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munen3uu Creative Commons (CC BY 4.0) .
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SHIPBUILDING, SHIP REPAIR AND ECOLOGICAL SAFETY
OF THE SHIP

VK 629.12
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AHAJIN3 TeOpPeTHYECKHUX U IKCIEPUMEHTAIbHBIX METO10B
onpejeleHns IapaMeTPOB KoJ1eOaHUi CyI0BbIX MPOMYJIbCUBHBIX
YCTAHOBOK

C.H. I'upun

ORCID: 0009-0001-3741-8502

H.T'. 3s10Kk0

ORCID: 0009-0007-6540-0629

Bonoicckuii eocyoapcmeennviii ynusepcumem 600Ho2o0 mpaucnopma, 2. Huocnuti Hoeeopoo,
Poccus

AnHoranusi. KpyTwibHBIM M M3THOHBIM KOJICOQHMSIM CYIOBBIX BaJIOIPOBOJIOB, a TaKXkKe
KOJICHYAThIX BAaJOB IBHUTaTeleH IIOCBSIICHBl MHOTOYMCIICHHBIE HCCICJOBAHUS Pa3HBIX
aBTOpOB, KpPOME€  TOrO, TapaMeTpsl  KPYTHIBHBIX  KoleOaHWIl  HOPMHpPYIOTCA
KrnaccugukarmoHHBIMU OpraHaM¥, OJHAKO CIEAYeT NPHU3HATh, YTO Pa3pyLIEHHs CYIOBBIX
BAJIOIIPOBOJIOB SIBIISIOTCS JOBOJIBHO YAaCTHIM SIBICHUEM B HACTOSIIEE BPeMs, CIEJOBATEIBHO,
mpobJeMa ocTaeTcsl akTyalbHOW. 3HAYUTENBHBIN BKIa] B pa3pabOTKy TEOPHH COOCTBEHHBIX
U BBIHY)XIEHHBIX KPYTHJIBHBIX KOJIeOaHMI BaJONpoBOJOB ObLI crenaH npodeccopom B.IT.
Tepckux. C UCIoNb30BaHUEM €r0 aropuTMa Obula co3mana mporpamma st 9BM, kotopast
Halllla OIMPOKOE NPHUMEHEHUE B BBHINOJHEHUH IMPAKTHYECKHX pPAcyeTOB B HAIlCH CTpaHe.
Meroxn ompezeneHus COOCTBEHHBIX YacTOT M COOTBETCTBYIOUIMX MM (OpM KoieOaHHH,
npemnoxkeHHbix B.I1. Tepckux, sBnsercs npuOIIKEHHBIM, U aBTOPaM HE W3BECTHBI pabOTEHI,
MOCBSIIIIEHHBIE aHAIN3y TOYHOCTH MeToja. C 3TOi Ienbio B HACTOSIIEH CTAaThe BBIMOIHEH
CPaBHUTENBHBIM aHAIW3 PpE3yNbTaTOB pacueTa COOCTBEHHBIX KPYTHIBHBIX KOJIEOaHUIH
MPOMYJILCHBHOW YCTaHOBKHM CyIHAa Ha MOJBOAHBIX Kpbuibsix «Komera-120M» mpoekra
23160, nomydennsix no merony B.II. Tepckux u ¢ MOMOIIBIO MPOrpaMMHOIO KOMIUIEKCA
«ANSY Sy, koTopbIif IOKa3all, YTO s MEPBBIX ISTH TOHOB UMEETCS XOpOIllee COBIAICHUE,
OIHAKO MU BBICUIMX TOHOB pE3yJbTaThl CYNIECTBEHHO OTIMYArOTCS. KpyTHibHBIE
KoyeOaHus He SIBISIOTCS OCHOBHOHM INPUYMHOW pa3pylIeHHs CYHOBBIX BaJOIPOBOAOB, B
OospIel CTEMEHH 3/eCh CKa3bIBACTCS BIMSIHUE HOPMAIBHBIX HANPSDKEHMH, BBI3BAaHHBIX
M3THOHBIMHA  KoJleOaHusIMU. 3rnOHBIe KONEOaHHWsS CYOOBBIX BAJONPOBOJIOB 3aBHUCAT OT
LEeNoro psiga (akToOpoB, KOTOPHIE TPYAHO MOAMAIOTCS KOJIHMYECTBEHHOMY TEOPETHUECKOMY
aHanmm3y. B 3ToH CBA3M BaXHYI0 pPONb WUrPAlOT SKCIIEPUMEHTAIBHBIE HCCIIEAOBAHHS
HaNpsHKEHHOTO COCTOSIHUS MaTepuaja BaJIONPOBOJA NPH €ro paboTe B COCTaBe CyIOBOU
MIPOMYJIECUBHOM YCTAaHOBKH. B cTaTbe MPUBOMATCS PE3yNIbTaThl U3MEPEHHI HANPSHKEHHOTO
COCTOSIHHUSI OJTHOTO M3 CYJIOB.

KnroueBble caoBa: CynoBas IpONyIbCHBHAas YCTaHOBKA, BAJOMPOBOJ, KPYTWIHHEIE

KoeOaHHs, COOCTBEHHBIC 4YaCTOTHI, METOJABI OINpENeNCHHs, H3TUOHBIE KoJeOaHMms,
HOPMAJIbHBIE U KacaTeJIbHbIE HATPSOKEHUSI, IKCIIEPUMEHT.
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Analysis of theoretical and experimental methods of determining
vibration parameters of ship propulsion systems

Stanislav N. Girin

ORCID: 0009-0001-3741-8502

Natalya G. Zyabko

ORCID: 0009-0007-6540-0629

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. Torsional and bending vibrations of ship shafts, as well as crankshafts of engines
are devoted to numerous studies by different authors, moreover, the parameters of torsional
vibrations are standardized by Classification Bodies, but it should be recognized that the
destruction of ship shafts is quite a frequent phenomenon at present, therefore, the problem
remains relevant. A significant contribution to the development of the theory of natural and
forced torsional vibrations of shafts was made by Professor V.P. Terskikh. Using his
algorithm, a computer program was created, which was widely used in practical calculations
in our country. The method of determination of natural frequencies and corresponding
vibration forms proposed by V.P. Terskikh is approximate, and the authors are not aware of
any works devoted to analyzing the accuracy of the method. For this purpose in the present
article a comparative analysis of the results of calculation of torsional natural vibrations of
the propulsion system of the hydrofoil vessel “Comet-120M” of the project 23160, obtained
according to the method of V.P. Terskikh and with the help of the software complex
“ANSYS” is carried out, which showed that for the first five tones there is a good
coincidence, but for the higher tones the results are significantly different. Torsional
oscillations are not the main cause of ship shafting failure, the influence of normal stresses
caused by bending oscillations has a greater effect here. Bending vibrations of ship shafts
depend on a number of factors that are difficult to quantitatively theoretically analyze. In this
connection, experimental studies of the stress state of the shafting material during its
operation as part of a ship propulsion system play an important role. The article presents the
results of measurements of the stress state of one of the vessels.

Keywords: Ship propulsion system, shafting, torsional vibrations, natural frequencies,
methods of determination, bending vibrations, normal and tangential stresses, experiment.

BBenenune

Teoperndeckne W HKCIEPUMEHTAIBHBIE HCCIICAOBAHUS KPYTHIBHBIX KoJeOaHMH
CYIOBBIX TPOIYJBCUBHBIX YCTAaHOBOK IpexycMaTpuBaroTCs TpebGoBaHusMHu IIpaBun
Poccuiickoro Knaccudukamumonnoro O6mectBa [1] u PykoBoactBom [2]. ®TBOY BO
«BI'YBT» umeer cBuzperensctBo PKO Ha mpaBo BBINOJTHEHHUS PacyeToB M IPOBEICHHSA
9KCTIEPUMEHTAIBHBIX HCCIIEIOBAHUN TAPaMETPOB KPYTHIILHBIX KOJIeOaHuU.

Ananus paspymeHus TpeOHbIX BanoB [3] mokasai, 4To IpH ONpPENeIeHHOM COYeTaHHU
aMIUINTYJ, HOpPMallbHBIX M KacaTelbHBIX HANpPSKEHUH B CyHOBBIX BaJONPOBOAAX
HAKaIUIMBAIOTCSl YCTAIOCTHBIE MOBPEXJECHHS, KOTOPBIE MOTYT IPHBECTH K Pa3pyLICHHIO
BasioB. OcoOyI0 OIACHOCTh C TOYKH 3PEHHUS YCTAIOCTHON NMPOYHOCTH MaTepHaia CyHOBBIX
MEXaHU3MOB MPEICTABISIIOT PE30OHAHCHBIE 30HBI BPAIEHHS BaJlOB, KOIAAa TapMOHHKHU
Pa3IMYHBIX MOPSAKOB W3MEHEHUS BO3MYIIAIONINX MOMEHTOB COBNAAAIOT C COOCTBEHHBIMHU
4acTOTaMH KoJeOaHMil BpallaloluXcs AeTaneil MexaHn3MoB. B 3Tom ciryuae HabmromaeTcs
PE3KH pOCT aMILIUTYJI U3MEHEHHUs HAIIPSDKEHUM, U pa3pylIeHUE Bajla MOXKET IPOU30UTHU 3a
KOPOTKHH MPOMEKYTOK BpEMEHH (B TEUCHHE OTHOM HABUTAIUH).

Pacuer KpyTHMNBHBIX KOJIEOAHMH CBOOUTCA K pEHICHHWIO [BYX 3aJad: 3aJadd o
COOCTBEHHBIX KOJEOaHUIX U 337a4M O BBIHYKJCHHBIX KOJIE€OaHUsIX. Peliennio oTMe4eHHbIX
3aa4 MOCBSILEHO MHOTO MCCIEJOBAaHUI, OJHAKO aBTOPBI CTaThbH BUAAT CBOIO 33Jady B
BBIOOpE JIOCTAaTOYHO TNPOCTOM METOMMKH pacdera KPYTHIBHBIX KOJIEOaHMH W CpelcTB
HHCTPYMEHTAIBHOTO KOHTPOJISI HAMIPSIKEHUH B CYJIOBBIX BaJIONPOBOAAX.
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CraTtucTuka TOBpPEXICHUH CYIOBBIX BaJIONPOBOAOB IIOATBEPKIAET aKTYyaJbHOCTh
MIOCTABJICHHOH 3a1a4M U e MPaKTUIECKOe 3HaYCHHE.

Kak mokaspiBaeT aHaiu3, NMpH ONPEACICHUU IapaMeTpoB KPYTHIbHBIX KOJIeOaHHH
CHUCTEMBI CYIOBBIX BAJIONIPOBOZOB M JIBUTATEdss BHYTPEHHErO CropaHusi, HamoOoiee
TPYILOEMKOH 3a/1aueil SIBISIETCS OTpeielieHne COOCTBEHHBIX YaCTOT U COOTBETCTBYIOIIUX MM
¢dopM CBOOOIHBIX KPYTHIBHBIX KoyeOauumil. Pacrmonaras STHUMH JaHHBIMH, BBIYHCIHTH
napaMeTphsl BBIHY)KACHHBIX KOJEOAaHMII CpaBHUTENBHO He cioXkHO. [loaToMy, OCHOBHOE
BHUMAaHHE aBTOPAMH CTAaThH OBUIO YICICHO 3a/1a4e COOCTBEHHBIX KOJIEOaHMIH.

ITpo6/ieMa coGCTBEHHBIX YACTOT NPH KPYTHIbHBIX KOJIe0aHUSAX

B macrosiiee BpeMst OOIIETIPUHSATON MOIENBIO [UIS BHIYMCIICHUS COOCTBEHHBIX YaCTOT
KPYTHIIBHBIX KOJICOAHUH CYIOBBIX MEXaHHU3MOB SIBISIETCS CTEP)KHEBAsK CHCTEMA, COCTOSIIIAN
U3 y4acTKOB ¢ TOYEYHBIMU MaccaMM MO KOHIAM ydacTka. Ha pucynke 1 mokasana cxema
ydacTka y - y+1 ¢ momaTIHBOCTBIO €y; U MOMEHTAMU HHEPLUH BPalICHUs TOYCUHBIX Mace
0 KOHIIAM y4JacTka Oy u 6y.;.

Y 0 y+1
€y, y+1

|
y y+1

Puc. 1. PacueTHas cxema y4yactka Baja

B kadecTBe TOYEYHBIX Macc, OOJIQJAIOIIUX MOMEHTAMU HMHEPUUH BpaIICHHS,
paccMaTpuBalOT 3JEMEHTHl KPHBOILMUITHO-IIATYHHOTO MEXaHM3Ma, MaxOBUK JBHIAaTels,
COCAMHUTENIbHBIE MY(QTHl M TIpeOHOW BUHT. B nuTepaTypHBIX HCTOYHMKAX MPHUBOJISATCS
PEKOMEHIALUK 110 BHIYUCICHUIO 3HAYCHUH MOMEHTOB WHEPLUUH YKA3aHHBIX 3JEMEHTOB
JBUKHUTEJIBHOTO KOMILIEKCA cyIHa [4].

Hwmxke npencraBiensr ¢opmynsl (1)-(3) MoMeHTa WHEpUUW IS IIIHHAPHYECKOTO
ydJacTKa AeTalii, KPYyTHIbHONW NOAATIMBOCTH U MOMEHTA CONPOTHUBIICHUS [IUIMHAPHYECKOTO
ydacTka Bama. Taroke mpenctaBieHBl (opmynsr  (4)-(6) mII  COOTBETCTBYIOIIUX
0e3pa3MepHBIX BEJINUHH.

Jnst MUITMHAPUYECKOTO YJacTKa IeTajld MOMEHT HHEPIIMH ONpeiensieTcs mo hopmyie

- 4 o4\ I o4\
0="2" .y ‘ , e
32'g \ u } T K u /

riae 7y — yJeJdbHbIM Bec MaTepuaa JeTaiu;

g — YCKOPEHHUE CHUIIBbI TSIKECTH;

p — INIOTHOCTh MaTepHaJa JAeTalu;

| — nnuHa yyacTka JeTai,

d — HapyXHBIH IUaAMETp JIeTajH;

O — BHYTpPEHHUI AMaMeTp JeTasH.

KpyTuibHast oJaTinBOCTh yUacTKa Bajia ONpeaessieTcs no Gopmysie

324
e—;G d4_54_' (2)

rae | — nnuHa y4yacTka Baja,
G — MOIyJIb CABHra MaTepuasa Baja;
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d — HapyXHBIH IHaMeTp Baja;
O — BHYTpEHHUH AUaMeTp Baja.
MOMEHT CONPOTHBIIEHHS y4acTKa Baja onpeaenseTcs 1o Gpopmyse

T 3 P
Wyyil=—-d” | 1-— 3
yyH=e p 3)
Bespa3MepHbIii MOMEHT UHEPLIUH AETalH ONpeessieTcst o popmyIe
l.Z
Jy = gy —, (4)
6o

rae 0y, — MOMEHT HHEPIIUU MacChl CHCTEMET,
i — MepenaToYHOEe OTHOIICHHE B PEBEPC-PEAYKTOPE;
0, — MOCTOSIHHASI CHCTEMBI.

BeSpa3MepHaﬂ BCJIMYMHA NOAATINBOCTH Y4aCTKa CUCTEMbI OIPCACIACTCA 110 (1)OpMyJ'Ie

ey,y+
Eyy+ = Lzl , (5)
el -1
Tle  €yy+ — HOJATIIMBOCTh Yy4acTKa CHCTEMBI;
€, — IIOCTOSAHHAA CUCTCMBI.
OTHOCHTCHBHLIﬁ MOMCHT COIIPOTUBJICHUA B KaXXKIOM YYACTKEC CHUCTEMBbI ONPECACIACTCA
o hopmysie

ayy+ =eo -i-Wyy+l, (6)

rae Wy — MOMEHT COIpPOTHBIEHHS YJacTKOB BajonpoBoja (10 MMHHMAlbHOMY
THAMETPY).

Mertoabl pacuyeTra cBOOOAHBIX KPYTH/IbHBIX KOJIeOaHUI

B Hacrosmiee BpeMs: IMeeTCsl HECKOIBKO METOJIOB OIPENIENICHHSI COOCTBEHHBIX YacTOT U
COOTBETCTBYIOIIMX MM (OpM CBOOOJHBIX KPYTWIBHBIX KoieOaHuil. B Hameit crpane
Oonbioe  pacmpocTpaHeHHe moiydmn Mertox mpodeccopa  B.II Tepckux, moxpoOHO
W3JI0OKECHHBIX B MOHOTpadguu [5]. B coOTBeTCTBMHM ¢ 3THM MeETOIOM pa3paboTaHa
nporpamma st 9BM «ResViby [6], koTopasi IIMPOKO HCIOJIB3YeTCsI B HMPAKTHYECKUX
pacuetax. K coxanenuro, «BI'YBT)» He pacronaraet 3TUM KOMIBIOTEPHBIM IIPUIIOKECHUEM.

Bmecte ¢ TeM, B MH)KCHEpHOH MPAaKTHKE B HACTOSIIEE BpeMs aKTHMBHO HMPUMEHSIOTCS
KOMIIBIOTEPHBIE NTPOrPaMMHBIE KOMIUICKCH, OCHOBAaHHBIE Ha METO/Ee KOHEUHBIX 3JIEMEHTOB
(MKD). Kak u3BecTHO, Takie KOMIIJIEKCHI MTO3BOJIIOT PelIaTh IMHUPOKUI KPYT 3a7ad, B TOM
YHCcIe U 3a4a4i CBOOOIHBIX U BBIHYKJCHHBIX KOJIEOaHHH.

B Hacrosimei cratbe paccMaTpUBaeTCsl BOSMOXKHOCTh MPUMEHEHHMS JUIS OIpEIeNICHHS
COOCTBEHHBIX YacTOT M COOTBETCTBYIOIIMX MM (DOPM CBOOOJHBIX KPYTWJIBHBIX KOJeOaHWH
OJIHOTO U3 TaKUX MPOrPaMMHBIX KOMILIEKCOB — «ANSY S».

B kauecTBe TECTOBBIX 3a/lad PAacCCMOTPUM OJHONPOJIETHBIN CTEPKEHb C PA3IMYHBIMU
BU/IaMH 3aKpEIUICHHS U JUCKaMH Ha KOHIAX.

AHanUTHYECKMH METOJ OCHOBaH HAa pelIeHHH Iu(QepeHManbHOr0 YpaBHEHHS,
KOTOpOE IS CBOOOIHBIX KOeOaHM KPYIJIoro CTepkHs umeeT Buj [7]-[9]
o%¢ o%¢
—5 Im 5 = 0, ™
Ox ot

G-Ip-

rae Ip— MOMCHT UHEPUHHU NOIMCPEIHOI'0 CCUCHUA CTCPIKHA IPU CKPYUHUBAHUU,
Im— IIOTOHHBIA MOMEHT HWHEPIUN MAaCC OTHOCUTEJILHO LICHTPA CKPYUHUBAHUS.
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Pemenue ypaBHeHus (7) MOXHO MCKaTh B BHJIE
¢=2j fj(x)-sin(Ajt+aj). (8)

IMoncranoska (8) B (7) naer ypaBHeHHe

G-lp-fj+A7 Im-fj =0. 9)
Pemenue ypaBHenus (9) umeet Bujg
. X X

fj(x):Aj-sm[yj-z\' B “"“("' g\ (10)
—

1 i |G-1

e pj =4 L,OTKy,Ha Aj =4 A

yv-ip L

IlpoussoneHele nocTosiHHBIE Aj U Bj B ypaBHenuu (10) Haxonarcs M3 IPaHMYHBIX
YCIIOBHUH.

B T1abmmme 1 BBIOTHEHO COIMOCTABICHHE PEIICHUH, IOIYYEHHBIX C IOMOIIBIO
IporpaMMHOro koMiuiekca «ANSYS», ¢ aHAINTHYECKUMH pEIIeHUSIMH, IOTy4eHHBIMU Ha
OCHOBE UCXOJHOTO rdepeHINaTbHOTO YpaBHCHHUS.

Tabnuya 1
ComnocTaBjieHre YacTOT CBOOOIHBIX KPYTHJIBHBIX Koje0aHuii, '
CranbHO#l cTepKeHb JIHHOH | M Buz pemenns
Pacxoxnenue,
C KpYTJIBIM HONIEPEUHBIM Ton ANSYS AHANTHTHUECKOE o
CeHeHHEM (MKD) pelnenye
1 1565,2 1565,0 0,01
Besonopuslii crepkeHb
2 31304 3129,9 0,02
1 782,6 782,4 0,03
KoHconbHbll cTepKeHb
2 2347.8 2347.,5 0,01
1 1140,0 11464 0,56
Bbe3ornopHslii cTepKEeHb ¢ IUCKOM
2 2534,0 2541,6 0,30
1 429,0 429,0 0,00
KoHcomnbHbI# cTepkeHb ¢ JUCKOM
2 1706,0 1693,0 0,77
1 1141,0 1129,0 1,06
be3omopHbIil cTepKEeHb ¢ ABYMS 2 2376,0 2363,0 0,55
AuCKaMH 3 3722,0 3737,0 0,40
4 5147,0 5182,0 0,68

Kak BUiHO, pe3yJIbTaThl TECTOBBIX 33/1a4 ISl OAHOINPOJIETHOTO CTEPKHS C Pa3IMYHBIMHU
BUJIaMH 3aKpEIUICHUS] M TUCKaMH Ha KOHIIAX COBIIQJIAIOT C BBICOKOM CTENEHBIO TOUHOCTH.
3T0 MO3BONSAET CleNaTh BBIBOJ O BO3MOXKHOCTH HCIIONb30BaTh KoMmuiekc «ANSYS» mms
peleHust 3a1a4 COOCTBEHHBIX KPYTHIIbHBIX KOJIEOaHUH CYOBBIX MEXaHU3MOB.

Pacuer 4acToT cBOOOJHBIX KOJEOAHMI BaJONPOBOJA B MPOrPAMMHOM KOMILIEKCE
«ANSYS» MoxeT OBITh BBITIOJHEH C IIPUMEHEHUEM coBpeMeHHOH obonouku «Workbenchy»
B pacueTHOM Moayie «Modal» n B kimaccuueckom nntepdeiice «KANSYS APDL».
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K coxanenuro, HecMOTps Ha COBpeMeHHBIH wuHTepdeiic obonmoukn «Workbenchy,
pacuerHblii Moaynb «Modaly u3 HEoOXOJUMOro mepedHsi pe3yNbTaToB I AedopMaruu
KpPY4YEHHE MO3BOJSET MOIYYUTh TOJBKO YaCTOTHI CBOOOJHBIX KOJIEOAHWH M BH3yalU3aLlUIo
(hopMBI KoJicOaHHMIA.

B «(ANSYS APDLy, kpoMe yacToT cBOOOJHBIX KOJIEOAHUH U BU3yalu3alud X (GOpPMBI,
MOXXHO HOJIyYHUTh B TPa()UIECKOM U TAOIMIHOM BHJE 3IIOPHI CKPYIHBAIOIINX MOMEHTOB U
OTHOCHTENBHBIX YTITIOB 3aKpyduBaHus. Mcronb3ys TabnMaHbIC 3HAUEHHS 3ITI0P MPU ITOMOIIH
«Excel», BBIMONHAA YHCIEHHOE WHTETPUPOBaHMWE (YHKINH OTHOCHUTEIBHBIX YIJIOB
3aKpY4MBaHMA, MOXKHO TOIYYHTh (YHKIHIO YTJIOB 3aKpydHBAaHUS Bajla WIM (QYHKIHIO
(GopMBEL. DKCTpeMyMBI Ha D3IIOpax CKPYYHBAIOIIMX MOMEHTOB TOYHO YKAa3bIBAlOT Ha
MIOJIOKECHHE Y3JIOBBIX TOYEK (popM KorebaHuii.

Pacuer cBOOOAHBIX KPYTHIBHBIX KOJIeOAHHI1 BATONPOBOAOB CY/I0BOIi NPONY/IbCHBHOM
YCTAaHOBKHM CyHA Ha NOABOJHBIX KPbLIbIX «KoMera-120M» npoexrta 23160

Pacuer cBoOOmHBIX KpyTHIBbHBIX KojeOanuit cucrembl (KKC) Banmonpoosa
MPOIYJIbCUBHOW YCTaHOBKM B THporpaMMHOM KoMiulekce «ANSYS» BbINONHEH Ha
OCHOBaHMHU JAHHBIX, NPEJCTaBICHHBIX B AoKyMeHTe [10], B KoTopoM IpeacTaBieH pacueT
KKC storo BanonpoBoja no Mmetoy TepcKux.

KpyruneHas cxema cy1oBoil IpoIyIbCUBHON YCTaHOBKH IpecTaBiieHa Ha pucyHke 2 [10].
Ha cxeme npuBezneHs! 6e3pa3MepHbIc MOMEHTHI HHEPIIMK Macc U Oe3pa3MepHBIC OAATINBOCTH
Y4JacTKOB BaJla TUaMeTpoM d MEeXIy 3THMH MacCaMH.

P =
OOV R h .
[ | | EI‘L B S ’- {\‘_I_.«)

|

| !i% . | |

i i e —

| E zHalt
| | Boatiol | BrizogHoed
| - B
1 2 3 4 T B & 10 11 12 13 16 17
Nt i R S 14 15 r*— -t
Mu;?p— Mpsmea K Mazonmx 43
Arw —
mecTeprH e P ' . EYR—— ”
[emevai sEisareas Myjta Kapa Penepe pea Mo Tommmi Ipeficalt man
ORNTITERE il Fepeaian BT

Puc. 2. Pacuetnas cxema KKC Banonpososa cy10Boii IpoIyJIb,CUBHOM YCTAHOBKH Cy[lHA Ha
MOABOAHBIX KpbUIbiX «KomeTa-120M» npoekTa 23160

ITpn coxpaneHnn BenMUYMH O€3pa3MEpHBIX MOMEHTOB MHEPIMH Macc M MOAATINBOCTEH
YYacTKOB Bajla MEXIy HHMH, IIPUBEICHHBIX HA PUCYHKE 2, Ha ocHoBaHUH (popmyi (1)-(6)
MOJTy4YEHbI AUaMeTpsl TUCKOB D (tommmHa aucka npunsta 0,01 M) 1 JJIHHBI y4acTKOB Bajia
Mexay Humu /. Ha OCHOBaHMM NOJYyYEHHBIX JJIMH M JAWAMETPOB, B MPOTPaMMHOM
komruiekce «ANSY S» cozmana crepHeBas KOHEUYHO-3JIEMEHTHAsI MOJIENb, IIPEACTaBICHHA
Ha pUCYHKe 3.

24 & B 10 121314

; |
1

14 5 7 1 I5 16 |

17

Puc. 3. KoHeuHo-31eMeHTHas MOJIeNIb BaJIOMIPOBO/IA CYA0BOM MPOIyJILCUBHOM YCTAaHOBKH CyAHA Ha
MOJIBOJIHBIX KpbUIbix «Komera-120M» npoekra 23160
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Pacyer uacToT CBOOOAHBIX KOJE€OAaHWI BalONPOBOJA B IPOIPAMMHOM KOMILIEKCE
«ANSYS» BeinonseH ¢ npuMeHeHneM «ANSYS APDLy.

CormocraBiieHHe 4YacTOT CBOOOJHBIX KOJeOaHWH BaJONIPOBOAA, BBIYHCICHHBIX B
nporpaMMHOM KoMmiuiekce «ANSY Sy, ¢ pe3ynabpraTamu, MOTy4YeHHBIMH IO MeTOy Tepckux
[10], npencrasieHo B Tabuuie 2.

Tabauya 2
ComnocraBiieHHe 4YacTOT CBOOOHBIX KPYTHIBHBIX KoJiebanuii, I'n,
pajonposojaa CIIK «Komera-120M»
Dopma Howmep Bun pemerus Pacxoxnenue,
Kosebanuii TOHAa | ANSYS APDL (MKD) metox Tepekux %
OpnHoys3noBas 1 14,03 15,03 6,65
JIByxy3noBas 2 28,62 28,25 1,30
Tpexy3noBas 3 123,50 116,20 6,28
YetbipexysnoBas 4 145,92 152,60 4,38

[Iarny3noBas 5 148,91 155,23 4,07
lectuysnosas 6 298,54 393,93 24,22
CemuysioBas 7 375,44 486,68 22,86

ConocTaBlieHHEe HOPMHPOBAHHBIX TpagukoB  (GopM  cBOOOMHBIX  KOJCOAHWMIA,
MTOCTPOCHHBIX Ha OCHOBaHWM pacueToB B «<ANSYS APDL» m Ha OCHOBaHHHM pacueTOB II0
Metoxny Tepckux [10], mpencTaBneHo Ha puCyHKax 4-6.

Laans £

Wi = B = imEe

:-I': k‘{ 2o B I+ﬂﬁ 1opoe 12 o pm

ST . - L e £

D0
£ poon g e | - -t ifogenet
bt

Puc. 4. Tpexysnosas ¢popma KoeOaHuit

e | : W T

- B

::':dc 1".'):* u'w::\: fer M':-l £ :..'j.n‘l'r 150 : T 1".' 1: ame \\.Q |ém |:-:u:ﬁ_ 34 pm

Eois ~ E =i
e I // & i

i EEL B |
o - / L B0
13000 — e

Puc. 5. Yerpipexysnoas ¢popma KomeOaHmt

22




Hayunvie npoonemut 6001020 mpancnopma / Russian Journal of Water Transport Ne82(1), 2025

LA I ! T ——

Wty Tepoms]

Puc. 6. IlatuysnoBas ¢popma KoneGaHui

Kak ciaemyer u3 Tabnuibl 2, a TaKkKe COMOCTABICHUS T'PapUKOB (CM. PUCYHKH 4-0),
HUMEETCs YJIOBICTBOPUTEILHOE COBIIAICHUE PE3YIbTATOB MEPBBIX MSATH COOCTBEHHBIX YaCTOT
U COOTBETCTBYIOIIMX MM (opMm KkonebaHuil, momydyeHHbIX B ordere [10] meromom
npogeccopa B.I1. Tepckux, ¥ BEIYUCICHHBIX ¢ UCIOIB30BAHUEM MPOTPAMMHOT0 KOMITIEKCA
«ANSYS». [lns mecToi U ceIpbMOil YaCTOThI MUMEETCSl 3HAUUTENILHOE PAacXOXKIEHUE, MpHU
3ToM MeToJ Tepckux JaeT 3aBBIIIEHHOE 3HAu€HHWE YacToT, 4YTO, IO-BHIUMOMY,
CBUJICTENECTBYET O HEJOCTATOYHOW TOYHOCTH METOJA Ui BBIYMCICHHS YaCTOT BBICIIHX
TOHOB.

JKcnepuMeHTalbHbIe METO/IbI U3MepPeHus NAapaMeTPOB KPYTHIbHBIX KOJIe0aHu i

Hapsiny ¢ pacueTHbIMH, HE MEHBLINI MHTEPEC BBI3BIBAIOT HKCIIEPUMEHTAIbHBIE METOIbI
OTIpe/ICIICHNS TTapaMeTPOB KPYTHIBHBIX KOJICOaHMUI.

Hsmepenue [apamMeTpoB KPYTUIBHBIX KoJIcOaHui OCYLLECTBIIAETCS
TopcuorpadpoBaHMEM  WIM  TEH30MeTpupoBaHueM. Ilpu  TOpcuorpadupoBaHuu
OTpENeNAIOTC aMIUTUTYAbl KojleOaHui Macc, a MpH TEH30METPHUPOBAHUM — HANpPSHKEHUS
B BaJIax.

CoBpeMeHHbIE CHCTEMBbl TEH30METPHPOBAHUS II03BOJIAIOT BBINOJIHATH H3MEPEHUS
HaTpsOKCHUH Ha BpallaloIuXcs Bajax ¢ BHICOKOM TOYHOCTHIO M OJTHOBPEMEHHOM Mepenauei
HHPOPMALIUHU 0 pagUOKaHATYy Ha KoMIbioTep. OYeHb Ba)kKHO, YTO OJHOBPEMEHHO MOTYT
M3MEPSATHCS KacaTellbHbIE HANIPSDKEHUSI OT CKPYUYMBAHUS Bajla 1 HOpMaJbHbIE HANPSKEHUS,
BEI3BAHHBIC HM3THOHBIMH KOJICOAHWSAMH Baja, YTO IO3BOJSET IAaTh OLEHKY YCTaJOCTHOH
npoyHocty Bana [11], [12].

B kauecTBe mpuMepa MPUBEACHBI PEe3yIbTATHI M3MEPCHUN W3THOHBIX M KPYTHIHHBIX
kosebanuii BasonpoBoaa 1/x OT-2429, BeimonHeHHBIE B HOAOpe-nekadpe 2022 r B 3aTOHE
AO «boppemdioT».

Jatuuku Ui 13MEepeHusl HOpMaIbHBIX U KacaTeNbHBIX HANPSDKCHUH HAKIEUBAINCH HA
MIPOMEKYTOUYHOM Bajly BOJM3HM OIOPHOTO MOAIIUIHUKA (pHc. 7) M Ha TPeOHOM Bajy Ha
BBIXO/JI€ U3 JICHIBYTHOTO yCTPOICTRA.

Puc. 7. Mecto HakiIeHKN JaTYMKOB BOIM3U OMOPHOTO MOIIUITHAKA
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W3mepennsi Npow3BOAWINCH € ToMolnblo ammaparypsl ¢upmel ZETLAB mnpu

CTYIEHYaTOM M3MEHEHHH unciia 00opoToB asuratesst ot 150 1o 300 06/MuH.

HM3ruénbie Koje0annsa

Ha PUCYHKaAX 8 1 9 nmokazaHbI 3aMKCH nponecca U3SMCHEHU ST HOPpMAJIbHBIX HaHpH)KCHI/Iﬁ

Ha MPOMCIKKYTOYHOM U HA Fpe6HOM Baly.

24.11 2022 1600:00.000000 + 412787203 ¢  sigma IBA020455

AMITa

750 800 | ¢

150 180 210 240 2170 300 | o/

Puc. 8. 3anmch nporiecca M3MEHEHUs M3THOHBIX HANPsDKEHUH IPOMEKYTOYHOTO Bajla

2122022140000 000000 + 2273 49263 ¢ s=igma 158403893

Mila

&0
a0
20

=20

=40
7250 ¢

300

2100 2150 2200
w | | 20

60

19350

1 180 210

1850 900 2000 2050
30 |
T

Puc. 9. 3anuck nporecca MI3MEHEHNS M3TUOHBIX HAMPSDKEHUI TPeOHOTO Bajia

Kpyrniabhbie koedanus

Ha pucynkax 10 u 11 noxa3sansl 3amucu npouecca U3MEHEHUs KPYTALIEro MOMEHTa Ha
IIPOMEXKYTOUHOM BaJle, MOIy4YE€HHbIE C UCTIONb30BaHUEM JBYX MOTYMOCTOB.
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Puc. 10. 3anuck nokazanuii KpyTAIyuX MOMeHTOB, H*M 1o mepBoMy moiymocty

212 2022150000 000000 + 2888 20605 FETTI1 (04)0 318575442 mB/MA M= 12227 2031 H'm

10000
-20000

-30000
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Puc. 11. 3amuck nokazauuii KpyTAIMX MOMEHTOB, H*M 1o BTOpoMy mOyMoCTy

W3 mpencraBieHHBIX 3alMCcel BHAHO, KaK MEHSIOTCS aMIUIMTYAbl HANpsDKCHUH B
3aBUCHMOCTH OT 00OpOTOB JABHTATES.

Hanpumep, mpu 180 o0/MuH HaOmomaeTcs pe3KHH pPOCT aMIUIUTY[, YTO
CBHUJICTENBCTBYET O pE30HAHCE. BBINMONHEHHBIH aHAIM3 HOPMAaNBHBIX M KacaTelbHBIX
HaMpsOKEHUH TOKazajl, YTO B 3TOM CIIydae MMEETCS ONACHOCTh YCTAJOCTHBIX pa3pyIIeHHUH
BaJIOIPOBOJA TPH JUIUTEIBHON paboTe IBUraTess Ha 3TOM pexkume. OIBIT SKCIUTyaTalluu
9TUX TEIIOXOJ0B 3TO IOATBEPKIACT.

3akaouenue

B nmanHO# cTaThe moOKa3aHO, YTO MporpamMMHbBINA KoMIuieke «ANSY S», ocHOBaHHBIN Ha
METOJ/Ie KOHEYHBIX DJIEMEHTOB, MOXET OBITh HMCIOJB30BaH MJIS PEIICHUS MPAKTHYECKUX
3aa4 OMpENeICHUs] COOCTBEHHBIX YacTOT M COOTBETCTBYIOIIMX MM (DOPM KPYTHIIBHBIX
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KoJieOaHWH CyJIOBBIX BaJIOIPOBOJIOB, OJHAKO JUIA HONydYeHHs! rpadukoB (GopMm Tpedyercs
JIOTIOJIHUTENbHAst 00pab0TKa MOIyYEHHBIX PE3yJIbTaTOB.

Ha ocHoBanuu MaTepuaioB, MPCACTABJICHHBIX B [[aHHOﬁ CTaThbC, MOXXHO 3aKJIHOYHUTh,

yro cwiamu cotpyaHukos ®I'bOY BO «BI'YBT» moryT pematscs 3ajauu OnpeneieHus
rapamMeTpoB CBOOOJHBIX M BBIHYXJICHHBIX KPYTHJIBHBIX KOJIeOaHUI pacueTHBIM METOJIOM C
MOCHEYIOMUM HM3MEPEHHEM AMIUIMTYJl KacaTeNbHBIX HANpPsHKEHUH, BBI3BAHHBIX JTUMHU
koneOaHusaMu. OHOBPEMEHHOE M3MEPEHUE KAacaTEIbHBIX M HOPMAJIBHBIX HANpsDKCHUH B
BaJIaX MO3BOJIHUT 1aBaTh 3aKIIOYCHIUS 00 OIIACHOCTH YCTAIOCTHOTO Pa3pyIICHHUs BaJIOB.
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Pacuérsl kos1e0aHMil 0TAEeIbHBIX MOAYJIeH OyKCHPYeMOii CHCTEeMbI
BOJIM3M X PABHOBECHBIX MOJIOKEHUI

A.JL I'yces

ORCID: 0009-0007-0922-6830

E.A. llepuun

ORCID: 0009-0009-7866-293X

Kazanckuii HayuonanbHblil ucc1e0068amenbCKull MEXHUYeCKUll YHUGePCUmen uUmMeHu
A.H. Tynonesa — KAU, 2. Kazanw, Poccus

AHHoTanus. HopMmanbHbIe yCIOBHS 9KCIUTyaTalMid OYKCHPYEMBIX CHCTEM ONPEICIAIOTCS
BO3IEHCTBHEM (DaKTOPOB, MEPEMEHHBIX II0 BpeMeHH pPaboThl Komiuwiekca. ObecneueHne
JHIIb QU3MKO-MEXaHMYECKUX CBOWCTB MOAyJIeil OyKCHpyeMoil CHCTEMBI B 00IIeM ciydyae He
rapaHTUpyeT ycIemHOro  (yHKIMOHMpOBaHMS KoMIUIekca. B maHHON  paborte
paccMaTpHBAIOTCSl BOINPOCHI Pa3paboTKM OYKCHPYEMBIX CHCTEM U CBS3aHHBIE C WX
9KCIUTyaTanuell kojeOaHus BO BpeMms OykcHpoBKH. Ha OCHOBe HM3BECTHBIX MHOJIOKESHHH
TEOPETHYECKOH MEXaHWKH, TEOpPUH KoJeOaHWH M TUAPOMEXaHUKH IOCTPOCHBI YpaBHEHHS,
OmUCHIBaIOLINE KoyiebaHHus OyKcHpyeMbIx cucrteM. Ha mpumepe IOKa3aHO, YTO peLICHHE
NPEJIOKEHHBIX YPaBHEHHMIl 1TO3BOJISET BBIACIUTH MOMYJb, MCHBITHIBAIOLIMIT HaubomblIce
BO3/IeiiCTBHE OT Ka4yKu CyJIHA-OyKCHPOBIINKA /WM FOPU30HTAIBHONW CKOPOCTH ABHIKCHHS B
IuHamuKe. [1omydeHHbIe peleHHss MOTYT CTaTh OCHOBHOM 1JI BHECEHUSI KOHCTPYKTHBHBIX
U3MCHEHUH B OyKcHpyeMmylo cucteMy. Taxke mpeljiaraercs crocod ompeieseHus: CKOPOCTH
CyHOBOHl NeOEnKM TNpH TOTpY)XeHHH Oykcupyemodl cucteMbl. Ha mpumepe mokasaH
palMOHANEHBIH BBIOOD CKOPOCTH M BPEMEHH IIOTPYXEHHS OyKCHpPYeMOH CHCTEMBI.
Pe3ynbTaTel IPOBEAEHHBIX HCCIENOBAaHMH MOTYT OBITH MOJNE3HBI  Pa3paboTYHKAM
OYKCHPYEMBIX CHCTEM.

KnroueBble ci0Ba: THAPOAWHAMHYIECKOE COINPOTHUBICHHE, OYKCHPYEMBIH ITOJBOIHBIN
ammapar, OTBOJHUTENb, TPOC, OyKCHPOBKA, ANHAMUKA JBHKCHHS.

Calculations of vibrations of individual modules of a towed system
near their equilibrium positions

Alexander L. Gusev

ORCID: 0009-0007-0922-6830

Evgeniy A. Pershin

ORCID: 0009-0009-7866-293X

Kazan National Research Technical University named after A.N. Tupolev—KAI, Kazan,
Russia

Abstract. Normal operating conditions of towed systems are determined by the impact of
factors that vary over the operating time of the complex. Providing only the physical and
mechanical properties of the towed system modules does not generally guarantee successful
operation of the complex. This paper considers the development of towed systems and the
oscillations associated with their operation during towing. Based on known provisions of
theoretical mechanics, oscillation theory and hydromechanics, equations are constructed that
describe the oscillations of towed systems. The example shows that the solution of the
proposed equations allows one to select the module that experiences the greatest impact from
the pitching of the towing vessel and/or horizontal speed of movement in dynamics. The
obtained solutions can become the basis for making design changes to the towed system. A
method for determining the speed of the ship's winch when immersing the towed system is
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also proposed. The example shows a rational choice of the speed and time of immersion of
the towed system. The results of the conducted research can be useful for developers of
towed systems.

Keywords: hydrodynamic resistance, towed underwater vehicle, diverter, rope, towing,
motion dynamics.

BBenenue

Jnst uccnenoBanuss MUpOBOro OKeaHa NPHUMEHSIOTCS pa3HOOOpasHble HeoOHUTaeMble
NoJBOAHBIE cUcTeMbl. OOBIYHO OHM TNPECTABISIOT CO0O MHOTO3BEHHBIE KOMILIEKCHI,
COCTOSIIIUX M3 3ariyOWUTeNs, OJHOTO WM HECKOJIBKUX HOCHTENeH HCCIIenoBaTeIbCKon
amnmaparypbl, HalpuMep, aKyCTHUECKHX MOAYJIeHd W/WIH MOIyJed Hocurened ¢Goro- u
BHZICOATIIAPATYPHL.

3armyOuTens KpoMe CO3JaHMs HEOOXOMUMOW MAacChl Ui JOCTaBKH OCTAIbHBIX
AJIEMEHTOB CHUCTEMBI, IMEIOMNX HEUTPaJbHYIO IUIABYYECTh, IO pabouMX TIyOHH, TakKe
SIBIISICTCA ~ HOCHUTENIEM  JJIEKTPOHHBIX  KOMIIOHEHTOB,  CO3MAIONIMX  IIOMEXH UL
HCCIICIOBATEIBCKON ammapaTypbl. AKYCTHUCCKHUH MOJyib, OOBIYHO OYKCHPYEMBIH 3a
3arayOuTeNeM W SIBIISIETCS HOCHTENIeM aKycTHueckoidl ammaparypsl. doromonyns B
OCHOBHOM TOBTOPSIET TPAEKTOPHIO 3ariyOMUTENs, OJHAKO JBHMXKETCS C HUM MapasielbHbIM
KypcoM, Ha riryoune He 6osnee 10 MeTpoB OT aHa.

Ecnu 1 akycTHYecKux MOJyJeH TpeOOBaHUs MO YACPKaHUIO B paboueM TOpU30HTE
COCTABJSIIOT  JIECATKM METPOB, 4YTO BIIOJIHE JOCTUTaeTcs OYKCHpPOBKOW BClied 3a
3arryOuTeNeM, TO TPACKTOPHS IBIDKCHUS (POTOMOIYNS MOJDKHA JOCTaTOYHO TOYHO
MOBTOPATh pelbed MOPCKOro MHA (BBHAY IUIOXOH BHAMMOCTH Ha TimyOmue). IlosTomy
KOHCTPYKTUBHO aKyCTHYEeCKHH MOAYNb U (POTOMOIYIb OTIHYAIOTCA. AKYCTHUCCKUI
MOIyJTb — 3TO MAaCCHUBHBIH ammapar ¢ BO3MOXXHOCTBHIO HE3HAUHTEIHHOW KOPPEKTHPOBKHU
TPAeKTOPUH ABIDKEHIS OOBITHO 3a CUET PYNEBBIX TMOBEPXHOCTEH, a poTOMOIyTh — NETKHMA
MaHEBpEHHBII ammapaT ¢ ABUTATEISIMH, MO3BOJSIONIUMH €My IepeMemaTrbcs BO BCEX
HanpaBJICHUAX.

Konebanus 1mioxoo0TeKaeMbIX TeNl B IIOTOKE JKUAKOCTH CO CKOPOCTHIO COM3MEPHMOMN
NN npeBblmanmeﬁ CKOpPOCTh IIOTOKa IMPUBOJAAT K BO3HUKHOBCHHIO JIOHOJ'IHI/ITGHBHOﬁ
HepHOI[PI‘-IeCKOﬁ CHUJIbI COMIPOTHUBJICHUA. I[aHHyIO CUITYy MOXHO YCJIOBHO IPEACTaBUTb B BUAC
JIBYX COCTaBIISIIOIINX: HAMPABICHHYIO BJIOJIb IOTOKA U MEPIIEHANKYISPHYIO K Hemy [1, 2, 6].

AMIuATYIa KOJIeOaHWH XOJO0BOTO KOHIIA TPOCA 3ariIyOHUTENb-CYJHO B HAIPaBICHUH
KacaTeNbHOH K OYKCHPHOW JIMHWH TPEAIIONIaraeTCsl M3BECTHOU. J[OMONHUTEIbHBIC CHIIBI
COTIPOTHUBIICHUS, IEHCTBYIOMKE Ha 3ariayOHTeNb, MOAYIH | U 2 ONMpPENeINstoTCsT HCXOI U3
TOT0, YTO KOJIcOAHUS TPOCOB B HATIPABICHUH HOPMAIbHOM K OYKCHUPHBIM JIMHUSAM SIBIISTFOTCS
«ManbpIMuy. [Ipu 3TOM Ay paccMaTpHBaeMBIX PEKUMOB OYKCHPOBKH M KOH(HUTYpaIluu
OyKCHUpYEeMOH CHCTeMBI UIMHA OYKCHUPHBIX JHHANH HAMHOTO MPEBOCXOIUT PAaCCTOSHUE, Ha
KOTOpOE pacIpoCTPaHSAIOTCS MO JUIMHE TPOca HOPMaJbHBIE KOJEeOaHHs, TO €CTh KoJeOaHusI
TOYEK KaXKJIOTO Tpoca BOJIM3U MOJTYJISi MOKHO paccMaTpUBaTh U30JIMPOBAHHO [3, 8, 9].

