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Hay4Hble npo0JieMbl NeS8 (3) 2026
BOJAHOI'0 TPAHCIOPTA

[Ipeasinymee HazBanue «Bectnuk BITABT» (2002-2019 rr.)

W3naHne MOCBSAIICHO aKTyaldbHBIM BOMPOCaM BOJHOTO TpaHCIopra Poccuu ¥ mMyONMKyeT HOBEIC
Hay4HbIe Pa3pabOTKH, Pe3yabTaThl HCCIENOBAHUH, METOABI, METOAMKA U TEXHOJIOTHH IO TaKUM
Ba)XHBIM ISl OTPACIH HANPABICHUSIM KaK CYyIOCTPOCHHE, CYAOPEMOHT, SKOJIOTHUYECKass 0€30MacHOCTh
CyIHa, KCIUTyaTalHsl CyJ0OBOTO SHEPTeTHUECKOTO 000PYIOBAHUS, THIPOTEXHUIECKOE CTPOUTEIHCTBO,
9KCIUTyaTallusi BOJHOTO TPAHCIOpPTAa, CYAOBOXKICHHWE W OE€30MACHOCTh CYNOXOACTBA, HKOHOMHKA,
JIOTUCTHKA U MEHEJDKMEHT Ha TPaHCIIOpTe.

Ileapio KypHasa SBICTCS CO3JaHHE HAYyYHOTO IIPOCTPAHCTBA UL PACIPOCTPAHEHHS INEPeOBBIX
3HaHUH B 00JIACTH BOJHOTO M JPYTHX BHIOB TPAHCIIOPTa Ha TEPPUTOPHU Poccuu U 3a pyOexmoM.
TloBblieHME aBTOpUTETa HALMOHAIBHBIX NyOJMKAlMid B MHPOBOM HAy4yHOM COOOILECTBE.
Marepuansl BBITyCKa PEKOMEHIYIOTCSI HAyYHBIM COTPYIHHKAM, IPENoAaBaTelsIM BBICIINX YIeOHBIX
3aBeIeHHUIT, HH)KeHepaM, aCIUPaHTaM U CTYACHTaM COOTBETCTBYIOIINX CIIeIUaIbHOCTEH.

Kypnan 3aperucrpupoBan B denepanbHoi ciayx0e mo Haa3opy B chepe CBA3HM, HHPOPMAIMOHHBIX
TEXHOJIOTHI M MacCOBBIX KoMMyHuKaruii (Pockomuamzop), CeuperensctBo [T Noe ®C77-77658 ot 17
staBaps 2020 r. [NognucHoit naaekc B 00bequHEHHOM Katanore «[Ipecca Poccun»: 70191

Brmyckaercs ¢ 2002 roga, mepHoOAWYHOCTh BEHINyCKa - 4 pa3a B roa, ¢opma BEITyCKa
neyammulii, cemegotl, A3bIK PYCCKUll, AHSIUNUCKUI.

YupeauTeanb u u3garenn: OenepanbHoe Anpec yupeauTeJisi, U31aTesIs1 M
rocyJapCTBeHHOE OI0/IKEeTHOEe 00pa30BaTeIbHOE penaxnun: 603950, Poccuiickas
yupexieHHe BhICIIero obpa3oBanus «Bomkckuen Oenepanys, r. Huxnuii Hosropon,
rOCYAapCTBEHHBIN YHUBEPCUTET BOJHOTO yi. Hecreposa, 1.5,
tparcnopTta» (PI'BOY BO «BI'YBT»). Ten. +8(831) 419-51-84

= )KypHaJj BKJI04eH B [lepedeHp penieH3upyeMbIX HAYUHBIX U3JIaHUH, B KOTOPBIX JOJKHBI
OBITH OITyOJMKOBaHBI OCHOBHEIC HaYYHBIC PE3YNIbTaThl TUCCEPTALNii HA COMCKaHUE YICHOM
CTeTIeHU KaHAMJaTa HayK, Ha COMCKaHMe y4eHo! creneHu qokropa Hayk (Ilepeuens BAK)
T10 CIIEAYIOIIUM CIIELUAIBHOCTSIM:

2.5.17 Teopus kopadJis U CTPONTEIbHAS MeXaHUKA

2.5.18 IIpoexTHpoBaHne U KOHCTPYKIHSA CyA0B

2.5.19 TexHos0rusI CyT0CTPOECHHS, CYIOPEMOHTA H OPraHU3alMs CYI0CTPOUTEIHLHOI0

TPOM3BOACTBA

2.5.20 CynoBble JHepreTHYECKHe YCTAHOBKH M HX 3JIEMEHTHI

2.9.7 Dxkcmayatanus BOJHOIO TPAHCIIOPTA, BOAHBIE IyTH, COO0LIeHUS U ruaporpadus

5.2.3 PerunonaiabHas u oTpac/jieBasi IKOHOMHUKA

= Xypnan BrutoueH B cucreMy Poccuiickoro nnaexca Hayqsoro nuruposanus (PYTHII)



® [TonHBIE TEKCTHI CTATEH )KypHajla pa3MeIleHbl B POCCUICKUX HayYHBIX 3JIEKTPOHHBIX
oubmotekax CyberLeninka, elibrary.ru, 35C «Jlanb», a Takke myOIMKYIOTCS Ha caliTe
KypHana http://journal.vsuwt.ru.

= XXypHan moaKII0YeH K MeXKAyHapOIHOU cucTteMe Onbmorpaduyueckix ccbutok Crossref

= )XypHan npeaocTaBiseT OTPBITHINA JOCTYII K MOJHBIM TEKCTaM MyOJIMKalUil HA OCHOBE
munen3uu Creative Commons (CC BY 4.0) .

CraThby IPUHUMAIOTCS B )KYpHAII B JJICKTPOHHOM BHJE Ha e-mail: journal@vsuwt.ru ( uiau
gyepe3 calT xypHaia http://journal.vsuwt.ru/). Uapopmarus o mopsake myOITuKaiuy 1
TpeboBaHUsAX K 0(OPMIICHHIO CTAThH Pa3MeEIlleHbI Ha caiiTe )KypHaia B pa3iesie ABTOpam.

PeﬂaKHHH JKypHajla OCYHICCTBIACT MOHUTOPUHI KOPPECKTHOI'O0 HUTUPOBAHHA C IOMOILILIO
CHCTEMBI « AHTHILIATHAT.

Pepakiys xxypHaia OCyLIECTBIISIET CBOIO IESITEIBHOCT B COOTBETCTBUU € [10JI0KEHUSIMH IO
COOJTIOICHHIO U3/IaTeNIbCKON 3TUKH, pa3pab0TaHHBIMU HA OCHOBE MEXKIYHAPOIHBIX
CTaH/AAPTOB:
1. mojoxeHHs, MPUHATHIC Ha 2-01 BceMupHOit koH(epeHIHH 1Mo Borpocam
coOumoieHHs 100pOCOBECTHOCTH HAyYHBIX HccienoBanuii (CuHramnyp, 22-24 utons
2010 r., http://www.worldscientific.com/worldscibooks/10.1142/8102);
2. mojoxxeHus, pazpadoraHabie KoMuteToM 1o 3Tnke Hay4HbIx myonukanuii (The
Committee on Publication Ethics —
CORPE, http://publicationethics.org/resources/guidelines);
3. Hopwmsbl rnaBbl 70 «ABTOpckoe npaBoy» ['paxkaanckoro koaekca Poccuiickoi
Oeneparmn http://www.gk-rf.ru/glava7o.

Bce HayuHBIe cTaThH, IIOCTYNHBIINE B PEeAAKINIO XypHana «HaydHble poOIeMbl BOTHOTO
TPAHCIOPTa»  TPOXOJAT  00sA3aTeNbHOE  JIBYCTOPOHHEE  AaHOHUMHOE  («CIIETOoe»)
pereH3upoBaHue, Bee perieH3eHTsl SBIAI0TCSA MPU3HAHHBIMY CHENHAINCTAMH 10 TeMaTHKe
pEIeH3UPYEMBIX MaTepHuajoB. MHEHHE UICHOB PEIKOUIETMH M pPEJaKIMH MOXET He
COBIIAJaTh C TOYKOI 3peHHsI aBTOPOB My OIHUKAIINH.
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CY/IOCTPOEHHE, CYJIJOPEMOHT 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 MOAe TUPOBAHME PACTIPOCTPAHEHUS
YJAbTPa3BYKOBBIX BOJIH B IPHEMHOI TPYOKe rHAPOAMHAMHUYECKOI 0
Jiara HOBOI'0 THIa

B.B Bouaposa

A.A. AHTOHOB

0.0. [Ipo6bimeBa

B.JO. CtagHukoB

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

AHHOTAUMSI: AKTYaJbHOCTh HCCICIOBaHHMS OOYCIIOBICHA HETaTHBHBIM  BIMSHUEM
O6nooOpacTaHusi Ha TOYHOCTH PabOTHI CYJOBBIX HABHUTAIIMOHHBIX HPHOOPOB, B YaCTHOCTH
THIPOANHAMHYECKHX JIAarOB HOBOTO THIIA, YTO NMPHUBOAMT K MOTPELIHOCTSM B OIpeeiIeHUN
CKOPOCTH ¥ TPOHIEHHOTro paccTostHus. llenmpro paboTHl SBIETCS MaTeMaTHUecKoe H
HMHTALIOHHOE MOJICIIMPOBaHKUE IIpoLecca PAcIpOCTPaHEHHs YIbTPa3BYKOBBIX BOJIH B
NIPUEMHO TpyOKe THAPOAMHAMHYECKOTO Jiara Il OOOCHOBAaHUS ITapaMeTPOB CHCTEMBI
3al[UThl OT O00pacTaHus, OCHOBAHHON Ha SBJICHHM KaBUTAlMHM. B KauecTBe MHCTpYMEHTa
WCCIEIOBaHUsI ~ WCIONB30BaH  mporpamMubiii  kommiieke COMSOL — Multiphysics,
MO3BOJISIOLINH pelIaTh CBS3aHHbIC MyJIbTH()U3MYCCKUE 3aJa4u. Pe3yabTaThl MOIEINPOBAHUS
BU3YIN3HPYIOT pacIpeeeHue YIbTPa3BYKOBOIO IO 10 IOBEPXHOCTH M B 00OBEME
TpyOKH, MOATBEPIKAasi BOSMOXKHOCTD I'€HEePallH aKyCTUYECKOH KaBUTAIMHU IS pa3pyLLCHUs
OopraHu4eckoro cnos. IlomyuyeHHble JaHHbIE [O3BOJAIOT IIEPEHTH K  CO3IaHUIO
MaJIorabapUTHON CHCTEMBI 3alIUTHI, Pa3MEICHHON B KJIMHKETE, YTO MOBBIIACT HAJIGKHOCTD
HaBHTAIIMOHHOTO 000PYIOBAaHMS U CHIKAET SKCILTyaTallHOHHbIE 3aTPATHI.

KilouyeBble cj0Ba: MaTeMaTHYecKOe MOJCIMPOBAHHE, THAPOAMHAMHYECKHI Jar,
YIBTpa3BYyK, KaBUTanus, onoodpacranne, 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, Viadivostok, 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
BBenenue

OOpacTaHue MOJBOJHOM YacTH KOpIlyca CyAHa M €ro BBICTYNAIOIIUX JJIEMEHTOB
MOPCKUMH OPTaHU3MaMHU SIBIISICTCS CEPhE3HON IKCILTyaTaIlMOHHOM pobiemoit (puc.1).

Puc. 1. Obpacranue kopiyca CyJHa MOPCKAUMH OpraHH3MaMu

JIns cymoBBIX M3MeEpHTENell CKOPOCTH — JIATOB — 3TOT (PaKTOp KPUTHUYCH, TaK KaK CIIOH
oOpacrtaHuss Ha TPUEMHBIX YCTPOHCTBax (TpyOKaX, IaTyMKax MHaBIICHHUSA) HWCKakKaeT
THUAPOJIMHAMHUYECKHI TOTOK, YTO MPUBOJUT K HECTAOWJIBHOCTH M3MEPEHUH W CHUKEHHIO
TOYHOCTH BBIYUCIIEHUSI CKOPOCTH [ 1].

TpaaunuoHHbIE METOBI OOPHOBI ¢ OOpaCTaHHEM BKIIFOYAIOT MEXAHHYCCKYIO OYUCTKY,
XMUMHUYECKHE TOKPHITHS Ha OCHOBE OHONHKIOB, JJCKTPHUCCKUE, TEPMHUCCKHE U
YIIBTPa3BYKOBBIC CIIOCOOBI [2—4]. MexaHnudecKasi OYHUCTKA TPYAOEMKA i MOXKET IOBPEKAAThH
3alIUTHBIC TOKPBITHS, MEPHOAMYHOCTh €€ NPOBEICHHMS HAa AaKTHBHO 00pacTaroIInx
aKBaTOPHUAX COCTABISAET 3—6 MecseB. XUMHUUYECKUE MOKPHITUS, HAIPUMED, C MEIBIO N
OUHKOM, J(QQEKTHBHBI B TeUeHHe 2—3 JeT, HO TOKCHYHBI I MOPCKOW Cpemsl,
HAKAIUTABAIOTCS B JOHHBIX OTJIOKEHUSX M MOCTEIICHHO BHITECHSIOTCS MPHUPOJIOOXPAHHBIM
3aKOHOJATEIhCTBOM [5]. B mocnmenHue AeCATHIICTHS aKTHBHO Pa3BUBAIOTCS aKyCTHUECKUE
METOJIb, OCHOBaHHBIE Ha H3IIy4YeHHH YIbTpa3Byka (puc.2). B Tabmmme 1 mpuBeneHo
CpPaBHEHHE OCHOBHBIX METOZOB OOphOBI C oOpacTaHHMEeM IO 3KCIUIyaTallMOHHBIM
ITOKA3aTeIIsIM.
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Tabauya 1
CpaBHHTeJIbHAsI XapaKTePUCTHKA METO/IOB 3allIUTHI OT 00pacTaHus
Mexannueckas Xumuyeckue o
ITapamerp Y IbTpa3ByKOBOW METOT
OYHCTKA MOKPBITHS
IIepuoauunoctsb 3-6 mecsLeB 2-3 roxa ITocTosiHHO
TIPUMEHEHHS (TIoKpHITHE) (o6opynoBaHue)
DKosoruyueckas Bricokas Huskas Bricokas
6e30MacHOCTh (TOKCHYHO)
Biusinue Ha TOYHOCTH Bo3moxHbI He Bnuser He Bnusier
nara MOBPEXKICHHS
Tpynoémkoctb Bricokas Huskas (mpu Hwuskas (koHTpOIB)
00CITy)KUBaHUS (Bomomnasbl) HaHECEHNH)

Puc. 2. Kopmyc cyaHa mociie 09uCTKHA aKyCTHYECKUM METOJIOM

VYibTpa3BykoBble BOJIHBI uacToToi Bbiie 20 k[ crmocoOGHbI OO CcO31aBaTh
KaBUTAIMIO, Pa3pyIIAIONIYI0 KICTKH OPraHU3MOB, JHOO BBI3BIBATH MHKPOBHOpPAIIUU
TOBEPXHOCTH, MPEIATCTBYIOMINE 3aKPECIUICHUTIO TUYUHOK U CIIOP. BaxapiM IpEUMyIecCTBOM
SIBIISIETCA TO, 4TO YacToTa 30 k[l HAXOAWTCS BBINIEC AMANIA30HA CIIyXa OOJBITUHCTBA PBHIO
(mo 2-3 x['m) m mopckux mekonuratommx (mo 20-22 k['m) [6,7], 9T0 MUHEMU3UpPYET
MpsIMOe aKyCTHYecKoe BO3NeHcTBHe Ha HuX. OHAKO, KaK MMOKAa3bIBAIOT UcclenoBanus [7],
HEKOTOpHhIe OECIO3BOHOYHBIE (ACIUIUM) MOTYT pEarupoBaTh Ha YIBTPa3BYK, MOITOMY
HE00XO0IMMa OCTOPOKHOCTH IIPH MacCOBOM ITPHMEHEHUH B IMTOPTaX ¥ MapHHAX.

VYIbTpa3BYKOBOW METOHA, OCHOBAaHHBIH Ha JI(PQEKTax KaBUTALIUU W CYOKaBUTAIUH,
JJMOICH 3THUX HCAOCTATKOB M IIO3BOJIICT CO3aaBaThb aBTOMATHUYCCKHEC CHCTCMBbI 3alllUTHI,
paboTaromire B mporecce dkciuryaranuu [§-10].

Lens maHHON pabOTHI — C MOMOIIBI0 METOIOB MAaTEeMaTHYECKOTO MOJEIHPOBAHHUS B
cpene COMSOL Multiphysics uccienoBath pacrpeieieHde YIbTpa3ByKOBOTO IOJSI B
MpUEeMHON TpyOKe THAPOAWHAMHYECKOTO Jara Uil ONIPEAETCHHS BO3MOXKHOCTH
HCTIONB30BaHUs aKyCTHYECKON KaBUTALMH [T IPEAOTBpaIIeHNs OnoobpacTaHusl.
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MaremaTudeckasi IOCTAHOBKA 3a1a49H

AHanu3z GU3MYECKUX M XUMHYECKUX METOIOB 3aIlUTHI MOKa3al, YTO YJIbTPa3BYKOBas
TEXHOJIOTUS SIBIIIETCS HamOoJjiee NPEANOYTUTEIBHOW JUISi THUAPOJAWHAMUYECKHX JIaroB
HoBoro Tuma [11]. B Takux marax mpexmoyaraeTcsi HCHOJB30BAaHUE MHUHHATIOPHBIX
JaTYNKOB JaBJICHUS, BCTPAaMBAGMBIX HEMOCPEACTBEHHO B IPHEMHYIO TpyOKy, YTO
HCKJTIOYAeT TMPOTSHKEHHBIE TPyOONPOBONBI W TOBBIMIAET TOYHOCTH [12]. DTO mMO3BOIISAET
Pa3MECTHTh YIBTPa3BYKOBOI M3ITydaTedb KOMIIAKTHO, B HEHNOCPEACTBEHHOH OJM30CTH OT
JyBCTBUTEIBHBIX 3JIECMEHTOB. YJIbTPa3BYK BHICOKONH MHTCHCHBHOCTHU BBI3BIBACT B XKUAKOCTH
aKyCTHIECKYIO0 KaBHTALMIO — 00pPa30BaHUE, POCT M CXJIOMBIBAHNE MAPOTra30BBIX My3bIPHKOB.
Ilpn cxnompIBaHWM Ty3bIpbKa BO3HUKAET JIOKANBHBI THUAPABIMYECKHH ymap ¢
MHKPOTIOTOKH, O0OJamaiommue JOCTaTOYHOW »JHEeprHedl M pa3pymieHHS MEpBUIHON
OMOIUIEHKH U MPEeIO0TBPALeHNUs IPUKPEIUICHHS JINYNHOK oOpacrareneit [13].

C ToukM 3peHus MaTeMaTUYeCKOr0 MOJENUPOBAHMs, IMPOLECC PACHPOCTPaHEHUS
yIbTPa3BYKOBBIX BOJIH B KOHCTPYKIHMH Jiara MpeJICTaBisieT CO0Oi CBA3aHHYIO 3ajady
JMHAMUKU JeopMHUpyeMOro TBEPIOTO Tella W aKyCTHKH J>KUAKOCcTH. [lomoOHble 3amaun
OTHOCSITCS K KJIacCy 3aJjad MaTeMaTH4eCKoW (PM3UKH M TPEOYIOT IPUMEHEHHSI COBPEMEHHBIX
YHCJICHHBIX MCTOJOB IJIA CBOCT'O PCUICHU.

OOBEKTOM HCCIIEOBAaHMS SABJIAETCA TPyOKa COBPEMEHHOTO I'MIPOJMHAMHYIECKOTO Jiara
CO CIIYIOIMMH T'€OMETPHUECKIMH napamerpamu (puc.3):

— mmHa TpyOoku: L = 1,5 m;
— HapyHbIi fuametp: D = 50 mm;
— TonmuHa CTeHKU: h = 3 Mm.
Matepuan TpyOKH — METHO-HUKEJIEBBIH CINIaB C XapaKTEPUCTUKAMMU:
— IIOTHOCTH: p= 8900 Kr/m?;
— monyns fOwnra: E =130 I'T]a;
— ko3 dumument [Tyaccona: n= 0.33.

| - GONTHI COeTMHHUTETHHEIE

JIATYHKH JTaBJICHHA

Puc. 3. Monenn TUAPOANHAMUYCCKOTO Jilara ¢ paCrnoJIO)KCHHBIMU JaTYUKAMU JaBJICHUA

MaremaTuueckas MOJEIb PACIpPOCTPAHEHUs YIPYI'MX BOJIH B MaTepuaie Jiara
Oazupyercsi Ha YpaBHEHMSX JIMHEHHOW TeOopuHM ymnpyroctd. B nexapToBoil cucreme
KOOpPJMHAT JIBUKEHHE CIUIONTHOW CpeJIbl OMUChIBAETCSl ypaBHEHUEM [14]:
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0%u
meV'Uﬁ'FV, (1)

IJie p — IWIOTHOCTh Matepuana (Kr/M*); U = (Uy, Uy, U,, ) — BEKTOP NEPEMELICHHUH, M; O —
ten3op HanpsokeHwi (I1a); F, — BexTop 00péMuRIX cun (H/m?).

Jns M30TPOIHOTO JIMHEHHO-yNPYroro MaTepuaja CBS3b MEXIYy TEH30pOM
HaTIPSDKCHUH U TeH30pOM e opMmanuii onpenensercs 0000mEHHIM 3aKoHOM ['yKka:

c=C:g 2

rae C — TeH30p ynpyrux HOCTOSIHHBIX, &€ — TEH30p MaJIbIX Ae(opManuii.
Temsop nedopmaruii CBsi3aH C BEKTOPOM IEPEMEIICHHH KHHEMaTHIeCKUM
COOTHOIICHHUEM:

£ — % [Vu + (Vw)T] = 0. (3)

BO36y)KZ[eHI/Ie YIABTPa3BYKOBbLIX KoJieOaHui MOJCIUPYCTCA 3aJaHUEM TapM
OHHMYECKOI'0 BO3JICHCTBHUS Ha Y4aCTKC KIIMHKETA:

(t—2Tp)\?
u(t) = u, sin(2rft) - e_(%) ) 4)

rie Uy — aMIUIMTyJa I[epeMelleHuil, ompenaenseMas MOLIHOCTBbIO M3my4aTens. [lns
TUINYHBIX BE303JIEKTPHUECKUX MpeodpazoBaTeneit mMomHocTteio 50-100 BT ammiuryna
nepemerieHuid coctasiser nopsaka 1-10 mxm; f = 30 k[’ — yacToTa ynbTpasByka; Ty —
nepuosa  KosieOaHus. BpIOOp 4YacTOThl 00OCHOBaH pe3ysbTaTaMH HSKCIEPHUMEHTAIBHBIX
HCCIICAOBaHMUN, MOKa3aBmuX 3¢ ¢dekTuBHOCTh auama3oHa 20-50 x['m s mogaBieHUS
obpacranms [15,16].

Ha BHemHe# moBepXHOCTH TPYOKH, KOHTAKTHPYIOMmEH ¢ 3a00pTHOW BOJIOM,
MIPOMCXOIUT H3JIyYCHNE aKyCTHUCCKON SHEPTrMM B OKpYXKalomlyio cpexy. JlaBieHue B
KHUIKOCTH p yIOBJIETBOPSET BOJIHOBOMY YPaBHEHHUIO:

2
iza—f -Vp =0, ®)
c’ ot

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

Ha rpanune pasnena «TpyOKa-KHIKOCTB» BBIIIONHSAIOTCS YCIOBHS HEHPEPHIBHOCTH
HOpPMAaJIbHBIX KOMIIOHEHT CKOPOCTH M HaNpsHKEHUIL:

ou

nio-=ncv, oon=-pn, (6)

TJI€ N — BEKTOP BHENIHEH HOPMAJIH; Vs — CKOPOCTh YAaCTHIL JKHIKOCTH.

Ha BHyTpeHHe# moBepXHOCTH TPYOKH 3a/1a€TCsi yCIIOBHE CBOOOHON MOBEPXHOCTH, T.K.
IpueMHast TpyOKa THIPOAMHAMHMYECKOTO Jiara BHYTPHM TOJas M 3alloJIHEHa BO3LYXOM,
BIIMSTHAEM BO3TYLTHOM Cpelbl Ha TUHAMUKY CTEHKH NpeHeOperaeTcs:

cn=0 7

VYpasuenus (1)-(4) co3maroT MaTeMaTHYECKyI0 MOJIENb PaclpOCTPAHEHUs! YIbTPa3ByKa
TI0 TIOBEPXHOCTH J1ara, BeIpaskeHus (5)-(7) ABIAIOTCSA TPaHUYHBIMU YCIIOBHSMH.

Jnst 49UCIEHHOTO pemeHus CQOpMYJIMPOBAHHOM KpaeBOM 3aJadd  HMCIOJIb3YETCs
nporpamMeblid pogykt COMSOL Multiphysics®, ocHOBaHHBI Ha METOJe KOHEYHBIX
anemenToB (MKD) [13]. OcnoBHas wumess MKD 3akmrouaercs B JAHCKPETH3AIUU
HETIPEPHIBHOHN 00J1aCTH Ha KOHEYHBIE JIEMEHTHI W allPOKCHMAIMA UCKOMOTO PEIIeHHs Ha
KaXX/IOM dJIEMEHTE.

Juckpern3anys BBIIIOJHEHA C HWCHONB30BaHMEM 10-y3JIOBBIX TeTpa’apajbHBIX
3JIEMEHTOB BTOpOTO mopsiaka (puc.4). s obecriedeHnss CXOIUMOCTH PEUIeHUs TIPOBEIACHO
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TPU TOCJIEIOBATEIbHBIX M3MEJbYeHUs] ceTku ¢ koaddunuentom 1,5. KommuectBo
9JIEMEHTOB B (huHaJIbHOU ceTke — 124560, konuyecTBO crenenei cBoboabr — 578932,

Llenp pacuera — ONpEAENUTH XapakTep pPacHpPOCTPAHEHHs YIbTPAa3BYKOBOTO
UMITYJIbCA OT HCTOYHUKA, YCIOBHO PACIIONIOKEHHOTO Y OCHOBAHUS KIMHKETA.

a) YacTp sara, BRIXOIAIIAS U3 KOPITyca CyJHa Yepe3 KIMHKET
0) U3MepHTeNbHAA YaCTh JIara ¢ pacloOKEHHBIMI YyBCTBUTEIILHBIMH JIEMEHTAMU

Puc. 4. Pacuetnas monens mara B COMSOL Multiphysics

Jng onucaHus paclpoOCTpaHEHHA BOJIH B TBEPAOM TeEIE HCIONB30BAICA MOAYJNb
«AKyCTHKa TBEpABIX Te». [ paHNYHBIE YCIIOBHSA HA TOpLAaxX TPYOKH 3aaHbl KaKk CBOOOTHBICE.
Hcrounnk Bo30ykAeHHS MOAEINPOBAJICS KaK HOPMAJIbHOE YCKOPEHHE Ha MaJIoH IIJIOIIA/IKe,
COOTBETCTBYIOIIEH MECTy KpeIluleHus IpeoOpasoBarens. dopma CHrHala NpeACTaBisna
c000# CHHYCOMIaNbHBIA UMITYJILC C YaCTOTOM f, MOIYJIMPOBAHHBINA rayCCOBOM orubaromiei
(puc. 5), 4TO MO3BOJISIET CKOHIIEHTPHPOBATh YHEPTHIO B Y3KOH MOJIOCE YacTOT M M30eXkaTh
pe3Kkux GpoHTOB.
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Messages Progress Log

Puc. 5. Orubaromas no ["ayccy ass ynpTpa3ByKOBOTO UMITYJIbCa

Pacyersl mnpoBOAMIMCH UL PA3MUUYHBIX BPEMEHHBIX HHTEPBAJIOB. Pe3ynbraThl
MOJIENUPOBaHMs (pUc. 6 U 7) HAITISTHO JEMOHCTPUPYIOT, UTO YIPYTHE BOIHBI OT TOUEYHOTO
UCTOYHHMKA IP(PEKTUBHO PACIPOCTPAHSIOTCS 10 BCEH JJIMHE M MOBEPXHOCTU TPYOKH, He
3aTyxasl TOJIHOCTBIO Ha HCCIIEyeMOM OTpe3Ke BpeMeHH, paBHOM 10 mepromoB KoseOaHMs
HCTOYHMKA yIbTPa3ByKa. DTO MOATBEPKAACT, YTO OJHOTO HM3JIydaTells, yCTaHOBJICHHOTO B
BEpXHEH yacTH TPYOKH, JOCTATOYHO AJISI CO3/IaHMS KaBUTAIMOHHOTO IOJIS IO BCei paboueii
MTOBEPXHOCTH, KOHTAKTHUPYIOIICH ¢ 3a00pTHOI BOHOI.

Graphics | Function Plot Convergence Plot 1
@ Q@ v J L- v

. .
9-0%ime=4.6667E-7 5 Surfa

Puc. 6. PacipocTpanenue ynpTpa3BykoBoro ummysnsca B 3D Mozenu
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Puc. 7. PactipocTpaHeHue BOJHBI B pa3pese TPYOKH B Pa3HBIH MOMEHT BPEMEHH

IIpoBenénnoe wuccrnenoBanne B TnporpammHoMm Tnpoaykre COMSOL,

HarJIsITHO

MOKa3bIBaeT, KaK pacrpocTpaHsercs: BosHa. COIIacCHO MOJEIHPOBAHMIO, 3BYKOBas BOJIHA
obnamaeT JOCTaTOYHON 3HEpruel st odecriedeHns 3¢pdexra kaBuTanuy Ha BCeH MIIOMaIn
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Jiara. HpI/I PACIIOJIOKECHUU UCTOYHUKA YJIbTPa3ByKa Ha KIIMHKETE ((bnaHue BbIXOJa nara)
pacnpoCTpaHCHUEC YJIbTPA3BYKOBOI'O U3ITYUCHUA MPOUCXOJUT T1O BCelt TMMOBEPXHOCTHU pr6KI/I
PaBHOMCPHO, TaKUM o6pa30M PpCajibHO UCTIOJIL30BATH KaBUTAIMOHHBIA METOJ JJISI OYHUCTKU
Jilara oT OGpaCTaHI/IH.

3akiao4yenue

B xome wmccnemoBaHMS C WCHONB30BaHMEM THporpaMMHOro komiuiekca COMSOL
Multiphysics Obl1a MocTpoeHa MaTeMaTHIecKast MOJEINb PaCIPOCTPAHEHUS YIbTPAa3BYKOBBIX
BOJH B INIPHEMHOH TpyOKe TI'HMAPOAMHAMHYECKOTO Jlara HOBOTO Tuma. MolenupoBaHue
MOATBEPIMIIO PABHOMEPHOE PACIIPEACICHHE aKyCTUYECKOTO MOJIS 110 HOBEPXHOCTH TPYOKH
IpY pa3MENIeHUH OJHOTO M3JIydaTelli B BEPXHEH 4acTH KOHCTPYKIHMH. JTO JOKa3bIBacT
TEXHUYECKYIO PEalli3yeMOCTh KOMIIaKTHOI BCTPOCHHOW CHCTEMBI 3aIlIUTHI.

PazpaboTanHass cucrteMa He TpeOyeT BMeNIaTesJIbCTBA B KOHCTPYKLUIO Jiara, He
BBIJIEIISIET BPEHBIX BELIECTB U MOXKET paboTaTh aBTOMAaTHYECKH. BHeIpeHne Takux cucTeM
MIO3BOJIUT MTOBBICUTH TOYHOCTH HABUTI'ALIMOHHBIX U3MEPEHUH, COKPATUTh IKCILTyaTal[HIOHHbIC
pacxoJibl Ha OYUCTKY U JOKOBAHHUE. HaHpaBHeHI/IeM HaﬂbHeﬁIlIPIX I/ICCJ'IC[[OBaHI/Iﬁ ABJISICTCS
OKCIICPUMCHTAJIbHAsA IPOBEpPKa MOJYYCHHBIX MOJICIBHBIX JaHHBIX B J'Ia60paTOpHI)IX u
HaTypHBIX yCIIOBUSX.
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Metonosnorust pazpadorku moayJieit «CyaoBble yCTPOHCTBA H
cucrembD» VR-Tpenaxépa «Teopusi ycTpoiicTBa cyaHa» u
NpHMeHeHHne B y4eOHOM mpouecce
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AnHorammsi. B jmamHON paboTe paccMaTpHBaeTCsl aKTyalbHBIH Bompoc Iu(poBoit
TpaHc(hOpMaIMK MOPCKOTO M PEYHOT0 00pa30BaHUs Yepe3 BHEAPECHHE ClIeNNaTH3UPOBaHHBIX
TPCHAKEPHBIX KOMIUICKCOB Ha 0a3e TEXHOJOTHH BUPTyalbHOH peambHOCTH (VR). Onmcana
LENICTIONIaraioas ¥ HCCIICAOBATENbCKas dYacTh pPaboThl MO co3faHuio  VR-TpeHaxépa
«Teopust ycTpoiicTBa CymHa», TeXHHWYECKas COCTABISIONIAs pealn3allid HICH H
JOCTUTHYTBIE pe3ynbTaThl. lIpencTaBieH MOAPOOHBIN aHANN3 WHTEPAKTUBHBIX MOIYINEH
«CyoBBIE YCTPOICTBA U CHCTEMBI», pa3pabOTaHHBIX B COCTaBE MPOrpaMMHO-AINApaTHOTO
komiuiekca «Teopust ycrpoicTBa cymaHa». OnmcaHa CTpYKTypa M (YHKIHOHAJIBbHBIE
BO3MOXHOCTU MOAYJICH, BXoAdmuX B coctaB VR-TpeHaxkepa «Teopus ycrpoiicTBa cyaHay.
PaccmaTtpuBaroTcs TEXHHYECKHE M METOJUYECKHE AacClEKThl pealu3allud BUPTYaJIbHBIX
MoJIeNIeH Ipy30BOH CUCTEMBI, a TaKXkKe SKOPHO-IIBapTOBHOI'O U IIUIIONIOYHOIO YCTpOMCTB. B
cTatbe  OOOCHOBBIBACTCS ~ NPEHMYIIECTBO  HCIONB30BaHHSA  VR-TexHomormit s
(dopMupoBaHUS TPOPECCHOHAIBHBIX KOMIIETEHIMH OyIyINX WICHOB SKUMAXel CynoB M
HHKEHEPOB-KopabiecTpouTenel, 4YTO TO3BOJISICT MHHUMH3HPOBaTh PUCKH U 3aTPaThl,
CBSI3aHHBIC C JKCIUIyaTallMeld peaJbHOr0 CyIOBOTO O0OOpYAOBaHMS B Mpolecce OOydeHHs.
OnucaHbl CIEHApUM HMHTEPAKTHBHBIX J1A0OPAaTOPHBIX pabOT M METOIBI KOHTPOJIST 3HAHWIA.
MIOBBICUTH HAIJIITHOCTh U3YyYECHUS CIOXKHBIX TEXHUUECKUX Y3JI0B.

KnroueBbie cioBa: 1udpoBmzanus oOpaszoBanusi, VR-TexHomormm, TpeHaxepHas
MO/ITOTOBKA, CYAOBBIE CHCTEMBI, IPy30Bas CHCTEMa, CYHOBBIC YCTPOWCTBA, SKOPHO-
IIBAPTOBHOE  YCTPOWCTBO,  LUIOMIOYHOE  YCTPOMCTBO, HHTEPAKTHBHOE  OOyuYeHHE,
0e30MMacHOCTh MOpETIIaBaHMsI

Methodology for developing the «Ship devices and systems»
modules of the «Ship theory» VR simulator and their application
in the educational process
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Alina I. Samosyuk
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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 ®enepauuu B TpaHCHOPTHOM oTpaciu [1] sBiAsSeTcd HCHOIB30BAHUE
COBPEMEHHBIX MYJbTUMEIUIHBIX TEXHHUECKUX CPEACTB C LEIbI0 IOBBIINICHUS KauecTBa
[I0JIa4U ¥ YCBOEHHsI MaTepuaia CTyleHTaMU U KypcaHTamu [2, 3].

[TosToMy, B 00pa3oBaTesbHBIX OpraHu3alusIX, M0ABEAOMCTBEHHBIX PocMoppeuduiory, a
TaKkKe MX YAaJCHHBIX (uinanax v CyIOXOAHBIX KOMIIAHUSAX B HACTOsIIEE BPEMs BO3HUKIIA
MOTPEOHOCTh B y4YEOHO-METOAMYECKUX W TPEHAXKEPHBIX KOMIUIEKCaX TEOPETHYECKON
MIOATOTOBKH [4], B TOM YHCIIE C UCIOIb30BAHUEM TEXHOJIOIUI BUPTYaJIbHON U JOTIOJIHEHHOMN
peanbHOCTH.

Jnst TOATOTOBKM CTYJCHTOB IUIABAaTENbHBIX CHEIUANbHOCTEH — OyAyIIMX UICHOB
JKUMAKEN PEUYHBIX U MOPCKUX CYJ0B, IPUMEHEHUE TEXHOIOTUI BUPTYalIbHON PEATbHOCTH —
3T0 3¢ HEeKTUBHOE peLICHUE psiaa MpoOsieM B TpeHaXKEPHOH noAroToBKe [1]:

— BO-TIEPBBIX, M3Y4YEHHE YCTPONCTBA M IPUHIMIIOB PAaOOTHI CYHZOBBIX
YCTPOHCTB B HEKOTOPBIX CIydasx TpeOyeT IMOKYNKH JOPOTOCTOAIIETO U
MaccorabapuTHOTO 000pyJOBAHHS;

— BO-BTOpBIX, TpEHa)XkKepHas MOJArOTOBKa HE Bcerga obecreynBacT
BO3MOXKHOCTh BCECTOPOHHETO PACCMOTPEHUS 00bEKTa U3yUESHUSI.

JUid  CTyIeHTOB HeEIUIaBaTENbHBIX CIEIHAIBHOCTEH BO3HUKAIOT CIOXKHOCTH C
OpraHM3aled W3ydeHHs CyIOBBIX CHUCTEM M YCTPOWCTB Ha pealnbHBIX Cydax H
npeanpuaTHax. OHU CBA3aHBI C JOCTYIIOM Ha 4YacTHBbIE OOBEKTHI M Oe30macHOCThIo. [lo
HACTOSILET0 BPEMEHH MOCELIEHNE CYA0B CTYICHTAMH B paMKaX 03HAKOMUTEIbHBIX IPAKTUK
OCYIIECTBIISIIOTCSA TOJIBKO TIO JIOOPOBOJIFHOMY COTJIACHIO BIIAJEIBLEB, IKUIAKEH CYIOB H
JIICIIETYEPOB IOPTOB, PYKOBOACTBa mpennpustuii. [Ipum 3TtoM oOHM Oepyr Ha cebs
OTBETCTBECHHOCTh 3a OE€30MacHOCTh CTYJICHTOB HA CYAHE WIM NPEINpUsITHH B 30HAX
PacCTIOJIOKEHHSI MEXaHU3MOB U 000PYIOBaHUS.

K ToMy ke B paMKax 3THX MPAaKTHK CTYACHTAM CII0)KHO YCBOWTH OOJIBIIOW 00BEM
cnenuduyeckoil nHbOpPMAIMK TI0 JCTATU3AIMH YCTPOHCTB U CHCTEM. B 3TOM BO3HUKAET
HEOJHOKpaTHAas HEOOXOMMOCTb IIPHU OCBOCHHH CTICIIHATBHBIX JTUCIIUIUINH.

VIMeHHO mno3TOMY pa3paboTKa KOMIBIOTEPHBIX OOYYArOIIMX CHCTEM JUIsS H3Yy4YEHHUS
KPYHNHOTaOapuUTHBIX ¥ JIOPOTOCTOSIIMX JeTajeil TpaHCIOPTHBIX CpEeACTB Ha 0ase
BUPTyallbHOH U JIONOJIHEHHOM pEalbHOCTH SBIAETCS MEPCIEKTUBHBIM M SKOHOMHUYECKU
BBITOJIHBIM HampasiieHUeM |5, 6].

B 2023-2025 r.r. Bo ®I'BOY BO «BI'YBT» mpoBenena pa3paboTka MpOrpaMMHO-
anmnapaTHOrO KOMIUIEKca Ha 0a3e CKBO3HBIX IM(POBBIX TEXHOJOTHH BHUPTYaJIbHON H
JIONIOJHEHHON peanbHOocTH [7] «Teopust ycrpoiicTBa CynHa» C HMHTETPUPOBAHHBIMU
HHTEPaKTUBHBIMHU MOTYJISIMH.

1. MeTtoapl peanu3anun VR-Tpenaxépa

[IporpaMmHO-anmapaTHBI ~ KOMIUIEKC peann3oBaH [6, 7] ¢ HCIONB30BaHHEM
COBPEMEHHOTO KOMILJIEKTa CpeAcTB BUpTyaibHOH peamsHoctn HTC Vive Pro, urposoro
nemwkka Unity m mporpammHoro makera Blender. I'padmdeckue OMOTHMOTEKH MOTIONTHEHBI
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JeTanbHO HpopaboTaHHOH 3D-Monento He(TEHAIUBHOIO Cy[IHA, a TaKKe MOJIEIAMH €ro
JJIEMEHTOB, CHCT€M H YCTPOHCTB C BBICOKOH CTENEHBIO AETaNU3aLUH. ODTO IO3BOJIUT
CTy/IEHTaM H3y4yaTb 000py/I0BaHHE B KOHTEKCTE pPeasbHOM apXUTEKTYpHI CyIHa.
VHTepakTHBHBIE MOJYJNHM  CHPOCKTHPOBAaHBI KaK MHOTOYpOBHEBas  CUCTEMa,
BKJIIOYAIOIIAS:
— TCOMETPHYECKH  TOYHBIE  MOJEIM  MEXaHHM3MOB U CHCTEM
(TpyOOTIPOBOIOB, 3aTIOPHOI apMaTypHl, Opammnuiei, KHeXTOB, IUTION0AIOK);
— ¢u3nYecKuil ABMKOK, MMHTHPYIOLIIMI HATSDKCHHE TPOCOB, IBIDKCHHE
Lernel ¥ IoBeJeHHe CyJHa Ha BOJE;
— uHTEpdEeiic B3aNMOACHCTBIS (KOHTPOJUIEPH! BUPTYalIbHON PEaTbHOCTH),
UMUTHPYOIINI PyYHOE YIIPABICHHE CTOIIOPAMH, PYKOSTKAMH U IYJIBTaMH.
ITocne neranpHOW mpopaboTku reomerpun B VR-TpeHaxképe B Hacrosllee BpeMs
peannzoBaHa pabOTa WHTEPAKTUBHBIX MOJIYJIEH B PEKHME W3y4CHUs TEPMUHOJIOTHH H
TECTUPOBAHMUSI IO ONPE/ICIICHHUSM 3JIEMEHTOB CY/HA, CUCTEM U YCTPOMCTB.

2. Pe3yabTaThl pa3padoTKu 0TAeIbHBIX HHTEPAKTUBHBIX MOy 1€
2.1 Axopno-wieapmogHnoe ycmpoiicmeo

BuptyansHoe 3X-MepHOE SKOPHO-IIBAPTOBHOE YCTPOWCTBO, COCTOHMT W3 Opamimmis,
KHEXTOB, BBIOIICK, KIIO30B, KHIIOBBIX IIIAHOK, IITATHO pAaCIIOJIOKECHHBIX Ha CyIHE
3aJ]aHHOTO THUIA W BOJOU3MEIICHUS.

AnropuTMbI pabOThl BHPTYAJIBHOTO SIKOPHO-IIBAPTOBHOTO YCTPOICTBA OOYCIIOBIICHBI
HEOOXOANMOCTBIO OTPaOOTKH HAaBHIKOB IUIABCOCTaBa BO BPEMS MPOBEICHUS IOCTAHOBKH
CyJHa Ha SIKOPHYIO CTOSIHKY, CHATHSI C SIKOPS, IIBAPTOBKH K MPUYAITY WIN IPYTrOMY CYZAHY.

TecroBble 3afaHHs MOCTPOEHBI IO TNPHHIMIYY HEOOXOAMMOCTH BBIOOpa BEPHOTO
Ha3BaHUS JJIEMEHTa SIKOPHO-IIBAPTOBHOTO yCTpoiicTBa. Hampumep, Ha ClieHE «IIOACBEYCH)
mBapTOBHBIN K03 (puc.l). Ha skpane Haamuck ¢ 3anaHueM «BwiOepure moJCcBEYEeHHBIH
9JIEMEHT:» M BapHaHTaMU OTBETOB: IIBAPTOBHBIN KIII03; KWIOBAas IUIAHKA; IIBApPTOBHBIN
KHEXT; CMOTpPOBOii Jtok. IIpu BEIOOpEe BEpHOTO BapHaHTa OTBETA JJIEMEHT IOJICBEYMBACTCS
3eJIEHBIM L[BETOM, HEBEPHOT'O — KPACHBIM.

Puc. 1. [lpumep 3aganus ¢ BELIOOpOM BepHOTO (a) 1 HeBepHOTO (0) BapuaHTa OTBETa

TecToBbIe 3amaHus MO SKOPHO-IIBAPTOBHOMY YCTPOMCTBY conepkar 18 ompeneneHwid
JJIEMEHTOB | 110 4 BapHaHTa HEBEPHBIX OTBETOB K Ka)XKJIOMY JIEMEHTY.

Taxyke BO3MOXHBI BapUaHThl 3aJaHUM IO TUIlYy: «YKAKHUTE 3JJIEMEHT «bpalnuib.
OO0y4JaloLIHiACs JOJDKCH HABECTH JUKOWCTHK M TIOJICBETUTH BEPHBIN 3JICMEHT.
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2.2 Mooynw «IlInonounoe ycmpoiicmeo»

K peamuzannu B VR-TpeHaképe mpuHsTa 3aKpbITas LUTIONKA cBOOOJHOrO majaeHus [8,
9]. LlmtomouHoe YyCTPOHCTBO B O3TOM CIy4dae COCTOMT M3 pPaMHONH KOHCTPYKLHUH,
CMOHTHPOBAaHHOH Ha JABYX Mally0ax 1o BbICOTE B KOPMOBOH YacTH Cy/HA M BKJIIOYAIOILIEH, B
TOM 4YHCJIE, TIO/IBU)KHBIC JJIEMEHTHI; 3aKpBITOH CaMOXOIHOHM IIIIONKH; 3JEMEHTOB
ynpasieHus. s obecredeHus] CITyCKONMOIBEMHON (PYHKIIMH YCTPOWCTBO 000pyIOBaHO
ANEKTPO-THAPABINIECKON CHCTEMOH C IIyIbTOM VIIPaBICHUS, OCHACTKOW, JIeOEnKoil u
JIPYTUMH 3JIEMCHTaMH.

Paspabotana mosnemenTHas 3D-reomeTpus B cienyronieM 00béMe (CM. PHCYHOK 2):

1. Tlocamouynas IUIOmaZKa TIepex KOPMOBOW JABEPHIO  IITFOTIKH.
Kopmoas gacTs BepxHe# (nutrornogHoi) mamyosl. C G0KOBBIX CTOPOH
urontaaKa oOHeceHa ObICTPOCHEMHBIM JIEEPHBIM OTPayKICHHEM.

2. HapyxHble »7eMEHTHl LUTIONKH: KOPMOBas [BEpb, JIOKH, OKHa,
MOPYYHH, CIIELCHMBOJBI, MOJABEMHBIE KOJbLA, TaKH, TPOCH,
criacaTeNbHble JIMHH, OpOLIAIOIIas CUCTEMa, HaBHI'allMOHHBIE OTHH,
CIIyCKOBOW KpIOK W BCE JJIEMEHTHI €ro OTJa4d — OCHOBHBIE U
aBapHiiHbIe, NOABEMHBIC KPIOKH, NPOYIIUHEL.

3. BHyTpeHHee yCTpPOMCTBO LUIIONKU: MOCAAOYHBIE MECTa, PEMHH
0e30macHOCTH, JIIOKM, KJIAlaHbl, pbUaru, MyJlbT YIpaBICHHUS,
JBUTATEeNb, OAJUIOHBI C BO3IAYXOM, PYJICBOE YIPABICHHE, CHCTEMBI,
JOBIDKUTENb, PYKOATKH. OT BXOAHOH JBEpHM NPOCMATPHBACTCS
BHYTpPEHHEE MPOCTPAHCTBO IITIONKH.

4. TlpopucoBka 3JIEMEHTOB OJJEKTPO-TUAPABIMYECKOW CHCTEMBI Ha
nanxy0e, Ha NUTIONOANKe, Ha IITIOMKE.

Puc. 2. Mozens 1UTIONOYHOTO YCTPOHCTBa

PaspaboTtanHast BuUpTyanbHas MOJIENb IIO3BOJSCT M3ydaTb OCHOBHBIC JIIEMEHTHI
LUIIOIIOYHOI'0 YCTPOMCTBA U UX B3aUMOJEHUCTBUE NIPU OIEPaLUAX IO IOAIOTOBKE, CIIyCKY U
NOABEMY LIUTIOTKH.

Ha nannom stame Ha monenu «lllnmromoyHoe yCTpOWCTBO» peann3oBaHa paboTa B
pexume tectupoBanus. ChopmupoBana 6a3a u3 30 351leMEHTOB IUTIONIOYHOTO ycTpoiicTBa. K
KKJIOMY JIEMEHTY OTpeAeNi€H CIIUCOK U3 STH BapUAHTOB OTBETA, BKITIOYAS TPABUIILHBIN.

Cuctema QopmupyeT WHIMBHIYaJIbHbI BapUaHT TECTa, BBICTPAUBAs BOIPOCHI
(ToICBEYECHHBIE SJIEMEHTHl MUIIOMKH) CIYYalHBIM 00pa3oM, W TaKKe «IepeMEIInBACT»
MOPSIOK BAPHAHTOB OTBETOB B Ka)KJJOM BOTIPOCE.

JanbHeiiuee pa3Butue VR-Mozenu HUIIONOYHOrO YCTpOMCTBA B YAacTH AMHAMHMKHU U
B3aUMOJICHCTBUSL BCEX OJEMEHTOB CIYCKOMOJIBEMHOIO YCTPOWCTBA; THIPABINYECKON
CHUCTEMBI YIIPABICHHS, BHYTPEHHETO YCTPOMCTBA MUIIONKH — TO3BOJHUT ITOCTABUTh
nabopaTopHbIe PabOTHI IO TEMaM:
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1) «IToAroToBKa K OCTaBJICHUIO CY/IHAY;
2) «CIycK IUTIONKK METO/IOM CBOOOIHOTO Ma/ICHUS;
3) «CrycK IUTIONKH Ha JIOMapsix»;
4) «YnpaBneHue cracaTesIbHOM NUTIONKOH, MOABEM JIIoAEeH C BOABI U OYKCHPOBKA
CHacaTeNbHBIX MJIOTOBY;
5) «[TorpéM IITIOTIKY U3 BOJBI U €€ 3aKpeIieHIe Ha CITyCKOIIOIEMHOM YCTPOHCTBEY.
Cuenapun mabopaTtopHbIx pabor B Moxayne «lllmomodnoe ycTpoWCTBO» OBLIH
pa3paboTaHbl HA OCHOBE MATEPHAIIOB!
—kypca ®I'BOY BO «BI'YBT» «Cnemmamuct mO cCrHacaTelbHBIM
LIUTFOTIKAM M TUIOTaM»;
— MexnayHaponHBIE KOJEKC 1o cmacaTensHBIM cpenctBaMm  (Komeke
KCC/LSA);
— PKO IIKIIC Yacts V «CynoBsie ycTpoiicTBa U CHaOKEeHHUE»;
— PKO HJI Ne2-020101-171 IMpaBuna no o60py10BaHHIO MOPCKUX CY/IOB;
— Konctpykropekuit fokymeHT «CrnacaTeslbHble CpelCcTBa U yCTpoiicTBa.
MeToauKa MIBAPTOBHBIX U XOAOBBIX UCIIBITAHUI.

2.3 Mooynv «Cyooevie cucmemuly

ITockonbKy B KadecTBE NMPOTOTHIIA MOAEIHPYEMOTO CynHa ObUI BBIOpaH TaHKEp, NPH
paspaborke Monymsa «CyooBble CHCTEMBI» TIPHHSTO pEIICHHE BOCIPOM3BECTH PsA
CHELHaTIbHBIX CUCTEM, XapaKTEPHBIX JUI He(hTCHAINBHBIX CY/IOB:

— I'PY30BYIO M 3a4HCTHYIO CHCTEMY;

— CHCTEMY MOWKHU TaHKOB;

— ra300TBOJHYIO CUCTEMY.

— YKa3aHHbII BEIOOP 00YCIIOBIICH CIENYIOMIUME (aKTOpaMH:

— BBICOKOM 4acTOTOI HCIIOIB30BaHMSA CHUCTEM MPH HKCIUTyaTaIlMM CyIHa
(0co6eHHO ISt TPY30BOH M 3aUHMCTHON CUCTEM);

— 3HAYUTENBHBIM KOJIMYECTBOM Pa3HOOOPA3HBIX HJIEMEHTOB B COCTaBE
KaXXJJOH CHCTEMBI;

— HaJIMYMEM MHOXECTBA PEXHUMOB (BapHAaHTOB) paOOTEI;

— IPSAMBIM BIMSHHEM Ha 0€3011aCHOCTh SKCIUIYaTalllH CY/HA.

Cpenn mepednciIeHHBIX CHCTEM HamOoJblllee BHHUMaHHME YAEIEHO IPY30BOH CHcTeMe,
MIOCKOJIbKY €€ HenpaBWIIbHas OKCIUIyaTals CIIOCOOHa TIPUBECTH K aBapHHHBIM U
Ype3BbIYAHHBIM CHTyalusM. Ha HalMBHBIX CyJax HPUMEHSIOTCS T'PY30BbIe CHCTEMBI
pPa3IMYHBIX THIIOB: C KONBLEBOM WM JIMHEHHONH MAarucTpanbio, ¢ IepebopOuHBIMU
KJIMHKETaMH, TYHHEJIBHOTO THIIA, a TAKXKE C IOTPY>KHBIMH HACOCaMH.

B nocnenHee Bpems TaHKEPHI OTHOCUTEIHHO HEOOJBIION IPy30M01eMHOCTH (10 15-20
ThIC. T) OCHAIIAIOTCS TPEUMYIIECTBEHHO CHCTEMaMH C MOrPYKHBIMH Hacocamu. K
JOCTOMHCTBAM TaKHX CHUCTEM OTHOCSTCS:

— OTCYTCTBHE BCAaChIBAIOIINX TPYOOIIPOBOJIOB;

— CTaOMIIBHOCTH MpOLIEcca BBIIAYHN I'PY3a;

— COKpalleHne 00beMa He yJalsieMOro OCTaTKa B TPY30BbIX TaHKaXx;

— OTCYTCTBHE HEOOXOAMMOCTH B YCTAaHOBKE CIICIHAIBHBIX 3aYMCTHBIX
Hacocos [10, 11].

PacrionoxeHnne BceX OCHOBHBIX TpyOONIPOBOJOB Ha TJIaBHOM mamybe cynHa,
XapakTepHOe AN TPY30BBIX CHCTEM JAaHHOTO KOHCTPYKTHBHOTO THIIA, CYIIECTBEHHO
oOJeryaer u3yueHne CTyJCHTaMHU COCTaBa, yCTPOICTBA U IIPUHIIUIIA ICHCTBUS CUCTEMBI.

s mpoBeneHus 1abopaTopHbIX paboT pazpaboTana BUpPTyajbHas MOJEIb TPY30BOH U
3aYMCTHOW CHICTEM, BKIIFOYAOIIAs CIIETYIONINE SIIEMEHTHI:

— MPUBOJBI IPY30BBIX HACOCOB;
— IPY30BbIE U 3aYHCTHBIE TPYOOIIPOBOJIBI;
— MIOBOPOTHBIE 3aTBOPBI C PYYHBIM M 3JIEKTPOIPHBOIOM;
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— IPUBOJBI NIEPEITYCKHBIX KIIMHKETHBIX 3aIBIIKEK;
— majnyOHbIE JJIEMEHTHl (CXOJIHBIE JIIOKH, CTallMOHApHBIE MOEYHBIC
MAIIUHKHU U Jp.).

TpexmepHble MOJENN CHCTEM CO3JaHbl Ha OCHOBE ICKHM30B M UYEPTEKEH OTIENbHBIX
aneMeHTOB. [Ipumeps! Takux Mo/ieneil mokasaHbl Ha pUCyHKax 3—0.

[IpoekTHpoBaHWe KOHCTPYKIIMH BEJIOCh C y4ETOM TpeOOBaHWN HOPMATHBHOU
mokymentamuu [3, 8, 12, 13] m Brmodamo pa3pabOTKy MPHHIUIHAIGHBIX CXEM,
TPacCHPOBKY TPyOOIIPOBOAOB, KOMIIOHOBKY O0OpYyIOBaHMSA, pacdéT MPOHU3BOIUTEIBHOCTH
HACOCOB U THAMETPOB TPYOOIIPOBOIOB.

N300pakeHre HEKOTOPHIX 3IEMEHTOB CHCTEM B COCTaBE TPEHa)Kepa NPEICTaBICHO Ha
puc. 7 u 8.

@

Puc. 3. Dcku3bl 1 TpexMepHast MOZAENb JBUTATEIsI TPY30BOTO HACOCA CyHA

Puc. 4. Dcku3bl B TpexMepHas MOJIENIb CXOTHOTO JIFOKA B TPY30BOi TaHK
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U

Puc. 5. Dcku3bl M TpeXMEpHasi MOJIeIb TIOBOPOTHOTO 3aTBOPA C AIEKTPOIPHUBOIOM

Win. 154 €M B HoC

ﬂﬂl

llin. 90 cm. & woc

| I A oyl
T

Puc. 6. TpaccupoBka TpyOOIPOBOAOB IPY30BOi M 3a4MCTHOW CUCTEMBI
B paiifoHe Ipy30BOro Hacoca U MaHU(OIIbIa

Puc. 7. ®parMeHT BHENIHETO BUJIa TPEHAXKEPA C SIIEMEHTAMH CUCTEM B KOPMOBOI1 4acTH rpy30BOi
30HBI
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Puc. 8. ®parment BHeNIHMIT BUIa TpeHaxepa B pailoHe MaHu(oIbaa

Jus obGecnieueHust  (YHKIMOHAJIBHOCTH B YCTPOMCTBE TIPY30BOH  CHCTEMBI
MpeayCMOTpEHa BO3MOXKHOCTh UMUTALIUH CIICAYIOIIUX PEKUMOB PabOThI:

— IpUeMa WK BBITPY3KU OJHOTO MM ABYX COPTOB Ipy3a OJTHOBPEMEHHO;

— BBITPY3KH C 337IeHCTBOBAHUEM BCEX JTMOO YaCTH IPy30BBIX HACOCOB;

—mpueMa W BBAaYa rpy3a ¢ Ioboro Oopra dWepe3 omamH mwinm o0a
TpyOOnpoBOIa MaHU(OIbA;

—3aYNCTKM Marucrpaieii OoT OCTaTKOB HE(TETPOAYKTOB  IOCIE
3aBEPIICHHS TPY30BbIX OIEPALIHH.

— Meroauka paboThl C MOJIYJIEM COCTOUT U3 JIBYX YaCTEH.

IlepBast wacth (03HaKOMHUTENbHAs) MPEAHA3HAYCHA JUIS OOBSICHEHUS KOHCTPYKIHU
CHUCTEM, pAaclOJOXEHHs M Ha3HA4YeHUs dJIeMEHTOB. KOHTpOJb YCBOEHHMs MaTepHaia
ocymecTBIsieTcss B (opMe TECTHPOBAHHSA, BKIIOYAIOIIETO 3aJaHUS Ha JEMOHCTPAIIUIO
MECTOIIOJIOKEHHS AIIEMEHTOB HEMOCPEICTBEHHO Ha TpeHaxepe. [1o ycTpoicTBy rpy30Boii 1
3a4MCTHOW cHCTeMbl pa3paboraHo 30 BONPOCOB, KOTOPHIE CIPYHIMPOBAHBI B OTAEIbHBIC
TECTOBBIC 33JaHHS 10 5 BOIPOCOB.

Bropas gacts (mpakTideckas) HampaBieHa Ha (JOPMUPOBAHNE HABBHIKOB AKCILTyaTaIlHH.
OOyuaronyiecs: OCBaMBAlOT IIOCIIEOBATEIBHOCTh JNEWCTBUH SKHNa)ka MPU BbINOIHEHUH
IPY30BBIX OIEpaIii B PAa3IMYHbIX peknMmax. [ 3TOro MoIylb AOJDKEH OBITh JOTOJHEH
BUPTYJILHOH MOJIETBIO ITyJIbTAa YIPABICHUS I'PY30BBIMH M OIIaCTHBIMHU OnepanusiMu. B
npolecce MMUTALMH PabOThl CHUCTEM MPEAyCMOTPEHa BO3MOXKHOCTH OMYJISIIIMM OTKa30B
JJIEMEHTOB Ui OTpabOTKM JAEHCTBMHA B HEUITaTHBIX CHTyanusx. B 3Tom ciyuae
oOydaromuecs, HUCIONb3ys CIenuaibHOe o0OpyJoBaHWE (LUIEM, IEep4YaTKH), MOTYT
OCYIIECTBIISITh BHPTyaJbHOE MEpeMelleHne 10 Naiayde CyAHa M BPYYHYIO YIPAaBISTh
paboToii cuctem.

3. O6pa3oBaTeiibHasl IECHHOCTH U MHTErpanus B yueOHbI mpouecc

Pazpaborannbie Mogynu «CyloBEIE YCTPOHCTBA: SIKOPHO-IIBAPTOBHOE M HIIIOIIOYHOE)
B (opMaTe TECTHPOBAHHMS MOTYT OBITH BHEIAPEHbI B Y4YeOHBIN IpOIEcC NUCIUIIIMHBI
«Teopust 1 ycTpoicTBO cyaHa» (HampasieHne noarotoBku 26.05.06, 26.05.07), «Cynosle
yCTpo#cTBa U cuCTeMbD» (HampasiieHne noarotosku 26.05.01).

Jlist BBIMIOSTHEHUsT J1a0OpaTOpHBIX paboT OOyYArOMMHCS JIOJDKEH IPeaBapUTEIbHO
N3yYUTh COCTaB UUIIONIOYHOTO YCTPOMCTBA, (YHKIMOHAIBHBIE BO3MOXXHOCTH, €r0
3JIEMEHTOB, NOCIEOBATENbHOCTh ONEPALUH MPU UCTIOIB30BAHUHY LIUTIOIIOYHOIO yCTPONUCTBA
¢ y4€TOM TEXHHUKH 0€30MacCHOCTH B 3aBUCUMOCTH OT 3aJJaHHOM CUTYyallUH.
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IIpu pabote ¢ moaynem «CymOBBIC CHCTEMBI» Ha MEPBOHAYATBHOM 3Talle U3ydaroTcs
COCTaB, YCTPOMCTBO W PEXKUMBI pPabOTBl CUCTEM C MHCIOJB30BaHUEM CIEIHAIBHO
pa3pabOTaHHBIX TPUHIIMITHAIEHBIX CXCM.

PaspaboTanHble MOIYJIM TMO3BOJAT PEAIM30BBIBATH KOMIUICKCHBIC JTa0OpaTOPHEIC
paboTBl Ais  IIUPOKOTO Kpyra CHelmaibHOCTEH. J[JIs CTYIEHTOB ILTaBaTEIbHBIX
HallpaBJICHUH AaKLEHT JelaeTcd Ha SKCIUIyaTallMOHHOW COCTaBISIOIIEH M TEXHHUKE
6e3omacHocT. [yl CTYyOEHTOB KOPaOJIECTPOMTENBHBIX —clieluaibHOCTe VR-Momynms
OTKpBIBACT YHHUKAJIBHBIC BO3MOXKHOCTH IO W3YyYEHHIO MOHTQ)XKHBIX CXEM. OJTO IIO3BOJUT
CTyICHTaM B paMKax y4eOHOTO IpoIiecca 03HAKOMUTECS € TOPSIIKOM MOHTa)Ka YKa3aHHBIX
YCTPOWCTB M CHCTEM Ha CyAHE, BUPTYaJbHO NPUCYTCTBOBATH HA IIBAPTOBHBIX M XOIOBBIX
WCTIBITAHUAX, BUACTH TIPOLIECC B3aNMOICHCTBHI MEXaHIU3MOB «H3HYTPH».

JanpHeiilee pa3BUTHE MPOEKTA MPEAIONaracT paciIupeHre OHONMOTEKH CIICHAPHEB,
BKITFOYas paboOTy C TPY30BBIMH YCTPOWCTBAMH U OTPAOOTKY ACHCTBHIA TPU BO3ZHUKHOBEHUH
HEIITaTHBIX CUTYyalui (0TKa3 TUAPaBIUKY, 3aKIIMHUBAHUE MEXaHU3MOB).

4. 3akJ04enue

BHenpenne nHTepakTUBHBIX Moayiei «CynoBeie cucteMb» U «CyloBbIe YCTPOHCTBAY
B yueOHwlii mnpomecc PI'BOY BO «BI'YBT» mnoarsepxknaaet 3¢hGEKTHUBHOCTh
UCTIONIB30BAHMA TEXHOJOTHH BHPTYyalbHOW pPEAIPHOCTH KaK CpPEICTBA ITOBBIICHHS
npodecCHOHaNBPHON MOATOTOBKH. Ilepexon OT MaccHBHOTO W3Y4YEHUS dYepTexeidl K
aKTHBHOMY B3aMMOJCHCTBHIO C TPEXMEPHBIMH MOJCISIMH OOOpPYIOBaHHS IIO3BOJISET
3HAQUUTEIBHO TIOBBICHTH YPOBEHb YCBOCHMS MaTepHana W TOTOBHOCTH BBIITYCKHHKOB K
peansHO# paboTe Ha QioTe.

Peanuszanusi BUPTyalbHBIX MOJIENIE COBPEMEHHBIX CYIOBBIX YCTPOWCTB U CHUCTEM
OTBEYaeT WENsIM NOATOTOBKM OSKUIAXKEW CYHOB, MO3BOJSIET OTpadaThIBaTh >KU3HEHHO
Ba)KHBIC HABBIKM HCIIOJB30BAHUSI CYJOBBIX YCTPOMCTB, W BBINOJHATh IpEIIHCAHHbIC
JEHCTBUSL.

[udpoBas  TpaHchopmamust  00pa3oBaTEeIbHOW  Cpeibl  SIBISIETCS  3aJI0TOM
KOHKYPEHTOCIIOCOOHOCTH TPAaHCIIOPTHOTO By3a M 0E30IIaCHOCTH IEPEBO30K BOJHBIM
TPaHCIIOPTOM.
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AHHoTanus. B paboTe BBIOIHEHO 0030pHOE MCCIEIOBAaHHUE TI0 MPOOJIEeME CBOCBPEMEHHON
W JOCTOBEpPHOH  OIIGHKM  TEXHHYECKOTO  COCTOSIHHSL ~ KOpIyca  CyXOTPY3HOTO
BOJIOM3MEINAIOIIETO CyAHa BHYTPEHHEr0 M CMEMIAaHHOTO (peKa-Mope) IUIaBaHHS.
PaccmoTpena sBontonnsl HOAXOJIOB OT KJIACCHYECKHX, PETNIAMEHTHUPYEMBIX HpaBHIAMH
Poccuiickoro knaccugukanuonnoro oduiectsa (PKO) 10 coBpeMeHHBIX BEpOSTHOCTHBIX H
PUCK-OPUEHTHPOBAHHBIX BBIYHCIUTENBHBIX Monened. [lo pesynbraTaM HCCIEIOBAHUS
o0ocHOBaHa BOCTPEOOBAHHOCTH Pa3pabdOTKH MOAEIHEHO-AITOPUTMHUYECKOTO OOCCIeYeHUs
uudpoBoit cucreMsl noaaepkku npuHsATus pemennii (CIIIIP) mpu omeHKe TEXHHYECKOTO
COCTOSIHUSI METAJUTMYECKOTO KOPIyCa CYyXOTPY3HOTO BOJOM3MEINAIOUIEro CyJHA B MpoIecce
€ro OCBHJETECIBCTBOBAHUS, MHTETPHPYIOUIEH pe3yabTaThl MHCTPYMEHTAIBHOTO KOHTPOJIS,
PETPOCIIEKTUBHBIE TaHHBIE 00 U3HOCE KOPITyca U 3KcHepTHbIe cyxaeHus. OG0CHOBaH BBIOOD
KOMOMHaIM Merona aHamm3a uepapxuii (MAUM) ¢ MynbTHUIIIMKATHBHOH CBEPTKOW B
KauyecTBE aJeKBaTHOTO HWHCTPYMEHTa arperupoBaHMsl HE3aBUCHMBIX  Pa3HOPOIHBIX
HoKaszaTellel H3HOca M YCIOBMH OKCIUIyaTalud cCynHa. PaspaboraHa KoHUeNIMS
MIPOTPaMMHO-aITOpHTMIUecKoro  obecmeuenns  1mmdposoit  CIIIIP,  Bxmrodaromas
TPEXypOBHEBYI0 HEpapXHI0O KPHUTEPHEB, IPOIEAYyPY MApHBIX CPaBHEHWH OSKCIIEPTOB,
HOPMHUPOBAHNE JaCTHBIX IMOKa3aTeneil. [IpeuoxkeH bl MOAX0/ HANIPaBIICH HA ITOBBIIICHHUE
OOBEKTHBHOCTH  OCBHJETEIHCTBOBAHUS  METANIMIECKOTO  KOpIyca  CyXOTPY3HOTO
BOJIOM3MEIIAIOIIETO Cy[Ha BHYTPEHHErO0 M CMEIIAHHOrO (peka-Mope) IUIaBaHus |
MOTEHLHAIBHO BO3MOXHOE MPOJUICHHE CPOKA OE30MAaCHOMN €ro 3KCITyaTaluH.

KiroueBble ciioBa: KOpITyC Cy[Ha, OLIEHKa TEXHHYECKOTO COCTOSIHUS, CHCTEMa MOANEPKKH
MIPUHATHS PEIICHUH, METO/] aHaIn3a nepapXui

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

Darya A. Kirsanova

ORCID: 0009-0000-7346-0065

Lyudmila G. Orlova

ORCID: 0000-0002-0600-9562

Alexey V. Soloviev

ORCID: 0000-0002-6304-9739

Yuriy S. Fedosenko

ORCID: 0000-0002-9434-4386

Volga State University of Water Transport, Nizhny Novgorod, Russia

35



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

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 heterogeneous 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)

BBenenne

OxoHOMUYECKH 3(PPEeKTHBHAS IKCILTyaTalHs CyJJOB BHYTPECHHETO M CMEIIaHHOTO (peKa-
Mope)  IUIaBaHWsS  HEPa3phIBHO  CBsi3aHA €  HEOOXOAWMOCTBIO  TPOBEACHUS
OCBH/ICTCIBCTBOBAHMIA [T TOATBEPKACHUS UX COOTBETCTBUS TPEOOBaHUAM Oc3aBapUiTHOTO
wiaBaHus. TIopsiiok, CPOKH U OOBEMBI TaKHUX MPOBEPOYHBIX PabOT PEriIaMEHTHPYETCS
IpaBunamu Poccuiickoro kinaccugukarpontoro oomectsa (PKO) [1].

OmHO#M W3 OCHOBHBIX MPOIEAYP, BBIIOJIHIEMBIX B TPOIECCE OCBHUICTCIHCTBOBAHMS,
SIBJSIETCSL  ONpE/IeICHHe aKTyalbHOTO COCTOSHMSI KOpIlyca CyIHAa W IIPOTHO3UPOBAaHUE
JUHAMUKA 3HAYCHHM, XapaKTECPU3YIOIIMX €ro HM3HOC M IIOKa3aTeNd JerpajalldOHHBIX
MIPOIIECcCOB (KOPPO3HS, YCTAIOCTh) [2] B TeUEHHE IKCILTyaTaI[IOHHOTO IIePHO/Ia.

B xoHTEKCTE BBHINIECKA3aHHOTO JaHHAS CTAaThs IOCBSIIECHA aHAU3Y NPEACTABICHHBIX B
MPOQUIEHBIX HAYYHBIX HUCCICHOBAHUAX COBPEMEHHBIX TEOPETUYECKHUX ITOIXOIO0B K OLICHKE
COCTOSIHUSI CJIOKHBIX TEXHHYECKHX OOBEKTOB, OOOCHOBAaHUIO Ha 0a3e pe3yNbTaToB ATOTO
aHaJM3a KOHIIEIIINH ITOCTPOSHHSI IIPOTPaMMHO-alITOPUTMHYECKOTO obecrieueHus dpoBoit
CHUCTEMbl TOJACPKKH TPUHATHS PEIICHUHA TPUH OOCICAOBAaHMK CTaIbHBIX KOPITYCOB
BOJIOM3MEIIAMONINX CY/J0B BHYTPEHHETO0 M CMELIaHHOTO (peka-Mope) IUIaBaHus C ILEJIbio
OIIEHKH «ITOTEHIMaa UX 0e3aBapUiHOMN 3KCIITyaTallun».

B kauecTBe 3a/au MCCleIOBaHHS B CTaThe PACCMATPUBAIOTCS CIEAYIOLIHME: a) aHAJIn3
MIPUMEHSICMbBIX Ha MPAKTHKE METOAUK HCCIICIOBAHUS TEXHHYECKOTO COCTOSHHS CTaIbHOI'O
KOpIIyca CyXOrpy3HOT'O BOJIOM3MEIAIONIETO Cy/JHA C ONIOPOH Ha HOPMATHBHO-TEXHHYECKYIO
6a3y PKO; 0)aHanm3 MeETOIOB OIICHKH TEXHHUYECKOTO COCTOSIHHS CIIOKHBIX CHCTEM
(00BEKTOB), MPIMEHAEMBIX B CMEXHBIX TEXHHYECKIX 00JIACTAX; B) pa3padoTKa MOACITBHOMN
KOHIICTIIIUM ~ TOCTPOCHHS  MPOTPAMMHO-aJITOPUTMHYECKOTO  oOecriedeHuss  1udpoBoit
CHCTEMBI TTOIJCPKKHU IPUHITHS PEIICHAN TIPH OIICHKE TEXHUIECKOTO COCTOSHHS CTabHOTO
KOpITyca CyXOTPY3HOTO BOJOHM3MEIIAIONIETO CyIHAa BHYTPEHHETO M CMEIIAaHHOTO (peka-
Mope) IUTaBaHUs.

Hayynasi HOBHM3Ha pe3yJbTaTOB BBIMOJIHEHHOTO HCCIICJOBAHUS 3aKIIOYaeTcs B
pa3paboTke  TEOPETHYECKUX OCHOB  MOCTPOEHHS  HPOTPaMMHO-AJITOPHUTMHYECKOTO
obecrieuenust udpoBoi cucteMbl noanepxkku npunsaTus peureHuid (CIIIIP) npu onenke
TEXHHYECKOTO COCTOSHMSI CTaIbHOTO KOpITyca CYXOrpY3HOTO BOJOM3MELIAIOUIEro CyIHa
BHYTPCHHEI0 M CMEIIAHHOTO (peKa-Mope) ILUIaBaHWs, HHTCTPUPYIOIICH pe3yJIbTaThl
HHCTPYMEHTAJIBHOIO KOHTPOJIS, PETPOCIECKTHBHBIC MaHHBIC 00 HM3HOCE W DKCIICPTHBIC
CYXKICHUS, COTIaCOBaHHEIE ¢ TpeOoBaHUsIMH Poccriickoro kiaccu(UKaIuOHHOTO 00IIecTBa
(PKO).
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MaTepnanbl U METOAbI

Jnst pemiennst copMyIMpOBaHHBIX B MPEABIIYIIEM pasjeiie 3a1ad U COOTBETCTBEHHO
JIOCTMDKEHUSI TIOCTAaBJICHHOM Leiau B paboTe MCHONB3YETCS KOMIUIEKC TEOPEeTHYECKUX U
NIPUKIJIJIHBIX METOMOB, O0BEIMHEHHBIX O0LIEH JIOTMKOI MOATAIHOTO Mepexoia OT aHaIu3a
aKTYaJIbHOTO COCTOSIHUSI TIPEIMETHOH 00JacTH K pa3paboTKe COOCTBEHHOI KOHIEIIMU
MOCTPOCHHUA MOJeNmbHO-anroputMmdeckoro obecredenuss CIINIP u e€ mocnenmyromeit
BepupuUKannm.

Ha nepBoM 3Tare BBINOJHEH CUCTEMHBIN aHAIN3 HAYYHBIX H HOPMATHBHO-TEXHUYECKUX
MaTepHalioB, TOCBAMIEHHBIX MPOOIEMaTHKe HaAE&KHOCTH KOPIYCHBIX KOHCTPYKLIUH
CYXOTPY3HBIX BOJOM3MEHIAIONINX CYAOB. PaccMOTpeHBl pabOTBl MO MaTeMaTHIeCKOMY
MOJIETIMPOBAHMIO, BEPOSATHOCTHBIM METOAAM e(EKTaIlH CTATBHBIX KOPITyCOB CyJOB, PUCK-
OpPHEHTHPOBAaHHOMY TOAXOAY, a TaKKe ITyOIMKaIMy, Kacarolluecsi MPUMEHEHHS] METOJIOB
HEYETKOW JIOTUKM U UCKYCCTBEHHOI'O MHTEJUIEKTA IJI1 IPOTHO3UPOBAHUS TEXHUYECKOIO
COCTOSIHUSL CJOXHBIX CHUCTeM M 00BekToB. OJIHOBPEMEHHO W3Y4YaJUCh HOPMATUBHO-
texHuueckue nokymeHTsl PKO u Poccuiickoro mopckoro perucrpa cynoxoacrsa (PMPC) B
YacTH MEPUOAMYHOCTH, OOBEMOB M METO/IOB OCBHUJIETEIBCTBOBAHUS CTAJIBHBIX KOPITYCHBIX
KOHCTpYKIMH. Takod IOAXOX IO3BOJWI BBIIBUTH COBPEMEHHBIE TPEHIABI B IIPAKTHKE
HCCIIEOBAaHNUs TEXHUYECKOTO COCTOSHHMS CTallbHBIX KOPIIYCOB CYJOB BHYTPEHHErO U
CMEIIaHHOTO (peka-Mope) IUIaBaHUs | 3a(UKCHpoBaTh Oapbephl, MPENSITCTBYIOIIUC
BHEJIPEHHIO IIU(DPOBBIX KOMIIOHCHTOB B IPOIIECCH OCBHETEILCTBOBAHNS CY/I0B.

Pe3yabTarsl

AHanu3 HaydHOH nuTepaTypsl IO TeME IMOKasal, 4YTO TCOPETHYECKHE MOAXOABI K
OIIEHKE COCTOSIHMA CTaJIBHOTO KOPITyca CYXOTPY3HOTO BOJOM3MEIIAIONIETO CYAHA MPOIILIN
JUITMTENBHBIA TyTh BOJIOIUH OT TPYIOEMKHX JETePMHUHUPOBAHHBIX PACUETHBIX METOIOB K
TMOKMM BEpOSITHOCTHBIM M PHCK-OPHEHTHPOBAHHBIM MpoleaypaM. B 4YacTHOCTH, HbIHE
MIOBCEMECTHO TpPHMEHSAEMBbIE KJIACCHUYECKHE METOJbl HCCICHOBAHUS TEXHUYECKOTO
COCTOSIHUSL KOPIIYCOB CYJOB PAacCMaTpHBA€MOr0 THUIIAa OCHOBBIBAIOTCS Ha BHU3YaJbHOM U
U3MEPUTENIBHOM ~ KOHTpOJIE C  IPUMEHEHHEM  yIbTPa3BYKOBOH  TOJIIMHOMETpPUH,
Je(pEeKTOCKONIMH 1 TOCIIEAYIONIEH OLCHKE COOTBETCTBHSI MPEAEIbHO JOMYCTUMBIX M3HOCOB
HOopMatuBHOM O6aze PKO.

BrmonaenHs#t B padote [3] cpaBHUTENbHBIN aHamu3 npaBuwi PKO u PMPC nokasan,
YTO HECMOTpPS Ha BBICOKYIO CTENCHb JETalN3allii, CYIIECTBYIOIINE TEXHOJIOTHH
MIPOBEJICHUSI OCBU/ICTEILCTBOBAHHS TPEOYIOT 3HAYUTENBHBIX BPEMEHHBIX M (HPMHAHCOBBIX
3aTpaT ¥ He BCEer/ia MO3BOJISIOT IPOrHO3UPOBATh ANHAMUKY pa3BUTHS Je(EeKTOB B KOpITyce
CyJHa B 9KCIUTyaTal[HOHHBIX YCIOBHAX.

C neipi0 CHWKEHHS 3HAYMMOCTH YKa3aHHBIX BPEMEHHBIX M (PMHAHCOBBIX OrpaHMYCHHUN
B paOote [4] mpemokeH BEPOATHOCTHBIA MOAX0J K Jedekraiuu Kopmyca CyIHa,
MO3BOJISIIOIINI COKPATUTh KOJIMYECTBO (M3MYECKUX HU3MEPEHUH 3a CYET pealii3aluu
MIPEJBAPUTEIFHOTO PAaCYeTHOIO, TaK HAa3bIBAEMOTO «HYJIEBOTO JTala B CYAOPEMOHTE.
IToxa3aHo, 4TO MOJTyYEHHbIE HA 3TOM 3Tale IIPOrHO3HBIC 3HAYEHUSI OCTATOYHBIX TOJIIIUH BO
BCEX CIy4asX MEHbIIE WM COOTBETCTBYIOIIMX pE3YyJIbTaTOB (QHU3MYECKUX H3MEPEHUH
ocTaToyHbIX TOMIKH. COOTBETCTBEHHO NPEIIOKEHHBIH MOAXO IMO3BONISET Oojee TOYHO
CIPOTHO3MPOBaTh OOBEMBI PEMOHTHBIX PAa0OT M BHIOpaTh Hamboiee Iesecoo0pa3HbIH
€1oco0 BOCCTaHOBJIEHHSI KOPITYCHBIX KOHCTPYKIIHH.

bnu3kuii K BBIICU3IIOKEHHOMY, BEpOSTHOCTHBIM, MOAXOA OBUI TPENCTAaBIEH B
pabote [5] B paMKax KOHIICTIIIUS yNPaBJICHUS TEXHHYECKHUM COCTOSHHEM KOpITyca CyJHa Ha
OCHOBE OIIEHKH pHCKa. B oTiamume OT JeTepMHHUPOBAHHBIX METOIOB OIEHKH PHUCK-
OpUEHTHPOBAHHBIM IOIXOA TO3BOJISET PAHXHPOBATH HIIEMEHTHI KOpIlyca CyaHa II0
BEPOATHOCTSIM W TIOCJIEACTBHSAM OTKA30B M HA 3TOW OCHOBE pa3padaThIBaTh MPHOPUTETHHIE
IIPOTPaMMBI KOHTPOJIS, IIIAHUPOBATh HEOOXOANMBI 00BEM PEMOHTHBIX paboT.
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bnaromapst uHTerpaiuyu ¢ MUQPPOBBIMUA TEXHOJOTHUSAMH PEANU3alus MPeIOKEHHBIX B
paborax [4,5] HOAXOM0B CTAHOBUTCS MTPAKTHYECKH BO3MOKHOM, MO3BOJISET IPOTHO3UPOBATh
COCTOSIHHE KOpIyca CyAHA B MpPOIECCEe OSKCIUTyaTallMd W YHU(PHUIUPOBATH XPaHCHUE,
00paboTKy JaHHBIX O €r0 TEXHUYECKOM COCTOSHHH, CIIOCOOCTBYsS: a) CHIDKCHHIO OOIIeit
TPYIOEMKOCTH pPabOT ¥  OOBEMOB  HEMPEIBHICHHBIX  PACXO0B; 0) MOBBIIICHHUIO
JIOCTOBEPHOCTH KOHEYHBIX PE3YJILTATOB IIyTEM COTJIACOBAHMS JAHHBIX (PU3UUCCKUX 3aMEPOB
M YHCIICHHOTO MOJICITHPOBAHHSL.

BMmecte ¢ TeM, paccMOTpPECHHBIE BBINIE BEPOSTHOCTHBIC W PHCK-OPHEHTHPOBAHHBIC
MOAXOMBI OTIAMYAIOTCA W PSIOM OTPaHHUYCHHM, TOCKOJbKY OHH OpPHEHTHPOBAHBI Ha
Y3KOCTICIIHATM3UPOBAHHEIC 3a/1auH [3-5] ¥ He YYHTBIBAIOT CIIOKHBIC B3aUMOCBS3H MEKITY
PasIMYHBIMKM BHIaMH TIOBPESKICHUM M YCIOBHSIMH SKCIUTyaTaid. Kpome TOro oreHka
(haKTOpOB pHCKa, OMUPASICh HA HE BCEra COTJIACOBAHHBIE SKCIIEPTHBIE CYKICHUS, OCTAETCS
CyOBEKTHBHOI.

B cuiy yka3aHHBIX OOCTOSITENILCTB MPEICTABISAETCS LENIECO00pa3HbIM (HOPMUPOBAHHE
KOHIIEMIUK  MOJEIbHO-aropuT™Muueckoro  obecreuenus  CIIIIP  mpu  onenke
IKCIUTYaTal[HOHHOTO COCTOSIHHSL KOpIyca CyJHa, KOTOpas MO3BOJIKIa Obl OOBLEIUHUTH
MaTeMaTHYECKOE MOJETUPOBAHUE MPOIECCOB H3MEHEHHUS MPOYHOCTHBIX XAPAKTEPHCTHK,

YHUCIICHHYIO 00paboTky JaHHBIX 9KCIUTYaTalHOHHOTO MOHHTOPHHTA "
MHOTOKPUTEPHAIBHYIO ~ OKCIEPTHYIO  OIEHKY OCTATOYHOTO  pecypca  KOPITyCHBIX
KOHCTPYKLHUH.

B kagectBe Teopermueckoro 6asmca mis takod CIIIIP Moryr OBITHP HMCHONB30BaHBI
METO/bl MHTEIUICKTYaJbHOTO aHalIW3a JJaHHBIX, OTpaOOTaHHBIC, B TOM 4YHWCIIC B 3a/1adax
OLIEHKH TEXHHUYECKOTO COCTOSIHHUS CJIOKHBIX CHCTEM U 00BEKTOB B CMEXKHBIX 00JIACTSIX.

Tak, B pabote [6] npeanoxena «o0bsICHUMAsT UHTCIUICKTyalbHasl MOJIENbY JUIs OLCHKH
COCTOSIHHSI B3JIETHO-NIOCAJOYHON MOJIOCH. B kauecTBe Maremaruueckoro (yHaaMeHTa B
9TOil paboTe Obla BhIOpaHAa TEOpPUs HEYETKUX MHOXKECTB, IO3BOJIMBIIAS B paMKax
KACKaJIHOM IPONYKUMOHHOM IapajurMbl Y4ecTb I IOITallHOM OLEHKU HECKOJIbKO
JICCATKOB OOBEAMHEHHBIX B TPYIIbl HE3aBUCHMBIX IapaMETPOB, XapaKTEPU3YIOIINX
n3ydaeMblii CIOXHBIH 00bekT. [IpemMymiecTBO Takoro moOAXoJa 3aKIIOYacTCs B
BO3MOXXHOCTH (pOPMaN30BaTh SKCIEPTHBIE 3HAaHWA B BHAE HaOOpa INPOMYKIMOHHBIX
MIPaBUI, a TAKXKE B MPO3PAYHOCTH JIOTUKU NPUHATHS PEIICHUN, YTO KPUTHIECKH BaYKHO JJIS
CUCTEM U O00BEKTOB, (PYHKIMOHHPYIOIIMX B 30HAX IOBBIIICHHOW TEXHUYECKOW OMACHOCTH.
EcrecTtBeHHO, 4TO, KaK M y J000H 3KCIIEPTHOI CHUCTEMBI, €€ TIIaBHBIM MHUHYCOM SIBIISIETCS
CyIIECTBEHHAs TPYLOEMKOCTh (POPMUPOBaHUs 0a3bl 3HAHWK U HEOOXOIUMOCTH MOCTOSTHHOM
aKTyaJIM3alluK 3TOH 06a3bl 0 Mepe MOCTYIUICHUS] HOBBIX JIaHHBIX.

ITo teme Qopmamu3anuy SKCHEPTHBIX 3HAHWUI OCTAHOBUMCS HAa MeETO/E aHaiu3a
nepapxuit (MAH), peannzanus KOTOPOTO HATSIAHO IPOJAEMOHCTPHpOBaHa B 3amadye [7]
pacuéra «UHAECKCA TEXHUYECKOTO COCTOSHUS» MOCTOBOrO Iepexona. JlaHHbI HHIEKC
dbopmupyeTcss TyTeM aIIUTUBHOW CBEPTKM YACTHBIX IIOKAa3aTeJCH, HA3HAYCHHBIX
9KCIEepTaMHU IO pe3ybTaTaM BH3YyalbHBIX OCMOTPOB MOCTOBOTO mepexoja. B 3roii 3amaue
MAW  kak  UHCTPYMEHT  NPUHATHUS  pEUIEHMH B YCJIOBUSX  OLIEHOYHOM
MHOTOKPUTEPHAIBHOCTH  HMrpaeT KIIYEBYID pPONb IpPU  ONPENEICHUU BECOBOIO
Ko3(p(unMeHTa 3HAYMMOCTH KaXJOr0 M3 YYUTHIBAEMBIX KOMIIOHEHTOB MOCTOBOTO
nepexona.

B o6mem ciayuae MAU 1o3BossieT CTpYKTYPUPOBATH CIIOKHYIO MHOTOKPUTEPHAIBHYIO
OLICHOYHYIO MpOOJeMy, CHCTEMHO COYEeTaTh KAueCTBEHHBbIE OKCIEPTHBIE OLECHKH C
KOJIMUECTBEHHBIMU pacyéramy, oOecreunBaTh I[POBEPKY COTNIACOBAHHOCTH CYXXACHHI,
rMOKO YUYUTHIBATh MEPAPXUUECKYIO CTPYKTYpY KputTepueB. [Ipouiecc NMpHHATHS peuieHuit
IIPU TaKkOM IMOJXOJE CTAHOBHUTCSA IPO3PAYHBIM, CIOCOOCTBYS MOBBIIICHHIO OBEPUS K
OOBEKTHBHOCTH KOMIUIEKCHOM OIEHKH COCTOSHHS HCCclenyeMoil cuctemsl (00bekTta). Ilpu
9TOM OCHOBHBIMH NpenMytiecTBaMu MAW sBistoTcs: a) hopManu3aiys u npeodopa3oBaHne
SKCHEPTHBIX OLIEHOK U JAaHHBIX TE€XHUYECKOH IUArHOCTHKH B PacdyETHBbIE 3aBUCHUMOCTH,
0) CHCTEMHOCTh M TIPHCIIOCOOJICHHOCTh ~HMHCTpyMeHTapuss MAW kx  1uHaMH4YecKd
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M3MEHSIOMNMCS peXXuMaM paboTel cucTeMbl (00BEKTa), B) BO3MOXKHOCTH MPHMEHEHUS
MAM B pa3HOOOpa3HBIX TEXHUYECKUX MPUIIOKECHUSIX.

B cpaBHeHHHM ¢ Ki1acCMYeCKUMH MeTogaMu npuMeHeHrne MAW oTinyaeT noBbILIEHHAS
BBIYHMCIIUTENbHASL CIOKHOCTh U TpeOoBaHWEe K OoJiee JeTanbHOH NpOpPabOTKE CHCTEMBI
nepapxuii, BeCOBbIX KOA()(UIMEHTOB 3HAYMMOCTH KOMIIOHEHTOB HCCIIEIYEeMOI CHCTEMBI
(oOBekTa) W WX 3aBHCHMOCTH OT COCTaBa SKCIIEPTHOW TPYMIIBL, a TaK)Ke OPHUEHTAINS Ha
CTaTU9IECKOE COCTOSHHE, UYTO 3aTPYAHACT YUET TMHAMUKH JeTPaJalliOHHBIX IIPOIIECCOB.

Uneitno cxoxas ¢ MAU wmertomomorusi wcmoip3yercss B pabote [7] U1 OICHKH
TEXHUYIECKOTO COCTOSHUS CyIOBOH dHepreTrdeckor yctaHoBku (COY). B e€ ocHOBe Taxke
JMEXUT wuepapxudeckas mekommosurust COY kak CHCTEMBI, a OIpENeNeHHEe BECOBBIX
KOX(QQHUINEHTOB 3HAYNMOCTH COCTABIIOIINX €€ KOMIIOHEHTOB OCYIIECTBIIICTCS IyTEM
MapHbIX CPaBHEHUH C MOCIEAYIOIIEH CBEPTKOW YAaCTHBIX IOKAa3aTelled B KOMIUIEKCHYIO
OILIGHKY COCTOAHHUA. J[JI CBEPTKM UYACTHBIX KPUTEPUEB, XapaKTEPH3YIOUIUMX TEXHHYECKOe
cocrossHue noacucreM CDVY, wucmonap3yercs MYJIbTUIUIMKATUBHBIA —omeparop, dYTO
oOycinoBneno  cretupukord  COY,  TeCHbIMM  B3aUMOCBS3SIMH €€  TOJACUCTEM.
COOTBETCTBEHHO MYJIBTHIUIMKATHBHAsI MOJIEJIb CBEPTKH B OOJblIel Mepe oTpakaeT 3G QeKT
«c1aboro 3BeHa», KOIJa CHIDKCHHE 3HAYeHHsS OJHOTO IOKa3aTels He KOMIICHCHPYETCs
N30BITOYHBIME 3HAYCHASMH OCTATIHHBIX.

B nenmom npumenerne MAU B yCIOBUSX MHOTOKPHTEPHATBHOCTH HHTEIDICKTYaIbHOTO
aHaM3a JaHHBIX U1 OICHKW TEXHHYECKOTO COCTOSHUS TEXHHYECKOH CHCTEeMBI (0OBEKTa)
MIPEJOCTABIIET CICIYIOIINE BOSMOKHOCTH:

— ¢opmamm3anysi ~ MHOTOKPUTEPHUAIBHOW  3aJa4d | TEXHUKA
CTPYKTYPH3aLlMH MHOXKECTBA KPUTEPHUEB B OOIIYIO CUCTEMY HepapXHid,

— BBIIOJHEHUE PACUETHBIX IPOLEAYP B YCIOBUSAX HEONPEIAENEHHOCTH U
HCIIOJIHOTHI UCXOJHBIX JaHHBIX,

— CHUIKCHHUEC YPOBHA Cy6’beKTI/IBHOCTI/I OKCIICPTHBIX OICHOK BCJICIACTBUC
IIPO3PayHOCTU  MPOLEAYpPbl  IONAPHBIX  CPAaBHEHUH U IIPOBEPKHU
COTJIACOBAHHOCTH  BECOBBIX  KOI((HUIUCHTOB 3HAYMMOCTH  Pa3IUYHBIX
KOMIIOHCHTOB,

— aJanTanys METoJIa MO Pa3InIHbIC TPOEKTHl, OOBEKTHI U THITHI CHCTEM.

C y4YeToM TEpPCYHCIICHHBIX BO3MOJKHOCTEH TIPEACTABIIETCS —IEJIeCOO0pa3HBIM
npumenenne MAWM B couyeTaHuM ¢ MYJIbTHUIUIMKAaTUBHOM CBEPTKOW Uil pacyéTa
KOMIUIEKCHOH OIICHKH TEXHUYECKOTO COCTOSHHS KOpITyca CYyIHa.

Hpyrue mno3Bonsiomme paboTaTh C HEONPEAEIEHHOCTBIO METOABI, B TOM YHCIE
peanu3yoonme HEYETKUE W HEHPOCETEeBBIC MOAXOIbI, TPEOYIOT 3HAYMTEILHOTO 00BEMA
PEOPE3CHTATUBHBIX JaHHBIX JJIA O6y‘IeHI/I$[, OTJINYAKOTCA He}:[OCTaTO‘-IHOﬁ 00BSICHUMOCTEIO
TOJIy4yaeMbIX peI_HEHI/Iﬁ U MOTYT UI'paTb BCIIOMOTATCJIbHYIO POJIb b0 MMPUMEHATHCA I
YTOUHCHHS MOJTYUYCHHBIX IMTPOTHO3HBIX 3HAYEHUH MoKa3aTejaen JACTpagalluOHHBIX MIPOLIECCOB
M HakarmtuBaHus 0Oaspl 3HaHWM. COOTBETCTBEHHO YKa3aHHbIC OIrpaHUYCHUA TOJIKHBI
YYHATBIBaTBCS TPU pa3padOTKe KOHICMIUM MOICITHHO-aITOPUTMHUYECKOTO O0eCIIeYeHus
CIIIIP.

Hmwke ma ocHoBe MAMW mpemnoxeHo oOmiee OMUCaHWE KOHICTIIHU ITOCTPOCHHUS
MIPOTPaMMHO-aITOPUTMHAYIECKOTO 00ecTIiedeHrsT TU(PPOBOH CHCTEMBI TMOIICPKKU MPHHSITUSL
pelIeHUA TPH TOATAIHAs KOMIUIEKCHONW OIICHKE TEXHHYECKOTO COCTOSIHHS CTaJbHOTO
KOpITyca Cy/IHa.

Jns  HArnmdagHOCTM ONMMCaHWE TMPUBOAMTCS Ha IMpPUMEpPE CTaJbHOTO KopIyca
CYyXOTpYy3HOT0 Bojou3Meniaroniero cyasa kmacca «O-ITP» maccoBoro mpoekrta 507b tuma
«Bomro-Jlony.

B kadectBe wucxomHoro ©Oasuca pa3pabaTbiBaeMasi KOHIETIMS OMUpaeTcs Ha
MAaCIOPTHBIEC XapaKTCPUCTUKU CyAHA W APXHUBHBIE MACCHUBBI MaHHBIX!: a) TMIEPUOANICCKUX
3aMepoB TOJIIMH 3JEMEHTOB Habopa W OOMMBKH, O) MO MapmipyTaMm IIJIaBaHHSA, B) IO
YCIIOBUSIM DKCIUIyaTallld, B) [0 paHee NPOBEACHHBIM PEMOHTaM M 3aMEHaM 3JIEMEHTOB
KOpIIyca Cy/Ha.
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Jnst KOMTMYECTBEHHOW OIICHKU CTETICHM BIIMSIHUS KaXKJIOTO M3 BXOJHBIX NapaMeTpoB Ha
KoMIUIeKCHBIN mnokazatenb Kllpc wucmonb3yeTcs mpoueaypa MHapHOTO — CpaBHEHUS
BBIOpAHHBIX IKCIIEPTAaMU YaCTHBIX [TOKa3aTeNel OIEHKN TEXHHYECKOTO COCTOSIHUSI KOpITyca
cynna. [To HeoOXoouMOCTH B LENSX JOCTHKEHUS KOHCEHCYCa MEXAY HECKOJIBKUMH
9KCIIEPTaMU OCYIIECTBILIETCS yCpEeJHEHUE 3HAUSHNH COOTBETCTBYIOIINX MOKa3aTeseH.

Ha puc. 1 mnpencraBiena oOmero BHAa TpPeXypoOBHEBas HeEpapxXHdeckas cXxema
TPYNIHMPOBKH TIOKa3aTeNeil Uil OIEHKM TEXHWYECKOTO COCTOSHUS KOpIlyca CynHa,
BBINTOJTHEHHAs! COOTBETCTBEHHO X MPUPOJIC M JIOTHKE PEIIAaeMOil 3a1atH.

‘ X, H X0 H X,00) H Xl H X,0) H X,0) H X, H X,0) || X, k) ‘

Puc. 1. TpexypoBHeBas uepapxuueckasi CTpyKTypa IpyNIHpOBKH YaCTHBIX ITOKa3aTeNnei sl OeHKH
TEXHUYECKOTO COCTOSTHUSI KOpITyca Cy/IHa

Kaxnprii o6o6menHpIit moka3atens OIl; (i = 1,n) yepe3 Tpymniy COOTBETCTBYIOIINX
€My YaCTHBIX [TOKA3aTeNIeH U3 COBOKYITHOCTH
X1 (D), X1(2), -, X1 (k(D), X2 (1), X5(2), .. X5 (k(2)), o, Xn (1), X (2), ..., X (K (1))
X;(p) # X, (q) mpu r #s, r,s =1,n, p,q =1, max{k,} npui=1,n

OIMCHIBAET CYLIHOCTHYIO XapaKTEpUCTUKY KOpIlyca CyIHa M OIpeIesseTcs. 4depes
. b .
MYJBTUILIMKATUBHYIO CBEPTKY HOPMHUPOBAHHBIX 3HAUEHUI ‘{H].] YaCTHBIX II0Ka3aTesey 1o

dbopmyie
170)

on, = [ [un,¢i =T, ()
j=1

TIe bj — BecoBO# k03 PurueHT q11;.

B kauectBe nmpuMepa Hipke B TaOJl. | mpuBeseH NepedeHb YacTHBIX MOKa3aTelel cyaHa
Juis Kopnyca cyaHa «Bonro-Zon».

KomrutekcHbIif  MOKaszaTenb TEXHHMYECKOTO cocTossHMA Kopmyca cymaHa Kllpe
ompesenseMblii COBOKYITHOCTBIO 0000IIeHHBIX nokasateneii OIl; (i = 1,n), mpuxuMaer
3HaueHus: Ha 3aMkHyToM wuHTepBaie [0, 1]. HyneBoe 3nauenue Kllc cooTBeTcTBYyET
KPUTHYECKOMY COCTOSIHHIO KOpITyca Cy/JHa, PH KOTOPOM JlaJIbHEHIIas SKCIUTyaTalusl Cy/JHa
nckiovaercss, a Kllyc =1 COOTBETCTBYeT MOJHOCTBIO HCIPaBHOMY, HOBOMY WM
MIPOIIEIIEMY KaITUTaIbHBIH PEMOHT KOPITYCY.

Tabnuya 1
O06001IEHHBIH .
dusnyeckoe coaepiKaHue YaCTHBIX MMOKa3aTeneit
MoKa3aTelb
(axTHIECKOro CpenHsisi CKOpOCTh H3HAIIUBAHUS CKYJIOBOTO TOSICA W IPUIIETAIOIIECH K
THUY T o
3HOCA HeMy JHUIICBOU O6I_HI/IBKI/I B BbleaHHle CCUCHUAX
HU3H v
o CpenHsist CKOPOCTh N3HAIINBAHHS OOPTOBOIT OOLIMBKYU B BBIOPAHHBIX
1 CCUCHUAX
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Koaduuuent 3anaca npo4HOCTH 10 IPeIeIbHOMY MOMEHTY
OrtHotreHne (haKTHIECKHUX TOJIINH CKYJIOBOTO TT0sIca U IIpUIIeTaromeil K
Hell THUIEBOIT OOIIMBKY B BEIOPAHHBIX CEUYEHMSIX K ITPOEKTHBIM
3HAYCHUSIM
HpOHOCTH OTHovLueHI/Ie ('baIiTI/I‘{eCKI/IX TOJIIIMH CKYJIOBOTO MOsIca U IPUIIEraronen k
or, Hel THUIEBOI OOIIMBKY B BEIOPAHHBIX CEUEHUSIX K MUHUMAIbHBIM
3HAUCHUSIM
OrtHotrenne (HaKTHIECKUX TOJNIINH OOPTOBOI OOIIMBKY B BEIOPaHHBIX
CCUCHUSIX K IIPOSKTHBIM 3HAYCHHUSIM
OrtHotrenne GaKTHIECKUX TOJNIINH OOPTOBOI OOIIMBKY B BEIOPaHHBIX
CEYEHHUAX K MUHHMAJIbHBIM 3HAUCHUSIM
3KCIUTyaTallMOHHBIX OcraTouHblii meperud
rapaMeTpoB INepexnaccuduxarus
Ol Hanmuue o6HOBIICHHMI
YCIOBUH MHTEHCUBHOCTbD JKCILTyaTallMU
3Kcmz)ylz]1:aunn ATpPEecCUBHOCTD CpeJib

MynbTHIIMKATHBHAS  CBEpPTKA IS pacueTa KOMIUIEKCHoro mokaszarens Kllpe
TEXHUYECKOTO COCTOSHHS KOPITyca CyOHA OmpenessieTcss uepe3 00OOMIEHHBIE MOKA3aTEeIH
OI1; (i = 1,n) no popmyie

n
KHTC = 1_[ Onlal ) (2)
i=1

rie a; — 0000IeHHBIH BeCOBOH KO GHULINEHT.

Hanmmuwme xosdppumentos a; u b; B popmyinax (1), (2) o0ycnoBneHo HEOOXOMMOCTBIO
KOPPEKTHOTO y4€Ta HEepPaBHO3HAYHOCTH YACTHBIX M OOOOLICHHBIX XapaKTEPUCTUK IPH
OIIGHKE TEXHHYECKOTO COCTOSHHUS Kopryca cynHa. COOTBETCTBEHHO Ui JIOCTH)KEHUS
MaTeMaTHYeCKOH COTIIACOBAaHHOCTH MX CYMMbI HOpMHpPYIOTCSA K 1. C mespio onpeaeneHus
YUCIEHHBIX 3HA4Y€HHH @; U b; CTPOATCA MaTPHIbl NAPHBIX CPABHEHMH Ha KaXIOM yPOBHE
nepapxum.

OKCHEpTHBIE CYKACHHS YYHUTBHIBAIOTCS 110 pe3ysbTaTaM IIONIAPHOTO CPAaBHEHUS
JJIeMEHTOB OAHOM rpymmel mo mkane Caatu (oT | — paBHas BaXHOCTb, 0 9 —

abcomoTHOE TMpeBocx0CcTBO) [9]. Tlpu ydacTum HECKOJBKUX 3KCIEPTOB MPOU3BOAUTCS
YCpeAHEHHEe MAaTpHIl MapHBIX CPaBHEHWH IO3JEMEHTHO, IIOCJIE Yero BBIUUCIISIOTCS
yCpeqHEHHBIE Beca.

Takxe uepe3 IKCIEPTHBIE CYXACHHS CTPOMUTCS SKCIEpTHAas IIKajia, Mpeodpasyromas
OTHOIIeHHE (PAKTUIECKOTO 3HAUYCHHUS K MPOEKTHOMY (WJIM HOPMAaTUBHOMY) B O€3pa3MepHYyIO
OLIEHKY. BrpImonHseTcs 3Ta  mpomeaypa  HOCPEACTBOM  HIKAJIMPOBAHMSA — depes
ANMPOKCHUMUPYIOUIYIO KPHUBYIO, UTO MO3BOJISIET (hOpMaI30BaTh SKCIIEPTHOE MHEHHE B BUJIE
MaTeMaTH4eCcKOH 3aBUCHMOCTH (puc. 2).

CyIiecTBeHHBIM  3JIEMEHTOM  pa3pabaThlBaeMOW  MOJENM  KOHIENIMH  SIBJISICTCS
OTIpeJieTIeHHE NpeNeNbHBIX 3HAYCHUH, NMPH KOTOPBIX TEXHWYECKOE COCTOSHHE KOpITyca
MIPU3HAETCS HEPUEMJIEMBIM U albHeHIe 6e30macHoil SKCIuTyaTalum.

ITo pexomMeHIanuu KCHEPTOB B OOIACTH OCBUAETENHCTBOBAHUS CYJIOBBIX KOPITYCHBIX
KOHCTPYKINH XapakTepUCTUKH CEYEHHIH KOpIyca CyAHA YCJIOBHO pa3JelieHbl Ha [BE
TpyNIBl, a MMEHHO OOpTOBYIO OOIIMBKY M CKYJIOBOH TOSC C MpUJEraromeil kK Hemy
JHUIIEBass OOMIMBKOW, IOCKOJBKY HMMEHHO B 3THX 30HAaX COCPEIOTOYEHBI Hamboiee
OTBETCTBEHHBIE AJIEMEHTHI IONEPEYHOTO CEUYEHHUS KOpIIyca, ONpEJessione ero OOIIyro
MIPOJIOIBHYIO TIPOYHOCTh M CONpOTHBIEHME u3rudy. Kpome Toro, CKymoBoil mosic u
IIpUJIeTarolee JTHHUIIE NMPUHIMITHAIBHO OTJIMYAIOTCS OT OOPTOBOW OOIIMBKHU MO YCIOBHAM
paboOTBI ¥ CKOPOCTSIM JIeTPaaaliiH.
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U_Irca:mponarme HACTHOTO MOKA3ZATE/IA OTHOIICHHA [fbaI\TWICCKI{K
TOJMIIHH CKYIOBOIO IMOACa H H]JH:ICI‘BIOLU,&I:I K HEH JHHITCBOH
ODIIHEKH B BBIG]_JHHHEIK CCUCHHAX K ITPOCKTHBIM
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Otromense GakTHIeCKOH THAYEHHI K IPOSKTHEIM

Puc. 2. [Ipumep nikannpoBaHus YACTHOTO MOKA3aTeIs TOJIIMH CKYJIOBOTO MOsICa U MpUJIeTraloniei K
HEH JHUIIECBOU OOIIUBKH B BRIOPAHHBIX CEYCHUSIX

ITyrem ananmm3a aktoB Jedekrannu cynHa «Bomro-Zlom» ¢ ydeTom mpaBmi
knaccupukaiun u moctpoiiku cynoB (IIKIIC PKO) [10] ObLIO BBIACICHO YEThIpE
00001EHHBIX TOKa3aTess, aABa u3 Kortopeix OIl; u OIl, xapakTepusyroT (axTH4ecKuii
n3HoC U mpouHocTh. Mpyrue asa mokazatenss OIl; m OIl, ompenenstoTcst Ha OCHOBE
nHpopManmmy O MapumpyTrax IBIDKCHHS CyAHa ¥ YCIOBHAX IUIABaHMA (BKJIIOYAs
WHTEHCUBHOCTh OKCIUIyaTallM, arpecCHBHOCTh CpPeAbl M T.0.). OTH IOKa3aTelH
IIpeJHa3HAYEHbI 1)1 KONMYECTBEHHON OLIEHKH SKCIUTYaTallHOHHBIX XapaKTePHCTUK CYyJHA,
OTpaxkasl BIMSIHHAE BHEIIHHUX (DAKTOPOB HA H3MEHEHHUE €T0 TEXHUIECKOTro cocTosHus [11].

VYka3aHHBI HIKe B TaOs. | mepedeHb HE SABISIETCS MCUEPIBIBAIONIMM M IIOMJIECKHUT
YTOUHCHHUIO WM PACHIMPEHUIO MPU JAJbHEHIINX MCCIENOBAaHUAX IO Mepe MOCTYIUICHHS
HOBBIX JAHHBIX U IPOBEJICHHS BHIUNCIICHUI.

B nannOI1 paboTe ¢ yueToM Bcex ceueHHH, paccmaTrpuBaeTcs 30 4acTHBIX IMOKa3aTelNeH.
BoixoaueiMu pesynbratamu ¢yHkiuonupoBanusi CIIIIP B akTyalbHBIII MOMEHT BpeMEHH
SIBIISIIOTCSL OLIEHKA TEKYIero TEeXHHYECKOI'0 COCTOSHHMS KOpIyca CyJHa, INPOTHO3 €ro
JUHAMUKN Ha 3aJaHHYIO BPEMEHHYIO MEepCHEeKTHBY (MHTEpBaJ OT OJHOTO N0 TISATH JeT), a
TaKke GOpPMUPOBaHNE PEKOMEHJANNII M0 3KCILTyaTalluH Cy HA.

OcHOBHasl 1IeJb Pa3BMBAEMOT0 B padoTe Mojaxojga — obecneyeHne OOBEKTHBHOH U
CBOEBPEMEHHOM OLIEHKH JKCIIIYaTALlMOHHOTO COCTOSIHMA KOpITyca CyJHAa IpU MPOBEACHUU
IUTAHOBBIX U BHEOYEPENHBIX OCBUAETENILCTBOBAHUI, a TaKKe IPU PEHIEHUH BOIpPOCA O
MIPOJUIEHUHN CPOKa CITY KOBbI

Pa3paboTanHas KOMIUIEKCHAsE MOZEIbHAsE KOHLENIHUS IIPOrPaMMHO-aJITOPHTMHIECKOTO
obecrieueHnss 1MGPOBOI CUCTEMBbl MNOAJEPKKH TNPHHATHS PpEIICHUH TIpHU  OLCHKE
TEXHUYECKOTO COCTOSHUS KOpITyca CyIHa IpeJHasHaueHa JUIS MOCIeAyIomel peann3anni B
BHJIE IIPOTPAMMHOTO KOMIUIEKCA C BO3MOXHOCTBIO aJaNTalid K Ppa3IdYHBIM THIIAM
BOJIOM3MEIIAIOIINX CY/OB.

Wudopmannonnas crpykrypa CIIIIP nomkHa CTpOMTHCS MO MOJYJIBHOMY MPHHIIMITY,
MO3BOJIIOIEMY ~ Pa3[eNbHO XPAaHUTh JlaHHBIE OLEHKM M (OPMHUPOBATH OTYETEHI,
cortacopanHble ¢ TpeboBanmsMu PKO. EcrectBeHHO, BXomHOW moTOK naHHBIX CIITTP
JIOJDKEH BKJIIOYAaTh MH(OpMANUIO MO HPEIbIAYIIUM OCBHIECTEILCTBOBAHUIM U PE3YJIbTATHI
9KCHEPTHBIX PACUETOB.
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IltatHoe mpumenenune CIIIIP mo3BoNUT 3aMEHUTH pa3pO3HEHHBIC OyMa)KHBIC AKTHI
ne(eKTaluu CIUHBIM IHM(POBBIM pEIICHUEM, TOAICPKUBAIONINM HETPEPHIBHOEC PHUCK-
OPHUEHTUPOBAHHOE YIPABJIECHUE TEXHUUYECKHUM COCTOSIHHEM KOpIlyca CyJHAa Ha MPOTSIKEHUU
€ro >KU3HEHHOTO IIHKJIA.

3akaouenne

B pesynpraTe CHUCTEMHOr0 aHajiW3a COBPEMEHHBIX METOIOB OLIEHKHM TEXHUYECKOTO
COCTOSIHUSL CIIO)KHBIX CHCTEM B pa3HBIX 00JacTAX, BKIIOYAs BEPOATHOCTHBIE, PHUCK-
OPUEHTUPOBAHHBIE U HHTEIUIEKTYyaJIbHblE MOJIXOJbl, BBIABJIECHbl U CUCTEMATU3UPOBAHBI
OCHOBHBIE  OIpaHHUYEHMs] CYIIECTBYIOLIMX METOAMK, CPEAM KOTOPBIX:  BBICOKAs
TPYAOEMKOCTh HATYPHBIX HM3MEpPEHHHA, HEMOJHOTa HCXOIHBIX MAHHBIX, CYOBEKTHBHOCTH
SKCHEPTHHIX OIIEHOK W HEOCTATOYHAs IIPOTHOCTHYECKAs CIIOCOOHOCTB.

ObocHoBan BbIOOp MAW, MO3BOJSIOMIMA B COYETAHHMH C MYJIBTUIUIUKATUBHON
CBEPTKOIN arperupoBaTh Pa3HOPOJHBbIE MOKa3aTed TEXHUYECKOTO COCTOSHUS KOpIyca B
YCIOBHSAX MHOTOKPUTEPUAILHOTO BBIOOpA PEIICHUI MPU OCBUICTSILCTBOBAHUY CY/THA.

[pemnoskeHa moOASTamHAs KOMIUICKCHAs METOAMKA, BKJIIOUAIOIIas (OPMHPOBAHHUE
HepapXUuecKol CTPYKTYpbl KpUTEpHEB, NPOIENAYypYy IMapHBIX CpPaBHEHHH O3KCIEpPTOB,
HOPMUpPOBaHME M WIKAJIUPOBAHME TOKa3aTelled, alMpOKCHUMAIIUI0 3KCIEPTHBIX MHEHUH B
MaTEeMAaTHYECKYI0 3aBHCHMOCTh, PacdEéT KOMILICKCHOH OIICHKH M MPOBEPKY OpPaKOBOYHBIX
3Ha4YeHM [8].

B pasBuree Tembl cTaTbM JAajJbHEHIIME HCCIEAOBAHUA NPEANONAraloT IOJyYEeHUE
CTaTUCTHYCCKH O0OOCHOBAaHHBIX YHCIICHHBIX PE3YJIhTATOB OIEHKH TEXHHYECKOTO COCTOSHUS
Ha PETPOCIEKTHMBHOM MAacCUBE JAaHHBIX OCBUJIETEIbCTBOBaHUS HE MeHee 57
BOJIOM3MEILAIOIINX CYJIOB pa3HbIX MPOEKTOB M pa3HbIX CPOKOB JSKCIUIyaTallUMd C
mocienymomeil  anpobamuedi  pa3pabOTaHHOW  KOHIICMIUHM,  KOTOpas  MO3BOJUT
BepU(DUIIUPOBATh KOPPEKTHOCTh HMEPAPXUYECKON MOMCH, MPOBEPUTH UYYBCTBUTECIHLHOCTH
MyJIbTHIUIMKATHBHOH CBEPTKH K BapHallWsM 3HAYEHHH BECOBBIX KOd(duimentoB a; u b;,
YTOYHUTH OPaKOBOYHBIC 3HAYCHHUS /151 KOHKPETHBIX KOHCTPYKTHBHBIX 30H KOpPITyca CyIHa.

JIOMONMHUTENBHOIO PACCMOTPEHUS 3acily’KUBAET CLEHApUil, IpU KOTOPOM OJUH U3
00OOIICHHBIX TOKa3aTeled CTaHOBHUTCS ONM3KHM K HyNO (HampuMmep, JIOKaJTbHBIN
HEJIOYCTHMBII H3HOC CKYJIOBOTO II05ICa), @ OCTalIbHBIC 0000IIeHHBIC TTOKA3aTEeN OCTAIOTCS
BBICOKUMH, YTO BEPOATHO IOTPeOyeT BBEICHHE B BBIYUCIUTEIHHYIO MOJCNb OLCHKH
TEXHUUYECKOI'O COCTOSIHMSL 3allpeTa Ha CBEPTKY C BbLAAYEH OTAEIBHOIO AMArHOCTUYECKOTO
COOOIICHHUS.

[IpennoxxeHHas KOHIETIIHS POrpaMMHO-anropuTMuueckoro odecnedenus CIITIP mpu
OLIEHKE TEXHUUYECKOTO COCTOSIHUS METAJNIMYECKOro KOpIyca CyJHa He sBJseTcs
OKOHYATEIbHONH U MOXET OBbITh Pa3BUTa TAKXKE B CICAYIOUIUX HAIMPABJICHUSAX: WHTETPAIIH
METOJIOB MAUIMHHOTO OOYYEeHHs JUIsl aBTOMAaTUIECKOTO yTOYHEHWS 3HA4YeHWH a; M b; 10
Mepe HaKOIUICHHUS CTATUCTUICCKHUX AHHBIX; BHEAPeHNE HeUETKUX Moaudukanuit MAU mns
paboTel ¢ OoJee BBHICOKUMH YPOBHSAMH HEOTPEISIEHHOCTEH; CO3/IaHUE ITOIHOLIECHHOTO
IU(PPOBOTO TBOWHUKA KOPITyCa C JBYCTOPOHHEH CBS3BI0 MEXKAY PACYETHOW MOJCTBIO U
JIaHHBIMU HENIPEPHIBHOI'O MOHUTOPHHTA.

Peanuzanust mnepedrcIEHHBIX HANpaBICHUM TEOPETUYECKUX M BBIUMCIUTEIBHBIX
HCCIICIOBAHUN TO3BOJIUT IMEPEHTH OT TEOPETHUYSCKH OOOCHOBAHHOW METOOJOTHH K
MOJHO(QYHKIIMOHATIBHOMY — IIM(POBOMY  HHCTPYMEHTY,  IOJJICPKUBAIOIIEMY  BECh
JKU3HEHHBIN [IUKJT YIIPaBICHUS TEXHUYECKUM COCTOSTHUEM KOpITyca CyJIHa.

43



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

44

10.

11.

CnucoK JuTepaTypbl

[IpaBmia ocBHAETEIECTBOBAHMS CYIOB B IIponecce nx skciuryarannu (II0CD) // Poccuiickoe
kiaccudukanuonHoe obmectso (PKO). [DnexrponHslii pecypc]. Pexum

nocryna: URL: https://rfclass.ru/uploads/ppzs/pose_rko 19-04-2026.pdf (nara obpareHus:
30.05.2026).

[Ierposa H. E. MI3MeHeHue TEXHUUECKOTO COCTOSIHUS KOpILyca Cy/iHa B Ipoliecce
skcrutyataiun // Bectauk MI'TY. Tpyzast MypMaHCKOTO TOCYAapCTBEHHOTO TEXHHYECKOTO
yauBepcurera. — 2009. — T. 12. — Nel. — C. 39-41.

356708 O. K., Haymenko A. H. CpaBautenbHblii anaau3 npaswi PPP u PMPC B o6nactu
OCBUJICTEILCTBOBAHMH U nedextaryn cynoB // Tpymsl 19-ro MexIyHapoIHOTO Hay4qHO-
IIpoMBIIUIeHHOTO hopyma «Bemukue pekn-2018». — C. 7.

Kpacrok A. b., Uucros B. b., Huxudopos B. I'. HagexxHOCTE 371eMEHTOB KOPITYCOB CY/IOB
peuHoro ¢ioTa //BecTHUK rocyJapCTBEHHOTO YHHUBEPCUTETa MOPCKOTO U PeYHOro (hiroTa um.
agmupana C.O. Makaposa. —2023. — T. 15. — Ne6. — C. 1041-1053.

