMHOTOMHOE) H3/1a-
HHE 3TOro yueOHHKa [5], a MOTOMyY HE MOT Mpo-
MyCTUTH NEepEeU3JaHue HOBOTO MEPBOro TOMa
JBYXTOMHOTO y4yeOHHMKa «MeTononorusi Hay4d-
HBIX UCCIIEIOBAaHUHN U IPUKJIATHON aHATUTUKI»
3a apropcTBoM U. B. Ilonkuna [2] (BTopoii ToM
B 4-M MOKAa U3/JaHKU — B coaBTopcTBe ¢ A. U. Jlan-
TEeBOM [4]; B IISITOM U3/1aHUU, TIO CJIOBaM aBTOPOB,
BTOPO# TOM kzieM Juib B 2025 rony) u uinto-
CTPUPOBAHHOTO NMPHIIOKEHHUSA K 3TOMY JIBYXTOM-
HUKY — CBOET0 pojia HyJeBoro Toma [3].

B ocHOBY yueOHMKA MOJIOKEHBI HAKOILICH-
HbI€ MHOJKECTBOM JIPYTHX YUEHBIX U aHAJTUTUKOB
9KCIIEPTHBIC 3HAHUS M Pe(IICKCUH, CUCTEMaTH-
3UpPOBAaHHbBIE M CYOCTPAaTHO IPEICTABICHHBIC
. B. [IoHKHHBIM, HO TaK)KE U €70 COOCTBEHHBIH
OIPOMHBIH OITBIT POBEJICHHS IKCTIEPTHBIX padoT,
y4acTHs B Hay4HBIX HCCIIEIOBAHUSAX U B OKCIIEPT-
HOM 00eCIe4eHHH roCyIapCTBEHHOTO yIpaBJie-
HUsL. DTH W31aHKUS HallMCaHbI IPOo(eccCHOoHaIoM
HayKH{ ¥ aHAJIMTHKH 11 TPO(ECCHOHAIIOB HAayKH
U aHAIUTUKH. [14Th 3alUTHUBLINXCA TOJ €ro
Hay4YHBIM PYKOBOZACTBOM (KOHCYJIBTHUPOBAHHEM)
JOKTOPOB IOPUAWYECKUX HAyK — YyXe BIIOJIHE
yOenuTeNbHbIi pyOexK Al IPU3HAHUS YPOBHSA

npodeccruoHanu3Ma, paBHO Kak U 00beM €ro
nyonukaruii — 6osee 900 paboTt, mepeBeCHHBIX
Ha 10 pa3HBIX A3BIKOB.

Y4eOHO-MeTOIUYECKAs] U UHCTPYKTUBHAS
JuTepaTypa, KOTOPyI CTPEMHUTCS CO31aTh
U. B. IloHKHMH IO TEMaTUKE METOJOJIOTUU Hay-
HBIX MCCJICIOBAaHUI M MIPHUKIIAIHON aHATUTHKH,
MOCBSAIIICHA TEXHOJIOTUsIM, METO/IaM, HHCTPYMCH-
TaM, paKTHKaM, «J1alhxakam» mpodecCcHoHab-
HOUW HCCJIeJ0BATENbCKO-TI03HABATEIBHOM, aHa-
JUTHYECKON pabOThI, cO37aBas OTIPAaBHbBIC
TOYKH JIUCKYCCHI BEICOKOTO YPOBHS JIJIsl BHICOKO-
KJIACCHBIX YUYCHBIX M MPUKJIAIHBIX aHAIUTHKOB,
HaIoJHEHa UMEHHO TaKOTO POJia TEKCTAMH.

Bbimmyck Takux u3gaHui yxke cTain (M TeHIeH-
1Hst OyZIeT TOJIBKO BCe Oosiee (PUKCHPOBATHCS U pac-
HIUPSATHCS ) [IIATOM B HATIPABJICHUH CO3JaHHS BbI-
COKOITPO(hEeCCHOHATBLHON JIMTEPaTyphl 110 0a30BOH
JIOKTPUHE U METOIO0JIOTHH, TIOJIE3HOM U JUIsl y4eO-
HOW JICSITENBHOCTH, U IS MPOGECCHOHATBHOMN
HCCIIeI0BATENbCKON paboThl — KaK Hay4YHO-
HCCIIEZI0OBATENBCKOM 1 OTBITHO-KOHCTPYKTOPCKOH,
TaK ¥ MPUKIAJTHON aHATUTUICCKOM.

U Hazno ckazark, 4TO ycTpeMileHHs podec-
copa [ToHknHa co3ath BCEOOBEMITIOILYIO 1 YHU-
BEPCaAJIbHYI0, HO TNIaBHOE — 3 (PEKTUBHYIO CUC-
TeMy, KaK OH JIFOOUT TOBOPHUTH, «IIOCTAHOBKHU
MO3TOBY, JICHCTBUTEIBHO, CIIOCOOHBI HAXOAUTh
U HAXOAT MOJIOKUTEJIbHBIA OTKJIMK HE TOJBKO
Cpe/I YUCHBIX-IIPABOBEIOB U MPAKTHKOB IPABO-
BOH aHAJIMTHKHU (YeMy HEMajo CBHJETEIbCTB
B JIeCSATKAaX BBIIICAIIMX PEICH3UI Ha pa3HbIe
U3MIaHUs 3TOTO OOMIMPHOrO W aMOUIIMO3HOTO
TpyIa).

OHH, 3TH YCTPEMIICHHS, IPEICTABIISIOT HHTE-
pec TSt CIEIUATNCTOB TEXHUYSCKUX U IKOHO-
MHUYECKHX HAIPABJICHUHA B HAYKE W MPUKJIATHON
aHAITUTHKE, OTBICKHMBAs ce0e MOCIIeOBATEIbHbIX
MHTEPECAHTOB U YYCHHUKOB B 3THX HaIlpaBlie-
HUSX, BBI3bIBas MHTEIUICKTYaJbHBIC OPOKECHUS
U JIUCKYCCUU HA PAa3HBIX YPOBHSX.

OTIUYUTEIBHBIME OCOOCHHOCTSIMU BCEX
n3ganuit «Mertomonoruu...» U. B.Tlonkuna
(uacteto B coaBropcTBe ¢ A. U. JlanteBoit) siBisi-
ercs (POKyC UMEHHO Ha MTPUKIIAJHBIX BOIIPOCAX,
XOTsI KOK/IbIH pa3 MO HUX MOIBOTUTCS U HE00-
XOJUMBIH TeOpeTUUYCCKUil 0a3uc, ONepUPOBAHUE
«CyOIIMMHUPOBAHHBIMHU CyOCTpaTamu» 3HaAHUI
U WHCTPYKTHUBHBIX MarepuaiioB. COBEpIICHHO
OTCYTCTBYIOT Pa300pKH M CIOPBI C KEM-JIM0O,
U HET HU MaJeUIIero HaMeka Ha MOJUTU3UPO-
BaHHOCTh WJIH HICOJIOTU3UPOBAHHOCTH BBIKJIA-
JIOK ¥ peKoMeHaiuid. [IpucyTcTByeT MOIIHOE
MHOTOYPOBHEBOE «IpOOJIEHUE) H3JIaraeMbiX
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TEMaTHYeCKHUX HalpaBlIeHWH Ha MHOTOYpOBHe-
BbI€ MEPapXH3UPOBAHHBIEC PSIbI KOMITAKTHBIX
CIKaThIX OJIOKOB, M3JIAraloINX U PACKPBIBAIOIINX
«IIPOCTHIE» TEXHOJIOTHYECKHE BOIPOCHI.

Kparko paccMoTpuM copepkaHue IepBoOro
TOMa.

BBeznenue ornpenenseT KIacCUUECKUH BBOA
B TEMY, U3J1araeT aBTOPCKUE 3aMbICEIT U KOHLIETI-
LU0, LIeJIM y4yeOHHMKA M ero napajaurmajibHble
OCHOBaHWUsI, MTOKa3bIBAET, B KAKUX JHCKYCCHUIX
NpeAbIIyIe U31aHus yueOHHKa HAIUIA CBOE
OTpa’keHHE.

IepBas masa «[lonarue, oHTONOTUS U 00-
11151 TEOPUSl TPUKIIAIHOM aHAJIMTHKNY COIIEPIKUT
13 naparpa¢oB M packpbIBaeT TeMaTH4YECKHE
HaIpaBJICHUs: IIOHATHE, TPUPOY U OHTOJIOTHIO
NPUKIIaHOW aHAIMTUKH; BUI0OBOE MHOI000pa-
3Me NMPHUKJIATHON aHAJIMTUKH; KTO TAKOW aHaIU-
THK; JIMHEIKy 00pa3oB-aMmIlya IpakTHKa-
AHAJIMTHUKA; YTO COCTABIISIET BBICIIMN MMUJIOTAX
B NPUKJIAJAHON aHAJUTHKE; AOJDKHBIH 00beM
KBTM(HKALIMH [IABHOTO aHAIUTHKA (PYKOBOIU-
TeJIs. aHAJIMTUYECKOTO MOJPAa3/IeIeHus); MOHS-
THE, YCTOU, PAMKH U COZlep)KaHue o01Iei Teopun
NPUKIIaAHOW aHAIMTHKN; COOTHOLIEHUE (haKTo-
rpaduy U NMPHUKIAIHON aHAIUTHKU; COOTHOILIE-
HHE HOpMOrpauu M NPUKIAJIHONW aHAIUTHKH;
KpaTKoe cyOCTpaTHOE M3JI0)KEHHE METOI0JIOTHU
npukinagHoi ananutuky (§ 1.10 — camplii 6051b-
moi naparpad TiaBbl MEepBO, TaK 4TO MPO
KPaTKOCTh TYT OTHOCHUTEJIBHO); TIOHITHE U 3Ha-
YeHHE MHTYHIMH B NPUKIIAIHONW aHAIMTHKE;
OTJIMYMS IKCHEPTHOTO 3aKIIOUEHHsI MPAKTHUKA-
aHAJIMTUKA OT IPOYMX BUJOB HChMa UIIM HHOTO
M3JIOKEHUS COOOpaXKeHUI; TOHATHE U 3HAYCHHE
BHU3yalM3alliM Mpoliecca U pe3ynbTaToB MpH-
KJIaJIHOW aHAJIUTUKHU.

Bropas riaBa mocasiieHa KOHKPETHBIM
MHCTPYMEHTAIbHO-()YHKIIMOHAILHBIM CETMEH-
TaM MMPUKIAHON aHAJIUTHKH U BKIIIOYAET [IECTh
naparpadoB, pacKpbIBasi CJIEIyIOIUe TeMaTH-
YEeCKHUE HAalPaBJICHUs: TIOHATHE U 0COOEHHOCTH
NPEAUKTUBHOW TPUKIATHON aHAIMTUKH; IIpe-
CKPUNTHBHAS TPUKJIaHAsl aHAJTUTUKA; TOHSATHE
U 0COOEHHOCTH JECKPUIITUBHOW MPUKJIAIHOU
AQHAJINTHUKY; MOHATHE U OCOOCHHOCTH MHTEJ-
JIEKTyaIM3UPOBAHHON MPUKIIATHON aHATTUTUKH
U [parMaTuyeckol NMPUKIaJHON aHAJIUTUKU;
MOHSTHE U OCOOEHHOCTH JMAarHOCTHYECKOU
(IEeBUMAHTOJIOTUYECKOW) MPUKIIAJHOW aHaIH-
THKH, 0OCOOGHHOCTH ONEPUPOBAHUsI aHOMa-
JUSMH B NPUKIAJHON aHAJIHUTHKE; IOHATHE
U 0COOEHHOCTH «IOCMEPTHOW» NPUKIIATHOU
AHAJIUTHKH.

Mup TpaHcnopra. 2024 2. Ne 4 (113). C. 124-128

TpeTbst 1aBa MOCBsIICHA TOATOTOBKE U KBa-
JTU(HUKAIAN IPAKTUKOB-aHAIUTHKOB, COACPIKUT
BOCEeMb maparpagoB, pacKpbIBasi TCMaTHUCCKUE
HaIpaBJICHUS: 3HAYCHHE M OCOOCHHOCTH IOJI-
TOTOBKH IMPAKTUKOB-aHAJTUTHKOB; ITOHUMAaHUE
JIOJDKHOTO B IEJICHATIPABICHHOM ()OPMHPOBAHUN
npodeCcCHOHAIBHOTO MPaKTHKa-aHAIUTHKA;
OIKCAHNE HEKOTOPHIX HAN00JIee HETPUBHUATTBHBIX
U 3aCIY)KUBAIOIIMX BHUMAHUS METOIUK MOJTO-
TOBKH B IIPUKIIAJHON aHAIUTHKE; 0COOCHHOCTH
MTOJITOTOBKK aHAJIMTUKOB B 3apyOEKHBIX CIICII-
ciyx0ax; crocodbl GOPMUPOBAHKS CIIOCOOHO-
CTeil ¥ HABBIKOB KPUTHUYECKOTO MBINIJICHUS
y MPaKTUKOB-aHAJUTHUKOB; MOHATHE U Mepa
JIOJDKHOTO MACTePCTBA U MCKYCCTBA MPAKTHKA-
aHAJIMTHKA 33]]aBaTh BOMPOCHI; CTAHAAPThI HAJl-
JISXKAIIETO MPUKIAIHOTO aHAIUTHICCKOTO pe-
Mecia, MacTepCTBa M HMCKYCCTBA; M3JI0KEHUE
(GhopMaNM30BAHHOTO MEPEUHS HaJJICKAIIUX
3HaHWM, YMEHUH, HABBIKOB, KOMIETEHTHOCTEH
U CIIOCOOHOCTEH MpaKTHKa-aHATUTHKA.

UYerBepras Il1aBa M3J1aracT OI[CHOYHbIC Cpe/l-
CTBa — KPUTCPHUU M HapaMETPhl MPUKIATHON
aQHAJMTHKH, COCTOMT U3 13 maparpados: au-
CTHHKTHBHBIE (CYIHOCTHBIC) U JICCKPUIITHBHBIC
(omucarenbHbIC) MApaMETPhl PUKIATHON aHa-
JIUTHKH;, aHAJTUTAYCCKAst TOYHOCTh; CIIOKHOCTh
B IPUKJIATHON aHAJIMTHKE; aHAIUTHYCCKas Oer-
JIOCTh;, aHAJIUTHYECKAss THOKOCTh; aHAJIUTHYC-
CKasi IPOHHUIATEIEHOCTh; KPaTKOCTh M MPOCTOTA
B TPUKIAIHONW aHATUTHKE, METAKOTHUTHBHAS
JICTAHITUPOBAHHOCTH B TPUKIIAIHON aHAIUTHKE;
OIICHOYHAsI ¥ UHTEPIPETAIIMOHHAS OMPE/ICIICH-
HOCTb B MPHUKJIAIHON aHAJIUTUKE; CHCTEMHOCTh
MPUKJIATHON aHAJIMTUKHU; aHAIUTHYECKAs 3pe-
JIOCTh; aHAIMTHYECKAs [ICTIKOCTh HJIH XBaTKOCTh;
AHATUTHYCCKUIN CKEIITHIIA3M.

[IaTas mmaBa u3jgaracT KOHKPETHBIC TEXHO-
JIOTHH W TIPUEMBI TPUKIIAJHBIX aHATUTHICCKIX
paboT, OXBaThIBas IIMPOKOE MHOTO0Opa3He TaKO-
BbIX B 22 maparpadax: oOuuii BBOJ B TEMY;
MMOKCK JTAaHHBIX B MPHUKIIATHON aHAIUTHKE; aHa-
JIUTHYECKOE BHUJICHHE B MPOPAOOTKE HCCIIEAye-
MOTO Marepuaja; aHaJIUTHICCKas pa3MeTKa HC-
CJIe/lyeMOro TeKCTOBOTO MaTepHaia; (hoKycupo-
BaHUE B [IPUKIIAIHON aHATTUTUKE; KPUCTAIUINA3A-
LU UIeH 1 BBIBOJIOB B ITPUKJIAIHOM aHATIMTHKE,
CO3/1aHUC IICHHBIX MJICH B MPUKIATHON aHAIH-
THKE; MPHUKJIAHON aHAIUTHYCCKUN CHHTE3 U3
MEJIKHMX KyCOYKOB; aHATUTHYECKOE 00OTallCHIE
JAQHHBIX U AHAJUTHUYECKOE OOOraIleHHue MpHu-
KJIATHOTO aHATUTUYECKOTO ITPOYKTA; KITFOUCBOM
BOMPOC MpeAPpHUHATHHOMN MOrOTOBKH MTPUKIIAJ-
HOTO aHAJTUTUYECKOTO MPOIYKTA 00 YITyIICHHBIX
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CYILIECTBEHHO Ba)KHBIX MOMEHTAX;
TIOHSITHE U TEXHUKHU MIPUKIIaIHOTO
AQHAJIMTUYECKOTO [THChMa; IIOHSTHE
W 3HAYCHHE UJEU U CMEKaIKH;
HEJIMHEHHOCTh TIpolecca paboThl
Ha/Jl IPUKJIaJHBIM aHATUTHYECKUM
MIPOAYKTOM; LIUKJINYHOCTh B IPH-
KJIaJIHOW aHaIUTHKE; NOHITHE,
TpeOOBaHUSI U TEXHOJIOTUHU TO-
TOTOBKH aHaJIUTHYECKOTO OTYETA;
OHTOJIOTHH KaK MHCTPpyMEHTapuil
MIPUKIIaIHON aHAIMTHUKY; TIOHSATHE
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CenpMas 1aBa U3jaraer B -
TH naparpadax TEOpHIO W INpaK-
THUKY I€BHAHTOJIOTHHU TIPUKJIaJHOU
aQHAJIMTUKK: OOLIMI BBOJ B TeMa-
TUKY; Ae(EeKThI IPUKIIaJHOM aHa-
JUTUKU WU JIEBUAHTOJIOTHS IIPH-
KJIaJJHOW aHAJIMTHUKH; 3HAYEHUE
METOJIOJIOTHH JUIsl OTIEPUPOBAHUS
nedexTaMy MPUKIAAHON aHaJK-
THKH; KOTHUTHBHBIE IpeTyOex/ie-
HUSI KaK HICTOUHHK J1€(hEKTOB IPH-
KJIaJHBIX aHAJUTHYECKUX IPOILYK-

U OCOOEHHOCTH aHAJIUTUYECKOTO
BYMTHIBAHUS B TEKCT; OIIEPUPOBaA-
HUe 00pa3aMu B aHAJIMTHKE; IEPeXo] Ha MeTa-
YPOBEHb B aHAJIUTHKE; HETMHEHHOE MBIIIIIIEHHE
Y JIMHEHHOE MBIIUICHHUE B MPUKIIAIHONW aHaIU-
THKE; IEPBbIE ATk B CO3JaHUH UCCIIE0BATEIb-
CKOTO TPOJYKTa; MPUMEHEHNE T'eHEePaTHBHBIX
penoO0y4YeHHBIX TpaHC(OPMEPOB TEKCTOB Ha
ecrectBeHHOM si3bike (Chat GPT) B mpukitagHoi
aHAJIMTHKE.

Hlecrast rmaBa u3naraer 32 o0rieaHalInTH-
YECKUX METO/a, COOTBETCTBEHHO BKJIIOYaeT 32
naparpada. B ux uncie: METoIbl HHTYUTHBHOU
AQHAJIMTHKH; aHAIUTHYECKHUE METObI (perdMu-
pOBaHUsl, CBEPTHIBAHUS, PAa3BEPTHIBAHUS, KOH-
TpacTa; METOAbl IKCIUIMIIUTHO-CTPYKTYPH-
POBaHHOT'O, UMILTHLUTHO-CTPYKTYPUPOBAHHOTO
U JI€CKPUIITUBHO-IKCIUIMKATUBHOTO TEOPETH-
3UPOBAHUS; METO/BI TOTOKOBOW aHAJIMTUKH;
METO/J YNPOIIEHUSI OHTOJIOTU3UPOBAHHBIX
00pa30B Hay4HBIX WJIM aHAJTUTHYECKHX KOH-
CTPYKTOB; METOJ CLIEHAPHOTO MOJICIIUPOBAHHSI;
meron SWOT-ananu3a; aHaJIMTUYECKUH METOT
0co00ro MHEHHS B TpYIIe; aHAJIUTUYCCKUN
METOJl 00paTHOTO JBM)KEHUS C KOHLIA; aHaAJH-
TUYECKUH METO]| NepeHoca; aHAIUTHYECKUH
METOJ YCIOKHEHHUS 3aJ1auu; MeToA 1ambopaa;
AQHAJMTHYECKUH METOJ «PBIOBEro CKelieTay;
METOJ ApeBa TEKyLIed pPealbHOCTH; METOJ
LIBETOKOJIMPOBAHUST; METOJ KapT acCOLMAIIHIA;
METOJl TETMPOBAHHS; METO TOCTPOCHHUS ITPH-
YUHHO-CJICZICTBEHHON MaTpPHILIbI; METO/| IpeBa
OTKa30B; METOJ| aHAJUTHUYECKOro ayJupoBa-
HUSI; METOIbI ONOIMOMETPUYECKOM aHAINTHKH;
METOJl aHAJUTHYECKOW NUPAMUJIBI; METOJ
OIIOPHBIX TOYEK; METO/] OTIEPHUPOBAHUS KOHKY-
PUPYIOIIMMU TUIIOTE3aMU; OaiieCOBCKUIT oI~
XOJI; METOJ| aHAJUTHYECKOr0 ONEPUPOBAHUS
CTEPIKHEBBIMU (paKTOpamMu; METOJbI MO3IrO-
BOTO IITYPMa U CHHEKTHKH; METOJl CUTYyallH-
OHHO-JIOTUYECKOW aHAJIMTUKU; METO MOp(o-
JIOTUYECKOTO aHalln3a.

TOB;, KOTHUTHBHBIC YSI3BUMOCTHU
MPaKTHKa-aHAIUTHKA.

BocepMmas rmiaBa mocBsiiieHa KOJIJIEKTHBHO-
MPOU3BOJMMOI aHAJIUTHKE, aHATTUTUYECCKUM
LIEHTpaM, BKIIIOYaeT BOCEMb HaparpagoB: 0cBe-
JIOMJICHHOCTB B IIPEIMETHO-00BEKTHON 00JIacTH
(toMeHHast 0CBEZIOMIIEHHOCTb) ¥ IPEBOCXOJICTBO
B TAKOH OCBEJOMIICHHOCTH; CUTYal[IOHHAsI OCBE-
JIOMJICHHOCTB M IPEBOCXOJICTBO B CUTYaI[HOHHOM
0CBEJIOMJIEHHOCTH; 00111ast OllepaTHBHas KapTHHA
B IIPUKJIATHOM aHAIMTHKE; aHAIUTHYECKAs Clla-
JKEHHOCTh aHAJIMTHYECKOTO IOJpa3/esIeHNs;
(aOpHKK aHANIUTHKH, CUTYAl[HOHHO-aHAJINTH-
YECKHUE IIEHTPBI.

JleBsiTasi riaBa MOCBsILICHA MPOQHUIBHBIM
MPEeIMETHO-00BEKTHBIM 00JIACTSIM (Hampasiie-
HUSIM) MPHUKIIQJAHON aHaJIMTUKH, B TOM 4YHCIIE
MIPaBOBOW aHAIUTUKE, MH)XEHEPHOH aHAIUTHKE,
Ou3HeC-aHAIUTHKE.

Kaxnplit maparpad B OonbLIIMHCTBE Clly4aeB
npoOutcst Ha noznaparpadel, KOTOpsie, B CBOO
o4epeb, 001a1at0T OOJbIIEH CaMOCTOATEILHON
IeHHOCThI0. Ha Kpyr (TO ecTh HA TOM) — COTHU
U COTHHM Ba)XHEHIIMX W CJIOXKHBIX BOIPOCOB
OKa3bIBAIOTCSI OOBSICHEHBI.

Y4eOHUK BEHYAET 3aKJIIOUEHHUE, MOJBOJIS
UTOTH.

Penen3upys oty paboTy, HEBO3MOXKHO OCTa-
BUTH 0€3 BHUMaHMS TOT aCIEKT, 4TO 3TO OJIHO U3
MIEPBBIX B CTPaHe U3[aHUH, IPOUILTIOCTPUPOBaH-
HBIX C ITOMOIIBIO TEXHOJOTHIH FeHEPATUBHOTO
HCKYCCTBEHHOTO MHTEJIIEKTA.

[IpaBna, HEKOTOpBIE M300pAXKEHHS PYKO-
TBOPHBI, HO €CTh B pab0Te WILIFOCTPALMH, Cre-
HEpHUpPOBaHHBIE MAUIMHOW mox promt-
ynpasneHueM U. B.Ilonkuna. ABrop omepu-
pyeT CIOXHBIMH BU3yaJbHBIMU O00pazaMu
C MOIIHBIM KOTHUTHBHO-CTUMYJIUPYIOIIAM CO-
Jiep)KaHreM, Ha CBOEM IPUMeEpE, TOMUMO BCEro
MIPOYET0, IOKA3bIBasi KAHOHUYECKOE TOJIOKEHHE
0 LIEHHOCTH BU3yaJIM3alluy B IPUKJIaJHOM aHa-
JIUTHUKE.
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DT10 04YeHb BaXKHBII MOMEHT, TeEM 0OJIee BaXK-
HBIi, YTO )KMBEM MBI B YCJIOBUSIX ITOBAJILHOM pac-
MIPOCTPAHEHHOCTH MEMO-KJIUIIOBOTO MBIIIICHHUS,
M 9TO HAJIO YUMTHIBATh IIPU pa3paboTKe yUeOHHUKOB
1 IIPOTPaMM.

JlensHbIe M1apB1, BMOPOYKEHHBIE B JISISTHOM e
npo3paynslii ky6 (C. 37), — kak oOpa3Hoe oToopa-
JKEHHE COCTaBHOTO aHAINTHYECKOTO NPOIYKTa;
cOOpaHHBIN JIEPEBSHHBINA Na3Jl CTPOroro Kyoa,
COCTOSIIIETO M3 CIIOXKHBIX MPOCTPAHCTBEHHBIX
JeTaned, o0pa3Ho 0TOOpaXKaroluX 3HaYCHHE
OpraHuYecKoil, UHTErPaTUBHOM LIEIOCTHOCTH
ananmuTraeckoro oryera (C. 429), cepus wmtro-
CTpaLyii, OOBIrPHIBAIOLIAsI CIIOXKHBIE ITPOCTPAH-
CTBEHHBIE COUETAHMUS CTATBbHBIX IIAPOB U CTaIb-
HeIX TpocoB (C. 35, 158, 600), croxHbIe mpo-
CTpaHCTBeHHBIC coueTanus Kyoos (C. 34,72, 622,
623, 630, 655, 668); «cBeya, AaroIas HE TUIAMSI,
HO HCTOpraromiasi TypOyJIEHTHYIO CTPYIO BOIBD» —
Kak «o0pa3Hoe OTpakeHHE HeaJleKBaTHOCTH
1 (PaHTACTUYHOCTH, SBHOW aHOMAaJIbHOCTH (PHK-
CHPYEMBIX JaHHBIX WJIH MOJYyYEHHOTo AedexT-
HOTO aHanmuTH4deckoro pesynprara» (C. 146);
«obpa3HOoe 0TOOpaKEHHE TOPSIIEro BOASHOTO
JbJa (B YCIOBUSX OTCYTCTBHSI XUMHYECKUX XHT-
pocteii)» (C. 222) u 04eHs MHOTOE APYTOE HaBEP-
HSIKa TIOMOTYT BH3yaJM3UPOBaTh YMTAIOIIUM
OCHOBHBIE MOMEHTHI YUEOHUKA.

Taroke, TaKUM WUTIOCTPaTHBHBIM OOecIiede-
HHEM JABYXTOMHHKA IUIIOC HYJIEBOTO TOMa
. B.TloHkuH 1ocTHTaET ellie OJHOM Ba)KHOM Iie-
JIM — paclIMpEHHNs KpyTra NHTEPECAHTOB TEMaTHKON
JIAJIEKO 32 [PEIENIbI Y3KOTO KPyra BBICOKOKIIACCHBIX
po¢H-aHATUTHKOB.

W3 SIBHBIX HEJOCTATKOB TIATOrO U3AHUS TIep-
BOro Toma (1o MPUKJIAJHON aHAJIMTHKE) MOXKHO
OBLTO OBI yKA3aTh HAa HETIO3BOIUTENHHYIO MAJIOCTh
00BEMOB BeCbMa BOCTPEOOBAHHBIX TEMATHUCCKHIX
paznenoB — «HxeHepHas aHaTIMTHKa» (JIBE CTpa-
HUIB]); «bU3HEC-aHAINTHKAY (IBE CTPaHUILIBI).

Eme omHUM HEIOCTaTKOM IMSTOrO M3JaHUs
MIEpPBOTO TOMa (PaBHO KaK M BTOPOTO B IPEABITY-
I1IEM, YETBEPTOM, H31aHUH ) MbI BUMM OTCYTCTBHE
KOHTPOJIBHBIX 331aHUi, 33/IJa4HUKOB T10CTIE TJIaB.
XoTs1, BO3MOXKHO, YIUTEIBasI MACIITaOHOCTH pabo-
ThI, TAKOW 3aJITAYHUK, COOPHUK 3aaHHi CICAyeT
CIIENIaTh OTIETbHBIM TOMOM.

ITo nttocTpUpOBaHHOMY BBEJICHHIO B TIPH-
KJIaJTHYI0 aHAJTUTHKY, TYT MBI ObI, CKOpee, PeKo-
MEH/I0BaJIM BBIITYCTUTh aHAJIOTHYHOE WILTIO-
CTPUPOBAHHOE BBEACHHE B HAYYHO-HCCIIEIO-
BaTeNIbCKYI0 paboTy, 4TO ObLIO OBl JIOTMYHO,
MCXOJS M3 3aMBICIIa IBYXTOMHHUKA.

OmHaKo TOBOPUTE 00 «UACATBHOCTHY — HE
JTYYIIAA CIIOCO0 OLIEHUBAHUS MHCTPYKTHBHBIX
paboT B HayKe ¥ MPHUKJIQTHON aHAIUTHKE, 1 00a
M3JaHUSI — OOBEKTHBHO BEIIIE BCAKHUX TTOXBAIL.

B naHHOM ciyyae nake MOXXHO TOBOPHTH
0 TIOSIBJIGHUH B CTPaHE LIEJIOr0 Kiacca BEICOKO-
MHTEJUIEKTYyallbHON aHaJUTHYECKOH JHuTepa-
Typsl. Ensa nmu Urops [loukuHa u ero coaBropa
Arneny JlanTeBy MOXXHO CUMTaTh POJOHAYaJIb-
HUKaMU HWJIN [EHTPATbHBIM 3J€MEHTOM TaKOU
TUTEepaTypsl (€CTh aBTOPHI IIOMMEHUTEE U T10-
IUIOOBHUTEE), HO TO, 4TO «MeTOmOIOTHS Hay-
HBIX HCCIIEN0BAaHUI U IPUKIATHON aHAIUTUKI
3aHUMAET I10 TPaBY «IYUIIYIO IOJKY» B 3TOM
o0BeMe, — 3To GeccropHo. ITo OoJee YeM I0-
CTOMHEIN BKJIAJ.
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Bopucos II. B. MeToquka OLICHKH 0CTATOY-
HOI'0 pecypca JUTHIi-MOHHBIX AKKYMYJIATOP-
HBIX 0aTapeii TATOBOr0 MOJABHKHOIO COCTABA
/ ABTOped. nuc... KaHA. TexH. Hayk. — CIIO.:
MNI'y1mc, 2024. - 15 c.

IIpuMeHeHHEe HE3aBUCHMBIX MCTOYHHKOB
SHEPTUH Ha TATOBOM ITOJIBIXKHOM COCTaBe, TAKMX
KaK JINTHH-UOHHBIE aKKyMYyJISTOPHbIE HAKOIIH-
TeJH, JaeT BO3MOXXHOCTh HCIOIB30BAHUS KaK
THOPHUIHON TEXHOIOTHH TATH, CHOCOOCTBYIOIIEH
CHIDKCHUIO HArPy3KH BO BPeMsI IMKOBBIX PEXU-
MOB paboThI JHU3eIb-TeHEePaToOpa U BOXOPOIHBIX
MIPOTOHHO-MEMOpPaHHBIX YHEPreTHYECKUX yCTa-
HOBOK, TaK ¥ IOJHOCTHIO aBTOHOMHOH OT aKKy-
MYJISITOPHBIX Oarapeil.

[IpuMeHeHne anbTEPHATUBHBIX HCTOYHHUKOB
SHEPTUH, UCIOIb3YEMbIX [UIS TATOBOTO TTO/IBIK-
HOT'0 COCTaBa Ha CETHU JKEJIE3HbIX 1opor Poccuii-
ckoii Meneparu, MOTyYaeT Bee OoJbIee pas-
BHUTHE. 3a7aya MO BHEIPEHUIO JAHHBIX THUIIOB
HCTOYHHUKOB SHEPIHU HA MAHEBPOBBIX, IPUTOPOA-
HBIX ¥ IIPOYHX JIOKOMOTHBAX HE pelleHa B IOJ-
HOM 00BbEeMe, TaK KaK CYyIIEeCTBYeT Ipobiema
OTPaHHYEHHOT'O PECYPCa aKKyMyJIATOPHOTO HaKO-
nutens. TAroBbIi MOIBUXKHON COCTaB, 000pyIo-
BaHHBII aKKyMYJIATOPHBIM HAKOIIUTENIEM B Kade-
CTBE OCHOBHOT'0, TPEOyeT OrpaHU4EHHBIX PEXH-
MOB padoTHI.

[ToBbimenue 3¢pPeKTUBHOCTH PabOThI CUC-
TEMBI «JIU3eJIb-TeHepaTop — HAKOIUTEIb 3HEp-
TUW» TO3BOJISIET YBEJIHYHUTH CPOK CIYKOBI,
a TaK)Ke CHU3UTH 3aTPaThl HAa IPEKIEBPEMEHHYIO
3aMEHY WM BHEIMJIAHOBBIH PEMOHT IU3EIb-
reseparopa. DToT (aKT SBISETCS 3aJ0TOM
YCIENIHON peaan3aliy IUIaHOB 110 OCBOCHUIO
MaHEBPOBBIX JIOKOMOTHBOB cepun TOMOH
u TOMS5X, a Tak sxe mepexosia MaHEBPOBOH TSATH
Ha aBTOHOMHYIO 3a CYeT HCIIOJIb30BAaHUS JIOKO-
MoTuBOoB OMKA2.

W3y4eHs! NpYUHBL, BAUSIONINE Ha CHIDKCHUE
pecypca TMTHH-MOHHBIX aKKyMYJIATOPHBIX OaTa-
pe#t taroBoro monsuxHoro cocrasa (JIMAB
TIIC), nposBAsIOMKECS B CHIKEHUH OOIIeH
E€MKOCTH.

HccnenoBana cxema 3aMeIIeHNs, OTHOCS-
masicst kK JIMAB TTIC, u onpeneneHs! ee mapa-
METPHI C TIOCHenyomei BepupuKkanneil Ha Mo-
JIENT CO 3HAYCHUSAMH, TTOJTyYCHHBIMU B PE3yib-
TaTe HKCIIEPUMEHTA.

HccnenoBaHbl XapaKTePHCTHKHA BHYTPEHHETO
conporusieaus JINMAB TIIC, npuromHoii K SKc-
IJIyaTalHuy, IMOJy4YeHa B3aHMOCBA3b MEXIY
YBEITMYEHHEM BEIMIMHBI TTOJTHOTO COTIPOTHBIIC-
HUA Z U ee pecypcoM. OnpeneneHsl KpUTEpUr
orOpakoBku JIMAB, Haxomsmxcs B 9KCIITyaTa-
1Y, TI0 TapaMeTpaM cxembl 3amemeHus JINAB.

Pa3paboTaHbl IpeToKEHNS IT0 OPTaHU3AIIH
koHTpons pecypca JIMAB TIIC cpencrBamu
(GYHKIIMOHATBHON THAarHOCTHKHU B yCIOBHSIX
TEeKyIIeH HKCILTyaTaui, KOTOPHIE IMO3BOJIAT
OCYIIECTBIIATh KOHTPOJIb TEKYIIETO COCTOSHUS,
a Taxke NMPOTHO3UPOBATh CHIDKEHHE pecypca
n JIMADB 6e3 ocymiecTBICHUST TEXHUYIECKOTO
00CITy>)KUBaHUS M TEKYIIETO PEMOHTA TATOBOTO
HaKOTIMTEIIS.

ITo pa3paboTaHHBIM TPEIUIOKEHHUSIM KOHT-
poxns pecypca JIMAB TIIC mocTpoeHsI anro-
putmbl [1O o iuaraoctuke Hakonutenss JINAB
s TIIC.

Pa3paboTano nporpaMMHoe oOecTiedeHre IIst
CHCTEMBI YIIpaBJICHHUS NTpeodpa3oBaTeneM 3Hep-
ruy, padoratommum ¢ JIMAB TIIC, Ha kotopoe
MTOTY9EHO aBTOPCKOE CBUACTEIHCTBO O TOCYIap-
CTBEHHOW PETUCTpAIlMU MporpamMmbl st O9BM
Ne 2023681901.

IIpousBeneH TATOBBIM pacyeT SKCIIEPUMEH-
TaJHHOTO JJOKOMOTHBA JIJIsI MAHEBPOBOI1 paboTHL,
obopynosanHoro JIMAB. I1o 3ananHOMY peXUMy
pab6otsl TTIC Ha COPTHPOBOYHOM TOPKE OTpee-
nera eMkocTh JIMAB. [ moixy4eHHOro TATO-
BOTO HAKOITUTEIIS ONPE/IeTIeH CPOK SKCILTyaTalliH,
000CHOBaHHBIN AKCIIEPIMEHTATEHBIMH HCCIIEI0-
BaHISIMU.

B kauecTBe pekomMeHIaUil U MEPCIEKTHB
JTATBHEHIIETO Pa3BUTHS B JTAHHOM HaIpaBICHUN
MOXeET OBITh TIPEIJIOKEHa OTPA0OTKA MPEITIOKEH-
HOM METOJMKH Ha Pa3HbIX BUIAaX HAKOMHTENEH
ANIEKTPUUYECKON IHEPTHH, a TakkKe pa3padoTka
anmapaTHoro OOPTOBOTO aBTOMAaTH3UPOBAHHOTO
JINAaTrHOCTHYECKOTO KOMIUIEKCAa, BHEIPECHHOTO
B TATOBBIM HaKOIHUTEINb, OCYIIECCTBISIOMIETO
cOop, XpaHEeHUE U aHAIN3 HHPOPMAITHH
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2.9.3 — [loosudicHotl cocmag dcene3Hvlx 00-
Poe, msea noe3008 u ANeKMpuQuUKayus.

Paboma evinonnena u 3awuwena ¢ Ilemep-
Oypeckom 20Cy0apcmeenHom YHugepcumeme
nymetl coobwenuss Umnepamopa Anexcanopa I.

KoBaues B. A. IloBbiienue 3ppeKTUBHO-
CTH B3aUMOJECTBHSI CUCTEM BHELIHEro
M TATOBOI0 YJIEKTPOCHA0KEeH s MepeMeHHOro
Toka 25 kB / ABToped. nuc... KaHA. TeXH.
Hayk. — Xa0aposck: [IBI'VIIC, 2024. — 24 c.

B pamkax peanusauuu TpaHcropTHOM cTpa-
terun Poccuiickoit denepaiiuy mocTaBieHa Leib
MOBBIIICHHS IPOBO3HOW crocoOHOCTH BocTou-
HOTO IOJIUTOHA KEJE3HbIX JOPOT.

Baskueiimeii 3agaueii SBaseTCs JIMKBUIAIUS
«Y3KHX MECT» Ha TPAHCIIOPTHOM CeTH KeJe3HbIX
JIOPOT, KOTOpbIe OTPaHUYMBAIOT YBEIUYEHUE
CKOPOCTHU U BECOBBIX HOPM M0€310B. B kauecTBe
OIHOTO M3 MEXaHU3MOB YCTPAHEHHS «Y3KHX
mecT» CTparerus npeaycMarpiuBaeT peKOHCTPYK-
LIUIO ¥ MOJIEPHU3ALIMIO CUCTEM TSATOBOTO AJIEKTPO-
CHa0XEHMS.

B nuccepranuonHoil paboTe paccCMOTPEHBI
BOMPOCHI MOBHIIICHUS 3(PPEKTUBHOCTH B3aUMO-
nelictBusl cucteM BHemrHero (manee — CBDJ)
u 1srosoro (nanee — CTD) anexTpocHaOKeHUs
TEPEMEHHOT0 TOKa 25 KB B 1ensX BBIOTHEHUS
3a7a4, C(hOPMYITHPOBAHHBIX IPOrPAMMaMU CTpa-
TErHYECKOTO Pa3BUTHS KETIE3HBIX TOPOT.

BrInonHen ananns mokasareieii B3auMoIen-
CTBHUSI CHCTEM BHEUIHETo U TSITOBOTO AJIEKTPO-
CHa0XeHHsl epeMeHHoro Toka 25 kB Ha npu-
mepe CTD JABX/. IIpucoeannenue TATOBBIX
nonctanuwmii B CTO nepemenHoro Toka 25 kB no
«MOANMUTHIBAIOIIEH» cXeMe CO3[0aeT «y3K0e
MECTO» TMOBBIIICHUS Beca MOE3J0B U CHUKECHUS
HMHTEPBAJIOB MOMYTHOTO CJIEIOBaHUS.

Maremarudeckast MOJIe b pacueTa pacrpeze-
JIeHNsI TOKOB TATOBBIX Harpy3ok JI1C B oOMoTKax
TITOBBIX TPaHC(HOpMaTopoB U (hazax JIDIT cucreMbl
BHEIITHETO EKTPOCHAMKEHHS YTOYHEHA pa3pado-
TaHHBIMU B JAMCCEPTALMOHHOM HCCIEAOBAHUU
BPEMEHHBIMU BXOTHBIMU CONPOTUBIICHUSIMH Y3JI0B
TIPUCOEIMHEHHS TATOBBIX moacTaHimi K JIDIL

Paspaborans! anroputm 1 APM onpenenenus
BPEMEHHBIX BXOJHBIX U B3aMMHBIX COIIPOTHUBIIC-
HUH Y37I0B IPUCOEANHEHHUS TATOBBIX MOJCTAHIIHIA
x JIDIT CBD.

Paspaborana 6a3a mannbeix JIDII, cunoBbIx
TpaHc(OpPMAaTOPOB 1 aBTOTPAHC(HOPMATOPOB MMOA-
crannuii CBO, nuratomeit CTO JIBX/I.

Pa3paboTan anropuT™ onpeaeacHus Kouue-
CTBa MHTEPBAJIOB BPEMEHU, BEIOOpA CXEM ITHTa-

Mup TpaHcnopTa. 2024
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HUS IPOTHO3HBIX TATOBBIX HATPY30K B pACUETHOM
NepuoJie ¢ YYeTOM MHUHUMHU3ALNU JAUCIEPCUU
U pallMOHAIBHOTO PacXoa pecypca KOMMyTalu-
OHHBIX aIllapaToOB U YCTPOUCTB PEryIUPOBAHUS
HanpsHKEHUsI TATOBBIX MOJACTaHIUN. Peanuzanus
aJrOpUTMa BBIMOJIHEHA ITporpaMMoit ainst OBM.