Kondurypammsa OykcupyeMoil cucTeMBl B PAaBHOBECHOM IIOJOXXEHHH IIPEJCTaBICHA
Ha puc. 1.
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Modyms 2 (M2)

e

Modyas 7M1

Puc. 1. Kordurypanus 6ykcupyemoil CHCTEMBI B TOJI0KEHUH PAaBHOBECHS
YpaBHeHust KoJjieOaHUil 2JIeMeHTOB OyKCHPYeMOoii cucTeMbl BOJIM3U PABHOBECHOTO
MOJI0KeHU S

VYpaBrHenus apwkeHns Moayns 1 (Ml) B ManbIX OTKJIOHEHHSIX OT PaBHOBECHOIO
TIOJIO’KEHHS IMEET BHULI:

—my %y + 6Tycosay — Tygsinay - 6@y, + Xyqy, =0 L
—my1Y1 + 6Tsinay; + Ty o5, - 86ay + Xyqy =0 @
VYpaBreHus asmwxeHust Momayns 2 (M2):
{_mmzfs + 6T33 — pvo(CxS)yz %3 =0 )
y3 =0

YPaBHeHI/Iﬂ JABWKCHUSA 3aFHY6HTCH$I:
_maer + 6T2,2C05a2,2 - Tz'zsinaz‘z * 5“2'2 +
+T1_25in061_2 . 5611‘2 - 5T1COSC¥1_2 - 6T3 + Xal"x =0

. , 3
_maryz + 5T2‘251na2‘2 + T2,2C05a2,2 * 5(12‘2 - ( )
—5T1$l'na1‘2 - TLZCOSC{LZ . 5“1'2 + X31"y = 0
B ypaBnenusx (1) — (3):
My, My, Mar — Maccebl Moayiist 1, Moayiist 2 1 3ariayOuTesst COOTBETCTBEHHO;
T;; — HaTsSHKEHHE B COOTBETCTBYIOIIEW TOuYKe OYKCHPHOW JHHHHM B PAaBHOBECHOM

MOJIOKEHHUH,
XM1 x, XM1 y, X3I' x, X3I' y — IpoeKInu CHUII CONIPOTUBIICHUS Ha COOTBETCTBYIOIINE
ocu st Monyns 1 u 3armyourens;
Q;; — YToJl HaKJIOHa OYKCHPHOH JIMHUM B PABHOBECHOM IOJIOKEHUH;
3T, ; — N3MEHEHUE HATSHKEHHS B COOTBETCTBYIOIIEH TOUKE;
d0,; ; — I3MEHEHHE YTJIa HAKJIOHA.
Benmaunet Ti,j — BEIOUPAIOTCS U3 YCIOBHS MPOYHOCTH CYIIECTBYIOMNX KaOEIIb-TPOCOB.
Kpome Toro, T0JKHBI BEITIOTHATHCS YCIOBHSI COBMECTHOCTHU TIEPEMETIIEHHI:

X1€0S 1 + Y1Sina; 1 = X,€05a 5 + Y,Sinay »; 4
X3 = X2; (5)
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X,C0S0y 1 + Vo Sina,, = Yye'®ot (6)

BBuay TOTO0, 94TO IIIMHBI pacCMaTPUBAEMBIX TPOCOB HAMHOT'O IIPEBOCXOAAT PACCTOSIHUS
KosieOaHMH 1O TPOCY, TO YIJIbI HAKJIOHA HA KOHIIAX TPOCa MOTYT OBITh HaMICHBI KakK:

Say, =v1,14515 @)
bay; = V15414 )
50‘2,1 =Uy145. €)

3necb);; — K03 QUIUUEHT TPUCOeTMHEHHON Macchl [4];
V;; — IepeMeleHUs TOUEK B MPOEKIHUAX HA HOPMAalb:

V1 = —XySinay, +y,008aq 4; (10)
Uy, = —XySina; ; + Y0054 5; 11
Uy = —X,Sind,  + y,C08a; ;. (12)

Takum oOpa3om, KoJcOaHHs pacCMaTPUBACMON CHCTEMBI BOJHM3HM MOJOXCHUS
PABHOBECHS OMKCHIBAIOTCS CUCTEMOM U3 BOCHMH JIMHEHHBIX alireOpanuecKuX ypaBHCHHH C 8
HEHM3BECTHBIMHU, KOTOpasi MOXeET OBITh YIpolleHa: u3 ypaBHeHus (2) ¢ yu€rom (5) Moxer
OBITh HaiileHa BenuuuHa O 73 ¥ MOCTaBJICHA B ypaBHEHUS (3), KOTOpPBIC MPUMYT BH/I:

—(mar + myp) Xy + VoS Xy + 8Tcosay; — T, g Sina, 16a, 1 +
+Ty,sinaq 6, — 6Ticosa ; + X3, =0 (13)
| mgry, + 6T,sina, + Ty c05a,,6a,, — 8T sinay | —
L —Ty 5050 ;601 5 + X3r = 0

BBumy TOrO, 4TO BO3MYyIIAMOIIEe BO3ACHCTBHE TNEPHOAMYECKOE M MOXKET OBITh
MIPEJCTaBICHO B BUJC Pa3liokeHUA B psg Dyphe, TO BHINICYKa3aHHAS CHCTEMa YpaBHEHUI
MOXET 6I:ITI) peuicHa B OTACIbHOCTH IJIsA Ka)K[[Oﬁ TapMOHHUKH U PCHICHUEM CUCTEMbI 6y/:[eT
CyMMa S3TUX YaCTHBIX peIlIeHHﬁ. IIJ'I)I npuMepa OrpaHuduMcs pPCHICHUEM CHUCTEMbI JIA
TNEPBBIX JBYX T'apMOHUK. HpI/I 3TOM MacCChbl MO}IyHeﬁ CUCTEMbI INMPUHUMAIOTCA PaBHBIMU
Msr = 1500 xr, My = 150 kr, My, = 500 kr. Yriel HakjIoHa OYKCHUPHBIX JIMHUWA M3BECTHBI
13 pacué€Ta B3aMMHOTO TIOJIOKEHUS JIEeMEHTOB Oykcupyemoi cuctemsl [5, 10]. AMmoutyna
KacaTeJIbHBIX epeMeIeHIH 3arTyOuTeNs peanoaaraeTcs paBHOU 2 M.

PaccmoTpuM pacdér cocTaBIsIOMmIEH OT YacTOTHI ) (HEYETHBIX TapMOHUK). Baumy
OTCYTCTBUS TOPU3OHTANBEHOW COCTABIIAIONICH CHII COIPOTUBIICHUS 3arayoutens u Moayns 1
C YaCTOTOH () CHCTeMa YpaBHCHHI OyAeT MMETh BHI:

My w§xy + 6Tycosay; — Ty 1Sinay 14,1 - (—xlsinacl_1 + ylcosal‘l) =0
My W3y, + 8Tysinay  + Ty 1005y 1254 - (—xlsinozL1 + ylcosal,l) — iCy3rXp3
(Mar + My WX, — iwoCrpUoSyaXxy — 8TyCOSAy 5 + 8Toc05Ay 1 —
=T, 5ina,q - (—xzsinacz_1 + yzcosaz‘l)/lz_2 +
)\ +Ty,8inay ; - (—x,8inay , + y,€05a1 )41, = 0 (14)
Mar@§y, + sina, 16T, + Tp cosa, ; - (—xzsinacz_1 + yzcosaz‘l)/lz_2 —sinay 6
—TLZCOS(XLZ(—XZSL'TIC{LZ + yzcosal'z)/’{l'z - iC13[‘X03I‘ = 0
X1€05Q; 1 + Y1SINA; 1 — X5€0501 5 — Y,Sina;, =0
\ X,€08ay 1 + y,Sina, ; =Yy

B ypasHeHusx (14) xoadduunentsi A;; 6epyTcs 1 4acTOThl 0 = 1 ¢
Pesynbrathl pacyéra B 3aBUCIMOCTH OT 33JJaHHOI CKOPOCTH OYKCHPOBKHU IIPHUBEJCHEI B
Tabmuue 1.
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Tenepp paccMOTpUM pacu€T COCTABISIIOLIEH OT 4YacTOThl 2, (YETHBIX TapPMOHUK).
YpaBHeHHE B 3TOM ciy4ae OyAeT UMETh BH/I;

Amy wix, + 6Tycosayq — Ty qsinay 1A, - (—xlsinaL1 + ylcosal_l) — By X
4mM1w§y1 + 5T15ina1_1 + Ty cosa1 151 ¢ (—xlsinocl_1 + ylcosal_l) =
4(map + Myp)wE — i2woCypUoSyzx; + 6Tc055 1 —
—T,4Sina,, - (—xzsinaz‘1 + yzcosaz‘l)AZ,2 +
3 +T, ,5inay 5 - (—x,8inay 5 + ¥,€05;2)A1,, — iBaarXoar = 0 (15)
dmarwly, + sina, 16T, + Ty c08a, 1 - (—xzsinaz‘1 + yzcosaz‘l)lz‘z — sina,,
—Tllzcosozllz(—xzsinaL2 + yzcosal‘z)/ll‘2 =0
X1€0Sy 1 + Y1Sindy 4 — X,C08A 5, — Y,Sina; , = 0
X,€08Q5 1 + y,Sina,; =0

B ypaBreHusx (15) koabduunenTs A;; 6epyTcs Ans 4acTOTHI O = 2 ¢
PesynbraThl pacuéra Taxke npuBesieHsb! B Tabnuie 1.

Tabnuya 1
3HaueHHs epeMeHHbIX /IS HeYéTHON U YETHOW rapMOHUK
CKkopocTb
ITapamerp Yacrora
0,5 m/c 1,0 m/c 1,5 m/c

® (He4E€T. TapMOHHKA) 0,16 0,74 0,73
b 20 (uér. rapmoHHKa) 0,19 0,16 0,06
® (HEe4ET. rapMOHHKA) 2,05 1,11 0,81
il w 20 (48T. rapMOHHKa) 0,00 0,00 0,00
® (HEe4ET. rapMOHHKA) 712 525 281

ol H 2 (4€T. TapMOHHUKA) 5 18 12
® (HEe4ET. rapMOHHKA) 0,04 0,13 0,34
pal, 20 (46T, TAPMOHHKa) 0,02 0,03 0,04
® (HeuéT. rapMOHHKA) 2,06 1,67 1,73
pah 20 (4&T. rapMoHIKa) 0,00 0,00 0,00
o7, H ® (HeuéT. rapMOHHKA) 4209 3596 3327

2 (4€T. rapMOHHUKA) 11 39 41

ITo pesynpraTam pacuéTa BHJHO, 4YTO HauOOJbIIEe BO3JACHCTBHE KAUKW CyJHA-
OyKCHpOBIIMKA TP BCEX CKOPOCTSX OYKCHpPOBKM OyaeT wucmbiThiBaTh Moayns 1 u
MIPUHATAsT MOJIENIb pacuéTa «MajbIX» IepeMeIleHUIl MOXKeT OBITh NMPHUMEHEHa K HeMy
YCIIOBHO, OCOOEHHO MPH pacdére Mo MmepBoii rapMoHuKe. [ opu30HTaIbHAS packadka CBA3KH
3aryoutens — Monyns 1 ¢ uacToToif 20 OymeT HeCyIIecTBEHHa BCIEACTBUE
3HAQUUTEIbHOW MacChl CBA3KM M JEMN(QHUPOBAHMSA O3THUX KojieOaHWi 3a  Cuér
THAPOJMHAMHUYECKOTO corpoTusieHus Moayist 2. OHaKo ¢ pOCTOM CKOPOCTH OyKCHPOBKH
aMIUINTYAa TOPH3OHTAIBHBIX IIepeMemeHnii Momyns 2 BoO3pacTaeT BCIEICTBHE pPOCTa
COTIPOTHBIICHHS 3ariyOUTeNs U YMEHBLICHHUS «H3JI0Ma» OYKCHUPHOH JIMHMM W JOCTHUTaeT
0,13 M npu ckopoctn 1 m/c u 0,34 M mpu ckopoctu 1,5 M/C, TO €cTb OYEBHIHO, HYTO
HEOOXOIMMO yMEHBIIEHHE TrabapHTOB 3ariTyOuTens W NpHAaHHUA eMy yno0ooO0TexaeMoi
(opMBL.
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OnpeneeHue 10NyCTHMOM CKOPOCTH CyA0BOii 1e0&1KHN NPH NOTPYKEeHU N
Oykcupyemoii cucTemMbl

B pexume morpyXeHUs-BCIUIBITHS paccMaTphBaeMas CHUCTEMa HMEET JBYX3BEHHYIO
KoH(uUrypanuio 3a c4ér Toro, uro Mopayns | monTsruBaeTcs ClENUaIbHON J1eOEaKOoN K
3armyouTento, a Moxyip 2, WMEIOIIMA HEeWTpalbHYI0 IUIaBy4ecTh, OyKcHUpyeTrcs 3a
3arryOuTeNleM Ha TpOce HEWTPadbHOH IUIaBYYeCTH. ODTO OOCTOATENBCTBO 3aTPYIHSET
MOTPYKEHHE CHCTEMBI IIPH OTCYTCTBHH XOJAa CyAHA-OyKCHPOBIIWKA, TaK KaK CTAHOBHUTCS
BEPOSITHBIM IIEPEITyTHIBAHIE TPOCOB.

O4eBUAHO, 9TO CKOPOCTH CYAOBOH JIeOEIKH JODKHA OBITH OTpaHUYCHA, B 3aBHCHMOCTH
OT CKOPOCTH Cy[HA, TaKUM 00pa3oM, YTOOBI MCKIIOYHTH BO3MOXKHOCTH IIE€PEIyTHIBAHMS
TPOCOB, TO €CTh OyKCHPHBIC JIMHWU 3ariayOouTens — Moayns 2 U 3arinyOuTelh — CyTHO
JOJDKHBI PACXOIUTHCS TOJ] JOCTATOUHO GONBIIAM yrIOM. Bennunsa MUHHMATBHOTO Yria o
Ha3bIBACTCSl KPUTHUYECKHM, (PU3NYECKH OH COOTBETCTBYET TPOCY CO CBOOOIHBIM KOHIIOM,
TPOC B 3TOM Cllyyae OyJeT NpSIMOIUHEHHBIM.

Bo Bpemst morpyskeHust cucrema OyAeT UMETh BHJ, IPEICTABICHHBII Ha puC. 2.

Puc. 2. Kongurypanus 6ykcupyeMoii CHCTEMBI B IIPOIIECCE TOTPYKESHUS

[peamnonaraemasi CKOPOCTh CyJIHA Vo U CYJOBOU JIEOENKU U, CUUTAIOTCS MOCTOSHHBIMU
B MpOIIECCE IMOTPYKEHUs] OyKCUPYEeMOW CHCTEMBI, a CKOPOCTh TOYEK TPOCA, BBI3BAHHYIO
N3MEHEHHEM KPHBH3HBI OYKCUPHOW JMHWUH TPH yBEIMYCHUHM €€ JUIMHBI, MAaJlod, MO
CPaBHEHHUIO C WX aOCOMIOTHON ckopocThio. Jlisi pacuéra (OpMbl OYKCHPHOW JHHHH U
BEJIMYMHBI HATSKCHUS B HEW [UIS KaXXJIOr0 MOMCHTAa BPEMEHH U COOTBETCTBYIOILICH eMy
JUTHHE TPOCAa MOXHO BOCIIOJIb30BaThCS YPABHEHHEM PABHOBECHS TSHKEIONW HUTH B MOTOKE
JKUJKOCTH, KOTOPOE B JAHHOM cllydae OyJeT uMeTh Buf [7]:
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ar _
75 = Gsina
da 1

T — = Gcosa — = C,pd[vgsina — v,sin(a — a,)]?
dx (16)
75 = Sina
dy

L 25 = cosa

31ech o, — MTHOBEHHOE 3HAYCHHUE yIJIa HAKIOHA TPOCa Ha KOPEHHOM KOHIIE.

[omorast B ypaBHeHmAX (16) v,=0 momydaeM OOBIYHBIC ypaBHEHUS PABHOBECHS
TSDKENOM HUTH B IOTOKE JKUIKOCTH.

HetpymHo ybemuThes, 9TO peuIeHHe o = o YpaBHEHUU paBHOBECHS TSKEION HUTU B
MMOTOKE JKUIOKOCTH SBISIETCS TakXKe pemieHueM ypaBHeHH (16), TO ecTb MOXHO
YTBEpKAaTh, YTO C BO3pACTAaHMEM MJIMHBI OYKCHPHOM JHMHHM BO BPEMEHH OHA INPHUMET
HEKOTOPYIO KBa3UCTAaTHYECKyI0 (OpMy — IIpOLeCC U3MEHEHHs €€ KpPUBH3HBI OyJeT
3aMCIJIATHCA. I[J'I)I TOrO, YTOOBI NOJIYUYUTh KOJUYECTBCHHYIO OILCHKY 3TOM JJIUHBI
HEOOX0IMMO B ypaBHEHHsX (16) MOTOKHTE 0, = 0 ¥ IPOMHTEIPHPOBATH UX MPU HAYATHHBIX
YCJIOBHSIX Ha XOZOBOM KOHIIE!

Ty = [(Gaarg — XzsinB)? + (Xzcos0)?]'/?

G — X5sinf
o = ety X5cos6 (17)
| X =0
t Vo =0

3neck G3ar — BecC 3arayouTess B BOJIE;

Xz = 5 p0*[(CxS)aarn + (CxSmzls (18)
v? = (v,,sina*)2 + (v — v,,cosa*)z; (19)
tgh = _UsSina__ (20)

vo—vcosa’
B Tabmwuie 2 mpeacTaBieHbl 3HAYCHUS o npu ckopocTsix OykcupoBku 0,5 m/c,
1,0 m/c, 1,5 m/c st Tpoca auameTpom 19 MM, HMEIOIIETO MOTOHHBIH Bec B Boje 8,983 H/m.
Tabauya 2

3HaveHus KPUTHYECKOI0 yIJjia B 3aBUCUMOCTH OT CKOPOCTH ﬁyKCI/IpOBKI/I

Vg, M/C 0,5 1,0 1,5

a* 1,276 0,822 0,573

[omarass 6 =45°, uro oOecme4ynBaeT yroil PacXOXICHHUS TPOCOB HE MEHBINE STOU
BEJIMYUHBI, TaK Kak 0Oy <90° MoxeMm ompenenuts w3 cootHomenud (17) - (20)
HEO0OXOIUMYIO CKOPOCTh JIeO& KM

Vo
Un = Sina+cosa @D
abCOIIOTHYIO CKOPOCTh TPOCA, HATSDKEHHE M YTOJI HAKJIOHA TPOCa Ha XOJJOBOM KOHIIE.

Pesynpratsl pacuéra npencrasieHsl B Tabmwme 3.
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Tabauya 3

HapaMeprl OCHOBHOI'O KaﬁeﬂL-Tpoca B 3aBHCHMOCTH OT CKOPOCTH 6y|ccnp031<n

Vg, M/C 0,5 1,0 1,5
v, M/C 0,4 0,7 1,0
v, M/c 0,54 0,73 0,85
T, H 8330 8192 8085
do 1,550 1,530 1,518
o 1,276 0,822 0,573

BennuunHbl ckopocreit 1e0&nku, npecTaBIeHHbIe B Ta0IMIE 2 clIeayeT paccMaTpuBaTh
KakK JIOITyCTHMBIE, 00ECIEYMBAIOIINE YroJ PAcXOXICHUS TPOCOB He MeHble 45° mocie
TOTO, KaK BBITYIIEHa HEKOTOpas 4acTh TPOCA M yroJl HAKJIOHA TPOCa Ha KOPEHHOM KOHIIE
CTaJI OJIM3KUM K KPHTHYECKOMY.

Pesynbratel mHTErpupoBaHHs ypaBHeHHH (16) mpHW HavadbHBIX YCIOBHAX 7o M 0,
NpeNCTaBICHHBIX B Ta0JHIe 3, MpUBEICHBI HIDKe (puc. 3 — 7).

LY
W,

Puc. 3. HarsbxeHue Tpoca B 3aBUCUMOCTH OT €r0 JITHHBI

Ha,
/

Puc. 4. Yroi HakJIOHa X0/I0BOT0 KOHIIA TPOCA B 3aBUCUMOCTH OT JUIMHBI TPOCa
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[IpencraBnennble Ha puc. 3 — 7 pe3yJabTaThl MOATBEPXKAAIOT TPEIIOIOKEHUE, YTO
yroia HakJoHa OYKCUpHOHW JIMHMM C BO3pacTaHWeM e€ IUIMHBI NpUOIIKaeTcs K
KPUTHYECKOMY YTy — MHHHMAIbHO BO3MOXKHOMY [UIS JaHHOW CKOPOCTH OYKCHPOBKU
(ecmu paccMarpuBaTh JOCTATOYHO [UIMHHBIE TPOCHI). PasHOCTh MeXmy YIJIoM HakKJIOHA
Tpoca W €ero KpPUTHYECKMM 3HaueHueMm cocraBiuser 5..10° s  anuH  TpocoB
COOTBEeTCTBYOIMM  paboueii riybmne 6000 m. JlomycTUMBIE CKOPOCTH —JIeOEIKH,
MIpeacTaBICHHBIC B Tabm. 3, oOecrieynBaroT HEOOXOAMMBIN YTOJ pacXOXKICHUS He MeHee 45°
BO BpPEMsI BCET0 MOTPYKEHUSI CUCTEMBI 10 pabouei Ti1yOnHbI.

Bmecte ¢ TeM MOXeT MpeACTaBIATh MHTEPEC M BONPOC YMEHBIICHUS BPEMEHU
HnorpykeHust cucteMbl. O4eBUAHO, YTO B Hadaje MOTPYKEHHs yrojl Ha KOPEHHOM KOHIIE
Tpoca OyAeT 3HAaYUTENbHO OTIMYATHCS OT KPUTHUYECKOTO M OyIeT ONM30K MO BEIHMYHHE K
YTITy HaKJIOHA Ha XOJJOBOM KOHIIE, TO €CTb!

a, = ay — 4a,

Ipu 5TOM MOKHO IMPCANOIOXKNUTb, YTO YIroJd 0Oy AOCTATOYHO OIM30K K npsAMOMY:
sinay ~ 1, cosay ~ 0, momaras mpu 3ToM tgh ~ 1 MokeM 3a/1aTh CKOPOCTh JTEOEIKH:
V; = Vyp.

ITomarasg Aa = 0,1 (g) MOJKEM METOJIOM ITOCIICIOBATEIBHBIX MPUOIMKEHUI BEIYHCITHTE
TO) Olo, 0:
sin(al” — Aa)
1—cos(al” — Aa)
) v = UO\/Z — cos(al® - Aa) (22)

1 2,
G- Vi [(CxS)ar + (CXS)MAK]p(U(n)) sing™

0™ = arctg

a™ = arctg

\ 3 [(CxS)ar + (CxS)maxlpW™)?2sing ™

Hanee, nmpounTterpupoBas ypaBHeHus (16), MOJIOXKUB B HUX 0O, = 0O - A0, MO)KHO HaWTH
JumHy Tpoca (S”) IIpH KOTOpoii o = 0.
Pe3ynbraThl 3THX BEIMHCICHHAN MpeACTaBICHE B Tabmuie 4. Tam jxe mpeacTaBIeHo
BpeMs cXo/1a ¢ IeOEIKU Tpoca STOU JITHHEI (£).

Tabnuya 4
3HaveHus JIMHBI TPOCA U BPeMEHU CX0/1a ero ¢ Je0&IKH A5 Pa3HbIX CKOPOCTeii 0yKCHPOBKH
Vg, M/C 0,5 1,0 1,5
Ty, H 8243 7563 6669
Ao 1,545 1,471 1,365(78°)
0 0,877(50°) 0,914(52°) 0,967(55°)
S* M 1600 200 100
t, cex 3200 200 67

TakuM 00pa3oM, MOXHO CJIeNIaTh BBIBOA, YTO YBEJINUEHHE CKOPOCTH JIEOEIKN B Havae
MOTPYXKEHUsI 1[eJIeCO00pPa3HO MPU MAIIBIX CKOPOCTSAX ABWKEHHS CyAHAa — B 3TOM Cilydyae
KOPPEKTHPOBKA CKOPOCTH JICOEAKH MOTpeOyeTcsl yepe3 JOCTaTOYHO OOJIBIION MTPOMEXYTOK
BpeMEHH. B 1e1om ke ympaBieHHE CKOPOCTBIO JIEOEIKM [acT HE3HAYUTEIbHOE
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yYMEHbBIICHUE BPEMEHHU MOTpyKeHusi cucteMbl: ~Ha 10% mnpu ckopoctu cymna 0,5 m/c,
~ 15% - npu ckopoctu 1 M/c u ~25% npu 1,5 m/c, HO TIpH 3TOM OCOOEHHO TP CKOPOCTSIX
OykcupoBkH 1...1,5 M/c OyaeT conpsiKeHO ¢ TEXHUYECKUMH TPYIHOCTSAMU M OTpeNeIEHHBIM
PHCKOM 3aIyTHIBaHUS TPOCOB.

3akjao4yenue

[IpennoxxeHHbIE ypaBHEHHS ISl ONMCaHMSA KOJNEOaHWI NpH H3MEHEHHH CKOPOCTH
OYKCHPOBKH IPHUTOJHBI IS NPAKTUYECKOr0 NpUMEHEeHus. KOHCTpyKTHBHBIC M3MEHCHHS,
KOTOpBIE HE0OXOANMO BHECTH B OYKCHPYEMYIO CHCTEMY, MOTYT OBITH BBIpaOOTaHBI KaK Ha
OCHOBaHHH CIIPaBOYHBIX MAaTEPHAIOB, TAK U 110 PE3YJIbTaTaM OTACIBHBIX UCCICAOBAHMUI.

Ha ocHOBe mpemIokeHHOro crnocoda BO3MOXKEH PAaIOHAIBHBIA BBIOOP IapaMeTpoB
CKOPOCTH M BPEMEHH CITycKa. Bpems cirycka BO3MOXHO COKpaTuTh 10 25% 3a cuer Ooiee
BBICOKOI CKOpOCTH ciycka. Takum o0pa3oM, BO3MOXKHO pa3padOoTaTh TEXHOJIOTHYECKHN
MIPOLIECC NOTPYKEHHS-BCIUIBITHS C HACTPaUBaEMbIMH MTapaMeTPaMH.
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Mopckoi Au3aiiH U ero NpuMeHeHue MPHU CO3AaHUHU CYI0B MAJIbIX
pa3MepeHui
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AnHotamusi. B crathe paccMOTpeHBI OCOOCHHOCTM Takoil cQepbl AeATEeNbHOCTH B
IIPOEKTHPOBAHUH CYJOB KaK MOPCKOHM IH3aifH, MPUBOAATCS ONpENeTIeHHs M PacCMOTPCHEI
3amauyn au3aiiHa. [IpuBOAATCS CBENEHMS O MEpONPHUATHIX M 00pa3oBaHMM B 00IacTH
MOPCKOTO Ju3aiiHa 3a pydexoMm u B PD. Mopckoii nmu3aifH mpeacraBiseTcs Kak peuieHue
KOMIUICKCHOIT 3aJa4d  CO3JaHUs OOBEKTa MOPCKOM TEXHHUKH C Y4YeTOM 3CTETHKH,
(YHKIMOHABHOCTH,  OKOHOMHUKHM,  O€30IaCHOCTH,  TEXHOJOTMYHOCTU.  3aTPOHYTHI
UCTOPUYECKHE KOPHM CIeluaibHOCTH. Ha mpuMepe MpoeKTa BBICOKOCKOPOCTHOTO CyIHA
PAaccCMOTPEHO OTIIMYME JH3aifHa OT Xyl0KECTBEHHOTO KOHCTpyHpoBaHusa. Ocoboe BHUMaHuE
yIEJICHO B3aMMOCBSI3M JW3aliHa ¥ HOPMATHBOB, CIEJaH BBIBOJ O HEOOXOIMMOCTH y4acTHs
npodeccnoHanbEHOTO coobuiecTBa B paspaboTke mpasmil. [IpuBeaeHs! IpUMEpPH! IPOSKTOB H
OCHOBBI HHHOBAI[HOHHBIX ITOJIXOJIOB K AN3aiHY CyJIOB.

KioueBble cjioBa: MOpPCKOM NIM3aliH, CTaWJIMHI, SIXThl, Majble CyJa, BBICOKOCKOPOCTHbBIE
CyZaa, HOpMaTUBBI

Marine design and its application for development of small sized
ships

Albert G. Nazarov
ORCID: 0000-0002-6313-6277
AN Marine Consulting, Moscow, Russia

Abstract. The paper discusses the features of such a field of activity in ship design as marine
design, provides definitions and discusses design objectives. Information about events and
education in the field of marine design abroad and in the Russian Federation is provided.
Marine design is presented as a solution to the complex problem of creating a marine
infrastructure object, taking into account aesthetics, functionality, economics, safety, and
manufacturability. The historical roots of the specialty are touched upon. Using the example
of a high-speed vessel project, the difference between design and artistic styling is
considered. Special attention is paid to the relationship between design and standards, and it
is concluded that the professional community needs to participate in the development of
rules. Examples of projects and the basics of innovative approaches to ship design are given.

Keywords: marine design, styling, yachts, small craft, high-speed craft, regulations

BBenenne

B Hacrosimiee BpeMst B PD ocyuiecTBistOTCS psli TOCYJAPCTBEHHBIX MPOrpamMm IO
Pa3BUTHIO TypU3Ma U BOJHOTO TPAHCIOPTA, YTO BBI3BIBAET HEOOXOAMMOCTh CTPOUTEIHCTBA
OOJNBIIOTO  KOJNHYECTBA CYAOB, 3HAYHTECIFHYH YacTh W3 KOTOPBIX TI0 CBOHM
XapaKTepUCTHKaM MOXKHO OTHECTH K CyJaM MajbIX pa3MepeHHi (T.e. CyIOB IJIMHOW [0
35M). BocTpeOoBaHHOCTE 3THX CYIOB Ha PBIHKE, IPUBJICKATEIBHOCT UX JUI TOTPEOUTEICH
- CYZOBIAJENbIIEB, ONEPATOPOB, NACCAXKUPOB — BO MHOIOM OIPENEIAETCS KOMIUIEKCOM
KauecTB, KOTOpbIE MOXKHO OINpeAeNuTh Kak Au3aiiH. B mocienHue rojpl 0TeueCTBEHHBIM
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NPOEKTAaHTaM W MPOU3BOMUTENSAM CYAOB INPHXOAUTCS 3aCIyKEHHO YJIENSITh BONPOCaM
J3aiiHa epBOCTEIICHHOE BHUMAHUE.

C navana 2000-x cunamu OObeanHEeHHOW cynoctpoutenbHON koprnoparuu (OCK)
MIPOBEJICHO HECKOJIBKO KOHKYPCOB B 00JIacTh AM3aiiHa; nBaxkasl B roj B Cankr-IlerepOypre
npoBoanTcs KoHpepeHmss «Mopckoil nu3aiiH», B OTEYECTBEHHBIX BBICIIMX Yy4eOHBIX
3aBEICHUAX IIPETIONACTCS KypC «OU3alH CpPEACTB TPAHCIIOPTa», KOTOPBIA IOKPHIBAET
HEKOTOPbIE acIeKThl IW3aifHa CyJOB W IUIAaBCPEACTB. Bompockl  (GopMupoBaHUS
APXUTEKTYPHOTO OONMKAa M XYIO0)KECTBEHHOTO KOHCTPYHPOBAHUS CYIOB B OTE€UYECTBEHHOM
MIPaKTHKE CYyAOCTpOeHHs paccMoTpeHsl B padortax HO.H. INaBmouenxo [1,2], B.A. Ilapesa
[3], A.W. TaiikoBuua [4] m apyrux wuccienosateneil. Ilpeamaraemast ctaThsi IpH3BaHa
0000IINTE OCHOBHBIE IIOJIOKCHHS MOPCKOTO [H3aiiHa KaK HOBOTO HAIIPaBICHHUS B
NIPOEKTUPOBAHUH CYIIOB, II0KAa3aTh BO3MOXKHOCTH IIPUMEHEHHS €ro MOJXOJO0B JUIs
pa3paboTKU CYZ0B MaJIbIX pa3MEPEHHUIA, B T.4. HA OCHOBE OIIBITa aBTOpa CTaTh (puc.l).

Puc.1. JIu3aiiH-NIPOEKTHI Cy10B, MOTYYMBIIMX IPH3bI HA MEXIYHAPOAHBIX KOHKYpCaX, pa3paboTaHbI
TI0JT PyKOBOJICTBOM aBTOpPA CTaThH; a — KaTaMapaH-BoHoe TakcH np. F100; 6 — mporynovHsrit
katamapaH SW48; B — sixTa-katamapat np. F24; r — pedynoe naccaxupckoe cyHo np.dnamusro.

Yro Takoii Mopckoii 1u3aiin?

B 3apy0OexHOW IpakTHKe, MOHATHE MOPCKOW IHM3allH Kak OTAeNbHas mpodeccust
OKOHUaTeNbHO cdopmupoBaics B Hadane 2000-x, ¢ mosBIeHHEM OOydYeHHS MO 3TOH
cnenuanbHocTH. Tak, B Massey University (HoBas 3emannmust) mpenopmaBaicsi Kypc
OakanaBpuaTa B 00J1aCTH AM3aiiHA TPAHCIIOPTA CO CIIEIHAIN3aUel «MOPCKOW Iu3aitH», rie
CTYZI€HTBHI TIOMMMO BCETO ITPOYETO M3Y4ald OCHOBBI NPOEKTUPOBAHHS CYIOB M TEXHOJIOTHIM
cynoctpoernnsi. B Coventry University (BennkoOpuTanus) cymecTByeT cOOTBETCTBYIOIIAs
Marucrtepckas mnporpamma. Haumnas c¢ 2011 KoponeBckoe o001ecTBoO HWHKEHEPOB-
kopabnectpouteneii (RINA) npoBomur kondepenuuto Marine Design, B KOTOpoil aBTOp
CTaThH SBJIAETCS OJHUM M3 WICHOB OprKoMuUTeTa. TeMaTnka 10KIa10B, IPEICTaBICHHbBIX Ha
BBIIIICHA3BAHHOM MEPONIPHUATHH, XapakTepU3yeT OCHOBHbIE OOJIACTHM HHTEPECOB H
HampaBJieHusT B MOpckoM nu3aiiHe. Ecim B 2011 romy Mopckoil au3aiiH B OCHOBHOM
OTOK/IECTBIIIICS C JU3aWHOM SXT (T.€. pEKpEalMOHHBIMU CyJlaMH), TO B HAaCTOsIIEEe BpeMs
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MOpCKHE JH3aliHephl pa0OTalOT HaJl CIY)KEOHBIMH M KOMMEpPYECKUMH CylIaMu, W Hal
CYJOBBIMH LIH(POBBIMU peUICHUSIMU (pHC.2).
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Puc. 2. Pactipenenenne TeMaTHK TOKIAI0B MEKAYHAPOIHBIX KOH(PEPEHIINI [0 MOPCKOMY TU3aiHY,
oprann3yembix RINA.

B oTeuecTBeHHON NPAaKTUKE MHOTA CIOBO AM3aiiH HEKOPPEKTHO acCOLMUPYETCs JIMILIb
C BHELIHUM OOJIMKOM H3JIEJHS, a TAK)KE C MHTEPhEPaMHU, ITOJHOCTBIO OCTABJISIA 32 CKOOKaMHU
(YHKIIMOHANBHYIO, TEXHOJIOTHIECKYI0, SKOHOMUYECKYIO U IIPOYNE COCTABILIIONINE JH3aiHa.
OTMeTHM, 4YTO B MEXAYHApOAHONH MpPAKTHKE O3TOT BHA JAEITEIBHOCTH IO CO3JaHHUIO
UCKJIIOYNTEIBHO OOJHMKa TPOMBIIIICHHOTO M3JENUs Ha3bIBAaCTCS  CTAlJIMHIOM, a
CHELHUATIICT, 3aHIMAIOIUHCS M — CTHJINCTOM.

B TO e Bpems, CyImECTBYIOT OOIIENpU3HAHHBIE OIPEICICHUSI MPOMBIIIICHHOTO
au3aiiHa (OH K€ MPOCTO «IU3aiH»), TOBOPSIIUE O B3aNMOCBSI3SIX KaTErOpHUil ITOJIE3HOTO H
NPEKPacHOT0, B YaCTHOCTH YTBEPXKICHHBIH PELICHUEM IEpBOi TeHepajbHOW accamOiien
ICSID (International Council of Societies of Industrial Design) B 1959 romy: «Ilox
TEPMHUHOM JIU3aiiH IOHUMAETCS «TBOpUYECKas JEATeIbHOCTb, 11eJIb KOTOPOl — OIpe/iesieHue
(GopMaNbHBIX KauecTB IPEIMETOB, IPOU3BOJMMBIX IMPOMBIIUICHHOCTbIO. DTH KadyecTBa
(OpPMBI OTHOCSTCS HE TOJILKO KO BHEIIHEMY BHUIY, HO TJIaBHBIM 00pa3oM, K CTPYKTYPHBIM U
(YHKIIMOHAIBHBIM CBSI35IM, KOTOPBIE NIPEBPAIAIOT CUCTEMY B LIEIOCTHOE €MHCTBO C TOUKH
3peHus] KaK M3TOTOBUTENSA, TaK W MOTPeOWTENs». ABTOp HACTOSIIEH CTaThM KpPaTKO
ompeiesieT TMPOMBIIUICHHBIH JU3aiH KaK «TBOPYECKYIO JAESTEIbHOCTh II0 CO3JaHHIO
00BEKTa C YIETOM €ro 3CTETHYECKHX U (PYHKIIMOHAIBHBIX CBOMCTBY.

JuzaiiHoM cynHa WM Oojee IIMPOKO MOPCKAM JAM3AaifHOM MOXKHO Ha3BaTh
KOMIUIEKCHYIO Pa3pa0OTKy 00BEKTa BOAHOTO TPAHCHOPTa MJIM MOPCKOTO COOPYKEHHS, C
yueToM OajaHca A3CTETHYECKMX M (DYHKIMOHAIBHBIX KauecTB, Komdopra, TpeOoBaHHii
0€3011aCHOCTH, TEXHOJIOTHYHOCTH, PEalM3yeMOCTH, SKOHOMUYECKHX IoKa3aTteneil. bamanc
MEXAYy KauecTBaMH ONpEJEeNseTCs IMPUOPUTETOM KAKAOTO M3 HHUX JJIsi KOHKPETHOIO
mpoekta (puc.3). Cinenyer OTMETHTh, YTO YaCTh M3 ITHX KAYCCTB SBISIOTCS OOBEKTHBHO
orneHuBaeMbIMH U m3MepseMbiMu (O). pyras gacts (S) - rpynmna cyObeKTUBHBIX KadecTB,
KyZla BXOJST 3MOLIMOHAIIbHBIC, TICUXOJOIMYECKUEe W COLMOKYJIBTYPHBIE XapaKTEPUCTHKU
(KOTOpBIE B TEOPHH AM3aiiHA NPUHATO HAa3bIBATh «3HAUYECHUSAMM»); HAIPUMED, 3TO OTHOCUTCS
K CTETHKE M IICHXOJIOTHYeCKOMY KoMpopTy.
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HaqecTea

TexHOAGrH-HOCTE,
PENMIYEMOCTE

Puc. 3. CocraBnstomue qu3aiiHa CyJHa MaJIbIX Pa3MepeHHH

Mopckoii qu3aiiH WIN Xy/10:KeCTBEHHOE KOHCTPpYUpoBanue?

UYeM ke OTIIMYAETCS MOPCKOW AM3aiH OT XyJ0)KECTBEHHOTO KOHCTpynpoBanus (Tadi. 1),
U CleAyeT N M300peTaTh HOBBIC TEPMHHBI U XOpPOIIO M3BECTHBIX NOHATHH? Benp B
TPAIMIMA OTEYECTBEHHOTO CYIOCTPOHUTEIHHOTO OOpa30BaHWS CYIIECTBOBAIHM KypCHI IO
OCHOBAM XYZ0’KECTBEHHOTO KOHCTPYHPOBAHUS U apXUTEKTYpE CYI0B.

Ha camom pgene, B omnpemenermu FO.H. IlaBmiodueHko [2] XymOKeCTBEHHOE
KOHCTPYHPOBAaHHUE CYIOB II0JIpa3yMEBacT, YTO «HHXKEHEpP pa3pabaThIiBaeT KOHCTPYKTHBHO-
TEXHUYECKHE OCHOBBI M3JENUs, a XYJOXXHHK-KOHCTPYKTOP NPHIAET €My 3CTETHYECKYIO
BBIPa3UTENIHOCTh, JOOMBAETCS PAlMOHAIBLHOCTH KOMIIOHOBKH, LEJIOCTHOCTH (OPMBI U
MaKCHMAaJIbHOTO COOTBETCTBHSI YCJIOBHSIM 3KCIUTyaTarium». [lo MHEHHIO aBTOpa CTaThH, 3TOT
MIOJIXO/1 UMEET MPaBO Ha XM3Hb MPHU CO3JaHUM YTHIHTAPHBIX CYJIOB YCTOSBIIMXCSI THIIOB,
HalpuMep TpY30BbIX, TeXHWYecKoro ¢uiora U T.A. B HOBBIX peaiusix WHHOBalMH W
KOHKYPEHIIMH TpeOyeTcs yuacTue Au3aliHepa Ha BCeX dTanax Co3[aHus 00beKTa.

3aJaur MOPCKOTO JTU3aiiHa anpHoOpy LIMPE, YeM «YKPalIaTeJIbCTBO» (HOPM, CO3AaHHBIX
HH)KeHepaMH. Bo-mepBbIX, MOPCKOW OW3alH SBISIETCS HHXKEHEPHON IUCHMIIIMHON. Bo-
BTOPBIX, OH MOApPa3yMeBaeT MOIHOLEHHOE YYacTHe [u3aiiHepa M B KOHLENTYalbHOM
NIPOEKTUPOBAHUM Cy/[Ha, M B CO3JaHMM HOBOH (DYHKIMOHAJIBHOCTH, a TaKKe
MPUHINIHAAIEHO HOBBIX 0OBEKTOB MOPCKOM TEXHHUKH, YTO TPeOYyeT OT MOPCKOTo An3aiiHepa
COOTBETCTBYIOLIUX 3HAHHH.

Hanpumep, moixo/1s1 MOPCKOTO AH3aifHa UCTIONBb30BaHbI IPH Pa3padOTKe SAXTHI MIPOEKTa
SY60 (puc.4), rme co3maH HOBBIH THIIAa MOPCKOW TEXHHKH — sXTa-KaTamMapaH oC
SJIEKTPOJBIDKEHUEM C HCIIOJIb30BAHMEM COJIHEUHBIX Oarapeil. BoemHmii o0imMK U
KOMIIOHOBKA SIXThI C()OPMHPOBAHBI HAa OCHOBE ()YHKLUH pa3MEIICHUs COJIHEYHBIX ITaHeei
MaKCHMallbHO BO3MOXKHOW IIIOINA/AM, 3aIIMUTBHI OT NPAMBIX COJHEYHBIX JIyded B cajoHE
CyJiHa, MAaKCUMU3aIM1 TOPH30HTAIBHOTO KIMPEHCa ATl ONTUMH3ALNH THAPOAUMHAMUYECKUX
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XapaKTEePUCTHUK CYJHA HA MAIbIX OTHOCHTEIBHBIX CKOPOCTSIX, U T.J. 3aMETHM, YTO CO3/IaHUE
MoJOOHOTO OO0BEKTa MpEACTaBIsieT COOOH B OIpENENICHHOW CTENEeHW NpEABHICHUE
BO3HMKAIOIIUX HOTPEOHOCTEI! ¥ TEXHOJIOTHH, 4TO OyJeT pacCMOTPEHO Jajee.

Tabnuya 1

CpaBHeHue 3a]a4 XyA0:K€CTBEHHOI'0 KOHCTPYMPOBAaHUA U MOPCKOI'o nu3aiiHa

Xy107KeCTBEHHOE KOHCTPYHPOBaHUE CYI0B Mopckoii 1u3aiin

- KOHHGHTyaI[I)HOG IIPOCKTUPOBAHUE CyJHA

Buemnuii Bujg

WuTepbep

- Co3nanue HOBO# (DYHKIIMOHATIBHOCTH

- Co31anue MPUHIAITHAIBHO HOBBIX 00BEKTOB
MOPCKOHM TEeXHUKH

Puc. 4. SIxra-xaramapan np.SY 60, pazpaboTaHa 1Mo pyKOBOJCTBOM aBTOPa CTATbH

Hcropuyeckue npeanocblIKM MOPCKOIo AU3aiiHa

WHorna MOXHO yCIBIIIaTh MHEHHUE, YTO «IH3aiH MOSIBUIICS HE B CYJOCTPOCHHN», B
KOHTEKCTE TOTO, YTO «AW3aiiH» SKOOBI NMPUBHECEH B NMPOCKTUPOBAHHE CYIOB H3BHE, U3
JIPYTUX OTpaciieil TpaHCIOPTa W NPOMBILIUIEHHOCTH, @ COOCTBEHHBIX TPAAUIMN JH3aiiHa B
CyJOCTpOCHHU HeT BoBce. [10JJ0OHBIE YTBEPXKACHHS HCXOJAT OT aBTOMOOMIIBHBIX JIHOO
MIPOMBINIICHHBIX IH3aiHEPOB, «BOPBABIIMXCS» B CYIOCTPOCHHE HACTOJIBKO OBICTPO, YTO
KaKoe-THO0O  O3HAKOMJICHHE C HUCTOpUEH  CyHoCTpoeHHs ©  (DYHKIMOHAIHHBIMHU
OCOOCHHOCTSIMH CYAOB JaXXe HeE TMpenamojaranochk. [Ipm 3ToOM, HEmb3s OTPHUIATH, HTO
[IEpeHOC TMOAXOJI0B B JH3ailHE MEXIy OTpacisiMU BCE-TaKU CYLIECTBYET, HO 3TO
MHOTOCTOPOHHHUI IpoLecc.

Ha camom pnene, OCHOBBI TOro, YTO ceWYac HA3bIBAETCS «IU3alH», IMOSBUINCH B
CYJOCTPOCHHH 3a/I0JITO /IO TIOSIBJICHUSI HE TOJBKO TH3aiiHEpOB aBTOMOOWJIEH, HO M caMon
aBTOMOOMIIEHON MPOMBIIIUIEHHOCTH. B TedeHne BEKOB AEKOp M (yHKIHNOHAIBHBIE KauecTBa
KOopaOJyiell SIBIISIIOCH BaKHEHIIUM HMMHDKEBBIM (DaKTOPOM MOPCKHX JEpkKaB, HAUMHAS C
JIPEBHOCTH, HaNpUMep Tipu mocTpoiike (rmora Kapdarena, as KOTOphIX ObLTO CBOWCTBEHHO
CepHifHOE MPOU3BOJICTBO Kopabieir. HamomHuM, 9TO Kak pa3 MaccoBO€ MPOHM3BOJICTBO
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NPEZIMETOB M SIBJISETCS OJHUM M3 HEOOXOAMMBIX MPU3HAKOB IMPOMBIIIIEHHOTO Ju3aiiHa. B
CpenHue BeKa, A paboThl HaJ JEKOPOM Kopalieil Mpuriamaiich JIydiie XyI0KHAKA 1
MacTtepa (puc.5S).

B CCCP, B cBere o6Ocyxmaemoii Tembl, Hambonee wusBectHo I[KB mo CIIK
P.E.AnekceeBa, B kotopoM B 1950-¢ Obu1 co3nmaH otTnen nusaiiHa [5]. 3akoHOMEpHO, 4TO
WHHOBAIMOHHBIE cyaa 3Toro Kb mMenn cOOTBEeTCTBYIONIMIA WX WMHIDKY BHEIIHHAN OOJIHIK.
Ha cerogmsmanii neHb, OTAEN apXUTEKTypHl M IH3aifHA CYIIECTBYET B OOJBIIMHCTBE
poccuiickux cynoctpoutenbHbix Kb.