[Ion X. M. YnpapineHne TEXHUUECKUM COCTOSITHUEM KOHCTPYKLHMH KOpITyca CyZ0B B IpoLiecce
9KCIUTyaTallii Ha OCHOBE OLICHKH PUCKOB // BeCTHHK AcTpaxaHCKOTo IoCy1apCTBEHHOTO
TexHu4eckoro yHusepcurera. Cepus: Mopckas TexHuka u Textonorus. — 2013. — Nel. — C.
71-77.

CopoxkuH A. A., lunenko JI. B. ®opmupoBanne 00bICHIMOI HHTEIIEKTYaIbHOH MOIENTH Ha
OCHOBE HepapXHYeCKON HEUETKOH MPOLYKIIMOHHON CUCTEMBI IS aHAIIN3a COCTOSTHHS
y4acTKOB B3JIETHO-II0ca04HOH mosockl //Bectauk BI'Y. Cepust: CrcTeMHBIH aHAIN3 1
nHpopmarnmonHsie TexHoioruu. — 2025. — Nel. — C. 82-100.

Wakchaure S. S., Jha K. N. Determination of bridge health index using analytical hierarchy
process //Construction Management and Economics. — 2012. — T. 30. — Ne2. — C. 133-149.
ConoBbeB A. B. Metozponorust pa3paboTKi €JHHON CHCTEMbI aBTOMaTU3UPOBAHHOTO
YIpaBlIeHHs: 00BEKTaMH CyJ0BOIl SHEPTeTHIECKOH YCTAHOBKU U KOHTPOJISI HX TEXHHIECKOTO
cocrosiHus: auc. n-p. 05.08.05, 05.13.06. - Huwkuuit Hosropon, 2018. - 305 c.

Caatu T. JI. IIpunsatue pemenuil. Meton ananusa uepapxuil. — M.: Panuo u cBs3p, 1989. —
316¢.

IpaBuna xnaccudukanuu u nocrpoiiku cynos (ITKIIC) // Poccniickoe knaccudukanuoHHoe
obmectBo (PKO). [DnekTponnslii pecypc]. Pexxum gocryma:

URL: https://rfclass.ru/uploads/pkps/pkps_rko vvedeny v_dejstvie s 16-11-2025.pdf (gata
obpamenus: 30.05.2026).

Ornesa B. B., Bypmuctpos E. I'. AHanu3 ¢paxTopoB, onpeaessromux CKOpoCcTh N3HAITHBAHHS
KOPITYCOB CY/IOB BHYTPEHHEI0 U CMEIIAaHHOTO (peKa-Mope) IIaBaHHs

// Cratbst /B.B. Ornena, E.I'. Bypmucrpos // Tpyast koHrpecca 16-ro MexayHapogHoro
HAYYHO-TIPOMBINUTICHHOTO Qopyma «Bemukue peku-2018». —2014. — C. 317-321.

References

Rules for Survey of Ships in Operation (RSSO). Russian Classification Society (RCS).
Available at: https://rfclass.ru/uploads/ppzs/pose_rko 19-04-2026.pdf (accessed
30.05.2026). (In Russ.)

Petrova, N.E. Izmenenie tekhnicheskogo sostoyaniya korpusa sudna v protsesse ekspluatatsii
[Change in the Technical Condition of a Ship's Hull during Operation]. Vestnik of MSTU,
2009, no. 1, pp. 39-41. (In Russ.)

Zyablov, O.K., Naumenko, A.N. Sravnitel’nyy analiz pravil RRR i RMRS v oblasti
osvidetel’stvovaniy i defektatsii sudov [Comparative Analysis of the Rules of the Russian
River Register and the Russian Maritime Register of Shipping in the Field of Surveys and
Defectation of Vessels]. Proceedings of the 19th International Scientific and Industrial
Forum “Great Rivers 20187, 2018, p. 7. (In Russ.)

Krasyuk, A.B., Chistov, V.B., Nikiforov, V.G. Nadezhnost’ elementov korpusov sudov
rechnogo flota [Reliability of Hull Elements of River Fleet Vessels]. Vestnik of Admiral
S.0. Makarov State University of Maritime and Inland Shipping, 2023, no. 6, pp. 1041—
1053. (In Russ.)

Hoang, M.S. Upravlenie tekhnicheskim sostoyaniem konstruktsiy korpusa sudov v protsesse
ekspluatatsii na osnove otsenki riskov [Risk Based Management of the Technical Condition
of Ship Hull Structures during Operation]. Vestnik of Astrakhan State Technical University.
Series: Marine Engineering and Technology, 2013, no. 1, pp. 71-77. (In Russ.)


https://rfclass.ru/uploads/ppzs/pose_rko_19-04-2026.pdf

Hayunsie npoodiemol 6001020 mpancnopma / Russian Journal of Water Transport

Ne88(3), 2026

6. Sorokin, A.A., Didenko, D.V. Formirovanie ob’’yasnimoy intellektual’noy modeli na osnove
ierarkhicheskoy nechetkoy produktsionnoy sistemy dlya analiza sostoyaniya uchastkov vzletno
posadochnoy polosy [Formation of an Explainable Intelligent Model Based on a Hierarchical
Fuzzy Production System for Analyzing the Condition of Runway Sections]. Vestnik of
Voronezh State University. Series: System Analysis and Information Technologies, 2025, no. 1,

pp- 82-100. (In Russ.)

7. Wakchaure, S.S., Jha, K.N. Determination of Bridge Health Index Using Analytical Hierarchy
Process. Construction Management and Economics, 2012, vol. 30, no. 2,

pp. 133-149.

8. Solovyov, A.V. Metodologiya razrabotki edinoy sistemy avtomatizirovannogo upravleniya
ob’’ektami sudovoy energeticheskoy ustanovki i kontrolya ikh tekhnicheskogo sostoyaniya
[Methodology for Developing a Unified Automated Control System for Marine Power Plant
Objects and Monitoring Their Technical Condition]. Doctoral dissertation. Nizhny Novgorod,

2018. 305 p. (In Russ.)

9. Saaty, T.L. [Decision Making. The Analytic Hierarchy Process]. Moscow, Radio i svyaz’ Publ., 1989.

316 p. (In Russ.)

10. Rules for Classification and Construction of Ships (RCCS). Russian Classification Society (RCS).
Available at: https://rfclass.ru/uploads/pkps/pkps_rko vvedeny v _dejstvie s 16-11-2025.pdf

(accessed 30.05.2026). (In Russ.)

11. Ogneva, V.V., Burmistrov, E.G. Analiz faktorov, opredelyayushchikh skorost” iznashivaniya
korpusov sudov vnutrennego i smeshannogo (reka more) plavaniya [Analysis of Factors Determining
the Wear Rate of Hulls of Inland and Mixed (River Sea) Navigation Vessels]. Proceedings of the 16th
International Scientific and Industrial Forum “Great Rivers 20147, 2014, pp. 317-321. (In Russ.)

NH®OPMAIUA Ob ABTOPAX/ INFORMATION ABOUT THEAUTHORS

Kupcanosa /lapbsi AjiekceeBHA, aCTIHPAHT
kageapsl cucteM HHGOPMAIIMOHHON
0€30MacHOCTH YIIPaBJICHHS U TEIEKOM-
MYyHHKaui, «BOIKCKHI rocyjapCcTBEHHBIN
YHHBEPCHUTET BOJHOTO TpaHcmopTtay , 603950,

r. Hwkuauii Hosropop, yi. Hecteposa, 5, e-mail:
kirsanova_dasha@bk.ru

OpJoBa Jlrwamuia NeoprueBna, K.Qpuiion.H.,
JIOLEHT KadeIpbl HHOCTPAHHBIX S3BIKOB U
KOHBEHIIOHHOH MOATOTOBKY, «Bonkckuii
TOCYAapCTBEHHBIH YHUBEPCUTET BOIHO-

ro TpancnopTta, 603950, r. Hixauit Hosropon,
yi. Hecreposa, 5,e-mail: orlova-436@mail.ru

CouioBbeB Astexceii BanepbeBuy,

II.T.H., IOLEHT, U.0. TUpeKkTopa Bepxue-
Bomxckoro punmana DAY »Poccuiickoe
Krnaccudukammonnoe O6mectsoy», 603001,
Poccuiickas ®enepanys, r. Huknuit Hosropon,
yi. PoxxnectBenckast, 388, e-mail:
avsolovev@rfclass.ru

®enocenko IOpuii CemenoBuy, 1.T.H.,
npodeccop, 3aBeayromuii kahenpoit Cucrem
nHPOPMAIMOHHOW 0€30MaCHOCTH YIIPABJICHHS U
TeleKOMMYHUKanuil, «Bomkckuit
roCyIapCTBEHHbIH YHUBEPCUTET BOJAHOTO

TpancnopTa», 603950, r. Hwkuauit HoBropon, yi.

Hecreposa, 5, e-mail: fds1707@mail.ru

Darya A. Kirsanova, postgraduate student of the
Department of Information Security Management
and Telecommunications Systems, Volga State
University of Water Transport, 603950,

Nizhny Novgorod, Nesterova str., 5

Lyudmila G. Orlova, PhD in Philology, associate
professor of the Department of Foreign Languages
and Convention Training, Volga State University
of Water Transport, 603950, Nizhny Novgorod,
Nesterova str., 5,

Alexey V. Soloviev, Dr.Sci.Tech, associate
professor of the Department of Information
Security Management and Telecommunications
Systems, deputy director The Federal Autonomous
Institute Russian River Register Upper Volga
Branch-Office, 603001, Nizhniy Novgorod,
Rozhdestvenskaya str., 38v,

Yu.S. Fedosenko, Dr.Sci.Tech., professor, head of
the Department of Information Security
Management and Telecommunications Systems,
Volga State University of Water Transport,
603950, Nizhny Novgorod, Nesterova str., 5, e-
mail: fds1707@mail.ru

CraTps moctynuia B pegakiro 25.05.2026; npursaTa K mybiamukannu 22.06.2026;
omybmukoBana onmaitH 20.09.2026. Received 25.05.2026; published online 20.09.2026.

45



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

YK 656.61: 656.62
DOI: 10.37890/jwt.vi88.730

ApXI/ITEKTypHO-KOHCprKTl/IBH])Ie 0COOEHHOCTH KPYU3HBIX CYA0B

A.B. ITocaackas

ORCID 0009-0000-7592-4046

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

AHHOTauMsi: B COBpeMEHHOCTH MEPCIEKTHBHOE PAa3BUTHE MOJIYUYMIM PEYHbIE U MOPCKUE
MyTEUIECTBHUs, OCYIIECTBIsIEMble Ha KPYH3HbIX cyngax. Crenuduka TakuX MyTEHICCTBHIA
MpEJONpEICAeT HATWYHE y KPYU3HBIX CYJOB KOHCTPYKTHBHBIX OCOOCHHOCTEH, Y4YeT
KOTOPBIX ITIO3BOJBIET  CYAHO, HawOoJiee IOJHO OTBEJarollee ITOTPEOHOCTAM KpPYH3HOH
TypuHaycTpun. OOIIHe MpaBUiia KOHCTPYUPOBAHUS KPYU3HBIX CYJOB, KaK MAacCaKUPCKUX,
3ananbl Poccuiickum Mopckum peructpom cynoxojacrsa 1 Poccuiickum Peunsim Perucrpom,
«MeKIyHapOIHON KOHBEHIMH II0 OXpaHe uYejoBeueckor >ku3Hu Ha Mope (SOLAS -
International Convention for the Safety of Life at Sea)». Cnieuuduynsie TpeOoOBaHUS K
KOHCTPYKIHSAM KPYHM3HBIX CYIOB, HalpaBJeHHBIE Ha oOeclieueHHe KOM(OPTHOTO OTAbIXa
TypHUCTOB, (hOpMaTFHO HE PETIIaMEHTUPOBAHBI KIacCU(PHKAMOHHBIM O0mecTBaMu. B cratee
paccMOTpeHBl 00IIMe W CHEeMU(pHYHBIC KOHCTPYKTHUBHBIC OCOOCHHOCTH OTCUSCTBEHHBIX
KPYU3HBIX CYJIOB, PACCMOTPEHBI MX OCOOCHHOCTH Ha TPUMEpax POCCHUICKON MpaKTUKH,
000CHOBaHa pPEKOMEHJAIMs Hadajda IPOSKTHPOBAHHS KPYHM3HOIO CyJHa Kak oOBeKTa
TypuHaycTpur. CTaThsi TOCTPOCHA HAa CHHXPOHH3AIMH HOPMATUBHBIX IOJIOKCHHMN
KIIACCU(HUKAIUOHHBIX OOLIECTB, B3IVISAOB PAa3IMYHBIX HCCIEIOBATENICH Ha MPOOIeMbI
KPYU3HOT'O CYIOXOJCTBA U CYAOCTPOCHHS.

KnroueBble cil0oBa: KpyH3HOE CyIOHO, KOHCTPYKIHMS, OCOOEHHOCTH, TpeOOBaHUS
KnaccH(UKAIMOHHBIX 001IecTB, KOM(OPT, BOAOU3MELIAONINE Cy/a, Cylda Ha BO3JYLIHOI
MOJYIIKE, KPYHU3HOE CYTHO KaK OOBEKT TypHHIYCTPHH.

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.

BBenenne

AKmyaJleocmb. OCHOBy KPYU3HOT'O CYA0XOACTBA COCTABJIAIOT KPYHU3HBIC CyJa, OCylIC-
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CTBJISIFOILIME BOJHYIO MEPEBO3KY 000COOJIEHHOI TpyMIbl MACCaXKUPOB - TYPUCTOB, KaK
COBOKYITHOCTH JIUI], IyTEHIECTBYIOUIUX C PEKPEALlMOHHBIMHU, DPa3BIEKATCIBHBIMU U
MO3HaBaTeNIbHBIMH LesisiMH. CrieruKa TakuxX MyTEIeCTBUI MpeNonpeieNseT Halu4ue y
KPYU3HBIX CYJIOB CBOHMX, KOHCTPYKTHUBHBIX OCOOCHHOCTEH, H3ydeHHe U 0000IeHne
KOTOPBIX IO3BOJISIET NMPOEKTHPOBATh CyJa, HanOoJiee MOJHO OTBEYAIONIHE COBPEMEHHBIM
TpeOOBaHUAM KPYU3HOH TYpHHIYCTPHUH.

Llenv uccnedosanuss — pacKpbITHE KOHCTPYKTUBHBIX OCOOEHHOCTEH KPYH3HBIX CY/IOB.

Obvexm uccied08anusi — MaCCAKUPCKUE Cya.

Ilpeomem uccnedosanus - Kpyu3HEIE Cya.

3adauu uccnedosanus:

— TPOAHAIN3UPOBATH HCTOYHUKOBYIO 0a3y MO TeMaTuKe MyOInKanny;

— paccMorperh o0mue u crenupuuHble TPEeOOBaHUS K KOHCTPYKIIHMH
KPYU3HBIX CYAOB, IPUBECTU NPUMEPHI UX MPAKTHUECKON peaTu3aliii.

Memoousl uccnedosanuss - TPUEM JECKPUIITHBHOTO OIMCAHUS, TIPHEMBI CBOJKH,
TPYNIUPOBKA U aHalM3a TEXHUKO-3KOHOMHUYECKMX IIOKa3aTelel KPYU3HBIX CYHOB,
pasznuuHble Ko3()(HUIMEHTHBIE 3aBUCHMOCTH, XapaKTepU3YIOIINE UCCIIEyEeMYIO IPOOIeMy.

Pe3ynbraThl nccneqoBaHusA

ITo obmemy ompeaereHHIo, KPYH3HOE CYIHO — 3TO CyIHO, NpEIHA3HAYEHHOE JUIS
MEPEBO3KN TYPHUCTOB, KAK COBOKYIHOCTH JIHII, COBEPIIAIONINX KPYH3bl - MOPCKHE W/WIIH
peussle nmytemectsus [1, c. 17].

MexnynaponHas «KoHBeHIMST 1O  OOJNErdeHHWIO MEXIYHAPOAHOTO  MOPCKOTO
cynoxonctsa 1965 roma» ompernenser KpyusHOe CyJHO Kak, «...CYAHO, NpeIHA3HAUYCHHOE
Ul MEXIYyHapOAHBIX IIyTCIIECTBUH TIpH IEepeBO3KaxX IacCaXUpOB  — YYAaCTHHKOB
IPYNIIOBOM IMPOTrpaMMbl, pa3MELIEHHBIX Ha OOpTYy C LENbl0 3aIIaHUPOBAHHBIX
TYPUCTHYECKUX IIOCEIICHHH OJHOrO WM OOJblIe pa3MYHBIX IOPTOB, KOTOPBIC IIPH
IUIABaHUSAX OOBIYHO HE MPOUCXOIST...» [2].

Poccuiickue knaccuukauoHHbIC 0OIIECTBA CICIIMATBHO HE BBIICIISIOT TAKOH THIT KaK
«KpYHU3HOE CYITHO», OIpeIeNsisi B KaueCTBE TAKOBOTO «IIACCAXUPCKOE CYIHO» U TOJKYS
JTAaHHYIO KaTErOpHIo MPaKTHUECKH OJMHAKOBO. Tak:

— 70 ompexaeneHu0 POCcCHICKOTO MOPCKOTO pEerucTpa CyqoXOJACTBAa —
«...CyIHO, TIpeIHA3HAaYCHHOE ISl TEPEBO3KH MM IepeBo3simiee Oosee 12
naccaxupos...» [3,c. 7], u

— no onpeaenenuto Poccuiickoro Peunoro Perucrtpa —  «..CyaHo,
NpeIHa3HauYeHHOe I NepeBo3Ku Oosee 12 maccaxxkupos...» [4, c. 17].

OObenunsisi nanHble geduHULMM, 3akiounM: kpyusHoe cyaHo (wim KC) — ato
MACCAXXUPCKOE CYAHO, OCYIIECTBIISIONINE IEPEBO3KY 000CO0ICHHOM TPYIIIBI MACCaKUPOB —
TYPHUCTOB, BBINOJHSIONIEE MEXIYHAPOJIHBIA M/WIK BHYTPEHHHH TYpUCTHUUECKHH peiic, 1o
OTIPEJICNICHHON, MyONUYHON (T.e. OOBABICHHON) M KOJIJIEKTUBHOU (T.€. IJSl OJIMHAKOBOI
BCEX IacCaXHPOB) TpPOTpaMMe C  PEKPEAliOHHBIMH, pa3BICKATECIbHBIMH WU
TI03HABATEJILHBIMHU LIEISIMHU.

C rtpamummonnbix mosummit, KC, kak maccakupckme cyna, MOTYT OBITh
KJIacCH(UIIMPOBaHbI 110 COBOKYITHOCTH IIPU3HAKOB. B nx uucie:

— 1o (U3WYECKUM OCHOBaM IUIaBaHUs, KaK BOJOM3MEINIAIONINE cylaa U
cylda ¢ AWHAMHYECKMMH IPHHIMIAMH TOJJIepXKaHKs, HalpuMmep, cyga Ha
Bo3aymrHOM oaymike (CBIT) wnu cyaa Ha monBonHBIX Kpeuthsax (CIIK);

— TI0 NPOCTPAHCTBY IJIaBaHUSA, KaK MOPCKHE Cyla, PeYHbIE CyAa WIN
cyJla CMeIIaHHOTO (peKa-Mope) MIaBaHus;

— 7O paifioHam IUIABaHMS: a) JUII MOPCKHX CYHOB - cyda cC
HEOTpaHMYEHHBIM PAalOHOM IUIaBaHUS W Cyla ¢ KaKUM-THOO OTrpaHHYeHHEM
[0 palioHy IUIABAHUS — PEHIOBOrO WM NMPHOPEKHOTO paifoHa IUIaBaHUS, C
ynaneanem He Oomee 50, 100 m 200 mMunp ot mopra — ybOexwuma; 0) st
PEUHBIX CYJOB — B 3aBHCHUMOCTH OT YCTAaHOBICHHOM  pa3psaHOCTH
BHYTPEHHUX BOJHBIX 0acCEHHOB M HMX BETPO-BOJHOBOTO PEKHMA;
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— MWHBIM  IIPU3HaKaM, YCTaHaBJIMBAaEMBIM  KIACCU(PHUKAMOHHBIMU
oOmiecTBamMM: Kak CaMOXOJHbIE M HECaMOXOJHble CyAa, N0 THUILY
SHEPreTUUECKO yCTaHOBKHM, IO BO3MOKHOCTH ILIaBaHUs BO JibAax (JIEZOBBIX
YCUJIEHHUH), 110 HENOTOIUIIEMOCTH, YPOBHIO aBTOMAaTHU3aIMH, 3KOJIOTUUHOCTU
u 1p.

Ha mam B3rsap, uHTEpecHO KiaccuukanmoHHoe pasgeneane KC  Ha cyna
CHELHUAIbHOW TOCTPOWKM W CyZda, MPUCIIOCOOIEHHbIE, T.6. J0000pYJOBaHHBIC WIN
nepeoOopyJOBaHHBIE, IUIST OCYIIECTBICHHS Kpyu3oB. Ilpmmepamm BTOporo  moxaxona
SIBIISIFOTCSL POCCHMCKHE aTOMHBIA Jiemokon «50 mer I[lobGempr», mooOopymoBaHHBIA (T.e.
OCHAIICHHBIN 0€3 N3MEHEHHs (DYHKIIHOHATIBHOTO Ha3HAUYEHUSI) OIS apKTUIECKOTO KpyH3a U
nBa KC - «IIpodeccop Xpomoy» u «Axanemuk lloxamsckuii», nepeobopynoBaHHbIe (T.€.
¢ U3MEHeHHneM (DYHKIMOHAJIbHOTO Ha3HAYEHUsI) JJIsl TaIbHEBOCTOYHBIX KPYH30B M3 HAyYHO-
HCCIIeI0BATEIBCKUX CYIIOB.

OTe4ecTBEHHBIMH  KJIACCU(HUKAMOHHBIM OOIIECTBAMH YCTAHOBJICHBI CIICI[HATIbHBIE
TpeOOBaHMUs K MACCAKUPCKUM CyJaM, B 4nciio kotopsix nonanarot u KC. K mpumepy:

— Poccuiickuii  MOpPCKOHM  PETrUCTp  CYAOXOACTBA  yCTAHABIUBACT:
«...MTACCAKUPCKUE CYZAa, COBEPIIAIONINE PEWCHI, KOTOpPBIE IO JAaIbHOCTH
IUIaBaHUS HE TOJNANaloT IOJ| ONpENeNICHHE KOPOTKOTO MEKTyHApOIHOTO
peiica, MOIDKHBI MMETh Ha KaXXIOM OOpTY cIacaTelbHbIC NUIIONKH 00meH
BMECTUMOCTBIO, JOCTATOYHOW g pa3memenus 50% oOmiero 4mcia
HaxOJSIIIMXCA HA CYJHE JII0JIel [C yCTaHOBJICHHBIMU AomymieHusmu, A.IL]...

Jdnst  KaXmoro HaxXOISMIErocss Ha CyZHE 4YeJOBeKa IOJDKEH OBITh
MIPEYCMOTPEH CIAcaTeNbHBIM JKMIET [C YCTaHOBJICHHBIMH JIONMYIICHHSIMH,
AIL]..» [3].

— Poccuiickoe knmaccupukaimonHoe o6mectso (Peunoit Peructp)
yCTaHaBJIMBAET KOHCTPYKTHBHBIE TpeOOBaHMS LIS NEPEBO3KH MACCAKUPOB —
WHBAJHIOB C OrpPaHUYEHHOW crocoOHocThio mnepemerieHus  Ha KC,
HOPMHPYIOT OCTOHYHMBOCTB, HEMOTOIUIAEMOCTh U BBICOTY HAJBOJHOTO GopTa
MacCaXUPCKHUX CYIOB CMEMaHHOTo (peka-Mope) TuiaBanus [4; 5].

VYcnoBusl 3KCIUTyaTallMM TakK JK€ HAKJIAABIBAIOT OTpaHMdYeHHs Ha KoHCTpykimu KC.
Hanpumep, 11 KpyusHBIX CyJOB CMEIIAHHOTO (peka — Mope) IutaBaHUs kiacca «Bosnro-
Bant» ycTaHOBIEHBI OrpaHMYeHHs: rabapuTHas aiauHa — He Ooinee 185 M, rabGapurHas
mmpuHa — oT 16,95 M mo 20,1 M, ocamka — ot 2,9 M 1o 3,8 M, HAABOIHBIN radapuT — He
6omee 13,2 M [6]. EBpomeiickum BHyTpeHHHM BOAHBIM myTssMm (BBII), B oTmmume ot
poccuiickux BBII, mpucymu MeHbinne rabapuTel Cy[OBOTO XOJa, YTO OTPAHHUYMBAET
pasmepenust KC u crumynupyer BblIIeneHHe OoibIIMX IUIOMAAEH A KalOT TYpUCTOB C
LIEJIBI0  TIOBBIMIEHHUS] TACCA)KUPOBMECTUMOCTH M yBEIHMUYEHHS KOMMEPYECKOTrOo JI0XOJa.
W3BecTHBI rabapUTHBIE OTPAHUYEHUS IS CYI0B B 3aBUCHMOCTH OT Pa3MEpPHOCTH ITHPCOB H
JIOKOB, MO TIIyOMHaM (apBaTepoB M B MPOYMX CIy4YasX, ONPEICIIeMbIX OOBEKTHBHBIMU
(akTopamu.

Baxnprit acrmekt TpeOOBaHWMM K KOHCTPYKTHBHBEIM ocobeHHOCTsiM KC — 3t10
COOTBETCTBHE HOpMaM «MeXIyHapOaHOW KOHBEHIMM MO OXPaHe YeJIOBEUECKON >KU3HM Ha
Mope» (SOLAS - International Convention for the Safety of Life at Sea), uro
MoATBEpkKAaeTcsl «MexXIyHapoJHbIM cepTH(HUKATOM naccakupckoro cyznHa (International
Ship Security Certificate, ISSC)». Hanmuune nanHoro ceprudukara mo3BoJsieT y4acTBOBATh
KC B MexIyHapomHBIX KpyH3aX, B T.4. IE€PEBO3UTh  HMHOCTPAHHBIX TYPHCTOB Ha
BHYTPHPOCCUICKIX MOPCKHX M PEYHBIX JTUHUSAX.

CrnemmduyabiME  TpeOOBAaHMAMH K KOHCTPYKLUMH KPYH3HOTO CyIOHA, Kak K
KOMMepYecKoMy OOBEKTY TYypHHIYCTPHH, IPOCTPAHCTBY MPOXKHUBAHUS, pEKpealuu Hu
pa3Bie€YeHHS  TYPHCTOB,  SBIAIOTCS ~ TpeOOBaHMA K  MACCaXXHPOBMECTHUMOCTH,
KoM(OpPTaOEeNFHOCTH pa3MeleHus TyprcTos Ha 6opty KC.

Tak, 6a30Boil enuHUIEH, (HOPMHUPYIOIIUIA JT0X0J OT KOMMEPUYECKOH 3KCILUTyaTaluu
KC sBnsiercst TypHcT, Kak maccaxup, IpHOOpeTaromii 1 coBeplialomuii kpyus. B stom
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cirydae, OYEBHIHO, 4YTO IaCCAKMPOBMECTHMOCTH — O5TO OJIUH U3 OCHOBHBIX
(moMuHHpYOIMX) (DAKTOp, MNPEAONPEICIIIONIMX KOMMEPYECKYI0 Pe3yJIbTaTHBHOCTh
(moxomHocth) KC W 3(¢eKTHBHOCTh €ro SKCIUTyaTalud (HApUMEp 10 KPHUTEPHIM

PEHTa0ETBFHOCTH).
OoOecrieueHne OOJIBILEH IMACCAKUPOBMECTUMOCTH OTPaXKaeTcsi Ha apXHUTEKTYpHO-
KoHCTpykTUBHOM THre KC, IposiBIsieMOM B €ro «MHOTONATYOHOCTH» -  HaJIMYHIO

MHOTOSIDYCHBIX M TPOTSDIKCHHBIX HAJICTPOEK, KaK IPOCTPAHCTBY, O0ECHEYHBAIOIIEMY
JIOCTATOYHbIE O0BEMbI M IUIOIIAAX JUIS Pa3MEINEHHS U OTIAbIXa OOJNBIIEr0 KOJIWYECTBa
MACCaXUPOB, U KOJIUYECTBA IKHIAXKa, HEOOXOJUMOTrO sl o0chmyXuBaHus Kpymsa. K
npumepy, Ha uerhbipexmany6Hom KC mp. 301', oGmias miomame i HpOKHBaHHS
MACCAXUPOB M DKHIAXa, U IUIOLIA]h MOMELICHUI peKpealiii U pa3BICUCHUH COCTABISIET
37079 M2, U3 KOTOPHIX IUTOMAAb KaloT maccaxupoB (334 uen.) cocraBmser 34,9%,
TUTOIIAAb MPOCTPaHCTBA peKpeanuu (MporyinodHsix mnamy6) — 37,5%, mnomans
NPOCTpaHCTBa pa3BiedyeHuil (0apbl U pecTopaHbl, KOHQPEHIl- U KUHO3aJIbL, ¥ 1p.) — 9,7% u
miouaab KaroT skunaxa (84 ven.) — 17,9% [7, c. 46-47].

[TpuBeneHHbIC BEINIE BEITUUUHBI XapaKTEPHBI ISl COBETCKOTO PEYHOTO MACCAKUPCKOTO
CyaHa, € MOpUCYIIHUMU TOMY BPEMCHH COIMAJIBHO-3KOHOMUYECCKHUM YCJIIOBUAMU U
MOHMMaHWeM  KOM(OpPTHOro  mpeObIBaHUS  Typucra Ha  Ooprty  cymHa.  Jlis
3ananHoeBporneiickux KC, paboTalomux B ycJIOBUSX 0Oojiee OrpaHHYCHHBIX TabapuTOB
CYJIOBOTO XOJla ¥ B PBHIHOYHBIX YCIOBHUSIX, CBOMCTBEHHBI HECKOJIbKO WHBIC MMOKA3aTENN —
Oounpllasi UIOMIAAb OTBOAMTCS IOJ KAIOTHI JJIsI MACCAXKUPOB, 3a CUET COKPAICHUS
MPOCTPAHCTBA pPEKpealyu. JTO TMOBBIINIAET BMECTUMOCTh CyAHA U, KaK CIEJICTBHE,
YBEIMYUBAET €r0 MPOBO3HYIO CIIOCOOHOCTh, KOMMEpUYECKHE pEe3yJIbTaTHBHOCTh W
3¢ PEKTHBHOCTE.

OOecnicueHre HaJICKAIIEr0 YpOBHS KoMpopTa IJjisi TYpPUCTOB — 3TO (akTop,
OKa3bIBAIOIIMI KIIOYCBOC BIMSHUEC Ha KOHCTpYKTHBHOE ycrpoiictBo KC. ObecrneucHue
kompopradensrocti KC nocturaercst mocpecTBOM KOHCTPYKTHBHBIX U CEPBHCHBIX MEp.

Tak, koHcTpykTMBHOEe oOecreueHne kompopradensHoctn KC  dopmupyercs B
npolecce NPOSKTUPOBAHHS U CTPOMTENLCTBA, M BHIPAXKAETCS B CO3JIaHMU IPOCTPAHCTBA,
JOCTATOYHOT'O JJId NPOXKUBAHUA, pCKpe€allun U pa3Bnequ1/II71 TYpUCTOB, UX 3allIUIICHHOCTHU
OT IIyMa U BUOpAlWH, W JAPYTHX UCTOYHHKOB HETaTUBHOTO BO3/CHCTBUS Ha yeloBeka. B
o01ieM ciyyae, TaHHBIE 33/]a4 PELIAI0TCS OCPEACTBOM:

— 30HUPOBaHHS, T.€. pa3MEIICHHS na KC 30H (mpoctpaHcTB)
MPOKUBAHUSI, PEKpEallid ¥ Pa3BICYECHHH TYPHCTOB, YIANCHHBIX  OT
MOMEIeHUH (OTCEKOB, OTJENICHHUI U I1p.), CBSI3AHHBIX C KCILIyaTalueil cyaHa
U SIBISIOIIUXCS MCTOYHHUKOM KAaKOro-iM0O0 HEraTUBHOTO BO3/CHCTBUS Ha
YeJI0OBeKa; 30HHPOBAHHE OCYIIECTBISIETCS  BEPTUKAIBLHO — MO maiydam,
TOPU3OHTAJIBHO — C BBIACJIICHUEM pa3HO(byHKI_II/IOHaJ'H)HI)IX OJIOKOB IO JUINHE
KC - B HOCy, B KOpME WJIM TIOCEpEANHE, C pa3/elieHHeM Ha aBTOHOMHBIE
30HBl (KMacTepel) BHYTPU OJHOPOJHOTO IIPOCTPAHCTBA, HAIpUMED,
pa3aeneHneM PEKPEALMOHHBIM IIPOCTPAHCTBOM 30HBI OTABIXa M 30HBI
Ppa3BIICUEHMI];

— NpPUMEHEHUEM KaKHX-T100 BUOPO- U 3BYKOIOTIIOMIAIOIINX MATEPUAIIOB,

U MHBIX YCTPOWCTB, YCTPAHSIONIMX HETaTUBHOE BO3/EHCTBHE HA YeIOBEKa
WK MUHUMHU3UPYIOHIAX TAKOBOE JI0 AOIYCTUMBIX HOPM.

IlepBbIM, HCTOPUYECKH  CJIOKUBIIUMCS  CEPBHCHBIM  IPHEMOM  O0ECHECUYCHUS
koMdopTabenbHOCTH, CPOPMUPOBABIIMMCS ~ €Ie HA JIMHEWHBIX MACCAXKUPCKUX Cyjax,
SIBJISIETCSl pa3JielieHne IMOMEIIEHUH Ha KJIacChl, OT MEPBOrO — C HAMOOJBIIMM YPOBHEM

! Coserckuit TIPOEKT PEYHOT0 MACCAKHUPCKOTO CyIHA, MOJHBIM Bogon3MenerrneM 3 750 T 1 BMECTHMOCTBIO
334 uven.,, moctpoennsiii B I'JIP B 1975- 1983 rr. cepmeit u3 22 en. B mactosmee Bpems Bce cyna
IKCILTYaTHPYIOTCS KoMnaHusMu «Bomoxoasy, «lornHtypduory», «Moctypduory, «Ilaccaxupckuit mop»
(toproBast mapka Viking River Cruises), Kamckoe peunoe mapoxoxactBo (apeHna — «Bomra Wolga» u
«Crytauk-I'epmecy) u «Co3sesaue».
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KomopTa, 10 4YeTBEPTOr0 — ¢ MHHHUMAJIBEHBIM HAa0OpOM IMpEOoCTaBIIeMbIX yciyr. OmHaKo
KpYHU3Hasl MPaKTHKa CBUJETEIbCTBYET, YTO B COBPEMEHHOCTH OOECIEUUTH KOMQOPT «II0
KJlaccaMm» JIOCTaTOYHO CJIOKHO, B CHJIy OOJBLIOTO KOJMYECTBa TYpUCTOB Ha OOpTY,
OTPAaHMYEHHOCTH  CYJOBOTO IPOCTPAHCTBA, Ppa3HOro MOAXOJa K  OpraHu3aluu
PEKpealMoHHbIX W Pa3BJIEKATENBHBIX MEPOIPUSTHH Ui Pa3HBIX COLMAIBHBIX TPYII,
JUIITENBHOCTH W Pa3sHOOOpa3Wio MapuipyTa, CHAO0XKEHHIO CyAHA, 4YHCIEHHOCTH H
podeCCHOHAIEHOMY COCTaBY SKHITaKa.

ITosToMy B COBpPEMEHHOCTH CUHMTaeTCs LenecoobpasHeM npoektuposath KC  yxe
N3HAYaJIbHO NPHUCIOCOOJICHHBIE Ul OOCIYKHBAHMS OINPEAEICHHON KaTETOPHU TYpPHCTOB,
co3maBasi HeOoJbIIMEe TNpeepeHINH WX OTHENBHBIM TPyNIaM I0 KoM(pOpTaOeTsHOCTH
(pa3MemieHNIO B KAalOTaX PasHOTO KiIacca, CEPBUCY «B HOMEpax» H T.I.). OTO IMO3BOJSAET
ONTHMU3UPOBATH TEXHUKO-IKCILTyaTallHOHHbIE XapakTepucTuku KC, cooTHOIIEHHE [IEHbI 1
KayecTBa TYPHUCTCKOTO IPOJAYKTa AJIsl ONPENENICHHBIX KaTeropuil TypucToB. [Ipumepom
TaKoro Imojaxoja sBisgercs coBpeMeHHoe poccuiickoe KC «Mycrtait Kapum», sxunsle,
pEeKpealioHHbIe U Pa3BlIeKaTeNbHbIE MTOMENCHUS KOTOPOTO M3HAYalIbHO MPOEKTUPOBAINUCH
T0J] OJTUH YPOBEHb KOM(OPTHOCTH.

[MpaBuna QopmupoBanus koM(popTa  OTHECEHbl K KOMIIETCHLUHM OpTraHH3alUi -
TyponeparopoB, 3kciuryatupyommx KC, KOTOpble MOJB3YIOTCS «CHCTEMOH 3Be3», C
rpaganueil oT «ogHOH 3Be3abD» (Top. 5-6 M/ Yell., CIajJbHOe MECTO, MHHUMAIIFHBIH HA00P
Mebenu H yciyr, obmmil Tyaner) 10 «IsTH 3Be3m» (cB. 18 M’ / wen., oGopymoBaHHE H
oOciryxuBaHNE Kiacca <«IOKC»). Cuuraercs, 4To ypoBeHb KoMpopTadbempHOCTH «1-2
3BE31b» NPHUCYII JHMHEHHBIM ITACCaXHPCKUM CyAaM, YpPOBEHb KoMdopTadbenpHOCTH «3-4
3Be3abl» cBoiicTBeHeH KC, coBepmiaronuM I03HABaTEIbHO-PEKPEAMOHHBIE TYphl  C
YacTBHIMM 3aX0ZaMH B MOPTHI U MOJXOJaMHU K Oepery Juisi SKCKYPCHOHHOTO 0OCIyKUBaHHS,
ypoBeHb koMpopradensHocTH KC «5 3Be31» npeaHa3HaueH Ajsl peKpeanyy 1 pa3BieyeHus
TYpPHUCTOB, NOCELICHNE OePEroBbIX 3KCKYPCHI TSI KOTOPBIX MUHUMAJIBHO [8-10].

OnHako BHE 3aBUCHUMOCTH OT «KOJHMYECTBAa 3BE3]» O0OA3aTENbHBIMU 3JI€MEHTaMH
komopTta karT Beex kiaccoB KC sBISIOTCS HalMuue KOHAMIMOHEPOB, XOJOIMIBHUKOB,
CaHy3JIOB, HHTEPHET- U NU(POBBIX CETEH, pPa3BICKATEIBHBIX (MTPOBBIX, BUIEO W Tp.) H
MHBIX YCTPOHCTB, BHYTPUCYAOBOH CBA3U H T.II.

KoHCTpyKTHBHBIE M cepBHCHBIE NpHeMbl obecreueHuss komdopradbensHocTn KC
B3aUMOCBSI3aHbl. Tak, pa3MelIeHNe 30H OTAbIXa, PEKPEAIH U Pa3BICUCHUH B IPOCTPAHCTBE
KC nomxHO cOOTBETCTBOBATH HOPMaM 00ECHEUEHHUS HEMOTOILISIEMOCTH Cy/JHA, TPEOOBAHHIO
CBOOOMHOTO JIOCTyNa K CIIacaTeNbHBIM CpeICTBaM, IpaBWiIaM  IPOTHBOIOXKAPHOH
6ezomacHoctd W mp. CyllecTBeHHasw KOHLEHTPALUs NacCaXUpoB Ha OopTy, H300MIMe
Pa3JIMUHBIX YHEProNOTPEOISIONIMX CUCTEM U YCTPOMCTB, HEOOXOIUMBIX JJIsi 0OECIIeYeHUsI
KOM(OPTHBIX MPOKUBAHUS, PEKPEAIld U Pa3BICYCHUN TYPHUCTOB, TpeOyeT CYIIEeCTBEHHOM
9HEPTO0OECTIEYEHHOCTH. Hampumep, JUTST pedHoro’ KC MoKa3aTean
3H6FOOB00py>KCHHOCTPI3 cocrapisaoT Beqmyuabl  oT 0,573 g0 0,728 kBr/T wm
sHepreTuyeckoil sdppexruroctn’ — ot 0,24 10 0,33 KBr*uac/ mace.*km [11, ¢. 50].

Takum oOpazoMm, crnennpuKod MNPOEKTUPOBAHHUS KPYHM3HOTO CyOHA  SIBISIETCS
pa3MelieHre Ha 00pPTy MAaKCHMaIbHO BO3MOKHOTO YHCIIa NTACCAXKUPOB B YCIOBHUSX 3apaHee
3aJ]aHHOTO YPOBHSI KOM(OpTa, HEOOXOIUMOTO JUIsl IPOXKMBAHHUSI, PEKPEALN U pa3BIICUeHUN
TypuctoB. To ects, npu npoexktupoBannu KC Bo TiaBy yriia CTaBUTBCS ONTHMH3ALUH
NoKazaTesield MacCa)KUPOBMECTUMOCTH M KOM(OpTa MX pa3MELICHUs], ¢ OJJHOH CTOPOHBI, U
TEXHHUKO-3KCIUTYaTallMOHHBIX TIOKa3aTesiell CyaHa B YCJIOBUSIX T'HOKOM KOHBIOHKTYPHI
TYPUCTCKOI'O PBIHKA, C IPYIOU.

IlpuBenenne mokaszareneid Ha mnpumepax peuHbix KC oOycnoieHo otcyrctBueM mopckux KC
creruanbHol noctpoiiku nox I'ocynapcrBeHHbIM Gutarom P.
> Kak OTHOLIEHHE BEJIMYMH MOIIHOCTH JHEPIreTUYECKOM ycranoBku (N, kBT) M mosnHoro
Bopommenenus (D, T) - (N / D), kBt/T.
4 Kak OTHOIICHNE BEIMYMHBI MOLIHOCTH YHEPTeTHICCKOH YCTaHOBKH (N, KBT) M POM3BEICHHS TIOKA3aTeNeH
YHCJICHHOCTH MACCAKUPOB (Fnqc, YEIL.) U CKOPOCTHU X072 (v, KM/4aC) - (N / Muqe* v), kBT*uac / mace.* km.
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CoBpeMeHHass  NpakTHKa  KPYM3HOTO  CYAOXOJCTBAa  OCYILECTBJSETCS  Ha
BOJOM3MELIAOIINX CYAAaX U Cydax ¢ AMHAMHYECKHUMM NpHHIUNAMU noajepxanus — CBII
win CIIK. Kaxpmoif M3 yka3aHHBIX Pa3HOBHIHOCTEH MNPUCYIIU CBOM OCOOCHHOCTH, CBOS
POJIb U MECTO B OCYIIECTBIEHUH TypUCTUYECKOTO Npolecca. PaccMOTpuM KOHCTPYKTHUBHBIE
0COOCHHOCTH BOJIOM3MEIIAIOIINX KPYHU3HBIX cynoB 1 KC ¢ AMHAMUYECKMMU MTPUHIUIAMA
ToIAe P KaHuUsI.

Tak, mpoekr kpymsHoro cymHa mpoekra ST12078P (cm. pucyHok 1) paspaboran
kommanueit «Cu Tex» B 2011 roxy.

JmHa rabaputHas — 78,0 M, mupuHa radaputHas - 13,0 M, BeicoTa 6opTta — 3,0 M,
kiacc Pegnoro Permcrpa «O 2,0». TypHCTH pa3MermaroTcsi B OJHOH IBYXMECTHOH KaroTe
JTIOKC», B OJHOW JBYXMECTHOH KaloTe Ui MHBAJIHIOB, B 2- W 4-MECTHBIX KalOTax C
CaHNUTApHBIMU OJIOKAMH B KaKAOH. 30HBI OTJbIXa M pa3BICUYEHHU - pecTopaH u Oai,
casioH, xoii-(oiie, mporyiaounsle mnanyObl. barakHoe ornenenme Bmemaer 12 T. rpysa,
rpy3oBas 30Ha - 2 JIErKOBbIX aBToMOOWs. KaroTel skumaka M 0OCITYKHBArOLIETO
NepcoHaja, ¥ X03IHCTBEHHBIC MOMEIICHHsI Pa3MELICHbl HU)KE TNIaBHOH (BEpXHEH) maryOsl.
CynHo npeiHa3Ha4YeHo Uil epeBo3ku 128 TypucToB, ypoBeHb komboprta — «Tpu 3Be3/1b1»,
MIPOJIOJKUTENIFHOCTh peiica — 5 aHel, ganbHOCTh miuaBaHuss — 1 500 kM, CKOpPOCTh
HamOompmmmass — 35 kM/gac. TypHCTCKOE TPOCTPAHCTBO KPYH3HOTO CyqHa  30HHPOBAHO:
KalOTHl OTIENICHBI OT 30H pa3BlieUeHHUH (pecTopaH M 0ap) MPOTYIOYHBIMH ITady0amMu U
CYIOBBIMH KOHCTPYKIHSIMH, IyTH MEPEABIKCHAS SKUTIAKA N30IMPOBAHBI OT MACCAKUPCKAX
JuHUH nepemenuenus [12].

CBII «bwuproca» (cM. pUCYHOK 2) MpemHA3HAYCHO U1 OOCITYKHBaHHS TYpPUCTCKOTO
MOTOKa 1O 03. balikai, npoloJKUTENbHOCTRIO 5 THEH.

Jmuna CBII — 18,5 M, mupuna — 8,0 M, ocaaka (6e3 xoxa) — 0,48 M, ckopocTh X0J1a Ha
CIOKOIHOM Bome 50 kMm/gac, MO JbAy M POBHOMY CHEXHOMY IIOKPOBY — 75 KMm/dac.
Bmectumocts — 48 yen., KOTOpbIe pa3MelaoTcsl B MHAWBUIYaIbHBIX KpecliaX, B 00LieM
MACCAXUPCKOM cajioHe. IIoNoXHUTEeNpHOCTh IUIaBaHHS — HECKOJIBKO YacoB, B Ipoliecce
KOTOPOTO TYpUCTaM TPEUIaraloTCsl HANUTKH W JIETKHE OOeabl. CBII «buprocay
OCYIIECTBIIIIONICE CKOPOCTHYIO MEPEBO3KY TYPUCTOB IO YCTAaHOBJICHHOMY MAapIIpyTy H
MPUHIUITY «OT 0a3el OTABIXa K 0a3e OTHBIXa», B MPOCTPAHCTBE KOTOPBIX OKAa3BIBAIOTCS
TYPUCTCKHE YCIYTH PEKpEarn, pa3BiICUCHHS U OTIbIXa IMyTEeIICCTBYIOMUM JiumaM [ 13].

Takum o6paszom, CBII «buprocay - 3T0 CKOPOCTHOE TAacCaXUPCKOE TPAHCIIOPTHOE
CPEICTBO, MHTEIPHPOBAHHOE B TYPHUCTHYECKUI MPOIECC, HO HE SBIIIOIIEECS, MO-CYTH
CBOEH, KPYU3HBIM CYZHOM.
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Bug ¢ Boky

Maccasipering NOMILEHVA | J0HB
B 2-x wectan cawita “moe”
2-% MECTHAR K3KTa, DRHOAPYCHIE Kofki, CanBnok
B 2 mecTHan kai0Ta ANA HHBANACE, CAKENOK
4 MSCTHUIS K3I0TLI, ABYXAPYCHLIS KON, CaNBNOK
Canow, emectimocre - 30 mect
B pecropan m ap. emecumocTs - 44 wen
- B ctwecreennii Tyanes
odia n xopuaope
PERKPEALIOHHAR J0HA - NPOrYNOUHE® NanyG
I Garawwoe otaenchne
GaraxHoe oTAenesHme
Flomewesiia ANA i BKUNEAE W X03. NOMELLEMA
KaKTa 3KANEXE

B sse07a sknaxa

N x03AfCTEERRUE NOMELYEHIR

Puc. 2. Cyano Ha Bo3gymIHOM moxymmke «buprocay

CrneunduyHbIMU ToCTOMHCTBaMH, npucyiumu CBIT sBastrorest:

— OomnbIasi CKOPOCTh TNEPEMEIICHHs], CYIIECTBEHHO NPEBOCXOASAIIAs MOJHBIN
xox Bogom3meraromux KC,

— OTCYTCTBHE CYIIECTBEHHBIX TPeOOBaHHH K MPUYAIHLHOMY (POHTY M CYIOBBIM
noaxonam (Qapsarepam) kK HUM; odeBHaHO, 4yrto st CBII mocrarouno mosororo
BbIX0Ja Ha Oeper, B TO BpeMs KaK BOJOM3MELIAIONIUM KPYHU3HBIM CylIaM
HEOOXOAMMBI MUPCHI ¥ J0CTATOYHBIE TITyOUHBI IJIs1 LIBAPTOBKH;

— Oompmias  TPOJOIDKUTENBHOCTh  AKCIUTyaTalMOHHOTO  IepHoja;  Tak
BopomMenaromue KC B OONBIIMHCTBE CIIydaeB HE MOTYT paboTaTh MO BpeMs
JIeIOCTaBa, B TO BpeMsI KaK HAJIMUMe JIEASHOTO MOKPOBa HAa BOJOEMAax HE SBISETCS
npensitcTBueM 1uist pabotsr CBII.

Henocrarkamu CBII sBnsitorcs:

— BBICOKasl yZelbHas CTOMMOCTb JKCIUTyaTallud, HAIpUMEP, PacXojbl Ha OAHY
TOHHY BOJOU3MEIEHHSI WX PACXOAbI HA OJJHOTO NIEPEBE3EHHOrO Maccaxupa, u
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— TEeXHUYECKass HEBO3MOXKHOCTH co31aTh Ha OopTy CBII nmosiHouneHHBIE ycnoBus

JUISL IPO’KUBAHUS, PEKPEalluy U Pa3BICUEHUS TYPUCTOB.

B wurtore MOXXHO 3aKJIIOUYMThH: TOJHBIM KOMIUIEKC TYPUCTCKMX YCIYT, a HMEHHO
MPOKMBAaHUE, pEKpealus M pas3BlICYeHUE TYpPHUCTOB, MOTYT OCYLIECTBISTh TOJBKO
Bonousmemaronne KC, pacnonararomue Juisi 3TOrO HEOOXOJUMBIMH IPOCTPAHCTBAMH,
ycrpotictBamu u cuctemMamu. CBII mpucymma posib TONBKO CKOPOCTHOTO ITacCakKUPCKOTO
TPAHCIOPTA, WHTETPUPOBAHHOTO B KAKOW-THOO TYPHUCTCKHH MPOIECC, MPOXOISIIINA Ha
Oepery.

3aBepias Halle UCCIEJOBAaHNUE, PACCMOTPUM OCHOBHbIE THIBI KC, sKkcmmyaTnpyeMsie B
Poccutickoit @enepanuu B HacTOSIIEE BPEMsl, CM. PHCYHOK 3.

e | i

|1H|.L 1
TR e o R b VI [

)| M [
VAT T T I O
o ;

KC «Mycraii Kapum» npoekra PV300
Puc. 3. Poccuiickue kpynsHbIe cyza

OTpa3uM OCHOBHBIC XapaKTEPUCTUKH JaHHBIX KPYU3HBIX CYIOB, B Tabmmie 1.
Tabauya 1

OCHOBHbBIE XapPAKTEPUCTHKH POCCHICKHX KPYU3HBIX CY10B

KC «Cankrt- KC KC «Mycraii
Tloxazarens TetepBypry» «AHTOH Kapin
YexoB»
Howmep npoexra 301 Q056 PV300
I'ozibl cTpouTeEnbCTBA 1974-1983 1978-1979 2019
KonmgecTBo cyznoB B cepun, €. 22 2 2
Paiion nnaBanus pedHoi peuHoi peka-mope
Bonousmemienue, T 3 545 2920 4 500
JiHa, M 125 115,66 141,1
[upuna, m 16.7 16,5 16,8
Ocanka, M 2,7 2.8 3,0
MoIHOCTb CYZI0BOI SHEPreTHYECKON
YCTaHOBKH, KBT 2206 1 800 2 400
CKOpOCTh, KM/4ac 26 25 22,5
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KC «Cankr- KC KC «Mycrait
IToxa3arens Terep6ypr» «AHTOH Kapuv»
YexoB»
DKHUMaX, Jel. 78 76 79
[Tacca)xupoBMECTHMOCTb, eIl 334 250 329
KosmaectBo maiy0, e, 4 4 4
YpoBenb koMbopTa cynHa 3-4 3Be311bl 3-4 3Be3/bl 5 3Be3]
OHeproBoopyKeHHOCTh, KBT/T 0,622 0,616 0,533
Duepreruyeckas 3G PeKTHBHOCTD,
kBr*uac/macc.*km 0,334 0,288 0,324

Hemounuru: [7; 11; 13].

Tak, ocHOBY COBpeMEHHOT0 KpyH3HOTo (1oTa Poccuu cocTaBisioT maccakupckue cyna
npoektoB 301 u 302 (xak panbHeimiee passurue mpoekra 301), Q040 nm Q056 (kak
nanmpHeiniee pazputue npoekra Q040), mocTpoeHHBIE emme B COBETCKUI mepuoi. JaHHbIe
cyza npoiau MoaepHuzauuio B 2010-e rr., HanpaBIeHHYIO, IPEXIE BCETO, HA TOBBILLIECHUE
YpOBHS KOM(QOPTHOCTH, OLIEHMBAEMOMH 3KCIIepTaMu Kak «3-4 3Be3mp». B oTimdme ot 3Toro
nmBa KC mnpoexkra PV300 wu3HauanmbHO MNPOEKTHPOBAIUCH B KOHICIIIUHU «IJIaBydas
TOCTHHHMIIA, 5 3BE3» U, MO (aKTy, SBISIOTCS €IUHCTBEHHBIMH COBPEMEHHBIMU KPYHU3HBIMH
cynamu B Poccuiickoit @enepanuu.

Cyna o00JlaaloT CONOCTaBUMBIMH  KOHCTPYKTHBHBIMH  XapaKTEPUCTUKAMH 110
KPUTEPHSIM  IacCaXMPOBMECTHMOCTH,  JHEPrOBOOPY)KEHHOCTH M SHEpPreTH4ecKon
s¢pekTuBHOCTH, ¢ HeKOoTOpbIM IpeumyiectBoM KC mp. PV300.

Cynuth 0 KoMMepueckoi 3ddekruBHOCTH MaHHBIX KC J0CTaTOYHO CI0KHO, TOCKOJIBKY
JlaHHas KaTeropus CyNIECTBEHHO 3aBHCHT OT TaKMX CyOBEKTHBHBIX (JaKTOPOB KaK YPOBEHb
KOHKYPEHIIMH Ha pBIHKE, cnpoc Ha ycmyru paHHeIXx KC, crommocTs OwieToB u
«K03(UIMEHT 3aIOTHEHNs KPECEN» , CTOMMOCTh CYIOCYTOK dKcIutyatanud KC i apyrux
(axTopoB, (GOpMHUPYIOMUX TOXOAHOCTH KPYM3HOTO CyIHA, KaK OOBEKTa TYpHUCTHUECKOMH
HHITyCTPHH.

3akarouenue

B coBpeMeHHOCTH, MEPCIEKTHBHBIA OOMMK KPYHW3HOTO CyIHA SIBIISCTCS IPEIMETOM
HCCJIEJOBAaHHMsI MHOTHX Hay4YHBIX M OKCIEPTHBIX cooOuiecTB. B uyacTHocTH, B acmekrax
PEYHBIX KpPYHM30B  IIEPCIEKTUBHBIM HAINPABICHHEM PpAa3BUTHS CUYHTAETCS IOCTpOiiKa
MACCAKUPCKUX CYIOB CMEIIAHHOTO (peKa-Mope) IUIaBaHUs, OCYIIECTBIIAIOUINE PEHCHl B
nepuon HaBurarumun no BBII, a mocine ee 3aBepmieHHs B NPUOPEKHOM IIJIABaHHU.
YHupUIUpOBaHHBIE MEXAYy COOOH TPOEKTh TaKUX CyAOB mpemtokeHsl CaHKT-
[MerepOyprekum «MOpPCKUM HHKEHEPHBIM OI0pO», 3 IMEHHO:

— «Bomro-bant makc» (mpoektr PVS500VB), maccakupoBMECTUMOCTHIO
500 wen., mis skcmoryatanun Ha nuHEH «MockBa - Cankr-IletepOypr -
AcTpaxaHb» B HABUTALIUOHHBIN IEPHOJ U BO3MOXKHOCTBIO BbIX0Ja B OUHCKUN
3aJIuB, a Takke B bantuiickoe u CeBepHoe Mopsi;

— «Bomnro-Jlon makcy (mpoekt PV300VD) maccaxuposmecTuMocThi0 300
4ell., IpeHa3HauYeHo Ayl HKcIuryaranuy Ha BBII ¢ BEIX00M B puOpexHBIE
Mopckue paiionsl [9, c. 51].

OmHako BHE 3aBHCHMOCTH OT CBOHCTB H KadecTB Oyxmymero KC, 6a3oBeiM
aCIIeKTOM IIPOEKTHPOBAHUS SIBIIETCS €ro IepBOHAuYalbHas OIEHKa Kak O0OBeKTa
TYPUCTHYECKOH MHAYCTPHUH, IIPOCTPAHCTBA C 3aJlaHHBIM YPOBHEM KOM(OPTaOEIbHOCTH JUIs
o0CITy)KMBaHHsl OIPEAEICHHON KaTeropud TYpUCTOB, CQOPMHUpPOBaHHAsI C Y4YETOM
PEKOMEHIANUI YYeHBIX — SKOHOMHICTOB M MapkeronoroB (Hamp. cM. [15]). [Tomaraem, uto
nepcnektuBHoe KC N0MKHO MMETh palMOHANbHBIE TEXHUKO-)KOHOMHUYECKHE MapaMeTphl,
a/laliTUPOBAHHbIE K BHEITHUM YCJIOBHSIM — OCOOCHHOCTSIM TYPHCTCKHX ITOTOKA U MHIYCTPHU

5 o
HOKaBaTCJ’IB, XapaKTCPU3YIOMINHN 3alI0JITHCHHUEC MECT Ha MMACCAXXKUPCKOM BO3AYIIIHOM CyJHE (CHCHI‘).
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B MECTC OBKCILTyaTalluu, H HeOOoIBIIONH CPOK OKYIIa€MOCTH, YTO AKTyaJbHO IJIsA Poccuu ¢
JAOCTATOYHO IMPOAOJLKUTCIIbHBIMU MEPUOJAMHU KTYPUCTCKOI'O MCIKCE3OHDS. HonaraeM, 4qTo
HM3JIOKCHHBIC BBIIIIE MAaTCPpUAIbl IOMOTYT YCICIIHO PECIIUTh JaHHBIC 3ala4U
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O0ocHOBaHHE MaTEeMATH4Y€CKOH MO/1eJId BHIOOPA OCHOBHBIX
3J1eMEeHTOB CyXOrPy3HOI'0 Cy/JHA
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Huoicecopodckuii cocyoapcmeennuiii mexnuueckuti ynusepcumem um. P.E. Anexceesa,
2. Huorcnuii Hoeeopoo, Poccus

AHHoTanusi. B craThe mpexacTaBieHa MaTeMaTHYecKas MOJENb IIPOEKTHPOBAHUS
CYXOTPY3HBIX CYJOB, IIO3BOJIIIOINAs Ha PaHHHUX CTagusiX pa3pabOTKH IPOEKTa ONpPEReNIsiTH
ONTHMAaJIbHBIC 3HAYEHHST OCHOBHBIX XapaKTEPUCTHK CyJHA C yIETOM YCIOBHH IKCILTyaTaIliH
U HOpPMAaTuBHBIX TpebGoBanmii Poccuiickoii ®enepamumn. Paspabotka wmomenmu s
CYXOTPY3HBIX CyIOB 00YyCJIOBJICHA HEOOXOIMMOCTBIO COKPAILEHHS CPOKOB IPOCKTHPOBAHUS
CyZIHa, CHI)KEHHSI CTOMMOCTHU IPOEKTHBIX PAa00T, OOBEKTUBHON OLCHKU BIUSIHUSI IPOESKTHBIX
IapaMeTpoB Ha OSKCIUTyaTaI[MOHHBIE KadecTBa CyAHA, a Takke aBTOMATH3aIMM IOWCKa
pelleHnit B YCIOBHSX MHOXECTBa OrpaHW4eHuil. B paboTe neransHO paccMOTPEHBI
JOMYILICHHUS MIPU MOCTPOSHUM MOJEIH, BKJIIOYAs WICATH3UPOBAHHbBIC YCIOBUS ABIDKCHUS H
ocobeHHoCTH pacuéra XxoakocTH. Oco0oe BHUMaHUE yJIeI€HO OrPaHUYCHHAM, XapaKTePHBIM
JUISL  OKCIUTyaTallud CyXOrpy3HBIX cymoB B Poccuiickoit @enmepanmu: rabapuram
THIPOTEXHUYECKUX COOPYXKEHHUH (IIUTI030B, MOCTOB), IIyOMHaM (apBaTepoB, TpeOOBaHUIM
KJIacCH(HKAIIOHHBIX OOLIECTB, CE30HHBIM M TMIPOJOTHYECKUM yCIOoBHsM. [IpencTaBieHb!
aHAINTUYECKHE  3aBHCHUMOCTH, HCIONb3yeMble B  MpOLEcCe INPOEKTHPOBAHUS, C
pacmudpoBKOH coAepXKAaIIMXCS B HUX BEIMYMH. B HUX YHCIO BXOAAT: YypaBHEHHUE
IUIaBYYECTH, ypaBHEHHE Macc (C JeTamu3aledl 1Mo COCTaBIAIONIMM BOJOU3MEIICHHS),
YpaBHEHHE XOIKOCTH (OTpenesicHHE COMPOTHBICHUS M MOTPeOHOH MOIIHOCTH), YpaBHEHHE
OCTOMYMBOCTM W ypaBHEHHWE BMECTHMOCTH. Pa3paboTaHHas MoJeNnb  BBICTYIIaeT
9(Q(EeKTUBHBIM HMHCTPYMEHTOM I OOOCHOBAaHHOTO BBIOOpAa NPOEKTHBIX pEIICHHI,
obecrieyrBast OaaHC TEXHUYECKUX, IKOHOMUYECKUX W IKCIUTyaTallHOHHBIX TPEOOBAaHHH IPH
IIPOCKTUPOBAHUU CYXOIPY3HBIX CYZIOB.

KnroueBble cioBa: Cyxorpy3Hoe CyIHO, MaTeMaTHIeCKast MOJeNb, ypaBHEHHS TUIaBYIECTH,
YpaBHEHHE Macc, ypaBHEHHE XOIKOCTH, ypaBHEHHE OCTOHYNBOCTH, yPaBHEHHE BMECTHMOCTH

Justification of the mathematical model for selecting the main
elements of a dry cargo vessel
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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

BBenenne

PazpaboTka CYXOTPY3HBIX CyIOB TPEICTaBIsIeT coboit CIIOKHYTO
MHOTOIIapaMeTPUYecKyl0 3ajady, B paMKaX KOTOpPOH HEOOXOJMMO COTJIACOBAaHHO
YUHUTBIBATh LENBIHA PS/l aCIIEKTOB — TEXHHYECKUX, SKCIUTYyaTAlMOHHBIX U 3KOHOMHYECKHUX.
Krnaccuueckne monxozsl K MPOEKTUPOBAHUIO, 0a3MpyIOIIMecs Ha 3aTPaTHBIX MOJAEIBHBIX
OKCIICPUMEHTAX B OIIBITOBBIX Gacceix’max, BCE qame BbBITCCHAKTCA aHAJIUTHYCCKUMU
METOAaMHU OIITUMHU3AIUH, OIMUPAIOIIUMUCA Ha BO3MOXXHOCTHU MaAaTEMaTUYCCKOT'O
MOJEIUPOBAHUSL.

Marematideckoe MOJACIUPOBAHUE IPH HPOSKTUPOBAHWH CYXOTPY3HBIX CYIOB
CTaHOBHUTCS  OCOOCHHO  BOCTpEOOBaHHBIM  Onarojapss  TpEM  OOCTOSTENBCTBAM:
HEOOXOJMMOCTH YMEHBIIATh JUTUTEIFHOCTh M CE0ECTONMOCTh MPOSKTHPOBAHHMS; BaKHOCTH
NONy4eHHsT  OOBEKTHBHBIX  OLGHOK  BJIHMSHHSA  BapbUPyeMBIX  IlapaMeTpoB  Ha
9KCIUTyaTAal[HOHHBIC KauecTBa CYyHHA; a TaKk)Ke BO3MOXKHOCTH aBTOMATHYECKH HAaXOAUTH
HanuJydmue NpoCKTHBIC PCIICHUA MMPU HAJTUYNUU 1EJIOT0 CIICKTPa OFpaHI/I‘IeHI/II‘/’I.

1. CTpykTypa MaTeMaTH4Y€eCKOii MO/1eJI POEeKTHPOBAHUS

I[lom wmareMaTWYecKOH MOMEIBID MPHHATO MOHMMATh TaKyl COBOKYIHOCTh
COOTHOUIGHHH  (BKIJIIOYAIOIIYIO  ypaBHEHHs, HEpaBeHCTBA M ()yHKIHMOHAIIbHBIE
3aBHCHUMOCTH), KOTOpas IO3BOJISICT BBIYHUCIUTH BEIMYHUHY KPHUTCPHUS ONTHMHU3AIUH TMPH
JI000M 3a/laHHOM Ha0ope ONTUMHU3UPYEMbIX TapaMeTPOB.

Pa3paboTka cyXOrpy3HBIX CYAOB COIPSDKEHA C PSIOM CIICHU(PHUECKIX 0COOCHHOCTEH,
KOTOPBIE OTIMYAIOT 3TOT IPOILECC OT CO3MAHUS MPOUYNX I'PaXKTAHCKUX BOIAOU3IMEIIAIOIINX
cynoB. Jlo HegaBHEro BpeMeHH (OPMHUPOBAHHE OOBOJOB ISl CYXOTPY30B OCYIIECTBIISIIOCH
[JIABHBIM  00pa3oM  TIOCPEACTBOM  JIOPOTOCTOSIIUX OSKCICPUMEHTOB HA  MOJCIX,
MPOBOJIMMBIX B ONBITOBHIX OacceifHax [l]. Bmecte ¢ Tem, mociemHue pe3yiabTaThl,
MONyYCHHBIE B CQepe W3YUeHHUS XOIKOCTH, CO3JalH TPEANOCHUIKA Ui BHEIPEHUS
AHAIUTUYECKUX ONTHUMH3AIMOHHBIX TMPOILEAYp B IMpolecc pa3paboTku 0O0BOAOB CYAOB
JMaHHOTO THMa. IIpuHUMass BO BHHMAaHHEC TECHYIO KOppesiuio (OpMBI KOpIyca C
OCHOBHBIMH KOHCTPYKTHBHBIMH XapaKTEPHUCTHKaMH, ObUIa pa3paboTaHa MaTeMaTHUYeCKas
MO/, OPUEHTUPOBAHHAS Ha IPOEKTUPOBAHNE CYXOTPY3HOTO cyHa [2, 8].

Marematiyeckas MOJIENb BKIIOYAET:

1). COBOKYITHOCTh MCXOJHBIX JAHHBIX, PErIIAMEHTHPOBAHHBIX TEXHUYECKUM 3a/IaHHEM
Ha pa3paboTKy MPOEKTa CyXOrPY3HOro CyAHa (MOJie3Has TpPy30MOAbEMHOCTD, CKOPOCTh
X0/1a, KIIacC Cy/HA, PallOH IUIaBaHHs, aBTOHOMHOCTb, YHCJICHHOCTh JKUIAXKa U MPOYHUE),
cornacHo [7]:

C(cq, €y oer cy)C(Cq, Cpy oovy Cp) (1.1)

2). COBOKYITHOCTb MCKOMBIX XapaKTEPHCTHK, BHICTYNAIOIIUX B POJIM ONTHMH3HPYEMBIX
rmapaMeTpoB TpoekTa (TJIaBHBIE pa3sMepeHHs, KO3(PQUINEHTH IOJHOTHI, IapaMeTpPhl
KOMIIOHOBKH, BOJOW3MEIIEHHE, MOIIHOCTh PHEPTreTHYECKON YCTaHOBKH, a Takxke ¢opma
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KOpITyca CYXOrPY3HOrO Cy[HA, OINKCHIBAEMas COOTBETCTBYIOIIMME KO3 QuImeHTaMu
(bopmbl):
X(X1,Xg, e, Xn)X (X1, X2, vy Xp) (1.2)

3) Cucrema OrpaHHqGHHﬁ, B COCTaB KOTOpOfI BXOOAT aHAJIUTHYCCKHUC 3aBUCHMOCTH,
NMPUMCHACMBIC NPU MPOCKTUPOBAHUUN CYXOI'PY3HOTO CyJHa (ypaBHeHI/Ie MaccC, YpaBHCHHC
IJ1aBy4€CTH, YPABHCHUEC OCTOI‘/‘[‘II/IBOCTI/I, YpaBHCHUC BMECTUMOCTH, YPAaBHCHUC XOZ[KOCTI/I)Z

GXO =4 j=1,..m (1.3)

®ynkuusa G; TpencTaBuseT cOOOH ONEHKHM j-X KaueCTB CynHa, a (yHKuuu A; -
TpeOOBaHUS K TUM KayeCTBaM.

4) OrpaHuyeHUs, HakJIaJbIBacMble Ha DJEMEHTHI BEKTOpAa HMCKOMBIX XapaKTEepUCTHK
(ocanxa, IIMPUHA KOPITyca, BEICOTA HAJABOIHOTO OOpTa M IIPOYHE):

XM < x; < xmax (1.4)

IIpu KOppekTHO CHOPMYIUPOBAHHOM TEXHHUUCCKOM 3aJaHUH MOXKET CYIIECTBOBATH
HECKOJIbKO BEKTOPOB X, oTBeuaromux yciaoBusaMm (1.3) u (1.4). JlaHHOEe 00CTOSTEIBCTBO
yKa3bIBACT Ha HAJTMYHE Psijia MPOCKTHBIX AIbTEPHATHB, YIOBJICTBOPSIOIINX YCTAHOBICHHBIM
TpeboBanusaM. C 1eNbI0 HIACHTU(UKAIMK ONTUMAJBHOTO BapHaHTAa B PACCMOTPCHHUE
BBOJIUTCS 1ieeBast yHKIIUSA.

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

2. HcxoaHble JaHHbIE U AONMYIICHUS IPU MOCTPOCHU M MaTeMaTH4eCKOii Moaeaun

[octpoenne mr0O0H MaTeMaTHYECKOW MOIETH MPOSKTHUPOBAHUSA OazHpyeTcs Ha NIBYX
OCHOBOIIOJIATAIOIUX MCTOYHUKAX: TEXHUYECKOM 3aJaHUM, NPEAbIBIAEMOM 3aKa3uyUKOM, U
COBOKYITHOCTH aHAJIIUTHUYCCKUX YpaBHEHHH, (HOPMaNU3YIOMIUX MPOLECC MPOCKTHPOBAHUS.
Ipu pa3paboTKe MOAOOHON MOICIH IPUXOAUTCS MPUOETaTh K OMPEACIEHHBIM YIPOIICHUSIM
U BBOJUTH Psii OTPAHUYEHUN, KOTOpbIE, TEM HE MEHee, He BHOCST NPUHLUUIHAIBHBIX
UCKOKEHUH B TMOBEJEHHE peaJbHOro (Qu3ndeckoro o0bekTa. B OKOHYATEIhHYIO
MaTeMaTHYeCKyl0 MOJelb CyJHAa BKJIOYAIOTCA MCKJIIOYUTEIBHO TE€ YypaBHEHUS U
HEPABEHCTBA, KOTOPBIE OIUCHIBAIOT CBOMCTBA, OKA3bIBAIOIIUE OIPEIEIAIOIIEE BIUSIHUAE HA
peamu3alio CyIHOM CBOero ()YHKIMOHAJbHOTO HAa3HAYEHHWS W B TO KE BpeMs
BO3JICHCTBYIOIINE HA HICKOMbIE ONITUMU3UPYEMBIE TapaMETPBI.

[IpuMeHHUTETPHO K CYXOTPY3HBIM cydaM B (YHIAMEHT MOJEIH OBLIO IIOJIOKEHO
JIOTTYIIIEHHE O MePEMEIICHUN CyIHA B HACATU3UPOBAHHOM cpelie, Ui KOTOPOoil pa3padoTaHbl
anpoOHpoBaHHBIE METOIHMKH OIpeNeeHus XoaKkocTH. COOCTBEHHO MOIENh ONHpacTcs Ha
KOHKpPETHBIE PacYETHBIC MPOIEAYPHI, JAOIIHe BO3MOKHOCTh YCTAaHOBUTH, KAKUM 00pa3oM
BapbUPOBAHHUE U3MEHAEMbBIX TAPaMETPOB OTPAKAETCS HA XOJKOCTH CyXOrpy3a.

B psny sKkcrulyaTallMOHHBIX KadyecTB CYXOTPY3HOIO CyAHA 3HAYUMYH TO3UIHIO0
3aHUMaeT MaHEBPEHHOCTb, OXBAThIBAIOIIAs TPU KOMIIOHEHTa: YCTOMUMBOCTh Ha Kypce,
MIOBOPOTIMBOCTh W HWHEPIMOHHBIE CBOWCTBA. JlaHHBIE TPAKTHYECKUX HAOMIOIEHUI
CBUJICTENIBCTBYIOT, UYTO BCE COBPEMEHHBIE CYXOIpPy3Bl OO0JIAHAalOT 3KCIUTyaTallMOHHOM
YCTOHYMBOCTRIO Ha Kypce. [IoBOpOTIMBOCTE ke MpHOOpeTaeT 0coOyH 3HAYHMOCTH TIPH
JKCIUTyaTallud CylHAa B CTECHEHHBIX akBaTOpusX. B mpenenax OTHOIIEHWH HAIUHBL K
IIMPUHE, TUIMYHBIX JJI PEYHbBIX M  MOPCKHX CYyXOIpy30B, IOBOPOTIMBOCTH
00yCIIOBIMBAETCS MPEUMYIICCTBEHHO MAaHEBPEHHBIMH XapaKTEPUCTUKAMHE MPOITYILCHBHON
YCTaHOBKH, a TaKXX€ CBOMCTBAMM JBHKHUTEIBHO-PYJIEBOT0 KoMmIulekca. HMHepuuoHHBIE
KauecTBa, CO CBOEHW CTOPOHBI, ONPENENSIOTCS B MEPBYI0 OYepelb MaHEBPEHHOCTbIO
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JHepreTuueckoil ycranoBku. OTCloma ciefyeT, UYTO MAaHEBPEHHBIE XapaKTePUCTUKU
CyXorpy3a JIEMOHCTPUPYIOT CIIa0yI0 KOPPEILIIHIO C ONTHMU3UPYEMBIMH MapaMeTpaMu U He
JIOJDKHBI OKa3bIBaTh BO3EHCTBUS HA UX BHIOOD.

BMecTUMOCTh CyXOrpy3HOI'O CyJHa BBICTYNAeT B KayeCTBE OIpEACISIONIero (akropa
NpYU HAa3HAUYEHWU NPOEKTHHIX XapaKTepUCTHUK. VIMEHHO pBIHOYHBIE TpPeOOBaHHMS — PO
MIEPEBO3UMOTO TPy3a H COOOpaKEHUS SKOHOMHUYECKOH >(PQPEKTHBHOCTH — IUKTYIOT
ONTUMAJILHOE COOTHOLICHHE IJIaBHBIX Pa3MEpPEHUI, MOLIHOCTU CYIOBOM 3HEPreTHYECKOMN
YCTQHOBKH, CKOPOCTHM XOZa M CTOMMOCTH cynHa. Ha cragum BBIOOpa ITPOEKTHBIX
IIapaMeTpoB, KPOME TOro, TpeOyeTcsi MPOBEACHHWE pPAcu€TOB HAYAIBHOW OCTOHYMBOCTH,
ocamku u auddepenra. OT pe3ymbTaTOB ITUX PacUETOB 3aBUCIT MOPEXOIHBIC KadecTBa
CyIHa, €r0 CIOCOOHOCTh K ONTHMANbHOW 3arpy3ke M, KaK CIEICTBUE, YKOHOMHUYECKas
3¢ EKTHBHOCTS.

B kauecTBe NBMXXHUTENEH Ha CyXOrpy3ax HMPUMEHSIOTCS UYETHIPEXJIONACTHBIE IPEeOHBIE
BUHTHI (PUKCHPOBAHHOTIO IIara, padoTaloIIne B HAIIPABJIAIONINX HACAIKAX.

IIpuMeHeHHe KUIEBATOCTH JHHINA JUIsI paccMaTpHUBaeMOro THUIA CYHOB IpU3HAETCA
HenenecooOpa3HeIM. OOOCHOBaHME CBOAUTCS K CIENYIOUIEMY: NPH PaBHBIX 3HAYCHUSX
BOJIOM3MEICHNS, JJIUHBI U IIUPUHBI KOpITyca CyIHO, o0safaroliee KHJIeBaTOCThIO THUIIA,
Hen30€)KHO XapaKTepH3YyeTCsl YBEIMUCHHOW OCaJKOW B COIOCTaBICHHH C CYIHOM, HE
nMeromuM Kuist. HakoHern, B mpoliecce MPOEKTHPOBAHUS CYXOTpPYy30B, IpeIHa3Ha4aeMbIX
JUIL SKCIUTyaTallid B PEYHBIX M MOPCKHX akBaTtopusax Poccumiickoit ®enpepamum, B
00s3aTE€NbHOM TIOpSAKE HAMICKUT TNPUHAMATh BO BHHMAaHHWE palOH IIPEACTOSIIETO
TUTABaHMS.

[IpoekTupoBaHKe CyXOrpy3oB, IpeJHAa3HAUYEHHBIX A paboThl Ha BOJHBIX MYTIX
Poccun  (pexu, Mops, CMEIIaHHBIE MapIIPYTBl  «PEKa-MoOpe»), COIPSDKEHO C
HEOOXOAMMOCTBI0 yu€Ta KOMIUIEKCA JKECTKUX OTpPaHHMYCHUHl — OT HMHQPACTPYKTYPHBIX
rapamMeTpoB BOJHBIX HyTed 0 TpeOoBaHMII KIACCU(PHMKALMOHHBIX OOLIECTB H
IIPUPOJOOXPAHHOIO 3aKOHOJATelIbCTBA. PaccMOTpUM KIIFOYEBBIE TPYNIbBl OrpaHUYCHHUH,
OTpENeAIONUX JOMyCTUMBIE 3HAYCHHsA TJIaBHBIX pa3sMEpeHHH, TIpy30I0IbEMHOCTH,
MOPEXOAHBIX U SKCIUTYyaTAlMOHHBIX KaYeCTB CyIHA.

Ilpexne  Bcero, rabGapuTbl  cygHa  OkECTKO — JUMUTHPYIOTCS — pa3Mepamu
THAPOTEXHUYECKHX COOPYXCHUH N 0COOCHHOCTSIMU (apBaTepoB. [lrHa cyXorpy3a JODKHA
COOTBETCTBOBATh JJIMHE IITIO30BBIX KaMmep, JOKOB M NPHUYANIOB, a Takke obOecreunBaTh
BO3MOXKHOCTh MaHEBPUPOBAHUSI HA W3BMIIMCTBIX yJacTKax.

IIpn mpoexkTHpoBaHWM CYIOB B OCHOBY JOXKaTcs ILTI03bI Boinro-/loHckoro kaHana,
KOTOpble MMEIT JiauHy 145 ™ [3], uro dakTHyeckn 3anaérT BepXHHUU Npenes Juisi CyIOB,
IUTAHUPYIOIIUX MIPOXOKICHHE TI0 3TOMY MapuIpyTy.

[upuHa cyqHa HE MOXKET MPEBbIIATh IMUPHUHY NUTI030B (11 Boniro-/loHckoro xaHama
— 17,88 M), mpo€ToB MOCTOB M1 MUHUMAJILHBIX PaJlyCcOB MOBOPOTa B (hapBaTepe.

BricoTta HagBOHOTO rabapuTa OrpaHUYMBAETCA BEICOTOI MOCTOBBIX NEPEXOJ0B U HHBIX
Ha/IBOAHBIX COOPY)KEHHI: Tak, Ha ydacTke pexu JoH (2588,6-2875,5 kM) MakCHMaIbHO
JIOITyCTUMas BEICOTa cocTaBisieT 14 M, a Ha peke Mocksa (191,5-200,0 km) — 10,4 m [9].

Ocanka cynHa sIBISICTCS OJHMM W3 HauOojee KPUTHUYHBIX IapaMeTpOB, IOCKOJIBKY
HanpsIMyIo 3aBHCHT OT TTyOWH Ha MapuipyTe. Ha pedyHbIX ydyacTKkax ocaiky 4acTo BBOJSTCS
BpPEMEHHBIE OIpaHWYEHHs, OCOOCHHO B MEPHOBI MEXEHHOTO cToka. Hampumep, Ha Bonre
(yaacrok TI'oponenn — Hmxuuit HoBropon) B mepuoasl oOMeNeHHs aJAMHUHHUCTpaLUs
OacceliHa IyOJIMKYeT eXKeJHEBHbIE PaJUOOIOIUIETEHH C OMYCTUMBIMHU 3HAYEHHSIMHU OCAJIKH.
B Mopckux mopTax ocajka orpaHHYeHa ITyOMHAMHU y IPUYajoB M B aKBaTOPHH; AT CYJOB
¢ O0JIBILION 0CaaKOi MOXET MOTPeOOBaThCS JIEJOKOIbHOE MM OyKCUPHOE COMPOBOXKICHUE.
Bo Bcex cnydasx Heo0XoaMMO obecreunBaTh MUHUMAIIBHBIE 3aI1achl O AHUIEM (0OBIYHO
0,3-0,5 M) ¢ yaéToM THIIa TPYHTA U MECTHBIX PETIIaMEHTOB.

I'py30mogpéMHOCTE W BMECTHMOCTB CyXOrpy3a TakXKe TMOAYUHSIOTCS CTPOTHM
orpannueHusM. Tak, Bonro-JIoHCKON KaHal paccuuTaH Ha CyJa Ipy30N0JbEMHOCTBIO 10
7000 TonH. Ha peuHbIX MapuipyTax MakCHUMalbHas 3arpy3ka ONpEAeNseTCs COYETaHUEM
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ocaikd, rabapuTOB MLUIIO30B W MPOYHOCTH NPHUYAIBHBIX COOpYXeHHd. Bmectumocts
TPIOMOB JIOJDKHA OBITH COTJIACOBaHA C THUIOM IE€PEBO3MMOrO Tpy3a (HaBaJOYHBIE,
TeHepaJIbHbIE TPY3bl) U TPEOOBaHUAMHU K OCTOHYHUBOCTH.

CkopocTb JBIDKEHMST M MAaHEBPEHHBIE XapaKTEPUCTHKH TaKXKe MOJBEPIKEHBI
pernamentauun [4]. Ha peuHbIX yuacTkax YycTaHOBiIEHB au(p(depeHINpOBaHHbBIE
OTpaHWYCHUS: IS CYIOB Ipy3omonbéMHOCTRIO cBhime 3 000 T — He Oomee 7 km/4; s
cymoB 2 000-3 000 T — He Gomee 8 km/u; 1t cynoB meree 2 000 T — He Gomee 11 km/4. B
30HaX MPUYANOB, MOPTOB, IULDKEH M HACENEHHBIX ITyHKTOB CKOPOCTH OOBIYHO
orpanpumBaeTcst 12—15 km/g4. ManEBpeHHBIE TapaMeTpsl (AHaMeTp IUPKYISIUH, BpEMs
TOPMO’XKEHHS1) JTOJDKHBI TapaHTUPOBATh O€30IIaCHOE ABIKCHHUE B y3KHX (apBaTepax U NpH
IIJIF030BaHHU.

TakuM 00pa3oM, NPOEKTUPOBAHUE CyXOrpy3a Uil SKcIulyatauun B P® Tpedyer
KOMIUIEKCHOTO yuéTa: HH(PACTPYKTypHBIX JIMMHUTOB (ra0apuThl IILII030B, MOCTOB,
ryOuHBI); HOpPMAaTHBHBIX TpeOoBanui (mpaBuia PPP, PMPC, KTM, TtexHuueckue
pEeriaMeHThl); CE30HHBIX U T'MIPOJIOTMYECKUX YCIOBUil (0OMeneHue, j1eoBast 00CTaHOBKA);
9KCILTyaTal[HOHHBIX OTPaHUYEHUH (CKOPOCTh, MAaHEBPEHHOCTH, IPY30IOABEMHOCTD).

3. AHATUTHYeCKHEe YPABHEHNUs MPOEKTHPOBAHMSA

B ocHOBY MaTemMaTHueCcKOi MOJIeNH OBLTH MTOJI0KEHBI IEPEUNCIICHHBIC HIKE YPAaBHEHUS
NIPOCKTUPOBAHMS: YPaBHEHHE IUIaBYYECTH, YypPaBHEHHE MacC, YpPaBHEHHE XOJKOCTH,
YpaBHEHHE OCTOMYMBOCTHU, YpaBHEHHE BMECTUMOCTH [5].

1.  VYpaBHeHHA IIIaBYYECTH HE OTJIMYACTCS OT OOIIETIPHHATON (popMBI 3amucH:

D =k, pSLBT, (3.1)
rae k, — xospounmeHT BeicTynatomux vactei (ky, < 1,03); p — IUIOTHOCTH MOPCKOM
Bomel p=1,025; & — xod¢p¢ummeHT oOmed MONHOTH cynHa, L — pacueTHas [IMHA

MIPOEKTUPYEMOTO
cynHa, M; B — pacdeTHas IIHMpHHA NPOEKTHUPYEMOTo CyaHa, M; T — pacdeTHass ocajka
MIPOEKTHPYEMOTO CyTHA, M.

2. YpaBHEeHHE Macc.
Bonomsmemenne cynHa, D, T, BKIOYaeT B ceOs BOJOM3MEIICHHE MOPOXKHETO CYIHA
Dyop > T, 1 menseiit DW, 1 [6].
D = Dy, + DW, (3.2)
Bopousmemienne CcygHa OpOXKHEM  MOApAa3feNseTcss Ha pas3fgefNsl  Macc W
NPEe/ICTaBISIETCS B Clieytoliel popme:
Dnop = P +Py +Pc+Py+P,+PB+PE +Pnoc.rpy3 + Py + By, (3.3)
rae P — macca kopmyca, P, — mMacca CynoBbIX YCTpOHCTB; P, — Macca CymOBBIX
cucreM; Py — Macca SHEpreTHYecKOW YCTaHOBKM; P,; — Macca 3JIEKTPOIHEPreTH4ecKOi
CUCTEMBI, BHYTPUCYIOBOM CBsI3U U ylpasieHus; B, — macca BoopyxeHus; P,— Macca
3aMACHBIX YACTeH; Focrpys — MAcCa MOCTOSHHBIX XKHUAKUX TPY30B; Py, — Macca cHabxenus,
nMmyniecTsa; P, — 3amac BOJOU3MEIIECHUS.

Pasnenst macc Py, Py, Poe, By By By Biocrpysr Pew MOXKHO OnIpenenuts 1o dopmysie:

rae P; — u3aMepuTenb Macc COOTBETCTBYIOUIETO pasjieia, ONpPEJEeNICHHBIM MO CyaHy-
MIPOTOTHILY.

Macca »HepreTuuyeckoi ycTaHOBKM Py, u 3amac BojousmelieHuss P,; MOXHO
OTIPENIEIINTE TI0 CIIeIYIOMUM (GopMyIam:
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Py = puNe, (3.5)
Py = PapDrops (3.6)

Takum 00pa3om, NOTyUUM:

Dnop = (Pk +Py +Pcc +P311 +PB +P3 +Pnoc.rpy3 +PCH)LBH +pMNe

+ D3 Dnops (3.7)
WM
DHOP = pKOLBH + pMNe + pBBDHOp! (38)
LBH + pyN
Dyop = u‘ (3.9)
~ Pss

Henseiir DW cyXorpy3Horo cyiHa BKIIIOUAET CIEAYIOLIUE pPa3aebl:

DW = Py + P + By, (3.10)

rae PSK — Macca SKuIllaKa, MPOBU3HH, BOAbI, PACXOAHBIX MATCPUATIOB, PT — 3anac
TOILIMBAa, Macjia, BOAbI, P)KI‘ — Macca NCPEMCHHBIX KXUAKUX I'PY30B.

Macca skurmaxa, IMPOBU3UH, BOAbI, PACXOOHBIX MAaTCPHUATIOB PBK:
P3K=1:,3+Pl'lp+PB+POT6p’ (311)

rae P, — macca skunaxa, T, Py, — Macca nposusuu, T, B, — Macca BOJBI 1JIs1 OKUIIAKa, T,
Pyrep — Macca MUIIEBBIX U TBEPIBIX OTOPOCOB, T.

Macca sxuIaxa HaXOAUTCS 110 PopMyIie:
P, = m,n,, (3.12)
rge m, = 0,12 — MacCa OAHOIo0 4Y€JI0OBCKa C 6ara>1<0M, T, N, — YHUCICHHOCTH JKHIIAXKa
IPOEKTUPYEMOIO CyIHA, Y€Il.

Macca npoBu3uu:

Pip = PrpMad, (3.13)
rae ppp = 4 * 1073 — cyrouHas HOpMa NPOBU3UM HA OJHOIO HYelOBEKa, qeﬂ*CYT;
A — aBTOHOMHOCTB CY/IHA, CYT.
Macca BoABI JJIsSI KHATIaXKa:
P, = p,n,A, (3.14)

rae p, = 0,1 — HopMa BOIBI Ha OJTHOTO YEJIOBEKa B CYTKH, p—
YeJI*CyT

Macca IUIIEBBIX U TBEPIBIX OTOPOCOB:
Porop = PoropMa, (3.15)

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

> genxcyT’

Takum 06pa3om, NOITyIUM:

62



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

P)BK = m3n3 + pﬂpnBA + anSA + pOTﬁanA (3'16)
WIN:
m3
Py = 1A (22 + Py + P+ Porsy) (3.17)

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

o T
I'me p, — yHenbHBIA pacxo] TOIUIHBA, prem— k; = 1,15 — xoadduImeHT MOPCKOTOo
KbT*4
3amaca;
k, = 1,15 — xoaddurnmeHT, yUUTHIBAIOIINN yBEIMYEHUE pacxoja TOIUIMBAa Ha PabOTHI

BCIIOMOTATENbHBIX MEXaHU3MOB, Ha 3alachkl CMa3Ku M NMUTATE€IbHON BOJBI, HA CTOSHOYHBIC
pexXumsl; t=24A — aBTOHOMHOCTb CY/Ha, U.

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

rae P3r — Macca 3allaCHbIX I'PY30B U Nepeaavdn aBapPIﬁHBIM cyaam, T; P3r1 — Macca
3arpsA3HCHHBIX U MMOJCJIIAHCBBIX BOJ, T.

P31'l = p3l'ln3A' (3-20)

rae psp; = 0,15 — Macca 3arps3HEHHBIX M IOJCIIAHCBBIX BOJ OJHOIO YCJIOBCKA B
T
CYTKH

> yenxcyT
Takum 06pa3oM, HOJTyUHM:

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

3. YpaBHEHHE XOJKOCTH.
[pubnmxEHHOE OmpeneICHNe MOTHOTO COMPOTHBIICHUS IBUKCHUIO CyTHA MOXKET OBITh
BBIIIOJIHEHO COTJIACHO BBIPAXKEHHIO [2]:

R = Ry + Rocr, (3.21)

i€ Ry, — CONPOTHUBIIEHHE TPEHUS; Ry~ OCTATOYHOE COMPOTHBIIEHHE.
ConpoTHBICHNE TPEHUS MOXKHO ONPEAETUTH C MOMOIIBIO CIEMYIOIIETo BhIpakeHus [2]:
2

Ry = G + 6+ E0) 50 (3:22)

rae &, — K03QUIUMEHT TpeHHs SKBUBAIICHTHON TTIAJKOH IIACTUHEL; &, — HaxOaBKa
Ha IIEpOXOBATOCTh; &,,— HaJ0aBKa BBICTyNaIOIIME 4acTh; (1 — CMOUYEHHAs IOBEPXHOCTb
KOpIIyca CyAHa; ¥ — CKOPOCTb Cy/JHa, M/C.

KospduuueHT TpeHHs HSKBHBAJCHTHOW TIJIJKOW IUIACTHHBI MOXKHO ONPEACTUTH MO
¢dopmye [2]:

_ 0,455 323
Smn = (lgRe)(lgRe)?5® (3.23)
Yucno Peiinonpaca:
vL
Re = 7, (324)
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2
e vV — CKOpPOCTh CymHa, M/c; L — pnuHa cyaHa, M; vV = 1,15« 107 MT -

KOX(PPHUIHUEHT KHHEMATHIECKOH BSI3KOCTH BOIBI.

CMoueHHasl TTOBEPXHOCTh KOpITyca CyIOB C OONBIIMMH 3HA4YeHHSAMH Ko3(dduimenta
o01eit MOJTHOTHI & MOYKHO ONPENENHTSh 10 MpuodmKkeHHol Gopmyne B.A. Cemexu [5]:

Qo = LT{2 +1,37(56 — 0,274) B It} (3.25)

OcTaToyHOE CONMPOTHBIICHHE OIIpeessieTcs o hopmyIe:

2
pv
ROCT = (OCTTQ’ (326)

rae  (oer— KOI(DQPUIMEHT OCTaTOYHOTO CONPOTUBIICHMS, Ui (OPM KOPIYCOB C
ko3 punmentamu nonHoTh 6 = 0,800 onpenensercs no Gopmye [2]:

2
2,158%Fr3
05 (3.27)

&) - (7)

oct —

Yucno ®pyna:

_ v
Fr = \/ﬁ’ (3.28)

2
M
r7ie V — CKOPOCTh CyJHa, M/C; L — IuiHa cyiHa, M; g — cBOOOIHOE YCKOPEHHE, —

BykcupoBOYHas MOLITHOCTH ONpenessiercs 1o hopmyie:
Np = Ry, (3.29)

MourHoCTh I1aBHON DY cynHa onpeaessieTcs no hopmyse:
Ny
NsNp

rae Ng — KIIJ] mepemauun MOMIHOCTH, TpUHATHIN paBeH 0,97; Mp— MNpOMyIbCUBHBIN
k03 dunmeHT, npuHsTHIN paseH 0,7.

N, (3.30)

4. YpaBHEHHE OCTOWYUBOCTH.

Ha HavanpHBIX CTaguax NPOEKTHPOBAHWS, KOTIa TJIaBHBIE JJIEMEHTHI CyIHa YK€
YCTAQHOBJICHBI, OJIHAKO TEOPETHYECKHH UepTEX I0Ka He pa3paboTaH, ypaBHEHHE
OCTOWYMBOCTH IHPEJICTABISIETCS B BHJE, TPAJUIMOHHO WCIOIb3YEMOM B TEOPHH
MIPOEKTUPOBaHUS CyIOB [2]:

a’ B? an 05
h= —+05 (%) T-z, 331
11,46 T (5) %g (3.3
rac, h - a6COJ'HOTHaH MCTa]_IeHTpI/I‘IeCKaﬂ BBICOTA cy;[Ha, M; B, T — TJIABHBIC

pa3MepeHusi CyaHa, M; o — Kod(dunueHt monHoTh wiomaan ['BJI; § — koaddumuent
00mIeH TIOTHOTHI CY/IHA; Z; — ANIUIMKATA IEHTPA TAKECTH CyJIHA.

5. YpaBHeHHE BMECTUMOCTH.
YpaBHEHHE BMECTHMOCTH MOYKET OBITh IIPEICTABICHO CIICIYIOUIIM 00pa3oM:
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W, = Z w, (332)

rme YW, — cyMMa TOTPEOHBIX TEOPETHUCCKHX OOBEMOB, M, Wy~ daxtnaeckas
BMECTHMOCTb KOPITYCa M HAJICTPOCK, M.

B.JI. Tlo3ntonnHBIM Oblla BBeZeHa OOOOIIEHHAs 3aluch JIEBOW YacTH ypaBHEHHUS
BMECTUMOCTH [2]:

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

riae S, — Ko3(hGULUUECHT pa3BUTHS HAACTPOEK (OTHOIIECHHE 00bEMOB HAACTPOEK (pyOoK)
3
u Koprryca); W, — oobeM koprmyca, M.

O0wem Kopiryca ornpenensercs mo gopmyne [2]:
a

D (H\3

W, = kc—<—> , (3.34)
p \T

rae k.— K03 QUIUEHT CeI0BATOCTH; P — INIOTHOCTH BOABI.

dDOpMyna JJIsL OTIpEACIICHU A (I)aKTI/I‘IeCKOI\/'I BMCCTUMOCTH CyAHA UMCCT BUA:
a

D /H\G
_ bH 35
W¢—kc(1+sﬂ)p(T) . (3.35)

3akjao4uenue

B xome wuccienoBanusi pa3paboTaHa MaTeMaTHUYeCcKas MOJEIb IPOEKTHPOBAHUSA
CYXOTpY3HBIX CYJIOB, O3BOJISIONIAS HA PAHHUX CTAUIX IMPOEKTa ONPEIeIATh ONTHUMAIbHbIE
3HAUEHMSI OCHOBHBIX XapaKTEPHCTHK CyJHA C YUETOM 3aJaHHBIX YCIOBHH SKCIUTyaTalluH W
HOPMAaTHBHBIX TpeOoBaHMH. (OCHOBHBIE 3JEMEHTHl CyJHA ONPEHCISIOTCS  IyTEM
COBMECTHOTO pEIICHWs YpaBHEHHMH MaTeMaTH4ecKOW Mojenu. TakuMm — oOpaszom,
MpeATIoKEHHAsT MaTeMaTHdecKas MOJIETb MpecTaBisieT co0oi 3(h(HeKTUBHBIH HHCTPYMEHT
JUIl  pelIeHHs 3aJad  IMPOCKTUPOBAHHUS CYXOTPY3HBIX CYIOB, OOECIICUHBAIOIIUH
000CHOBaHHBI BEIOOP MPOEKTHBIX XapaKTEPUCTHK HA PAaHHUX CTaIUsIX pPa3paOOTKH.
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AHaJIN3 OCHOBHBIX MEeXaHHU3MOB Aerpaganuu Kopmyca cyjaHa.
CHHEPreTuKka, MOACJIUPOBAHUEC U METOAbI KOHTPOJIsA

A.A. Tpouyk

ORCID 0009-00006-2039-1717

A.P. PyGan
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AnHoTtanus. IlocTeneHHble OTKa3bl KOPILYCOB CYJOB CBSI3aHBI C pPa3BUTHEM IIPOLIECCOB
KOPpPO3UH, M3HOCA M YCTAJIOCTU Marepuala, BEpOSTHOCTh BO3HUKHOBEHMS KOTOPBIX
BO3pacTaeT IO Mepe YBEIMYEHUS CpOoKa JKCIUlyatanuu cyaHa [15]. Dro monarsepkmaeT
HEOOXOJVMOCTh KOMIUICKCHOTO pAacCMOTPEHHS YKa3aHHBIX IIPOLECCOB IIPH  OIIEHKE
TEXHUYIECKOTO COCTOSIHUS KopIlyca. MIX cOoBMeCTHOe BO3ZeiicTBHE NMPUBOAUT K CHIDKEHUIO
HECyIEeH CIOCOOHOCTH M 3aTPYIHSET OIEHKY OCTATOYHOHN OJITOBEYHOCTH KOHCTPYKIMA. B
paboTe BBHINOJIHEH AaHAIN3 B3aHMHOTO BIHAHHA O3THX (AKTOPOB C HCIOIB30BAHHEM
KITACCHYECKUX MOJIelell NMPOTHO3MPOBAHUS ONTOBEYHOCTH — 3aKkoHa IIspuca, mpaBuia
Maiinepa, BepOSITHOCTHOTO IIOAXOAa Ha OCHOBE MOJAENHU NPONOPLUOHAIBHBIX puckoB Kokca
— a TaKKe COBPEMEHHBIX METOJ0B 00pabOTKM NaHHBIX Ha OCHOBE MALIMHHOTO OOYdYEeHHSI.
[lo naHHBIM SKCHEPUMEHTANbHBIX MCCIEIOBAaHUNH COBMECTHOE [JEHCTBHE KOPPO3UU U
LUKINYECKUX Harpy30K IPUBOAMT K CYIIECTBEHHOMY COKPALCHUIO JOJTOBEYHOCTU I10
CPaBHEHHMIO C H30IMPOBAHHBIM  BO3JeHcTBHEM Kaxkaoro akrtopa. IIpemmoxena
KOHIIETITYallbHass CTPYKTypa HHTETPHPOBAHHOM CHCTEMBI MOHHTOPHHTA TEXHHYECKOTO
COCTOSIHUSI KOpITyca, 00beANHAIOMAs PA3IMIHbIC THIIBI JATYHKOB (BOJIOKOHHO-ONTHYECKHE,
NEKTPOXUMHUUECKUE, aKyCTHUECKOH 3MHCCHH) M METOJbl HHTEIICKTyalbHOH 00paboTKH
CHTHAJIOB (aBTOIHKOJEPHI JJIsI OYUCTKH OT IIYMOB). Pe3ynbTaThl MOTYT OBITH HCIIOIB30BAHBI
mpu  pa3paboTKe  CHCTEM  MOHHTOPHHTA  TEXHHYECKOTO  COCTOSHHS  CYJOB,
COBEpIICHCTBOBAHUN IIOJXOJ0OB K TEXHHYECKOMY OOCIY)XHBAaHUIO 110 (HaKTHIECKOMY
COCTOSIHMIO, @ TaKXe IIPH ITOJrOTOBKE HOPMATHBHBIX JOKYMEHTOB KIacCH()MKAMOHHBIMH
o0ImecTBaMH.

KnroueBble cioBa: KOpImyc CyaHa, [AETpajamus, KOPPO3Hs, YCTalNOCTh, TPEIIMHEI,
COBMECTHOE BJIMSHHE TPOILECCOB, OCTATOYHBINA pecypc, NU(PPOBOH TBOWHHK, MPEAUKTUBHOE
00CITy)KHBaHUE

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.

BBenenne

Kopnyc cyana sBiseTcss OCHOBHBIM HECYLIMM  3JIEMEHTOM,  OIpPENEISIOLINM
0€30MacHOCTh JKCIUTyaTallid, HAJCKHOCTh W CPOK CIyxObl cymHa. B mpomecce
SKCIUTyaTallid KOPIYCHBbIE KOHCTPYKIWHU MOABEPraroTCsl BO3JAEHCTBUIO MOPCKOW Cpeibl,
MEPEMEHHBIX MEXaHUYECKUX HArpy30K M IUKIMYECKUX HAMpsDKEHUH, YTO TPUBOAUT K
Pa3BUTHIO KOPPO3MOHHOTO H3HOCA, HAKOIUIEHWIO YCTAJIOCTHBIX TMOBPEKACHUNA U
00pa30BaHUI0 TPCIIMH. YKa3aHHBIC MPOIECChl IMOCTCICHHO M3MCHSAIOT TEXHHUYCCKOE
COCTOSIHAE KOPITyCa, CHIDKAIOT €ro HECYyI[yI0 CIIOCOOHOCTh W TPEOYIOT CBOCBPEMEHHOTO
BBISIBJIEHUSI IPU IPOBEACHUH OCBUAETEILCTBOBAHUM U PEMOHTOB.

CornacHo UCCIIEJOBAHUSIM OTEUECTBEHHBIX aBTOPOB, MOCTENEHHBIE OTKA3bl KOPIYCHBIX
KOHCTPYKIUH B 3HAYUTEIHHON CTETEHH OOYCIOBICHBI Pa3BUTHEM IIPOIECCOB KOPPO3HH,
H3HOCA M YCTAJIOCTH MaTepHalia, BEPOSITHOCTh BO3HUKHOBEHHUS KOTOPBIX BO3pAcTaeT IO
Mepe yBEIMUYCHHS MPOJOIDKUTEIBHOCTH dKcIuTyaTanuu cynna [15]. Tloatomy oGecrieueHue
HAJEKHOCTU KOPIIYCHBIX KOHCTPYKLIMH OCTaeTcs OJHOM U3 BAXKHEHIIMX 3ajay
CyIOCTPOCHHS U SKCILIyaTaluu (JioTa.

B oTeuecTBeHHOW MpakTUKE OIEHKA TEXHUYECKOTO COCTOSIHUS KOPIYCOB CYJIOB
BBIMOJIHSACTCS B COOTBETCTBUU C TpeOoBanusamH [IpaBui Poccuiickoro MOpPCKOro perucrpa
cynoxoactsa (PMPC) u ocHOBaHa Ha pe3ysbTaTax NEPHOINUECKUX OCBUIETENHLCTBOBAHUM,
U3MEpPEHUN OCTAaTOYHBIX TOJIIWH, BBISBJICHUN TMOBPEXKICHUN M aHaIM3e HX Pa3BUTHSL.
Cy1iecTBEHHBIHN BKJIaA B pa3BUTUE METOJOB OLEHKH TEXHUYECKOTO COCTOSIHUS KOPIYCHBIX
KOHCTPYKLHH, MPOTHO3UPOBAHUSA OCTATOYHOI'O PECypca U COBEPIICHCTBOBAHUS METOOB
TEXHUUYECKOHN SKCIUTyaTallii BHECIU OTE€YECTBEHHbIE HccaeaoBarent [3, 5, 15].

B MupoBoi mpakTMKe HAaKOIUIEH 3HAUUTENbHBIA  ONBIT  MaTEeMAaTHUYECKOro
MOJEIUPOBAHUS OTHENIbHBIX MPOLECCOB, BIMSIOMIMX Ha TEXHHUYECKOE COCTOSHUE KOpITyca
cymHa. Pa3pa0oTaHbl MoIenu MPOTHO3UPOBAHHS KOPPO3UOHHOTO HM3HOCA, HAKOIUICHHUS
YCTaJIOCTHBIX MOBPEXACHUN W PacIpOCTPaHCHUs TPEIIWH, OCHOBaHHBbIC Ha pabortax Pike,
Miner, Paris u apyrux uccienoBateiieil. DT MOJAEIH NIMPOKO MPUMEHSIOTCS MPH OICHKE
OCTaTOYHOTO pecypca CYIOBBIX KOHCTPYKIIMH U pa3pabOTKe COBPEMEHHBIX CHUCTEM
MOHHUTOPHHIA TEXHHYECKOTO COCTOSHHs. BMmecte ¢ TeM OOJBIIMHCTBO 3apyOEIKHBIX
Mojenell  pa3pabaThlBalOCh C  YYeTOM KOHCTPYKTHBHBIX  OCOOEHHOCTEW  CYIOB,
HCTIONIE3YEMBIX MaTepuajoB M YCIOBUH O3KCIUTyaTallUH, XapaKTEPHBIX IS 3apyOeKHOTO
¢oTa. OTH YCIOBHS BO MHOTHX CIyYasX OTIHYAIOTCS OT TPAKTHUKH SKCIUTyaTaIl[dh
OTEYECTBEHHBIX CYIOB, 3HAYUTENIbHAs YacTb KOTOPBIX HMMEET MPOJOJLKUTEIbHBIA CPOK
CIY’)KOBI M 3KCIUTyaTHPYETCS B WHBIX KIMMAaTHYECKUX M TEXHOJOTHYECKHX YCIOBUsAX. B
CBSI3H C OTHUM IIPHMEHEHHE 3apyOeKHBIX MOJENeH MpH OIEHKE TEXHHYECKOTO COCTOSHUS
CYIOBBIX KOHCTPYKIMH TpeOyeT WX ajanTaliiii C y4eTOM TpeOOBaHUI OTE4eCTBEHHOMH
HOPMAaTUBHOM 0a3bl 1 0COOEHHOCTEH AKCILTyaTaIl[il POCCUICKOTO (hIoTa.

HecMoTpss Ha 3HauuTeNbHOE YHUCIO HUCCIENOBAaHHWM, TOCBAIMIEHHBIX OIIEHKE
TEXHUYECKOTO COCTOSIHHMSI KOpIyca CyJHa, KOPPO3HWOHHBIM HW3HOC, YCTaJIOCTHBIE
MOBPEKICHHSI M Pa3BUTHE TPEIIWH Yallle BCErO PacCMaTPHBAIOTCS KaK CaMOCTOSITEIbHbBIE
nporieccel. OTHAKO B TpOIlecCe IKCIUTyaTallid OHU OKa3bIBAIOT B3aMMHOE BIIUSHHUE APYT HA
npyra. Tak, yMEHBIIICHWE TOJIIWHBI 3JIEMEHTOB BCJEICTBHE KOPPO3UU TPHUBOAUT K
repepacIpeieficHHI0 HAMPsDKEHUH, YTO COCOOCTBYET 0oJiee HMHTCHCUBHOMY HAKOILICHHIO
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YCTaJIOCTHBIX MOBPEXJICHUH M IOBBIIMIAET BEPOSTHOCTH 0O0pa30BaHUSA U JalbHEHIIEro
pa3BuTHs TpemuH. [loaToMy pa3zensHOe NPUMEHEHHE CYIIECTBYIOIUX METOI0B HE Bcerja
MO3BOJSIET MOJIYYUTh OOBEKTUBHYIO OLIEHKY TEXHHYECKOIO COCTOSHHMS KopIyca U
JIOCTaTOYHO HAJEKHO MPOTHO3UPOBAThH €T0 OCTATOYHBIN pecypc.

B cBs3M C 3TUM aKkTyaJbHOH sBIsieTcss pa3pabOTKa KOMIUIEKCHOTO MOAXOJa,
OOBEIMHSIOMETO  PE3yNbTAaThl  ONEHKM  KOPPO3MOHHOTO  HM3HOCA,  HANpPSDKCHHO-
ne(pOpMUPOBAHHOTO COCTOSIHMS, YCTaJIOCTHBIX TOBPEXICHUI W TPEUIMHOOOPa3OBaHUS B
€AMHYIO T0CIEJ0BATEIbHOCTD aHATN3a TEXHNIECKOTO COCTOSIHUS KOpITyca Cy/IHa.

Ilenpro HacTosAmed pabOTHI SBISETCS aHATM3 OCHOBHBIX MPOLECCOB WH3HOCA U
MOBPEX/ICHNH KOpITyca CyHa, HCCIIEI0BAHNE UX B3aMMHOTO BIIMSHUS, 0030p MPUMEHAEMbIX
METOOB MOJCIUPOBAHUS M KOHTPOJIS, a Takke pa3paboTka MOCIEAOBATEIFHOCTH
KOMIUIEKCHOH OIIEHKH TEXHHYECKOTO COCTOSHUS KOPITYCHBIX KOHCTPYKLUH, 00be INHSIOMIEeH
CYILIECTBYIOIIUE UHXEHEPHbIE METO/IbI B €IUHYIO METOIUKY.

1. Koppo3ust kak ¢pyHaaMeHTAIbHBIN NMpoLece Aerpaganun

Koppos3ust  siBisiercss HambOoyiee pacHpoCTpaHEHHBIM M BO MHOTHX — CIIydasx
onpenensionM  (HaKTOpOM CTapeHus KOPIYCHBIX KOHCTpykuuit [3]. Mopckas Boza
NPEACTaBIsIET COOOW CIOXKHBIA 3JIEKTPOJIUT C BBICOKOM HMOHHOW IPOBOAMMOCTBIO,
CONIepIKAIII XIIOPHIBL, CYyIb(aThl, KapOOHATHI, PACTBOPEHHBIA KUCIOPOX W OHOTECHHBIC
KOMIIOHEHTHI, YTO CO3Ma€T WACalbHBIC YCIOBHSA IS ITPOTEKAHHS AICKTPOXHUMHUYCCKHUX
npoueccos [3].

B 3aBHCHMOCTH OT YCIIOBHH OJKCIUTyaTallid, KOHCTPYKTHBHBIX OCOOCHHOCTEH U
HAJIMYHS 3alIUTHBIX TIOKPHITHHA BBIJCIIIOT HECKOIBKO OCHOBHBIX BHAOB KOppo3uu. B
npolecce HKCIUTyaTallid CyJOB HauOoJjiee paclpoCTpaHEHHBIM BHUJIOM IOBPEKACHHM
SIBIIICTCA PABHOMEPHBIM KOPPO3HMOHHBIM H3HOC, MpPH KOTOPOM TOJIIMHA MeTajlia
MIOCTEIICHHO yMEHbIIaeTcs 10 Bceil moBepxHocTH ndnemeHta. OH  pa3BHBaeTcs
MIPEUMYIIECTBEHHO Ha y4yacTKax C HAapyLIICHHBIM 3allUTHBIM IOKPBITHEM, B OalIacTHBIX
TaHKax W Ha JOHuUIIeBoi obmuBke [3]. He MeHbIyI0 OMacHOCTh MPEJCTABIISIET sI3BEHHAsS
KOppo3us, IpH KOTOpPOH pa3pylleHHe MeTajyla HOCHUT JIOKaJbHBIH  XapakxTep.
OO0pasyromuecs 3B CTAHOBATCS KOHIICHTPATOPAMH HANPSHKCHUH W YCKOPSIOT pa3BHTHE
YCTaJOCTHBIX TOBpexaeHui. Hambonmee wacto Takme nedeKThl BBIABISAIOTCS B paiioHe
BaTEPIIMHUY, CKYJIOBBIX MOSCAX U HA OTIACIBHBIX yJacTKaxX AHUMIA [3].

Koppo3noHHOe pacTpecKkiBaHHE O] HANpPsHKEHHEM BO3HUKAET TPH OJHOBPEMEHHOM
BO3ICHUCTBUY arpeCCHBHOI CPEeIbl M PACTATHBAIONINX HanpspkeHuil. Hanboree moaBepKeHb
€My BBICOKOIPOYHBIC CTAM M CBAPHBIC COCTUHEHUS, COJCPIKAIINE OCTATOYHBIC CBAPOYHEIE
Hanpspkenust [3]. [anpBaHuyeckas (KOHTakTHasl) Kopposwsi oOycioBiieHa oOpa3zoBaHHEM
rajJbBaHUYECKUX Map MEXIY Pa3HOPOTHBIMH MeTajulaMH (HalpuMep, CTaIbHOM KOpIyC H
OpOH30BBIN TPeOHOW BUHT, aJIFOMUHHEBbIE HAACTPOHKN M CTAIBHON KOPIYC) NMPH HAIUYUU
anektponuta. llleneBas koppo3us pa3BUBaeTCS B 3a30pax, MO HAKJIaIKaMH, B COSTUHEHUIX
BHAxJeCT, TIe 3aTpyAHEH JAOCTYN KHCIOPOAA W TPOUCXOAUT JIOKAJIBHOE H3MEHEHHE
XMMHYECKOTO COCTaBa PacTBOpA.

DJEeKTpOXUMUYECKass KOPpPO3HWsS CTaldi B MOPCKOH BOJIe OIUCHIBACTCS aHOJHOM
peaxkimeii pactBoperus xenesa (Fe — Fe?* +2e™ ) u KaToIHOM peakiieil BOCCTaHOBIICHHUS
kuciopona (O, +2H, O+4e” — 40H™ ).

CyMMapHBI# Tmpoliece MPUBOAUT K 00Pa30BaHUIO NMPOIYKTOB KOPPO3UH (P>KAaBUHHEI),
KOTOPBIE B 3aBHCUMOCTH OT YCIOBHI MOTYT OBITH PHIXJIBIMH WM TUIOTHBIMA U CYIIECTBEHHO
BIIUSATH Ha JATBHEHIITYIO CKOPOCTh paspyiienust [3].

Jliis ontucaHus KOPPO3MOHHOTO M3HOCA CYJIOBBIX KOHCTPYKIHIT B 3apyOe)KHON MPaKTHKE
4acTO WCIONB3YIOT Mojaenb llaiika [2], koTopas B oOmeM BHIE MpeacTaBisieT coOoi
CTETIEHHYIO 3aBHUCUMOCTB:

dt) =cl-(t —TcD)* (1)
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rae d(t) — rmy6uHa Koppo3uu (MM);

t — BpeMsi SKCIUTyaTauu (Tosl);

T cl — cpok ciayX0bl 3alIUTHOTO TOKPHITUS (TOMBI), B TE€UYEHHE KOTOPOTO KOPPO3US
MPaKTHYECKHU OTCYTCTBYET; C1 W Cz — OMIIMpHYECKUe KO3(D(UIMEHTHI, ONpenensieMble 1o
CTAaTUCTUYECKMM  JaHHBIM 11 KOHKPETHOTO THNA KOHCTPYKIMH UM yCIOBHH
SKCIUTyaTanyu [2].

B uacTtHOM cnywae, Koraa nokasarenb CTeNeHU ¢z = 1, mogmens Ilalika cBogutcs K
JTUHEWHON 3aBUCUMOCTH, ITUPOKO UCTIONB3YeMON B HHXKEHEPHOH IpakTHke [3]:

6(t) = 6o — k_{corr}-t 2)

rae 8o — HadagbHas TOJIIHHA (MM);
k corr — cpenHss CKOPOCTh KOPPO3HH (MM/TO).

Cnenyer oTMeTuTbh, 4To Mozenb [laiika [2] paspaboTaHa AJsi METAJUIOKOHCTPYKIMH C
3alIUTHBIMU TTOKPBITUSIMHU, BKIIIOYasl OIIMHKOBaHHbIE. J[JIsi CyJOB OTeYecTBEeHHOIrO (JioTa,
SKCIUTYaTUPYIOIMXCS B TEYEHHE JJIMTEILHOTO BPEMEHU IPH YaCTUYHOW WIIM MOJHOW
yTpaTte 3al[UTHBIX MOKPBITHH, NPHUMEHEHUE NAaHHOW Mojenu 0e3 KOPPEKTHPOBKU MOXKET
NPUBOJMUTH K CYLIECTBEHHBIM HOTPELIHOCTSIM OLEHKH KOPPO3MOHHOrO H3HOca. [losromy
IIpU pacyérax TEXHHYECKOTO COCTOSHHS CYHOBBIX KOHCTPYKLHMH HEOOXOAMMO YYHTHIBATH
(aKTHYECKHE YCIIOBHS OSKCIUTyaTallMM, PE3YJbTAThl HM3MEPEHHs OCTAaTOYHBIX TOJIIUH M
JaHHBIE TIEPHOJMYECKHX OCBU/CTCIBCTBOBAHUH B COOTBETCTBHHM C TPEOOBaHUSIMH
JCUCTBYIOIIMX HOPMATHBHBIX JOKyMEHTOB W PEKOMCHIOALMSIMH  OTECYECTBEHHBIX
HUCCIIEIOBAHUM.

B paborax mocinemHux jer Bcé Oorbliee pacHpOCTpaHEHHE MOTYyYaroT THOPUAHBIC
MOJIENI, B KOTOpBIX 0a30BbIi (HU3MYECKUil TpeH] KOMOMHUPYETCS C IONpPaBKaMH,
MPOTHO3UPYEMBIMH METOJIaMH MAIIMHHOTO 00ydeHus [9]. BxonHbIMH nmapameTpamu 3/1€Ch
BBICTYNIAIOT TeMIlepaTypa 3a00pTHOW BOABI, COJNEHOCTH (IPOBOAMMOCTB), CKOPOCTh CyIHA
(BnusitolIasl Ha TYpOYJIEHTHOCTh U MaccomepeHoc), 3G heKTHBHOCTh KaTOAHOM 3aIIUTHI (TOK,
MOTEHLMAN), reorpadUueckuii peruoH IulaBaHus (TPONHMKH, YMEPEHHbBIE IIUPOTHI,
ApKTHYECKHE BOJBI), a TaK)Ke BpeMs ToJa, OMNpeesIollee CE30HHYIO aKTHUBAILUIO
Onoromex. Takol NOAXOH TO3BOJIAET COXPAHUTh (PU3MYECKYI0O HHTEPIPETHPYEMOCTh M
OJTHOBPEMEHHO JIOCTHYb BEICOKOH TOYHOCTH ITPOTHO3A.

2. YcranocTHbIe MOBPEKACHHS: OT MUKPOIUIACTHYHOCTH /10 MAKPOPa3pyLIeHUust

YcranocTh MeTaia — 3TO HaKOIUICHHWE TOBPEXICHUH MPU IUKIMIECKOM U3MEHEHHH
HanpspkeHnd. B KOpPHYCHBIX KOHCTPYKIMSX OCHOBHBIM HMCTOYHHKOM IHKIMYECKUX
Harpy3ok SIBJSIETCS BOJIHOBOE BO3/CHCTBHE, KOTOpO€ CO374aéT 3HAaKOIEepEeMEHHBIE
HATPSKCHUS B dJIeMEHTax Habopa u obmuBke [3].