[TomyuenHble pe3ynbTaThl JOKAa3bIBAIOT, YTO
HHPOPMAIIMOHHOE MOJICITUPOBAHIE HOPMAJIH3a-
LMW CXEM MUTaHUS TSATOBBIX HATPY30K U MPHUCO-
€IUHEHHMS TATOBBIX moacTannuii k JIDII u tsaro-
BOW CeTH MOBBIMIAET 3 (PEKTUBHOCTH B3aUMOJICH-
CTBUS CHCTEM TATOBOTO M BHEIIHETO JJIEKTPO-
CHAOKEHHS.

2.9.3. [Toosusicroti cocmag dicene3Hvix 00poe,
msea noe3008 u AMeKmpupurayusi.

Paboma evinonnena u 3awuwena ¢ Jlanvre-
60CMOUHOM 20CYOAPCMEEHHOM YHUGEpCUmeme
nymeti coobuyeHus.

IonsikoBa JI. A. MOHUTOPHHT Pa3MbIBOB
TPYHTA y ONOP KeJ1e3HOA0POKHBIX MOCTOB 110
4acTOoTaM COOCTBEHHBIX KojeOaHuii / ABTO-
ped. nuc... kanj. TexH. Hayk. — Hopocnoupck:
CI'YIIC, 2024. - 24 c.

Be3onacHOCTh MOCTOBBIX COOPYXKEHHH B IIPO-
Lecce dKCIUTyaTaluy JI0JbKHA o0ecreunBaThes
MIOCPEJICTBOM INIPOBEIEHUS MEPUOAUUECKHX OC-
MOTPOB, KOHTPOJIBHBIX IPOBEPOK U MOHHTO-
puHra cocTosiHus KoHCTpyKuwuil. IIpu ocymect-
BJIEHUHU PadoT 110 00CIIeIOBaHNIO KOHCTPYKLIUH
OIICHUBAIOT JKCIIIYaTallUOHHYI0 HaAEKHOCThb
TPAHCIOPTHBIX COOPYKEHUH U aI0T PEKOMEH1a-
UM 110 YCTPAHCHHIO BBIBICHHBIX NE(EKTOB.
JedexThl, Brusrone Ha 0e30MacHOCTh COOPY-
JKEHHSI, MOT'YT 00pa30BBIBaThCS B MECTAX, TPY/-
HOZIOCTYIIHBIX JUISl IIPOBEICHUSI OCMOTPOB (Ha-
IIpUMep, B IOABOJHOM YaCTH ONOP U B IOAMOCTO-
BoM pyciie). OqHUM M3 Takux Je(EeKTOB SBIIS-
€TCsl Pa3MbIB IPYHTA y PYCJIOBBIX OIIOP MOCTA.

IIpu nmpoexkTUpoBaHUK MOCTOBOTO MEPEXOAA
MIPOU3BOJST pacyeT MAaKCHMaJIbHOM TIIyOWHBI
pa3MbIBa TpyHTa y OHOPHI U ONPEENsoT HeoO-
XOJMMO€ 3arIyOJeHue MOJOIIBHI (yHIaMEHTa
onopsl B IpyHT. Ho 3TuX Mep 3auacTyro oka3bl-
BAaeTCs HEOCTATOYHO JUIsl OE3011aCHOM IKCILTya-
TalUy MOCTa. DTO CBA3aHO B MEPBYIO OYEPEIb
C T€M, YTO pacyeTHBIE XapaKTEPUCTUKH BOAHOTO
MOTOKA 3a MEPHOJ IKCILTyaTallud COOPYHKEHUS
MOTYT CyILIECTBEHHO U3MEHUTHCS [0 CPABHEHUIO
€O 3HAUCHUSIMU, IPUHATHIMUA HA MOMEHT MPOEK-
TUPOBaHUA. DTU U3MEHEHUsI CBSI3aHBI C Iepe-
MEHaMU KJIMMaTa, a TaKkKe ¢ U3HA4YalbHO 3aJI0-
KEHHOH pacueToM BO3MOXHOH BEPOSTHOCTBIO




MPEBBILICHAS XapaKTEePUCTUK BOAOTOKA. Taroke
B [IPAKTHKE BCTPEUYAIOTCSI CITyYaH, KOTIA Y OTIOPBI
MPOUCXOAUT PasMbIB CKaJbHOTO OCHOBaHHS,
W3HAYAIBHO CYMTAIOLICTOCS HEPa3MBIBACMbBIM.
310 00YyCIIOBIEHO 0COOEHHOCTHIO KOHKPETHOTO
CKalbHOTO TPYHTA, KOTOPBIA HPH HapyLICHHU
CBOCH MPHUPOJHON CTPYKTYPHI (COOPYKECHHH
GbyHmamMeHTa omop) paspyuiaercs A0 TPyHTa,
MO/IBEP)KEHHOTO pa3MbIBaM. Mcxoist U3 3TOro,
Juist obecriedeHus Ha/Ie)KHOCTH MOCTOBOTO CO-
OpYKEHHUSI HEOOXOAUM MEPUOANYECCKUA MOHUTO-
PHHT pa3MbIBOB IPYHTA Y OIOP.

AKTyanbHOCTh HCCIIEHOBaHHs 00yCIOBICHA
OTCYTCTBHEM Hay4HO-00OCHOBAHHOTO CIIoc0o0a
OTEePATUBHO JUArHOCTHKU M MOHUTOPHHIA pa3-
MBIBOB IPYHTA y PYCIIOBBIX OMOp. A TOT (aKT,
YTO TIPY Pa3BUTHH PAa3MbIBA U3MEHSETCS CBOOOI-
Has JAJIMHA OIOPBI, TO3BOJUI BBIABUHYTH HIIO-
Te3y 0 3aBHCHMOCTH YacTOThI COOCTBEHHBIX KOJIe-
OaHUl TPUPOJHO-TEXHOTCHHOM CHCTEMBI, CO-
CTOSILICH U3 OMOPBI, [PYHTA OCHOBAHMS U OITH-
PAIOIIIXCS HA OMOPBI MPOJNICTHBIX CTPOCHUH, OT
BEJTMYMHBI Pa3MbIBa TPYHTA Y OMOPBL.

[IpoBeaeHBI HATYpPHBIC U3MEPEHUS YACTOT
COOCTBEHHBIX KOJIeOAHUH NPUPOIHO-
TEXHOTECHHBIX CHCTEM, COCTOSIINX M3 OIOp,
IPYHTA OCHOBAHHS M OMUPAIOLINXCS HA OMOPBI
MPOJICTHBIX CTPOCHHM, MPHU PA3TUIHOM KOH-
CTPYKTHBHOM HCIIONHCHHUH 3JIEMEHTOB U (haKkTH-
YeCKOM ypOBHE IpyHTa y omop. B pesynbrare
9TOTO YCTAHOBIICHBI IKCIIEPHUMEHTAIBHbIC Kayue-
CTBEHHbBIC U KOJHYECTBEHHBIC 3aBUCUMOCTH
4acTOT COOCTBEHHBIX KOJEOAHHH MPHUPOIHO-
TEXHOTCHHBIX CHCTEM PA3IHIHOTO KOHCTPYKTHB-
HOTO MCIOIHEHHUS OT IIyOHHBI pa3MbIBa ITPyHTa
y OIOop.

OO6OCHOBaHBI pacyeTHBIC AOMYLICHHUS MPH
ONPEICIICHUH YaCTOThI COOCTBEHHBIX KOICOaHHUH
OIIOPBI C YYETOM €€ COBMECTHOH paboThI C OIH-
pAIOIIMMICS HA HEe MPOJCTHHIMH CTPOCHUSIMH
U TPYHTOM OCHOBaHHs. TeM caMbIM yTOYHEHa
MaTeMaTH4ecKas MOJIENb ISl ONPEACIICHUS Yac-
TOT COOCTBEHHBIX KOJNeOaHHIl MPUPOIHO-
TEXHOTCHHBIX CHCTEM IPH PA3NUYHON I1yOHHE
3aNIOKeHHUsE (hyHIAMEHTA, OUCHIBAIOLIAS B3AUMO-
JIeHCTBHE OMOPBI U OMHPAIOLIMXCS HA Hee Mpo-
JICTHBIX CTPOCHUi, MyTeM ydeTa 0COOCHHOCTH
paboThI OMOPHBIX YacTeil NpH CBOOOTHBIX KOJIe-
Oanusix. [lomydeHsl pacuyeTHbIC 3aBUCHMOCTH
4acTOT COOCTBEHHBIX KOJEeOAHHH MPHUPOIHO-
TEXHOTEHHBIX CHCTEM OT IIIyOWHBI pa3MbIBa
rpyHTta y omnop. COOTBETCTBHE MPUHATHIX pac-
YETHBIX MPEMOCHUIOK (haKTHUECKOW padoTte
KOHCTPYKILMH MOATBEPKICHO COMOCTABICHHEM

MOJYYaeMbIX YaCcTOT C Pe3yJbTaTaMU HAaTYPHBIX
H3MepeHUi AJisl 35 9KCILTyaTUPYEMBIX OIOp.

Pa3paboTan aaroputM MOHHTOPHHIA TITyOU-
HBI pa3MbIBa IPYHTa Y OIIOP JKEJIE3HOAOPOXKHBIX
MOCTOB TI0 4aCTOTaM COOCTBEHHBIX KOJICOaHHMH,
MO3BOJISIFOIMI CBOEBPEMEHHO BBISBIISTH pa3-
MBIBBI OIIOP ¥ KOHTPOJIUPOBATh UX TIIyOHHY.

[lepcrieKTHBHBIMU SIBISIOTCS JaNTbHEUIITHE
HCCIIEN0BaHUs AMHAMHYECKOH paboThl pa3iuy-
HBIX IIPUPOJAHO-TEXHOTEHHBIX CHCTEM C Y4ETOM
KOHCTPYKTHUBHBIX 0COOCHHOCTE MOCTOBOTO
COOpPYXEHHUSI U MacChl BOJbI, BOBJIEKAEMOMU
B KOJICOATEIBHBIH MpoIiecc.

2.1.8 - IIpoexmuposanue u cmpoumenbcmeo
00p02, MEMPONOTUMEHOB, AIPOOPOMOE, MOCHIO8
U MPAHCNOPMHBIX MOHHeNel (meXHuYecKue Ha-
VKUL).

Paboma svinonnena u sawuuena ¢ Cubup-
CKOM 20CY0apCmeeHHOM YHUgepcumeme nymei
CcO0OUeHUsL.

Ymanen B. B. YnpaBiieHHe pUCKAMH
B JIOTHCTHYECKOIl cHCcTeMe IPy30BbIX JKeJIe3-
HOJ0POKHBIX NepeBo30K / ABToped. auc...
KkaHa. TexH. Hayk. — CII6.: TIT'YIIC, 2024. —
17 c.

Llenbro nccenoBaHus SBISETCS pa3paboTKa
METOIMYECKHX HOJIOKEHHH yITPaBICHNs PUCKaMU
TPY30BBIX KEIE3HONOPOXKHBIX NEPEBO30K, BO3-
HUKAIOIIUX B JIOTHCTUYECKHX TPAHCIIOPTHBIX
CUCTEMax B YCJIOBUSX AeduuuTa mpoBO3HOU
CIIOCOOHOCTH JKEJIE3HOIOPOXKHOW HH(ppacTpyK-
TYpbI U CBS3aHHBIX C HapyLIIEHHEM CPOKOB J0-
CTaBKH I'PY30B, OTKa3aMH1 TEXHUUECKHX CPEIICTB
(OTC) u neficTBUAMH CTOPOHHUX OpPraHU3alui.

ObocHoBaHa HEOOXOIMMOCTh CHHXPOHU3a-
LM CHCTEMBI YIIPABIICHUS PUCKAMH C METOIAMH
aHaJM3a U IPOrHO3UPOBAHMUS JKENIE3HOAOPOKHBIX
Ipy30IepeBO30K, OCOOEHHO Ha KJIIOUEBBIX Ha-
npaBJeHUAX. BrinonteHa popmanusanms TpaHc-
MOPTHO-JIOTUCTUYECKUX PUCKOB, BOSHUKAIOINX
110J] BIMSIHUEM MHOXecCTBa ()aKTOPOB, B TOM
YHCIIe, OTpaHUYCHUI HHBECTHLIMOHHOTO Pa3BU-
TUSI THPPACTPYKTYPBI, TAPUPHBIX OrPaHUYCHUH
1 POCTa HKCIUTYyaTallMOHHBIX PACXOJIOB, CBS3aH-
HBIX C €€ COAEP’)KAaHUEM U PEMOHTOM.

Jloka3aHoO, 4TO CyLIeCTByIOIIas CUCTEMa
aHaJIM3a IPy30BBIX MEPEBO30K HE YUHTHIBACT
B IIOJIHOW Mepe MPOOIIEMbI COCTOSHUS M PA3BUTHS
JKEJIC3HOJOPOXKHONH HH(PPACTPYKTYPHI, YTO HE
I03BOJISIET ONIEPATHBHO M 'MOKO pearupoBarh Ha
U3MEHEHUE CTPYKTYPhI TOTOKOB IPy30B U TUHA-
MHKH II€peBO30K. B kauecTBe pemieHus: npoo-
JIEMBI TIPEIVIOKEH aJITOPUTM HPOTHO3HPOBAHUS
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00BEMOB MEPEBO3KU IPy30B, MO3BOJSIOIIHI
YTOUHATh U3MCHCHHUS B 00BEMax U CTPYKType
TPy30B B COOTBETCTBHH C BO3MOXKHOCTSIMU TIPO-
MMyCKHOM CIIOCOOHOCTH UHPPACTPYKTYPHIL.
PaspaboraHa KOHIICTIIINS aHATH3a TPY30BBIX
JKEJIC3HOAOPOKHBIX IEPEBO30K C YIETOM PUCKOB
HHQPPACTPYKTYPHBIX OrpaHUYeHUA. [I0NONHEHO
MMOHATUE PUCKOB OTPAHHYCHHUS IIPOBO3HOM CITO-
COOHOCTH KEJIE3HOAOPOKHON HHPPACTPYKTYPHI.
MeTo0oM CEeMaHTHYECKOTO MOJICTHPOBAHHUS
MPOBEJICHA CHCTEMATH3AIIHs1, CTPYKTYPUPOBaHHE
¥ PAaH)XHPOBAHHE PUCKOB HAPYIICHHUS CPOKOB
JIOCTaBKU IPY30B H BIIA/ICIBLIEB PUCKOB, BBHIION-
HEHA KOJTMYECTBCHHAS OI[CHKA PHCKOB 110 HCTOY-
HUKaM X reHeparmu. [1oka3aHo, 4TO Mpezio-
JKCHHBIH pacyeT MO3BOJSET MOBBICUTH JOCTO-
BEPHOCTB OI[CHKH PUCKOB OIPAaHHYCHUS [TPOBO3-
HOM CIOCOOHOCTH JXEJIEe3HOLOPOXHOMH

HOBbIE KHU'N O TPAHCIOPTE

Cnucok Ha aHanulickom s3bIke ny6nukyemces
80 emopoll Yacmu daHHO20 8bInycKa

The list of titles in English is published
in the second part of the issue
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AmmxmuH C. A., Aummxmuna E. A. YerpoiictBo aBro-
Mobuiel: Y4ueOHuK. — 2-¢ H31., cTep. — M.: Akagemus,
2024. - 318 c. ISBN 978-5-0054-1682-7.

I'peyannx A. B., 3amyxoBckuii A. B., Ceménos E. B.
IIpoekTHpoBaHHEe OJMHOYHOTO OOBIKHOBEHHOTO CTpEIIOoY-
HOTO TnepeBojia: YuebHo-MeTox. nocobue. — M.: Ilepo,
2024. - 55 c. ISBN 978-5-00244-214-0.

I'pynrosuu Huk. B., I'pyntoBuu Han. B. Texaudeckas
IMATHOCTHKA 2IIEKTpooOopynoBanust: Yueouuk. — M.: H-
DPA-M, 2024. — 253 c. ISBN 978-5-16-017836-3.

T'yneBuu A. H., MarkoBckwuii B. B., Comkun I1. A. B3pbi-
BOIOXap00E30IMacHOCTh Kopabus: Y4eb. mocobue. — M.:
HNH®PA-M, 2024. — 223 c. ISBN 978-5-16-018739-6.

T'ymepos A. @., Cxuprnanse A. I, I'peuninsaukos B. A.
[u 0p.] YnpaBnenue ka4eCTBOM B MALIMHOCTPOCHHUHU: Yueod.
nocobue. — Crapsiid Ockomn: THT, 2024. — 167 c. ISBN 978-
5-94178-172-0.

3unnos A. H. Dkcrumyaramus aBToMOOMIIEH U TPaKTO-
POB: KOHTPOIBbHO-ANATHOCTUYECKHE M PEryIUPOBOYHBIC
pabotsl. IIpakTukym: Yue6. mocobue. — M.: UHOPA-M,
2024.—-276 c. ISBN 978-5-16-017980-3.

Hcaes P. A. Ynpasnenue onepalioOHHBIMUA PUCKaMH:
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one. — M.: UHDPA-M, 2024. — 152 c. ISBN 978-5-16-
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Karun B. /1., Koceirun B. 1O., XKypasines A. A. Hccne-
JIOBaHUE IITyMa FOPEJIOK M APYTHX YCTPOHCTB Ha 00OBEKTax
W TIpeNpUATHAX HedTenepepaboTKh U TEIUIOdHEPTeTUKH
¥ pa3paboTka METONOB ero CHmkeHHs: Mouorpadus. —
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HoBble kHUrn o TpaHcnopTe

HHPPACTPYKTYPHI C YIETOM YaCTOTHI NX BOSHUK-
HOBEHHMSI U 3HAYUMOCTH BIIMSHUSL HA CPOKHU JI0-
CTaBKU IPy30B.

Pa3paborana u anpoOupoBaHa METOIUKA
YIPaBICHHUS PUCKAMH IIPOBO3HOM CITOCOOHOCTH
KETC3HOMOPOKHON HH(PPACTPYKTYpPHI HA OCHOBE
CEMaHTHYECKOTr0 MojenupoBanus. Paspadoran
MPOrpaMMHBINA MPOAYKT Ha sI3bIKE MPOrpaMMU-
poBanust JAVA, npuMeHEeHHe KOTOPOr0 MOXET
OBITh TIOJIC3HBIM B CUCTEME YIIPABIICHUS PUCKAME
JIOTUCTUYECKUX TPAHCIIOPTHBIX CUCTEM, IIOCTPO-
€HHBIX Ha APYTUX BUIAaX TPaHCIOPTA.

2.9.9. — Jloeucmuyeckue mpaHcnopmmbie
cucmembl.

Paboma svinonnena u sauuwyena 6 Ilemepbype-
CKOM 20CY0apCmeeHHOM YHusepcumeme nymet
coobwenusi Umnepamopa Anexcanopa 1. °
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HOBOCTU POCCUMACKOIO TPAHCMOPTA

utonst 2024 rona Ilpencenarens
1 1 IIpaButensctBa Poccuiickon ®e-

aepanuu Muxaun MumycTuH
MOJIKCANl PacHOpPsKEHUE O MPUCBOCHUHU
npemuu IlpaBuTtenbcTBa B 00JacTH
TPAHCNOPTHOM HAYKU U TEXHUKH HMEHH
Baaagumupa Hukonaesnua O0pa3snosa.
IIpemuto B 2024 romy Bpyd4ar BIepBbIe, OHA
Oyner mpuypoueHa ko JIHio paboTHHKa
TPaHCIOPTa, KOTOPbIH oTMeuaeTcst 20 Hos0-
ps. Pazmep npemun — 1 MutH pyOneid, Bpy4a-
eTcs OHa B Tpex HOMHHaIuAx. [Ipemun
YIAOCTOEHHI IIEPBBII 3aMeCTUTENb FeHEepalb-
HOTO JUPEKTOpa O TEXHUUECKON MOTUTHKE
00O «Ypanbckue TOKOMOTUBbD Buranuit
Bbpexcon, nupekrop IIpoekTHO-KOHCTPYK-
TOPCKOT'0 OHOPO JIOKOMOTHBHOTO XO3sH-
crBa — punmana OAO «Poccuiickue xenes-
Hble poporu» FOpuii [lonos, nupextop
OI'VII «Becepoccuiickuii HayYHO-UCCIIEN0-
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BaTEIbCKUN UHCTUTYT TUTUCHBI TPAaHC-
nopta» denepanbHOi CIIyKObI [0 HAI30PY
B chepe 3amuTH MpaB moTpeduTenaci
1 OJIaromoy4us YeioBeKa, TOKTOP MEIu-
IUHCKUX HAyK, Mpodeccop, dieH-Koppe-
crionienT PAH Muxaun Busbk.

19 Urons 2024 roma B AKTay cTaTc-
ceKpeTaph — 3aMecTHTeNb MUHUCTpa TpaHC-
nopra JIMutpuil 3BepeB MPHUHSII ydacTHe
B I TpaHCIIOPTHOM TOProOBO-3KCIOPTHOM
¢popyme «CeBep — FOr» u BICTynHI Ha
IUIEHAPHOM CeccHu C TOKJIAaJ0M O TPeHIax
MYJIBTHMOMIAIBHBIX NTepeBo3ok. [IpencraBu-
tenu Pocenn, Kazaxcrana, Mpana u Typkme-
HHUCTaHa MOJIHCAIH «JJOPOXKHYIO KapTy» 110
passutuio MTK «Cesep — FOr» na 2024—
2025 roxapl. Peanmuzanust JOKyMeHTa MO3BO-
auT K 2027 rofy yBEIMUYUTH MPOIMYCKHYIO
CMOCOOHOCTh BOCTOYHOM BETKH KOPUIOPA.
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24 urona 2024 roma cooOIIeEHO, YTO
Munrpanc Poccun miuaHupyer 3alyCTHTh
NMPOEKT M0 peaau3aluil HHTErPHPOBaH-
HOIi cHcTeMBbI MPOMyCKa Yepe3 rocyaap-
CTBEHHYI0 IPaHMIy, HHQOPMAIIMOHHYIO
cucTeMy, TpeHa3HauYeHHYO IS o0ecrieye-
HUSI 00BEKTHBHOTO MOHHTOPHHTA BPEMEHHU
MIPOXOXK/IEHHS TOCYIapCTBEHHON TPaHMUIIBI
TPAHCIIOPTHBIMH CpeACTBaMHU U 3P deKTrB-
HOI 00pabOTKH TaHHBIX B paMKaXx ITPOBEIe-
HUS IPOLIEAYP TOCYAAPCTBEHHOTO KOHTPOJIS.
ITonHOCTBIO OTEUYECTBEHHAsI pa3paboTKa
MO3BOJIUT 00ECTIEYNTh aBTOMAaTH3UPOBAH-
HBIA cOOp U 00pabOTKy IaHHBIX C CHCTEM
paIuaoHHOTO U BecorabapUTHOTO KOHT-
POJIS, HHCTIEKITHOHHO-0CMOTPOBOTO KOMIT-
JIeKca, CUCTEM BHICOAHAIMTHKH, aBTOIO-

CMOTpa, dIEKTPOHHOW OYepenrd M HWHBIX
CpeICTB KOHTPOJIS.

1 aBrycra cTrapTyeT 3KCIEPHMEHT IO
co3nanuio HaumoHanbHoil nudposoii
TPAHCNOPTHO-JIOTHCTHYECKOH naTdop-
mbl (HOTJIII). DxciepuMeHT TpOAIUTCS
¢ 1 aBrycra 2024 roga no 1 utons 2025 rona
Ha T0OpOBOIBHOM OCHOBE. B X011e akcepu-
MEHTa TUIAaHUPYETCs aIpoOHPOBATh TEXHO-
JIOTUH, CBSI3aHHBIE C MPENOCTaBICHUEM
JIaHHBIX JJI BEJIOMCTB OT OM3HEca B LEIIX
YIPOIIEHHs TIEPEBO30K W MOJTHOTO OTKa3a
0T OyMa)KHBIX JIOKyMEHTOB.

29 aBrycta 2024 roma cooOmeHo 00
OTKPBITUH B MEKIYHAPOTHOM a3POMOPTY
ToMcKa HOBOr0 a3poOBOK3aJa IS BHYT-
PEHHHUX aBHAJHHHI. °

Ilo mamepuanam npecc-yenmpa Munucmepcmea mpancnopma Poccuiickoit @edepayuu:
https://mintrans.gov.ru/press-center/news/11365; https://mintrans.gov.ru/press-center/news/11366;
https://mintrans.gov.ru/press-center/news/11358; https://mintrans.gov.ru/press-center/news/11417;
https://mintrans.gov.ru/press-center/news/11376.
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n July 11, 2024, the Chairman of the
O Government of the Russian Federation

Mikhail Mishustin signed a decree
awarding the Government Prize in the field
of transport science and technology named
after Vladimir Nikolaevich Obraztsov. The
Prize in 2024 will be awarded for the first time,
the award ceremony will be timed to coincide
with the Day of the Transport Employee, which
is celebrated on November 20. The amount of
the Prize is 1 million rubles, it is awarded in
three categories. The Prize has been awarded
to Vitaly Brekson, First Deputy General
Director for Technical Policy of Ural
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Locomotives LLC, Yuri Popov, Director of the
Design Bureau of Locomotive Facilities,
a branch of Russian Railways, and Mikhail
Vilk, Director of the All-Russian Research
Institute of Transport Hygiene of the Federal
Service for the Oversight of Consumer
Protection and Welfare of the Russian
Federation, Professor, Corresponding Member
of the Russian Academy of Sciences.

On July 19, 2024, in Aktau, State
Secretary — Deputy Minister of Transport
Dmitry Zverev took part in the First North-
South Transport Trade and Export Forum

wi



= Bblner

Departure

and spoke at the plenary session on trends in
multimodal transportation. Representatives
of Russia, Kazakhstan, Iran and Turkmenistan
signed a roadmap for the development of the
North-South ITC for 2024-2025.

On July 24, 2024, it was reported that the
Ministry of Transport of Russia planned to
launch a project for the implementation of an
integrated system for crossing the state
border, an information system designed to
ensure objective monitoring of the time of
crossing the state border by vehicles and
effective data processing as part of state control
procedures. A completely domestic development
will ensure the automated collection and
processing of data from radiation and weight

Bbixop &RE 9 ]
Exit ta thJE:.I-::'ut'-,a

and size control systems, inspection complex,
video analytics systems, vehicle check,
electronic queue and other control tools.

August | saw the start of a pilot project
to create National Digital Transport and
Logistics Platform.The experiment will
last from August 1, 2024 to June 1, 2025 it
is planned to test technologies related to the
provision of data from business to
governmental departments to simplify
transportation and completely abandon
paper documents.

On August 29, 2024, it was announced
that a new air terminal for domestic flights
had been inaugurated at Tomsk
International Airport. °

Based on the news released by the media centre of the Ministry of Transport of the Russian Federation:
https://mintrans.gov.ru/press-center/news/11365; https://mintrans.gov.ru/press-center/news/11366;
https://mintrans.gov.ru/press-center/news/11358; https://mintrans.gov.ru/press-center/news/11417;
https://mintrans.gov.ru/press-center/news/11376.
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ABSTRACT

An important condition for operation of extra heavy-duty lines
is to ensure the stability of the track geometry, including in the
vertical plane, which largely depends on the stability of the sleeper
base and on the absence of residual deformation of the ballast
layer.

The article refers to the analysis of the results of a study on
reducing residual deformations of the ballast layer using sleeper
pads. The objective of the work is to assess their impact on the
operation of the ballast prism during the stabilisation period and
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the period of its normal operation. The laboratory tests allowed
obtaining a stamp settlement graph, determining the intensity of its
settlement, measuring the contact area of the stamp sole with the
ballast, calculating contact stresses, constructing a graph of the
change in the elastic modulus of the model.

The results of the study have revealed that sleeper pads help
to reduce residual deformations of the ballast layer during its
stabilisation period and the intensity of settlement during the main
period of its operation.
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BACKGROUND

The stability of the track geometry is an
important condition for the safe operation of
railways with intensive traffic and large volumes
of cargo transportation. This applies to an even
greater extent to lines with particularly high cargo
traffic volumes', the length of which, for
example, on the network of JSC Russian
Railways is currently 16 thousand km [1].

Several works of researchers of the Railway
Research Institute of JSC Russian Railways
[2-5] were devoted in the second half of 20®
century to the studies of the accumulation of
residual deformations in the ballast layer, that
helped to shape the basic understanding of the
operation of this element of the track structure.
Considering the operation of the ballast layer of
the railway track, S. N. Popov pointed out that
to ensure long-term stability of the sleeper base
on lines with high cargo traffic volumes, it is
necessary to have a track design in which the
ballast layer along the entire length of the track
would operate with uniform accumulation of
residual deformations [2]. Studying the nature of
accumulation of residual deformations of the
ballast layer during its life cycle, he identified
four characteristic periods, which he described
as follows: during the period 1 (the stabilisation
period), there is an intensive accumulation of
residual deformations due to the realigning
(repackaging) of grains and the rounding of their

! SP [Code of rules] 119.13330.2012. 1520 mm gauge
railways. Updated version of SNiP 32-01-95 [Construction
norms and rules] Railways with 1520 mm track.
[In Russian]. [Electronic resource]: https://docs.cntd.ru/
document/1200095541?ysclid=m7endujtqq310261972. Last
accessed 21.08.2024.

Melal box 1860 O0n535 mm!

sharp edges, both processes decreasing sharply
towards the end of the period. During the period
2 (the normal operation period), the accumulation
of residual deformation becomes minimal. The
period 3 is characterised by an increase in the
accumulation of residual deformations, which is
associated with the contamination of the crushed
stone by the end of its service life. During period
4, there is an excessively intensive accumulation
of settlement, which occurs due to failure to
perform timely repairs to the track.

V. L. Lysyuk considered that the main reason
for the accumulation of residual deformations in
the ballast during operation was due to the
dynamic impact of trains on the track [3], which
is stronger, the higher is the rigidity of the
superstructure. An example of an increase in
track rigidity is the transition from wooden
sleepers to reinforced concrete ones. This change
in design resulted in an increase in the dynamic
impact of trains on the track and, accordingly, in
a growing intensity of accumulation of residual
deformations in the ballast layer, which was
noted in the work of V. F. Fedulov [4]. The
greatest problems in this case arise with dynamic
impact in the area of the rail joint. To solve them,
the work [5] proposed to achieve a reduction in
residual deformations of the ballast by installing
an elastic connection along the lower support
surface of the reinforced concrete sleeper, which
will improve the conditions of contact of crushed
stone particles with the sole of the sleeper, reduce
its crushability and abrasion.

In some countries, on a few sections, stress
reduction in the ballast layer is achieved by using
under-sleeper pads (hereinafter referred to as
USP) [6]. In Russia, studies of the efficiency of
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Pic. 1. Scheme of the laboratory model structure [performed by the authors].
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Pic. 2. Scheme of the laboratory model structure [performed by the authors].

USPs started in the middle of 20" century [5; 7;
8], but they were mainly aimed at ensuring track
stability in the areas of rail joints. Namely, the
work of V. N. Kaplin [9] confirmed the technical
and economic efficiency of using USPs when
straightening the track at joints.

At the current stage of increasing train loads
on the track, it is necessary to study the efficiency
of using USPs outside the area of rail joints,
considering a possibility of reducing the
accumulation of deformations in the conditions
of a continuous track, and that is the objective of
the study.

Based on the above characteristics of four
periods of operation of the ballast prism,
formulated by S. N.Popov, it can be assumed
that USPs, due to the reduction of contact
stresses, should reduce the settlement of ballast
layer during periods 1 and 2 of its operation, and
will not have an effect on periods 3 and 4, since
the main influence on the increase in settlement
at this time is its contamination.

To confirm the presented hypothesis, it was
decided to conduct a laboratory experiment with
the purpose to determine the effect of USPs on
periods 1 and 2 of the ballast layer operation.

RESULTS
Test conditions

The modelling of the ballast layer operation
was performed as a modelling in two-dimensional
space, where the plane of modelling is assumed
to be the plane along the track in the under-rail
zone. The possibility of conducting such an
experiment was confirmed in the work [10] when
studying the deformation properties of
contaminated ballast.

The model diagram is shown in Pic. 1.

The model was assembled in a metal box with
the following dimensions: along the track axis —
850 mm (the minimum dimension to eliminate
the influence of boundary conditions), across the

track axis — 535 mm (the smallest dimension for
crushed stone testing should exceed the maximum
size of the crushed stone particles by at least 5
times [11]), height — 400 mm.

A 10 mm thick elastic mat was placed at the
base of the box, which modelled the main
platform of the roadbed (hereinafter — MPRB).
To eliminate local deformations, 3 mm thick
plywood was placed upon the elastic layer. This
design made it possible to achieve a deformation
modulus of MPRB of 80 MPa. The thickness of
the ballast layer was 30 cm.

At the next stage, granite crushed stone type
2 was laid layer by layer, the grain composition
of which complied with GOST [State standard]
73922, The layer thickness was 100 mm. Each
layer was compacted using a wooden stamp
measuring 830 x 525 mm. The first two layers
were subject to 10 thousand load cycles, the
third layer — to 500 thousand load cycles. The
graph of load application is shown in Pic. 2. The
load application frequency was 8 Hz. This
compaction mode allows achieving the best
compaction [12].

After compaction, a reinforced concrete
stamp was installed. To ensure real contact
between the sleeper and the ballast, the stamp
was cut out of the middle part of the sleeper of
the Sh3-/1 4x10 subtype. A photo of the assembled
model is shown in Pic. 3.

During the experiment itself, the model was
subjected to the load in the same mode as during
compaction, as it is shown in Pic. 2. The
maximum force allows achieving permissible
stresses under the sleeper sole caused by the
wagons equal to 325 kPa. This stress value is
established in the Methodology for assessing the

2 GOST [State standard] 7392-2014. Crushed
stone of rocks for railway ballast. Specifications.
[In Russian]. [Electronic resource]: https://
files.stroyinf.ru/Data2/1/4293762/4293762301.
pdf?ysclid=m872wmf7pk430161462. Last accessed
21.08.2024.
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Pic. 4. Appearance of soft-type USP after testing [photo taken by the authors].

impact of rolling stock on the track based on
conditions of ensuring dependability? (hereinafter
referred to as the Methodology).

The number of cycles in the experiment was
2 million.

The load impact frequency was 8 Hz. The
adopted impact frequency was based on the
following assumed parameters: a bogie base of
1850 mm and an average speed through the
network of 55 km/h (15,28 m/s).

Three experiments were performed, which
had differences in the area of the contact between
the stamp sole and the ballast:

— Model No. 1 — without USP.

— Model No. 2 — with USP of a soft type.

— Model No. 3 —with USP of an intermediate
type.

The assembly of each of the presented models
was carried out according to the description
presented above.

3 Methodology for assessing the impact of rolling stock on
the track based on conditions of ensuring dependability,
approved by the order of JSC Russian Railways, dated
22.12.2017, No. 2706r. [In Russian]. [Electronic resource]:
https://meganorm.ru/mega_doc/norm/metodika/0/metodika
otsenki_vozdeystviya podvizhnogo_sostava_na_put_
po.html. Last accessed 27.08.2024.

USPs were made of polyolefin material, 10
mm thick and with a distributed static modulus
of elasticity of 0,14 N/mm? (soft type) and 0,24
N/mm?® (intermediate type).

USP types comply with the specifications
02.2020 adopted by Central infrastructure
direction of the JSC Russian Railways.

RESULTS OF THE LABORATORY EXPERIMENT

After the completion of the experiment,
a visual inspection of the condition of USP was
carried out. It is worth noting that, after
conducting cyclic tests under a load that causes
the maximum permissible stresses under the
sleeper sole, there were no through breakdowns
or cracks on the USPs. Pics. 4 and 5 show photos
of USP after the tests.

Pic. 6 shows a graph of the stamp settlement
regarding three models, that evidence that the
ballast settlement at the end of the first period of
its operation decreased in the models with USP
by approximately two times.

The stamp level marks at the end of the first
period of operation and at the end of the
experiment were listed in Table 1 to assess the
efficiency of using the USP.
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Pic. 5. Appearance of intermediate-type USP after testing [photo taken by the authors].

Table 1
Intensity of stamp settlement [performed by the authors]

Model The value of settlement after the Stamp settlement after 2 Intensity of settlement during the
end of the first period (per 100 million cycles, mm second period, mm/mln of cycles
thousand cycles), mm

Without USP 7,70 9,75 1,03

With 4,28 6,38 1,00

intermediate-

type USP

With soft-type | 3,22 5,05 0,92

USP

The analysis of the results shown in Table 1  the experiment itself, which led to the formation
reveals that the use of intermediate-type USP  of a fine fraction at the preparatory stage, due to
allowed to reduce the stamp settlement at theend  the fragments of calved sharp edges of crushed
of the first period of the ballast prism operation stone’s grains. As a result, it can be concluded
by 44 %, and the use of the soft-type USP — by that USPs affect the state of crushed stone by
58 %. It should also be noted that the use of USPs  reducing the number of fragments of calved sharp
led to a decrease in the intensity of the stamp edges, which is obtained due to the distribution
settlement during the second period of the ballast  of stresses over a larger area.

prism operation. Thus, intermediate-type USPs To determine the contact stresses, the areas
reduced the intensity by 3 %, and soft-type of contact between the crushed stone’s grains and
USPs — by 11 %. the lower surface of the sleeper were measured

No differences were found in the change in  in the ballast using the raster method. The values
the grain composition of crushed stone between of the areas of contact and contact stresses are
three models after the experiment (Table 2). This  shown in Table 3.

result can be explained by the consequence of The result showed that when using under-
the application of the ballast compaction before sleeper pads, the area of contact of the crushed
Table 2
Change in grain size structure of crushed stone [performed by the authors]
Sieve opening, | Before testing After testing
npi) Without USP With soft-type USP With intermediate-type USP
% kg % kg % kg % kg
60 1,6 4 1,6 4 1,6 4 1,6 4
40 73,4 183,5 72,9 182,3 | 72,5 181,2 72,9 182,3
25 25 62,5 25 62,4 [255 63,7 24,9 62,3
from 0,01 - - 0,5 1,3 0,5 1,2 0,5 1.4
to 25
Total 100 250 100 250 100 250 100 250
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Table 3

Area of contact area of the stamp sole with the ballast [performed by the authors]

Parameter Without USP With soft-type USP With intermediate-type USP
Area of contact of the stamp sole 9 20 20

with the ballast, %

Contact stress, MPa 3,61 1,63 1,63

Number of cycles, x 100 thousand.

0 1

Stamp settlement, mm
O 0 NN U R W N = O

o

—e—without USP

2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18

—e—with soft-type USP

19 20 21

with intermediate-type USP

Pic. 6. Stamp settlement graphs [performed by the authors].
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Pic. 7. Change in the elastic modulus of the model [performed by the authors].

stone with the sleeper increased by 2,20 times,
and therefore, the contact stresses dropped by the
same amount. Accordingly, this reduction in
stresses will entail a decrease in the number of
fragments of calved sharp edges of crushed
stone’s grains, their rearrangement, and,
consequently, will increase the stability of the
railway track in the vertical plane.

In addition to the data provided on the
accumulation of residual settlement, the change
in the elastic modulus of the track during the
experiment was determined for each model using
formula (1):

U= anC

= M
where o — sleeper bending rate, i.e. the ratio of
the average settlement of a sleeper to its
settlement under the rail;

o — area of half-sleeper;

C —sleeper’s lower surface rate;

[ — distance between sleepers.

In turn, the sleeper’s lower surface rate C was
calculated using formula (2):
c_ AF

- M s (2)
where AF — average increment in load on half-
sleeper;

Ay — corresponding displacement increment.

In formula (1), the bending rate o for the
stamp was taken to be equal to 1, the area of the
half-sleeper ® was taken to be equal to 0,125 m
(the area of the stamp base), and the distance
between the sleepers corresponds to the
distribution of 1840 pcs/km.

In formula (2), AF is the difference between
the maximum and minimum load applied to the
stamp, and the value Ay was obtained
experimentally and is the difference in the
displacement of the stamp at the minimum and
maximum values of the applied force.

Pic. 7 shows a graph of the change in the
elastic modulus of the track for each model,
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calculated using formula (1) throughout the
experiment.

The graph shows that the model without
a UPS has an elastic modulus close to 100 MPa,
which is consistent with the data given in
Methodology? for a railway track laid on
reinforced concrete sleepers. Analysing the
graph, it is possible to state that the use of soft-
type pads reduces the elastic modulus of the track
almost two times and brings it closer to the track
laid on wooden sleepers, which is considered
optimal for the interaction of the track and rolling
stock.

CONCLUSIONS

The experiment confirmed the previously
stated hypothesis about the reduction of residual
settlement of the ballast layer when using the
soft-type USP. At the same time, after 2 million
loading cycles, the value of the residual settlement
of the ballast layer decreased by 1,5 times with
the intermediate-type USP and by 1,9 times with
the soft-type USP.

The area of contact between the sole of the
reinforced concrete stamp and the crushed stone
when using the soft-type USP increased by
about 2 times, which reduced the contact
stresses on the crushed stone by the same ratio
and, accordingly, reduced the risk of its
abrasion.

The value of the elastic modulus of the track
in the experiment for the model without the USP
was obtained close to the value of a similar
modulus adopted in the calculations according
to Method?, which indicates the correctness of
the experimental results.

The elastic modulus of the track when using
the soft-type USP decreased to the values of the
elastic modulus of the track laid on wooden
sleepers, which is considered optimal for the
interaction of the track and rolling stock.
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ABSTRACT

Changing volumes of cargo transportation necessitate
accelerated movement of cargo flows, including by modifying the
technology of trains’ transit through the railway infrastructure. In
such conditions, it is necessary to create digital models, the purpose
of which is to reproduce the work of the original. The results obtained
following the operation of the digital model will serve as a rationale
for further development of options for operation of the simulated
object, aimed at fulfilling the up-and-coming indicators of operation
of railway transport.

In this regard, as part of the study, an algorithm for
digitalising technological schedules of train processing

operations. The purpose of the developed algorithm is to build
software conform to its structure that ensures operational
automated accounting of the technology of operations of original
railway facilities in the conditions of transforming analogue
information into its digital type. An algorithm based on a machine
learning model was created using program, structural and
system methods. The accuracy of determining the input
technological operation is assessed by the purity of the
information node, and more than 120 technological schedules
of train processing operations at various railway stations were
digitalised during the experiment.

Keywords: digital model of a railway station, digitalised technological schedule of train processing, stop word, lemmatisation, multiclass
classification (random forest), text vectorisation, TF-IDF method, Gini index.
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BACKGROUND

The need for prompt train traffic processing,
particularly when reorientating of cargo traffic
volumes, requires adjustments to the
technology of railway stations operations [1].
In this regard, it is necessary to promptly prove
the correctness of the proposed measures to
change the infrastructure configuration or
technology of railway station operations. It is
possible through creating digital models of
railway stations consisting of a block (unit) of
a digital infrastructure model of a railway
station and a block describing the technology
of processing trains and resource elements
included in it. A detailed structure of a digital
model of a railway station is provided in the
work [2]. The proposed blocks should ensure
a high level of identity of the behaviour of the
original in the virtual world, which, by creating
digital infrastructure models and their
digitalised technological schedules of train
processing operations, will allow for
accelerated or on-line planning and
management of railway stations’ operations,
which is a very urgent task facing the railway
transport, namely in the Russian Federation.