W B 3akmodeHHe 3aMETHM, 4YTO pYCCKOE Ha3BaHHE MPOQECCHH HHXKXECHEp-
KOpPaOJIECTPOUTEINs — 3TO CKOpee Bcero Kaibka ¢ Hemerkoro schiffsbauingenieur, m3-3a gero
TaKOW CIEIMANNCT YacTO BOCHPHHUMAETCA KaK «IIPUAATOK K  KaJIBKYISATOPY».
Hcropuueckoe 1 MOHBIHE ACHCTBYOLEe Ha3BaHUE B aHIIMICKOM si3bike — naval architect,
T.e. «KOpaOEeNIbHbIH apXUTEKTOP». XOTENOCh OBl MOJUYEPKHYTH CIOBO APXUTEKTOP B 3TOM
HaMMEHOBAHWM, YTO KaK HENb3s JIy4llle CBUJCTEIbCTBYIOIIEE O TBOPUECKOM XapakTepe
npodeccHuu U ee CBI3bI0 ¢ BONPOCAMH An3aifHa.

Puc. 5. Jlexop (pe3bba u pocmuck) nmapycHoro kopabis Sovereign of the Seas moctpoiiku 1637t.,
pa3paboTaH (ramMaHICKUM KUBoIHcIieM AHTOHUCOM Ban Jleitkom.

ApXHTeKTyle)Ie THIIBI CYyI0B, MECTHBIC H HOBbBIC TUIIBI

[onsaTne apXuUTEKTYPHO-KOHCTPYKTUBHBIX THITOB (AKT) cymoB mupoko mpuMeHseTcs B
CYIOCTPOCHHH M O3Ha4daeT HEKHE CTaHIapTH30BaHHBIC APXHTEKTYPHO-KOMIOHOBOYHBIC
penieHus. B ManoM mporyinodHoM CyJOCTPOSHHH, CYMIeCTBYeT 3HauuTesnpHoe uncino AKT,
HanOoJIee MOJTHO U3JI0KECHHBIX B [6].

OcoOblii MHTEpeC NPENCTABISIIOT MECTHBIE THIIBI CYJIOB, KOTOpblE BBIPAOOTAaHHBIE
HCXOJIsl U3 OCOOCHHOCTEH IKCIUTyaTallii ¥ MOCTPOMKH B TOM HJIM MHOM pPeruoHe (puc.6).
Kak npaBuiio, Takue cyna y3HaBaeMbl BHEUIHE, O4€Hb (DYHKIMOHAJIbHBI M UM 3a4acTYIO
NIPUIHMCHIBAIOTCSl HEKME HEINPEB30WACHHbIE KaueCTBa: HAalpUMeEp, CUUTAETCS, 4TO apadCcKue
«Iay» HawIydinuM oOpa3oM moaxoasT aus Boj llepcuackoro 3anuBa. 3HAYUTENBHBIH
00bem uHpopmanuu 1o cyaam KOro-Bocrounoi A3uu cucteMaTH3upoBaH B [7], a Mo cymam
nobepexbst Uranmuu - B [8]. M3ydueHne MECTHBIX THUIOB CYJOB SIBISIETCSI MHTEPECHEHITNM
HampasJeHHEeM paboThl MOPCKOTO Ju3aiHepa, T.K. IO3BOJISICT IIOHMMAaTh TpeOOBaHMS
OKCIUTyaTaHTOB W  HCIOJIb30BAaTh HapaOOTaHHBIE BEKaMH  pEIICHHWS, a TakKxke
TpaHc(OpMHUPOBATH X YePE3 BOZMONKHOCTH COBPEMEHHBIX TEXHOJIOTHH.

WHoraa MOXKHO TOBOPHUTH O CO3JIaHWH HOBBIX APXHTEKTYPHO-KOHCTPYKTHBHBIX THIIOB
CylIOB; TMpHUMEp peEHIeHus TakoW 3ajaud mnpexacraBleH Ha puc.4. Ilpm  Bceit
MHHOBAI[MOHHOCTH CJIeAyeT IOHMMaTh, YTO Jake B 3TOM Cllyyae AW3aifHep dYaiie BCEeTo
ClIElyeT  ONpEJENICHHBIM KaHOHAM  IIPOEKTHPOBAHUS, 4YTOOBI OOECIeunuTh CYAHY
nperckazyemble (GYHKIHOHAIBHBIE 1 MOPEXOAHbIE KauecTBa.
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Puc. 6. Masbie cyna MECTHBIX THIIOB; a) panga - TUIOCKOIOHHAS JIOJKA XapaKTepHasl Ui CTpaH
Kapunbckoro Gacceitna, ctpan AQpuky 1 A3un, n3Ha4ansHO pa3paboTaHa B Hagane 1970-x
koMmnaHued Yamaha B pamkax npoekta BecemupHoro 6aHka [ist pa3BHBAIOLIMXCS CTpaH; 0) g0zzo —
TpaMLMOHHOE phIbalKOe CYJHO TToOepexbs MTannu, n3HauaabHO [apycHOe; B HACTOSILEE BPeMs
OCHAII[ACTCsl KOPMOBOH Ha/IENKOM JUIsl yIy4IIeHHS XOJJOBBIX KQUeCTB I10]] MOTOPOM.

IIpouecce padoThl HAJ AM3AHHOM

B kiaccudeckoil MOCTAHOBKE 3afayd MPOCKTHPOBAHUSA CYAHA C MPUBJICYCHHEM
XYJ0KHAKA-KOHCTPYKTOPA Ha BBIXOIC TMOIYYACTCS CYAHO C YIYUYIICHHBIMU 3CTCTHUCCKUMHU
xXapakTepucTUKkaMu. Ho BO3HHKAaeT BOMPOC — a MOXHO JIM CJeNaTh MPOEKT CyAHa Jydiie?
Kak mpaBuio, Takas BO3MOXKHOCTh Y XYAOKHHKa-KOHCTPYKTOpPa OTCYTCTBYET, T.K.
KOMIIOHOBKa M (hYHKIIMOHAIBbHBIC XapaKTCPUCTHKHU CYJHA ONPEICICHBI 3apaHee, U CKopee
BCETO IPOITMUCAHEI B TEXHUYECKOM 33JaHHU.

OcHOBaHHas Ha OMBITE aBTOpA CTAThH CXeMa pabOTHl HaJl KOHIENTYAIbHBIM IIPOCKTOM C
MPUMEHCHHEM METOAOB MOPCKOTO JAn3aifHa TIpeAcTaBieHa Ha puc.7. 3aMeThM, dYTO
TEXHUYECKOEe 3alaHie MOSABIECTCA JIMIMIb Ha dTame (r) paboT; 3HAYUTENEHOE MECTO
3aHUMAIOT TIpeIBapHUTENbHBIC 3Tamlbl. Pe3ynpraT paboTHI - HE MPOCTO IPE3CHTAIlOHHEBIC
n300pakeHNs, a KOMIUICKT JOKYMEHTOB, NAOIIUX IPEACTABICHHE O BHEITHEM BHIE U
KOMIIOHOBKE CY/IHA, JOKa3bIBAIOIIMX €ro OCYIIECTBUMOCTh U 0OE€30MaCHOCTh IyTEM
pacueToB, a TaKXKe MPEIOCTABIAIONMX MaTepHalbl ISl TPEABAPUTCIBHON OICHKU
CTOMMOCTH.

OTin4re METOJIOB «XYIO0KECTBEHHOI'O KOHCTPYHMPOBAHHS» OT METOIOB MOPCKOIO
JU3aiiHa MOXHO MPOJAEMOHCTPHUPOBATh HA MPUMEPE «PEUHKAPHAIMI TEILIOXO0B MPOSKTa
«3aps». Kak wu3BecTHO, momoOHas 3amada pemraeTcss HEKOTOPBIMH POCCHUCKUMHU
KOHCTPYKTOPCKAMH OIOpO TI0 TPHUHIINITY «HATSTUBAHHS» HOBBIX COBPEMEHHBIX (hOpM Ha
AMEIOIIYIOCST KOMITOHOBKY Terwioxona [9]. [laxke ¢ y4eToM HEKOTOpPOTO JOTIONHEHHS II0
(YHKIIMOHATBHOCTH B BHIC TIEPEBO3KH JIMI C OTPAHUYCHUSIMH 110 MOOHMJIBHOCTH (armapelb
JUIA TIOCAalIK{, MaHAyC Ui CIIyCKa KOJDICKA B CallOH), TEIUIOXOA HE IpeTeprien
3HAYUTENBHBIX (QYHKIIMOHAIBEHBIX H3MEHEHHI 110 CPaBHEHHIO C TIPOTOTUTIOM.

CyIIeCTBeHHBIX YIIYUIICHUH TeIIoxoia «3aps» MOXHO I0OHMTHCS, €CIU MPUMEHHUTH
MOJIX0/bI MOPCKOTO fu3aiiHa. B HacTosiee BpeMs THI MOE3I0K H3MEHHUIICS, MHOTHE
MACCAKUPHI MYTEIIECTBYIOT C BEJIOCHIICAAMHU, BBIPOCIH TpeOOBaHUS K KOMQOPTY,
¢doroceccusiM, TOSBUIACH HEOOXOAMMOCTh B MEPEBO3KE JIMI[ C OrPAaHUYCHHSIMH [0
MOOMJIIBHOCTH W T.I. 1107 pyKOBOACTBOM aBTOpa CTaThd pa3pabOTaH KOHIECNTYaabHbBIN
mpoekT «@Pmamunro» [10], KOTOpHI MPOAOIHKAET TPATUINK «3apu», HO B TO K€ BpEMS
OTBEYACT COBPEMEHHBIM OXHIAHWSAM pBHIHKA. KOMITOHOBKa CyJHa H3MCHEHA: IOSBHIIACH
IUTOINAKA JIJIS BEJIOCHIICAOB, OaraKHBIA OTCEK PACIIONIOKEH y BXOJa B CAJIOH, caM CaJIOH
pacuIupes, 4To JaeT BO3MOXHOCTh 0osiee KoM(popTabenbHO pa3MECTUTh Kpeciia M MPOXO/I.
CIlycK MHBAJIMAHOM KOJICKU B CaJIOH HE MpernoaracTcs (I03TOMY HEe HYXKSH HMaHIyC HITH
MoTOOHBIE YCTPOHCTBA), BMECTO 3TOTO JUIS HEe MPEAYCMOTPEHO MECTO HEMOCPEICTBCHHO Y
BXOJ[a; TaM € pACIOJIOKEH CaHy3edl HEeOOXOIMMBIX pa3MepoB. 3a CYeT TOro, 4To Ha
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«DaMHUHT0» IMOCAJKa OCYIIECTBISETCS B JBEph 0€3 KOMUHICa B HOCOBOW IMOMEPEYHON
nepebopKe HaCTPONKH, OTCYTCTBYET HEOOXOAUMOCTh B Pa3BOPOTE KOISICKU MPHU MOCAIKE, B

TO BPEMs KaK Ha aHaJIOre [9] 9TO CA€JIaTh CJIOKHO HM3-3a HCOCTAaTKa MECTa.
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Puc.7. Iporecc paboThI HaJ TU3AHHOM

Puc.8. BricokockopocTHOE Mmaccakupekoe CyIaHO Uil MajbiX pek mnp.diaamunro [10]; 1 —
MacCaXXUPCKUH CaJloH; 2 — MECTO JJIs KOJISACKY; 3 — GaraxkHsle MOJKY; 4 — rumatdopma Iyt
BEJIOCUIIENIOB; 5 — caHy3ell; 6 — OCHOBHOM BBIXOJ; 7 — OCT YIPaBIEHHs; 8 — MECTa JJIsl OTJbIXa
JKHUMaXa.

)11/[3al7ﬂ-lep U HOPMATUBBI — HeoﬁxonnMoe B3aMMOeiicTBUE

OnHEM U3 KOH(IUKTOB, BO3HUKAIOIINX B MPOLIECCE CO3TAHMUS IPOCKTA CyIHA, SBISCTCS
HECOOTBETCTBHE PEIICHH HOBOTO AW3aifHa M TpeOOBaHWA NEHCTBYIOIIMX HOPMATHUBHBIX
JTOKYMEHTOB, KaK IPaBHJIO OCHOBAHHBIX Ha OTBITE MPEABIAYIINX IecsaTuiaeTuii. O4eBHIHO,
9ro dYeMm Ooliee pagWKaTbHBIM W WHHOBAI[MOHHBIM SBISETCS JOW3aliH, TEM TaKHUX
HECOOTBETCTBHI Oospire. [Ipuyem yarie BCEro Mmoa00HBIC HECOOTBETCTBHUS BBI3BAHBI HE
CHIDKEHHEM 0e30MacHOCTH pa3padaThiBaeMOro HOBOIO JAM3aiiHa, a 3aJ0KEHHBIMH B
HOPMATHBBI IMOCTYyJaTaMH; HMHOTJA MPOUCXOXKICHHUE 3THUX MOCTYJIaTOB BOBCe 3a0biTo. K
TaKUM TOCTYyJIaTaM, HAIPUMEDP OTHOCATCA OTPAHUYCHU 1O OKHAM U UJIJIFOMUHATOpaM HUXKE
YPOBHSI BEpXHEH BOJOHENPOHHIIAEMON MalyObl, a TaK)Ke 3aKPBITHSIM THUIA «IUBDKHBIN
ki1y6». COBpeMEHHbIC TEXHOJOTHH TTO3BOJISIOT BBITIOJHUTH OCTECKICHUE OOJIBIION MIOIIA N
PaBHOIIPOYHBIM KOHCTPYKIMH OOpTa, a COBPEMEHHBIC THUIBI 3aKPBHITHH U YIUIOTHUTEIH -
00ecreuynTh HEOOXOIMMYIO BOJOHETIPOHUIIAEMOCTh, YTOOBI TPUAATh HEOOXOAUMBIE CYIHY
morpeduTenbckre kKadectsa [11].

[Ipumep comocTaBieHHsT POPMYIAPOBOK TPEOOBAHHIA MEXITYHAPOJHBIX HOPMATHBHBIX
JIOKYMEHTOB M TPOHM3BOJHBIX OT HHX OTEUCCTBEHHBIX IPABHJ MPEICTABICH B TaOI.2.
OueBuaHO, uTOo UCXOAHBIA CcTHiIb u3noxeHuss HSC Code [12], opueHTHpOBaHHBIA Ha
pemenne mpobieM o0030pa B OTCYECTBEHHOM JOKyMeHTe [13] ObUT W3MEHEH Ha
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JIUPEKTHBHOE TIPUMEHEHHE EJWHCTBEHHOI'O TEXHHYECKOI'0 pelleHuss — o0ecrnednTh
TpeOyeMblii HAaKJIOH OCTEKJICHHUs, XOTS B OOLIEM cilydae OTCYTCTBHE ONUKOB 3aBUCHUT OT
psina GpakTopoB, M TpeOYeMbIii HAKJIIOH BOBCE HE rapaHTUpPyeT HeoOXOMIUMEBIH pe3ynbTar. Ha
MIPAaKTUKE, 3TO O3HAYaeT, YTO MpaBUWJIaMHU HAKJIAABIBAETCS CYLIECTBEHHOE OTPaHHYEHHUE Ha
(opMupoBaHUE BHEIIHEro oOJNMKa CyAHA, HAa YTO MpPOEKTaHT noiydaer or KO 3ameuanus
«HY YTO BaM CTOWT M3MEHHTh HAKJIOH OCTEKJICHHMA?» JHOO ONTUI MPOIECcC COTIacOBAHMUS
OTCTYIUIEHUH OT MPABUIL

B cBs3m C BbIIECKAa3aHHBIM OT MOPCKOTO Ju3aifHepa TpeOyeTcs yMEHHE OLEHHTh
«IPOXOAMMOCTB» TPUMEHAEMBIX MNPOEKTHBIX pemeHnii depe3 KO, mockoHampHOE
MIOHNMaHWe CyTH TpeOOBaHMII HOPMAaTHBHBIX JIOKYMEHTOB, yMEHHE HaXOIUTh
MIEPBOUCTOYHUKH 3THX TpPeOOBaHMH M 00JIACTH MX IPUMEHEHMS, a TaKKe MpEeAnarath
SKBUBAJICHTHBIE 110 YPOBHIO 0E30MAaCHOCTH TEXHWYECKHE PEIICHUs, HE MepeKiabIBas 3TO

Ha UHXKEHEPHYIO KOMaH/y.

Puc. 9. CynHo np. SP15 ¢ mpsMBIM HOCOBBIM OCTEKJIEHHEM HAACTPOHKI; B HOCOBOH YacTH cajloHa
pactooxena IBepb, IO3TOMY OCTEKJICHHE 3aMEHATh Ha HAaKIOHHOE 10 [ 13] HeBO3MOXKHO 6e3
CYIIECTBEHHOTO ymepoa sl GYHKINOHATIEHOCTH U BHEITHErO BUAA.

Ju3aiin u 6e3onacHoOCTh

Bce Bompocel 06e30macHOCTH MOXKHO pa3eiuTh Ha QopMaibHble He(opMaibHBIE.
CrnenoBanue mpaBwiaM — 3TO (opMmaibHas Oe3omacHOCTb, B [14] aBTOpOoM mpuBencHa
cBOJHAas TaOiMua TpPeOOBaHMH MpaBWJI M CTaHAAPTOB, OKAa3bIBAIOIIMX BIMSHHE Ha
(dbopMupoBaHue 00JIMKA U KOMIIOHOBKH CYJJOB MaJIbIX pa3MEPEHUIA.

Puc. 10. Katep np.SB60SAR; a — 06mmit Bux; 6 — oTcek mapaMeJuIIMHCKON TOMOIIH; B — KOPMOBAst
nany6a; r — KOMHMHIC JIFOKa Ha BBIXOJIE U3 OTCEKa.

Jlpyras cropoHa 0e3omacHocTH — HeOpManbHas, MPABWIAMH HE PEryJupyeTcs U ee
obecrieueHne MPakTHUECKH TOJIHOCTBIO JISKUT Ha an3aiiHepe. Becbma yacto cooOpakeHHs
¢dopmanbHO# 1 HeopManbHOH 6€30I1aCHOCTH IPOTHBOPEYAT APYT APYTY, U IIPH IOCIOBHOM
CJIEZIOBAaHUM IIPAaBMWJIAaM MOKHO IOJIyYHTh IOTEHIMAIBHO ONAcHOE pelleHne. B kauecTse
npuMepa, Ha pHC. MPEACTaBICH NaTpyJIbHO-criacaTeNbHbI Katep KoponeBckoil mommium
Tannanna. Cyna 5TOro npoekra MMeeT OTCeK MapaMeJUIMHCKON ITOMOIIH M UCHOIb3YIOTCS
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B TOM YHCIIE JUIS JOCTaBKH IOCTPAJABIIMX C OCTPOBOB B MEIUIMHCKHE YYPEKACHHS Ha
Marepuke. B HCXoJHOM BapuaHTEe IIpOeKTa Ha KOPMOBOH maiy0e IpeaycMOTpeH
BBITIOJTHEHHBIH 3aMOJIMIIO C HEW JIIOK C YIUIOTHUTENEM M JPEHaXKHBIM KaHaJOM, KOTOPBIA
CIY’)KMT JUIs JIOCTYIa K TOPJOBHHE TOIUIMBHOHM IucTepHbl. Ha arame mocrtpoiiku, ObLIO
NpeABIBICHO TpeOoBaHHE OOECIeYnTh KOMUHIC Yy 3TOro Jjroka. Kak pesymbrar, Ha IyTH
MEpCOHANAa C HOCHWIKAMH IOSBMIIOCH MpernsaTcTBHe (puc.l0r), omacHOCTh CHOTBHIKHYTBHCSA O
KOTOPO€ HAaMHOTO BBIIIE, YEM ONACHOCTh ISl CyJHA OBITH 3aJIUTBIM HYEpe3 3TOT PEIKO
HCTIONB3YeMBIH JIOK. JleficTBUTENPHO, B TpaBWIaX ecTh (opMaibHBIE TPEeOOBaHUSI K
KOMHHTCaM (KOTOpBIE MPOMCXOMAT W3 BPEMEH, KOTJa 3aKpHITHS OBUIM W3 Ope3eHTa U
JIepeBa), HO HET yKa3aHUH HE pa3MelaTh KOMHHICHI Ha IyTH IIPOXOJa Jfofiei, TeM Ooree ¢
HOCHITKaMH.

Tabauya 2

CpaBHeHue TpeOOBaHMii, BIUAIOIIUX HA JU3AiiH H0CTA yHIPaBJIeHUSA

HopmatuBHblil JOKyMEHT HSC Code [11] PCBCC[12]

IToaxon DKCIIEPTHBIA MOIX0
(OpHeHTHPOBaH Ha

MOJTy9aeMbli Pe3yNIbTar)

JIMpeKTUBHBIN NOAX0A
(TpebyeTcs eIMHCTBEHHOE
TEXHUYECKOE PEIICHHUE)

HakioH ocTexsieHus J0KeH
MPEIOTBPAIIaTh
HeXenarelbHbIE OJUKH

Haknon octeknenus Jl11 yMeHblIeHus
HEKETATeIbHOT0 OTPAKEHHS
CTEKJIa IEPEIHUX OKOH JOJIKHBI
OBITh HAKJIOHEHBI HAPYXKY OT
BEPTHKAJIBHOM MJIOCKOCTH Ha
yromi He

menee 10° u He 6omee 25°

JlocTyn naccaxupoB B IIOCT Komnonogska nocra JI0/KHBI OBITH IPUHATHI MEPHI,

yIpaBiIeHUS

yIIpaBJICHHUs JOJDKHA aICKBATHO
HPEI0TBpAIIATh IOMEXU
YIPABICHUIO CYHOM CO

HUCKITIOYaroIHUE BO3SMOKHOCTh
npoxoaa rnmacCaXupos B IIOCT
YIipaBJICHUA CyTHOM

CTOPOHBI TACCAKUPOB

HNuHoBanMM B MOPCKOM qu3aiiHe

Cyna ManbIX pa3MepeHHi, 0COOEHHO MPOTyIOYHbIE U MACCAKUPCKUE Cya, IXTHI 4aCTO
MIPECTABIIIOT CO00If OOBEKTHI, CHUMBOJIU3UPYIOIINE POCKOIIb, KOM(OPT, BBHI3BIBAIOIINE
YyBCTBO MPHYACTHOCTH K OIPEAEICHHOHN COIMANBHON IpyIIe B HIOHUMaHWU MOTpeduTenen
CyZIOB M CBA3aHHBIX C HUMH yCIyT. Peanu3arust mogqoOHbIX Cy/I0B WM YCIyT MOTPEOUTEINIM
HalleJIeHa He TONBKO JIMIIb Ha YAOBIETBOPEHHE YTHIUTAPHBIX, HO TaKXke U
SMOIMOHAIBHBIX, IICHXOJIOTHYECKUX W COLMO-KYJIbTYpHbIX HoTpeOHOCTeH. I[lomoOHbIe
00BEKTHI TO/IBEPKEHBI OPIHANPOBAHUIO, OHU TPEOYIOT MEPHOANYECKUX OOHOBICHWI ISt
MPHUCYTCTBUS HA PBIHKE B YCIOBHUAX KOHKYPEHIIHU.

Haxe Juis  cynoB Uit NpOQECCHOHANBHOTO — HWCIOJIb30BaHHUA  (HAaTPYJNbHBIX,
MOJUIENCKUX U T.JI.), B YCIOBUSIX KOHKYPEHLIMH INPOU3BOAMTENEH BCE IEPEUHCIICHHbIC
BBIIIIE UMHJKEBBIE COCTABJISIONINE UMEIOT 3HaYCHHE — B 3TOM MOXHO yOeIHUThCs, TTOOBIBAB
Ha 3apyOEeXHBIX BBICTaBKaxX MOAOOHOM TexHUKH. Hampumep, BBITyCKaeMbIil B HacTosIee
Bpemst B P® karep amst MUC ¢ BecbMa cropHBIM jgu3aitHOM [15] mMor Obl OBITH 3aMEHEH
Oomee coBpeMeHHBIM mpoekroM (puc.l1l). Bce mnepeuncinenHoe BhIle NPHIAET
JIOTIOJIHUTENBHYIO DPONb JOu3aiiHeEpaM, KOTOpbIE IOJKHBI OTPa3sHTh B CBOMX IIPOEKTaX
OKHJIaHUs oTpeduTeneil n GpyHKInOHaAIbHbIE Ka4ecTBa CY/I0B.

B Teuenune necATMICTHH WHHOBALMOHHBIA NPOTpecc B pa3pabOTKe NMPOMBIILICHHBIX
m3nenuii (puc.12) mpomcxoamn auOO 3a CUET TMOSBICHUS HOBBIX TEXHOJOTHH (2) - Tak
Ha3bIBAEMBI TEXHOJOTUYECKHH PBIBOK, JMOO 3a CUeT YIy4lIeHHs HOTPEOUTEIbCKUX
Ka4ecTB M3JIENNI - TaK Ha3bIBAEMBIN «IM3aifH, OPHEHTHPOBAHHBIN Ha mojb3oBaters» (1). B
HaCTosIIee BpeMs psf HCCIeloBaTelel BBIACISAET NMPOLECC «MHHOBAIMI, OCHOBAaHHBIX Ha
nuzaitne» (3) [16,17], 4ro mompazyMeBaeT paguKalbHOEC HM3MEHEHHE 3HAUYCHHUW IS
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notpedutens. BzaumopeiicTBMe Mexay WHHOBaUMsIMH B oOnactH  aMzaiiHa U
TEXHOJIOTMYECKMMH MHHOBALMSIMH MOXKET TpaHC(OPMHPOBATh PHIHOK B paMKax OTPAaCIH,
CO371aBaTh JUJEPOB OTPACIM U AaKE CO37aBaTh HOBbIE OTPACIIU IPOU3BOACTBA (4).
PacripocTpaHeHHBIH B OTpaciii  CyIOCTPOEHHS IOJXOJ IPOEKTHPOBaHUS IO
TEeXHUYECKOMY 3aJaHHI0 3acTaBIseT MOPCKOTO [u3aiiHepa pabOTaTb B CETMEHTE
BEIpQKEHHBIX MOTpPEOHOCTEeH (peakTHBHBIM moaxon). Paboras B ycmoBHAX MOTOOHBIX
OrpaHUYCHUM, TPAKTHIECKA HEBO3MOKHO CO3J1aTh HHHOBAIIMOHHBIN MIPOIYKT.

Puc. 11. CiyxeGHbrii katep np.RPV850, npeanasnaueH s naTpymupoBaHus U criacaTelbHBIX paboT;
IIOMHMO TIPHUBIIEKATEIFHOTO BHEIIHETO BHAA, TU3aifH KaTepa UMeeT HeoOX0IUMble ()YHKIMOHATIbHBIE
4epThl: IIPOXOJ BJOJIb OOPTOB, KpaHel[ U3 IEHbI BJOJIb O0PTa, MECTO UL HOCTPAIaBIICTro
¥ HOCWJIOK H T.JI.

B T0 xe Bpems, HamOONBIIUA A(PQPEKT OT WHHOBALWN, OCHOBAHHBIX Ha IuU3aiiHe,
JIOCTHTaeTCs MpH paboTe B 001aCTH BO3HUKAIOIINX MMOTPEOHOCTEH (MPOAKTUBHBIA MOXON).
B sToM ciyuae 3amaueit auzaiiHepa sBisieTCs IpEeIBHUACHIE BO3HUKAIOIINX NOTpeOHOCTEH, a
00BEKT MOPCKOW TEXHHMKH CO3JaeTcs IOJ IMOTPEeOHOCTH, KOTOPHIX emle HeT. B kadectse
IIpUMepa TaKOro MPEIBHIEHUS MOXKHO HA3BaTh 3aMEHY MaJbIX CIAcaTeNbHBIX CYHOB C
9KHUIMAKaMH Ha OECIIMIIOTHBIE CIIacaTelIbHbIe CUCTEMBI.

Cxema, puBeicHHAsI Ha puC.12 MoOKa3bIBaeT, YTO WHHOBAIMU B HU3aifHE (B OCHOBHOM,
3a cYeT CTalMHra), He IOAJCPXKHBAEMble TEXHOJOTHMYECKHUM PBIBKOM, HE MPHBOAAT K
CO3JIaHUIO «IIPOPBIBHBIX» MPOAYKTOB. PerieHne OOJIBIIMHCTBA 3324 10 IPOSKTHPOBAHUIO
CyIIOB, MOXET OBITh C yCIIEXOM DPELICHO B CerMeHTe (2) «MHHOBAI[UMi, OCHOBAaHHBIX Ha
PBIHOYHOM CIIPOCE» «BBIPAKEHHBIX NMOTpeOHOCTEH». VIHHOBaUIMOHHBIN ke an3aitH (4) He
OpPHEHTHPOBaH Ha IIOJIb30BATENs; KaK TOBOPWIJI BbLIAIOIIMiCS WHHOBaTOp B cthepe IT-
texHonoruit C.[»xo6c [18]: «Henp3st mpocTo crpammBaTh y KIMEHTOB, YTO UM HYXKHO, U
3aTeM IBITaThCs MpeJyIaraTb UM 310. K ToMy MOMeHTy, Koraa y Bac Bce OyJieT roToBO, OHH
3aXOTAT YEro-To HOBOT'0.»

K coxanenunro, cymecTByromas MpakTHKa TEHJIEPHBIX 3aKyNOK CYAOB HE MOOLIPSET
NPUHIMIIMATGHO  HOBBIE W paauKaibHble  pemieHus.  OpHako, — oOecredeHne
TEXHOJIOTUYECKOTO JINIEPCTBA U «IIPOPBIBA» HEBO3MOXKHO O€3 IONBITOK NPOHUKHOBEHUS
pa3paboTINKOB CyJOB B 001aCTh HHHOBAI[MOHHBIX TEXHOJIOTUH U JU3aiHa.
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3akjouenue

Mopckoii au3aiiH ClIeyeT OIpeNeiaTh KaKk HaIpaBICHUE B JHU3alHE CPEJICTB
HHPPACTPYKTYPHI, 3Ta MPEMETHAs 00JaCTh 3aHUMAETCS] KOMILICKCHBIM MPOCKTUPOBAHUEM
OOBCKTOB MOPCKOW TEXHHKH C YYETOM HMX 3CTECTHUYCCKUX, (PYHKIMOHAIBLHBIX M MPOYUX
CBOICTB.

T'oBOpss 0 B3aMMOOTHOUICHHM [HM3aliHA M HOPMATHBOB B CYAOCTPOCHHUH, CIIEAYET
3aMeTUTh, YTO Mpo(deccroHaNbHOE COOOINECTBO, BKIFOYAsT MOPCKHUX JWU3AHHEPOB, MODKHO
SIBISITECSL  SIBISICTCS.  OJHMM W3 3aWHTEPECOBAHHBIX CTOPOH M HMHHUIKATOPOB
HOPMOTBOpYECTBa. B TPOTHBHOM Cily4ae, CaMble CMENble W HHHOBAI[HOHHBIC MPOCKTHI
HHUKOT/J]a HE CMOT'YT OBbITh peaJi30BaHbIL.

2.MHHoBALMK, OCHOBAHHbIE HE 4.Mpopsie
TEXHONOTHUECKOM Phiike

PaguKansHbie
HIMEHEHWA

3. MHHOBE-

T
1. MHHOBSLMK e

OtHOBaHHBIE HA Ha AW3afke
phIHOYHOM Crpoce
FIEEEE
OpHEHTHPOBAHHLIA Ha
nmofAL3IoBEATENR)

NocreneHHse
HMEIMEHEHWA

MocTenaHHwe PanMHanbHbE
HimeHeHKMA HapEHEHMA

Puc. 12. Bugs! uaHOBanmii o P. BepranTu [16]

Ha camom pene, ofHa U3 3a1a4 MOPCKOTO AM3aiiHepa Kak pa3 3aKiIOYacTCsl B aHaIn3e
NIPaBWJI, TIOMCKE HOPMATHBHBIX HMII JUIA pa3pabOTKH IMPOEKTa, a TaKKe PacCMOTPEHHIO
HeOpMaBHBIX BONPOCOB 0E30IACHOCTH, T.6. HE PETyIHPYeMbIX IEeHCTBYIOIIMMHU
npaBmwiamMu. He cexper, 4To BBINOJIHEHHE TEX WIN WHBIX TEXHUYECKUX TPeOOBaHMI MOXET
CYIIECTBEHHO W3MEHUTHh OONMK ¥ (YHKIMOHAIBHOCTh IIPOEKTa, W JaXKe 3acTaBHTh
OTKa3aTbCs OT €ro peaan3alti.

Mopckoii nu3aifH sBIIsieTcsl crenuduiIeckold OTpaciplo 3HAHWH, B KOTOPOH He Bcerza
KOMIIETEHTEH 3aKa34hK M MPUHUMAIONIHE peleHus (HeCMOTps Ha HMX YBEPEHHOCTh B
0o0paTHOM), YTO, K COJXaJICHWIO, BbI3bIBACT IIOSIBIICHHE HEYNAuHbIX MPOEKTOB U UX
HOCNIEAyIoNiee TUPAXHPOBAHUE 3a CUET TOCYyJapcTBa B YCIOBHAX IPAaKTHYECKOTO
OTCYTCTBUSI KOHKYpPEHIIMH. 37A€Ch TOSIBJIIETCS BONPOC JIOBEpHs, MAETICTUPOBAHUA U
HEOO0XOIUMOCTH KOHCYJIbTUPOBaHUS co CTOPOHBI nu3aitHepa. Bonpekn
pacupoCTpaHEHHOMY MHEHHIO, 3aKa3uWK IIaTUT AW3aiHepy He 3a TPEXMEpHbIE MOJENH,
PEHIIEPBI X UEPTEXKH, a 3a €r0 OIBIT, 3HAHUS U TAlaHT, OTPAKEHHBIE B ATHX JTOKYMEHTAaX.

Jlist pa3paboTku 00JMKa CyZOB BCE Hallle NMPHUBJIEKAIOTCS MPOMBIIUICHHBIE JH3aiHEPHI
0e3 HeoOXOIUMBIX MOPCKHX KOMIETEHIMH. MHTEpHET NOJOH KapTHHOK NPHYYIJIHBBIX
«IXT» W TPOYMX IUIABCPENCTB, OOJBIIMHCTBY M3 KOTOPHIX HUKOTAAa HE CYXKICHO OBITH
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peaaM30BaHHBIMH, 10 aHAJIOTHH C HalpaBleHWEM «OyMakHas apXuTeKkTrypa». B psne
cilyyaeB MOJOOHBIE 3CKH3bl BCE-TaKM JOXOMAT IO pealu3alid, HO IPU 3TOM OyayT
HU3MEHEHBl JI0 HEy3HaBaeMoCTH. Bce 3TO mojguepkuBaeT BaXHOCTh (OPMHUPOBAHHMS
MIPOEKTHOM KOMaHJBl C y4acTHEM NpoQecCHOHAIBHBIX MOPCKHX AM3aiiHepoB. Mopckoii
Jau3aiiHep (B OTJIMYME OT CTHJIMCTA M MHXKEHEpa) B CBOEH paboTe yUHTHIBAET OJJHOBPEMEHHO
CyOBEKTHBHBIE M OOBEKTUBHBIE KAUECTBA MPOCKTHPYEMOTO O0OBEKTA.

Ilo MHEHWIO aBTOpa CTaThbH, OTCYECTBEHHAs IIKOJIA MOPCKOTO IH3aifHa TOJBKO
dopMmupyeTcs U HyXIaeTcs B CHCTEMaTH3allUH ONpPEACNICHUH, IOIXOI0B, METOIMYECKHX
MaTrepHanax, a TakKe Pa3BUTHH IIPOrpaMM 00pa30BaHMs 110 3TOH CIELHAIBHOCTH.
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O0ocHoBaHUeE CO31aHNSI ABAPUIIHO-00CTAHOBOYHOI0 CYy/IHA HOBOT'0
THIIA JISI BHYTPEHHUX BOJAHBIX MyTel
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Bonorcckuii 2ocydapecmeennbiil ynusepcumem 600Ho20 mpancnopma, 2. Huswcnuti Hoeeopoo,
Poccusa

AHHOTanus. B cratbe paccMaTpuBarOTCsA BONPOCH! UCIOJIB30BAHUS CYAOB IS oIepanuil no
JIOKAJM3alMM W JMKBUAAnMu paszianBoB Hetn (JIPH) Ha BHYTpeHHHMX BONHBIX ITyTSIX.
HccnenoBan coctaB OCHOBHOTO 000pyZoBaHus, HeoOxoammoro B omepanusx JIPH nHa
pa3sNHYHBIX ydYacTKaX BOJHBIX IyTed. Pa3paboTaHbl OCHOBHBIE TpeOOBaHMS K CylaMm,
ydactBytomuM B omepauusx JIPH. Ilokazana He0OXOIMMOCTh MOBBIIICHHS CKOPOCTH
JBIKEHHS aBapHHHO-CIIacaTeNbHBIX CyHoB. 1o pe3ynpTaTtaM aHaIM3a SKCILTyaTHPYIOIIHXCS
U CTPOSIIUXCS 0OCTAaHOBOYHBIX U aBAPUHHO-CIACATENBHBIX CYIOB JUII BHYTPEHHHUX BOJHBIX
IyTel, cIOenaH BBIBOJ 00 OTCYTCTBHM B COCTaBe (JoTa CygoB C HEOOXOJUMBIMU
XapaKkTepuCTUKaMd M HeoOXoamMma TpopaboTka W 0OOCHOBaHME IIPOSKTUPOBAHHS H
MIOCTPOMKH aBapuifHO-CIIacaTeNbHBIX CYJOB HOBOTO THIA. IIpeioeHO OOBEIWHHUTH B
OHOM CyaHEe (YHKINM aBapHHHO-CHACATEIIBHOTO M OOCTAHOBOYHOTO IS IOBBIIICHUS
9KCIUTyaTallMOHHON 3¢ QeKTHBHOCTH 3THX cyxoB. [Ipeamomaraercs, dYTo CymHOM C
HEOOXOaMMBIMU XapakTepuctukamu Ha BBII MoxxeT crate xaramapaH, KOTOPBIH MMO3BOJSET
obecreunTh OONBUIYIO IUIOMAAb MaXyObl Uil pa3sMELICHUs aBapUifHO-CIIAcaTeIbHOTO
obopynoBaHus U 00jIee BRICOKYIO CKOPOCTh IBIDKCHHS.

KiaroueBble ¢j0Ba: BHYTPEHHHE BOJHbBIE IYTH, pa3iuB He(TH, aBapUHHO-ClIACATEILHOE
CyaHO, OOCTAaHOBOYHOE CYIHO, KaramapaH, JMKBUAAIMSA pas3iuBa HedTH, OGOHOBBIE
OTPAKICHHMS.

Justification to create a new type of rescue vessel for inland
waterways

Egor Yu. Cheban

ORCID: 0000-0002-0983-9879

Evgeniya A. Lukina

ORCID: 0000-0002-3834-2386

Viktor A. Muraviev

ORCID: 0009-0006-7162-5296

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. The article discusses the issues of using ships for oil spill response (OSR)
operations on inland waterways. The composition of the main equipment required in OSR
operations on various sections of waterways has been studied. The basic requirements for
vessels involved in OSR operations have been developed. The necessity of increasing the
speed of rescue vessels is shown. Based on the results of the analysis of operational and
under construction service and rescue vessels for inland waterways, it is concluded that there
are no vessels with the necessary characteristics in the fleet and it is necessary to study and
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substantiate the design and construction of emergency rescue vessels of a new type. It is
proposed to combine the functions of rescue and service in one vessel to increase the
operational efficiency of these vessels. It is assumed that a catamaran can become a vessel
with the necessary characteristics for inland waterways, which allows for a larger deck area
to accommodate rescue equipment and a higher speed of movement.

Keywords: inland waterways, oil spill, rescue vessel, service vessel, catamaran, oil spill
response operation, oil spill boom.

BBenenue

IIpoTsoxkeHHOCTs BHYTpeHHUX BoaHbix myteit (BBII) Poccuiickoit ®enepauun
coctaBiusier 101589,5 kM pacmonokeHHBIX Ha Tepputopun 64 cyobektoB PO u s
HEKOTOPBIX PErMOHOB SABIIAIOTCA Ba)KHEHIIEH TpPaHCIOPTHOM aprepueil, Ha KOTOpPOH
SKCILTYaTUPYIOTCS IECATKU M COTHH cynoB. [lognepxanue cynoxonHoi odoctaHoBku (OyH,
OeperoBble 3HAKHM H T.J.) B pabOTOCTIOCOOHOM COCTOSTHHH BO3JI0OXKECHA Ha AJIMHUHHCTPAIHH
OaccelfHOB BHYTPCHHHX BOJHBIX IIyTeH, KOTOPbIE WCHONIB3YIOT I 3TOro  (¢uIoT
CHELHATN3UPOBAHHBIX 00CTAHOBOYHBIX CY/IOB.

Hecmotps Ha T0, 9TO MIepeBo3KH rpy30B 1o BBII sBistoTess qocTatouno 6e30macHBIMH,
IIPU UX OCYIIECTBJICHHUH, a TAK)XKE BBHIMOJHEHUH BCIIOMOTATENBHBIX onepanui (OyHKepoBKa,
nepeBajgka HEPTENpOAYKTOB M T.J.) MOTYT BO3HHMKATh aBapHHHbBIC CHTYalllH, I
JUKBUAALUN KOTOPBIX HEOOXOAUMO IIPUBJICUCHHE CYIOB Pa3lIUYHbIX THIIOB, HAXOASIINXCS
B HEMNOCPEJCTBEHHONW OJM30CTH OT MeCcTa BO3HHKHOBEHHMH aBapuu. B 3ToM ciyuae
HEMaJIOBXXHBIM (DAaKTOPOM SIBJISIETCSI OIIEPATUBHOCTh JIOCTABKH aBapHUHHO-CIIACATELHOTO
o0opy/noBaHUsI W TepcoHasia Uil CKOpeHIled JMKBHIALMK aBapuH, 4YTO Tpedyer
HCTIONB30BAaHUS  CHEIMAIM3UPOBAHHBIX CYJOB 3HAUUTENBHONH TIPYy30BMECTUMOCTH C
MOBBIIEHHBIME CKOPOCTAMHU ABMKeHHA. C Opyro CTOPOHBI, IPOEKTUPOBAHKE, OCTPOHKA
1 DKCILTyaTallud CHELMaNbHBIX aBapUilHO-cacaTelbHbIX cynoB 11 BBII npencraBnsercs
SKOHOMHYECKH HEI(PPEKTUBHOH, T.K. MOJOOHBIE cyna HE OYAYT SKCIUTyaTHPOBAThCS IIO
IpsSMOMY Ha3HauCHHIO OOJBIIYIO YacTh BpeMeHH. [Ipenamonaraercs,, 4To 00ObeANHEHUE IS
CyIOB BO3MOXHOCTH BBINIOJHATH aBapUilHO-cHacaTeldbHbIE PabOTBl C (YHKIMSIMH 110
obcmyxuBannio BBII mo3BomuT cokpaTuTh pacxoisl Ha co3maHue (uiota U 00ecHeduTh
OIepaTHBHOE pearupoBaHUE HA aBapHIHbIE CUTYallUH.

IMosToMy 1enblo  Hacrosmied  paboOThl  sABIsIeTCSs  OOOCHOBAaHHME — CO3JaHUS
KOMOHWHHPOBAHHOTO aBapUHHO-CIIACAaTEIFHOI'0 M 0OCTAHOBOYHOI'O CyZHA HOBOTO THUIIA.

Tpeﬁonamm K anapui’mo-cnacaTeanuM CyaaM VI BHYTPEHHUX BOAHBIX nyTeﬁ

Ananu3 omnepanuii mo nukBumanuu pasauBoB HeTu (JIPH) ma BBII [1], a Takxke
Pe3yNbTaTOB HAYYHO-UCCIIEeI0BATENbCKUX paboT no npodiemam JIPH na BBII, B Tom uncie
o pykoBoactBoM B.JI. Ortuna, ¢ 2006 mo 2024 roxsr [2, 3], mo3BommI cPOpMyIAPOBATH
OCHOBHBIE TPeOOBaHUSA K CyAaM, MPHUBICKAEMBIM ISl YCTPAHEHUS MMOCIECICTBUI MOTOOHBIX
aBapuil:

— TIOCTaHOBKa (B TOM YHCIIe OYKCHPOBKA) OOHOBBIX OTPKACHUHN M TOKATU3AIIHS
pa3MBOB HE(YTEIPOTYKTOB;

—  TPaHCIOPTHUPOBKA MepeIBIKHOTO HepTeCOOPHOTO obopynoBaHus
(CKUMMEPOB) K MECTy aBapHIHOTO pa3inBa HeQTEMPOTYKTOB;

— OYHMCTKa IOBEPXHOCTH BOJBI C IMOMOIIbIO CTAllMOHAPHOTO HedhTecOOPHOro
obopymoBaHus;

—  pasmerieHue HepTecOOPHOTO 000PYIOBaHUS HAa OEpery WiH BOJE;

—  cOop HETENPOIYKTOB B IUIABY4HE WK OEPETrOBbIE EMKOCTH,

—  OYKCHpOBKa IJIABYYMX €MKOCTEH ¢ COOpaHHBIMU HE(TENPOYKTaMH;

—  XpaHeHHe copOeHTa (TPOM3BOACTBO COPOCHTA);

— HaHeceHHe copOeHTa Ha BOJHYIO IIOBEPXHOCTH U OEPErOBYIO 30HY;
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— OYMCTKa 3arpsi3HeHHBIX TmoBepxHocTeil [IAB (HOBEPXHOCTHO-aKTHUBHBIMU

BELIECTBAMMU).

CocTaB M KOJMYECTBO TEXHOJIOTHUECKOro obopyaoBanus JIPH Ha cynmax mist ynaneHus
HE(pTH C TOBEPXHOCTH BOIBI M 3arpsS3HCHHBIX YYaCTKOB NPUOPEIKHON IONOCH IS
OOJIBIIIMHCTBA 0acCEHHOB CyMOXOMHBIX pek P® Obum ompeaencHbl B [2-5] W TOMKHO
BKITIOYATH!

—  OOHOBBIE OTpaXKICHIS,

—  HaBeCHOE WIIH MepeIBIKHOE HepTecOOpHOE 000pyIOBaHHE;

—  KOPMOBYIO HJIF HOCOBYIO OTKHIHYIO allllapeib;

—  pacmbUINTENs COpOCHTa (aBTOHOMHBIHN WIH CYJOBOH);

—  OCBETHTEJIbHYIO MAUTy WJIH JIPYroi aBTOHOMHBINA UCTOUYHUK OCBEIICHHUS,

—  KpaHOanKy JJisi TOTPY3KH-BBITPY3KH TEXHOJOTHYECKOTO O0OPYIOBaHUS U

TPY30B;

—  kECTKO-HaIyBHYIO pa0OUyIO IILTIOTIKY;
—  eMKOCTH Ui cCOOpaHHO# He(hTH (BCTPOCHHBIC WITH TUIABYYHE);
—  cBOOOZHOE MaTyOHOE TIPOCTPAHCTBO.

K cynny, npennasrauenHoMy it obecrieueHust omneparnmii JIPH wa BBII, momkHbI
MIPEIBSBISATHCS CICAYIONTNE TPSOOBAHS:

1. Cyano pomxHo umeth kimacc PKO wmmu PMPC cootBercTByrommit
ydactkam BBII, Ha KOTOPBIX IPOU3BOINTCS JTUKBUAAINS Pa3InBOB HE(DTH;

2. JIns pabotel Ha yuactkax BBII ¢ pa3nnaHoi TITyOMHOH, B TOM YHCIIE U
Ha MEJKOBOAHBIX, CYJHO JJOJDKHO MMETh Mallyto ocajKy. Torna 3HaueHue B/T
HEOOXOIUMO TIPUHHMMATh KaK MOXKHO ONMKe K BEepXHEMYy IMpelelny u3
muanazona  4,0-6,8. OtHomenne L/B  ansd  macCakUpCKux |
rpy30IacCaXUPCKUX CcyIoB kinacca «O» HaxonuTcs B nuamnaszone 7,1-9,4, Ho
T.K. 3HAUUTEIbHYIO YacTh aBapUHHO-CIACATENHHOTO  00OPYIOBaHMUA,
HEOOXO0aUMO pacroyiaraTh Ha Manay0e CyaHa, TO HEOOXOJMMO NPUHHMATh
HIDKHEE 3HAYCHHUE JWamna30Ha, C IIeTbI0 yBEIWUYCHHs IMUPHUHBI KOpITyca.
3HaueHnss Kod((UIMEHTa MOTHOTH OOBEMHOTO BOJOM3MEIICHHS KOpIyca
JUTS TPY30IIaCCAXUPCKUX CYIOB pedHOTro (prrota Haxoasarcs B nuamazoHe 0,71-
0,78.

