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BOJHOI'0 TPAHCIIOPTA

[Ipensinymee HazBanue «Bectank BITABT» (2002-2019 1T.)

W3nanne MOCBSIICHO aKTyalbHBIM BOIPOCAM BOJHOTO TpaHCIOpTa Poccuu u MyONMKyeT HOBBIC
Hay4Hble Pa3pabOTKH, PE3yNbTaThl HCCIEIOBAHUHA, METOABI, METOAMKA W TEXHOJOTHH IO TAaKUM
Ba)XHBIM ISl OTPACIH HAPABICHUSAM KaK CyIOCTPOEHHE, CYJOPEMOHT, SKOJIOTHUYECKass 0€30MacHOCTh
CyIHa, KCILTyaTalHsl CyI0BOTO SHEPIeTHUECKOTO 000PYA0BaHUS, THAPOTEXHUIECKOE CTPOUTEIHCTBO,
9KCIUTyaTallUsl BOJHOTO TPAHCIOPTAa, CYAOBOXICHHE M O€30MacHOCTh CYAOXOJCTBA, HSKOHOMHKA,
JIOTUCTHKA U MEHEJDKMEHT Ha TPaHCIIOpTe.

Ieabio KypHaa sBISIETCS CO3/aHUE HAYYHOI'O NMPOCTPAHCTBA JUISl PACIPOCTPAHEHUS IMEPEIOBBIX
3HAaHUH B 00JIACTH BOJHOIO M JPYTMX BHIOB TPAHCIOPTa Ha TeppuTopud Poccuu u 3a pyOeroM.
TloBbIICHHE aABTOPUTETa HALMOHAIBHBIX IyOJMKAlMii B MHPOBOM HAay4yHOM COOOIIECTBE.
Martepuaibl BbIITyCKa PEKOMEHIYIOTCSI HAyYHBIM COTPYHHAKAM, MPEIOAaBATEIISIM BHICHIMX Y4eOHBIX
3aBe/ICHHI, HH)KEHePaM, aCIIMPAHTaM U CTyJCHTaM COOTBETCTBYIOLINX CIELHATBHOCTEH.

Kypnan 3apeructpupoBan B DenepaiabHOi ciayx0e 1Mo Haa3opy B chepe cBsA3M, HHPOPMAMOHHBIX
TEXHOJIOTHI U MacCOBBIX KOMMyHHKanui (Pockomuanzop), CeunerensctBo [T Ne ®C77-77658 ot 17
staBaps 2020 r. [loanucHoit nanekc B 00bequHEHHOM KaTamnore «lIpecca Poccum»: 70191

Beimyckaetess ¢ 2002 roma, nmepHOAMYHOCTh BBIMyCKa - 4 pa3a B roa, Gopma BbITyCKa
neuyammulii, cemegotl, SI3bIK PyCCKUll, AHSTUNUCKUI.

Yupeaureas u uzgarennb: OenepansHoe Anpec yupeaureJisi, U31aTeJIs1 U
TOCyTapCTBEHHOE OIOKETHOE 00pa3oBaTeIbHOE peaakuum: 603950, Poccuiickast
YUpEeKICHUE BBICIIEro 00pazoBanus «Bomkckueit ®enepanus, r. Huxnuit Hosropon,
TOCYAapCTBEHHBII YHHUBEPCUTET BOJTHOTO yi1. Hecreposa, 1.5,
tparcnoptay (PI'BOY BO «BI'YBT»). Tem. +8(831) 419-51-84

= Kypnau Bk/1o4eH B IlepeueHb pelieH3UpyEMbIX HAYUHBIX W3JIaHUI, B KOTOPBIX JOJKHBI
OBITH OIyOJIMKOBAaHBl OCHOBHBIE HayYHBIE PE3YJIbTaThl TUCCEPTALMil HA COMCKAHNE YYEHOU
CTENEeHU KaHIuAaTa HayK, Ha COMCKaHHe yueHOH creneHu JokTopa Hayk (Ilepeyens BAK)
TI0 CJIEAYIOIIAM CIEIUATBHOCTSM:

2.5.17 Teopust kopadjs ¥ CTPOUTEIbHAS MeXaHHKA

2.5.18 IIpoexkTHpOBaHWE H KOHCTPYKIHSA CYyA0B

2.5.19 TexHoJ0rHs CyI0CTPOEHHUS, CyIOPEMOHTA H OPraHU3ALHUS CY/I0CTPOHTETHLHOTO

NMPOU3BOJCTBA

2.5.20 CynoBble 3HepreTHYecKHe YCTAHOBKH M HX 3JIeMeHThI

2.9.7 Dxkcniyatanusi BOAHOTO TPAHCIOPTA, BOJHBIE IYTH, COOOIEHHs H rHAporpadus

5.2.3 PerunonajabHasi U oTpac/jieBasi IKOHOMHKA

= )Kypnan BxiroueH B cucremy Poccuiickoro naaekca HayqHoro iurupoBanust (PHIL)



® [TonHBIE TEKCTHI CTaTeH JKypHalla pa3MEIICHBI B POCCHICKUX HayYHBIX JIEKTPOHHBIX
oubmmorekax CyberLeninka, elibrary.ru, DBC «Jlanpy, a Takxke MyOIHKYIOTCS Ha caiiTe
KypHaua http://journal.vsuwt.ru.

= )XypHau nmoIkitoYeH K MeXIyHapoaHoH cucteMe Gubnmorpaduyeckux cebuiok Crossref

= XypHan npenocTaBisieT OTPBITHIA JOCTYII K MOJHBIM TEKCTaM IMyOJIMKAIMi HA OCHOBE
munensuun Creative Commons (CC BY 4.0) .

CraTh¥ NPUHUMAIOTCS B XKYPHaJI B 2JIEKTPOHHOM BHze Ha e-mail: journal@vsuwt.ru ( wim
yepes caiit xxypHaina http:/journal.vsuwt.ru/). Madopmarus o mopsake myOIuKamud U
TpeOoBaHUIX K 0(OPMIICHHUIO CTaThH Pa3MEIeHBI Ha CaliTe XKypHalla B pasjesie ABTOpaMm.

PenaKuleq JKypHajla OCYHICCTBIIACT MOHUTOPUHI KOPPCKTHOI'O0 HOUTUPOBAHHA C NOMOIIBIO
CHCTEMBI K AHTHILJIATHAT.

Pemaxmms )xypHaIa OCyIIECTBIISET CBOIO IESTEIFHOCTh B COOTBETCTBUH ¢ I1010KEHUSAMH 110
COOJFOICHUTO U3IATEIILCKON 3TUKH, pa3padOTaHHBIMH Ha OCHOBE ME)KIyHAPOTHBIX
CTaHJapTOB:
1. monoXeHus, MPUHATHIC Ha 2-0¥ BecemMupHOM KOH(MEPEHIINH ITO BOIIPOCaM
coOmoaeHusT TOOPOCOBECTHOCTH HAYIHBIX HcciaeaoBanuii (Cunramyp, 22-24 uromis
2010 r., http://www.worldscientific.com/worldscibooks/10.1142/8102);
2. monoxeHus, pa3padoTaHnHsie KoMHTETOM 10 STHKE HAaydHBIX IyOnukanuit (The
Committee on Publication Ethics —
CORPE, http://publicationethics.org/resources/guidelines);
3. HopMmbI rnaBkl 70 « ABTOpcKOe mpaBo» ['paskaanckoro koaekca Poccuiickoi
Oeneparuu http://www.gk-rf.ru/glava70.

Bce HayuHBIe cTaThH, IOCTYIHBIINE B pPeAaKIMIO KypHana «HayuHsle npo6iemMsl BOTHOTO
TPAaHCIIOPTa»  MHPOXOAAT  00s3aTeIbHOE  JBYCTOPOHHEE  AHOHMMHOE  («ciemoe»)
penieH3upoBaHue, Bee pelieH3eHThl SBIAI0TCA NPU3HAHHBIMY CIENHAAINCTAMH MO TEMaTHKE
pEeLeH3UPYEMBIX MaTepHanoB. MHEHHE 4YIIEHOB PEIKOJUIETMH M PENAKIHU MOXET He
COBITA/IaTh C TOYKOH 3pPEHMS aBTOPOB ITy OJIMKAIHH.

Penakuua u PenkoJsierus

I'naBHbI pegakTop
Ky3bmuues Urops KoncTanTHHOBHMY, A.T.H., Ipodeccop, peKkTop, Boinkckuii rocyaapcTBeHHBINH
YHHUBEPCUTET BOAHOrO TpaHcmopTa, r. Huwkuuit Hosropoa, Poccus

3amMecTHTEIH TJIABHOTO peaakTopa

Bypmuctpos Eprennii ['enHagpeBud, 1.T.H., Ipodeccop, IPOPEKTOp 110 HAYYHOH 1 HHHOBAIMOHHOMN
JeATeTbHOCTH, BOIDKCKHI rOCy 1apCTBEHHBII YHUBEPCUTET BOJHOTO TpaHCIOpTa, T. Hinkaumit
Hogropox, Poccus

Murpommn Cepreii I'puropseBud, K.T.H., IOIEHT, IIPOPEKTOP 10 KOHBEHIIMOHHON ITOATOTOBKE H
MEXIyHApOIHOM AeATeIbHOCTU



OTBeTCTBEHHBIIi peJaKTop

I'opanees Cepreii JIMuTpueBrd, Ha4aabHUK YTIPAaBICHUSA 10 HAYYHOH U MHHOBAI[MOHHOM
JlesTeNbHOCTH, Bo/mkckuil rocyjapcTBeHHBIN YHUBEPCUTET BOJHOIO TpaHcHopTa, . Hinkauit
Hosropon, Poccus

OTBeTCTBEHHBIN CeKpeTapb
PaeBa Onbra AnexcanapoBHa, Ha4aIbHUK U3JaTEIbCKOTO OTAeNa, BOIKCKIIA Tocy1apCTBEHHBIN
YHUBEPCUTET BOAHOTO TpaHcnopTa, r. Huwxkuuit Hosropon, Poccus

Yaensl Peakosriernn
BesrokoB Oner KoncrantuHoBuy, A.T.H., npodeccop, akagemuk PAT, ['ocynapcTBeHHbINH YHUBEPCUTET
MOPCKOT0 1 peqHoro ¢nota uMeHu aamupana C.O. Maxkaposa, r. C.-IlerepOypr, Poccus;

Bensix Bragumup HukomaeBud, 1.T.H., mpodeccop, akageMuk PAT, ['ocyqapcTBeHHbINH YHUBEPCUTET
MOPCKOT0 1 peqHoro ¢nora uMeHu aamupana C.O. Makaposa, r. C.-IlerepOypr, Poccus;

bux HOpwmii Uropesnd, a.1.H., npodeccop, CHOMPCKUI TOCYHapCTBEHHBIH YHHBEPCHTET BOIHOTO
TpaHcnopra, T. HoBocubupck, Poccus;

Bbumbepekos [1aBen AjekcaHIAPOBHY, TOKTOP TEXHHUECKUX HAYK, JOICHT, Ipodeccop
kadeapel TeopuHM KOpaOJisA, CYIOCTPOCHHUS M TEXHOJOTHH MaTepuanoB, CHOUpPCKUit
rOCyAapCTBEHHBI YHUBEPCUTET BOJHOTO TpaHcmopTa, T. HoBocubupck, Poccust

Baranos Anekcanap bopucosud, A.T.H., 1o1eHT, MHCTUTYT TpaHCIOPTHBIX cucteM Hibkeropoackoro
rocyIapCTBEHHOT0 TexHu4yeckoro ynuepcurera uM.P.E.Anekceesa, r. Huwxnuit Hoeropon, Poccus;

I'aBpunoB Anekcanap MBaHoBuY, 1.3.H., mpodeccop, Poccuiickas akagemMusi HAPOIHOTO XO3SCTBA U
rocyJapcTBEeHHOI ciry>x0b1 pu [Ipesunente Poccuiickoii deneparuu, T. Mocksa, Poccust;

I'mpun CranucnaB HukomaeBudy, K.T.H., mpodeccop, Bomkckuit rocynapCTBEHHBIH YHHBEPCHUTET
BOAHOrO TpaHcnopra, r. Huwxuuit Hosropoa, Poccus;

I'pamy3oB EBrenmii MuxainoBuu, nA.T.H., npodeccop, WHCTUTYT TpaHCIOPTHBIX CHCTEM
Hwmxeropockoro rocyaapcTBEHHOTO TEXHHUECKOTo yHuBepcureTa uM. P.E. AnekceeBa, r. HmxHnuit
Hogropon, Poccus;

Jomuuna Ombra JIeoHHIOBHA, K.T.H., IOLIGHT, BOJDKCKUN rOCyJapCTBEHHBIH YHUBEPCHTET BOJHOIO
TpaHcnopra, r. Hiwkuuit Hosropoa, Poccusi;

EpmakoB CranucrnaB AnekcaHmpoBud, 1.0.-M.H., mpodeccop, Bomkckuii rocynapcTBeHHBbIH
YHUBEPCUTET BOAHOTO TpaHcnopra, r. Hwkuuit Hoeropox, Poccus;

Kazako Hukomaii HukonaeBuy, K.T.H., AOLEHT, benopycckuil rocyaapcCTBEHHBIH YHHMBEPCUTET
TpaHcnoprta, r. 'omens, benapycs;

Kanmanna Hapexxma BukTopoBHa, K.T.H., HOIEHT, 3aB. Kadeapod KopaOIecTpoeHHS M
aBUAIMOHHOM TeXHUKH, HIDKeropoackuit rocy1apcTBeHHBIH TEXHHYCCKIA YHHBEPCHTET HM.
P.E. Anekceesa, r. Hwxuuit Hosropon, Poccust

Kupnuenko Anekcannp Bukroposud, 1.1.H., mpodeccop, ['ocyaapcTBeHHBIN YHUBEPCUTET MOPCKOTO U
peuHoro ¢iora nmern anmupana C.0. Makaposa;

Kopuunos JImutpuii AjekcaHapoBud, 1.9.H., mpodeccop, akamemuk PAEH, Hmkeroponckuit
rOCyJapCTBEHHBINH TexHIYecknil yHIBepcuTeT UM. P.E. Anekceesa, r. Hmxauit HoBropoa, Poccns;

Koponée [Opuit IOpbeBu4, k.3.H., OoueHT, MHCTUTYT Ou3Heca M MeEHEMKMEHTa TEXHOJIOTHIl
Benopycckoro rocy1apcTBeHHOTO YHUBEPCUTETa, I'. MuHCK, benapycs;

KoponeBa Enena ApceHTbeBHa, 1.3.H., mpodeccop, ['ocyqapcTBEHHBI YHHBEPCHTET MOPCKOTO U
peunoro ¢uota umenn aamupana C.0. Makapoga, r. C.-IlerepOypr, Poccus;

KoctpoB Bmagumup HwukomaeBwu, n.3.H., mpodeccop, Bomkckuii TocymapCcTBEHHBIH YHHBEPCHUTET
BOAHOTrO TpaHcnopra, r. Huwxkuuit Hosropoa, Poccus;

Kounes Opuit AnexcanapoBud, A.T.H., JOIEHT, Bomkcknil rocyjapcTBEHHBIH YHUBEPCUTET BOIHOTO
TpaHcnoprta, r. Huwkuuit Hosropoa, Poccusi;



JlaBpentreBa Enena AnexcanapoBHa, 1.3.H. mpogeccop, 'ocy1apcTBeHHbI YHUBEPCUTET MOPCKOTO U
peunoro ¢iota nmenn agmupana C.0. Makaposa, r. C.-IlerepOypr, Poccns;

Jlamaes JImutpuit Hukomaesuy, 11.3.H., mpodeccop, Hmkeropoackuii rocy1apCcTBEHHBIH TeXHHIECKUH
yHusepcutetT uM. P.E. Anekceesa, r. Huxuuilt Hosropoa, Poccus

JlumaroB Urops Bukroposmu, a.T.H., mpodeccop, Bomkckmii rocymapcTBeHHBI YHHBEpCHTET
BOAHOTrO TpaHcnopra, r. Huwxkuuit Hosropona, Poccus;

Mapeer EBrenunit AnatonmbeBud, 1.¢.-M.H., mpodeccop, akagemuk PAH, 3amecturens aupekropa
UI1® PAH no nayuHnoit pabore, Huwxuuit HoBropoa, Poccus;

Margsees FOpuii MBanoBud, A.T.H., podeccop, Bomkckuii rocyjapcTBEeHHbIH YHHBEPCUTET BOIHOTO
Tpancnopra, r. Hikxauit Hosropon, Poccus;

Merénkun [TaBen BruagmmupoBmy, a.3.H., podeccop, Poccuiickuit yHnBepcuter Tpancnopra PYT
(MUMUT), HHCTUTYT SKOHOMHKH U puHAHCOB, . MockBa, Poccnst

Huxymenko Imutpuii Bragnmuposud, 1.1.H., npodeccop, Cankr-IlerepOyprekuii rocy1apcTBeHHBIH
MOpPCKOH TeXHHYEeCKHH yHHUBepcHTeT, I. C.-IletepOypr, Poccns;

Huaunopyk Arapeit Onerosud, A.T.H., TOUEHT, BOIDKCKHI roCcy1apCTBEHHBI YHUBEPCUTET BOIHOTO
TpaHcnopra, r. Huwxkuuit Hosropoa, Poccus;

[Inactunun Annpeii EBrenbeBud, 1.T.H., JOUEHT, BOIKCKUi TOCY1apCTBEHHBIN YHUBEPCUTET BOJHOTO
TpaHcnopra, r. Huwxkuuit Hosropoa, Poccus;

Pemrnsk  Banepuit UBaHoBmY, na.T.H., mupodeccop, Cankr-IletepOyprekuii rocynapcTBEHHBIH
YHUBEPCUTET MOPCKOT0 M peyHoro ¢uoTa uM. agmupaia C.0. Makaposa, r. C.-IlerepOypr, Poccnst.

PonnoB Eprennii [TaBmoBud, 1.T.H., mpodeccop, Bomkckuii rocyaapcTBEHHBI YHUBEPCUTET BOJTHOTO
TpaHcnopra, r. Hiwkuuit Hosropoa, Poccusi;

Caxno Koncrantun HukomnaeBud, 1.T.H., mpodeccop, ACTpaxaHCKHUH TOCYIapCTBEHHBINH TEXHUUCCKUH
YHHUBEPCHUTET, I'. AcTpaxaHb, Poccus

CurHoB Aunekcannp Hukomaeswu, A.T.H. mpodeccop, Boimkckuil rocyaapcTBEHHBI YHHBEPCHUTET
BOAHOTrO TpaHcnopra, r. Huwxkuuit Hosropoa, Poccus;

CunukapeB Buxrop MBaHoBMY A.T.H., mpodeccop, npodeccop kadenapsr CynoBoxIeHHS,
CubupcKuii TocyIapCTBeHHBIN yHUBEpcuTeT BogHOoro TpaHcnopta (PI'BOY BO «CT'YBTY»)

ConoBbeB Anekceil BanepreBrd, 1.T.H. 3aMecTuTenb aupekropa, @AY Poccuiickuit Peunoit Peructp,
Bepxue-Bomxkckuit pumman, r. Huwkuuit Horopoa, Poceus;

VYnanos Oner deneposuy, 1.3.H., npodeccop, Harmonanbuelii uccnemoBatenbckuii Hinkeropoackuii
rocynapcTBeHHbIi yauBepcuteT uM. H.U. Jlo6auesckoro, r. Hwxuuit Hosropos, Poccus;

VYmeramneB Axbutbex  CanapOexoBuy, aA.3.H., mpodeccop, KoIpre3ckuii  rocyaapcTBeHHBINH
TeXHUUECKui yHuBepcuteT uM. M. Pa33akosa, r. bumkek, Kupruscran;

Yprmunnes FOpuit Huxomaesud, a.T.H. mpocdeccop, Bomkckuil TocymapcTBEHHBIH YHHUBEPCHTET
BOAHOTrO TpaHcnopra, r. Huwxkuuit Hosropoa, Poccus;

LperkoB [Opmit HukomaeBnw, n.1.H., mnpodeccop, Cankr-IlerepOyprckuii rocynapcTBeHHBII
YHHUBEPCUTET MOPCKOTO U peuHoro ¢uora uMm. agmupana C.O. Makaposa, r. C.-IletepOypr, Poccus.

© BI'YBT, 2026



4 http://journal.vsuwt.ru ISSN 2713-1858 (print)
E DOI: https://doi.org/10.37890/jwt ISSN 2713-1866 (on-line)
l-r

Russian Journal of Water  Ne88 (3) 2026
Transport

The previous name «Bulletin of VSAWT» (2002-2019)

The journal is devoted to the topical issues of water transport in Russia and publishes
scientific materials, research results, methods and technologies in such important areas for
the industry as shipbuilding, ship repair, environmental safety of a ship, operation of ship
power plants, hydraulic engineering, navigation, navigation safety, economics, logistics and
transport management.

The purpose of the journal is the scientific area creation for dissemination of advanced
knowledge in the field of water and other kinds of transport in Russia and abroad and for
the increasing authority of national publications in global scientific community. The
materials of the issue are recommended for researches, teachers of higher educational
institutions, engineers, graduate students and students of the relevant specialties.

The journal is registered with the Federal Service for Supervision of Communications,
Information Technology and Mass Media (Roskomnadzor) certificate PI No. FS77-77658
dated January 17, 2020. Subscription index in the united catalog «Press of Russia»: 70191.

The journal has been published since 2002, 4 times a year; the form of issue is prinfed,
networked, language Russian and English

Founder and publisher: Federal State Founder, publisher and editorial
Budgetary Educational Institution of Higher address: 603950, Russian Federation,
Education «Volga State University of Water Nizhny Novgorod, st. Nesterova, 5,
Transport» Tel. +8 (831) 419-51-84

=The journal is included in the List of peer-reviewed scientific publications, in which the
main scientific results of dissertations for the degree of candidate of science, for the degree
of doctor of sciences (List of Higher Attestation Commission) in the following specialties
should be published:

2.5.17 Theory of the ship and structural mechanics

2.5.18 Ship design and construction

2.5.19 Technology of shipbuilding, ship repair and organization of shipbuilding production
2.5.20 Ship power plants and their elements

2.9.7 Operation of water transport, waterways, communications and hydrography

5.2.3 Regional and sectoral economy

= The journal is included in the system of the Russian Science Citation Index (RSCI)



= The full texts of the journal articles are posted in the Russian scientific electronic libraries
CyberLeninka, elibrary.ru, EBS «Lany, and are also published on the journal's website
http://journal.vsuwt.ru/

»The journal is connected to the international system of bibliographic references Crossref
» The journal provides open access to the full text of publications on a license basis Creative

Commons (CC BY 4.0)
B

Articles are accepted in the journal in electronic form by e-mail: journal@vsuwt.ru (or
through the magazine's website http://journal.vsuwt.ru/)

Information about the publication procedure and requirements for the article formatting is
posted on the journal's website in the For Authors section. The editorial board of the journal
monitors the correct citation using Antiplagiat system.

The editorial board of the journal carries out its activities in accordance with the Provisions
on the observance of publishing ethics, developed on the basis of the international standards:

1. provisions adopted at the 2nd world conference on integrity of scientific studies
(Singapore, July 22-24, 2010;
http://www.worldscientific.com/worldscibooks/10.1142/8102);

2. provisions developed by the Committee on publication ethics (The Committee on
Publication Ethics — COPE; http://publicationethics.org/resources/guidelines);

3. norms of Chapter 70 «Copyright» of the Civil code of the Russian Federation
http://'www.gk-rf.ru/glava70

All scientific articles submitted to the editorial office of the journal «Scientific Problems of
Water Transport» are subject to mandatory bilateral anonymous («blindy») reviewing. All
reviewers are recognized experts on the subject of the reviewed materials. The opinion of
the members of the editorial board and editorial staff may not coincide with the authors
point of view.

Editorial Team

Editor In chief: Igor K. Kuzmichyov, Dr. Sci. (Tech.), professor, Volga state unuversity of water
transport, Nizhny Novgorod, Russia

Editor In chief deputy: Evgeniy G. Burmistrov, Dr. Sci. (Tech..), professor, Volga state unuversity of
water transport, Nizhny Novgorod, Russia

Editor In chief deputy: Sergey G. Mitroshin, Cand. Sci. (Tech.), Volga state unuversity of water
transport, Nizhny Novgorod, Russia

Contributing Editor: Sergey D. Gordleev, Volga state unuversity of water transport, Nizhny
Novgorod, Russia

Executive Secretary: Olga A. Raeva, Volga state unuversity of water transport, Nizhny Novgorod,
Russia
Editorial board



Oleg K. Bezyukov, Dr. Sci. (Tech), professor, academician of Russian Transport academy, Admiral
Makarov State University of Maritime and Inland Shipping, St.-Petersburg, Russia;

Vladimir N. Belikh, Dr.Sci. (Phys-Math.), professor, Volga state unuversity of water transport, Nizhny
Novgorod, Russia;

Yuriy I. Bik, Dr. Sci. (Tech.), professor, Siberian state university of water transport, Novosibirsk,
Russia;

Pavel A. Bimberekov, Dr. Sci. (Tech.), Associate Professor, Professor at the Department of

Ship Theory, Shipbuilding, and Materials Technology, Siberian State University of Water
Transport, Novosibirsk, Russia

Alexandr B. Vaganov, Dr. Sci. (Tech.), assistant professor, Institute of transportation system of NSTU,
named after R.E. Alekseyev, Nizhny Novgorod, Russia;

Alexandr 1. Gavrilov, Dr. Sci. (Econ.), professor, FSBEE H.Ed.» Russian academy of national
economy and public service under the President of Russian Federation, Moscow, Russia;

Stanislav N. Guirin, Cand. Sci. (Tech.), Volga state unuversity of water transport, Nizhny Novgorod,
Russia;

Evgeniy M. Gramuzov, Dr. Sci. (Tech.), professor, Institute of Transportation System NSTU, named
after R.E. Alekseyev, Nizhny Novgorod, Russia;

Olga L. Domnina, Cand. Sci. (Tech.), assistant professor, Volga state university of water transport,
Nizhny Novgorod, Russia;

Stanislav A. Yermakov, Dr. Scs. (Phys-Math.), professor, Volga state unuversity of water transport,
Nizhny Novgorod, Russia;

Nikolay N. Kazakov, Cand. Sci. (Tech.), deputy dean of Belorassian State University of Transport,
Gomel, Belarus;

Nadezhda V. Kalinina, Cand. Sci. (Techn.), Associate Professor, Head of the Department of
Shipbuilding and Aviation Engineering, R.E. Alekseev Nizhny Novgorod State Technical
University, Nizhny Novgorod, Russia

Alexandr V. Kirichenko, Dr. Sci. (Tech.), professor, Admiral Makarov State University of Maritime
and Inland Shipping, St.-Petersburg, Russia;

Dmitriy A. Komilov, Dr. Sci. (Econ.), professor, NSTU, named after R.E. Alekseyev, Nizhny
Novgorod, Russia;

Yuriy Yu. Korolyov, Cand. Scs. (Econ.), assistant professor, Belorussian state university
(I.B.M.T BSU), Minsk, Belarus;

Elena A. Koroleva, Dr. Sci. (Econ.), professor, Admiral Makarov State University of Maritime and
Inland Shipping, St.-Petersburg, Russia;

Vladimir N. Kostrov, Dr. Sci. (Econ.), professor, Volga state unuversity of water transport, Nizhny
Novgorod, Russia;

Yuri A. Kochnev, Dr. Sci. (Tech.), assistant professor, Volga state unuversity of water transport,
Nizhny Novgorod, Russia;

Dmitriy N. Lapaev, Member of RANS, Dr. Sci. (Econ.), Deputy Director for Research of the Institute
of Economics and Management of Nizhny Novgorod State Technical University n. a. R. E. Alekseev

Yelena A. Lavrentyeva., Dr. Sci. (Econ.), professor, Admiral Makarov State University of Maritime
and Inland Shipping, St.-Petersburg, Russia;

Igor V. Lipatov, Dr. Sci. (Tech.), professor, Volga state unuversity of water transport, Nizhny
Novgorod, Russia;



Evgeniy A. Mareev, Dr. Sci. (Phys-Math), Federal Research Center Institute of Applied Physics of the
Russian Academy of Sciences, full member, Nizhny Novgorod, Russia;

Yuriy I. Matveyev, Dr. Sci. (Tech.), professor, Volga state unuversity of water transport, Nizhny
Novgorod, Russia;

Pavel V. Metelkin, Dr. Sci. (Econ.), professor, Russian university of transport (MIIT), Moscow,
Russia;

Dmitriy V. Nikushenko, Dr. Sci. (Tech.), professor, State Marine Technical University, St.-Petersburg,
Russia;

Andrey.O. Nichiporuk, Dr. Sci. (Tech.), assistant professor, Volga state university of water transport,
Nizhny Novgorod, Russia;

Andrey.E. Plastinin, Dr. Sci. (Tech.), Volga state university of water transport, Nizhny Novgorod,
Russia;

Valeriy 1. Reshnyak, Dr. Sci (Tech.), professor, Admiral Makarov State University of Maritime and
Inland Shipping, St.-Petersburg, Russia;

Evgeniy P. Ronnov, Dr. Sci. (Tech.), professor, Volga state unuversity of water transport, Nizhny
Novgorod, Russia;

Konstantin N. Sakhno, Dr. Sci. (Tech.), professor, Astrakhan State Technical University, Astrakhan,
Russia;

Alexandr N. Sitnov, Dr. Sci. (Tech.), professor, Volga state unuversity of water transport, Nizhny
Novgorod, Russia;

Viktor I. Sichkarev Doctor of Technical Sciences, Professor of Navigation Department,
Siberian State University of Water Transport,

Alexey V. Soloviev, Dr. Sci. (Tech.), associate Director, Upper Volga branch of the Russian River
Register, Nizhny Novgorod, Russia;

Oleg F. Udalov, Dr. Sci. (Econ.), professor, FSAEI H.Ed. NNSU named after Lobachevsky, Nizhny
Novgorod, Russia;

Akylbek S. Umetalyev, Dr. Sci. (Econ.), professor, Kyrgyz State Technical University named after
Razzakov, Bishkek, Kyrgyzstan;

Yuriy N. Urtmintsev, Dr. Sci. (Tech.), professor, Volga state unuversity of water transport, Nizhny
Novgorod, Russia;

Yuriy N. Tsvetkov, Dr. Sci (Tech.), professor, Admiral Makarov State University of Maritime and
Inland Shipping, St.-Petersburg, Russia.

© VSUWT, 2026



CONEPXAHUE

Cyoocmpoenue, cyoopemonm u IK0102U4ecKas 0e30nacHocms cyona

B.B Bouaposa, A.A. Anmonos, 0.0. /[Ipoéviuesa, B.JO. Cmaonukos

MaremMaTryeckoe MOJETUPOBAHNE PACTIPOCTPAHEHIS YIIFTPAa3BYKOBBIX BOJIH B IIPHEMHOM
TPYOKE THAPOIMHAMHUYUCCKOTO JTATA HOBOTO THIIA ... .veeeveereeresseenseesseessenssensaenseessessesssessnenses 13
C.B. Bacvkun, E.A. Jlykuna, A.H. Camocrok

Merononorus paspabotku Monyiel «CyqoBble ycTpoiicTBa U cucTeMbl» VR-TpeHaxépa
«Teopus ycTpoiCTBa CyJHA» U IPUMEHEHHE B YUCOHOM TIPOLIECCE .....vevveeneenreneerenveneeeeeenen 24
M. A. Kupcanosa, JL.I'. Opnosa, A.B. Conoeves, I0.C. @edocenxo

O KOHIENINHU pa3paboTKU MOJIEILHO-AITOPUTMHYECKOTO o0ectieueH s IM(PPOBOIT CUCTEMBI
TIOIACPKKH MPUHATHS PEIICHUN TPH OICHKE TEXHUIECKOTO COCTOSHIS KOpITyca CyaHa.... 35

A.B. Ilocaockasn
ApPXHUTEKTYpHO-KOHCTPYKTHBHBIE OCOOCHHOCTH KPYUZHBIX CYHOB.....cveeeremeenieneenrenieneeeneenees 46

H.JI. Cmenanos, E.M. I pamy3oe
O0o0cHOBaHHE MaTEMaTHYECKOM MOZIEIN BIOOPA OCHOBHBIX JIEMEHTOB CyXOTPY3HOTO

A.A. Tpouyk, A.P. Pyoan
AHann3 OCHOBHBIX MEXaHU3MOB JIeTpaiallii KOpIlyca CyJHa: CHHEPreTHKa, MOJISTUPOBAHKE
T METOIBL KOHTPOIS ¢ uvteeutteeuteeeuiteeuteeentteetteesbeeenseeesbaeanneeenbaeenseeenbeeesteessbeenseeensaeenaeeenaseenneeens 67

Cyooeoe rnepzemuueckoe obopyoosanue

C.B. Tepnviu

[MoBbimenue 3¢ (HeKTUBHOCTH CYTOBBIX I'a30TYPOUHHBIX YCTAHOBOK YCTPAHCHUEM BITUSHHUSI
MIEPEKOCOB OCEH COETUHUTEIBHBIX BATIOB ....uvveeureesreenieeeireenseeeniteenieeensreessreessseeseeesseeesieeens 80
O.1L. Illypaes, A.H. Camocrok

Teoperndeckas MBapTOBHAS XapaKTEPUCTHKA U OIICHKA COTJIACOBAHHOCTH IpeOHOTO BHHTA
1 TJIABHOTO JIBUTATEIIS TPAHCIIOPTHBIX CYIOB BHYTPCHHETO THIABAHHUS «....vvvnveneeneereeenneennes 94

3KOHOMlll<a, JI02UCIMUKA U MEHEOHCMEHM HA mpaHncnopme

C/. I'oponees, O.J1. Tpyxunosa
CucreMHas Auarnoctuka zaumoaerictsus BI'YBT u npeanpusituii BogHOTO

TPAHCIIOPTA: BBISBJICHHUE ITOTEPh M ONTHMHU3AINS KOHTYPOB YIIPABICHHS «..cevevvenveeeneenene 107
P.B. I'ynuooe, M.B. Xonowa, A.H. I'agpunos
[opT-xa0 B TpaHCIIOPTHOH cUCTEME F0Ta [IPUMOPCKOTO KPAST «..vevveeeeeeeeeieriieseeeieeeeeneeane 118

T.H. Kawmuuvina, M.3. Koeanes
Bopnsrii panciopt B XXI Beke: Gapbepbl pocTa H BEKTOPHI Pa3BUTHUS B HOBOU

IKOHOMHUECKOM PEATBHOCTH .....cnviurieurenurentreieeseenseenseenneeneesueesseesseeesesesesanesseesseenseenseenenne 128
. A. Kopuwiynos, A.Il. baghanos

VHHOBaIMOHHASI TPAHCIIOPTHAS YCIIyTa KaK ApalBep pOCTa SKOHOMUKH. .......c..cerveeneeennenne 137
B.B. Kpaitnosa

IInaTHbIi npueM B TpaHCIIOPTHBIE B3l B 2026 roay: HOBBIE IPaBHJIa U BO3MOXKHEIE
TIOCTICIICTBHIL «...veevvvenientete st eueententestesbesueeaeeuse s estesueebesaeeseeuseseesaena et e sueebeeasessentesaeenesueeneennens 149



6.B. I]eepoes, E.B. Pa3una
MopnenupoBaHHe TPaHCIOPTHO-TOTHCTHIECCKHX MPOLECCOB C UCIONB30BAaHHBIMH

MOAJOHAMH B SKOHOMHUKE 3AMKHYTOTO LIHKIIA ..eeuvveeemreerureenureenareenueesreesseesseesnseesoneessseenane 162

IKcnayamayus 600H020 mpancnopma, 600Hvle HYMU, COOOUICHUA U
2uopozpagusn

A.E. Acmawun, I' J]. Ilonomapes, H.C. I'yces, T.C. Hegheoosa
Meskce30HHAs TUHAMUKA CTOKA MAJIBIX PEK JIECOCTEIHOM 30HbI Hibkeropoackoi o01actu B

YCJIOBHAX MAJIOCHEKHOM 3UMBI HA TIPUMEPE P. MEITHA ....eonvvveniiieiiieniieeiieeiieeeiee e 174
10. U. buk, H. H. ®omuuesa

BnusiHue TeMmepaTypHOTo pekuMa Ha HalpsKEHHOE COCTOSHHE OJIOKOB OETOHUPOBaHUSA
THUAPOTEXHUUECKHUX COOPYIKEHMM . .c..uveeureeiieenieenitienieenteeeteesteeeteesateesnseesbeeeseesbeesnneesane 185
C.C. I'epacumos, A.H. Cumnoe

HccnenoBanne BIUSTHUS CKOPOCTH CyAHA Ha PYCIIOBOH Mpoliece B KaHAJIE Pa3HOH TITyOHHBI
TI0 pe3yIbTaTaM MaTeMaTHIECKOTO MOAEINPOBAHUS T

HAPABITAKH TIOTOKR c..ceuvtenteeuterutenttenttenteenteenteesteeueesteesteenteestesssesssesueesueenseenseenseemsenseenseenseensens 196
C.B. Epmaxkoe, H.ZK. Manunun, /I.B. Illesuyk
[MpuHIMIE GOpMHUPOBAHHUS MPOLECCHBIX HU(PPOBBIX TBOWHUKOB CYITHA ....venververereeeneennens 206

M.B. Ocokun, M.B. Kyxoe

[pakTrdeckuii aHAIN3 PUCKA BOSHUKHOBEHUS «UHCTOW» IMMOTEPH OCTOMYMBOCTH IIPH
sanuBanuy manyosl Ha npumepe cyaHa «OLYMPIC INTERVENTION IVx ..........c......... 221
B.B. @upcos, 10.H. Ypmmunues

OnTuMu3aIs ONePaTUBHOTO IUTAHUPOBAHKS PA0OThI ()JI0TA C IPUMEHEHUE
HHQPOPMAIUOHHBIX TEXHOJIOTHH. ... eevveveerieentieereeseenseesseesseeseessesssesseesseesseessesssenssesssessesssens 228



CONTENTS

Shipbuilding, ship repair and ecological safety of the ship

Victoria V. Bocharova, Alexander A. Antonov, Olga O. Drobysheva, Victor Y. Stadnikov
Mathematical modeling of ultrasonic wave propagation in the receiving tube

of a new type of hydrodynamic 10g .........ccoevuieiiriieiiiiiesieeee e 13
Sergey V. Vas’kin, Evgeniya A. Lukina, Alina 1. Samosyuk

Methodology for developing the «Ship devices and systems» modules

of the «Ship theory» VR simulator and their application in the educational process ........... 24
Darya A. Kirsanova, Lyudmila G. Orlova, Alexey V. Soloviev, Yuriy S. Fedosenko

On the concept of developing model-algorithmic software for a digital decision support
system for the technical condition assessment of a ship hull.............ccoocoeiiiiiiiiniinii. 35

Anastasia V. Posadskaya
Design features of CrUISE SNIPS ......ecieriiiriieiieiieiecie ettt ae e sneeeeas 46

Igor D. Stepanov, Evgeny M. Gramuzov
Substantiation of the mathematical model for selecting the main elements of a dry cargo

Anton A. Trochuk, Anatoly R. Ruban
Analysis of the main mechanisms of ship hull degradation: synergistics, modeling,
and Monitoring MEthOAS .........eoouiiiiiieie ettt 67

Ship power equipment

Stanislav V. Terlych

The increasing the efficiency of marine gas turbine installations by eliminating the

effect of misalignment of the connecting shafts ............ccocoeeiiiiiiiniine e 80
Oleg P. Shurayev, Alina 1. Samosyuk

Theoretical mooring characteristics and evaluation of the consistency of the

propeller and main engine of inland navigation transport vessels ..........ccccceeveerverenieneenne. 94

Economics, logistics and transport management

Sergey D. Gordleev, Olga L. Trukhinova
Systemic diagnostics of the interaction between VSUWT and water transport enterprises:

identifying losses and optimising management CONTOULS.........cc.eerureueeeerieereeenieereeeeeseeennes 107
Ruslan V. Gulidov, Mikhail V. Holosha, Alexander N. Gavrilov
Port hub in the transport and logistics system of southern Primorsky Krai ...................... 118

Tatyana N. Kashitsina, Maxim E. Kovalev
Water transport in the 21st century: barriers to growth and development

vectors in the NeW €CONOMIC TEALILY .....c..coerieriiriiririiieeeet ettt 128
Dmitry A. D.A. Korshunov, Artem P. Bafanov
Innovative transport service as a driver of economic growth ..........c.cceceecvevievenincncneenns 137

Vera V. Krainova
Paid admission to transport universities in 2026: new rules and possible
CONSEQUETICES ...vvveenvreeurreenereenseeasreeseeasssesseeassseessessssesnsesasssesnsssssseeseesnssesssesesssessseesnssesssees 149



Viadimir V. Tsverov, Ekateruba V. Razina
Modeling of transport and logistics processes with used wooden pallets in the circular

10702110211 OO USSR 162

Water transport operation, waterways communications and hydrography

Andprej E. Astashin, Grigoriy D. Ponomarev, Ivan S. Gusev, Tat'yana S. Nefedova
Seasonal dynamics of small river flow in the forest-steppe zone

of the Nizhny Novgorod region during an extremely low-snow winter

a case study of the Medyana IIVeT..........cccoevririeirinieineneieeneeeterreeee et 174
Yu. 1. Bik, Nyailya N. Fomicheva

Influence of the temperature regime on the stress state of concrete blocks

Of hydraulic StIUCLUIES .....eocvieieiieiieciieie et ettt e ettt e te e s eaeseeesseesbeesseessesssenseenseensens 185

Sergey S. Gerasimov, Aleksandr N. Sitnov
Study of the influence of vessel speed on the channel process in a channel of different

depths based on the results of mathematical modeling of flow hydraulics............cccc.c...... 196
Sergey V. Ermakov, Nikita Zh. Malinin, Danila V. Shevchuk
Creating process-centric digital twins of a vessel principles ..........coceeeevereneneneniceiennn. 206

Mikhail V. Osokin, Maxim V. Zhukov
A practical analysis of the risk of pure loss of stability during deck flooding
using the example of the vessel «KOLYMPIC INTERVENTION IV» ...oocoviiiiiiiiiiinnee 221

Viktor V. Firsov, Yuriy N. Urtmintsey
Optimization of fleet operational planning using information technologies....................... 228



Hayunste npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

CY/IOCTPOEHHE, CY/IOPEMOHT H 3KOJIOTHYECKAA
BE3OIIACHOCTHB CY/IHA

SHIPBUILDING, SHIP REPAIR AND ECOLOGICAL SAFETY
OF THE SHIP
VIIK 629.5 (004.94)
DOI: 10.37890/jwt.vi88.747

MartemaTu4eckoe MO/IeIMPOBAHME PACIIPOCTPAHEHUS
YJAbTPa3BYKOBBIX BOJIH B IPHMEMHOIl TPyOKe ruApOANHAMUYECKOT 0
Jiara HOBOT'O THIIa

B.B bouaposa

A.A. AHTOHOB

0.0. [Ipoo6simeBa

B.1IO. Cragnukos

Mopckotl eocyoapcmeennsitl yrusepcumem umeru aomupana I M. Hesenvckozo,
2. Braousocmox, Poccus

AHHOTAUUSI: AKTYaJbHOCTH HCCICOBaHHMSA OOYCIIOBJICHA HETaTHBHBIM  BIMSHHUEM
6nooOpacTaHusi Ha TOYHOCTH PabOTHI CYIOBBIX HABHTAIIMOHHBIX HMPUOOPOB, B YaCTHOCTH
THIPOANHAMHUYECKHX JIarOB HOBOTO THIIA, YTO NPHUBOIMT K IOTPELIHOCTSM B ONpEeNeHIN
CKOPOCTH ¥ TPOIIEHHOTro paccTostHus. lLlenpro paboTHl SBIETCS MaTeMaTH4ecKoe |
HMHTALIOHHOE MOJEIMPOBAaHHE IIpOIlecca PACIpOCTPAHEHHS YIbTPa3BYKOBBIX BOJH B
NIPUEMHOIl TpyOKe TI'MIPOANHAMHYECKOTO Jara ais OOOCHOBaHWS IapaMETPOB CHCTEMEI
3all[UThl OT O0pacTaHus, OCHOBAHHON Ha SBJICHHM KaBUTalMHM. B KauecTBe MHCTpyMEHTa
WCCIEIOBaHUsI ~ WCIONB30BaH  mporpaMMHblii  kommiieke COMSOL  Multiphysics,
MO3BOJISIOLINH penIaTh CB3aHHbIC MyJIbTU(U3HYECKUE 3a1a4u. Pe3yIbTaThl MOAEIMPOBAHUS
BU3YJIM3HPYIOT PAacIpeie]ieHue YIIbTPa3BYKOBOTO II0JIS IO TIOBEPXHOCTH M B OOBEME
TpyOKH, MOATBEPK/asi BO3MOXHOCTD FeHEpPALUH aKyCTHYECKOI KaBUTAILMU IS pa3pyIIeHUs
OopraHudeckoro cmos. IlosiydeHHBle JaHHBIE TO3BOJIIIOT MEPEUTH K  CO3JaHHIO
MaJIorabapuTHON CHCTEMBI 3all[UThI, Pa3MEIIEHHON B KJIMHKETE, YTO MOBBIIACT HAJIKHOCTD
HaBHTAIIMOHHOTO 000PYIOBAHUS U CHI)KAET SKCILTyaTallHOHHbIE 3aTPATHI.

KiiouyeBble clloBa: MareMaTH4eckoe¢ MOJCIMPOBAaHME, T'MIPOAWHAMUYECKHH  JIar,
YIBTPa3BYyK, kaBuTanus, omoodpacranne, COMSOL Multiphysics

Mathematical modeling of ultrasonic wave propagation in the
receiving tube of a new type of hydrodynamic log

Victoria V. Bocharova

Alexander A. Antonov

Olga O. Drobysheva

Victor Y. Stadnikov

Maritime State University named after Admiral G.1. Nevelskoy, Vladivostok, Russia

Abstract: The relevance of the research is due to the negative impact of biofouling on the
accuracy of shipboard navigation instruments, in particular hydrodynamic logs of a new type,
which leads to errors in determining speed and distance traveled. The aim of the work is
mathematical and simulation modeling of the propagation process of ultrasonic waves in the
receiving tube of a hydrodynamic log to substantiate the parameters of an anti-fouling
protection system based on the phenomenon of cavitation. The COMSOL Multiphysics
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software package, which allows solving coupled multiphysics problems, was used as a
research tool. The simulation results visualize the distribution of the ultrasonic field over the
surface and in the volume of the tube, confirming the possibility of generating acoustic
cavitation to destroy the organic layer. The obtained data enable the creation of a compact
protection system placed in the clinket, which increases the reliability of navigation
equipment and reduces operating costs.

Keywords: mathematical modeling, hydrodynamic log, ultrasound, cavitation, biofouling,
COMSOL Multiphysics

Beenenune

OOpacTaHue MOIBOJHONM YacTH KOpIyca CyAHAa M €ro BBICTYMAIOIIUX 3JIEMEHTOB
MOPCKHUMH OpTaHU3MaMU SIBISETCS Cephe3HOM IKCIUTyaTallnOHHON TTpoosieMoit (puc.1).

Puc. 1. O6pacranne kopiryca cyJHa MOPCKHMH OpPTaHU3MaMH

JIyist cyIOBBIX U3MEpHTENeil CKOPOCTH — JIarOB — 3TOT (pakTOp KPUTHYEH, TaK KaK CIIOH
oOpacTaHus Ha IIPUEMHBIX YycTpoiicTBax (TpyOKkaX, JIaTyMKax JaBJICHHS) WCKaXKaeT
THAPOJMHAMUYECKUH MOTOK, YTO NPUBOAUT K HECTAOMIBHOCTH N3MEPCHHH W CHIKEHHIO
TOYHOCTH BBIYUCIICHUS cKOpocTH [1].

TpaaunuoHHbIe MeTOBI OOPHOBI ¢ 00pacTaHWEM BKIIOYAIOT MEXaHWYECKYIO0 OUYHCTKY,
XMMHUYECKHE TMOKPHITHS Ha OCHOBE OWOIMIOB, OJJICKTPHUYECKHE, TEPMUYECKHE U
YJIBTPa3BYKOBBIE cOCO0bI [2—4]. MexaHnueckast OUMCTKa TPYJOEMKA U MOXKET ITOBPEXKIATh
3alIUTHBIC IOKPBITHS; IEPUOAMYHOCTh €€ TMPOBEJNECHUS Ha AaKTUBHO 00pacTarolux
aKBAaTOPHAX COCTABISAET 3—6 MecsueB. XUMHUYECKUE MOKPBITHSA, HAPUMEP, C MEIbI0 MU
UMHKOM, J(@QeKkTuBHb B TeueHWe 2—3 JIeT, HO TOKCHYHBI JUIi MOPCKOH Cpeapl,
HAKaIUIMBAIOTCS B JOHHBIX OTJIOXKEHHUSX M MOCTETIEHHO BBITECHSIOTCA HPUPOJOOXPAHHBIM
3aKOHOJATENbCTBOM [5]. B mocnenHue necsATHIETHsI aKTUBHO Pa3BHBAIOTCSA aKyCTHUECKHE
METO/bl, OCHOBaHHBbIE Ha H3JIyYeHWH YibTpasByka (puc.2). B Tabmuume 1 npuseneHo
CpaBHEHHE OCHOBHBIX METOJIOB OOppOBI € oOOpacTaHMEM 10 SKCILIyaTal[HOHHBIM
MOKa3aTemsIM.
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Tabauya 1
CpaBHHTE/IbHAS XapaKTEePHCTHKA METOI0B 3aIUTHI 0T 00pacTaHus
Mexannueckas XuMunyeckue o
ITapamerp Y IbTpa3ByKOBOMH METOJT
OYHCTKA MOKPBITHS
IIepuoauunoctb 3-6 mecsLeB 2-3 roxa ITocTosiHHO
TIPUMEHEHUS (TIoxpHITHE) (o6opynoBaHmue)
DKosoruyueckas Bricokas Huskas Bricokas
6e30MMacHOCTh (TOKCHYHO)
Biusinue Ha TOUHOCTB Bo3moxHbI He Bnuser He Bnustier
nara MOBPEKICHHS
TpynoémkocTb Bricokas Huskas (mpu Hwuskas (koHTpOIB)
00CITyKUBaHUS (Bomomnasbl) HaHECEHNH)

Puc. 2. Kopryc cyHa nocie 04MCTKH aKyCTUUECKHM METOJIOM

VYibTpa3BykoBele BONHBI 4acToToi Beimie 20 k[ cmocoOHB mHOO co3maBath
KaBUTAIMIO, pPa3pyIIAIOIIyI0 KIETKH OpraHW3MOB, JHMOO BBI3BIBATH MHKPOBHOpAIMN
MTOBEPXHOCTH, MPETATCTBYIOIIHE 3aKPETUICHHUIO TUMYUHOK U CTIOpP. BaXKHBIM ITpenMyIiecTBOM
siBisiercst To, yTo 4actora 30 k'l HAXOAMTCS BBIIIE JUANa30Ha Ciyxa OOJBIIMHCTBA PHIO
(mo 2-3 xI'm) m mopckux muekonuratoumx (mo 20-22 xI'm) [6,7], 94T0 MUHMMHU3UpPYET
IpsIMOe aKycTHYecKoe Bo3jeiicTBue Ha HuX. OmHaKo, Kak MOKa3bIBAIOT HccienoBaHus [7],
HEKOTOpble OecCl03BOHOYHBIE (ACIHMIMM) MOTYT pPEarupoBaTh Ha YIbTPa3BYK, MOITOMY
HEO0OX0AMMa OCTOPOXKHOCTB IIPH MacCOBOM IIPUMEHEHUH B OPTaxX M MapHHAaXx.

VYiIpTpa3ByKOBOIl METO/, OCHOBaHHBIH Ha 3(¢dexTax KaBHTaLMM U CyOKaBUTALUH,
JIMIIEH 3TUX HEJOCTaTKOB U MO3BOJSET CO34aBaTh aBTOMATHUYECKHE CHUCTEMBI 3aIIUTHI,
paboraronye B rpouecce skciuryaranuu [8-10].

Llens naHHOW PabOTHI — C NMOMOIIBIO METOMOB MaTEeMaTHYECKOIO MOJEIMPOBAHUS B
cpene COMSOL Multiphysics uccienoBath pacnpeseieHUue yJIbTPa3ByKOBOTO MOJS B
NpUeMHOH TpyOKe THAPOAMHAMHYECKOTO Jiara sl ONpEJACNICHHS BO3MOXKHOCTH
UCTIONIb30BaHMA aKyCTUIECKOW KaBUTALMH JUIS IPEJOTBPAILCHNsT OH000pacTaHusI.
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MaTtemMaTn4yecKas MOCTAHOBKA 3a1a4H

Ananm3 GU3MYECKNX M XUMHYECKMX METOAOB 3aIlUTHI MOKA3aJ, YTO YIbTPa3ByKOBast
TEXHOJIOTHUS SIBISIETCSl HamOosiee MPEANOYTUTENBHOW I THUAPOAWHAMUYECKHX JIaroB
HoBoro THuma [l1]. B Takmx Jarax mpezrmoiaraeTcsi HCIIONB30BaHNE MHUHHATIOPHBIX
JaTYNKOB JaBJICHUS, BCTPAaMBAaGMBIX HEMOCPEICTBEHHO B IIPHEMHYIO TpyOKy, YTO
UCKJIIOYAeT MPOTSHKEHHbIE TPyOONpPOBOJABI M IOBHINIAET TOYHOCTH [12]. DTO mo3BoJsieT
Pa3sMeCTHTh YJIBTPa3BYKOBOH H3JIydaTelb KOMIIAKTHO, B HEMOCPEACTBEHHON ONM30CTH OT
YyBCTBUTEIbHBIX 3JIEMEHTOB. YJIBTPa3BYK BHICOKON MHTEHCHUBHOCTH BBI3BIBAET B JKUAKOCTH
aKyCTUYECKYH0 KaBUTAIlUIO — 00pa30oBaHuUe, POCT U CXJIONBIBAHUE MapOra3oBbIX ITy3bIPHKOB.
IIpu cxjomblBaHUM My3bIpbKa BO3HHUKAET JIOKANbHBIM THUApPABIMYECKMH yaap U
MHKPOTIOTOKH, O0OJamaiomme IOCTaTOYHOW »SHEepruedl M pa3pymieHHs MepBUIHON
OMOIIIICHKH W TPeIOTBPAIICHHUS IPUKPEIUICHUS THIUHOK oOpacTtaTeneit [ 13].

C TOYKHM 3peHHs MaTeMaTHYECKOTO MOJCIMPOBAHMSA, MPOLECC PacIpOCTPAHEHUS
YJIBTPa3BYKOBBIX BOJH B KOHCTPYKIHMM Jlara TPEACTaBiIsAeT COOOH CBA3aHHYIO 3ajady
JWHAMHKN Je(opMHUpyeMoro TBEPIOTO Tella W aKyCTHKH J>KHAKOCTH. IlomoOHble 3amaun
OTHOCSTCS K KJIaccy 3aJad MaTeMaTHIeCKOH (DM3UKH U TPeOYIOT IPUMEHEHHS COBPEMEHHBIX
YHCICHHBIX METOJIOB Il CBOETO PEIICHUS.

OOBEKTOM HCCIIEOBAHMS SBIISETCS TPyOKa COBPEMEHHOTO I'MIPOJMHAMHYECKOTO Jiara
CO CIEAYIOUMHU Te€OMETPUIECKUMHU apameTpamu (puc.3):

— uinHa Tpyoxu: L = 1,5 m;
— Hapy>xHbI# auamerp: D = 50 mMm;
— TONIMHA CTeHKU: h = 3 MMm.
Marepuan TpyOKn — METHO-HUKEIIEBBIH CIIaB C XapaKTEPUCTHKAMHU:
— IIOTHOCTH: p= 8900 kr/™>;
— moxayasb fOnra: E = 130 I'Tla;
— koaddumument [Tyaccona: n= 0.33.

o
lI|

e GOUNTEE COSTHHHTEIBHRE

—=JIATUNEH JARTEHHA

Puc. 3. Monens TUAPOJANHAMHUYECCKOTIO Jiara ¢ pacrojJOXE€HHbIMU JaTYUKaM1 OaBJICHUA

MareMaTnueckass MOJENb pPAacIpOCTPAaHEHUs YOPYTrUX BOJNH B MaTepuane Jiara
Oazupyercst Ha YpaBHEHMAX JIMHEHHOW TeopuH ympyroctd. B nekapToBoil cucreme
KOOpAMHAT JBUKEHHE CILUIOIIHON Cpe/ibl OMMUCHIBAETCS ypaBHEHUEM [14]:
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0%u
— =V-6+F Q)
p 6t2 Vo
IJie p — MIOTHOCTh MatepHana (Kr/mM*); U = (Uy, Uy, U,,) — BEKTOP NEpEMELIEHUH, M; O —
ten3op HanpsokeHwi (I1a); F, — BexTop 00pémubIX cun (H/m?).
JIis  M30TPONHOrO JIMHEHHO-YMPYroro Marepuana CBs3b MEXKIy TEH30pOM
HATIPSKCHUHN U TeH30poM Jedopmaliuii onpezesnsercs 0000mEHHM 3akoHoM ['yka:

o=C:g (@)

rine C — TeH30p yNnpyrux HOCTOSIHHBIX, € — TEH30p MaJIbIX Je(opManuii.
Tenzop nedopmanuii cBs3aH C BEKTOPOM IEPEMELICHUH KHHEMAaTHYECKUM
COOTHOIICHHUEM:

£— % [Vu + (Vu)T] = 0. 3)

Boz0yxnenue yapTPa3ByKOBEIX KOJEOAHWN MONENHPYETCS 3aJaHHUEM TapM
OHHYECKOTO BO3JCHCTBUSA HAa yUaCTKE KIMHKETA!

(t=2Tp)\*
u(t) = uy sin(2mft) - e_(%) , “

rie Uy — aMIUIMTyJa I[epeMelleHuil, ompenaenseMas MOLIHOCTBbIO M3ny4aTens. [lns
TUTINYHBIX THE302JIEKTPHUECKUX TpeodpazoBareneit MomHocTeio 50—-100 Bt ammuryna
nepemerieHnid coctasiser nopsaaka 1-10 mxm; f = 30 k[ — yactoTa ynprpasByka; Ty —
nepuosa  KosiebaHus. BbIOOp 4YacTOThl 00OCHOBaH pe3ysbTaTaMH ASKCIEPHUMEHTABbHBIX
HCCIICIOBaHMM, Moka3aBmiuX 3((deKkTHBHOCTh auama3ona 20-50 k[ s mogaBieHUsS
obpacranus [15,16].

Ha BHemHel mMOBEpXHOCTH TPYOKH, KOHTakTHpylolied ¢ 3a0OpTHOW BOAOM,
MIPOUCXOIUT H3IyYeHHE aKyCTHYECKOM SHepruM B OKpy’Kalollyio cpeny. JlaBmeHue B
XKHUJIKOCTHU p yIOBIETBOPSIET BOJHOBOMY YPAaBHEHHIO:

2
%ig—wp=a )
c’ ot

rae ¢ = 1500 M/c — ckopocThb 3ByKa B BOJIE.

Ha rpanune pasmena «TpyOKa-KHAKOCTE)» BBINOJHSIOTCS YCJIOBHS HENPEPHIBHOCTH
HOPMAaJIbHBIX KOMIOHEHT CKOPOCTH U HaNpsDKCHUH:

ou

nio-=ncv, oon=-—pn, (6)

7l N — BEKTOP BHEIIHEH HOPMAIIH; Vs — CKOPOCTD 9aCTHII )KHIKOCTH.

Ha BHyTpeHHe# moBepXHOCTH TPyOKH 3amaTcs YCIIOBHE CBOOOIHOM MOBEPXHOCTH, T.K.
mpueMHasi TpyOKa THIPOJAWHAMHYECKOTO Jilara BHYTPH TOJas W 3allOIHEHa BO3AYXOM,
BIIMSTHAEM BO3IYITHOHM Cpellbl Ha TUHAMUKY CTEHKH IPEeHeOperaeTcs:

c'n=0 7

Ypasuenus (1)-(4) co3qar0T MaTeMaTHYECKYIO MOJIENIb PAaCIpPOCTPaHEHUs YIbTpa3ByKa
I10 TOBEPXHOCTH JIara, BeIpaxeHus (5)-(7) ABNAIOTCSA TPAaHUIHBIMH yCIOBHUAMHU.

Jus  gucneHHOro pemeHus CcOPMYIHPOBAHHON KpaeBOM 3aJadll  HCIONIB3YeTCs
nporpamMMubiii mpogykT COMSOL Multiphysics®, OCHOBaHHBIH Ha METOJE KOHEYHBIX
anemenToB (MKD) [13]. OcnoBHas wumess MKD 3axnmrouaercs B JIHCKPETH3AIUU
HETPEPEIBHON 00JIACTH HAa KOHEYHBIC AJIEMEHTHI M allPOKCHMAIIMA UCKOMOTO PEIICHHs Ha
Ka)XJIOM 3JIEMEHTE.

Huckperusanusi BBIIIOJIHEHA C  HCMOJNb30BaHHEM 10-y3J0BBIX  TeTpadIpalbHBIX
3JIEMEHTOB BTOPOTO mopsika (puc.4). J{ns obecriedeHust CXOIMMOCTH PELIeHHs TPOBEAECHO
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TPH TOCJIENOBATENBHBIX W3MEIbUeHUS CeTKu ¢ Koddpoummentom 1,5. KommuectBo
3JIEMEHTOB B (MHAIBHOH ceTke — 124560, konmmdecTBO cTeneHe cBo0oIer — 578932,

Llens pacdera — ONPEAETNTh XapaKTEp PACIPOCTPAHEHHUS YIBTPA3BYKOBOTO
HMIIyJbca OT UCTOYHHKA, YCIOBHO PACIOIIOKEHHOTO Y OCHOBAHUSI KIMHKETA.

m L)

a) 0)

a) YacTp sara, BRIXOIAIIAS M3 KOPITyca CyIHA Yepe3 KIMHKET
0) u3MepHUTEIIbHAS YacTh Jlara ¢ PacoJIOKCHHBIMU YyBCTBUTEIBHBIMU 3JIEMEHTAMH

Puc. 4. Pacuetnas monens nara B8 COMSOL Multiphysics

Jlis omucaHus paclpoCTpaHEHUs BOJIH B TBEPAOM Telle HCIOIb30BAJICS MOAYJb
«AKyCTHKa TBEp/BIX Te». ['paHUuHbIE YCIOBUS Ha TOPIAX TPYOKHU 3a/1aHbl Kak CBOOOIHBIE.
Hcrounnk Bo30y»K1eHHUS MOAEINPOBAJICS KaK HOPMAJILHOE YCKOpPEHHE Ha MaJIOH IJIOIIA/IKe,
COOTBETCTBYIOIIEH MeECTy KperuieHus npeoOpasosarens. dopma curHaima mpecTaBisiia
c000# CHHYCOMIaNbHBIA UMIIYJIEC C YaCTOTOH f, MOIYJIMPOBAHHBINA rayccoBOM orubaromiei
(puc. 5), 9TO MO3BOJISIET CKOHIIEHTPHPOBATh YHEPTHIO B Y3KOH IMOJIOCE YaCTOT M M30€XKaTh
pe3Kux (GppoHTOB.

18
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Wit 3

9 - g § =10

Fenigess  Low)

Puc. 5. Orubarontas o I'ayccy mist ynbTpa3sByKOBOTO HMITyJIbCa

Pacuersl mpoBOmMIMCH JUIA  PA3NUYHBIX BPEMEHHBIX HHTEPBAJIOB. Pe3ynbrarThl
MOZAEIUPOBaHUs (pUC. 6 U 7) HANVIAAHO AEMOHCTPHUPYIOT, YTO YIPYTHE BOIHBEI OT TOYSYHOTO
UCTOYHHMKA IP(PEKTUBHO PACIPOCTPAHSIOTCS 10 BCEH JJIMHE M MOBEPXHOCTH TPYOKH, HE
3aTyxasl TOJIHOCTBIO Ha HCCIIEyeMOM OTpe3Ke BpeMeHH, paBHOM 10 mepHomoB KoseOaHUs
HCTOYHMKA YIbTPa3ByKa. DTO MOATBEPIKAAET, YTO OJHOTO HM3JIydaTells, yCTaHOBJICHHOTO B
BEpXHEH yacTu TpyOKH, TOCTATOYHO JJIsI CO3/IaHMsI KaBUTAI[IOHHOTO MOJIS MO BCel paboueit
MMOBEPXHOCTH, KOHTAKTHUPYIOIICH ¢ 3a00pTHOI BOIOM.

Fusne thaan Plal Catigri geiic Mol 1

. . - « [W[5] = = 5 .

O imemd GB0TE-T & urd

-0.0%

o3

ooy O

Puc. 6. Pactipoctpanenue ynbTpa3ByKoBOro umirysbca B 3D moaenu
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Puc. 7. PacnpoctpaneHue BOJHBI B pa3pese TpYOKU B pa3HbIii MOMEHT BPEMEHH

IIpoBenénHoe wuccnenoBanue B mporpamMMmHoM mnpogykre COMSOL, HarmsgHO
TIOKa3bIBaeT, Kak pacrpocTpaHsercss BosHa. COrIaCHO MOJEIMPOBAHMIO, 3BYKOBas BOJIHA
00J1aaeT J0CTaTOYHON SHEPrueH s obecrnedenus 3 dexra kaBuTauy Ha BCEH MIOIIATH
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nara. [Ipu pacnoyioxkeHHN HCTOYHUKA yIbTPa3ByKa Ha KIMHKETE ((IaHLe BEIX0OJa JIara)
pacIpocTpaHeHHE YJIbTPA3ByKOBOTO M3ITyYECHUS IIPOUCXOAUT IO BCEH MOBEPXHOCTH TPYyOKH
PaBHOMEPHO, TAKUM O0Pa30M pealbHO UCIONB30BAaTh KABUTALIMOHHBIA METOJ IJIsl OYUCTKU
Jara ot oOpacTaHusl.

3akjouenue

B xozme wuccnenoBaHus ¢ HUCHONB30BaHMEM IHporpaMmHoro komimtekca COMSOL
Multiphysics Obl1a mocTpoeHa MaTeMaTH4ecKasi MOJIENIb PaclpOCTPaHEHUS YIIbTPa3BYKOBBIX
BOJH B IPHEMHOH TpyOKEe T'MAPOAMHAMUYECKOTO Jlara HOBOTO THIIA. MonenupoBaHue
MOJTBEPUIIO PABHOMEPHOE Paclpe/ieieHue aKyCTHYECKOTro IHOJsl 0 MOBEPXHOCTH TPYOKHU
IpU pa3MEIEHUH OJHOTO M3JIydaTelsl B BEPXHEM 4acTH KOHCTPYKIMU. DTO JOKa3bIBAaeT
TEXHHUYECKYIO PEATN3yEeMOCTh KOMIIAKTHOW BCTPOSHHON CHCTEMBI 3aIIUTHI.

Pa3zpaboTanHas cucteMa He TpeOyeT BMEIIATENbCTBA B KOHCTPYKLHUIO Jiara, HE
BBIJICISIET BPEIHBIX BEUIECTB M MOXKET pabOTaTh aBTOMAaTHUECKH. BHeIpeHne Takux CHCTEM
MIO3BOJIUT MTOBBICUTH TOYHOCTH HABUT'ALMOHHBIX M3MEPEHUH, COKPATUTH HKCILTyaTaIl[HIOHHbIC
pacxonbpl Ha OYHCTKY M JOKOBaHHe. HampaBieHHeM manbHEHIINX HCCIETOBAHUH SBISETCS
SKCTIEPUMEHTaNIbHAS IIPOBEpPKA IIOJNyYCHHBIX MOJCNIBHBIX NAaHHBIX B JIAOOPATOPHBIX H
HaTYPHBIX YCIOBHSIX.
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MeTtonoJiorus pa3zpadorku moayJei «CynoBble YCTPOMCTBA U
cucrembD» VR-Tpenaxépa «Teopusi ycTpoiicTBa CyaHa» U
NpuMeHeHHe B y4eOHOM mpouecce
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AnHotammsi. B jmanHOl paboTe paccMaTpuBaeTCs akTyalbHBI Bompoc HUGPOBOM
TpaHc(hOpPMaIMi MOPCKOTO M PEYHOTO 00pa30BaHus Yepe3 BHEAPEHHE ClIeNUaIN3UPOBAHHBIX
TPCHAKEPHBIX KOMIUICKCOB Ha 0a3e TEXHOJOTH BUpTyanbHOU peanbHOCTH (VR). Onmcana
LENICTIONaraoIas W HCCIEA0OBAaTeNbCKasi 4YacTh paboTel MO co3faHuio VR-TpeHaxépa
«Teopust ycTpoiicTBa CyaHa», TEXHHYECKAas COCTAaBIIOMIAS pealu3alud WACH |
JOCTHTHYTBIE pe3yNbTaThl. lIpencTaBieH MOAPOOHBIM aHAIW3 WHTEPAKTUBHBIX MOAYJICH
«CynoBbie yCTpoiicTBa U CHCTEMBI», pa3paOOTaHHBIX B COCTaBE MPOTPAMMHO-ANIAPATHOTO
komiutekca «Teopust ycrpoiicTBa cymaHay. OnmcaHa CTpYKTypa M (YHKIHOHAIBHBIE
BO3MOXHOCTH MOAYJIeH, Bxoadmux B coctaB VR-Tpenaxkepa «Teopus ycrpoiicTBa cyaHay.
PaccMmaTtpuBaroTcs TEXHMYECKHE M METOAMYECKUE aCIEKThl pealu3allid BUPTYaJIbHBIX
MoJiesIel Ipy30BOM CHCTEMBI, a TaKXkKe SKOPHO-IIBapTOBHOI'O U IIUIIONIOYHOIO YCTpOMCTB. B
cTtatbe  OOOCHOBBIBACTCS ~ NPEUMYLIECTBO  HMCMONB30BaHUS ~ VR-TexHomormit s
(dopmupoBaHHs MPO(HECCHOHANBPHBIX KOMIICTEHIMH OyIyMIMX YICHOB JKHIAXEH CyIOB U
WH)XEHEPOB-KopaliecTpouTeaeld, 4T0 MO3BOJSET MHHHUMH3HUPOBATH PHCKA W 3aTPaThl,
CBSI3aHHBIC C DKCIUTyaTallied pealbHOro CyJOBOTO OOOpYHOBaHHS B Ipolecce OOydeHHSI.
OnucaHbl CIEHapUM HMHTEPAKTHBHBIX JIAOOPATOPHBIX PabOT M METOIBI KOHTPOJIST 3HAHWIA.
MOBBICUTH HAIJISITHOCTh U3YUYCHHUS CIOXKHBIX TEXHUYECKHUX Y3JIOB.

KnroueBbie cioBa: nudposuzanus oOpaszoBanusi, VR-TexHomorum, TpeHaxepHas
MO/rOTOBKA, CYJOBBIC CHCTEMBI, Ipy30Bas CHCTEMa, CYAOBBIE YCTPOWCTBA, SIKOPHO-
IIBAPTOBHOE  YCTPOWCTBO,  LUIOMIOYHOE  YCTPOHCTBO, HHTEPAKTHBHOE  OOyueHHe,
06e30MMacHOCTh MOpETIIIaBaHMsI
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Abstract. This paper discusses the current issue of digital transformation of maritime and
river education through the introduction of specialized training systems based on virtual
reality (VR) technologies. It describes the goal-setting and research aspects of the work on
creating the VR simulator «Basic ship theory» as well as the technical implementation of the
idea and the achieved results. The paper provides a detailed analysis of the interactive
modules «Ship Devices and Systems» developed as part of the software and hardware
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complex «Basic ship theory». It also describes the structure and functionality of the modules
included in the VR simulator «Basic ship theory». The article discusses the technical and
methodological aspects of implementing virtual models of the cargo system, as well as the
anchor, mooring, and boat devices. The article substantiates the advantage of using VR
technologies to form the professional competencies of future crew members and shipbuilding
engineers.

Keywords: digitalization of education, VR technologies, training, ship systems, cargo
system, ship devices, anchor and mooring device, boat device, interactive training, maritime
safety.

BBenenue

OmHUM W3 OCHOBHBIX HANpABICHHH COBPEMEHHOW 0Opa30BATENbHOW IIONHUTHKH
Poccuiickoit ®Penmepanmu B TpaHCHOPTHOW oTpaciu [1] sBIsSeTcs WCHOIB30BaHUE
COBPEMEHHBIX MYJNbTUMEIUIHBIX TEXHHUYECKUX CPEACTB C LENBIO IMOBBIMICHUS KadecTBa
[I0/IaY ¥ YCBOECHUSI MaTepHaja CTyAeHTaMU U KypcaHTami [2, 3].

ITosToMy, B 00pa3oBaTeNbHBIX OpraHU3alnsiX, HOABEAOMCTBEHHBIX PocMoppeudiioty, a
TaKKe MX YIOAJICHHBIX (rinanax W cyTOXOIHBIX KOMIIAHMSAX B HACTOSIIEE BPEMs BO3HUKIIA
MOTPEOHOCTh B Y4YEOHO-METOAMYECKUX W TPEHAXKEPHBIX KOMIUIEKCAX TEOPETHYECKON
MOJITOTOBKH [4], B TOM YHCIIE C UCIOIB30BAHUEM TEXHOJIOTUI BUPTYAIbHON U TOTIOJIHEHHOM
pEanbHOCTH.

JUis TONTOTOBKM CTYIEHTOB IUIABATENBHBIX CIELUAIBHOCTEHl — OyIyIuX 4YJIEHOB
SKHIAXKEH PEYHbIX U MOPCKUX CYA0B, IPUMEHEHUE TEXHOJIOTUN BUPTYaIbHOU PEalbHOCTU —
3T0 3¢ GEeKTUBHOE penIeHUE pAaa NpodiieM B TpEHAXKEPHOH moAroToBke [1]:

— BO-IIEPBBIX, M3YUYCHHE YCTPOICTBA M TNPHHIMIIOB pPabOTHI CyIOBBIX
YCTpPOIMCTB B HEKOTOPBIX CiIydasx TpeOyeT MOKYNKH JOPOTOCTOSINET0 H
MaccorabapuTHOTO 000pyIOBaHHS;

— BO-BTOpPBIX, TpPEHaXXEpHas MOATOTOBKA HE Bcerga oOecreunBaeT
BO3MO)KHOCTH BCECTOPOHHETO PACCMOTPEHUS 00BEKTa H3yUCHNUS.

JUis  CTYJIeHTOB HeEIUIaBaTENbHBIX CIEIHAIBHOCTEH BO3HUKAIOT CIOXKHOCTH C
OpraHu3aled W3yueHHs CyNOBBIX CHCTEM M YCTPOWCTB Ha peaJbHBIX Cydax U
npeanpustusix. OHU CBsA3aHBI C JOCTYIIOM Ha 4YacTHble O00BEKTHl M Oe3omacHocThio. [lo
HACTOSIIET0 BPEMEHH MOCELICHNE CYJIOB CTYJCHTaMH B paMKaX 03HAKOMHUTEIBHBIX MPAKTHK
OCYIIECTBIISIIOTCS. TOJIBKO 1O JTOOPOBOJIBHOMY COTJIACHIO BIIAJICTBLIEB, SKHUIMAXEH CyIOB U
JIICIIETYEPOB IOPTOB, PYKOBOACTBAa mpennpusituii. [Ilpu 3TOM oOHM Oepyr Ha ceds
OTBETCTBCHHOCTh 3a OE€30MacHOCTh CTYJCHTOB Ha CYAHE WIM TPEINpHITHH B 30HAX
PAacIoI0KeHHsT MEXaHU3MOB M 000PY/IOBAHHS.

K ToMy ke B pamMKax S3THUX INpPaKTHK CTyIEHTaM CIIOXXHO YCBOWTH OONBIIONH 00BEM
cnenuduieckoil MHGOPMAIMK IO JETANN3ALMNA YCTPOHCTB M cucTeM. B 3TOM BO3HHMKaer
HEOHOKpaTHast HE0OXOANMOCTh IIPH OCBOCHUH CIEUAIBHBIX TUCIUIIIHH.

VimeHHO mO3TOMY pa3paboTKa KOMIBIOTEPHBIX OOYYAIOIIMX CHCTEM I H3Y4YeHHS
KpYNHOTaOapUTHBIX ¥ JOPOTOCTOSIIIMX JIeTajlell TpaHCIOPTHBIX CpEACTB Ha 0Oasze
BUPTYyaJbHOH W JOTIOJHEHHON pEaNbHOCTH SBISAETCS NEPCHEKTHBHBIM U HKOHOMHYECKH
BBITOIHBIM HampaslieHHeM [5, 6].

B 2023-2025 r.r. Bo ®I'bOY BO «BI'YBT» mnpoBenena pa3paboTka HporpamMMHO-
amnmapaTHOTO KOMITJIEKCa Ha 0a3e CKBO3HBIX HU(POBBIX TEXHOJIOTMH BHUPTYaIbHON U
JononHeHHoH peanbHOcTH [7] «Teopust ycTpolicTBa cyAHa» € HWHTETPUPOBAHHBIMU
HMHTEPaKTUBHBIMH MOJYJISIMH.

1. Metoas! peasim3anuu VR-Tpenasxképa

IIporpamMmHO-annapaTHbI  KOMIUIEKC peanu3oBaH [6, 7] ¢ HCHOJNB30BaHHEM
COBPEMEHHOT0 KOMILIEKTa CpeACTB BHPTyaibHOW peansHoctd HTC Vive Pro, urposoro
nBwkka Unity u nporpammHoro makera Blender. I'padguueckne OMONMOTEKH IOTONHEHBI
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IeTanbHO TpopaboTanHoil 3D-momento HeTEHANIWBHOTO CYAHA, a TaKKEe MOJEISAMH €ro
JJIEMEHTOB, CHCTEM M YCTPOMCTB C BBICOKOW CTETIEHBIO NETANM3AIMH. JTO MO3BOJHUT
CTyZAEHTaM H3y4aTb 000pyI0BaHNE B KOHTEKCTE pPealbHOM apXUTEKTYpHI CyIHA.
VHTepakTHBHBIE MOIYNH  CHPOSKTHPOBAaHBI KaK MHOTOYPOBHEBAas — CHUCTEMa,
BKJTIOYAIOIIAst:
— TEOMETPUYECKH  TOYHbIE  MOJENM  MEXaHW3MOB M CHCTEM
(TpyOOIIPOBOIOB, 3aMIOPHOM apMaTyphl, OpaIlTuIIcii, KHEXTOB, UTION0ATIOK);
— (U3MYECKUH JBIKOK, MMUTHPYIOIIUH HATSHKEHHE TPOCOB, JBIKCHHUE
Lierel 1 TIoBeJIeHUE CyTHA Ha BOJIE;
— uHTepdeiic B3auMoAeHCcTBUS (KOHTPOIJLIEPhl BUPTYaIbHOH peabHOCTH),
MMHTHPYIOIMINN PYIHOE YIPABICHHE CTOIIOPAMH, PyKOSTKAMH U ITyJIbTaMH.
IMocne neranpHOI mpopaboTkm TreomeTpun B VR-TpeHaképe B Hacrosiee Bpems
peann3oBaHa pabOTa WHTEPAKTUBHBIX MOJIYNEH B PEXHME H3YYCHUs TEPMUHOJIOTHH H
TECTUPOBAHMUSI IO ONPE/ICICHHUSM 3JIEMEHTOB CYIHA, CHCTEM U YCTPOMCTB.

2. Pe3yabTaThl pa3padoTKH OTAEJbHBIX HHTEPAKTHBHBIX MOy el
2.1 Axopno-uieapmognoe ycmpoiicmeo

BupryanbHoe 3X-MepHOE SIKOPHO-IIBApPTOBHOE YCTPOWCTBO, COCTOUT W3 Oparimmis,
KHEXTOB, BBIOIIEK, KJII030B, KHUIIOBBIX IUIAHOK, ILITATHO pAacCIOJIOKEHHBIX Ha CYIHE
3aJ]aHHOT'O THIA M BOJOU3MELICHUS.

ANropuTMBI PabOThl BUPTYAJIBHOTO SIKOPHO-LIBAPTOBHOTO YCTPOMCTBA OOYCIIOBIICHBI
HEOOXOAMMOCTBIO OTPaOOTKM HAaBBIKOB IIABCOCTaBa BO BPEMs IMPOBEICHUS NOCTAHOBKU
CyZHA Ha SIKOPHYIO CTOSIHKY, CHSTHS C KOS, IBaPTOBKH K NIPUYAITY HJIH IPYyrOMY CYIHY.

TecToBble 3aJaHUsl TMOCTPOCHBI IO NPHHIMIY HEOOXOAMMOCTH BBIOOpa BEpHOTO
Ha3BaHHMs JJIEMEHTa SKOPHO-IIBAPTOBHOTO yCTpoicTBa. HanprMep, Ha CIEHE «IIOACBEYCH
mIBapTOBHBIA Kiro3 (puc.l). Ha skpane Haamuch ¢ 3amaHuneM «BpiOepuTe moICBEUCHHBIH
9JIEMEHT:» W BapUaHTaMH OTBETOB: IIBAPTOBHBIH KII03; KUIIOBAs IUIAHKA; LIBAPTOBHBIHA
KHEXT; CMOTPOBOH JIFOK. [IpH BBIOOpE BEpHOTO BapHaHTa OTBETA JJIEMEHT ITOJCBEUUBACTCS
3€JIEHBIM L[BETOM, HEBEPHOT'O — KPACHBIM.

Puc. 1. [Ipumep 3aganus ¢ BEIOOPOM BepHOTo (a) U HeBepHOTO (0) BapHaHTa OTBeTa

TecToBble 3aaHKs MO SKOPHO-IIBAPTOBHOMY YCTPOWCTBY conepkaT 18 ompeneneHui
9JIEMEHTOB U IO 4 BapHaHTa HEBEPHBIX OTBETOB K KaXKJIOMY JIEMEHTY.

Taxyke BO3MOXXHBI BapUaHThl 3aJaHUM MO TUIy: «YKaXHUTe 3JeMEHT «bpaimmnuiby.
OOyuaronHiics JODKEH HABECTH JKOHCTHUK U TTO/ICBETUTH BEPHBIN JIEMEHT.
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2.2 Mooyns «Illntonounoe ycmpoiicmeo»

K peammannu B VR-TpeHaxépe npuHATa 3aKphITas MITIOIKA CBOOOAHOTO MaaeHus (8,
9]. LlmrorrouyHOE YCTPOHCTBO B OSTOM CJIy4ae COCTOMT W3 paMHON KOHCTPYKIUH,
CMOHTHPOBAaHHOH Ha ABYX Mally0ax 1o BBICOTE B KOPMOBOH YacTH Cy/HA W BKIIOYAIONIEH, B
TOM 4YHCJIE, TIO/BU)KHBIC JJIEMEHTHI; 3aKpBITOH CaMOXOJIHOHM IIIIONKH; 3JEMEHTOB
ynpasieHus. [lns obecredeHus! CIlyCKONoAbEMHON (yHKIMH yCTpOHCTBO 000pYHIOBaHO
QJIEKTPO-TUAPABIMYECKOH CHUCTEMOM C IyJIBTOM YIpaBJICHUS, OCHACTKOH, JIeOEAKOH
JIPYTUMH 3JI€MEHTaMH.

Pa3paborana nosnemenTHas 3D-reomerpust B cieyoneM 00béMe (CM. pUCYHOK 2):

1. Tlocamownas IUIOmaNKa TEpes; KOPMOBOW JIBEPHIO  IIUTIOIKH.
Kopmoas gacTts BepxHe# (nutrornogHoi) mamyOsl. C O0KOBBIX CTOPOH
TUIOIaAKa 0OHECeHa OBICTPOCHEMHBIM JICEPHBIM OTPAXKICHUEM.

2. HapyxHble 53I€MEHTHl NUIIONKH: KOPMOBas [BEPb, JIOKH, OKHa,
MOPYYHH, CIICICHMBOJbI, MOABEMHBIE KOJbLA, TaKHW, TPOCH,
CriacaTeNbHbIC JIMHH, OpPOIIAOIIAsi CHCTEMa, HaBHT'AllMOHHBIC OTHH,
CIIyCKOBOH KPIOK M BCE€ JJIEMEHTHI €r0 OTAAaYd — OCHOBHBIC U
aBapHiHbIe, NOABEMHBIC KPIOKH, POYIIUHEL.

3. BHyTpeHHee yCTpOMCTBO WIIIONKH: TMOCAJOYHbIE MECTa, PEMHH
0e301acHOCTH, JIIOKM, KIIalaHbl, pbluaru, MyJbT YIpaBleHUs,
JIBUTaTeNb, 0AJUVIOHBI C BO3IAYXOM, PYJIEBOE YIPaBICHUE, CHUCTEMBI,
JBIDKUTENb, pPYKOATKH. OT BXOAHOW JBEpH NPOCMATPUBACTCS
BHYTpPEHHEE MIPOCTPAHCTBO IITIONKH.

4. TlpopucoBka »SIEMEHTOB DJIIEKTPO-THAPABINICCKON CHCTEMBI Ha
nary0e, Ha IUTFOIIOANIKE, Ha MLTIOKE.

Puc. 2. Mozenp NITFOIIOYHOTO YCTPOHCTBA

PazpaboranHast BupTyanbHas MOJIETb ITO3BOJSCT M3y4YaTb OCHOBHBIC 3JEMEHTHI
LUTIOTIOYHOI'0 YCTPOMCTBA U MX B3aMMOJECUCTBUE MPHU ONEPaLUAX MO MOATOTOBKE, CIyCKY U
MOABEMY IITIOTIKH.

Ha namHOoM stane Ha momemn «lllmromowHoe ycTpoiicTBO» peanm3oBaHa paboTa B
pexxume tectupoBanust. ChopmupoBana 6a3a n3 30 351eMEHTOB IUTIOIIOYHOTO ycTpoiicTBa. K
KaXJOMY DJIEMEHTY ONpEAENIEH CIUCOK U3 STH BapUAaHTOB OTBETA, BKIIIOYAsl IPaBUIIbHBIH.

Cuctema QopmMupyeT WHIMBHIYalIbHbI BapuUaHT TECTa, BBICTPAUBAs BOIPOCHI
(TocBEeYEHHBIE 3JIEMEHTHI IUTIONKH) CIyY9aifHBIM 00pa3oM, M TaKKe «IepeMelInBacT»
HOPSAIOK BAPUAHTOB OTBETOB B KaX/10M BOIIPOCE.

JanpHeiiee pa3Butve VR-MOJieIM HUTIONMOYHOTO YCTPOMCTBAa B 4YacTU JWUHAMHUKH U
B3aUMOJEHCTBUS BCEX DJJIEMEHTOB CIIyCKOIOIBEMHOIO YCTPOMCTBA; TI'MIPABIMYECKOMN
CHUCTEMBl YINpPABJICHUS; BHYTPEHHEIO YCTPOMCTBAa IUIIONKM — IIO3BOJUT IIOCTaBUTh
nabopaTopHble pabOTHI 10 TEMaM:
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1) «IToaroToBKa K OCTABJICHHUIO CYIHAY;
2) «CrycK ILTIOTIKA METOJIOM CBOOOIHOTO MAJCHUNY;
3) «CIryCcK IUTIONIKH Ha JIOTIAPSIX);
4) «YmpaBieHHe cracaTelIbHON NIIIONKOW, MOABEM JIOAEH C BOABI M OyKCHPOBKA
cracaTeNIbHbIX TIOTOBY;
5) «ITogbEéM HUTIONKY U3 BOJBI M €€ 3aKpEIICHHE Ha CITYCKOMOIbEMHOM YCTPOHCTBEY.
CueHapuu JabopartopHbix pabotr B wmoxayne «lllnromodnoe ycTpoiicTBO» ObLIH
pa3paboTaHbl HA OCHOBE MATCPHAIIOB:
—kypca ®I'BOY BO «BI'YBT» «Chnenmanuct mno croacaTelbHBIM
[UTIONTKAM M [IOTaM»;
— MexnayHaponHBIE KOJEKC 1o cmacaTensHBIM cpenctBaMm  (Komekc
KCC/LSA);
— PKO ITIKIIC Yactp V «CynoBbie yCTpOHCTBa U CHAOKEHHUEY,;
— PKO H/I Ne2-020101-171 ITpaBumna mo 0o00pyI0BaHHIO MOPCKUX CYJIOB;
— Konctpykropckuit nokymeHT «CracaTelbHBIE CPEICTBa U yCTPOMHCTBA.
Mertoauka MBapTOBHBIX U XOJ0BBIX UCIIBITAHUIN.

2.3 Mooynwv «Cyoosbie cucmemply

[TockonbKy B KauecTBe MPOTOTHIA MOAEIHUPYEMOrO CyaHa ObLI BbIOpaH TaHKEp, MpH
paspabotrke Moayns «CyJooBble CHUCTEMBI» MPHUHATO pEIIEHHE BOCIPOM3BECTH Psijl
CHeLUaIbHBIX CUCTEM, XapaKTePHBIX JUIs1 He(hTCHAINBHBIX CY/IOB:

— IPY30BYIO U 3a4HCTHYIO CUCTEMY;

— CHCTEMY MOWKHU TaHKOB;

— Ta300TBOAHYIO CHCTEMY.

— VYKa3aHHBIH BEIOOP 00YCIIOBIICH CIEIYIOMNME (haKTOPaAMH:

— BBICOKOM 9acCTOTOH HCIONB30BaHUS CHUCTEM IIPH SKCIUIyaTalliH CyAHa
(ocoOeHHO T TPY30BO U 3a4YHUCTHOM CHCTEM);

— 3HAYUTENBHBIM KOJIMYECTBOM Pa3HOOOPA3HBIX JJIEMEHTOB B COCTaBE
KaXXJIOW CUCTEMBI;

— HaJIMIMEM MHOXKECTBA PEKUMOB (BapHaHTOB) paboOTEI;

— IPSIMBIM BIIMSTHHEM Ha 6€30MacCHOCTb AKCIUTyaTalluy CyIHA.

Cpenu mepeyucIeHHBIX CHCTEM HauOoJjblliee BHHUMaHHE YJIENEHO I'Py30BOHl cucreme,
MIOCKOJIbKY €€ HenpaBWIIbHAs OKCIUIyaTalus CIIOCOOHa TIPUBECTH K aBapUHHBIM U
YpEe3BBIYAHHBIM CHTyalussM. Ha HanMBHBIX CyAax IpPUMEHSIOTCS TPY30BbIE CHCTEMBI
Pa3MYHBIX THUIIOB: C KOJbBIEBOW WM JIMHEWHOH MarucTpanpio, ¢ NepeOOpPOUYHBIMU
KIIMHKETaMH, TYHHEJIBHOTO THIIA, @ TAKXKE C ITOTPY>KHBIMHA HACOCAMH.

B mocnenHee BpeMs TaHKEPBI OTHOCUTEIHHO HEOOJBIION IPy30ImoIbeMHOCTH (110 15-20
TBIC. T) OCHAIAIOTCS MPEHMYIIECTBEHHO CHUCTEMaMH C MOTPYXHBIMH Hacocamu. K
JOCTOMHCTBAM TaKHX CHUCTEM OTHOCSTCS:

— OTCYTCTBHE BCACBIBAIOLINX TPYOOIPOBOIOB;

— cTaOUIBHOCTB MpoLIecca BbIIaYH IPy3a;

— COKpalleHHe 00beMa He yJallsieMOro OCTaTKa B IPY30BbIX TaHKAX;

— OTCYTCTBHE HEOOXOIMMOCTH B YCTAHOBKE CIEIMAJIBbHBIX 3aYHCTHBIX
Hacocos [10, 11].

Pacrionoxkenne BceX OCHOBHBIX TPyOONIPOBOJOB Ha TJIaBHOM mamyOe cynHa,
XapakTepHOe ISl TPY30BBIX CHCTEM JAHHOTO KOHCTPYKTHBHOTO THIIA, CYILECTBEHHO
oOJeryaer u3yueHne CTyJAEHTaMHU COCTaBa, yCTPOIMCTBA U IPHHIHIA JICHCTBHS CHCTEMBI.

Jnst npoBezieHust 1abopaTopHBIX paboT pa3paboTaHa BUPTyajbHAs MOJEIb I'PY30BOi U
3aYHCTHOW CHCTEM, BKIIIOYAIOIIAS CIETYIOIUE SIIEMEHTHI:

— MIPHUBO/IBI TPY30BBIX HACOCOB;
— IPY30BBIE U 3aYHUCTHEBIE TPYOOIIPOBOIHI;
— ITOBOPOTHEIE 3aTBOPHI C PyYHBIM H AIEKTPOIPUBOJIOM;
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— IPUBOABI MIEPEITYCKHBIX KIIMHKETHBIX 3aJBIKEK;
— nmamyOHBIE 3JIEMEHTHl (CXOXHBIC JIIOKH, CTallMOHApHBIE MOEYHBIC
MAaIIWHKA | Jp.).

TpexmepHble MOIENN CHCTEM CO3JaHBI Ha OCHOBE ICKH30B M HYEPTEKEH OTIEIBHBIX
aneMeHTOoB. [IpuMeps! Takux Mojesel oKa3aHbl Ha pUCyHKax 3—6.

[IpoekTupoBaHKEe KOHCTPYKLHMH BEJIOCH C Yy4€TOM TpeOOBaHMH HOPMAaTHBHOM
nokymeHtamuu [3, 8, 12, 13] u BkiIoyano pa3pabOTKy NPHUHIMIHAIBHBIX CXEM,
TPacCHPOBKY TpPyOOIPOBOIOB, KOMIIOHOBKY 00OpYIOBaHHMs, pPacyéT MpPOU3BOIUTEIEHOCTH
HACOCOB U TMAMETPOB TPYOOIIPOBOIOB.

N300pakeHre HEKOTOPHIX 3JIEMEHTOB CHCTEM B COCTaBE TpEHaKepa NpeICTaBlICHO Ha
puc. 7 u 8.

Puc. 3. DcKku3bl U TpEXMEpHask MOJIENb ABUIATelIs TPY30BOr0 Hacoca CyaHa

Puc. 4. Dckusbl U TpexMepHas MOJIENb CXOIHOTO JIFOKA B IPY30BOM TaHK
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Puc. 5. Dckuser u TpEXMEPHas MOAECJIbL ITOBOPOTHOI'O 3aTBOPA € BJICKTPOIIPUBOJIOM
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Puc. 6. TpaccupoBka TpyOOIpOBOIOB TPY30BOi M 3aUUCTHON CHCTEMBI
B paifoHEe TPY30BOr0 Hacoca 1 MaHu(oIbIa

Puc. 7. ®parMeHT BHELIHETO BUJIA TPEHAXKEPA C 3JIEMEHTAMH CUCTEM B KOPMOBOI1 4acTH rpy30BOi
30HBI
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Puc. 8. ®parmeHT BHEIIHUIT BUIa TpeHaXepa B paiioHe MaHH(DOIIbIA

Hns  obecnedeHns  (QyHKIMOHATPHOCTH B  YCTPOWCTBE TPY30BOH  CHCTEMBI
IIPEAyCMOTPEHa BO3MOXKHOCTh UIMHUTALIUH CIICAYIONINX PEKUMOB PabOTHI:

— IIpUeMa UM BBITPY3KH OJTHOT'O MIIM JIByX COPTOB IPpy3a OJJHOBPEMEHHO;

— BBITPY3KH C 33JIeHCTBOBAHUEM BCEX JIMOO YacTH IPY30BBIX HACOCOB;

—mpueMa ¥ BbIZaya rpy3a ¢ Joboro Oopra dvepe3 oauH Wik o0a
TpyOompoBoaa MaHu(OIIbIA;

—3a4YHUCTKM Marucrpajeil OT OCTaTKOoB He(TenmpomayKToB  mOCIe
3aBEpIICHUS TPY30BbIX ONEPALIIH.

— Metoanka pabOTBI C MOAYJIEM COCTOHT U3 ABYX YacTei.

[lepBas wacte (O3HAKOMHTEJbHAS) IpEAHA3HAUYCHA M1 OOBICHEHHS KOHCTPYKIHH
CHCTEM, pAacIlOJOKEHHWsS W Ha3HAYCHUS DJJIEMEHTOB. KOHTpOIb yCBOEHHMS MaTepHana
ocymecTBisieTcss B (OpMe TECTHPOBAHHMS, BKIIOYAIOIIETO 3aJaHMS Ha JEMOHCTPAIIHIO
MECTOIOJIOKEHHSI JIEMEHTOB HEMOCPEICTBEHHO Ha TpeHaxepe. 110 yCcTpoiicTBy rpy30Boil 1
3a4NCTHOW cHUCTEeMBI pa3zpaboraHo 30 BONPOCOB, KOTOPBIE CTPYIIHMPOBAHBI B OTACIHHBIC
TECTOBBIE 33JaHUS TI0 5 BOIIPOCOB.

Bropast yacTh (mpakTiyeckas) HarnpaslieHa Ha (JOPMUPOBAHHE HABBIKOB SKCILTyaTallUH.
OOyuaromnyecs: OCBaMBAaIOT II0CIENOBATEIbHOCTh JEUCTBUH OJKUMa)XKa NPH BbITOIHEHHH
IPY30BbIX ONEpaluii B pasiUYHBIX pexumax. st 3Toro Moayib JOMKEH OBITh JOMOJHEH
BUPTYJILHOH MOJIETIBIO ITyJIbTa YHPABJICHUS I'PY30BBIMH M OaIaCTHBIMHU OlepanusiMu. B
Ipornecce MMUTAMKA PAabOTHl CHCTEM MPETyCMOTPEHa BO3MOXKHOCTH ASMYJISIIIMM OTKAa30B
JJIEMEHTOB /i1 OTpabOTKM JEHCTBHI B HEINTATHBIX CHUTyalusx. B asrom cimydae
oOyyaromuecs, HCIONB3Ysl CIIENHAIbHOE 00OpyJaoBaHue (IIJIEM, TIepYaTKH), MOTYT
OCYIIECTBISITH BHPTyaJIbHOE MEepeMelleHne 10 NaxyOe CyIHAa M BPYUYHYIO YIPaBIsATh
paboToii cuctem.

3. O0pa3oBaTenbHasi HEHHOCTh M MHTErpanus B y4eOHbIi mpouece

Pazpaborannbie Mogynu «CyloBbIe YCTPOHCTBA: SIKOPHO-IIBAPTOBHOE M HLIIOIIOYHOE
B (opMaTe TECTHPOBaHHMS MOTYT OBbITh BHEIPEHbI B YyueOHbBIH Mpolecc IUCHHUIUIMHBI
«Teopust n ycTpoiicTBO CyaHa» (HampaBieHue moarotoBku 26.05.06, 26.05.07), «CynoBsie
YCTpPOWCTBA U CHCTEMBI» (HampasieHue moarotosku 26.05.01).

Jlyist BBINOJTHEHUsT J1a00paTOPHBIX pabOT OOYHAIOIIHUICS [IOJDKEH IPeJBapUTEIbHO
H3yYUTh COCTaB MUIIOMOYHOTO YCTPOMCTBA, (PYHKIHMOHAIBHBIE BO3MOXHOCTH, €ro
AJIEMEHTOB, TIOCJICAOBATEIFHOCTh ONEPAIUi TPU UCIIOJIE30BAHUH [IUTIOIIOYHOTO YCTPOHCTBA
¢ Y4€TOM TEXHUKHU 0E30IIaCHOCTH B 3aBHCUMOCTH OT 33JJAHHOMN CUTYaIUH.
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ITpu pabote ¢ mogynem «CymOBBIE CHCTEMBI» Ha NEPBOHAYAIBHOM JTale M3Yy4aroTCs
COCTaB, YCTPOHCTBO M pEXUMBI pPabOTBI CHCTEM C HCHOJNB30BAHUEM CIICIHAIBHO
pa3pabOTaHHBIX IPUHINUIHAIBHBIX CXEM.

PazpaboTaHHble MOIYNM TIO3BOJSIT pEATN30BBIBATH KOMIUIEKCHBIE Ja0OpaTOpHBIC
paboThl AJIsI LIMPOKOrO Kpyra crenuanbHocTed. [l  CTyJeHTOB  IulaBaTeNbHBIX
HampaBJlIeHUN aKLUEHT JefaeTcsi Ha OSKCIUIyaTallUOHHOM COCTaBIAIOMIEH M TEXHUKE
OezomacHoctu. [l cTyAeHTOB KopaOlleCTpOMTENBHBIX —crenuanbHocteil  VR-Monynb
OTKPBIBAET YHUKAIbHBIE BO3MOXKHOCTU IO HM3YYEHHIO MOHTQ)XXHBIX CXeM. ODTO MO3BOJHT
CTyZIGHTaM B paMKax y4eOHOTO mporecca 03HAKOMHTBCS C MOPSIKOM MOHTa)Ka yKa3aHHbBIX
YCTPOHCTB M CHUCTEM Ha CyIHE, BUPTYaJbHO NMPHUCYTCTBOBATH HA LIBAPTOBHBIX M XOIOBBIX
UCTIBITAaHMAX, BUJAETH TPOIECC B3aUMOJECHCTBHS MEXAHU3MOB «U3HYTPI».

JanpHeifee pa3BUTHE MPOEKTA NPEIIIONAracT PacIIMpeHne OMONMOTEKH CIIEHApHEB,
BKIIO4Yast paboTy € Ipy30BBIMH YCTPOHCTBAMH M OTPabOTKy AEHCTBUII NPH BOSHUKHOBEHHUN
HEIITATHBIX CUTYyalni (0TKa3 TUAPABINKH, 3aKIMHUBAHNE MEXaHU3MOB).

4. 3akja0yeHue

Brenpenne mHTEpakTUBHBIX Moayiel «CymoBbie cucteMbl» u «CyZOBBIE YCTPOMCTBAY
B yueOHmi mnpomecc PI'BOY BO «BI'VBT» mnoarsepxkaaet 3h(HEKTHBHOCTH
UCIIONIb30BAaHMS TEXHOJOTHUH BHUPTYyalbHOW pEAIBHOCTH KaK CpPEACTBA ITOBBIIICHHS
npodeccHoHaNbHOM MNOATrOoTOBKH. Ilepexon OT macCHBHOTO HW3y4YeHUs 4YepTexeill K
AKTHBHOMY B3aHMOJCHCTBHIO C TPEXMEPHBIMH MOJEISAMH O0OpYIOBaHHs IO3BOJISIET
3HAUUTEJBHO TOBBICHTh YPOBEHb YCBOCHMS MaTepHala U T'OTOBHOCTH BBIITYyCKHHUKOB K
peansHO# paboTe Ha QoTe.

Peanmzanust BUPTYanbHBIX MOJENICHl COBPEMEHHBIX CYIOBBIX YCTPOHCTB M CHUCTEM
OTBEYACT MENsIM TOATOTOBKM DSKHIIAXEHW CYIOB, MO3BOJSIET OTPa0aTHIBATh IKHU3HCHHO
Ba)XHBIC HAaBBIKM WCIIONB30BAHUS CYJOBBIX YCTPOHCTB, W BBINOJHATH MpPEIITHCAHHBIC
IEWCTBUSL.

Hudpoas  tpanchopmarmss  00pa30BaTeNbHOW  Cpefbl  SBISIETCS  3aJIOTOM
KOHKYPEHTOCIIOCOOHOCTH TPAaHCIIOPTHOTO By3a M 0E30IaCHOCTH IEPEBO30K BOJHBIM
TPaHCIIOPTOM.
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AHHOTanus. B paboTe BHIOIHEHO 0030pHOE MCCIEIOBAaHHE IO MPOOJIeMe CBOSBPEMEHHON
U JOCTOBEPHOM  OIIGHKM  TEXHHYECKOTO  COCTOSIHUS ~ KOpIyca  CyXOTPY3HOTO
BOJIOM3MEILAIOIIEr0 CyJIHa BHYTPEHHEr0 M CMELIaHHOrO (peKa-Mope) IUIaBaHHS.
PaccmoTpena sBomtonusl HOAXOIOB OT KJIACCHYECKHX, pErIaMEHTUPYEMBIX IpaBHIAMH
Poccuiickoro xnaccugpukanuonnoro odmiectsa (PKO) 10 coBpeMeHHBIX BEpOSTHOCTHBIX H
PUCK-OpPUEHTHPOBAHHBIX BBIYMCIUTENBHBIX Mopenei. Ilo pesynpTaTaM HCClleOBaHUS
000CcHOBaHa BOCTPEOOBAHHOCTH Pa3padOTKH MOAEIBHO-AITOPUTMHYECKOTO 00ECHeUCHUS
uudpoBoii cucremsl noanepkku npuHsaTus pemennit (CIIIIP) mpu omeHKe TEXHHYECKOTO
COCTOSIHUSI METAJUINYECKOTO KOPIyca CyXOTPY3HOTO BOJOM3MEIIAIONIET0 CyJHA B IIpOLEcce
€ro OCBHJETECIBCTBOBAHUS, MHTETPHPYIOUIEH pe3ylbTaThl MHCTPYMEHTAIBHOTO KOHTPOII,
PETPOCIIEKTUBHBIE TaHHBIE 00 U3HOCE KOPITyca U 3KcHepTHbIe cyxaeHus. OG0CHOBaH BEIOOD
KOMOMHamMKM Merona aHamm3a uepapxuii (MAW) ¢ MynpTHIUIMKATHBHOH CBEPTKOH B
KauecTBE aJeKBaTHOTO HWHCTPYMEHTAa arperupoBaHMsi HE3aBUCHUMBIX  Pa3HOPOIHBIX
MoKaszaTellel H3HOca W YCIOBMH OKCIUIyaTalud CynaHa. PaspaboraHa KoHueNIMS
MIPOTpaMMHO-aJITOpUTMUUECKoro  obecrieuennss — 1mdposoit  CIIIIP,  Bxmodaromas
TPEXypOBHEBYIO HEPapXWI0 KPHUTEPHEB, NPOIEAypy IapHBIX CPaBHEHHH SKCIIEPTOB,
HOPMHUPOBAHNE JAaCTHBIX MOKa3arteneil. [IpeqnoKeHHbIi OAX0/] HAIIPaBICH HA TOBBIMICHHE
OOBEKTHBHOCTH  OCBHJETEIbCTBOBAHUS ~ METAUIMIECKOTO  KOpIyca  CyXOTPY3HOTO
BOJIOM3MEIIAIOIIET0 CyAHa BHYTPEHHEr0 M CMEIIAHHOro (peka-Mope) IUIaBaHus |
MOTEHLHAILHO BO3MOXHOE MPOJUICHHE CPOKa O€30MaCHOM €ro 3KCIUTyaTallH.

KiroueBble ci10Ba: KOpIyC Cy/iHa, OLEHKA TEXHUYECKOTO COCTOSIHHSA, CUCTEMa MOAIEPKKH
MIPUHATHS PELICHUH, METO/] aHaJIN3a HepapXuid
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Abstract: This paper presents a review study on the problem of timely and reliable
assessment of the technical condition of the hull of a dry cargo displacement vessel intended
for inland and mixed (river-sea) navigation. The evolution of approaches is considered, from
classical methods regulated by the rules of the Russian Classification Society (RCS) to
modern probabilistic and risk-oriented computational models. Based on the results of the
study, the need to develop model-algorithmic support for a digital decision support system
(DSS) for assessing the technical condition of the steel hull of a dry cargo displacement
vessel during its survey is substantiated, integrating the results of instrumental monitoring,
retrospective data on hull wear, and expert judgments. The choice of a combination of the
analytic hierarchy process (AHP) with multiplicative convolution is justified as an adequate
tool for aggregating independent heterogenecous indicators of wear and vessel operating
conditions. A concept of software-algorithmic support for a digital DSS is developed,
including a three-level hierarchy of criteria, a pairwise comparison procedure for experts, and
normalization of partial indicators. The proposed approach is aimed at increasing the
objectivity of surveys of the steel hull of a dry cargo displacement vessel for inland and
mixed (river-sea) navigation and potentially extending its safe service life.

Keywords: ship hull, technical condition assessment, decision support system (DSS),
analytic hierarchy process (AHP)

BBenenue

DkoHOMHUYECKH (P PEeKTUBHAS HKCIUTyaTalys CyA0B BHYTPEHHETO U CMEIIaHHOTO (peKa-
MOpe)  IUIaBaHWA  HEpa3phlBHO  CBs3aHAa € HEOOXOAMMOCTBIO  TNIPOBEICHHMS
OCBUCTEIHCTBOBAHUN IS TIOATBEP)KICHHUS HX COOTBETCTBUS TpeOOBaHHUAM Oe3aBapHUIHOTO
wiaBadus. 1lopsAnok, Cpokn M OOBEMBI TAKMX IPOBEPOUYHBIX PAOOT pErIaMEeHTHpYETCs
[paBunamu Poccuiickoro knaccugukarmonHoro oomectsa (PKO) [1].

OnHOIl M3 OCHOBHBIX NPOLERYp, BBHIIOIHAEMBIX B IPOIECCE OCBUACTEIHCTBOBAHMS,
SIBISIETCSL ONpE/EICHNE AaKTyalbHOTO COCTOSHMS KOpIlyca CyJHAa W IIPOTHO3HPOBAHUE
JMHAMUK{ 3Ha4Y€HHH, XapaKTepU3yIOUIMX €ro W3HOC M MOKa3aTelH AerpaJalliOHHBIX
IIPOIIECCOB (KOPPO3Hs, YCTAJIOCTh) [2] B TeUeHHE IKCIUTYyaTal[HOHHOTO IEPHOAa.

B KOHTEKCTE BBIILIECKa3aHHOTO AaHHAsl CTAaThs MOCBSILIECHA aHATU3Y MPEACTaBICHHBIX B
NpOQUIBHBIX HAYYHBIX MCCIIEAOBAHUSIX COBPEMEHHBIX TEOPETUUECKHX IMOJXOJI0B K OIEHKE
COCTOSIHUSI CJIOKHBIX TEXHMYECKHX OOBEKTOB, OOOCHOBAaHHIO Ha 0a3e pe3yNbTaToB ATOTO
aHanM3a KOHLETIUH ITOCTPOEHHSI TPOTPAMMHO-JITOPUTMHUYIECKOT0 obecrieueHns udpoBoi
CHCTeMbl TOJJICP)KKH TIPUHATHA PpEIICHWH TIpu 00CIEeJOBaHWM CTaJbHBIX KOPITYyCOB
BOJIOM3MEIIAONINX CYAOB BHYTPEHHETO M CMEIIaHHOTO (peKa-Mope) IUIaBaHus C IIEJbI0
OILIEHKH «TTOTEHINAaa X 0e3aBapuilHOM SKCILTyaTalumy.

B kauecTBe 3amauy MCCleIOBaHHMS B CTaThe PACCMATPUBAIOTCS CIEAYIONIME: a) aHAIN3
MIPUMEHSEMbIX Ha TPAaKTHKE METOJUK HCCIIEIOBAHUS TEXHHYECKOTO COCTOSHHS CTaJbHOTO
KOpITyca CyXOTPY3HOTO BOJOM3MEINAIOMIEr0 Cy/IHA C OTIOPOH Ha HOPMATUBHO-TEXHHUYECKYIO
6asy PKO; 0)aHanu3 METOMOB OIICHKM TEXHHYECKOTO COCTOSIHUS CJIOKHBIX CHCTEM
(0O0BeKTOB), MPHMEHAEMBIX B CMEXHBIX TEXHHYECKUX O0JIACTSIX; B) pa3paboTka MOAEIHHOMN
KOHLEMIMK  MOCTPOEHHS  IPOrpaMMHO-aJITOPUTMHYECKOTO  obecrieueHus  LUPPOBOi
CUCTEMBI MOJICPIKKH PUHATHS PELICHHH PU OLEHKE TEXHUYECKOTO COCTOSHHUS CTalIbHOTO
KOpITyca CyXOTPy3HOTO BOJOHM3MEIIAIOIIEr0 CyJHAa BHYTPEHHETO M CMEIIaHHOTO (peka-
Mope) IUTaBaHUs.

Hayunast HOBHM3Ha pe3yJbTaTOB BBIOJHEHHOTO HCCIIEIOBAHUS 3aKIJIOYaeTCsl B
pa3paboTKe  TEOPETHYECKHMX OCHOB  IOCTPOCHHS  HPOTPaMMHO-AJITOPUTMHUYECKOTO
obecrieuennst UppoBoi cucteMsl noanepxku npusaTusa pemeHuid (CIIIIP) npu onenke
TEXHHUYECKOTO COCTOSHMSI CTAIBHOTO KOPITyca CyXOIPY3HOTO BOJOM3MEMIAIOIIEro CyHa
BHYTPEHHEI0 M CMEUIaHHOTO (peKka-Mope) IUIaBaHus, HWHTETPUPYIOMEH pe3yJbTaThl
WHCTPYMEHTAIBHOTO KOHTPOJISl, PETPOCHEKTUBHBIC JaHHbIE 00 M3HOCE W JKCIEPTHbHIE
CYXKIEHUS, COTIACOBaHHbIE ¢ TpeboBaHMsIMH Poccuiickoro kiaccu(uKaruoHHOTO 00IIecTBa
(PKO).

36



Hayunste npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

Marepuajbl 1 METOABI

Jnst pemeHnst copMyIMPOBAHHBIX B MPEABIAYIIEM pasielie 3aJad U COOTBETCTBEHHO
JIOCTHIKCHUS TIOCTABJICHHON 1€MW B PabOTE HCIONb3YeTCS KOMIUIEKC TEOPETHUECKHX H
MPUKITAHBIX METOIO0B, OOBEIMHEHHBIX OOIIEH JIOTMKOI MOITAHOTO Mepexoa OT aHaIH3a
aKTYaJIbHOTO COCTOSIHUSI TIPEIMETHOH 00JacTH K pa3paboTKe cOOCTBEHHOM KOHIEMIMU
MOCTPOEHHST MoOJieNIbHO-ainroputMudeckoro odecrnieuenus CIINIP u e€ mnocnenyromeit
BepUHUKALIH.

Ha nepBoM 3Tare BBINOJIHEH CUCTEMHBIH aHaNIN3 HAyYHBIX U HOPMATUBHO-TEXHUUECKUX
MaTepHaoB, IIOCBAIMIEHHBIX MpoOieMaTuke HaAE&KHOCTU KOPIYCHBIX KOHCTPYKLUI
CYXOTPY3HBIX BOJIOM3MEIIAIONINX CYAOB. PaccMoTpeHsl pabOTBl MO MareMaTHYecKOMY
MOJIEIMPOBAHHIO, BEPOSTHOCTHBIM METOAAM e(EKTaIlH CTATBHBIX KOPITyCOB CyJIOB, PUCK-
OpPHEHTHPOBAaHHOMY IOAXOAY, & TaKKe ITyONMKaIuu, Kacarolluecsl MPUMEHEHHUS] METO/OB
HEYETKOM JIOTMKM M HMCKYyCCTBEHHOTO WHTEJUIEKTA I HMPOTHO3UPOBAHHMA TEXHHYECKOTO
COCTOSTHHSL CJIOKHBIX CHCTEM M 00BeKkTOB. OIHOBPEMEHHO H3YyYalnCh HOPMAaTHBHO-
texanueckne qokyMeHTsl PKO 1 Poccmiickoro Mopckoro perucrpa cynoxoncrsa (PMPC) B
YaCTH NMEPUOANIHOCTH, 0OBEMOB M METOIOB OCBHIICTEIECTBOBAHMS CTAJIBHBIX KOPITyCHBIX
KOHCTpYyKLMHA. Takoil IOAXOX MO3BOJWI BbIABUTH COBPEMEHHBIE TPEHABI B IIPAKTHKE
HCCIICIOBAaHUA TEXHUYECKOTO COCTOSHMSA CTalbHBIX KOPIYCOB CYyIOB BHYTPEHHEIO U
CMelIaHHOTo (peka-Mope) IUIaBaHus M 3a(uKCUpoBaTh Oapbepbl, MNPEMATCTBYIOLIHE
BHEJIPEHHIO IU(DPOBBIX KOMIIOHEHTOB B MPOLECCHI OCBHIETEILCTBOBAHUS CY/I0B.

Pe3yabTaTsl

AHanu3 HaydyHOH nWTepaTypsl IO TEMe II0Ka3al, 4YTO TEOPETHYECKHE MOAXOIBI K
OILIEHKE COCTOSHUSI CTAJILHOTO KOPITyca CYyXOTPY3HOTO BOJOHM3MEIIAIOIIETO CyAHA IPOIIIH
JUINTEBHBIN MyTh 3BOJIONUHU OT TPYAOEMKHX AETCPMHHHPOBAHHBIX PACYETHBIX METOAOB K
THOKMM BEpOSITHOCTHBIM M PHCK-OPHEHTHPOBAHHBIM MpoueaypaMm. B dacTHOCTH, HBIHE
MIOBCEMECTHO NPUMEHSEMBbIE KJIACCHYECKHE METOJBI HCCIEAOBAHUS TEXHHUYECKOTO
COCTOSTHHSI KOPITyCOB CYZOB PAacCMaTPHUBAEMOIO THIIAa OCHOBBIBAIOTCS HA BHU3YaJbHOM H
HU3MEPUTCIIbHOM KOHTpOJIE C MIPUMEHCHUEM yHpra3ByKOBOﬁ TOJIIUHOMETPUH,
JeeKTOCKONUK U TOCIIeyolIel OLEHKEe COOTBETCTBHSI MPEEIbHO JOIMYCTUMBIX M3HOCOB
HopMaTuBHOM 6a3e PKO.

BrimonuenHsiit B pabote [3] cpaBHuTensHBIN aHanu3 npasuia PKO u PMPC nokasan,
YTO HECMOTpsA Ha BBICOKYIO CTCIICHb JCTaJIM3allii, CYIIECTBYIOIUE TEXHOJIOTHUU
MMPOBEACHUA OCBUACTCILCTBOBAHUSA Tpe6y10T 3HAYUTCIIbHBIX BPEMCHHBIX H (I)I/IHaHCOBI)IX
3aTpaT ¥ He BCEer/a MO3BOJISIOT IPOTHO3UPOBATh ANHAMUKY Pa3BUTHS Je(eKTOB B KOpITyce
CyJHa B 9KCIUTYyaTAllMOHHBIX YCIOBHUSIX.

C uenbio CHIKEHHS 3HAYMMOCTH YKa3aHHBIX BPEMEHHBIX M (PMHAHCOBBIX OTPaHUYCHUIN
B pabote [4] mnpemnoxeH BEpOSTHOCTHBIM NOAXOA K Jedekrannu Koplyca CyjaHa,
TIO3BOJISIIOINMI COKPATUTh KOJIMYECTBO (M3MYECKNX H3MEPEHHH 3a CYET pealn3anuu
NIPEABAPUTEIHHOTO PACUETHOTO, TaK HA3bIBAEMOTO «HYJIEBOTO 3Tala B CyJOPEMOHTE».
HOKa3aHO, YTO MOJYUYCHHBIC HA OTOM 3TaIl€ MPOTHO3HBIC 3HAYCHUA OCTATOYHBIX TOJIIIUH BO
BCEX CIydYasx MEHbIIE KM COOTBETCTBYIOIIMX pPE3yJIbTaTOB (H3UUECKUX H3MEPEHUI
octatouHbIX TONMIKH. COOTBETCTBEHHO NPEIJIOKEHHBIH MOAXO0J] MO3BOJIAET 0ojee TOYHO
CIIPOTHO3MPOBATh OOBEMBI PEMOHTHBIX PabOT M BHIOpaTh HamboJIee IeIecO00pa3HbIi
croco0 BOCCTAHOBIIEHUS KOPITYCHBIX KOHCTPYKIIMH.

bnu3kuii K BBIIICU3IIOKEHHOMY, BEpPOSTHOCTHBIM, MOAXOJ OBUI NpEACTaBIEH B
pabore [5] B paMKax KOHLEIIUS YIIPABICHUS TEXHUYECKUM COCTOSIHHEM KOpITyca CyJHa Ha
OCHOBE OLICHKM pDHCKa. B oTiMuMe OT JeTepMHUHHPOBAHHBIX METOJIOB OIEHKH DHUCK-
OpPHEHTHPOBAHHBIA IOJXOJl TO3BOJISIET PAHXXKUPOBATH DJEMEHTHl KOpIyca CyAHA II0
BEPOSITHOCTSM M MOCJICACTBUSIM OTKa30B M Ha TO OCHOBE pa3padaThiBaTh NMPHOPUTETHHIC
MIPOrpaMMbI KOHTPOJIS, INIAHUPOBATh HEOOXOIMMBIH 00bEM PEMOHTHBIX paloT.
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braronapst uHTErpamiy ¢ IUGPOBEIMU TEXHOJOTHAMH pealM3alis NPEAJIOKCHHBIX B
pabotax [4,5] moIXom0B CTAaHOBHUTCS MPAKTHUECKH BO3MOYKHOM, MTO3BOJISAET MIPOTHO3UPOBATH
COCTOSHME KOpIlyca CyIHa B IpoLecce OSKCIUTyaTaldd W YHU(DUIMPOBATH XpaHCHHE,
00paboTKy HaHHBIX O €r0 TEXHWYECKOM COCTOSIHHH, CIIOCOOCTBYS: a) CHIDKEHHIO OOIIei
TPYZIOEMKOCTH pPaboT W O0OBEMOB HENPEIBHICHHBIX PAacxXoJoOB; O) IMOBBIIICHHUIO
JIOCTOBEPHOCTH KOHEUHBIX PE3YJIbTaTOB ITyTEM COTJIACOBAHUS JaHHBIX (PU3UUECKUX 3aMEPOB
U YUCJICHHOTO MOJICJIUPOBAHMSL.

BMmecte ¢ TeM, paccMOTpEHHBIC BBIIIE BEPOSTHOCTHBIE M DPUCK-OPUEHTHPOBAHHBIC
MOJXOJbl OTJIUYAIOTCS M PSAJAOM OTPaHUYCHUH, MOCKOJIBbKY OHH OpPHUEHTHUPOBaHBI Ha
y3KOCHEMaIM3UPOBaHHbIE 3a/audl [3-5] ¥ HE YUYHMTBHIBAIOT CIIOXKHBIE B3aMMOCBSI3U MEXKIY
Pa3IMYHBIMM BHIAMH IIOBPEKICHUH M YCIOBHAMHU SKCIUTyaTanuu. Kpome Toro oneHka
(haKkTOpOB pHCKa, ONMUpasiCh Ha HE BCET/Ia COTIACOBAHHBIC AKCIIEPTHBIC CYXKICHUS, OCTACTCS
CyOBEKTHBHOM.

B cmimy ykasaHHBIX OOCTOSTENBECTB MPEIACTABILIETCS IEIeCO00pasHBIM (GOPMHPOBAHHE
KOHIICTIIIMK  MOJENBHO-aIropuTMudeckoro  obecredenust  CIIIIP  mpum  onenke
9KCIUTyaTalJHOHHOTO COCTOSIHHMS KOpIlyca CyIHA, KOTOpas IO3BOJHJa Obl OOBEANHUTH
MaTeMaTUYecKoe MOJEIMPOBAHUE IPOIIECCOB M3MEHEHHUS! IPOYHOCTHBIX XapaKTEPHCTHK,

YHUCJICHHYIO 00paboTKy JIAaHHBIX JKCILIYaTallHOHHOI O MOHUTOPHHIA u
MHOTOKPUTEPUAIBHYI0  JKCIIEPTHYIO  OLEHKY OCTAaTOYHOIO  pecypca  KOPILyCHBIX
KOHCTPYKLIUK.

B xagectBe Teopernueckoro 6aszuca st takoid CIIIIP MoryT OBITH MCHOIB30BaHBI
METO/bl MHTEIUICKTYaJbHOTO aHalW3a JaHHBIX, OTpAaOOTaHHBIC, B TOM 4YHWCIIC B 3a/1adax
OIIEHKH TEXHHYECKOTO COCTOSIHHUS CIIOJKHBIX CHCTEM M OOBEKTOB B CMEKHBIX 00JIaCTsX.