[Iporecc ycTaloOCTHOTO pas3pylieHUs] TPAJAULIMOHHO MOAPA3NEISIIOT HA TPU cTajuu [3,
8]. Ilepmast cramgms — HaKOIUIGHHE PACCESHHBIX MMKPOTOBPEXKIEHHHA, KOTJa Ha
MHUKPOYpPOBHE NPOHMCXOAWT JIOKANbHAs IUIaCTHYecKas Jegopmanus B 30HAX CTPYKTYPHOI
HEOJHOPOAHOCTH (BKJIIOYCHMS, TPaHUIBI 3EpEH), 00pa3oBaHUE TIIOJIOC CKOJIBXKECHHUSA U
3apoXKIEeHHEe MHKpoIop. Bropas cramust — 3apoXIeHHE MaKpPOCKOIMHMYECKOW TPEIINHEL,
Koraa oObeJMHEHHE MHKPONOBPEKACHUH NMPHUBOJUT K OOpa30BaHMIO TPEIIMHBI; MOMEHT
3apOXKICHUS TPYAHO (UKCHUpyeTcs TPaJULIHMOHHBIMH METOJAaMHM  HEepa3pyLIarouiero
KOHTpOJIsl. TpeTbst cTagus — paclpoCTpaHEHHWE TPEUIMHBI, IpeJCTaBioNnee coOoi
CTaOMJIBHBIH M YCKOPEHHBIH pocT aedexTa Moja JeHCTBHEM LUKINYECKHX Harpysok,
OINMCHIBAEMBIH 3aKOHAMH JIMHEWHONW MEXaHWKM paspyLIeHHs; 3Ta CTaJusl 3aBepIiaeTcs
KPUTHYECKIM POCTOM H Pa3pyIICHHEM KOHCTPYKIIHH.
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HauOonee pacmpocTpaHEHHBIM CIOCOOOM — OICHKM HAKOIUICHHS  YCTaJOCTHBIX
MOBPEXKIACHHUM OCTaéTcs IMHENHHOe npaBwio MaifHepa [4], COrTacHO KOTOpOMY CyMMapHOe
MOBPEKJCHUE OMpEJCNAeTCS KaK OTHOIICHHE (PAKTHYCCKH peaTM30BaHHBIX IHMKIIOB
Harpy>k€HHsl K YUCJy LMKJIOB, BBI3BIBAIOIINX pa3pyLIEHUE NPU COOTBETCTBYIOIIEM YPOBHE

HaIPSHKCHUN:
D= Z ni
- _ Ni (3)
L

TJIE Nj — YHCIIO IIUKJIOB HATPYXECHUS 3aaHHOHN aMIUIUTY bl AG; (MIIH Gai);

Ni — moIroBe4HOCTh MaTepHala NpHU 3TOW aMIUIMTYJIE, ONpezenseMas MO KPHUBBIM
ycranocta (S- N kpuBoii);

D — HaxomieHHOe MOBpeXAeHUe, NpUUEM paspylleHue npeanoiaraerca npu D =1 [3,
4].

[Iupokoe mnpumeHeHne npaBuiaa MaiiHepa OOBSCHSETCS NPOCTOTOH pacuyEéTOB U
HQJIMYUEM SKCIEPUMEHTAJbHBIX JAHHBIX II0 YCTAJOCTHON JONTOBEYHOCTH Pa3IMUHBIX
CTaJlel U CBApHBIX COEIUHEHUH. BMecTe ¢ TeM NaHHBIM IOAXOJ OCHOBAaH Ha JIMHEHHOM
CYMMHUPOBaHHH TOBPEkKACHUI M MO3TOMY HE YYHMTBHIBAET BIUSHHE MOCIEAOBATEILHOCTH
HArpy>KEHUs, WM3MEHEHHs XapakTepa LUKIOB, BO3JEHCTBUS KOPPO3HOHHOM Cpeasl U
0COOEHHOCTEH pa3BUTHSA TpemuH [3, 8].

Jnst ommcanust Goyiee CIOXHBIX PEXHMMOB HAarpyXEHHUsl HCIIONB3YIOTCS HEIMHEHHBIC
Mozenu, Bkitodas npasuio Kopren- onana [5]:

ni Aagi
D=Y—"(—) @)
Ni Aomax

a TaKKe METOAbl, YUMUTHIBAIOIIME HCTOPHUI0O H3MEHCHMS  HANpsXKEHUH U
MIOCJIEZIOBATEILHOCTD ITUKIIOB [8].

B ycroBusx sKcmilyaTallud CyAHA HAOpPsHKCHHS H3MEHSAIOTCS HEPaBHOMEPHO TIOA
JIEHCTBUEM BOJIHEHHMS, BUOpAllMU KOpIyca, pabOThl JBMIKUTECIBHOW YCTAHOBKH U JPYIHX
SKCIITyaTalMoOHHBIX (hakTopoB. [losToMy mepex pacd€ToM HAKOIUIEHHOTO MOBPEXICHHS
SKCTIEPUMEHTAIbHBIE JaHHbIE MNPOXOAAT MPEABAPUTEIBHYI0 OOpPabOTKY: BBIIOIHSIIOTCS
(GUIBTPALUs CHTHAJIOB, BBIJCJICHNE IIMKIIOB HArpy>KCHUS (HAaIPpHIMeEp, METOJIOM IO —
rainflow) 1 ux mocneayromas KiIaccupuKaIys Mo YPOBHIO HANIPSHKCHUH.

B mocnennne ronsl Bcé Oosiee aKTUBHO MCCIEAYIOTCS METO/BI MAIIMHHOTO OOyYEeHUS
JUIsL IPOTHO3UPOBAHUS YCTAJIOCTHOIO COCTOSIHUS KOHCTpYKLUI. B wactHOCTH, ceTu noarou
KpPaTKOCPOYHOH naMsATu (LSTM) CHOCOOHBI aHAJIU3UPOBATh BPEMEHHBIE
MOCTIEIOBATENbHOCTH HANPSKCHUH M yYUTHIBATh 3aBUCHMOCTH TEKYIIETO COCTOSHUS
KOHCTPYKIIMHU OT TPENIIECTBYIONMEH UCTOPUU HATrpYXKEHHUS, YTO PACHIMPSIET BO3ZMOXKHOCTH
IIPOTHO3UPOBAHUSA OCTaTOYHOTO pecypca IO CPaBHEHHUIO C TPAJUIHMOHHBIMU JHHEHHBIMHU
Mozensmu [2, 9].

3. TpemunHooOpa3oBaHue: MeXaHUKA pPa3pyLlIeHUs] U MeTObl 00HAPY:KeHUsI

Tpemunsl — HanOosiee omacHBId BHJ J€()EKTOB: OHM MOTYT pa3BHBAThCA OBICTPO,
gacto 0e3 BHIUMBIX NPU3HAKOB, W MPHBOAWTH K BHE3amHOMY paspyureHuro [2, 3]. s
OTIMCaHUs HANPSHKEHHO-1e(POPMUPOBAHHOTO COCTOSHUS B OKPECTHOCTH TPEIIMHBI B PaMKax
JMHEHHO-yIIPYrod MEXaHWKH pa3pylIeHUs] MCHONB3YeTCsl KOA(QQUIMEHT WHTEHCHBHOCTH
HanpspkeHnit K. B 3aBUCHMOCTH OT THIa HarpykKeHMsl pasindaroT K;pu HOpMajbHOM
OTpBIBe (pacTsDkeHHH), Kj; pu momepeyHoM caBure H Kj;; NpH aHTUIIJIOCKOM CJBUTE.
Kputndyeckoe 3HaueHue K;., Ha3bpIBaeMO€ BS3KOCTBIO pa3pylICHHUs, XapaKTepHU3yeT
COTIPOTHBJICHNE MaTepraia paclpOCTPaHEHUIO TPEIINHEI [§].

Poct Tpemunbsl mox nedcTBHEM LUKIMYECKMX HAarpy30K OINHUCBIBAETCS YPaBHEHUEM
[Ispuca (Paris).
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CormnacHo COBpeMEHHOMY Y4eOHHKY IO MEXaHUKe paspylieHus [6], 3To ypaBHEHuUe
HUMeeT BUA:

da/dN = C-(AK)"m ®)]
IJic a — JUTMHA TPCIIUHEI,
N — 9KCJO IUKIIOB HATPYKCHHUS;
AK — pa3max ko3 pHUIreHTa UHTCHCUBHOCTH HATIPSKCHUH;
C 1 m — sMIMpUYecKre KOHCTAHTbI, 3aBUCAIINE OT MaTepuaa u cpefsl [6, 8].

B xoppo3nonHO# cpene HabmromaeTcs CHIDKeHHe moporoBoro 3HaueHus AK {th}, npu
KOTOPOM TpEIIHA HAYMHACT PAacCTH, W yBeJIWYeHHe KOHCTaHTHI C, YTO NPUBOAMT K
YCKOPEHHOMY POCTY U TPOSIBIICHHIO KOPPO3HOHHO-YCTAIOCTHOTO pa3pymieHus [3].

Jnst oOHapyXeHHMs TpPEIIMH B CYJOBBIX KOHCTPYKIUSX MPUMEHSIETCS KOMIUIEKC
METOZI0B HEPA3PYIIAIOIIETO KOHTPOIA. Bru3yaabHbIN U U3MEPUTENBHBIN KOHTPOJIb OCTAETCS
HanboJee OCTYIHBIM, HO MO3BOJISET BBISIBUTH TOJIBKO MaKPOCKOIMMYECKHE TPEIIUHBI, yXKe
BBILIE/IINE Ha IOBEPXHOCTh. YIIBTPa3BYKOBOH KOHTPOJIb YYBCTBUTEIEH K BHYTPEHHHM
nedexraM, onHako TpeOyeT HEMOCPEJCTBEHHOTO JOCTyNa K IMOBEPXHOCTH U BBICOKOW
KBann(pUKALUU oliepaTopa. MarHUTOMOPOUIKOBBIH M KamMUIIPHBIA MeTOMbl 3((HEKTHBHBI
JUISL BBISBJIICHHS ITOBEPXHOCTHBIX TPEUIMH B (eppoMarHUTHBIX W HedeppoMarHUTHBIX
MaTepuagax cooTBeTcTBeHHO [3]. HambGomee mnepcneKTHBHBIM METOAOM [UIS PAaHHETO
0OHapyKeHHs 3apOXKAAIOIINXCSl TPELIMH SBISIETCS aKycThdeckas amuccust (AD), MpHHIMIT
KOTOpOH OCHOBaH Ha PETUCTPALMM YIPYTHX BOJH, I'C€HEPUPYEMBIX IIPH INIACTHYCCKOH
nedopmanuy, pacKpbITHN TPELIUHBI H TPCHUNU €€ OeperoB.

[lpumeHeHne MeToJa aKyCTHUECKOM SMHCCHM Ha CyAax OCIOXKHACTCS BBICOKAM
YPOBHEM IIYMOB, BO3HHUKAIONIIMX IO BO3/AEHCTBHEM T'HIPOJMHAMHYECKUX MPOLECCOB,
paboOTHI CYyAOBBIX MEXaHU3MOB U BOJIHEHHS. [J1s1 TIOBBIICHUS JOCTOBEPHOCTH OOHAPYKEHHS
nedexToB BCE walle HMCIONIB3YIOTCS METOIbl MHTEIUICKTYaJIbHOH 0OpabOTKM CHTHAJIOB, B
TOM YHUCJIE aBTOOHKOACPHI — HeﬁpOHHLIe CCTH, O6y’~laeMI>IC Ha JaHHBIX, COOTBCTCTBYIOUINUX
HCTIPAaBHOMY COCTOSIHHIO KOHCTPYKITHH [9].

B mpouecce o0ydeHuss aBTO3HKOIEp (OPMHUPYET MOJIENIb HOPMAJIBHOTO CUTHajda U B
Z[aJ'H)HeI‘/IIIlICM OLICHUBACT CTCIICHb OTKIIOHCHUSA MOCTYHNAIOINX JaHHBIX OT 3TOI'0 COCTOSHUA.
IlosiBeHME aHOMAIBHBIX CUT'HAJIOB, CBA3AaHHBIX C PasBUTUEM TPCUIMH MWW JOPYTUX
Je(eKToB, CONMPOBOXAACTCS YBENWYEHWEM OIIMOKH BOCCTAaHOBIICHHMS, YTO MO3BOJSET
UCTIONB30BaTh €€ B KauecTBE JMArHOCTHYECKOro MpH3Haka. Takoi moaxox He Tpedyer
NIpeABapUTENHbHON pa3sMETKH JaHHBIX M oOecreunBaeT 3(QGEeKTHBHOE OOHApY)KEeHHE
Je(exToB 1ake B yCIOBHUIX 3HAYUTEIHHOTO YPOBHS IIyMOB [9].

4. CoBMecTHOe BJIMsIHME NIPOLECCOB H3HOCA KOPIIYCa Cy/IHa

OcoOeHHOCTBIO TPOLIECCOB N3HOCA KOPITyca Cy/IHa SBISIETCS MX B3aMMHOE BIHsiHUE [3].
Ha mpakThke KOpPPO3MOHHBIH M3HOC, YCTAJIOCTHBIE TOBPEXKIEHHS M Pa3sBUTHE TPEIIUH
MIPOTEKAIOT OJHOBPEMEHHO, IO3TOMY HX pa3JeNbHBIM aHaJIW3 HE BCETAa IO3BOJIAET
O00BEKTUBHO OIICHUTh TEXHHUUYECKOE COCTOSHHE KOHCTPYKIMHM M OCTaTOYHBIH pecypc.
Pa3Butue OmHOTO BHMJA TMOBPEXKACHHH MOXKET HM3MEHATh YCIOBUS BO3HHKHOBEHHSA U
HMHTEHCUBHOCTH JIPYTHUX MPOIECCOB, YTO HEOOXOIUMO YUUTHIBATh NP KOMIIJICKCHOH OIlCHKE
COCTOsIHUS Kopiryca cyaHa [ 1, 9].

Koppo3zus BiausieT Ha ycTamoCcTHOE pa3pylleHUE 10 HECKOJbKMM MexaHusmam [3, 8.
Bo-niepBbIX, reoMeTpr4ecKkuii (pakTop: yMEHbIICHHE TONIIMHBI JICTa U 00pa3oBaHUE SI3B
NPUBOAUT K YBCJIMYCHWIO HOMHMHAJIBHBIX HANPSHKEHUH W CO3JAHUIO  JIOKAJIBHBIX
KOHIIEHTPaTOpOB. BO-BTOPBIX, KOPPO3HOHHAS CPElAa CHIDKAET IpeAe] BEIHOCIUBOCTH CTAIU
[0 CPAaBHEHUIO C BO3JYIIHOH Cpenoi, 4YTO MpOSBISAETCS B SIBICHHMM KOPPO3HOHHOM
YCTaJOCTH. B-TpeTpMX, MNPONCXOAWT W3MEHEHHE MEXaHW3MOB  pa3pylleHHUs: B
KOPPO3MOHHOM cpele yCTaJIOCTHOE pa3pyLICHWE HACTyMaeT NPH MEHBIINX aMILTUTYHax
HampsDKeHUH, a o001acTh MAaNOIMKIOBOM ycranoctn pacmupsercs [9]. Ilo maHHBIM
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SKCIIEPUMEHTAIBHBIX HCCIIEJJOBAHUH COBMECTHOE JEHCTBHE KOPPO3UM M LUKINYECKUX
Harpy30K HPUBOAMT K CYIIECTBEHHOMY COKPALICHUIO OJTOBEYHOCTH IO CPAaBHEHHIO C
M30JIMPOBaHHBIM BO3JEHCTBHEM KaxkI0T0 (hakTopa.

B cBoro ouepenp, HMKINYECKOE HarpykeHHe CIIOCOOCTBYET pa3sBUTHIO KOpposuu [3].
OHO NPHBOAUT K pa3pyLICHHIO 3alIMTHBIX TOKPHITUH M OKCHUIHBIX IUIEHOK B 30HaX
IUTacTHYeCKor aedopmartiy, 00HaKEHHIIO CBEXKHX IOBEPXHOCTEH MeTalia, 0ojiee aKTHBHBIX
B JJICKTPOXUMHUYECKOM OTHOIIECHUH, CO3JAHUIO YCIIOBHH JUIS 3aCTOMHBIX 30H 3JIEKTPOJINTA B
MHUKPOTpPEIINHAX U YIIIyONeHHAX, a TAKXKE CHIDKCHMIO 3()(peKTHBHOCTH KaTOJHOM 3aIHTHI
n3-3a MUKJIMYECKOTO M3MEHEHUs IMOJSIpH3aluK. B pesynpraTe yCcTaaoCTHO-KOPPO3HOHHOE
BO3ZICHCTBHE POpMHpPYET Ooee TITyOOKYI0 B pa3BEeTBIEHHYIO JIOKATBHYIO KOPPO3HIO, YeM B
OTCYTCTBHE IUKIMYECKUX HArpy3oK [3].

Koppo3unoHHas cpefja 0ka3plBaeT 3HAUUTEIbHOE BINSHNUE M HA KHHETHKY POCTa TPEIINH
[2, 3]. Iom eé meiicTBueM cHIKaeTcs moporoBoe 3Hauenme AK {th}, mpu kotopom
TpellMHa HauyWHAET pacTH, yBenuuuBaercst koHcranta C B ypaBHeHuum [Iapuca,
HaOmonaercs 3QQPeKT KOPPO3MOHHO-YCTAIOCTHOTO Pa3pyIIEHHs, OCOOEHHO BBIPaKECHHBIH
IPU HHU3KMX YacTOTaX HarpyKeHWs! (XapaKTEpHBIX JUIs BOJHOBBIX Harpys3ok), a TaKKe
BO3MOXXHO pa3BUTHE CTaTHYECKOTO KOPPO3MOHHOTO pPACTPECKMBAaHHMS NPU HAIUYUH
MIOCTOSIHHBIX pacTArMBarolIMX HanpsbkeHui [3]. B 30Hax cBapHBIX COEOUHEHMH, Tae
HUMEIOTCSI OCTaTOYHbIC HANpPSDKEHUS W CTPYKTypHash HEOAHOPOAHOCTh, CKOPOCTh POCTa
TPEIINH MOXET OBITh Ha MOPSIIOK BBIIIE, 9eM B OCHOBHOM MeTaiie [3].

Jns  KOHLENTYadbHOTO OIMCAHWA COBMECTHOTO BIHMSHHS MPOLECCOB  MOXET
UCTIONIb30BAThCS TPECTABICHHE, B KOTOpPOi obriee moBpexaeHne D total mpencrasnsercs
KaKk CyMMa WId KOMOWHAIMsS TIOBPEXKACHUN OT OTHCIBHBIX (AaKTOPOB C y4ETOM
NEPEKPECTHBIX YICHOB!

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

rne 1 {ij} — wuHTerpajbHBIE WIEHBI, ONKCHIBAIOIIME YCWIICHHE OJHOIO mpolecca
JPYTUM.

Takoe mnpencraBieHHe IMO3BOJSAET YYecTh CHHepreTHueckue 3((deKThl, KOoTopbie B
JIMHEHHBIX MOAX0aX OCTAIOTCS 32 PAMKaM¥ aHATU3a.

JIs  KOMIUIEKCHOW OLICHKM TEXHHYECKOTO COCTOSHHS MOTYT  NPUMEHSATHCS
BEPOSATHOCTHBIE MOJENH, B YaCTHOCTH MOJENb MPONMOPLUHOHAIBHEIX pHckoB Kokca [7],
MO3BOJISIOIIAS OLICHUTH BEPOSTHOCTD OTKA3a C YYETOM COBOKYIHOCTH (paKTOPOB:

h(t) = ho(t) - exp(Bix1 + Paxz + ... + B xy) @)

rze hy (t) — 6a30BBIN PUCK OTKA3a;

X_1— mapameTpbl, XapaKTepU3yIOIINe TEXHUUECKOEe COCTOSTHIE KOHCTPYKIIUH U YCIOBUS
9KCIUTyaTAIHH;

B i— ko3 HULMEHTH MOIeNH, OIpeesIsIieMbIe 0 CTATUCTUYSCKUM JaHHBIM.

[IperMyIecTBO JAQHHOTO MMOAXOAA 3aKIOYaeTCs B BO3MOXKHOCTH OJHOBPEMEHHO
YUYHUTBIBATh BIUSHHE HECKONBKUX (PaKTOPOB, BKIIIOYAsk KOPPO3HOHHBIH H3HOC, HAKOIJICHHbIE
YCTaJOCTHBIEC MOBPEXKACHUS U HATMYKE TPEIIUH. DTO MMO3BOJISIET HCIIOIb30BATh MOJEIb IS
OLICHKH PUCKa OTKa3a M MPOTHO3HPOBAHHS OCTATOYHOIO PECypca CYHOBBIX KOHCTPYKLHI,

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

MeToauka KOMIJIEKCHOM OI[EHKH TEXHUYECKOT0 COCTOSTHUS Kopiyca cyaHa ¢ y‘léTOM
COBMECTHOT'0 BJIMSAHUSA IPOLIECCOB U3HOCA

B mpakTuke TeXHHMYECKON 3KCIUIyaTallUd CYJOB COCTOSIHUE KOPIIYCHBIX KOHCTPYKLUI
0OBIYHO OIIEHMBAIOT MO OTACNBHBIM BHAaM moBpexaeHuit [10, 14, 15]. Koppo3uoHHsIH
HU3HOC ONPEAEHSAIOT IO pe3yiabTaTaM HM3MEPEHHs OCTATOYHBIX TONIIUH, YCTaJOCTHOE
COCTOSIHUE — PACYETHBIMU METOJAMH WM MO JAHHBIM 3KCILTyaTalluM, a HAJIM4KE TPELUH
YCTaHABIMBAIOT CPEACTBAMH HEpa3pyLIAOMEro KoHTpois. [Ipu 3TOM B OTEUECTBEHHBIX
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HCCIIEJOBAaHHUAX 0C000€ BHUMAaHHE YAEISETCS BBIOOPY KOHTPOJIHMPYEMBIX JJIEMEHTOB
KopIyca, OnpeieNIeHHI0 00bEMa U3MEPEHUH U OpraHu3anny nedeKTainoHHbIX pador [14].

HecmoTps Ha mmpokoe NpUMEHEHHE 3TUX METOAOB, yallleé BCEr0 OHU MCHOJIb3YHOTCS
HE3aBUCHMO JpPYyT OT Apyra. Mexay TeM B Ipoliecce dKCIUTyaTallil KOPPO3HOHHBIH H3HOC,
YCTaJIOCTHBIE MOBPEXKJICHHUS U Pa3BUTHE TPEILMH B3aUMOCBSA3aHBL. Y MEHBIIEHUE TOJILIHMHBI
3JIEMEHTOB MPHBOAUT K POCTY PabOdMX HANPSDKCHWH, MOBBIMICHUE HANPSOKEHHH yCKOPSET
HAaKOIUICHWE YCTAJIOCTHBIX IOBPEXKICHHUH, a JOKAJbHBIE OYarW KOPPO3UH CTAHOBATCA
KOHILICHTPATOPaMH HANPSDKEHUH U CIIOCOOCTBYIOT 3apOXKICHHIO TPEIIHH.

ITocne mosiBNEHWs] TPEIIMHBI HANPSDKEHHOE COCTOSHHUE KOHCTPYKIMHM H3MEHSETCS
BHOBb, YTO YCKoOpsieT e¢ nanpHeimee pasBuTHe. OTHOBPEMEHHO arpeccHBHasl Cpena,
MIPOHUKAsl B TIOJIOCTh TPELIWHBI, CIIOCOOCTBYET JIOKAJbHOMY KOPPO3HOHHOMY H3HOCY.
Takum 00pa3oM, M3MEHEHHWE TEXHHUYECKOTO COCTOSHUSI KOpIlyca IpelCTaBisieT coOoi
MOCTIEI0BATENbHOCTh B3aUMOCBS3aHHBIX MPOLECCOB, KaXJIbl M3 KOTOPBIX BIMSAET Ha
MOCTeIYIONUe CTaAUU TOBPEXKACHUS KOHCTPYKIIHH.

C y4éroM OTOH B3aMMOCBS3M OLIEHKY TEXHHYECKOTO COCTOSHHS LEIecooOpa3Ho
BBIMOJIHATh TOCIEJOBATENIBHO, HCHONb3Yys Pe3ylabTaThl KaXXKAOIO ATama KaK HCXOJIHBIE
JaHHBle A ciefyomero. Takoi MOAXOA HE M3MEHSAET CYIIECTBYIOIIHE pacuéTHBIC
MOJIENH, a OOBEAMHIECT MX B CAMHYIO CXEMY aHalINW3a TEXHHYECKOTO COCTOSHHMS KOpITyca
CyIHa.

[Tpennaraemast MeTOIMKa BKIIIOUACT IATh B3aHMOCBSI3aHHBIX JTAIIOB.

Ha mepBoM sTame aHanm3supyeTcs KOPPO3HOHHBIH HM3HOC KOPITYCHBIX KOHCTPYKIHH.
OCHOBaHHMEM CITyXaT Pe3yabTaThl OYEPETHOTO OCBHICTEIHCTBOBAHUS Cy[HA M W3MEPEHHI
oCTaToyHbIX TONMMH. [10 MONMy4YeHHBIM NAHHBIM OLCHMUBAETCS (DAKTHUECKOE COCTOSHHE
AJIEMEHTOB KOPITyCa, BBIABISIOTCS 30HBI OOIIEro W JIOKAIBHOTO M3HOCA, a TaKxke
OMpenenseTcss COCTOSHHE 3alIUTHBIX IOKPBITHM H  COOTBETCTBHE KOHCTPYKLUI
TpeboBanusam IlpaBun Poccuiickoro mopckoro perucrpa cynoxonctsa (PMPC) [10]. IIpu
HEOOXOIMMOCTH  JajbHEHIee M3MEHEHHE TOJIIMHBI  3JEMEHTOB MOXET  OBITh
CIIPOTHO3MPOBAHO C HCIIOJIb30BAaHUEM MOJIENH, PACCMOTPEHHOM B pazfene 1.

Janee mondydeHHbIE 3HAYCHUS OCTaTOYHBIX TOJIIUH HCIIONB3YIOTCS TIpH pacuére
HanpspKEHHOTO COCTOSIHHSL KOHCTPYKIMH. YMEHBIICHHE IUIONMAaAH ITOIEPEIHOrO CEUeHHs
NPUBOIUT K YBEIWYCHUIO pabO4YMX HANpsDKEHWH, MO3TOMY (DaKTHIECKOE COCTOSHHE
KOpIyca JOJDKHO YYHTHIBATHCS IPH MOCIEAYIOUICH OIEHKE €ro JAONTOBEYHOCTH. Pacuére
BBIIIOJHAIOTCS 110 JICHCTBYIOIIMM HOPMAaTHUBHBIM JOKYMEHTaM ¥  OOLIEIPUHATHIM
METOJIMKaM pacuéTa MPOYHOCTH CYJOBBIX KOHCTPYKIIUH.

Cremyronuii 3Tamn cBs3aH C OIEHKOM HAKOIUIEHHOTO YCTaJOCTHOTO MOBpeXxaAeHus. [t
pacuéTa MCIONB3YIOTCS Pe3ybTaThl ONPEACIICHUS] HANPSXKEHHOTO COCTOSIHHUSA M CBEACHUS
00 YCIIOBHSIX DKCILUIyaTally cyjiHa. B kauecTBe 0a30BOT0 Mojxoja MPUMEHSETCS TPaBHUIIO
JUHEHHOTO0 CYMMHpPOBaHHUS TOBpexaeHuil Maiinepa [4] (popmyna 3), a mpu HaITu4uU
nHdopmanm 00 HM3MEHEHHUH HArpy30K MOTYT HCIOJIb30BaThCS HEJMHEHHbIE MOACIH
HaKOIUICHUS TOBpPEXACHUN [5]. DTO MO3BONSET OMNPEAETUTh CTENEHb HCIOJIb30BAHMUS
YCTaJIOCTHOTO pecypca paccMaTpUBaeMbIX 3JIEMEHTOB KOpITyca.

IToce OLEHKM YCTalIOCTHOTO COCTOSIHUS BBINIOJHSETCS aHAJHM3 BBIIBICHHBIX TPEIIHH.
Jdunst  3TOro  HCHONB3YIOTCS.  pe3yibTaThl  BHU3YyalbHOTO M HMHCTPYMEHTAJIBHOTO
Hepa3pyLIaloNIero KOHTPOJISA, MO KOTOPBIM ONpPENENSIOTCS pa3sMephl, PACIOJIOKEHHE W
xapaktep JedekroB. VX nanbHeiee pa3BUTHE OIEHMBACTCSd METOAAMH MEXaHHUKH
paspyiueHusi, Bkitodast 3akoH IIapuca [6] (dopmyna 5), 94TO MO3BOJISET MPOTHO3HPOBATH
CKOPOCTb POCTa TPEIIHH M BEPOATHOCTH JOCTIDKEHHUSI UMHU MPEACTBHBIX Pa3MepOB B TEUCHUE
3aJaHHOTO MePHO/Ia IKCIITyaTallHH.

Ha 3akmiounTensHOM 3Tale pe3ysbTaThl MPEABIAYIIHX PAacYE€TOB PAacCMaTPHUBAIOTCS
copMecTtHO. OcTaroyHas TONIIMHA 3JIEMEHTOB HCHOJB3YeTCs TIPU  ONpelNeeHUHU
HaTPsHKEHHOTO COCTOSHUS, PACCUNTAHHBIC HANPSDKEHUS CITY>KaT NCXOIHBIMU JTaHHBIMH JIJIS
OLIGHKH YCTaJOCTHOIO HOBPEXIECHUS, a pe3ylbTaTbl YCTAJIOCTHOTO aHalau3a U
HEpa3pyLIAOMEr0 KOHTPOJI YUUTHIBAIOTCS NPU MNPOTHO3MPOBAHUM PA3BUTHUS TPEILUH.
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IlocnenoBarenbHas mepenada pe3ynbTaTOB MEXIY dTallaMU 00ecleYMBaeT KOMIUIEKCHYIO
OLIEHKY TEXHMYECKOTO COCTOSIHUS KopIlyca Oe3 W3MEHEHMs (PU3NYECKHX HPEeANOoChUIOK
MIPUMEHSIEMBIX PacUETHBIX MOJIENIEH.

Ha ocHOBe COBOKYHNHOCTM HOJY4EHHBIX pE3ylIbTaTOB IPUHHMAETCS pELIeHHE O
BO3MOXKHOCTH JTaJIbHEHIEH OKCIUTyaTallui KOHCTPYKIIMH, HEOOXOIUMOCTH pEMOHTa,
YCHJIEHUS WIM KOPPEKTUPOBKH MEKPEMOHTHOTO MEpHOAa ¢ y4ETOM TpeOOBaHUH
HOPMAaTHBHBIX JIOKYMEHTOB, pe3yJIbTaTOB TEXHHYECKOTO OCBHJICTEIbCTBOBAHHSI U
pac4y€THOM OLIEHKH OCTaTOYHOTO pecypca.

Ilpennaraemass MeTOAMKAa HE  3aMEHSET  CYIIECTBYIONIHME  METOABI  OIICHKHU
KOPPO3HOHHOIO M3HOCA, pacuéra MPOYHOCTH WIN MEXaHMKH paspymeHus. E€ ocHoBHas
3a7iaga COCTOMT B MOCJIEAOBATEIIFHOM OOBEIWHEHWH 3THX MOAXOIOB B PaMKaxX EIMHOU
CXEMBI OLIEHKH TEXHHUUYECKOTO COCTOSIHMS KopIyca cyaHa. IIpu 3ToM pe3ynbTaThl Kaxaoro
JTana MCIOJB3YIOTCA Ha MOCIEAYIOUMX 3Tamax pacuéra, 4YTO II03BOJIAET YUUTHIBATh
B3aMMHOE BIIMSTHHE MPOIIECCOB H3HOCA 0€3 M3MEHEHUS IPUMEHIEMbBIX PaCUETHBIX MOJIETICH.

IIpakTyeckas peanu3zalus METOJUKHM BO3MOXKHA B COCTaBE COBPEMEHHBIX CHUCTEM
TEXHMYECKOT0 HaONojieHus 3a KopmycoMm cyaHa [9]. B sTom ciydae pe3ynbTaTbl
MEPUOINYECKUX OCBHIETEIbCTBOBAHUN, N3MEPEHUIN OCTaTOUHBIX TONIMUH [12], maHHBIE O
pekuMax Skcmuryatanuu [13], MaTepuansl Hepa3pyIIAOIIEr0 KOHTPOJISL M PacdETHHIC
MOJIETIM PACCMATPUBAIOTCS KaK equHas MH(pOpMaruoHHas 0a3a. X cOBMECTHBIN aHau3
nmo3Boyisier Oojee OOOCHOBAHHO OLEHMBATh TEXHUYECKOE COCTOSHHE KOPITyCHBIX
KOHCTPYKIHMH, MPOTHO3UPOBATh OCTATOYHBII pecypc M NPUHUMATh PEIICHHUS O PEMOHTE WIIN
JanbHeHIen sKkctyarauuu cynsa [10].

Ha pucynke 1 mokazaHa cxemMa KOMIUICKCHONH OIIGHKM TEXHHYECKOTO COCTOSIHUS
Koprmyca cynHa. B e€ ocHOBe JEXHT MOcieloBaTelIbHOE MCIOIb30BAHUE PE3yIbTATOB
KaXJ0ro JTama pacyéra NpH BBINOJHEHHM IMOCIEAYIOMMUX. DTO IO3BOJIAET YYUTHIBATh
B3aMMHOE BJIMSHHE KOPPO3MOHHOTO H3HOCA, YCTAJOCTHBIX MOBPEKICHUH M Ppa3BUTHUSL
TPELINH [IPU IPOTHO3UPOBAHUH OCTaTOYHOI'O pecypca KOPITyCHBIX KOHCTPYKITHH.

5. Metoanbl MOHMTOPHHIA M MEPEXOA K IPCAUKTUBHOMY oﬁcnymnnaﬂmo

Ceromust Ha (IIOTE TEXHHYECKOE OOCITYKMBAHUE ITOCTPOCHO JIMOO MO PACIHCAHUI0 —
KOTZIa CyJHO CTaBsAT B JOK CTPOTO MO rpaduky, — JKMOO0 1Mo (aKTy: CIyIniIach HOJIOMKA —
ycrpadunu [1]. Hu TOT, HM Jpyrodl moaxoJ HE YUYWUTHIBAIOT, Kak Ha CaMOM Jefie
M3HAIIMBAeTCd KOPIYC. A 3HA4MT, HENb3d IOHATh, CKOIBKO OH €€ MPOCIYXHT, 4YTO
CO3/1aéT NMPEIIOCHUIKH U1l HEOOOCHOBaHHBIX 3aTparT, TaK M ISl PUCKOB aBapHUHHOCTH.

UroOBl MOCTOSHHO CJIEANTH 33 COCTOSHMEM KOpIyca B SKCIUTyaTalllH, HCIOJb3YIOT
nenblii Habop MHCTPYMEHTOB [9]. DTO W TEH30METpHUsS — JATYHKH, KOTOPBIE 3aMEpPSIOT
nedopMalnry ¥ HAIPSDKEHUS B CAMBIX OTBETCTBEHHBIX MECTax: Ha JHUINE, CKyJe, mamyoe,
CBapHBIX IBax. Bcé wame BMeCTO OOBIUHBIX JAaTYUKOB CTABAT BOJOKOHHO-ONTHYECKHE —
OHM He 00sTCA HU KOPpO3WH, HU moMeX. Ilmioc 3MeKTpoXMMUYecKHe AATYMKH, KOTOpbIE
OpsIMO HAa XOAY IOKa3bIBAIOT, C KaKOH CKOPOCTbIO MIET Kopposus. Emé — cucremsl
aKyCTUYECKOH 3MHCCHM: OHM CIYIIAIOT, HE MOSBWIACH JIU T/Ie-TO MHKPOTpEIINHA, U CaMHU
ONpeneNnrT, 0TKyAa UAET curHan. OTAeNbHO — KOHTPOJIb KaTOJHON 3alIUThI 1O TOKY U
MOTEHIMAy, YTOOBl NOHWUMAaTh, PabOTaeT M OHAa Kak Hajno. M HakoHen — JApOHBI H
noasoansle podotel (ROV), KoTOpBIE 3a51€3a10T B CaMble TPYJHOAOCTYITHBIE MECTa M BCE
OCMaTpHBAIOT.

75



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

1. OcemjieTeILCTBOBaHME M C60P MaHHBIX.
— HMamepenns ocTaTOMHBIX TOMIMH, OCMOTP,
OIeHKa COCTOSHMA 3AIMTHBIX TOKPBITHI

v

2. OneHKa KOPpPO3HOHHOTO H3HOCA. YMeHbIICHHE TOUIMHEL
Oﬂ]xﬂcﬂe HHE 30H OGU.Iem H TOKATBEHOTO HEMEHTOB KOpIyca
KOPPO3HOHHOTO H3HOCA, MPOTHO3 PasBUTHS MPMBO/IMT K POCTY
(BepOATHOCTHAA MOJIEJIb) HalpsKeHHi

v

3. OueHKa HaNMpPAXKEHHOTO COCTOAHMSA. Poct HanpsseHwi
Pacuer HanpsoxeHMii ¢ yaeToM dakTHHeckHx YCKOPAET HaKOTLIEHHE
TOJILMH M U3MEHEHMUIT FeOMeTPHM 3/IeMEHTOB ] yeranocrueix
KOpITyca MOBPEHIEHHA

v

4. OueHKa yCTaIOCTHOTO MOBPEHKICHMS. HaKromaeHHBIE YCTANOCTHEIE
Pacyer HAKOIUIEHHOI'O YCTAIOCTHONO MOBPeA/IeHHs MOBPEXIEHHA crocoBCTRYIOT
(npaemno Masinepa u ip.) ¢ yuetom dartiueckux € 2apoiICHHIO M PAIBHTHIO

HATPSIKEHMI M PEKMMOB IKCIUTyaTaliK TPelyH

v

5. AHaTH3 TPeIiMH H MPOrHO3 UX Pa3BHUTHA. Hamuue penpn
Orenka obILero 1 JI0KaILHOrD KOPPO3MOHHOTO VCHIMBACT JIOKAJIBHBIN
M3HOCA, ONpeie/ieHHe OCTaTOMHBIX TOIIHH, KOPPO3SHOHHBINA M3HOC
TPOrHO3 PasBMTHI KOPPO3MM B 30He JledekTa

v

6. KoMILiekcHas ONEeHKA TEXHHYECKOTO COCTOSTHM,
COBMECTHEI aHA/MN3 Peay/ILTATOR BCEX STANOEB,
oTipe/iefieHHe OCTATOMHOTO Pecypea,

OLIEHKA YPOBHSI pHCKa

v

7.+ [IpMHATHE pelIcHNU.
O BO3MOMKHOCTH [T ThHENIIEH IKCIUTyaTanm,
HeoOXOIMMOCTH PEMOHTA, YCH/TCHMS WM Ha3HAMeHMM
JIOTIOTHUTEIBHBIX KOHTPOIBHBIX MEPOITPUATHIA

Yexkopenue Kopposuu

B 30HAX MOBLIINCHHLIX

HarpseHMI 1 i

B MOJIOCTH
TpelMH

(OCHOBHAA MOCIE10BATETEHOCTD OCHOBHAA MOCAEI0BATENBHOCT OcHoBHas NOC/E0BATE/IEHOCTh
BLITCVTHEHHA 3TAIos BEINOVIHEHHA FTAos BBINOSTHEHMA TANos

Puc. 1. AnropuT™M KOMIUIEKCHO OIIEHKH TEXHHYECKOTO COCTOSTHUS KOPITyca CyJHa
¢ y4€TOM COBMECTHOTO BIIHSIHUS POIIECCOB N3HOCA

Ilepexon Ha oOcmyxuBaHHE 1O (HAKTHIECKOMY COCTOSHHIO — 3TO HE IIPOCTO CMEHa
rpaduka. DTO menas cucTeMa: HENpEepBIBHBIN cOOp AAaHHBIX C JATYMKOB, X 00paboTKa,
aHaJIW3 C TMOMOMIBI0 THOPHAHBIX MOJENeH MCKYyCCTBEHHOTO WHTEIUIEKTa, KOTOpPbIE
COBMEIIAIOT KJIACCHYECKYI0 (H3MKYy ¥ MammHHOe o0yueHume [2, 9]. Ha ocHoBe »THX
pacy€ToB OIEHMBAETCS PUCK OTKa3a — C Y4ETOM KOPPO3MH, YCTaJIOCTH, TpemuH. 1
BBIJAIOTCSl PEKOMEH/AIMM 110 PEMOHTY: SKOHOMHYECKH OOOCHOBAHHBIE, NMPUBS3aHHBIC K
peanbHOMY cOCTOSHMIO cyAHa [1]. [1aBHbIN pe3ynbTaT — BMECTO MJIAHOBBIX JOKOBAaHUM 110
rpaduKy peMOHTBI IPOBOISIT TOT/A, KOIJa OHU JISHCTBUTEIILHO HYKHBI [9].

[epexon Ha oOciy)HuBaHHE MO (PAKTHUECKOMY COCTOSIHUIO HA€T pealibHbIe OBl —
9KCIUTyaTaI[MOHHBIE PACXOJIbl CHUKAIOTCS, BHEIUIAHOBBIX PEMOHTOB CTAHOBUTCSA MEHBIIIE, a
TEXHHKa OKa3bIBaeTcs B OoJbiieit rotoBHoctd [9]. Ho mmdpsl, KOHEYHO, 3aBHCAT OT
KOHKPETHOT'O CyJIHa, OT TOT0, KaKHe JaTYMKH M CUCTEMBI Ha HEM CTOST, U B KaKUX yCIIOBHAX
OHO paboTaer.

Bcé aro paboraer Ha eauHOW ruiathopme — HUPPOBOI MOJIENM KOpIyca, KOTOpas
MIOCTOSTHHO OOHOBJISIETCS M XHMBET B peXUMe peanbHoro BpeMeHH [9]. OnHa oObeauHser
TEOMETPHUIO, NPOYHOCTh, TEXHOJOIHIO, JaHHBIE C JATYMKOB, pPacuéTbl HANPSKEHHO-
Je(OPMUPOBAHHOTO COCTOSIHUSI € YYETOM aKTyallbHBIX Harpy3oKk W MOJENIM H3HOCA,
KOTOPBIE YYHMTBHIBAIOT COBMECTHOE BIUSHHME pas3HbIX IpoueccoB. Ha ocHoBe Takoro

76



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

oObeuHEeHNsT O0ecreYnBaeTCss IMPOTHO3MPOBAHME OCTATOYHOW  JIONTOBEYHOCTH U
Bu3yanuzanus cocrossHud. Co3nanue 1udpoBOH MoeIH TpedyeT pelIeHHsl KOMILUIeKca
3a7a4: pa3paboTKU METOJOB KaJTHMOPOBKHM MOJENEl MO JaHHBIM MOHHUTOPUHIA, CO3JaHHMs
BBICOKOIIPON3BOIUTENBHBIX BBIYMCIUTEIBHBIX MOJYJeH JiIg pacu€ToB B peajbHOM
BpeMeHH, obecrieyeHust KubepOe30macHOCTH U 3allUThl JaHHbBIX, a TAK)KE CTaHAAPTU3ALMU
(dopmaToB oOMeHa HHDOpMAIHEH MEXKAY CYAHOM U O€peroBEIMH IIEHTPaMH.

6. TpeGoBanus Poccuiickoro mopckoro perucrpa cyaoxoacrsa (PMPC) k ouenke
aedexToB

B Poccuiickoit @enepanun Haa30p 3a TEXHUYECKUM COCTOSIHUEM CYIIOB OCYILECTBIISET
Poccutickuit Mmopckoit peructp cymoxonctsa (PMPC). B coorBerctBuu co CTaHIapTHRIMHU
MpaBUJIaMU KJIACCH(DHUKANU U MOCTPOHKH Mopckux cynoB PMPC (2026) pacuér cremeHn
KOPPO3MOHHOTO M3HOCA U YCTAJOCTHBIX TPEUIMH MPOBOJUTCA MO pe3yibTraTaM
MEPUOINYECKUX TPOBEPOK IO METOAMKE «MAaKCHUMAalbHBIA HM3HOC» (CpaBHEHHE peabHOMH
TOJIIUHBI ¢ TipeaenbHo gonyctumMoil) [10]. deiictByromue [IpaBuna PMPC opuentupoBanbl
MPEUMYIICCTBEHHO Ha OIICHKY (PAKTUYECKOTO TEXHUYECKOTO COCTOSHHS KOHCTPYKLHUH IO
pe3ylibTaTaM OCBHﬂeTeHLCTBOBaHHﬁ, ,Z[eq)eKTaIlI/II/I U HU3MCEPCHUA OCTATOYHBIX TOJIIWH
3JIEMEHTOB KOpITyca.

Hexotopeie kimaccupuKanmoHHBIE OOIIEecTBAa B CBOWX PYKOBOJICTBAX 3asBISIOT O
MOIICPIKKE CHCTEM MOHHUTOPHHTA Ha OCHOBE OOCITY>KUBaHHSA MO (PAKTHIECKOMY COCTOSHHIO.
OmHako [eTambHBIX AalTOPUTMOB, KaK OOBEAWHATH W HMHTEPIPETHUPOBATH JaHHBIC II0
KOPpO3HH, YCTaJIOCTH W TpPENIMHAM, OHH He JaloT. Ha mpakThke 3TO BBUIMBAETCS B
mpobJeMy: CYIIECTBYIOIINE CTaHOAPTHl MHCAHBI IO TPAIWIHOHHBIC TOIXOABl M INIOXO
CTBIKYIOTCSI ¢ HOBBIMH TexHoslorusiMu. Ilepexon Ha CBM TOpMO3HTCS UIMEHHO H3-3a 3TOH
HEOIpeeIEHHOCTH.

3akjao4yenue

IIpoBen€HHbIN aHaIU3 MOKa3ajl, YTO KOPPO3UOHHBIM U3HOC, YCTAJIOCTHBIE OBPEKICHUS
U pa3BUTHE TPEIIUH MPEACTABISIOT CO0OM B3aMMOCBS3aHHBIE TPOIECCHl, COBMECTHO
ONpEeAeAONINEe H3MEHEHHE TEXHUYECKOTO COCTOSHMUS KOPIIYCHBIX KOHCTPYKUMH B
npouecce 3Kcmyartauuu. VX pasgenpHas OLEHKAa HE BCErla IMO3BOJISIET B IMOJHOM Mepe
YUYHUTHIBATh B3aUMHOE BIIMSHUE MMOBPEKICHUIN MpU MPOrHO3UPOBAHUU OCTATOYHOTO pecypca
1 BBIOOPE SKCILTyaTaIl[IOHHBIX PEIICHAH.

B paGoTte paccMOTpeHBI OCHOBHBICE MEXaHH3MBI M3HOCAa KOPITYCHBIX KOHCTPYKIHH U
BBIIIOJIHEH aHAJIU3 METO/A0B OLIEHKH KOPPO3MOHHOT'O COCTOSIHMS, HAKOIUIEHUS! YCTAJIOCTHBIX
NOBPEKIACHUM W pa3BUTHS TpewMH. [IpennoxeHa MOCIENIOBATENbHOCTh KOMILIEKCHON
OLIEHKM TEXHHUYECKOrO0 COCTOSIHWSA, OCHOBaHHAs Ha MCIIOJIb30BAHUM PE3YJbTAaTOB KaXKJI0TO
JTana pacuéra B KaUeCTBE MUCXOJHBIX JAHHBIX JUIS MOCIEAYIOIIEro aHaiu3a. Takol moaxon
00BeIMHSIET CYIIECTBYIONME WH)XCHEPHBIE METONbI B €IUHYI0 cxeMy 0e3 H3MEHEHHs
(U3NUECKUX MPEANOCHIIOK MPUMEHICMbIX PACYETHBIX MOJIEIICH.

IIpakTHueckasi LIEHHOCTh MPEUIOKEHHON METOAUKH 3aKJII0YaeTcs B BO3MOXKHOCTH €€
NPUMEHEHHUSI TPU TEXHUYECKUX OCBUJIETEIbCTBOBAHMUSIX CYJOB, OLEHKE OCTaTOYHOTO
pecypca U IUIAaHUPOBAHMHM PEMOHTHBIX MeponpusTHi. KoMIuieKcHbI aHain3 COCTOSHUS
KOPITYCHBIX KOHCTPYKIHH MO3BOJISIET Ooiiee 000CHOBAHHO OIICHUBATH CTENCHb MX M3HOCA U
NPUHUMATh PELIEHUsI O JAJbHEHIIEeN SKCIUTyaTalluy, PEMOHTE WM YCUJIEHHH OTIEIbHBIX
3JIEMEHTOB.

JanpHelmue McciaeIoBaHus IeJIeco00pa3HO HAIPaBUTh Ha MPOBEPKY IMPEIIIOKEHHON
METOJMKM TIO0 JIaHHBIM 3KCIUTyaTallud CYJIOB  pa3JIMYHbIX THUIOB, YTOYHEHHUE
3aKOHOMEPHOCTEH COBMECTHOI'O pPAa3BUTHUSI KOPPO3MOHHOTO H3HOCA UM  YCTaJOCTHBIX
MIOBPEKICHHM, a TaKkKe pa3pad0TKy peKOMEHIAINH Mo €€ MpaKTUIeCKOMY MPUMEHEHUIO B
cUCTeMaxX  TEXHHYECKOro  HaONOJeHWss W TpPH  BBINOJHEHWH  TpeOoBaHWI
KJIaCCU(UKAIMOHHBIX OOIIECTB.
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IHoBbimeHue 3¢ GPeKTHBHOCTH CYAOBBIX I'a30TYPOMHHBIX
YCTAHOBOK YCTPAHEHHEM BJIHSIHUS NIEPEKOCOB OCei
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AnHoTammsi. B cratee mocraBneHa 3agada 00OCHOBAThH IIOBBINIEHHE I1aPaMETPOB
9HEpProdH(HEeKTUBHOCTH  CYINOBBIX Ta30TYpOMHHBIX  yCTAHOBOK IIyTeM  YCTpaHEHUS
HETaTHBHOTO BIMSHHS IIEPEKOCOB OCEil COCIMHUTENBHBIX BaJOB 32 CUET NPUMCHCHUS
3y04aTeix My)T ¢ KOMOWHHPOBAHHOI NPONOJBHOW Moan(pHUKanuei 3yObeB. YCTaHOBIEHO,
YTO TIEPEKOCHl OCeH COCIUHMTENBHBIX BAJIOB CYHOBBIX arperaroB INPUBOMAT K IOTEpe
5(p}eKTHBHOI MOIIHOCTH IpH ee Mepejade OT IJIABHOTO JBHrarellsi K CYyIOBOMY
BAJIONIPOBOJY H, KaK CJICICTBUE, HETaTHBHO BIMSIOT Ha MOKa3aTes SHeprod(heKTHUBHOCTH
CYHOBBIX JHEPreTHYECKMX YCTAHOBOK B YaCTHOCTH, a TaKKe OKCIUTyaTal[HOHHEIC
XapaKTepUCTUKN U TEXHHKO-)KOHOMHYECKHE ITOKa3aTelIH cynaa B IeioM. st yrrydnreHus
B3aMMOJCHCTBUSL 3JIEMEHTOB MEXAaHHYECKHX YCTAaHOBOK pEKOMEHIOBAaHO IPHMEHUTH
3yO4areie My(THI TOBBIIEHHON JKCILTyaTallHOHHOH 3()()EKTUBHOCTH € MPOAONBHON
MozudHUKaIHen, KOTOpble 00eCIeYnBalOT HOPMBI LICHTPOBKH, YTO 00ECIIeYHBAET HOBBILICHUE
3¢ pexTuBHOrO KO3()(UIMEHTa TOJE3HOTr0 JCUCTBHSA HSHEPreTHYECKOW YCTAaHOBKH H
9KOHOMHIO YIENBHOIO pacxoja TOIUIMBA.  BBIBICHO CBOMCTBO 3y0uaThix My,
paboTaomuX HpH IepeKocax Ocell COeTUHSIEMBIX BAJOB MAIIMHHBIX arperaroB, KOTOpPOE
3aKJIFOYAeTCsl B TOM, 4YTO C y4eTOM 3a[JaHHBIX BEIMYMH YIJIOB IEpPeKoca Ocei, pa3Mepos
3ybuaTeix My(dT, MapaMeTpoB 3alelieHHs 3yObeB, a TakKe MapamMeTpoB MPOIOJIBHOM
MOJMGUKAIMN HAPYKHBIX 3yObeB BO3MOXKHO OIPENEITUTh COOTBETCTBYIOIINE BEITHYUHEI
NPOAOJBbHOH MOIM(UKALMKA BHYTPEHHHMX 3yObEB, MPH KOTOPHIX YCHIIHE MEXKIY BCEMH
CONpPsDKEHHBIMU MApaMH, B YCIOBHSX HepeKoca oceil, OyayT pacnpenensaThes MPpaKTHYECKH
paBHOMEpHO, 4TO obecmeynT mepenady 3PpQeKTHBHON MOITHOCTH OT TJIaBHOTO JIBUTATEIS
MOTPEOUTEITI0 ¢ MUHUMAIIBHBIMHU TTOTEPSMH.

KiwueBble ciaoBa: 3Heprodh(HeKTHBHOCTh, MEPEKOCH Ocel, 3y0uaThie 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

ITepexocs! (pacLeHTPOBKA) MPEACTABIAIOT CO00M HapyIIeHUE COOCHOCTH BaJOB, T. €.
OTKJIOHEHHE OT HOMUHAJIBHOTO PACIIOJIOKEHHS OCCH B JIIOOOM HAIpaBICHHH. YKa3aHHBIC
OTKJIOHEHUs HA3bIBAIOTCA CMELICHUSIMU M TIOAPA3CIIIOTCS Ha MPOJOJIbHBIC, paluaibHbIC,
YTIIOBBIE (M37I0MBI) M KOMOWHHPOBaHHbIE. CMENICHUS U U3JIOMbI TIEPECUNTHIBAIOTCS B YTJIBI
nepekoca oced, He mpeBplaronmx, cormacHo I['OCT 3159-2012 «Pemykropsl
00IIIeMAIIMHOCTPOUTENFHOrO IPUMEHEHHs 3HaueHne Yy = 8,7-107 paj, 4To SKBHBAICHTHO
0,5° [1].

BenmuuHs! nepekocoB (PacleHTPOBOK) Ocel B MEPHOABI SKCIUTyaTalli CyI0B 3aBHCAT
OT psiZia KOHCTPYKTHBHBIX, TEXHOJIOTHIECKUX M HKCIUTYaTal[HOHHBIX (DaKTOPOB.

B HacTosimem ncciae0BaHUN pacCMOTPEHBI CIIEAYIONINE HAyIHBIEC 3aTatH:

— OmIpeneNuTh MIPUYNHBI BO3HHKHOBEHHSA MEPEKOCOB oceit
COCAVMHUTENIFHBIX BaJIOB CYJOBBIX arperaroB M PaccMOTPETh CHOCOOBI
YCTpaHEHHS! WX HETaTHBHOTO BIMSHHUA HA CYIOBBIE JHEPreTHUCCKHE
YCTaHOBKH;

— HCCIENOBaTh  MpoIecC  Mepefadd  MEXaHWYeCKOW  JHEepruu
(3¢ deKTUBHOI MOIIHOCTH) B CYIOBBIX JHEPIeTHUECKHX YCTaHOBKAax 4epes
COCAMHUTEINILHBII y3el «TJIaBHBIM JIBUratens — Mydra — Ban — mMypra —
PEAYKTOpY» MPH NepeKocax ocel COSTUHUTENbHBIX BaJOB CYAOBBIX arperaToB
C IPUMEHEHHEM 3y0UaTbix MydT;

— CpaBHUTbH YJEJbHBIA pacxoi TOIUTMBA M A(PQEKTUBHBIH KOIDPHUIUESHT
TIOJIE3HOTO JCHCTBUSL TJIABHOM CYy/IOBOM JHEPreTHUECKOH YCTAaHOBKH B
3aBUCHMOCTH OT YTJIOB TIEPEKOCOB OCEH COEIMHUTEIBHBIX BaJIOB CYIIOBBIX
arperatoB INpH NPUMEHEHWH TPAAWIHMOHHBIX 3yO4aThIX My(pT U My(dT C
KOMOWHHUPOBAHHOW MPOAOIEHON MOTU(PHKAIIHEH 3yOheB.

AHanu3 JMTEpaTYypHBIX WCTOYHMKOB  YKAa3blBaeT HAa TO, YTO OJHOW M3 MpoOieM,
HEM30€KHO BO3HUKAIOIIMX B TMPOIECCe OSKCIUTyaTallkd CYJOBBIX OJHEPreTHYECKHUX
YCTaHOBOK, sBisieTcsi motepsi 3(p(eKkTHBHONW MOIIHOCTH, BBbI3BAaHHAs IEPEKOCaMH OcCeil
COCITMHUTENIBHBIX BaJIOB MEXaHHUECKHMX arperatoB, TIpH ee Iepenade OT ABHUraTemst
CyJIOBOMY BaJOIPOBOAY, 4Ye€pe3 COEOUHUTENBHBIN Yy3en «mydra-Ban-mydpta» [2-5].
VYka3zaHHBIE IIE€PEKOCHl OCe HETaTMBHO BIHAIOT Ha pPabOTy CyIOBOH TpaHCMHCCHUHU
Ieperpy’kasi BBIXOJHBIE M BXOJHBIE BaJbl JBUTATENII M PEAYKTOpPa COOTBETCTBEHHO,
TOPCHOHHBIE Y IPOMEXYTOUYHBIE BaJlbl, ()JIAHIIEBbIE COCANHEHNUS, OOPHBIE MOJIIUITHUKH, a
TaKKe JJIEMEHTHl BaJONPOBOJA, YTO B CBOIO OYEPEAb HETaTHMBHO CKasbIBaeTCs Ha
MOKa3aTeJsIX JHepreTHdeckoil 3((GEeKTHBHOCTH, a MMEHHO Ha TIIOBBILICHUH YAEIHHOTO
pacxosia TOIUIMBA M CHIKEHHH 3¢ dekTHBHOTO Koadduimenra monesHoro aencraus [6, 7).
B HacTosmee Bpems, BONPOC YCTPAHEHUS HETAaTHBHOTO BIHUSHHUA HEPEKOCOB oOcel
COCIMHUTENIFHBIX  BAJIOB  CYJOBBIX arperaroB Ha pabOTOCIIOCOOHOCTH  CYIOBBIX
9HEPTreTUYECKUX YCTAHOBOK OCYIIECTBISAETCS ABYMS CIIOCOOaMHU:
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— TEpeLEeHTPOBKOM OCel yKa3aHHBIX BajlOB, YTO TPeOYeT OCTaHOBKH
Cy/IHa ¥ 3HAUUTEIbHBIX MaTepUalbHbIX 3aTpaT [8—11];
— NPUMEHEHUEM KOMIIEHCUPYIOIHX yCcTpoHcTB [12—15].
[IpakTHKa SKCIUTyaTallM U PEBU3HH CYJOBBIX SHEPIETHYECKUX YCTAHOBOK MOKA3bIBAET,
YTO BO BpeMs 3KCIIIyaTallUd CYJOB IEPEKOCHl OCell COEIMHUTENbHBIX BaJOB CYMOBBIX
arperatoB HEM30€)XHO YBEIMYHBAIOTCS. DTO NPHBOAWUT K IPEBBIMICHHIO YCTaHOBIECHHBIX
JOIYCKaeMBIX HOPM LEHTPOBKH M CIIOCOOCTBYET YXYIUICHHIO 3KCIUTyaTallMOHHBIX
XapaKTEPUCTUK U TEXHUKO-IKOHOMHYECKHX MTOKa3aTeel CyAOBbIX MAIINH U MEXaHU3MOB.
B HacTosmel ctatbe 3a OCHOBY NPHHSATO YCOBEPIICHCTBOBAHKE BHICOKOI()()EKTHBHON
3y04aToit MyQTHI C IPOJOIBHON MOAN(UKAIIHEH KaK BHEITHHUX, TAaK M BHYTPEHHUX 3yOBeB 1
MIpeAJIoKEeHa METOAMKA €€ pacuéra.
Lens wuccnenoBanmsi — OOOCHOBaTh IOBBILICHHC MapaMeTPOB SHEPTETHYECKOU
(G (PEKTUBHOCTH CYHOBBIX MEXaHMYECKUX YCTAHOBOK ITyTEM YCTpPaHEHHs HETaTHBHOTO
BIIMSIHHUS NIEPEKOCOB OCEH COCJMHMTENBHBIX BaJIOB 3a CUET NMPUMEHEHHs 3yO4aThIX MyQT
KOMOMHUPOBAaHHOH MTPOIOJIBHON MoANpHKaLUeH 3yObeB.

MeToabl u MaTepuaJibl HCCJICT0OBaAHUA

B memom Teopermdeckme HccieqoBaHWS OasMpYIOTCS Ha  (PyHAaMEHTaJIbHBIX
MOJIOKCHAUAX TPUOOIOTHH OOMer0o W CYJOBOTO MAIIMHOCTPOCHHSI C HCHOJIb30BaHUEM
MMOIXO/I0OB TEOPETHYSCKOW MEXaHWKH, JeTajeld MalliH W OCHOB KOHCTPYHPOBaHUS.
OyHKIMH pacmperencHrs OOKOBBIX 3a30pOB, YpaBHCHHS CYMMapHOU nedopManud H
3aBHCHMOCTH pAacCIpeleNieHHus] YCWIMH TIONy4eHBl METOAOM pacdeTa Harpy309HOI
crocoOHOCTH 3y09aThix My(pT. Ha OCHOBE MeTO/a HaXOXKICHUS TOTIOTHUTEIBHBIX CHIIOBBIX
(haKTOPOB TOJTyYEHBI 3aBUCHMOCTH YNPYTHX M3rHOAIONIMX MOMEHTOB B 3yOuarhix Mydrax,
BBI3BaHHBIX MEPEKOCAMU OCEH, OT HEYPaBHOBELICHHBIX YCWJIMH M CHJI TpPEHHS B
3anerienun. OnpeneneHue KOd(QQUIMEHTOB TpeHUss B CYIOBBIX 3yOuaThIX Mydrax
0a3MpOBaJIOCh HAa METOIUKE pacuyeTa KOI(PQPHUIIMECHTOB IMOJIC3HOTO JCHCTBUSA HAa OCHOBE
MaTeMAaTHYCCKOW Mojenu TpeHus. Pacxonm TtommuBa u 3()(EKTUBHBIA KOIPPUIUEHT
TOJIE3HOTO JACHCTBUS IJIaBHBIX CYJOBBIX arperaTtoB MOJYYEeHbl METOJAMU MPOEKTHPOBAHUS
CYIOBBIX Ta30TypOUHHBIX arperaTos.

OOBEKTOM WCCIIEZOBaHUSA B HACTOAMICH CTaThe SBISIETCS TMpOIECC Iepenadn
MeXaHWdecKo d2Heprud (3QQEeKTHBHOW MOIMHOCTH) B CYAOBBIX JHEPTeTHYCCKHUX
YCTaHOBKaX 4epe3 COCTUHHUTEIFHBIN y3€ll «TTaBHBIH ABUTATEIh — My(pTa — Bal — Mydra
— PEAYKTOP» TPH IMepeKocax ocei COeNMHUTEIBHBIX BAJIOB CYIOBBIX arperaTos.

[IpeqmeToM wWcCIenOBaHUS SIBISIOTCS 3aBHCHMOCTH YICIBHOIO PAacXoAa TOIUIMBA U
a¢dexTHBHOrO KO3(h(GHUIHMECHTA MOJE3HOTO MEHCTBHS TJIABHOW CYIOBOHM 3JHEPreTHYECKOM
YCTaHOBKH OT IIEPEKOCOB OCEH COCJMHUTENBHBIX BAJIIOB CYJIOBBIX arperatos.

PesyabTaTnl

BennunHb nepekocoB (PacleHTPOBOK) Oceil B EPUO/I SKCILTyaTAllUK Cy/HA 3aBUCAT OT
psiZia KOHCTPYKTHUBHBIX, TEXHOJIOTHYECKHX M JKCIUTyaTallMOHHBIX (hakTopoB. B kauecTse
BEJIMYNH PACLUEHTPOBOK, BBI3BAHHBIX OTKJIOHEHMSMH B TEXHOJOIMH W3TOTOBICHUS |
MOHTaXa CyJIOBBIX 3HEPreTHUECKHX YCTAaHOBOK M MX 3Je€MEeHTOB (puc. 1—4), Kak IpaBuio
HMEIOT MECTO CMELLEHUSI OCeH U UX CJIOM, cOOTBeTCTBeHHO paBHbl 0,05...0,1 mm u 0,1...0,2
MM/M. Ha puc. 1 m300paxén ciryyait HaOmoneHus OueHus (BennmamHa A) U iepexoc (Yyrox
) 3yObeB 3yOuaroit MmydTsl (3M), a Ha puC. 2 TPEACTaBICH CIy4ail OTHOBPEMEHHOTO
OveHns ¥ lepeKoca ocu 3y04aToi BTYJIKH ¢ BHEIIHUMH 3yObsIMH.

Hawnbonee omacHbIM SIBISIETCS CIy4ai, MpeACTaBIEHHBIA HA puc. 3, TJe HAOIIOIAETCs
KOMOHMHAIMS CMEUICHUsI M MepeKoca OocH 3y04aToro MexaHm3ma (BO3pacTaHMsl YIJIOB
nepexoca oceid BanoB). Ciydaid, M300paKEHHBIA Ha puc. 4 OTOOpa)kaeT CMENICHHE |
MEPEKOC OCH JIBUTATelsl, IPH 3TOM HAOJI0IaeTCsl 3HAYHUTENbHbIC BEIMUYMHBI IEPEKOCOB OCce
COETMHHUTENBHBIX BajioB [6—12, 15].
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1 — TypOuHa; 2, 4 — 3yOuaTsle BTYJIKH; 3 — BAl; 5 — PEXyKTOP

Puc. 1. buenue (a) u nepexoc (6) 3yObeB 3y04aToif MyQTHI

1 — Ban; 2, 4 — 3y06uaThie BTYJIKH, 3 — peccopa; 5 — Baj MPUBOIHOTO MEXaHU3Ma
Puc. 2. buenne (a) u nepexoc (0) ocu 3y0uaToii BTyIKH

JAnst BBIABIIEHHSI OOIIETO BIMSAHUS AehOopMaliy KOpITyca CyJHa M pa3MELICHUsI Ha HEM
YCTPOMCTB Ha COOCHOCTH BaJiOB, OBUIM MPOBEICHBI M3MEPEHHS PacleHTPOBOK oceil 3M
PEIYKTOPHBIX TPAHCMHCCHM, NPU 3TOM 3M HE HCIBITBIBAIN TEMIEPAaTypHBIX BIUSHHH CO
CTOpPOHBI JBHrareneil. B pesyinbrare ObUIO yCTaHOBICHO, YTO YBEJIMYEHHE CKOPOCTH XOAA
CyZIHa WIU TSITU Ha BUHTE MPUBOAUT K BO3PACTAHUIO BEJIMYMH pacLUEeHTpoBOK ocel [10, 11,
15].

HawnGonpireidr Mepoii Ha BO3pacTaHHE PACIICHTPOBOK OCEH BIMAIOT JWHAMUYECKHE
NPUHLIUIB  IBIDKEHHUST M KOHCTPYKLUHMH CIIEHHAJbHBIX CyJNOB (rHApOrpapuyYecKux,
HCCIIeIOBATENILCKUX, HOCHUTENIAX MOJBOIHBIX ammaparoB). Tak, Hampumep, NpH HOgbEME
cynHa «JDxeiipan» ¢ cunoBoil ycraHoBkod [TTA JIT-4 Ha BO3AYNIHYIO MOXYIIKY
HAYAIBHEIA Yron mepekoca oceil y = 6,0+ 10 pax goctur Bemmunnsl 9,7+ 107 pax, a npu
JIBKEHUM OH BbIpoc 110 11,3- 107 pan. Kpome Toro B cOeIMHEHUSX TPaHCMUCCUN
Ha0JII01anack paceHTPOBKA II0 CJIOMY, KOTOpasl MPEeBbIIIaia TOIyCTUMYIO HOpMY B 3-5 pa3
n3-3a HEJIOCTaTOYHOM KECTKOCTH (YyHIAMEHTa, YTO TPEeOOBAIO JOTOJHHUTEIBHBIX
MEpOIPUATHH MO KOPIYCy M penykropaM. BospacTaHue BeJMYMH PacIEHTPOBOK OCEi
COCIMHUTENIFHBIX BalOB CYIOBBIX OJHEPrOyCTAaHOBOK OOYCIIOBJIEHO BO3pacTaHHUEM
nedopmanuu kopryca v GyHIaMEHTOB Ha YKa3aHHBIX THIIAX CYJIOB, KOTOpBIE, KaK IIPaBUIIO,
H3TOTOBJICHBI OOJIETYEHHBIMH, B CBA3M C YE€M, MX BeC B HECKOJIBKO pa3 MEHBIIE IO
CpPaBHEHMIO C BOJJOU3MEIIAIONUMU cyaamu [5, 9—11].

W3BecTHO, 4YTO JOMYyCTHMas HECOOCHOCTh TMPH IIGHTPUPOBAHUHM JBHUraTeler
BHYTPEHHETO CTOpaHMs Ha cramesie 1mo ciasury cocrasiser 0,05 mm, a mo ciomy — 0,10
MM/M; Ha TUTaBY 3TH BeTW4HMHBI cooTBeTcTBeHHO 0,15 MM um 0,20 mm/m. IleHTpupoBaHue
ra30BBIX M IApOBBIX TypOWH OIpeessieTcss KOHCTPYKIMEH CYHOBBIX 3HEProyCTaHOBOK, B
CBSI3U C 4eM, 32 0a30BBIH MEXaHW3M JIOJDKEH OBITh NPUHST, KaK MPaBUIIO, PEAYKTOp WIH
ryaBHEIA ynopHslid noxmmnauk (I'YII).
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1 — Ban gBurarens; 2, 4 —3y0OuaTble BTYJIKH; 3 — peccopa; 5 — BaJl HPUBOJHOTO MEXaHU3Ma
Puc. 3. Cmemenne (a) u nepekoc (0) ocr 3y0UaTOro MexaHu3Ma

[Ipu ycranoBke 3y0uaroil mepemadn e JOMycTUMas HecoocHOCTh coctaBuT 0,05 MM u
0,15 mm/M. Ilpy MOHTake MapoBBIX TYpPOMH HX JIOITyCKaeMasi HECOOCHOCTh C 3yOuaToit
nepenaueit 0,15 mm u 0,20 mm/M. HecoocHocTh 1o chaBury s CylOB Ha TOJABOJHBIX
KPBUIBSIX TIPH LEHTPUPOBAHUM 3y0UaTOM INepefadyn M NPUBOIHOTO Bajla KOJIOHKU COCTaBHT
0,05-0,10 MM, mo cymmapHOMYy clIOMy (CIOM B JBYX B3aUMOINEPIEHAUKYISIPHBIX
mwiockoctax) 1,35...1,45 mm/M [2, 5, 811, 15].
12 3 43

/
/

/ /

a) 0)
1 — Ban gBurarens; 2, 4 — 3y0uaTbie BTYJIKH; 3 — peccopa; S — BaJl IPUBOJHOTO MEXaHU3Ma

Puc. 4. Cmemenue (a) u nepekoc (6) ocu TBUTATEIS

B cpenHeM Ha OTHOM CyZHE, UCXOAS M3 NPAKTHKH SKCIUTyaTalluH, HA MPOTSHKEHUH 4-5
JIET HayaJbHbIE BEJMYMHBI HOPM PpACIEHTPOBOK OCEH COEAMHUTEIBHBIX BaJoOB
YBEJIMUMBAIOTCS U BO3pacTaloT oT 2 10 6 pa3. [lng mpuBeneHUs UX B COOTBETCTBHE C
JIOITyCKaeMBIMH HOpMaMH HEOOXOJMMO Ha MPOTSDKEHUH BCETO CPOKa KCIUTyaTallld CyTHA
OCYIIECTBHUTH OT 4 10 5 MEPELeHTPOBOK, 4TO TpeOyeT He TONBKO MaTepHaIbHBIX 3aTparT, a U
COMPOBOXKIAETCS IPOCTOSIMH  CYIOB M CYIIECTBEHHBIM CHIDKCHHEM HUX TpY30-
naccaxupoodopora.

AHanm3upys BBIIIECKA3aHHOE, LIEJIECO00pa3sHO paccMaTpUBaEeMyIO ITPpOOIeMy TOpOTHX
MIEPEIIEHTPOBOK OCEH COEIMHUTENBHBIX BAJIOB CYZOBBIX MAallMH M arperaroB pemiaTh ¢
MIPUMEHEHUEM KOMIICHCHPYIONINX YCTPOUCTB, TAKUX Kak 3y0ouaTeie MypThI [6—12, 15].

3y0uarast MydTa npeacTaBisieT coboi ycTpoiicTBO, COCTOsIIIEE N3 BTYJIKH C BHEITHUMH
1 000HMBI ¢ BHYTPEHHHMH 3YOBSIMH, KOTOPBIE HAaXOIATCS MEXIy coOOH B CIEIUIEHHH, C
NepelaTOuHBIM OTHOLIeHHeM paBHBIM n = 1,0. Kpome mepenaum KpyTsiiero MoMeHTa H
YacTOTHI BPAI[EHUS OCYIIECTBIAETCS KOMIIEHCALNEH PACLiEHTPOBOK OCEil COSIMHUTEIBHBIX
BaJIOB, 3a CYET HAJIMYMS MEXAY 3YObSMH TapaHTHPOBAHHBIX BEIWYUH PaIUajbHBIX W
OOKOBBIX 3330pOB.

B CynmoBBIX JHEPreTHYECKHX YCTAaHOBKaX BOJOM3MEMIAIOIINX CYIOB CYJOBEIC
MEXaHU3MBI DPa3MEIIAlOTCsA, KAk TPaBWJIO, B MeECTaX COEOMHEHHUS BBIXOJHOTO Baja
JIBUTaTelss U BBIXOAHOrO Baja peaykropa. Ha crnenuanmpHbIX cynax CylOBBIE MEXaHH3MBI
pa3MeInaroT NPaKTUYECKH 110 BCEM HAIIPABICHUAM NEepeAady MOJE3HON HArpy3KU U 4acTOTHI
BpallCHHUS.
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3y04arsle MyQTBHl OTHOCSTCS K IKECTKMM KOMIICHCHPYIOIIUM COEJHHUTEIbHBIM
9JIEMEHTaM ¥ M3TOTaBIMBAIOTCS TPEX THUMOB (pHC. 5), a WUMEHHO C pa3beMHOH u
Hepa3beMHOH 000iMO# «Mydra 3yOuartas» (M3) M ¢ IPOMEKYTOUHBIM BaJloM «My(Ta
3y0Ouatast ¢ mpoMexyTouHsM Bazom» (M3II).

Myd¢ra 3yOuaras Mydra ¢ mpoMeKyTOUHBIM BAJIOM

Puc. 5. KoHCTpyKIIMH TpaguIIHOHHBIX 3y04YaThIX My(dT

Tuner M3 npenHazHa4yeHbl Ul HETMIOCPEICTBEHHOTO COCIMHEHUsSI BAJIOB M COCTOAT U3
JIBYX 3yOuathlx BTYJIOK M 00oiMbl. Tun M3II mpennasHaueH Ui COCAMHEHHUS! BAJIOB C
NPUMEHEHUEM TMPOMEXKYTOUYHOTO Bajla M IMPECTaBisieT cOOOW KOMIUIEKC M3 JBYX MY(QT,
KaX/1asi U3 KOTOPBIX COCTOUT U3 000WMBI U (praHieBoit momymydter [10, 11].

Tpagunmonnsie 3ybuareie MypTer (TOCT P 50895-96 «Mydtel 3ybuaThle.
TexHU4ecKue yCIOBHUs») HE3aBUCHMO OT THITA M KOHCTPYKIIHH XapaKTEPU3YIOTCS MPSIMBIMH
oOpasyromMu  OOKOBBIX ~ITOBEPXHOCTEH BHEIIHMX M BHYTPEHHHX 3yObeB wWiH
00YKOOOpa3HBIMH BHEIIHUMH U TPSIMBIMH BHYTPEHHHMH OO0pasylOIIMMH OOKOBBIX
MTOBEPXHOCTEH 3yOhEB COOTBETCTBEHHO BTYJIKE K 000#Me (pHC. 6).

AV

a)

a) — mpsiMbIe; 0) — 60UK000pa3HbIE

Puc. 6. DBonbBEHTHBIE 3y0Bs ¢ 00pa3yrONIMMU OOKOBBIX MTOBEPXHOCTEN

Ha puc. 7 npexacrtaBieHsl pa3BEPTKH CCUCHHH 3yObEB NENUTENBHBIM LIMIHHIPOM B
MIOJIOKEHUN O€3 Harpy XeHUsI U IIpH Harpyske 0e3 M ¢ HaIn4ueM IIepeKoca, a pacroioKeHne
BHEIITHETO ¥ BHYTPEHHET0 3yObEeB B CPETHEM HEHArpy>KeHHOM COCTOSIHUH ITPEJICTABICHBI Ha
puc. 8.

st onieHKH BiUsHUS 3M MOBBIIEHHON IKCILTyaTAIIHOHHOH Y hekTUBHOCTH (pHC. 8, a)
Ha ToKazarenu sHeprodd¢exruBHOCTH ['DY, K KOTOPHIM OTHOCATCS yIENbHBIE 3aTpaThl
torumBa W dddextuBnprii  KIIJI, mnpoBeneHbl  TEOpEeTUYECKHE  WCCIIECIOBAHUS
razotypounnoro arperara (I'T3A), ¢ y4€ToM MepeKOCOB Ocel COSAMHUTENBHBIX BAJIOB HA
npumepe aByxkackagHoro I'T3A  UGT 15000 mpocroif cxeme 1O METOIUKE
MIPOEKTHPOBAHUS CYNOBBIX TypOoarperatoB [5]. YmoMmsHyTas MeETOOWKAa HE YYUTHIBACT
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MEPEKOCHl OCEH, B CBS3HM C YeM, JJIs OIIEHKU MX BIUSHHS Ha paboTocmocoOHOCTh ['T3A,
caenyet npu onpenenenun KIIJ] nepenaun yuects 3aBUCUMOCTh

n="pNMm, M2 (D

rae np — KITJ penykropa; Mpg,Nye — KILA 3y064aThix MydT.
B o6mem Buze 3aBucHMMOCTh KoddduimeHTa monesHoro aeicTeus B 3aBucumoctd (1)
UMeeT BU

n=1-¢, 2

3aech g — KOIQQUIMEHT MOTEph, KOTOPHIE XapaKTePU3YIOTCA OTHOIIEHUEM

MoIIHOCTH 3atpar (noTpebisieMoil) N K IONe3HOH MomHoCcTH N.

I I HI I
S

o) a)

»
>

a), 0), B) — moyiokeHue 6e3 Harpy3Ku;
T), 1), €) — IpU HAJIMYUH HATPY3KHU U OTCYTCTBHHU IIEPEKOCa;
X), 3), M) — IPH Harpy>KEHNH ¥ HAJIMYUH HIepeKoca

Puc. 7. Pa3BepTka ceueHnii 3yObeB NEMUTEIBHBIM HIUITHHIPOM
Jns  ompenermeHuss MOJE3HOW  MOIMHOCTH N IeJIecoo0pa3HO  HCIIONB30BaTh
oOmen3BecTHBIe 3aBUCHMOCTH [10]
Tdn

=2—T= 2T ;T=9550ﬂv=(9r=—,
dz mz2 n 60

£

UCXOJ M3 KOTOPHIX YPAaBHEHHUE IIOJIE3HOM MOLIHOCTH B pPACCMaTPUBAEMOM Cllydae
HOPUMET BUJ
mzzcoFt

N
2-10°

3
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3neck d =mz — nquamerp 3youaToit MyQThl; » — paauyc 3y04aToi MyQTHI; 7 — 4acTOTa
BpAICHAs 3y0UaTOil My(hTHI, MHH '; ( — yIJI0BAast CKOPOCTH, C .

1 b 1 b
==
2

a) 6)
a) 3yOuaras My(Ta MOBBIIIIEHHON HKCIUTyaTallHOHHOH () () EeKTHBHOCTH;
6) TpagumonHas mydra (I'OCT)

2

Puc. 8. Cxemarndeckoe pactoyio)KeHHe BHEITHEro | 1 BHYTpeHHero 2 3y0beB B CpeiHEM
HEHArpy>KeHHOM COCTOSIHUH

MomTHOCTB 3aTpaT MOXeT OBITh MpeacTaBicHa, kKak [10, 12]

STp
Nnor = sl > Fuohek (0), 4)
Toe Ve ((p) =@rYCOS(Q — CKOPOCTh CKOJBXKCHHS BHCIIHUX 3YObCB BTYJKH

OTHOCHTEJILHO BHYTPEHHUX 3yObeB 000HMBI, BHI3BAHHAS TIEPEKOCOM OCEH COCIMHUTEIbHBIX
BaJIOB; frp — K03 punmeHT Tperwus, nexut B npeaenax {0,045; ...;0,060} [11].
Cymma osmeMeHTOB yemmui  F), (p) JUIi  BCEX KOHTAKTHPYEeMbIX 3yObeB Ha

COOTBCTCTBYIOIUX CKOPOCTAX CKOJIBXKCHUA Vg HMECT BUJ

5 Fy (@) (0) = 4] o (0 (o) )

0
zFn
31eCh O, ((p) = # — UHTEHCHBHOCTh HOPMAJBbHBIX ycuiuit, H/pan.
T

Hcxonst u3 ypaBHEHUsI, KOTOPOE XapaKTepU3yeT pacrpene’eHHe HOPMAIbHBIX YCHINN
MEXXIY COIPSHKEHHBIMH ITapaMu 3yObeB

a R 2 (1 sin2
Fn((p) Tl',t _( 1 _mZ(X.Wj\V (__'_Sll'l ’Y—COS2(pj+

- 2ycosa,, |\ cosa,, 2 265\ 2 4y
R . 2l . 2 (6)
+—1WOW (_smy —cos cpj+—mzw S ¥ —sin2o |,
osFy U v 8y | v

1 yuntsiBas BeipakeHHs (3)-(5), orOpocuB nmpomesxyTtounsie 3HaueHus KI1/] 3yb6uaToit
My(TbI IOBBIIIEHHON KCILTyaTallMOHHOM 3 (EeKTUBHOCTH, 3HaueHUue ¢¢ B ypaBHEHUH (2)

MOXXHO 3a1ucaTh Kak

zsiny Ry’ Kl B siny] sin2y
_yfn ) o 40K Y
% cos a, N Ry w (sin2 y _y _sin 27/j

+)/—sin7/}-
)

o, F, 4 2 4
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B cnydae mepekoca ocell NmpH KOTOPOM BCE CONpPSsDKEHHBIE Mapbl 3yObeB IepenaroT

MIOJIE3HYIO HArpy3Ky, UL yriia Y = g ypaBHeHHE (2) ¢ yuétom (7) IpUMeET BUA

2
:1_M 1+(TC—2)RL—(TCZ—8)M (8)
cos oLy, 80y Iy 4mdy Iy

IIpu yrme mnepexkoca W =O0Bblpakenus (7) u (8) cBOOATCS K 3aBUCHMOCTSIM,

XapakTepHBIX Ui TPAAULMOHHBIX 3yO4aThIX Hepexady ¢ 00YKOoOOpasHBIMH BHELIHUMH U
MPSIMBIMH BHYTpeHHUMH 3yObsmMu [8-10]:

_1_2\|1pr nsiny+ sz 1_siny sin 2y
cosa,, | 2y 285K Y Y

n +v—sinv} ; ©)

2yf- Ry?
=1 1P 1+(Tc—2) hd (10)
cosa,, 83 F;
mzocw\y2 . mzy?
455 80y

KOTOpbIE BXOIAT B GyHKIUIO F), ((p) , OIICAaHHYIO YpaBHEHUEM (6), HE yUUTBHIBAIOTCS BBUIY

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

i

UX MaJIbIX BEJIMYMH 0 CPAaBHEHUIO C APYIMMH cocTaBistomuMu. Kpome Toro, ykazaHHbIe
COCTaBJISIFOLIME UMEIOT Pa3HbIe 3HAKU M OJIMH TIOPSI0K.

IIpu onpenenenunn KIIJI nepenaun ¢ HMCMIONB30BAHMEM TPaJULMOHHBIX 3M ciexyer
ucnone3oBath 3aBucuMoctd (9) m (10) momcraBuB ux B (l); ¢ TpuUMEHEHHEM
BbIcOKO3(pextnBHBIX 3M B popmyny (1) HyxHO moacraButs (7) u (8). 3aBucumoctu (7)—
(10) sBsAFOTCST 6A30BBIMU IJISL OMpEZCTIiCHH ToKa3zarenei sHeproaddexrusroctu [ T3A, ¢
Y4IETOM TIEPEKOCOB OCEH COCTMHHUTEIFHBIX BaJIOB.

Jdnst  ampoO®anuu B MCCIEAOBAHWM PAcCMOTPEH [BHUrarelb CO  CIEAYIOUIMMHU
XapaKTePUCTUKAMH:

— Mepa HOBBIIICHNS AaBJICHHS BO3yXa B LIUKIE Ty = 24;

— MakcuMallbHas TemrepaTypa raza B nukie 7, = 1500 K;

— addexTuBHas MomHOCTE N, = 16500 kBT;

— 4acToTa BpalleHus BegoMoro Bana n = 5200 MI/IH_I;

— HE3IIAS TEIJIOTBOPHAS CIIOCOOHOCTh  YTJICBOAOPOAHOTO TOILTHBA

H,=42915 KK ;
KT
napameTpsl 3y04yaTsX My(dT:
— umncio 3yoneB z = 50;
— MOAYJb m = 6 MM;
— yron cuemenus o, =20
— paanyc 609K000pa3HOCTH BHEMIHUX 3y0beB R = 2900 Mm.
VY nensHbIi pacxon Tomuea I 'T3A paccuuTsiBaeTcs Mo 3aBUCUMOCTH [5]:

gezﬁa (11)

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

A dexrunsrit KITJ] I'T3A ucxons u3 [2] u ¢ yaérom 3aBucumocT (11)
3600

Ne = ge—H 3)

u
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Pe3ynbraThl uccienoBaHMS BIUSHHUSA IIEPEKOCOB OCEH COEAMHUTENBHBIX BajJOB Ha
ylnensHbl  pacxony TtomiamBa [ T3A, onpepensemoro mo 3aBucumoctu (11)  nmns
TpagMUMOHHBIX  3yOuarbix wMydpr (T3M) wu  3yOuarteix My(PT  TOBBIICHHOH
9KCILTyaTaloHHOW 3¢ ¢exruBHOcTH (BMIIDD) mpencrasiens! B Tabn. 1. BiusHue yrios
nepekoca ocedd Ha 3ddektuubiii KIIJ I'T3A nmpu ucnonp3oBanuu T3M u 3MIIDD
OTIpENIEIICHO 110 3aBUCUMOCTH (12); pe3ynbTaThl IPEICTABICHHI B Ta0M. 2.

Tabnuya 1
Bausinue yriioB nepekoca oceil \y Ha yaeabHbli pacxoa Tonsusa I'T3A g,
KT . kr g P ;
¢ L. G, o 3y0Ouaras 2. p : kBT 4
v 103 1 My(Ta MOBBIICHHON KBT-q 3yGuaras My(buT a
» PAN | rpaguimonnas . | TpamunmoHHas MOBBIIICHHOM
3yOuarast mydra PKCILTYTaLHOHHOH 3yOuarast MyTa | SKCIUTyaTallHOHHOM
s¢dexTuBHOCTH Sb(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 373235 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 373732 0,227 0,226
10,0 374883 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
Bausinue yrios nepexoca oceii v Ha 3¢ pextuBublii KIIJI I'T3A 1,
S o
< Ples) = s <
cE g )E = ,.é- g § )g = ::CI:;: [+ E >§ )g =
5 & SEEC | 22| €855 | 35| £Eis
s = = =2 2 19 28 9 2 = > e g8¢
a, = . = E S 5= I g S > E &
g g 2 S gogg 22 °m g E &= o B8 E
=| Z | &%| 58E§E | §E| &2§¢ &g <SEE
) 5 | E 22538 ) Ec S8 o g S E Sk
> g S S ET = 58 = < 3 HEEE
= o B g == HE o= o > ~ 85
< = E° = geg° = oo e 2 0
& (2] E‘ = g (9] L‘a =S o
= c
2,5 10,14 | 0,990 0,990 0,970 0,970 0,367 0,367
3,0 | 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 1 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
851 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

O06cy:xneHue pe3yabTaToB

Ilpu  wucmosp3oBaHMM  3yOuarhix  My(T  NOBBIIIEHHOH  3KCIUTyaTallMOHHOMN
3G (QEKTUBHOCTH B COCTAaBE CYIOBBIX Ta30TYpOMHHBIX YCTaHOBOK, KOTOpbIE paboTaroT B
YCIIOBHSIX TIEpeKoca Ocel COEIMHUTENBHBIX BaJlOB CYNOBBIX arperaroB HaOmomaeTcs
yMeHbIIeHHEe 3aTpaT 3()(PEKTUBHONH MOIIHOCTH Yepe3 COSANHHUTENbHBIN y3el «My(Ta <> Bal
> My(]Ta» 1Mo CpaBHEHHIO C TPAIUIMOHHBIMH, YBEINICHUE dPPEKTHBHOTO KOIPPHUIIHEHTA
TIOJIE3HOTO JICHCTBUS M YMEHBIICHNE YIEIFHOTO Pacxo/1a TOIIIHBA.

Ha mnpakTnke, yrisl IepeKocOB OCel COEAMHHUTENBHBIX BAJIOB CYAOBBIX arperaToB
JOCTUTAl0T BeNM4MHBl mopsgka W = (5...12,5)- 10° pax. Cormacao T'OCT P 50895-96

«MybTbl  3ybuarbie.  TexHuueckue  yCIOBUS»,  TpaauiuoHHele 3M  TepsioT
paboToCIocoGHOCTh MpH yriax mepekoca W =8.7-107 pax, a paborocmocoGHOCT 3M

TIOBBIIIEHHON 3KCIUTyaTallMOHHOM 3((EKTUBHOCTH OCTAaéTCsi Ha YAOBICTBOPUTEIHHOM
YPOBHE Ja)e NPH YBEIHUEeHHH Yriios nepekoca 10 Y < (10...12,5)- 10~ paa. Kpome Toro,
IIPH TIEPEKOCEe OCeil COCAMHUTENBHBIX BaJIOB B 3M BO3ZHMKAIOT M3rHOAIOIINEe MOMEHTHI OT
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JIeficTBUS HEYypaBHOBELICHHBIX CHUJI U TPEHUS, KOTOPHIC BBI3BIBAIOT JONOJIHUTEIbHBIC
HAaIpsDKEHUST BaJOIPOBO/IA, ONMOPHBIX MOJIINIIHAKOB, a TAK)KE BEAYIIMX M BEAOMBIX BaJOB
JIBUTATeNs ¥ PeAyKTOpa, yMeHbInas 3TuM pecypc ['T3A u, Kak cieacTBUe, CHIKAIOT O0IIyT0
(G (QEKTUBHOCT CYMOBOH HSHEPreTHdecKkod yCTaHOBKH. B mpemnmoxennsix 3M ¢
PaBHOMEPHBIM paclpeliefieHHeM YCHIMH MeXay BCEMH IapamMu 3yObeB HaOmomaercs
YMCHBIICHNE BETMYNHBI YIIPYTHX MOMEHTOB B 1,25...2,53 pasa, mpu yriax mepexoca oceit
W =(5...10)- 10™ pajx, B CpaBHEHHHU C TPATNIHOHHBIMH.

3HAYNTEIBHOE YMCHBIICHWE BENWYMH YIPYTUX MOMEHTOB IPHUBOANUT K CHIDKCHHIO
JIOTIOJTHUTENBHOW HArpy3kd Ha 53JEMEHTHl BaJONPOBOJAA, 4YTO TAKXKE CYNIECTBEHHO
oTto0OpakaeTcsi Ha YJIYYIICHUH SKCIUTyaTallMOHHBIX IT0Ka3aTeNeil cy/l0BOi SHEepreTn4ecKon
YCTQHOBKH.

Takum o0pazom, LesecooOpasHoO MPOJIOKUTE UCCIEIOBAHHUS HOBBIX KOHCTPYKIMH 3M
MOBBILIEHHON DJKCIUTyaTallMOHHOH 3(QQEKTUBHOCTH ¢ KOMOMHHUPOBAHHON NpPOJOIBEHON
MouduKkanyeil 00KOBBIX 00pa3yIOIIUX IIOBEPXHOCTEH HX 3yObEB.

3akiao4yenue

VY CTaHOBIIEHO, YTO MEPEKOCH OCeH COCAMHUTENBHBIX BAJIOB CYIOBBIX TYpOO3yOUaTBIX
arperaToB NPHBOMAT K moTepe d((EeKTUBHONH MOIIHOCTH TpH e€ Imepemade OT TIITABHOTO
JIBUTATEIS K CYZOBOMY BaJIOIIPOBOAY W, KaK CIICICTBUE, HETATHBHO BIUACT HA MTOKAa3aTeIN
9HEProdPPEeKTUBHOCTH CYIOBBIX Ta30TYpPOMHHBIX YCTAHOBOK B YAaCTHOCTH, W TEXHHKO-
SKOHOMHYECKHUE CY/THA B LIEJIOM.

Jns ycoBepleHCTBOBaHUsI B3auMoJeicTBus 3eMeHToB ['T3A, 3a cuéT yMeHbIIeHHs
HETaTUBHOTO BIUSHHS IIEPEKOCOB OCCH COCIMHUTEIbHBIX BAJIOB CYIOBBIX arperaros,
PEKOMEHAYEeTCS TMPUMEHATh 3y04aThie My(Thl MOBBIICHHOH AKCIUTyaTaIl[HOHHON
3¢ (GEKTHBHOCTH C MPOAOJILHOW MOTU(UKAIKeli OOKOBBIX 0O0pa3ymIUX MOBEPXHOCTEH,
KOTOpBIE 00ECHEYMBAIOT PAaBHOMEPHOE PpACIpPENETICHUE YCHIMH MEXIY CONpsIKEHHBIMU
napamu 3yObeB U, Kak cjeJCTBUE, 00eCICYMBAIOT HOPMBI LIEHTPOBKH.

3TO, B CBOIO OdYepenb, MPUBOAUT K YyBeiamdeHHI0 3¢pdexruBHOTO KO3 duUIIeHTa
MOJIE3HOTO NIEHCTBHUS JHEPTeTHYCCKONH YCTAaHOBKM M YMEHBIICHHIO YAETHHOTO pacxoia
TOIUTMBA, YMCHBIICHUIO BEPOATHOCTH BO3HHKHOBCHUS ABapUHHONW CHUTyallud H
BHEIUIAHOBBIX PEMOHTHBIX paboT. B pesynpraTe yBemMUMBaeTCS CTEIEHb OC30TKAa3HOM
SKCIUTyaTallil Cy[JHA W YMCHBIIAIOTCS 3aTpaThl HAa NHATHOCTHUKY, PEMOHT M CTOUMOCTH
o0ciTy)KHBaHUSI.

[pu yrmax mepexkoca oceii W =(5...10): 10° pax 3ameHa TpaguUHOHHBIX 3M

MIPEUIOKEHHBIMH B CTaThe NMPHUBEAET K CHIKEHUIO yIENbHOro pacxona tormuBa ['T3A Ha

r KT
0,05...0,6 ——, 3KOHOMHMHM pacxoia TOIUIMBa IJaBHOro asuratens no 1,5...11 —mu

kBT 4 4
NOBBILICHUIO 3 dexkTuBHOro Koadhuumenra mnonesnoro neiicreus ['T3A wa 0,1...0,3 %,
YTO 3KBHUBAJICHTHO 16,5...49,7 kBT.
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Teopernueckasi LIBAPTOBHAS XapPAKTEPUCTUKA U OLIEHKA
COIJIACOBAHHOCTH rPpeOHOr0 BUHTA U IVIABHOT'O IBUTaATeJIA
TPAHCNIOPTHBIX CY/I0B BHYTPEHHEr 0 IUIABAHUS

O.I1. Illypaes

A.M. Camociok

Bomiccxuil 2ocydapemeennviil yrusepcumem 600H020 mparcnopma, 2. Huoscnuti Hoeeopoo,
Poccus.

AHHoOTanus. BrimonHeH aHanmm3 3aBHCHMOCTEH, ITO3BOJIIOIINX ITPOM3BECTH IOCTPOCHUE
ceMelcTBa BUHTOBBIX XapaKTEPUCTHK TJIABHBIX ABUTATENEll CyJOB BHYTPEHHETO IJIaBaHUS.
ITokazaHo, YTO MOIIHOCTH ABHUTaTelds NMpH paboTe Ha yCTAHOBHBILIEMCS PEXHMME BUHTOBOM
XapaKTepPUCTUKH MOXET OBITh NPEACTAaBIEHAa B BHUJE INPOM3BEACHUS TPEX MHOXKUTENEH:
MIOCTOSIHHOM COCTABIISIOMICH, OMpeneNsieMoil MUaMeTpoM TpeOHOr0 BHHTA, IUIOTHOCTBIO
BOIBl U KO3((HIMEHTaMH IIOJIE3HOTO JEWCTBUS BaJONPOBOJAA M IEpPeAadd; YacTOTHI
BpalleHusi Bana M KodpduuueHta MoMmeHTa kp. Ilpm 3ToM, dWem Ooiblie 3HaueHUE
ko3¢ durieHTa MOMeHTa k,, TeM OoJiee KpyTo OyIeT NPOXOAUTh BUHTOBAsI XapaKTePHCTHKA.
Kos¢pduimeHT MoMeHTa MOXET OBITh ONpezeieH KaKk cO CTOPOHBI MapaMeTpoB PaboTHI
JBUTATENA, TaK U CO CTOPOHBI MApaMeTPOB BHHTA M JBIXKEHHs cyaHa. ComocTaBleHHEM
3HaUCHUH KO3 QUIEeHTa MOMEHTa «II0 JBHTATEIIO» M MO MAIIMHHON JUarpaMMme BHHTA
BBIMIOJIHEHA OILICHKA COTJIACOBAHHOCTH TPEOHOr0 BHMHTA U TJIABHOTO JBHTATeNs NS
MacCcaXHPCKOTO TEII0X0a IpoekTa 588 1 rpy30BOro TEIIoxoaa mpoexra 576.

KiroueBrblie ciioBa: CKOPOCTHBIC XapaKTECPUCTHUKH,; BUHTOBASA XapPAKTCPUCTUKA; IBAPTOBHAA
XapaKTCPUCTHUKA; TOIIMBO-MOIIHOCTHASA XapaKTCPUCTHUKA, KOB(b(i)I/IL[I/IeHT MOMCHTa

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

Oleg P. Shurayev
Alina 1. 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 k,. At the same time, the higher the
value of the moment coefficient k,, 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 mponecce mocTpolku M SKCIUTyaTalldd CyJOB BHYTPEHHEIO IJIaBaHHUsS BO3HUKAET
HEOOXOAMMOCTh  TIPOBEACHHMS  INBAapTOBHBIX  HCHBITAHUH. OTO  MOryT  OBITh
pernamenTupoBannble [lpaBunamu PKO wucnblTaHus WM HCHBITaHUS «BHYTPEHHHEY,
OpraHU30BaHHbIE 3aMHTEPECOBAHHBIMU CTOPOHAMHU C LENIBIO ONpPENETICHUS WIN YTOUHEHUS
[IapaMeTpoB TJIABHBIX JBHUTaTeNeil, HampuUMep, HArpy304YHBIX WM 3KOJOTHYECKHX.
HarpyeHne T1aBHOTO [JBHratens B XOJE TaKHX HCIBITAHUH OCYIIECTBISICTCA IIO
IIBapTOBHON XapaKTepHCTHKE. J[s Ha3HaueHMS pEKUMOB pabOTHI ABUraTeIst HEOOXOANMO
MOCTPOUTH INBAapTOBHYIO XapaKTEPHUCTHKY B KOOPAMHATAX «MOIMHOCTh — YacTOTa
BpaIEHIs» («KPYTSAIINI MOMEHT — 4acTOTa BpamieHus»). Llenpro nccienoBanust SBIsIETCS
pa3paboTKa METOANKH, TIO3BOJISIIONICH BBINOJHUTH TAKOE MOCTPOCHHE, U €€ anpodanus Ui
CYJIOB Pa3HbIX THIIOB.

CKOpOCTHLIe XapaKTEPUCTUKU ABUTATECIIA

Ha ycTanoBuBIIEMCs pekuMe Harpyska INIaBHOTO JBUTATelNs CyIHA ONpeNeNseTcsl ero
MOIIHOCTBIO (KPYTSIIMM MOMEHTOM) M YacTOTOM BpalleHusl Baja. 3aBUCUMOCTh
IapaMeTpoB pabodero mpouecca Ha yCTAaHOBUBIIMXCSA PEXKUMaxX OT OJHOTO M3 MapaMeTpoB,
B3STOTO 3a apryMEHT, IIPUHATO Ha3bIBaTh XapaKTePHCTUKOH asurareins. Eciom B xauecTBe
HE3aBHCHUMOTO Tapamerpa (apryMeHTa) BBIOpaHa dYacTOTa BpalIeHUs #, TO TaKHe
XapaKTEepUCTHKH  HA3bIBAIOTCA  CKOPOCTHBIMM. B  TIpynmy  CKOPOCTHBIX — BXOIAT
XapaKTEPUCTHKH, TOIy4aeMble P HEU3MEHHBIX MOJIOKEHHUAX PEHKH TOILIMBHBIX HACOCOB
Beicokoro maBieHus (THBJI). OHu XapakTepu3yloT BO3MOXHOCTh Pa3BUBATh HEKOTOPYIO
MOIIHOCTh MpH 3aJaHHOM YacTOTE BpAIlCHUS Balla JABHUTATeNs, MOTOMY HA30BEM HX
monnueno-wownocmusie’. JIpyrumM CeMeiiCTBOM TPYIIIbI CKOPOCTHBIX XapaKTEPHCTHK
SIBJISIFOTCSL BUHTOBBIE XapaKTEPUCTHKH, TOJlydaeMble IPU paboTe ABHrartellss Ha TpeOHOI
BUHT WIM UMHUTHUPYIOLIEE €ro ycTpoucTBO. IlepeceueHue MOLIHOCTHOM XapaKTEPUCTUKH
(mpu Texyiie# LMKIOBOM MOJauye TOIUIMBA) C BUHTOBOM XapaKTEPUCTHKOW, 3aBUCAIIECH OT
YCTaHOBJICHHOT'O TPeOHOr0 BHMHTA M BHEIIHHMX YCIOBHI €ro paboThl, ONpeessieT PexuM
paboThl 1BUTaTENs, XapaKTepU3yeMblil Ha AUarpaMMe B KOOpAMHATAX «MOILIHOCTh — YacTOTa
BpAlICHMs» WIM «KPYTANIMH MOMEHT — 4YacToTa BpalleHWs» pabodeil TOYKOIL.
Homunanenoti paboueil TOYKE COOTBETCTBYCT HOMUHANbHASA HYAcTOTA BPAILCHUS Bajla U
HOMUHANbHAS MOIIHOCTD JIBUTATENs

OneHKa COrJIacOBAHHOCTH FPQGHOFO BHHTA U I'JIABHOI'0 ABHUTaTEJIA

BuHTOBasI XapaKTepHCTHKA, I[POXOMSMIAsi dYepe3 HOMHHAJIBHYI0 pabovyi0 TOUKY,
Ha3bIBAETCSl HOPMAJbHOM. 3aBHCHMOCTh MOIMHOCTH INpU paboTe IBUrateis Ha BHHT
omnuckiBaercst GopmyIion

cT - . . D2 .3
2-1-py-ky - Dg - nip 1
P, = : (1)
M "1

rJie P, — INIOTHOCTH BOBI; ky — KOIQPUIIMEHT MOMEHTa rPpeOHOT0 BUHTA; Drp — THAMETP
rpeOHOTO BUHTA; Mg — YACTOTa BpallleHUs IpeOHOro BUHTA (IIPH MPSIMOW Mepenadye paBHA
4acTOTe BpallleHHs KOJIEHYaTOro Baja, Mpy 3ybuaToil — mponopuuoHaibHa); N ¥ N — KI1J]
nepenavdu v BaJonpoBO/ia COOTBETCTBEHHO.

6 HCHOHLByeMLIe B OTCUYCCTBEHHOM JIMTEPATYpEC Ha3BAHUS XAPAKTCPUCTHK «BHCUIHUC) U «HACTHUYHBIC) MBI
CYUTAEM HCYJAYHBIMHU, TaK KaK, BO-IICPBLIX, AJIA OJAHOI'O cemeiicTBa XapaKTEPUCTHUK UCIIOJIB3YIOTCS pa3HbIC
TCPMHUHBI, a BO-BTOPbLIX, HA3BaHUA HE OTPAXKAKOT CMBIC]T 3aBHCHMOCTeﬁ, COCTOﬂI_LII/Iﬁ B BCIIMYHUHC MOIIHOCTH
pu ,HaHHOﬁ nogavde TOIUIMBA Ha SaﬂaHHOﬁ YJacTOTE BpalllCHHUSA BaJla ABUTATCIIS.
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KIIJ] 3yOuaroii mepenauu (Ipy ee HaJIMYKMH) U BAJIONPOBOJA, KaK IMPaBUIIO, UMEIOT
3HageHus (0.95...0.98) u Mano 3aBUCAT OT YacCTOTHI BPALIEHUS, IOITOMY NP OLEHOYHOM
aHaJM3e BUHTOBBIX XapaKTEPUCTUK MU MOXKHO ITPEHEOpeYb.
0O0o03Ha4asi Hen3MeHHbIE KOMIIOHEHTHI (hopmysl (1) B Buae koHcTanThl C

L 2mp Dy

= const, (2)
Mn " 7B
MTOJyYNM YpaBHEHHE BUHTOBOW XapaKTEPUCTHKU
PeZC'kz'ngB. (3)

CornacHo ypaBHeHHIO (3), BUI BUHTOBOH XapaKTEpUCTUKH OYAET 3aBHCETH TOJIBKO OT
koa(unuenra k,, mpuuem, 4yeMm Ooblle €ro 3Ha4eHHE — TeM Oosee Kpyro Oyner
NPOXOIUTh BHHTOBAas XapakTepuCTHKA. [IpHM H3BECTHBIX 3HAYCHUAX KOHCTaHTH C,
HOMWHAQJIFHOW MOIIHOCTH P, W HOMHHAJIBHON YacTOTHI BpamIeHUS nrg U3 Gopmynsl (3)
MOJKHO BBIYUCIUTH KO3(PPHUINEHT k,p TSI HOMAHAIBHOTO PEXIMa PaOOTHI IBUTATEIS

P

kZE ==
C-niy

“)

C napyroéi CTOpOHBI, KOI(PQHUIUEHT k; MOXKET OBITH OINMpPEACICH IO H3BECTHBIM B
CIpaBOYHOU JHTepaType auarpammam 3.3, Ilammens [1] mis pacdyera rpeOHBIX BHHTOB, B
YaCTHOCTH, IO MAalIMHHOW JuarpaMMe, WCIOJIb3yEMOW TMpPU H3BECTHOM 3HAYEHUU
MOIIIHOCTH, MOTPEOIAEMON BUHTOM, a TaK)KE YaCTOTBI €r0 BPAIICHHUS, TO €CTh, B KOHCYHOM
UTOTe, TIPU 3aJaHHBIX IapaMeTpax nBurarters. J{ns pacdera ompenemseTcss OTHOCHUTEIbHAs
MOCTYTIb A JUIA BHUHTA C 3aJlaHHBIM KOJMYECTBOM JIOTIACTEH Z, JMCKOBBIM OTHOIICHUEM 0,
maroBeiM  oTHomeHHeM H/D. Ilpum 3ToM HEOOXOAMMO YYHUTBIBATH THIT JBHIKUTEISL
(OTKpBITHII BUHT WJIM BUHT B HATIPABJIIONICH HAcAIKe).

B moco6un [2] mpenoxkeHa ammpokcuManus auarpammam O.0. [lanmMens noamHOMaMu
BHIA

k,(HD,2) =C;+ C,*HD + C3- A+ C,-HD?*+ Cs-HD -2+ C¢ - A2 + C, - HD3 +
+Cg A% -HD + Co- 23 + Cyy - HD? - 22,

rae C; — annpoKCUMAaIMOHHbBIC KO3 GHUIIMEHTHI IJIsl BUHTOB C 3aIaHHBIM KOJIHMYSCTBOM
JIOTIACTEH Z ¥ AUCKOBBIM OTHOIICHHEM 6.

CornacHo opmyne (5), B KOTOPOH AN BHHTOB (PMKCHPOBAHHOIO IIara OTHOIICHHUE

H/D nocrosiiHO, K03pPULHEHT k, OyAET 3aBUCETh TOJIBKO OT OTHOCUTEIBHOW TIOCTYIH A.
OtHocHUTeNbHAs! TOCTYIb ONPEEISIETCS IO BHIPAKEHHIO

)

r=—2  46)
nrg - Drg’

rZie W — CKOPOCTh IOTOKa BOJIbI, HATEKAIOUIETO HA BHHT, KOTOpas BBIYUCISETCS IO

bopmyie
w=v-(1-y).#7)

TJIe V — CKOPOCTh CyJIHA; Y — KO3((GHUIUEHT MOITyTHOTO TOTOKA.

«Ko3(h¢uumeHT mNomyTHOro MOTOKA MOXKHO OINpPENENHTh, €CJIM H3BECTHO IMOJie
CKOpOCTEH B JIMCKE JBMKUTEIS, KOTOPOE MPHHIUITHAIBHO MOXKHO MOJYYUTh B PE3yJbTaTe
pacudeTa MOrPaHUYHOTO CJIOS Ha Kopiyce cynHa. OIHAKO CYIIECTBYIOLINE CIIOCOOBI TAKOTO
pacdera J0CTaToyHO TpynoeMkH. [loaTtomy BiusiHEe Kopryca Ha 3()(EeKTHBHOCTh paboThI
rpeOHOrO BHHTA OOBIYHO HAXOJMTCS DKCIIEPUMEHTAJbHBIM IIyTEM W3 COIOCTaBIICHHS
Pe3yJIbTaTOB UCIBITAHNI TPeOHOTO BHHTA B CBOOOAHON BOJIE M B COCTaBe KOPITyca CyHA.»
[3]. UsBectnmr [4, 5] smnmpuueckue (GOpMyIbl, MO3BOJISIONIUE BBHIMOJHUTH OLEHKY
K03(h(pUIMEHTA MTOITyTHOTO MOTOKA ISl PA3JIMYHOTO THIIA CYJIOB.

Takum 00pazoMm, MOxeT ObITh omnpejeneH KodhQUUUEHT MoMeHTa ky, UCXOAd U3
IapaMeTpoB BUHTA U YCJIIOBHH €ro paboTHI.
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ComnocTaBlieHHE KOS(l)(i)I/IHI/IeHTOB JJId BHUHTA kzp n i1 ABUIaTClIse kZE IIO3BOJIAACT
OLICHUTH COTJIACOBAHHOCTh BUHTA U JBUTaTes. ECIu BINIOIHICTCS ycioBue

kyp = kyp, #(8)

TO BUHT CUATACTCA COITACOBAHHBIM, TAKHUEC BUHTHI IPUHATO HAa3bIBATh «HOPMAJIBHBIMU.
COOTBETCTBQHHO, B CIIydJa€ CIIpaBE€IJIMBOCTU BBIPAKCHU

kZE > kzp, #(9)

MBI TIONYYHUM THAPOJANHAMUYECKH <(JIETKHI» BHHT, a €CId OyJeT CHOpaBeAHBO
HEpaBEHCTBO

kZE < kzp,#(lo)

— ruApoANHaAMUYCCKU «TSIKEJIBIY BUHT.

Hpnmepm OIICHKH COIJIaCOBAHHOCTHU BUHTOB

BbImomHMM pacueT HIBAPTOBHOM XapaKTEPUCTHKU AJSI MACCAXHPCKOTO TEIIOXO/a
mpoekTa 588 u rpy30Boro Termroxona npoekra 576 (puc. 1). Beibop 3TuX cynoB 00yciIoBIeH
TEM, YTO OHM CTPOWJINCH JOCTAaTOYHO OonblIOH, nake mo mepkam Coserckoro Corosa,
CepHel, UX XapaKTEPUCTHKH HEOTHOKPATHO IMPOBEPSUINCH B XOJ€ HCIIBITAHUN W W3BECTHBI
HIMPOKOMY KpYTy CIEHHAIUCTOB, U MpPUBEJCHH B PyKOBOACTBE IO TEIUIOTEXHHYECKOMY
KoHTpomto [6]. Takxke Ha 3TH CyAa yCTaHABIMBAJIUCH IABUraTeNN oXHOW cepun 6NVD48,
YTO IMO3BOJSIET BBIINOJIHUTH CpaBHEHHE INBAPTOBHBIX XapakTepucTuk. Ilaccaxupckue
TEIUIOXOJbl TpoeKTa 588 ocHaImamuch TpeMsl ABUIaTEIsIMM, a TPY30BBIE Cyla — JBYMS.
HomuHanbHass MOIIHOCTH oOfHOTO nBuratens 294 kBT mnpu dYacToTe BpailleHUs Baja
275 06./mMuH. Kaxaplii aBuratesib paboTaeT HEMOCPEICTBEHHO Ha CBOM BHHT, TOJBKO Ha
MIACCa)KUPCKOM CYyIHE BUHTBHI OTKpPBITBIC, @ HA TPYy30BOM — B HENOABIKHBIX HacaaKax.
BuHTHI Ha yKa3aHHBIX Cy/aX TaKXKe UMEIOT OAMHAKOBBIC WM Onn3Kue napamerpsl (Tadm. 1).

Tabnuya 1

IIapaMeTpbl BHHTOB naccaxupckoro (mpoext 588) u rpysosoro (mpoekt 576) Tensioxonos

ITapamerp PasmepHocThb 3nauenne
Ipoekr 588 [poekr 576
Tun BunTa - OTKPBITHIN B HEIMOABMKHON
HacaJike

KomnnuectBo nonacrei, z - 4 4
JI¥cKOBOE OTHOIIICHHME, O - 0,55 0,55
Juamerp, D MM 1600 1590
Illar, H M 2,02 1,92
Ilarosoe otuomenne, H/D - 1,262 1,208

Ha pucyHke 2 mpuBejieHbl 3aBUCUMOCTH CKOPOCTH CyAHA V, KM/4, U CyMMapHOU
MOIIHOCTH TJIABHOM DHEPreTHUECKON YCTaHOBKHU Py, KBT, Al MaccaXupCKOro TErioxo/ia
mpoekta 588 W Tpy30BOTO TEIIOX0/a MpoekTa 576 OT 4acTOTHl BpAlllEeHUs 7, B3ATHIE W3
PykoBo/cTBa MO TEMIOTEXHUYECKOMY KOHTPOJIO [6].
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Puc. 1. [Taccaxxupckuii Temoxox npoekra 588 (BBepXy) U rpy30BOi TEIUIOXO IpoeKTa 576

C nomolpio nporpaMMsel-aurutaidzepa GetData 3T kpuBble ObUIM OLM(POBaHBI U
aNMpOKCUMUPOBAHB! MTOJMHOMHUAIBHOM 3aBUCHMOCTBIO. [l omlmcaHMst 3aBUCHMOCTH
MOIIIHOCTH OT YacTOTHI BPAIICHUsI BHIOPAHO ypaBHEHHE TPEThEll CTENEHH, a 3aBUCUMOCTh
CKOPOCTH CY/IHa OT YacTOThI BPAIlIEHHs] BUHTOB OMUCaHa JIMHEWHBIM YpaBHEHHUEM

poeKT 588
P,s = 0.000185 - n®> — 0.079763 - n* + 13.602853 - n — 709.7, #(11)
ko3 ummenT nerepmunaru R*=0,994,
v = 0.0841n + 1.654, (R* = 0,999); #(12)
MIPOEKT 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. 3aBucuMOCTH CKOPOCTH CyJJHA 1 CyMMapHOH MOIIHOCTH TJIABHOM YHEPTEeTHIECKOH yCTAaHOBKH
OT YaCTOTHI BPAILIEHUS JUI ACCAKUPCKOTO TEIIoXo1a MpoekTa 588 (BBepXy) U Ipy30BOT0 TEIIOX0/a

npoekra 576 (BHHU3Y) corylacHo [6]
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Kopnyca maccaKMpcKOro W TIpPY30BOTO  TEIJIOXOJOB TIPH  CXOXHX  TJIABHBIX
pa3sMepeHUsX, KOHEYHO JK€, pa3NIMyYaloTcs, 4YTO MPHUBOAUT K pa3HBIM 3HAYCHHSIM
koa(¢punrenta mnomytHoro mnortoka. OuneHka Kod(@HUIMEHTa NOMYTHOTO IIOTOKa,
omnpeaenseMoro coriacHo [7], mis Teruioxoaa mpoekrta 588 cocrapnser y= 0.11, a s
Tewioxona mpoekra 576 - y= 0.26. CkopocTh HaOeraHWs MOTOKa BOABI HAa BHUHT,
onpenensseMas o popmyne (7), Oyaer paBHa: aims npoekTa 588 w = 6,125 M/c, mist mpoekra
576 w=3,895 wm/c. OTHOcHUTeNnbHasi TOCTYyIb, paccyhTaHHas 1o ¢opmyne (6), mwig
MACCAXKUPCKOTO M IPy30BOr0 TertoxoqoB, A = 0,835 u A = 0,535 coorBercTBeHHO. Torna,
JUIL  TEOPETHYCCKOW HOMHHANGHOW BHHTOBOW XapaKTEPUCTHKH Koddduiment k,,
paccuuTaHHBIH «mo ABurartenmio» (dhopmyma (4)), ANS  TACCaXHPCKOTO TEIUIOXO0na
kyr = 0,0457, a g rpy3oBoro Termtoxona kyy = 0,0471.

s pacdera kod¢duIMeHTa MOMEHTA k) 110 tuarpaMMam [lammens BocIons3yeMest uX
anmpoxkcuManyuei ypapaenueM (5). B Tabmuie 2 npuBeieHb! 3HAYCHHS
anMpOKCUMAIOHHBIX K03 unmenToB nist BUHTOB ¢ z = 4, 6 = 0,55, oTKpEHITOTO 1 B
Hacajke.

Tabnuya 2

Kos¢duuuenTnl annpokcumManuy B ypasHeHu (5) corsiacHo [2]

Koaddurment 3HaueHue s 3HaueHue s

OTKpBITOTO BUHTA BUHTA B HACAJIKE

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

CorylacHO anImpoKCHUMAIMOHHOMY YpaBHEHUIO (5) KOA(pQUIMEHTH MOMEHTa ISt
[AaCCaXMPCKOTO TEIIoxoma ky, =0,0459, a mna rpy3oBoro Temnoxona ky, = 0,0479.
CpaBHeHHe MOJTYUEHHBIX BEIMYHH U KOI(PHUIIMEHTH MOMEHTA IPUBE/ICHBI B Ta0I1. 3.

Tabauya 3
PacuyeTHbIe BeIMYHHBI B Pe;KMMe HOMHHAILHOI BHHTOBOH XapaKTePHCTHKH
[Tapamer PazmepHOCTB Tennoxon Tennoxon
P p p mpoexTa 588 mpoekra 576
KoadduimenT momytHOTO mMoToka . 0.11 026
v
CkopocTh HaberaHus MOTOKa Ha we 6.125 3895
BUHT
OTHOCHTENBHAs TOCTYITh - 0.835 0.535
Koabdunmenr kg i aBuratens - 0.0457 0.0471
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TTapamer PasmepHocTth Tennoxon Temoxon
P p P npoekrta 588 mpoexra 576
(dbopmyna (4))
Koagdurpent kyp, 1151 BMHTA TI0
nmuarpammam [lanmens, (hopmya - 0.0459 0.0479
4)

Pacxoxnaenue MCKAY NOJYYCHHBIMU 3HAYCHUSIMU KO3(1)(1)I/IIII/IGHTOB MOMEHTa B 000uX
ClIydasix HE MOPEBbIIIACT 1,5%, 4yToO C Y4YETOM HOI’peHIHOCTeﬁ, HaKOIUVICHHBIX TIPpU
alnmnpoKCcuManun Fpa(l)I/IKOB, MO3BOJIACT MPU3HATHL BUHTHI COTJIACOBAHHBIMU [JIs1 CYJOB
KaXXJa0ro npoekKkTa.

IMocTpoeHue LIBAPTOBHOM XapaKTEPUCTUKH ISl ACCAKUPCKOT0 U TPYy30BOI0
TEIJIOX0/I0B

[IIBapTOBHAs XapaKTEpPHUCTHKA SBIAETCS HauOoJee THUAPOJMHAMHUYECKH TSKEIION
BUHTOBOW XapaKTEpUCTHKOH, HO Takke OMMChIBaeMOW ypaBHeHmsMH Buma (1) u (3).
KiroueBbIM OTIMYMEM HIBAPTOBHOW XapaKTEPHCTHKH OyAET PaBEHCTBO HYIIO CKOPOCTH
CyIHa, a CJIEOBATEJFHO, W PABEHCTBO HYNIO, COTNAcHO ¢(opmyine (6), OTHOCHUTEIbHON
MOCTYNH BUHTA A. [Ipy yMEHBIICHHH OTHOCHTEIBHOW MOCTYNH Kod3(duimeHT MoMeHTa k,
yBeJan4YuBaeTcs. MakcuMalbHBIM 3HaueHue k, OyZeT Korja CyJHO HETOJBH)KHO, TO €CTh
npu padoTe 1O IBApTOBHOIM XapaKTEPUCTHKE: Ay = Kpyax- ITO YCIOBHE U OYJET KIIOYEBBIM
NpU TIOCTPOCHUH ILBAapTOBHOM XapakTepucTHKH. B ypasuenue (5) moncraBum A =0 u
paccuuTaeM Ui KaXA0ro cyaHa Ko3(hGHUIIMEHTH MOMEHTA Ky, IPH pabOTEe MO MIBAPTOBHOU
XapaKTepUCTHUKE: JJIsl TaCCaKUPCKOTO Terioxona ky, = 0.088 m mist rpy3oBoro temioxozaa
ko = 0.063.