3. TpaHCOpTHOE CYAHO IOJDKHO OBITH 00OPYIOBaHO JEOENKON WM
TPY30BO# CTpesIon IS MOTpy3Ku | BeIrpy3ku cpenctB JIPH. CopOeHT MoxeT
MIEPEBO3UTHCS B TPIOME CYyJIHA TIPU HATMYUU CYJ0BOTO TPY30BOTO YCTPOKHCTBA,
CIOCOOHOI0 MPOM3BOIUTH MMOTPY3KY M BBITPY3KYy H3 TpIOMa C y4ETOM
TpeOOBaHUH K yCIOBUSIM XpaHEHHsI COPOIIMOHHBIX MaTEPHUAIIOB.

4. CyaHO JOMKHO MMETh JIOCTATOYHO MECTa I TMEePEBO3KH aBapUHOMN
OpurajJpl B COCTaBe He MeHee 25 4esloBeK ¢ COOIII0IEHUEM TIPABUII TEPEBO3KH
MIEpCOHANA, HE ABJISIOINXCS acCaXKUPaMH.

5. Tlpm wWCHONB30BAaHWU CymHA JUII TIOCTAHOBKH WM OyKCHPOBKH
OOHOBHIX  OTpPaXICHHH, MOINHOCTh TJIABHBIX  JBHUTATeNeH  JOJDKHA
COOTBETCTBOBATh HArpy3ke, ICHCTBYIONIEH Ha OOHOBOE OTpaXKJCHHE CO
CTOPOHBI XUIKOCTH. [Ipy MCTIONB30BaHUH JHOOOIH TEXHONOTHH TOCTaHOBKH
OOHOBBIX OTpaXICHHH [UIS JIOKATM3allMd HEPTH, CYTHOM JOJDKCH
VACPKUBATHCSI WM OYKCHpPOBAThCSl TOJBKO OJWH KOHEIl OOHOBOTO
OTpaXKJIeHUs, CIeJ0BaTEIbHO, OHO JIOJDKHO BOCIIPUHUMATH TOJBKO MOJIOBUHY
Harpy3KH, AEUCTBYIONIEH CO CTOPOHBI IOTOKA HAa OOHOBOE OIpaXkJICHHE.

6. OmnepartuBHOE pearupoBaHue Ha pa3iuB  Hedtu  Tpebyer
WCTIOJIb30BaHUS CYZIOB C TOBBIMIEHHBIMU CKOpocTsiMu. [IpeamonaraeTcsi, 4To
MaKCHMallbHasi CKOPOCTh BOJIOM3MEMIAIONIETO CYAHA MOXKET cOCTaBiATh 30
km/4.  [lanpHelmee — yBeNMYEHHWE ~ CKOPOCTH  HE  MPEICTaBISICTCS
[esIecooOpa3HbIM,  MOCKOJBKY — BIICYET 3a COOOW  OrpaHWUYEHUs B
9KCILTyaTaI[uH, CBOUCTBCHHBIC CKOPOCTHBIM CyJIaM.
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OmnpenessloIMME  TapaMeTpaMyi TP OIICHKE TJaBHBIX pa3MEpPEeHUI aBapuitHO-
CIacaTeNIbHOTO Cy/THA [IEIECO00pa3HO BBECTH:
—  IPy30HOOBbEMHOCTH P;
—  OTHOIIEHHE IIIOWA/K rPy30BOH manyobl F, K rpy30M0abEMHOCTH CyHa P;
—  CKOPOCTh X012 V.
B xome mpoBeneHHBIX paHee wucciaemoBaHui [1,2,4,5], ObLIM BBIMOIHEHBI PACYEThI
KOJIMYECTBAa U 00OOCHOBAaHUE XapaKTePUCTHK oOopynoBanus mis onepanuii JIPH ma BBII,
YTO ITO3BOJIIIO OIPEACTHTE TPY30HOABEMHOCT aBaPHIHO-CIIACaTEIBHOTO cynHa (Tabm. 1).

Tabauya 1
Pacuer rpy3onoabéMHOCTH aBapHiiHO-CIIacaTeJILHOIO cyHa A1 Boxckoro 6acceiina
Ne HaumeHnoBaHue cTaTbu Harpy3Ky IO CHJIaM U Kon-Bo Macca Macca cratbu
cpenctBam JIPH OIHOM Harpysku, T
€/IMHHUIIBI,
KT
1. BoHOBBIE OrpaskaeHNs TS IOKATH3aue HedTH, 1215 32 39
. M.
2. BoHOBBIE OrpaskeHuUs ISl 3aIIUTHI Oepera, .M. 562 5,5 3,1
3. JleGEnka 11 ycTaHOBKH OOHOBBIX OTPaXKICHHH, 1 1940 1,94
IIT.
4. Tpocs! 1u1s ycTaHOBKH OOHOBBIX OTPaXKICHUH 0,5
5. HedrecOopHsle ycTpoiicTsa, OIT. 2 1500 3,0
6. CopGeHT, M° 142 220 31,3
7. YcTpolicTBO IS pactbuieHns copOeHTa (¢ 1 200 0,2
SJIEKTPOJABUTATENIEM), IIT.
8. BcroMmorarenpHasl IUTIOIKA, IIT. 2 100 0,2
9. EmKocTh s BpemeHHOTo Xpanenus Hedtu (100 2 1000 2,0
M’), IT.
10. YcTaHOBKa A7 CKUTaHUS HePTECOIepIKALIIX 1 500 0,5
OTXOJIOB, HIT.
11. | AsapwuiiHas Opurazia B crienl. 0OMyHIUPOBaHUH, 25 120 3,0
YeIl.
12. CpezcTBa Juisi OYUCTKH Oepera, KOMIUICKTOB 1 2000 2,0
HUroro: 49,64

Takum 00pa3oM, Tpy30NOABEMHOCTh PEKOMEH/YEMOT0 CyJHA JOJDKHA COCTABIATH HE
menee 50T.

OueBugHo, uTo JI0Oas aBapuifHas CHUTyallMs JOJDKHAa OBITh JIMKBHIMPOBaHA B
KpaTuaifiiee Bpems, (Hampumep, BpeMs JOKanu3anuu pa3nmuBa HegTu st BBIT B
COOTBETCTBUH C TPeOOBAaHMSIMHM HOPMAaTHBHBIX TOKYMEHTOB COCTaBiIsIeT 4 yaca). B paborax
[1,2,4] nAnst TMOBBINIEHUS ONEPATUBHOCTH pearMpoBaHMs Ha pPa3iuBbl HeTH OBLIO
MIPEUIOKEHO co3aTh B KaxaoM OacceifHe BBII «baccelfHOBYIO KOJUIEKTHBHYIO CHCTEMY
JIPH», cocrosimyio u3 3apaHee ONpeAeNIeHHBIX pyOekel JOKaau3aluu pa3inBOB U
OTIOPHBIX ITYHKTOB, Ha KOTOPBIX DPa3MELICHO CIEIHalIbHOE O00OpyAOBaHME, IEPCOHAN, a
TaKKe cyza Ul X JOCTaBKU. B 3TOM cilydae oAMH OMOPHBIN ITyHKT MOXET 0OCITy)XHUBaTh
HECKOJIKO pyOekel JIOKadM3aliM, KOJIMYECTBO KOTOPBIX OIPENeNseTCs BpEeMEHEM
JIOKaIU3alluK aBapuu.

Bpems nokanuzanmu aBapuy, B TOM YHCIIE Pa3inBa HEPTH t MOXKET OBITH ONpE/IeIeHO
o hopmyie:

t=T1+TC+T2 (1)
rae T; — BpeMs MOCTYIUICHHSI CUTHAJIA O pa3JjivBe, onoBelleHus u coopa komauasl ACD,
MOJIrOTOBKM 000pYJOBaHMS M CYAHA K BBIXOY M3 OIIOPHOTO ITYHKTAa;

T. — Bpems, 3aTpayeHHOE CyIHOM, NpW JBMWKeHMHM OT myHkta JIPH 1o pyOGexa

JIOKAIHU3allky, 4;
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T, — Bpemst pa3rpy3Ku M HOCTaHOBKH OOHOBBIX OTPaXICHMH, JIpyroro o0OpymOBaHUS

JUTA JIOKaJIM3alluy pa3JjiiBa Ha py6e>1<e, 4.

IIpn ¢uxcupoBanHom Bpemenu T; u T,, W OonplIeld CKOPOCTHM aBapuilHO-

CHacaTeJbHOrO CyIHA, MNPOTSHKEHHOCTh OOCIY)KMBAacMOTO Yy4YacTKa YBEJIWYHMBACTCS U
YMCHBIIAeTCs KOJMYECTBO OMOpPHBIX IyHKTOB JIPH B rpanmmax omgHoro OacceifHa BOIHBIX
myTed. OTo HpUBEAET K CHIDKCHUIO 3aTpaT Ha 3aKyNKy M COJEpXKaHHE 000pyIOBaHHSA,
MepCOHaNa, W K MEHBIIEMY KOJHMUYECTBY aBapHHHO-CIIAcaTeNbHBIX cynoB. Hampumep, mis
Bomxkckoro 0acceifHa 3aBucHMOCTh KonmdecTBa nyHKTOB JIPH oT ckopoctn aBapwmitHO-
CrHacaTeIbHOTO Cy/Ha MPEACTaBIeHa Ha pHc. 1.

e

35

30

P
5]

CKOpOCTb cyAHa, KM/u
= ]
n o

10
8 9 10 11 12 13 14 15 16 17 18

Konuuecteo nyHkroe J/IPH

Puc. 1. 3aBucumocts konuuectBa myHKToB JIPH B Bomkckom GacceifHe OT CKOpOCTH aBapuitHO-
CIacaTeIbHOTO CyJHA

OpHUEeHTUPOBOYHBIE pa3MepeHHsl CyaHa s BeimojHeHUs omnepanuit JIPH na BBII

MOTyT OBITH CJICAYHOIINMHU:

— BOJOU3MCHICHUEC, COOTBCTCTBYIOLICC pr30HOI[’BéMHOCTI/I PEKOMCHAYEMOI'0 CyAHA

JOJIPKHO COCTaBJIATH:

p=F 30 s
“u, 032 T 3)

rae p = 0.32 — ko3 PUIHMEHT yTUIN3AIMH 110 IPY30T0AbEMHOCTH.
— [IMpUHA KOpIyca CyIHa MOXeT OBITh OIpelelieHa C Y4eToM TpeOOBaHUIA,

MIPUBEICHHBIX B II. 2 TI0 opMmyIte:

58

15660 _
1-074-71_ >"™ 4)

N|w

rae B = = = 6.0 — oTtHOCUTENbHAS IMPUHA KOPITYCa Cy/IHA,;

L
a = — = 7.1 — oTHOCHTENbHAS JUIMHA KOPITyca Cy/Ha;

B
6 = 0.71 — k03¢ dHUIMEHT MOJHOTH 00BEMHOTO BOAOU3MEIIICHHS KOPITyca Cy/IHa;
p = 1 — IIIOTHOCTH IPECHOM BOJBI, /™,

— ocajiKa Cy/Ha:

B 570
== ——= 5
T 5 60 0.95m. ()
— MJIMHA CyJIHA JOJIKHA COCTaBJIATh, M:
L=B-a=57-71=4047 = 40.5 (6)
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JlnuHa CyiHa TaKkKe MOXKET OBITh ONpe/eIeHa ¢ YI4ETOM 3aJaHHOM CKOPOCTH Cy/IHA:
|
L=—.— @)

Ve

rne Fry = \/7 — uncno Opyna o AIUHE Cy[HA, 3HAUEHUE KOTOPOro Ul JOCTUXKCHHUS

npuBeAEHHBIX Ha puc.l ckopocreit, mpum mmuHax L = 30..50M MOKHO COCTaBIATH
Fr, = 0,25.

TpeboBaHus K 00CTAHOBOYHBIM CyAaM

OO0cTaHOBOYHBIE CyZa OOBIYHO OTHOCSATCS K CylIaM TEXHHUYECKOro (hIoTa, U B MEPBYIO
ouepens MpeaHA3HA4YCHBI Ui obOecriedueHus Oe3omacHoro (QyHkiponuposanus BBII.
OOBIYHO B JJAHHYIO KATETOPUIO CYJIOB BXOJIST:

—  CHOeIUaTU3UpPOBAHHBIC Cyla (MOTO3aBO3HH, YCTAHOBIIMKH OyeB, MPOMEPHEBIC
cynau T.1.);

— HecaMOXOJHble Cyda, B TOM 4YHCiIe OOOpYIOBaHHbIE  KPaHOBBIM
000pyIOBaHHEM;

—  OYKCHpBI, TOJKAYH, TACCAKUPCKHE Cy/Ia.

[Ipu BHITONTHEHUH CBOWX OCHOBHBIX ()YHKIMH TaK¥e CyJa OCYIIECTBILIIOT CIICAYIOIIHE
oTepanuu:

—  YCTaHOBKA, CHATHE U 00CITy)XKHBaHUE TUaBy4eit 00cTaHOBKH (OyeB U T.11.);
—  YCTaHOBKA M 00CIIy)KMBaHHE OCPErOBHIX HABUTAIIMOHHBIX 3HAKOB;

—  OyKCHpOBKa CYJIOB;

—  TOJBEM CYJOB U 3aTOHYBILETO UMYIIECTBA;

—  3aBOJKa AKOpEW;

—  TIepeBO3Ka MepcoHaa.

DopMymTUpOBKa 33a4d ONTHMH3ANNAN TIPH MPOSKTHPOBAHUU OOCTAHOBOYHBIX CYIIOB
ms BBII, a Takke 00OCHOBaHWE MX apXUTEKTYPHO-KOHCTPYKTHBHOTO THIIA, TIABHBIX
JNIEMEHTOB M XapaKTEepHUCTHK, HAa OCHOBAaHWU  aHAJM3a  OKCIUTYaTHPYIOLIMXCS
00CcTaHOBOYHEIX Cy10B OBIIO BEIMoNHEHO Bo BI'VYBT mox pykoBoacTBoM mpodeccopa 1.T.H.
Ponnoga E.II. [7, 8]. Pe3ynbraTel 3THX HCCIEOBaHUI OBUTH MCIIONB30BAHBI IIPH CO3IAHIH
HOBBIX 00CTaHOBOYHBIX Cy10B MpoekToB 3050, 3050.1, 3052.

HeobxonmuMo OTMETHTh, YTO MHOTHE OIEpAIMH, BBITIOJHSEMbIE BCIIOMOTATENLHBIM
TEXHUYECKUM (DJIOTOM IO CYIIECTBY SIBJISIOTCS aBapUHHO-CIACATEIbHBIMH, YTO MO3BOJISIET
00BEIMHUTD OTH (PYHKIINH B OJTHOM CYJTHE.

AHAIN3 IKCIJIYaTHPYIOIIUXCS, IPOEKTHPYEMBbIX H CTPOSILIMXCS 00CTAHOBOYHBIX H
aBapMiiHO-CIIACATEeIBHBIX CYJ0B /IJIsl BHYTPEHHUX BOHBIX IMyTei

Jnst OIEHKHM BO3MOXXHOCTH OJHOBPEMEHHOTO WCIIONb30BAHHS CYAOB B KadecTBE
aBapUHHO-CIIacaTeJIbHBIX M 00CTAHOBOYHBIX ObUIAa cOOpaHa MH(POPMAIHS MO CTPOSIINMCS,
MIPOEKTUPYEMBIMH U SKCILTYyaTHPYIOIIUMCS cynam (cM. Tadi. 2).
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U3 cynoB, mpeacTaBiIeHHBIX B TaOJ. 2, CTOUT BBIACIMTH Karep OOHOIOCTaHOBILIHMK
npoekta A40-2b u A40-2b-5P, O6ykcup mpoekrta 02780M, 00cTaHOBOYHBIC Cy/ia IIPOCKTOB
02781, 3050, 3052. D10 cOBpeMEHHBIE CYAa, CHPOEKTUPOBAHHBIE OTEYECTBEHHBIMHU
MPOEKTHBIMHM OPTaHU3alUsIMH U MOCTPOSHHBIE Ha POCCHUCKUX MPEANPUATHAX, Ha KOTOPBIX
pasMelIeHo Tpy3omnoabéMHOE 000pynoBaHHe, 3()(EKTHBHO HCIOJIB30BAHO HE TOJIBKO
najxyOHOe MPOCTPAHCTBO, HO W IPOCTPAHCTBO Ha HAJACTPOHKaX, 0OECIeyMBaeTCs BBICOKAs
ckopocTb. OHAKO, TPY30I0XBEMHOCTD 3THX CYAOB 3HAYUTEIBHO MEHbIIE 50 TOHH.

BricTpoxonnbie cracarenpHbIe KaTepa, Takue kak «bJI-820» (puc. 2) u «bantuk-900»
MOTYT C BBICOKOH CKOPOCTBIO OCYIIECTBIIATH TOJBKO JIOCTABKY CIIEHIIEPCOHANa U
HE3HAYHUTENILHOE KOJIMYECTBO I'py3a H3-3a OIPAaHHMYEHHOW IPY30NMOJBEMHOCTH U IUIOLIANH
ATy OBI.

Puc. 2. Katep-6onomoctanoBuuk nmpoekra bJI-820

Tennoxon «Bukrtop JlurBuHoB» mpoekrta 81810, moctpoen B 2012 rogy. Ito kpymHOe
U CBOEro  Kjacca BOJOM3MENIAIONIEe CYIHO, OCHAIIEHHOE TPY30MOAbEMHBIM
o0opynoBanueM. JJaHHOE CYHO SBISCTCS THUXOXOAHBIM M €r0 CKOPOCTh HE mpeBbiimaeT 10-
12 KM/4, 9YTO CHIKAaeT BO3MOXKHOCTH OICPATHBHOTO pPEarMpOBaHUS HA aBapHIHEIC
cutryarmn. Ocanka cynHa 1.42M He TO3BONUT MOMOWTH ONHM3KO K OEperoBoi JIMHUH, YTO
MOJKET OTPAaHUYHMBATEH €TO BO3MOXKHOCTH TIPH JTHKBUIAINH HEPTSIHBIX Pa3IHBOB.

Tenmoxos! mpoekToB 3050.1A, 3052 001agaroT OIM3KUMH K TOCTATOYHBIM 110 MHOTUM
mapamMeTpaM IoKa3aTeNsIMH, HO CKOPOCTh JaHHBIX CYJIOB He MpeBbImIaeT 24 km/4. Jlums y
cymHa mpoekta A40-2b wmakcuMmanbHas CckopocTh gocturaer 20KM/d4, dYTO HHKE
MPE/IoIaraeMoi CKOPOCTH MOAOOHBIX CYI0B - 30KM/4.

JlpyruM HEZOCTaTKOM YKa3aHHBIX BBINIE CYJOB SBJSETCS HENOCTAaTOYHAs IUIOIIATh
OTKDBITOW mayyObl, dYTO HE TIO3BOJISIET [EPEBO3UTh JOCTATOYHOE KOJIUYECCTBO
HABUTAI[HOHHBIX OyeB WIM OOHOBBIX OrPaXICHHH, YTO MOTPEOYET MCIOIb30BaAHUS
JTOTIOJTHUTEIBPHOTO TPY30BOr0 Cy[aHA, JTHOO MHOTOKDATHBIX PEWCOB MEXIy OMOPHBIM
ITyHKTOM U MECTOM TPOBEICHUS padoT.

BricTpoxoaHble cnacarenbHble KaTepa, Takue kak HS-1500, HS-2000, Xaiitek-75,
Cnacatenb — 1, X0Th 1 00/1a1a10T OOJIBIION CKOPOCTHIO, HO HE HECYT Ha cebe 10CTaTOYHOe
KOJIMYECTBO O0OpYAOBaHMA, T.K. HE OOJAJar0T IOCTATOYHON TIpy30IMOABEMHOCTBIO U
IUTOIIAABEO OTKPHITOH MayObI.
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Hcnonp3yemble B HacTOsIee BpeMsl Takue Cy/a, Kak HedTeMycopocOOpIIMK MPOeKTa
25505 wnu «Ilyreiickuit» npoekta 81240, X0TS M HAXOJATCS B DKCIUTyaTal[UH, SIBISIOTCS
MOpaJIbHO U (PU3NYECKH yCTapeBIIMMHU M HE MOTYT HOJIEkKATh CEPbE3HON MOJICpHHU3ALIHH.

JlocTaTo4HOW Tpy30MOIbEMHOCTBIO, CKOPOCTHIO M IIOIIA/ABI0 MadyObl Ul MEPEeBO3KU
ob6opynosanus JIPH pacrnomaraer Tompko 1/x mp.3265. OnHako, OH UMEET 3HAYUTEIBHYIO
ocanky u kmace «M3,0(m€n30)A», H30BITOYHBIN A1 OONMBIIMHCTBA PallOHOB BHYTPEHHUX
BOJHBIX ITyTEH.

AHamM3 IPEeACTaBICHHBIX B Ta0Nl. 2 CyIOB MOKa3bIBaeT HEOOXOANMOCTE pa3paboOTKH U
MIPOCKTUPOBAHKS CyJHa HOBOTO KJacca, NPEJHA3HAYCHHOTO [UIS BBINOJIHEHHUS pador,
CBS3aHHBIX KaK C OOCITy)KHBaHMEM HaBHWTralloHHONH oOcraHoBkum Ha BBII, Tak m ¢
BBIIIOJTHEHNEM aBapHiHO-CIacaTeNnbHBIX pabor. JlaHHOE CyZHO MAOMKHO o00nmajzatse
HeOOJBIION OcanKoH, CKOpOCTbI0 He MeHee 30 KM/4, OONBIIOWH IUIOLIAJBIO OTKPHITOW
nanyOobl ¢ BO3MOXKHOCTBIO YCTAaHOBKM KpPaHOBOTO OOOpYIOBaHHMS M JIOCTATOYHBIMHU
MaHEBPEHHBIMU XapaKTePUCTHKAMHU.

W3 ananmza TpeOyeMBbIX XapaKTEPUCTUK aBapUHHO-CIACATENBHOIO CyAHA MOXKHO
MIPEATIOIOKUTh MIPEeUMYILECTBA KaTaMapaHHOH KOMITOHOBKH APXUTEKTYpHO-
KOHCTpYKTUBHOTO THMa [9, 10].

CynHo-KaTamMapaH 3a CYéT MIHMPHUHBI MOCTA U JIBYX KOPITyCOB MOKET UMETh OOJIBIIYIO
IUIOIAAbh CBOOOMHOW mamyOBl Ul pasmMerneHus: obopynoBanus JIPH u rpyzonogbEMHBIX
ycTporicTB. MoxkeT OBITh 0OecIieueH COBPEMEHHBI YPOBEHb 00MTaeMOCTH Ha OOPTY CyIHa
YIICHOB aBapUIHO-CIIacaTeNhbHOTO (popMHpOBaHHWA TP MHOTOMHEBHOH omepamuu JIPH,
HaTpUMeEp, 3a CUST WCIIONB30BaHUS JKHIIBIX MOZIYJeH, HecuMMeTpuaHO# mmm [1-00pa3Hoit
HAJICTPOMKK, HMEIOLIeld YBEIMYCHHYI0 3a CYéT MOCTa IWIMPHHY, JHO0 B KOpITycax
KaTtamapaHa. HeMaJoBaXHBIM NPEHMYIIECTBOM  KaTaMapaHHOIO CyAHA  SIBJISIETCS
BO3MOXKHOCTh YCTQHOBKHM alMapeid, KOTOpas MOXKET HMETh 3HAauuTeJbHbIE pa3Mephl,
OrpaHHYCHHBIE TOJBKO LIMPHHOW MOCTa M PAaCIOJIOKEHHEM II0-IIOXOAHOMY B CIIBUHYTOM
IOJI MOCT COCTOSTHHH.

Puc. 3. IlpoekT yHUBEpCaIbHOTO KaTepa-KaTaMapaHa

3akJjoueHue.

Ha ocHOBaHMHM aHanmm3a omepanyii 1Mo JIOKATU3aIH 1 JTNKBAIAINN Pa3IuBOB HePTH Ha
BBII Opumr pa3paboTaHbl TpeOOBaHMSA K CHEIHATH3UPOBAHHBIM aBapHITHO-CIIACATEIHHBIM
cymam. C yd4eToM paHee BBIIOJHCHHBIX WCCICAOBAHUN OBUT OINpENeNieH COCTaB U
xapakTepucTuku obopynoBanus ais JIPH, kotopoe TOMKHO OBITH pa3MEIICHO Ha CyIax H
OTIPEJICIICHO OCHOBHBIC XapaKTEPUCTUKU CYAOB ISl BhIModHeHus onepanuii JIPH. Ananu3
IKCIUTyaTUPYIOIINXCSA, MPOCKTHPYEMBIX M CTPOSAIIMXCS OOCTaHOBOYHBIX M AaBapHilHO-
CIacaTeNbHBIX CYAOB JUII BHYTPEHHHX BOJHBIX IyTEH IOKa3aj, 4TO B HACTOSINEE BPEMS
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OTCYTCTBYET CY/HO CIIOCOOHOE BBINOJIHATH aBapUiTHO-CIIacaTeIbHbIC ONEpalii KaK C TOYKH
3peHust oOecrieueHuss TpeOyeMOH TIpy30MOJABEMHOCTH M IUIONMagM MNalyObl, TaK U C
HEOOXOANMON CKOPOCTBIO JIBH)KEHHS. BBIXOIOM W3 DTOW CUTyallMM MOXET OBITh CYJHO,
obnasaroree 6OJIBLION rPy30N0ABEMHOCTBIO U INIOMIAABI0 MATYOBI TP OOJBIION CKOPOCTH
JBHKeHUs. Takoe COBMEIIEHUE XapaKTePUCTHK BO3ZMOXKHO IS CyAHA KaTaMapaHHOTO THUIIA.

10.
11.

12.
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CY/IOBOE DOHEPI'ETHYECKOE ObOPY/IOBAHHE
SHIP POWER EQUIPMENT

YK 621.43.018.7:536.8
DOI: 10.37890/jwt.vi82.584

AHanu3 3¢ PpexkTUBHOCTH NPOAYBOYHO-BBINYCKHON CHCTEMBbI
ABYXTAKTHOI'O JHM3€JIsA IPH MCIIO0JIb30BAHUH PEryJIHpPyeMoro
COIJIOBOT0 annapara Typookommpeccopa

B.J1. KoniokoB
Kepuencruii 2ocydapcmeennviil MOpCKol mexHosocudeckull yrugepcumem, 2. Kepuw,
Poccusa

AunHoTauusi. B paboTe wnccienoBaHbl ONPEACISIOIINE XapaKTEPUCTHKU IPOJYBOYHO-
BBIIYCKHOTO TPaKTa CYJIOBOTO JBYXTAKTHOTO JHM3ENS Ul IIMPOKOTO JHana3oHa U3MCHCHUS
BHEIIHUX YCJIOBHH OKCIUTyaTalldM W HArpy30K INTATHOTO BapuHaHTa W BapHaHTa C
YOpaBiasieMbIMM ~ TNOBOPDOTHBIMM  JIOATKAMH  COIUIOBOTO  ammapara  TypOHHBI
TypOokoMnpeccopa. AHalM3 pacXOAHBIX XapaKTEPHCTHUK MOKa3al YBEIHYCHHE pacxona
BO3JyXa M pacxoja ra3a IpH yMEHbIICHHH S((QEKTHBHON IUIONIAAN MPOXOITHOTO CEYCHHS
TypOHHBI IpH TIOBOpPOTE JonaToK. OneHka 3G(heKTUBHOCTH NPOIYBOYHO-BBITYCKHOTO TPaKTa
MIPOBOJMJIACH IIOKA3aTeISIMH, OIPENESIOMNMHA  KadyeCTBO OYMCTKH IMJIMHAPOB OT
OCTaTOYHBIX MPOAYKTOB CropaHHs. B KauecTBe TaKMX MOKa3aTeNnei MPUHATHI: KOAQOUIMEHT
OCTAaTOYHBIX Ta30B, KOA(PQPHUUMEHT HAMOIHEHHUS, CYMMAapHBIH KO3(QQHUIHEHT H30BITKA
BO3Iyxa. [y IITaTHOrO BapHaHTa MEpPeXo] Ha yTSHKEICHHYIO BUHTOBYIO XapaKTEPUCTHKY
NPHUBOJMT K CHIDKCHUIO KOG (HUIMEHTa OCTATOYHBIX Ta30B. B BapHaHTe C peryiampyeMbIM
COIUIOBBIM  amlIIapaToM 3TOT KOI(QQUIMEHT YBEIMYHMBACTCS, YTO MOXKET MOBBICUTH
WHTEHCHBHOCTh OTJIOXKCHMI Harapa Ha BHYTPEHHHX ITOBEPXHOCTSX IMJIMHIPONOPIIHEBOM
IpyHIBL. YTsDKENICHHEe BUHTOBOW XapaKTEPUCTHUKH HE IPHBENO K YXYIUICHUIO HAIIOJHECHHS
IWIMHAPA 3apsyoM Bo3gyxa. lcrnonb3oBaHHME pPEryiaMpyeMOro COIUIOBOTO — ammapara
MIO3BOJIMJIO TTOBBICHTH CYMMAapHBIH KO3(Q(HUIMEHT U30BITKAa BO3AyXa Ha PEXHMAax JIOJICBBIX
Harpy3ok, IPUPOCT KOTOPOTO € YTSHKEICHUEM BUHTOBOI XapaKTePUCTHKH YBEIHMYUIICS.

KiioueBble cjioBa: Ju3ellb, MPOJYBOYHO-BBINIYCKHOM TPaKT, PETYIHUPYEMBIH COIUIOBOM
ammapar, TypOOKOMIIpEcCOop, PacXoJHbIE XapaKTEPHCTHKU, KaUe€CTBO OYHCTKU IVUIMHJPOB,
BUHTOBAsI XapaKTEepPUCTHKA.

Analysis of efficiency of a blowdown-exhaust system of a two-
stroke diesel engine at use of the adjustable nozzle apparatus of a
turbocharger

Viacheslav L. Konyukov
Kerch State Marine Technological University, Kerch, Russia

Abstract. The paper investigates the defining characteristics of the purge-exhaust path of a
marine two-stroke diesel engine for a wide range of changes in external operating conditions
and loads of the standard variant and the variant with controlled rotating blades of the turbine
nozzle apparatus of the turbocharger turbine. The analysis of flow characteristics showed an
increase in air and gas flow rates with a decrease in the effective cross-sectional area of the
turbine when the blades are rotated. The efficiency of the purge-exhaust path was assessed by
the indicators determining the quality of cylinder cleaning from residual combustion
products. The following indicators were taken as such: residual gas ratio, filling ratio, total
excess air ratio. For the standard variant, the transition to the weighted screw characteristic
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leads to a decrease in the residual gas coefficient. In the variant with adjustable nozzle this
coefficient increases, which can increase the intensity of deposits of carbon deposits on the
inner surfaces of the cylinder-piston group. Weighting of the screw characteristic did not lead
to deterioration of the cylinder filling with air charge. The use of adjustable nozzle apparatus
allowed to increase the total excess air ratio at the modes of fractional loads, the increase of
which with the weighting of the screw characteristic increased.

Keywords: diesel engine, purge-exhaust duct, adjustable nozzle, turbocharger, flow
characteristics, cylinder cleaning quality, screw characteristic.

BBenenue

IIpoBeneHHBIE HCCIEAOBAHUS CYAOBBIX AM3ENCH MpU yNpaBlIeHHH PacxoJOM BO3AyXa
MIOBOPOTOM JIOIATOK peryaupyemoro corutoBoro ammnapata (PCA) mokaszanu 3Ha4MTEeIbHBIC
pe3epBbl B TOBBIIIEHMM 3KOHOMUYHOCTH U CHIDKEHHMs TIOKa3zaTeseil TemsoBoil
HaMpsOKEHHOCTH, YTO TIO3BOJNIMJIO CYLIECTBEHHO pacIIUpUTh AMANA30H JOMYCTUMBIX
pexxuMoB dkcrutyatanu [1, 2, 3, 4]. CBA3u mapaMeTpoB U OTpaHUUCHMS Harpy3oK Au3ens
YCTaHaBIMBAIOTCA B IPOIECCe aHATN3a XapaKTEPUCTHK CHCTEM ra3000MeHa M Haamysa [5,
6]. OTH XapaKTepUCTUKH IPEACTABISIOT 3aBUCHMOCTH JABICHUH B Pa3IMYHBIX CEUECHUSIX
MIPOyBOYHO-BBIITYCKHOTO TpakTa OT pacxoja pabodero Tena M SBIAIOTCS PACXOTHBIMH
XapaKTepUCTUKaMK Ju3elis. M3MeHeHWe NaBleHHil MO NUKITY IHU3ETs COIPOBOXKAACTCS
N3MEHEHHEM TeMIIepaTypel pabodero Tena. l3MeHeHWe TemmepaTypsl HaAgyBOYHOTO
BO3/yXa IIepel BIYCKHBIMH OpraHaMH IIpW WM3MEHEHHHM YCIOBHH OKCIITyaTalluu
HE3HAUUTENIFHO B CBS3U C PETyJIMPOBAHUEM CHCTEMBI OXJIAXIEHHUS HaTyBOUHOTO BO3yXa.
3HAYNTEIBHO B OONBIIMX IIpelesiaX HM3MEHSEeTCs TeMmIepaTypa ra3za Inepea TYpOHHOI.
VIMeHHO depe3 ATy TeMmIepaTypy HpOSBISCTCS CBSI3b PACXOIHBIX XapaKTEePUCTHK C
mpoleccaMy, NPOTEKAUIMMHM B IWIMHApaX, CUCTeMax  TOIUIMBONOAAYH U
BO3IyXOCHAOKeHUs [6, 7]. DTH CBS3H CJIOXKHBIC, a IKCIICPUMCHTATIbHBIC HCCIICIOBAHUS
OYEHb JOPOTOCTOSIIKME, ITO3TOMY OCHOBHBIM CIIOCOOOM OIEHKH H3MEHEHHS PAaCXOIHBIX
XapaKTepUCTUK Ju3elst Ipu noBopote sonaTtok PCA 1 M3MEHEHNH YCIIOBHI AKCILTyaTalun
SIBISIETCSI PACYETHO-TEOPETUUECKHH, KOTOPBII 0a3upyeTcst Ha TETJIOBOM PAacdeTe IBUTaTelIs
IIPU YCIOBHH, YTO pPACYETHHIC OKCIUIyaTAallMOHHBIC ITapaMETpbl HCXOJHOTO BapHaHTa
COTJIACYIOTCA € pe3yJIbTaTaMM 3aBOJICKUX TECTOBBIX UCHbITaHU [§, 9].

3¢ GeKTUBHOCTD MPOAYBOYHO-BEIITYCKHOTO TPAKTa JU3EISI MOXKHO OLEHUTH KaYECTBOM
OYNCTKH IWIMHAPOB. OCHOBHBIMH IIOKa3aTeNsMH KadecTBa Tra3000MeHa SBISIOTCS:
K03()(DUIMEHT OCTATOYHBIX I'a30B, KOAPQUIMEHT HANOIHEHUs, CYMMapHbId K03 duIneHT
n30piTka Bo3ayxa [10, 11]. DT mokazatenu OMPENENSIOT SKOHOMUYHOCTh PabOuYux
MIPOIIECCOB JIU3ENs M HAJEKHOCTh 3JEMEHTOB IMIIMHIPOIMOPIIHEBONH TPYIB, KOTOpas
MIPOSIBISIETCS] B U3SMEHEHUH UHTEHCUBHOCTH OTJIOKEHHUI.

M3MeHeHHne BHEIIHUX YCJIOBUI SKCIUTyaTallMd CyJHA OTpa)kaeTcs, MPEKIe BCEro, Ha
Ko3(h(pUIMeHTE YTSDKENICHNUS BUHTOBOW XapaKTEpUCTUKHU. [IpM 3TOM M3MEHseTcs 4acToTa
BpAIIEHHs KOJIEHYaTOro Baja M, COOTBETCTBEHHO, MPOJOJDKUTEIFHOCTD MPOLIECCOB UKIIA,
OT KOTOPO¥1 3aBUCAT ITOKa3aTeJIM KadecTBa ra3000MeHa.

Ileabio pa0oTHI SBISETCS aHAIN3 OCHOBHBIX IIOKa3aTesiell KadecTBa Tra3oo0MeHa
IIPOJIYyBOYHO-BBIITYCKHOTO TPaKTa CYJOBOTO JBYXTaKTHOTO JHW3€Jsl NPU HCIIOJIb30BAHUU
PETyIMpYyeMOro COIUIOBOTO ammapaTta TypOokKommpeccopa Uil pa3iIH4YHBIX YCIOBHH
9KCIUTyaTaIlHH.

MaTepl/laJ'lbl M METOAbI UCCJICAOBAHUSA

HccrnenoBanust cynoBoro aByxTakTHoro amsenss 7SS0MC mpoBOIMIINCH pacyeTHO-
TECOPETUICCKUM crocooom U IOUPOKOro Jauara3oHa HW3MCHCHHUA BHEOIHUX yCHOBI/Iﬁ
SKCIUTyaTallil M HArpy3oK ¢ ucrois3oBaHueM mporpammbl «Diesel K» [12]. Hacrpoiika
nmporpamMmbl I HOMHUWHAJBHBIX BHCUITHUX yCHOBI/Iﬁ ImpoBOaAMIIACH II0 TapaMeTpam,
MOJYYEHHBIM TIPH 3aBOJICKMX TECTOBBIX HCIBITAHMSX 3TOro xapurarens [9]. Buemmnue
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YCIOBHUSL DKCIUTyaTallid COOTBETCTBOBAIM MNPUHATOMY KOI(QGHULIUEHTY YTSDKEICHHS
BUHTOBO# XapaKTePHCTUKH, KOTOPHIi n3Mensics B uateppaie 0,25<C<3.6.

B kadecTBe OnpeessIoNINX PAaCXOAHBIX XapaKTEPUCTUK OBUTM IPHHATHI 3aBUCUMOCTH
OTHOCHTENFHOTO JIaBJICHWSI Tepej BIYCKHBIMM OpraHaMM OT pacxoja BO3IyXa
ps/Po = f(G) W OTHOCHTENBHOTO [aBJieHMs TMepeq TypOMHONM OT pacxoma rasa
p:/Po = f(G.). OcHoBHOHt  XapakTepucTukoii  sBusercss  ps/py = f(G), oma
HEMOCPEICTBEHHO CBs3aHa C pabOYMMHU MpoLEcCaMHM KOMIIPECCOpa, €€ TaKKe Ha3bIBAaroT
PacxoHON XapaKTepPUCTHKOH AM3EIS.

IMporpamma «Diesel K» mo3Bomsiia METOIOM IOCIENOBATENbHBIX IPHOJIVIKEHUI
BBIYMCIIATh IOKa3aTeJIM KadecTBa Tra3000MeHa NpOJYBOYHO-BBITYCKHOTO Tpakra. B
Ka4yecTBe TAaKHX IOKa3aTelieil ObUIM HCIOJIb30BaHbl KO3()(UIMEHT OCTaTOYHBIX Ta30B Vi,
MIPEACTABILIIONINH OTHOIICHHE OCTABIIMXCSA T'a30B K KOJMYIECTBY BO3yXa, HOCTYIIMBIIEMY B
OUIAHAP, KOYQQHUIUEHT HATIOTHEHUS 1),; U CYMMAapHBIH KO3 GUIIEeHT H30bITKa BO3AyXa ;.

KoaddumneHT HanomHEeHUS onpeaessuics o Beipaxernwnto [11],

py=&Pa_ T €y
" e=1 ps T's+&y, Ty

rae & - ko3¢ UINEeHT, YIUTHIBAIOIINN M03apsAAKY IHIMHAPA HA JIMHUH CKATHS, & —
MONPAaBOYHBIA KO3(p(QUIMEHT, YUYUTHIBAIOIINN W3MEHEHHE TEIJIOEMKOCTH OCTaTOYHBIX
Ta3o0B.

Pe3ynbTaThl MCCIEOBaHUH NMPENCTABIUINCh B OTHOCHTEIHLHOM BHJE, KOT/Ia 3HAUCHHE
HCCIIEyeMOTo MapaMeTpa OTHOCWJIOCH K BEJMYMHE COOTBETCTBYIOILETO HapaMeTpa Juis
HOMHMHAJbHOM Harpysku Ou3ejid 1 HOMHUHAJIbHBIX BHCUIHUX yCJ'IOBI/Iﬁ OKCILTyaTalluHu. Ot
PE3YJIbTAThI OIPCACIIAINCH JJIA BHUHTOBOM XapaKTCPUCTUKH, COOTBCTCTByIOHIeﬁ
KOHKPETHOMY KOA((QHUIUECHTY €€ YTSDKEICHHUSI.

CpaBHEHHE pPACXOJHBIX XapakTEPUCTHK JHU3€sl M OLEHKa KadecTBa ra3oo0MeHa
MPOBOJWJIACH JJIsl INTAaTHOTO BapwaHTa TypOokommpeccopa u Bapuanta c PCA.
OOocHOBaHHE OTpPaHWYCHHUH MOBOPOTa JIOMATOK TIpHBeneHO B pabote [4]. Cremyet
OTMETUTh, 4YTO JHANa30H HMCCICAOBAHHBIX PEXHMOB IIpUHUMaici 0Oe3  ydera
OTPaHUYHUTENBHBIX XapaKTEPUCTHK TETIIIOBOH M MEXAHUUECKOI HANPSKEHHOCTH.

Pe3yabTaTel HcciieqoBaHus U UX 00Cy KAeHHe

PacxonHBIe XapaKTepUCTHKH OMPEACISIIOT OCHOBHOE paclpeieicHHE MapaMeTpOB IO
LUKy au3elis, GUKCUpYs Mmepenaabl JaBIeHUN 1Mo OTAEIbHBIM mpolieccaM Iukia. Ha puc.1
MpUBEJCHA OCHOBHAsE pacxojHas WIA THAPABIMYECKass XapakTepUCTUKa JU3eds,
MIPEICTaBISAIONIasl 3aBUCUMOCTH OTHOCHUTENBHOTO JABJICHUS BO3JyXa Mepe] UIMHIPOM OT
€ro OTHOCUTEIHLHOTO pacxojia JUisd Pa3IHYHbIX KOA(D(UIIMEHTOB YTSIKEIEHHS BHUHTOBBIX
xapakrepuctuk C. 31ech M jajee Ha PUCYHKaX OOO3HAUEHHBIE TO3MIMH 3aBUCHMOCTEH
OyZIyT COOTBETCTBOBATH: | - €=0,75;2 - C=1,0;3 - C=1,4;4 - C=2,0; 5 - C=3,0.

CrnenyeT OTMETHTh, YTO OTHOCUTENILHOE JIABJICHHE HAXOUJIOCH TI0 BBIPAXKESHHIO

=~ _ Ps/Po _ Ps 2)
S Deu/Po Dsi’
1€ UHACKCOM «H»» 0603Ha‘IeHO JaBJICHUE HOMUHAJIbHOTO pEXKHMa.

3aBI/ICI/IMOCTI/I, COOTBETCTBYIOIIUC UCXOJHOMY BAPUAHTY Typ60KOMHpeccopa, ITOKa3aHbI
IOTPUXOBBIMU JIMHUSAMHU, a4 JII BapuaHTa C PCA cruiomgpiMu JIMHUSAMHA. U3 pUCYyHKa
CJICHAYCT, qTO JIIsL q)HKCHpOBaHHOFO JaBJIICHUA HaaayBa YTSAXKCIICHUC BUHTOBOM
XapaKTCpUCTUKNU TIPUBOJAUT K CHHKCHUIO pacxoJa BO3AyXa. 9TO MOXKHO 06T>$[CHI/ITB
CHMIKCHHUEM YaCTOTbl BpPALICHHSA KOJICHYATOIO Bajla IPpH IMEPEXOJAC Ha YTSIKCICHHYIO
XapaKTepUCTHKY.
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Puc. 1. Pacxonnas xapakrepuctuka ps = f(G)

B Bapnante ¢ PCA mOBOpOT J0HAaTOK BBI3BIBAECT 00Jic€ WHTEHCHBHOE YBEIHMUCHHE
JIAaBJICHMS HAJyBa 0 CPAaBHEHHIO C YBEIMYEHHEM pPacxola BO3AyXa, B CBS3H C 3TUM IIPH
TeX K€ YCIOBUSAX CHIDKEHHE pacxoja Bosayxa Oombiie u coctaBuio 20%.

Ha pucynke 2 mpencraBieHa  pacxXofHas — XapaKTEPUCTHKA  3aBHCHUMOCTH
OTHOCHTENILHOTO JaBJCHUs Mepeil TYpOMHOM P, OT OTHOCHTENHHOTO pacxoia rasa G.
3HaveHWe P, BBUHUCIIOCH 10 BBIPAKEHHIO, aHATOTHMYHOMY ¢opmyine (2). M3 pucynka
CJIEAYET, YTO Al HCXOAHOTO BAapHaHTa 3TOT BHJ PACXOJHON XapaKTEpUCTHUKH HOCHUT
JUHEHHBI XapakTep M HE 3aBUCUT 0T Kod(dduiMeHTa YTSOKEJIEHHs BUHTOBOI
XapaKTEepUCTUKH, OINpeesionell BHEUIHUE YCIOBUS OKCIUTyaTalld. OTO MOXHO
00bscHUTH TeM, 4To au3ens 7S50MC  yKOMIIEKTOBaH TYpOOKOMIIPECCOPOM MapKH
MITSUI-MAN B&W NAS57/T09052. MccnenoBanusi TypOHHBI 3TOr0 TypOOKOMIIpeccopa
ToKasaJii, IPaKTUYCCKH, HHHeﬁHy}O 3aBUCUMOCTh CTCIICHHM IIOHM)XCHHA [JaBJICHUSI B
TypOuHE OT pacxoa rasa [4].

B Bapmante ¢ PCA moBOpOT JOMAaTOK HM3MEHSET THIPABINYECKYI0 XapaKTEPHCTHKY
TYpOMHBI, YTO MPUBOAUT K 3aBUCMMOCTH PACXOJHOM XapaKTepUCTHKH OT C, BHENIHUH BUJ
KOTOPO#i mogo6eH XapaktepucTuke p; = f(G).

Dr Z

0,9

0,8

07 4N~

N ~ :
05 |\ % \

, /‘),. ” \ N\ 3

04 <> Pt N

0,3

0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 G 1
Puc. 2. Pacxonuas XapakrepucTuka py = f(G,)

[lepexon Ha YTSKEICHHYIO BHHTOBYIO XapaKTEPHCTHUKY NpPU HM3MEHECHUHM BHEIIHUX
YCIIOBUIT SKCILTyaTaly COMPOBOXKAAETCSI K3MEHEHHUEM IIapaMeTpOB 10 paboyrM Mpoleccam
IU3eNisl, a 9TO TMPUBOJAHWT K HM3MEHEHHWIO MOITHOCTH TypOokommpeccopa. Ha pucynke 3
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npeACTaBJICHBI 3aBUCUMOCTU OTHOCHTEJILHOM MOIIIHOCTH Typ61/IHI>I Typ601<0aneccopa oT
Harpysku au3ejisd JJis pa3jJIndHbIX KOS(l)(l)I/IHI/IeHTOB YTSKCJIICHUSA BUHTOBBIX XapaKTCPUCTHUK.
C YTAXKCIJICHUCM BUHTOBBIX XapaKTCPUCTUK MOIIHOCTDH Typ6I/IHLI CHMIKACTCs, 4YTO CBA3aHO C
YMCHBIICHUCM pacxoJa Trasa. Hcnons3zoBanne PCA mo3Bonmiio YBCIWYUTL MOIIHOCTH
Typ6I/IHI)I Ha peKrMax IO0JICBBIX HAIpy30K, UTO MPUBCIIO K YBCJIMYCHUIO NABJICHUA 110 LIUKITY
JU3CIIA.