Tak, B pabote [6] npemnoxkeHa «00bICHUMAs HHTCIUIEKTYaIbHast MOAEIb)» AJIsI OLICHKH
COCTOSTHHSL B3JIETHO-TIOCAJOYHON IOJIOCH. B KauecTBe MareMaTHueckoro (h)yHIaMEeHTa B
9Toil paboTe Oblma BEIOpaHA TEOPUs HEYETKHX MHOXKECTB, ITO3BOJIMBINAS B paMKax
KacKaJHOM MNpPOAYKIHOHHOM MapagurMbl y4YecTb IJsI IOATATHOW OLEHKH HECKOJBKO
JIECATKOB OOBEAMHEHHBIX B TIPYINIbl HE3aBUCHMBIX IapaMETPOB, XapaKTEPU3YIOLINX
H3ydaeMblil CIOXKHBIH 00bekT. IlpenmmymnecTBO Takoro mMoAXOAa 3aKJIIOYaeTcss B
BO3MOXKHOCTH (pOpPMaJIM30BaTh OKCIEPTHHIC 3HAHWS B BUJAE HAOOpa MPOIYKIMOHHBIX
MIPaBUI, a TAKXKE B MIPO3PAYHOCTH JIOTUKU MPUHATHS PEIICHUH, YTO KPUTHIECKH BaXKHO IS
cUCTEM U 00BEKTOB, (DYHKIMOHHPYIOIIMX B 30HAX IOBBIIIEHHOW TEXHUYECKOW OMACHOCTH.
EctecTBeHHO, uTO, KaK M y J000# SKCHEPTHON CHCTEMBI, €€ INIABHBIM MHHYCOM SIBISIETCS
CyILIEeCTBEHHAasl TPYLO0EMKOCTh (POPMUPOBaHUS 0a3bl 3HAHWH U HEOOXOIUMOCTH MOCTOSTHHOM
aKTyaJIM3alluK 3TOH 06a3bl 0 Mepe MOCTYIUICHNS] HOBBIX JIaHHBIX.

ITo teme Qopmamu3anuy SKCHEPTHBIX 3HAHWH OCTAHOBUMCS HA METO/E aHaIM3a
nepapxuii (MAH), peannzanus KOTOPOTO HATJLIIHO IMPOACMOHCTPHpPOBaHA B 3amade [7]
pacuéra «MHIEKCAa TEXHHUYECKOTO COCTOSHHSA» MOCTOBOrO mepexonaa. JlaHHBIA HHIEKC
¢dopMupyercss IyTeM aJAMTHBHONH CBEPTKM YaCTHBIX IIOKas3aTesielf, Ha3HaYeHHBIX
JKCIEPTAMHU II0 PE3YJIbTaTaM BU3YyalbHBIX OCMOTPOB MOCTOBOTO mepexona. B aroi 3amaue
MAW  kak  UWHCTPYMEHT  MNPHHATHS  pPEUICHUH B YCIOBMSX  OLIEHOYHOH
MHOTOKPUTEPUAIBHOCTH  WUIpaeT KIKYEBYH pPOJb IIPU  OHNPEAEICHUM BECOBOIO
ko3(b(ulMeHTa 3HAYUMOCTH KaXJOr0 U3 YYUTHIBAEMBIX KOMIIOHEHTOB MOCTOBOTO
nepexosa.

B ob6miem ciryaae MAU mo3BossieT CTpyKTYpUPOBAThH CIIOKHYIO MHOTOKPUTEPHAIBHYIO
OLIEHOYHYIO TMpOOJeMy, CHCTEMHO COYETaTh KaueCTBEHHBIE OKCIIEPTHBIE OLEHKH C
KOJINYECTBEHHBIMU pacdyéramu, oOecreunBaTh IPOBEPKY COTJIACOBAHHOCTH CYXKIEHHH,
I'MOKO YYMTHIBaTh MEPAPXUUYECKYIO CTPYKTYpy KputepueB. [Ipomecc mpuHSATHS pelieHuiH
IIPU TAKOM IIOAXO/AE CTAHOBHUTCSl INPO3PAYHBIM, CIIOCOOCTBYS MOBBIMICHHIO JOBEPHUS K
00BEKTUBHOCTH KOMIUIEKCHOM OIIEHKH COCTOSIHHSI MccienyeMoil cuctemsl (00bexTa). Ilpu
9TOM OCHOBHBIMH NpenMytiecTBaMu MAW sBistoTcs: a) hopManu3aiys u npeoopa3oBaHne
9KCHEPTHHIX OIEHOK W JAaHHBIX TEXHWYECKOM IMAarHOCTHKH B PAaCUYETHBIE 3aBUCHMOCTH,
0) CHCTEMHOCThP W TPUCIOCOOJIEHHOCTh HMHCTpyMeHTapusi MAW K jAWHAMHYECKH
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M3MEHSIOMNMCS peXuMaM paboThl cucTeMbl (00BEKTa), B) BOSMOXKHOCTh IPUMECHEHUS
MAMU B pa3HOOOPA3HBIX TEXHHYECKIX ITPIIIOKEHIISX.

B cpaBHEeHUM ¢ KJlacCMUECKUMH METOAaMU npuMeHeHne MAU oTinyaeT noBblIEHHAs
BEIUMCITUTENBHAS. CIIOKHOCTh M TpeOoBaHHE K Oojiee METalbHOW MPOpadOTKE CHCTEMBI
nepapxui, BeCOBBIX KOA(P(UIMEHTOB 3HAYMMOCTH KOMIIOHEHTOB HCCIIEIYEMOH CHCTEMBI
(0oOBbeKTa) M MX 3aBHCUMOCTH OT COCTaBa JKCIEPTHOW TPYNIIBL, a TAaKk)Ke OpPHEHTalMs Ha
CTaTUYECKOE COCTOSTHUE, UTO 3aTPyAHACT yU€T IUHAMUKH JeTPaJallHOHHBIX IPOLIECCOB.

Upeitno cxoxas ¢ MAWM wmeronmonorusi ucmonb3yercs B pabore [7] Aus OLEHKH
TEXHUUECKOT'O COCTOSIHUS CYJOBOU sHepreTuueckoi yctaHoBku (COVY). B e€ ocHOBe Takke
JeXUT Hepapxudeckas naexkomnosuiuss COY Kkak CHCTEMBI, a OIpeJeeHHE BECOBBIX
KO3()(UIMEHTOB 3HAYMMOCTH COCTAaBISIOMMX €€ KOMIIOHEHTOB OCYIIECTBIISICTCS IIyTEM
NapHBIX CPAaBHEHUH C NOCIEAYIOLIEH CBEPTKOM YacTHBIX IOKa3aTeNedl B KOMIUIEKCHYIO
OLIEHKY COCTOSHMA. {1 CBEPTKM YaCTHBIX KPHUTEPHEB, XaPAKTEPU3YIOMIMX TEXHHIECKOE
coctostHne moxacucreM CDY, wmcHomb3yercss MyIbTHIUIMKATUBHBIN — OMEpaTop, dTO
obycmoBnerno  crerudukoit COY, TECHBIMH  B3aHMMOCBS3IMH €€  IIOJICHCTEM.
COOTBETCTBEHHO MYJIBTHIUIMKATHBHASI MOJICNIb CBEPTKH B OOJbBIICH Mepe oTpakaeT 3 QeKT
«cmaboro 3BeHa», KOIZla CHIDKCHHE 3HAYCHHS OJHOTO IOKa3zaTels He KOMIICHCHPYETCs
I/136LITO‘IHI)IMI/I 3HAYCHUAMU OCTAJIbHBIX.

B nenom npumenenne MAU B yclnoBUSX MHOTOKPUTEPHUATBHOCTH MHTEIJIEKTYaJIbHOTO
aHallM3a JaHHBIX U OICHKH TEXHHYCCKOT'O COCTOSIHHS TEXHUYECKOU CHCTeMBbl (00BEKTa)
MIPEJOCTABIIACT CIIEIYIONHE BOZMOKHOCTH:

— QopManm3anus ~ MHOTOKPHTEpHANbHOW  3agaud U TEXHHKa
CTPYKTYPH3ALMH MHO>KECTBA KPUTEPHEB B OOIIYIO CHCTEMY HEpapXHH,

— BBINIOJIHEHNE PACYETHBIX MPOLEAYP B YCIOBHUSIX HEONPENCIEHHOCTH U
HETIOTHOTHI HCXO/IHBIX JITaHHBIX,

— CHID)KEHHME YPOBHS CYOBEKTHBHOCTH SKCIICPTHBIX OLICHOK BCIJICIICTBHE
MPO3PAaYHOCTH  TPOLEAYpbl  MNOMApHBIX  CPaBHEHWH W NIPOBEPKH
COTJIACOBAHHOCTH  BECOBBIX  KOA((HUIUECHTOB 3HAYUMOCTH  Pa3IUYHBIX
KOMITOHECHTOB,

— aJanTtanusa Metoda nod pa3JIM4YHbIC MPOCKTHI, 00BEKTHI M TUIIBI CUCTEM.

C yderoM MEPEYMCIICHHBIX BO3MOXKHOCTEH TPENCTaBIsIETCS — 11eJeco00pa3HbIM
npuMeHeHne MAWM B couyeTaHMHM C MyJBTHIUIMKATMBHOM CBEpTKOM [ pacuéra
KOMIUIEKCHOH OIIEHKH TEXHHYECKOTO COCTOSHHUS KOpITyca Cy/IHa.

lpyrue mno3Boisiomue paboTaTh € HEONPENEeIEHHOCTHIO METOJBI, B TOM HUHCIIE
peanuzyrone HEe4ETKHE M HEeWpOoceTeBble MOAXOIbI, TPEOYIOT 3HAYUTENHLHOTO 00BEMa
PENpe3eHTaTUBHBIX JAHHBIX JJISI 00yYeHHMs, OTJIMYAIOTCS HEO0CTAaTOYHOH OOBSCHUMOCTHIO
MOJTyYaeMbIX PENIeHHH M MOTYT WUIPaTh BCIIOMOTATENLHYIO POJb JIMOO MPUMEHSTHCS JUIS
YTOYHEHHS! HOJyYCHHBIX IPOTHO3HBIX 3HAUYCHMH MOKa3aTesIel JerpalaliiOHHBIX IPOIECCOB
M HakamMBaHus 0a3pl 3HaHuil. COOTBETCTBEHHO YKa3aHHbIC OIr'paHUYCHUA TOJIKHBI
YUHUTBIBaTECSI TPU pa3paboTKe KOHIEMIUH MOIEIHHO-aITOPUTMHUUECKOTO O0ecredeHus
CIIITP.

Humwxe nHa ocHoBe MAW mpemyokeHO oO0Iee ONMCAaHUE KOHIICMIIUKA TOCTPOSHUS
MPOrPaMMHO-AITOPUTMUYECKOTO o0ecreyeHus] U(PPOBOM CHCTEMBI MOJJICPKKH TPUHATHS
pemeHHﬁ Ipyu 1nos2TanHasd KOMILIEKCHOM OLCHKC TCXHUYCCKOTO COCTOSHHA CTAJIBbHOIO
KopIIyca CyZHa.

JUis  HarmsgHOCTH ONHCAHUE MPUBOAUTCS HA IpHMEpe CTalbHOTO KOpIlyca
CyXOrpy3HOro BojousMenlatomero cyasa kimacca «O-IIP» maccoBoro npoekrta 507b tuma
«Bonro-Ion».

B xauyectBe wucxomHoro Oasuca paspabaTbiBaeMas KOHIENIMS ONHMpaercs Ha
MAcIOPTHBIE XaPAKTEPUCTUKU CyAHA M apXUBHBIE MAaCCHBBI JAHHBIX: a) MEPHOANYECKHX
3aMepoB TOJIIMH 3JEMEHTOB Habopa W oOmMBKH, O) M0 MapmipyTaMm IUIaBaHHSA, B) IO
YCIIOBUAM JSKCIUTyaTaluu, B) IO paHeC MPOBEACHHBIM PEMOHTaAM M 3aMCHaM JJICMCHTOB
KOpIIyca CyJHa.
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Jnst KOMTMYECTBEHHON OIEHKM CTETICHH BJIMSIHUS KaXXIOTO M3 BXOJIHBIX ITapaMETPOB Ha
koMmmiekcHbI  mokazarens Kllpe wucnones3yercs mpouegypa MHapHOTO — CpPaBHEHUS
BBIOPAHHBIX JKCIIEPTAMU YaCTHBIX ITOKA3aTeNeH OIEHKN TEXHHYECKOTO COCTOSIHHUS KOpITyca
cynaa. ITo HeoOXoguMOCTH B LENSIX JOCTIKEHHS KOHCEHCYCa MEXIY HECKOJIBKUMH
9KCIEepPTaMU OCYILECTBIICTCS yCPEAHEHNE 3HAUeHU COOTBETCTBYIOIUX MOKA3aTeIeH.

Ha puc. 1 mnpeacraBmeHa oOmiero Buaa TpeXypoBHEBas HepapXuyeckas cxema
TpYyNIUPOBKU TMOKa3aTeled [Uis OLIEHKM TEXHHYECKOIO COCTOSHHUS KOpIyca CyJIHa,
BBINOJIHEHHAs: COOTBETCTBEHHO UX MPHUPOJIE U JIOTUKE PElIaeMoil 3ajauu.

| o)
‘ X,(1) H X0 H X,(KD) H Xl H X0 H X,02) H X, (1) H X0) || X0 ‘

Puc. 1. TpexypoBHeBas uepapxudeckasi CTpyKTypa IpyIIHPOBKY YacTHBIX IIOKa3aTeIeH AJI OLEHKU
TEXHUIECKOTO COCTOSIHHS KOPITyca CyAHa

Kaxnprii o6o6menHpIit moka3atens OIl; (i = 1,n) depe3 rpymmy COOTBETCTBYIOIINX
€My YaCTHBIX T0Ka3areseil n3 COBOKYITHOCTH

X1 (1), X1 (2), -, Xy (k(D), Xo (1), X5(2), . X5 (k(2)), o, Xn (1), Xn (2), -0, X (K (1))

X;(p) # X, (@) mpu r #s, r,s=1,n, p,q=1max{k,}opui=1,n

OINHUCHIBAET CYIIHOCTHYIO XapaKTEpUCTUKY KOpIyca CyJHa W OHpejenseTcs 4depes
o bj o
MYJIbTUIUIMKATHBHYIO CBEPTKY HOPMHPOBAaHHBIX 3HadeHui YII j’ YaCTHBIX ITOKa3aTelseil mo

bopmyie
170)

oI, = anff, (i=T,m), 1)
j=1

TIe bj — BecoBO# k03 urueHT q11;.

B kadecTBe npuMepa Hipke B TaOJl. | mpuBeseH nepedeHb YacTHBIX MOKa3aTelel CcyaHa
Juis Kopryca cynHa «Bonro-Zony.

KommnekcHbIif  TOKa3aTenb TEXHHYECKOTo cocTosHus kopmyca cyaHa Kllpe
ompesenseMblil COBOKYITHOCTBIO 0000IIeHHBIX mokasateneii OIl; (i = 1,n), mpuxuMaer
3HayeHus Ha 3amkHyToM wuHTepBase [0, 1]. HyneBoe 3nauenme Kllrc cooTBeTcTBYeT
KPUTHYECKOMY COCTOSIHHIO KOpITyca Cy/IHa, IPH KOTOPOM JlaJIbHEHIIas SKCIUTyaTalusl Cy/JHa
nckimouaercd, a Kllpc =1 cooTBeTCTByeT NOJIHOCTHIO HCHPAaBHOMY, HOBOMY HIJIH
NPOIIE/IIEMY KallUTaJIbHbIH PEMOHT KOPITYCY.

Tabauya 1
O0001IEHHBII N
®u3EUecKoe CoepKaHNe YaCTHBIX TTOKa3aTeneif
TnoKasaTesb
paxTHIECKOTO CpeHsisi CKOPOCTh W3HAIIMBAHUS CKYJIOBOTO MOSCA U MPHUIIEraroniei K
H3HOCA HeMY JTHHIIEBO# OOIMBKY B BHIOPAHHEIX CEUCHUSX
on Cpennss cKopocTh H3HAIIMBAHUs GOPTOBOi OOIIMBKY B BEIOPAHHBIX
! CeUeHHsX
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Koa¢duipeHT 3anaca npovHOCTH 110 IPEAeTbHOMY MOMEHTY
OrtHotrenne (haKTHIECKHUX TOJIINH CKYJIOBOTO IT0sICa U IIpUIIeTaroniei K
Hell THUIIEBOIT OOIIMBKA B BEIOPAHHBIX CEYEHUSIX K MPOESKTHBIM
3HAUCHUSIM
HpOHOCTH OTH(?’I.LICHI/IG CbaIETI/I‘{eCKI/IX TOJIIMH CKYJIOBOTO HOsica U MpUJIEraromen K
or, Hell THUIIEBOl OOIIMBKY B BEIOPAHHBIX CEUEHUSIX K MUHUMAIbHBIM
3HAUCHUSIM
OrtHotrenne (HaKTHIECKUX TOJNIINH OOPTOBOI OOIIMBKY B BEIOPaHHBIX
CCUCHUSIX K IPOEKTHBIM 3HAUCHUSIM
OrtHotrenre (GaKTHIECKUX TOJNIINH OOPTOBOI OOIIMBKY B BEIOPaHHBIX
CEYEHHUAX K MUHHUMAJIbHBIM 3HAUCHUSIM
9KCILTyaTallMOHHBIX OcTaTo4HbIN neperud
rapaMeTpoB INepexnaccuduxarus
OIl; Hasnmane 0oGHOBIICHHMH
YCIOBUI MHTEHCUBHOCTD KCILTyaTalluu
9KCILTyaTallux
o, ATpECCUBHOCTD CpE/IbI

MynbTHIIIMKATHBHAS  CBEpPTKA IS pacueTa KOMIUIEKCHoro mokaszarens Kllpe
TEXHUYECKOTO COCTOSHMS KOpITyca Cy[IHa OmpenesisieTcss uepe3 0OOOUIeHHBIC MOKA3aTel
OI1; (i = 1,n) no dpopmyre

n
Kllge = H ond, @)
i=1

rie a; — 0000IeHHBIH BeCOBOH KO GHULINEHT.

Hanmmuwme xosdpumentos a; u b; B popmyiax (1), (2) oOycioBneHo HEOOXOMMOCTBIO
KOPPEKTHOTO Y4€Ta HEPAaBHO3HAYHOCTH YACTHBIX M OOOOIICHHBIX XapaKTEPHCTHK IPH
OLIEHKE TEXHUYECKOTO COCTOSIHUS Kopmyca cyiaHa. COOTBETCTBEHHO JUIS JOCTHKEHUS
MaTeMaTHYeCKON COTIaCOBAaHHOCTH MX CYMMbI HOpMHPYIOTCS K 1. C Lesblo onpejaeneHus
YUCIEHHBIX 3HA4Y€HHH a; U b; CTPOATCA MATPHIbl NAPHBIX CPABHEHMH Ha KaXIOM yPOBHE

Hepapxum.
OKCHEpTHBIE CYXX/IEHHS YYHWTBHIBAIOTCS 110 pe3yJbTaTaM IIONApPHOTO CPaBHEHUS
AJMeMEHTOB omHOW Tpymmbel mo mkamne Caatm (or | — paBHas BaXHOCTb, 0 9 —

abcomoTHOe TpeBocxoAcTBO) [9]. TIpu y9acTHH HECKOJIBKHX JKCIIEPTOB IPOHM3BOIHUTCS
YCpeOHEHHEe MATPHIl MApHBIX CpPaBHCHWH MOAJIEMEHTHO, IIOCIE Yero BEIYUCISIOTCS
yCpeOHEHHBIE Beca.

Taroke yepe3 IKCIEPTHBIE CYXKACHUS CTPOUTCS JKCIIEPTHAs MIKalla, MpeoOpasyromas
OTHOIICHHE (PAKTHIECKOTO 3HAUCHHS K POCKTHOMY (MM HOPMAaTHBHOMY) B O€3pa3MepHYIO
OIICHKY. BpImonmHseTCST 3Ta  MpoleAypa IMOCPEICTBOM  IIKAIMPOBAHUA  depe3
anMmpOKCUMUPYIOIIYIO KPUBYIO, YTO MO3BOJISIET (POPMATHU30BATh IKCIIEPTHOE MHEHHE B BUJIE
MaTeMaTH4eCKON 3aBUCUMOCTH (pHC. 2).

CyIIeCTBEHHBIM ~ DJIEMEHTOM  pa3padaThiBAaeMON  MOJCIH  KOHICIIMKA  SIBISCTCS
OTIpeNIeIICHNE TPEICNbHBIX 3HAYCHHU, NMPH KOTOPBIX TEXHHUYECKOE COCTOSHUE KOpITyca
pU3HAETCS HEPUEMIIEMBIM TS JalbHEHIe 0e30MmacHo SKCIUTyaTalim.

[To pekoMeHTAMU SKCIEPTOB B 00JIACTH OCBUICTEIBCTBOBAHUS CYHOBBIX KOPITYCHBIX
KOHCTPYKIIUH XapaKTepUCTUKH CEYCHHIH KOpIyca CyJHA YCIOBHO pa3[elieHBl Ha [BE
TPYIIBI, @2 MUMEHHO OOpPTOBYIO OOIIMBKY M CKYJIIOBOH TOSC C MpWICTAOIIeHd K HeMy
JHUIICBass OOMIMBKOW, IOCKOJIBKY HMMEHHO B 3THX 30HAaX COCPEIOTOYCHBI Hamboiee
OTBETCTBEHHBIE DJIEMEHTHI IOIMEPEYHOTO CEUYEHHUS KOpITyca, OINpPENelsIone ero OOMIyIo
MPOJIOJILHYIO TMPOYHOCTh W COMpOTHBJICHHWE WU3rndy. Kpome TOro, cKynoBoW mosic
MIpUJIETaroNIee JTHUIIEC MPUHIUIHAATBHO OTIMYAIOTCS OT OOPTOBOM OOIIMBKH TIO YCIOBUSM
paboThI U CKOPOCTSM JIeTpaIaIiim.
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UlKE’ITL[{pDBﬂH.He HACTHOI'O MOKA3ZATS/IA OTHOIMCHHA [ﬁaI\THT-IecKl{K
TOMIHH CKYIOBOI0o IMoAca H HPH.'ICI'BIOIJ.ICFI K HeH :iI-LI‘ILUCBOﬁ
ODIINEKH B Bbl@lJﬂHHhIK CCHUCHHAX K ITPOCKTHBIM

%
S
SES
= 08
“EE
EHE
LA s

5 E.g 06
o & 3 i
Efa
CI=g-

E B 0.4
EDN =
ﬁEE

g ES
C‘.!:‘.',m 49
HgE 02
MUE\

H
1y
e =
w8 0 0.2 0.4 0.6 0.8 1

Otromense QarTHIeckol SHATEHHI K OPOSKTHED

Puc. 2. Tlpumep mikamupoBaHKs YaCTHOTO MOKA3aTEIIs TOJIIMH CKYJIOBOTO MMOSICA M MPUJIETAONICH K
HEH JHUIIEBOW OOIIMBKH B BEIOPAaHHBIX CEYECHUIX

ITyrem ananm3a aktoB Jedekrannu cymHa «Bomro-Zlom» ¢ yderom mpaBui
knaccupukarmun u moctpoiiku cymnoB (IIKIIC PKO) [10] Obui0 BBEIIENEHO HYeTHIpe
0000IEHHBIX MOKa3aTess, ABa u3 Kotopeix OIl; u OIl, xapakTepusyrorT (akTH4ecKuii
n3HOC U mpouHocTh. Hpyrue asa mnokazatenss OIl; u OIl, onpenenstorcss Ha OCHOBE
nHpopManMK O MapuIpyTax IBIDKEHHS CyAHa ¥ YCIIOBHSX IUIaBaHMs (BKJIIOYAs
WHTCHCUBHOCTh JKCIUTyaTallud, AarpecCUBHOCTh Cpeasl H T.A.). OTH IIOKa3aTeld
IIpeJHa3HAYEeHbI I KONMYECTBEHHON OLIEHKH SKCIUTyaTallHOHHBIX XapaKTEPHCTUK CYy/HA,
OTpaxkasi BIIMSHUE BHENTHUX ()aKTOPOB HAa M3MEHEHHE €r0 TEXHUYECKOro cocTossHus [11].

VYka3aHHBI HWKe B TaOs. | mepedeHb HE SABISIETCS MCUEPIBIBAIONIMM M TIOJJIEKHT
YTOUHEHUIO WM PAacUIMPEeHHIO NPH JaJbHEHIINX HCCIEAOBAHUSAX 0 MEpEe IOCTYIUICHHS
HOBBIX JJAHHBIX ¥ IIPOBEJCHNUS BHIYMCICHUH.

B nmannO#1 paboTe ¢ yueToMm Bcex ceueHmi, paccMarpuBaercs 30 YacTHBIX TOKa3aTeIeH.
BexomaeiMu pesynpratamu QyHKiuonupoBanus CIIIIP B akTyamsHBIH MOMEHT BpeMEHHU
SIBIISIFOTCSL OLIEHKA TEKYIIEro TEXHWYECKOTO COCTOSHMS KOpIyca CyJIHa, HpPOTHO3 €ro
JUHAMHUKU Ha 3aJaHHYI0O BPEMEHHYIO MEepCHEeKTHBY (MHTEPBaJ OT OJHOTO JIO0 IATH JET), a
TaKke GOpMUPOBaHHE PEKOMEHIAIINIT 110 IKCILTyaTalluH Cy THA.

OcHOBHas 1leNb pa3BUBaeMoro B paboTe moaxoia — obecrieueHne OOBEKTUBHOW W
CBOEBPEMEHHOM OIIEHKH 3KCIIIyaTallHOHHOTO COCTOSHHS KOpIIyca CyJHA IpH NMPOBEICHUU
IUTAHOBBIX W BHEOYEPEIHBIX OCBUACTENILCTBOBAHUH, a TaKkke IPU PEIISHHH BOIpOca O
MIPOJIICHUU CPOKA CITYKObI

Pa3paboTanHas KOMIUIEKCHAsE MOZEIbHAsE KOHLENIHUS IIPOrpaMMHO-aJIrOPUTMHIECKOTO
obecrieuennss 1MGPOBOI CHUCTEMbl MOIJEPXKKM TNPHHATHA PpEIICHWH TIpH  OICHKE
TEXHMYECKOTO COCTOSHUS KOpITyca CyIHa MpeJHa3HaueHa s ocieIyIomeil peaan3aniy B
BUJE IPOrPpaMMHOIO0 KOMIUIEKCA C BO3MOXHOCTBIO aJaNTallud K Ppa3dHUYHbIM THUIAM
BOJIOM3MELIAIOIUX CYIOB.

Wndopmannonnas crpykrypa CIIIIP nomkHa CTPOWTHCS MO MOIYIHHOMY NPHUHIHUILY,
MO3BOJISIIOIIEMY  Pa3leNbHO XpaHWTh JaHHBIE OIEHKH ¥ (HOPMHUPOBATH OTYETHI,
cornacoBannble ¢ TpeboBanusmMu PKO. EctectBenHo, BxomHo#l motok manHbix CIITIP
JIOJDKEH BKJIFOYATh MHPOPMALMIO MO MPEIBIAYIINM OCBHAETEIECTBOBAHUSIM M PE3yJIBTAThHI
9KCHEPTHHIX PACUYETOB.
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ratHoe mpumenenne CIIIIP mo3BomuT 3aMEHHTH pa3po3HEHHBIE OyMajKHBIC AKTHI
nedekranuy eIUHBIM LOU(PPOBBIM PELICHHEM, IOAJCPKUBAIONINM HETPEPHIBHOE PHCK-
OpPHEHTHPOBAaHHOE YIPaBICHHE TEXHUUECKUM COCTOSHHEM KOpITyca CyAHA Ha MPOTSKCHUH
€ro XM3HEHHOTO ITUKJIA.
3akJ0oueHue

B pesynbrate CUCTEMHOTO aHajlu3a COBPEMEHHBIX METOJOB OLEHKH TEXHHUYECKOIrO
COCTOSIHHSI CIIOXKHBIX CHCTEM B pa3HBIX O0O0JacTAX, BKJIIOYash BEPOSTHOCTHBIC, DPHUCK-
OpUCHTUPOBAHHbIE U HHTEIJICKTyalbHbIE IOAXOJbI, BBISABICHBI U CHUCTEMAaTH3UPOBAHBI
OCHOBHBIE  OTPAHMYEHUS CYIIECTBYIOUIMX METOJUK, Cpeaud  KOTOPBIX:  BBICOKAs
TPYZOEMKOCTh HATYPHBIX W3MEPEHUI, HENOJHOTa HWCXOIHBIX JAaHHBIX, CYyOBEKTHBHOCTH
9KCTIEPTHBIX OLEHOK U HEAOCTATOYHAsI IPOTHOCTUYECKAsI CIOCOOHOCTD.

ObocHoBan BbIOOp MAW, MO3BOIMIOMKN B COYETAHHH C MYJIBTUIUIMKATUBHON
CBEPTKOM arpermpoBaTh Pa3HOPOAHBIC IMOKA3aTEIH TEXHWYECKOTO COCTOSHHS KOpIyca B
YCIIOBHUSIX MHOTOKPHTEPHAIIBHOTO BBIOOpA PEIICHNUH IIPU OCBHICTEILCTBOBAHUY CYIHA.

[MpennoxxeHa mod3TamHass KOMIUIGKCHAs METOJMKA, BKIIOUYArOmas (OPMHUpPOBAHHE
NEepapXU4ecKOl CTPYKTYphl KPHTEpHEB, MPOLEAYpPY MapHBIX CpPaBHEHHH HKCIIEPTOB,
HOPMHPOBAHHE WU IIKAJUPOBAHME IOKa3aTeJeH, alIpOKCHUMALMI0 IKCIEPTHBHIX MHEHHH B
MaTeMaTHYEeCKyl0 3aBHCHUMOCTb, PAcU€T KOMIUIEKCHOH OLIEHKH W MPOBEPKY OpakOBOYHBIX
3Ha4yeHui [8].

B pa3Buree TeMbl CTaThU AaJbHEHIIME MCCIEIOBAHHUS MPEANOJAraloT IOJyYeHHUe
CTaTUCTHYECKH 0OOCHOBAaHHBIX YHMCICHHBIX PE3YyJIbTaTOB OIIEHKU TEXHHUYECKOT'O COCTOSHUS
Ha PETPOCHEKTHBHOM MAacCHBE JAaHHBIX OCBUAETEIbCTBOBAHMSA HE MeHee 57
BOJIOM3MEIIAONINX CyJOB Pa3HBIX NPOEKTOB M PA3HBIX CPOKOB OKCIUTyaTallud C
nocieayroomed  anpobaruel  pa3paOOTaHHOM ~ KOHLENIUHM,  KOTOpas  IO3BOJHT
BepUHUINPOBATH KOPPEKTHOCTh HEPAPXUUECKOH MOJIENH, MPOBEPUTH TyBCTBHUTEIHHOCTH
MyJIbTHIUIMKATHBHOH CBEPTKH K BapHallMsM 3HAYEHHH BECOBBIX KOd(UIMEHTOB a; U b; ,
YTOYHHUTH OPaKOBOYHBIE 3HAUEHHMS ISl KOHKPETHBIX KOHCTPYKTHBHBIX 30H KOpITyca CyTHa.

JIOTIOJTHUTENBHOTO PAcCMOTPEHUS 3acily’KHBaeT CICHApHi, NP KOTOPOM OJUH U3
00OOIIEHHBIX TIOKa3aTesieii CTAaHOBUTCS OJM3KMM K HyJIIO (Hampumep, JIOKaJbHbIN
HEJIOYCTUMBIH M3HOC CKYJIOBOTO T05ICa), @ OCTalbHBIE 0000IIEeHHBIC TTOKA3aTEeNN OCTAIOTCS
BBICOKUMH, YTO BEPOATHO IOTpeOyeT BBEICHHE B BBIYUCIUTEIBHYI0 MOJIENb OLEHKH
TEXHMYECKOTO COCTOSIHUSI 3alpeTa Ha CBEPTKY C BbLAAUeH OTAEIBHOIO JMArHOCTHYECKOTO
COOOIIEHNS.

[pemnoskeHHast KOHIEIITUS MPOorpaMMHO-anroputMirdeckoro obecredenus: CIIIIP mpu
OLIEHKE TEXHWYECKOTO COCTOSHHMS METaJUIMYEeCKOro KOpryca CyJHa He SBISIETCS
OKOHYATEIbHONH M MOKET OBITh Pa3BHUTA TaK)Ke B CIEIYIOUINX HANpPaBICHUSIX: MHTETPALHS
METOJ/IOB MALIMHHOTO OOyYeHHMs JUlsi aBTOMAaTUYECKOTO yTOYHEHUs 3Ha4eHHd a; u b; 1o
Mepe HAKOIJIEHUs CTATUCTUYECKUX JAHHBIX; BHEIpeHHE HeUETKNX Moaudukanuii MAUW st
paboTel ¢ Oojee BBICOKUMH YPOBHSMH HEOTPEISNEHHOCTEH; CO3/IaHHE ITOJHOLEHHOTO
uQpoBoro JBOHHMKA KOpIyca C JBYCTOPOHHEW CBSI3bI0 MEX/Ay pPacy€éTHOH MOJENBI0 U
JTAaHHBIMH HETIPEPBIBHOTO MOHUTOPHHTA.

Peanmu3anusi TNepeYNCIICHHBIX HANpaBICHUH TEOPETHYECKMX M BBIYMCIMTEIBHBIX
WCCIIEJOBAaHUH TO3BOJIUT MEPEHTH OT TEOPETHYECKH OOOCHOBAHHOM METOMOJIOTHH K
NOJHO(YHKINOHAIBHOMY — IU(POBOMY  HMHCTPYMEHTY,  IOAJCP)KUBAIONIEMY  BECh
JKM3HEHHBIN [IUKJI YIIPABICHUS TEXHUUECKUM COCTOSTHHEM KOpITyca Cy/Ha.
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APXUTEKTYPHO-KOHCTPYKTHBHbIE 0COOEHHOCTH KPYU3HBIX CY/10B

A.B. Ilocanckas

ORCID 0009-0000-7592-4046

BVHI] «Boenno-mopckas akademus um. aom. H.I'. Kysneyosay, e. Cankm-Ilemep6ype,
Poccusa

AHHOTanMsA: B COBpeMEHHOCTH MEPCIEKTHBHOE PAa3BUTHE MOIYUYHIM PEYHBIE U MOpPCKUE
MyTEIIECTBUS, OCYLIECTBIISIEMble Ha KPYHM3HBIX cyaax. Cremuduka Takux MyTEIIECTBUI
MPEJONpE/ICIAeT HATWYHE Yy KPYU3HBIX CYJIOB KOHCTPYKTHBHBIX OCOOCHHOCTEH, Y4YeT
KOTOPBIX TO3BOJIICT  CYAHO, HaWOoJice IIOJIHO OTBEYAIONICEe IMOTPEOHOCTAM KPYU3HOM
TypuHayctpud. OOIIue MpaBuiia KOHCTPYHUPOBAHUS KPYHU3HBIX CYIOB, KaK MaCCOKUPCKHUX,
3ananbl Poccuiickum Mopckum peructpom cynoxozacrsa U Poccuiickum Peunsim Peructpowm,
«MeXIyHapoaHOH KOHBEHIIMM II0 OXpaHe dYelloBeueckor »xu3Hu Ha mope (SOLAS -
International Convention for the Safety of Life at Sea)». Crneuuduunbsie TpeOoBaHUS K
KOHCTPYKIIUSIM KPYH3HBIX CYIOB, HalpaBJCHHbIE Ha oOecreueHre KOoM(OPTHOIO OT/AbIXa
TYypHUCTOB, (popMaTbHO HE PETIIaMEHTHPOBAHBI KJIacCH(PHKAMOHHBIM o0IecTBaMu. B cratbe
paccMOTpeHBl O0IIMEe W CHENU(pHUYHBIC KOHCTPYKTUBHBIC OCOOCHHOCTH OTCUCCTBEHHBIX
KPYU3HBIX CYJIOB, PAacCMOTPEHBI MX OCOOCHHOCTH Ha MpUMEpax POCCHUICKON MpaKTHKH,
000CHOBaHA pPEKOMECHMAIMS Hayaua NPOCKTUPOBAHWS  KPYU3HOTO CyJHAa Kak OOBeKTa
TypuHnyctpud. CTaThsi TOCTPOCHA HAa CHHXPOHHU3AIIMH HOPMATUBHBIX  TTOJOXKCHHN
KIIACCU(UKAIUOHHBIX OOIIECTB, B3MVIAZAOB DPA3MUUYHBIX HCCICIOBATENICH Ha MPOOIIEMBI
KPYU3HOTO CYAOXOJCTBA H CYyIOCTPOCHHS.

KnroueBble ciioBa: KpyH3HOE CyIOHO, KOHCTPYKIHS, OCOOEHHOCTH, TpEeOOBaHUS
KIacCH(UKAIMOHHBIX 00ILIeCTB, KOM(OPT, BOAOU3MELIAIONINE Cyla, Cylda Ha BO3IyLIHOM
MOJTYIIKe, KPYU3HOE CYAHO KaK OOBEKT TypHHIYCTPUH.

Design features of cruise ships

Anastasia V. Posadskaya
ORCID 0009-0000-7592-4046
VUNC «Naval Academy named after Admiral N.G. Kuznetsovy, St. Petersburg, Russia

Abstract: River and sea voyages carried out on cruise ships have developed in modern
times. The specifics of such trips limit the availability of design features for cruise ships,
which can be taken into account by the vessel that best meets the needs of the cruise tourism
industry. The general rules for the design of cruise ships as passenger ships are set by the
Russian Maritime Register of Shipping and the Russian River Register, the International
Convention for the Safety of Life at Sea (SOLAS). The specific requirements for cruise ship
designs aimed at ensuring a comfortable stay for tourists are not formally regulated by
classification societies. The article examines the general and specific design features of
domestic cruise ships, examines their features using examples of Russian practice, and
substantiates the recommendation to start designing a cruise ship as a tourist industry facility.
The article is based on the synchronization of the regulations of classification societies, the
views of various researchers on the problems of cruise shipping and shipbuilding.

Keywords: cruise ship, design, features, requirements of classification societies, comfort,
displacement vessels, hovercraft, cruise ship as a tourist industry object.

BBenenue

AKmyaJleocmb. OCHOBy KPYU3HOTI'O CYJA0XOJACTBA COCTABJIAIOT KPYHU3HBIC CyJa, OCYIIC-
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CTBIISIFOIMIE BOJHYIO MEPEBO3KY 000COOIEHHOI TpyMIbl MAacCaXUpOB - TypUCTOB, Kak
COBOKYMHOCTH JIMI, HyTEUIECTBYIOIINX C PEKPEAMOHHBIMHU, pa3BIEKAaTCIbHBIMH U
MO3HABaTENbHBIMH LessaMH. Crienn@uKa TakuxX MyTEIIECTBUH NMPEIoNpenesieT HINIne y
KPYHU3HBIX CYAOB CBOMX, KOHCTPYKTHBHBIX OCOOEHHOCTEW, H3ydeHHe H 0000IIeHHEe
KOTOPBIX IO3BOJISICT NMPOEKTHPOBATh CyJa, HauOoJiee MOJHO OTBEYAIONIHe COBPEMEHHBIM
TpeOOBaHUAM KPYU3HOI TYPHUHIYCTPHUH.

L]env uccnedosanus — packpbeITHe KOHCTPYKTUBHBIX OCOOCHHOCTEH KPYH3HBIX CYJIOB.

Obvexm uccredosanus — NaCCAXUPCKUE Cya.

IIpeomem uccredoeanus - KpyusHbIe Cya.

3aoauu uccneoosanusi:

— TPOAHAIN3UPOBATH HCTOYHUKOBYIO 0a3y 10 TeMaTUKe Iy OINKany;

— paccMoTpeTs o0mmue u crernududHble TpPeOOBaHUS K KOHCTPYKIIUH
KPYHU3HBIX Cy/0B, IPHBECTH IPUMEPHI X IPAKTUIECKONW peann3alyy.

Memoousl  ucciedosanuss - TPUEM [ECKPUNTHBHOTO OIMCAHUS, IPHEMBI CBOJIKH,
TPYIIIIMPOBKMA W aHaJIW3a TEXHUKO-dKOHOMHUYECKHX IIOKa3aTeNed KpYyH3HBIX CYHAOB,
pasnuuHble K03(h(HUIMEHTHBIE 3aBUCUMOCTH, XapaKTepHU3YIOIIUe UCCIIeIyeMYyIo ITpolieMy.

Pe3ynbrarsl ucciaeaoBaHus

[To oOmemy ompeseneHHI0, KPYW3HOE CYAHO — 3TO CYAHO, NpeIHa3HAYeHHOE JUIs
MEPeBO3KU TYPHCTOB, KAK COBOKYIHOCTH JIHLI, COBEPIIAIOUINX KPYH3bl - MOPCKHE W/HIIH
peunsle myTemectsusd [1, c. 17].

Mexnynaponuass «KoHBeHIMST 10  OOJIErYeHUIO  MEXIYHApOAHOTO  MOPCKOTO
cynoxoxncTsa 1965 roga» ompenemnsier KpyW3HOE CyIHO KaK, «...CyJHO, IPEIHA3HAUYECHHOE
JUIT  MEXIYHApOIHBIX ITyTCIICCTBUA NPU IIEPEBO3KAaX IMAcCa)KUPOB  — YYACTHHUKOB
TPYIIIOBOM INPOTPaMMBbI, pPa3MEIICHHBIX Ha OOpTy ¢ IEIbl0  3aIUIaHUPOBAHHBIX
TYPUCTHUYECKHAX TIOCEIIEHNH OJHOTO WM OONbIIEe pa3MYHBIX IOPTOB, KOTOPBIE IIPH
IUTAaBaHUSAX OOBIYHO HE MPOUCXOIAT...» [2].

Poccuiickne kmaccuduKaoHHbIe 00IIECTBA CIEUAIBHO HE BBIICIAIOT TAKOH THIT KaK
KKpYHW3HOE CYTHO», OIpEIeNsisi B KaueCTBE TAKOBOTO «IIaCCAKUPCKOE CYIHO» U TOJKYS
JTAaHHYIO KaTeTOPHIO MIPAKTUIECKH OJJMHAKOBO. Tak:

— O ompeaencHHI0 POoCCHHCKOTO MOPCKOTO perucrpa CyJOXOACTBAa —
«...Cy[THO, TpeJHa3HaYeHHOEe /IS TIePEeBO3KH MM IepeBo3siuiee Oosee 12
Maccakupos...» [3, c. 7], u

— no onpeaenenuto Poccuiickoro Peuynoro Peructpa —  «...cynHO,
MpeJHa3HaYeHHOE TS IepeBO3KH Ooiee 12 maccaxupos...» [4, c. 17].

OOvenuHsAs NaHHBIC NePUHHUINH, 3aKIOYUM: KpyumsHoe cymgHo (mwm KC) — ato
MacCaKUPCKOE CYHO, OCYIIECTBIIAIONINE IEPEBO3KY 000COOIEHHOM IpyMIThl MAacCaXXUPOB —
TYPHCTOB, BBINOJHSIONIEE MEXIYHAPOIHBIH W/WIN BHYTPEHHUH TypHUCTHUYECKHH peic, 1o
OTIpEeNICIICHHON, TTyONMYHOU (T.e. OOBSBICHHOW) M KOJUICKTUBHOHU (T.€. JUIA OJWHAKOBOM
BCEX TACCAXHPOB) TMpPOTpaMMe C  PEKPEAlOHHBIMH, Ppa3BICKaTEeIbHBIMH  HIIU
M03HABATEJILHBIMHU 1IEJISIMHU.

C rtpammmuonsHbix mosummi, KC, kak maccaxxupckue cyAa, MOTyT OBITh
KJaccu(UIIMPOBaHbI [0 COBOKYITHOCTH ITPU3HAKOB. B ux uunce:

— 170 (pu3MYECKHM OCHOBaM IUIaBaHMA, KaK BOJOM3MEINAIOIINE CyAa U
cylJa ¢ JMHAMUYECKMMH IMPHHIMIAMH TOJJIepKaHHs, HalpuMmep, cyla Ha
Bo3aymHOM moaymike (CBII) wmu cyna Ha mogBoaHBIX KpeUibsix (CIIK);

— 110 TPOCTPAHCTBY IUIABAHMS, KaK MOPCKHE Cy/a, PEeUHbIe CyJa WU
cyJla CMEUIaHHOTO (peKa-Mope) IIaBaHMS;

— o pailioHaM  IUIABaHWS: a) JUII MOPCKMX CYIOB - cyaa c
HEOTrpaHHYCHHBIM PaOHOM IUIABAHMS M CyJa C KaKHMM-JINOO OrpaHHYeHHEM
[0 paiioHy IJIaBaHUSA — PEHTOBOrO WM MPHOPEKHOTrOo paiioHa IUIaBaHUS, C
ynanennem He 6omee 50, 100 m 200 mMump oT mopra — yoOexwmia; 0) s
pEeUHBIX CYIOB — B 3aBUCHMOCTH OT YCTAHOBJCGHHOH  pa3psiiHOCTH
BHYTPEHHHUX BOJHBIX 0aCCEHHOB M HMX BETPO-BOJHOBOTO PEIKHMA;
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— HWHBIM  TIpU3HAKaM, YyCTaHABIMBAaEMBIM  KIACCHU(PHUKAMOHHBIMHU
obIecTBaMH: KaK CaMOXOZHBIE W HECAMOXOIHBIE Cylda, IO THITY
SHEPreTUYECKON yCTaHOBKH, 10 BO3MOXKHOCTH IIIABAHHS BO JIbAAX (JIETOBBIX
YCHJIEHUH), 0 HEMOTOIUIIEMOCTH, YPOBHIO aBTOMAaTH3aINH, SKOJIOTHIHOCTH
U 1p.

Ha wHam B3rmsa, uwHTEpecHO KiaccudukanuoHHoe paszgenenne KC  Ha cyna
CHELUaNbHOW TOCTPOWKM W Cyla, HPUCIIOCOOJIEHHbIe, T.e. J0000pYyIOBaHHBIE WIN
nepeoOopyI0BaHHbIE, Uil OCYIIECTBIEHHS Kpyu3oB. [Ipumepamm Broporo  moaxoxa
SIBIISIFOTCSL poccuiickue atoMHbI segokon «S50 ner IloGenp», moobopymoBaHHBINA (T.e.
OCHAII[CHHBIN 0e3 n3MeHeHHsT (PYHKIIMOHAJIBHOTO Ha3HAYEHUsI) ISl apKTHYEeCKOr0 KpyH3a U
nBa KC - «IIpodeccop Xpomos» u «Axanemuk lloxamsckuii», nepeodopyaoBaHHbIe (T.€.
¢ U3MEHEeHNEeM (DyHKIMOHAIBHOTO Ha3HAYEHUS) AJIS JaIbHEBOCTOYHBIX KPYyH30B U3 HAYTHO-
HCCIIE0BATEIbCKUX CYHOB.

OTe4ecTBEHHBIMH  KJIACCU(UKAMOHHBIM OOIIECTBAMH YCTAHOBJICHBI CIICI[HATbHBIE
TpeOOBaHMS K MACCAKUPCKUM CyJaM, B 4ucsio KoTopsix nonangarot 1 KC. K nmpumepy:

— Poccuiickuii  MOpPCKOH  PErucTp  CyIOXOJCTBAa  yCTaHABIUBACT:
«...TIACCAXUPCKHUE CyJa, COBEPIIAIOIIME peiiCchbl, KOTOphIE MO JaJbHOCTH
IUTaBaHUS HE MOJMAgaroT IOJ OIpejesieHHe KOPOTKOTO MEXIyHapOoIHOTO
peiica, JODKHBI MMETh Ha KaXX/IOM OOpTY cracaTeibHble LUIIONKH 00Len
BMECTUMOCTBIO, JOCTaTOYHON g pasmemenuss 50% olmero umcna
HaxOJSIIMXCSl HA CyJHE JtoJIeH [C ycTaHOBIEHHBIMU JomyiieHusmu, A.IL]...

Jnst  KaXmoro HaxoIsIIErocss Ha CyIOHE 4YeJNOBeKa IODKEH OBITh
MIPEAYCMOTPEH CNAcaTEeNbHBIM XKHJIET [C yCTAaHOBJICHHBIMH JIONTYLICHHUSIMHU,
AIL]..» [3].

— Poccwuiickoe knaccudukanuonHoe o6mectBo (Peunoi Peructp)
YCTaHAaBIMBAaCT KOHCTPYKTHBHBIE TPEOOBAHUS AJS MEPEBO3KHU ITACCAXKHUPOB —
WHBAJIWIOB C OTPAaHMYCHHOW crocoOHocThio mepemerieHus  Ha KC,
HOPMHPYIOT OCTOHYHMBOCTb, HEMOTOIUIAEMOCTh U BBICOTY HAJBOJHOTO GopTta
MacCaXUPCKUX CYJIOB CMEIIaHHOTO (peka-mMope) riaBanus [4; 5].

VYcinoBus 3KCIUTyaTallil TaK )K€ HaKJIaIbIBalOT OrpaHHYeHus Ha KoHcTpykumu KC.
Hanpumep, anst Kpyu3HBIX CyJOB CMEIIAHHOTO (peka — Mope) IulaBaHus kiacca «Bosnro-
bant» ycraHoBneHbl orpaHuueHus: rabaputHas ymHa — He Oomee 185 M, rabapuTHas
mupuHa — ot 16,95 m g0 20,1 M, ocagka — oT 2,9 M 10 3,8 M, HaJABOJIHBINA radapuT — He
6omee 13,2 M [6]. EBpomeiickim BHyTpeHHHM BOAHBEIM myTsm (BBII), B oTmmume ot
poccuiickux BBII, mnpucymm MeHbinme raGapuThl CyIOBOTO XOZd, YTO OTPAaHHYHBACT
pasmepenust KC u crumynupyer BbliesieHHe OONBIINX IUIOMAAEH Ul KaroT TYPUCTOB C
LIENBIO TTOBBINICHUS IAaCCR)KUPOBMECTHMOCTH M yBEIWYEHHUS KOMMEpPYECKOTO JI0XOAa.
W3BecTHBI rabapuTHBIE OTPaHUYEHUS JUIS Cy/IOB B 3aBUCHMOCTH OT Pa3MEpHOCTH MHPCOB U
JIOKOB, IO TiIyOMHAM (apBaTepoB M B IPOYMX CIy4asiX, ONpPEACIIEMbIX OOBEKTUBHBIMU
(axTopamu.

Baxnsrii acmexkt TpeOOBaHMM K KOHCTPYKTHBHBIM ocobOeHHocTsM KC — 3t10
COOTBETCTBUE HOpMaM «MeXIyHapOoJAHOW KOHBEHLUU 10 OXpPaHE YEeJIOBEUECKOU JKM3HU Ha
Mope» (SOLAS - International Convention for the Safety of Life at Sea), uro
noATBepxkaaercs: «MexyHapoqHbIM cepTuduKaroM naccaxupckoro cynHa (International
Ship Security Certificate, ISSC)». Hamiuue ganHoro ceptudrkara mo3BoseT y4acTBOBAaTh
KC B MexIyHapoOHbIX KpyHu3aX, B T.4. IIEPEBO3UTH  HMHOCTPAHHBIX TYpUCTOB Ha
BHYTPUPOCCHHCKNX MOPCKUX M PEYHBIX JTMHUSIX.

CneumduyHbMH  TPeOOBaHMSAMH K KOHCTPYKIMH KPYM3HOTO CyJHA, KaK K
KOMMEpPYECKOMY OOBEKTYy TYPUHIYCTPHH, HPOCTPAHCTBY IPOKUBAHUS, PEKpeallud H
pasBlieueHHs]  TYpHCTOB,  SBISIFOTCS  TpeOOBaHMS K  IAaCCAKMPOBMECTHMOCTH,
koM(popTabenbHOCTH pa3MenieHus TypructoB Ha 6opty KC.

Tak, 6a30Bo#i enuHUIEH, HOPMUPYIOMIHHA JOXO OT KOMMEPUYECKOW IKCIUTyaTaI[l
KC sBnsieTcs TypHCT, KaK Maccakup, MPHOOpETaroNuii U coBepmIaromuii kpyns. B aTtom
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ciyyae, OYEBHIHO, YTO ITaCCA)XUPOBMECTUMOCTbH — O3TO OIMH U3 OCHOBHBIX
(momuHUpyrOmMUX) (akTop, MNPEHONMPEHCNAIOMHUX KOMMEPUECKYI0 pPe3yIbTaTHBHOCTH
(moxomnoctp) KC m addexTrBHOCTL €ro 3Kcrulyaranuu (HampuMep I0 KPHUTEpUsIM

peHTalbeNbHOCTH).
ObecnieueHre OoOJbIICH TACCaXUPOBMECTHMOCTH OTPAKACTCS HA apXUTEKTYypPHO-
koHCTpykTUBHOM THIle KC, mposBIsieMOM B €ro «MHOTONATyOHOCTH» -  HAIMYHIO

MHOTOSIDYCHBIX M TpPOTSDKEHHBIX HAJICTPOEK, KaK IPOCTPAHCTBY, OOECIEYHMBAIOIIEMY
JIOCTaTOYHbIE O0BEMBbl M IUIOINAIU JUIS Pa3MEIIEHHS M OTIbIXa OOJIBIIEr0 KOJIWYEecTBa
MACCAXKUPOB, U KOJIMYECTBA DIKHIIAKA, HEOOXOIMMOTro Juisi oOCimykuBaHHs Kpym3a. K
npumepy, Ha uerbipexmany6uom KC mp. 301!, ofmas miomans mais NpoKUBAaHUS
MACCAXUPOB U SKUIAXKa, U IUIOLA]b MOMEICHUH peKpeallud U pa3BICUCHHH COCTABISAET
3707,9 M?, U3 KOTOpHIX IIOMmAAL KaloT mHaccaxupoB (334 dwen.) cocrasuser 34,9%,
TUTOIIAAb MPOCTpaHCTBA peKpeannu (MporyinouHsix mamy6) — 37,5%, mnomans
MIPOCTPaHCTBa Pa3BICUCHUH (0apbl U pecTOpaHbl, KOHQPEHII- U KHHO3AJbL, U 1p.) — 9,7% u
IUTOIIAAb KaroT dKunaxa (84 gemr.) — 17,9% [7, c. 46-47].

[TpuBeneHHBIE BhINIE BETUYMHBI XapaKTEPHbI AJIsI COBETCKOTO PEYHOTO MAcCaKUPCKOTO
CyOHa, C TPHUCYUIMMH TOMY BPEMEHH COIMAIbHO-3KOHOMHYECKAM YCIOBHSAMH H
MOHNMaHWeM  KOM(OpPTHOro  mpeObBaHUs  Typucta Ha  Oopry cyaHa. Jus
3ananHoeBporneiickux KC, pa0oTalomux B yCIOBUSX 0ojiee OrpaHHMYCHHBIX TabapuTOB
CyIIOBOTO XOAa U B PBIHOYHBIX YCJIOBHUSX, CBOMCTBEHHBl HECKOJIBKO MHbIE TOKa3aTeNln —
Oonplllasi IUIOIIAMb OTBOAMTCS IOJ] KAlOTHl JJIsI MACCAKUPOB, 3a CUET COKpAIICHUS
MIPOCTPAHCTBA pEKpealdd. OTO IOBBIIIAET BMECTHUMOCTh CyAHAa M, Kak CIEACTBUE,
YBEJIMYHMBAET €ro IIPOBO3HYIO CIOCOOHOCTb, KOMMEPYECKHE pe3yJbTaTHUBHOCTb U
3¢ PEKTHBHOCTE.

OOecrieueHne HaUISKAIET0 YpoBHA KoM¢opTa UIs TYpPHCTOB — 3TO (hakTop,
OKa3bIBAIONINHA KIIOYEBOE BIMSHHUE Ha KOHCTpYKTHBHOe ycrpoiictBo KC. ObecmeueHue
koMmpopradensrocTi KC nocturaercst mocpecTBOM KOHCTPYKTHBHBIX U CEPBHCHBIX MEp.

Tak, koHCTpykTHBHOE obOecrieueHne KkoMpopTadbenpHoctn KC dopmupyercs B
Iporecce NPOEKTHPOBAHMS M CTPOMTENBCTBA, W BBIPAXKAETCS B CO3JaHWH IPOCTPAHCTBA,
JIOCTATOYHOTO I MPOKUBAHUS, PEKpealuy U pa3BICUCHUH TYPHUCTOB, UX 3aIMIIIEHHOCTH
OT IIyMa W BHOpAlMH, ¥ APYTUX MCTOYHHKOB HETaTHBHOTO BO3AEHCTBHS Ha uyesloBeka. B
o011eM cirydae, JaHHBIE 33a4H PEeIIaloTCs MOCPEICTBOM:

— 30HUPOBaHHUA, T.€. PA3ZMEILEHUA Ha KC 30H (mpocTpaHCTB)
MIPOKMBAaHUS, PEKpeallMu M pa3BICUEHHH TYpPHUCTOB, YHAJeHHBIX  OT
MOMEIEeHUH (OTCEKOB, OT/IEJICHHUIA U TIp.), CBSI3aHHBIX C IKCIUTyaTalllel cyHa
U SIBISIOIIUXCS MCTOYHHKOM KaKoOro-TMOO HEraTHBHOTO BO3/CHCTBUS Ha
YeJI0BeKa; 30HUPOBAaHME OCYIIECTBISIETCS  BEPTUKAIBLHO — MO maiybam,
TOPU30HTAJIBHO — C BBIACIECHHEM Pa3HO(YHKIHMOHAIBHBIX OJIOKOB IO JJIMHE
KC - B HOCY, B KOpME WM NOCEpEIMHE, C Ppa3AeiIeHHEeM Ha aBTOHOMHBIC
30HBI  (KJIacTepbl) BHYTPH OJHOPOJHOTO  IIPOCTPAHCTBA, HArpHuMep,
pa3feneHneM pPEeKpearioHHBIM IPOCTPAHCTBOM 30HBI OTABIXa M 30HBI
Ppa3BIICUECHMI;

— NpUMEHEHHEM KaKHX-M00 BUOPO- ¥ 3BYKOIIOTIOLIAIOIINX MAaTEPUAIIOB,

U MHBIX YCTPOMCTB, YCTPAHSIOIIMX HEraTHBHOE BO3/CHCTBHE Ha UYEIOBEKa
WM MUHUMU3UPYIOMIKUX TAaKOBOE /10 TOITyCTUMBIX HOPM.

[lepBBIM, HCTOPHYECKH  CIIOKMBIINMCS  CEPBHCHBIM  IIPHEMOM  OOECIeYeHHUs
KoMpopTadenbHOCTH, CPOPMUPOBABIINMCS  €le Ha JIMHEHHBIX MAacCaKUPCKUX Cynax,
SBIISIETCSL pa3JielieHne IMOMEIIEHWH Ha KIacChl, OT NMEpBOr0 — C HAMOOJIBIINM YpOBHEM

! CoBeTCKHI POEKT PEYHOTO MACCAKUPCKOTO CY/IHA, TOJHBIM BOJOM3MEIIEHHEM 3 750 T B BMECTHMOCTBIO
334 uwen., moctpoenHsiit B I'JIP B 1975- 1983 rr. cepmeit n3 22 exn. B Hactosmee Bpems Bce cyna
IKCIUTyaTHPYIOTCs: KoMnanusiMu «Bomoxonsy, «donunTypdinor», «Moctypdiory, «Ilaccaxkupckuit mopm»
(roproast mapka Viking River Cruises), Kamckoe peunoe mapoxojnctBo (apenna — «Bonra Wolga» u
«CrytHuk-I'epmec») u «Co3pesauer.
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KoM(opTa, 10 YETBEPTOTO — C MHHIMAJIBHBIM Ha0OpOM NPEOoCTaBIAeMbIX yciyr. OmxHaKo
KpyHU3Has IMpPaKTHKa CBUACTEIBCTBYET, YTO B COBPEMEHHOCTH OOECIICUYUTH KOM(OPT «II0
KJIaccam» JOCTaTOYHO CIIOKHO, B CHJIy OOJBLIOTO KOJHYECTBA TYypHCTOB Ha OOpTY,
OTPaHWYCHHOCTH  CYAOBOTO  IIPOCTPAHCTBA, PpA3HOrO IOAXOJa K  OpraHW3aluu
PEKpeallMOHHbIX W Pa3BJIEKATENBHBIX MEPONPUATHH Il Pa3HBIX COLMAIBHBIX TPYII,
JUIITEIEHOCTH W pa3sHoOOpa3uio MapuipyTa, CHa0XKEHHIO CyJnHa, 4YHCIEHHOCTH U
podeCCHOHAILHOMY COCTaBY DKHITaXa.

[TosTOMy B COBpEMEHHOCTH CUHMTAaeTCsl IejecooOpa3HeIM mpoekTtupoBath KC  yxe
W3HAYaJIbHO MPHUCIOCOOJICHHBIE Ul OOCIY)KUBAHMS ONPEAEICHHON KaTerOpHu TYpPHUCTOB,
co3naBass HeOousbIne NpeepeHlH HMX OTIENbHBIM TIpylIlaM N0 KoMQopTadelsHOCTH
(pa3MemieHNIO B KAalOTaX PasHOTO KiIacca, CEPBUCY «B HOMEpax» W T.II.). ITO ITO3BOJSET
ONTHMHU3UPOBATh TEXHUKO-IKCIITyaTallMOHHbIE XapakTepucTuku KC, coOTHOIEHNE [IEHBI U
Ka4ecTBa TYPHCTCKOTO IPOAYKTa AJSI OMPENEICHHBIX KAaTerOpui TypucToB. [Ipumepom
TaKOTO TOAXOJa SBIsIETCS coBpeMmeHHoe poccuiickoe KC «Mycrait Kapumy», sxumble,
PEKpeanoHHbIe U Pa3BICKATEIbHbIC TOMENICHUSI KOTOPOTO M3HAYAIBHO IPOSKTHPOBAIICH
TI0J] OJTMH YPOBEHb KOM(OPTHOCTH.

IIpaBuna QopmupoBanuss KoMmdopTra OTHECCHBI K KOMIICTCHIIMMA OpPTraHU3aIUi -
TyponeparopoB, 3kciutyatupyonmx KC, KoTopble NOJIB3YIOTCS «CHUCTEMOH 3Be3I», C
rpajanueii oT «oJHOM 3Be3ab (mop. 5-6 M? / Yell., cHanbHOE MECTO, MUHUMANLHEIN Habop
MeGenu M yciyr, oOuii TyaneT) 10 «Iat 3Be3m» (cB. 18 m? / uen., obopynoBaHue u
oOciyuBaHHe Kiacca <Jitokc»). Cuuraercs, 4Tto ypoBeHb KoMdopTadenabHOCTH «1-2
3BE31bI» TNPHUCYII JIMHEHHBIM NMAcCa)XUPCKUM Cy/AaM, YpoBeHb KoM¢oprabenbsHoCcTH «3-4
3Be3ab» cBoiicTBeHeH KC, coBepIIalommM MO3HaBAaTEIbHO-PEKPEAMOHHBIE TYPhl  C
YaCTBHIMM 3aXO0JaMH B IOPTHI U MOJAXOJaMHU K Oepery il SKCKYpPCHOHHOTO OOCIy KHBaHHM,
yposenb koMpopTradbensHocTH KC «5 3Be3m» npenHa3HaueH Al peKpealu ¥ pa3BIedeHIs
TYpPHUCTOB, MOCEHICHAEe OeperoBhIX IKCKYPCHI IS KOTOPHIX MUHUMAJIBHO [8-10].

OnmHako BHE 3aBUCHMOCTH OT «KOJHMYECTBA 3BE3» O0A3aTEIbHBIMU 3JIEMEHTAMHU
koMdopTa KaroT Beex kiaaccoB KC sBISIOTCS HaTUuMe KOHAUIMOHEPOB, XOJIOAMUIBHUKOB,
CaHy3JI0B, HHTEPHET- U HU(PPOBBIX CETEH, pa3BIeKaTENbHBIX (UrPOBBIX, BUIEO W IP.) H
HHBIX YCTPOUCTB, BHYTPUCYIOBOU CBSA3U U T.IL.

KoHCTpyKkTHBHBIE M CEepBHUCHBIC IIpueMbl obecredeHus Kompoprabensnoctn KC
B3auMOCBsi3aHbl. Tak, pa3MelleHle 30H OTAbIXa, PEKpealuy U pa3BieueHnil B IPOCTPAHCTBE
KC nomxHO cOOTBETCTBOBaTh HOpMaM OOECIeUeHHsI HEMOTOIISIEMOCTH Cy/THA, TPEOOBaHUIO
CBOOOMHOTO JIOCTyNa K CIIacaTeNbHBIM CpeICTBaM, IpaBWiaM  IPOTHBOINOXKAPHOH
6ezomacHoctt W mp. CyllecTBeHHAs KOHLIEHTpALMs NacCakKMpoB Ha OopTy, m300mime
Pa3JIMYHBIX YHEPrONOTPEOISIONIMX CUCTEM M YCTPOHCTB, HEOOXOIUMBIX A OOecTIedeHHs
KOM(OPTHBIX MPOXXMBaHMS, PEKPEalliyl U Pa3BICUEHUI TypHCTOB, TpeOyeT CyIIECTBEHHON
9HEProoOecIIeueHHOCTH. Hamnpuwmep, TSt pedHoro? KC TIOKa3aTeIH
SHEr00BOOPYKEHHOCTH" cocraBmsiroT BenmduHbl  oT 0,573 1o 0,728 kBt/t m
sHepreTudeckoit s¢pdexrusnoctu’ — ot 0,24 no 0,33 kBr*yac/ macc.*xm [11, c. 50].

Takum oOpazom, crennUKoil MNPOEKTUPOBAaHHS KPYH3HOTO CyJHA  SIBISIETCS
pasmelieHre Ha 0OpPTy MakCUMabHO BO3MOXKHOT'O YMCIIa ACCAXKUPOB B YCIOBHSX 3apaHee
3aJIaHHOTO YPOBHsI KOM(OpTa, HEOOXOIMMOTO JIJIsl IPOKHUBAHHMS, PEKPEAIIMU U Pa3BIIeUeHUN
TypuctoB. To ecTh, npu npoektupoBanud KC BO TiaBy yrila CTaBUTbCA ONTHMM3ALUHU
MoKazaTesield acCa)KUPOBMECTUMOCTH M KOM(OPTa X Pa3MEIIECHUs], C OJHOH CTOPOHBI, U
TEXHHKO-IKCIUTyaTallMOHHBIX TIOKa3aTeledl cynHa B YCIOBUSAX THOKOH KOHBIOHKTYPEI
TYPHCTCKOTO PBIHKA, C APYTOMH.

2 Tlpusemenue moKaszaTeneil Ha mnpumepax peunbix KC 0OycnopneHo orcyTctBHeM Mopcekux KC

crenuaibHON nocTpoiiku noj I'ocynapcTBeHHbIM (iiarom PO.

3 Kak OTHOIIEHHE BETWYMH MOIIHOCTH JHEpreThdecKoi ycTaHoBkH (N, kBT) m momHOTO
Bopommenienus (D, T) - (N / D), kB1/T.

4 Kak OTHOIIIEHHE BEIMYUHBI MOIIHOCTH SHEpreTHIeckoil yctanoBku (N, KBT) n mpoussenenus nokasateneii
YHCJICHHOCTH MACCAXKUPOB (Fnac, YEI.) U CKOPOCTHU X072 (v, kM/9ac) - (N / nnae* v), kBT¥4ac / mace. k.
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CoBpeMeHHasi ~ NpakTHKa  KPYW3HOTO  CYHOXOJCTBAa  OCYIIECTBISACTCS  Ha
BOJIOM3MEIIAONINX CYAaX U CyAax ¢ JUHAMHYECKUMHM NMpHUHOHUIaMHy noanepxanus — CBII
mwm CIIK. Kaxmoif w3 yKa3aHHBIX Pa3HOBHIHOCTEH IMPHCYIIH CBOM OCOOEHHOCTH, CBOS
POJb M MECTO B OCYIIECTBICHUH TYPHCTHIECKOTO Tporiecca. PaccMoTpuM KOHCTPYKTHBHBIE
0COOCHHOCTH BOJIOM3MEIIAIOIINX KPYHU3HBIX cyn0oB U KC ¢ AMHAMUYECKUMU MTPUHIMIAMA
MOJIAep KaHuUsL.

Tak, npoektr kpyusHoro cymHa npoekra ST12078P (cm. pucyHok 1) paspaboTan
kommnanueit «Cu Tex» B 2011 rogy.

Juuna rabaputHas — 78,0 M, mwmpuHa rabdaputHas - 13,0 M, BeicoTa 6opta — 3,0 M,
kiacc Peunoro Peructpa «O 2,0». TypucTsl pa3MemiaoTcss B OJHOH IBYXMECTHOH KaroTe
«JIFOKC», B OJHOHM JBYXMECTHOHM KaroTe Il WHBAIHIOB, B 2- M 4-MECTHBIX KaroTax C
CaHWTapHBIMH OJIOKAaMH B KaXIOH. 30HBI OTABIXa W pa3BICUYCHHI - pecTopaH u Oa,
canoH, Xoii-Qoiie, mporynounsle mNamyOsl. barakHoe oraeneHume BMemaeT 12 T. Tpy3a,
Tpy30Basg 30Ha - 2 JIETKOBBIX aBTOMOOWmA. KaroTel sknmaka W OOCITY)KHBAIOIIETO
MIEPCOHANA, U XO3SHCTBEHHBIC TOMEIICHNSI Pa3MENICHBI HIKE TTIaBHOH (BEpXHEH) mamryOsl.
CynHo npenHa3Ha4YeHO Ui MepeBo3ku 128 TypucToB, ypoBeHb KoMpopTa — « TpH 3BE3751»,
MIPOJIOJKUTENIFHOCTh peiica — 5 paHel, ganpHOCTh miuaBaHus — 1 500 kM, CKOpOCTh
HanOonpmas — 35 kM/gac. TypucTckoe MPOCTPAHCTBO KPYU3HOTO CylHAa  30HHUPOBAHO:
KaloThl OTJENICHBI OT 30H pa3BiieueHHil (pecTtopaH M 0ap) NMPOTyJIOYHBIMU MadybaMu U
CyZIOBBIMH KOHCTPYKIHSAMH, TyTH NEPEABIKCHNS HKUTIAKa N30JIMPOBAHBI OT MACCAKUPCKUX
JTUHUK nepeMenieHus [12].

CBIl «bwuproca» (cM. pHCYHOK 2) MpeAHA3HAUYCHO U1 OOCITY>KHBaHHUS TYpPHUCTCKOTO
[IOTOKA 10 03. balika, NpoAoIKUTENBHOCTBIO 5 THE.

Hmmmaa CBIT — 18,5 M, mmpuHa — 8,0 M, ocanka (6e3 xona) — 0,48 M, CKOpOCTh X01a Ha
CIOKOIHOM Bome 50 kM/4ac, Mo JbIy W POBHOMY CHEXXKHOMY MOKPOBY — 75 KM/d4ac.
BMmectumocts — 48 wen., KOTOpbIe pa3MEmaoTCcsl B MHANBUIYAIbHBIX Kpeciiax, B 00IeM
IaccakKUpckoM canoHe. [10J0XKNTETbHOCTh IUIABAaHUS — HECKOJIBKO YacoB, B IPOIECCE
KOTOPOTO TYypUCTaM TpEUIaraloTCsl HANUTKW W JIETKHEe OOeIbl. CBII «buproca»
OCYIIIECTBIISAIONIEE CKOPOCTHYIO IEPEBO3KY TYPUCTOB IO YCTAHOBICHHOMY MAapIIPYTy H
NPUHIUIY «OT 0a3bl OTAbIXa K 0a3e OT/AbIXa», B MPOCTPAHCTBE KOTOPBIX OKAa3bIBAIOTCS
TYpPUCTCKHE YCIyTH PeKpealyu, pa3BiIedeHns U OT/bIXa MyTeuIecTBYOmuM Jumam [13].

Takum obpazom, CBII «buprocay - 3T0 CKOPOCTHOE MACCAKUPCKOE TPAHCIIOPTHOE
CPEACTBO, MHTETPUPOBAHHOE B TYPUCTHYECKHH IPOIECC, HO HE SBIISIOIIEECS, MO-CYTH
CBOEH, KPyH3HBIM CY/IHOM.
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Puc. 2. CynHo Ha Bo3aymHOM noayke «buprocay

CrneunduyHbIMI TocTOMHCTBaMH, ipucymumu CBIT sBisrorest:

— OosbIasi CKOPOCTh TMEPEMEIICHHUS, CYIIECTBEHHO MPEBOCXOSIIAS — IOJHBIH
xoJ Bogousmerarormx KC,

— OTCYTCTBHE CYIIECTBEHHBIX TpeOOBaHMH K MPUYAIHLHOMY (QPOHTY M CYHAOBBIM
moxxoxaM (¢apBaTepam) K HUM; oueBUAHO, 4To miusi CBII mocratodno mosororo
BEIXOa Ha Oeper, B TO BpeMs KaK BOJOM3MEIIAMONINM KPYH3HBIM CyIaMm
HEOOXOAUMBI THUPCHI M JJOCTATOYHBIC TITYOHHBI JUIS IIBAPTOBKH;

— Oonpmas  TPONOJDKUATEIFHOCTh  OKCIUTyaTal[MOHHOTO  MEpUoja;  Tak
BopomMemaromue KC B OONBIIMHCTBE CIIy4aeB HE MOTYT paboTaTh MO BpeMs
JIEZIOCTaBa, B TO BpeMs KaK HAJIMYKE JIASHOTO MOKPOBAa Ha BOJAOEMax HeE SIBJISETCS
npensiTcTBreM 1yt pabotsr CBIT.

Henocrarkamu CBII sBistroTes:

— BBICOKas yAeNbHAas CTOMMOCTH JKCIUTyaTalllH, HaIpHUMep, pacxXolbl Ha OJHY
TOHHY BOJOM3MEIIEHUS WM PacX0/Ibl HA OJTHOTO MEPEBE3CHHOTO MacCaxupa, u
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— TeXHHYECKas HEBO3MOXHOCTH co31aTh Ha 60pTy CBII momHOUIEHHBIE YCITOBHA

IUTA TIPO>KABAHUS, PEKpealiy U pa3BICUCHUS TYPHUCTOB.

B wTOore MOXXHO 3aKITIOYHTH: TOJHBIA KOMIUICKC TYPUCTCKHX YCIYT, a HWMEHHO
MPOKWBaHUE, pEKpeanuss W pPa3BICUCHHE TYpPHUCTOB, MOTYT OCYIIECTBISTH TOJIBKO
BopomMemaromue KC, pacrnomararpomue Uis 3TOr0 HEOOXOTUMBIMH IPOCTPAHCTBAMH,
ycTpoiictBamu u cuctemamu. CBII mpucyma posb TONBKO CKOPOCTHOTO MacCaKUPCKOTO
TPAHCIOPTa, WHTETPUPOBAHHOTO B KAKOW-JIMOO TYPHUCTCKHI MPOIECC, MPOXOISIINA Ha
Oepery.

3aBepias Halle Ucciea0BaHrue, paccMOTpUM ocHOBHBIE TUTbl KC, sKkcIutyaTupyembie B
Poccuiickoit @enepanuu B HACTOSIIEE BPEMS, CM. PUCYHOK 3.

e =
b it e — : s

KC «Mycraii Kapum» npoexra PV300

Puc. 3. Poccuiickue kpyusHsle cya

OTpa3uM OCHOBHbIE XapaKTEPUCTUKH JaHHBIX KPYW3HBIX CYAO0B, B TadmuLe 1.

Tabauya 1
OcHOBHBIE XapaKTEPHUCTHKH POCCHIICKUX KPYH3HBIX CYI0B
KC «Canxkr- KC KC «Mycrait
Tloxazarens TetepBypr» «AHTOH Kapi
YexoB»
Howmep npoexra 301 Q056 PV300
T"ozibl cTpouTEnBCTBA 1974-1983 1978-1979 2019
KonnuecTBo cy10B B cepuH, €. 22 2 2
Paiion nnaBanus pedHoi peuHoit peka-mope
Bopousmenienue, T 3545 2920 4 500
JtiHa, M 125 115,66 141,1
upuna, M 16.7 16,5 16,8
Ocanka, M 2,7 2,8 3,0
MouHocTh Cy10BOM 9HEPreTHYECKOM
YCTaHOBKH, KBT 2206 1 800 2 400
CKopocTh, KM/4ac 26 25 22,5
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KC «Cankt- KC KC «Mycrait
ITokazarenp TerepGypm «AHTOH Kapun»
YexoB»
DKHUMaX, Yell. 78 76 79
[TaccaKupOBMECTHMOCTb, Yell. 334 250 329
KonmgecTBo many6, en. 4 4 4
YposeHb koMbopTa cynHa 3-4 3Be3/1bL 3-4 3Be3/1bI 5 3Be3x
OHeproBoopyXeHHOCTh, KBT/T 0,622 0,616 0,533
Duepreruydeckast 3G PEKTUBHOCTD,
kBrt*uac/macc.*km 0,334 0,288 0,324

Hemounuru: [7; 11; 13].

Tak, 0OCHOBY COBpEMEHHOTO KpyH3HOTO (p1oTa Poccun cocTaBisOT maccaxupckue cyna
npoektoB 301 u 302 (xak panbHeimee passurue mpoekra 301), Q040 nu Q056 (kak
JanpHeiiee pazsutue npoekta Q040), mocTpoeHHBbIE elle B COBETCKUil nmepuoj. JlaHHBIE
cyna mpouuu MoaepHuzanuio B 2010-e IT., HanpaBIeHHYIO, IPEX/Ee BCEro, Ha MOBBIIICHUE
YPOBHSI KOM(OPTHOCTH, OLIEHMBAEMO# dKcIiepTaMu Kak «3-4 3Be3xbl». B ormmuune ot atoro
nBa KC mpoekta PV300 wu3HauanbHO TPOEKTHUPOBATUCh B KOHILEHIMU «IUIaBy4as
TOCTHHHMIIA, 5 3BE3» U, O (haKTy, SBISIOTCSA €IUHCTBEHHBIMH COBPEMEHHBIMU KPYHU3HBIMH
cynamu B Poccuiickoii @enepanuu.

Cynma o00JafaloT CONOCTaBUMBIMH  KOHCTPYKTHBHBIMH  XapaKTEPUCTUKaMH  II0
KPUTEPUSIM ~ TTACCaXHPOBMECTHMOCTH,  JHEPTOBOOPY)KCHHOCTH M SHEPTeTHYECKOH
3¢ deKTHBHOCTH, ¢ HeKOTOpbIM mpenmymiectBoM KC mp. PV300.

Cynuts 0 Kommepueckoi s dekruBHoCcTH JaHHBIX KC 10CTaTOYHO CII0KHO, IIOCKOJIBKY
JlaHHas KaTeropus CYNIECTBEHHO 3aBHCHT OT TaKMX CyOBEKTHBHBIX (PaKTOPOB KaK YPOBEHb
KOHKYPEHLIMM Ha pBIHKE, cnpoc Ha yciayru naHHeix KC, crommocTth OWIIETOB u
«xk03((GUIMENT 3aTIOJHEHHS. KPECE»®, CTOMMOCTh CyI0CYTOK dKcmtyaramud KC u qpyrux
(axTopoB, GOpMHUPYIOIINX JOXOAHOCTh KPYM3HOTO CyJHA, KaK OOBEKTa TYypUCTUUECKOMN
WH]LYCTPHH.

3akJaouenue

B coBpeMeHHOCTH, NEPCIEKTHBHBIA OOJNMK KPYHW3HOTO Cy/AHA SIBISIETCS MPEIMETOM
HCCIIEJOBAaHUS MHOTHX HAy4YHBIX M JKCIIEPTHBIX coobmiecTB. B wacTHOCTH, B acmekrax
PEUHBIX KpyHW30B  IEPCIEKTUBHBIM HAINPABICHHEM Ppa3BUTUS CUYMTAeTCSd MOCTpOiKa
MACCAKUPCKUX CYAOB CMEMIAHHOTO (peKa-Mope) IUIaBaHWs, OCYIIECTBISIONINE pEiChl B
nepron Hauranuu mo BBII, a mocie ee 3aBepumieHHMS B TNPHOPEKHOM IUIaBaHHH.
YHupUIUpOBaHHBIE MEXAy COOOH TPOEKTHl TaKUX CyZOB MpemtokeHsl CaHKT-
[MerepOyprekum « MOPCKUM HHIKEHEPHBIM OIOPO», & IMEHHO:

— «Bomnro-bant maxc» (mpoektr PV500VB), macca’knpoBMECTHMOCTHIO
500 wen., mma skcmayaTauuu Ha JuHMH «MockBa - Cankr-IlerepOypr -
AcTpaxaHpy B HABHTAI[HOHHBIHN MEPHO ¥ BO3MOXKHOCTBIO BEIX0a B DUHCKUN
3aJMB, a Taxke B bantuiickoe u CeBepHOE MOps;

— «Bonro-Jlon makcy» (mpoekt PV300VD) maccaxuposmecTuMocThio 300
4ell., MpeAHa3sHaueHo Ui SKciuryatanui Ha BBII ¢ BbIX010M B pHOpEXHBIE
MOpCKHe paioHsl [9, c. 51].

OpmHako BHE 3aBHCHUMOCTH OT CBOWCTB ® KadecTB Oyaymero KC, 0azoBeIM
aCIIeKTOM NPOEKTUPOBaHMS SBISIETCS €ro IepBOHayallbHAsh OIeHKa Kak oOBbeKTa
TypUCTHUYECKOH MHIYCTPHUH, IPOCTPAHCTBA C 3alaHHBIM YPOBHEM KOM(pOPTAOEIEHOCTH JUIs
o0CTy)KMBaHUSI OINpEIENCHHON KaTeTOpHH TYPHCTOB, C(OPMHpOBaHHASI C Yy4YETOM
pEeKOMEeHAANI YYeHBIX — YKOHOMICTOB M Mapketosioros (Hamp. cM. [15]). ITomaraem, aro
nepcrextuBHOe KC 1OMKHO MMETh pannOHANIbHBIE TEXHHUKO-IKOHOMHUYECKHE MapaMeTpHl,
aIalITHPOBAHHBIE K BHEITHUM YCIOBHSIM — OCOOCHHOCTSIM TYPHCTCKUX MOTOKA M HHAYCTPUH

s HOKaSaTCIIL, XapaKTepmonnmﬁ 3aI10JIHCHUE MECT Ha MACCAXKUPCKOM BO3AYIIHOM CyJHE (CHCHI‘).
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B MECTE 3KCIUTyaTallud, W HEOOIBIIONH CPOK OKYNAeMOCTH, YTO aKTyaJbHO i Poccum ¢
JIOCTATOYHO NPOAODKUTEIBHBIMH IIEPHOJAMHU «TYpPHCTCKOTO MeXce30Hbs». Ilomaraem, 4ro
M3JI0’KCHHBIE BBIIIC MaTEPHANIbl IOMOTYT YCHENIHO PELINTh JaHHBIC 3aJa4Un
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Ob6ocHOBaHHE MATEeMATHY€ECKOI MO/IeJIM BLIOOPA OCHOBHBIX
3JIeMEHTOB CYXOrPy3HOI'0 CyJHA
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AHHoTammMsi. B cTathe mpexacTaBleHa MaTeMaTH4ecKas MOJETb IPOEKTHPOBAHUS
CYXOTPY3HBIX CyZOB, HO3BOJISIOIIAs Ha PaHHHX CTaIusIX Pa3pabOTKH MPOEKTa ONpPEneNsiTh
ONTUMAJbHbIC 3HAYCHUSI OCHOBHBIX XapaKTEPUCTUK CyJHA C yU4ETOM YCIOBUH IKCILTyaTallul
U HOpPMAaTuUBHBIX TpeboBanmii Poccuiickoli ®enepamun. Paspabotka wmomenmu s
CYXOTPY3HBIX CyJOB 00YyCIIOBJIEHA HEOOXOAUMOCTBIO COKPAILEHUS CPOKOB MPOCKTHPOBAHUS
CyIIHa, CHIDKEHHSI CTOMMOCTH IPOEKTHBIX Pab0T, OOBEKTUBHON OIEHKH BIHMSHHS MPOEKTHBIX
IapaMeTpoB Ha OHKCIUTyaTaI[MOHHBIE KauecTBa CyAHA, a Takke aBTOMATH3AIMM IIOMCKa
pelleHnii B YCIOBHSX MHOXECTBa OrpaHWdeHuil. B paboTe nerampHO paccMOTPEHBI
JOMYIIEHUS TIPU TOCTPOSHUM MOJEIH, BKJIIOYAs WICATH3HPOBAHHBIC yCIOBUS ABIKCHUS H
ocobeHHocTH pacuéra xoakoctd. Oco0oe BHUMaHUE yJIeTIeHO OrPaHUYCHHAM, XapaKTepPHBIM
JUISL  OKCIUTyaTallud CyXOTpy3HBIX cynoB B Poccuiickoii ®enepamum: rabapuram
THIPOTEXHUYECKUX COOPYKEHUH (IIUTI030B, MOCTOB), IIyOnHaM QapBaTepoB, TpeOOBaHUIM
KJIIaCCH(UKAIIOHHBIX OOIIECTB, CE30HHBIM M THIPOJOTHYECKUM YCIOBHSM. [IpencTaBieHE
aHAINTUYECKHE  3aBHCUMOCTH, MHCIIONb3yeMble B  IPOLECCe IPOEKTUPOBAHHS, C
pacmudpoBKOK coAepXKalIUXCsi B HUX BEIMYMH. B WX YHCIO BXOIAT: YypaBHEHHUE
IUIaBYYE€CTH, ypaBHEHHE Macc (C JeTauu3aledl 10 COCTaBIAIONIMM BOAOM3MEIICHHS),
ypaBHEHHE XOAKOCTH (OIpeIesieHHe COMPOTHBICHUS M MOTPEOHON MOIIHOCTH), YpaBHEHHE
OCTOMYMBOCTM W ypaBHEHHE BMECTHMOCTH. Pa3paboTaHHas MOAENb  BBICTYIAeT
3Q}eKTUBHBIM HMHCTPYMEHTOM JUIi OOOCHOBAaHHOTO BHIOOpa TPOSKTHBIX pEIICHHI,
obecrnieynBast OalaHC TEXHUYECKUX, IKOHOMUYECKUX W IKCILTyaTal[MOHHBIX TPEOOBAaHHI IPH
MIPOEKTUPOBAHUU CyXOTPYy3HBIX CYIO0B.

KnroueBble cioBa: Cyxorpy3Hoe CyAHO, MaTeMaTHIeCKast MOJIeNb, yPABHEHUS IIaBY4eCTH,
YpaBHEHHE MacC, ypaBHEHHUE XOKOCTH, yPaBHEHHE OCTONINBOCTH, ypaBHEHNE BMECTUMOCTH

Justification of the mathematical model for selecting the main
elements of a dry cargo vessel
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Evgeny M. Gramuzov
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Abstract. This article presents a mathematical model for the design of dry cargo vessels.
This model allows early determination of optimal values of key vessel characteristics, taking
into account operating conditions and regulatory requirements of the Russian Federation. The
development of this model for dry cargo vessels is driven by the need to reduce design time,
to lower design costs, to objectively assess the impact of design parameters on vessel
performance, and to automate the search for solutions under multiple constraints. The paper
examines in detail the assumptions used in constructing the model, including idealized traffic
conditions and performance calculation features. Particular attention is paid to constraints
specific to the operation of dry cargo vessels in the Russian Federation: the dimensions of
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hydraulic structures (locks, bridges), channel depths, classification society requirements, and
seasonal and hydrological conditions. The analytical relationships used in the design process
are presented, along with the explanation of the values they contain. These include buoyancy
equation, mass equation (with details on displacement components), propulsion equation
(determination of resistance and required power), stability equation, and capacity equation.
The developed model serves as an effective tool for design decisions, ensuring the balance of
technical, economic, and operational requirements in the design of dry cargo vessels.

Keywords: dry cargo ship, mathematical model, buoyancy equations, mass equation, speed
equation, stability equation, capacity equation

BBenenue

Pazpabotka CyXOTPY3HBIX CyIlOB TIPEICTaBISICT coboit CIIOKHYTO
MHOTONapaMeTPUYecKyl0 3agady, B paMKax KOTOpPOil HEOOXOAMMO COIJIACOBaHHO
YYUTBIBATh LENBIA PSAJ aCIEKTOB — TEXHUYECKHUX, DKCIUTYATAIIMOHHBIX U 9KOHOMHYECKHX.
Kitaccnueckne moaxoasl K NPOSKTHPOBAHUIO, Oa3HPYIOLMIMECS Ha 3aTPATHBIX MOJIETBHBIX
9KCIICPUMEHTAaX B OIBITOBBIX OacceifHax, BcE 4Yalie BBITECHAIOTCS AaHATUTHYECKUMHU
METOJIaMH  ONTHUMH3ALUK, OIMPAIONIMMHCS Ha  BO3MOXXHOCTH  MaTeMaTHYECKOTO
MOJEIUPOBAHUSL.

Marematruueckoe MOJEIUPOBAHWE MPHU TMPOEKTUPOBAHUM CYXOrPY3HBIX CYIOB
CTaHOBHTCA  OCOOGHHO  BOCTpeOOBaHHBIM  Onarojaps  TpEM  OOCTOSTENILCTBAM:
HeO6XO[[I/IMOCTI/I YMEHbIIATE AJIUTCIIBHOCTL U Ce6eCTOI/IMOCTI) MPOCKTUPOBAHUSA, BAXKHOCTH
NOJIyuCHUA 06’LCKTI/IBHIJIX OLCHOK BIIMAHUA BapbHUpPYyEMbIX rnapamMeTpoB Ha
9KCIUTyaTAal[MOHHBIC KauyecTBa CyAHA; a TaKKe BO3MOXKHOCTH aBTOMATHYCCKH HaXOIHUTh
HAaWTyYIIHe MPOSKTHBIC PEIICHUS IPU HAJTMYMH [EJIOTO CIIEKTPa OrpaHHYCHHH.

1. CTpykTypa MaTeMaTH4eCKOIl MO/1eJI IPOEeKTHPOBAHUS

ITlon MmaremaTHyeckoil MOZENBI0 TNPHHATO MOHHUMAaTh TAaKyl0 COBOKYIHOCTh
COOTHOUICHHH  (BKJIIOYAIOIIYIO  ypaBHEHHs, HEpaBeHCTBA H  (YHKIHOHAIBHBIC
3aBUCHMOCTH), KOTOpasi MO3BOJISIET BBIYMCIWTD BEIWYMHY KPHUTEPHUs ONTUMHM3ALMH TPU
J000M 3alaHHOM Ha0Ope ONTUMHU3UPYEMbIX ITapaMeTPOB.

Pa3paboTka CyXOrpy3HBIX CYJIOB COIpPSKEHA C PSJIOM CHEeHU(UUECKUX OCOOEHHOCTEH,
KOTOPBIE OTIMYAIOT ATOT IPOLECC OT CO3JaHMS MPOYHMX I'PaXTAHCKUX BOIOM3MEIAIOIMINX
cyznos. /lo HenaBHero BpeMeHHu (HOpPMHUPOBaHHE OOBOAOB A CyXOrPY30B OCYLIECTBIISIIOCH
IJIaBHBIM ~ 00pa3oM TIOCPEACTBOM  JIOPOTOCTOSIIIUX OKCIEPUMEHTOB HAa  MOJEINSX,
NPOBOJIMMBIX B ONBITOBBIX OacceliHax [1]. Bmecte ¢ Tem, mocienHue pe3ybTaThl,
MOJyYeHHble B cdepe M3YYeHHs XOAKOCTH, CO3JJIM NPEANOCBUIKH ISl BHEIPEHMS
AQHAINTHYECKNX ONTHMHU3AIMOHHBIX NpOLEeNyp B Mpomecc pa3paboTKH 0OOBOJOB CyAOB
JaHHOro THma. [IpuHMMas BO BHHMMAaHHE TECHYIO Koppeysinuio (opMbl Kopryca ¢
OCHOBHBIMHM KOHCTPYKTHBHBIMH XapaKTEepHUCTHKaMH, Oblla pa3paboTaHa MaTeMaTHdecKas
MO/IeJIb, OPUEHTUPOBAHHAS HAa IPOEKTHPOBAHNE CyXOTPY3HOTO cyaHa [2, 8].

MatemMaTHuecKkasi MOeIb BKIIIOYAET:

1) COBOKyHHOCTI:- HUCXOJHBIX JAaHHBIX, PCTIIAMCHTUPOBAHHBIX TCXHUYCCKHUM 3aJaHUEM
Ha pPa3paboOTKy MNpOEeKTa CYXOrpy3HOro cyaHa (IoJjie3Has TPYy30HOAbEMHOCTh, CKOPOCTb
X0Jla, KJjacc CylHa, pailloH IJIaBaHMs, aBTOHOMHOCTb, YHCJIEHHOCTh JKUIAXa U MpOouue),
cornacHo [7]:

C(cq, Cqy e, €n)C(Cq, Cqp oey C) (1.1
2). COBOKYITHOCTh MCKOMBIX XapaKTEPHUCTHK, BBHICTYIAIONIMX B POJIM ONITHMH3HPYEMBIX

napaMeTpoB IPOCKTa (FJ'IaBHI)Ie pasMepceHus, KOS(b(l)I/IL[I/IGHTLI IMOJIHOTBI, IMapaMeTPbl
KOMITIOHOBKH, BOJOH3MCIICHUEC, MOIIHOCTH SHGPFGTHHCCKOﬁ YCTAaHOBKH, a TaK¥KeE (bopMa
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KOpIIyca CYXOTPY3HOTO CyJH4, OIMCHIBacMas COOTBETCTBYIOIIMMH KO3 QHUIMECHTAMH
(dopmBI):
X (X1, X5, ey X)X (X1, X2, vy Xp) (1.2)

3). Cucrema orpaHWYeHHH, B COCTaB KOTOPOI BXOISAT aHATUTHIECKHE 3aBUCHMOCTH,
NpUMEHSEMBIC TIPH NPOSKTHPOBAHUM CYXOTPY3HOTO cynqHa (ypaBHEHHE Macc, YpaBHEHHE
IUIABYYECTH, YPAaBHEHUE OCTOHYUBOCTH, YPaBHEHHE BMECTHMOCTH, yPaBHEHHE XOIKOCTH):

®ynkuus G; TpencTaBiseT cOOOH ONEHKHM j-X KaueCTB CyaHa, a (yHKuuu A; -
TpebOOBaHUS K TUM KadeCTBaM.

4) OrpaHH4eHHs, HaKJIanblBaeMble Ha DJIEMCHTHI BEKTOpa HCKOMBIX XapaKTEPHCTHK
(ocazka, mUpHHA KOPITyCa, BEICOTA HAIBOIHOTO OOPTa M MIPOYHE):

XM < x; < xmax (1.4)

IMpu koOppekTHO CHOPMYIMPOBAHHOM TEXHHYECKOM 3aJaHUU MOXKET CYIIECTBOBATh
HECKOJIPKO BEKTOPOB X, oTBeuaromux ycioBusMm (1.3) u (1.4). laHHOE 00CTOSATEIHCTBO
YKa3bIBaeT Ha HATMYHUE Psi/ia MPOSKTHBIX albTEPHATHUB, yIOBICTBOPSIOUINX YCTAHOBICHHBIM
TpeboBanusM. C 1enbi0 HMACHTH()HUKAMKA ONTHMAIBLHOIO BapHaHTa B PACCMOTPEHHE
BBOJIUTCS 1ieeBast QyHKIIUS.

5) LeneByto QyHKIHIO:
ExtrZ(X,C) (1.5)

2. HcxonHble JaHHbIE M JONYLIEHHUS IPH IIOCTPOEHUH MAaTeMaTHYeCKOH MoJeJIu

[MocTpoeHue m00OO0I MaTeMaTHYECKOH MOJAEIH NMPOSKTHPOBAHUS Oa3upyeTcs Ha JIBYX
OCHOBOIIOJIATAIOIUX MCTOYHMKAX: TEXHUYECKOM 3aJaHUM, NPEAbIBIAEMOM 3aKa3uyUKOM, U
COBOKYITHOCTH aHAIIUTHYECKUX YPaBHEHHH, (HOPMANM3YIOMHX MPOLECC MPOCKTHPOBAHUS.
[pu pa3paboTKe MOA0OHOM MOIEIN IPUXOAUTCS PUOETaTh K ONMPEISIEHHBIM YIIPOIICHUSIM
U BBOJUTH PAJ OrpaHUYEHUH, KOTOpPHIE, TEM HE MEHEE, HE BHOCIT NPUHLMUIIUAIbHBIX
HCKa)XCHWH B TIOBEACHHE peanbHOro (u3mdeckoro oO0bekTa. B OKOHYATENBHYIO
MaTeMaTHYeCKyl0 MOJENb CyJHA BKJIIOYAIOTCS MCKIIOUUTEIbHO TE€ YpaBHEHUS U
HEpaBEHCTBA, KOTOPHIE OMUCHIBAIOT CBOWMCTBA, OKa3bIBAIOIINE OMPEENAIONICe BIUSHAC HA
peanu3anyio CyIHOM CBOEro (DYHKIIMOHAJILHOTO HAa3HAYEHHS M B TO Ke BpeMs
BO3JICHCTBYIOIINE HA HICKOMBIE ONITUMU3UPYEMBIE TApaMETPHI.

[IpuMEHHUTEIPHO K CYXOTPY3HBIM CyZaM B (GYHIAMEHT MOJIECIH OBLIO ITOJIOKECHO
JIOMYIIIEHHE O MEPEMEIICHUH CyIHA B HCATU3UPOBAHHOM cpelie, I KOTOPOil pa3paboTaHbl
anmpoOupoBaHHBIE METOJIUKU ompeseneHus: Xxoakoctu. CoOCTBEHHO MOJeNb OMHUpaeTCsl Ha
KOHKpPETHBIC PAacYETHBIC MPOIECTYPHI, JAOIINEe BO3MOXKHOCTh YCTaHOBUTH, KAKUM 00pa3oM
BapbUPOBAHUE U3MEHSEMBIX IAPAMETPOB OTPAXKAETCSI HA XOJKOCTH CyXOIpys3a.

B psagy skcmiyaTalMOHHBIX KAayecTB CYXOIPY3HOTO CyJHA 3HAYMMYIO IO3HMLIMIO
3aHMMAaeT MAaHEBPEHHOCTb, OXBAThIBAIOIAs TPHU KOMIIOHEHTAa: YCTOWYMBOCTH Ha Kypce,
MOBOPOTIIMBOCTE W WHEPIMOHHBIC CBOWCTBA. JIaHHBIE TNPaKTHYCCKHX HAOIIOJACHUI
CBHJIETENILCTBYIOT, YTO BCE COBPEMEHHBIE CYXOTPY3bl OOJaNaIOT AKCIUTyaTaIl[MOHHOMN
YCTOMUYUBOCTBIO Ha Kypce. [ToBOpOTIMBOCTh ke MpuoOperaeT ocoOyr 3HAYUMOCTH IPH
SKCIUIyaTallud CyJIHa B CTECHEHHBIX aKBaTOpusiX. B mpenenax OTHOLIEHUM MJIMHBI K
IIUpUHE, TUNHYHBIX JUII PEYHBIX M MOPCKHX  CyXOTpPYy30B, IOBOPOTIMBOCTH
00yCIIOBIMBAETCS IPEUMYIIECTBEHHO MAaHEBPEHHBIMHU XapaKTEPUCTHKAMH TPOIYIbCUBHOMN
YCTaHOBKH, a TakK)Ke€ CBOWMCTBAMH JBHKHUTEIHHO-PYJIEBOTO KOMIUIekca. HMHeprnnoHHBIE
KauecTBa, CO CBOEH CTOPOHBI, ONPENENAIOTCS B MEPBYI0 OuYepelb MaHEBPEHHOCTHIO
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9HepreTudeckoi ycraHoBkw. OTcioga clexyeT, YTO MAaHEBPEHHbIE XapaKTEPHCTHKU
CyXOrpy3a AEMOHCTPHPYIOT CI1a0yI0 KOPPEIIHIO C ONTHMU3HUPYEMBIMH MapaMeTpaMu U HE
JOJDKHBI OKa3bIBAaTh BO3ACHCTBHUS HA HX BHIOOD.

BMecTHMOCTE CyXOTpY3HOTO CyJHA BBICTYNACT B Ka4eCTBE OMPEACIIOMIETo (akTopa
IIPU HA3HAUYEHUHU IPOEKTHBIX XapakTepUCTUK. VIMEHHO pbIHOYHBIE TPeOOBAaHUS — pPOJI
MEPEBO3UMOT0 TpPy3a M COOOPaKECHUS IKOHOMHUYECCKOH JPPEKTHBHOCTH — JTUKTYIOT
ONTUMAJILHOE COOTHOIIEHHUE TINIaBHBIX Pa3MEpPEeHUM, MOIIHOCTU CYJOBOM 3HepreTndeckoit
YCTaHOBKM, CKOpPOCTM Xo0Ja M cTouMocTH cyaHa. Ha cragum BeIOOpa NpPOEKTHBIX
rapameTpoB, KpoMe TOro, TpeOyeTcsi MpoBeAeHHE pPacu€ToB HAa4YaJbHOW OCTOWYMBOCTH,
ocanku U audpdepenta. OT pe3yabTaTOB ATUX PAacUETOB 3aBUCSIT MOPEXOJHBIE KauecTBa
CyIHa, €r0 CIOCOOHOCTh K ONTHUMAJBHOW 3arpy3ke M, KaK CJIEICTBHE, YKOHOMHUYECKAs
3¢ PEKTHBHOCTS.

B kauecTBe IBIXKHTENEH HA CyXOTpy3ax NPHUMEHSIOTCSA UYETHIPEXIIONACTHBIE IPEeOHBIE
BUHTHI (PMKCHPOBAHHOTO I1ara, paboTaOIINE B HAMIPABIIAIOMINX HACAAKAX.

[IpuMmeHeHne KWIEBATOCTH IHHIIA Al PacCMAaTPUBAEMOIO THIA CYZOB NPH3HAETCS
HenenecooOpa3zHeIM. OOOCHOBaHME CBOAWTCSA K CIEXYIOUNIEMY: NPH PaBHBIX 3HAYCHUSIX
BOJIOM3MEIIECHNUS, [UIMHBI M HIMPUHBI KOpIyca CYAHO, 00Jiaiatoliee KUIeBATOCTHIO JHUIA,
HEM30€KHO XapaKTepH3yeTCsl YBEIMYCHHOM OCagKOM B CONOCTAaBICHHWU C CYAHOM, HE
nMmeromuM Kkuid. HakoHen, B mpoliecce MpOEKTUPOBAHUS CyXOTPy30B, IpeAHa3HA4aeMBbIX
JUId DKCIUTyaTalluM B PpEYHBIX M MOpPCKHX akBaTopusx Poccuiickoii ®enepaunuu, B
00s13aTeNbHOM TMOPSIKE HAJICKUT TNPUHUMATh BO BHHMAaHHE palOH IPEACTOSIIETO
TUTABaHMS.

[TpoekTupoBaHue CyXOTrpy30B, NpEAHA3HAUYCHHBIX 1A pabOThl Ha BOJHBIX IIyTAX
Poccum  (pexm, MoOps, CMEIIaHHBIE MapHIPYTBl  «PEKA-MOpPE»), COMPSDKEHO C
HEOOXOANMOCTBIO y4éTa KOMIUIEKCA >KECTKMX OTpaHWYCHHH — OT HH(PACTPyKTypHBIX
IapaMeTpoB BOJHBIX HyTeH g0 TpeboBaHMI KIAacCH(UKAMMOHHBIX OOLIECTB H
MIPUPOJIOOXPAHHOTO 3aKOHOJATENbCTBA. PaccMOTpHM KIIOYEBBIE TPYHIBI OTPaHWYCHUH,
ONpENeAIONMX JOMyCTUMBIE 3HAYCHHsA TJIaBHBIX pa3sMEepeHHd, TIpy30I0IbEMHOCTH,
MOPEXO/HBIX U IKCIUTyaTallUOHHBIX Ka4eCTB Cy/HA.

IMpexxne  Bcero, rabGapuTbl  cyaHa  kECTKO  JUMHUTHPYIOTCS  pa3Mepamu
THIPOTEXHIUUYECKUX COOPYKEHUH U 0COOeHHOCTAMH (apBaTepoB. [lTMHA cyXorpy3a JODKHA
COOTBETCTBOBATH JUIMHE IUIIO30BBIX KaMmep, HOKOB M IPHUYAJIOB, a TaKke 00ecleunBaTh
BO3MO>KHOCTh MAaHEBPUPOBAHMS HA M3BMIINCTHIX yYaCTKaX.

[Ipn mpoekTHpOBaHUM CYIOB B OCHOBY JIOXKarcs HuT03bl Bonro-/loHckoro kaHana,
KOTOpBle MMEIOT JuHy 145M [3], uro dakrtudeckn 3amaéT BepXHHUH Tpenen i CyIOB,
TUTAHUPYIOIIMX TIPOXOXKAECHHE 110 3TOMY MapIIpyTy.

[npuna cyaHa HE MOXKET NMPEBBINIATh MNUPUHY HITI030B (U1t Bosro-JloHcKoro kaHaia
— 17,88 M), mposI€TOB MOCTOB 1 MUHUMAJIBHBIX PaJIlyCOB IIOBOPOTA B (hapBaTepe.

Beicora HapBOTHOTO rabapuTa OrpaHWYMBACTCS BEICOTOM MOCTOBBIX IEPEXO0B M MHBIX
HA/IBOAHBIX COOPY)KEHHIl: Tak, Ha y4acTke pexu JoH (2588,6-2875,5 kM) MakCHMaIbHO
JIOTyCTUMasl BBICOTa cocTaBiseT 14 M, a Ha peke Mockaa (191,5-200,0 km) — 10,4 m [9].

Ocanka cynHa SBISETCS OJHMM K3 HamOollee KPUTHYHBIX IapaMEeTpPOB, NMOCKOJIBKY
HaIpsIMyIO 3aBHUCHT OT IJIyOMH Ha MapuipyTe. Ha pedHbIX y4acTkax ocajki 4acTo BBOJSTCS
BPEMEHHBIE OTPAaHUYEHUs, OCOOCHHO B IEPHOIBI MeXeHHOTo cToka. Hampumep, Ha Bonre
(ysacrox Tlopomenn — Hmxuuit HoBropon) B mepmoabl oOMeNeHHs aJAMHUHHUCTpaLUs
GacceliHa ITyOJIMKYeT eXeJHEBHbIE PaJIMOOIOJUICTEHH C JOYCTUMBIMH 3HAYEHHSIMU OCaJIKH.
B Mopckux nmoprax ocaaka orpaHiudeHa rilyOMHaMH y IPUYalIOB M B aKBATOPHH; ISl CYAOB
¢ OoJIBIIION OCaaKO MOXKET IMOTPeOOBATHCS JIEIOKOIBHOE MM OYKCHPHOE CONPOBOK/ICHHE.
Bo Bcex ciryyasix He00X0IMMO 00ecrednBaTh MUHUMAJILHBIE 3aI1achl 10| THUIIEM (0OBIYHO
0,3-0,5 M) ¢ yu€rom THIIa TPYHTa U MECTHBIX PEIJIAMEHTOB.

I'py30omoap€MHOCTE W BMECTHMOCTB CyXOTpy3a TakXKe MOAYUHSIOTCS CTPOTHM
orpannueHusM. Tak, Boisro-JloHCKOM KaHai paccyuTaH Ha CyJia TPy30MOABEMHOCTBIO /10
7 000 TonH. Ha peduHBIX MapumipyTax MaKCHMalbHas 3arpy3ka OIpeaesseTcsl COYeTaHHEM
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ocankd, rabapuTOB MUIIO30B M TPOYHOCTH NPHYAIBHBIX COOpYXeHHH. BmectumocTts
TPIOMOB JIOJDKHA OBIT COTJIACOBAaHA C THUIOM IIEPEBO3MMOrO Tpy3a (HaBaJIOYHBIC,
TeHEepaJIbHbIC TPY3bl) U TPEOOBAHMAMH K OCTOHYHUBOCTH.

CkopoCTh JABWKEHHSI M MAaHEBPEHHBIE XapAaKTCPUCTHUKH TaKKE  IOJBEP)KEHBI
pernamentaumn [4]. Ha peuHbIX ydacTkax ycTaHOBIEHBl A epeHINpOBaHHbIE
OTpaHHYEHUS: Ul CYAOB Tpy30mnoabéMHOCTBIO cBbimie 3 000 T — He Oosiee 7 KM/4; mis
cynoB 2 000-3 000 T — He Oonee 8 km/u; st cynoB menee 2 000 T — He Gonee 11 km/u. B
30HaX IpPUYaNoB, MOPTOB, IULDKEH W HACENEHHBIX IYHKTOB CKOPOCTH OOBIYHO
orpaHnumBaercst 12—15 km/4. MauéBpeHHbIe mapaMmeTpbl (IMaMeTp LUPKYJISLUU, BpeMs
TOPMOXKEHHS1) JIOJDKHBI rapaHTUPOBaTh Oe30IacHOE ABIMKEHHE B y3KHX (apBarepax U IpH
IIJIFO30BaHAU.

Takum 00pa3oM, MPOEKTHPOBAHWE CyXorpysa UId JKciuryatammd B PP tpebyer
KOMIUIEKCHOTO y4€Ta: HH(PACTPyKTypHBIX JHMMHUTOB (TradapuThl IILTI030B, MOCTOB,
rryOMHBI); HOpPMaTHBHBIX TpeOoBanuii (mpaBmia PPP, PMPC, KTM, TtexHuueckue
pETJIaMEHTHI); CE30HHBIX M TMIPOJIOTMYECKUX YCIOBUH (0OMeneHue, JeaoBast 00CTaHOBKA);
9KCIITyaTaIl[HOHHBIX OTPaHUYCHUI (CKOPOCTh, MAaHEBPEHHOCTD, IPY30MOABEMHOCTD).

3. AHaiuTHYeCcKHe YPABHEHHS NPOeKTHPOBAHUS

B ocHOBY MaTeMaTHueCKON MOJIeNTH OBIIH MOJIOKEHBI IEPEUUCICHHbIE HI)KE YPaBHEHUS
MIPOCKTUPOBAHUA: YpaBHEHHE IUIaByYyeCTH, YpaBHEHHE MacC, YypaBHEHHE XOJKOCTH,
ypaBHEHHE OCTOWYMBOCTH, YPaBHEHHE BMECTUMOCTH [5].

1.  VYpaBHeHUs IUIaBYy4YECTH HE OTIIMYACTCS OT OOMICHPUHATON (OPMBI 3aIIHUCH:

D = k,pSLBT, (3.1)

rae k, — xoaddunment Boictynaronmx vacted (k, < 1,03); p — mIOTHOCTH MOpPCKOH
Boabl p=1,025; & — ko3¢¢uimeHt oOmed MOMHOTH CynHa, L — pacueTHas [UIMHA
MPOEKTUPYEMOT0
cynHa, M; B — pacueTHas IMIMpHHA NPOEKTHPYEeMOTo cyaHa, M; T — pacdeTHas ocajika
MPOEKTUPYEMOT'O CyTHA, M.

2. YpaBHeHHE Macc.
Bopomsmemienne cymHa, D, T, BKIIIO9aeT B ceOs BOIOM3MENICHHE TOPOXKHETO CyIHA
Dyop » T, 1 ienseidir DW, T [6].

D = Dy, + DW, (3.2)
Bopousmemenne CcygHa HOpOXKHEM MHOApa3JeNsseTcs Ha  pas3fgelsl  Macc o
MIPE/CTABIIETCS B ClieLyoniel Gpopme:
Drlop = Pk+Py+PCC+PM+PSJI+PB+P3+PHOC.I‘py3+PCH+PSB' (33)
rae P, — macca kopmyca; P, — macca Cy/IOBbIX YCTpPOHCTB; P, — Macca CynoBbIX
cucreM; Py — Macca JHEpPreTMuecKol YCTaHOBKM; P,; — Macca 3JIEKTPO3HEPreTUYECKOM
CUCTEMBI, BHYTPUCYJIOBOM CBSI3U U ylpasieHus; B, — macca BoopyxeHus; P,— Macca

3aMACHBIX YACTeH; Focrpys — MAcCa MOCTOSHHBIX XKHUAKUX TPY30B; Py, — Macca cHabxenus,
uMylIecTBa; P,; — 3amac Bogou3MeIleHHs.

Pasnenwt macc Py, Py, P, By, By B, Piocrpysr Pew MOXKHO OnIpenenuts 1o gopmyiie:
P, = p;LBH, (34)

rae P; — u3aMepuTenb Macc COOTBETCTBYIOUIETO pasjieia, ONpPENENICHHBIN M0 CyIHY-
MIPOTOTHILY.

Macca »HepreTuyeckoi ycTaHOBKM Py, u 3amac BogousMmelieHuss P,; MOXHO
OTIPENICITHTH 110 CIICIYIOIIUM (OpMYJIaM:
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Py = puNe, (3.5)
Py = PssDiops (3.6)

Takum 06pa3oM, MoITydnm:

Duop = (P + Py + Pee + Py + Py + P+ Puocrpys + P )LBH + py N,

3.7
+ pBBDl'IOpl ( )
AJN:
DHOP = pKOLBH + pMNe + pSBDHOP’ (38)
PwolLBH + py N,
Dyopp = ——————, 3.9
P 1 =P 39
Henselit DW cyxorpy3HOro cyJiHa BKJIIOUAEeT CIAEAYIOIINE pa3ebl:

rae PSK — Macca SKullaKa, MPOBU3HH, BOAbI, PACXOAHBIX MATCPUATIOB, PT — 3amnac
TOILIMBAa, Macjia, BOAbI; P)KI‘ — Macca NCPEMCHHBIX KXKUAKHUX I'PY30B.

Macca skurmaxa, IMPOBU3UH, BOABI, PACXOOHBIX MaTCpHAIOB PBK:
Pax~<=Pa+Pnp+PB+P0T6p' (311)

rae P, — Macca skunaxa, T, Py, — Macca npoBusuu, T; F, — Macca BOJBI 1711 DKUIIAXa, T;
Pyrp — Macca IMIIEBBIX M TBEPIBIX OTOPOCOB, T.

Macca sKkunaxa HaxoauTcs 1o Gopmyore:
P, = myn,, (3.12)
rae m, = 0,12 — MacCa OAHOI'o 4€JIO0BC€Ka C 6ara>1<0M, T, N, — YHUCJICHHOCTH JKHUIIa)XKa
IPOEKTUPYEMOTO CyJHA, Y€ll.

Macca npoBu3uu:

Pip = PrpNuA, (3.13)
THE Ppp = 4 * 1073 - cyTounas HOpMa NpPOBM3UM Ha OJHOTO 4eJOBEKa, qen*CYT;
A — aBTOHOMHOCTB Cy/IHA, CYT.
Macca BOJbI AJIs IKHUIAXKa:
P, = pyn,A, (3.14)

rae p, = 0,1 — HopMa BOIbI Ha OJTHOTO YeJIOBEKa B CYTKH, p—
YeJI*CyT

Macca nuIeBsIX 1 TBEPABIX 0T6p0COBZ
P0T6p = p0T6pn3Ar (315)

e porgp = 1,2 * 1073 — HopMa 0TOPOCOB OIHOTO YENOBEKA B CYTKH

> genxcyT’

Takum 06pa3oM, moTydum:
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Pax = myn, + pnpnaA + anaA + p0T6Pn3A (316)
Win:
m,
P = 1A (22 + Py + P+ Porsy) (3.17)

3anac TomiMBa, Macia, BoJbl P,
PI‘ = kalkZNt’ (3.18)

o T
I'me p, — yHAeNbHBIA pacxoj TOIUIHBA, prem— k; = 1,15 — xoadpPuIueHT MOPCKOTO
KbT*4
3araca;
k, = 1,15 — xoaddunmeHT, yuUTHIBAIOIMINN yBEIWYCHUE pacxoja TOIUIMBa Ha PabOTHI

BCIIOMOTaTEIbHBIX MEXaHW3MOB, Ha 3arachl CMa3KH U IUTaTEIbHOW BOABI, HA CTOSTHOYHBIC
pexumsr; t=24A — aBTOHOMHOCTH CyZHA, U.

Macca NCPEMCHHBIX KUAKUX I'PY30B:
P)KI‘ = P3r + P3ru (319)

rae P31. — Macca 3allaCHbIX I'py30B U1 nepeaavdn aBapI/II\/'IHBIM cyaaM, T, P3r1 — Macca
3arpsA3HCHHBIX U MMOJACJIIAHCBbIX BOA, T.

Py = ponts A, (3.20)

rae psp; = 0,15 — Macca 3arps3HEHHBIX W IOJC/IAHCBBIX BOJ OJHOIO YCJIOBCKA B
T
CYTKH, ——.
YeJ*CyT
Takum 006pa3om, MOTyUUM:

m.
DW = n,A (2 + Pup + Py + Porp) + Prku ks NE2AA + By + Py A

3. YpaBHEHHE XOJKOCTH.
[TpubamxéHHOE onpe/ieeHre MOJIHOTO COMPOTUBIICHHS JBHKEHUIO CYy/IHA MOXET ObITh
BBIIIOJIHEHO COTJIACHO BBIPAXKEHHIO [2]:

R = Ry + Rocr, (3.21)

rae Ry, — CONPOTUBIIEHUE TPEHUS; Rycr— OCTATOYHOE CONPOTHBIECHHUE.
ConpoTuBieHue TPEHUS MOXKHO ONPEAEIUTh C IIOMOLIBIO CAEIYIOLIETO BhIpaXkeHus [2]:
2

Ry = Gon + u + 00 -0 (3:22)

TI€ §mp — KOO(PQUIMEHT TPEHHs] SKBUBAJIICHTHOM IMIAIKOW IJIACTHHBL, &, — HajbaBKa
Ha IIEpOXOBATOCTh; &,,— HaJ0aBKa BBICTyMarOIIMe 4acTh; (1 — CMOYEHHAs IOBEPXHOCTb
KOpIIyca CyJHa; ¥ — CKOPOCTb CyJHA, M/C.

KoadduunenTr TtpeHns SKBUBAJCHTHOW TIaAKOW IJIACTHHBI MOXKHO OMNPEACTUTH II0
dbopmyne [2]:

_ 0,455 323
Smn = (IgRe)(lgRe)%58 (3:23)
Ywucno PeitHonpaca:
vL
Re = —, (3.24)
v
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e vV — CKOpPOCTh CymHa, M/c; L — pnuHa cyaHa, M; vV = 1,15« 107 MT -

KOBqu)I/IHI/IeHT KHUHEMAaTUYECKOM BA3KOCTU BOJBI.

CMoueHHasl TOBEPXHOCTh KOpITyca CyJOB ¢ OONBIIMMH 3HA4YeHUSAMH Ko3(dduimenta
o01eit MOJTHOTHI & MOYKHO ONPENENHUTH 10 MpudmKkeHHol Gopmyre B.A. Cemexu [5]:

Qo = LT{2 + 1,37(5 — 0,274) B/T}, (3.25)

OcTaTo4HOE COMPOTHBIICHHE ONPEACIACTCS 0 opmyIe:

2
pv
ROCT = (OCTTQ’ (326)

rae  (oep— KOI(DQPUIMEHT OCTaTOYHOTO CONpPOTUBIICHMS, It (opM KOpIycOB c
ko3(punmertamu noHOTH & = 0,800 onpenensiercs mo hopmye [2]:

2
2,158%Fr3
0.5 (3.27)

&) - (7)

oct —

Yucno @pyna:

Fr = (3.28)

§|| <
b‘\.

2
M
r7ie V — CKOPOCTh Cy/IHa, M/c; L — mumiHa CcyaHa, M; g — cBOOOIHOE YCKOPEHHE, —

BykcupoBOYHas MOLTHOCTH OMpeeNsIeTcs Mo hopMyIie:
Nr = Ry, (3.29)

MoiHOCTb M1aBHOK DY cyaHa onpeaenseTcs mo GopMyie:
Ny
NsNp

rae s — KIIJ mepemaunm MomHocTH, NpUHATHIN paBeH 0,97; Mp— MpOINyIbCHUBHBII
KOd(pHUIHEHT, TpUHATHIH paBeH 0,7.

(3.30)

e

4. YpaBHEeHHE OCTOWYUBOCTH.

Ha HauanpHBIX CTagusX MPOEKTHPOBAHHUS, KOTJAa TJIAaBHBIE 3JEMEHTHl CyJHA YKe
YCTaHOBJICHBI, OJIHAKO TEOPETHUECKHH 4YepTéX TNoka He pa3paboTaH, ypaBHEHHE
OCTOMUYMBOCTH TPEJACTABISAETCS B BHJIE, TPATUIMOHHO HCIOJIB3YyEeMOM B TEOPUHU
MIPOEKTUPOBaHUS CyI0B [2]:

a? B? ay 05
h= —+05(5) T-z, 331
11,46 T (6) %9 (331)
roe, h — abcomoTHas MeTalleHTpUYecKas BbicOTa cyaHa, M; B, T — riaBHbIC

pa3MmepeHusi CyaHa, M; o — Kod(dumueHt monHoTh Iwomaan ['BJI; § — koaddumueHt
OOIIEH MOJTHOTHI Cy/IHa; Zg — aNTIMKaTa IEHTPa THKECTH Cy/IHA.

5. YpaBHeHHE BMECTUMOCTH.
YpaBHEHIE BMECTHMOCTH MOXKET OBITH IIPEACTABICHO CIEAYIONIIM 00pa3oM:
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Wy = > W, (332)

rie YW, — cyMMa NOTpeOHBIX TEOPETHYECKUX OOBEMOB, M>; Wy~ daxtnueckas
BMECTHMOCTB KOPITYCa U HaJCTPOEK, M-.

B.JI. To3mtoHnHBIM ObUTa BBeZieHA OOOOIIEHHAs 3alHCh JIEBOM YacTH ypaBHEHHS
BMECTUMOCTH [2]:

Wy = We(1 +5,), (3.33)

rae S, — Kod(hGUIUEHT pa3BUTHS HAJCTPOEK (OTHOIIEHNE 00bEMOB HaCTpoeK (pyOoK)
u xopiryca); W, — 00beM Koprryca, M>.

O0mweMm kopiyca onpenensercs mo gopmye [2]:
a

D (H\¢é
— k(2 (3.34)
Vl/]{ kC p (T) ’

rae k,.— ko3 PUIHEHT CeATOBaTOCTH; P — INIOTHOCTH BOJBI.
dopmyna ams onpeaeaeHUs PaKTHISCKONH BMECTUMOCTH Cy/THA UMEET BUL:
a

D /H\G
_ D (H 3.35
W, = kc(1+sH)p(T) . (3.35)

3akarouenue

B xome wucchnenoBanms paspaboTaHa MaTeMaTHYecKas MOJETb IPOSKTHPOBAHUS
CYXOTPY3HBIX CyJIOB, O3BOJISIONIAs HA PAHHUX CTAJUIX IMPOEKTa ONPEIeIATh ONTHUMabHbIE
3HA4YCHUS OCHOBHBIX XapaKTEPHCTUK CyJHA C YYETOM 3aJaHHBIX YCIOBUH 3KCILTyaTallUd U
HOPMATHUBHBIX TpeOoBaHUil. OCHOBHbIE 3JIEMEHTBl CYIHA ONPEACHAIOTCS IyTEM
COBMECTHOTO pEIICHHs ypaBHEHHH MaTeMaTH4eckod Mojenu. TakuM  oOpaszom,
NpeIoKEHHAas MaTeMaTHueckass MOJelb MpejcTaBisieT co0oi 3(pdeKTHBHBI UHCTPYMEHT
JUIA  pelleHus 3aJad  MPOEKTUPOBAHHMA CYXOTPY3HBIX CYJOB, 0OecreuMBaromIuit
000CHOBaHHBIN BHIOOP MPOEKTHBIX XapaKTEPUCTUK HA PAaHHUX CTA/INSIX pa3pabOTKH.
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AHAJIU3 OCHOBHBIX MEXaHU3MOB JlerpaJalu Kopmyca cyaHa:
CHHEPreTHKA, MO/IeJIMPOBaAHNEe U METOAbI KOHTPOJIS
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AnHoTtanus. IlocteneHHble OTKa3bl KOPILyCOB CYJOB CBf3aHBl C pPa3BUTHEM IIPOLIECCOB
KOPpPO3UH, H3HOCA M YCTaJOCTH Marepuanga, BEPOSTHOCTh BO3HUKHOBEHHS KOTOPBIX
BO3pacTaeT MO0 Mepe YBEIMYEHUS CpoKa JKCIUlyatalnuu cyaHa [15]. Dro monarsepknaer
HEOOXOIUMOCTh KOMIUIEKCHOTO PAacCMOTPEHHs yKa3aHHBIX IPOLECCOB IPH  OIICHKE
TEXHHYECKOTO COCTOSIHUSI KOpITyca. MIX COBMECTHOe BO3/AEHCTBHE MPUBOAUT K CHIDKEHUIO
HecyIeil cnocoOHOCTH | 3aTPYIHSET OLCHKY OCTATOYHOW JONTOBEYHOCTH KOHCTPYKUMA. B
paboTe BBHINOIHEH AaHAIN3 B3aHMHOTO BIHSHUS 3THX (JaKTOPOB C HCIOJNB30BaHHEM
KITACCHYECKHX MOJIeJiel MPOTHO3MPOBAHUS JONTOBEYHOCTH — 3aKkoHa IIspuca, mpaBuia
Maiinepa, BepOSITHOCTHOTO IIOAXOAa Ha OCHOBE MOJAENHU NPONOPLUOHAIBHBIX puckoB Kokca
— a TaKke COBPEMEHHBIX METOJOB OOpPa0OTKM JAHHBIX Ha OCHOBE MAIIMHHOTO OOYyYeHHSI.
[lo naHHBIM SKCHEPUMEHTAJbHBIX HCCIEIOBAaHUNH COBMECTHOE [EHCTBHE KOPpPO3UU U
LUKINYECKUX Harpy30K IPUBOAMT K CYLIECTBEHHOMY COKPAILCHUIO JIOJITOBEYHOCTU II0
CPaBHEHHMIO C H30IMPOBAHHBIM  BO3JeHcTBHEM Kaxkaoro akrtopa. Ilpemmoxena
KOHIIETITYallbHast CTPYKTypa WHTETPHPOBAHHON CHCTEMBl MOHHUTOPHHTA TEXHHYECKOTO
COCTOSIHUSI KOpITyca, 00bEANHSAIOMmAs PA3IMIHbIC TUITBI JaTIYNKOB (BOJOKOHHO-ONTHYECKHE,
NMEKTPOXUMUYECKHE, AKyCTHUECKOH 3MHCCHM) M METOABl HHTEIIEKTYalbHOH 00pabOTKH
CHUTHAJIOB (aBTOHKOJEPHI IJIsl OYUCTKH OT IIYMOB). Pe3ynpTaThl MOTYT OBITH HCIIOJIB30BAHEI
mpu  pa3paboTKe  CHUCTEM  MOHUTOPHHIA  TEXHHYECKOTO  COCTOSHHS  CYJIOB,
COBEpIICHCTBOBAHUN IIOJXOJOB K TEXHHYECKOMY OOCIYXXHMBaHUIO 110 (HaKTHIECKOMY
COCTOSIHMIO, @ TaKXe IIPH ITIOJrOTOBKE HOPMAaTHBHBIX JOKYMEHTOB KIacCH()MKAIMOHHBIMH
o0ImecTBaMu.