The works [3; 4] provide a definition of
a digital model (digital twin') of a railway
station, according to which digital models are
generally intended to simulate the behaviour
of the original under conditions of changing
initial values and operational technology.

Digital models of a railway station can also
be used to develop scenarios for the behaviour
of objects within the framework of on-line
management of railway transport. The authors
of [5—7] concluded that the information base
of technological parameters should include
technological standards for operation of
railway stations for subsequent operational
forecasting.

The authors of [8] provide a list of the
departments of JSC Russian Railways that are
primarily subject to implementation and use
of digital and quantum tools to improve
customer service by advancing on-line
decision-making. The study notes the
importance of using digital modules in the
process of planning the operation of the station,
which confirms the relevance of developing
a module for digitalising the technological

! Digital twins of RZD. How Russian Railways Use Digital
Twins. [In Russian]. [Electronic resource]: https://twins.
rzddigital.ru/twins.

schedule for train processing operations.

To simulate the behaviour of an existing
railway station (the original) under conditions
of constant changes in initial values and
operational technology, it is necessary to
promptly adjust the technological schedules
for train processing operations.

Hence, the objective of the study is
development of a procedure for digitalising
technological schedules of train processing
operations automatically and with minimal
time losses.

The proposed algorithm should be universal
for subsequent use at the stages of preparing
large-scale concepts and projects for digital
transformation of companies [9].

The architecture of the algorithm for
digitalisation of technological schedules of
train processing operations was outlined using
the structural approach, as well as its
substantive part, consisting of five main
blocks: input of initial information, byte
transformation, lemmatisation, vectorisation,
and issuing of a ready-made digitalised
technological schedule of train processing
operations.

The system approach allowed us to
formulate a list of requirements for the
developed algorithm.

Using the programming method, the blocks
were provided with the necessary functionality;
several experiments were conducted with the
developed software to digitalise the
corresponding technological schedules of train
processing operations. Based on the results of
the use of the software, the purity of the
information node is assessed, digital process
chains are formed, and the latter are loaded
into the multilevel management system
software to further simulate the railway station
operation.

When adjusting, updating or describing the
operation technology of existing or newly
created digital models of railway stations,
modeller engineers? need from several hours
to several days to recreate the technological
behaviour of a real railway station. In this
regard, this article proposes an algorithm for
constructing and transforming technological
schedules of train processing operations into

2 A modeller engineer is an employee with competencies and
skills in the field of railway operations; experience in creating
digital models of railway facilities and having a total work
experience of at least two years. — authors’ note.
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Time in minutes

N Operation peran 0 10 120 3 40 S0 60 |70 |8 |9 100 Executor
operation
1| Shunting locomotive arrival Shuntmg locomotive
5 driver
2 | Locomotive coupling 1 I Locomotive crew
3 Checking the f:orrect couplmg of the 1 Locomotive crew
first wagon with the locomotive
| A ,
4 | Testing the brakes 14 Shuntlng locomotive
driver, yard conductor
5 | Shunting of the train to another track 45 Shuntlng locomotive
driver
6 | Fixing the train 15 L Yard conductor
7 | Locomotive uncoupling 1 Locomotive crew
8 | Departure of the locomotive 15 Shuntlng locomotive
driver
Total duration 96

Pic. 1. Example of a technological schedule of train processing operations [performed by the authors].

their digital type. The algorithm will result in
a digitalised technological schedule of train
processing operations?>.

RESULTS

The data entry is input source file containing
the technological schedules of train processing
operations (Pic. 1).

Technological schedules for train processing
operations are provided for in the regulatory
documents of each railway station (as a
technological process, technological map). They
can be presented in the form of a drawing, graph,
chart or table indicating the duration and
sequence of execution of relevant operations.

The software developed according to the
proposed algorithm (Pic. 2) should have the
following functionality:

— To recognise the received information of
two types (text and image).

— To convert the received type of information
into byte format.

— To process text sentences and images for
training the machine learning model.

— To vectorise the text using Term Frequency-
Inverse Document Frequency method (the
TF-IDF method; the choice of the TF-IDF
method is explained by the fact that, for instance,
the Word2vec method is more suitable for
vectorising text in neural networks, and by the
reasons described below).

— To create a digitalised technological
schedule of train processing operations.

3 A digitalised technological schedule of train processing
operations is a digital twin of an analogue technological
schedule of train processing operations obtained through
a specialised algorithm that considers the standard duration
and sequence of operations with a train or other facilities at
a railway station. — authors’ note.

After entering the initial information in the form
of text or image, in accordance with the algorithm
proposed in Pic. 2, the required information is
selected by removing stop words from the sentences.
After cleaning the processed text from stop words,
the proposed algorithm launches the lemmatisation
mechanism [11].

The algorithm for digitalising the
technological schedule of train processing
operations is built on the software using the
Python programming language.

To recognise information obtained from the
technological schedule of train processing
operations, the algorithm must include two
functions:

— The function of reading data from text: if
the technological schedule is presented in the
form of a table or a document with text, then the
function takes the form shown in Pic. 3.

— The function for reading data from an
image: if the technological schedule is presented
in the form of an image or raster graphics, then
the function takes the form shown in Pic. 4.

After the software has received information
from two types of sources (text or image), the
subsystem for converting the corresponding
information into byte form is launched, as shown
in Pic. 5.

The successful and error-free operation of
the proposed text processing algorithm is
influenced by tokenisation and vectorisation of
the text [12]. Tokenisation is performed to
separate the name of the technological operation
into individual words while preserving their
order. Text vectorisation is necessary to ensure
a high degree of perception of the information
provided by the machine learning model. The
TF-IDF method [13; 14] was chosen for several
reasons since it:
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]
" E{ 1. Loading of technological
1 schedule of the train
processing operations
(text / image)

A

2. Recognition of information within the
technological schedule of the train
processing operations
Text1/Image 1
Text 2 / Image 2
Text 3 / Image 3
Text N / Image N

|

3. Lemmatisation of source
information and removal of stop
words

il

\

4. Tokenisation and vectorisation of
source information

{

5. Creation of machine model and its
learning using training data

4

6. Ready-to-use digitalised
technological schedule of train
processing operations in the form of
digital operation chain

Pic. 2. Algorithm for digitalising the technological schedule of train
processing operations [performed by the authors].

def read_Lables_foom doca(docs_file):
& Loend the Wowrd docusent
dor = Document{docx file)

all_tables = []

® Iterote throwgh all tobles in the document
for table im dot.tables:
table_data = []

& Iterate through egch row in the toble
for row Ln Lable .rows:
row_data = []

& [terate throwgh eoch cell in the row

for cell in row.cells:
& et the text in edach cell and oppead o row doto
row_data . append{cell . text)

£ Append the row gota Tz teble data
table_data.append(row_data)

& Append Uhe Loble dote (o ol tobies
all tables.append(table data)

return 01l tobles

Pic. 3. A fragment of the function for reading data from the text of the technological schedule initially composed in analogue format
[performed by the authors].
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def extract_images from docx(docx file):

doc
images

Document (docx_file)

(]

for s in doc.inline_shapes:

blib = s. inline.graphic.graphicData.pic.blipFill.blip

rId = blib.embed

document_part = doc.part

image part
image bytes

document_part.related parts[rId]
image part.blob

images.append(image bytes)

return images

Pic. 4. A fragment of the function for reading data from the drawing of the technological schedule [performed by the authors].
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Pic. 5. An example (fragment) of transformation of the corresponding technological operation into byte form [performed by the authors].

— considers the importance of the word in the
context of the document;

— identifies keywords;

— eliminates frequently occurring words;

— scales well (can be applied to large text
corpora).

Vectorisation was performed using the
TF-IDF method according to formula (1):

(M

N
w,, = (fw X log(a) s

where W, the value of words;

i, T the proportion of repetitions of a word
x in one sentence in relation to the total number
of such words x in all sentences;

N — number of sentences in the sample;

df. — the number of sentences from the total
sample containing the word x.

Text vectorisation is the transformation of
tokens into numbers. This action is necessary for
further training, additional training and
adjustment of the algorithm during operation of
the machine learning model.

After successful tokenisation and vectorisation
of the text, the technological schedule for train
processing operations previously shown in Pic. 5
takes the form shown in Pic. 6.

Correct result of the machine learning model
can be obtained through processing a larger
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Pic. 6. Results of tokenisation and vectorisation of the text of the technological schedule of train processing operations
[performed by the authors].

Pic. 7. Structure of a machine learning model using multiclass classification (random forest) [performed by the authors].

amount of training data. Therefore, it is necessary
to select an appropriate machine learning model
that will help to form a set of skills, competencies
and knowledge aimed at producing a digitalised
technological schedule for train processing
operations.

The machine learning model was trained in
this study using multiclass classification (random
forest), which ensures good processing of large
data, stability of retraining and treating diverse
data. The structure of the machine learning model
is shown in Pic. 7.

The proposed multiclass classification
machine learning model structure used Gini
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impurity measurement [15; 16]. It measures the
probability that a randomly selected element
from the set will be incorrectly classified if it was
randomly labelled according to the distribution
of labels in the node. For a node with many
elements belonging to different classes, Gini
impurity is calculated as follows: If all the
elements in the node belong to the same class,
Gini impurity will be 0, which indicates the best
possible purity of the node. However, if the
elements are uniformly distributed across
different classes, Gini impurity will be close to
0,5, which indicates the maximum uncertainty
or heterogeneity of the node purity [15; 16].
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scoring o [Tatcurscy 'l “accuracy’
‘precisdon’ s “precision macro®,
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f1'y “#1 mdern’}

clf » RandemForestClassifier])

grid_search_cov_clfebridsearchoviclf, parametrs, cveS scoring o scoringrefits accuracy’ Jadatofswes o spoce Bamadouus |

grid_search_ov_clf.Fit{vectorize_text, nuseric_labels)
best_parass = prid_search_cv clf.best params_

[T ]

Pic. 8. List of parameters showing the accuracy of a machine learning model [performed by the authors].

The accuracy of the machine learning model
for digitalising the technological schedule of train
processing operations can be formed based on
the parameters (tree depth, number of trees,
minimum number of samples, and minimum
number of split sheets) shown in Pic. 8.

CONCLUSIONS

The machine learning model was applied to
127 experiments on digitalisation of technological
schedules of train processing operations. Pic. 9
shows the final parameters of the machine
learning model quality assessment regarding
digitalisation of the technological schedule of
train processing operations.

The accuracy assessment of the machine
learning model for digitalising the technological
schedule of train processing operations using
training data is shown in Pic. 10 and amounted
to 0,938 conventional units, which corresponds
to a high level of accuracy in determining,
perceiving, and converting the information
received.

The implementation of the proposed
algorithm resulted in a digitalised technological
schedule of train processing operations in the
form of a digital technological chain used in the
process of modelling the operation of a railway
station (Pic. 11).

The proposed algorithm for digitalising the
technological schedule of train processing
operations can be used for:

— Processing and transmitting orders,
instructions and messages on board a locomotive,
as well as to dispatchers (the proposed algorithm
for processing analogue information is universal,
therefore it allows for the digitalisation of
documents that provide advance warning to the
train crew about upcoming emergency restraints
affecting the running speed of the train).

— Developing technological schedules for
train processing operations at non-public railway
stations. (Technological schedules for train
processing operations at non-public railway

best params

{'max_depth': 5,
'min_samples leaf': 1@,
'min_samples split': 18,
'n_estimators': 1@e}

Pic. 9. Numerical values of the model parameters providing the
best values of accuracy metrics during the experiments conducted
[performed by the authors].

accuracy_score{clf.predict{vectorize text), mmeric_labels)

0, 5383530071451 308

Pic. 10. Assessment of accuracy of the artificial intelligence machine
learning model for digitalising the technological schedule of train
processing operations [performed by the authors].

stations are stored in analogue form. At the stage
of describing the technology of operation of such
facilities, it is necessary to create digital
technological chains manually. This process
takes from one week to two months, depending
on the scale of the modelled object. Reduction
of time costs for describing the technology of
operation in this case will be achieved using the

Train reception

11N

Fixing the train on the track
Uncoupling of the train locomotive
Installing safety signs

Train inspection

—

VFiilNe[:|[ e[/

Removing safety signs
Coupling of train locomotive
Removal of train fixing devices
Braking system test

Train departure

Pic. 11. An example of a digital technological
chain [performed by the authors].
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proposed algorithm and software module for
digitalising technological schedules of train
processing operations).

— Shaping technological chains for train
processing within the framework of projects of
the Digital Railway Station (the multivariant
mode of operation of the facility in the process
of modelling requires prompt changes in the time
standards for the implementation of technological
schedules. The change in the technological
schedules for train processing operations, as well
as in the entered time standards, can be performed
using the proposed software module and
algorithm).
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ABSTRACT

Dependability of the suspension of metro coaches is directly
determined by the parts included in the axle box (primary)
suspension system.

The paper considers the spring suspension using guide rod.
The guide rod presents a round steel rod that is attached through
a bushing to the bogie bolster with its upper part, while its lower
end is inserted into the axle box eye. The central section of the
guide rod serves as a kind of guidepost for the suspension springs.

The operating principle is based on the ability of guide rods to
distribute loads that occur during movement of a metro train. This
technology can significantly reduce the wear of rails and wheel sets,
thereby increasing safety and reducing the cost of rolling stock
maintenance.

Keywords: metro, guide rod, axle box suspension, strengthening of parts, heat treatment, steel quenching, steel 40X, steel 35.

Alexander P. POPOV

Today, there are a few problems caused by guide rods failures,
the service life of which does not match the time parameters of failures
of car bogie frames. Among other things, many items are rejected at
the stage of production tests due to internal defects. Since
dependability issues are the most acute, it is extremely important to
find ways to increase the durability of the primary suspension systems
using guide rods. The study is aimed at finding optimal technological
solutions for manufacture of the items based in the analysis of the
material and possible methods of processing guide rods.

The study has resulted in a conclusion on promising character
of quenching cooling with a fast-moving water flow, since the
achievement of all the required parameters was proven during the
relevant tests.
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INTRODUCTION

The design of Russian metro coaches widely used
a link suspension system and a spring suspension
system using guide rods, the latter being considered
most dependable. This unit is used to ensure stability
and comfort in coaches. The guide rod itself is the
central element of the vibration damper, which in turn
is a mechanism designed to reduce the amplitude of
vertical movements of the body that occur during
movement of coaches and works in tandem with the
suspension’s springs. The essence of the operation of
the guide rod is to create dissipative (dispersive) forces
that are activated when interacting with the springs
for effective vibration damping. The structural layout
of the guide rod unit is shown in Pic. 1.

During operation, the guide rod is exposed to
a wide range of loads — both dynamic and static ones.
This circumstance emphasises the importance of the
objective to determine its dependability and durability.

RESULTS

Analysis of the material of the guide rod

The initial stages of using guide-rod type bogies
revealed a problem of fatigue cracks in the area of
intersection of the annular welds of the inner guide
rods’ bushings with the longitudinal welds of the
longitudinal beams. This led to negative consequences.
Several design and technological measures, such as
welding a special pad on the upper shelf in the weld
zone of the bushing and double-sided edge preparation
for the annular weld, made it possible to only partially
solve this problem.

New methods of treatment and research of
materials allow developing effective technical and
technological solutions to prevent further damage and
ensure safe operation of bogies.

Most guide rods today are manufactured according
to the requirements of design documentation from
grade 40X steel. This material, which meets GOST
[Russian state standard] 4543 requirements, is
enriched with chromium in the range 0 0,78...1,15 %,
which provides the product with high dependability
in terms of operational characteristics [1]. This type
of structural steel is considered to be the best due to
its resistance to damage and durability, although it is
associated with a high cost. Despite this, a significant
number of guide rods are subject to rejection due to
the presence of non-metallic inclusions. They are
defects of the original metal, which can manifest
themselves both on the surface and in the subsurface
layer of the product [2]. Such defects are found using
the magnetic method of non-destructive testing. It
should be noted that even high-quality steels can
contain non-metallic inclusions, which does not
exclude their use in production, but requires careful
monitoring.

To improve economic efficiency, alternative
solutions are proposed, including replacing the original

Pic. 1. Guide rod unit of a metro coach: 1- bogie frame, 2- axle-box
body, 3- spring, 4- plastic sleeve, 5- guide rod, 6 - ring, 7 - blocks,

8 - tapered groove stem. 9- V-ring, 10- disk spring, 11- nut,

12 - rubber damper °.

material with one similar in its characteristics. Steel
with comparable physical properties is considered. To
optimise the choice of material, an analysis and
comparison of all proposed alternatives is carried out
according to several criteria, including cost, availability
and compliance with technical production
requirements'. This approach allows not only to
guarantee the high quality of the final product, but also
to ensure the economic efficiency of the production
process.

Making final selection of materials involves
considering operating conditions and external factors
such as mechanical loads and environmental influences
[3]. If necessary, issues of improving the mechanical
properties of parts by introducing additional
strengthening treatment are developed?.

Several suitable materials are considered,
including carbon steels: steel 35, steel 45 and steel
47GT.

Conducting a comparative analysis of the
composition of metals allows us to understand their
mechanical properties and processability. In addition,
this helps to optimise production processes and improve
the quality of finished products. The analysis of the
chemical composition of steel grade 40X is shown in
Table 1.

The analysis of the results given in Table 1 shows
that the actual composition of 40X steel complies with
the requirements of GOST 4543.

! Recommendations for the use of low-alloy high-strength
steels for welded structures: research report. E. O.Paton
Electric Welding Institute. Kyev, 1977, 77 p.

2 GOST [State Standard] 1050-2013 Metal products made of
non-alloy structural quality and special steels.

3 Savinov, S. Yu. Patent RU 16722 Ul. Russian Federation.
Resonance oscillations’ damper, No 2000119297/20, appl.
15.02.2000: publ. 02.10.2001. Federal unitary state enterprise
«Central design bureau of transport mechanical engineering,
8 p. [Electronic resource]: https://patents.s3.yandex.net/
RU16722U1_20010210.pdf. Last accessed 10.10.2020.
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Table 1

Chemical composition of guide rod made of steel 40X [compiled by the authors]

Object of study Element, mass fraction, %
C Si Mn S P Cr Ni Cu
Guide rod, steel 40X 0,42 0,23 0,67 0,001 0,005 1,05 0,09 0,05
Requirements of GOST | 0,35-0,45 |0,15-0,39 |0,48-0,82 | no more than 0,78-1,15 | no more than
4543-T71 0,035  [0,035 0,30 [0,30
Table 2

Chemical composition of guide rod made of steel 35 [compiled by the authors]

Object of study Element, mass fraction, %
C Si Mn S P Cr Ni Cu
Guide rod, 0,33 0,24 0,62 0,001 0,005 0,11 0,09 0,06
steel 35
Requirements of GOST | 0,31-0,41 |0,15-0,39 |0,47-0,83 | no more than
1050-2013 0,040 0,035 025 030 [030
Guide rod, steel 35 0,38-0,41 |0,35-0,39 |0,79-0,83 | no more than 0,21- | 0,25— | no more than
(select) 0,040 | 0,035 0,25 0,30 [0,30

Steel 35 is considered an alternative material for
production of guide rods. It is a medium-carbon steel,
which is used after normalisation, improvement and
surface hardening for various machine parts [4]. The
chemical composition of steel 35 is given in Table 2.

The analysis of the results of the study of steel 35,
shown in Table 2, allows us to make sure that its
chemical composition complies with the standards of
GOST 1050.

The choice in favour of steel 35 is based on several
advantages over other similar materials: products made
from it can withstand high impact loads. The material
is characterised by the absence of a tendency to crack
formation. In addition, steel 35 is characterised by
a combination of low plasticity and hardness. Among
the advantages, we can also name the cost
characteristics: the simplicity of the production process
affects the relatively low price of the product. There
is also no need to introduce expensive alloying
additives. Steel 35 is characterised by a fairly wide
temperature range of application from —40 to +425°C.

Modernisation and optimisation of guide rod
manufacturing technology

Processing of parts requires carefully selected
methods to achieve optimal properties of products®.
The most rational technological process for processing
guide rods consists of the following stages: a blank
obtained by stamping, normalisation, shot cleaning,
which ensures removal of burrs and other surface
defects [5]. The next stage is mechanical treatment for
precise finishing of the shape and dimensions of the
part. Next comes heat treatment, including heating,
quenching cooling and tempering.

In the basic version, to eliminate quenching cracks
on a guide rod made of steel 40X, it is necessary to

4+ GOST 2999-75. Metals and alloys. Vickers hardness
measurement method. Introduced 1976.01.07. Moscow,
USSR State Committee on Standards, 1975, 31 p.

carry out simultaneous intensive quenching cooling
with heat removal from all parts of the item [6-8]. The
quenching medium is oil. To solve the problem of
environmental friendliness of production, which will
become increasingly relevant over time, it is proposed
to replace the quenching medium of oil with water.
This will reduce the negative impact on the
environment. A fast-moving stream of water is used
to cool the material considering the flow rate, pressure
and temperature to achieve the desired characteristics
of the hardened product [9].

The quality indicator is ensuring uniform hardness
along the entire perimeter of the product without the
need to resort to additional operations such as
induction heating [10; 11].

Analysis of operational damage to a guide rod
made of steel 40X shows that damage most often
occurs in the «210» zone (see Pic.2), which is caused
by a change in the strength properties of the metal in
the transition area from the high-strength zone
hardened by induction to the zone with an improved
structure.

When testing guide rods to assess the quality of
products, it is necessary to evaluate the hardness,
mechanical properties of the section of the parts,
impact toughness and to conduct metallographic
studies.

When selecting optimal temperature exposure
modes (the effect of exposure duration and temperature
on the quality parameters of products is shown in
[12—14]) in the process of quenching with a fast-
moving water flow and subsequent tempering, it is
possible to achieve uniform hardness over the entire
section of the guide rod at a level of 45-50 HRC.

CONCLUSIONS

Spring suspension systems using guide rods are
an important technical solution in the field of railway
engineering and metro rolling stock. The development
of new approaches to quenching cooling technology
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210+ 10

Pic. 2. Scheme of the zone «210» of a guide rod [developed by the authors].

in guide rod manufacturing is important for increasing
dependability and durability of products. The proposed
quenching cooling technology with a fast-moving
water flow suggests the following advantages:

— improving the environmental situation due to
the transition from quenching in oil to water;

— reducing the cost of parts when using steel 35
instead of steel 40X.

Thus, the new technological process for guide rod
manufacturing will not only improve the quality and
accuracy of the manufactured parts but will also be
significantly beneficial in terms of economic efficiency
and environmental safety, which in turn will ensure
a high degree of comfort and safety of passenger
transportation but will also open up new prospects for
development and improvement of metro trains.
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ABSTRACT

Possibilities to use distributed ledger technology are shown
referring to storing data in information systems of airports and
aviation systems of various levels.

The features of the operation of a distributed ledger are noted
regarding information systems. Various options for generating
messages for storage using distributed ledger technology are
studiied along with the parameters of message flows. The features
of using blockchain technology when creating distributed ledger
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are highlighted in case of the need to correct the stored
information.

A possibility to use network technologies is shown for forming
distributed ledger, the nodes of which are located at significant
distances from each other (registries of several airports).

The provided data can be used to create reliable distributed
information storage facilities, both within a separate airport and for
a group of airports.
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BACKGROUND

Distributed ledger technology (often blockchain-
based technology) is becoming increasingly popular
in the creation of distributed information systems due
to its features such as [1-6]:

+ Distributed storage of copies, allowing
simultaneous access to the ledger by many users in
different geographic locations.

* Impossibility of making unauthorized changes
to the created copies.

* High functional reliability of the ledger.

* Ability to control access to copies in the ledger.

* Coherence (full compliance) of copies in the
ledger.

* Ability to unlimitedly expand the ledger’s
content.

This allows the use of distributed ledger technology
to build specialised information systems for enterprises
and their pools at the regional and federal levels!.

The process of creating specialised information
systems based on distributed ledgers and their
operation differ significantly from the methods of
creating and operating systems related to
cryptocurrency, which must be considered when
carrying out development.

The main differences are as follows:

* The absence of mining associated with the need
to compete for the right to enter data into the ledger
and for remuneration.

» Territorial localisation of copies of the distributed
ledger (e.g., within a region, state, etc.).

+ Compliance with legislative, industry and other
regulations governing the processing of and access to
information.

» The need to ensure the protection of information
from specific threats associated with the functioning
of the ledger, the properties of the stored information,
access control (solving cybersecurity problems).

» The need to ensure access to the ledger for many
users (administrators maintaining the ledger; users
making requests to the ledger).

* The presence of special means of checking
(validating) data entered into the ledger, depending
on the purpose of the data.

* The presence of cryptographic means of data
protection (encryption, hashing, authentication) [7—
11].

Besides, ledger copies contain a large amount of
different information structured in blocks, which
requires the creation of means for searching and

! Spirkina, A. V. Development of a model for the application
of distributed ledger systems and assessment of their impact
on network characteristics. Ph.D. (Eng) thesis. St.Petersburg,
SPbSUT publ., 2022, 186 p.

presenting it in a user-friendly form (ledger database).

All this determines the feasibility of creating
methods for analysing distributed ledger variants, due
to the specifics of its practical application.

Among the tasks of an organisation, an important
place belongs to the tasks of forming a flow of data
blocks to be recorded in the ledger.

The objective of the study is to analyse a possibility
of using distributed ledger technology in creating
distributed databases of information systems of
airports and airlines of various levels.

The study used methods of system analysis, queue
theory, probability theory, theory of computer
networks and information systems.

RESULTS
Description of the Ledger

It is advisable to create a distributed ledger as
a development of integrated distributed databases,
when there is a set of information resources with
established links, a system of queries and updates
[12]. A possible option for organising a distributed
ledger is considered for a case of a transport
enterprise, for example, an airport, with the following
characteristics:

1. A distributed ledger is created based on
existing information resources and consists of
a group of local data registries of individual airport
divisions.

2. All local registries can be created in the form
of blockchains — special data chains with the
properties listed above [1; 2; 6; 11].

3. It is advisable to use blockchain technology
in case where there are increased requirements for
data security, but this creates significant difficulties
with making changes to the stored data.

4. Each local registry is created for one or more
airport divisions; information from local registries
may overlap.

5. To enter records (blocks) into local registries,
special workstations with the appropriate software
are allocated, allowing for validation and
reconciliation of data.

6. Copies of local registries are available to
employees, registries’ administrators of the relevant
departments, who ensure their filling and registries’
operation upon requests of airport employees and
external organisations (registries’ users).

7. The distributed ledger contains a map of local
registries (ledger’s database), where data for access
to local registries upon requests is generated.

Working with the ledger consists of generating
blocks of documents for recording, recording blocks
and copies in local registries, processing requests to
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Pic. 1. Generalised structure of the airport distributed ledger [compiled by the authors].

the registry (searching for the required information,
presenting the found information in the required
form). The blocks generated for recording are
checked (validated) for the absence of copies, the
correctness of the recording and, after successful
verification, are recorded according to the established
rules in the local registry (blockchain) of the relevant
department.

An example of a variant of the generalised
structure of an airport’s distributed ledger is shown
in Pic. 1. In this case, local registries are created using
blockchain technology.

It is possible to scale the structure for an air
transport system that includes several aviation and
auxiliary (servicing) enterprises.

Employees — administrators of local registries
have the right to form blocks of documents to be
recorded into their registries, process queries to
registries.

Blocks consist of a finite number of documents
that are processed in a given department (unit).

Each administrator forms blocks from a given
set of documents available to him, so that the blocks
of different administrators do not contain identical
documents.

Documents can be formed during a unit’s work,
or come from external departments or organisations.

Before recording the created block into the local
registry, it is validated, which consists of checking
the correctness of the documents, checking the
absence of identical documents in different blocks,

checking the correctness of the data entry regarding
the owner (creator) of the block.

For validation, the created block is sent to all
employees —administrators of the local registry. The
administrator who received the block checks it and
sends a response with the results of the check to the
address of the administrator who created the block.

If all the responses are collected and they are all
positive, the administrator who created the block
records it into his copy of the local registry.

If several administrators work with one and the
same copy, then the recording occurs in the order
established for them without drawing the recording
right.

At specified times, the local registry copies are
reconciliated.

It is possible to clarify the operations related to
the specifics of an enterprise, for example, the use
of document encryption, distribution of keys for
processing blocks and documents, establishment of
special rules for maintaining and agreeing on copies
of the local registry.

To ensure the search for documents within the
entire distributed ledger, a map of local registries of
an institution is compiled. The map is a specialised
database that stores information on the location of
documents, data on block owners, data for generating
queries to local registries.

To create and ensure the operation of local
registries of the distributed ledger, hardware and
software tools are created —nodes of local registries,
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which can be considered as workstations of local
registries’ administrators [2; 3]. Data blocks for
recording in the ledger are created on the nodes.

All nodes operate as part of the local network of
the institution or a regional or local network.

The network must provide the ability to
implement established access rights to nodes for
employees of the institution, provide protection from
unauthorised access to registries and ledger, protect
communication channels, and ensure the localisation
of the distributed ledger within the institution. There
are various solutions to these problems, which have
been thoroughly studied in the literature [8; 14; 15].

Mathematical Models of Local Registry Nodes

The creation of a distributed ledger requires
solving series of problems and analysis, allowing to
obtain numerical values of the characteristics of the
distributed ledger operation depending on the
parameters (intensity of the flow of queries to the
ledger, intensity of the flow of documents to be
entered into the ledger, duration of query processing
in the ledger, structure and composition of ledger
blocks):

* Analysis of the processes of forming document
blocks on recording nodes in local registries.

* Analysis of the processes of recording blocks
in blockchains of local registries and creating copies.

* Analysis of the processes of processing ledger
users’ queries.

To carry out the analysis, mathematical models
with message absorption have been developed,
presented in works [13; 16—18]. Several models
allowing to study network structures are presented
in work [14].

In this case, the absorption of elementary
messages (documents) implies their formation into
the blocks to be recorded in the ledger.

In the models, each document corresponds to an
elementary message, and the process of forming
a block of documents corresponds to the creation of
a complex message (block) in systems with the
absorption of elementary messages.

As arule, the number of documents received for
processing and storage is finite, therefore, as a node
model, a system with a fixed composition of
a complex message (block of documents) and
a limited number of places for elementary messages
(documents) waiting in queue was considered.

When creating the models, it was assumed that
N document streams, elementary messages (0 > N
> 1) arrive at the node, and M blocks (complex
messages) are formed from these messages. The rules
for forming blocks on nodes are specified by the

matrix M =|m,|, where m,; > 0 is the number of
documents of a stream number j that are part of
ablockoftypei(i=1,2,...,M;j=1,2,...,N)[19].

When forming the elements of the matrix M, it
was assumed that the following conditions were met:

a) Documents of each stream can participate in
the creation of blocks of only one type (sets of
available documents are established for each employee
and each department (unit) creates its own blocks and
documents).

b) Each block includes at least one document.

There are possible options that are considered in
mathematical models:

— The duration of a block formation is unlimited,
and the formation ends when the required number of
documents are received.

—The duration of block formation is limited.

— The number of documents in a block is a random
value.

The loss of documents in the ledger is excluded
by setting a sufficiently large number of places on the
nodes for documents to wait for the formation of
blocks in which they will be included.

Models for analysing options are presented in
[13; 16-18; 20]. The models make it possible to
additionally study the following options for the
composition of the generated document blocks:
a block is formed from documents of only one
type (stream), the number of which is specified;
a block is formed from documents of different
streams, the number of documents of each stream
is specified.

The use of mathematical models allows us to
calculate the values of the ledger’s characteristics that
particularly include:

* Average duration of forming a block of
documents to be recorded in the ledger.

*+ Average waiting time for a document to be
recorded in the ledger.

* Average length of the documents’ queue.

* Average time of recording a block in the ledger
(when calculating this characteristic, the absence of
competition for recording in the ledger (blockchain)
is considered and the recording occurs according to
the order established for the administrators’ nodes).

The models allow us to vary parameters of the
ledger (of the models, respectively) to find optimal or
acceptable solutions in terms of the characteristic
values. These parameters include:

* Block composition.

* Average duration of block formation.

* Acceptable length of the documents’ queue.

* Number of administration nodes for the local

registry.
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Mathematical models of system analysis can be
used to analyse the processes of creation and
operation of a distributed ledger that operates without
drawing the right to record the generated blocks
(complex messages).

CONCLUSIONS

Distributed ledger technology and blockchain
technology today occupy an important place in
solving information security problems: ensuring
integrity, protecting against data modification, access
control, and data reconciliation.

A wide variety of practical applications where
data is used requires the development and preliminary
analysis of methods for creating data blocks for
storage in the ledger, the structure and algorithms for
the operation of distributed ledger nodes. To solve
these problems, it is advisable to use mathematical
modelling.

Data on the possible development and study of
a distributed ledger based on blockchain for an
airport can be scaled for the case of an air transport
system, for regional air transportation management
systems.
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ABSTRACT

The objective of the studly is to develop a method for determining
the durability of a reinforced concrete girder of a superstructure when
exposed to aggressive environments.

The scientific substantiation of the method is based on the laws
of establishing a uniform distribution of atmospheric gas concentrations
among homogeneous parts of reinforced concrete and determining
the depth of their diffusion. To describe the penetration rate, analytical
equations are applied to determine the depth of diffusion of
atmospheric gases into concrete. When the diffusion products reach
the main reinforcement, corrosion processes start, which cause
a decrease in the effective area, and, therefore, a loss of the bearing
capacity of the girder of the superstructure during operation of the
bridgework.
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BACKGROUND

Bridge structures are an integral part of
highways, the condition of which influences road
traffic safety. To prevent critical condition of
highway bridges, it is necessary to determine the
bearing capacity of their structural elements,
considering defects caused by the impact of
transport and aggressive environments.

The dependability of reinforced concrete
superstructures is in many cases determined by
their durability and failure-free operation.
A decrease in the bearing capacity of the
superstructure because of defects caused by the
impact of aggressive environments reduces the
service life and is one of the main reasons for
premature destruction of bridge structures,
causing harm to human life and health, property
and the environment. To ensure the working
condition of bridge structures, it is necessary to
carry out premature repairs, restoration or
replacement of failed structural elements [1].

Natural and climatic conditions and man-
made factors influence the occurrence of defects
in the superstructure that reduce the bearing
capacity [2]. Natural and climatic conditions
cause gradual aging of materials, a decrease in
the modulus of elasticity and tensile and
compressive strength of concrete, a decrease in
the useful area of reinforcement and, consequently,
aloss of bearing capacity and failure of the bridge
structure. Man-made factors, first, include
changes in the traffic intensity and composition
of vehicles. Their impact causes accumulation
and development of fatigue deformations and
damage, as well as wear of materials of structural
elements. At present, regulatory documentation '>
provides that the parameters of a reinforced
concrete element (cross-sectional dimensions,
reinforcement diameter, compressive strength,
etc.) remain unchanged throughout its service
life. However, due to the fact that concrete has
a capillary-porous structure, the defects of the
superstructure arise during operation of the
bridge structure which are corrosion of
reinforcement, change in the tensile and

! SP [Construction rules] 63.13330.2018 Concrete and
reinforced concrete structures. Main provisions. [Electronic
resource]: https://ano-alpha.ru/upload/iblock/58c/mjvjzkirys
dmzq31jd53bipez0mxsqd5/SP_63.13330.2018 -2.pdf. Last
accessed 01.08.2024.

2 SP [Construction rules] 35.13330.2011 Bridges and pipes.
[Electronic resource]: https://www.mos.ru/upload/documents/
files/4784/SP35133302011Mostiitrybi Aktyalizirovannayared
akciyaSNiP20503—-84(slzmeneniemN1) Tekst.pdf?ysclid=
m8s0d9x4tj580224091. Last accessed 01.08.2024.

compressive strength of concrete, as well as
a decrease in the area of main reinforcement
under cyclic loading, which leads to a decrease
in the bearing capacity of the superstructure
girders.

Thus, the objective of the study is to develop
and substantiate a method for determining
durability of a reinforced concrete girder of
a bridge superstructure under the influence of
aggressive environments, the influence of which
leads to degradation of the properties of materials
and a decrease in the bearing capacity.

METHODOLOGY

The onset of corrosion of the reinforcement
of the superstructure is caused by the process of
diffusion of gas contained in the atmosphere into
concrete and subsequent depassivation of the
reinforcement bars. The depassivation process
consists of formation and propagation of
transcrystalline (transgranular) cracks deep into
the metal with a decrease in the useful area of its
cross-section because of simultaneous action of
cyclic tensile loads and anodic dissolution of the
metal. Diffusion is described by analytical
equations of the Fick’s first and second laws [3].
The impact of aggressive environments depends
on operating conditions of the bridge structure
and measures for its maintenance [4; 5]. The
degree of influence of the diffusion process is
determined by the different composition and
concentration of atmospheric gases. The main
atmospheric gases interacting with concrete and
reinforcement were considered in the studies
[6-8]. Carbon dioxide (CO,), halogens (Cl,) and
hydrohalic acids (HCI) deserve special attention,
since when the diffusion front reaches the
reinforcement bars, the corrosion process starts
[9], which leads to a change in the bearing
capacity of the superstructure.

The articles [3; 10; 11] present the results of
the studies that determined the rate of carbon
dioxide diffusion into concrete samples. The
diffusion rate depends on concentration of carbon
dioxide on the surface of the samples, the water-
cement ratio and the concrete filler used. The
depth of carbon dioxide diffusion [3] is
determined by formula (1):
Xc:\/2~DCU2~a"‘(cl—cz)~r (1)
where T, is carbon dioxide exposure time, s;

Deo, — the diffusion coefficient of CO, into
concrete, m*/s, which depends on the composition
of the concrete, the degree of hydration and the
moisture content;

carb >
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Pic. 1. Diffusion depth of carbon dioxide and chloride ions [developed by the authors].

¢, and ¢, —respectively, the content of carbon
dioxide on the outer surface of concrete and at
the carbonation boundary (infinitesimal value),
parts per million (ppm);

a—the amount of CO, required to convert all
carbonisable cement hydration products [12], kg/
m?, determined by formula (2):
a=04fep-C, 2)
where fis the degree of neutralisation of concrete,
equal to the ratio of the amount of basic oxides
that have reacted with carbon dioxide to their
total amount in the cement, taken as 0,6;

p — the amount of basic oxides in cement in
terms of CaO in relative values by weight
according to chemical analysis data, taken as 0,6;

C — numerical equal content of cement in
concrete, kg/m®.

The diffusion depth of chloride ions [3] is
expressed by formula (3):

(+9) c.-c, |
X :\/4'Dc10 (%J '(e’fl[ > C <ot ]J Ta o, (3)

where 1, — chloride ion exposure time, s;

C and C , — respectively, concentration of
chlorides on the surface of the concrete protective
layer and the critical concentration of chlorides
on the surface of the reinforcement, % by weight
of cement;

t, and ¢ — age of concrete ¢, = 28 days and
actual age ¢, respectively, days;

erf! — Gaussian error function;

D, — diffusion coefficient of chlorides in
concrete [3], m?%/s, determined by formula (4):
DCIO _ 10(—12,06+2,4-V/C) ) (4)

Using expressions (1) and (3), graphs of
the diffusion depth of carbon dioxide and
chloride ions [14] as per years were
constructed (Pic. 1) for constant values of
formulas (1) and (3). The processes of carbon
dioxide and chloride ions penetration occur
from the surface of unaffected concrete into
the element.

The articles [8; 10; 11; 14] present the results
of experimental studies of the effects of carbonation
products on the strength of concrete at different
concentrations of carbon dioxide. Dependencies
have been established indicating that with an
increase in the time of accelerated carbonation and
concentration of carbon dioxide, the ultimate
compressive strength of concrete increases, while
there is no information on changes in the ultimate
tensile strength. In the process of carbonation
[14-17] of concrete, complex polymer intergrowths
are formed and there is a lack of visible needle-
shaped crystals of calcium hydrosilicate cementing
the structure of concrete, which leads to a decrease
in cohesion and tensile strength of concrete but
increases the compressive strength of concrete.
As studies have shown [18], the diffusion of
chloride ions leads to a decrease in the compressive
and tensile strength of concrete.

When the diffusion products of carbon
dioxide and chloride ions reach the reinforcement
bars, as well when the acid-base balance of
concrete decreases, the corrosion process begins,
during which the effective area of the
reinforcement bar decreases. Reinforcement
corrosion is an electrochemical process that
occurs when the alkalinity of the environment
decreases to pH values equal to 11, as well as
under the action of chloride ions [19; 20]. To
describe this process [3], formula (5) is used:

d N, ’
A =n|L-0,01- 2.1
cor T (2 365 corj > (5)

where N — number of days per year with
precipitation over 2,5 mm;

t . — corrosion time, years.

Once there is a crack with a width of 0.3 mm
or more [17], or local damage, the process of
reinforcement corrosion accelerates. This process
[3] is described by formula (6):

d N, :
A =n|S-0,06- 2.1 | .
“(2 365 J 6)

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 4 (113), pp. 158—166

Ogurtsov, Gleb L., Ermoshin, Nikolay A. Method for Determining Durability

of a Bridge Superstructure




140

i
=

1100
£ 1080

10 )

area of reinforcement, mm?

£ g
4]

1020

100

Effectiv

— %ED
LUS U U L ]
Time of exposure 10 aggressive
environments, years
— [N at =)

e Ll L] at[Nw=iin
al s |40

Pic. 2. Distribution of the carbonation front of the cross section after five years [developed by the authors].

| S10
[ Carbonation front . J SO0

490
180 N
470
460
150
0
130
a2p
40
400

Effective area of reinforcement, mm?

0 M 40 60 Z0 1
Time of exposure to aggressive
environments, years

—at_ | Nw=6{ —— at Nw=50
—— at | M= at [Noe=i3
—— atl | Mw=140

Pic. 3. Distribution of the carbonation front of the cross section after nine years [developed by the authors].

Carbonation front |

Effective area of reinforcement, mm?
-
=
=

40 50 o 70 S W 100
Time of CAPUSUIT (0 dEEIessive
vironments, years

al [N at [Ny
—— at [Nw=]00 at |[Nw=|20
at [Nw=]40

Pic. 4. Distribution of the carbonation front of the cross section after 44 years [developed by the authors].

When chloride ions act on the reinforcement, This study has considered the cross-section
the corrosion rate increases. The effective area  of beam B 3300.b.153-TV of the superstructure

in this case [3] is determined by formula (7): corresponding to the working drawings of
4 N 2 Soyuzdorproekt. In accordance with dependence
A, :ﬂ-[5—0,28~%~tm) . (7) (1), it was determined that, when exposed to
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Pic. 8. Design scheme of a normal section [developed by the authors].

carbon dioxide, the diffusion front reaches the
upper non-stressed main reinforcement (AIIl
J12) of the superstructure within five years (Pic.
2) and the lower non-stressed reinforcement
(Al &8) within nine years (Pic. 3). Corrosion of
the prestressed reinforcement (K7 245V)
begins 44 years after the commissioning of the
structure (Pic. 4). The change in the effective area
during corrosion is described by a quadratic
dependence, but due to the small change in the
reinforcement diameter, it proceeds slowly,
approaching a linear dependence (see Pics. 2—4).