2\\\ yd //'
0,8 7’ //'
N N
0,6 A\ s Rl
5\ Ve
— ~
0,4 <
/:’—/
P B _==2==—
0 _IE=I =

0,2 03 04 05 0,6 07 08 09 N, 1
Puc. 3. 3aBUCHMOCTH OTHOCHTENHHON MOITHOCTH TYPOUHEI TYpOOKOMIIpEccopa OT Harpy3KH AU3eIst

Temnepatypa rasa nepej TypouHoit T, BIuseT Ha paboume mpouecch mukia. Yepes oty
TEMIIEpaTypy  TpOSBISETCS  CBSI3b  PAaCXOAHBIX  XapaKTEPUCTUK C  IMPOLIECCAMHU,
MPOTEKAIONMMHU B LIMJIMHIPAX, CUCTEMaxX TOIUIMBONOAAYM M BO3MyxocHaOxenus. Ha puc.4
npuBeaeHb 3aBUCHMOCTH Ty OT N,. Veenuuenne C moBblmaer Ty, 4YTO BBI3BAHO
yMeHblIIeHueM Kod(g¢unnenta u30bITKa Bo3ayxa mpu ropeHuu. lMcnomezoBanue PCA
T03BOJISIET HOBBICUTH PACXOJl BO3YXa U CHU3HTh T, HA PEKUMAX J0JEBBIX HAIPY30K.

T
1,1

2

4\ 5

0,9
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0,7

02 03 04 05 06 07 08 09 Nl
Puc. 4. OTHOCHTENTPHOE H3MEHEHNE TEMIIEPATyPhI Ta3a nepes] TypOHHOH OT Harpy3KH JH3es

Hnst oueHkn  3((EKTUBHOCTH  NPOAYBOYHO-BHIITYCKHOTO  TpakTa  JAW3EINs
UCTIONIb30BAJINCH TTOKA3aTeNM, XapaKTEepU3YyIOUIMe KauyecTBO OYMCTKH IMIMHAPOB OT
OCTaTOYHBIX NIPOIYKTOB cropanus TormmBa. Ha pucyHnkax 5, 6, 7 nmpuBeieHbl 3aBUCUMOCTH
OTHOCHTEJIFHOTO MW3MEHEHMs Kod3((duimeHTta ocTaToyHbIX Ta30B V., KOd(PQHIMEHTa
HaTIOJIHEHUS 1], W CyMMapHoro Ko3(¢duipieHTa WU30BITKAa BO3AyXa &g. YTSDKEICHHE
BHHTOBOM XapaKTEPHCTUKU U IITATHOTO BapHaHTa MPHUBOAUT K CHIDKEHHIO Y, (pucC. 5),
YTO BBI3BAaHO YBEJIMYEHHEM IIeperaja JaBJICHWH Ha MPOAYBKY IHMIMHAPOB (cM. puc.l u
puc.2). JlononHuTensHOE TMOBBIIEHNE ¥, B BapuanTte ¢ PCA yBennunBaeTcs ¢ OHWKECHUEM
YacTOTHl BpalleHHs KojeHdaToro Baya. Cieayer ydecTb, YTO HAaWOOJBINUH TPHUPOCT ¥
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MPUXOIAUTCS HA PEXUMBI C MOHMKEHHOMW 4acTOTOll BpalleHus. JTO yBEIMYUBAET BpeMs
HaXOXJICHUSI OCTATOYHBIX MPOJIYKTOB CrOpPaHUs B LMJIMHAPE, 4TO OyleT crocoOCTBOBATh
MOBBILIEHHBIM OTJIOKEHHSM Harapa Ha BHYTPEHHHX ITOBEPXHOCTSX IMJIMHAPONOPIIHEBOU
TpYIIIBL.

Y |
1 s 2
1,2 ;_’ :S\. 3%%
| ZZEE=2 eSS
o8 2SS
N ~N—_
0,6 —

02 03 04 05 06 07 08 09 N1

Puc. 5. OTHOCHTENTBHOE M3MEHEHNE KO DUIIIEHTA OCTATOYHBIX Ia30B OT HATPY3KH AN3EIST

YMeHbIICHNEe Harpy3KH IU3elsl BBI3BIBACT CYIIECTBEHHOE CHIDKEHHME Kod(dduimeHta
HanonHeHus. Tak npu nonuwxkenud N, ot 1,0 10 0,5 ko>p(HUIMEHT HANONHEHUS 7],
camxaerca Ha 10% (cMm. puc.6). YTsDKkeneHWE BHHTOBOM XapaKTEPUCTUKH HE CHIIBHO
YBEINYHBAET 7], U3MEHEHUE KOTOpOro He mpesbimaeT 2%. B Bapuante ¢ PCA 77, umeer
TEeHJICHIINIO K CHIDKEHHUIO, KOTOpOoe He TpeBbIiaet 1%.
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Puc. 6. OTHOCHTENBHOE N3MEHeHNE Kod(duienTa HaroiaHeHust OT Harpy3ku JTH3EIISI

HesnauurenbHoe n3MeHeHHe K03((GUIMEHTa HANOIHEHUSI PU YTSDKEJICHUH BUHTOBOM
XapaKTEePUCTUKU CBUJIETEIBCTBYET O JIOCTATOYHO BBICOKOW 3(P(heKTHBHOCTH HPOIYBOYHO-
BBIIIYCKHOW CUCTEMBI IA3EIIS.

B psine ucrounukos [10, 11] mis kadecTBeHHOH O1eHKH 3(()EKTUBHOCTH MPOTYBOYHO-
BBIIYCKHOIO  TpaKTa pPEKOMEHIYIOT  JOIMOJHUTEIbHO  MCHOJb30BaTh  CyMMAapHBbIi
KOd(QUIUEHT H30BITKAa BO3AyXa (&g, M3MEHEHHUs KOTOPOTO TpencTaBieHBl Ha puc 7. C
YTSKEJIEHUEM BUHTOBOM XapaKTEpUCTUKU (g MajgaeT. HesnauurenbHOE yBENUUEHUE 1], IPU
YMCHBIICHUN (¢ [UIA YTSDKEJICHHBIX BHHTOBBIX XapaKTEPHUCTHK MOXHO OOBSICHUTH
CHIDKEHHEM YacCTOTHl BpAIEHUS JU3ENA, B pe3yjibTaTe 4Yero yBEIUYMBACTCA BpeMs LI
OYNCTKH U HAIIOJHEHUS IIMIINHIPOB.

73



Hayunsie npoodiemsl 6001020 mpancnopma / Russian Journal of Water Transport _Ne82(1), 2025

(XS
1,4
1,2 1

1
0,8
0,6
0,4
0,2

//J/,

/ ///

/

— — o

)

I om—

02 03 04 05 06 07 08 09 Nel
Puc. 7. U3MeHeHUe g OT HArpy3Ku JU3ems

VYBenuueHne MOIMHOCTH TypOOKOMIIpeccopa IOBBICHIO &y Ha pEXHMax HOJIEBBIX
Harpy3ok, 4TO CBsI3aHO C yBEIMYEHUEM pacxoja Bo3Ayxa IpH noBopote jonatok PCA.

BeiBoabl. VccnenoBaHus MHpPOAYBOYHO-BBITYCKHOTO TpaKTa IBYXTAKTHOTO JIU3€JIs
BBIMOJIHEHB! IS [MIMPOKOTO JTUala3oHa W3MEHEHMs BHEIIHMX YCJIOBHM JKCIUTyaTallud M
Harpysox.

AHanu3 pacXoJHBIX XapaKTepHCTHK MOKa3al yBEIMYEHHE pacXoja BO3lyXa U pacxona
rasza npu ucrnons3zoannn PCA TypOokommpeccopa 1o cpaBHEHHUIO CO MITATHBIM BapHAHTOM,
KOTOpBIH TOBBIIIAETCA C YTSDKCJICHHEM BHHTOBOM XapaKTEPHCTHKH. OJTO BBI3BAHO
MOBBIIIIEHHEM MOINHOCTH TypOOKOMIIpeccopa MO TPHYMHE CHIDKCHHS 3((PEKTHBHON
IUTOIIA M MPOXOHOTO CEYECHUS ITPU TIOBOPOTE JIOTIATOK.

Ilepexon Ha YTSDKENCHHYIO BHHTOBYIO XapaKTEPHCTHKY IPHBOANUT K CHIDKCHHUIO
ko3(¢punrenTa ocraTtouHslx rasoB. B Bapmante ¢ PCA stoT K03(dummeHT pacter Ha
peXnMax JOJEeBbIX HArpy30K, YTO MOXKET YBEJIMUNUTh HHTEHCUBHOCTh OTJIOXKEHUI Harapa Ha
BHYTPEHHHUX MMOBEPXHOCTAX LIINHAPOIOPIIHEBON TPYIIIIHL.

VBenuuenne Kod(h(GUIMEHTa OCTaTOYHBIX Ta30B HE MPUBOIUT K CHUKCHHIO
Ko3(p(ulMeHTa HaNoNHEHUs. OTO CBS3aHO C YMEHBIICHWEM YacTOThl BpAICHHs
KOJIGHYaTOTO Bajia MPH YTSKEICHUH BUHTOBOM XapaKTEPHUCTHKH M YBEIMYCHHEM BPEMEHH
Ha TPOAYBKY M HAIlOJHEHHE IWJIMHIPAa CBEXHUM 3apsjoM Bo3ayxa. HesHauureapHOE
n3MeHeHne Kod3((UIMEHTa HANOJHEeHUs] NPH YTSDKEJICHUHM BHUHTOBOM XapaKTEPHCTHKH
CBUJICTENBCTBYET O JOCTATOYHO BBICOKOH 3((PEKTHBHOCTH NPOIYBOYHO-BBITYCKHOM
CHCTEMBI JIHU3EIIS.

Ucnonp3oBanne PCA 1O3BONMIO TOBBICHTH CYMMapHBIH KO3(QQHUIUEHT H30BITKA
BO3/lyXa Ha PEXMMax JIOJEBBIX HArpy3oK, IPUPOCT KOTOPOTO C YTSIKEIEHHEM BHUHTOBOM
XapaKTEePUCTUKH MTOBBIIITAETCS.
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KoMmuiekTanus nopuiHeii cy10BbIX JAu3ejieil HOBbIM KOJIbI€BbIM
YILIOTHEHHEM MPH PeMOHTe
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Bonorcckuii 2ocydapcmeennbiil yHugepcumem 600Ho2o0 mpancnopma, Huowcnuti Hoezopoo,
Poccusa

Annortamusi: [Ipeo6nanaromee GONBIIMHCTBO BHICOKOOOOPOTHBIX JIBHraTeNel 000pyIyIOTCS
MOPIIHAMH W3 QIIOMUHHEBOTO CIUIaBa, M IIOCKOJBKY JlAHHBIE J[BUTAaTeNH 3aHHMAroOT
JUIUPYIONINE ITO3HIHA B CYIOCTPOCHHH, BOIIPOC 00 BOCCTAHOBJICHUH HOPIIHS Kak Hauboiee
Harpy>XeHHOH ¥ TMOABEPKEHHOW H3HOCY AETAJH, SBISETCS aKTyaIbHBIM Ha CETOMHSIIHMIT
JIeHb. AJIIOMHHHEBBIH CIUIaB HMEET OOJBILIOE KOJIMYECTBO IOJOXKHUTENBHBIX Ka4yecTs,
00yCIaBIMBAOIIMX HX HPHUMEHEHHE i1 BBICOKOOOOPOTHBIX JBurateneil. K ux umciy
MOXKHO OTHECTH MaJIbli BEC, YTO HEOOXOMMMO Il YMEHBLICHUS MHEPLHOHHBIX HAarpy3oK,
BBICOKAs TEIUIONPOBOIHOCTh, OJarogapsi KOTOPOil HOpIIeHb, IPH HOPMAJbHOH padote, He
neperpeBaercs, HU3Kui koaddurment tperns. Ho mpu BceX HOCTOMHCTBAX aTIOMHHHEBOTO
CIUIaBa, €My IPHCYIIM M HENOCTAaTKH, 3aKIIOYAIONIMecs B HHU3KOH IMPOYHOCTH, YTO
3HAYUTENBHO COKpamiaeT ero pecypc. COriacHO CTaTHCTHKE OJHOM M3 NPHYMH BBIXOJA U3
CTpPOsl ATIOMHHHEBBIX IOPIIHEH 3aKJII0YaeTCs B W3HOCE IMOPIIHEBBIX KaHABOK, OCOOEHHO
nepBoil. B kadecTBe anpTepHAaTHBBI 3aMEHE IIOPINHS Ipeajiaraercsi Ccrocod pPeMOHTa,
3aKIIFOYAIOIMIICS B pACTOYKE MEPBOil OPIIHEBOH KAHABKH 110]] yCTAHOBKY JABYX IOPIIHEBBIX
koijen. Jlnsi yMEHBbLICHWS TPEHUs, KOJBLO, pAaclojarampiieecs BO BTOPOH KaHaBKe,
KOHCTPYKTHBHO I0pa0aThIBacTCs C LENbI0 oOecredeHnss 0ojiee yCTOWYMBOTO MAaciSTHOTO
KJIMHA JUI yBeIH4eHUs 3)(QEKTHBHOCTH HOBOT'O KOJIBIIEBOTO YIIOTHEHHS.

KaroueBble cj10Ba: M3HOC, IOPIIEHDb, MOPIIHEBBIE KOJIbIA, PEMOHT, IBHUIATelb, TPEHUE,
CMas3Ka, BTYJIKa [AIHHADA.

Tthe complete set of pistons of marine diesel engines with a new o-
ring seal during repair

Sergey Y. Kuritsyn

ORCID: 0009-0001-8061-4656

Yuri I. Matveev

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract: The vast majority of high-speed engines are equipped with aluminum alloy
pistons, and since these engines occupy a leading position in shipbuilding, the issue of
restoring the piston as the most stressed and wear-prone part is relevant today. Aluminum
alloy has a large number of positive qualities that determine their use for high-speed engines.
These include low weight, which is necessary to reduce inertial loads, high thermal
conductivity, due to which the piston does not overheat during normal operation, and a low
coefficient of friction. But for all the advantages of an aluminum alloy, it also has
disadvantages of low strength, which significantly reduces its service life. According to
statistics, one of the reasons for the failure of aluminum pistons is the wear of the piston
grooves, especially the first one. As an alternative to replacing the piston, a repair method is
proposed, which consists in boring the first piston groove for the installation of two piston
rings. To reduce friction, the ring located in the second groove is being redesigned to provide
a more stable oil wedge to increase the efficiency of the new O-ring.

Keywords: wear, piston, piston rings, repair, engine, friction, lubrication, cylinder sleeve.
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BBenenue

B nocnemHue roapl  HaOMIONAeTCS  TEHICHIMS — YBEIWYEHHS  IPOU3BOJCTBA
BBICOKOOOOPOTHBIX ABHrareneil. Eciu paHblie BBICOKOOOOPOTHBIE IBUraTeld B OCHOBHOM
BBIITYCKQJINCh JJI1 YCTAaHOBKH Ha CyJa B KaueCTBE BCIOMOTAaTEJbHBIX arperaros, C LENbIO
ANIEKTPOCHAOXKEHHS CYJIOB, TO Ha CETOJHAIIHUM JEHb UX NPUMEHSIOT U B KA4eCTBE TJIaBHOM
SHEepreTuueckoil ycrtaHoBku [1]. Jlu3emecTpoeHHe MOOKHO CTPEMHUTCS K BBITIOJHCHHIO
TpebOoBaHMI COBPEMEHHOTO MHpPa, HYXJAIOIIET0Cs B SKOHOMUIECKH BBITOIHBIX, HAIEKHBIX
1 9KOJIOTHYHBIX JBUTATEIed BHYTPCHHETO CropaHus. JlaHHas 3a1ada pemraeTcst HE TOJIBKO
3a CuéT ONTHUMHM3AIMK PaboOYMX IPOLECCOB IBHUTATENs, HO M COBEPIICHCTBOBAHHEM
KOHCTPYKIMH [eTajneil, OTBEYaIOIE 332 MOIIHOCTHBIC, SKOHOMUYECKHE, 3KOJIOTHUECKHE
MOKa3aTeNH, a TakKe IOoKa3aTeNu HaaéxHOCTH. K coxkaneHuio, pecypc BBICOKOOOOPOTHBIX
JIBUTaTeJIe, 10 OTHOUICHHWIO K MalloOOOPOTHBIM M CPEAHEOOOPOTHBIM JBHUraTENsIM
BHYTPEHHEI'0 CrOpaHMsi HAMHOI'O HUXeE, YTO CYIIECTBEHHO CKAa3bIBAE€TCS HAa CTOMMOCTH HX
00cCITy)KMBaHMs, HAPSIMYIO 3aBUCAIIYIO OT CTOMMOCTH 3amacHbIX yacteil. [loatomy Bompoc
0 PEMOHTE U BOCCTaHOBJICHUS JeTalell NBUraTess CTABUTCA KaK HMKOIJAa akTyanbHbIM. K
HaI/I6OJ'Iee HW3HAIUBACMBbIM JACTAIAM, OTBCYHAKOIIMM 3a TCXHHUYCCKUC, JKOJOTHUYCCKHEC U
SKOHOMMYECKHE I10Ka3aTeld, MOXHO OTHECTH JETald IWIMHIPOIOPLIHEBOU TIPYIIBl —
MOPIIECHb W HOPIIHEBBIC KOMBIIA.

MeToabl HCCJIeI0BAHUA

CaMpIM TOMYJSPHBIM MAaTepHajoM Ul H3TOTOBJICHUS IMOPIIHEH BBHICOKOOOOPOTHBIX
JIBUTATEJICH SIBISICTCS aIFOMUHHUEBBIN cIutaB. [laHHBIN MaTepuai 00JaacT CyeCTBEHHBIMH
JOCTOMHCTBAaMH, MAETAIOMINM €ro HE3aMEHHMBIM JUIS WCIIONb30BAaHWSA B IBHTATENSX C
BBICOKUMH CKOPOCTSMH JABWXEHUS NOPIIHSA. K MoI0XKUTETBHBIM CBOHCTBAM MOXHO OTHECTH
clenyromee:

— Majbelif  Bec, UTO MO3BOJSET YMEHBIINTh HHEPIUOHHBIE HArpysKu,
YMEHBIIAIONIE MOITHOCTD IBUTATENIS;

—  BBICOKas TEMJIONMPOBOJHOCTh. TeMIepaTypa CropaHus B KaMepe CrOpaHHs
MoxkeT pocturats 2000°C, temmeparypa MJIaBJICHHS aTIOMHHUEBOIO CILIABa,
U3 KOTOPOro W3rOTaBIMBAlOT NOpLIEHb Haxoautrcs B npenemax 700°C.
bnaromaps BBICOKOH TEIIONPOBOAHOCTH TEMIIEpaTypa HarpeBa ITOPIIHS
Haxoautcs B paiioHe 250°C. OTBoA Temia OT MOPILIHS OCYILECTBISIETCS Yepes3
MOPIITHEBBIE KOJIbIIA, KOTOPBIC B3aUMOIEHCTBYIOT C ITOBEPXHOCTBIO «3epKaliay
BTYJIKM HWJIMHIpPA, OXJIAKAaeMOH BOJOH BHYTPEHHETO KOHTYpa IBHIaTels,
TeMIieparypa Kotopoil Haxoaurces B npenenax 160-210 °C npu HOMUHAIBHOU
MOIITHOCTH JABHUTATENIS.

—  HU3KUHA KOX(QQUIMEHT TPEeHWs, YMEHBINAIOIIUA Harpy3kd Ha JABHUIaTellb OT
B3aMMOJICHICTBHS TIOPIIHS C TOBEPXHOCTHIO BTYJIKH LIMIMHAPA.

KpoMe 1o0XuTenbHBIX CBOMCTB, MOPITHH, H3TOTOBJICHHBIC 13 aTIOMIUHHUEBBIX CILIABOB,
UMEIOT U HemocTaTKu. OJHUM U3 CYIIeCTBEHHBIX HEJOCTATKOB SIBISICTCS HU3KAs IPOYHOCTB,
KOTOpas BIUSAET Ha pecypc mopurHi. COrjlacHO CTaTUCTHKE OIHOM M3 MPHUYHMH BBIXOJA W3
CTPOsI aJFOMHUHHEBBIX TOPIIHEH 3aKII0YaeTCsl B M3HOCE IMOPIIHEBBIX KaHaBOK, OCOOEHHO
MepBoii (CM. PUCYHOK 1), T/Ie YCTAaHOBJIICHHOE B HEE KOMIPECCUOHHOE KOJBIIO0 UCTIBITHIBACT
MaKCHMaJIbHBIC Harpy3KH OT BBICOKOT'O IaBJIEHUS U TeMIIepaTypsl [2].
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Puc. 1. Pa3pymieHne KpOMOK BepXHEH MOPIIHEBOI KaHABKU

I'epMeTHYHOCTH KaMepbl CropaHMsi 3aBUCHT OT IUIOTHOTO TIpHJIETaHusi paboueit
MOBEPXHOCTH MOPILIHEBOTO KOJIBIA K «3€pKaly» IMIMHApPAa M OOKOBBIX IOBEPXHOCTEH
MOPIIHEBOIO KOJbI@ K OOKOBBIM IIOBEPXHOCTSIM IOPINHEBOH KaHaBku. HapymieHue
IUTOTHOCTH TIPHUJIETAHUs BCEX MOBEPXHOCTEH NMPHUBEAET K IMOTEPE MOLTHOCTH JBUTATENS, U3-
3a TIPOIYCKa Ia30B M YBEINYEHHOMY Pacxoay Macia.

Cy1iecTByEeT HECKOIBKO MPUYMH, PA3PYIIAOMIKX MOPIIHEBYIO KaHABKY [3]:

abpasuBHBII W3HOC. PaspymieHne TOPIIHEBOW KAaHABKH  IPOUCXOIHT
BCIEACTBUE TIONMAJaHUsl MEXAaHUYECKHX NpuMeced, TBEPAOCTh KOTOPBIX
mpeBbIIaeT TBEPAOCTh Marepuana mnopmHs. [lomagaHne MexaHHMYECKUX
MpUMeceld MOXET OCYIIECTBISATHCS C TPUTOYHBIM BO3IAYXOM, B Ciydae
3arpsi3HEHUS BO3AYIIHOTO (QUIBTPA, C MACJIOM, OT M3HOCA JIETalIe, a TaKKe ¢
MIPOYKTaMH CTOPaHHUS;

Ype3MepHbIe Harpy3KH, BBI3BaHHBIC [ABJICHHEM pACUIMPEHUS Ta30B MpH
BBICOKOM TEMIIEpaType;

CWJIBI MHEPLIMHU KOJbla [4]. Bo BpeMs U3MEeHEHMs HapaBiIeHUsI IEPEMEIICHUS
MOPIIHS OyAET MPOUCXOTUTH YAAap MEKIY KOJBIIOM H MOPIIHEM BCIEICTBUE
Yero U MPOUCXOJUT pa3pyllICHUE;

BUOpaIys TOPIIHEBOTO KoibIa [5]. BuOparmst mopmrHeBOro Koublla THIIA
«(pmaTTepy» OYCHB OmacHOE SBJICHHUE, IPUBOAAIICE K Pa3pyIICHHUIO TOPIITHEBBIX
KaHaBOK W MOJIOMKE CaMoro KOjblla. BO3HHKHOBEHHE BHOpAIIH MTPOUCXOTUT
B TEpUOJI WM3MEHEHMs HampaBleHUs] ABW)KCHUS TMOPIIHSA, KOT/Aa KOJBIO
MEePEMEIAeTCsl OT BEPXHEH K HUKHEH OOKOBOW CTEHKE MOPITHEBOW KaHABKH H
Hao00poT. [Ipruém BHOpaIKs HAYMHAETCS B pallOHE MOPIIHEBOIO «3aMKa» C
HOCJIEAYIOLEN neperadel Ha BCE Teno. YIUIOTHEHHE KaMepbl CrOpaHus BO
MHOI'OM 3aBHCHT OT IUIOTHOTO TpWIEraHus paboyeil MOBEPXHOCTH
MOPUIHEBOrO KOJIbLIA K «3€pKaly» BTYJIKH LWIMHAPA. [IIOTHOCTH MpUiieranus
oTpeneNnseTcss COOCTBEHHOH CHIJIOH YIPYrOCTH, KOTOpas 3aBUCHT MpPExIe
BCEro OT Marepwajia Kojblla W crmocoba ero wmirotoBieHus [6]. [To mepe
paboTBl pabodas MOBEPXHOCTh KOJNBIIA WCTUPACTCS, BCIEACTBHE YEro
MPOUCXOAUT YMEHBUIEHHE CHJIBl INpPWXKUMa KOJIbLA K IIOBEPXHOCTH
UMWIMHAPOBOM BTYNKH. IlpH HOCTHIKEHHMM MajblX BEJIUYHMH CHJIBI HPHKUMA,
HACTYIIaeT MOMEHT, KOIJa KOHI[BI KOJIbI[A OYAYT HAXOAWUTCS B CBOOOJHOM
COCTOSSHUM TIPH OCEBOM TepeMelieHud. B pe3ynpTaTe, u3-3a Pa3HOCTH
JIaBJICHUS] HaJl KOJBIIOM W TOJ KOJBIIOM, Ta3bl YCTPEMIISIFOTCSI B PaiioH C
MOHIKEHHBIM JIaBJICHUEM M TPU JIBXKEHUHM Ta30BOTO MOTOKAa C OOJBIION
CKOPOCTBIO B OIpeNeNEHHBIE MOMEHTHI BPEMEHH IMPOUCXOIUT €ro CPhIB, B
pe3ynbTate KOTOPOTO MW TOSIBISETCS — adpoJuHaAMHUYecKas BUOparusl.
AMIUIATYJa W 4YacToTa KoOJeOaHWA YBEIMYUBACTCS IPOMOPIHOHAIBHO
YMEHBIICHUIO CHIIBI COOCTBEHHOW YIIPYTOCTH.
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[lopuieHs ¢ pa3pyLIEHHBIMH MOPIIHEBBIMH KaHAaBKaMH, SKCILTyaTUPOBATh HEJb3sl.
3amMeHsITh Ha HOBBINA Joporo. I[ToaToMy Ijisi BO3MOMKHOCTH MPOJUICHUS pecypca MOpIIHEH
pa3pabaThIBaIOT HOBBIC CIIOCOOBI MX BOCCTaHOBJICHUS. Ha CeromHsIHUIA IeHb CYIECTBYIOT
pasiuvHbIe METOABl PEMOHTA TaKHe Kak:

1. [ns yMmMeHbIIEHUS U3HOCA MEPBOM MOPIIHEBON KaHABKHU, UCIONb3YIOT BCTAaBKU
n3 Ooiee TPOUYHBIX MaTepHaNoOB (HANpUMEp YyTyH) IO OTHOUICHHIO K
amoOMUHIEBOMY cIutaBy [7]. HemoctaTok maHHOTO METOa 3aKIII0YAETCS B TOM,
YTO PEMOHT II0 TaKOMY METOAY MOXET OCYIIECTBHUTH TOJBKO 3aBOI C
COOTBETCTBYIOLTIMH TEXHOJIOTHYECKUMH BO3MOKHOCTSIMH, TTO3TOMY
OCYIIECTBHUTH PEMOHT IOPIIHS OyIET JOPOTO H JOITO;

2. Ilma3mennas wnHamraBka [8]. IInmasmMeHHass HarulaBKa IIPOM3BOAUTCS TIOX
BBICOKOM TEeMIIepaTypoii, IOATOMY YTOOBI HE OIUIABUTH COCCIHIOI KAHABKY U
UCKJIFOUUTh TMEPErpeB TMOPIIHSA, HEoO0XOoIuMa BBICOKAs KBaTHU(HKAIIHS
cBapumka. [TOCKONBKY CHEIMAIMCTOB BBICOKOTO YPOBHA IO padoTe ¢
QTIOMHUHUEM HEMHOTO, TO BOCCTAHOBHTH MOPIICHb JAHHBIM METOIOM OyaeT
TakK>ke JOPOro U J0Jro;

B nmanHo#i paboTe mpemiaraeTcss METOJ PEMOHTa IMOPIIHS, MO3BOJIIOMIKAN MPOBECTH
BOCCTAHOBJICHHE TPAKTHYECKH Ha JTIOOOM cymopeMOHTHOM mpeanpustuu. CyTh MeTona
3aKIIFOYAeTCs B PACTOYKE BEPXHEH MOPIIHEBOW KAaHABKHU ITOJ YCTAHOBKY IBa MOPIIHEBBIX
konbia [9,10]. MakcuManbHO BO3MOJKHAsi pacTO4YKa IIOPLIHEBOM KaHAaBKH JOJDKHA
MPOU3BOMUTCSA C OPHEHTHPOM HA BBICOTY [BYX INTAaTHBIX KOJNEIl W OOecIiedeHueM
rapaHTUPOBAHHOIO 3a30pa, A COXpaHEHUd HuxX mnoABWXHOCTH [11]. MuHumanbHas
pacTouka MOPIIHEBOH KaHABKH JOJKHA COTPOBOXKIATHCSI YMEHBIICHUEM IITaTHOW BBHICOTHI
KOMITPECCHOHHBIX KOJiell. BenuunHa CHIKEHUS BBICOTHI, YCTaHABIMBAEMBIX B KaHaBKY
MOPIITHEBBIX KOJIEI, HE JOJDKHA BIMATH Ha pabOTOCIOCOOHOCTH KOJBIIEBOIO YIUIOTHEHUS
IIpU BCEX PEXHMMax paldOTHl JBUraTels. YMEHBIIEHHBIE IO BBICOTE KOMIPECCHOHHBIE
KOJIbIIa JIOJDKHBI BBIAEPKUBATh HATPY3KH, BO3HHUKAIOIIME MPHU MOHTa)Xe Ha IMOPIIEHb U
JIEMOHTAaXKa C HEro.

Pe3yabTaThl HCIBITAHUH

VcnpITaHns HOBOTO KOJIBIIEBOTO YIUTOTHEHHS mpoBoawtn Ha cteHne [12]. Crena (cm.
PHCYHOK 2) pa3paboTaH Ha OCHOBE ABYX LMJIMHIPOB, AEMOHTHPOBAHHBIX CO CIHCAaHHOTO
nsuratens M3 236 (mo3unwmst 1), IpoU3BOACTBA APOCIABCKOTO MOTOPHOTO 3aBOJIA.

B xauectBe mpuBOAa OB YCTaHOBIEH 3JIEKTPOJBUraTenb (MO3WUIMA 5) MapKu
AUPY112M2VY2, momHocTteo 7,5kBt m 3000006/muH. Jlns yMmMeHbIICHHS 0OOOpOTOB B
CTEHJIOBYIO0 YCTaHOBKY YCTaHOBMIM TpHU pexaykropa. IlepBeni (mosuiust 2) — IenHas
nepenada, KOTopasi MOHMKAET 00OPOTHI 3a CUET pa3HMIIBI BEAYIICH W BEIOMOM 3BE3OUKH.
Bropoii (mosunus 3) — muauHApUYeckuid pexykTop. Tperuit (mosuius 4) — ymnpasnseMas
MexaHHJeckass KopoOKa Iepenad, IO3BOJAIONIAs HM3MEHSATh OOOpPOTHI, 3a CUET Pa3HBIX
nepeaaTouHsx gucen. KopoOka mepenad mMmeeT cieayloliue repenaTodHsle uyucia: 3,49,
2,04, 1,33 u 1,0. Cymmupys neperaTO4YHble OTHOIIEHHUS BCEX PEIYKTOPOB, CTEHAOBAs
yCTaHOBKa JaéT HaM BO3MOXKHOCTH MIPOBONTD UCITBITAHUS Ha CIECIYIOIINX PeXKUMAX:

1 — Ha nepsoii ckopocty 149 mun';

2 — Ha BTOPOH CKOPOCTH 255 MuH

3 — Ha TpeTheit ckopocTH 391 MuH";

4 — ua 4yeTBEPTOI cKopocTH 521 MuH".
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Puc. 2. Crena it uCibITaHUN HOBOTO KOJIBIIEBOTO YILIOTHEHUS

B xauectBe 00pa3ua Juisi MCIBITAaHUK OBLIT B3ST MOPIIEHb, OTPabOTABLIMN CBOH pecypc
CO CKOJIaMH KPOMOK BEpXHeH MOpIIHEBOW KaHaBKU. [ ero BOCCTaHOBIEHHUS BEPXHIONO
KaHaBKY PAaCTOYMJIM Ha BEJMYMHY PaBHYIO BBICOTE CKOJIOB (CM. pUCYHOK 3). BricoTa HOBOM
pacTOUYEHHOH MOPIIHEBONH KaHABKM COOTBETCTBOBaJa BHICOTE MeEHbIIEH Ha 25% BBICOTHI
JIBYX IITaTHBIX TIOPIIHEBBIX KOJIEIL.

Puc. 3. [TopmieHs ¢ pacTO4eHHOI MepBOii MOPITHEBOH KaHABKOI! MO IBa KOMIIPECCHOHHBIX KOJBIIA

BricoTy mepBoro koipla oOcTaBMIM 03 W3MEHEHHMH, a BBICOTY BTOPOTO KOJIbIA
YMEHBIIWIHN Ha 25% myTéM nummdoBaHMs OJHON MOBEPXHOCTH HAa NUIHM(OBAIHHOM CTaHKE.
YcTaHOBKY KOJIeIl IPOU3BOAMIN TaKUM 0Opa3oM YTOOBI TEIJIOBBIE 3a30pbI, HEOOXOIMMBIE
JUIl KOMIIEHCAllMM TEIIOBOTO PpacUIMpeHUs], ObIIM pa3HECEHBl B IIPOTHBOIIOIOKEHHBIC
CTOPOHHI (CM. PHCYHOK 4).
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Puc. 4. Pactionoxenue KOMITPECCUOHHBIX KOJICL B paCTO‘{eHHOﬁ l'IOpH_IHeBOf/'I KaHaBKC

Takoil MOHTaXx 0OECHeudJ MOBBIINICHHE AABJICHUS CXKATHUsI, OTHOCHTENIHHO IITATHOTO
pAcIOJIOKEHHsI MOPIIHEBBIX KOJEL, HaXOAAIIMXCS B HHIUBUAYAJIbHBIX KaHaBKaX, B
cpenHeM Ha 5%. JlaHHBIH pe3ynpTaT OBUI JOCTUTHYT 3a CYET WCKIIOUEHMsS MPOITyCKa
CKMMaEMOro BO3/lyXa Ha TaKTE «CXKaTHUA» yepe3 TeMJI0OBOi 3a30p.

Ilocne ucmbITaHWit Ha CTEHAE C OTPEMOHTHPOBAHHBIM IOPIIHEM, Ui CpPaBHEHHS,
IIPOBEJIN JIOTIOJIHUTEIIbHbIC UCTIBITAHUS C HOBBIMH AETAIAMH IMIMHAPONOPIIHEBON IPYTIIIBI
(cM pHCYHOK 5) — BTyJKa IMJIMHAPA, HOPIIEHb CO MITATHBIM PAacIlOI0XEHHEM MOPIITHEBBIX
KOJIeTI, TIOPIITHEBBIE KOJIbIIA, TOPIIHEBOH Masel.

.

Puc. 5. HoBblil nopiiieHs ¢ yCTaHOBJIEHHBIMHM HA HETO HOBBIMH MOPITHEBBIMU KOJIbIIAMU

IToCKONBKY IIeJIb HCHBITAHUS 3aKI0Yaiach B MpoBepke 3(D(HEKTHBHOCTH HOBOIO
YIUIOTHECHUA, TO MNPHU UCIBITAHUAX Ha MOPHICHH MOHTHUPOBAJIOCH OJUHAKOBOE KOJIMYECTBO
KOJIEI, YCTAaHOBJICHHBIX COTJIACHO TTOCAIOYHBIX MECT:

— Ha CTapoM MOpILHE YCTaHaBJIMBAJIOCh JBAa KOMIIPECCHOHHBIX KOJIbLA B OJHY
MEPBYIO MOPLIHEBYIO KAHABKY U MAacllOChbEMHOE KOJIbIO Ha IITATHOE MECTO.

— Ha HOBOM I[IOpPIUHE YCTAHABJIMBAJIOCH JBa KOMIIPECCHOHHBIX B UITATHBIE
MEPBYI0 U BTOPYIO KaHAaBKH, M OJHO MAacllOChbEMHOE KOJbLO, HA IITaTHOE
MECTO.

Jmg  9HCTOTHI  SKCIIEPUMEHTa, WCIBITAHUS HAa CTEHAE C HOBBIMH JICTAISIMH
LIIMHAPOIIOPITHEBOW TPYIITBI MIPOBOIIIN Ha TEX XKe PeXUMax, YTO U C BOCCTAHOBICHHBIM
mopmHeM. [lepen 3aHeceHHEM pe3yJbTaTOB B MPOTOKOJI MCIBITAHWUI NMPOBETH OOKATKY C
LIEJTBI0 TIPEABAPUTEIBHON MPUPaOOTKHA TPYIIMXCS MMOBEPXHOCTEH HOBBIX JETalel Ha BCEX
pexxumMax B Tedenun 20 MuHyT. [1o CTeYeHHN JaHHOTO BPEMEHH, ObUT TPOBEAEH AEMOHTAXK
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KPBIIKK OWIMHAPA. [IIOTHOCTH mpuieraHusl MOPIIHEBBIX KOJEl K BTYJIKE LMJIMHIPA
MOJTBEPIWIN CBETOBBIM METOJOM. 3aMepbl AABICHUS CXKATUSA MPOBOJWIN JIEKTPOHHBIM
npudopom «Depas Handy». Pe3ynbpraTsl 3amMepoB AaBieHus CKaTHs 3aHEC)U B Tabuiy 1.

Tabnuya 1

BeanuuHa JaBJeHHUs CKATHSA IITATHOIO U HOBOT'O YIUIOTHEHUSA

JaBnenue cxatust, MIla
149vun’’! 255muH’! 391 mun’! 52 1 mun’!
Hosoe yniioruenne ¢
JBYMSI IOPIIHEBBIMH
KOJIbIIAMH B OJHOM 1,96 21 2,16 2,36
KaHaBKe
[lItaTHOE YyIIIOTHEHKE C
JIByMS KOJIbLIAMH B
HMHIUBUYaTbHBIX 1,95 1,97 2,1 2,13
KaHaBKaxX

CpaBHUTENBHBIN aHAJIN3 Pe3yJbTaTOB IKCIIEPUMEHTA MOKa3all, 4To 3()(HEKTHBHOCTH HOBOT'O
KOJIBLIEBOTO YIUIOTHEHUS IO CPaBHEHHUIO CO INTATHBIMM JBYMs KOJBI[AMU COCTaBUIIA: NPHU
gactore Bpamenus 149vun™ Ha 0,6%, mpu yacToTe BpameHHs 255 MuH' Ha 6,2%, npu
gactore BpauteHus 391 mun™ Ha 2,8%, npu uactote Bparenns 521 mun" Ha 9,7%.

[MomyaeHnsle pe3yabTaThl Mokazanu 3()(HEKTHBHOCTH HOBOTO KOJBLEBOTO YIIOTHEHHS,
HCXOJd U3 3TOT0, €r0 MOYKHO INPUMEHATH HE TOJIBKO ISl BOCCTAHOBIIEHHS MOPIIHEN, HO U
IIPH IPOU3BOJCTBE HOBBIX JAU3EICH.

Hambomnee cymecTBeHHON NHpPUYWHOW BEI3BIBAIONICH HW3HOC IMJIMHIPOBOW BTYIKHA U
MIOPIITHEBBIX KOJIEI], MOXKHO Ha3BaTh UCTHUPAHNE MX pabOYHMX MOBEPXHOCTEH OT CHIIBI TPCHUS
[13]. MakcumanbHasi Harpy3ka OT CHJIbl TPEHUSI BOSHUKAET B palOHE MEPBOIO MOPIIHEBOTO
KOJbIIa, M3-32 BBICOKMX TEMIIEpaTyp M BBICOKOTO JaBieHUsA. KoMIpeccHOHHBIE KOJIbIa
paboTalOT B YCIOBHSX TPAHUYHOW CMa3KH, MPHU KOTOPOH TOJIIUHA MACISHOU IUIEHKH HE
MIPEBBIIIAET Pa3MEPOB HECKOJBKUX MoJekyn [14]. MacasHplii cioil Takod TONIIUHBI
KpaliHe HEeyCTOWYMB, ¥ €ro pa3pylIeHHE NPHUBOAUT K Oojee YCKOPEHHOMY W3HALIMBAaHHIO
BTYJIKU IIWJIMHJPA U MOPUIHEBHIX KoJier]. CieoBaTeabHo, Ul yBEIHUEHHs pecypca aeTaneit
LMJIMHIPONIOPIIHEBOM TPYIIIBI, HEOOXOANMO CHU3UTDH (DAaKTOPBI, BIUSIONINE HA pa3pyLICHHEe
MAacJSIHOTO CJIOS MeXay pabouel HMOBEpXHOCTHIO IMOPIIHEBOTO KOJbIIA M CTEHKH BTYJIKH
muuHApa. Takke HEeoOXOIMMO CO31aTh YCIOBHS sl OOECHedeHUs YCTOWYHMBOTO,
HaJ&XHOTO MACITHOTO CJIOs, KOTOPBI 00yCIaBiIMBaeTCsl TOJIIMHOM M oOecredeHnem
HaHeceHUs cMa3ki. HoBoe koiblieBO€ YINIOTHEHUE JAaET BOZMOXKHOCTh HE TOJIBKO MPOJIIUTh
pecypc TOpIIHS, HO M TO3BOJISIET yOpaTh OJHY W3 IIPUYMH BIMSIOMIEH Ha paspylIeHue
MacisgHOW TuI€HKH. Hanwmuwme TeruoBoro 3a3opa B KOHCTPYKIMHM IIOPUIHEBBIX KOJIEI]
SIBIISICTCA HEOTHEMJIEMBIM KOHCTPYKTHBHBIM 3JIEMEHTOM, IIO3BOJISIONINM IIPOU3BOAUTH
MOHT@XX M JIEMOHTaXX KOJIEIl, a TaK)Ke KOMICHCHPOBATh TEIUIOBOE pacIIUpEeHHe OT Harpena
BO BpeMs paboTel. IloMMMO TOJIOKUTENBHBIX CBOWCTB, IOPIIHEBOH «3aMOK» TaKkKe
SIBISIETCS W MPUYMHOM pa3pylleHUs MaciasHOM IUIEHKU. Pa3pyiieHue MaciasiHOM IUIEHKHU
MIPOUCXOTUT 3a CYET IBIKEHHUS dYepe3 IOPIIHEBOH «3aMOK» C OOJIBIION CKOPOCTBIO U
TEMIIEpaTypoi C)KUMaeMOT0 BO3/lyXa Ha TaKTe «C)KaTHe» M OTPabOTAaBIIMX I'a30B HA TaKTE
«pacIIUpPEHUs», BCICACTBAE PA3HOCTH JABICHHH HaJ KOMIPECCHOHHBIM KOJBIOM U IOJ
HuM. CayBaHHME CMas3KH CO CTEHOK IIMJIMHIpA MOXET 00pa3oBaTh CyXxoe TPEHHE IIpH
B3aMMOJEHCTBUM TPYHIUXCS JeTaled IWINHIPONOPIIHEBOM TIPYMNBI, U KakK CIEACTBUE
MOXET BBI3BaTh YCKOpEHHBIH H3HOC. HeoOxommmo OTMETHTH, YTO B Tpoliecce paboThI
JIBUTATEIs BEJIMYMHA TEIUIOBOTO 3a30pa YBEIMYMBAETCS, B CBS3U C UCTHPAHHUEM HAPYKHOU
MTOBEPXHOCTH KOJBIA, BCJIEJICTBHE 4UYEro o00JacTh «CAYyBaHWSD) MACITHOW IUIEHKH
pacmupsiercs. HoBoe KONbIeBOE YIJIOTHEHHE ITTO3BOJISIET MOJTHOCTHIO yOpaTh HETaTHBHOE
BIIMSTHYE TIOPIIHEBOTO «3aMKay, MPHYEM HE3aBUCUMO OT €ro BeJWYMHEBL {1 obecrieueHus

83



Hayunsie npoodiemsl 6001020 mpancnopma / Russian Journal of Water Transport _Ne82(1), 2025

bosee YCTOﬁQHBOFO U HaAEKHOTO MACISHOTO CJI0sS Ha CTCHKE nujinHApa, B KOMIIJICKT
HOBOI'0 KOJIbIEBOI'0 YIUIOTHCHHUSA BXOJIUT KOHCTPYKTHUBHO I[Opa60TaHHOC KOJIbIIO (CM.
PUCYHOK 6), YCTaHaBJIMBAEMOC€ BO BTOPYIO HITAaTHYIO KaHABKY IMOPIIHA.

T

T

Puc. 6. KoHCTpyKTHBHO JOpaboTaHHOE KOJIBLO, YCTAaHABIMBAEMOE BO BTOPYIO IITAaTHYIO KaHABKY
MOPUIHS

B KOHCTPYKIHMIO IITATHOTO KOJIbIIA, YCTAHABIMBAEMOTO BO BTOPYIO IITAaTHYIO KaHaBKY
MIOPIIIHSA BHECEHBI CIEAYIONINE U3MEHEHUS:

1. PacroueHa mo BceMy MepUMETpy KONblieBas KaHaBKa, II03BOJIAIOIIAS
PaBHOMEPHO PacIpeelsTh MaciIo Ha BCEH MOBEPXHOCTH «3€pKalia» LUINHIPA.
KanaBka pacraumBaercsi Ha ri1yOuHy B mpezaenax 0,5-1MM, B 3aBUCHMOCTH OT
pa3MepoB MoOpuIHeBOro kombla. l[llupuHa KaHaBKM yMEHbBIIAeT IUIOLIA/b
KOHTaKTa pabodell MOBEPXHOCTH MOPIIHEBOTO KOJNbIA CO CTEHKOH IMIMHApA
Ha 40%, 4TO COOTBETCTBYET BENMYMHE MEHBIIECH IUPHUHBI KAHABKU IITATHOIO
MacJIOChEMHOTO KOJIbIIA. YMEHBIIEHHE IUIOMAAM KOHTAKTa BO3MOXKHO IO
MIPUYMHE OTCYTCTBHUS TIPOIyCKa I'a30B Yepe3 HOBOE KOJBIEBOE YIJIOTHEHHE,
KOTOpBIE SBIISIFOTCS IPUIMHON yBEINYEHHS AABICHUS MIPHKUMA, BIUSIONIEE Ha
CKOPOCTB M3HOCA ITOPITHEBOTO KOJIBIIA.

2. Jns obecnieyeHusi cMasKoii, B Tejie KOJbLia IPOCBEPIMBAIOTCS 15 paanaibsHO
pacroyiokeHHBIX OoTBepcThif, amamerpoM 0,5-1MM, B 3aBUCHMOCTH OT
pa3MepoB  TOPIIHEBOrO  KoibIla.  JlaHHBIE  OTBEpCTHA  SIBISIOTCSA
HaKOMUTEJIBHBIMU EMKOCTSIMH, Yepe3 KOTOpBIe Macjo IMOMaJaeT B KOJBLIEBYIO
KaHaBKy JUIi pABHOMEPHOI'O pacIpefeleHHs Macjia Ha IOBEPXHOCTH
«3epKaja» HWINHIPA.