KioueBble CJIOBA: KOpIYC CyjHA, JETPajiaiiis, KOPPO3WsA, YCTalOCTh, TPEUIHUHBI,
COBMECTHOE BJIMSIHHE TIPOLIECCOB, OCTATOYHBIN pecypc, HU(POBOM ABONHUK, MPEJAUKTHBHOE
00CITy)KUBaHUE

Analysis of the main mechanisms of ship hull degradation:
synergistics, modeling, and monitoring methods

Anton A. Trochuk

ORCID 0009-0006-2039-1717

Anatoly R. Ruban

Astrakhan State Technical University, Astrakhan, Russia

Abstract. Corrosion wastage, fatigue damage and crack formation are the main mechanisms
of degradation of ship hull structures. Their combined action leads to an accelerated
reduction in load-bearing capacity and complicates the prediction of residual life. Objective -
to analyse the mutual influence of these factors and to assess the capabilities of modern
methods for monitoring and predicting the technical condition of a ship's hull. To achieve
this goal, classical durability assessment models are considered, including Paris law and
Miner's rule, probabilistic approaches based on the Cox proportional hazards model, as well
as modern data processing methods based on machine learning algorithms. Results. It is
shown that the combined action of corrosion and cyclic loading leads to a significant
reduction in durability compared to the isolated effect of each factor. It has been established
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that local forms of corrosion act as stress concentrators and contribute to accelerated fatigue
damage development. A conceptual structure of an integrated system for monitoring the
technical condition of the hull is proposed, combining various types of sensors and intelligent
data processing methods. Practical significance. The results can be used in the development
of ship technical condition monitoring systems and in improving approaches to
condition-based maintenance, as well as in the preparation of regulatory documents by
classification societies.

Keywords: ship hull, degradation, corrosion, fatigue, cracks, synergistic effect, residual life,
digital twin, Condition Based Maintenance.

BBenenue

Kopmyc cynHa sBndercss OCHOBHBIM HECYIIUM 3JEMEHTOM, ONpPEIEINSIONM
0€30MacHOCTh 3KCIUTyaTallud, HAaJeXHOCTh M CpPOK CIyXO0bl cynHa. B mpomecce
JKCILUTyaTalu¥ KOPIyCHBIE KOHCTPYKIUH MOABEPraloTCs BO3ACHUCTBHIO MOPCKOH Cpempbl,
MEPEMEHHBIX MEXAHHYECKHX HAarpy30K M LUKIMYECKUX HANPSIKEHHWH, 4TO MPHUBOAUT K
Pa3BUTHIO KOPPO3MOHHOTO H3HOCA, HAKOIUIEHWIO YCTAJIOCTHBIX IOBPEXKACHUN U
00pa3oBaHUIO TPEIIMH. YKa3aHHBIE MPOIECCH IIOCTCIIEHHO W3MEHSIOT TEXHUYECKOe
COCTOSTHHE KOPITyCa, CHI)KAIOT €r0 HECYIIYI0 CIIOCOOHOCTh M TPeOYHOT CBOEBPEMEHHOI'O
BBISIBJICHUS ITPU POBEIEHUH OCBHUIETEILCTBOBAHUM U PEMOHTOB.

CornacHo UccIeI0OBaHUAM OTEUECTBEHHBIX aBTOPOB, TOCTENICHHBIE OTKa3bl KOPIYCHBIX
KOHCTPYKLIUH B 3HAYUTEIHHON CTENEeHH OOYyCIIOBICHBI Pa3BHUTHEM IPOIIECCOB KOPPO3HUH,
HM3HOCA M YCTaJOCTH MaTepHaja, BEpOSTHOCTh BO3HMKHOBEHHsS KOTOPHIX BO3pPAcTaeT IO
Mepe YBEIHUYECHUS MPOIODKUTENBHOCTH 3KeIutyatanuu cyaHa [15]. I[Tostomy obecrieuenne
HAJIEKHOCTH KOPIYCHBIX KOHCTPYKIMH OCTaeTcs OJHOM M3 BaKHEWINMX 33434
CYIOCTPOCHHUS M 3KCILTyaTanuu ¢ioTa.

B oreuecTBEeHHOW MNpakTHKE OLEHKA TEXHUYECKOTO COCTOSHHS KOPIYyCOB CyAOB
BBINOJTHACTCS B COOTBETCTBHHM C TpeboBanmsmu IIpaBun Poccuiickoro Mopckoro perucrpa
cynoxonctsa (PMPC) n ocHOBaHa Ha pe3yiabTaTax MEPHUOANIECKUX OCBHICTEIHCTBOBAHUM,
HM3MEPEeHUN OCTAaTOYHBIX TOJIIUH, BBIABICHUM IOBPEXKACHHH M aHamM3e UX pa3BUTHSL.
CymiecTBeHHBIH BKJIaJ B Pa3BUTHE METOJIOB OLIEHKU TEXHHYECKOI'O COCTOSHUS KOPITYCHBIX
KOHCTPYKIHUH, MPOTHO3UPOBAHUS OCTaTOYHOI'O pPecypca M COBEPLICHCTBOBAHUS METOJOB
TEXHUUECKOH IKCIUTyaTallii BHECTH OTEUYEeCTBEHHbIE HcceaoBarent [3, 5, 15].

B MupoBOH NpakTUKE HAKOIUIEH  3HAUUTENbHBIA  ONBIT  MAaTEeMAaTUYECKOIO
MOJICIMPOBAHMSI OTICIBHBIX MPOIECCOB, BIMAIOMIMX HAa TEXHUYECKOE COCTOSIHHE KOpITyca
cynHa. Pa3paboTaHbl MOAenH IPOTHO3MPOBAHUS KOPPO3MOHHOTO H3HOCA, HAKOIUICHMS
YCTaJIOCTHBIX MOBPEXKACHUH M paclpoCTpaHEHUs! TPEIIWH, OCHOBaHHBIE Ha paborax Pike,
Miner, Paris n apyrux uccnenopaTeneil. OTH MOAEIH HMIMPOKO MPUMEHSIOTCS MPHU OIEHKE
OCTaTOYHOTO pecypca CYHOBBIX KOHCTPYKIMH U pa3pabOTKe COBPEMEHHBIX CHCTEM
MOHHUTOPHHI2 TEXHHYECKOTO COCTOSIHMS. Bmecte ¢ TeM OONBIIMHCTBO 3apyOeKHBIX
Mojeneld  pa3pabaTelBaioCh C  YYeTOM KOHCTPYKTHBHBIX  OCOOEHHOCTEH  CyIOB,
HCTIONB3YEMBIX MaTepHalloB M YCJIOBUH SKCIUTyaTalldd, XapaKTepHBIX Ui 3apyOeHOTo
¢uota. DTH yCIOBUSL BO MHOTHX CIy4asX OTJIMYAIOTCS OT MPAKTUKH OSKCILUTyaTaluu
OTE€YECTBEHHBIX CYJOB, 3HAUUTENbHAsI YacTh KOTOPBIX HMEET IPOJODKUTENIBHBIH CPOK
CIIy’KOBl M 3KCIUTyaTHPYETCSl B MHBIX KIMMAaTHUYECKHX M TEXHOJIOTHYECKHX YCIOBUAX. B
CBSI3M C 3THUM IIPHMEHEHHE 3apyOeXHBIX MOJeNei MpH OIEeHKEe TEeXHHYECKOTO COCTOSHUS
CYJIOBBIX KOHCTPYKIMH TpeOyeT MX ajanTalud C Y4eTOM TpeOOBaHWH OTeYeCTBEHHOU
HOpPMaTHBHOH 0a3bl 1 0COOEHHOCTEN IKCILTyaTallui POCCHHCKOTO (ioTa.

HecmoTps Ha 3HAuUTENbHOE YUCIO MCCIEJOBAHUM, MOCBSIIEHHBIX OLIEHKE
TEXHUYECKOTO COCTOSHHUS KOpIyca CyJAHA, KOPPO3UOHHBIM H3HOC, YCTaJIOCTHBIE
MOBPEXJCHUS U Pa3BUTHE TPEIIMH Yallleé BCETO PACCMATPUBAIOTCA KaK CAMOCTOSITEIIbHBIE
nponeccel. OJHAaKO B MPOLECCE 3KCILTyaTallud OHU OKAa3bIBAIOT B3aMHOE BIIMSHHUE IpYr Ha
npyra. Tak, yMeHBIIEHHE TONIIMHBI 3JIEMEHTOB BCIEACTBHE KOPPO3WH TPHUBOIUT K
nepepacIpesesicHHI0 HalpsDKEHHH, YTO CIIOCOOCTBYeT 0ojiee MHTEHCHBHOMY HAKOTUICHHIO
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YCTaJIOCTHBIX MHOBPEXKICHUI M TOBBIMIACT BEPOATHOCTH OOPa30BaHUS M JalbHEHIIETO
pasButust TpemuH. [loaToMy pasnenbHOE IPHUMEHEHHE CYIIECTBYIOMIMX METOJOB HE BCETAA
MO3BOJISIET TIOJMyYUTh OOBECKTUBHYIO OIIEHKY TEXHHYECKOTO COCTOSHHSA KOpIyca H
JIOCTATOYHO HA/IEKHO IPOTHO3MPOBATh €TI0 OCTATOYHBIA pecypc.

B cB3M c 3TUM aKkTyaJdbHOH sBIsieTcss pa3paboTka KOMIUIEKCHOTO —MOAXOJa,
OOBEMHSIOMETO  PE3yJIbTaThl  OLEHKM  KOPPO3MOHHOTO  HM3HOCA,  HANpPSDKEHHO-
Je(OpPMUPOBAHHOTO COCTOSIHHS, YCTAIOCTHBIX IOBPEXICHUH W TPEUIMHOOOpa3OBaHUS B
€JIMHYIO NOCIIeI0BaTeIbHOCTh aHAN3a TEXHUYECKOI'0 COCTOSHUS KOpITyca CyIHa.

Lenpto HacTosmed paboOTHl SBISETCS aHaIM3 OCHOBHBIX IIPOLIECCOB H3HOCA U
MOBPEXJICHUH KOpITyca CyJIHa, HCCIIEeI0BaHUE UX B3aMMHOTO BIIMSHUS, 0030p MPUMEHAEMBIX
METOIOB MOJEJIUPOBAHUS M KOHTPOISL, a Takke pa3paboTka MOCIEAOBATEIFHOCTH
KOMIUIEKCHOH OIIEHKH TEXHHYECKOTO COCTOSIHUS KOPITyCHBIX KOHCTPYKIUH, 00Be INHSAIOMICH
CYIIECTBYIOIIE HHKCHEPHBIC METOABI B €IUHYIO METOIUKY.

1. Koppo3us kak ¢pyHIaMeHTAIbHBIN MPoLecC Aerpaialumn

Kopposus sBnsercs Hambollee pacmpoCTpaHEHHBIM H BO MHOTHX  CIydYasx
ompeneIomuM  (paKTOPOM CTapeHHs KOPIMYCHBIX KoHCTpykumid [3]. Mopckas Bona
NpeACTaBIsieT COOOW CIOXKHBIA 3JIEKTPOJIUT C BBICOKOM HOHHOW IPOBOAMMOCTBIO,
collepIKaIUil XJIOPUIBI, Cyib(aTel, KapOOHATHI, PACTBOPEHHBIM KUCIOPOI W OHOTCHHBIC
KOMIIOHEHTBI, 4TO CO34aéT HieajbHbIEe YCIOBHUA A TNPOTEKAHHS 3JIEKTPOXMMUYECKHUX
mporieccos [3].

B 3aBucHMMOCTM OT YCIOBHH OKCIUTyaTallud, KOHCTPYKTHBHBIX OCOOCHHOCTEH U
HaJIM4Msl 3alUTHBIX TOKPBITHMHA BBIACISAIOT HECKOJBKO OCHOBHBIX BHUIOB KOppo3uu. B
mporiecce dKCIUTyaTallidl CyIOB HamboJjiee pAaclpOCTPaHEHHBIM BHIOM TOBPEKICHUH
SIBIISIETCS. PaBHOMEPHBI KOPPO3HOHHBIM M3HOC, MNPU KOTOPOM TOJILIMHA MeTaija
IIOCTETIEHHO yMEHBINIAETCS MO BCEHd MOBEpXHOCTH »dyeMeHTa. OH  pa3BUBaETCs
MIPEUMYIIECTBEHHO HA yYacTKaX C HApyIICHHBIM 3aIWTHBIM MOKPBITHEM, B OaJIaCTHBIX
TaHKaX W Ha JHUNICBOH oOmuBKke [3]. He MEHBIIyI0 OMacHOCTH MPEICTABISET S3BCHHAS
KOppo3us, IpU KOTOpPOH pa3pylleHHe MeTajula HOCHUT JIOKAJbHBIH  XapakTep.
OO6pa3yromuecs A3Bbl CTAHOBATCS KOHIICHTPATOPAaMH HANPSOKEHUH M YCKOPSIOT Pa3BUTHE
YCTaJIIOCTHBIX MoBpexaeHuid. Hanbosee uvacTo Takue nedeKThl BBISABISIIOTCS B paiioHe
BaTEPJIMHUY, CKYJIOBBIX MOSICAX U HA OTJENbHBIX ydacTkax nuumia [3].

Koppo3noHHoe pacTpeckHBaHHME MOJ HaNpsDKEHHEM BO3HUKAET MPH OJHOBPEMEHHOM
BO3JICHCTBUU arpeCCUBHON CPEIbl U PACTATUBAIONINX HapshkeHuid. Hanbomnee moaBepkeHb
€My BBICOKOIIPOUHBIE CTaJlM U CBapHbIE COEIMHEHUS, COIEPIKALLME OCTATOUHbIE CBAPOYHbIE
HanpspkeHust [3]. [ampBaHmueckas (KOHTaKTHas) KOPpPO3Us OOYCIIOBIIEHa OOpa3oBaHUEM
rabBaHMYECKUX IMap MEXIY Pa3HOPOTHBIMH METaJUIlaMH (HalpuMep, CTalbHOH KOpITyC U
OpOH30BBIN TPeOHOW BUHT, aIFOMUHHUEBBIC HAACTPOHKH M CTAIFHOW KOPIYC) NP HAIAYHH
anekTposuta. llleneBast Koppo3us pa3BUBaeTCs B 3a30pax, MO HAKJIAJKaMHU, B COEIMHEHUSIX
BHaxJIECT, TIll€ 3aTpyJHEH JOCTYI KHCJIOpPOJAa W NPOUCXOIOUT JIOKAJIBHOE H3MEHEHUE
XHUMHUYECKOTO COCTaBa PacTBOpA.

ONeKTpOXUMHYECKas KOPpPO3HMs CTAIM B MOPCKOW BOJE OINMCHIBACTCA aHOTHOMN
peakuueit pactBopenus xeneza (Fe — Fe?" + 2e7) u kaToJHON peakiueil BOCCTAaHOBIEHUS
kucnopoaa (02 + 2H20 + 4e- — 40H").

CyMMapHBII mpoliecc MPUBOANUT K 0OPa30BaHUIO NMPOIAYKTOB KOPPO3UH (P>KaBUMHEI),
KOTOpBIE B 3aBUCHMOCTH OT YCJIOBUI MOTYT OBITh PHIXJIBIMU WM TUIOTHBIMHU H CYIIECTBEHHO
BIIMSITH Ha JAJIbHEHIYI0 CKOPOCTh pa3pyuieHus [3].

Jlnst onrcaHust KOPPO3MOHHOTO M3HOCA CyJIOBBIX KOHCTPYKIMH B 3apyOeXHOMN IPaKTHKE
4acToO WCIONB3YIOT Mojnenb [laiika [2], xoropas B oOmieM BHIEC HpPEACTaBIIET COOOM
CTENEHHYIO 3aBUCUMOCTb:

d@) =cl-(t—Tch) )
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rae d(t) — rirybuHa Koppo3un (MM);

t — BpeMst SKCIUTyaTauu (TOIBI);

T cl — cpox ciryx0Bl 3aIIUTHOTO TOKPHITUS (TOIBI), B TE€UECHHE KOTOPOTO KOPPO3HS
MPaKTHYECKH OTCYTCTBYET; C1 U C2 — IMIIUPUYECKHE KOI((PUIMEHTHI, ONpeneNsieMble 10
CTaTUCTUYECKMM  JaHHBIM  JUIi KOHKPETHOTO THNA KOHCTPYKIMM U YCJIOBHH
SKCIUTyaTanuu [2].

B wactHOM ciywae, kornma mokasarenb cTeneHu c: = 1, moxens [laiika cBogutcs K
JIMHEIHOW 3aBUCUMOCTH, LIMPOKO UCIIOIb3YEMOM B MHKEHEPHOH npakTuke [3]:

6(t) = 6o — k_{corr}-t 2)

rze 6o — HavaJIbHAsL TOJIIIMHA (MM);
k corr — cpenHsis CKOPOCTh KOPPO3UHU (MM/TOJ).

Crnemyer oTMeTHTh, 9T0 Mojenb [lafika [2] pa3paboTaHa s METaIDIOKOHCTPYKIUH C
3aIIMTHBIMU TTOKPBITHSIMHU, BKJIIOYasl OIMHKOBaHHbIE. {71 CyJOB OTeYecTBEHHOIrO (IoTa,
SKCIUTYaTUPYIOMIUXCS B TEYEHHE JIMTEILHOTO BPEMEHM IIPH YAaCTWYHOW WIM MOJHOW
yTpare 3aIllUTHBIX TOKPHITHH, NMPUMEHCHHE AAHHOM Monenu 0e3 KOPPEKTUPOBKH MOJKET
MIPUBOUTH K CYIIECTBEHHBIM IIOTPEIIHOCTSM OLIEHKH KOPpPO3HMOHHOTo u3Hoca. ITostomy
Ipu pacyérax TEXHUYECKOTO COCTOSHHS CYAOBBIX KOHCTPYKLHMH HEOOXOIUMO YYHUTHIBATH
(aKTHYeCKUe YCIIOBHSI OSKCIUTyaTallM, PE3yJIbTaThl HM3MEPEHMs OCTATOYHBIX TOJIIUH U
JAaHHble TEPHUOJUYECKUX OCBUAETEIBCTBOBAHUH B COOTBETCTBHH C TpeOOBaHUAMHU
JCUCTBYIOIIMX  HOPMATHBHBIX JOKyMEHTOB W PEKOMEHAALMSIMU  OTEYEeCTBEHHBIX
HCCIIEJOBAaHUH.

B pabortax mocinemHux JjeT Bcé Oorbliee pacHpOCTpaHEHHE MOTYydYarOoT THOPHAHBIC
MOJENH, B KOTOPBIX 0a30BbI (HU3WYIECKUIl TpPeHJ KOMOMHUPYETCSI C IOIpPaBKaMH,
MIPOTHO3UPYEMBIMH METO/IaMH MaIIMHHOTO 00ydeHHs [9]. BxomHbpIMM mapaMeTpamu 37ech
BBICTYIAIOT TeMIIepaTypa 3a00pTHOH BOABI, COJNIEHOCThH (IIPOBOAMMOCTB), CKOPOCTh CyJHA
(BrmustromIast Ha TypOYJIEHTHOCTh U MaccomepeHoc), 3G peKTHBHOCTh KaTOAHOM 3aIIUTHI (TOK,
MOTEHIMAN), TeorpadMuecKuii perHoH IulaBaHuS (TPOIHMKH, YMEPEHHbIE IIHUPOTHI,
apKTUYeCKHe BOJBI), a TakXe BpeMs TIoja, OMNPEAeIIIONee CE30HHYI aKTHBAIHIO
Ouoromex. Takol NOAXOA TMO3BOJISIET COXPAaHUTh (PU3MYECKYIO HHTEPIPETHPYEMOCTh M
OJTHOBPEMEHHO JJOCTHYb BBICOKON TOYHOCTH MPOTHO3A.

2. YcTaJIoCTHBIE MOBPEKICHUA: OT MUKPOIUVIACTUYHOCTH 10 MAKPOpPa3pyuieHust

YcTanocTs MeTanmia — 3TO HaKOIUICHHE TOBPEXACHUI NMPH HHUKINYECKOM H3MEHEHHU
HanpspkeHud. B KOPIyCHBIX KOHCTPYKIHMSX OCHOBHBIM HMCTOYHHUKOM —[HKJIMYECKUX
Harpy3oK SBJSIETCS BOJIHOBOE BO3/CHCTBHE, KOTOpO€ CO374aéT 3HAaKOIEepEeMEHHBIE
HaTpsDKCHUS B dJIEeMEHTax Habopa u oomuBke [3].

[Ipouecc ycTanocTHOTO pa3pymIeHUs] TPaJUIMOHHO MOJPAa3AEIAOT Ha TpH CTagud [3,
8]. IlepBas cragusi — HaKOIUICHHE pAaCCESHHBIX MHKpOIIOBPEXAECHUH, KOTIAa Ha
MHUKpPOYPOBHE NPOMCXOANT JIOKAJIbHAS IUIacTHYecKas aedopMaiust B 30HAX CTPYKTYPHOH
HEOJHOPOAHOCTH (BKJIIOYEHMS, TPaHHUIBI 3EpeH), 0Opa3oBaHUE TIIOJIOC CKOJNBXKEHUS U
3apokIeHNne MHUKpomop. Bropas cragms — 3apoxaeHHe MaKpOCKOIHMYECKOH TPEIInHHI,
KOrZia O0beIMHEHHE MHUKPOIOBPEXKACHHH MPHUBOJUT K OOPAa30BaHHIO TPEUIMHBI; MOMEHT
3apOXKACHUST TPYAHO (UKCHUPYETCA TPaTUIMOHHBIME METOJAaMH  HEepa3pyIIaromero
KOHTpOJsl. TpeTbs CcTaguss — pacIpoCTPaHEHHWE TPELIVHBI, IMPEJCTaBIA0IIee COOOH
CTaOMIBHBIA M YCKOPEHHBIH poOCT aedexra IMojx [MeHCTBHEM NHKIMYECKHX Harpys3ok,
OIMCHIBAEMBIH 3aKOHAMH JIMHEWHONW MEXaHWKM paspyLICHHs; 3Ta CTaJusl 3aBepIiaeTcs
KPUTHYECKHM POCTOM M pa3pylIeHHEeM KOHCTPYKIHH.
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Haunbonee pacmpocTpaHEHHBIM CIOCOOOM  OLIGHKM HAKOIUICHHS — YCTAJIOCTHBIX
MOBpPEXXICHUN OcTaéTcs MUHEWHoe npaBmwio MaitHepa [4], corIacCHO KOTOPOMY CyMMapHOE
MOBPSXKICHHE ONIPEHeIIeTCs Kak OTHOLICHHE (AKTHYECKH pEeaJn30BaHHBIX LHKIOB
Harpy »k€HHs K YHCILy IIMKJIOB, BBI3BIBAIOIINX pa3pylICHUE NP COOTBETCTBYIOIIEM YPOBHE

HAIPSDKCHUN:
_ ni
b= Z Ni 3
L

TZie N — YUCIIO LMKIIOB Harpy KEeHUs 3alaHHON aMIUTUTY bl AG; (MU Gui);

N; — JIOIroBeYHOCTh MaTepuana MpH 3TOH aMIUIUTYZAE, ONpenenseMas IO KPUBBIM
ycranocT (S-N KpHuBoii);

D — HakoruieHHOE MOBpeXAeHUE, IPUIEM paspylleHue npeanonaraercs mpu D = 1 [3,
4].

upokoe mnpuMeHeHHe TmpaBmia MaiiHepa OOBSCHSAETCS TPOCTOTOW pacd€ToB U
HAJIMYMEM SKCIEPUMEHTAIBHBIX JAHHBIX II0 YCTAaJOCTHOH JONTOBEYHOCTH Pa3IHMYHBIX
crajeil U CBapHBIX coeAuHeHUW. BmecTe ¢ TeM AaHHBIM NMOAXOJ OCHOBAH Ha JIMHEHHOM
CYMMUPOBAHUHU HOBpe)K}IeHHfI U TO3TOMY HE€ YUYHUTBLIBACT BJIMAHUEC ITOCJICAOBATCIBHOCTU
Harpy»XeHus, H3MEHEHHs XapakTepa IHUKIOB, BO3ICHCTBUS KOPPO3HMOHHON cpeasl H
ocoOeHHOCTeH pa3BUTHS TpeluH [3, 8].

Jnst omucanust OoJiee CIOXKHBIX PEKUMOB Harpy»KEHHs HUCIIOJB3YIOTCS HEJIMHEWHbIE
Mojienu, BKiIrouas npasmio Kopren-Jlonana [5]:

D=Yy—

ni Aol
Ni Aomax

)¢ @)

a TakkKe METOJbl, YUYHUTHIBAIOIIHMEC HWCTOPHIO W3MCHEHHMSA  HANpsHKCHUH U
IOCJIeI0BATEIbHOCTD IUKIIOB [8&].

B ycnoBusx SKCIUTyaTallMM CyJHAa HANPSDKEHHS H3MEHSIOTCS HEPaBHOMEPHO IOJ
JieificTBUeM BOJHEHHUS, BHOpaluu Kopiyca, paboThl JABMKHUTEIBHOM YCTaHOBKH H JIPYTHX
9KCILTyaTalMoHHBIX (akTopoB. [loaToMy mepen pacu€ToM HaKOIUIEHHOTO MOBPEXKICHHUS
OKCIIEPUMEHTANIbHBIE JIaHHBIE MNPOXOAAT IPEIBAPUTEIBLHYI0 O0pabOTKY: BBIIOIHSIOTCS
(GUIbTpaLUs CUTHAJIOB, BIJICJICHNE IIMKJIOB HArpy»KEeHUs (HAIpUMeEp, METOJIOM «JIOMKIISD —
rainflow) 1 ux nocnenyomas KiaccupuKaIys Mo YpoBHIO HANPSHKEHU.

B nocnennne ronsl Bcé Oosiee aKTUBHO MCCIEAYIOTCS METO/BI MAIIMHHOTO OOy4YEeHUS
JUISl TIPOTHO3UPOBAHUS YCTAJIOCTHOTO COCTOSIHUSI KOHCTPYKIM. B wacTHOCTH, ceT monroi
KpaTKOCPOYHOH naMsTH (LSTM) CHIOCOOHBI aHAJIM3UPOBATh BpEMEHHbIE
MIOCIJIE/IOBATENILHOCTH HANpPsDKCHWH W YyYUTBIBATh 3aBHCUMOCTH TEKYIIETO COCTOSHHMS
KOHCTPYKIIMHM OT TPEIIIECTBYIONEH NCTOPUH HArpyXEHHs, YTO PACIIMPSET BO3MOXKHOCTH
MIPOTHO3UPOBAHMS OCTATOYHOTO Pecypca IO CPaBHEHHIO C TPAAWUIMOHHBIMHU JIMHEHHBIMU
Mozensamu [2, 9].

3. TpemnHOOOpa30BaHHe: MeXaHUKA Pa3pylLIeHHUs] U MeTO/Ibl 00HAPYKeHHUs

Tpemmusl — Haunboyiee ONAacHbIA BUA AS()EKTOB: OHM MOTYT pa3BUBAThCS OBICTPO,
gacTo 0€3 BHIMMBIX NPU3HAKOB, U NPHBOAWTH K BHE3aMHOMY paspymeHuio [2, 3]. Jlus
OMHCaHUS HANPSDKEHHO-1e(hOPMUPOBAHHOTO COCTOSHUSA B OKPECTHOCTH TPELIMHBI B PaMKax
JUHEHHO-YTIPYTOH MEXaHWKH pa3pyIlIeHUs HCIONIb3yeTcs KO03((HUIMEeHT WHTEeHCHBHOCTH
HanpspbkeHuid K. B 3aBUCMMOCTH OT THUNa HAarpyXeHus pasnudaroT K;1pu HOpMaJlbHOM
OoTpBIBe (pacTsDkeHHH), Kj; Ipu momepeyHoM caBure ® Kj;; TpH aHTHIJIOCKOM CIIBHUTE.
Kpurndyeckoe 3HadeHue K;., Ha3pIBaeMO€ BS3KOCTBIO pa3pyIICHUs, XapaKTepHU3yeT
COTIPOTHBJICHNE MaTepraia paclpoOCTPaHEHUIO TPEIINHEI [§].

Poct TpeuHBI TOA IeHCTBHEM IMKIMYECKUX HATPy30K OIMCHIBAETCS YypaBHEHHUEM
IIepuca (Paris).
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CoracHO COBpeMEHHOMY Y4YeOHHKY IO MEXaHHKe pa3pymieHus [6], 3To ypaBHEHHE
UMeeT BH:

da/dN = C-(4K)"m )

rae a — IJMHA TPELIHHEL;
N — 9HCII0 IIMKIIOB HATPY)KSHHUS;

AK — pa3max ko3¢ dunreHTa ”HTCHCUBHOCTH HAIIPSKCHUH;

C 1 m — >MIMpr9IecKre KOHCTAHTHI, 3aBHUCSIINE OT MaTeprana i cpensl [6, 8].

B xoppo3noHHO# cpezne HabmomaeTcsi CHIbKeHUe noporosoro 3Hauenust AK {th}, npu
KOTOpPOM TpEIIMHAa HauWHAaeT pacTd, M yBeIMYeHHe KOHCTaHThl C, YTO NPHUBOAMUT K
YCKOPEHHOMY POCTY U NPOSBIEHUIO KOPPO3UOHHO-YCTAJIOCTHOTO pa3pyieHus [3].

Jnst oOHapyXeHHMs TpPEIIMH B CYJOBBIX KOHCTPYKLMSX HPUMEHSETCS KOMIUIEKC
METOJIOB Hepa3pyIlIaroIIero KOHTposs. BusyanbHbIi U H3MEPUTENbHBIA KOHTPOJIb OCTA&TCS
Hanboee OCTYIHBIM, HO MO3BOJISET BBISIBUTH TOJIBKO MAKPOCKONHYECKHE TPELIUHBI, YXKe
BBIIIE/IINE HAa IOBEPXHOCTh. YIBTPa3BYKOBOH KOHTPOJIb YyBCTBHUTEIEH K BHYTPEHHHM
nedexraM, omHako TpeOyeT HEMOCPEICTBEHHOTO AOCTyNa K ITOBEPXHOCTH W BBICOKOM
KBaMn(HUKAIUU orepaTopa. MarHUTOIIOPOUIKOBEIH M KaMMUIIPHBIH METOABI 3()(EKTHBHBI
JUISL BBISBICHHUS IIOBEPXHOCTHBIX TPEUIMH B (peppoMarHUTHBIX W HedeppoMarHUTHBIX
Marepranax cooTBeTcTBeHHO [3]. HambOosiee mnepcrieKTHBHBIM METOAOM MUl PAaHHETO
00OHapy KeHHs 3apOKAAIOIINXCS TPELIMH SIBISETCS] aKycThieckast smuccus (AD), MpUHIHMIT
KOTOpPOH OCHOBaH Ha PErHCTPALMU YNPYIHX BOJH, I'€HEPUPYEMBIX IpPHU IIACTUYECKOM
nedopmanum, pacKpbITHH TPELIMHBI U TPEHUU €€ OeperoB.

IIpuMeHeHHe MeTOJa AaKyCTHUECKOM SMHCCHMHM Ha CyJaX OCIJIOXKHSETCS BBICOKUM
YPOBHEM IIIYMOB, BO3HUKAIONIMX IIOJ] BO3AEHCTBHEM T'HIPOAMHAMHUYECKUX IPOIECCOB,
paboThI CYyIOBBIX MEXAaHU3MOB U BOJIHEHUS. [J1s1 IOBBIIEHHS JOCTOBEPHOCTH OOHAPYKEHUSI
nedexToB BCE walle HMCIONB3YIOTCS METOIbl MHTEIUICKTYaJIbHOH 0OpabOTKH CHTHAJIOB, B
TOM YHCIJIE€ aBTOPHKOJIEPHl — HEHPOHHBIE CEeTH, 00yJIaeMble Ha JaHHBIX, COOTBETCTBYIOIINX
HCIIPABHOMY COCTOSIHUIO KOHCTPYKIHH [9].

B mpouecce oOydeHus aBTOHKOIEp (OPMHUPYET MOJENIh HOPMAJIbHOTO CHTHAlda U B
JaJbHEHIIIEM OIIEHMBAET CTETNIEHb OTKIOHEHHS MOCTYIAONINX JAHHBIX OT 3TOTO COCTOSHHS.
[losiBeHNe aHOMAJBHBIX CHTHAJIOB, CBSI3aHHBIX C PAa3BUTHEM TPEIIMH WIM JAPYTHX
Ne(QeKTOB, COMPOBOXAAETCS YBEIMYCHHEM ONIMOKM BOCCTAHOBIICHHS, YTO IIO3BOJISET
HCTIONB30BaTh €€ B KadeCcTBE JMArHOCTHYECKOro IMpu3Haka. Takoil moaxon He Tpedyer
MpEeIBAPUTENILHON pa3MeTKH JaHHBIX © obecrednBaeT dS(dexTuBHOE 0OHapY)KEHHE
ne(eKToB 1axe B YCIOBUSAX 3HAUUTEIBHOTO YPOBHS HIyMOB [9].

4. CoBMeCTHOE BJIMSIHHE nmpoueccoB U3HOCa Kopmmyca cyiHa

Oco0OeHHOCTBIO TPOLIECCOB N3HOCA KOPITyca Cy/Ha SIBJSIETCS] MX B3aMMHOE BiustHue [3].
Ha npaxTrke KOppO3HMOHHBIM M3HOC, YCTaJOCTHBIC IOBPEXKACHHS W Pa3sBUTHE TPEIIVH
MIPOTEKAIOT OJHOBPEMEHHO, II03TOMY HX pa3JeNbHBIH aHaIW3 HE BCErAa MO3BOJISET
O00OBEKTUBHO OIIGHUTh TEXHHYECKOE COCTOSHHE KOHCTPYKIMHM M OCTaTOYHBI pecypc.
Pa3zBuTne onHOTO BHMIAa TOBPEXKICHWH MOXET HM3MEHSTH YCIOBHS BO3HHUKHOBEHHS H
WHTEHCHBHOCTb APYTHX MPOLECCOB, YTO HEOOXOANMO YUUTHIBATh IPH KOMITJIEKCHOH OIIEHKE
coCTOsiHUS Kopiyca cyaHa [1, 9].

Koppo3us BimseT Ha yCTallOCTHOE pa3pyLICHHE IO HECKOJBKHM MexaHm3Mam [3, 8].
Bo-nepBrIx, reoMeTprdeckuil (akTOp: yMEHBIIEHHE TOJIIMHBI JMCTa M 00pa3oBaHUE S3B
NPUBOJUT K YBEJIMYEHHIO HOMHHAJIBHBIX HANPSHKCHWH U CO3[aHUIO  JIOKAJbHBIX
KOHIIEHTPAaTOPOB. BO-BTOPHIX, KOPPO3HOHHAS Cpesla CHIDKAST Mpeae BEIHOCIUBOCTH CTAIN
10 CPaBHEHHMIO C BO3AYIIHOH CpPEROH, YTO MpPOSBISETCS B SBICHUH KOPPO3HMOHHOU
YCTAJIOCTH.  B-TpeTbHX, TPOMCXOAMT H3MEHEHHE MEXaHU3MOB  pa3pyLICHUs: B
KOPPO3WOHHOW Cpe/ie YCTAJIOCTHOE pa3pylIeHHWE HACTyNaeT HPH MEHBLIMX aMIUTHTYIax
HanpspKeHWH, a o0acTh MalonMKIOBOM ycTaimoctu pacmupsiercss [9]. Ilo maHHBIM
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9KCTIEPUMEHTAIBHBIX HCCIEOBAaHUH COBMECTHOE [€HCTBHE KOPPO3HMH M HUKINYECKUX
Harpy30K MPUBOAMT K CYIIECTBEHHOMY COKPAICHHIO JOJITOBEYHOCTH IO CPaBHEHHIO C
M30JIMPOBaHHBIM BO3AECHCTBHEM KaXJ0ro (hakTopa.

B cBoro ouepenp, MUKIMYECKOE HArpy>KEHHE CHOCOOCTBYET pasBUTHIO Kopposuu [3].
OHO NPHBOAUT K pa3pyLICHHIO 3alIMTHBIX TOKPHITUH W OKCHUIHBIX IUIEHOK B 30HAaX
TUIACTUYECKOHU teopMalvi, 0OOHaKEHUIO CBEXKUX ITOBEPXHOCTEH MeTaiia, 0ojiee akTHBHBIX
B DJISKTPOXMMHUYECKOM OTHOLIECHUH, CO3JJAHUIO YCIOBUI JUISl 3aCTOMHBIX 30H 3JIEKTPOJIUTA B
MUKPOTpEIINHAX U yIIIyONeHHUsX, a TAK)Ke CHIDKEHUIO 3()()EeKTHBHOCTH KAaTOJHOM 3aIlUTHI
n3-3a LUKJIMYECKOTO M3MEHEHUs IMOoJsIpH3aluu. B pesyibraTe ycTaJoCTHO-KOPPO3HOHHOE
Bo3eiicTBUe hopmupyeT Gosiee TIIyOoKyI0 U Pa3BETBIEHHYIO JOKAIBHYIO KOPPO3HIO, YEM B
OTCYTCTBHE IUKIMYECKIX HAarpy30K [3].

KopposnonHas cpefja 0Ka3bpIBacT 3HAUUTEIbHOE BINSHAE M HA KHHETHKY POCTa TPEIINH
[2, 3]. ITom e€¢ neiictBueM cHIKaeTca moporoBoe 3HadeHwme AK {th}, mpm xoropom
TpellMHa HAdWHAET pacTh, yBenuuuBaeTcst KoHcranta C B ypaBHeHunm IIspuca,
HaOmonaercs 3PEKT KOPPO3HOHHO-YCTATIOCTHOTO PAa3pYIICHHUs, OCOOCHHO BBIPAKEHHBIH
IIPU HHU3KHX YacTOTaxX Harpy>KeHWs (XapaKTepHBIX JUIS BOJHOBBIX HAarpy3ok), a Tarke
BO3MOXXHO pa3BUTHE CTaTHYECKOTO KOPPO3MOHHOTO pPACTPECKMBAHHS IIPH HAJIUYHU
MIOCTOSIHHBIX PACTATMBAIONINX HampshkeHUH [3]. B 30Hax cBapHBIX COeIMHEHHH, TIle
HUMEIOTCSI OCTaTOYHBIC HANpPSDKEHUS W CTPYKTypHask HEOJHOPOAHOCTb, CKOPOCTh POCTa
TPEIINH MOXET OBbITh Ha MOPSIOK BHIIIE, YeM B OCHOBHOM MeTasuie [3].

Z[J'IH KOHIICIITYaJIbHOT'O OIIMCaHUA COBMCCTHOI'O BIIMAHUSA IMpo1ECCOB MOXCT
UCTIONIb30BAThCS MPECTABICHHIE, B KOTOPOi obriee moBpexaenne D total mpencraBisercs
Kak CyMMa WM KOMOHMHAIMsS TIOBPEKAECHHH OT OTHCIBHBIX (PAaKTOPOB C YyUIETOM
MEPEKPECTHBIX YICHOB:

Dtotal = Dcorr + Dfat + Dcrack + Icorr—fat + Ifat—corr + Icorr—crack (6)

rne | {ij} — wHTerpampHBIC WICHBI, ONMUCHIBAIOIIMC YCIJICHHE OJHOTO Ipolecca
JIPYTUM.

Takoe mpeacTaBICHUE MO3BOJSIET y4YeCTh CHHEpPreTuueckue 3PQeKTh, KOTOpHIC B
JIMHENHBIX TMOAX0/IaX OCTAIOTCS 32 PaMKaMH aHaJu3a.

Jns  KOMIUIEKCHOM  OIICHKHM TEXHHYECKOTO COCTOSHUS ~MOTYT  NPUMEHSTHCS
BEPOSITHOCTHBIE MOJIENTH, B YACTHOCTH MOJIENb MPOMOPIIMOHANBHBIX puckoB Kokca [7],
MTO3BOJISIFOINAS OI[CHUTH BEPOSITHOCTH OTKA3a C YYETOM COBOKYITHOCTH (DAKTOPOB:

h(t) = ho(t) - exp(B1x1 + B2x2 + ... + BuXy) (7

rre ho(t) — 0a30BBII pHUCK OTKa3a;

X_1 — mapaMeTphl, XapaKkTepU3yIOLINe TEXHUUECKOE COCTOSHIE KOHCTPYKIUH U YCIOBHUS
9KCIUTyaTaIUH;

B_1— ko3 duipeHTsr MOICIH, ONPEACIIAEMBIC 10 CTATHCTHYCCKUM TAaHHBIM.

[MpeuMyiiecTBO JAHHOTO MOAXOJA 3aKJIIYaeTCs B BO3MOXKHOCTH OJHOBPEMEHHO
YUUTHIBATh BIMSHUE HECKOJIBKHUX (haKTOPOB, BKIIFOUAs KOPPO3HMOHHBIN M3HOC, HAKOIUICHHBIC
YCTaJIOCTHBIC MOBPEKACHHUS M HAJTMUKE TPEIIMH. DTO MO3BOJISECT UCIIOIb30BATH MO JJIsI
OIICHKM PHCKa OTKa3a W MPOrHO3UPOBAHUS OCTATOYHOIO PECypca CYAOBBIX KOHCTPYKIHH,

YTO OPEACTABJICT MHTEPEC MJId CUCTEM O6CJ'Iy>KI/IBaHI/I$I 0 TCXHUYCCKOMY COCTOSHHIO [1,
10].

MeToauKa KOMIUIEKCHOM OLIeHKM TeXHUYECKOI0 COCTOSIHMS KOPIyca CyHa ¢ Y4éTOM
COBMECTHOI'0 BJIMSIHUSI POLIECCOB M3HOCA

B npakTuke TEXHUYECKOH JKCILTyaTalluH CyAOB COCTOSIHUE KOPIyCHBIX KOHCTPYKIIMI
OOBIYHO OIICHUBAIOT IO OTJENBHBIM BHJaM mnoBpexaeHud [10, 14, 15]. Koppo3uonnsrit
U3HOC OMNPEENAT 0 pe3yiabTaTaM H3MEPEHUs] OCTATOYHBIX TOJIIUH, YCTAJIOCTHOE
COCTOSIHHE — PACYETHBIMUA METOJaMH WM 0 JAHHBIM JKCIUIyaTallld, a HaJlHdne TPEIuH
YCTaHABJIMBAIOT CPEACTBAMH HEPa3pyMIAIOIIEro KOHTPOoJA. [Ipum 3TOM B OTEUECTBEHHBIX
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HCCIEJOBAaHMUAX 0C000€ BHHUMAaHHE YAETACTCS BBIOOPY KOHTPOIMPYEMBIX 3JIEMEHTOB
KOpITyca, OIpeaesicHrIo 00hEMa N3MEPEHHU U OpraHm3aniu AedekTarmonHbX pador [14].

HecMoTps Ha mmpokoe NPUMEHEHHE 3TUX METOJOB, Yallleé BCETO OHM HCIOJIB3YIOTCS
HE3aBHCUMO APYT OT Apyra. Mexay TeM B Ipolecce KCINTyaTalii KOPPO3HOHHbBIH H3HOC,
yCTaJIOCTHBIE MOBPEXKJCHUS U Pa3sBUTHE TPEIMH B3aUMOCBSA3aHBL. Y MEHBIIEHUE TONIIHMHBI
9JIEMEHTOB HPHUBOAUT K POCTY PabOYMX HANpPsDKEHWH, MOBBIIICHUE HANPSHKEHUH YCKOpSeT
HAaKOIMJICHUE YCTAJIOCTHBIX MOBPEXKICHUHN, a JIOKAJbHBIE OYard KOPPO3UU CTaHOBATCS
KOHIIEHTPaTOpaMU HaNpsKEeHUIl U CHOCOOCTBYIOT 3apOKACHUIO TPEIIUH.

Ilocne mnosiBIEHUsI TPEUIMHBI HANPSKEHHOE COCTOSIHHE KOHCTPYKIMM H3MEHsSeTcs
BHOBb, YTO ycKopsieT e nanbHeimee pas3Butve. OIHOBPEMEHHO arpeccHBHas cpena,
MIPOHUKAs] B TIOJIOCTh TPELIWHBI, CIIOCOOCTBYET JIOKAJbHOMY KOPPO3HOHHOMY H3HOCY.
Takum 00pa3oM, H3MEHEHHE TEXHHUYECKOTO COCTOSHHS KOpITyca IPEICTaBIsAeT coOoH
MIOCJIEI0BATENILHOCTD  B3aMMOCBSI3aHHBIX IIPOLIECCOB, KAXKIBIH W3 KOTOPHIX BIMSACT Ha
MIOCJIEAYFOIINE CTAANHU TOBPEKACHUS KOHCTPYKIIUH.

C yuéroM »3TOH B3aMMOCBS3M OIIEHKY TEXHMYECKOTO COCTOSHHSA LENeco00pa3Ho
BBIIIOJHATH IIOCIIEIOBATENIBHO, HCIIONB3Ysl PE3yNbTaThl KaKAOTO 3Tamna Kak HCXOAHBIC
JaHHBle A clenyromero. Takoi MOAXOJ HE M3MEHSAeT CYUIECTBYIOIIHE pacuéTHBIC
MoJienH, a O0BEAMHIECT UX B €AMHYIO CXEMY aHajM3a TEXHHYECKOT'O COCTOSHHS KOpITyca
CyIHa.

IIpennaraemas MeTOMKA BKIIOYAET IIATh B3aMMOCBSI3aHHBIX ITAIIOB.

Ha mepBoM 3Tame aHanmu3upyeTcss KOPPO3HOHHBIM H3HOC KOPITYCHBIX KOHCTPYKIIMH.
OCHOBaHHMEM CIIyXaT Pe3yJIbTaThl OYEPETHOTO OCBHICTEIHCTBOBAHUS Cy/IHA M W3MEPCHHI
ocTaToyHbIX ToMmMH. [1o MONMydYeHHBIM NaHHBIM OLCHMBAETCS (PAKTHUECKOE COCTOSHHE
3JIEMEHTOB KOPITyCa, BBIABIIAIOTCS 30HBI OOINETO M JIOKAIBHOTO M3HOCA, a TaKXkKe
OTIPENEISIETCST  COCTOSIHME  3alIMTHBIX TOKPBITHH ¥ COOTBETCTBHE  KOHCTPYKIHH
TpeboBanusM [IpaBun Poccuiickoro mMopckoro perucrpa cymoxoxactsa (PMPC) [10]. IIpu
HEOOXOAMMOCTH  JajbHEilllee W3MCHEHHWE TOJIIMHBI  3JEMEHTOB  MOXET  OBITh
CIIPOTHO3MPOBAHO C MCIIOJIB30BaHUEM MOJIENH, PACCMOTPEHHOM B pazfene 1.

Jlanee moOJydeHHbIE 3HAYEHUS OCTATOYHBIX TOJIIUH HCIOJNB3YIOTCS TPH pacuére
HaMpsKEHHOTO COCTOSHMS KOHCTPYKIMH. YMEHbBIICHHE IUIOLIaJU IONEPEeYHOro Ce4eHUs
NPUBOJMT K YBEIMYEHHIO paboyux HalpspDKeHHH, M03TOMY (DAaKTHYECKOe COCTOSHHE
KOpITyca JOJDKHO YYHUTBIBATHCS MPU TOCIEAYIOMIEH OIEHKE ero JOJTrOBeYHOCTH. Pacuérhl
BBIMOJIHAIOTCS. MO JEHCTBYIOIIMM HOPMAaTHBHBIM JOKyMEHTaM M  OOIIENPUHSITHIM
METOJIMKaM pacuéTa MPOYHOCTH CYJOBBIX KOHCTPYKIIUH.

Crenyromyii 3Tarn cBsi3aH ¢ OLEHKOW HAKOIUIEHHOTO YCTAJOCTHOTO MOBpexAeHHs. s
pacyéra HCTIONB3YIOTCS PE3yJIbTaThl ONpENeNICHNs] HAIPSHKEHHOTO COCTOSIHUSI U CBEACHHS
00 yCIIOBHSIX BKCIUIyaTalliy cyiHa. B kadecTBe 06a30BOT0 1oJgX01a MPUMEHSETCS TIPABHUIIO
JUHEWHOTO CyMMHpPOBaHUS TOBpexaeHuit Maiinepa [4] (popmyna 3), a mpu Haamaum
nHpopmanmy 00 HM3MEHEHHMH HArpy30K MOTYT HCHOJIB30BaThCsl HENMHEHHBIE MOJAEIH
HaKOIUICHUS TOBpPEXACHUN [5]. DTO MO3BOJSIET OMPEAETUTh CTENEHb HCIOIb30BAHMS
YCTaJIOCTHOTO pecypca pacCMaTPUBAEMBIX 3JIEMEHTOB KOpITyca.

ITocne OLEHKH yCTalIOCTHOTO COCTOSHHS BBINOJHSACTCA aHANN3 BBIIBICHHBIX TPEIIHH.
JUis  3TOro  HMCHONB3YIOTCSL  PE3yNbTaThl  BU3YaJbHOTO W HMHCTPYMEHTAJIBHOTO
HEpa3pyLIAlONET0 KOHTPOJSA, MO KOTOPBIM OIPENENAIOTCS pa3Mephbl, PACIOJOXKEHHE U
xapakrep nedexroB. VX nanbHeiee pa3BUTHE OIEHMBACTCSd METOAAMH MEXaHHUKH
paspyuienus, Bkitodast 3akoH I[Iapuca [6] (popmyna 5), 9TO MO3BONSET HPOTHO3HPOBATH
CKOpPOCTb POCTA TPEIIUH U BEPOATHOCTD JOCTHKEHHS MU MPENAEIBHBIX pa3MEPOB B TEUEHUE
33JaHHOTO NEPHOJIA IKCILITyaTalluU.

Ha 3axmrounTensHOM 3Tame pe3ynbTaThl MPEbLAYIIMX PAacd€TOB PAacCMaTPUBAIOTCS
coBMecTHO. OcTarouHas TONIIMHA 3JIEMEHTOB HCHOJB3YETCs IpU  ONpeleleHUu
HaTPsHKEHHOTO COCTOSHUS, PACCUNTAHHBIC HAINIPSDKEHHS CITy’KaT MCXOJHBIMU TaHHBIMH IS
OIIGHKH YCTAJOCTHOTO TOBPESXKICHHSA, a pe3yidbTaThl yCTAJIOCTHOTO aHAIM3a |
HEpa3pyLIAlomer0 KOHTPONS YYHUTBHIBAIOTCS IPH HPOTHO3MPOBAHUHM PA3BHUTHS TPEIINH.
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ITocnenoBartensHas mepegada pe3ynbTaTOB MEXKAY dTallaMH OOECHEYMBACT KOMILIEKCHYIO
OLIEHKY TEXHHYECKOTO COCTOSIHUS KOpIyca 03 W3MEHEHHs (PU3NYECKHX MPEATIOCHUIOK
MPUMEHACMBIX PacYETHBIX MOJENEH.

Ha ocHOBe COBOKYHNHOCTH MONYYCHHBIX pE3yJIbTaTOB IIPUHUMACTCS pEIICHHE O
BO3MOXKHOCTH JJIbHEHIEH OJKCIUTyaTallud KOHCTPYKIHH, HEOOXOIUMOCTH pPEMOHTA,
YCUJICHHMST WM KOPPEKTHPOBKM MEXPEMOHTHOTO Tepuoja ¢ Yy4é€roM TpeOoBaHMI
HOPMATHUBHBIX JOKYMEHTOB, pE3yJbTaTOB TEXHHYECKOTO OCBHUJCTEIbCTBOBAaHMUA U
pacuy€THOM OLIEHKH OCTAaTOYHOTO pecypca.

IIpennaraemass MeTOAMKa HE  3aMEHSeT  CYIIECTBYIOIIHME  METOAbI  OLIEHKU
KOPPO3HOHHOTO H3HOCA, pacyéra NMPOYHOCTH WM MEXaHUKH paspylieHus. E€ ocHoBHas
3a7aga COCTOMT B MOCJIEAOBATEIIFHOM OOBEIMHEHWH 3THX MOIXOJOB B PaMKaxX EIHMHON
CXEMBI OIICHKH TEXHHUYECKOTO COCTOSHHS KopIyca cyaHa. [Ipn 3ToM pe3ynbTaThl KaxI0ro
JTama WCIOIB3YIOTCS HA IOCIEAYIOIIMX JTamax pacdéra, 4YTO MO3BOJISET YYHTHIBAThH
B3aUMHOE BIIMSTHHE MPOIIECCOB H3HOCA 0€3 M3MEHEHUS IPUMEHAEMBIX PACUETHBIX MOJICTICH.

[MpakTrdeckas peanu3anys METOAWKHA BO3MOXKHA B COCTaBE COBPEMEHHBIX CHCTEM
TEXHMYECKOTO HAONIOAEHUs 3a KopmycoM cyaHa [9]. B 3Tom ciydae pes3ysbTaTsl
MEPUOINYECKUX OCBUIETEIbCTBOBAHUN, N3MEPEHUN OCTaTOUHBIX TONMHUH [12], maHHBIE O
pexnmax skciutyatanud [13], Marepuansl HepaspyILAIOIIEro KOHTPOJIS M pacuéTHHIC
MOJIETIM PACCMATPUBAIOTCS Kak equHas MH(popManuoHHas 0aza. X COBMECTHBIN aHau3
no3poiyisier Oojiee OOOCHOBaHHO OLEHMBAaTh TEXHHUYECKOE COCTOSHHE KOPIYCHBIX
KOHCTPYKIUH, IPOTHO3UPOBATh OCTATOYHBIN pecypc U MPUHUMATh PELICHUS O PEMOHTE WIIH
JanbHeHIen sKkctyarauuu cyasa [10].

Ha pucynke 1 mnoka3zaHa cxemMa KOMIUICKCHOW OIIEHKH TEXHHYECKOTO COCTOSIHUS
Kopmyca cyaHa. B e€ OCHOBe JEXHT IOCIEIOBAaTENbHOE HCIOJB30BAHUE DPE3yJIbTAaTOB
Ka)XXJOro JTama pacyéra MpU BBHIOJHEHHH MOCIEAYIOIUX. JTO MO3BOJISICT YYHTHIBATh
B3aUMHOE BIMSIHUE KOPPO3MOHHOTO H3HOCA, YCTAJOCTHBIX MOBPEXKICHUH M pa3BUTHSA
TPEIIMH MIPY TIPOTHO3UPOBAHNHN OCTATOYHOT'O PECypca KOPITyCHBIX KOHCTPYKIHUH.

5. MeTroabl MOHMTOPUHIA U Nlepexo/l K NPeJUKTUBHOMY 00C/1y:KHBAHUIO

CeronHs Ha (0Te TeXHHMYECKOE OOCIIy)KUBAaHUE MOCTPOEHO JIMOO MO PacHUCaHUI0 —
KOT'Jla CyJTHO CTaBAT B JAOK CTPOro o Irpaduky, — aubdo 1no QGakTy: cayuuaach IoJoMKa —
ycrpanunu [1]. Hu TOT, HM Apyroil MOAXOJM HE YYHTHIBAIOT, KaK Ha CaMoOM Jielie
M3HAIIMBAeTCs KOPIyC. A 3HAYMT, HENb3S IOHATH, CKOJBKO OH €MI€ MPOCIYXHUT, UTO
€03/1a€T NMPEIOCHIIKH TSI HEOOOCHOBAHHBIX 3aTparT, TaK U AJSI PUCKOB aBapUHHOCTH.

YroOBl MOCTOSHHO CJIENTH 32 COCTOSHHEM KOpIyca B SKCIUTYaTaIllMH, HCIOJIB3YIOT
LeNbIi Ha0op MHCTPYMEHTOB [9]. DTO M TCH30METpUS — IATYUKH, KOTOpPHIC 3aMEpsIOT
nedopMann M HaNpsDKEHUSI B CaMbIX OTBETCTBEHHBIX MECTaX: Ha JHMINE, CKyJe, rmaiyoe,
CBapHBIX MBax. Bc€ gamie BMecTO OOBIYHBIX JaTYMKOB CTaBSIT BOJOKOHHO-ONTHYECKAE —
OHM He OOSTCS HM KOPPO3WH, HU TOoMeX. IIIToC 3JIeKTpOXMMHUYECKHE AAaTINKH, KOTOpBIE
IpsSIMO Ha XOJIy NOKa3bIBAIOT, C KakoW CKOpOCThi0 HIET Kopposus. EmEé — cuctemsr
aKyCTUYECKOH 3MHCCHM: OHM CIYIIAIOT, HE MOSBWIACH JIM TZIe-TO MHUKPOTPEIINHA, U CaMHU
OTpeneNdioT, OTKyAa UAET curHaid. OTAeTbHO — KOHTPOJb KaTOJHON 3alUTHI 10 TOKY U
MOTEHIMAaTy, YTOOBl ITOHMMAaTh, pabOTaeT M OHAa Kak Hamo. M HakoHEN — JPOHBI U
nojBosiHEIEe poboTel (ROV), KOoTOpBIE 3a/1e3al0T B CaMble TPYIHOIOCTYITHBIE MECTa M BCE
OCMAaTpHBAIOT.
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1. OcBujieTenbCTBOBAHME M C6OP JAHHBIX.
P HMamepenns ocTaTouMHBIX TOMIHMH, OCMOTP,
OleHKa COCTOAHA 3alllHTHBIX TOKPBITHI

v

2. OueHKa KOPPO3HOHHOTO H3HOCA. YMeHBIICHHE TOIMHE
Onpenenenye 30H 06IETO M IOKATLHOTO WMeMEHTOB KOpITyca
KOPPO3HOHHOTO W3HOCR, NPOTHO3 PasBHTHA MPHUBOJIMT K POCTY
(BEpOATHOCTHAA MOEh) HaTpAKeHHi

v

3. OneHKa HaNPAHKEHHOTO COCTONHMA. PocT nanpsiesiii
Pacuer nanpsoie Huit © yMeTom GaKTHHecKx YCKOPSET HAKOTLIEHHE
TOJMMH W USMEHCHUIT FCOMETPHM 3/IeMEHTOR = yeranocrubix
KOpIyca NMOBPEKCHMI

v

4. OueHKa yCTaTOCTHONO MOBPEHKIeHMUS. Hakon/IeHHbE YeTAI0CTHEE
Pacuer HakoIIeHHOTO YCTaJ0CTHOTO IOBPeRcIeH s MOBPESK/IEHNS CIIOCOBCTRYIOT
(mpasuno Maiinepa i fip.) ¢ yuetom daktidecknx (€] ZaPOHICHING W PAIBITHIO

HAMPAMEHUI 1 PERHMOB IKCTUTYaTaL M TpeLpH

v

5. AHATTH3 TPELIHH W MPOrHO3 UX Pa3BMTHA. Hamiune Tpetpn
Ongerxa 06111ero M I0Ka/ILHOTO KOPPO3MOHHOTO YCUHBACT JIOKAIBHBI
M3HOCA, orpeie/ieHne OCTaTOY HBIX TOMIIHH, KOPPO3HOHHBIN H3HOC

TIPOTHO3 PasBUTIA KOPPo3HH B 30He fledexta

v

6. Kommiekcnas olleHKa TEXHHYECKOTO COCTOSHM,
COBMECTHEIH AHAINE Pe3VILTATOR BCEX STATIOR,
omIpesiee e OCTATOYHORO pecypxa,

OlgHKa YpoBHs pHcKa

v

7« lpyHATHE penieHns.
O BO3MOMKHOCTH @ hHENIIeH IKCIUTyaTanH,
HeoBXOIMMOCTH PeMOHTa, YCHIEHMA HIH HasHaYMeHHM
JIOTIO/THHM T/ bHBIX KOHTPO/IBHBIX MEPONPHSTHI

Yexkopenne Kopposii

B 30HAX NOBLIIICHHLIX

HATPHAREHMI 1 —i

B MONOCTH
TpeLlMH

(OHOBHAA NOCTE/I0BATEThHOCTD COcHOBHAR NOCIEA0BATENLHOCTh UcHoBHaA NOCAEA0BATENRHOCTD

—

BRITCVIHEHHA STAIOB BhITOJTHEHHA 3TarnoR BEINOSAHEHMA 3Tanos

Puc. 1. Anroput™ KOMIUIEKCHON OLIEHKHM TEXHUYECKOTO COCTOSIHUS KOpITyca CyTHa
C y4€TOM COBMECTHOTO BIIUSIHUS MPOLIECCOB H3HOCA

Iepexon Ha oOciyxkuBaHHE 10 (HAKTHYECKOMY COCTOSHHIO — 3TO HE IIPOCTO CMEHa
rpaduka. DTO Iejias CHCTEMa: HEMPEPBIBHBIA COOp JaHHBIX C JATYUKOB, MX 00paboTKa,
aHaJgM3 C MOMOUIbI0 THOPHUAHBIX MOJEJIeH MCKYCCTBEHHOTO HWHTEIUIEKTa, KOTOpPbIE
COBMEIIAIOT KJIACCHYECKYl0 (HM3MKYy W MamunHHOe oOydenue [2, 9]. Ha ocHoBe aTmX
pacdy€ToB OLICHHMBAETCS PHUCK OTKa3a — C y4ETOM KOPPO3MH, YCTanocTH, TpewuH. U
BBIJAIOTCSl PEKOMEH/AIMK 110 PEMOHTY: SKOHOMHYECKH OOOCHOBAaHHbBIE, IPHUBS3aHHBIE K
peanbHOMY COCTOSIHMIO cyJHa [1]. T naBHbII pe3yabTaT — BMECTO IJIAHOBBIX IOKOBaHUM 1O
rpaduKy peMOHTHI IPOBOIST TOTAA, KOTJa OHU JISHCTBUTEIILHO HY>KHBI [9].

Iepexon Ha oOcirykuBaHUE MO (PAKTHUECKOMY COCTOSIHHIO HAET pealibHbIE IUIOJBI —
9KCILTyaTal[HOHHBIE PACXO/bl CHUXKAIOTCS, BHEIUIAHOBBIX PEMOHTOB CTAHOBHUTCS MEHBIIIE, a
TEXHHWKa OKasbIBaeTcs B Ooipmieil roToBHOocTH [9]. Ho mmdpsl, KOHEYHO, 3aBHCAT OT
KOHKPETHOT'O CyJHa, OT TOTO, KAKUe JAaTIYMKH M CUCTEMBI Ha HEM CTOST, U B KaKUX yCIOBHAX
OHO paboTaer.

Bcé 310 pabortaer Ha eauHON minatdopmMe — IUGPOBOH MOAETH KOpmyca, KoTopas
ITOCTOSTHHO OOHOBIAETCS M JKMBET B peXKuMe peasbHOro BpeMmeHH [9]. OHa oObeanHseT
TEOMETPHIO, MPOYHOCTh, TEXHOJOTHIO, JaHHBIE C MJATYMKOB, pPacu€Thl HAMPSKEHHO-
J1e(OPMHUPOBAHHOTO COCTOSHUSI C Y4YETOM aKTyaldbHBIX HArpy30K M MOJEIH HW3HOCA,
KOTOPBIE YYHTBHIBAIOT COBMECTHOE BIUSHHME pas3HbIX IpoueccoB. Ha ocHoBe Takoro
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oOBbemMHeHUST O0eCIeuYnBaeTCs IMPOTHOSHPOBAHME OCTATOYHOM  JOJNTOBEYHOCTH U
Br3yanu3anust coctosuus. Co3manme mudpoBOH Momenn TpedyeT pemieHus KOMITIeKca
3a1ad: pa3pabOTKH METOJO0B KaJMOPOBKM MOAENCH MO JAHHBIM MOHHTOPHHIA, CO3IAHHUS
BBICOKOIIPOM3BOAUTEIBHEIX  BEIYUCIUTENBHBIX MOAYJIEH Ui pacyéroB B peaJbHOM
BpeMeHH, obecrieyeHust KubepOe30acHOCTH U 3allUThl JaHHBIX, a TAK)KEe CTaHAAPTU3ALUU
(opmaToB 0OMeHa HH(POPMAIHEH MEX/y CyTHOM U OEperoBbIMH LIEHTPaMHU.

6. TpedoBanusi Poccuiickoro mopckoro perucrpa cynoxoacrsa (PMPC) k ouenke
negexToB

B Poccuiickoii @enepannu Ha30p 32 TEXHUYECKUM COCTOSIHUEM CYJOB OCYIIECTBIISIET
Poccuiickuit mopckoii peructp cynoxoacrtsa (PMPC). B coorBercTBuu co CTaHIapTHEIMHU
MpaBUJIaMU KIaCCH(UKAIIMU U TOCTpoiku Mopckux cynoB PMPC (2026) pacuér cremeHn
KOPPO3MOHHOI'O HM3HOCA W YCTAJOCTHBIX TPELIMH MPOBOAMTCA MO pe3yJbTaTam
MIEPUOTNIECKUX TPOBEPOK II0 METOAMKE «MaKCHMAalbHBIH HW3HOC» (CpaBHCHHE pealbHOMN
TOIIIIMHEI ¢ IpeIebHo nomyctumoit) [10]. deiictByromue [Ipasuna PMPC opueHTHpOBaHEI
MIPEUMYIIECTBEHHO Ha OIEHKY (PAKTHIECKOTO TEXHWYECKOTO COCTOSHHSA KOHCTPYKLIHH IT0
pe3yipTaTaM OCBHACTEIECTBOBAHUH, AedeKTamuu W W3MEpEHHUs OCTATOYHBIX TOJIIUH
3JIEMEHTOB KOpITyca.

Hexotopbie kiaccupUKaIMOHHBIC OOIIECTBA B CBOMX PYKOBOJICTBAX 3asBIIAIOT O
MOJIICPIKKE CUCTEM MOHUTOPHHIA HA OCHOBE OOCITY)KUBAHHS MO (PAKTUUIECKOMY COCTOSHHIO.
OfHaKO [eTadbHBIX AQJITOPUTMOB, KaK OOBCAWHATH W HMHTEPIPETUPOBATH JaHHBIC 10
KOPpPO3UH, YCTaJOCTH W TpelIMHaM, OHU He naoT. Ha mpakTUke 3TO BBUIMBAETCS B
mpobJeMy: CYIIECTBYIOIINE CTAHAAPTHI MHCAHBI IO TPAAWIHNOHHBIE TOAXOOBl M IUIOXO
CTBIKYIOTCSI C HOBBIMH TexHoJIoTusiMHU. [lepexon Ha CBM TOpMO3UTCSI IMEHHO U3-3a 3TOM
HEONpeAeIEHHOCTH.

3akiarouenue

ITpoBenEHHbII aHAN3 TOKA3al, YTO KOPPO3HOHHBIH U3HOC, YCTAIOCTHBIC TIOBPEKICHUS
W pasBUTHE TPEIIMH MPEACTABISAIOT CO00# B3aMMOCBSI3aHHBIE MPOIECCH, COBMECTHO
OTPENCISIONINE H3MECHEHHE TEXHUYCCKOTO COCTOSIHHS KOPITYCHBIX KOHCTPYKIUI B
mporiecce dKCIuTyaraiuu. X pasmenbHas OIIEHKAa HE BCErza MO3BOJUSIET B IOJHON Mepe
YYUTHIBATh B3AUMHOE BIIMSHUE MOBPESKIACHUIN NPU MIPOTHO3UPOBAHUN OCTATOYHOTO pecypca
1 BBIOOPE KCIUTyaTAI[HOHHBIX PEIICHHUI.

B paboTte paccMOTpeHBI OCHOBHBIC MEXaHH3MbI H3HOCA KOPIYCHBIX KOHCTPYKIHN U
BBIMOJIHEH aHAJIN3 METOJIOB OIICHKH KOPPO3HOHHOI'O COCTOSIHHS, HAKOTUICHHS YCTAIIOCTHBIX
MOBPEXJICHUHA W pa3BUTUsl TpeluH. [IpeyioxkeHa MOCIEAOBATEILHOCTh KOMILICKCHOM
OIIEHKH TEXHUYECKOI'O COCTOSIHHS, OCHOBAHHAs HA KCIIOJIb30BAHUH PE3yJbTATOB KAXKIOTO
9Tamna pacué€ra B KQuecTBE MCXOJHBIX JAHHBIX JUIS MOCIEAYIOIEro ananu3a. Takoi moaxon
00BEIMHSCT CYIIECTBYIOIIHE HWHXKCHEPHBIE METOJbl B CIUHYIO CXeMy 0e3 H3MEeHEHHs
(bu3MYEeCKUX NPEANOCHUIOK MPUMEHSIEMbBIX PACUETHBIX MO/IETICH.

[MpakTryeckas IEHHOCTh MPEIOKEHHONH METOIUKH 3aKJII0YaeTCsl B BOBMOXKHOCTH €€
MPUMEHCHUST TPH TEXHUYECKUX OCBUICTEIBCTBOBAHUSAX CYIIOB, OICHKE OCTATOYHOI'O
pecypca W IUITAHUPOBAHWH PEMOHTHBIX MepomnpusTuil. KOMIUIEKCHBIA aHaU3 COCTOSHUS
KOPITyCHBIX KOHCTPYKIIMI MO3BOJISICT O0Jice 000CHOBAHHO OLIEHHBATH CTEIICHD MX M3HOCA U
MIPUHUMATh PEIICHUS O JajbHEHINEH JKCIUTyaTallld, PEMOHTE WM YCHIICHHH OTICIbHBIX
3JIEMEHTOB.

JanpHelmue MccaeIoBaHus 1eJIecO00pa3HO HANPaBUTh Ha MPOBEPKY IMPEIUIOKEHHOU
METOJWKH TI0 JIaHHBIM OKCIUIyaTalldd CyJOB  PAa3JUYHBIX THUIOB, YTOYHCHUE
3aKOHOMEPHOCTEH COBMECTHOTO Pa3BHUTHs KOPPO3MOHHOI'O HW3HOCA U  YCTAIIOCTHBIX
MOBPEXKJICHHUH, a TAaKXKe Pa3pabdOTKy PEKOMEHIAIMA Mo e€ MPaKTHYECKOMY MPHUMEHEHHIO B
CHUCTEMAX  TEXHUYECKOIO HaOJIro e NS u OpY  BBHINOJIHEHHH  TpeOOBaHUI
KJaccH()UKAITUOHHBIX O0IIECTB.
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AnHotammsi. B crathe mocraBieHa 3agada 00OCHOBAaThH IIOBBINIEHHE I1apaMETPOB
9HEpPro3(H(HEeKTUBHOCTH  CYOOBBIX Ta30TYpOMHHBIX  yCTAHOBOK IYTeM  yCTPaHEHUS
HETaTHBHOTO BJIMSHUSA IIEPEKOCOB OCEil COCOMHMTENBHBIX BaJIOB 32 CYET IPUMCHCHUS
3y04aThix MypT ¢ KOMOMHHPOBAHHOH MpPOAOIBHOI MoauduKanueil 3yObeB. YCTaHOBIEHO,
YTO TIEPEKOCHl OCEH COCOUHMTENBHBIX BAJOB CYIOBBIX arperaroB INPUBOMAT K HOTEpe
3 }exkTHBHOIl MOLIHOCTH NpH ee TIepejade OT TIJIABHOTO JBUTaTesisi K CYZOBOMY
BAJIONIPOBOY ¥, KaK CJIEICTBHE, HETaTHBHO BIMSIOT Ha MOKa3aTes YHeprod(HeKTHBHOCTH
CYIOBBIX OSHEPreTHYECKHUX YCTAHOBOK B YAaCTHOCTH, a TaKKe OSKCIUTyaTallMOHHEIC
XapaKTePUCTUKN U TEXHHKO-)KOHOMHYECKHE ITOKa3aTelIH cynxa B IeioM. [ yiydmeHus
B3aHMOJICUCTBUS 3JIEMEHTOB MEXaHMYECKHX YCTAaHOBOK pPEKOMEHJOBAaHO HPUMEHHTH
3yOuyartble My(QTHl TOBBIIIEHHOH OJKCIUTyaTalHOHHOH 3((EeKTHUBHOCTH ¢ MPOIOIBHOMH
MoauduKanyen, KOTopble 00eCIIeYHBalOT HOPMBI LICHTPOBKH, YTO 00ECIICYHBAET MOBBIICHUE
3¢ pexTrBHOTO KOI(D(UIMEHTa TOJE3HOTr0 JEWCTBHS HSHEPreTHYECKOW YCTAaHOBKH U
9KOHOMHIO YJENBHOTO pAacxoja TOIUIMBA. BBISBICHO CBOWMCTBO 3y0uaThix MyorT,
paboTalomuX NpU MepeKocax Ocell COeqUHSIEMBIX BaJOB MAIIMHHBIX arperaroB, KOTOpPOe
3aKII0YaeTCsl B TOM, YTO C y4YETOM 3aJaHHbIX BEJIMYMH YIVIOB IMepeKkoca ocel, pa3MepoB
3yOuathix My(T, MapaMeTpOB 3alleIUICHUS 3yObeB, a TaKXKE IMMapaMeTPOB MPOIOJILHON
MOIUGUKAMK HAapy)XHBIX 3yObeB BO3MOXKHO OIPEIEINTh COOTBETCTBYIOIIHE BEIHYHHBI
NPOAOJBbHOH MOIM(UKAIMKH BHYTPEHHHX 3yObEB, NPH KOTOPHIX YCHJIHNE MEKAY BCEMH
CONPsDKEHHBIMU TApaMH, B YCIOBHSX Iepekoca oceil, OyayT pacnpenesThes MPaKTHYeCKH
paBHOMEpHO, 4YTO oOecneduT mepenady 3(QGEeKTHBHONH MOIIHOCTH OT TIJIABHOTO JIBUTATEIL
MOTPEOUTEITI0 C MUHUMAJIBHBIMU TTOTEPSMH.

KiwueBble ciaoBa: 5HeproahHeKTHBHOCTD, MEPEKOCH Ocel, 3ybuaThie My(ThI, CYIOBBIC
arperatbl

Improving the efficiency of marine gas turbine systems by
eliminating the effects of misalignment in drive shafts

Stanislav V. Terlych

ORCID: 0000-0002-6044-3087

!Kherson State Maritime Academy, Kherson, Russia;
’Admiral F.F. Ushakov State Maritime University

Abstract. The article is aimed at demonstrating the improvement of energy efficiency
standards for offshore gas turbine installations by eliminating the negative effects of
misalignment of the axes of the connecting shafts through the use of gear couplings with a
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combined longitudinal adjustment of the teeth. It has been proven that misalignments of the
axles of the connecting shafts of ship units lead to a loss of effective power when transferred
from the main engine to the ship's shaft line and, as a result, negatively affect the energy
efficiency of shipboard power plants in particular, as well as the operational characteristics
and technical and economic indicators of the ship as a whole. To improve the interaction of
the elements of mechanical installations, it is recommended to use gear couplings with
increased operational efficiency with longitudinal adjustment, which ensures alignment
parameters, which increases the effective efficiency of the power plant and provides a
specific fuel consumption. To improve the interaction of elements of mechanical structures,
it is recommended to use connectors with increased operational efficiency with longitudinal
adjustment, which ensures equalization parameters, which increases the effective efficiency
of the power plant and provides a certain fuel consumption.

Keywords: energy efficiency, axis misalignment, gear couplings, and marine units

BBenenue

[Mepexockl (pacleHTPOBKa) MPEACTABISAIOT COOOW HapylIeHHEe COOCHOCTH BalOB, T. €.
OTKJIOHEHHE OT HOMHHAJBHOTO PACIOJIOKEHHS OCei B JIIOOOM HaIpaBiIeHHU. YKa3aHHBIE
OTKJIOHEHUS Ha3BIBAIOTCS CMELICHUAMH U TOAPa3AeiIoTCs Ha NMPOJOJibHbIE, paJuaibHbIE,
YIIIOBBIE (M3JI0MbI) U KOMOMHMpOBaHHbIe. CMEIIEHHS U U3JIOMBI IEPECUUTHIBAIOTCS B YIJIBI
mepekoca oceif, He mpeBblmaonmx, cormacio I'OCT 3159-2012 «PemykTopsl
00IEMaNIMHOCTPOMTENLHOTO IPUMEHEHU» 3HaUeHue Y = 8,7-1073 paji, 4To SKBUBAJIEHTHO
0,5°[1].

BennuuHs! nepekocoB (PacleHTPOBOK) OCel B MEPHOABI SKCIUTyaTalldH CyIOB 3aBHCAT
OT psiia KOHCTPYKTHBHBIX, TEXHOJIOTHYECKUX M IKCIUTyaTallMOHHBIX (aKTOPOB.

B HacrosmemM uccne0BaHuN pacCMOTPEHBI CIIEAYIONINE HayYHbIEe 3a1auu:

— OIpeNeNIuTh IIPUYIHMHEI BO3HUKHOBEHHS MepEeKOCOB oceit
COCTMHUTENIBHBIX BAJIOB CYJOBBIX arperatoB M pacCMOTPETh CIOCOOBI
yCTpaHEHUs] HX HETaTHMBHOTO BJIMSHUSA Ha CYyAOBBIE OSHEPreTUYECKUe
YCTaHOBKH;

— HCCIIENIOBATh  TPOIECC  Tepeladd  MEXaHW4YeCKOW  PHepruu
(3¢ deKTHBHOI MOIIHOCTH) B CYIOBBIX JHEPreTHUECKHX YCTaHOBKAaxX dYepes
COCIMHUTEINILHBIN y3€l «TJIaBHBIN JBUraTenbh — Mydra — Bl — Mydra —
PEILyKTOp» IIPH MepeKocax ocell COeANHHUTENIFHBIX BAJIOB CYJOBBIX arperaTtoB
C IpUMECHEHUEM 3yOUYaThIX My(]T;

— CpaBHUTbH YIEJbHBIA pacxoi TOIUTMBA M dP(EKTUBHBIH KOIDPHUIHESHT
[IOJIE3HOTO JIEHCTBUSL IJVIABHOM CYJIOBOMl 3HEPreTUYECKOM YCTAaHOBKU B
3aBHCHUMOCTH OT YIJIOB IEPEKOCOB OCEH COEAMHHUTEIBHBIX BAaJIOB CYJOBBIX
arperatoB NpH NPUMEHEHWH TPAJAWIHUOHHBIX 3y04aThix My(GT U MydT C
KOMOMHMPOBAHHOH MTPOIOJIbHOM MoanbUKaLKel 3yObeB.

AHanu3 JNWTEpaTYpHBIX WCTOYHMKOB YKa3blBaeT HAa TO, YTO OJHOW M3 MpoOieM,
Hen30€)KHO BO3HMKAIOIIMX B TMpONEcCe OKCIUTyaTallMd CYAOBBIX OSHEPreTHYECKUX
YCTAHOBOK, sBIsieTcsl moTepss 3(p(eKTHBHOW MOIIHOCTH, BBI3BAaHHAs IEPEKOCAMH OCEH
COCIMHUTENIFHBIX BAJIOB MEXaHMYECKHX arperaroB, IIpU €€ IepeAade OT IBHUrarTels
CyIIOBOMY BaJONPOBOJY, Yepe3 COCOUHUTECIBHBIA y3eln «Mydra-Ban-mypray [2-5].
VYka3aHHBIE TEPEKOCHl OCEHl HEraTMBHO BIMSIOT Ha paboTy CyNOBOM TpPaHCMHCCHU
meperpy’kasi BBIXOJHBIE M BXOJHBIC BaJBl JBUTATENII M PEAYKTOpPa COOTBETCTBEHHO,
TOPCUOHHBIE U MIPOMEXXYTOUHBIE BaIIbl, ()JIAHIIEBBIE COCIMHEHHS, OMOPHBIE MOIINITHIKH, a
TaKXKe OJJIEMEHTHl BaJONpPOBOJA, HYTO B CBOI OdYEpeIb HEraTUBHO CKa3bIBaeTCsS Ha
MOKa3aTesIX dHepreTudeckoi 3¢((eKTHBHOCTH, a MMEHHO Ha MOBBIMICHHH YAEIHHOTO
pacxoja TOIUINBa U CHIWXEHHHU 3(dexkTuBHOrO K03duimenrta monesnoro newcteus [6, 7].
B HacTosmee Bpems, BONPOC YCTPAaHEHHS HETATHBHOTO BIHMSHHUA MEPEKOCOB OcCeH
COCAMHHUTENIFHBIX  BAJIOB  CYJOBBIX arperaroB Ha pabOTOCIIOCOOHOCTH  CYIOBBIX
SHEPreTUYECKUX YCTAHOBOK OCYIIECTBIISICTCS IBYMSI CIIOCOOaMH:
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— TIEPELEHTPOBKON OCEeH yKa3aHHBIX BaJOB, YTO TPEeOYeT OCTAHOBKHU
CyIHA ¥ 3HAYUTEIHHBIX MaTepHalIbHBIX 3aTpaT [8—11];
— TpPUMEHEHHEM KOMIICHCHUPYIOMHNX YCTporcTB [12—15].

[TpakTHKa SKCIUTyaTallM U PEBU3HH CYJOBBIX SHEPTETHIECKUX yCTAHOBOK IOKA3bIBACT,
YTO BO BpeMs OKCIUIyaTallid CYAOB IIEPEKOCHI OCEH COCIMHUTEIBHBIX BaJOB CYyIOBBIX
arperatoB HeM30€)XHO YBEIMYHBAIOTCS. JTO NPHBOIUT K NPEBBILCHHUIO YCTAaHOBJICHHBIX
JIOIyCKaeMBbIX HOPM LIEHTPOBKM M CIIOCOOCTBYET YXY/IICHUIO OKCIUTyaTallMOHHBIX
XapaKTEePUCTUK M TEXHUKO-IKOHOMHYECKHX MOKa3aTelel CyI0BbIX MaILlIMH U MEXaHU3MOB.

B Hacrosmieii craTbe 3a OCHOBY NPUHSATO yCOBEPILEHCTBOBAHHE BBICOKOI((HEKTUBHOM
3y04aToll My(QTHI ¢ TPOAOJILHON MOoIU(UKaIel KaK BHEIIHHUX, TAaK U BHYTPEHHUX 3yObeB 1
NIpeAJIoKEeHa METOAMKA €€ pacuéra.

Ilens wccnemoBaHmMs — OOOCHOBaTh IOBBIICHWC MAapaMETPOB JHEPTETHIECKON
3G (PEKTUBHOCTH CYIOBBIX MEXaHWYECKHX YCTAHOBOK ITyTEM YCTPaHEHHS HETATHBHOTO
BIMSHHS NEPEKOCOB OCEH COCAMHHUTENIBHBIX BAJIOB 3a CYET MPUMEHEHHS 3y04aThIX My(T
KOMOWHHUPOBAHHOW MTPOAOIBEHON MOTU(PHKAHEH 3yObeB.

MeToabl 1 MaTepPUAJIBI HCCIETOBAHUS

B 1menom Teopernueckue HcCielOoBaHUS 0azupyroTcss Ha  (yHAaMEHTATbHBIX
MOJIOKEHHUSAX TPHOOJIOTUM OOLIET0 M CyIOBOTO MAUIMHOCTPOSHHSI C HCIIOJIb30BaHUEM
MOJIXOA0B TEOPETHUECKOW MEXaHHWKH, JeTajed MalluH M OCHOB KOHCTPYHMPOBaHHUS.
@OyHkuuM pacnpeneneHus: OOKOBBIX 3a30pOB, YpaBHEHHs CYMMapHOW Jedopmanuu U
3aBUCHUMOCTH paclpelieNeHusl YCWINH TIONydeHBl METOAOM pacdeTa Harpy3o4yHoOi
crocoOHOCTH 3y04aThix MypT. Ha OCHOBE MeTO/a HaX0XKICHUS TOTIOTHUTEIHHBIX CHIIOBBIX
(haKTOPOB MOITYYECHBI 3aBUCUMOCTH YIPYTUX M3THOAIONINX MOMEHTOB B 3yOUaTHIX My(QTax,
BEI3BAHHBIX IIEPEKOCAMH OCEH, OT HEYPaBHOBCUICHHBIX VYCWJIMA W CHJ TPEHHA B
samerureHnn. OmpeneneHne KO3(pQOHUIHEHTOB TpPEHUS B CYIOBBIX 3yO0daTBIX MyQTax
0a3MpoBaJOCh HAa METOIWKE pacyera KOA(PQHUIMEHTOB IOJIC3HOTO NCHCTBUSA Ha OCHOBE
MaTeMaTHYecKo Mozaenmn TpeHus. Pacxonm TtommmBa W 3¢ (eKTUBHBIH KOXPPHUIHEHT
MIOJIE3HOTO JCHCTBUS TJIaBHBIX CYIOBBIX arperaroB IOJIyY€HBI METOAAMHU MPOEKTHPOBAHUS
CyIIOBBIX T'a30TypOMHHBIX arperaTos.

OOBEeKTOM HCCIIeIOBaHMsT B HACTOSIIEH CTaTbe SBJISETCS MpOLECcC Iepeiadn
MexaHuueckol oHeprun (3PQPEKTUBHON MOIIHOCTH) B CYJIOBBIX JHEPIETUYECKUX
YCTaHOBKAX 4epe3 COCAMHHUTENLHBII y3ell «IJaBHbIi IBUraTeiar — mydra — Ban — my¢ra
— peayKTOp» HpH MepeKocax oceil COeINHUTEIbHBIX BAJIOB CYIOBBIX arperaToB.

[IpeqmeToM wWcCIenOBaHUS SIBISTIOTCS 3aBHCHMOCTH YICIBHOIO PacXofa TOIDIMBA U
3¢ pexTHBHOTO KO3 (HUIMCHTA TONE3HOTO NEHCTBHS TIABHOW CYIOBOHM JHEPreTHYecKOM
YCTaHOBKH OT ITEPEKOCOB OCEH COSNMHUTEIBHBIX BAJIOB CY/IOBBIX arperaros.

Pe3yabTaTthl

BenmuuHbI IepexocoB (paceHTPOBOK) Oceil B IEPUO/] SKCILTyaTallliy CYIHA 3aBHCAT OT
psAna KOHCTPYKTHBHBIX, TEXHOJIOTHUECKHUX H DKCIUTyaTal[MOHHBIX (akTopoB. B kauecTBe
BEJIMYUH PACIICHTPOBOK, BBI3BAHHBIX OTKJIOHCHHSMH B TEXHOJIOTHH H3TOTOBJIICHUS U
MOHTaXa CYJOBBIX JHEPreTUYECKUX YCTAaHOBOK W UX dJIeMeHTOB (puc. 1-4), kak mpaBuiio
AMEIOT MECTO CMEIIEHUSI OCeH M UX CJIOM, COOTBeTcTBeHHO paBHbI 0,05...0,1 mm 1 0,1...0,2
mM/M. Ha puc. 1 m300pakén cirydaii HaOmoneHus: onenus (BenwunHa A) U mepexoc (yrou
) 3yObeB 3yOuatoit MmydpTsl (3M), a Ha puc. 2 TpEACTaBIIeH Clydail OJHOBPEMEHHOTO
OHeHUS U TIepeKoca OCH 3y09aToi BTYJIKU C BHEITHUMHU 3YObSIMU.

Haubonee omacHBIM SIBIISIETCS CITydail, IPEICTABICHHBIN Ha puC. 3, TIe HaOmromaercs
KOMOWHAIIMS CMEIICHUs W TepeKoca ocH 3y04aToro MexaHu3Mma (BO3pacTaHUs YIIJIOB
nepekoca ocei BanoB). Ciydail, M300paxEHHBI Ha puc. 4 OTOOpaXkaeT CMeEIIeHHWe M
MEPEeKOC OCH JIBUTATEIIS, IPHU 3TOM HaOJIOIACTCs 3HAYUTEIEHBIC BEJTMYMHEI IIEPEKOCOB OCei
COEIMHUTENBHBIX BaJIOB [6—12, 15].
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1 — Bax; 2, 4 — 3y0uaTsie BTYJKH; 3 — peccopa; 5 — BaJl IPUBOIHOTO MEXaHMU3Ma
Puc. 2. buenne (a) u nepekoc (0) ocu 3y0UaTOl BTYJIKH

Jlnst BeIsIBIIEHHSI 00LIEero BIMSHUS AeopMaliy KOpIyca CyJHa U pa3MelleHHs Ha HEM
YCTPONCTB Ha COOCHOCTHh BajoOB, OBUIM IPOBEICHBI M3MEPEHMs PACICHTPOBOK oceil 3M
PEAYKTOPHBIX TPAHCMHUCCHH, IIpU 3TOM 3M HE MCHBITHIBAIM TEMIEpPATYPHBIX BIMSHHUN CO
CTOpOHBI JBHUrareneil. B pesysibrare ObUIO yCTAHOBIIEHO, YTO YBEIWYEHHE CKOPOCTH XOJa
Cy/IHa WIH TSITU Ha BUHTE MPUBOAUT K BO3PACTAHUIO BEJIMYMH pacUeHTpoBOK ocel [10, 11,
15].

HanGomnpireii Mepodl Ha BO3pacTaHHE pPACIEHTPOBOK OCEH BIMSAIOT JUHAMHYECKHE
NPUHIOUIB  IBIDKEHHS M KOHCTPYKLHMH CIIEHMAJBHBIX CyJIOB (THApOrpauYecKux,
HCCIIEIOBATEIbCKNX, HOCUTENAX MOABOMHBIX ammaparoB). Tak, Hampumep, IpH HOAbEME
cynHa «J/Dxeiipan» c¢ cunoBoit yctaHoBkod [TTA JIT-4 Ha BO3AYIIHYIO MNOXYLIKY
HavalbHBIA yron nepexoca ocei y = 6,0-107 pax goctur Bemwumusl 9,7-107 pax, a npu
IBUXKEHMH OH BbeIpoc 10 11,3-10° pax. Kpome TOro B COEIMHEHMAX TPAHCMHUCCHI
HabJro1aIack pacleHTPOBKa 110 CIIOMY, KOTOpast IPeBBIIIaia JOIyCTUMYI0 HOpMY B 3-5 pa3
M3-32 HEIOCTATOYHON IKECTKOCTH (yHAaMEHTa, 4dYTO TPeOOBAIO JOMOTHHUTEIBHBIX
MEpONpUATHHA IO KOpPIyCcy M peaykTopaM. BospacTaHme BeNIWYMH PaclEHTPOBOK oOceil
COCAMHUTENIFHBIX BaIOB CYJOBBIX JHEPrOYCTAaHOBOK OOYCIIOBJICHO  BO3pAaCTaHHUEM
nedopmanum Kopiyca ¥ (yHZaMEHTOB Ha yKa3aHHBIX THIAX CYJOB, KOTOPbIE, KaK IPaBUIIO,
W3rOTOBJICHBI OOJICTYEHHBIMM, B CBSI3M C 4Y€M, MX BeC B HECKOJBHKO pa3 MEHbLIE II0
CpPaBHEHMIO C BOJOU3MEILAIOUME cygamu [5, 9—11].

W3BecTHO, 4YTO JAOMyCTHMMas HECOOCHOCTb IpPH LEHTPUPOBAHUHM JBHUrareneu
BHYTPEHHET0 CrOpaHus Ha crameine no ciasury cocrasiser 0,05 mm, a mo ciomy — 0,10
MM/M; Ha TUTaBY 3TH BeTW4HMHBI cooTBeTcTBeHHO 0,15 MM m 0,20 mm/m. IleHTpupoBaHue
Ta30BBIX M MapoOBBIX TYpOHMH OIpenenseTcss KOHCTPYKIMEH CYIOBBIX 3HEPTOyCTaHOBOK, B
CBS3M C 4eM, 3a 0a30BBII MEXaHW3M JOJDKEH OBITh MPHHAT, KaK MPaBUIIO, PEIYKTOP TN
riaBHBIN ynopHsii noammnHuK (I'YID).
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1 — Ban gBuraTens; 2, 4 — 3ybuaThle BTYJIKH; 3 — peccopa; 5 — BaJl IPUBOAHOTO MEXaHU3Ma
Puc. 3. Cmemenue (a) u nepexoc (0) ocu 3y04aToro MexaHusma

[Ipu ycranoBke 3y0uaroii mepemaun e€ nomycTuMas HecoocHOCTh coctaBuT 0,05 MM u
0,15 mv/m. IIpu MoHTake TApOBBIX TYpPOMH HMX JOITycKaeMas HECOOCHOCTb C 3y0daToii
nepemadeit 0,15 mm u 0,20 mm/mM. HecoocHOCTh 1O cABHUTY AJsl CyIOB Ha ITOJBOIHBIX
KPBUIBSIX TP LEHTPUPOBAHUM 3y04aTOl Iepefadyn W NPUBOIHOTO Bajla KOJIOHKH COCTaBHT
0,05-0,10 mMM, TO cymMMapHOMY cilIoMy (CIIOM B OBYX B3aHMOIICPIICHIUKYIIIPHBIX
miockocTax) 1,35...1,45 mm/™m [2, 5, 8-11, 15].

| 2 /3 4 )3

(11

a) 0)
1 — Ban gBurarens; 2, 4 — 3y04uaTeie BTYJIKH; 3 — peccopa; 5 — BaJl HPUBOJHOTO MEXaHU3Ma
Puc. 4. Cmemenue (a) u epexoc (0) ocu TBUTATEIS

B cpenneM Ha 0JTHOM CyZHE, UCXOAS M3 NPAKTHKU SKCIUTYaTallH, Ha MPOTSHKEHUH 4-5
JeT HavaJbHbIE BEJIMYMHBI HOPM DAacCIEHTPOBOK OCEH COEIMHUTENBHBIX BaJIOB
YBEIMUYMBAIOTCST M BO3pacTaloT oT 2 a0 6 pa3. s mpuBeJeHHS UX B COOTBETCTBHE C
JIOITyCKaeMbIMH HOpMaMH HEOOXOIMMO Ha MPOTSHKEHHH BCErO CpOKa HKCIUTyaTallud CyAHA
OCYIIECTBUTH OT 4 710 5 MEepeeHTPOBOK, YTO TPeOyeT He TOJIBKO MaTepHalbHbIX 3aTpar, a u
COIIPOBOXKIAETCS TNPOCTOSIMH  CYAOB M CYIIECTBEHHBIM CHIDKEHHEM HX Tpy30-
naccaxupoodopora.

AHanu3upys BbIIIECKa3aHHOE, LEIeCO00pa3HO paccCMaTPUBAEMYIO MPOOIeMy JOPOIHX
MIEPEIIEHTPOBOK OCeH COENMHHUTENbHBIX BAJIOB CYAOBBIX MAIIMH W arperaToB pemaTh C
MIPUMEHEHNEM KOMIICHCUPYOLUX YCTPOMCTB, TAKUX Kak 3youaTsie MydTol [6—12, 15].

3yOuarast MmydTa npeacTapisier coboil yCTpoHCTBO, COCTOSIEE U3 BTYJIKH C BHEITHUMHU
1 000HMBI ¢ BHYTPEHHUMH 3yObSIMH, KOTOPBIE HaXOMATCS MEXIy COOOH B CIEIUICHHH, C
NepelaTOuHBIM OTHOLIeHHeM paBHBIM n = 1,0. Kpome mepenaum KpyTsmero MoMeHTa H
4acTOThI BPAILEHUsI OCYLIECTBISETCS KOMIEHCAUEH PacUEeHTPOBOK OCEH COEAMHUTENbHBIX
BaJIOB, 3a CUET HAIMYMA MEXAy 3yObsSMH TI'apaHTHPOBAHHBIX BEIWYMH paJUabHBIX H
OOKOBBIX 3a30pOB.

B cynoBbIX SHEpreTMYECKHX YCTAHOBKaX BOJOM3MELIAIOIIUX CYJOB CYyAOBBIE
MEXaHU3MBI DPa3MEIIAlOTCsA, Kak TPaBWJIO, B MECTaX COEOMHEHHUS BBIXOJHOTO Baja
JBUTATENS M BBIXOJHOTO Bajla peaykropa. Ha crmenmmanmsHBIX CyAax CyZOBBIE MEXaHH3MBI
pa3MemaioT NPaKTHYECKH 110 BCEM HAIIPaBICHUAM Mepeaady MoJIe3HON HArPy3KH U YaCTOTHI
BpaIIeHHS.
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3yOuareie My(QTBI OTHOCATCS K KECTKHM KOMIICHCHPYIOIIMM COCAMHHUTEIbHBIM
JJIeMEHTaM W W3TOTaBIMBAIOTCS TPEX THUHOB (pHC. 5), a WMEHHO C pa3beMHOH u
Hepa3seMHOH 000iiMoit «mydra 3yduatas» (M3) m ¢ MPOMEXKYTOUYHBIM BalIOM «My(dra
3y0daTas ¢ IpoMeXXyTOYHBIM Batom» (M3II).

MydTa 3y6GuaTas MydTa ¢ MpOMex yTOUHBIM BaJIOM

Puc. 5. KoHCTpYKINH TpagUIUOHHBIX 3y04aThIX My T

Tunet M3 mpeaHa3HaYeHbl U HEMOCPEACTBEHHOTO COCTUHEHHS BaJOB U COCTOST U3
IByX 3yOuaThiX BTYJNOK W 00oiimMbl. Tunm M3II mpenHasHaueH A COSAMHEHHS BAJIOB C
MPUMEHEHUEM MPOMEXKYTOYHOTO Bajla U MPEJCTaBIsET COOON KOMIUIEKC M3 IBYX MyQT,
KaXK/1ast 13 KOTOPBIX COCTOUT M3 000UMBI U (praHmeBoit momymydTsl [10, 117.

Tpamuuuonnsie 3y6uareie mypTer (TOCT P 50895-96 «Mydrel 3yGuathie.
TexHHU4ecKue yCIOBHUs») HE3aBUCHMO OT THIIa U KOHCTPYKLUH XapaKTEPU3YHOTCs IPSIMBIMU
oOpasyromuMu  OOKOBBIX ~ [MOBEPXHOCTEHl BHEIIHMX W BHYTPEHHHX 3yObeB WM
00YKOOOpa3HbBIMU BHEIIHUMH W TPSMBIMA BHYTPEHHUMH OOpa3ylOMMMH OOKOBBIX
MMOBEPXHOCTEH 3yObEB COOTBETCTBEHHO BTYJIKE K 000#Me (puc. 6).

AY

a)

a) — npsmble; 6) — 60uko0OpasHbIe

Puc. 6. DBoNBEBEHTHEIE 3y0bsl C 00pa3yIONIMMH OOKOBBIX TIOBEPXHOCTEH

Ha puc. 7 mpeacraBieHbl pa3sBEPTKH CCUCHUH 3yObEB JCTUTEIBHBIM LWJIAHAPOM B
MIOJIOKEHNUHN 0€3 HAarPYyKEeHHS U IPH Harpy3ke 0e3 U ¢ HaJIMIHeM IepeKoca, a pactoIoKeHne
BHEIITHETO ¥ BHYTPEHHET0 3yObeB B CPEHEM HEHATPY>KEHHOM COCTOSIHUH NPEICTABICHBI Ha
puc. 8.

Jlst onenkn BiusiHUSL 3M MOBBIMIEHHON AKCILTYaTallMOHHOHN 3G ekTuBHOCTH (pHC. 8, a)
Ha mokaszatenu dHeprodddexruBHocTH DY, K KOTOPHIM OTHOCATCS YICIBHBIC 3aTPaThl
torummBa W 3@dektuBHpiid  KIIJI, TpoBemeHBI  TEOPETHYECKHE  HCCIICIOBAaHUS
razotrypounHoro arperata (I'T3A), ¢ yuéToM mepekocoB ocell COCTUHUTEIHLHBIX BAIOB HA
npumepe aByxkackagHoro I'T3A  UGT 15000 mnpocroil cxeme 1O METOAUKE
MIPOSKTHPOBAHUS CYIOBBIX TypOoarperatoB [5]. YmoMmsiHyTas METOJUKA HE YYUTHIBACT
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MEPEKOCHl OCeH, B CBS3M C 4YeM, JJIs OLEHKH MX BIUSHHA Ha paborocmocobHOCTs ['T3A,
caenyet npu onpenenenuu KIIJ[ nepenaun yuects 3aBUCUMOCTh

N=1pNMM, M2, (D

rae np — KIIJ peayxropa; My, N — KIL 3y0uarsix Mmydr.
B o0wem Buze 3aBUCHMMOCTh KO3 duIMeHTa 1mone3Horo aeicTus B 3aBucumoctd (1)
UMeeT BU

n=1-¢g, )

31€Ch — KOD UIUCHT TIIOTCPh, KOTOPBIC XapPaKTCPHU3YIOTCA OTHOIICHHUEM
0

MOIIHOCTH 3aTpaT (I0TpedaaeMoil) Nyjor K MONE3HOH MOIHOCTH N.

I I .-!I I
et

o) a)

>
>

B) c) 1)

a), 0), B) — moyioxkeHue 6e3 Harpy3Ku;
T), ), €) — IpU HATMYUH Harpy3KH U OTCYTCTBHH NEPEKOCa;
X), 3), M) — IPH Harpy>XeHUH ¥ HAJIMYUH HIepeKoca

Puc. 7. Pa3BepTka ceueHuii 3yObeB JIETUTEIBHBIM LHIHIHHAPOM

Jlns  ompenesieHUsl  MOJE3HOW  MOIMHOCTH N 1eJecO00pa3HO  HCIOJIb30BaTh
oOrien3BecTHble 3aBucumMoct [10]
2T 2T

729550 Yy g = 91

! n 60

R

dz mz
HUCXO0Ad U3 KOTOPLIX YpaBHCHUEC IOJIe3HOM MOMIIHOCTH B pacCMaTpuBacMOM Cliy4dac
MIpUMET BUJ
2
mz-oF;
N=TEo ©
2-10
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3nech d =mz — auamerp 3yOuaroit My(Tel; 7 — pagauyc 3youaroir My(Thl; n — 4acToTa

BpalleHus 3y0uaToil My(Thl, MUH|; @ — YTJIOBas CKOPOCTh, ¢

b
: b

6)

a) 3yOuatas My(dra MOBBIIICHHOW KCIUTyaTaIlIMOHHOM 3()()EKTUBHOCTH;
0) tpaguumonnas mydra ('OCT)

Puc. 8. Cxemarnyeckoe pactoyio)KeHHe BHEITHETO | ¥ BHYTPEHHETO 2 3yObeB B CPEeIHEM
HEHarpy>KeHHOM COCTOSHUH

MomTHOCTP 3aTpaT MOXeT OBITh MpeacTaBicHa, kKak [10, 12]
4)

Vior =212 3 F, ok o).

VCK(QD)=0)}’\|I COS( — CKOPOCTb CKOJBLKEHHS BHEIIHHX 3yObEB BTYJIKH

rae
OTHOCHTEJILHO BHYTPEHHHX 3yObEB 000HMBI, BBI3BAHHAS MEPEKOCOM OCEH COCTUHUTEIBHBIX

BaJIOB; frp — K03 puLMeHT TpeHwusl, exuT B npeaenax {0,045; ...;0,060} [11].
BCEX KOHTAKTUPYEMBIX 3yObeB Ha

Cymma onementoB ycwmi F), ((p) TS

COOTBCTCTBYIOIIUX CKOPOCTAX CKOJIBXKCHUA Vcx HMECT BUA
)

S Fy ok (0)= 4] o, (0hvex (0)do

0

zF n((p) .
= ——— — HHTEHCHBHOCTh HOPMAJIBHBIX yCHIUi, H/pan.

37eCh M, ((p)
Hcxons u3 ypaBHEHUsI, KOTOPOE XapaKTepU3yeT paclpeneeHHe HOPMAalbHBIX YyCHIHI

MEXIy CONPSHKEHHBIMH IIapaMu 3yObeB

nk; ( R, mzaWJ \y2 [l+sin2y_cosz (P]+

- 2ycosa,,

2 J2ss |2 4y ©

F,(o) o~
w

R . 2 . 2
+ YoV [_smy —cosq)j+—mzw S Y—sin2(p ,

dsFy Y 80y Y
U yuuThiBas BeipakeHus (3)-(5), orbpocuB npomexyrounbie 3HaueHus: KI1J[ 3y6uaroit

MY(TBI TOBBILICHHON 3KCIUTyaTallMOHHOHM 3 (QEeKTUBHOCTH, 3HAUeHHE ¢ B ypaBHEHUH (2)

MOXXHO 3anmcaTh KakK

ﬁsin7+ Ry? Hl—smyjsm27+}/—sin}/}-
g =Wl | 27 ST ’ ™
cosa, | Ry [sin2 y 7 _sin 2;/}
S\ y 2 4
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B ciyyae mepekoca oceli IpH KOTOPOM BCE CONPSDKEHHBIE Iapbl 3yObeB HEpenaroT

MIOJIE3HYIO HArpy3KYy, U yTia 7y = % ypaBHeHHE (2) ¢ yuérom (7) IpuMeT BUI

2
zl_m 1+(n_2)RL_

&2_8)RW0W
cosa.,, 805 F}

8
AmboF, ®)
IIpu yrme mnepexkoca y( =O0BbelpakeHuss (7) u (8) cBOOATCA K 3aBUCHMOCTSIM,

XapaKTepHBIX Ul TPAaAMLUOHHBIX 3yOYaThIX nepepady ¢ OO0YKOOOPa3HBIMH BHEIIHUMHU H
IIPSIMBIMHM BHYTPEHHUMH 3yObsamMu [8-10]:

- 2yfrp nsiny+ R\y2 1_siny sin 2y
cosa,, | 2y 205 F; Y Y

+y—siny} ; 9

2yf Ry
—1- =TI 1+(n—2) hd (10)
cosa.,, Os F;
mzmw\y2 mZ\|/2
" b
455 80y

KOTOpBIE BXOAT B GyHKIHIO F), ((p) , OIIMCaHHYIO ypaBHEHUEM (0), HE YUUTHIBAIOTCSI BBULY

IIpu BeIBoge ypaBHenuit (4), (5), (7) u (8) cocraBnsomue

UX MaJbIX BEJIMYUH I10 CPAaBHEHHUIO C APYTMMH COCTaBIAIOIMMHU. KpoMme Toro, ykazaHHBIE
COCTaBIISIIONINE MMEIOT Pa3HbIE 3HAKU M OJIMH TOPSIOK.

IIpu ompenenenun KIIJI nepenauum ¢ MCIOJIB30BAaHMEM TPAAULMOHHBIX 3M crenyer
ucnonb3oBaTh 3aBucuMoctd (9) um (10) momcraBuB ux B (l); ¢ nDpuMeHeHHEM
BbIcokoddexTrBHBIX 3M B dopmyiy (1) HyxHO moncrasuth (7) u (8). 3aBucumoctu (7)—
(10) siBnstroTcst 6a30BBIMU [UIsl ONpe/ieNieHHs Tokaszarenei sHeprodddexruBHocTn ['T3A, ¢
y4€TOM IEPEKOCOB OCEHl COEAVHUTEBHBIX BAJIOB.

Jnst  ampoO®anMu B HCCIEAOBAHUM PACCMOTPEH [BUTraTellb CO  CJIEAYHOLUIMMHU
XapaKTepUCTUKAMU:

— Mepa HOBBIIIECHNS AaBJICHHS BO3/lyXa B LIUKIE Ty = 24;

— MakcHMallbHas TemrepaTypa rasza B uukie 7; = 1500 K;
— addextuBHas MomHOCTE N, = 16500 kBT;
— YacTOTa BpallleHHs BeJOMOro Bana n = 5200 mun’';
— HH3IIAs TEIUIOTBOPHAsE CIIOCOOHOCTh  YIJIEBOJOPOJIHOIO  TOILIMBA
H, = 42915 <% .
KT
mapaMeTpsl 3y0UaThIX My Pr:
— umncio 3yoneB z = 50;
— MOAYJIb m = 6 MM;
— YIoJ clemIenus o, =209

— paauyc 00YK00OpPa3HOCTH BHEUTHHUX 3y0beB R = 2900 mMm.
VY nensHbIi pacxon Tommiea [ ' T3A paccauTeiBaeTCs 10 3aBHCUMOCTH [5]:

gezﬁv (11)

. KT
3neck G — yaenbHbIN pacxon Tormnuea ' T/ 3a 1 wac, — .
q

Dddexrusnbrii KITJ] I'T3A ucxons u3 [2] u ¢ yu€rom 3aBucumoctu (11)

= 3600 \
¢ ge'Hu ()
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Pe3ynpraThl HWCCIENOBAHUS BIUSHUS ITIEPEKOCOB OCEH COCAMHHTENBHBIX BAaJIOB HA
ymenbHBI pacxonm TomummBa ['T3A, ompenmemsemoro 1o 3aBucumoctd (11) s
TpamumuoHHBIX  3yOuateix Mypt (T3M) w 3yOuaTeiIx My(T  TOBBIIICHHOMN
IKCIUTyaTalioHHOH 3¢ ¢exTuBHOCTH (3MIIDD) mpencrasiensr B Tabn. 1. Bimsaue yrios
nepekoca ocerd Ha 3ddektuubiii KIIJ I'T3A npu ucnonp3oBanuu T3M u 3MIIDD
orpeziesieHo 1o 3aBucuMocTH (12); pe3yabTaThl IpeAcTaBiIeHbI B Ta0I. 2.

Tabauya 1
Buinsinme yriioB nepexoca oceii \y Ha yaeabHblii pacxoq Tommsa I'T3A g.
KT e P :
KT G; — , sybuaras L) S " xBr-u’
G’ ) q gea s
R 03 q . KBt -4 3yGuaras Mmydra
a My{QTa MOBBIIIEHHOH .
» PA | rpaguimonnas . TpaAnuIAOHHAS MOBBIIICHHOM
9KCILTyaTallHOHHON .
3yOuaras Mmydra s exTHBHOCTH 3yOuaras MyTa | 3KCIUTyaTallHOHHOM
3¢ eKTHBHOCTH

2,5 372855 3728,55 0,226 0,226
3,0 3729,30 3728,55 0,226 0,226
3,5 3730,07 3729,30 0,226 0,226
4,0 3730,83 3730,07 0,226 0,226
4,5 3731,60 3730,07 0,226 0,226
5,0 3732,35 3730,83 0,226 0,226
5,5 3733,11 3731,60 0,226 0,226
6,0 3734,64 3732,35 0,226 0,226
6,5 3735,41 3732,35 0,226 0,226
7,0 3736,55 3733,11 0,226 0,226
7,5 3738,08 3733,88 0,227 0,226
8,0 3740,39 3734,64 0,227 0,226
8,5 374191 3735,41 0,227 0,226
9,0 374422 3736,55 0,227 0,226
9,5 3746,52 3737,32 0,227 0,226
10,0 3748,83 3738,08 0,227 0,227
10,5 375191 3738,85 0,227 0,227
11,0 3754,62 3740,39 0,228 0,227
11,5 3757,70 3741,15 0,228 0,227
12,0 3761,57 3742,68 0,228 0,227
12,5 3765,45 374422 0,228 0,227
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Tabauya 2
Bimsinue yriios nepexoca oceii y Ha 3¢p¢exrunbii KIIJ I'T3A 7,
S =
< = = <
= | oz 5. | B EEm. | E. | B
© =
8| ¥ | B= ZEEE gx | PEEE 5 & > 8 E Z
= = o =B =) )
- & = 228 = £ 2 2 58 g = o33 E
N = 2 £ 2 EE 2 g &9 £ E s < o8 E
- | = | E 258 22 E= o8 o o =58
a o YOS
= 5 ©E22 | 55| £582 | <& | EFzgd
= " EE & = =5 e 5 & SIS ~ ,E. E &
= - g = oS 2 B = & SR
= = ) s o Ew ) [ 250
. = = $
[l =
2,51 0,14 | 0,990 0,990 0,970 0,970 0,367 0,367
3,0 1 0,17 | 0,990 0,990 0,969 0,970 0,367 0,367
3,51 0,20 | 0,990 0,990 0,969 0,969 0,367 0,367
4,0 | 0,23 | 0,989 0,990 0,969 0,969 0,367 0,367
4,5 | 0,26 | 0,989 0,990 0,969 0,969 0,367 0,367
501 0,29 | 0,989 0,989 0,969 0,969 0,367 0,367
5,51 032 | 0,989 0,989 0,968 0,969 0,367 0,367
6,0 | 0,34 | 0,989 0,989 0,968 0,969 0,367 0,367
6,5 | 0,37 | 0,989 0,989 0,968 0,969 0,367 0,367
7,0 | 0,40 | 0,989 0,989 0,968 0,968 0,367 0,367
7,51 0,43 | 0,988 0,989 0,967 0,968 0,367 0,367
8,0 | 0,46 | 0,988 0,989 0,967 0,968 0,366 0,367
8,51 0,49 | 0,988 0,989 0,966 0,968 0,366 0,367
9,0 | 0,52 | 0,988 0,989 0,966 0,968 0,366 0,367
9,51 0,54 | 0,987 0,989 0,965 0,967 0,366 0,367
10,0 | 0,57 | 0,987 0,988 0,964 0,967 0,365 0,367
10,5 0,60 | 0,987 0,988 0,964 0,967 0,365 0,366
11,0 | 0,63 | 0,986 0,988 0,963 0,967 0,365 0,366
11,5 0,66 | 0,986 0,988 0,962 0,966 0,365 0,366
12,0 | 0,69 | 0,985 0,988 0,961 0,966 0,364 0,366
12,51 0,72 | 0,985 0,988 0,960 0,966 0,364 0,366

O0cy:xneHue pe3yabTaTOB

I[Ipu  wucmonb3oBaHMM  3yOuaThIX  MY(PT  TOBBIMICHHOM  AKCIUTyaTallMOHHON
(G (QEKTUBHOCTH B COCTaBE CY/AOBBIX Ta30TYpOMHHBIX YCTAaHOBOK, KOTOpbIe paboTaioT B
YCIOBHUSIX MepeKoca Ocell COeAMHMTENbHBIX BajJOB CYJOBBIX arperatoB HaOomaeTcs
YMEHBIIIeHHE 3aTpaT 3¢ (EeKTUBHON MOIIHOCTH Yepe3 COeNMHUTENbHBINA y3el «My(dTa <> Bajl
<> My(dTa» 10 CPaBHEHHUIO C TPAAUIMOHHBIMY, yBelnueHHe 3G HeKTUBHOrO K03 dunneHTa
MIOJIE3HOTO ACHCTBHA U YMEHBIIEHHUE YISIIFHOIO PACX0a TOIUIHBA.

Ha mpaxTuke, yrasl NepekoCOB OCeH COEIUHUTENBHBIX BalOB CyIOBBIX arperaTtoB
JIOCTHTAIOT BENMYMHBI mopsaka Y = (5...12,5)-107 pan. Cornmacuo TOCT P 50895-96

«My¢Tbel  3yOuatele.  TexHMYeckue  yCIOBUS»,  TpaauIuoOHHBle 3M  TepsioT
paboTtocnocobHoCTs npu yrax nepekoca Y = 8,7-103 pan, a paborocnocoGHocTs 3M

MTOBBIMIEHHON AKCIUTyaTallHOHHON 3(QQEKTHBHOCTH OCTAa&TCsI Ha yAOBJIECTBOPHUTEIHHOM
YPOBHE JIaKe NpHU YBEJMYeHHH yrios nepekoca a0 W < (10...12,5)-10° pan. Kpome Toro,

IIpu 1epeKoce ocelt COCIMHUTCIIbHBIX BAaJIOB B 3M BO3HHKAIOT I/I3FI/I6aIOIHI/I€ MOMCHTHI OT
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JIEWCTBUA HEYPABHOBEIICHHBIX CWJI WM TPEHUs, KOTOPHIC BBI3BIBAIOT JAOMOJHHUTEILHBIC
HaNpspKeHUST BAJIOIPOBO/IA, ONOPHBIX MOJIINITHAKOB, a TAK)KE BEAYIINX M BEAOMBIX BaJOB
JBUTATEIS M peLyKTOpa, yMeHbmas 3TuM pecypc I'T3A 1, Kak ciefcTBHe, CHIDKAIOT OOIITyI0
3¢ (GEeKTHBHOCTh CYJOBOH HHEPreTHUECKOW yCTaHOBKH. B mpemnoxeHHsx 3M ¢
PaBHOMEpPHBIM paclpeJiefieHHeM YCHIMH MeXIy BCeMH INapamu 3yObeB HaOmomaercs
YMEHBIIIEHUE BEJIHMYUHBI YIPYTUX MOMEHTOB B 1,25...2,53 pa3a, npu yriax mepekoca oceit
Y = (5...10):107 pan, B cpaBHEHMH C TPaJUIMOHHBIMH.

3HaYNTEIHbHOE YMEHBIICHHE BEIWYMH YIPYTHX MOMEHTOB NPHUBOAUT K CHIDKEHHUIO
JOIONHUTENEHOM HArpy3KH Ha OJIEMEHTHl BaJONPOBOJA, YTO TaKXKe CYIIECTBEHHO
oTOOpaxkaeTcsl Ha YIIYYIICHHH SKCIDTyaTalHOHHBIX IOKa3aTelel CyJOBOH IHepreTHYecKoi
YCTaHOBKH.

Takum oOpazom, 1enecoo0pa3Ho MPOJOIDKUTE HCCIEIOBAHNS HOBBIX KOHCTPYKIMi 3M
MOBBIMIEHHON OSKCIUTyaTallnOHHOW 3¢ddekTnBHOCTH ¢ KOMOMHMPOBAHHOW TIPOJOIBHOM
MouduKamuei 00KOBBIX 00pa3yIOIINX MOBEPXHOCTEH HX 3yOBeB.

3akarouenue

YCTaHOBIIEHO, YTO MEPEKOCHl OCEH COEIMHUTENBHBIX BaJOB CYJOBBIX Typ003yOdaThIX
arperaTtoB NpUBOJAT K moTepe 3(GQPEKTUBHON MOLIHOCTH NpH €€ mepenaye OT IJIIaBHOTO
JIBUTATENA K CyJOBOMY BaJIONIPOBOAY M, KaK CJICACTBHE, HETaTUBHO BIUSAECT Ha MOKa3aTelH
9HEprod(GEeKTUBHOCTU CYAOBBIX Ta30TYpPOMHHBIX YCTAaHOBOK B YaCTHOCTH, M TEXHHUKO-
SKOHOMHYECKHE CyHA B IIETIOM.

Jns ycoBeplieHcTBOBaHUsL B3auMoAeicTBus 3neMeHTOB ['T3A, 3a cuér yMeHbLIEHHs
HETaTHBHOTO BIMSHHSA TEPEKOCOB OCEH COEIMHUTEIBbHBIX BAJIOB CYAOBBIX arperaros,
PEKOMEHAyeTCsl TPHUMEHATh 3y0uaTble My(Thl MHOBBIMIEHHOM 9KCIUIyaTal[HOHHOM
3¢ PEKTHBHOCTH C TPOAOJEHOW Mommpukamueil OOKOBBIX 00pa3yIONINX IMTOBEPXHOCTEH,
KOTOpBIE OOECIEUNBAIOT PABHOMEPHOE DACHpPENEICHUE YCHINH MEXIY COIpPSIKEHHBIMU
napamu 3yObeB U, Kak cjeJCTBUE, 00eCIICYMBAIOT HOPMBI LICHTPOBKH.

3710, B CBOIO OYepelb, NPHUBOIUT K YBEJIWYEHHIO 3(P(HEKTHBHOTO Kod(hpHIUeHTa
MOJIE3HOTO JIeHICTBHS JHEPreTUYECKOH YCTAaHOBKM M YMEHBIICHHUIO YAEIHHOTO pacxoia
TOIUIMBA, YMEHBUICHUIO BEPOSTHOCTH BO3HMKHOBEHHs aBapHUWHOW CHUTyallud U
BHEIUIAHOBBIX PEMOHTHBIX PaboT. B pesyipraTe yBemMUMBAeTCS CTENEHb OE30TKAa3HOM
9KCIUTyaTallii CyJHAa M YMEHBIIAIOTCSA 3aTpaThl HA JHArHOCTHUKY, PEMOHT M CTOMMOCTb
o0ciTy)KHBaHUSI.

Ilpu yrmax mepekoca oced W =(5...10)-10° pam 3aMeHa TpaIuIMOHHBEIX 3M

NPEAJIOKCHHBIMA B CTATHC HpI/IBCI[éT K CHWIKCHHIO YICJIbHOI'O0 pacxoja TOIUIMBa I'T3A na

T KT
0,05...0,6 ————, 3KOHOMHMHM pacxoja TOIUIMBA IJIaBHOro apuratens no 1,5...11 —u

KBT - 4 !
NOBBIIIEHUIO 3 dexTuBHOTO Koddduumenta monesnoro nevicrsus 'T3A wa 0,1...0,3 %,
YTO 3KBUBaJEHTHO 16,5...49,7 xBT.
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Teopernyeckasi IIBAPTOBHASI XapaKTePHCTHKA H OLEHKA
COTJIACOBAHHOCTH I'PeOHOT0 BUHTA H IVIABHOTO ABUTATEJS
TPAHCHOPTHBIX CY0B BHYTPEHHET0 IJIaBAHUS

O.I1. lypaes

A.H. Camociok

Bonorcckuii 2ocydapecmeennsiil yHusepcumem 6001020 mparcnopma, 2. Husxcnuii Hoeeopoo,
Poccus.

AHHOTanms. BrImonHeH aHanmm3 3aBHCHMOCTEH, IO3BOJSIIOIINX IPOM3BECTH IOCTPOCHUE
ceMeiicTBa BUHTOBBIX XapaKTEPHCTHK TTIABHBIX ABUTATENEH CyJOB BHYTPEHHETO IITaBaHUS.
INToka3aHo, YTO MOIIHOCTH ABHTATeNs NMpU paboTe HAa yCTAHOBUBIIEMCS PEXHMME BHHTOBOM
XapaKTePUCTUKHA MOXKET OBbITh NPEACTAaBIE€HAa B BHUJIEC NPOHM3BEACHHS TPEX MHOXKHTENEH:
MOCTOSIHHOM COCTABIIIONICH, OMpeneNsieMOil THaMeTpoM TIpeOHOro BHHTA, IUIOTHOCTBHIO
BOIBl W KOI((GHUIMEHTaMH IIOJIE3HOTO JEHCTBUS BaJONPOBOJA M IIepPeAadd; YacTOTHI
BpamieHnsi Bajda M Kodp¢uuueHta momeHta k2. [lpm sTOoM, dYem Oonblne 3HaueHHUE
ko3¢ duIrieHTa MOMEHTa k2, TeM OoJiee KpyTo OyJeT IPOXOJUTh BUHTOBAs XapaKTePHCTHKA.
Kos¢pduimeHT MoMeHTa MOXeET OBITH ONIpeleleH KaKk CO CTOPOHBI MapaMeTpoB PabOTHI
JBUTATENA, TaK U CO CTOPOHBI MAapaMeTPOB BHHTA M JBIXKEHHs cyaHa. ComocTaBIeHHEM
3HAUCHUH KO3 QUIIEeHTa MOMEHTa «IIO JIBHTATEIIO» M MO MAIMIMHHON JUarpaMMme BHHTA
BBIMIOJIHEHA OIIEHKA COIJIACOBAHHOCTH TPEeOHOrO BHHTA U TJIABHOTO JBHTATENs IS
MAcCaXUPCKOTO TEII0X0a IpoekTa 588 1 rpy30BOro TEIIoxoaa mpoekra 576.