During the service life of the superstructure,
the diffusion of chloride ions results in beginning
of corrosion of the upper and lower non-stressed
reinforcement at the age of three and five years,
respectively (Pics. 5 and 6), and of the prestressed
reinforcement at the age of 24 years (Pic. 7)
because of crack opening [3].

Substantiation of the patterns of change
within the area of reinforcement bars because of
the carbonation process allows us to proceed to
determining the bearing capacity of reinforced
concrete structures.

Calculation of the ultimate bending moment
is performed based on the strength of the normal
section of the reinforced concrete superstructure.
In this model, ultimate forces are taken for
compressed concrete, equal to the compressive
resistance R,; for tensioned concrete, equal to the
tensile resistance R, ; for tensioned longitudinal
non-stressed reinforcement, equal to the tensile
resistance R ; for compressed longitudinal non-
stressed reinforcement, equal to R , for

prestressed longitudinal reinforcement, equal to
the tensile resistance R. The compressive and
tensile resistances of concrete are assumed to be
uniformly distributed over the compressed and
tensioned zones.

The normal section (Pic. 8) is divided into
a set of elements of area with a step S.

The ultimate forces created on the elements
of area are applied to the centre. The solution to
the problem is reduced to finding the position of
point «O», which is located on the boundary of
the compressed and stretched zones. Since the
problem is axisymmetric, point «O» is located
on the vertical axis of the normal section.

The ultimate bending moment of a normal
section is determined by formula (8), which is
obtained by solving the equation of equilibrium
of moments relative to point «O»:

n » m
sz 'Abi + ZR:C A~ len 'Amj -
i=1 u=1 Jj=1

_Zk:RS : Asy - iRp : Ape =0
=1 e=1

where Z, is the arm of action of the force for the

i-th element of area of compressed concrete, mm;

Z . — arm of action of force for the u-th
compressed reinforcement, mm,;

Z,~ arm of action of the force for the j-th
element of area of stretched concrete, mm,;

Z,,—arm of action of force for the y-th tensile
reinforcement, mm;

Z,~ arm of action of force for the p-th
prestressed reinforcement, mm;

A, A, Abtj A A — areas of elements of
area of compressed concrete, compressed
reinforcement, tensioned concrete, tensioned
reinforcement and prestressed reinforcement,
respectively, mm?.

The arms of action of forces are deterministic
quantities that are determined by the formulas

(9-13):

) ®)

Z,=x—10<a, 9
Wy = 1330—x—10+b, (10)
ZS =x-Z, 11
=1530-x-Z, (12)
Z = 1530 —x— Z (13)

Where x—actual helght of compressed zone, mm;

a, bj — ordinal number of the horizontal row
of compressed and stretched elements of area,
respectively;

z, Zy, Z, — distances from the centres of
compressed, stretched and prestressed
reinforcement to the nearest edge of the element,
mm.
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Pic. 9. Change in ultimate bending moment under the influence of Pic. 10. Change in ultimate bending moment under the influence of
carbon dioxide and for different number of days with precipitation chloride ions and for different number of days with precipitation per
per year [developed by the authors]. year [developed by the authors].

The areas of elements of area of a normal
section are constant values for a certain moment
in time.

When determining the ultimate bending
moment, condition (14) must be satisfied, which
is obtained by solving the equation of equilibrium
of forces on the longitudinal axis (orthogonal to
the plane of the normal section) of the element:
in 'Abi + > Rsc 'Ascu - int 'Aby' -

(= u=1 =

k /
_ZRS Ay - sz A, =0
y=1 e=1

Pic. 11. Bending moment diagram My, kN-m

[developed by the authors]. 5 (1 4)

et The calculation of the normal cross-section
‘? R over time is performed in accordance with
{ 0504 formulas (8) and (14). The values of the effective
2 o0 ~ w ww=t0 area of the main reinforcement are determined
1 oom ~ M7, in accordance with Pics. 2-7 for a specific
d i w %120 moment in time. The results of the calculations
; pEm — MEelE are shown in Pic. 9 for different amounts of
: S precipitation during the year under the influence

P e 10 30 30 40 % e T 0 v 100 of carbon dioxide, and in Pic. 10 under the

Expranuer.limwe 10 carbem o, pray influence of chloride ions.

Puc. 12. U3smeHeHue omHOCuMesnbHO20 npedesbHo20 u32ubatouje2o
MOMeHMa npu 8030elicMeuU y2/1eKUCI020 2a3a U PazHOM RESULTS

Konuyecmee Heli ¢ ocaOkamu e 200 [pazpabomaHo aemopamu]. To determine the forces that arise. a modellin g
of a sectional superstructure made using
3300.b.153-TV girders was performed. When

RThc. o a moving load is located above the girder in the
™ centre of the suoerstructure, a bending moment
! 3 M, =8787,90 kN'm is created (Pic. 11).
4 — Al et The analysis of the obtained results (see Pics.
g = L 9,10) showed that when the main reinforcement
!E o wowere isreached, the processes of irreversible changes
£ o W (irreversible decrease) in the bearing capacity of
g - the superstructure begin. In the process of carbon
0 18 20 30 de 0 60 To 30 M0l dioxide diffusion, the reinforcement bars corrode,
TR which leads to a decrease in the bearing capacity
P{'c. 13. Change in l.'ela!ive ultimat.e bending moment under.the of the superstructure girders. Before the onset of
influence of chloride ions and different number of days with i K
precipitation per year [developed by the authors]. corrosion of the prestressed reinforcement (45
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years), a loss of 0,03 % of the initial bearing
capacity of the superstructure girder is observed,
and after 45 years the loss is 0,52 %.

The rationale of the forecasting formula for
the current ultimate bending moment is based on
the graphs shown in Pics. 12, 13.

The value of the ultimate bending moment
for a beam exposed to carbon dioxide for a time
t and for the number of days per year with
precipitation greater than 2,5 mm N is
determined by the formula (15):

M, =M+ (I-0,13 N, 1107+

T0,04+N *t+107), (15)
where ¢ — actual time of exposure of the span
structure to carbon dioxide;

N —number of days per year with precipitation
over 2,5 mm;

M, - initial value of ultimate bending
moment, KNm.

A decrease in the bearing capacity indicates
a negative impact of carbon dioxide diffusion.
During operation, measures should be taken to
prevent the diffusion of atmospheric gases
through painting the concrete surface and using
additives that compact the structure. Also, it is
necessary to control and replace the affected
concrete before the front reaches the prestressed
reinforcement. After the onset of corrosion of the
prestressed reinforcement, an irreversible process
of reducing the operational properties occurs,
while the bending moment from the action of the
moving load does not exceed the limit value
during the service life. Failures of the
superstructure girders occur at the age of 105;
117; 126; 139 and 158 years.

During operation of the superstructure,
chloride ions reach the prestressed reinforcement
because of the opening of cracks formed during
corrosion of the non-prestressed lower
reinforcement and a decrease in the strength of
the concrete. Corrosion of the upper and lower
non-prestressed reinforcement begins at the age
of three and five years, respectively, and of
prestressed reinforcement at 24 years. The rate
of corrosion under the influence of chloride ions
is 28 times higher than under the influence of
carbon dioxide, but the penetrating ability is
lower. Before the onset of corrosion of the
prestressed reinforcement (24 years), a loss of
0,72 % of the initial bearing capacity of the
superstructure girder is observed, after 24 years
the loss is 9,84 %.

The value of the ultimate bending moment
for a girder exposed to chloride ions for a time ¢

and the number of days per year with precipitation
greater than 2,5 mm N is determined by formula
(16):
M=M e+ (1-0,82N *t <107~
— 012N <t=107), (16)
where 7 is actual time of exposure of the
superstructure to carbon dioxide;

N, —number of days per year with precipitation
over 2,5 mm;

M, — initial value of ultimate bending
moment, KNm.

During operation of a bridge structure with
a predominant effect of chloride ions, it is
necessary to prevent the occurrence of cracks
that will result in corrosion of the prestressed
reinforcement. Failures of the superstructure
girders occur at the age of 25; 26; 27; 28 and 30
years.

CONCLUSIONS

This study has proposed a method for
determining the service life of a reinforced
concrete girder of a bridge superstructure under
the influence of aggressive environments. The
proposed method consists of six stages:

1. Revealing the prevailing effect of an
aggressive environment.

2. Determining the diffusion rate of
atmospheric gases.

3. Determining the change in the effective
cross-sectional area of reinforcement.

4. Evaluating of the bearing capacity of the
superstructure girder at the beginning of
operation.

5. Calculating of the current ultimate bending
moment of the girder.

6. Determining residual service life.

The analytical dependences of the diffusion
of atmospheric gases (carbon dioxide (CO,),
halogens (Cl,) and hydrohalic acids) constituted
a basis to determine the dependences of the
ultimate bending moments of the superstructure’s
girder for various operating conditions. The
number of days with precipitation during the year
has been chosen as the main influencing
condition.

The proposed method has been used to
calculate the bearing capacity of the B
3300.b.153-TV reinforced concrete girder of
the superstructure. It has been established that
its service life before failure when exposed
to carbon dioxide is 158 years, and when
exposed to halogens and hydrohalic acids —27
years.
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Thus, the use of this method allows
determining the remaining service life of the
superstructure, as well as the resource for bearing
capacity and predicting the required repair and
restoration work.
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ABSTRACT

The seaport, being a complex economic system, meets the
needs of a country’s economy in sea transportation. Being in close
interaction with railway and road transport, seaports take an active
part in solving the problem of delivering goods to the end consumer.
Seaports also participate in replenishing national budget and
develop trade relations of a state, strengthening its status on the
world stage. In this regard, forecasting the cargo turnover of the
seaport can be considered one of the most important tasks.

The objective of the study is to build and substantiate a model
for forecasting the performance of seaports, reflecting the
dependence of the cargo turnover of the port industry on the main
macroeconomic indicators.

The object of this study refers to Russian domestic seaports.
The study has applied methods of analysis, synthesis, content

short-term forecasting.

World of Transport and Transportation, 2024,
Vol. 22, Iss. 4 (113), pp. 168-177

Econometric Model for Forecasting
Cargo Turnover at Seaports

Marina V. Botnaryuk', Natalia N. Ksenzova ’

2 Admiral Ushakov State Maritime University,
Novorossiysk, Russia.

T ORCID: 0000-0001-6570-9561,; Russian Science
Citation Index SPIN-code: 9134-4799; Russian Science
Citation Index Author ID: 760991.

2 ORCID: 0000-0003-1172-5675; Russian Science
Citation Index SPIN-code: 3166-8695; Russian Science
Citation Index Author ID: 887997.

04 ! mia-marry@mail.ru.

analysis of sources and statistical data, including industry data, for
several years, which substantiates the reliability of the results
obtained. Constructing an econometric model has been based on
the methods of correlation and variance analysis, as well as of least
squares.

The novelty of the study refers to the application of a system
of recursive equations as a forecast model for the cargo turnover
of seaports, where determining factors of cargo turnover, as
a result feature, are lagged dependent variables for the previous
period.

The developed econometric model can be used for short-term
forecasting of cargo turnover in the seaport industry, as well as for
assessing its dependence on situation and level of development of
foreign economic activity and the entire national economy.
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BACKGROUND

The functioning of economic systems under
the conditions of uncertainty and instability of
the external environment has always been
considered one of the key problems in the field
of strategic planning. In this regard, for several
decades many researchers have devoted their
works to solving the problem of creating models
for forecasting development of both the national
and global economies, and of individual business
units. For example, the work [1] reflects the
issues of constructing models for forecasting
economic indicators, without which it is difficult
to determine the trajectory of strategic planning
of an enterprise. Researchers like V. A. Kryukov
and others [2] deal with problematic issues of
tools of macroeconomic, interregional and
intersectoral analysis and forecasting. However,
those models do not consider to full extent the
specifics of individual sectors of the national
economy, which in some circumstances is one
of the most important criteria for selecting
amodel. In this regard, a model attracts attention
proposed by T. L. Samkov, who has revealed the
dependence of the forecast of the gross domestic
product on the total impact of the volumes and
cost of derivatives of exchange transactions on
the sale of the most important fuel and energy
products and raw materials [3].

The transport industry, notably the maritime
transport industry, is of particular importance for
development of the domestic economy, as well
as domestic and foreign trade, since it meets the
needs of the national economy in transportation.
Research conducted by a group of authors [4—6]
clearly demonstrates the relationship between
world trade and sea transport, which justifies the
need to build models that make it possible to
forecast cargo turnover and, accordingly, plan
operation of the transport system depending on
key macroeconomic factors. The dependence of
maritime trade volumes on development of both
the national and global economies is also
reflected in the works of many domestic and
foreign researchers [7-9].

In this regard, of interest is the research article
[10], which is devoted to the issues of constructing
logistic models of oil transportation. The analysis
of scientific publications devoted to this topic
showed a wide variety of approaches and
methods used in developing forecasts for
development of sea transportation and the cargo
portfolio of seaports. For example,
Yu. M. Krakovsky and T. Davaanyam are

engaged in comprehensive forecasting of basic
indicators of the transportation process [11]. In
the work [12], a scenario approach is used to
forecast the basic indicators of the transportation
process. Other authors propose creating hybrid
systems of forecasting models, as well as
intelligent models, including artificial neural
networks [13]. The studies of D. A. Macheret and
R. A.Titov are aimed at obtaining results in
strategic planning of development of intermodal
transport infrastructure [14]. Also, many authors
use econometric models to model and forecast
the demand for cargo transportation [15] and
indicators of exports of goods from the Russian
Federation [16]. The features of forecasting
multidimensional non-stationary time series
using neural modelling are shown in the work
[17]. Econometric modelling methods have
found wide application in forecasting the
development of sea transport in the works of
authors worldwide [18-19].

Having summarised the above, the authors
set the objective of constructing an econometric
model that will reflect the dependence of the
cargo turnover of seaports on the main
macroeconomic indicators characterising the
development of the country’s economy.

RESEARCH METHODS

The study has resulted in construction of an
econometric model of the dependence of seaport
cargo turnover on the main macroeconomic
indicators characterising the development of the
country’s economy. Those indicators comprised
the volume of industrial production of Russia
(IP), the country’s foreign trade turnover (FTT),
indicators of oil production and export, the
industrial production index (IPI), as well as the
world price of oil and the volume of world sea
cargo transportation.

The information base of this study consisted
of data of the Federal State Statistics Service, the
Association of Sea Trade Ports, as well as data
from the UNCTAD (UN Conference on Trade
and Development) for the period from 2000 to
2022. A time interval of 23 years is quite
sufficient to obtain reliable modelling results.
Table 1 presents the matrix of paired correlation
coefficients.

The analysis of the given coefficients of pair
and interfactor correlation allowed to identify
dependencies between the indicators. A close
relationship was established between the cargo
turnover of ports and foreign trade turnover, with
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Table 1
Matrix of paired correlation coefficients (compiled by the authors)
Cargo FTT World oil | Volume of sea | Oil Oil export | IPI IP
turnover price transportation | production
of ports volume
Cargo turnover of 1
ports
FTT 0,78006 |1
World oil price 0,39046 0,61031 1
Volume of sea 0,98732 [0,35628 |0,46302 1
transportation
Oil production 0,80778 |0,79408 |0,59408 |0,88856 1
volume
Oil export 0,77895 |0,93061 |0,91431 |0,53733 0,69191 |1
IPI -0,25629 [-0,23199 |-0,16080 |-0,24581 -0,27402 |-0,15166 |1
P 0,76810 |0,87829 |0,51883 |0,46517 0,89420 |0,40410 |-0,17434 |1

the correlation coefficient was 0,78006; between
cargo turnover and the volume of world sea
transportation with the closeness of the
relationship of 0,93061. At the same time,
a strong relationship is clearly traced between
foreign trade turnover and the volumes of
industrial production and oil exports.

As a result, a system of recursive equations
can be preliminarily proposed as an econometric
model for forecasting the cargo turnover of
seaports which takes the form:

Y, = (X, X)), (1)
Y, =f(Y, X), @)
where Y, —foreign trade turnover, billion dollars,
is considered as a variable dependent
(endogenous) on the volume of industrial
production and oil exports;

Y, —cargo turnover of seaports, million tons,
is considered as a variable dependent
(endogenous) on the indicator of foreign trade
turnover and the volume of world sea
transportation.

X, — industrial production volume, billion
dollars, independent (exogenous) variable;

X, — annual volume of oil exports, billion
dollars, independent (exogenous) variable;

X,—volume of world sea cargo transportation,
million tons, independent (exogenous) variable.

As a result, the proposed system of
dependencies is a system of recursive equations,
in which the endogenous variable Y, includes
the dependent variable Y, as a factor along with
the independent variables X, X, and X,. Since
the initial data are time series, they must be
tested for stationarity. In case of a non-
stationary time series, it must be reduced to

a stationary form by eliminating the cyclical
component (if any) from the levels of the series
and excluding the trend. Within the system, each
equation is considered as an independent
regression equation, and its parameters are
estimated using the least squares method. The
modelling process is accompanied by an
assessment of the quality and significance of
both the parameters of the resulting model and
of the entire econometric model.

RESEARCH RESULTS

When modelling the relationships of dynamic
series, the requirement of their stationarity must
be met, i.e., there must be no trend or cyclical
fluctuations in them. Visual analysis of the graphs
of the initial data presented in Pics. 1-5 as well
as determination of the autocorrelation
coefficients of the levels of the dynamic series
allow us to conclude that there is a trend in all
the series under consideration.

The pictures then show the dynamics of
Russia’s foreign trade turnover, IP and oil export
indicators, as well as the volume of world sea
transportation for the period 2000-2022.

The presence of the trend is also confirmed
by the autocorrelation functions of the levels of
the dynamic series shown in Table 2.

The highest values of the first-order
autocorrelation coefficients indicate, first, the
presence of a trend in the dynamic series of the
indicators under consideration and, second, the
absence of periodic fluctuations in them. A trend
in the dynamic series may be the reason for the
presence of the so-called false correlation
between the indicators under consideration. The
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Pic. 1. Dynamics of cargo turnover of Russian seaports for
the period 2000-2022 [compiled by the authors based on
the data of Maritime News of Russia. [Electronic resource]:
https://morvesti.ru. Last accessed 10.10.2023].
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Pic. 2. Dynamics of Russia’s foreign trade turnover for the period
2000-2022 [compiled by the authors based on the World imports of
goods and services: 1970-2023. [Electronic resource]: https://global-
finances.ru. Last accessed 10.10.2023].
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Pic. 3. Dynamics of industrial production volumes in Russia for
the period 2000-2022 [compiled by the authors based on the World
imports of goods and services: 1970-2023. [Electronic resource]:
https://global-finances.ru. Last accessed 10.10.2023].

influence of the time factor will be reflected in
the correlation dependence on the values of
random errors ¢, presented in the form of
autocorrelation coefficients in the residuals.
Therefore, an additional assessment of both the
presence and strength of the relationship, as well
as the significance and reliability of the obtained
modelling results is required.

When constructing the econometric model,
the performed check showed that the equations
of the system are identifiable. In this regard, the
two-step least squares method will be used for
the solution in this article. The OLS model [22]
was chosen as a model for the dependence of
foreign trade turnover on the volumes of
industrial production and oil exports:
Y=a+bX +bX, 3)
where a, b, and b, are parameters of regression
equation.

Pic. 4. Dynamics of oil export volumes for the period 2000-2022
[compiled by the authors based on the World imports of goods and
services: 1970-2023. [Electronic resource]: https://global-finances.ru.
Last accessed 10.10.2023].

The model is solved using Microsoft Excel.
The parameters and indicators for constructing
the OLS model are shown in Table 3.

According to the Student’s criterion and
Fisher’s F-criterion, the calculated values of
which exceed their tabulated values, and
according to the high value of the determination
index, it can be stated that this multiple regression
equation reliably describes the dependence of
the studied indicators.

Thus, the regression model of the dependence
of the foreign trade turnover indicator on the
volume of industrial production and oil exports
takes the form:

Y, =-275,494 + 0,4063X, + 3,4659X, + £.(4)

The application of the least squares method
requires compliance with certain requirements —
the assumptions of the least squares method
regarding the random variable e:

Table 2
Autocorrelation functions of time series [compiled by the authors]

Lag Autocorrelation coefficients of time series levels

Cargo turnover of | Foreign trade Industrial production | Oil exports World sea

ports (Y., turnover (Y ) volume (X)) X) transportation (X.)
1 0,994781 0,833217 0,971767 0,786571 0,989384
2 0,987086 0,694483 0,934653 0,525941 0,978356
3 0,973855 0,577053 0,918512 0,386775 0,965031
4 0,96252 0,435739 0,896265 0,208981 0,96001
5 0,957859 0,304595 0,865891 0,032208 0,958601
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—randomness of the residuals’ fluctuations,
which represent a time series of residual sequence
levels;

— the mathematical expectation (average
value) of the residuals ¢, is zero;

— the residuals of the time series must be
homoscedastic, i.e., there should be the same
dispersion of ¢, for all variables x;

— there must be no autocorrelation in the
residuals g,

— the distribution of the residuals must obey
the normal distribution law.

The data for checking the assumptions of the
least squares method are given in Table 4.

Pic. 6 shows a graph of the dependence of

random errors ¢, on the calculated YI(X) for the
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Table 3
Parameters and indicators for constructing the OLS model [compiled by the authors]
Correlation analysis
Multiple correlation coefficient (R) 0,969321
Index of multiple determination (R? 0,939583
Adjusted index of multiple determination (R?) 0,933542
Standard error of a variable Y 60,431017
Number of observations 23
Analysis of variance
Number of Dispersion Variance per | Calculated | Calculated
degrees of degree of Fisher F- significance level of
freedom freedom criterion Fisher F- criterion
Factor regression 2 1135882,596 |567941,297 |155,519 6,47918E-13
Residual regression 20 73038,157 3651,907
General regression 22 1208920,753
Regression analysis
Parameters of | Standard error | Calculated Calculated significance level
the regression | of a variable Student s t-criterion of the Student s t- criterion
equation
Result variable Y, —275,493989 | 75,860589 —-3,631582 0,001661791
Factor variable X, 0,406330 0,082354 4,933921 8,00174E-05
Factor variable X, 3,465934 0,329692 10,512613 1,35614E-09
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Pic. 5. Dynamics of world sea transportation volumes for the period 2000-2022 [compiled by the authors based on the Maritime News of
Russia. [Electronic resource]: https://morvesti.ru. Last accessed 10.10.2023].

purpose of testing the first requirement of the
least squares method.

Visual analysis of the correlation field of
residuals ¢, which are located within the
boundaries of the horizontal line, is the evidence
of the randomness of the residual deviations,
therefore, the first requirement of the least square
method is met: the calculated values of the
resulting indicator «foreign trade turnover» well
approximate its empirical values.

The second requirement of the least squares
method regarding the mathematical expectation
of the residuals means that 3 (¥ — Yi(X))2 =0.The
sum of the residuals for the studied dependence
was 2,50111E-12, practically equal to zero,
which means the second assumption is rationale.
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Table 4

Definition of random residuals ¢ for Y, [compiled by the authors]

Obser-vation | Actual Theoretical | Residuals ¢, | Obser-vation | Actual Y; Theoretical | Residuals &,
Yi Yl{ ) Yl( )

1 136,9 111,9642 24,9357 13 842 818,7929 23,2070

2 141,8 119,6901 22,1099 14 8422 795,4992 46,7008

3 152,9 143,5354 9,36458 15 7844 734,9523 49,4476

4 191 208,4498 —17,4497 16 526,4 513,0122 13,3877

5 257,1 303,301 -46,2009 17 468,1 466,6123 1,4876

6 340,2 406,9176 —66,7175 18 585,1 552,758 32,3419

7 439,1 497,0251 -57,9251 19 688,1 694,6048 —6,5047

8 551,7 592,066 -40,3659 20 672 688,1707 -16,1707

9 734,7 732,1343 2,5657 21 572,6 504,018 68,5819

10 469 4742153 -5,2153 22 789,4 662,9137 126,4862
11 625,1 625,4944 -0,3943 23 611 790,6586 —179,6585
12 822,5 806,5141 15,9858 Cymma 2,50111E-12

The third requirement of the least squares
method (homoscedasticity of the residuals) is
also met, which follows from the same graph
shown in Pic. 6. In the graph, the residuals ¢, are
located along a straight line (axis Y, ), which
is a clear sign of homoscedasticity.

The fourth assumption of the least squares
method is about the absence of autocorrelation
of the residuals, i.e., about the absence of
dependence between individual levels of the
dynamic series of residuals, confirms the
consistency and efficiency of the found
parameters of the regression equation. Since the
construction of the econometric model is carried
out based on dynamic series, which, as a rule,
contain a trend — this is the dependence of the
subsequent level of the dynamic series on the
previous one, the fulfilment of this assumption
is mandatory when conducting relevant studies.
Therefore, two tests for checking the
autocorrelation of residuals were used in the
work: constructing the autocorrelation function
and using the Durbin—Watson test. Using
Microsoft Excel, the coefficients of autocorrelation

1(X)
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-50
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©
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of residuals (autocorrelation function) of the
regression equation were calculated, the values
of which are given in Table 5.

Low values of the indicators allow us to
conclude that there is no autocorrelation of
residuals in the considered linear equation of
multiple regression.

The Durbin—Watson criterion makes it
possible to verify the absence of autocorrelation
of the residuals. To apply it, the value of d was
calculated using the formula:

e 2
g= 2l )
P
For the calculated multiple regression
equation, the actual value of the Durbin—Watson
criterion was d = 40760,95/19862,86 = 2,052.
Comparison of the calculated value with the
critical values allows us to conclude that there is
no autocorrelation. Thus, the fourth assumption
of the least squares method is confirmed.
In accordance with the fifth assumption of
the least squares method, the residuals obey the
normal distribution law, which allows us to check

[ ]
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[ ] o ° ‘
° o o
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Pic. 6. Graph of dependence of residuals gon Y, 00 [compiled by the authors].
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Table 5

Autocorrelation function of residuals Y, [compiled by the authors]

Indicator’s name Value

1%t order autocorrelation coefficient —1,8E-05
2 order autocorrelation coefficient -0,14941
3" order autocorrelation coefficient 0,20467
4% order autocorrelation coefficient 0,093643
5™ order autocorrelation coefficient —0,27394

the regression and correlation parameters based
on the Student’s and Fisher criteria. The
constructed regression equation meets the
requirements of the fifth assumption (data in
Table 3).

The quality of the constructed regression
equation is also assessed by the average
approximation error — the average deviation of
the calculated values Y o) from their actual values
Y,, determined by the formula:

_1 Y Y
A= ZiY .

W i

Q)

For the found regression equation, the
average approximation error was 8,45 %, which
indicates a good fit of the equation to the initial
data.

The obtained results of the evaluation of the
regression parameters and correlation indicators
together with the entire regression equation are
recognised as statistically significant and reliable,
and the constructed equation approximates the
studied dependence well.

The second stage of constructing the
econometric model of recursive regression
equations determines the dependence of the cargo
turnover of seaports on the indicators of the
country’s external trade turnover and world sea
transportation. A linear multiple regression
equation was also used as a dependence model.
The obtained modelling results, a preliminary
assessment of the regression parameters by
Student’s ¢-criterion and Fisher F-criterion
indicated their statistical significance. Based on
the calculated regression equation, the theoretical
values of the resulting feature (cargo turnover
indicator) were determined, the residuals of the
equation were calculated, and the autocorrelation
coefficients of the residuals were determined.

But with positive results of the statistical
significance assessment, high values of the
autocorrelation coefficients were obtained, which
indicated the presence of a dependence of the
series levels in the residuals, i.e. the presence of
autocorrelation of the residuals of the regression
equation, which is unacceptable in econometric

modelling of the relationships of dynamic series.

In this regard, the authors propose to consider
the autoregressive distributed lag model (ADLM)
as a dependence model, which allows considering
the impact of the levels of dynamic series formed
in previous periods. By means of experimental
calculations based on a comparative assessment
of criterion indicators, the final autoregressive
equation is determined, the general form of which
is as follows:

Yz = Y2(1-1)+ Y1(1»1)+X3 te (7

where Y, , — cargo turnover of seaports during
the period #-1;

U foreign trade turnover during the
period #-1.

The results of calculations and statistical
evaluation of the autoregressive equation with
a distributed lag are shown in Table 6.

Therefore, the ADLM model for forecasting
the cargo turnover of seaports takes the form:
Y, =-143,9483 + 0,6495Y,  +
+0,0673Y, ) + 0,0449X; +&. ®)

The adequacy of the constructed model of the
dependence of the studied indicators is confirmed
by checking the significance of the parameters
of the regression equation and of the entire
equation using the Student’s ¢-criterion and the
Fisher F-criterion.

The constructed autoregressive equation with
distributed lags must also meet the five
assumptions of the least squares method. To
conduct the check, Table 7 shows the calculation
of the residuals of this equation.

The low values of the autocorrelation
coefficients given in Table 8 indicate the absence
of autocorrelation in the residuals of the
constructed autoregressive equation for Y,

To test the first assumption of the least
squares method, a graph of the dependence of
the residuals €, on the theoretical values of Y, is
constructed (Pic. 7).

Visual analysis of the graph allows us to
conclude that the first assumption of the least
squares method is met. The second assumption
(zero average value of residuals) is also justified,
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Parameters and indicators for constructing

Table 6
the ADLM model [compiled by the authors]

Correlation analysis
Multiple correlation coefficient (R) 0,996994
Index of multiple determination (R? 0,993998
Adjusted index of multiple determination<<Eqn045.eps>> 0,992997
Standard error of a variable Y 16,965676
Number of observations 22
Analysis of variance
Number of | Dispersion Variance per Calculated Calculated
degrees of degree of freedom | Fisher significance level of
freedom F-criterion Fisher F-criterion
Factor regression 3 858067,220 286022,407 993,705 3,55112E-20
Residual regression 18 5181,015 287,834
General regression 21 863248,240
Regression analysis
Parameters of Standard error of | Calculated Calculated significance
the regression a variable Student s t-criterion level of the Student’s
equation t-criterion
Result variable Y, —143,948359 59,396017 —2,423535 0,026131
Factor lagged variable YZ(I_U 0,649551 0,101800 6,380610 5,218E-06
Factor lagged variable Ym_,) 0,067330 0,025066 2,686071 0,015091
Factor variable X, 0,044959 0,013255 3,391929 0,003249

since the sum of deviations of the theoretical
values of Y, from its actual levels is almost zero:
(Y -Y,)=2,558E-12.

Fulfilment of the third assumption of the least
squares method (homoscedasticity of residuals)
is also confirmed by the graph of residuals of the
autoregressive equation (Pic. 7).

Based on the data in Table 6, the fifth
assumption of the least squares method is verified
(the residuals of the autoregressive equation obey
the normal distribution law), which is confirmed

by testing according to the Student’s ¢-criterion
and Fisher F-criterion.

For the autoregressive equation, the average
approximation error was also calculated, which
amounted to 2,9 %, which indicates a good
quality of the selected model of the studied
dependence.

As a result of the study, the econometric
model for forecasting the cargo base of seaports
can be represented by the following system of
recursive equations:

Table 7
Definition of random residuals ¢ for Y, [compiled by the authors]
Observation Actual Y, Thteoretical | Residuals ¢, | Observation Actual Y, Theoretical Residuals &,
Y, Y,
1 203,7 235,5762 31,8763 13 589 595,9448 —6,9448
2 260,8 253,5400 7,2599 14 623,4 6283191 —4,9191
3 286 303,9349 —17,9349 15 676,7 677,2517 -0,5517
4 364 328,3520 35,6479 16 721,9 726,8583 —4,9583
5 406,9 389,2027 17,6972 17 787 766,6391 20,3608
6 421 436,9808 ~15,9808 18 816,5 814,9832 1,5167
7 451 453,5747 —2,5747 19 840,3 839,3204 0,9795
8 454,6 469,5070 -14,9070 20 820,8 842,4992 21,6992
9 496,4 473,0549 23,3450 21 835,2 830,6121 4,5878
10 525,9 514,4688 11,4311 22 841,5 845,0535 -3,5535
11 5354 537,1996 —1,7996
12 565,5 560,6258 4,8741 Sum 2,558E-12
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Table 8

Autocorrelation function of residuals Y2 [compiled by the authors]

Indicator’s name Value

1%t order autocorrelation function -0,1927
2" order autocorrelation function -0,0028
3 order autocorrelation function -0,07455
4% order autocorrelation function -0,0523
5™ order autocorrelation function 0,066453

Y, = -275,494 + 0,4063X, +

+3,4659X, + ¢, (10)
Y, = ~143,9483 + 0,64957, | +
0,0673Y,, +0,0449X, + &, (11)

In accordance with the economic
interpretation of the parameters of the regression
equation, the following relationship was
established between the indicators of the first
equation of the system: an increase in the
volume of industrial production of the country
by 1 billion dollars leads to an increase in
foreign trade turnover by an average of 0,4063
billion dollars per year; an annual increase in
oil exports by 1 billion dollars provides an
average annual absolute increase in foreign
trade turnover of 3,4659 billion dollars.

The presence of an autoregressive equation with
lagged variables in the system means the dependence
of the resulting feature on the previous values of
the factor variables of the model, expressed in the
values of the regression coefficients:

— the cargo turnover of seaports will increase
on average per year by 649,5 thousand tons under
the influence of its own growth in the immediately
preceding year by 1 million tons;

— the annual growth of the country’s foreign
trade turnover by 1 billion dollars at time (¢ —
1) provides an average absolute increase in the
cargo turnover of seaports in the following year
in the amount of 67,3 thousand tons;

— the growth of world cargo transportation by 1
million tons per year has a positive effect on the
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volume of cargo handling in Russian ports, increasing
them by an average of 44,9 thousand tons.

CONCLUSION

The study analysed the dynamics of cargo
turnover at Russian seaports, key macroeconomic
indicators (volumes of foreign trade turnover and
industrial production, oil exports and volumes of
global cargo transportation) and identified the
relationships between them for the period from
2000 to 2022. Based on the data obtained, the
main factors determining the volume of cargo
turnover were identified, and an econometric
model for forecasting the cargo turnover of
Russian seaports was developed, which is
a system of recursive equations. A distinctive
feature of the model is that it allows not only to
present a short-term forecast of the cargo
turnover of seaports, but also to assess the
dependence of the port industry on the state of
the national economy and its foreign economic
activity.

The resulting econometric model was
assessed for the closeness of the relationship
between the indicators, the significance and
reliability of the regression parameters and of the
entire regression equations. Besides, the model
was tested for compliance with the assumptions
of'the least squares method, which also confirmed
the good quality of the constructed model.

The practical application of the presented
model will allow, based on the forecast of the

25
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Pic. 7. Graph of dependence of residuals ¢,0n Y, [compiled by the authors].
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cargo portfolio, to solve such problems as
replenishment of the merchant fleet, rationale of
the relevance of investment in the main production
assets of the port infrastructure. Based on the
data obtained, a unique opportunity is provided
to make strategically important decisions for the
industry and the country’s economy regarding
the transit capacity of the coastal component, the
use of port capacities, as well as forecasting the
employment of labour resources, which will
allow timely preventive measures to be taken if
such a need arises.
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The article examines the regional spatial model of terminal and
warehouse complexes (TWCs) operating at the site of an industrial
park (IP). A review of foreign and domestic literature has revealed
a certain shortage of methods for assessing TWCs as initiator and
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BACKGROUND
Over the past decades, a wide variety of
freight transport and logistics facilities have
emerged. Containerisation, nearshoring,
outsourcing of transport and logistics activities,
improvements in information technology and
international standardisation, global supply,
strengthening safety and security measures in
supply chains, sustainable transport and
shortening the life cycle of products are just
some of the most important changes in logistics
and the transport industry that significantly
affect the range and quality of services offered
by terminal and warehouse complexes (TWCs).
During this time, the way goods are packed,
stored and transported has changed, and
therefore the demand for various services leads
to highly differentiated logistics solutions such
as industrial parks (IPs). As a result, the close
links between integrated logistics services and
customer satisfaction not only lead to the initial
adoption of the IP concept but also serve
rationale for their continuous development.

At present, a developed system of terminal
and warehouse complexes (customs and excise
warehouses, intermodal cargo centres, logistics
centres, dry ports, domestic and intermodal
terminals, distribution centres and others) has
been created around the world, which has
a positive effect not only on the overall quality
of transportation services, but also on the
economy of the respective regions.

By jointly using their infrastructure and
functional resources, IPs offer both high quality
and regularity of transportation services and
constant warehouse capacity in real time. Since
companies spend a lot of money to increase their
flexibility in the face of constantly changing
demand in the markets, their main goal is to
gain an advantage through direct or indirect
interaction with IPs.

Despite the economic challenges of a volatile
business environment, many countries have
already expanded their transport and logistics
services to include both bimodal and trimodal
inland terminals and IPs in their transport
system.

Modern theories of regional development,
which are classified as institutional theories,
derive from previously developed theories and
emphasise the need to support the creation of
predominantly small and medium-sized
companies (as small and medium-sized
companies can respond quickly to the business

needs of the market), creating and changing the
business climate in the region. On the other
hand, the development of the regions is
influenced by their socio-economic
specialisation, the development of IPs. In world
practices, IPs have gone through several stages
of development, and now we can talk about
several generations of industrial parks.

The first-generation IPs, built in the 1970s,
differ from other generations in their rather
simplified architecture. With each new
generation, it became more complex, while the
territory was used more comprehensively, the
portfolio of services expanded, and the number
of administrative staff and employees increased.

IPs undoubtedly have a positive impact on
business in the region where they are located.
They are advantageous because they apply
modern technologies and innovations in
production processes, while manufacturing of
higher-class goods; besides, the region profits
from foreign companies located in parks, as they
bring economic and innovative capacity or
internationally proven know-how to the region
and thus support the process of reconstruction
and modernisation of the industry and at the same
time cover high trade deficit balance if any.

Another positive aspect of the industrial
parks is that they create conditions for the
development of small and medium-sized
enterprises and their cooperation with entities
engaged in foreign economic activity, which
means that they have a positive effect on
competitiveness, labour productivity and
employment growth.

The influence of individual entreprencurs
on the overall development of the region is also
important. Obviously, IPs cannot be expected
to produce immediate results, however, it can
be predicted that the jobs created or the transfer
of technology between companies will lead to
synergies. The concentration of certain types of
companies can attract many investors to the
region, which will lead to the need to recruit
new employees.

The purpose of this study is to identify the
impact of the potential of TWCs concentrated
on the sites of industrial parks of a constituent
entity of the Russian Federation on the economic
growth of the region.

The study has applied methods of empirical
analysis, system approach, logical, statistical
and economic methods, correlation analysis,
and the method of rating assessments.
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BRIEF REVIEW OF LITERATURE
AND RESEARCH

Many economists have studied the role of
TWC as of a generator of economic growth in
depth. Even though there is a wide range of
different methodological studies on the impact
of TWCs on improving the efficiency of
aregion’s economic system, there is a noticeable
lack of methods for assessing its role as initiators
and facilitators of regional economic activity.
The existing theoretical basis of such a statement
seems to be completely insufficient.

S. Lyapin and his co-authors consider the
theory of «poles of growth» in the regional,
federal and world economy, proposing active
management of the development of the region’s
TWCs regarding the criteria of efficiency. This
approach considers not only the development of
the TWC of the region, but also the socio-
economic development of the adjacent entities,
besides, it accounts for the regional influence of
enterprises, the sustainability of which depends
on the work and productivity of IPs [1].

M. Boile and co-authors analysed the impact
of logistics facilities, notably of «freight
villages» on the development potential of the
regions [2].

The main issue considered by D. Banister and
Y. Berechman is the ability of investments in the
field of IPs to contribute to economic growth at
the regional and local levels, to additional
benefits for development. Failure to accurately
identify and measure these estimated development
benefits will inevitably lead to their double
counting, thereby creating the risk of
implementing incorrect TWC'’s projects [3].

According to T. Notteboom and J.-P. Rodrigue,
terminals, IPs, and other logistics facilities have
become an integral part of the transportation
system, especially in regions heavily dependent
on trade. The development of TWCs is gradually
shifting to the regions due to the complexity of
modern cargo distribution, increased attention to
intermodal transport solutions and capacity issues.
The tasks of reducing the congestion of the
transport network, decreasing energy consumption
and empty miles are becoming strong incentives
for considering the creation and development of
regional TWCs [4]. Local freight flows are the
result of global and regional economic processes
aimed at using core just-in-time and door-to-door
strategies. The authors suggested that at the
regional level, activities related to the distribution
of goods can be changed through the development

and construction of new TWCs in response to the
growth of consumption and demand, as well as
the need to change supply chains [4].

The paper [5] notes the promising character
of TWCs as of economic driving forces of the
regions. In addition, another interesting element
of IPs is their general independence from other
clusters and industries, combined with the fact
that many enterprises in various industries are
economically based on, and sometimes located
around logistics facilities [5; 6].

The authors [7] note that regional authorities
seek to attract IPs to promote economic
development, local entrepreneurship and
employment levels.

The relationship between IPs and regional
economic development is presented in the paper
[8], which notes that the creation of IPs makes
a significant contribution to the sustainable
economy.

The work [9] is aimed at identifying the key
macroeconomic factors affecting the creation of
IPs that have a positive impact on sustainable
regional development.

The study [10] notes notably the focus of IPs
on the expansion of intermodal transportation.

The authors [11] studied possibilities of
improving the image and competitiveness of [Ps
through the implementation of modern concepts
of creating and developing synergies between
manufacturing, industrial and logistics companies
to increase the efficiency and sustainability of
cargo and logistics processes. All companies in
the territory of an IP can develop joint marketing
services, so that small and medium-sized firms
will benefit the most from such situations.

The study [12] proposes to develop clustered
IPs as an effective method for the growth in
competitiveness of industries and for the
organisation of jobs.

RESULTS

In parallel with the main and broader role of
TWCs in promoting intermodal transport, there
is also their additional and no less important role
as initiators of regional economic development.
Regional industrial parks are platforms for this,
since they create the ground for the development
of the economic, intellectual and industrial
potential of the region, import substitution, and
increase in tax revenues to the budgets of all
levels. IP’s infrastructure is logistics one, as it
includes class A and B warehouses, corporate
distribution centres, marketplaces.
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Table 1

Employment in the transportation and warehousing

Federal constituent entities Share
2020 2021 2022 2023

Russian Federation 7.4 % 7,6 % 7,77 % 7,82 %
Volga Federal Distirct 6,46 % 6,46 % 6,83 % 7,07 %
Republic of Bashkortostan 5,49 % 5,53 % 5,84 % 6,19 %
Republic of Mari El 4,46 % 4,67 % 4,91 % 4,92 %
Republic of Mordovia 5,21 % 5,19 % 5,36 % 5,77 %
Republic of Tatarstan 7,22 % 7,17 % 7,45 % 8,12 %
Udmurt Republic 5,93 % 5,95 % 6,34 % 6,16 %
Chuvash Republic 3,72 % 3,86 % 431 % 4,47 %
Perm Krai 7,46 % 7,39 % 7,89 % 7,56 %
Kirov region 5,26 % 5,59 % 6,18 % 6,59 %
Nizhny Novgorod Region 5,94 % 5,97 % 6,74 % 6,93 %
Orenburg Region 6,60 % 6,56 % 7,52 % 7,64 %
Penza Region 5,80 % 5,80 % 6,63 % 6,66 %
Samara Region 8,38 % 8,32 % 8,44 % 8,98 %
Saratov Region 7,56 % 7,53 % 7,14 % 7,03 %
Ulyanovsk Region 5,83 % 5,83 % 5,93 % 6,28 %

Source: Federal State Statistics Service https://rosstat.gov.ru/

IPs act as the driving force of the economy
of their regions, which potentially affect the
regional unemployment rate, gross regional
product (GRP) and job creation, investment
attractiveness and trade volumes (regional
imports/exports). The unemployment rate and
GRP can be described as the most characteristic
economic indicators of the regions. Investment
attractiveness illustrates the overall attractiveness
of domestic and foreign investment for each
region.