3akarouenue

HoBoe koxmblieBOE YIUIOTHEHHE COCTOMT U3 JIBYX KOMIIPECCHOHHBIX — KOJIEIl,
YCTaHOBIICHHBIX B TEPBYIO IOPITHEBYI0 KaHAaBKY M B JOMONHEHHWE K HEMY INTaTHOE
MOPIIHEBOE KOJIBI0O KOHCTPYKTHBHO [OpabOTaHHOE, YCTaHOBIEHHOE BO BTOPYIO
MTOPIIHEBYI0 KaHaBKy. J/laHHAs KOMIDICKTAIUs TOPIIHEH MO3BOJSET HE TOJBKO IPOJUINTH
pecypc NOpUIHS, IYTEM €r0 BOCCTAHOBIICHUS], HO U YMEHBIIUTh HArPy3Ky OT CHJI TPEHMUs, 3a
Ccu€T yBeNMMUYeHHUs OOECTeueHUss W PABHOMEPHOTO HAaHECEHUs Maclia Ha pabodyro
HOBerHOCTL BTyJ'IKI/I HI/IJ'II/IHJIpa. HGOGXO)II/IMO OTMCTUTDH, 4YTO yCTaHOBJ'IeHHI)Ie KOJIbIIa B
OHy KaHaBKYy IIO3BOJISIOT WCKJIIOYUTH BHOpAlMi0 THMA «GiaTTep», KOTOpas IIpH
BO3HUKHOBEHHUH OYJIET TaCUTCS 3a CUET Tella BTOPOTO KOJIbIIA.
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BupryaabHblil TpeHAKEPHbIH KOMILIEKC [VIaBHOM
JHEPreTHYECKOM YCTAHOBKH CYJAHA ¢ BUHTO-PYJIeBON KOJIOHKOMU
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Bomiccxuil eocyoapemeennwiti ynusepcumem 600no20 mpancnopma, Huowenuii Hoszopoo,
Poccus

AHHOTauusi. PaccMOTpeHBI COBpeMEHHBIE TEXHONOTHHM OOy4eHHs B  YCIOBHAX
OTPAaHWYEHHONH BO3MOXKHOCTH IPHMEHEHHS OOOpYHOBaHMS, HMEIONIETO 3HAYUTENbHbIC
MaccorabapuTHble, OSHEpPreTHUecKHe W CTOMMOCTHBIE TOKasaTeNlu. [loATBepikaeHa
11e71ec000pa3HOCTh NPUMEHEHUsI B 00pa30BaTENbHOM IIPOLIECCE TPEHAaXKepa Ha OCHOBE
VR/AR-TexHONOrMii ¥ HMMHUTAIlMOHHOTO MOJEIHMpOBaHMsA. Pa3paboTaH BHPTyalbHbIH
TpPEHaXXEPHBIII KOMIUICKC CYHOBOH DHEPreTHYecKOil yCTaHOBKM Ha 0a3e MOPCKOTO
MACCAXHUPCKOTO Cy[HA, HMEIONIET0 [Ba BHHTO-PYJEBBIX KOMILIEKca. Pa3paboTaHbl
CTPYKTYpa H COCTaB CHCTEMbl T'€HEPHPOBAHHUS M pPACIpPEAEIEHHS DISKTPOIHEPTHH MO
cynoBbIM morpedutensM. CIpoeKTHpOBaH BHEHIHMH BUA CyJHA, MAIIMHHOTO OTACNICHUS,
TTIABHBIX JU3€Nb-TEHEPaTOPOB U JPYroro TEXHOJIOTHYECKOro 000pymoBaHUs. Peann3oBaHb
aITOPUTMBI BBEICHHS B ICHCTBHE CHCTEM, 00ECIICUNBAIOIINX pabOTy AU3EIb-TeHEPATOPOB, a
TAKOKe AITOPUTM 3aITycKa U OCTAaHOBKH IIepBUYHOTO aBurateis. ObecneueHo HHTepaKTHBHOE
BO3JICHCTBHE HA OpTraHbl yIPaBJICHUS CYIOBBIM oOopynoBaHueM. BusyannsuposaHsl paborta
YCTPOHCTB ¥ BpalleHHE BaJlOB JM3elb-T€HepaTopHOro arperata. CmonenupoBaHa
MI03JIEMEHTHAs: KOHCTPYKIUsI BBICOKOBOJIBTHOI'O CHHXPOHHOI'O I€HepaTropa U peald3oBaHa
BO3MOKHOCTh TE€CTHpOBaHHs oOywaromuxcs. OnucaHsl OCHOBHBIE HAMPaBICHUS Pa3BUTHS,
MIPEUIOKEHHOTO BHPTYalIbHOTO TpEeHakepHOro komiuiekca. [lokazaHa menecooOpa3HOCTH
HCTIONB30BAHUA TPEHAKEPHOTO KOMIUIEKCAa B YydeOHOM mporecce AId HOATOTOBKH
KBaIU(UIMPOBAHHBIX KaJPOB.

KnroueBble ciioBa: TpeHaKepHBIM KOMIUIEKC, CyIOBas 3NEKTPOIHEPreTHYECKas CHCTEMA,
VR/AR-TexHONOTHs, BHPTYaJIbHBId TpeHaXKep, HWMHUTAIMOHHAs  MOJeNb, JAN3ellb-
reHepaTOPHBIN arperar.

Virtual training complex of the ship's main power plant with a
helical steering column
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ORCID: 0009-0003-4405-7674

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. The article considers modern training technologies in conditions of limited
possibility of using equipment with significant weight, size, energy and cost indicators. The
expediency of using a simulator based on VR/AR technologies and simulation modeling in
the educational process is confirmed. A virtual training complex for a marine power plant has
been developed based on a marine passenger vessel with two propeller-steering systems. The
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structure and composition of the power generation and distribution system for ship
consumers have been developed. The exterior of the vessel, engine room, main diesel
generators and other technological equipment were designed. Algorithms for putting into
operation the systems that ensure the operation of diesel generators and the algorithm for
starting and stopping the prime mover have been implemented. Interactive impact on the
controls of ship equipment has been provided. The operation of the devices and the rotation
of the shafts of the diesel generator unit are visualized. The element-by-element design of a
high-voltage synchronous generator has been modeled and the possibility of testing students
has been implemented. The main directions of development of the proposed virtual simulator
complex are described. The expediency of using the training complex in the educational
process for training qualified personnel is shown.

Keywords: training complex, ship electric power system, VR/AR technology, virtual
simulator, simulation model, diesel generator unit.

BBenenue

CoBpeMEeHHBIE TEXHOJOTMM, TaKMe KaK KOMIIBIOTEPHOE MOJEIUpPOBaHME, Ccpena
BUPTYJIPHOH M JOMOJIHEHHOW pEaJbHOCTH BCE Yallle 3aHMMAaloT MECTO B IIpoleccax
00y4eHUs 1 TIOATOTOBKH KBATH(HUIMPOBAHHBIX KaIPOB, Kypcax MOBBIMIECHUS KBATH()UKAIN
U J1p., TP HEBO3MOXHOCTH O0OecmedeHUs] y4deOHBIX JabopaTopuii IMPOMBIIUICHHBIM
000pyIOBaHHEM, HMEIOIIUM CYIIECTBEHHBIC MaCCOTa0APUTHBIE I CTOMMOCTHBIC OKA3aTEIH
[1-4]. H3BecTHO, 9TO BOCIHpHATHE HWH(OPMAIMH, MMCIOUICH NETaIbHYIO BH3yaJIH3aIHIO,
MPOUCXOMUT ¢ ©Oomee BBICOKOH 3((EKTHBHOCTHIO. BO3MOXHOCTH  TpEHaKEPHBIX
KOMIUICKCOB OKa3bIBAalOT BJIMSHUE HAa KAa4eCTBO IMOJATOTOBKHU, IPH AaHANH3E CIIOKUBIIMXCS
HEIITATHbIX CUTyaluil, aBapUHHBIX PEKUMOB pPaOOTHI 00OpPYIOBAHUS, BIMSIOIIMX Ha
’KUBYYECTh CyJHA U 0€30IaCHOCTh KOMaHAHOTO COCTaBa.

MeTtoasbl

Pa3paboTaHHbIi TpeHa)KEpHBII KOMIUIEKC IJIaBHOM DHEPreTHUECKOl YCTaHOBKU CyIHA
UCTIONB3YeT TEXHOJIOTHIO BHPTYaJIbHOW pEaNbHOCTH, II03TOMY IIO3BOJIAET CO37ATh
rpadudeckie MOJETH MOMEUICHUH Cy/Ha, YCTAHOBICHHOTO B HUX 00OpPYJOBaHMS, a TAKXKe
YCTPOMCTB, KOTOPBIE MOTYT HaXOAWTHCA M BHE KOPITyca CyiHA, HAPUMEpP, BUHTO-PYJICBBIC
konoHku (BPK). 3a ocHoBy pa3spabatsiBaemoii 3D mMoaenu ObUIO BBIOPAaHO IMACCaKUPCKOE
cynHo BopousMmenieHuem 30 Teic.T ¢ aByMs BPK B kopmoBoi wactu cyaHa U IByMs
TOHHEJSIMH TIOZIPYJIMBAIOLIEr0 YCTpoiicTBa B HOcoBOW. Ha yka3aHHOM cyJHe TiaBHas
JHEepreTHYeckasi CUCTeMa HCIOJIB3yeTCsl IJIS BpaIleHHs AM3eTb I'€HEePaTOPOB IMTAIOIINX
IpeOHYI0 3JEKTPHUECKYI0 YCTAaHOBKY, UYTO MOXET pacCMaTpUBaTbCAd Kak eanHas
3NEKTPOIHEPreTHYECKas CUCTEMA.

Ilman cymHa, CMOAEIMPOBAHHOTO B TPEHAXepe, C MPUMEPHBIM PACIIOJIOKECHUEM
TEXHUYECKHUX TOMEIIEHHUH, OTHOCAIIMXCS K JIEKTPOIHEPreTHIecKoi cucTeMe, MoKa3aH Ha
puc. 1.
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Puc. 1. BHemHMiA BUI CyTHA C TEXHAYECKUMH OMETIECHUSIMHU
1 — mammHHOE oTxeneHune (MO), 2 — oTaeneHue raBHOTrO pacnpenenurensaoro mura (I'PI) u
mwmToB 3nmekrpoaskenust (IO M), 3 — pymnensHoe otaenenue (PO), 4 — BuHTO-pyIeBas KOJIOHKa
(BPK); 5 — momemenne neHTpansHoro mocra yrpasnerns (L{ITY), 6 — otnenenne aBapuiiHON
NIEKTPOCTaHIMH, 7 — pyiaeBas pyOka (PP) (mynst ynpasnenus cynosoautens (CITY), 8 —
noapynupatoiee ycrpoiictso (I1Y), 9 — ornenenue muros ynpasienus [1Y.
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OpHonuHelHas cxeMma eIUHON CynoBoM anekTposHepreruyeckoit cuctemsl (ECIC),
BBINOJHAIOIIEH T'€HEepUPOBAaHHE M paclpeieiIeHHe 3JIEKTPOIHEPTHU MEXAY CYAOBBIMH
MOTpEOUTESIMY, TOKa3aHa Ha pHC. 2. DIEKTPOCTAHIHUS COCTOUT M3 YETHIpeX IHU3eiIb-
redepatopHbix (/II') arperatoB MmommHuocteio 3,5 MBT. Kaxngeiii remepatop G1-G4
MOJIKJIIOYEH K IIMHAM TJaBHOTO pactpeaenutenbHoro mura (I'P1IL) uepe3 aBTomarnyeckne
BeIkmrouareny Q1-Q4, ycTaHoBIIeHHBIE B OTAENBHBIX ceknusax. [Ipu atom rereparopsr G1 u
G2 momxiroueHs! uepe3 BeIkIodaTend Q1 u Q2 k rpymme cOopHBIX mUH I, a reHepaTopbl
G3 u G4 uyepe3 Beikmouatenun Q3 m Q4 x rpynme cOopHeix muH II. CeKImoHHBIH
BEIKITFOUaTeNh 5, ycTaHOBIEHHBIM B ceKiuu Ne3, BBINONHACT (QYHKIUIO OOBEIMHEHUSI
COOpHBIX IMUH 00enX Tpymil. ABTOMATHYECKHH BBIKIIOYATENb Q5 MOXXET OBITH BKIIOUEH
JUIS TIOBBIIICHHS 3araca MOIIHOCTH Ha oObeamHeHHBIX mmuHAX [PI mpm mapammensHOM
pabore renepaTopoB, paborarommx Ha mwmHBL Tpynmnel | u rpynmer 1I. Ilpu paGote
AJIEKTPOCTAHIMM B pPa3leibHOM pexuMe, Korga Q5 pa3oMKHYT, HOTPEOUTENH MOIydYaroT
JJIEKTPOIHEPTHIO TOJIBKO OT TEX HMCTOYHHKOB, KOTOpHIE pabOTarOT HA MHUTAIONIUE LIHHBI
cBoeil rpynmsl. B TakoM pexxnme renepaTopsl MOTYT paboTaTh nmomnapHo napauiensHo — Gl
¢ G2 u G3 ¢ G4. CaenyeT OTMETUTH, UTO BKIOYeHHE Q5 0e3 CUHXPOHU3aLUU BO3MOXKHO
TOJIBKO TPH OTCYTCTBUM HAaIPsDKEHUS HA OJHOM M3 Tpymn cOOpHBIX HmMH. B mporuBHOM
cirydae, Ui BKITIOYeHus. Q5 HeoOX0IMMO BBIIOIHATE MPOLEAYPY CHHXPOHM3AUH [5,6].
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Puc. 2. OnHONMHEHHAS cXeMa eMHON CYIOBOH 3JIEKTPOIHEPTETHIECKON CHCTEMBI

Onekrpoasuratenu M1 u M2 BPK momygaror nuranue ot mpeodpaszoBateneit UZ1 u
UZ2, xoTopble NOJKIIOUEHBI Yepe3 3alllUTHbIE aBTOMaTU4ecKkue BbIkIodarenu Q6 u Q8 k
muHaMm ['PI rpynmer I u rpynnet 1, coorBercTBeHHO. 1 corsmacoBaHusl HampsKeHUH
MIUTAHWS C HANPSDKEHWEM MHUTAHMS 3JICKTPOABHUTATENCH B MPeoOpa3oBaTelsiX yCTAHOBIICHBI
nonmxaromue tpanchopmaropel T1 u T2 - 11 kB / 0,69 xB. Jljst 3amuThl BTOPHYHBIX
o6MoTok T1 u T2 OT KOPOTKMX 3aMBIKAaHHH YCTAaHOBIICHBI aBTOMATHYECKHE BBIKITIOUATEIIH
Q7 m Q9. IlpeobpazoBatenu uactoTel UZ1 m UZ2 obecnednBaioT peryIHpOBaHUE
BEITMYUHBI M YaCTOTHI HanpsbkeHus [7-9] B nuanazone 0+0,69 kB npu 060 I'. 3aganue Ha
M3MEHEHHE BBIXOJIHBIX ApaMEeTPOB HarpsbkeHus npeodpaszosareneit UZ1 u UZ2 nocrynaer
OT I1yJIbTa yNPaBJIEHUs IS pEryJIMpOBaHUs CKOPOCTH BpalieHus BUHTOB BPK.

Ionknrouenne snexrponsurareneii M3 u M4 xommpeccopoB k mmHam ['PII]
BBITIOJTHSIETCS] aBTOMAaTHYECKUMU BhIKItouaTessiMu Q12 u Q13.

VYnpaBneHue CKOpPOCTBbIO BpalleHuss BHHTOB IIY BhINONHSAETCS peryiupoBaHHEM
mapaMeTpoB HAaNpsDKEHUs IMMTaHWs dyeKkTpoasuratened M5 u M6, 3a cuer
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npeoOpazoBateneid uwacrorel UZ3 wu UZ4, nonkmoveHHbix K muHam [PII uepes
aBToMaruueckue Beikimodatenn Q14 m QI15. Curnansel ympasieHHs npeoOpa3oBaTesIsiMU
UZ3 u UZ4 nocTynaroT oT MmysbTa CyJOBOXICHHUS, THOO0 ITyJIbTa MEXaHHUKA.

[Muranue mnorpebuteneid Hanpspkennem 230 m 400 B ocymectBisercs yepes
yCTaHOBJICHHBIE B pacnpeenurenbHbix cekuusix [P monmxkaromue tpancdopmaropst T3-
T6, nmeromue 1o aBe BTOprYHBIE 00MOTKH ¢ HanpspkeHueM 230 i 400 B cooTBeTcTBEHHO.
Kaxnprii  TpancopmaTop  MMeeT  3aIUTHBIA ~ aBTOMATHYECKUH  BBIKITFOYATEIb,
YCTaHOBIICHHEIN B TepBUYHONW 0OMOTKe. Bropmunbie oomorkn T3-T6 momxmogaroTcs K
COOCTBCHHOW TpyIIle INIHH, MMEIOMINE OIpelesieHHbIl Habop moTpebureneii. Kaxxaprit
OTXOIAIINH Puaep MMeeT CBOH 3aUTHRI aBTOMATHYCCKUH BBIKIIIOYATEIb.

Pe3yabTarsl

MainuHHOE OTACTICHUE UMEET JBa MMOMEIICHHUS, PACIIONI0KECHHBIC MO JICBOMY U IIPABOMY
oopram. Ha puc. 3 mokazano momemeHune MO seBoro OopTa, T/ie PacloONIOKCHBI JIBa
JTU3eNb-TeHEPaTOpa MOIMHOCTHIO 3,5 MBT KaxbIil U JOMOJHUTEIBHOES 000pyIOBaHUE NS
obecrnieuenus padotsl JII': xomrpeccop, OaUIOHBI BBICOKOTO MaBJCHHUS, HACOCHI H JP.
VYnpasieHue 3anycKoM B OCTaHOBKOW [ BBIMONHSACTCS OT MECTHOTO IMyJIbTa yIPaBICHHUS
(MITY) wnu quCTaHIIMOHHO ¢ myJibTa cyaoBoautests (JITY).

Puc. 3. BHemHui BUI MaIIMHHOTO OTACICHUS

B Hacrosiiuii MOMEHT peanu30BaHa BO3MOXKHOCTb 3allyCKa AM3eNs MO ILITATHOMY
aJrOPUTMY, PEryJUPOBAHUE €ro CKOPOCTHM BpALICHHMsT M OCTAHOBKA IPHU JOCTHKEHUH
KOHTPOJIHMPYEMBIX MapaMeTpOB IMpPeeNIbHO-IONYCTUMBIX 3HaueHuil. Ha puc. 4 mokasaHa
0JIOK-CXeMa allTOpUTMa 3ayCKa U OCTAHOBKH JU3EJIs.

Jlns mratHOW paboOThI au3esss HeoOxomuma padoTa BCIIOMOTATENBHBIX CHUCTEM IS
oOecrieueHHs OXJIKICHUS BUraTeNIsl, CMa3KH 3JICMEHTOB JBUTATEIIS U MMOIa4M TOILIHBA [0,
10-12]. Tlyck nam3ens BBIMOJHSIETCS 3a CYET MOJA4YM B IWJIMHIPHI BO3/JyXa BBICOKOTO
JIABJICHUS, KOTOPBIA 3aKayMBaeTCs KOMIIpeccopoM B OawioHbl. [lns mnopaepkaHus
HEOOXOIMMOTO JABJICHUS BKIIIOYAETCS CHUCTEMa aBTOMATHYECKOTO KOHTPOJS BEIWIHHBI
JABJIICHUS, KOTOpAas YIPaBISET AJICKTPONMPUBOIOM KOMIIpeccopa. AINTOPUTMEBI pabOTHI
CHCTEM OTPaXXCHBI B BUJC OJIOK-CXEM Ha PUCYHKaX S5 1 7.
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Ha puc. 6, ¢ moka3aH BHEUIHWI BUJ TAHENM IyJbTa YNPaBICHUS KOMIIPECCOPOM.
BeiOop mynbTa ynpaBiieHHs BBIIOJHSETCS HEPEKIIOYaTENIeM, HMEIOLIMM  IOJI0KEHHS
«LOCALYy - mectHoe ynpaBnenus 1 KREMOTE» - nuctaHninoHHoe ynpaBieHHe.

Jnst mycka 3JeKTpoJBUTaTeNsl KOMIpeccopa ¢ MECTHOTO IyJibTa HEOOXOAUMO IOJaTh
CUJIOBOE MUTaHHE NOBOpoTOM BbIKmMouarens «POWER» mnpu stom BriodaeTcs jgaMmna
«SUPPLY» u maxaruem Ha kHONKYy «RUN». Ilocme ycmemmHoro 3amycka KoMmIpeccopa
3acBeunBaeTca Jsamma «RUN». Crpenka ammepmerpa OymeT MOKa3plBaTh 3HAYCHHE
MOTPEOISIEMOTO  3TIEKTPOIBUTATETIEM 3JIEKTPUIECKOTO0 TOKa. B cirydae HeoOxommmocTn
OTKITIOYCHHUSI KOMITpeccopa HYKHO HaxkaTh Ha KHONKY «STOP». OcHOBHO# pexum paboThl
KOMIIpecCopa — AaBTOMAaTHYECKHH, KOTZa MpPH JOCTIDKCHHH YCTAaHOBJIEHHOTO YPOBHSA
JABIICHUS 3JIEKTPOJBUraTeNb KOMIIpEeccopa OTKIOUYaeTcs. B aBTOMaTHUecKOM peknMe
BBINIOJTHSACTCS TIO/IICp)KaHKe JIaBJieHUs B ripeaeiax 18-28 bar.

Crnenyer OTMETHTB, YTO IAHENW YIPABJICHUS IPYIHMMH IPUBOJAMHU HUMEIOT CXOXKHH
BHEITHUH BHJ U HA0Op OPraHOB YIPaBJICHHs U WHANKAIHH.
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Puc. 6. MecTHBIH My BT YIPaBICHUs: @) KOMIPECCOPOM, 6) IBUraTesieM

Ha nuueBoit maHenw mynbTa ynpaBieHHs aurareneMm (cM. puc. 6, 6) yCTaHOBICH
MepeKIrovaTeNlb BeIOOpa mocTta ympaeineHus «MODEy», uMmeromuii Tpu TOJ0XKEHUS:
«LOCALy - mectHoe, «<BLOCK» - 3a010kupoBaHo, «KREM» - nucranumonHslit. Takxke Ha
MAHEeJN PACIOJIOKEHBI: JIaMIla TOoToBHOCTH JBurartens k mycky «KREADY TO START»,
nmamma coctosHug auszens « WORKY, maMmmbl aBapuitHOro npenynpeskKAeHUs MOBBIIEHHON
Temnepatypsl oxnaxmaromeil xuakoctu «HIGHT TEMP» u HHM3KOrO maBieHHMS Macia
«OIL PRESSUREpY, knomka aBapuiiHoro octanoBa «EMERGENCY STOP». Taxxke Ha
IIAHEJIM YCTaHOBJICHBI WHJIMKATOPBHl KOHTPOJIMPYEMBIX I1apaMeTpoB C OTOOpaKeHHEM
pabo4mx U MpeeIbHBIX BETHIHH.
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B ciydae BBITIOTHEHHUS BCeX HEOOXOMWMBIX YCIOBHU IS ITycKa IBUTATEIS 3aTOPaeTCs
mamma «KREADY TO START», uro paspemiaer Haxkatue Ha KHONKY «START». B xoxme
mycka Ha uHankatope «BAR» oroOpaskaercsi CHHKEHHE 3HaYEHHs JTaBJICHHS BO3/1yXa, a I0
Mepe pasroHa Ha wuHaukatope «PRM» — ckopocts BpameHusa. Ilpum nocTmkeHUn
JIBUTATEIIEM YCTAHOBJICHHBIX O0OPOTOB XOJIOCTOrO Xoja 3acBeumBaetcs yamma « WORKY,
4yTO TOBOpUT O rotoBHoctu JII' ycTaHoBkM Kk mnpuemy Harpysku. Kuomka «RESET»
IIpeJHa3HaueHa [l KBUTUPOBAHUS CUTHaJla aBapuH, BBI3BAHHOTO UPE3MEPHBIM CHUXEHUEM
JIABJICHUS] MJIM TIOBBILICHHEM TEMIIEPaTypBbl, OCIIe YCTPaHEHHUS OIIUOKH.

JIns mTaTHOM OCTaHOBKH NBUTATENST HEOOXOMUMO HaxaTh KHONKY «STOP», mpu s3Tom
3aIyCTUTCS TIPOIIECC PACXONIaXUBAHUS IH3eIb-reHeparopa. Korma nBurarens 0oCTaHOBUTCS
Ha naHenu ynpasieHuss noracHeT Jsamna «RUN». Ilocme 3TOro  OTKIHOYaroTCs
ANEKTPONPUBONBI  BCIOMOTATENBHBIX CHCTeM HaxatneM Ha kHomkn «STOP» wu
OTKITIOYeHHEM nuTaHus BeikimtodarereM «POWER» B monoxxerue «0».

JIng n3yueHust yCTpoicTBa BBICOKOBOJIBTHOTO T€HEpaTOpa B TPEHAKEPHOM KOMILIEKCe
npenycMorpeHa 3D MoJiens ero KOHCTPYKIMU. B MoJesp BCTPOEHO /IBa peXHMa: PEKUM
oOyuenuss (cM. Puc. 8, a) um Tectupyrommii pexum (cM. Puc. 8, 06) ¢ yuactuem
IpernoiaBaTes.

a) 0)

Puc. 8. Cuena BupTyansHOit Mosen. BHeIHMI BHI 3JIEMEHTOB pa300paHHOTO BEICOKOBOJIBTHOTO
CHHXPOHHOTO T€HEepaTopa: a) peKuM 00ydeHus, 0) pexKUM TecTa

Oocy:xaenue

Hcxons U3 BO3MOXKHOCTEH TpeHa)Kepa, OH MOXKET OBITh HCIIOJIL30BaH IS

- O3HAKOMIJICHHUS C ychOﬁCTBOM Cy}lHa, OCHOBHBIMHU TCXHUYCCKUMHU
IIOMCUICHUAMU, O60pyJIOBaHI/IeM MAIMHHOI'O OTACJIICHUA U q)OpMPIpOBaHI/ISI
HaBBIKOB OPHEHTHPOBAHMUS 110 CYAHY,

—  HW3YYEHHUsS COCTaBa MIEKTPoobopynoBanusi, Bxosimiero B ECOC;

— W3YYCHHs KOHCTPYKIIMHM CHJIOBBIX JJCKTPHUSCKHX MAIIMH W Ha3HAUYCHUS
000pyIOBaHUS TEXHHYECCKIX TIOMEICHUH CYIHA;

— O3HaKOMIICHHSI C BCIOMOTAaTEIbHBIMH CHCTEMaMH [U3EIb-TeHEPaTOPHON
YCTaHOBKH U UX IPUHIIUIIOM JICHCTBUS,

—  W3YYCHHS W YCBOCHHS aTOPUTMAa YIIPABICHUS ITYCKOM/OCTaHOBOM CYyIIOBOTO
JIA3EJILHOrO IBUTaTEeNIs.

3akaouenue

IIpennoxeHHbI  BUPTyalbHbIH  TPEHAKEPHBIM  KOMIUIEKC  CYIOBOM  €IMHOM
AIEKTPOIHEPTETHUECKON CHCTEMBI BHEJpPEH B Y4UeOHBIH Ipollecc AJs CTYJEHTOB OYHOM U
3a04HOl (OpM OOyUeHHSI C LENbI0 H3Y4YCHUS PA3IHYHBIX PEKHUMOB PabOThl CHIIOBBIX
arperaToB M CHCTEMBI YIPaBJICHUS MOPCKOTO Cy/IHa.
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Pa3paboTka 3xcnepuMeHTAJbHONH YCTAHOBKH VISl MO/JE€JTUPOBAHUSA
O/THOKOHTYPHOI CHCTEeMBbI OXJIAMKIEHHUsI CYA0BOIO0 JTU3eIs
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AHHoTanms. MaTepual, NpeACTaBICHHBIA B TaHHON CTaThe, MPEJHAa3HAu€H Uil PEeLeHUs
3a7a4d O BO3MOXKHOCTH HCIHONB30BaHUS OJHOKOHTYPHOH CHCTEMBI OXJIAXICHHUS CYIOBBIX
ZIM3eNeH, YCTAaHOBJIGHHBIX Ha CyJax NMPUOPEXHOro IUIaBaHMs B paifoHaX CeBepHBIX Mopeit
Haleil crpaHbl. B mpemioskeHHOH cxeMe OXJaKAEHUs CyNOBBIX AM3eled Ipeanaraercs
OTKa3aThCsl OT BHEIIHEro KOHTypa 3a00pPTHOHM BOJBI, @ OTBOA TEIUIOTH OT OXJIaKIAIOIICH
JKUIKOCTH  NIPOM3BOJUTCS  KOHBEKTUBHBIM  CIIOCOOOM B OKPY)XAIOIMH  BO3ZYX.
PaccMoTpeHHOE MECTOPACIONOKEHHUS XOJIOAMIBHAKA MO3BOJINT TAKKe PEHIUTh MpodieMy ¢
o0lielcHeHNeM JJIEMEHTOB KOHCTPYKIMH B HOCOBOH 4YacTH CyAHA, 4YTO OO0ECIeduT
6e301MacHOCTh JKCIUTyaTalUW B 3WMHMH mepuox. IIpomsBegeHo ommcaHWe OCHOBHBIX
TEeXHUIECKHX XapaKTEPHCTHK YHEPreTHUECKON YCTaHOBKH KaTepa OyKCHPHOTO THITAa IPOEKTa
376, a TakKe pacCMOTpPEHa CXeMa CYIIECTBYIOUIEH CUCTEMBI OXJIXKICHHS JTAaHHOTO Karepa.
Pa3zpaborana ycraHOBKa, HWMHTHPYIOLIasi OJHOKOHTYPHYIO CHCTEMY  OXJIQXICHUS,
I03BOJISFONIAs] HA PAHHMX 3Tarax MPOSKTUPOBAHUS ONPEACIIUTE TeOMETPHYECKIE ITapaMeTphl
TpyOBI-XOJIOWIbHIKA, KOTOpas MPEIyCMOTPEHa B KaUuecTBe ammapara JUisi OTBOJA TEIUIOTHI
OT OXJAXIAMOMEH >XHUIKOCTH CyJOBOTO AW3eNs. YKa3aHbl HA3HAYEHMS COCTaBILIOLINX
JJIEMEHTOB U CIOCOOBI ONpEAeleHHs XapaKTepHU3yIOIIUX MapaMeTpoB pa3pabOTaHHOM
yCTaHOBKH. JlaHHYIO YCTAQHOBKY MOXXHO WCIIONB30BAaTh OIS MMHUTAIUH OJHOKOHTYPHOM
CHCTEMBl OXJaXIEHHsS JAPYTHX THIOB CYIOB TPH NPHMEHEHHH COOTBETCTBYIOMINX
[apaMeTpoB COCTABILIIOIINX OJIEMEHTOB YyCTaHOBKM. Ha pa3paboTaHHOW ycCTaHOBKe
IIpeJyIaraeTcsl IpOBECTU UCCIIC0BAHUE MIPU PA3IMYHBIX YCIOBUSAX OKpY)Karolleil cpesl U ¢
HCTIOIb30BaHMEM Pa3HBIX THUIIOB OXJIAXKAAIOIINX JKHIKOCTEH, KOTOPBIE MOTYT OTJIMYAThCS MO
(U3UYCCKIM TTapaMeTpam.

KiouyeBble cJI0Ba: CHCTEMa OXJXKACHUS, OXJIAKIAIOMAsS IKUIKOCTh, KOHBEKIHS,
TerooOMeH, mpoekT 376, TWMaHmHpb, Nany0da, WMHTAIMOHHAs YCTaHOBKa, TpyOa-
XOJIOIUIIbHHK.
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Abstract. The material presented in this article is intended to solve the problem of using a
single-loop cooling system for ship diesel engines installed on coastal vessels in areas of
northern seas in our country. The proposed cooling system scheme suggests abandoning the
external contour of ballast water, and heat removal from the coolant is carried out
convectively into the surrounding air. Located in the location of the refrigerator will also help
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solve the problem of icing of the structural elements in the bow part of the ship, which will
ensure safety during winter operation. An overview of the main technical characteristics of
the power plant of the tug boat project 376 has been performed, as well as a consideration of
the existing cooling system of this catamaran. Developed a setup that simulates a one-loop
cooling system, allowing at an early stage of design to determine the geometric parameters of
the tubing-cooler, which is provided as an apparatus for removing heat from the cooling
liquid of the ship's diesel engine. Designated components and their functions are outlined,
along with the methods used to determine the defining parameters of the developed setup.
This installation can be used to simulate a one-loop cooling system of other types of ships,
using appropriate parameters of the components of the setup. On the setup under
development, it is proposed to conduct research under various conditions of the surrounding
environment and using different types of cooling liquids that may differ in physical
properties.

Keywords: Cooling system, coolant, convection, heat transfer, project 376, deck, hull,
simulation setup, tubing-cooler.

BBenenue

OT yCJIOBHIl 3KCIUIyaTallid CYIOBBIX JHEPreTHUYCCKHUX YCTAHOBOK M UX MEXaHHU3MOB
3aBHCUT HMX HaJCKHOCTh. IJis 3 GeKTHBHOI pabOTHI CYIOBBIX JBHUraTejeid BHYTPEHHETO
cropanus  (CABC), Heo0XoauMoO  00ECHCYUTh  IOCTOSIHHOC  OXJIAXKACHHEC WX
TCIUIOHAIPSDKEHHBIX JeTalel, K KOTOPhIM MOXKHO OTHECTH IMJIHHIPOIOPIIHEBYIO TPYIIITY,
KPBIIIKHA OWIHHAPOB U APYTHE ACTANH.

TpaguunoHHO CynoBEIe cHCTeMBl oxJaxaeHHs JBC BBITOMHAIOT IBYXKOHTYpPHBIMH,
IZIe BHYTPCHHUH 3aMKHYTHIH KOHTYp OTBEYaeT 3a OXJIAXACHUE TEIUIOHANPSIKEHHBIX
IeTajel  MOCPENCTBOM  OXJIAXNAIOMIed  JKUOKOCTH,  BBINONHAOMEH  (QyHKIHIO
TeIUIoHOCHTENNs. HasHaueHne BHEUTHETO0 KOHTYpa (Pa3OMKHYTOTO) 3aKI0YaeTCS B OTBOJE
TEIUIOTBI OT BHYTPEHHETO KOHTypa, 3a0paHHOW TCIUIOHOCHUTEIIEM B  CYIOBBIX
TEIUI0OOMEHHUKAaX. Pabodas »KHUIKOCTh, KOTOpas IMPKYJIUPYET BO BHYTPEHHEM KOHTYpE,
KaKk IpaBWJIO, — 3TO INpEecHas BOJA, a BO BHEIIHEM Pa30MKHYTOM KOHTYPE HCIIOJIB3YIOT
3abopTHYIO BOAy [1].

B HEKOTOPBIX YCIOBHSAX 3KCIUIyaTallMd CYJOB MOCTYIUICHHE 3a00pPTHOW BOABI BO
BHCIIHUH KOHTYp uepe3 3a00pTHBIC SIIUKH CTAHOBHUTCS 3aTPYIHHTEIBHBIM IPOILECCOM,
Jlake B HEKOTOPBIX CllydasiX HEBO3MOXXHBIM [2,3]. DTO MOXET BO3HUKATh, HalpUMEp, B
CBSI3H C 3aCOPCHHEM KHMHICTOHHBIX SIIUKOB, BHI3BIBACMBIM 3arpsS3HEHUSME TOW aKBaTOPHH,
IIe OKCIUTyaTHpyeTCs CyIHO, WIH C OOJeIeHCHHEeM 3a0OpPTHBIX SIIMKOB, HE
MpeJHAa3HAYCHHBIX U1 OJKCIUTyaTallid B JICJOBHIX YCIOBHSX, WIM TPH IUIAaBaHUM Ha
MEJIKOBOJIbE, & TAK)KE BBI3BIBATHCS APYTUMH IPUIHHAMHU.

B mHacrosmee BpeMs IMHPOKOE NPUMEHEHHE HANUIM JBYXKOHTYPHBIC CHCTEMBI
OXJIAXJEHUSI C 3aMKHYTHIM BHEIIHHMM KOHTYypoM [4], B KOTOPBIX OTCYTCTBYET
HEOOXOIMMOCTh 3a00pa BOABI JJISI BHEUIHETO KOHTypa. BMecTo 3TOro Boja BHEIIHETO
KOHTYpa OXJIAXIACTCS B CICIHMAIBHBIX YCTPOWCTBAX, KaK HAMPUMEp OOIIMHBOYHBIC HIIH
O60pTOBBIC TEMIIOOOMEHHHUKH, OOKCKynepsl W Ap. [5,6]. CymecTByeT Takke NpaKTHKa
HCTIOJIb30BaHUS BOJIbI M3 0A/UTACTHBIX IIMCTEPH B KAU4eCTBE CPebl i cOpoca TerioThl [7],
OTBOAMMOW OT JBHTATe]el dHEPreTHYecKod ycTaHOBKU. OIHAKO, BOJAA, COJACPIKAIIAsCsA B
0aJUIAaCTHBIX MUCTEPHAX, MMEET OIPEICIICHHYIO0 W OTPAaHHYCHHYIO TEIDIOEMKOCTB, UTO IPHU
JUTHTEIEHOW  DKCIUTyaTallid MOXET MPHBECTH JHOO K TIeperpeBy HSHEPreTHIecKoit
YCTaHOBKH, JTHOO K HCOOXOIUMOCTH 3aMEHBI BOJIBI B 0aJNIAaCTHBIX IIUCTEPHAX.

ITocTranoBka 3agaun

ABTOpPBI B CBOEM MHCCIEJOBAHUM pPAcCMaTPUBAIOT BO3MOXKHOCTb OTKaza OT
HCTIONB30BaHMUs 3a00PTHOM BOJIBI B Ka4eCTBE CPeJlbl sl cOpoca OTBOAUMOM TeTUIOTHL. [Ipu
3TOM OTBOJ TEIUIOTHI OT OXJIAXJIAIOMIEH XHIKOCTH BHYTPEHHEr0 KOHTYpa IMpeIIaraercs
OCYIIECTBIISATH IIOCPEACTBOM KOHBEKTHBHOTO TEILTIOOOMEHA B OKPYKAIOIIUI BO3AYX.
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C »TOil menpl0 paccMaTpUBAcTCs BapUaHT IPOBEACHUS BIOJIb BEpXHEH NaiayObl B
HOCOBOM 4YacTH KOpIlyca MOJ IUIAHIIMPEM TpPyObl HEOOXOAMMOro AMaMeTpa W JJIHMHBI
Hannass Tpyba Oyner BBHINONHATH (YHKIHMIO BOAO-BO3AYLIHOTO TEINIOOOMEHHHKA
(xonommipHKKa). Oxnakaarommas Bojga nocie oxiaxaeHus aeraneit CABC ¢ momomrsro
LUUPKYJSIIMOHHOTO Hacoca TIOCTYyNaeT B OJAWH KOHEN TPYOBI-XOJIOJWIbHUKA, TPH
MIPOXOXICHUH TI0 KOTOPOH MPOUCXOIUT OTBOJ TEIUIOTHI M M3 APYIOro KOHLA 3TOH TPyOBI
OXJIQXKIICHHAs BOJA OCTyMaeT 0OpaTHO B ABUTATEIb.

OnmcaHHBIN cITOcO0 OXJIAXKICHUS TIPeIaracTcsl HCIOIb30BaTh HA CylaX MPHUOPEKHOTO
IUTaBaHUS TUIA OYKCHPOB B ceBepHOH yactu P®, rre cpemHss rogoBasi TeMIeparypa HIKe
HYJIA.

B ycioBusX ceBepHBIX MOpEH, IZle B OCHOBHOM TEMIIEpaTypa HIDKE TEMIIEPaTypbl
HopMmanmeHBIX yenmoBui  (Hmke 20 °C), 3¢ddexkTuBHOCT NPENTIOKESHHOTO BapHaHTa
oxmaxnaenus nperameit CIABC pmocTturaercs 3a cYeT NPaBWIBHOTO pacueTa IDIOMIaTu
TETI000MEHHHUKA ¥ BO3MOXKHOCTH €r0 Pa3MEIeHUs] B HOCOBOW 4acTH BepXHel MaiyObl 1ox
TUTAHIIHPEM.

TemooOMeHHUK TpezyiaraeTcsi pa3MelaTh MEXIy IUIaHIINPEM M HACTUIIOM BEpXHEU
naxyObl, T/I¢ BHEIIHEH CTEHKOH TEIIOOOMEHHHKA OyIeT SBATHCS (aibIIOOPT CymHA IO
NepuMeTpy HOCOBOH uacTu. Pa3melneHue TemIo0OMEHHHMKa IpeajaraeMbiM 00pa3oM
MO3BOJINT TaKXKE INPENOTBpAIlaTh OOJICICHEHNE BEpXHEH NalxyObl, YTO YIYUIIUT
MOpPEXOAHBIE XapPAKTEPUCTHKU CyJHA B 3UMHUI IIEPHOA M TOBBICHT 0€30IacHOCTH
TUTABaHMS.

Heab padoTsl

Lenpro naHHOW wYacTH MCCIEAOBAaHUA SIBIAETCA CO3JaHHE HKCIEPUMEHTATIbHOU
YCTaHOBKH, MOJIEIHUPYIOILEH MPOoLeCcC 0TBOA TEIUIOTH OT oxJiaxaarouieil sxkuakoctu CABC
€CTeCTBCHHOI KOHBEKIIMEH. YCTaHOBKA ITO3BOJUT OILCHUTH 3(PPEKTHBHOCTH Mpolecca
OXJIKJIEHUS B 3aBUCHMOCTH OT TEMIIEPATyphl OKpYKalomled cpeasl U OT IUIONIAau
TENJI000MEHHHKA.

MaTepnanbl IJIs1 HCCJICI0OBAHUA

B nmaHHON cTaThe paccMaTpuBaeTCs CO3JaHHE JKCIEPHUMEHTAIbHON YCTaHOBKH,
MOJICTTUPYIONIEH OJHOKOHTYPHYIO CHUCTEMY OXJIQXKJEHHWs Ha MpuMepe CyaHa mpoekTa 375
tumna «Spocnasemny (puc. 1).

Bribop maHHOrO cynHa 00YyClOBIE€H (DM3MUECKOH BO3MOXKHOCTBIO KOJJIEKTHBA IS
NIPOBEJICHUSI B JajbHEHIIEM HATYPHBIX HCIBITAHUM TIpeUIaraeMoil CXeMBl CHCTEMBI
oxynaxaeHus. PaccmarpuBaeMoe B KauecTBE OOBEKTa /ISl IIPOBEINCHUS HATYPHBIX
UCTIBITAaHUH CyIHO TpoekTa 376 Tuma «SpocnaBer, JOCTYIIHOE aBTOpaM ISl TPOBEJICHUS
HCCIICIOBAHMS, MpPETEpPIeNo MOACPHHU3ALHMIO, B XOJA€ KOTOPOH B KadecTBE TIJIABHOTO
JBUTATENs ObUT YCTAaHOBJIECH Iu3enb Mapku IM3-238M2.

Cyano mpoekta 376 Ttmma «SpocnaBen» [8] — 3TO OJAHOBMHTOBOH Manblii Oykcup,
NpeHa3HaYeHHBIN Juisi OyKCHPOBKH MAaJIbIX CYIOB M NepeBo3ku B Tptome 10 + 15 ToHH
rpy3a. Ilo apXuTeKTypHO-KOHCTPYKTHBHOMY THITy, CYQHO HMMeEET CEeAJoBaTylo Maimyly c
XO/I0BOI pyOKOW W HajCTpoiikoil Ha BepxHed nanyOe. ['py30Boil TproM M MalIMHHOE
OTJIETICHUE PACIIONIATraloTCs B KOPME.

VYcraHOBIGHHBIH Ha  CyAHE TJIaBHBIH  JABHrartenb  sBIseTcs  V-00pa3sHBIM
YeTBIPEXTAKTHBIM BOCHMUIMIIMHAPOBBIM JTU3EIIEM.
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Puc. 1. O6mmit Bun cynna mpoekra 376 tuna «SIpocnaser

OCHOBHEIE TEXHHYECKHE XapaKTCPUCTHUKU CyJIHA:

JimHa o manyoe, M 21

Iupuna, m -3,98
BricoTa 6opTa, M 2,1

Bonousmemenue, T - 46,9
Ocajka cpensss, M 1,27
Ocazika HOCOM, M - 1,15
Ocajxa KopMoH, M -1,38

TexHuueckue JaHHbIe TIaBHOTO ABUTaTeNs [9]:
Mapxka riaaBHoro gsurarens- SIM3-238M2

MontHOCTE IIaBHOTO ABUTATENs, KBT ----mmmmmm e 176
VY aenpHBIA pacxo TOIUTNBA, T/KBT 1 --------------- 227

Jumetp muiinHapa, MM -130
XoJ nopuHs, MM 140
TeMmneparypa Bojbl Ha BBIXOJE U3 IBUraTels ----- 90 °C

Temmneparypa BoIbI Ha BXOJ€ B IBHTAaTEIb
O0BEM OXJTAXkKIAIOIIEN BOIBI

CucrteMa OXJaXXACHUS TJIABHOTO JBUTaTeNs ABYXKOHTYpHAs, BO BHYTPEHHEM KOHTYype
LUPKYIHAPYET OXIaKAAI0MIast )KUAKOCTh C IIOMOIIBIO BOASIHOTO Hacoca [10].

BonsHoii Hacoc MeHTPOOEKHOTO THIA TIOBBIIIEHHOH MPOU3BOIUTEILHOCTH MapKu 236-
1307010-b1 ycraHOBiIeH Ha mepenHEH CTeHKe OJOKa IWIMHIPOB M IPUBOJIUTCA BO
BpalleHNe KINHOPEMEHHOH Iepesiaueii OT MIKKMBA, YCTAHOBICHHOTO Ha KOHIE KOJICHYATOTO
Basa.

B KkadectBe  OXJaXIaromeH OKUIKOCTH  3aBOJIOM-M3TOTOBHUTENIEM  JBHTraTelIs
PEKOMEHIYeTCsl HCHONb30BaTh B 3UMHHUI TEpUOJ OSKCIUTyaTallMM CMECH C HU3KOH
TeMmreparypoi 3amep3anus [11]. Hanpumep, 3aBogoMm mpexanaraercsi HCHOJIb30BaTh
STHICHIIIHKOJIEBEIE cMecH «40» 1 «65» cormacHo I'OCT 159-52, OK—40 «JIena» u OXK-65
«Jlenay (TY HM3-01-02), a Taxke AOMyCKaeTCsl UCIOIb30BaTh BCECE30HHYIO JKUIAKOCTDH
Tocon A—40M miu Tocon A—65M (TVY 6.02.751-86), y KOTOPBIX TeMIiepaTypa 3aMep3aHus
cocrasisgeT MuHyc 40 °C u Munyc 65 °C COOTBETCTBEHHO.

Janee B cTaTtbe OyneT MPUMEHATHCS TaKXKe TEPMUH «OXJIAXKIAI0IIas KUIKOCThY.

OTBOA TETIOTHI OT OXJIAXKJIAIOMIEH JKUAKOCTH B CYIIECTBYIOIIEH Ha paccMaTpUBacMOM
Cy[IHE CHCTeME OXJKICHHS IPOM3BOAWTCS B 3a00PTHYIO BOAY B TEIUIOOOMEHHHKE,
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KOTOPBIM pacriojlaraeTcsi Co CTOPOHBI MPABOro OOpTa IMoJ BepXHel naiy0oi B HOCOBOW
YaCTH MalIMHHOTO OT/EIICHUSI.