Jnst TOoCTpoeHWsl IIBAapTOBHBIX XapakTEPUCTHK UL KaXIOro pPaccMaTpHUBAEMOTO
TETIOXO0/1a HCIIOJIb30BAHO YPABHEHHE IIIBAPTOBHOM XapaKTEPUCTUKU

— (73
P, =kyy - C-n°.#(15)
ComocTtaBysiss 3TO ypaBHEHHE C ypaBHECHHEM HOPMAaJbHON BHHTOBOM XapaKTEpHUCTUKU
(3), 3ammucaHHBIM /711 HOMMHAJIBHOTO PEKUMa PabOTHI ABUTaTEIs,
— (- 3
P, = ka2 C-nyo®, #(16)
MOJyYUM YpaBHEHHE IIBAPTOBHOM XapaKTEpHUCTHKW B BUae ypaBHeHus (17), rme
OTHOIIEHHE KOI(P(PUIMEHTOB MOMEHTa Ha UIIBAPTOBHOW W HOMHHAJILHOM BHHTOBOM

XapaKTePUCTHKAX TTOKA3bIBACT BEIHUNHY «YTSDKEICHUS» IIBAPTOBHOW XapaKTEPUCTHKH II0
OTHOUIEHHIO K HOMHMHaJbHOW. OHa cocraBuia 1.92 mns nmaccaxkupckoro temioxona u 1.33

JUIsl TPY30BOTO.
k n
P, = Z2m P . (
n

“le
it kZ HOM oM

).#(17)

B pesynpTare CTajo BO3MOXHBIM IIOCTPOCHHE TEOPETHYECKOH IIBApTOBHOMN
XapaKTepUCTUKH B KOOPIUHATAX «MOIIHOCTh ABUIaTEN sl — YaCTOTa BpamleHus Baiay» (puc. 3,
4 muHuA 5-1). Beime auMHAN, COOTBETCTBYIONIECH BHEIIHEH XapaKTepHUCTHKE MaKCHMAaIbHOMN
MomHocTH (muHUSA 3-5, Ha puc. 3, 4), pabora 1O IIBAPTOBHOH XapaKTEPHUCTHKE
HEBO3MOXHA, 4 MaKCHMaJbHO JOIyCTHMas 4acTOTa BpalleHUs OyAeT ompenesTbesl Ha
NepecedeHNH IIBAPTOBHOM XapaKTEPUCTHKM W OTPAaHMYHUTENIFHON 10 HOMHHAILHOMY
KpYTsAIIEMy MOMEHTY (Touka S, Ha puc. 3, 4).
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6NVD48U
600

11
12
13

14

15
2

31
500 32

33
34

—8— 53

400

MowHocTb apdekTuBHan, Pe, KBT

100 150 200 250 300
YactoTa BpalleHna KoIeHYaToro Bana, n, 06./MuH

Puc. 3. Xapaxrepuctuku asurarenss 6NVD48 Ha maccaxupCcKOM TEIIOX01e MPoeKTa 588 ¢ OTKPBITHIM
BUHTOM (0003HaYeHNE IMHUH cM. B Tabnuie 4)
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Puc. 4. Xapaxrepuctuxu asurarens 6NVD48 Ha rpy30BoM Terioxoze npoekra 576 ¢ BUHTOM B
Hacajike (0003HaUCHHE IHHUI CM. B TabsuIie 4)
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Tabauya 4
O0o3HaueHHe XapaKTePUCTHK HA PUCYHKAX 3, 4
Howme
p XapaKkTepucTuka [Tpumeuanus
1 JIMHNM MOCTOSTHHOTO KPYTSIIIEro
MOMEHTA -
1-1 IIpu momuocTu 25% HOMHHAJIBHON -
1-2 ITpu momHocTH 50% HOMHHATBHON -
1-3 ITpu momHoCcTH 75% HOMHHATBHON -
1.4 OrpaHu4UTETbHAS TI0 HOMHHAIBHOMY
IIpy HOMUHATBLHON MOLTHOCTH KpYTSAILIEMY MOMEHTY
125 OrpaHn4uTeNEHAS 10 MAKCUMAIEHOMY
ITpu momuoctu 110% HoMHHANBEHON KpYyTAILIEMY MOMEHTY
5 OrpannyurenbHas 10 K03pGuuueHTy
U30bITKA BO3IyXa -
3 XapaKkTepuCTHKHU NOCTOSTHHOM
HHUKJIOBOH M01a4H TOILIMBA -
3-1 IIpu momHoCcTH 25% HOMUHAIBHOM -
32 ITpu momHocTH 50% HOMUHATIBHOM -
33 ITpu momHocTH 75% HOMUHAIBHOM -
3.4 BHenrHsis XapakTepHCTHKA HOMHHATBHOM
[Tpy HOMUHAJIBHOW MOITHOCTH MOIITHOCTHU
3.5 Buemnss xapakTepucTUKa MaKCUMalIbHOM
IIpu mommrocTH 110% HOMHHANBHOM MOIIHOCTH
4 PerysisiTopHasi XapakTepucTHKA HomunaneHas
BuHTOBbIE XapaKTePHCTHKH -
5-1 [IIBapTOoBHAs XapaKTepHCTHKA -
5-2 TspKernas BUHTOBAsI XapaKTepUCTHKA OKcIulyaTallMOHHAs!
53 HomunanbHast BUHTOBast
XapaKTepPHCTHKA -
5-4 JIérkast BHHTOBAs XapaKTEPHCTHKA 0.85 Pe o
0 Touka HOMHHAJIBHOTO PEKHMa -
To4ka MakKCUMaJIbHON YaCTOTHI
S BpAIleHUS Ha IIBAPTOBHON
XapaKTepUCTHKE -

Ha pucynkax 3 u 4 mpenctaBiieHO BCE MHOXKECTBO XapaKTEPUCTHK IBHTATelsl, B TOM
YHCJIe OTPaHMYMTEIbHBIE M BHHTOBBIC XapaKTEPHCTHKH, a TakXKe IOKa3zaHa Todka S,
COOTBETCTBYIOIIAs NPEEIIbHOM YacTOTE BPAILCHNS Bajla ABUTATENs B IIBAPTOBHOM PEXHME.
JJis macca)XUPCKOTro TEIUIOX0/ja 3TO 3HAaYeHHe coCTaBmiIo 198 06/MuH, it rpy30Boro — 238
00/mMuH. CpaBHEHHE IBAPTOBHBIX XapaKTEPHCTHK CY/IOB JIBYX IPOEKTOB MOKa3bIBaeT Oojee
pe3koe BoO3pacTaHME MOIIHOCTH Tpu paboTe MO IIBAPTOBHONH XapaKTEPHCTHKE Y
MTACCAKUPCKOTO TEIUIOXO0/[a 10 CPAaBHEHHMIO C TPY30BBIM. Tak Kak ABUraTeIH Ha O3HAYEHHBIX
cyJax OJHOTHUITHBIE, a BUHTHI UMEIOT OJM3KHE MapaMeTphl, MOKHO CKa3aTh, YTO BIMSHHUE HA
MIPOTEKaHWE IIBAPTOBHBIX XapaKTEPUCTHUK OKa3plBaeT THUN BHHTA. OTKPBITBIA BHHT
MTACCAKUPCKOTO CyIHA HArpy’kaeT ABHraTeib Ipu padoTe 1Mo MIBApTOBHOW XapaKTEPUCTHKE
0oJiee MHTEHCUBHO, YEM BHHT B Haca/IKe IPy30BOT0 TEIIOXO/a.

AHanoru4HeIM 00pa3oM MOTYT OBITH ONpeAeNeHbl M YacTOThl BpaIleHHWs Ha
LIBApPTOBHOM XapaKTEPUCTHKE, cOOTBETCTBYyromUE 75, 50 1 25% HOMHHAIBHOTO KPYTSIIETO
MOMEHTa, 4YTO, HalpuMmep, TpeOyeTcst INpH TIPOBEACHHM HCIBITAHWI JBHUraTesis Ha
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COOTBeTCTBHE HOpMaM BhIOpocoB cormacHo I[ITHIT PKO [8]. Jlns paccmarpuBaeMbIX
MIPOEKTOB CYJIOB 3TH 3HAYCHUS MPHUBEICHBI B TAOJIHUIIC 5.
Tabauya 5
YacToTa BpaleHUs1 KOJEHYATOr0 Baja U MOLIHOCTh IJIABHBIX ABHraTe/Ieil mpu padoTe mo

LIBAPTOBHOM XapaKTepUcTUKe, cooTBeTcTBYIomMe 100, 75, 50 u 25% HOMHHAJILHOIO
KpYTAIIEro MOMEHTA

OTHOCHUTENBHBIN KPYTAIUi Tennoxon npoekra 588 Tennoxon 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

OueHNTh COTTACOBAHHOCTH PAOOTHI TJIABHBIX JBHTraTesieil W TIpeOHBIX BHUHTOB II0
JAaHHBIM IIBapTOBHBIX HCHBITAHUN MOYXKHO, COINOCTaBHB CHATBHIE, HANpHMeEp, B XOJIe
TEH30METPHPOBAHUs JACHCTBUTEIBHBIE IIBAPTOBHBIE XapaKTEPHUCTUKU C TEOPETHYECKON
IIBapTOBHOM XapakTepUCTUKOM. Ecmu gelicTBUTenbHAs IIBAPTOBHAS XapaKTEPUCTHUKA
IIPOXOJUT JIEBEE TEOPETUYECKOM, 3TO 03HAYAET, YTO BUHT I'MIPOJUHAMUYECKH TSDKEIIbIH, OH
W MpU HOMHHAJIBHOM 4acTOTe BpallleHHsl OylneT Harpykath ABUrateib Oosbine. HampoTus,
pPAacCIONIOKEHUE JECHCTBUTEIBLHOM IIBAPTOBHOM XapaKTEPUCTUKHM IIPaBe€ TEOPETHUYECKOM
CBUJIETEILCTBYET, 4YTO BHHT SIBJIACTCS THIAPOJMHAMHMYECKH JIETKMM U IOJ00paH ¢
COOTBETCTBYIOIIUM «MOPCKHUM 3aI1acoM».

BriBoabI

1. IpeanokeH crmoco® MOCTPOSHUS IIBAPTOBHON XapaKTEPUCTHUKH, HCIIOIb3YIOMINI
3aJ[aHHbBIC MAPaMeTPbI IBUraTelsl U TPeOHOTO BUHTA.

2. ITokazaHa 3aBUCUMOCTH IIBAPTOBHOMN XapaKTEPUCTUKHU OT KOI(D(UIIMEHTa MOMEHTA.

3. OmpeneneHa TO4YKa, COOTBETCTBYIOIAs IMPEACIBbHON YacToTe BpallleHHs Baia
JIBUTATeNll B IIBAPTOBHOM pEXHME, a TaKKe TOYKH, COOTBeTcTByrommue 25, 50, 75 %
KPYTSAIIEro MOMEHTA IPU paboTe M0 BUHTOBOM XapaKTEPUCTHUKE.

4. BrImosiHEHA CpPaBHUTENIbHAS OLICHKA HATPY3KH JBHUTATENsl MPU PabOTE C OTKPBITHIM
BHUHTOM IaCCAKUPCKOTO CYJHA U BUHTOM B HAMPAaBIIAIOIICH HACAKE TPY30BOr0O CYIHA.
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CucremHas nuargsoctuka Bianmoaeiicreug BI'YBT u
NpeANnpPUATHI BOAHOTO0 TPAHCIIOPTA: BbISIBJICHHE IOTEPb U
ONTUMM3ALMS KOHTYPOB YIIPABJICHUSA

C.J1. Fopaees’
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O.JI. Tpyxunopa'?
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! Bonorcexuii 2ocyoapemeennwiii ynusepcumem 600no2o mpancnopma, 2. Husicnuii
Hoegeopoo, Poccus

? dunancoswiii yuueepcumem npu Ilpasumenvcmee Poccutickoul @edepayuu, 2. Mockea,
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AHHoOTanms. B crathe mpeanoxkeHa METOJUKA CHCTEMHOW IMArHOCTUKU B3aUMOJEHCTBHS
Bomxckoro rocynapcTBeHHOTO yHHBepcuTeTa Boguoro Tpancnopra (BI'YBT) u orpacieBsix
MPEINPHUATAI BOJHOTO TPAHCIIOPTA, IO3BOJIIOMAS (popMaTM30BaTh MEXaHHU3MBI TaKOTO
B3aWMOJICUCTBHA U HICHTU(QHUIUPOBATH OOJIACTH CHCTEMHBIX MOTEph. TeopeTuueckyro 6azy
HCCIIEJOBAHUS COCTABIIET SKOCHCTeMHas tunojiorus cucreM I'.b. Kneitnepa, no3omstomias
KJIACCU(UIUPOBATH BUBI ICATCIBHOCTU By3a M MPEIIPHUITUS KaK OOBCKTHBIC, POIICCCHBIE,
MPOCKTHBIC U CPEJOBBIC CHUCTEMBl U BBISBUTH KOH(DIMKT KOHGUTYpalui, MOPOKIAIOIINI
CHUCTEMHbIE TOTEpPH B3aUMOJEHCTBHSI W CHUKAIOIIMN pE3yJbTaTUBHOCTH KOOIEPALIUH.
[peaoxensl GOpMysbl MapaMETPUICCKOW OICHKA CTOMMOCTH W TOTEPh MPOIIECCOB, a
TaKKe MaTPUYHBIA U IpadUuecKUid HHCTPYMEHTApUH IS BH3YAIU3AIlMd TOYEK CTHIKOBKH.
Mertoanka OpHeHTHPOBaHA Ha MPUKIATHOE MMPUMEHEHHE B PAMKAX CTPATETHYECKUX CECCUH
YHHUBEPCUTETA C HHIYCTPHATLHBIMHA TAPTHEPAMH.

KioueBble cji0oBa: CHCTEMHas JWAarHOCTHKA, B3aHMOJEHCTBHE «BY3—TIPEIIPHUATHEY,
THIIOJIOTUSI CHCTEM, TPAH3aKIIMOHHBIE H3JIEP)KKU, KOHTYPBI YIPaBJICHUS, MMapaMeTpruuecKas
(hopmanuzaius, MaTpHia MoTepb, TPAHCIIOPTHOE 0OpPa30BaHKE, BOJHBINA TPAHCIOPT

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

Sergey D. Gordleev'

ORCID: 0000-0003-0053-0506

Olga L. Trukhinova"?

ORCID: 0000-0002-3423-9058

"Volga State University of Water Transport, Nizhny Novgorod, Russia

? Financial University under the Government of the Russian Federation, Moscow, Russia

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

BBenenne

BHyTpeHHHII BOIHBIM TPaHCHIOPT B CTPYKTYPE POCCUMCKOM 3KOHOMUKH TPATUIIMOHHO
3aHMMAaeT 0co00e MecTo, oOecreunBasi CBSI3HOCTh yNANEHHBIX TEPPUTOPHN U TIEpEMEIIECHHE
3HAYUTEJIBHBIX 00BEMOB Tpy30B. OIHAKO HA COBPEMEHHOM 3Talle OTPaciib CTAIKUBAETCS C
KOMIUIEKCOM CTPYKTYPHBIX NMPOOIeM, CpeAu KOTOPBIX MOXKHO BBIIEIMTH M3HOC OCHOBHBIX
¢onmoB, aehUIMT KBaNH(UIMPOBAHHBIX KaJpOB MW HEJOCTAaTOYHYIO HWHTEHCUBHOCTH
IIPOIIECCOB TEXHOJIOTHYECKOH MOICPHU3AIIHH.

B ycnoBusix nudpoBoil TpaHChOpMAlMU M KaIpoBOro Jeduimra Ha BHYTPEHHEM
BOJHOM TpPAaHCHOPTE KadecTBO B3aMMOJACHCTBHS OJHOTO M3 OCHOBHBIX OTpAacClIeBBIX
YHHUBEPCUTETOB — BOIKCKOro rocynapcTBEHHOTO YHHMBEpPCHTETa BOJHOTO TpaHCIOpTa
(mamee — BI'YBT) c¢ mnpeampusatusMu CyIOOCTPOCHHS, CYJOXOACTBA W IOPTOBOM
nH(PaCTPyKTypHl, CTAHOBUTCSI KPUTHYECKUM (pakTopoM pa3BuTHs oTpaciu. HenocraTtouHo
MIPOJYKTUBHOE B3aMMOACHCTBHE NPO(UIBHOTO By3a € OTpPACICBBIMH IIPEIIPHUATHSIMH
BBI3BIBAET DPA3PBIB B IPEEMCTBEHHOCTH NPO(ECCHOHAIBHON IOATOTOBKH, TPAJAWUIMOHHO
OCYIIECTBIISICMOM ITyTEM TECHBIX B3aUMOCBS3EH MEXIy NPOW3BOJACTBOM, HAyKoOH u
00pa3oBaHUEM.

AHanu3 Hay4YHOW JUTEpaTypbl MOKAa3bIBaeT, YTO NMpobOieMa KOOpIWHAIMK ISHCTBHHA
YHHBEPCUTETOB M paboTomarteneil HaxoauTcs B (OKyce BHHMAaHHS COBPEMEHHBIX
uccnenosarened [1-5]. OpHako, Kak CHpaBeUIMBO OTMe4aercss B psne  padorT,
cymiecTBylomue (Gopmbl COTpyaHHYecTBa (y4acTHEe B sIpMapKax BaKaHCHH, pPa3OBbIC
xozporosopuele HMP, npusnedenne npeacraButeneil padorogarenei K rocynapcTBEHHON
HWTOTOBOM aTTEeCTAllMM) HOCAT NPEUMYIIECTBEHHO OJIM30JMYECKU XapakTep H He
MTO3BOJISIFOT B IIOJIHOM Mepe peaiM30BaTh MOTEHIMAN JOJITOCPOYHOro mapTHEpcTBa [1, c.
100-111]. Takas Mozmenb, YCIOBHO Ha3blBaeMas «PHIHOYHON» MM «KOHTPAKTHOI,
NPUBOIAUT K AyONMpOBaHWIO (YHKIMH, YBEIMYEHHIO 4YHWCIA COTJIACOBAHMH W, Kak
CIIEICTBHE, K BO3HMKHOBEHHMIO CHCTEMHBIX HOTEPb, CBA3AHHBIX C HECOIJIACOBAHHOCTBHIO
BHYTPEHHHX PETrJIaMEHTOB CTOPOH.

BaxHo mnomdepkHyTh, u9TO 3((EKTHBHOE YNpaBICHHE MpoLeccaMu BHYTPH BY3a,
BKJIIOYasi 00pa30BaTEeNbHYI0 M MHHOBAIIMOHHYIO JESTEIBHOCTD, SIBISICTCS HEOOXOIMMBIM
YCIIOBHEM [T TIOCTPOEHUS NPOIAYKTHUBHBIX OTHOIICHHWH C BHENIHMMM MapTHEpamu. Kax
copaBemuBo oTmedaeT E.M. Kor B CBOEM JUCCEPTAlMOHHOM  HCCIIEIOBaHHH,
MTOCBALIEHHOM YTIPABICHHIO PHUCKAMHU B WHTETPHUPOBAHHBIX CTPYKTYpaxX, CHHXPOHU3AIUSL
BHYTPEHHUX IIPOLIECCOB OpraHW3allid ¢ TpeOOBAaHMSAMH BHEIIHEH Cpeasl IO3BOJSET
MHUHUMU3HUPOBATh MOTEPH HA CThIKaX B3auMojaeucTBus [6]. OcoOeHHO 3TO aKTyalabHO IS
Takoil creruduueckoi cepbl, Kak BOIHBIN TPAHCIIOPT, IJI€ BO3HUKAIOT JIOMOIHUTEIILHBIC
CHUCTEMHBIE PUCKM M3-32 HAaKONMMBIIMXCA npoOseM. OTnenpHBIE  HCCIIEIOBAHUS
aKIEHTHPYIOT BHUMaHHE Ha Bompocax IU(POBOH TpaHCHOpPMAIMU W YCTOHYMBOTO
pazButus B cynoctpoeHuu [7; 8], a Takke Ha METOJOJOTMU CHCTEMHON OLEHKHU
(G (PEKTUBHOCTH PA3IMYHBIX AaCHEKTOB JESITEJFHOCTH BOJHOTO TPAHCIOPTa, BKJIIOYAs
UCTIONIb30BaHNE IU(POBBIX TEXHOJOTHH [yt oOocHOBaHus peweHuit [9; 10]. Pemenue
npoOleM MHOTHE HCCIIEA0BAaTeId BHIAT B YCWICHHH B3aMMOJCHCTBHS OTpacid H
TpaHcopTHOTO obOpasoBanus. Tak, .B. Mapuue [11] paccmarprBaeT mapTHEPCTBO Kak
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KJIFOYeBOM (hakTOp pasBUTHS MOPCKOTO OOpa30BaHMWS, BBIIENSS IIEJEBOM KOHTPAaKT H
NOJJIEp)KKY 0a3 sl  IUIaBaTeNIbHOM NPakTMKM B KauyecTBE OCHOBHBIX  (OpM
B3aumoneiictBusa. G. Zhan ¢ coaBropamu [4] Ha OCHOBE OMOIMOMETPHUYCCKOTO aHAJM3a
MOATBEPKIAIOT YCTOWYMBBIA POCT 4YHCNa MyONMKanMid 10 TEMaTHKE YHUBEPCHTETCKO-
npoMelnuieHHoro corpynHudectBa, a C. Nielsen u J.C. Sort [5] uccneayror TO, Kak
EHHOCTh cO3MaéTcsi ® OOMEHMBAaeTCs Ha pa3HBIX CTaguiX B3aUMOJCHCTBUS.
MeTtopmonornieckre BOIPOCH ONEHKH 3(P(EKTHBHOCTH COTPYTHHYECTBA TPAHCIIOPTHBIX
MIPEONPUATHIA U BYy30B B paMKaX JIOTHCTHYECKOTO Kiactepa paspadareiBaror M. Kovbatiuk n
V. Shevchuk [12], mpeanaras HHTETpaIbHBIN HHACKC U pacdéTa pe3yIbTaTHBHOCTH.

Takum  oOpa3oMm, TIpOBEAEHHBIN aHANNM3 HAYYHOW  JHUTEPAaTyphl  IO3BOJACT
KOHCTaTHpoBaTh ciexyromee. CymiecTBYIOIINE WCCIEAOBAaHUA, O€3yCIOBHO, BHOCIT
CYIIECTBEHHBIH BKJIaJ B IIOHMMaHWE NPOOJIEM B3aMMOJCHCTBHS BY30B U NPEANPHATHH, a
TaK)kKe B Pa3BUTHE METOJIOJIOTMHU OLCHKU 3 deKkTHBHOCTH Ha TpaHcropTe. OHAKO OHH, KaKk
NpaBWJIO, HOCAT MO0 (parMeHTapHBIH XapakTep (3aTparuBasi OTAENbHBIC aCIEKTHI:
NPaBOBbIE, SKOHOMHUYECKHE, OpPraHH3alMOHHbIE), JIMOO OPHUEHTHPOBAaHbI Ha KOHEYHBIE
pe3ynbTaThl (HampuMep, IoKa3aTelld KOMMep4yeckod 3()(eKTHBHOCTH WHBECTHUIMH), HE
(dokycupysich Ha CHCTEMHBIX MNOTEPSIX, BO3ZHHMKAIOMIMX HEMOCPEACTBEHHO B Ipoleccax
B3aMMOJICHCTBHA HAa CTBIKAX YIPaBICHYCCKHX KOHTYpPOB. OTCYTCTBYeT KOMILICKCHBIH
WHCTPYMEHTAPHH, TIO3BONIIONIMA Ha paHHUX »dTalax JUarHOCTHPOBATH KOHQIHUKT
KOHpHUTypanuii MEXIy By30M U IPEANPHATHEM (KaK COIHAIBLHO-3KOHOMHUYECKHUX CHCTEM),
BELBIITH  30HBI HEI(P(PEKTUBHOCTH W TpeyiaraTb OOOCHOBaHHBIC  HAIpPaBICHUS
ONTUMU3AINH YIIPABICHUYECCKUX PETIIAMCHTOB.

B CBs3u C W3JI0XKCHHBIM, I€Jb HACTOSAIICH pabOThI 3aKit04YaeTcs B pa3paboTke H
000OCHOBaHMM METOJMKHA CHCTEMHON JuarHoctukd B3aumojeiicteus BI'YBT wu
NPEANPUSTHHA BOAHOTO TPAHCIOPTA, MO3BOJISIOIIEH (opMaM30BaTh MEXaHU3MBI TaKOI'O
B3aUMO/ICHCTBUS, BBISBUTH 30HBI TOTEHIMANBHBIX IMOTEPh M IMPEAJIOKUTH HAIPaBICHHS
ONTUMU3AIMM KOHTYpOB ympaBneHus. llpeanmaraemas MeTonunka OpPUEHTHpPOBaHa Ha
NPUMEHEHNE Ha dTale MPEANPOSKTHOrO aHaiu3a U He TpeOyeT NMpHBJICYECHUs TPYHAOEMKUX
KOJIMYECTBEHHBIX OIICHOK HA HAYaJIILHOM JTalle.

B cooTBeTCTBUM € TIOCTaBICHHO LETBIO0 B CTAThE PEIIAIOTCS CICAYIOIINE 3a1a9n:

1. OO6OCHOBaTh TEOPETHKO-METONOJIOTHUECKNE pAaMKH WCCICIOBaHHA Ha
ocHOBe cuHTe3a tunosnorun cucrtem [.b. KueiiHepa u Teopuu
TPaHCAKIIHOHHBIX U3JICPHKEK;

2. Pa3paboTaTth anropuTM CHCTEMHOW IUATHOCTHKH, BKIFOUYAIOIIUN ATAITBI
MPUOPUTH3ALNN BHUIOB JEATEIBHOCTH, IPOBEPKH KOMIUIEMEHTAPHOCTH
KPUTHYHBIX OJIOKOB M MapamMeTpuueckoil (hopmMaan3aiiy IpoLeccos;

3. CodopmupoBaTh CHCTEMY aHAJUTHYECKMX MHCTPYMEHTOB (MaTpHLa
NPUOPUTETOB, (PYHKLMS KPUTHYHOCTH, MapaMeTpuyeckass MOJelb 3aTpar,
MAaTpHIla HOTEPb), HEOOXOAUMBIX JUIA PeaTn3allii TUarHOCTHKHY;

4. TlpennoxuTh OO0 CXeMy JHWAarHOCTUKA W YCJIOBHUS 3aBEepIICHHS
UTEPAIIMOHHOTO [IUKJIA.

MeTtoanl

B ocHoBy pa3pabOaTbiBaeMOH METOAMKH TIOJIOKEHBI JBE B3aUMOJIOTOIHSIONINE
TEOPETHYECKHE KOHLEMIUY, MO3BOJIAIONIE KOMIUIEKCHO aHAIU3UPOBATh B3aMMOJEHCTBUE
CJI0’KHBIX COL[MATIbHO-2KOHOMUYECKHUX CUCTEM.

B cooTBeTCTBUU C DKOCUCTEMHON THMOJOTHeH skoHOMHuuYeckux cucteM [.b. Kieiinepa
mobas  COIMANbHO-DKOHOMHYECKass CHCTeMa MOXKET OBITh OXapaKTepH30BaHa dYepes
KOMOWHAIIMIO YeTHIPEX HACATBHBIX THUIIOB CHCTEM: OOBEKTHBIX (OTPAaHWYECHHBIX B
MIPOCTPAHCTBE, HO HEOTPAaHWUYCHHBIX BO BPEMEHHM), NPOLECCHBIX (XapaKTepPH3YIOIINXCS
YCTOIUMBOW TMOBTOPSIEMOCTHIO OTEpalMii W aJIrOPUTMOB), MPOEKTHBHIX (HAIENICHHBIX Ha
YHHUKaJIBHBIN pe3ybTaT B OTPaHMYCHHOE BPEeMs) U cpeloBHIX (popmupyromux oomuii GpoH
NpaBWJl, HOPM M paMoK Biammopeiicteust) [13, c. 746; 14, c. 24-36]. BzaumopneiictBue
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MEXAY Pa3HOTUNHBIMH CHCTEMaMH IIOPOXJAeT TaK  Ha3bIBAGMBIH  «KOH(IHMKT
KOH(Urypanuii», KOTOPBI MOXET BBIpaXKAaThCS B HECOTJIACOBAHHOCTH YIPaBICHYECKUX
pEerIaMeHTOB, BpPEMEHHBIX TOPU30HTOB MJIAHUPOBAaHMS U KPUTEPUEB  OLEHKHU
pe3ynbratuBHOCTU. CleyeT OTMETHTh, YTO JaHHBIHA IT0/IX0/ HaXOAUT pa3BUTHE B paboTax
3apyOeXHBIX aBTOPOB, B YAaCTHOCTH, B KOHIEMIMSX JKOCHCTEMHOTO YIpPaBJICHUS
npexnpusitaeM [15].

B pamkax pasHOW pabOTBI 3TOT TEOPETHYECKHH IOAXOJ HCIIONB3YeTCS Ui
knaccupukamun BunoB aearenbHoctd BI'YBT w mpemnpusToii BOZHOTO TpaHCIIOPTA.
[Ipennonaraercsi, 4To0 By3 B CBOEH OCHOBHOW [IEATENBHOCTU TATOTEET K NPOEKTHOM M
cpemoBoil KOHGUTypamusiM (HaydHbIE WCCIIEIOBaHHA, pa3paboTka 00pa30BaTEIBHBIX
nporpamM, (GpopMHpPOBaHWE WHCTUTYIHOHAJIBHON Cpenbl), B TO BpeMs Kak HPEANPUITHE
OPHEHTHPOBAaHO Ha OOBEKTHO-IPOLECCHYIO JIOTHUKY (dKCIUTyaranmsi (JoTa, pPEMOHT,
NPOM3BOJCTBO).  PaccornmacoBanue 9TUX  KOHQUIrypanuid  sBISIETCS  MCTOYHHUKOM
3HAYUTENBHOM 9acTH MOTeph NPU B3aUMOJIHICTBUN.

B Tteopunm TpancakumoHHelx wusgepkek P. Koyza u O. VYwumeamcona mnof
TPAHCAKLMOHHBIMU M3/€p’KKaMU NOHMMAIOTCS 3aTpaThl Ha KOOPAMHALIMIO, COTJIaCOBaHHUE,
KOHTPOJb M aJalTalldio, KOTOpble HE CBsS3aHbl HEMOCPEJICTBEHHO C IPOU3BOICTBOM
ocHOBHOTO Omara [16, c. 386-405; 17, c. 448]. [IpuMeHUTETHHO K B3aUMOJICHCTBUIO «BY3 —
MPEATIPUATHE» TaKUMU H3AEP’KKaMH BBICTYMAIOT: BpeMsI HA TOATOTOBKY M BHU3HPOBaHHE
JIOTOBOPOB, M30BITOYHASI BHYTPEHHSISI OTYETHOCTD, COTTIACUTEbHbBIC COBELIAHMS, aAalTaIM
JOKYMEHTAIMX T0J] PAa3JIMYHbIC PErJIaMEHTHI, 3aTpaThl Ha IOWCK IAapTHEPOB M BEICHHE
NIEPETOBOPOB. OTH M3JAEPXKKH, Kak TIPAaBWIO, HE OTPAXAOTCS B sABHOH (opme B
OyXranrepckoi OTYETHOCTH, HO UMEHHO OHU COCTABISIFOT OCHOBY MOTEPH, BO3HUKAIOLIMX
IIPU HECOTJIACOBAaHHOCTH YTIPABICHUECKUX KOHTYPOB.

Ilpoyedypa cucmemnou Ouacnocmuku. Pa3paOaTbiBaeMas METOAMKa peaIu3yeTcs
MoCIeI0BaTeNbHO Ha TPEX CTaausAX, Kaxaas M3 KOTOPBIX MMeeT COOCTBEHHBIE
aHAJUTUYECKHEe MHCTPYMEHTHl M KPUTEpPHUU Ilepexoja K ciemyiomed craauu. MeTtoauka
HOCHUT UTEpPallMOHHBIM XapakTep: €eclIM Ha BTOPOM CTaAMM HE BBIABICHO 30H
KOMIUIEMEHTapHOCTH, OCYIIECTBISETCS BO3BpPAaT K MEPBOH CTaguM A IEpecMoTpa
IIPUOPHUTETOB WM BEIOOpA APYroro OJI0Ka e TEIbHOCTH.

Cmaous 1. PamxupoBaHue BHIOB ACATEIFHOCTH C CHCTEMHOW Kiaccudukarueil. Ha
NEepBOM LIare Npou3BOAUTCS JAexkomno3uuus nestenbHocty BI'YBT u  tumosoro
TIPEATIPUSATHSL BOJHOTO TPAHCIIOPTa HA KPYIHbIE (QYHKIIMOHAIBHBIE O10KH. Kaxkiomy Giroxy
MIPUCBAUBACTCS THIT CHCTeMBbI 10 Kiaccudurannu Kieitnepa [13; 14; 18] u skcnepTHBIM
IyTEM ompenensercs: paHr 3HauuMocTH (0T | 10 4) U1 TaHHOM CTOPOHBI B3aUMOJICHCTBUS.
PamxupoBaHHE OCYIIECTBIAETCS HAa OCHOBE aHAJIM3a CTPATETHUYECKHUX JOKYMEHTOB
(ITporpaMmBbl pa3BUTHS By3a, TEXHOJOTHYECKUX CTPATETHIl OTPACIEBBIX MPEATIPHIATHIH) H
MIpeBapUTEIbHBIX HHTEPBBIO C PYKOBOAMTENAMHU MoJpa3jeneHuil. PesynpTatom cragum 1
spisiercst Marpuua npuopuretoB (Tabn. 1), ¢dukcupyromias THIIONOTHIO JAESTEIbHOCTH
CTOPOH M THIIOTETHYECKHUE KpUTHYeCKue (a3bl — Hambolsiee YS3BUMBIC 3BEHBS, TJE
BHYTPEHHHE MpOLECCH HanOoyiee HYXXKIAIOTCSI BO BHEIIHEH MOAJEP)KKE WM, HalpOTHB,
SIBIISIFOTCS] ICTOYHUKOM ITOTEPh MPH B3aUMOJICHCTBHH.

Tabauya 1
MaTpuua npHOpUTETOB AesITeJbHOCTH ¢ TUNoJorueii cucrem (no I'.b. Kneiinepy)
Bbrok nesitenpHOCTH Tun cucremsl (10 Panr mus Panr mns T'unorernueckas
Knetinepy) BI'YBT TIpeIpH- KpuTHieckas daza
ATHS
O6pazoBanue / IMpoueccuas (By3) / 1 2 Crapenue [1I1C/
MOJTOTOBKA KaJpOB Cpenosas JebUIHUT MOJIO/BIX
(npenmnpusitre) CTCIUAITIICTOB
Hayka / HUOKP [IpoexTtHas (BY3) / 2 3 Crabas
[IpoekTHas KOMMepuuaan3amms/
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Brok nesrensHOCTH Tun cucremsl (1Mo Panr nns Panr qns T'unorernueckas
Kreitaepy) BI'YBT HIpeanpu- KpHUTHYecKas (aza
SITUSE
(mpennpusitue) HEIOCTaTOK
MPUKIaJHBIX
HMHHOBAIIMOHHBIX
pa3paboTok
Undpactpyxrypa / Oo6bekTHas (By3) / 3 4 Henosarpyska
obopynoBanue OObeKTHas TpeHAXEPOB/
(mpennpusitue) IeGUIUT JOCTYIHOU
cepruduKanyu
Vnpasrienue / Cpenosas (By3) / 4 1 U36sITOUHOE
(uHAHCH IMponeccuas KOJIMYECTBO
(mpenmpusiTue) COTJIaCOBaHMUH/
TpeboBaHue
OBICTPOTO
odopMITeHHS
3aKa30B

HUcmounux: cocmasneno asmopamu.

Cmaous 2. BplOOp KpUTHYHBIX OJIOKOB U IpOBepKa MX KOMILIEMeHTapHocTH. U3
MaTpHIBl IPUOPUTETOB OTOMpPACTCS OJMH-ABA OJIOKAa ¢ HAWBBICIIMMH PaHTaMHU AJsI 00enx
cTopoH. J{ns kaxmoro 0710ka BBOAUTCS (GYHKIHS KpUTHIHOCTH Ki(A) s By3a u Ki(B) nns
npeAnpusiTHs. 3Ha4eHUs] (QYyHKLIUH ONpPENeISIFOTCS SKCHEPTHBIM METOJIOM (Hampumep, ¢
MOMOLIBIO ONpOca PYKOBOJUTENEH MPOMUIBHBIX MOIpPa3JeieHU Mo 5-0ayulbHOM IIKae).
VYcnoBue  CyIIECTBOBaHUS ~ 30HBI  KOMIUIEMEHTapHOCTH  (B3aUMOJOIOJIHAEMOCTH
MOTPEOHOCTEH) 3aIMChIBACTCS KaK:

Ki(A)>6, (pyHKIHMS KpUTHYHOCTH Ui OJNOKa [ A7 By3a OOINBIIE WIH PaBHO
HEKOTOPOMY 3HAYeHUI0 B4 1iist By3a)

Ki(B)=0k (ananoruyHo [uist peanpHsTs),

rie 64, Op— TOpOroBble 3HAYEHMS, YCTAHABIMBAEMBIE JUIL By3a U IPEANPHUATUS
COOTBETCTBEHHO MCXOJS M3 MX CTPATETUUECKUX IPHOPUTETOB (B HACTOSILEM HCCIIEIOBAHIN
npuHATO =410 5-0ayIEHON TIKAJIE).

Ecnm yciioBue BBIIONHSAETCS, TMATHOCTHKA EPEXOANT K TpeThell craanu. Eciam Her
(MMKKM KPUTUYHOCTH HE COBIIAJAIOT) — OCYIIeCTBiIsgeTcs Bo3BpaT k Craguu | s BeIGOpa
Jpyroro 0Jioka 100 YTOUHEHHUS THITOTE3 O KPUTHYECKUX (a3ax.

Cmaouss 3. Tlapamerpuueckas  Qopmanm3anus W  BBIACICHHE  IPEIMETOB
B3aumMojeicTeus. Ha TpeTben craauu, rocie MOATBEPKACHUS HaJINYUS
KOMIUIEMEHTapHOCTH, OCYILIECTBIISIETCSl JIeTalbHBIA aHainu3 BblOpaHHOro Onoka. Jlns
KOJINYECTBEHHOTO  ONHCAHUSl  IPOLIECCOB  B3aUMOJICHCTBHS  BBOISTCS  CIIEAYIOLIHE
MapaMeTPUYECKUE XaPAKTEPUCTHKH ISl KAKIOTO MPOIIECCa J:

Pj=Tj+C + MV,
j=1n

re:

P; — monHas CTOMMOCTB BIIAICHUS MPOLIECCOM (TBIC. pyO./IIHKIT);

T; — BpeMEHHBIC TTOTEPH, HCUHCIIEMBIC Yepe3 TPYIOEMKOCTh OTepanuit l‘jk (gemn.-gac)
W CDEJIHIOI YacoBYI0 CTaBKy Wik (py0./dac), paccuntanusie mo dopmyne 77=3" tu Wik

(BpCMSI, 3aTpavYC€HHOC Ha k-IO OIepanurro B paMKax Hpoueccaj);
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C}‘ — TpPaHCAKIMOHHBIC HU3JACPIKKU (H3aep>1<1<1/1 corjacoBaHus, IIOAT'OTOBKaA OT‘-IéTOB,
KOHTPOJIb, COBeIlIaHI/IH);
/Wj— IpsAMbIC MaTCPUATIbHBIC 3aTPATHI.

Jons norepb LJ'B mporecce j ONpenensieTcs Kak:
Tj + Cj
Lj = Jj ' Jj
Pj

OO000UIEHHBIN TOKA3aTeNb I OI0Ka:
I 2i(Tj + Cj)
2 Pj

Kpome Toro, Ha JaHHOI CTaJMK BBLACISIOTCS MPEAMETHI B3aUMOICHCTBUS — KITIOYEBbIE
pecypcbl, KOTOpBIE MOTYT TepeaBaThcs OT OJJHOI B3aMMOAEHCTBYIOLIEH CTOPOHBI K APYTroi
CTOPOHE MJIM MCIIOIb30BaThCSl COBMECTHO.

AHanM3 0TpaciieBON MPAKTUKH MTOKA3bIBAET, YTO TAKUMH IIPEAMETaMH BHICTYAIOT:

1) mrou (Kaapel),

2) TexHONOTHH (Pe3yIbTaThl HHTEIICKTYaIbHOM AEATEIHHOCTH),

3) HUOKP u Hay9HO-TEXHUYECKUE YCIIYTH,

4) KOMMYHHKaNWs ¥ CAMOHNO3 YCHIIHH.

Jnst kaxkoro mpenMera ctpoutcst Marpuna noreps (Tabm. 2), mo3Bosstomas nepenTu
OT OOIIMX YTBEPKACHHUH K KOHKPETHBIM 30HAM ONTHMH3ALNH.

Tabauya 2
Marpuna notepb no npeaMeTaM B3anMOAeHCTBHS
IIpenmer Tunuuxsle HOTEPU CO TunuuHbele NOTEPH CO CTOPOHBI
B3aHMOJICHCTBHUS CTOpPOHBI By3a TIPEATIPUSITUSL
Kanps! (npakruka, PaccoracoBanne IUKIIOB JlomoHuTENbHAsT Harpy3Ka HACTABHHUKOB,
CTa)XUPOBKN) (yueOHblii To1 / HaBUTALNS), HEJOCTATOYHas IPAKTHYECKast
TPYIHOCTH CHHXPOHH3AIINU MIOJIrOTOBKA CTYJICHTOB, TpeOyromas
rpa¢ukoB. M30bITOUHBII 000y4YeHHUs Ha MECTe.
JOKYMEHTOOOOPOT IpH
0(pOpMIICHIH MPAKTHK
Texnonmoruu Jonruit Tpanchep HenonumManue akaieMHU4eCcKOro sI3bIKa
TEXHOJIOTH U3-32 OTCYTCTBUS (TepMHUHONIOTUYECKHIT Oapbep).
CTaH/IapTHBIX JINIIEH3HOHHBIX HesaBepIi€HHOCTD pe3ybTaToB
npouenyp, cinadas nmareHtHass | («IeMOHCTPAIMOHHBIE 00pa3Lbl» BMECTO
3aImuTa TOTOBOTO K BHEIPEHHIO TIPOAYKTA).
HUOKP, ycayru OTCyTCTBHE IPOEKTHOTO Henpo3spaunoe neHooOpazoBanue:
YIIPaBIICHHUS, 3aA€PKKH CAATH CTOMMOCTH pabOT JacTO BKITIOYAET
pabot. Bricokue HakIaHbIe JIOTIOJTHUTEIIbHBIE U3AEPKKH BY3a, TIPH
pacxozsl. 9TOM PBIHOYHBIE AHATIOTH MOTYT OBITH
JenieBe iy npo3paynee. OTcyTcTBHE
4ETKOM rapaHTU¥ Ha Pe3yyIbTaT.
Kommynukanus OTcyTcTBHE €IMHOM [ToTepst BpeMeHH Ha MHOTOKpaTHOE
(cum6103) nuppOBOI cpempl, COTJIaCOBAHHUE MTO3HIINIL, HETTOTHOE
HedopmannzoBanHble KaHATBl | UCTIOIb30BAHHE MTOTEHI[HATAa COBMECTHOTO
CBSI3U (3a8BKH Yepe3 JTHUIHbIC 060U POBAHNUS OTPACIIEBBIX PEIICHHUH
JIOTOBOPEHHOCTH)

Hcemounuk: cocmasneno asmopamu.

Obwas cxema ouazHOCMuKy u yciosus 3asepuienus. I1peliokeHHass METOIMKa HOCUT
UTEpalMOHHBIH XapakTep: ecan Ha Cragum 2 KOMIUIEMEHTapHOCTH He OOHapyKeHa,
ocymectsisieTcst Bo3Bpar k Cramuu | juist BeIOOopa pyroro 610ka Ju00 yTOUHEHUs! THITOTE3
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0 KpuTHYEeCKHX (ha3ax. 3aBeplIeHHE JUAarHOCTUKH IPOMCXOJUT TPH  BBIOJHEHUH
OJTHOBPEMEHHO JIBYX YCIIOBUIi:
1) unentudurpoBana xots Okl 0JJHa 30Ha KOMIUIEMeHTapHOCTU K7(4,B)=>6;
2) n7Is 9TOM 30HBI IOCTPOEHA ITapaMeTpUIecKasi MOJeNIb U MaTpHUIla OTEPb.
bnok-cxema ainroputma AMarHOCTHKH TpeCTaBiIeHa Ha pucC. 1.

CTAAWNA 1. PanxxupoBaHue 6n10KoB
JdeATenbHocTH, Knaccupukauus no KneilHepy — MaTpuua npuoputetos

-

CTAAWA 2. Beibop bnoka ¢ MakcuManbHOW KpUTUHHOCTLIO AnA obeux cTopoH

Mposepka ycnosus Ki> 6

YcnoBue

He;r/ _ BbINO/IHEHO? \
CTAAWUA 3
Bosepart k Cragum 1
(uTepaums)
Mapamerpuueckas
$opmanmsaymn

Rj:TLf—i‘Cj-f-ﬂﬁrj _T}‘-{-Cj

L;
P.
®opmupoBaHue -‘v J
npeA/sioXeHUi no MaTpuua noTepb no npegmeram
ONTUMU3ALMKU KOHTYpaA B3aMMOAENCTBUA
ynpaeneHus

Puc. 1 Briok-cxema CHCTEMHOM THAarHOCTHKH B3aUMO/ICHCTBUSI «BY3 — MIPEANPUATHE
(CocraBneHo aBTOpaMH)

Pe3yabTaThl

Pa3zpaboTanHas MeETOAMKA CHUCTEMHOM JMAarHOCTUKH MO3BOJISIET CTPYKTYPHUPOBATH
npobinemHaoe nosne B3aumozeicTBus BI'YBT u oTpacieBbIX MpeanpusTHiA, BEIIBUTH 30HEI
MOTEHIMANbHBIX TOTEPh M ONPEJCIUTh HANpaBICHUS Ul ONTHUMU3ALUU YIPABICHUYECKUX
KOHTYpOB. KiTtoueBbIMH pe3ybTaTaMH MIPUMEHEHUS METOIUKH SIBJISIOTCS:

1. Mampuya npuopumemos, pUKCUpYIOIIask TUIIOJIOTUIO BHJOB ACATEIBHOCTH CTOPOH U
runorernyeckre kKpuruueckue ¢aswl (Tadn. 1). DTOT MHCTPYMEHT MO3BOJISIET MEPEBECTH
pa3po3HEHHbIE  OJKCHEPTHbIE  CYXKJAEHMS O  mpodjemMax  B3aMMOJCHCTBUS B
CTPYKTYPHPOBaHHYIO HOpMY, YIOOHYIO IJIsl JalbHEHIIero aHanmsa.

2. @yuxyus kpumuunocmu Ki(A,B) W ycIOBHE KOMIUIEMEHTapHOCTH, KOTOpBIC
NIPEBPAINAIOT KAa4eCTBEHHBIE OSKCHEPTHBIE OIEHKH B (OPMAIN3YEMBIH KpUTEpHH IS
NPUHATHS PEUIeHUs] O IeNecoo0pa3sHOCTH yIITyOJIEHHOTO aHaiaW3a KOHKPETHOTO OJioka
JIeSITEbHOCTH.

3. Ilapamempuueckas moodenb oueHKH 3arpaT u noreps (Pj=7; + C + My
Lj = (Tj+ Cj)/Pj), koTopas TO3BOJISIET KOJINYESCTBEHHO OMUCATh CTPYKTYPY H3ICPIKEK MO
BBEIOPaHHOMY IIPOIIECCY B3aMMOAEHCTBHS.

4. Matpunia nmoTepb no npeameram B3aummopewctBus (Tadm. 2), cuctemarusupyromias
TUIIMYHBIE W3JIEPXKKHU U KKIOH U3 CTOPOH IpH 0OMEHe KITFOUEBBIMU pecypcamu (Kaapsl,
texnosorun, HUOKP, xoMmmyHunkarusi). Marpuna MOXeT OBITh UCITOB30BaHA KaK YeK-JIUCT
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npu TMpoBEACHUM JUATHOCTUKU W KaK OCHOBa [JJid BI)IpaGOTKI/I peKOMeH)IaHI/Iﬁ 10
OIITUMU3AIH.

Oocy:xnenune

IIpennosxeHHass METOAMKAa OPTraHMYHO BIHCHIBAETCS B CYLIECTBYIOILYIO Mapagurmy
CHUCTEMHBIX HCCJIEJOBAaHMH B SKOHOMHKE, pa3BuBaeMyto B paborax I'.b. Kiueiitnepa u ero
mocienosareneit [13; 14; 18; 19]. B oTnmume OT M3BECTHHIX pa3pabOTOK, TAE AKIEHT
JieaeTcs MPEUMYIECTBEHHO HA aHAlIM3€ WHBECTUIHOHHBIX NPOLECCOB WM YIPaBICHUHU
Ka4eCcTBOM, IpeUlaracMblii  MOAXOA  (OKyCHpYeTCsl Ha  HPOLECCHOH  CTOpOHE
B3aMMOJEHCTBHA M BBIABICHHU IOTEPh, BO3ZHUKAIOIIMX HA CTHIKaX YIPaBIEHYECKHX
KOHTYPOB.

BaxHO!T OCOOCHHOCTBIO METONWKH SBISIETCSI €€ WTepallMoOHHBIA Xapakrep. OTO
03HauaeT, 4YTO [JUArHOCTHKAa HE TPEANojaraeT OJHOKPaTHOTO  «HU3MEPEHHA» U
ToCNeAyIome BhIpaOOTKM PEKOMEHIAINHA, a JOMYCKaeT BO3MOXHOCTh MHOTOKPaTHOTO
BO3BpaTa K IPEIBIAYIIMM STarnaM IpH OOHApyKEHHUH HECONPSraeMOCTH IOTpeOHOCTEH
cTopoH. Takoil momxon MO3BOJSIET M30€XkKaTh JIOKHBIX HPEANOJIOKEHHH U IOCTEIIEHHO
CyXKaTbh 30HY IIOMCKa.

IIpu 3TOM cCinenyeT NMOAYEPKHYTh, 4TO IIpelularacMas METOJUKa HE IPETEHAYeT Ha
MOJTHOTY KOJIMYECTBEHHOIO aHalW3a Ha HadallbHOM J3Tane. BBeneHue mapaMeTpudecKoi
MOJENN CITyXKUT, MPEXKJE BCEro, JUId WIMIOCTPALMU JIOTUKW JaNbHEHIIEro aHanu3a Hu
3aJaHUsl HANpaBlICHHWs Ui cOopa [MaHHBIX Ha MOCIEAYIOIMX JTamax. KoHKpeTHbIe
YHCIIOBBIC 3HAYCHUS BPEMEHHBIX M TPAHCAKIMOHHBIX HM3JCPKEK MOTYT OBITH IOJYYEHBI B
X0/e Tocieqyromeil anpo0anuyd METOAWKHM HAa OCHOBE pPEANbHBIX JOTOBOPOB, HO 3TO
SIBIIICTCA MIPEIMETOM OT/ICJIBHOTO UCCIIEIOBAHHUS.

KpOMe TOT0, CJICAYET OTMCTUTH OTpaHUYCHUA MPpECAIaracMoro mnoaxoja. BO-HepBI)IX,
¢Gyuxuus kputnanoctu Ki(A,B) u noporoseie 3navenus G4, Gz 3a7aI0TCS IKCIEPTHBIM
MyTEM, YTO MpeNIoNiaraeT HaJIMYUe ONpeeIEHHOTO YPOBHSI CYOBEKTHBHOCTH. BO-BTODEIX,
napaMeTpudecKas MOJIETb HE YUUTHIBAET BOBMOXHBIE CHHEpreTHIecKre 3(h(heKThI, KOTOphIe
MOTYT BO3HHKATh IIPH OJHOBPEMEHHONW ONTUMH3ALMK HECKOIBKUX MPOLECCOB. B-TpeThux,
npeanaraeMasi MaTpHUIa MOTEPh SBISETCS 000OMIEHHON M MOXKET MOTpeOOBaTh ajanTalun
MIPUMEHHUTEIBHO K KOHKPETHBIM BUJIaM AEATENLHOCTH UM OPraHU3alHOHHBIM CTPYKTypaM.

HecmoTps Ha yKkasaHHBIE OTpaHMYCHHWS, pa3paboOTaHHAs METOAMKA HMEET
HECOMHEHHYIO TPAaKTHUECKyl0 IeHHOCTb. OHa MoOXeT ObITh WCIONBb30BaHA IIPH
q)OpMI/IpOBaHI/II/I CTpaTeruu pasBUuTUA B3aHMO)IeI>iCTBH5[ C OTpacCJIEBBIMU TNPECANIPUATHAMU, A
TAaKX€ B KaUCCTBC MHCTPYMCHTA BHYTPEHHEI'O ayauTa A APYTUX TPAaHCIIOPTHBIX BY3O0B.
JlanpHeWIIMM HampaBlIEHHEM HCCIEAOBAHUM SBISETCA OJMIUpPHUYECKas BepH(UKALUA
MIPEUIOKEHHONH METOAMKHM Ha pACIIMPEHHOW BBIOOpKE IOTOBOPOB, a TaKXKe CO3AaHUE
IU(POBOro WHCTPYMEHTApHsi Uil aBTOMATH3MPOBAHHOTO MOHUTOPUHIA BpPEMEHHBIX U
TPAHCAKIMOHHBIX U3JIEPHKEK.

3akarouenue

B xone HacTosIIero uccie10BaHus JOCTUTHYTHI CIIEYIOIINE OCHOBHBIC PE3yJIbTaThl.

1. Pa3paborana MeToAnMKa CHUCTEMHOW IMAarHOCTUKH B3aWMOJAEHCTBHUSI OTPACIEBOTO
YHHUBEPCHUTETA U MPEANPHUATHI BOAHOTO TPAHCIIOPTA, BKIIIOYAIOIIAs 3TAlTbL:

a) paHmXHpOBaHWE BHJOB [ESTEIHFHOCTH C KiIacCH(UKAIMEH 10 THITy CHUCTEM
I'.b. Knelinepa u mocTpoeHHe MaTpHUIlB IPHOPHUTETOB;

0) BEIOOp KPUTHYHBIX OJIOKOB M IPOBEPKY MX KOMIUIEMEHTAPHOCTH Ha OCHOBE (DYHKIIUH
KPUTHYHOCTH ¥ TIOPOTOBBIX 3HAYCHUH;

B) IapaMeTpH4ecKyro (opMaaM3alii0 MpPOLECCOB C BBEACHHEM IOKa3aTenei
BPEMEHHBIX, TPAHCAKIIMOHHBIX W MAaTEPHUANbHBIX 3aTpat, a Takoke (GopMHUpOBaHNE MAaTPHIIBI
MOTEPh IO MPEAMETaM B3aUMOACHCTBHSL.
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2. IlpennoxeHa cuUCTeMa AaHATUTUYECKMX HMHCTPYMEHTOB, BKIIIOYAIOLIAas MAaTpUILY
MPUOPHUTETOB, (DYHKIMIO KPUTHYHOCTH, apaMeTpuyeckyto monens 3arpat (Pj = Tj+ G+
M; Lj = (Tj+ Cj)/Pj), a Taxke Marpuily moTeph IO 4YeTHIpéM 0a30BBIM MpeaMeTam
B3aumoeiicTBus (kaapsl, Texnonoruu, HUOKP, kommyHuKarus).

3. Pa3paborana oOmas cxema JUAarHOCTHKH, MMCIOIIAs WTEPAllMOHHBIA XapakTep U
BKIIOYAIONasi yCIOBHE 3aBEPUICHHS: HACGHTH(QUKamus XoTs Obl OXHOH  30HBI
KoMIuieMeHTapHOCTH (Ki(A,B) = 6) u mocTpoeHHe AIs STOW 30HBI IapaMeTpHYecKon
MOJIENM ¥ MaTPHILBI IOTEPb.

4. CdopMynupoBaHBl HANpaBlICHUA MAaJbHEHIINX WCCIEIOBAHUN: SMIHpPHUIECKast
Bepu(UKanus METOIMKHA Ha OCHOBE aHamu3a goroBopoB BI'YBT; pa3paboTka u muinoTHOE
BHeJIpeHHe IHU(POBOro TpeKepa 3aKa3oB; CPAaBHUTENbHBINH aHamu3 3()(EKTHBHOCTH
Pa3IMYHBIX MOJIENEH MPOCKTHBIX O(UCOB IPH YHUBEPCUTETAX.

[Tonyuennsle pe3ynpTaThl MOTYT OBITH ucmonb3oBaHel BI'YBT mnpu cosmanun
IIpOrpaMMbI Pa3BUTHUSA B3aUMOJCHCTBUS C OTPACIECBBIMH MPEAIPUATUSIMHU, a TAKKe MOTYT
OBbITh TUPA)XUPOBAHBI HA IPYTHE TPAHCIIOPTHBIE BY3BI.
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Annorammsi. [IpexmeroM ncciemoBaHUs SIBISIETCS TPAaHCIIOPTHO-JOTHUCTHYECKAsT CHCTEMa
tora [Ipumopckoro kpas, obecreunBaroIas B3aHUMOJCHCTBHE MOPCKHX IIOpPTOB,
KEJTEe3HOAOPOKHBIX U aBTOMOOMIIBHBIX MTOJXO0JI0B, @ TAKXKE IIYHKTOB MIPOITyCKa HA TPAHMUIIE C
KHP u KHJ/P. llenp craTbu COCTOMT B OLEHKE BIWSHHUA HOBOTO IOpTa-xaba Ha
nepepacnpefeneHie TPy3OHNOTOKOB, 3arpy3Ky OOBEKTOB M HalMude Y3KHX MeCT B
paccmarpuBaeMoil cucteMe. MeTOJUUEeCKyl0 OCHOBY MCCIICIOBaHUS COCTaBHJIO CLIEHApHOE
MOJIETUPOBAaHHE C KCIOJIB30BAaHHEM LHM(PPOBOH MOJENHM IOKHOM YacTH TPaHCIOPTHO-
JIOTUCTUYECKOW  cucTeMbl  [IpuMOphsi, peann3oBaHHOW Ha 0a3e  TPAHCIOPTHO-
9KOHOMHYecKoro Oananca. ComocTaBieHsl JBa cueHapusi pasutus jpo 2035 1.
WHEPIMOHHBIA M CIEHAapHid C CO3ZaHUEM NOopTa-xaba M COMPSDKCHHOW TPaHCIOPTHOM W
MIPUTPaHUIHON HMHQPACTPYKTYpHl. Pe3ymbTaTel pacdeToB MOKa3ald, YTO B MHEPIHOHHOM
CIICHApUHU COXpAaHETCs Meperpys3ka psaa KIIoYeBbX 00bekToB, BKiIroyas KA MaxanuHo,
nopTel BraguBocTok u 3apybuno, TepMunan CraBsHKa U KeIE3HOAOPOKHBIN ydacTok 207
KM — rocynapctBeHHas rpanuna ¢ KHP. Bo BTopoMm creHapuu Harpyska Ha OCHOBHBIC
JUMUTHPYIOIIME 3JIEMEHTBl CHI)KAETCA, a TPY30HOTOKHM IIepepaclupeaeisiioTcss MEeXIy
oObekTamu cetH. ChenaH BBIBOJ, YTO CHCTEMHBIH 3(@QeKT maeT He H30JIMPOBAHHOE
CTPOUTENBCTBO HOBOTO IOpTa, a ()OPMHUPOBAHHE HHTETPUPOBAHHOTO TPAHCIIOPTHO-
Joructudeckoro ysna. IlomydeHHbIe pe3yibTaThl MOTYT HUCTIOIB30BAaThCA IPH 0OOCHOBAHUM
MHPPACTPYKTYPHBIX pemieHni Ha ore [IpuMopckoro kpasi.

KnroueBble cioBa: mopr-xal, TPaHCHOPTHO-JIOTHCTHYECKas cHcTeMa, for [Ipmmopckoro
Kpasi, TPy30IO0TOKH, CLIEHAPHOE MOJEIMPOBAHUE, y3KHE MECTa, NPOITYCKHAs CIHOCOOHOCTB,
METyHapOIHBII TPAH3UT, TPAHCIIOPTHASI HHPACTPYKTypa

Port-hub in the transport system of the south of Primorsky Krai
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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

W3menenne reorpaduu BHEIIHEH TOproBiIM Poccuu B mociienHUE TOABI CYIICCTBEHHO
MOBBICHJIO 3HAYEHNWE BOCTOYHOTO HATPABJICHHS M TPAHCIIOPTHOM cHCTEMBI fora JlanmbHero
Boctoxka. B atux ycnousx tor [Ipumopckoro kpas npuodperaer ocodoe 3HadeHHEe KaKk 30Ha
CONIPSOKEHUST ~ MOPCKOHM,  JKEIEe3HOJOPOXKHOH,  aBTOMOOWIBHOW ¥ NPHUTPaHWYHOU
nHppacTpykTypsl. BMecTe ¢ TeM pocT Harpy3kd Ha JaHHBIH Y4acTOK BBISBHJ HE TOJIBKO
MeGHUIMT OTACIBHBIX MOIIHOCTEH, HO W 0Ooyiee OOMIYI0 MPOOJIEMYy HECOTJIACOBAHHOCTH
pa3BuTUsL MHQPACTPYKTYPHBIX 3JEMEHTOB, OT KOTOPOW 3aBHUCUT IIPOMYCK 3KCIIOPTHO-
HUMIIOPTHBIX, BHYTPCHHUX U TPAH3UTHBIX I'PY30IIOTOKOB.

Ha mpoTspkeHMM [UIMTENBHOTO BPEMEHH peIIeHHe 3TOM 3aJaud CBS3BIBAJIOCH C
Pa3sBUTHEM MEKAYHAPOIHBIX TPAHCHOPTHBIX KOpuaopoB «IIpumopse-1» n «Ilpumopse-2».
OpHako HaaM4He BBITOAHOTO TeorpauIecKoro MOJOKEHHS M IOTEHIHAIBHOIN Ipy30BOH
6a3pl camo mo cebe He obecredmso (OPMUPOBAHUS YCTOHYMBOM CHCTEMbBI CKBO3HBIX
MYJIbTUMOJAIBHBIX TepeBO30K. OTrpaHWYEeHUsIMH OCTAlOTCS MPOITyCKHAst CIIOCOOHOCTH
KEJIE3HOJOPOXKHBIX M aBTOMOOWJIBHBIX MOIXOZOB, IapaMETPhl MYHKTOB IPOITyCKa,
COTJIAaCOBAHHOCTHh pa0OTBHl PA3HBIX BHIOB TPAHCIOPTA W HEJOCTATOYHAS pPa3BUTOCTh
COIYTCTBYIOIUX JIOTHCTHUECKUX cepBHCcOB [1-4]. B pesynsrare tor Ilpumopss moka He
BBHIIIOJIHAET B MOJHOM Mepe GYHKIMH Yy3Ja IepepaclpelesieHusi TIpy30NOTOKOB, a
TPAaHCIIOPTHAsI CHCTeMa pabdOTaeT C BBICOKOW YYBCTBUTEJBHOCTBIO K JIOKAJIBHBIM
Meperpy3Kam OTICIbHBIX 00BEKTOB.

B 3Tux ycnoBMSX MPaKTUYECKHH MHTEpeC MPEeACTaBIIET CLEHApUil CTPOUTENLCTBA Ha
tore [lpumopbs mnopra-xaba, crnocoOHOro mpuHATH Ha ce0s 4acTh  (YHKUMIA
niepepacrpezielieHisl Tpy30B M M3MEHHUTh CXeMy paboTel TpaHcHoOpTHO# cetn. OnHako
3HaUEHHE MMEEeT He caM MO ceOe HOBBIM MOPTOBBIM OOBEKT, a €ro BKIIOYEHHE B Oojee
IIAPOKMHA TPAHCHOPTHO-JIOTHCTHYECKHH KOHTYp, OXBAaTHIBAIOIIMH JKEJIE3HOJOPOXKHBIE
TIOJIXOIbI, aBTOMOOMJIBHBIE CBSI3H, ITYHKTHI ITPOITYCKa W BHYTPHUIIOPTOBYIO HH(PACTPYKTYPY.
ITosTOoMy oOleHKa Takoro cueHapus TpeOyeT paccMoTpeHus fora [IpuMopbs Kak equHON
TPaHCIIOPTHO-JIOTUCTUYECKOH CHCTEMBI, B KOTOPOI N3MEHEHHUE OJTHOTO 3JIEMEHTa BIUSET Ha
3arpy3Ky U yCTOMUHMBOCTb BCEH CETH.

Lens craThu 3aKiroyaeTcs B OIIGHKE BIIMSIHUSI TOpTa-xaba Ha IepepacipesielieHue
IPY30IIOTOKOB U MapaMeTpbl (hYHKIMOHUPOBAHMS TPAHCIIOPTHO-JOTUCTUYECKON CHCTEMBI
tora Ilpumopckoro kpast. s AOCTIKeHHS 3TOH Iienu B paboTe HCHoib3yeTcs HudpoBas
MOJIeNIb PAacCMaTPUBAEMOr0 ydacTKa CeTH, peajM30BaHHas Ha 0a3e TPaHCIIOPTHO-
HSKOHOMHYECKOTO OanaHca, W CONOCTABISIOTCS [JBa cueHapus pasButus no 2035 1. —
WHEPUUOHHBIN W CHEHapHi C CO3/laHHMeM IopTa-Xxaba M CONPSHKEHHOH MHQPACTPYKTYPBHI.
OTO TMO3BOJNAET BBIABUTH KIIOYEBBIE Y3KHE MECTa CHCTEMBI, OIPENCINTh XapaKTep
N3MEHEHHs] Harpy3KH Ha OTAEJbHbIE OOBEKTHI U OLIEHUTH YCIIOBHS, TPH KOTOPBIX IOSIBICHHE
HOBOTO y371a MOXKET JIaTh CUCTEMHBIH 3P deKT U1 paboThl TPAHCIIOPTHOH CETH.
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MaTepna.m,l " METOAbI

OOBEKTOM HCCJIENOBaHMS SIBISIETCS FOXKHAsh YacTh TPAHCIOPTHO-JIOTMCTHYECKON
cucrembl [Ipumopckoro kpas, B mpenenax KOTOPOH (pyHKIMOHHPYIOT MOPCKHE MOPTHI U
TEPMHUHAJIB, XKEJIe3HOJOPOKHbIE TOIX0bI, aBTOMOOMIBHBIE TOPOTH U MYHKTHI IPOIYCKa Ha
rpannne ¢ KHP u KH/IP. Beibop 3Toro ydactka oOycioBJIEH €ro HOJIOKEHHEM Ha CTBIKE
MOPCKHX, CYXOIyTHBIX M IPHUIPaHUYHBIX MapLIPyTOB, a TAaKK€ BO3MOKHOCTBIO OLEHKH
BIMSHHAS HOBOIO IOPTOBOTO y3Jla HAa pAacHpefelieHHe TIPy30NO0TOKOB  BHYTPH
paccMaTpyUBaeMoi TPAaHCIIOPTHOM CUCTEMBI.

MeToaN4ecKyl0 OCHOBY HCCIENOBAHMS COCTaBHIIO CIEHApHOE MOJEIHNPOBaHHE
(YHKIMOHUPOBAHMS TPAHCIIOPTHOM cHCTEMBI Ha 0a3e IudpoBoit MOJeNH, peaJTu30BaHHON B
reonH(pOPMALIMOHHOM HPOrPaMMHO-BBIUMCIINTEILHOM KoMILIekce RITM3.” B kauectse
pacyeTHOM CXeMBbl HCIIOJB30BAaH IOJXOJ TPAaHCIIOPTHO-dKOHOMHUYECKOro OanaHca,
TIO3BOJISIOIIMIT MOJIETTMPOBATh MPOX0XKICHUE TPY30I0TOKOB Yepe3 ceTh HHPPACTPYyKTYPHBIX
00BEKTOB C y4ETOM MX MPOBO3HOH M IIPOITyCKHOM CIIOCOOHOCTH, B3aUMHOTO PACIOJIOKEHHUS
U 33/IaHHBIX MapILIPyTOB clefoBaHus [5].

I'eorpaduyeckn Mozaeab OXBaThIBAET TEPPUTOPHIO, OTPAHUYCHHYIO C CeBepa palilOHOM
VYcceypuiicka, ¢ BOCTOKa — y3JIoM YTioBas—ApTeM, C 3alajfia — IMyHKTaMH MPOIyCKa Ha
poccHiicKO-KHUTaiCKO# TpaHuIe, a ¢ ora — mopramu BiamuBoctok, 3apyomuo u Ilocker,
tepmuHaniom CraBsHKa, a Takoke Bbixomamu K rpanmme KHJP (puc. 1). Bee smemeHTHI
CHUCTEMBI DPa3JeNeHbl Ha JBE TIPYINIbL: JUHEHHBIE M TodeuyHble. K JMHEHHBIM OTHECEHBI
YYacTKH JKEJNE3HBIX W aBTOMOOWIBHBIX JOpPOT, K TOYEYHBIM — TIOPTHI, TEPMHHAIIBI,
JKEJIE3HOJOPOKHBIE CTAHLIMH, ITyHKTHI IPOIYCKa U Y31Ibl BETBICHHUS MapUIPyTOB.

Jnst kaxaoro o0beKkTa B MOJICNH 33JaBajIiCh MapaMeTphl IIPOBO3HOM WIIM MPOITYCKHON
CHOCOOHOCTH, a JUIsi I'PY30I0TOKOB — HayaJbHble U KOHEYHBIC IMYHKTHl MapuIpyTa, BUJ
TpaHCIIOpPTa, HOMEHKJIATypa TIpy3a M o0beM IepeBO3KH. B pacuerax HCIOJIB30BaIOCh
YKPYIHEHHE IO dYeThIpeM TpyInaM TIpy30B: HaJMUBHBIC, HABAaJOYHbIC, KOHTCHHEPHBIE U
npoune. Ha ocHoBe 3THX JaHHBIX (hOpMHUPOBAJIACh MAaTPHLIA KOPPECTIOHACHIINH, 1T0CIE Yero
JUIL KaXKJOrO 3JIEMEHTa CETH ONpEeAeUINCh CYyMMAapHBIM I'pY30IIOTOK M OTHOCHUTENIbHAs
Harpyska, paccUWThIBacMasi KaK OTHOIICHHE OO0beMa IIepeBO30K K IIPOBO3HOM WIIH
MIPOITYCKHOW CHOCOOHOCTH 00BEKTa. ODTOT IIOKA3aTeNb HCIONb30BAJCS IS BBIIBICHHA
Y3KHX MECT H CPAaBHEHHS CLICHAPHEB.

OTiagka MOJENIN BBIIOJHSIACH HAa JaHHBIX 2024 r.? Jamee Obuti c(hOpMUPOBAHEI 1B
cueHapusl pa3BUTUSl TpaHcHopTHOW cucteMbl no 2035 1. IlepBblil cueHapuil sIBsiETCS
MHEPUUOHHBIM M MPEANOJAaraeT COXPAaHEHHE CYILECTBYIOLIEH JIOTMKH OpraHW3aluu
MIEPEeBO30K IPHU peaNn3aliil YK€ HaMEUeHHBIX HH(PACTPYKTYpHBIX peuieHud. Bropoii
CIIEHapHi TIpeaycMaTpHBaeT CO3JaHHE IopTa-xaba Ha rore IIpuMopbs u pa3BUTHE
COMPSKEHHOI HHPPACTPYKTYPHI.

Jlis o6oux cuieHapueB OOIINI PaCcYETHBIN TPY30HOTOK OBII pa3/ieieH Ha HHEPIIMOHHBIH
U TPOEKTHBIM CErMEHTHI. K u1HepIMOHHOMY CErMEHTY OTHECEHbl PpOCCHICKHE
BHEIIHETOPTOBBIC IIEPEBO3KH, KaDOTaX M MECTHBIE TPY30IOTOKH, a TAKXKE MEXTyHAPOTHBII
TPaH3UT N0 YK€ (QYHKIHMOHUPYIOIIMM HarpaBieHHsM. K MpOeKTHOMY CEerMeHTY OTHECEHBI
JIOTIOJTHUTENBHBIE TOTOKH, MOSBIEHHE KOTOPBIX CBS3aHO C pa3BUTHEM XaOOBOW (QYHKIMU 1
Oosiee aKTUBHBIM OCBOCHHEM MEXIYHApOAHOTO TpaH3uTa. [Ipn OLEHKE MNpPOEKTHOTO
CEerMEHTa MCIOJB30BaH MOAXOJ, OCHOBAHHBIM Ha pa3feleHHH MOTEHIUAIBHON Ipy30BOH

7 CBuzeTenscTBo 0 TOCYIapCTBEHHOW peructpanuu nporpammsl gt OBM Ne 2018661616 Poccuiickas
®Denepanus. RITM3: Ne 2018619122: 3asen. 27.08.2018: omy6n. 10.09.2018 / A.B. Ilpoxopos, [.C.
Acatpsn, M.W. Auukuii u ap.; 3asButens OO0 «A+C TpaHcnpoeKkT».

¥ CBUzeTENBCTBO O TOCYIAPCTBEHHOM perucTpanuy 6asbl aHHbIX Ne 2025670017 Poccniickas dexeparis.
«baza JaHHBIX UMUTALIMOHHOW MOJeNH XacaHCKOro TpaHcnopTHoro ysna (IIpuMopckuii kpaif)»: 3asBil.
25.03.2025: omy61. 03.04.2025; 3asButens ®I'BOY BO «MI'Y um. anm. I'.1. HeBenbckoroy.
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0a3pl U TOH ee 4acTHu, KOTOpas MOXKET OBITH pCaJIbHO TIPpUBJICUCHA IPHU 3aJaHHBIX

nH(PaCTPyKTYPHBIX 1 OPTaHU3AIOHHBIX YCIOBUSIX [6].
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Puc. 1. Cxema MoJienupyeMoro y4acTka TPaHCIOPTHO-JIOTUCTHYECKON CUCTEMBI Fora
IIpumopss

Takoe MOCTPOCHHE PACUETHON CXEMbI MO3BOJSIET OTACIUTH 3PQeKT 0O6Iero pocra
mepeBo3ok  OT d(d@dexTa, BO3ZHUKAIOMIETO BCICACTBHE W3MEHEHHS OpTaHHM3AIH
TpaHCIOPTHOW cuctembl. [loATOMY cpaBHEHHE ClIEHAapHEB MPOBOJIUTCSA IO H3MEHEHHIO
3arpy3Kd KOHKPETHBIX OOBEKTOB, HAJHYHIO PE3EPBOB MPOIYCKHOW CIIOCOOHOCTH |
BO3MOXKHOCTH  TEPEpaclpefesieHus] TPy30IIOTOKOB  BHYTPH  MOJACIHPYEMOH  CETH.
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[MapaMeTphl, ONMpENeNSAIONINe Pa3IUYMs MEXKIy BapUaHTAMU DPa3BUTHS TPCEICTABICHBI B
Tabimne 1.

Tabnuya 1
OcHOBHbIE pa3IUYHs PACYETHBIX CLIEHAPHEB
[Tapamerp Cuenaputit 1 Cuenapuii 2
OpraHu3anus nepeBo3oK WHEPIMOHHAS CXeMa cxeMa ¢ MopToM-Xabom
OcCBOCHHE TTPOCKTHOTO
P 15% noteHnmana 60% moTeHaza
MEXKIYHAPOIHOTO TPAH3UTA
TpancommnMenT OTCYTCTBYET JIO 5 MJTH T B TOJ
Top-xab B Crapsnckom OTCYTCTBYET MpeIycMaTpUBaeTCs
o —— YTCTBY peny p
JKJIIIT Maxanuao 8 MIJIH T B roJt 100 MyIH T B rOJI
BTopoii sxene3Ho0poxKHbIH
OTCYTCTBYET MpeayCMaTpUBACTCS
IyTh K Xa0y

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

Pe3yabTarsl

CreHapHOE  MOJCNMPOBAaHHE II0OKa3aJlo  CYIIECTBEHHBIE pasnudusi B pabote
TPaHCHOPTHO-JIIOTHCTUYECKOH cHCTEMBI Iora [IpuMopbs NpH HHEPLIHOHHOM Pa3BUTHH M IPU
¢dbopmupoBanuu nopta-xaba. OCBOCHHE MPOCKTHOTO CErMEHTa IPY30BO¥ 0a3bl B MEPBOM
BapHaHTE OCTAETCS OTPAaHUUEHHBIM: MEeXIyHaponaHbli TpaH3uT o MTK «lIpumopse-1» u
«I[Ipumopse-2» npuHUMaeTcst Ha ypoBHE 15% OT OIIEHEHHOTO MOTEHIINAaja, TPAHCIIUIIMEHT
oTcyTcTBYyeT. Bo BTOpOM clrieHapum mnpenaycmarpuBaetcsi (OpMHUpOBaHUE IOpTa-xaba B
CnapstHckoM  3anmuBe, pasButue OKJIIII  MaxanumHOo, CTpPOHTENBCTBO  BTOPOTO
KeJIe3HOopokHOTo TyTH oT rpanunsl ¢ KHP k mopry-xaby u Oonee cornacoBaHHOE
pacipeseneHre  MOTOKOB ~ MEXIy  aBTOMOOWJIBHBIMH M JKEJIE3HOJOPOXKHBIMH
HampaBieHusMH. [Ipu 3Tom Xab paccMaTtpuBaeTcs Kak OOBEKT, crmocoOHBIA k 2035 T.
oOpabatsIBaTh 10 60 MIH T TPaH3UTHBIX TPY30B B paMKax MPUHITON CIIEHAPHOH OLICHKH.

Pe3ynbraTel pacdeToB NOKAa3bIBAIOT, YTO B HHEPIMOHHOM CLEHAPUH TPAHCHOPTHAsS
cucteMa He o0ecreuyrBaeT NPOIYCK BCEr0 PacyeTHOTO TIPY30HOTOKA Jaxe IpH
OTPaHMYCHHOM OCBOGHMHM MEXIYHApOAHOro TpaH3uTa. Hambosee HampsHKeHHBIMH
anementamu cranoBatcs KT Maxanusao, mopTt 3apy6uno, Tepmunan CrnaBsHKa, MOPT
BragnBocToK, a Takke KeJIe3HOJOPOKHBINM ydacTok 207 KM — rocyJapCTBEHHAs TPaHUIIA C
KHP. Tlo stum oOBeKTaM pacdeTHas OTHOCUTENbHas Harpys3ka mpesbimaer 100%, dro
yKa3bIBae€T Ha HEBO3MOXKHOCTH MPOITyCKa BCEro 3aJaHHOr0 00beMa IepeBO30K B Ipejieiax
HMMEIOIINXCS MPOBO3HBIX M MIPOMYCKHBIX CIIOCOOHOCTEH (Tab. 2).

Bo BTOpOM clieHapuu cuTyanus MeHseTcsl. Pa3BuTue COnpsyKEHHOM jKeIe3HO 0P 0KHON
W TIPUTPAaHWYHOW MHQPACTPYKTYPbl MO3BOJIIET CHATH OCHOBHBIC OTpPAHMYCHHS Ha
HaTIpaBJICHUU K TpeAroaraeMoMy Mopry-xa0y. OTHocutenbHas Harpy3ka Ha JK/ITIIT
MaxanuHo cHukaerca co 159 no 69%, Ha ydactke 207 KM — rocyiapcTBeHHas FpaHHLA C
KHP — co 113 o 55%, Ha Tepmunane Cnasstaka — co 183 1o 83%, na nmopty 3apyouHo — co
135 no 85%. Jlaxke Ha OOBEKTax, IJe Harpy3ka OCTaeTCs BBICOKOW, OHa HE INPEBBINIAET
KPUTHYECKOTO YPOBHA. DTO O3HAYAET, YTO CIICHAPHUH C MOPTOM-XaOOM MEHSET HE TOJIBKO
pacripeienieHie  OTHENbHBIX  IPY30II0TOKOB, HO M  OOLIyl0  pabOTOCIIOCOOHOCTH
paccMaTpHUBaeMoro yJacTka TPAaHCTIOPTHOH CHCTEMEI.
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Tabauya 2

PacyeTHasi Harpy3Ka KJ104eBbIX 00beKTOB TPAHCIIOPTHON HH(PACTPYKTYpPBI 10ra
IIpumopckoro kpas B 2035 roay, %

OTHOCHTENbHAS Harpy3Ka
OOBEKT TpaHCHOPTHOH HHPPACTPYKTYPBI
Cuenapuit 1 Cuenapuii 2
Toueunvie 00vexmbl
KT MaxanuHo 159 69
JKAIIT Horpanmynslii (c1. 'ponexoBo) 99 83
AIIII Kpackuno 19 82
AIIII ITorpanuuHslii 62 89
Iopt 3apybuno 135 85
Tepmunan CnaBsHka 183 83
[opT BnagusocTok 106 92
Jluneiinvie dcene3Ho00podicHvle 06beKmbl
207 kM - rocrpanuna c KHP 113 55
Yecypuiick — bapanoBckuit 98 93

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

CpaBHEeHHE ClIEHapHeB IOKa3bIBAET, YTO KIOUEBBIM 3(PQEKTOM BTOPOro BapUaHTa
SBJISICTCS. TEPEBOJ CHCTEMbl W3 pPEXUMa JIOKAJbHBIX IIEPErpy30K B pEeXKHM Ooliee
cOaIaHCHUPOBAHHOTO  PAcIpeAesieHUs] Harpy3ku. Ilpm 9ToM pocT Harpy3skd Ha
ABTOMOOMIIBHBIE ITyHKTHI npomnycka KpackuHo u IlorpaHWYHBI BO BTOPOM CLECHapHH HE
SBJISCTCSl OTPULATEIBHBIM PE3yJbTaTOM: OH OTpa)kaeT OoJjiee aKTHBHOE HCIIOJIb30BaHHE
CYXOITyTHBIX KaHAJIOB NPH COXPaHCHWH HMX 3arpy3Kd B Ipeleiiax pacyeTHOW HPOIYyCKHOU
cnocobHoctn. TakuM o0pazoM, (OpMHUpOBaHHE TMOpTa-xaba MpPU YCIOBHU Pa3BHUTHS
COMPSDKEHHOM MH(PacTPyKTyphl CO34aeT JOMOJHUTENbHBIH KaHal NpOIyCKa TIPy30B H
CHIKAET 3aBUCHMOCTb PabOTHI BCEi CUCTEMBI OT HECKOJIBKUX TEPErpyKEHHBIX O0BEKTOB.

Oocy:xnenue

[MonyueHHble pe3ynabTaThl TOKa3bIBAIOT, 4TO 3(PdeKkT ¢(opMHUpOBaHUS IMOpTa-xada
CBSI3aH HE CTOJIbKO C MOSIBJIGHHMEM HOBOT'O HOPTOBOTO OOBEKTA, CKOJBKO C H3MEHEHHEM
OpraHu3alid BCEH TPaHCHOPTHO-TOTHCTHYECKOH  cuctembl ora I[lpumopes. B
WHEPLMOHHOM CLICHAPHH JaKe OrPAaHUYCHHOE OCBOCHHE JIOMOJHUTENLHOW TPpy30BOil 6a3bl
NPUBOIUT K IIEperpy3Ke psiia TOYCYHBIX M JIMHEWHBIX OOBEKTOB. DJTO O3HAYAET, YTO
JaJbHEUIINHA POCT TPAH3UTHBIX M BHEIIHETOPTOBHIX IIEPEBO30K HE MOXKET OBITH 00eCIeUeH
TOJIBKO 32 CYUET JIOKATBEHOI MOICPHU3AINH OTACIBbHBIX TEPMHUHAIIOB HJIM ITyHKTOB MPOIYCKA.
OrpaHuyueHUs] BO3HUKAIOT HA CTHIKE Pa3HBIX DJIEMEHTOB CETH, MOITOMY HX YCTpaHCHHE
TpeOyeT COrJIaCOBAaHHOT'O PAa3BHTHs IIOPTOBOMW, JKEJIE3HOJOPOKHOM, aBTOMOOMJIBHOW H
NPUTPAHUYHON HHPPACTPYKTYPHI.

Bo BTOpOM cClieHapHu MMEHHO TaKOe€ COIVIACOBAHHOE Pa3BUTHE IMO3BOJIIET M3MEHHTh
pexxuM paboTel cucteMbl. CTpPOHMTENBCTBO MOpTa-Xaba, pPa3BUTHE IKEJE3HOAOPOIKHOTO
IYHKTa Tporycka MaxaqMHO U CO3[aHue JIONOJIHUTENBHBIX  JKEJIE3HOIOPOKHBIX
MOIIIHOCTEH Ha HalpaBlICHWH K HOBOMY TPAHCIIOPTHOMY Y3Jy INPHUBOAAT K CHUIKEHHIO
Harpy3kd Ha Hauboyiee NpoOIeMHBIE OOBEKTBHI. [IpH 3TOM POCT 3arpy3Kd OTACIBHBIX
ABTOMOOMIBHBIX MYHKTOB IPOMYyCKa OTpa)kaeT Oojiee aKTHBHOE HCIIONB30BAaHHE paHee
HEJ03arpy>KEHHBIX JJIEMEHTOB cUcTeMbl. CIe0BaTeNbHO, pE3yJIbTaTOM CLEHApHs C
MOPTOM-Xa0OM CTAQHOBHTCS HE TPOCTOE YyBEIMYCHHE CYMMapHOH MOIIHOCTH, a
nepepacrpezieJieHie MOTOKOB MEXAY JIEMEHTaMHU CETH.

Tako# pe3ysabTaT corjiacyercs ¢ IMPEACTaBICHUSMH O HOpTe-xabe kKak o0 aiieMeHTe
0ojiee IIMPOKOW TPAHCTIOPTHO-JOTUCTHYECKON CHUCTeMBl. B COBpeMEHHOW TpakTHUKe
KOHKYPEHTOCIIOCOOHOCTh ~ MOPTOBOTO  y3J1a  ONpENeNsieTcss He TOJIBKO TIIyOHHAMH,
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NPUYAIBHBIME MOLIHOCTSIMH U O00BEMaMH IEperpy3kd, HO M KadeCTBOM €ro CBsi3ei ¢
Ha3eMHOH WH(QPACTPYKTYpO#, pacnpeieNnTeIbHbIMU LIEHTPaMH, NyHKTaMH MHpOIyCKa W
cepBucHBIMU omneparopamu [7, 10, 11]. ITosTomy npumenutensHo k tory Ilpumopss peus
JOJDKHA  MATH O  (OPMUPOBAHMHM  MYJBTHMOJAJIBHOTO  TPAHCIIOPTHOTO  y3Ia,
o0ecreunBaronIero NepeKIloueHHe TPY30II0TOKOB MEXK/Iy MOPCKHM, JKEJIE3HOAOPOKHBIM 1
aBTOMOOWIIBHBIM TPAHCIIOPTOM.

ITpu 3TOM pe3ynbTaThl MOAECTHPOBAHMS HE MPEIONIAraioT, 4To for [IpuMopss MokeT
OBITH Cpa3y BKIIOYECH B UYHCIO KPYMHEHIINX IJIOOATbHBIX KOHTCHHEpHBIX XaboB. Bomee
PEATTUCTUYHON SABIIETCS MOJIENb Xaba PernOHANIBHOTO YPOBHS, CIOCOOHOTO OOCITY)XHBAaTh
4acTh TPAH3UTHBIX W MOPCKHX TPYy30HOTOKOB B cucteMe CeBepo-BocrouHoit Asmm. Takas
MIOCTAHOBKA COOTBETCTBYET HCCIEIOBAaHUAM IIOPTOB-XabOB BTOPOTO YPOBHS, KOTOpBIC
paccMaTpHBaroTCsl Kak MPOMEKYTOYHBIE Y3716l MEXKIY KPYMHEHITMMU MHUPOBBIMH MOPTaMH
u ¢unepHsIME HampaBieHUAMH [8, 9], a Takke paboram, paccMaTpHBAIOIIUM HU3MEHEHUS
cucteMbl Mopckux cBsizeit B CeBepo-Boctounoit Aszum [12]. Hns rora Ilpumopbs 3T0
03HauaeT BO3MOXKHOCTh HE 3aMmelleHus KpynHeimmx mnoptoB ATP, a 3anatus
CaMOCTOSATEJIEHON POJIM B PETUOHANBHOM CUCTEME NEPEBO3OK.

OTaenbHO cieqyeT MOMYEepPKHYTh OTpPAaHWYEHHUS BBIINOIHEHHOTO HcciefoBaHus. Bo-
MIEPBBIX, JOJIM OCBOEHMS IMPOEKTHOI'O TIPY30MOTOKA B CIEHAPUSAX SBJIAIOTCS PacdETHBHIMH
JOMYIICHUAMH M OTPaKaloT pa3Hble BApHAHTHl MHPPACTPYKTYPHOHW M OPTraHW3AIMOHHON
TOTOBHOCTH CHUCTEMBI. BO-BTOPBIX, MOJENb YUYUTHIBACT IPOBO3HYI0 M IPOITYCKHYIO
crocoOHOCT  00BEKTOB, HO He (QopMammzyer B TONHOM o0beMe TapugHBIE,
WHCTUTYIMOHAJIBHBIE W KOMMepdeckde (hakTopel BblOOpa Mapiipyra. B-TpeThux,
pe3ynbTaThl OTHOCSTCS K 3a/laHHOW pacueTHOU cxeme W Topu3oHTy 2035 T. — U3MEHEeHHe
BHEITHETOPTrOBOW KOHBIOHKTYPBI, TApU()OB MOPCKUX JIMHUN MM WHBECTUI[MOHHBIX IUIAHOB
OIepaTopoB MOXKET MOTPEOOBaTh KOPPEKTUPOBKH apaMETPOB CIICHAPHEB.

Tem He MeHee MOJy4YEHHBIE PE3YJIBTaThl MO3BOJIAIOT CAENaTh BAKHBIM IPUKIIATHON
BBIBOJ: JUISI pa3BUTHA TPAHCHOPTHOM cHCTeMBbl iora IIpuMopbs KpUTHYHO HE TOJBKO
HapalBaHUE OTJENIBHBIX MOLIHOCTEH, HO U  (OPMUPOBAHUE COIJIACOBAHHOTO
TPaHCIIOPTHO-JTOTUCTUIECKOTO KOHTYpa. [IopT-xab MOKeT naTh CHUCTEMHBIH 3()(GEKT IHIIb
IIPU  OJHOBPEMEHHOM pa3BUTUH JKCJIC3HOAOPOXKHBIX IOAXOAOB, ITyHKTOB IIPOITYCKa,
MIOPTOBBIX TEPMUHAJIOB M OPTaHU3AMOHHBIX MEXaHU3MOB paclpeelIeHHUs IPy30II0TOKOB. B
NIPOTUBHOM CITydae HOBBIM IOPTOBBI OOBEKT PHCKYET CTaTh €€ OAHUM 3JIEMEHTOM
NIeperpy>KeHHON CEeTH, a He MHCTPYMEHTOM €€ Pasrpy3KH U (PyHKIMOHAIBHOTO YCHIICHHUSI.

3akaouenue

BrInonHEHHOE  CIIEHapHOE  MOJEJMPOBAaHME  MO3BOJMIO  OLEHUTHh  BIIUSHHE
¢dbopMupoBaHus 1MopTa-xaba Ha pPaboOTy TPAHCHOPTHO-JIOTHCTHYECKOH CHCTEMBI IOra
ITpumopckoro kpas. [TosryueHHbIE pe3yabTaThl MOKA3BIBAIOT, YTO B MHEPIIMOHHOM CLIEHAPUH
Kk 2035 1. coxpaHseTcs pAd KPUTHYECKHX OTPAHWYEHUH, CBSI3aHHBIX C IEPerpy3Koit
OTJEJIBHBIX TOPTOBBIX, JKEJIE3HOJOPOXKHBIX U TPHUTPAaHUYHBIX 00bekToB. Hambonee
HampsDKeHHbIMH  dyieMeHTaMu  ctaHoBsitcst JK/TIIT Maxanuno, mopTel BiaguBocTok u
3apyouno, Tepmuaan CraBsHKa U KEJIE3HOJOPOXKHBIN ydacTok 207 KM — TOCyIapCTBeHHAS
rpanuta ¢ KHP. Dro yka3piBaeT Ha TO, YTO JaJbHEWIIEe OCBOEHUE TPAH3UTHBIX M
BHEIITHETOPTOBBIX T'PY30IIOTOKOB HE MOXKET OBITh 00ECIIeueHO TOJBKO 3a CYET TEKyIIeH
JIOTHKHU pa3BUTHUS HHPPACTPYKTYPHI.

Cnenapuit ¢ ¢dopmupoBaHHEM TIOpTa-xaba ¥ CONPSDKEHHOM HWHQPACTPYKTYpPhI
JNEeMOHCTPHPYEeT HHOW pexXuM paboThl CHCTeMBL. Pa3Butue mopToBOro  ys3ia,
KEJIe3HOJOPOXKHBIX MOIXOA0B U MPUTPAHUIHON HHQPACTPYKTYpHl IMO3BOJSET CHU3UTH
Harpy3Ky Ha KIIOYEBBIE JMMUTHPYIONINE OOBEKTHI M TEpPEepaclpepeinTh MOTOKH MEXITY
JJIeMEHTaMu CeTH. B pesynbTare TpaHCHIOPTHAs CHUCTEMa IIOMy4YaeT OINOJHUTEIbHEIC
BO3MOKHOCTH JJISl IPOIyCKa INPOEKTHOW Tpy30BOH 0a3pl 0e3 NPEBBINICHHS PacueTHOMH
IIPOBO3HOM M MPOIYCKHON CIIOCOOHOCTH HanboJiee BaKHBIX 0OBEKTOB.
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OCHOBHOW BBIBOJ HCCIICIOBAHUSI COCTOMT B TOM, YTO CHCTEMHBIH 3ddekT naer He
N30JIMPOBAaHHOE CTPOUTEIHCTBO HOBOT'O MOPTOBOTO OOBEKTa, & COIJIACOBAHHOE DPA3BUTHE
nopra-xaba M CBS3aHHBIX C HUM 3JEMEHTOB TPAaHCIIOPTHO-JTOTUCTUYECKON CHCTEMBI lOTa
[Tpumopckoro kpas, B TOM YHCJIE JKEIE3HOJOPOKHBIX M ABTOMOOMIBHBIX IOJXOJOB,
IIYHKTOB IPOITyCKa, TEPMHHAILHONH HMH(PACTPYKTYphl M OPraHW3alMOHHBIX MEXaHU3MOB
pacIpeseneHus Tpy30I0TOKOB. [Ipyu TaKOM yCIIOBHH MTOPT-Xa0 MOXKET BBIIONHATH (DYHKIIHIO
HepepacnpeieICHUsl TOTOKOB W CHIDKaTh HAarpy3kKy Ha CYHIECTBYIOIIHE 3JIEMEHTHI
TPaHCIIOPTHOM CETH.

[TpakTHyeckas 3HAYMMOCTH IOJTyIEHHBIX PE3yJIbTATOB 3aKJII0YAETCS B BO3MOKHOCTH MX
UCTIONIB30BAaHUA NPHU OOOCHOBAaHMM HH(MPACTPYKTYPHBIX PEIICHWI IO pPa3BUTHIO IOTa
ITpumopckoro kpas, B TOM YHCIE€ TPH IUIAHUPOBAHHH IOPTOBBIX MOIIHOCTEH,
KEJIC3HOJOPOXKHBIX MOAXOJ0B U pa3BUTHs IyHKTOB mporycka. [IpennoskeHHast pacueTHast
CXeMa MOXXET MPUMEHSThCA AN MHOCIEAyoLed aeTanu3aluil CIEHAapHUeB, YTOYHEHUS
mapaMeTpoB TIpy30BOH 0a3bl M OLIEHKM aNbTEPHATHUBHBIX BAPHAHTOB  PA3BUTHUSL
TPAHCHOPTHOM CUCTEMBI PETHOHA.
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Boanslii Tpancnopt B XXI Beke: 0apbepbl pocTa U BEKTOPHI
Pa3BUTHS B HOBOM IKOHOMHUYECKON PeaIbHOCTH
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IBﬂa()quupCKuﬁ 2ocyoapcmeenubill yrusepcumem umeru Anexcanopa I pueopvesuua u
Huxkonas I'pucopvesuua Cmonemossix, 2. Braoumup, Poccus

’Qunuan 000 «Meacoynapoonas Tpancnopmuo-xcneduyuonnan Komnanus Lanemymny,
e. lanxaii, Kumaii

AHHOTanus. B naHHOW cTaThe aHANMM3UPYIOTCA OPOOIEMBI M TEPCIEKTUBHI Pa3BUTHUS
BOJHOTO TPAHCIIOPTA B COBPEMEHHOH 3KOHOMHKe. HecMOTpsi Ha BaXHYIO pOJIb MOPCKOTO
TpaHCIIOpTa B PEIICHUH SKOHOMHYECKMX 3a/ad, ero (hyHKIMOHHUPOBAHUE COINPSIKEHO C
PAAOM CUCTEMHBIX orpaHudeHuil. KiroueBble BOIIPOCHI BKIIIOYAIOT COCTOSIHUE BOJHBIX IyTel
U THIPOTEXHUYECKUX COOPYXKEHWH, TEXHHUECKHUH ypoBeHb (uioTa, a Takke (HHAHCOBO-
9KOHOMUYECKOE IOJIOKEHUE CY[O0XOIHBIX KOMIIAHMH U 3aHATOCTh IOPTOB. DKOJIOTHYECKOe
BO3IEHCTBUE CYyJOXOMHON AEATEIBHOCTH TAKKE OCTAaeTCs aKTyalbHOH mpobiemoit. B To ke
BpeMsI BOJHBIA TPAaHCIOPT 00TafaeT 3HAYUTEIBHBIM MOTEHIMAIOM Pa3BHUTHS, PEaTU3aIis
KOTOPOTO  CTIOCOOCTBYeT BHEAPEHHIO WHHOBAIMOHHBIX IPOEKTOB, HHTEHCH()UKALUH
MEXIyHapOTHOTO COTPYIHHYECTBA M YITyONEHHIO B3aMMOJCUCTBUS C JPYTUMH
TPaHCHOPTHBIMM HMHCTpyMEHTaMHu. Takoe pas3BuTHE OyJeT CrocoOCTBOBATh MOBBIIICHUIO
KOHKYPEHTOCIIOCOOHOCTH BOJHOT'O TPAHCIIOPTA M YBEINYSHHUIO €r0 BKJIAJIa B HAIIMOHATIBHYIO
9KOHOMUKY.

KnroueBbie ciioBa: BomHblid TpaHCIIOPT, HKOJIOTHYECKHE MPOOJIEMBI, MOPCKHE MEPEBO3KH,
0opn0a ¢ 3arpsI3HEHUEM.

Water transport in the 21st century: barriers to growth and
development vectors in the new economic reality

Tatyana N. Kashitsina'

ORCID 0000-0001-9183-2811

Maxim E. Kovalev'?

ORCID 0009-0008-2840-3422

"Viadimir State University named after Alexander and Nikolay Stoletovs, Viadimir, Russia
’Branch of Qiantong International Freight Forwarding Company, Shanghai, China

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

BonHbIi TpaHCHIOPT NCTOPHUYECKH SIBISIETCS (YHAAMEHTOM MEKAYHAPOIHON TOPTOBIIH,
obecrieunBasi CBSI3HOCTb MHPOBBIX PBIHKOB M JOCTYHHOCTH pecypcoB. Hawamo XXI Beka
CTajJo Uil BOAHOTO TPAaHCIOpTa 3MOXOW mapanokcoB. C OJHOM CTOPOHBI, OH OCTagrcs
Oe3aNbTepHATUBHOM OCHOBOW JIOKAIM3UPOBAHHON DKOHOMHKH, obecreunBas okono 80%
mupoBoii ToproBau. C Jpyroii — oOTpacib CTOJKHYJach C TPOWHBIM BBI30OBOM:
T'€OIOJIMTUYECKON TYpOYIEHTHOCTHIO, IN(POBOI PEBOIIOLUEN U, YTO OCOOEHHO KPUTHYHO,
KECTKIMH SKOJIOTHIECKUMH TPEOOBAHMUSIMHU.

MexayHaponHbIe HOPMBI MEXIyHapomHON Mopckod opranmsammu  (MMO) 1o
CHIDKCHHUIO BBIOPOCOB YIJIepoja, Cephl M a30Ta, a TAKXKE PACTYIIEe JaBJICHHE CO CTOPOHBI
MHBECTOPOB M MOTPEOUTENECH CTAaBAT IO BONPOC TPAJUIHOHHBIE ONEPAIIMOHHBIC MOJACIH.
CoBpeMeHHOe CYAO0XOJACTBO CTOWUT Iepea He0OXOAUMOCTRIO HE MPOCTO POCTa, a TIYOOKOit
«3enéHoi» TpaHcopmanuy, UYTOOBI OCTaBaTbCA JIETUTHMHBIM B TJa3ax MHPOBOTO
cooOmiecTBa.

BHyTpeHHue Oapbepbl pa3BUTHS OTPaciM yCYryOJSIOT BO3ACHCTBUE BHEIIHHX
¢axtopoB. KitoueBbIMM MpPOOJIEMHBIMHA 30HAMH BBICTYMAIOT KPHUTHUYECKOE CTapeHHe
MupoBoro (ota, AehUIUT KBaTM(UIMPOBAHHOTO TIEPCOHANAa ¥ H3HOC IIOPTOBO-
nHppacTpyKTypHOTO KOMIUIeKkca. DakTHuecKre AaHHbIe CBHIECTENLCTBYIOT 00 YCTOWYHMBOM
TEHJCHLUUH YBEJIMYCHUsl JOJM CYAOB crapuie 15 Jer, 4To KOppelIupyeT C pOCTOM
aBapUMHOCTH M 3KOJIOTHYECKHX pHUCKOB. OMHOBPEMEHHO OTpacib CTAJIKHBACTCS C
KaJpOBBIM DPa3pBIBOM: CHCTEMBI HOATOTOBKM CIIEHHUAINCTOB HE YCIEBAIOT 33 TEMIAMH
TEXHOJIOTHUECKUX M3MECHEHMH, a YCIOBHS TPYyZa TEPSIOT NPHUBICKATEIBHOCTh UIT HOBOTO
MIOKOJICHUS TPO(ECCHOHATIOB.

TpagniuoHHast MOJENb pa3BUTHA BOJHOTO TPAHCIOPTA, OPHEHTHPOBAHHAs Ha
MaclTabupoBaHHE TOHHA)Ka W MHUHHMM3ALMIO ONEPALMOHHBIX 3aTpar 3a CUeT JEHICBOTO
TOIUIMBA, CTAHOBUTCS HeXU3HecnocoOHOoH. CoBpeMeHHble TpeOOBaHHS CTEHKXOJIEpOB
CMEIIAIOTCS B CTOPOHY IPO3PAayHOCTH, O€30MaCHOCTH U 3KOJOTHYECKOH OTBETCTBEHHOCTH.
B cBi3nm c 9TUM BO3HHMKAaEeT HEOOXOJMMOCTh KOMIUIEKCHOTO aHaiu3a Oaphepos,
NPENSTCTBYIOIIUX —aJalTallid OTPacid, W BBIABICHHS HPUOPUTETHBIX BEKTOPOB €€
pas3BHUTHSL.

Crarpsi HCCIEAyeT KItoueBble 0apbepbl, CACPKUBAIOIINE POCT BOJHOIO TPAHCIOpPTAa B
COBPEMEHHBIX YCIOBHSIX — OT IM(POBOro paspelBa M KaJapoBoro nedumura 10
9KOJIOTUYECKOTO [JaBJCHUS M PETYISATOPHOH TYpOYJIEHTHOCTH, — a TaKKe OIpeernseT
CTpaTernveckie BEKTOPHl €ro ajanTaluk W pa3BUTHs. Bynmymiee orpacim BuUaWTCS HE B
IIPOCTOM HapalllMBaHWU TOHHaXa, a B TpaHC(HOPMAIMM B THOKYIO, MHTEIUICKTYaJIbHYIO W
YCTOWYHBYIO CHCTEMY.

Cnoco0bl HAYYHOT0 O3HAHUS

BomHblii TpaHCHIOPT — 3TO KaTeropus TPAHCHOPTHBIX CPEICTB, NPEeJHA3HAYCHHBIX IS
MepEeMEIeHHs TI0 €CTECTBEHHBIM HJIM UCKYCCTBEHHBIM BOJHBIM IIYTSAM C IIENBIO JOCTaBKH
TPY30B M TACCAXMPOB MEXJy IyHKTaMH HasHadeHus [l]. K ecTecTBeHHBIM myTsIM
OTHOCSTCSI CO3/IaHHBIC MPUPOJON aKBaTOPUH: OKEAaHBI, MOPS, peKU. VICKyCCTBEHHbIE IyTH
BKITIOYAIOT COOPY’KEHHs, TOCTPOCHHBIE YEJIOBEKOM, TaKMe KaK KaHaJIbl, BOJOXPaHMIUIIA H
IIJIFO30BBIE CUCTEMBI.

Bbicokass TpoBO3HAs CHOCOOHOCTH M HHM3Kasg Ce0ECTOMMOCTh [ENaloT BOJHBIN
TPAHCIIOPT IKOHOMHYECKH BBITOJHBIM, OCOOCHHO JJIsI TMEPEBO3KU KpPYMHOraOapUTHBIX
rpy3oB. [Ipu 3TOM ero BaxHeimas (YHKIUS — CBS3bIBaThb TEPPUTOPHH, pa3/eIEHHbBIC
BOJIHBIMU NPOCTPAHCTBAMHU (KOHTHHEHTHI, OCTPOBA) WM HE MMEIOIINE Pa3BUTON Ha3eMHOM

nHQPacTpyKTypHI.
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[TpuMeHeHne BOJHOTO TPAHCIIOPTA UTPAET KIFOYEBYIO POJIb B PEIICHUH YKOHOMUYECKHX
3aJa4, OKa3bIBAIOIIMX BIIMSHHE Ha pa3BUTHE KaK OTAEIBHBIX CTpaH, TaK M MHPOBOH
HKOHOMHUKH B 11e710M. K ero OCHOBHBIM IIPEMMYIIIECTBAM OTHOCSITCSI:

1. DOxoHomuyeckasi 3(QQEKTUBHOCTh: BOIHBIN TPAHCIOPT, OCOOEHHO
MOpPCKHE IEPEBO3KH, SBISAETCS OIHUM M3 CaMbIX SKOHOMHYHBIX CIIOCOOOB
TPaHCIIOPTHPOBKM  KPYMHBIX  MapTUH  TIpy30B  (HampuMmep,  CHIPbS,
KOHTEHHEepOB, HEPTH) HA AAJTbHUE PACCTOSHHS.

2. Bricokas mpoBo3Hast CIIOCOOHOCTR: Cy/a, TaKue Kak Oalkepsl, TAaHKEPHI
1 KOHTEHHEPOBO3bI, CIIOCOOHBI IIEPEBO3UTH OTPOMHBIE 00BEMBI, HEOCTYITHBIE
JUIsL IPYTHX BUIOB TPAHCIIOPTA.

3. MexmyHapoaHas TOPTOBJIS: CIIY>)KHT OCHOBOW TII00aJIbHOM JIOTHCTHKH,
obecrieunBast 6osee 80% MUPOBOro TOBapoOOOPOTa U CBSI3bIBASI KOHTUHEHTEI
1 SKOHOMUKH.

4. Pa3BuTHE pPErHMOHOB: OCBOCHHE pEYHBIX W MOPCKHX IIyTeH
CTHUMYJIMPYET POCT HOPTOBOH WMH(PACTPyKTYpHI, co3iaeT paboune Mecta U
CHOCOOCTBYET Pa3BUTHIO IPUOPEKHBIX U BHYTPEHHHUX PETHOHOB.

5. DKOJIOTMYHOCTB: TpH IiepecyeTe Ha TOHHO-KWJIOMETpP BOJHBIN
TPAHCIIOPT YaCTO MMEET MEHBIINH YIIEPOIAHBIN CIe]] 10 CPaBHEHHIO C aBHa-

WJIN aBTOMOOHIIBHBIMH IIEPEBO3KAMH.

Iesabio paGoThl sABJsieTCH KOMIUIEKCHBIM aHAIM3 MPOOJIEM M MEPCHEKTHB Pa3BUTHSA
BOJHOTO TpAHCIIOPTa B COBPEMEHHOW 3KOHOMMKE, BKJIIOYAs BBISBICHHE KIFOUCBBIX
O6apbepoB  pocTa  (3KOJOTHYECKHMX, TEXHHUYCCKHX, KaJIpOBBIX) W  OINpEIEICHHUE
CTpaTCru4eCKUX BCKTOPOB €TI0 ajanTalun U yCTOfI‘-IHBOFO pa3BuUTHA B HOBOM
3KOHOMMYECKOH peabHOCTH.

MeToabl u MaTepHuaJjbl

Pa3Burtue BOJHOTO TpaHCHOPTAa CAEPIKUBACTCS COBOKYIHOCTHIO BHEIIHUX U
BHYTPEHHHUX (haKTOPOB, CO3AAIOIINX 30HY TYPOYJIECHTHOCTH AJIsl yYACTHUKOB PBHIHKA.

CTOUT OTMETUTH, YTO HE BCE BHJBI BOJHOIO TPAHCIOPTa HACTOJIBKO SKOJIOTUYHBIE U
Oe3o0macHble A OKpY’Karomel cpebl. MOpCKHe IepeBO3KH XOTh M UTPAIOT BAXKHYIO POJIb B
MHpPOBOM TOprosie, HO HeOmarompusaTHO BiAMAT Ha ¢(uopy u dayny. OcCHOBHBIM
HCTOYHHMKOM 3arpsi3HEHUSI B CYIOXOJCTBE SIBJIAETCS CKUTAHHE TOIUIMBA B JIBUTATEINSIX, B
pe3ynbpTaTe KOTOpPOro oOpa3yroTcs OKCHABI yriiepona, cepbl U a3ora. [lo omenkam 2019
roja, BKJIaJ MOPCKOTO TPAHCIIOpTa B 00IIHe BBIOPOCH! cekTopa coctasisul oT 5 10 10% [2].
@JIOT MEXIYHapOJHOTO TOProBOr0 CYAOXOACTBa, HacyUThIBaromui cBeime 52 000
KPYITHOTOHHAXHBIX  CYIOB, ©KETrOJHO  MOTpeOsseT  acTpOHOMHUYECKHH  00BeM
SHEProOHOCUTENeH — CBBINE 2  MWUIMapIoB Oappenell  CyJoOBOTO  TOIUIMBA.
[IpunnunuaneHas mpoOieMa 3aKIIOYaeTcs B XUMHYECKOM COCTaBe ATOTO dHepropecypca:
TpanuioHHbIl Tsokensiii Mazyr (HFO), ocratounsni npoxykT HedrtenepepaOOTKH,
coaepxut 10 3.5% cepsl. [3]. DT0 AenaeT ero UCKIOYUTENHHO «TPSI3HBIMY: KOHIICHTPAIIHS
CEePHHUCTBIX COCTUHEHHH B HEM MOJXET IPEBOCXOAWUTh AHAJOTHYHBIA MOKa3aTenb MaJIst
CTaHAAPTHOTO aBTOMOOMIBHOTO JH3EJIbHOTO TOILUIMBA, UCTIONBb3yeMOoro, HarpuMmep, B CIIIA,
6omee uem B 1800 pas [4].

JHpyro#l BaxHOW mHpoOJIIEMOH SBISIETCS HEXBaTKa KBAIM(PHUIMPOBAHHOTO IE€PCOHANIA.
Pa3zBuTne dYenoBeueckoro IOTEHIMANa (3HAHUS, HABBIKHM, CHOCOOHOCTH) — KIIIOYEBOI
3JIEMEHT NPO(eCcCHOHAIBFHOTO POcTa B JI000H 00s1acTH, TaK KaK CIIOCOOCTBYET OCO3HAHHUIO
CBOCH colmanbHON ponu. it MOpPCKOrO W pedyHoro (jora 3Ta 3amava sIBIISETCS
HCKJTIOUYUTENIFHO aKTYalbHOM, YTO MOJTBEpPXKAAeTcs IMOKa3aTeNsIMH, OTOOPaXKEHHBIMHM Ha
pucyHke 1.
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OI‘C}’I‘CTBHS l"pﬁ.MO'IHOﬁ CHCTEMBI MOTHEAILTHH

Clo:xHOCTE B IIpollecce 00yIeHHS

VxyOmeHHe ICHXOIOTHIECKOTO 3J0POEbA H3-3a IOCTOSHHOTO
cIpecca

TIpobneme ¢ mogbopon KBATHGHIMPOBAHHOTO IepCcoHATA

S e

Taxensle IOTOIHELE YCIOBHA

PAEREREAEE

Puc 1. ®akTopsl, BIUSIONINE HA YETOBECUYCCKUIA OTCHIIUA Ha (QIIOTEe

IMoxany#f, OMHUM U3 CaMBIX KIIOUEBBIX NMApaMETPOB IS ONPECICHUS 3arps3HCHHS
OKpY’KalomIel cpeabl MUPOBBIM (DIIOTOM sIBIISIETCS ero Bo3pact [5]. [IpumedaTensHO, 94TO B
TEUYEHHE MOCIECAHUX JBYX JIET, CTapeHHE MHPOBOTO TOProBoro ¢uiota HaOJIIOAATIOCH
a0COJIFOTHO 0 BCEM CErMEHTaM. DTOT IPOLECC COMPOBOXKIAIICS 3aMETHBIM (OCOOEHHO st
CyXOIpy30B) COKpallleHHeM JOoJIH CcynoB Monoxke 10 5eT ¥ BecbMa YyBCTBUTEIBHBIM
(0coOeHHO I KOHTEHHEPOBO30B) YBEIUUCHHEM JI0JIA BO3PACTHBIX CYA0B (0T 15-TH JeT u
crapiie) cMm. Tabnuiy 1.

Tabnuya 1

JlmHamuKa pacnpejeieHse MHPOBOIro Toprosoro ¢giota mno Bospacty 2020-25 rr (%)

Tun cynos/Bo3pact Jo 10 aer Jlo 10-14 ner 15 u Goxee ner
2020 2025 2020 2025 2020 2025

Bankepst 61 48 19 31 19 21

KonreitHepoBo3bl 36 32 33 28 31 40

HaymBHBIE TaHKEPHI 33 30 20 21 47 49

Cyna rmos reurpys 17 15 16 17 67 68

[Ipoune 30 26 16 18 55 57

CrapeHre MUPOBOT'O TOPTOBOTO M MACCAXKUPCKOTO (DI0TA CO3AACT MPSAMYIO U PACTYIIYIO
yrpo3y 0e30macHOCTH MOPEIUIaBaHHUS M JKOJIOTHYECKOH YSI3BUMOCTH aKBaTOPHH IUIAHETHI
[6]. YBenuuenune cpegHero BO3pacTa CyJOB BEAET K 3aKOHOMEPHOMY POCTY KOJHYECTBa
aBapUIHBIX IPOUCIIECTBHUM, KaXI0€ M3 KOTOPBIX HeceT B cebe MoTeHuuasl Jyis
KaTacTpo(U4ecKoro 3arpsa3HeHNsI MOPCKOW CpeJibl.

Paspurue BomHoro Tpancmopra B XXI Beke TpeOyeT mepexona OT IKCTCHCHBHOU
MOJeNnd K KadecTBEHHOH TpaHchopMmanuid. Ha OCHOBE BEIMIECKa3aHHOTO MPEICTaBUM
MOJIeNIb Pa3BHTHS BOIHOTO TPAHCIOPTa B HOBOW IKOHOMHYECKOH peambHOCTH (puc. 2).
JlanHass MoJenms TpeACTaBIIeT COOOH KOHIENTYalbHYI0 CXEMY, BH3YaIU3UPYIOIIYIO
CHUCTEMHYI0 TpaHCPOPMAIMIO OTPACId BOJHOTO TPAHCIIOpTa TIOA  BO3JCHCTBHEM
COBOKYITHOCTH BHYTPEHHHUX OTPaHIMYCHHUHA U BHEIITHUX MaKPOIKOHOMHUYECKUX (PaKTOPOB.
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Puc. 2. Mozenp pa3BUTHS BOAHOTO TPAHCHIOPTA B HOBOI SKOHOMUYECKON pealbHOCTH

[IpencraBneHHass MoOzeNb IEMOHCTPUPYET CHCTEMHBIH MOAXOJ K TpaHC(OpManuu
BOJIHOTO TPAHCIIOPTA, MOKa3bIBasi B3aMMOCBA3b MEXKAY CYNIECTBYIOIINMH OTPaHHMYCHUSIMH,
CTpaTern4ecKUMH HAaNpaBICHMSIMU pa3BUTHSA M (DaKTOpaMu BHEIIHEH cpexpl. Moxens
MIOCTPOEHA MO NPHUHIUITY «BBI30OBHI —> OTBETHI» M OTPAXKAET HEOOXOAMMOCTH aTANTAILIUH
OTPACHIH K YCIOBUSIM HOBOW 3KOHOMHYECKOH peabHOCTH.

Bbnok GappepoB pocta, 0OBEAMHSET CEMb KIIFOUEBBIX OTPAHUUYCHUH, COECP KUBAFOLIHX
pa3BuTHe oTpaciu. L[eHTpaJbHBI 3JIEMEHT MOJENH — CHUCTeMa BOJHOIO TpaHCIOpTa —
NpeACTaBIsieT co0OH KOMILIEKCHYI0 MH(PACTPYKTYpY, BKIIOYAIOUIYI0 MOPCKOI M pe4HOH
¢G0T, TOPTOBBIE TEPMHHANBI, CYJOCTPOUTENBHYIO U CYIJOPEMOHTHYI0 0a3y, a Takke
CHUCTEMY YIPaBICHHUS M pEryIupoBaHMA. BIOK BEKTOPOB pa3BUTHS COCTOUT W3 IIECTH
CTpaTernvecKuX HarpaBJIeHUH MPEoI0JICHUs 6apbepoB U TpaHCHOPMALIH OTPACIIH.

HwxHsist gacth Mozenu OTpakaeT (yHAaMEHT HOBOW 3KOHOMHYECKOHW pealbHOCTH,
(dopMupyomMid KOHTEKCT TpaHc(opManuy BOJHOTO TPAHCIOPTA. DTOT OJOK BKIIOYAET
YeThIpe MaKpoTpeHIa. Bo-mepBbix, TpeOOBaHUSI YCTOHYMBOTO Pa3sBUTHS, 3aKPEIVIEHHBIC B
uensix OOH, Ilapwxckom cormamenun u ESG-ctanmaprax, AenaloT 3KOJIOTHYECKYIO
OTBETCTBEHHOCTH 0053aTEIbHBIM YCIOBHEM JISTUTUMHOCTH On3Heca. Bo-BTopbIx, mngposas
TpaHcopmanms Kak dacTb UeTBEPTOH NPOMBIINIJICHHOH PEBONIOLUH  ONpPEeNseT
HEOOXOIUMOCTh HHU(POBOH 3PENOCTH I COXpPaHEHHUs KOHKypeHTocmocoOHoctH [7]. B-
TPEThHX, I'CONOJIUTHYECKasl (parMeHTanus, MPOSBISIOMA’NCS B TOPrOBBIX KOH(IMKTAX H
pErHOHAIM3AIMH [IETIOYEeK IOCTAaBOK, TPEOYET OT OTPAaciii TMOKOCTH M JMBEPCU(PHUKALUH
JIOTUCTUYECKUX MapLIpyTOB. B-ueTBEPTHIX, NaBICHHE CTEMKXOJIIEPOB — HMHBECTOPOB,
oTpeOuTENeH, pPeryiIaTopoB u odiiecTBa — (HOPMUPYET HOBBIE OXKHUIAHUS B OTHOIICHUU
MIPO3PAYHOCTH, YCTOWIMBOCTH U COI[MATIBHON OTBETCTBEHHOCTH CYJOXOIHBIX KOMIaHuii [8].

Takum 00pa3oM, MOJIENb TTOKA3bIBAET, YTO YCTOWYMBOE Pa3BUTHE BOJHOTO TPAHCIIOPTA
B XXI Beke BO3MOXHO HE uepe3 OKCTEHCHBHOE HapallMBaHWE TOHHaXa, a depes
Ka4eCTBEHHYIO TpaHC(OPMALMIO, CHHTE3UPYIOUIYI0 3KOJOTHYECKYI0 PEKOHCTPYKIIHIO,
U (pPOBYI0 MHTETPAMIO U TYMAaHHU3ALMIO OTPACIU. Y CIENIHas peanu3anus JaHHOH Moienn
MIO3BOJIUT BOJHOMY TPaHCIIOPTY HE TOJBKO MPEOOJIETh CUCTEMHbIE Oapbhephl pocTa, HO U
CTaTh OJHMM U3 JApaiiBepoB (OPMHUPOBAHHMS HOBOH, YCTOWYHMBOW W OTBETCTBEHHOU
r7100aTbHOW SKOHOMHUKH.
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PesyabTarsl

CTpaTerlm U TEXHOJIOT'MH M0 CHUKCHHUIO IKOJIOTNIECKOro ¢jieia MOPCKOIro u pe4Horo
TpaHcHopTa.

CHIDKEHNE HETaTHBHOI'O BO3/EHCTBUS CYIOB Ha DKOCHCTEMY — KOMIUIEKCHAs 3ajadya,
KOTOpasi BKJIIOYAeT MEPhl Ha MEXIyHapOJHOM, HAI[MOHAJIHHOM M OIEPAaTHBHOM YPOBHSX.
Xora Macmra® 3THX NPOOIEM BBINIAWT BHYIIMTENBHBIM, ITyTH A8 MUHHMH3ALHA
AaHTPOTIOTEHHOH HAarpy3KH Ha IKOCHUCTEMY cymiecTBYIOT [9]. Kommiekc cooTBeTCTBYIOMMX
Mep CHCTeMaTH3HPOBaH B TabiHLe 2.