KiroueBrblie ciioBa: CKOPOCTHBIC XapaKTCPUCTUKU; BUHTOBAsA XapaKTCPUCTHUKA, IBAPTOBHAA
XapakTCPUCTUKA,; TOIIMBO-MOIIHOCTHASA XapaKTCPUCTHUKA, KO3(1)(1)I/IL[I/IGHT MOMCHTa

Theoretical mooring characteristics and evaluation of the
consistency of the propeller and main engine of inland navigation
transport vessels

Oleg P. Shurayev
Alina L. Samosyuk
Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. An analysis of the dependencies allowing the construction of a family of screw
characteristics of the main engines of inland navigation vessels has been performed. It is
shown that the engine power when operating in steady-state mode of the screw characteristic
can be represented as a product of three multipliers: a constant component determined by the
diameter of the propeller, the density of water and the efficiency coefficients of the shaft and
transmission; shaft rotation speed and torque coefficient k2. At the same time, the higher the
value of the moment coefficient k2, the more steeply the screw characteristic will pass. The
torque coefficient can be determined both from the engine operation parameters and from the
parameters of the propeller and ship movement. By comparing the values of the torque
coefficient «according to the engine» and according to the machine diagram of the propeller,
an assessment of the consistency of the propeller and the main engine for the passenger ship
of project 588 and the cargo ship of project 576 was carried out.

Keywords: speed characteristics; screw characteristic; mooring characteristic; fuel-power
characteristic; torque coefficient
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BBenenue

B mpomecce NMOCTPOWKH M OKCIUTyaTallMd CYHOB BHYTPEHHETO IUIABAHUS BO3HHKAET
HEOOXOAWMOCTh  TIPOBEIACHHMA  MIBAPTOBHBIX  HCIBITAaHWHA. OTO  MOTYT  OBITH
pernamenTupoBaHHble [IpaBumamu PKO wucnblTaHus WiIM UCHBITaHHS «BHYTPCHHHEY,
OpraHM30BaHHBIE 3aMHTEPECOBAHHBIMHU CTOPOHAMHM C IENbI0 ONPENESNICHNUs] WM YTOYHEHHUS
rapaMeTpoB TIJIABHBIX JBHUTraTesieii, HampuMep, Harpy304HbIX MM OJKOJOTMYECKHUX.
HarpyxeHne riaBHOTO [JBHrarens B XOJ€ TaKUX HCIBITAHUH OCYLIECTBISIETCA 110
LIBapTOBHOW XapakTepucTHKe. [[s Ha3HaueHHs1 peKUMOB pabOTHI IBUraTenss HeoOX0AuMO
MOCTPOUTH INBAaPTOBHYIO XapaKTepHUCTHUKYy B KOOpIMHATaX «MOIIHOCTh — 4YacToOTa
BpalleHMs» («KPYyTSAIIMI MOMEHT — YacToTa BpameHus»). Llenbro nccnenoBanust sBisieTcs
pa3pabdoTKa METOJMKH, ITO3BOJIIOIICH BBITOJHATE TaKOe IIOCTPOCHHUE, U ee arnpobamus s
CYZOB pa3HbBIX THIIOB.

CKOpOCTHBIE XapaKTePUCTUKH JIBUTaTeJIsl

Ha ycranoBuBIIEMCs pexuMe HarpysKa IJIaBHOTO IBUTATEINs CYAHA OIpPENeNsieTCs ero
MOIMHOCTRIO (KPYTSAIIMM MOMCHTOM) H YacTOTOW BpaIleHHS Bajla. 3aBUCHUMOCTH
mapaMeTpoB pabodero mporecca Ha YCTAaHOBUBIIUXCSA PEKUMaX OT OJHOTO M3 MMapaMeTpOB,
B3SITOTO 32 apTyMEHT, MPUHATO HA3bIBaTh XapaKTEPUCTHKOHN nBurarens. Eciu B kadecTBe
HE3aBUCHMOTO Tmapamerpa (aprymMeHra) BbIOpaHa dYacTOTa BpalleHHS #, TO TaKWe
XapaKTePUCTUKH  HAa3bIBAIOTCSI  CKOPOCTHBIMU. B Tpymmy  CKOPOCTHBIX — BXOJST
XapaKTePUCTHUKH, MMOTy4aeMble IPU HEM3MEHHBIX MOJIOKEHUAX PEUKH TOTUIMBHBIX HACOCOB
Bbicokoro namneHus (THBJI). OHu XapakTepu3ylOT BO3MOXKHOCTh Pa3BHBAaTh HEKOTOPYIO
MOIIHOCTh TPH 3aJaHHOH YacTOTe BpAIICHHS Bajla IBHUTATENS, MOSTOMY HA30BEM HX
monnueno-mownocmuoie’. JIpyruM ceMeHCTBOM TPYHIBI CKOPOCTHBIX XapaKTEPHCTHUK
SIBIISIIOTCSL BUHTOBBIC XapaKTEPUCTHKH, TONydaeMble TpH paboTe IBUTATeNs Ha rpeOHON
BUHT WIH HMHTHPYIOIIEE €ro ycTpoicTBo. IlepecedcHrne MOIIHOCTHOW XapaKTEPHCTHKH
(pu TekyIiel OUKIOBOH MOJaye TOIUIMBA) C BUHTOBOW XapaKTEPHUCTHKOMW, 3aBUCSINEH OT
YCTaHOBICHHOTO TPeOHOTO BHHTA W BHEIIHUX YCIOBHH €r0 paboTHI, OMpEAeIseT PEeKuM
paboThI IBUTATES, XapaKTEPU3YEMbIi Ha JUarpaMMe B KOOPAUHATAX «MOIIHOCTh — 9acTOTa
BpalllCHUS» WIH «KPYTAMMMHA MOMEHT — 4YacToTa BpalleHWs» paboded TOYKOM.
Homunansnoui paboueil TOUKe COOTBETCTBYET HOMUHANbHAA HYacTOTa BpAIICHHUS Baja |
HOMUHAbHASL MOIITHOCTD JIBUTATENs

OueHka corJiacoBaHHOCTH rpeﬁnoro BUHTA U I'JIABHOI'0 IBUTaTE/IsA

BuHTOBas XapakTepHCTHKa, IPOXOJsNas uepe3 HOMUHAIBbHYI0 pabouylo TOUKY,
Ha3bIBACTCS HOPMaIbHOW. 3aBUCHMOCTb MOIIHOCTH TpH paboTe JABWTATENsl Ha BUHT
omnuceIBaeTcst HopMyIIon

_z'ﬂ'PB'kz'DﬁB'n?B
" 1B '

)

e

i€ Ps — IUNIOTHOCTH BOABL; k2 — KO3(h(UIMEHT MOMEHTa rpeOHOT0 BUHTA; Drp — ANaMeTp
rpeOHOTO BHMHTA; Nrp — YacTOTa BpaIleHHsl TpeOHOro BUHTA (IIpX MPSIMOM mepenade paBHA
YacTOTE BpalleHHs KOJICHYaToro Baya, Mpu 3y0uaToii — nponopunoHaisHa); N 1 Mg — KI11
Hepeiady ¥ BaJIOMPOBO/IA COOTBETCTBEHHO.

6 HCHOJ’ILSyCMHe B OTCUYCCTBEHHOM JIMTEPATypC HAa3BaAHUS XAPAKTCPUCTHUK «BHCIIHUC) U «YACTHYHBIC» MBI
CUYUTAEM HCYJaYHBIMHU, TaK KaK, BO-IICPBLIX, I OJAHOTO cemelicTBa XapaKTEPUCTHUK UCIIOJB3YIOTCS pa3HbIC
TCPMHUHBI, a BO-BTOPbLIX, HA3BaHUA HE OTPAXKAIOT CMBICIT SaBHCHMOCTeﬁ, COCTO?{HII/Iﬁ B BCIIMYMHC MOIITHOCTH
pu ,HaHHOﬁ noaavde TOIUIMBA HA SaﬂaHHOﬁ YaCTOTC BpalllCHU BaJia IBUTraTCJIA.
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KII[J 3ybuaroif mepemaum (IpH ee HAIWYHWK) W BAJOIPOBOJA, KaK MPaBHIO, MMEIOT
3aageHns (0.95...0.98) u Mano 3aBUCAT OT YaCTOTHI BPAUICHHS, IOATOMY IIPH OIEHOYHOM
aHaJIM3e BUHTOBBIX XapaKTEPUCTUK HMH MOYKHO NpeHEeOpeUb.
0O0603Havast HEM3MEHHBIE KOMIIOHEHTHI (hopMyJs! (1) B Buae koHcTaHTH C

o2 D

= const, 2
Mn " Ms
HOIy4YHUM ypaBHEHHE BUHTOBOM XapaKTePUCTUKU
Pezc'kz'nléB- 3

CornacHo ypaBHEHHIO (3), BHI BUHTOBOW XapaKTEPUCTUKUA OyIET 3aBHUCETH TOIBKO OT
koa(unrenra k», mpuuem, 4yeMm Ooblle €ro 3Ha4eHHE — TeM Oosee KpyTo Oyner
NPOXOJUTh BHUHTOBAas Xapakrepuctuka. I[Ipm u3BecTHBIX 3HaueHHsAX KoHcTaHThl C,
HOMHUHAJIBHOW MOLIHOCTH P, ¥ HOMHMHAJIBHOM 4YacTOTHI BpamieHus nrg U3 Gopmyist (3)
MOKHO BBIYHCIUTD K03((GHUIUEHT Aok 11 HOMUHAIBHOTO PeXKUMa PabOThI JBUraTeNs

1A
T Condy

C npyroit cropoHsl, Ko3(h¢GHUIHUEHT k; MOXET OBITh ONpENeNeH MO HM3BECTHBIM B
CIpaBOYHOU JHTepaType muarpamMam J.3. [lammens [1] mia pacdera rpeOHBIX BHHTOB, B
YaCTHOCTH, M0 MAaIIMHHOM [uarpaMme, WCIIOAb3YEeMOH IIpH M3BECTHOM 3HAYCHHH
MOIIHOCTH, NMOTPEOJIsIeMOi BUHTOM, @ TaK)Ke YacTOThI €r0 BPAlICHHs, TO €CTh, B KOHCUHOM
uTOre, MPU 3aJaHHBIX MapaMeTpax ABurarend. s pacuera ompenemsieTcss OTHOCUTENIbHAs
MOCTYIb A Uil BUHTA C 33JaHHBIM KOJMYECTBOM JIONACTEH Z, IMCKOBBIM OTHOLICHUEM 0,
maroBeiM  otHomieHueM H/D. Ilpu 3ToM HEoOXOJMMO YYHMTBHIBATh THIT JIBHOKUTENS
(OTKpBITHII BUHT WM BUHT B HaIpaBJIAIONICH Hacaake).

B noco6uu [2] npeyiokeHa anmpokcumanus auarpammam O.0. Tlanmens noauHOMaMu
BUzA

k,(HD,2) =C;+C,-HD + C3- A+ C,-HD?* + Cs-HD -2+ C5- 1> + C, - HD? +
+Cg A% -HD + Co- 23 + Cyy - HD? - 22,
riae C; — annpoKCUMalMOHHbIE KO3 (UIIMEHTHI 17151 BHHTOB € 33/IaHHBIM KOJIHYECTBOM
JIONaCTe| Z U TUCKOBBIM OTHOLIEHHEM 6.

CornacHo ¢opmyne (5), B KOTOpO#l 1Ijisi BUHTOB (PUKCUPOBAHHOTO IIara OTHOIICHHE
H/D nocrosiaHO, K03hGULUEHT k> OyAET 3aBUCETh TOJIBKO OT OTHOCUTEIBHOW TIOCTYIH A.

OTHOCHUTEIbHAS TOCTYIIb OMPEENIeTCs 0 BRIPaKEHUIO

w

A=——, (6)
nrg * Drg

kag “)

)

rIe W — CKOPOCTh IIOTOKA BOJBI, HATEKAIOLIEr0 HA BHHT, KOTOPAas BBIYHCISAECTCS IO
dopmyme
w=v-(1-1y). (7

TJIe V — CKOPOCTh CyIHa; Y — KO3((GHUIUEHT MOy THOTO MTOTOKA.

«Koaumpent momyTHOro mnOTOKa MOXKHO OIPENENUTh, €CIM W3BECTHO II0JIe
CKOpOCTEH B JIMICKE JABMKUTENS, KOTOPOE MPHHIMIHAIBLHO MOXKHO TIOJIyYUTh B pe3yJbTaTe
pacdera IOrPaHUYHOTO CJI0sl Ha Kopryce cyaHa. OJTHAKO CyLIECTBYIOIINE CIIOCOOBI TAKOTO
pacdera J0CTaToOyHO TpynoeMkH. [loatomy BimsHHE Kopryca Ha 3()(EeKTUBHOCTH paboThI
rpeOHOTO BHHTa OOBIYHO HAXOMUTCS OHKCIEPHUMEHTANBHBIM IIyTEeM M3 COIMOCTaBICHUS
pe3yIbTaTOB UCTIBITAHNI I'PeOHOTO BUHTA B CBOOOIHOW BOJIE M1 B COCTAaBE KOPITyca CyIHA.»
[3]. UszBectHwsr [4, 5] sMmmupuueckue QGOPMYJIbI, TO3BOJSIONINE BBHITIOIHUTH OLEHKY
Ko HIHEHTa TOMYTHOTO MOTOKA YIS PA3IMYHOTO THIIA CYZOB.

Takum o0pa3oM, MOXeT OBITH ompeneneH KodpduumeHT MoMeHTa kyp, HCXOII W3
IapaMeTpoB BUHTA U YCJIOBHH €ro paboTHI.
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ComocraBnenne ko3dduimenToB mnsd BuHTA kyp W U1 ABHUTATelsl kg TMO3BOJISAET
OLICHHUTH COTJIACOBAHHOCTH BUHTA M JBUTATENsI. ECIIM BBIMIONHACTCS YCIOBUE

kop = kag, (8)

TO BUHT CHHUTACTCA COTJIACOBAHHBIM, TAKHUC BUHTHI MIPUHATO HA3BIBATh «HOPMAJIbHBIMWY).
COOTBCTCTBGHHO, B CjIydac CIIpaBCAJIMBOCTHU BbIPAKCHUL

kyg > kap, 9

MBI TIONYYUM THAPOAMHAMHUYECKH <JICTKHI» BHHT, a €CIM OyHeT CHpaBeIIHBO
HEPaBeHCTBO

kg < kap, (10)

— THAPOANHAMNYCCKA «TSDKEIIBI» BUHT.

HpI/IMepr OICHKH COIJIaCOBaAaHHOCTH BUHTOB

BbInosIHUM  pacdeT MIBAPTOBHOM XapaKTEPUCTUKU JUISl MACCaKUPCKOIO TEIIOXO0Ja
npoekTa 588 u rpy30Boro Temioxoaa npoekra 576 (puc. 1). Beibop 3TuX cy10B 00yCIOBICH
T€M, YTO OHHM CTPOWJIHCH JOCTaTOYHO OombInoH, maxe mo mepkam Coserckoro Corosa,
ceprell, MX XapaKTePUCTUKHA HEOJHOKPATHO MPOBEPSUTNCH B XOAE WCIBITAHUN W U3BECTHHI
IIUPOKOMY KpYTy CIICIIHATUCTOB, M MPUBEACHHI B PyKOBOACTBE MO TEIUIOTEXHHICCKOMY
KOHTposto [6]. Takxke Ha 3THU CyJla yCTaHaBIMBAJIUChH IBHUraTesld ogHOW cepun 6NVD48,
YTO MO3BOJCT BHINIOJHUTH CPAaBHEHHE INBAPTOBHBIX XapakTepucTuk. Ilaccaxmpckue
TEIUIOXOABl TPOeKTa 588 OCHamanch Tpemsl ABHTATEISIMH, a TPY30BBIE Cyla — IBYMsL.
HomunaneHass MoOIIHOCTH oOnHOro aBuratens 294 kBT mpu wyacToTe BpallleHusl Baja
275 06./MuH. Kaxaplii aBuratesib paboTaeT HEIMOCPEICTBEHHO HA CBOM BHHT, TOJBKO Ha
MACCAKUPCKOM CyJHE BHMHTBHI OTKPBITBIE, a Ha I'Py30BOM — B HEMOJABMXHBIX HacaJkKax.
BUHTHI Ha yKa3aHHBIX CyJaX TaKKe UMCIOT OJMHAKOBBIC WM OJM3KKe mapameTpsl (Tadi. 1).

Tabnuya 1
I[MapamMeTpsl BUHTOB MaccasKUpPcKoOro (mpoext 588) u rpysoBoro (mpoekt 576) Tennoxoaos
[Tapametp PasmepHocTh 3uauenne
[poekt 588 [poekr 576
Twun BunTa - OTKPBITHIN B HEIMOABMKHON
HacaJike
KosuuectBo snonacrei, z - 4 4

JluckoBoe oTHOMIEHHE, O - 0,55 0,55
[uamerp, D MM 1600 1590
Illar, H M 2,02 1,92
Ilarosoe oruomenne, H/D - 1,262 1,208

Ha pucynke 2 mpuBeseHBl 3aBUCHMOCTH CKOPOCTH CyAHa Vv, KM/4, U CyMMapHOH
MOIIIHOCTH TJIABHOW 3HEPreTHUYECKON YCTaHOBKU Pz, KBT, Ul maccaXupCcKoro TEImIoxoja
npoekra 588 U rpy30BOro TEIIIOXOJAa MpoeKTa 576 OT 4acTOThl BpallleHUsl 1, B3STHIE W3
PykoBozcTBa 10 TEMIIOTEXHUYECKOMY KOHTPOIIO [6].
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Puc. 1. [accaxupckuii Termoxon npoekra 588 (BBepXy) M rpy30BoOii TEIUIOX0 poekTa 576

C momomsio nporpaMMel-gurutaiizepa GetData 3T kpuBble ObUIM OIM(POBAHBI U
AMMpPOKCUMHUPOBAHBI MMOJIMHOMHAJIBHONM  3aBHCUMOCTBIO. JIHSI OIMMCaHuA 3aBHCHUMOCTH
MOMIIHOCTHU OT YaCTOThI BpalllCHUA BBIGpaHO YpaBHCHUC TpeTI)ef/'I CTCIICHU, a4 3aBUCUMOCTD
CKOPOCTH Cy/iHa OT YacTOTHI BPAIIEHHsI BUHTOB OIMCaHa JIMHEHHBIM ypaBHEHHUEM

poekT 588
P, = 0.000185 - n® — 0.079763 - n? + 13.602853 - n — 709.7, (11)
ko3 dunuenT aerepmuHanuu R?>=0,994,
v = 0.0841 - n + 1.654, (R? = 0,999); (12)
poekT 576
P,z = —0.00001-n3 —0.03101-n? + 7.99128 - n + 620.53, (R?=0,999) (13)
v = 0.0617 - n + 1.989, (R? = 0,999). (14)
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Puc. 2. 3aBUCHMOCTH CKOPOCTH Cy/iHa 1 CyMMapHOH MOIITHOCTH TJIABHOM SHEPreTHYECKON YCTaHOBKH
OT YacTOTHI BPAILEHUs TS TACCaXKMPCKOTO TEMI0X0/a MpoekTa 588 (BBepXy) U TPpy30BOro TEIIOX01a
mpoekTa 576 (BHU3y) corinacHo [6]
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Kopnyca maccaKMpcKOro W TpPy30BOTO TEIJIOXOMOB TIPH CXOXHX TJIABHBIX
pa3sMEpeHUsIX, KOHEYHO K€, pa3NIMYaloTcs, YTO TPHBOAWUT K PAa3HBIM 3HAYCHUSIM
kodpdunreHTa momyTtHoro moroka. OmeHka KkoddduimenTa MOMyTHOTO IIOTOKA,
ompenensieMoro corjacHo [7], mma termoxona mpoekTta 588 cocraBmsier y= 0.11, a mis
Tewioxona mpoekra 576 - y= 0.26. CkopocTh HaOeraHWs MOTOKa BOJABI Ha BUHT,
onpenenseMas o Gopmyie (7), Oyaer paBHa: s npoekTa 588 w = 6,125 M/c, st mpoekra
576 w=3,895 wm/c. OrHOocuTenpHas NOCTYyNb, paccuMTaHHas Mo ¢opmyne (6), st
MACCAXKUPCKOTO M rPy30BOro Termmoxonos, A = 0,835 u A = 0,535 coorBercTBeHHO. Torna,
JUIL  TEOPETHYECKOW HOMHUHAIBHOW BHHTOBOHM XapakTepuCTHKH Kodddunment ko,
paccunTaHHBIi «no aBuratenmo» (popmyna (4)), UL NACCAKUPCKOTO  TEILIOXOJa
ke = 0,0457, a s rpy3oBoro temioxona kxg = 0,0471.
st pacuera ko3 dpunmeHra MoMeHTa k» o quarpamMmam [lanmens Bocronbs3yemcs Ux
anmpokcuMarel ypapaenueMm (5). B tabmue 2 npuBeaeHb 3HAYCHAS
anMpOKCHUMAIIMOHHBIX KO((QHUIMUEHTOB /Jst BUHTOB ¢ z =4, 0 = 0,55, OTKpbITOrO 1 B
Hacajke.

Tabnuya 2

Koa¢pduuuenTs! annpokcumanuyu B ypaBHenun (5) corsacHo [2]

Koaddurment 3HaueHue s 3HaueHue s

OTKpBITOTO BUHTA BUHTA B HACAJKE

cz=4,0=0,55 cz=4,0=0,55
C -0.001750186 0.034230315
&) 0.012445675 -0.083384194
C3 0.000244777 0.006949658
Cy 0.055554854 0.105885305
Cs -0.029986548 -0.028115195
Cs -0.014026910 -0.015812053
Cy -0.007269725 -0.014283056
Cs -0.007686874 0.029349117
&) -0.006060740 -0.028368415
Cio 0.008546909 -0.00444762

CornacHO amnmpoOKCHMAIIMOHHOMY ypaBHEHHIO (5) K03()(UIIMEHTHI MOMEHTa s
MacCcaXupckoro Tteroxoxa ki, =0,0459, a mis rpysoBoro Ttemnoxoma ky, = 0,0479.
CpaBHEHHE MMOJYYCHHBIX BEJIMYMH U KOIPPHUIIMECHTH MOMEHTA IIPUBEICHBI B Ta0JI. 3.

Tabauya 3
PacuyeTrHble BeJJMYMHBI B peskMMe HOMUHAJILHOW BUHTOBOH XapaKTepUCTUKH
[Tapame Pa3zmepHOCTB Tennoxon Tennoxon
pavMetTp p mpoexTa 588 mpoekra 576
KoaddurmenT momytHOTO MOTOKA . 0.11 026
]
CkopocTh HaOeraHus MMOTOKa Ha we 6.125 3.895
BUHT
OTHOCUTENBHAS IOCTYIIb - 0.835 0.535
Koabdunment k2 s aBurarens - 0.0457 0.0471
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TTapamery PasmepHocTh Temnoxon Tennoxon
P p P npoekrta 588 mpoexra 576
(dpopmyana (4))
Koadduiment kzp ai1st BUHTA 1O
nmuarpammam [lanmens, (hopmyna - 0.0459 0.0479
4)

PacxoxneHne Mexay MOydeHHBIMH 3HAYCHUSIMHA KO3()(HUIMEHTOB MOMEHTa B 000MX
cimydyasix He mpeBblmaer 1,5%, 9TO C ydeToM MOTPENIHOCTEH, HAKOIIEHHBIX IIPH
annpoKCHMAaIny TpaduKOB, MO3BOJSIET NPHU3HATH BHHTHI COTIACOBAaHHBIMU JUIA CYZIOB
Ka)XJJOTO ITPOEKTA.

HOCTpOQHI/le IIIBapTOBHOi;I XAaPAKTCPUCTUKHU IJIAl MACCAKUPCKOT0 U I'Py30BOI0
TEIJI0X0A0B

[IIBapToBHAs XapaKTEepUCTHKAa SBSETCA HaubOoyiee THIPOAMHAMHYECKH TSDKEIOM
BUHTOBOM XapaKTepUCTUKOH, HO Takke ONHChIBaeMoil ypaBHeHusiMu Buaa (1) u (3).
KiroueBbIM OTJIMYMEM IIBAPTOBHON XapaKTEPUCTHKH OYyIET PABEHCTBO HYJIIO CKOPOCTH
CyJHa, a CIIeJIOBAaTeJIbHO, M PAaBEHCTBO HYJIO, COIJacHO (opmyiie (6), OTHOCHUTENbHON
MOCTyNH BUHTA A. [Ipy yMEHBIICHNH OTHOCHTEIBHOW MOCTYNH Ko3(duImeHT MoMeHTa k>
yBenMUMBaeTCA. MaKCUMaJIbHBIM 3HaueHue k; OyneT Korzja CyfHO HEMOABHXKHO, TO €CTh
pu paboTe 1o MBapTOBHOM XapaKTEPUCTHKE: A2y = Komax. ITO YCIOBHE U OYIET KITIOYEBBIM
IIPU TIOCTPOCHMH IIBapTOBHOM XapakTepHCTHKH. B ypaBHenwe (5) moxcraBum A =0 u
paccunTaeM Al KaKAOTo cynHa Kod(duimeHTs MOMeHTa kay IpH paboTe 1Mo MIBapTOBHOM
XapaKTePUCTHKE: AJISI MACCaKUPCKOTO Terioxona kxy, = 0.088 m amst rpy3oBoro Temioxoxna
kow = 0.063.

Jnst TOCTpOeHWsI IIBAapTOBHBIX XapaKTEPUCTHK JUI KaXIOro paccMaTpUBaEMOro
TEIJIOX0/1a UCIO0JIb30BaHO YpaBHEHHE IBAPTOBHOM XapaKTEPUCTUKU

P, =koy C 13 (15)

CorocTaBisist 3TO ypaBHEHHE C ypaBHEHHEM HOPMAJIbHOW BHHTOBOH XapaKTEPUCTHUKH
(3), 3anmcaHHBIM U1 HOMUHAJIBHOTO PEXXUMa paOOTHI ABHUTATENs,

P, =k, CNyou, (16)

€Hom
MIOJyYHM YpaBHEHHE IIBAapTOBHOM XapaKTepHUCTUKH B BHIe ypaBHeHus (17), rame
OTHOIICHHE KO3(P(PUIIMEHTOB MOMEHTa Ha IIBAPTOBHOW M HOMMHAJIBHOW BHHTOBOM
XapaKTepUCTHUKAX ITOKA3bIBAET BEIMUYHHY «YTSDKEIECHUSD HIBAPTOBHOM XapaKTEPUCTHKH II0
OTHOIICHHWIO K HOMHHAaNIbHOU. OHa coctaBuia 1.92 mia maccaxkupckoro Temmoxoaa u 1.33
JUTS TPY30BOTO.

)
B, r Peon —a a7

B pesympraTe CTajzo BO3MOXHBIM IIOCTPOCHHE TEOPETHYECKOW IIBApTOBHOM
XapaKTEePUCTUKHU B KOOPJWHATAX «MOIHOCTB JIBUTaTENs — YacTOTA BpaIleHHs Bana» (puc. 3,
4 muHUA 5-1). Beime auHAN, COOTBETCTBYIONIECH BHEIIHEH XapaKTepPUCTHKE MaKCHMAaIbHON
MomHocTH (nmuHUSA 3-5, Ha pue. 3, 4), pabora 1O IIBApPTOBHOM XapaKTEPHUCTHKE
HEBO3MOXXHA, a MaKCHUMaJbHO JOIMYyCTHMas YacTOTa BpAIleHHs OyIeT ONpenenaThCs Ha
MIEpeceueHN: INIBAPTOBHON XapaKTEePUCTHKH M OTPAHUYUTEIBHOH 110 HOMHHAJIBHOMY
KpYTAIIEMy MOMEHTY (Touka S, Ha puc. 3, 4).
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Puc. 3. Xapaxrepucruknu nsurarenst 6NVD48 Ha maccaxnpckoM TemIoxo/e IpoeKTa 588 ¢ OTKPHITHIM
BUHTOM (00O3HAUCHHE JIMHUI CM. B TabmuIIe 4)
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3-8
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6NVD48U

200
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YacroTa BpalleHMs KoleHyaToro Bana, n, 06./MuH

Puc. 4. Xapaxrepuctuxu asurarens 6NVD48 Ha rpy30BoM Temioxozae npoekra 576 ¢ BUHTOM B
Hacazike (0003HavYeHNe JIMHUH cM. B TabimIe 4)
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Tabauya 4
O0o3HaueHHe XapaKTEePHCTHK HA PUCYHKaX 3, 4
Home
p XapakTepucTuka [Ipumeuanus
1 JIMHHMH NOCTOSIHHOTO KPYTSIIIETo
MOMEHTA -
1-1 IIpu momuoctu 25% HOMHHAJIBHON -
1-2 [Tpu momHocTH 50% HOMUHATIBHOM -
1-3 [Tpu MmomHoCcTH 75% HOMUHATIBHOM -
1.4 OrpaHr4uTENbHAs 10 HOMHHAIBHOMY
[Ipu HOMUHATBLHON MOLTHOCTH KpYTSILLEMY MOMEHTY
125 OrpaHr4uTeNEHAS 10 MAKCHMATEHOMY
ITpu momuoctu 110% HOMUHANBEHOU KpyTsILIEMY MOMEHTY
5 OrpannyurenbHas 10 k03¢ puuueHty
H30bITKA BO3IyXa -
3 XapaKTepuMCTHKH NOCTOSIHHOM
HHUKJIOBOH M0Aa4H TOIINBA -
3-1 IIpu momHOCTH 25% HOMUHAIIBHOM -
32 [Tpu momHocTH 50% HOMUHATIBHOM —
33 [Tpu momHocTH 75% HOMUHAIBHOM -
3.4 BHenrHsis XxapakTepHCTHKA HOMUHATBHOM
[Tpy HOMHHAJIBHOM MOIITHOCTH MOIITHOCTHU
3.5 Buemnss xapakTepucTUKa MaKCUMaJIbHOM
IIpu momuoctH 110% HOMUHATEHOU MOIIHOCTH
4 PeryJsisiTopHasi XapaKTepuCTHKA HomunansHast
5 BuHTOBbIE XapaKTePUCTUKHU -
5-1 [IIBapTOoBHAs XapaKTepUCTUKA -
5-2 Tspkenasi BAHTOBAsI XapaKTEPUCTHKA OKcIuTyaTallMOHHAs!
53 HomuHanbHast BUHTOBast
XapaKTepPUCTHKA —
5-4 JIérkast BHHTOBAs XapaKTEPHCTHKA 0.85 Pe nou
0 Touka HOMMHAJIBHOTO PEXKUMA -
Touka MakCUMaJbHON YaCTOTHI
S BpAIleHUs Ha IBAPTOBHOU
XapaKTEepPUCTHKE -

Ha pucynkax 3 u 4 mpeacTaBlieHO Bce MHOMXECTBO XapaKTEPHUCTUK JBUTATENsI, B TOM
YyclIe OTrpaHWYHUTEIbHbIE M BHHTOBBIE XapaKTEPHUCTHKH, a TakXKe IIOKa3zaHa Todka S,
COOTBETCTBYIOIIAs NMPEIEeNbHON YacTOTE BpAIlleHHUs Bajla IBUTATENS B IIBAPTOBHOM pEXHME.
JJis macca)XUPCKOTro TEIUIOX0/ja 3TO 3HAYeHHe cocTaBmwio 198 00/MuH, it rpy30Boro — 238
00/mMuH. CpaBHEHHE IIBAPTOBHBIX XapaKTEPHCTHK CY/I0B JIByX IPOEKTOB MOKa3bIBaeT Oojee
pe3Koe BO3pacTaHWE MOIIHOCTH MIpH pabdoTe MO IIBAapTOBHOM XapaKTepHCTHKE Y
MACCAXKUPCKOro TEIIOX0JIa 10 CPAaBHEHHUIO C TPY30BbIM. Tak Kak ABHraTeny Ha O3HAYEHHBIX
CyJlax OJHOTHIIHBIC, 2 BUHTHI HMEIOT OJIM3KHE MapaMeTphl, MOJKHO CKa3aTh, YTO BIUSHUE HA
MPOTEKaHWE MIBAPTOBHBIX XapaKTEPUCTUK OKa3blBa€T TUN BHHTA. OTKPBITBI BUHT
MTACCAKUPCKOTO CyJHA HArpy’kKaeT ABHraTelb Ipu padoTe 1Mo MIBApTOBHOW XapaKTEPHUCTHKE
0oJlee HTHTEHCHBHO, Y€M BHHT B HAacaJKe IPy30BOTI0 TEIIOXO/A.

AHaNOTHYHBIM 00pa3oM MOTyT OBITh ONpeJeNeHsl M YacTOTHl BpalleHHs Ha
IIBAPTOBHOW XapaKTEPUCTHKE, COOTBETCTBYomue 75, 50 u 25% HOMHHAJIBHOTO KPYTAIIETO
MOMEHTa, 4YTO, HalpuMep, TpeOyeTcs IpH MPOBEACHWH WCIBITAHUA JBUraTeNs Ha
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cooTBeTcTBHE HOpMaMm BhIOpocoB cormacHo I[ITHIT PKO [8]. [nsa paccmarpuBaeMBIX
MPOEKTOB CYOB 3TH 3HAYCHHS IPHBEICHBI B TaOJIHILE 5.

Tabauya 5

YacroTa BpaleHus KOJIeHYATOr0 Bajla M MOIHOCTD IJIABHBIX ABUraTeJieil npu padore no
IIBAPTOBHOI XapaKTepucTHKe, cooTBercTBYIomMe 100, 75, 50 u 25% HOMHHAJILHOIO
KPYTS1ero MOMEHTAa

OTHOCHUTEINIBHBII KPYTAIIUT Tennoxox npoekra 588 Tennoxox npoekra 576
MOMEHT n, 00./MUH P., kBt n, 00./MUH P., kBt

100% 198.1 211.7 238.2 262.7

75% 180.0 158.8 216.4 197.0

50% 157.2 105.9 189.0 131.4

25% 124.8 52.9 150.0 65.7

OHCHI/ITL COTJIaCOBAaHHOCTDH paGOTbI IJIaBHBIX JBUTATEICH M FpeGHI)IX BHUHTOB IIO
JaHHBIM MIBAPTOBHBIX HUCIIBITAaHUH MOXHO, CONOCTaBUB CHATHIC, HAIpUMCP, B XOAE€
TEH30MCTPUPOBAHUA ,I[eﬁCTBPITeJ'ILHLIe IIBAPTOBHBIC XapPAKTCPUCTHUKHU C TeOpeTI/I‘ICCKOﬁ
LHBapTOBHOﬁ XapaKTepHCTHKOﬁ. Ecmm ,IleﬁCTBPITeJ'IBHa?I mBapTOBHAsA XapaKTCPpUCTHKaA
IIPpOXOAUT JICBCC TeOpeTH‘IeCKOﬁ, OTO O3HA4YacT, YTO BUHT TrTMAPOANHAMUYICCKU Tﬂ)l(eﬂblﬁ, OH
" 1pu HOMHHAJBHOM 9acTOTe BpalicHus 6y,[[€T HArpy’aTtb ABUTATCIIb OoJIbIIIE. HaHpOTI/IB,
PaCIIOJI0KECHHUC ﬂeﬁCTBHTeHBHOﬁ LHBapTOBHOﬁ XapaKTCPUCTHUKHU TIpaBCC TeOpeTH‘IGCKOﬁ
CBUACTCIILCTBYCT, YTO BHHT MABJIACTCA THUAPOAMHAMHUYCCKH JICTKUM H HOI[O6paH C
COOTBETCTBYIOIIUM «MOPCKHUM 3al1aCoOM».

BriBoabI

1. IlpeanoxeH crmoco® MOCTPOEHHs IIBApPTOBHOM XapaKTEPUCTUKH, HCIIONbB3YIOMIMH
3aJJaHHbIC MAPAMETPHI JBUraTelIsl K IPEOHOr0 BUHTA.

2. INoka3aHa 3aBUCMOCTD IIIBAPTOBHOM XapaKTEPUCTUKU OT KOI(D(HHUIIHCHTAa MOMCHTA.

3. OrmpeneneHa TO4YKa, COOTBETCTBYIOIIAS MpPEICTBPHONM YacTOTE BpalleHHs Baja
JIBUraTelisi B IIBAPTOBHOM pEXHME, a TaKXKe TOYKH, cooTBeTcTBytromue 25, 50, 75 %
KPYTSAIIEro MOMEHTa IpH paboTe 1Mo BUHTOBOM XapaKTePUCTHKE.

4. BeIIoTHEHA CpaBHUTENFHAS OIIEHKA HATPY3KH JBHTATENs IPU PaboTe ¢ OTKPHITHIM
BHHTOM ITaCCaXKUPCKOTO CYZHA M BHHTOM B HAIIPaBIAIOMICH HacaKe rPy30BOTO CYyIHA.
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CucremHas nuarnocruka B3anmonaeiicteusga BI'YBT u
NpeANnpPUATHI BOAHOTO0 TPAHCIIOPTA: BbISIBJICHHE IOTEPb U
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AHHoTanus. B crathe mpeaniokeHa METOJMKA CHCTEMHOW JIMArHOCTUKU B3aUMOJIEHCTBHS
Bomxckoro rocynapcTBeHHOTo yHHBepcuTeTa BogHoro tpancnopra (BI'YBT) u orpacneBsix
MPEINPHUATHI BOJHOTO TPAHCIIOPTa, MO3BOJIIOMAS (popMaTM30BaTh MEXaHHU3MBI TaKOTO
B3aMMOJCHUCTBHA U HICHTU(QHULIUPOBATH 00JIACTH CHCTEMHBIX MOTEPh. TeOpeTHUECKyto 06azy
HCCIIEJOBAHUS COCTABIIAET dKocucTeMHas Tunonorus cuctem I'.b. Kineitnepa, no3posstomias
KJIACCU(UIUPOBATH BUBI ACATCIPHOCTU By3a U MPEANPUATHS Kak OOBEKTHBIC, MPOIIECCHBIC,
MPOCKTHBIC U CPEJOBBIC CHUCTEMBl U BBISBUTH KOH(MIMKT KOHQPHUTYpanuii, MOpOXKIAIOIINi
CHUCTEMHbIE TIOTEPH B3aUMOJCHCTBHSI W CHUKAIOIIMN pE3yJIbTATUBHOCTH KOOIEPALIUH.
[peaoxensl GOpMyIIBl MApaMETPUICCKOW OICHKH CTOMMOCTH W TOTEPh MPOIIECCOB, a
TaK)Ke MATPUYHBIA U TpadUUeCKHid HHCTPYMEHTApUH JJIS BU3yalHM3allid TOYEK CTHIKOBKH.
Mertoanka OpHeHTHPOBaHA Ha MPUKIAIHOE MPUMEHEHHE B PaAMKaX CTPATETHYECKHUX CECCUi
YHHUBEPCUTETA C HHIYCTPHATHLHBIMH TTAPTHEPAMH.

KioueBble cji0Ba: CHCTEMHas JWArHOCTHKA, B3aMMOJCHCTBHE «BY3—TIPEAMPUITHEY,
THITOJIOTUSI CHCTEM, TPAH3aKIIMOHHBIE M3JIEP)KKU, KOHTYPHI YIpaBJICHUs, MapaMeTpuyecKas
(hopmanuzaius, MaTpHIa MOTEePb, TPAHCIIOPTHOE 00pa30BaHKE, BOJHBINA TPAHCIIOPT

System diagnostics of the interaction between VSUWT and water
transport enterprises: identifying losses and optimizing
management contours

Sergey D. Gordleev!
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Olga L. Trukhinova'?

ORCID: 0000-0002-3423-9058

'Volga State University of Water Transport, Nizhny Novgorod, Russia
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Abstract. The paper proposes a methodology for systemic diagnostics of the interaction
between the Volga State University of Water Transport (VSUWT) and water transport
industry enterprises, which allows formalising the mechanisms of such interaction and
identifying areas of systemic losses. The theoretical framework of the study is the ecosystem
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typology of systems by G.B. Kleiner, which makes it possible to classify the activities of a
university and an enterprise as object, process, project and environment systems and to
identify a configuration conflict that generates systemic losses of interaction and reduces the
effectiveness of cooperation. Formulas for the parametric assessment of process costs and
losses are proposed, as well as matrix and graphical tools for visualising points of
complementarity. The methodology is oriented towards applied use within the framework of
strategic sessions of the university with industrial partners.

Keywords: systemic diagnostics, university—industry interaction, system typology,
transaction costs, management contours, parametric formalisation, loss matrix, transport
education, water transport

BBenenue

BuyTpeHHHII BOJIHBIM TPAaHCIOPT B CTPYKTYPE POCCUMCKOM 3KOHOMUKH TPaJULMOHHO
3aHMMAaeT 0co0oe MecTo, oOecreunBasi CBSI3HOCTh yNANEHHBIX TEPPUTOPHN U TIEpEMEICHHE
3HAYUTEIBbHBIX 00BEMOB Ipy30B. OIHAKO Ha COBPEMEHHOM 3Talle OTPACIb CTAJIKHUBACTCS C
KOMIUIEKCOM CTPYKTYPHBIX HPOOJIEM, CPEAN KOTOPBIX MOXKHO BBIJEIHTH W3HOC OCHOBHBIX
¢oHmoB, AeHUINT KBaMM(UIMPOBAHHBIX KaIpOB M HEAOCTAaTOYHYI0 HHTCHCHBHOCTH
MIPOLECCOB TEXHOJIOTUYECKON MOIEPHU3ALIH.

B ycnoBusx mudpoBoil TpaHChOpMamMM M KaIpoBOro AeduiuTa Ha BHYTPEHHEM
BOJHOM TpPAaHCHOPTE KadecTBO B3aMMOJEHCTBHA OJHOTO M3 OCHOBHBIX OTpAaciIeBbIX
YHUBEPCUTETOB — BOIKCKOro TrocyaapCTBEHHOTO YHHMBEpPCHTETa BOJHOTO TpaHCIOpTa
(mamee — BI'YBT) c¢ mnpeampusitusMu CyYIOOCTPOCHHS, CYOOXOJCTBAa W IOPTOBOM
nH(pPaCTPyKTyphl, CTAHOBHUTCSI KPUTHYECKUM (pakTOopoM pa3BuTHs oTpaciu. HenocraTtouHo
NPOJXYKTUBHOE B3aUMOJAEHCTBUE NPO(GUIBHOIO By3a C OTPACIEBBIMH HPEANPUATHAMH
BBI3BIBAET Pa3pbIB B INPEEMCTBEHHOCTH NPO(ECCHOHAIBHON MOATOTOBKH, TPAJAUIMOHHO
OCYILIECTBJIIEMOM IIyTeM TECHBIX B3aUMOCBS3€d MEXIy IPOU3BOJACTBOM, HAyKOM U
00pa3oBaHHEM.

AHanu3 Hay4yHOW JHUTEpaTyphl MOKA3bIBAET, YTO MpoOiieMa KOOpIWHAIMH JIeHCTBUI
YHHBEPCUTETOB M paboTomarteneil HaxoauTcs B (OKyce BHHMAaHHS COBPEMEHHBIX
uccnenoBateneir [1-5]. Opmako, Kak CIOpaBe[UIMBO OTMedaeTcs B psae pabor,
cymecTBytomue (GopMbl COTpyJHHYECTBAa (ydacTHEe B SpMapKax BaKaHCHH, pa3oBbIe
xo3noroBopaeie HUP, npuBnedenue npeacraBuTeneid padoTogarenei K rocyIapCTBEHHON
UTOTOBOI aTTECTAlMM) HOCAT IIPEHMYIIECTBEHHO SIHU30JWYECKUl XapakTep U He
MO3BOJISIIOT B MOJIHOM Mepe pealn30BaTh NOTEHLIHMAN JOJITOCpOYHOro maptHépcrsa [1, c.
100-111]. Takas Mozmenb, YCIOBHO Ha3blBaeMas «PBHIHOYHON» WM «KOHTPAKTHOID,
NPUBOJAUT K AyONMpOBaHWIO (QYHKIMH, YBEJIMYEHHUIO 4YHWCIA COTJIACOBAHMH M, Kak
CJIEJICTBHE, K BO3HWKHOBEHHMIO CHCTEMHBIX IIOTEPh, CBS3aHHBIX C HECOTJIACOBAHHOCTHIO
BHYTPEHHHUX PETIaMEHTOB CTOPOH.

BaxxHo mnomdepkHyTh, uTO 3(G(EKTHBHOE YIpaBIEHUE MpoleccaMu BHYTPH BY3a,
BKJIOYasi 00pa3oBaTeNbHYI0 M MHHOBAIIMOHHYIO JESTEIBHOCTD, SIBISICTCS HEOOXOIMMBIM
YCIIOBHEM JUIsl NOCTPOEHHSI NMPOAYKTUBHBIX OTHOLICHWH C BHEIIHMMM mHapTHEpamu. Kax
copaBeqyuBo  otmedaeT E.M. Kor B CcBOEM JuccepTalOHHOM — HCCIEIOBAHUM,
MOCBAMIEHHOM YTIPABIEHUIO PHUCKAMU B WMHTETPUPOBAHHBIX CTPYKTYypaxX, CHHXPOHHU3ALUSL
BHYTPEHHHX TIPOIECCOB OpPraHM3alMM C TPeOOBaHMSAMH BHEIIHEH Cpebl MO3BOJISET
MHUHHAMH3HPOBATh MOTEPH Ha CThIKAX B3anMoaeHcTBus [6]. OcOOEHHO 3TO aKTyalbHO IS
Tako# creruduyueckor cepbl, Kak BOAHBIN TPAHCIIOPT, I'I€ BOHUKAIOT JONOTHUTEIBHBIC
CHUCTEMHBIE PHCKH W3-32 HAKONMUBIIHMXCA mpoOieM. OTHeNbHBIE  HCCIIEIOBAaHUS
aKIEHTHPYIOT BHUMaHHE Ha BONpocax NU(PPOBOW TpaHCPOPMALMN H YCTOHYHUBOTO
pasButus B cymocTpoeHmu [7; 8], a Takke Ha METOJOJOTHU CHCTEMHOUN OIEHKU
3¢ (GEKTHBHOCTH pa3IMYHBIX AaCHEeKTOB JESITEIBHOCTH BOIHOTO TPAHCIIOPTA, BKIIOYAs
HCTIONB30BaHHe IH(POBBIX TEXHOJOTWH ia obocHoBaumsa pemeHui [9; 10]. Pemenne
npoOleM MHOTHE HCCIIEA0BATeId BHIAT B YCWICHHH B3aMMOJCHCTBHS OTpaciu H
TpaHcropTHOro obpaszoBanusi. Tak, M.B. MapuueB [11] paccmaTpuBaeT mapTHEPCTBO Kak
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KIIFOYEBOI (hakTOp pPa3BHTHUS MOPCKOTO OOpa30BaHMS, BBINENSAS ILEJICBOH KOHTPAKT M
moNAep KKy ©0a3 s IJIaBaTeNbHOM MPAaKTHKA B KAaueCTBE OCHOBHBIX  (opM
B3auMmoneiictBusa. G. Zhan ¢ coaBropamu [4] Ha OCHOBE OMOIHMOMETPHYECKOTO aHAIH3A
MOJTBEPKIAIOT YCTOWYMBEIM POCT YWCIIA IyONMKAIMA MO TEeMaTHKE YHUBEPCHUTETCKO-
mpoMbInuieHHOTo coTpynuudectBa, a C. Nielsen u J.C. Sort [5] ucciaemyroT TO, Kak
LEHHOCTh CcO374aéTcsi W OOMEHMBAeTCs Ha pasHbIX CTaAMAX  B3aUMOJCHCTBUSL.
Meroonoruueckiue BONPOCHI OLEHKH 3()()EKTHMBHOCTH COTPYJHUYECTBA TPAHCIOPTHHIX
NPEANPUSTHI 1 By30B B paMKax JJIOTUCTHYECKOTO Kilactepa pa3padatsiBaror M. Kovbatiuk
V. Shevchuk [12], npemnaras mHTErpallbHBIA HHIEKC U1 pacyéra pe3yIbTaTUBHOCTH.

Takum  0o0pa3oMm, TPOBEAEHHBIH aHANM3 HAyYHOH  JMTEpaTypsl  IO3BOJISET
KOHCTaTHpOBaTh ciexyromee. CymecTBYIOINE WCCIEAOBAaHUA, O€3yCIOBHO, BHOCST
CYIIECTBEHHBIN BKJIaJ B TIOHUMAaHWE MPOOJIEM B3aMMOJEHCTBHSA BY30B M MPEIUPHUATHHA, a
TaKXKe B Pa3BUTHE METOOJIOTHH OLEHKH YPPEKTUBHOCTH Ha TpaHcmopTe. OIHAKO OHH, KaK
MPaBUJIO, HOCAT JHOO (QparMeHTapHBI XapakTep (3aTparmBas OTACIBHBIC ACIIEKTHI:
MPaBOBBIC, SKOHOMHYECKHE, OpPTaHM3allMOHHBIC), JHOO OPHCHTHUPOBAHBEI HA KOHCYHEIC
pe3ynmpTaThl (HalpuMep, MOKa3aTeld KOMMEpUYeCKOW 3(PQPEKTHBHOCTH HWHBECTHINN), HE
(dokycupysicb Ha CHCTEMHBIX MNOTEPSX, BO3ZHHMKAIOIIMX HEMOCPEACTBEHHO B IpOIeccax
B3aMMOJICHICTBUA Ha CTBIKaX YIPaBICHYECKHX KOHTYpoB. OTCYTCTBYeT KOMILJIEKCHBIMN
WHCTPYMEHTapui, TO3BOJAIONIMH Ha paHHUX JTamnax JAWarHoCTUPOBAaTh KOH(MIMKT
KOH(UTYpauui MeXay By3OM U MPeIIpUiITHEM (KaK COIMAIbHO-3KOHOMHYECKUX CHCTEM),
BBISBIAT 30HBI HEdI(P(EKTUBHOCTH W TpeylaraTb O00OCHOBAaHHBIC HANpPaBICHUS
ONTUMU3AIINH YIIPABICHUYECKUX PETIaAMEHTOB.

B cBfA3M ¢ W3NOXKCHHBIM, I[EJh HACTOSAIMIEH pabOTHl 3aKito4aeTcss B pa3paboTke H
00OCHOBAaHMM METOAWKHA CHCTEMHOH IHMAarHOCTHUKM B3amMoneiicteuss BI'YBT wu
MPEONPUATHA BOIHOTO TPAHCIOPTa, MO3BOJLIIONICH (OpPMAaIM30BaTh MEXaHH3MBI TaKOTO
B3aMMOJICHCTBHSA, BBISBHTH 30HBI MOTEHIMAJIBHBIX IOTEPh W TPEIUIOKUTH HAMPaBICHUSL
ONTUMU3AIMKA KOHTYPOB ympaBieHus. llpemnmaraemas MeTOAWKAa OpPHUEHTHPOBaHA Ha
IIPUMEHEHHE Ha 3Tale NMPeIIpOoeKTHOTO aHaIu3a U He TpeOyeT NMPHBJICUYEHUS TPYTOEMKHUX
KOJINYECTBEHHBIX OLICHOK HAa HAYaJIbHOM JTalle.

B cooTBeTCTBUH € TIOCTABICHHOM LIEJIbI0 B CTaThe PEIIAIOTCS CISAYIOINE 3a1aun:

1. OG6oCHOBaTh TEOPETHKO-METONOJIOTHUECKHE pPAaMKH HCCIEIOBaHUA Ha
OCHOBe cmHTe3a tumojormn cucteM I.b. Kieitnepa u Teopun
TPAHCAKIIHOHHBIX U3JIEPHKEK;

2. Pa3paboTare anropuTM CHCTEMHOW IHATHOCTHKH, BKIFOUYAIOIIAN ATAITBI
MPUOPUTH3AINN BHUIOB JEATCIBHOCTH, MPOBEPKH KOMILIEMEHTAPHOCTH
KPUTHYIHBIX OJIOKOB ¥ MTapaMeTPUIECKON (hopMalTN3aIiH MIPOIIECCOB;

3. CdopmupoBaTh CHCTEMY aHAUIATHYECKUX HHCTPYMEHTOB (MaTpHIIa
MPUOPUTETOB, (YHKIUS KPUTHYHOCTH, MapamMeTpHyecKas MOJENb 3aTpar,
MaTpHIIa TOTEPb), HEOOXOAUMBIX JUIS PEeaTH3allii TUATHOCTHKHY;

4. TlpennoxuTh OOIIYyI0 CXeMy JUAarHOCTUKA M YCJOBHS 3aBEpIICHHUS
UTEPAlMOHHOTO LIUKJIA.

MeToabl

B ocHOBy pa3pabaTbiBaeMONl METOAMKH TOJIOXKEHBI JIB€ B3aMMOJOIOJIHSIONINE
TEOPETHYECKHUE KOHIEIIINH, MO3BOJISIONINE KOMIUIEKCHO aHAJIHU3UPOBATh B3aWMOJIEHCTBHE
CJIO’KHBIX COL[MATIbHO-3KOHOMUYECKHUX CUCTEM.

B cooTBeTcTBHM € 9KOCHCTEMHOH TUNONOrHel 3koHOMu4eckux cucreM I'.b. Kneitnepa
mo0asi COIMaNbHO-IKOHOMHYECKasi CHUCTEMa MOXKET OBITh OXapakTepH30BaHa 4Yepes
KOMOMHAIMIO YEeTHIPEX WJCAJIbHBIX THIIOB CHCTEM: OOBEKTHBIX (OrpaHMYEHHBIX B
IIPOCTPAHCTBE, HO HEOTPAHMUYCHHBIX BO BPEMEHM), IPOIECCHBIX (XapaKTepU3YIOMNXCs
YCTOWYHMBOW MOBTOPSIEMOCTBIO OINEpali M aJTOPUTMOB), NPOEKTHBIX (HALEJIEHHBIX Ha
YHHUKaJIBHBIN pe3ybTaT B OTPaHMYCHHOE BPEMS) U CPeloBHIX ((popmupyrommx oOmmii GpoH
MIpaBUJI, HOPM M paMOK B3amMopeilcTeus) [13, c. 746; 14, c. 24-36]. B3aumoneiicTBue
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MEXAYy pa3sHOTUINHBIMH CHCTEMaMH TIOPOXJAeT TaK  Ha3bIBAGMBIH  «KOH(IMKT
KOH(UTypanuii», KOTOPBI MOXKET BBIPAKaTbCsl B HECOTJIACOBAHHOCTH YMPAaBICHUECKUX
pETIaMEHTOB, BPEMCHHBIX TOPH30HTOB IUIAHWPOBAaHMS W KPUTEPUEB  OLEHKH
pesynbratuBHOCTU. ClEayeT OTMETHTh, YTO AAHHBIM ITOAXO] HaXOAUT pa3BUTHE B paboTax
3apyOeXHBIX aBTOPOB, B YAacCTHOCTH, B KOHIEIIHMAX O3KOCHCTEMHOTO YIpaBIICHHS
npegnpustieM [15].

B pamkax gaHHOH pabOTBI 3TOT TEOPETHYECKMH MOJXOJ HCHONB3YETCs  JUIs
knaccudukanuu BunoB nestensHocth BI'YBT w npeampusituii BOJHOro TpaHCIOpTA.
IIpennonaraercs, 4To By3 B CBOEH OCHOBHOIl NEATENBHOCTH TSTOTEET K MPOCKTHON H
cpenoBod KoH(QuUrypanusMm (HaydHble HCCIEIOBaHMs, pa3paboTka 00pa3oBaTeNIbHBIX
nporpamm, (GpOpMHpPOBaHHE WHCTUTYIHMOHAJIBHON CpEeAbl), B TO BpeMsl KakK NPEANpHATHE
OpHUEHTHPOBAHO Ha OOBEKTHO-NPOIECCHYIO JIOTHKY (9KcILTyaTtamusi (hjoTa, pPEMOHT,
MPOM3BOACTBO).  PaccormacoBanme STHX  KOH(uUrypammii  sSBIseTCS  MCTOYHHUKOM
3HAYUTEJILHON YaCTHU MOTEPD MIPH B3aUMOIECHCTBUY.

B Teopum TpancakumoHHbIXx u3nepxkek P. Koysza u O. VYwunpaimcona mnon
TPaHCAKIMOHHBIMH H3JEPKKAMHU TTOHUMAIOTCS 3aTpaThl HAa KOOPAMHAIMIO, COTIACOBAHME,
KOHTPOJb M aJalTalllio, KOTOPhIE HE CBS3aHbl HENOCPEICTBEHHO C IPOM3BOJCTBOM
ocHOBHOroO Oara [16, ¢. 386-405; 17, c. 448]. [IpuMEeHUTEIBHO K B3aUMOJICHCTBUIO «BY3 —
MpeaNpUATHE» TAKUMU H3JIEPXKKaMH BBICTYHAIOT: BpeMs Ha IMOATOTOBKY M BHU3HPOBAHUE
JIOTOBOPOB, U30BITOUHAS] BHYTPEHHSS OTYETHOCTD, COTJIACUTEIbHbIE COBEIAHUS, aJaTaIusl
JOKYMEHTAIlMM TOJ pa3jIMYHble PErJIaMEeHTHI, 3aTpaThl Ha IOHCK MapTHEPOB U BeIEHUE
NIEPETOBOPOB. OTH M3JAEPXKKH, KakK IPaBWIO, HE OTPAXAIOTCs B sABHOH (opme B
OyXrantepckoil OTYETHOCTH, HO MMEHHO OHM COCTABIISIFOT OCHOBY ITOTEpPh, BO3HUKAIOLIHX
IIPY HECOTIIACOBAHHOCTH YIPABICHIECKNX KOHTYPOB.

Ilpoyedypa cucmemnou Ouacnocmuku. Pa3paOaTbiBaeMas METOAMKA peaIU3yeTCs
MOCJIEIOBATENIbHO HA TPEX CTAAWAX, Kakaas W3 KOTOPBIX HMEET COOCTBCHHBIC
aHAINTHYECKHE WHCTPYMEHTHl M KPUTEPHU Iepexoja K ciledylomeil craamu. MeToanka
HOCHUT UTEpallMOHHBIM XapakTep: €cidM Ha BTOPOM CTaAMM HE BBIABICHO 30H
KOMIUIEMEHTapHOCTH, OCYIIECTBIAETCS BO3BpaT K IIEpPBOM CTaauu M TepecMoTpa
MIPUOPHUTETOB WJIN BBIOOpA JPYTroro OJIOKA eI TeIbHOCTH.

Cmaous 1. PamxupoBaHue BHIOB JIESTENBHOCTH C CUCTEMHOH Kiaccudukarmeil. Ha
IepBOM IIare MpPOM3BOAMTCS jAekomno3uuus nesrenbHocty BI'YBT wu  Tunosoro
NPEANPUSATHS. BOJHOTO TPAHCIIOPTA HA KPYyIMHbIe GYHKIMOHATIBbHBIE OJ0KH. Kaxomy Oioky
MIPUCBAUBACTCS THIT CHCTeMBbl 10 Kiaccudukanuu Kieitnepa [13; 14; 18] u skcnepTHBIM
MyTEéM ompesernsieTcs: paHr 3HaunMocT (0T 1 10 4) 11t JaHHOH CTOPOHBI B3aMMOJIEHCTBHSI.
PamxupoBaHue OCYIIECTBISIETCSI Ha OCHOBE aHAJIM3a CTPATETMYEeCKHMX JIOKYMEHTOB
(ITporpaMmBbl pa3BUTHS By3a, TEXHOJOTHUECKHX CTPATEIMi OTpPACIEBBIX NPEINPHUATHI) U
NIPeABAPUTEILHBIX MHTEPBBIO C PYKOBOJWUTEISIMH IoJpasaeneHuid. Pesyiapratom cragnm |
sBisiercst Marpuia npuopuretoB (Tabn. 1), ¢ukcupylomas THIIOIOTHIO IESTEIbHOCTH
CTOPOH M THUIOTETHYECKHE KpUTHUYecKue ¢a3pl — HauOojee YA3BUMBIC 3BEHBS, TJE
BHYTpPEHHHE TpOIlecChl Hamboyiee HYXXAAIOTCS BO BHEUIHEW MOIJEp>KKE WIIHM, HAlpOTHB,
SIBIISIFOTCS] HICTOYHUKOM TIOTEPh NP B3aMMOICHCTBHH.

Tabauya 1
Matpuna NpuOpPUTETOB AesiTeIbHOCTH ¢ TUNoJorueii cucrem (no I'.b. Kaeiinepy)
brox nestensHOCTH Tum cucremsl (10 Panr s Panr s T'unoretnyeckas
Kreitaepy) BI'YBT NIpEaIpH- KpuTHUecKas (asa
STHS
O6pazoBanue / IMponeccuas (By3) / 1 2 Crapenmue [1I1C/
MOJTOTOBKA KaJpoOB Cpenosas neuImT MOJTOABIX
(npennpusitre) CTICIIHAITIICTOB
Hayxa / HUOKP [IpoexTtHas (By3) / 2 3 Crabas
[IpoexTHast KOMMepIHaan3anus/

110



Hayunste npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

Brok nesrensHOCTH Tun cucremsl (110 Panr g Panr g T'unorernueckas
Kreitaepy) BI'YBT Ipeanpu- KpHUTHYecKas (aza
SITHS
(mpennpusitue) HEIOCTaTOK
HPUKIIATHBIX
MHHOBAI[MOHHBIX
pa3paboTok
Wudpactpykrypa / OO6nbexTHas (By3) / 3 4 Henosarpyska
obopynoBaHue OObexTHAs TpeHAXEPOB/
(mpennpusitue) JeULIUT JOCTYIHON
cepTuduKauuu
Vnpasienue / Cpenosas (By3) / 4 1 U36biTOuHOE
(uHAHCH IMponeccuas KOJIMYECTBO
(mpenmpusiTue) COTJIaCOBaHMUH/
TpeboBaHue
OBICTPOTO
odopmIeHUs
3aKa30B

Hcmounux: cocmaesneno asmopamu.

Cmaousa 2. BbIOOp KpUTHYHBIX OJOKOB M TpPOBEpKa MX KOMIUIeMeHTapHocTu. U3
MAaTpPHIBI MPHOPUTETOB OTOMPAETCS OAMH-ABA OJOKA C HAMBBICIIMMH PaHraMu Ui 00eux
ctopoH. J{nst kakporo Onoka BBOAMTCS (GYHKIMsS KPUTHUHOCTH Ki(A) nns By3a u Ki(B) nns
npennpuATHA. 3HaYeHUs (YHKUUH ONPENeISIOTCS SKCIEePTHBIM METOIOM (HampHMmep, C
MOMOILBIO ONPOCa PYKOBOAUTENECH NPOQUIBHBIX MOAPA3ACICHUH 10 5-0aJulbHOM MIKae).
VYciaoBue — CymIeCTBOBAaHHMS ~ 30HBI  KOMIUIEMEHTAPHOCTH  (B3aMMOJIOIONHAEMOCTH
MOTPeOHOCTEH) 3aIMChIBACTCS KaK:

Ki(A)=64 (byHKIUS KPUTHYHOCTH Al Oyoka i Ais By3a OoJbIOIE WM PaBHO
HEKOTOPOMY 3HaueHuto 6y st By3a)

Ki(B)=05 (ananoruyHo [Uisl IPEIIPHATHS),

rae B4, Bp— TOpOroBble 3HAUECHMS, YCTAHABIMBAEMBIE JUISI BY3a U IPEANPHUATHS
COOTBETCTBEHHO MCXO[ISI U3 UX CTPATETHYECKHUX MPHOPUTETOB (B HACTOSIIIEM HUCCICIOBAHUN
mpuHATO =410 5-0aJUTbHOU TIKAJIE).

Ecnu ycoBre BBIMONHSACTCS, THATHOCTHKA MIEPEXOIUT K TpeTheit craanu. Ecmu Het
(MMIKKM KPUTHYHOCTH HE COBIMAJAIOT) — OCYLIECTBIsieTcst BO3BpaT k Craauu 1 s Beibopa
Jpyroro 0yoka MO0 YTOUHEHUsI THIIOTE3 O KPUTHYECKUX (a3ax.

Cmaous 3. Ilapamerpudeckass ¢opManm3alMs ¥ BBIICICHHE  IPEIMETOB
B3aumozeiicteus. Ha TpeTben CTaauy, rocie TIOJTBEPKICHHS HaJTNY st
KOMIUIEMEHTapHOCTH, OCYIIECTBIICTCS JICTANbHBIA aHanu3 BbIOpaHHOrO Onoka. Jlis
KOJINYECTBEHHOTO  ONMCAHUS  IPOIIECCOB  B3aMMOJICHCTBHS  BBOISTCS  CIIEIyIOLIHE
[apaMeTPUUECKUE XAPAKTEPUCTUKH JUIs KAKIOTO TIpoIecca j:

Pj =Tj+ G + M;,
j=1n
rae:
P — monHas cTouMOCTb BIIaJICHUS MIPOLECCOM (ThIC. pyO./IIHKII);

7j — BPEMEHHBIE [IOTEPH, UCUHCIEMBIE Yepe3 TPYA0EMKOCTh onepauuit Lk (der.-4ac)
M CPEeIHIOI 4acoBYIO0 CTaBKy Wjk (py0./dac), paccunrannbie mo dopmyne 77=}" Wik

(Bpemsi, 3aTpayeHHOe Ha k-0 ONEPALMIO B paMKax Ipolecca j);
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(; — TpAHCAKIIMOHHBIC W3MICPKKU (M3ICPKKU COTJIACOBAHUS, MOJTOTOBKA OTYETOB,
KOHTPOJIb, COBEIIIAHNA);
M;— npsiMbIe MaTepHaIbHBIC 3aTPATHL.

Hous noteps Lj B poliecce j onpenensercs Kak:
Tj + Cj
Lj = Jj ' Jj
Pj

OO060O0IIEHHBIN ITOKAa3aTENb I OJIOKa:
- _ S+ C)
i Pj

Kpome Toro, Ha JaHHOI CTaguK BBIACIAIOTCS MPEAMETHI B3aUMOACHCTBIUS — KITIOYEBbIC
pecypchl, KOTOpbIE MOT'YT IIEpPEJaBaThCsl OT OJHOW B3aUMOJEHCTBYIOLIEN CTOPOHBI K IPYron
CTOPOHE HMJIM HCIIOIb30BaThCSI COBMECTHO.

AHanu3 oTpacieBOH IPaKTHKHU ITOKa3bIBAET, YTO TAKHMMH MIPEAMETAMHU BBICTYIIAIOT:

1) mrou (Kaapel),

2) TeXHOJIOTHH (pe3yIbTaThl HHTEIUICKTYaJIbHOMN NeSTeIbHOCTH),

3) HUOKP u Hay4HO-TEXHHUYECKUE YCIIYTH,

4) KOMMYHHKalXsg ¥ CHMOMO3 yCHIINH.

Jnst kaxoro mpenmera crpoutcst Marpuna noreppb (Tabn. 2), no3Bossitomas nepeiTu
OT O0IIMX YTBEP)KACHUH K KOHKPETHBIM 30HaM ONTHUMH3AIHH.

Tabauya 2
Martpuuna norepb 1o npeamMeram B3auMoJencTBUA
IIpenmer Tunuuxele NOTEPU CO TunuuHble NOTEPH CO CTOPOHBI
B3aHMOJICHCTBUS CTOpPOHBI By3a TIPEATPUSITUSL
Kanps! (npakruka, PaccornacoBanne IUKIIOB JlomoHNTENEHAsT Harpy3Ka HACTaBHHUKOB,
CTa)XUPOBKN) (y4eOHsbIi TOJ1 / HABUTALIN ), HEJOCTATOYHas IPAKTHYECKast
TPYAHOCTH CHHXPOHH3AIMU MOJIrOTOBKA CTYAEHTOB, TpeOyoIas
rpadukoB. M30bITOUHBII 000yUYEeHHS Ha MECTE.
JOKyMEHTOOOOPOT IpH
0(hOpPMIICHUH TPAKTHK
Texnonorun Jonruit Tpanchep HenonumManue akaieMU4ecKOro si3bIKa
TEXHOJIOTHI U3-32 OTCYTCTBHUS (TepMUHOJIOTUYECKHiT Oapbep).
CTaH/aPTHBIX JINIIEH3HOHHBIX He3aBepIi€HHOCTB pe3ynbTaToB
npouenyp, cinadas nmareHtHass | («JIeMOHCTPAI[MOHHBIE 00pa3LbD BMECTO
3aImuTa TOTOBOTO K BHEPEHHIO TIPOAYKTA).
HUOKP, ycnyru OTCyTCTBHE IPOEKTHOTO Henpo3spaunoe neHooOpazoBaHue:
YTIPaBIIEHHUS, 3aA€PKKH CAATH CTOMMOCTB pabOT 9acTO BKITIOYAET
pabot. Bricokue HakIagHbIe JIOTIOJTHUTEIbHBIE U3AEPKKHY By3a, TIPH
pacxofsl. 9TOM PBIHOYHBIE AHATIOTH MOTYT OBITH
JieleByie Win npo3pauxee. OTCyTCTBUE
4ETKOM rapaHTUH Ha pe3yJIbTar.
Kommynuxkanus OTcyTcTBHE €NUHOM [ToTeps BpeMeHU Ha MHOTOKpaTHOE
(cumb6m03) nuppOBOI cpempl, COTJIaCOBAHHUE MTO3HIHUIL, HETTOTHOE
Hedopmanm3oBanHbIe KaHATEl | UCTIOIb30BAHHE IMTOTEHIHATa COBMECTHOTO
CBSI3M (3asBKU Uepe3 JINIHbIC T060MPOBAHNS OTPACIEBBIX PEIICHUH
JIOTOBOPEHHOCTH)

Hcmounuk: cocmasneno asmopamu.

Obwas cxema ouazHocmuky u yciosus sasepuienus. IIpeyioxkeHHass METOANKa HOCUT
HTEepaIoOHHBIN XapakTep: ecnu Ha Cragum 2 KOMIDIEMEHTapHOCTh HE OOHapy»KeHa,
ocymecTBisieTcst Bo3Bpat kK Ctamuu 1 ms BeIOopa npyroro 010ka 100 yTOUHEHHS THIIOTE3
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0 KpuTHdYeckuX (asax. 3aBeplICHHEC IUATHOCTHKH IPOUCXOTUT IPH BBHIIOJHECHHU
OJHOBPEMEHHO JIBYX YCJIOBHH:
1) unentudurpoBana xots Okl 0JJHa 30Ha KOMIUIEMeHTapHOCTU K7(A,B)=>6;
2) U1 3TOM 30HBI IOCTPOEHA MapaMeTpUUYecKast MOJICNIb U MaTPHIIa IIOTEPb.
bnok-cxema aaroputma AMarHOCTHKH TpeCTaBiIeHa Ha puc. 1.

CTAOWMA 1. Panwuposarue bnoxos
AeATensHocTH, knaccuduxaumna no Knelnepy — Marpuya npuopuretos

.

'CTAJIWS 2. Buibop baoka ¢ MaKCUManbHOW KPUTMHHOCTEIO ANA obenx cTopor

MNposepka 5EJ'IDBI-‘IH Ki=f

Ycnosne
BbinoaHexo?
ol
| CTAZAWA 3
Bosspatr k CTaguM 1
(MTepawma)
MNapamerpuueckan
dopmanuIalmra
P =T; + C; + M; I T +C;
g=—2
P
Dopmupopanue - - j
npeAnoMeHni No Marpuua noTepes No Nnpegmeram
DATHMW3ALKMIA KOHTYpa B3aUMOAEHCTBMA
ynpasAeHHA

Puc. 1 brok-cxema CHCTEMHOI AUArHOCTHKH B3aUMOJICHCTBHUS «BY3 — MPEINPHUSITHCH
(CocraBneHo aBTOpaMun)

PesyabTaThl

PazpaboTtanHass MeTOAWKa CHUCTEMHOW JHMAarHOCTUKH TI0O3BOJIIET CTPYKTYPHPOBATH
npobiemnoe nosne B3aumoneiicTBus BI'YBT u orpaciieBbIX NpeanpusTHii, BBISIBUTH 30HbBI
MOTEHIMANIbHBIX MOTEPh M ONPEJCIUTh HANpaBICHUS Ul ONTHMH3ALUU yIPABICHYECKHX
KOHTYpoB. KitoueBbIMH pe3ynbTaTaMH IPUMEHEHUS! METOIUKH SIBIISFOTCS:

1. Mampuya npuopumemos, PUKCUPYIOIIAsk THIIOJIOTHIO BHJIOB AEATEIHHOCTH CTOPOH 1
runoreTndeckue Kpurudeckue ¢assl (Tabm. 1). DTOT MHCTPYMEHT MO3BOJSIET NEPEBECTH
pa3po3HEHHbIE  OJKCHEPTHBIE  CyXAEHMI O  MpobiemMax  B3aWMOJICHCTBHS B
CTPYKTYPHPOBaHHYIO (OpMY, YIOOHYIO AJIst AabHEHIIETo aHann3a.

2. @yuxyua kpumuunocmu Ki(A,B) M ycloBHE KOMIUIEMEHTapHOCTH, KOTOpBIE
NPEBPAIAIOT Ka4yeCTBEHHbIE OSKCIEPTHBIE OLEHKH B (OPMaIM3yeMbId KpUTEpHUH s
MPHUHATHS PEUIeHUs O IeIeco00pa3HOCTH YITyOJIEHHOTO aHaiW3a KOHKPETHOro OJoKa
JIESITETTBHOCTH.

3. Iapamempuueckas mooden» oneHku 3arpatr u noreps (Pj=7; + ¢ + My
Lj = (Tj+ Cj)/Pj), koTopas TO3BOJISIET KOJINYESCTBEHHO OMUCATh CTPYKTYPY H3IEPIKEK M0
BBIOpPAaHHOMY ITPOIIECCY B3aUMOIEHCTBUSI.

4. Marpuna noteppb 1o npeameram B3ammoneiictBus (Tabn. 2), cucTteMaTu3upyromas
TUIWYHBIE U3JICPKKU IS KQXKIO0H U3 CTOPOH NpH 0OMEHE KIIFOUeBBIMH pecypcaMu (KaJpbl,
texnosorun, HUOKP, xommyHukarusi). Matpuna MOXeT OBITh HCIIOTIH30BaHA KaK YEeK-JIUCT
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NP TPOBEJCHWH IWATHOCTHKM M Kak OCHOBa JUIA BBIPAOOTKM PEKOMEHIALUH IO
ONTHMHU3AIHN.

Oocy:xnenue

[IpemmoskeHHass METOAWKAa OPTaHMYHO BIHCHIBACTCS B CYMIECTBYIOIIYIO MapaIurMy
CHUCTEMHBIX HCCIICJIOBaHUI B SKOHOMHMKE, pa3BuBaeMyr B paborax I'.b. Kieiinepa u ero
mocnenosarenerd [13; 14; 18; 19]. B oTnuume OT M3BECTHBIX pa3pabOTOK, TIE AaKICHT
JIeNaeTcsl MPEUMYIIECTBEHHO Ha aHalu3€ MHBECTULMOHHBIX MPOIECCOB WU YIpPaBICHUH
KayecTBOM, Ipe/ularaeMblii  1oAX0ox  (OKycHpyeTcsi Ha  HpPOLECCHOH  CTOpOHE
B3aUMOJICHCTBUSL U BBISBJICHUU TMOTEPb, BO3HUKAIOUIMX Ha CTBIKAX YIPaBJIEHYECKUX
KOHTYPOB.

BaxxHO!T OCOOCHHOCTBIO METONWKH SBISIETCS €€ WTepalMoOHHBIA Xapakrep. IOTO
03HAYaeT, YTO JUATHOCTHKA HE TPEANoyiaraeT OTHOKPAaTHOTO «H3MEpPEHHsI» U
MOCTeIyroIeil BEIPaOOTKH PEKOMEHIAINA, a JOIMYyCKaeT BO3MOXKHOCTh MHOTOKPATHOTO
BO3BpaTa K MPEABIAYIIAM 3TallaM TpH OOHApY)KEHHH HECOIPATaeMOCTH IOTpeOHOCTEH
cropoH. Takoif moaxox Mmo3BoJsieT W30eXaTh JIOKHBIX IPENNOJIOKCHAN W IMOCTEIICHHO
Cy’KaTh 30HY IIOMCKa.

IIpu 3TOM cremyeTr MOMYEPKHYTh, YTO IpeasaraeMas METOAHMKa HE NpEeTeHIyeT Ha
MIOJTHOTY KOJIMUECTBEHHOI0 aHajlW3a Ha HadaJbHOM 3Tane. BBeaeHue mapameTpudeckoit
MOJIENIH CIY>KUT, TPEXJE BCEro, JUId WIIIOCTPAllMU JIOTHKU JanbHEHIIero aHamusza M
3aJaHud HalpaBleHHd 1 cOopa MOaHHBIX Ha IOCIeAyIOIUX »3Tamax. KoHKpeTHbIe
YHUCJIOBBIC 3HAYEHHS] BPEMEHHBIX U TPAHCAKLIMOHHBIX H3JEPIKEK MOTYT OBITh MOJYYECHBI B
XOJIe TOCTEeNyIomell anpo0danmui METOAWKA Ha OCHOBE DEaJbHBIX JOTOBOPOB, HO 3TO
SIBIISICTCA TIPEIMETOM OTEIFHOTO UCCIICIOBAHMS.

Kpome Toro, crmemyer OTMETHTh OTpaHHYEHHS IpeaaracMoro moaxomna. Bo-mepBhIX,
¢Gynxuus kputnanoctu Ki(A,B) u noporoseie 3uauenus G4, Gz 3a7aI0TCS SKCIEPTHHIM
myTéM, YTO TPEAMNOJIAraeT HAJHMYUE ONPEACAEHHOTO YPOBHS CYOBCKTHBHOCTH. BO-BTOPBIX,
mapaMeTpUYIecKas MOJIC]Ib HE YUUTHIBACT BOBMOXKHBIC CHHEpreTuuecKue 3G eKThl, KOTOphIe
MOTYT BO3HUKATh MPHU OJHOBPEMEHHOW OMTUMMU3AIMHA HECKOJBKUX MPOIECCOB. B-TpeThux,
npeajaraeMasi MaTpuila MoTeph SBISETCS 0000IMEHHON M MOXKET MOTPeOOBaTh alanTaIuu
MIPUMEHHUTETFHO K KOHKPETHBIM BHUJIAM EATEIHHOCTH WJIM OPTaHU3AI[MOHHBIM CTPYKTYPaM.

HecmoTps Ha yKka3zaHHBIE OTrpaHM4YeHHs, pa3paboTaHHAas METOAMKAa  HMEeT
HECOMHCHHYI0 MPaKTUYECKyI0 [eHHOCTb. OHa MOXeT OBITh HCIIONB30BaHA IIPH
(OpMHUPOBAHUU CTPATETHH PA3BUTHUS B3aUMOJCHCTBHUS C OTPACICBBIMH NPEATIPUATUIMHE, a
TaKk)Ke B Ka4eCTBE MHCTPYMEHTa BHYTPEHHETO ayAWTa UIS APYTHX TPAHCIIOPTHBIX BY30B.
JanpHeWmuM HaTpaBICHHEM HCCIICAOBAHWHA SBISIETCS OMIUpUYEcKas Bepu(UKaIUL
MPEUTOKEHHOH METOAWKH Ha pACIIMPSHHOW BEIOOpKE IOTOBOPOB, a TaKXkKe CO3MaHUE
IU(PPOBOTO HMHCTPYMEHTApUs [UII aBTOMAaTU3WPOBAHHOTO MOHHTOPHHTA BPEMEHHBIX U
TPAHCAKITUOHHBIX U3JIEPIKEK.

3akaouenue

B xo07€e HacToAIIero HCCIe0BaHNUS JOCTUTHYTHI CIIELYIOIUE OCHOBHBIC PE3yJIbTaThI.

1. Pa3paborana MeTOAMKa CHUCTEMHOW JMAarHOCTUKW B3aUMOJEHCTBHUS OTPACIIEBOTIO
YHUBEPCHUTETA M NPEANPUSITHN BOJHOTO TPAHCIIOPTA, BKIIIOYAIOIIAS TAIIBI:

a) pamXHMpOBaHHWE BHJOB [ESTEJBFHOCTH C KiIacCH(UKAIMEH II0 THITy CHUCTEM
I'.b. Knelinepa u mocTpoeHre MaTpUIlbl IPUOPUTETOB;

6) BBIOOp KPUTHYHBIX OJIOKOB M IPOBEPKY MX KOMIIJIEMEHTApPHOCTH HAa OCHOBE (PyHKINHU
KPUTHYHOCTH M IOPOTOBBIX 3HAYECHUIA;

B) TapaMeTpHyeckyo (opmaiM3alMio MpPOLECCOB C BBEACHHEM IOKa3areiei
BPEMEHHBIX, TPAHCAKIIMOHHBIX M MaTepHAIbHBIX 3aTparT, a Takke (POPMHUPOBAHUE MaTPUIIBI
MOTEPh [0 IPEIMETaM B3aUMOACHCTBUSI.
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2. llpennokeHa cucTeMa aHATUTHYCCKUX WHCTPYMEHTOB, BKIIOYAIONIAS MATPUILY
MPUOPHUTETOB, (DYHKIMIO KPUTHYHOCTH, apaMeTpuyeckyto Monens 3arpat (Pj = 7+ G+
M; Lj = (Tj+ Cj)/Pj), a taxxke Marpuiy mOTepb MO YETHIPEM 0a30BBIM IIPEAMETaM
B3aumoeiicTBus (kaapsl, Texnonoruu, HUOKP, kommyHuKaIys).

3. Pazpaborana oOmasi cxema JUarHOCTHKH, MMEIONIAas WTEPAalMOHHBIA XapakTep
BKJIIOUAlOIass yCJOBHE 3aBEpUICHMs: HACHTH(QUKAUMsS XOTs Obl OJHOH  30HBI
KoMIuieMeHTapHOCTH (Ki(A,B) = 6) u mocTpoeHHe IJIs STOW 30HBI IapaMeTpHYecKOn
MOJIETIH ¥ MaTPHILBI IOTEPb.

4. CdopMynmpoBaHBl HANpaBlICHUS MAaJbHEHIINX WCCIEIOBAHUN: SMIHpPHUIECKas
Bepu(HKaLnsi METOAWKHA Ha OCHOBe aHaim3a morosopoB BI'YBT; pa3paboTka u muimoTHOE
BHEJIpEHHE MU(PPOBOTO TpeKepa 3aKa3oB, CpPaBHHUTENBHBIM aHAMN3 3S((EKTHUBHOCTH
Pa3INYHBIX MOAENEH MIPOEKTHBIX 0(hHCOB PH YHUBEPCUTETAX.

[MomyuenHsie pe3ynsTaTel MOTYT OBITE wHcmodb3oBaHel BI'YBT mpum co3manum
MPOTpaMMbl Pa3BUTHS B3aHMMOJCHCTBHSA C OTPACIEBBIMH MPEANPUSATUSIMH, a TAaKXKE MOTYT
OBITh TUPXXUPOBAHBI HA IPYTUE TPAHCIIOPTHBIE BY3BI.
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Annoramms. [IpeaMeroM wHcciemoBaHMs SIBISIETCS TPAaHCIOPTHO-JOTUCTHYECKass CHCTEMa
fora [Ipumopckoro kpas, oOecreduBaromasl B3aMMOJCHCTBHE MOPCKHX  IIOPTOB,
KEJTEe3HOAOPOKHBIX U aBTOMOOMIIBHBIX TOJIX0JI0B, a TAKXKE ITyHKTOB NPOITyCKa Ha TPAHUILE C
KHP u KHJAP. Ilemp cratbu CcOCTOMT B OLEHKE BIWSHHUA HOBOTO IOpTa-xaba Ha
nepepacrpefeleHie TPy3Ol0TOKOB, 3arpy3Ky OOBEKTOB M HalMdhe Y3KHX MECT B
paccmaTpuBaeMoil cucreMe. MeToJuuecKyl0 OCHOBY HCCIIEIOBAHUS COCTABHJIO CLIEHapHOE
MOJICTIUPOBAaHHE C KCIOJIB30BAaHHEM IM(PPOBOH MOJENM IOKHOM YacTH TPaHCIOPTHO-
JIOTUCTUYECKOW  cucTeMbl  [IpuMopesi, peann3oBaHHOW Ha  0a3e  TPaHCIIOPTHO-
9KOHOMHYecKoro Oanmanca. ComocTaBieHsl JaBa cueHapusi pasutus go 2035 1.
WHEPIMOHHBIA M CIEHAapHi C CO3ZaHHUEM MNOpTa-xaba M COMPSDKCHHOW TpPaHCIOPTHOM W
MIPUTrpaHUIHON HMHQPACTPyKTypsl. Pe3ynbTaThl pacdeToB MOKa3ald, YTO B HHEPIHOHHOM
CIICHApUHU COXPAHAETCS Meperpys3Ka psaaa KIIoYeBbIX 00bekToB, BKiIroyas KA MaxanuHo,
nopTel BraguBocTok u 3apyOuno, Tepmunan CiaBsHKa M KeIC3HOAOPOKHBIN ydacTok 207
KM — rocynapctBeHHas rpaHuna ¢ KHP. Bo BTopoM crenapum Harpy3ka Ha OCHOBHBIC
JUMUTHPYIOIIME 3JIEMEHThl CHU)KAETCA, a TPY30HOTOKH IEpPEepaclupeneiaoTcs MExXIy
oObekTamu cetd. CrenaH BBIBOJ, YTO CHCTEMHBIH 3(@deKT maeT HE H30IMPOBAHHOE
CTPOUTENBCTBO HOBOTO IOpTa, a ()OPMHUPOBAHHE WHTETPUPOBAHHOTO TPAHCIIOPTHO-
noructTudeckoro ysna. [lomydeHHble pe3yIbTaThl MOTYT HCIIONB30BAThCA IPH 0OOCHOBAHHUHU
nH(PACTPYKTYpHBIX pernreHnit Ha fore [Ipumopckoro kpas.

KnroueBble cioBa: mopt-xal, TpaHCHOPTHO-JTOTHCTHYECKas cHcTeMa, for [Ipmmopckoro
Kpasi, TPy30IOTOKH, CLIEHAPHOE MOJECIMPOBaHUE, Y3KHE MECTa, NPOIYCKHas CIOCOOHOCTS,
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Abstract. The study focuses on the transport and logistics system of southern Primorsky
Krai, which integrates seaports, railway and road approaches, and border checkpoints with
China and North Korea. The purpose of the paper is to assess how the formation of a port
hub may affect cargo flow redistribution, infrastructure utilization, and bottlenecks within
this system. The methodological framework is based on scenario modeling using a digital
model of the southern part of Primorye’s transport and logistics system developed on the
basis of the transport-economic balance approach. Two scenarios through 2035 are
compared: a business-as-usual scenario and a scenario involving the creation of a port hub
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together with related transport and border infrastructure. The results show that under the
business-as-usual scenario, several key facilities remain overloaded, including the Makhalino
railway border crossing, the Ports of Vladivostok and Zarubino, the Slavyanka terminal and
the railway section between the 207 km point and the Chinese border. Under the port-hub
scenario, the load on the main limiting facilities decreases, while cargo flows are
redistributed across the network. The paper concludes that the systemic effect is achieved not
by constructing an isolated port facility, but by forming an integrated transport and logistics
hub. The findings may be used to support infrastructure planning in southern Primorsky Krai.

Keywords: port hub, transport and logistics system, southern Primorsky Krai, cargo flows,
scenario modeling, bottlenecks, throughput capacity, international transit, transport
infrastructure.

BBenenue

W3menenue reorpaduu BHEIIHEW TOproeiau Poccuu B mociepHue roipl CyIIeCTBEHHO
MOBBICUJIO 3HA4YE€HHE BOCTOYHOTO HANpaBJICHHS M TPAHCIOPTHOM cHcTeMBl fora JlanpHero
Bocroka. B aTux ycnosusix tor IIpuMopckoro kpasi mpuoOpeTaeT ocodoe 3HaueHne Kak 30Ha
CONPSOKEHUST ~ MOPCKOH,  JKEIEe3HOJOPOXKHOH,  aBTOMOOWJIBHOW ¥ NPHUTPaHUYHOU
nHppacTpyKkTypsl. BMecTe ¢ TeM pocT Harpy3kd Ha AaHHBIH YYacTOK BBISBIJI HE TOJBKO
JIeGUIUT OTAENbHBIX MOIIHOCTEH, HO W Oonee oOmIyro mHpoOiieMy HECOTJIACOBAaHHOCTH
pa3BUTHS HMHQPACTPYKTYPHBIX 3JEMEHTOB, OT KOTOPOH 3aBHCHUT IIPOIMYCK 3KCIIOPTHO-
HUMIIOPTHBIX, BHYTPEHHUX M TPAH3UTHBIX TPY30IIOTOKOB.

Ha mpoTspkeHMM [UIMTENBHOTO BPEMEHH peIIeHHe 3TOM 3ajadd  CBS3BIBAJIOCH C
pa3BUTHEM MEXIYHapOAHBIX TPaHCIOPTHHIX Kopuaopos «lIpumopse-1» u «IIpumopse-2».
OjHaKO HaJM4KMe BBITOJAHOTO Treorpauyeckoro IMoJO0KEHHs W MOTEHIHAIBHON rpy30BOi
6a3pl camo mo cebe He oOecredmsio (OPMUPOBAHUS YCTOHYMBOM CHCTEMBI CKBO3HBIX
MYJBTUMOJAIBHBIX TepeBo30K. OrpaHMYeHUsIMH OCTAIOTCS MPOITYyCKHAsl CIOCOOHOCTh
KEJE3HOJOPOXKHBIX M aBTOMOOWJIBHBIX MOJXOJIOB, IapaMeTpbl MYHKTOB IPOITyCKa,
COTJIACOBAHHOCTH pa0OTBHl PA3HBIX BHJOB TPAHCIOPTA W HEJOCTATOYHAS pPa3BUTOCTh
CONYTCTBYIOIIMX JIOTMCTHYECKUX cepBUCOB [1—4]. B pesynbrate tor Ilpumopbs moka He
BBIIIOJHAET B TMIOJHOM Mepe OGYHKIMM y37a IepepaclpenesieHnus] T'Ppy30NOTOKOB, a
TPAaHCIIOPTHAsI CHCTEMa pPabOTaeT C BBHICOKOW YyBCTBUTEIBHOCTHIO K JIOKAJHHBIM
neperpy3Kkam OTAEIbHBIX 00bEKTOB.

B 3THX ycnoBHSAX NMPaKTHUECKWH WHTEPEC NPENCTABISET CLEHAPHH CTPOUTENHCTBA HA
tore [lpumopbs mnopra-xaba, crnocoOHOro mpuHATH Ha ce0s 4acTh  (YHKUMIA
nepepacrpeziesieHisl TPy30B M U3MEHUTh CXeMy pPaboThl TpaHcHoOpTHO# cetn. OnHako
3HAaYCHHUE MMEET He caM Mo ceOe HOBBIM MOPTOBBIM OOBEKT, a €ro BKIIOYCHHE B OoJice
IIUPOKUN TPAHCIOPTHO-JIOTUCTUYECKUI KOHTYP, OXBAaTbIBAIOIIMUK JKEIE3HOIOPOXKHBIE
IIOJTXO/1bI, aBBTOMOOMIIBHBIE CBSI3H, TYHKTHI MPOITyCKa U BHYTPUIIOPTOBYIO HHPPACTPYKTYPY.
IToaToMy olleHKa Takoro creHapus TpeOyeT paccMoTpeHHs rora Ilpumopss kKak equHOMN
TPaHCIIOPTHO-JIOTUCTUYECKOH CHCTEMBI, B KOTOPOI N3MEHEHHE OJJHOTO 3JIEMEHTa BIHET Ha
3arpy3Ky M YCTOIUYMBOCTb BCEH CETH.

Llens craTbu 3aKimrovyaeTcs B OIIGHKE BIMSIHUS TOpTa-xaba Ha IepepacipesiesieHHe
IPY30IIOTOKOB W MapaMeTpbl (JyHKIIMOHHPOBAHMS TPAHCIIOPTHO-JTOTUCTUYECKOH CHCTEMBI
tora [Ipumopckoro kpas. [yt nocTmkeHus 3TOH Henu B paboTe ucroisb3yercs nudposas
MOJIeNIb PAacCMaTPUBAEMOr0 ydacTKa CETH, peajM30BaHHas Ha 0a3e TpaHCIIOPTHO-
9KOHOMHYECKOTO OajaHca, ¥ COIMOCTaBISIOTCSA JBa clieHapusi pasButus ao 2035 r. —
WHEPIMOHHBIA W CIEHAPHHA C CO3JIaHUEeM TopTa-xaba M CONMPsHDKEHHON WMHQPPACTPYKTYPHI.
OTO TO3BONAET BBIIBUTH KIIFOUEBBIE Y3KHE MECTa CHCTEMBI, ONPEACIHTh XapakTep
HM3MEHEHHS Harpy3KH Ha OT/EIbHBIE OOBEKTHI M OIIEHUTH YCIIOBHSA, IIPH KOTOPHIX MOSIBIICHUE
HOBOTO y3JIa MOKET JIaTh CUCTEMHBIN 3¢pekT st paboTsl TPAaHCIIOPTHOI CeTH.
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Marepuajbl 1 METOABI

OOBEKTOM HCCIENOBaHMS SIBISIETCS OXKHAS YacTh TPAHCHOPTHO-JIOTHCTHIECKON
cucremsl [Ipumopckoro kpas, B mpefenax KOTOpPOH (pyHKIMOHHPYIOT MOPCKHE MOPTHI U
TEPMHUHAIIBL, )KEJIE3HOAOPOKHBIE MTOX0/bI, aBTOMOOMIBHBIE TOPOTH M ITyHKTHI IIPOITyCKa Ha
rpannne ¢ KHP u KH/IP. Beibop 3Toro y4yactka oOyciOBIIEH €ro IOJIOKEHUEM Ha CTBIKE
MOPCKUX, CYXOIYTHBIX U IPUIPAaHUYHBIX MapLIPyTOB, a TAKKE BO3MOXKHOCTBIO OLICHKH
BIMSIHAS HOBOI'O IOPTOBOIO y37la HA  paclpelielieHHe Tpy30I0TOKOB — BHYTPHU
paccMaTpHUBaeMoOi TPaHCIIOPTHOM CUCTEMBI.

MeToaNYecKyl0 OCHOBY HCCIEIOBaHHS COCTaBHJIO CLEHApHOE MOJEIUpOBaHUE
(YHKIIMOHMPOBAHUS TPAHCIIOPTHOH CHUCTEMBI Ha 0a3e 1M(POBOH MOJIENH, peaTu30BaHHON B
reoMH()OPMAOHHOM ITPOrPAMMHO-BBIMHCINTEIRHOM KoMiuiekce RITM3.” B kadecTse
pacdeTHOH CXEMBI HCIIOIB30BaH IOAXOJ TPAHCIIOPTHO-3KOHOMHUYECKOro OanaHca,
MIO3BOJIIOIINI MOJEHPOBATh MPOXOXK/ICHNE TPY30I0TOKOB Yepe3 CeTh NHPPACTPYKTypPHBIX
00BEKTOB C yYETOM HX MPOBO3HOH M IIPOIyCKHOW CIIOCOOHOCTH, B3aMMHOTO PACHOJIOKCHHUS
1 3aJJaHHBIX MapUIPyTOB cienoBaHus [5].

I'eorpaduyeckn Moaenab OXBAaThIBAET TEPPUTOPHIO, OTPAHWUICHHYIO C ceBepa pailoHOM
VYccypuiicka, ¢ BOCTOKa — y3JIoM YTIoBas—ApTeMm, C 3amaja — IMyHKTaMHU IPOIycKa Ha
poccuiicKO-KUTAlCKO#l TpaHulle, a ¢ fora — nopramu Bmaausoctok, 3apyouno u Ilocker,
tepmuHasioM CnaBsHKa, a Taoke Bbixojnamu k rpanune KHJIP (puc. 1). Bee anemeHnTts
CHUCTEMBI pa3/ieieHbl Ha IBe TIPYyMNIbl: JHUHEHble W TodeuyHble. K JIMHEHHBIM OTHECEHBI
YYaCTKH JKENE3HbIX M AaBTOMOOMJIBHBIX JOpPOT, K TOYEYHBIM — IOPTHI, TEPMHUHAJBI,
JKEJIE3HOJOPOKHBIE CTAHLIMH, ITyHKTHI IPOMYCKAa U Y37bl BETBICHHS MapLIPYTOB.

Jnst kaxaoro o0beKTa B MOAENHN 33JaBajliCh apaMeTphl IIPOBO3HON HMIIM IPOITYCKHOM
CHOCOOHOCTH, a Ul I'PY30I0TOKOB — HadalbHbIC M KOHEYHBIC ITyHKTHI MapIIpyTa, BUJ
TpaHCIIOPTa, HOMEHKIATypa TIpy3a M 00BbEeM IIepeBO3KH. B pacderax HCIOJIB30BATIOCH
YKpPYIHEHHE MO YEeTBIPEM TIpyMIaM TIPYy30B: HAIMBHBIC, HABAJIOYHBIE, KOHTCHHEPHBIE H
npoune. Ha ocHOBe 3THX MaHHBIX (hOpMHpOBaANIaCh MaTpHIia KOPPECIIOHACHINH, ITOCIIE YEro
JUIL KaXKJOr0 3JIEMEHTa CETH ONpEeAeUINCh CyMMAapHBIM I'py30II0OTOK M OTHOCHUTENbHAs
Harpy3ka, paccUMThiBacMasi KakK OTHOIIEHHe o0beMa IepeBO30K K IPOBO3HOM WK
MPOIYCKHOW CIIOCOOHOCTH 00BEKTa. DTOT IOKAa3aTellb HCIOJB30BAICSA ISl BBISBICHHSI
Y3KHUX MECT U CPaBHEHHUS CIIEHAPHEB.

Otnazka MOJENH BBINOIHIACH Ha JanHex 2024 1.8 Jlanee Gbimn copMUpOBaHBI 1BA
clieHapusi pa3BUTHUSL TpaHCHOpPTHOW cucteMbl g0 2035 r. IlepBblil clieHapuii SIBISIETCS
MHEPLUUOHHBIM M TPEANOJAaraeT COXPaHEHHE CYIIECTBYIOUIEH JIOTMKHM OpraHu3aluu
MIEPeBO30K NPH peaNn3alMy yKe HaMEUeHHBIX WH(PacTpyKTypHBIX pemeHuil. Bropoi
CICHapUi TNpenycMaTpuBaeT co3/laHMe mopra-xaba Ha tore Ilpumopes W pasBuTHE
COTIPSHKEHHOHM NH(PACTPYKTYPHI.

st o6oux crieHapueB OOLIMI PAacUeTHBIN IPy30IIOTOK OBUT pa3/iesieH Ha HHEPIIMOHHBII
U TPOEKTHBIM CErMEHTBHI. K unHEpHMOHHOMY CErMEHTy OTHECEHBl pOCCHUIICKHE
BHEIIHETOPTOBBIC IIEPEBO3KH, KaDOTaX M MECTHBIE TPY30IOTOKH, a TAKXKE MEXTyHAPOIHBII
TPaH3UT N0 yXe (YHKIHMOHUPYIOIIUM HarpasieHUsiM. K MpOeKTHOMY CErMEHTY OTHECEHBI
JIOTIOJTHUTENIbHBIE TIOTOKH, MOSIBIEHHE KOTOPBIX CBSI3aHO C Pa3BUTHEM XaOOBOH (QDYHKIMH H
Ooyiee aKTUBHBIM OCBOCHHEM MEXIYyHAapoJHOro TpaH3urta. [Ipu OLEHKEe NpPOEKTHOTro
CEerMEeHTa MCIOJb30BaH IOAXO0J, OCHOBAHHBI HA pa3[EJCHUM IOTEHLIUAIBHON I'PYy30BOHI

7 CBHIETENBCTBO O TOCYJAPCTBEHHOM perucrpamuu mporpammbl i 9BM Ne 2018661616 Poccuiickas
Oeneparmsa. RITM3: Ne 2018619122: 3asgsn. 27.08.2018: omy6n. 10.09.2018 / A.B. Ilpoxopos, [1.C.
Acarpsn, M. Suuknii u ap.; 3assuteas OO0 «A+C TpaHcrpoekT».

8 CBHIETENBCTBO O TOCYIaPCTBEHHON peructpanuu 6asel qanHbix Ne 2025670017 Poccuiickas ®enepanus.
«ba3za naHHBIX UMUTALIMOHHOW Monenu XacaHCKOro TpaHcnopTHoro ysna (IIpumopckuii kpaif)»: 3asBi.
25.03.2025: omy6u1. 03.04.2025; 3asButens ®PI'BOY BO «MI'Y um. angm. I'.1. HeBenbckoroy.
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0a3el M TOI ee 4YacTW, KOTOpas MOXeT OBITh pealbHO IPHUBJICYCHA MPH 3aJaHHBIX
HHPPACTPYKTYPHBIX M OPTaHU3AIUOHHBIX YCIOBHAX [6].
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Puc. 1. Cxema MozpenupyeMoro y4acTka TpaHCIOPTHO-JIOTHCTHYECKOH CHCTEMBI 10ra
IIpumopss

Takoe mocTpoeHHe pacuyeTHOW CXEMbl IO3BOJSAET OTACIUTH 3PdeKT oldmero pocra
nepeBo3ok  OT 3(¢deKTa, BO3HUKAIONIETO BCJIEACTBHE HW3MEHEHMS  OpraHM3aliy
TPaHCHOPTHOM cucTeMbl. [l03TOMy CpaBHEHHE CLEHAPHEB MPOBOJUTCA MO H3MEHEHHIO
3arpy3KH KOHKPETHBIX OOBEKTOB, HAJIUYUIO PE3EPBOB IIPOIMYCKHOH CHOCOOHOCTH W
BO3MOXKHOCTH  HEpepacHpefieieHuss TIPy30lO0TOKOB BHYTPU  MOJAEIHUPYEMOH  CETH.
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[MapameTpsl, ONpeAENSIOIINEG Pa3TUYUsl MEXKIY BapUaHTAMU DPA3BUTHs TPEICTABICHBI B
Tabme 1.

Tabnuya 1
OcHOBHBIE pa3JH4YHs PACYETHBIX CIIeHAPHEB
[apametp Cuenapuit 1 Cuenapuit 2
OpraHu3zanus nepeBo3oK HWHEPIMOHHAS CXeMa cxema ¢ mopToM-xXabom
OcBOEHHE TTPOCKTHOTO
p 15% noteHnuana 60% moTeHIMaza
MEXIYHAPOHOTO TPAaH3UTA
TpaucmunMeHT OTCYTCTBYET JIO 5 MJTH T B TOJI
Topt-xab B Crapsnckom OTCYTCTBYET MpeIyCMaTpUBaeTCs
e —— Y Y peny p
JKJIIIIT Maxanuao 8 MJIH T B rog 100 MyTH T B rOJI
BTopoii sxene3Ho0poxKHbBIN
OTCYTCTBYET MPEeyCMAaTPUBACTCS
MyTh K Xaby

Hcemournuk: cocmaeneno asmopamu no pesyibmamam CYeHapHoco Mo@e}lupoeamm.

Pe3yabTaTsl

CueHapHOE MOJENUPOBAaHUE IIOKA3al0 CyIIECTBEHHbIE pa3auuus B pabore
TPaHCIIOPTHO-JTOTUCTUYECKON CHCTEMBI fora [IpuMOphs ITpH HHEPIMOHHOM Pa3BUTHHU U TIPH
¢dopmupoBanun mopra-xaba. OcBoeHHE MPOEKTHOTO CErMEHTa IPy30BOi 0a3sl B IIEPBOM
BApUAHTE OCTAETCSl OTpaHMYEHHBIM: MeXAyHapoaHbl TpaH3uT no MTK «Ilpumopse-1» u
«IIpumopbe-2» npuHIMaeTcst Ha ypoBHE 15% OT OIEHEHHOTO MOTEHIIMANA, TPAHCIIHUIIMEHT
OTCYTCTBYeT. Bo BTOpOM crieHapum mpeaycMmaTpuBaeTcst (OpMHUpPOBAHHE IMOpTa-xaba B
CnaBsHckoM  3anmuBe, pasButue OKJIIII  MaxanuHo, CTpOUTENBCTBO  BTOPOTO
KeJIe3HOIopokHOro TyTH oT rpanunpl ¢ KHP k mopry-xaly m OGoniee cornacoBaHHOE
pacupeneneHue  MOTOKOB ~ MEXIy  aBTOMOOWMIBHBIMM M JKEJIE3HOJIOPOKHBIMHU
HanpasieHusiMu. [Ipu 3ToM Xxab paccmartpuBaeTcs Kak 0OBbEKT, crnocoOHbIil k 2035 T.
o0OpabatbiBath 10 60 MJIH T TPAaH3UTHBIX TPY30B B paMKax MPUHSITON CLIEHAPHOH OLICHKH.

Pe3ynbTaThl pacdyeToB MOKA3BIBAIOT, YTO B HHEPIMOHHOM CIIEHApHHM TPAHCIOPTHAs
cucreMa He O00€cleurMBaeT MPOIMYCK BCErO0 pacdyeTHOTO TIPy30MOTOKa JaXe IpH
OTPaHMYCHHOM OCBOGHMM MEXIYHAapOZHOro TpaH3uTa. Hambosee HampsHKeHHBIMH
anemeHTaMu craHoBstes KT Maxanuro, mopTt 3apyouHo, TepmuHan CraBsHKa, MOPT
BnaguBocTok, a Takxke KeJle3HOAOPOKHBIA yyacTok 207 KM — rocyJapcTBEHHasl TpaHuLa C
KHP. Ilo »tum oObekTaMm pacueTHass OTHOCHTEIbHas Harpyska mpesbimaer 100%, uro
YKa3bIBaeT Ha HEBO3MOXKHOCTH IIPOITyCKa BCETO 3aJlaHHOr0 00beMa MepeBO30K B Mpeenax
HMMEIOIINXCS IPOBO3HBIX U MPOIMYCKHBIX CIIOCOOHOCTEH (Tadm. 2).

Bo BTOpOM cuieHapuu cutyanus MeHseTcs. Pa3zBurue conpsyKeHHON KeNne3HOJOPOKHOM
W TPUIPAaHUYHOW HMHQPACTPYKTYPHl IO3BOJISIET CHSATh OCHOBHBIE OIpPaHUYEHHS Ha
HampaBJICHWH K TpeArnojaraeMoMy mnopty-xa0y. OrTHocutenbHass Harpy3ka Ha JKIIITT
MaxanuHo cHuxkaetcst co 159 no 69%, na yuactke 207 KM — TOCyJIapCTBEHHAs TpaHUIA C
KHP — co 113 mo 55%, na tepmunane Cnassinka — co 183 g0 83%, Ha mopty 3apyouHo — co
135 no 85%. Jlaxxe Ha 0OBEKTaxX, IJe Harpy3ka OCTaeTCs BBICOKOW, OHa HE INPEBBINIAET
KPUTHYECKOTO YPOBHS. JTO O3HAYAET, YTO CIIEHAPHH C MOPTOM-XaOOM MEHSIET HE TOJIBKO
paciipesenieHle  OTHENIBHBIX  IPy30HOTOKOB, HO ¥ 00wyl paboTOCHOCOOHOCTD
paccMaTpHUBaeMOro y4acTKa TPaHCIIOPTHOM CHCTEMBI.
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Tabauya 2

PacueTHasi HAarpy3Ka KJII0YeBbIX 00bEKTOB TPAHCHOPTHOI HHPPACTPYKTYPHI I0ra
IIpumopckoro kpas B 2035 roay, %

OTHOCHTENbHAS Harpy3Ka
OOBEKT TpaHCIOPTHOH HHPPACTPYKTYPBI
Cuenapuit 1 Cuenapuii 2
Toueunvie 06vexmol
KA MaxanuHo 159 69
JKATIIT IMorpanuynsiii (ct. ['poekoBo) 99 83
ATIIT KpackuHo 19 82
AIIII ITorpanuuHslil 62 89
Topt 3apybuno 135 85
Tepmunan CnaBsHka 183 83
ITopt Bnangusoctok 106 92
Jlunetinvie scene3no0opodichvie 0ObeKnbl
207 kM - rocrpanuua c KHP 113 55
Yccypuiick — bapanoBckuit 98 93

Hcemounuk: cocmaenero asmopamu no pesyibmamam CYeHapHoco MOOEﬂupO@aHM}i.

CpaBHEeHHE ClIEHapHeB IOKa3bIBAET, YTO KIOUEBBIM 3(PQEKTOM BTOPOro BapUaHTa
SBJSIETCST TIEPEBOJ CHCTEMBl W3 pEXUMa JIOKAJIBHBIX MEperpy3ok B PpEXUM Oolee
cOalaHCHPOBAaHHOTO  paclpejesieHuss Harpy3ku. IIpy  3ToM pocT Harpy3ku Ha
aBTOMOOWIIbHBIE MYHKTHI nponycka KpackuHo u [lorpaHuyHbIi BO BTOpPOM CLIEHApHU HE
ABJIACTCS. OTPULATEIBbHBIM PE3yJbTaTOM: OH OTpaxkaeT 0ojiee aKTHBHOE MHCIIOJIb30BAaHHE
CYXOITyTHBIX KaHAJlOB NP COXPaHCHUH HX 3arpy3Kd B IpeleiiaX pacyeTHON IPOIyCKHON
ciocobHoctd. Takum oOpazoM, (GopMHpOBaHHE IOpTa-xaba MpPH YCIOBHU Pa3BHTHS
CONPSDKCHHOH HH(PAaCTPYKTYphl CO30aeT JONONHHUTENBHBIA KaHAl MPOIMyCKa TPy30B U
CHI)KAeT 3aBUCUMOCTb PaOOTHI BCEil CHCTEMBI OT HECKOJIBKHX IePerpyKeHHBIX 00BEKTOB.

Oocy:xnenune

[NomyueHHBIE pe3yNbTATHI IMOKa3bBalOT, 4TO0 3(pdekr QopmupoBanms mopra-xada
CBS3aH HE CTOJBKO C TOSIBIEHHEM HOBOT'O IIOPTOBOTO OOBEKTa, CKOJIBKO C M3MEHEHHEM
OpraHM3aluMyd Bcell  TpPaHCHOPTHO-JIOTMCTHYECKOM cucrembl tora Ilpumopes. B
MHEPIIMOHHOM CIIEHApUU JIa)Ke OTPaHWYEHHOE OCBOCHHE JOTIOJIHHUTEIHLHONW TPy30BOM 0a3bl
MPUBOAUT K TMEPErpy3Ke psiaa TOYCUYHBIX W JHUHEHHBIX OOBEKTOB. DTO O3HAYAET, YTO
JaTbHEUITUH POCT TPAH3UTHBIX U BHEITHETOPTOBBIX MEPEBO30K HE MOXKET OBITh 0OecredeH
TOJIBKO 32 CUET JIOKAIbHOW MOJIEPHU3ALMH OTAENbHBIX TEPMUHAJIOB WJIM IYHKTOB MPOIYyCKa.
OrpaHnyeHusl BOBHUKAIOT Ha CTBIKE Pa3HBIX 3JEMEHTOB CETH, MO3TOMY HX YCTpaHEHHE
TpeOyeT COTTACOBAHHOTO pAa3BHTHS ITOPTOBOH, JKEIE3HOJOPOKHOW, aBTOMOOWIEHOW U
MPUTPAaHUYHOU MHPPACTPYKTYPHL.

Bo BTOpOM clLeHapuu MMEHHO TaKO€ COTJIACOBAHHOE Pa3BUTHE IO3BOJISIET MU3MEHUTh
pexxuM  paboTel cucTeMbl. CTpPOMTENBCTBO TOpTa-Xada, Pa3BUTHE >KEIE3HOIOPOIKHOTO
IyHKTa @ponycka MaxalMHO U CO3/aHHE€ JONOJIHUTEIbHBIX  KEJIE3HOJOPOKHBIX
MOIIHOCTEl Ha HampaBlIeHUM K HOBOMY TPAHCIOPTHOMY Y3Jy MNPUBOJAT K CHHUYKEHUIO
Harpy3ku Ha Haubosiee MpoOseMHbIe OOBEKTHL. I[IpM 3TOM POCT 3arpy3kd OTIEIBHBIX
aBTOMOOWJIBHBIX ITyHKTOB MPOIMYCKa OTpakaeT 0Oojiee aKTHBHOE WCIIONBh30BAHUE paHee
HEI03arPYKEHHBIX JJIEMEHTOB cHCTeMBbl. (CleJoBaTeNbHO, pPe3yJIbTaTOM CLEHApUs C
MMOPTOM-Xa0OM CTaHOBHUTCSI HE TMPOCTOE YBEIMYEHHWE CYMMapHOW MOIIHOCTH, a
repepacipeiesieHIe IOTOKOB MEXKIy 2JIEMEHTaMU CETH.

Takoii pe3ympTaT cOTIAacyeTcs C INPEACTABICHISAMH O MOpPTe-Xabe Kak 00 3JIeMeHTe
Ooyiee TIMPOKOM TPAHCIIOPTHO-JIOTUCTHYECKOW CHCTEMBI. B COBpEeMEHHOH mpakTHKe
KOHKYPEHTOCIIOCOOHOCTh ~ TIOPTOBOIO  y3Jla OMNpENeNsAeTcs HE TOJNBKO TIyOMHaMH,
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MPUYAIBHBIMA MOIIHOCTSIMH U O0BEMaMH TEPErpy3kd, HO M KadeCTBOM €ro CBS3CH C
Ha3eMHOH HWH(PACTPYKTYpOH, paclpefeNnuTeIbHbIMH LEHTPaMH, ITyHKTAaMH MpPOINyCKa MU
cepBucHBIMU oreparopamu [7, 10, 11]. ITosToMy nmpuMeHHTENBHO K fory IlpuMopes pedun
JOJDKHA HATH O  (OPMHUPOBAHMHM  MYJBTHMOJAIBHOTO  TPAHCIIOPTHOTO Y374,
o0ecreunBaroIero NepeKIIoYeHHe TPY30II0TOKOB MEXKIy MOPCKHM, JKEJIE3HOAOPOKHBIM 1
ABTOMOOWJILHBIM TPAHCIIOPTOM.

[Tpu sTOM pe3ynbTaThl MOJAETMPOBAHMS HE MPEIIOJIaraloT, 4Tto for IIpumMopss MoxeT
OBITH Cpa3y BKIIOYEH B YHUCIO KPYIMHEHIIMX TII00aNbHBIX KOHTEHHEpHBIX XaboB. Boiee
PEaTMCTHYHON SIBISIETCSI MOJIENb Xaba PernoHaJbHOTO YPOBHS, CIIOCOOHOTO OOCITYKHBAaTh
4YacTh TPAH3UTHBIX U MOPCKUX Ipy30I0TOKOB B cucteme CeBepo-Bocrtounoit Aszum. Takas
MIOCTAHOBKA COOTBETCTBYET HCCIEIOBAaHUAM IIOPTOB-XabOB BTOPOIO YPOBHS, KOTOpBIC
paccMaTpHBarOTCs KakK MPOMEKYTOUYHBIC Y37bI MEXIY KPYMHEHIINMU MHUPOBBIMH MOPTaMH
u punepHsIMU HampaBieHHAMH [8, 9], a Tarke paboTaM, paccMaTpHUBAIOMINM H3MEHEHHS
cucteMbl Mopckux cBsizeii B CeBepo-Bocrounoit Asmm [12]. [Ina rora ITpumopes 3T0
O3HAa4YaeT BO3MOXKHOCTh HE 3aMeIleHHs KpymHeWmmx moproB ATP, a 3ansatus
CaMOCTOSATENILHOM POJIM B PETHOHAIBHOM CHCTEME IIEPEBO30K.

OTI[CJ'H)HO CICAYCT MOAYCPKHYTH OrpaHUYCHHA BBIIIOJHCHHOI'O HCCICIAOBAHUA. Bo-
TNICPBBIX, JOJIU OCBOCHUSA IMPOCKTHOI'O I'PY30IIOTOKA B CIHCHAPHUAX ABJIANOTCA PAaCUCTHBIMU
JONYIICHUSMH M OTPaKarOT pa3Hble BapHaHThl MHPPACTPYKTYPHOW M OpraHM3alMOHHOW
TOTOBHOCTH CHCTCMBI. BO-BTOpI)IX, MOJCJIb YYUTBIBAET IIPOBO3HYIO U TIPONYCKHYIO
CHOCOOHOCTh  OOBEKTOB, HO He QopMmanu3yeT B IOJHOM o0ObeMe TapudHbIe,
WHCTUTYIMOHAJIBHBIE W KOMMepdeckue (akTopsl BblOOpa MapmpyTa. B-TpeTbux,
pe3ynbTaThl OTHOCATCS K 3alaHHOM pacueTHOW cxeMe M ropu3oHty 2035 r. — U3MEHEHHE
BHEIITHETOPTrOBOW KOHBIOHKTYPBI, TApU()OB MOPCKUX JIMHUK WM MHBECTHUI[MOHHBIX IUIAHOB
OTIEpPaTOPOB MOXKET MOTPEOOBATh KOPPEKTHPOBKH ITapaMETPOB CIICHAPHEB.

Tem He MeHee MOIyYEHHbBIC PE3yabTAThl MO3BOJISIOT CHENaTh BaXKHBIM MPHKIAIHON
BBIBOJ: [ Pa3BUTHA TPAHCHOPTHOH cucTeMbl fora [IpuMOpbs KpPUTHYHO HE TOJBKO
HapalBaHUE OTJENIBHBIX MOLIHOCTEH, HO U  (OPMUPOBAHUE COIJIACOBAHHOTO
TPAHCIIOPTHO-JIOTHCTUYECKOT0 KOHTYypa. [lopT-xab MOXKeT AaTh CHCTEeMHBIH 3 dekT aumb
nmpu OJHOBPEMCHHOM PAasBUTUM IKCJIC3HOAOPOXKHBIX IMOAXOJ0B, ITYHKTOB IIPOITYyCKa,
TIOPTOBBIX TEPMHUHAJIOB U OPraHU3allMOHHBIX MEXAHU3MOB PACIIPCACIICHUA I'PY30IIOTOKOB. B
MIPOTHBHOM CIIy4ae HOBBIH IMOPTOBBI OOBEKT PHUCKYET CTaTh €Ile OJHUM 3JIEMEHTOM
HeperpyKeHHON CEeTH, a He MHCTPYMEHTOM €€ Pa3rpy3KH U (pyHKIMOHAIBHOTO YCUIICHHUSI.

3akaouenue

BeimonHeHHOE  ClleHapHOE  MOJEIHMPOBaHME  MO3BOJIMIIO  OLEHUTH  BIIWSTHHE
¢dopMupoBaHus TOpTa-xaba Ha pPabOTy TPaHCHOPTHO-JIOTHCTHYECKOM CHCTEMBI ora
ITpumopckoro kpast. [TomydeHHbIe pe3ysIbTaThl TOKa3bIBAIOT, YTO B HHEPIIMOHHOM CLIEHAPHH
K 2035 1. coxpaHsercsi psl KPUTUUYECKHMX OrPAaHUYEHHI, CBSA3aHHBIX C IEperpy3Koit
OTIETBbHBIX TOPTOBBIX, JKEJIE3HOJOPOXKHBIX M TIPUIpaHUYHBIX 00BekToB. Hambomee
HampsOKeHHBIMU dneMeHTaMu  ctaHoBsATcs JK/IIIII MaxanuHo, mopTel BraguBocTok u
3apyOuno, TepmuHan CraBsiHKa U KeJIE3HOJOPOXKHBIN yyacTok 207 KM — roCyJapCTBEHHAs
rpanuna ¢ KHP. Oro ykaspiBaeT Ha TO, YTO JajJbHEWIee OCBOCHUE TPAH3UTHBIX M
BHEIIHETOPTOBBIX TPY30IIOTOKOB HE MOJXKET OBITh OOECIEYeHO TOJBKO 3a CUET TeKymIei
JIOTHKH Pa3BUTH HHPPACTPYKTYPHI.

Cuoenapuit ¢ ¢opmupoBaHneM TIOpTa-xaba ¥ CONPSDKEHHOW HWHQPACTPYKTYpPHI
JEMOHCTPHPYET HMHOH peXuM paboTel cucTeMbl. Pa3BuTHEe IOPTOBOTO  y37a,
KEJIE3HOJIOPOXKHBIX MOJXO0J0B M IPUTPAaHUYHOW HH(QPACTPYKTYPHI IIO3BOJISET CHU3HUTH
Harpy3Ky Ha KJIIOYEBbBIC JIMMUTHPYIOIIHNE OOBEKTHI M IEPEepacHpesiesIUTh MOTOKH MEXIY
JJIeMEHTaMu CeTH. B pesynbTare TpaHCHOpPTHas CUCTEMa IOJy4aeT JOMOJIHUTEIbHBIE
BO3MOXKHOCTH JUIsl IIPOITyCKa IIPOEKTHOW Tpy30BOH 0a3bl 0e3 INpEeBBINIEHUS pacyeTHOU
MIPOBO3HOM M MPOIYCKHON CIIOCOOHOCTH HanOoJjiee BaKHBIX O0OBHEKTOB.
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OCHOBHOW BBIBOJI HICCJIEIOBAHUS COCTOMT B TOM, YTO CHCTeMHBIH 3((dekT maer He
M30JINPOBAaHHOE CTPOUTEIHCTBO HOBOTO IIOPTOBOTO OOBEKTA, a COTIACOBAHHOE pPa3BHTHE
mopTa-xaba M CBS3aHHBIX C HHUM 3JIEMCHTOB TPAHCIIOPTHO-JIOTUCTHYCCKONH CHCTEMBI fOTa
[Ipumopckoro kpas, B TOM YHCJIE >KEIE3HOJOPOKHBIX W ABTOMOOWIBHBIX MOIXOMOB,
MyHKTOB MPOMYCKa, TCPMHUHAIBHOW WH(PACTPYKTYphl U OPraHU3alMOHHBIX MEXaHU3MOB
pacrpeneneHus rpy30noTOKOB. [Ipu TakoM yCIIOBHH MOPT-Xa0 MOXKET BBIMOIHATH (PYHKITUIO
nepepacipeieficHiss TIOTOKOB M CHIKATh HAarpy3Ky Ha CYIICCTBYIOIIUC JJIEMEHTHI
TPaHCIIOPTHOM CETH.

[IpakTHyeckas 3HAYMMOCTD MOJYYCHHBIX PE3YJIBTATOB 3aKIIOYACTCS B BO3MOKHOCTH UX
UCTOJIB30BaHUs. MPU OOOCHOBAaHMM WHQPPACTPYKTYPHBIX PEHICHUH MO PAa3BUTHIO IOTra
[Ipumopckoro kpas, B TOM UHCIE€ TPH IUIAHHPOBAHMHM IOPTOBBIX MOIIHOCTEH,
KEJIE3HOJOPOKHBIX TTOIXO0I0B W Pa3BUTHS ITYHKTOB Ipolmrycka. [IpemnoskeHHast pacueTHast
cXeMa MOXKeT TPHUMEHATHCA s TOCIEOYIOMmed JeTann3aliil CIICHApPHEB, YTOYHEHUS
mapaMeTpoB TPy30BOW 0a3sl W OIEHKHA AaNbTEPHATHUBHBIX BAPHMAHTOB  PA3BUTHAL
TPAHCIIOPTHOM CHCTEMBI PETHOHA.
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Boanbiii Tpancnopt B XXI Beke: 0apbepbl pocTa U BEKTOPbI
pa3BUTHS B HOBOM JKOHOMHUYECKOM peaibHOCTH
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AHHOTauus. B 1maHHOI cratbe aHAMM3UPYIOTCA NpPOOIEMBI M TEPCHEKTUBHI Pa3sBUTHUS
BOJHOTO TPAHCIIOPTA B COBPEMEHHOH 3KOHOMHKE. HecMOoTpsi Ha BakKHYIO pOJIb MOPCKOTO
TpaHCIIOpTa B PEIICHUH SKOHOMHYECKHX 33/ad, ero (YHKIMOHHPOBAHUE CONPSIKEHO C
PAAOM CUCTEMHBIX orpaHuyeHuil. KiiroueBble BOIIPOCHI BKJIIOYAIOT COCTOSIHUE BOJHBIX ITyTel
U THIPOTEXHUYECKUX COOPYXKEHWH, TEXHHYSCKUI ypOBeHb (iIoTa, a Takke (UHAHCOBO-
9KOHOMUYECKOE IOJIOKEHUE CYIOXOIHBIX KOMIIAHMH U 3aHATOCTH IOPTOB. DKOJOTHUYECKOE
BO3IEHCTBUE CYyJOXOIHOM AEATEIHHOCTH TAKKE OCTAaeTCs aKTyalbHOH mpobiemoi. B To ke
BpeMs BOJHBIH TPAaHCIOPT 00JafaeT 3HAYUTEIBHBIM MOTEHIMAIOM Pa3BUTHS, PEaTH3aIHs
KOTOPOTO  CIOCOOCTBYET BHEJPEHUIO WHHOBAlMOHHBIX IPOEKTOB, HHTEHCH()UKALUH
MEKIYyHApOIHOTO COTPYAHHYECTBA U  YITyONEHHIO B3aMMOJCUCTBUS C  JPYTHMH
TPaHCHOPTHBIMU HHCTpyMeHTaMu. Takoe pas3BuTHE OyIeT CHOcOOCTBOBATh MOBBIICHUIO
KOHKYPEHTOCIIOCOOHOCTH BOJJHOTO TPAHCIIOPTA M YBEIWYEHHIO €T0 BKJIA/Ia B HAIIMOHAIBHYIO
9KOHOMUKY.