BHemHui KOHTYp CHCTEMBI OXJIaXICHHs NAHHOTO CyJHAa SIBISIETCS PAa30MKHYTBIM C
3a00poM BOABI M3 BoJoeMa M e€ BBHIOPOCOM 3a OOpT. YCTaHOBJIEHHBIH Ha CyJHE Hacoc
3a60pTHOM BOJBI HMEET MOJlady HE MEHee 5 M°/dac.

[lpuHnmnuaneHass CcXeMa CYNIECTBYIOIIEH Ha CyJHE CHCTEMBI  OXJIAXICHHS
MpeACTaBIEHa Ha pUC. 2.

Hupkymnsaus mpecHoi Boabl (OXJIaXKTAromed JKUAKOCTH) MO BHYTPEHHEMY KOHTYPY
oOecrreunBaeTcst HacocoMm 2. Ilociie oxmakmeHdsl neTajiedl IBWUraTels OHa W3 TJIABHOTO
aBuratessi | MOCTymaeT B TEPMOPETYIATOP 3, KOTOPHIH B 3aBUCHMOCTH OT TEMIICPaTypBI
BOJBI HAalpaBJLIET BOAY JINOO K XOJOAWIBHUKY 4, nmnbo mo TpyOompoBoay 5 oOpaTHO K
LUPKYJSIIMOHHOMY HAacocy W Jajee B JABHUTaTeNb ISl OXJIKACHHS JeTajed JBUrarels.
TakuM 00pazoM TEpMOpEryJIsATOp MepepacipeerseT BOLy B OJWH U3 JBYX MapHIPYTOB B
3aBUCUMOCTH OT €€ TeMIepaTypbl, KOTOpas KOHTposupyeTca TepMomeTpoM 6. Cucrema
OCHAIlleHA pPACIIUPUTEIBHBIM 0akoM &, KOMIICHCHUPYIOUIMM HW3MEHEHHs o0beMa
OXJIXK/AIOMIEH JKHIKOCTH B 3aBUCUMOCTH OT €€ TeMmreparypbsl. O0pasyomuiics nap mocie
OXJTAXK/ICHUS IBUTATEIIS TAK)KE HAIPABJISICTCS B PACUIMPHUTEIBbHBIN 0ak 8 mo TpybompoBoay
7. PacmmputenpHbI 0ak COCOMHSACTCS C TPYOOIPOBOIOM IPECHOW BOIBI (OXJIaXKTAIOICH
XHUIKOCTH) ITOCPEICTBOM TpyOompoBoa 9.

Puc. 2. Cucrema oxmaxxieHus cyaHa rmpoekra 376 tuna «Spocnaseip

U3 xunrcTona 10 gepe3 knaman 11 3a0opTHas Boja momaeTcs ¢ IOMOIIbIO Hacoca 12 B
XOJOAWIBHUK 4, IZle MPOMCXOAMWT OXJIAXKJEHHE IPECHOW BOJBI BHYTPEHHETO KOHTYypa
(oxmakaromieil JXUAKOCTH), TOCHe Yero 3a00pTHas BoJia OTBOAMTCS 1O TpyOompoBoay 13
3a OOpT.

Ha puc. 3 moka3zaHa cxema mpeayaraeMoil aBTOpPaMH OJHOKOHTYPHOH CHCTEMBI
OXJIAXJACHHUA C MCIIOJIb30BAHUEM prGI)I-XOJ'[Ol]I/IHBHI/IKa oA TUIAHIIUPEM B HOCOBOM 4YacTH
Cy/IHa B Ka4E€CTBE TEIJIOOOMEHHHKA JIJISI OTBOJIA TEIUIOTHI OT OXJIAXKIAIOIIEH JKUTKOCTH.
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Puc. 3. Ilpeanaraemasi OAHOKOHTYpHasl CUCTEMa OXJIAKAEHU CyJHa IIpoekTa 376 tuna «SIpocnasem

ITocne oxnaxkIeHUs TIaBHOTO ABHraTelns | mpecHas Boja (OXJaKJaromas KHIKOCTb)
NepeHanpaBisieTcss Mo TpyOOmpoBOAy 2 TPeXXOJOBBIM KlamaHoM 3 B 00Xon
CYIIECTBYIOILIETO TeIIooOMeHHUKa 4 B TpyOy-xonoaunbHUK 5. IIpoxokieHue BOJIBI IO
TpyOe-X0IONMIBHUKY, KOTOpas MPOJ0oKeHa 10 MepruMeTpy (GanpmdopTa moJ IUIaHIIUpeM
MPUBOJAUT K BBIACJICHUIO TCIJIOTbI KOHBCKTHBHBIM CHOCO6OM. Ilocae atoro OXJIAXKACHHAA
npecHasi Bojxa (OXJakaarolas XHUAKOCTb) IMOCTYHaeT o TpyobompoBogy 6 oOpaTHO B
JBUTaTeNb. TpPexxomoBoil KimamaH 7 NPEAyCMOTPEH Ui BO3MOXHOCTH HCIIOJIB30BAHUS
CYIIECTBYIOIIETO Ha cyaHe TemiooOMeHHuKa 4. CymecTByrommid Ha cynHe Hacoc 8
obecrieunBaeT NUPKYJIAIMIO BOJBI IO IpeIaraeMoil cucreme.

Crnemyer OTMETHTh, 9YTO TMOJada W HAIOp CYIIECTBYIOIIEIO HAcoca SBISIOTCS
MIPEAMETOM OTAEIBHOTO HCCIICOBAHUS, KOTOPOE aBTOPHI IUIAHMPYIOT NPOBECTH B XOJC
JanbHeen paboThl HaJl MpeiaraeMoi CXeMON CUCTEMbI OXJIAXK ICHUSI.

MeToabl uccaeI0BAHUSA

Ilepen mnpoBejeHWEM HATYPHBIX WCIBITAHWA HAa CyAHE HEOOXOAMMO TMPOBECTH
HUMHUTAITUOHHBIC HUCIIBITAHWA, HMCHOIINEC OCJIBO BBIAICHCHUC pa6OTOCHOCO6HOCTI/I
npeiaraéMon CXeMbl.

JUis  MomenWpoBaHUS — Ipe/UlaraéMod  OJHOKOHTYPHOM  CHCTEMBI  OXJIOKICHHS,
IIPE/ICTAaBICHHOM Ha puC. 3, HE0OXOIMMO BBIIIOJHHUTE PacyeThl IO ONPEIeIICHHIO TpeOyeMon
MOJaYM UMPKYJSIHOHHOTO HAacoca M IUIOMAAM OXJIamuTelns (TpyObI-XOJIOAWIBHUKA),
KOTOPBIH BBITIOJHEH B BUJIE CTAJIbHOW TPYOBI, NMPOJIOKEHHON IOA IUIAHIINPEM B HOCOBOM
4acTH KOpITyca CyJHa.

B kauecTBe oxyaxaaromien )HUIKOCTH UCIIONIb3YyeTCs He3aMep3atonias KUIKOCTH MapKu
Tocon A-65M.

ITomaua Hacoca oxJaxaaromel >KUIKOCTH JIBUTATeNs ompenensercs mo dopmymne (1)
[12,13].

. QT>K'10_3
Cm'pm'At)K,

(M

Qux = K

roe K;=1,2 ... 1,3 — ko3¢ dunmeHT 3amaca mogaqu 1 HACOCA;
At,. =15 °C — pa3HOCTh TeMIEpaTyp OXJAKIAIONICH XKHUIAKOCTA Ha BXOJE W BBIXOJIE U3
[JIABHOTO JBUTATES;
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Oy — KOJIMYECTBO TEIUIOTHI, OTBOAMMON OXJIKAAIOIIEH KUAKOCTBIO OT OXJIaXIAaeMBbIX

JieTaJieil TTIaBHOrO ABUTATENsI, KOTOpoe onpenensercs rno ¢popmyie (2).
QT}Kza'ge'Ne'QI?I- 2

B dopmyre (2) koappunnent o= 12 ... 17 % moxas3pIBaeT AOIIO TEIUIOTHI, OTBOJUMON
OXJIXK/AIOMIEH )KUAKOCTBIO OT OOIIEro KOJMYECTBA TEIUIOTHI, BBIACIIEMOTO B PE3yJbTaTe
Cropanusi TOILIMBA B LIIMHJPE TJIABHOTO JBUTATEIS;

Qf; = 42700 xIx/Kkr — pacyeTHas TEIUIOTa CTOPAHUsI TOILINBA;

cx = 3,7 xJIx/(xr - K) — TermoeMKocTh oXJaxaaromei sxuakoctu [14];

P = 1090 KI/M° — IJIOTHOCTS OXJIKIAIOMIEH KUIKOoCTH [15];

[Tnomans oxmagurens paccuuTeiBaeTcs o Gopmye (3). [16]

F _ Qrx 3
ox K- (Tcp.m_ TCp.BOS)’ ( )
rne K — kodddumueHT Ttemionepenady B CHCTEME («OKHIKOCTH—TPYO0a—BO3IyX»,
Br/ (M- K).

Tepx — CPEOHSAS TEMIEPATYpa XKUAKOCTH, K;

Tepsos — CPEAHSS TEMIIEPATYPa BO3Ayxa, K.

CrnemyeT OTMETHTh, UYTO B KadecTBe IUIAHIIMPSA Ha CynHE IIpoekTa 376 Tuma
«SIpocnaBen» yCTaHOBIICH yrojIOK PaBHOMOJIOYHBIH pazMepoM 70 MM, TO3TOMY B KauecTBe
TPYOBI-XOJOJUILHIKA MPEIIOIaracTcs yCTaHaBIMBATh CTAbHYI0 TpyOy muamerpom 0,076
M jumHOW 12 M u ¢ tommuHON cteHkd 0,002 m. Takum o6pa3om, B 3aBUCHMOCTH OT
pacyeTHOl IUIOIANM OXJaauTelNs, MOJy4eHHOH 1o Qopmyne (3) MOXHO ONpeneTUTh
o0yl JUIMHY TpyObl M KOJMYECTBO PsIOB TPYObI, pazMeliaeMod MOA IUIaHIIHpEM Ha
CyIHE.

Onucanue ycTaHOBKH

Ha puc. 4 npeacraBneHa cxeMa SKCHEPUMEHTANBbHOH YCTAHOBKH, WUMHUTHPYIOLIEH
IpejUIaraéMyr OJHOKOHTYPHYIO CXEMY CUCTEMBI OoxJaxaeHHs. C HCIOIb30BaHUEM JaHHOMN
MMHTAIlMOHHOH YCTAHOBKM IIPEAIIONIAracTcsi INPOBECTH HCCIENOBaHUA 3(PPEKTUBHOCTH
HCTONB30BaHUS OJHOKOHTYPHOW CHUCTEMBI OXJAXKACHUS Ha NpHUMEpE CyAHA HpoekTa 376
«SIpocnaBeny, myreM (GpU3NIECKOro MOIEIUPOBAHHS JaHHOM CHCTEMBI.

Puc. 4. Cxema sxcriepuMeHTaNbHON yCTaHOBKU

1 — umMuTanMoHHas TPyOa-XOMOAMIBHUK; 2 — IUPKYJIALHOHHBII Hacoc; 3 — HarpeBaTeNnbHBII Oak;
4 —neKTpoHarpeBaTesb ¢ CUCTEMON TEPMOPETYIUPOBaHUS; 5 — KOHTPOJIbHO-U3MEPHUTENbHBIC
puOOpPEI
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YcTaHOBKa BKJIIOYACT B CeOs MMHUTAMOHHYIO TPYOY-XOJIOAMIBHUK 1, C TOMOIIBIO
KOTOPOH TIAHUPYETCS OLCHUBATH 3P PEKTUBHOCTh TCIUIOOOMEHA MPU PA3JIMYHBIX YCIOBUAX
OoKpyxaromie cpenpl. @opma TpyOsl TaKKe UMUTUPYET HOPMY TUTAHIIHUPS CyTHA.

VICTOYHHUKOM TEIIOTHl B UMHUTAIMOHHOW yCTAHOBKE CIYKHT HArpeBaTeNIbHBIN Oak 3 ¢
anektpoHarpeBatesieM 4. OObeM HarpeBaTeIbHOTO 0Oaka COOTBETCTBYET O0BEMY
OXJ@KIAIOUIE  JKUAKOCTM B jABMUrartene. HarpeBaTeslbHbII  3J€MEHT  OCHAIEH
TEPMOPETYIIATOPOM, KOTOPHIH CITOcOOEH MOIAep)KUBaTh MAaKCHUMAIBHYI0O M MUHHMAJIbHYIO
TeMIepaTypy Kak B CyIOBOM Im3elie. OTH 3JEMEHTH B JaHHOW YCTaHOBKE UMHTHUPYIOT
TJIAaBHBIN IBUTATENb KaK HCTOYHUK TETUIOTHL.

KonTtponsHO-m3MepuTenpHbIE  TPUOOPEI B COCTaBE MJAHHOW YCTAHOBKH JTOJDKHBI
obecrieynBaTh Kak MUHUMYM H3MEPEHHE TEeMIIEPAaTyphl M Pacxo/a NUPKYIUPYIOMIEH cpeabl
Ha BXOJIE U BBIXOJIE U3 CHCTEMBI.

DneMeHT 1 COOTBETCTBYET TpyOe-XOJNOMUILHUKY. B TaHHOM ciiydae OH MMeECT JJIMHY,
pPaBHYIO MEpUMETPY HOCOBOM HacTH cyAHa mpoekrta 376 «Spocnaseny. [logada Hacoca 2
ompenensercss wucxoas u3 ¢opmynsr (1), a muamerp TpyO 6 ONpPEACHAIOTCS IO
CYILIECTBYIOIIMM Ha CyJHE TPYOOIPOBOIaM CUCTEMBI OXJIaXKIACHHUSI.

B kauectBe uMpKynupyromeid cpeapl B JaHHOM HCCIEJAOBAaHUU IUIAHUPYETCS
paccMoTpeTh, KaK BOAY, TaK M pa3iIMYHBIC He3aMep3arollne KUIKOCTH, TaK KaK ITOCIICTHUE
HUMEIOT OTJIMYHBIC OT BOJBI TEIDIOEMKOCTE M JPYTHE CBOMCTBA, BIUIOMINE HA TETIOOOMEH.

[ocpencTBoM Teopun TOHOOMS MOXHO OymeT paclIpoCTpaHHTh Pe3yIbTATHL,
MOJTy9ICHHBIC Ha JAHHOM SKCIIEPUMEHTAIBHON YCTAaHOBKE Ha JIPYTHE THITHI CYJIOB.

B Hacrosmiee Bpems yCTaHOBKAa HAaXOAWTCS B MPOIECCE M3TOTOBICHUS, B YaCTHOCTH,
Mo100paHbl COCTABJISIONINE alapaThl YCTAHOBKH, TAKHE Kak Oak-HarpeBaTelib U CUCTEMa
TEPMOPETYJIALNY, H3rOTOBIICHA HMMUTAIIMOHHAsA TpyOa-xomomwibHUK. Heobxomumo
ONPEJICIUTh COCTaB KOHTPOJIBHO-U3MEPHUTEIbHBIX MPUOOPOB, OCYIIECTBUTH COOPKY U
HaJaJ0YHbIC HchbITaHus. Jlamee OyaeT HEOOXOJMMO COCTAaBUTh IUIAH IPOBCACHUS
UCTIBITAHUN ¥ BBITIOJHUTH MPOYHUE MOATOTOBUTEIBHBIC PAOOTHI, YTO SBJISIETCS JJIsI aBTOPOB
IJTAaHOM JalbHEHIINX paloT Mo MpejiaraeMoMy UCCIEI0OBAHUIO.

3akarouenue

ABTOpaMH TpeIo’KeHa cXeMa CYIOBOH CHCTEMBI OXJIAXKICHHUSI C OTBOJIOM TEIUIOTH Oe3
HCTIONB30BaHUSA 3a00pTHOH BOIBI, YTO MOXKET OBITH IONIE3HO MpU paboTe CyIOB B
OTIPE/ICIICHHBIX B CTaThE YCIOBHUAX IKCILTyaTaIlHH.

[IpencrapneHHass B NaHHOH CTaThe¢ WMHUTALMOHHAS SKCIIEPUMEHTANbHAs yCTaHOBKA
MO3BOJISICT TPOBOJUTH HCIBITAHHS, WMEIONINE IeNblo ompeaeneHue 3ddekTuBHOCTH
MMPUMEHCHUA OJJHOKOHTYPHBIX CUCTEM OXJIAXKACHUA HAa Cyaax an/I6pe>1<Horo IJIaBaHUs TUIIA
OYKCHpPOB B YCJIOBHM CEBEPHBIX MOpPEH, TJe CpemHss TOAO0Bas TeMmIepaTypa HUXKe HOJs
rpaaycoB Llenbcus.

Pe3yJ'II)TaTI)I ITPOBEACHHBIX I/ICCHC}IOB&HHI?I IMO3BOJIAT MNPUHUMATL PCIICHUEC 00
aKTyaJbHBIX TapaMeTpax TpyOBI-XONOAMIBHUKA, TaKuX Kak e€ JIuaMeTp M YHCIIO
HEOOXOIUMBIX PSIOB TaKUX TPYyO HpH pa3IM4HBIX YCIOBHUSAX BHEIIHEH Cpeasl, a MMEHHO
TeMIepaType M CKOpOCTH BeTpa. HeoOXomwMo 3HATh TOJBKO IEPUMETP HOCOBOH YacTH
TUTAHIIHAPSL.

CremyeT OTMETHTh, YTO Ha JAHHOH YCTaHOBKE MOXKHO IIPOBECTH HCCIICIOBAHUS C
HCTIONB30BaHUEM pA3HBIX THIIOB TEIUIOHOCUTENCH, KOTOpPBIE MOTYT OTJIHYAThCSA II0
(U3NIECKUM TapaMeTpaM.
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KBa3uzaMKHyTasi MaTeMaTHYecKasi MOJeJIb MepexXoaHbIX
PEKHMOB KOMOMHMPOBAHHOTO TU3eJIs M €€ YHCIeHHAs
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AnHoTtanmsi. CTaThs TOCBSIICHA aKTyaJbHOW mpoOiieMe NOBBIIICHUS 3((EKTHBHOCTH
paboThl KOMOMHHPOBAHHBIX AM3ECH Ha MEPEXOIHBIX M HEYCTAHOBHBIIUXCS peXUMax. B
HacTOsIIIlee BpeMs peIleHHWEe IaHHOW TNpOOJEeMBl HalpaBIeHO Ha COBEPUICHCTBOBAHHUE
CHCTEeMBI Ta30TYPOUHHOTO HAAAyBa U IIPOBOAUTCS C IMHPOKUM HCIOIB30BAHHEM YHUCICHHOTO
IKCIIEPHUMEHTA, YTO MOATBEPIKAASTCS MPEICTAaBICHHBIM 0030pOM HCCiefoBaHui. B cTathe
paccMOTPEHBI OCHOBHBIE MOJIOKEHHSI U IPUHIIUITBI YUCICHHON peantn3anii MaTeMaTHIecKoi
MOJIENN MEePEXOIHBIX PEKUMOB KOMOWHUPOBAHHOTO IH3ENs, OTIIMYAIONICHCS PaCIIUPEHHBIM
MaTEMaTHYCCKUM OIHCAHUEM TEPMOTa30MHAMUYCCKUX MPOLECCOB B MPOTOYHBIX YACTAX
panuanbHO-0CeBOi TYpOHMHBI M LEHTPOOEKHOTO KOMIIpeccopa arperara HaJayBa, a TaKke
YUYUTHIBAIONICH BOJHOBOW XapaKTep MpPOIIECCOB B BBITYCKHOM TPYOOMPOBOAE CHCTEMBI
ra3oTypOMHHOTO HaanyBa. lleHTpaNbHBIMH OCOOCHHOCTSIMH MpEAJaracMod  MOJENH
SIBIISIFOTCS pacyeT TEIUIOBBIACICHHS B IIIMHAPE B HYJIb-MEPHOM MPUOIMKEHHH C yYIETOM
HETOJIHOTH CTOPaHMUs TOIUIMBA MPU HU3KHUX 3HAYCHHAX Kod(duimenta u30bITKa BO3AyXa,
pacder MPOIECCOB B HEPa3BETBICHHOM BBIIYCKHOM TpPyOONpOBOAE B OJHOMEPHOM
HECTALHOHAPHOM HPHOIIDKEHUH C HCIIOIB30BAHUEM METOa XapaKTEPUCTHK M TPAHUIHBIMHE
YCIOBUSIMH Y TYPOHHBI, YUYUTHIBAIOIIMMH MEPEMEHHOCTh €€ PACXOMHBIX U SHEPTECTHYCCKUX
XapaKTEePUCTHK, HETMOCPEACTBCHHBIA pacyeT XapaKTECPUCTHK TYpOWHBI W KOMIIpeccopa Io
MOJIENN CpPEIHEro pajauyca MEpPHIMOHAIBHOrO cedeHUs. OCOOEHHOCTSIMHM YWCICHHOM
pean3anui MaTeMaTHYECKONH MOJICTH SIBIISIFOTCS UCIOJIb30BAHUE PACUCTHOM CXEMBI «OJUH
IIMHAP» ¥ KBa3W3aMKHYTOE MOJEIHPOBAHHE HCXOMHOTO YCTAHOBHUBILETOCS PEXHUMa
paboThl KOMOWHHMPOBAHHOTO MAW3eNsl. B CTaThe MPEACTABIECHBI OCHOBHBIE Pe3YJIbTAaThI
BepU(HKAINH U BATUAAINH PEIAaracMOi MATEMaTHIECKONH MOICIIH.

KioueBble c10Ba: TU3CIbHBIN JBUTATENb, Ta30TYPOUHHBIA HAIYB, MEPEXOMHBIA PEKHIM,
MaTeMaTH4yecKas MOJellb, TPOIECC CrOpaHus, METOA XapaKTePHCTHK, BBITYCKHOU
TpybOnpoBoa,  TypOOKOMIIpeccop,  paauanbHas  LEHTPOCTpEeMHUTENbHas  TypOuHa,
LEHTPOOEKHBII KOMITPECCOP.
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Abstract. The article is devoted to the urgent problem of increasing the efficiency of
combined diesel engines in transient and unsteady modes. At present, the solution to this
problem is aimed at improving the gas-turbine supercharging system and is carried out with
the wide use of a numerical experiment, which is confirmed by the presented review of
studies. The article considers the main provisions and principles of the numerical
implementation of the mathematical model of transient modes of a combined diesel engine,
which is distinguished by an extended mathematical description of thermo- and gas-dynamic
processes in the flow parts of the radial-axial turbine and centrifugal compressor of the
supercharging unit, and also takes into account the wave nature of the processes in the
exhaust pipeline of the gas-turbine supercharging system. The central features of the
proposed model are the calculation of heat release in the cylinder in the zero-dimensional
approximation taking into account the incompleteness of fuel combustion at low values of
the 1 coefficient, the calculation of processes in an unbranched exhaust pipeline in a one-
dimensional non-stationary approximation using the method of characteristics and boundary
conditions at the turbine, taking into account the variability of its flow and energy
characteristics, direct calculation of the turbine and compressor characteristics using the
model of the average radius of the meridional section. The features of the numerical
implementation of the mathematical model are the use of the «single cylinder» calculation
scheme and quasi-closed modeling of the initial steady-state operating mode of the combined
diesel engine. The article presents the main results of the verification and validation of the
proposed mathematical model.

Keywords: diesel engine, turbocharging, transient mode, transient performance,
mathematical model, combustion process, method of characteristics, exhaust pipeline, radial
gas turbine, centrifugal compressor.

BBenenue

B peanpHoIt skcrutyatanuu [IBC pa®oTaioT B yCIOBHAX HOCTOSHHOTO HEPEryJIIpHOTO
HM3MEHEHUs BHEIIHEH Harpy3ku, LUKJIOBOM IMOJa4M, YHucia 0OOpPOTOB KOJIEHYATOro Baja,
TEIUIOBOTO  COCTOSHMSL W psAfa JpYyrHMX IapaMeTpoB, TO ecTh paboTalT Ha
HEYCTaHOBHUBIIMXCSI pexuMax. B Ttakux ycnoBusix sddexruBHbie mnapamerpsl [JBC
OKa3bIBAIOTCS HIDKE BO3MOXKHBIX, OINpPEAEISIEMBIX CTaTHYECKUMM XapaKTEePUCTHKAMH,
BO3pPAcTacT 3MHCCHS BPEIHBIX BEIIECTB, YBEIMYMBACTCA TEIJIOBasT M MEXaHHUYECKas
HaNpsDKeHHOCTh, BeAyllas K CHIDKGHHIO IIOKaszaTeled pecypca M HajgekHoctu. Jlis
KOMOWHUPOBAHHBIX JH3eNeil (mu3enell ¢ Ta30TypOMHHBIM HAQJIyBOM) 3Ta Mpodiema
CTaHOBUTCS ele Oosiee OCTPOH.

HccnenoBannss HeycTraHoBHBHIMXCS pekuMoB JIBC 3aTpyAHEHBI CIIOKHOCTBIO HX
BOCIIPOM3BEJCHUA B YCIOBHSX OSKCIEPUMEHTa M HEOOXOIUMOCTBIO IPHUBICUCHUS
CTaTUCTHYECKUX METOJOB JJISl OLIEHKH BO3ICHCTBUS HCCIeayeMbIX (pakTopoB. Bo MHOTHX
CiIydasx MpHEeMJIEM OTKa3 OT BOCIIPOM3BEACHHUS PEANbHBIX (TO €CTh CIyYailHBIX) BHEITHUX
BO37eHCTBUI Ha uccieayemsiii IBC u mepexoa K MCCIEOBAHUIO MEPEXOIHBIX PEKHMOB
ImpueMa Harpy3Kd M pPa3rOHa II0J HArpy3KoH, SBJISIOUIMXCS YacTHBIM CIIy4aeMm
HEYCTaHOBUBIIHXCS PEKUMOB.

Y  Ou3ens-reHepaTopoB MEPEeMEHHOTO TOKa, OCHAIIEHHBIX KOMOMHHPOBAaHHBIMU
JIM3EISIMU, TIEPEXOJHbIE PEKHMBI IpUeMa HArpy3KH SIBJISIOTCS HauOojee TKEIBIMU
pexxuMamu paboThl. Hu3koe kadecTBo pabOTh Ha HEYCTAaHOBHMBIIMXCS PEXKUMAax MPHUBOJIHUT K
HEJIONYCTUMOMY CHI)KEHHIO YacTOTHI BPAICHMS M YBEIHMYCHHIO JUIMTEIHHOCTH IpoIiecca
IpueMa Harpy3kd C COOTBETCTBYIOIIMM yXYALIEHHEM KadecTBa BbIpaOaTHIBacMON
JIEKTPOIHEPTHH. JIOTIOIHUTENBHBIMHE 3((GEeKTaMH SBISIOTCS IOBBINICHHAs JBIMHOCTD Ha
BBIITYCKE, CHIDKEHHE TOIUTMBHOM SKOHOMHYHOCTH U 3KOJIOTHYECKHX MOKa3aTeNeil.

AKTyaJIbHOCTh MCCIIEJIOBAaHHUI 110 TOBBIIICHUIO KauecTBa paboThl KOMOMHHPOBAaHHBIX
u3eNnell Ha HEYCTAHOBUBIIMXCS M HEPEXOMHBIX PEXHMax MOIATBEPIKIACTCS PSAOM CTaTei
OTEYECTBEHHBIX M 3a PyOEKHBIX aBTOPOB. AKTHBHO HCCIIEAYIOTCS BOIIPOCH MOBBIIICHHS
TUHAMHUYECKHX IIOKa3aTeled mepexonHbIXx pexxumoB [1—4]. He wMeHpmiee BHUMaHWE
yAensercss TpobiemMe CHIKEHUS BpeaHod osmuccuu [5-9]. OCHOBHBIM  OOBEKTOM
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BO3/ICHCTBUI SIBISIETCST CHUCTEMa Ta30TYpOMHHOTO HaJlyBa, WCIOJB3YIOIIAs 3HEPTHI0
O0Tpa0OTaBIIMX TIa30B MOPIIHEBOH 4YacTH JBWraresisi B arperare HaaayBa —
TypOOKOMIIpeccope. AHalu3 BBINOJHEHHBIX paboT TOKa3blBaeT, YTO (HU3MYECKHU
SKCIIEPUMEHT B  paccMarpuBaeMoi  00JacTM  4acTo  JIOHOJIHSETCS  YHCIICHHBIM
9KCIEPUMEHTOM, MO3BOJIAIOUINM MPOBOAUTH MCCIENOBAaHUS B Oojiee MIMPOKOM IUANa30He
BapbUPOBAHUS KOHCTPYKTHBHBIMH U PEKUMHBIMH MTapAMETPaMU.

K macrosmemy BpeMeHH Uii KOMOWHHpPOBAHHBIX nu3edbHEIX JIBC mpemmoskeHO
3HAYUTEIFHOE YHCIO MaTeMaThueckmx wopeneir (MM) mepexomHBIX — pEeXHIMOB,
pa3nuyarommxcst 0a30BBIMH HOAXOAAMH W YPOBHEM CIIOKHOCTH. C HEKOTOpOH moneH
YCIIOBHOCTH 3TH MOJEIU MOXKHO Pa3JelMTh Ha ABE IPyNIbl. B mepByro rpymmy cnexyer
OTHECTH TaK Ha3bIBAEMbIC KBa3WIMHEHHBIE Moaean. Bo BTopyro — Mojenu, 6a3upyroTcs Ha
JICTAIbHOM YHCJICHHOM MOJICIMPOBAHUM Pa0OYMX IIPOIIECCOB B TIOPIIHEBOM YacTh
JBUTaTells U CBA3aHHBIX C HEH cUcTeMax.

IlepBas rpynma MM Bkirodaer padotsl [7,10,11], rme KOMOWHHPOBAHHBINA H3EJIb
NIPE/ICTAaBICH Kak HAOOp OTAENBHBIX JJIEMEHTOB (TaKMX Kak MOPIIHEBAs 4acTh JIBUTaTEs,
TypOOKOMIIpECCOp, PEryJsITop YacTOThl BpAIEHUS W JAPYIue), KaxAbld M3 KOTOPBIX
paccMaTpuBaeTcsd Kak «4EpHBIM ALIIUK» C ONpeeNEHHBIMH BXOJHBIMH W BBIXOJHBIMHU
napamerpamu. [ 3IEMEHTOB COCTaBISAIOTCS JIMHEHHBIE Iu(QepeHnanbHble ypaBHEHHS
(1Y) cucrema KOTOPHIX ONMHCHIBACT NWHAMHKY ABHTarens B memoMm. Kosddumuentsr Y
3aBUCAT OT MapaMeTpoB pabodero mpolecca U Yalle BCEro 3aJar0TCsl MOJIMHOMaMH BTOPOH
WwIn TpeTbeit crenenu. s onpeneneHust KOAQQPUIMEHTOB 3TUX TOJINHOMOB HUCTIONb3YIOTCS
pe3ynbTathl HcnbiTaHui JIBC Ha yCTaHOBUBIIMXCS pEXKMMAaxX MO CIIEHUAIbHBIM METOAHUKAM,
YTO 3aMETHO OrPaHUYMBAET BO3MOkHOcTU MM »stOoi rpynmnel. Ilnmrocom panabeix MM
SIBIIICTCA HU3KHE 3aTpaThl BBIYMCIMTENBHBIX PECYpPCOB, YTO AelaeT MX HICAIBHBIMHU IS
MO/JICTIMPOBAHMUS B PEaIbHOM MacIlTade BPEMEHH.

Bropas rpynnma MM axkTHMBHO pa3BHBAaETCs U B HACTOALLEE BpeMs IpeAcTaBleHa
3HAYUTENbHBIM YHCIOM paboTr [2,5,6,9,12-16]. [laHHble MOJenu XapaKTEePU3YIOTCS
OOIIHOCTBIO 0a30BBIX IIOAXOAOB. B 4acTHOCTH, Ui ONHMCaHMS BHYTPHLIMIMHIPOBBIX
MIPOLIECCOB ~ WCIIOJIB3yeTCS XOPOLIO OTpabOTaHHAas MOAENb HYJEBOH Pa3MEpHOCTH,
OCHOBaHHAsl HA PaBHOBECHOM TEPMOAMHAMHYECKOM IPEICTABICHHH JAHHBIX IIPOLECCOB.
Jis pacuera mpolecca CropaHus dalle BCEr0 HCIONB3YeTCs OAHO30HHAS MOJENb C
ONpENEIeHUEM KOJINYECTBA BBIIECISIOMIEHCS TEIUIOTHI O YTy MIOBOPOTa KOJIEHYATOrO Bala
(oOpamaer BHMMaHME MIMPOKOE HCIONb30BaHWE ypaBHeHus M. M. Bube s pacuera
TerioBbIeNeHus). B pabore [6] peann3oBaHa ABYX30HHAs MOZENb CrOpaHMs, a B padoTe
[15] Tpex3oHHast MOJIENb C BNIEMEHTAMH UCKYCCTBEHHOW HEHPOHHOU CEeTH.

BryckHOH u BBIMYCKHOH TpPyOONpOBOABI PAacCMaTpUBAIOTCS B KBa3HCTAI[HOHAPHON
HyJb-MEPHOI ITOCTAaHOBKE 3a HCKIIOYeHHeM paboTel [16] rme mpolecc B BBITYCKHOM
TpyOOIpOBOJe TPHUHUMAETCS OJHOMEPHBIM HecTalMOHapHBIM. PaboTa Kommpeccopa u
ra3oBoil TypOHMHBI arperata HaJayBa OIMCBHIBAETCS IKCIEPHUMEHTAIBHBIMU CTaTHUYECKUMHU
XapakTepucTukamMu (B pasHbIX paboTax M3MEHsSeTCSl TOJBKO CIOCO0  3a/aHus
XapaKTePUCTHUK).

Pe3ynbTaThl pacCMOTPEHHBIX PabOT MO3BOJISIOT CAENATh CJIEAYIONINE BBIBOIBI. Moiesn
BTOPOI1 IpyNIIEl Jaf0T HanboJjee JeTallbHOE OMMCcAaHue padOThl KOMOMHUPOBAHHBIX JTU3ENCH
Ha TICPEXOJHBIX PpEKUMAaX, OJHAKO TpeOyloT panbHeimero passutus. OcraeTcs
HEPEIIEHHBIM PsiI BOIPOCOB, KACAIOUIUXCSI TOYHOCTH MOJEIUPOBAHMA MPOLECCA CrOPaHUs
Ha HayaJIbHBIX 3Talax IMEepexXOHOT0 PEeXHMa, HEMOCPEICTBEHHOrO BBIYMCIICHHS Pabouux
IapaMeTpoB TypOWHBI M KOMIIpECCOpa MO T€OMETPHHM HX MPOTOYHBIX HYacTeH, a Takke
OIpeJieJICHUs] NapaMeTpoB ra3a B BBIIYCKHOM M BIyCKHOM TpyOOIIPOBOAaX C y4eTOM
BOJIHOBBIX siBJIeHHH. HeoOXoauMOoCTh qambHEHIIIET0 COBEPIIEHCTBOBAHMS MaTeMAaTHIECKOTO
onmcaHus nepexoaHbix pexumoB JIBC hopmupyer riens ganHON paboTHI.

Ienr paboTel — pa3paboTka MaTEeMaTHYECKOH MOJENH TMEPEXOJHBIX PEKUMOB
KOMOMHUPOBAHHOTO JH3EJIbHOTO JABHUIaTeNs, yUUTHIBAIOIIEH BOJIHOBOH XapakTep MpOLeccoB
B BBITYCKHOM TpYyOOIIPOBOJIE CHUCTEMBI Ta30TypOMHHOTO HaJJlyBa, I103BOJISIOLICH
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NPOBOAUTH IPSIMOE BapbUPOBAaHWUE TI'E€OMETPHYECKUX IApaMETPOB IMPOTOYHOW YacTH
TypOoKOMIIpeccopa.
JAnst OCTHKEHHsI OCTABICHHOM LeTM HEOOXO0ANMO PEIIUTD CIIeTyIOLIHE 3a[auu:

— JaTh MaTeMaTH4YecKOe OIMCaHHE TEePMOra30JMHAMUYECKUX IIPOIECCOB,
NPOTEKAOIMX B LWIMHAPE [AM3ENs, BBITYCKHOM TpyOOmpoBome W
TypboKOMIIpeccope;

— TIPOM3BECTH BBHIOOp pAcYeTHOH CXEMbl M pPEaM30BaTh MaTeMaTHYECKYIO
MOJEJIb BEIOPaHHBIMH IIPOTPAMMHBIMH CPECTBAMH;

—  TOXITBEPIMTH aleKBaTHOCTH IIpelaraeMoi MaTeMaTHYeCKOH MOJIETIH.

MaremaTudeckasi MoJejb NEepPexXoaAHbIX PEKUMOB

[pemmaraemass MM mepexoqHBIX PEXHUMOB KOMOMHHPOBAHHOTO TU3ENA OCHOBAaHA Ha
CIEIYIOUINX JOMYyIIEeHUsX:
—  TIpoLECCHI BO BIIyCKHOM CHCTEME KBa3UyCTaHOBUBIIUECS,
— TedeHHe rasa B BBIIYCKHOM CUCTeMe OJJHOMEPHOE HeCTallMOHApHOE;
— Ipolecchl B TOIUIMBONOJAIOIIEH ammaparype, CHCTEME aBTOMAaTHYECKOIro
peryaupoBaHUs CKOPOCTH U BHEIIHEH Harpy3Kke He pacCMaTpHUBAIOTCS;
— B TEYEHHE OJHOTO pabodero MuKiIa padouyue MPOIEcCH BO BCEX IMIMHIPAX
MOPIITHEBON I'PYIIITBI TIOJIHOCTBIO OJJMHAKOBBI (CXeMa «OAWH LIFITHHIDY).
Mopenupyemasi  TepMOra3ofWHaMHU4ecKass CHCTeMa KOMOMHHPOBAHHOTO — JTU3EISA
NpeACTaBICHA Ha puc. |. YpaBHEHUS AWHAMUKH HOPIIHEBOH YacTH M TypOOKomIpeccopa
YCTaHABIMBAIOT MEXaHUUIECKNE CBA3H PAcCMaTPUBAEMOM CHCTEMBI. [Ipoune cBS3M — MOTOKH
Macchl M TEPEHOCHMOH HMMH 3Heprud. QyHKIHOHAIBHBIC 3aBUCHMOCTH IUII MOMEHTa
BHEIIIHEH Harpy3KH U 10JJa4X TOIUIMBA B MEPEXOJIHOM PEKUME YCTAHABIMBAIOTCS HA OCHOBE
OKCIICPUMCHTAJIbHBIX HaHHBIX. TepMOI‘aSO[[I/IHaMI/I‘-IeCKI/Ie napaMeTpbl pPaCCUYUTHIBAIOTCA
HEMOCPEICTBEHHO B IPOLECCE MOIEIUPOBAHHUS.

| Mopaya Tonnuea | dw M, - M, 'Brewnsia Harpyauéé
| qc=fz(t) | dt Ir My = f1(t)
n
[lopwHesas yacTb BbinyCHHoi
TpyBonposog
Oxnapurens LleHTpoGeskHeIH PanuantHo-ocesan
HALLYBOYHOMD BOIAYXa KoMNpeccop Typ6uHa

Y| [dwre Ny-Nc|

. T ...mwdrﬁ

Puc. 1. CtpykTypHas cxema TepMOra3oMHaMU4eCKON CUCTEMBI

Ilopwinesas uacmo. BHYTpUIIHHIPOBBIE MIPOIECCH PACCMATPUBAIOTCS TPATUIIMOHHO
— B HYJb-MEpHOM DPaBHOBECHOM TEPMOJMHAMUYECKOM IMPHOJIMIKEHHH. DTO MO3BOJISIET
ONHUCAaTh HMX YPaBHEHHWEM IIEPBOrO 3aKOHA TEPMOJMHAMUKH JUIS 3aKPBITBIX CHCTEM B
nuddepeHMaIbHON hopMe M ypaBHEHHEM COCTOSHHS HACANTBHOTO Ta3za C MPHUBJICYCHUEM
anreOpandecKuX COOTHONICHHH ISl pacueTa TEIJIOeMKOCTH pabodero Tena (pabouee Teno
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MIPOCTABISAETCA KaK CMECh YUCTOTO BO3AyXa U YHUCTBIX NMPOJYKTOB CTOPAHUS NEPEMEHHOrO
coctaBa), Ko3(h(UIMEHTAa TEIUIOOTHaYd B CTCHKH IMJIMHAPONOPLIHEBOW TPYHIBl U
KOJIMYECTBA BBIACISIONICIiCA TEMIOTHl. YpaBHEHHE IIEPBOrOo 3aKOHA TEPMOAMHAMHUKHI
npeoOpa3yeTcss B KOHEYHO-Pa3HOCTHYIO (opMy, 4YTO TO3BOJISIET TIPOBECTH pEIICHHE
METOJIOM IIOCNEIOBAaTEeNbHBIX NPHOMIKEHUH Ha KakKJOM pPAacd€THOM Iare i IO YyIiy
ITOBOPOTA KOJIEHYATOTO Bajia. ANTOPUTM PEIICHHS MPEICTaBJICH Ha pHC. 2.

TID
|
[
Pacuer TennoessocTei
W T2MOOMHAMWHECHAX NOCTORHHBY
I
- ToM; R
= T
| Tw=T,;

E"QE!J &Qw{
|

TI = I"-—'l'.' Tlll MI - pl“’}t - 1IIII-|—l} +"ﬁ'|:?r:| + ﬂt?m]

i P

Puc. 2. bnok-cxema pacuera mporecca B HWIMHIPE:

¢,; — TEIUIOEMKOCTh pabouero Tena Mmpu NOCTOSHHOM 00beMe; M; — Macca pabodero Tena B IUJIHHAPE;
Vi, u V;— 00beMbl IMINHAPA HAa NPEABIAYIIEM U TEKYIIEM PACYETHOM LIare COOTBETCTBEHHO;
AQ,; — TEIOTa, BBIEIAIONIASACS IIPU CTOPAHUH TOILINBA; AQ,,; — TEIUIOTA, y4aCTBYIOLIAs B
TEII000MeHe;
T;o u T; — TemnepaTypa B LIWIMHJPE EPBOTO U BTOPOTO MPHUOIMKEHHSI COOTBETCTBEHHO;
€ — TOYHOCTB PEUICHHs

Jnst nmepuoja razooOMeHa cucTeMa 0a30BbIMH ypaBHEHHMSMH CTaHOBSTCS ypaBHEHHE
OanaHca SHTaJbNUIT (IEPBBIA 3aKOH TEPMOJAWHAMUKY JIsl OTKPBITBIX CUCTEM) M YpaBHEHHE
MaccoBoro ©Oamanca. KommdectBo paboueil cpensl, Npoxoasiiell dYepe3 OpraHsl
ra3opaclpeeieHus ONPeeNeTCs] ¢ yUYeTOM PeXHMa TEeUSHHS M THIPABINYECKUX IOTEpb,
YUUTHIBAEMBIX ~ KO3((GHUIMEHTOM pacxoja BIYCKHOTO WM  BBIIYCKHOTO  KaHaja
COOTBETCTBEHHO.

MopenupoBaHue cropaHusi — HauOosee nmpodieMHbId Bompoc. [locraBnenHas nenb u
HMEIOIIMECS]  BBIYMCIHUTENBHBIE CPEICTBA MHCKIIOYaeT Kak MpsIMOe MHOTOMEPHOE
MOJICIMPOBAaHKE TEIUIO- M MaccooOMEHa B JABIXKYIIeHcs TypOyJieHTHOW MHOrogasHoil
CHCTEME TIPH CTOPaHMH, TaK U Oosee MPOCTYI0 UX HHTEPIPETAIHIO — MHOTO30HHBIE MOJICIH.
HauGonee mnpuemiembl Hylb-MEpHbIE MOJEJIH, B KOTOPBIX OOIIMI TerioBoi 3¢dext
cropanus onpenesercs: TudepeHranbHON XapaKTEePUCTHKH TETUIOBbIICIICHHSI.

B paccmarpuBaemoit MM nuddepeHnuanbHas XapaKTepUCTHKA TETIOBBLICICHUS
paccunthiBaercs o mojenu B. A. IlerpoBa n B. A. AnekceeBa 1i1s cpeqHehOpcCHpPOBaHHBIX
Jusenedl ¢ OTKpBITBIMH  KaMmepamu cropanus [17]. Ilomydaemass XapakTepuCTHKA
TEIUIOBBIICICHU UMEET JBa MAaKCHUMyMa, YTO OTpa)kKaeT HMEIOLIUECs NPEACTaBICHUS O
(azax cropaHus B JU3EIIX
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dx 25x 3,5 0,5x 3,5
— =220 p%Sexp( —0,714 (£> = ¢%5exp (0,33 <£>
dp @) ® o, ®

1 2

JlomOJTHUTENIFHBIE COOTHOLLIEHUSI MOJICNN TO3BOJISIIOT PACcCUMTATh MEPHOJBI OT Havyasla
Cropasusi 10 MEpBOro M BTOPOTO MAaKCUMYMOB KPHBOH CKOPOCTH TEIUIOBBIAENCHUS (¢ U
©2), a TaKOKe JIOJIN TEIIOTHI, BBIACIMBIIEHCS B IEpBOM U BTOPOH (hazax cropanus (x; U X»).
OTH NEPUOABI U TOJH SABISIIOTCS (QYHKIMSMH OTHOIICHHS JIIUTEILHOCTH IEPHOJIA 3aJEPIKKU
BOCIUIAMEHEHHMS K IIPOAOJDKUTEIBHOCTH TOIUIMBOIOAAYH.

[TonHoTa cCropaHust TOIUIMBA OINpENENseTcsl TEKyIIMM 3HadeHueM Kod(p¢uuueHra
M30BITKA BO3AyXa 0. U KOPPEKTUPYETCS IO CIEAYIONIeH 3aBUCUMOCTH JUII OTHOCHTEIILHOTO
KOJIMYECTBA CTOPEBILETO TOTUTHBA 77, [11]

* 4 (1 ¢ ) (3 3a ) <145
e = 11,45 145) &P 145) *=©
1, a=145

Temnora, ywacTBylomass B TEIUIOOOMEHe, Ui BCEX IEPUOAOB OIpEIeIsieTcsl ¢
MPUBJICUCHUECM KOB(b(i)I/IHI/IeHTa TCILIOOTAa4Y oT ra3oB CTCHKaMH ouiarHAapa,
paccuutbiBaeMoro mo ypasHeruto G. Woschni.

Buinycknoii mpyoonpoeod. IloctapineHHas 1eib TpeOyeT npuBiicueHus cucteMsr 1Y B
YaCTHBIX IIPOM3BOAHBIX THIEPOOTMYECKOTO THHA JJI ONHCAHHSA  OJHOMEPHOTO
HECTAIlMOHAPHOTO TeUCHHE Ta3a, 3aJaHusd HEOOXOJMMBIX TPAHUYHBIX YCIIOBHH (CMEIIaHHas
3amada Komm) m BeIOOpa Hamboiee SKOHOMHYHOTO MeTona pemreHus. J{aHHas cucrtema
BKITIOYaeT B ceOs ypaBHEHHS HEPa3pBIBHOCTH, IBIDKCHHS W JHEPTUH, 3aIHCAaHHBIC LIS
HICAIBHOTO KaJIOPUYECKU COBEPLIEHHOI'O rasa, JBHXKYLIErOCs SHEProM30JUPOBAHHO IO
TPYOOIPOBOAY MOCTOSTHHOTO CEUCHHUS

MeTon XapaKTEepHUCTUK, UCIIOJb3yeMbI B paboTe IJs pelieHHs] OMUCAaHHOW CUCTEMBI
JIY coderaeT MPOCTOTY YMCICHHOW peaau3alMyd C YAOOCTBOM 3aJaHUs U pealu3aiud
rpaHn4HbIX ycnoBuit. Ha mpenBapurensHoM artame cucrema J[Y mpeoOpasyercss B nBe
cucTeMbl OOBIKHOBEHHBIX /1Y 1yt mpsiMO# ¥ 00paTHON BOJIH COOTBETCTBEHHO

ar _ _dulul dg _ Auhl; o

{d—— b L= D) {Z—M (k=1 (1)
ax _ &y

k E_U—l_A k dZ—U A

rae R, Q — nHBapuaHThl PuMMaHa [t ipsMoit u obpatHoit BonH; U, 4 — Ge3pa3MepHEIe
CKOpPOCTH NOTOKAa M 3ByKa B cpeje; X, Z — Ge3pazMepHble KOoOpAWHaTa U Bpems; D, L., —
JMaMeTp U JUIMHA TpyOoIpoBoa.