Tabauya 2
KoMmmiekc mep mo 3anmmTe OKpy:Kalouieil cpeabl 0T HETATUBHOIO BO3/JelicTBUs KopadJeil
Mepst Onncanue
CHIDKEHHE 3arps3HEeHHs - Mcrionp30BaHle MaJIOCEPHUCTOTO TOIIINBA (COTJIACHO NPaBUIIaM
BO31yXa MO 2020), cxxmxenHoro npupoxasoro raza (CIII'), meranona,

BOJIOpOJIa MII aMMHaKa.
- YcTaHoBKa ckpy0OepoB (U1 yAaICHUS CEPhl) U KaTATUTUICCKUX
HelTpanu3aTopoB (Juis cHkeHus BeIOpocoB NOX).

IIpenorepamenue - O0s13aTenbHast ycTaHOBKA CUCTEM 00pabOTKH OaTacTHBIX BOX

3arpsI3HEHUsT BOJIBI JUTSL IPEAOTBPAILCHUSI [IePEHOCa HHBA3UBHBIX BH/IOB.

- Ctporuii y4er 1 cjaqa B MOPTOBBIX IPHEMHBIX COOPYKCHHUSIX BCEX

BHJIOB OTXO/IOB (IUTACTHUK, MHUIIEBbIE, He()TECOAEPKAIINE, JIbIbHBIC
BOJIBI, Mycop). 3ampeT Ha copoc mycopa B Mmope (MARPOL).

3anuta MOPCKO# (hayHbI - OnTrMHU3aLHs KOHCTPYKIMH MPEOHBIX BUHTOB U KOPITyCa,
CHIDKCHHE CKOPOCTH, UCIIOJIb30BaHUE 0YIIE0000pa3HON HOCOBOU
oxoneuHoctu. [Ilym HapymiaeT HaBUTAIMIO, KOMMYHHKAIHIO K
MUTaHUE KATOB, AEIb(QHUHOB.
- Co3naHue NCKYCCTBEHHBIX pU(OB, «3€JICHBIC» HaOCPEKHBIC UL
MOJI/ICP>KaHMUSI MECTHBIX YKOCHCTEM.

MuHoBanmu n Oynyniye - VluBecTHINM B Cyna Ha aKKYMYJISITOPHBIX Gatapesx (it
TEXHOJIOTUU KOPOTKHX PEHCOB) MM Ha TOIUIUBHBIX 3JIEMEHTaX.
- BHenpeHue 3eneHbIX TeXHOJIOTUM: Vcronb30BaHue SHEPTUU BETpa
(mapyca, )xecTKHe Tapyca-KpbUIbs), COJTHEUHBIX OaTapei, CHCTeM
peKymnepanyu Temia.

CTOHT OTMETHUTH NOSBJICHHE HOBBIX BHIOB PEYHOTO TPAHCIOPTA B CBSA3H C PAa3BUTHEM
texHonoruil. Hanpumep, B MOCKBe COCTOSUICS 3aIlyCK IIEPBOIO B MUPE KPYIVIOTOAUYHOTO
pEYHOro TpaMBas Ha DJIEKTPUYECKOH Tare. LlepeMOHMIO OTKPBITHS HOBOI'O MapuipyTa IO
MockBe-peke nocetws mnpe3uaeHT Poccunm m Mdp cromumnpl. Ha nuHmM paGoraror
COBPEMEHHBIE 3EKTPOXObl, HA3BAHHBIE B YECTh CTOIHMYHBIX PEK, TAKHX Kak «CHHHYKA»,
«Sy3a» u «[Ipecrsa» [10]. BmectumocTs kaxmoro cyaHa — o 50 geroBek, Ha OOPTY ecTh
Wi-Fi, cuctemMa KOHIMIIMOHUPOBAHHMS ¥ PO3ETKH JUIS 3apsAKy ycTpoiicTs. Ha mpuuanax s
MIacCa’KUPOB TTOCTPOCHBI yI00HbIE MAaBMIILOHBI. [Ipoe3 s BXOIUT B €AMHYIO CETh TOPOJICKOTO
TpaHCIIOpTa: Ul OIUIaThl MOJOMAET KapTa «Tpoiika» miam oObluHas OaHKOBCKas KapTa, a
IPU MIepecajKe JeHCTBYET JIbIOTHBINA Tapud.

Taxxe cucTeMHOE M3ydeHHe NMOTpeOHOCTeH PabOTHHKOB MOPCKOTO M PEYHOro ¢iota
BBICTYIIAE€T KIIOUEBBIM HWHCTpYMEHTOM sl (GopmupoBaHusi 3(GQEKTUBHOI KaapoBOH
MOJIUTHKY. BBIABIEHHE 3THX MOTPEOHOCTEH MO3BOJIAET HE TOJBKO pa3paboTaTh aipecHbBIe
MIpOrpaMMbl MOTHBAIlMM, HO W ONTHMHU3UPOBATh YCIOBHS TPyJda, YTO B COBOKYITHOCTH
co3maeT (DyHZAMEHT JUIS LIEJICHANPaBICHHOTO Pa3BUTHS YEJIOBEYECKOTO IOTEHIHala B
OTpaciu.

[TocTpoeHne HaydyHO OOOCHOBAHHOH CHCTEMBI MOTHBAIMM TIPEICTaBISET COOOH
CTpaTernveckylo 3ajady JJisl JIT000H OpraHu3alyu, 0OCOOEHHO B CIEIU(DUIECKUX YCIOBHIX
MOpPCKOM MHAYCTPUM, XapaKTEpU3YIOIIUXCA JUIMTENIbHOW W30JILUEH, MOBBILIEHHBIMU
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npoQeCCHOHANBHBIMA  PUCKAMH M OCOOBIM  NCHXO()U3UONIOTHYECKHM  HAIpSKEHUEM.
KoppekTHast quarHocTika moTpeOHOCTEl COTpYJHMKA Ha JTale HaiiMa M Iocleayrouiee

CO3JaHUEC COOTBETCTBYIOIIMUX  OpraHU3alilMOHHbIX yCJ'IOBI/If/II — BKJIIOYadgd TapaHTHU
COIIMAJIbHOM 3allIUIICHHOCTH, BO3MOXHOCTU KapbEPHOIro U HpO(i)eCCI/IOHaﬂBHOFO pocTta, a
TaKke oOecreueHue JIOCTOMHOTO YPOBHA OpiTa Ha CyAHE — HaNnpiaMyro BJIUAIOT Ha

KJIIFOYCBBIC ITIOKA3aTCIN.

3akjouenue

HccnenoBanue nokazanao, YTO COBPEMEHHBIN BOAHBIM TPaHCHIOPT MEPEKUBAET SIOXY
riryOoko#t TpaHcdopmaru. Byaydan ocHOBOI MHPOBOI TOPTOBIH, OTPACIh CTOJNKHYJIACH C
HEOOXOANMOCTBIO KapAWHAJIBHOTO MEPECMOTPAa CBOMX MPHHIMIIOB IIOA AaBICHUEM
SKOJIOTHYECKUX  TpeOOBaHWH, IHQPPOBOH PpEBONIONMH W  pacTymero aeduimra
KBaIM(UIMPOBAHHBIX KaJIpoB. AHAIW3 [OKa3aj, YTO KIIOYEBBIMH CJIEPKHUBAIOIIUMH
(dakTopaMM pa3BUTHS SBIISIOTCS HE BHEIIHWE KPH3HMCHI, a BHYTPEHHHE CHCTEMHBIC
IIPOTUBOPEUHS.

Kak nmoxasain aHanus, KIIFOYEBBIMHU OapbepaMy Ha IMyTH Pa3BUTHUSA OTPACIH ABIISIOTCS:

1. DKONOrHYECcKHUil IPECCHHT, yCyryOusieMblid cTapeHrueM (ioTa, KoTopoe
HampsIMyl0 KOPpEJIHpYeT C pPOCTOM aBapHUHHOCTH M KaTacTpOpUYECKUM
MIOTEHINAJIOM 3arpsI3HEHUSL.

2. CHCTEeMHBI KaZpOBBIH NOEPUINT, YTPOKAIONINA O€30MacHOCTH U
TEXHOJIOTUYECKOH TpaHc(opmanu.

3. PerymatopHass W TeXHOJIOTHYECKas TypOYJIEHTHOCTh, TpeOyromas
OTPOMHBIX KaIIUTAJIOBIOKEHUN B «3ENIEHBIN» MEPEXO.

I'maBHBIN MapagoKc 3aKI0YAETCS B TOM, YTO SKOHOMHUYECKAsh MOJENb, ACCATHUICTHAMU
CTPOMBIIASICS HAa 3KCIUIyaTalluU JOJITOBEYHBIX CYAOB, CETOJHS CTajla HICTOYHHKOM PHUCKOB.
Crapenue (oTa — 3TO HE NPOCTO CTATUCTUYECKUH MOKa3aTelb, a MpsMas IPUYMHa PocTa
aBapUIHOCTH M XPOHUYECKOTO 3arps3HEHHs OKpyskatomei cpenbl. OTHOBPEMEHHO OTpPacib
cTpazaeT OT KagpOBOIO pa3phiBa, KOrja TpaauIMOHHBIE YCIOBHA Tpyda MU cCHCTeMa
MIOJITOTOBKH HE COOTBETCTBYIOT 3allpocaM HOBOT'O IOKOJICHHS CHEIMAINCTOB U CIOKHOCTH
BHEJ[PAEMBIX TEXHOJIOTHH.

IIpeononenne >TMX OapbepoB TpeOyeT HE IOCTENEHHBIX  YJIydIICHHH, a
cTparerndeckoro nepedopmarupoBanus Bcer orpaciu. [IyTs Bmepén JIeXUT dyepes3 CHHTE3
TpéX (yHAaMEHTAILHBIX HANIPABICHUH]:

— DKoJIOTHYecKasi PeKOHCTPYKIMS, O3Hadaromas Hepexox OT OOphObI C
MoCHeNCTBUsIMA  (YCTaHOBKa  CKpyOOepoB) K  CO3JaHUIO  HOBOU
TEXHOJIOTHYECKOH 06a3bl (TOIUIMBO C HYJIEBBIM YIJIEPOTHBIM CIIEAOM, CyJa Ha
ANEKTPUYECKON M BOJOPOIHOMN THTE).

— Hudposas wunTerpanus, KoTopas IODKHA JHKBUAMPOBATH pPa3pbIB
MEXJIy  TEepelOBBIMH  TEXHOJOTHSMH  (MCKYCCTBEHHBIH  MHTEIUIEKT,
ABTOHOMHOE€ CYJIOBOXKJEHHE) U pEaNTbHON HJKCIUTyaTallMOHHOW TMPaKTHKOM,
MTOBBICHB 0€30MaCHOCTh U 3P (PEKTHBHOCTb.

— 'ymMaHmM3amust OTpaciii, Tperoyiaralomas HpeBpalleHne MOPCKOH
npodeccui B COBPEMEHHYIO, BBICOKOTEXHOJIOTHYHYI0 M  COIIMAIBHO
NIPUBJICKATENbHYI0  cdepy AEATEIbHOCTH depe3 IEepecMOTp  CHCTEM
MOTHBALIUH, OOYUCHHUS U yCIOBHH TPyAa.

Bynymee BomHOrO TpaHCIOpTa BHANTCA HE B KOJIMYECTBEHHOM pOCTE, a B
Ka4eCTBEHHOM IIpeoOpa3oBaHuU. Ycmex O3ToH TpaHc(hOpMAalMK IO03BOJIUT OTpPAcid He
TOJIBKO COXPAHUTHh CBOIO KPUTHYECKH Ba)KHYIO POJb B TNIOOANBHON JIOTUCTHKE, HO U CTaTh
OJIHAM U3 JpaiiBepoB GOPMUPOBaHUS HOBOH, OTBETCTBEHHOW YKOHOMUKH.
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AHHoOTanms. B craTtee paccMaTpuBaeTCsl HOBBIN 3Tall Pa3BUTUSL CKOPOCTHBIX MACCAXKUPCKUX
NIepEeBO30K 110 BHYTPEHHUM BOIHBIM ITyTsiM PO. JlaHHas mepeBo3ka, ¢ y4eTOM MOKa3aHHBIX
BapUaHTOB €€ Pa3sBUTHS SIBISICTCS MHHOBALMOHHON TPAaHCIIOPTHOH YCIyroi, OKa3bIBaIOIIEH
BIMSHUE Ha HKOHOMUKY IPUPEYHBIX peruoHoB Poccuu. B Meronax Ha OCHOBe aHaimM3a
peanmm3anmu QenepansHOro mpoekra «PedHble Marucrpanm» W NpakTHK Hrmkeropopackoit
obmactu, Tarapcrana m UyBalluu BBIBICHBI KITIOYEBBIE SKOHOMHYECKHE 3(PQEKTHL: pPOCT
CBSI3HOCTH TEPPUTOPHH M MOOWIBHOCTH HACEJICHHS, CTUMYJIHPOBAHHE TYPUCTUYECKOTO
MIOTOKA, YBEIWYEHHE JIOXOJ0B OIO/PKETOB pa3MHYHBIX YPOBHEH, 3arpy3ka MOIIHOCTEH
CYHOCTPOUTENbHON IPOMBIIIIEHHOCTH ¥ ONTHMH3ALUsA OIO/DKETHBIX pAacXoJoB Ha
TPaHCHIOPTHYIO MH(pacTpyKTypy. B mcciemoBaHMM NPHMEHSUIMCH METOIBI CHCTEMHOTO U
CPaBHUTEIBHOTO aHalM3a CTaTUCTHUECKUX JaHHBIX Iaccaxkupomnoroka 3a 2023-2025 rr. B
KayecTBe pe3ylbTaTa MCCIEAOBaHUSA IpHUBEJCHA MOJAENb KilacTepa WHHOBAlLlMOHHBIX
CKOPOCTHBIX IAaCCa)KUPCKUX IIepeBO30K. B ob0cyxkieHne BbIHECEeHBI BHABI d(P(EKTOB OT
(YHKIMOHHPOBAHUS KJIacTepa M YCJIOBUS €r0 yCTOWYMBOTO pa3BUTHS. JlemaeTcs BBIBOA O
TOM, 9YTO pa3BUTHE CKOPOCTHOTO BOJHOTO TPAHCIOPTA CTAHOBHUTCS ApalBepoM
9KOHOMHYECKOTO POCTa ¥ HHCTPYMEHTOM pealn3aluy TPAaH3UTHOTO MOTEHIHATa IPHPETHBIX
PETHOHOB H CTpaHbI B Ie10M. CTaThsl HOATOTOBIECHA HA OCHOBE PE3yIbTaTOB HCCIIECJOBAHUS
B paMKax IpoeKTa «PedHsle MarucTpamm.

KiroueBble cji0Ba: CKOPOCTHBIE Cylla Ha IHOJBOJHBIX KpBUIbAX, «PeuHble MarucTpaiuy,
JKOHOMHUKA  IPHUPEUHBIX  PErMOHOB,  IACCAKUPCKUE  IEPEBO3KH,  TPAHCIOPTHAas
nH(PaCTpyKTypa, MyIBTUMOJAIBHBIE IIEPEBO3KH, BHYTPEHHUH BOIHBI TPaHCIOPT,
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
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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  ycmoBmsx  HWcyYepmaHUs — IPOIMYCKHOW  CIIOCOOHOCTHM  aBTOMOOWMJIBHBIX U
KEJIE3HOJOPOKHBIX MarucTpaieii B eBpomerickoil wactu Poccum (ocoOeHHO B JeTHHI
MEPUOA) aKTYaJlbHOCTh MNPHOOPETaeT TOHCK pE3epBOB IIOBBIICHHUS TPAHCIIOPTHOM
MoOmIbHOCTH. ONHUM M3 TaKMX PE3EPBOB BBHICTYNACT BHYTPEHHUH BOJHBIM TpPaHCHOPT
(BBII), morennman kotoporo B Poccun HCHONb3yeTCsl HEAOCTATOUHO: TPY30HANPSKEHHOCTh
BBII B BoceMb pa3 HuXe, 4eM 3a pyOekoM, IIPH 3TOM OIOJPKETHBIE PAcXO/Ibl Ha COJICpPIKaHHe
1 KM BOJHOTO NMyTH B CEMb pa3 MEHBIIE, YeM Ha COJEp’KaHHE AHAJIOTMYHOTO YydacTKa
aBTOZIOPOTH U B JIBa pa3a MEHBIIIE aHAJIOTHYHOT'0 JKEJIe3HOA0POXKHOTO IMyTH [1].

Ilenpro naHHOMN cTaTbU SIBISETCS pa3pabOTKa MOAEIHM TPAaHCHOPTHO-3KOHOMHYECKOTO
knactepa Ha Oase BBII. HoBuzna paboThl 3akmiodaeTcs B PacCMOTPEHHU JAHHOTO
HanpaBJCHUS HE MPOCTO Kak BHAA TPAHCIOpPTa, a Kak cucreMooOpasyromiero Qakropa,
3aIlyCKaloOMET0 IETOYKYy CMEXHBIX 3((GEKTOB: OT OXHBICHHS Maioro OusHeca B
MIPUPEYHBIX HACEICHHBIX MTyHKTaX JO0 3arpy3KH BHICOKOTEXHOIOTHYHBIX CYIOCTPOUTENBHBIX
TpeAnpUATHI. 3aJadaMy HACTOSIIETO UCCIICAOBAHMUS BBICTYIIAIIH:

— KOMIUICKCHBIA aHAJIN3 BJIMSHHUSA HMHHOBAIIMOHHOW YCIYI'M — CKOPOCTHBIX
MACCAKUPCKUX MEpeBO30K CcyaamMM Ha MoaBOAHBIX KpbUibsx (CIIK) Tuma
«Banpmait  45P», «Merteop 120P», «Meteop 2020» — Ha conManbHO-

9KOHOMHYECKOE PAa3BUTHE MPUPEUYHBIX PETHOHOB U CTPAHBI B I[CJIOM;
— pa3paboTKa CTPYKTYphl KJacTepa, IpaliBEepoOB €ro pas3BUTHSA, BHUIOB
3¢ (deKTOB OT ero (PYHKIIMOHHUPOBAHUS U (DAKTOPOB YCTOWYMBOTO PA3BUTHSL.

MeTtoasbl

TeopeTndeckoil 1 METOMOIOTHUECKONW 0a30i MOCTY I TPYIbl aBTOPOB HACTOSIICH
CTaTbl W JPYTUX OHKCHEPTOB BOKCKOro rocyaapcTBEHHOIO YHHBEPCUTETa BOIHOTO
tparcniopta (BI'YBT), MHCTHTYyTa 3KOHOMHKH TPaHCIOPTa M TPAHCIIOPTHOH ITONUTHKU
HUY BIID, skcneptHOTO coobmecTBa [2-9], manHbie PocMoppeudoTa, CyZOXOMHBIX
KOMIIAHMI-Y4aCTHUKOB IpoekTa «PedHble MarucTpamm», a Takke aJIMUHHCTPalui
INPUPEUHBIX HACENIEHHBIX IYHKTOB, OXBAuY€HHBIX MAapIIPyTHOH CETbIO IPOEKTA.
OMnupuueckyro 0a3y COCTaBHJIM OTYETHBIE JMJaHHBIE CyIOXOAHBIX Kommanuii (OOO
«Bomonér»y, AO «Pmor PT» m AO «YebOokcapckuil pedHOW MOPT»), CTATUCTHKA
MTACCAXUPONOTOKOB 3a Hapuramuio 2024-2025 romoB, a Takxke Marepuaisl Tperbeit
Bceepoccuiickoii koH(pepeniun «Pexu. Kpyuspl. MapiipyTs». VcHons30Baauch MeETO/bI
CPaBHUTEIHHOTO u CHCTEMHOT'0 aHamu3a, pe3yIbTaThI MOJICTUPOBAHUS
MYJIbTUIUIMKATHBHOTO 3G (EKTa OT pa3BUTHS MapIIPYTHOW CETH INPOEKTa, MO3BOJITIOIINE
OLIEHUTh MAaKPO3KOHOMHYECKHE dPPEKTH OT BHEAPEHHUSI CKOPOCTHOTO coodenus [10].

B mepByo ouepenp aBTOpPHl OTMEYarOT WHQPACTPYKTYPHBIC MPEANOCBUIKH H
MEXaHU3Mbl TOCYJapCTBEHHOH mnoxnepkkh. COBpPEMEHHBI 3Tal pa3BUTHS PEYHBIX
NIEPEeBO30K CBS3aH C pealn3aleil HAllMOHAIBLHOTO NMpoeKkTa «IPQPEeKTUBHAS TPaHCIOPTHAS
cucrteMa» M (eneparbHOro IMpoekra «PedHble Marucrpain», 3amylneHHoro MHUHTpaHCOM
Poccum B 2024 romy. IlpoekT HampaBieH Ha co3JaHue OECHIOBHBIX MYJbTUMOJATBHBIX
MapuIpyTOB MW YCTPaHEHHE «Y3KHMX MECT» — YYaCTKOB C HEAOCTATOUYHBIMH TITyOMHAMH.
KitoueBbiMM  MHOPACTPYKTYPHBIMH MIPOEKTAMH CTald CTPOUTENHCTBO baraeBckoro
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ruapoysna Ha Jlony u moaepHuszanus ['opogenkoro ruapoysna Ha Bomare, koTopelie mocie
3aBeplIeHHs o0ecreyar TrapaHTHPOBaHHbBIE TIIMyOMHBI (10 4 METpOB) Ul MpOITycKa
OOJBIIETPY3HBIX M CKOPOCTHBIX CyAOB. Baxkneinmm ¢akropom ycrexa craina pUHaHCOBas
MOJ€elb TOCYIapCTBEHHO-4YaCTHOIO MAapTHEPCTBA U €€ OpraHM3alMOHHO-3KOHOMHYECKOE
000CHOBaHME YYEHBIMHU-OKCIIEPTAMU B YacTH MPOEKTHBIX IapaMeTpoB U 3((GEKTUBHOCTH
AHHOM BOJHOTPAHCHOPTHOHM cHcTeMbl. J[[mg peanmm3anmu TpoekTa CcGHOPMHpPOBaHA
OpraHM3aIMOHHAs CTPYKTypa, OHA IT0Ka3aHa Ha puc.l.

¥ KOMHCCHS 110 Pa3BHTHIO CKOPOCTHBIX [TACCa)KHPCKHX IIEPEBO30K M0 BHYTPEHHHM
BOJHBIM IYTAM IO, IIpe/iceaTeIbcTBOM MHHHCTpa TpaHcnopTa PO

denepanbHoe areHTCTBO MOPCKOr0 H peyHoro Tpancmnopra (Pocmoppeudoior) ‘

' PernonanpHbie MHHTpaHCHI H CYI0X0IHbIE KOMIaHHH
‘TP (meeropop,cxaﬂ obiacTh, Pecriy6iukyn YyBamus u TaTaperan

oo
TATAPCTAN

& ® +*¢I‘BOY BO Bo/KCKHH rocyjapCTBeHHbIH YHHBEPCHTET BOJHOTO TPAHCIIOPTA (BIVET)

;#' .rg“ N *TBOpYeCKHH KoJUIeKTHB BI'YBT npoexTa «PeuHble MarucTpasiny (13 yesioBek),
& a PYKOBOJHTEJb TEMEI - 1I.T.H., Mpodeccop Kyzsmuuer U.K.(pekTop),
‘5.\ 1! PYKOBOJIHTEb KOJLJIEKTHBA - K.3.H., IoneHT KopimryHoB JILA.
Kagenpa Kagenpa Kagenpa Kagenpa
JIOTHCTHKH H yupaBJieHHSA 9KOHOMHKH H TPaHCHOPTHOTI'O
MapKeTHHra TPaHCIIOPTOM MeHeDKMeHTa npaBa

Puc.1. Opranu3zamnuonsas cTpyKkTypa npoekra «Peunble Maructpaim»

Takum 00pa3oM MPOEKT MPECTABISACT COO0M CHHEPTETHUCCKHUH CIUIAB B3aMMOICHCTBHS
(bez[epanLme 1 pECTUOHAJIBHBIX OPraHOB HUCIIOJTHUTEILHON BJIaCTH, KOMITaHU I CKOpPOCTHOTO
¢boTa W HayuHO-0OpasoBarenbHOro yupexaenus (BI'YBT), mno3Bosstomumii OBICTPO
peanu3oBaTh 3alyCK MAapIIPYTOB CKOPOCTHBIX MaccakUpckux mnepeBo3ok no BBII npu
HAIMYHAA (IIOTA U IPUYATEHON HHPPACTPYKTYPHL.

JwHaMuKa KITIOYEBBIX ITOKa3aTeled MpPOEKTa, BKIOYas OOBEM TOCYHZapCTBEHHOTO
¢uHaHCHUpOBaHUA (CyOCHAMPOBaHUS) TIepeBO30K 3a mepuoy 2024-2026 Tr. mokas3aH B Ta0I. 1

Tabauya 1
JlnnaMuka noka3sareJeii mpoekTa «Pednble MarucTpaam»
ITokazarenp En. I'on peanmzanuu npoexra
W3MEpEeHHS 2024 2025 2026
Yucno peruoHOB, 0XBaUE€HHBIX MAPIIPYTHON CEThIO En. 5 12 15%
MIPOEKTa
Yucno MeXperuoHaIbHbIX MapUIPYTOB En. 12 14 25%
KonngecTBo Bcnosp3yeMbIX CyI0B En. 7 5 8*
Yncno pelico En. 562 645 852*
KosnuecTBo nepeBe3eHHbIX IaCCaXHUPOB Yen. 33264 | 34597 | 52000*
Pa3mep rocymapcTBeHHON CyOCHIUU MuH. pyo. 45,6 17,7 94,8*

*[Thanosoe 3nauenue
CyOcuanpoBaHHe IEPEBO30K OCYIIECTBISACTCA IO NPUHIHUITY «TPETh-TPETh-TPETH:
OJlHa TpeTh 3aTpaT KOMIICHCHpyeTcs W3 (exaepanbHoro Oromkera (B paMKax IPOEKTa
«PeuHble MarucTpanmm»), BTOpas TpPeThb — U3 OIO/DKETOB DErHOHOB, M OJHA TPETh
MIOKPBIBAETCs 3a cUeT TapHu(a IepeBo3uuKa.

139



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

PesyabTarsl

B kadecTBe pe3ynbTaTOB HACTOSILEIO HCCIEAOBAaHHS aBTOPBI INpeIaratoT MOJElNb
TPaHCIIOPTHO-AKOHOMHYECKOTO KiacTepa U cucTteMy (akTopoB 3(QQEeKTUBHOCTH Pa3BUTHS
BOJHOTPAHCIOPTHON CUCTEMBI CKOPOCTHBIX MAaCCaXXHPCKUX IEPEBO30K IO BHYTPEHHUM
BOAHBIM IyTsAM P®, BrICTynaromux apaiiBepaMu pocTa SKOHOMUKH.

Ha >¢¢exTuBHOCTD MpOEKTa OKa3bIBAIOT BIHMSIHHE TaKHE MEPBI TOCYNAapCTBEHHOM
MOJJIEPXKKA KaK CyOCHIMpPOBAaHNE HABUTAIMOHHBIX PACXOMOB IEPEBO3YMKOB, JHIOTHBIH
JM3WH WHHOBAIMOHHBIX CKOPOCTHBIX CYZOB, JBIOTHBIM PEXHUM HAJIOTOOOIO0XKEHHS AL
CyIIOB, 3aperucTpupoBaHHEIX B Poccutickom mMopckom peectpe cynoB (PMPC) u mp. [11].
OTH Mepsl TO3BOISIIOT CHIEPXKHBAaTh CTOMMOCTh IIPOC3AHBIX OWIIETOB, [enas JaHHOE
cooO0IIeHne JOCTYNHBIM Ul HAcCENECHHS W KOHKYPEHTOCIIOCOOHBIM C aJbTCpHATHBHBIMH
BHUJAMHU TPAHCIIOPTA, U OJHOBPEMEHHO TapaHTUPOBATh IIEPEBO3UNKAM BO3BpAT HHBECTULIUI.

BropbiM BaxkHBIM (pakTOpoM 3(PPEKTUBHOCTH CKOPOCTHBIX MACCAKUPCKUX COOOIIEHUI
10 BHYTPEHHUM BOJHBIM IyTSM BBICTYNAeT TPAHCIIOPTHAS CBA3HOCTb TEPPUTOPHIM CTpaHBI U
HaJIMYME MAacca)XMPOIIOTOKOB B TPAH3UTHOM (MEXpErnoHabHOM) cooOmmeHnn. Tak Kak, B
OTJCJIBHBIX CIIyyasiX Takoe COOOIIEHHE BOBCE HE MMEET aJbTePHATUBBI C TOUKH 3PEHUS
MOCTOSTHHOTO TPAHCIIOPTHOTO COOOINEHHsI C TPUPEYHBIMH HACEJICHHBIMU ITyHKTaMHU
armomeparnif. 3amyck CcKopocTHOro cooOmeHunss mo BBII kauecTBeHHO WM3MEHHIT
TPaHCIIOPTHYIO NOCTymHOCTh. Hampumep, crommma Yysammun — YeOokcapbl — HE UMeeT
IIPSIMOTO XKeJe3HOI0pokHOTO coodmenns ¢ Hmxanm HoBroponom n Kazansro. braronaps
OpPraHM3alMH PEYHbIX MACCAXUPCKUX JHHUH 3TH TOPOAA OKAa3alHCh CBSA3aHBI NPSIMbBIM
CKOPOCTHBIM COOOIIICHUEM.

AHajM3 CTATHCTHYECKUX JaHHBIX, MOJYYCHHBIX aBTOpaMU B XOie OOOCHOBaHHS W
peanuzanuu npoekta «Peunble mMarucTpanu» (Tadn. 1) IeMOHCTPUPYET €XKEroAHBIH pOCT
momyssipHocTd yeayru. B Hikeropojckoit obnactu, craBiieid (arMaHOM BO3POXKICHHS
oTpaciu, koMnanusi «Bomonér» yBennuuia maccaxxuponoTok ¢ 81,4 Teic. yenoBek B 2023
roxy mo 125,3 teic. B 2024 roay (poct 54%). B 2025 romy TeHIeHIUsI COXpaHUJIAch, a
MapuIpyTHasT CeTh BOAHOTPAHCIOPTHOTO IIPOEKTa OXBaTHia Yyke 12 peruoHos,
NPOTAHYBIINCh OT TBepu Ha ceBepe n0 Bomrorpama Ha rore, TO €CTh OXBaTHIBACT
IIpupedHble TeppuTopuu BepxHeil Bonru n cpennero IToBomkes. B menom mo crpane 3a
nepBoe monyroaue 2025 roma 00bEM pEUHBIX MACCAXUPCKUX IEPEeBO30K BhIpoc Ha 30%,
npudeM HanOosiee IMHAMHWYHO Pa3BUBAINCh MMEHHO MEXIYyTOPOAHHE MapUIpyThl (pocT
37%) u BHyTpUropoackue TuHUM (poct B 3,5 paza).

Tpersum  dakTopom >PPEKTHBHOCTH BOJHOTPAHCIOPTHOH CHUCTEMBI CKOPOCTHBIX
MACCAXUPCKUX MEPEBO30K BBICTYNACT MYJIbTUIUIMKATUBHBIA 3(GGEKT Uit dKOHOMHKH
BOBJICUCHHBIX PETMOHOB M CTPaHBI B IEJIOM. BinsSHHE CKOPOCTHBIX MEPEBO30K BBIXOAUT
JTAJIEKO 32 PAMKH TPAHCTIOPTHON OTPACIIH U NMPOSABIIETCS B HECKOJIBKUX IIOCKoCTAX [10]:

1) PazButme TypmsMa. BO3MOXHOCTB OBICTPO 10OpaThCS [0 MAaJBIX HCTOPHUYECKUX
ropozoB (Hampumep, MaxkapbseBa, CBuskcka, ['oponiia) cremaiga MX JOCTYIHBIMH JUIS
OIHOTHEBHBIX TYPHCTHUECKHMX IO€3[0K. PeuHble MapHIpyThl HHTETPHPYIOTCA B
TYPUCTHYECKHE MPOTPaMMbI, YTO IIPUBOJUT K POCTY BBIPYYKH OOBEKTOB oOIIenwura,
TOCTHHWYHOTO Om3Heca W My3eeB. COrJlacHO ONBITY COCTaBHBIX peiicoB «HmxHmit
Hosropon — Tseps» u «Hwxuuii HoBropox — Bousrorpaa», maccakupbl MOIy4aroT
BO3MOXKHOCTh OCMaTpPHBATh TOPOJa B XOZE MPOMEXKYTOUHBIX OCTAHOBOK, YTO HPEBpAIIAET
MOe37Ky B Typ BbIXoaHOro aHsA. PecryOumkm Yysammst m Tarapcran yxke BKIIOUWIN
pasBUTHE TpUYAIBHOI HWH(pacTPyKTypsl (YIUIMHEHHE CTEHOK, CTPOHMTEIILCTBO MapHH) B
CBOM CTpaTeruu pa3BuTusa Typusma 1o 2030 rona.

2) 3arpy3ka MpOMBIIIICHHOCTH U KaApOBBIM mNoTeHIMan. Bo3poxaenue d¢iora
CTUMYJIHPYET  CYOOCTPOHWTENbHYI0  OoTpacib. OCHOBHBIE  CTEHKXOJAEPHl  31eCh
3enenononbekuii 3aBox umeHn A.M. T'opekoro B Tartapcrane m IIKb mo CIIK umenun
AnexceeBa B Hmxkeropoackoit o6mactu. IToTpeGHOCTs B HOBBIX CyAax BBICOKA: TOJIBKO Ha
TIEpBOM 3Tare npoekTa «PeyHble MarucTpaany» JOMOTHUTEIbHAS TIOTPEOHOCTh OLICHUBAJIACH
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B 18 equnun ckopoctHoro ¢uora — cynoB Ha noaBoAHBIX KpbUIbix (CIIK). ITo cocrosiHuIO
Ha Hauyajo 2026 roja cygoXoJHble KOMIAaHUU-YIaCTHUKH MpoekTa skciryatupyot 9 CIIK.

Mexny tem, noctpoiika CIIK cozmaer paboune Mecta He TOJNBKO Ha Bep(six, HO U Y
CMEXHUKOB — IIPOU3BOAUTENICH KOMIUIEKTYIOIIUX (HANpUMep, YyBallCKUE NPeNpUsTUsL
«Qnapa», «BHUNP» yxe nocraBistoT netanu it «MeTeopoBy).

3) Onrummsanus OIOKETHBIX PAacXomoB, Kak OOOCHOBBIBAIOT aBTOpPHI craThu [10],
BHIHA TIPH TMEPEKIIOUYEHUH MaCCaXHPOB C aBTOTPAHCIIOPTa M JKEIE3HOH JOPOTH Ha BOLY,
YTO CHIDKAeT HAarpy3Ky Ha TOPOKHYIO CETh CMEKHBIX BHIOB TPAHCIIOPTAa U JaeT SKOHOMHIO
OIO/KETHBIE CPEICTBA Ha ee Cofep)KaHue U KalUTaIbHbII PEMOHT.

VIHHOBaIIMOHHBIE TACCAXHUPCKUE TIEPEBO3KH WMEIOT 3HAYHTEIBHBIH COIHAIbHO-
SKOHOMIYECKUH 3(dekT, Bo3BpaImas cpencTBa CyOCHIONH depe3 HAIOTH OT PacTyIIETro
TYPUCTHYECKOTO U MPOMBIIUICHHOTO CeKTOpOB. JlaHHBIN 3¢ deKT noaaepxuBaercs 3a cuer
KOMIUIEKCHOW MHHOBAaLIMOHHOW COCTABJISIONIECH NaHHOW TPaHCHOPTHOW YCIYTH U CBS3aH C
HMHTEPECOM HACEJICHHUs K HOBILECTBAM U €€ KaUeCTBEHHBIM XapaKTEePUCTHKAM.

JIng HarmspHOTO NpeACTaBICHHUS MEXaHH3Ma BIUSHHMS CKOPOCTHBIX IIEPEBO30K Ha
SKOHOMHKY  aBTOpaMH  pa3pa0OTaHa KOHLenTyanbHas Moaenb  «TpaHCHOpTHO-
9KOHOMMYECKHI KiacTep Ha 6aze BBII», mpeacTtaBnenHas Ha puc.2 B BHUAE CTPYKTYPHO-
JIOTHYECKOW CXEMBI, TOKAa3bIBAIOIICH KaK TOCyNapCTBCHHAs MOJICPKKa W YacTHBIC
WHBECTHIIUH B OJWH AJIEMEHT BOAHOTPAHCIIOPTHOHN CHCTEMBI 3aITyCKalOT POCT B HECKOJIBKHAX
CMEXHBIX CEKTOpaX IKOHOMHKH.

rOCYOAPCTBEHHBLIE M HACTHBIE MHBECTULIMIA

denepanbHbii NpoekT "Peydble marncTpann”, cybocnamm

BA3UCHBIN, MATEPUA/IBHO-TEXHWMHECKWIA YPOBEHb (OBECTIEYEHUE MPOEKTA)

WndpactpykTypHoe Kaapoeoe u HayyHoe

CypocTpoeHune
obecneueHue obecneyeHue

ANPO KNACTEPA - TPAHCMOPTHBIN YPOBEHb (MHHOBALIMOHHAA YC/IYTA)

CKOpOCTHbIE CYAa, MApLIPYTHAA CeTb, KOMBUHUPOBaHHbIE (MHTEP- M MYNBTUMOAANbHbIE) coobleHun,
KoMdOPTHAA TPAHCNOPTHAA CPefa M IKOHOMMA BPEMEHM B NYTH 33 CYET CKOPOCTHOTO coobleHunn

| COLUMANBHO-3KOHOMMWYECKUIA YPOBEHb

AJIOMEPALIMW (TYPU3M) BU3HEC BHOAMET

- POCT TYPNOTOKa B NpUMpeYHble ropoaa; - pocr MoBUNbHOCTH - 9KOHOMMA Ha
KajpoB; CoAEepPHaHWUMK

TPaHCNOPTHOM

MHpacTpyKTypbI;

- Pa3BUTHUE TYPUCTCHROIO CEPBUCA;

- YCuneHHe nenoBbiX

- PAa3BUTHUE TOPIOBJW WU YCNYT "
I p yeny CBA3EM,

rocTenpuMUmMmcCTBa;
P ! - POCT Hanoroe ¢
- yBenuwyeHue BusHec-

. Typusma 1
BO3MOKHOCTEN

- yBeauyeHue yucna paﬁoqhx MecT

NMpOMbBILLNEHHOCTH;

Puc. 2. Mopens: «TpancniopTHO-9KOHOMUUECKHiT Ki1acTep Ha O6asze BBID»

JlanHas Mojiesb 0a3upyeTcsl Ha B3aUMOJICHCTBUHU TPEX YPOBHEH ApaiiBepoB: 6a3UCHOTO
(uHppacTpyKTypa, Kaapbl ¥ HaykKa), TPAaHCIIOPTHOTO (MHHOBALMOHHAS yCiIyra) W
COIMATLHO-OKOHOMHYECKOTO (TIociencTBus U 3Q¢ekThl). BepbanbHoe M3N0KeHUE MOACTH
BBITJITUT CIIETYIONM 00pa3oM:

1. bBaszoBberii ypoBeHp (MHBECTHMIMOHHBIA HWMIYJIbC). OTO OTHpaBHAas TOYKa,
TOCYJapCTBCHHBIEC U YaCTHBIE BIOKECHUSI.
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— lpatiiBep: CrpoutensctBo ckopocTHeIXx cynoB (CIIK Ttuma «Bamnpaity,
«Merteop»).

— JlpaiiBep: PexoHcTpykuusi mpu4aibHOW HHQPACTPYKTYphl (IpHYaIbI,
BOK3aJIbl) U THOYTITyOJieHHe (POeKT «PedHble MarucTpaimy).

— D¢ dexT nepBoro nopsika: 3arpyska CyaoCTpOUTENBHBIX 3aBOJIOB (pOCT
MIPOMBIIINICHHOTO TIPOU3BOICTBA), CO31aHHE PaOOUNX MECT B CTPOUTENBCTBE
CYIOCTPOCHHH, pa3BUTHE CMEXHBIX IPOU3BOACTB (IIPHOOPOCTPOCHHE,
AIEKTPOHUKA).

2. TpaHCTIOPTHBIN YPOBEHB (TIPOLIECCHl U Pe3yNbTaThl). D (PEeKTH 0T HeMmoCPEICTBEHHOE
(YHKIIMOHNPOBAHUE CHCTEMBI U ONIEPALMOHHON AEATEIHHOCTH.

— HpaiiBep: CokpamieHre BpeMeHH B IyTH (CKOPOCTh 65-75 KM/4 U HET
poOoK).

— [paiiBep: perynspHOCTb U JOCTYIHOCTb.

— Dddekr BTOpOro mopsimka: pocT maccaxupornoroka. CyocumupoBaHue
Tapuda, a 3HAYUT YBEIUUCHHUE JOCTYITHOCTH JJIsI HAaCeJICHHsS M YBEINYCHHE
MOKyIaTeNbckoil criocoOHocTH. [loBBINIEHNE TPaHCIIOPTHOH IMOJABMKHOCTH
(MoOumbHOCTH) HacesneHuss. POpMUPOBAHUE YCTONUMBBIX MEXPETHOHATIBHBIX
cBsI3eH (TpynoBasi MHUTpamys, AETOBBIC IOE3/KH, YKPEIUIEHHE CEeMEHHBIX U
POJICTBCHHBIX CBSI3€H).

3. CoumnanbHO->KOHOMHYECKHH ypOBeHb (KOHEUHBIC 3(dekTsl). 3mech BO3HHKAIOT
OCHOBHBIE BBITOJIBI JUISl IPUPEUHBIX PETHOHOB:

— Typuctuueckuii fapaiiBep - JOCTYMHOCTH MajbIX TOPOJOB H
HCTOPUYECKUX MecT (OJHOAHEBHBIE TYpHI); POCT TYpPHOTOKAa, a 3HAYUT
3arpy3ka roctuHull, kade, myzeeB. Dddext: PocT BeIpyukH cekTopa ycuyr u
HaJIOTOBBIX HOCTYIIJICHUH B OIO/KET.

— /[enoBoil M JIOTMCTUYECKUM [paiiBep: YIPOIICHHE KOMMYHUKALUU
MEXAy OM3HEC-LIEHTpaMH I'paHUYaIlnX NPUPEUHBIX PErHOHOB; UHTETPALHS C
JIpYrUMH BHIAMH TpaHCIOpTa (MyJIbTHMOJATbHBIE MEPEBO3KU: PEKa-aBTO-

x/I). DPGEKT: pocT AeI0BON aKTHBHOCTH, NPHUBICUCHNE KaJIPOB, CHIKCHHUE
JIOTHCTHYECKUX M3JIEPKEK AJISI TaCCaKUPOB.

— bromkernsiit npaiisep (KocBeHHas 5KOHOMESA): CHIDKCHHE Harpy3Kd Ha
aBTOJIOPOXKHYIO M KEJIE3HOJOPOXKHYIO CETh B IHKOBBIM JIETHHH TEpHOL;
MEHBIINH HW3HOC JOPOXXHOTO TMOJOTHA. D(PQEKT: SKOHOMHUS OFOKETHBIX
CPEICTB HAa PEMOHT CYXOIYTHBIX IIyTeH COOOLICHHS, KOTOPBIE MOXHO
IIepeHanpaBuTh Ha JApyrue HYXIbl, HalpuUMep, pa3BUTHE WHHOBAI[HOHHBIX
KOMOWHHUPOBAHHBIX (MHTEP- M MYJIBTUMOJAIBHBIX) CHCTEM M JPYTUX
MIPOPBIBHBIX TPAHCTIOPTHBIX TEXHOJIOTHIA.

Ki1roueBoil BBIBOJI MOJIENTN: PAa3BUTHE CKOPOCTHBIX MACCaXUPCKUX MEPEBO30K padoraer
KaK <«OKOHOMHYECKHI KaTalu3aTop»: OIO/DKeTHble CyOCHOWM Ha TIEPeBO3KH U
nH}pacTpyKTypy BO3BpAIIAIOTCS B 9KOHOMHUKY B BHJIE POCTa HAJOTOB OT TypU3Ma, 3arpy3Ku
MIPOMBIIIVICHHOCTH W SKOHOMHM Ha COJIEp)KaHUHM HH(PPACTPYKTYphl CMEXHBIX BHIIOB
TpaHcnopTa. [Ipu 3TOM, Ba)KHOM NpaKTHUYECKOH 3ajjauell sIBIIETCS pa3BUTHE MapLIPyTHOM
cetm [12,13]. Takum o00pa3oM, BO3HHKAIOT OOOCHOBaHHBIC MPEANOCBUIKM K CMEHE
napajiurMbl  NIPOCTPAHCTBEHHOTO  Pa3BUTHs  TPAaHCIIOPTHOW cucTeMbl Poccum ot
MIPEBATMPOBAHUS CYXOMYTHBIX BHJOB TPAHCIOPTAa K cOAJaHCUPOBAHHOMY Pa3BUTHIO Ha
MIPUHIANAX O KETHON 3P (HEKTUBHOCTH.

IMIpu »>TOM JOmMKEH OBITH CHOPMUPOBAH KIACTEp HMHHOBAIMOHHBIX CKOPOCTHBIX
MACCAXUPCKUX TIEPEBO30K, MOJENb KOTOPOTO TOKa3aHa Ha puc.3. Sapom kmactepa
BBICTYyIIa€T MapIIpyTHash CeTb W ONEpaTopbl CKOPOCTHOTO TMAacCaXHPCKOoro (iora
(CynoxoHble  KOMIAaHWH), O0OECNeUMBAIOIINEe HEMOCPEICTBEHHOE  MPEAOCTaBJICHHE
WHHOBALIMOHHOM  TpaHCIOPTHOW  yciayru. Bokpyr saapa  ¢opmupyrores — Tpu
KOHLEHTPUYECKUX Kpyra OOECIIeUMBAIONINX M CEPBHCHBIX CETMEHTOB, CBS3aHHBIX MEXKIY
co0Ol TOTOKaMM TOBApoOB, YCIYr, WHpOpPMAlMK M HMHBECTUIMU. SIIpo 3amaer «puTM»
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paboThl Bcero Kiactepa: OT pacHHCaHUsl PEHCOB 3aBUCUT Ipaduk paboThl IPHUYANIOB,
3arpy3Ka rOCTHHHII, TOTPEOHOCTh B TOIUIMBE U CHAOKCHUH, HHTCHCUBHOCTD MCIIOJIB30BAHUS
CYZIOPEMOHTHBIX MOILIHOCTEI.

KiroueBbiMM (QYHKIMSAMH siipa KiacTepa, 0 MHEHUIO aBTOPOB HACTOSIICH CTaThH,
JIOJDKHBI BCTYIIATh:
— Oprasuzanyst peryiIsapHbIX U TypUCTHYECKHX PEHCOB.

— ®opmupoBaHue MapIIpyTHON CeTH (pernoHamBHOMN u
MeXpETHOHATIBHOM).

— B3ammMopeiicTBre ¢ rocy1apcTBOM IO BOTIPOCaM CyOCHANPOBAHMS.

— YnpapieHHe MacCaKUPOIIOTOKOM, OMJIETHBIMH CHCTEMaMH, CEPBHCOM
Ha OopTy.

— Koopaunaruss ¢ 0oOecneYMBAONUMH  CETMCHTaMHU  (pacHUCaHus,
CTBIKOBKH, CHAOKCHHE).

Tpernii mosc
KJI4acTepa

Bropo# nmosc
KIacTepa

IlepBBIH HORC
KIacTepa

AOPO:
MapmpyTHad CeTh
H OIIePATOPBI

CROpPOCTHOIO

aorTa

OfecneTHBaOITHE OPraHH3ANHHA

HHQPACTPYKTYPHO-CEPEHCHOE
obecne1eHHe

ConnalbLHO-YKOHOMHIeCKHIT

Puc. 3. KonnenrtyansHast MOJIeNb KIaCTepa HHHOBAI[OHHBIX CKOPOCTHBIX MTACCAKUPCKHUX MEPEBO30K

Jlanee sIpo OMOACHIBAET IyJ OpTaHM3allMi, pealu3yOUIUX HEMOCPEICTBEHHOE
obecrieueHre JeATeIbHOCTU /pa, TO €CTh (PU3UUECKYI0 BO3ZMOXKHOCTh SKCIUTyaTaluu (JIoTa
(ITepsblii nosic):

— CynmoctpoutenbHble 3aBOAbI M PEMOHTHbIe Bepdu (3esIeHOH0IBCKHIA
3aBo uM. A.M. T'opwskoro, LIKb mno CIIK um. P.E. AnekceeBa u ap.):
o0ecrieunBarOT IOCTaBKy HOBBIX CY/IOB, MOAEPHHU3ALMIO CYIIECTBYIOILIETO
¢uroTa, rapaHTHITHOE M CEPBUCHOE OOCITYy>)KUBAHUE, PEMOHT M XPaHEHHS CYI0B
B ME)XHABUTALIMOHHBIH ITEPUOI.
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— IlocTaBmuKkn KOMIJIEKTYIOIIMX: NpousBoauTtenu asurareneid (MMC,
«3Be3ma»), CYHOBBIX CHUCTEM HaBWrallu{, TOIUIMBHOM  ammapaTypsl,
AMEKTPOHUKH (Hampumep, «Anapa», «BHUWP», MPC Onektponukc u ap.),
IIPOU3BOIUTEIH KpEecell, MaTepUaIoB.

— Ilpennpusrus oOecriedeHUss IMPOM3BOJACTBEHHOIO NHWKiIa Bepdeid u
PEMOHTHBIX IPEATPHUATHH.

— ToNNMBHO-?HEPTeTUYECKUI  KOMIUIEKC:  IOCTAaBIIUKH  CYIOBOTO
TOIUIHBA, OYHKEPOBOYHBIE KOMIIAHUH.

— IlpuuanpHasi WHPACTPYKTypa: pEUYHbIE BOK3albl, ITaCCAKHPCKHE
mpudanel, Aebapkagepsl, PETHOHAIBHBIE MHHHCTEPCTBA  TpaHCIOPTa
(Bmamensubl HHQPACTPYKTYPHI).

— OOpazoBarenbHbIE W HAayYHO-HCCIEJOBAaTEIbCKUE  MHCTHTYTHI
(manpumep, 6azoseiii By3 BI'VBT, Hwxuuii HoBropox), pedunsie yumnuina,
y4eOHblE  IEHTPhl  HOATOTOBKH,  IEPEMOATOTOBKM W ITIOBBILICHHS
KBanM(pUKAIMK  IUIaBCOCTaBa.  Pa3pabOTKa  HOBBIX  THIIOB  CYJOB,
THIPOAMHAMHMYECKHE  HCCJIEJOBAaHUs, WHHOBAallMM B  MaTepuagax U
JBUTaTEIAX.

Bropoii nosic (MHGpacTpyKTYpHO-CEpBHCHOE OOECTedeHNe) BKIIOYACT OpraHU3aLluH,
KOTOpBIE 00ecneynBaoT KOM(OPT B OE30IaCHOCTh NMACCAXKUPOB, & TAKXKE CO3MAIOT YCIOBHS
JUISL MHTETPAlA BOJHOTO TPAHCHOPTa B OOIIYI0 TPAHCIIOPTHYIO CHCTEMY, OOECTICUEHHS
MYJIbTUMOJIBHOCTH  («EIWHBIH  Owier», CTHIKOBKA  pAclUCAaHUM), MpPUBICYCHHE
TPaH3UTHBIX TTACCAKUPOB. J[aHHBIM CErMeHT KilacTepa 00ecIieunBaeT B3aUMOCBSI3b C SAPOM
U TIEPBBIM TI0SICOM HOCPEICTBOM:

— TpaHCIOPTHO-JIOTUCTUYECKUX Y3JIOB: JKEJIE3HOJOPO’KHBIE BOK3AJIbI,
aBTOBOK3aJIbl, a3POIOPTHI, PACIIOI0KEHHBIE BOJIM3M PEUHBIX BOK3aJIOB.

— HundpoBbix miaThopM, BKIFOYAONMX OUIETHBIE CUCTEMBI, arperaropsl
ouneroB, [T-komMnanuu, pa3pabOTUMKH CHUCTEM OPOHUPOBAHUS W TPOJAKA
OnIeToB, yIpaBlIeHNE CIIPOCOM, cOOp JaHHBIX O MTACCAXKUPOTIOTOKE U T.II.

— CrpaxoBble  KOMIAHUM: CTPaxOBIIMKH TPAHCIOPTHBIX  PHCKOB,
MACCAXKUPOB, CyJOB, OTBETCTBEHHOCTH NIEPEBO3YHKA.

— Tperuit mosic (conMaIbHO-3KOHOMHUYECKHH) TIPEACTaBIACT COOOH
CEerMEHT KJIacTepa, KOTOPBI BKIIOYAET MPEINPUATHS M OpPraHU3alNH,
M3BIEKAIOIIKME BBITOAY OT JEATENBHOCTH sAApa KjacTepa, co3faBas
N00aBOYHYIO CTOUMOCTh U (OPMHUPYS OOpaTHBIC CBSI3H, YCHIMBAIOIIUE
KJIacTep:

— Typuctuueckue KOMIAHHMU: TYpOIEPaToOpbl U areHTCTBA (BHYTPEHHHUI
BOJHBIA TypH3M), SKCKYpPCHOHHBIE OIOpO, areHTCTBa IO NPHEMY TYPHCTOB.
Slnpo obecriednBaeT TPAHCIOPTHYIO TOCTYIHOCTh TYPUCTHUECKHX OOBEKTOB,
a JIeSTeNBbHOCTh TYPHCTUYECKHX OIEpaTopoB M AareHTCTB HAalpaBiIeHa Ha
(opMHpOBaHHE HOBBIX TYPHCTHUYECKHX ITAKETOB, OPraHM3aIMI0 SKCKYPCHH,
OpOHHMpPOBaHKE IPYNIOBBIX PEHCOB H T.JI.

— Toctuanuneiit 6uznec 1 HoReCa (oTenmn, xocTesbl, TOCTEBBIE JOMa,
pecropansl, kade, MPUIOPOKHBIA CEPBHUC B MOPTOBBIX TOPOAAX) IPUHUMAIOT
MIaCCaKUPOB (AEIOBBIX TYPUCTOB, TYPUCTOB BBIXOJHOTO JTHS), TOJIY4alOT POCT
3arpy3ku Ojarofaps TPUTOKY ITOCETUTENeH, MOCTYMAloMKX I10 BOJHBIM
PEYHBIM MarucTpasim.

— ToproBsle KOMIAHWU M PUTEHI: Mara3uHbl CyBEHHPOB, NPOIYKTOBBIE
PBIHKH, TOPTOBBIE IIGHTPHI B 30HE NPHYAIOB, JIOKAJIHHBIE MPOU3BOJUTEIH
(bepmepsl, pemecieHHUKHN). VX AesSTeNbHOCTh HANpaBIeHA Ha PEAIU3AIHI0
TOBApOB MAacCaKUpaM M TypucTaM. {7 MajbIX TOpPOJOB 3TO HOBBIM KaHAI
cOBITa JIOKAIEHON MPOAYKIIHH.
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— OOBeKTHl KyNIbTYPHOTO HAclemuss W MY3eU: MY3eH-3all0BEJHUKN
(manpumep, CBusbkck, [oponen), ycaabObl, HCTOPUYECKHE LEHTPBI. IJTOT
CerMEHT KJacTepa IMOJy4aeT pOCT IOCEIIaeMOCTH 3a CYET YBEIUYCHHS
TPaHCIIOPTHOW  JOCTYMHOCTH. Bo3Mo)kHa  peanm3anusi  COBMECTHBIX
MapKETHHTOBBIX IIPOrPaMM C SAPOM.

— /JleBenonepsl U CTPOUTENBHBIC KOMIIAHHU: 3aCTPONIMKN IPHOPEKHBIX
TEPPUTOPHI, KOMIIAHMM 10 PCHOBAIMM HAOEPEXKHBIX, JCBEJIONEepPHI
TYPUCTHYECKUX KIACTEPOB. DTOT CETMEHT CO30aéT KOMMEPUYECKYIO U KHIYIO
HEIBIKUMOCTh B 30HAaX, CTaBIIMX IIPHBJICKATeIBLHBIMH  Onaromaps
MIOBBICUBILEHCS TPAHCIIOPTHOM JOCTYIHOCTH.

BHenHuid mosic cocTaBIsIOT (enepanbHbIe, perHoHaNbHbIe M MyHUIUIIAIBHBIE OpTraHbl
BJIACTH: MUHHCTEPCTBA TPAHCIIOPTA, TYPU3Ma, SKOHOMHUYECKOTO Pa3BUTHS, aJMUHUCTPALIHN
MOPTOBBIX TOPOJOB. DTOT CErMeHT oO0ecleunBaeT peryJiMpoBaHue, CyOCHANPOBAaHUE,
pa3paboTKy CTpaTeruii pa3BUTHs, CO3JaHHE OCOOBIX SKOHOMHYECKHX 30H TYPUCTCKO-
PEKpeaMoHHOr0 THIIA | T.I1.

Takum o0pa3oM, KiacTep MHHOBAMOHHBIX CKOPOCTHBIX MAaCCAKHUPCKHX MEPEBO30K —
3TO TEPPUTOPHAIBHO-OTPACICBOEC OOBCIUHCHHE B3aMMOCBS3aHHBIX MPEANPUATHA U
OpraHu3alyid, COCPENOTOYCHHBIX BOKPYI €OMHOTO HPOQHIBHOTO S7Apa, ACATEIHHOCTh
KOTOPBIX CHHEPIeTHYCCKH YCHJIMBACT KOHKYPCHTHBIC NMPEHMYIIECTBA KaXKIOr0 yYaCTHHKA.
BHeniHel cpenoil kimactepa BBICTYIIAeT IOCYJApCTBO 3aKOHOIATEIBCTBO M HOPMAaTHUBHOE
perynupoBaHue, cyocuand, (enepaibHble IPOTPaMMBI PA3BUTHS BHYTPEHHETO BOJHOTO
TPAHCIOPTa, KOHLETIMU U MPOEKTHI (HanpuMmep, «PedHbie MarucTpaim).

Obcy:xnenue

D¢ dexTh 0T PYHKIIMOHUPOBAHUS KIacTepa:

1) Cunepreruueckuil: CHI)KEHHE TpPaH3aKLUMOHHBIX H3JIEPXKEK 3a  CUeT
reorpaMuecKoil KOHIIEHTPALUHI U JOJTOCPOYHBIX KOHTPAKTOB MEXIY SIPOM
1 00ecreYnBaOLIIMH CETMEHTAMU.

2) MynerumukatuBseiid [10]: 1 pyons cyOcununit Ha nepeBo3ku reHepupyer 3-4
pyOnst BBIDYYKH B TypH3ME, TOCTETIPHUMCTBE, OOLIECTBEHHOM IHUTAHUH H
TOPTOBIIE.

3) WanoBanmonusiii: koHMeHTpanus HUOKP u mpon3BoACcTBEHHBIX MOIIHOCTEH
CO3/1aeT yCJOBHUS Uil pa3pabOTKM HOBBIX ITOKOJICHWH CYyIIOB (BOIOPOAIHBIE,
JIEKTPUUECKHE, KOMITO3UTHBIE).

4) VIMHIDKEBBI: PpErHOHBI C Pa3BUTBIM CKOPOCTHBIM  (DJIOTOM  TOSTy9aroT
KOHKYPEHTHOE MPENMYIIECTBO B 60ph0e 3a TYpHUCTOB U HHBECTOPOB.

5) CouunanpHbIii: TOBBIIIEHUE TPAHCIIOPTHOW JOCTYHHOCTH MalbIX TOpPOJIOB,
COKpAIlleHHEe COIMAJbHOTO HEPABEHCTBA, IOBBIIIEHHE OJIarocOCTOSHUSA
HaceJIeHUs MPUPEYHBIX PETHOHOB.

VY CIIOBHSIMH YCTOWYIHBOTO PAa3BUTHS KJIACTEPa BBICTYIAOT:

1) CrabwibHOe TOCYAapCTBEHHOE CyOCHIMPOBaHHE  COLMAIBHO-3HAUMMBbIX
MapHIpyToB Ha (peaepasbHOM M PErHOHAIFHOM YPOBHSIX.

2) PasButHe BOXHO-MH(PACTPYKTYPHOI'O KapKaca — pa3BHTHE IIPOrPaMMBbI
CYIOCTPOCHHSI WHHOBALIMOHHOTO CKOPOCTHOTO (JIOTa, TapaHTHPOBaHHBIE
IyOMHBI HAa MAaruCTPaJbHBIX BOAHBIX IYyTAX MW Pa3sBUTHE IPUYATBHON
nH(PaCTPyKTYpHI.

3) MWHrerpauus B MyJIbTHMOJAIBbHBIE CHUCTEMBl — CO3/aHHE TPAHCIOPTHO-
nepecanounbix y3i10B (TIIY) Ha cThike peka-k/I-aBTo.

4) KanpoBoe u HaydyHOE 0OecriedeHre — MOATOTOBKA MJIABCOCTaBa U MHKEHEPHBIX
kanpos (pazsutue BI'YBT u ¢punmanos), HUOKP.

5) UudpoBuzamus — enuHble OMJICTHBIE IUTATQOPMBI, CHUCTEMBI YIPABICHUS
MTACCAXUPOTIOTOKOM, HABUTAIIHOHHBIE CEPBUCHI.
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HecMoTps Ha MO3UTHBHYIO JUHAMHKY, OTPACIIb CTAIKUBAETCS C BEI30BaMU. [ TaBHBIN U3
HUX — Heno(UHAHCHPOBaHHE COAEPKAaHUS BHYTPEHHHMX BOAHBIX myTed. B 2025 romy
Pocmoppeuduior momyunn aumb 72% OT HOPMATHBHO HEOOXOAMMOro o0beMa CpeiCTB Ha
9TH LENU, YTO CO3JaeT PUCKH s Oe30MacHOCTH CYIOXOACTBA M TpeOyeT SKCTPEHHOTO
niepepacrpezieseHus 010 KeToB. BTopoli BEI30B — C€30HHOCTH HABUTAIMH, XOTS MOSIBJICHUE
CymoB Ha BO3AymIHOM monymke (kak y kommaHun OOO «Bomonéry) 4acTHYHO pemaTh
po0IeMy 3UMHUX NEPEBO30K, HO TOJIBKO «IIONEPEK PEKM» WM Ha KOPOTKHUX AWCTAHIHAX.
B »3T0if wactTm HEOOXOOMMO HanbHEHIIee pa3BUTHE MPOCKTOB CKOPOCTHBIX CYIOB U
TPAHCIOPTHBIX TEXHOJIOTHH, BIUAIOMMX Ha HOKOHOMHYECKYIO YCTOHYHMBOCTH [14]
OTIEpPaTOPOB CKOPOCTHOTO (hJIOTA, BHICTYMAIOUIMX SIPOM IPEICTaBICHHOTO B HACTOSIICH
CTaThe KIacTepa.

KiroueBbiMu mpobieMamu npoekTa «PedHbie MarucTpainy BBICTYNAIOT:

— BBICOKAsl CTPOMTENIbHAS CTOMMOCTBH CYAOB, JOJIS KOTOPBIX JOXOAMT JIO
40% cebecTtoumocT [15] mpu HEBBICOKOH MOKYHATEIBCKON CIIOCOOHOCTH
HaCeJICHHS;

— OrpaHMuYeHHss N0 o0beMaM CyYOCHAMPOBAaHUSI TEPEBO3YMKOB U
MpUYaTbHOH WHQPACTPYKTYpHL, BbI3BaHHbIC mo3ummeld Munpuaa PO o
BO3MEIICHNH TOJIKO OIEPAIlMOHHBIX PAacXOJOB IIEPEBO3UYMKOB 0Oe€3 ydera
CHeUU(pUKA PEYHOTO TPAHCIOPTAa (CE30HHOCTh, IIEPEHOC PEMOHTOB B
ME)KHABUTALMOHHBIA TIEPHOJ U T.II.) U IPOOJIEM C COCTOSHUEM MACCAKUPCKUX
MIPUYAJIOB;

— HEZOCTAaTOYHasi OCBEJOMJIEHHOCTh HACEJIEHHS NPHUPEYHBIX PETHOHOB O
HOBBIX CKOPOCTHBIX MaplIpyTax;

— OoTcpoyka yTBepkaeHHs Ilpoekra pemeHHs o0 CyOCHIMPOBaHUU
nepeBo3ok, paspadorannoit BI'YBT, no3Bossitoleii cylecTBeHHO YIPOCTUTD
NpOLIEAYpY OTYETHOCTH IEPEeBO3UYMKAM M KaK CIEACTBHE HEXKeJIaHue
CYyAOXOOHBIX KOMIIAHMI BKIIIOUATHLCS B IIPOCKT.

3akjaouenue

VHHOBaIIMOHHAS YCITyra CKOPOCTHBIX ITACCAXKUPCKUX TIEPEBO30K CYAaMH Ha MOJBOIHBIX
KPBUIBSIX JIOKa3zana CBOIO S((GEKTHBHOCTh KaK KaTaaM3aTOp 3KOHOMHYECKOTO pOCTa
npupedHsIX TeppuTopuii. Ha mpumepe pernonoB I1oBomKest BUIHO, YTO MPOEKT «PeduHble
MarucTpain» pelaeT KOMIUICKC B3aUMOYBS3aHHBIX 3ajad: MOBBIIIAET KA4eCTBO XHM3HU M
MOOMJIBHOCTh ~ HACEJICHWS,  PAcKpbhIBaeT  TYpPHUCTHUECKMH  IOTCHIMANl  TIyOWHKH,
obecrieunBaeT 3aKa3aMu BBICOKOTEXHOJIOTHYHYIO NMPOMBIIUIEHHOCTh U CHHXKAEeT HarpysKy
Ha CyXOIYTHYIO MyTeBYyl0 HH(pacTpykTypy. [lanbHeiliiee pa3BUTHE OTpaciu Tpedyer
CTaOMIBHOTO (DPUHAHCHPOBAHMSI COAEPIKAHWSI BOJHBIX MyTeH M CHHXPOHM3AIMH IUIAHOB
CYIOXOJHBIX KOMIAHMH C pPETHOHAJBHBIMH CTpPAaTeTMSAMH DPa3sBUTHA Typu3Mma. Taxoke
TpeOyroT 0c000r0 BHUMaHMA U Ipyrieé HHHOBAIIMOHHBIE BUBI CKOPOCTHOTO NMACCAKUPCKOTO
¢tota, 4TOOBI B JOJITOCPOYHON NEPCIEKTHBE UMEHHO PEKH CTAHOBHMJIMCH TPAHCIOPTHBIMU
apTepusMH, CBS3BIBAIOIIMMHU pernoHsl Poccuu, a peyHble MarucTpaid CTald OCHOBOH
MIPOCTPAaHCTBEHHOTO PA3BUTHUS CTPAHBI.

Knacteprass Mojenb WHHOBAlMOHHBIX CKOPOCTHBIX —IACCAKUPCKUX — IIEPEBO30K
NIPEACTaBIsIET COO00M MHOTOYPOBHEBYIO CHCTEMY, B KOTOpOH sapo (omepartopsl ¢iota)
BBICTYIIA€T LIEHTPOM NPUTSDKCHUS] M KOOpAWHAIMK. BOKpyr Hero ¢popMupyroTcst TpH rmosica:
obecnieunBaromuii  (Beppu, pPEMOHT, KOMIUICKTYIOIIHE, TOILIMBO), HWHQPPACTPYKTYPHO-
CEpBHUCHBIN (MynbTUMOJANBHOCTh, [T, Kaapsl, Hayka) M PHIHOYHO-CEPBUCHBIN (TypH3M,
TOCTHHHUIBI,  TOPIOBNIA,  KyJIbTypa). YCTOWYMBOCTH  KjacTepa  oOecrednBaeTCs
TOCYJapCTBEHHOM MOIAEPKKOH, pa3BUTHEM HWH(PPACTPYKTypel U CHHEpPIHEH MeXIy
y9acTHHKaMH, 9YTO  II0O3BOJISIET  IIpeoOpa3oBhIBaTh  OIOPKETHBIE  CyOCHIuUM B
MYJIBTHIDIMKATHBHBIA POCT PETHOHAIBHOW SKOHOMHUKH.
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IlnaTHbIi NpHeM B TPaHCNOPTHBIE BY3bl B 2026 roay: HoBbIe
NPaBHJIA M BO3MOKHBIE NOCICACTBUSA
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AHHOTanus. B cTaThe aHaMU3UPYIOTCS U3MEHEHUS B IpaBUIIax ILUIATHOrO MpuéMa, KOTOpbIE
BCTYNMIM B CHIy B NpuéMHyro Kammanuio 2026 roga u 3aTpoOHyId B TOM YHUCIE
TpaHCIOPTHEIE BY3bl PocMoppeudiota. ABTOp IaeT CHCTEMHOE IPEJICTaBICHHE O TOM, Kak
HOBBIC MpaBWIa MEHSAIOT JaHMmadT IUIATHOrO InpuéMa B TPaHCHOPTHOH cdepe, H
paccMaTpHBaeT BO3MOJKHBIE CIIEHAPUU M TOCIEACTBUS A aOUTYPHEHTOB, BY30B U PBIHKA
TpyAa B Ommxaiiine ToIbl. BBIABIEHB HEJOCTATKH CYIIECTBYIOIICH METOAWKH pacuéra
MIPEIENIBHOTO KOJNUYECTBA MECT: HEOJHO3HAYHOCTh IOHSATUS «IIPO(QHUIBHOCTBY, CIOXKHOCTD
BepU(UKAINN HEKOTOPBIX MOKa3aTelel, OTCYTCTBHE ydeTa KaApoBOH MOTPEOHOCTH Ha
YPOBHE OTpACIM, perHoHa. ABTOp oOpaliaeT BHUMaHHE Ha Ba)KHOE YCIOBHE OrPaHMYCHUS
IUIATHOTO TIpHeMa OyIyIIUX CIENHATUCTOB IOPHIMIECKOT0 H AIKOHOMHUYECKOTO Mpoduiss—
cOalaHCHPOBaTh NOATOTOBKY KaJIpOB C peaJbHBIMU NOTPEOHOCTSIMU TPAHCIIOPTHOW OTPACIIH
1 u30exaTh Kak MepPEeHAChILIICHUs] OTPACICBOrO PhIHKA TPYZA, TaK U OCJIA0ICHHE KaJpOBOrO
MOTEHIIMAIa TPAaHCTIOPTHON OTpaciu.

KiroueBble cjoBa: BeICIIee 00pa3oBaHKe, TPAHCIIOPTHBIC BY3bI, IUIATHBIA [PHEM, MpaBHia
npreMa, KaapoBas MOTPEOHOCTb, 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

149



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

BBenenue

B 2026 romy mnpuémHas KaMmaHUs B By3aX OTIMYAJach pAAOM H3MEHEHHH —
KJIIOYEeBbIE M3 HUX 3aTpoHylu cdepy miatHoro mnpuéma. OTHOpaBHOM TOYKOW JuIst
rOCyJapCTBEHHOTO0 pPEryIHpOBaHUs IUIaTHOro mpuéma cran Mailt 2025 roma: Torma B
crateio 101 ®enpepansHoro 3akona ot 29.12.2012 Ne 273-®3 «0O06 oOpa3oBaHMH B
Poccutickoit @eneparm» nodaBunn HOByr0 HopMy. Ona Hamemmia IIpaBurenbctBOo PO
IIPaBOM YTBEp)KAATh: IIEPEUCHb HAMNpPABICHWH W CHEOWANbHOCTEH, Ui KOTOPBIX
YCTaHAaBIMBACTCS JIMMHUT IUIATHBIX MECT; TIOPSAIOK M CPOKH ONPENENICHHS 3TOTO JINMHUTA.

Ilens HOBOBBEAGHHUH — YIYYIIUTh KaY€CTBO BHICIIETO 00pa30BaHMA 1 cOANIaHCHPOBATH
CHUTyallMI0 Ha pPBIHKE TPyAa: YCTPAaHUTh NEPEH30BITOK CHELIHAIHCTOB IO OTACIbHBIM
HaNpaBJICHUSM W OHOBPEMEHHO BOCIIOJNHUTH HEXBATKY KaJpOB CPEIHETO 3BEHA M paboumx
npodeccuii.

«IIporecc MOArOTOBKM KaApOB Uil TPAHCIOPTHOW OTpaciM SBISETCS OCHOBOI
KaJpOBOr'0 M MHHOBALIMOHHOT'O PAa3BUTUS TPAHCHOPTHOH cucteMsl Poccuiickoit @enepanun
- omHOW w3 0a30BBIX OTpaciicii SKOHOMHKH TOCynapcTBa, (GopMmupymomeit oomee 6 %
HaIlMOHAJILHOTO BHYTPEHHETO BaJIOBOTO MPOAyKTa» [1].

ITonroToBka CHEIUANUCTOB U1 TPAHCIOPTHOIO KOMIUIEKCAa BeleTcs B paMkax 17
YKPYIHEHHBIX ~TPYIIl  CHENMANbHOCTEH ¥  HANpaBICHWH MOATOTOBKH  CPEIOHETO
MpoeCCHOHATPHOTO W BBICIIETO oOpa3oBaHmsa, B ToM ugucie mo YI'CH 38.00.00
«QkxoHoMuKa u ynpasiaeHue» u 40.00.00 «tOpucnpyneHums».

Cucrema TpaHCHOpTHOTO 0Opa3oBaHUWs, HoaBeAoMcTBeHHas Muntpancy Poccum u
HaXOJSIIMMCSI B €T0 BelCHHN (eiepalbHBIM areHTCTBaM, BKIIOYaeT 17 oOpa3oBaTenbHBIX
OpraHM3aluil BhICIIET0 00pa3oBaHUSA, B TOM dYHciIe 6 — BY30B BOJHOTO TPAHCIOPTA,
OJIBEIOMCTBEHHBIX PocMoppeudioTy.

B ycnoBusix orpaHMYeHUs IJIATHOTO TpHeMa TpaHCHOpTHBIE By3bl Pocmoppeudiora
CTOJIKHYJIMCh C HOBBIMHU BBI30BAMHU U KECTKUMHU OTPAHUYEHUSIMH CO CTOPOHBI FOCYIapCTBa.
Bcenen 3a orpannueHNsIMH 010KETHOTO NpueMa B Hadase 2000-bIX IT. Ha psiA HaIpaBiIeHUI
noarotosku/cnennaiprocteit YI'CH 38.00.00 «3xonHomuka u ynpasienue» u 40.00.00
«¥Opucnpynenuus», HaunHas ¢ npueMa 2026 roja — OorpaHUYMBAETCS U IJIATHBIN IPUEM.

Bomnpocs! maTHOTO BEICIIEro 0O0pa3oBaHWS AKTUBHO M3Yy4YalOT B POCCHHMCKOW HAay4HOM
cpezie, OHM HalllId CBOE OTPAXXEHHE B PSAAEC COBPEMEHHBIX HAy4YHBIX UccienoBanui [2-10].
ABTOpBI HWCCIECIOBAaHWN 3aTParkBalOT pa3JIMYHbIE MPOOJIEMHBIE AaCHEKTHl IUIATHOTO
00pa3oBaHys: CTOMMOCTH IUIATHBIX 0O0pa3oBaTeNbHBIX yciayr [3,6], KadecTBO IUIATHOTO
oOpasoBanus [2,5,7], ero JOCTYIMHOCTH W BocTpeboBaHHOCTH [4,7,8,10], oTCyTcTBHE
3 PEKTUBHOTO MEXaHU3Ma COIJIAaCOBaHMs IMOTPEOHOCTEH pBIHKA TpyJa C MOATOTOBKOU
BBIITYCKHUKOB [7,8], mpoOyieMbl ()MHAHCHPOBAHUS BBICIIEr0 00pa30BaHKs B COBPEMEHHOU
Poccum [9].

B HaydHO! mOBecTKe, CBA3aHHOHW C JKOHOMHKOW 00pa3oBaHUs U MPOOIEMATHKON
IUTATHOTO ~ TpHeMa,  HEJOCTaTOYHO  BHHUMAaHMA  yHensdeTcd  IOCyAapCTBEHHOMY
pEeryIupoBaHui0 3TOH Ccdepsl — x0T uMeHHO ¢ 2026 roga OHO CTaji0 3HAYUMBIM
¢dakropoM. B pamkax JaHHOTO HCCIEIOBAaHHS MBI PacCMOTPUM JAEHCTBYIOLIHE
OTpaHWYEHUs, KOTOpPBIC BIIEPBHIE OBUIM PEaln30BaHBl B XOJ€ KOHKYPCHOH INpoLeaypsl H
npueMHoOM kamnanuu 2026 roaa, uX BO3MOXHBIE IOCIAEACTBUSL.

MeTtoasbl

OMmnupudeckyo  0a3y  cocTaBWiaM  O(UIMANbHBIC  CTATUCTHUECKHE  JIAaHHBIC
MuHucTepcTBa HAayKM M BBICIIero oOpasoBanHus Poccuiickoit ®epepaunu, EnunOoi
MEXBEIOMCTBEHHO# HHpOpMannoHHo-ctarucTyeckon cucremsl (EMUCC).

MeTomgaMu HCCIIETOBAHUS SBJSUINCH: aHAJIN3 POCCHICKUX HAyYHBIX MyOIMKAIUi 1O
BEIOpAaHHOW TeMaTHKe; CHCTEMHBIH MOIXOI; JOTHKO-CTPYKTYPHBIH TMOAXOJ, HaONIOICHHE,
cpaBHEeHHE, 00001IeHNe.
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PesyabTaTsl, 00cy:kaeHns

[IpenBeCTHUKOM YCTaHOBJIEHHBIX 3aKOHOM OTpPaHWYCHMH, BCTYNMBLIMX B CHIY  C
01.09.2025, crano orpaHuyeHue B IpuUeMHYI0 KammnaHuto 2025 roma Ha yBeJIUYEHHE
IUIATHBIX MECT B X0JIe MPUEMHON KaMIaHUH, KOTOPOE BY3bl paHee cBOOOJHO MPOM3BOIMIN
TIPY MOBBIIIEHHOM CIIPOCE.

AKTBI 3aKOHOZATENbCTBA O IUIATHOM IIpHeMe Ha oOydeHue B By3sl Ha 2026-2027
y4eOHBIN O IPECTaBICHBI HAa PUCYHKE 1 B XPOHOJIOTUH MX HPUHATHS.

DefepantsHei 3akoH ot 23 man 2025 1, N 114-03 a0 BHECEHKM HAMeHEHHA B cTaTek 101 v 104 denepansHoro
saKoHa "06 ofpazopanud B Pocchickon ®efepauius ( BETYNUN & cuny ¢ 01,08.2025)

MNocTaHosneHke MNpaeuTenscTea o 19 xoRbpa 2025 r. Ne 1830 "O6 yTeepwoenuw lNpaeun onpegeneHHA)
nNpefensHoro KoNMWYecTBa MecT OnA npuema Ha obydedwe no obpAa30BATENbHBLIM NPOrPAMMEM BbICLIGRD
ofipaszosadua no goroscpam of ofipaszosadul, 3aknoyasmsiM Npy npreme Ha ofiydeHve 3a cJyer cpelcTs
PHINYECKDOTD NHUAE W (MNKH) I0pHOWUHEcKors NWua, Ha 2026/27 y4ebHei rog J

PacnopaxeHns Egasmarlﬁrsa Poccuiickoi Penepaumi a1 19 vosbps 2025 r. N 3338-p Mepsverb HaNpaBNEHWA NOAMTORKA)
M CTIBUMANEHOCTEN BRCWErD ODDA30EAHNA, HAYYHLE CMEUMANBHOCTER, N0 KOTOPLM ONPENENAETCH NPENENEH0E KOMMYECTBO
MecT ana npeama Ha abysesve no ofpasoeatencHeiM NPporpaMMan Beiclers obpasoeanwa no Jorosopar of oipasopaqum,
FAKNHEHABMBIM NP NpUee Ha 0GydaHue 33 CHET CPEACTE HMAHUECKONO W (WNk) KIPMIHUBCKDND NWUA, Ha 2026/27 ywabkui roa

.

Mpukas: MUHHCTEpPCTES HEYKH W Beicwero obpasomsanua PO ot 27.11.2025 NeB13 «06 yTeepkaeHHH KpUTepUas
W NopAOKa YCTAHOBNEHWA OrpaHWUeHHMR Ha npWeM No nporpammas Gakanappkata, cneuwandTeTa M
MEMMCTPETYPRI HE OOTOBOPHOA OCHOBE® y

Mpukas MUHKHCTEPCTEE HEYEW W BelcWero obpaioeadna PO ot 30.12.2025 Ne1099 « 06 yTeep#aSHUK h

NpeqensHoro KONMUYEeCTER MECT ANA NpHema Ha obyyeHKe no oBpaloeaTensHEIM NPOTPEMMENM BLICILETD
obpasoBaHkA no norosopam off oBpaszosaqun, IAKNKYAEMEIM NP NpHeme Ha ofiydeHve 3a cueT cpancTe
HHINHECKOTD NALE W (WNA) KpUOVYeCcKoro nvua Ha 2026/27 yuebHsi roge

Puc. 1. 3akoHOoaTENBPHOE PErYIMPOBAHUE HOBOT'O MEXaHU3Ma IIJIATHOTO IMPUEMa B BY3bl

Hanuro - crpeMuTenbHBIN XapakTep UX pa3paboTKH U BBojA B neiictBre [13-16]:
—19.11.2025. TIlIpaBurensctBo P® BecbMa ckopomamuTeldbHO U 0€3
LIMPOKOH OOIIECTBEHHOW M NpPO(eCCHOHAIBLHON ANWCKYCCHH BBEJIO HOBBIE
IIpaBUa KBOTHPOBAHM IUIATHBIX MECT B By3ax U mpuHsio [loctaHoBieHMe
ot 19 HostOpst 2025 1. Ne 1830 “O6 yrBepkaeHuu IlpaBun ompeneneHus
NpeAeNbHOTO  KOJIMYecTBa MECT s InpuemMa Ha oOydeHHe 110
0o0pa3oBaTeNbHBIM NpOrpaMMaM BBICIIET0 00pa3oBaHMsl 10 JOTOBOpaM 00
00pa3oBaHNHy, 3aKJIIOYaEMbIM IIPH IpHEMe Ha OOydeHHEe 3a CUeT CPE/CTB
¢u3ndeckoro numa u (Win) PUATIECKOro Jnma, Ha 2026/27 y4eOHBIH TOx” 1
pacnopsbkeHue OT 3ToW ke gatel Ne 3339, ompenendmoliee InepeueHb
HanpaBieHull [IlepedyeHp HampaBieHUH TOATOTOBKH U CHELMAIBHOCTEH
BBICIIEr0  OOpa3oBaHMs, HAYYHBIX  CICIHMAIBHOCTEH, IO  KOTOPBIM
oTIpeieTIsIeTCsl MPe/IeNbHOE KOINYECTBO MECT.

—27.11.2025 MunoOpuaykun Poccun yTBEp»KIeHbI KPUTEPHU M IOPSI0K
YCTAQHOBJICHHsI OrpaHMYEHMH Ha TpUEeM II0 MporpaMmaM OakanaBpuara,
CHEeIMaINTeTa U MaTUCTPATyphl Ha IOTOBOPHOW OCHOBEY

—30.12.2025 MunobpHayku Poccum  yTBEpKIEHO  IpenensHoe
KOJIMYECTBO IJIATHBIX MECT BYy3aM.

[TnaTHOE OOy4YeHHE CTaJO YacThIO POCCHHCKOM CHCTEMBI BBHICIIEr0 OOpa3oBaHMS B
1990-x romax — ero MosiBJI€HHE OBUIO CBS3aHO C MOJIEPHM3AIMEH BY30BCKOW CHCTEMBI.
Ceituac 10TOBOpHBIE MECTa NPEJCTABIECHBI B KaKAOM By3e cTpaHbl. CoOryacHO JaHHBIM
MOHHUTOPHHIA CHCTEMBI BbIcIIero obdpaszoBanus 3a 2025 rox (cM. puc. 2), 10is CTYAEHTOB,
o0ydJaromuxcs Ha TJIaTHOH OCHOBE, MPEBHILIAET MTOJIOBUHY — OHa cocTaBisieT 52 %.
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I 2199 522; 48% F

® KOHTHHIEHT CTYICHTOB,
00yUarOIIUXCsl 3 CUET
OIO/KETHBIX CPEJICTB, Yell.

KOHTHHTEHT CTYIEHTOB,
00yJaromuxcs 1o
JIOTOBOPY, Yell.

2 406 769; 52% '

Puc. 2. KOHTHHTeHT CTyeHTOB, 00Y4aIOMIUXCS 110 IPOrpaMMaM BhICIIET0 00pa3oBaHus (IO TaHHBIM
MOHHUTOPHHTA CHCTEMBI BBICIIET0 00pa3oBanus P — 2025, https://monitoring.miccedu.ru/ )

CaMble MOIyJIsApHBIE HAIPABICHUS IUIATHOTO 00pa3oBaHMA MO JaHHBIM MHHOOpHAayKH
(puc.3) — »s10 YI'CH 38.00.00 m 40.00.00: Hpucnpynenuus (OakamaBpuaT U
MarucTparypa) — modytu 15% OT IUIaTHOrO IpueMa, Ha BTOPOM MecCTe - OKOHOMHMKA,
MenemxMeHT —110 7-8 %).

Ilcuxomorus

PeknmaMa H CBS3H ¢ 00IeCTBEHHOCTRIO
IOpucnpyaeHnHa (MarucTpaTypa)
TocymapcTBeHHOe H MyHHINIIATRHOE YIpaBleHHe

MeHeUKMeHT

DKOHOMHKA

FOpucnpyaennus (6akazaBpHat)

0,00% 5,00% 10,00% 15,00%

Puc. 3. OcHOBHBIEC HanpaBIeHUs IIATHOTO 00y4ueHus B By3ax P® (mo nanueiM MuHoOpHaykn Poccum)

OCHOBHBIE HaNpaBJICHUS TUIATHOTO O0YYEHHs COOTBETCTBYIOT o0iacTh 3HaHNH «Haykn
00 o01iecTBe», KOTOpasi B CTPYKTYpE UMEET NPUMEPHO PaBHbIH Y/EIbHBIA BeC ¢ 00J1acThIO
3HaHUH «/HXeHepHOe [1e]10, TEXHOJIOTHH U TEXHUYECKHe HayKn» (puc. 4).

Ilo maHHBIM MOHHTOPMHTA CHCTeMBI BbIcmiero oOpasoBanus P®-2025 B By3ax
Pocmoppeudiora Ha OTOBOpHOI OCHOBe oOydaeTcss B cpenHeM 36% ot oOuiero
KOHTHHTEHTA CTYJICHTOB.

B 2026 rony Muno6puayku Poccun cokparmino 47 000 matHbIX MecT B By3ax — 13%
OT X o0111ero yucia.

PerymupoBanme mratHoro npuéma B 2026/27 yuyeOHOM TOAY pealnu3yeTcs B MIIOTHOM
¢dopmMaTe — OH  OXBaThIBae€T IpOrpaMMbl  OakajaBpuarta W  CIIEHHAJIUTETAa  II0
40 HampaBIIEHUSIM u CIIEUUAIBHOCTIM (28 mampaBneHwMi OakanmaBpuaTa u
12 criennanbHOCTEH) M pacHpocTpaHseTcs Ha BCe O00pa3oBaTeNbHBIC OpraHMU3AINA
(cm. puc. 5).
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» OﬁpasoBaHne H ITeJarormeckne HayKH

® Haykn 06 ofiecTBe

Cenbekoe X03siicTBO

| 29,30% — o
| 31,38% HckyccTBO H KyIbTypa
MartemaTIecKie 1 ecTeCTBEHbBe HayKH
3,64%
5180% 5 5,40, = MHKeHepHOE JIeTI0, TEXHOTIOTHII H TeXHHUEeCKHe HayKH
y (1

" BL[EIBOOXPHHBHHC H MEAHNUMHCKHIE HayKIL

Puc. 4. Pactipenenenue o0y4aromuxcst o nporpaMmaM BBICILIET0 00pa30BaHuUs 10 001acTsIM
o0OpazoBaHus (110 JaHHBIM MOHHUTOPHHTA CHCTEMBI BBICIIETO 0Opa3oBanus PD-2025,
https://monitoring.miccedu.ru/ https://monitoring.miccedu.ru/)

CornacHo 1aHHBIM pUCYHKa 5, B 2026 TOy MPOU30ILIO COKPAIllEHHE TUIATHBIX MECT IO
psiny HanpasJyieHu#. B ux uucie:

— DKOHOMHKA U yMpaBieHHe (PKOHOMHKA, MEHEIXKMEHT, YIpaBlIEHUE

MEPCOHATIOM,  TOCYAapCTBEHHOE M MYHHILUNAIbHOE  YIpaBIICHHE,
OnzHec-nH(OpPMATHKA, TOPrOBOE JIEJI0, TOBAPOBEACHHE);
— IOPUCTIPYACHINSA (ropucnipyneHnus, IIPaBOBOE obecrieuenne

HalMOHAJIBHON Oe30macHOCTH, CyneOHas W NPOKYypOpcKas IeATebHOCTH,
MIPaBOOXPAHHUTENbHAS JACATEIBHOCTh, CyICOHAs OHKCIEPTH3a, TaMOXECHHOE
JIeJI0);

— r'yMaHHUTapHbIE U COIMANIbHBIC HAYKU (KYpHAIMCTHKA, peKjiaMa U CBS3U
¢  OOILIECTBEHHOCTBbIO,  MEXKAYyHApOJIHbIE  OTHOLICHUs,  (uIoJorus,
JIUHTBUCTHKA, TICUXOJIOTHs, KOH(IUKTOIOTHs, 3apy0e)KHOE PETHOHOBEICHHE);

—chepa yenyr u  Menua  (OM3aliH  ApPXUTEKTYpHOW  CpEbl,
MeIMaKOMMYHHUKAIMH, TEIEeBUICHHUE, CEPBUC, U3AATEIBCKOE JIENI0, MyOnnyHas
MIOJIUTHKA U COIMAJIbHbIE HAYKH).

Oco06oro BHUMaHUS 3aCIyXHMBaeT BKJIIOYEHHE B IEPEUCHb TaKHX, Ha MEpPBBIA B3I,
BOCTPEOOBAHHBIX CHEIHATBHOCTEH, KaK CTOMATOJOTHS, HE(TErasoBoe JelN0 M TOpHOE
JIeNI0 — 3TOT (aKT CTAJl HEOXXKMIAHHOCTBIO AJISI SKCIIEPTOB B cdepe oOpa3zoBaHHs. Takum
obpa3zoM, pedopma oxBaTbIBaeT OOMIMPHBIH MacCHB 00pPa30BATENBHBIX IIPOTPAMM, UYTO
CBUJICTENBCTBYET O CUCTEMHOM IIO/IX0/I€ TOCYJapCTBa K PEryJINPOBAHUIO IUIATHOTO MPUEMA.

B nepByro ouepeap COKpalieHHE KOCHYJIOCh TPEX caMbIX IOMIYJSIPHBIX Cpean
KOMMEpYECKHX CTYACHTOB HampaBieHuil moarotoBku (puc.3): IOpucnpyaeHmus -
cokpatmu 13,9 teic. mecT (—17,9% mo cpaBueruto ¢ 2025 romom), MeHexkMeHT — 7,4
ThIC. MecT (—17,1%), OxoHOMuKa— 7,3 THIC. MecT (—15,6%).

Ha pwuc.5 BbImeseHBl MPOrpaMMbl MOATOTOBKH/CICIHATLHOCTH, KOTOPHIC MOMAId B
MepedYeHb U pPeaTu3yloTCsl OTpacieBbIMH By3aMu Pocmoppeuduiora mo YI'CH 38.00.00
«JxoHomuKa U ynpasneHue» u 40.00.00 «tOpucnpyneHums».
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Kon HaigaHne HaNpaBneHWA NoAroToEKH Gaxanaspwara Kon Hadmarme o eusan sk ocTH
0T.03.01 AgmuTesTypa 20.05.01 MoapHaN GRICNACHEETE
OT.03.03 An3aiH apreTesTypHON Cpeges
21.05.04 TopHoe gens
15.03.05 KOHETEYRTORCES-TEXHONOre-ec K08 oD MalmHos TROMTENE HEX
21.03.01 Hepreraionoe genc 21.05.06 HEGTrA30BGI8 TOHHUHS W
37.03.01 MeHxanarin TENHOMNO M
37.03.02 KoH@nssTonorss —
38.03.01 IHOHOMAKS . CTOMETONGTHA
38.03.02 V2 ot AT a7.05.02 Mcwxonores cayweGHol
38.03.03 YNpanmese NepcoHanc ARATENEHOCTH
38.03.04 TECYASPCTRRHHOR W MYysHUMNENDHOR YNIPARnesse SR
36.03.05 BHaHec-sHpopMaTHGs ’ LELEILETL
Ge30NacHoCTE
38.03.06 ToproBoe Jens
38.03.07 TonsponeaeH1e 38.05.02 NS fERE
38.03.10 HOANMLHSE XOIRBSTEO W KOMMYHENEHAN MpEacTRYETYpa T
40.03.01 FOP HEN By’ B LA - Mpasoeoce oGecneYeHmwe
HALMOHANLHOR
41.03.04 ZapyBeKHOR CErMOHORRIEHE GeannacHOETH
41.03.05 s yHapogH b OTHOLMA
A41.03.06 FlySnmesan NoOMETHNS ¥ COUMAnNEHBE HaYEW
42.03.01 Pexnama u CERz € 0BLYECTEEHHOCTED 40.05.02 MpamooxpaHUTenEHan
42.03.02 HYpHAMNMCTWKE [EATENBHOCTE
42.03.03 MagaTenscoos gens
40.05.0:3 N
42.03.04 TensaugeHue Cynefisan akcnepTisa
42.03.05 e MERDR I ML 40.05.04 CynefHan W NPoKYPOPCKaRA
43.03.01 Cepanc FIE AT Ml HOE Tin
45.03.01 Sunonones
A5.03.02 NnHrescTiea
. fal Mepenca, 1
45.03.03 DYHOEMEHTRNEHAR MW NPHUKTAGHERA MMHTBNCTHES
NEEEE0n 0B a0sHme
AT.03.02 Mpssxnags=an aTMRE

Puc.5. [lepedeHs HanpaBieHUH TOATOTOBKH/CIIEIAIBHOCTEH BBICIIETO 00pa30BaHMs, 10 KOTOPBIM Ha
2026/2027 y4eOHbIiA TO YCTaHABIUBACTCS MPENEIFHOE KOJINIECTBO TUIATHBIX MECT

B By3ax PocMoppeudiiora chopMupoBaH 3HAUNTEIbHBIH KOHTHHTEHT 00YYaIOMINXCS 110
YKPYITHEHHBIM TPYIIIAM CIIeUabHOCTeH/ HampasieHnit moarotoBkd 38.00.00 u 40.00.00.
CymmecTBeHHOE OTpaHMUYCHHE TNpHéMa Ha IUIATHBIE MecTa IO JaHHBIM HaIpaBICHUAM
OK&XET 3aMETHOE BIIMSHWE Ha (YHKIHMOHHPOBAHMWE TPAHCIOPTHBIX YHHUBEPCHTETOB.
(Tabmn.1).

Tabauya 1

KonTunrenr cryaenToB B By3ax Pocmoppeuduiora no YI'CH 38.00.00 u 40.00.00

Koz YI'CH Haumenosanmne YI'CH [IpuBenénnslit VY ienpHbINA BeC IPUBEAECHHOTO
KOHTHHI'E€HT KOHTHHTEHTa CTYJICHTOB IT0
CTY/ICHTOB T10 YI'CH B o6mieM npuBeEHHOM
VI'CH, uen. KOHTHUHI'E€HTE CTYJIEHTOB

00pa3oBaTesIbHON OpraHU3alux
(cpenHmii ypoBeHb psiia)

38.00.00 DKOHOMHMKA U 13733 9,3%
yIrpaBieHne

40.00.00 IOpucnpynenmus 1252,4 9,7%

Urtoro 2625,7 19%

Cocmasnena asmopom no OGHHLIM MOHUMOPUHEA CUCHEMbL gbicuezo 0bpazoeanust PO -
2025, https://monitoring. miccedu.ru/

[IpuBencHHBI KOHTHHTEHT CTyAeHToB oOydaromuxcs Ha YI'CH 38.00.00 u 40.00.00
cocTaBisieT Oonee 2,5 ThICAY, a YAENbHBIH BEC MPHUBEICHHOTO KOHTHUHTEHTa B 0OOIIei
MIPUBEJICHHON YUCIeHHOCTH 3aHuMaeT nopsiaka 20%. W 3To, B OCHOBHO# Macce, - MIaTHBIN
KOHTHHTEHT. B CBSI3M C 3TUM OrpaHHYCHHE IUIATHOrO MPUEMa CIOCOOHO CYIIECTBECHHO
MOBNMHMATh HA  (UHAHCOBO-XO3AWCTBEHHYIO W 00pa3oBaTENbHYIO  JIEATEIBHOCTH
TPaHCTIOPTHBIX BY30B.

OO6patuMcsi K METOJUKE pacyeTa MpeaeibHOro KOJIMYECTBA TUIATHBIX MECT — OHO
ompeneNnseTcss MO CpeAHeMy O00beMy IUIATHOIO MpHeMa 3a TOCICAHHE TPU ToAa C
UCTIOJNB30BaHUEM KOX(P(PUIMEHTA, YYUTHIBAIOIIETO YACIBHBIA BeC OOYYAIONIMXCS I10
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obmactu 00pa3oBaHUs, K KOTOPOW OTHOCHUTCS CIEIHMAILHOCTb, K OOLIeH YHCICHHOCTH
oOyuatormuxcs (eciu 6onee 50% - npumensiercst koddpunuenr 1,1).

[IpenenbHOe KOoMMYecTBO MecT Oynet paBHO 0, ecii: B pe3yJsibTaTe pacyera KOJINYeCTBO
MecT MeHble 10 (3koHOMUYecKr HEAP(EKTUBHO YUHUTh TaKyl0 MAaIyIO TPYIITY), CPEAHUH
6amn EI'D — menbme 50.

[ToBBICHTH TpeneNIbHOE KOJIMYECTBO IUIATHBIX MECT MOXET YBEIHYHUTh KOMIUICKCHAS
0aJutbHAs OIEHKA: OHA BKIIOYACT TPH mapameTpa: cpeanuii 6amn EI'D, BocTpeOOBaHHOCTH
BBIIIYCKHUKOB, BBIIIOJIHGHHE IUIaHA IUTATHOTO IIpUeMa.

Kommaewcnasonenka: K=b gy + b+ By =0+5+2=7.

b — DaaabHAR OLeHKA cpenHero faamxa ETD
ET> P

Nuua co cpenium Gannom EM3, npowenive Ha ofyysiue no forosopam of oRasaHuK NNATHEIX B
ofpasosaTenbHbx Yenyr Era
Ers < 55

55 5 EM3 < 60

B0sEra <70

TOsEra <85

=85

b | — fanapHas OleHKA BOCTPeDoBAHHOCTH BLINYCKHHKOB PLIHKA TPYIa

0wk = O

BocTpefosaHHOCTL BLINYCKHUKOB HA PhiHKE Tpyaa B
<60
60=T<T70
TO=T =80
=80
b pp— fanibHad OUEHKA NPOLEHTHOIO IUIAHA BBIIOJIHEHHH ILIAHA HpHeMa 00y4eHHHA No
IIOroBopam

k= 0 -

I'IpoueH'r BbINONHEHWA NNaHa npyema Ha Dﬁ}"-'leHHe no aoroeopam 0f OKa3aHWK NNaTHLIX

ofipa3oBaTenbHLIX YCmyr Ban
< 80 0

80 =B8N =90 1

80 = BN = 100 2

Puc. 6. PacyeT KOMIUIEKCHOW OIICHKH Ha MpUMEPE CIEUATIBHOCTHU «IKOHOMHUYECKAsT O€30MMaCHOCThY

Onenka coctaBmwina 7 OamioB. CoriacHO METOAMKE BO3MOXKHA  CIEIyromast
KOPPEKTHPOBKA MPe/IeIbHOr0 KOJIMYECTBA IJIaTHBIX MECT: MPH KOJIMUECTBE OalsioB MeHee 2
— yBenuueHue Ha 5%; mpu KojuuecTBe OamnoB oT 2 a0 6 — yBenmueHnue Ha 10%; mpu
KoJruecTBe 6amioB 6onee 6 — yBenuuenue Ha 15%.

Takum o0Opas3omM, B HalIeM ciydae MpeieilbHoe KOITNIeCTBO MecT coctaBmio 40x1,15 =
46 mect. (40 — 310 cpenHHit 00BEM TUIATHOTO MpHEMa 3a TMOCIEAHNE TpH rona). [Ipu atom
IIpe/IeNbHOE KOJIMYECTBO HE MOKET OBITh Ooiiee (DaKTHUECKOH YHCIEHHOCTH TPHHATHIX Ha
oOydeHne B IpUeMHYI0 Kammanuio 2025/26 yaebHOTro0 Troja.

[IpenenbHOE KOJIMYECTBO MECT MOXHO YBEIWYHTh HE3aBUCHMO OT KOMILIEKCHOM
OLICHKH:

— IpU TpUeMe 3a CUeT IOPUAMYECKHX JHI[ (rapaHTHHHOE MHCHMO OT
3aKa34MKOB C YKa3aHHEM KOJINYECTBA TAKUX MECT);
— [IpU IIpHUeMe WHOCTPAHHBIX TPakIaH U JIUI] 0e3 TpakIaHCTBa.

OOpazoBareNibHBIM ~ OpraHU3alMsIM OTBOAWIOCH Bcero S5 pabounx JaHeH Juist
pEACTABIICHUA HpeI[HO)KeHI/Iﬁ MO0 KOPPEKTUPOBKE IIJIATHBIX MECT C MPUITOKECHUEM
TIOATBEPKAAOIINX TOKYMEHTOB.

KaxoBs1 TOCHIEACTBUA OIpaHUYCHUA IUIATHOTO IpUEMa JI1 OCHOBHBIX YYaCTHHUKOB
00pazoBaTebHBIX OTHOLIEHUH: By30B U a0UTYpHEHTOB?
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Ilocneocmeusn ons 6y3o6

1. B gactu 0Opa3oBaTenbHOTO MOPTQhES

Mertoarka onpeseneHus NpeAeiIbHOT0 pa3Mepa IUIATHBIX MECT MOPOXKAAET PUCK
MOTEpH BYy3aMH YHHMKaIbHBIX M BOCTPEOOBAaHHBIX Ha PBIHKE Tpyda 00pa3oBaTebHBIX
IIpOrpaMM.

B ocHoBe pacuéra mpenenpHOrO pa3Mepa IUIATHBIX MECT- CTAaTHCTHKAa TPeEx
MIPEIIECTBYIOMMX JieT. Eciam B Kakoi-TO Tox OBUT aHOMAJbHO HHU3KHH WM BBICOKHIT
Ha0op, 3TO MCcKa3uT 0a3y M NPUBEAET K HEaJCKBATHOMY JMMUTY B OymymieM. MeTonnka He
YYUTBIBACT OBICTPO MEHSIONIMHCS XapakTep pBIHOK TPYyZAa, KOTAAa HAIpaBICHHE
MOJTOTOBKH/CIIEINATIBHOCTh PE3KO HAOMPAET CIPOC M3-3a MOSIBICHUS HOBBIX TEXHOJIOTHUH,
TOCTIPOTPaMM H T.II. YCIIOBHE C «OOHYJIEHHEM» IUIATHBIX MECT IPH CPEIHEH YHCICHHOCTH
MeHee 10 yenmoBeKk MOXKET NPUBECTH K TOMY, YTO YHHKalbHas NporpamMMa Oyzaer
MOTEepsIHA.

2. B uactu ¢uHaHCHPOBaHMS JEATEIBHOCTH

Jlnist Bcex By30B, B TOM uuciie By30B PocMoppeudiiora Takast cCUTyalis HeraTHBHO
CKa)XeTCsl Ha BHEOIODKETHBIX JIOXOJaX, MPHUBEAET K UX COKPAILICHHUIO/TIOTEPE, B TO BPEMs
KaKk YTBEp)KICHHbIE HOpPMAaTHBHBIE 3aTpaThbl, B pa3Mepe KOTOPbIX (UHAHCHpYETCs
TOCYAapCTBEHHOE 3a/laHHe BY30B (OIO/DKETHBIM NPHEM), HE MO3BOJIIOT HAAJIEKAIIUM
o0OpazoM copepXaTh W OOHOBIATH MaTEePHAIBHO-TEXHHYECKYIO 0a3y, B YacTHOCTH HE
MO3BOJIIIOT ~ COZIEPXKATh ydeOHBIN (JIOT TpPaHCIOPTHBIX BY30B Pocmoppeudiiora,
OCYIIECTBISITH OOHOBIICHNE ycTapeBlield HHPpacTpyKTypsl. COKpallleHne NOCTYIUICHNH OT
IUTATHOW JIESITEbHOCTH MOJKET IPUBECTH K COKPAIIEHHUIO IPOTPaMM Pa3BHUTHS, CHIDKCHHIO
KauyecTBa 00pa3oBaTeIbHOM M HAYYHOU JIESTEIbHOCTH.

OrpaHquHMe qucia BHC6IOI[)KCTHI>IX MCECT HpI/IBeILéT K onTuMHU3allMy mirTara — B TOM
YlclIe COKpAIlleHHIO MpernoaBaTeiei H BCIOMOraTeabHOTo IepcoHana. B ycinosusax, koraa
noutn 80 % mnpodeccopcko-NpenosaBaTenbCKoro cocTaBa BOMDKCKOro yHUBEpCHTETa —
y4€HbIE C KaHIUJAATCKUMH U JOKTOPCKUMU CTETIEHSMHU, 3TO CO3JAET YIpo3y yCTOWYHMBOCTHU
pa6OTLI HOI[pa3)1€HeHHﬁ 1 MOBBIIIACT BEPOATHOCTHL OTTOKA ONBITHBIX KaJIPOB.

Ilocneocmeusn onsa adumypuenmos

Ilens HOBOBBEZEHWS TAaKOBa, YTO OTPAaHWYEHHWS HA MOIYJISAPHBIX HANpaBICHUIX
NIepeHANPaBsT NOTOK aONTYPHUEHTOB Ha CHENMAIBHOCTH, B KOTOPBIX CeHdac €cTh NCUIUT
KaapoB (uHkeHepHble, 1T, nmegarornyeckue, MEANIMHCKAE U Ap.). s aOUTypHeHTOB —
9TO IIAHC MOCTYIHTH Ha OIOJUKETHOE MECTO: Ha TaKMX HAIPaBJICHHAX KOHKYPC 4acTO HIIKE,
a KOJIMYECTBO MECT OCTAETCS IOCTATOUHBIM.

Uro kacaercs aOMTypHEHTOB, MOCTyMHalwoUX B By3bl B 2026 romy, OHH OXHIaeMO
HE CMOTJIM  NEPEOPHEHTUPOBATHCS € NPEMMYLIECTBEHHO TI'yMaHUTapHOro  npoduis
Ha MHXXCHEPHO-TEXHUYECKHE CHEeNHaTbHOCTH (Hy)KHA JJHUTEIbHAs MOJArOTOBKA, H3MEHEHUS
B CpeIHeH mIKoje). DTo MOATBEpkKAaeT cTaTicTuka Beidopa EI'D BeimyckHukamu 2026 rona
(Tabn.2).

Kak BugHO W3 Tabnuusl 2, npoduibHY0 MaTeMaTHKy caaBajio 4yTh Oosee 50%
BBIITyCKHUKOB (OHa HEOOXoAMMa il TOCTYIUIEHWS Ha TEeXHWYECKHe, HWHKCHEPHBIS
CHELHUaIbHOCTH), @ CaMbIM MOIMYJISPHBIM IPEIMETOM 1O BEIOOpPY B 2026 T01y BHOBB CTAJIO
00IIeCTBO3HAHNE - €r0 BBHIOpaNU mouTH 296,5 THICSY YEIOBEK — 3TO Mpaktmyecku 40
MIPOLIEHTOB OT BCEX y4acTHUKOB EI'D.

Tabauya 2
Buioop EI'D Beinyckankamu 2026 roga
[penmer EI'D V. sec, %
Pycckuif s13b1k 100
[IpodmpHas MaTeMaTHKa 51
ba3zoBas maremaTuka 49
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IIpeamer EI'D Ya. Bec, %
OO011eCTBO3HAHUE 40
MNudopmarnka 22
Buonorust 20
dusnka 20
Xumus 15
Hctopus 13
AHTTMICKAN SI3BIK 12
Jlureparypa 6
I'eorpadus 4

Takum 00pa3oM, KITHOY K PEHICHUIO 337a4ll — B KOMILICKCHOM IOAXOJC: OTPAaHHYUTh
IJIaTHBIN NpUEM Ha OTJENbHBIE HANpaBieHHS, OJJHOBPEMEHHO HapacTHUB LIENEBOI MpuéM U
3aMyCTUB TPOQOPHUCHTAIIMOHHYIO pa0OTy CO MIKOJbHUKAaMHU. [lapajuiebHO TocynapcTBy
CTOUT CQOKYCHpPOBATh MONACPKKY MEAarormdeckoro oOpa3oBaHMS Ha IIOATOTOBKE
yauTeNeH KITIOYEBBIX TSI WHKEHEPUH MpeaMeToB (MH()OPMATHKH, MaTEMATHKH, (BU3IUKH).
Takoif mogxon oOecrmednT aOUTYpHUCHTOB KAdeCTBEHHOW 0a30d M CO3IAacT yCTOWYHBHII
MMOTOK MOTHBHPOBAaHHBIX KAHINIATOB Ha WH)KCHEPHBIC HAIIPABIICHHS.

Cutyamusi, KOraa KOJIMYECTBO IDIATHBIX MECT JKECTKO OTPaHHYCHO, ITOBBIMIACT
KOHKYpEeHIHUI0. J[JIs TeX, KTO TOTOB OIUIAYMBaTh 0OydeHHEe, HO HE MPOUIEN Ha OIOKETHOE
MECTO, 3TO O3HA4yaeT CHIKEHHE IIAHCOB Ha TOCTYyIUICHHWE B BY3. llocnmencTBueM MOXKET
CTaTh pa3oyapoBaHUE CPeu aAOUTYPUEHTOB U UX POJIUTENEH: UM MPUAETCS KOPPEKTUPOBATh
IUTaHbl, UCKATh JAPYrHE BApUAHTHI MOJNYyYCHUs 00pa3oBaHus (MOCTYIUICHHE B KOJUICIIK,
MOATOTOBKa K mepecnade EI'D B crnenaymoomeM roay), 4YTo TOBIEYET 3a co0oit
JIOTIOJTHUTENBHBIC PACXOJIbl U MOTEPIO BPEMEHH.

Korgma By3wl nmmiaTcss 9acTd BHEOIODKETHOTO J0XOJa, YTOOBI 3aKPHITh BO3HUKIIYIO
(UHAHCOBYIO OpeIb, OHH, C OONBIION BEpPOSITHOCTHIO TIOBBICAT IICHBI Ha OCTABIIMECS MECTa.
OCOOCHHO SPKO 3Ta TEHACHIMS INPOSBISCTCS B «TOMOBBIX» By3aX — HMEHHO TyJa
YCTPEMIISIOTCSL CaMble CHIIBHBIE AOWTYypUEHTHL, W IUII HHUX POCT CTOMMOCTH OOYYCHUS
CTaHOBUTCSA OILYTUMBIM (PaKTOPOM IIPH BEIOOpE By3a.

3akarouenue

Tl'ocynapcTBeHHOE peryaupoBaHHe BHEOIOKETHOrO Mpuéma, OyIaydw MpOAyMaHHBIM U
B3BEUICHHBIM, CIIOCOOHO JaTh CHCTeME OOpa30BaHMS pAA NPEHUMYILECTB — HAIPUMED,
CMECTUTh aKIEHT Ha MPOTPaMMBbl, BOCTPEOOBaHHbIE IKOHOMHKOHN, U YCHIHUTH IOATOTOBKY
KagpoB. BmecTe ¢ Tem, Kak MOKa3ajlo UCCIIEAOBAHKE, TAKHE MEPHI HECYT U OIpeeIEHHbIE
PHUCKH — OHH MOT'YT HETaTUBHO OTPA3HUThHCA KaK Ha By3aX, TaK U HA MOCTYIAIOIMINX.

Ha pgenme crtporuii perinaMeHT B COYETAaHMHM C OTIEIBHBIMHU THOKUMHU 3JIEMEHTaMH
Hen30€)KHO CONPSDKEH € TMOTEHIMAIBHBIMH TpoOieMamu. I[loatomMy rocynmapcTtBy Kak
pETyJIATOPY BaXKHO 3apaHee IPeAyCMaTpHBaTh MeEpbl, KOTOpHIE MOMOTYT CHH3UTh
BO3MO)XKHBIE HEraTHBHBIE 3(P(EKTHI, a TaKKe BECTH MOCTOSHHBIH MOHMTOPHHI CHTYallMHd W
IIPY HEOOXOJMMOCTH KOPPEKTHPOBATh HOPMATHBHYIO 0a3y.

Ha mam B3mman, TpeOylOT KOPPEKTHPOBKM KPHUTEPHUH M IOPSJIOK yCTaHOBIICHUS
OTpaHMYEHHUI Ha IIpUeM Mo MporpaMmaM OakajaBpHara, CrielHalIuTeTaMi MaruCTPaTypsl Ha
JIOTOBOPHOII OCHOBE, YTBEPKIEHHbBIE IIpuka3 MuHucTepcTBa HAayKH M BBICIIETO
obpaszoBanust PO Ne 913 or 27.11.2025 Ne 913. MsbI BBIIBHIHN CIEAYIOIINE HEJOCTATKH
METOJIUKH:

— HEOJHO3HAYHOCTh TOHATHS «IIPO(GHUIBHOCTH», KOTOPOE HCHOIB3yeTCs
NP YCTAHOBICHWM KOppeKTHpyomero ko3dduumenta. Omnpenenenue,
SIBISIETCSI JIM HarpaBjeHue NpoQIbHEIM Ui By3a (nons Gonee 50%), —
JIOCTaTOYHO CYOBEKTHBHOE pelleHHe. By3sl MOTYT IO-pa3HOMY TpPakTOBaTh
stoT Kputepuil. K cnoBy, Bomkckuil rocynapCTBEHHBII YHUBEPCUTET
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BOJIHOTO TpaHCIOpPTa TOTOBUT KaAphl SKOHOMHUCTOB, HauuHas ¢ 1970 ronma
(6omee 55 mer), ropuctoB - Oomee 30 ner (¢ 1994 roma). TpamuruoHHO
HSKOHOMHUYECKHE, OyXraaTepckue CiyObl OPTOB, MapOXOJCTB, CYIOXOIHBIX
KOMITaHHMH, aJIMHHUCTpaLUii 0acceiiHOB BHYTPEHHHMX BOJHBIX myTeil Bomro-
Kamckoro OacceiiHa MOMOMHSAINCH HAIMMHU BBITYCKHHUKAMHU 3KOHOMHCTAaMHU.
OpucTel BocTpeOOBaHBI B TPAHCIOPTHOM MPOKypaType, TpPaHCIOPTHON
MIOJIMINH, CIIEIACTBEHHOM KOMHTETE Ha TpaHcmopre W T. A. Kpome Toro, Bce
peanm3yeMble  00Opa3oBaTENbHBIE  IPOTPAMMBI  IKOHOMHYECKOTO |
IOPHANYIECKOTO HAIIPaBICHHN B BODKCKOM YHHBEPCUTETE HMEIOT OTPACIIEBYIO
HaNpaBIEHHOCTb, YTO MOATBEPXKIAAIOT MPOQIIIN IOArOTOBKH/HAaNMEHOBaHHE
o0pa3oBaTenbHOM IporpaMMel. Hampumep, 1Mo HampaBIEHHIO ITOATOTOBKH
40.03.01 Hpucnpynenmnus peamusyercs o0Opa3oBarelbHas MpOTrpaMMa
«lOpuct B cdepe TpaHcrmopra (MOPCKOrO M BHYTPEHHETO BOJHOTO), IO
HarnpasieHuto moaroroBku 38.03.01 DxoHoMuka - «IKOHOMHUKA, (PUHAHCHI U
OyXrajTepcKuid y4eT Ha TPaHCIIOPTHBIX MPEANPHATHIX» H T.IIL.

— HabmogaeTcs CI0XKHOCTh cOOpa JaHHBIX JJIsl KOMIUIEKCHOH oneHku. He
BCe ITOKa3aTelH, UCIOIb3yeMble B X01€ KOMIUIEKCHON OIEHKH JIETKO coOpaTh
n  Bepu(UIMPOBaTH, UYTO CHIKAET MPO3PAYHOCTH M OOBEKTHBHOCTH
KOPPEKTHPOBOK (HAIIPUMEp, CTATHCTHKA TPYJOyCTPONCTBA);

— METOJ¥Ka TpeIoNaraeT yBEINYEHHE IIATHBIX MECT NPH IpHEME 3a
CYET IOPUANYECKUX JINI (TIPU HAJIMYMH TAPAaHTHHHBIX ITHCEM OT 3aKa3YHKOB C
yKa3aHMEeM KoJu4yecTBa TakuX MecT). OJHAKO YCTaHOBIIEHHBI CpOK B 5
pabounx [HEH Mg TPEAOCTABICHHS IOATBEPXKIAIONIMX JIOKYMEHTOB
W3HA4YalbHO JIeNajl BBINOJHEHHWE STOH 3a/Jaud HEpeaIn3yeMbIM H3-3a
JIOTHCTUYECKHUX U BPEMEHHBIX OTpaHUYEHUI.

— METOAMKAa HE YYMTBHIBaeT KaJpOBYI0 TOTPEOHOCTh IO OTpacisiM
SKOHOMHKH, Ha YpOBHE pEruoHa, rie Haxoaurcs By3. Cuumraem, 41O B
YCJIOBUSIX TEKYILIEero aucOajaHca MeXIy IMpeayioKeHHeM 00pa3oBaTelbHBIX
YyCIYr M peajbHbIMH 3allpOCaMH pBIHKA TpyAa OCOOYI aKTyalbHOCTh
npuoOperaer 3ajada CUCTEMHOTO yuéra KaJIpoBOil NOTpeOHOCTH B
OTpAcIeBOM M PErHOHAILHOM pa3pe3ax C O0s3aTesbHBIM yYEeTOM €€ B
METOIUKE TpH (HOPMHUPOBAHUN 0OOCHOBAHHBIX JIMMHUTOB IIPUEMA Ha IIATHOM
ocHose. [Ipu ompezneneHny NMpenenbHOTO pasMepa IUIAaTHBIX MECT METOIMKA
JIOJDKHA ONHMPATHCS] HA MEXaHU3M COBMECTHOTO ITPOTHO3UPOBAHUS C YHaCTHEM
BY30B, YUpEIHUTEIIs, PETHOHAILHBIX OPraHOB BIACTH. JTO MO3BOJIHUT U30€XKaTh
cuTyanuu M30BITKa WM JeQUIUTA BBITYCKHUKOB II0 KOHKPETHBIM
HaTpaBJICHUSIM.

B Konnenuuu moAroTOBKH KaapoB IS TPAHCIOPTHOTO Komiuiekca jo 2035 roga
3akpemneHo: «TpaHcmopTHele oOpa3oBaTenbHbIE OpraHu3anud OyayT obecredynBaTh
KBaIM(UIMPOBAHHBIMM ~ KaJipaMHd  HE  TOJBKO  OCHOBHBIE  CHCTEMOOOpasyolue
(GYHKIMOHANBHBIE TOJApa3/ieNieHusT TPAaHCIOPTHBIX KommaHui. Taxke Oyner BecTHCh
MIOJITOTOBKA KaApOB ISt chepbl TPAHCIIOPTHOM JIOTUCTHKH, 3KOHOMHKH, YIPaBIICHHUS, TIPaBa
U IPYTHX HAIpaBICHUN PO(eCcCHOHATEHON TPAaHCIIOPTHOU AesTebHOCTIY [1].

TakuM o00Opa3oM, BO3HHMKaeT 3ajada COXpaHEHHs OajaHca: C OJHOW CTOpPOHBI,
OTpaHWYCHUS IUIATHOTO NpHUEMA HAa D3KOHOMHYECKHE W IOPHIMYECKHE HAIpPaBICHHS
IIPU3BaHbl CKOPPEKTHPOBATh NEPEU30BITOK BHITYCKHUKOB Ha OOIIEM pBIHKE TPY/ia, C IPyron
— HEeJb3sl JOIMYCTUTh OCIA0JICHNS KaJpOBOTO MOTEHIIMANA CaMOil TPAaHCIIOPTHON OTpAacIIH.
Benr MMEHHO TpaHCHOPTHBIE BY3bI, coridacHo KoHienuuu moAarotoBku kaapoB mo 2035
rojia, NPU3BaHbl IEJICHANPABICHHO TOTOBUTH CIIELHAINCTOB Uil CMEXHBIX chep —
SKOHOMHUKH U TIpaBa.

CrnenmoBarensHo, TpH (GOPMHUPOBAHMM KOHTPOJBHBIX HH(P mpuéMa HEOOXOAMMO
YYUTBIBaTh OTPACICBOH CIIPOC: TOYEYHO MOAJEPKUBATH NPO(HUIBHBIE HPOTPAMMBI IS
TPAHCHIOPTHOTO KOMIUIEKCA, OJHOBPEMEHHO pEryaupys OOMWH TOTOK MO 3TUM
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HalpaBJICHUAM, yTOOBI M30€KaTh KaK JIOKAJILHOIO Z[e(i)I/IHI/ITa, TaK 1 MAKPOSKOHOMHUYECKOI'O
NEeperpon3BOACTBA KaApOB.