KonroueBbie cioBa: BonHBIT TpaHCIIOPT, KONOTHYECKHE MPOOIIEMBI, MOPCKUE IIEPEBO3KH,
06opn0a ¢ 3arps3HEHUEM.

Water transport in the 21st century: barriers to growth and
development vectors in the new economic reality
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Abstract. This article analyzes the problems and prospects of the development of water
transport in the modern economy. Despite the important role of maritime transport in solving
economic problems, its operation is subject to a number of systemic limitations. Key issues
include the condition of waterways and hydraulic structures, the technical level of the fleet,
as well as the financial and economic situation of shipping companies and the employment of
ports. The environmental impact of shipping activities also remains a pressing issue. At the
same time, water transport has significant development potential, which can be realized
through the implementation of innovative projects, increased international cooperation, and
deeper integration with other transportation tools. Such development will contribute to
increasing the competitiveness of water transport and its contribution to the national
economy.
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BBenenue

BonHbIil TpaHCTIOPT NCTOPUYECKH SIBISIETCS (DYHAAMEHTOM MEXIyHApOAHONH TOPTOBIIH,
obecrieunBasi CBSI3HOCTh MHPOBBIX PBHIHKOB W JOCTYHHOCTH pecypcoB. Hauamo XXI Beka
CTaJo Uil BOAHOTO TPAHCIOPTa 3MOXOHM mapanokcoB. C OmHONH CTOPOHBI, OH OCTaéTcs
0e3anbTepHATUBHON OCHOBOH JIOKJIM3UPOBAHHON SKOHOMHKH, obOecrednBas okono 80%
MupoBoi ToproBin. C JApyrod — oOTpacib CTOJKHYJIAach C TPOHHBIM BBI30BOM:
TCONOJIUTHICCKON TypOyJIeHTHOCTHIO, TU(PPOBON PEBOIIONHEH W, YTO OCOOCHHO KPUTHIHO,
KECTKIMH SKOJIOTHIECKUMH TPEOOBAHMUSIMHU.

MexayHapoiHble HOPMBI MeXIyHapoOaHoll Mopckoi opranusamuu (MMO) 1o
CHIDKEHHUIO BBIOPOCOB YIJiepojia, Cepbl U a30Ta, a TaKXKe pacTyllee JaBICHHE CO CTOPOHBI
WHBECTOPOB U MOTPEOUTENICH CTAaBAT IO/ BONPOC TPAJUIMOHHbBIE ONEPAlMOHHBIE MOJEIH.
CoBpeMeHHOE CyIOXOJCTBO CTOUT Iepe]] HeoOXOJUMOCTBIO HE IIPOCTO POCTa, a MIyOOKOil
«3enéHoi» TpaHcopmanuy, YTOOBI OCTAaBaThCs JIETUTUMHBIM B TIJla3aX MHPOBOTO
cooOmiecTBa.

BHyTpeHHne Oapbepbl pa3BHTHA OTPACIH YyCYTyOJSIOT BO3/ACHCTBHE BHEIIHHX
¢axtopoB. KitoueBbIMH MPOOJIEMHBIMHA 30HAMH BBICTYMAIOT KPHUTHYECKOE CTapeHHE
MHpoBOoro (ota, AehUIUT KBATM(UIHPOBAHHOTO IIEPCOHANA M H3HOC IIOPTOBO-
nH}ppacTpyKTypHOTO KOMIUIeKca. PaKTHUECKHE AaHHbIE CBHICTEIBCTBYIOT 00 YCTOWIHMBOH
TEH/ACHIMM YBEINWYEHHUS JOJNM CYIOB cTapiie 15 1er, 4To KOppenupyer ¢ pPOCTOM
aBapUHHOCTH M DJKOJOTHYECKHX pPHCKOB. OTHOBPEMEHHO OTpacib CTAJKUBaeTci C
KaaApOBbIM pPa3spbIBOM: CHUCTEMbI IMOATOTOBKHU CIICHUAJIUCTOB HE YCIICBAIOT 3a TEMIIAMH
TCXHOJIOTHYCCKUX HBMCHCHHﬁ, a yCJIOBUA Tpylda TEPAIOT MPUBJICKATCIBHOCTL JId HOBOT'O
MOKOJICHHUS TIPO(ECCHOHATIOB.

Tpa}lI/IHI/IOHHaH MOJ€CJIb pa3dBUTHA BOJHOI'O0 TpAHCIIOPTA, OPUCHTUPOBAHHAsA Ha
MacITabupoBaHHE TOHHA)KA W MHHUMM3ALMIO OIEPAI[OHHBIX 3aTpaTr 3a CUET AEHIEBOTO
TOIUIMBA, CTAHOBUTCSH HEXU3HecocoOHOHW. CoBpeMeHHbIe TpeOOBaHHUS CTEHKXOJIIEPOB
CMEIIAIOTCS. B CTOPOHY MPO3PavyHOCTH, 0E30MaCHOCTH M SKOJIOTHYECKOH OTBETCTBEHHOCTH.
B cBi3m c O3TUM BO3HHMKAET HEOOXOJMMOCTh KOMIUIEKCHOTO aHalu3a Oaphepos,
NPENSTCTBYIOMMX —aJaNnTallid OTpPaciH, W BBIABICHHUS NPHOPUTETHBIX BEKTOPOB €€
pasBHUTHSL.

Cratps HccaeayeT KI4eBble Oaphephl, CACPKUBAIOIINE POCT BOJHOTO TPAHCIOPTA B
COBPEMEHHBIX YCJOBMSIX — OT IM(POBOro paspeiBa M KajapoBoro jeduuura 1o
9KOJIOTHYECKOTO MAaBICHUS W PEryJATOPHOH TypOYJIEHTHOCTH, — a TaKXe OIpeaesseT
CTPaTCru4€CKUC BEKTOPHLI €ro ajaanTalilii U pasBUTHUA. Eyz[ymee OTpacjiu BUJIUTCA HE B
MPOCTOM HapallMBaHWU TOHHAXa, a B TpaHC(HOpPMalUu B THOKYI, MHTEIUICKTYAIbHYIO W
YCTOHYMBYIO CUCTEMY.

Cnoco0bl HAYYHOT0 MO3HAHUS

BopHblil TpaHCHIOPT — 3TO KAaTe€ropHs TPAHCHOPTHBIX CPEACTB, MPEJHA3HAYEHHBIX IS
HNEepEeMEILEHHs] TI0 €CTECTBEHHBIM HIIM UCKYCCTBEHHBIM BOJHBIM IYTSM C LENbI0 JOCTaBKU
Ipy30B M IAacCaXXMpPOB MEXJTy IyHKTamMu Ha3HadeHus [l]. K ecTecTBeHHBIM myTsiM
OTHOCATCSI CO3aHHBIE NPHUPOJON aKBATOPUU: OKEAHBI, MOPs, peku. MIcKycCTBEHHbIE MyTH
BKJIIOYAIOT COOPY’KEHUS, IIOCTPOEHHBIE YEJIOBEKOM, TaKHe KaK KaHajbl, BOAOXpaHWINALIA U
HUTI030BBIE CHCTEMBI.

Bricokass mpoBo3Has CIIOCOOHOCTP W HHU3Kas CE0ECTOMMOCTH JAENar0T BOJHBIN
TPAHCHOPT SKOHOMHYECKH BBITOAHBIM, OCOOEHHO MJIsi TIEPEBO3KH KPYMHOTaOapUTHBIX
rpy3oB. IIpu 3ToM ero BakHeWImass (YHKIUS — CBS3BIBATH TEPPUTOPUH, pPa3IeIEHHBIC
BOJIHBIMHU TIPOCTPAHCTBaMHU (KOHTHHEHTHI, OCTPOBA) WJIM HE MMEIOIINE Pa3BUTON HA3eMHOM

nH(PaCTPyKTypHI.
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[TpuMmeHeHNnEe BOAHOTO TPAHCTIOPTA UTPAET KIFOUEBYIO POJIb B PEIICHUN YKOHOMUYECKHX
3a7ad, OKAa3bIBAIOIIMX BIMSHHUE HA pa3BUTUE KaK OTAENBHBIX CTpPaH, TaK W MHPOBOH
9KOHOMHUKH B 11€70M. K ero OCHOBHBIM IIPEHMYIIIECTBAM OTHOCSITCSI:

1. DOxoHommyeckas 3(PQPEKTHBHOCTH: BOIHBIH TPAaHCIOPT, OCOOEHHO
MOpPCKHE IEPEBO3KH, SBISIETCS OJHUM M3 CaMbIX SKOHOMHYHBIX CIIOCOOOB
TPAaHCIIOPTUPOBKH  KPYNHBIX  MapTHd  Tpy30B  (HampuMep,  ChIPbS,
KOHTEHHEepOoB, He()TH) Ha TAILHUE PACCTOSHHUS.

2. Bbicokast mpoBO3HAsI CIIOCOOHOCTB: CyJla, TAKHE KaK OalKepbl, TAHKEPHI
1 KOHTEHHEPOBO3bI, CIIOCOOHBI IIEPEBO3UTH OIPOMHBIE 00BEMBI, HEJIOCTYITHBIE
JUISL IPYTHX BUJIOB TPAHCIIOPTA.

3. MexmyHapoaHas TOPTOBJISL: CIIY>)KHT OCHOBOW TII00aJIbHOM JIOTHCTHKH,
obecnieunBas 6oiee 80% MHPOBOro TOBapooOOPOTa U CBSI3bIBAsI KOHTHHEHTHI
1 9KOHOMHKH.

4. Pa3BuTHE pErHOHOB: OCBOCHHE PEYHBIX W MOPCKHX IIyTeH
CTUMYJHPYET POCT MOPTOBOH MH(PACTPYKTYpPHI, CO3MacT pabodue Mecra H
CIIOCOOCTBYET Pa3BUTHIO MPUOPEKHBIX U BHYTPEHHUX PETHOHOB.

5. DOKONOTMYHOCTh: MpPU IlepecueTe Ha TOHHO-KWJIOMETP BOIHBIN
TPAHCIIOPT 4aCTO UMEET MEHBIINM yIJIEPOAHBIN Clle]] 10 CPABHEHUIO C aBUa-

HUIIn aBTOMO6I/IJ'H)HI)IMI/I TMEPECBO3KaMU.

Leabio paGoThl siBJsieTCS KOMIUICKCHBIM aHaIM3 MpOOJIEM U MEPCHEKTUB Pa3BUTHUS
BOJHOTO TpPAHCIOPTa B COBPEMEHHOH 53KOHOMHUKE, BKIIOYas BBIABICHHE KIIIOYEBBIX
O6apbepoB  pocTa  (3KOJOTHYECKHMX, TEXHHUYCCKHMX, KaJIpOBBIX) W  ONpEJeNeHUE
CTpaTern4ecKuX BEKTOPOB €ro aJanTalid W YCTOHYMBOTO pa3BUTHS B HOBOH
9SKOHOMHYECKOH PeanbHOCTH.

MeTtoabl 1 MaTepuaJbl

PazBuTHe BOTHOTO TpaHCHOPTa CHEPKUBACTCS COBOKYITHOCTHIO BHEIIHUX U
BHYTPCHHUX ()aKTOPOB, CO3MAIOIINX 30HY TYpOYJICHTHOCTH I YYACTHUKOB PHIHKA.

CTOUT OTMETHUTbH, YTO HE BCE BHUJBI BOJHOTO TPAHCIOPTAa HACTOJBKO JKOJOTHYHBIE U
0e30macHbIC I OKPYIKaIoIIeH cpebl. MOPCKHE MEPEBO3KH XOTh M UTPAIOT BAKHYIO POJIb B
MHUPOBOI TOPropie, HO HeOJaronpusTHo BIMAOT Ha ¢Quopy u dayny. OCHOBHBIM
HWCTOYHUKOM 3arpsi3HEHUS] B CYJOXOJICTBE SIBISETCS COKUTAHWE TOILUIMBA B JIBUTATENSNX, B
pe3ysbTate KOTOPOro 0o0pa3yroTCsi OKCHIBI yriiepoja, cepbl U a3ora. Ilo omenkam 2019
rojia, BKJIaJ MOPCKOTO TPAHCIIOPTa B OOIIME BHIOPOCHI ceKTOpa cocTaBisut oT 5 1o 10% [2].
@JIOT MEXIYHapOJHOTO TOProBOro CyAOXOJCTBa, HacuyuThIBaroui cBeime 52 000
KPYITHOTOHHAXXHBIX  CYIOB, ©KETOJHO  MOTPEeONIeT  acTPOHOMHYECKHH  00BeM
SHEPrOHOCUTENICH — CBBIIE 2  MWDIHAPIOB Oappenell  CyIOBOTO  TOIUIHBA.
[puHtMnuanpHas mpobieMa 3aKII0YacTCs B XUMHUYECKOM COCTaBE 3TOTO HEpropecypca:
TpamuimoHHbIH Tsokeneii mazyr (HFO), ocraTtouyneriii mpomykT HedremepepaOOTKH,
couepxut 10 3.5% cepsl. [3]. DT0 aenaeT ero UCKIIOUUTENBHO «TPSA3HBIMY: KOHLIEHTpALHs
CEepPHUCTHIX COEJMHEHW B HEM MOXET MPEBOCXOIUTh AHAIOTUYHBIA IMOKa3aTenb st
CTaHapTHOTO aBTOMOOMIILHOTO JU3EJILHOTO TOIINBA, UCTIOIh3yeMoro, Hanpumep, B CILIA,
6osee uem B 1800 pas [4].

Jpyroii BaxkHOW mpoOIEMoOii SBISETCS HEXBaTKa KBaJIHU(PHUIIMPOBAHHOTO TEpCOHANA.
Pa3BuTHe uYenoBeyecKOro TOTEHIMaNa (3HAHUS, HABBIKH, CIIOCOOHOCTH) — KIIIOUEBOM
AJIEMEHT TPO(PECCHOHATBHOTO POCTA B JIFOOOW 00JIACTH, TaK KaK CHOCOOCTBYET OCO3HAHHIO
cBOCH cormanbHON ponu. s MOpCKOro W peyHoro (ioTa 3Ta 3amava sIBISCTCS
UCKJIFOYUTEIFHO aKTYaJIbHOW, YTO IMOJTBEPXKIACTCS IMOKA3aTEeIsIMH, OTOOPaXEHHBIMH Ha
pucyHke 1.
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Tadcennie MorogMele VeaoBHE
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Puc 1. ®axropsl, BIUSIONIME HA YEITOBEUECKHI MOTEHIMAN Ha (IoTe

IToxamyil, ofHUM M3 CaMbIX KIIIOUEBBIX IapaMETPOB Il OIPEICIICHUS 3arps3HEHUs
OKpY>KaloIIeH cpeibl MUPOBBIM ()IOTOM sIBIIsieTCs ero Bo3pact [5]. [IpumedaTtensHo, 4TO B
TEUCHHE IIOCICIHUX [BYX JIET, CTapeHHe MHUPOBOTO TOProBoro (iora HaOIIOAAIOCH
a0COIFOTHO TI0 BCEM CETMEHTaM. DTOT IPOIECC COMPOBOKIAICS 3aMETHBIM (0COOCHHO IS
CyXOTPY30B) COKpAaIIeHHEM IOJH CyA0B Mojoxe 10 JeT W BechbMa YYBCTBUTEIHHBIM
(ocoOeHHO [UTST KOHTEHHEPOBO30B) YBEIHMUCHIEM JIOJIM BO3PACTHBIX CYAOB (0T 15-TH net u
crapie) cMm. Tabmuiy 1.

Tabnuya 1

JunaMuka pacnpeaeneHue MUPOBOro Toprosoro ¢guiora no sozpacry 2020-25 rr (%)

Twum cynoB/Bo3pact Jo 10 aer Jlo 10-14 ner 15 u Ooxee aer
2020 2025 2020 2025 2020 2025

Bbankepst 61 48 19 31 19 21
KoHTeitHepoBO3bI 36 32 33 28 31 40
HasuBHBIE TaHKEPHI 33 30 20 21 47 49
Cyna noj rearpys 17 15 16 17 67 68
[Ipoune 30 26 16 18 55 57

CrapeHne MHPOBOTO TOPIOBOTO M IACCAKUPCKOTO (PII0Ta CO3aeT NMPSIMYIO U PacTyIIyIo
yrpo3y 0e30MacHOCTH MOpEIUIABaHMS M IKOJOTMYECKOW YS3BUMOCTH aKBATOPHH ILIAHETHI
[6]. YBennuenue cpemHero BO3pacTa CyJOB BeIET K 3aKOHOMEPHOMY POCTY KOJIMYECTBA
aBapUHMHBIX IPOUCIIECTBUM, KaXI0€ W3 KOTOPBIX HeceT B cebe moTeHmuan Juis
KaTacTpo(uueckoro 3arpsa3HEHNsT MOPCKOH CpeIbl.

PazButne BogHOro Tpancmopta B XXI Beke TpeOyeT mepexoja OT IKCTEHCHBHON
MOJIENIM K KaueCTBEHHOH TpaHcopmauuu. Ha ocHOBe BbINIECKa3aHHOTO IPEICTABHUM
MOJIeNb Pa3BUTUS BOIHOTO TPAHCHOPTa B HOBOM IKOHOMMYECKOH peanmbHOCTH (puc. 2).
JlaHHas Mozenb NpeACTaBsieT co0OW KOHIENTYAIbHYI CXEeMY, BH3YaJIH3HPYIOIIYIO
CHUCTEMHYI0 TpaHc(hOpPMalMI0 OTPAaciy BOJHOTO TPAHCIOPTa TOJA  BO3JEiHCTBHEM
COBOKYITHOCTH BHYTPEHHHMX OTPAaHMYCHUH U BHEITHUX MAaKPOIKOHOMUYECKUX (PaKTOPOB.
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Puc. 2. Mopenb pa3BUTHSI BOJHOTO TPAHCIOPTA B HOBOW DKOHOMHUYECKOH PeaIbHOCTH

[IpencraBneHHas MoOjENb JEMOHCTPUPYET CHCTEMHBIH MOAXOJ K TpaHChOpMaluu
BOJIHOTO TPAHCIOPTA, MOKA3bIBasi B3aHUMOCBA3b MEXAY CYIIECTBYIOUIMMH OTPaHUYCHUSIMH,
CTpaTerniyecKUMH HalpaBICHUsMH pa3BUTHUS M (akTOpaMu BHEIIHEHW cpeabl. Moxens
MOCTPOEHA MO NPHUHLUITY «BBI30BHI —> OTBETHI» M OTPAXKAeT HEOOXOIMMOCTb aJaNTallH
OTpaciy K yCIOBUSIM HOBOI S5KOHOMHUYECKOH pPeanbHOCTH.

Bbnok GappepoB pocta, 0OBEAMHSET CEMb KIFOUEBBIX OTPAHUUYCHUH, COECP KUBAFOLIHX
pasBuTHe OTpacid. LIeHTpalbHBI 3JIEMEHT MOJENU — CHUCTEMa BOJHOrO TpPaHCIOpTa —
IIpeACTaBIsIeT cO00H KOMIIIEKCHYI0 MH(PACTPYKTYpPy, BKIIOYAIONIYI0 MOPCKOM M PEe4HON
¢J10T, TOPTOBBIE TEPMHHANBI, CYJOCTPOUTENBHYIO W CyJOPEMOHTHYIO 0a3y, a Tarke
CUCTEMY YIPABIECHHUS M PETyIUpOBaHMA. BIOK BEKTOPOB pa3BUTHS COCTOUT W3 IIECTH
CTpaTern4ecKrx HampaBJICHUH NPeoAoNeHus 0apbepoB U TpaHC(HOPMAIMK OTPACIIH.

HwxkHsist 4acth Mozesu OoTpaxkaeT (YHAaMEHT HOBOW DKOHOMHYECKOW pPealbHOCTH,
(GOpPMHUPYIOIIUI KOHTEKCT TPaHC(POPMALUU BOJHOTO TPAHCIIOPTA. DTOT OJOK BKIIIOYACT
4YeThIpe MaKpoTpeHJa. Bo-mepBbIX, TpeOOBaHUsI YCTOHUYMBOIO Pa3sBUTHS, 3aKPEIUIEHHBIC B
nenax OOH, IlapmwxckoM cornmamenun u ESG-cranmaprtax, JenaloT SKOJIOTHYECKYIO
OTBETCTBEHHOCTh 0053aTENbHBIM YCIOBHEM JIETHTUMHOCTH OM3Heca. Bo-BToprIx, nugpoBas
TpaHcopmanmss Kak dacTb UeTBEPTOH NPOMBIINIJICHHONH PEBONIOLUH  ONpPEeNseT
HEOOXOAUMOCTh IU(PPOBOH 3PETOCTH I COXpaHEHUS KOHKypeHTocmocoOHoctH [7]. B-
TPETbHX, I'€ONOJIMTHYECKast (pparMeHTAlus, MPOSIBISIONMAscsd B TOPTrOBBIX KOH(IUKTAX H
PETHOHAIM3AIMH [IETIOYEeK ITOCTaBOK, TPeOyeT OT OTpaciu TMOKOCTH M JUBEPCH(PHUKALIH
JIOTUCTUYECKAX MapIIpyTOB. B-4eTBEPTHIX, AaBIEHHME CTEUKXOIAEPOB — HHBECTOPOB,
MOTpeOuTENeH, PeryIaTopoB U obmecTBa — (GOPMUPYET HOBBIE OKHIAHUS B OTHOLICHUH
MIPO3PAYHOCTH, YCTOWIMBOCTH U COI[MATIBHON OTBETCTBEHHOCTH CYJOXOHBIX KOMIaHUiI [8].

Takum 00pa3om, MOJIeNb TTOKA3bIBAET, YTO YCTOHYNBOE Pa3BUTHE BOJHOTO TPAHCIIOPTa
B XXI Beke BO3MOXXHO HE 4Yepe3 HKCTEHCHBHOE HapallMBaHME TOHHaXa, a uepe3
Ka4eCTBEHHYIO TpaHC(OPMAIio, CHHTE3UPYIOMIYI0 53KOJIOTHYECKYI0 PEKOHCTPYKIIHIO,
IUGPOBYIO MHTETPAMIO M TYMAaHU3AIMIO OTPACTH. Y CIIENTHAs peann3anus JaHHOW MOJETN
MTO3BOJIUT BOAHOMY TPAHCIOPTY HE TONBKO IIPEOJOJIETh CHCTEMHBIE Oapbhepsl pocTa, HO M
CTaTh OJHMM U3 JApaliBepoB (OPMHUPOBAHHMS HOBOH, YCTOWYHMBOW W OTBETCTBEHHOU
r7100aIbHON SKOHOMHUKH.
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Pe3yabTaTtsl

CTpaTeruu u TeXHOJIOTMH N0 CHUKEHHIO IK0JIOTHYECKOI0 CJ1eAa MOPCKOI0 U PeYHOro
TpaHCcHopTa.

CHIDKEHNE HETaTHBHOTO BO3JACHCTBUS CyIOB Ha SKOCHCTEMY — KOMIUICKCHAs 3ajadva,
KOTOpas BKIIOYaeT Mepbl Ha MEXIyHapOJHOM, HAI[MOHAJIBHOM U ONEPaTHBHOM YPOBHSX.
Xors MacmTad 3THX MNpoOIeM BBIMISAUT BHYIIUTENBHBIM, IyTH IS MHHUMH3ALUH
AHTPOTIOTEHHOM Harpy3KH Ha IKOCUCTEMY cyIiecTBYIOT [9]. Kommiekc coOTBETCTBYIOMIMX
Mep CHCTeMaTHU3UpOBaH B Tabunuie 2.

Tabauya 2
Kommuiekce Mep o 3amure 0Kpy Kalouleii cpeibl 0T HETaTHBHOIO BO3/1eiicTBUs Kopaob.eii
Mepsl Onucanue
CHIDKEHHE 3arps3HeHUs - Hcriosp30BaHe MalOCEPHUCTOTO TOIUIMBA (COTJIACHO TPaBUIaM
BO3/IyXa MO 2020), cxmkernoro npupoaHoro rasa (CIIT'), metanona,

BOJIOpOJIa MII aMMHAKa.
- YcraHoBKa ckpy0OepoB (111 yAaICHUsI Cephbl) H KaTATUTUICCKUX
HeWTpanu3aTopoB (Juisi cHKeHHs BeIOpocoB NOX).

IIpenorepamenue - O0s13aTenbHast yCTaHOBKA CUCTEM 00paboTKU OaITacTHBIX BOX

3arpsI3HEHUsT BOJIBI JUTS IPEAOTBPAILICHHUS [IePEHOCAa HHBA3HBHBIX BHIIOB.

- Ctporuii y4yer u cjada B MOPTOBBIX IPHEMHBIX COOPYIKEHHUSIX BCEX

BHJIOB OTX0/I0B (IUTACTHUK, MTHIIEBbIE, He()TECOAEPKALIHNE, JIbLTbHBIC
BOJIBI, Mycop). 3ampeT Ha copoc mycopa B Mmope (MARPOL).

3anura MOPCKOi (hayHsl - OnTuMu3aLHs KOHCTPYKIMH IPeOHBIX BHHTOB M KOPITyCa,
CHIDKCHHE CKOPOCTH, UCIIOJIb30BaHUE OYIE0000pa3HON HOCOBOM
okoHeuHocTH. [IIyM HapyIiaeT HABUT MO, KOMMYHHUKAIHIO K
MUTaHUE KATOB, AEIb(QHUHOB.
- Co3naHue NCKYCCTBEHHBIX pU(OB, «3€JICHBIC» HaOCPEKHBIE UL
OJI/ICP>KaHMUSI MECTHBIX YKOCHCTEM.

WuHoBanuu u Oyaymuie - MHBecTHIMY B cylla HA aKKYMYJISITOPHBIX OaTapesx (s
TEXHOJIOTHH KOPOTKHX PEUCOB) MJIM Ha TOTUIMBHBIX 3JICMEHTAX.
- BHenpeHue 3eeHbIX TEXHOIOTHI: Vcronb30BaHue SHEPTUH BETPa
(mapyca, jxecTKHe mapyca-Kpblibs), COHEUHBIX Oatapeil, cuctem
PeKyIepalyH Teria.

CTOUT OTMETHUTH MOSBJIEHUE HOBBIX BHJIOB PEUHOIO TPAHCIOPTA B CBSA3HM C Pa3BUTHEM
texHonoruil. Hanpumep, B MockBe cOCTOSUICS 3allyCK IEPBOIO B MUPE KPYIVIOTOAUYHOTO
pEYHOro TpamBas Ha DJIEKTPUYECKOH Tsire. LlepeMOHMIO OTKPBITHS HOBOI'O MapIIpyTa IO
Mockse-peke moceTwsin npesuseHT Poccum u Map cromunbl. Ha mmHuum paboraroT
COBpPEMEHHBIE 3JIEKTPOXObI, HA3BAaHHBIE B YECTh CTOJIMYHBIX PeK, TaKUX Kak «CHHHYKaAY,
«Slyza» n «IIpecus» [10]. BmectumocTts kaxaoro cynHa — o0 50 dyenoBek, Ha OOPTY e€CTh
Wi-Fi, cucremMa KOHAMIIMOHUPOBAHKS M PO3ETKHU IJIs 3apsIKKA yCTpoicTB. Ha mpuuanax mst
MACCaKUPOB MTOCTPOCHBI yI0OHbIE MAaBUILOHBI. [Ipoe3 BXOAUT B €AMHYIO CETh TOPOJICKOTO
TPaHCIOPTA: JJIS OIUIATHI MOAOMNET kKapTta «Tpoiikay WM oObIYHAs OaHKOBCKas Kapra, a
TIpH Tiepecake ACHCTBYET JIbTOTHBIA Tapud.

Tarke cucTeMHOE M3ydeHHE MOTpeOHOCTEeH paOOTHHKOB MOPCKOTO M PEYHOro Qiora
BBICTYIIaE€T KIIFOYCBBIM HHCTPYMEHTOM Ui (opmupoBaHus 3()(HEKTUBHOW KaapoOBOI
MOJUTHKH. BEIsSBICHUE 3THX MOTPEOHOCTEH MO3BOJIIET HE TOJNBKO Pa3paboTaTh aapecHbIe
MpOrpaMMbl MOTHBAIIMHM, HO W ONTHMHU3UPOBATH YCJIOBHUA TPYyHIa, YTO B COBOKYITHOCTH
co3maeT (pyHIAMEHT IS IENEHAIPaBICHHOTO PAa3BUTHS YeJOBEYECKOTO IIOTEHIMANa B
OTPaCIH.

[Moctpoenne HayyHO OOOCHOBAaHHOW CHCTEMBI MOTHBALIMM TIPEACTaBISIET COOOMH
CTpaTeruuecKylo 3a1ady i 000 opraHu3aIui, 0COOEHHO B CHEUPUISCKUX YCIOBUIX
MOPCKOW WHAYCTPHH, XapaKTePU3YIOMUXCA [UINTEIFHOW W30JIAIHEH, MOBBIIICHHBIMHU
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MpOo(pECCHOHATPHEIMA PUCKAMH W OCOOBIM  MCHXO(DH3MOIOTHISCKAM HANPSIKCHHUEM.
KoppekTHass muarHoctuka moTpeOHOCTEH COTpyAHWKAa HA dTale HallMa M IOCIeIyroIee

CO3ZIaHHE COOTBETCTBYIOIIMX OpPraHM3ALMOHHBIX YCIOBHA — BKIIOYAas TapaHTHH
COLMAJIbHOW 3alIMIIEHHOCTH, BO3MOXHOCTH KapbepHOro M MPO(ECCHOHAIBHOIO POCTa, a
TaKKke OOecreyeHHe TOCTOWHOTO YpPOBHS ObiTa Ha CyAHE — HANpSIMyIO BIHSIOT Ha

KJIKOYCBBIC IIOKA3aTCIIN.

3akjaoyenue

HccnenoBanue mokas3ano, YTO COBPEMEHHBIM BOAHBIM TPaHCHOPT MEPEKUBACT SIOXY
riy6okoi Tpanchopmarmu. Byaydn ocHOBOIT MUPOBOIT TOPTOBIH, OTPAcibh CTOJKHYJACH C
HEOOXOAMMOCTBIO KapAMHAJIBHOTO MEpecMOTpa CBOMX MPHUHIMIIOB IIOA JAaBJICHUEM
JKOJIOTHUECKUX  TpeOOBaHWH, IH(PPOBOH pEBONMIONMH W  pacTymero aedumuta
KBaTM(HUIUPOBAHHBIX KaJIpoB. AHAIN3 TMOKa3ajd, YTO KIIOUEBBIMH CICPXKHBAIOIUMH
(daKkTopaMH pa3BUTHS SBISIOTCA HE BHENIHWE KPHU3WUCH, A BHYTPEHHHE CHCTEMHBIC
MIPOTUBOPEUHSI.

Kaxk noka3zan aHanu3, KIFOUEBBIMH OapbepaMy Ha Iy TH Pa3BUTHS OTPACIH SBISIOTCS:

1. DKoyoTHYeCKUi IPECCHHT, YCYTYOIsIeMbIii cTapeHneM (ioTta, KOTopoe
HampsIMyl0 KOpPpEJIHpPYEeT € pPOCTOM aBapUHHOCTH U KaTacTpOpUYECKUM
MTOTEHIMAJIOM 3arpsI3HEHHUS.

2. CuCTEeMHBI KaJpOBBIH JE(QULUT, YrpoXKarOUIUi Oe30MacHOCTH |
TEXHOJIOTHYECKOU TpaHCHOPMAITUH.

3. PerynsatopHass W TEXHOJIOTMYECKas TypOYJEHTHOCTb, TpeOyromas
OTPOMHBIX KallUTAJIOBIOKEHNH B «3€NEHBINY EPEXO.

I'maBHBIN MapafgoKC 3aKIIOYAETCSl B TOM, YTO SKOHOMHYECKAs! MOJIEIb, ACCATUICTHIMHI
CTPOMBINAsICS HA HKCILTyaTalliy JOJITOBEYHBIX CYJOB, CETOIHS CTajla UCTOYHUKOM PHCKOB.
Crapenune (10oTa — 3TO HE MPOCTO CTATUCTUYECKUH MOKAa3aTelb, a MpsAMas IPUYNHA POCTa
aBapMHHOCTH M XPOHMYECKOTO 3arpsi3HEHUS OKpYy’Karommei cpensl. OMHOBPEMEHHO OTpacib
CTpajlaeT OT KaJpoBOTO pa3pbiBa, KOIZA TPAAMIMOHHBIE YCIOBUS Tpylda M CHCTEMa
MIOJITOTOBKH HE COOTBETCTBYIOT 3allpocaM HOBOTO IOKOJICHHSI CHEIMAINCTOB U CIOKHOCTH
BHE/PSIEMbIX TEXHOJOTHH.

IIpeomonenne »>TuXx OappepoB TpeOyeT HE TMOCTENEHHBIX  YIy4lIeHWH, a
cTparernieckoro nepedopmarupoBanus Beei orpacnu. [lyTh BHepél JIEKHUT Yepe3 CHHTE3
TpéX (PyHIaMEHTANILHBIX HANPABJICHHN:

— DKoJIoTHYECKasT PEKOHCTPYKIMA, O3Hauaromas Mepexoj] oT OOpbObl C
mociuencTBUsiMH ~ (YCTaHOBKa  CKpyOOepoB) K CO3MaHUIO  HOBOW
TEXHOJIOTHYECKOH 0a3bl (TOIUTMBO C HyJIEBBIM YITIEPOAHBIM CIIEJIOM, CyJa Ha
AIEKTPHUYECKON M BOJOPOIHOM THTE).

— lludposast wmHTErpamys, KOTOpas JODKHA JIMKBUIUPOBATH pPa3pHIB
MEXIy  HEpeJOBBIMH  TEXHOJOTHSAMH  (MCKYCCTBEHHBIH  WHTEJJIEKT,
ABTOHOMHOE€ CYyJIOBOXKJEHHE) W PEaTbHOH H3KCIUTyaTallMOHHOW TPaKTHKOM,
MOBBICHB 0€30MaCHOCTh U 3()PEKTUBHOCTS.

— N'ymanm3anust oTpacnu, mpexanojararomas IpPEeBpalleHHe MOPCKOi
npodeccid B COBPEMEHHYIO, BBICOKOTEXHOJOTHUHYIO U  COLHAJBHO
NpUBJICKATENBHYI0  cepy JAesTENbHOCTH 4Yepe3 IepecMOTp  CUCTEM
MOTHBAIUH, O0yUCHHS U YCIOBHUH TPyAa.

Bynymee BogHOro TpaHcopTa BHIUTCA HE B KOJUYECTBEHHOM pOCTe, a B
Ka4eCTBEHHOM IIpeoOpa3oBaHMU. YcCIexX 5TOH TpaHC(HOpPMALMH II03BOJINT OTpPacid HE
TOJIbKO COXPAaHHUTh CBOIO KPHUTHYECKH BAXXHYIO POJIb B TJI00AJIBHON JIOTHCTHKE, HO U CTaTh
OJTHMM M3 JipaiiBepoB (JopMHUPOBaHNUS HOBO, OTBETCTBEHHOH SKOHOMUKH.
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HNHHOBAIIMOHHAS TPAHCIIOPTHAA YCJIYra Kak ApaiBep pocra
IKOHOMHUKH

J.A. KopmyHos
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AHHoOTanms. B craTtee paccMaTpuBaeTCsl HOBBIM 3Tall Pa3BUTUSL CKOPOCTHBIX MACCAKUPCKUX
NIepEeBO30K 110 BHYTPEHHUM BOJIHBIM IyTsiM PO. JlaHHas mepeBo3ka, C y4eTOM ITOKa3aHHBIX
BapUaHTOB €€ pa3BUTHUSA SABIAETCS MHHOBAIMOHHOM TPAaHCIOPTHOM yCIIyroi, oka3blBarolleil
BIMSHUE Ha HKOHOMHUKY IPUPEYHBIX perHoHoB Poccuu. B Meromax Ha OCHOBe aHanmM3a
peanmm3anuu QenepanbHOro Ipoekra «PedHsle Marucrpaim» M NpakTHK Hrmkeropopackoit
obmactu, Tarapctana u UyBamuu BBIBICHBI KIIOYEBBIE SKOHOMHYECKHE 3(PQEKTHL: pOCT
CBSI3HOCTH TEPPUTOPHHA M MOOWIBHOCTH HACENICHUS, CTHMYJIHPOBAaHHE TYPHCTUYECKOTO
MIOTOKA, YBEIWYECHHE JOXOJO0B OIOPKETOB pa3IHUYHBIX YPOBHEH, 3arpy3ka MOIIHOCTEH
CYIOCTPOUTENbHONH TPOMBIIIIEHHOCTH U ONTHUMHU3anus OIO/DKETHBIX PAacXofoB Ha
TPaHCHIOPTHYIO MHQPAcTPyKTypy. B HcciemoBaHMM HPHMEHSIIMCH METOIBI CHCTEMHOTO U
CPaBHUTEIBHOTO aHAIU3a CTaTHCTHYECKUX JAHHBIX Maccaxuponoroka 3a 2023-2025 rr. B
KayecTBe pe3yibTaTa MCCIEAOBaHUSA IpHUBEJCHA MOAENb KilacTepa WHHOBALMOHHBIX
CKOPOCTHBIX MAaCCaXUPCKUX MepeBo30K. B obOcyxaeHne BbIHECEHBI BHABI d(P(EKTOB OT
(YHKIMOHHPOBAHUS KiIacTepa M yCIOBHS €r0 yCTOMYHMBOTO pa3BuUTHs. JlenaeTcst BBIBOZ O
TOM, 9YTO pa3BUTHE CKOPOCTHOTO BOJHOTO TPAHCIOPTA CTAHOBHUTCS ApalBepoM
9KOHOMHYECKOTO POCTa ¥ HHCTPYMEHTOM pPeaTn3allii TPAaH3UTHOTO MOTEHIHATa IIPUPETHBIX
PETHOHOB H CTpaHbI B e1oM. CTaThsl HOATOTOBIEHA HA OCHOBE PE3yIbTaTOB MCCIEIOBAHHS
B paMKax IpoeKTa «PeyHbIe MarucTpamm.

KiroueBble cj10Ba: CKOPOCTHBIE CyJa Ha IMOJABOJHBIX KPbUIbAX, «PeuHbple Maructpaiuy,
SKOHOMMKA  INPHUPEUHBIX  PETMOHOB,  MACCAKUPCKUE  MEPEBO3KH,  TPAHCIOPTHAas
nH}pacTpykTypa, MyJIPTHMOJAIBHEIE IIEPEBO3KH, BHYTPEHHHH BOMHBII TpPaHCHOPT,
pETHOHAIBHOE Pa3BUTHE.

Innovative transport service as a driver of economic growth

Dmitry A. D.A. Korshunov
ORCID: 0000-0002-9908-4026
Artem P. Bafanov

ORCID: 0000-0002-8656-6456

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. The article considers a new stage in the development of high-speed passenger
transportation along the inland waterways of the Russian Federation. This transportation,
taking into account the shown options for its development, is an innovative transport service
that has an impact on the economy of the riverine regions of Russia. Based on the analysis of
the implementation of the federal project «River Highways» and the practices of the Nizhny
Novgorod region, Tatarstan and Chuvashia, key economic effects have been identified in the
methods: increased connectivity of territories and population mobility, stimulating tourist
flow, increasing budget revenues at various levels, capacity utilization of the shipbuilding
industry and optimizing budget expenditures on transport infrastructure. The study used
methods of systematic and comparative analysis of passenger traffic statistics for 2023-2025.
As a result of the research, a model of a cluster of innovative high-speed passenger

137


https://orcid.org/0000-0002-9908-4026
https://orcid.org/0000-0002-8656-6456
https://orcid.org/0000-0002-9908-4026
https://orcid.org/0000-0002-8656-6456

Hayunvte npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

transportation is presented. The types of cluster functioning effects and the conditions for its
sustainable development are discussed. It is concluded that the development of high-speed
water transport is becoming a driver of economic growth and a tool for realizing the transit
potential of the riverine regions and the country as a whole. The article is based on the results
of a study conducted within the framework of the River Highways project.

Keywords: high-speed hydrofoils, «River highways», economy Of riverine regions,
passenger transportation, transport infrastructure, multimodal transportation, inland
waterway transport, regional development.

BBenenue

B ycnoBusx  umcyepmaHUs — INPOIYCKHOW  CIIOCOOHOCTH  aBTOMOOWJIBHBIX U
JKEJIC3HOJOPOKHBIX MarucTpaieii B eBpomeiickoil yactu Poccum (0coOeHHO B JETHUI
NepUO/) aKTYaJIbHOCTh MPHOOpETaeT TOUCK pEe3epBOB IIOBBIICHHS TPaHCIIOPTHOM
MoOmmpHOCTH. OJHAM W3 TaKUX PE3CpPBOB BHICTYNAaeT BHYTPEHHUH BOJHBIA TPAaHCHIOPT
(BBII), moreHmnman kKoToporo B Poccuu HCmop3yeTcss HeJOCTaTOYHO: TPY30HANPSIKCHHOCTD
BBII B BoceMb pa3 HIKe, 4eM 32 pyOesKoM, TIPH 3TOM OFOJKETHBIC paCXO/bI HA COICPIKAaHUC
1 KM BOAHOIO HYTH B CEMb pa3 MEHbILE, YEM Ha COAEPKAHHE AHAJIOTHUYHOIO y4YacTKa
aBTOJIOPOTH U B JIBa pa3a MEHBIIIE aHAJIOTMYHOTO0 JKEJIE3HOIOPOXKHOTO ImyTH [1].

Lenpto naHHOW CTaThH SBIETCA pa3pabOTKa MOIETH TPAHCHOPTHO-IKOHOMHYECKOTO
knactepa Ha Oase BBII. HoBuzna paboThl 3akiodaeTcs B pPacCMOTPEHHU JIaHHOTO
HanpaBJeHUs] HE MPOCTO KaK BHAa TPAHCIOpPTa, a Kak cucreMooOpasyromiero Qakropa,
3aIlyCKaloOLIero LEMOoYKy CMEXHBIX OS((EeKTOB: OT OXHBJCHHUS Majoro OusHeca B
MIPUPEYHBIX HACEJIEHHBIX IyHKTAX 0 3arpy3KH BBICOKOTEXHOJIOTHYHBIX CYIOCTPOUTEIBHBIX
MpeanpusaTHi. 3agadaMy HACTOSILETr0 UCCIEA0BAaHuUs BRICTYIAIH:

— KOMIUICKCHBIH aHaNMW3 BIUSHHUA WHHOBAIIMOHHON YCIYTH — CKOPOCTHBIX
MACCAKUPCKUX TMEPEeBO30K CcymamMu Ha mmoaBOAHBIX Kpbeuthsax (CIIK) Tuma
«Banpgait  45P», «Meteop 120P», «Mereop 2020» — Ha CcOLHMAIBHO-

SKOHOMHYECKOE Pa3BUTHE IPUPEIHBIX PETHOHOB U CTPAHbI B LIETIOM;
— pa3paboTKa CTPYKTYpHl KJacTepa, JApailBepoB €ro pas3BUTHS, BHIOB
3¢ PEKTOB OT ero PyHKIMOHUPOBAHUS U (PAaKTOPOB YCTOWINBOTO Pa3BUTHSI.

MeTtoabl

TeopeTnueckoif U METOMOJOTHUECKOW 0a30i MOCIYKHIM TPYIbl aBTOPOB HACTOSIICH
CTaTbl W JPYTUX OKCHEpTOB BOKCKOTO TOCYAapCTBEHHOI'O YHHMBEPCHTETa BOIHOTO
Tpancnopta (BI'YBT), MHCcTUTyTa 3KOHOMHMKHM TpPaHCIOPTAa M TPAHCIOPTHON MONUTHKU
HUY BIID, skcneptHoro coobiectBa [2-9], manubie PocMoppeudiioTa, CyIOXOMHBIX
KOMIIAaHUHI-Y4aCTHUKOB IIpoekTa «PeuHble Marucrpanu», a Takke aJMUHUCTpauuil
INPUPEYHBIX HACENIEHHBIX IYHKTOB, OXBAa4E€HHBIX MAapIIPyTHOH CETbIO IPOEKTA.
OMIOUpUYecKyro 0a3y COCTaBIJIM OTYETHBIC JaHHBIE CYJOXONHBIX Kommanuii (OO0
«Bogonéry, AO «Dmor PT» m AO «YeOokcapckuil pedHOW TMOPT»), CTATHCTHKA
[acCaXUpoNnoTokoB 3a Hapuramuio 2024-2025 romoB, a Takxke Marepuansl TpeTbei
Bceepoccwmiickoit koHpepernmu «Pekn. Kpymssl. MapmpyTer»y. Mcmonbp30Baiich METOABI
CPaBHUTEIHHOTO u CHCTEMHOT'0 aHamu3a, pe3yIbTaThI MOJICTUPOBAHHS
MYJIBTHIDIMKATHBHOTO 3((deKTa OT pa3sBUTHA MapUIPyTHOW CETH MPOEKTA, IMTO3BOJIIOIINE
OIIEHUTHh MaKPOIKOHOMHIYECKHE 3P (HEKTH OT BHEAPEHUS CKOPOCTHOTO coobmenus [10].

B mepByro ouepenp aBTOPH OTMEYAOT HMHQPPACTPYKTYPHBIE TPEANOCHUIKA |
MEXaHU3MBI TOCYJapCTBEHHOH momaepkku. COBpeMEHHBIH 3Talm pa3BUTHS PEYHBIX
MIEPEBO30K CBS3aH C peajH3anyeil HalMOHAIBHOTO MpoekTa « D¢ QeKTHBHAS TPAHCIIOPTHAs
cucrteMa» M (QeneparbHOro IMpoekra «Pednble Marucrpanm», 3amynieHHoro MHUHTpaHCOM
Poccun B 2024 romy. IlpoekT HampaBieH Ha CO3JaHHE OECIIOBHBIX MYyJIBTHMOJAIBHBIX
MapHIpyTOB M YCTpaHEHHE «y3KHX MECT» — Yy4YacTKOB C HEJZOCTATOUYHBIMH TIITyOMHaMHU.
KiroueBbiMM  MH(GPACTPYKTYPHBIMH TIPOEKTaMH  CTajdM CTPOUTENBCTBO baraeBckoro
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ruapoysna Ha JloHy u MoaepHuzauus ['oponenkoro rugpoysna Ha Boiare, kotopble nocie
3aBepIIeHHsT o0ecleyaT TapaHTHPOBAaHHBIE TIyOWHBI (M0 4 METpPOB) UL IIPOITyCKa
OOJBIIETPY3HBIX W CKOPOCTHBIX CYIOB. Baxknelmmm (axkTopom ycrexa ctaia GhuHAHCOBas
MOJIENb T'OCYAapCTBEHHO-JYaCTHOTO MAapTHEPCTBA M €€ OpraHM3alMOHHO-?KOHOMHYECKOE
000CHOBaHNE YYEHBIMH-IKCIIEPTAMU B YacTU MPOEKTHBIX IapaMeTpoB U 3((GEKTHBHOCTH
JTAaHHOW BOJHOTPAHCHOPTHOM cucTeMbl. [lns peanu3anuu npoekta cgopMHpoBaHa
OpraHU3alOHHAas CTPYKTYpa, OHA [IOKa3aHa Ha puc.l.

KoMuocia fo passdmitio CROPOCTHRIX NACCARMMPCKAY NePeRBo30K N0 BHYVTPCHHIM
BOAHKIM MYTAM 004 OpeAceJaTeIbcTROM MHHHE‘I_]:_IB TPaHCHopTa P

Pernonanbiasie MUNTPaRCRH W CYI0X00HEIE KOMITAHHA
(Humeropogckan obnacts, Pecoybauxs Yysamma u Tataperas

*',--t". w PTGOY BO BoorscikHi rocyJapeTEeHHLIH YHHBEPCHTET BOAHOT0 TPAHCIOPTA (nIyDT)
/ b *mopueckiti konnexTHe BIYET npoexTa sPeunikie marncTpanis (13 venonex),
PYEOBOAHTEME TEME ~ O T.H., nposdeccop Eyvauamiien H.E.(pexTop),
_ PYROBOMINTEN KOSLIEKTHIER - L5, AotenT Kopiviton 1A,

Fadwenpa Hadpe i pa Kadpenpa Kadpe npa
MOrHCTHEA | YIPaRBTERHL BROROMIKH 1 TPAHCOOPTHOTO

MApRCTHHIAE TPaHCOOPTeM MOHEIHMOCHTR mpass

Puc.1. OpranusanuonHas CTpyKTypa poeKkTa «Pednbie Maructpanmy

Takum 00pa3oM NPOEKT NPEACTABIACT COOOH CHHEPTeTHIECCKHH CIUIAB B3aUMOICHCTBHS
(benepanbHbIX 1 PErHOHAJIBHBIX OPraHOB UCIIOJHUTEIBHON BIACTH, KOMIIAHHH CKOPOCTHOTO
¢oTa W HaywdHO-OOpazoBarenbHOro yupexaeHus (BI'YBT), mozBomsttommii OBICTpO
peanu3oBaTh 3alyCK MapIIPYTOB CKOPOCTHBIX MMacCaXUpcKux nepeBo3ok no BBII npu
HaM4YMK (JI0Ta U PUYATILHON HHPACTPYKTYPHI.

JluHaMuKa KIIOUEBBIX IIOKazaTenedl MNpoeKTa, BKI0Yas O0bEM TIOCYAapCTBEHHOTO
¢duHaHCHUpOBaHUs (CyOCHIMPOBaHUsI) IEpeBO30K 3a nepuoxa 2024-2026 rr. nokasaH B Tad1. 1

Tabauya 1
JIlnnamuka nokasarteseil npoexkta «Peunble MarucTpaan»
ITokazarenp En. T'on peannzanuu npoexTa
U3MEpEeHHs 2024 2025 2026
Yucno peruoHOB, 0XBaU€HHbBIX MAPIIPYTHON CEThIO En. 5 12 15*
poeKTa
Yucno MexpernoHaabHbIX MapUIpyTOB En. 12 14 25%
KonngecTBo Mcnobp3yeMbIX CYI0B En. 7 5 8*
Ymcno perico En. 562 645 852*
KosnuecTBo nepeBe3eHHbIX NacCAKUPOB Yen. 33264 | 34597 | 52000*
Pa3mep rocy1apCcTBeHHOMN cyOCH UM MuH. pyo. 45,6 17,7 94,8*

*[Inanoeoe 3nauenue
CyOcuanpoBaHKe MEPEBO30K OCYIIECTBIICTCS MO0 MPHUHIAIY «TPETh-TPETh-TPEThY:
OJIHa TPETh 3aTpaT KOMIICHCUpPYETCS u3 (QeaepanbHOro OrokeTa (B pamMKax IMPOEKTa
«PedHble MarucTpanu»), BTOpas TpPeTh — U3 OIO/DKETOB PETHOHOB, W OJHA TPETh
MOKPBIBAETCSI 3a cyeT Tapu(a nepeBo3uuKa.
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Pe3yabTartsl

B kauecTBe pPe3yNbTaTOB HACTOSIIETO HCCIEIOBAHHUA AaBTOPHI MPEATAraloT MOJEIh
TPAHCIIOPTHO-YKOHOMHYECKOTO KilacTepa M CHCTeMY (PaKTOpoB 3((EKTHBHOCTH PA3BHTHUS
BOJHOTPAHCIOPTHOH CHCTEMBI CKOPOCTHBIX IACCAKMPCKUX MEPEBO30K IO BHYTPEHHUM
BOJAHBIM IyTsAM P®, BICTynaromux apaiiBepaMu pocTa SKOHOMUKH.

Ha 5 ¢exTrBHOCTD NMpoeKTa OKa3bIBAIOT BIHMSHUE TaKHEe MeEpbl TI'OCYAapCTBEHHOMN
MOJJIEP)KKH KaK CyOCHUIMpPOBAaHHE HABUTAIIMOHHBIX PAcXOA0B MNEPEBO3YMKOB, JIHIOTHBIH
JIM3WH WMHHOBALIMOHHBIX CKOPOCTHBIX CYJOB, JIbTOTHBIH PEXHUM HaJOr000JI0XKEHHS s
CyIlOB, 3aperucTpupoBaHHbIX B Poccuiickom Mopckom peectpe cynoB (PMPC) u mp. [11].
OTH Mepbl MO3BOJSIOT CAEPKUBAaTh CTOMMOCTh IIPOE3AHBIX OMJIETOB, Jenas JaHHOE
cooOIIeHne OCTYIHBIM JUIS HACENCHHS M KOHKYPEHTOCHOCOOHBIM C albTEPHATHBHBIMH
BU/IaMH TPAHCIIOPTA, U OAHOBPEMEHHO IFapaHTHPOBATh MIEPEBO3UMKAM BO3BPAT MHBECTUIINH.

BropeiM BaxkHBEIM (hakTOpOM 3(PPEKTHBHOCTH CKOPOCTHBIX MACCAKUPCKUX COOOUICHUN
10 BHYTPCHHUM BOJHBIM ITyTSIM BBICTYIIA€T TPAHCIIOPTHAS CBA3HOCTh TEPPUTOPHI CTPAHBI U
HaJIMYHUe MacCcaXHMPOIOTOKOB B TPAH3UTHOM (MEXpErHOHAIbHOM) cooOmeHnn. Tak Kak, B
OTICTBHBIX CIy4asX Takoe COOOIIeHHWEe BOBCE HE MMEET albTEPHATHBBI C TOUKH 3PEHHS
MOCTOSTHHOTO ~ TPAHCIIOPTHOTO COOOINEHHsT C TPUPEYHBIMH HACEJICHHBIMHU ITyHKTaMHU
arjaoMepanif. 3amyck CKOpPOCTHOro cooOmieHuss mo BBII  kauecTBEHHO H3MEHHMI
TPAHCIOPTHYIO JAOCTYIMHOCTh. Hampumep, cronuma Yysamuu — Yebokcapbl — HE UMEET
IPSIMOTO XKeJIe3HOI0pOXKHOTO coodiienus ¢ Hmxanm Horoponom un Kaszansro. biaronaps
OpTraHM3aIlMM PEYHBIX MACCAKUPCKUX JHUHHUM ATH ropoja OKa3ajluCh CBS3aHBI MPSIMBIM
CKOPOCTHBIM COOOIICHHEM.

AHanu3 CTAaTHCTHYECKHX [aHHBIX, NOJYYEHHBIX aBTOpaMH B XOJ¢ OOOCHOBAHHUS U
peanmzanuu npoekta «Pednsle marmctpanm» (Tabn. 1) IeMOHCTPUPYET €XETOAHBIA pOCT
nomnyssspHocTH ycinyrd. B Hwmkeropozckoit oGmactu, craBmield ¢uiarMaHOM BO3POXKICHHUS
oTpaciau, KoMnaHusi «Bomonér» yBenuuuia naccaxxuponotok ¢ 81,4 Teic. yenosek B 2023
rogy mo 125,3 Teic. B 2024 rony (poct 54%). B 2025 romy TeHOCHIUS COXpaHWIACH, a
MapuIpyTHas CeTh BOJHOTPAHCIOPTHOTO IIPOEKTa OXBaTHia Yyke 12 peruoHos,
MpOTSHYBIIUCHE OT TBepum Ha ceBepe n0 Boarorpama Ha iore, TO €cTh OXBaThIBaeT
IIpUpeYHble TeppUTOpUn BepxHeil Bonru u cpeanero IloBomkea. B menom mo crpane 3a
nepBoe nonyroaue 2025 roja 00beM pEUHBIX MACCAKUPCKUX IEPeBO30K BbIpoc Ha 30%,
mpudeM Haubojee AMHAMHYHO DPAa3BHBAINCH MMEHHO MEXIYTOPOJHHE MapuIpyThl (POCT
37%) u BHYTpHUTOpOACKHe TUHUH (POCT B 3,5 pasa).

Tperbum  ¢akTopoM 3PPEKTHBHOCTH BOJHOTPAHCHIOPTHOH CHCTEMBI CKOPOCTHBIX
MACCAKUPCKUX MEPEBO30K BBICTYNACT MYJIbTUIUIUKATUBHBIA 3(QQEKT Ui 3KOHOMHKH
BOBJICUCHHBIX PETHOHOB M CTPaHbl B LEJIOM. BiMsSHHME CKOPOCTHBIX INEPEBO30K BBIXOJHT
JIaJIeKo 3a PaMKH TPAHCIIOPTHOW OTPACiH U MPOSIBIISIETCS B HECKOJIBKUX IIIOCKOCTSIX [10]:

1) PasButme typmsma. BozmoxHOCTH OBICTPO mOOpaTbhes A0 MalbIX HCTOPUYECKHX
roponos (Hampumep, MakapbeBa, CBusbkcka, ['oponia) caemana HMX JOCTYIMHBIMH JUISt
OIHOTHEBHBIX TYPUCTHUECKHMX TO€3[0K. PeuHble MapIIpyThl HHTETPHPYIOTCS B
TYpUCTHYECKHE IPOTrPaMMbI, YTO IPUBOJUT K POCTY BBIPYYKH OOBEKTOB oOIIenura,
TOCTHHUYHOTO Om3Heca M My3eeB. CoOIVIaCHO ONBITY COCTaBHBIX peiicoB «HimkHui
Hosropon — Teeps» u «Hwmwxnuii Hosropox — Bourorpan», naccaskupbsl MOIy4aroT
BO3MOKHOCTh OCMAaTpPHUBATh Iropoja B XOJA€ MPOMEKYTOUHBIX OCTAHOBOK, YTO NPEBpAIacT
MOe37Ky B Typ BbIXoaHOro aHs. PecryGumkm YUyBammst u TartapcraH yxke BKIIIOUMIN
pasBUTHE NpUYAIBHON HMHQpacTpyKTypsl (yUIMHEHHE CTEHOK, CTPOMTEIILCTBO MapHH) B
CBOU CTpaTeruu pasButus Typusma 1o 2030 roga.

2) 3arpy3ka NpOMBIIIIEHHOCTH M KaJpOBBIM moTeHuuan. Bospoxxaenue ¢utora
CTUMYJIUPYET  CYJOCTPOHMTENbHYH0  oTpacib. OCHOBHBIE  CTEHKXONAEPHl  37€Ch
3eneHoponsckuil 3aBoj uMeHH A.M. I'opekoro B Tarapcrane u LIKb mo CIIK umenun
AnexceeBa B Hmxkeropoackoit o6mactu. I1oTpeOHOCTh B HOBBIX CyZax BBICOKA: TOJBKO HA
MIEPBOM 3Tarne npoekTa «Pednpie MarucTpaimy JOMOITHUTENIbHA TOTPEOHOCTh OIIEHUBAJIACH
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B 18 exnHuI ckopoctHOTrO Qiora — cymoB Ha moaBoaHbIX Kpeutbix (CIIK). ITo coctosHMIO
Ha Hagano 2026 roma cyI0XoAHbIEe KOMITAHAH-YYACTHAKH IPOeKTa IKcIuTyatupytoT 9 CIIK.

Mexay tem, noctpoiika CIIK co3maer pabounme MecTa He TONBKO Ha BepQsxX, HO U Y
CMEXHUKOB — IPOU3BOIUTENEH KOMIUIEKTYIOIINX (HAIpUMeEp, YyBAaIICKHE MPEATIPUATHS
«Onapa», «BHUNP» yxe nocraBnsioT aeranu s « MeTeopoB»).

3) OnTumuzanusi OIOMKETHBIX PAacXoJlOB, Kak OOOCHOBBIBAIOT aBTOPHI crathu [10],
BUJ/IHA TIPY NEPEKIIOUYEHUN MacCaXHPOB C aBTOTPAHCIIOPTa W YKEJIE3HOW JOPOTH Ha BOIY,
YTO CHW)KAeT Harpy3Ky Ha JOPOKHYIO CETh CMEXHBIX BHJIOB TPAHCIIOPTA U Ja€T SKOHOMHIO
Or0JUKETHBIE CPEJICTBA Ha €€ COAEPIKaHNE U KalluTaJIbHBIH PEMOHT.

VIHHOBaLIMOHHBIE TACCAKUPCKUE TMEPEBO3KM HWMEIOT 3HAYUTENBHBIA COLMAIbHO-
SKOHOMMYECKUH 3(dekT, Bo3BpamIas cpencTBa CyOCHONH depe3 HAIOTH OT PacTyIIero
TYPHCTHYECKOTO U MPOMBIIUICHHOTO CEKTOPOB. JlaHHBIN 3((EKT NOAIEp)KUBACTCS 32 CUET
KOMIUIEKCHOM MHHOBAaLIMOHHOM COCTABJIAIOIIEH NaHHOW TPAHCHOPTHOW YCIyI'M M CBS3aH C
MHTEPECOM HACEJICHUS K HOBIIECTBAM U €€ KaueCTBEHHBIM XapaKTEPHCTHKAM.

JUI HarJsITHOTO TIPEACTAaBIICHWS MEXaHM3Ma BIIMSIHHAS CKOPOCTHBIX II€PEBO30K Ha
SKOHOMHKY  aBTOpaMH  pa3pa0oTaHa  KOHIeENTyambHas Moaenb  «TpaHcmopTHO-
SKOHOMHUUecKHi kiactep Ha 6ase BBII», mpencraBieHHas Ha puc.2 B BUIE CTPYKTYPHO-
JIOTHYECKOW CXEeMbl, TOKa3bIBAIOICH KaKk TIOCyJapCTBEHHAas NOAJEPKKa UM YacTHBIC
WHBECTHLIMH B OJIUH SJIEMEHT BOJHOTPAHCIIOPTHOW CHCTEMBI 3aIlyCKAIOT POCT B HECKOJIBKUX
CMEKHBIX CEKTOPaX YKOHOMHKH.

rocyJAPCTBEHHBIE W YACTHBIE MHBECTWLIMK

easpansHER NRoeKT "PeyHkie MarncTpanu”, cyBounHn

BAINCHGLIH, MATEPHANBHO-TEXHWYECKMA YPOBEHL |DEECTIEYEHME NPOEKTA)

FYHTY b0 El=l TR R ML R T

alEcneuiiae 1'JEI"I'I1|:"-H‘HH|"

AAPD KAACTERA - TPAHCTIORTHEIW YPOBEHE [MHHOBALMOHHAR YCIYTA)

CHOPOCTHEE CYA3, M3 PLIPYTHAR CETh, KOMOMKRPOBIHHBE (HHTEP- W MyIETHMEEaAEHEE ] conbuenns,
HOMPOPTHAA TRAHCNODTHAR CPE03 W IKOHOMMA BPEMEHK B MYTH 38 CYET CHOPOCTHOND Coobie KA

g

COLMANLHO-3HOHOMMWSECHMEA YPOBEHE

ATTIOMEPALMM [TYPHIM] BMIHEC BHIHET

PERCT TYRET O B I EesbIe [0, - o mofrnbHooT
Ll ele:

PAITMTHE TYRHCTOHO NG CEnmAcD; TPAHCTIOETHOH

- YERNEHRE AEADBLE P e S

- PAZHWTIE TORTORITK W Y HHGPECTRYRTY P,

FOCTEMPHNHMCTR;

CERIEH;
POCT HANDEDE ©

YEEAHYEHHE BraHec 5
YEEAMUSHHE YHLNA paboury Medc ) TYPHAME W

EO AL HEHY
TR LI A T

Puc. 2. Mopens: «TpaHCIOPTHO-9KOHOMHUYECKHI! KiacTep Ha 6a3ze BBII»

JlaHHas Moziesib Oa3upyeTcsi Ha B3aMMOJICHCTBUM TPEX YPOBHEH ApaiiBepoB: 0a3uCHOTO
(uHpacTpyKTypa, Kaapbl M HayKa), TPAaHCIIOPTHOTO (MHHOBALMOHHAS YyCIyra) H
COLMATIBHO-9KOHOMHYECKOTo (mociiencTBus U 3ddekTsl). BepbanbHoe H3I0KeHHE MOJETH
BBITJISIINT CIEAYIOINM 00pa3oM:

1. bazoBbiii ypoBeHb (VMIHBECTHMIMOHHBIH HMMIYJBC). OTO OTIpaBHAas TOYKA,
TOCYAapCTBEHHBIE U YACTHBIC BIIOKEHHS.
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— HpaiiBep: CrpoutensctBo ckopocTHEIX cynoB (CIIK Ttuma «Bammaii»,
«MeTteop»).

— HpaiiBep: PexoHCTpyKIus NpHYanbHOW HHPPACTPYKTYpHl (TpUYAIEI,
BOK3aJIbl) U THOYTIIyOseHue (IPpOoeKT «PedHble MarucTpamm).

— D¢ dexr nepBoro nopsiaka: 3arpyska CyaoCTpOUTENBHBIX 3aBOJIOB (pPOCT
MIPOMBIIIICHHOT'O TIPOU3BOJICTBA), CO3/IaHNE PabOUnNX MECT B CTPOUTEIBCTBE U
CYAOCTPOCHUH, pa3BUTHE CMEXHBIX IPOM3BOACTB (IpUOOpOCTpOCHUE,
JNEKTPOHUKA).

2. TpaHcHOpPTHBIH ypOBEHb (IPOLECCHI M PE3YJIBTATHI). DM GEKTHI OT HETOCPEICTBEHHOE
(YHKIIMOHUPOBAaHUE CHCTEMBI U ONIEPALlMOHHOM e TeIbHOCTH.

— HpaiiBep: CokpaimieHne BpeMeHH B IyTH (CKOPOCTh 65-75 KM/4 W HET
poOoK).

— JpaiiBep: peryisspHOCTb U JOCTYIIHOCTbD.

— Dddexr BTOpOro MoOpsimKa: pocT maccaxupornoroka. CyOcuaupoBanne
Tapuda, a 3HAYUT YBEIUUCHHUE JOCTYITHOCTH AJSI HACEJICHHUS M YBEINYCHHE
MOKyTaTeNnbckoil crocoOHocTH. [loBbINIEHHE TPaHCIIOPTHOH IOJBMKHOCTH
(MobunbpHOCTH) HaceneHus. POopMHUPOBaHHE YCTOWIMBBIX MEXPETHOHAIBHBIX
cBs3el (TpyaoBas MMIpAIis, AEJOBBIE NMOE3AKH, YKPEIJICHHE CEMEMHBIX U
POJICTBEHHBIX CBA3EH).

3. CoumanbHO->KOHOMHYECKHH ypoBeHb (KOHeuHble 3(deKkThl). 31ech BO3HHKAIOT
OCHOBHBIE BBITO/IBI IS IPUPEUHBIX PETHOHOB:

— Typucrnueckuii gpaiiBep - HOCTYHNHOCTh MajbIX TOpPOJOB U
HUCTOPHYECKUX MeCT (OZHOTHEBHBIC Typhl); POCT TYpPHOTOKAa, a 3HAYMUT
3arpyska roctuHul, kade, myseeB. Dddext: PocT BEIpyUKH ceKTopa yCIyr u
HaJIOTOBBIX IIOCTYTIJICHUH B OIOKET.

— [JenoBoil M nOrucTUYECKUM [paiiBep: YHPOILIECHHE KOMMYHHUKALUU
MeXay OM3HEC-LIEHTpaMH I'paHUYaIluX NPUPEUHBIX PErHOHOB; UHTETPAIHS C
JpYyTUMH BUAAMH TpaHCIOpTa (MyJIbTUMOJANIbHBIE MEPEBO3KU: peKa-aBTO-

*/m). DPGEKT: pocT AeIOBON aKTUBHOCTH, MPUBJICUCHHUE KaIPOB, CHUKCHUE
JIOTHCTUYECKUX M3JEPHKEK [T aCCaXHPOB.

— bromxernslit apaiiBep (KocBeHHast 5JKOHOMMSA): CHIM)KEHHE Harpy3KH Ha
aBTOJIOPOKHYIO M IKEJIE3HOJOPOXKHYIO CETh B IHKOBBIM JIETHHM NEPHO;
MEHBIINH HW3HOC JOPOXKHOTO TOJOTHA. D(PGEKT: SKOHOMHS OFOJDKETHBIX
CPE/ICTB HA PEMOHT CYXONYTHBIX IIyTe€li COOOLICHUS, KOTOpPBIE MOXKHO
NIepeHanpaBUTh HA JPyTHUe HYX/bl, HAlPHUMEp, pa3BUTHE WHHOBALMOHHBIX
KOMOMHUPOBAHHBIX (MHTEp- M MYJBTHMOJAIBHBIX) CHCTEM H JIPyTUX
MIPOPBIBHBIX TPAHCIOPTHBIX TEXHOJIOTHH.

KiroueBoii BBIBOJI MOJIENH: PAa3BUTHE CKOPOCTHBIX MACCAXKUPCKUX IMEPEBO30K padoTaer
KaK <«OKOHOMHYECKMII KaTaim3aTop»: OO/pKeTHble CyOCHOuM Ha TEepPeBO3KH U
nH(}ppacTpyKTypy BO3BpAILAIOTCS B )KOHOMHUKY B BHJIE POCTa HAJOTOB OT TYpU3Ma, 3arpy3Ku
MIPOMBIIIICHHOCTH W HKOHOMHM Ha COJEPXKAaHUU HHOPPACTPYKTYPHl CMEXHBIX BHIIOB
TpaHcnopTa. IIpu 3TOM, Ba)KHOHM NPaKTHUYECKOHN 3ajadel sBIIAETCS pa3BUTHUE MapIUPyTHOMN
cetu [12,13]. Takum oOpa3oMm, BO3HHMKAIOT OOOCHOBAaHHBIE MPEINOCHUIKH K CMEHE
napajurMbl  NIPOCTPAHCTBEHHOTO  Pa3BUTHS  TPAaHCIIOPTHOW cucTeMbl Poccum ot
NIPEBAIMPOBAHMS CYXOIYTHBIX BHIOB TPAaHCIOpTa K COAJaHCHPOBAHHOMY pPa3sBUTHIO Ha
NIPUHIONIAX OOJUKETHOHM 3 PEKTUBHOCTH.

IIpn sTOM JOmMKEH OBITH CHOPMUPOBAH KIACTEp HMHHOBAIMOHHBIX CKOPOCTHBIX
MACCAXUPCKUX TEPEBO30K, MOJENb KOTOpPOro mokKa3aHa Ha puc.3. Sapom kmacrepa
BBICTYNIAa€T MapUIpyTHas CeTb W OMNepaTopbl CKOPOCTHOTO ITacCaXHMpCKoro iora
(cymoxomHble  KOMMAaHWM), O0OECNeYMBAIOIINEe HEMOCPEICTBEHHOE  MPEAOCTaBJICHHE
MHHOBAIlMOHHONH  TpPaHCHOPTHOM  yciayrn.  Bokpyr sagpa  dopmupyiotes  Tpu
KOHIIEHTPUYIECKUX KpyTa OOECIeYMBAIONINX M CEPBHCHBIX CETMEHTOB, CBA3aHHBIX MEXKIY
co00if TOTOKaMH TOBapoOB, YCIyTr, MH(OpMAaIy W MHBECTUIMHA. Sapo 3amaeT «puUTM»
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paboTBl Bcero KiacTepa: OT paclHCaHWs PEHCOB 3aBHCUT TpaduK pabOTHl MPUYAIOB,
3arpy3Ka TOCTHHHI], OTPEOHOCTH B TOIUIMBE U CHAOKCHUH, MHTCHCUBHOCTD MCIIOIb30BaHUS
CYJOPEMOHTHBIX MOIITHOCTEH.
KrroueBblMH (QyHKIMSAMH Sipa KIacTepa, M0 MHEHHIO aBTOPOB HACTOSINEH CTaThH,
JIOJDKHBI BCTYHATh!
— OpraHuzanus peryJsipHbIX U TYPUCTHUECKHX PEHCOB.
— ®opmupoBaHue MapIIpyTHOH ceTu (pernoHanbHOM u
MEXPErHOHAIBHOM).
— BzaumopeiicTBue ¢ rocyIapcTBOM 110 BOIIPOCaM CyOCHIUPOBaHMS.
— VrpaBieHHe MacCa)KUpOIIOTOKOM, OWIETHBIMU CHCTEMaMHM, CEPBHUCOM
Ha OopTy.
— Koopaunarms ¢ oOecrieumBarOmMMH  CeTMEHTaMH  (pacIucaHus,
CTBIKOBKH, CHa0XCHHE).

TpeTwii momc
KaacTepa

Bropoii noac
KARCTERR

Hepauii nonc
KARCTERA

HIFO:
Mapmpy rHan ceTh
N OTCPaTOREE
CROPOCTHOND

panre

OlccncamBamine oplramuannm

HufpacTpyETYpHO-CEpRUCHDE
ofiecescnne

ConnaIbHO-3ROHOMHTeCRIIT

Puc. 3. KOHI.ICI'ITyaIILHaﬂ MO/J€JIb KJIaCTE€pa MHHOBAIIMOHHBIX CKOPOCTHBIX MACCAKUPCKUX IMTEPEBO3OK

Jlanee sIpo  OMOSACHIBAET IMyJl OPTaHM3AlMH, pPEAIN3YIONIMX HEIOCPEJICTBEHHOE
obecrieueHne esITeNbHOCTH S/1pa, TO €CTh (PU3NUECKYI0 BOBMOXKHOCTh SKCIUTyaTaluu (iora
(ITepsbrii nosic):

— CynocTpouTenbHble 3aBOAbI U PEeMOHTHbIe Bepdu (3eIeHO0IBCKHIA
3aBox mM. A.M. T'opekoro, IIKb mo CIIK mm. P.E. AnekceeBa m ap.):
o0ecreynBaOT MOCTAaBKy HOBBIX CYIOB, MOAEPHH3AIMIO CYIIECTBYIOIIETO
¢ioTa, rapaHTHIHOE U CEPBUCHOE OOCIY>)KUBAHHUE, PEMOHT U XpaHEHHUS CyJOB
B ME)XHABUTaIIMOHHBIN MIEPHOLL.
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— INocTaBmmKNn KOMIDIEKTYIOIHX: TpousBoauTenu asurareneid (MMC,
«3Be3ma»), CYIOOBBIX CHCTEM HAaBUTalWM, TOIUIMBHOM  ammaparypsl,
ANEeKTPOHUKH (Hampumep, «dmapa», «BHUNP», MPC Dnektporukc u ap.),
MIPOU3BOAUTEIH KPECEI, MaTEPHaIIOB.

— Ilpennpusrus oOecredeHUss IMPOM3BOJACTBEHHOTO LHWKiIa Bepdeid u
PEMOHTHBIX TIPEIIPHUITHI.

— TomiMBHO-3HEPreTHYECKUH  KOMIUIEKC:  MOCTaBUIIMKH  CYZOBOTO
TOIUINBA, OyHKEPOBOYHBIE KOMIIAHUH.

— IlpuyanbHasi WHQPACTPYyKTypa: pedyHbIE BOK3aJbl, ITaCCAXKHPCKHE
npuyanel, aedapkajgepbl, pEerHoOHaJbHbIE MHHHUCTEPCTBA  TpaHCHOpTa
(Bmamensubl HHQPACTPYKTYPHI).

— OOpazoBatenbHBIE W HAyYHO-HCCIEIOBAaTEIbCKHE  HHCTHTYTHI
(mammpumep, 6azoBeiii By3 BI'YBT, Hmxkuanit HoBropon), peunsie yuunuimia,
y4eOHbIE  LEHTPHl  IMOATOTOBKH, IEPEHOATOTOBKA W TOBBIIICHUS
KBaM(pUKAIUM  IUIaBCOCTaBa.  Pa3paboTKa  HOBBIX  THIIOB  CYJOB,
TUAPOANHAMHNYCCKUE HUCCJICa0BaHUA, HWHHOBAIIUU B Matepuaiax nu
IBUTATCIISAX.

Bropoit nosic (MHppacTpyKTYpHO-CEpBUCHOE OOecredeHre) BKII0YaeT OpraHU3aluH,
KOTOpBIE 00ecneynBaloT KOMMOPT U OE30IaCHOCTD MACCAXKUPOB, a TAKIKE CO3AAIOT YCIOBHS
JUIS. MHTETPallid BOJHOTO TpPaHCHOpTa B OOIIYI0 TPAaHCIIOPTHYIO CHCTEMY, OOecIedeHUs
MyJIbTUMOAATBHOCTH  («EOWHBIM  OWJIeT», CTBIKOBKA  pAaclMCaHWi), NpHUBICYECHUE
TPaH3UTHBIX TTACCAKUPOB. J[aHHBIM CErMeHT KJlacTepa 00ecIIeunBaeT B3aUMOCBSI3b C SAPOM
1 TIEPBBIM TIOSICOM MOCPEACTBOM:

— TpaHCTIOPTHO-TOTUCTUYECKMX Y3JIOB: >KEJIE3HOMOPOXKHBIE BOK3aJIbl,
ABTOBOK3aJIbl, a3POTIOPTHI, PACIIOJIIOKEHHBIC BOJIN3M PEUHBIX BOK3AJIOB.

— IndpoBex mrathopM, BKIFOYAIONNX OMIETHBIE CHCTEMBI, arperaTopsl
ouneros, IT-koMnanuu, pa3pabOTUMKH CHUCTEM OpPOHUPOBAHUS W TPOIAKA
OMIIeTOB, yIpaBIeHUE CIIPOCOM, COOP JaHHBIX O NMACCAXKUPOIIOTOKE U T.II.

— CrpaxoBble KOMIAHUHM: CTPAaXxOBHIMKM TPAHCIOPTHBIX  PHCKOB,
HacCaKUPOB, CyJIOB, OTBETCTBEHHOCTH MEPEBO3YHKA.

— Tpernit mosic (conMaabHO-3KOHOMHYECKHH) TpeAcTaBiIseT CcoOoi
CerMEHT KJiacTepa, KOTOPBI BKJIIOYAeT IPEINPHUITUS W OpraHu3allvy,
W3BJIEKAIOIINE BBITOAY OT JIESATENBHOCTH s[pa  KJlacTepa, co3JaBas
JN00aBOYHYIO CTOMMOCTb M (OpMHpPYsl OOpaTHBIE CBS3H, YCHIIHMBAIOIIWE
KJacTep:

— Typuctuueckue KOMITaHHH: TypOTIEpaTOphl M areHTCTBA (BHYTpPEHHHH
BOJHBIN TypH3M), 3KCKypCHOHHBIE OIOpO, areHTCTBA IO IPHEMY TYpPHCTOB.
SAnpo obecrieunBaeT TPaHCIOPTHYIO TOCTYHHOCTh TyPHUCTHUECKHX OOBEKTOB,
a JCATCIBbHOCTL TYPHUCTUYECKHUX OICPaTOPOB MU arcHTCTB HaIllpaBJICHA Ha
(hopMHpOBaHUE HOBBIX TYPHCTHYECKHUX ITAKETOB, OPraHM3aIMI0 SKCKYpPCHH,
OpOHMpPOBaHME TPYIIOBHIX PEHCOB U T.1.

— Toctunununeii 6usHec 1 HoReCa (oTenu, XOCTENbI, TOCTEBBIC IOMA,
pecropansl, kade, MPUJIOPOKHBINA CEPBHUC B MOPTOBBIX TOPOAAX) NPUHUMAIOT
MIaCCaXKUPOB (AETOBBIX TYPHUCTOB, TYPHCTOB BBIXOJIHOTO JIHS), ITOJYHalOT POCT
3arpy3ku Onarozjapsi TPHUTOKY IIOCETUTENEH, MOCTYNAIOUIMX MO BOJHBIM
PEYHBIM MarucTpaisM.

— ToproBble KOMIIAaHWU W PUTEHJI: Mara3uHbl CYyBEHHUPOB, MPOIYKTOBBIC
PBIHKH, TOPrOBBIE IIEHTPHl B 30HE NPHUYAJIOB, JIOKAJbHBIE MPOU3BOIUTEIN
(depmepsl, pemecieHHHKHN). VX NesATENBHOCTD HalpaBieHa Ha peai3aluio
TOBAapOB MaccaxupaM M TypucTam. /(s MaibpIX ropojoB 3TO HOBBIM KaHal
cOBITa JIOKATEHOW TPOTYKIHH.
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— OOBeKTHl KyJNbTYPHOTO HACIeIusi W MY3€H: My3CH-3al0BEIHUKN
(manpumep, CBusDKCK, [opopem), ycamsObl, MCTOpPHYECKHE IEHTPHL. ITOT
CeTMEHT KJacTepa IMOIydYaeT pOCT IOCEIAEMOCTH 3a CYET YBEIHUUCHHS
TPAaHCIIOPTHOW  JOCTYMHOCTH. Bo3MOXHa  peanm3amusi  COBMECTHBIX
MapKETHHTOBBIX IIPOrPaMM C SAPOM.

— JleBenoneps! M CTPOUTENbHBIE KOMIIAHUU: 3aCTPOMIIMKH ITPUOPEIKHBIX
TEPPUTOPUH, KOMIIAHMM TI0 PEHOBALUUH HAaOEPEeKHBIX, JIEBEJIONEPHI
TYPUCTHYECKUX KJIACTEPOB. DTOT CETMEHT CO3/1aET KOMMEPUECKYIO M JKHIIYIO
HEeIBM)KUMOCTh B 30HaX, CTaBUIMX IIPHUBIEKATENLHBIMU  Oylarojaps
TIOBBICUBILIEHCS] TPAHCTIOPTHOM JOCTYITHOCTH.

BHenrHwmit mosic cocTaBisAOT (enepanbHble, PErHOHANBHBIE 1 MyHUINIIAIBHBIE OPTaHbI
BJIACTH: MUHHCTEPCTBA TPAHCIIOPTA, TYPHU3Ma, SIKOHOMHIECKOTO Pa3BUTHS, aIMUHUCTPAIIN
MOPTOBBIX TOPOJOB. OJTOT CErMEHT OOeCIeYHBaeT perylupOBaHHUE, CyOCHIUpOBAaHHE,
pa3paboTKy CTpaTeTHi pa3BUTHs, CO3JaHHE OCOOBIX SKOHOMHYECKHX 30H TYPHUCTCKO-
PEKpEaioHHOTO THIIA | T.II.

Takum 00pa3omM, KiacTep MHHOBALMOHHBIX CKOPOCTHBIX MAaCCAKHUPCKHX MEPEBO30K —
9TO TEePPUTOPHATIBHO-OTPACICBOC OOBCIUHCHUE B3aUMOCBSA3aHHBIX MPEIIPUATHH U
OpraHu3alii, COCPEIOTOUCHHBIX BOKPYI EIMHOTO0 MNPOQWILHOTO Sapa, ACATCILHOCTh
KOTOPBIX CUHECPTECTUUCCKU YCHUIIMBACT KOHKYPCHTHBIC IMPECUMYIICCTBA KaXKAOTO0 YYaCTHUKA.
BremHell cpenoil kiacTepa BBICTYIAET IOCYAAPCTBO 3aKOHOAATENbCTBO UM HOPMAaTUBHOE
peryiupoBaHue, cyocuanu, QenepaibHble NPOrpaMMbl Pa3BHTHS BHYTPEHHErO BOIHOTO
TPaHCIIOPTa, KOHIEIIINU U TIPOEKTHI (Harpumep, «Pednbie MarucTpanmy).

Oocy:xnenue

D¢ dexTs! 0T GYHKIMOHUPOBAHUS KIIacTepa:

1) CuHepreTW4ecKuii: CHIDKCHHE TpPAH3aKIMOHHBIX H3JEPXKEK 3a  CYeT
reorpa)MuecKoil KOHIEHTPALUH U JOJITOCPOYHBIX KOHTPAKTOB MEXIY SIPOM
1 00€CTIeYNBAIOIMMH CETMEHTAMH.

2) MyabrumukatiBHbd [10]: 1 pyOnb cyOcunuii Ha nepeBo3ku reHepupyer 3-4
pyOJsisi BBIDYYKH B TypU3Me, TOCTEIPUUMCTBE, OOLIECTBEHHOM IUTAHUU H
TOPTOBIIE.

3) WunoBaunonusii: koHmeHTpanus HUOKP 1 npon3BoACTBEHHBIX MOIIHOCTEH
CO3JIaeT yCJOBHUS JUisi pa3pabOTKH HOBBIX IOKOJIEHHH CyIOB (BOIOPOAHBIE,
3NEeKTPUYECKUE, KOMIIO3UTHBIE).

4) VIMHIDKEBBIH: PpErMOHBI C Pa3BUTBIM CKOPOCTHBIM  (bJIOTOM  TONIydaroT
KOHKYPEHTHOE IIPENMYIIECTBO B OOph0OE 3a TYPHCTOB M HHBECTOPOB.

5) CoumanbHbI: TOBBIIIEHHE TPAHCIOPTHON JOCTYIHOCTH MaJbIX TOPO/IOB,
COKpalleHHE COIMAJbHOTO HEPAaBEHCTBA, IIOBBIIIEHHE OJaroCOCTOSHUS
HaceJeHHs IPUPEYHBIX PErHOHOB.

VY CnoBUsIMH YCTOHYMBOTO Pa3BUTHS KJIACTEPa BBICTYIAIOT:

1) CrabunpHOE€ TOCYIapCTBEHHOE CYOCHIMpPOBAaHHE  COLMAIBHO-3HAYMMBIX
MapuIpyToB Ha (eepaJIbHOM M PErHOHAILHOM YPOBHSIX.

2) Pa3ButHe BOIHO-MH(QPACTPYKTYPHOTO KapKaca — pa3BUTHE IPOrpaMMbI
CYJOCTPOEHHSI WHHOBALMOHHOTO CKOPOCTHOTO (hioTa, TapaHTHPOBaHHBIE
rIyOMHBl Ha MAaruCTPaJIbHBIX BOJHBIX IIYTAX W pa3BUTHE MNPUYAIBLHON
nH}pPacTPyKTYypHI.

3) MHurerpamust B MYyJbTUMOJAIBHBIE CHUCTEMBl — CO3JaHHE TPAHCIIOPTHO-
nepecanounbix y3i10B (TITY) Ha cThIKe peka-k/I-aBTo.

4) KaznpoBoe n HayyHOE o0OecrieueHre — IOATO0TOBKA IIABCOCTaBa W MHKEHEPHBIX
kazapos (pazsurie BI'YBT u ¢uimanos), HUOKP.

5) LudpoBuzaunss — exuHple OWIETHBIE IIATQOPMBI, CHUCTEMBI YIPABICHUS
MACCAXKUPOTIOTOKOM, HABUTAI[HOHHBIE CEPBHUCHI.
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HecMoTps Ha MO3UTHBHYIO JUHAMHKY, OTPACHb CTAIKUBACTCS C BEI30BaMU. | TaBHBIH U3
HUX — HeJIO(PHHAHCHPOBAHWE COICp)KaHUS BHYTPEHHHX BOIHBIX myTed. B 2025 romy
Pocmoppeudnor momydmn mumbs 72% OT HOPMAaTHBHO HEOOXOAMMOro 00beMa CPEACTB Ha
9TH LENH, YTO CO3JAaeT PUCKH UId OE30MacHOCTH CyIOXOACTBA M TPeOyeT SKCTPEHHOTO
niepepacrpezieseHus OroKeToB. BTopoii BEI30B — CE€30HHOCTH HABUTAIMH, XOTSI MOSIBJICHUE
CylOB Ha BO3AyuIHOM moaymike (kak y xommanuu OOO «Bomonér») 4acTHUHO periaTh
npo0yieMy 3MMHUX NEPEBO30K, HO TOJIBKO «IIONEPEK PEKM» WM Ha KOPOTKHX AMCTAHIHAX.
B oroii wactm HeoOXOAMMO JaybHEWIEe pa3BUTHE IPOEKTOB CKOPOCTHBIX CYIOB W
TPAHCHOPTHBIX TEXHOJIOTUH, BIHUAIOMIMX HAa HKOHOMMUYECKYIO YCTOHYMBOCTH [14]
OIIEPaTOPOB CKOPOCTHOTO (hJIOTa, BHICTYMAIOUIMX SIPOM IPECTABICHHOTO B HACTOSILIEH
CTaThe KIacTepa.

KiroueBbiMu mpobiemMamu IpoekTa « PeuHbIe MarucTpaim BBICTYTAIOT:

— BBICOKAsl CTPOHUTENIbHAA CTOMMOCTh CYZOB, JIOIS KOTOPBIX JOXOIMT MO0
40% cebectonmoct [15] mpu HEBBICOKOH MOKYNAaTENbCKOH CIHOCOOHOCTH
HaCeJIeHHS;

— OrpaHuueHHss 1O o0beMaM CyOCHAMPOBAaHUS IEPEBO3YUKOB U
NpUYaNbHOH HMHQPACTPYKTYphl, BbI3BaHHbIE no3unmedl Munpuna PO o
BO3MELICHHH TOJIKO OIEPAIlMOHHBIX PAacXoJI0B IIEPEBO3UYMKOB 0Oe3 yuera
cenu(UKH pevyHOro TpaHCIopTa (Ce30HHOCTh, IEPEHOC PEMOHTOB B
MEXKHAaBUTALIMOHHBINA NIEpUOJ H T.11.) ¥ IPOOJIEM C COCTOSIHUEM HacCaKUPCKUX
MIPUYAJIOB;

— HEAOCTAaTOYHasi OCBEJOMJIEHHOCTh HACEJIEHHS NPHUPEYHBIX PETHOHOB O
HOBBIX CKOPOCTHBIX MapHIpyTax;

— OoTcpouka yTBepkaeHHs Ilpoekra pemeHus o0 CyOCHIMPOBaHWUHU
mepeBo30K, pazpadorannoit BI'YBT, mo3Bosstomniei cymecTBeHHO YIIPOCTUTh
NpOLEeAypy OTYETHOCTH IIEPEBO3UYMKAM M KaK CJIEACTBHE HEKelIaHNe
CYZOXOJHBIX KOMIIAHUH BKIIOYATHCS B TIPOCKT.

3akaroyenue

VIHHOBaILIMOHHAS YCIIyra CKOPOCTHBIX MTACCAXKUPCKUX TIEPEBO30K CYJaMH Ha MOJIBOHBIX
KpPBUIBSIX JIOKa3ajla CBOIO 3¢ (EKTHBHOCTh KaK KaTaJH3aTOp 3KOHOMUYECKOTO pPOCTa
npupedHsix Tepputopuil. Ha npumepe pernonos IIoBokbs BUAHO, 4TO NMPOEKT «PedHble
MarucTpaim» pellaeT KOMIUIEKC B3aMMOYBS3aHHBIX 3a]ay: IOBBIIIAET Ka4eCTBO YKH3HU H
MOOMJIBHOCTh  HACEJICHMS, PAcKphIBaeT  TYpPHUCTHYECKMH  MOTEHIMAl  IIIyOWHKH,
obecrieunBaeT 3aKa3aMd BBICOKOTEXHOJIOTHYHYIO MPOMBIIUICHHOCTh U CHWXKAeT HarpysKy
Ha CYXOIYTHYIO IyTeBYI0 HH(pacTpykTypy. [lambHeimee pasBHTHE OTpaciu Tpedyer
CTaOMIBHOTO (PUHAHCHPOBAHMS COAEPKAHWS BOJHBIX MyTeH M CHHXPOHM3AIMH IUIAHOB
CYIOXOJIHBIX KOMIIaHWH C PETHMOHAIBHBIMHM CTpPATerMsMH pa3BUTHS Typu3ma. Takxke
TpeOyIoT 0c000T0 BHUMAHUS 1 IpyTHe HHHOBAIIMOHHbIE BU/IbI CKOPOCTHOTO MACCAXKUPCKOTO
¢tota, 4TOOBI B JAOJITOCPOYHON NEPCIEKTHBE UMEHHO PEKH CTAHOBHMJIMCH TPAHCIOPTHBIMU
apTepHUsMH, CBS3BIBAIOIIMMHU pErnoHsl Poccuu, a pedyHble MarucTpajd CTajld OCHOBOM
MIPOCTPAaHCTBEHHOTO Pa3BUTHUS CTPAHbI.

KrnactepHas MoJelb WHHOBALMOHHBIX CKOPOCTHBIX —IACCAXKUPCKUX  IMEPEBO30K
MpeAcTaBIseT co00 MHOTOYPOBHEBYIO CHCTEMY, B KOTOpOH siipo (omeparopsl (ioTa)
BBICTYIA€T LIEHTPOM IMPUTHKSHUS] U KOOpAUHALMH. BOKpYT Hero popMupyroTcst TpH mosica:
obecrieunBaroninii  (Bepdu, PEMOHT, KOMIUICKTYIOIINE, TOIUIMBO), HH(PPACTPYKTYPHO-
CepBUCHBIH (MynbTUMOAANbHOCTD, IT, Kampbl, Hayka) W PHIHOYHO-CEPBHUCHBIH (TypHu3M,
TOCTUHMIBI,  TOPTOBIIS,  KyJbTypa).  YCTOHYMBOCTE  KjacTepa  obOecreduBaeTcs
TOCYAAapCTBEHHON MOIJICP)KKOH, pa3sBUTHEM MHPPACTPYKTYpbl M CHHEPTHEH MEexXIy
yYaCTHHKaMH, 49TO  [IO3BOJISIET  IIPEeoOpa3oBHIBaTh  OIO/KETHBle  cyOcuauu B
MYJIbTUILIMKATHBHBIH POCT PETHOHAIBHOW 3KOHOMHUKH.
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AHHOTanms. B cTaThe aHAMU3UPYIOTCS U3MEHEHHUS B IpaBUJIax IUIATHOrO MpUuéMa, KOTOpbIE
BCTYIHIM B CHIy B INpuEéMHYI0 KamnaHuio 2026 roga U 3aTpOHYJIM B TOM YHUCIE
TpaHCIOpTHEIE By3bl PocMoppeudiora. ABTOp JaeT CHCTEMHOE IPENCTaBICHHE O TOM, Kak
HOBBIC MpaBWIa MEHSAIOT JaHmmadT IUIaTHOro npuéMa B TPaHCHOPTHOH cdepe, H
paccMaTpHBaeT BO3MOJKHBIE CIIEHAPHU M IOCIEACTBHS A aOUTYPHUEHTOB, BY30B M PBHIHKA
Tpyda B OmpKaiiime Tonabl. BBISIBIEHBI HEJOCTATKH CYIIECTBYIOIICH METOAUKH pacuéra
MIPEeNIHOTO KOJNMYECTBA MECT: HEOJHO3HAYHOCTh IOHATHS «IPOPHUILHOCTBY, CIOKHOCTH
BepU(UKAINN HEKOTOPBIX MOKa3aTelel, OTCYTCTBHE ydeTa KaJpoBOH MOTPEOHOCTH Ha
YPOBHE OTpaciu, peruoHa. ABTOp 0OpalaeT BHUMaHHUE Ha BAXKHOE YCJIOBHE OIPaHUYCHUS
IUIATHOTO TIpHeMa OyIyIuX CIIENHAIUCTOB IOPHIMIECKOT0 M SKOHOMHYECKOTO Mpoduiss—
cOaylaHCHPOBaTh NOATOTOBKY KaJIpOB C peaJbHBIMU NOTPEOHOCTSIMU TPAHCIIOPTHOW OTPACIIH
1 u30exaTh KaK MEepPEeHACHIIICHN] OTPACICBOTO PhIHKA TPYJa, TaK U ocnabieHHe KaJpOBOTo
MOTEHIIMAIa TPAaHCTIOPTHON OTpaciu.

KiroueBble ciioBa: BbIcIIee 00pa30BaHKe, TPAHCIOPTHBIE BY3bl, [UIATHBINA pPHEM, TIPAaBAIA
npremMa, KaapoBas IMOTPEOHOCTb, MOATOTOBKA IOPUCTOB M JKOHOMHCTOB, IIOBBILICHHE
KadecTBa 00pa3oBaHUs

Paid admission to transport universities in 2026: new rules and
possible consequences

Vera V. Krainova
ORCID: 0000-0001-7960-3661
Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. This article analyzes the changes to the fee-based admissions rules that came into
effect for the 2026 admissions campaign, including those affecting Rosmorrechflot's
transport universities. The author provides a systematic overview of how the new rules are
changing the landscape of fee-based admissions in the transport sector and examines possible
scenarios and implications for applicants, universities, and the labor market in the coming
years. The article identifies shortcomings in the current methodology for calculating the
maximum number of places: the ambiguity of the concept of «specialization,» the difficulty
in verifying certain indicators, and the failure to consider personnel needs at the industry and
regional levels. The author draws attention to an important condition for limiting the fee-
based admission of future specialists in legal and economic fields: balancing personnel
training with the actual needs of the transport industry and avoiding both oversaturation of
the industry labor market and a weakening of the transport industry's human resources
potential.

Keywords: higher education, transport universities, fee-based admissions, admissions rules,
personnel needs, training lawyers and economists, improving the quality of education
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BBenenue

B 2026 romy mnpuéMHas KaMmIlaHHUS B By3aX OTIMYAJACh PSAAOM HM3MEHEHHH —
KIIFOYEBBIE W3 HHUX 3aTPOHYNH cdepy IuaTtHoro mnpuéma. OTmpaBHOH TOYKOW IS
TOCYIapCTBEHHOTO PETyJINpPOBAaHMSA IUIATHOTO mpméMma crtam Mait 2025 roma: Torma B
crateio 101 ®enepansHoro 3akona ot 29.12.2012 Ne 273-®3 «0O6 oOpa3zoBaHMH B
Poccuiickoit ®eneparyu» nodaBunu HOByr0 HopMmy. Ona Hanzenuna IIpaBurtensctBo PO
IIPaBOM yTBEpXKJaTh: IEpPeYeHb HaNpaBI€HUM U CIEHUAIbHOCTEH, AN KOTOPBIX
yCTaHaBJINBACTCA JTUMUT MJIATHBIX MECT; MOPAIOK U CPOKH OTIPEIEIICHHS 3TOrO JIUMUTA.

Llen> HOBOBBEIEHHH — YJIYYIIHTh Ka4€CTBO BHICIIEr0 00pa3oBaHMs U cOANaHCUPOBATH
CUTyallMI0 Ha pPBIHKE TpyJAa: YCTPAaHHUTh NEPEeHU30bITOK CHEUUAINCTOB MO OTICIbHBIM
HaNpaBJICHUSM W OHOBPEMEHHO BOCIIOJNHUTH HEXBATKY KaJpOB CPEIHETO 3BEHA M paboumx
podeccuii.

«IIponecc MOATOTOBKM KaApoOB Il TPAHCIIOPTHOM OTpaciu SBJSETCS OCHOBOM
KaJIpOBOI'0 M MHHOBAIIMOHHOI'O Pa3BUTHUs TPAHCHOPTHOU cucteMbl Poccuiickoil @enepanuu
- ofgHOW W3 0a30BBIX OTpaciell ’KOHOMHKH TrocynapcTsa, (opmupytomei O6omee 6 %
HaIMOHAJIBHOTO BHYTPEHHETO BAJIOBOTO IpoxyKTay [1].

ITonroToBka CHEIUMANUCTOB U1 TPAHCIOPTHOTO KOMIUIEKCAa BeleTcs B paMkax 17
YKPYHIHEHHBIX TpPYNI  CIEHUAJbHOCTEH ¥  HaNpaBleHUIl MOATOTOBKU  CPEIHEro
npodeccHOHANBHOTO U BbICHIEro oOpa3oBanusi, B ToM umcie no YI'CH 38.00.00
«9xoHoMuKa U ynpasieHue» u 40.00.00 «lOpucnpyaeHIus».

CuctemMa TpaHCIOPTHOTO OOpa3oBaHMA, MOABEIOMCTBeHHas Munrtpancy Poccun u
HaxXOJSIIMMCSI B €T0 BeICHUU (eliepalbHbIM areHTCTBaM, BKIo9aeT 17 o0pa3oBaTenbHBIX
OpraHM3ali BBICIIETO OOpa30BaHMA, B TOM dYHcIe 6 — BY30B BOJHOTO TpaHCIOPTa,
MOJIBEIOMCTBEHHBIX PocMoppeudory.

B ycnoBusix orpaHWYeHUs IUIATHOTO IpHEMa TPaHCHOPTHBIE By3bl PocMoppeudrora
CTOJIKHYJIMCh C HOBBIMH BBI30BAMH H JKECTKUMH OTPAHHUYCHUSIMH CO CTOPOHBI TOCYIapCTBa.
Bcenen 3a orparndeHusiMu Or0pKeTHOTO TpreMa B Havasie 2000-bIX IT. Ha s HallpaBICHUH
nmoarotosku/cnenmaiprocteit YI'CH 38.00.00 «Oxonomuka u ynpasienue» u 40.00.00
«¥Opucnpynennusny, HaunHas ¢ npuema 2026 rojga — OrpaHUYUBAETCS U IIIIATHBIA IIPUEM.

Bonpocs!l minatHOro BeICIIET0 00pa30BaHUS aKTMBHO M3YYalOT B POCCHHMCKOM Hay4dHOMH
cpelie, OHM HAIlUIM CBOE OTPaXXKCHHE B PsAJE COBPEMEHHBIX HAy4YHBIX MccienoBaHuA [2-10].
ABTOpBI HCCIIEIOBAaHWM 3aTparMBaiOT pa3jIM4yHble MPOOJIEMHBIE aCHEKTHl IUIATHOTO
00pa3oBaHus: CTOMMOCTh IUIATHBIX 00Opa3oBareNbHBIX ycuyr [3,6], KadecTBO IUIATHOTO
oOpazoBanus [2,5,7], ero JOCTYHHOCTb H BOCTpeOoBaHHOCTH [4,7,8,10], oTcyTcTBHE
3G PEKTUBHOTO MEXaHU3Ma COTJIACOBAHMS IOTPEOHOCTEH pBIHKA TpyJa C IOATOTOBKOH
BEIITYCKHUKOB [7,8], mpobieMbl (prHAHCHPOBaHUS BHICIIETO OOpa30BaHHS B COBPEMEHHOM
Poccun [9].

B may4HO#l moBecTKe, CBSI3aHHOW C 3KOHOMHUKOW 00pa3oBaHUSI W TPOOIEMATHKON
IUIATHOTO  TIpUEeMa,  HEJOCTaTOYHO  BHUMAHUS  yJAENSeTCs  TOCYAapCTBEHHOMY
peryiaupoBaHuio d3Tol cdepsl — x0T wMeHHO ¢ 2026 Toga OHO CTaJ0 3HAYUMBIM
¢dakTopoM. B pamkax J[aHHOTO HCCIIEIOBaHHS Mbl pPacCMOTPUM JAEHCTBYIOLIHE
OTpPaHMUYEHUS, KOTOPBIE BIEpPBbIE OBUIM PEaTM30BaHBl B XOZIE KOHKYPCHOM MpoLERyphl U
npueMHo# kammanuu 2026 rosa, uX BO3MOXKHBIE TIOCIEICTBHS.

MeToabl

OMIMPUYECKYyl0  0a3y  COCTaBWIM  O(HIMANBHBIE  CTATUCTHYCCKHE  JaHHBIC
MuHHCcTepCTBA HAayKH M BbICHIero oOpasoBanus Poccuiickoit ®epepaunnu, Enunoi
ME)XBEIOMCTBEHHOH nHpopMannonHo-cratucTnaeckor cucremsl (EMUCC).

MeTonaMu HCCIICHOBAHUS SBJSUINCH: aHAU3 POCCHUICKUX HAyYHBIX MyOIMKAIUH 1O
BEIOPaHHOW TEMAaTWKE; CUCTEMHBIH MOIXO[; JIOTUKO-CTPYKTYpPHBIH TOAXOI, HAONIOJCHHE,
CcpaBHEHHE, 0000IICHHE.
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Pe3ynbTaThl, 06cyKIeHHSs

[IpenBECTHUKOM YCTaHOBICHHBIX 3aKOHOM OTPaHWYEHHH, BCTYNMHUBIIUX B CHIIy  C
01.09.2025, cramo orpaHmdeHWE B TpHeMHYyI0 KammaHuio 2025 roma Ha yBenW4eHUE
IUTaTHBIX MECT B XOJIe MIPHEMHON KaMITaHHH, KOTOPOE By3Bl paHee CBOOOTHO MPOU3BOIMIH
IIPU HOBBIIIEHHOM CIIPOCE.

AKTBI 3aKOHOJATENIbCTBA O IUIATHOM IIpUeMe Ha oOydeHue B By3sl Ha 2026-2027
Y4eOHBII I'ojl PE/ICTABIICHBI HA PUCYHKE | B XPOHOJIOTHH UX TIPHHSATHS.

DefepalbHef 3akoH oT 23 man 2025 1, N 114-03 a0 BHECEHWW HEMeHEHHR B cTaTeW 101 v 104 degepansHoro
zaKoHa "06 ofpascpann B Pocchickon ®eepauivs ( BETYNUN & cuny ¢ 01,08.2025)

MNocTaHosneHwe MpaekTenscTea of 19 womRbpa 2025 r. Ne 1830 "O6 yTeepwoenuw [paEun onpegeneHHs)
NpefensHoro KoNWYecTBa MEecT AnA npuema aa obyyenwe no oGpA30BATENLHBLIM NPOrpaEMMEM BbICLIEND
ofipazosanka no goroscpam of ofpasosadul, 3akNOYacMuIM Npy npreme Ha ofiydeHve 2a cueT cpeldcTs
PHINYECKDTD NHUAE W (WNKH) I0pHgn-eckors NWua, va 2026/27 yaebhei rog y

= =
Pacnoprsesie Eﬁamnmsa Pocciilcroi Penepaumi at 19 vosbips 2025 r. N 3338-p Mepeuerb HaNpagNeHs ROAMTORKA)
M CTIBUMANLHOCTEN BCern ODpAI0BaHNR, HayuHLN CMEUWANBHOCTER, MO KOTOPWM ONPENENAETCH NPENENEH0E ROMMYECTBO
MECT OnA npeama Ha afysesve no ofpascearencHsiM NPOrpaMMan Beicleers oboasseanws no gorceopan of oipasopaHsm,
ZARMEHABMBIM MK NPUEME Ha 0GYUEHWE 33 CHET CPEACTE HIHAHUBCKONO W (HNk) KPAIMUBCKND NKUA, Ha 2026/2T ywabkua ron

.

Mpukas MuHUCTEPCTES HEYKH 1 Beicwero obpasomanua PP ot 27.11.2025 NeS13 «O6 yTeepraeHHH KpuTepuas
W nopAgKa YCTAHOBNEHWA OrpaqWueHHi Ha NpWeM nNo nporpammas Bakanasplata, cneuWandTeTa M
MArMCTRETYDb HE 0OrOBOPHOR OCHOBE & y

Mpukas MUHKHCTEPCTEE HEYEW W BeiclWero obpaioeardna PO ot 30.12.2025 Ne1099 « 06 yTeepHIaHuK
NpeaensHOTo KONWUECTER MECT ANA NpHEmMa Ha obyuyaHKMe no 0BpaloEaTeNLHEM NPOTPEMMAN BhICILATD
obpasopanna no gorosopan off oGpaszosaHKl, IBKNKYBEMEIM NP Npreme Ha ofydeHe 3a cuaT cpancTe

PHINHECKOTD NALS ¥ (WNK) KPWOVYeCcKoro NMua Ha 2026/27 yuebusli roge

Puc. 1. 3akoHOAaTeIbHOE PETYINPOBAHNE HOBOTO MEXaHNU3Ma IIATHOTO TIPHEMa B BY3bI

Hanuuo - crpemMuTenbHbIi XapakTep UX pa3paboTku 1 BBoza B jneiictue [13-16]:
—19.11.2025. TIlIpaBurensctBo P® BecbMa ckopomamuTeldbHO U 0€3
IIMPOKOH OOIIECTBEHHON W MpPOQECcCCHOHATBHON NHUCKYCCHH BBEJIO HOBBIC
IIpaBWJia KBOTUPOBAHMS IUIATHBIX MECT B By3ax M npuHsuio [locranoBnenne
ot 19 Host6ps 2025 r. Ne 1830 “O06 yrtBepxnenuu IlpaBun ompeneneHus
NPEAENBHOTO  KOJIMUeCTBa MeCT g TIpuemMa Ha oOydeHHe 110
00pa3oBaTeNbHBIM NpOrpaMMaM BBICIIET0 00pa3oBaHMsl 10 JIOTOBOpaM 00
00pa3oBaHuM, 3aKJIOYaEMbIM IIPU IpHeMe Ha O0ydeHHe 3a CYeT CpE/ICTB
(usndeckoro auna u (Win) PUARIECKOro uia, Ha 2026/27 yueOHbIil Tox” U
pacmopsbkeHne 0T 3Tod ke gatel Ne 3339, ompenensroniee IepeyeHb
HanpasieHuil IlepedeHp HampaBleHUH MOATOTOBKM M CHELUAIBHOCTEH
BBICIIET0  00pa30BaHMs, HAYYHBIX CIEIHAIBHOCTEH, 1O  KOTOPBIM
oTIpeieTIsIeTCsl Ipe/IebHOE KOINYECTBO MECT.

—27.11.2025 MunoOpnaykn Poccun yTBepKIEHBI KPUTEPHH H TIOPSIOK
YCTAQHOBJICHHS OTpaHMYEHMH Ha TpHEM II0 TNporpaMMaM OakanaBpuara,
CHeUUaInTeTa K MarucTpaTyphl Ha JOTOBOPHOH OCHOBE»

—30.12.2025 Munobpraykn Poccum  yTBepkIeHO — IpeaenbHOe
KOJIMYECTBO IIJIATHBIX MECT By3aM.

[TmatHoe oOydeHWe cCTalo0 YacThI0 POCCHHCKOM CHCTEMBI BBICIIETO 0Opa3oBaHUS B
1990-x Tomax — ero MOsIBJIIEHHE OBIJIO CBA3aHO C MOJIEPHHU3AIMEH BY30BCKOH CHCTEMBI.
Ceiluac 10roBOpHBIE MECTa IPEJCTABIEHBI B KaKAOM By3e cTpaHbl. COrnacHO JaHHBIM
MOHHUTOPHWHTA CUCTEMBI BBICIIET0 oOpasoBanus 3a 2025 rox (cM. puc. 2), A0isl CTYACHTOB,
00yJaromuxcs Ha MJIATHOW OCHOBE, MPEBHINIAET NOJOBUHY — OHA COCTaBIsAeT 52 %.
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2199 522; 48%

® KOHTHHTEHT CTYJACHTOB,
O6y'-la}0]lll/IXCﬂ 3a CYeT
GIOI[)KCTHLIX CpeacCTB, Y€l

KOHTHHT€HT CTYeHTOB,
00yJaroImuxcs 1o
JIOTOBOPY, Yell.

2406 769; 52%

Puc. 2. KoHTHHTeHT CTyIEHTOB, 00YJalOIIKXCs IO IIPOrpaMMamM BEICIIEro 00pa3oBaHus (TI0 JaHHBIM
MOHHUTOPHHTA CHCTEMBI BbIcIIero oopasoBanust PO — 2025, https://monitoring.miccedu.ru/ )

CaMble OMyJIApHBIC HANPABJICHUS TUIATHOTO 00pa30BaHKA IO JaHHBIM MUHOOpHAYKH
(puc.3) — »osr0 YI'CH 38.00.00 m 40.00.00: HFpucnpynennus (6akamaBpuaT H
Marucrparypa) — mo4yru 15% oOT mimaTtHoro mpuema, Ha BTOPOM MeCTe - ODKOHOMHKa,
MenemxMeHT —110 7-8 %).

Meuxozorygy T
Pekmasn il Coail ¢ COMIecTISHHOC TRy — —
FOPRCTpY TSN (MATHCTpaTy pa)  S—
locyaapcTeenHoe W MYRIIINNATRRGS VIpARTeENe — SE—
Me HEGEMEHT —_— ]
e, e |

TIEOIOMITK

Wypuenpynenmms { Gakanasprar)

0,00 5000 LI D09, 15,00%

Puc. 3. OcHOBHBIE HaNpaBIeHUs IIATHOTO 00ydeHns B By3ax P® (o nanusiM MunoOpHayku Poccum)

OCHOBHBIE HalpaBJICHNUS TIATHOTO O0YYEHHs COOTBETCTBYIOT 00iacTH 3HaHMH «Hayku
00 oOriecTBe», KOTOpasi B CTPyKType UMEET MIPUMEPHO PaBHBIM YIEIbHBINA BeC ¢ 001acThI0
3HaHMH «/HXeHepHOe J1eN0, TEXHOJIOTHH U TEXHHYECKHEe HayKn» (puc. 4).

Ilo nmaHHBIM MOHHUTOpPHMHIAa CHCTEMBI BbIcmiero oOpasoBanust P®-2025 B By3ax
Pocmoppeugora Ha goroBopHOil ocHOBe oOydaercs B cpexHeM 36% oT obmiero
KOHTHHTEHTA CTYJICHTOB.

B 2026 rony Muno6pnayku Poccun cokparuio 47 000 matHbix MecT B By3ax — 13%
OT HX O0IIero 4ucia.

PerynupoBanue mnatHoro npuéma B 2026/27 yueOHOM Toly peanu3yercs B IMHIOTHOM
¢dopmMaTe — OH  OXBaThlBaeT IporpamMMmbl  OakajaBpuarta M  CIEUUAJIUTETa IO
40 HampaBIeHUSIM u CIEUAIBHOCTSIM (28 mampaBneHHH OakanaBpuaTa u
12 criennanbHOCTEH) M pacHpocTpaHseTcs Ha BCe 00pa3oBaTeNbHBIC OpTaHMU3AINA
(cM. puc. 5).
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- [lel-]'.l‘iL'M'I-EEI HEE I DIEQArorn\eckie Haykn

® Hayen of obwectne

CelibCKOe X03RICTRO

31,3805 ' MeryecTio B EYILTYpA
MaTeMaTITECKIE 1l eCTECTBEHRE HAYKI
3,64%
m% ' [imwe HEPHOE JIEN0, TEXHOMOIRI B TEXHHYSCKHS HayRnN
3.34%

L) MQBDDKPMJEI!]M I MeTHITHCENS HAYEN

Puc. 4. Pactipenenenue o0ydaromuxcs 1mo mporpaMmMaM BBICIIETO 00pa30BaHuUs M0 001acTsIM
o0Opa3oBaHus (110 JaHHBIM MOHUTOPHHTA CHCTEMBI BICIIETO 0Opa3oBanus PD-2025,
https://monitoring.miccedu.ru/ https://monitoring.miccedu.ru/)

CornacHo 1aHHBIM pUcyHKa 5, B 2026 rofy Npou30LUI0 COKPALLEHUE TUIATHBIX MECT IO
psAny HanpasiieHUH. B ux uncne:
— DKOHOMHKA M yTpaBieHHE (PKOHOMHKA, MEHEKMEHT, YIpaBICHHUE

MepCOHAJIOM,  TOCYAapCTBEHHOE M MYHHUIUIAJIbHOE  YIIpaBJICHHE,
ousHec-uH(GOpPMATHKA, TOPTOBOE JIEI0, TOBAPOBEICHHE);
— IOPHUCTIIPYACHIUS (ropuctpyaeHIws, paBOBOE obecrieueHne

HAI[MOHAJIBLHON O0E30MacHOCTH, CyneOHas W MPOKYypOPCKas ICSITEIbHOCTb,
MIPaBOOXPaHUTEIbHAS JCITCIBHOCTh, CyJAcOHAs 3KCIEePTHU3a, TaMOXKEHHOE
JIeJIo);

— r'YMaHHUTapHBIC W COIMANbHBIC HAYKN (KYPHAINCTUKA, pEKJIaMa U CBSI3H
¢ OOmecTBEHHOCThIO,  MEKAYHAPOTHBIC  OTHOWICHHS,  (PHIIOIOTHA,
JUHTBUCTHKA, TICHXOJIOTHS, KOH(INKTOIOTHS, 3apy0eKHOE PETHOHOBEICHHE);

—ctepa yemyr W Memua  (OM3aliH  apXWTEKTYpHOW  Cpempl,
MeINaKOMMYHHKAIIHH, TeJICBUICHIE, CEPBUC, H3IATEILCKOE JeI0, Iy OInIHAS
MTOJIUTHKA U COLMAIbHBIC HAYKH).

Oco00oro BHUMaHHsI 3aCJTy)KHBAacT BKJIIOUCHHE B MEPEUYCHb TAKHMX, HA MEPBBIA B3I,
BOCTPCOOBAHHBIX CICIUATBHOCTEH, KaK CTOMATOJOIWs, He(Tera3oBoe AEI0 U TOPHOE
JIeJIo — 3TOT (PaKT CTal HEOXHMIAHHOCTBIO JJIsi SKCIIEPTOB B cdepe oOpasoBaHus. Takum
00pa3oM, pedopma OXBaThIBACT OOIIUPHBIA MAacCHB OOpPA30BATENBHBIX MPOrPaMM, YTO
CBUICTEIIECTBYET O CHCTEMHOM IIOIXOJIE TOCYIApCTBa K PETyITUPOBAHUIO TUIATHOTO MPHEMA.

B mepByro ouepenb COKpamieHHE KOCHYJOCH TPEX CaMbIX IMOMYIIPHBIX CpPEAH
KOMMEpYECKHX CTYICHTOB HampaBieHHH moarotoBku (puc.3): IOpucnpymeHmus -
cokpatmi 13,9 teic. mecT (—17,9% mo cpaBrermto ¢ 2025 romom), MeHemxkmenT — 7,4
ThIC. MecT (—17,1%), DxoHOMUKa— 7,3 THIC. MecT (—15,6%).

Ha pwuc.5 BbImeneHBl mporpaMMbl TOATOTOBKH/CIIEIIHATFHOCTH, KOTOpPHIC TOMATH B
MepedeHb U peaju3yloTCcsl oTpacieBbIMH By3amMu Pocmoppeuduiora mo YI'CH 38.00.00
«9OxoHoMuKa u ynpasieHue» u 40.00.00 «OpucnpyaeHumsy.
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Hon Hazeanne HANPAENEHWA NoQroToe Gaxanasphara Koo Haimakme cnouHansHooTH
07T.03.01 AgmeTesTypa 20.05.01 MamapHan GeaonacHecTs
G7.03.03 HAwnzailn apxemesTypHON CREge
21.05.04 TopHoe aens
15.03.05 KOHE TRy KTOREKS-TEXHCNO e Ko ODeCgLenssg Maalsros TROMTENE HEX
21.03.01 Hegrerajonoe Jenc 21.05.06 HeBTarasosois TeXHIKE #
37.03.01 T HXamarin TENHOMNOrH
a7.03.02 HoHgmssranorus S OE G
38.03.01 BHAHOMAKS ¥ CTOMETONCTHA
38.03.02 Nz b LW AT 37.05.02 Mecwronores crywabdHon
38.03.03 YNpARMee MepooHanc.w ARATENLHOCTH
J8.03,04 MOCYASE<TREHHOE ¥ MyHSENAaroHDE YIPERMewe T
38.03.05 EniHet-RrpoamaTie . IHoHOMMHBERERN
Ge30nacHocTE
38.03.06 Topromos 4enc
38.03.07 ToOREpOReRH S 38.05.02 TamoweHHoe geno
38.03.10 HOANV LSS BCIRACTEO N KOMMYHENLHEN mHboacTpyTypa 00501
40.03.09 HO T By A A Mpasoece ofiecneveHwe
HALGACHAN O
44,0301 ZapyGenHon ParioHoaagene fesnnacHoeTi
41.03.05 e yrapagH o STHOUWSNEA
41.03.06 FlyBnmessan NoMumeea ¥ CoOWEansHBE B3YEN
42.03.01 Pexnama w CERE C 0BLECTEEHHOCTED A0.05.02 MpamcoxpaHUTenEHan
42.03.02 HYPHAMSCTURE QEeATENbHOCTE
42,0303 WagaTensowos qemno
40,0503 F
A2.03.04 TenessgaHWE el L
A2.03.05 MEOMaROR M M3 40.05.04 CynefHaR W NPCKYPOPCKaR
A43.03.01 Cepawc FEATE e OE Tie
45.03.01 SunonoreR
A45.03.02 FnHrescTiea
45.05.01 TTOpRROA #
45.03.03 DYHOIMEHTEMNEHAR ¥ NPHKTAGHEA FMHTEHCTHES -~
NEQEEon0BaSHe
47.03.02 Mpssxnagsan ITHRE

Puc.5. Ilepeuens HanpaBlieHHH MOATOTOBKH/CIIEIAIBHOCTEH BBICIIETO 00pa30BaHUsL, IO KOTOPBIM Ha
2026/2027 y4eOHBIi TO/ yCTAHABIUBACTCS MPEIEIbHOE KOJIUIESCTBO TUIATHBIX MECT

B By3ax Pocmoppeudiora chopMupoBaH 3HAUUTEIBHBIA KOHTUHTCHT 00YYAOIIMXCS 110
YKPYIMHEHHBIM TpyNnaM crenuaibHocTeld/ Hanpasiaenuit nogrorosku 38.00.00 u 40.00.00.
CyliecTBeHHOE OrpaHHuYeHHEe NpuéMa Ha IUIaTHbIE MecTa I10 J@HHBIM HalpaBlICHHUSM
OK&)XET 3aMETHOE BIIMSHWE Ha (YHKIHOHMPOBAHWE TPAHCIOPTHBIX YHUBEPCHTETOB.
(Tabmn.l).

Tabauya 1
KonTunrent cryaenTon B By3ax Pocmoppeudaora mo YI'CH 38.00.00 u 40.00.00

Kox YI'CH Hanmenosanne YI'CH [IpuBenénnsrit Y nenbHbI Bec IPUBEASHHOTO
KOHTHHI'E€HT KOHTHUHI'€HTa CTYICHTOB IT0
CTYACHTOB I10 YI'CH B 00111eM npuBeIEHHOM
VI'CH, uen. KOHTHUHI'E€HTE CTYJICHTOB

00pa3oBaTesIbHOIM OpraHU3aluK
(cpenHmii ypoBeHb psiaa)

38.00.00 DKOHOMHUKA H 13733 9,3%
yrpaBieHne

40.00.00 IOpucnpyaenuus 1252,4 9,7%

Urtoro 2625,7 19%

Cocmasnena asmopom no OGHHLIM MOHUMOPUHEA CUCTEMbL @bicuie2o 0bpazoanusi PO -
2025, https://monitoring.miccedu.ru/

[TpuBeneHHBIH KOHTUHIEHT cTyAeHToB oOydarommxcs Ha YI'CH 38.00.00 u 40.00.00
cocraBisieT Ooiee 2,5 ThICSY, a YICNbHBIA BeC MPUBEICHHOTO KOHTUHICHTAa B OOIIEH
MIPUBEACHHON YuClieHHOCTH 3aHuMaeT nopsiaka 20%. U 3To, B 0CHOBHOI Macce, - IIaTHBIN
KOHTHHTCHT. B CBSI3M ¢ 3TUM OrpaHWYCHHE IUIATHOTO NMPUEMA CIOCOOHO CYIIECTBECHHO
MOBIUATh HAa  (DMHAHCOBO-XO3SHCTBEHHYIO W 00pa3oBaTelbHYIO  JICATCILHOCTH
TPAHCIOPTHBIX BY30B.

OO6patuMcsi K METOJUKE pacyeTa MpeaeibHOro KOJIMYECTBA TUIATHBIX MECT — OHO
omnpeneNnseTcs Mo CpeaHeMy O0beMy IUIaTHOTO MpHeMa 3a TMOCIeJHHEe TpU Toja C
HCTIONIb30BaHUEM KOX((UIIMEHTa, YYHUTHIBAIONIETO YIENbHBIH BeC OOYYaIONIMXCs 10

154


https://monitoring.miccedu.ru/

Hayunste npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

obmacti 00pa3oBaHUSA, K KOTOPOH OTHOCHTCS CHEIHATBHOCTh, K OOIIeH YHUCIEHHOCTH
oOyugaromuxcs (ecnu 6omee 50% - npumensiercst koadunuenr 1,1).

[penensHOE KOMMYECTBO MecT OyneT paBHO 0, eciu: B pe3yJIbTaTe pacueTa KOIUYecTBO
MecT MeHbIIe 10 (AkoHOMIYECKH Hed()(HEKTHBHO YUHUTH TaKyl0 Maylo TPYIILY), CPeIXHUI
6amn EI'D — menbme 50.

[ToBbICUTH TNpenesabHOE KOJNMYECTBO IIATHBIX MECT MOXET YBEIWYHUTh KOMIUIEKCHAS
OaiybHAs OLICHKA: OHA BKIIIOYAET TP mapamerpa: cpeanuit 6amn EI'D, BocTtpeOboBaHHOCTH
BBIITYCKHUKOB, BHINOJHEHHUE TUIaHa TIATHOTO MPHUEMa.