Industrial parks provide an excellent
institutional framework, additional services and
high-performance infrastructure. They contribute
to attracting and implementing the necessary
investments, increasing employment,
competitiveness, sustainable implementation of
business and regional economic development
strategies. They also create an environment for
the introduction of new technology, training and

innovation, creation of jobs and markets, and, as
a result, for the consolidation of existing
industries [13-16].

Industrial parks, located in 72 regions of
Russia, provide convenient access to large urban
agglomerations and product markets. Enterprises
operating in industrial parks are important actors
in the local economy (especially firms that
employ a larger number of people), and this
situation is likely to continue in the next 4-5
years.

By creating jobs and increasing investment
in production, industrial parks develop the
economy of not only the region, but also the
country.

After a thorough review of the statistical data,
it is possible to confirm an overall increase in the
concentration of employment in the transportation
and warehousing sector, both for the Russian
Federation and for the subjects of the Volga
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Table 2
GRP dynamics in 2020-2023, billion rubles
2020 2021 2021/2020 (2022 2022/2021 |2023 2023/2022
Russian Federation 94410,2 121183,0 |128,36 % |[140670,8 |116,08% |[171041 121,59 %
Volga Federal District 13655,4 15963,18 | 116,90 % | 19664,6 123,19 % | 20188 102,66 %
Kirov region 396,9 452,7 114,06 % | 554,6 122,51 % | 575,1 103,70 %
Nizhny Novgorod Region 1600,30 1730,6 108,14 % | 22879 132,20 % | 2390 104,46 %
Orenburg Region 1046,70 1239 118,37 % | 15714 126,83 % | 1500 95,46 %
Penza Region 484.,8 586 120,87 % | 592,9 101,18 % | 593 100,02 %
Perm Krai 1385,40 1400 101,05 % |2002,8 143,06 % | 1800 89,87 %
Republic of Bashkortostan | 1694,20 2059.4 121,56 % |2242,6 108,90 % |2544 113,44 %
Republic of Mari El 198 214 108,08 % | 262 122,43 % |247,7 94,54 %
Republic of Mordovia 266,4 299,8 112,54 % | 342,6 114,28 % |361,5 105,52 %
Republic of Tatarstan 2631,30 3400 129,21 % | 4179,3 122,92 % | 4153,7 99,39 %
Samara Region 1625,50 1969,6 121,17 % | 2378,5 120,76 % | 2800 117,72 %
Saratov Region 856,5 984.,8 114,98 % | 1194 121,24 % | 1300 108,88 %
Udmurt Republic 684,4 790,68 115,53 % | 965,7 122,14 % | 956 99,00 %
Ulyanovsk Region 439 484.,6 110,39 % | 588,8 121,50 % | 571 96,98 %
Chuvash Republic 346 352 101,73 % | 501,5 142,47 % |396 78,96 %

Source: Federal State Statistics Service https://rosstat.gov.ru.

Federal District (see Table 1). The exceptions are
the Udmurt Republic and the Perm Territory,
where in 2023 compared to 2022 there was
a decrease in the share of those employed in this
sector.

GRP is still the main indicator of the level of
regional socio-economic development. The
dynamics of the total GRP of Russia and the
Volga Federal District is presented in Table 2 and
shows its growth in 2020—-2023. The total volume
of GRP of the Russian Federation in nominal
terms increased by 76,630.8 billion rubles during
the analysed period. In total terms, for all
constituent entities of the Russian Federation for
the analysed period GRP increased by 1,8 times.
In the constituent entities of the Russian
Federation in the Volga Federal District - by 1,5
times.

The stability of economic development is
ensured by the positive dynamics of GRP in the
transportation and warehousing sector that
witnessed a growth in the Russian Federation by
1,7 times and in the Volga Federal District by 1,6
times in 2017-2023.

Another important factor contributing to the
region’s economic growth is investment capital,

®  World of Transport

which is analysed on the example of the Russian
Federation and the Volga Federal District (Table
3). The growth dynamics indicates that the
Russian Federation and the Volga Federal District
are following the path of economic growth thanks
to increasing their capital, which has recently
been actively channelled and invested in the
transportation and warehousing sector.

High investment activity in the Volga Federal
District is due not only to the localisation of large
enterprises of the manufacturing and mining
industries in this district, but also to the active
development of small and medium-sized
businesses, which generate significant demand
for the locations within industrial parks.

Thus, the past four years have demonstrated
positive rates of all regional economic activity
that are directly or indirectly related to the
transportation and warehousing sector. The
development and expansion of IPs and their
various modifications (technology parks,
business incubators, free economic zones, etc.)
create an infrastructure for industrial production,
especially in the Volga Federal District, where
a third of the country’s operating IPs is
concentrated.
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Table 3

Dynamics of investments in fixed assets and the transportation
and warehousing sector (TW)

Investments, billion rubles
2021 2022 2023 Absolute change Relative change
2023/2021 2023/2021
total ™ total ™ total ™ total ™ total ™
Russian 17690 3226,4 | 21829 |4219,8 |34036 |4963,7 16346 |1737,3 | 192,40 % | 153,85 %
Federation
Volga Federal 2073,3 3142 |2565,2 |601,4 |4830,2 |778,92 2757 464,72 (232,97 % | 247,90 %
District
Kirov region 52,1 6,9 59,2 8,6 106,24 | 10,4 54 3,5 203,92 % | 150,72 %
Nizhny 265,6 33,7 462,1 |164,5 |686,93 |[226,7 421 193 258,63 % | 672,70 %
Novgorod
Region
Orenburg 149,3 15,3 179,5 (24,9 293,4 32,5 144 17,2 196,52 % [ 212,42 %
Region
Penza Region 53,8 9,1 60,3 12,7 121,81 |[13,6 68 4,5 226,41 % | 149,45 %
Perm Krai 2422 21,8 290,2  [33,02 |370,3 49,5 128 27,7 152,89 % | 227,06 %
Republic of 247,9 45,6 305,6  |53,25 [620 58,575 372 12,975 [250,10 % | 128,45 %
Bashkortostan
Republic of 222 2,9 25,5 33 52,23 3,63 30 0,73 235,27 % | 125,17 %
Mari El
Republic of 41,1 6,6 48,6 12,7 74,1 13,97 33 7,37 180,29 % | 211,67 %
Mordovia
Republic of 451,2 59,4 597,5 |143,9 |[1180,4 |158,29 729 98,89 [261,61 % | 266,48 %
Tatarstan
Samara 264,8 66,6 306,6 |97,8 516,6 107,58 252 40,98 |195,09 % | 161,53 %
Region
Saratov 123,1 27,5 1499 [425 286,54 46,75 163 19,25 232,77 % | 170,00 %
Region
Udmurt 70,3 59 85,96 |83 166,3 9,13 96 3,23 236,56 % | 154,75 %
Republic
Ulyanovsk 50,2 7,6 56,7 7,7 120,8 8,47 71 0,87 240,64 % | 111,45 %
Region
Chuvash 39,5 52 71,6 36,2 123,4 39,82 84 34,62 (312,41 % | 765,77 %
Republic

Source: Federal State Statistics Service https://rosstat.gov.ru.

To study the degree of relationship between
variables, correlation analysis is most often used
in economic research, which is a tool that allows
you to show the proximity of one variable to
another. Linear correlation analysis is most often
used in such studies [17-19].

For the Volga Federal District, to assess the
impact of the development of IPs on its
economic growth (GRP, volume of investment,
number of employees), a correlation coefficient
was calculated (a detailed calculation is not

described in this article), which indicates
a close relationship between the number of IPs
and the main socio-economic indicators of the
region.

In the Volga Federal District, the leading
regions in terms of the number of industrial parts
are the Republic of Bashkortostan. the Republic
of Tatarstan, the Ulyanovsk region (ten or more
industrial parks per each region). This distribution
is due to the level of socio-economic activity,
developed transport and logistics infrastructure,
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the presence of large industrial facilities, and the
demand of manufacturers.

CONCLUSIONS

The review analysis shows that IPs play
a significant role in ensuring the dynamic growth
of regional economies, creating competitive
conditions for new industries, attracting domestic
and foreign investment in the regions, reducing
unemployment by creating new jobs, using the
labour potential of the nearest settlements.

The study allows us to positively estimate the
contribution of IPs to the achievement of the
goals of sustainable development of the regions,
through the creation of the necessary
infrastructure, growth in employment and
industrial production, as well as through
replenishing regional and local budgets.
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ABSTRACT

The article is devoted to the analysis of trends of operation
and the selection of parameters for solving the problem of
optimal allocation of electric buses to serve a given set of routes.

The number of registrations and sales is estimated as one of
the methods for assessing the trends in operation of electric buses.
The average values of the battery capacity are determined depending
on the category and purpose of operation of an electric bus. The
analysis of governmental programs for electrification of passenger
transportation of some countries has resulted in compiling a set of
statistical values, followed by the study of domestic experience in
operating electric buses on regular municipal routes.

The results of the analysis, considering the identified trends,
have allowed setting the objective of selecting priority parameters
for determining the routes to be served with electric buses.
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Regular municipal routes served by the Mosgortrans,
largest European operator of electric buses, have been selected
as the object of the study.

The main research method has been based on PRISMA,
a proved methodology of meta-analysis of previously completed
studies. The analysis of 22 methodological approaches to
organising the operation of electric buses has resulted in
identifying four priority technical and operational parameters
influencing the selection of the route (L, V., N, , Q). The study
has allowed to suggest a general algorithm for solving the
problem of selecting optimal regular municipal routes for
operation of electric buses and to identify directions for further
research.
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BACKGROUND

The operation of electric buses on regular
municipal routes has recently become an
intensively implemented trend. Thus, relevant is
solving the problem of optimal placement of
electric buses to serve a given set of routes. The
objective of the study described in the article is
to analyse operating trends and the selection of
parameters for solving the above problem.

RESULTS
Analysis of Global Trends in Operation of
Electric Buses on Regular Municipal Routes

One of the methods for assessing trends in
the operation of electric buses is to estimate the
number of registrations and sales. Registrations
show the number of vehicles that were first
registered with government agencies or insurance
companies.

Pic. 1 shows the results of the analysis of the
number of registrations and the percentage of
sales of electric buses in the world in 2016-2022.
It should be noted that in China, vehicle insurance
is issued for the vehicle, not for a specific driver.

As the report of the International Energy
Agency (IEA) shows, «in 2022, nearly 66000
electric buses... were sold worldwide,
representing about 4.5 % of all bus sales...
worldwide. China continues to dominate
production and sales of electric. .. buses. In 2022,
54000 new electric buses...were sold in China,
representing 18 %... of total sales in China and
about 80 %... of global sales...». It’s worth
noting that «...many of the buses... being sold
in Latin America, North America and Europe are
Chinese brands» .

«Within Europe, the sales share for electric
buses was highest in Finland, where electric
buses made up two-thirds of sales in 2022,
Norway and the Netherlands, where they made
up nearly half of sales, and Denmark, where they
made up nearly one-third. Sales shares were also
high in Sweden, Switzerland and Israel»'.

It is important to note that the production and
sales of electric buses have fluctuated over few
years due to the subsidies provided (the total
amount of subsidies from 2018 to 2021 was less
than 2,9 billion USD), but since 2021, sales of
electric buses have begun to grow again '.

Of the electric bus models available for sale
in 2022, 60 % (more than 500 models) were

! Global EV Outlook 2023. The International Energy Agency
[Electronic resource]: https://www.iea.org/reports/global-ev-
outlook-2023. Last accessed 04.12.2023.

produced by Chinese manufacturers. Another
20 % (more than 170 models) were produced by
American manufacturers and 15 % (more than
120 models) by European manufacturers '.

A table compiled based on data' and the
Global Drive to Zero ZETI database? shows
model range of zero-emission buses and their
average battery capacity (Table 1).

Automotive lithium-ion (Li-ion) battery
demand increased by about 65 % to 550 GWh in
2022, from about 330 GWh in 2021, primarily
as a result of growth in electric passenger car
sales, with new registrations increasing by 55 %
in 2022 relative to 2021 ..

In 2022, according to the findings of IEA
global-ev-outlook-2023 report, venture capital
investments «in start-ups producing vehicles and
charging technologies increased by 50 % to
USDI1,2 billion. The increase was particularly
high in the charging segment, which saw an all-
time high among early-stage funding at USD730
million. There was also a notable increase in
funding for battery recycling and reuse, which
stood at USD200 million, an eightfold increase
relative to 2021»!. The similar trend was revealed
by Cleantech Group i3°.

Based on the database of the International
Energy Agency (IEA)* the authors selected 294
policies (including programs, strategic plans,
grants, permitting regimes, etc.) referring to
electrification of the urban passenger land
transport, among which most had been approved
in Spain, Portugal, the USA, China, Italy, and
Canada (Pic. 2).

Of294 policies, 223 (76 %) were in force, 66
(23 %) had ended or achieved, and the remaining
were announced (at the approval or development
stage) at that time (Pic. 3).

An analysis of the jurisdiction of the
policies (Pic. 4) showed that they were
predominantly within national jurisdiction
(239 policies or 81,3 % of total), followed by
policies within city/municipal jurisdiction (30
or 10,2 %), within state/provincial jurisdiction
(22 or 7,5 %) and international jurisdiction (3
or 1 %).

2 ZETI (Zero-Emission Technology Inventory). [Electronic
resource]: https://globaldrivetozero.org/tools/zeti/. Last
accessed 04.12.2023.

3 Cleantech Group i3 database [Electronic resource]:
https://www.cleantechforeurope.com/publications/cleantech-
q3-briefing-2022#chapter-03. Last accessed 04.05.2023.

+ IEA policies database [Electronic resource]:
https://www.iea.org/policies?sector%5B0 %5D=Passenger%:20
transport%20 %28Road%?29. Last accessed 04.05.2023.
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Pic. 1. Electric bus registrations and sales share by region, 2015-2022 [IEA (2023), Electric bus registrations and sales share by region, 2015-2022,
IEA, Paris https://www.iea.org/data-and-statistics/charts/electric-bus-registrations-and-sales-share-by-region-2015-2022, Licence: CC BY 4.0].

Table 1
Average capacity of electric bus batteries [, Global Drive to Zero ZETI database]
Vehicle category and purpose Average battery capacity (kWh) Change in average indicator
2019 2020 [2021 2022 2019-2022

MB3III, transit bus 264 322 225 345 31%

M3I, M3II, shuttle bus 104 119 120 150 45 %

M3I, M3II, school bus 155 141 207 137 -12%

Countries Number of policies

Belarus, Bulgaria, Malaysia, Morocco, Myanmar, United Arab Emirates, Saudi E:
Arabia, Thailand, Turkiye, Uzbekistan, Ukraine

Belgium, Cyprus, Colombia, Norway, Poland, Slovenia, Croatia, Chile [ 2

Argentina, Brazil, Denmark, Lithuania, Russian Federation, Slovak Republic, - 3
Philippines, Japan

Austria, Greece, European Union, Latvia, Luxembourg, Romania, Singapore, _ 4
Switzerland

New zealand |HNNEEEEN 5
Hungary, Korea | ©
Ireland, Malta, Sweden [ I 7
Germany [N °
Australia, United Kingdom, India | INEEEEE 10
Netherlands, France | NNRNEREEEENNNNEN 12
Italy, Canada [ NENEN 1/
people's Republic of China [ NG 1
usa I 1/
portugal [ 23
spain [N -

0 5 10 15 20 25

Pic. 2. Number of policies in the field of electrification of urban passenger land transport in different countries [based on the data *].
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g Status Number of policies

188 Inforce N 223
Ended or achieved NN o6

Announced (stage of approval)

1
Announced (development) | 4

0 50 100 150 200
Pic. 3. Distribution of policies by status [based on the data ‘].
Jurisdiction Number of policies

City/Municipal [N 30
State/Provincial [N 22
National I 239

International

3

Pic. 4. Distribution of policies by jurisdiction [based on the data *].

Table 2 Table 3
Model range of electric buses by Operation of electric buses on regular
manufacturers [compiled by the authors] municipal routes [compiled by the authors]
Ne [ Manufacturer Number of City Number of electric | Number of
models buses routes
1 | PJSCKAMAZ 2 Moscow 1055 79
2 |PISC GAZ 1 St.Petersburg | 10 1
3 | LLC Volgabus 1 Lipetsk 5 1
4 | JSC Sinara-Transport 1 Vladivostok 2 1
Machines Rybinsk D 1
5 | LLC PK Transport Systems 3 Sochi D 1
6 | JSC Stroytrans 1 Tyumen 1 1
trunk (interdistrict) routes
- m intradistrict routes.
- BT s mtttosions comreof it and i o oo

Pic. 5. Electric bus route map (Electric buses’ route map.
[Electronic resource]: https://www.mosgortrans.ru/electrobus/map /. Last accessed 07.05.2023.).
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A significant number of analysed policies
contains a forecast for the range and capacity of
electric buses for the period up to 2030 under
various scenarios as well as forecast values for
the number of charging stations.

Russian Experience of Electric
Buses’ Operation

As of 2023, the main manufacturers of
electric buses in the Russian Federation were
KAMAZ PJSC, GAZ PJSC, Volgabus LLC,
Sinara-Transport Machines JSC, PC Transport
Systems LLC, Stroytrans JSC. The model range
presented on the official websites of the
manufacturers is summarised in Table 2.

As of January 2023, electric buses served
regular municipal routes in seven cities (Table 3).

Thus, the largest operator of urban passenger
land transport system operating electric buses
on regular municipal routes is Mosgortrans
[literally Moscow Transport], state unitary
enterprise. As of March 2023, Mosgortrans
operated 1055 electric buses on 79 routes. The
mapping of the routes served by electric buses
is shown in Pic. 5.

The analysis of information on the charging
infrastructure of electric buses (the number and
location of charging stations) was carried out
based on the results of concluded contracts
published on the public procurement website.
Based on the analysis, it was revealed that at
the end of 2022, there were 208 charging
stations in Moscow, some of which are shown
in Pic. 6. The location of 82 charging stations
was missing in the TORs (terms of reference)
that read in those cases as «the exact delivery
address is provided to the Supplier by official
notification from Mosgortrans within 5 (five)
working days from the date of signing the
contracty.

Analysis of Methodological Approaches to
Assigning Electric Buses to a Route

To identify the factors influencing
a conversion of a route to the use of electric
buses or the creation of a new route for the
electric buses, an analysis of possible
methodological approaches to the operation of
electric buses on municipal routes was conducted
based on the previously tested PRISMA
(Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) methodology [1].
The general algorithm of the methodology is
shown in Pic. 7.
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Pic. 6. Location of some charging stations of the Mosgortrans
[the picture compiled by the authors].

The list of search queries was formed using
software products for compiling a semantic core
and analysing keywords in previously completed
studies.

An additional analysis of keywords in
previously completed studies was performed
during the subsequent assessment of frequency
and clustering considering their semantics.

The analysis shows that this area has become
especially relevant in recent years, and it should
also be noted that most of the works was
performed by the authors of different countries.

The analysis showed that the main indicators
when choosing a route to be served by electric
buses are passenger flow, speed, number of
stopping points and route length. The time it takes
for a bus to make a full round trip on the route is
excluded from further analysis, since this
parameter is directly dependent on the considered
route length, speed, and number of stopping
points. Table 4 presents the summary results of
the qualitative analysis of the selected studies.

Rationale of Selection of a Bus Route Intended
to Be Further Served by Electric Buses

When developing projects for the operation
of electric buses on regular municipal routes,
it is necessary to determine the qualitative
and quantitative requirements for the charging
infrastructure and the fleet and perform an
economic assessment of the proposed
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Stage

y

(n=)

Number of publications found during database search
(elibrary, cyberleninka, rsl.ru, Springer, ScienceDirect, etc.)

Number of publications found
when searching other sources

(=)

!

v

Total number of publications found

&

Number of publications based on the results of the analysis of keywords, abstracts, content (purpose,
objective, object, subject, research methodology, year of publication...)

(0=)

]
'

!

(0=)

Studies included in the qualitative synthesis

Studies included in the
quantitative synthesis
(0=)

* n— number of publications

Accessing databases

v

Collection and primary statistical processing
of vehicle performance indicators on bus and
clectric bus routes:

Lun Vop, Nep.Qa

]
J

Lun— route length;
Vop— operating speed
Nsp — number of stopping points

Pic. 7. Adapted PRISMA methodology scheme [developed by the authors].

Determining the number and

composition of clusters

¥

Estimation of the share of electric bus
routes in each cluster

v

Statistical analysis and comparative

Y ) N —

Qu — daily volume of transportation
Normalisation of initial data: Z- normalised value of the parameter g
Z(grgn)/ o guv — average value of the parameter g
e - standard deviation
Determining the weight of each The assumption of the equivalence of
indicator influence of all indicators is accepted, w =1
v

Clustering

1. Hierarchy methodology

2. Measure of proximity — Manhattan distance
3. Clustering method (Varada)

of the values of indicators
of each cluster

v

=
|
[
|

Determining a rational route to be
served by electric buses

)
|
)
J

Pic. 8. Algorithm for solving the problem of selecting optimal regular municipal routes to be served by electric buses [performed by the authors].
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Table 4

Consideration of the indicators influencing the choice of a route [compiled by the authors]

Ne Technical and economic indicators Source
Route Passenger flow

Vnn I Lr tfﬂ Fe N n li sz Qh Qd Pi Q g
1 + - + + + + + + + + + + [2]
2 + S + + + + + + + + + + [3]
3 + S + + + + + + + + + + [4]
4 + S + = + + + + + + S + [5]
5 + + + + + + - - + + - - [6]
6 + + + + S S + + + + - - [7]
7 + S + + + + 5 S S + S S *
8 + 5 + + + 5 + 5 - + - - [8]
9 + - + + - + + - - - - - [9]
10 |+ + + + 5 + + + - - - - [10]
11 S s + + s + + S + + - - [11]
12 |+ S + + S + - - - - - - [12]
13 |- - + + - + + - - - - - [13]
14 |+ - + - - + + - - - - - [14]
15 |- S + = S + + - - - - - [15]
16 |- - + + - - + 5 s + S s *k
18 |- - + + - - 5 5 + + - - [16]
19 - - + + - - _ - - - - - sksfesk
20 |+ + + + S - - - - - - - [17]
21 - - + + + + - - - - - - [18]
22 |- - + - - S 5 S - - - - [19]
z 13 4 21 17 8 14 13 6 8 11 3 4

Notes: V, — operating or service speed of vehicles on a route; I —time interval between two electric buses arriving at a stopping
point, frequency of service; L —length of a route; t_ — time it takes for an electric bus to make a full round trip in the route;
F,— electric bus service frequency; N, - number of stopping points; 1. — length of a / segment of a route; Q  — maximum
passenger flow; Q, — hourly passenger flow; Q, — daily passenger ﬁow; P.- total number of passengers embarking and
disembarking at an i stopping point; Q,,, — passenger flow within route segments.

* Report of the International Association of Public Transport Union (UITP). Performance evaluation framework: For electric
buses in India. [Electronic resource]: https://www.uitp.org/publications/performance-evaluation-framework-for-electric-
buses-in-india/. Last accessed 05.05.2023.

** The Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH. Training Needs Assessment for Electric Buses
in India: Volume I-Identification of Training Needs. [Electronic resource]: https://transformative-mobility.org/multimedia/
training-needs-assessment-for-electric-buses-in-india-volume-i-identification-of-training-needs/. Last accessed 05.05.2023.
*** E-Bus. Solution booklet. Smart Cities Marketplace 2023 European Union. [Electronic resource]: https://www.
eiturbanmobility.eu/wp-content/uploads/2023/02/230113-Solution-Booklet-E-bus-Updated.pdf. Last accessed 07.05.2023.

solutions under the specific operating
conditions.

The general algorithm for solving the
problem of selecting optimal regular municipal
routes to be converted for the operation of electric
buses, considering the selected parameters, is
shown in Pic. 8.

CONCLUSION

Further research should focus on statistical
and cluster analysis of bus, electric bus routes,
and the complete set of routes of Mosgortrans
using the selected parameters with an assessment
of the share of electric bus routes in the clusters.
Additional assessment of the conformity of bus
and electric bus routes could be proposed through
comparing the average values of the standardised

indicators of the entire set of the resulting clusters
of electric bus and bus routes. Based on the
analysis results, a hypothesis can be put forward
about the greatest conformity of a cluster of bus
routes with electric bus routes. To test the
proposed methodology and solve the
technological problems of organising the
operation of the fleet, considering the homogeneity
of the route parameters in the cluster, a route is
selected, and the main technological problems
of organising the operation of an electric bus on
the selected route are solved:

— determination of the nominal passenger
capacity in accordance with the requirements of
the social standard of public transport services as
amended by the order of the Ministry of Transport
of Russia dated 13.04.2018 No NA-55-r;
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— planning the operation of the fleet of electric
buses and drivers on the route, including traffic
scheduling, and planning of energy consumption.

In conclusion, it is necessary to calculate the
main technical, operational and economic
indicators, draw up a daily statement of technical
and economic performance, and estimate current
costs under the standard taxation system.
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ABSTRACT

To solve the economic tasks of the suburban passenger railway
transport, it is necessary to form new and improve the existing methodological
foundations of its functioning. At the modern stage of development of
passenger transportation in the Russian Federation, as a rule, it is classified
per mode of transport and types of transportation. Railway passenger
transportation is split per type of transportation services in broad terms into
long-distance and suburban transportation services.

The structural reform of railway transport, which had been carried
out from 2003 to 2015, resulted in formation of a market of suburban
passenger railway transportation. This market is represented by 25
suburban passenger companies, subsidiaries and dependent
companies of JSC Russian Railways, by several independent carriers
and structural divisions of JSC Russian Railways, performing
transportation under special conditions. Suburban passenger railway
carriers are subjects of natural monopolies and in most cases are
created with participation of regional authorities, and their activities are
socially significant for ensuring transport mobility of the population in
the regions of the Russian Federation. Thus, the suburban passenger

transportation market is a complex system with a special order of
interaction of its main actors.

In modern academic literature and in the textbooks, there is a certain
gap in classification of structural elements of the passenger transport market.
The authors propose to use the ABC-XYZ analysis toolkit to form the so-called
«corex» of suburban passenger companies and to study regional
disproportions in the passenger transport system.

The article proposes a methodological basis for classifying suburban
passenger companies depending on the subsidies amount received as per
performed passenger turnover. A classification of suburban passenger
companies (SPC) was developed based on the study of the ratio of subsidies
provided to the suburban passenger entities due to state regulation of tariffs
and the performed passenger turnover. The ABC-XYZ analysis of the SPC
performance indicators for a considered period allowed to develop their
classification and to draw recommendations for assessing the risks of
unprofitability and possible ways to reduce them. The identified structure of
the suburban passenger transport market can serve as a basis for smoothing
out disproportions in the level of public transport services.

Keywords: passenger turnover, transport market, suburban passenger companies, subsidies, financial results, quartile analysis, ABC-XYZ analysis,

unprofitability, risk.
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BACKGROUND

The human need for movement is satisfied in
the passenger transport market, where transport
users and transport organisations providing
various transport services interact. The transport
market in the field of passenger transportation
(the passenger transportation market) has its own
distinctive features, like conditions for performing
transportation and the need for state regulation,
both in Russia and abroad'2[1-4].

Passengers should be considered as transport
users, and carrier companies should be considered
as market participants. The regulators of the
transport market in the field of passenger
transportation are federal and regional executive
authorities, whose area of responsibility includes
formation of tariffs for the services of natural
monopolies and antitrust regulation [5; 6].

METHODOLOGY, OBJECTIVES
AND PURPOSES OF THE STUDY

The suburban railway transportation market
is a complex socio-economic system that was
formed as a result of the structural reform of the
Russian Federation railway transport in the
period from 2001 to 2015. Moreover, the
extension of the reform period by five years
(to 2010-2015) was largely due to incompleteness
of the market transformation of the passenger
segment of railway transport both in long-
distance and suburban traffic [7-9]. During this
period, a system of regulatory and legal acts was
formed that regulated the rules and procedure for
interaction between market participants in terms
of leasing infrastructure, rolling stock and the
procedure for compensating income fallen out
because of state regulation of tariffs. The federal
government provided the necessary financial
support to both the infrastructure owner and the
subsidised regions; suburban passenger
companies (SPCs) were created. However, the
existing suburban passenger transportation
market cannot be considered homogeneous either
in terms of the volumes of transportation
performed or in terms of operational, socio-
economic and other conditions. In the works of

! Concept for development of suburban passenger
transportation by rail. Approved by the order of the
Government of the Russian Federation dated 19.05.2014
No 857-r. [Electronic resource]: https://docs.cntd.ru/
document/499097146?marker=656010. Last accessed
18.10.2023.

2 Economics of passenger transport: Textbook for bachelor
students. Ed. by Persianov, V. A. 2nd ed., reprinted. Moscow,
Knorus publ., 2014, 390 p.

the authors [10; 11], significant unevenness of
the allocated subsidies to the suburban passenger
companies was revealed both in absolute terms
and in relative terms, for example, in terms of
the amount of subsidies relative to the completed
passenger turnover.

The objective of the study is to develop
methodological approaches to classifying
suburban passenger entities to improve the
economic mechanism for its sustainable
development.

The research methodology is based on the
works of domestic and foreign authors in the field
of economics of the railway passenger system,
as well as on publications of the results of
scientific research on its development. The main
scientific methods and techniques include
methods of the system analysis, mathematical
statistics, economic analysis, etc.

The methodological basis for classifying
suburban passenger companies in Russia is based
on:

— systems analysis, that is, the entire range of
methodological tools that are used to develop
and substantiate solutions to problems of
complex systems;

— the methodology of quartile and ABC—XYZ
analysis;

— the methodology of indicative planning and
forecasting of performance indicators of transport
organisations.

RESULTS

The basic scheme of subsidising the passenger
railway companies as a result of state regulation
of tariffs is as follows. According to the
Methodology for Calculating Economically
Justified Costs, suburban passenger companies
estimate expected costs by elements and
components: for cars, infrastructure and station
components of costs in the form of calculating
the index of change in operation volumes in
vehicle-kilometres, and for locomotive —in train-
kilometres. The results of the assessment are
submitted to the executive authorities of the
region in charge of state regulation of tariffs;
based on them, a public order for transportation
is than formed [12; 13].

Since due to the state regulation of the tariff
it is set below the economically justified level,
while fulfilling the public order, lost income is
generated, which is subsequently compensated
from regional budgets in the form of public
assistance to natural monopoly entities.
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The long-distance passenger transportation
market also operates a subsidising mechanism to
compensate for state regulation of the tariff, for
example, for such operators as JSC Federal
Passenger Company (JSC FPC) and the Directorate
of High-Speed Transportation (DOSS) — a branch
of JSC Russian Railways, operating express, speed
and high-speed trains*+s. Regulation of long-
distance passenger transportation is carried out
according to a different scheme, namely through
establishment of a tariff for travel in open-plan
sleeping cars and in sitting cars in accordance with
the tariff calculated based on the order of the Federal
Tariff Service of Russian Federation dated
27.07.2010 No. 156-t/1, adjusted by the integrated
index for the relevant period, as well as indexes
differentiated by calendar periods of the year [13].

Subsidies are the main source of covering the
losses of SPCs, which is confirmed by the fact that
structurally, for more than half of the companies,
compensations constitute a significant part of
revenues®’ [2]. The economic justification for the
required subsidies’ amount is the quarterly reporting
on the composition of costs of SPCs 17 [10; 11].

To assess the effectiveness of providing
subsidies by regional authorities to SPCs, the
authors grouped the amounts of compensations per
passenger-kilometre using the calculation of
quartiles in a ranked series (see Table 1) having
chosen the ratio of the amount of subsidies provided
to suburban passenger companies to their passenger
turnover as the main analysed indicator based on
publicly disclosed corporate reporting. The
approximated data set for the period 202122 was
used exclusively to model the SPCs’ classification

3 On determining the economically justified level of tariffs
for transportation of passengers by public rail transport on
long-distance routes in open-plan sleeping cars and sitting
cars for 2023 and its forecast level for 2024. Order of the
Federal Antimonopoly Service of the Russian Federation
dated May 5, 2023, No. 270/23. Reference and legal system
«Consultant Plus». [Electronic resource]: https://www.
consultant.ru/document/cons_doc LAW 448640/. Last
accessed 27.10.2023.

* Annual report of the joint-stock company «Federal
Passenger Company» for 2022. Centre for corporate
information disclosure of JSC «JA Interfax». [Electronic
resource]: https://www.e-disclosure.ru/portal/FileLoad.ashx?
Fileid=1799918. Last accessed 19.10.2023.

3 Official website of JSC RZD. [Electronic resource]: https://
company.rzd.ru/ru/9349. Last accessed 13.10.2023.

¢ Annual report of the joint-stock company «Central Suburban
Passenger Company» for 2022. Website https://disclosure.
skrin.ru/disclosure/7705705370/? DTI=7. [Electronic
resource]: https://clck.ru/3PxkTD. Last accessed 15.10.2023.

7 Centre for Disclosure of Corporate Information of JSC
«IA Interfax». [Electronic resource]: https://www.e-
disclosure.ru. Last accessed 12.10.2023.

methodology, and not to compare the performance
indicators of individual companies, which was
beyond the authors’ purposes, and see the relatively
short time series. For that reason, further modelling
is proposed in the article without mentioning
individual companies.

For an in-depth classification of SPCs, the
authors conducted a statistical analysis of the
efficiency of the subsidies received using the ABC—
XYZ method.

ABC-analysis* [14—15] involves ranking a set
of SPCs depending on the ratio of the subsidy to
the carrier’s passenger turnover. The companies are
divided into three groups: Group A— SPC with high
budget expenditures per passenger-kilometre;
Group B — moderate result of using the subsidy;
Group C — the most efficient use of the allocated
compensation. The method of distributing SPCs
into groups assumes that the following conditions
are met: A— SPCs are within first 50 % of the sums
of shares as a cumulative total; B—from 50 to 80 %
and C—more than 80 % of the cumulative indicator.
The results of grouping SPCs using ABC analysis
are presented in Table 2.

The next stage of classification is to conduct
XYZ-analysis, which ranks the SPCs by the
dynamics of indicators, characterising their stability
and predictability of change.

The assessment is made based on the calculation
of a coefficient of variation for each company for
the estimated period of activity. The coefficient of
variation is the ratio of the standard deviation to the
arithmetic mean, reflecting the degree of scatter of
values around the average value.

Thus, the dispersion (0?) and the standard
deviation o are calculated using formulas (1) and
(2) 9, 1,12

8 Kochneva, D. 1. Methods and models of logistics: Study-
method. Guide. Yekaterinburg, UrGUPS publ., 2018, 166 p.
[Electronic resource]: https://e.lanbook.com/book/121410.
Last accessed 20.10.2023.

° Falin, G. 1., Falin, A. L. Selected chapters of descriptive
statistics: Study guide. Moscow, MAX Press, 2011, 131 p.

10 Passenger turnover of public railway transport // Federal
State Statistics Service of the Russian Federation (Rosstat):
official website. [Electronic resource]: https://rosstat.gov.ru/
statistics/transport. Last accessed 15.10.2023.

' Dougherty, Christopher. Introduction to econometrics.
Christopher Dougherty. New York; Oxford: Oxford univ.
press, 1992, XII, 399 p. [Edition in Russian: Infra-M,
MSU, 1999, X1V, 402 p.].

12 General Theory of Statistics: Textbook. Ed. by
Eliseeva, I. L., Corresponding Member of the Russian
Academy of Sciences, 4™ ed., rev. and enl. Moscow:
Finance and Statistics publ., 2001, 480 p.
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Table 1

Classification of SPCs by the amount of subsidies
per passenger turnover for the period 2021-2022 [11]

Name Rub./pass.-km Name Rub./pass.-km
for 2021 for 2022
First group — 26,09 %: «Green zone»
North-West SPC 0,10 North-West SPC 0,15
Kuban Express-Suburb 0,45 Sverdlovskaya PC 0,32
Express-Suburb 0,732 Kuban Express-Suburb 0,38
Sverdlovskaya PC 0,733 Central SPC 0,78
Central SPC 0,89 Express-Suburb 0,92
Altai-suburb 1,09 Altai-suburb 1,26
Second group — 47,82 %: «Central» (Yellow) zone»
Omsk-suburb 1,10 Samara SPC 1,43
Volgo-Vyatskaya SPC 1,26 Omsk-suburb 1,53
Samara SPC 1,29 Volgo-Vyatskaya SPC 1,54
Commonwealth SPC 1,81 North Caucasian SPC 1,58
Perm PC 2,07 Commonwealth SPC 1,82
North Caucasian SPC 2,25 Perm PC 2,447
Krasprigorod 2,42 Krasprigorod 2,453
Primorye Express 2,48 Primorye Express 2,52
Kuzbass-Suburb 2,49 Kaliningrad SPC 2,77
Kaliningrad SPC 2,68 Volgogradtransprigorod 3,07
Volgogradtransprigorod 3,37 Baikal SPC 3,11
Third group — 26,09 %: «Red zone»
Baikal SPC 3,47 Kuzbass-Suburb 3,22
SPC Chernozemye 4,20 Bashkortostan SPC 4,82
Bashkortostan SPC 4,95 SPC Chernozemye 5,22
Northern SPC 5,55 Northern SPC 5,91
Transbaikal SPC 11,84 Transbaikal SPC 13,92
PC Sakhalin (suburban traffic) 20,55 PC Sakhalin (suburban traffic) | 14,09

Source: compiled by the authors based on the data " '°, previous publications [11].

> (x, - %)
o=, (1)
where X is average value of subsidy per
passenger turnover for the period under review,
rub./passenger-kilometre (pass.-km);

x,— the value of the su bsidy per passenger
turnover for the i-th year, rub./pass.-km; # is the
number of years for which the analysis is
conducted,
o=+’ . @)

Therefore, the coefficient of variation (v) can
be determined by the following formulas ' '*:

> %)

" 100% or v=—-100% . 3)
X X

V=

Based on the obtained coefficient of variation,
a suburban passenger company is assigned one
of three groups: X — if a coefficient of variation
is from 0 % to 10 %, which indicates stability
and accuracy of forecasting the indicator in

® World of Transport a

question; Y — from 10 % to 25 %, reflecting
moderate homogeneity of the population and the
probability of deviation of the forecast from the
actual situation by no more than 25 %; Z —
indicating high variability of the indicator of SPC
in question * 12, The results of the grouping are
shown in Table 3.

Based on the results of the integration of
ABC-analysis and XYZ-analysis, a summarising
Table 4 was compiled.

DISCUSSION

The ABC-XYZ analysis showed that
structurally the largest share belongs to CX
group — 30.43 % (see Table 4). Most of SPCs
belonging to CX group are distinguished by
fairly high budgetary subsidies. In relation to
the volume of transportation operations, these
companies consistently show high efficiency of
budgetary investments — the average level of
subsidy per passenger turnover in the group is
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ABC analysis of the subsidy structure of SPCs in 2021-2022

Table 2

PPCs Subsidies per passenger turnover, Average value, Spe.ciﬁc Accumulated G
rub./pass. -km rub./pass.-km weight, % value, %
2021 . 2022 1.
A 20,55 14,09 17,32 22,64 22,64 A
B 11,84 13,92 12,88 16,33 39,47 A
C 5,55 591 5,73 7,49 46,96 A
D 4,95 4,82 4,88 6,38 53,34 B
E 4,20 5,22 4,71 6,15 59,50 B
F 3,47 3,11 3,29 4,30 63,30 B
G 3,37 3,07 322 421 68,01 B
H 2,49 3,22 2,86 3,73 71,74 B
1 2,68 2,77 2,72 3,56 75,30 B
J 2,48 2,52 2,50 3,26 78,56 B
K 2,42 2,45 2,44 3,18 81,75 C
L 2,07 2,45 2,26 2,95 84,70 C
M 2,25 1,58 1,92 2,51 87,20 C
N 1,81 1,82 1,81 2,37 89,57 C
(¢} 1,26 1,54 1,40 1,83 91,40 C
P 1,29 1,43 1,36 1,78 93,18 C
Q 1,10 1,53 1,31 1,72 94,90 C
R 1,09 1,26 1,18 1,54 96,44 C
S 0,89 0,78 0,84 1,09 97,53 C
T 0,73 0,92 0,82 1,08 98,60 C
U 0,73 0,32 0,53 0,69 99,29 C
\Y% 0,45 0,38 0,42 0,54 99,83 C
w 0,10 0,15 0,13 0,17 100,00 C
Total — — 76,51 100,00 - =

Source: compiled by the authors based on data &7 1°.

1,47 rub./pass.-km, considering the low
variation.

The carriers of CY group are distinguished
by a lower degree of stability, however, just like
the representatives of CX group, they show that
the results of their operations justify the volumes
of financial support.

On the contrary, suburban carriers of BX and
BY groups are less efficient in terms of the use
of compensations and, in comparison with the
quartile classification, are completely included
in the «central» group. SPCs included in BX have
a stable result, however, considering their
average efficiency, it is advisable for these
carriers to switch to a group with a more dynamic
performance indicator.

AX and AY groups require the greatest
attention, since the companies referred to them have
the highest costs per unit of passenger turnover.
Moreover, as ABC—XYZ analysis showed, SPC B
and SPC C steadily occupy the positions indicated
in the quartile classification (third group).

SPC U (AZ group) showed the highest
efficiency of the funds used in 2022. The highest

variation indicator is 39,24 % (see Table 4), with
its positive trend, indicates the appropriateness
of'the compensation received and its compliance
with the passenger turnover indicators.
Forecasting the further activities of SPC U, two
main prospects can be noted: strengthening the
position, and, consequently, the future transition
to CY group or further growth in efficiency
while remaining in CZ group.

Comparing the results of the application of
subsidies relative to tariff regulation for suburban
and long-distance carriers, it is to note that only
SPCs included in the lower quartile or groups
CY and CZ ABC—XYZ-analysis, namely SPC
W and SPC U, correspond to the level of subsidy
per passenger turnover applied in 2022 to the
regulated segment of JSC Federal Passenger
Company (0,26 rub. / pass.-km) 4.