10.

11.

12.

13.

14.

15.

16.

CIuCOK JUTepaTypbl

KoHuenmus noAroToBky KaapoB A1 TPaHCIOPTHOTo Komiuiekca 10 2035 roxa (yTBepkaeHa
pacnopsbxenueM IIpasurensctBa PO ot 06.02.2021 Ne255-p).

XKannmaposa JI.®. [IpeanocsuIku ¥ TEHICHIIMN Pa3BUTHS PETHOHAIBHBIX PHIHKOB IUIATHBIX
00pa3oBaTeNbHbIX YCIYT B CHCTEME BBICIIETO MTPO(ECCHOHATEHOTO
o6pa3zoBanns//CoBpeMeHHBIE TPOOIEMBI HAYKH 1 oOpa3zoBanmsa-2015.-Nel-1.-C. 690.
Jlarmmuaa O. U., Actpaxanuesa M.A. BiustHue cTOMMOCTH IUTaTHBIX 00pa30BaTeIbHBIX
YCIIYT Ha KauecTBO (PMHAHCOBOTO MEHE/KMEHTA B CUCTEME BbICIIEro oOpa3oBaHust //
COopuuk HayuHbIX TpynoB BY3o0s Poccun [IpobiaeMsl 3K0OHOMUKH, (PMHAHCOB U
ynpasieHre npou3BoacTBoM. -2018.-Ne43.-C. 76-81.

Jlesuna O.B., Teprosas JI.O. IInatHoe Bbicuiee 0Opa3oBaHue: HHBECTHLUS B Oyayiiee
CTpaHBI WX BKJIAJ] B yCHJICHHS COIIMAIbHOTO HepaBeHcTBa // KazauectBo. —2025.-Ne86 (5). —
C. 131-139.

Hanapsiz A.M., Pri6akosa 1.C. IIpo6iembl OLleHKH KadecTBa BBICIIEro 00pa30BaHUs U
JMHAMUKa IIpHeMa M BBIITYCKa B By3ax B perHoHax Poccun // PernonansHasi 5)KOHOMHKA U
yIpaBlIeHHE: 3JIeKTPOHHBIN HayIHBIN sxypHaT. -2025.-Ne2 (82).

Ocwumosa T. 0., Tapacosa A. E. CpaBHUTENbHBIN aHAIN3 CTOUMOCTH pEaTH3alui
00pa3oBaTeIbHBIX IPOTrPaMM BhIcIIero oOpa3zoBanus //Cubupckas GUHAHCOBAs LIKOJA. -
2025.-Nel (157). - C. 119-127.

[Maudunora E.B., 3aiies B.®. Kommepueckoe oOpa3oBanue B By3ax Poccun: oreHka
JOCTYITHOCTH ¥ BocTpeOoBaHHOCTH, COBpEMEHHBIE HCCIIEIOBAHUS COLMANBHBIX ITPpo0IIeM,
2023 r., Ne 4, ctp. 112-123.

IMonoga E.C. «O6pa3oBaHue BTOPOro MIAHCa» U aJbTePHATHBHBIE TPACKTOPUH KaK
MeXaHM3M HaKOIUICHHS YeIoBeuecKoro kanuTaina // O6pazoBanue u Hayka B Poccum:
cocTosiHUE U moTeHman pasputus. 2019. Ne 4. C. 372-387.

Turos C.P. [InatHpie 0Opa3oBaTenbHbIE YCIYTH U OI0KETHOE (PMHAHCHPOBAHHE
rOCYapCTBEHHBIX YUPEXKICHHUH BBICIIET0 00pa30BaHUs: B3aHMOCBS3b U BOIIPOCHI
npuBneYeHus cpeacts // Bectank Akanemun 3HaHUiH. -2020.-Ne36 (1). -C. 340-347.
Xamumbekon X.3., @acroser U.I1., Maromenosa ®@.1. Ananu3 HalHOHAILHOTO U
PETHOHAIBHOTO PHIHKA IUIATHBIX YCIYT B CUCTEME BBICILIETO H CPEHETO
npodeccuoHaTBFHOTO 00pa3oBanus // BecTHrk 3a0alikanbCKOro roCy1apCTBEHHOTO
yHuBepcuTera. -2018.-Ne10.-C. 128-126.

Kysemuuer UK. ObecniedeHne kadecTBa TpaHCIIOPTHOTO 00pa30BaHMUs: COBPEMEHHBIE
Bb130BHI U niepcnektrBbl/ UK. Ky3smuues, B.B. Kpaiinosa//HaydHsie mpo6ieMbl BOTHOTO
Tpancnopra. 2025. Ne 83. C. 124-137.

JlaBpentreBa E.A. [IpaBoBoe perynupoBaHie HE3aBHCUMOH OIEHKH KBATU(UKAIIUT
paboTtHukoB BoxHoro Tpancnopta/ E.A. JlaBpentseBa, A.B. Hekpacos// TpancnopTHOe
neno Poccun. 2023. Ne 5. C. 198-203.

IMocranosnenue [IpaButensctBa oT 19 HOsAOPs 2025 r. Ne 1830 “O6 yrBepxknenun [1paBnn
OTIpEIeNeHHUS TPEACIBHOTO KOJINYECTBA MECT JUIsl IpHeMa Ha 00ydeHue 1o
00pa3oBaTeIbHBIM MPOTPaMMaM BEICIIET0 00pa30BaHUS MO JOTOBOpaM 00 00pa30BaHUM,
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[Tpuka3z MuHHCcTepCcTBa HAyKH U BhIcIIero oopazoBanus PO Nel099 ot 30.12.2025 «O6
YTBEP)KACHHUH MPECIBHOTO KOJIMYECTBA MECT [UIs [IpUeMa Ha 00yueHue 1o
00pa3oBaTeNnbHBIM IPOrpaMMaM BBICIIIEr0 00pa30BaHus [0 AOrOBOpaM 00 00pa3oBaHUH,
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3aKJIF0YaeMbIM IPU IIPHEME Ha 00yYeHHE 3a CUET CPEeCTB (HPU3NUECKOTO JIUIla U (MIIHN)
opuIYecKoro numa Ha 2026/27 yaeOHbINA To1»
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MO)Ie.]'II/IPOBaHI/Ie TPAHCHOPTHO-JIOTHCTUYIECCKHUX MMPOIECCOB
C HCII0Jb30BAHHBIMH ITOJA0HAMHA B 3KOHOMHKE 3AMKHYTOI'0 IUKJIA

B.B. I1BepoB

ORCID: 0000-0003-0835-4615

E.B. Pazuna

Bonorcckuii 2ocydapcmeennviil yHugepcumem 600H020 mpancnopmay, 2. Huowcnui
Hoeszopoo, Poccus

AnHoTtanmsi. Ha Tpy30BBIX TepMmHHaNaX, mHepepabaTHIBAIONINX TapHO-IITYYHBIC TPY3BI,
o0pa3yroTcst 6obIe 00bEeMEl He IPUTOAHBIX K HCIIOJIB30BaHUIO JIEPEBSHHBIX ITOATOHOB. B
HACTOSIIEE BpeMs Ha TPY30BBIX TEpPMHUHANaX (MOPCKHMX MW PEYHBIX TIOpTax,
JKEIJIC3HOJOPOKHBIX CTAHIUSIX) OCHOBHBIM BapHaHTOM OOpaIlcHWS C HHUMH SIBISETCS
OTIIpaBKa Ha CBaJKy. Ho 3TOT BapmaHT B ycnoBusax ctapta ¢ 2025 r. denepanbHOro mpoekra
«OKOHOMHKA 3aMKHYTOTO LIUKIIa» B COCTaBE HAIIPOEKTa «DKOJIOTHYECKOE OIaromonyqney,
B KOTOPOM CTaBHTCS 3ajladya MaKCHMMAaJbHO HCIIONB30BaTh MaTepHaIbHBIE PECYPCHI H TOCIe
MPUX0/Ia UX B HETOAHOCTH 110 OCHOBHOMY Ha3HAYCHHIO, HENb3sI CUUTATh PAIIMOHAIBHBIM BO
BCeX ciydasx. B paGore ¢opMHpYyIOTCS MOJENIN TPaHCIOPTHO-IOTHCTHYECKOTO Iporecca
00palleHusI ¢ UCIIOJIb30BaHHBIMU JICPEBSHHBIMH IIOJUIOHAMH, BKITIOYAIOIIUMH: OTHPABKY HX
Ha CBAJIKY B He IepepabOTaHHOM M IepepabOTaHHOM B ILENy BHIE; PEMOHT U BTOPHUYHOE
HCIIOJIb30BaHNE B TPAHCHOPTHO-TOTHCTHYECKOM IIpoLecce; MNepepadoTKy B Mylbuy H
MeJUIETHl C TMOCIENYIOed Ipoxakeil Ha pPHIHKE B KauyecTBE BTOPHUYHBIX MaTEPHUAJBHBIX
pecypcoB. Jist pa3paboTaHHBIX MOZENeH 00palieH s ¢ AePEBIHHBIME TOIA0HAMY TTOTYIEHBI
aHAINTUYECKHE 3aBUCHMOCTH [UIsl OLEHKA dS(GQPEKTHBHOCTH WX HCIONB30BAaHUS, YTO
M03BOJISIET MIPUHUMATH PelIeHie 00 1e1eco00pa3HoM [T CKIIa/[a WK TPY30BOr0 TepMHUHATA
BapHaHTe OOpaIleHUs C HUMU.

KiroueBrblie ciioBa: JACPEBAHHBIC TOAIOHBI; BTOPUYHBIC MaTCpHUaJIbHBIE PECYPCHI; I'PY30BbIE
TEPMHHAJIBI; T‘paHCHOpTHO-J’[OFI/ICTI/I‘IeCKI/Iﬁ mpouecce; HUPKYJIApHas OKOHOMMUKaA,
MOJCIIMPOBAHUEC, 06pameHHe C IMoJA0HaMu, JIOTUCTHYCCKHI rpouecc

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 BHIOB TOBapHBIX HOCHTEJCH B
Pa3IUYHBIX OTPACISIX MPOMBIIUIEHHOCTH, TOPIOBIX U TPAHCIOPTA.

Ha Hux nepeBo3utcs u xpaHutcs nopsaaka 80% Bcex TapHO-IITYy4HBIX Ipy30B [1]. IIpu
3TOM OOpallicHHEe TOAOHOB XapaKTePU3YETCs CPEIHUM CPOK CIyxkObl - B 2-3 1mkia [2].
OTO NpUBOAMT K 3ajadye HPUHATHS pelIeHHs O MAajbHENIIell UX HCIONb30BaHHBIX B
TPAHCHOPTHO-JIOTHCTUYECKOM IIpOIiecCe.

AKTyaJbHOCTb 3aJJauil ONpEAeIsieTCs CIeAYIOMIHM:

— ©XKETOAHBIA O00BEM TIPOM3BOACTBA [IEPEBSIHHBIX MOJAOHOB IS
HCTIONB30BaHUS B TPAHCIIOPTHO-JIOTUCTHYECKOM Iporecce B Poccnn moctur
mo moxaHHBIM Busines Stat 67,5 mua mrt. B 2024 T. W IPOTHO3HPYETCS
crabumm3anus Mpou3BOACTBA Ha ypoBHE 65—70 MuH mmt./rox. [2, 3]. Ilpu sTom
pelleHre O CHUCAHWU NPUHUMAETCS C HEOOJBITUM BPEMEHHBIM JIarOM, TaK
CPOK UX CITy>KOBI OTHOCUTEIHHO HEOOIBIION;

— KpOMe Toro, Ha Tepputopun Poccun B 000poTe HaX0oAATCsS NOAJIOHBI, Ha
KOTOPBIX NPUOBIBAIOT UMIIOPTHBIE TPY3HI.

— 3HauuTeNbHAs YacTh IIOJJOHOB BBIBOAMTCS M3 O3KcIUTyaTtanuu. Ha
Neperpy304YHbIX TepMHUHAIAX TPHYHMHAMH MOT'YT OBITh!

— TOJIOMKH IOAOHOB B XOJI€ ITEPErpy304HbIX padoT;

— TOTepst HecyIei CIocOOHOCTH 110 IPHYNHE ECTECTBEHHOTO CTAPEHUS;

— OCBOOOXXICHHS MONIOHOB OT TPy3a B CIICACTBUE MPUHITONH CHCTEMBI
XpaHCHHUS TPY3a Ha CKIaze - 0e3 TOBapOHOCHUTENCH;

— 0CBOOOXXICHHS MOJAOHOB OT Tpy3a B CIICACTBUN MPUHATON TEXHOIOTUN
pa3MemieHust Tpy3a B TPAHCIOPTHBIX CPEACTBAaX Ha IIOCICAYIOIIEM >Tare
TPaHCIIOPTHPOBKH - O€3 TOBAPOHOCHUTEIEH;

— OCBOOOXKIEHUS MOJJIOHOB OT IPy3a W3-3a HEOOXOAMMOCTH MEpErpy3Ku
rpy3a Ha Jpyrue THIBI TOBApOHOCUTENCH, SBIAIOLIEHCS TpeboBaHHEM
CHUCTEMBI XpaHEeHHUS Ha CKIaJe;

— OCBOOOXIEHUS MOJJIOHOB OT Ipy3a U3-3a HEOOXOAMMOCTH MEPErpy3Ku
rpy3a Ha Jpyrue TUIBI TOBAPOHOCHTENEH, SABIAIOMIEHCS TpeboBaHMEM
pasMelieHusl rpy3a B TPAHCIOPTHBIX CPEICTBAX Ha JANBHEHIIEM ITyTH
MapIIpyTa JOCTaBKH Ipy3a.

B pesymprare Ha TepMHHANAX OOpa3yOTCA OOJBIIHE OOBEMBI HE HCIOIB3YEMBIX
JIEPEBSHHBIX MONNOHOB. IlpW 3TOM HepalnHOHAIBHOE OOpalIeHHe CO CIIHCBIBAEMBIMU
MOJOHAMH TPHUBOIUT K CYIISCTBEHHBIM SKOHOMHYECKHM TOTepsM. Kpome Toro,
CYIIIECTBYET OCTPast YKOJOTHUYECKas MPOdJieMa YTHIIM3AINY CITUCAHHBIX TIOJIOHOB.

Bce 310 memaer akTyanbHBIM TNPHHATHE DPALMOHAIBHOTO DEUICHHS O JalbHeHIIeMm
TPAHCHOPTHO-JIOTHCTHYECKOM TPOIECCe C UCIOTb30BAaHHBIMH JIEPEBIHHBIMU ITOAJOHAMH.

AHaJau3 onbITa oﬁpamelmﬂ C HCMTOJb30BAHHBIMMU JICPEBAHHLIMHU NNOAAOHAMHU

B Poccuiickoii ®Pepepanuu CHUCAaHUE [OAJOHOB PETYIHUPYETCS HOpPMaTUBaMHU
yrummsarmmu  (mo  20% jans AepeBsHHOM Tapbl - 10 HOPMAaTHBaM  PacIIMpPEHHOU
OTBETCTBCHHOCTH IPOM3BOJAWTENS), C OO0s3aTeNbHOM TNepepadOTKOM WM  OIJIAaTOH
skonorudeckoro coopa (3066 py6./r B 2020-2024 rr. [4]). CamocTosATeNbHAS YTHIIA3AIUSL
(cxuranue) 3ampeineHa; Tpedyercsi oOpalieHne K CIeNHaTM3UPOBAHHBIM KOMITAaHUSM IS
IpOOJICHHsT B IIENY WJIM BTOPUYHOE Hcroib3oBanue [4]. [Ipu 3TOM OTCYTCTBHE €IUHOM
CHUCTEMbl M CTAaTHCTHKHM NO O0BEMaM CIMCAHUs IPUBOJUT K HAKOIUICHHUIO OTXOIOB Ha
CKJIaJIaX, TIOTEPH OT KOTOPHIX OIIEHUBAIOTCS 00XOSTCS Mpou3BoacTBY 25-30% [5].
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B CIHIA, no paHHbIM oTpacieBbix onpocoB B 2021 roxy [6,7], MpOU3BOJICTBO HOBBIX
MOJIOHOB cocTaBisieT 919 MuH enuHML (CTpUHTEpHBIE - 77% NPOU3BOJCTBA, OJIOYHEIE -
19%). 3a cueT peMOHTa ¥ BOCCTAHOBJICHHS B YHCJIO IKCIUTyaTHPYEMbIX T00aBISIETCS elle
280 mun enunui. Takol MOAXOA MO3BOISET CHUXKATH 3aTpaThl Ha TOBAPOHOCUTEIU
npubauzuTenbHo Ha 30%. OOmuit 00beM noanonoB B oOpamenun B CIIIA onenuBaercs B
2,6-3,1 mupn emmHum, 3 KoTopeix 90% nepemsHHBIC, oOecmeumBaromue okoio 80%
BHYTPEHHHUX IIOCTABOK TOBAapOB.

B Kwutae B 2020 romy HacumThBanochk Oosee 1,55 mupn mogmonoB. ITpomsBomcTBo
JEepeBIHHBIX MOANOHOB morpebmsier 10,69 muH ToHH OpeBeH (85% ChHIpBs), ¢ OOmMM
morpebieHneM MarepuanoB 12,51 M ToHH. OOpalieHne XapakTepu3yeTcss MHOTOKPATHBIM
HCTIONIB30BAaHUEM: JIETKHE CTPHHIEPHBIC TTOAOHBI BEIACPKUBAIOT 10 MOE310K, TSKENIbIe —
10 38, 6ouHble — 16-66 MOE3/10K, B 3aBUCUMOCTH OT Harpy3KH U KOHCTPYKIIHH.

Ha mpennpustuax npeo0iagaroT cMellaHHble cucTeMbl: B Ilojble 3HauuTeNnbHas 10us
KOMIIAHUH TNpUMEHsIeT CMEIIAaHHBII MOAXO0J K MCHOJIB30BAHUIO MOJAOHOB. [Ipenmpusrus
COUETAIOT BO3BpATHBIE U HEBO3BpPATHHIE MOMJOHBL, NpHU 3TOM B 68% ciydaeB §1-100% ot
o01iero o0bemMa MoJIOHOB UMEIOT JIEPEBSIHHBIE KOMITOHEHTEI.

B CHIA k oOpalieHHIo ¢ IepeBSIHHBIMU MOJIOHAMH IPUMEHSETCS ITO0IX0J1 SKOHOMUKHU
3aMKHYTOTO LUKJIA (IUPKYJISPHON SKOHOMHUKH). Pe3ynpTaThl NpUMEHEHUS HUPKYISPHOTO
MOJX0/a K MCIIOIb30BaHHBIM JIEPEBSHHBIM IIOIJOHAM:!

— TOJIbKO 5% TMomaaroT Ha CBaJKHU Hocje BocctaHoBieHus (13% 10),
— ocranpHOe — TiepepadoTka (37,3% mocok moBTopHO, 17,3% TormmBo,
40,4% Mynpya).

B 2021 roxy menee 1% maccel yrunusuposancs, 5% uzMensuanoch (54% u3 HUX Ha
OHMOTOILINBO).

B Kutae k03¢ ¢punneHT oTxo0B Jisi AEPEBIHHBIX MOAI0HOB — 58,6%, B OCHOBHOM Ha
MIPOU3BOJICTBE, UTO BBIIIE, YeM s macTuKoBbIX (0,12%) [7].

CpaBHeHHE BapHaHTOB OOpAIlEHHsI C HCIIOJIb30BAHHBIMU JIEPEBSIHHBIMU IOJ0OHAMHU B
CUIA npencrasneHo B Tabi. 1.

Tabauya 1

Pe3ynbTaThl NpUMeEHeHHsI HUPKYJISPHOT0 MOAX0/a K HCHO0JIb30BAHHBIM JePeBSIHHBIM MOI0HAM
B CIIA (2021 r., % oT mos1y4eHHbIX noI0HOB) [1, 6, 7]

IlyTh Jons (%) [Ipumenenue
PeMoHT 1 npoaxa 78 [ToBTOpHBIIT 000POT
Pasbopka Jij1s1 BOCCTaHOBJICHHS 11 KoMITOHEHTBI B HOBBIE MO ITOHEI
IToBTOpHOE HCcTIONB30BaHKE 0€3 peMOHTa 5 [Ipsimoit 060poT
W3menpueHne 5 Brorommmso (54%), mynsaa (35%)
Caaska <1 Yrunumzanus

OfHUM U3 COBPEMECHHBIX BAapPHAHTOB YIPABICHUS OOOPOTOM MOAJOHOM SIBIISICTCS
MYJMHT TaJUleT — 3TO MOJIENb YIpaBiieHHss 000POTHOW TapoH, MpPU KOTOPOIl KOMIIAHHS
MOJIB3YETCSl CTAHIAPTHBIMHU JICPEBSIHHBIME TIOAJOHAMH, HAXOJSIIIUMHUCS B COOCTBEHHOCTH
CICIMATM3UPOBAHHOIO OlepaTopa. BMeCTO MOKYNKH WM apeH[bl NAJIET MPEANPHUITHE
Oeper WX BO BPEMCHHOE WHCIIOJIb30BAHUE, OIUIAYMBAs TOJILKO MEPHOJ] (HaKTHUSCKOM
sKcITyaTanuu [8].

TakuM 00pa3oM MEKAYHAPOIHBIN OMBIT IMOKA3bIBACT MIMPOKHE BO3MOKHOCTHU
IIPUMEHEHHUS IIUPKYIAPHON SKOHOMHKH B cepe 0OpaIlleHHI0 AePEBIHHbIX TTOI0OHOB.

MaTepna.nLl U METOAbI

[pu mccnenoBaHUsIX mporecca oOpalIeHUsl ¢ JCPEBIHHBIME MOAJOHAMH Ha TPY30BBIX
TepMHHAJIAX W CKJIQJaX UCIIONB30BaHbl TeopeTndeckas 6a3a [9, 10, 11] u 3akoHOaTENEHBIC
aKThl MO SKOHOMHKE 3aMKHYTOro LMkia [12], JOrMCTUYECKUI M CHCTEMHBIN MOAXOABI K
uccieayemMomy o0wsekty [13, 14] 1 OCHOBBI MOJEIIMPOBAHUS JIOTUCTHICCKUX cHcTeM [15].
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Ha ux ocHOBe pa3paboTaHa MOJCTH OOpAIICHUS CO CIHCHIBACMBIMH JCPEBIHHBIMU
MOJIZIOHAMH C Pa3HOM CTENCHBIO MepepabOTKH MX BO BTOPUYHBIC MaTCPUABHBIC PECYPCHI.
Jns 9TMX Mopenel Ha OCHOBE KalbKyJSAIMHM 3aTpar M0 JIOTHCTHYCCKUM ONepanusiM
mporiecca oOpaleHHs MOTyYSHbI AaHATUTHYCCKUE 3aBUCMOCTH OIICHKHM X 3KOHOMHYECKOMH
3¢ GEKTUBHOCTH.

Moaenu TPAaHCIIOPTHO-JIOTHCTHYECKHUX MPOLECCOB 00PAIEHHsI € HCI0Ib30BAHHBIMH
AepeBAHHBIMH NOJI0HAMH

B03MOXXHBIMH PEIICHUAMH 0 HCIONB30BAHHBIM JCPEBIHHBIM MOAJOHAM Ha TPY30BBIX
TEpPMHUHANIAX ¥ CKIATaX MOTYT OBITh:

— OTmpaBKa IIOJJOHOB HAa CBaJNKy (B He IepepaboOTaHHOM BHAE) C
COOTBETCTBYIOIIEH OIIATOM SKOIOTHIECKOTO cO0pa;

— ITIOBTOPHOE HCIIOJIb30BaHKE Ha TEPMUHAJIC;

— TpoAaxka MOAJOHOB JUIS JAaIbHEHIIEro HCIO0JIb30BaHUs;

— PEMOHT /I NPOJUICHUS SKCIUTyaTaluHy;

pa3bopka A7 HOITYYEeHUS KOMIIOHEHTOB IUIS NPOM3BOJACTBA HOBBIX
MOJIIOHOB;

— OTIpaBKa Ha CBAIKY C IOATOTOBKOM K TPaHCIIOPTHPOBKE ITyTEM
JIpoOJICHNST TOJJIOHOB B INEIy C IOMOIIBIO IIPENepOB (VI IMOBBIIICHUS
UCTIONB30BAaHUA TPAHCIOPTHBIX CPEACTB IO TPY30MNOABEMHOCTH IPH
MIepeBO3KaxX Ha CBAJIKY);

— mepepaboTKa MOAIOHOB HA TOILUTMBO C HOCIEIYIONIEH TPOaaKeH;

— TepepaboTKa MOAOHOB Ha MYJIBUY C ITOCIETYIOMIEH Mpoaaxeii;

— HCHOJB30BaHUE YCIyT OllepaTopa IyJIHHIa Hajer.

CdopmupyeM MoOzend TPaHCHOPTHO-TOTHCTHYECKHX IPOLECCOB  oOpamieHus ¢
ucnonb3oBaHHbIME TognoHamMu (TJIIIOcUII) mo »TuMM BapHaHTaM M aHAIUTHYECKHUE
3aBUCHMOCTH JJIsl OLIEHKH UX DKOHOMHYECKOH 3(pheKkTHBHOCTH.

Mooenv T/ITIIOCHII 1 - c omnpagkoit ucno16308aHHBIX ROOOOHOE HA CEAIKY (6 He
nepepaoomannom euoe):
1. OkoHuUaHHWE WCIIONB30BaHUS IOJIOHOB B TPAHCIIOPTHO-JIOTUCTHYCCKOM
mporiecce;
2. CxiagupoBaHHE MCIIONB30BAHHBIX ITOAOHOB Ha CKIIAC;
XpaHeHHUe UCTI0Ih30BaHHBIX MOIIOHOB Ha CKIIAJe;
4. Tlorpy3ka HCIIOIB30BaHHBIX IOJIOHOB B TPAHCIIOPTHBIE CPEACTBa (CBOM
WM HAeMHBIE);
5. TpaHcnopTHpOBKa UCIIOJIb30BAHHBIX MOJ0OHOB Ha CBAJIKY;
6. Ormuiata 3KoJI0THYECKOTO cOopa.
Wz nepxku TIITTIOCUIT mo momenu 1 onpenenstorest mo Gpopmyiie 1:

Umi1= 3cxet+ 3n + 31 + 3a¢, (D

rne 3cxc — 3arpaThl Ha CKJIQJAMPOBAHHE W XPaHEHHE HCIOJIb30BAaHHBIX IIOJJIOHOB,
OJIeXKAIMX OTIPaBKe Ha CBAJIKY, Ha CKJazne, pyo.;

3,7 — 3aTpaThl Ha MOTPY3KY UCIOIH30BAHHBIX MOIJIOHOB B TPAHCIIOPTHBIE CPEACTBA, PYO.;
3r—3aTpaThl Ha TPAHCTIOPTUPOBKY MCIIOIb30BaHHBIX MOJJIOHOB Ha CBAJIKY, PYO.;

35 ¢ 3aTpathl Ha 3KOJIOTHYECKuii cOop, pyo.

W

Mooeny TIIIOcHII 2 — ¢ Opobnenuem nooOOHO8 6 uieny ¢ ROMOULbIO UWIPEOEPOs
nepeo 6vl16030M HA CEANKY. DTO IO3BOJISICT THOBBICHTH KOI(PQHIMEHT HCIIOIb30BAHUSA
TPAHCHOPTHBIX CPEACTB MO TPY30HOABEMHOCTH IPH TPAHCHOPTUPOBKE HA CBAIKY H
COOTBETCTBEHHO CHHM3HTH pacxXogsl Ha OATy. M3aepXku B MOAeIb C OTHPaBKOH
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HCIIONB30BAaHHBIX MOJIIOHOB Ha CBAJKY B MEpepabOTaHHOM B IICMY BHJC OMPEACISIOTCS MO
dopmyne 2:

Umz= 3cxc+ 3muw+ 3mm + 3t + 3a¢ 2

rne 3 — 3aTpaThl Ha IepepaboTKy CITMCAHHBIX ITOJIOHOB B IIeny, pyo.;
3y — 3aTpaThl HA MOTPY3KY IIEMbI U3 TOAJOHOB B TPAHCIIOPTHBIE CPEJNICTBA, PYO.;
37y — 3aTpaThl HA TPAHCIIOPTUPOBKY LIETIBI U3 IOJOHOB HA CBAJIKY, PyO.

Mooens T/IIIOcHII 3 - ¢ noemopHbim uCnoab306aHUEM ROOOOHO6 (puc. 1), 10
JAaHHBIM [6] K HUM OTHOCATCS OKOJIO 5% BCeX MCIIOJIb30BAHHBIX MOJIIOHOB.

Homepamu Ha MozenH yKka3aHa MOCIIE0BAaTEIbHOCTD BRIITOTHEHUH JIOTUCTHIECKIX
onepanui:

1.OKkoHUYaHNE UCTIONB30BaHNS ITOIOHOB B TPAHCIIOPTHO-IOTHCTHYECKOM MPOIIECCe;

2. IlepemenieHne MOJIOHOB M3 30HBI TAPHO-IITYYHBIX TPY30B HA CKIIA] TIOIOHOB;

3. CknamupoBaHKE U XPaHCHHE UCTIOIB30BAHHBIX TIO/IOHOB;

4.9KcrepTU3a COCTOSIHHS IMOJJOHOB M COPTHPOBKA MO BO3MOXKHOCTH JajbHEHIIErO
HCTIOb30BaHUS:

4.1. CxyagupoBaHue U XpaHEHHUE MOOHOB, IPUTOAHBIX K 3KCITyaTalluu

4.2. CxylaiupoBaHHUe U XpaHEHHE MOII0OHOB, MOAJIE)KAIINX CIIUCAHUIO.

5. IlepemeriieHre TOATOHOB MOAJICKAIINAX CIIUCAHUIO HA CKJIa]l OTXOOB;

6. XpaHeHHE OTXO/I0B;

7. 3akIrodeHue JOrOBOpa IIOCTaBKH MOJIOHOB 0/Y;

8. JloctaBka oA IOHOB O/y MOKYIATEIIIM;

9. Omata MOCTaBKH MOAIOHOB 0/y;

10. 3akmoueHrEe TOTOBOPA Ha 3aXOPOHEHHE OTXOJO0B Ha MTOJUTOHE;

11. IlepeBo3ka OTXOA0B Ha MOJKIOH;

12. Ormiara 3K0I0ru4Yeckoro coopa.
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IIpennpusaTae
| | CKaan TapHO-ITYIHEIX IPY30B
2 7
/ 30Ha 3KCIEPTH3E Craan
3oma s II COPTHPOBKII

HCIOOJB30BAHHEIX MOJT0HOB
CEIIaJIIpoBa-
HIIA IICTIONE-

30BaHHBIX 30Ha CKIaIIPOBAHILS
TOII0HOB a1 Joma MOJI0HOB
: :
CIOTDOBAHEA IDH- TIOITEKAIIIX CIIICAHIIIO
TOIHBIX K 3KCIIIyaTa- /
I IIOIOHOB 5
CRJIaJ 0TX010B
6
TpaHCHOPTHRIH 0TI 1
8
OT1aea cObITa
n :
4 . 2
9
7 12 10
|
¥ | v v

IToxkyniaTenn noI0HOB
ITonnros 0TX0I0B

Puc. 1. Opranuzannonno-onepanuonnas moaens JIIIcUII 3 - ¢ moBTOpHBIM HCTIOIB30BaHUEM
o yToHOB. CTpenKaMy OTpakeHO HalpaBJICHHE TIOTOKOB: YepHbIE — MaTepHaIbHBIC TIOTOKH, 3eJICHBIC
— (PMHAHCOBBIE TOTOKH

DKOHOMHYECCKHUI pe3yabTaT MOACINM C€ MNOBTOPHBIM HCHOJIB30BAHHUECM IIOJAJOHOB
OIIPEACIIACTCS 1O BBIPAKCHUIO:

Imz= Hcun +Imun— (334 3cxmu + 3exn +3cxe +3n + 31 + 35 +3cun), 3)

rae 35— DJKCHepTH3a COCTOSHUS TOJIOHOB H COPTHPOBKA 10 BO3MOXHOCTH
JATBHEHIIETO HCIIOIh30BaHuUs, PYoO.;

3cx my— 3aTpaThl Ha CKIIAIMPOBAHUE U XpAaHCHHE HCIOJIH30BAHHBIX MOIOHOB, KOTOPEIE
OyIyT MMOBTOPHO MCIOJIB30BaTHCS HA TEPMHHANE, PYO.;

3cx — 3aTpaThl Ha CKJIAJUPOBAHKME U XPaHEHUE WCIOJIb30BAaHHBIX MOJJIOHOB, KOTOPHIE
MO/IIeXKAaT Mpojiaxe, pyo.;

3cu— 3atpaThl Ha COBIT HCIOJIB30BAHHBIX TMOJJIOHOB, KOTOPBIE TOJUIEkKAT MPOJIaxKe,
pyo.;

M ey OXO0TBI OT COBITA UCTIOJIL30BAHHBIX TIOJIZIOHOB, PYO.;

Oy — SKOHOMHS 3aTpaT OT TTOBTOPHOTO MCTIOJIB30BaHUS MOIOHOB, PYO.

DKOHOMHUS 3aTpaT OT MOBTOPHOTO MCIIOJB30BAHIS MOIOHOB MOXKET OBITh NMPHPABHEHA
K UX CTOUMOCTHU Ha PHIHKE HCIOIb30BAHHBIX MOJIOHOB.
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Mooens TIIIIOCHII 4 - ¢c pemoHmom ucnonb306anHbIX HO000H06 (puc. 2). SIBnsercs
pazsutueM TJIIIOCUIl mo moxenn 3 - ¢ TOBTOPHBIM HCIHOJIB30BaHUEM MOJOHOB,
3aKIIFOYAIONIUMCS B TOM, YTO IOJJOHBI, KIACCU(PUIIMPOBAHHBIC KAK «II0 TEXHUYCCKOMY
COCTOSIHAIO HE MOTYIIHE KCILTYaTHPOBATHCS», HE OTIPABIAIOTCS Ha CBAJIKY, a IOJJICKAT
JIOTIOJTHUTEIBHON COPTUPOBKE C BBIACICHUEM TOJICKAIINX PEMOHTY U BOCCTAHABIIMBAIOTCS
JI0 OSKCIUTyaTallHOHHOTO COCTOSHHSL, IO JaHHBIM [6] kK HHUM oTtHOocATcs 78% Bcex
HCTIOIB30BaHHBIX MOIOHOB.

[TocnenoBaTenbHOCTD BHIITONHEHUH JIOTUCTHISCKUX OIEPAIiil B MOJICIH CIICAYIOIIAs:

1.OkoHUYaHNE UCTIONB30BaHNS MTOIIOHOB B TPAHCIIOPTHO-TIOTUCTHYECKOM IPOIIECCE;

2. IlepemenieHre TOJIOHOB M3 30HBI TAPHO-IITYYHBIX TPY30B HA CKIIA] TIOAOHOB;

3. CxiagupoBaHue U XpaHEeHHEe UCTIOIb30BAaHHBIX MOJIOHOB;

4.0kcnepTu3a COCTOSIHUSL TIOJJOHOB U COPTHUPOBKA MO BO3MOXKHOCTH JalbHEUIIEro
HCTIOJIb30BAHUS:

4.1. CknagupoBaHUe U XpaHEHUE MOJI0OHOB, IPUTOJHBIX K OKCILTyaTalluu

4.2. CxyiagupoBaHUC W XPAHCHHUE IMOJJOHOB, TPEOYIONIMX PEMOHTA Ui JajbHEHIIeH
SKCILTyaTaluH,

4.3. CxiagupoBaHHe U XpaHEHUE MTOIIOHOB, TIOUICKAIIIX CIIACAHUIO.

5.2. PeMOHT MO//IOHOB M OTIIPaBKa UX HA MaTepUAIIbHBIN CKIIAT;

5.2.1. llepeMenieHre OTPEMOHTHPOBAHHBIX MOIOHOB Ha CKJIaJ MOIIOHOB IPHUTOTHBIX
K 9KCILTyaTaIlHw;

5.2.2. llepeMemnieHrie 0TXOIOB U3 30HBI PEMOHTA MOJIOHOB Ha CKJIA]l OTXO/IOB;

5.3.2. [lepemerieHue MOJAOHOB MOJUICKAIITNX CIIMCAHHUIO HA CKJIAJ OTXOJIOB;

6. XpaHeHHe 0TXO0JI0B;

7. 3akioueHue J0roBopa MoCTaBKH MOA0HOB 0/y;

8. JlocraBka 1oJyI0HOB 0/y MOKyIaTelsIM;

9. OmaTa moCTaBKH MOAIOHOB 0/y;

10. 3akIroueHHnEe 1OTOBOPa Ha 3aXOPOHEHUE OTXOO0B Ha MOJUTOHE;

11. [lepeBo3Kka OTXOZOB Ha MOJUTOH;

12. OmmaTa 3K0JI0THIECKOro coopa.

Oxonomuueckuit pezynprat TJIIIOCUII mo 4-if Mogenu ¢ peMOHTOM HCIOIb30BaHHBIX
MTOJIZIOHOB OTIPEIEIISIETCS 110 BEIPaKCHUIO

Oua= e +3mun— 3ot 3exmm + 3exn T3cxe 3 31135 +3cun +3cxe +3p), 4

rae 3cxy p — 3arTpaThl Ha CKIAQIUPOBaHHE M XpaHEHHE Ha CKIAJE IOJpa3feieHUs,
3aHMMAIOILETOCs] PEMOHTOM II0/IZIOHOB, PYO.;
3p;7 — 3aTpaThl HA PEMOHT MOJZIOHOB, PYO.

Mooenv TIIIIOcHII 5 - ¢ nepepabomioii HenooaeHcauux pemonmy HOO0OOHO8 6
mynapuy. Sensercs pazpuruem TJIIIOCUIl mo moxenu 4 - ¢ peMOHTOM HCHOIb30BaHHBIX
TIOJJIOHOB,  3aKJIIOYAIONIMMCS B TOM, YTO TOJUIOHBI, KJIACCH(UIMPOBaHHBIE Kak
«Tpelyronye cnucanus (HE MOAJEXKAlle PEMOHTY)», HE OTHPABIAIOTCS Ha CBAJIKY, a
nepepadaThIBalOTCs C IOMOIIBIO MIPEIEPOB B MyJIbUy, KOTOpasi yIaKOBBIBACTCS B OUr-63ru
U TpOJaeTcsi Ha pBIHKE. DTO COKpaIlaeT oO0beMbl BBHIBO3a Ha CBAJKY 110 5% OT MaccChl
CIIHCHIBAEMBIX MOJI0HOB, W, COOTBETCTBEHHO, COKpAIAeT PacXo/bl Ha BBIBO3 HA CBAJIKY U
IUIATeXKH 0 IKOJIOrHYecKoMy cOopy. Kpome Toro, mo3BosisieT mojsy4duTh JONOJTHUTEIbHBINR
JI0XO0]l, KOTOPBIH 3aBUCHUT OT 00beMa MnepepadoTaHHbIX TOI0OHOB.
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Hpeanpusirae | | Cx1a1 TApHO-IITYIHEIX IPY30B

2 =

4 30Ha 3KCIEPTU3EI CKJIaJ HCI0Ab30BAHHBIX
30Ha —

3 H COPTHPOBKI MmoII0HOB
CKJIANIpOL ).

HHA ICIOIE-
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’ < | peMoHTa
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110:[:[01{03
4.1
Cri1an oTXonoB 6

TpaHCHOPTHEIH O0TXET

- 1
OTtaen cobITA
A : F 3
I | l
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¥ 1 ¢

¥
ITonHuroH 0TX0I0B

HOKyTIaTeJIII IIOII0HOB

>

Puc. 2. Opranuzannonno-onepaunonnast moaeins JIICUII 4 - ¢ peMOHTOM HMCTHOIb30BAHHBIX
>

1o/110HOB. CTpelikaMu OTPaKEHO HalpaBJICHHE TOTOKOB: YEPHbIC — MaTepUaIbHbIC TOTOKH, 3CJICHBIE
— (PMHAHCOBBIE TOTOKH

Oxonomuueckuii pesynstaT TJIIIOCUII no Moaenu 5 onpeaensieTcs: MO BEIPaXKEHUIO 5
Ims= Jeun +Imun + Am —(3s+3cxmn +3cxm +3cxe +3n0+310+33 +3cun+3cxe+3en - (5)
+3my+3cm )

r1e [y~ A0XO0pI OT IPOJaKH MYJIbYH U3 CITUCAHHBIX MTOJIOHOB, Py0
3)v — 3aTpaThl Ha NIepepabOTKy CHHUCAHHBIX ITOAJ0HOB B MyJIbUY U yIIaKOBKY MX B OHr-

6oru, pyo.;
3 — 3aTpaThl MO COBITY MYJIBYM U3 CIUCAHHBIX MOJJIOHOB, PyO

Mooenv TITIOCHII 6 - ¢ nepepabomkoii HenooaeHcamux pemoHmy HOOOOHOE 6

monaugnvle zpauynwvt (neanemwt). Spnsercs pazsutuem TJITIOCUIT mo moxmenu 4 - ¢
3aKTIOYAIONIAMCA B TOM, YTO TIOJJIOHBI,

PEMOHTOM  HCIIOJIB30BAHHBIX  ITOJIOHOB,
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KJIacCU(UIIMPOBaHHbIE KaK «TpeOylolue crnucaHust (He IOJUIeKaIlue DPEMOHTY)», He
OTHPABIISIOTCS Ha CBaJKY, a IMOJUIEKAT INepepadoTKe ¢ MOMOIIBIO HIPEJepOB B MIEMY,
KOTOpasi TOCJIe 3TOT0 OTIPABISACTCS HA JIMHHUIO JJIs MPOU3BOJCTBA TOIUIMBHBIX TEJUICT.
[MemreThl ynakoBBIBAIOTCS B MEWIKM MO 15 Kr M MPOJAIOTCS HAa PHIHKE. DTO COKpAllaeT
00bEeMBI BBIBO3a Ha CBAJIKY 10 5% OT Macchl CIHCHIBAEMbIX MOJIOHOB, U COOTBETCTBEHHO
COKpATUTh PacxXofbl Ha BBHIBO3 HA CBAIKY M IUIATSKH IO dKoJoruveckomy cbopy. Kpome
TOTO, MO3BOJISIET MOJTYYUTh AOTIOJHUTEIBHBIN JOXO/ OT MPOJAXKH MEJUIET.

OxoHomuueckmii  pesynbrar  TJIIIOCUII mo wmomemm 6 - ¢ mepepaboTkoit
HEMOIIeKAIINX PEMOHTY HOAJOHOB NPOJaKe MX B BUIE TOIUIMBHBIX TPAHYJ ONPEACISACTCS
o hopmyie 6:

Ime= dcun+Anun + An -

(6)
(33+3cxnu+3cx nt+3cxc+3no+3ro+ 35+ 3cun+3cxp+3pn+ 3w+ 3cn+3nn),
rae [;— NOX0oabl OT MPOAAKH TOILIMBHBIX MPaHyJl U3 CIIMCAHHBIX MOAJIOHOB, pYO.;
377 — 3aTpaThl HAa NPOM3BOACTBO TOILIMBHEIX IPaHyll, pyo.;
3¢ — 3aTpaThl IO COBITY TOILTMBHBIX MPaHyJI M3 CIHCAHHBIX TOAN0HOB, Py0.

Mooeny TIIIIOcHII 7 — ¢ pa3oopkoii no000H06 071 NOJIYYEeHUA KOMNOHEHMOE8 0
npou3e00cmea HOGbIX NOOOOHO0G. SIBISIETCS pPa3BUTHEM MOJEIHM C  PEMOHTOM
UCTIONIb30BAaHHBIX TIOJIIOHOB, 3aKJFOYAFOIIMCS B TOM, 4TO TIOJITOHBI,
KIacCU(UIIMPOBaHHBIE KaK «TpeOyromue crnucaHus (HE IOUISKAIINEe DPEMOHTY)», He
OTIPABIISIOTCS Ha CBAJIKY, a IOJUIEXKAT pa30opke Ha BTOPHYHBIC MaTEpPHUAIbHBIE PECYPCHI:
KOMIUICKTYIOINE I HOBBIX IOAJOHOB M IOMYYEHHS MYJIBYHM C MOMOIIBIO IIPEIEpOB C
YIaKOBKO# ee B OMr-0oru ¥ nmpojaku Ha peiHKe. Ha HUX MoxkeT nmpoxoautscest mopsiaka 11%
BCEX HCIIOJIb30BAHHBIX MOI0OHOB [6].

Dxonomuueckuit pe3ynbtaT TJIIIOCUII mo momenu 7 onpenensercs mo Gopmyie 7:

Ams= Hdcun +Imun + Jum +3x -

(7
(B3+3cxmu +3cxn +3cxe +3no+3to+33 +3cun+3cxp+3pn +3my+3cem +3pm),
20e 3, — CTOUMOCTh KOMILIEKTYIOIIHX, OTY4YSHHBIX U3 CIIMCAHHBIX TTO/JI0HOB, PYO.;
3p;7— 3aTpaThl Ha Pa300PKy MOAOHOB Ha KOMIUIEKTYIOIIHUE, PYO.

Anpobauus

PesynbTaThl pacyeToB dKOHOMHYECKOTO Pe3yJbTara MO CEMU MPHUBEICHHBIM MOICIISM
s OO0 «OntPecypey» npuBeneHs! Ha puc. 3.

BoiBoa: 13 cHOpPMHUPOBAHHBIX M PACCMOTPEHHBIX JEBATH MOJENIeH OOpalieHus ¢
HCIOJIB30BAHHBIMU TIOJAOHAMHW Ha TEpMHHAJIAX W CKIaJlax HaWMEHEC 3(b¢)eKTHBHOﬁ
SIBISIETCSL TIepBas - C OTIPAaBKOW HCHOJB30BAHHBIX MMOJJIOHOB Ha CBajky (B He
nepepabotaHHoM Buzae). Ilpu 3TOoM oOHa sBisieTcss Haubosiee  PACIPOCTPAHEHHOM.
ParroHanbHOCTh MCMOJIB30BAHUSI OCTAIBHBIX BOCBMH MOJIEJIel 3aBUCHT OT pa3Mepa MoTOKa
HCIOJIb30BAHHBIX TIO/JOHOB, OCOOCHHOCTEH TPaHCIOPTHO-IOTMCTUYECKOrO Tpoliecca Ha
TEpMHUHAJIE W YCIIOBUH phIHKA. B 1ienom mpu GopMupoBaHun KOMILIeKca HHPPACTPYKTYPHI
TpancnopTa [16] nenecoodpazuo npeaxycmatpuBaTh co3nanue KCaOUIL.

3akaouenue

Jns  peuieHus aKkTyaqbHOW 3a/layd  CHUXKEHHUSI DKOJIOTMYECKOM Harpy3ku Ha
OKPYXAIONIyI0 Cpeay U TOBBIIEHUS J(PPEKTUBHOCTH TPAHCTIOPTHO-JOTUCTHUECKHUX
MIPOIIECCOB aBTOpPaMH chOPMHUPOBAHBI JEBATH MOJIENEH OOpaIeHHus ¢ UCTOIb30BaHHBIMH B
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TPaHCIIOPTHO-JIOTUCTUUECKOM  IIPOLIECCE  JICPEBSHHBIMH ~ MOJJIOHAMH HA  TIPY30BBIX
TEpPMHUHANAX U CKIaAax:
I)Monenp ¢ OTHPaBKOM HCIOJIb30BAaHHBIX MOAJOHOB Ha CBAJIKY
(B HemepepaboOTaHHOM BUJIE);
2) MOzENb C MOBTOPHBIM MCIOJIE30BAHUEM TIO/IZIOHOB;
3) MO/IeTTb C PEMOHTOM HCIIOJIb30BAHHBIX TOJIIOHOB;
4) monerns ¢ epepaboTKH HeTIOMISKAIIUX PEMOHTY ITOAIOHOB C

OueHKa 3KOHOMMYECKOoro pesy/bTaTa npuMmeHeHMUA BapUaHTOB
NOrMcTUYECKOro npouecca ¢ MCNo/1Ib30BaHHbIMW AepeBAHHbIMU
nogaoHamu B 000 «OnTpecypc» 3a rog,

11900

S 11796
o 9900
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[ ]
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g 3758
S 1900
o
I
2 100
xz -
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-2100
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Bap“aHTbl NOrnNcTU4ecKoro npouecca ¢ MCNoNb30BaHHbIMKU AepeBAHHbIMKW Noga0HaMM

Puc. 3. DxoHOMuUueckue pe3ynbrartsl olieHku BapranToB JIIIOcUJIIT

4.1) npobieHue MOAOHOB B IICMY C TIOMOIIBIO MIPECPOB MEPE/] BHIBO30M Ha CBAJIKY.

4.2) npobieHue MOAIOHOB B MYJIbUY C IOMOIIBIO IIPEACPOB C YIIAKOBKOM e¢ B OUr-03ru
JUIA IPOJIa’KU Ha PBIHKE;

4.3) nepepaboTKa OJJIOHOB B TOIUTMBHBIE TEIJIETHI;

4.4) pazbopka Juts TOJIyYSHUST KOMIIOHEHTOB JUIsl IIPOU3BO/ICTBA HOBBIX MOJIJIOHOB.

[MpeanokeHbl  aHAJTWTHUYECKHE  3aBUCHUMOCTH  JUIS  OICHKH  HKOHOMHYECKOMN
9pQEKTUBHOCTH  MPHUMEHEHHS  MOJeJield  TPAHCIOPTHO-JOTUCTUYECKUX  IPOIECCOB
oOpalieHuss ¢ WCIOJIb30BAHHBIMHM  [MOJUIOHAMH, YTO MOJXET I[O3BOJIUTh TPHHATH
00OCHOBaHHBIE pEILICHUS] MO0 BapuaHTaM oOOpalleHus C TMOAJOHAMH Ha TPY30BBIX
TEPMHUHAJAX U OBBICUTH 3P(PEKTUBHOCTD UX JEATEIHHOCTH.
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Meskce30HHAsi JMHAMHUKA CTOKA MAJIbIX PEK JIeCOCTENHOM 30HbI
Huzxeropoackoii 06,1acTv B yCJ10BUSIX MAJTOCHEKHOM 3UMBbI HA
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AnHoTtanmsi. B HacTosimielt pabote paccMaTpuBaeTCsl MEKCE30HHAsI TMTHAMUKA CTOKA MaJIbIX
PeK JiecoCTemHOM 30HBI HInKeropoackoil 00acTu B yCIOBHSIX MAaJOCHEXKHOW 3UMbI 2024-
2025 ronoB Ha mpuMepe pekd MensHa. HabmroneHus npoBOAMINCH HA ABYX THAPOIOCTAX,
3aI0’)KEHHBIX B BEPXHEM H HIDKHEM TEUEHHH PEKH, B IEPHUOIBI BECEHHETO IOJIOBOIbS U
neTHell MeXeHH. Pe3ynbTaThl MCCIIEOBAaHMS TOKA3ald 3HAYNTEIBHOE CHIDKEHHE PEeYHOTO
CTOKa B MEPHOJ BECEHHETO MoI0BoABs B 2025 Toay mo cpaBHeHuio ¢ 2024 roxom: Ha 23% B
BEpXHEM TeueHMM p. MexnsgHa u Ha 73% B HikHeM TedeHuH. OJHAKO IOKa3aTeNd
MHHUMAJIBHOTO CTOKA B IEPHOJ JIETHEH MexeHH Bo3pocin Ha 4% B BEpXHEM TEUYEHHHU U Ha
66% B HWwKHeM TedeHUH. [IpUuMHONW JaHHBIX WM3MEHEHUH MOIJIO TOCIYXXHUTh pPE3Koe
MOBBIIICHHE TEMIIEPaTyphl B 3UMHEe BpeMs FOfa, CIEJCTBUEM KOTOPOTO CTaJO yBEJINYCHHUE
oTTemnenel, BIUAIOMNX Ha CHIDKEHHUE TITyOWHBI IIPOMEP3aHHs 30HBI adpallid, ¥ COKpaIIeHHe
3aMacoB CHera K HACTYIUICHHIO IEpHOjJa CHETOTAasHHSA, YTO B CBOIO OYEpenb NPHBEIO K
CHIDKEHHIO TTOBEPXHOCTHOTO CKJIOHOBOTO CTOKa M IIEPEpacIpefeNIeHHI0 Taloro CToKa B
cTopoHy mnomzemHoro. CreicTBHeM BIMSHHS JaHHBIX (DaKTOPOB CTall0 CHIDKCHHE
MaKCHMaJIFHOTO pacxoja BOJbI B EPHO/I TOJIOBObS. B CBOIO Ouepens yBemHUYeHHe 3a1acoB
TPYHTOBBIX BOJ, ONPENCNSIONIMX ITUTAHHE PEKH B IEPHOJ MEXKEHH, BBI3BAIO PE3KOe
YBEJINYEHNE MEKXESHHOTO CTOKA.

KiwueBble cioBa: peka MensHa, Hikeroponackas o0macTe, THIPOJIOTHS, IUHAMHKA
PEYHOTO CTOKA, MaJble PEKH JIECOCTENH, BHYTPUTOJOBOH CTOK pPeK.
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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

BBenenne

Manble peku, paclnoioXeHHblE B IMpeiesiax JIeCOCTENHOM 30Hbl Poccuu, SBISIOTCS
HanOoliee YYBCTBUTEIBHBIMH K KIMMATHYSCKUM HW3MEHCHHSM W CE30HHBIM (aKTopam,
TaKMM KaK MaJOCHEXHBIE 3UMBI, YTO, B CBOIO OYepellb, MPUBOAUT K Ooyiee OBICTpOMY
NPOSIBJICHUIO PEaKIMM Ha M3MEHEeHHUs! yClIoBHi (opMHpOBaHUsI pedHOro croka. He meHee
B2XHBIM  (haKTOpOM, ONpEACISIONNM  (OPMUPOBAHUE PEYHOIO  CTOKA, SIBISIETCS
AHTPOIIOTEHHAsl HAarpy3Ka, BBIPAXXCHHAsl BBICOKOM J0JIEH IaXOTHBIX 3€MENb B Ipefesax
peuHbIX OacceiHOB JNecocTenmHoi 30HBI Humkeropojackol obnactu. [laHHBIA TMOKazaTelb
MIPEUMYIIECTBEHHO OTNpe/esieT (POPMHUPOBAHUE PAcXo/ia BObI B PEKE B IEPHO/T TIOJIOBOIbS,
a KaKk CIEICTBUE W B IMEPUOJl MEXKCHH, IMOCKOIBKY KO3((HUIIMEHT OBEPXHOCTHOTO CTOKA
pacnaxaHHbBIX TEPPUTOPHUI 3HAUMTENBHO BBIIIE, YEM B Mpeaesax TEPPUTOPHUI, 3aHITBIX
JIECCHOW W TpaBSHUCTOM pacTUTedabHOCTHIO [1]. B cBOIO ouepenb, UMEHHO PEYHOM CTOK
SIBIIICTC ONHUM W3 Hamboliee BaXXHBIX (U3UKO-TEOrpapUIECKUX U T'eOJOTHYCCKUX
MpOIecCOB, cnenu(puka KOTOPOTO HANPSMYIO OIpeneIsieT THAPOJIOTHUSCKUA PEKUM
BOJHBIX 00BEKTOB [2].

Hcxons w3 storo, Hamboyee BaXKHOM 3amadell B YCIHOBHSX HM3MEHEHHs KIUMaTa |
BEJIEHUS WHTCHCHBHOW CEJIbCKOXO3SHUCTBEHHON JESATENLHOCTH B Tpezenax OacceiHOB
MaJIBIX PEK JlecocTernHoM 30HBI Poccumu cTaHOBUTCS N3Yy4YCHUEC PCUYHOI'0 CTOKa MAJIBIX PEK,
HaTpsAMYIO0 BIHSIONIETO HA TOJIHOBOJHOCTh KPYHHBIX CYHOXOAHBIX pek [3]. meHHo Ha
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MaJjible PEKU MPUXOAUTCS OCHOBHAs J0Js peuHoil cetu Poccun. X KONMMUYECTBO COCTaBIsET
98% ot obmero ymcia pek, a NPOTSDKEHHOCTH — 71% OT CyMMapHOM JJIMHBI BCEX
BOJOTOKOB cTpanbl [4]. OnmHako B Hacrosilee BpeMs JTUHAMHKA BHYTPHUIOJIOBOTO
pacmpenienieHnss CTOKa 3a4acTylo SIBISETCS MPEIMETOM MCCIENIOBaHUS JIMIIL HAa ypOBHE
KPYITHBIX PEYHBIX OacceiHOB [5], X0Ts e€ aHaJIN3 CTAHOBUTCS HE MCHEE aKTyalbHBIM H JIJIS
MAJIbIX peK, SBISTIONIIXCS OAHUM I3 HanOoee BaKHBIX 3JIEMEHTOB THPOJIOTHUECKON CeTH.

Takum o00pa3oMm, HCCIeOBaHWE BHYTPUTOJOBOW JWHAMHUKH CTOKAa MajbIX peK
JIECOCTEITHOM 30HBI SBJSIETCS AaKTyaJbHOM 3ajadyedl ¢ TOYKM 3pEHUS IOHUMAaHUS
3aKOHOMEPHOCTEH (YHKIMOHHPOBAaHHUA pEUYHBIX ceTed. [lomydeHHBIE MaHHBIE MOTYT
CITY’>KATh OCHOBOI1 [ pa3pabOTKH Mep 110 COXPAHEHHUIO M PAllHOHAIHHOMY HCIIOIB30BAaHIIO
BOJHBIX PECYPCOB, a TAKXKE MPOTHO3UPOBAHUS BO3MOXKHBIX U3MEHEHUM HMAPOJIOTUYECKOTO
peXxuMa B YCIOBHUSX MEHSIOIIETOCS KIMMaTa.

Ienpto maHHOM pabOTHI CTANIO BBIABICHUE MEKCE30HHOHN TMHAMUKU CTOKA MaJlOW PEKU
JIECOCTENHOM 30HbI Hrmkeropoacko oonactu p. MensHa B yCIOBHAX MaJTOCHEKHON 3UMBI.

Metoabl

VicxomHBIM MaTepualioM A aHajdu3a MOCIYXHIM JaHHbIE, IMOJIY4YEHHBIE B XOJ€
MIOJIEBBIX MCCIIEAOBAaHUM, MPOBEAEHHBIX HayYHO-UCCIeN0BaTeIbCcKoi rpynmoil B 2024-2025
rogax. Jlyst mpoBeAEHNs MCCIIe0BaHuUs OBl BBIOpaH BOAXOCOOPHBIN OacceiiH pekn MensHa,
PAacIoIOKEeHHBI Ha IOTro-BOocTOKe Hrpkeroposickoil oGmactu B mpexpenax JaHAmAGTHOH
30HHI Jecoctend. [lo kraccudpukammu b.J[. 3alikoBa BeIOpaHHAs peka OTHOCHUTCS K TPYIIITS
PEK BOCTOYHO-CBPOIICHCKOrO THIIA, XapaKTEPU3YIOUIETOCS BBICOKHM YPOBHEM BECCHHETO
MOJIOBOZbS, HMU3KOM JEeTHEH M 3MMHEH MEXKEHbIO, a TaKkKe HECKOJHbKO ITOBBIIICHHBIM
OCCHHHM CTOKOM [6]. BwiOop maHHO¥W  Teppuropuu ObUT  0OyclIOBICH €€
PENpe3eHTaTHBHOCTBIO, OMNPEACISIONICHCS CXOACTBOM  JIaHAIIA(THO-THAPOIOTHUECKHX
0COOCHHOCTEHl Ha 30HAJBHOM YPOBHE C HHBIMH MaJbIMH PEKaMH JIECOCTEITHOH 30HBI
Poccun.

HabnroneHus npoBOAWIINCH B IEPHOJ BECCHHETO MOJIOBOBS U JIETHEH MEXEHHU Ha JIBYyX
THIPOIOCTAX, 3JI0KEHHBIX B BEPXHEM U HIDKHEM TedeHuH p. MengHa. s onpeneseHus
pacxoza BoJbI B peKe ObIO BHITOJHEHO N3MEPEHNE IUPUHBI U INTyOHHBI pyclla B 3alaHHOH
TOYKE, ITO3BOJINBILEE TIOCTPOUTH MOTIEPEUHBIH MPOQHIH pyclia peKH U BHIYUCIUTH TUIOMIAb
KHMBOTO CEUCHHMS. 3aTeM OBLIO MPOBEICHO M3MEPEHHE CPEAHEH CKOPOCTH TCUCHHS PEKH TIPH
MIOMOIIM THIPOJIOTHYECKOW BepTymkH. Jlamee HCXOAsd W3 MONYyYEHHBIX MAAHHBIX ObUI
paccuuTaH pacxo.l BOIBI IO cieayromeid popmye (1):

Q = VTC‘{. X S)KI/IB.CG‘{CHI/IH ) (1)

3
rae Q — pacxoJ BOIBI, M /C;
V1eq. — CKOPOCTH TEICHUS M/C;

2
S cun.coucnms — IUIOIIAIE JKHBOTO CEUCHUS, M.

AHanaM3 MeXCe30HHOM JMHAMHMKM CTOKa OBbUI BBINOJHEH B BHJAE CPaBHUTEIbHON
XapaKTEepUCTUKU TIOKa3aTeled pacxoja BOJbI Ha JByX THAPOIOCTaX, PACHOJIOKEHHBIX B
BEpPXHEM M HIDKHEM TeueHUH peku MensHa. Ce30HHBIE H3MEHEHHS pacxoza Bosl B 2025 T.
10 OTHOWICHMIO K 2024T. IPUBOJIATCS B MIPOIIEHTHOM COOTHOIICHHU.

Jdnst  BeimonHeHust  usnko-reorpadMyeckoil  XapaKTEpPUCTUKH  TEPPUTOPHU
BojiocOopHOTO OacceifHa p. MengHa OBUIHM HCIOJNB30BaHbl JINTEPAaTYpHbIC JaHHEIE,
Marepuaisl  COOCTBEHHBIX  MOJEBBIX  HCCIEIOBaHWM, JlaHHBIE  JUCTAHIOHHOTO
30HIMPOBAHMS 3EMJIH, a TaK)Ke TEMaTHUECKHE KapThl H3y4aeMOl TEpPUTOPHH.
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PesyabTarsl

BomocOopHsiii OacceiiH peku MezsHa miomansio 996 kM? pacroyiokeH B FOro-
BOCTOYHOM yacTu Hikeropozckoil o0nacTu B mpejenax JecoCTeHON 30Hbl M OTHOCHUTCS K
bacceiiny p. Cypa (puc. 1). Teppuropus OacceitHa oxBaTbhiBacT I[IMJIBHHUHCKHH,
KpacHookTs10pbckuit 1 CeueHOBCKMH MYHHIIUIIAIBHBIE OKpYTa.

- Bauahr‘;tgcd&woe X
HAnkHEs KORCTaHTHROBD, W

YCNOBHLIE OEO3HAHEHWA

[ veppuropws Huseropoackoi obnacti
@ 3OMMHKCTPaTWBHLIA LEHTp Hinkeropoackon obnactw
| E
B veppuTopua eogocBopHoro Bacceiia p. Megaxa
PaioHHBIE LEHTPkI
2i = _0 25 50 75  100km [ rpaHuu! paioros
Wi : I TeppuTopHA KpacHOOKTABPECKOrO paioHa

[ reppuropma MNEHUHCKOTO paioHa
I veppuTopuA CeueHOBCKOTD paioHa

Puc. 1. T'eorpaduueckoe monoxenue 6acceitna p. MeasHa

MopdodonuroreHHas OCHOBa OacceiiHa  OTJIMYAETCS CIIO’KHBIM CTPOCHHEM.
JlouerBepTruHble  oTioxeHus  [[eomormyeckas — kapra:  N-38-V  (Ilymepas).
l'ocynapctBenHnast reosiorndeckass kapra Poccuiickoii ®enepanuu. W3nanue BToOpoe.
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I'eonornueckast kapra ¥ KapTa IIOJIE3HBIX HCKOIAEMBIX IOYETBEPTUUHBIX OOpa30BaHUI.
CpenneBoiokckass cepus, macmtad: 1:200000, cepus: CpenHEBOMDKCKas, COCTaBIICHA:
OI'YITI «Bosrareonorusi», 2001 r., pemakrop(el): @Ppuaman b.M.] npencrasieHs!
OTJIOKEHHUSMH IOPCKOW CHUCTEMBI B IEHTPAIbHOM 4YacTW (TJIMHBI, MEPrejid, AJEBPOIHTHI,
MIECKM), MEJIOBOM CHCTEMBl Ha BOJOpa3Jelax M BEPXHUX YaCTSAX CKIOHOB (TJIMHBI,
aJIeBPOJIMTHI, TIECKH, MECUAHUKH, POCHOPUTOBEIE KOHTIIOMEPATHI), a TaKKe OTIOKECHUIMHI
TaTapcKoOro spyca MEPMCKOM CUCTEMBI B CEBEPO-BOCTOYHON YACTU M3y4aeMOM TEppUTOpUU
(TIMHBL, M3BECTHSAKH, TOJIOMUTHI, MEPTEIH, aJICBPOJIUTHI, IIECIAHNKN) (pHC. 2).

N
A
WCOD-E
Y
s
YCNOBHBIE OBO3HAYEHWA

[ rpanmua sopocBopHoro Gacceiina p. Meaana
— pexu

[IOHETBEPTUYHBIE OTNOKEHHA
[ Kla - MENOBAS CUCTEMA. Hukumid oTgen. ANTCKWIA apyc.
[NWHBI, aNEBPONMTLI, NECKM, NECHAHNKN, CaHUbI BUTYMHHO3HBIE.

[ Kibr - MENOBAA CUCTEMA. HuxHmnii otaen. bappemckuil apyc.
TNKHbI, aNEBPONKTLI, NECKM, NECHAHUKN.

I K1g - MENOBASA CUCTEMA. Huxknwii otaen. MOTEpMBCKMIA ApYC.
[NVHLI, aNEBPONTEI, NECKM.

[ 130+km - IOPCKASl CUCTEMA. BepxHuit oTaen. OKchopackui
1 KAMEPWIKCKMIA APYChI. [NMHLI, MEPren, anesponuTLl,
necku.

[ J2bt+k - KOPCKAS CUCTEMA. Cpegwii otaen. batckuit
1 KENNOBEHCKUIA APYCL. [NIMHBI, NECKW, aNeBPOnuTLI, MEPreni.

] P2ur - NEPMCKAS CUCTEMA. BepxHuit oTAen. TaTapckuit apyc.
HwkHWI NOABAPYC. YKyMCKUI TOPUIOHT. YPMyYMCian cepus.
[ MWHBI, M3BECTHAKK, AONOMUTEI, MEPTENH,
aneBpoNUTEI, NECHaHNKN.

7.5 0 7.5 15 22,5 kM

Puc. 2. [loueTBepTHUHbIE OTIIOXKEHHS OacceliHa p. MensHa

YerBepTruHble oOpa3oBanus [Kapra yerBepTuunbix oTinoxenuit: N-38-V (Llymepis).
lNocynapcrtBennas reonorudeckast kapra Poccuiickoit ®enepanuu. M3nanue Bropoe. Kapra
YeTBEePTHYHBIX oOpasoBaHuid. CpemHeBoinkckas cepusi, MacmTad: 1:200000, cepus:
CpenneBomkckast, coctasieHa: DPI'VYITI «Boarareonorus», 2001 1., penakrop(bl):
Opunman b.M.] BKIOYAOT auTIOBHANbHBIE OTJIOXKEHHWS B IOWMax peK, a Takxke
JJIIOBHANIGHBIE W JIENIOBHAJbHBIC 00pa3oBaHMs IIICHCTOIlEHA M HEOIIeHCTOleHa,
NPE/ICTABICHHbIE CYTIIMHKaMH, JECCOBUAHBIMU CYIJIMHKaMH, NMOTPeOEHHBIMU IMOYBAMHU U
neckamu (puc. 3).

Ha ceBepo-BocTOKE BOmOCOOpHOrO ©OacceiitHa p. MeasHa  pacnpocTpaHEHBI
KapOOHATHBIE U THIICOHOCHBIE ITOPOJIBI IIEPMCKOTO BO3pacTa, 4YTo 00yCIaBIUBAET aKTUBHOE
pa3BUTHE KapcTa.

Tepputopust BomocOopHoro OacceifHa p. MensHa XapakTepu3yeTcsi PaBHUHHBIM
penbedoM, OCIOKHEHHBIM CEThIO OBparoB W Oanok (puc. 4). AMImmTyma aOCOIFOTHBIX
BbICOT 3HaumTenbHa (175 M): MakcuMmanbHas oTMeTka (243 M) pacnoio)keHa Ha I0XHOM
nepudepun BogocOopHOTrO OacceifHa, MUHMManbHas (68 M) JIEXHT HA ceBepe — ypOBEHb
ypesa Bozpl B p. Measna npu e€ Bnagennu B p. Cypa. CoBpeMeHHBIH MOP()OIOrHIeCKUH
00k copMHUpOBaH IMOJ IEHCTBHEM KOMILIEKca penbedooOpa3yomux NpoLeccoB, Cpean
KOTOPBIX BEIYILYIO POJIb UTPAIOT JACNIOBUANIBHBIN CMBIB, aKKYMYJIALHSI PHIXJIOTO MaTepHaa
1 KapcTooOpa3oBaHUe.
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YCNIOBHbIE OBO3HAYEHWSA

[ rpanuua BosocGopHoro Gacceiina p. MensHa

— peku

YETBEPTNYHBIE OTIOKEHUA

[J aH - FONOUEH. OTAOXEHUS Teppac. Mecku,
CYFMHKM, MECKN C TPABUEM M FANbKOIL. MECTOPOXAEHHS CTPOMTENbHbIX
NECKoB,

[ clli-Iv- NNEACTOLEH. HEOMNEACTOLIEH. BEPXHEYETBEPTUUHBIE OTIOXEHUS.
K Tbi6bI pazpy IX 1 CHATHIX KOPEHHLIX NOPOA U
UETBEPTUYHBIX OTAOKEHUI Pa3HOro reqesnca.

[ ikl - NAEACTOLEH. HEOMNEACTOLEH.CPEAHEE - BEPXHEE 3BEHbS.
JlenosuansHbie 06pasoanus. Cyrnuhki.

edi-Il - NNEACTOLIEH. HEOMIECTOLIEH. CPEAHEE - BEPXHEE 3BEHbLA.

(Hepac: ). Cyrnuakm.

MecTopoXaEHHS FMMH KHDIMUHBIX.

[ pr,dil-il - NAERCTOLEH. HEON/IEACTOLEH. CPEAHEE - BEPXHEE 3BEHbA.
KOMNNEKC OTNOXEHNI NEPUTAAUMANLHBIX 30H AHENPOBCKOTO, MOCKOBCKOTO W
KanWHUHCKOTO ]

o HHbIE Of
CKNOHOB U HO Bbl ApeBHux Ganok.
CYrNUHKM, TNHHEL, NECKY, NOTPEGEHHEIE NOYBEI,

[ afid - NAEACTOLEH. HEOMTEACTOLIEH.CPEAHEUETBEPTUYHBIE OT/IOKEHMA,
JHENPOBCKMIT FOPU3OHT. 0-(hnioBrOor) o
NEPUTNALMANEHOIH30HE BDEMEHU ACTPAABLIMN AHENDOBCKOrO NEAHHKA. MeckM.

[ fild - NAEACTOLEH. HEOMMENCTOLEH. CPEAHEYETBEPTUUHBIE OTTIOKEHUS.

JAHenpOBCKHi rOPHOHT, MoAM: e 1€ W HAAMOPEHHEIE
hoBMor. 06t # Hepac OTNOXEHHS Pa3HbIX CTanuil
RErPanaLMH AHENPOBCKOND NEAHHKA,
Meckn.
[ glld - MAEACTOUEH. HEOMEACTOLEH.CPE/JHEYETBEPTHYHBIE OT/IOKEHMS!.
JAHenpoBCKHii FoOpH3OHT, J 6 W Hepac [
MAKCHMANBHON 1 NYXCKO-YCTUHCKOI CTBAMM AHENPOBCKTO Onenexenius. CyrnuHku
C rpaBueM, ranckamu, BanyHamm. POCCHINM ranex, BanyHoB. MPocion necka. 75 0 7,5 15 22,5 kM

[ fal - NNEACTOLEH. 3ONNEACTOLEH. HIDKHEE 3BEHO. O3épHo-anniosuansHeie
OTNOXEHMSI. CyFMHIU, NUHbI, ANEBPUTE, NECKM,

3 noueTBepmMuHbiE OTNIONEHNS

Puc. 3. YerBepTuuHnsie oTin0XeHUS Oacceitna p. MeasHa

YCNOBHbIE OBO3HAYEHUA
[ rpanmua BopocGopHoro Gacceitna p. MeaaHa
— peku
I rpyns
T H30MANCeI
® MakcManbHas OTMETKA BbICOT
®  MuHMManbHas OTMeTKa BbICOT
LUKANa BbICOT, M
I 240
B 20
I 200
I 180
[ 160
140
1120
[ 100
180

75 0 75 15 22,5km

Puc. 4. Penped Gacceiina p. Mensina

Knumar ymepeHHO KOHTHHEHTANbHBINH (puc. 5). XapakTepHBl NPOAODKHUTEIbHAS
XOJIOJIHAsI 3MMa U OTHOCHUTEIILHO KOPOTKOe, HO TErioe jeto. CpeHue moKa3aTeliy B sHBape
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onyckatotess 10 —10,6 °C, torma kak B utone npocturator +19,3 °C. CpenneromoBas
TemmnepaTtypa Bo3ayxa coctaBiseT +5,5 °C. KonuuecTBo atMoc(epHBIX OCAIKOB 3a TOJ
coctapisier okoso 570 MM. Hu3Kas eCHCTOCTh TEPPUTOPUHU CIIOCOOCTBYET MOBBIILICHHON
UCHAPSCMOCTH M HEYCTOMYMBOMY YBIQXKHCHHIO, YTO YCHJIHBACT KOHTHHEHTAIHLHOCTH

KiMmara.

Cepray

:Bon. MypawkuHo

Mepeso3
Ban - =

Apsamac

Llatku

JyiosHos

Nepsomaiick

YCNOBHLIE OBO3HAYEHUA

[ rpanuya Hwkeropoackoi oGnacti

TemMnepaTtypbl BO3AyXa
~— W30TEpMbI MIONA
—— W30TepMbl AHBapA

KONMYECTBO 0CaaKOB (MM)

Il >600
[ 550-600
| <550
25 0 25 50 75 100 km Bl TeppuTopus BOROCHOPHOTO
= = | ©acceiHa pexkn Mepana

Puc. 5. [lonosxenue Oacceiina p. Mensna
Ha KIuMaTrdeckoi kapte Hikeropoackoii obmactu

I'mpporpaduueckast ceTb BKIIIOYAaeT IJIaBHyl0 p. MensHa W €€ TPUTOKH —
pp. Mouaneiika, Manas Mensna u Cym. B Gacceline 3aduKkcHpoBaHO JIEBSITH POJHHUKOB, a
TaKke psa 03€p KapCTOBOTO IIPOMCXOXIEHMs, Hanboyiee M3BECTHBIMH N3 KOTOPBIX
spistrorcst YemOuneeBckue ozépa Kopkione m Trorsipsk-Kions [Acrammu A.E., Iamkna
M.H., Camoiinos A.B., Biacos A.B., Konnosckuii A.B., Peoxos E.B., [TogkossipuHa B.M.,
I'peukuna C.C., Baruna O.E. O3zepa Kapxkrone u Trorspsik Krosp BogocOopHoro dacceiina
pexkn Mensina Hmkeropoackoir ob6mactv: MOp(HOMETPHYCCKHE W T'HIAPOJOTHUECKUE
xapaktepuctuku. B cOopuuke: ITpoGnembl skonorun Bomkckoro Oacceiina. Tpynsr 6-ii
BcepoccHiickol HayuHoi koHdepeHunu. Hwxuuit Horopon, 2021. C. 1.] (puc. 6).
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YCNTOBHbIE OBO3HAYEHWA

[ rpanmua sogocGopHoro GacceitHa p. MegaHa
6Gorota
I o3¢pa, npyas!
—— KaHaribl, peKn
% POAHMKK

7,5 0 7,5 15 22,5 km

Puc. 6. l'maporpadugeckas cets Oacceiina p. MensHa

[TouBeHHBII MOKPOB OacceliHa MPEACTABICH MNPEUMYIICCTBEHHO YCPHO3EMaMU:
BBIIIECJIOYEHHBIMU M OIOJ30JEHHBIMU CPENHEMOIIHBIMU PAa3HOBHJIHOCTSAMM, 4YacTo B
KOMIUIEKCE CO CMBITHIMH  ITOYBaMH. PacTHTENBHOCTH COXpaHWiIach  (parMeHTapHO:
IpeBecHas — B oBparax W Oankax (IIMPOKOJNHCTBCHHBIC Jieca M3 OCHHBIL, ay0a, KIEHA),
KOpDEHHasl CTENHas — Ha IUJIAaKOPHBIX Yy4YacTKax, MOHMEHHbIE Jeca — BIOJIb pek. B
COBPEMEHHOW CTPYKTYpE PACTUTEIBHBIX COOOIIECTB TOMHUHUPYIOT arpOIeHO3HI (TIOCCBHEBIE
W TIpOTAIIHBIE KYJIBTYpHI, pexe caapl). OOmas jecucTocTs OacceifHa KpaifHe HH3Ka U
cocTaBisieT okoJio 3,2 %, 4TO OTpakaeT BBICOKYIO CTENEHb XO3SUCTBEHHOTO OCBOCHHSI
TEPPUTOPHUH.

[ToneBbie HaOmrONEHMsT HA p. MeasHa NPOBOAWINCH HA THUAPOIIOCTAaX, 3aJ0KEHHBIX B
BEpXHEM W HIKHeM TedeHuH (tadm. 1, 2) B 2024-2025 rr. Ocoboe BHUMaHUE YAEISIOCH
aHAJIN3y MEXTOAOBBIX PA3NIMYMi, CBA3aHHBIX C MaJIOCHEKHOW 3uMoil 2025 roma, KoTopas
MOXET CJIY)KUTb KJIIOYEBBIM (DaKTOPOM, YCHIIMBAIOUIMM HEPaBHOMEPHOCTh CE30HHOTO
pacnpenenenus cToka.

Tabauya 1

CpaBHHUTEJbLHBII aHAJIN3 PAcxo/a BOIbI PeKH B MEPHO/ BECEHHETO MOJIOBOIbS
B 2024 n 2025 rr.

Peka, rupponioct Pacxoz BomsI M/c, Pacxox BoasI M/c, W3menenus B 2025 r.
2024 1. 2025 T. 10 OTHOIIEHHUIO K
2024r.
Mepsina, BepxHee 6,002 4,605 Ymenbiienue Ha 23 %
TEYCHHE
Mensna, HIKHEE 19,4703 4,918 Vwmensbinenne 73%
TEYCHHE
B cpennem
yMeHbleHue Ha 48%
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Tabauya 2
CpaBHUTe/JbHBII aHAJTU3 Pacxo/a BoAbl peKU B MepUO] JeTHell Me:KeHH
B 2024 n 2025 rr.
Pexa, runponocr Pacxox BOIBI M /c, Pacxox BOIBI M /c, W3menenus B 2025 r.
2024 1. 2025 T. 1o oTHomIeHuIo k 2024
T.
Mensna, BepxHee 0,0751 0,0784 Veemuuenne Ha 4%
TEYCHUE
MensiHa, HIKHEE 0,0706 0,2085 YBenuuenue Ha 66 %
TEYCHUE
B cpennem
yBenuueHue Ha 35%

Oocy:xnenune

[omy4yeHHBIE pe3yNbTaThl AEMOHCTPHUPYIOT BBIPAKCHHOE BIMSHIE MaJOCHE)KHOW 3UMBI
B 2024/2025 rT. Ha CTOK MAaJIBIX PEK JICCOCTEIHOM 30HB. DUKCUPYETCS Pe3KOe COKpaIIeHHue
cToka p. MensHa B TepHOZI BECEHHETO MONOBOAb B cpemHem Ha 48%. I[lomoOHbIE
W3MEHEHHSI MOTYT OBITH BBI3BAaHBI PE3KUM ITOBBIIICHHEM TEMIIEPAaTyphl B 3UMHEE BpEMs
roja, MOBJCKIIMM yBEJIHMUYCHHUE YHCIAa OTTEIeNel, BBI3BAaBIIMNX CHIDKCHHAE TIIyOMHBI
MIPOMEP3aHus TIOYB U COKpAIICHHEM 3alacoB CHera K HaCTYIJICHHIO TMEepUOoJia CHETOTasTHUS
[5]. B cBowo ouepenp cokpalieHue INIyOWHBI IMPOMEp3aHHs 30HBI a’dpalldy IPUBOJIUT K
CHIDKCHHIO 00bEMa MOBEPXHOCTHOTO CKJIOHOBOTO CTOKA, MEPEePaclpeICICHUIO Talloro CTOKa
B CTOPOHY TOJ3E€MHOTO M, KaK CJIECJCTBUE, CHIIKEHHI0O MAaKCUMAJILHOTO pacxoja BOJIbI B
MIePHO]] TIOJIOBOBSI.

JaHHBIA BBIBOA XOpOIIO COTJIACYETCS C pe3yNbTaTaMH, IIONy4YCeHHBIMH B XOJIe
THIPOJIOTHICCKUX HAONIONCHUN, MPOBEIEHHBIX B IEPHON JETHEH MeXeHH. Pe3ympTaThl
M3MEPEHUH MOoKa3ald, 9YTO MUHIMAJIBHEIA pacxo]] BOJBI B PEKe, XapaKTepU3YIOIINI BKIa]
MO/I3€MHOI0 CTOKa B €€ NMUTaHUE, yBeNW4wics B cperHeM Ha 35%. IlpuumHON naHHBIX
W3MEHCHHH MOXET CIYXXUTb POCT WHQWIBTPAINH, IPOUCXOMALINHA O] BO3ICHCTBHEM
YMCHBIICHUS TIYOMHBI TPOMEpP3aHus 30HBI a3palyd B 3UMHUHN MEPHOJ, B pe3yIbTaTe Yero
MIPOUCXOJUT YBEJIMUEHHE 3aMacoB TPYHTOBBIX BOJ B TEPUOJ BECEHHETO TOJIOBOIbS.
I[ToMuMoO 3TOrO, NIC(PUIMT CHETOBBIX 3aMacoB MPHUBOAUT K OCIA0CBAaHHIO BECCHHETO
TOJIOBO/IBS, & JICTHSISI MEXKECHb CTAHOBUTCSI MCHEE BBIPAKCHHOMU, YTO MOXKET OBITh CBS3aHO C
YBEIMUEHUEM JOJH TPYHTOBOTO THTAHMS, 3TO TMOJTBEpKIaeTcsl BbiBogamMu B. M.
EBcturneesa c coaBtopamu [7] u H. JI. ®posoBoii ¢ coaBTopamu [5], KOTOpBIE YKa3bIBAIOT
Ha POCT JI0JIM TIOJI3EMHOTO TUTAHUSI B YCIOBUSX COKPAIIEHHUS CHETOBOTO.

CpemHee yBenWYCHHE JIETHETO CTOKA MOXKHO OOBSCHHTH THIPOJOTHICCKAMHU
0COOCHHOCTSIMH p. MezsiHa, CTOK B HIDKHEM T€YSHUH KOTOPOU BHEC TOMUHHUPYIOIIUI BKIIA]]
B O0OOMmMEHHEIE MOKa3aTeld. DTOT (aKT MOAUEPKUBAET OTPAHUYCHHOCTH HCIIONB30BAHUS
CpeIHHUX 3HAYCHWH B WCCIICAOBAHWH JTWHAMHUKH TOJIOBOTO CTOKAa MaJbIX PEK, TaK KaK OHU
MAaCKUPYIOT JIOKaJbHBIE TPOIECCHI.

3akaouenue

AHanmu3 W3MEHEHHH MaKCHMaJbHOTO M MHUHHMAJBHOTO CTOKa peku MeasgHa mokaszaln
KpaifHe BBIPaXCHHYIO YyBCTBUTEIBHOCTh MAJBIX PEK JECOCTEHOMN 30HBI K KIMMaTHYECKUM
W3MEHEHHSIM U CE30HHBIM (DaKTOpaMm, TAKMM KaK MaJIOCHE)KHbIE 3UMBbI, HaOJto/laeMble Ha
Tepputopun Hmwxkeroponckoit obiactu B 2024 — 2025 rr.

CnezncTBieM COKpAIEHUs] MAKCUMAJIbHOTO CTOKA B IIEPHOJl BECEHHETO IIOJIOBOJbSI Ha
48% mociykunu yMeHbLIEHHE IMPOMEp3aHMs 30HBI a’palliy MOJ JeHCTBUEM MOBBIIICHUS
TEeMIEpaTypbl, a TaKKe 3HAUUTEIBHOE COKpAILEHHE 3amacoB cHera. JlaHHble M3MEHEHUs
MOINIM CTaTh NPUYHMHOW MepepaclpeleseHs TajJoro CToKa B CTOPOHY HOJ3€MHOTO,
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CHIDKCHHUSI MaKCHUMaJbHOTO CTOKa B IIEPUOJ] ITIOJIOBOJBS M YBEIUYCHHUS MHHUMAJIbHOTO
cToka Ha 35% B mepHoJ] MEXEHU.
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AnHoTtanmsi. [Ipy  TIPOGKTUPOBAaHWH ¥  CTPOUTEIBCTBE  MACCHBHBIX  OCTOHHBIX
THIPOTEXHUYCCKUX COOPYKCHHH HEOOXOIMMO TOMICPKUBATh TEMIIEPATYPHBIA PEKUM
KOHCTPYKIMH, OOCCICUNBAOIINA TPEIIMHOCTOWKOCTh. TpPEIIMHOCTONKOCTh 3aBHCUT OT
BO3MOXXHOCTH BO3HHUKHOBCHHS BHYTPCHHUX pACTATHUBAONIMX HampsHKeHU. UToObI
HCKIIOYUTH  3TO, HEOOXOIMMO  BBIIOJHUTH  MEPOIPUATHS MO  PEryJIHpOBaHHUIO
TEMIIEPATypHOTO peXHUMa OJIOKOB OETOHHPOBAaHHUS, OCOOCHHO B paHHeM Bospacte. Ha
OOJNBUINX CTPOUTENBHBIX IUIOIMAAKAX HCIONB3YIOT Pa3lUYHBIE CIIOCOOBI MOBEPXHOCTHOTO
yxonma. JlamHas paboTa TMOCBAIIEHa AaKTyaJbHOM mpoOieme B o0jacTHm pacyera
TEPMOHAMNPSKCHHOTO  COCTOSHHSI  OJOKOB  OCTOHHUPOBAaHUS. BBIMOJIHEHBI HATYpHBIC
IKCTMICPUMCHTAIBHBIC HCCICIOBAHUS BIUSHHUS PA3IMYHBIX CIIOCOOOB yXoJa 3a OCTOHOM.
BeusiBiieHO, 9YTO HAUOOBINN 3G GEKT NA0T YBIAKHEHUE WM MOJIHUB OCTOHHON MTOBEPXHOCTH
MpH HaIW4yuK Inatpa. Pa3paboTaHa MeTOAMKa pacueTa HAarpeBaHUS BOJBI IPHU TIOJUBE
OCTOHHOW MOBEPXHOCTH CBEXEYJIOKeHHOro OcroHa. [lomydeHna ¢opmyna, KOTOpas MOXKET
AMETh TPAKTUYECKOe MpUMEHeHHe. [IpemiokeHHas METOAMKa YYHUTBIBACT TEMIICPATypy
BOJIBI IIOJIMBA, IUIOIIAAN M TEMIIEPaTypy Bo3ayxa. Pe3ynpTaTsl 1ab0paTOpPHBIX HCCICIOBAaHUN
MOKa3aJii BIMSHUE TEMIIEPAaTYPHOW Harpy3Kd M BO3pacTa 3arpy)KeHHs OCTOHHBIX 00pa3LoB
Ha uX AeopMaTUBHBICE XApaKTEPUCTUKU: MOAYNb YINPYrOCTH OETOHA M TEPMUYECKHUIl
K03 uIeHT JIHHEHHOTO paciIupeHusl. Jns obecrieueHust TEPMUYCCKOU
TPEHMHOCTOMKOCTH PEKOMEHIOBAHO MPHICPKHUBATHCS JOMYCTUMOTO pa3orpesa OeToHa.

KnroueBble ciioBa: THIPOTEXHUYECKUE COOPYXKEHHS, TPEIIMHOCTOHKOCTh OETOHA paHHEero
BO3pAacTa, TEPMOHANPSIKEHHOE COCTOSIHHE, CIOcOOBI yxona 3a OeToHOM, AedopmaTuBHBIE
XapaKTePHCTUKH.

Temperature regime impact on the stress state
of hydraulic structures concrete blocks
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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

185



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

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 Bpemsi BEAETCS CTPOUTEIBCTBO KPYIHBIX OETOHHBIX COOPYKECHUH.
MaccuBHbIE OETOHHBIE KOHCTPYKIIMU OCOOCHHO YacTO BCTPEYAIOTCS B THAPOTEXHUYECKOM
CTpOUTENBCTBE. [ MAPOTEXHUYECKHUE  COOPYXKEHUsI  MMEIOT  BBICOKMH  YpPOBEHB
OTBETCTBEHHOCTH MW IO3TOMY K HHMM IIPH IPOEKTUPOBAaHHMH M  CTPOHUTEIILCTBE
MIPEABSBIAIOTCS BBICOKHE TPEOOBAHUS, B YAaCTHOCTH, 3TO KAacaeTCsl TPEHIMHOCTOMKOCTH
[1,2,3]. Bo3moxxHOe pa3BUTHE TpEIMH B OETOHHBIX MAaCCHBAaX OIpeAessIeTCs
TEPMOHAIPSDKEHHBIM cOcTOsiHUEM [4,5,6]. OmbIT CTPOUTENHCTBA KPYMHBIX TUAPOY3JIOB
MOKa3aJ, YTO MMEN MECTO CIIydad IOSBIICHHS ONACHBIX TEMIEPATYpPHBIX TPEIIMH KakK B
CTPOWTEIBHBINA NEPHOJI, TAK U B HKCIUTyaTAI[MOHHBIN MepHo. B kauecTBe IpUMEpOB MOXKHO
Ha3BaTh WoTUHHI [1]: T'yBepa (Hoover Dam), CIIIA; [lacy (Dasu Dam), [Takucran; [Iukana
(Picada Dam), bpaszunus; Casno-Ilymenckas I'OC.

[Tpu4nHBI BO3HMKHOBEHUS TEMIIEPAaTYPHBIX TpPEIIUH — 3TO YCaJOYHbIE MPOLECCHI,
9K30TEPMUsI, CONPOBOXKAAIOLINE IPOLECCHl TBEpACHHS OETOHA; pPa3HUIA TEMIICPaTyphI
MEXAY SApPOM M TOBEPXHOCTHIO; JKECTKOE 3alleMyIeHHe OJIOKOB OEeTOHHUPOBAHMS;
HapylIeHHE TEXHOJIOTUH IIPU YXOJIe 3a CBEXEYJI0KEeHHbIM OeToHOM [7,8,9]. PerynupoBanue
TEMIIEPAaTYpPHOTO PEXHMa SBIAETCS OO0S3aTEIbHBIM B KOMIUIEKCE MEPONPHUATHI 110
OTpaHHUYEHUIO TpermuHooOpasoBanus [1,10].

TpemuHOCTONKOCTh KOHCTPYKIMH OIPEAEIAETCS COIOCTABICHHEM HANpsDKCHHOTO
COCTOSIHASL C  TPEAETbHO-AOIMYCTUMBIMA  HOPMAaTHBHBIMH  3HAUCHHSAMH. Pacders
TEPMOHAMNPSDKEHHOTO COCTOSIHMSL MAacCHBHBIX OETOHHBIX COOPY)KEHHH BBITIOJIHSAIOTCS C
YYETOM TEMIIEPaTYpHBIX HM3MEHEHHH B OCTOHE, 3alleMJICHHS KOHCTPYKIWH, W3MECHEHHS
neGOopMaTUBHBIX XapaKTEPUCTHK OeToHa paHHero Bospacta [11,12,13]. B cBs3u ¢ 3tum
HEOOXOIUMOCTh OLCHKH BIUSHHS TEMIEPaTypHOTO peXMMa Ha HaNpsHKEHHOE COCTOSHHUE
0JIOKOB OETOHUPOBAHMS SIBIISIETCS] AKMYATbHBIM.

I]leny mpenctaBneHHON paboOTH: pa3paboTaTh PEKOMEHAALUH 10 PETYIUPOBAHHIO
TEMIIEPAaTYPHOI'O peXMMa OJIOKOB OETOHMPOBAaHMS, OOECHEYMBAIOIINE IPEAOTBpAIICHUE
TpenMHO00pa3oBaHus B OETOHE paHHEro Bo3pacTra, 0asupysch Ha pa3paboTaHHOW paHee
METOJMKE  pacyera  TEPMOHANpPSDKEHHOTO  COCTOSHUS ~ OJIOKOB  OETOHMPOBAHUS
THIPOTEXHUYECKUX COOPY)KEHHH B CTPOWTENbHBIH TEPHOJ, W Ha INPAKTHIECKUX
pe3ynbTaTax HaTYpHBIX 1 JIADOpaTOPHBIX MCCIIETOBAHUM.

JA1st OCTHKEHHSI IOCTABJICHHOM el HEOOXO0ANMO PEIIUTh CIIeTYIOIINE 3a0aUiL:

— Pa3paboTtath MeTOOMKy pacuera HarpeBaHMS BOJBI TIPH  IOJNHBE
OETOHHOI OBEPXHOCTH.

— [IpoananusupoBaTs BIUSHHE pa3IMYHBIX CIOCOOOB  yxoia 3a
CBEXKEYJIOKCHHBIM  OETOHOM Ha  TEeMIIEpaTypHBI  pexuM  OJIOKOB
OeronupoBanusi. Jlis pemieHHss 3TOro Bompoca ObUIM  MPOBEICHBI
KOMIUIEKCHBIC HATypHBIE MCCIEIOBAHUS HA CTPOSIIEMCS THAPOTEXHHUIECKOM
00OBeKTe.

—IlpoBecT  3KCHEpUMEHTAIBHBIE  JIAOOPATOPHBIE  HCCIIEAOBAHUS
Je(opMaTUBHBEIX XapaKTEpUCTHK OETOHA PaHHETO BO3pacTa.

AHamm3upyst cxeMy paboThl 6JI0KOB OETOHHUpPOBaHMS IPH MOCIOWHOHN yKJIaake OeToHa,
MOXXKHO OJIOKM paccMaTpHBaTh Kak IUIMTHI, KOTOPbIE UMEIOT OOJbIIME IUIAHOBBIE pa3Mephl
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mo cpaBHeHHIO ¢ BbicoTOoW [14]. Takoil cmoco0 ykimaaku OETOHA B TENO IJIOTHHBI
MIPUMEHSIICS TIPU CTPOUTENBCTBE AHIMKAHCKOTO THIPOY3JIa.

I[pu moOCHOWHON yKIaJKe OCHOBHBIM CIHOCOOOM  ITOHMKCHHS TEMIIEPaTyph
CBCKCYJIOKECHHOTO OCTOHA SIBJIACTCS IOJUB €0 MOBEPXHOCTH XOJOJHOW BOJOM, KOTOpas
HATrpeBaeTCs HE TOJBKO 3a CYeT OTOOpa Teria OT OCTOHA, HO M 3a CYET TEMIICPaTypHOTO
mepenasa MeXIy BO3AYXOM H Bomoi. OdeHb YacTo 3TOT (PaKTOp MOXKET HMETh
CyIIECTBEHHOE 3HAYCHHE W JOJDKEH YYUTHIBATHCA IIPH PacdeTe TEeMIIEPaTypHOTO .peKuMa
6eToHa BO BpeMsI CTPOHUTEIILCTBA.

MarepuaJjbl 1 MeTOABI

B ocHOBY pa3paOOTKH METOJHMKHU pacyeTa HarpeBaHHs BOJIBI IIPH IOJIHBE HOBEPXHOCTH
OCTOHHBIX GJIOKOB MOJIOXKEHA pacyeTHas CXeMa, BKIIOYAIOIIast CICIYIOLIHNE IIPSIIOCHUIKH:

K03()(pUIMEHT TEII00TAa4u OT OETOHA K BOJIE MHOTO OOJIBIIIE, YEM OT BOJIBI K BO3/YXY,
MO3TOMY TIepenajgoM TEMIIEpPaTyp MEXAy IOBEPXHOCThIO OEToOHa ¥ BOJIOW MOXKHO
npeHeopeys;

TOJIIIHMHA CJIOA BOJABI HE3HAYUTEJIbHA U MAaJCHUC TEMIICPATYphl B HEM MOXHO CUYHTATb
nuHelHsIM. Ha puc. 1 mpencraBieHa pacdyeTHas cxeMa IepenajioB TeMIepa Typ U 3IIopa
TEMIIEPATYPHBI B BOJAC, OTBCUAIOIad 5TUM MPEAIOJI0KCHUAM.

L t t,

08 | H At B AtH |
Bo3dyx | 0
l | ) .
T == ﬁyk\\:
h Boda — —V
} f ===\ [ [ [
/" I! /|' | I I /
At At
BemoH 6 B

Puc. 1. PacueTHast cxema nepenajioB TeMIIEpaTyp U 3II0pa TEMIEPaTypbl BOABI

3nech fy, — HayvalbHas TeMIleparypa BOAbBI, !, — CJHBAOIICHCS ¢ OJoKa, f5 —
OCTOHHOW TMOBEPXHOCTH, f, — BO3Ayxa. OQHAKO Takas cxema OyAeT TOJBKO 10 TeX Iop,
MoKa TeMIlepaTypa Bo3ayxa OoJibllle TemIepaTyphl TOBEpXHOCTH OeroHa. Korma onu
BEIPABHSIOTCS, HArPEBaHUE BOJBI 32 CUCT BO3AyXa mpekpaTutcs. [Ipu nampHeimeM najaeHuu
TeMIepaTyphl BO3yXa BOJIa HAYHET OXJIAXKIATHCS (IIYHKTHP Ha JIIFOpE).

s ycTaHOBJIEHHS PACUETHBIX 3aBUCUMOCTEH Ha ONBITHOW IUIOIIAJAKe AHAMKAHCKOM
IUTOTHHBI TTOCTABJICH CIEIYIONINA SKCIIEPUMEHT. B3sTHI 1Ba pa3HBIX MO IUIOMAIHN OJIOKa C
OJIMHAKOBOM HHTCHCUBHOCTHIO TIOJIHBA ¢ (J'I/Mz) U TpeThii ¢ Oombineil. B oHO U TO Xe BpeMs
MIPOU3BOIMIIACH 3aMEpPhl TEMIIEPATYphl IMMOBEPXHOCTH OETOHA MUKPOTEPMOPE3UCTOPAMHU U
TeMIIepaTypbl BOJBI Ha cluBe. TemmepaTypa MOBEpXHOCTH OeToOHa MPUHUMAJIACh IO
CpeHEMY 3HAUEHHUIO U3 MHOYKECTBA 3aMEPOB Ha OOJBIION TUIOIIA Y.

Hcxonubie qaHHbIE U TaHHBIE, TIOTYYEHHBIE U3 OTBITA, MOKa3aHbI Ha cxeme (puc. 2).
IIiomaam OoneITHBIX OJIOKOB cocTaBistan: 1 — 32,5 M2; nm-12,5 M2; I -15,0 M.
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Puc. 2. OnsITHBIE JAaHHBIE

Kak Bumomm, TemmepaTtypa moBepxHOocTH OetoHa Ha Onokax I m Il oxmHakoBa, a
CMBAIOMICHCS BOABI pa3iWdHa. DTO IPOUCXOAUT W3-332 TOTO, UYTO IDIOMIATh MOBEPXHOCTH
6moka I 6onpme mommanu 6moka 1. TIpu MoCTOSTHHOM TEIIOBOM ITOTOKE OT BO3AyXa K BOZC
Ha OoJpIIel IUIOINAAM BOJAOH TOTJIONIaeTcs OoIbIee KOJMYECTBO TEIUIA, a TaK Kak
CKOpPOCTH ITOTOKOB TIPH OJWHAKOBON MWHTEHCUBHOCTH TIOJIMBA PAaBHBI, TO 3TO COOTBETCTBYET
YBEJIMYCHUIO BPEMEHHU HAarpeBaHUs, M BOJIa HA CIIMBE C OOJNBIICH TUIOMAAN UMEET OOJBIITYIO
TeMIepaTypy.

CucreMy ypaBHEHHMH TeIJIOBOrO OallaHca il YacTH SIIOPHl TEMIEpPaTypbl BOJBI,
HarpeBaeMoii 3a cueT OeTOHA, M YacTH, HArpeBaeMoM 3a CYeT BO3Ayxa, /st OyokoB I u 11
MOJKHO 3a1McaTthb B BUJIC

At o Al o,

—6 L 76, T2
Aty © A, ©
6 6 (1
At o, . Aty ©, 1
s T2 72 1
Af, o Af, o
rue ®, ®;, M, — NoJHas IUIOMAAb ¥ €€ YaCTU ¢ OJUHAKOBOM MHTEHCHBHOCTLIO IOJIMBA,
Ats — cpenHeB3BeLICHHOe HarpeBaHue Boxbl 3a cuer Gerona; Af, — To xe, 3a cuer
BO3/IyXa.
IMoacraBisisi  ONBITHBIE JaHHBIE (pUC. 2) W pemias 3Ty CHUCTEMY OTHOCHTEIILHO
. N 4 ) 2 2
miomanaek, Havgem — = 0,72; —= = 0,28 wm o; =32,5 M", ®, =12,5 M", 4TO
0 0]

COOTBETCTBYET 3KCIICPHMEHTY.

Takum 06pa3zom, IPUHSITYIO MPEANOCHIIKY MOXKHO CUUTATh CIPaBEJIMBOM.

Ilonmaras manee, 4TO HarpeBaHHE BOJBI MPOMOPLMOHANBHO IUIOLIAJISAM, a TEMJIOBOH
IIOTOK OT BO3/yXa K BOJIE IPOIOPIHOHAeH nepenany Al , 0 ONBITHBIM JaHHBIM (pHC. 2)
YCTAHOBJIEHA CBA3b MEXY IIPUPALIEHUEM TEMIIEPATYphl Boabl nomuBa Al npuxonsieiics
Ha 1 M OBEPXHOCTH 1 Ig At . Kax u creqioBano 0HAaTh, XapakTep CBA3H — SKCIIOHEHTA
BHJA

At =i @)
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rae k — OnbITHBIA KO3((UIMEHT, KOTOPHIH 3aBHCHT OT pPa3iIM4YHBIX (DaKTOPOB
(ckopocTH BeTpa, TOJIIMHBI CJI0SI BOJIBI, COTHEYHOH pagualivy | T. 11.).
Jlist nanHOTO OmbITa hopmyia (2) mpuodperaer BUI

10° At =™ Co/m* . 3)

Ha Gnoke III naGnronmaercsi majeHHe Kak TeMIEpaTypbl MOBEPXHOCTH OETOHA, Tak U
TEMIIEpaTyphl BOJbI Ha cuBe (pHc. 2).
[Manenune TemmepaTypbl IOBEPXHOCTH OE€TOHAa HPOIOPLMOHAIBHO HM3MEHEHUIO

HWHTCHCUBHOCTH IIOJINBA U PABHO
% _ At _62 447 4)
q, Aty 53

V3meHeHHe TeMIepaTyphl BOABI Ha OJOKE MPOMCXOOHUT MO OBYM IPHYMHAM. 3a CUET
ysemmuenus nepenaga Af, ma 3°C Boga mo dopwmyre (3) T0omKHA HarpeThes Ha 11-10°

°C/M2, YTO Ha BCIO mIomaab gact 1,65°C.

OpHako 3a CUeT yBEJIUUYEHHUS HHTEHCHBHOCTH IIOJIMBA CKOPOCTH BO3pAacTyT, BpeMs
CTOSHUS BOJABl Ha OJOKE YMEHBUINTCA, M BOJA HarpeeTcs MEHbIIE Ha BEIHYUHY,
MIPOIOPLIHOHATBHYIO yBeIHYeHHI0 pacxona (4) H coctaBuT 1,4° C, 9TO COOTBETCTBYET
Ppe3yNbTaTy 3KCIIEPUMEHTA.

TakuM o0pa3om, Bce NPUHATBIC MPEIINOCHUIKM HMEIOT MECTO, a caMo SBICHHE
HarpeBaHMs BOJABI Ha OJIOKE 3a CYET TEMIIepaTypbl BO3AyXa HOJDKHO YUUTHIBATHCS IIPH
pacdere oxnakaeHusa 0eToHa. Bo-nepBBIX, OHO MOXKET COCTaBIIATh 3HAYUTEIBHYIO OO OT
BEJIMYMHBI HarpeBaHUS BOIBI 32 CUeT OTOOpa Temia OT OeToHa (B MPHUBEACHHOM IpHMEpe
6onbine 10%). Bo-BTOphIX, TEMIepaTypHbIi Iepenas MeXay .BOAOH M BO3AYXOM C POCTOM
HMHTEHCUBHOCTH TI0JIMBA TaK)Ke PAacTeT, CIe0BAaTEIbHO, 1 HHTCHCUBHOCTh HArPEBAaHUS BEbI
3a CueT BO3/AyXa YBEJIMYMBACTCS, TO €CTh YBEIMYUBAIOTCS HENPOU3BOIAUTEIBHBIEC 3aTPaThI
BOJIBL.

Takxe Ienpl0 NPOBENCHUS HATYPHBIX HCCIEIOBAHMUN SBIIAETCS OICHKA BIMSIHUA
Pa3IUyHBIX CIIOCOOOB yXo0/a 3a OETOHOM Ha TEMIIEPAaTYPHBIH PEXKHUM M KaK CJIEJCTBUE —
HaNpspKEHHOE COCTOSIHUE OJIOKOB OETOHMPOBAHUS B CTPOUTEIIBHBIA IEPHOI.

Meroauka BKIIOYala H3MEPEHHUS TeMmIiepaTypel OetoHa W nedopmanuii B Omokax
OCTOHMPOBAHMS, H3MEPEHHS METEOPOJIOTHYECKUX XapaKTepUCTHK W HaOMIOAEHUS 3a
TpemMHo00pazoBaHueM. TOYHOCTh U3MepeHus Ttemmeparypel = 0,1°C; mms w3mepeHus
nedopmanuii  WCmodb3oBaNmch TeneTeHsoMeTpsl bT300M, paspaboranasie HUCom
I'moponpoekra. YysctButensHocTh — 0,00065 MM. JlaTumky 3akiafbIBajJUCh BO BpEMs
O6eToHHpOBaHUS OnoKOB. lccnemoBaHUs OBITM NPOBEACHBI B YCIOBHSX, MaKCHMalbHO
MpUOJIMKEHHBIX K TPOM3BOACTBEHHBIM: OJHA IUIOIIAJKa pacroiarajach IOJ IIaTPOM,
npyras — 6e3 matpa. bioku nMenu pazMepsl 2x2 M U BBITIOTHSITUCH B TETUIOM30IMPOBAHHON
onanybke. Bricota 6moxoB 0,5; 0,75 u 1,0 M. B pamkax skcnepuMeHTa Ha OTBITHBIX
IUTOINAAKaX IPUMEHSIINCH PA3IMYHbIE CTIOCOOB! YXO/a, BKIII0Yasi OB U YBIaKHEHHUE.
Hcnonp3oBanue maTpa v MOBEPXHOCTHOTO YX0J1a MOXHO OIIEHHTH 10 rpadukam (puc. 3, 4
uS).
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Puc.3. Pacnpenenenue remneparyp B LeHTpe OJI0KOB BbICOTOH 1,0 M (o maTpom)
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Puc. 4. Konebanus Temmneparyp Ha IOBEPXHOCTH OETOHHBIX OJIOKOB BBICOTOH 0,5 M
(mox maTpom)
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Puc.5. Usmenenns temmepatyp 6eToHa B Oi1oke BeicoToit 0,5 M 6e3 yxona, 6e3 marpa

Bo Bpewmst mpoBelicHHsT HCCIIEOBaHUI TeMIepaTypa Bo3ayxa kosebanack ot 16°C mo
35°C, a Bogp! monmmBa: ot 20°C mo 24°C.

[IpoBeneHHBIN aHAIN3 TTO3BOJIMII YCTAHOBUTH, YTO IIATEP W IMOJHUB IMOJ IUICHKOH WIn
MEIIKOBUHON  SBISIOTCS  3(Q(QEKTUBHBIMH  CpPENCTBAMH  TOHIDKCHHS  TeMIEpaTyphl
MMOBEPXHOCTH OeToHa. M3ydeHune neopMUpOBAaHHOTO COCTOSIHUSL OS€TOHA PaHHETO BO3pacTa
MPOBOJIMIIOCH B JIBYX OIBITHBIX CcTBopax (puc.6). [IpuHATOE pacmojokeHue IaTIUKOB
TEMIepaTypbl U TEJIETEH30METPOB ITO3BOJWIIO BBISIBUTH BIMSHHUE IIATPpa W TOJHBA Ha
TEMIEPaTYPHBIH PEXKUM U 1e(HOPMUPOBAHHOE COCTOSIHHE OETOHA.
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Puc. 6. Cxema pa3MeIeHns JaTINKOB TEMIIEpaTyphl U TEJICTEH30METPOB,
CTBOp 2 — MOJIHB, IaTep; cTBop 1 — 6e3 yxona
.20 — natuuk Temmnepatypsl Ne20; T-2 — tenerenzomerp Ne2

B peanpHBIX yCIOBUSAX PU YKIIAAKe OCTOHA KaXKIBIA OJIOK HMEET CBOH XapaKTePUCTHUKU
E(f) — monynp yrnpyro-MrHOBeHHBIX aedopMmarmii u F, — momepeyHslit pa3mep (IUIOImanb
TOpIa), a cocemHHe OJIOKM COOTBEeTCTBeHHO E.(f) m F, B 3aBHCHMOCTH OT coueTaHHUA
YKa3aHHBIX IapaMETPOB paccMaTpHUBacMbIii OJOK MoxeT  paboTaTh Kak OJOK coO
CBOOOMHBIMH WM JKECTKO3AIIEMJICHHBIMH TOPIIAMH, TaK U — C YIPYTOHOJATIMBBIMHU
cBs3aMu. i ydera 3TOro (axTopa MpH HCCIeAOBaHUK Ie()OPMATHBHBIX XapaKTEPHUCTHK
OcTOHAa paHHEr0 BO3pacTa ObUIa CIHCHHAIBHO pa3paboraHa ycrtaHoBka [15]. Dta
SKCIIEPUMEHTaIbHAs YCTAaHOBKA MO3BOJIACT M3MEHATH TEMIIEPATYPHBI pPEeXUM OETOHHBIX
00pa3rioB ¥ 00ecleuYrBaTh YCIOBUS ONUPAHUSA OJIOKA IO TOPIAM, COOTBETCTBYIOIIHMX
YOPYTOMOJATIUBBIM CBSI3SIM.

MeTonnka MpoBeIEeHUST SKCIIEPUMEHTANBHBIX Ja00paTOPHBIX MCCIEIOBAaHUA BKIIOYAIa
MOJICIIPOBAHMS COCTaBa OCTOHA, co3daHHe TPeOyeMOoro TEeMIIEPaTypHOTO peXHuMa,
n3MepeHus nedopmannii 00pasoB, ONMpeelicHIHe HapacTaHUs MPOYHOCTH OSTOHA, MOy
YOPYro-MIHOBEHHBIX JeopMannii OETOHa M TeMIIepaTypHOro Kod(p(HUIMEHTa JTHHEHHOTO
pacmmpenus [16].

CocrtaB MozenpHOTO OeToHa 1mo Becy 1:2,6:3,2 ¢ BomomeMeHTHEIM oTHommeHueMm 0,52.
Pasmepsl uccnemyeMbix OETOHHBIX OOpa3llOB HAa3HAYCHBI MCXOS M3 TpeOOBaHHIA, YTOOBI
HaMMEHBUINH pa3Mep ObLI B TpU pa3a 0oJiblie HAaHOOIbIIeH KPYITHOCTH 3alOJHUTENS. bpuin
MIPHUHATHL Pa3Mephl UCCIIEAYEMBIX OeTOHHBIX 00pa3noB 20x20x80 cM, KaXKIOMY U3 KOTOPBIX
MIPUCBAUBAJICS COOTBETCTBYHOMIHIA mirdp. [Togbem TeMiepaTypsl 00pasiia OCYIIECTBIISICS B
paszHom Bo3pacte oT 1 10 8 CyTOK.

PesyabTaThl

[To wm3mepeHHBIM JAedOpMalMsIM B HATYPHBIX YCJIOBHSX BBIYMCIICHBI HAINPSDKEHUS

(puc.7).
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Puc.7. Hanpspxenus B koHTpdopce 22 cekunu AHAMKAHCKOH IIOTHHBI B CTPOUTEIBHBIA IIEpHO]
1,4 — natyuku B OJI0KE C TIONUBOM; 2, 5 — B Giioke 6e3 yxoja

Pesymbratel  mabopaTOpPHBIX HWCCICAOBAaHWKA TOKA3adl BIUSHHUE TEMIIEPATypHOTO
peXuMa ¥ Bo3pacTa OeToHa Ha pa3BuTHE AedopMaliuii U HanpsbKeHui (puc.8).
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Puc. 8. TepMoHanpshKeHHOE COCTOSTHHE ONBITHBIX 0510K0B I-1 1 -2, 3arpykeHHBIX
TeMIepaTypHO Harpy3koi B Bo3pacte 1 cyTok
1, 2 — 3KCTIepUMEHTANIbHbIE 3HAYEHHs TEMIIepaTyp MOBEPXHOCTH U IEHTpa 00pasia;
3 — cpeaHUe 3HAUYEHUS HANPSHKEHUH
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Oocyxnenus

Ha npumepe o6pasua I-1 Buanm, uto Temneparypa noassutack ¢ 17°C no 47,5°C 3a 7
4acoB, U yKe 4yepe3 7 4acoB IOcie Hayaja MoJbeMa TEMIIEPATyp B KaXKIOH TOUYKE CEYEHUs
temrnepatypa cocraBisuia 47,5°C. I'padukn mMO3BOJIAIOT 3aKNIOYHMTh, YTO XOJA KPHBOM
TEMIIEpaTypbl HOBEPXHOCTH MO BUY PHOIMKAETCSI K SKCIIOHEHTE.

B mepBele qHU mocne yKIanky 0€TOHa MHTEHCHBHO M3MEHSIOTCS BCE €ro OCHOBHEIC
CBOIfCTBa, B TOM 4YHCIIC M NpPEACNIbHAS PACTSHKUMOCTb. ECIIM MHTEHCHBHOCTH YBEIHMYCHHS
TEeMIEPAaTYPHBIX HaNpsHKeHHH o(f) He TPEBBICUT CKOPOCTH POCTa INPEAENbHOM

PaCTAKUMOCTH Vgnpe;l , TO OIIaCHOCTb 06pa3OBaHI/I$[ TPpCIIMH MOKHO CUHUTATh

HCKJIIOYEHHOH.

Ucxoms w3 3TOTO, IOMyCTHMAas CKOPOCTH OCTBIBAaHMS MOXKET OBITh HaieHa u3
YpaBHEHUS

Ve
VT < (5)
oK, K, (t, ‘C)

a pacyeT IOMYCTUMOTO pa3orpeBa 0eToHa HaJ CpelIHEYyCTaHOBUBIIEHCS TeMrmepaTypoi

U3 YCIOBUH TPEIUHOCTONKOCTH MPOBOAUTCS MO hopMyiie

AT < Eppon. (1-v)

oK (r,71)K’ ©

rae V. — noHmkenue Temmeparypbl GETOHA 3a OJHM CYTKH; ¢ — TEMIICPATYPHbIil

KOX(PUIUEHT JMHEHHOrO paCIIUpCHUS; K3 — ko3(hGUIMEeHT 3ameMiicHHs OJloKa B

OCHOBaHHE; Kp (l‘,’t) — K03(h(QULIUEHT penakcaluy HanpsHKeHWH; € — IpeaenpHas

npes.
pacTsKkuMocTh 6eToHa, K — koa((UIMENHT 3amaca Mo TPEIUHOCTONKOCTH, IIPUHUMAEMBbIH
1,2+1,3.

3akiarouenue

1. BbIMOMHEHHBIE 3KCIEPUMEHTAIBHBIC KCCIICAOBAHUS TOKA3ald 3HAYUTEIbHOE
BIMSHHE TEMIICPATYpPHOTO peXuMa OCTOHA W €ro BO3pacTa Ha TEPMOHANPSHKCHHOE
COCTOSIHUE.

2. TlpemyiokeHa MeTOIMKAa pacdyeTa HarpeBaHHs BOJBI IMOJIMBA MPH HCIOJIH30BAHUHU
ATOTO CIoco0a yXxoJa 3a CBEXKEYI0KEHHBIM OETOHOM.

3. Hpe[[CTaBHeHLI MaTepI/IaJ'H)I HaTypHI)IX I/ICCHeI[OBaHI/Iﬁ BIINAHUS paSJ’II/I‘IHLIX CHOCO6OB
yXx0/1a 3a OETOHOM Ha €ro TeMIIEPaTYPHBIH PEIKUM U HAMPSHKEHHOE COCTOSHUE.

4. JlabopaTopHble JKCHEPUMEHTANbHBIN HCCIIEIOBAHUS [OKA3ald BIHMSHUE TEMIIepa-
TYPHO# Harpy3KH U Bo3pacTa 0eToHa Ha Je()OpMaTUBHbIC XapAKTEPUCTHKH.

5. JlaHbl pEeKOMEHJAIMU [0 PEryJIMPOBAHUIO TEMIIEPATYPHOTO PEKHUMA C UEIbIO
HEJIOMYUICHHUsS] TPEIMHOOOPA30BaAHUS MyTeM COONIOJCHUS] YCIOBUU [0 TOAICPIKAHUIO
JIOMTYCTUMOMN CKOPOCTH OCTBIBAHHUS U JIOMTYCTUMOTO pa3orpeBa OeToHa.
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HccnenoBanne BIMSIHUA CKOPOCTH CYJHA HA PYCJOBOM MpoLece B
KaHaJie pa3Hoii riiyOMHBI 110 pe3y1bTaTaM MaTeMAaTH4eCKOro
MO/1eJTUPOBAHUSA THAPABJIMKH OTOKA

C.C.T'epacumoB

ORCID: 0009-0008-6699-4243

A.H. CutHoB

Bonoicckuii 2ocyoapecmeennulil ynugepcumem 600H020 mpaHcnopmad,
2. Huoienuii Hoseopoo, Poccus

AHHOTaunMs: B HacTosllee BpeMs Ha Teppuropun Poccuiickoit denepanun CymecTByeT U
¢yHKIMOHNpYeT enuHas riryookoBogHas cucrema (EI'C), Bkmrouaromas B cebs Oojplioe
KOJIMYECTBO CYHOXOAHBIX PEK M KaHaloB. YacTb M3 HHUX IEPECEKAlOT MAarucTpalbHBIE
TpyOOIpOBOABI, KOTOpBIE, KaK IIOKA3bIBA€T IPAKTHKA, 3a4acTyi0 HMEIOT HEOOIBIIYIO
IIyOWHY 3aJI0KeHWsI, YTO BIIOCICICTBUHM IIPUBOJUT K BO3HUKHOBEHHMIO OTKJIOHEHUH
IUIAHOBO-BBICOTHOTO IIOJIOXKEHUST TPpyOompoBona. B cBfA3M ¢ 3aperylMpoBaHHOCTBIO psija
CYZOXOIHBIX KaHAJOB, YTO COIIPOBOXKAACTCSI OTCYTCTBHEM E€CTECTBEHHOTO TEUCHHS, OJHUM
n3 (hakTOpOB, BIMSIONIMX HA Pa3MbIB JHA KaHANA, SBISIETCS IIPOXOXKICHUE CyIO0B. [ TaBHBIM
00pa3oM Ha THAPOANHAMHYECKHE IPOIECCHl OKA3BIBAET BIMAHHE CKOPOCTh ABIKCHUS CyIHA.
OneHNTh BIUSTHUE CYAOXOACTBAa HA M3MEHEHHE MHTEHCHBHOCTH JTOHHOH 3PO3HMHU B KaHaje
BO3MOXKHO C MOMOIIBI0O MaTeMaTH4eCKOTO MOJENUPOBaHMSA. B cTaTrhe mpencTaBiICHBI
pe3ynbTaThl MAaTEeMaTUYECKOTO MOJCIHPOBAHUS ABIDKCHUS C PAa3sHOW CKOPOCTBIO CyAHA
mpoekra 507I'-020-012 nmo kaHaIy pH pa3HOMH €To rIIyOHHe.