HKommaewcnasonenka: K=b py + b+ by =0+5+2=7.

b — faaTLHAR ONeHKA cpeanero Oaana ETD
ET> 1

Nwya co cpentium GannoM EF3, npoweawive Ha ofyysine no gorosopam of oRasaHUK NNATHEX E
ofpasosaTensHLix Yemyr A
Era <55

65 sEM3 <60

BOsSEre <70

TO=Era <86

z B85

b | — DanabHAA OleHKa BOCTPeDoBANHOCTH BLINYCKHHKOB PLINKA TPYIa

M hd =D

BocTpefosaHHOCTh BLINYCKHUKOS HA PhiHKE Tpyaa B
=60
60=T<70
TO=T=<80
=80
b pp— fanibHan oUeHKAa NPOLEHTHONO IUIAHA BBIIOJIHEHH ILTAHA NpHema olyqeHns no
IIOroBopam

Mok = 9=

MpoyeHT BEINCAHSHMA NNada npvema xa ofydedne no qorosopam of oKA3AHKN MNATHLX

ofpasoaaTenbHbN Yenyr Ban
< 80 0

80BN =80 1

80 = BN = 100 o

Puc. 6. Pacuer koMIIIEKCHOH OIICHKH Ha IPUMEPE CIIEHATBHOCTH « DKOHOMIYECKasi 0€30ITacHOCTh)

Ouenka cocraBwia 7 OawioB. CoOrigacHO METOAMKE BO3MOXKHA — CIEYIOIIast
KOPPEKTHPOBKA MPE/IEIBHOT0 KOJIMYECTBA IUIATHBIX MECT: IPH KOJIMYECTBE OAIIOB MeHee 2
— yBenmueHne Ha 5%; mpH KonmdecTBe OawioB oT 2 no 6 — yBennueHue Ha 10%; mpu
KosmuecTBe 6ayuoB Oonee 6 — yBenmmuenue Ha 15%.

Takum o0Opa3om, B HalIeM ciy4ae IpeaeIbHOe KOIN4IeCcTBO MecT coctaBmio 40x1,15 =
46 mect. (40 — 370 cpenHMIt 06BEM IUIATHOTO MpHEMa 3a MOCIEAHNE TpH roaa). IIpu aTom
npe/ieibHOE KOJIMYECTBO HE MOXKET ObITh OoJiee (DaKTHYECKOH YHMCIEHHOCTH NPHHATHIX Ha
oOy4eHue B npreMHyto kammnanuto 2025/26 yueGHoro roza.

[IpenenpHOE KOJMYECTBO MECT MOXKHO YBEJIHYUTh HE3aBUCHUMO OT KOMIUIEKCHOMN
OLIEHKH:

— IpU TpUeMe 3a CUeT IOPUAMYECKHX JHI[ (rapaHTHHHOE MHCHBMO OT
3aKa3YMKOB C YKa3aHHEM KOJINYECTBA TAKUX MECT);
— TIpH IIpHeMe MHOCTPAHHBIX IPaXkJaH H JIMI Oe3 rpakIaHCTBa.

OOpazoBaTenbHBIM ~ OpraHU3allMsIM  OTBOJWJIOCH BCero S5 paboumx JHEH i
NIPE/ICTAaBICHUS TIPEUIOKEHNI 110 KOPPEKTUPOBKE IUIATHBIX MECT C HPWIOKECHUEM
TIOJTBEPKIAFOIINX JIOKYMEHTOB.

KakoBel moOCIeACTBHS OTPaHWYEHHS IUIATHOTO TPHEMa Ui OCHOBHBIX YYAaCTHHKOB
00pa30BaTENBHBIX OTHOIICHHWH: BYy30B U A0UTYPHEHTOB?
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Ilocneocmeusn ons 6y3zoe

1. B uacTtu 00pazoBaTenbHOTO MOPTHENS

Mertonuka onpeneneHus MPeJeIbHOTO pa3Mepa IUIAaTHBIX MECT IOPOXKIAeT PHCK
MOTEPH By3aMH YHHKJIBHBIX M BOCTPEOOBAHHBIX Ha PBIHKE Tpylda 00pa30BaTEIbHBIX
POrpamM.

B ocHoBe pacuéra mnpenenbHOrO pasMmepa IUIATHBIX MECT- CTAaTHCTHKA Tpex
MpeALIeCTBYIOIMUX JieT. Eciau B Kakoil-To roj ObUI aHOMAaJIbHO HU3KWI WIIM BBICOKHH
Habop, 3TO UcKa3uT Oa3y W NPUBEIET K HealleKBaTHOMY JIMMUTY B OynyiieM. Metonuka He
YUUTBIBaET OBICTPO MEHSIOIIMIHCA XapakTep pBIHOK TPyAa, KOTJa HalpaBieHHE
MOJIrOTOBKH/CIIELIUATIBHOCTh PE3KO HAOMpaeT CIpOC U3-3a MOSIBJICHUS HOBBIX TEXHOJOTHUH,
TOCTIPOTPAaMM M T.II. YCIIOBHE C OOHYJIEHHEM» IUIaTHBIX MECT IPH CPEIHEH YNCICHHOCTH
MeHee 10 YemoBeK MOXKET NPUBECTH K TOMY, YTO yHUKalbHas INporpaMma OynmeT
MOTEPSIHA.

2. B uyactu puHAHCHPOBAHUS AEATEIEHOCTH

[l Bcex By30B, B TOM 4HCIie By30B PocMoppeudioTa Takas CHUTyaris HeTaTHBHO
CKa)KeTCs Ha BHEOIODKCTHBIX JIOXO/aX, IPUBEICT K UX COKPAIICHHIO/TIOTEPE, B TO BPEMs
KaKk yTBEp)KICHHbIE HOpPMAaTHBHBIE 3aTpaTbl, B pa3Mepe KOTOPBIX (QUHAHCHPYETCS
rOCYAapCTBEHHOE 3a/laHHe BY30B (OFOJDKETHBIM HpPHUEM), HE MO3BOJIIOT HAAJIEKalIUM
o0OpazoM cojepxaTh W OOHOBJIATH MaTEepPHUAILHO-TEXHUYECKYIO0 0a3y, B YaCTHOCTH He
MO3BOJISIFOT ~ COJEpXkaTh y4eOHbIH (IOT TpaHCIOPTHBIX BY30B Pocmoppeudiiora,
OCYILECTBISITH OOHOBIIEHNE ycTapeBlield nHPpacTpyKTypbl. CoKpallleHHe NOCTYIJICHU OT
IUTATHOW JIESITEBHOCTH MOJKET IPUBECTH K COKPAIIEHHUIO IPOTPaMM Pa3BHUTHS, CHIDKCHHIO
KayecTBa 00pa30BaTEeIbHON M HAYYHOH JICSTEIEHOCTH.

OrpaHndeHue 4KciIa BHEOIOKETHBIX MECT NMPHUBEAET K ONTUMH3ALMH ITaTa — B TOM
YHCJIe COKPANCHNIO MPEeroAaBaTeneii 1 BCIOMOraTeIbHOTO IepcoHana. B ycnoBusx, koraa
oyt 80 % mpodeccopcko-NpernoaBaTeNbCKOro CocTaBa BODKCKOro yHHBEpCHTETA —
yuéHbIe ¢ KaHAUIATCKIMHU U JOKTOPCKUMH CTEIIEHSIMH, 3TO CO3JaéT yIrpo3y yCTOWYHBOCTH
pa6OTLI HOI[paB)IeJ'IeHHﬁ U1 MOBBIIIACT BEPOATHOCTb OTTOKA ONBITHBIX KaJAPOB.

Ilocneocmeusn onsa abumypuenmos

Ilens HOBOBBEIEHHsS TaKOBa, YTO OTPAaHWYCHHS Ha IOMYJIIPHBIX HANpaBJICHUSIX
NepeHanpaBsT NOTOK aOUTYPUEHTOB Ha CIELUaIbHOCTH, B KOTOPBIX celdac ecTh aeduuur
kagpoB (umxeHepHsle, IT, memarormueckue, MenTuIMHCKHE U Ap.). [ng aOuTypueHTOB —
9TO IIAHC MOCTYNHUTH Ha OIO/PKETHOE MECTO: Ha TAKHMX HAIPaBIECHUSIX KOHKYPC 4acTO HUXKE,
a KOJIMYECTBO MECT OCTAETCs IOCTATOUHBIM.

Uro kacaeTcss aOMTYypHEHTOB, IMOCTYMAIOMMX B BY3bl B 2026 Troxy, OHH OXHAaeMO
HE CMOTJIM  NIEPEOPHEHTUPOBATHCS € MPEMMYIIECTBEHHO  TI'yMaHUTapHOro  mnpoduis
Ha NH)KCHEPHO-TEXHUYECKUE CHEeNNaTbHOCTH (HYXKHA JUIMTENbHAS TOJrOTOBKA, U3MEHCHHMS
B CpeIHEH IIKoJie). DTO MONTBEPKAALT cTaTHCcTHKA BeIOopa EI'D BeimyckHmkamu 2026 roma
(Tabmn.2).

Kak BugHO W3 Tabmuusl 2, npoduibHYI0 MaTeMaTHKy caaBajio 4yTh Oosee 50%
BBITYCKHUKOB (OHAa HeoOXoxmMma Ui TIOCTYIUICHHSI Ha TEXHHUYECKHE, WHXCHEPHBIC
CHENHMATbHOCTH), @ CaMbIM HOMYJIIPHBIM IPeAMETOM 10 BbIOOpY B 2026 TOy BHOBB CTAIO
oO0lIecTBO3HaHNe - ero BhIOpanu no4tu 296,5 Thics4 uenoBeK — 3TO mpaktuuecku 40
MIPOIICHTOB OT BCeX ydacTHUKOB EI'D.

Tabauya 2
Brioop EI'D Beimycknukxamu 2026 rona
[peamer EI'D Y. Bec, %
Pycckuii si3bIK 100
[IpodwmpHas MaTeMaTHka 51
ba3oBas MaremMaTnka 49
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IIpenmer EI'D V. Bec, %
OO0I1ECTBO3ZHAHUE 40
Mudopmarnka 22
Buonorust 20
Ddusnka 20
Xumus 15
Hcropust 13
AHTTUICKUN SI3BIK 12
JlutepaTypa 6
I'eorpadus 4

Takum 00pa3oMm, KITIOY K PEMICHHIO 3a7adil — B KOMIDICKCHOM IOAXOJE: OTPAaHHYUTh
IUTaTHBIH TpUEM Ha OTAEIHHBIC HAIPaBICHUS, OJHOBPEMEHHO HAPACTHB IEJIEBOW MPHEM U
3amycTHB NPO(OPHEHTALMOHHYI0 paboTy CO IIKOJbHUKAaMH. [lapamienbHO rocyaapcTBy
CTOMT C(OKYCHUPOBATh TOAJCPKKY IEJaroruueckoro oOpa3oBaHWs Ha MOATOTOBKE
YUUTENCH KIIFOUEBBIX U MHKCHEPHH MPEAMETOB (MHGOPMATUKH, MATCMATHUKH, (DU3UKHU).
Tako¥ mojaxox oOecrneynT aOMTYPHEHTOB KAauyeCTBEHHOW 0a30d M CO3[acT YCTOWYHBBIM
MIOTOK MOTHUBUPOBAHHBIX KaHIUIATOB HA NHXEHEPHBIE HAIIPABICHHUS.

Cutyaryst, Korja KOJIMYECTBO IUIATHBIX MeCT >KECTKO OrpaHHYEHO, IOBBIIIACT
KOHKYpEeHIHUI0. J[JIs TeX, KTO TOTOB OIUIAYMBATH OOYUYCHHE, HO HE MPOMIEN Ha OOKETHOE
MECTO, 3TO O3Ha4yaeT CHIDKEHHE IMaHCOB HAa MOCTYIUICHHWE B BY3. [locimemcTBreM MOXeT
CTaTh pa30vyapoBaHUE CpeN AOUTYPHEHTOB M UX POTUTEICH: UM IPUAETCS KOPPEKTHPOBATH
IUTaHBI, WCKATh APYTHE BApUAHTHI TONYyYEHUS OOpa3oBaHHA (TIOCTYIUICHHE B KOJUICIDK,
MOArOTOBKa K rmepecgade EI'D B crmemyromeM romy), d9TO MOBIEYET 3a CoOo0it
JIOTIONTHUTEbHBIE PACXO/IBI M TOTEPIO BPEMEHHU.

Korma By3bl JuImIaTcsi 4acTW BHEOIOKETHOTO I0XO0Ja, YTOOBI 3aKPHITh BO3ZHHKIIYIO
(rHAHCOBYIO Opelllb, OHH, C OOJIBIION BEPOSATHOCTHIO MOBBICST LIEHBI HA OCTABILUECS MECTA.
Oco0eHHO SIPKO 3Ta TEHACHIMS INPOSBIACTCA B «TOMOBBIX» By3aX — HMMEHHO TyJa
YCTPEMJISIIOTCS CaMble CHUJIbHbIE aOWUTYPHEHTH, W I HHUX POCT CTOMMOCTH OOyuYeHHS
CTaHOBUTCSA OLTYTUMBIM (PaKTOPOM IIPH BEIOOpE By3a.

3akaouenue

l'ocynapcTBeHHOE peryianpoBaHHE BHEOIOPKETHOTO NpHEMaA, OyAydd NMpOJIyMaHHBIM U
B3BEIICHHBIM, CIIOCOOHO JaTh CHCTEME OO0pa30BaHMS psJ INPEHMYIIECTB — HaIpUMep,
CMECTHUTH AKIEHT Ha MPOIPaMMBbI, BOCTpeOOBaHHBIC YKOHOMHUKOH, M YCHIIHUThH NOJATOTOBKY
KaapoB. BmecTe ¢ Tem, kKak 1Mokas3ajo MCCIIEIOBaHUE, TAKHE MEPbI HECYT U ONpeeNEHHbIE
PHCKH — OHHM MOTYT HETaTHBHO OTPA3UTHCS KAaK Ha By3axX, TaK U HA ITOCTYIIAIONIHX.

Ha pgenme crtporuii periaMeHT B COYETAHMHM C OTIENBHBIMHU THOKAMHU 3JIEMEHTaMH
HEM30€KHO CONpsHKEH C TOTEHIMATbHBIMH mpobiemamu. [loaTomy rocymapcTBy Kak
peTyNATOpPY BaXKHO 3apaHee IpeayCMaTpUBaTh MEpbI, KOTOpBIE IOMOTYT CHHU3UTh
BO3MOJXKHbIE HeraTHBHBIE 3((EKTHI, a TaK)KE BECTH MOCTOSHHBIH MOHMTOPHUHI CHTYallMH W
IIPU HEOOXOJMMOCTH KOPPEKTHPOBATh HOPMATHBHYO 0a3y.

Ha mam B3mman, TpeOylOT KOPPEKTHPOBKM KPHUTEPHUH M IOPSIOK yCTaHOBIICHUS
OTpaHMYEHUI Ha IIPUeM II0 IporpaMMamM OakanaBpuara, ClielnaluTeTaMnl MarucTpaTypsl Ha
JIOTOBOPHOW OCHOBE, yTBEPKAEHHBIE IIpuxa3 MuHHCTEpCTBA HAyKH U BBICILETO
obpazoBanust PO Ne 913 or 27.11.2025 Ne 913. MsbI BBSIBIIM CICAYIOIINE HEJOCTATKH
METOJUKH:

— HEO/IHO3HAYHOCTh TOHATHS «IPO(UIBHOCTHY, KOTOPOE HCIHOJIb3YeTCs
NP YCTAaHOBICHWM KOppeKTHpyomero ko3ddumumenta. Omnpenenenue,
ABTISIETCS JIM HampaBieHHe NPOoQIIBHBIM Ui By3a (moist 6omee 50%), —
JOCTaTOYHO CyOBEKTHBHOE pemieHne. By3sl MOTyT mo-pasHOMY TPaKTOBaTh
ator Kputepuil. K cioBy, BoipkCkuii rocynapCTBEHHBII YHMBEPCUTET
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BOJHOTO TPAHCIIOPTa TOTOBUT KaApBl SKOHOMHUCTOB, HaumHas ¢ 1970 roma
(6omee 55 mer), topuctoB - Oomee 30 mer (¢ 1994 roma). TpamuumoHHO
9KOHOMHYECKHE, OyXTalTepCKHE CIyXOBI IOPTOB, APOXOJCTB, CYTOXOJHBIX
KOMIaHWH, aJMUHUCTpAaid O0acCeHOB BHYTPEHHHUX BOIHBIX ITyTedl Bomro-
Kamckoro OacceiiHa MOMOMHAIMCH HAllUMHU BBITYCKHHUKAMHU SKOHOMHCTaMHU.
IOpuctel BocTpeOOBaHBI B TPAHCHOPTHOM NPOKYpaType, TPaHCIIOPTHOU
MOJIIIMY, CJIEICTBEHHOM KOMHTETEe Ha TpaHcmopTe u T. 1. Kpome Toro, Bce
peanuzyeMble  00pa3oBaTeNbHBIE  MPOTPaMMBI  3KOHOMHYECKOTO U
IOPUIMYECKOTO HallpaBiieH!us B BOKCKOM YHUBEPCUTETE HMEIOT OTPACIIEBYIO
HalNpaBJIeHHOCTh, YTO MOATBEPKIAI0T MPOQMIN IOArOTOBKH/HAaNMEHOBAHHE
o0pa3oBaTenbHONW mporpaMmbl. Hampumep, MO HaNpaBlICHHIO ITOATOTOBKH
40.03.01 HpucnpyneHums peanmsyercs oOpa3oBaTelbHas MpoTrpaMMa
«¥Opuct B chepe Tpancmopra (MOPCKOTO M BHYTPEHHETO BOIHOTO), IIO
HanpasieHuio noarotoBku 38.03.01 DxoHoMHKa - «DKOHOMHUKA, (PUHAHCH H
OyXralnTepcKui y4eT Ha TPAHCTIOPTHBIX MPEANPHATHIX» U T.IL

— HaOmmogaeTcs CI0XKHOCTh cOOpa NAaHHBIX AJIsl KOMIUIEKCHOH orneHku. He
BCe ITOKa3aTelH, UCIOIb3yeMble B X0€ KOMIUIEKCHON OICHKH JIETKO coOpaTh
1 BepuUIUPOBATh, YTO CHIDKACT TMPO3PAYHOCTE U OOBEKTHBHOCTH
KOPPEKTHPOBOK (HAIIPUMEp, CTATHCTHKA TPYJ0YCTPONUCTBA);

— METOJUKaA IpcaAnojiaract yBCJIWYCHUC IUIATHBIX MECT IIpU IMPUEME 3a
CYeT IOPUINYECKUX JIUIT (IPH HAJHMYUHU TapaHTUIHBIX MMHCEM OT 3aKa34uHUKOB C
yKa3zaHMEeM KoJH4yecTBa Takux MecT). OJHAaKO YCTaHOBIEHHBIN CpOK B 5
pabounx JHEM I TPeroCTaBICHUS MOATBEPXKIAIOIIMX JTOKYMEHTOB
W3HAYaJbHO JIeNlaJl BBINOJHEHHWE STOH 3a/Jaud  HEpealn3yeMbIM H3-32
JIOTHCTHYECKUX ¥ BPEMECHHBIX OTPaHHICHHUMH.

— METOJWKa HE YYHTHIBACT KaApOBYI0 TIOTPEOHOCTh IO OTPACIIM
SKOHOMHKH, Ha YpPOBHE pEeruMoHa, riue Haxomurcs By3. CumraeMm, 41O B
YCIOBHUSIX TEKyIIero aucOaaHca MEXTy IPEUIOKEHHEM 00pa30BaTesIbHBIX
YCOyr M pEaJbHBIMH 3allpocaMd pPBIHKA TpyAa OCOOyI0 aKTyalbHOCTh
npuoOperaeT 3ajaya CHCTEMHOrO yuéTa KaJpOBOW MOTPEOHOCTH B
OTpacieBOM M PETHOHAIBHOM pa3pe3ax ¢ 00sA3aTeNbHBIM Y4YeTOM €€ B
MeToJKe Ipu (GOPMUPOBAHUH OOOCHOBAHHBIX JIMMUTOB IPUEMA HA TUIATHOM
ocHoBe. IIpu ompeneneHuN NpeAeIbHOIO pasMepa IUIaTHBIX MECT METOJIMKa
JOJDKHA OMMUpPaThbCa HAa MEXaHU3M COBMECTHOT'O IMPOTHO3UPOBAHUSA C YUaCTUEM
BY30B, YUPEIUTEIS, PETHOHAIBHBIX OPTaHOB BJIACTU. JTO MO3BOJIUT U30EXKaTh
cuTyanuu W30bITKA WIM Jeduiura BBITYCKHHKOB 10 KOHKPETHBIM
HaIpaBJICHUSM.

B Konuenuuu mnoAaroToBKM KaJIpoOB JJsl TPAHCIOPTHOro Komiuiekca Ao 2035 roga
3akperuieHo:  «TpaHcnopTHble oOpasoBaTesbHBIE OpraHM3aluu OyayT oOecrieuuBaTh
KBAIM(UIMPOBAHHBIMA ~ KaJpaMH HE  TOJBKO  OCHOBHBIE  CHCTEMOOOpasyromye
(GYHKIMOHANBHBIE TOJApa3/ieNieHusT TPAaHCIOPTHBIX KoMIaHui. Taxke Oyner BecTHCh
MIOJITOTOBKA KaJpOB IS Cephbl TPAHCIIOPTHOM JIOTUCTUKH, SKOHOMHUKH, YIIPaBICHU, IpaBa
W IPYTUX HaNpaBlieHWH MpoQecCHOHaIbHON TPAHCIIOPTHOM AesTenbHoCTH [1].

Takum o00pa3oMm, BO3HHKAaeT 3ajadya COXpaHEHHA OajaHCa: C OJHOM CTOPOHHI,
OTpaHUYCHHUA TIJIATHOTO HpI/IéMa Ha DJKOHOMHUYECKHME W OPHIUYCCKHUC HalpaBJICHUA
MIPU3BAHBI CKOPPEKTHPOBATH TIEPEH30BITOK BHITYCKHUKOB Ha OOIIEM PBIHKE TPYAa, C IPyroi
— HEeJb3sl JOIMYCTUTh OCIAa0JICHHs KaJpoOBOTO MOTEHIHANIa CAMOIM TPaHCIIOPTHOW OTpPaciIH.
Benp vMeHHO TpaHCHOpPTHBIE BY3bl, corjacHo KoHuenuuu noarotoBku kaapos ao 2035
roja, NPU3BaHbl IIEJICHANPABICHHO TOTOBUTH CIICLHAINCTOB IUII CMEXHBIX cep —
SKOHOMUKH U IIpaBa.

CrnenoBarensHO, npu  (OPMHPOBAHMM KOHTPOJBHBIX LU(p mpuéMa HE00X0IUMO
YUUTBIBaTh OTPACIEBOM CIPOC: TOYEYHO MOJIEPKUBATh NPO(WIBHBIE TPOrpaMMBbl JUIs
TPAHCHIOPTHOTO KOMIUJIEKCA, OIHOBPEMEHHO pETyJIHpys OOmUi MOTOK 1O 3TUM
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HaIpaBJICHUsIM, YTOOBI M30€KaTh KaK JIOKAJIBHOIO ACHINTA, TAK U MAKPOIKOHOMHYECKOTO
Hepenpon3BOACTBA KaPOB.
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MopnesmpoBaHue TPAHCIOPTHO-JIOTHCTHYECKUX MPOILECCOB
C MCMOJIb30BAHHBIMH MOYIOHAMH B YKOHOMHKE 3aMKHYTOT0 IIUKJIa

B.B. liBepoB

ORCID: 0000-0003-0835-4615

E.B. Pa3zuna

Bonoicckuii 2ocyoapecmeennbiii ynugepcumem 6001020 mpancnopmay, 2. Huoicnuii
Hoeszopoo, Poccus

AnHoTammsi. Ha rpy30BBIX TepMHHANIAX, MepepadaThIBAIOIINX TaPHO-IITYYHBIC TPY3BI,
o0pa3yioTcst GoubIre 00beMbl He IIPUTOAHBIX K HCIIOJIb30BaHUIO JIEPEBSHHBIX IOATOHOB. B
HacToslee BpeMs Ha TPY30BBIX TepMHHaTaX (MOPCKMX ¥ PEYHBIX MOpTax,
JKEJIE3HOMOPOXKHBIX CTAaHIMAX) OCHOBHBIM BAapHAaHTOM OOpamIieHWs C HUMH SBISIETCS
OTIIpaBKa Ha cBaJKy. Ho 3TOT BapmaHT B ycioBmsx crapta ¢ 2025 r. ¢enepaqbHOTO IPOEKTa
«DKOHOMHUKA 3aMKHYTOTO IIUKJIA» B COCTABE HAIIPOEKTa « DKOJIOTHUECKOE OIAromomydney,
B KOTOPOM CTaBHTCS 3ajladya MaKCHMAJIbHO HCIIONB30BaTh MaTepHaIbHBIC PECYPCHl M TOCIe
MPUXO0/a MX B HETOJHOCTH M0 OCHOBHOMY HA3HAYCHHUIO, HENb3Sl CUUTATh PAIIHOHATIBHBIM BO
BCeX ciydasx. B pabore (GopMHPYIOTCS MOIENHM TPAHCIOPTHO-IOTHCTHYECKOTO Iporecca
00palleHusI ¢ UCIIOJIb30BaHHBIMU JICPEBSHHBIMY TIOJIOHAMH, BKIIOYAIOIINMH: OTHPABKY HX
Ha CBAJIKY B HE IepepabOTaHHOM U IepepabOoTaHHOM B ILENy BHIE; PEMOHT U BTOPHUYHOE
HCTIONIb30BaHNE B TPAHCHOPTHO-TOTHCTHYECKOM Ipolecce; NepepaboTKy B MyJbuy U
MeJUIETHl C TMOCIEIYIOIed Npoxakeil Ha pPHIHKE B KauecTBE BTOPHUYHBIX MaTEepPHAJIbHBIX
pecypco. [list pa3paboTaHHBIX MOENe# 0OpaleH s ¢ AePEeBIHHBIME HOAIOHAMHE IOy I€HBI
aHAINTUYECKHE 3aBUCHMOCTH [UIsl OLEHKA dS(GQPEKTHBHOCTH WX HCIONB30BAaHHS, YTO
M03BOJISIET MIPUHUMATH PElIeHHe 00 11e1ec000pa3HOM TSl CKIIa/la WK TPy30BOr0 TepMHUHATA
BapHaHTe OOpAIleHUs C HUMH.

KiroueBrble ciioBa: JACPEBAHHBIC NTOAMOHBI; BTOPUYIHBIC MaTCpHaJIbHBIE PECYPCHI; I'PY30BbIC
TEPMHUHAJIBI; TpaHCHOpTHO-HOFI/ICTI/I‘IeCKI/Iﬁ mnpouecc; HUPKYJIIpHas OKOHOMHMKA,
MOACIUPOBAHUE, 06an.leHI/Ie C MOJAJI0HaMHu, JIOTHCTUYECKUN mnpouecc

Modeling of transport and logistics processes with used wooden
pallets in the circular economy

Vladimir V. Tsverov

ORCID: 0000-0003-0835-4615

Ekateruba V. Razina

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract At cargo terminals that handle packaged cargo, large volumes of unusable wooden
pallets are formed. Currently, at cargo terminals (sea and river ports, railway stations), the
main option for handling them is to send them to a landfill. But this option cannot be
considered rational in all cases in the context of the start of the federal project «circular
economy» as part of the national project «environmental well-being», which sets the task of
maximizing the use of material resources even after they become unusable for their main
purpose. In the work, models of the transport and logistics process of handling used wooden
pallets are formed, including: sending them to the landfill in unprocessed and chipped form;
repair and reuse in the transport and logistics process; processing into chips and pellets with
subsequent sale on the market as secondary material resources. For the developed models of
handling wooden pallets, analytical dependencies were obtained to assess the efficiency of
their use, which makes it possible to make a decision on the appropriate option for handling
them for a warehouse or cargo terminal.
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BBenenue

JlepeBsHHbBIC TTOANOHBI SBISIOTCS OJHUM M3 OCHOBHBIX BH/IOB TOBapHBIX HOCHTEJCH B
Pa3IHYIHBIX OTPACISIX MPOMBIIUIEHHOCTH, TOPTOBIX U TPAHCIIOPTA.

Ha #ux mepeBo3utcs U xpanuTtes mnopsiaka 80% Bcex TapHO-IITY4YHBIX rpy30B [1]. Ilpn
3TOM oOpalieHne IOATOHOB XapaKTepU3yeTCss CPeIHNM CPOK CIykObl - B 2-3 mmxia [2].
OTO TPHUBOAWT K 3ajaue NPUHATHA PEIICHWS O NalbHEHIIell HX WCIIONB30BAaHHBIX B
TPAHCIOPTHO-JIOTHCTUIECKOM IIpOIIecce.

AXTyaJIbHOCTB 3a/1a4¥ OTIPEIEIISIeTCS CIEAY OIIUM:

— ©KerofHeld 00BEM NPOM3BOJACTBA JICPEBSIHHBIX IOAJOHOB IS
UCIIONIb30BaHMs B TPAHCHOPTHO-JIOTHCTHYECKOM Iporiecce B Poccum moctur
mo moxaHHeIM Busines Stat 67,5 munH mrt. B 2024 T. ¥ OpPOTHO3HPYETCS
cTaOuIM3anus MPOU3BOACTBA Ha ypoBHE 65—70 MiH 1ut./roa. [2, 3]. Ilpu s3Tom
peuICcHUC O CIHMCaHWUU TTPUHUMACTCA C HEOOIBIINM BPEMCHHBIM JiaroM, TakK
CPOK UX CITy>KOBI OTHOCUTEIHHO HEOOIBIION;

— KpOMe TOT0, Ha TeppuTopun Poccun B 000pOTe HAXOAATCS TMOIIOHEL, Ha
KOTOPBIX MPUOBIBAIOT HMIIOPTHEIC TPY3HI.

— 3HaunTeNbHAS YACTh NOJJOHOB BBIBOAWTCS M3 OJKCIUTyatamud. Ha
Meperpy304YHbIX TEPMUHATIAX IPHIUHAMA MOTYT OBITH:

— TIOJIOMKH IIOJIOHOB B XOJI€ ITEPerpy304HbIX padorT;

— ToTeps Hecylled criocCOOHOCTH 10 NPUYNHE ECTECTBEHHOTO CTapEHHS;

— OCBOOOXXIEHUs IMOJJIOHOB OT Ipy3a B CJIEICTBUE NPHHATON CHUCTEMBI
XpaHeHHs Tpy3a Ha CKJaje - 0e3 TOBApOHOCHUTENICH;

— OCBOOOXKJICHHUS MOJZIOHOB OT IPy3a B CJICJACTBUU MPUHITON TEXHOIOTUU
pa3MelIeHust Tpy3a B TPAHCIOPTHBIX CpPEACTBAaX Ha IOCIEAYIOIIEM >Tarle
TPAHCIOPTHPOBKH - 0€3 TOBAPOHOCHUTEICH;

— OCBOOOXXICHHS MOJAOHOB OT Tpy3a M3-32 HEOOXOMMUMOCTH IEperpy3Ku
rpy3a Ha JpyTHe THIIBI TOBAPOHOCHTENCH, SBISIOMIEHCS TpeboBaHHEM
CHCTEMBI XpaHCHUS Ha CKIIaJe;

— 0CBOOOXICHHS MOJIOHOB OT Tpy3a M3-32 HEOOXOTUMOCTH IEPErpy3Ku
rpy3a Ha Jpyrde THUIBI TOBAPOHOCUTENCH, SBISIONMIEHCS TpeboBaHHEM
pasMelleHls TIpy3a B TPAaHCIOPTHBIX CPEICTBAaX Ha JAajbHEHIIeM IyTH
MapuIpyTa JOCTaBKH Ipy3a.

B pesynprare Ha TepmuHanax oOpa3yroTcs Oonbiiue OOBEMBI HE HCIOIB3YyEMBIX
JCPEBAHHBIX MOAAOHOB. HpI/I OTOM HEPAIMOHAJIBHOC 06pa1ueHI/Ie CO CIIHMCBhIBA€MbIMH
noaaoHaMu TMpUBOAUT K CYHICCTBEHHBIM OKOHOMHWYCCKUM TIOTEPSIM. KpOMe TOTO,
CYIIECTBYET OCTpast FKOJIOTHYECKas MPodieMa YTHIN3AIHA CIIUCAHHBIX TIOZIOHOB.

Bce 3T0 memaer akTyanbHBIM TPHHATHE PANMOHAIBHOTO PEUICHHS O JalbHEHIIeM
TPaHCMOPTHO-JIOTHCTHIECKOM TIPOIECcCe C HCIOIh30BaHHBIMU JIEPEBSIHHBIMU ITOIJOHAMH.

AHaIu3 onpiTa 06pame1—mﬂ C UCNOJIb30BAHHBIMHY A€PEBAHHBIMHU MOATOHAMM

B Poccuiickoit ®epepanuu crnucaHue MOAJOHOB PETyJIHUPYETCs HOpMaTHUBaMHU
yrwmmsanun (o 20% s JepeBSHHOW Tapbl - 10 HOPMAaTHUBaM  PaCIIMPEHHON
OTBETCTBEHHOCTH MPOM3BOIUTENS), C 00s3aTeNnbHOM TepepaboTKON WM OIUIaTOMH
skosoruueckoro coopa (3066 py6./r B 2020-2024 rr. [4]). CamocToATeNbHAS YTHIIN3AIUSA
(cxuranme) 3ampeiieHa; TpedyeTcs oOpalieHne K CHeUau3UPOBAHHBIM KOMITAHUSM TSI
IpoOJieHnsT B MIEIy WIM BTOPHWYHOE Hcronb3oBanue [4]. IIpum 3TOM OTCYTCTBHE €IMHOI
CHUCTEMBI W CTaTUCTHKH IO OOBEMaM CIMCAHWS NPUBOIUT K HAKOIUIEHHIO OTXOJOB Ha
CKJIaJIaX, TIOTEPH OT KOTOPBIX OIIEHUBAIOTCS 00XOATCS Mpou3BoAcTBY 25-30% [5].
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B CHIA, no maHHBEIM OTpacieBbx ompocoB B 2021 romy [6,7], MpOM3BOICTBO HOBBIX
MOAOHOB cocTaBieT 919 muH exuHmn (cTpuHTEpHBIE - 77% NpPOWU3BOICTBA, OJIOYHEIC -
19%). 3a cdeT peMOHTa M BOCCTAHOBJICHHS B YHCJIO 3KCIUTyaTHPYEMBIX I100aBILSIETCS €Iie
280 mun enmHMI. Takod MOXXOA MO3BOJSET CHIKATH 3aTpaThl Ha TOBAPOHOCHUTEIH
npudanzutenbHo Ha 30%. OOmuit 06bemM noanoHoB B obOpamenun B CIIIA onenuBaercs B
2,6-3,1 mapa emguHui, u3 kKotopbeix 90% nepeBsHHBIC, oOecmeunBaromue okoio 80%
BHYTPEHHHUX MIOCTaBOK TOBapOB.

B Kurae B 2020 rogy HacuuThiBajioch Oozee 1,55 mupa mommonoB. IIpousBoncTBo
JIepeBIHHBIX MOANOHOB morpebnser 10,69 muH ToHH OpeBeH (85% chbIpbs), ¢ OOLIMM
norpedienueM marepuanos 12,51 miH ToHH. O0palieHue XxapakTepu3yeTcss MHOTOKPaTHBIM
UCTIONIB30BAaHUEM: JIETKHE CTPHHIEPHBIC TTOAJOHBI BEIACPKUBAIOT 10 MOE310K, TSKENbIE —
10 38, 6mounble — 16-66 1M0e310K, B 3aBUCUMOCTH OT HATPY3KH U KOHCTPYKITHH.

Ha npennpusitusx npeo6iafaloT cMemaHHble cucTeMsl: B [lompiie 3HaunTeIbHAS OIS
KOMITaHWH TPUMEHSET CMELIaHHBIA MOAXOJ K HCIIONB30BAaHMIO IMOANOHOB. [Ipemampusarus
COYETAIOT BO3BPATHBIE U HEBO3BPATHBIE MOIJIOHBL, NIPH 3TOM B 68% cmaydaeB 81-100% ot
o01mero o0beMa MoJIOHOB UMEIOT JEPEBSIHHBIE KOMITOHEHTEL.

B CIIIA k oOpaleHHIo ¢ IepeBsSHHbIMHU MOJJIOHAMH TPUMEHSETCS MMOJIX0J1 SKOHOMUKHI
3aMKHYTOTO LMKNA (UUPKYJSPHOH SKOHOMHUKH). Pe3ynbTaThl NpUMEHEHHUS! LUPKYISPHOTO
MOJIX0/1a K MCIIOJIb30BaHHBIM JIEPEBSHHBIM TIO/IJOHAM:!

— TOJIbKO 5% MomnaaaroT Ha CBaJKU nocie BocctanoBieHus (13% 10),
— ocraneHOoe — mepepaborka (37,3% mocok moBTopHO, 17,3% ToOIHBO,
40,4% Mybua).

B 2021 romy menee 1% maccel yrunmmsuposaics, 5% mnsmensuanochk (54% n3 HUX Ha
OMOTOILTNBO).

B Kurae ko3 dumerT oTX010B 111 IEPEBIHHBIX MOATO0HOB — 58,6%, B OCHOBHOM Ha
MIPOU3BOJICTBE, UTO BHIIIE, YeM Ui TacTukoBBIX (0,12%) [7].

CpaBHEHHE BapHaHTOB OOpAIEHHS C HCIIOJIB30BAHHBIMH JICPEBSIHHBIMH ITONIOHAMH B
CUIA npencrasneHo B Tabi. 1.

Tabauya 1

Pe3ynbTaThl NpUMeHeHHs] HUPKYJISPHOTO MOAX0Aa K HCHO0JIb30BAHHBIM /IePeBAHHBIM MOI0HAM
B CIIA (2021 r., % oT moJiy4eHHBIX MoaA0HOB) [1, 6, 7]

IIyTh Hons (%) [Ipumenenue
PeMoHT 1 nposaxa 78 [ToBTOpHBIIT 000pPOT
Pazbopka i BoccTaHOBIICHHSI 11 KoMITOHEHTHI B HOBBIE TOIIOHBI
[ToBTOpHOE HCNONB30BaHUE O€3 peMOHTa 5 [Ipsimoit 060poT
W3mensueHne 5 Brorommso (54%), mynsua (35%)
Caasnka <1 YrTunuzanus

OHUM U3 COBPEMEHHBIX BAPHAHTOB YIPABICHUS OOOPOTOM MOIJOHOM SIBIISIETCS
MYJMHT TaJUleT — 3TO MOJIENb YIpaBiieHHss 000POTHOW TapoH, MpPU KOTOPOil KOMIAHHS
MOJIB3YCTCA CTAaHAAPTHLBIMU ACPCBAHHBIMU MOAAOHAMHU, HAXOAAUNIUMUCA B CO6CTBeHHOCTI/I
CICIMATM3UPOBAHHOIO OIepaTopa. BMECTO MOKYNKH WM apeH[Ibl MaUIeT MPEANPHUITHE
OepeTr WX BO BpPEMEHHOC WCIIOJh30BAHKE, OIUIAYMBAs TOJBKO MEepro]l (HaKTHUECKOM
sKcITyaTanuu [8].

Takum 00pa3oM MEXTyHAPOIHBIH ONBIT MMOKAa3bIBACT MIIMPOKHE BO3MOKHOCTHU
MIPUMEHEHUS ITUPKYIIIPHON SKOHOMUKH B cepe 0OpaIlleHUI0 IEPEBIHHBIX MTOIJIOHOB.

Marepuajbl 1 METOABI

[Ipu uccnenoBanusIx mpoiecca oOpaIIeHus ¢ JAePEBIHHBIMY TO0HAMHU Ha TPY30BBIX
TepMUHAJIaX W CKIIAJax HCIIOJIb30BaHbI TeopeTrueckas 6a3za [9, 10, 11] u 3akoHOHaTEIHHBIC
aKThl TI0 PKOHOMHKE 3aMKHYTOTO IHKJIA [12], JTOTHCTUYECKUH M CHUCTEMHBIH TOIXOIBI K
ncciexyemMoMy o0bekty [13, 14] ¥ OCHOBBI MOAEIMPOBAHUS JIOTUCTHYECKUX cHcTeM [15].
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Ha wux ocHOBe pa3paboTaHa MoOJENM OOpAIICHUS CO CIHCHIBAEMBIMH JCPEBSIHHBIMU
MOJIIOHAMH € Pa3HOM CTENeHbI0 MepepaboTKU WX BO BTOPHYHBIC MAaTEpUANIbHBIE PECypCHI.
Jist 3TMX Mojeneil Ha OCHOBE KAIbKYJUSIIMU 3aTparT MO JIOTUCTUYECKUM OIEpaIdsiM
npoiiecca 0OpaIieH s MOJyYeHbl aHATUTHYECKIE 3aBUCMOCTH OL[CHKU UX YKOHOMHYECKOM
3¢ EKTUBHOCTH.

Mopenn TPAHCHOPTHO-JTOIT'ICTHYECKHUX IIPOLIECCOB oﬁpamemm C UCIIOJIB30BAHHBIMH
ACPEBAHHBIMU MO IOHAMMU

Bo03MOXHBIMU pELICHUSIMU 110 UCTOIb30BAHHBIM JEPEBSIHHBIM MOAOHAM Ha TPY30BBIX
TEPMHUHAJIAX U CKJIAJaX MOTYT OBITh:

— OTHpaBKa IMOJJOHOB Ha CBaJlKy (B He mepepabOTaHHOM BHAEC) C
COOTBETCTBYIOIIEH OIIATOI SKOIOTHIECKOTO cO0pa;

— TOBTOpHOE HCIIONIF30BaHKE Ha TEPMUHAJIE,

— Tpojaxka MOJOHOB /IS TANbHEHIIETO HCIIOIh30BAHNS;

— PEMOHT IS TIPOUICHHS SKCILTYaTaIliH;

— pasbopka Uil MONYy4YCHHsS KOMIIOHEHTOB [UIS IPOW3BOACTBA HOBBIX
MOIJIOHOB;

— OTHpaBKa Ha CBajJKy C TMOJATOTOBKOH K TPaHCHOPTUPOBKE ITyTEM
NpOOJICHUST MONJOHOB B IIEMY C IOMOIIBIO MHIPEACPOB (Ui MOBBIIICHUS
WCTIONIb30BaHUsl TPAHCIOPTHBIX CPEACTB IO TPY30MOABEMHOCTH TMPH
MepeBO3Kax Ha CBaJIKY);

— mnepepaboTKa MOAJOHOB Ha TOIUIMBO C MOCIEAYIONIEH MPOIaxKeii;

— mepepaboTKa IMOAOHOB HA MYJIBUY C TIOCIEAYIOMICH POoJakeH;

— HCIIOJIF30BaHME YCIYT OlepaTopa My IHHTa HaleT.

Cdhopmupyem MOIEeNd TPaHCHOPTHO-JIOTHCTHYECKUAX IIPOIIECCOB oOpamieHust ¢
ucnonb3oBaHHbIME TommoHaMu  (TJIIIOCUIl) mo »TEM BapwaHTaM H aHAJIUTHYCCKHUC
3aBHCHUMOCTH U OLIEHKU X SKOHOMUYECKOH d(PPEKTHBHOCTH.

Mooenv TIITIOCHII 1 - ¢ omnpaeKoil ucnonb308aHHbIX HOOOOHO8 HA CBATKY (6 He
nepepadomanHom euoe):
1. OKOHYAHHE HKCITOJIb30BaAHUS NOJAJOHOB B TPaHCIIOPTHO-JIOTUCTHYCCKOM
mpoIiecce;
2. CkiagupoBaHME HCIIONB30BaHHBIX ITOAJOHOB Ha CKIIAE;
XpaHeHHUe UCTI0Ih30BaHHBIX MOIIOHOB Ha CKIIAJE;
4. Tlorpy3ka HCIIONB30BAaHHBIX TOJJIOHOB B TPAaHCIIOPTHBIE CpelcTBa (CBOU
WM HaeMHBIC);
5. TpaHCHOPTHPOBKA UCIIOJIF30BAHHBIX MOIOHOB Ha CBAJIKY;
6. Orwrara 3Ko0OTHYecKOro coopa.
Wznepxku TIIIIOCUIT mo momenu 1 onpenenstores o gpopmyoe 1:

Um1= 3cxc+ 3n + 3t + 3¢, (D

rae 3cxc — 3aTparhl Ha CKIQJUPOBAHHE M XPAHCHHWE HCIOJIb30BAHHBIX MOIOHOB,
MOJJICIKAIUX OTIIPABKE Ha CBAJIKY, Ha CKJaje, pyo.;

37— 3aTpaThl HA OTPY3KY UCTIOIB30BAaHHBIX MOJJIOHOB B TPAHCTIIOPTHBIE CPEJICTBA, PYO.;
37— 3aTpaThl Ha TPAHCTIOPTUPOBKY MCIIONB30BaHHBIX MOIOHOB Ha CBAJIKY, pyo.;

35 ¢— 3aTpaThl Ha YKOJIOTHYECKUH cO0p, pyoO.

W

Mooenv TIIIIOcHII 2 — ¢ Opodrenuem noo0OHO8 8 uieny ¢ HOMOWLbIO UIPeOepos
nepeo 6vl6030mM Ha c6aAnKy. DTO TIO3BOJISET MNOBBICHTH KOI(PQUIMEHT HCIIOIb30BAHHS
TPAHCIIOPTHBIX CPEACTB 10 TPY30IOIABEMHOCTH IPH TPAHCIOPTHPOBKE Ha CBAIKY H
COOTBETCTBEHHO CHHM3MTh pacxoibpl Ha 03Ty. M3aepkku B MoOJenb C OTHPABKOH
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UCIIONB30BAaHHBIX MOJIOHOB Ha CBAJIKY B IEpepadOTaHHOM B IIEITy BHIE ONPEACIAIOTCS 1O
¢bopmyme 2:

Uwmz= 3cxc+ 3mw+ 3mm + 3t + 3a¢ 2)

rie 3 — 3aTpaThl Ha epepaboTKy CIIMCAaHHBIX ITOII0OHOB B IIENy, pyo0.;
311y — 3aTpaThl HA OTPY3KY IIENbI U3 TOAJ0OHOB B TPAHCIIOPTHBIE CPECTBa, PYO.;
37y — 3aTpaThl Ha TPAHCTIOPTHPOBKY MBI U3 TIOAJOHOB Ha CBAJIKY, PYO.

Mooens TITIOCHII 3 - ¢ nogmopHbIM UCROIB306AHUEM NOOOOHO6 (puc. 1), 1O
JAaHHBIM [6] K HUM OTHOCATCS OKOJIO 5% BCEX MCITOJIb30BAHHBIX MTOJIJIOHOB.

Homepamu Ha Mozteny ykaszaHa IOCIIEAOBATEIFHOCTD BBITIOTHEHUH JIOTHCTHIECKAX
onepanui:

1.OKoHYaHMe KCIIOIb30BaHMUS MTOJIOHOB B TPAHCIIOPTHO-JIOTUCTHYECKOM ITPOLIECCE;

2. [NepemenieHne MOJIOHOB M3 30HBI TAPHO-IITYYHBIX TPY30B HA CKJIA] TTOIIOHOB;

3. CkiamupoBaHHe U XpaHCHHE MCIIOIB30BAHHBIX TIOAIOHOB;

4.OKcmepTr3a COCTOSIHHS TMOIAOHOB W COPTHPOBKA IO BO3MOXKHOCTH JaJbHEHIIIETo
HCTIOB30BaHU:

4.1. CxiagupoBaHUe U XpaHESHUE ITOIOHOB, IPUTOAHBIX K SKCIDTyaTallHu

4.2. CxiagupoBaHHe U XpaHEHHUE MTOIIOHOB, TOMISKAIINX CITUCAHUIO.

5. IlepemenieHne NOAIOHOB MOAJIEKALIMX CIHCAHHIO HA CKIIAJl OTXOJIOB;

6. XpaHeHHe 0TXO0JI0B;

7. 3akio4eHue J0roBopa MoCTaBKH MOA0HOB 0/y;

8. JlocraBka 1oJyIoHOB 0/y MOKyIaTelsiM;

9. OmaTa moCTaBKH MOAIOHOB 0/y;

10. 3akiroueHue JOroBopa Ha 3aXOPOHEHHE OTXO0/I0B Ha ITOJIUTOHE;

11. IlepeBo3ka OTXOJ0B Ha MOJIKUIOH;

12. OmaTa 3KOJIOTHIECKOro coopa.
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IIpennpusaTae
| | CKaan TapHO-ITYIHEIX IPY30B
2 7
/ 30Ha 3KCIEPTH3E Craan
3oma s II COPTHPOBKII

HCIOOJB30BAHHEIX MOJT0HOB
CEIIaJIIpoBa-
HIIA IICTIONE-

30BaHHEIX 30Ha CEIIadIIpOBaHIIA
II0JI0HOB :
3 4.1 Joma IOII0HOB
CKIANIIPOBAHIL TIPH- TIOINeKAITHY CIIIICAHIIKD
TOIHEIX K 3KCIITYyaTa- /
IO IO I0HOB 5

e

CRJIaJ 0TX010B

6
TpaHCHOPTHLIA OTIET 1
8
OT1aea cObITa
4 4, | A
9
7 12 10
|
* . + *

IToxkyniaTenn noI0HOB
ITonnros 0TX0I0B

Puc. 1. Opranuzannonsno-onepaunonsast mojens JIIICUII 3 - ¢ moBTOpHBIM UCTIONB30BaHUEM
moToHoB. CTpenKaMu OTpakeHO HalpaBJICHHE IIOTOKOB: YepHBIE — MaTepHaJIbHbIE TIOTOKH, 3eJICHbIC
— ()MHAHCOBBIC MTOTOKU

DKOHOMHYECCKHUI pe3yabTaT MOACIM C€ MNOBTOPHBIM HCIHOJIB30BAHUEM MOAAOHOB
OIIPEACIIACTCS 1O BBIPAKCHUIO:

Imz= Jcun +3mun - (334 3cxnun + 3exn +3cxe +3n + 31 + 35 +3cun), 3)

rae 35— OJKCIepTH3a COCTOSHHMS IOJJIOHOB M COPTHPOBKa II0 BO3MOXKHOCTH
JaTbHEHINETro UCTIONh30BaHUS, pYy0.;

3CX ry— 3aTpaThl Ha CKJIAAUPOBAHUE U XPAHCHUC MCIIOJIB30BAHHBIX MMOJJ0HOB, KOTOPLIC
OylyT MOBTOPHO HMCIOJIb30BATHCS HA TEPMHUHAIE, PYO.;

3cx — 3aTpaThl HA CKJIAJUPOBAHUE M XPaHCHHE WCIOJB30BaHHBIX MOJIOHOB, KOTOPEIC
oJIeXkKAT Mpoiaxe, pyo.;

3cur— 3aTpathl Ha COBIT HCIIOJNB30BAHHBIX MOJIOHOB, KOTOPBIC MOJUICKAT IPOTAKE,
pyo.;

Jlcym— MOXOoIbI OT COBITa MCIIOJIB30BAaHHEIX TTOAIOHOB, PYO.;

Oinir — 9KOHOMHS 3aTPAT OT MOBTOPHOTO UCIIOIBb30BAHMUS MOIZIOHOB, PYO.

9KOHOMI/IH 3aTpaTt OT MOBTOPHOTO MUCIIOJB30BaHUA ITOJI0OHOB MOXET 6BITB npUupaBHECHA
K UX CTOMMOCTH Ha PBIHKEC UCTIOJIb30BAHHBIX TOAI0HOB.
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Mooenv TIIIIOCHII 4 - ¢c pemonmom ucnoib306annvix n000ono6 (puc. 2). SIBnsercs
pazButueM TJIIIOCUIT mo momenn 3 - ¢ TIOBTOPHBIM HCHOJB30BAaHUEM TOJJIOHOB,
3aKITIOYAIONIIMCS B TOM, YTO TIOMJIOHBI, KIACCU(PHUIMPOBAHHBIE KAK «II0 TEXHUICCKOMY
COCTOSIHUIO HE MOTYILIME SKCILTyaTUPOBATHCS», HE OTHPABISIOTCS HA CBAJIKY, a TOJyIEekKaT
JIOTIOTHUTEIHHON COPTUPOBKE C BBIJICTICHUEM MOAJIEKAIIUX PEMOHTY U BOCCTAHABIIUBAIOTCS
JI0 DKCIUTyaTallMOHHOTO COCTOSIHUSI, MO JaHHBIM [6] kK HuUM oTHocaTca 78% Bcex
HCTIOJIb30BaHHBIX MOJIJIOHOB.

[TocnenoBatenbHOCTH BHINOTHEHUH JJOTUCTHUECKHUX OTNEpaIfii B MOJETH CIEAYIOIIAs:

1.OxoHYaHUE UCTIONB30BAHUS MOJIOHOB B TPAHCTIOPTHO-JIOTUCTUYECKOM IIPOLIECCE;

2. IlepemenieHre TOJIOHOB M3 30HBI TAPHO-IITYYHBIX TPY30B HA CKIIAJ TTOIOHOB;

3. CkiamupoBaHHE M XpaHEHHE MCIIOIB30BAHHBIX TIOAIOHOB;

4.OKcmepTH3a COCTOSIHHS TMOIAOHOB W COPTHPOBKA IO BO3MOXKHOCTH JaJbHEHIIETro
HCTIOB30BaHUS:

4.1. CxiagupoBaHUe U XpaHESHUE MTOIOHOB, IPUTOAHBIX K SKCIDTyaTallld

4.2. CxiagupoBaHUEe W XpaHECHHE IMMOAJOHOB, TPEOYIOMIMX PEMOHTA UL AajbHEHIIeH
SKCIUTyaTaluH,;

4.3. CknaaupoBaHHe U XpaHEHUE MOJI0HOB, MOAJNIEXKAIUX CITUCAHUIO.

5.2. PeMOHT NOAZIOHOB U OTIpaBKa UX HA MaTepUaJbHBIN CKIIAT;

5.2.1. IlepemenieHre OTPEMOHTHPOBAHHBIX MOAJOHOB Ha CKJIAJ MOAJOHOB MPHUTOIHBIX
K 9KCILUTyaTaluu;

5.2.2. lepeMemieHrie 0TXO0B U3 30HBI PEMOHTA MOIOHOB Ha CKJIaJl OTXO/IOB;

5.3.2. [lepeMemnieHne MOIOHOB TOJIC)KAIIINX CIIMCAHUIO HAa CKIIAJ OTXOZOB;

6. XpaHeHne 0TX0/I0B;

7. 3akIrodeHue JOrOoBOpa IIOCTaBKH MOJIOHOB 0/Y;

8. JloctaBka oA IOHOB O/y MOKyIaTeIIsIM;

9. Omiara mocTaBKH MOJIOHOB 0/y;

10. 3akiroueHue JOroBopa Ha 3aXOPOHEHHE OTXO0/I0B Ha ITOJIUTOHE;

11. IlepeBo3ka OTXOJOB Ha MOJHUIOH;

12. Omutara sxosorudyeckoro coopa.

Oxonomuueckuii pezynbrat TJIIIOCUIT mo 4-if Mojeny ¢ peMOHTOM HCTIOIb30BAHHBIX
MIO/ITOHOB OTIPEJIEINISETCS TIO BEIPAKEHUIO

Oma= Heunr +Omnn— 35+ 3cxmm + 3cxm +3cxe +3n +31r+35 +3cun +3cxe +3p11), @)

rae 3cx p — 3aTpaThl Ha CKJIQJUPOBAaHHE M XpaHEHHE HAa CKJIAJAE IOJpa3AeieHUs,
3aHMMAIOIETOCS] PEMOHTOM IIO/IZIOHOB, PYO.;
3piz — 3aTpaThl HA PEMOHT ITOJIZIOHOB, PYO.

Mooens TIITIOCHII 5 - ¢ nepepadomkoii HenooaeHcawiux pemoHmy NnoO0OHOE 6
mynavyy. Sensercs passuruem TJIIIOCUIL mo moaenu 4 - ¢ peMOHTOM HCHOIB30BAaHHBIX
MOJIJIOHOB, ~ 3aKJIIOYAIOUIMMCS B TOM, YTO MOJJIOHBIL, KJIacCH(UIMPOBAHHBIE Kak
«Tpelyrone crnucanud (He MOIJIeXaIlne PEMOHTY)», He OTIPAaBIAIOTCA Ha CBAJKy, a
nepepabaThIBalOTCS C OMOLIBIO IIPEIEPOB B MYJIbUy, KOTOpPasi yaKOBBIBAETCS B OUI-00rH
U TPOAAeTCs Ha PBIHKE. JTO COKpam@aeT o0beMBl BBIBO3a Ha CBANKY 1O 5% OT Macchl
CHHCBHIBAEMBIX I10JIOHOB, M, COOTBETCTBEHHO, COKpAI[aeT PAcXoJbl Ha BHIBO3 Ha CBAJIKY U
IUIATEeXH 0 SKOJIOTHYeckoMy cOopy. Kpome Toro, rmo3BosisieT mosyduTh JOMOJTHUTEIbHBINR
JI0X0J1, KOTOPBI 3aBUCHUT OT 00beMa NepepaboTaHHbIX MOJIOHOB.
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Hpeanpunrne Cr1a1 TAPHO-WTYUHEY TPY208
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Puc. 2. Opranuzannonno-onepanuonsas moaens JIIICUIT 4 - ¢ peMOHTOM MCTHOIB30BAHHBIX
moyToHOB. CTpenKaMu OTpakeHO HalpaBJICHHE IIOTOKOB: YepHBIE — MaTepHaIbHBIE TIOTOKH, 3€JICHBIC
— ()MHAHCOBBIC MTOTOKU

Oxonomuueckuii pesynsrat TJIIIOCUII o Mozenu 5 onpezaensiercs M0 BRIPAKEHUIO S:

Iwvs= Jcun +3mun + Am —(33+3cxnn +3cxn +3cxc +3no+310+33 +3cun+3cxe+3en (5)
+3my+3em),

rne /[y— T0XOIBl OT MPOIaXXH MYJIBUU U3 CIIMCAaHHBIX MOAI0HOB, PYO.;
3uy — 3aTpaThl Ha IepepaboTKy CIIMCAHHBIX MOJIOHOB B MYJIbYY M YIAKOBKY UX B OWT-

0oru, pyo.;
3¢y — 3aTpathl O COBITY MYJIBYH U3 CHHCAHHBIX MTOJIIOHOB, PYO.

Mooeny TIITIOCHII 6 - c¢ nepepadomkoii HenooaeHcawiux pemoHmy nOOOOHO8 6

monnauenvle zpanynvt (neanemut). SBnserca passurueM TJIIIOcUIl mo momemu 4 - ¢

PEMOHTOM HCHOJIB30BAHHBIX IMOAAOHOB, 3aKIOYarOmMMCd B TOM, 4YTO IOJAJAOHBI,
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KJIAaCCU(UITUPOBAaHHBIE KaK «TpeOyromue crucaHus (He MOMIeKalue pPEMOHTY)», He
OTIIPABIIAIOTCS HAa CBAJKy, a IOAJICKAT TepepaboTKe C TOMOIIBI0 MIPEIECpPOB B IIEMY,
KOTOpas MOCJE 3TOT0 OTIPABISETCA HA JMHUIO JJIS MPOU3BOJCTBA TOIUIMBHBIX IIEJUIET.
[TemreTsl ymakoBBIBAIOTCS B MEIIKH 1O 15 KT W MpojaroTcs Ha PBIHKE. DTO COKpAImaeT
00bEeMBI BBIBO3a Ha CBAJIKY 10 5% OT Macchl CIHCBIBAEMbIX IOJIO0HOB, U COOTBETCTBEHHO
COKpaTUTh pacxoibl Ha BBIBO3 Ha CBAJKY M IUIATEKH IO dKoJjorniyeckomy cbopy. Kpome
TOTO, TO3BOJISIET MOJXYYUTh JAOTIOJHUTENIBHBIH J0X0/] OT IPOJaXKH MEJUIET.

OkoHomuueckuit  pesynprar TJIIIOCUII mo wmomenmu 6 - ¢ mepepaboTkoi
HEIoJyIeKalluX PEMOHTY HOAJOHOB NPOJaKe MX B BHIE TOIUIMBHBIX I'PaHyJl ONpeNesieTcs
o hopmye 6:

Ame= Hdcun+3nun + An -

(6)
(39+3cxnmu+3cx n+3cxc+3n0+3to+ 33+ 3cun+3cxp+3pn+ 3w+ 3cn+3nn),

r1e [7— B0X0b! OT MPOJIakKH TOIUIMBHBIX TPAaHYJ U3 CIIUCAHHBIX IIOIIO0HOB, PyO.;
3nm — 3aTpaThl Ha MIPOU3BOJICTBO TOIUIMBHBIX TPaHyll, pyo.;
3¢ — 3aTpathl N0 COBITY TOILIMBHBIX I'PaHyJI U3 CIMCAHHBIX HOAJOHOB, PYO.

Mooens TIIIIOCHII 7 — ¢ pa3dopkoii n0OOOH0E 018 NOJYYEHUSA KOMNOHEHMOG Ol
npou3zeoocmea HOGLIX NOO0OH0E. SIBIsieTCs Ppa3BUTHEM MOJEIH C  PEMOHTOM
HCTIOJIb30BaHHBIX MOJITIOHOB, 3aKITIOYAIOIUMCS B TOM, 4TO IOJIZIOHB,
KIacCU(UIIMPOBaHHBIE KaK «TpeOyromue crnucanus (HE IOUIeKAIlue PEMOHTY)», He
OTIPABJIAIOTCA Ha CBAJKY, a IOJUIEXKaT pa300pke Ha BTOPHYHBIE MaTEepUaIbHBIE PECYpCHI:
KOMIUIEKTYIOIINE JUIS HOBBIX TIOJIOHOB M TONYYCHHS MYJBYH C IOMOIIBIO IIPENEPOB C
YIaKOBKOH ee B OMr-03ru 1 mpojaku Ha peiHke. Ha Hux MoxeT nmpoxoautses nopsiaka 11%
BCEX UCIOJIH30BAHHBIX TOJIIOHOB [6].

OxoHomuueckuit pesynbrat TJIIIOCUII o monenu 7 onpenensercs no popmyde 7:

Ims= Jcun +Immn + Jum +3x—

7
(33+3cxmu +3cxn +3cxe +3n0+310+33 +3cun+3cxp+3pn +3my+3cem +3pn), @

20e 3¢ — CTOMMOCTh KOMIUIEKTYIOIIHX, MOJIyYSHHBIX W3 CIIMCAHHBIX TIOIZI0HOB, PYO.;
3pir — 3aTpaThl Ha pa300OpKy MOJJIOHOB HA KOMIUIEKTYIOIIHNE, PYyO.

Anpobauus

Pe3ynbTaThl pacueToB 3KOHOMHYECKOTO PE3yJbTaTa M0 CEMH NPHUBEACHHBIM MOJEISIM
s OO0 «OnrPecype» npuBeneHsl Ha puc. 3.

BoiBoa: 13 CPOPMHUPOBAHHBIX M PACCMOTPEHHBIX JEBATH Mozeiel oOpamieHus c
UCIIONIb30BAaHHBIMU TIO/JJOHAMH Ha TepMHHAJIaX M CKiazax HauMmeHee OJ(dexkTHBHOIM
SBISETCA TepBas - C OTHPAaBKOM HCIOJB30BAaHHBIX IIOJJOHOB Ha CBaJNKy (B He
nepepabotanHoM Bujae). [lpu sTomM oHa sBIseTcs Hamboyiee PacIpOCTPAHEHHOM.
ParmoHabHOCTh NCTIOIB30BAHMUS OCTAIBHBIX BOCBMHU MOJIENEH 3aBUCUT OT pa3Mepa MOTOKa
HCTIOJIb30BAaHHBIX IIOAJOHOB, OCOOCHHOCTEH TPaHCIOPTHO-JIOTMCTHYECKOrO IIpoliecca Ha
TEpMHUHAJIE M YCIIOBHH phIHKA. B 1ienom npu GpopmMupoBaHun KoMIiekca HHPPacTpyKTYphI
TpaHcnopTa [16] nenecoobpasno npexycmarpusath co3nanne KCHOUIL.

3akaoyenue

)_IJ'IH peuieHus aKTyaJ’IBHOﬁ 3aJa4yud  CHUIKCHHUA JKOJIOTHYECKOU HAarpys3ku Ha
OKpYyXarmyr cpeay ¢H MOBBIIICHUA 3(1)(1)€KTI/IBHOCTI/I TPAHCIIOPTHO-JIOTUCTHUICCKUX
IIpoHeccoB aBTOpaMu C(l)OpMI/IpOBaHLI JCBATH MO,HCJ'ICﬁ 06paIIICHI/IH C MCIIOJIb30OBAHHBIMH B
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TPAHCIIOPTHO-JIOTUCTUYECKOM  IIPOILIECCE  JICPEBSIHHBIMH  MOJJOHAMH HAa  TPY30BBIX
TEpPMHUHANAX U CKIaJax:
I)Mofenp ¢ OTHPaBKOM HCIOJNB30BAHHBIX MOAJOHOB HA  CBAJIKY
(B HETIepepabOTaHHOM BHJIC);
2) MOJIeJTb C MOBTOPHBIM UCIIOJIE30BAHUEM TIOIOHOB;
3) MOJeNTb ¢ PEMOHTOM HCIIOJIB30BaHHBIX TOJIIOHOB;
4) MoJielb ¢ epepabOTKK HETOMICKAIIUX PEMOHTY MOIIOHOB C

OueHKa 3IKOHOMHYECKOTO pe3ynbTaTa NPMMEeHEHHA BapHaHToR
NOFMCTHYECKOTo NPOLECCa € MCNOAL30BAHHbIMMK AEePeBAHHBIMMK
nogaoHamu B 000 «OnTpecypcy 3a rog,

11786

5791

4484
3758

IHOHOMITHEINAR PRIYNLTET, THIC. Py,

BapHEHTE ASHITHHECKOTD NPOLECCE € HCNONLSOBAHHBIMK QEReaAHH MMH NOLL0HaMKW

Puc. 3. DxoHomMuyeckue pe3ynbTarsl oneHKH BapuaHToB JIITOcHUIT

4.1) npobneHue NOAOHOB B LIEMY C MOMOIIBIO HIPEJEPOB TIepe/] BHIBO30M Ha CBAJIKY.

4.2) npobneHue NOAOHOB B MYJIbUY C MOMOIIBIO HIPEIEPOB C YIIAKOBKOI ee B OUr-03ru
JUTS TIPOIaXKH Ha PHIHKE;

4.3) nepepaboTKa OJJIOHOB B TOIUTMBHBIE TEIJIETHI;

4.4) pa3bopka ISl MOTyYeHHUsS] KOMIIOHEHTOB JIJIsl TPOU3BO/ICTBA HOBBIX MOJIIOHOB.

[IpemiokeHbl  AHATUTUYECKHE  3aBUCHMOCTH  JUJISI  OICHKM  DKOHOMHYECKOU
3¢ (GEKTUBHOCTH  MPUMEHCHHS  MOJEICH  TPAaHCIOPTHO-JOTMCTHYECKUX  MPOIECCOB
oOpallieHuss C HUCIOJIb30BAHHBIMH  MOIOHAMM, YTO MOJXKET II03BOJIUTh IPHUHATH
00OCHOBAHHBIC PEIICHHS [0 BapUaHTaM oOOpalieHuss C TOJJOHAMH Ha TPY30BBIX
TEPMHUHAJAX U OBBICUTH 3P(PEKTUBHOCTD UX JEATEIHHOCTH.
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AnHoTtamms. B HacTosimielt pabote paccMaTpUBaeTCsl MEXKCE30HHAsI TMHAMUKA CTOKA MaJIbIX
PeK JiecocTenmHoM 30HbI HIbKeropoackoit 00acTi B yCIOBUSX MATOCHEKHOU 3UMbI 2024-
2025 ronmoB Ha mpuMepe peku MexnsHa. HabmroneHns nmpoBOAMINCH HA ABYX THIAPOIIOCTAX,
3aI0’)KEHHBIX B BEPXHEM M HIDKHEM TEUEHHH DPEKH, B IMEPHOJBI BECEHHETO MOJIOBOIBS H
neTHell MexeHH. Pe3ynbTaThl MCCIIEOBAHMS TOKA3ald 3HAYMTEIBHOE CHIDKEHHE PEeYHOTO
CTOKa B NEPHOJ BECEHHETO MoI0BoABs B 2025 roay no cpaBHenuio ¢ 2024 roxom: Ha 23% B
BEepXHeM TedeHUM p. MensHa u Ha 73% B HikHeM TeueHMH. OJHaKO IOKa3aTeln
MHHUMAJIBHOTO CTOKa B MEPHOJ JIETHE MexeHH Bo3pocin Ha 4% B BEpXHEM TEUCHHHU U Ha
66% B HIKHeM TedeHUH. [IpUuMHONW JaHHBIX M3MEHEHMH MOIJIO IIOCIYXHTh pPE3Koe
TIOBBIIICHHE TEMIIEpPaTyphl B 3UMHEE BpeMs rOf1a, CIEJCTBHEM KOTOPOTO CTAJO YBEHMYCHHE
oTTemnenel, BIUAIOMNX Ha CHIDKEHHUE TITyOWHBI IIPOMEP3aHHs 30HbI a’pallid, ¥ COKpaIIeHHe
3aMacoB CHera K HACTYIUICHWIO IMEpHOJa CHETOTAasHHS, YTO B CBOIO O4Yepenb NPHBEIO K
CHIDKEHHIO TTOBEPXHOCTHOTO CKIOHOBOTO CTOKa W IIEPEpacIpeleNICeHHI0 Tajloro CTOKa B
cTopoHy mnomzemMHoro. CreAcTBHeM BIMSHHS JaHHBIX (DAaKTOPOB CTall0 CHIDKCHHUE
MaKCHMAJIBHOTO pacxojia BOJBI B EPHO/] TIOJIOBObS. B CBOIO Ouepens yBenHyYeHe 3a1acoB
TPYHTOBBIX BOJ, OIPENCISIONIMX IMUTAaHHE PEKH B IEPHOJ MEXEHH, BBI3BAIO PE3KOe
YBEJINYEHNE MEKXESHHOTO CTOKA.

KiwueBble cioBa: peka MensnHa, Hikeroponackas o0nacTe, THIPOJIOTHS, JWHAMHKA
PEYHOTO CTOKA, MaJble PEKH JIECOCTEIH, BHYTPUTOIOBOH CTOK peK.
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Abstract. The present study examines the interseasonal dynamics of small river flow in the
forest-steppe zone of the Nizhny Novgorod region during the extremely low-snow winter of
2024-2025, using the Medyana River as a case study. Observations were conducted at two
hydrological stations established in the upper and lower reaches of the river during the spring
flood and summer low-water periods. The «velocity-area» method was used to determine
water flow in the river. The results of the study showed a significant decrease in river flow
during the spring flood in 2025 compared to 2024: a 23% reduction in the upper reach of the
Medyana River and a 73% reduction in the lower reach. However, the minimum flow rates
during the summer low-water period increased by 4% in the upper reach and by 66% in the
lower reach. These changes may have been caused by a sharp rise in temperatures during the
winter, leading to an increase in thaws that affected the reduction of the frost depth in the
aeration zone and a decrease in snowpack by the time of snowmelt. This, in turn, resulted in
a reduction in surface runoff and a redistribution of meltwater toward groundwater.
Consequently, these factors led to a decrease in maximum water flow during the flood
period. On the other hand, the increase in groundwater reserves, which support the river
during low-water periods, resulted in a sharp increase in low-water flow.

Keywords: Medyana River, Nizhny Novgorod Region, hydrology, river flow dynamics,
small rivers of the forest-steppe, intra-annual river flow

BBenenue

Mauisle pexH, pacloJIOKEHHBIE B Mpefeniax JecocTemHON 30HBI Poccuu, sBISIOTCS
HanOosee YyBCTBUTENBHBIMH K KIMMAaTHYECKUM HW3MEHEHHMSIM M CE30HHBIM (haKTopam,
TaKUM KaK MaJOCHEXHBIC 3MMBI, YTO, B CBOIO OuYepe/b, NMPUBOAUT K Oojee ObICTpOMY
NIPOSIBJICHUIO PEaKIMK Ha M3MEHEHHs YCIOBHH (hOpMHpOBaHUS pedHoro croka. He meHee
BR)XHBIM  (DaKTOpOM, ONPEACIAIOMNM  (OPMUPOBAHHE PEYHOTO CTOKA, SIBISETCS
AHTPOTIOTEHHAs] HArpy3Ka, BBIPa)KCHHAs BBICOKOH JOJEH MaxOTHBIX 3eMeNb B Hpenenax
peYHBIX OacceWHOB JiecoCTemHOW 30HBI Hrpkeroponackoit obmactu. [laHHEIA IMOKa3aTelhb
MPEUMYIECTBEHHO OIpeesseT pOpMUPOBaHHUE PAacXo/ia BOJbI B pEKe B EPHO/L OJIOBObS,
a KaK CIIeJICTBHE U B MEPHOJ MEXKEHH, ITOCKOJIbKY KOI((GHUINEHT MOBEPXHOCTHOIO CTOKa
pacmaxaHHBIX TEPPUTOPUI 3HAUMTEIHHO BHIIIE, YE€M B TpeleNnax TEPPHTOPHUH, 3aHATHIX
JIECHOM W TPaBSIHUCTOW pacTuTenbHOcThIO [1]. B cBOIO odepenp, IMEHHO PEYHOW CTOK
ABISIETCS OOHMM U3 Hambojee BaKHBIX (HU3UKO-TEOTPAPUUECKUX M T'€OJOTHIECKUX
IIPOLIECCOB, CIelU(UKa KOTOPOro HANpSAMYIO OIpeJeseT THIPOJOTHYECKUH pexuM
BOJIHBIX 00BEKTOB [2].

Hcxons w3 aToro, Hambosiee BaXKHOW 3ajavyell B YCIIOBHUSAX H3MEHEHHs KiuMara M
BEJICHUS WHTCHCUBHOM CEIIbCKOXO3SMCTBEHHON [ESTENFHOCTH B Ipeaenax OacceliHOB
MaNbIX pPeK JIECOCTENHOI 30HbI Poccuy CTaHOBUTCS M3Yy4YEHHE PEYHOrO CTOKAa MaibIX pEK,
HaMNpsAMYIO0 BJIMAIOLIETO HAa MOJTHOBOJHOCTh KPYHHBIX CyAOXOAHBIX pek [3]. MMeHHO Ha
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MaJjble pEKU MPUXOAUTCA OCHOBHAs NOJs peuHoil cetn Poccun. VX KONMMYECTBO COCTaBISAET
98% ot obmero umcna pek, a MPOTDKEHHOCTH — 71% OT cymMMapHOW MAIMHBI BCEX
BOJOTOKOB cTpaHbl [4]. OmHako B HacTosIlee BpeMs IHHAMHKAa BHYTPHTOJOBOTO
pacIpeneneHus CTOKa 3a4acTyl0 SIBISIETCS NMPEAMETOM HCCIECIOBAaHHS JIMIIb Ha YPOBHE
KPYIHBIX PEYHBIX OacceiiHOB [5], XOTs €€ aHaaM3 CTAaHOBHUTCS HE MEHEE aKTYaJIbHBIM M JUIs
MaJIBIX PEK, SIBJISIOIMXCS OJHUM M3 HanOoJiee BayKHBIX JIEMEHTOB THIPOJIOTHYECKOH CETH.

Takum o00OpazoM, HCCleOBaHHE BHYTPUTOJOBOW JMHAMUKH CTOKA MalblX peK
JICCOCTENTHOW 30HBI SBISETCA aKTyalbHOM 3afaueil C TOYKM 3pEHUs IOHUMAHUSA
3aKOHOMEPHOCTEH (DYHKIMOHUPOBAHUs pEYHBIX ceTedl. [lodaydeHHbIE JAaHHBIE MOTYT
CITy’KHTh OCHOBOH JUTS pa3pabOTKH Mep 0 COXPAaHEHHUIO U PAIllMOHAIEHOMY HCIIOIb30BaHUIO
BOJHBIX PECYpPCOB, a TaKKe MPOTHO3UPOBAHMS BO3MOXKHBIX M3MEHEHUH THAPOIOTHIECKOTO
PEKHMa B yCIOBHUSIX MEHSIOLIETOCS KIMMAaTa.

Lenbto manHON pabOTHI CTANO BBIABICHUE MEKCE30HHOHN IIMHAMHUKN CTOKAa MaJOW peKd
JIecCOCTeTHON 30HBI Hmkeropoackoit oomacTtu p. MensHa B yCIOBHAX MaJOCHEKHOH 3UMBI.

MeTtoabl

HcxonHpIM MaTepHasioM Uil aHalIW3a MOCTYKWIN JaHHbBIC, IOJyYeHHBIE B XOJE
MIOJIEBBIX MCCIIEAOBaHMUMN, MPOBEAEHHBIX HAayYHO-HCCIeN0BaTeIbCcKoi rpynmnoil B 2024-2025
rogax. /Iyl npoBeaeHus MCCileI0BaHusl ObLI BBIOpaH BOJOCOOPHBIN OacceliH pekn MensHa,
pacIiooKeHHbI Ha 10ro-BocToke Humkeroponckoit obmactu B mpepenax jaHamadTHOIM
30HbI Jecoctenu. [To knaccndukanun b.J{. 3aiikoBa BeIOpaHHasi peka OTHOCHUTCS K TpyIIe
PEK BOCTOYHO-EBPOIEICKOr0 THMA, XapaKTEpPHU3YIOLIEToCs BBICOKMM YPOBHEM BECEHHEIO
MIOJIOBOZbS, HMU3KOM JEeTHEH M 3MMHEH MEXKEHbIO, a TakKe HECKOJHbKO ITOBBIIICHHBIM
OCCHHHUM CTOKOM [6]. BrwiOop mamHOW  Teppuropuut ObUT  00OycloBIeH — e€
PENPEe3eHTaTHBHOCTBIO, OMNPEACISIOMEHCS CXOJCTBOM JIAHAMA(THO-THAPOIOTHIECKUX
0COOCHHOCTEH HAa 30HAJIPHOM YPOBHE C HMHBIMH MAaJIBIMH PEKaMH JIECOCTEITHOW 30HBI
Poccun.

HaOmonenust npoBOAMINCH B IIEPHO]] BECCHHETO MOJIOBOIbSI M JIETHEH MEXKEHH Ha JIBYX
THIPOIOCTAX, 3JI0KCHHBIX B BEPXHEM M HIKHEM TeueHHH p. MemsaHa. [ onpeneneHus
pacxojia BOJIbI B peke ObUIO BBITOJHEHO M3MEpPEHHe MIUPUHBI U TTTyOHHBI pyclia B 3aJaHHOMN
TOYKE, O3BOJIMBIIIEE IOCTPOUTH OMEPEUHBIN MPOMUIb pyciaa peKH U BRIYUCIUTD IJIO0MIATh
JKHBOTO CeueHHs. 3aTeM ObUIO MPOBEJCHO M3MEPEHHUE CPETHEH CKOPOCTH TCUCHHS PEKH NPU
MIOMOIIM THAPOJIOTHYECKOH BepTymkd. J[lasee MCXons W3 MOIYYCHHBIX TaHHBIX OBII
paccuuTaH pacxo BoJbI IO cieaytomeit popmyse (1):

Q = VTe'{. X S)KI/IB.CG‘{CHI/ISI , (1)

rae Q — pacxon Bogbl, M/c;
Vieq, — CKOPOCTH TEUCHUS M/C;
Ssxn.cewerms — TUIOIAb KUBOTO CEYEHHs, M2,

AHanu3 MEXCe30HHOW JWHAMHKH CTOKa OBII BEHIIOJIHEH B BHUJC CPaBHHUTEIBHON
XapaKTepUCTHKH ITOKa3aTellell pacXxoia BOJBl Ha JBYX THIPOIOCTAaX, PACIOJIOKCHHBIX B
BEpXHEM U HIKHEM Te4eHHH peku MensHa. Ce30HHbIE U3MEHEHUs pacxoa Boabl B 2025 T.
10 OTHOLIEHUIO K 2024r. NIPUBOAATCS B IPOLUEHTHOM COOTHOILIEHHH.

Jost BBITTOJTHEHHS (bu3nKO-reorpadUIecKom XapaKTePUCTUKU TEPPUTOPUU
BojocOopHOTO OacceiiHa p. MeasgHa OBIIM HCIIONB30BaHBl JINTEPATypHBIC aHHEIC,
Marepuainbl  COOCTBEHHBIX  TIOJIEBBIX  MCCJIEJOBAaHWH, JIAHHbIE  JTUCTAHIIMOHHOTO
30HIUPOBAHUS 3eMIIH, & TAKKE TeMAaTHIECKUE KapThl H3y4aeMOU TEPPUTOPHH.
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Pe3yabTartsl

Bomocbopusiit Oacceiin pekn MensgHa miomansio 996 KM? pacmoiokeH B OTO-
BOCTOYHOW yacTH Hmkeropockoi 00acTu B mpeaenax JIECOCTEITHON 30HBI 1 OTHOCHTCS K
Oacceiiny p. Cypa (puc. 1). Teppuropms OacceifHa oxBaThiBaeT I[IMIBHIUHCKHH,
KpacHookTs10pbckuii 1 CeueHOBCKMH MyHHIUIIAIBEHBIE OKpYTa.

ﬁ-,ﬁnwun Hosrapog }

Hrutm) )

[128No80, !
Bauaw‘“;l:mdoacuoe Kmruuunu 5'—'
&
Hanees Kwahmno o . et Huuemrpamm

!'IthHa

YCNOBHLIE OEO3HAHEHWA

[ Teppuropwu Hueseropogckoit obnactvi
@ 3OMMHKCTPaTVEHBIA LEeHTp Hitkeropoackon obnacTv
B pexu
B reppuTopua eogocBopHoro Baccelika p. Megaxa
PaiOHHBIE LEHTDLI
2i _ _0 25 50 75 100mm [ rpauus! pafioros
T z I veppuTopA KpacHOOKTAGPECKOrO paioHa

[ repputopma MneHUHCKOTO paioHa
I veppuTopmA CeueHOBCKOrD paicHa

Puc. 1. I'eorpaduueckoe monoxenue d6acceiina p. Mensaa

MopdodomuroreHHas OCHOBa OacceiiHa OTINYACTCS CIIOKHBIM CTPOEHUEM.
JouerBepTnunple  ornoxeHus  [['eomormueckass — kapra:  N-38-V  (Illymepas).
locynapctBenHnast reosiornyeckass kapra Poccuiickoit @enepanuu. WM3manue BTOpoOE.
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[eonoruyeckas kKapTa M KapTa IIOJE3HBIX HCKONAEMBIX JOYECTBEPTHYHBIX OOpa3OBaHUM.
CpenneBomkckas cepmsa, macmtad: 1:200000, cepus: CpenHEBOIDKCKas, COCTaBIICHA:
OI'VITI «Bomrareomorusi», 2001 1., pemaktop(er): Ppuaman b.M.] mpencraBieHsr
OTJIOKEHHUAMH FOPCKOH CHCTEMBI B LICHTPANbHOW 4acTW (TJIMHBI, MEPreid, ajJeBPOJIUTHL,
MIECKM), MEJIOBOM CHUCTEMBI Ha BOJOpa3Jeiax M BEPXHHMX 4YacTsAX CKIOHOB (TJIMHBI,
aJIEBPOJIUTHI, MECKH, MECYaHUKH, GOoCcHOpPUTOBBIE KOHTIIOMEPATHI), @ TAKXKE OTIOKESHUSIMU
TATapcKOro sipyca MEePMCKOH CUCTEMBI B CEBEPO-BOCTOYHOI 4acTH M3y4aeMOil TEpPUTOPUH
(TJIMHBL, U3BECTHSIKH, TOJIOMHUTBI, MEPTEIIH, aJIeBPOJIUTHI, IECYaHUKH) (pHC. 2).

YCNOBHRE O803HAYEHWA

| rpassgs sagocopn i Gasiing p, Hegamp
— [

MFIE:WLTHIW CTINDEEHHA
Bl K1a - MENDHAR CRCTEMA Hamminii 0unen. ArrCiss Spec.
Trb b, RSP0 T, FeCr, NED-Hiinm, i Tyt i,

[ ity - MEMDEAA CHCTEMA, Horeoash Grgen. Bappercesi apye.
IHHE, BNEREceIrTE, MO, NECAHIEN

B 1 - MENDHAS CRCTEMA, Huswui gipen. Neepmeemi wipe
TRk, ATSDEICITI, TRaCR.

Bl 2o+ km - HIPCKAR CHCTEMA, Bepasi orgen. Orodonaoiiil

RIS, Tiee, PEOTRNE, SOREEOTHTH,
ek,

I TRk - AR CWCTEMA, Cpageni oraen, Bartied
M ERTLNCAMEACH M ﬂn"r.u il TETHH, AMCGRM Tl MEITEH.

EE Flur - NEPHCEAA CHCTEMA. Bepusssd oThen. TaTaponst apve.
Hisiianh PugER gL, BN VMOHIN TODRIHT. WISSrHORE Do,
TRHHL, HABCTHERH, AONGHHTL, FEErEmns,

ARG, N,

Puc. 2. JloueTBepTHYHBIC OTIOXKEHHS OacceiiHa p. MesiHa

YerBepTuuHble oOpasoBanus [Kapra yerBepTuuHbix oTioxenuii: N-38-V (Lymepis).
Tl'ocynapcTBenHas reojorudeckast kapra Poccuiickoit deneparmu. M3nanune Bropoe. Kapra
4YeTBEepTHYHBIX oOpa3oBanui. CpenHeBoipkckas cepusi, MacmTad: 1:200000, cepus:
CpenneBomxkckasi, cocraBieHa: DPIYITI «Bomrareonorusi», 2001 r., pemaktop(bl):
®puaman B.M.] BKmouyaroT aTIOBHANBHBIE OTJIOXKEHHS B TMOMMax peK, a Takxke
JJIIOBUANIBHBIE W JIENIOBHAJbHBIC 00pa3oBaHMs IIICHCTOIIEHA M HEOIIeHCTOIeHa,
NIPE/CTAaBICHHBIE CYTJIMHKAMH, JIECCOBUAHBIMU CYTJIMHKAaMH, IOTPEOEHHBIMH IOYBAMHU U
neckamu (puc. 3).

Ha ceBepo-BocTOKe BOmocOOpHOro OacceifHa p. MeasHa paclpoCTpaHEHBI
KapOOHaTHBIC ¥ THIICOHOCHBIE ITOPOBI IEPMCKOTO BO3PACTa, YTO O0YCIaBIMBAET aKTHBHOE
pa3BHUTHE KapcTa.

Teppuropust BogocOopHoro Oaccelina p. MezsiHa XapaKTepU3yeTCs PAaBHHUHHBIM
penbedoM, OCIIOKHEHHBIM CEThIO OBparoB M 0Oanok (puc. 4). AMIIMTyIa aOCOJFOTHBIX
BBICOT 3HauuTenbHa (175 M): mMakcumanbHas oTMeTka (243 M) pacmoyiokeHa Ha FOKHON
nepudepun BogocOopHOro OacceitHa, MUHMMabHAsT (68 M) JIOKHT Ha CeBepe — YPOBEHb
ype3a Boasl B p. MensHa npu e€ Bnagenud B p. Cypa. CoBpeMeHHbIH MOP(OIOrHIecKuii
00JIMK cOPMHPOBAH MO AeHcTBHEM KOMILIEKca penbedooOpa3yIomux MpoLeccoB, cpenu
KOTOPBIX BEIYILYIO POJIb UTPAIOT JCNIOBUANIBHBIM CMBIB, aKKYMYJIALMS PHIXJIOrO MaTephaia
U KapcTooOpazoBaHue.
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Puc. 3. UetBepTHuHBIC OTIIOKEHUS OacceitHa p. MensHa

o x
= om
g
B4D
i
T

=1 ]

Puc. 4. Pembed Gaccelina p. Menstaa

Knumar yMmMepeHHO KOHTHMHEHTaNbHBIH (puc. 5). XapakTepHbl NPOJOJDKHUTENIbHAS
X0JI0/IHas 3MMa M OTHOCHTENIFHO KOPOTKOE, HO Témoe JieTo. CpelHHE TOKa3aTeNn B sSTHBape
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omyckatotes o —10,6 °C, torma kak B mrone mocturator +19,3 °C. CpenmneromoBas
TemmnepaTypa Bo3ayxa cocraBisieT +5,5 °C. KonmuecTBo atMoc(epHBIX OCaaKOB 3a TOJ
cocraBisgeT okoio 570 mM. Hu3kast 1ecHCTOCTh TEPPUTOPHH CIIOCOOCTBYET MOBBIMICHHON
UCTIApAEMOCTH W HEYCTOWYMBOMY YBIIQKHEHHIO, YTO YCHIMBAET KOHTHHEHTAJIHHOCTH
KJIMMaTa.

/ J{? YCNOBHLIE OBO3HAYEHWA
B i [ rpassia Hioseropoackon ofnacs
e 5 Z TEMNEPATYPE BO30YXE
MICTRERE T
—— WIOTEMEI AHRI0A
KOMWHECTED OCANKOE (MM)
W G600
[ 550-600
{50

25 ] 25 50 75 100 km B veppuTopen sopechopHore
- ] Baccaiua pard Megaua

Puc. 5. [lonosxenue Oacceiina p. Mensna
Ha KIMMatudeckoi kapte Hiskeropoackoit obmacta

I'maporpaduueckast ceTh BKIIIOYAeT IJIaBHyl0 p. MeasHa W €€ NPUTOKH —
pp- Mouaneiika, Manas Mensua u Cym. B Oacceline 3adukcupoBaHO JIEBSITh POJHHKOB, a
Taloke psg 03€p KapcTOBOTO IIPOMCXOXKICHHUS, HanOojee M3BECTHBIMH U3 KOTOPBIX
spistrorcs: YemOuneesckue ozépa Kopkione m Trorsipsk-Kions [Acrammu A.E., [amkna
M.H., Camoiinos A.B., Biacos A.B., Konnosckuii A.B., PeoxoB E.B., ITogkoBeipuna B.M.,
I'peuknna C.C., Baruna O.E. O3zepa Kapxkrone u Trorspsx Kroap BogocOopHOTo Oacceiina
pekn Mensna Hmxeroponckoit obxactu: MopdoMeTpuueckue | THAPOJIOTHYECKHe
xapakrepuctuku. B cOopuuke: [Ipobnemsl skonoruu Boskckoro Oacceiina. Tpynsl 6-i
BcepoccHiickoi HayuHoi koHdepeHunu. Hwxuuit Horopon, 2021. C. 1.] (puc. 6).
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YCNOBHBIE DEOIHAYENWA
[ rpannia soaoofopsnro Gacnofina i, Mo
EomoTa
] T, N
AL, PelE
& poaHHga

75 o 15 13 2254M

Puc. 6. l'maporpadudeckas ceTb 6acceiina p. MensHa

[louBeHHBIII MOKPOB OacceliHa MPEACTABICH MNPEUMYIICCTBEHHO YCPHO3EMaMU:
BBIICJIOUEHHBIMH M OMOA30JCHHBIMU CPEJHEMOIIHBIMU Pa3HOBUIHOCTSAMH, YacTo B
KOMIUIEKCE CO  CMBITBIMH  [OYBaMH. PaCTUTENBHOCTh COXpaHWIach  (parMeHTapHO:
IpeBecHas — B oBparax M Oankax (IIMPOKOJMCTBCHHBIC JIeCa M3 OCHHBI, ay0a, KiI€HA),
KOpEHHasl CTemHas — Ha IJIAKOPHBIX Y4acTKax, IMOWMEHHBIE Jieca — BJIOJIb pek. B
COBPEMEHHOH CTPYKType PacTUTENBHBIX COOOIIECTB JOMUHUPYIOT arpoIleHO3bl (TIOCEBHBIE
U TIpOMAIIHBIE KYJBTYpBHI, pexe cansl). OOmas JiecucTocT OacceifHa KpaiiHe HHM3Ka U
cocTaBisieT okoio 3,2 %, YTO OTpaXkaeT BBICOKYIO CTENEHb XO3SHCTBEHHOTO OCBOCHHMS
TEPPUTOPHH.

[ToneBbie HabOmroneHMsT HA p. MeasHa NPOBOAWINCH HA THAPOIOCTaX, 3aJ0KCHHBIX B
BepXHEM M HIDKHeM TeueHHH (Tabi. 1, 2) B 2024-2025 rr. Ocoboe BHHUMaHUE YIEISIIOCH
aHaIM3y MEXIOJOBBIX pa3IMYMi, CBSI3aHHBIX C MaJIOCHEKHOM 3uMoil 2025 ropa, xoTtopas
MOXET CJIY)KUThb KJIIOYEBBIM (DaKTOPOM, YCHUIIMBAIOLIMM HEPABHOMEPHOCTh CE30HHOTO
pacnpeneneHus CToKa.

Tabauya 1

CpaBHHUTeIbHBI aHAJIU3 PAcXo/a BOAbI PeKH B MEPHO BECEHHEr0 MOJI0BO/IbS
B 2024 n 2025 rr.

Pexka, runponoct Pacxop Bomel M/c, Pacxon Bomsl M*/c, W3menenus B 2025 r.
2024 1. 2025 T. 110 OTHOIIEHHUIO K
2024r.
MepnsHa, BepxHee 6,002 4,605 Ywmenbiienue Ha 23 %
TEUCHHE
Mensna, HIKHEE 19,4703 4,918 Vwmensbiienne 73%
TEYCHHE
B cpennem
yMmeHblieHue Ha 48%
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Tabauya 2
CpaBHUTeJILHBII aHAJIM3 pacxoia BOAbl PEKU B MePHOJ JeTHelH Me:KeHH
B 2024 n 2025 1.
Peka, rugponocr Pacxon Boasl M>/c, Pacxon Boasl M/c, W3menenus B 2025 r.
2024 1. 2025 T. 1o oTHomIeHuto k 2024
T.
Mensna, BepxHee 0,0751 0,0784 Veenmuuenune Ha 4%
TCUYCHHUE
MensiHa, HIKHEE 0,0706 0,2085 YBenuuenue Ha 66 %
TECUYCHUE
B cpennem
yBenuueHue Ha 35%

Obcy:xnenue

[TomyuyeHHBIE pe3ynbTaThl AEMOHCTPUPYIOT BBIPAXKEHHOE BIMSIHUE MAJOCHEKHOMN 3MMBI
B 2024/2025 rr. Ha CTOK MaJIbIX PEK JIECOCTCIHOM 30HbBI. DUKCHPYETCS PE3KOE COKPAIICHUE
cTOKa p. MensHa B TEpPHOJ BECCHHETO IOJIOBOALS B cpeaHem Ha 48%. I[lomoOHbIe
W3MEHEHHs] MOTYT OBITh BBbI3BaHBbI PE3KHM IMOBBIIIEHHEM TEMIIEpaTypbl B 3MMHEE BpeMs
roJa, MOBJCKIIMM YBEJIMUYCHHWE YHCIAa OTTEIeNeH, BBI3BAaBIIMNX CHIDKCHHAE TIIyOMHBI
MIPOMEpP3aHusl IOYB U COKPAIIEHUEM 3allacoB CHETa K HACTYIUICHHUIO MEPUOJA CHETOTASIHUS
[5]. B cBow ouepenp cokpalieHHe TIyOWHBI IMpOMEp3aHHs 30HBI adpaldd TPUBOIUT K
CHIDKEHHIO 00bEMa MOBEPXHOCTHOTO CKJIOHOBOTO CTOKA, IEpPepaclpeIeICHUIO Taloro CTOKa
B CTOPOHY HOJ3EMHOTO U, KaK CJIECJICTBUE, CHMKEHHUIO MAKCUMAaJIbHOTO pacxojia BOJbI B
NIEPHUOJ, IOJIOBOAbSL.

JlaHHBIM BBIBOA XOPOIIO COIJIACYeTCsl C pe3yibTaTaMH, IIOJYyYEeHHBIMH B XOJe
THUAPOJIOTUYECKUX HAOIIOJACHUN, MPOBENEHHBIX B TMEPHOJ JETHEH MeXeHHU. Pe3ynbTaThl
HW3MEpEeHUH MoKa3aiH, YTO MUHUMAJIbHBIA Pacxo]l BOJAbI B PEKE, XapaKTEPU3YIOIIUNA BKJIA]
MIOJI3EMHOT0 CTOKAa B e€ MHUTaHHe, yBeJW4Wics B cpegHeM Ha 35%. IIpuumHON HaHHBIX
HU3MEHEHHH MOXET CIYXXHUTb POCT HMHOHUIBTPALUM, MPOUCXOAAIIMI IOJ BO3JCHCTBHEM
YMEHBIICHUS TIyOHHBI TPOMEpP3aHus 30HBI a3palii B 3UMHUHN MEPHOJ, B PE3yJIbTaTe Yero
MIPOUCXOJUT YBEJIMYEHUE 3alacoB TIPYHTOBBIX BOJ B IEPUOJ BECEHHETO IOJIOBOAbS.
[MomuMo 3TOTO, NOEPHUINT CHETOBHIX 3allacOB MPHBOAUT K OCIAa0EBAaHUIO BECCHHETO
MTOJIOBOJIBSA, & JICTHSISI MEXKCHb CTAHOBUTCSI MEHEE BEIPAKEHHOW, YTO MOXKET OBITH CBS3aHO C
YBEJIMYEHUEM JOJM TPYHTOBOTO NHUTaHMs; 3TO MOATBEpXkAaercs BbiBojgamMu B. M.
EBcrurneesa c coasropamu [7] u H. JI. ®posnoBoii ¢ coaBropamu [5], KOTOpbIE YKa3bIBatOT
Ha POCT JIOJIH TTO/A3EMHOTO MTUTAHUS B YCIOBHSIX COKPAIIICHHUS CHETOBOTO.

CpenHee yBelnWYEHHE JIETHETO CTOKA MOXHO OOBSCHHTH THJPOJIOTHYECKUMHU
0COOEHHOCTSAMU P. MeJisiHa, CTOK B HIDKHEM T€UEHUU KOTOPOW BHEC TOMUHUPYIOMIUN BKIIA
B 0000IIEHHBIE TIOKa3aTenu. DTOT (PakT MOAYEPKUBAET OrPAHUUEHHOCTh HMCIIOJIb30BAHMUS
CpeIHHMX 3HAYEHUI B HCCIIEAOBAHMM JWHAMHUKH T'OJIOBOTO CTOKAa MaJbIX peK, TaK KaK OHHU
MAaCKHUPYIOT JIOKaJIbHBIE IIPOLIECCHI.

3akaouenue

AHanu3 n3MEeHeHWH MaKCHMalbHOTO M MUHHMMAJIBLHOTO CTOKa pekd MensHa mokasal
KpailHe BBIPaXXEHHYI0 4yBCTBUTEIBHOCTh MANIbIX PEK JECOCTEIMHON 30HBI K KIMMaTHUECKUM
N3MEHEHMSIM U CE30HHBIM (DaKkTOpam, TaKMM KaK MaJIOCHE)KHbIE 3UMBbI, HaOJfoaeMble Ha
tepputopun Hrmkeroponckoit oomactu B 2024 — 2025 rr.

CrnencTBHEM COKpAIIEHUs] MAKCHMAJIbHOTO CTOKA B IIEPHOJ BECEHHETO II0JIOBOJbS Ha
48% moCITy>KUNK yMEHBIICHHE TMPOMEP3aHHs 30HBI a’palliyl MOJ JeHCTBHEM IOBBIIICHUS
TEeMIepaTypbl, a TaKkkKe 3HAYUTEIHbHOE COKpAIIeHHE 3amacoB cHera. [laHHbIe M3MEHEHUS
MOTJIM CTaTh TNPUYMHON IEPEepacHpesiesieHuss Tajloro CTOKa B CTOPOHY IIOA3EMHOTO,
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CHI)KCHHSI MaKCHMAaJBHOTO CTOKa B TEPHOJ IOJOBOIbS M YBEIMYCHHS MHHHMAJIbHOTO
cToKa Ha 35% B MEpHOA MEKCHH.
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BiiMsiHHe TeMIIEPATYPHOI0 pe;KUMa HA HANPsIZKEeHHOe COCTOSTHUE
0JI0KOB 0eTOHMPOBAHUS THAPOTEXHUYECKHX COOPYKeH Ui
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Cubupcruil 2ocyoapcmeerntblil yrusepcumem 600H020 mparcnopma, Hoeocubupck, Poccus

AnHoTamms. [Ipy  TPOCKTUPOBAaHMH W  CTPOUTEIBCTBE  MACCHUBHBIX  OCTOHHBIX
THIPOTEXHAYCCKUX COOPYKCHHH HEOOXOIMMO TIOAJICPKUBATE TEMIICPATYPHBIH PEKUAM
KOHCTPYKIIMA, OOCCIICUNBAONINA TPEIIMHOCTOUKOCTh. TpEIIMHOCTORKOCTh 3aBHCUT OT
BO3MOXXHOCTH BO3HHUKHOBCHHS BHYTPCHHUX pPACTATUBAIONIMX HampsHKeHUH. YToObI
HCKIIOYHTH  3TO, HEOOXOAWMO  BBINOJHUTH  MEPONPHATHS IO  PEryJIUPOBAHHUIO
TEMIEPATypHOTO pexkuMa ONOKOB OETOHHPOBAaHHUSA, OCOOCHHO B paHHEM Bo3pacte. Ha
OOJNBUINX CTPOUTENBHBIX IUIOMIAAKAX HCIONB3YIOT Pa3IWYHbIE CIIOCOOBI MOBEPXHOCTHOTO
yxoma. JlamHas paboTa TOCBAIIEHa AaKTyadbHOM mpoOieme B 00JacTH pacyera
TEPMOHAMPSKCHHOTO  COCTOSHHS ~ OJIOKOB OCTOHHUPOBAHWSA. BBIMOJIHEHBI HATYPHBIC
IKCTMICPUMCHTAIBHBIC HCCICIOBAHUS BIUSHHUS PA3IMYHBIX CIOCOOOB yXoJa 3a OCTOHOM.
BeusiBiieHO, 9YTO HAUOOBINN 3G GEKT NArOT YBIAKHEHUE WK MOJTUB OCTOHHON MTOBEPXHOCTH
MpH HaJIW4YuK Inatpa. Pa3paboTaHa METOAMKa pacueTa HArpeBaHUS BOJABI MpPU ITOJUBE
OCTOHHOW MOBEPXHOCTU CBEKEYJIOKEHHOro OcroHa. [lomydeHa ¢opmyna, KOTOpas MOXKET
AMETh NpaKTHYeCKOe MpUMEHeHHe. [Ipe/iokeHHas METOIHMKa YYHTHIBACT TEMIIEPaTypy
BOJIBI IIOJIMBA, IUIOIIAAN M TEMIIEPATYPy BO3AyXa. Pe3ynpTaTsl 1abopaTOpPHBIX HCCIEIOBAHUI
MOKa3aJii BIMSHUE TEMIIEPAaTYPHOW HArpy3Kd M BO3pacTa 3arpyKeHHs OCTOHHBIX 0Opa3LoB
Ha uX JeopMaTHBHBIC XapaKTEPUCTUKU: MOIYNb YNPYrocTH OETOHA M TEPMHUYECKUI
K03 uIreHT JIHHEHHOTO pacuIupeHusl. Jns obecrieueHust TEPMUYCCKOM
TPEHMHOCTOMKOCTH PEKOMEHIOBAHO MPHICPKUBATHCS JTOMYCTUMOTO pa3orpeBa OeToHa.

KroueBble ciioBa: THIPOTEXHUYECKUE COOPYIKEHUS, TPEIMHOCTOHKOCTh OETOHA paHHEro
BO3pAacTa, TEPMOHAINPSIKEHHOE COCTOSIHHE, CIOCOOBI yxXona 3a OeToHOM, nedopMaTHBHBIE
XapaKTEePHCTUKH.

Temperature regime impact on the stress state
of hydraulic structures concrete blocks

Yu. L. Bik

ORCID: logo 0009-0008-9070-5210

Nyailya N. Fomicheva

ORCID: 0000-0003-1278-3199

Siberian State University of Water Transport, Novosibirsk, Russia

Abstract. When designing and constructing massive concrete hydraulic structures, it is
necessary to maintain the temperature regime of structures that ensure crack resistance.
Crack resistance depends on the possibility of internal tensile stresses. To eliminate this, it is
necessary to take measures to regulate the temperature regime of concrete blocks, especially
at an early age. On large construction sites, various methods of surface care are used. This
work is devoted to an urgent problem in the field of calculating the thermally stressed state of
concrete blocks. Full-scale experimental studies of the effect of various methods of concrete
care have been performed. It was revealed that the greatest effect is provided by moistening
or watering the concrete surface in the presence of a tent. A method has been developed for
calculating the heating of water when watering the concrete surface of freshly laid concrete.
A formula has been obtained that may have practical application. The proposed methodology
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takes into account the temperature of irrigation water, area and air temperature. The results of
laboratory studies showed the influence of the temperature load and the age of loading of
concrete samples on their deformative characteristics: the modulus of elasticity of concrete
and the thermal coefficient of linear expansion. To ensure thermal crack resistance, it is
recommended to adhere to the permissible heating of concrete.

Keywords: hydraulic structures, crack resistance of early-age concrete, thermal stress state,
methods of concrete care, deformative characteristics

BBenenue

B Hacrosimee BpeMs BEAETCS CTPOUTEIBCTBO KPYIHBIX OCTOHHBIX COOPYKEHHH.
MaccuBHbBIE OETOHHBIE KOHCTPYKIMH OCOOCHHO YacTO BCTPEYAIOTCS! B THAPOTEXHUYECKOM
CTPOUTENBCTBE. | MAPOTEXHWYECKHE  COOPYXKEHHS  MMCIOT  BBICOKHH  YPOBEHB
OTBETCTBEHHOCTH U TMO3TOMY K HHMM [pHU @POEKTHUPOBAHHH U CTPOUTEIILCTBE
NPEABSBISIOTCS BBICOKHE TpPEOOBAaHUs, B YAaCTHOCTH, 3TO Kacaercs TPELIMHOCTONKOCTH
[1,2,3]. Bo3Mo)xHOe pa3BUTHE TpeUIMH B OETOHHBIX MacCHBaX OMpefesseTcs
TEPMOHAIPSHKEHHBIM cocTosiHueM [4,5,6]. OmBIT CTPOUTENHCTBA KPYIHBIX THAPOY3IOB
IoKa3aJl, YTO MMEJIH MECTO CIIyyad IOSBJIEHHS OIACHBIX TEMIEpaTypHBIX TPEIIMH KaK B
CTPOUTEJIBHBIN NIEPUOJ, TaK U B OKCILIyaTallMOHHBIN NIepuo. B kauecTBe NpuMepoB MOKHO
Ha3BaTh wioTuHHI [1]: T'yBepa (Hoover Dam), CIIA; [acy (Dasu Dam), [Takucran; [Iukana
(Picada Dam), Bpasumus; Cassao-1lymenckas ['DC.

[Tpu4nHBI BO3HMKHOBEHHUS TEMIIEPATYPHBIX TPEIIMH — 3TO YyCAJOUYHBIE IIPOIECCHI,
9K30TEpMHUS, COIPOBOXKIAIONINE IPOLECCHl TBEPACHHA OCTOHA; pPA3HUIIA TEMIICPaTypBhI
MEXIy SAPOM M TOBEPXHOCTHIO; JKECTKOEC 3alleMJICHHE OJIOKOB OETOHHMPOBAHMS;
HapylLIeHHE TEXHOJIOTUH IIPU YXOJIE 3a CBEXKEYJI0KEHHBIM OeToHOM [7,8,9]. PerynupoBanue
TEMIEpaTypHOTO peXHUMa SBIFETCS O00s13aTeIbHBIM B KOMIUIEKCE MEPONpPUATHI 10
OTpaHUYEHHIO TpeuHooOpazoBanus [1,10].

TpemuHOCTONKOCTh KOHCTPYKLHH OIpEAESIeTCS CONOCTaBICHHEM HAaNpsDKEHHOTO
COCTOSIHUS € MpPENeNbHO-AONYCTUMBIMM ~ HOPMAaTHBHBIMM  3HAYCHHAMHU. PacueTsl
TEPMOHAIPSDKEHHOTO COCTOSIHUS MAcCCHBHBIX OCTOHHBIX COOPYXXECHHH BBINOJHSIOTCS C
Y4eTOM TEMIIEpaTYypHBIX HM3MEHEHUH B OETOHE, 3alleMJIEHHs KOHCTPYKIWH, W3MEHEHHS
neGopMaTHBHBIX XapaKTEPHCTHK OeToHa paHHero Bospacta [11,12,13]. B cBs3u ¢ 3tum
HEOOXOANMOCTh OLICHKH BJIMSHHSA TEMIEPaTypHOTO PEXHMMa Ha HANpsHKEHHOE COCTOSHHE
0J710K0B OETOHMPOBAHMS SIBIISICTCS AKMYATbHBIM.

Ilenv mpencraBneHHONH pabOTHL: pa3paboTaTh PEKOMEHIAIMH 110 PEryJIUPOBAHHIO
TEMIIEPaTypPHOTO peKMMa OJIOKOB OETOHMpPOBAHUS, O00ECHEeYMBAIOIINE MPEIOTBPAIICHUE
TpenMHO00pa3oBaHua B OETOHE paHHEro Bo3pacTra, 0a3upysach Ha pa3paboTaHHOW paHee
METOJWKE  pacdeTa  TEPMOHANpPSHKEHHOTO  COCTOSHUS ~ OJNOKOB  OETOHMPOBAHUS
THIPOTEXHUUYECKUX COOPY)KEHHH B CTPOHTEIBbHBIM IE€pHON, M Ha MNPaKTHYECKHUX
pe3ynpTaTax HaTYPHBIX M 1a00pPaTOPHBIX HCCIIEOBAHUI.

JUis nocTHKeHUs TOCTaBJICHHOM 1IeNH HEOOXOJUMO PEIIUTh CIEAYIOINE 3d0ayu:

— Pa3paborath MeTOOuMKy pacdera HarpeBaHMS BOJABI TIPH  IOJNHBE
OETOHHOM MOBEPXHOCTH.

— [Ipoananu3upoBaTh BIMSHHE pPA3IMYHBIX CIIOCOOOB  yXoda 3a
CBEXKEYJIOKCHHBIM ~ OETOHOM Ha  TEMIEpaTypHbIH  pexuM  OJOKOB
OeroHnpoBaHms. [l pemieHMs 3TOro Bompoca ObUIM  ITPOBEICHBI
KOMILIEKCHBIE HAaTypHBIE MCCIEOBAHUS Ha CTPOSAIIEMCS THIPOTEXHUUYECKOM
o0BbeKTe.

—IIpoBecT  BKCHEpUMEHTAJNBHBIE  JIAOOPATOPHBIE  HCCIEIOBAHUS
ne(hOpMaTUBHBIX XapaKTEPUCTUK OETOHA PAHHETO BO3pacTa.

AHanu3upys cxemy paboTsl 0J0KOB OETOHHMPOBAHUS MPH MOCIOWHON yKIaake OeToHa,
MOJKHO OJIOKM paccMaTpHBaTh Kak IUIMTHI, KOTOPbIE MMEIOT OOJBIINE IUTAHOBBIE pa3Mephl
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mo cpaBHeHHIO ¢ BbicoTOH [14]. Takoif cmoco® ykimaakum OETOHa B TENO IIIOTHHEI
MIPUMEHSUICS TIPH CTPOUTENIBCTBE AHAMKAHCKOTO THIPOY3IIa.

I[Ipu mocnONHON yKIanKe OCHOBHBIM CIOCOOOM  IOHMKEHHS TEMIIEPaTypHI
CBEIKCYJIOKCHHOTO OETOHA SIBISETCS IIOJIUB €r0 MOBEPXHOCTU XOJOAHOW BOAOW, KOTOpas
HarpeBaeTcsi He TOJIBKO 3a cyeT oTOOpa Teruia OT 0eTOHa, HO M 32 CUeT TEMIIEpPaTypHOTrO
mepernana MeXIy BO3IyXOoM M Bomoil. OueHb YacTo 3TOT (AKTOp MOXKET HMETh
CYILIECTBEHHOE 3HAYCHUE M JIOJDKEH YUMTHIBATHCS NPH pacueTe TeMIIEpaTypHOIo .peKuMa
0eToHa BO BpPEMsI CTPOUTEILCTBA.

MaTepna.m,l H ME€TOAbI

B ocHOBY pa3pabOTKy METOUKH pacueTa HarpeBaHUs BOJBI IPU MOJIUBE MOBEPXHOCTH
OETOHHBIX OJIOKOB TIOJIOKEHA pacyeTHas CXeMa, BKITFOUAIOINAs CICAYIOIUE IPEANOCHUIKH:

KOX(PHUIHEHT TEIUIOOTAAYH OT OETOHA K BOJIE MHOTO OOJIBIIE, YeM OT BOJBI K BO3AYXY,
MO3TOMY TMEpPEenagoM TEMIIEPATyp MEKAy MOBEPXHOCThIO OETOHA ¥ BOJOH MOMKHO
peHeOpeds;

TOJIII[HA CJIOS BOJbI HE3HAUUTENbHA U MAJCHHE TEMIICPATypbl B HEM MOXHO CUHMTATh
nuHeiHpiM. Ha puc. 1 mpejcraBieHa pacdeTHas cXema MepernajoB TeMiiepa Typ U JIopa
TeMnepaTprI B BOAC, OTBCUHAIOIIAA 3TUM HpeI[HOJ'IO)KeHI/IHM.

i ] At s A I S o ,/, ]
1 ¥ & , | | r

Puc. 1. PacuetHast cxema nepenajoB TeMIEpaTyp U 3II0pa TeMIepaTypbl BOAbI

3nmeck fys — HadaNbHAas TeMIlepaTypa BOIBI, f, — CJIHBAOIIeHcs ¢ OJoKa, f5 —
OCTOHHOW TOBEPXHOCTH, f;, — Bo3Ayxa. OgHAKO Takas cxema OyIeT TONBKO IO TeX Mop,
IoKa TeMIlepaTypa BO3Ayxa OoJbIle TeMmIepaTyphl NMOBepxHOCTH OeroHa. Korma onu
BBIPABHSIOTCS, HArPEBaHUE BOJBI 32 CUET BO3AyXa MpekpaTurcs. [Ipu qanpHeinem nageHuu
TeMIepaTypbl BO3yXa BojIa HAYHET OXJIAXKIAThcs (ITYHKTHP Ha AIIIOPE).

Jlist ycTaHOBJIEHUS PAcUETHBIX 3aBUCHMOCTEH Ha OMBITHOW TUIOIMIAIKe AHIMKAHCKOMN
IUTOTHHBI TTOCTABJICH CIEIYIOUINH SKCIEepUMEHT. B34Thl /1Ba pa3HbIX IO IUIOMAAM OJIOKa C
OJIMHAKOBOM MHTEHCUBHOCTBIO TIONUBA ¢ (/M%) U TpeTwii ¢ Gonbineit. B oxHO 1 TO e BpeMmst
MIPOU3BOJIMIIACH 3aMEpPhl TEMIIEPATyphl MMOBEPXHOCTH OETOHA MUKPOTEPMOPE3UCTOPAMHU U
TeMIepaTypbl BOJBI Ha CIIMBE. Temrieparypa MOBEPXHOCTH OCETOHA NPUHHUMANACh II0
CcpeqHeMy 3HAYCHHIO U3 MHOKECTBA 3aMEPOB Ha OOJIBIION TUIOIIAIH.

VcxonHble JaHHBIC U JAHHBIC, TIOyYCHHBIC U3 OIBITA, TIOKAa3aHbI HA cxeMe (puc. 2).
ITnomagy onbeITHBIX 010K0B cocTaBisn: I — 32,5 m?; 11— 12,5 m%; 11T — 15,0 M2
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Puc. 2. OnbITHBIE TaHHBIE

Kak BuguM, TemmepaTypa moBepxXHOCTH OeroHa Ha Osokax | um Il onmunakoma, a
cIMBaroIecs BOABI pa3iMdHa. DTO NMPOUCXOAUT M3-32 TOTO, YTO IJIOIIAJh MOBEPXHOCTH
osoka I 6onpmie mwiomanu 61oka 1. TIpu MOCTOSTHHOM TEIJIOBOM MOTOKE OT BO3/AyXa K BOJC
Ha Oousipllel IUIOIAAM BOAOHM ToOrjomiaercss OoJbllee KOJMYECTBO TEIUIA, a TaK Kak
CKOpPOCTHU ITOTOKOB IPU OJMHAKOBOII MHTEHCHUBHOCTH IIOJIMBA PaBHBI, TO 3TO COOTBETCTBYET
YBEIMUYCHUIO BPEMEHH HAarpeBaHus, U BOJA Ha CIHMBE C OOJBIICH IUIOMIa 1 HMEET OOJIBIIYTO
TEeMIIepaTypy.

CucteMy ypaBHEHHH TEIUIOBOrO OajlaHca IUIi 4YacTH SMIIOPHl TEMIEPAaTyphl BOJBL,
HarpeBaeMoi 3a cueT OeTOHa, M YacTH, HarpeBaeMou 3a cueT Bo3xayxa, i Omokos I u 11
MOYKHO 3aITHCaTh B BUJIE

Aty O Alys @ _

Afs o Ay o
At [N N At,, ©,
A, o At, o

B B

(1)

’

rac o, 0, 2 — IOJIHaA 1mjomanab U €€ 4aCTu C OHHHaKOBOﬁ HWHTCHCUBHOCTBIO ITOJIMBA,
Atﬁ — CPCAHCB3BCUICHHOC HArpe€BaHUC BOABI 3a CUCT 6€TOHa; AtB — TO XK€, 3a CUCT

BO3/yXa.
IloncTtaBnsss oOmMBITHBIE JAaHHBIE (puUC. 2) M pemas 3Ty CHUCTEMY OTHOCHTEIBHO

IUIoLIafel, HakjgeM - 0,72; P2 _ 0,28 umu 1 =32,5 M, wy =12,5 M?, uTO
Q) ®
COOTBETCTBYET DKCIIEPHMEHTY.
TaxuMm 06pa3oM, IPUHATYIO IIPEANOCHUIKY MOXKHO CUMTATh CIIPABEIIUBOM.
IMonaras nanee, 4TO HArpeBaHUE BOABI MPONOPIMOHANBLHO ILIOMIAAAM, a TEILIOBOM

TNIOTOK OT BO3JyXa K BOJIE MPONOpIHOHaieH nepenany Af, , MO ONBITHBIM TaHHBIM (pHC. 2)
YCTaHOBJIEHA CBA3b MEXy MPHUPALICHUEM TeMIepaTypsl Bojsl nonuea Al mpuxopsieiics
na 1 m? nosepxuoctu 1 |QAf . Kak u cienoBano oxunath, XapakTep CBS3H — SKCIIOHEHTa
BU/A

At =™, )
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rne k — ONBITHBIH KOA((UIMEHT, KOTOPHI 3aBHCHT OT pPa3lIWYHBIX (aKTOPOB
(cKOpOCTH BETpa, TOJIIUHEI CJI0S] BOJBI, COTHEYHOH pajnaiH u T. II.).
s marHOTO OTIBITA (hopMyIa (2) mprodpeTaeT BU

10° At = &% Co/m* . 3)

Ha 6noke III HabnromaeTcs mageHHWe Kak TEMIIEPATyphl IMOBEPXHOCTH OETOHA, TakK H
TeMIepaTyphl BOABI Ha CIIUBE (pHC. 2).

[Manenne TemmepaTypbl IOBEPXHOCTH OE€TOHAa MPOINOPLMOHAIBHO HM3MEHEHUIO
WHTEHCHUBHOCTH ITI0JIUBA U PABHO

% _ Ak _62_447. (4)

9, Aty 53

V3MeHeHHe TeMIepaTypsl BOJABI Ha OJIOKE MPOMCXOAUT MO ABYM NPHUMHAM. 3a CUeT
yBennuenns mepenaga Af, ma 3°C Boxa mo ¢opmyne (3) momKHA HarpeThCs Ha 11-10°

°C/m?, uT0 Ha Bcio wiomans aact 1,65°C.

OnHako 3a CYET yBEIMYCHUS HMHTCHCHUBHOCTH IIOJIMBA CKOPOCTH BO3DPAcTyT, BPEMs
CTOSHHSL BOJBI Ha OJIOKE YMEHBIIUTCSA, M BOAA HArpeeTcs MEHbIIE Ha BEIWUHHY,
MIPONOPLIHOHATBHYIO yBeIHueHHo pacxona (4) H coctaBuT 1,4° C, 4TO COOTBETCTBYET
pe3yIpTaTy SKCIEpUMEHTA.

Takum o6pa3oM, Bce MNPHUHATBIE NPEANOCHUIKM HMEIOT MECTO, a caMO SBJCHUE
HarpeBaHHs BOJIBI Ha OJIOKEe 3a CUET TeMIepaTyphbl BO3IyXa NOJDKHO YUYHTHIBATHCS INPHU
pacdere oxnaxaeHus O6eToHa. Bo-nepBbIX, OHO MOXKET COCTABIISATh 3HAYUTEILHYIO JIOJIO OT
BEJIMYMHBI HarpeBaHUs BOJBI 32 CUET OTOOpa Temwia oT OeToHa (B MPHUBEACHHOM IpUMeEpe
6onbie 10%). Bo-BTOpBIX, TEMIepaTypHbIH nepena MeKay .BOZOH B BO3AYXOM C POCTOM
WHTEHCHBHOCTH IIOJIMBA TaKXX€E PACTET, CICJOBATENbHO, 1 HHTEHCHBHOCTD HAarpEeBaHMs BEIbI
3a CYeT BO3/IyXa YBEJMYUBACTCS, TO €CTh YBEIWYMBAIOTCS HENPOU3BOIUTEIBHBIC 3aTPaThI
BOJIBI.

Taxke IEnpl0 TMPOBEACHUS HATYPHBIX HMCCIIEAOBAHUM SBIACTCS OICHKA BIIMSHUS
Pa3IMYHBIX CIIOCOOOB yXoja 3a OETOHOM Ha TEMIEpPaTYpHBIM PEeKUM U Kak CIEACTBHE —
HaMpsKEHHOE COCTOSHUE OIIOKOB OETOHMPOBAHUS B CTPOUTEIIBHBIHN MEPUOI.

Meroauka BKIIOYala W3MEPEHUsl TemIiepaTypbl OeToHa W nedopmauuii B Onokax
OCTOHHMPOBAHMS, HW3MEPEHHUS] METEOPOJOTMYECKHX XapaKTepPUCTHK M HaONIOJeHHud 3a
TpeuHooOpazoBaHueM. ToyHOCTh u3MepeHus Temmeparypsl = 0,1°C; mis u3MmepeHus
nedopmanuii  HCmodb3oBaNch TeneTeHsoMeTpsl bT300M, paspaboranasie HUCom
I'unpomnpoekra. YUysctBurensHocth — 0,00065 mm. JlaTuuku 3akiaiblBaIMCh BO BpeEMst
OeToHnpoBaHMsl OJ0KOB. McciemoBanust ObUIM TIPOBENCHBI B YCIOBHAX, MaKCHMallbHO
NpUOMMKEHHBIX K MPOW3BOJCTBEHHBIM: OJHA IUIOIMIAJKA pacrojiarajiach MOJ HIATPOM,
npyras — ©6e3 marpa. bmokm wumenn pasMepsl 2X2 M U BBIIONHAIHCH B
TEMJIOU30JMpOBaHHON omnanyOke. Bricota 6mokoB 0,5; 0,75 uw 1,0 M. B pamkax
SKCTIEPUMEHTa Ha OMNBITHBIX IUIOMIAJKaX IPUMEHSUINCh Pa3IWYHBIe CIIOCOOBI yXoja,
BKJIOYas [IOJIMB U yBIIA)KHEHHE.

Hcrmons30Banue maTpa i MOBEPXHOCTHOTO YX0Ja MOKHO OIEHHUTE 1Mo Tpadukam (puc. 3, 4
uS).
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Puc.3. Pacnipenenenue Temneparyp B eHTpe OJIOKOB BBICOTOH 1,0 M (1101 mmaTpom)
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Puc. 4. Konebanuns TeMneparyp Ha IOBEPXHOCTH OETOHHBIX OJIOKOB BBICOTOH 0,5 M
(o maTpom)
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Puc.5. 3menenns temmneparyp 6eToHa B 610ke BeicoToit 0,5 M 6e3 yxona, 6e3 matpa

Bo Bpemst mpoBeeHHs HCCIICOBaHUI TeMIiepaTypa Bo3ayxa kosebanack ot 16°C mo
35°C, a Bogsl mosmmBa: ot 20°C go 24°C.