Based on the analysis of the results of SPCs
activities in 2021-2022, we can conclude that
suburban passenger carriers are strongly
dependent on fulfilment of the budget obligations
to compensate for losses due to state regulation
of tariffs [5; 16-17].
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Table 3
XYZ-analysis of the structure of SPCs’ subsidising in 2021-2022
PPCs Average value, rub./ | Dispersion Mean square Coefficient of Group
pass.-km deviation variation, %

A 17,32 10,4287 3,2293 18,65 Y

B 12,88 1,0758 1,0372 8,05 X

C 5,73 0,0325 0,1803 3,15 X

D 4,88 0,0046 0,0676 1,39 X

E 4,71 0,2571 0,5071 10,77 Y

F 3,29 0,0318 0,1782 5,41 X

G 3,22 0,0218 0,1475 4,58 X

H 2,86 0,1329 0,3646 12,76 Y

I 2,72 0,0022 0,0473 1,74 X

J 2,50 0,0003 0,0186 0,74 X

K 2,44 0,0003 0,0179 0,74 X

L 2,26 0,0357 0,1890 8,37 X

M 1,92 0,1111 0,3333 17,39 Y

N 1,81 0,0000 0,0069 0,38 X

(0) 1,40 0,0197 0,1405 10,02 Y

P 1,36 0,0046 0,0678 4,99 X

Q 1,31 0,0449 0,2118 16,12 Y

R 1,18 0,0071 0,0843 7,16 X

S 0,84 0,0031 0,0558 6,68 X

T 0,82 0,0085 0,0920 11,17 Y

U 0,53 0,0426 0,2065 39,24 Z

\4 0,42 0,0014 0,0375 9,04 X

W 0,13 0,0008 0,0276 21,86 Y
Total 3,33 - - - -
Source: compiled by the authors.

Table 4

Classification of SPCs by the subsidies’ amount per passenger turnover
based on ABC-XYZ analysis for the period 2021-2022

Group name PPCs Specific weight, % | Average subsidy amount for the
group, rub./pass.-km

AX B,C 8,70 9,30

BX D,F,G,1,J 21,74 3,32

CX K,L,N,P,R,S,V 30,43 1,47

AY A 4,35 17,32

BY E,H 8,70 3,78

CY M,0,Q,T,W 21,74 1,12

AZ — - —

BZ - - -

(074 U 4,35 0,53

Total: - 100,00 -

Source: compiled by the authors based on data ®7-1° and Tables 1-3.

CONCLUSION

The results of classification of suburban
passenger companies showed, as far as the
considered period was concerned, a certain
disproportion in the provision of subsidies to the
suburban companies, which entail risks of
a decrease in the quality of transport services to
population and in the efficiency of the regional
transport systems.

Quartile and ABC-XYZ-analysis of the
operations of the suburban passenger
companies for a given period, can if
implemented regularly and consistently serve
as a basis for making management decisions
on the further reforming and developing this
sector of transportation in the interests of
passengers and the national economy. The
classification of SPCs proposed by the authors
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and based on ABC—XYZ-analysis informs
stakeholders and regulators of the passenger
transportation market about the efficiency rate
in using the received compensation and the
expedience of allocating determined amounts
of state support to suburban railway transport.
Therewith, the assessment intended for
decision-making should be comprehensive and
consider the totality of other factors of social,
economic and other nature.
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ABSTRACT

Currently, the development of technical standards and functional
operating standards of specific fuel and power consumption for railway
traction on the railways of the Russian Federation and the CIS countries is
carried out using methods developed back in the 60s of 20th century. The
use of modern methods of data mining in calculating standards involves
a preliminary study and selection of factors that have a significant impact on
the amount of fuel and energy resource consumption.

The study is aimed at identifying differences in the nature of the impact
of locomotive’s operation indicators, such as sectional and technical speed,
train weight, axle load, on the amount of specific energy consumption for
railway traction for various types of railway cargo rolling stock. Particular
attention in the article is paid to determining the nature of the influence of
factors on the specific energy consumption of container trains.

The work uses the Student’s t-test statistical data processing method
used to determine the homogeneity of the studied samples, and the Pearson
correlation analysis method for determining the coefficients of correlation

trains.
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between the specific energy consumption for railway traction and the factors
that presumably affect the value of this consumption. The multiple linear
regression method is used to build regression models describing the
dependence of the specific energy consumption for train traction on the
influencing factors under consideration.

The article contains the results of checking the homogeneity of the
studied samples of specific energy consumption in the form of Student’s
t-test values, scatter diagrams of the specific energy consumption depending
on the value of the influencing factors, a description of the values of the
calculated correlation coefficients for each studied group of cargo trains. The
study also focuses on possible reasons entailing difference in the nature and
degree of influence of factors for different types of cargo rolling stock.

The study argues for the need to develop a methodology for standard
setting regarding consumption of fuel and energy resources for train traction,
which allows considering the influence of train composition using modern
data analysis methods.

Keywords: railway transport, energy consumption analysis, energy consumption standardisation, train composition, correlation analysis, container
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BACKGROUND

Currently, the process of analysis, planning
and standardisation of fuel and energy resources
(FER) for train traction on the railways of the
Russian Federation and the CIS countries is
governed by various regulatory documents in
the field of planning, standardisation, analysis
and forecasting of fuel and energy resource
consumption for train traction'.

The planned volume of FER consumption
for train traction is determined at an enterprise
within the framework of allocated funding
limits and considering the planned volume of
transportation operations. Then, the
corresponding volumes are calculated at various
levels of the organisational structure of the rail
industry. The specific consumption of fuel and
energy resource is used as the main indicator of
the energy intensity of the transportation
process per ride and is considered as the ratio
of the volume of energy consumption to the
volume of operations expressed in the
corresponding units.

To motivate the departments involved to
respect the planned volumes of FER
consumption, standards and rates for the specific
consumption of fuel and energy resource for
train traction are established: by type of resource
(electric power, diesel fuel, gas, fuel oil, coal);
by the level of standard and rate setting
(technical standards, operational standards for
locomotive crews, group standards for structural
divisions and higher corporate entities); by type
of traction; by type of traffic and operations
performed; by work areas and by standardisation
periods.

The most important vector for the analysis
of the energy efficiency of the transportation
process is establishment of technical and
functional (for each operation) standards for
locomotive crew rides. Technical standards for
specific FER consumption are developed based
on traffic mode maps depending on the series
of rolling stock for each section, depending on
the track profile with gradation by train weight,
as well as axle load or train composition. The
basic data for determining technical standards

! See, for example: STP BC 17.217-2012 Calculation of
diesel fuel consumption rates for train traction for locomotive
units of the Belarusian Railway. Minsk, Ministry of Transport
and Communications of the Republic of Belarus, 2012, 23 p;
Regulation on the planning and standardisation of fuel and
energy resource consumption for train traction at JSC Russian
Railways. Approved by the order of JSC Russian Railways
dated May 17, 2019, No. 962/r.

are cumulated through trial rides of traction and
energy mobile inspection laboratories, data on
energy-optimal modes of train driving (using
automated systems for constructing energy-
optimal train schedules), as well as traction
calculations performed both manually and using
modern software. Functional (for each
operation) standards for specific FER
consumption are being developed to consider
running conditions that differ from the average
statistical ones provided for in the technical
standard. Functional standards consider energy
consumption for individual technological
operations, such as idle time of rolling stock in
working condition, catching up on the delay of
passenger and cargo trains to get into the
schedule, warming up cars of multiple unit
rolling stock at layover points, respecting speed
limit warnings, stopping to respect prohibiting
signals, unscheduled stops, testing the train
brakes en route after a long stop not provided
for by the train schedule, etc.

Due to the significant complexity of
performing rides with involvement of a traction
and energy mobile inspection laboratory and
the use of software packages for performing
traction calculations, in practice, train driving
instructors responsible for heat engineering
widely use the statistical method for determining
technical rates for specific FER consumption.
In this case, from the general set of journeys of
locomotives of each series of traction rolling
stock, and for corresponding type of traffic, with
trains of the corresponding weight (or with the
corresponding load on the car axle) on a specific
section, those rides are selected that, in the
opinion of the train driving instructor, are
exemplary and performed under average
statistical conditions. The average value of the
specific fuel and energy consumption for the
specified samples, considering the factors for
seasonality, weather conditions, the use of
optimal train control methods (determined
based on the expert assessment method), is
considered the specific rate, which can be
adjusted in case of deviation from the considered
conditions of performing trips. Thus, the value
of the calculated specific energy consumption
rate for train traction contains a significant share
of subjectivity, and the selected rides may not
fully consider the potential of energy-efficient
train operation methods and may contain errors
inherent in previous rate setting. Besides, when
upgrading the system for analysing and
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standardising energy consumption for train
traction, it is necessary to consider the
capabilities of modern computing tools, as well
as data mining methods.

The objective of the work was to study
differences in the nature of the influence of
factors on the value of specific electric power
consumption for the types of cargo trains most
widely used on the railways of Russia and the
CIS countries.

MATERIALS AND METHODS

Many foreign [1-8] and domestic studies
[9-15] are devoted to identifying and studying
the factors influencing the energy consumption
of a train.

Traditionally, the analysis focuses on the
impact on the value of specific electric energy
consumption w__ (SEC) of the following
features of locomotive operation: sectional speed
V... technical speed V,_,, mass of the train m,
axle load g. To determine the nature of the impact
of the listed factors on the value of SEC, an
analysis is provided of data on more than 9000
trips of electric trains made by locomotive crews
of one of the operational locomotive depots of
the West Siberian Railway for the period from
October 2022 to April 2023. The main source of
information on the values of influencing factors
is the data of the centralised train driver’s route
processing system (CDRPS). The Microsoft
Excel spreadsheet processor and the Visual Basic
for Applications programming language allows
calculating the values of series of factors,
information about which is contained in the
reporting forms in an implicit form (SEC, train
mass, axle load).

The study of the nature of the influence of
factors is conducted for 5 groups of trains: the
totality of all types of cargo trains (group 1),
through trains (group 2), through trains weighing
more than 5500 tons (group 3) and less than 5500
tons (group 4) and container trains (group 5).
This partition is explained by a few distinctive
features in organisation of the transportation
process for the rolling stock representing each
group. For example, through trains weighing
more than 5500 tons are often trains with bulk
liquid cargo, trains with a high rate of utilisation
of wagon load capacity. In turn, container trains
have following distinctive features: low axle load
of'the wagon, relatively small mass of trains, the
use of a special type of rolling stock, flatcars, for
transportation of containers. Through trains

weighing less than 5500 tons are allocated to
a separate group due to the presence of similar
features with container trains: low mass and axle
load. The data set representing group 1 is the
general sample in this study. The sample of the
second group contains data on the journeys of all
through trains, excluding data on the trips of
container trains.

To check the presence of a dependence of the
nature of the impact of factors on the type of
rolling stock, we study the homogeneity of
samples as for SEC of groups 2 and 5 and groups
4 and 5 of trains using the Student #-test method
[16]. The use of the traditional method of statistical
analysis is acceptable, since the samples are
independent of each other, and the number of
observations in the samples is large [17].

The correlation analysis was preceded by
building scatter diagrams Woee depending on the
magnitude of the influencing factors under study.

The degree of influence and the nature of the
impact of factors are determined using the
Pearson correlation analysis method, including
the calculation of the coefficients of correlation
r and construction of correlation matrices.

The calculation of the coefficient of
correlation is carried out according to the
expression:

20 =)~ )
— _i=l
TS s ey 1
where x, y, are i values of random variables;

x , y are average values of random variables;

n is sample size;

S, S, are standard (average square) deviations
of random variables.

The strength of the correlation is assessed in
accordance with the Chaddock scale.

The construction of regression models for SEC
relative to four factors under study is carried out
using the multiple linear regression method. In
this paper, two regression models are constructed.
The first model is implemented based on the data
of'the general population, the second —on the data
on the trips of container trains only. The samples
are divided into two parts: data on 80 % of the
trips are used directly in construction of the model,
the remaining 20 % (test sample) — in assessing
the accuracy of the model. The general form of
the resulting regression equations is described by
the expression:

Wopee — Ayt AV  AAY T Am T Ag @)
where A, are j™ coefficients of regression
equation.
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Table 1

Empirical values of the z-criterion for the studied samples [obtained by the authors]

Period Studied samples
Groups 2 and 5 Groups 4 and 5
odd direction even direction odd direction even direction

January -7,89 -8,69 1,12 -3,89
February -5,13 -3,06 1,23 0,08
March -5,92 -2,6 -0,73 0,13
April -5,76 -3,54 -0,09 -0,55
October -4,1 -1,76 3,01 -3,46
November -3,76 -4,28 4,88 -1,05
December -4,83 -5,46 4,15 -1,07

7 months -13,78 -13,08 5,25 -3,65

The accuracy of the models is tested using
the SEC values of container trains from the test
sample.

RESULTS

Based on the results of Student’s statistical
analysis, Table 1 was compiled, which reflects
the empirical 7, r-criterion values for the studied
samples. The critical value of the criterion ¢_ at
asignificance level of 0,05, determined according
to the statistical table [18], is 1,96 for all studied
samples, since the number of degrees of freedom
in them exceeds 120.

According to the data in Table 1, all the
studied samples of SEC of groups 2 and 5
turned out to be heterogeneous. When
compared with the samples of SEC of groups
4 and 5, the samples are homogeneous in 9 out
of 16 cases. The presence of heterogeneity in
the compared samples allows us to conclude
that there are differences in the nature of the
impact of influencing factors (train weight,
axle load, train speed, etc.) on the SEC value
for the studied types of cargo trains. Moreover,
heterogeneity with the samples of trains of
group 4 may mean that the reason for
differences in the nature of the impact of
influencing factors on container trains
compared to others is not associated only with
their relatively small weight.

Before conducting the correlation analysis,
the scatter diagrams of SEC value depending on
the magnitude of the influencing factors were
examined. As an example, Pic. 1 shows scatter
diagrams for trips made in April 2023 for group
1 under study. The diagrams have a similar
appearance for all studied train groups.

Visual analysis of scatter diagrams allows us
to assume a weak and very weak correlation
between Wopee and V__(Pic. 1a), betweenw__and

spec

V.. (Pic. 1b), medium and strong correlation

between Wpee and m_(Pic. 1c) and between w,
and ¢ (Pic. 1d).

Let us consider the results of the study of
correlations between w__ and sectional (V) and
technical (V) speeds, train mass m and axle
load g.

Sectional speed V__is the average value of
the train speed considering the time of stops, time
for deceleration and acceleration. Technical
speed V., unlike sectional speed, does not
consider the time of stops. Depending on the
selected train operation mode, an increase in the
average speed can lead to both an increase and
a decrease in SEC [19]. The analysis has shown
that the correlation between SEC and sectional
speed V__and technical speed V,_, is characterised
as weak. The coefficient of correlation with the
sectional speed 7, varies in the range from —0,17
to 0,09, the coefficient of correlation with the
technical speed r, , — in the range from 0,12
to 0,11. The largest negative coefficients of
correlation by absolute value are characteristic
of trains of group 3, and the largest positive ones
are characteristic of trains of groups 4 and 5.

A negative effect of the sectional and
technical speed on SEC is noted for trains of
group 3, which may be associated with significant
energy consumption for accelerating trains
weighing more than 5500 tons after a stop. The
existence of statistically significant positive
coefficients of correlation with the speeds of
container trains and trains weighing less than
5500 tons is due to the fact that the trains of the
smallest mass in these groups, which, as a rule,
have a higher specific consumption, also have
the highest speed.

The correlation between SEC and the mass
of the train, according to the scatter diagram in
Pic. 1c, should be characterised as strong or very
strong. The conducted correlation analysis
yielded the following results:

spec
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Pic. 1. Scatter diagrams of w_, values depending on the value of:
a) - sectional speed V_, b) - technical speed V,,,
¢) - train mass m, d) - axle load q [obtained by the authors].

— the coefficient of correlation of SEC with
the mass of the train  has negative values for
all the studied train groups during each time
period;

— the modulus of the correlation coefficient
7, has the highest values for groups 1 and 4 and
varies in the range from 0,91 to 0,67 with
a predominance of a strong correlation;

— the smallest values of the modulus of the
correlation coefficient, in the range from 0,60 to
0,21 with a predominance of an average
correlation, are characteristic of trains of groups
3 and 5, even though the average masses of these
groups differ by more than two times.

Pic. 2 shows a graph of the dependence of
SEC on m, for trips in October. The lower values
of 7 for trains of group 3 may be due to the fact
that for an electric locomotive with large masses
of a train, operating conditions are created in
a mode close to the nominal one, where the
current loads have optimal values. A further

increase in the mass of the train will lead to an
increase in SEC [20].

The range of values of the masses meeting
optimal values of SEC corresponds to the
horizontal section of the approximating curve.
The curve, having passed the minimum point,
will begin to raise. However, this is not reflected
in Pic. 2, since there are no data on operation of
trains weighing more than 9000 tons on the
section under study.

To clarify the reason for the weaker nature
of the influence of the change in m _on SEC for
container trains, scatter diagrams of the masses
of trains were constructed depending on the
number of axles for container trains (Pic.3a)
and for the set of other groups of cargo trains
(Pic.3b).

Based on the range of mass changes for each
number of axles in Pic.3a, the increase in the
mass of container trains is mainly due to the
increase in the number of axles. The change in
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Pic. 2. Dependence of specific energy consumption on the train mass [obtained by the authors].

mass for other cargo trains is due to the increase
in axle load to a greater extent than for container
trains. This may explain the weaker effect of
increasing m, on reducing SEC for container
trains.

Increasing m by adding axles leads to
a greater increase in the resistance to train

movement than by increasing ¢, since some
components of the main resistance to train
movement do not depend on ¢, for example, air
resistance.

The analysis of correlation of the relationship
between the value of SEC and the car axle load
q has the following results:
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Pic. 3. Range of masses per number of axles for: a - container trains, b - cargo trains [obtained by the authors]
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Table 2
Results of construction and testing of regression models [obtained by the authors]
| Aj-coefﬁcient | p-value | R | 3, %
Model 1(based on data on all trips)
A, 133,223 0,81 10,77
V.. -0,102 0,018
V.. 0,179 0,001
m, -0,003 0
Q 3,192 0
Model 2 (based on data on container trains)

A, 146,793 0,65 9,92
V.. -0,097 0,251
V., 0,165 0,108
m, -0,006 0
q -3,579 0

— coefficient of correlation of SEC with the
axle load T like 7, , has negative values for all
the studied samples;

— modulus of the coefficient of correlation r
has the highest values for the same groups of
trains as the modulus 7, and varies in the range
from 0,83 to 0,91;

— the lowest values of the modulus of the
coefficient of correlation, in the range from 0,44
to 0,78 with a predominance of the average
correlation relationship, are characteristic of
trains of groups 4 and 5;

-, modules for container trains have values
on average 1,4 times greater than 7, modules, for
other groups of trains — on average 1,2 times
greater.

The results of constructing regression models
are shown in Table 2, which summarises the
values of A regression coefficients, R?
determination coefficients, p-values, and &
average values of relative errors of models.

The use of model 1 for calculating W, of
container trains yielded an average relative error
0f 10,77 %, given that in the general population,
container train traffic makes up 25,9 %.

Based on R? value obtained for model 2, only
65 % of the W, Variance can be explained by
the factors under consideration. Excluding the
variables V__and ¥, does notincrease R?value,
but the standard regression error decreases from
3,41 to 1,29. To improve the accuracy of the
second model, it is necessary to consider other
influencing factors, such as weather conditions.

Preliminary regression analysis, considering
additional factors, showed that it is possible to
reduce 6 to 4,87 % for model 2 and to 9,31 % for

model 1. The second model has greater potential
for increasing accuracy when weather conditions
are included in it, which is the subject of further
research. To confirm the presence of a relationship
between the nature of the influence of factors on
the value of specific energy consumption and the
composition of trains, similar studies are required
for other sections of the rail network.

CONCLUSION

The approaches to the analysis, planning, rate
and standard setting of FER currently used on
the railways of the Russian Federation and the
CIS countries do not allow for the calculation of
predicted values of FER consumption for
traction, considering the composition of trains.

The article contains the analysis of data on
trips made on the territory of the Russian
Federation within the boundaries of the West
Siberian Railway. Checking the data on specific
energy consumption using the Student’s #-test for
different types of cargo trains showed the
heterogeneity of the studied samples. The
conducted Pearson correlation analysis allowed
us to describe the nature and degree of the impact
of influencing factors on the specific energy
consumption of the studied types of cargo trains.
Significant differences are noted in the influence
of the mass of the train and axle load on the
specific energy consumption of container trains
and trains weighing more than 5500 tons.

Partition of trains according to characteristic
features into separate groups allows for an
individual selection of influencing factors that
have a significant impact on energy consumption.
This makes it possible to increase the accuracy
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of models for predicting the values of specific
energy consumption for each type of train.
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ABSTRACT

The need for adaptation and development of airlines under
the conditions of complex and dynamic environment determines
comprehensive strategising on their activities based on
identification of strengths and weaknesses, opportunities and
threats. The objective of the study is to conduct a comprehensive
analysis of an airline’s activities with the allocation of the main
development areas necessary for strategy development. The
research was based on the scientific principles of a system
approach, while a variety of empirical methods, including statistical
analysis tools were applied to comprehensively study different
activity areas.

The scheme of building an airline’s strategy includes
performance analysis and problem decomposition with
subsequent aggregation and ranking of development strategies.
The approach to strategising on airline activities based on internal
and external factors analysis summary (IFAS / EFAS) and OTSW
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MATERIALS AND METHODS

Civil aviation is important for the economy
of any country, and for Russia with its large
territory and geographical scale, this industry
provides great opportunities for development and
becomes irreplaceable in some situations. Thus,
for the regions of the Far North, Siberia, and the
Far East, air transportation is the main tool of
transport connectivity with other regions of the
country.

Russian airlines implement the approved
strategic development plans (Pic. 1).

The scientific problem of the research is
defined as a comprehensive strategising on
activity with identification of strengths and
weaknesses, opportunities and threats, the

solution of which will allow obtaining
scientifically based recommendations for the
development of airline development strategies
in conditions of uncertainty. The object of the
research is the activity of the leading airlines of
the Russian Federation. The information base of
the research includes statistical data, airlines data,
and other sources. The theoretical and
methodological foundations of the research are
scientific provisions of the systems approach.
The study used empirical methods as well as
expert methods and consulting sessions with
industry experts, which allowed obtaining high-
quality assessments on airlines strategies. The
scientific novelty of the study is determined by
the adaptation of the OTSW analysis methodology,

* Development strategy until 2025 —innovative development, including increased
safety and improved passenger service. Significant resources are invested in

digital transformation, implementation of domestic IT solutions.
* Strategy 2027-2028 «30/30» — increase in passenger traffic by 30 million
persons per year and reduction in prices for economy class flights by 30 %

* Sustainable development strategy with improvement of aircraft fleet quality and

route network length, implementation of environmental policy (reduction of
greenhouse gas emissions and efficient resource consumption).

* The company implements a program to reduce costs, improve the quality of

* Strategy for improving aircraft maintenance processes based on its own line

* Strategy for the development of a regional route network from airports in the

» A strategy focused on international flights, replenishing the fleet with Tu-

204/214 aircraft, preparing the MS-21 for operation, and increasing the SSJ

Aeroflot-
Russian
Airlines
S7 Group
Airlines
Utair service for passengers, and the customer-focused trend.
NordStar maintenance stations.
Azimuth south of Russia.
Red
Wings fleet.
» Expansion of low-cost transportation
Smartavia

Pic. 1. Some key aspects of strategic plans of Russian airlines
[compiled by the author based on open-source data].
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the Delphi method, the external and internal
factors analysis summary (IFAS / EFAS), etc. to
the strategising on the airlines’ activity.

DISCUSSION

The significance of increasing the
competitiveness of transport companies
predetermines the relevance of the study on their
development strategies under modern conditions.
In this regard, several works of Russian
researchers can be mentioned that were devoted
to different aspects of the topic. Thus,
0. 1. Dontsova, A. V. Volokhov, D. E. Morkovkin
studied global prospects for the development of
civil aviation [1]. D. G. Kakhrimanova and
M. A. okolov studied the trends in the development
of the Russian air transportation industry [2]. M.
M. Brutyan analysed the Indian air transportation
market and identified the prospects for its
development [3]. Research on the development
prospects of other modes of transport is also
relevant [4-7]. A. V. Korolev substantiated the
approaches to developing a strategy for passenger
transport under new conditions of reorganisation
of integration processes [8]. The concept of
strategy development is becoming increasingly
in demand and aimed at the practical
implementation of theoretical foundations and
methodological provisions. Yu. V. Nesterov and
A. B. Fraiman established the importance of the
paradigm of strategic management of air
transport [9].

At the same time, the methodology of
strategisation intended for enterprises, industries,
complexes, regions in the modern period is in
the process of formation. The methodology of
strategisation was introduced in Russian science
and practice by V. L. Kvint [10; 11]. V. L. Kvint
suggests using the SWOT analysis method as
a basis with further decomposition of factors by
levels of strategic directions, which will allow
developing effective development strategies [12;
13]. In the strategy, much attention is paid to the
analysis of factors of the external and internal
environment, therefore many researchers conduct
factor analysis. Among the recent works related
to the study of the factors of environment, one
can note the work of I. V. Zakharova [14]. S. E.
Ramenskaya and Yu. V. Fisun presented an
analysis of the choice of development strategy
for an airline [15].

Despite the studies being conducted, the
relevance of the topic of strategising activities
and devising an effective development strategy

for an airline, including considering factors of
uncertainty and constant political and economic
changes, requires new research.

RESEARCH RESULTS

The general scheme of strategising on the
activities of airlines includes analysis of the
functioning and decomposition of problems with
subsequent aggregation and ranking of
development strategies (Pic. 2).

An analysis of four groups of factors of the
external environment of the airline’s activities is
carried out.

The first group of factors includes political
factors, both external including changes in
geopolitical situation, and internal, aimed at
development of air transportation, e.g. the state
program to support the air transportation
industry, adopted in 2022'.

An analysis of economic factors has shown
that several significant determinants can be
outlined:

1. Changes in fuel prices, aircraft rental, etc.,
and therefore, in airline revenues.

2. Fluctuations in passenger demand for air
travel.

3. An increase in the tax load on airlines,
including due to an increase in excise taxes on
fuel, which may increase the costs of air carriers
and create an additional financial burden.

4. Government subsidies (particularly, due to
them the net profit of airlines has increased
significantly in 2023).

Social factors can have a positive or negative
impact on airline operations:

1. Demographic trends can affect the need for
air travel and depending on this create
opportunities for new routes or reduce demand
for existing ones.

2. Changes in consumer habits and preferences
of air passengers may lead to a decrease in
demand for some routes or, on the contrary, to
an increase for others.

3. Increased access to data and services leads
to air passengers becoming more informed. This
allows them to compare offers from different
airlines more easily, which in turn increases the
level of competition: companies are forced not
only to improve the quality of their goods and

! Order of the Government of the Russian Federation
of June 25, 2022, No. 1693. [Electronic resource]:
https://www.garant.ru/products/ipo/prime/
doc/404798711/?ysclid=1zv5ndpc80898790885. Last
accessed 27.05.2024.
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Analysis of airline’s activities

S

Decomposition of the problems of airline development as an object of strategising

AV

Macroenvironment analysis (national
market, global market)

L

Developing a registry of opportunities
and threats

Analysis of the internal environment of
the airline’s activities

]

Development of a registry of strengths
and weaknesses of the airline’s
development

v

Expert assessment and ranking of
opportunities and threats

Expert assessment and ranking of
strengths and weaknesses

L 4

L 4

Development of matrices

of correlation of OTSW fields

\V4

Opportunities — Threats — strengths
strengths OS TS

Opportunities — Threats —
weaknesses OW weaknesses TW

h o

Internal and External Factors Analysis Summary (IFAS/EFAS)

AV

Construction of OTSW strategy matrices

\V4

Strategies Strategies Maxi/
Maxi/Maxi (OS) Mini (TS)

Strategies Strategies
Mini/Maxi (OW) Mini/Mini (TW)

Aggregation of airline development strategies

AV

Ranking of airline development strategies

Pic. 2. Algorithm for strategising airline’s activities [developed by the author based on experimental data and open-source data].

services, but also to offer more flexible and
attractive conditions to retain passengers.
Important factors of the macroenvironment
are technological aspects that are positive for the
activities of airlines:
1. Processes of automation processes improve
the overall quality of passenger service and

Sushko, Olga P. Building an Airline Strategy

ensure the minimisation of costs of the airline.
2. New aviation technologies ensure the
reliability and safety of flights and reduce
operating costs.
3. Increased equipment productivity provides
airlines with the opportunity to use their
resources more efficiently.
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g Table 1
\5’{ @ Elements of decomposition of factors of the competitive environment of an airline

No. | Elements of decomposition of competitive environment factors Experts’
assessments
1 Degree of differentiation of goods/services of the airline 2/3
2 The share of passenger purchases in the airline’s sales volume 1/3
3 Passenger income level for the target segment 2/3
4 The share of airline’s services in the structure of passenger purchases 3/3
5 Excellence of airline’s services 4/3
6 Availability of information about airline services and the whole civil aviation industry 2/3
7 Cost of refocusing a passenger of the target segment to other airline services 4/3
8 Barriers to airline’s exit from the air transportation industry 3/4
9 The degree of diversification of the air transportation business 4/3
10 Potential of the air transportation market 3/4
11 Airlines’ pursuit of the «experience curvey effect 2/1
12 The amount of capital investment required for an airline to enter the air transportation 3/4
market
13 Prices that hinder entry into the air transportation market 2/3
14 The activity of airlines in response to the market penetrating by new companies 3/2
15 Level of government support for airlines 4/3
16 Availability of distribution channels for new airlines 2/2
17 Airline brand loyalty 3/3
18 Number of analogues of airline services on the market 1/1
19 Degree of differentiation of airline services 2/2
20 Importance of passenger purchase volume for suppliers 4/3
21 Coordination of airlines’ activities 4/3
22 Price/quality ratio level for airline service substitute 2/2
23 Profitability of airline services — substitutes for airline services 3/2

Source: developed by the author based on experimental data and open-source data.

Table 2
Determination of the force of factors’ pressure on the airline’s activities
J Causal factors Influence of | Factor Average Assessment W*X
the factor on | weight assessment | considering
the resulting | (W) of the the influence
assessment expert of the factor
factor X)
1 Degree of differentiation of airline services | — 0,17 2 5-2=3 0,56
(low — high)
2 Share of air passenger in airline’s sales + 0,16 1 1 0,16
(small — large)
3 The share of airline services in the structure |— 0,15 3 5-3=2 0,30
of passenger purchases (small — large)
4 Income level of passengers within the target |+ 0,21 3 3 0,63
segment (low — high)
5 Quality of airline services (low — high) - 0,19 3 5-3=2 0,38
6 Passenger access to information about airline |+ 0,11 2 2 0,21
services and the air transportation industry
(limited — free)
Assessing the force of pressure on the airline from air passengers 2,23
1 Air transportation market growth potential - 0,19 4 5-4=1 0,19
(small — large)
2 The magnitude of barriers to airline’s exit + 0,24 4 4 0,95
from the air transportation industry (low —
high)
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Table 2

Determination of the force of factors’ pressure on the airline’s activities (end of the table)

J Causal factors Influence of | Factor Average Assessment W*X
the factor on | weight assessment | considering
the resulting | (W) of the the influence
assessment expert of the factor
factor X)
3 Cost of switching target segment’s air - 0,15 3 5-3=2 0,33
passengers to other airline services (low —
high)
4 Airlines’ focus on the «experience curve» + 0,16 4 4 0,64
effect
(weak — strong)
5 Degree of diversification of the airline’s - 0,24 1 5-1=4 0,96
activities
(low — high)
Assessing the pressure on the airline from existing competitors 3,09
1 Air transportation price trends that deter = 0,06 3 5-3=2 0,12
market entry (low — high)
2 Airline’s activity in response to new airlines’ | — 0,10 3 5-3=2 0,20
attempts to enter the market (low — high)
3 Level of capital investment for an airline to | — 0,24 3 5-3=2 0,50
enter the air transportation industry (low —
high)
4 Degree of loyalty of passengers of the target |— 0,25 3 5-3=2 0,50
segment to the airline brand (low — high)
5 Availability of distribution channels in the + 0,2 2 2 0,40
air transportation industry for new airlines
(low — high)
6 Degree of government support for airlines - 0,15 3 5-3=2 0,32
already operating in the air transportation
industry (low — high)
Assessing the pressure on the airline from new competitors 2,00
1 Number of interchangeable services in the - 0,25 1 5-1=4 1,00
air transportation market (small — large)
2 Level of differentiation of airline services + 0,23 2 2 0,46
(low — high)
3 Importance for suppliers of passenger = 0,3 3 5-3=2 0,6
purchase volume (low — high)
4 Degree of coordination of airlines’ activities |+ 0,21 4 4 0,84
(low — high)
Assessing the pressure on an airline and competitors from suppliers 2,94
1 Price/quality ratio of airline services (low — | — 0,7 4 5-4=1 0,70
high)
2 Profitability of airline services substituting |+ 0,3 2 2 0,60
existing airline services (low — high)
Assessing the pressure on an airline and competitors due to the emergence of substituting airline services 1,30

Source: developed by the author based on experimental data and open-source data.
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substitute products on

Threat of buyer's pressure

Threat of the
appearance of

the market

Pressure from suppliers

Competitive pressure
from
existing
competitors

Threat of new competitors
appearing on the market

Pic. 3. Competitive benchmarking radar diagram
[developed by the author based on experimental, simulated and open-source data].

Table 3
Key opportunities and threats to airlines based on OTSW analysis
Opportunities Strengths
Route network expansion: The company Wide route network: the airline operates
o1 can expand its route network to attract S1 regular flights to various regions of Russia
more passengers and increase its market and beyond, providing passengers with a wide
share. choice of destinations.
Implementation of new technologies: The
airline may implement new technologies Competitive prices: The airline offers
02  |such as online booking systems to provide |S2 affordable ticket prices, including special
more convenient and faster access to fares.
services.
Improving additional services: The Passenger safety: The company actively
03 |company can improve its baggage and $3 implements safety and security measures
transportation services to attract new and and technological innovations to ensure safe
retain existing passengers. flight.
Expanding cooperation with other airlines
to facilitate passenger transfers between
04 flights, and interaction not only with
airlines but also with other businesses
in various industries to increase brand
awareness and attract new customers
Threats ‘Weaknesses
Small market share: The airline has a small
T1 Competition with other airlines offering Wi share of the air travel market, making
similar services and prices. it difficult for it to compete with larger
companies.
. Lack of a loyalty program for passengers:
Reduction in the number of travellers and, . s .
T2 e w2 .Compare(.1 to otherilead.mg airlines, the airline
’ ) is far behind them in this regard.
Outdated airline fare groups: Due to the
Increase in fuel costs: Volatility in fuel unstable market of some airline services and
T8 prices is a significant threat to airlines w3 strong competition from other airlines, the
as it significantly impacts their financial airline needs to adapt its policies to strengthen
sustainability. its competitiveness and attractiveness to
passengers.

Source: developed by the author based on experimental data.
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Expert assessments of: .
the degree of significance of the i strength for using the k” opportunity;
the degree of significance of the i” strength for counteracting the m™ threat;

the degree of influence of the j# weakness on the prospects for using the £” opportunity;

the degree of influence of the j# weakness on the aggravation of the possible consequences of the
implementation of the m? threat;

the probability of occurrence of the k” oppportunity;
the degree of significance of the k" opportunity for business development;
probability of occurrence of the m? threat;

the severity of possible consequences when the m* threat is realized.

Pic. 4. Expert assessment of the combination of opportunities and threats to the strengths and weaknesses of the airline’s activities.

Table 4
OTSW analysis of an airline’s activities with rating assessments

Opportunities (O) Threats (T)

Expansion of the route network
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o = & o s 3 d=)
o b= ) on o g
4 2 = 35 3 2 3
& £ g s t 5 t
Strengths Wide network
) of routes (5:45) (3:5:4) (3:2:3) (5:3:4) (5:4:5) (3:4:4) (2;3:4)
competitive | (y.p:5) |5y [G23) @3 |45 |G @534
prices
Passenger e e o o T e -
satoty @45 |5 |23 |G (G5 |@ad) | (34
Weaknesses | Small market . <. . . . . .
s . @45 @S |@23) @3 645 |64 @39
Lack of
loyalty e = . e e e e
o for | G4 @54 a23) @34 @) [0d) | (39)
passengers
Outdated tariff
groups of the | (5;4;5) (2;5:4) (3:2:3) (2:3:4) (5:4:5) (1:4:4) (4:3:4)
company

Source: developed by the author based on experimental, simulated and open-source data.
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Table 5
OTSW factor matrix
Strengths (S) Weaknesses (W)
Opportunities (O) Maxi/Maxi strategies Mini/Maxi strategies
Threats (T) Maxi/ Mini strategies Mini/Mini strategies

Analysis of the external environment shows
that airlines are in a highly competitive
environment, where they must constantly adapt
to new economic, political, social and
technological factors. To assess the market
situation, an analysis of threats (competitive
forces) is carried out by dividing them into
separate components (determining factors).
Then, based on expert assessments, the
significance of each element of the decomposition
is determined by establishing weighting factors
(Table 1).

The resulting assessment Yi of expert
opinions for ranking i-threats is determined by
the expression:

Yi =3 Wij * Xij Q)
where Wij are weight coefficients of /" elements
of decomposition of /" threats;

Xij are assessments of j" elements of
decomposition of i threats;

Next, a quantitative assessment of threats to
the analysed airline and its direct competitors is
carried out. The Table 2 shows an example of
a quantitative assessment relative to the simulated
conditions and environment.

The results of the competitive forces
assessments for such a simulated situation are
shown in the diagram (Pic. 3).

OTSW analysis is a method of strategic
planning, which is a modification of SWOT
analysis, and includes an analysis of factors of
internal and external environment. This analysis
is based on the development of the OTSW matrix
(Table 3), which allows comparing external
opportunities and threats with internal strengths
and weaknesses, which were selected based on
the resulting expert assessments.

The next stage involves an analysis of the
correspondence between the opportunities and
threats and the strengths and weaknesses of the
airline’s activity (Pic. 4).

The results of the OTSW analysis of
a conditional simulated example of rating
assessment of an airline are shown in Table 4.

Based on the obtained OTSW matrix of
factors, it is possible to form four well-known
groups of alternative strategies while prioritising

the Maxi/Maxi strategy. The development of
those strategies results from a combination of
opportunities and strengths (Table 5).

Therefore, based on the results of the
analysis, it can be concluded that an airline, the
environment of activity of which has been
simulated during an experiment, has enough of
both opportunities and faces potential threats,
imposed by a set of economic, political, social
and technological factors. In a considered
example, preferable is variant of strategic
designing of a company aimed at implementing
existing opportunities and accumulated potential
(Maxi/Maxi), which involves the implementation
of series of strategic directions. Among them, the
main opportunity is associated with expanding
the airline’s route network. Further developing
the route network will strengthen the company’s
position in the air transportation market and
ensure an influx of passenger traffic. However,
the implementation of this opportunity is
threatened by the company’s weakness —
increased internal competition, which can greatly
affect its activities. However, such strengths as
a wide route network and competitive prices will
help to counter this threat, due to which the
airline can compete with other airlines on the
routes and maintain demand for air transportation.
Passengers will continue to choose the airline
brand due to market prices for tickets and the
ability to choose where to fly. An important
direction of the Maxi/Maxi strategy is the
development and implementation of a cost
reduction program. Overall, to fully take
advantage of opportunities and counter threats,
airlines should concentrate their efforts on
solving the problems identified during the above-
described analysis.

CONCLUSION

Strategic planning enables airlines to
anticipate potential risks and opportunities and
develop flexible and adaptive approaches to
business management.

Under the conditions of uncertainty such as
pandemics, climate change and conflicts, airlines
are forced to quickly adapt to them and innovate.
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This may include implementing new technologies,
improving passenger service, and finding new
markets and partnerships. Strategic thinking and
proactivity are becoming key success factors,
allowing airlines not only to survive but also to
grow in the face of constant change. To devise
an effective airline development strategy, it is
necessary to conduct a deep analysis of the
internal and external factors affecting the
business. Internal factors include the company’s
structure, its financial condition, technological
capabilities and human resources. At the same
time, external factors such as changes in
legislation, fluctuations in fuel prices, demand
for air travel and the competitive environment
also play an important role.

Thus, the approach to strategising on the
activities of airlines based on internal and
external factors analysis summary (IFAS/EFAS)
and OTSW analysis allows revealing new threats
and consider in the main airline development
strategy (Maxi/Maxi) the effective use of existing
opportunities and accumulated potential.

The practical significance of the study of the
possibility of introducing OTSW analysis in
devising airline strategy is determined by the
relevance of air transportation development
within the framework of achieving national
goals, implementing national projects providing
for further creating efficient transport system.

REFERENCES

1. Dontsova, O. 1., Volokhov, A. V., Morkovkin, D. E.
Prospects of world aviation development (on the example of
Aeroflot and Lufthansa). Journal of International Economic
Affairs, 2020, Vol. 10, Iss. 2, pp. 363-380. DOI: 10.18334/
€0.10.2.110109.

2. Karikhmanova, D. G., Sokolov, M. A. The main trends
in the development of the air transport industry in the context
of sanctions. Economy and Entrepreneurship, 2022,
Iss. 8 (145), pp. 227-230. DOL: 10.34925/E1P.2022.145.8.043.

3. Brutyan, M. M. Prospects for the Development of the
Indian Civil Aviation Market [Perspektivy razvitiva rynka
grazhdanskoi aviatsii Indii]. RISK: Resources, Information,
Supply, Competition, 2018, Iss. 1, pp. 62—-68. EDN:
YWWPRZ.

4. Berezhnoy, A. V. Assessment of the competitiveness
of a regional seaport: methodology and implementation

practice [Otsenka konkurentosposobnosti morskogo porta
regiona: metodologiya i praktika realizatsii]. Economy.
Management. Law, 2014, Iss. 3 (51), pp. 37-42. EDN:
TKBQBR.

5. Golubinsky, V. V. Features of the formation of the
strategy for the development of railway transport in the Russian
Federation [Osobennosti formirovaniya strategii razvitiya
zheleznodorozhnogo transporta v Rossiiskoi Federatsii].
Economy and Society, 2020, Iss. 1 (68), pp. 1078—-1080. EDN:
TFZQOR [Access limited for subscribers].

6. Kozin, E. G., Spirkin, A. V., Subbotin, Yu. Saint
Petersburg Metro: Strategizing Methodology in Practice.
Strategizing: theory and practice, 2022, Vol. 2, Iss. 2 (4),
pp. 163-173. DOI: 10.21603/2782-2435-2022-2-2-163-173.

7. Matveeva, L. G. Macroeconomic and regional
determinants of water management development strategy
[Makroekonomicheskie i regionalnie determinant
strategirovaniya razvitiya vodnogo khozyaistva). Bulletin of
the Academy of Knowledge, 2023, Iss. 4 (57), pp. 184—187.
EDN: BJWCDZ

8. Korolev, A. V. Approaches to the development of
a strategy for the effective functioning and development of
passenger transport in the context of integration
transformations [ Podkhody k razrabotke strategii effektivnogo
Sfunktsionirovaniya i razvitiya transporta v usloviyakh
integratsionnykh preobrazovanii). Economics, modelling,
forecasting [Collection of works of Research economical
institute of the Ministry of Economy of the Republic of
Belarus], 2015, Iss. 9, pp. 65-71. EDN: NSGPOB.