KimoueBbie cjoBa: 0€30MaCHOCTh CyaoxoJCTBa, MAaTeMaTHYCCKOE MOICIUPOBAHUEC,
BBIYUCIIUTEIbHAA TUAPOJUHAMUKA, CyI[OXO[[HLIﬁ KaHaJl

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

CynoxoACTBO Ha BHYTpeHHHX BoAHBIX myTsx (BBII), B uacTHOoCcTH, Ha CyHOXOIHBIX
KaHallaX, OKa3blBaeT aKTHBHOE BJIMSHHE Ha pYCJIOBblE IepeOPMHPOBAHUS 3a CYET
BO3HUKHOBEHUS JOTOIHUTEIbHBIX THAPOJUHAMUYECKUX MPOLIECCOB MO AHUILEM CYJHA U B
npuwiexamux obnactsx [1], [2]. B cBsi3u ¢ OTCyTCTBHEM Ha 3aperylMpOBaHHBIX KaHalax
€CTECTBEHHOTO TEUYCHHUS, HHTCHCUBHOCTh THIPOJUHAMHUYECKHX MPOLECCOB 3aBHCHUT
IJIAaBHBIM 00pa3oM OT CKOPOCTH MABMXKEHHUS cynHa. KOJHMYECTBEHHO M KadeCTBEHHO
OTIPENICTINTh XapaKTep B3aHMOCBS3H MEXAY CKOPOCTBIO CyAHa B KaHajJe U CKOPOCTBIO
JIBIDKCHHUS BOJIBI BONM3HM JHA C LIENBIO MOCIEAYIOIETO ONpeAeIeHNs 0€30IacHOH CKOPOCTH
CyIHa MOXHO C TOMOIIBIO BBIMONHEHHS MAaTEeMaTHIECKOTO MOAEIMpPOBaHUS. B naHHON
CTaThE ONMMCAHA MaTEMAaTHIECKas MOJIEIIb, & TAK)KE MPEACTABICHBI ITOIYICHHBIE PE3yIbTAThI
U cJIeTIaHbl O0IIe BBIBOIBI KACATEIbHO BHIIICYIIOMSIHYTOTO BOIIpOCa.

MaTepl/IaJIbI H ME€TOAbI

Jnst onpeneneHust 6€30MacHOTO CKOPOCTHOTO PeXuMa JBH)KEHHS CYJIOB B KaHalie Oblia
pa3paboTaHa MaremaTH4yecKas MOJellb, KOTOpas IPUHIMIHAIBHO COCTOMT W3 JBYX
JJIEMEHTOB: CYIHO M KaHai. CyAHO COCTOMT M3 KOpIlyca M JIByX ABIDKUTENEeH (IpeOHBIX
BHUHTOB) C BHEIIHUM JuaMmeTpoM BHHTOB 1,8 M. Kanmanm mporskenHocThio 500-2000 M,
mmpuaoit 50,1 M, rmybunoit: 4,5, 5, 5,5, 7 mu 10 m. Ina onmcanus TypOyICHTHBIX
IIPOLIECCOB, BO3HUKAIOUINX B pacYETHOH 00JIaCTH IIPU JBIDKCHUH CYAHA U paboTe TpeOHBIX
BHHTOB, ObLTa BEIOpaHa MOJIeNb TypOyJIEHTHOCTH
K — Epsilon[3].

B kauectBe pacuerHoro wucnonb3yerca cyaHo mnpoekta 507I-020-012, ocHoBHbIE
XapaKTEePUCTUKU KOTOPOTO MPHUBE/CHBI B TadHLE 1.

Tabnuya 1

XapaKkTepucTHKH cyAHa npoekTa S07I'-020-012

ITapamerp 3HayeHue
JmHa, M 135,0
upuna, M 16,5
Ocajnka, M 35
Bopousmemenue, T 6710
Konn4ecTBo rpeOHBIX BUHTOB, IIT 2
Juamerp rpeOHOTO BUHTA, M 1,8

I'eomeTpust pacueTHOro Cy/iHa MpeJICTaBlIcHa Ha PUCYHKE 1.

«
&

Puc. 1. O0rias koHpUrypanus cyaHa

Jns peanuzanuyd MaTeMaTHYECKOTO MOJIEIMPOBAaHUS JBWKCHHS CyJIHA OIpeaelieHa
B3aMMOCBSI3b CKOPOCTH CyJHa Ha THUXOW BOJE M CKOPOCTHM BpalleHUsT OOOMX €ro
npxutened. Takass B3aUMOCBA3b HMMEET BHJ KPHUBOW, KOTOpas CTPOUTCS Ha OCHOBE
pe3ynbTaToB TATOBBIX pacuetoB. /Jlnms cyana mnpoekta 5071-020-012  ykazanHas
3aBUCUMOCTD YK€ UMEETCS U MPEJICTaBICHA HA PUCYHKE 2.
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Puc. 2. 3aBucumocts V, = f(w;)

[To maHHOMY TpaduKy MONTyIEHBI 3HAYCHUS CKOPOCTH ABIDKEHUS CYIHA Ha THXOH BOJE
BpamleHHs TpeOHBIX BUHTOB. 3HAYCHHS CKOpPOCTEH,
HCTONB3YeMBIX B Bapuanusax M1-MS5, npencraBineHsl B TabmuIe 2.

IIpH  KOHKPETHOM

CKOpPOCTH

Tabruya 2

3naveHust CKOPOCTHU ABUKECHHUSA CYAHA NPU PAa3HbLIX CKOPOCTHAX BPpAalllcHUSI BUHTA

HaumeHnoBanue CkopocThb O060pOoTHI BUHTA, 00/MUH OO060pOTHI BUHTA, paji/c
BapHaIiu CyIHa Ha
THXOH
BOJIE,
KM/9
Mi 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 naHHBIX, NPUBEACHHBIX B Taliuue 2, U1 KaXAoil TIIIyOMHBI KaHaia
pa3paboTaHo ¥ PacCUNTaHO HECKOJIBKO Bapuannii MaTeMaTHIeCKOlH MOAeH, 0003HaYeHHBIX
MI1-MS5, kaxzaas U3 KOTOPbIX MMUTHPYET ABM)KEHHE CyJHA C 3aJaHHOM CKOPOCTBIO B
kaHane. [lenb 1aHHOrO MaTeMaTHYECKOTO MOJEIMPOBAHUS 3aKITIOYAETCS B HCCIICIOBAHUH
THJPOJMHAMUYECKUX IIPOIECCOB, BO3HUKAIONIMX BONM3M IHA KaHaja TPH NPOXOKIACHUH
CyIOB, JUIi 4YEero Co3JaH KOHTPOJBbHBIM WHIWKATOP B BHAE IUIOCKOTO CEYEHHS,
pacrionoxxeHHOro Ha paccrosaun 0,1 M oT aHa.

B mponecce mopenupoBaHusi mporpamMMa (HUKCHpOBajla MaKCUMAalIbHYK CKOPOCTb
JBIDKEHUSI BOABI Vp,,, B 33JaHHOM KOHTPOJBGHOM HHIMKATOPE, YTO MO3BOJSIET CIHENIAaTh
BBIBOJIBI O €€ N3MEHEHNH BOJM3M JTHA KaHaIa PH IPOXOXKACHUH CyIHA.
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Pe3yabTarhl

B pesysbprare BBHINOJHEHUS] MaTeMaTHYECKOTO MOJAEIUPOBAHUS AN KOKIOH TITyOWHBI
KaHalla MOJIy4eHbl Tpa)uKy M3MEHEHUS] MaKCHMAJIbHOW CKOPOCTH TEUEHHS Vy,,, BOJIH3H
JTHA TIPY Pa3HOH CKOPOCTH JBMKEHUS CyiHA U, (PUCYHOK 3, 4).
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Puc. 3. I'padukn n3MeHEHNSI MAaKCUMAJIBHOM CKOPOCTH TEUCHHUS Y THA KaHaja ryOnHoi 4,5 M
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Puc. 4. I'paduku M3MeHEHUs] MAaKCUMaJIbHON CKOPOCTH TEUCHUs y IHa KaHana riyouHoit 10 m

Ha pucynkax 3, 4 npuBeneHsl rpadMky Uil TPaHUYHBIX W3 MPUHITBIX B pacdeTax
3HayeHn# riyomHsl 4,5 M u 10 m. Ilo HMM crexyer, 4TO CKOPOCTH TEUYECHHS Y JHA
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YBEJIMUMBACTCS B Pa3bl MPU BO3PACTAaHUM CKOPOCTU JBUIKEHHUS CyJHA, HO YMEHBIIAETCs C
pPOCTOM TIIIyOMHBI KaHaja, MpuueM Haubojee CHIbHOE BIMSHHE Ha XapakTep W3MEHEHHS
CKOpOCTU TEUYEHMs OKa3bIBa€T CKOPOCTb CyJAHA. AHAIOTHUYHBIE TEHACHLUU H3MEHEHUS
CKOPOCTH T€UEHUsI MPOSIBUIINCH MIPU MPOMEXYTOUHBIX IITyOMHax KaHana 5, 5,5 u 7 MeTpoB.

MOHUTOPUHT M3MEHEHHs CKaJSIpHOIO CKOPOCTHOTO IO MOTOKa B Ipolecce
MOJIEIIMPOBAHMS OCYLIECTBIISUICS C IIOMOINBIO CIIEIMANBHBIX CIEH, OJHA W3 KOTOPBIX
[IpEeCTaBIEHA HA PUCYHKE 5.

Solution Time 1000 (s)

Velocity: Magnitude (m/s)
y  0.00011356 017017 0.34023 0.51029 068035 0.85041
f

Z X

Solution Time 1000 (s)

Velacity: Magnitude (mis)
y 0.00011356 017017 0.34023 0.51029 0.68035 0.85041
“ ke

‘? .,;

Solution Time 1000 (s)

Velocity: Magnitude (m/s}
y 0.00011356 0.17017 0.34023 0.51029 0.68035 0.85041

Z N
Puc. 5. CkansapHoe cKOpOCTHOE 1oJIe TOTOKa Ha MOMeHT BpemeHHu 1000 ¢

IMo mnony4eHHBIM rpaduKkaM OMpEeCICHbBl OCPEAHCHHBIC 3HAYCHUS MaKCHMAaJIbHOM
CKOPOCTH TEeUeHHs BOJHM3U JHA KaHANA Vy,,, MPH PA3HBIX COOTHONICHHUSAX OCAJKH CyIHA K
riryouHe moroka T/H, nMeHyeMbIX HaMu Kak KO3(QPHUIUSHT CTECHEHUS MOTOKA IO THHUIIEM
K.. n mpu KO>(pPUIHEHTaX CTECHEHHS >XUBOI'O CEUCHHS KaHama ), OIpeaeisieMbIX
OTHOUIEHHEM IUIOIIAAU NOTPYXKEHHOW YacTH CyJHA K IUIOIIAAM MOMEPEYHOIr0 CEYEHHs
KaHaa. Pe3ynpTaTel IpuBeieHBI B TaOmHIE 3.

Tabruya 3

Pe3y.ﬂLTaTLl MaAaTEeMaTUHYIC€CKOro MOACJIMPOBaAHUSA

MakcumanbHast CKOPOCTb TCUCHUA BOIH3H JAHa KaHaJia

Bapwuanus CkopocTb Vrmaxs M/C | Ymazx
onen cymHa Ve I'ny6una xanana, M (K., Q)
Mm/c KM/q 4,5 5,0 5,5 7,0 10,0

(KCT:O’78a (KCT:037O> (KCT:0564’ (KCT:0550’ (KCT:03353
0=0,26) 0=023) | Q=021) | 0=0,17) | ©Q=0,12)

M1 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 | 0,50/0,72 | 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 | 0,49/0.44 | 033/0,30 | 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 Tabmuupl 3 crnemyer, 4YTO JIWMHAMHKAa W3MEHEHHs Kod(pduuueHtoB K., um Q
K,
MIPAKTUYECKU OJUHAKOBA, a OTHOIICHUE f NpU pa3HBIX TIIyOMHaX KaHana HM3MEHSETCS

HE3HAYMTENILHO, YTO IMO3BOJIIET MCIOJIB30BATh Jajee HPH OIECHKE BJIMSHUS Ha CKOPOCTb
TEYCHUsSI U3 JBYX ITHX KOIPDHUIHCHTOB TONBKO K.

IMo pe3ynbTatamMm MOJACIUPOBAHHS IOCTPOCHBI FPAQUKU 3aBUCUMOCTH Vg, = f(V,), Ha
KOTOPBIX MOJEGIUPYEMbIe KpPHUBBIC AaINIPOKCHMHUPYIOTCS CTEIEHHBIMH (YHKIUSAMHU BHAA
Vpmax = @ VY TIpu pasHoil cTeCHEHHOCTH TMOTOKA MO AHUIIEM Ky (PUCYHOK 6) U Vypgy =
f(K.) (pucynok 7). Ha pucyHke 6 HYHKTHPHBIMU JIMHUSMH O0O0O3HAUEHBI TPaHHIIbI
obnacteli 6e30MaCcHBIX I pa3MbIBa IPYHTA CKOPOCTEH JBIKSHUS CyIHA.

U
[=]

1.5

£l

1,0

£l

MaxcHManbHas CKOPOCTB TEHUCHIA ¥ JJHa KaHajla vinax, M/c
=
th

0.0

0,00 2,00 4,00 6,00 8,00 10,00

CKOpOCTh CYIHA VC, KM/
® DKCIepHMEHTATIBHbIE 3HAUCHIT

AHaIITHYeCKas 3aBHCHMOCTS (rmyOnHa KaHata 4,5 M, Ker 0,78)
AHamITHYecKas 3aBHCHMOCTS (rmydnHa kaHana 5,0 M, Ker 0,70)
AHanmTHIeCcKad 3aBHCHMOCTS (ImyOnHa KaHana 5,5 M, Ker 0,64)
—— AHamTHIecKad 3aBHCHMOCTD (rmydnHa karama 7,0 M, Ker 0,50)
AmamiTidgeckas 3aBUCHMOCTS (rmybnHa karana 10,0 M, Ker 0,35)
= = =IpyHT (d=0,3 MM)
= = =Ipynr (d=2 mm)
= = =I'pynr (d=4 mm)

Puc. 6. AHaIMTHYECKUE 3aBUCUMOCTH Vpq, = f (V) TpH pasHbix K.
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Puc. 7. 3aBUCUMOCTH Vp oy = f(Ker)

W3 maHHBIX Tabmumel 3 W PUCYHKOB 6, 7 ciexyeTr, 4TO CKOPOCTb TEUCHHS Yy JHA
BO3pacTaeT C YBEIMYCHHEM CKOPOCTH CyJHAa U IOBBIIIEHHEM CTECHEHHOCTH IIOTOKA,
NIPUYEM BIIUSHUE 3THX (aKTOPOB MPOSIBISIETCS C Pa3HOM MHTEHCHBHOCTHIO. Tak, pu ofHOM
U TOH e CKOPOCTH CyJHA, MaKCHMalbHas CKOPOCTh TeUEHHs y JAHA NpUMEpPHO B 4 pasa
BBIIIIE NTPH MAaKCHMaJIbHOM cTecHeHHH nortoka (K.,=0,78) nmo cpaBHEHHIO C MUHHUMAJIbHBIM
crecHeHneM mnotoka (K..=0,35), a mpu ogHON M TOU k€ BEIMYMHE CTECHEHHOCTH MOTOKA
Ipu yBenm4YeHnH ckopoctd cyaHa oT 0,61 mo 10 kM/4 MakcuManbHast CKOPOCTh TCUCHHS Y
JTHa BO3pacTaeT NpuMepHO B 17 pas.

OCOOEHHOCTBIO TIONYYEHHBIX PE3yJIbTAaTOB SBISETCS OTHOCHUTEIBHOE IIOCTOSIHCTBO
COOTHOUICHHsSI MakCHMalIbHOM CKOPOCTH TE4eHHs BOJM3M JHA W CKOPOCTH CyaHa. Takum
00pa3oM, C yBEIMYEHHEM CKOPOCTH CYAHA YBEJIMYMBACTCS W 3HAUCHHWE MaKCHUMAaIbHOU
CKOPOCTH TE€UEHUsl y JHA, OJHAKO MX OTHOIICHHE Vp,,, /U, MPAKTUUECKH HE MEHSETCS MPH
KOHKpeTHOM 3HaueHMH K... Ilpu BbvIcOokoii ctecHeHHocTH moToka (K =0,78) »3T0
OTHOIICHHE COCTaBHIIO
0,68-0,75, mpu camoif masoif ctecHeHHOCTH ToToKa (K..=0,35) 3TO OTHOIIEHHE COCTaBUIIO
0,17-0,18. Takasgs 0OCOOCHHOCTH COOTHOIICHHH CKOPOCTEH IIO3BONSET B JallbHEHIIEM
UCTIONIb30BaTh €€ B aHAIUTHYECKOW OIIEHKE BIMSHUS CKOPOCTHOTO PEXHMMa Ha PYCIOBBIE
TIporecchl U 6e30MacHOCTh CYZ0X0/ICTBA.

Jnst OLEHKH BIMSHUS CKOPOCTH CyAHAa M CTECHEHHUs IIOTOKAa IOJA IHUIIEM Ha
MaKCHMaJIbHYIO CKOPOCTh T€UEHHS y JIHA BBINOJIHEH KOPPEIAMOHHO-PErPECCUBHBIN aHAIN3
CBSI3U HCCIIElyeMbIX (DaKTOPOB, KOTOPBIM IIOKa3al, 4YTO HA CKOPOCTh TEYECHHUsS y JHa
HauOoubllIee BIMSHUE OKa3bIBAET CKOPOCTh CyJHA (MapHbii Ko3(Q(UIMEHT Koppensiuun
coctaBisier 0,84), MeHbIllee BIUSHHE OKa3blBAeT CTECHEHHOCTh IOTOKA IIOJ JHHUIIEM
(mapubIii K03 dument koppemauuu cocraBmsier 0,38), a Takke o0m@as CTECHEHHOCTD
JKUBOTO cedyeHHWs KaHana (mapHbeli Kodd¢uuueHT Koppensiuu coctasisser 0,38).

202



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

CoBoKynHOe BIHMSHUE TpeX (PakTopoB V., K. n () B OCHOBHOM OIpEIEsIeT CKOPOCThH
TEUEHHS Y THA Vp,q, (MHOXKECTBEHHBIH K03(dunnent xoppensiuu 0,93).

Jnst mMaccuBa CTAaTHCTHYECKHMX I1apaMeTpOB, XapakKTEPHBIX JUIS IMPUHSITHIX YCIIOBHIH
npoxoxaeHus cynHa npoekra 507I-020-012 ¢ ocaaxoit 3,5 M 1o kaHairy npu riryounax 4,5-
10 M, pacUeTHBIX MAaKCHMAaJbHBIX CKOPOCTEH TEUeHWs y [HA, 3aJaHHBIX 3HAYCHUIX
CKOpPOCTEH CyIOHAa W CTECHEHHOCTH MOTOKAa IIOJ] AHHUINEM CyAHA MOJIYy4eHO ypaBHEHHE
PEerpeccuu BUAA Vg, = Qg + Ay U, + a, - Kip + a3 * (), ucrnons3ys KOTOpoe BO3MOXKHO,
BapbUpPYs IapameTpaMu V., K., U (2, NOINyYUTh BEIHMIUHY Vp,,, U OLCHUTDH € BIMSHUE Ha
pa3MBbIB JHA, a TAKXKE 000CHOBATh BEIMUNHY 0€30TTaCHOI CKOPOCTH CYZIHA Ve, .

Juis 3TOTO, TMONB3YSCh HOPMATHBHBIMH Marepuanamu [4], B Tabnwme 4 mpuBeIeHBI
3HAUEHMS JIOMyCTHMBIX HEPa3MBIBAIOIINX CKOPOCTEH TEUCHMS U I'PYHTOB, COCTOSIIUX
MIPENMYIIECTBEHHO U3 YacTull auameTpoM 4, 2 u 0,3 MM COOTBETCTBEHHO IIPH TIyOMHAX
motoka 4,5 M, 5™, 55M, 7m u 10 M [5]. [IpupaBHUBas UX K BEIUYHHE Vy,q, MOXKHO U3
YpaBHEHHSI perpeccuy, pa3paboTaHHOTO JUIsi COOTBETCTBYIOLIEH BBHIOOPKH MapamMeTpoB, WIN
M0 AHAINTHYECKUM 3aBUCHMOCTSIM (PHCYHOK 6) TOJIy4UTh Oe30macHylo i pa3MbIBa
IPYHTa CKOPOCTB CYIIHA Vg, (TaONHLA 4).

Tabauya 4
Be3onacHble CKOpOCTM JABHKECHUSA cyuﬂa J10) Kaﬂa.ny pa:moii l".l'lyﬁl/lﬂl:.l
I'mybOuna Koapdpumment Jonyctumas be3onacHas ckopocTb
Bun rpynra noroka H, CTECHEHHOCTHU Hepa3MbIBaroIas CYIHA Vge,
M K. CKOpOCTb II0TOKa,

/e 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) 55 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 menkuit 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

IMecok cpennuii 5,0 0,70 0,62 1,19 4,27
(d=0,3 Mm) 55 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 pacuerHoit obiactu, onpezaenstoniee GU3NIHOCTh MOACIUPYEMOTO
MpolIecca, He MPEBBIIIAET SUHUIIBI, UTO SIBJISETCS XOpoIIel oneHkoit [6], [7], [8].

3akaouenue

Pe3ynbraThl MareMaTHYECKOTO MOAEIMPOBAHUS MOKA3aJIM, YTO BO3ZHHMKAIOMIAs BOJIM3U
JTHa KaHaja CKOPOCTh TE€YEHHs B 3HAYMTEILHOIN CTENEHH 3aBHCUT OT CKOPOCTH Cy/HA, B
MEHBIIEH CTENCHN 3aBHCUT OT OTHOIICHHS OCaJKu CyqHa K oOmeit rimyoune notoka T/H u
001meit CTECHEHHOCTH )KUBOTO CEYEHUsI KaHalla. 3HaUeHHEe BO3HUKAIONIEH CKOPOCTH TECUCHHMS
YMEHBIIAETCS ¢ YBEJIMYEHUEM TIyOMHBI 0] JHHIIEM cynHa. Hanbosee omacHBIM C TOYKH
3peHHs pa3MblBa [Ha KaHaja SIBJIAETCS Cllydyail, Korja JHO CHO0XEHO NPEHMYILECTBEHHO
MEJIKO3EPHHUCTHIM TPYHTOM, CYAHO HMEET MHHUMAJIBHBIN 3amac BOABI MOJ JHHIIEM H
JIBUTAETCSI C MAaKCHMAJIbHOW pa3peleHHON CKOpOCThI0. B TakoM cirydae cKOpOCTh T€UECHHUS
BOJIM3M THA MOXKET JOCTUTATh HECKOIBKUX METPOB B CEKYH/Y.
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ITpu otHomenun T/H=0,4, makcumainbHasi CKOpPOCTh TEUEHHMs, BO3HHMKAIOIIAsl BOIM3U
JIHa, TIPH CKOPOCTH cyaHa 10 10 KM/4, MeHbIlle 3HaYEeHUsI TOMyCTUMOW Hepa3MbIBatoiel. B
JAHHOM CJlyyae BIMSHME [BW)KEHHS Cy[AHAa Ha TPUIOHHYI0 CKOPOCTb KpaiHe
HE3HAUUTEIBHO.

OnucaHHBIN B CTaThe MOAXO/]] MO3BOJISIET AAaTh OLEHKY CKOPOCTH CYJHA, CTECHEHHOCTHU
MIOTOKA I0J] AHUIIEM M CTECHEHHOCTH JKHBOTO CEUEHMS KaHala, MPH KOTOPHIX BO3MOXKHO
aKTHBHOE Nepe)opMHUpOBaHME JHA KaHala B 3aBUCHMOCTH OT poja TpyHTa M JAPYTUX
XapaKTEePUCTUK, BIHMAIOMNX HAa YCTOWYMBOCTH IOJBOAHBIX IEPEXOJOB MAaruCTPaIbHBIX
TpyOOIIPOBOAOB, a TAKKE THPAKUPOBATh METOJHMKY PAcdeTOB IS CY/I0B PAa3HBIX IPOEKTOB
IIPU UX MPOXOXK/ICHNH 110 KaHaJIaM M PeKaM.
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AHHoTanus. Hacrosmas paboTa mOCBAINEHA pELICHHIO NpoOneMbl  (HOPMHUPOBAHUS
U(POBBIX JBOHHHUKOB MPOLIECCOB, IPOTEKAOIINX Ha CYJHE, HAXOIAIIUMCS B 9KCIUTyaTallu.
ITpm >TOM akKIEeHT clieNlaH Ha TaKWX JKCILIyaTalMOHHEIX IpoIeccaX Kak MaHEeBPHPOBAaHHE U
CKOPOCTHOE IpocefaHue cynHa. [Toka3aHo, YTO CYIIECTBYIOIIHE MAaTEMAaTHYECKUE MOJEIH
IBWKGHHS Cy[JHa He o0ecreyuBalOT a0COMIOTHO TOYHOIO OIMCAaHUS — Hpolecca
MaHEBPUPOBAHUS ¥ UMEIOT OrPaHUYEHHs IO IIPHMEHEHHMIO, TaK jK€ KaK HMEIOT OrpaHMYCHHS
IMIMpPUYECKHE (DOPMYNIBI U AITOPUTMBI Ul OIPENEICHUS CKOPOCTHOTO IpocelaHus. B
KaueCTBE AJIbTCPHATUBBI JUISl BUPTYAJIBHOTO MPEACTABICHUS KCIUTYaTallMOHHBIX IIPOLIECCOB
CyOHa TpeajiaraeTcss HCHoNb30BaTh Hudposbie apoitHMku (Digital Twins — DT) stux
mporieccoB. B pabore mpuBeneHO OOOCHOBaHWE MPUHIMIOB (OPMUPOBAHUS TaKUX
mU(POBBIX  IBOHHMKOB, MpPH KOTOPOM B  TIIEPBYIO  OdYepelnb  COAEPIKATEIBHO
MIPOAHAJIN3UPOBAHO TIOHATHE «IIPOIECC», BKIIOYAs HEMOCPEICTBEHHO ero IeHHULHIO,
KJIacCH(UKAIMY, TPUHIUIBI JIOKAIN3AlUK, IapaMeTpbl M XapaKTepUCTUKH, YacTHEIC
COCTOSIHMS. JIaHO TOSICHEHHE KOHLENTYalbHOMY pa3IMddI0 MEXIy MaTeMaTHUecKOH |
Iu(ppPOBOI MOIIEIISIMH CYAHA.

IIpuBeneHbl pe3yNbTaThl COJEPKATENBHOIO aHalIW3a IOHATHA «H(BPOBOM IBOHHHKY,
Ipe/CTaBlIeHa BU3YaAIU3alisl KOHLENINH HU(PPOBOro JBOMHMKA MOPCKOTO Cy/AHA B MEPUO
ero skcruryatanun. OG0CHOBaHA CTPYKTYpa MPOLECCHOTO SKCIUTyaTaAlMOHHOTO HU(PPOBOTO
IBoiHMKAa cynHa. HemocpeacTBeHHO NM(POBOH MABOWHHK €CTh CYThb COBOKYITHOCTB
BEKTOPHOT'O IIPOCTPAHCTBAa BEKTOPOB I1apaMETPOB M BEKTOPHOTO IIPOCTPAHCTBA BEKTOPOB
XapakTepucTuk. [IpeicTaBieHbl penreHHss HEKOTOPBIX YacTHBIX 3ahad Mo (OPMHUPOBAHUIO
MIPOLIECCHOTO JKCILTYaTallHOHHOTO JBOWMHKKA, CBS3aHHBIX C ONTHMU3ALMEH MpecTaBiIeHHs
BXOJHBIX M BBIXOJHBIX BEIMYMH (IIapaMeTpOB M XapakTEePUCTHK). B  3akirodeHue
MOCTABJICHBI 33/1a4M IS JalbHEIIIero neciieJOBaH!s, HTOTOBas e KOTOPOTo — CO3/IaHHe
MOJIHOLICHHOW METO/IMYecKoi 0a3bl a1 (HOPMHUPOBAHMS W HCIOJB30BAHUS IMPOLECCHBIX
9KCIUTYaTal[HOHHBIX IIU(PPOBBIX ABOHHUKOB CYIHA.

KiroueBble cji0Ba: 3KCIUTyaTal[lOHHbIE NPOLECCHl CYAHA, MapaMeTpbl U XapaKTEPUCTHUKH,
i QpoBble ABOWHHUKHN, IPUHIHITE (GOPMUPOBAHHSI.
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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.

BBenenue

K Hactosmemy BpeMeHH pa3padOTaHO ¥ UCIOJB3YeTCS HEMaloe KOJINYECTBO
MaTeMaTHYeCKUX MOJeNel, aaroputMoB H (GopMysn JUId ONMCaHMS TeX WIM HWHBIX
MIPOLIECCOB, CBS3aHHBIX C OJKCINIyaTalell MOpPCKOro cyaHa. B mepByio ouepens, 3TO
MaTeMaTHYeCKHe MOJENHN JIBIDKCHHS CyZAHA, NpeIHa3HAYCHHbIC AJISI PELICHUS Pa3IHMIHBIX
NPUKIAAHBIX 3a7ad. B HacTosimiee Bpemsl CYHIECTBYST WENBIH psI TakuX MOJeei,
ONMMCaHHBIX B JmTeparype. Tak, B pabore [l] paccMOTpeHBI BOCEMb YacCTHYHO
JUHEApU3UPOBAHHBIX M HEJIMHEWHBIX MOJeNel, IpoaHalIU3UpPOBaHBl JIOCTOMHCTBA,
HEOCTAaTKU U OTpaHMYECHMS 3TUX MOJEJeH, a Talke NMPOBEeHAa OIICHKA X NMPUMEHUMOCTH
B HAaBUTAIIMOHHBIX TpEeHaXEpax M B CUCTEMax MPOTHO3MPOBAHHMs JBIKeHMs cynoB [1]. B
KayecTBE pe3loMEe JTOr0 HCCICAOBaHMS MOXHO MPOIMTUPOBATh CIEAYIOIIUN BBIBOJ
aBTOPOB: «...HH OJIHA MOJENIb HE SBIAETCS HACANbHOW, HM OJHA HE O00ecleunBaeT
MIPUEMIIEMYIO TOYHOCTb Cpa3y IO BCEM ... CTaHIAPTHBIM MaHEBpaM HH JJIS OJHOTO CYIHA»
[1, c.205].

OnmHako MOAXOJ K IPOTHO3MPOBAHMIO TIPOTEKAHUsI TEX WIM HHBIX IIPOILECCOB,
CBSI3aHHBIX C 3KCIUTyaTalleH cynHa W oOecliedeHHeM ero HaBUTAIIMOHHOW OE30IacHOCTH,
OCHOBaHHBIH Ha MaTeMaTHYECKOM ONHMCAaHMHU 3THX IPOIECCOB, JAIEKO HE OTPaHUYUBACTCS
MaHeBpupoBaHueM. Tak, MpH IBIKCHUU CyJHA Ha MEJKOBOJIbE, €r0 KOPILyC IpeTepreBaeT
CKOpPOCTHOE TIpocefaHue (squat), IpH KOTOPOM YBEIMYMBAETCS AWHAMHYECKas OCa/Ka
Cy[Ha ¥ OJHOBPEMEHHO yMeHbIraercs 3anac riyouns! moxa kuiem (Under Keel Clearance —
UKC). OgeBuaHO, uTO UTHOpUpOBaHKe WM HerpamoTHbIH yaét UKC moxer npusectu (4
HEPEJKO MPUBOIUT) K KACAHUIO I'PyHTAa WMJIM MOCAAKH Ha Menb. BemuunHa mpocenaHus
3aBHCHT, B IIEPBYIO OYepe/b, OT CKOPOCTHU CyJHA, U K HACTOAIIEMY BPEMEHH MPEII0KEHO U
UCIIONIb3YeTCS 3HAYMTENbHOE KOJIMYECTBO CrMoco0oB ©  (OpMyN Uil  BBIYHUCICHHS
(mpenseraucnenusi) ckopoctHoro mpoceganuss u UKC. WHbiMM cioBamum, mporecc
CKOPOCTHOTO TIPOCEJaHusi CyAHAa Ha MEJIKOBOJbE MMEET MPAKTHUYECKH 3HAYMMOE
MaremMaTuueckoe omucaHue. Bwmecte ¢ Tem, Bompoc mnporHosupoBanusi UKC nu
JMHAMHYECKOH 0Ca/IKi HEJb3s CUNTATh OJHO3HAYHO PEIIEHHBIM. Bo-11epBhIX, OONBIIMHCTBO
GopMyn  SIBISIOTCS  MCKIIFOUUTEIBHO OMIIMPUYECKHMMH. BoO-BTOpBIX, MeTouyecKas
MOTPENTHOCTh SIBIISIETCS HEOTHEMIJIEMBIM aTpuOyTOM OOJIBIIMHCTBA cIIOcO00B. B-Tperhux,
METOJIOJIOTHSL ~ ONpEIENICHHs CKOPOCTHOTO TPOCEJaHHWS HE COICPXHUT  CIIOCOOOB,
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00JIaJaroIUX CBOWCTBOM YHHMBEPCAJIbHOCTH KaK IO THUIAM CYJOB, TaK U TI0 YCIOBHUSIM
IUTABaHUS — B JIIOOOM CITydae UMCIOT MECTO OBITh OrpaHuueHus [2, 3].

B HacTos1ee BpeMsi HapsiAy ¢ MaTEMaTHYECKUM MOJICIMPOBAHHUE MOJYy4YaeT MpU3HAHUE
U PacIpoCTPaHCHUE MOJICTUPOBAHKUE U(PPOBOE, T.C. CO3/IaHHE TaK Ha3bIBACMBIX HUPPOBBIX
JIBOWHUKOB OOBEKTOB M TporeccoB [4]. CleayeT MpPEeAnoNIoKUTh, YTO TAKOH MHCTPYMEHT
MPOTHO3UPOBAaHMA, Kak NHU(POBOIl NBOHHHWK, MOXET OBITHh HCIIONB30BaH IS
MOJICIIMPOBAHIS M MIPOTHO3UPOBAHMS PA3IUIHBIX MPOIIECCOB, CBSI3aHHBIX C OOECIIeYeHUEM
HaBUTAIIMOHHON Oe3omacHoCTH cynHa. Tak, HampuMmep, uMmes IME(POBYI0 MOJENb CY/IHA,
HHPOPMALIMIO O €ro 3arpy3ke, TPOTHO3HPYEMBIX VCIOBHAX IUIABAaHUSA (BKIIOYAsS
XapaKTepUCTHKH aKBAaTOPHH IUIAaBaHHWA) W TpaduKe HA IYTH €ro CJICJOBaHHA, MOXKHO
(hopMHUpOBATh PEKOMEHIAIIMK O ONTHUMH3AINK MapIipyTa M pexuMma IBIKeHus. Kpome
TOTO, IU(POBOI IBOWHUK MOXKET MPUMEHSITHCS JJIsI KOHTPOJIST COCTOSIHUS WITU YIIPABJICHUS
(u3nvecKkuM 00BbEKTOM IMPH UCIIOJIH30BAHUH TEXHOJIOTHI aBTOHOMHOTO CYJOBOXKICHHUS [5].

dopmupoBanue J000ro nuppoBOro JABOHHHMKA — caM Mo cebe MpoIlecC BO MHOTHX
OTHOUIEHUSIX pecypco€MKuil. B cBoto odepesb, €ro pe3ylbTaTUBHOCTh BO MHOTOM 3aBUCHUT
HE TOJIBKO OT ONTHMAJBHOCTH COOTHOIICHUS TPEOYIONIMXCS U UMEIOIIUXCS PECYPCOB, HO U
OT KavecTBa TOro GpyHJAaMEHTa, Ha KOTOPOM OH CTPOMTCS, T.€. OT IPAMOTHO MMOCTABICHHBIX
1 chopMyTUPOBAHHBIX LIeNel, 3a1aq M OOMKX MPaBWI UX JTOCTHKCHUS M pelieHus. Takum
00pa3oM, cozaHre OOMKUX MPaBwI (MPHHIUTIOB) (POPMHUPOBAHHUS IPOLECCHBIX TBOWHUKOB
CymHa SBISCTCS AaKTyalbHOHM 3ajadueif, a HACTOAMIAas CTaTbsi IOCBANICHA WMEHHO €&
PpeIIeHHIO.

JKcmyaTauoOHHbIe nmpouecchl cyaHa. COOTHOLIEHHe MATEeMAaTH4eCKOro U HM(ppoBoro
MO/JIeJIMPOBAHUS

B oOmem cnydae mox mporueccoM HEOOXOAMMO MOHMMaTh IOCIEAOBATENbHYIO M
HeoOpaTUMYI0 CMEHY COCTOSIHUN 00BeKTa (CUCTEMBI) BO BpeMeHH [6].

KonnuectBeHHo ro0as CcUCTeMa  OINMMCHIBACTCS  JIByMsl  KJIaCCAMH  BEJIMYUH,
UMCHYEMBIMU TIMapaMETpaMU MU XapaKTCPUCTHUKaAMU. HapaMeprI SABJIAKOTCA BCINMYHWHAMU,
OIUCHIBAIOLIMMH IIEPBUYHBIE CBOWCTBAa CHUCTEMBI M YCIOBHS €€ (QYHKIMOHUPOBaHUS, H,
OTHOBPEMCHHO, HWCXONHBIMH MJAaHHBIMH 3aJadll aHAIW3a CHUCTEMBl. B CBOIO ouepens
XapaKTePUCTHKH, SBILACH (YHKIMEH mapaMeTpoB W pPE3yNbTaTOM peIIeHHuS 3agadi
aHaM3a, OMHCHIBAIOT Y)KE€ BTOPHUYHBIC CBOWCTBA CHCTEMEI. VICXOAS W3 ATOTO, COCTOSHHE
CHCTEMBI OIpEACIICTCS COBOKYITHOCTHIO 3HAYCHHH €€ XapaKTePHUCTHK, 3aBUCSIIUX OT
3HAYCHUH MapaMeTpOB W ONKCHIBAOIIUX 3TO COCTOsHHUE. M3MeHeHme XOTs OBl OmHOM
XapaKTePUCTHKH CHCTEMBl HHUIIMHUPYET MEPEX0 CHCTEMBI M3 OJHOTO COCTOSHHS B JIPYTOE,
T.e. UWHUIMUpYET Tporecc (ero Havago Wik npojovkeHue). Camo U3MeHeHue
XapaKTePUCTHUKH (XapaKTEPUCTUK) KaK MPUYMHA IEPEX01a CUCTEMbI U3 OJJHOI'O COCTOSHUS B
JIpyroe HasbIBaeTcsi coObiTeM [6]. 31ech cieayeT 3aMeTHTh, YTO B PAa3IMYHBIX HHBIX
HUCTOYHUKAX TO, YTO 37ICh OIMUCAHO KaK XapPaKTEPUCTUKH M MapaMeTPhl, MOXKET HMETh
JIpyrue HanMEHOBAHUS.

OYHKIIHOHUPOBAHKUE TMPAKTHUCCKU JIFOOOH CHUCTEMBI OMPEICISICTCS COBOKYIMHOCTBIO
MIPOIIECCOB, KaXIBI U3 KOTOPHIX, IO CYTH, SABISACTCS JIOKATGHBIM. OTHAKO KOHKPETHU3AIIHS
mporecca Kak JIOKalbHOTO MOKET OBITh JBOSKHM. BO-TIEPBBIX, IOJ TaKOBBIM CIEIYET
ITOHUMATh TPOIIECC, MPOTEKAONINI He BO BCEH CHCTEME B IIEJIOM, 2 B HEKOTOPOH e€ 4acTH,
T.C. B MmojacucTeMe. Bo-BTOPBIX, JOKAIBHBIA MPOIECC MOKET OXBATHIBATh M BCIO CHCTEMY
[EIMKOM, HO OIPENENSTHCS W3MEHCHHEM JIHIIb YacTH XapaKTepUCTUK W3 BCETO €ro
MHOXeCTBa. B mepBoM ciydae TrpaHHMIBl [polecca ONpeleNsioTes — (U3HYECKU
(mocpencTBOM  IEKOMIIO3UIIMM CHCTEMbl Ha COCTaBHble uacTh). Bo BTOpoM ciydae
MEPBUYHBI  XAPaKTEPUCTUKH, W JIEKOMIIO3UIMH (pa3OWeHHI0 Ha IOJMHOXKECTBA)
TOABEPTACTCA YXKE MHOXKECTBO XapPaKTCPUCTHUK. O‘{CBI/I}IHO, 9TO OTW JABa IPUHIUIIA
JIOKaJIU3AIMK TPOIIECCOB TIOTHO B3aMMOCBSI3aHbI, HO OJHAKO OHH HE TOXICCTBCHHBI IPYT

Apyry.
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W3 npuBenEHHOrO, MPUKIAIHOTO ISl HACTOSIETO UCCIIEIOBaHUS TOSICHEHHST TIOHSTUS
«JIOKaNBHBII TpoLiecC» ClielyeT MpeICTAaBICHHOE Jajee TaKkKe MPUKIaAHOe 000CHOBaHHE
TIOHSATHS «4aCTHOE COCTOSIHUEY.

CyJIHO SIBISIETCS CIIOKHOM TEXHMYECKOM CHCTEMOI, aHaIn3 COCTOSIHUSL KOTOPOH 4epe3
MHOXKECTBO BCEX XapaKTEPHCTHK HE SBIISIETCS palMOHAIbHBIM. bonee 000cHOBaHHO
paccMaTpuBaTh COCTOSHHE HE KaK YTO-TO €AWHOE M €AWHCTBEHHOE, @ KaK MHOXKECTBO €T0
aCIIeKTOB — YaCTHBIX COCTOSHHUM, KaXAbIH M3 KOTOPBIX ONKCBIBACTCS CBOUM
(orpaHMYEHHBIM) MYJIOM XapakTepHCTUK. 107 YacTHBIM COCTOSHHEM CHCTEMBI (CyaHa),
TakuM o00pa3oM, ClIeAyeT MOHMMaTh COBOKYITHOCTb XapaKTEPUCTUK, OMHCHIBAIOIINX
CHCTEMY WJIM 4YacTh CHUCTEMBI (IIOACHCTEMY), OOpa3yIOMHMX ITOAMHOXECTBO JIOKAIbHBIX
XapaKTEPUCTUK MHOXKECTBA BCEX XapaKTEPUCTUK CHCTEMbl (CyOHA) W CBS3aHHBIX C
KOHKpPETHOH 3ajaueil mo obOecredeHuro 3(PQPEeKTUBHOTO (HYHKIUOHHPOBAHUS CHCTEMBI
(Ge3omacHOl dKcITyaTaluu cyaHa). B nanpHeiiieM pedb OyAeT MATH TOJBKO O YaCTHBIX
COCTOSTHHSIX.

31ech clelyeT 3aMETUTh CIIEAYIOIIEe:

— MOAMHOYECTBA JIOKAJIBHBIX XapaKTEPUCTHK, OMUCHIBAIOLINE Pa3INYHbIC
YaCTHBIC COCTOAHUSA, TaK K€ KaK U PA3JIMYHBIC JIOKAJIbHBIC MPOLCCChI MOTYT
TIepeceKaThes;

— HEKOTOpOE HCXOJHOE COCTOSHHE (YacTHOE COCTOSIHHE) CHCTEMBbI
(momcucTeMBl) B COYETAHWH C BHEIIHUMM BO3/ACHCTBUSMH, KOTOpBIC
UCTIBITBIBACT CHCTeMa (TIOJCHCTEMAa) B pacCMaTPUBAEMBIH ITPOMEXYTOK
BPEMEHH, €CTb TPUYMHA €ro IMOCIEAYIONNX COCTOSHUH  (IPHHIUI
MPUYUHHOCTH) [7];

—BpeMs (JUIMTENBHOCTh M OJHOBPEMEHHOCTb) — 3TO YHHMBEPCAIHHOE
CBOMNCTBO J1r000r0 MpoIiecca;

— COCTOSHHC CUCTCMBI (B TOM YHCJIC U HaCTHOC COCTOHHI/IC) MOXXHO HHA4C
ONpPEJENUTh KaK TOYKY B MHOTOMEPHOM NPOCTPAHCTBE XapaKTEPUCTHK,
KOTOpasi OJHOBPEMEHHO SIBJISAETCS KOHLOM BEKTOpa XapaKTePHCTHK, a
JBIKCHHE JTOM TOYKM (KOHIA BEKTOpa) B YKa3aHHOM IIPOCTPaHCTBE
OTIpEETIsIET TPACKTOPHIO COCTOSIHUI CHCTEMBI.

Ha puc. 1 rpadudeckn mpeAcTaBICHO B3aMMOOTHOIICHHWE NPEICTABICHHBIX U
OTIMCAHHBIX BBIIIE MOHATHH (CTPYKTYypa JIOKaJILHOTO MpoLecca).

IMpoumeccsl MoOryT OBITH YHpaBIsieMBIMH U HEYNPABISEMBIMH, JIMHCHHBIMH U
pa3BeTBIEHHBIMU, KOHEYHBIMH M (abcTpakTHO) OeckoHe4HbIMH U T.1. HeoOxommmocTsb
HCIIOJIb30BaHUA KOHerTHOﬁ KHaCCI/I(bI/IKaHI/II/I IMMPOIECCOB, BBIACJICHUA TOTO WJIN MHOTO TUIIA
MIPOIIECCOB 00yCNaBIMBAETCS COJNEpXKaHWEM (CTPYKTypoil) KOHKPETHOTO TIpoliecca U
3aJia4aMu, KOTOPbIE MOJJIEKAT PELICHHIO IPU €ro UCCIIeI0OBAaHUH 1 UCTIOJIb30BaHHH.

B YHYaCTHOCTH, B LCJIAX HACTOALICTO HCCICAOBAHUA HMCCT 3HAUYCHUC KJ'IaCCI/I(bI/IKaHI/IH
MPOIIECCOB Ha JUCKPETHBIE M HENpEephIBHbIE. Y JUCKPETHBIX MPOLIECCOB COCTOSHUS YETKO
OTpaHWYEHB! APYr OT Ipyra, a Uil KaKIOTr0 M3 HUX CYIIECTBYIOT CMEXHBIE (COCemHue)
COCTOSIHHSI — TpeAplayniee W (Wwim) Tocienyiomee. B cBoro ouepenb, HeNpepbIBHBIC
MIPOLIECCHl XapaKTepU3yIOTCSl TEM, YTO ISl JIFOOBIX JIByX COCTOSHHH CYIIECTBYET Kak
MHHAMYM OJIHO HPOMEXYTOYHOE COCTOSHHE, T.€. IHOHSTHE «CMEXHBIE» COCTOSHHS IS
HETIPEPHIBHBIX MPOLECCOB HE CYIIECTBYET, a JUINTEIBHOCTh COOBITHS Af CTPEMHTCS K HYIIIO

(mapuc. 1 At =¢, —t, —0).
OfHako B UENSAX HACTOSIIETO HCCIEJOBAaHHMS HEOOXOJMMO BBECTH B 3Ty
KIaccU(UKALKIO elE OJMH THII TPOLECCOB — KBA3HAMCKPETHBIE TIponecchl. [10/1 TAKOBBIMH

CIelyeT IOHMMATb HENPEPBIBHBIE [0 CYTH IPOLECCHl, MNPOLIEAIINE MPOLENYpPY
NPUHYIAUTEIbHON JUCKPETU3ALUY.
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Cuctema (cyaHo)

Moacucrema
CosokynHocMb MHoxecmeo X napamempos CosoKynHocmb
3HayeHU U Xoi 3HaYeHul X
A0KANBHBIX ModmHoxcecmao X1 10KAMNbHbIX I0KAABHBIX
napamempos napamempos napamempos
Ha MOmMeHm apemeHU tn HO MOMEHM 8pemMeHU tk
CosoKkynHoCMb MHoxcecmeo Y xapakmepucmuk COo80KYMHOCMb
3HaYEHUL Yoi 3HaYeHul yki
AIOKAABHBIX ModmHoMcecmao Y1 10KANbHbIX IOKOABHbIX
XapaKmepucmuk Xapakmepucmuk Xapakmepucmuk
Ha MoMeHm epemeHu t, Ha MOMEHM epemeHU tk
| I
1
: 1
| Cobbimue I
| — — — - CocrofHMeS, p—————— -1 CocrosHue Sy | — — = :
|
1
| T T I
| : JI_ JNokansHelii npoyecc |
e L et el e
i BpemeHHas ock (cobeimuii) ;
tn tx

Puc. 1. CtpykTypa J0KansHOTO Iporecca

Hanpumep, mporecc CKOpPOCTHOTO TMPOCENaHUs CYAHA, UIS KOTOPOTO IapaMeTpaMu
SIBIISIEOTCSL CKOPOCTH €r0 JBIDKEHUS, TIIyOWHA IOJ KHWJIeM, CTaTH4YecKas ocaika W Tp., a
XapaKTepUCTHKaMU — cKkopocTHoe mpocexanue U UKC, sBnsercs HempepblBHBIM. OIHAKO
JUISL TIPEIYTPEKACHNS KPUTHUSCKUX U1 OS30MACHOCTH CYIOHA 3HAYCHHH XapaKTePUCTHK
BIIOJTHE JIOCTATOYHO, HANPUMEp, OTPaHHUYUTBCA IIOCIEIOBATEINBHOCTHIO COCTOSIHUH,
COOBITHS TSI KOTOPBIX OYAYT OMpENeNsaThcs HEe JIOOBIM HM3MEHEHHEM CKOPOCTH CYAHA U
(wnn) TIyOMHBI, a TOJBPKO HM3MEHEHHEM Ha HEKOTOPYIO paHee 3aJaHHYI0 BEIHYUHY €.
3HaueHue dTO BCJIMYMHBI, KOTOPYIO MOXHO Ha3BaTb YYBCTBHUTCIIBHOCTHBIO IMapaMeTpa,
OylneT OIpeAesAThCSl MNPAKTHYECKH 3HAYMMOW TOYHOCTBIO — XapakTepuCTHKH  (eé
YyBCTBUTEIHHOCTHIO), KOTOPOH MOJDKHO 00JIafaTh €€ 3HaUCHHE IS MPUHATHS PEIICHUs 110
YIPaBJIEHUIO MPOLIECCOM CKOPOCTHOTO MpoceqaHus (MPeayNnpexIeHHUI0 KacaHUs T'PyHTa).
[MomoOHast AuCKpeTH3anus TMO3BOJUT W30EKATh PEaKIMH TOH K€ CUCTEMBI IOIICPIKKU
MPUHATHSL PEUICHHH Ha HEW30eKHYI0 (QIYKTYall0 3HAYCHWH MapaMeTpoB W CHHU3UT
HArpy3Ky Ha BEIYUCIUTEIHHBIC aTOPUTMEI.

B cmyyae MaHeBpHpOBaHHS CyAHA TPH €rO IDIOCKONAPaJUIEIbHOM [BIKCHUU U, B
YaCTHOCTH, IUPKYILIIUK, BEKTOP XapaKTEePUCTHK OYyAET BKIIOYATh B ceOs KOOPIUHATHI U
KYPCOBOH yTOJ, a BEKTOpP MAapPaMETPOB SBISIETCS PE3YJILTATOM CYIEPHO3HIUHU CIICAYIOIIHX
BekTOpoB [1]:

1) BexTop ITOCTOSHHBIX apameTpos, XapaKkTePU3YOIUX KOHKPETHOE
MOJIeNUpyeMOoe CYAHO,
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2) BEKTOp YHPABIIOIIMX BO3ACHUCTBUH, BKIIOYAIOMIMK B ceOsl yrosi Iepekiaiku
py.ﬂﬂ, qacTtoTa BpaHIeHI/ISI W IIaroBo¢ OTHOILICHHUC rpe6Horo BHHTA, IIOJIOKCHHC
peryisTopa noJpyJMBatolIero yCTpOUCTBa,

3) BeKTOp Harpy3KH Ha Cy/HO, OIpe/ieNIieMbIH pacrpeesieHueM Ipy3a,

4) BEKTOp BHELIHNX BO3MYILIAIOUINX BO3JICHCTBHUH.

3/mecs AUCKpeTH3aIisl UMEeT CMBICT JJISI BTOPOTO M YETBEPTOTO BEKTOPOB M3 UHCIIA
nepeqncneHHHx. HpI/I 9TOM, HpI/IHI/IMaSI BO BHHMAaHHEC, 4YTO napaMeTpLI, COCTaBJIAOIITUEC
BEKTOp YIIPABISMIOMIMX BO3JCHCTBUH, W3MEHSIOTCS, KaK IPaBHUJIO, CKagykooOpasHO (T.e.
IpoIiecc WX M3MEHEHUS MOKHO KJIACCH(PHUIMPOBATh KaK TUCKPETHBIH), TO IUCKPETHU3AIUL
30€Ch MOXET HOTp66OBaTLC$[ TOJIBKO HpI/I MEAJICHHOM HerepLIBHbIM OTHOCHUTECJIBbHO
JUINTECIBbHBIM I10 BpeMeHI/I U3MCHCHUEM HapaMeTPOB.

Hpouecc CKOpOCTHOFO HpOCGJlaHI/Iﬂ, npouecc MaHeBpI/IpOBaHI/IH B YHCJIIC MHOI'ux
onpeaenHM KakK SKCHHyaTaHI/IOHHLIe npoueccm, T.C. npoueccm, HUMCHOILIUE MECTO BO BpeMﬂ
BKCHHyaTaHI/II/I cyz[Ha. TeM CaMbIM paCCManI/IBaeMbIe B HaCTOHIlIeﬁ CTaThC npoueccm
06003.6J'H/IB3.IOTC$I OT TCX, YTO SBJIAIOTCS HeOT’beMJ’IeMOﬁ 4aCTbHO HpOCKTI/IpOBaHI/IH cyz[Ha,
€ro IOCTPOMKH, PEMOHTA U T.J.

B o01iem Buze, mpuHUMAsi BO BHUMaHHE U3JI0KEHHOE, JI00OH MpOoLiecC MOXKHO ONUCATh
cienyrouM o0pa3om:

S(t)=Y (3.0, ¥, )= F| X (x,%,,...x, )] (1)

b
rae S(f) — BekTOp cocTosHusA, X — BEKTOp MapameTpoB, ! — BEKTOP XapaKTEpPHCTHK,

F — omeparop, ycraHaBnMBalOIWii TpaBwia (B YaCTHOCTH, (DYHKIHIO) OIPEACICHUS
COOTBETCTBHUSI BEKTOPAa XapaKTEPHCTHK BEKTOPY IapaMETpPOB B KOHKPETHBI MOMEHT
BpEMEHH (II03BOJISIOIINE HANTH HCKOMBIE XapaKTEPUCTHKH T10 U3BECTHBIM IapaMeTpam).

MaremMaTHyeckue MOJENN HKCIUTyaTallHOHHBIX MPOLECCOB CyAHAa (B YacCTHOCTH,
MaTeMaTHYeCKHE MOJIENN ABWKEHUS Cy/IHa, €T0 CKOPOCTHOTO NPOCEIaHUs Ha MEIKOBOHE)
OCHOBaHBI Ha AHAJIMTHYECKHX BBIPAKEHHAX, TPEOYIOIMX IPOBEICHUS MaTeMaTHYECKUX
orepanuii co 3HAYCHUAMHU MapaMEeTPOB IS MOJyYEHHs] KOHEYHOTO pe3ysibTaTa (3HaueHUi
XapaKkTepUCTUK). IHbIMU ciioBaMu, QYHKIMS 3aBUCUMOCTH XapaKTEPUCTHK OT MapaMeTpoB
npeacTapisiercst GopmyniamMu (YpaBHEHHSIMH U (WIIN) UX PEILICHUSMH).

B cBoro ouepens, nuppoBas MOAENb IKCIUTYyaTAlIOHHOTO Ipoliecca cyJHa (B CTpOroM
BOCHIPHSTHN  SIBIAIOLIAasiCS  PAa3sHOBUAHOCTBIO  MaTeMaTHYeCKOW  MOJENH)  He
IIpeAyCMaTpHBAET aHAINTHYECKON 3alMCH U TPEJCTABISIET cOO0H COBOKYMHOCTH HaOOpOB
3HAUEHMH MapaMeTpoB, I7ie KaXI0My Ha0Opy «Ha3HAYaeTCs CBOM HAOOp XapaKTEPHCTHK.

Konuenuus uudposbix aBoiinnkoB. Lludposoii 1BoiiHuk cyaHa.
Hudposoii ABOMHMK IKCIIYATALMOHHOI0 NpoLecca

Kaxk npaBuiio, B HacTosiIIee BpeMs Jallle HCHONb3YeTCsl TOHATHE «IU(PPOBOH ABOHHUKY,
a He «mudpoBas Monemp». OTO CBA3aHO, B NEPBYIO oOYepelnb, C pa3BUTHEM
COOTBETCTBYIOIIETO HAMPABJICHUSI UCCICJOBAaHUN B aHIJIOS3BIYHBIX CTPAaHAX U BBEACHUEM
Tam B 00uxo cioBocoueranus Digital Twin.

XOTsl TEpPMHHOJIOTHSI CO TEUEHHEM BpPEMEHs MEHsUIach M IOIOJIHSIIACh, OCHOBHAsS
KOHLENIUsl 1M(POBBIX IBOHHMKOB OCTaBajach JOBOJbHO CTAOWIILHOM C MOMEHTa ee
coznanust B 2002 rony. B obmem cinydae, nudpoBoii ABOMHUK — 3TO HAOOP BUPTYaIbHBIX
MH(OPMALMOHHBIX KOHCTPYKIHMH, KOTOpPBIE MOJHOCTHIO OMKCHIBAIOT NMOTEHIHAIBHBIA WIN
(dakTHUeCKuil  (QU3MYECKUII  TPOWM3BENCHHBIN  NPOAYKT  (0OBEKT, CHCTEMY)  OT
MHKpPOATOMHOTO YPOBHSI O MakKpOT€OMETPHYECKOTO YPOBHSI W MOJET CYIECTBOBATh Kak
CaMOCTOSATENbHASL CYIIIHOCTh, OJJHOBPEMEHHO OyIy4M CBSI3aHHON C (PU3NYECKHM OOBEKTOM
Ha NPOTSDKEHHUH BCETO JKU3HEHHOTO IHKia [4, 8]. O000mEnHas mpocTeimas BU3yaau3alust
1rQpoBoro ABOWHNKA Npe/cTaBiIeHa Ha puc. 2 [4].
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_————————m I_____——|

Pearvnoe
npOCMPaHcmeo

Bupmyanshoe
npocmparcmeo

I | | |

I | | I

| DOuznvecKuin l Hammnee | . |

| 06BeKT | | Iudposoii |
(CyﬂHO) JABOHHHK |

I I Hudopmauns |

L — — — — | L — — — — |

Puc. 2. Ilpocreiimmas Bu3yanu3anus KOHIEIIUT HUPPOBOTO TBOHHHUKA
(OCHOBHBIE YacTH HU(PPOBOTO JIBOIHHHUKA)

B pabore [4] npeacraBieHa y)xe KOHIENIHA III(PPOBOTO TBOHHWKAa MOPCKOTO CyAHA B
MeproA dKcIuTyaTtauu. CXeMaTHIeCKH 3Ta KOHIETIU n300pakeHa Ha puc. 3.

CTpyKTypHO 3Ta KOHLETIHUS BKIIOYAET B ceOsl BHYTPEHHNE U BHELIHNE, 3HAUUMBIC IS
QpoBoro ABOMHMKA CyAHA 3JIEMEHTHl W3 PEATBHOTO M BHUPTYaIbHOTO IPOCTPAHCTBA.
Kpome camoro cymHa peaibHOE MPOCTPAHCTBO COAEPXKHUT HAaBHTAMOHHOE MPOCTPAHCTBO,
JaT4uKu S (CEHCOpHI), Apyrue cyna V Toi ke cepuu (TOro ke mpoekTa), cyaa T, KoTopble
OCYILECTBJIIOT HABUIAlMIO Ha TOM K€ aKBaTOPHHM, YTO U HAIlIe CYIHO, U MOTYT CYHTAThCS
LIeJISIMH, KaK UX TOHUMAIOT B 33/1a4ax Mo PacxokKJIEHUIO CynoB [4].

udposoii nBOIHKK CyqHA BKIIOUaeT B ceds Lu(poBbie qBOMHUKH KomroneHToB DTC
n mnpomneccoB DTO. K mnepeim (DTC) oTHOcATCA BUpPTyaJbHBIE IIPEACTaBICHUS
HaBUTAI[HOHHOTO O0OpYAOBaHMs, CYIOBOM JHEPreTHUECKOM YCTAaHOBKHM, MEXAaHHU3MOB,
arperaTtoB u T.I. MHOkecTBo DTO BKItOdaeTcst B ce0sl MUPPOBBIC ABOHHUKHA HABUTAINH,
MaHEBPUPOBaHUS (BKJIIOYAs [UPKYIALHUIO), IIBAPTOBKH, OCTAHOBKU Ha SIKOPb, MOTPY3KH,
BBITPY3KH | T.J. B uncino nmudpoBeIX TBOWHIKOB KOMIIOHECHTOB M MPOLECCOB BXOIUT TaKKe
peTpocreKTHBHas HH(POPMAILHs, KOTOpast SBJISUIaCh OCHOBOI NN(POBOTO IBOWHHKA CyJHA B
MIEPHOJBI €r0 NPOEKTUPOBAHUSA, TOCTPOUKHU U UCIIBITAHUH [4].

| Peansroe npocmpancmeo 1 I_ Bupmyanvroe npocmpancmeo
| L |
| 1 HasuranuonHoe noJe - NH(poBoil TBOHHAK E
| Hagurannonnoe I I HABHramHOHHOro npocrpancTea (DTNS) |
NpPOCTPAHCTBO I | % |
: I | IIndposoii npoiiank cynna (DT) ,E |
| o : | | [vrei] [pres| | pres ;r |
E
| I ! | DTO; | DTO, | DTO, 2 |
| } t =l |
=
I 3|1
=
: ||
g
z ||
s |

Puc. 3. Busyanu3zanus KOHIETIIHY TUPPOBOTO TBOWHIKA MOPCKOTO CyIHA
B TIEPUOJ] €70 AKCILTyaTalluu

BHemHuMY 110 OTHOLIEHHIO K HU(POBOMY JBOHHHKY CyHA 3JIEMEHTaMH BUPTYalbHOTO
NIPOCTPaHCTBa SIBJIIOTCS HWH(GOPMAIMOHHOE HaBUTallMOHHOE Toiie (UnppoBOH IBOHHHK
HaBuranumoHHoro npoctpanctsa DTNS), nudpossie nBoitauku cynoB V u T (DTV u DTT),
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a Takxe omnepannoHHbI nudporoit aBoituk (DTE), npeacrapustonuii coboi HEKOTOPYIO
cpeny 1MGPOBBIX IBOWHHKOB, KOTOpas IMpeAHA3HA4YeHA JUISl BBINOJIHEHHS Pa3lIMYHBIX (B
MEPBYIO OYepe/ib, BRIYMCIUTENBHBIX) onepanuit [4].

Jlanee BBIIEIUM U3 CXEMBI, IIPEACTABICHHON Ha puc. 3, IM(POBOH JBOMHUK Mpolecca
(TIpo1IeCCHBIN IKCIUTyaTalMOHHBIN HU(POBOW JABOWHUK CyIHA) U OOOCHYEM €ro CTPYKTYpYy
u copepkanue (puc. 4).

|
1
I | MaTematuueckme E | PetpocneKTuBHbIE |
o mogenn [ AaHHble i
- | IR EREE A e R I
X Xy - !
§ X =t MpoueccHbiii uudpoBoi I
g : ABoiiHKK (DTO) ] ¥z
- | e
=% I
; — X—-— Y ]
& Xmi : —T> )i
1
| s 50 ot s e e e 1
[ DTOV i | WHcTpymeHTHl | :
|
I

Puc. 4. [IpoueccHsIi 3KCIUTyaTallHOHHBINA TU()POBOM ABOMHHUK CyAHA

B oTnmume oT TOro, Kak 3TO CAENAHO B CTPYKType NU(POBOTO BOWHHHKA,
MPEJCTaBICHHOTO Ha puC. 3, omepamuoHHBIA ImdpoBoit meoitHmk (DTE) He BbHEceH
OTICTBbHBIM OJIOKOM, a SBIAETCS HEKOTOPOH Cpenod Iyl MPOLEcCHOro IHu(poBOTro
neoitanka (DTO). Bxommble I TpPOIECCHOTO IBOHHHMKA ITapaMeTphl IIePBOHAYAIBHO
«apoxogsat» DTE, conmepkamero, kak OBUIO OTYAaCTH 3aMEUEHO BBIIIE, CYIIECTBYIOLIHE
MaTeMaTHYeCKUe MOJeH IPOLECCOB, PETPOCHEKTUBHBIE JaHHbIC, IIOJyYCHHbIE IpHU
HaOJIIOICHUH 32 MPOLECCOM WIIM €r0 MOJAEIMPOBAHUM Ha CTAIHHM, NPE/IIeCTBYIOMEH BBOAY
B OKCIUTyaTallUIo0, MPOIECCHbIe HU(POBbIE TBOWHHKM CyIOB-NPOTOTUIOB. Kpome ToOroO,
OIepaIMOHHBIN HU(POBOIl NBOWHUK BKIIOYAET B Ce0sl pa3IMYHbIE HHCTPYMEHTHI 00pabOTKH
JIAHHBIX, CYThb KOTOpBIX OyZeT NOsiCHeHa HmXkKe. TakuM o00pa3oM, B OTHOLICHUH
OIEPaIMOHHOTO LU(POBOTO JBOWHHKA MMEET MECTO HEKOTOpas ero nedparmMeHTarus,
pe3yNbTaToOM KOTOPOH SBIAETCA BBIAEICHHE HH(GOPMALMOHHBIX W HMHCTPYMEHTAJIBHOTO
(parMeHToB.

HenocpencreenHo 1udpoBoi IBOHHHK €CTh CYTh COBOKYIIHOCTH JABYX BEKTOPHBIX
(TMHEWHBIX) TpocTpaHCTB X W Y, rae mpocTpaHCTBO X TIpEACTaBIsIET COOOW IONHYIO

COBOKYITHOCTb BEKTOPOB I1apamMeTpoB X, (x”,le,...,xm,), a TPOCTPAaHCTBO Y — TaKke

IOJHYI0 COBOKYITHOCTh BEKTOPOB XapakTepUCTHK Y (Y, .V, ...V, ) IIpn sToM wumeer

MECTO OBITh CIOPBEKTHBHOE OTOOpa)KEHHE BEKTOPHOTO IPOCTpaHCTBAa X Ha BEKTOPHOE
IPOCTpPAaHCTBO Y ( f XY ), T.€. TAaKO€ COOTBETCTBUE MEXAYy [BYMS BEKTOPHBIMU

MPOCTPAHCTBAMH, TIPH KOTOPOM KaXIOMY BEKTOPY TIPOCTPAaHCTBa X TIOCTAaBICH B
COOTBETCTBHE KaK MHHUMYM OJMH BEKTOp IPOCTPAHCTBA Y (KaXKABIH BEKTOP MPOCTPAHCTBA
Y sBnsercst 06pazom x0T ObI OTHOTO BeKTOpa mpoctpancTsa X) [9, 10].

KpoMe cCroppeKTHBHOTO OTOOpakeHHS (CIOPBEKIHMH) CYIIECTBYIOT emé Takue
OTHOIICHHUS MHOECTB (IIPOCTPAHCTB), KaK OWMEKIMs W WHBEKIHA (puc. 5). buextuBHOE
(B3aMMHO OJHO3HAYHOE) OTOOpa)keHHWEe (COOTBETCTBHE) IMPENIONAraeT, 4YTO KaKIOMY
3JIEMEHTY BEKTOPHOTO MPOCTPAHCTBA X COOTBETCTBYET POBHO OJWH BEKTOP IPOCTPAHCTBA
Y, ipu 9TOM ompeeneHo 00paTHoe 0ToOpakeHre, KOTOpoe 00JiaaeT TeM ke CBOMCTBOM. B
CBOIO OYepenb, NPU HMHBEKTUBHOM (OJHO-OJHO3HAYHOM) OTOOpakeHHH pa3HbIE BEKTOpa
IIpOCTpaHcTBa X MEPEBOAATCS B pa3Hble BEKTOpa npocTpaHcTBa Y. [Ipu 3THX onpeneneHusx
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WHBEKTUBHOE OTOOPaXKCHUE SIBIICTCS OJHOBPEMEHHO OWCKTUBHBIM, & CIOPHEKTUBHOC — U
OMEKTHUBHBIM, U UHBEKTUBHBIM [9, 10].

Buekyua HHvekyua Cropvekyusa

X Y X Y X Y
Xa\x/ u )?a Yy Xq = Fu
)*( 1 T~ v ‘? )—( T

b v = ____.—--" v b v
)-e & Xb = v i

c w w c
Xg Y, A 7 X Yw

Puc. 5. Buzpr oToOpakeHHs1 BEKTOPHBIX IPOCTPAHCTB

CIOpBEKTUBHOCTh OTOOpa)XXCHHSI OOBACHSACTCA 3[eCh TEM, 4YTO OIHY, TpeOyeMyro
COBOKYIHOCTh XapaKTEPHUCTHK MPOLECCca MOXKHO IOyYHTh Pa3IMYHBIM HaOOPOM BXOJHBIX
JUISL TIpoliecca mapaMeTpoB. Tak, 3JEeMEHThl HUPKYJSINN, KaK W B IIPUHINIE TPACKTOPHUIO
JBIDKCHUSI Cy[IHAa Ha LUPKYJSIHMHA MOXXHO IIOJNy4uTh Oojiee, YeM OJHHMM COYETaHHEM
3HAUYEHHH CKOPOCTHU CY/HA, YIia NMEePeKIaJKH PYJIsl U IPOUYHX ONPENEIISIOMUX HUPKYIISLIUI0
nmapameTpoB. Takxke OAHM U Te K€ BEIMYUHBI cKopocTHoro mpocenanus u UKC moryr
OIPENEIATHCS PA3IMYHBIMA KOMOWHAIMSAMHU 3HAUYEHHH CKOPOCTH, IOINEPEYHOrO CEeYEHHs
KaHala, NIyOWHBI U T.A. 3/1eCh CIEAYyeT JIOMYCTHTh, 4TO MpH 0oJjee riy0OKOM M OOMIMPHOM
aHaM3e HKCIUIYaTallOHHBIX MPOLIECCOB MOIYT OBITh OOHApy>KEHbI JKCILUTyaTallMOHHbBIE
MIPOLECCHI, AN KOTOPBIX IU(POBOH MBOWHHK OyIET MNpEACTaBIATh OWEKIUIO HWIN
MHBEKIMIO BEKTOPHBIX MNPOCTpaHCTB. OAHAKO, HAa HACTOSIIEM JTalle HCCICIOBaHUSA
nojgobHoe cyuraercss OoOJBIIE HCKIIOUYCHWEM, 4YeM IPaBWIOM, OCOOEHHO Ui
9KCIITYaTalHOHHBIX ITPOLIECCOB, MMEIOINX OTHOIICHHUE K HaBUTalluH CyJHA.

B ciydae uckmrounTensHO GOPMaIBHOTO MOAX04a K aHAIN3Y IMPOIECCHOTO U(POBOTO
JBOMHMKA MOXKHO CHAENaTh BBIBOA O TOM, 4YTO IIpocTpaHcTBa X H Y SBIAIOTCS
OecKOHEeuHbIMH. JlefCTBUTENBHO, TPaKTUYECKH JI0OoH Habop 3HAYEHWH MapamMeTpoB
(moboit BekTop mpocTpaHcTBa X) B Cilyyac H3MEPCHHUS MapaMeTPOB € aOCOIOTHOM
TOYHOCTBIO (MM HYJIEBOH MOTPEIIHOCTHIO, YTO B NPUHIUIIE HEBO3MOXKHO) U (WJIH) NpHU
UCIIOJIb30BAaHUH B YUCIIOBOM 3HAYEHUH OECKOHEYHO OOJIBIIOTO KOJIMUECTBA 3HAYAIIHNX LU(P
OyneT yHHMKaibHbIM. [Ipu 3TOM i ar000r0 3HaueHMs mapameTrpa OyJayT CYIECTBOBATh
OospIIie ¥ MEHbLINE 3HaueHMs. TakuM 00pa3oM, KaK KOJIMYECTBO BO3MOXKHBIX 3HAUCHHH
CcaMUX TTapaMeTpoB, TaK W YUCIIO WX KOMOWHAIWHA (YUCIIO BEKTOPOB) OyHeT OECKOHEUHBIM.
CrenoBatenbHO, IPOCTPAHCTBO X Oy/ieT OECKOHEYHBIM, TaK K€ Kak W OyIeT OECKOHEYHBIM
MIPOCTPAHCTBO Y BEKTOPOB XapaKTEPHCTHK.

OnmHako pe3ysnpTaT JMI000TO HW3MEpPEeHHs J000ro mnapaMmerpa Oyner conaepxkarh
HEeKOTOpyro mnorpemHocts A;. Kpome Toro, HexkoTopble mapameTpsl (He H3MepseMble, a
yCTaHaBJIMBAaEMbIE OIIEPATOPOM) MOTYT OBITH 3aJaHBI TOJIBKO C ONPEAETIEHHON TOYHOCTBHIO.
Tak, HanpuMep, yroji mnepekiagkd pyss, Kak IpaBuilo, 3a1aércsi ¢ TOYHOCTBIO JIO LIENBIX,
T.e. JUCKPETHOCTh 3a1aHKs ATOro rnapamerpa pasHa 1°. [Ipu 5TOM HCTHHHOE 3HaYEHHUE yria
NepeKyIaIki pyJisi OyJeT HEeW3BECTHBIM, B OOIIEM ClIy4aeT OTJIUYHBIM OT 33/JIaHHOTO W
HaXOJIUTCSl B HEKOTOPOM MHTepBaiie. [10100HbIN BBIBOA MOXHO C/IeNaTh MO OTHOIIEHHIO K
M000My 3aJ]aHHOMY WJIM W3MEPEHHOMY MapaMeTpy, HCTHHHOE 3HAueHHe KOTOPOro C
HEKOTOPOH BEPOSITHOCTHIO HaXOJMTCS B JIOBEPUTEITHHOM HHTEpBase

(xusm - Axl;xus'

” +Ax1), rae AX; ompepensiercs Kak ykasaHHOI BEpOSTHOCTBIO, TaK U

BEIMUUHONM IIOrpEeIIHOCTY HU3MepeHus (3agaHus). Takum ke o6pasoMm (IOCpeACTBOM

HHTEpBaIbHOM OleHKH) GOpMUpYeTCs NOHATHE 00 HCTUHHBIX 3HAYEHHUAX XAPAKTEPHCTHK.
BMmecTe ¢ TeM, IS 3HAYEHHI XapaKTEPUCTHK MPOLIECCa J0CTATOUHO He (haKTHUECKOH, a

MPAKTUYCCKU 3HAYUMOM TOYHOCTH, T.€C. TOH TOYHOCTH, KOTOpasd 00€eCIeUnT BBLIIOJHEHHE
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nocTapjeHHOM 3agaun. Takum 06pa30M, HW3Ha4YaJIbHO MOKHO C(l)OpMI/IpOBaTI) JUCKPETHOC U

KOHEYHOE MHOXKECTBO ;{5 V;35ees Vjjs-ees Viy BOIMOKHBIX 3HAaYCHUH TOW WM WHOU (i-if)

xapaktepuctuku. Torma B ciaydae (OPMUPOBAaHUST HPOLECCHOTO IM(POBOro IBOIHMKA
nm000e N3MEpEeHHOE 3HAaUeHHE XapaKTEepUCTUKU OyneT npu ero 3amucu B DTO MeHsaTbest Ha

le , €CIIn 9TO N3MEPEHHOC 3HA4YCHHUC nomnagacTt B HWHTEPBAI

0 =0 =220 + By =33 )/2)= g =8 05 + A ). Vicasai

HUHTCPBAJ HE SABJICTCA HNOBEPUTCIIBHBIM B TOM CMBICIIE, KOTOpOI\/'I BKJIAObIBACTCsA B HETO
MaTeMaTHYECKOM CTaTUCTUKOH. B O6IH€M Cjlyda€ OTCTOSAHHSA TI'PaHUYIHBIX 3HAYCHU I

MHTEpBAa CIpaBa W CIeBA OT 3HAYCHHMS XapaKTCPUCTHKH ), COACpKalleiics BO

#A

MHOXCCTBC BO3MOXKHBIX 3HaquHﬁ, MOTryT OTJIW4YaThCd, T.C. A T.K.

yj.n yj-np>

JUCKPETHOCTDH dylj = yl] - yi(j*l) pdaa BO3MOXKHBIX 3HAYCHUU XAPAKTCPUCTHUKHU HE

ou A
Yj- 1 Yj-np
MIEPBYIO0 OYepenb OT HEOOXOIUMOW (TIPAKTHUECKH 3HAYMMOM) TOYHOCTH M3MEPEHHH 3THX
XapaKTepPUCTUK B KOHTEKCTE 3a/add, JUId pemIeHus KOTopod ¢opmupyercss muppoBoi

yia B Ay
3amadedl  OymyIlero mNepuoja HACTOALIEro HMccienoBanusa. OIHAKO, OIHO YCIOBHUE
CyH.[€CTBOBaHI/I$[ " UCIIOJIB30BAaHUA Hpe,ZLCTaBJ'IeHHLIX I/IHTepBaJIOB nu yHOMﬂHyTOﬁ METOAUKHN
OYEBUAHO: @aKTH‘IeCKaﬂ TOYHOCTH HE JOJIXDKHOCTH 6BITB Xy)Ke HeO6XOI[I/IMOI\/'I.

AHaHOquHLIe yMO3aKH}0‘IeHI/Iﬂ MOXHO cacjlaTb U 1O OTHOIICHHUIK K BXOJHBIM
HapaMeTpaM HpOHecca, BO3MOJXHBIC 3HAUYCHHA KaXXKI0Iro Hu3 KOTOpBIX HpeZ[CTaBH;HOTC;{

xy,..., xim C TEM AOIIOJJHCHHUEM, YTO BCJINYMHBI ij,]] nu ij.np
ia M Ay

Takoe npeacraBiaeHre MHOKECTB BO3MOXHBIX 3HAYEHUI apaMeTPOB U XapaKTEPUCTHK
JlelaeT BEKTOpHBIE MpocTpaHcTBa X W Y KOHEYHBIMH, a TIpoUeaypy (opMHUpOBaHHUSA
MPOIIECCHOTO IM(POBOrO JIBOMHWKA W €ro JajbHEHIIee WCIONB30BaHUE Oolee
palMoHaNBHBIMU. PallMOHAIIBHOCTE B ATOM CIIy4yae 3aKJIIOYaeTcs B KOMIPOMECCE MEXIY
MIPOCTOTON, TOYHOCTHIO W TMOJHOTOHW HU(MPOBOrO IBOMHHMKA, a KOJUYECTBO BO3MOYKHBIX
BEKTOPOB  MAapaMEeTpOB M  XapaKTepUCTHK OyAeT OmpenensiTs IPOU3BEACHUEM
KOJIMYECTBEHHBIX O0BEMOB MHOXECTB. Tak, JOMyCTHM, YTO HEKOTOPBIH MpoIecc
ompenenseTcss TpeMs BXOAHBIMH NapaMeTpaMH (MM XapaKTePUCTHKaMHM), TP ATOM IS
MIEPBOTO U3 HUX CyIIEeCTBYeT 11 BO3ZMOXKHBIX 3HAUEHHH, I BTOPOTO — 6, a JUII TPETHEro —
8. Torma BekTopHOE mpocTpaHcTBO X (wm Y) Oyner comepxkatrh 11-6-8 =528 BekTopos.
OpHako, cienyeT 3aMeTUTh, YTO HEKOTOPhIe BEKTOPHI OYAYT COAEpKaTh B cebe KOOPAUHATHI
(3Ha4YeHUsl MapamMeTpoB), COCYIIECTBOBAHHE KOTOPBIX MOXKET OBbITh (PU3NYECKH HEPa3yMHBIM
IpU TOM, YTO IO OTACIBHOCTH YHCJIOBBIE 3HAYEHHUS IapaMeTpoB (XapaKTEPHUCTHK)
CyIecTBOBaTh MOTryT. Hampumep, BonHeHue B 8 OayioB u mTwib (T.e. Betep 0 GammoB)
SIBJISIFOTCS] (PU3NYECKHU Pa3yMHBIMHU, HO TOJIBKO TOT/Ia, KOT/a OHU HEe HAOJIIOJAI0TCSl Ha OJIHOM
aKBaTOPUH B OJWH MOMEHT BpPEMCHHU (T.C. HE SBIAIOTCA KOOPAWHATAMH OJHOTO BEKTOPa
mapameTpoB). TakuMm o0pa3omM, ompenenseMoe 4epe3 YIMOMSHYTOE BEIIIEC NPOU3BEIACHUE
KOJIMYECTBO BEKTOPOB IPOCTPAHCTBA X SABJSIETCSA HE TOYHBIM, a OICHOYHBIM (MaKCUMAaJILHO
BO3MOXHBIM). Takue «(hu3ndeckn Hepa3yMHBIE)» BEKTOpa MOMMEHYEM IS OTIPEISIIEHHOCTH
«be3agpecHbIMIY. [l Oe3aapecHBIX BEKTOPOB MPOCTPAHCTBAa X HE CYIIECTBYET oOpasza B
npoctpanctse Y. U, HaobopoT, 6e3anpecHble BEKTOpa IIPOCTPAHCTBA Y HE UMEIOT poobpasa
B mpocTpancTBe X. TeM caMbIM HapyIIaeTcst CIOPbeKTUBHOE 0TOOpaKeHNE, HO TOJIIBKO B TOM
ciIydae, eciii mporenypa GopMHPOBAHUS BEKTOPOB 00OHUX MPOCTPAHCTB C MCHOIH30BAHUEM
MHOXKECTB BO3MOJKHBIX 3HAUEHHH M XapaKTEePUCTHK OCTAHETCS MEXaHHCTHYECKUM U

00s13aTeNLHO JOJIDKHa OBITh mOCTOSAHHOM. CaMM K€ 3HAUYCHMS A 3aBUCAT B

NBOMHUK. Pa3zpaGoTKa K€ METOIMKH ONpeneeHUs BETWduH A ABIIETCS

MHOXECTBAMH  X;{, X;5 5.+

OyIyT ONpENEAThCS TaKKe 3HaueHuaMu A
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¢dopManbHBIM M He OyzneT pa3paboTaHa M peajM30BaHa METOJMKAa HCKIIOYCHUS
0e3apecHBIX BEKTOPOB U3 IIPOCTPAHCTB.

OueBuHO, 4yTO TIpH GOPMHUPOBAHUU ITU(POBOTO ABOWHUKA ITyTEM M3MEPEHHS U 3aIHCH
rapaMeTpoB U XapaKTEPUCTHK, 0e3aJpecHble BEKTOPHI, SBISSACH, KaK ObUIO CKa3aHO BEHIIIE,
«(pu3NUECKH HEPAa3yMHBIMI», BOSHUKHYTH HE MOTYT. OJIHAKO UX UCTOYHUKOM MOXET CTaTh
OTICPAlMOHHBIA IH(PPOBOH TBOWHWK, KOTOPBHI HE TONBKO «YKJIAIbIBACT» H3MEpECHHBIC
3HAUEHMs MapaMeTPOB M XapaKTEPHCTHK B MHTCPBAJIBI, HO W BBINOJIHIET O0Jiee CIOXKHYIO
3a7ady — YCTpaHseT MH(OPMAIMOHHBIE MPOOENBI, T.€. «IOAYMBIBAECT» T€ BEKTOpa M HX
KOOPJHMHATHI, KOTOPbIE HE OBUIM IOJydYeHBI B pe3ylbTaTe M3MepeHuil. B pesynbrate u B
Cllydyae HEKOPPEKTHOTO BBIMOJNHEHUS YKA3aHHOW 3aJadll BEKTOPHBIE MHOXECTBa OyIyT
BKJIFOYaTh BCE BO3MOXKHBIE C TOUKH 3PEHHSI KOMOMHATOPUKH, a HE IPAKTHKHU, BEKTOPA, B T.4.
u 0e3aapecHbIe.

3agaya ycTpaHeHHss MH(POPMAIMOHHBIX MPOOEIOB MOXKET OBITh pelieHa MOCPEACTBOM
UCIIONIb30BaHMs COJIEPXKAIIUXCS B ONEPAllMOHHOM LU(PPOBOM JBOWHHMKE JaHHBIX 00
aHAJIOTMYHBIX NIPOIEccax, MOMYyYEHHBIX Ha CyNaX-MIPOTOTHUIIAX, MAaTEMAaTHUECKUX MoJeNel 1
Pa3IMYHBIX MAaTEMaTHYECKUX HHCTPYMEHTOB, B YaCTHOCTH, HEHpOCETEH.

Tak, Hanpumep, ONEpPalUOHHBIH HU(PPOBOIl JABOMHUK, UCIOJB3Ys COOTBETCTBYIOLIHE
KPUTEPUH M METOJHKH, MOAOUPAET HECKONBKO (B YACTHOM CITydae, OJHY) MaTeMaTHICCKUX
MoJieNel Mmpouecca, paHXkUpPyeT UX MO0 CTENEHH NPUMEHUMOCTH U TOYHOCTH, YTOYHSET MPU
HEOOXOAMMOCTH M Ha OCHOBE YK€ HMEIONIMXCA BEKTOPOB MMapaMeTpoB M HX 00pa3oB
SMIUpPUYECKHE KO3(D(UIMEHTHI W BBYUCIACT HEAOCTAIOIIUE 3HAYECHHS BEKTOPOB
XapaKTepUCTUK. OTH 3HAYEHHA MOTYT OBITh IPEACTAaBICHBI HETOCPEICTBEHHO B
MPOICCCHBIN IM(POBON MBOMHUK MO0 B HEHpOCETh Ui AaNbHEHIIECH HUX COBMECTHOMN
00paboTKM CO 3HAYCHUSMH, HOJYYEHHBIMH M3 APYTHMX HCTOYHHKOB — MH(pOPMAIMOHHBIX
(parMeHTOB OMeEpaloHHOr0 NU(GPOBOro JBOiHHMKA. Bwmecre ¢ TeMm, NOCTpOCHHUE
HeWpoceTH, BKIIOYas BBHIOOP apXWUTEKTYpbl M OOydYeHHE MOJENH, INPEICTaBISIOT cOO0OM
OTJICTIbHYI0 MacIITa0HYIO TPOLEIYPY, COIEpKaHUE U YCIIeX BBINOJHEHHE KOTOPOW 3aBUCHT
B NEPBYIO OYEPEab OT IOCTABJICHHOW Iepes MPOLEeCCHBIM HU(PPOBBIM JBOWHUKOM 3a/1a4d
(wimm 3amau). B mobom ciyuae, A7 BOCIIOMHEHHS NPOOENOB BEKTOPHBIX IPOCTPAHCTB
HEeHpOoCceTh JOJKHA HAYYUTHCS «3aTATHBATH» MX NPU MOMOIIM MAaTEMaTHYECKUX MOJECIEH,
nHpopmanny, yxKe CcoAeplKalleiicss B TPOIECCHOM IH(PPOBOM MIBOMHHUKE, a TaKxke
NPEeJCTaBICHHOM B  AHANOTHUYHBIX CYIOBBIX  JIBOMHHMKax CyIOB-IPOTOTHIIOB U
PETPOCIIEKTUBHOH MH(OPMAIINH, OTIPEIeIIsis TPEBAPUTEILHO JUIS 3TUX BHJIOB HH(OpMALH
(3HaYeHMH MTapaMeTPOB U XapaKTEePUCTHK) a/IeKBaTHBIEC BECOBHIE OLICHKH (Beca).

JIMHrBHCTHYECKAS (l)OpMaJ'[l/IfSalll/lﬂ NPpUHIUIIOB

[IpuBeneHHBIE BBINIE PACCYKICHHUS W BBIBOJABI JIHOO SBIAIOTCS HEIOCPEICTBEHHO
npaBuiiaMy GOPMHUPOBAHHS POLIECCHOTO HU(PPOBOTO JIBOMHMKA, TMO0 UMEIOT OTHOIICHHE K
00OCHOBaHMIO 3THUX TMpaBWI, B COBOKYIMHOCTH TIPEICTaBisisi COOOH  MPUHIMIIBI
¢dopmupoBanust DTO. Bmecte ¢ TeMm, KOJEKC NMPHUHIMIIOB HENb3s CUMTATH IOJHBIM 0e3
MIPEJCTAaBICHHOTO HIDKE OMHCAaHWS UX IOCPEICTBEHHOM €CTECTBEHHOTO s3bIKa, T.e. 0e3
JIMHTBUCTHYECKOW (hOpMalI3aliy IPHHIIMIIOB.

IlepBeIM B uncie NPUHOMIOB YKaKeM TPUBHANBHBIN npunyun adexeamuocmi,
COTJIACHO KOTOPOMY TIPOLIECCHBIN LU(POBOH MABOMHUK 110 H3BECTHBIM IIapaMeTpam
mpolecca JOKEH  «IIPOU3BOAUTBY) BCE €ro0  3HAYUMBIE  XapaKTEPUCTUKH, T.€.
XapaKTEPUCTUKH, OIMPEJEIAIONINE MPOLECC «KAK €CThY.

C [puUHIMIOM aJeKBAaTHOCTH TECHO CBSI3aH NPUHYUN HEOOXOOUMOU MOYHOCMU,
COTJIaCHO KOTOpPOMY, IM(POBOHM IBOMHMK IOJKEH HE MPOCTO BHIIABaTh Ha BBIXOZE BCE
3HAYMMBIE XapaKTEPUCTUKH, HO M JIEJIaTh 3TO C TaKOW TOYHOCTBIO, KOTOpas HeoOXoauma
JUTS peIIeHNUS 3a/1a4 WM 3a7jaqH, OTPEISIAIONINX Ha3HAUeHHEe [IU(PPOBOTO ABOITHUKA.

IIpunyun unOueUOyaIbHOCMY 3AKIIOYACTCS] B TOM, 4TO LU(PPOBOH IBONHHMK CyqHA
JIOJDKEH OTPaXKaTh CYIIHOCTb M COOTBETCTBYIOIIME IPOLECCHI KOHKPETHOIO CYZAHA, a HE
JM000T0 Cy/iHa aHAJIOTMYHOTO MPOEKTa WIIM CXOXKEro I0 XapakTepucThHKaM. Bmecte ¢ Tem,
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OH JIOJDKEH OBITh IO CYTH arperupoBaHHBIM, T.€. BKJIIOYATh B ceOs 1u(pOBbIE NBOHHUKN
CyJIHa TOM e CepHH, KOTOpbIe OyIyT HECTH BCIIOMOTaTeNbHbIE (DYHKIIUH, IIOMOTasi BMECTE C
MaTeMaTUYeCKUMHU MOJICISIMU U IPYTUMHU CPEACTBAMU U METOJAMH 3aKpBIBaTh IU(PPOBOMY
JIBOWHHMKY cynHa HHQpOpPMalMoOHHOEe TpoOensl. B aToM 3akimiowaercs  npunyun
azpezuposanrocmiy TAGHPOBOTo IBOHHUKA.

PexwnM oHNAWH [MOMKEH OBITH EIWHCTBEHHBIM pEXHMOM HHU(GPOBOTO IBOHHHKA
mporiecca B TOM CMBICIIE, 9TO OH JOJDKEH OBITH BCErJa JOCTYIICH, 0e3 3aepKeK OOHOBIIEH U
0e3 Kakoro-ImOo OXHWIOAaHWSA BHIIABATh BCIO HEOOXOOMMYIO0 HH(pOpMAIio. DTOT PEXUM
OTIpeneNseT npuryun ovicmpooeticmsis TAHPOBOTO IBOHHHKA.

Crhenyroumii TPUHIUI — HPUHYUN KOHEYHOCMU (02pAHUYeHHOCMU 8 00béme)
muppOBOrO IBOWHWKA, TMoapasyMmeBaomuii BkimoueHne B DTO Ttakoro o0néma
nHdopManuy, KOTOPHIA JelTaeT Npouexypbl ero (opMHUpOBaHHMS W AajJbHEHIIEro
UCIIONIb30BAaHHUS HMCHOJHUMBIMU U 3(GQEKTUBHBIMU. VHBIMK clOBaMu, HavajbHas CTaaus
(OpMHpPOBaHUS TPOLECCHOTO IHU(POBOrO ABOHHWKA, 10 OKOHYAHHIO KOTOPOH OH YyKe
MOXET HCIIOJIb30BaH MO HA3HAYCHHUIO, JOJDKHA IJIMTHCS (U3MYECKH pasyMHOE BpeMs, a
nHdopmanus 3aHMMaTh (U3NYECKH pasyMHBIH 00BEM mamsaTH. B cBoro ouepenp, mpu
UCIIONIb30BaHUU LM(POBOro JBOMHMKA MO HAa3HAYEHUIO 00BEM HMH(pOPMAIMU HE JIOJDKEH
«TOPMO3UTE)» BBIPAOOTKY XapaKTEPUCTHK Mpolecca M WHHUIMHPOBATH CABUT IO BPEMEHH
MEXIy BXOZOM (mapaMeTpamMH) H BBIXOJOM (XapakTepucTHKaMu). Takum oOpazowm,
MIPUHIONI KOHEYHOCTH 00€CTIeUnBaET TakXKe U MIPUHINI OBICTPOAEHCTBUSL.

Psimom ¢ MpUHIMIIOM KOHEYHOCTH COCYIIECTBYET HPUHYUN OYEHUBAHUS NOJHOMbL U e
docmamounocmu. Ecny TepBbIM OTpaHHYMBACTCS MaKCHMyM 00BEMa HH(OpPMALUH, TO
BTOPBIM, MO CyTH, €€ MUHUMYM. MHbIMU ciioBamMu, LU(POBOH NBOWHMK Uil obecrieueHHs
CBOECH TIOJIHOM (DYHKIIMOHAIBHOCTH JOJDKEH BKIIOYaTh B CE0sl HEKOTOPBI MHHHUMYM
nHpopManuK, MPU STOM TaKOH MUHHMYM JIOJDKCH OBITH OLIEHEH HEIOCPEJICTBEHHO Iepen
HavyajoM GOPMHUPOBAHMS 110 METOAMKE, KOTOpas eIIE MOJUIeKUT 000CHOBAHHIO.

Kaxk Ob110 T0Ka3aHo BHIIIE, Jake HENPEpPBIBHbIE TapaMeTpPhl JO0JDKHBI NUTATh LU(POBOI
JIBOWHHMK JMCKPETHBIMHM 3HAYCHUSMH. B 3TOM 3akiiodaeTcs npunyun OUCKpemuocmu u
K8A3UOUCKPEMHOCMU.

Ipunyun  36on10musnocmy  TU(GPOBOTO IBOWHUKA ONpEAEIsieT HEoOXOIUMOCTh
MIPUCYTCTBUS y HETO CIIOCOOHOCTH K OECKOHEYHOMY Pa3BUTHIO U MOIU(DHUKAIISIM.

[TokazaHHasi BBINIE CIOPBEKTUBHOCTh OTOOpPaKEHMS BEKTOPHOTO IPOCTPAHCTBA
IapaMeTpoB Ha BEKTOPHOE IPOCTPAHCTBO XapaKTEPUCTHK yKa3bIBAE€T HA CaMOCTOSTEIIBHBIH
W BaXHBIH TIPUHIMI, KOTOPBIH HMEHYETCS CIENyIOUMM 00pa3oM — npuHyun
CIOPbLEKMUBHOCHIU.

ITpu dhopmupoBaHuy J1000T0 MPOLECCHOTO IKCILTYAaTAHOHHOTO IIM(POBOTO JIBOWHHUKA
MpUpOJa JETePMHUHUPOBAHHOCTH HabOpa XapaKTEepUCTHK CBOMM HaOOpOM MapaMeTpoB
HUKAaKoro 3HaueHHMsi He wumeer. Kak 3amuch B UU(POBOH JBOWHHK MNapbl BEKTOPOB
(mapaMeTpoB M XapaKTEPUCTHK), TaK U U3BJICYCHUE XapaKTEPUCTHK IO TEKYIIHUM BXOJHBIM
rnapaMerpamM TpH HCIOJb30BaHWM UU(POBOro JIBOMHMKA JODKEH HMETh YHCTO
MEXaHHUCTHYECKHH Xapakrep. TeM cambiM 00OCHYeMbI IepedeHb NPHUHIMIIOM MO>KHO
TIOJIOHHUTD €IIE OHUM — NPUHYUNOM USHOPUPOBANHUS NPUYUHHOCTIU.

OnepanoHHbIH M(GPOBOI JBOWHHUK CPEAN IPOUETO BKIIOYALT B ce0s1 MaTeMaTHIECKUE
MOJIETIH, PETPOCHEKTUBHYI0 MH(POPMAIHIO, TU(PPOBHIE IBOHHUKU JIPYTrHX CYAOB TOTO JKe
TUMA T.I., KOTOPbIE «BKIIOYAIOTCS» B pabOTy B IIEPBYIO OYepelb IIPU BO3HHUKHOBEHUH
HEOOXOJMMOCTH BOCIIOJIHUTh HMH(POPMAIMOHHBIE TPOOETbl B MPOLECCHOM IH(POBOM
nBOWHHKE. B TakoMm cimywyae, Kak W B cllydae COBMECTHOTO HCIOJB30BAaHUS JaHHBIX,
MOJYYEHHBIX KOCBEHHBIM (U4epe3 MaTeMaTH4ecKUe MOJIENU U 11p.) U NPSAMBIM (ITOCPEACTBOM
U3MEPeHuil) myTéM, MPOIECCHBIA HUGPOBONW IBOWHUK [O/DKEH OINPEACNIATh LEHHOCTh
JAHHBIX OT KaXXJOTO HMCTOYHHKA, T.€. JIOJDKEH «B3BEIIMBATH» WX, OICHWBAs CTEICHb
MPUMEHUMOCTH. TakuMm o0pa3om, mporeaypa (GopMupoBaHusi ITUGPOBOTO JIBOWHHKA
JIOJDKHA COOTBETCTBOBATh NPUHYUNY 636CULEHHO20 UCNONb30BAHUSL OAHHBIX.
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B wnrore, npu popMUpOBaHMH MPOLECCHOTO KCITYaTallHOHHOTO I(POBOro ABOMHNKA
Cy/JHa He0OXOIMMO MTPUHUMATh BO BHUMAaHHE CJIEYIOIINE TPUHIIMITBI:
— NPUHLMI a/IeKBaTHOCTH;
— NPUHLUI HEOOXOANMOHN TOYHOCTH;
— NPUHLUI UHIUBHIYaJILHOCTH;
— IPHHLHI arperupoBaHHOCTH;
— MIPHUHITAI KOHEYHOCTH (OTPaHUIEHHOCTH B 00BEME);
— IPHHIHI OLICHUBAHUS ITOJTHOTHI H €€ TOCTaTOYHOCTH;
— IPHHIHUI AUCKPETHOCTH U KBAa3UIMCKPETHOCTH;
— IPHHIHI BOJIIOTUBHOCTH;
— NPUHLUI CIOPBEKTUBHOCTH;
— NPUHLUI UTHOPUPOBAHUS IPUYUHHOCTH;
— NPUHLUI B3BEIIEHHOTO UCIIOJIb30BaHMs IaHHBIX.

[IpencraBneHHBIl NepedeHb HE SIBISAETCS HCYEPIBIBAIOIINM, OJHAKO OH COJEPIKUT
OCHOBHBIE TIpaBHia (GOpMHUPOBaHMS UPPOBOrO JBOMHHMKA, CIIENOBAHHE KOTOPHIM JOJIKHO
MaKCHMaJIbHO  CIIOCOOCTBOBAaTh  MOJYYEHHIO A(GQPEKTUBHOTO HMHCTPYMEHTapusl s
NPOTHO3UPOBAHUS Pa3BHTHS JIIOOOr0 Ipolecca, CBA3AHHOTO C IKCIUTyaTallHeil MOPCKOTrO
CyZHa.

3akarouenue

Texnonmoruss tudpossix nBoiHMKOB (Digital Twins Technology), HecmoTps Ha
60JIBIIIOE KOJTMYIECTBO IPOOIIEM, IPETIATCTBYIONINX €€ MAaCCOBOMY BHEIPEHHIO B HACTOSIINI
MOMEHT, BHUIWTCA OJHMM H3 CaMbIX IEPCIEKTHBHBIX HAIPaBICHHUN Pa3BUTUS MOPCKOTO
¢ora. Bonee Toro, cyumecTByloIlMe TEHACHUMH B cdepe aBTOHOMHOIO CYAOXOJCTBA
JIeTaloT 3Ty TexXHoJoruio emé Oojee BocTpeOOBaHHOI. B ycloOBHAX CTpEeMHTENHHOTO
pa3BUTHs KOHLEMIIMM MOPCKMX aBTOHOMHBIX HAJBOJHBIX CYIOB BO3HHKACT HACYI[HBIN
BOIIPOC O CO3JJAHUU UHTEJUIEKTYaJIbHBIX CHUCTEM, KOTOpPBIE HE NMPOCTO MOBTOPSIIOT ACHCTBUS
YeloBeKa, HO M CIIOCOOHBI INpe/CKa3blBaTh Pa3BUTHE CUTYAIMM, AaHAJIU3UPYS OTPOMHBIC
00BEMBI JaHHBIX B peadbHOM BpeMeHH. LIndpoBoii HBOMHHK, MpenCcTaBILIOMNN CcOOO0
BUPTYJIBHYIO KOTIHIO (PU3MIECKOTO 00BEKTa, KOTOPBII MOCTOSIHHO OOMEHHUBACTCS JaHHBIMH
C HHUM, SBISIETCS HICANbHBIM HMHCTPYMEHTOM MUl pelleHus 3Tod 3amaun. B cdepe
CyIOXOJICTBA OH TIIO3BOJIICT IIEPEHTH OT pPEaKTHBHOTO YIPAaBJICHMS, KOTJAa pEIICHHS
NIPUHUMAIOTCS TT0CIe M3MEHEHHs OOCTaHOBKH, K IPOAKTHBHOMY, KOTJla CHCTEMa 3apaHee
MIPOCYHUTHIBAET HECKOJIBKO CIIEHAPHUEB M NPEIIaraeT ONTHMAaIbHBIN BapHUaHT.

B oTnuune oT CyXomyTHBIX (PM3MYECKMX OOBEKTOB MOPCKOE CYIHO AJS pealn3alliu
UUQPPOBBIX JBOWHHKOB SIBJISIETCS OOBEKTOM 0oJiee CIIOKHBIM, a, TOYHee, OoJee
npoOeMaTHIHbIM. B mepByro ouepeib, 3TO CBSI3aHO ¢ HEOOXOAUMOCTHIO HATMYUS HA OOPTY
CpeICTB XpaHeHus uHpopmanuu, 00béM KOTOpoit B ciaydae DT mo3BosiseT OTHECTH UX K
OonmpiuM  gaHHbiM  (big data). B cBoioo ouepenb, BapHaHT O0JAYHOTO XpaHEHHs
NIpeycMaTpUBaeT HalM4yMe HAAEKHOTO HENPEPHIBHOTO BBICOKOCKOPOCTHOTO MHTepHeT-
coennHeHUs. MeHbas mpobyieMa MMeeT MEeCTO OBITh ¢ MCTOYHUKAMM JaHHBIX IU(PPOBOTO
JBOMHNKA. B 3THX HEIsIX MOXET MCIIOJIb30BaThCS HABUTAIIMOHHOE W MHOE 00OpYyIOBaHHE
COBPEMEHHBIX MOPCKHX CYJIOB, SIBJISIFOLIIEECS ISl HUX IITAaTHBIM (00s3aTensHbM). Emé ogna
npobiieMa — MeTojoJ0THYecKoe obecrieuyeHrne (OPMUPOBAHUS IM(PPOBOTO JBOWHUKA —
0TYACTH pelieHa B HACTOAMIeH craThe, mMocBAMEHHOH DTO — mudpoBBIM IBOWHHUKAM
MIPOIIECCOB, Ml KOTOPBIX TIPUBENEHBI ONHCaHWe (B TOM dUHCIe Tpadudeckoe) W
chopmynupoBaHbl (00OCHOBAHBI) SNl MPABHUI MPEICTABICHUS MapaMETPOB, «ITUTAIOIIIX)
DTO, u XxapaKkTepUCTHK, ABJSIOIIUXCS PE3YIHTATOM €ro PabOoThI.

Bce m3noxeHHBIE B HacTosmiel paboTe MOJOXKEHHS HMEIOT OTHOLICHHWE K JII00OMY
MIPOIIECCHOMY CYJOBOMY IBOWHHUKY CyIHA (T.€. K JFOOOMY SKCIUTYaTallHOHHOMY IPOIECCY).
OpHako, M3HAYAIBHO aKIEHT OBUI CAeNIaH Ha MaHEBPHUPOBAHHH U CKOPOCTHOM IIPOCETaHUH.
B pamkax ke HpOJOIDKSHWSI WCCIENOBaHMS BHIUTCS B HEPBYIO Oouepeab HEO0OXOIUMOi
pa3paboTka METOJMKH OLEHKH IIOJHOTHI M JIOCTATOYHOCTH IH(POBOro IBOITHMKA,
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000CHOBaHHME €ro cojepkaHus (MepeYcHb IMapaMeTPOB U XapaKTEPHCTHUK), IMOA00p
HAQ/IICKAIUX MaTEeMaTHICCKUX MOJIeNeH, GopMyI U alropuT™MOB, pa3paboTKa METOMKH 110
UX aKTyanu3anud (yTOYHCHHIO) TOCPEJCTBOM HCIOJb30BaHUS 3amucaHHbix B DT map
«BEKTOp TapaMEeTPOB — BEKTOP XapakTepucTuk». OIHOBPEMEHHO CICAYET OXKHUAATh
TEXHUYECKUX U TMPOrPaMMHBIX PEIICHUH, KacalolUXCS METOJOB M CPEACTB XPaHCHUS
00JIBIIOT0 00BEMA TaHHBIX.
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IIpakTH4YecKHd aHAJIU3 PUCKA BOSHUKHOBECHHUS «YUCTOW) MOTEPH
OCTOMYMBOCTH NMPH 32JIMBAHUHU NATY0bI HA PUMeEpe CyIHA
«OLYMPIC INTERVENTION IV»

M.B. Ocokun

ORCID: 0009-0003-7596-6993

M.B. KykoB

Bonorcckuii 2ocydapcmeennbiil yHugepcumem 600H020 mparcnopma, 2. Husxcnuii Hoe2opoo,
Poccus

AnHoTanusi. O6s3aTeIbHbIE MUHUMANIbHbIE KPUTEPUH OCTOMYUBOCTH CyJHA, MPEIIICaHHbIE
MexyHapoaHbIM KOAEKCOM IO OCTOMYMBOCTH CYJIOB B HENOBPEKAEHHOM COCTOSHUM,
0a3upyloTCsS Ha CTAaTHCTHKE aBapuil M HE YYHUTHIBAIOT pa3Mepbl U OCOOCHHOCTH O0OBOJOB
KOPITyCOB KOHKPETHBIX CYJIOB IIPU pacuéTe UX MOBEACHUS B yCIOBUSAX BoiaHeHHs. C MOMeHTa
npuHATHA Kojekca B 2008 ronqy y4€HBIMM pa3HBIX CTpaH BBINONHEH OOJIBIION OO0BEM
HCCIIEIOBAaHUM IO OLEHKE AMHAMHUYECKOH OCTOMYMBOCTH CYyJOB pa3IM4YHBIX THUIOB B
ycinoBusx BomHeHus. COBpEeMEHHOE MAaTeMaTHYecKoe MOJACIUPOBAaHUE  MO3BOJAET
JOCTaTOYHO TOYHO IPOTHO3HPOBATH IIOJISI BETPOBOTO BOJMHEHMS M 3bI0M B PA3IMIHBIX
paiiorax Muposoro okeana. ITosromy Komuterom nmo 6e3onacHocti Mopermasanus MO
npuaato IlpenBapurensHOEe  PYKOBOACTBO KO  BTOPOMY — IIOKOJICHHIO — KPHUTEPHUEB
OCTOMYMBOCTU HEMOBPEXKIEHHOIO Cy/HAa B YCIOBUSAX BOJIHEHMS, U3JI0XKEHHOE B LIUPKYJIApax
Nel627 u Nel652. B HHX cKa3aHO O TOM, YTO JUIsSI ONpPENeiEHHBIX CYIOB METOJbI pacuéra
HEKOTOPBIX KPUTEpUEB, MOTYT [JaBaTh HEIOCTOBEpPHBIE pPE3yNbTaTbl. B uyacTHOCTH, 3TO
aKTyaJbHO JUISl HU3KOOOPTHBIX CY/IOB, HOABEP)KEHHBIX 3aJMBAHUIO OTKPBITOHM ManyObl IpH
pacuére Tak Ha3bIBAEMON «UYUCTON» IMOTEpU OCTOMUMBOCTU. JlaHHAs CTaThsl MOCBSLIEHA
TIOMBITKE YTOYHEHUSI METO/I0B PAcUéTa yA3BUMOCTH OCTOMYNBOCTU HU3KOOOPTHBIX CYIOB MO
YKa3aHHOMY KPUTEPHIO.

KioueBble ci10Ba: BTOPOE MOKOJICHUE KPUTEPHEB OCTOMYMBOCTU HEMOBPEKIEHHOTO CY/IHA,
YucTasi MOTepsi OCTOWYMBOCTH, MOMCHT WHEPIIMU JICHCTBYIONICH BAaTEPIMHHH, 3aTHBaHUC
nanyOsl Cy/IHA.

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

OoOecrieueHne 0€30MaCHOCTH MOpEIUIABaHUS, B YacTHOCTH — COOJIOJICHHE HOPM
OCTOMYMBOCTH CynHa, SBIACTCA (YHIAMEHTANBHON 3amadeid TP NPOCKTHPOBAHUH U
9KCIITyaTallid MOPCKUX CynoB. OOs3aTeNbHbIE KPUTEPUN OCTOMYMBOCTH, W3JIOKCHHBIC B
gyacth A HpHe paelictByromero Komekca [l] ocHOBaHBI Ha CTaTHUCTUKE aBapuid H
MIPEATIONaraloT HEKYH0 YHHBEPCAIBHOCTh, TO €CTh JOJDKHBI HMOAXOAWTH AL BCEX CYIOB
Hambollee pacmlpoCTpaHEHHBIX THIIOB, HE3aBUCHMO OT 00BOZOB Kopmyca. CoBpeMeHHBIE
HOPMBI TMHAMHYECKOH OCTOMYMBOCTH Ha BOJIHE, pa3pabaTeiBaeMble MexIyHapOIHOH
Mopckoii opranuzanuei (IMO), uznoxennsie B [2] U yTouHseMble B [3], OCHOBaHBI Ha
MMPOBOAMMBIX B MOCJICAHUC T'OJbl HAYUYHBIX HUCCJICIAOBAHUAX B 007aCTH BIUSHUS MOPCKOIr'o
BOJIHEHUsSI Ha OCTOHYMBOCTH cynHa, monoOHbIX [4]. Cpeau NATH OCHOBHBIX PEXUMOB
YSI3BUMOCTH OCTOMYMBOCTH, YYUTHIBAEMBIX B KpPUTEpHsAX BTOporo mnokoijeHus (Second
Generation Intact Stability Criteria), ocoboe MecTO 3aHMMAacT TaK Ha3bIBacMasl «UUCTasD)
norepsi octoitunBoctu (Pure Loss of Stability). /laHHOe siBIeHHE CTAaHOBHUTCS OCOOEHHO
CIIOKHBIM Ui TPOTHO3HUPOBAHHS, KOTZA JABWKEHHE CyJHAa B YCIOBHAX BOJHCHHSA
COIIPOBOXKIAETCS 3aJMBAHHUEM OTKPBITHIX YYACTKOB IMAlyOBbl, 4TO, XapaKTEpHO VI CYyJOB,
NIpeAHa3HAYCHHBIX A1 OOCITyKMBaHUS OYypOBBIX IUIATGOPM C HAACTPOMKOH B HOCOBOM
YacTH KOPITyCa, HHU3KMM HAJBOAHBIM OOpPTOM M OOJBIION IPOTSKEHHOCTBIO MATyObI-
IUIOIAJKH, PACHOJNIOKEHHOW 3a HAACTPOMKOM B CTOPOHY KOPMBI, TakHUX Kak
paccmaTpuBaeMoe B KauecTBe TNipuMepa B JaHHOW ctatbe cyaHo «OLYMPIC
INTERVENTION IVy, noctpoennoe o npoexkty ULSTEIN P101. B mupkynsape Komurera
no OesomacHocTH MopemnaBanuss WMO [2] ynoMsHYTBI OrpaHUYEHHs, HPHUCYILUE
MMpUBOJAUMBIM B HEM METOAaM OLICHKU OCTOHYHUBOCTH C TOYKHU 3pC€HUA pa3IMYHBIX BHUJI0B
ySI3BUMOCTEH. B TOM uucne, B HEM CKa3aHO, YTO KPUTEPUH ySI3BUMOCTH OCTOMYMBOCTH IS
peXHMa «UUCTOI» MOTEpH OCTONUMBOCTU JaeT HEIOCTOBEPHBIC PE3yIbTAThl IS CYIOB C
HU3KUM HaABOIHBIM OopToM, a B [3] yTouHsercs, 4To peub HIET Kak pa3 O Cyaax,
MOJIOOHBIX PacCMaTPUBAEMOMY B JTaHHOMW CTaTbe.

Duznyeckmii CMbIC] «HUCTOI MOTEPU OCTOMYMBOCTH

Tak Ha3zpIBaeMasi «4UCTasH» NOTEPS OCTOMUYMBOCTH — JUHAMHYECKOE SIBJICHUE, KOTOPOE
BO3HMKAaeT, KOT/la y CyJHA, MMEIOMIET0 pa3Bajl OOpPTOB B OKOHEYHOCTSAX KOpIyca, 3TH
OKOHEYHOCTH TIONAJal0T Ha BIAJUHBI JIOCTATOYHO JUIMHHBIX BOJIH. SIBIICHME OCOOEHHO
BBIPAQKEHO, KOTJa JJMHA MOCIETHMX ONM3Ka K JUIMHE CyAHA. ['peOHM BONH HpU ITOM
OKa3bIBAIOTCS HAa NWIMHIPUYECKOH BCTaBKe, TIJAe OOpTa BEepTHKAJIBHBI M OPAWHATHI
JeHCTBYIONIEH BaTepINHUU HE 3aBUCAT OT YPOBHA BOAbI y 60pTa. C 0AHOI CTOPOHEL, B 3TOM
NIOJIOKEHUH PACIPEENICHUe CUII IIaBy4eCTH 110 JJIMHE KOPIyca MEHSETCS 10 CPABHEHMIO
CO CIOKOMHOM BojoW. Eciii BoJIHA MMeeT UIHHY, OJM3KYHO 110 3HAYCHHIO K JUIMHE CyIHA, a
e BeplIMHA HAXOIUTCSA B pailoHe MUJEINs, HOC W KOPMa OKa3bIBAIOTCS BOJM3M IOIOMIB
COCEJHMX BOJIH, YTO MPHUBOAMT K 3HAYUTEIBHOMY YMEHBIIEHHIO CHJI ILIABy4eCTH B
OKOHEYHOCTAX C OJHOBPEMEHHBIM MX YBEIMYEHHEM B CpeJHeld dacTu Kkopmyca. Takoe
niepepacrpezieJieHle CHJI IJIaBydecTH OKa3bIBaeT BIMSHUE Ha OOIIYIO NMMPOYHOCTH KOPITyca.
C npyroi CTOPOHBI, €CIIU HE YYUTHIBATh BEPTHUKAIBHYIO KauKy M BIUSHHE HA KOPIYC CUII
HHEpUUH, TpU pacdyére OCTOMYMBOCTH BEJIMYMHA U ANIUIMKAaTa TOYKH MPUIIOKEHUS
PaBHOJAEHCTBYIOIIEH CWJI IUIABY4ECTH Ha BOJIHE HE CWJIBHO MEHSIOTCA 10 CPAaBHEHUIO C
TaKOBBIMH Ha CIIOKOHOI BO/ie, TaK KaK POCT aIllUIMKAT TOYEK MPUIOKEHUS CHII IIJIaBY9EeCTH
B paiioHe muzens (Ha rpeOHe BOJHBI) KOMIICHCHPYETCS MX YMEHBIICHHEM B OKOHEYHOCTSX
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(Ha BmaguHax BoyiH). OnHAKo, TPH 3TOM Yy CyJIHA, HMEIOIIEro pas3Bal OOpTOB B
OKOHEYHOCTSIX KOpIyca, HW3-3a IOHW)KEHHS YpPOBHS BOJBI y OOpTa B 3THX MecTax
YMEHBILIAIOTCSI OpAMHATHI  JICUCTBYIOWIEH BaTepauHUHM. Kak M3BECTHO, 3HaYeHHE
METalleHTPUYECKOTO pajauyca (BJIUSIONIET0 Ha 3HAYEHHE AallUIMKaThl IONEPEeYHOro
METaleHTpa) NPsMO MPONOPIMOHAIFHO MOMEHTY HWHEPLUWH ACHCTBYIOLIEH BaTepIMHHUN
OTHOCHTEINBHO €€ IIPONOJIBEHOI OCH, 3aBHUCAIIEMY OT HHTErpajia KyOOB OpIAHUHAT BAaTCPINHHU
mo e€¢ mmHe. B mmpkymsape [2] Uil OUEHKHM YA3BUMOCTH II0 «JHCTOW» TOTEpe
OCTOIYMBOCTH CyZHA, 00JaIAIOIIEro JOCTATOYHO BEICOKMM HaJBOIHBIM OOPTOM Ha ITEPBOM
YpOBHE (T10J] 5THM TEPMHHOM II0Jpa3yMeBaeTcs HAUXyIIINi TEOPETHISCKHI ciTydaid, Koraa
BOJIHCHHE YCJIOBHO NPUHUMACTCS PETYISPHBIM) NPEAJIaraeTcsi pacCUUTHIBaTh H3MEHEHHE
METaleHTPHUYECKOH BBICOTHI Yepe3 M3MEHEHHE METAllCHTPUYECKOro paguyca ¢ IOMOIIBI0
MOMEHTa MHEPIHMHU JISHCTBYIOIIEH BaTEPJIMHIY [IPU OCaJIKe, PABHOM:

d, =d—é&d, (€Y

rae 6d;, = d — 0.25dsy, wm 6d;, = 0'034L/2, YTO MEHBIIIE.

3meck d — cpeqHsst ocagKa CyAHa IpU TAHHOH 3arpy3ke Ha CIIOKOWHOH BOJE.
dpyy - OCAZKa Cy[IHA PU HOJIHOM 3arpy3Ke Ha CIIOKOHHOH BoJe.
IIpu atom d — 0.25df,,;; HE MOXKET OBITH MEHBIITE HYJIA.
L — BenuyuHa, npuHUMaemMasi paBHO 96% IJIMHBI Cy/iHA TI0 BaTEPIHMHUH, TPOXOAsIEH
Ha BBICOTE, paBHOI 85% pacu€THO BHICOTHI OOpTa, N3MEPEHHOW OT BEPXHEIl KPOMKHU KIS,
WIN JUTMHE OT MepeAHeil KpOMKH (OpIITEBHsI O OCH Oaisiepa pylisi O TOH ke BaTepJIMHUY,
€CIIH 3Ta JUIMHA OOoJbIIe.
Kak Buanm, B 3TOM citydae BBICOTA BOJIHBI IPHHUMAETCS TAKOH, YTO BOJA HE MOMALacT
Ha OTKPHITYI0 mnamy0y W W3MEHEHHE MOMEHTa WHEPIMH JeHCTBYIOIIEH BaTepIMHUA
MIPOMCXOIUT TOJBKO M3-3a pas3Baja OOpToB. B ciyuae 3anmBaHus mnamyObl y cynHa,
00afaromero HU3KUM HaJBOJHBIM OOpPTOM M OOJBHION NPOTSHKEHHOCTHIO OTKPHITOH
nanyObl, Ta 4acTh MOCJIEAHEH, KOTOpasi OKa3bIBa€TCs IMOJ BOJOW, HOJKHA BBIYMTATHCS U3
IUIOINAAN JeHCTBYIOIIEH BaTepiIMHUU, YTO NMPHUBOIAUT K YMEHBIICHHUIO JJIMHBI BaTCPIUHUI
Ha JUIMHY 3aJMBaHUA U OpJUHAT BaTCPIMHUH HA 3QJIMBA€MOM y4acTKe KOpIyca 10 HyJs U
JIOTIOJTHUTEIbHO YMEHbIIAeT YHNOMSHYTBIM MOMEHT uHepuud. OJHUMH U3 KIHOUEBBIX
IapaMeTpOB OCTOMUYMBOCTH SBISAIOTCS MeTalleHTpudeckas BeicoTa (GM) u, Kak cieacTBue,
IUIeYH BOCCTaHaBIMBaronero MoMeHTa (GZ), 3HaueHHUsI KOTOPBIX 3aBUCAT OT aNIlIMKATHI
METaIeHTpa, a 3HAYNT — METALIEHTPUUECKOTO pajuyca. Y Cy/AHa, HaXOJIIETocs CepeIMHOM
KOpIyca Ha BEpIIMHE BOJIHBI, BeandnHa GM MOXeT ymacTe HIDKE JHMHTHPYIOLIETO
3Ha4YeHUs (cormacHO IHPKymsipy [2] oHo cocrtaBmier 0,05 M) wmm Jaxe craTh
OoTpuUaTeNbHbIM. Ecu B 3TO Bpemsi BHEIIHMHA KpPEHSLIMH MOMEHT, BO3ACHCTBYIOUIMI Ha
CyIHO, TIPEBBICUT BOCCTaHABIMBAIOIIMI, CyJHO NOTEpsieT OCTOHYMBOCTH. OMacHOCTBH
ycyryOusercss TeM, 4TO IpU MOTepe OCTOMYMBOCTH Ha BEPIIMHE MOMYTHOH BOJHBI CYIHO
HMMEET HU3KYI0 OTHOCHUTENBHYI0 CKOPOCTh II0 CPaBHEHHIO C (pa30BOil CKOPOCTHIO BOJHBI, &
3HAYHT, JAEPKUTCA B 9TOM IOJ0KEHHU OTHOCHTEIBHO TPeOHS AOCTaTOYHO JONT0, HE HMes
3araca BpEMEHHU JUJIsl BOCCTAHOBJIEHUSI OCTOMYMBOCTH, KOTOPOE IIPOU30MAET NIPU CMELICHUU
rpeOHel BOJMH BIOJb Kopmyca B Oosiee OJAarompusiTHOE C TOYKH 3PEHHUST OCTOMYHMBOCTH
oJIoXKeHue. J{Jist CyZ0oB ¢ MPOTSHKEHHOM OTKPBITON May0oi 1 HU3KUM HaJBOJHBIM OOPTOM
(low weather deck), Takux kak mopckue cHabxeHipl (Offshore Supply Vessels — OSV)
cyma tuma ULSTEIN P101, mpoGiema «4uCTOI» MOTEpH OCTOWYMBOCTH TECHO CBSI3aHA C
stuM 3pdekrom. Tlpm 3TOM Hammume QanbIIOOPTOB HA OTKPHITOH mamyde MOMKET
CHOCOOCTBOBaTh BPEMEHHOMY YJIEp)KaHHIO Ha HEil BOJBI, KOTOpas IONaJaeT Tynxa IpH
3axXJIECTHIBAHWM TanyObl BoJMHaMH ¢ KopMmbl. IlpucyrcTBue Bonasl Ha mnamybe cospgaér
JIBOMCTBEHHBIH 3 deKT:
— YBennyeHne mepuona GOpPTOBOM KaykW (IIPHU MOTEPE OCTOWYMBOCTH —
MHOTJIA 10 «3aBHCAHI» CyAHA HA MaKCHMAaJIBHOM yTJIe KpeHa). YXyIIIeHHe
OCTOMYMBOCTH YMEHBIIAET YCKOPEHUS NPH KadyKe M, COOTBETCTBEHHO, CHJIBI
HMHEPLMH, NEHCTBYIOIINE HA CYJHO M BCE, YTO Ha HEM HAXOAMTCS, BKIOYAs
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Jrozieil, n TakuM 00pa3oM (OpPMabHO MOBBIIIAET KOM(POPT U 0E30MaCHOCTh B
HEKOTOPBIX peKUMax IIaBaHUsl.