[TpoBeneHHbII aHANN3 MMO3BOJIMJI YCTAHOBUTh, YTO IIATEP W IMOJMB IOJ IUICHKOH WU
MEIIKOBUHON  SIBISIIOTCS  A(P(QEKTUBHBIMU  CpPEelCTBAMH  MOHW)KEHHs  TeMIIepaTypsbl
MMOBEpXHOCTH OeToHa. M3ydeHnune neopMupoOBaHHOTO COCTOSIHHS OETOHA PaHHETo BO3pacTa
MPOBOAMIIOCH B JIBYX ONBITHBIX CTBOpax (puc.6). IIpuHATOE pacrojioKeHHe NATYHKOB
TeMIepaTypbl U TEIETEH30METPOB IMO3BOJWIO BBISIBUTH BIMSHHE IIATpa W MOJHBA HA
TEeMIEepaTYPHBIA PeXUM U 1e(HOPMUPOBAHHOE COCTOSIHUE OETOHA.
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Puc. 6. Cxema pa3menieHust TaTYNKOB TEMIIEPATYPhI U TEJIIETEH30METPOB,
CTBOD 2 — MOJHB, IaTep; cTBop 1 — 6e3 yxona
.20 — natunk Temreparypsl Ne20; T-2 — tenerenzomerp Ne2

B peanpHbIX yclIOBUSX NPH yKIIaake OETOHA KaKAbIH OJOK MMEEeT CBOM XapaKTEPUCTUKU
E(?) — Moayns ynpyro-MrHoBeHHbIX aedopmanuii u Fy — momnepedHslii pasmep (Iuonaib
TOpIIA), @ COCENHHE OJIOKH COOTBETCTBEHHO FE.(f) m F. B 3aBUCHMOCTH OT coueTaHHUA
yKa3aHHBIX I1apaMeTPOB paccMaTpHBaeMblii OJOK MOXeT  paboTaTh Kak OJIOK CO
CBOOOIHBIMH WJIM JKECTKO3aLIEMJICHHBIMH TOpLAMH, TaK M — C YHIPYTrOHOAATIMBBIMH
cBsa3saMu. [ ydera 3TOro (hakTopa NpW HCCIEIOBaHWU Ne()OpMATUBHBIX XapaKTEPUCTHK
OeToHa paHHETO BO3pacTa ObUIa CHENHANBHO paspaboraHa ycraHoBka [15]. Ota
9KCTIEPUMEHTANIbHASl yCTAHOBKA ITO3BOJISIET M3MEHATH TEMIIEPATYPHBIH PEXHUM OCTOHHBIX
0o0pasnoB M oOecreuynBaTh yCIOBUS ONUpPaHHUA OJOKAa IO TOpLAM, COOTBETCTBYIOIIMX
YIPYTOIOAATINBEIM CBSI35IM.

MeTtoanka MpoBeIeHUs SKCIEPUMEHTANIbHBIX JJAOOPaTOPHBIX MCCIEIOBAaHUIN BKIIOYANa
MOJICTIMPOBaHUSI COCTaBa OETOHA, CO3JaHUEe TPeOyeMOro TEeMIEepaTypHOro pexuma,
n3Mepenus nedopmanuii 00pasoB, onpeeeHne HapacTaHHUs IPOYHOCTH OETOHA, MOIYJIS
YIPYro-MIHOBEHHBIX Jedopmaiuii 0eToHa U TeMIepaTrypHoOro Kod(QQHIHeHTa JTHHEHHOTO
pacurupenus [16].

CoctaB MozaensHOro OeToHa 1o Becy 1:2,6:3,2 ¢ BojoueMeHTHbIM oTHomeHueMm 0,52.
Pa3meps! ucciexyeMbIx OCTOHHBIX 0Opas3llOB Ha3HAYEHBI UCXOIS M3 TPeOOBaHWI, YTOOBI
HaMMEHBIINH pa3Mep ObIT B TpU pa3a OoJble HanOONbIIeH KPyITHOCTH 3aOHUTENA. bein

MPUHATHL pa3Mepbl HCCIEAyeMBIX OeTOHHbIX o0pa3zmoB 20x20x80 cMm, kaxaoMy H3

KOTOPBIX TPHUCBauWBajcs COOTBeTCTByrommi mudp. I[lombem TemmepaTypbl o00pasiia
OCYIIECTBIISIICS B pa3HOM Bo3pacte oT 1 10 8 CyToK.

PesyabTaThl

IMo wm3mepeHHBIM jaedOpMAIMSIM B HATYPHBIX YCIOBHSX BBIUYUCICHBI HAMPSDKCHUS
(puc.7).
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Puc.7. Hanpspxenus B koHTpdopee 22 cekunu AHIMKaHCKOH IIOTHHBI B CTPOUTEIBHBIA epHo]
1,4 — naTumku B O6JI0Ke ¢ OJIUBOM; 2, 5 — B OJI0Ke 6e3 yxona

PesympTaThl a0OPAaTOPHBIX HCCICHAOBAaHHN MOKa3alW BIHMSHHE TEeMIEpaTypHOTo
peknMa u Bo3pacTa OeToHa Ha pa3BuTHE AedopManuii U HalpspKeHHH (puc.8).
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Puc. 8. TepMmoHanpsKeHHOE COCTOSTHHE OMBITHBIX 050KO0B I-1 1 I-2, 3arpykeHHBIX
TeMIepaTypHOH Harpy3Koil B Bo3pacte 1 cyTok
1, 2 — sKCTIepUMEHTaNbHbIE 3HAYEeHHs TEMITEpaTyp MOBEPXHOCTH U IEHTpa 0Opasia;
3 — cpeaHue 3HaYECHUs HANPSHKEHUH
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Oobcy:xneHust

Ha mpumepe ob6pasna I-1 Bunmm, uto Temnepatypa mogasuiacsk ¢ 17°C go 47,5°C 3a 7
94acoB, M yKe yepe3 7 4acoB MOCIe Hadala IIoJbeMa TEMIEPATyp B KaXKIOM TOUKe CeUeHHUs
Temneparypa cocraBmsmia 47,5°C. I'paduky TO3BOJISIOT 3aKIIFOYUTH, YTO XOJ KPHBOI
TEMIIEpaTyphbl HOBEPXHOCTH MO BUY MPHOIMKAETCS] K SKCIIOHEHTE.

B mepBble nHHM mOCle YKNaaKu O€TOHAa MHTEHCHBHO W3MEHSIOTCS BCE €ro OCHOBHBIC
CBOICTBa, B TOM YHCIE M Ipe/elbHas PacTsHKUMOCTh. ECIIM MHTEHCHBHOCTD YBEIUUCHHMS
TEMIIEpaTypHBIX ~ HampsHKeHWH o(f) He TPEeBBICHT CKOPOCTH pOCTa  IpenesbHOM

PaCTAKUMOCTH Vgnpe;l , TO OIIACHOCTh O6pa3OBaHI/I$[ TpCIMH MOXHO CYHUTAThb

HMCKJIFOUEHHOH.

Hcxons w3 3TOro, JOMyCTUMas CKOPOCTh OCTHIBAHUS MOXKET OBITh HalcHa u3
ypaBHCHHS

Ve
mpen.
V.< AT Q)
oK K (1,7)

a pacdeT JOIyCTHMOTO pa3orpeBa OeTOHa Hal CpeIHEYCTAHOBUBIIEHCS TeMIepaTypoit

U3 YCIOBUH TPEIUHOCTONKOCTH MPOBOAUTCS 10 (hopMyIie

AT < 8npeﬂ. (I—V)

o= K (1)K ©

rae VT — TOHW)KEHHE TeMIepaTypbl OSTOHa 3a ONHHM CYTKH; O — TEeMIepaTypHBIN

KOX(PUIUEHT JMHEHHOrO paCIIUpPCHUS; K3 — k03(h(UIMEHT 3aleMIICHUs 0JIoKa B

OCHOBaHHE; Kp (l‘,’t) — K03(hGHUINEHT penaKkcanuy HaNpsHKEHUH; € — TpenenbHast

npex.

pacTskuMocTh 6etoHa;, K — koo (HIMEHT 3amaca 1Mo TPEIUHOCTONKOCTH, IIPUHUMAEMBbIH
1,2+1,3.
3akJao4yenue

1. BBIIOTHEHHBIE SKCIIEPUMEHTAJbHBIE HCCICNIOBAaHMA TIOKa3alM 3HAYMUTENbHOE
BJIMSHHE TEMIIEpaTypHOrO peXuma OeTOHa W ero BO3pacTa Ha TEPMOHAINPSDKEHHOE
COCTOSIHHE.

2. IlpennoskeHa MeTOAMKA pacdeTa HarpeBaHHWsS BOJABI MOJMBA IPU HCIIOIb30BAaHUH
3TOTO CIOCO0a YX0/1a 3a CBEKEYIIOKEHHBIM OETOHOM.

3. IlpencraBieHsl MaTepuaibl HATYPHBIX HCCIICAOBAHUH BIMSHUS Pa3IMuHBIX CIOCOO0B
yXo/1a 32 OETOHOM Ha €ro TeMIIepaTypHBII PeXHUM 1 HaNPSHXKEHHOE COCTOSTHHE.

4. JlaGopaTopHble 3KCHEPHMEHTAIBHBIN HCCIIEIOBaHUS MOKa3aln BIHMSHUE TeMIlepa-
TYpPHOH Harpy3kH ¥ Bo3pacta 0eToHa Ha ne()OpMaTHBHBIE XapaKTEPUCTHKH.

5. JaHbl pEeKOMEHJIAIMM MO PETYJINPOBAHUIO TEMIEPATYpHOTO PEXHUMa C MEIbI0
HEJIOMYIIEHUS TPEUIMHOOOPa30BaHMUs ITyTeM COONIONCHHUS YCIOBUI IO MOJAEp’KaHUIO
JIOITyCTUMON CKOPOCTH OCTBIBaHHUS M JOITyCTUMOI'O pa3orpesa OeToHa.
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HccnenoBanne BIMSIHUA CKOPOCTH CYJHA HA PYCJOBOM MpPoLece B
KaHaJie pa3Hoii rJIyOUHBbI N0 pe3yJibTaTaM MaTeMATH4€eCKOIo
MOJEJMPOBAHNS THIPABJIUKH MOTOKA

C.C.T'epacumoB

ORCID: 0009-0008-6699-4243

A.H. CutHoB

Bonorcckuii 2ocydapcmeennviil yHugepcumem 600H020 MpaHCROPMA,
2. Huorcnuii Hoeeopoo, Poccus

AHHOTAaNUsI: B HacTosIlee BpeMs Ha Tepputopuu Poccuiickoit denepanuu cyuiecTByer u
¢yHKuHOHUpYyeT enuHas rirybokoBogHas cucrema (EI'C), Bkmowaromas B cebs 0ojpioe
KOJIMYECTBO CYHOXOJHBIX pPeK M KaHanoB. YacTh M3 HHX II€PECEKAr0T MarucTpaibHbIC
TpyOOIPOBOJBI, KOTOpBIE, KaK IIOKA3bIBAa€T IPAKTHKA, 3a4acTyl0 HMMEIOT HEOOJIBIIYIO
IyOMHY 3aJO0KCHUWs, YTO BIIOCIECICTBUHM IIPUBOJUT K BO3HUKHOBEHHIO OTKJIOHEHUH
IUIAHOBO-BBICOTHOTO IOJIOXKEHUSI TPyOomnpoBoja. B cBfA3M ¢ 3aperylMpoBaHHOCTBIO psizia
CYIOXOJHBIX KaHAJOB, YTO COIIPOBOXKAACTCSI OTCYTCTBUEM €CTECTBEHHOT'O TEUCHUS, OJJHUM
n3 (akTOpOB, BIMSIONIMX HA Pa3MBIB JJHA KaHANA, SIBISIETCS IPOXOXKIEHUE CylOB. [ TaBHBIM
00pa3oM Ha THAPOANHAMHIYECKHUE POIECCHl OKA3BIBAET BIMAHHE CKOPOCTH ABMKCHUS Cy/IHA.
OneHNTh BIUSHUE CYAOXOACTBA HA W3MEHCHHE MHTCHCHBHOCTH JIOHHOH JPO3HMHU B KaHaje
BO3MOXKHO C MOMOIIBI0O MaTeMaTHYEeCKOTO MOJEIMPOBaHHSA. B cTaThe mpencTaBiICHBI
pe3ynbTaThl MaTEeMaTHIECKOTO MOJAEIUPOBAHUS IBIKEHHS C Pa3sHOW CKOPOCTBIO CyIHA
mpoekra 507I'-020-012 nmo kaHaTy IpH pa3HOM €ro TiIyOHHe.

KimoueBble cjoBa: 0€30MaCHOCTh CyaoxoJaCTBa, MaTeMaTH4CCKOE€ MOACIUPOBAHUE,
BBIYUCIIUTEIbHAA TUAPOJUHAMUKA, CyI[OXOZ[HBIﬁ KaHall

Study of the influence of vessel speed on the channel process in a
channel of different depths based on the results of mathematical
modeling of flow hydraulics

Sergey S. Gerasimov

ORCID: 0009-0008-6699-4243

Aleksandr N. Sitnov

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract: Currently, a unified deepwater system (UDS) exists and operates within the
Russian Federation, encompassing a large number of navigable rivers and canals. Some of
these are crossed by main pipelines, which, as practice shows, often contain some embedded
foundations, which subsequently leads to deviations in the pipeline's planned elevation. Due
to the over-regulation of a number of shipping canals, which is accompanied by a lack of
natural water flow, one of the factors influencing channel bottom erosion is the passage of
vessels. Hydrodynamic processes primarily affect vessel speed. The impact of shipping on
changes in the degree of bottom erosion in the canal can be assessed using mathematical
modeling. This article presents the results of mathematical modeling of Project 507G-020-
012 movement at different speeds along the canal, with varying levels of water content.

Keywords: shipping safety, mathematical modeling, computational fluid dynamics, shipping
channel
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BBenenue

CynmoxoncTBo Ha BHYTpeHHHX BOAHBIX myTsax (BBII), B acTHOCTH, Ha CyZOXOIHBIX
KaHaJaX, OKa3blBaeT aKTUBHOC BIUSIHHE HA PYCIOBBIE MepeOpPMUPOBAHUSA 3a CUET
BO3HHUKHOBEHUS JOTIOTHUTENBHBIX THAPOJMHAMHUIECKHX TPOIIECCOB MO JHUIIEM CYJHA U B
npwiekamux obnactsax [1], [2]. B cBsa3u ¢ oTCyTCTBHEM Ha 3aperyjHMpPOBAHHBIX KaHAIAX
€CTECTBEHHOTO TEYEeHHsl, HMHTEHCUBHOCTb THUIAPOAMHAMHYECKUX TIPOIIECCOB 3aBUCUT
[JIAaBHBIM 00pa3oM OT CKOPOCTH JBUXKCHHUSA CyqHAa. KOJMYECTBEHHO M KAuYeCTBCHHO
ONPEJECNIUTh XapaKkTep B3aUMOCBSI3M MEXJIY CKOPOCTbIO Cy[HAa B KaHalle U CKOPOCTHIO
JIBUYKCHUS BOJIBI BOJIM3U JTHA C LIENBIO MOCIEAYIOUIETO ONpPE/IeNiCHHs 0€30IacHO CKOPOCTH
Cy/JIHa MOXXHO C TOMOIIBIO BBIMIOJIHEHUS! MAaTEMaTHYECKOro MoJIeinupoBaHus. B maHHoO#
CTaTbe ONMCaHa MaTeMaTHIECKasi MOJEIh, a TAK)XKe MPEICTAaBIICHEI IIOTyIeHHBIE PE3yIbTaThI
1 CIIeNIaHbI OOIIKE BHIBOIBI KACATEIHFHO BBHIIICYIOMSHYTOTO BOIIPOCA.

Marepuajbl 1 METOABI

st onpenieneHust 6€30MacHOTO CKOPOCTHOTO PEXXMUMa JBIDKCHUS CYAOB B KaHaje ObuIa
pa3paboTaHa MareMaTH4YecKas MOJeNb, KOTOpas MNPUHOWIHAIBHO COCTOMT H3 JABYX
JJIEMEHTOB: CylHO M KaHail. CyIHO COCTOHMT W3 KOpIyca W JIBYX IBIDKHTENEH (IpeOHBIX
BHMHTOB) C BHEIIHUM JuaMmeTpoM BHHTOB 1,8 M. Kaman mporskenHocThio 500-2000 M,
umpuaoit 50,1 M, rmyounoit: 4,5, 5, 5,5, 7 u 10 m. Jlna onmcanus TypOyJIEHTHBIX
MPOLIECCOB, BO3HUKAIOUIMX B pAaCYETHOM 00JIaCTH MPU JBIKEHUH CyAHA U paboTe TpeOHBIX
BHHTOB, ObLTa BbIOpaHa MOJIeIb TypOYJIEHTHOCTH
K — Epsilon[3].

B kauectBe pacdyerHoro wucnonb3yerca cynHo mnpoekra 5071-020-012, ocHoBHbIE
XapaKTEePUCTUKU KOTOPOTO MPHUBEICHBI B TabmHIe 1.

Tabnuya 1
XapakTepucTHKH cyaHa npoexkrta S07I'-020-012

ITapamerp 3HayeHue
JvHa, M 135,0
HupuHa, M 16,5
Ocajnka, M 3,5
Bonounsmenienue, T 6710
Konn4ecTBo rpeOHBIX BUHTOB, IIT 2
Juamerp rpeGHOTO BUHTA, M 1,8

I'eomeTpust pacueTHOTrO CyHa MpeJcTaBlieHa Ha pUCYHKe 1.

Puc. 1. Obmas xoHpUrypanus cyrHa

Jnst peanu3anuyd MaTeMaTHYECKOrO MOJICTHPOBAHUS JBIDKCHUSI CYIHA OIpejesieHa
B3aUMOCBSI3b CKOPDOCTH Cy/JHAa Ha THXOM BOJE M CKOPOCTH BpalleHus OOOUX €ro
nBiokuteneii. Takas B3aWMOCBSI3b HMMEET BHJI KPHBOW, KOTOpas CTPOUTCS HAa OCHOBE
pe3ynbTaToB TATOBBIX pacueToB. /Jlms cyama mnpoekta S5071-020-012  ykazanHas
3aBHCHUMOCTb Y)K€ UMEETCS U IIPECTaBIICHA Ha PHCYHKE 2.
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[To naHHOMY TpaduKy MOTyYeHBI 3HAYCHHUS CKOPOCTH JBIIKCHHS CYJHA Ha TUXOH BOJE
BpallleHUs TpeOHBIX BHHTOB. 3HAUEHUSA CKOPOCTEH,
HCTONB3YeMBIX B Bapuanusax M1-MS5, npencraBineHsl B Ta0muIe 2.

IIpM  KOHKPETHOU

CKOPOCTH

Tabruya 2

3HaYyeHHs] CKOPOCTH ABUKEHHsI CYJJHA NIPH Pa3HBIX CKOPOCTSAX BPallleHHsI BHHTA

HaumenoBanue CkopocThb O60pOTHI BUHTA, 00/MUH O060pOTHI BUHTA, paj/c
BapHaIiH CyIHa Ha

THUXOH
BOJIE,
KM/9

M1 0,60 8,70 0,91

M2 1,00 14,59 1,53

M3 2,50 36,68 3,84

M4 4,00 58,77 6,15

M5 10,00 147,14 15,41

Ha ocHoBe JaHHBIX, NPHUBEICHHBIX B Tadiume 2, JUIS KaXJIOH IIIyOWHBI KaHaia
pa3paboTaHO M PAaCCUUTAHO HECKOJIBKO Bapualuii MaTeMaTHIECKOH MOJIeTH, 0003HAYEHHBIX
MI1-M5, kaxnmas u3 KOTOPBIX HMHTHPYET IBI)KEHHE CyJHAa C 3aJaHHOW CKOPOCTBIO B
kaHane. [lenb 1aHHOrO MaTeMaTHYECKOTO MOJEIUPOBAHUS 3aKII0YAETCS B HUCCIEIOBAHHU
THIPOAMHAMHYECKUX IPOIECCOB, BOZHUKAIOMMX BOJIHM3HM JHA KaHANA NPH HPOXOXKIACHUU
CyIOB, [UIA HYero CO34aH KOHTPOJBHBIM WHAMKATOP B BHAE IIOCKOTO CEYEHHS,
pacnonoxxeHHoro Ha pacctossHuu 0,1 M oT AHa.

B mponecce MopenupoBaHUs TporpamMMa (DUKCHpOBajla MaKCHMalbHYIO CKOPOCTh
JBIDKEHUSI BOABI Vp,,, B 33JaHHOM KOHTPOJBHOM HHIMKATOPE, YTO MO3BOJSIET CHENIATh
BBIBOJIBI O €€ U3MEHEHNH BOJIN3H JTHA KaHaJIa TP IPOXO0XKJICHUH Cy/IHA.
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Pe3yabTartsl

B pesynbrare BBINOJHEHHS MaTeMaTHYECKOTO MOJEIMPOBAHMS UL Ka)IOW ITyOHHBI
KaHalla MOJy4eHbl rpa)MKH M3MEHEHUs] MaKCHMAJIBHOH CKOPOCTH TEUEHHS Vy,,, BOJIH3H
JTHA TIPH Pa3HOI CKOPOCTHU ABIKCHUS CyJHA U, (PUCYHOK 3, 4).

Puc. 3.
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Puc. 4. I'padukn H3MEHEHNST MAaKCHMATGHOH CKOPOCTH TEUEHHS y THA KaHasa TIyouHoi 10 M

Ha pucynkax 3, 4 npuBenensl rpaduky JjIs TPaHUYHBIX W3 MPHUHATHIX B pacderax
3HaueHud Tayounsl 4,5 M u 10 M. [lo HUM cnexyer, 4TO CKOpPOCTH TEYEHHSA y JIHA
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YBEIMYUBACTCA B pa3bl NIPU BO3PACTaHUU CKOPOCTH ABMKEHHS CyIHA, HO YMEHBILIACTCS C
pocToM TiTyOMHBI KaHania, MpUYeM HauOoJee CHIbHOE BIHMSHHE HAa XapaKTep H3MEHEHUS
CKOPOCTH TEYEHHS OKa3bIBAE€T CKOPOCTh CyIHA. AHAJIOTWYHBIC TEHICHLIUH W3MECHEHHS
CKOPOCTHU T€UCHHUS NPOSIBILIICH MIPH IPOMEXYTOUHBIX TITyOMHAX KaHama 5, 5,5 u 7 MeTpoB.

MOHUTOPUHT M3MEHEHHs CKaJSIpHOIO CKOpPOCTHOTO IO IOTOKa B Ipolecce
MOJIEIUPOBaHMs OCYLIECTBISUICS C MMOMOIIBIO CHEIMAlbHBIX CIEH, OAHA U3 KOTOPBIX
IIpeJCTaBIeHa Ha PUCYHKE 5.

Solution Time 1000 (s)
—— -

Velocity: Magnitiede {ms)
y 0.00011358 a.17017 0.34023 a.51029 068035 085041
' = -

‘;l')(

Solution Time 1000 (s)

Velocity: Magnitude (mis)
y 000071356 0.17017 033023 0.51029

Z X

0.68035 0.85041

Solution Time 1000 (s)

Velocity: Magnitude (m/s}
0.34023 0.51029

y  0.00011356 017017 0.68035 .85041

ZeiK
Puc. 5. CkansgpHoe ckopocTHOe IoJjie IOTOKa Ha MOMeHT BpeMeHu 1000 ¢

[lo momy4eHHBIM TpaduKaM ONpEAETCHB OCPEIHCHHBIC 3HAYCHUS MaKCHMalbHOU
CKOpPOCTH TECUCHHS BONW3H JHA KAHANA Vy,,, NPHU Pa3HBIX COOTHONICHUSIX OCAIKH CyIHA K
riyoune moroka T/H, MMEHyeMbIX HAMH KaK KOO(P(PHUIIUEHT CTECHEHHUS TIOTOKA O] THUIIEM
K.. n mpu Kod(pPUIHEHTaX CTECHEHHS >KUBOI'O CEUCHHS KaHama ), OIpeaesieMbIX
OTHOUIICHHEM TUIOIIAIU TOTPYKEHHOW YacTH CyJHA K TUIOIMIATH TMOMEPEYHOTO CEeYESHHs
KaHaia. Pe3ynpTaTel npuBeieHBI B Ta0HIIE 3.

Tabruya 3

Pe3yJ]l>TaTl>I MATeMAaTHY€CKOI0 MOAC/ITUPOBAHUSA

MakcumanbHast CKOPOCTb TCUCHUA BOJIN3H JIHa KaHaJia

Bapnanus CkopocTtb Vpmax> M/C / Zmax
monemm cyaua Ve Iny6una xanana, M (K., Q)
M/c | KM/4 4,5 5,0 5,5 7,0 10,0

(KCT:0’78’ (KCT:03705 (KCT:0>64’ (KCT:()sSOs (KCT:03353
0=0,26) 0=0,23) 0Q=0,21) 0Q=0,17) 0=0,12)

Ml 0,17 | 0,61 | 0,12/0,71 | 0,09/0,53 | 0,07/041 | 0,05/0,29 | 0,03/0,18
M2 028 | 1,01 | 0,19/0,68 | 0,15/0,54 | 0,13/046 | 0,08/0,29 | 0,05/0,18
M3 0,69 | 2,48 | 0,550/0,72 | 0,35/0,51 | 0,30/043 | 0,20/0,29 | 0,12/0,17
M4 1,11 4 0,82/0,74 | 0,58/0,52 | 0,49/044 | 0,33/0,30 | 0,19/0,17
M5 2,78 | 10 | 2,09/0,75 | 1,52/0,55 | 1,23/044 | 0,85/0,31 | 0,50/0,18
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W3 Tabmuupel 3 crnemyer, 4YTO IUHAMHKAa W3MEHEHHs Kod(pduuueHtoB K., um Q
K
NPaKTUYECKH OJMHAKOBA, a OTHOIICHUE f IpH pasHBIX TIyOMHAX KaHajda HM3MEHAETCS

HE3HAYHUTENbHO, YTO ITO3BOJIIET HCIIONB30BATh Jajee NpH OLECHKE BIMSHUS Ha CKOPOCTh
TEUYEHHUS U3 IBYX 3TUX K03 PHUIINEHTOB TOMBKO K.

Mo pe3ynbTaraM MOJAEIUPOBAHHSI IOCTPOCHBI FPAQUKU 3aBUCUMOCTH Vg, = f(V,), Ha
KOTOPBIX MOJICTUPYEMbIC KPHUBBIC AarpPOKCHMHUPYIOTCSI CTEICHHBIMH (YHKIUSIMH BHAA
Vmax = @ VY TIpu pasHoil cTeCHEHHOCTH TMOTOKA MOA AHUIIEM Ky (DUCYHOK 6) U Uypgy =
f(K.) (pucynok 7). Ha pucyHke 6 NOYHKTHPHBIMH JIMHUSMH O0O0O3HAUEHBI TPaHHIIbI
obmnacTeil 6e30macHbIX U Pa3MbIBA IPYHTA CKOPOCTEil ABIDKEHHUS CyIHA.

e >t 2
= L =

MagcHMaThHaa CROPOCTES TEYEHHA ¥ [IHA KAHLATA vImax, Mo
e
L

0,00 2,00 4,00 G, 00 B.00 10,00
CROPOCTS CYIHA VO, KM/
®  JECOepHMEHTATREEE IHAYCHIE

AHAITIMECKAR 3ABICHIMOCTD (IvDIEa xaHana 4.5 s, Ker 0.78)

- AHQIITIMECKA 3ABHCIIMOCTD (I7Tv0iHa Kanana 5,0 y, Ker 0,70)

AHATHTHMECKAR 3ABICHMOCTE (ITTyhnHa kamana 5,5 v, Ker 0,64)

—— AHATMITIMECKAR FABNCHMOCTS (mIvOnHEa xkarana 7.0 s, Ko 0.50)
—— AHAMITTIMECKAR 3ABICHMOCTE (TTyvDnHa Kasana 10,0 m, Kot 0.35)
= = =Tpyar (d=0,3 Mm)
= = =Tpyar (d=2 au)
= = =['pvHT (d= Ma1)

Puc. 6. AHATUTHYECKUE 3aBUCUMOCTH Vppgy = f (V) TIpH pasHbIX Kep
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Puc. 7. 3aBUCUMOCTH Vp gy = f(Kcr)

W3 maHHBIX Tabmuuel 3 W PUCYHKOB 6, 7 clexyeT, 4TO CKOPOCTh TEUCHUS Y JAHA
BO3pPAcTacT C YBEIWYCHHEM CKOPOCTH CyJHA W IIOBBIIICHHEM CTECHEHHOCTH IIOTOKa,
MIPUYEM BIIMSIHUE 3THX (haKTOPOB MPOSIBISIETCS C Pa3HOM MHTEHCHBHOCTHIO. Tak, Ipu ogHON
U TOW € CKOPOCTH CyJHa, MaKCHMallbHas CKOPOCTb TEUEHHWS y JHA NMPUMEPHO B 4 pasa
BBIIIE NPU MAaKCHMaJILHOM cTecHeHHH nortoka (K.,=0,78) mo cpaBHEHHIO C MUHUMAJIbHBIM
crecHenneM notoka (K.,=0,35), a mpu omHOW W TOH e BEIWYMHE CTECHEHHOCTH IMOTOKA
IIpH yBeIHUYeHUH cKopocT cyaHa oT 0,61 mo 10 kM/4 MakcuMasibHasi CKOPOCTh TEUCHHS y
JTHa BO3pacTaeT npumepHo B 17 pas.

OCOOCHHOCTBIO TONYYEHHBIX PE3YJIbTAaTOB SBISIETCS OTHOCHUTENIBHOE MOCTOSHCTBO
COOTHOIIIEHUS] MAaKCHMaJIbHOW CKOPOCTH TEYEHHUS BOJHM3M THA U CKOPOCTH CynHa. Takum
00pa3oM, C yBEIMYEHHEM CKOPOCTH CYAHA YBEJIMYMBACTCS W 3HAUYCHHWE MaKCHUMAaIbHOU
CKOPOCTH TE€UEHUsl y JIHA, OJTHAKO MX OTHOIICHHE Vp,,, /U, MPAKTUUECKH HE MEHSETCS MPH
KOHKpeTHOM 3HaueHMH K... Ilpu BbIcOkoii ctecHeHHocTH moToka (K =0,78) 310
OTHOIICHHE COCTaBWJIO
0,68-0,75, mpu camoit Manoit crecHeHHOCTH ToTOKA (K..=0,35) 3TO OTHOIIEHHE COCTABUIIO
0,17-0,18. Takas 0coOE€HHOCTh COOTHOIIEHHMH CKOpPOCTEH TO3BOJSET B JallbHEHIIEM
HCTIONB30BaTh €€ B aHAIWTHYECKOHW OLIEHKE BIIMSHHS CKOPOCTHOTO PEXHMMa Ha PYCIIOBBIE
IpoIiecchl 1 6€30MacHOCTh CY0X0ACTBA.

Jis oLeHKM BIMAHUS CKOPOCTH CyJAHA W CTECHEHHS I[IOTOKAa IO JHHIIEM Ha
MaKCUMaJIbHYIO CKOPOCTb TEUEHHUS y THA BHINOIHEH KOPPEISILIUOHHO-PETPECCUBHBIN aHATN3
CBSI3U HCCIIEyeMbIX (haKTOpOB, KOTODPBIH IIOKa3ajl, 4TO Ha CKOPOCTb TEYEHHUs y JHa
HauOoublIee BIMSHUE OKa3bIBA€T CKOPOCTh CyJHA (MapHbI KO3()(UIMEHT Koppensiun
cocrapisier 0,84), MeHbllee BIMSHHE OKa3bIBA€T CTECHEHHOCTb IOTOKA IIOJ| JIHHIIEM
(mapHbIil KO3 PuIMEeHT Koppemsinuu coctaBimser 0,38), a Taxke 0o0mIas CTECHEHHOCTb
KHMBOTO ceueHMs KaHaima (mapHblii ko ¢uumeHt Koppemsiuuu cocrasiser 0,38).
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CoBoKynHOe BIHMSHUE TpeX (akTopoB V., K. u () B OCHOBHOM OIpEIEIsIeT CKOPOCThH
TEUEHHS Y THA Vp,q, (MHOXKECTBEHHBIH K03(dunnent xoppensiuu 0,93).

Jnst MaccWBa CTAaTHCTHUYECKHX I1APaMETPOB, XapaKTEPHBIX I IPUHITHIX YCIOBHI
npoxoxeHus cynHa npoekra 507I-020-012 ¢ ocazaxoit 3,5 M 1o kaHaiy npu riryounax 4,5-
10 M, pacyeTHBIX MaKCHUMAaJbHBIX CKOPOCTEH TEUYEHHS Yy [HA, 3aJaHHBIX 3HAYECHUSX
CKOpOCTEH CylHa M CTECHEHHOCTH IOTOKA IOJ JHUINEM CyAHA IOJy4Ye€HO YpaBHEHUE
PEerpeccuu BUAA Vg, = Qg + a4 U, + a, - Kip + a3 - (), ucrnons3yss KOTOpoe BO3MOXKHO,
BapbUpPYs HapameTpaMu V., K., ¥ (2, NONyYUTh BEIHYHUHY Vp,,, U OLCHUTDH € BIMSHUE HA
pa3MbIB JHa, a TAKXKE 000CHOBATh BETMYNHY 0€30IIaCHOI CKOPOCTH CyHA Ve, .

Jnst aTOro, MOJNB3YSACh HOPMATUBHBIMHM MaTepuaiamu [4], B Tabiuue 4 mpuBeaeHBI
3HA4YECHUS JONMYyCTUMBIX HEPa3MBIBAIOIIUX CKOPOCTEH TE4eHUs Ui I'PYHTOB, COCTOSIIMX
NPEeUMYIIECTBEHHO M3 YacThl quamerpom 4, 2 u 0,3 MM COOTBETCTBEHHO NpH TIIyOMHAX
notoka 4,5 M, 5 M, 5,5 M, 7 Mm u 10 m [5]. [IpupaBHUBas UX K BETUUYHUHE V4, MOXKHO W3
YpaBHEHUSI PETPECCHH, Pa3pabOTaHHOTO IS COOTBETCTBYIOIIEH BEIOOPKH MapaMeTpOB, HIIH
[0 AHINTHYECKUM 3aBUCHMOCTSM (PHUCYHOK 6) MONydHTh O€30IacHyr0 Al pa3MbIBa
IPYHTa CKOPOCTh CyJIHA Vg, (TabmuIa 4).

Tabauya 4
Besonacm)le CKOPOCTH IBUKEHHUS CYy/IHA 110 KAHAJTY pa3noifl l"J]yﬁl/lHl)I
I'mybuna Koapdpumment Jonyctumas be3onacHas ckopocTb
Bun rpynra noroka H, CTECHEHHOCTHU Hepa3MbIBaroIast CYIHA Vge,
M Ker CKOPOCTb IOTOKA,
m/c Mm/c KM/4
4.5 0,78 0,84 1,15 4,15
I'paBuii cpeaumii 5,0 0,70 0,86 1,64 5,90
(d=4 mm) 5,5 0,64 0,88 1,99 7,18
7,0 0,50 0,92 3,06 11,0
10,0 0,35 0,99 5,53 19,90
4.5 0,78 0,72 0,99 3,56
I'paBuit Menxuii 5,0 0,70 0,76 1,45 5,22
(d=2 mm) 55 0,64 0,77 1,74 6,28
7,0 0,50 0,81 2,69 9,70
10,0 0,35 0,87 4,86 17,50
4.5 0,78 0,60 0,83 2,99
IMecox cpenumii 5,0 0,70 0,62 1,19 4,27
(d=0,3 mm) 5,5 0,64 0,63 1,43 5,14
7,0 0,50 0,66 2,19 7,90
10,0 0,35 0,71 3,97 14,3

UYucno Kypanra B pacueTHO# o0macTH, omnpenelsitoniee GU3NIHOCTh MOACTHPYEMOTO
polecca, He MPEBbILIAET EAUHUIIBL, UTO SIBISETCS XOpollel oueHkon [6], [7], [8].

3akaouenue

Pe3ynbTaThl MaTeMaTH4eCKOTO MOJCIUPOBAHMS MOKA3ajH, YTO BO3HMKAIOUIas BOJIM3U
JIHA KaHaja CKOPOCTh TEUCHMS B 3HAUMTENFHOW CTENEHH 3aBHCUT OT CKOPOCTH CyIHA, B
MEHBIIIEH CTeIeHN 3aBHCHT OT OTHOIIEHHS OCAIKH CyaHa K obmel riyoune nmotoka T/H u
001I1el CTECHEHHOCTH KMBOTO CEUCHHS KaHaJIa. 3HaUYEHHE BO3HUKAIOIMIECH CKOPOCTH TCUECHHUS
YMEHBIIAETCS C yBEJIIMYEHHUEM IIyOMHBI TOA JHHIEM cynHa. Hambosee omacHBIM ¢ TOUKH
3peHHs pa3MblBa [HA KaHaja SIBJIAETCS Cllydyail, KOorja JHO CHO0XKEHO NPEHMYILECTBEHHO
MEJKO3€PHUCTBIM TPYHTOM, CYAHO HMEET MHHUMAIbHBIA 3amac BOJABI MOJ AHMUIIEM H
JIBUTA€TCSI ¢ MAKCUMAJIbHON pa3pellIeHHOM CKOPOCThIO. B TakoM citydae CKOPOCTh TE€UEHUs
BOJIM3M JIHA MOKET JOCTUTATh HECKOJILKUX METPOB B CEKYHIY.
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[pu orHomennn T/H=0,4, MakcUManbHasi CKOPOCTh TEUCHHUS, BOSHUKAIOMIAS BOIM3H
ITHa, TIPH CKOPOCTH cynHa A0 10 KM/4, MEHBIIIe 3HAYCHHUS JOITyCTUMON Hepa3MbIBaromei. B
JaHHOM Cllydae BIWSHHE [BIDKCHHS CyJHa Ha MPUAOHHYIO CKOPOCTh KpaifHe
HE3HAYHUTEIBHO.

OnucaHHBIN B CTAaThE MOJIXO0JI MO3BOJISIET AaTh OLEHKY CKOPOCTH Cy/IHA, CTECHEHHOCTH
MOTOKa I0J] AHUILIEM M CTECHEHHOCTH >KUBOI'O CEUCHMsl KaHajla, MPHU KOTOPHIX BO3MOXKHO
aKTHBHOE TNepeopMHUpOBaHME JHA KaHala B 3aBUCHMOCTH OT poja TpyHTa M JPYTHX
XapaKTEepUCTUK, BIMSAIONIMX Ha YCTOWYHMBOCTH IOJBOAHBIX IEPEXOJOB MarucTpaibHBIX
TpyOOIIPOBOJIOB, & TAK)X€ TUPAKUPOBATH METOJUKY PacyeTOB JJIS CYAOB Pa3HBIX MPOCKTOB
IIPU MX MPOXOXKJICHNH 110 KaHajlaM M peKaMm.
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IIpunuunsl GopMUpPOBaAHUS NPOLECCHBIX HU(PPOBHIX IBOMHUKOB
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AnHoTanus. Hacrosmas pabGoTa mocBAmIeHA pemeHHIO OpoOiIeMbl  (OPMUPOBAHUS
(POBBIX TBOHHUKOB IIPOLIECCOB, MPOTEKAIOIINX Ha CY/IHE, HAXO/AIIUMCS B SKCILTyaTalliH.
IIpm TOM aKIEeHT clieNlaH Ha TaKHUX JKCIUIyaTallMOHHEIX Mpolleccax Kak MaHeBPHPOBAHUE H
CKOPOCTHOE Ipocefanue cynHa. [Toka3aHo, YTO CyIIECTBYIOIIME MAaTEMAaTHYECKUE MOJIEINH
IBWKEGHHSA Cy[JHa He o0ecreyuBalOT aOCOMIOTHO TOYHOIO OIMCAHUS — Hpoliecca
MaHEBPUPOBAHUS ¥ UMEIOT OTpaHUYEHHMs 10 IPHMEHEHHUIO, TaK JKe KaK HMEIOT OrpaHMYCHHS
IMIMpUYEcKHe (GOPMYNBI M ITOPUTMBI UL ONPEIEICHUs CKOPOCTHOTO IpocenaHus. B
KAueCTBE AJIbTCPHATHUBBI JUISI BUPTYAIBHOTO TIPEACTABICHUS SKCILTyaTal[MOHHBIX MIPOLIECCOB
CynHa MpeajaraeTcss HCHonb30BaTh Ludposble npoiHuMku (Digital Twins — DT) stux
mporieccoB. B pabore mnpuBeneHO OOOCHOBaHWE NPUHIMUIOB (OPMUPOBAHUS TaKHX
IU(POBBIX  BOWHMKOB, IIpU KOTOPOM B  TIEPBYIO  OdYepelnb  COAEPIKATEIBHO
MIPOAHAJIN3UPOBAHO TIOHATHE «IPOIECC», BKIIOYAs HEMOCPEICTBEHHO ero IeHHULHIO,
KJIacCH(UKAIMY, TPUHIUIBI JIOKAIN3AlUK, IapaMeTpbl M XapaKTepHUCTUKH, YacTHEIC
COCTOSIHUS. JIaHO TOSICHEHHE KOHLENTYalbHOMY DPAa3IMYHI0 MEXIYy MaTeMaTHYeCKOH |
IuppPOBOI MOZIEIIAIMH CYIHA.

ITpuBeneHbl pe3yiabTaThl COINCPKATEIBHOTO aHalIW3a MOHATHSA «LU(PPOBOIl JBOWHUKY,
Ipe/CTaBlIeHa BU3yalIU3alisl KOHLENINH HU(PPOBOro JBOMHHMKA MOPCKOTO CyAHA B IIEPHUOL
ero skcruryatanun. OG0CHOBaHA CTPYKTYpa MPOLECCHOTO SKCIUTYyaTallMOHHOTO MHU(PPOBOTO
IBOiHMKAa cyaHa. HemocpeacTBeHHO UM(POBOH IBOWHHK €CTh CYTh COBOKYIHOCTD
BEKTOPHOT'O INPOCTPAHCTBAa BEKTOPOB IAapaMETPOB M BEKTOPHOTO IPOCTPAHCTBA BEKTOPOB
XapaKTepHUCTHK. [IpeAcTaBieHbl penieHHss HEKOTOPBIX YACTHBIX 3ahady Mo (OPMHPOBAHUIO
MIPOLIECCHOTO JKCILTyaTallMOHHOTO JBOWHKKA, CBS3aHHBIX C ONTHMH3ALHUEH NpeICTaBICHHUS
BXOJHBIX M BBIXOIHBIX BENMYMH (IIapaMeTPOB U XapakTEPUCTHK). B 3akirodeHue
MOCTABJICHBI 33/1a4M IS JalbHEIIIero neciieJOBaH!s, HTOTOBAs e KOTOPOTO — CO3/IaHHE
MOJIHOLICHHOW METOMYecKoi 0a3bl Ui (OPMUPOBAHHMS W MCIOJIB30BAHHS MPOLECCHBIX
9KCIUTyaTallHOHHBIX [IU(POBBIX JTBOHHUKOB CY/HA.

KiroueBble cjioBa: 3KCIUTyaTal[MOHHbIE NMPOLECCHl CyAHA, MapaMeTpbl U XapaKTEePUCTUKH,
i QpoBble ABOWHHUKHN, IPUHIHITE (GOPMHUPOBAHHSI.

Creating process-centric digital twins of a vessel principles
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Abstract. This paper addresses the problem of creating digital twins of processes occurring
on a vessel in operation. Emphasis is placed on operational processes such as maneuvering
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and the squat. It is shown that existing mathematical models of vessel motion do not provide
an absolutely accurate description of the maneuvering process and have limitations in their
application, similar to the limitations of empirical formulas and algorithms for squat
determining. As an alternative to virtual representation of vessel operational processes, it is
proposed to use digital twins (DTs) of these processes. The paper substantiates the principles
for creating digital twins of vessel operational processes. The article provides a rationale for
the principles of forming such digital twins, which primarily includes a substantive analysis
of the concept of “process”, including its definition, classifications, localization principles,
parameters and characteristics, and particular states.. The conceptual distinction between
mathematical and digital models of a vessel is explained.

The article presents the results of a substantive analysis of the concept of «digital twin» and
presents a visualization of the concept of a digital twin of a marine vessel during its
operation. The structure of a process operational digital twin of a vessel is substantiated. A
digital twin is essentially a set of a vector space of parameter vectors and a vector space of
characteristic vectors. Solutions to some specific problems in creating a process operational
twin are presented, related to the optimization of the representation of input and output
quantities (parameters and characteristics). In conclusion, tasks for further research are set,
the ultimate goal of which is the creation of a comprehensive methodological base for the
formation and use of process operational twins of a vessel.

Keywords: vessel operational processes, parameters and characteristics, digital twins,
principles of formation.

BBeaenue

K HacTosmemy BpeMeHH pa3pabOTaHO U HCIOJB3yeTCs HeMajaoe KOJHYECTBO
MaTeMaTUYeCKUX MOJeJIeH, auroputMoB M (opMysn JuUisi ONMCaHMS TeX WIM HWHBIX
MIPOIIECCOB, CBA3aHHBIX C O3KCIUTyaTalMel MOpPCKOro cynHa. B mepByro ouepens, 3TO
MaTeMaTHYeCKHue MOJAEIH IBIDKEHHS Cy[AHA, NMpeJHa3sHAaYCHHbIC UI PELICHUS Pa3IMuHBIX
NpUKIAJHBIX 3a7ady. B Hacrosilee BpeMsl CyIIECTBYET LENbId psAd TaKUX MoJeJeH,
ONMMCaHHBIX B JmTeparype. Tak, B pabore [l] paccMOTpeHBI BOCEMBb YacCTHYHO
JMHEApU3HPOBAHHBIX W  HEJMHEHHBIX MOJENCH, TNpOaHAIN3UPOBAHBl JIOCTOWHCTBA,
HEJIOCTATKN W OTPaHUYCHUS ATUX MOJIEIICH, a TakKe NPOBEJICHa OleHKa UX NMPUMEHUMOCTH
B HaBUTAIIMOHHBIX TPEHAXEPAX M B CHCTEMaxX NPOTHO3MPOBAHMS JBIDKCHMA cynoB [1]. B
KayecTBE pE3IOME JTOT0 HCCIENOBAaHMSI MOKHO NPOLUTHUPOBATH CIEIYIONIMH BBIBOJ
aBTOPOB: «...HM OJIHA MOJENb HE SBIETCS HWICAIbHOW, HM OJHAa He o0OecredynBacT
MIPUEMIIEMYIO TOYHOCTb Cpa3y IO BCEM ... CTAaHAAPTHBIM MaHEBpaM HH JJISl OJTHOTO CyJHA»
[1, c.205].

OpHako MOIXOA K MPOTHO3MPOBAHUIO TIPOTEKAHMS TeX WIM HHBIX IIPOIECCOB,
CBS3aHHBIX C JKCIUTyaTaliel cyiHa U oOecreueHHeM ero HaBUTAllMOHHOW 0e30mMacHOCTH,
OCHOBAaHHBIM Ha MaTeMaTHYECKOM OINMCAHMHU 3THUX IPOIECCOB, JANEKO HE OTPAHUIMBACTCS
MaHeBpupoBaHHEM. Tak, MpHU IBIKEHUH Cy/lHA Ha MEJIKOBOJbE, €ro KOPIIyC MpeTepreBacT
CKOpPOCTHOE TIpocenaHue (squat), IpH KOTOPOM YBEJIMYMBAETCS AWHAMUYECKas OCa/Ka
CyIHa ¥ OJHOBpPEMEHHO yMeHbImaercs 3anac riryouns! mox kmiteM (Under Keel Clearance —
UKC). OueBnnHO, 4T0o UTHOpUpOBaHue wiu HerpamoTHbIH yuér UKC moxer npuBectd (u
HEepeIKO NPHUBOANT) K KACAHWIO TPYHTA WJIM TIOCaAKH Ha Menb. BenmmunmHa mpocenanus
3aBHCHT, B TIEPBYIO OYEPEeb, OT CKOPOCTH CYIHA, M K HACTOSIIIEMY BPEMEHH IIPEAJIOKEHO U
UCTIONB3YyeTCsl 3HAYMUTENFHOE KOJIMYECTBO CHOco00B M (opMya M  BBIUHCICHUS
(mpenBeruucnenus) ckopoctHoro mnpocemamms u UKC. WHBIMEH cioBamm, mporecc
CKOPOCTHOTO TIPOCEIaHWS CyAHA Ha MEJIKOBOJAbE HMEET IPAKTHYECKH 3HAYMMOE
MaTeMaTHueckoe omucaHue. Bwmecrte c¢ Tem, Bompoc mnporHozupoBanums UKC wu
JTUHAMHUYECKOHN 0CaJK/ HEeNb3s CYUTATh OJHO3HAYHO PEIMIEHHBIM. BO-1IepBhIX, OOIBIIMHCTBO
GdbopMyn  SABIAIOTCS UCKIIOYUTENHHO OMIMPHYECKUMH. BO-BTOPBIX, MeTOJMYeCKast
MIOTPENTHOCTh SIBIISIETCS HEOTHEMIIEMBIM aTpuOyTOM OOJIBIIMHCTBA cIIOCO00B. B-Tperhux,
METOJIOJIOTHSl ~ OTNpEZeNICHUs] CKOPOCTHOTO  IIPOCEAAaHHs HE COJEPXKUT  CIoco0OB,
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00afaromux CBOMCTBOM YHHBEPCAIBHOCTH KakK IO THIIAM CYIOB, TaK W IO YCIOBHIM
IUTaBaHUS — B IIOOOM CITydae UMEIOT MeCTO OBITh OrpaHmdeHus [2, 3].

B Hacrostiee BpeMs HapsiAy ¢ MaTeMaTHYECKHM MOJEIMPOBAHNE MOTydYaeT MPU3HAHNE
U PacrpoCTpaHEHHE MOAEIHPOBaHNE IN(PPOBOE, T.€. CO3JAHNE TAK HA3BIBACMBIX NHU(PPOBBIX
JIBOMTHUKOB 00BEKTOB U mpoueccoB [4]. Crenyer npeanonoXuTb, YTO TaKOH MHCTPYMEHT
NPOTHO3UPOBaHMs, Kak IU(POBOH JBOWHUK, MOXET OBITh HCIOJBb30BaH IS
MOJICTIMPOBAHKSI U MPOTHO3UPOBAHUS PA3IMYHBIX MTPOLIECCOB, CBS3aHHBIX C OOecIeYeHHeM
HaBUT'allMOHHOM Oe3omacHocTH cynHa. Tak, Hampumep, uMes: IM(GPOBYIO MOJIETb CyIHa,
nHpopManmioo O ero 3arpyske, MpPOTHO3UPYEMBIX YCIOBHSX IUIaBaHUS (BKJIIOYAs
XapaKTEpUCTUKU aKBAaTOPWH IUIaBaHWs) M Tpaduke Ha IYyTH €ro CIleIOBaHHs, MOXKHO
(hopMHpOBaTh PEKOMEHIALMH MO ONTHMH3ALUK MapIipyTa M pexumMa IBIbKeHHs. Kpome
TOTO, IU(POBON TBOWHUK MOXKET MPUMEHATHCS U KOHTPOJIS COCTOSHUS MIIH YIIPaBICHHA
¢u3nIecKnM 00BEKTOM IPH UCIIOIE30BAHIH TEXHOJIOTHI aBTOHOMHOTO CYIOBOXKICHHS [5].

dopmupoBaHue JIFOO00ro MUPPOBOro ABOMHWKA — caM Mo cebe MpoIiecc BO MHOTHX
OTHOIIEHHUAX pecypcoéMKHil. B cBoro oueperns, €ro pe3yabTaTHBHOCTh BO MHOTOM 3aBHCHT
HE TOJIKO OT ONTHMAJILHOCTH COOTHOLICHUS TPEOYIOMNXCS ¥ UMEIOLINXCSA PECYpPCOB, HO U
OT KayecTBa TOro (yHIaMEHTa, Ha KOTOPOM OH CTPOMTCS, T.€. OT IPAMOTHO MOCTaBJIEHHBIX
1 chopMyTUPOBAHHBIX IIEJeH, 3a/1a4 ¥ OOIIMX MPaBUI UX JOCTHKCHUS M perieHus. Takum
o0OpasoM, co3aanue oOIMX MpaBui (HIPUHLIUIOB) (GOPMUPOBAHUS MPOLECCHBIX JBOWHHKOB
CyJHa SBIIIETCS aKTyallbHOM 3ajayeil, a HacTOosAIas CTaThsl IIOCBALEHA HMEHHO €&
pELICHUIO.

JKemiyaTauOHHbIe nmpouecchl cyaHa. COOTHOLIEHe MATEeMAaTH4YeCKOro U LM(ppoBoro
MO/1eTHPOBAHMSA

B o0mem cmydae mox mpomeccoM HEOOXOIMMO ITOHHMATh IIOCIIEAOBATCIBHYIO U
HEOOpaTHUMYIO CMEHY COCTOSIHUI 00BeKTa (CHCTEMBI) BO BpeMeHH [6].

KomnuectBeHHO ro0ast  cucTeMa  ONMUCHIBACTCS JOBYMsS  KJIaCCaMU  BEJHYHH,
MMEHYEMBIMU MapaMeTpamMu M XapakTepucTUKamu. [lapamMeTpbl SBISIIOTCS BEIMYMHAMU,
OINUCHIBAIOLIMMH IIEPBUYHBIE CBOWCTBAa CHUCTEMBI M YCIOBHS €€ (QYHKIMOHUPOBaHHS, H,
OTHOBPEMEHHO, HCXOAHBIMU JAaHHBIMH 3aJauydl aHaju3a CHUCTeMbl. B cBoio ouepens
XapaKTEePUCTUKH, SIBISSICH (YHKIMEH MapaMeTpoB W pe3ysIbTaToM peLIeHUs 3aja4u
aHaJM3a, OMMCHIBAIOT y)K€ BTOPHUYHBIE CBOWCTBA CHUCTEMBI. VICXOIS M3 3TOrO, COCTOSHHE
CHCTEMBI OIpEAeIsIeTCS COBOKYIHOCTBIO 3HAYCHHH €€ XapaKTepHCTHK, 3aBUCSIIUX OT
3HAUEHUI MapaMeTpoOB M OMHCHIBAIONIUX OTO COCTOsSHHE. V3MeHeHne XOTs Obl OJHOM
XapaKTEPUCTUKU CHUCTEMbl HHULUUPYET MEPEXO0J CUCTEMBI U3 OJHOIO COCTOSIHHS B APYTOE,
T... HHUIMHPYET Tpomecc (ero Hadalo Wik TpojovkeHne). Camo U3MEHEHHE
XapaKTePUCTHKH (XapaKTEPUCTUK) KaK MPUIHHA IIePEX0/Ia CHCTEMBI 3 OJJHOTO COCTOSHIUS B
JIpyroe Ha3bIBaeTcs coObITHEM [6]. 3mech clemyeT 3aMeTHTh, YTO B Pa3IMYHBIX HHBIX
HCTOYHUKAX TO, YTO 3]I€Ch OIMUCAHO KaK XapaKTEpUCTHUKU M IapaMeTpbl, MOXKET HMETb
JIpyrue HauMEHOBAHMUS.

QOyHKIIMOHUPOBAHNE TPAKTHUECKH JIFOOON CHCTEMBI ONpPEAEIseTCs COBOKYIHOCTHIO
MIPOIIECCOB, KAXIBIM U3 KOTOPBIX, IO CYTH, SBIAETCA JOKATbHBIM. OTHAKO KOHKPETH3AIIHS
mporiecca Kak JIOKaJbHOTO MOXET OBITh JBOSKMM. Bo-TIEpBBIX, MOA TaKOBBIM CIEIyeT
MIOHUMATh MPOILIeCC, MPOTEKAIOIIUM HE BO BCEH cucTeMe B LIEJIOM, & B HEKOTOpPOH €€ 4yacTy,
T.e. B mojcucrteMe. Bo-BTOPBIX, JOKAIBHBIM IPOIECC MOXKET OXBATHIBATh M BCIO CHCTEMY
LEJINKOM, HO OINPENENIThCS H3MEHEHMEM IHIIb YacTH XapaKTEepUCTUK M3 BCETO €ro
MHOXeCTBa. B mepBoM ciyyae TpaHHIBI Tpolecca ONpefessioTes — (U3HYECKH
(TocpecTBOM  JIEKOMITO3UIIMK CHCTEMBI Ha COCTaBHbIE uacTh). Bo BropoMm ciydae
NEpBUYHBI  XapaKTEePUCTHKH, W JEKOMIIO3MIMHM (pa30MEHHI0O Ha IOAMHOXECTBA)
MOJIBEPraeTcsi y>K€ MHOXKECTBO XapakTepucTHk. OYeBHIHO, 4TO 3TU JABAa MNPHUHLUIA
JIOKAIU3alluK IPOLECCOB IIOTHO B3aMMOCBSI3aHbl, HO OJJHAKO OHU HE TOXIECTBEHHBI JpPYT

ApYTy.
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W3 npuBen¢HHOTO, MPHUKIAJIHOTO I HACTOSIIETO MCCICIOBAHUS MOSICHEHUS ITOHATHS
«JIOKaJBHBIN TpoIIecc) CIIeAyeT MpPEACTAaBICHHOE Najiee TakKe MPUKIaIHOEe 00OCHOBaHHE
MTOHATHUS «IaCTHOE COCTOSHHEY.

CynmHO SIBISETCS CIIOKHOW TEXHUYECKOW CHCTEMOM, aHaJM3 COCTOSHIS KOTOPOH depes
MHOXECTBO BCEX XapaKTCPUCTHK HE SBISCTCS palMOHANIBHBIM. boiee 000CHOBaHHO
paccMaTpuBaTh COCTOSHHE HE KaK YTO-TO CIMHOC M CAMHCTBCHHOE, a2 KAK MHOXXECTBO €ro
aCIIeKTOB — YAaCTHBIX COCTOSIHUH, KaXIbI M3 KOTOPBIX OINHKCBIBACTCS CBOUM
(OrpaHMYCHHBIM) TYJIOM XapaKTepUCTUK. [107 YaCTHBIM COCTOSIHUEM CHCTEMBbI (CY/IHA),
TakuM 00pa3oM, CJeAyeT TOHHMATh COBOKYITHOCTh XapaKTEPUCTHK, OMUCHIBAOIINX
CHUCTEMY WJIM YacTh CHCTEMBI (IIOJCHCTEMY), OOpPa3yIOIIUX MOJMHOKECTBO JIOKATBHBIX
XapaKTepUCTHK MHOYKECTBA BCEX XapaKTEPHCTHK CHUCTEMBI (CyJHA) ¥ CBS3aHHBIX C
KOHKpETHOH 3amadeil mo obecnedeHHI0 3((eKTHBHOTO (YHKIMOHUPOBAHUS CHCTEMBI
(bezomacHON SKCIUTyaTanuyl CyaHa). B mampHeiimem pedus OyAeT WATH TOJNBKO O YaCTHBIX
COCTOSIHUSIX.

3meck cuemyer 3aMEeTUTh CIIeIyToIee:

— MMOJIMHOYKECTBA JIOKATFHBIX XapaKTEPUCTHK, OIMHCHIBAIOIINE Pa3IMIHEIC
YaCTHBIC COCTOAHUSA, TaK K€ KaK M PA3JIMYHBIC JIOKAJIBbHBIC MPOLCCChI MOTYT
nepeceKaThes;

— HEKOTOPOE HCXOJHOC COCTOSHHEC (YaCTHOE COCTOSHHE) CHUCTEMBI
(moacucteMbl) B COUETAHMM C BHEIIHMMH BO3JEHCTBUSIMH, KOTOPHIE
WCTIBITHIBAET CHUCTeMa (MOJCHCTEMAa) B PacCMATPUBAEMBI MPOMEXKYTOK
BPEMCHH, €CTh TMPUYMHA €ro MOCICAYIOIHNX COCTOSHHK (TIPHHINT
MIPUYHHHOCTH) [7];

—BpeMsl (IJMTENBHOCTE W OJHOBPEMEHHOCTh) — 3TO YHHBEpCAIBHOE
CBOMCTBO JTFOO0TO TIpoIiecca;

— COCTOSIHAE CHUCTEMBI (B TOM YHCJIE M YaCTHOE COCTOSHHE) MOKHO MHa4e
OTpEeNeIuTh KaK TOYKY B MHOTOMEPHOM IIPOCTPAHCTBE XapaKTEePHCTHK,
KOTOpas OJHOBPEMCHHO SBJISIETCS KOHIIOM BEKTOpa XapaKTCPUCTHK, a
JIBUKEHHE OJTONM TOUYKH (KOHIIa BEKTOpa) B YKa3aHHOM MPOCTPAHCTBE
OTIpEIEIsIeT TPACKTOPHIO COCTOSIHUN CUCTEMBI.

Ha puc. 1 rpaduyeckn mpeacTaBICHO B3aWMOOTHOIICHHE NPEACTABICHHBIX U
OTMCAHHBIX BBIIIE MOHATHH (CTPYKTYpa JOKAIBHOTO MPOIIECCa).

[Ipomeccer MOTYT OBITH  YHpaBISEMBIMA W HEYIPABISIEMBIMH, JHHEHHBIMH U
pa3BeTBIEHHBIMY, KOHEYHBIMH U (aOCTpakTHO) OCCKOHEYHHIMH H T.NI. HeoOxommmocTh
HCTIOJIB30BaHUS KOHKPETHOH KITaCCU(PHUKAIINA MIPOIIECCOB, BBIACICHUS TOTO WJIH HHOTO THIIA
MPOIIECCOB  OOYCIABIMBACTCSI CONEPXKAHWEM (CTPYKTYpoi) KOHKPETHOTO TIpolecca U
3aauaMu, KOTOPBIE MOJIekKAT PEICHHIO TIPH €T0 UCCIICIOBAHUU M UCTIOTIh30BAHUH.

B wacTtHOCTH, B TENAX HACTOSIIETO WCCICIOBAHHS MMEET 3HaueHHe Kiaccupukamms
MPOIIECCOB Ha JUCKPETHBIE M HENpEephIBHbIE. Y JUCKPETHBIX MPOLIECCOB COCTOSHUS YETKO
OTpPaHMYEHBI APYT OT JpyTa, a JUII KaKIOro M3 HUX CYILIECTBYIOT CMEXHBIE (COCEIHHE)
COCTOSIHMSL — Tpeapayinee W (WiM) mochenyroiiee. B CBOW ouepenb, HEMPEPHIBHBIC
MPOIIECChl  XAPAKTEPU3YIOTCS TEM, YTO IS JIFOOBIX JBYX COCTOSIHUH CYIIECTBYET Kak
MHHHMYM OI[HO MPOMEXKYTOYHOE COCTOSHHE, T.C. TOHSITHE «CMEXKHBIC» COCTOSIHUS IS
HETIPEPHIBHBIX MPOLECCOB HE CYIIECTBYET, a ATUTEIBHOCTE COOBITHS Af CTPEMHTCS K HYJIIO

(mapuc. 1 At =1, —t, = 0).
OmHAKO B TEMAX HACTOANIETO WCCIEJOBAHMS HEOOXOAMMO BBECTH B  OTY
K1aCCHPHUKALMIO eIE OJMH THI IIPOLECCOB — KBA3UANCKPETHBIE MpoLecchl. 101 TAKOBBIMU

clefyeT TOHUMATh HENpPEpbIBHBIE MO CYyTH IPOLECCHI, IMPOLIEANINE IPOLERypYy
NIPUHYANTEIBHON JINCKPETH3ALH.

209



Hayunvte npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

Cucrema (cyaHo)
NogcHcrema

CoaonymHocmn 1r Muowecrmao X napomempog ¥ Coaoyriocms
FHOVEHUD Mo thguerul K
AONEABHb Modmuomecmaes Xy A0KOABHBX AOREAEHE
MapasMemooa RApaMempos NaREMErm pod

HiO MOMEHITT 8DEMEHL [a W MOAMENTT DEMENL
' '

CoaowymHocme | Muowecman Y xopanmepucrmiug CORORPIHGETS
IR Yot EHEHUT Yl
AORAABHEX - Modsmxoxrecman Yy AoRETEHbK AORETEHAX

XOPOKMEPUCITILN XODTRMEDUCTILK RO TMITIEPUCITIUN
HE MOMEHM SDEMENY By HI $ADMEHT BpeMEHU By
o s i . o i
1
Cofissmue

— ——-=| CoCTORHWESy [———————-=| CocTOAHHESH [ — — =

[} Noxanswsdd npoyece

SEAS R S g S A S

&
ti

Bpesmesnon oce {cofeamud)

ol

Puc. 1. CtpykTypa J0KanbHOTO Ipolecca

Hampumep, mpoliecc CKOPOCTHOTO TPOCENaHMsi CylIHA, JJsi KOTOPOrO IMapameTpaMmu
SIBIISIFOTCSL CKOPOCTh €r0 JBMXKCHUSI, TIIyOMHA IOJ KHWJIeM, CTaTHYecKas ocajka W mp., a
XapaKTepUCTHKaMu — ckopocTHoe mpoceaanue u UKC, sBisercs HempepbiBHBIM. OIHAKO
JUTS TIPEIYNPSKICHNUS KPUTHUYSCKUX Uil OS30MACHOCTH CYJAHA 3HAYCHHH XapaKTEPUCTHK
BIIOJIHE JIOCTATOYHO, HANpPUMEp, OrPAaHHYUTHCS IOCICIOBATEIBHOCTHIO COCTOSIHUH,
COOBITHS JUISE KOTOPBIX OYIyT ONPENENAThCS HE JIIOOBIM HU3MEHEHHEM CKOPOCTH Cy/AHA U
(vu) TIyOWHBI, a TOJBKO W3MEHEHHEM HA HEKOTOPYIO paHee 3a/IaHHYI0 BEJTHYHHY €.
3HaveHre STON BEIUYUHBI, KOTOPYIO MOXHO Ha3BaTh YyBCTBUTEIBLHOCTBIO Iapamerpa,
OyleT OImpeAessaThCSl MPAKTHYECKM 3HAYMMOW TOYHOCTBIO — XapakTepucTuku  (eé
YyBCTBUTEIBHOCTHIO), KOTOPOU JOIDKHO 00J1aiaTh €€ 3HAYEeHHE JUIS MPUHATHS PELICHUS 0
YIPABJICHUIO MPOIIECCOM CKOPOCTHOrO MpoceaaHus (MpeAyNpexAeHHI0 KacaHusi TPyHTa).
IMomoOHast AUCKpETU3aIUs TO3BOJIUT H30EKATh PEAKIHH TOH K€ CHUCTEMBI MOIICPKKHU
MPUHATHSL PENICHHHA Ha HEU30CKHYI0 (QUIYKTYallMi0 3HAYCHUH MapaMeTpOB U CHHU3UT
HArpy3Ky Ha BBIUYHUCIIUTEIILHBIC aJITOPUTMBI.

B ciayyae MaHEBpHPOBaHHs CyIHA MPH €ro ILIOCKOMAPA/UICIbHOM [BHXXCHUU H, B
YACTHOCTH, IUPKYJIIIUH, BEKTOP XapaKTEPUCTHK OyAET BKJIHOYATh B CeOS KOOPAHMHATHI U
KYPCOBOHU yrojl, a BEKTOp MapaMETPOB SIBISICTCS PE3yJIbTATOM CYHEPIIO3HIUHU CIICAYIOIIHX
BEKTOpPOB [1]:

1) BEKTOp  TOCTOSIHHBIX  MapaMeTpOB,  XapaKTEePH3YIOMIMX  KOHKPETHOE
MOJIETIMPYEMOE CYIIHO,
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2) BEKTOp YIPABISMIOMIMX BO3ACHCTBHUI, BKIIOYAIOMHMNA B ce0S yroll MepexsaiKu
pyJis, YacToTa BPAICHUS U IIAroBO¢ OTHOLICHHE IpeOHOTO BHHTA, ITOJIOKCHHUE
peryJsTopa moapyJIMBaoIIero yCTpoiicTBa,

3) BEKTOp HArpy3KH Ha CyIHO, OIpelesIeMbId pacnpeeleHHeM Ipy3a,

4) BEKTOp BHEUIHUX BO3MYIIAIOLIUX BO3/ICHCTBUIA.

31ech AMCKPETH3aLUsi UMEET CMBICH JUIsi BTOPOTO M YETBEPTOTO BEKTOPOB M3 YHCIIA
NepeyuciIeHHbIX. [Ipy 3TOM, MpHHMMas BO BHHMAaHHWE, YTO IapaMeTphl, COCTABISIOLINE
BEKTOp YIPAaBISIONINX BO3JICHCTBHH, HM3MEHSIOTCS, KakK IPaBWIIO, CKavyKooOpaszHO (T.e.
NPOLIECC MX M3MEHEHUS] MOXKHO KJIAcCU(PHUIUPOBATh KaK JAUCKPETHBINH), TO JTUCKPETHU3ALMS
3eCh MOXKET IOTPeOOBAaThCSl TOJBKO IPH MEIUIEHHOM HENPEPBIBHBIM OTHOCHTENIHHO
JUTUTENILHBIM 110 BPEMEHU H3MEHEHUEM [TapaMeTpoB.

[Iporiecc CKOPOCTHOTO MpOCENaHMs, NPOLECC MaHEBPHPOBAHHMA B YHCIE MHOTUX
OIpeIeNIM KaK 3KCIUTyaTallHOHHBIE MIPOLECCHI, T.€. IPOLECCHl, HMEIOIIIe MECTO BO BpEMs
9KCIUTyaTallud CyAHa. TeM caMbBIM paccMaTpHBaeMble B HACTOSIIEH CTaThe MPOLECCHI
000CabNMBAKOTCST OT TEX, YTO SBIIOTCS HEOTHEMJIEMOW YacThIO NPOCKTHPOBAHHS CYyIHA,
€ro IOCTPOUKH, PEMOHTA H T.1.

B o0wiem Buze, IpuHUMasi BO BHUMaHHE U3JI0KEHHOE, JIF00O0H MpoLiece MOXKHO OIUCATh
CIEIYIOUIIM 00pa3oM:

S’(t) = ?(y],yz)...,yl):F[)?(xl,xz,...,xm),t] (1)

rae S (Z) — BEKTOp cocTostHUsA, X — BEKTOP MapaMeTpoB, ! — BEKTOP XapaKTEPHCTHK,

F — omeparop, yCTaHAaBIMBAWOIIMI mNpaBuia (B YaCTHOCTH, (YHKLHIO) OIpPEACIICHUS
COOTBETCTBUSI BEKTOPAa XapakTePUCTHK BEKTOPY MapaMEeTpPOB B KOHKPETHBII MOMEHT
BpeMeHH (II03BOJISIOIINE HANTH HCKOMBIE XapaKTEPUCTUKH 110 U3BECTHBIM MapaMeTpam).

MaremaTiyeckue MOJENU DKCIUTyaTallHOHHBIX MpPOLECCOB CyAHA (B YacTHOCTH,
MaTeMaTHYeCKHe MOJIENN JABMKEHUsS Cy/IHA, €r0 CKOPOCTHOTO MPOCEIaHUs Ha MEIKOBObE)
OCHOBaHbI Ha aHAJIMTUYECKHX BBIPAKEHHSX, TPEOYIOIIMX NPOBEACHHS MaTeMaTHYeCKUX
ornepanyidi co 3HAYCHHUSAMH IapaMeTPOB I MONYYCHHUsS KOHEYHOro pe3ysbTara (3Ha4eHHI
XapakTepucTuk). MHbIME crioBaMu, (GYHKIHUS 3aBUCUMOCTH XapaKTEPUCTUK OT MapaMeTpoB
npeacTaBisieTcs GopMyIaMu (YpaBHSHHAMH U (MITH) UX PEHICHUSIMU).

B cBoro ouepens, uppoBas MOAEIb HKCIUTyaTAOHHOTO THpoliecca cyaHa (B CTPOroM
BOCIPHATHU  SIBISAIOIIAsCS ~ PAa3HOBHAHOCTBIO ~ MaTeMaTHYeCKOM  MOJEIH)  He
npenycMaTpUBAeT aHATUTHYECKON 3allMCH U NPEACTABISET cO00H COBOKYITHOCTh HAaOOPOB
3HAUYEHHH MMapaMeTpoB, Ilie KaXI0My Ha0Opy «Ha3HA4aeTcs» CBONH HAOOp XapaKTePHUCTHK.

Konuenuus nngpossix ABoiiHnkoB. Lludposoii 1BoiiHUK cyaHAa.
In¢ppoBoii IBOMHUK IKCILIYaTAIIMOHHOIO MpoLecca

Kak npaBwuiio, B HacTosIee BpeMs Yallle HCIOIb3yeTCs MOHATHE «IIM(POBOM TBOMHUKY,
a He «uudpoBas MOAeTb». ITO CBA3aHO, B IIEPBYI0 oOuepedb, C Pa3BUTHEM
COOTBETCTBYIOIIETO HAIPABICHUS HCCIEAOBAHUI B AHTJIOS3BIYHBIX CTPaHAaX U BBEICHHUEM
TaM B 00mxoj cioBocoderanus Digital Twin.

XOoTs TEpMHHOJIOTHS CO TEUCHHEM BPEMEHS MEHsUlachb M MOMOJHSIIACH, OCHOBHAS
KOHLENIMs IM(PPOBBIX IBONHWKOB OCTaBajach JOBOJBHO CTaOMIBHOM ¢ MOMEHTa ee
co3manus B 2002 roxgy. B obmem ciryuae, nudpoBoil ABOWHUK — 3TO Ha0OP BHPTYAIbHBIX
MH(OPMAMOHHBIX KOHCTPYKIMH, KOTOPBIE IOJHOCTHIO ONHCHIBAIOT NMOTEHIMAIBHBIN WIN
¢dakTnyeckuii  QU3MUECKMH  NPOM3BENCHHBIH  NPOAYKT  (OOBEKT, CHCTEMY) OT
MHKPOATOMHOTO YPOBHS IO MaKpOT€OMETPHIECKOTO YPOBHS M MOXKET CyIIECTBOBATh KaK
CaMOCTOATENIbHAS CYIIHOCTh, OJHOBPEMEHHO OYyAy4M CBS3aHHOU C (U3UIECKUM OOBEKTOM
Ha IPOTSDKEHUH BCETO KU3HEHHOTO Iukia [4, 8]. O600meEnHas mpocTeimas BU3yaanu3arus
nnpoBOTo JBOMHMKA MPEACTaBIeHa HA puC. 2 [4].
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Puc. 2. Ilpocreiimas Bu3yanu3amus KOHIEIIUH HUPPOBOTO TBOWHHUKA
(OCHOBHBIE YacTH IU(POBOTO JIBOIHUKA)

B pabore [4] npencraBiieHa yxe KOHIEMIH IH(POBOro JBOHHUKA MOPCKOTO CyJHA B
NepuoJ 3KcITyaTanuu. CxeMaTH4ecKH 3Ta KOHLEIIN n300pakeHa Ha puc. 3.

CTpyKTYpHO 3Ta KOHLENLHS BKIIOYAaeT B ce0si BHYTPEHHHUE U BHELIHUE, 3HAYUMBIE IS
uuQpoBOro ABOMHMKA CyAHA 3JEMEHTHl W3 PEAIBHOTO M BHUPTYaIbHOTO IPOCTPAHCTBA.
Kpome camoro cynHa peajlbHOE MPOCTPAHCTBO COAEPKHUT HABUTALIMOHHOE MPOCTPAHCTBO,
JaT4uku S (CEHCOpHI), Ipyrue cyaa V Toi ke cepuH (TOTro ke mpoekTa), cyna T, KoTopble
OCYIIECTBISIIOT HABUTALMIO HA TOW K€ aKBaTOPHHM, YTO U Halle CyJHO, U MOTYT CYUTAThCs
LEJIAMH, KaK X MIOHUMAIOT B 33]1a4ax [0 PACXOXKACHHIO CyI0B [4].

Hudposoii TBOWHUK CyIHA BKIFOYaeT B cedst udpoBbie ABOMHUKH KoMIToHEHTOB DTC
u mupomeccoB DTO. K mnepeim (DTC) oTHOCSTCA BUpPTyaidbHBIE IIPEACTABICHUS
HABUT'allMOHHOTO 00OPY/ZOBaHHS, CylIOBOH OJHEPreTHYECKOH YCTaHOBKH, MEXaHH3MOB,
arperatoB U T.. MHoxxectBo DTO Bkitouaercst B ce0st uupoBble TBOHHUKH HABUTAIHH,
MaHEBpUPOBaHMA (BKIIIOYas [MUPKYJIAIHIO), IIBAPTOBKH, ITOCTAHOBKH Ha SIKOPh, TOTPY3KH,
BBITPY3KH H T.JI. B uncio uudpoBbIX ABOMHUKOB KOMIIOHEHTOB M MPOLIECCOB BXOJUT TaKKe
peTpocrekTiBHas MHGOPMAILUs, KOTOpas SBJSUIACh OCHOBOM LM(POBOTo IBOWHKKA CyTHA B
MIEPUOJIBI €r0 MPOSKTUPOBAHUS, TIOCTPOUKH U UCIIBITAaHUH [4].
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Puc. 3. Busyanuzaiysi KOHIENIHN DUPPOBOTO TBOWHHKA MOPCKOTO CyTHA
B TIEPUOJ €T0 3KCIUTyaTaluu

BHemHrMY 10 OTHOIIEHHUIO K II(PPOBOMY JBOWHUKY CyIHA 3J€MEHTaMH BUPTYaJIbHOTO
MIPOCTPAHCTBA SIBISIOTCS WHGPOPMAIMOHHOE HABHTAIlMOHHOE TMoJie (mu(poBOil TBOWHUK
HaBUTaroHHoro nmpoctpanctea DTNS), mudpossie noitauku cygoB V u T (DTV u DTT),
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a Taxke omnepanuoHHb mudpooii nqeoiiHuK (DTE), npexcrasmisromuii co0oif HEKOTOPYIO
cpeny 1M(ppPOBBIX IBOWHUKOB, KOTOpas IMpEeAHA3HAYCHA IS BBINOJIHEHWS Pa3lNYHBIX (B
TIEPBYIO OYepeib, BRIYUCIUTENBHBIX) orepanuii [4].

Janee BbIIeNUM M3 CXEMBI, IPEICTABICHHONW Ha pHC. 3, IN(pPOBOH JABOIHHK MpoIiecca
(TIpo1IeCCHBIN KCIUTyaTalMOHHBIN HU(POBON ABOWHUK CyIHA) U OOOCHYEM €ro CTPYKTYpy
u copepkanue (puc. 4).
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Puc. 4. [IporieccHBIi 3KCILUTyaTallMOHHBIN IIU(POBO JBOHHUK CyIHA

B omauyne or TOro, Kak 9TO CAENaHO B CTPYKType LU(PPOBOTO JBOWHHKA,
NPE/CTaBICHHOTO Ha pHc. 3, omepauuoHHbd nudposoi nBoiiHuk (DTE) He BbIHeceH
OTIEJbHBIM OJIOKOM, a SBJISETCS HEKOTOPOM cpemod sl HpoLecCHOro IudpoBoro
neoiiHuka (DTO). BxoxmHble Ui HpOIECCHOTO IBOWHHKA IapaMeTphl NEepBOHAYAIBHO
«apoxonsat» DTE, conmepkamero, kak OBUIO OTYAaCTH 3aMEUEHO BBIIIE, CYIIECTBYIOIIHE
MaTeMaTHYeCKHe MOJEIH MPOLECCOB, PETPOCICKTUBHBIC JaHHBIC, IOJYYECHHbIC IIpH
HaOJTIOZICHUH 3a TPOLIECCOM MM €r0 MOAEIMPOBAHUY HA CTaJUH, MIPEALICCTBYIOMEH BBOLY
B 9KCIUTyaTallMio, NPOIECCHbIE HU(POBBIE NBOWHHWKH CyIOB-NPOTOTHIOB. Kpome ToTO,
OTIepaIIMOHHBIN N(POBOIT JBOWHMK BKIIOYAET B ce€0s Pa3IMIHBIE HHCTPYMEHTHI 00paboTKH
JIaHHBIX, CYThb KOTOPBIX OyJeT NOsiCHeHa Hmxke. TakuM o00pa3oM, B OTHOLICHUH
OTEPAallMOHHOTO ITM(PPOBOTO JBOMHMKA HMMEET MECTO HEKOTOpas ero aedparmeHrarus,
pe3yJIbTaToM KOTOPOH SIBJsETCS BbIAEICHHE HH()OPMALMOHHBIX W HMHCTPYMEHTAJIBHOTO
(bparMeHToB.

HenocpencreeHHo 1udpoBoll JBOWHHMK €CTh CYTh COBOKYIHOCTb IBYX BEKTOPHBIX
(TMHEWHBIX) TPOCTPaHCTB X M Y, TAe NpPOCTPaHCTBO X TMpeAcTaBiseT coOOW IONHYIO

COBOKYITHOCTb BEKTOPOB HapaMeTpoB X, (x”,xz,_,...,xm‘_), a TPOCTPAaHCTBO Y — TaKxe

MIOJIHYI0O COBOKYITHOCTh BEKTOPOB XapaKTEPUCTHK Yj( ylj,yzj_...,y/j). IIpn sToM wumeer

MecTO OBITh CIOPBEKTHBHOE OTOOpakeHHE BEKTOPHOTO IIPOCTpaHCTBA X Ha BEKTOPHOE
MIPOCTPaHCTBO Y ( fX —>Y), T.€. TakO€ COOTBETCTBHE MEXIy IBYMS BEKTOPHBIMH

MPOCTPAHCTBAMH, TIPH KOTOPOM KaXIOMY BEKTOpY TIPOCTPAaHCTBa X TIOCTaBICH B
COOTBETCTBHE KaK MHHUMYM OIHMH BEKTOP IPOCTPAHCTBA Y (KaXKABIH BEKTOP MPOCTPAHCTBA
Y sBnsieTcst oO6pa3om xoTs ObI 0JTHOTO BeKTOpa mpocTtpancTia X) [9, 10].

Kpome CrOpbeKTHBHOTO OTOOpakeHUs (CIOPBEKIMM) CYIIECTBYIOT €M Takue
OTHOIICHHUS MHOXXECTB (IIPOCTPAHCTB), KaKk OMEKINs UM HWHBEKIHA (puc. 5). buextuBHOE
(B3aMMHO OJIHO3HA4YHOE) OTOOpakeHHE (COOTBETCTBUE) MPENIOJIaraeT, 4YTO KaXIOMY
9JIEMEHTY BEKTOPHOTO MPOCTpaHcTBa X COOTBETCTBYET POBHO OJMH BEKTOp MPOCTPAHCTBA
Y, ipu 3TOM ompezienieHo o0paTHOe 0TOOpakeHne, KOTOpoe 00aaeT TeM Ke cBoiicTBoM. B
CBOIO O4Yepellb, NMPU HHBEKTUBHOM (OJHO-OJTHO3HAYHOM) OTOOpa)KEHWH pa3HbIE BEKTOPa
npocTpaHcTBa X MepeBOAATCS B pa3Hble BeKTopa mpoctpaHcTa Y. [Ipu 3THX omnpeneneHusx
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WHBEKTHBHOE OTOOpa)KCHHUE SIBIISICTCS OJHOBPEMEHHO OHEKTHUBHBIM, a CIOPBEKTHBHOE — W
OMEKTUBHBIM, M1 HHBEKTHBHBIM [9, 10].

buekyua HHBERYUA Clopsekuyun

X Y X Y X Y
xﬂ"""h...x..-l" u ‘Eu -~ Y [} = fu
¥ I~¥ ; X

b v . _____..-l-""' W [ *
. . X, : P Y,
- W W c
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Puc. 5. Buzabl oTo0paxeHus: BEKTOPHBIX IPOCTPAHCTB

CIOpBEKTUBHOCTD OTOOpaXeHUsI OOBSCHSAETCS 3/eCh TEM, YTO OJAHY, TpeOyemyto
COBOKYITHOCTh XapaKTEPHCTHK MPOLECca MOXKHO TOJyYHTh Pa3IMYHBIM HaOOPOM BXOJHBIX
JUISL TIpoliecca mapaMeTpoB. Tak, 3JEeMEHThl HUPKYJSIINAN, KaK W B IIPUHINIE TPACKTOPUIO
JBIDKCHUS CyJHAa Ha LUPKYJSIIUH MOXHO IIOMYYHTh Oojee, YeM OJHHM COUYECTaHHEM
3HAYEHHUH CKOPOCTHU CyZAHA, YIJa MEPEKJIAAKH PYJIsl U MPOUUX ONPENESISIOMNX UPKYIISIUI0
napaMeTpoB. Take OJHM M Te k€ BeMMYMHBI ckopocTHOro mpocemanus 1 UKC moryt
OTIPENETIATECS PA3TMIHBIMA KOMOMHAIMSAMH 3HAaUCHWH CKOPOCTH, IMONEPEYHOr0 CEUeHHMS
KaHaJa, IyOWHBI U T.A. 3/1eCh CIeoyeT JOMyCTHTh, 4TO NpH Oojee riiyOOKOM M OOIMIHpHOM
aHaM3e HKCIUTyaTal[IOHHBIX MPOLIECCOB MOIYT OBITh OOHApy>KEHbI JKCILUTyaTallMOHHbBIE
NPOLIECChI, JJsi KOTOPBIX IU(POBOW JMBOWHHUK OYyAET MNpEICTaBIsATh OHEKIUI0 WIN
WHBEKIMIO BEKTOPHBIX MpocTpaHcTB. OJHAKO, Ha HACTOALIEM JTale HCCIEIOBaHMs
nojobHoe  cyuraercss OoJblIe HWCKIIOUYEHHEM, 4YeM IPaBWIOM, OCOOCHHO  JuIs
9KCILTyaTallHOHHBIX MTPOLIECCOB, UMEIOIINX OTHOIICHHE K HAaBUTalluK Cy/IHA.

B ciyuae uckirountensHO GopManbHOTO MOAX0a K aHAIHM3Y HPOLECCHOTO HU(POBOro
JBOMHMKA MOXXHO CHAENaTh BBIBOA O TOM, 4YTO IIpocTpaHctBa X H Y SBIAIOTCS
OecKOHEUHbIMH. JleHCTBUTENBHO, NPaKTHYECKH JI000H Habop 3HAYEHWH IapameTpoB
(;rroboit BekTOp mpocTpaHcTBa X) B Cilydyae M3MEPEHMs IapaMeTpoB C aOCOIIOTHOH
TOYHOCTBHIO (WJIM HYJIEBOW MOTPEITHOCTHIO, YTO B IPHHIMIIE HEBO3MOXHO) M (WIN) INIpH
UCTIONIb30BAHUY B YUCIIOBOM 3HAYCHNH OECKOHEYHO OOJIBIIOTO KOJIMYECTBA 3HAYAIINX LIU(P
Oyner yHuMKaibHbIM. [Ipu 3TOM s 1r000r0 3HaueHWs: mapaMeTrpa OyIyT CYIIECTBOBAThH
Oouiplliie ¥ MeHbLIME 3HaueHHs. TakuMm 00pa3oM, Kak KOJIMYECTBO BO3MOXKHBIX 3HAUCHUI
caMHX MapaMeTpoB, TaK M YUCIIO UX KOMOMHAIMH (YUCIIO BEKTOPOB) OyHeT OECKOHEUHBIM.
CremoBareibHO, TIPOCTPAHCTBO X OyIeT OCCKOHEYHBIM, TaK e KaK M OyJeT OCCKOHEYHBIM
MPOCTPAHCTBO Y BEKTOPOB XapaKTEPHCTHK.

OpHako pe3ynpTaT JHO00r0 HM3MepeHus Joboro mapaMerpa OyneT coaepxkarh
HEeKoTOpyto morpemHocts Aj. Kpome Toro, HekoTopble mapamerpsl (He H3MepseMble, a
YyCTaHaBIMBaeMbIEe OIIEPATOPOM) MOTYT OBITH 33/1aHBI TOJBKO C OINPEAEIEHHON TOYHOCTBHIO.
Tak, HanmpuMep, yroi NMepeKiIagKh pyis, Kak IpaBuilo, 3aJaéTCsi ¢ TOYHOCTHIO 10 HENbIX,
T.e. JUCKPETHOCTH 33JaHKs 3TOTo mapamerpa pasHa 1°. [Ipu 5TOM HCTHHHOE 3HaYeHUE yria
NepeKyIaiIki pynsi OyJeT HEeW3BEeCTHBIM, B OOIIEM CIIydaeT OTIMYHBIM OT 3aJaHHOTO H
HaXOJUTCSl B HEKOTOpOM HHTepBasie. [1000HBIH BBHIBOA MOXHO C/I€NaTh M0 OTHOIICHHIO K
mo0oMy 3alaHHOMY WM HM3MEPEHHOMY IapaMeTpy, WCTHHHOE 3HAa4eHHE KOTOPOTO C
HEKOTOPOi BEPOSTHOCTBIO HaXOJUTCS B JIOBEPUTEIHLHOM WHTEpBae

(xum —Ax;5x,,, +Ax1), rae AX, onpesensteTcst Kak yKa3aHHOW BEPOSTHOCTBIO, TaK

BEIIMYMHON TIOTPEITHOCTH w3MepeHus (3amanus). Takum ke oOpa3zom (TOCPEnCTBOM

HHTEPBAILHON OLIEHKHN) (HOPMUPYETCS TOHATHE 00 HCTUHHBIX 3HAYEHUSIX XapaKTEPHUCTHUK.
BwMmecTte ¢ Tem, st 3HAYCHHUN XapaKTEPUCTHK MPOIecca JOCTATOYHO He (DaKTHUECKOMH, a

MPAKTUYCCKHU 3HAYUMON TOYHOCTH, T.C. TOM TOYHOCTH, KOTOpas O6eCHe‘II/IT BBIITOJTHECHHEC
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MoCTaBJIeHHON 3amaun. TakuM 00pa3zoM, M3HAYAIEHO MOXKHO c(hOPMHUPOBATH AUCKPETHOE U
KOHEUHOE MHOXCECTBO Vi1, V3 5+» Vijs-+s Vij BO3MOXKHBIX 3HaYCHUH TOW WM WHOH (i-i1)

xapakTepuctuky. Torma B cimydae (GopMHpOBaHHS IPOLECCHOTO LU(POBOrO JBOHHHKA
moboe M3MepeHHOe 3HaUCHNE XapaKTepUCTHKH OyeT npu ero 3amucu B DTO MeHsAThCS Ha

yU , €CIIn 9TO N3MEPEHHOC 3HA4YCHHUC nomnagacTt B HWHTEPBAI

(yij - (yij - yi(j—l))/z;yij + (yi(j+l) — Vi )/2)= (yij =AY A ) YKazaHHbIH
MHTEPBaJ HE SBIACTCS JIOBEPUTECIBHBIM B TOM CMBIC/IE, KOTOPOI BKIAABIBACTCA B HETO
MaTeMaTHYeCKOW CTaTUCTHKOH. B oO0mem ciaydae OTCTOSHHS TpaHWYHBIX 3HAYCHHUI

MHTCpBAlla CIpaBa M C/ICBA OT 3HAYCHHS XAPAKTCPUCTUKH ;, COACPKAIICHCS BO

#A

MHOXCCTBC BO3MOKHBIX 3HaquHﬁ, MOTryT OTJIW4YaTbhCAd, T.€. A T.K.

Y- Yj-np >

JAUCKPETHOCTDH dylj = yl] _yi(jfl) pdada BO3MOYKHBIX 3HAUCHUU XapaKTCPUCTUKU HE

V. n A yj.np
MEepPBYIO OYepeb OT HeoOXoauMoil (IPaKTHYECKU 3HAYUMOWM) TOUYHOCTH M3MEPEHHH 3THUX
XapaKTePUCTHK B KOHTCKCTE 3aJayM, JJIs PEIICHUS KOTOpod Qopmupyercs udpoBoit
yia B By
3ajadeld Oynymiero IepuoAa HacTosimero wuccienoBanus. OfHAKO, OJHO YCIOBHE
CyIIECTBOBAHUS M WCIOJIB30BaHUs MPEICTABICHHBIX HHTEPBAJIOB U YIIOMSHYTON METOIUKH
OYCBUIHO: (paKTUUECKas TOYHOCTH HE TOJHKHOCTh OBITh XYKE HEOOXOIUMOM.

AmnanorudHnie YMO3aKIIOYE€HUA MOXHO CACIaTb W 10 OTHOWICHHUIO K BXOJHBIM
napamMeTpaM Mnponecca, BO3MOXKHBIC 3HAYCHUA KaKAOIO0 H3 KOTOPBIX MNPCACTABIAIOTCA

00s13aTETHHO JOJIKHa OBITh MocTossHHOM. CaMu JKe 3HAaYCHUS A 3aBUCAT B

NBOMHMK. Pa3paboTka € METOJMKH OINpeneNeHus BenudnH A ABIIETCS

MHOXXCCTBAMH xil ,xiz gees X X; C TeM OONOJIHCHUEM, YTO BCINYHHBI AX] u A

ijorrsVim a Xj.np
v TA

Takoe npencTaBIeHHE MHOKECTB BO3MOXHBIX 3HAYCHHUN NMapaMeTpOB U XapaKTEPUCTUK
JlenaeT BEKTOpHBIE MpocTpaHcTBa X M Y KOHEYHBIMH, a Tpoueaypy (HopMHUpOBaHUSA
IIPOLIECCHOTO  U(POBOrO0 JBOWHMKAa M €ro JalbHEWInee WCIOJb30BaHHE Oojee
panMoHaIbHEIMA. PalioHaIbHOCTH B 3TOM CIydae 3aKIF0YaeTcss B KOMIPOMHCCE MEXKIY
IIPOCTOTOH, TOYHOCTHIO M TOJHOTOH HH(POBOTO JBOHHMKA, @ KOJIMYECTBO BO3MOMKHBIX
BEKTOPOB  IapaMeTpoB M  XapaKTEepPUCTUK OyAeT  ONpelensTh NpOM3BEACHHEM
KOJINYECTBEHHBIX OOBEMOB MHOXeECTB. Tak, JOIYCTHM, YTO HEKOTOpPBIH Tpolece
OTIpeieTIsIeTCsl TPeMsl BXOJIHBIMH NapaMeTpamMH (MM XapaKTepPUCTUKAMM), NPH 3TOM JUIs
MIEPBOTO U3 HUX CyIIeCTBYeT 11 BO3ZMOXKHBIX 3HAUEHHMH, I BTOPOTO — 6, a JUII TPEThEro —
8. Torna BekropHoe mpocrpancTBo X (wim Y) Oyner conepxarb 11-6-8 =528 BekTopos.
OpnHaxo, cieyeT 3aMeTUTbh, YTO HEKOTOPBIE BEKTOPHI Oy IyT COlepkaTh B ceOe KOOPANHATHI
(3Ha4YeHMs ITapaMeTpPOB), COCYIIECTBOBAHHE KOTOPHIX MOXET OBITh (PU3NUECKH HEPa3yMHBIM
IpU TOM, 4YTO IO OTAENBHOCTH YHCIOBBIC 3HAUCHHs MAapaMeTpoB (XapaKTEpPHCTHK)
cymecTBoBaTth MoryT. Hampumep, BosHenue B 8 OayutoB m mrtwmib (T.e. Betep 0 Gayuios)
SIBJISIFOTCST (PU3NYECKHU Pa3yMHBIMHU, HO TOJIBKO TOT/Ia, KOTa OHU HE HAOJIOJAI0TCSl Ha OJIHOM
aKBaTOPHH B OJAMH MOMEHT BpeMEHHU (T.e. He SBJIAIOTCA KOOpPAWHATAMH OJHOTO BEKTOpa
napamerpoB). Takum oOpasoM, ompexenseMoe 4epe3 YHOMSHYTOE BBIIIE IPOU3BEIECHHE
KOJINYECTBO BEKTOPOB MPOCTPAHCTBA X SABJSIETCSA HE TOYHBIM, & OI[CHOYHBIM (MaKCUMAJIBHO
BO3MOXHBIM). Takue «(pu3ndeckn Hepa3yMHBIE)» BEKTOPa IOMMEHYEM ISl OTIPEeIEHHOCTH
«be3anpecHbiMny. st 6e3apecHbIX BEKTOPOB MPOCTpaHCTBa X HE CyLIECTByeT oOpasa B
npocrpanctse Y. 11, Hao60poT, 6e3apecHble BEKTOpa MPOCTPAHCTBA Y HE UMEIOT ITpoodpasa
B nipocTpancTBe X. TeM cambiM HapymaeTcst CIOpbeKTUBHOE 0TOOpakeHHE, HO TOJIBKO B TOM
cilyyae, eciii porexypa GopMHUpOBaHHs BEKTOPOB 00OMX MPOCTPAHCTB C HUCIIOJIB30BAHHEM
MHOXECTB BO3MOXHBIX 3HAUEHMH M XapaKTEPUCTHK OCTAHETCS MEXAHUCTHUECKUM U

OyIyT ONPENETIATECA Takxke 3HaueHusIMu A
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¢opmamsHBIM W He OymeT pa3paboTaHa W peaqu30BaHa METOTUKA HCKIFOUCHUS
0e3apecHBIX BEKTOPOB U3 IIPOCTPAHCTB.

OueBuaHO, 9TO MpH (POPMUPOBAHUN TUPPOBOTO TBOWHUKA IMYTEM M3MEPEHHS U 3aIUCH
IIapaMeTpoB U XapaKTEPHUCTHK, O0e3apecHbIe BEKTOPHI, SBISACH, KaK OBIJIO CKAa3aHO BHIIIE,
«(usnuecku Hepa3yMHBIMI», BOSHUKHYTH HE MOTYT. OJIHAaKO UX UCTOYHUKOM MOXET CTaTh
OIIEpallMOHHBIH LU(POBOH JBOMHUK, KOTOPBI HE TOJNBKO «YKJaabIBaeT» H3MEPECHHbIE
3HAUEHMs MApaMETPOB M XapaKTEPHCTHK B MHTEPBAJIbl, HO U BBINOJHSET 00Jiee CIOXHYIO
3aja4y — YCTpaHseT MH(OPMAIOHHBIE NMPOOEINBI, T.e. «JIOAyMBIBAa€T» T€ BEKTOpa U HX
KOOPJHMHAThI, KOTOpPbIE HE OBUIM IOJy4YeHBI B pe3yibTaTe M3MepeHuil. B pesynbrare u B
Cllyyae HEKOPPEKTHOTO BBINIOJIHEHUSI YKa3aHHOM 3a/laudl BEKTOpHBbIE MHOMKECTBa OyayT
BKIIFOYaTh BCE BO3MOXKHBIE C TOUKH 3PEHHSI KOMOMHATOPUKH, a HE IPAKTHKHU, BEKTOPA, B T.4.
u 6e3anpecHsle.

3amava ycTpaHeHHs HMH(GOPMAIIMOHHBIX MPOOEIIOB MOXET OBITH pelleHa MOCPEICTBOM
UCTIONIB30BAHMA COJCPXKAIIMXCSA B ONEPAlMOHHOM IU(GPOBOM [BOHHHMKE IAaHHBIX 00
aHAJIOTUYHBIX Ipolieccax, MOMYyYEHHBIX Ha Cyax-POTOTUIIAX, MATEMaTHIECKUX MOJIENCH 1
Pa3IMYHBIX MaTeMaTHYECKUX HHCTPYMEHTOB, B YaCTHOCTH, HEHpoceTei.

Tak, Hanpumep, ONEpPalUOHHBIA LU(PPOBOI JABOMHUK, UCIIOJIB3YS COOTBETCTBYIOLINE
KPUTEPUH M METOAMKH, MOAOUPACT HECKOIBKO (B HaCTHOM Cllydae, OJIHY) MaTeMaTH4YeCKUX
Mojienelt mporecca, paHXHUpPYyeT UX MO CTENeHH NPUMEHUMOCTH U TOYHOCTH, YTOYHSET NPHU
HEOOXOAMMOCTH M Ha OCHOBE YK€ HMEIOIIUXCS BEKTOPOB MapaMeTpoB M HX 00pa3oB
SMIUpUYECKHe KO3(D(OUIMEHTI W  BBIYUCIAET HEAOCTAIOIIME 3HAa4YeHHs BEKTOPOB
XapaKTepUCTUK. OTH 3HAYEHHA MOTYT OBITh IIPEACTaBICHBI HEMOCPEICTBEHHO B
MIPOIIECCHBIA IM(POBON MBOMHWK JTHOO B HEWpOCETh I AaNbHEWIIEH MX COBMECTHOH
00paboTKK CO 3HAYCHUSIMM, MONYYCHHBIMH W3 APYTHX HCTOYHHKOB — HWH()OPMAIMOHHBIX
(parMeHTOB OMEparMOHHOro [U(POBOro JBOIHMKA. Bwmecte ¢ TeM, mocTpoeHHE
HEWpoCceTH, BKIIOYasl BBHIOOP apXWUTEKTYphl M OOydeHHE MOJENH, NPEICTaBIIIOT cOoOOH
OTIETBbHYI0 MacIITa0HYIO MPOLEIYPY, COAEPKAHUE U yCIIeX BBITOIHEHHE KOTOPOW 3aBUCHT
B NEPBYI0 OYEPEab OT IOCTABICHHOW Iepes MPOLEeCCHBIM HU(PPOBBIM JTBOWHUKOM 3a/1a4d
(wnm 3amad). B mobOom ciyuyae, Asi BOCIIOJHEHUs NMPOOENOB BEKTOPHBIX IPOCTPAHCTB
HellpoceTh JAOMKHA HAYYUTHCS «3aTATMBATHY) MX NPU MOMOIIM MaTeMaTHYECKUX MOJAENeH,
nHpopmanuy, yxKe CcoJepKalleiics B IPOIECCHOM LU(GPOBOM MIBOIHHUKE, a TaKxke
NPEACTaBICHHON B  aHAJIOTMYHBIX  CYZOBBIX  JBOHHHMKaxX  CyJOB-IPOTOTHIIOB H
PETPOCIIEKTUBHOM MH(MOPMAIINH, ONPEAEIIAs NPEIBAPUTENBHO I ATUX BUJOB HHPOPMALIUT
(3HaYeHMH MTapaMeTPOB U XapaKTEPUCTHK) a/IeKBaTHBIEC BECOBHIE OLICHKH (Beca).

JIunreucrudeckasi popmMaau3anus NPUHIUIOB

[IpuBeneHHBIE BBINIE PACCYXKICHHS W BBIBOIBI JIMOO SBISIFOTCS HEMOCPEICTBEHHO
npaBmwiIaMy GOpMHUPOBAHHMS MPOLIECCHOTO LIU(PPOBOTO IBOHHKKA, THO0 HMEIOT OTHOLICHHE K
O00OCHOBAaHMIO 3THX IIPaBWJ, B COBOKYHNHOCTH TPEACTAaBIsAA COOOl  NPHHIMIIBI
dopmupoBannss DTO. Bmecre ¢ Tem, KOJEKC NPHHIMIOB HENb3s CYUTATh MOJNHBIM O3
NPE/CTABICHHOTO HM)KE OINHMCAaHMs HMX IOCPEJCTBEHHOM €CTECTBEHHOTO S3bIKa, T.e. 0e3
JIMHIBUCTHYECKOW (hOpMalu3alvy MPHUHIIMIIOB.

IlepBbiM B 4HnClie NPUHIMIOB YKOKEM TPUBHAIBHBIN npunyun adexeamuocmi,
COIJIACHO KOTOPOMY MPOLIECCHBbII LU(PPOBOH ABOMHUK 0 M3BECTHBIM IIapaMeTpamM
mporecca  JODKEH — «IPOM3BONUTH» BCE €ro  3HAUMMBIE  XapaKTePUCTHKH, T.C.
XapaKTEePUCTUKH, OIIPEACIISIONINE MPOIECC «KaK eCTb).

C [pHUHOMIOM aJEKBATHOCTH TECHO CBSI3AH HPUHYUN HEOOXOOUMOU MOYHOCHU,
COTJIaCHO KOTOPOMY, HM(POBOH JBOWHHMK JIOJDKEH HE MPOCTO BbIJABaTh Ha BBIXOJE BCE
3HAUYMMBbIE XapaKTEePHCTHKH, HO U JEJaTh 3TO C TaKOW TOYHOCTBIO, KOTOpas HeoOXoauma
JUISL pellieHus 3a/1a4 WK 3aJ1auu, ONpeesAIoNNX Ha3HaYeHHe I(POBOro ABOWHHKA.

Ipunyun unousudyanrbnocmuy 3aKIOYaeTCs B TOM, YTO IM(POBOH JBOWHHK CynHA
JOJDKEH OTpakaThb CYIIHOCTb M COOTBETCTBYIOLIME IPOIECCHl KOHKPETHOrO CyIHa, a He
JF000TO Cy/Ha aHAJIOTHYHOTO MPOEKTA MIIM CXOXKETro II0 XapaKTepucTHKaM. Bmecrte ¢ TeM,
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OH JOJDKCH OBITh 10 CYTH arperHpOBaHHBIM, T.€. BKJIIOYATH B ceOs IM(POBBIC ABOWHUKHU
CyIlHa TOM e CepuH, KOTOphIe OyIyT HECTH BCIIOMOTaTeNbHBIC (PYHKIINH, IOMOTasi BMECTE C
MaTeMaTHUYECKUMH MOJCIISIMHU U IPYTUMH CPEICTBAMU U METOJIaMH 3aKPHIBaTh IIH(PPOBOMY
IBOWHWKY CyOHa WHGOpMAlMOHHOE TpoOemsl. B 3TOM  3aKimiovaeTcss  npuuyun
azpezuposanrocmu A(GPOBOTo TBOWHHKA.

Pexxum oOHMaliH NMOJDKEH OBITH EIMHCTBEHHBIM DEXHMOM LU(POBOro JBOHHHKA
npolrecca B TOM CMBICIIE, YTO OH J0JKEH OBITh BCEra JOCTYIeH, 0e3 3aepek OOHOBIEH U
0e3 Kakoro-nmu0bo OXHIAaHUsS BbIJaBaTh BCIO HEOOXOAMMYI0O MH(OPMALMIO. DTOT PEXHUM
OTpeNeNseT npuryun ovicmpooeticmsus TAGHPOBOTO IBOHHUKA.

Crnenyromii TPUHLIUI — HPUHYUR KOHEUHOCMU (OZpaHuyenHocmu 8 00véme)
ouppOBOTO IBOWHWKA, MoOApasyMeBaromuii BkimodeHne B DTO Ttakoro o0béma
nHpOpPMANH, KOTOPHIA Je’daeT MpoHexypsl ero (OPMHPOBAHMS U JaIbHEHIIETO
WCTIONB30BaHUS WCHOMHUMBIMA W 3¢ dexkTuBHbIMU. VHBIMU clOBaMH, HadajdbHas CTaIsd
(hopMHUpPOBAaHUS TPOIECCHOTO IM(PPOBOTO IBOWHUKA, MO OKOHYAHHIO KOTOPOl OH YyXKe
MOJKET WCIIONG30BaH 10 HAa3HAYCHHIO, NOJDKHA JUIMTHCS (DPU3WYECKH pasyMHOE BpeMs, a
nHpOpMaNUs 3aHUMATh (U3NYECKH pa3yMHBIH 00bEM mamsaTH. B cBorO ouepenp, mpu
UCIIONIb30BaHUU LH(POBOro JBOIHMKA 1O Ha3HA4YEHHIO 00BEM MH(OpMALWU HE JOIKEH
«TOPMO3UTH)» BHIPAOOTKY XapaKTEPUCTUK Mpoliecca M WHULIMHMPOBATh CIBUT N0 BPEMEHHU
MEXAy BXOJOM (IlapamMeTpamMH) W BBIXOAOM (xapaktepuctukamu). Takum oOpazom,
MPUHIUI KOHEYHOCTH 00eCIIeunBaeT Tak)Ke ¥ NPUHINI ObICTPOACHCTBUSL.

PanoM ¢ mpuUHIMIIOM KOHEYHOCTH COCYIIECTBYET APUHYUN OYEeHUBAHUSA NOTHOMbL U e€
docmamoynocmu. Ecny TIEpBBEIM OTpaHWYMBACTCS MaKCUMyM OOBbEMa WH(POPMALUH, TO
BTOPBIM, TIO CYTH, €€ MUHUMYM. VIHBIMU clIOBaMH, OU(PPOBOH MTBOWHUK LIS 0OECIICUCHUSI
CBOCH TMONHOW (PYHKIIMOHANFHOCTH JOJDKCH BKJIIOYATh B €e0s HEKOTOPHIH MUHHMYM
HHPOPMALIUH, TIPU STOM TaKOW MHHHMYM IOJDKEH OBITh OLIEHEH HETOCPEACTBEHHO Iepe
HadaxoM (pOpPMHPOBAHUS IT0 METOHKE, KOTOPas eIE IMOJIC)KUT 0OOCHOBAHHIO.

Kak 6p110 TIOKa3aHO BHIIIE, Jaske HEIIPEPBIBHBIC TApaMETPHI JOJDKHBI IIUTATh TUPPOBOH
JIBOMHUK TUCKPETHBIMM 3HAa4CHUSAMH. B 3TOM 3aKiodaercss npumyun Ouckpemuocmu u
K8A3UOUCKPEMHOCHU.

Ipunyun  ssomomusnocmu  UAGPOBOTO IBOWHHKA OMpPEACISICT HEOOXOAUMOCTh
MPUCYTCTBUSI y HETO CIIOCOOHOCTH K OECKOHEYHOMY Pa3BUTHIO U MOJIU(DHUKAIMSIM.

Iloka3aHHass BbINIE CIOPBEKTUBHOCTH OTOOPaXEHHS BEKTOPHOTO IIPOCTPAHCTBA
IapaMeTpoB Ha BEKTOPHOE NMPOCTPAHCTBO XapAaKTEPUCTHK YKa3bIBaeT Ha CAMOCTOSTEIbHBII
U BaXHBIH TPUHIMI, KOTOPHIA WMEHYETCsS CIEAYIOIAM O00pa3oM —  ApuxHyun
CIOPBEKMUBHOCTNU.

[Ipu PpopmupoBaHUH JTFOOOTO MPOIECCHOTO YKCINTYaTAIMOHHOTO IIH(PPOBOTO TBOMHUKA
MpHUpoJa NETCPMUHUPOBAHHOCTH Ha0Opa XapaKTEepPUCTHK CBOMM HaOOpOM IMapaMeTpoB
HUKAaKOTO 3Ha4yeHHWs He uMmeeT. Kak 3amuch B UU(PPOBOW ABOHHHK Mapbl BEKTOPOB
(TapaMeTpoB M XapaKTePHCTHK), TaK M U3BJICUCHIE XapaKTEPUCTUK IO TEKYIIUM BXOIHBIM
rnapaMerpamM TpH  HCIOJb30BaHWM IU(POBOrO JBOMHMKA JIOJDKEH HMETh YHCTO
MEXaHHUCTUYECKHH XapakTep. TeM camMbIM OOOCHYeMBIH IEepeYeHb MPUHIIUIIOM MOXKHO
MIOJIOHUTD €IIE OJTHUM — NPUHYUNOM USHOPUPOBAHUSL NPUUUHHOCTU.

OrnepanroHHbIH TU(GPOBOY ABOWHHUK CPEIX MPOUYETO BKIIOYACT B CeOS MATEMAaTHUCCKUE
MOJIETIH, PETPOCIEKTUBHYIO MH()OPMAIMIO, HU(PPOBbIE ABOHHUKU JPYTHUX CYAOB TOIO K€
THUNA T.I., KOTOPBIE «BKIIOYAIOTCS» B pabOTy B MEPBYIO OYepenb NPH BO3HUKHOBCHHUH
HEOOXOAMMOCTH BOCIOJIHUTh HMH(OPMAIMOHHBIE NPOOETsl B MPOLECCHOM IH(poBOM
JBOMHUKE. B TakoM ciyuae, Kak M B ClIlyua€ COBMECTHOTO HCIONb30BaHUs JaHHBIX,
MIOJTyYEHHBIX KOCBEHHBIM (Yepe3 MaTeMaTH4ecKHe MOJIENH U TIp.) U NPSMBIM (ITOCPEACTBOM
n3MepeHnil) IyTéM, NPOLECCHBIH NHU(POBOM ABOWHHUK JOJDKEH ONPENEeNATh LEHHOCTh
JAHHBIX OT KaXXJOr0 HCTOYHHUKA, T.€. JOJDKEH «B3BELIMBATH» MX, OLEHMBAs CTENEHb
MPUMEHUMOCTH. TakuMm o0pa3oM, mporeaypa (GOopMHUpOBaHUS IUGPOBOTO JIBOWHUKA
JTOJDKHA COOTBETCTBOBATH NPUHYUNY B36EULEHHO20 UCNONb308AHUSL OAHHBIX.
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B wnrore, npu popMuUpOBaHIH MPOIECCHOTO IKCILIYaTA[HOHHOTO I(POBOro JBOHHMKA
CyJHa HE0OXOIUMO ITPUHIMATh BO BHUMAaHHE CIIEYIOIINE TPHHIINIIBL:
— NPUHIUI aIeKBaTHOCTH;
— IPUHIUI HEOOXOANMOH TOYHOCTH;
— NPUHLUI UHIUBHIYJIHOCTH;
— IIPUHIUI arPerUPOBAaHHOCTH;
— NPUHLUI KOHEYHOCTH (OrPaHUuEHHOCTH B 00BEME);
— IIPUHIUI OLICHUBAHUS TOJHOTHI U €€ JOCTaTOYHOCTH;
— IPUHIUI JUCKPETHOCTH U KBa3UAUCKPETHOCTH;
— IPUHIHUII YBOTIOTUBHOCTH;
— IPUHIUI CIOPBEKTUBHOCTH;
— IPUHIUI UTHOPUPOBAHUS IPHINHHOCTH;
— IPUHIUI B3BEIICHHOTO UCTIOIb30BAHMS JaHHBIX.

[IpencraBneHHBIIl TepedeHb HE SBISAETCS HCUEPIBIBAIOIINM, OIHAKO OH COJECPXKHUT
OCHOBHBIE TIpaBHia (GOPMHUPOBAHMS IU(PPOBOrO JBOHHMKA, CIIEIOBAHHE KOTOPHIM IOJDKHO
MaKCHMaJIbHO  CIIOCOOCTBOBAaTh  MOJYy4eHHIO A(GQPEKTUBHOTO HHCTPYMEHTapusl s
MIPOTHO3UPOBAHMS Pa3BUTHUS JIIOOOTO IMpOIECcca, CBSI3aHHOTO C JIKCIUTyaTalueil MOPCKOTro
CyJHa.

3akjaouenue

Texunomorus 1m¢poBsix naBoiHukoB (Digital Twins Technology), HecmoTpst Ha
60JIBIIIOE KOJTMYECTBO IPOOIIEM, IPETATCTBYIONINX €€ MAaCCOBOMY BHEIPEHHIO B HACTOSIINI
MOMEHT, BHAWTCS OJHHM H3 CAaMBIX IEPCIEKTHBHBIX HANpPABICHUH DPa3BUTHA MOPCKOTO
¢uora. bomee Toro, cymecTBylomHe TEHACHIMH B cdepe aBTOHOMHOTO CyAOXOJCTBA
JETal0T 3Ty TEXHoJorHio emé Oornee BOCTpeOOBaHHOH. B yclOBHAX CTpEeMHTENHHOTO
Pa3BUTHS KOHIENIIMM MOPCKHX aBTOHOMHBIX HAIBOJHBIX CY/JOB BO3HHKAET HACYITHBIH
BOIIPOC O CO3/IaHUH WHTEIICKTYaJIbHBIX CHCTEM, KOTOPBIE HE MPOCTO HOBTOPSIOT ACHCTBUS
YelloBeKa, HO M CIOCOOHBI IpEeACKa3bIBaTh PAa3BUTUE CUTYAIUH, aHAJIU3UPYS OTPOMHBIC
00bEeMBI JIaHHBIX B pealbHOM BpeMmeHH. LludpoBoil NBOWHHK, HpENCTaBIAIOLIMN cOOOM
BUPTYQJIBHYIO KOTIMIO (PU3MYECKOro 00bEKTa, KOTOPBII MOCTOSIHHO OOMEHUBAETCS JAHHBIMU
C HUM, SBJSIETCS HJealbHBIM HMHCTPYMEHTOM ISl pelieHus 3Tod 3amaun. B cdepe
CyIOXOJICTBAa OH IIO3BOJISIET MEPEeHTH OT PEaKTHBHOTO YIPABIEHUS, KOIJa peIIeHUs
MIPUHUMAIOTCA TIOCIIEe M3MEHEHHsS OOCTaHOBKHM, K NPOAKTUBHOMY, KOTJa CHCTEMa 3apaHee
MIPOCYHUTHIBAET HECKOJIBKO CIIEHAPHUEB M NPEIIaraeT ONTHMAaIbHBIN BapHUaHT.

B omimune oT cyXOmyTHBIX (PU3NYECKHX OOBEKTOB MOPCKOE CYIHO AJS peann3aluu
IU(POBEIX JBOMHUKOB SBIsIETCS OOBEKTOM OoJiee CIOXKHBIM, a, TOYHee, Oojee
npoOiieMaTuuHBIM. B niepBy1o ouepesip, 3TO CBSI3aHO ¢ HEOOXOANMOCTBIO HAIMYUS HA OOpPTY
CpeAcTB XpaHeHMs1 MHpopMamu, o0béM KoTopoil B ciryyae DT mo3BomiseT OTHECTH HX K
OompiuM  manHbiM  (big data). B cBoio ouepenb, BapHaHT OO0JAYHOTO XpaHEHHs
IpegycMaTpuBaeT HaJMuue HAAEKHOTO HEMPEPBIBHOTO BBICOKOCKOpOCcTHOro MHTEpHeT-
coequHeHUs. MeHbIas nmpobiemMa UMeeT MEeCTO OBITh ¢ MCTOYHHMKAMH JaHHBIX IH(POBOTO
JBOWHUKA. B 3THX HEIsIX MOXET HCHOJIh30BATHCS HABUTAIMOHHOE M HMHOE 00OpYJOBaHUE
COBPEMEHHBIX MOPCKHX CYJIOB, SIBISIFOLIIEECS JUIsl HUX ITATHBIM (00s13aTesbHbIM). Emé onna
npobiema — MeTojoJoruieckoe obecrieueHrne (HOpMHUpOBaHUS IHM(PPOBOrO JABOMHUKA —
OTYACTH pelieHa B HACTOAMIeW craThe, mMOcBAMEHHONH DTO — mudpoBbIM TBOWHHUKAM
NIPOLIECCOB, Ul KOTOPBIX TIPUBEJCHBI ONHCaHuWe (B TOM 4YHcie rpaduyeckoe) u
chopMypoBaHbl (0OOCHOBAHBI) PsiJ NMPABWII TPEJICTABICHHUS NapaMeTPOB, «ITUTAIOIINX)
DTO, u XxapakTepHuCTHK, SBJISIOMINXCS PE3YIBTATOM €ro paboThI.

Bce m3noxeHHble B HacToslIeH pabOTe MOJNOKEHHS MMEIOT OTHOLIEHHE K JII000MY
IIPOLIECCHOMY CY/I0BOMY JBOMHHUKY cynHa (T.€. K JII0OOMY 3KCIUTyaTallMOHHOMY IpOLECCy).
OpHako, M3HAYAIBHO aKIEHT ObUI CAeNIaH Ha MaHEBPHUPOBAHHH U CKOPOCTHOM IIPOCETaHUH.
B paMkax jxe TpOJOIDKEHHS HCCIEIOBAHMS BUAWTCS B INEPBYIO O4epenb HEoOXOIUMOM
pa3paboTka METOOWKH OIIGHKH TIIOJIHOTBI M JOCTaTOYHOCTH IHU(POBOTO JIBOMHHKA,
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000CHOBaHHE €ro cojepXaHus (TMepedeHb IapaMeTPoOB W XapaKTEPHCTHK), II0A00p
HaJUIeKAIINX MaTeMaTHYeCKUX MOAeIel, GopMylT U alTOPUTMOB, pa3paboTKa METOIUKH IO
UX aKTyaJlu3aluy (yTOYHEHHIO) IOCPEICTBOM HCIONB30BaHMS 3amucaHHBIX B DT map
«BEKTOp TapaMeTPOB — BEKTOpP XapaKTEpUCTHK». ONHOBPEMEHHO CJIENYeT OXKHIATh
TEXHUYECKHX M NPOTPAMMHBIX pEIICHHH, KacalOIIMXCsS METOJOB W CPEACTB XpaHEHHS
6oJbIIOr0 00BEMA TAHHBIX.
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IpakTHYeckuii aHATU3 PUCKA BOSHUKHOBEHUS «YHCTOID MOTEPH
OCTOIYMBOCTH NMPH 32JMBAHUM NATY0Obl HA MPpUMepe CyIHa
«OLYMPIC INTERVENTION IV»

M.B. Ocoxnn
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AnHoTanus. O6s3aTenbHbIe MUHUMAIbHBIE KPUTEPHU OCTOHYNBOCTH CyJHA, IPEATHCAHHBIE
MexyHapoIHBIM KOAEKCOM IO OCTOMYMBOCTH CyIOB B HEMOBPEKAEHHOM COCTOSHUM,
0a3upyroTCsl Ha CTaTHCTHKE aBapWil M HE yYUTBIBAIOT Pa3Mepbl U OCOOCHHOCTH OOBOIOB
KOPITyCOB KOHKPETHBIX Cy/IO0B IIpU pacuéTe UX MOBEACHUS B yCIOBUAX BoaHeHUs. C MOMEHTa
npuHATHA Kojekca B 2008 roqy y4EHBIMHM pa3HBIX CTpaH BBINONHEH OOJIBIIONH OO0BEM
HCCIIEIOBaHUNM II0 OLEHKE AMHAMHYECKOM OCTOWYMBOCTH CYJOB pa3IMYHBIX TUIIOB B
ycnoBusAX BonHeHHs. COBpPEMEHHOE MAaTeMaTH4ecKOe MOJACIUPOBAHUE  MO3BOJAET
JOCTaTOYHO TOYHO IPOTHO3HPOBATH MOJISI BETPOBOTO BOJHEHMS M 3bI0M B PasIMUHBIX
paitorax MupoBoro okeana. [losromy Komurterom mo Ge3omacHocti mMopemnasanus UMO
npuaato IlpenBapurensHOEe  PYKOBOACTBO KO  BTOPOMY  IIOKOJICHHIO — KPHUTEPHUEB
OCTOMYMBOCTU HEMOBPEXKIEHHOIO Cy/lHA B YCIOBUSAX BOJHEHMS, U3JI0XKEHHOE B LIUPKYJIApaX
Nel627 u Nel652. B HHX cKa3aHO O TOM, YTO JUIsl ONpPEAENEHHBIX CYyJ0B METOJIbI pacuéra
HEKOTOPBIX KPHUTEpUEB, MOTLYT [aBaTh HEIOCTOBEpPHBIC pe3yJbTaTbl. B uacTHOCTH, 3TO
aKTyaJbHO UISi HU3KOOOPTHBIX CYZOB, NMOABEP)KEHHBIX 3aJMBAaHUIO OTKPBHITOH MalyObl IpH
pacuére Tak Ha3bIBAEMOM «UHCTON» MOTEpU OCTOMYMBOCTU. JlaHHAs CTaThsl MOCBSLIEHA
MIOMBITKE YyTOYHEHUSI METOAOB PaciéTa ysI3BUMOCTH OCTOMYMBOCTH HA3KOOOPTHBIX CYHOB IO
YKa3aHHOMY KPHTEPHIO.

KioueBble cj10Ba: BTOPOE MOKOJICHUE KPUTEPHEB OCTOMYMBOCTH HETMOBPEKIEHHOTO CY/IHA,
YKCTasi MOTePs OCTOMYMBOCTH, MOMEHT HMHEPIHMH JICHCTBYIOIICH BAaTEPJIMHUH, 3aTUBAHUC
nanyOsl CyIHa.

A practical analysis of the risk of pure loss of stability during
deck flooding using the example of the vessel
«OLYMPIC INTERVENTION IV»

Mikhail V. Osokin

ORCID: 0009-0003-7596-6993

Maxim V. Zhukov

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. The mandatory minimum ship stability criteria prescribed by the International
Intact Stability Code are based on accident statistics and do not take into account the
dimensions and hull contours of specific ships when calculating their performance in rough
seas. Since the Code's adoption in 2008, scientists from various countries have conducted
extensive research assessing the dynamic stability of various types of ships in rough seas.
Modern mathematical modeling allows for the accurate prediction of wind-induced wave and
swell fields in various regions of the world's oceans. Therefore, the IMO Maritime Safety
Committee adopted Interim Guidelines on the Second Generation Intact Stability, as set out
in Circulars No. 1627 and No. 1652. These guidelines state that for some vessels, the
calculation methods for some criteria may yield unreliable results. This is particularly true
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for low-sided vessels susceptible to open deck flooding when calculating the so-called pure
loss of stability. This article attempts to refine the methods for calculating the stability
vulnerability of low-sided vessels using this criterion.

Keywords: second generation of intact stability criteria, pure loss of stability, moment of
inertia of the current waterline, flooding of the ship's deck.