9. Nesterov, Yu. V., Fraiman, A. B. Paradigm of air
transport management strategy [Paradigma strategii
upravleniya vozdushnym transportom]. Transport Rossiiskoi
Federatsii, 2014, Iss. 2 (51), pp. 24-29. EDN: SDEJAP.

10. Kvint, V. L. Strategy development: monitoring and
forecasting the internal and external environment [Razrabotka
strategii: monitoring i prognozirovanie vnutrennei i vheshnei
sredy]. Management consulting, 2015, 1ss.7 (79), pp. 6-11.
EDN: UBHIJLL.

11. Kvint, V. L. Konzepte der Strategie: Impulse fiir
Fiithrungskréfte. Munchen. UVK Verlag, 2021, 128 p.
ISBN 978-3-7398-3105-3.

12. Kvint, V. L. Strategy for the Global Market: Theory
and Practical applications. New York, Routledge Taylor and
Francis Group, 2016, 548 p. ISBN: 9781138892125.

13. Kvint, V. L., Bodrunov S. D. Strategizing Societal
Transformation. Knowledge, Technologies, and Noonomy.
USA (Palm Bay), Canada (Burlington), United Kingdom
(Abingdon). Apple Academic Press, 2023, 228 p. ISBN 978-
1-77491-422-9.

14. Zakharova, 1. V. Analysis of development factors of
the regional aviation cluster [Analiz faktorov razvitiya
regionalnogo aviatsionnogo klastera). Bulletin of Moscow
Aviation Institute, 2017, Vol. 24, Iss. 1, pp. 192-200. EDN:
YGSCBX.

15. Ramenskaya, S. E., Fisun, Yu. V. Selecting
a development strategy for an aviation company [Vybor
strategii razvitiya aviatsionnoi kompaniil. Bulletin of
Belarusian State Economic University, 2018, Iss. 1 (126)
pp. 122-130. EDN: YPJEEL

Information about the author:

Sushko, Olga P, Ph.D. (Economics), Associate Professor at the Department of Air Transport Economics and Management, Moscow
State Technical University of Civil Aviation; Associate Professor at the Department of National and Regional Economics of Plekhanov
Russian University of Economics, Moscow, Russia, osushko@mail.ru.

Article received 24.01.2024, approved 06.08.2024, accepted 10.09.2024.

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 4 (113),

Sushko, Olga P. Building an Airline Strategy

pp. 208-217




MANAGEMEN I, CONTROL AND ECONOMICS

(ORIGINAL ARTICLE

DOI: https://doi.org/10.30932/1992-3252-2024-22-4-12

llya V. URYUPIN

Andrey 0. VLASENKO

ABSTRACT

The price of transportation (rate) is one of the key factors in
the development of the air transportation system (ATS) of any
country, in particular of the Russian Federation. In turn, the formation
of the rate directly depends on the cost price of transportation and
its components. Forecasting and modelling the cost prices
considering the influence of external factors allows us to obtain an
assessment of the potential of changing the rate, which can be
used as an indicator of the direction of ATS development and
adjustments to improve its efficiency.

The objective of the study is to develop a model for assessment
of the potential of changes in air transportation rates in the Russian
Federation in the 2030-2040 period for the fleet of foreign-made
mainline aircraft. The assessment of the potential for rate changes
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BACKGROUND

Price (rate) is a key factor influencing demand
for air travel. At the same time, the rate is directly
related to the cost price of air travel, i.e. it
depends on the direct and indirect costs required
to perform flights and operate the company. The
main expense items that form the airfare include
servicing passengers, baggage and aircraft at the
airport, costs of aviation fuel, aircraft maintenance
and repair, insurance and leasing, payroll,
advertising and administrative costs, commissions
and fees, air navigation and meteorological
support, and aircraft depreciation [1-4].

At the same time, the airfare is also affected
by the degree of competition and changes in the
solvent demand of the population. Thus, on lines
with many carriers, air tickets can often be sold
below cost price to maintain the company’s
position in the market. The commercial policy
of the company also has a significant impact on
the airfare. In this case, the significant impact is
provided by periods of flight operations
(seasonality) [5] during which airlines vary
a schedule and set different rate levels. At the
same time, airlines often use the principle of price
discrimination of passengers [6], when consumers
can pay different fares for the same air travel
since airlines, as a rule, have many rates for each
destination, which differ in terms and conditions
of booking. The main «limitations» include [7]
early booking (minimum time before departure,
calculated in days), spending Saturday evening
at the destination, accrual of miles (bonuses) to
frequent flyers, the possibility of returning/
exchanging a ticket, the airline’s schedule.

The airfare can also be affected by the
consumer’s appurtenance to a certain social
group, e.g. special rates for youth, children,
students, retirees. Some of these social groups
are included in air travel subsidy programs'.

However, it should be noted that most of the
above factors are elements of the airline’s
operations management (revenue operations
management) [8; 9] and are practically not related
to the fleet in operation. Therefore, the only factor
that has a significant impact on the rate level in
the long term and is related to fleet is the cost
price of air transportation. It is its change that
largely determines the potential volume of air
transportation [3; 10], revenue and profit of the

! Resolution of the Government of the Russian Federation
dated 02.03.2018, Ne 215. [Electronic resource]: http://static.
government.ru/media/files/oY69DJH21BsDYTY gOwGksgA
7AbENSAVi.pdf. Last accessed 29.01.2024.

company.

Currently, several problems can be identified
in the field of operation and maintenance of
aircraft [11], which in turn can potentially have
a significant impact on the structure and amount
of operating costs and, therefore, can entail an
increase in the level of air transportation rates.
Thus, the purpose of determining the potential
rate changes is relevant for planning the airlines
strategy and forecasting the demand for air
transportation and development of the air
transportation system (ATS) as a whole.

To determine the potential change in air
transportation rates, the study using mathematical
modelling [1; 12—14] and statistical and forecast
input data, available at open sources at the
moment of the research, developed an assessment
model of the change in the value and structure
of aircraft direct operating costs (DOC),
including the following consolidated items:
aviation fuel and lubricants, maintenance and
repair, flight and cabin crew wages, airport costs,
ownership. Among the most significant external
conditions affecting the assessment of the cost
of transportation under the influence of long-term
factors, three are highlighted: cost of fuel and of
maintenance and repair as well as annual flight
time.

A scenario analysis of the change and
sensitivity of the structure and total value of the
cost price of air transportation was carried out
for the identified factors. To test the application
of the model for each of the factors, scenario
variation intervals were considered. Based on the
results of the change in the cost price and its
components, obtained during testing, the scenario
intervals of rate change were considered in the
long term for 2030-2040. The result of the
assessment of the potential rate changes is
presented for mainline aircraft of foreign
manufacture.

RESULTS
Determination of variation intervals of
factors, influencing cost price

The cost and type of fuel are key conditions
for determining the fuel efficiency requirements
of advanced engines. Since the cost of aviation
fuel has historically been strongly correlated with
the oil prices?, it can be expected that the average
cost of fuel for the period 2030-2040 will change

2 Jet Fuel Price Monitor. [Electronic resource]: https://www.
iata.org/en/publications/economics/fuel-monitor/. Last
accessed 29.01.2024.
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significantly under the influence of changes in
the oil prices. At the same time, an additional
impact will be exerted by the expansion of the
use of synthetic aviation fuel and the introduction
of various types of fees for extra greenhouse
emissions into the atmosphere — the so-called
«carbon tax» [15-17].

To assess the cost of jet fuel (aviation
kerosene), the values of 85-105 US dollars per
barrel, were used as forecast values for the cost
of 0il in 20302040, those values are also present
as assumptions in the FAA3 and EU* forecast. At
this oil price, the cost of jet fuel will be from 730
to 930 US dollars per ton.

With the overall tightening of environmental
requirements in the period 2030-2050,
conventional and hybrid engines may largely
switch to the use of bio- or synthetic fuel, SAF
(Sustainable Aviation Fuel). The transition to
SAF may significantly increase the actual cost
of fuel relative to the projected oil price.
Considering the forecasted increase in the share
of such fuel in the total volume of aviation fuel
by the International Energy Agency from 10 %
in 2030 to 19 % in 2040, the real cost of aviation
fuel can amount to from 864 US dollars per ton
to 1020 US dollars per ton>.

The spread of the practices of introducing
a carbon tax may also result in the future in an
additional increase in the cost of fossil fuel. As
an assumption for calculating the increase in the
cost of jet fuel, the carbon tax value can be taken
as 50 US dollars per ton of CO,e in 2030 and 200
US dollars per ton of CO,e in 2040°, which, when
converted to a ton of jet fuel burned, would
correspond to a cost of 157 US dollars to 630 US
dollars per a ton. In this case, the cost of a mixture
of fossil and synthetic fuels in 2035 would be
1100-1500 US dollars for a ton.

3 FAA Aerospace Forecast Fiscal Years 2023-2043.
[Electronic resource]: https://www.faa.gov/sites/faa.gov/
files/2023-FAA%20Aerospace%20Forecasts.pdf. Last
accessed 29.01.2024.

* Hydrogen-powered aviation. A fact-based study of hydrogen
technology, economics, and climate impact by 2050.
[Electronic resource]: https://op.europa.eu/en/publication-
detail/-/publication/55fe3eb1-cc8a-11ea-adf7-01aa75ed71al
Last accessed 29.01.2024.

3 Aviation fuel consumption in the Sustainable Development
Scenario, 2025-2040. [Electronic resource]: https://www.
iea.org/data-and-statistics/charts/aviation-fuel-consumption-
in-the-sustainable-development-scenario-2025-2040 Last
accessed 29.01.2024.

¢ Hydrogen Insight 2021. [Electronic resource]:
https://hydrogencouncil.com/wp-content/uploads/2021/02/
Hydrogen-Insights-2021.pdf Last accessed 29.01.2024.

In Russia, the prospects for introducing
a carbon tax and biofuel production are currently
unclear. At the same time, a complete rejection
of fossil fuels seems unlikely. The average cost
of fuel in Russia generally reflects the dynamics
of world prices but is less susceptible to
fluctuations. The most realistic range of average
cost of aviation fuel for the conditions of the
Russian Federation in terms of traditional engines
in 2030-2040 seems to be from 730 US dollars
to 1100 US dollars per ton. Since the price of
aviation fuel on the world market has recently
demonstrated high volatility, the value of 1500
US dollars per ton was additionally considered.
The base value of the cost of aviation fuel is taken
as 850 US dollars per ton’ (in 2021 prices).

Maintenance and repair costs are an important
component of the cost price. Since most modern
aircraft analysed in the study use many foreign-
made components and technologies, assumptions
in forming the scenarios comprise an increase in
expenses under this item, including due to
exchange rate changes in cost, complication and
increased cost of spare parts delivery logistics.
Since it is currently impossible to predict the
exact balanced value of the relative change in the
cost of maintenance and repair, the coefficients
of change in the cost of maintenance and repair
per flight hour were taken as scenario assumptions
for model calculations equal to 1 (without
increase in the cost), 1,3 (slight increase in the
cost) and 1,7 (high increase in the cost).

The annual flight time is closely related to the
possibility of carrying out maintenance and repair
and has a direct impact on the volume of
operations performed per year. A decrease in the
indicator of maintenance and repair leads to
a proportional decrease in the annual volume of
operations and, accordingly, to the same increase
in the specific cost of ownership of an aircraft.

When carrying out model calculations, the
annual flight time relatively characteristic of
different aircraft was assumed for three scenarios
at the level of 1 (flight time is the same), 0,85
(slight decrease in flight time), 0,7 (high decrease
in flight time).

Flight and cabin crew labour costs for the
calculations were fixed at current levels typical
for aircraft classes.

Airport charges were estimated for aircraft
classes by obtaining weighted average airport

7 Federal Air Transport Agency. [Electronic resource]:
https:/favt.gov.ru/dejatelnost-ajeroporty-i-ajerodromy-ceny-
na-aviagsm/ Last accessed 05.03.2022.
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Airport charges (per tonne of MTOW), US dollars/t
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M Air navigation services in the airport area

Pic. 1. Airport charges [performed by the authors].

charges based on the volume of operations for
aircraft of different classes at airports within the
air transport system of the Russian Federation
(Pic. 1). The charges were assumed at
approximately 15 US dollars for narrow-body
(NB) aircraft and approximately 14 US dollars
for wide-body (WB) aircraft per ton of maximum
take-off weight (MTOW).

Based on the data on the flight performance
characteristics (FPC), the levels of direct
operating costs were estimated for modern
foreign-made aircraft for which data on the
technical features is available.

Since the seat layout and nature of the use of
aircraft may differ significantly from company
to company, the following assumptions were
made for comparability of the results of estimation
of the level of specific costs: (1) for all aircraft
within the same class, the same value of average
flight time corresponding to the aircraft class was
assumed; (2) for all aircraft, for calculations
single-class cabin layouts with the same seat
pitch were assumed.

The scenario cost estimates were grouped for
two classes of commercial mainline aircraft
under consideration: narrow-body aircraft, wide-
body aircraft.

To determine potential changes in the cost of
transportation, calculations were performed
based on the basic scenario values of counting
of the change intervals for the three factors under
consideration: (1) fuel cost — 850 US dollars;
(2) — change in the cost of maintenance and
repair — 0 %; (3) decrease in flight hours — 0 %.
Since these factors separately affect independent
cost items, their impact can be considered
separately.

To determine the cost, based on open data®’
on the transportation of passengers and goods,
the average journey distances were estimated for
the aircraft classes under consideration.

8 FlightRadar24 [Electronic resource] https://www.
flightradar24.comy/ Last accessed 29.01.2024.

° Federal State Statistics Service [Electronic resource] https://
fedstat.ru/ Last accessed 29.01.2024.

Estimation of direct operating costs
regarding mainline aircraft

Estimation of direct operating costs
(DOC) were obtained using mathematical
modelling and economic-mathematical
methods, based on available statistical data
and dependencies [1; 14]. These calculations
are largely conditional in nature, are not
related to the operational performance of
individual companies, do not consider
changes that have occurred in the period since
the preparation of the research materials, and
are used exclusively to test the proposed
calculation model within the framework of
the specified scenarios.

Mainline narrow-body aircraft

Pic. 2 shows diagrams of specific DOC
regarding NB aircraft calculated per seat-
kilometre and per ton-kilometre depending on
the flight distance. Optimal specific costs for
passenger transportation are achieved within the
ranges of 1900—7000 km and amount, depending
on the aircraft, to 3,5 to 4,5 US cents per seat-
kilometre. The range of optimal distances for
cargo transportation are shifted to the left and are
within the range of 1000-6500 km. The cost of
transportation depending on the aircraft model
is 0,3-0,4 US dollars per ton-kilometre.

Specific direct costs on medium distances
(Pic. 3) for passenger transportation average
about 4,6 US cents per seat-kilometre, and for
cargo transportation — 34,3 US cents per ton-
kilometre.

Mainline wide-body aircraft

Pic. 4 shows the specific DOC of WB aircraft
per seat-kilometre and per ton-kilometre
depending on the flight distance. Optimal specific
costs for passenger transportation are achieved
within distances of 4000-14000 km and,
depending on the aircraft, range from 3,1 to 4 US
cents per seat-kilometre. The range of optimal
distances for cargo transportation is shifted to the
left and is within 2000—13000 km. WB aircraft
have a minimum cost of transportation per ton-
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Pic. 2. Specific direct operating costs of NB aircraft as calculated per a) seat-kilometre and b) ton-kilometre [calculated by the authors].

kilometre, which, depending on the aircraft
model, is 22-30 US cents per ton-kilometre.

Specific direct costs for medium distances
(Pic. 5) average about 3,9 US cents per kilometre
for passenger transportation and 26,2 US cents
per ton-kilometre for cargo transportation.

Variation of cost factors

Based on the cost structure obtained for each
class of aircraft, the change in the total cost was
estimated when varying within the above-
assumed ranges of three factors relative to the
basic value. For building a model the following
values were considered as the scenario examples:

— Fuel cost of 730, 1100 and 1500 US dollars
per ton (—14 %, +29 % and +76 % relative to the
basic value under the conditions of high
volatility).

— Increase in the cost of maintenance and
repair by 30 % and 70 %.

— Decrease in flight hours by 15 % and 30 %.

Pic. 6 shows the results of modelling the
change in direct operating costs of passenger and
cargo transportation depending on the changes
in factors for NB aircraft and WB aircraft. The
results show that the values of the average change
in tariff for a given change in the factor for cargo
and passenger transportation are very close. At
the same time, with an increase in the average
range of aircraft use, an increase in the influence
of the fuel component on the level of costs is
observed.

Rate change assessment

If we proceed from the rather low level of
operating profit margin of air transportation (for
example, the operating profit margin of passenger
air transportation in Russia, according to National
Credit Ratings LLC estimate was at that time of
1-4 %), it need scarcely be said about the
accelerated growth of the rate compared to the cost.
Assuming that the level of profitability will be
around zero, the change in the rate will occur
synchronously with the change in the full cost price.

To shift from direct operating costs to full
cost price, it is necessary to take into account
other expenses that are not included in DOC.
Authors’ analysis of the structure and dynamics
of expenses shows that their value for both
passenger and cargo transportation in constant
prices has changed very little since 2013 and is
estimated at about 0,9 US cents per seat-
kilometre and about 8,7 US cents per ton-
kilometre (Pic. 7).

Considering the addition not included in
DOC, the relative change in the rate is
estimated (Pic. 8). The largest increase in the
rate for NB aircraft and WB aircraft will be at
extremely high fuel prices. At the same time,
WB aircraft demonstrate a greater increase in
the rate with an increase in fuel prices.

10 Baymukhametova. L. Transport: where the margin lies?
National Credit Rankings LLC, 6.12.2021, P. 10. [Electronic
resource]: https:/ratings.ru/files/research/corps/Transport
margin_Dec2021.pdf. Last accessed 29.01.2024.
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The analysis of rate sensitivity to the
factors affecting the cost price showed that the
rate elasticity relative to the increase in the
cost of aviation fuel is from 0,26 (NB aircraft)
to 0,31 (WB aircraft), relative to the increase

in the cost of maintenance and repair elasticity
is from 0,13 (WB aircraft) to 0,16 (NB aircraft),
relative to the decrease in flight hours it is from
0,27 (WB aircraft) to 0,29 (NB aircraft). In
general, it can be noted that with an increase
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Pic. 6. Change in direct operating costs with

in the average transportation distance, the role
of the fuel component increases. The greatest
sensitivity of the transportation rate for NB
aircraft is observed to a decrease in flight
hours, for WB aircraft — to the cost of fuel.
Modelling shows (Pic. 9) that with the
combination of high values of scenario factors
(scenario 1: fuel cost of 1100 US dollars per
ton, increase in maintenance and repair costs

World of Transport and Transportation,

varying factors [performed by the authors].

by 70 % and a decrease in flight hours by
30 %) the rate increase for NB aircraft will
be about 30 %, for WB aircraft — 29 %.

If extreme fuel prices are set (1500 US
dollars per ton) together with a 70 % increase
in maintenance and repair costs and a 30 %
decrease in flight hours (scenario 2), then
the rate increase will be 43 % for NB aircraft
and 45 % for WB aircraft.
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BRIEF CONCLUSIONS

The work, based on evaluations of the
increments of the components of the cost
price of transportation, has presented the
model and, based on proposed scenarios,
estimates of the average value and structure
of direct operating costs for passenger and
cargo transportation within the air transport

system of the Russian Federation
corresponding to the average weighted flight
distance of narrow- and wide-body mainline
aircraft. With one of scenario assumptions of
the increase in the cost of fuel from 850 to
1100 US dollars/t, in the cost of maintenance
and repair by 70 % and a decrease in flight
time by 30 % of the basic level, it was found
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that the increase in direct operating costs will
be about 36 %; for NB aircraft, 10 % of that
increase will be induced by aviation fuel and
lubricants costs, 14 % by maintenance and
repair costs and 12 % by reduced flight time,
and for WB aircraft 12 % will be induced by
aviation fuel and lubricants costs, 12 % by
maintenance and repair costs and 12 % by
reduced flight time.

Considering the evaluation of factors of
changes in the cost of transportation and if
a near-zero values of air transportation
operating profit margin is assumed for the
Russian air transport system, the calculations
resulted in estimates of changes in the
transportation rates.

The model tested during the study and the
approaches to assessing changes in air
transportation rates obtained during the study
of the model can be used in the future to
forecast potential demand for air transportation
of passengers and cargo based on the input of
up-to-date real data and considering changing
parameters of external factors.
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ABSTRACT

The development of modern air transport is inextricably linked
with the progressive growth of air cargo transportation volumes.
The aviation industry is one of the most knowledge-intensive and
sophisticated sectors of the economy. Accordingly, the technological
processes taking place in the industry are based on the
achievements of science and the improvement of information
support, which takes a digital form. End-to-end digital technologies
have found wide application in the development of the country’s
civil aviation. The subject of the research in this article is the analysis
of existing digital transformation technologies in organising the
cargo transportation process. This process can be divided into the
following stages: shipment booking and preparing relevant
documents, cargo handling at the departure warehouse, delivery
and loading on board an aircraft, transportation, unloading and
delivery to the arrival warehouse, cargo handling at the arrival
airport’s warehouse, and cargo delivery to the consignee. Each of
these stages has a discrete set of operations, which together turn

Saint Petersburg State University of Civil Aviation (SPbGUGA), Saint Petersburg,

a discrete process into a continuous one. The main end-to-end
digital technologies include big data; neurotechnology and artificial
intelligence; distributed ledger systems; quantum technologies; new
manufacturing technologies; industrial internet; robotics components
and sensors; wireless communication technologies; virtual and
augmented reality technologies.

The problem set in the study is to analyse the world and
domestic experience of applying digital transformation, some of the
listed digital technologies in organising air cargo transportation, as
well as to consider cargo hubs and. consequently, integration of
cargo transportation.

The solution to the problem involves the presence of
constraints associated with the specifics of cargo transportation,
since each mode of transport has its own characteristics associated
with the processing of cargo flow, and organisation of the cargo
yard activity of a railway station will differ from organisation of the
cargo terminal of an airport.
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BACKGROUND
Dynamics of air cargo transportation

The importance of air cargo transportation
increases with economic development. Air cargo
transportation is an integral part of the global
trading system [1]. The analysis of air cargo
growth rates presented in the report of the
International Air Transport Association (IATA)
shows positive dynamics over the past three years.
Global air cargo transportation demand, expressed
in quantified tonne-kilometres (CTK, Cargo
Tonne-Kilometres) in October 2023 amounted to
21,9 billion tkm. This is an increase of 3,8 %
compared to the same period of the previous year.
Despite this growth, the industry’s performance
remains slightly below the pre-pandemic level.
The steady annual growth of CTK since August
2023 indicates the ongoing recovery of the global
air cargo market and is a positive signal for ending
the year with higher figures (Pic. 1').

The overall dynamics of growth in cargo
tonne-kilometres, considering seasonal
fluctuations, according to the IATA report, is
presented in Pic. 2.

Approaches to studying the research
problem

Cargo handling operations play an important
role in air cargo transportation and can be divided
into several groups:

— Processing an order for cargo shipment.

— Delivery of cargo to the airport (to the
airport cargo terminal).

— Cargo handling at the terminal warehouse,
a set of operations for categorising cargo, its
weighing, marking, packing, bundling,
assembling for the flight, cargo safety check.

— Registration of shipping documents.

— Collection of fees [2].

The discrete nature of the cargo handling
process requires a clear and precise organisation
of the process; therefore digital transformation
processes are increasingly used to ensure the
cargo transportation process.

Digital transformation is a process that
involves the integration of digital technologies
into various aspects of an organisation or
industry, fundamentally changing the methods
of doing business, optimising processes and
creating value [3].

'TATA Air Cargo Market Analysis October 2023. [Electronic
resource]: https://www.iata.org/en/iata-repository/
publications/economic-reports/air-cargo-market-analysis—-
october-2023. Last accessed 19.05.2024.

In the context of sustainable transport
development, digital transformation involves the
use of data-driven technologies and solutions to
solve environmental, social and economic
problems associated with transport systems [4].

By using digital platforms, real-time data
collection and advanced analytics, transport
organisations can optimise their operations by
minimising congestion, reducing travel times and
optimising routes [5].

These few key statements in scientific articles
devoted to the issues of digital transformation in
the transport sector highlight the importance of
the need to study this issue.

RESULTS
Digitalisation of shipping documents

As already noted, transportation of goods
begins with proceeding shipping documents. The
air waybill (AWB) is the main document
regulating the transportation process. AWB
implements the following functions in accordance
with the information it contains:

— Contract of carriage — an agreement
between the shipper and the carrier, which
specifies the terms of cargo transportation.

— Certificate of receipt of goods by the
airline — once signed, this is legal evidence that
the air carrier has received the goods for
transportation (in case of any disputes).

— Shipment tracking — the AWB number is
an important piece of information that allows you
to track the cargo (it indicates also route details
and airport codes).

— Contact information for all parties — contact
details for all parties involved.

— AWB (shipment bill) — information on the
costs associated with the shipment process, so
the AWB can serve as an invoice along with
supporting documents. It also supports the
accounting process.

— Customs declaration — this is one of the
main documents required by customs authorities
to allow the transportation of goods.

— Commodity Description — details of the
quantity, weight, dimensions, value and nature
of the goods being transported.

— Handling and Delivery Guide — may
include special instructions on how to handle the
shipment, i.e. as for hazardous, fragile or
temperature-sensitive goods.

— Insurance Certificate — evidence that the
shipment is insured, containing details of the
insurance coverage.
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Every shipment requires a set of
accompanying documents that need to be
stored, distributed and tracked. In 2010, TATA
(International Air Transport Association)
introduced the e-air waybill (e-AWB), which
became the default contract of carriage for all
air cargo shipments from 1 January 2019. It is
part of TATA’s eFreight programme, which
aims to digitise the industry and move it to
a paperless format. It aims to improve
efficiency, data quality, cost effectiveness and
sustainability (eliminating over 7 800 tons of
paper documents annually), among other
benefits for the air cargo industry.

Today, in accordance with Resolution 672
on Multilateral Electronic Air Waybills?,
paper air waybills are no longer required. This
means that they can still be used, but IATA
and its members have largely switched to the
electronic version, which is faster to process
and exchange, easier to store and manage, and
much more environmentally friendly.
A detailed guide has been developed for

2 JATA Resolution 672 Form of Multilateral E-Air Waybill
Agreement. [Electronic resource]: https://www.iata.org/
contentassets/783ac75f30d74e32a8eacf26af5696b6/
csc-672-en-28dec2019.pdf. Last accessed 15.03.2024.

freight forwarders on how to integrate e-
AWB?.

Digital platforms

The digital transformation of the air cargo
process management is moving towards the
creation of software for digital platforms.

For example, «Scope» from Riege Software
is a complete freight forwarding platform for
managing international sea and air transportation®.
Air cargo transportation functionalities include
automatic e-AWB creation, carrier AWB number
administration, connection to cargo community
systems for messaging, and much more.

Magaya’s digital freight platform?® automates
numerous supply chain workflows, including
onboarding carriers via AWB and exchanging
electronic AWB messages.

* Sauv, D. E-AWB Implementation Playbook. February
2022. [Electronic resource]: https://www.iata.org/
contentassets/4bc75639b37641ba88f2e¢81e5516a020/c-awb-
implementation-playbook.pdf. Last accessed 19.05.2024.

4 Logistics Software for Sustainable Growth Scope.
[Electronic resource]: https://www.riege.com/. Last accessed
19.05.2024.

° Logistics software enabling you to move smarter, faster,
and with full control. [Electronic resource]: https://www.
magaya.com/. Last accessed 15.03.2024.
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Pic. 2. Monthly CTK, seasonally adjusted (in billions of tkm)'.

Logitude® also offers a complete cloud-based
freight forwarding platform with robust e-AWB
services that include not only e-AWB generation
and exchange, but also statistics monitoring,
delivery time tracking, reporting, and more.

Smart AWB7 is a very easy-to-use cloud-
based solution that allows freight forwarders to
create, print, send, and track electronic AWB.

An alternative to purchasing a specific tool
can be to integrate with one or more data
exchange platforms. These global air cargo
transportation communities enable accurate and
efficient information exchange, connecting all
parties involved in the transportation process
(airlines, freight agents/forwarders, ground
handling agents, shippers, customs, etc.).

Examples of some of the largest platforms
are as follow.

TRAXON cargo HUB® by CHAMP is the
largest air cargo service provider, providing
electronic communication between more than
100 airlines and more than 3000 freight
forwarders. It helps automate booking,
operations, document processing and customs

¢ Electronic Air Waybill for Freight Forwarders. [Electronic
resource]: https:/logitudeworld.com/eawb/. Last accessed
15.03.2024.

7 Smart AWB [Electronic resource]: https://www.smartawb.
com/. Last accessed 15.03.2024.

8 Traxon cargo HUB (digital platform). [Electronic resource]:
https://www.champ.aero/products/champ-ecargo/traxon-
cargohub. Last accessed 15.03.2024.

processes. TRAXON supports all types of
messages, including those related to e-AWB
exchange, booking, status check, error messages
and others. API (Application Programming
Interface) is provided to connect to the platform.

The Worldwide Information Network (WIN)?
is a platform that mainly serves independent
freight forwarders, offering them easy
connectivity to over 160 airlines for electronic
booking and e-AWB generation, exchange and
tracking. WIN can be accessed via the Internet
or via web service API integration. In addition,
it offers a mobile application for shippers that
supports shipment tracking, rate inquiries, etc.

Cargonaut'® operates the Cargo Community
information platform in Schiphol (Amsterdam),
the largest Dutch cargo hub. It supports the
exchange of data between all cargo parties and
optimises the corresponding processes at the
airport.

Distributed ledger (blockchain)

The improvement of the cargo transportation
management system will be implemented in
a distributed ledger system (blockchain). The

° FREIGHTOSCOPE ™, [Electronic resource]: https://www.
winwebconnect.com/index.html. Last accessed 15.03.2024.

10 Schiphol and Cargonaut start using updated IT cargo
platform. [Electronic resource]: https://www.schiphol.nl/
en/cargo/news/schiphol-and-cargonaut-start-using-updated-
it-cargo-platform/; https://cargonaut.nl/. Last accessed
15.03.2024.
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use of this system will make more efficient the
process of cargo tracking and movement of
accompanying documents — air waybills,
customs declarations, invoices, packing lists,
safety data sheets, powers of attorney for
receiving cargo and others. Electronic
document management system and the Internet
of Things are connected in a common
distributed ledger system.

Blockchain is a decentralised transaction
and data storage technology that helps
individuals and businesses store and share
value without the use of traditional
intermediaries [6]. It is a cutting-edge
technology that has the potential to upend
traditional economic and social structures and
replace them with systems that are more
accessible, reliable, and stable. Blockchain
technology is based on a globally distributed
ledger that records and validates transactions
using the properties of a large-scale peer-to-
peer network [7]. A blockchain database is
a permanent archive of transactions that occur
between individuals or between customers
and businesses. There are many blockchain
implementations that are still under
development. The data on the cost of
a transaction is available to any user of the
network with access privileges, making
a blockchain-enabled transaction system
extremely transparent [8]. This makes it very
difficult to conduct fraudulent transactions.
However, when making a transaction, network
users choose what information about their
identity they want to share with the rest of the
network, leading to the use of pseudonyms.
Digital technology has the potential to break
down these barriers, allowing the supply
chain to become a truly interconnected
marketplace, fully open to all stakeholders —
from producers of raw materials, goods and
components to haulers of finished products
from these suppliers and, ultimately, to end
users [9].

Formation of a target solution
to the problem

The integration of the Internet of Things
and blockchain technology into intelligent
transportation systems has the potential to
transform the cargo industry by enabling
efficient, secure, and reliable tracking and
management of cargo across the entire supply
chain. By using [oT sensors to track cargo in

real time and storing the data on a decentralised
blockchain platform, intermediaries can be
eliminated, reducing costs and increasing
transparency. The use of smart contracts can
automate many processes, reduce manual
intervention and increase the speed and
accuracy of transactions [10].

Blockchain technology — maintenance of
a distributed ledger must correspond to the
process of physical movement of cargo, from
the point of departure, through the cargo
terminal of the departure point, on board an
aircraft, to the cargo terminal of the
destination. The process of tracking the
movement of cargo is not possible without
the Internet of Things (IoT). The Internet of
Things, or IoT for short, is a term for the
concept of connecting a wide range of devices
to the Internet — and to each other. Essentially,
IoT is a huge global network of connected
devices, gadgets, machines, and the people
using them. All devices connected to the [oT
collect and exchange data about their usage
and the environments in which they operate.
«The Internet of Things (IoT), as an important
part of the new generation of information
technology, connects any object to the
Internet in accordance with an agreed protocol
through radio frequency identification, global
positioning system and other information and
measurement equipment for the exchange of
information and communication. The
continuous development of the Internet of
Things technology has given new strength to
its further development and improvement.
The Internet of Vehicles (IoV) is within the
focus of IoT» [11].

Supply chain management is a complex
and multifaceted area, and, as a business
scales, it can become very complex. A single
shipment can involve dozens of operations
and tasks at once.

The combination of IoT and blockchain
technologies will allow managing large
volumes of cargo transportation and will
become an important step in implementation
of new digital methods, including creation of
digital platforms, will allow optimising cargo
transportation routes. In particular, one of the
future vectors of development of air cargo
transportation is associated with creation of
cargo hubs and the use of a network of cargo
airports for these purposes. The idea is far
from new, for example, in the USA, cargo
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hubs have been developed in Rickenbacker —
Columbus (Ohio) and the Stockton
Metropolitan (California) airports [12]. In
China, a specialised air cargo hub has been
opened in Ezhou Huahu International
Airport!!. The history of development of
Russian civil aviation records an attempt to
create a cargo airport on the grounds of the
former military airfield «Veshchevo»; the
program for development of the transport
system of St. Petersburg and Leningrad region
for the period up to 2020 provided for
construction of the Ust-Luga cargo airport '2,

The use of a hub network and cargo
handling system can lead to significant
savings in transportation costs, with the
number of hubs and their location being
decisive factors.

Digital platforms and technologies will
make management of cargo transportation
through hub cargo airports transparent for
cargo clients and efficient for the carrier.

CONCLUSION

Analysis of technology already
implemented in air cargo transportation and
the assessment of the outlook for their future
developments should be complemented in the
course of further research by the study on
fields of introduction of the end-to-end
technologies like big data; neurotechnology
and artificial intelligence; quantum
technologies; new manufacturing
technologies; industrial internet; robotics
components and sensors; wireless
communication technologies; virtual and
augmented reality technologies.

! China opens Asia’s first dedicated cargo airport in Ezhou,
Central China’s Hubei Province. [Electronic resource]:
https://www.globaltimes.cn/page/202207/1270695 .shtml.
Last accessed 15.03.2024.

12 Program for development of the transport system of St.
Petersburg and Leningrad Region for the period up to 2020.
Approved by the Coordinating Council for the development
of the transport system of St. Petersburg and Leningrad
Region: Volume 5, page 16, September 9, 2014.
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ABSTRACT

The formation of a large-scale railway network in Russia by
the end of the 19th century contributed to a significant acceleration
of the country’s socio-economic development, thanks notably to
the increase in volumes, improved quality and efficiency of cargo
transportation.

The objective of the study described in the article is to analyse
the expansion of the scale of activity and strengthening of the
position of Russian railways in the cargo transportation market in
the late 19th — early 20th centuries and to identify the significance
of the introduction of innovations in the industry using the methods
of historical and statistical analysis, assessment of the
innovativeness of rolling stock and technics and benchmarking.

The study revealed that the enhancement of the economic
role of railways, including the growth of their share in the cargo
transportation market in the period under review was determined
by the synergy of the increase in the length of the railway network

efficiency, innovation-focused development.
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and its increasingly intensive use due to the innovation-focused
development of the railway industry. Innovations covered all aspects
of development of the country’s railways: construction and
maintenance of railway infrastructure, design of rolling stock and
its operations management. In particular, the high dynamism of
innovative improvement of design characteristics of cargo
locomotives and wagons was confirmed by the growth of the
corresponding innovation coefficients.

Innovation-focused development of Russian railways in the
period under review allowed them to take leading positions in the
national cargo transportation market and, as it is evidenced by the
performed cross-country comparisons, to achieve world leadership
as for several key production and economic indicators. This
historical experience is very interesting in modern conditions, when
railways prioritise innovations to solve long-term problems of
effective positioning in the transport and logistics services market.
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INTRODUCTION

The approaching bicentennial of railways
is a good incentive to deepen research into
the history of railway transport, including
railways’ economic history. Russia was one
of the first countries in the world (the seventh
in a row [1]) to establish railway
transportation — as early as in 1837, 12 years
after the appearance of the first public railway
and 7 years after steam-powered railways had
been recognised as an effective and promising
mode of transport [2; 3, P. 15]. Although the
railway network in our country had developed
at a slow pace for three decades after that,
then, in the context of deep social reforms,
institutional mechanisms were created that
ensured a radical acceleration of railway
construction [4—6]. The rate of commissioning
of new railway lines increased sharply from
1868 [7, P. 35], and by the end of the 1870s,
a large-scale railway network with a length
of over 20 thousand km was created in the
country, connecting the main regions of the
European part of the country into a single
economic space and contributing to
acceleration of socio-economic development
[8; 9].

In the 1890s, rates of railway construction
were record in all the Russian history [10],
and by the beginning of 20" century, Russia
took second place in the world in terms of the
length of the railway network [11]. At the
same time, there was a qualitative improvement
in railway technology and management of the
transportation process, which, together with
the positive impact of development of railway
transport on the country’s economy, was
revealed in the works [1; 7-9; 12—15] and
several others.

Nevertheless, many aspects of development
of Russian railways in 19" — early 20®
centuries require additional study and
understanding.

The objective of the article is to analyse
the expansion of the scale of activity and
strengthening of the position of Russian
railways in the cargo transportation market
during the specified period and to reveal the
significance of implementation of innovations
in the industry as a tool for that. To achieve
this objective of the study, methods of
historical and statistical analysis were used,
as well as assessment of the innovativeness
of technical means and benchmarking.

RESULTS
Growing importance of railways in the
Russian transport system

In the pre-railway era, the main modes of
transport in Russia, as in other countries, were
horse-drawn carriages and inland waterways. At
the same time, the possibilities for transporting
goods on dirt roads were limited due to the
autumn and spring muddy seasons of bad roads.
The time of limited travelling was, for example,
four months a year in Kursk and Tula provinces,
four to five months in Penza and Ryazan
provinces, six months in Kostroma province, and
lasted most of the year in Perm, Vologda,
Arkhangelsk and a few other provinces [16,
P. 129]. As the founder of the economics of
railway transport [in Russia] A. I. Chuprov noted,
«sometimes the roads were so bad that the
cabbies, having unloaded the goods, quickly
escaped», while delivery of goods on time «was
a matter of sheer luck» [17, P. 13]. The duration
of navigation on inland waterways was limited
to the period from ice break-up (the final clearing
of the waterway from ice) to freeze-up and was
five to seven months a year [17; 18]. These
transport constraints had an extremely negative
impact on the economic and social development
of the country. Nevertheless, waterways, which
had a high carrying capacity during the navigation
period, were considered the basis for trunk cargo
transportation.

During the discussions about the possibility
and necessity of building railways in Russia,
which unfolded in the early 1830s, some
supporters of their construction viewed railways
as auxiliary transport arteries leading to the
main shipping rivers along which domestic trade
was carried out over long distances. Opponents
of railway construction argued their position,
among other things, by the fact that railway
transport was inferior to cheaper water
transportation of goods [19]. Thus, we can say
that at that time there was a consensus regarding
the leading role of inland water transport in
implementation of trunk transportation of
goods. However, as was the case of many
breakthrough innovations both before and after
the railways, their implementation not only
refuted the arguments of sceptics, but also
exceeded the expectations of their supporters.
Already in the second half of the 1870s,
railways carried almost 24 % more cargo than
inland water transport, and their share
subsequently grew steadily (Table 1).
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Table 1

Distribution of trunk cargo transportation in Russia between railway
and inland water transport in the late 19" — early 20" century

Years Volume of cargo transportation, million tons Share of railway
Water transport Railway transport In total transport, %
18761880 (on average) 13,956 17,248 31,204 55,3
1881-1885 (on average) 13,956 23,227 37,183 62,5
1886-1890 (on average) 16,626 29,50 46,126 64,0
1891-1895 (on average) 20,115 37,183 57,298 64,9
1896-1898 (on average) 27,584 49,943 77,527 64,4
1913 50,90 158,20 209,10 75,7

Source: compiled and calculated by the authors based on data [13; 18; 20].

Table 2
Changes in the coefficient of transportation* by rail of some
important goods late 19™ — early 20™ centuries
Years Goods
Bread (grain) Coal Oil
18821886 (on average) 0,163
1892—-1896(on average) 0,221 0,643 0,196
1902-1906 (on average) 0,232 0,727 0,168
1913 0,221 0,782 0,473
Source: [1].
* [Ratio of goods transported to the volume of the total production of those goods].
Table 3

Distribution of transportation of main types of cargo between railway and inland water
transport in the European part of Russia (according to data for 1898), %

Goods Railway transport Inland water transport
Main breads 69,4 30,6

Salt 61,5 38,5

Coal 98,6 1,4

Oil products 47,7 52,3

Forest building materials and firewood 31,1 68,9

Others 82,0 18,0

Total 64,9 35,1

Source: calculated by the authors based on data from the Appendix to the Statistical Digest of the Ministry of Railways.
Issue 59. St. Petersburg, Department of Statistics and Cartography of the Ministry of Railways, 1900.

An ever-increasing share of the most
important transport-intensive goods produced in
the country were transported by rail (Table 2).
At the same time, specialisation of transport
modes emerged: coal, salt, and grain cargo were
transported to a greater extent by rail, while
timber building materials and firewood were
transported by waterways (Table 3). From the
point of view of the competitiveness of railways
in the transport market and their role in the
country’s economy, it is important that at the end
of the 19" century most of the «other» cargo
(which included various types of finished
products intended for both industrial and personal
consumption) were already transported by rail.
Subsequently, an accelerated growth in the
railway transportation of many types of such
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goods continued. For example, in 1909-1913,
compared to the period 1894-1900, the average
annual volume of railway transportation of fresh
fruits and berries increased by almost 2,6 times,
fresh vegetables — by 3,8 times, iron, steel and
cast iron — by 2,4 times, agricultural machinery —
by 4,8 times [14, pp. 323-324].