— IoTepst MM 3HAYUTENEHOE CHUKEHUE NONEPEYHOI OCTOWYMBOCTH CaMU
no cebe sABIAIOTCS HeraTWBHBIMK (aktopamu. I[lpu wucrnosns3oBaHuM B
pacuéTax Tak Ha3bplBaéMOro MeToja IHpuéMma rpy3a BOJa, IOMNaBIIasg Ha
nany0Oy, pacloN0oXEeHHYIO BBIIIE BaTCPIUHNH, CUUTACTCA ACHCTBYIOLIEH, KaKk
KHUIKANA TPy3 ¢ OONBIIONH CBOOOTHOW IMOBEPXHOCTBIO, «IIONHUMAS» IICHTP
TSHKECTH BCEr0 cyaHa. IIpM HCHNONB30BAaHMM METOAA MOCTOSHHOTO
BONOM3MEIIEHHA, KaK YKa3aHO BBIIIE, YYUTBIBAETCA  YMEHBLICHHE
METALIEHTPUYECKOTO  paguyca U3-32 YMEHBIICHHWS MOMEHTa HHEPIHHU
JNEHCTBYIONMIEH BaTepIMHUU, YTO (OpManbHO «OITycKaeT» MeTaleHTp. B
JM000M Cydyae IPOHMCXOMUT YMEHBILIEHHE Iuledya BOCCTaHABJIMBAIOLIETO
MOMeHTa. B orimume OT 1mcTepH, muMpHHa CBOOOJHOI MOBEPXHOCTH Ha
namy0e orpaHMYeHa TOJBKO IIMPHHOW CyJHA, YTO CO3JaeT MaKCHMaJbHO
BO3MOXXHBII OTpUIATENILHBII MOMEHT WHEPUUH CBOOOIHOW IOBEPXHOCTH.
Bonee Toro, B oTnM4uMe OT IpueMa Ipy3a HIDKE BaTepiIMHUU (a TOUHEE —
HEUTPAIILHOU IIJIOCKOCTH, HaxoJsIIencs B 3aBUCHUMOCTH oT
METAIlCHTPUYECKOH BBICOTHI HIDKC M BOJNM3M WJINM 3HAYUTEIBHO HIDKE
BaTEPJIMHNN), T/I€ BEC JKHIKOCTH, AK€ UMEIONEeH CBOOOIHYIO TOBEPXHOCTD,
YACTHYHO YJy4IIaeT OCTOMYMBOCTh, NPHEM BOABI Ha mamyOy Bcerma eé
YMEHBIIAET.

OueHka yA3BUMOCTH 110 KPUTEPHIO «YUCTOI» MOTEPH OCTOMYUBOCTH JJIs1
HHM3KO00OPTHBIX CYAOB C NPOTSI’KeHHOI OTKPBITOM NMany0oii Ha NpuMepe cyAHa
«OLYMPIC INTERVENTION IV»

OCHOBHBIE XapaKTEPHCTHKA M CXEMaTHYHOE HM300pa)KCHUE CyIHA IPEACTaBJICHBI Ha
pucyHke 1. MonenbHble 3KCTIEPHUMEHTHI, NPOBEJCHHBIE A cyaoB Tuma OSV, mokasaiu,
YTO KJIacCHYecKas KapTHHA «IHCTOW» MOTEpU OCTOMYMBOCTH, MPEACKa3aHHas TeOpHUeH, I
CyJIOB C HHU3KUM HAaJBOAHBIM OOpPTOM W JUIMHHOW OTKPBITOH MNaly0oil MOXET He
peann3oBBIBaTECS. BMeECTo 3TOro JOMUHHPYIOIIMM (DaKTOPOM CTAaHOBUTCSA BIMSHHE
3aJMBaHMS NATyObl. BBUIO MOATBEP)KAEHO, YTO IUI CYAOB C JJIMHONH OTKPBITOW MayOBl,
cocraparomieir 6omee 0.4 mmmaBl Mexay mneprneHaukysipama (LPP) um otcyrcTBHEM
TIOJTHOTO OTpaKAEHHS NailyObl (aibmOOpTOM, CTaHAAPTHBIE KPUTEPHUH «UHCTON» IOTEPH
OCTOIUUBOCTH MPUMEHATHCA HE HOJDKHBI, TaK KaK peallbHas OMNAaCHOCTh 3aKJIIOYAETCS B
MoTepe OCTOMYMBOCTH H3-32 CKOIUICHHMS BOJBI Ha mamybe. g OLEHKH CTeneHH
JONOJTHUTENBHOTO ~ BIUSHMUA 3ajJMBaHMA MNalyObl Ha OCTOMYMBOCTE B  IIpolecce
9KCIUTyaTallil CyJHAa C MCIOJIB30BAHMEM HMEIOIIEHCsS Ha OOpTy MOKyMEHTAllMd MOXKHO
MIPEUIOKUTh METOI, OIIMCAHHBIN HIke. [Ipumem crienyromiie JOmyIeHNs:

— peanbHbIl MPo(UIL BETPOBOWM BOJIHBI, OMU3KHA K HECHMMETPUYHOMN
TPOXOMJIE, 3aMEHSETCS KOCHUHYCOMIOH C aMIUIUTYIOH, PaBHOU IOJIOBHHE
BBICOTHI BOJIHBI M OCBIO a0cIMcC, HaXOJSIIEHcss Ha ypOBHE BaTEpPIMHHUU Ha
CIIOKOIHOH Bozie (KpacHas TUHHA Ha puc. 1),

— BEpPTHUKaJbHAas Ka4Ka OTCYTCTBYET.
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ULSTEIN P101
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MAIN PARTICULARS, MOULDED VALUES
Length between perpendidulars B1.95 m
Ereadth < < 20.50 m
Depth to maindeck - a o 5.00 m
Summer load draught " 7.00 m
DEADWEIGHT AT SUMMER LOAD DRAUGHT
Deadweight 3TEBZ T
Block coefficient 0.703
Displacement, moulded 8475 T
Displacement, total B517 T
Volume, moulded B2T72 m3
Volume, total B309 m3
Puc. 1. Cxematnunoe n300pakeHHe M 00IINE XapaKTEPUCTHKH CyTHA
«OLYMPIC INTERVENTION IV»
YpaBHEHHE TaKOl KOCUHYCOUIBI MOKHO 3alKcaTh B BUJIE:
h 27X 2)
= -COS|—
y=3 ( A )’

re h — BBICOTa BOJIHEL.

A — IUIMHA BOJIHEL.

Y - BepTUKAJIBHOE PACCTOSIHUE MEXIY YPOBHEM CIIOKOMHOM BOABI IPH 3aJaHHOM OCajKe
U ypOBHEM BOJBI Ha NMpO(HUIe BOJHBI B TOYKAX €ro MepeceueHHss ¢ KPOMKOI OTKpPHITOM
nanyobl. B JaHHOM ciiyyae mnpHHUMaeTCs paBHBIM BBICOTE HAJIBOJHOTO OopTa Ha
CIIOKOMHOM BOJE.

X — FTOPU30HTAJILHOE PACCTOSHUE OT BEPILIMHBI MTPOQUISE BOJIHBI JO TOYKH IEPECeUSHUS
3Toro mpowisi ¢ KPOMKOH OTKpHITOW mamyObl (MOJOBMHA JUIMHBI 3aJIMBAEMON YacTH
naryOBr).

[punss 2 = 360, nmoacTaBUB 3HA4CHUS h U A W 3aJaBIIUCH 3HAYCHHEM Y , PAaBHBIM
BBICOTE HAJBOAHOTO OOpTa HA CIIOKOWHOH Boze, 1O (opMyJie (2) MOXKHO HAlTH 3HAUYCHHE X
U JAIUHY 3anuBaeMoll wacth mamyOel a = 2x. Torma BenWYMHAa MOTEPSHHOTO H3-3a
3aJIMBaHMS MOMEHTA HHEPINH ACUCTBYIONIEH BaTepIMHNH OyIeT paBHA:

dr, = % 3)
12
rae B —mwmpuHa cyaHa.
[ToTepst MeTaleHTpUYECKON BBHICOTHI N3-3a 3aJIMBAHMS NATyObl COCTaBHT:
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dGM = <=, @)
rae V — 00béMHOE BOJOM3MEIIICHHIE CyTHA MTPH JAHHOW OCaIKe.

B kauecTBe npumepa npuBeaEM OLEHKY BIUSHHUS HA «UUCTYIO» MOTEPIO OCTOMYMBOCTU
M3-32 3aJUBaHMUA TATyOBl [UIS PAacCMAaTPHBAEMOTO CYAHA BOJHBI C XapaKTePUCTHUKaMHU,
B3SATBIMH W3 TAaONHIBI pacIpeieleHus] BEPOSTHOCTH BO3HHKHOBEHHS BETPOBBIX BOJH C
OTIpeNIeIEHHBIMU BBICOTAMH W Tiepronamu it CeBepHOI ATIaHTHKH, MPUBEAEHHON B [2].
CormacHO »dTO Tabmuie BOJMHBI ¢ h =45M n A=878m (mMHA  BOJTHBI,
COOTBETCTBYIOIIAs MEPUONy 7.5 CeKkyH[, OJNM3Kas K JJIMHE CY/AHA), KOTOPhIC B MPHHIUIIC
MOTYT 00ECIICUUTh 3aJMBaHUE MANTYyObl IPU BBHICOTE HAJBOJIHOTO OOpTa 2 M (eC/U MPHUHSATS,
YTO CYJIHO CHUAMT MO JIETHIOIO OCAaJIKy, CM. €r0 OCHOBHBIE XapaKTEpUCTUKH Ha puc. 1)
00J1a1af0T BEPOSTHOCTHIO MOsBJICHUS 0K0J0 1,4 % (1354 cnyuas va 100000 HaGmoneHMIA).
ITo Toi#t e Tabauie BEpOATHOCTH MOSIBICHHSI BOJH C TAKO# e JJIMHO, HO BBICOTOH 5,5 M
cocraBiser okoiao 0,5 %, BONHEI OOJbIIEH JIHHBI BRICOTOH 4,5 M ¢ OOnbLION momei
BEPOATHOCTH HE OyAyT 3ammBaTh mHamy0y (KpoMe CilydaeB HaJMYWS TapMOHHYECKOTO
pe30oHaHCa KayKW), a BOJHBI MCHBIICH ATUHBI OymyT o0iamaTh BBICOTOH, MEHBIIEH, dyeM
YABOCHHAs BBICOTAa HAJBOTHOTO OOpTa HA CIIOKOWHOW BOIE, UTO IENAeT PAcCMOTPEHHUE
TaKAX CIy4aeB C TOYKU 3PCHUS TeMBI TaHHOU CTaThu OeccMbIcieHHBIM. [lo dopmyre (2)
ISl paccMaTpUBaeMoil BOJIHEI HodydaeM x =6.5 M, mo dopmyne (3) dI, = 455 m*, no
¢dbopmyrne (4) dGM = 0.055M. To ecTh W3-3a BO3MOXKHOTO 3aJIMBaHMs NHaTyOBl MPHU
paccMaTpuBaeMbIX MapaMeTpax BOJIHEHHWs METalleHTPUYECKas BBICOTA JJISi JAaHHOTO CyJHA
IIPY JJAHHOW 3arpy3Ke MOXKET YMEHBIIHUTCA Ha 5,5 CM IO CPaBHEHMUIO C METALEHTPUYECKOMI
BBICOTOH Ha THXOW Boje C BEpOSTHOCTHIO 1,4%. [lpu HaMMYuu TEOPETUUECKOTO uepTeka
Cy[lHa MOKHO HalTH OpJAUHATBl TOYEK IIEPECEUEHUs €ro ACHCTBYIOLIEH BATEPIIMHUU HA
BOJHE C TEOPETUYECKUMHU BATEPIMHUSIMH B OKOHEYHOCTAX KOpoyca M OLEHHUTH
JOTIOTHUTENBHYIO TOTEPI0 OCTOWYHMBOCTH Ha BOJIHE HM3-3a pa3Baja OOPTOB IO METOIHWKE,
U3NI0)KEHHOM B [5], mocine 4ero HAWTH MUHUMAQIBHO JIOINYCTUMOE 3HAYCHUE
METaLEHTPUYECKON BBICOTHI Ha THUXOH BOJE U1 paccMaTpPUBAEMOIO CyAHA IPU JaHHOHN
3arpy3Ke B 33JJaHHBIX YCJIOBUSAX BOJIHEHMUSL.

3akarouenue

AHanu3 npoOJIeMbl «IHCTONY MOTEPU OCTONUIHMBOCTH s cyoB Thmna OSV mokasbiBaer,
YTO TPaJAUIIMOHHBIE TIOAXO/IBI K OIICHKE 0€30MaCHOCTH, OCHOBAHHBIE TOJIBKO Ha AMarpamMMax
CTaTUYECKOI OCTOMYHMBOCTH, HEJIOCTATOYHBL. 3aJMBaHHUE NadyObl U y4ET BIMSHHS pa3Baia
OOpTOB HA OCTOMYMBOCTH HA BOJIHE BHOCHT KOPEHHbIE U3MEHEHHSI B JUHAMHKY MOBEACHUS
cynHa. C ofHOI CTOpPOHBI, cIOH BOJBI Ha Mayry0e MOXET BBICTYHaTh B PojiM Aemiipepa
KayKd, C Jpyrol — CO3JaeT MOCTOSHHYIO Yrpo3y IIOTEPH OCTOWYMBOCTH U3-3a
BO3HMKHOBEHHUS  JIONOJHUTEJILHOTO  KpEHSIIero MOMEHTa M CHIDKEHUs — 3amaca
BOCCTaHABIIMBAIOIIET0 MoOMeHTa. [lms obecriedeHUs Oe30MacHOM SKCIUTyaTalul CyIHA
«OLYMPIC INTERVENTION IV» Heo0Xx011M KOMIUIEKCHBIH ITOAXO0T, BKIFOYAIOIIHIA:

— Yder crnemupUKHA apXUTEKTYpHl (HAMYWE TPOTSHKCHHOW HU3KOM
maryOBl) TIPU pa3HBIX BapHALIUAX 3aTPy3KH.

— HUcnonp3oBanne COBpPEMEHHBIX METOZIOB MaTeMaTH4eCKOTo
MOJICIMPOBAHMS,  YYMTHIBAIOUIMX  JHHAMHUYECKOE  BO3ACHCTBHE  Ha
OCTOMYMBOCTH BO3MOKHOTO HAJIMYHS BOJBI Ha Manyoe.

— TimarenpHBIE aHANMM3 pa3peIIeHHBIX AKCIUTyaTaIl[HOHHBIX DPEXHMOB,
0COOEHHO NPH JABWKEHUHU HA MOITyTHOM BOJIHCHHH.

Tonmpko MOHWMaHHWE CIIOXKHBIX THAPOJUHAMUYECKHX IIPOIECCOB, a HE CIEIOBaHHE
yCTapeBIINM YIPOLIEHHBIM IpaBHiaM, CIIOCOOHO rapaHTUPOBATh 0E30MACHOCTh KHUIMAXKA U
JIOPOTOCTOSIIEr0 000PYIOBaHUS B COBPEMEHHBIX MOPCKUX ONEpaLUsX.
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AHHoOTanms. B naHHON cTaThbe paccMaTpUBAEeTCs BO3MOXKHOCTb COKpALIEHHS PacXxoloB U
TIOBBIIICHNST 3G (QEKTHBHOCTH HCIHOJB30BAHAS CYJOB ITyTeM ONTHMAJIbHOH PacCTaHOBKH
¢yota ¢ HCHONB30BaHMEM MaTEMAaTHYECKOM MOJENM M METOJOB ONTHUMHu3amuu. [lpu
IUTaHUPOBAaHUM CIIEAYIOIEro peiica He Bceraa MMeeTcsl NMOJIMCAaHHBIM JOroBOp: cHelKa
MOXKET HaXOIUTHCS Ha CTaJUU NEeperoBopoB. B pamkax maHHON paGOTHI IS IIIAHUPOBAHUS
peiicoB IOTOBOPHI OBLIM pa3/elieHbl HA «UUCTBIE» CHCNKH M 3asABKH HA IEPEBO3KY.
OKOHOMHKO-MaTeMaTH4IecKass MOJENIb II03BOJIUT MAaKCHUMH3HPOBAaTh NPHOBUI 3a CUET
ONTUMH3ALUN pPAcCTaHOBKU (iota W moadopa Hamboiee BHITOTHBIX OTOBOPOB — MpHU
YCIIOBHH, YTO MMEIOIIEECs] KOJIMYECTBO CYIOB CIIOCOOHO BBITIOJIHUTH BCE «UHCTBIE) CIEIKH.
B pacuerax ydmTHIBalOTCS YCIOBHS ITHX peiicoB, Takue Kak laycan, pabora mopToB B
BBIXOJHBIE JHH, HA4aJI0 CTAIMHHOTO BPEeMEHH, paiioH paboTsl. Enie oxHOM oTnnunTensHOM
0COOCHHOCTBIO MOJICNH SIBIISIETCS TO, YTO B 3asBKaX pacCMaTPHBACTCS] KOHKPETHBIH IPOEKT
CyaHa. JTO IO3BOJIUT B CIIydae HEXBATKU BBHIYMCIUTEIBHBIX MOIIHOCTEH COKPAaTHTh 00BbeM
3amaun. [lpyruMu cloBaMu, pacdeT BeIeTCs He 10 BCeMy MpOLEcCy IIENUKOM, a pa3buBaeTcs
Ha MOA3aJa4d — 0OpabaThIBAIOTCSI TOJBKO 3asBKH, OTHOCSIIUECS K OJHOMY HPOEKTY.
INomuMO 3TOrO, B COBPEMEHHBIX YCIOBHSAX IPHUXOAUTCS YUUTHIBATh CAHKIIMOHHBIE PHCKH.
Hanudre cooTBETCTBYIOIINX OTPAaHWYEHMI IO CTpaHaM, HATOKUBIIMM 3TH CaMble CAaHKIIUH,
MI03BOJIMT 0O0Jiee PEATHCTHYHO OLICHWBATH BO3SMOXKHOCTH BBINTOJHEHUS] KOHKPETHOTO peiica,
KOHKPETHBIM Cy/THOM.

KoroueBble ci1oBa: ontiuMusanust paboTsl (uioTa, olepaTHBHOE TIAHNPOBAaHUE, SIKOHOMHUKO-
MaTeMaTH4ecKasi MOJIeNb, ITIAaHUPOBaHUE PadoTHI (IIoTa.

Optimization of fleet operational planning using information
technologies
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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

OCHOBHOM LIETBIO JII000H KOMMEPUYECKOH OpraHu3aluy SBISETCS TIOJyYeHUE IPHOBUIH.
TpaHCIIOPTHBIC KOMIIAHMH, 3aHHUMAIOLIMECS MEPEBO3KOI Ppa3MUYHBIX BHAOB TPY30B, B
OOJIBIIMHCTBE CBOEM SIBIISIOTCS KOMMEPYECKMMH oOpraHusanusMu. Kak BceM H3BECTHO,
YBEJIMYHUTH MPUOBLUIH MOKHO 32 CHET POCTA JI0XOJ0B HIIM 32 CYET CHIDKEHHUS PAaCXOO0B.

CoBpeMeHHasi SKOHOMHKA XapaKTepusyeTcss OONBIIMM CIIPOCOM Ha TPaHCIOPTHBIC
YCIIyTH U HE MEHee 3HAYUTENILHBIM KOJIMYECTBOM IPEUIOKEHHH 1o nepeBoske. Ha peiHke
CYIIECTBYET KOHKYPEHLMS HE TOJIBKO MEXKIY CYIOXOIHBIMH KOMIIaHHSMH, HO H MEXIY
TPAHCIOPTHBIMH OPTaHU3aLMAMHE, 3aHUMAIOIIHMICS IEPEBO3KOH IPY30B APYTHMH BHAAMH
TpaHcnopTa. [1o3TOMy yBeNWYUTH MPUOBUIE 3a CYET IOBBIMICHHS CTABOK Ha IIEPEBO3KY
HEBO3MOXKHO: 3TO HPHBEACT K IOTEpe KIHMEHTOB, a caMa CTaBKa ()paxTa «IUKTYeTCs
PBIHKOM IIEpEeBO30K. B CBSI3W ¢ ATUM TPaHCIIOPTHBIE KOMITAHUH CTPEMSTCS K COKPAIICHHIO
U3EPIKEK U TOBBILIEHHIO 3()(hEKTUBHOCTH HUCITIOIb30BAHHS TPAHCIIOPTA.

B mocnenHue rompl B YCHOBUAX MHU(POBU3AIMH MOPCKOH OTpaciy HaOJIogaeTCs
pacTyIINil UHTEpPEC KPYIMHBIX CYI0XOHbIE KOMIIAHUI K BHEIPEHUIO METO/IOB ONTUMU3ALUU
ONEpaTHBHOIO IUIAHUPOBaHUS paboThl (uota. OTO 00YCIOBICHO HEOOXOIUMOCTBIO
HOBBIIECHUS d()(PEKTUBHOCTH HCIONB30BaHUS (IIOTa, MUHUMH3ALUHM DKCIUTYyaTAllMOHHBIX
Pacxo0B U YKPEIUICHHS! KOHKYPEHTHBIX TO3HIHH CYyJOXOIHBIX IPEIPUITHH.

B naHHOW paboTe paccMaTpHBacTCI BO3MOXKHOCTb COKpAIlCHUS pacXoloB H
HOBBILIECHUS 3()(GEKTUBHOCTH HCIIOJB30BAHUS CYJOB B COBPEMEHHBIX YCIOBHSX C YYETOM
0CcOOCHHOCTEH JOTOBOPOB Ha MEPEBO3KY — IMYTEM ONTHMAaJbHON paccTaHOBKU (iota ¢
NPUMCHCHAEM MaTeMaTHYeCKOH MOJAENM W METOHOB onTuMmu3auuu. lLlens paGoTel —
noBbIlIeHNe 3(P(PEKTHBHOCTH ONEPaTHBHOIO IIAHUPOBaHHUS PaOOTHI (UI0Ta C HOMOIIBIO
METOAOB OIITUMMU3ALINH.

OcHOBHBIE IOHATHS H BU/IbI INIAHUPOBAHUSA

IInaHupoBaHUE BKIIOYAET B ce0s OpeiesieHue 1ieseil, pa3paboTKy cTpaTeruil 1 TaKTHK,
BBIICJICHHE PECYpPCOB, paclpefeleHHe 3a1ad M CO3JaHHe IUIAaHOBBIX NOKYMEHTOB. lleinbio
IUIAHUPOBAHUS  SIBIISIETCSl  JIOCTMDKEHHE  ONpEJICNIEHHBIX — pe3yJbTaToB, obecreueHue
9(Q(EKTUBHOrO HMCIONB30BAaHHS PECYPCOB M CHIDKCHHE HEOINPENeNICHHOCTH B IpoLecce
paboTEHL.

OmnepaTBHOE IUIAHUPOBAaHWE TPEACTABIACT co0Oil  Oojiee  KOHKPETHYH H
KPaTKOCPOUHYIO (pOpMy ITaHUPOBAHHS, KOTOPAsi OPUSHTUPOBaHA Ha JOCTH)KCHUE TEKYIIUX
neiaed W 3agad. OHO BKIIOYaeT B ceOs KOHKPETHBIC JCHCTBUS W MEpPONPHSTHS,
HAaIlpaBJICHHbIC HA BBINOJHEHHE CTPATErMYECKUX IUIAHOB M JOCTHIKEHHE OIpPEIeNICHHBIX
PE3yIbTaToOB B OuIDKaiIeM Oy IyIeM.

DKOHOMHUKO - MaTeMaTHYeCKUE MOJAEIM W METOJbl ONTHMAaIBHOTO ONEPaTHBHOTO
TUIAHUPOBAHMUSI UCIIOJB3YIOTCS JUIsl TOBBIMICHHS TOYHOCTH M 3((GEKTHBHOCTH Ipolecca
riaHupoBanusi. OHM TO3BOJISIOT TPOTHO3MPOBATh OyAylIMe COOBITHS, ONTUMH3MPOBATH
pacrpezielieHie pecypcoB M TNPHHHUMAaTh JKOHOMHYECKH OOOCHOBAaHHBIC peEIIeHHs. ITH
MOJIEIM W METOZbl OCHOBBIBAIOTCSI Ha MaTeMaTHYECKHMX aJTOPUTMAaX, CTAaTUCTHYECKUX
METO/IaX ¥ IKOHOMHYECKOH TEOpHH.

[IpumeHeHne 3KOHOMHMKO- MaTeMaTHUECKMX MOJEJIEH M METONOB ONTHUMAaIbHOTO
OIIEPaTHBHOIO IUIAHUPOBAHMS MO3BOJISICT KOMIIAHUSIM NPHUHUMATH DPEIICHHs Ha OCHOBE
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aHanM3a JaHHBIX W YyYeTa pasiuuHbIX (akTopoB. OHHM IOMOTaT ONTHMHU3UPOBATH
UCIIONIb30BaHNE PECYpCOB, MHHHMHU3UPOBAaTh WU3IAEPKKA W  YIYUYIIATh PE3YJIbTaThl
JeATEILHOCTH KOMITaHHH.

TakuM 00pa3oM, SKOHOMHKO- MaTeMaTHYECKHE MOJAENIM ¥ METOAbl ONTUMAalbHOTO
ONEPaTHBHOIO IUIAHWPOBAHUS WIPAIOT BAXHYIO pOJb B MPOLECCe IUIAHMPOBAHHMS
JEATETPHOCTH KOMITaHWH, TIOMOTasi UM IPHUHUMATh OOOCHOBaHHBIC PEIICHHS M JOCTHTaTh
MOCTaBJICHHBIX IIEJIEH.

ITpouecc maanupoBanus [1] B opraHu3anii HaYMHAETCS C YETKOTO MMOHHUMAHHS TOTO,
9T0 HEOOXOAMMO nenaTh it ee 3((EeKTUBHOTO pa3BUTHSA W (YHKIHOHHPOBAHUSA. Y CIIeX
TM000T0 IJIaHa 3aBHUCHT OT:

— KayecTBa IEJIEMONaraHusl B KIIIOYEBBIX BOMPOCAX DPA3BUTHSA OpraHM3allMd — Ha
OCHOBE aHalli3a ee MPOILIOro, HACTOSIIEr0 M OyAYyIIEero, a TakKe CIOCOOHOCTH
OIepaTHBHO pearupoBaTh HA N3MEHEHHsI BHEIIHEH Cpepbl;

— KauecTBa IPEABAPHUTENILHOTO aHallM3a AEATEIBHOCTH OpraHW3allid, BKIIOYAs ee
LICHOBYIO TIOJINTUKY, COCTOSIHUE pPBIHKA, AEHCTBUS KOHKYPEHTOB, JIOTUCTHUKY
TOBapOJIBMXKEHHS U APYTHe 3HAYMMBbIE (paKkTOpBI;

— KOPPEKTHOH OLICHKH KOHKYPEHTOCIIOCOOHOCTH OpTaHU3allnHy;

— BBIOOpa W YCHENIHOM peanu3aliy CTPAaTeTHMH PAa3BHUTHS, CHOCOOCTBYIOIIEH
MOBBIIIEHUIO KOHKYPEHTOCIIOCOOHOCTH OPTaHU3AIIH.

B cynoxXoIHBIX KOMIAHHUSAX HPUMEHSIOTCS CIECAYIOIINE BUIBI INIAHUPOBAHUS: TOJIOBOE,
MECSTYHOE U PENCOBOE.

I'onoBoe niiaHupoBaHue

lomoBoe IUIaHUpOBaHWE HAMPSIMYKO CBsA3aHO C OromkeTupoBaHueM. Kaxkmas
OpraHu3aIysi, He3aBUCHMO OT pa3Mepa, IUIAHUPYET W OLICHUBACT ()UHAHCOBBIC PE3YJIbTATHI
CBOEH IeATENbHOCTH.

bromxer opraHuzanMu — 3TO KaJeHAApHBIM IUIaH JOXOJOB W  PacxofoB,
chOpMYJIMPOBAHHBIH B CTOMMOCTHBIX W KOJMYECTBEHHBIX BeauuynHaX. OH CIYXHUT
WHCTPYMEHTOM TPUHATHUS PEIICHUH, TUIAHUPOBAHMSI U KOHTPOJIS B MpoOIecce YNpaBiICHUs
JeSITeIPHOCTEI0O KOMITAHUH. BIOKET COCTaBIsACTCS B HATYpAILHOM W/HIIM JCHEKHOM
BEIpQKCHUN W OIpPEIeIsIeT IOTPEOHOCTh KOMIIAHMHM B pecypcaxX, HEOOXOAMMBIX IS
MOJIy4YE€HHUS IPOTHO3UPYEMBIX 10XO/I0B.

BromxeTupoBaHue Kak HEOTHEMIIEMAsl YACTh YNPABIEHUECKOIO yuyeTa MPUMEHSIETCS ISt
MIPOTHO3UPOBaHMS (PMHAHCOBOTO PE3yNIbTaTa KOMITAHUY, aHAJIN3A TUIAHOBBIX M (DAKTHIECKHUX
IoKa3aTesel ¢ y4eTOM OTKJIOHEHHUH.

OcCHOBHBIMHU OIO/KETHBIMH (hOopMamu sBISIIOTCS: Bromker noxonoB u pacxonos (B/IP)
u bromxket amwxkenns aeHexxHbix cpencts (bAJIC). C ux moMoImpo pyKOBOJIUTENh MOXKET
CIUTAHUPOBATh pa3Mep MPUObUTH TpeanpusTus U 3GdekTuBHO pacrpenenuTh GUHAHCOBHIC
noToku [2].

BJIP — sT0 ximoueBoil Oro/KeT, KOTOPBIA co3maercs Ha Oymymwmid Toj (KBapTam) ¢
[ENBI0 TUIAHUPOBAHUS M YIPABICHUS TOXOJAMH, PAacXOIaMH W MPHUOBUTBIO IPEANIPHUSATHS.
ExxeMecsuHO  (MHAHCOBBI  TUPEKTOP  KOHTPOIUPYET  WCIIOJHEHHE  OFOJKETHBIX
00513aTeNIbCTB, CpPaBHHUBAs IUIAHOBHIC IaHHBIE ¢ (akTudeckuMu. EcCi OTKIOHEHHS OT
IUTAHOBBIX CYMM CYIIECTBEHHEIE, OFOJKET TOJIC)KHUT KOPPEKTUPOBKE.

BAJAC (OromkeT IBMKECHHS JCHEKHBIX CPEICTB) CIYKHUT UL paclpeieicHUs
(PMHAHCOBBIX ITOTOKOB TI0 MECTaM XpaHCHHS JICHEKHBIX CPeACTB (O0aHKOBCKUE CUETa, KaCCHI
u np.). lenb cocraBiaeHust 3TOro OrOKETa SBJISAETCS YIPaBJICHUE TIATEKECTIOCOOHOCTHIO
KOMIIaHWM, a WMEHHO HEJONYyIIeHWE BO3HUKHOBEHHMSI KaCCOBBIX pa3pblBOB U
MIPeIOTBPAIIEHNE HAKOTIJICHHSI IEHE)KHBIX CPEJICTB.

BJIZIC MOXeT cOCTaBIATHCS HA TOJ WIH TIOIYroJIie, HO C 00s3aTeIbHON pa3OMBKOM MO
mecsuaM. bJ1JIC, cocTaBineHHbII Ha MecsI] U pa30UTHIN MO THSM, 3a4aCTYIO HCIIOJIBb3YeTCs B
kagecTBe «[lmaTexxHOTO KameHmaps».
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MecsiuHoe IJIAaHUPOBAHUE

OcHOBHast 3ajjaya MECAYHOIO IUIAaHMPOBAaHUS — YTOYHEHHE TOJOBOrO IUIaHA U
obecrieueHre €ro BBIMOMHEHUS. MOXHO CYHMTaTh, YTO MECSYHOE IUIAHUPOBAaHHE — 3TO
oIepaTuBHOE IIAHUPOBAaHUE, KOHKPETU3UPYIOIee TOA0BbIE 3alaHMs HA MECSYHBIM Iepuos
[3].

B HeMm yxke Oonee AeTanbHO PACHHCHIBAIOTCS BCE DJIEMEHTHL. [10CKONBKY MeECSYHBIN
IUTaH TaKKe CBA3aH C OIOKETHPOBAHMEM, B HEM TaK e Hcmoib3yiorcs ¢opmer B/IP u
BAJC.

B CymoXogHBIX KOMIAHUSIX B MECSYHOM IUIaHE pPaboTHl (h1oTa yKe IPOUCXOIMT
IpUBsI3Ka K KOHKPETHOMY CYAHY, a HE K THIy CyAHa, Kak B romoBoM. bonee neramsHO
pacmuucBIBaeTCsl caM peiic: KOJMYeCTBO INIAaHUPYEMOTO Tpy3a, CTaBKa ¢paxra (¢ OompImeit
TOYHOCTBIO), HOPTHI MOTPY3KU U BBITPY3KU.

PeiicoBoe muianupoBanue

PelicoBoe muaHuMpoBaHHWE, TaK K€ KaK W MECSYHOE, SBIICTCS ONCPATHBHBIM
IUTAHUPOBAHKUEM U BKJIFOUACT B ceOsl METadbHBIN IUIaH KOHKpPETHOTO peiica. OCHOBHOE €ro
OTJINYHUC OT MCCAYHOI'O 3aKJIHOYaCTCA B TOM, UTO HaHHLIﬁ IJIaH €11¢ KOHKPETHEC OMUCHIBACT
paboTy KOHKPETHOTO Cy/Ha B JAHHOM peiice.

IMox peficomM B JaHHOM cllydae MOJPa3yMEBACTCS TPAHCIOPTHO- TEXHOJIOTHUECKHIMA
LUK paboThl Cy[HA — OT MOMEHTAa MOJIHOTO (B CIy4ae HECKOJbKHX TOPTOB BBITPY3KH)
OKOHYaHHMS BBITPY3KHU 0 MOMEHTA MOJIHOTO OKOHYAHHUSI CIICAYIOMICH BHITPY3KU.

IIpu cocraBieHHe PECOBOrO IUIAHA YYUTHIBAIOTCS BCE YCIOBHS JOrOBOPA, TAKHUE KaK
paboTa B BBIXOJHBIC JHH, KOHKPETHOE HAUMEHOBAHUE IPY3a, HOPMbI TIOTPY3H U BHITPY3KH.
Taxoke IaHUpyeTCsl KOJIUYECTBO IPy3a, KOTOpoe OYAET MOrpy»KEeHO B IJaHHOM pelice.

COBepl[[eHCTBOBaHPIe ONmepaTuBHOIO IVIAHUPOBAHUSA paﬁOTlxl (l)J'lOTa

B kayecTBe HampaBlieHHH COBEpIICHCTBOBAaHUS ONEPATUBHOTO IUIAHHMPOBAHHS PaOOTHI
¢tota [4] MOKHO BBIICIIUTD CJIEIYIOLINE KPYIHbIE OJIOKHU:
— ONTHMAJILHOE PEiCOBOE HOPMHUPOBAHUE;
— HETIPephIBHOE TUIaHUPOBaHUE PabOTHI (PII0Ta;
— aBTOMAaTH3alHs pacyeTa ONepaTHBHBIX IUIAHOB PadoTh (JoTa.

OnTuMajbHOe pelicoBoe HOPMHPOBaHUe

HopmupoBanue BpeMeHH CIEeOBAaHHS — 3TO TPOILECC YNPaBJIEHHs, 3aaded KOTOpOro
SBISIETCSL  ONpE/ENIEHNE CKOPOCTeH [BIDKEHWS] CYAOB NPH 33/JaHHBIX HalpaBiICHUH
NIEPeBO30K, YCIOBHSAX IUIABAHWS W IapamMerpax CcyJaHa. TpagWIOHHO 3TOT Tpolecc
OCYIIECTBIISICTCS. BHE TPOIECCOB ONEPATUBHOTO ympasieHHus. [103ToMy HOpPMBI BpeMeHH
CJIE/IOBaHUS PACCUMTBIBAIOTCS MCXOJS U3 HEKOTOPBIX CPEIHUX I1apaMeTpoOB TPAHCIIOPTHOI'O
nporecca.

D710 03Ha4aeT, BO- MEPBBIX, HEJOCTATOYHYIO TOYHOCTH CAMHX HOPM, a BO- BTOPBIX,
OTCYTCTBHUE KaKOii- JIMOO ONTUMH3AIMK CAMOM 3HAUMMO# YaCTH IKCIUTyaTallMOHHBIX 3aTpar
— 3aTpar Ha TOILIHBO.

OmanM w3 cmocoOoB moBBIICHUS 3(dekTuBHOCTH paboTHl  (uoTa  SABIAETCS
pErylIHpOBaHNE CKOPOCTH JABHKEHHS CYIOB C YYETOM CKJIA/IBIBAIOIICHCS ONEpaTUBHOM
00CTaHOBKH B MOPTax (TOTOBHOCTb IPy3a, TOTOBHOCTh NIPUYAJIOB H JP.).

OnmHMM W3 HaNpaBJICHWH COBEPIICHCTBOBAHMS OIEPATUBHOTO YIPABICHUS SIBISIETCS
00beMHEeHNE TPOLIECCOB HOPMHUPOBAHUSI M PEHCOBOTO IUIAHWPOBAHUS B €IMHBIM IpoIiecc
ONITHMAJIEHOTO PEHCOBOTO IIAHMPOBAHMS, OCYIIECTBISIEMBIN Ha 0a3e CrenuaaIn3upOBaHHON
KOMIIBIOTEPHOH CUCTEMBI.

231



Hayunvte npoonemut 600no20 mpancnopma / Russian Journal of Water Transport _Ne88(3), 2026

HenpepsiBHoe miiaHupoBanue padotsl ¢uiora

OCHOBHOW apryMeHT Uil TNPHHSATHS HENPEPHIBHOIO IUIAHMpOBaHMs [4] sBisercs
MIOBBILIIEHUE aJJeKBATHOCTH IUIAHMPOBaHMs. MaKCUMaibHO a/IeKBaTHBIN TUIAH JI0JDKEH OBITh
KaJIeH/JapHBIM W OINEpUpPOBAaTh KOHKPETHBIMHM CyJaMd WIM TpyHIlaMH CyJOB Ha
HampaBJIEHUSX MEPeBO30K, a TakXKe OMNHChIBaTh paboTy BceX CYAOB B TeUEHHUE
IIPOU3BOICTBEHHOTO NEPUOAA. DTO MO3BOIUT MOTY4aTh 3PPEKT OT MPHHUMAEMBIX PEIICHUN
3a paMKaMH Aekanbl. HermpepbIBHOE TUIAHUPOBAHME SIBISIETCS. OCOOBIM BHAOM OIIEPATHBHOTO
IUTAaHUPOBAHUS.

JU71st IOBBILIIEHUS aI€KBATHOCTH TPEOYeTCs TAKXKe yUeT:

— BIIMSTHHSA TEKYIIUX ITyTEBBIX YCIOBUH Ha ABHKEHHE CY/IOB;
— AMHAMUKH TPAHCIIOPTHOTO TIpoIecca.

Jnst ommcaHusl CIIOKHOM JMHAMHMYECKOW CHCTEMBI IPHMEHSIOTCS HMHTAIMOHHBIE
Mozenu. B 1970- x u 1980~ x rogax npoBOAMINCH IOMBITKU MPUMEHEHHUS TaKuX Mojenei
Ha PEYHOM TPAHCHOPTE, OAHAKO OHU HE YBEHUYAIHUCh YCIEXOM U3~ 32 HU3KOH
MIPOM3BOIUTEIBHOCTH BBIYUCIUTEIbHBIX MAIIMH. B COBPEMEHHBIX YCIOBUSX BO3MOKHOCTH
WH()OPMALMOHHBIX TEXHOJOTMH JIOCTATOYHBI Ui  MOJEJIUPOBAHUS JMHAMHUYECKOW
TPAHCIIOPTHOW CHCTEMBI B OIIEPATUBHOM PEXHME.

MOXXHO BBIAENIHUTH 5 NPUHIHUIIOB, KOTOPBHIM IOJDKHA COOTBETCTBOBATH COBPEMECHHAS
KOHLEMNUMS HENPEPBIBHOTO IJIAHUPOBaHUs [5]:

1) mmaHupoBaHUE OCYIIECTBISIETCS B (opMe KaleHAapHOro rpaduka paboTel diora
MIEPCOHATBHO M0 KaKAOMY CyIHY;

2) MeToJ pacyeTa Iana paboTsl ¢u1oTa HE 3aBUCHT OT TOPH30HTA IJIAHUPOBAHMUS;

3) OOHOBJICHHE IUTaHA OCYIICCTBISACTCS MpH JIFOOOM  3HAYAMOM  HU3MCHECHUU
9KCIUTyaTaI[MOHHON 00CTaHOBKH 10 CPABHEHHIO C IIPOTHO3AMU;

4) pazpaboTka IUIaHa MOXeT OBITh IpOBENeHa Uil IPOU3BOJBHOTO TOPHU30HTA
IUTAHUPOBAHHUS;

5) pa3paboTka IUTaHAa OCYIIECTBISIETCS C YYETOM ONTHMAaIBHOTO HOPMHPOBAHHUS
XOJIOBOM oIepanny NepcoHalbHBIX Pelco000pPOTOB.

Jnst pa3paboTKM MeToAa pacueTa HEMpPEphIBHOIO IUIaHA, OCHOBAHHOTO Ha JTHX
MIPUHIONIAX, HEOOXOANMO PEIIUTh CIETYIOMHNE TPOOIEMBI:

1) TpebyeTcsi moCTpoeHHE AaBTOMAaTH3MPOBAHHONH WMHTAIIMOHHONW MOJENH pPabOThI
¢utota, He TpeOyroLIEeH aNrOPUTMIUYECKOH EPECTPOHKHN IPH U3MEHEHNH NTapaMEeTpPOB;

2) HeoOxoaMMa pa3paboTKa 3BPHCTHUECKOTO aJIrOPUTMa KaJCHAAPHOTO IIIAHUPOBAHMS,
UCTIONB3YIOMIET0  METOJ] ONTHMAaJbHOTO HOPMHPOBaHMS ¥ aBTOMAaTH3MPOBAHHYIO
HMHUTALMOHHYIO MOJIEINb.

ABTOMaTH3anus pacuera onepaTuBHbIX IVIAHOB paﬁOTLl (l)J'lOTa

ABTOMaTH3aIMsg pacdeTa OIEPATHBHBIX IUIAHOB ABJSETCA YIPOINEHHOM Bepcuei
HETPEPHIBHOTO IUIaHKpOoBaHUA. OCHOBHOE OTIHYHE 3aKIII0YAETCS B TOM, UTO HE BCE JTAaHHBIE
3aHOCATCS] aBTOMATHYECKH, KaK IIPH HENPEPHIBHOM IUIAHUPOBAHUH, a TIEpecyYeT MPOUCXOTUT
TOJIBKO ITOCJIE HAXKaTUSI COTPYAHUKOM COOTBETCTBYIONIEH KHOIKH.

Jdnst  peanuzanuy  HENPEPHIBHOTO IIAHUPOBAaHMS W aBTOMATH3allMM  pacdera
OTIEPaTHBHBIX IUIAHOB HEOOXOJMMO COCTaBHTh 3KOHOMHKO- MaTeMaTHYecKyl0 MOJEIb
pabotsl  QmoTa.  DKOHOMHMKO- MareMaTWueckas  MOJAENb  TPEACTaBiIseT  COOOM
MaTeMaTHYecKoe ONMCAHNE 3KOHOMHYECKOTO IIpoliecca WM OObeKTa (B HaIIeM cilydae —
TPAHCIIOPTHOTO TIPOLIECCa), BBHITOJIHEHHOE B IEJISIX X UCCIIEIOBAHMA M YIIPABIICHUSL.

CymectByeT psia paboT, KOTOpble B TOM MM MHOW CTENEHH OIMCHIBAIOT MpoIlecc
IUTaHUpOBaHMUA paboTel (iota. ABTopamu Takux pabotr sBismorcs: Ilupses E. B. [6],
Pazxusun U.H., 3axapos B. H. [7], [Inatos F0.U. [8], [TnatoB A.IO. [9], Kopse B.1O. [10]
n apyrue. OpmHako uX paboOTBl TaKk W HE TONYYWINM TPAKTHYECKON pean3aluy 110
pa3imugHbM pudrHaM. OCHOBHAS NPUYHWHA — OTCYTCTBHE JIOCTATOYHOTO YPOBHS Pa3BHTHUS
MHPOPMAMOHHBIX TEXHOJOTHH Ha TOT MOMEHT. IlomMmMmo 3TOoro, OOMBIIMHCTBO paboT
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paccMaTpUBaIOT BOIPOC B MEPUOJ TNMIAHOBOW SKOHOMHUKU U C IEPEXOJOM K PBIHOYHBIM
OTHOIIEHHSM HE MOTYT OBITh NPHMEHEHBl K CYIIECTBYIOUIEH CHCTEME IIIaHUPOBaHUS
paboThl ¢uroTa M3-32 HEONIPEAEICHHOCTH B 00beMax IepPeBO30K U MOTpeOHOCTH BO ¢uiote. B
pe3ynbTare paboTa CyI0XOJHBIX KOMIIAHUH ObliIa IEPEOPUEHTUPOBAaHA HAa HOBBIC YCIIOBUS,
YTO MOTPeOOBAJIO COCPENOTOYNTH BHUMAHHUE Ha MTOUCKE IPY30BIIa/IeNbleB ((ppaxToBaTenei),
obecrieueHnN KadecTBa MEPEBO30K, BBIMOIHEHHN JOTOBOPHBIX 00s3aTENbCTB, a TAaKXKe Ha
THOKOCTH B SKOHOMHYECKHX M TEXHOJOTHMYECKHX aclekTax. KommaHun cramm cTpeMuThes
CHHM3HTh CEOECTOMMOCTD IEPEBO30K M MUHHMHU3UPOBATh Ipoctou ¢uorta. Ilpn atom peiic
CyJHa CTaJl OCHOBHBIM ITPOU3BOICTBEHHBIM LIUKIIOM.

K Gonee coBpeMEHHBIM MOJIENSIM MOYKHO OTHECTH:

— HKOHOMHKO-MaTEMaTHIeCKasi MOJIENb OTIEPATHBHOTO TIAHUPOBAHUS PaOOTHI
¢uora;

— MoJielb BbIOOpa pEHCOBBIX HAa3HAUYEHWH W aJalTalid CYIIECTBYIOIIMX
QITOPUTMOB ONTHUMM3ALIMU PEXKUMa JBIKEHUS B paMKaX METOIUKU
HENPEPLIBHOTO PETyJINPOBaHUS.

[epBast Mozmens [11] mo3BoiseT NPONU3BECTH ONTUMAIBHYIO PAaCCTaHOBKY (hJI0Ta, HO HE
YUHTBIBAET YCIIOBHS JOTOBOPAa Ha INEPEBO3KY U MOAXOAMT Ul CIy4aeB, KOTIa 3apaHee
W3BECTHO, YTO MMEIOIIHUiIiCA (IOT MOXKET BBIIOJHHUTH Bce peichl. VIHBIMM cloBaMu, OHa
paccMaTpuBaeT TOJBKO YK€ 3aKIIOUYEHHBIE C (paxTOBATEIIMH JOTOBOPHl M HHUKAaK HE
YUUTHIBAET CUTYallHH, KOTAa HEOOXOANMO BBIOpaTh, KaKylO CIEIKY BBITOJHEE 3aKIIOYUTb.
ITomumo 3TOrO, B MOzmenu He yuTeHa crenuduka mpoekra cyznos. Kpome Toro, maHHas
3a7a4a OOJIbINE TIOAXOANT ISl PEYHBIX MEPEBO30K, MOCKOIbKY HE YIUTHIBAET OCOOCHHOCTEH
MOPCKHX IEPEBO30K — HalpUMep, MOPTOBBIX M KaHAJIbHBIX COOPOB, BPEMEHH OXKHAaHHS
MIPOXOXKJCHUS IIPOJIUBOB.

Bropas mozens [10] opueHTHpOBaHa Ha NEPEBO3KU TAaHKEPHBIM (JIOTOM U YYUTHIBAET
HEKOTOphle UX ocoOeHHOcTH. OHAKO B HEl HE YUTEHBI YCIOBHS JOTOBOPOB Ha NEPEBO3KY,
Takue Kak peXUM paboThl B BBIXOAHBIC JHM, Hayalo CTAIMHHOIO BPEMEHH, a TaKKe He
YUTEHBI CAHKIIMOHHBIE OTPAaHWYEHUS, BOIIPOC KOTOPBIX CTaJ OYEHb aKTyasleH B IOCIeIHEee
BpeMms. Taxke ocTaeTcss HEACHBIM, KaK OLEHHMBATh d(P(PEKTUBHOCTH PabOTHI B CHUTYaLlUH,
KOI'/Ia OHO CYJHO BBINOJHSET JIJIMHHBIN peiic, Apyroid — KOPOTKUM, a TPETUH HAaXOJUTCS Ha
mpocroe 0e3 peiica: 3aTpayMBaeMoO€ BpeMsl Ha 3TH PEHCHl CYIIECTBEHHO pa3IHYaeTCs.
KpoMe TOro, maHHBI NOAXOJA NPUMEHMM TOIBKO JUIA aHAINW3a YK€ 3aKIIOYEHHBIX
JIOTOBOPOB U HE IIPeAycMaTpUBaeT BHIOOpa HanboJiee BHITOHBIX CAEIOK M3 TOTEHIMAIBHO
BO3MOXXHBIX BapHaHTOB. OrpaHnueHHs 10 OYHKEpOBKE OOJIbINE MOIXOIAT AJISI HEOOIBIINX
peiicoB 1 HE yYUTHIBAIOT BMECTHUMOCTh CaMHUX TOIJIMBHBIX TAHKOB KaXJOTO KOHKPETHOTO
CyIHa B JAaHHBIH MOMEHT, TaK KaK IpH IIUTEIBHBIX MOPCKHUX IEpPexoJax BO3ZHHKAIOT
CUTyaIliM JIOTIOJIHUTENIFHON, TOBTOPHOW OYHKEPOBKM BO BpeMs peiica B Ielix
ONTUMU3AIMH U MUHUMH3AIMH PACXO/I0B HA TOILIHBO.

JKOHOMHKO-MaTeMaTHYeCKOe ONMUCAHNE PAa3Pad0TKH AaBTOMATH3AINH ONEPATHBHOTO
IUIAHUPOBaHUsI padoThl ¢JioTa

B pesynpraTe aHammM3za CyIIECTBYIOIIMX MoOJeNeli B paMKax JaHHOH paboTsI
pa3paboraHa cllemyromas MO/IEJIb. OKOHOMHUKO -~ MaTeMaTHYECKOe OTHCaHue
aBTOMATHU3alMU OIEPATHBHOTO IUIAHUPOBaHMS PabOThl ()JI0Ta paccMaTpUBaeT CHUTYALMIO
IIPY TUTAHUPOBAHUH PEHCOB, CIEAYIOIIMX ITOCIE 3aBepiIeHns Tekymero. Iloz peiicom Oynem
MOHMMATh TPAHCIIOPTHO -~ TEXHOJIOTHYECKUH LUKI PabOTHI CyJHA — OT MOMEHTA TOJIHOTO (B
cllydyae HECKOJBKMX MOPTOB BBITPY3KH) OKOHYAHUS BBITPY3KH /IO MOMEHTa IIOJIHOTO
OKOHYaHHUsS cleAylollel BeIrpy3ku. Ilpu mimaHupoBaHUM CIIEAYIOIIETO pelica He Bcerna
HUMeeTCsl MOANKUCAHHBIM JOrOBOp: CHENKAa MOXET HaXOIUThbCS Ha CTaJMU NeperoBopos. B
paMKax JaHHOM 3ajaud Ui IUTAHUPOBAHUS PEUCOB JOrOBOPHI PA3JEIUM Ha «JHCThIE
CHEIKU» U 3asiBKU HA IIEPEBO3KY.
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«HUucras crenka» — 3TO YK€ CYIIECTBYIOLIIMI JOrOBOpP Ha NMepeBo3Ky (charter party, B
nanpHeiimeM — CP), To ecTh 00e KOMIIaHMH IIOATBEPXKIAIOT 3aKIIOYEHHE JOrOBOpa C
NIPONMCAHHBIMHA YCJIOBHAMH M OepyT Ha ceOsi 00s3aTenbcTBA MX BBIINOJIHHUTH. BakHO
oTMeTuTh, uTo He Bce CP odopmisitoTcs Ha OJHY KOHKpPETHYIO IepeBO3Ky. B cimyuae
HaJM4usl OOJBIION MAapTUU I'py3a AJs [IEPEeBO3KM HEOOXOMUMO 3apaHee pa3OMTh JaHHBINA
JIOTOBOP Ha OTIEIbHBIC 3aABKH. Ha IpakTHKe B TaKWX JIOTOBOPAX, KaK IPaBHUIIO, BCE PaBHO
OTOBapHBAIOTCS MEXIy (paxToBaTeIeM M CYyIOBIAENbIIEM IEPHUOJ] IOJaYM CyAHA H
KOJIMYECTBO Tpy3a. DTO HEOOXOIMMO, MOCKOJBKY B MOOOM ciydae TpeOyercs 3apaHee
MOJTOTOBUTH MAPTHIO IPy3a K OTIPABKe, a IOKYIaTeNb IPy3a HE BCETra HaiiIecH Ha MOMEHT
3aKJIFOUCHHUS JIOTOBOPA.

[on 3asBKO# OyaeM MOHHMATh BCE CAEIKH, HAXOMSIIMECS Ha CTaIWU IIEPeroBOpoB. B
JaHHOM Cilyyae y KOMIAHMH emie HeT o0s3aTeNbCTB APYr Mepel IpyroM, HO 3TO
noreHuuanbHeie CP, He y4uThIBaTh KOTOPBIE OBLIO OBI HEelleaeco00pasHo.

Wrak, mocie BBEISHUS HOBBIX MOHSATHH HEOOXOAMMO pa3o0parb, Kak HMH
nosp3oBarkesi. CP — 310 cpesnku, KoTopble HE0OXOAUMMO 0053aTEIBHO BBINOIHHUTH. 3asBKH
e He 00s3aTeNIbHbI JUIS BBIITOJIHEHHs, U, COOTBETCTBEHHO, HEOOXOAMMO BHIOpaTh Hanbosee
MIOJIXO/AAIINE, TO €CTh Haubosee BBITOJHbIE.

Ecmn ¢ CP MOXHO IPOCTO YyIIpaBIATh pacCTAaHOBKOHN (I0Ta, TO C 3asgBKaMH, TOMHMO
ONTUMU3AINK PACCTAaHOBKH (proTa, HeoOXoaMMo BBHIOpaTh HamboJee NPUOBLTFHBIC
BapuaHTel. Jlns ompeneneHus Oojee BBITOAHOW cHenku OyneM ommparbCcs Ha
Taitm - gaptepHbIiil sxBuBaiieHT (Time Charter Equivalent, TCE).

B Hacrosimiee BpeMsi M3-3a yCIOXKHHBILIECHCS] MONMUTHYECKOW CHUTyallMd IPaBHTEILCTBA
cTpaH 3amaja BBEJIM CAHKUUHM B OTHOIIEHHHM Poccum. DTH OrpaHHYeHHUs] CyLIECTBEHHO
BJIMSIOT Ha TUIAHUpOBaHue paboThl (i10Ta U TPEOYIOT OT CYAO0XOHBIX KOMIIAHHUI B LIEJIOM U
OIIEPaTOPOB B YaCTHOCTH BBICOKOW T'MOKOCTH M alanTUBHOCTH. OCHOBHBIMH MCTOYHUKAMHU
CaHKI[MOHHBIX OrpaHudeHuil BeicTynawT: Bemukooputanus (UK), EBponeiickuii coro3 (EU)
n Coenunenssie IlItatel Amepuxu (OFAC). Ilpu stom cankuumm CIIIA oxa3pIBaroT
HauOoublIee BO3JCHCTBHE, IIO3TOMY MpPU IUIAHHPOBaHWUHM paboThl (uioTa HEOOXO0AUMO
YUUTHIBATH UX BIMSHHUE B 3aBUCUMOCTH OT THIIA OTpaHHUueHHH. Ecii caHKIMK HaloXeHb! Ha
caMy KOMIIAaHHMIO, BCE €€ CyJa IOIydYaroT COOTBETCTBYIOUIyIO MoMeTKy. [Ipm mpoBepke
Cy[IHa aHAJIM3UPYIOTCS MJaHHBIC: DPErHCTPALMOHHOTO CYOBIAJENbIA; KOMMEPYECKOTO
orepaTopa; TEXHUYECKOTO ONEepaTopa; HCIOIHSIOMIETO CYAOBIaieNbIa (TIPH €T0 HATMIHN).

Jns pemeHus [aHHOW MOJENH PEKOMEHIYETCS HCIOJIb30BaTh (DYHKIMIO ITOHCKA
pemennit MS Excel. B xauecTBe MeToJa ONITUMH3AIIIH MOYKHO TIPAMEHHTH JIFO00H alnropuTMm,
MIpeACTaBIICHHBIN B OuONMHOTEKe moucka pemreHuil. [lo cyTH, ocHOBHas 3agada pPabOTHI
3aKJroyaeTcsi B cOope, cucreMaTtu3alud U 0OpaboTKe MCXOMHBIX JAHHBIX TaKUM O0Opa3oM,
4yT00BI B UTOTE CHOPMUPOBATEH 0a3y NaHHBIX (TaOIHILY), B KOTOPOH ONMHCAHBI BCE BO3MOXKHBIE
BapHaHThI PACCTAHOBKH ()JIOTA C YIETOM YCIOBUH MOAOOpa CyJI0B.

3areM HEOOXO0AMMO COCTaBUTh TAOJUILY OrPaHHMUYCHHUI [l TOTO, YTOOBI TOUCK PEIICHHUS
NP MaKCUMM3alMK 11eJIeBO (DYHKLMHA BBIMOJHSI BCE 3asBKH, U HMCKIIOYaJ MMOBTOPHOTO
Ha3Ha4eHust cymoB. [ maHHOro srama pabOTHl MBI IPHUHHUMAEM, YTO CYIHO MOKHO
Ha3HAYHUTh TOJIBKO HA OJWH PEWC BIIEpPE.

B cBs131 € 3TUM MOXXHO BBIACIHTH CIEAYIONINE JIEMEHTBHI:

1) Ilocmamnoeéka 3adauu. TpeOyercs OIpeneNuTh PACCTaHOBKY CYIIOB,
00eCTIeYNBAOITYI0 MAaKCUMAITBHYIO 3((PEKTHBHOCTD PabOTHI (DII0TA.

2) Hcxoonvie oanmvle. CHUCOK CYHOB, XapaKTEPHUCTUKA CYAOB, TEKyIas
JUCIIOKAINS, YCIIOBHS JOTOBOPOB HA IMEPEBO3KY, PACCTOSTHAE MEXKAY MOPTaMH.

3) Henesan ¢pynkyusa. Cymmapusiii TCE J0mKeH CTPEMUTHCS K MAKCUMYMY.

ZZ(HU*XU)/EZ@F;*XU) - max (1)

JjEJ i€l jE€J i€l

re X;; — Ha3HaueHue Cy/Ha i-To CyaHa Ha j-i peic (mbo 0, mubo 1);
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[ — MIHJEKC CyJHa;

I — MHOKECTBO CYJIOB, pACCMATPHUBACMBIX B PAMKAaX 3aJ1a4H;

J — MHOEKc pelica;

J — MHOXECTBO pEHCOB (YHUCTHIC CHIENKH M 3asSBKH), PACCMAaTPHBAaEMBIX B paMKax
3aa4H.

Pacuem mexnuko-akonomuueckux nokazameneil.

Jus xaxxporo cyaaa TCE BEITISIIAT ceIyronuM 00pa3oM:

I1;;
_ 'y
t:.

]

rre I1;; — pelicoBbIf pe3ymbTar i-ro Cy/iHa M0 j-My PEUCy;

tfj — BpeMmsl pelica i-ro CyziHa 10 j-My peiicy.

PeticoBblif pe3ynbTaT i-ro CyAHa 0 j-My peiicy ompernensercs no popMmyde:

_ pacx
l-Iij - ﬂij —3i]- ,USD 3)
rae [;; — I0X0[1 i-ro CyjiHa 1o j-OMy peicy;
pacx o . . o
3;; ~ — peiCOBBIC PACXObI i-TO Cy/HA IO j-MY percy
Jloxon i-ro cyJHa Mo j-My pelcy BBITVIAIUT CIEAYIOIUM 00pa3oM:
—_ IJ1aH

Nij = Qi * dj* (1= K;),USD “

e Q7" — raHoBas 3arpyska i-ro cyjiHa 1o j-my peicy, T

d; — craBka dpaxTa no j-my peiicy, USD/T;

K; — xomuccus 1o j-My peicy, 10u €.

B cnyuae, korzia craBka ¢paxra ykazaHa 3a nepeBo3ky B nesnoM (lumsum), To 10Xox oT
MEPEBO3KHU BBITISANUT CICAYIOIIHUM 00pa3oM:

Mij = d;j* (1 = K;), USD )

PeticoBrie pacxompl i-ro CyIHA O j-MYy peiicy onpenenstoTes mo Gopmyie:

e Y, 377" — pacxo/ibl Ha TOMIUBO i-TO CY/IHA 110 j-MY pekcy;

Y. 3/ P4 — pacxozpl Ha CY103aX0/Ibl B IIOPTHI i-I0 Cy/HA IO j-My Peiicy;

2 957" — pacxosibl Ha TIPOXOYXK/IEHHE KAHAJIOB/MPOIMBOB i-I0 CyJHa Mo j-My peficy. K
HUM OTHOCHTCS TpoxoxaeHune Kepuenckoro mpommsa, bocdhop, Hapmamemmsi, Cysrkuit
KaHaT ¥ T.JL.;

Y. 3]} — mpoume pacxoeL.

OCHOBHYIO [IONII0 PEHCOBBIX PACXOJ0OB COCTABIBIIOT PAcXOIbl MO TOIUIHUBY. [loaTomy
Ba)KHO HCIIOJIL30BaTh HAN0O0JIEE TOYHEIE METOBI JId UX pacyeTa.

Pacxozpl Ha TOIIMBO i-T0 CyJIHA IO j-MY peicy:

Z 3}"](_)1‘1 — Z 311_\;{60 + Z 3{_/]_LSF0 + Z al{leSFO’ USD 7
rae Y, 3%60 — CTOMMOCTH Am3ensHoro TorumBa (MGO) i-ro cynHa 1Mo j-My peicy;

Y, 3¢/F — croumocts masyra ¢ cepoit menee 0,5% (VLSFO) i-ro cyana 1o j-My peiicy;

Y, 37579 — cronmocts Masyra ¢ cepoii Menee 0,1% (ULSFO) i-ro cyana 1o j-my peiicy.

VLSFO u ULSFO 5310 TsKenoe TOIUVIMBO, KOTOPOE B OCHOBHOM HCIOJIB3YETCS
rnmaBaeiME  gBuraTenssMu (). ULSFO mpumensercs B 30He SECA (Sulfur Emission
Control Areas - 3T0O 30HEI, B KOTOPBIX BBEACH 3allpeT Ha HCIOJIh30BaHUE BRICOKOCEPHUCTOTO
TOIUIMBA, B KOTOPYIO BXoJAT akBatopuu CesepHoro u bamrtuiickoro mopei, mposnus Jla-
Manm, Kapubckoe, Cpenuzemaoe mope u 200-mmsHble 30HBI CIHA u Kananer). OmgnHaxo,
He Bce ['J] criocoOHbI HCIONB30BaTh JaHHOE TOIIMBO B KAYECTBE OCHOBHOTO, OCOOEHHO 3TO
Kacaercst 10kHOTO pervioHa (YepHoe, MpamopHoe mopst CpenuzeMHOe U T.J1.) ¥ TaKue Cyja
HCTIONB3YIOT B Ka4eCTBE OCHOBHOTO TorutnBa MGO.
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MGO — 370 JIerkoe TOIUIUBO, KOTOPOE MPUMEHSICTCS IS pabOThI TU3ENIb-TCHEPATOPOB
(') u koTiioB. OHAKO HA HEKOTOPHIX CYAaX YCTAHOBIICH BAJIOTCHEPATOP, YTO MO3BOJSICT
MM He ucnonn3osath MGO.

Hcxons U3 Bcero BBINIECKA3aHHOTO, MOXKHO CJHIENATh BBIBOJ, YTO KCIOJIB3YEMBIA B
TOIUTUBA 3aBUCHT OT THUMA CyIHA M 30HBI €ro JKCIUTyaTaluu. MaTeMaTHYeCKH pacxo]
TOIUIMBA B OOILEM BHJIE MOXKHO OITHCATh MO MPOIECccaM ClIeIyIOLM 00pa3om:

DNG = DNGE N DN BN T ®)
rae X N " _ o6mmee konmmuectso TommBa Ha IJ] i-ro cyaHa 1o j-My peiicy 1o k-my
TOILIMBY;
Y NG AT _ o6mee kommuectBo Torumea Ha JII i-ro CyaHa Mo j-My peiicy 1o k-my
TOILIMBY;
> l-Tj(,’(“K — ofliee KOJMYECTBO TOIUIMBA HA KOTEN [-TO CYIHA IO j-My PeHcy 1o k-my
TOTLTHUBY.
O61miee komuyecTBO Torwtuea Ha I'J1 i-ro cyaHa 1o j-My peicy 1o k-My TOIUIHBY:
Z NTOl‘[ rA — Z NTon 'l 6a + ZNTOH IArp + ZNTOI‘[ rA MaH’ T (9)

ijk ijk

I 6 : . y
e Y Ny AST _ 6mee kommuecTso Torumsa Ha ] i-ro cyaHa 1o j-My peiicy 1o k-my

ijk ijk

TOIVIUBY B 6am1aCTe;

r . . y
YN AT _ o6mee konmuecTBo Tormsa Ha I'J] i-ro cymHa 1o j-My peiicy mo k-My

TOILUIMBY B I'PY3Y,
Z NTon 'l man 6 r . . o k
ijk — obmiee KonMM4ecTBO ToruMBa Ha ['J] i-ro cyznHa mo j-My peicy mo k-my
TOIUIMBY Ha MaHCBpax.
OOmiee koiuyecTBO ToruMBa Ha ['J] i-ro cynHa mo j-my peicy mo k-My TOIUIMBY B

Gayacre:

Ton 16 _ Ton '/l 61 Mop Ton I'/l 6.1 ocT.y4
ZNijk _ZNijk +2Nijk , T (10)
rie Y Njjy FAGIMOP _ Smee komnuecTBo Torwmea Ha [J] i-ro cy/Ha 10 j-My peiicy 1o

k-My TOIUIMBY B OajulacTe Ha MOPCKUX Y4acTKax;
Ton I'/] 621 ocT.y4
X Niji
MY TOIUTHBY B 0OajlacTe Ha OCTAIBHBIX Y4acTKaXx.
OOmiee konmmyecTBO TOIuMBA Ha [J] i-ro cymHa mo j-My peicy mo k-My TOIUIHBY B

Oaytacre Ha MOPCKHUX yYJacCTKax:

— ofmiee konndyecTBo TorumBa Ha I i-ro cymHa mo j-Mmy peicy mo k-

Ton I'/] 6,1 Mo Ton I'/] 6,1 Mop SECA Ton I'/] 6J1 MOp OCT.pH
Y Ny P =Y N P Y NG POCTPH ‘v (11)

on ['/] 6.1 mop SECA . . o
e ), Nij-k" A 61 mop — o0rmIee KOMMYEcTBO TOILIHBA Ha I'J] i-ro cyaHa 1Mo j-My peiicy

0 k-My TOIUTUBY B OaJutacTe Ha MOPCKHX ydacTkax B 30He SECA;
Z NTOl‘l I'/l 621 MOp OCT.pH
ijk
k-my TomnMBY B 6ajutacTe Ha MOPCKHX yYacTKaX B OCTAJbHBIX paiioHaXx.
OOuiee koiuyecTBO TomukBa Ha ['J] i-ro cynHa mo j-mMy peicy nmo k-My TOIUIMBY B
OajyiacTe Ha OCTAJILHBIX YUacTKaX:

ton '/l 61 ocT.yd __ Ton '/l 61 oct.y4 SECA Ton I'/] 6J1 ocT.y4 OCT.pH
ZNijk —ZN" +2Nijk , T (12)

— obmee konmuyecTBO TorumBa Ha [I i-ro cyaHa 1o j-My peiicy mo

Ton I'/l 621 ocT.y4 SECA . .
rie % N, ik A v — obmee xonndecTBo TorumBa Ha ['J] i-e0 cyanHa mo j-my
peficy 1o k-My TOTUTMBY B OaJimacTe Ha OCTAIBHBIX ydacTkax B 30He SECA;
Z NTOl‘l '/l 61 oCT.y4 OCT.pH
ijk
k-My TOILIMBY B OaJIIacTe Ha OCTATBHBIX YYaCTKAX B OCTAIBHBIX paliOHAX.

— obmiee konmm4aecTBO TorumBa Ha /[T i-ro cyaHa 1o j-My peiicy 1o
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OOmee konuuecTBo TommBa Ha [/l i-ro cyana mo j-my pelcy mo k-My TOIUTMBY B
rpysy:

y Nich])cn Torp _ ¥ Ni';r])cn '/l rp Mop +y NiTj(I)cn [/l rp oct.yy T (13)

T . . o
rae ), Nij.(,’c” Arpmop _ oOrree konmyecTBo TomuBa Ha ['/] i-ro cyaHa mo j-my peiicy mo
k-My TOIUTMBY B Ipy3y Ha MOPCKHX Y4acTKax;
Ton '/l rp ocT.y4

2 Nijy
MY TOIIJIUBY B I'py3Yy Ha OCTAJIbHBIX YUaCTKax.

Obmiee konmmgecTBo TorumiBa Ha [']] i-ro cymHa 1Mo j-My peicy 1mo k-My TOILTHBY B TPY3Y
Ha MOPCKHX y4acTKax:

Ton '/l rp Mmop __ Ton '/ rp Mop SECA Ton ['/] rp Mop ocT.pH
TN =N + XN T (14)

— obmiee konuyecTBo TormBa Ha JII' i-ro cyaHa mo j-My peiicy o k-

Ton I'/l rp Mop SECA . . o
rae Z Nijk Arp mop - 06111ee KOJIMYECTBO TOIIJIMBA Ha FZ[ 1-TO CyJHa 10 J-MYy pEeUcy

0 k-MY TOIUTUBY B TPYy3y Ha MOPCKHX ydacTkax B 30He SECA;
Ton I'/l rp Mop ocT.pH

LN jk
k-My TOITUBY B Ipy3y Ha MOPCKUX y4acTKax B OCTalbHBIX palloHax.

Oomiee konuyecTBo TomkBa Ha [']] i-ro cyaHa 1o j-My pe#icy mo k-My TOILTHBY B IPY3Y
Ha OCTAJIbHBIX y4YaCTKaXx:

Ton I'/irp ocT.yd __ Ton ['/l rp ocT.yu SECA Tomn '/l 'p OCT.y4 OCT.pH
ZNijk _ZNijk +2Nijk o T (15)

— obmee koiuuecTBo TorukBa Ha JII™ i-ro cynmHa 1o j-my peicy mo

Ton '/l rp ocT.y4 SECA
rae % N, ik
peicy 1o k-My TOIUIMBY B TPYy3y Ha OCTaJbHBIX y4acTkax B 30He SECA;

Z NTon I'/l 61 oCT.y4 OCT.pH

ijk

0 k-MY TOIUTUBY B TPY3Y Ha OCTANBHBIX YYaCTKaX B OCTANFHBIX paiOHaX.

OOmiee KOJMYECTBO TOIUIMBA Ha KOTEN i-I0 CyIHA MO j-My peicy mo k-My TOIUTHBY Ha
MaHeBpax:

y Niq-j?{n Timan _ 3 N;‘j(}){n I/l man SECA +3 Niq}(;(n I/l man OCT.pH’ T (16)

— ofmee kosmdecTBO TomiauBa Ha I'J] i-ro cyaHa mo j-my

— obmiee konuuecTBO TorumBa Ha JII' i-ro cyaHa mo j-my peicy

NTOI‘I 'l man SECA G r . . o
rae Z ijk — 001Iee KOJIMYECTBO TOINIMBA Ha I[ 1-TO CyaHa 110 j-MYy pEeucy

10
k-My TOTITMBY Ha MaHEBPax Ha OCTALHBIX yuacTKax B 30He SECA,;
Ton I'/l MaH ocT.pH
ZN; jk
My TOIUIMBY Ha MaHEBpPAaxX Ha OCTAJIbHBIX YYacCTKaX B OCTAJIbHBIX pailOHaX.
KonnuectBo TomnmmBa Ha ['Jl Ans Bcex BBINIEONMCAHHBIX OMEpPaldi OMpenessieTCs

CIeNYIOIINM 00pa3oM:

— obiree KoauuecTBO ToruMBa Ha JII i-ro cyaHa 1o j-My peicy mo k-

TonT[ _ _TA
Nijpe & = nye * tiji(Siji) * kij =y, T (17)
e My — HOpMaTWB pacxoma TommmBa Ha IJI i-ro cymma mo k-My TOIUMBY B

3aBHCHUMOCTH OT OTIepaInH, T/CyT(KM);

tijk (Sl- ]-k) — pacdeTHOe BpeMs (PacCTOsSHUE) i-TO CyJHA 10 j-MYy percy Mo k-My TOIUIHBY
B 3aBUCHMOCTH OT OIEpaLiH, CYT(KM);

kij — xosdduiment, yuuThiBarOMH yBeIMYEHHE/yMEHbLIEHHE HOPMbI pacxoja
TOIUTMBA B 3aBUCHMOCTH OT 3arpy3KH i-ro CyxHa IO j-My peiicy B 3aBHCHMOCTH OT
oreparuu;

Y — K03((UIMEHT, YIUTHIBAIONINN Pa3HOCTH HEPTOEMKOCTH JIETKOTO M TSKEJIOro
tornBa. Kak mpaBmiio, HopMa pacxoja TOIUIMBA, NMpH ucrons3oBannd MGO B kadecTBe
OCHOBHOTO HIXe Ha 6% dem npu ucnons3oBannd VLSFO mmn ULSFO.

O6mee xonmyecTBo ToruBa Ha J[I i-ro cynHa 1o j-My peicy mo k-My TOTUIMBY:
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Ton ,Z[F T0r1 AT xox, Ton Al cT Ton AT man
rie ¥ N AT xon o61uee KOJIMYEeCTBO TomuuBa Ha JII' i-ro cyaHa Ho j-My peiicy 1o k-

MY TOIUTMBY B XOJY;

Ton A" cT . . o
Z Nl]k — o0lIIee KOJIMYECTBO TOIIMBA Ha Z[F 1-r0 CygHa IO j-MYy PEHUCY I10 k—My

TOILIUBY B IPYy3y;

ton /II' MmaH
Z Nuk

TOIIMBY Ha MaHEBpax.
Kaxnyro u3 cocraBistroniux Gopmyssl (18) MoKHO pacmicaTh ClIeAyIONMM 00pa3oM.

— obmee konmuuecTBo TorumiBa Ha JII' i-ro cymHa 1o j-my peiicy mo k-omy

Z Nl';c;(n Al xon _ Z Nl';c;(n Al xon SECA + Z N:;(;cn ATl xop ocT. pH’ T (19)
Z Nl';c;(n Al cT — Z Nl';c;(n Al ct SECA + Z N;(])cn AT cT ocT. pH’ T (20)

Z Nl';c;(n Al man — Z Nl';c;(n Al man SECA + Z N:;(;cn AT MmaH ocT.pH T (21)

Ton Il xon/ct/Man SECA . .
rae ZNuk A afer/ 0611.166 KOJIMYCCTBO TOIUIMBA Ha I[F 1-ro CyaHa Iio j-mMy

peiicy mo k-My TOIUIMBY B XOJy/CTOsiHKe/MaHeBpax B 30He SECA,;

Ton /II' xoA/cT/MaH MaH OCT.pH
Z Nl]k

peiicy 1o k-My TOIIMBY B XO.y/CTOSTHKE/MaHEBPaxX B OCTAIbHBIX pailOHaXx.
KonmuectBo TomnmmBa Ha JII' 1 BceX BBIMICONMMCAHHBIX ONEPALMSIX ONPENEIISeTCS
CIIEAYIONIIM 00pa3oM:

— obmee xonmuecTBo TorumBa Ha JII' i-ro cymHa mo j-my

Ton A __ AT
le]k = Ny * tijka T (22)
rae nﬁf — HOpMaTuB pacxoma TommBa Ha [ i-To cyaHa mo k-My TOIUIUBY B

3aBHCHUMOCTH OT OTICPAIHH, T/CYT;

tijx— ACYCTHOE BPEMs (-TO CyJHA IO j-My PEHCY MO k-My TOIIMBY B 3aBUCUMOCTH OT
orepanuy, cyT.

OO11ee KOJIMYECTBO TOIUIMBA Ha KOTEJ ONPECIISETCS] aHAIOTMYHO KOJIMYECTBY TOTLIMBA
Ha /1T, 3a uckiaroueHueM ¢Gopmyiibl 22. KolndecTBO TOIHMBA HA KOTEJ JJIST BCEX OIEpaIluii
OTIpEeIsIeTCsl CIEAYIONMM 00pa3oM:

dNTOHK = nﬁc * Lk * Y, T (23)

rae nk. — HOpMaTHB pacxoja TOIIMBA Ha KOTEN i-TO CyAHA 10 A-My TOIUIMBY B
3aBUCHMOCTH OT OTIE€PALIH, T/CYT;

tijx— PaCYETHOE BPEMS i-TO CyJIHA MO j-My PEHCY IO k-My TOIUIMBY B 3aBHCHMOCTH OT
onepanuy, cyT;

Pacxoppl Ha cya03ax0/bl B HOPTHI i-T'0 Cy/IHA 110 j-MYy peucy:

Z 35'1_),4 — 3PDA rnorp + 3PDA BBITD USD

ij ij ’ (24)
PDA norp . .
rae 3 — CTOMMOCTH TOPTOBBIX COOpPOB B MOPTY MOTPY3KH i-I'0 CyAHA IO j-MYy
peicy, USD,
PDA BbITp . . o
3J; i — CTOMMOCTH IOPTOBBIX COOPOB B MOPTY BBITPY3KH i-TO CYAHA IO j-MY peiicy,
USD.

Oo1iee BpeMst peiica BBITISIIUT CIETYIOINM 00pa3oM:

p _ XOA CTOHHKI/I
t;= Xt Xt CcyT 25)

X0/,

rue Z t;;
3 t”"“"“” o01Iee BpeMs Ha CTOSHKAX i-TO Cy[Ha T10 j-My Pency.

— of1mee BpeMs B X0y i-TO CyJHa IO j-My peicy;
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OO0iiiee BpeMst B X0y i-T0 CyJIHA T10 j-My peicy:
xon __ ,0asuLnepexof, B rpy3y
Lt =t + b , CyT

ij (26)
6aJu1.epexo], . . o .
e t;; — BpeMsi 0aJUTaCTHOTO MEPeXo/a i-ro CyIHa 10 j-My PEHCy, CYT;
t;; "> — Bpems Ha ciiesOBaHNE B IPY3Y i-TO CYJIHA TIO j-My PEiicy, CyT.
Oomiee BpeMs Ha CTOSHKAX i-I'0 CyIHA IO j-My peicy:
CLT SSHEX
Z ticj"l'OHHKH — tiLjC + tij norp + tlpTKTaTKa 6asnt + t;'llorp + tij norp +
CT B XO4y CLT BBITp BBITD SSHEX BbITp np 27
Yt +t;; +e" e +t;], eyt 27

rae tiLjC — BpeMs oxuganue Hadana LayCan i-o cyaHa 1o j-My peiicy, cyT;
tCLT norp
ij
MOTPY3KE i-I'0 Cy/IHA [0 j-MY PEUCY, CYT;
¢oTRTATKA G _ pheng HA OTKATKY OasimacTa i-ro CyaHa (3aBHCHT OT IPOEKTa CyJIHa,
HCXOHBIC IAaHHBIC), CYT;
TIoT’ . . o
t; P _ Bpems morpysk# i-ro cyama o j-My peiicy, cyT;
tS.S'HEX norp
ij
CyZHa 10 j-My peiicy, cyT;
CT B X0y . . o N
2t — BpeMsI BCEX CTOSHOK B XOJy i-T0 CyZHa O j-My peiicy, cyT;
CLT BoITp
t; j
Ha BBITPY3KE i-T'0 CyJHA IO j-MY PEUCy, CYT;
tfj”rp — BpeMsl BBITPY3KH i-T'0 CyJHA I10 j-MY peucCy, CyT;
tSSHEX BBITp
ij
CyZHa 10 j-My peiicy, cyT;
t?jp — MIPOYHE CTOSHKH, CYT.

— BpeMsI O’KHJIaHWe Hadasla CTAIMITHOTO BpeMeHu (commencement lay time) Ha

— BpeMsi OKHJAHUE BBIXOJHBIX M IPa3IHUYHBIX AHEH Ha IMOrpy3Ke i-TO
— BpeMs OXHJaHWe Havajia CTaJIHHHOTO BpeMeHH (commencement lay time)

— BpPEM OXHWAAHHC BbBIXOAHBIX W NPa3JHUYIHBIX ,Z[HCﬁ Ha BBIT'PY3KE i-ro

Hﬂﬂ IIoacde€Ta BCEX noKa3aTeaeH HCO6XOZ[I/IMO CHa4aJila CHOpPOrHO3UPOBATH BPCEM:I
OKOHYaHUC peﬁca:
3aBep Mpor __ omnep IUCJIOK
T, =Y t, +T , CyT (28)

l
3aBep npor o .
r;[eTl-O — IMIPOTHO3HOC AaTa U BpEeM: 3aBCPHICHUEC TCKYLICTO peuca, CyT,

2 tLOTl: P_ cymMMa BpeMeHH OCTaBIIMXCS OTepaluii, CyT;
TA"“°% _ nata u BpeMs Hauasa MIIAHUPOBAHHUS, CYT;

Ha npakTuke B COBPEMEHHBIX MOPCKHX IIEPEBO3KAaX HEBO3MOXKHO TOYHO IIPEJCKA3aTh
OKOHYAaHUE KOHKPETHOH ONEpalMy, M YacTO HCIOJb3YETCS IOHATHE «IIPOCIEKTH» II0
NOTPY3Ke, BBITPY3KE CyJIHA, TaK Kak HAWOOJbIIas HEONPENIEeNCHHOCTh OTHOCHTEIBHO
IUTAHOBBIX 3HAYEHHMH HAXOJIUTCS UMEHHO B MOPTOBBIX onepanusx. K npumepy, mocraHoBka
CyJiHa K IIPUYaTy MOKET OBITh Kak C XOIy — B CIydae TOTOBHOCTH Ipy3a, OpTa M NMpHYaa,
— TaKk U C OXKUJAHUEM Ha peille B TEYEHUE NOCTaTOYHO UINTENBHOro BpeMmeHu. CTouT
OTMETHUTbH, YTO B JOrOBOpaxX Ha MEPEBO3KY CYIIECTBYET MOHATHE CTAJIMHHOIO BPEMEHH,
KOTOpPO€ PErIaMEHTUPYET BpEMs HAXO0XKJEHUS B IIOPTY, U BCE BPEMs, IIOTPAUYEHHOE CBBILLE,
OITaYMBAcTCsA IO cTaBKe jaemepemxa. OAHAKO 3TO IOKPBIBAET TOJBKO pAacXoiabl IO
TEKyLIEMY PeiCy, HO MOKET 3HAYUTEIbHO U3MEHMUTh BPEMS €r0 3aBEPILICHMS, YTO, B CBOIO
ouepellb, MOKET ITPUBECTH K OTNIO3JAaHUIO MO CIEMYIOILYIO ITO3ULMIO.

B cBsI3u ¢ 3TUM Ha IIPAKTUKE 4Yalle BCEr0 NPOTHO3UPOBAHUEM OKOHYAHMS OIEpaluu U
pelica 3aHuMMaeTcst ciyx0a SKCILTyaTanuu (JIOTa, KOTOpas BiaaeeT Haubojee CBEXeH,
aKTyaJbHOH © TOYHOM wuHopmanmeidl. Mcxoms U3 3TOro, Ha TPAKTHKE T;)aBeP fpor
OTIpEJIeTIsIeTCsl CYAOBBIMH OllepaTopamMy (MEHEIKepaMu MO 3KCIUTyaTalud) BPYYHYIO, YTO
SIBIIsIETCST HanboJiee HaJAEKHBIM U JOCTOBEPHBIM BapHaHTOM, YYHMTBHIBAIOIIMM HauOOJbIIEE
KOJINYECTBO KaK OOBEKTHUBHBIX, NMPOTHOZUPYEMBIX, TaK W HENPEIBHICHHBIX (DaKTOPOB.
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o 3aBep npor
Vcxons u3 3Toro, B pamKax JaHHOH paGotsl, Ty ' ' JIOJKEH yY4MTBIBATHCS Kak

HCXOJHBbIE JaHHbIC, MPU HM3MEHEHHHM KOTOPBIX MOXKET NPOU3BOAUTHECS MepecdeT JaHHOMH
MOJIEIH.

Hcxoast U3 MPOrHO3HOTO BPEMEHH 3aBEPIICHHUS TEKYILETO peiica, MOXKHO OMPENEeIUTh
JaTy TOAa41 CyHa.

non cie, elic 3aBep npor 6asi1.mepexo
TIPS = RPN g PSR ey (29)
6as1.nepexo], o ..
e t;; — BpeMs Ha IOPOKHUM MEPEXO0Z i-T0 CyIHA Ul j-H 3asiBKe, CYT.;

BpeMﬂ Ha OXUJaHUE Hauajla IOJAayd i-r0 CyAHA IO j-My pelcCy omperensercs B
3aBHCUMOCTH OT JaThl U BPEMEHHU Hadaja MOoAa4yu CyJHA Ha j-OM peiice U JaTbl, U BpeMEHU
[I0/1a4y [-I'0 CyJHA IOJ j-MY pency:

Eciu ,I}]][[ > Til}oa cief pel?lcj TO tiLjC — T}H[I _ Tll;oa [o8) (i peuc (30)
Ecau 'I}-jm < T;}OA creApeic o, tiL]-C =0 (31)

rIe 7}M — JlaTa ¥ BpeMsI HadaJia 1oJJauyl CyJHa Ha j-My pelcy (MCXOIHbIE NaHHEIE);
Bpewms, 3arpaunBaeMoe Ha HOI’”py3Ky/BBIpr3KyZ

Horp/BHITP __ JlaH s 110Tp/BBITP
tij - 3L] /Bc cyT >, CyT (32)
rae BSE?%B"‘”’ — HOpMa IMOTPY3KH/BBIIPY3KH MO j-OMY peiicy (HCXOAHBIE IaHHBIE),

T/CyT.;

B rnoroBopax Ha mepeBO3KYy BaKHOE MECTO 3aHMMAET Y4YeT CTaJMHHOTO BPEMEHH.
CranuifHoe BpeMs — 3TO BpeMs, 3a KOTOpoe (paxToBaTeib OO0s3yeTcs MOTPY3UTh HIIN
BBITPY3UTh CYAHO O€3 MOMOJHHUTENBHBIX K (paxTy IulaTexxked. B ciydae mnpeBbleHHs
JAaHHOTO BpeMeHH (paxToBarenb O00s3yeTcs BBILIATUTH CYIOBIANENbIly IUIATy 3a
KOHTpcTanuitHoe Bpems (nemepenx). B cBszu ¢ atum B CP mpomnuceiBaroTCsl MOPSAOK
pacyera B ciiydae, €Clii CTaIMHHOE BpeMs IOMalaeT Ha BBIXOJIHBIC U MPa3IHUYHbIC JTHU, a
TaKKe YCJIOBUS Hayaya CTAIMIHOTO BPEMEHH.

Kak mpaBuiio cranuiinoe Bpemst Haunnaetcs ¢ 08:00 (8/24 = 1/3 = 0,333 cyrok) wiu
14:00 (14/24 = 0,583 cyTok) pabouero AHS M 3aBHCUT OT BPEMEHHU IOJAUYd HOTHCA O
roroBHocTH (notice of readiness wim NOR). s MareMaTH4ecKOro OIMUCAHHS BBEICM
crenyrone 0003HaueHUE:

ZApo6 (T) — npobHast yacts uncna T (ZoIA TEKYIINX CyTOK, oT 0 1o 1);

ues1 (T) — nenast yacts uncia T (KOJMIECTBO MOTHBIX CYTOK).

Hcxoast n3 HOBBIX 00O3HAaYEHHH, MaTeMaTHYeCKOE OIMCAHWE Havyalla CTaJMHHOTrO
Bpemenu npu ycinoBun SHINC wu mpu ycnosun, yto NOR MoxeT ObITh mojian B Jito0oe
BpEMsi, MOXKHO OIMCATh CJIEAYIOIIUM 00pa3oMm:

8 12 14
Ecin > < ﬂ0p6(Ti1]\-’0R) < 22 01O TgLT = ueﬂ(TNOR) + Z

(33)

Ecmn 0p6(TOR) > 22 10 TS = nen (TNOR) + 1+ (34)
Ecm A0p6(TiI}IOR) < 28 TCLT = LeJ (T'IJYOR) + % (39)
tit" = T - Tk (36)

rie ,qop6(Ti1}' ORY _ npobuas wacts Bpemenu mogaur NOR i-ro cyana 1o j-My peiicy,
CyT;
e (TJ°%) — uenas vacts Bpemenn nogaun NOR i-ro cyana o j-My peiicy, cyt;

TS — MOMEHT Havana CTaNMIiHOr0 BPEMEHH i-rO Cy/IHa 110 j-My peiicy, CyT.
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BpeMsi okugaHus BBIXOIHBIX U HPa3AHUYHBIX JTHEHW 3aBUCHT OT YCIOBHH IPY30BBIX
pabort. PaccMoTpuM cienyromniie BB pacueTa CTAINIHOTO BPEMEHH:

SHINC — BeIXOZHBIE 1 NPA3AHUYHBIE JHU BKIIOYAIOTCS B PacyeT CTAIMIHOTO BpEeMEHH
(Sunday and Holidays included).

SSHEX — cy0606oTa, BockpeceHbe W Tpa3AHUYHBIE JHH HMCKIIOYAIOTCS W3 pacueTa
cranuitHoro BpeMenu (Saturday, Sunday and Holidays excepted)

SHEX — BockpeceHbe W Mpa3IHUYHBIC JHU HCKIIOYAIOTCSA M3 pacueTa CTATHHHOTO
Bpemenu (Sunday and Holidays excepted).

Criemyer OTMETHTH, 9YTO B HEKOTOPHIX CTpaHaX (B OCHOBHOM B apaOCKHX) BBIXOIHBIMH
THSAME CUHTAIOTCS IATHUIA M cy000Ta, a BOCKpeceHse sBisercs pabounm qaeM. OQHAKO B
paMKax JaHHOW 3a/laul 3TU YCIOBHUS HE YUUTHIBAIOTCS — OyIEM MCXOOUTh U3 CTAHIApTHOH
CXEMBI C BBIXOJIHBIMH B CyO0OTY 1 BOCKPECEHBE.

BpeMsi oxumaHusi BBIXOAHBIX M TpPa3IHUYHBIX JHEH i-r0 CyJgHa IO j-My peWcy
OTIpEIETISIETCSI CIICAYIOIMM 00pa3oM:

T, =TS, cyr (37)
T, = t{[jOFp/BbII‘p + Ti(}jLT, cyT (38)
¢he pas. mexny Ty uT, ,cyT (39)

rae Ty — mepBas IepeMeHHasi JaThl 1 BPEMEHU;
T, —BTOpas nepeMeHHas JaTbl U BPEMEHH;

£"e P2 _ pepaGouee pemsa mexay T, u T, .

Eem t™P% >0, 10T, =T,;T, =T, +t" ", 10 Bosepamaemcs x pacuery o
dopmye 39.

Eenu tHe pa6. _ 0’ T0 7;3.asepm.norp/sb1rp — Tz

Z[J'IH OnpeAcJICHUSA MPasaHUIHBIX I[Heﬁ Ha TMPAKTHUKEC YallC BCCTO HCHOJB3YIOT
kanesaaps BIMCO.

Orpannyenus. {11 JaHHON MOJIEN OTPAHUYCHUSIMU SBISIOTCS:

Cyza IOJKHBI IPUXOJHUTh PaHbLIE ATl KAHIICIUHTA

Tno.a cien peuc < TjKaH TUTS BCEX i I/I] (40)

l
rac TjKaH — JAaTa U BpeMs 3aBCPHICHUSA MMOAAaYH Cy/iHA [JId 3asABKU, CYT

Cy,HHO, Ha3HA4YC€HHOC B 3aj41BKC, MOXXHO 3aMCHUTH TOJIBKO Ha €ro Cy6CTI/ITyT. HnpiMu
CJIOBAMH, IPOCKT Cy/IHA, JOJZKEH COBIaAaTh C IIPOCKTOM, YKA3aHHBIM B peﬁce.

P, =R; nnsaBcexiuj 41)
rmue Rj — IIPOEKT CyJHa JJIs j-i 3asBKH;
P; — IpO€eKT i-ro cynHa.
CyzmHO MOKHO Ha3HAYUTh TOJIBKO OJUH pas:
ZiXij <1 s Beex i (42)

Ha peiic M0oxHO Ha3HAYUTH TOJBKO OAHO CYAHO:
2 Xij <1 nns Beex j (43)

Jlnst BceX pecOB ¢ MPU3HAKOM «UHCTask CIIENIKA» JOJKHBI OBITh BBIMOJHEHBI:
_ : clean
% Xij= 1 s Beex j € ] (44)
rae J clean _ yiyokecTBO PECOB CO CTATyCOM «YHCTAsl CACIKAY.

CyHHO Ha3HA4YCHHOC Ha pei/'Ic JOJDKHO COOTBETCTBOBATH CAHKIIMOHHBIM OI'paHUYCHUSAM
JUIA KaXXKJ10TI0 peﬁca

Sl-OFAC < SjOFAC (45)
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SFU < sPY (46)

sPE < s (47)
rae SiOFAC/ EU/UK _ yanuune cank OFAC/EU/UK i-ro cymHa (6o 0, mbo 1);
SL.OFAC/ EU/UK _ yamuuue canxuun OFAC/EU/UK j-ro peiica (tu6o 0, mbo 1).

3akjao4yenue

JlanHass Mozenb TMO3BOJIICT MaKCHMH3MPOBaTh NPHOBUIb 32 CYET ONTHMHU3ALNHU
paccTaHOBKH (u10Ta M TOAO00PY HanOOJIee BBITOJHBIX CICIOK NPH YCIOBUH, YTO UMEIOIIEeCs
KOJIMYECTBO (PIIOTAa CIOCOOHO BBIIOJIHUTE BCE «UUCTHIE CACIKM». B pacderax yUHTHIBaIOTCA
YCIIOBUSI 3TUX peHcoB, Takue Kak LC, pexxum paboThl IOPTOB B BHIXOJHBIC U IPa3IHUIHbIC
JTHH, YCIIOBHSI Hadaja CTAJIMHHOTO BpeMEHH, paiioH paboTel. Eme omHO# OTImuYnTensHOMN
0COOCHHOCTBIO ABISIETCSI TO, YTO B 3asiBKaX PacCMaTPUBAETCS KOHKPETHBIN IPOEKT CyIHA,
YTO IMO3BOJIMT B CJIydyac HEXBATKU BO3MOKHOCTEH KOMIIBIOTEPA COKPATUTH 3aJiavdy. NupIiMu
CJIOBaMH, OOCUMTHIBATh HE BECh MPOLECC LIEIMKOM, a pa30MBaTh 3ajady Ha I0J3a/a4d U
NMPOCYUTBHIBATL TOJIBKO 3asiBKU IO OAHOMY IIPOCKTY. ITomumo 9TOT0, B COBPCMCHHBLIX
YCJIOBUAX TMPUXOAUTCA Y4YUTHIBAThb CAHKIIMOHHBIC PUCKU. Hanuuwne COOTBETCTBYIOIIUX
OTpaHMYCHUI MO CTpaHaM, HAJOXKUBIIMM OTH caMble CaHKLUUH, II03BOJMT OoJjee
PCATUCTUYHO ONLCHHUBATH BO3MOXHOCTH BBIINNOJHCHHUSA KOHKPETHOTO peﬁca, KOHKPETHBIM
CYIHOM.

Ha ocHOBe 3THX NaHHBIX, a TAaKKe€ IAHHBIX O PACCTOSHHM MEXIy IOpTamH, ObLia
cocTaBleHa TabnWIla BCEBO3MOKHBIX PAacCTAaHOBOK (PJIOTAa C YYETOM IIPOCKTOB CYIIOB,
KOTOpBhIE HEOOXOIMMO NPENOCTaBUTh [UIS BBIINOJHEHNS KOHKpPETHBIX pelcoB. Cyna
0J00paHbl TAKUM 00pa3oM, 4TOOBI pacdeTHOE BpeMs IIPHOBITHS HE MPEBBIIIAI0 OKOHYAHHS
COTJIACOBAHHOTO C KJIMEHTOM CpOKa MOAa4YM CyAHa. Taxoke OBUIM YYTEHBI Pacxolbl Ha
omiary cb6opoB npu mpoxoxnaennu bocdopa, lapaanemn u Kepuenckoro nposusos. B
pe3ysbTare NMpOBEICHHBIX PacueToB ObLIa IOJy4eHa paccTaHoBKa (10Ta, IpU KOTOPOM
cpennuit TCE cocraBisier 5 165 USD/cyno- cyTkH, CyMMapHbIi peHCOBBIII pe3ynbrar
cocraiger 2,2 muH USD. Ilpu sTom crnemyromue peiicsl omnpeaeneHsl 1 21 cynHa, u3
KOTOPBIX: 16 — 3TO Te, KOTOpBIE KOMIAHMS 00s3aJ1aCh BBINONHUTH, 5 — HaXOJAIIHecs Ha
CTaJU{ TIEPErOBOPOB C (paxToBAaTEISIMH M PEKOMEHAyEMbIe K 3aKiIoueHuio. B cimydae
TIOSIBJICHUSI HOBBIX 3as1BOK/CP 3a7a1y MOKHO ITOBTOPHO IIepeperaTh.

CTOUT OTMETHUTH, YTO TPH PEIICHUN JJTAaHHOW 3aJaudl Mbl CTAJIKUBAEMCS C TEM, YTO JJIS
ee pemeHns: HeoOX0AMMO 3HATh CTaBKy (ppaxra, KoTOpas SIBISIETCSI KOMMEPUECKOH TaHOH,
1 KOMIIAaHWHU €€ He pacKpbiBaioT. Takke B JaHHOW 3ajgade HE MOJIyYUTCS CPAaBHHUTH G QEKT
OT PacCTaHOBKH, ITOCKOJIbKY, IOMHMO YK€ M3BECTHBIX PEHCOB (CTaTUCTHUECKHUX JIaHHBIX),
HE00XOIMMO OOCUHTHIBATh BO3MOJXKHBIE PEHCHI, HH(pOPMANHI O KOTOPhIX XPAHUTCS JAJIEKO
HE y BCEX CYIOXOAHBIX KOoMmaHui. [yst Toro uyToObl moka3aTh 3G (PEeKT OT pacCTAHOBKU Ha
OCHOBC HUMCHOIIUXCA JaHHBbIX, 0e3 HCIOJb30BaHUS CTaBKU (banTa, JaHHas 3ajada
PCAIU30BLIBAJIACH IO KPUTCPUIO MUHUMHU3AIIUN PACXOO0B. CyMMapHI)Ie pacxoabl OT TaKOTO
BapuaHTa coctaBiiror | 301 309,01 USD. Cymmapsble pacxofsl NHpH HCXOIHOM
paccTaHOBKe, KOTopasi ObljIa MCIOJIb30BaHa B MapoxoacTBe, coctamin 1 391 252,47 USD.
OxoHomus coctaBisieT 89 943,46 USD wnu 6,46 %.

OnHAaKO CTOMT OTMETHTh, YTO B AAIbHEWIIEM NPH PEUICHUH NaHHOM 3a/addl MOXKET
OBITH PACCMOTPEH PAJ IOMOIHUTENBHBIX (akTopoB. K mpumepy, ecnn CyIaHO NPUXOIHUT B
MOPT paHbllle HA3HAYEHHOW MJaThl, TO €My HEOOXOAWMO MaaBaTh PEKOMEHAAMH MO
ONTHMAJIGHON CKOPOCTH IBFDKEHHUS ISl 3KOHOMHMHU TolumBa. OnTuMu3anusi OyHKEpOBKH
CyJHa C y4eTOM MeCTa M CTOMMOCTH ToruimBa. [Ipu nporHo3upoBanum pelica HE0OX0AUMO
J00aBUTh y4eT OCOOEHHOCTEH TEKYIETro M IIAHWPYEeMOTO Tpy3a, a Takke 0COOeHHOCTEH
KOHKpeTHOro cynHa. Hampumep, 3aTpaumBaeMoe BpeMs Ha IOATOTOBKY TPIOMOB K
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MOrpy3Ke, XBATUT JIK BPEMEHM Ha MOATOTOBKY HA IMEPEXOJ B MOPT MOTPY3KH — B CiIydae
HEXBATKM HEOOXOIUMO 3ampalliBaTh JOMOJHHUTEIBHOE, TEXHHYECKOE COCTOSHHE CY[HA,
OTpaHMYeHUs 10 paiioHy IIaBaHUs, oruiata ciopseiliepo, Hammuue COJIIla y xanurana
KOHKPETHOTO CyJIHA U T. . B CBA3M ¢ 3THUM JaHHAs MOJENb OyJET COBEPIICHCTBOBATHCS U
JIopabaTHIBATHCSL.

10.
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HanpaeneHue desmensHocmu:
fModbemMHO-mpaHcnopmHbie MawuHbI U

MaluluHOpeMOHm

KOAEBAHUA 11 BUBPALIUST 3AUINTA M BOCCTAHOBITEHUHE

L PacdeT kpyTnNkHbLIX koneGaHuil BanonpoBoaoR; 0 PaspaGoTka nbineyaanaiou|ux yeTponcTse

0 TopcuorpathmposaHue [EWKUTENBHBIX YCTEHOBOK MW NEPETPY3Ke HABANOUHBIX TPY30B,
CyaoB; [ ¥YnpouHeHue aAeTanen HannasKow;

O UsmepeHue Bubpalun Ha cyaax. [ BoccTaHoBneHue AeTanen Hannaekow

Py30N0OBbEMHBLIE MALLIUHE!

HAE®EKTALNSA MNPOEKTHAS QOKYMEHTALMA BNEMEHTb! SQAHWA
HedekTauus 3NeMeHToB PazpaloTka  NpOEKTHO-KOHCTPYKTOPCKOMA PaspaboTka NPOEKTHOR
METanNnoKOHCTPYKLMiA AOKYMEHTaLN Ha M3roToBsneHNe, LOKYMEHTALMN HA BNEMEHTHI
rPY30MoLBEMHbBIX MaLLMH, PEKOHCTPYKUMIO, REMOHT " 34aHWA U COOPYXEHWA C

MOAEPHUSALIC NMOABEMHbLIX COOPYXKEHUH
W TexHonoruueckoro  oBopyAoBaHuA
noaEeMHBEIX coopy)«eﬂmﬁ;

YCTPONCTE MeToAamMm
HepaspyLalowWwero KoHTPons 1

KPaHOBBIMW Harpy3akamu.

HespastopHoil AnarHocTrkK; @
AN
Foiimny
v i BrYBT
% Y
“ WHepacTpykTYpa BOAHLIX NYTEW, MPY3I0BOMH U NACCRMPCKII CONOT, CYOOCTPOSHUE, *‘ y
CYOCPEMOHT He MOryT CyllecTBoBaTk Be3 Norpyse-pasrpy3oyHelX patoT, aCHOBOM . ‘
KOTOPbIX ABNAKTCH NOABEMHO-TRAHGNOPTHOE 0OCPYA0RAHIE

Poccua, H.Hosropog. yn. Hecrepoga 5

V. VSUwL.ru




fTodvem u Ymunu3auyus cydos

B pamkax HayuHo-nccnenosatensckoro npoekTa no cosgaHuio MiHdopmauvoHHo-
TexHonornmdeckod nnardgopmel “Iogsem W yTUNM3auns CyaoB” Ans nnaecpeacTs
BHYTPEHHETO N CMELLIAHHOTO (PeKa-Mope) NnaBaHusa

KUIHEHHBIA UNKIT CYOHA
lMNpakTnyeckasn s3HaYUMOCTL NpoekTa «MAYC»

B xode npoekta NNaHWpyeTcs €o30aTk WHGOPMALMOHHO-
TEXHONOMMYeckylo nnatgopmy «ModbdM W yTUAM3ALMA Cyaos»,
CTPYKTYpa  KOTOpOA npegctaenAeT  coboil  paj  B3avmHO

MHTErPUPOBaHHEIX 683 faHHLIX, HanRUMER:
sz
- N0 CcyAam BHYTPEHHEIO WM CMeLaHHOro (peka-mope) -

ot et 2 et v
L
I o s

NABaHWA, NOANEXaALWM YyTUIM3aUuK ¢ yueTom Buaa ¢norta; 7 MAPORAR TSPy
- N0 KOMNOHEHTHOMY COCTaBYy CyOooB, NOANEHALMX g e oo s v o

yranuzayuan e lurmvc BBk,
1o pa3aMepamM Bpea oT Cy/oB, NOANSKALLAX YTUNM3aLIMN; o

[ s

- NO CYUWECTBYHOWWM W NEPCnekTUBHbIM - TEXHONOrMAM B
obnacT/l cyAcnoaREMa CYa0B U UX PasAenki Ha NoM;

= N0 pacnonoxeHWHd W MNpoOU3BOACTBEHHLIM  MOLUHOCTAM
NPeAnpUATUA, 330efCTBORAHHEIX MPW NOABEME W yTUAU3aLuM
CYAOB W AP ;

- N0 HOpMAaTKBHOI Dase n op

Jflokanshbiil npumep. Paapabomka 0. Maxkpoananus.

19 Tp1 CUeHKe KM3IHEHHDTO quﬂa CyAHa DGOCHOBAHHO YYMTLIBATE NPOLECT BRIBOAA W3 BKCMNYaTaLMK, BKNIOYas NPAMBIE W pacnpeaensemble
pacXofibl Ha yTUNM3aLMio. B criyuse nogbema saToHyBLIMX/MONY3ATOHYBLUMX CYA0B YUWTHISAKTCH PUCKA, KOTOPLIE ENVSIOT Ha
AKONOTMHECKAW YILepl BOAHbIM pecypcam

OANEXALME YTRITM3ALIAN CYAA
Aaniere no Bomweko-KaMckomy Bacceliny
Cocras Mognyna «lNacnopt cyanas

120 240
Nacnopr cyaua
*'7 100 200
r T — T 1 50 160
e ||| o |
80 1200 — —
[ Coeqznmo ||
[P— 0 o
r T T T T 1
NpoerTHaR ARTEL CBEAEHHA Cyaonmii Mporuoa Aauuwena
| pompenounn | aepewrmgnn | o peanre wyowan varoca cvany 20 I 40 —
— I
Teamonoemeckan | Housrspurapoian o . i ;
b [ ihiing Mparancas o ek w31 T4 sporeipen G e g 10 BALCERHAN
=BONMA WKAMA = MPUTOKK
Llem: npoekTa:
P Te WHCROPMaLWND onorudeckylo nnarchopmy <Mogbem u yTMAKMIAUMA cydoes
,qnﬂ NNaBcpeACTE BHYTPEHHETO W GMELLAHHOM (peka-mope) . KkoTopas ol BLIBOAbI:
BO3MOMHOGTb CYAOBNAfENbLEM, KOHTPOIIbHO-HAA30PHbIM OpraHamM 1 oTxofonepepabaruBaoLnm "
KOMNAHUAM, OPraHu3aLVaM, 3aHIMAIOLIUMCS NOALEMOM 1 PA3AENKOA CYNOB, NPH NNAHUPOBAHUN
W Npou3BoAcTBE paboT no noabémy U ob CYAOB, ¥T CymmapHas
np Tb  HAY4HO-OF bl METOAVKM OLUSHKM ONacHOCTM W TeXHOMOrMM Noabema, OLEHOYHaA  macca
Tpaucnapmpeakm Ha CYA0PA3AenouHyi0 NNOLaZAKY. pasnenk, yTUNKH3auun 1 oBesBpekUBaHHS, BPOLUEHHBIX YOO8
MCNONb30BATE 3TM METOAMKW N TEXHONOrMM B CO3NAHWM W passuTu ACY npeanpusTvii BogHOro P ThiC. TOHH
TPAHCNOPTA, KOHTPONEHO-HAA30PHEIX OPraHoB 1 OTXoAoNepepabaTLIBaIoLUX KOMNaHHIA.
Oxupnaemas 3¢dpeKTMEHOCTL NPOEKTa:
Peannaauns pesynstatos HUP BygeT cnocobeTaoBate:
- CO3MAHUIO YCNOBUH ANA PALMOHANEHOMS NPHUPOACNONL30BaHHA,
- ) HArpyaki Ha ¢ VI Cpeny 0FBEKTOR CYAOCTPOMTENBHOM OTPACHK; Paamep Bpeaa
- ONTYMUSALNN HETATVBHOTD B03RGHCTBIA CYROCTPOMTENLHOM OTPACHN; BOHEIM OBbeKTaM
- MOBLILLEHWIO YPOBHA TEXHONGTYHOCTI NOABEMA CYA0B, UX PA3AEnke i YTUNU3aLNM OTX0A08 npessiwagT
] . mnpp. py6
npoexra: Y HapMHb , Llentp crp: oro pasanTus BBM u Pl OPWVEHTUPOBOUHO
Kam OXpaHbl cpentl 1 W, Kadp, M) HA W
cyaos, ath. BoaHsIX MyTeR v rapoTexHuseck coopywenid, KB BI'VET, kath. ByxranTepakaro yuera, ananusa n gunarens
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TexHUKO-3KOHOMUYeckoe 060cHOBaHUe cmpoumenscmea
cy008 mexHu4ecKkoz20 hrroma Ons codepxaHus
eHympeHHUX 808HbIx nymell Pocculickoti ®edepayuu

BsaUMoaeacmeue Verousnin HHLYCTI MR EHBI
_VHUSEPCUmema [ GuHaeHposats
opz2aHusayusamMu ompacau - e iy

s3aumopecTENR eEneposaHms HECARADBENAS

OcHoBHEIE

YHABEPCATETOM cthopmuposaHa Mozaens  anadeney W S

B3aNMOOSACTBWA C OpraHusaLuamMin oTpacnu. - apasa h MCy
Opyeaiicmopon
- yaTuRT Y sanpecygn P mm—

Eanaqm MOAENH: “uewo
OpraHW3auns  HaykoeMKUX WcenefoBaHuid ¢ wvimprme L L] e8] kbl

Brnag:
MPUBNEHEHEM HayqHBIX LUKON YHHUBEpCUTETa; Rt

Monaepxka passATHA KEAPOB Ha NPeanpuATYAX  [EENEN.

1 BHEAPEHWe HayyHoro noaxoaa e e T —— T

Llens: @opmuposaHue 0GOCHOBAHHLIX MPOTHO30B PasBMTUS GTPACNEessX NPeAnpUATWA, (hopMUpoBaHWe Ans
HUX YCTOA4MBbLIX (PMHAHCOBLIX MOAENEW C yHETOM Cneumdnkn N AUHAMMKN PhiHKa.

orcyrsyor Ao

Mokanbhbiii npumep AHanumuseckoll pabomsi. MakpoaHanus

66 MpK oUeHke 3 eKTHBHECTH BblAeNAEMbIX CyGeAgUii CONGCTABNANACck MX BEIMHMHA ¢ PACXCAAMH HA MyTesble paboTe (NpAMble
+PACNPEAENAEMbIE) MITKC AOXOAE! OT NNATHEIX PadoT.
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Kadhenpoi Byxyqera Bbin BeiMOMHEH A0 I II
= s scaren 72
YKDYMHEHHBIA aHanus 3¢¢ex‘rmFHocm T 7_. . .ll ll 1 N A
vcnonbioceaHua  ofkema  cyBouani  Ha f 34* R #
cOfepKaHie BHYTReHHWX BoAHbIx nyTed (BBIT) ,f u.e’ f & f fﬁ f" rd
W CYAOXCOHbIX FUAPOTEXHUYSCKUX COOPYMHEHNIA ,—" Tg’ e&‘y fe’ﬁ f f,f F V;"; f’ s’ ‘;"& o f
(CTTC) no  BocsMM  AgmuHucTpaumam &« # & f 7
faccefiHor 3a nocneaHwe nate ner (2019- <
2023rr)
BbIBOObLI
Lene:
B CEHoEs AR ceccRioTs DU e W2 BOCLMK, NPSACTABNEHHLIX B AHANW3E AAMUHWCTPALMIA BACCSHHOB ¥ NOnoBuHbl (50%)

paspaboTaTe MeToAMMECKME pPeKoMEeHOaLWW
A8 AQMAHVCTRALWA BaCCERHOB BHYTPEHHUX
BOZHLIX NyTER

06ben BolaEnAEMbIX CyECMONA NPEBLILAST PACXOALI HA NyTeBble PaboTel NNIVC 4OX0AEl OT
nnatHeX pabaT. K HUM oTHocAaTea Asoeo-foHckol BacceiH, Bonro-foHckoi BacceiH, KaHan
nMeHn Mocksbl, baikano-AHrapckuil BaccedH.

npoekTa: HEYYHEIX
Lerrn crpereneciora passmin B811 n mobsacrpyerian.
KE BIYBT, kad. M) W TEXHOMorun Bonklie aHanMTHKK No TeMe:
B -
f;ﬂ’”"s;:fm"’”"““ AR T Sl ST 8 pamkax K -TexHuueckid cinoT no Beem ABY 3a nepuog 2014-2024r1 + NporHoas!
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HAYYHO-TEXHUYECKUNA TPEHAXXEPHbIA
HEHTP« MEXAHUK»

é HAYYHO-TEXHUYECKUA OTHEN a

\“ YYEBHO-TPEHAXEPHAS BA3A / yyacmok Ha
#\ A0 «EOPPEM®IIOT» / CBAPOYHBIN NOMNATOH

“ Ha npeu3eoscTee, cooDEHHO ceitvac, BaxHYI0 pOMb UTPAIT Noau pabeumx
CneumansHocTer BRICOKOR kBanudukaymn. Pabota yeHtpa «MexaHuio
BCELIENo OTBEUAET 3a7a4aM NoIroToBkY kafpos. OTpacnesas
HANPABNEHHOCTL 1 HANNYME PEANLHBIX SAKA30B, HAYYHEIA NOaXoa,

NO3BONAKT NyJlle packpsiBaTs npodeccuto.
. «HEXaHHK: .

- 25 net B cocTase
HayyHoro aenapTameHTa
BryBT

- INugep no oBvemy
nony4eHHelX  CPREACTB 3a
BbINONHEHHBIE PaboTkl cpegn
Hay4HbIX NoapasaeneHmin
YHUBEPCUTETA 32 BpeMsA
CYLLECTBOBaHUA LieHTpa.

KoMneTteHuuu B oGnacTtu
TEXHONOTNI PEMOHTHON
cBapku, HanNnaBKu,
HanelneHna n
AecheKToCKonnu.

HayyHo-TexHUu4eckuid otaen,
yuyeBHo-TpeHaxepHas Daza,
CBapPOYHbIA NOMATCH.

OByyeHune ceapke,
paspaboTka
TEXHONOTMYECKUX NPOLIECCoB
pemMoHTa NOBEPXHOCTER
Aetanen, cobeTeeHHOE
peMOHTHOE NPON3BOACTEO.

Poccus, H.Hoeropog, yn. b. [leuepckan 93
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Pa6bombi KOHCTPYKTOPCKOIO BIOPO

|E B pamkax HanpaeneHuii:

TeinG A W VHOPACTPYKTYPA BOJHOIO TPAHCIOPTA 1
MM RITITRE LS NPOEKTUPOBAHWE MATOMEPHOMO ¢NOTA

Manas ByHKepoeoYHasa CIaHyus

monnueopasdamotmas
Croeuroe CyAHo. I'Io,qaua TONNMBA MOXET OCYLECTBNATLCH
nnamdopma Kak ¢ Gepera, Tak N HANVMBOM C TaHKkepa. B KCHCTRYKUMI UMeeT TaHKK
OCOBEHHOCTR: peaspe ANA pasHbiX BWAOB Tonnuea: BeHznHbl AW-92 n AKW-95, a Takke

LAW3ENHHOE TONNWBO.

Ha cTaHuMK YCTaHaBNUBAIOTCA TONMUBOPA3AATOMHEIS KOMOHKM
WNUu HacOCHAA YCTAHOBKa G aETﬂMaTVIBI/IpDBaHHOFI A]DHDV\ Bblaa4wn
TonnKBea. Bo3sMOXHC NPON3BoAMTE BYHKEPOBKY HA pedie.

TOMAMBA HaXomuTCA Ha Bepery.
Pasmepsl nnatdiopmul B nnade
10%5 MeTpoB

Bonbwag monnueopazdamoyHas niamgpopma

Mep: P! i ANA NPoeKTOR NC GYHKEPOBKE CYAOD HA

BHyTpeHHAX BOAHEIX NyTax (Ha BoaHbix o6bexktax sie BB npouenypa apyras)
. . = 1 i b ofuecren; 2. BENHUX BOAHEIX
AaHHbiii BWA CTAHUWKM OAHOTC THMA C MAaNoi nnaTcopmoii, oTnnyne nyTeR: 3. AAMUHUCTPALNA PaioHa BOIHLIX NYTER W CYAOXOACTRA, 4. BacteiHOBoS BOAHOS
saknoyaeTcs B raGapuTHeiX pasmepax M Tune ycra i b areHTCTEA  BOAHLX  pecypoos: 5. TeppuTopuankhoe
= Pocpuif & F il 7. KomuTer no wmywectey
[l AT 8.1 WOPCKOI 1 PR-HOI HAA30P

PA3PABOTKA [TIPOEKTOB XAYCB0TOB

- KoHctpykTopekoe Gopo paspafotano npoekTHyo
lMpoexmuposarue ans =il flpoexkmtipoeatue nod camocmpolt JOKYMEHTALMIO ANA NNasyuux [OMOB (xaycboTos)
cydoaepdpur: ( Walag, Bonrs {Hacmunle 3axaszqund) Pa3NUuHLIX  POCCUACKMX — NpoW3BoauTensd, of
3CKWU3HbLIX NPOEKTOB W nDC‘.TpDE‘HHDI?\ AOKYMEHTALWK,
[0 MpOeKTOB  MGA  PerucTpaLWic  cyaoB
VHAMBWAYANbLHOR NOCTPOIKA U CEPUAHOMO BEINYCKa

CyMMapHoe Konu4ecTso
paspaboTaHHbIX >2 00

NPOEKTOB  MAanoMepHbIX

NpoeKToR

Kemrep-Gome! cyfos

PyrosoauTens K&
WaGana Anexcen MexHaabeBH1
+7 (987} 110.36.67

kb@wvsuwt ru  kbvsuwtru

KE umeHn nhixetepa-
KOHCTpYKTOPa E.B.
@aANLMOHOBE - NoAPAINENEHE
YNpaBNeHUA HayHOR 1
VHHOE3LWOHHOI AEATENEHOCTI
@rB0Y BO «BIYBTs

V. VSuUwL.ru




Hay4Hnble npo0JiemMbl
BOHOI'0 TPAHCIIOPTA
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