BBenenue

Obecnieuenre 0€30MACHOCTH MOpEIUIABaHMS, B YACTHOCTH — COOJIIOJIEHHE HOPM
OCTOWYMBOCTH CyJHa, sBIseTcs (yHIaMeHTaNbHOM 3ajadeidl NpU HPOEKTHPOBAHHU H
SKCITyaTallid MOPCKUX CyJ0B. OOs3aTellbHblE KPUTEPUH OCTOMYMBOCTH, W3JIOKEHHBIC B
yactTh A HblHe aeilcTBytomero Konekca [1] ocHoBaHbl Ha CTaTUCTHKE aBapuil u
MIpEaIoIaraloT HEKYI0 YHHUBEPCAJIbHOCTb, TO €CTh JOJDKHBI MOAXOIUTH AJIS BCEX CYNOB
Hauboee pacnpoCTpaHEHHBIX THIIOB, HE3aBHCUMO OT 00BOAOB Kopmyca. CoBpeMeHHBbIE
HOPMBI JMHAMHYECKON OCTOHYMBOCTH Ha BOJHE, pa3pabaTeiBacMble MeXIyHapOTHOU
Mopckoit opranmsanueii (IMO), m3noxenneie B [2] U yrouHsemble B [3], OCHOBaHBI Ha
IIPOBOANMBIX B IOCJIEAHUE TOJbl HAYYHBIX MCCIECJOBAHHUAX B 00JACTH BIHMSHUS MOPCKOTO
BOJIHCHHSI HA OCTOMYMBOCTH cyAHA, MomoOHBIX [4]. Cpemu TATH OCHOBHBIX PEKHUMOB
YS3BUMOCTH OCTOWYMBOCTH, YYHTHIBAEMBIX B KpPUTEpHSAX BTOporo mnokoieHus (Second
Generation Intact Stability Criteria), ocofoe MecTo 3aHNMAaeT TaK Ha3bIBaeMas «IHCTasD»
norepsi octoitumBoctu (Pure Loss of Stability). /laHHOe sBJI€HHE CTAaHOBHTCSI OCOOEHHO
CIOKHBIM JUIsI TPOTHO3MPOBAHUS, KOIZAa [BI)KEHHE CyIHAa B YCIOBHUSX BOJHEHUS
COIPOBOXKJACTCS 3AJMBAHUEM OTKPBITHIX YYAaCTKOB MaJlyObl, YTO, XapaKTEPHO Ul CYyJNOB,
NpeHa3HaYCHHBIX AJsl 0OCIyKMBaHUs OypOBBIX IIAT(GOPM C HAIACTPOWKOH B HOCOBOU
YacTH KOpIyca, HHM3KMM HaJBOJHBIM OOpPTOM W OOJBLIONH MPOTSKEHHOCTHIO MaTyObI-
IUIOIAJKH, PACHOJNIOKEHHOW 3a HAACTPOMKOM B CTOPOHY KOPMBI, TakuUX Kak
paccmMaTpuBaeMoe€ B KauecTBe IpuMepa B JaHHOW ctatbe cyaHo «OLYMPIC
INTERVENTION IV», noctpoennoe no npoekty ULSTEIN P101. B nupkynspe Komurera
mo Oe3omacHocTH MopemiaBaHuss MMO [2] ymOMSHYTHI OTpaHHYCHUS, MPHUCYIINE
MIPUBOAMMBIM B HEM METO/AM OLEHKH OCTOHYMBOCTH C TOYKM 3PEHUS PA3IMYHBIX BHIOB
ys3BUMOcCTei. B Tom umcie, B HEM CKa3aHO, YTO KPUTEPUH YSA3BUMOCTH OCTOWYMBOCTH JUIS
peXHMa «4HUCTOI» TMOTEpH OCTOMUMBOCTH JaeT HEIOCTOBEpPHBIE Pe3yJbTAThl IS CYIOB C
HU3KAM HAJBOIHBIM OOpTOoM, a B [3] yTouHseTcs, 4TO peyb HAET Kak pa3 O cynax,
MOJTOOHBIX paccMaTpUBAEMOMY B TaHHOH CTaThe.

Du3uvecKnid CMbIC] «YUCTOI» MOTEPH OCTOMYMBOCTH

Tak Ha3bpIBaeMas «4UCTas» MOTEPS] OCTOWYMBOCTH — JMHAMHUYECKOE SIBICHHE, KOTOPOE
BO3HHUKAeT, KOTJa Yy CyJIHAa, MMEIOIIEro pa3BajJl OOPTOB B OKOHEYHOCTSAX KOpPIIyca, 3TH
OKOHEYHOCTH TOMAJA0T HAa BIAJWHBI JTOCTATOYHO JIMHHBIX BONH. SIBIIeHWE OCOOCHHO
BEIpQKEHO, KOTJa [UIMHA TOCIEeTHUX ONHM3Ka K JUIMHE CyAHA. [ peOHM BOJNH TpU 3TOM
OKa3bIBAIOTCS Ha MWIMHIPUYECKON BCTaBKe, TOe OOpTa BEpTHKAIBHBI H OPAWHATEHI
JEHCTBYIOIECH BaTePIMHUA HE 3aBUCAT OT YPOBHA BoJbI Y 60pTa. C OIHOI CTOPOHBL, B 3TOM
MTOJIOKCHUN PacIpeieNicHHe CHII TUIaBYYECTH IO JUTHHE KOpITyca MEHSETCs MO CPaBHEHUIO
CO CIOKOMHOM BojoW. Eciii BoJIHA MMeeT UIHHY, OJIM3KYIO 0 3HAYCHHIO K JUIMHE CYIHA, a
eé BEpIIMHA HAXOAWUTCSA B paﬁOHe MHUICIIA, HOC M KOpMa OKa3bIBAIOTCA BOIM3H IIOAO0IIB
COCCTHUX BOJIH, YTO MNPHUBOAUT K 3HAYUTCIBHOMY YMCHBUHICHHUIO CWII IUIABYYCCTH B
OKOHCYHOCTAX C OJHOBPEMCHHBIM HX YBCIHWYCHUEM B cpeﬂHeﬁ JaCTu KopIryca. Takoe
nepepacipeesicHie CHII IUIaByYeCTH OKa3bIBaeT BIMSHHME Ha OOIIYI0 MPOYHOCTH KOpPITyca.
C npyroii CTOPOHBI, €CIIM HE YYHUTHIBATh BEPTHUKAIBHYIO KauyKy M BIUSHHE HA KOPIYC CHII
WHEPLUMH, NpU pacuy€Te OCTOMYMBOCTH BEIMYMHA M AaNIUIMKAaTa TOYKU MPUIIOKESHHS
PaBHOJAEHUCTBYIOIIEH CHJI TUIABy4YECTH Ha BOJIHE HE CHJIBHO MEHSIOTCS MO CPAaBHEHHUIO C
TaKOBBIMH Ha CIIOKOMHOMN BOJIe, TaK KaK POCT alIlVIMKAT TOYEK MPUJIOKEHHUS CUIT IIJIaByYECTH
B palioHe mujelns (Ha rpeOHe BOJHBI) KOMIICHCUPYETCS HX YMCHBIICHUEM B OKOHEYHOCTSIX
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(ma BmagmHax BomH). OnHAKO, TpPH STOM Yy CyAHA, HMMEIOUIETO pa3Bal OOpTOB B
OKOHEYHOCTSIX KOpIyca, H3-3a IIOHI)KEHHS YpPOBHS BOABI y OOpTa B 3THX MecTax
YMEHBIIAOTCSI  OpAMHATHI  JcHCTByMOWEeH BarepiauHud. Kak H3BECTHO, 3HAYCHHUE
METAIlCHTPUUECKOTO pajguyca (BIUSIOMIETO HAa 3HAUYEHHE AaMIUIMKaThl IIONEPEedHOTO
METaleHTpa) MpPSIMO NPONOPLHUOHATIBHO MOMEHTY WHEpIUM AEHCTBYIOLIEH BaTEpIMHUHI
OTHOCHTEJIFHO €€ ITPOIOJIbHOM OCH, 3aBHUCSIIEMY OT MHTErpajia KyOoB OpJHHAT BaTepIMHUN
mo e€¢ mmHe. B nupkymsape [2] Uif OLEHKH YS3BUMOCTH IO «YHCTOM» THoOTepe
OCTOWYMBOCTH Cy/JHA, 00JIaIAIOIIETO JOCTATOYHO BHICOKMM HaJBOJHBIM OOPTOM Ha MEPBOM
ypOoBHE (II0J] 3TUM TEPMHUHOM MOApPa3yMeBaeTCsl HAUXYALINHI TeopeTUIeCKUil ciaydail, Koraa
BOJIHCHHME YCJIOBHO NPHUHUMAETCS PETYJSPHBIM) IpPEAaraeTcs pacCUUTHIBATh H3MEHEHUE
METAICHTPUYECKOH BBICOTHI Yepe3 N3MEHEHHE METAllEHTPUUYECKOTO Paanyca C HOMOIIBIO
MOMEHTA UHEPLMHU JEHCTBYIOIEH BaTEPAMHUY IIPU OCATKE, PABHOM:

d, =d—&d,, ey

rne 6d, = d — 0.25dgy,; wm 6d;, = 0'034L/2, YTO MCHBIIIE.

3nech d — cpemHss ocaaka CyaHa IIPH JaHHOW 3arpy3Ke Ha CIIOKOIHON BoeE.
dfyy - OCazIKa CyZIHA TIPH MOJTHOM 3arpy3Ke Ha CIIOKOWHOM BOJIE.
IIpu atom d — 0.25df,,;; HE MOXKET OBITH MEHBIITE HYJIA.
L — BenuyuHa, npuHUMaeMasi paBHo 96% IJIMHBI Cy/IHA 10 BaTEPIMHUU, IPOXOAALICH
Ha BBICOTE, paBHOH 85% pacdyETHON BEICOTHI OOPTA, M3MEPEHHONW OT BEPXHEH KPOMKH KHIIA,
WIN JJTMHE OT MepeAHeil KpOMKHU (OPILITEBHsI 10 Ocu Oaiiepa pydis 1o TOH jke BaTepJIMHUH,
€CIIM 3Ta JIIMHA OOk,
Kak BuzanM, B 3TOM cilydae BBICOTa BOJIHBI IPUHUMAETCS TaKOH, YTO BOJA HE MONAAaeT
Ha OTKPBITYI0O Nany0y M H3MEHEHHME MOMEHTa HMHEpUUH JAeHCTBYIOIIEH BaTepIMHUU
MPOMCXOIUT TOJBKO M3-3a pasBajia OOpToB. B ciyuae 3anuBanHus mnamyObl y cyJnHa,
00afaromero HU3KUM HaJBOJHBIM OOpTOM M OONBIION NPOTSHKEHHOCTHIO OTKPBHITOH
namyObl, Ta 4acTh MOCIEAHEH, KOTOpas OKa3bIBAaeTCs IOJI BOJOH, JAOJDKHA BBIYMTATHCS U3
VIO ICHCTBYIOIIEH BaTEePIMHUM, YTO MPHUBOJUT K YMEHBIICHUIO IJIMHBI BaTCPIMHUN
Ha JUTMHY 3aJMBaHUA M OpAMHAT BaTEPIMHUM HA 3JIMBAGMOM y4acTKe KOpIyca 10 HyJsS U
JIOTIOJTHUTENBHO YMEHBIIAET YIOMSHYTBIH MOMEHT uHepuuu. OJHHMH W3 KIIOYEBBIX
IapaMeTpoB OCTOHYMBOCTH SIBIISTIOTCS MeTaneHTpudeckas Boicota (GM) H, Kak ClIe/CTBHE,
IUIEYN BOCCTaHaBIMBaromero MoMeHnTa (GZ), 3HaueHHUs KOTOPBIX 3aBHCAT OT aNIUIMKATHI
METAaleHTPa, a 3HAUYUT — METAIIEHTPUIECKOTo paauyca. ¥ CyJIHa, HaXOAAILIEToCs CepPeIuHOI
KOpIlyca Ha BepIIMHE BOJHBEL, BennunHa GM MOXeT ymacTh HWXKE JHUMHUTHPYIOIIETOo
3HaueHus (cormacHo UUPKyJsapy [2] ono cocrtaBmsier 0,05 M) wim jgaxe cTaTh
OTpULATENIbHBIM. EcM B 3TO BpeMs BHEIIHMHM KPEHSLIUM MOMEHT, BO3ACHCTBYIOUIUN Ha
CyIHO, IPEBBICUT BOCCTAHABJIMBAIOUINM, CyJHO TOTEPSE€T OCTOWYMBOCTH. OIacHOCTH
ycyryOmnsercss TeM, 4TO IPH MOTepe OCTOWYMBOCTH Ha BEPIUMHE MOMYTHOH BOJHBI CYAHO
HNMEeT HU3KYI0 OTHOCHTENBHYIO CKOPOCTh II0 CPaBHEHHMIO C (pa30BOI CKOPOCTHIO BOJHEI, &
3HAYUT, JEPXKUTCS B 3TOM IOJ0KEHUN OTHOCHUTEIHHO I'peOHS TOCTATOYHO JIOJIT0, HE MMes
3araca BPEMEHH U1l BOCCTAHOBJIEHHUSI OCTOMYMBOCTH, KOTOPOE MPOU30HAET TIPH CMEICHUN
rpeOHell BOJIH BJOJNb KOpryca B Oojiee OJarompusATHOE C TOYKH 3pEHHUs OCTOHYMBOCTH
HoJIoXKeHMe. JIJ1s CyZoB ¢ IPOTSKEHHOW OTKPBITOM nmary6oi M HU3KMM HaJBOIHBIM OOpTOM
(low weather deck), Takux kak mopckue cHabxenipl (Offshore Supply Vessels — OSV)
cyna tuma ULSTEIN P101, npobnema «4ucToil» MOTEPH OCTOMYHMBOCTH TECHO CBSI3aHA C
stuM dddexrom. Ilpm sToM Hammume GanbIIOOPTOB HA OTKPHITON mamybe MOKeT
crocoOCTBOBAaTH BPEMEHHOMY VyAEp)KaHWIO Ha HEW BOABI, KOTOpas IOMagaeT TyJda NpH
3aXJIECTHIBAHUM MANyObl BOJHAMH C KOpMBL. lIpucyTcTBHe BOABI Ha mamyde co3MaéT
JIBOMCTBEHHBIH 3 deKT:
— YBeauyeHue nepuosia OOPTOBOM KadykH (IPH MOTEpe OCTOMYMBOCTH —
WHOTJIA 70 «3aBUCAHMD» CyJHa HA MAaKCUMAJIbHOM yIJIe KpeHa). YXyAlIeHHe
OCTOMUMBOCTH YMEHBIIAET YCKOPEHUS NMPHU KauKe U, COOTBETCTBEHHO, CHIIbI
HMHEpLUH, IeHCTBYIOIUE HA CYJHO U BCE, YTO Ha HEM HAXOAWTCS, BKIIOUas

223



Hayunvte npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

JOACH, ¥ TAaKUM 00pa3oM (GOopMaIbHO MOBHIIIACT KOM(POPT M 0€30IacCHOCTE B
HEKOTOPBIX PEKUMaX IUTABAHUSL.

— IoTeps WM 3HAYNUTENLHOE CHUKEHUE TIONEPEYHON OCTONYHUBOCTH CaMU
mo cebe ABIAIOTCS HeraTuBHBIMH (akTopamu. Ilpm wmcmosns3oBaHuM B
pacuéTax Tak Ha3plBaéMOro MeToja nHpuéMma Tpy3a BOjAa, IOMNaBIIas Ha
nany0Oy, pacroioXeHHYIO BBIIE BaTEPIUHUH, CUATACTCS ACHCTBYIOLIEH, KaKk
KHUIKUH TPy3 C OOJBIION CBOOOMHOI IMOBEPXHOCTBIO, IOAHUMAS LEHTP
TSOKECTH Bcero cynaHa. [Ipy  MCHONB30BaHMM METOJa IOCTOSHHOTO
BOJIOM3MEIICHNS, KaK YKa3aHO BBbIIIe, YYUTHIBACTCA  YyMCHBIICHUE
METALlEHTPUYECKOTr0 pajuyca U3-32 YMEHBIIEHHS MOMEHTa HWHEPIHHU
JNEHCTBYIOMIEH BaTepiIMHUU, YTO (POpMarIbHO «OITycKaeT» MeTaneHTp. B
MO00OM cIy4ae IIPOMCXOAWT YMEHBIICHHE IUIeYa BOCCTAHABIMBAIOLICTO
MOMeHTa. B ommmdme OT mucTepH, mMpHHa CBOOOTHOI IOBEPXHOCTH Ha
nmany0e OorpaHHYeHa TONBKO IIUPHHOW CyJHA, YTO CO3JACT MAaKCHMAaJbHO
BO3MOXKHBII OTpHIATENFHBII MOMEHT WHEPIMH CBOOOIHOW ITOBEPXHOCTH.
Bonee Toro, B ornmume OT mpuWema Trpy3a HWXKE BaTepIMHHMU (a TOYHEe —
HEUTPAIIbHOMN IIJIOCKOCTH, HaxoZsIIencs B 3aBUCHUMOCTH oT
MeTaHeHTpH‘IeCKOﬁ BBICOTBI HHWXC U B6J'II/131/I WX 3HAYUTCIIBHO HHUXKC
BaTEPJIMHUH), T/Ie BEC JKUJKOCTH, J1aXkKe MUMEoIIell CBOOOIHYIO TOBEPXHOCTH,
YaCTHYHO YJIy4IIaeT OCTOMYMBOCTh, NpPHEM BOAbI Ha mnamyOy Bcerma eé
YMEHBIIAET.

OueHka yA3BUMOCTH 110 KPUTEPHIO «HUCTOID) MOTEPH OCTOMYUBOCTH /151
HHU3KO0OPTHBIX CY/J0B € NPOTSKEHHOI OTKPBITOH NaJy00ii Ha NpuMepe CyiHa
«OLYMPIC INTERVENTION IV»

OCHOBHBIE XapaKTEPUCTUKH W CXEMAaTHYHOE M300pakeHHE CyAHa MPEICTABICHBI HA
pucysake 1. MogaenbHble 3KCIEpUMEHTHI, NPOBEACHHbIE A cynoB Tuna OSV, mokaszanu,
YTO KJIacCHYecKasi KapTHHA «IHCTOW» MOTEPU OCTOMYUBOCTH, NMPEICKA3aHHAs TEOPUEH, ATt
CylOB C HHU3KMM HAJBOJHBIM OOpPTOM M UIMHHOW OTKPBITOM mamy0oil MoOXeT He
peanan3oBbIBaThCS. BMECTO 3TOro JOMUHHpPYIOIMM (DAaKTOPOM CTaHOBUTCS BJIMSHHE
3aJMBaHMA NaTyOBl. BBIIO MONTBEpXKIEHO, YTO Ul CYJIOB C JAJIMHON OTKPBHITON mamyOsl,
cocrapioniei 6omee 0.4 mmuuel Mexay mnepneHaukyisipamu (LPP) m oTrcyTcTBHEM
MOJIHOTO OTpakAeHHs NaayObl (aybIOOPTOM, CTaHAAPTHBIE KPUTEPUH «YUCTOW» IOTEPH
OCTOMYMBOCTH IMPUMEHSTHCA HE JOJDKHBI, TaK KaK peayibHas OIMACHOCTh 3aKIIOYaeTCs B
1oTepe OCTOMYMBOCTH M3-32 CKOIUICHHMS BOJBI Ha mamyOe. g OLEHKH CTeneHH
JOIIOJIHUTENIFHOTO ~ BIMSHUS  3aJMBaHWA TNalyObl Ha OCTOWYMBOCTH B  Ipolecce
SKCIUTyaTallid CyJlHa C HMCIIOJb30BaHHEM HMEIOLIEHCs Ha OOpTYy IOKyMEHTAIMH MO>KHO
MIPEUI0KUTh METOJI, OIIMCAaHHBIN HIke. [Ipumem crenyromue JOMyIeHHs:

— peanbHBI TPOQWIL BETPOBOW BOJHBL, ONHM3KHA K HECHMMETPHIHOM
TPOXOMJIE, 3aMEHSECTCSI KOCHUHYCOMJOM € aMIUIMTYAOH, PAaBHOM IIOJOBHUHE
BBICOTHI BOJIHBI U OCBIO a0CIMCC, HAXOAAIIeHcs Ha ypOBHE BaTEpJIMHUM Ha
CTIOKOITHO# Bozie (KpacHast THMHHUA Ha puc. 1),

— BEPTHUKAJbHASA KauKa OTCYTCTBYET.
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§
ULSTEIN P101

MAIN PARTICULARS, MOULDED VALUES

Length between perpendidulars BL.95 m
Breadth P X o 20.50 m
Depth to maindeck a _ 9.00 m
Summer load draught h g 7.00m

DEADWEIGHT AT SUMMER LOAD DRAUGHT

Deadweight 3782 T
Block coefficient 0.703

Displacement, moulded 8478 T
Displacement, total 8517 T
Volume, moulded B2T72 m3
Volume, total 8308 m3

Puc. 1. CxemaTnuHOe n300pakeHHe U 00IIHE XapaKTEPUCTUKH CyTHA
«OLYMPIC INTERVENTION IV»

ypaBHeHI/Ie TaKOH KOCHUHYCOUJbBI MOXKHO 3aIIMCATh B BUJC:

_h 27X 2
)= os(22), @
rae h — BBICOTA BOJHBL.

A — yIMHA BOJIHBI.

Y - BepTUKAJIbHOE PACCTOSIHUE MEXY YPOBHEM CIIOKOMHOM BOIBI IPHU 3aaHHON OCaKe
U YPOBHEM BOJBI Ha Mpo(duiIe BONHBI B TOYKAX €ro IMEpeceueHus ¢ KPOMKOH OTKPBITOMH
naryOel. B maHHOM ciy4ae NpUHHMAaeTCS paBHBIM BBICOTE HAIBOIHOTO OoOpTa Ha
CIIOKOMHOH BOJIE.

X — FOPU30HTAJILHOE PACCTOSHUE OT BEPLIMHBI MIPOQUIISE BOJIHBI IO TOYKH IEPECeUSHUS
9TOro mpoduist ¢ KPOMKOW OTKPHITON mMaayObl (IIOJOBHHA JUIMHBI 3aJMBAEMOW YaCTH
nanyobr).

IMpunss 2m = 360, noacraBuB 3HaueHHs h U A WM 337aBIINCHh 3HAYEHHEM Y , PABHBIM
BBICOTE HAJIBOJHOTO OOpTa Ha CIIOKOWHOM Boe, 10 (hopmylie (2) MOKHO HANTU 3HAUCHHE X
U JIUHY 3aiuBaeMoil wacth mamyOel a = 2x. Torma BenWYMHAa MOTEPSHHOTO M3-3a
3aJIMBaHMs MOMEHTA MHEPLUH AeHCTBYIONIEH BaTEpIMHUH Oy/IeT paBHa:

dl. = %8’ 3)
x = 12°

rae B —mmpuna cynHa.

[Totepst MeTaeHTPUIECKOM BBHICOTHI M3-3a 3AJTMBAHMS NATyObl COCTABUT:
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deM =%, 4)
74

rae V — o0bpéMHOE BOJOM3MEIIEHHE CyTHA TIPH JAHHOM OcajKe.

B kauecTBe mpuMmepa NpuBeIEM OLIEHKY BIMSHUSA HA «YUCTYIO» MOTEPI0 OCTOMYMBOCTH
n3-3a 3aJMBaHUS NadyObl s paccMaTpHBaeMOro CyJHAa BOJIHBI C XapaKTEPUCTUKAMH,
B3ATBIMH M3 TaOJMIBI PAacHpeNesieHHsT BEPOSTHOCTH BO3HWKHOBEHHS BETPOBHIX BOJH C
ONpeneNnEHHBIMU BBICOTAaMU U Iepuogamu i CeBepHOM ATIAHTHKH, NpUBEAEHHON B [2].
CormacHo »3TOoH TalOimme BouHBL ¢ h =4.5M u A=878m (nmuHA  BOJHBIL,
COOTBETCTBYIOIIAsl Mepuoay 7.5 cexyHn, Onmm3Kas K JUIMHE CyAHA), KOTOpbIE B IPHHIUIE
MOTYT 00€CIIeUnTh 3aJMBaHNE MAIyObl IPU BBHICOTE HAJBOAHOTO OopTa 2 M (€CIU MPUHSATH,
YTO CYZHO CHIWT IO JICTHIOIO OCagKy, CM. €T0 OCHOBHBIC XapaKTCPHCTHKH Ha pHC. 1)
00aIar0T BEPOSTHOCTHIO MOSBICHUS 0KoJo 1,4 % (1354 cnywas ma 100000 mHaGmoneHunit).
[To Toti ke Tabmuie BepOITHOCTH MOSBICHHS BOJH C TaKOH e JITUHOHN, HO BBICOTOH 5,5 M
cocraBiser okoiao 0,5 %, BONHEI OOJbLIEH JIHHBI BRICOTOH 4,5 M ¢ OonblION mojei
BEPOSITHOCTH He OyAyT 3aiuBaTh namyOy (KpoMe ciy4yaeB HaJM4YHMs T'apMOHHYECKOTO
pe30HaHCca KayKH), a BOJHBI MEHBIIEH JUIMHBI OyAyT 00JiafaTh BBICOTOW, MEHBLICH, YyeM
yIBOGHHAsI BBICOTA HAJBOJHOTO OOpTa Ha CIIOKOWHOH BOJE, YTO JeNIaeT pacCMOTpPEHHE
TaKUX CIly4aeB C TOYKU 3PEHHsI TEMbI JaHHOH cTaThu OeccMbicieHHBIM. [lo dopmyse (2)
JUISl paccMaTpuBaeMoil BOJIHBI MojydaeM x =6.5 M, o ¢opmyne (3) dI, = 455 m*, no
¢dbopmyne (4) dGM = 0.055M. To ecTh H3-32 BO3MOXKHOTO 3aJMBaHHs NHaTyOBl MPHU
paccMaTpHBaeMbIX MapaMeTpax BOJIHEHUS METALIEHTpUYECKas BBICOTA A AAHHOIO CyJaHa
IIPHU JaHHOW 3arpy3Ke MOKET YMEHBLIMTCS Ha 5,5 CM IO CPaBHEHUIO C METALIEHTPUYECKON
BBICOTOM Ha TUXOH BOJE € BepOATHOCTBIO 1,4%. IIpn HanW4YMM TEOPETHUECKOTO depTexka
CyJlHa MOYKHO HaWTH OpJUHATBl TOYEK IIEPECEUEHUs €ro ACHCTBYIOLIEH BATEPIMHUU HA
BOJIHE C TEOPETHYECKMMH BaTEepPIMHHUAMH B OKOHEUHOCTSAX KOpIyca U OIICHUTh
JIOTIOJTHUTENBHYIO TOTEPI0 OCTONYMBOCTH Ha BOJIHE HM3-3a pa3Baja OOPTOB IO METOMAHUKE,
W3TOXKEHHOM B [5], mocime dYero HalWTH MHHMMANbHO JOINYCTHMOE 3HA4YEHUE
METalEHTPUYECKOM BBICOTBI Ha TUXOH BOJE U1 paccMaTpUBAEMOIO CyJHAa IIPU AAHHOHU
3arpy3Ke B 3a/IaHHBIX YCIOBUSAX BOJHCHHUS.

3akaouenue

AHanm3 mpoOIeMBI «YUCTOM» TTOTEPH OCTOHYUBOCTH s cynoB Tuna OSV moka3biBaer,
YTO TPaAUIMOHHBIE TIOXO/BI K OIIEHKE 0€30MacHOCTH, OCHOBaHHBIE TOJIHKO HA JHarpaMmax
CTaTUYECKO OCTOWYMBOCTH, HEJIOCTATOYHBI. 3aJMBaHHWE MadyObl M y4YET BIMSHHS pa3Bana
OOpTOB Ha OCTOMYMBOCTH HA BOJIHE BHOCHT KOPEHHBIE N3MEHEHHS B JTMHAMHKY ITOBEICHUS
cynHa. C omHOW CTOpOHBI, CIIOH BOABI Ha MaayOe MOXKET BBICTYNATh B poiu aemidepa
KayKd, C Jpyroil — CoO3JaeT MOCTOSHHYIO Yrpo3y IIOTePH OCTOWYMBOCTH U3-32
BO3HHUKHOBEHHUS  JIOTIONIHUTENBHOTO  KPEHANIEro MOMEHTa ¥ CHIDKGHHS — 3amaca
BOCCTaHaBJIMBamoLlero MomeHrta. J{is obecneyeHus 0e30macHOil JKcIulyaTalMu CyJHa
«OLYMPIC INTERVENTION IV» HeoOx0auM KOMILIEKCHBIH ITOAXO0/I, BKIIOYAIOIIIHIA:

— Yyer crnenupUKHA apXUTEKTYpHl (HAIMYME NPOTKEHHOM HU3KOI
nanyObl) IPU Pa3HBIX BapHalMAX 3arPy3KH.

— Hcnonb3oBanne COBPEMEHHBIX METOJI0B MaTeMaTH4ecKOTro
MOJICTIMPOBAHMS,  YYUTHIBAIOUIMX  JUHAMHYECKOE  BO3/EiicTBHE  Ha
OCTOHYMBOCTH BO3MOKHOTO HaJIMYMsI BOJIbI Ha Maiyoe.

— TmaTtenpHbll aHaNM3 pPAa3pelICHHBIX JKCIUTYyaTallMOHHBIX pPEXHMOB,
0COOEHHO TIPH JIBMXKEHUH Ha MOy THOM BOJHEHHH.

TonpkO TMOHWMAaHWE CIIOKHBIX THAPOJUHAMUYECKHX IPOIECCOB, a HE CIEIOBaHHE
YCTapeBIINM YTPOIICHHBIM MPaBHIaM, CIIOCOOHO rapaHTHPOBATh OE30MACHOCTD IKHIAXKa 1
JOPOTOCTOSIIET0 00OPYIOBAaHHS B COBPEMEHHBIX MOPCKHX OTIEPAIHsX.

226



Hayunste npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

CIucoK JUTepaTypbl

1. International Code of Intact stability 2008. Fourth Edition. 2020 — URL:
https://deckofficer.ru/titul/resolutions/item/imo-international-code-on-intact-stability / (gaTa
obpamienus 11.05.2026).

2. MSC.1/Circular.1627 — Interim Guidelines on the Second Generation Intact Stability Criteria -
URL:https://www.crclass.org/wp-content/uploads/2023/10/2-6-MSC.1-Circ.1627-Interim-
Guidelines-On-The-Second-Generation-Intact-Stability-Criteria-Secretariat.pdf / (nata
obpamienus 11.05.2026).

3. MSC.1/Circ.1652 26 - Explanatory notes to the Interim Guidelines on the Second Generation
Intact Stability Criteria. - URL:
https://puc.overheid.nl/PUC/Handlers/DownloadDocument.ashx ?identifier=PUC_743708 14&v
ersienummer=1&type=pdf&ValChk=H CVidw_4r2094j145UvwQTEqBT3USaMkmeb1{KvwS5
gl / (mara obpamenus 11.05.2026).

4. KyreitnukoB M.A. O BO3MO>XHOCTH UHTETPALUN KPUTEPUEB OCTOHYMBOCTU BTOPOr0 IOKOJICHHUS
MO B cucteMy KOMILIEKCHOTO HOPMUPOBAHHUS MOPEXOTHOCTH. HayuHO-TeXHuYecKHii COOpHHUK
Poccuiickoro Mmopckoro peructpa cynoxoactsa. 2025;1(80): c. 64-74. EDN: EIPDXD.

5. Ocoxkun M.B., XBoctoB P.C. Crioco6 onpeneneHns MOMEHTa HHEPIMX BaTEPIMHUH IS OLCHKH
OCTOMYHMBOCTHU CyAHA Ha BonHeHnH / Peunoii Tparcnopt (XXI Bek). 2020. Ne 3 (95). C. 40-43.

References

1. International Code of Intact stability 2008. Fourth Edition. 2020 — URL.:
https://deckofficer.ru/titul/resolutions/item/imo-international-code-on-intact-stability / (data
obrashcheniya 11.05.2026).

2. MSC.1/Circular.1627 — Interim Guidelines on the Second Generation Intact Stability Criteria -
URL:https://www.crclass.org/wp-content/uploads/2023/10/2-6-MSC.1-Circ.1627-Interim-
Guidelines-On-The-Second-Generation-Intact-Stability-Criteria-Secretariat.pdf / (data
obrashcheniya 11.05.2026).

3. MSC.1/Circ.1652 26 - Explanatory notes to the Interim Guidelines on the Second Generation
Intact Stability Criteria. - URL:
https://puc.overheid.nl/PUC/Handlers/DownloadDocument.ashx ?identifier=PUC_743708 14&v
ersienummer=1&type=pdf&ValChk=H CVidw_4r2094j145UvwQTEqBT3USaMkmeb1{KvwS5
g1/ (data obrashcheniya 11.05.2026).

4. Kuteinikov M.A. O vozmozhnosti integratsii kriteriev ostoichivosti vtorogo pokolenija IMO v
sistemu kompleksnogo normirovanija morekhodnosti. Nauchno-tekhnicheskiy sbornik
Rossiyskogo morskogo registra sudokhodstva. 2025;1(80): p. 64-74. EDN: EIPDXD.

5. Osokin M. V., Zhukov M. V. Sposob opredelenija momenta inercii vaterlinii dlja ocenki
ostoichivosti sudn na volnenii / Rechnoi transport (XXI vek). 2020.No. 3 (95). p. 40-43.

NHO®OPMAIIUA Ob ABTOPAX / INFORMATION ABOUT THE AUTHORS

OcoxuH Muxanj BUKTOPOBMY, K.T.H., JOLEHT, Mikhail V. Osokin, Ph.D. in Engineering
noueHT Kadenpel CynoBoxaeHus u 6e3onacHoct  Science, Associate Professor of the Department
CyI0X07icTBa, Bomkckuil rocy1apcTBeHHBbIIH of Navigation, Volga State University of Water

yHHEBEpcUTeT BogHOTO TpaHcmopTay (PI'BOY BO  Transport, 5, Nesterov st, Nizhny Novgorod,
«BI'YBT»), 603951, r. Hixauii Horopon, yir. 603951
Hecrepoga, 5, e-mail: capmo@mail.ru

KyxoB Makcum BanepseBuu, acnupant kadenps Maxim V. Zhukov, graduate student of the
CynoBOXIeHHS 1 0€30MaCHOCTH CYJOXO/ICTBA, Department of Navigation , Volga State
Bomxckuil rocy1apcTBEHHBIH yHUBEPCUTET University of Water Transport, 5, Nesterov st,
BogHoro Tpancnopta (PI'bOY BO «BI'VYBT»), Nizhny Novgorod, 603951

603951, r. Hwxuuit Hosropon, yi. Hecteposa, 5, e-

mail: zhukoff.m2016@yandex.ru

CraTps mocTynuia B pegakiro 26.05.2026; mpunsaTa k myOnmkanuu 22.06.2026;
omy6mukoBaHa onnaitH 20.09.2026. Received 26.05.2026; published online 20.09.2026.

227


https://deckofficer.ru/titul/resolutions/item/imo-international-code-on-intact-stability%20/
https://www.crclass.org/wp-content/uploads/2023/10/2-6-MSC.1-Circ.1627-Interim-Guidelines-On-The-Second-Generation-Intact-Stability-Criteria-Secretariat.pdf
https://www.crclass.org/wp-content/uploads/2023/10/2-6-MSC.1-Circ.1627-Interim-Guidelines-On-The-Second-Generation-Intact-Stability-Criteria-Secretariat.pdf
https://puc.overheid.nl/PUC/Handlers/DownloadDocument.ashx?identifier=PUC_743708_14&versienummer=1&type=pdf&ValChk=H_CVidw_4r2094jI45UvwQTEqBT3USaMkmeb1fKvw5g1
https://puc.overheid.nl/PUC/Handlers/DownloadDocument.ashx?identifier=PUC_743708_14&versienummer=1&type=pdf&ValChk=H_CVidw_4r2094jI45UvwQTEqBT3USaMkmeb1fKvw5g1
https://puc.overheid.nl/PUC/Handlers/DownloadDocument.ashx?identifier=PUC_743708_14&versienummer=1&type=pdf&ValChk=H_CVidw_4r2094jI45UvwQTEqBT3USaMkmeb1fKvw5g1
https://elibrary.ru/EIPDXD
https://deckofficer.ru/titul/resolutions/item/imo-international-code-on-intact-stability%20/
https://www.crclass.org/wp-content/uploads/2023/10/2-6-MSC.1-Circ.1627-Interim-Guidelines-On-The-Second-Generation-Intact-Stability-Criteria-Secretariat.pdf
https://www.crclass.org/wp-content/uploads/2023/10/2-6-MSC.1-Circ.1627-Interim-Guidelines-On-The-Second-Generation-Intact-Stability-Criteria-Secretariat.pdf
https://puc.overheid.nl/PUC/Handlers/DownloadDocument.ashx?identifier=PUC_743708_14&versienummer=1&type=pdf&ValChk=H_CVidw_4r2094jI45UvwQTEqBT3USaMkmeb1fKvw5g1
https://puc.overheid.nl/PUC/Handlers/DownloadDocument.ashx?identifier=PUC_743708_14&versienummer=1&type=pdf&ValChk=H_CVidw_4r2094jI45UvwQTEqBT3USaMkmeb1fKvw5g1
https://puc.overheid.nl/PUC/Handlers/DownloadDocument.ashx?identifier=PUC_743708_14&versienummer=1&type=pdf&ValChk=H_CVidw_4r2094jI45UvwQTEqBT3USaMkmeb1fKvw5g1
https://elibrary.ru/EIPDXD

Hayunvte npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

V]IK 656.076
DOI: 10.37890/jwt.vi88.735

OnTumMn3anus onepaTUBHOIO MJIAHUPOBAHMS PadoThI (py1oTa €
npuMeHeHne UHPOPMAITMOHHBIX TEXHOJIOT Uil

B.B. ®upcos

ORCID: 0009-0006-3152-2743

I0.H. YpTr™MuHuesn

ORCID: 0009-0001-4534-4347

Bomiccxuii 2ocydapemeennviil yrugepcumem 6001020 mpancnopma, 2. Huoicnui Hoeeopoo,
Poccus

AHHoOTanmsl. B 1aHHOI cTaThe paccMaTpUBAaeTCs BO3MOXKHOCTb COKpALIEHHS PacxoloB U
MOBBIICHUST (P (PEKTHBHOCTH HCIHOJIB30BAHMSI CYJIOB IIyTEM OINTHMAaJbHONH PacCTaHOBKH
¢uyota ¢ HCIONB30BaHMEM MaTEMaTHYECKOW MOJENM M METOJOB ONTHMHU3anuu. [lpn
IUTaHUPOBAaHUM CIIEAYIOIEro peiica He Bceraa MMeeTcsl MOANMCAaHHBIM JOroBOp: chelKa
MOXXET HaXOAUTHCS Ha CTaJU{ MeperoBopoB. B pamMkax maHHOW paGOTHI IS IIIAHUPOBAHHS
peiicoB JOTrOBOpPHI OBUIH pa3feliCHbl HA «UUCTBIC» CHENKH U 3asABKH Ha IIEPEBO3KY.
OKOHOMHUKO-MaTeMaTHYeCKass MOJENIb II03BOJIUT MAaKCHMHU3HPOBATh NPHOBUI 3a CUET
ONTHUMH3ALUN PACCTaHOBKU (roTa W moadopa Hambojee BHITOJHBIX JOTOBOPOB — MpHU
YCIIOBHH, YTO MMEIOIIEECs: KOIMYECTBO CYJ0B CIIOCOOHO BBIMONHHUTH BCE «IHCTHIE) CHCIKH.
B pacuerax yumTHIBAaIOTCS YCIOBHS ITHX peiicoB, Takue Kak laycan, paGora moptoB B
BBIXOJHBIE JHH, HA4aJI0 CTAIMHHOTO BPeMeHH, paiioH paboTsl. Emie oxHOI oTnnunTensHOM
0COOCHHOCTBIO MOJIETH SIBISIETCS TO, YTO B 3asBKaX PacCMaTPUBACTCS] KOHKPETHBIH IPOEKT
CyIHa. DTO TMO3BOJIUT B CIIy4ae HEXBATKU BBIYHCIUTENBHBIX MOIIHOCTEH COKPATUTh 00BEeM
3amaun. [IpyrumMu cloBaMu, pacueT BeIeTCs He 10 BCeMy MPOLEecCy IEINKOM, a pa3buBaeTcs
Ha MOA3aJa4d — O0OpadaTHIBAIOTCS TONBKO 3asBKHM, OTHOCSIIMECS K OJHOMY MPOEKTY.
ITomuMO 3TOTO, B COBPEMEHHBIX YCIOBHAX HPUXOAMUTCS YUUTHIBATh CAHKIMOHHBIE PHCKU.
Hanudre cooTBETCTBYIOIINX OTPAaHWYEHMH MO CTpaHaM, HATOKUBIINM 3TH CaMble CAHKIINH,
MI03BOJIMT 0O0Jiee PEATHCTHYHO OLICHWBATH BO3MOYKHOCTH BBHINTOJHEHUS] KOHKPETHOTO peiica,
KOHKPETHBIM CyJTHOM.

KuroueBble cioBa: ontuMu3zanus padoTsl (1oTa, OrepaTUBHOE TIIAHUPOBAHUE, SKOHOMHUKO-
MaTeMaTH4IecKast MOJEIb, INIAHUPOBAaHNE PAOOTHI (IIoTa.
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Abstract. This article considers the possibility of reducing costs and increasing the
efficiency of vessel utilization through optimal fleet deployment using a mathematical model
and optimization methods. When planning the next voyage, a signed contract is not always
available; the deal may still be under negotiation. In this work, contracts for voyage planning
were divided into clean recap and transportation requests. The economic-mathematical model
aims to maximize profit by optimizing fleet deployment and selecting the most advantageous
contracts, provided that the available fleet can fulfill all clean recaps. The calculations
consider conditions such as laycan, port operations on weekends, commencement of laytime,
and the operating region. In addition, a distinctive feature is that requests are associated with
a specific vessel project, which allows reducing the problem size in case of limited computer
resources. In other words, the calculation is not performed for the entire process as a whole
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but is divided into sub-tasks, processing only requests related to a single project.
Furthermore, in today's environment, sanctions risks must be taken into account. The
existence of relevant restrictions for the countries that have imposed these sanctions will
allow for a more realistic assessment of the feasibility of a specific voyage by a specific
vessel.

Keywords: fleet operation optimization, operational planning, economic-mathematical
model, fleet work scheduling

BBenenue

OCHOBHOH IENBIO JTI000H KOMMEPYECKOW OpraHu3aliy SBISIETCS MOTyIeHNUE IPUOBLIH.
TpaHCTIOPTHBIE KOMIIAHHH, 3aHUMAIOLIMECS MEPEBO3KOI pasIMYHBIX BUIOB TIPY30B, B
OONBLINHCTBE CBOEM SBISIOTCS KOMMEPUYSCKUMH OpraHu3alusMH. Kak BceM H3BECTHO,
YBEJIMYHUTH IPUOBLIL MOKHO 32 CUET POCTa TOXOJ0B MM 32 CUET CHIDKEHUS PacX0/I0B.

CoBpeMeHHasi PKOHOMHKa XapaKTepu3yeTcss OOJIBIIUM CHPOCOM Ha TPaHCIOPTHBIE
YCJIyTu U HE MCHEC 3HAYUTCIbHBIM KOJIUYCCTBOM Hpe}lﬂO)KeHHﬁ IO NEPEBO3KE. Ha PBIHKE
CYHIECTBYET KOHKYPCHIMA HE TOJBKO MEXKIAY CYAOXOJHBIMHM KOMIIAHUSAMH, HO U MEKIY
TPAaHCIIOPTHBIMH OpraHu3anysIMH, 3aHUMAarOIIUMUCS nepeBo3K0171 Tpy30B ApYruMHU BHUIaMHU
TpaHcnopTa. [103TOMy yBEIMUYUTh MPUOBLIL 3a CYCT MOBBIINICHHUS CTABOK HAa IEPEBO3KY
HEBO3MOXKHO: 3TO NPHBEACT K IOTEpe KIHMCHTOB, a caMa CTaBKa ()paxTa «IUKTYeTCs»
PBIHKOM IIepeBO30K. B CBSI3M C 3THUM TPaHCIOPTHBIE KOMIIAHUHM CTPEMSTCS K COKPAILICHHIO
U3JIeP>KEK W IMOBBINICHHIO (G EKTHBHOCTH UCTIOIb30BaHHS TPAHCIIOPTA.

B mocnenHue ronmsl B YCIOBHAX LHM(PPOBU3ALMH MOPCKOIH OTpaciu HaOiroxaercs
pacTyIHii HHTEpeC KPYIHBIX CYJIO0XOHbIC KOMIIAHUH K BHEIPEHUIO METOJIOB ONTUMHU3ALUH
ONEpaTHBHOIO IUIAHUPOBaHUS paboThl (uota. OTO 00YCIOBICHO HEOOXOIUMOCTBIO
TIOBBIIICHUA 3(1)(beKTI/IBHOCTI/I HCIIOJIb30BaAHUA (bJ'IOTa, MHUHHUMHM3AIUN SKCILUTyaTallUOHHBIX
PacxoJi0B U YKPEIJICHUSI KOHKYPEHTHBIX ITO3ULUI CYJOXOIHBIX IPEIIPUATUN.

B nmansoif paboTe paccMaTpuBaeTCs BO3MOXHOCTb COKpAIlGHUS pPacXxoJoB H
TIOBBIIICHUA 3¢)¢)CKTI/IBHOCTI/I HCIIOJIb30BaHUsA CYJAOB B COBPEMCHHBIX YCJIOBUAX C YUCTOM
0COOEGHHOCTEH JOrOBOPOB Ha IEPEBO3KY — IIyTeM ONTHMAaJbHOH paccTaHOBKU (ota ¢
NpUMCHECHHEM MaTeMaTHYeCKOH MOJAENM W METOAOB onTuMmu3auuu. Llems paboTel —
NOBBILIEHHE 3(PEKTHBHOCTH OICPATUBHOIO IUIAHUPOBAHMSA PabOTHl (PJOTa C MOMOIIBIO
METOJIOB ONTUMH3ALIHH.

OcHoOBHBIE IOHSATHS H BHADLI INTAHUPOBAHUSA

[TnanupoBaHne BKIIIOYAET B ce0sl ONpeielieHne Leliel, pa3paboTKy cTpaTerHii U TaKTHK,
BBIJICJICHNE PECYPCOB, paclpeeieHue 3a/lad U CO3/1aHKe IUIAHOBBIX JOKyMeHTOB. Llenbio
IUIAHUPOBAHUS  SIBIISIETCSl  JIOCTHDKEHHE  ONPEJICNICHHBIX — pPe3yJbTaToB, oOecredeHune
3 QEKTUBHOTO HCIOJIB30BAHUSI PECYPCOB M CHIKEHHME HEONPENIeICHHOCTH B Mpolecce
paboThI.

OnepaTuBHOE IUTAHUPOBAHHWE TPEACTABIsAEeT Cco00ON  Oonee  KOHKPETHYIO H
KpPaTKOCPOUHYH0 (HOpMY IJIAHUPOBAHMUSI, KOTOPasi OPHEHTHPOBAHA HA JOCTH)KEHHE TEKYIIHX
neneit m 3amad. OHO BKJIIOYaeT B ceOs KOHKPETHBIE HEHCTBUS M MEPOIPUATHS,
HalpaBJeHHbIE Ha BBINOJHEHHE CTPATETHYECKUX IUIAHOB M JIOCTIDKEHHE OIPEIeTIeHHBIX
pe3yIBTaTOB B OIIMKaUIIIEM OyayIIeM.

DKOHOMHKO-MaTeMaTHUeCKHe MOJEIM W METOJIbl ONTHUMAJIBHOIO ONEPaTHBHOTO
IUIAHUPOBAHUS HCIIOJIB3YIOTCS Ul TOBBIMIEHHS TOYHOCTH M 3((EKTHBHOCTH Ipolecca
wiaHupoBaHusi. OHHM TTO3BOJIAIOT TPOTHO3MPOBATh OyAyIlINe COOBITHS, ONTUMH3HPOBAThH
pacrpezielieHie pecypcoB M IMPUHHUMAaTh 3KOHOMHYECKH OOOCHOBAaHHBIC pEILICHUS. OTH
MOACIM W METOJbl OCHOBBIBAIOTCA HAa MATCMATUYCCKHUX aJropuTMax, CTATUCTUYCCKUX
METOoaAaxX U SKOHOMHUYECKOMN TCOPUH.

HpI/IMeHeHI/Ie 3KOHOMHKO-MAaTEMAaTHYCCKUX MO}leHeﬁ U MCTOJO0B OITHUMAJIBHOI'O
OIICPATUBHOT'O IINIAHUPOBAHUA II03BOJIACT KOMIIAHUAM IPUHHUMATh PCIICHHUA Ha OCHOBEC
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aHamM3a MJAaHHBIX W yd4era pa3nndyHbiXx (akropoB. OHH MOMOTAIOT ONTHMH3UPOBATH
HCTIONB30BaHUE PECYpPCOB, MHHUMH3HPOBATH W3ICPKKH W YIYYIIATh PEe3yJBTaThI
JeSITeTbHOCTA KOMITAHUH.

Takum o00pa3oM, SKOHOMHKO-MATEMATHYECKHE MOJETN M METOIBl ONTHMAIEHOTO
ONEPAaTUBHOTO IUIAHUPOBAHUS WIPAIOT BaXHYI POJb B IMpolecce IIaHUPOBAHU
JeSITeIPHOCTA KOMIIAHHM, MOMOTasi UM IPUHUMATh OOOCHOBAHHBIC PEIICHUS U JTOCTUTATh
MIOCTABJICHHBIX IEJICH.

[Ipouecc mnanupoBanus [1] B opraHu3anuy HAUMHAETCSA C YETKOI'O MOHUMAHUS TOTO,
YTO HEOOXOAMMO JenaTh Juid e¢ A()(EKTUBHOTO Pa3BUTHS W (YHKIIMOHHPOBAHUI. YCIex
JF00O0T0 MJIaHa 3aBUCHUT OT:

— KadecTBa IIETETIONIaraHns B KIIOYEBBIX BONPOCAX Pa3BUTHSA OpPTaHU3AIlMd — Ha
OCHOBE aHaJN3a ¢ MPOILIOro, HACTOAMIETO U OyIyImero, a Takke CIIoCOOHOCTH
OTIepPaTUBHO PEarnpOBaTh HA N3MEHEHUS BHEITHEH CPEbl;

— KadecTBa IPEIBAPUTEIBFHOTO aHAJIHM3a AEATSIFHOCTH OpPTaHW3AIlNH, BKIIOYAs ee
[CHOBYIO TIOJINTHKY, COCTOSHHWE pBIHKA, ICHCTBUS KOHKYPEHTOB, JIOTHUCTHKY
TOBapOJIBMXKEHHS U APYTHe 3HAYMMBbIE (pakTOpBI;

— KOPPEKTHO# OIICHKH KOHKYPEHTOCIIOCOOHOCTH OpraHHU3allny;

— BbIOOpAa W YCHCHIHOW peaiu3allid CTPATerMd Pa3BUTHs, CIIOCOOCTBYIOIICH
MOBBIIICHHIO KOHKYPEHTOCITIOCOOHOCTH OpPTraHU3aIHH.

B CyAOXOAHBIX KOMITIAHUAX IMMPUMEHAIOTCA CICAYIOMINUE BHU/bI INIAHUPOBAHUA: TOJOBOC,
MECSIYHOE U peiicoBoeE.

I'onoBoe m1anupoBaHue

lomoBoe TUTaHWpOBaHWE HANPAMYKO CBS3aHO C OromkeTHpoBaHmeM. Kaxmas
OpraHu3aIys, He3aBUCHMO OT pa3Mepa, INIAaHUPYET W OLCHUBACT (PMHAHCOBBIC PE3yNBTAThI
CBOCH JEATEIbHOCTH.

Bromker opraEm3anmgu  — 3TO KaJCHOAPHBIA IUIAH JOXOIOB W PacXoJOB,
c(hOpMYyITHPOBAHHBIA B CTOMMOCTHBIX M KOJWYECTBEHHBIX BenumumHax. OH CIYKUT
WHCTPYMEHTOM MPHUHATUS PEIICHUH, TUIAHUPOBAHMS U KOHTPOJIS B TpoOIlecce yMpaBiIeHHs
NESITEJIPHOCTEI0O KOMITAHUH. BIO/DKET COCTAaBJISACTCS B HATYPAIbHOM H/WIH JCHEKHOM
BBIPOKEHUU M OMpelnesieT MNOTPeOHOCTh KOMIIAHWM B pecypcax, HEOOXOIMMBIX st
MIOJIyYEHHUS TPOTHO3UPYEMBIX JI0XOJIOB.

BromxeTupoBaHne Kak HEOThEMIIEMAst YaCTh YNPABICHUECKOTO ydeTa MPUMEHSETCS TSt
MIPOTHO3UPOBaHUS (PMHAHCOBOTO PE3yJIbTaTa KOMITAHUH, aHAIIN3a TUIAHOBBIX M (PAKTHIECKHUX
M0Ka3aTesel ¢ yueToM OTKIOHEHUH.

OcHOBHBIMU OOKETHRIME (hopMamul sBIsIOTCS: bromxker noxomos u pacxonos (BJIP)
u bromxer nemxkenns aeHexXHBIX cpeacts (BJ/IC). C ux moMOIIBI0 PYyKOBOJUTEIb MOKET
CIUTAaHUPOBATh pa3Mep MPUOBLTH TpeAnpuaTus U 3pdekTuBHO pacrpenenuTh GHUHAHCOBEIC
MOTOKH [2].

BJIP — sT0 ximoueBoil OroKeT, KOTOPBIA co3maercs Ha Oyaymmid roj (KBapTai) C
LEJIBI0 TUIAHUPOBAHUS M YIPABJICHUS TOXOJAMH, PACXOJaMH U MPHOBLIBIO MPEAPHUSITHS.
ExemecsiuHO  (MHAHCOBBI ~ JAUPEKTOP  KOHTPOJMPYET  WCIOJHEHUE  OIOJKETHBIX
00513aTe/IbCTB, CpPaBHHMBAs IUIAHOBBIC MaHHbIC ¢ (akTuuecKuMH. ECIH OTKIOHEHHS OT
IJIAHOBBIX CYyMM CYIIECTBEHHBIE, OI0/DKET MOJIJIEKUT KOPPEKTUPOBKE.

BJJAC (6romkeT IBMXKEHHS JEHEXKHBIX CPEICTB) CIYXHUT U1 paclpeneieHus
(PMHAHCOBBIX IMOTOKOB 10 MECTaM XPaHEHHS JICHEKHBIX CPeICTB (0aHKOBCKUE CUETA, KACCHI
u 1p.). Lems cocraBieHus: 3Toro OrOJpKETa SBISETCS yIPaBICHUE IUIATEKECIOCOOHOCTHIO
KOMIIAHWM, a4 MMEHHO HEJOIYyIIeHWe BO3HMKHOBEHMS KAaCCOBBIX pPa3pblBOB U
MIPEeIOTBPALLEHIE HAKOIIJICHHS! IEHEKHBIX CPEJICTB.

BJJIC MoXeT COCTaBIATBCSA HA TOJ WM IOJIYTOAUE, HO ¢ 00sI3aTeIbHON pa3OMBKOM O
mecsuaM. bJI/IC, cocTaBieHHbIH Ha MecsIl U pa30UTHIH 110 JHSAM, 3a4acTyI0 UCIIOIb3YeTCs B
kadecTBe «IlmaTexxHOTO KaneHaaps».
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MecsiuHOE IJIAHUPOBAHUE

OcHOBHasi 3ajadya MECSIYHOIO IUIAHHPOBAaHMS — YTOYHEHHE TOMOBOrO IUIAHA H
obecrieyeHHe €ro BBITOJIHCHHS. MOXXKHO CYHMTATh, YTO MECSYHOE IUIAHUPOBAaHUE — 3TO
OlepaTHBHOE IUIAHUPOBAHUE, KOHKPETH3UPYIOIEee rOA0BbIC 3aJaHHsl HA MECSYHBINH MEepHOI
[3].

B Hem yxe Oojee neTaqbHO PACIUCHIBAIOTCS BCe dJIeMEHTHL. [10CKONBKY MecsS4HBII
IUIaH TaK)Xe CBsI3aH C OIOJUKETHPOBAHHMEM, B HEM TaK e HCHoib3ytoTcs ¢opmbel B/IP u
BAAC.

B CynmoXoImHpIX KOMHIAHUSIX B MECSYHOM IUIaHE pPaboTHl (1oTa y)kKe MPOUCXOIHT
NpUBSI3Ka K KOHKPETHOMY CYJHY, @ HE K THIy CyAHa, Kak B rogoBoM. boiiee neranpHO
pacmucBIBaeTCsl caM peiic: KOJMYeCTBO INIAaHUPYEMOTO Tpy3a, CTaBKa ¢paxta (¢ Oompieit
TOYHOCTEIO), TOPTHI IOTPY3KU U BBITPY3KH.

PeiicoBoe miiaHupoBaHue

PeiicoBoe IulaHMpOBaHME, TaK € KaK M MECAYHOE, SBISIETCS ONEPaTHBHBIM
IUIAHUPOBAHMWEM U BKJIIOYAET B ceOs ACTANbHBIN IUIaH KOHKPETHOTO peiica. OCHOBHOE ero
OTJIIMYHE OT MECSYHOTO 3aKITI0YAETCA B TOM, YTO JAHHBIH IUIAH €Ile KOHKPETHEE ONMCHIBACT
paboTy KOHKPETHOTO CyJJHA B JAHHOM peiice.

ITox peiicoM B TaHHOM Cllyyae MOApa3yMeBaeTCs TPAHCIOPTHO-TEXHOJOTHUECKUH UK
paboThI CyHA — OT MOMEHTA MOJHOTO (B CiIy4ae HECKOJIBKUX MOPTOB BHIIPY3KH) OKOHYAHHS
BBITPY3KH O MOMEHTA TTOJIHOTO OKOHYAaHHUS CIIEAYIOIIEH BRITPY3KH.

IIpu coctaBieHHe PeHCOBOro IUIaHA YYUTHIBAIOTCA BCE YCIIOBHS JIOTOBODPA, TaKHe Kak
paboTa B BBIXOJIHBIC AHH, KOHKPETHOE HANMEHOBAHHUE TPY3a, HOPMBI TIOTPY3HU U BHITPY3KH.
Taxoke MIaHUPYeTCst KOINYECTBO IPy3a, KOTOpoe OYAET MOrpy>KEeHO B TaHHOM peiice.

CoBeplIeHCTBOBAHME ONIEPATHBHOIO IVIAHUPOBAHUS PadoThI (pi1oTa

B kauecTBe HampaBICHHII COBEpIICHCTBOBAHHS ONEPATHBHOTO IUIAHHPOBAHHS PabOTHI
¢noTa [4] MOKHO BBIICIUTH CIIEAYIOIINE KPYITHBIC OJOKH:
— ONTUMAJIBHOE PeiCOBOE HOPMUPOBAHUE;
— HEeNpephIBHOE IJIaHUPOBaHUE paboThl (IoTa;
— aBTOMATH3allMs pacyera ONepaTUBHBIX IUIAHOB paboThl (ioTa.

OnTumMalibHOe peiicoBoe HOpMUPOBaHHe

HopmupoBaHue BpeMeHH CIIE[OBAaHUS — 3TO MPOLECC YNpPaBICHUS, 3aaueii KOTOpOro
SIBJSIETCSL  ONpE/IeNIeHHe CKOPOCTeH [JBIDKCHUS] CYAOB TPH 33/laHHBIX HalpaBJeHUH
HEepPeBO30K, YCIOBHAX IUIABAHMS U IapaMerpax CcyJgHa. TpaguMIMOHHO 3TOT Mpolecc
OCYIIECTBIISICTCS. BHE TPOIECCOB ONEPATUBHOIO ympariieHHs. 1103ToOMy HOpMBI BpeMEHH
CJICIOBaHUS PACCUMTHIBAIOTCS MCXOMS W3 HEKOTOPBIX CPEIHUX IapaMeTpoOB TPAHCIIOPTHOTO
nporecca.

3TO 03HAYaeT, BO-TIEPBBIX, HEJOCTATOYHYIO TOYHOCTH CaMHX HOPM, a BO-BTODBIX,
OTCYTCTBHE KaKOW-JIMOO ONTHMHU3AIMU CaMOM 3HAYMMOM YacTH KCIUTyaTallMOHHBIX 3aTpaT
— 3aTpar Ha TOIUIMBO.

OmHuM 13 crnocoOoB moBbIIIeHHsT d(dekTHBHOCTH paboThl  (iaoTa  sBisieTCS
peryJjupoBaHHe CKOPOCTH JBKXKEHHS CYIOB C YYETOM CKIIQJIBIBAIOIICHCS OMNEepaTUBHOM
00CTaHOBKH B MOpTax (TOTOBHOCTH I'Py3a, TOTOBHOCTH MPHUYAJIOB H JP.).

OnmHUM W3 HanpaBlICHHH COBEPIIECHCTBOBAHHS OIEPATHBHOTO YIPABIICHHS SBIISIETCS
00beIMHEHNE TPOLIECCOB HOPMHUPOBAHUSI U PEHCOBOTO IUIAHWPOBAHUS B €IMHBIN MpoIiecc
ONITHMAJIEHOTO PEHCOBOTO IIAHMPOBAHMS, OCYIIECTBISIEMBIN Ha 0a3e CreluaaIn3upOBaHHON
KOMITBIOTEPHOW CHCTEMBI.
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HenpepsiBHoe miiaHupoBanue padoTsl ¢pora

OCHOBHOW apryMeHT i TPHHATHS HENpPEpHIBHOTO IUIAaHUpPOBaHUS [4] sBiseTcs
TIOBBIIICHUE aIeKBaTHOCTH TUIAHUPOBAaHMA. MaKCHMAallbHO aJeKBaTHBIM IUIAH JOJDKEH OBITh
KaJCHOApHBIM H OINEpUPOBaTh KOHKPETHBIMH CyJaMH MM TpYyNIaMH CyIOB Ha
HalpaBJCHUSAX IIEPEBO30K, a TaKKe OINMCHIBATH pPaboOTy BCEX CYJOB B TEYEHHE
MIPOM3BOJICTBEHHOT'O NEPUOAA. DTO MO3BOJIUT MOTY4aTh SPPEKT OT IPUHUMAEMBIX PEIICHUN
3a paMKaMH AeKaabl. HermpepbIBHOE IUIaHUPOBAHHUE SIBISIETCS] OCOOBIM BHUIOM OIIEPATHBHOTO
TUTAHUPOBAHUSI.

J171st IOBBILIIEHUS! 4IeKBATHOCTH TPEOYETCsl TaKKe YUeT:

— BJIMSTHMS TEKYILUX ITyTEBBIX YCIOBHH Ha JBHKEHHE CY/IOB;
— IMHAMHUKH TPAHCIIOPTHOTO TIPOIIECCa.

Jns omumcaHWs CIIOKHOW JMHAMHYECKOW CHCTEMBI MPHUMEHSIOTCS WMHUTALHOHHBIC
mozenn. B 1970-x u 1980-x rogax mpoBOIMINCH MOMBITKA MIPAMEHEHHS TaKUX MOJeNeil Ha
peYHOM  TpaAHCIOPTE, OJHAKO OHH HE YBEHYAINCh YCIHEXOM W3-3a  HHU3KOH
TIPOU3BOTUTECIHFHOCTH BEIYUCIUTEIFHBIX MAaIlliH. B COBpEMEHHBIX yCIOBUSIX BO3MOXKHOCTH
I/IH(bopMaL[I/IOHHI)IX TEXHOJIOTUI JOCTAaTOYHbI JJIsA MOACJIMPOBaHUA HHHaMH‘IeCKOﬁ
TPaHCIIOPTHOM CHCTEMBI B OIIEPATUBHOM PEXHME.

MoxHO BBIJICIIUTH 5 IMPUHIUIIOB, KOTOPBLIM JOJIKHA COOTBETCTBOBATH COBPCMCHHAs
KOHIIETIIIUS HEIIPEPBIBHOTO INTAHUPOBAHUA [5]:

1) maHupoBaHue OCyHIECTRIAECTCS B (opMe KaJeHIapHOro rpaduka paboTsl ¢uiora
MIEPCOHAIIBHO M0 KKAOMY CyJIHY;

2) MeToA pacyeTa IU1aHa padoTHI (hI0Ta He 3aBUCHUT OT TOPU3OHTA ITIAHUPOBAHMUS,

3) oOHOBJIEHHE IUTaHA OCYIICCTBISICTCS TMpH JIFOOOM  3HAYHNMOM  W3MCHCHUH
AKCIUTyaTAaIHOHHONH 00CTAHOBKH IT0 CPABHEHHIO C TIPOTHO3AMU;

4) pa3zpaboTka IUIaHa MOXET OBITH MPOBEICHA [UIA IIPOW3BOJBHOTO TOPHU30HTA
TUTAHUPOBAHNS,

5) pazpaboTka IUTaHA OCYIIECTBISCTCS C YYETOM ONTHMAlbHOTO HOPMHPOBAaHUS
XO/IOBOH OIepalyy NepCcoHaNbHbIX PEHCO000POTOB.

Jnst pa3pabOTKM METOAa pacueTa HENpPEephIBHOIO IUIaHa, OCHOBAHHOTO Ha OTHX
MPUHIXIAX, HEOOXO0JANMO PEIIUTh CIEIYIOINE TPOOIEeMbI:

1) TpebyeTca TOCTpOCHHE AaBTOMATH3MPOBAHHON MMUTAIIMOHHOM MoOJeNn paboTsI
¢iota, He TpeOyroLIel aNIropUTMHYECKOH ePECTPONKHY IIPU U3MEHEHNH NTapaMeTpPOB;

2) HeobxomMa pa3paboTKa IBPUCTHUECKOTO aJrOpUTMa KAJICHJAPHOTO MJIaHUPOBAHMSI,
HCTIONB3YIOMIETO  METOJ  ONTHMAaJIbHOTO HOPMHPOBAaHUS W  aBTOMAaTH3UPOBAHHYIO
HMUTAIHOHHYIO MOJIEITb.

ABTOMATH3AIUsI pacyeTa ONepaTHBHBIX IIAHOB PadoTshl (ioTa

ABTOMaTH3aIlMs pacdyeTa OIEPATHBHBIX IUIAHOB SBISETCS YIPOIIEHHOH Bepcuein
HETPEPEIBHOTO TUIaHKPOBaHUsA. OCHOBHOE OTJIMYHE 3aKITF0YAeTCs B TOM, UTO HE BCE TaHHBIC
3aHOCSATCS aBTOMATHYECKH, KaK P HEMPEPHIBHOM IUTAHUPOBAHMH, a TIepecyeT MPOUCXOIUT
TOJIBKO TTOCJIE HAXATUS COTPYIHUKOM COOTBETCTBYIOIIEH KHOTIKH.

JUis  peanm3anMM  HENPEPHIBHOIO IIJIAHMPOBAaHHMS M aBTOMAaTH3allMM  pacdera
OTEPATUBHBIX IUIAHOB HEOOXOAWMO COCTAaBUTh 3KOHOMHKO-MaTEeMaTHUECKYI0 MOIEIb
paboTel  uota.  DKOHOMHKO-MaTeMaTW4yeckKas  MOJENIb  NPEACTaBIsieT  COOOM
MaTeMaTHYeCKOe OINMCAHWE SKOHOMHYECKOTO MpoIlecca WM 00beKTa (B HalleM Cilydae —
TPAHCHOPTHOTO MPOLECCA), BEITOJIHEHHOE B LIENAX UX UCCIEJOBAHUS U YIIPABIICHMUSL.

CymectByer psj paboT, KOTOpble B TOM WIM MHOW CTENEHM OMNMCBHIBAIOT IPOIIECC
IUIAaHUpOBaHusl paboTel ¢uiota. ABTOpamu Takux padot seistrorcs: Llupses E. B. [6],
Pazxusun U.H., 3axapos B. H. [7], Ilnatos }0.U. [8], [TnatoB A.IO. [9], Kopse B.1O. [10]
n apyrue. OgHako WX pabOTHl Tak M HE NONYYMIM NPAKTUYECKOH peann3aluu Mo
pa3nu4HbIM npuduHaM. OCHOBHAS MPUYMHA — OTCYTCTBUE JJOCTATOYHOIO YPOBHS Pa3BUTHUS
MHPOPMAMOHHBIX TEXHOJOTHMH Ha TOT MOMEHT. IlomMmmo 3TOro, OOMBIIMHCTBO paboT
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paccMaTpHBalOT BONPOC B MEPUOJ IIAHOBOH SKOHOMHUKH U C MEPEXOJOM K PBIHOYHBIM
OTHOIIEHUAM HE MOTYT OBbITh NPHMEHEHBl K CYIIECTBYIOUIEH CHCTEME IUIAHMPOBaHHMS
paboThl ¢uroTa U3-3a HEONPEACICHHOCTH B 00BbeMax IepeBO30K U MOTpeOHOCTH BO duiote. B
pe3ynbTaTe paboTa CyZOXOIHBIX KOMIAHUH ObllIa IEPEOPHEHTHPOBAHA Ha HOBBIC yCIOBUS,
YTO MOTPeOOBAJIO COCPEIOTOYNTH BHUMAHUE Ha MTOUCKE IPYy30BIIa/ieNbleB ((ppaxToBaTenei),
obecrieueHnH KayecTBa MEPEBO30K, BBIMOJIHEHHH JOTOBOPHBIX 00s3aTENbCTB, a TAaKXKe Ha
TMOKOCTH B DKOHOMHYECKHX U TEXHOJOTMYECKHX acrekTax. KommaHuu cranm cTpeMUThCs
CHHM3HTh Ce0ECTOMMOCTD IEPEeBO30K M MUHMMHU3UpOBaTh npoctou ¢uorta. [Ipu aTom peiic
CyJlHa CTaJl OCHOBHBIM ITPOM3BOICTBEHHBIM I[UKJIOM.

K Gonee coBpeMEHHBIM MOJIENISIM MOYKHO OTHECTH:

— YKOHOMHKO-MaTeMaTHIeCKasi MOJIENb OTIEPATHBHOTO INITAHWPOBAHUS PaOOTHI
(oTa;

— MOZIeTb BbIOOpa PEWCOBBIX HA3HAUYEHWH M aJalTalii CYIIECTBYIOIIHX
aNrOPUTMOB ONTHMM3ALUM DPEKUMA JBIKEHUS B paMKaX METOJUKH
HETPEPBIBHOTO PETYINPOBAHHUS.

IepBas mozens [11] mo3BosAeT NPOU3BECTH ONTUMAIBHYIO PACCTAHOBKY ()JI0Ta, HO HE
YUUTBIBACT YCJOBUS JIOTOBOpAa Ha INEPEBO3KY M MOJXOIUT IS CIydaeB, KOIJa 3apaHee
M3BECTHO, YTO MMEIOIIHUiics (IIOT MOXKET BBIIOJHHUTH BCE pelchl. VIHBIMH CllOBaMH, OHa
paccMarpuBaeT TOJBKO YK€ 3aKIIOYEHHBIE C (paxToBaTEIsIMU JOTOBOPHl M HUKAaK HE
YUUTBIBACT CUTYAIlUH, KOTJa HEOOXOIUMO BBIOpATh, KAKYyIO CHEIKY BBITOJIHEE 3aKITIOUUTh.
ITomumo sTorOo, B Mozaenu He ydreHa crnenuduka npoekra cyaoB. Kpome toro, maHHas
3a7a4a OOJIbINE TTOAXOAUT ISl PEYHBIX EPEBO30K, OCKOIBKY HE YIUTHIBACT 0COOCHHOCTEH
MOPCKHX TI€PEBO30K — HallpHMep, MOPTOBBIX M KaHAJIbHBIX COOpPOB, BPEMEHH OXKHAAHHSA
MPOXO0KJEHHS IPOIUBOB.

Bropas monens [10] opueHTHpOBaHA HA MEPEBO3KM TAHKEPHBIM (DIIOTOM W YUHTHIBACT
HEKOTOpbIe X 0coOeHHOCTH. OHAKO B HEH HE YUTCHBI YCIOBHS JOTOBOPOB Ha IEPEBO3KY,
TakHe Kak PeXruM pabOThl B BBIXOJAHBIC THH, HAYalIO CTAJMHHOTO BPEMEHH, a TAaKXKe He
YUTEHBI CAHKIIMOHHBIE OTPAHWYEHUS, BOIIPOC KOTOPBIX CTaJ OYEHb aKTyasleH B IOCIeIHee
Bpemsi. Tarke ocTaeTcsi HESCHBIM, KaK OLEHUBATh A(P(PEKTUBHOCTh pabOThl B CHTYyallUH,
KOI'JIa OZHO CYJHO BBIIOJIHSET JJIMHHBIN pelc, pyroi — KOPOTKUM, & TPETUI HAXOJUTCS Ha
mpocTtoe 0e3 peiica: 3aTpadnBaeMoe BpeMsS Ha 3TH PEHCHl CYNIECTBEHHO pa3iIndaeTcs.
Kpome Toro, maHHBIH NOAXOX MHPUMEHHM TOJBKO JUISI AaHANM3a YK€ 3aKII0YEHHBIX
JIOTOBOPOB U HE IpeAyCcMaTpHBaeT BHIOOpa HanOojee BRITOJHBIX CIENOK U3 MOTEHIIMAIBHO
BO3MOXXHBIX BapHaHTOB. OrpaHnueHHs 10 OYHKEpOBKE OOJIbIIE MOIXOIAT AJISI HEOOIBIINX
peiicoB U HE yUUTHIBAIOT BMECTHMOCTh CaMHUX TOIJIMBHBIX TaHKOB Ka)IOT0 KOHKPETHOIO
CylHa B JaHHBIH MOMEHT, TaK KaK IpU MJIUTEIbHBIX MOPCKUX IEPEX0JaX BO3ZHUKAIOT
CUTyallMM JIOTIOJHUTEIbHOHW, TOBTOPDHOH OYHKEpOBKM BO BpeMsl peiica B HesIx
ONTUMU3ALNY U MUHUMH3ALHUN PACXOA0B Ha TOILUIUBO.

JKOHOMHKO-MaTeMaTHYeCKoe ONMCcaHNe Pa3padoTKH ABTOMATH3ALUH ONEPATHBHOIO
IUVIAHUPOBaHUs PadoThl JI0TA

B pesynbraTe aHanmza CyHIeCTBYIOIIMX MOJENEH B paMKax JaHHOM paboThI
paspaborana ciemyromas Moeab. DKOHOMHKO-MAaTEMaTHIeCKOE OIMCAHNE aBTOMATH3ALNH
ONEpaTHBHOIO  IUIAaHUPOBaHWS  paboThl  (¢uioTa paccMaTpuBaeT CHUTYalUIO  IIpH
IUIAHUPOBAHMHU pEICOB, CIeQyIOIMX Iocie 3aBepuieHust Tekymero. Ilox peiicom Oynem
MTOHNMATh TPAHCHOPTHO-TEXHOJIOTHUECKUI UK paboThl CyAHA — OT MOMEHTa ITOJIHOTO (B
CIy4ae HECKOJIBKHX IOPTOB BBITPY3KH) OKOHYAHHUS BBITPY3KH IO MOMEHTa IIOJHOTO
OKOHYAHHUSA CIIeAyIOmeH BHITpY3KH. llpn IIaHMpOBaHWM CIEXyIOIIETO peiica He Bceraa
UMeeTcsl TOANMCAHHBIA JJOTOBOP: CHENKa MOXKET HaXOIWTHCS Ha CTaJHNU IEepPeroBopoB. B
pamMKax JaHHOM 3agadd Ui IUTAHWPOBAHUS PEMCOB IOTOBOPHI PA3NENUM Ha «UHCTHIC
CHETIKM» U 3asIBKH HA TIEPEBO3KY.
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«Uncras caenmka» — 3TO yXKe CyIIECTBYIOLIMN JOTOBOp Ha mepeBo3Ky (charter party, B
nampHelimieM — CP), To ecTh 00e KOMIIAaHWHM ITOATBEPXKAAIOT 3aKIIOYCHHE JOTOBOpa C
MIPONMCAHHBIMHA YCIOBHAMH M OepyT Ha ceOsi 00s3aTenbCTBA MX BBINOJIHHUTH. BakHO
orMeTuTh, uTo He Bce CP odopmisiioTcs Ha OJHYy KOHKPETHYIO IEpeBO3Ky. B cimyuae
HaJIM4usl OOJBIION MAapTUU TIpy3a IS NEpPeBO3KM HEOOXOMUMO 3apaHee pa3OMTh JaHHBIN
JIOTOBOp Ha OTJEJbHBIC 3as1BKH. Ha IpakTHke B TaKuX JIOTOBOPAx, Kak MpaBHUJIO, BCE PaBHO
OroBapuBaIOTCs MEXIy (paxToBaTelIeM MW CyIOBJIAJeNblieM IEpUOJ] IOJauu CyaHa H
KOJIMYECTBO Tpy3a. DTO HEOOXOAMMO, IOCKOJBbKY B JIIOOOM cilydae TpeOyercs 3apaHee
MIOJIrOTOBUTH MAPTHIO I'Py3a K OTIPaBKe, a IIOKyIaTeNb Ipy3a He Bcerja HaiiieH Ha MOMEHT
3aKJIFOYEHHUS I0TOBOPA.

[on 3asBKO# OyneM MOHMMATh BCE CAETKH, HAXOAAIINECS Ha CTAAWU IEeperoBopoB. B
JAaHHOM Cilydae y KOMIAHHI eIe HEeT o00s3aTesNbCTB APYr Iepel IpyroM, HO 3TO
noreHIManpHbIe CP, He yIUTHIBaTh KOTOPHIE OBIIIO OBI HelerecooOpasHo.

Wtak, mociae BBENCHHS HOBBIX IIOHATHH HEOOXOAMMO pa3o0paTb, Kak HMH
nosb3oBatkcsi. CP — 3T0 cpenku, KoTopble HEOOXOAMMO 00SA3aTEIBHO BBINOJIHNUTH. 3asiBKA
XKe He 00s3aTeNbHbI JUIS BBIITOJIHEHHS, U, COOTBETCTBEHHO, HEOOXOIMMO BEIOpaTh Hanboiee
MOJXO/SIIITHE, TO €CTh HauboJiee BBITOIHbIE.

Ecnu ¢ CP MOHO HpPOCTO YIIPaBNIATh PACCTAHOBKOW (10T, TO C 3asBKaMH, IOMHUMO
ONTHMHU3AIIMM PACCTAHOBKH (JIOTa, HEOOXOAMMO BBHIOpaTh HambOosiee NPUOBLIbHBIC
BapuanTel. [l onpeneneHus Oojee BHITOAHOW CHENKM OylneM ONMparbCs Ha
taiiM-uaprepHsblii skBuBaieHT (Time Charter Equivalent, TCE).

B Hacrosimee BpeMsi M3-3a yCIOXKHHUBILIEHCS] MONMUTHYECKOW CHUTyallMd IPaBHTEIBCTBA
cTpaH 3amaja BBENIHM CAHKIMHM B OTHOIICHWH Poccuu. DTH OrpaHWYEHHs CYIIECTBEHHO
BIMSIOT Ha IUIAHUpOBaHKE paboThl (10Ta M TPEOYIOT OT CYAOXOJHBIX KOMIAHUH B LIEJIOM 1
OTIEPaTOPOB B YACTHOCTH BHICOKOH TMOKOCTH M aJanTUBHOCTH. OCHOBHBIMH MCTOYHHUKAMHU
CaHKIIMOHHBIX OTpaHuYeHu BricTynarT: Bemkoopurtarus (UK), EBporeiickmii coro3 (EU)
n Coemmuennsie Iltater Amepuxu (OFAC). Ilpu stom caskumm CIIIA oka3bBaroT
HauOoublIee BO3JACHCTBHE, IIO3TOMY IIpU IUIAHMPOBaHWUHM paboThl (uioTa HEOOXOAUMO
YUUTBIBATh UX BIMSHHUE B 3aBUCHMOCTH OT THIIA OrpaHHYeHuil. Ecin caHKiuy HajgoKeHbI Ha
caMy KOMIIaHHMIO, BCE €€ CyJa IOJIy4aroT COOTBETCTBYIOIIYyIO MOMeTKy. IIpu mpoBepke
CyJHa aHAJIM3UPYIOTCS JAaHHBIE: DPErHCTPALMOHHOTO CY/OBIAJIENbIA; KOMMEPYECKOTOo
orepaTopa; TEXHUYECKOTO ONepaTopa; UCHONHSIIONIETO CyA0BIaieNbla (IIPH ero HaJIuYHUH).

Jns pemieHus JaHHOW MOJENM PEKOMEHJyeTCs MCIOJIb30BaTh (DYHKIMIO ITOMCKa
pemenunit MS Excel. B xauecTBe MeToJa ONITUMH3AIIIH MOYKHO TIPAMEHHTH JIFO00H alnropuTMm,
TIpe/ICTaBICHHbIM B Onbnmoreke mowcka pemreHuil. [lo cyTw, ocHOBHas 3ajada padOTHI
3aKimovaeTcst B cOope, cucreMarusaniu M oOpaboTKe MCXOAHBIX AAHHBIX TaKUM 00pa3oM,
9T00BI B UTOTE CHOPMUPOBATEH 0a3y NAaHHBIX (TaOIHITY), B KOTOPOH OIMCAHBI BCE BO3MOXKHBIE
BapHaHTHI PACCTAHOBKH ()JIOTA C yYETOM YCJIOBHI 10100pa Cy/I0B.

3areM HEOOXOANMO COCTABUTH TAOJIHILy OTPaHUUYCHHUI ISl TOTO, YTOOBI TONCK PEIICHUS
IPYU MaKCUMM3alMK 11eJIeBO (DYHKLMHA BBIMOJHSI BCE 3asiBKM, M HCKIIIOYal MOBTOPHOTO
HasHavyeHust cynoB. Jlis maHHOro srama paboThl Mbl IPHHUMAEM, YTO CYIHO MOXKHO
Ha3HAYMUTh TOJBKO Ha OJMH PEHC BIEpe.

B CBsI3M € 3TUM MOXXHO BBIICIHUTD CIEAYIOIIUE JIEMEHTBI:

1) IMocmanoeéxa 3adauu. TpeOyercs ONpeneanuTh PACCTAHOBKY  CYJIOB,
00eCTIeYNBAOIY 0 MAKCUMAIBHYIO 3((PEKTHBHOCTE PadOTHI (hII0Ta.

2) Hcxoouvie Oanmnvte. CHOUCOK CYAOB, XapaKTCPUCTHKA CYIOB, TEKyIIas
JIMCIIOKAIKs, YCIOBHS JOTOBOPOB Ha MEPEBO3KY, PACCTOSIHIE MEXK/Ty HOPTaMH.

3) Henesan pynkyun. Cymmapusiii TCE n1omkeH CTpeMUTBCSI K MAKCHMYMY.

ZZ(HU*XU)/ZZGE*XU) - max (1)

JjEJ i€l jE€J i€l

e X;; — Ha3HaueHue Cy/iHa i-To Cy/Ha Ha j-i peiic (6o 0, mbo 1);
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[ — MIHJEKC CyJHa;

I — MHOXECTBO Cy/0OB, pacCCMaTpPUBAEMbIX B paMKax 3aJauu;

J — MHJIEKC peiica;

J — MHOXECTBO pPEHCcOB (YUCTBIC CHIENKH M 3asABKH), PACCMAaTPHBAaEMBIX B paMKax
3a7a4H.

Pacuem mexHuko-aKOHOMUUECKUX noKasamesnei.

Juns xaxnoro cyara TCE BBITISIIUT CACTYIONUM 00pa3oM:

I :
TCE; = t—;’ USD/cyT. @)
tj
rre I1;; — pelicoBbIl pe3ysbTar i-To Cy/IHa M0 j-My PENCy;
tfj — BpeMms pelica i-ro cyiHa 1o j-My peicy.
PeiicoBblii pe3ynbTart i-ro cyHa 1o j-My peficy omnpenensercs o ¢popmyie:
My = Ay — 3}, USD 3)
re [l;; — 10X0[1 i-ro Cy/iHa 110 j-OMY peiicy;
3} — peiicoBbIE PACXOMIBI i-T0 Cy/IHa 10 j-My peicy
Jloxon i-ro cyaHa o j-My peiicy BEINIANT CIEAYIONNM 00pa3oM:
Aij = Qyf " * dj* (1— Kj),USD 4)
e Q57" — MaHoBas 3arpysKa i-ro CyJHa Io j-My peicy, T;
d; — craBka dpaxTa no j-my peiicy, USD/T;
K; — xomuccust 1o j-My peicy, 101u efl.

B ciyuae, korna cTaBka (paxTa ykazaHa 3a epeBo3Ky B 1eioM (lumsum), To moxon ot
MIEPEBO3KH BBITIISIIUT CIIELYIONIMM 00pa3oMm:

Nij = d; * (1 —K;), USD 6)

PeticoBbie pacxoIpl i-r0 CyIHA M0 j-MYy PECy ONpeaestoTes mo Gopmyie:

e 3, 377" — pacxo/ipl Ha TOIUIMBO i-T0 CY/Ha 110 j-My pefcy;

Y. 3P4 — pacxozpl Ha Cy03aX0/IbI B IOPTI i-TO Cy/IHA TI0 j-My peiicy;

2 i7" — pacxosibl Ha MPOXOKICHUE KAHAJIOB/TIPOJIMBOB i-TO Cy/HA M0 j-My peiicy. K
HUM OTHOCHTCs TpoxoxaeHue Kepuenckoro mponusa, bocthop, Hapnanemnsi, Cysrkuit
KaHaT ¥ T.JL.;

np

2.9;; — IpOYHE PacXO/bL.

OCHOBHYIO [IONIO PEHCOBBIX PacXOJOB COCTABIBIIOT PAacXoisl MO TOIUIMBY. [loatomy
Ba)XHO HCITONH30BAaTh HAHOOJIee TOYHBIEC METOIBI JJISl KX pacueTa.

Pacxonpl Ha TOIUTMBO i-TO CY/AHA TI0 j-MY peicy:

_ MGO VLSFO ULSFO
2O =X + X9y + X9y, USD @)
rae X 3% — crommocts ausensHoro Tommea (MGO) i-ro cyaua 1o j-my peiicy;

» 3'1-/]-LSF 0 _ crommocTh MazyTa ¢ cepoit meree 0,5% (VLSFO) i-ro cyana mo j-My peiicy;

> 35LSF 9 _ cToumocts MasyTa ¢ cepoii menee 0,1% (ULSFO) i-ro cyaua 1o j-My peicy.

VLSFO u ULSFO 5310 TsXKemoe TOIUIMBO, KOTOPOE B OCHOBHOM HCIOJIB3yeTCS
rnaBubiMu  apurarensimu (). ULSFO npumensiercss B 3oHe SECA (Sulfur Emission
Control Areas - 3TO 30HBI, B KOTOPBIX BBEJICH 3alpPET Ha UCIIOJIb30BAHUE BHICOKOCEPHHCTOTO
TOILINBA, B KOTOPYH BXoAAT akBaropuu CesepHoro u banrtuiickoro mopei, mponus Jla-
Manm, Kapu6ekoe, Cpennzemnaoe mope u 200-muitbble 30861 CHIA u Kanagpr). Onnaxko,
He Bce I'J] criocoOHbBI HCIONTB30BaTh JaHHOE TOIIMBO B KAYECTBE OCHOBHOTO, OCOOCHHO 3TO
Kacaetcs o)kHoro pernona (Uepnoe, MpamopHoe Mopst Cpein3eMHOE U T.J1.) M TaKue CyJa
UCTIONB3YIOT B KauecTBe OCHOBHOro Tormea MGO.

235



Hayunvte npoonemvl 600n020 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

MGO — 3T0 Jerkoe TOIUIMBO, KOTOPOE MPUMEHSETCs s paboThl TU3ENb-TeHEPATOPOB
(A m koTioB. OgHAKO HA HEKOTOPHIX CYAaX YCTAHOBIICH BAJIOTEHEPATOP, UTO MO3BOJSAET
uM He ucnons3osat MGO.

Hcxons u3 BCEero BBIIECKAa3aHHOTO, MOXKHO CHENATh BBEIBOJ, YTO HCIONB3YEMbIH BUI
TOIUIMBA 3aBHCUT OT THIIA CyJHA U 30HBI €ro HKCIUIyaTalH. MaTeMaTH4ecKd pacxon
TOIUIMBA B 00ILEM BUJIE MOKHO OIKCATh MO MPOLeccaM ClIeTy oM 00pa3oM:

TN = NG ENG A+ DN ®)

rae X N " _ o6umee konmuectBo TomimBa Ha IJ[ i-ro CyaHa 1o j-My peiicy 1o k-My
TOILIHBY;

Y NG AT _ o6mee kommuectBo Tormea Ha JII' i-ro CyaHA MO j-My peiicy mo k-My
TOILIUBY;

> NS?(“K — ofliee KOJMYECTBO TOIIMBA HA KOTEJ [-TO CYAHA IO j-My pEeHCy Mo A-My
TOILUIHBY.

Obmiee konmuecTBo Tomma Ha ['J] i-ro cynmHa 1Mo j-My percy 1mo k-My TOIUIUBY:

Z Niq}(’)cn ra — Z Ni';'(])cn I'Zl6a + Z Ni’l}(l)(rl I'Arp + Z Ni'l}(l){n rA MaH’ T )

IJl6 : . y
e Y Ny AST _ o6mee kommuecTso Torumsa Ha '] i-ro cyHa 10 j-My peiicy mo k-My
TOIUTUBY B Oajuiacte;

r . . y
Y NG AT _ o6mee konmuecTBo Tormsa Ha I'J] i-ro cymHa 1o j-My peiicy o k-My

TOILIUBY B IPYy3y;
Z NTon 'l man 6 r . . o k
ijk — ob1ee koauyecTBO TomnuBa Ha I'J[ i-ro cyaHa mo j-My peiicy no k-my
TOILIUBY Ha MaHEBPax.
Obmiee xonmmyecTBO ToruMBa Ha ['J[ i-ro cymHa mo j-mMy peicy mo k-My TOIUTHBY B

Gamacre:

Ton 16 _ Ton '/l 6,1 Mop Ton I'/l 6.1 ocT.y4
ZNijk _ZNijk +2Nijk , T (10)
rie Y Njjy FAGIMOP _ 6mee komnuecTBo Torwmea Ha [J] i-ro cyjHa 10 j-My peiicy 1o

k-My ToruMBY B OayutacTe Ha MOPCKHX Y4acTKax;
Ton I'/l 621 ocT.y4
LN jk
My TOIIMBY B OanjacTe Ha OCTAIBHBIX y4acTKaX.
OOuiee koiuyecTBO TorukBa Ha ['J] i-ro cyqHa mo j-my peicy nmo k-my TOIUIMBY B

OayiacTe Ha MOPCKHX y4YacTKax:

— ofmiee konmdecTBO TorumBa Ha I i-ro cyaHa mo j-my peicy 1o k-

Ton I'/l 621 Mop __ Ton '/l 6,1 Mop SECA Ton I'/l 621 Mop oCT.pH
X Njj = XN + X Niji , T (D)

Ton '/l 6,1 Mmop SECA . . o

rae Y. N; ik — obmiee koyyecTBO ToruMBa Ha ['/] i-ro cynHa mo j-my pelicy
1o k-My TOIUTMBY B 6aliacte Ha MOPCKUX y4acTkax B 30He SECA;

Z NTOl‘l I'/l 621 MOp OCT.pH

ijk

k-My ToruMBY B OajutacTe Ha MOPCKMX Y4acTKaX B OCTaJbHBIX paiOHax.

OObmiee konmmyecTBO ToruMBa Ha [J] i-ro cymHa mo j-mMy peicy mo k-My TOIUTHBY B
OajyiacTe Ha OCTAJIbHBIX y4acTKax:

Tton '/l 61 ocT.yu __ Ton '/l 621 oct.y4 SECA Ton I'/] 61 oCT.y4 OCT.pH
N =X N + XN ,T (12)

— obmee konmyecTBO TorumBa Ha [I i-ro cyaHa 1o j-My peiicy 1o

Ton '/l 621 ocT.y4 SECA . .
rae ) N, ik A v — obmee xonmdecTBo TorumBa Ha ['J] i-eo0 cyanHa mo j-my
peiicy 1o k-My TOIIMBY B OaiiacTe Ha OCTalIbHBIX ydacTkax B 30He SECA;
Z NTOH I'/l 61 OCT.y4 OCT.pH
ijk
k-My TOIIMBY B O6aiutacTe Ha OCTAIBHBIX YYAaCTKAX B OCTAIBHBIX palOHax.

— obmree konuuecTBo TorumBa Ha JII i-ro cynmHa no j-My peicy 1o
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Obmiee xonmmyecTBO TorumBa Ha ['J[ i-ro cymHa mo j-My peicy mo k-My TOIUIHBY B
Ipy3y:

y Nich])cn Torp _ 3 Nich;cn '/l rp Mop +3 NiTj(I)cn [/l rp oct.yy T (13)

T . . o
rae ), Nij.(,’c” Arpmop _ oOrree koauyecTBO Torwuea Ha [/l i-ro cyaHa mo j-my peiicy mo
k-My TOTUTMBY B TPYy3y Ha MOPCKHX y4acTKax;
Ton '/l rp ocT.y4

XN, ijk
MY TOIUIMBY B I'PY3y Ha OCTaJbHBIX y4acTKaXx.

OOmee konmyuecTBo TorumBa Ha I'J] i-ro cyqHa 1o j-My peicy 1o k-My TOIUIMBY B Ipy3y
Ha MOPCKUX YyYaCTKax:

Ton I'/lrp Mmop __ Ton I'/] rp mop SECA Ton ['/] rp Mop ocT.pH
X N =X N + XN , T (14)

— obmiee koimyecTBO TorumBa Ha JII i-ro cyaHa mo j-my peiicy 1o k-

Ton I'/l rp Mop SECA . . o
e X Ny, Arp mop — oblee KOIM4ecTBO TOMIMBa Ha I'J] i-ro cymHa 110 j-My peiicy

1o k-My TOIUIMBY B TPYy3y Ha MOpPCKHX y4yacTkax B 30He SECA;
Ton I'/l rp Mop ocT.pH

XN ijk
k-My TOTUTMBY B TPY3y Ha MOPCKHX y4acTKaxX B OCTAIBHBIX pailOoHaX.

Obmiee konmmaecTBo TorutiBa Ha [']] i-ro cymHa 1Mo j-My peiicy o k-My TOIUTHBY B TPY3Y
Ha OCTAJIbHBIX y4JacTKaxX:

Ton I'/irp ocT.yd __ Ton '/l rp ocT.yu SECA Tomn '/l rp OCT.y4 OCT.pH
ZNijk _ZNijk +2Nijk T (15)

— obmee koiuuecTBO ToruBa Ha JII™ i-ro cyaHa mo j-My peicy mno

Ton '/l rp ocT.y4 SECA
rae % N, ik
peiicy mo k-My TOIUIHBY B Ipy3y Ha OCTaJbHBEIX ydacTkax B 30He SECA;

Z NTon I'/Jl 61 OCT.y4 OCT.pH

ijk

0 k-My TOIUTUBY B IPy3y Ha OCTaJIbHBIX Y4acTKaX B OCTAJIbHBIX palioHax.

OO1iee KOJIMUECTBO TOIUIMBA Ha KOTEJ i-I'0 CyJIHA MO j-My peicy Mo k-My TOIUIMBY Ha
MaHeBpax:

Z Ni'rjc’)(n I'/l man — Z NiTj(])(n '/l Mman SECA + Z NiTj(;cn '/l man OCT.pH’ T (16)

— ofOmee kosnmdecTBO TomuBa Ha I'J] i-ro cyaHa mo j-my

— obmree konmuecTBO TorumBa Ha JII' i-ro cyzmHa 1o j-My peicy

NTOI‘I 'l man SECA G r . . .
rae Z ijk — 001Iee KOJIMYECTBO TOINIMBA Ha I[ 1-r0 CyaHa 110 j-My peucy

1o

k-My TOTUIMBY Ha MaHeBpaxX Ha OCTaJbHBIX ydacTKax B 30He SECA;
Ton I'/l MaH ocT.pH
ZN; jk
My TOIUIMBY Ha MaHEBpPax Ha OCTAJIbHBIX YYaCTKaX B OCTAJIbHBIX pailoHax.
KonnuectBo TomnmmBa Ha I'Jl ans Bcex BBILIEONMCAHHBIX OMNEpALMN OIMpenessieTcst

clenyronmmM o0pa3om:

— obee KoaMuecTBO ToruMBa Ha [ i-ro cyaHa 1o j-My peicy mo k-

TonT[ _ _TA
Nije & = nye * tiji(Siji) * kij =y, T (17)
rae anlfl — HOpMaTUB pacxoia TomwmBa Ha [J[ i-ro cyaHa 1o k-My TOILIMBY B

3aBHCHUMOCTH OT OTIePAIHH, T/CYyT(KM);
tijk (Sl- ]-k) — pacdeTHOe BpeMs (PacCcTOsSHUE) i-TO CyJHA 10 j-My Peicy 1o k-My TOIUIUBY
B 3aBHCHUMOCTH OT OTIEPALINH, CYyT(KM);

kij KO3 PHUIIMEHT, YUYNTHIBAIOIINI YyBeIWYeHNE/yMEHBIIEHHE HOPMBI pacxoja
TOIIMBA B 3aBUCHUMOCTH OT 3arpy3Kd i-ro CyAHa MO j-My peiicy B 3aBUCUMOCTH OT
onepanuy;

Y — K03((UIMEHT, YIUTHIBAIONINN Pa3HOCTH HEPTrOEMKOCTH JIETKOTO M TSKEJIOro
tormBa. Kak mpaBuiio, HOpMa pacxoza TOIUIMBA, IpU ucrois3oBaHn MGO B kadecTse
OCHOBHOr0 HMXke Ha 6% uem npu ucnonb3zosanud VLSFO umun ULSFO.

O6mee xonmyecTBo ToruBa Ha J[I i-ro cyaHa 1o j-My peicy mo k-My TOIUIUBY:
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Z qu}(l){n Ar Z T0r1 AT xox, + Z Ni';.(;(n Al cT + Z N:}(]){n Ar MaH’ (18)

r . . .
rae Y. N;‘,’("ﬂ XoA o61uee KONIMYeCTBO TomuuBa Ha JII' i-ro cyaHa mo j-My peiicy 1o k-

MY TOIUTHBY B XOJ1Y;

Ton A" cT . . o
Z Nl]k — o0lIIee KOJIMYECTBO TOIIMBA Ha Z[F 1-r0 CyaHa 10 j-MYy pEucy mo k-My

TOIUIUBY B I'PY3Y;

ton /II' MmaH
Z Nuk

TOIUTMBY Ha MaHEBpPax.
Kaxmyro u3 cocraBisromux ¢popmyis (18) MokHO pacmcath CIeAyIOIIM 00pa3oM.

— obmee komuuecTBo TorumiBa Ha JII' i-ro cynHa mo j-my peiicy mo k-omy

Z TOH AT xox __ =y N:}(;{H AT xox SECA +y NTor AT xox OCT-pH’ T (19)
5 Ni—;(;cn Arcr _ - qu}(;{n AT cT SECA Y Nli;(l)(n AT cT ocT. pH’ T (20)

Z TOl'l AT MaH Z TO]'I Al man SECA + Z TO]'I AT MaH ocT.pH ,T (21)

Ton Il xon/ct/Man SECA . .
rae ZNuk A afer/ 0611.166 KOJIMYCCTBO TOIUIMBA Ha I[F 1-ro CyaHa 1o j-My

peiicy mo k-My TOIUHBY B X04y/cTosiHKe/MaHeBpax B 30HEe SECA;

Z NTon AT xon/cT/MaH MaH OCT.pH
ijk

peiicy mo k-My TOIUIMBY B XOJy/CTOSIHKE/MaHEBpaX B OCTAJILHBIX paiioHax.
KonuuectBo Tommuea Ha J[I' i BCeX BBIMICOMHCAHHBIX OMNEPAIMAX OMPEACIICTCS
CIIEAYIONUM 00pa3oM:

— obmee xonmyecTBo TorumBa Ha JII' i-ro cymHa mo j-my

AN = gt T 22)
hily

rie nj, — HOpMaTHB pacxoja TommmBa Ha JI' i-ro cynHa no k-My TONMBY B
3aBUCHMOCTH OT ONEPALUH, T/CYyT;

tijx— 4CUETHOE BPEMS i-TO CyJHA MO j-My PEHCy MO k-My TOIIIMBY B 3aBHCHMOCTH OT
orieparyy, CyT.

OOr1ee KOIMYECTBO TOIUIMBA HA KOTEJI OIIPEACIIeTCS aHAJOTHIHO KOJIMYECTBY TOILUTBA
Ha [IT, 3a uckimrodeHueM Gopmynsl 22. KolmdecTBO TOIITHBA Ha KOTEN IJIS BCEX OIepaIuii
OIIpEEIISIETCsI CIEAYIOUM 00pa3oM:

NG = iy sty v, (23)

rae nk. — HOpMaTHB pacxoja TOIIMBA Ha KOTEN [-TO CyJHA 10 A-My TOIUIMBY B

3aBUCHMOCTH OT OTEPAaLUH, T/CYT;
t;jx— PaCYETHOE BPEMS i-TO CyJIHA MO j-My PEHCY MO k-My TOIUIMBY B 3aBHCHMOCTH OT

oTIepanyy, CyT;

Pacxonp!l Ha cy103aXx0AbI B TIOPTHI i-I'0 Cy/IHA M0 j-My peicy:

PDA _ nPDAmorp PDA BbITp

PDA norp . .
rac 3 — CTOUMOCTL IMOPTOBBIX C60pOB B NOPTY HOOIpPYy3KH (-I'0 CyJAHA 1O j-MYy
peticy, USD,
3PDA BBITP G . . o
ij — CTOUMOCTB NOPTOBBIX COOPOB B NOPTY BBII'PY3KHU (-T'O CyJHA IO J-MY PCUCY,

USD.
OO0rmee Bpems peiica BLIrnsmnT CJIeTyIOIIM 00pa3oM:

— XOA CTOSAHKH
Z "+ Xt , CyT 25)

X0/,

rue Y, t;;
X tCTOHHK" obIee BpeMst Ha CTOSHKAX i-T0 CyJHA O j-My peHcy.

— of1iee BpeMs B XOJy i-TO CyJTHA IO j-MY PEHcy;
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Oomiee BpeMs B X011y i-TO CyHA TI0 j-My peiicy:
X0 __ ,Gasimepexon B Ipy3sy
Xt;m =t + b , CyT

ij (26)
6aJu1.epexo], . . o 5
rae t;; — BpeMs OaIIaCTHOTO Nepexo/a i-ro CyHa I10 j-My peucy, CyT;
t;; "> — Bpems Ha ciiesOBAHNE B IPYy3y i-rO CYJIHA 11O j-My Peiicy, CyT.
Oomiee BpeMs Ha CTOSIHKAX i-T'0 CyIHA 10 j-My peiicy:
CLT SSHEX
Z tf]"l'OHHKI/I — tlL]C + tlj norp + tlpTKTaTKa 6asit + t;‘ljol‘p + tl] norp +
CT B XO4y CLT BBITp BBITD SSHEX BbITp np 27
Y t;; + ;] +e +t;), eyt @7

rze tff — Bpems oxunanue Hauana LayCan i-o cyama 1o j-My peiicy, cyT;
t-C.LT norp
ij
HOTpPy3Ke i-T0 CyAHa 110 j-My PeHCy, CyT;
¢OTKTATKABA _ puonig Ha OTKATKY OAlIacTa i-ro CyjaHa (3aBHCHMT OT NPOEKTA CyJIHa,
HCXOJIHBIC TAHHBIE), CYT;
ti;" — BpeMs MOrPy3KH i-ro CyIHa 1o j-My peficy, CyT;
t:S'.SHEX norp
ij
CY/IHa TI0 j-My PEHCy, CyT;
> tich XM _ ppeMs BceX CTOSHOK B XOJLy i-TO CyJIHA TI0 j-My peiicy, CyT;
t 5 LT BbITp
Ha BBI'PY3KE [-I'0 CyIHA [0 j-My peicy, CyT;
tfj”rp — BpeMsi BBITPY3KH i-TO Cy[IHa 10 j-My peiicy, CyT;
t:S'.SHEX BBITD
ij
CyJHa 10 j-My peiicy, CyT;
t?jp — IPOYHE CTOSIHKH, CYT.
Jlns mojcyera Bcex IOKasaresiedl HEOOXOAMMO CHayajla CIPOrHO3MPOBATH BpPEMSI
OKOHYaHUue peiica:

— BpeMsl O’KHJIaHHe Hadasa CTaIMitHOro BpeMeHu (commencement lay time) Ha

— BpEMA OXHUAAHUC BBIXOAHBIX W IPa3AHUYHBIX [[Heﬁ Ha MOrpy3ke I-TO

— BpeMsl OXHJaHWe Havajla CTaJHMHHOTO BpeMeHH (commencement lay time)

— BpEMA OXHNAAHHC BbBIXOJAHBIX W HNPa3JHUYIHBIX I[Heﬁ Ha BBIT'PY3KE i-ro

3aBep npor ole HCJIOK
Ty PPN = P+ TAON eyt (28)
3aBep npor .
raeTy, — NPOTHO3HOE J1aTa M BPeMs 3aBepIIeHUE TEKYILETO peiica, CyT;

omne 4
Z tin P_ CyMMa BPpEMCHHU OCTAaBLIUXCA OICpAlNU, CYT;
HCJIOK

— JaaTta U BpeMs Havaljla IJIaHUuPpOBaHUS, CYT,

Ha mpakTuke B COBPEMEHHBIX MOPCKHX IEPEBO3KaX HEBO3MOXKHO TOYHO IMPEJICKa3aTh
OKOHYAaHUEC KOHerTHOﬁ orepanrv, U YacTO HUCIOJB3YCTCA MNOHATUC «IPOCHEKTHBD» 110
MOrpy3Ke, BBITPY3KE CYAHA, TaK KaK HauWOOJbIIAs HEOMPEACICHHOCTh OTHOCHTEIBHO
IUTAHOBBIX 3HAUYEHHH HaXOJUTCA MMEHHO B MOPTOBBIX omeparuax. K mpumepy, mocraHoBka
CyllHA K MPUYay MOXKET OBITh KaK C XOAy — B CiIydae TOTOBHOCTH I'Py3a, OPTa U MMpHUYaIa,
— TaK U C OXHJAaHHUEM Ha peﬁ,ue B TC€UYCHHUC AOCTATOYHO JJIUTCIBHOI'O0 BPEMCHMH. CTOI/IT
OTMETUTh, YTO B JOTOBOPaxX Ha MEPEBO3KY CYLIECTBYET MMOHSATHE CTAIMHHOTO BPEMEHH,
KOTOpPOE PErJIAMEHTHPYET BPeMsi HAXOXK/ICHUS B TOPTY, M BCE BpeMsl, IOTPAYEHHOE CBBIIIIE,
OITAYMBAETCS IO CTaBke jaeMepemxka. OJHAKO 3TO TMOKPBIBAET TOJBKO PACXOABI IO
TEKYIIEMY Percy, HO MOXET 3HAYUTEILHO U3MEHHUTh BPEMs €ro 3aBEpIICHUS, YTO, B CBOIO
oYepe]ib, MOKET MIPUBECTH K OTIO3[JAHHIO O] CIICTYIOIIYO TO3UIIHIO.

B cBsi3M ¢ 3THM Ha MPAKTUKE Yalle BCEro MPOTHO3MPOBAHUEM OKOHYAHHWS OIEPaIllui U
pefica 3aHMMaeTcs choykOa SKCIuTyaTanuu (ioTa, KoTopas BlajeeT Hamboyiee CBEXEH,

o o o 3aBep npor
aKTyalbHOH ¥ TOYHOM wuHpopmarnmeir. Mcxonas u3 3Toro, Ha mpakTuke T;

0
ONPEACTIACTCA CYyAOBBIMH OII€paTopaMu (MeHe)DKepaMI/I 1o BKCHHyaTaHI/II/I) BpPY4YHYIO, 9TO
SIBJIACTCA HaH60nee HaJCKHBIM U JTOCTOBECPHBIM BAPUAHTOM, YYUTBIBAIOIIUM Han6om)mee

KOJIMYECTBO KakK O6’LCKTI/IBHI)IX, MPOTHO3UPYCMBIX, TaK W HCEHIPEABUACHHDBIX q)aKTOpOB.
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v 3aBep npor
Hcxoasa w3 3TOro, B pamMKax JaHHOHW pabotel, T, PIPOT o mken YUHATBIBATBCS Kak

HUCXOOHBIE MAaHHBIC, TPU M3MEHEHHHN KOTOPBIX MOXET IPOU3BOAUTHCA NEPECUCT ,HaHHOﬁ
MOJCIH.

Hcxons u3 MMPOTHO3HOT'O BPEMEHU 3aBCPLICHUA TCKYIIETO pei&ca, MOXHO OIIPCACIUTD
AaTy noaavuv CyaHa.

non cie, elic 3aBep npor 6asi1.mepexo
7 N o (29)
6as1.nepexo], o .y
e t;; — BpeMsl Ha IOPOKHKUM MEPEXO0/ i-T0 CyIHA IS j-U 3asiBKE, CYT.;

BpeM;{ Ha OXWJAaHWE Hadana IOoJa4yd i-r0 CyIHAa MO j-My peicy ompenensercs B
3aBHCUMOCTH OT JaThl U BPEMEHHU Hadaja MOoAa4yy CyJHA Ha j-OM peiice U JaTbl, U BpeMEHU
[I0/Ia4y [-I'0 CyJHa NOJ j-My pency:

Eciu ,I}]][[ > Til}oa ciep peﬁc, TO tiLjC — T}H[I _ Tll;oa ciep peuc (30)
Eciu T]-Jm < T;Oﬂ CHeAPeHC 1o, tiLjC =0 (31)

rae 7}M — JaTa ¥ BpeMs HavaJsa IIoJauy CyIHa Ha j-My peiicy (MCXOMHBIC JaHHBIC),
Bpewms, 3aTpaunBaemoe Ha HOpr3Ky/BLIpr3KyZ

HOrp/BBITP __ J1aH /~110TP/BbITD
tij = 31] /Bc- —cyT > CYyT (32)
rae BSE?%B"‘”’ — HOpMa IMOTPY3KH/BBITPY3KH MO j-OMY peiicy (MCXOAHBIC NaHHBIE),

T/CyT.;

B noroBopax Ha mepeBO3Ky BaXKHOE MECTO 3aHHUMAaeT Y4YeT CTIMHHOTO BpPEMEHH.
CranuiiHoe BpeMs — 3TO BpeMs, 3a KOTOpoe (paxToBaTeib 00s3yeTcs MOTPY3UTh WU
BBITPY3UTh CyOHO 0€3 IOIOJHHTEIBHBIX K (paxTy Iulatexeid. B ciaydae npeBbleHHS
JaHHOTO BpeMeHH (paxToBaTeNb O00sA3yeTcs BBIUIATHTH CYIOBIAJCNBIYy IUIaTy 3a
KOHTpcTanuiiHoe Bpems (memepemk). B cBsasu ¢ atum B CP mIpoOmMCHIBAIOTCSA MOPSIOK
pacdeTa B ciydae, €ClIM CTaJMHHOE BpeMs MomnajgaeT Ha BBIXOIHBIC U Ipa3IHUYHBIC JHH, a
TaKKe YCJIOBHUS Havyala CTAIMHHOTO BPEMEHH.

Kak mpasmiio cranmmitHoe Bpems HaumHaetcs ¢ 08:00 (8/24 = 1/3 = 0,333 cyTok) mm
14:00 (14/24 = 0,583 cyTtok) pabouero AHS M 3aBHCUT OT BPEMEHHU IOJAYd HOTHCA O
roroBaoctu (notice of readiness miam NOR). [[ns MaTeMaTHYECKOTO OMHMCAHHS BBEIEM
cienyone 0003HaueHue:

ZApob6 (T) — npobHast yacte yncna T (TS TEKYIIUX CyToOK, oT 0 1o 1);

ues (T) — uenas yactp yrciaa T (KOJMYECTBO MOJTHBIX CYTOK).

Hcxons M3 HOBBIX OOO3HAYCHWH, MaTeMaTHYeCKOE OIMCAHWE Hayaja CTaJMHHOrO
Bpemernu npu ycnosun SHINC u npu ycmoBum, uro NOR Moxer ObITh MmonmaH B Jr000e
BpeMsl, MOXHO OIHCATh CJICAYIOIIUM 00pa3oM:

8 NOR 12 CLT _ NOR 14
Ecnn — < nop6(To%) < 27, 1o TG = uen(T{F) + 2,

(33)

Ecmm ﬂ0p6(TiIJYOR) > 2 1o TCLT = yen (TiIJ\]OR) 14 % e
Ecan pop6(7jj7") < % 10 TG = nen (THOF) + 2 (35)
tCLT TCLT Tizj\!OR o

rae aop6(T;j°%) — apobuas uacts Bpemenn nogaun NOR i-ro cyama no j-my peiicy,
CyT;
I_LeJI(Ti’}' OR) — nenas yactb BpeMenu nojgauu NOR i-ro cyana no j-my peiicy, cyT;

TEET — MoMeHT Hauana CTaMHHOTO BPEMEHH i-T0 CyJIHa M0 j-My peiicy, CyT.
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Bpemsi oxuaHus BBIXOJHBIX W IPa3AHUYHBIX THEH 3aBHCHUT OT YCIOBHI T'Py30BBIX
pabot. PaccMoTpuM ciienyromirie BUABI pacueTa CTaIMHOTO BPEMEHU:

SHINC — BbIXOIHBIE W MIPAa3IHAYHBIC THU BKIIOYAIOTCS B pacueT CTaJHHHOTO BPEMEHH
(Sunday and Holidays included).

SSHEX — cy060ora, BockpeceHbe W Tpa3JAHUYHBIE JHH HMCKIIOYAIOTCS M3 pacyera
cranuitHoro BpeMenu (Saturday, Sunday and Holidays excepted)

SHEX — BockpeceHbe WM Ipa3JHUYHBIC JHU MCKIIOYAIOTCA M3 pacueTa CTaJUIHOrOo
Bpemenu (Sunday and Holidays excepted).

Crenyer OTMETHTB, YTO B HEKOTOPBIX CTpaHaX (B OCHOBHOM B apaOCKMX) BBIXOIHBIMHU
JHSIMU CUUTAIOTCS ISITHULA U cy000Ta, a BOCKpeceHbe siBiseTcs pabounm qHeM. OHaKo B
paMKax AaHHOW 3a/lau 3TU yCIOBHUS HE YUUTHIBAIOTCS — OyJEM MCXOIUTh U3 CTAHIApTHOH
CXEMBI C BBIXOJHBIMH B CyOOOTY M BOCKpECECHbE.

BpeMms oxupaHus BBIXOAHBIX W MNpa3IHUYHBIX AHEH i-ro CygHa IO j-My peiicy
OTIPEIEIISIETCSI CIICAYIONIIM 00pa3oM:

Ty =TS, eyr (37)
Ty = ¢RI | TCIT oy (38)
tos pac. mexay Ti~ u Ty~ ,cyT (39)

", TO BO3BpAIl[aeMCsl K pacyeTy Mo

e pab. 3aBeplLL.IIOo i
Ecmn t.; P =0, T0 T PILIOTP/BHIP T

Jus  ompeneneHus MNpa3IHUYHBIX [JHEH HAa MPAaKTUKE 4Yalle BCEr0 HCHOIB3YIOT
kanesgaps BIMCO.

Orpanuyenus. /{11 1aHHON MOJIENTH OTPAaHUICHUSAMH SBIISIOTCS:

Cyna 1oKHBI IPUXOJUTh PaHBIIE ATl KAHICTHUHTa

T OA CTEAPEHE. TjKaH JUTS BCEX 1 M | (40)

i
rie TjKa“ — JaTa W BpeMs 3aBepIICHUS OAa4YH CyIHA JUTS 3aBKH, CYT
CyaHo, Ha3HauUEHHOE B 3asBKE, MOXXHO 3aMEHHUTh TOJBKO Ha ero cyocTuTyT. MHBIMU
CJIOBaMH, IPOEKT CYyJHA, TOJKEH COBIMAJATh C IPOEKTOM, YKa3aHHBIM B peiice.

P, =R; mnaBcexinj 41)
rmue Rj — IPOEKT CyJIHA JJIs j-1 3asBKH;
P; — IpOEKT i-T0 CyaHa.
CyaHO MOKHO Ha3HAYUTh TOJIBKO OJIMH Pa3:
i Xij <1 s Beex i (42)

Ha peﬁc MOX>XXHO Ha3HA4YUTh TOJIBKO OHO CyZ[HO:
¥ Xij <1 st Beex j (43)

JUutst BceX peficoB C IPU3HAKOM «UYHCTAast CAEIKa» TOJDKHBI ObITh BBIIOJIHEHBI:
Xj Xij= 1 nis Beex j g Jclean (44)
rje J€1®a" _ MHOXKeCTBO PeficoB CO CTATYCOM «UMCTAs CIEITKaY.
Cy/lHO Ha3HAYEHHOE Ha peiic JODKHO COOTBETCTBOBATH CAHKIIMOHHBIM OIPAaHUYEHUSAM
JITISL KaKJI0TO peiica
SOFAC < SjOFAC (45)
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EU EU
ST LS (46)
UK UK
St =S (47)
rie SiOFAC/ EV/UK _ yanmuuue cankuun OFAC/EU/UK i-ro cymHa (u6o 0, oo 1);
SiOFAC/ EV/UK _ annuue cankuun OFAC/EU/UK Jj-To petica (yt6o 0, 6o 1).

3ak/ouenue

JlanHass Mozenb TMO3BOJIIET MaKCHMH3MPOBaTh NPHOBUIb 32 CYET ONTHMHU3ALNU
paccTaHoBKH (uIoTa M 10A00py HauboJee BHITOTHBIX CIIEOK IPU YCIOBUH, YTO UMEIOIIEeCs
KOJIMYeCTBO (PJI0Ta CIOCOOHO BBITIOJIHUTE BCE KUHCTHIE CACTKM». B pacuerax yuuThIBaroTCs
YCIIOBUSL 3THX pelcoB, Takue kak LC, pexum paboThl HOPTOB B BHIXOIHBIE U Npa3AHUYHbIE
JTHY, YCJIOBHSI Hauaja CTaJIMHHOTO BpeMeHH, paiioH paboTsl. Eme omgHO#l oTaMunTensHOMN
0COOCHHOCTBIO SBISIETCSI TO, YTO B 3asiBKaX PAacCMaTPUBAETCS KOHKPETHBIN IPOEKT CyIHa,
YTO MO3BOJIUT B CIIy4ae HEXBATKH BO3MOXKHOCTEH KOMIIBIOTEPA COKPATUTH 3afady. MHbIMU
CJIOBaMH, OOCUHMTHIBATh HE BECH IIPOIECC IIEIMKOM, a pa3dmBaTh 3a/1ady Ha MOJ33/a4d W
MPOCYUTHIBATh TOJIBKO 3afBKM IO OJHOMY HpoekTy. [loMHMO 3TOro, B COBPEMEHHBIX
YCIIOBHMSX HPHUXOOUTCSA YYHUTBHIBATh CAHKIUOHHBIE pHCKH. Hanmudme COOTBETCTBYIOMIMX
OTpPaHWYCHUI MO CTpaHaM, HAJOXKHUBIIMM OJTH caMble CaHKLIWH, II03BOJMT Ooiee
PEATUCTUYHO OILIEHUBATh BO3MOXKHOCTH BBIIIOJHEHHUS KOHKPETHOTO peica, KOHKPETHBIM
CyITHOM.

Ha ocHOBe 5THX NaHHBIX, a TaKKe IaHHBIX O PACCTOSHHM MEXIY IOpTaMu, Obuia
cocTaBiieHa TabjMIa BCEBO3MOXKHBIX PAcCTAaHOBOK (JIOTa C YYETOM IIPOEKTOB CYJOB,
KOTOpbIE HEOOXOJMMO NPEIOCTaBUTh JUIs BBINOJHEHUS KOHKpETHBIX pelicoB. Cyxa
0JI00paHbl TAKUM 00pa3oM, 4TOOBI pacyeTHOE BpeMs IPUOBITHS HE MPEBBIILIANI0 OKOHUAHHS
COTJIACOBAHHOTO C KJIMEHTOM CpOKa MOAa4M cyaHa. Takke OBUIM ydYTEHBI Pacxoisl Ha
omaty cbopoB mpu mpoxoxneHnu bocdopa, lapaanemn u Kepuenckoro nponnsos. B
pe3yibTaTe NMPOBEICHHBIX PAacueToB ObUIA IOJy4eHa paccTaHOBKa (HI0Ta, NPHU KOTOPOH
cpemanii TCE cocraBmser 5 165 USD/cymo-cyTku, CyMMapHBIA pEHCOBBI pe3yJbTaT
coctapisier 2,2 maH USD. Ilpu sToM crenyromue peickl onpenenensl i 21 cynHa, u3
KOTOPBIX: 16 — 3TO Te, KOTOpBIE KOMIAHMS 00s3aJ1aCh BBINOJNHUTH, 5 — HaXOJAIIMecs Ha
CTaJuU TIEPETOBOPOB C (hpaxTOBATEISIMH M PEKOMEHIyeMble K 3aKiIoueHHio. B ciyuae
TOSIBJICHHSI HOBBIX 3as1BOK/CP 3a71a4y MO>XHO IIOBTOPHO NepepeiiaTh.

CTOUT OTMETHUTD, UTO IPHU PEIICHHH AAHHOW 3a/la4M MBI CTAIKHBAEMCS C TEM, YTO IS
€e peleHus] Heo0X0AMMO 3HaTh CTaBKy (ppaxTa, KOTOpas SIBISIETCS KOMMEPYECKON TallHOH,
1 KOMIIaHMM €€ He PAacKpBIBAIOT. Tarke B JaHHOM 3a7aue He MOIYyYUTCS CPAaBHUTH dPQPEKT
OT PacCTaHOBKH, ITOCKOJIbKY, IOMHMO Y)K€ M3BECTHBIX PEHCOB (CTATUCTHYECKHX JAHHBIX),
HEOOXO0ANMO 0OCUHTHIBATh BO3MOJKHBIE Peiichl, HHPOPMAIMS 0 KOTOPBIX XPAHUTCS JalleKO
HE y BCEX CYMOXOIHBIX KOMMaHHH. st Toro 4ToObl moka3aTh 3QQeKT OT pacCTaHOBKU HA
OCHOBE HMEIOUINXCS JaHHBIX, 0€3 KCIONb30BaHMS CTaBKM (paxTa, OaHHAs 33j1a4a
peanu30BbIBANACh IO KPUTEPHUI0 MUHUMH3ALKN pacXoqoB. CyMMapHbIe pacXoJsl OT TaKOrO
BapuaHTa coctaBmsitor 1 301 309,01 USD. Cymmaphble pacxoisl NP HCXOIHOM
paccTaHoBKe, KOoTopas Oblila HCIOJIb30BaHa B apoxoicTse, coctaBuin 1 391 252,47 USD.
Oxonomust coctasisieT 89 943,46 USD unu 6,46 %.

OmHaKo CTOMT OTMETHTh, YTO B JAIbHEHIIEM NpH pEeIIeHHH JaHHOH 3adaddl MOXKET
OBITH PACCMOTPEH PAJ AOMOIHUTENBHBIX (akTopoB. K mpumMepy, eciu CyqHO MPUXOAWT B
IOPT paHbIleé HA3HAYEHHOH MJaThl, TO €My HEOOXOIMMO MJaBaTh PEKOMEHIAINH II0
ONTUMAIBHONW CKOPOCTH JBWXXECHHS [UISI SKOHOMHHM ToIUmBa. Ontummsanus OyHKEpOBKH
CyJHa C y4eTOM MecTa W CTOMMOCTH ToruiBa. [Ipu nporHo3upoBaHum pelica HE0OX0AMMO
J00aBUTh y4eT 0COOCHHOCTEW TEKYIIero M IUIaHUPYEMOro Ipy3a, a Takke 0cOOCHHOCTEH
KOHKpeTHOro cyaHa. Hampumep, 3aTpaunBaeMoe BpeMs Ha IOATOTOBKY TPIOMOB K
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MOTPY3Ke, XBATUT JIX BPEMEHM Ha MOATOTOBKY Ha IEPEXOA B MOPT IOTPY3KH — B CIIydae
HEXBaTKH HEOOXOIMMO 3alpallnBaTh JONOJHHUTEIHHOE; TEXHHIECKOE COCTOSIHHE CY[HA,
OTpaHMYEHHUS O paioHy IUTaBaHUs, oruiaTa cropBediepoB, Hammuue COJIIa y xammrana
KOHKPETHOTO CyJIHa U T. A. B cBsA3m ¢ 3TUM maHHAs MoJelnb OyIET COBEPIICHCTBOBATHCS U
JIopabaThIBATHCSL.
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