The main advantages of rail transport were
regularity and higher speed. At the same time,
the estimate of the average usual speed of
delivery of goods by rail over long distances of
«300 versts' per day» [17, P. 13] cited by A. L.
Chuprov and dating back to the 1870s seems
overstated. However, at that time there was no
necessary statistical base for such estimates. The

"1 verst=1066,8 m
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first surveys of speed of movement of goods
transported in wagonload shipments on Russian
railways were conducted in August-September
1907, 1910, 1911, 1912 along some specific
routes [21, P. 59]. The average values of delivery
speed on these routes fluctuated from 100 to 148
kilometres per day. A summary of the results of
these surveys made it possible to determine that
the average value of delivery speed for all of
them was 141 km/day with an average
transportation distance of 1103 km (which was
more than twice the average network
transportation distance of that period?). The
obtained value of delivery speed, by modern
standards, is small. However, it completely
coincides with the average network value of the
delivery speed of wagonload shipments in the
corresponding distance range according to data
for September 1949 (!)3, when regular recording
of speed and delivery times of goods was
introduced. (The coincidence of the month of
survey with the periods of the above-mentioned
surveys is important, since the speed of cargo
delivery varies significantly seasonally [22; 23]).
Thus, the technological advantages of railways —
all-season transportation, urgency of cargo
delivery, high transit capacity — in combination
with cheaper delivery over long distances [8; 17]
determined the increase in their importance in
the transport system of Russia and a growth of
their share in the market of trunk cargo
transportation. At the same time, local
transportation over short distances (up to 25 km)
remained more profitable to carry out by horse-
drawn transport [16, P. 128]. Specialisation and
interaction of various types of internal transport —
railway, water and horse-drawn ones — allowed
commodity owners to build the most profitable
schemes for delivering their goods to various
markets.

In the context of this study, it is important to
note that since the end of the 19" century,
railways have played a leading and increasingly
significant role in the Russian cargo transportation
market. It should be noted that the strengthening
of the position of railways in the Russian cargo
transportation market correlates with the
acceleration of the country’s economic

2 This circumstance is significant, since with the increase in
the distance of transportation, the speed of delivery of goods
tends to increase [22].

3 Delivery duration and speed of cargo movement on railways
in 1949-1953. Materials on railway transport statistics. Issue
267. Moscow, 1953, 232 p.

development in the late 19" — early 20" centuries
[15; 24]. This confirms a polemical nature of the
conclusions of Nobel laureate Robert W. Fogel,
who, based on the construction of a counterfactual
model of 19 century’s US economy, came to the
conclusion that the absence of railways and the
use of inland waterways instead would have
slowed down economic development for only
a few years [25; 26], and testifies to the validity
of the opinion that Fogel’s model did not fully
consider the macroeconomic effects of
development of the railway network, in particular,
those associated with acceleration of cargo
transportation [27]. There is every reason to
believe that such impressive results in the leading
economies of the world in that era, which are
noted in modern macroeconomic studies, could
be achieved only based on the development of
railway transportation [11; 27; 28].

Growth in the scale and intensity of railway
cargo transportation

The increase in the economic importance of
railways and their share in the cargo transportation
market was certainly associated with the
development of the railway network, the length
of which increased more than 6,6 times from 1870
to 1913, and as this growth occurred, more and
more areas, settlements, and enterprises gained
direct access to railways. However, while noting
the growth in the length of railways, it is also
necessary to pay attention to their increasingly
intensive use. The density of cargo traffic, defined
as the ratio of cargo turnover to the operational
length of the network, grew slightly slower than
the railway network itself (more than 4,8 times
over the same period), which, in synergy with the
growth of the network, made it possible to increase
cargo turnover by almost 32 times (Pic. 1).

The growth in cargo traffic density was
ensured, firstly, by increasing the saturation of
the network with rolling stock (Pic. 2), which is
evidence of an increase in the degree of
implementation of the railways’ capacity (in this
case, the actual volumes of traffic could exceed
the calculated ones [29, P. 102]) and the growth
of their carrying capacity. The latter is also
confirmed by the fact that the number of wagons
and coaches grew faster than the number of

locomotives. This means that the number of

wagons with the train and its weight increased,
and even with the same number of trains, it was
possible to increase the volume of cargo
transportation.
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Pic. 1. Dynamics of development and use of the Russian
railway network for cargo transportation in the late
19" — early 20" centuries (1870 = 100 %).
Source: calculated by the authors based on data from [7; 12; 18].
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Pic. 3. Comparison of the dynamics of cargo turnover
and cargo rolling stock fleets on the Russian
railway network (excluding local roads) in the late
19" — early 20" centuries.

Source: calculated by the authors based on data from [18; 29].

An even more vivid characteristic of the
growth of railway carrying capacity is provided
by a comparison of the dynamics of cargo
turnover and the fleet of cargo rolling stock (Pic.
3). A faster growth of cargo turnover compared
to the fleet of cargo wagons indicates an increase
in the dynamic load and productivity of the
wagon. And a faster growth of the fleet of cars
compared to the fleet of steam locomotives, as
already noted, indicates an increase in the
average composition and weight of the train.
Both factors together characterise the growth of
the productivity of the use of steam locomotives
and the carrying capacity of railways.

An important characteristic of the expansion
of the geographical scale of railway cargo
transportation is the fairly stable trend of
increasing their average distance (Pic. 4), which
intensified after, thanks to the construction of the
Great Siberian Route — the Trans-Siberian
Railway, the railway network stepped beyond
the Urals and reached the Pacific Ocean [30; 31].

It should be noted that during the discussions
on the options for organising transport links
between Siberia and the Far East and the
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Pic. 2. Dynamics of saturation of the Russian
railway network with rolling stock in the late
19 — early 20" century (1889 = 100 %).

* The share of passenger locomotives was 15-20 %.
**In 1907-1913 - including auxiliary ones.

Source: calculated by the authors based on data [7; 18; 29].
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Pic. 4. Dynamics of change in average distance of cargo
transportation on the Russian railway network in the late 19th - early
20th centuries.

Source: calculated by the authors based on data from [18; 29].

European part of the country, the alternative of
railway and water transport was again revealed.
Some scientists, in particular, A. I. Chuprov [32,
P. 180], and government officials, in particular I.
A. Vyshnegradsky [33, P. 54], who held the post
of the Minister of Finance in 1887-1892, spoke
against building a continuous rail route through
the eastern regions of the country, but advocated
only connecting river basins by rail, thus forming
arail-water link and reducing the required length
of rail lines by more than half. Although less
expensive, implementation of such a project
would certainly not have ensured such regularity
and speed of transportation, nor such carrying
capacity, and would not have opened up such
large-scale prospects for the long-term socio-
economic development of Siberia and the Far
East as creation of a continuous railway
connection of the European part of the country
to the Pacific Ocean, which was eventually
implemented [30; 31].

During the construction of the Trans-Siberian
Railway, several innovative solutions were
implemented, from the mechanisation of
earthworks, including the use of «multi-bucket
excavators manufactured at the Putilov Planty,
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Pic. 5. Comparison of the level and dynamics of cargo wagon productivity
(per unit of carrying capacity) of the world’s leading railway systems at the beginning of the 20" century, %.
Source: compiled by the authors based on data from [1].

as well as trucks [31, P. 199], to unique
engineering solutions in the field of artificial
structures [30; 34].

At the same time, the developments of
Russian railways in the late 19" — early 20
centuries were innovation-focused, which
deserves detailed consideration.

Innovative basis for increasing the intensity
and efficiency of cargo railway transportation

A retrospective analysis of the main
innovations in the field of railway transport
shows that if in the 1830s and 1840s most of
these innovations appeared in Great Britain, then
starting from the 1850s more and more
innovations were carried out in Russia [35,
pp. 55-58]. Their implementation made it
possible to use the infrastructure and rolling stock
more intensively and economically, thereby
increasing the supply of railway cargo
transportation and strengthening the position of
railways in this market.

The Jargest irnovation in the field of cargo
transportatior management, which was not only
technological but also institutional in nature,
«was the original system of mutual use of cargo
vegonusy [1, T 6%, H:llv implemented in 1889
arley more taan 20 yeats of improving the
interaction between distinct railways in the field
of using cargo wagons [7, pp. 63—65]. Within the
framework of this system, «the entire cargo
wagon fleet of a single-gauge network can be
provided for free common use by all railways,
provided that:

[}

1. The size of the cargo wagon fleet of each
individual railway is constantly maintained.

2. The established quality and condition of
cargo wagons is constantly maintained» [1,
P. 67].

The system of mutual use of cargo cars can
be considered a prototype of a modern economy
of shared use of resources [36-38]. The
introduction of this system made it possible to
implement non-reloading transportation between
all Russian railways, thereby significantly
accelerating and reducing the cost of transporting
goods and ensuring, in synergy with other
technical and technological innovations,
a significantly more productive and progressively
improving use of wagons compared to other
railway systems. This is clearly seen from the
data in Pic. 5, formed based on the benchmarking
method, actively used in scientific research in the
field of railway transport [39; 40].

The efficient use of cargo wagons contributed
to the intensification of the use of infrastructure
for cargo transportation (Pic. 6). The analysis of
the data presented in Pics. 5 and 6, using the
methodology proposed by Nobel laureate in
economics Edmund Phelps [41], allows us to
conclude that the Russian railways had a high
level of dynamism, i.e. the desire and ability to
innovate, at the beginning of the 20" century.

Innovations covered all aspects of the
development of the country’s railways.

In the track divisions, the most important
innovations were associated with the transition
to the use of steel rails, the use of heavier types
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of rails, the improvement of rail fastenings, the
use of sleeper impregnation, and the improvement
of the track maintenance and repair system [1;
42]. Some railways tested and applied innovative
designs of under-rail foundations using concrete,
asphalt concrete, and reinforced concrete [43;
44].

The rolling stock was improved. Due to
several improving innovations, the power of
steam locomotives increased, steam distribution
was improved, boiler pressure and axle load
increased. On this basis, opportunities opened
for increasing the weight and speed of trains, as
well as the cost-effectiveness of transportation.
Modern methods for assessing the innovativeness
of technics [45—47] make it possible, based on
data from [48], to assess the dynamics of the
growth of the innovativeness of freight steam
locomotives produced in Russia in the late 19* —
early 20" centuries (Table 4).

The fleet of cargo wagons was also
qualitatively improved on an innovative basis:
increased payload and cargo capacity, reduced
tare ratio, etc. [1; 49]. A significant increase in
the level of innovation was typical for different
types of wagons (Table 5), including wagons with
increased payload capacity, which appeared at
the beginning of the 20% century (Table 6).

An important component of the innovative
development of rolling stock was the production
and use of specialised cargo wagon. As early as
1862, refrigerated wagons for transportation of
perishable goods appeared, in 1868 dump
wagons appeared with a tipping body for bulk
cargo, and in 1872 there appeared domestically
produced tank wagons [42, pp. 89-90]. Other
types of specialised wagons were also produced

[1, P. 101]. By the beginning of the 20" century,
the share of specialised wagons within the fleet
exceeded 13 % (Pic. 7). Although it did not grow
in subsequent years, moreover, the increase in
the number of specialised wagons lagged behind
the overall growth rate of the fleet, the fleet of
specialised wagons made it possible to satisfy
the growing demand for transportation of non-
bulk cargo. At the same time, fundamentally new
wagons appeared. For example, in 1910, the first
isothermal wagon with mechanical cooling was
built [49, P. 40]. In general, the specialisation of
the fleet of wagons contributed to the strengthening
of the positions of railways in the cargo
transportation market.

It is important to note that the innovations
were implemented by specific railways that were
entities in the transport market and interested in
increasing their efficiency and competitiveness
[1, pp. 65-66, 94-96, 102]. If successful, their
application was expanded to the entire network.
A good example was the increase in the carrying
capacity of a standard cargo wagon from 900 to
1000 poods* in 1907 on the South-Eastern
Railways. Soon it began to be used on the
Catherine’s and Vladikavkaz Railways, and since
1910 it was approved by the Ministry of Railways
for the entire railway network [1, P. 65].

The system of mutual use of cargo wagons,
in turn, «grew» from agreements between
neighbouring railways on the organisation of
uninterrupted service and was finally implemented
based on an network-wide agreement between
all the railways [7, pp. 64—65]. At the same time,
no «common fleet» of wagons based on its

*1 pood — 16,38 kg.
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Table 4
Increasing the level of innovation of Russian cargo locomotives in 19" — early 20™ centuries
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Source: compiled and calculated by the authors based on data [48].
Table 5
Increasing the level of innovation of Russian cargo wagons in 19" — early 20" centuries
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Covered Petersburg-Moscow railway 1846 2,05 9,775 49 0,95 1
Peterburg- Warsaw railway 1860 4,1 23,1 8,9 0,73 1,87
Petersburg-Moscow railway, 1863 4,7 19,55 9,8 0,78 1,88
rebuilt from four-axle to two-axle
Non-braking, of Kovrov 1870 5 20,05 8,75 0,58 1,98
workshops with trusses
Non-braking, of Kolomna plant | 1879 6,25 18,1 7,9 0,52 2,08
Normal 12,5 t, non-braking 1892 6,25 20,0 8,8 0,54 2,16
Normal 16,5 t, non-braking 1911 8,25 19,5 8,8 0,43 2,50
Platforms | Petersburg-Moscow railway 1846 2.5 - 5,625 0,60 1
Peterburg- Warsaw railway 1860 6,25 - 8,7 0,39 1,86
Kolomna plant 1878 6,75 - 11,75 0,38 2,12
Three-axle 1881 5,0 - 7,87 0,48 1,55
Normal type, non-braking 1892 6,25 - 12,45 0,54 1,94
Gondola For coal transportation 1861 5,0 4,0 - 0,42 1
with wooden body frame
For coal transportation 1880 6,25 10,0 - 0,48 1,54
with steel channels, non-braking
Tanks For transportation of oil, non- 1872 5,0 5,85 - 0,62 1
braking
For transportation of normal type | 1895 7,5 7,75 - 0,50 1,35
oil, non-braking
For transportation of gasoline 1908 7,5 9,25 - 0,58 1,38

Source: compiled and calculated by the authors based on data [49].
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Table 6

Increasing the level of innovation of Russian cargo wagons with
increased carrying capacity in 19" — early 20™ centuries
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Covered Moscow-Kazan railway, 1905 6,875 16,4 109 0,45 1
without bogies

South-West Railways 1906 9,375 25 138 0,48 1,27
Central Asian railway 1909 9,375 19,5 144 0,55 1,21
Catherine’s Railway 1906 8,33 25 119 0,42 1,22

Platforms Petersburg-Warsaw railway 1903 8,25 - 109 0,42 1
Elongated 1908 8,25 - 125 0,51 0,99

Gondola Coal 1908 7,5 9 130 0,40 1
With metal body 1906 9,375 12,5 134 0,43 1,15
Catherine’s Railway 1906 8,33 10,7 113 0,36 1,06

Tanks Vladikavkaz and Kazan railways 1895 6,25 7,25 97 0,54 1
South-Eastern railways 1898 8,25 9,5 119 0,45 1,26

Source: compiled and calculated by the authors based on data [49].

centralisation was created, but mutual use of
fleets belonging to specific railways was ensured.
This experience is noteworthy in the context of
modern discussions on the optimisation of cargo
wagon fleet management [50].

Based on the innovation-focused development
of Russian railways in the context of growing
commodity production and the transportation
market in the country, while pursuing a rational
government economic policy [14; 51; 52],
railway industry achieved high efficiency indices.
By the beginning of the 20" century, in terms of
return on invested capital, Russian railways

%

B Share of special wagons

ranked second among the leading railway
systems in the world [12, P. 303], and in terms
of the level of economic efficiency of current
activities (according to the criterion of the
minimum coefficient of operating costs) in 1913
they were at the top [53, P. 103].

CONCLUSION

The analysis of the development of railway
transport in the late 19 — early 20" centuries,
carried out using the Russian railway industry as
an example, has shown that already in the first
phase of the evolution of railway transport — the

¥ Incloding tanks

Pic. 7. Changes in the level of specialisation of cargo wagons on the Russian
railway network at the beginning of the 20" century.
Source: calculated by the authors based on data from [18].
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phase of predominantly extensive development
[27, P. 130], the intensification of railway activity
was carried out on an innovative basis, which
became the foundation for the development and
growth of the industry’s efficiency in the second
phase of its evolution [27, pp. 131-133]. The
innovation-focused development of Russian
railways in the period under review, which was
positively influenced by the multicentricity of
development and implementation of innovative
solutions, allowed them to take leading positions
in the national cargo transportation market and
achieve world leadership as for several key
production and economic indicators.

This historical experience is very interesting
in modern conditions, when railways are solving
long-term problems of their effective positioning
in the transport and logistics services market
through creation of an innovative basis [54; 55].
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ABSTRACT

Ponkin, I. V. Methodology of Scientific Research and Practical
Analytics. A Textbook. 5% edition revised and expanded. In two
volumes. Vol. 1: Practical Analytics (The Art of Analytical Thinking
and Analytical Work). Consortium «Analytics. Law. Digital».
Moscow, Buki Vedi publ., 2024, 720 p. (Series: «Research
Methodology and Ontology»). ISBN 978-5-4465-4179-9.

The textbook of an advanced level is devoted to the thematic
horizon of the theory and methodology of applied analytics. It
explains the concept, essence, nature, ontology of applied analytics
(as a kind of specific mental activity and as its product), its functional-
specific and sectoral diversity, describes and elaborates on
methods, technologies and tools of applied analytics, concepts and
schemes putin the foundation of its organisation and implementation.

radically improve the quality of intellectual training (both
I scientific and applied analytical), to go to the operational
space of high professional analytics, to overcome the huge
gap between highly professional experience and total
inexperience, between unknown theory and timid practices in
applied analytics —these are the critically important tasks facing
today the entire system of public administration, but are just as
relevant for engineering training, training of lawyers,
economists, managers. Alas, there is almost no teaching aids to
teach intellectual work, the skill and art of analytical thinking
and analytical work.
The striking and deservedly marked exception here is the
textbook « Methodology of Scientific Research and Practical
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Challenging Questions, Not Easy Answers
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The textbook that has been successfully tested for different
audiences and groups describes criteria for evaluating analytical
processes and products.

The edition is intended for professional analysts (of various
industries and directions), analytics professors, managers and
employees of scientific organisations and departments, applied
analytical products customers, applicants for academic degrees and
their scientific consultants / supervisors, researchers and faculty of
educational organisations, as well as for all those interested in this topic.

The author of the book review offers some reflections on the
first volume of the fifth edition of the «Methodology of Scientific
Research and Applied Analytics» by I. V. Ponkin and the illustrated
appendix to it, raises challenging issues of professional analysts
training.

Keywords: applied analytics, science, training of practical analysts, think tanks, advantage in analytical support.

Analytics» by Igor V. Ponkin, LL.D, Professor (Russian
Presidential Academy of National Economy and Public
Administration (RANEPA), Kutafin Moscow State Law
University). The work has already withstood several editions.
The textbook can be safely called a tool that develops the intellect
and abilities of management, intended for scientific researchers
and applied analysts, heads of specialised departments.

The author of the review, to be honest, has already published
his feedback [ 1] to the third (one-volume) edition of this textbook
[5], and therefore could not miss the edition of the new first
volume of the two-volume textbook «Methodology of Scientific
Research and Practical Analytics» authored by 1.V. Ponkin [2]
(the second volume in the previously appeared 4% edition was
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co-authored with A. 1. Lapteva [4]; within the fifth edition,
according to the authors, the second volume is expected only in
2025) and an illustrated appendix to this two-volume edition —
a kind of «zero» volume [3].

The textbook is based on the expert knowledge and
reflections accumulated by many other researchers and analysts,
systematised and fundamentally presented by I. V. Ponkin, but
also on his own vast experience in conducting expert work,
participating in scientific research and in expert support of public
administration. These publications are written by a science and
analytics professional for science and analytics professionals.
Five Doctors of Law who defended their doctoral theses under
his scientific supervision (consulting) are already quite
a convincing milestone for recognition of the level of
professionalism, as well as the volume of his publications —more
than 900 works translated into 10 different languages.

Educational, methodical and instructive literature, which I.
V. Ponkin seeks to create on the subject of the methodology of
scientific research and applied analytics, is devoted to
technologies, methods, tools, practices, «life hacks» of
professional research, educational, analytical work, creating
starting points for high-level discussions for high-class scientists,
researchers and applied analysts and is filled with this kind of
texts.

Such publications have already become (and the trend will
only be increasingly fixed and expanded) a step towards the
creation of highly professional literature on the basic doctrine
and methodology, useful both for educational activities and for
professional research work — both research and development,
and applied analytical works.

And it must be said that Professor Ponkin’s aspirations to
create a comprehensive and universal, but most importantly,
effective system of « wrapping one’s head around it», as he likes
to say, are indeed able to find and do really find a positive
response not only among legal scholars and practitioners of legal
analytics (which is evidenced by dozens of reviews of various
editions of this extensive and ambitious work).

These aspirations are of interest to specialists in technical
and economic areas in science and applied analytics, finding
consistent interest and disciples in these areas, causing
intellectual ferment and discussions at various levels.

The distinctive feature of all editions of the «Methodology. . .»
of . V. Ponkin (partly in co-authorship with A. I. Lapteva) is the
focus on applied issues, although developed each time by
introduction of the relevant theoretical basis, «sublimated
substrates» of knowledge and instructional materials. There are
absolutely no showdowns and disputes with anyone, and there
is not the slightest hint of politicisation or ideologization of
arguments and recommendations. There is a powerful multi-level
«fragmentation» of the presented thematic areas into multi-level
hierarchical rows of compact condensed blocks that set out and
reveal «simple» technological issues.

Let us briefly consider the contents of the first volume.

The introduction defines the classical familiarisation with
the topic, sets out the author’s intention and concept, the goals
of the textbook and its paradigmatic foundations, shows in which
discussions the previous editions of the textbook were reflected.

The first chapter «Concept, Ontology and General Theory
of Practical Analytics» contains 13 paragraphs and reveals the
thematic areas: the concept, nature and ontology of applied
analytics; species diversity of applied analytics; who is an
analyst; a line of roles of a practitioner-analyst; what constitutes
aerobatics in applied analytics; the proper scope of qualification
of the chief analyst (head of the analytical department); the
concept, foundations, framework and content of the general
theory of applied analytics; correlation of factography and
applied analytics; correlation of jurisprudence of law-making
and applied analytics; a brief substrate summary of the
methodology of applied analytics (§ 1.10 is the largest paragraph
of the first chapter, so brevity is relative here); the concept and
meaning of intuition in applied analytics; differences between

the expert opinion of a practitioner-analyst and other types of
writing or other presentation of considerations; the concept and
meaning of visualisation of the process and results of applied
analytics.

The second chapter is devoted to specific instrumental and
functional segments of applied analytics and includes six
paragraphs, revealing the following thematic areas: the concept
and features of predictive applied analytics; prescriptive applied
analytics; the concept and features of descriptive applied
analytics; the concept and features of intellectualised applied
analytics and pragmatic applied analytics; the concept and
features of diagnostic (deviological) applied analytics, features
of operating anomalies in applied analytics; the concept and
features of «postmortem» applied analytics.

The third chapter is devoted to the training and qualification
of practitioners-analysts, contains eight paragraphs, revealing
the thematic areas: the importance and features of the training
of practitioners-analysts; understanding of what is due in the
purposeful formation of a professional practitioner-analyst;
description of some of the most non-trivial and noteworthy
training methods in applied analytics; features of training
analysts in foreign special services; ways of forming the abilities
and skills of critical thinking in practitioners-analysts; the
concept and measure of the proper skill and art of the practitioner-
analyst to ask questions; standards of good applied analytical
craft, craftsmanship and art; presentation of a formalised list of
relevant knowledge, skills, competencies and abilities of
a practitioner-analyst.

The fourth chapter sets out the evaluation tools — criteria
and parameters of applied analytics, consists of 13 paragraphs:
distinctive (essential) and descriptive parameters of applied
analytics; analytical accuracy; complexity in applied analytics;
analytical fluency; analytical flexibility; analytical insight;
brevity and simplicity in applied analytics; metacognitive
distancing in applied analytics; evaluative and interpretative
certainty in applied analytics; consistency of applied analytics;
analytical maturity; analytical perseverance or grasp; analytical
scepticisms.

The fifth chapter sets out specific technologies and
techniques of applied analytical work, covering a wide variety
of them in 22 paragraphs: general introduction to the topic; data
search in applied analytics; analytical vision in the development
of the material under study; analytical markup of the studied
textual material; focusing in applied analytics; crystallisation of
ideas and conclusions in applied analytics; creation of valuable
ideas in applied analytics; applied analytical synthesis from
small fragments; analytical enrichment of data and analytical
enrichment of an applied analytical product; the key issue of the
pre-final preparation of the applied analytical product about the
missed essential points; the concept and techniques of applied
analytical writing; the concept and meaning of the idea and
ingenuity; non-linearity of the process of working on an applied
analytical product; cyclicity in applied analytics; the concept,
requirements and technologies for preparing an analytical report;
ontology as a tool for applied analytics; the concept and features
of analytical reading of a text; the operation of images in
analytics; transition to the meta-level in analytics; nonlinear
thinking and linear thinking in applied analytics; the first steps
in the creation of a research product; the use of generative
pretrained transformers of texts in natural language (Chat GPT)
in applied analytics.

The sixth chapter sets out 32 general analytical methods
and respectively includes 32 paragraphs, and among them
paragraphs on intuitive analytics methods; analytical framing,
folding, unfolding, contrast methods; methods of explicit-
structured, implicit-structured, and descriptive-explicative
theorising; methods of flow analytics; method of simplification
of ontologised images of scientific or analytical constructs;
method of scenario modelling; SWOT analysis method;
analytical method of dissenting opinion in a group; analytical
method of moving back from the final point; analytical method
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of transfer; analytical method of complicating the task;
dashboard method; analytical method of the «fish skeletony;
method of the tree of current reality; colour coding method;
method of association mapping; tagging method; method of
constructing a cause-and-effect matrix; the failure tree method;
analytical listening method; methods of bibliometric analytics;
analytical pyramid method; method of reference points; method
of operating with competing hypotheses; Bayesian approach;
method of analytical operation with core factors; methods of
brainstorming and synectics; method of situational and logical
analysis; method of morphological analysis.

The seventh chapter sets out in five paragraphs the theory
and practice of applied analytics deviantology: a general
introduction to the topic; defects in applied analytics and
deviantology of applied analytics; the importance of methodology
for operating defects in applied analytics; cognitive biases as
a source of defects in applied analytical products; cognitive
vulnerabilities of the practitioner-analyst.

The eighth chapter is devoted to collectively produced
analytics, think tanks (analytical centres), and includes eight
paragraphs: awareness in the subject-object domain (domain
awareness) and superiority in such awareness; situational
awareness and superiority in situational awareness; general
operational picture in applied analytics; analytical coherence of
the analytical department; analytics factories; situational and
analytical centres.

The ninth chapter is devoted to the specialised subject-
object areas (directions) of applied analytics, including legal
analytics, engineering analytics, and business analytics.

Each paragraph in most cases is divided into subparagraphs,
which, in turn, have a greater independent value. Altogether
(that is in the volume), hundreds and hundreds of important and
complex questions are explained.

The contents of the textbook are summarised in the
conclusion.

‘When reviewing the work, it is impossible to ignore the
aspect that this is one of the first publications in the country
illustrated with the help of generative artificial intelligence
technologies.

True, some of the images are human made, but there are
illustrations in the work generated by a machine under the
prompt control of I. V. Ponkin. The author operates with complex
visual images with powerful cognitive-stimulating content,
proving through his own example, among other things, the
canonical position about the value of visualisation in applied
analytics.

This is an especially crucial point, especially since we live
in the conditions of widespread memo-clip thinking, and this
should be considered when developing textbooks and programs.

Ice balls frozen in an icy transparent cube (P. 37) — as
a figurative representation of a composite analytical product; an
assembled wooden puzzle of a strict cube consisting of complex
spatial details that figuratively reflect the importance of the
organic, integrative integrity of the analytical report (P. 429),
a series of illustrations using the effect of complex spatial
combinations of steel balls and steel cables (pp. 35, 158, 600),
complex spatial combinations of cubes (pp. 34, 72, 622, 623,
630, 655, 668); «a candle that does not give a flame, but emits
a turbulent stream of water» — as «a figurative reflection of
inadequacy and fantasy, obvious anomalousness of the recorded
data or the obtained defective analytical result» (P. 146);
«figurative representation of burning water ice (in the absence

of chemical tricks)» (P. 222) and much more will certainly help
the reader to visualise the main points of the textbook.

Also, with such illustrative support of the two-volume (plus
the zero volume) edition, I. V. Ponkin achieves another important
goal — to expand the circle of those interested in the topic far
beyond the narrow circle of high-class professional analysts.

Of the obvious shortcomings of the fifth edition of the first
volume (on practical analytics), one could point out the
unacceptably small volume of immensely popular thematic
sections — on engineering analytics (two pages), business
analytics (two pages).

Another drawback of the fifth edition of the first volume
(as well as of the second volume in the previous, fourth, edition)
is the absence of control tasks, task books after the chapters.
Although, perhaps, given the scale of the work, such a task book,
a collection of tasks should be made a separate volume.

As for the illustrated introduction to practical analytics,
here we would rather recommend issuing a similar illustrated
introduction to research work, which would be logical, based
on the idea of the two-volume work.

However, talking about «flawlessnessy is not the best way
to evaluate instructional work in science and applied analytics,
and both publications are objectively beyond praise.

In this case, we can even talk about the emergence of a new
class of highly intellectual analytical literature in the country. It
is unlikely that Igor Ponkin and his co-author Alena Lapteva
can be considered the founders or the central element of such
literature (there are more famous and prolific authors), but the
fact that the «Methodology of Scientific Research and Practical
Analyticsy rightfully occupies the «best shelf» in this volume
is indisputable. This is a more than worthy contribution.
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Borisov, P. V. Techniques for assessing the
residual life of lithium-ion batteries of traction
rolling stock. Abstract of Ph.D. (Eng) thesis
[Metodika otsenki ostatochnogo resursa litii-
ionnykh akkumulyatornykh batarei tyagovogo
podvizhnogo sostava. Avtoref. dis...kand.tekh.
nauk]. St. Petersburg, PGUPS publ., 2024, 15 p.

The use of independent energy sources on
traction rolling stock, such as lithium-ion battery
storage units, makes it possible to use both hybrid
traction technology, which helps reduce the load
during peak operating modes of the diesel generator
and hydrogen proton-membrane power plants, and
completely autonomous traction using batteries.

The use of alternative energy sources used for
traction rolling stock on the railway network of the
Russian Federation is increasingly developing. The
task of introducing these types of energy sources
on shunting, suburban and other locomotives has
not been fully resolved, since there is a problem of
the limited life of the battery storage unit. Traction
rolling stock equipped with a battery storage unit
as the main one energy source requires limited
operating modes.

Increasing the efficiency of the «diesel
generator — energy storage» system allows to
increase the service life, as well as reduce the costs
of premature replacement or unscheduled repair of
the diesel generator. This fact is the key to successful
implementation of plans for operation of shunting
locomotives of the TEMO9N and TEM5X series, as
well as of transition of shunting traction to
autonomous one due to the use of EMKA2
locomotives.

The reasons influencing the reduction of the
service life of lithium-ion batteries of traction
rolling stock (LIAB TRS), manifested in a decrease
in the total capacity, were studied.

The equivalent circuit related to LIAB TRS was
studied and its parameters were determined with
subsequent verification on a model with the values
obtained during an experiment.

The characteristics of the internal resistance of
LIAB TRS suitable for operation were studied, the
relationship between the increase in the value of
the total resistance Z and its service life was
obtained. The criteria for rejecting LIAB in
operation were determined based on the parameters
of the equivalent circuit of LIAB.

Proposals have been developed for organising
the monitoring of LIAB TRS residual service life
using functional diagnostics tools under current
operating conditions, which will allow monitoring
the current state and predicting the reduction of
service life of LIAB without performing
maintenance and current repair of the traction
storage unit.

Based on the developed proposals for
monitoring LIAB TRS service life, algorithms for
software diagnostics of LIAB storage unit for TRS
have been built.

Software has been developed for the control
system of the energy converter operating with LIAB
TRS, for which an author’s certificate of state
registration of the computer program No.
2023681901 has been received.

A traction calculation has been made for an
experimental locomotive for shunting work,
equipped with LIAB. The capacity of LIAB has
been determined for the specified operating mode
of TRS within a marshalling yard. The service life
of the resulting traction storage unit has been
determined, confirmed by experimental studies.

As recommendations and prospects for further
development in this direction, it may be proposed
to test the proposed methodology on different types
of electric energy storage devices, as well as to
develop a hardware on-board automated diagnostic
complex, implemented in a traction storage device,
which collects, stores and analyses information.

2.9.3 — Rolling stock of railways, train traction
and electrification.

The work was performed and defended at
Emperor Alexander 1 St. Petersburg State Transport
University.

Kovalev, V. A. Improving the efficiency of |
interaction of external and traction power
supply systems of 25 kV alternating current.
Abstract of Ph.D. (Eng) thesis [Povyshenie
effektivnosti vzaimodeistviya system vneshnego
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ityagovogo elektrosnabzheniya peremenogo toka
25 kV. Avtoref. dis... kand. tekh. nauk].
Khabarovsk, FESTU publ., 2024, 24 p.

As part of the implementation of the Transport
Strategy of the Russian Federation, the goal has
been set to increase the transit capacity of the
Eastern part of railway network. The most
important task is the elimination of «bottlenecks»
on the transport network of railways, which limit
the increase in the speed and weight standards of
trains. As one of the mechanisms for eliminating
«bottlenecks», the Strategy provides for
reconstruction and modernisation of traction power
supply systems.

The thesis examines the issues of increasing the
efficiency of interaction between external
(hereinafter — EPS) and traction (hereinafter — TPS)
AC 25 kV power supply systems to fulfil the tasks
formulated by the programs for the strategic
development of railways.

An analysis of the interaction indicators of
external and traction power supply systems of 25
kV alternating current was performed using the
example of the Far Eastern Railway’s TPS. The
connection of traction substations to the 25 kV
alternating current TPS using the «feeding» circuit
creates a «bottleneck» for increasing the weight of
trains and reducing the intervals of passing trains.

The mathematical model for calculating the
distribution of traction load currents of electric
rolling stock in the windings of traction transformers
and phases of the power transmission lines of the
external power supply system is specified by the
temporary input resistances of the nodes of
connection of traction substations to the power
transmission lines developed in the thesis study.

An algorithm and automated workstation for
determining the temporary input and mutual
resistances of the nodes of connection of traction
substations to the power transmission lines of EPS
have been developed.

A database of power transmission lines, power
transformers and automatic transformers of EPS
substations feeding the Far Eastern Railway TPS
has been developed.

An algorithm has been developed for
determining the number of time intervals, selecting
power supply circuits for predicted traction loads
in the considered period considering the
minimisation of dispersion and rational consumption
of the resource of switching devices and voltage
regulation devices of traction substations. The
algorithm was implemented with a computer
program.

The obtained results prove that computer
modelling of the normalisation of traction load
power supply circuits and connection of traction
substations to power transmission lines and traction
network increases the efficiency of interaction
between traction and external power supply
systems.

2.9.3. Rolling stock of railways, train traction
and electrification.

The work was performed and defended at the
Far Eastern State Transport University.

Polyakova, L. A. Monitoring of soil erosion
near railway bridge supports through natural
vibration frequencies. Abstract of Ph.D. (Eng)
thesis [Monitoring razmyvov grunta i opor
zheleznodorozhnykh mostov po chastotam
sobstvennykh kolebanii. Avtoref.dis...kand.tekh.
nauk]. Novosibirsk, STU publ., 2024, 24 p.

The safety of bridge structures during operation
must be ensured by conducting periodic
inspections, control checks and monitoring of the
condition of structures. When controlling
structures, the operational dependability of
transport structures is assessed, and
recommendations are given for eliminating the
identified defects. Defects affecting the safety of
the structure can emerge in places that are difficult
to access for inspection (for example, in the
underwater part of the supports and in the
underbridge channel). One of such defects is soil
washout near the channel supports of the bridge.

When designing a bridge crossing, the
maximum depth of soil erosion near the support is
calculated and the required deepening of the support
foundation base into the ground is determined. But
these measures are often insufficient for the safe
operation of the bridge. This is primarily due to the
fact that the calculated characteristics of the water
flow during the period of operation of the structure
can change significantly compared to the values
adopted at the time of design. These changes are
associated with climate change, as well as with the
initially calculated possible probability of exceeding
the characteristics of the water flow. There are also
practical cases when the rock foundation at the
support, initially considered non subject to erosion,
is washed away. This is due to the peculiarity of
a particular rocky soil, which, when its natural
structure is disturbed (the construction of the
foundation of the supports), is destroyed up to the
soil subject to erosion. Based on this, periodic
monitoring of soil erosion at the supports is
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necessary to ensure the reliability of the bridge
structure.

The relevance of the study is due to the lack of
a scientifically based method for the prompt
diagnosis and monitoring of soil erosion at channel
supports. And the fact that the free length of the
support changes with the development of erosion
allowed us to put forward a hypothesis about the
dependence of the frequency of natural oscillations
of a natural-technogenic system consisting of
a support, foundation soil and superstructures
resting on the supports, on the amount of soil
erosion at the support.

In-kind measurements of natural oscillation
frequencies of natural-technogenic systems
consisting of supports, foundation soil and
superstructures resting on the supports were
carried out with different structural designs of the
elements and the actual soil level at the supports.
As a result, experimental qualitative and
quantitative dependencies of natural oscillation
frequencies of natural-technogenic systems of
different structural designs on the soil erosion
depth at the supports were established.

The calculation assumptions were substantiated
when determining the natural oscillation frequency
of a support considering its joint operation with
the span structures resting on it and the foundation
soil. Thus, the mathematical model for determining
the natural oscillation frequencies of natural-
technogenic systems with different foundation
depths was refined, describing the interaction of
the support and the superstructures resting on it,
by considering the specific operation of the
supporting parts during free oscillations.
Calculated dependencies of natural oscillation
frequencies of natural-technogenic systems on the
soil erosion depth at the supports were obtained.
The compliance of the accepted design assumptions
with the actual operation of the structure is
confirmed by comparing the obtained frequencies
with the results of in-kind measurements for 35
operated supports.

An algorithm has been developed for
monitoring the depth of soil erosion at the supports
of railway bridges based on the frequencies of
natural oscillations, which allows for timely
detection of support erosions and monitoring their
depth.

The prospects for further research include
studies of the dynamic operation of various natural
and man-made systems, considering the design
features of the bridge structure and the mass of
water involved in the oscillatory process.

2.1.8—Design and construction of roads, metro,
airfields, bridges and transport tunnels (engineering
sciences).

The work was performed and defended at the
Siberian Transport University.

Umanets, V. V. Risk management in the
logistics system of railway cargo transportation.
Abstract of Ph.D. (Eng) thesis [Upravlenie
riskami v logisticheskoi sisteme gruzovtkh
gheleznodorozhnykh perevozok. Avtoref. dis...
kand. tekh. nauk]. St. Petersburg, PGUPS publ,
2024,17 p.

The objective of the study is to develop
methodological provisions for managing the
risks of railway cargo transportation arising in
logistics transport systems under the conditions
of a deficit in the transit capacity of the railway
infrastructure and associated with violations
of cargo delivery times, failures of technical
means (TMF) and actions of third-party
organisations.

The need to synchronise the risk management
system with the methods of analysis and
forecasting of railway cargo transportation,
especially in key areas, is substantiated. The
formalisation of transport and logistics risks
arising under the influence of many factors,
including constraints on investment development
of infrastructure, tariff restrictions and growth of
operating costs related to its maintenance and
repair, has been completed.

It has been proven that the existing system for
analysing cargo transportation does not fully
consider the problems of the state and development
of the railway infrastructure, which does not allow
for a prompt and flexible response to changes in
the structure of cargo flows and the dynamics of
transportation. As a solution to the problem, an
algorithm for forecasting the volume of cargo
transportation is proposed, which makes it
possible to clarify changes in the volumes and
structure of cargo in accordance with the transit
capacity of the infrastructure.

A concept for analysing railway cargo
transportation has been developed, considering
the risks of infrastructure constraints. The concept
of risks of transit capacity constraints regarding
railway infrastructure has been expanded.

The semantic modelling method was used to
systematise, structure and rank the risks of violation
of cargo delivery deadlines and risk owners, and
perform quantitative assessment of risks by the
sources of their generation. It is shown that the
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proposed calculation allows to increase the
reliability of assessment of the risks of limiting the
transit capacity of the railway infrastructure,
considering the frequency of their occurrence and
the significance of the impact on the delivery times
of goods.

Amethodology for managing the risks regarding
the transit capacity of the railway infrastructure
based on semantic modelling was developed and
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tested. A software product was developed in the
JAVA programming language, the use of which can
be useful in the risk management system of logistics
transport systems of other modes of transport.
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The 50* Anniversary of the start

of the construction of the Baikal-Amur Mainline

from Khabarovsk and Irkutsk, symbolising the

docking of the “golden” link of the BAM. The
event was to honour the 50" Anniversary of the start of
the construction of the BAM. More than 600 veterans
and honoured guests travelled with those trains to Tynda.
In total, more than 2 thousand guests from all over the
country and the former republics of the Soviet Union
gathered in the capital of the BAM to meet again and
remember how they paved the way through the endless
taiga, rivers and mountain ranges of Siberia and the Far
East half a century ago.

The same day, a monument to the builders of the
mainline was opened. The composition, cast in bronze,
is installed on a granite pedestal. On both sides of the
sculpture there are scenes from the life of BAM residents
and the route of the legendary railway. The author of the
monument is Salavat Shcherbakov.

July 8 marks one of the main days in the history of
the BAM. Despite the fact that by the summer of 1974
work on the railway had already been in full swing, and
many Komsomol members had been working there, the
Decree of the Central Committee of the CPSU and the
Council of Ministers of the USSR No 561 “On the
construction of the Baikal-Amur Mainline” dated July
8, 1974 determined the stages and terms of construction,
the amount of unprecedented project funding.

BAM has become home to numerous records. The
total length of the railroad is 4287 km, it passes through
Eastern Siberia and the Far East to the Pacific Ocean. It
also crosses the territory of two republics (Buryatia and
Yakutia), Khabarovsk and Transbaikal, Irkutsk and Amur
regions, passes through 7 mountain ranges and 11 crosses
full-flowing rivers (including Lena, Vitim, Olekma,
Amur, Zeya, Selemdzha, Bureya).

About 130 thousand Soviet citizens were employed
in the construction of tracks during the peak period of
construction, and over 2 million people took part in the

Tynda became the meeting point for relay trains

construction of the Baikal-Amur Mainline in total,
including representatives of 13 republics of the USSR
and 22 autonomies of the RSFSR.

The work took place in difficult climatic and
geological conditions, which required a huge contribution
from all the sectors, but above all from those people who
were directly involved in the construction. The builders
of the Baikal-Amur Mainline solved the problem of the
national level, opened access to the natural resources of
a huge region, built the shortest intercontinental railway
East-West route and strengthened the military-strategic
position of the country.

It is symbolic that on the occasion of the 40"
anniversary of the Baikal-Amur Mainline, on July 8,2014,
President of the Russian Federation Vladimir Putin gave
an official start to BAM-2, the largest modern construction
project in the Eastern part of the national railway network.
The BAM expansion project is aimed at increasing
Russia’s transport connectivity with the countries of the
Asia-Pacific region and improving the conditions for the
socio-economic development of the Far East.

In 2024, on the commission of the President, the
third stage of the investment project to modernise the
railway infrastructure of the Baikal-Amur Mainline and
the Trans-Siberian Railway until 2035 was approved.
Within the framework of the project, a fundamentally
new quality railway infrastructure is being created with
the involvement of the most advanced technical and
technological solutions. In the context of increased
demand for cargo transportation in the eastern direction,
the development of the Baikal-Amur Mainline and the
Trans-Siberian Railway is one of the key national tasks.
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