Jlnst 9UCIIeHHOTO MHTETPHUPOBAHUS CHCTEMBI ypaBHEeHWH (1) MCIIONB30BaH CETOYHBIIM
BapuaHT Merosaa Diiepa. CeTka (UKCHpOBaHHAs, C IMOCTOSHHBIMM BEJIMYMHAMM IIara Mo
6e3pa3mepHOi koopauHate U BpeMeHu (AX u AZ cooTBeTcTBeHHO). IIpu BRIGOpE ImIara mo
BPEMEHH YUYUTHIBACTCA YCIOBHE YCTOWYHMBOCTH, 3ajxaBaemMoe KputepueM Kypanra.
Peann3zoBaHa sBHas pa3sHOCTHAas CXeMa C IIOCIIEAOBATEIBHBIM BBIYHMCICHHEM 3HA4YEHUIl
nHBapuaHToOB R n Q B y3max ceTku (NMpsIMOM M OOpaTHBII «IIPOTOH» COOTBETCTBEHHO) U
HMHTEPIONSAIHNEH TT0 OJHOMY MapaMeTpy — 0e3pa3MepHOMY BpeMeHH (puc. 3).
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Q, R,

i*l,2
i+1,2

Z.f-!‘

d

AX

R'_TQ[-LI | R, R QJ+1.'E

i-1,1 i1 i1 i+1,1

Puc. 3. Cetounas peanuzanusi METOAA XapaKTEPUCTUK

EAMHCTBEHHOCTh M TOYHOCTH PELICHUS CMeIIaHHOM 3amauu Komru A BBITYCKHOTO
TpyOOIpPOBO/a ONpeAesIeTCs HaYaIbHBIMU U TPAaHUYHBIMH YCIIOBHSIMH.

IIpn ycraHOBKE HadaJIBbHBIX YCJIOBHMH INPEATIONAraeTcs, 4TO IOTOK ra3a M3 LWIMHIpPA
HCTEKaeT B HETOABI)KHYIO TEPMOAWHAMUYECKYIO CpEAy C HadalbHBIMH JaBJICHHEM,
TEMIIEpaTypo M COCTAaBOM,  OIpENeNIieMbIMH B  IIOCIEJOBATEIbHBIX  IHKJIAX
KBa3M3aMKHYTOTO MOZEIHPOBAHNUSI.

TI'panuunvie ycnosus. B kadecTBe TI'paHWYHBIX YCJIOBHH HA YydYacTKax IWJIMHAP —
BBIITyCKHOH TpyOONPOBOA, BBITYCKHOW TpyOompoBogy — TypOMHA TypOOKoMIIpeccopa
BBICTYNaeT MOJeNb KaHaja (3KBHBAJEHTHOIO COIUIA) TeUeHHE, B KOTOPOM IPUHHMAETCS
OTHOMEPHBIM, M309HTPOIHBIM U KBa3HCTAI[OHApHBIM. Takoe NpeacTaBiIeHHE I03BOJIAET
CBsI3aTh IIapaMeTphl Ta3a B MPHUCOEANHEHHBIX 00beMax (LMJIMHAP M BBIXOJA U3 TYpOUHBI) C
rapaMeTpamMH rasa BO BXOJHOM M BBIXOJJHOM CEUEHHMSIX BBITYCKHOI'O TPyOOIpoBOIa uepes3
YpaBHEHHUS OJHOMEPHON CTAlMOHAPHOM Tra30JMHAMMKH. OTH YpaBHEHUS pPeIIaoTCs
COBMECTHO C YpaBHCHHSAMH MpPAMOH (i TypOWHBI) W oOpaTHOW (A IMIMHIpPA) BOIH.
Pemenne ocymectBisercs Moau(UINPOBAaHHBIM MeTo1oM HproToHa.

Otnanyme MexXIy TPaHWYHBIMH YCIOBHS 3aKirodaercss B ciexyromeM. Ilotepu Ha
y4acTKe WLWIMHAP — BBITYCKHOW TPYOONPOBOJ YYHTHIBAIOTCS KO3(D(HUIIMEHTOM pacxoja
BBIITYCKHOTO KaHaJIa M KJIANaHHOM IIEJH, 3a/1aBa€MbIM I10 SKCIIEPUMEHTAIbHBIM JaHHBIM B
(GyHKIMK BBICOTHI MobeMa KiianaHa. Kanan (cormio) omuchIBaeT BCIO TypOHHY, a CEUeHHE
coIjia NMPUHUMAETCSI PaBHBIM (G (GEKTHBHOMY IPOXOJHOMY CEUCHHMIO TYpPOMHBI, KOTOpOE
ompeneseTcss 4epe3  pacueT XapakTepUCTHK TypOMHBI Ha  CpelHeM pajauyce
MEpHUIHNOHAIBFHOTO KOHTYpa.

WTepaiioHHbII1 TpoIiece pacyeTa TPAaHUYHBIX YCIOBUH Y TYypOUHBL:

—  (dopmupyroTcsi HE0OXOIUMBIE UCXOJHBIE JIaHHBIE M 3a/aeTCsl TEepPBOE
npubIKeHne 3(pQGEKTUBHOIO MPOXOJHOTO CEYCHHUs] SKBHBAJIECHTHOI'O COILIA
(ufv = frn, TAC f7y — TIOIIAh CEYCHHUS COTUIOBOTO ariiapara TYpOUHE);

— U W3BECTHOTO 3HAYCHUS] WHBAPHAHTHI JJISI NPSMOM BOJMHBI R M 33/1aHHOTO
3HAUCHHMS ufy PEIIaeTcsl cUcTeMa ypaBHEHHMH OJHOMEPHOM Tra30[MHAMHUKH U
omnpeziesieTcsl NaBJIeHHE Ha BXOZE COIUIO (OHO K€ JaBJIEHHE Ha BXOJE B
TypOHHY);

—  (dopmupyroTcs  HEOOXOAUMBIE  WCXOAHBIE  JaHHBIE  (TEOMETPUYECKHE
mapaMeTpsl IPOTOYHOM YacTH TypOWHEBI, TapaMeTPHI T'a3a Ha BXOZE B TYPOUHY
U P OPYTuX) U PAaCCUNUTHIBACTCS XapaKTEPHCTHUKU TYpOWMHBI B TOM YHCIIE
pacxomHas, ompenenseMas BEIUYHHOW 3(P(HEKTHBHOTO MPOXOIHOTO CEUCHHUS
TypOUHBI ufT;
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—  TPOM3BOJAWTCS CpPaBHEHME 3HAYCHHWH ify W ufr, €CIIM 3afaHHas TOYHOCTH HE
JIOCTHTaeTCs, TO IPUCBAMBAacTCs HOBOE 3HAYEGHUE ufy = ufr W mpouenypa
MOBTOpsETCS;

—  IIpH JOCTMXKEHUM 33JJaHHOM TOUHOCTH PACCUMTHIBATHCS 3HAUCHHE MHBAPUAHTEI
JUIA OTpaXKeHHOI BosIHBI Q U P APYTUX MapaMeTpoB.

Typookomnpeccop u oxnaoumenb HA0OYEOUHO20 6030yxa. MaTeMaTHUECKOE ONKUCAHUE
LEHTPOOEKHOTO KOMIIpeccopa M pagnalbHO-OCEBOM TypOWHBI OCHOBaHO Ha CIEAYIOIINX
momymeHusx. Pabowas cpema — KaJOpPHYECKH COBEpIICHHBIH Ta3. TedeHwe cpensl
KBa3WCTAI[MOHAPHOE,  OJHOMEPHOE,  JHEPrOM30JIMPOBAHHOE,  MapaMeTpsl  MOTOKa
OTIPEETISIFOTCS] HA CPEJHEM pailyce MEPHIMOHAIBHOTO KOHTYpa MPOTOYHOM YacTH.

ITonoOHOE TeueHWEe ONMCHIBACTCS YPABHCHMSAMH OIHOMEPHOW Ta30AMHAMUKH C
NPUBJICUCHHEM YpPAaBHCHMH TEOPHM JIOMATOYHBIX MAIIMH U TPUTOHOMETPUYECKUX
COOTHOIIEHUM [ pacdyeTra TPEyrodbHUKOB CKOPOCTEH B XapaKTEpHBIX CEUCHUSAX
NPOTOYHOI YacTH, a TakXke Habopa IOJYIMIMPUYECKUX YPaBHEHHWIl JJIs pacuera HMOTepH
SHEPIUu B 3JE€MEHTaX IMPOTOYHON YacCTH.

Jnst TypOMHBI PacCUUTHIBAIOTCS MOTEPH C BBIXOJHOM CKOPOCTBIO, MOTEPU OT yTEUEK U
Ppa3zeNpHOTO MOBOA Ta3a, MOTEPH B COIIOBOM ammapare U pabodem konece. [locnenaue, B
CBOIO O4Yepelb BKIIOYAIOT B ce0s MpOQUIbHBIC W KOHIEBBIE INOTEPH, a TAKXKE MOTEPH,
CBSI3aHHBIE C HEpacyeTHBIMM YIiaMu Bxoaa (misi pabouero koineca). B pacuerax
YUUTHIBAIOTCSI PEXHMMHBIE TapaMeTpbl TYpOMHBI ¥ KOHCTPYKTHBHBIE ITapaMETpBhI
JIONMATOYHBIX pemeTok. /[l KoMIpeccopa MCHONB3YETCsl APYrod MOAXOA — MOTEpH
pacCUMTHIBAIOTCS OTAEJNBHO ISl  KaKAOTO 3JIEMEHTa IPOTOYHOH dYacTH. M3-3a
OrpaHMYEHHOT0 00beMa CTaThbU YpaBHEHUs JUIS pacyeTa MoTeph He MPUBOASATCS, MOJPOOHO
OHHM TIpeACTaBiCHbI B [17]. YIpOIEeHHBIH aJroOpuT™ pacueTa TypOUHBI MPECTABICH Ha PHUC.
4.

L
M., FEOMETPHSA NPOTOSHOA YACTH,
TEPMOBHHEMHYECKHE NOCTORHHEE
1
P1L= Dz
T
1
Pacuer connosoro ann dpara
Ty, €10 Fr Wi §ar Grw
I
Pacuer pafiouern Honeca
To @z, €2, B2 Wy, $a, Grw

P =p +4p

|Gry — Qrw| =€

PACuET NapaMerpos TypGuHe!
Nronropfr
T

Puc. 4. bnok-cxema pacuera pagnaibHO-0CEBON TYpOHUHBI:
1 — IABICHHE MEXIy COTUIOBBIM alliapaToM M pabodYrM KOJIECOM; p, — AaBJICHHE Ha BBIXOE U3
TypOunsl; Gy 1 Gy — MaccoBbIe Pacxo/Ibl ra3a yepes COIUIOBOM anmapar U pabouee Kojieco
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IIpsimoe MonenupoBaHue OXJNaguTeNs HagayBouHoro Bo3ayxa (OHB) Ha mepexomHbIX
peKMMax CBS3aHO C pEIIeHWeM 3aJaud  HEeCTallMOHAapHOIO  TEIUIOOOMEeHa, dTo
TPYJHOpEAIU3yeMO JaXKE B paMKaX KBa3UCTALIMOHApHOH mocraHoBku. Ilo 3ToM npuuuHe B
MM  MCHONB3YHOTCSL  MPOCTbIE  IOJY3MIIMPUYECKUE  3aBUCHUMOCTH,  IIOJIyYEHHBIC
annpokcUMaIe craTuueckoil ruapasianueckoi xapaxrtepuctuku OHB, mno3pomsromue
paccuuTaTh CHUKECHHUE JABJICHUS M TEMIIEPATYphl HAJyBOYHOTO BO3AyXa

G2 G\ "8 G}

Ap=A—<—) , A, = Apy—;

P p \Go P % po

At = A(T T)(G)_O'2 4, = At
I U T

rae p, T u G —TUIOTHOCTB, TEMIIEpPATypa M pacxo]] BO3IyXa Ha BBIXoje kKommpeccopa; 7,
— TeMIleparypa OXJaxjaromeil >kuakocTu (Boxbl) Ha Bxoxe B OHB; wmazmekcom «0»
0003HaYEHBI apaMeTPbl HOMHHAILHOTO PEKUMA.

YucinenHasi peanu3alus MAaTeMaTH4eCKOi MoJeJ 1N

Kak yxe Opuio oTMedeHO B paccMaTpuBacMoii MM mpuHHMaeTcs OMymieHue 00
UICHTUYHOCTH pabodero mpoiiecca BO BCeX IMIIHMHIPAX B IEPHOJ OJHOTO PabOYEro IUKIa —
CcXeMa «OJMH IMIHHIAP». MojenupoBaHue paboyero mporecca B KaKIOM IHIHHAPE
MOBBIIIAET TOYHOCTh M BO3MOYKHOCTHM MOJENIM, HO U3-32 YCIY)KEHHUS aJIroput™Ma Hu
HEMPONOPLUHUOHAJIBHOTO  YBEJIMYEHUS MAIIMHHOTO BPEMEHM 3aTPYJHSAET 3aMKHYTOE
MOJICIIMPOBAHKIE UCXOJHOTO YCTAHOBHBIIIETOCS PEKUMA, KOTOPOE COBEPIICHHO HEOOXOAMMO
JUISL COTJIaCOBAaHHUS BapbHUPYyeMOW TE€OMETPUM TNPOTOYHOH YacTH TypOOKOMIpeccopa C
MOPLIHEBOW 4YacThi0. OMNBIT YMCACHHBIX WCCIIEIOBAaHUM NOKAa3bIBA€T, YTO HCIOJIb30BaHUE
CXeMBl «OOWH LWIHHAP» O0ECleunBaeT IOCTATOYHYI0 TOYHOCTh MOJCIHPOBAaHUS
YCTaHOBMBILHUXCSI PEXKUMOB IPU CYIIECTBEHHOM BBIUIPBIIIE MAIIMHHOIO BpPEMEHHU.
Peanmuzanuss 3aMKHYTOrO NpUHLMIA MOJECIMPOBAHUS HCXOIHOTO YCTAaHOBHUBILETOCS
peXuMa, HO C HCIOJIb30BAHMEM CXEMbl «OJWH LMJIMHAPY», M IO3BOJISIET Ha3blBaTh
NpeUIaraéMyro MOJIeb KBa3U3aMKHYTOM.

MoaenupoBaHue UCCIEAYEMOTO MEPEXOJIHOTO pekruMa pa3duBaeTcs Ha JBa dTama. Ha
TIEpBOM JTane MIPOU3BOIUTCS KBa3U3aMKHYTOE MOJIEIMPOBAaHUE HUCXOJHOTO
YCTAHOBUBILETOCS pEKHMMa JIBUraTeiss C OINPEAEICHHEM HadyallbHOIO  COCTOSIHUS
TepMOra3oJJUHaMUYEeCKOW cucTteMbl. Ha BTOpOM 3Tane MoJenupyeTcs MOCieI0BaTeNIbHbIN
psan paboumx IMKIOB JBHUTAaTeNls, MPU STOM TMapaMeTphl TEKYIIETO IHKJIA SIBISTFOTCS
HayaJIbHBIMM I mociiefymomero. Jlig  KaXIoro HOBOrO IHMKJIA IO  3aJaHHBIM
(YHKIMOHATBHEIM 3aBHCHMOCTSIM  PACCUUTHIBAIOTCS BEIMYMHBI MOMEHTBHI BHCITHEH
Harpy3kd ¥ LUUKJIOBOM MOJaud TOIUIMBA. Pacuer Benercs Mo yriy HOBOPOTa KOJEHYATOIo
BaJjia C 3aJJaHHBIM IIIaroM.

Bepuduxanus u paauaauus MaTeMaTH4ecKoil Moaean

3agaya BepHHKalMU, PaccCMOTpeHHOH MM, yacTHYHO pelaeTcs HCIONb30BaHHEM
MHOTOKPATHO amnpoOHPOBAHHBIX TMOJXOJ0B W METOMOB MAaTeMAaTHYeCKOTO OIMCAHUS H
YHUCJIIEHHOTO  MOJICIIMPOBAaHUsI  PabOYMX  IPOIECCOB  KOMOMHHUPOBAHHBIX  JIU3EJICH.
Heobxoaumble  JKCIIEpUMEHTANBHBIE ~ HCCIIEAOBAaHHMS ~ ObUTM  BBIMOJHCHBI  HA
cpenneoboporHoM amsene 6UH 18/22 (p,. = 11 6ap, n = 750 muH '), sBIsIOUIMAMCS
NPUBOJHBIM JBHrarenem jausenb-reneparopa JIPA 200/750. Cucrema HajmyBa nu3eist —
JIBYXTpYyOHasi MMITYJIbCHAsl C OXJaXICHHEM HaJTyBOYHOIO BO3AyXa, arperar HajayBa —
typbokommpeccop TKP-14C.26.

BHavane 3amaya Bepu(UKAalMM M BalUJallM pelIajach Ui OCHOBHBIX JJIEMEHTOB
TepMOra30AMHAMUYECKOH CHCTEMBI JBUraTels: LMJIMHAPA, BBITYCKHOTO TPyOONMpoBOIa M
TypOoKomIpeccopa. B xone 3Toro sTana Oblia BEINOJIHEHA HACTPOWKA M OLIEHEHA TOYHOCTD
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MaTeMaTHUeCKUX MOJENeH yKa3aHHBIX »JJEMEHTOB. bbUIM NOJy4eHBl clexyrolue
pe3ynbTathl (M3-32 OrpaHMYEHHOT0 0ObeMa CTaThu Ooliee MOJPOOHO OHM MPEACTABIICHBI B
[17D).

CpaBHeHHE  XapaKTEPUCTHUK  TEIJIOBBIAEJNEHUS A  HOMHHAJIBHOTO  peXHMa
HCCIEAYEMOIro  Au3eis  MOATBEPXKIAeT JAOCTaTOYHYI0 TOYHOCTh  MOJENUPOBAHUS
BHYTPHUIIMIMHAPOBBIX IPOLECCOB B IIEPHO]] CTOPAHHSA — PHC. 5.

X - dx
1 2 3 dy
II,D \ T f"___'_lh__‘ e L e ke sl — D.UE

1A
X
08 \ [ -~ 0,04
06 0,03
% P
0.4 y / / 002

0.0

0.2

|
0 20 40 60 B0 100 i, NKE.

Puc. 5. lupdepeHunanpHas ¥ HHTETpAIbHAS XapaKTEPUCTUKH TETUIOBBICIICHHS:
1 — oTHOCHTETbHAS TOIUIMBOIOAAYA; 2 — SKCIIEPUMEHT; 3 — pacdeT

Mogens W TpHHATasS pacdeTHas CXeMa BBITYCKHOTO TpPyOOIpPOBOIA OMIHCHIBAIOT
peampHBIN Tpomecc C JOCTATOYHOW TOYHOCTH: OJKCIIEPHUMEHTANBHBI W  pacueTHHIN
HMITYJIbCHl JABJICHUS COBNAJAIOT KAayeCTBEHHO, IMOTPEIIHOCTh HE mpeBblaeT 3 % B
CcpeqHeM 3HAYCHUH, HanOONBIINH (a30BbIi CABHT UMITYJIHCOB HE MpeBbimaet 10 rpagycos
MIOBOPOTA KOJICHBAJIA U HAOJI0JaeTCsl B 30HE MaKCUMyMa JIaBleHui (puc. 4).

P, MMa
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Puc. 6. IMnysibesl TaBIeHUs B BHITYCKHOM TPYOOIPOBO/IE Mepes TypOHHOM:
1 — sKcniepuMeHT; 2 — pacyer
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PacueTHple  XapaKTEpUCTUKH  PaaAMAIBHO-OCEBOM TYpOMHBI M  LIEHTPOOEKHOTO
KoMmIpeccopa ¢ OesnomaroyHblM  auddy30poM  XOpOIIO  COTJAacylOTCsl  C
9KCIIepUMEHTaNbHBIMU. Jlist TypOuHBI B oOmactn paboumx 3HaueHWd koaddunmeHra
Hariopa (Oouerie 1,7) MakcHMallbHBIC OTKJIOHCHHS HE mpeBbImiaroT 2,5 % kak it KI1[
TypOuHBI, Tak u I8 3((EeKTUBHOrO INpOXOoJHOro ceyeHus. [ Kommpeccopa Ha
HOMHHAJIBHOH YacTOTE BPAIICHWs IOTPEIIHOCTh I10 CTETEHHW IOBBIIICHUS [aBJICHHA
coctaBimsieT He Oomee 1,5 %, mpU CHWKEHHMM WIM YBEIHYCHHH YacTOTHl BpAIICHHS
MOTPETTHOCT BO3PACTAET, HE MpeBBIast Mpu 3ToM 2,5 % (puc. 7).

E [ |
L5000 rp’
20
18 ,
e &0 000 s’
\
1.6 .

3500000 i

'ﬁ\\:\\

U= X

30 0DF pes !
\‘%
~

25 DO wwe!

|
0z 0.4 06 G, urfe

Puc. 7. Xapakrepuctrka nentpodexnoro kommpeccopa TKP-14C.26:
1 — sKcniepuMeHT; 2 — pacyer

Ha mocnenHem stame oIleHHWBanach TOYHOCTh MOICIHPOBAHUS 33aJaHHBIX PEKUMOB
pabots! aBurartens. OHa ObLUIA BEITIOJIHEHA KaK JJIST HECKOJIBKIX YCTAHOBHBIIHMXCS PEKUMOB
10 HArpy304YHOW XapaKTePUCTUKE, TaK MEPEXOJHBIX PEKUMOB MMPUEMa HArpy3KH pa3iinyHON
MHTEHCUBHOCTH (TIEPEXOHBINA PEKUM TpreMa MOJTHOW HATPY3KH MPENICTABICH Ha PHC. 8).

JUis MomenupyeMoro MepexoJHOTo PexHMa paccMmarpuBaeMas MM IeMOHCTpHpYeT
XOpolllee COBIAJCHUE KAaueCTBEHHOM KapTUHBI M3MEHEHMs I1apaMETpPOB IIPU BIIOJIHE
HpI/IeMJ]eMOﬁ TOYHOCTH. MI3MeHeHHe 4acToT BpallCHUA ABUTATCIId B MEPEXOIHOM PEKUME
PacCUMTHIBAETCSI C MOTPEIIHOCThIO, HE TpeBOCXosmiel 5 %. MakcumMallbHOe OTKIIOHEHHE
3HAYCHUH HaBIICHWS HAJAyBa p, W YaCTOTHl BpalIeHHS pPOTOpa TypOOKOMIIpeccopa 7.
COCTaBIIACT OKOJO 6,5 % ¥ HaOmoJaeTcs B KOHIIE MEpBOil (a3bl MEpeXoaHOTo pexxuMa (B
00J7aCTH MaKCHMAITFHOTO CHIDKEHHS YaCTOTHI BPAIICHHS ABUTATEIIS).
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Py
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Puc. 8. [TepexomHblil pexxuM au3ens npu Hadbpoce Harpy3ku oT 0 1o 100 %:
1 — sKcniepuMeHT; 2 — pacuer; /g — nepeMenienue peiiku THB/I; p, — naBieHue HaxyBa;
npc — 9acTOTa BpAIlleHUs poTopa TypOokoMIpeccopa; M; — MOMEHT BHEIIHEH Harpy3KH;
7 —9acTOTa BPAIIECHUS Bajla JBUTATEIS

3akjao4yenue

1. OO630p BBINOJHEHHBIX HCCICIOBaHUN IOJATBEPIKAACT MIMPOKOE
UCTIONIB30BAaHNE MAaTEMAaTHYECKOrO MOJACIMPOBAHUSI B  HCCIICTOBAHUSIX
MEPEXOJHBIX PEXUMOB KOMOMHHPOBAaHHBIX MAM3ENEH M HEOOXOJHUMOCTH
JaTbHEHIIEero pa3BUTHS TaHHOW 00IacTH.

2. Bepuduxamus Monenu IoOKas3ajga, 4TO MHPH pacyeTe IEepeXxOIHOTO
peKHMMa HauOoJIbIIee PACXOXKACHHWE C OKCIICPUMEHTOM HaOmomaercs B
0o0acTi MaKCHMAaJbHOTO CHID)KEHHH YacTOTHI BpPAIIEHHS IBHIATEINS, UTO
OOBSICHSIETCSI HEAOCTATOYHOW TOYHOCTBHIO pacyera TEIUIOBBIICICHUS B
LWWIMHAPE TPU MalblX 3HA4YCHUsIX Kod(pQuIMeHTa U30bITKAa BO3yXa.
BonHOBOI XapakTep MpPOLECCOB B BBITYCKHOM TPYyOOIPOBOAE CHCTEMBI
ra3oTypOMHHOTO HaJAyBa y4YUTHIBACTCA BIIOJHE  YAOBJIETBOPUTEIHHO
HECMOTpS Ha MIPUMEHEHHUE CXEMBI PacyeTa «OIUH LIHIHHIPY.

3. VYIOBNETBOPUTENBHOE OIMCAHHE TEIJIOBBIIENEHUSI B YCIOBHIX
IIMPOKOTO M3MEHEHHS KOJINYECTBA BIPHICKUBAEMOT'O TOIUIMBA U 110JJaBaeMOTO
BO3/lyXa B HAcTOsAIIEC BPeMs BO3MOXKHO TOJBKO C MPHUBJICYEHHEM MOJEIEH,
pa3paboOTaHHBIX U1  HEKOTOPBIX 4YacTHbIX ciydaeB. OTCyTCTBYIOT
YHHBEpCaJIbHbIE MOJICJIN IPOLiecca CrOpaHusl AOCTYITHBIE K IPUMEHEHHUIO TIPH
MOJIETTMPOBAHNH NTEPEXOTHBIX 1 HEYCTAaHOBUBILIHMXCS PEKUMOB.

4. CoBMeCTHOE WUCHOJb30BAHUE HYJIb-MEPHOW MOJENH IHIMHIPA,
OJHOMEPHOM HECTALIMOHAPHON MOJENM HEPa3BETBIEHHOIO BBIIIYCKHOI'O
TpyOOIpOBOZa M OJHOMEPHBIX MOJENeH CpelHeTro paanyca paanuaitbHO-
oceBOll  TypOMHBI M  IIEHTPOOEKHOTO  KOMIIpeccopa  ITOKa3bIBaeT
YIIOBJICTBOPHUTENBHBIM pPE3y/lbTaT KaK IS YCTaHOBHBIIUXCS, TaK W IS
MEePEXOJHbIX PEKUMOB KOMOMHHMPOBAHHOTO JU3eis. OITO  IO3BOJISIET
MIPOBOANTH NPSIMOE BapbHPOBAHHE TEOMETPHUYECKUX MAapaMeTPOB MPOTOYHON
yacTH TypOOKOMIpeccopa W CYHIECTBEHHO pAacCIIMpSieT BO3MOXKHOCTH
YHCIEHHOTO YKCIIEPUMEHTA.
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Pe3ynbTaThl HCIBITAHUA MO/IEJIH BOJIOMETHOTO ABUKHTEISI
rpy30BOro KaTepa

E.C. lllnmos

C.H. 3eseHnos

Huoicecopodckuii cocyoapcmeennviti mexnuyeckutl ynusepcumem um. P.E. Anekceesa,
2. Huorcnuii Hogeeopoo, Poccus

AnHoTamus. B crathbe paccMaTpuBarOTCs  pe3yNbTaThl MCHBITAHUE  CaMOXOJHOH
MacIiTabHOM Mozenu BomOMeTHOro rpy3oBoro karepa KC-110.2-34. Llens: n3mepeHue u
pacueT OCHOBHBIX XapaKTEpUCTHUK 3JIEMEHTOB IIPOIYJIBCUBHOTO KOMILIEKCA KaTrepa U, B
YAaCTHOCTH, YCTAHOBICHHOTO BOJAOMETHOIO ABMKMUTEIIA, Ml UX MOCIEAYIOLIEIO CPAaBHEHUS C
XapaKTepUCTUKAaMU JPYTUX, BHOBb pa3pa0aThIBAEMBIX BOJOMETHBIX  JBIDKHUTENCH.
Pe3ynbTaThl: CHPOEKTHPOBAaHA M W3TOTOBIEHA MAacIITaOHas MOJENb IPOIYIHCHBHOTO
KOMIUIEKCa, COCTOSIIAs W3 MoOJelell KOopIyca M BOAOMETHOTO IBHKUTENS HCXOJHOM
KOHCTPYKIMH, C YCTaHOBIEHHBIM H3MEPUTENbHBIM O0OpyIOBaHMEM M OJIOKOM 3allUCH
MOKA3aHUM.

[pemnoskeHsl MporpaMMa HCIBITaHUH, METOAWKA OOpabOTKH pe3ylbTaTOB HM3MEPEHHH M
BBINOJIHEHA NIPOBEPKA MX JOCTOBEPHOCTH.

Bru10 ycTaHOBNIEHO, YTO pe3y/bTaThl UCIBITAHUM, OTY4YEHHbIE HA OTKPHITON BOAE, MMEIOT
Malylo MOBTOPSIEMOCTh B CHIIY UX BBICOKOHM 3aBHCHMOCTH OT THUAPO- M METEOPOIOTHUECKIX
YCIIOBHH, a HETIPaBIIBHOE Pa3MEIIEHNE NaTIYNKOB JaBICHHH B MPOTOYHON YacTH BOAOMETA
CHIKAeT TOYHOCTH BBHIITOJTHEHHBIX H3MEPEHUH.

Jnst momydeHus Oosee IOCTOBEPHBIX M CTaOMIBHBIX pE3yNbTaTOB CHETAaH BBIBOA O
HEOOXOZMMOCTH yBEJIMYEHHS MaciuTaba Mojenun U ckopocTH ee xoza. OmpepneneHo
NajbHelIlee HampaBlIeHUss pPaboT II0 COBEPIICHCTBOBAHHWIO INPHOOPHO-M3MEPHTEIHHOTO
KOMILJIEKca.

KnroueBble cji0Ba: BOJOMETHBIE [BIDKHTENM, IPOIMYJIBCHBHBIM KOMIUIEKC, MOJEIbHBIC
HCTIBITAHHSA, TAPAMETPHI PAOOTEHI.

Test results of a model of a water-jet propulsion of a cargo boat

Egor S. Shishov
Sergey N. Zelenov
Nizhny Novgorod State Technical University n.a. R.E. Alekseev, Nizhny Novgorod, Russia

Abstract. The article discusses the test results of a self-propelled scale model of the KC-
110.2-34 water-jet cargo boat. Purpose: to measure and calculate the main characteristics of
the model of a water-jet propulsion system installed on a ship for their subsequent
comparison with the characteristics of other newly developed water-jet propulsion systems.
Results: a large-scale model of the propulsion system was designed and manufactured,
consisting of models of a boat hull and a water-jet propulsion system of the original design,
installed measuring equipment and a reading recording unit.

A test program and a methodology for processing measurement results are proposed and their
reliability is verified. It was found that the test results obtained in open water have low
repeatability due to their high dependence on hydro and meteorological conditions, and
incorrect placement of pressure sensors in the flowing part of the water cannon reduces the
accuracy of the measurements performed.

125



Hayunsie npoodiemsl 6001020 mpancnopma / Russian Journal of Water Transport _Ne82(1), 2025

In order to obtain more reliable and stable results, it is concluded that it is necessary to
increase the scale of the model and its speed. Further directions of work on improving the
instrument and measuring complex have been determined.

Keywords: water-jet propellers, propulsive complex, model tests, operation parameters.

BBenenue

B pabore [1] oTmedaeTcs, YTO BOJOMETHBIH IBIKHTENF HE CHWJIBHO YCTYIAeT IO
NPOIYJILCUBHBIM KauecTBaM I'PEOHBIM BHHTaM, a B HEKOTOPBIX CIydYasX IPEBOCXOIMT HX.
CymecTByeT Ba OCHOBHBIX (h)aKTOpa — KaBUTAIMA M adpauus BOJOMETHOTO IBIKUTEI,
KOTOpbIe OTPHLATENILHO BIMAIOT Ha pabory aBwxuTens. i peleHus 3THX HpodieM
NPUHUMAIOT pa3JIMYHbIe KOHCTPYKTHBHBIE W3MEHEHHS B YCTPOHCTBE BOJOMETHOTO
JIBHDKHUTEIIS.

MopenupoBaHue pabOTHI JBMKUTEINS C y4ETOM BO3HUKHOBEHHUSI KaBUTALMK U adpalvu
HE TIIPEJCTaBISETCS BO3MOXXHBIM aHAUINTHYECKUM IyTeM. OMITUPHYECKHE MOJIEIH,
yucieHHoe 3D-MonenupoBaHue, pelieHHe CI0XKHBIX MaTeMaTHYECKHX CHCTEM YpaBHEHUM
Jal0T JHULIb TPUONMKEHHbIE pe3yibTaThl. [loaToMy, 00s3aTelbHBIM 3TarnoM pa3padoTKu
BOJOMETHBIX }IBI/I)KI/ITCHCﬁ SABJIAKOTCA  HUCHOBITaAaHUA, TMPOBOAAIIUECA B CHCIUAJIBHBIX
OINBITOBBIX OacceiiHaX W KaBHTALMOHHBIX TPy0ax M KOTOpHIC MO3BOJIIOT CPAaBHUTH
pacyeTHBIE TAPaMETPBI C Pe3yIbTaTaMH (PH3HIECKOTO SKCIIEPUMEHTA.

OnHako UCIBITAaHHS, IPOBOJAMMBIC B ONMBITOBBIX OacceliHaX M KaBUTALMOHHBIX TPyOax,
SBJIIOTCS JOCTATOYHO TEXHUYECKU CIIOKHBIMH M (DMHAHCOBO 3aTpaTHBIMH. [loTomy, mus
VIPOLICHHS NPOBEICHUS HKCICPHMEHTOB C pa3pabaThIBACMbIMHU JBIDKUTEISIMH Oblia
co3aHa MacmrTaOHas MOZENb KopIyca KaTepa, H3TOTOBICHHAs ITyTeM IOCIOWHOTO
Harutapienus mwiactuka Ha FFF (Fused Filament Fabrication) 3D-npuntepe. Takas Mojenb
MO3BOJIACT YCTaHABJIMBATb KOHCTPYKTHBHO pas3UYHbIC BOJOMCTHBIC JBHXHUTCIU B
pasMepax OJIHOTO KOpIyca W CPaBHHUBATh OCHOBHBIE MapaMeTpbl UxX paboTel. OYeBUAHBIM
HEAOCTATKOM OTOI'0 PCHICHUA ABJIACTCA 3aBUCUMOCTL OT IHOI'OJHBIX yCHOBHﬁ, TaK Kak
HCOBITaHUA NPOBOJAATCA Ha OTKPBITBIX €CTCCTBCHHBIX AKBATOPUAX, a TAKIKE MaJIbIf pasMep
CTCH[IA, YTO MPHUBOJIUT K HCOOXOTUMOCTH YUUTHIBATh MACIITAOHBIN (haKToOp.

MeTtoasl

B kauectBe 00BeKTa HCCiIenOBaHU OBLT BBIOpaH Tpy30Boii Katep mpoekta KC-110.2-34
(puc. 1) mpomsBoactBa AO «KocTpoMcKOH CymOMEXaHWYCCKHHA 3aBOI». | J1aBHEIC
pasMepeHHsT M OCHOBHBIE XapaKTepHUCTHMKa Karepa mnpuBeneHsl B Tabm. 1. Karep
TIpeiHa3Ha4YeH Ul MEepPEeBO3KM Ipy30B, 00JIagaeT Majod OCagKOH, OCHAIEH BOAOMETHBIM
JBWXHUTENEM, 00J1ajaeT XOpoIleH MaHEBPEHHOCThIO M HE TpeOyeT co3faHMs MPHYabHOM

uHppacrpykrypsi [2].

Puc. 1. I'py3oBoit katep KC-110.2-34 [2]
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Tabauya 1

I'1aBHbIe pa3MepeHHst H OCHOBHbIE XapPAKTEPUCTHKH KaTepa [2]

L M 17 Jnuna rabapuTHast

B, M 3,12 upuna rabaputHas

Tep, M 0,5 Cpenusist ocaaka

Dy, T 17 Bonousmenienue B rpy3y
N, kBT 307 O¢dexTrBHAS MOITHOCTH
Vi, KM/Y 40 CxkopocTh X012

Ha puc. 2 mnpezacraBieHsl
CIHPOEKTHPOBAHHOTO 10 MeToguke [3],

KOMIIJICKCA.

TPEXMCPHBIC MOJCIN KOpIlyCa KaT€épa U HOBOTIO,

BOJIOMETHOTO JIBWKUTEINS BBITIOJHEHHBIE B
Maciutade 1:15; Ha puc. 3 — BHEIIHUE BUI MOJICITH TPOIMYJILCUBHOTO KOMILJICKca karepa. Ha
S9TOM K€ pPHCYHKE TakKe BHUIHO pa3MelleHHe JaTYUKOB JaBICHHUS HW3MEPHUTEIHLHOTO

Puc. 2. TpexmepHas MOzielTb KOPITyca M BOZOMETHOTO JBHKHTEIS
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e

Puc. 3. BHenHuii BUI MOAENH H3TOTOBICHHOTO IPOIYIbCUBHOT'O KOMIUIEKCA C JATYNKAMU TABICHHS

B tabmn. 2, npuBeneHBI OCHOBHBIE TEOMETPHUYECKHIE XapaKTEPUCTUKH OT/ICIbHBIX YacTei
UCTIBITBIBAEMOM MOJIETTH BOJJOMETHOTO JIBIKUTEIIA.

VcnpITaTe bHBI KOMIUIEKC TPEICTABISET COOOH pajaMOyNpaBIsIEMBIH CaMOXOIHBIN
KOpIyC KaTepa C YCTaHOBJICHHBIM OJOKOM 3alMCH TIOKAa3aHUH W W3MEPUTEIHHBIM
000pyIOBaHHEM M MOJENb HCIBITBIBAEMOTO BOJOMETHOTO IBHIKHTEINS C YCTaHOBICHHBIMHU
N3MEPHUTENBHBIMHA TPYOKaMH IJIsI M3MEPEHHs CTATHYECKOTO W AMHAMHUYECKOTO JABJICHHS B
XapaKTEepHBIX CEUCHUSX.

Tabnuya 2
T'eomeTpuyeckne XapakTepUCTHKHU MO/IeJIM H HATYPbI BOAOMETHOI0 IBUKUTEJIS
DNeMeHT BOJOMETHOTO ABHKHUTEIIS Pasmep monenun Pasmep Hatypsl
BonozabopHuk
JmaHa, MM 92.4 1386
upuna, MM 23,1 346,5
Vron Bxonaa, ° 20,0 20,0
Bonoson
Muametp TpyObI, MM 30,8 462
BricoTa mogbema, MM 28,0 420
JliuHa IpOTOYHOM YacTH, MM 171,6 2574
HNwmnennep
Ipoduns nomacreit napaboTHICCKHA napaboTHICCKHA
Yucno jomacrTei, ImrT. 4 4
Juametp umneriepa, MM 30,6 460
JlmaMeTp CTymuIbl, MM 12,3 184
IllaroBoe oTHOIICHHE 0,987 0,987
JIMCKOBOE OTHOIIICHHE 0,7 0,7
OTHOCUTENbHAS IIOCTYIb 0,52 0,52
IIponynscusasrii KITJ] 0,51 0,51
CrpsMisroIuii anmnapat
Ywucno nomacreu, T, | 5 5
Comto
}:[I/IaMeTp BBIXOJHOTO CCUCHH, MM 214 321.0
Jnuna, MM 20,48 307,2

B ocHoBe 0oka 3amucy MOKa3aHUI MCTIONB3yeTCs MUKpoKoHTpoiurep ATmega 328P,
KOTOpBIH 10 mmHe 1°C MPHHEMAET MOKA3aHWs C Tapbl 16-GHTHBIX aHAIOTO-IH(MPOBBIX
npeoOpa3zoBaTenei ADSI115 u MHUKPOCXEMBI U3MEpeHHus, noTpeoisieMont
anexTpoaBuraresieM MormHocTa INA226. Hanpsimyto 00pabaThIBatoTCsl CUTHAIIBI C TATYMKA
YacTOTHl BpalleHHs, Ha ocHoBe QoTtonpepsiBarens [TP9608, mpu nmomomy ammapaTHBIX
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MpepbIBaHUM MHUKPOKOHTPOJIEpa BBIYMCISIETCS 4acToTa BpaimieHus Bana. [lo mmue SPI
MIPOM3BOJIUTCS 3aITUCh JAHHBIX C JIATYMKOB Ha microSD kapTy, KOTOpas rmocie npoBeAeHHs
3aMepOB CUUTHIBAETCS IPU MOMOIIY MEPCOHATBHOTO0 KOMIBIOTEpPA.

OcHoBHas 3ajadya pa3pa0aTblBAEMOr0 CTEHJAa 3aKIIOYaeTCs B  ONPEICICHHU

3aBHCUMOCTEH CKOPOCTM XOJa MOIENX V., CO3JaBacMOM MIBWKMTENEM TATH P,
notpebsieMoii MomHOCTH N, pacxona O, Hamopa (masnenus) H u KII/I pabouero koneca
Npx OT YACTOTHI BPAIICHHS Bajla SICKTPOJBHIaTels. CKOpOCTh XO71a MOJICIH BO BpEMs

UCTIBITAaHUH ONpeNesieTcsl NMPH TOMOIIM 3aMeIJIEHHOH CHhEMKH: IOJcYeTa KOJINYECTBa
KaJpoB M 3a BpeMs MPOXOXKAEHHS KOHTPOJBHOTO y4acTka, paBHoro 1 M. Ilorpebnsemas
MOIITHOCTh W3MEPSETCS MPU TTOMOIIM TOKOM3MEPUTENBHOTO IIYHTa W BoIbTMETpa. YacToTa
BPAIIEHHS — IIPY ITOMOIIH ONTHYECKOTO AATYMKA JaCTOTHI BpalleHHs. 1sra, pacxoi, Hamop
u KIIJI onpenenstoTcst pacyeToM, Ha OCHOBE NOKa3aHUH JaTYUKOB JaBJICHHUSL.

W3mepurenbHBId KOMIDIEKC (puc. 4) TO3BOMSET W3MEPUTh 3HAUCHHS IIOTHOTO M
CTaTHYECKOTO JIABJICHUH B TPEX XapaKTEPHBIX CEUCHUSX (IIepea pabodnmM KOJIecoM, MOCie
pabodero Komeca, Ha cpe3e comna). lcrmonb3ysh W3MEpEHHBIC 3HAUCHHS JaBIICHHH,
PaCCUYUTBHIBAIOTCA YKAa3aHHBIC XapaKTCPUCTUKHU JABHKUTCIA TIIpU pa3quH0171 qacToTe
BpauieHust paboyero koneca. Jlanee, MCHOJb3ysl HaliIGHHbIE 3HAYEHUs XapaKTEPHCTHK,
MPOU3BOIUTCS cpaBHeHHUE S(GEKTUBHOCTH pPadOTHl Pa3IMYHBIX MOJENCH BOJOMETHBIX
IBMIKUTENCH.

Arkyrynsmop
128
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len

Puc. 4. Cxema H3MepUTENHHOTO KOMITIEKCa: | — BOJIOMETHBIN IBHKUATEND; 2 — BAJIOMIPOBO;
3 — meneBoi TUCK; 4 — ONTUYECKUIT JATYMK YaCTOTHI BPALICHHS; 5 — COSqUHHUTENbHAS My(pTa;
6 — 2JIeKTpOIBUraTeNb; 7 — PETYISTOP MOIHOCTH ABUTATENs; 8 — TOKOU3MEPUTEIbHBIN IIYHT;

9 — BospTamnepmerp; 10 — naTuuku nasneHus; 11 — u3mepureabHble TPYOKH

XoJ0BblE HCIBITAHUS MOJEIM IPOBOJWINCH B COOTBETCTBHM C COCTaBICHHOM
[IPOrpaMMOM, KOTOpas Mperoiarajia ux UCIOJIHEHUE Ha OTKPBITON akBaTopuu p. Bosra.
[Iporonka MoJenu NPOXOJMiIa Ha MEPHOM Yy4acTKe C COOJIOJICHHEM CIIEAYIOIHX
YCJIOBUM:
—  HUCHBITAaHUS IPOBOJATCSA HA INPSAMOJUHEHMHOM OTpE3Ke JIMHOM 5 M B JABYX
HaIpaBJICHUAX: IPOTHUB U 110 TEUCHUIO PEKH;
—  JIMHA KOHTPOJIEHOTO y4yacTKa (pHcC. 5) I U3MEpeHHs CKOPOCTH paBHa 1 M;
— BBINOJHSETCS HE MEHee 5 3aMepoB B 00€ CTOPOHBI JBHKEHHUS. 3aIliCh
MOKa3aHUM MPOU3BOAUTCS ¢ uHTepBasiom 0,5 c.

129



Hayunvie npoonemut 6001020 mparncnopma / Russian Journal of Water Transport Ne82(1), 2025

e . 5
| b w L TR ETTE T TpORARS /l |
1 , — T e ¥ |

o W _."'I
— - e
- L]
.'\._‘ o
* o LEL )

fmarerin s

Puc. 5. KoHTpoIbHBIH y4acTOK I U3MEPEHHUs CKOPOCTH X0a MOAENU

CKOpOCTh HW3MepsUIach TPH IOMOINM BHICOKAMEPHl W3 pacdeTa BPEMEHH MEXIY
HAYaJIOM M KOHIIOM MPOXOXKICHHS MOJICIIA YepPe3 MEPHBIH yuacTok (puc. 6).

Puc. 6. IIpoxoxieHre MOZIENIU Yepe3 MEPHBIH y4acTOK

Pe3yabTaThl U 00CyxKIeHHE

Pe3ynbraThl M3MEpEeHHH CBOAATCS B TAONHMIbBI, a JUIS MCKIIOYEHUS CIydaiHBIX
MOTPEITHOCTE  MMOJBEpraloTcs  CTaTHCTHYeCKOW  oOpaborke. [l ompexpeneHus
COOTBETCTBUS PE3YJIbTATOB BBINOJIHEHHBIX YKCIEPUMEHTOB HOPMAIBHOMY PACHPEACICHUIO
ObUI MPUHAT MaKeT NPOrpaMMHOI0 obecrieueHus: 4ucieHHoro aHanmmza Origin 2015, B
YaCcTHOCTH, NpuMeHeH kpurtepuil [llanupo-Yuika, KoTopblii paBHO 3(QQEKTUBEH KaK MpH
MaJlblX, TaK 1 Ipu OoJbIINX 00beMax BHIOOpKH. B HaiieM citydae 3a7aBajioch yclIOBHUE, YTO
THIIOT€3a O  HOPMAJBHOCTH  paclpeiesieHHs  CIOpaBeyiuBa Hpu  P-3HaueHnu
6osbmem 0,05. [4]

Ha puc. 7 npencrasnens! rpadukn 3aBUCUMOCTH MOKa3aHUH M3MEPSIEMbIX BEITMYHH OT
HOMEpa HM3MEpPEHHs] n s MaKCUMaJbHOM MOILIHOCTH 3JiekTpojsurarens 175 Bt mpu
ycpenHeHHOH yactore BpamieHust 10124 o6/MuH. YCnoBuS OKpYKalolle cpeabl BO BpeMs
npoBeJieHus n3MepeHnit: armocdepHoe aasienue 100,6 kl1a, remneparypa Bozayxa +17 °C,
CpeIHsisl CKOpOCTh BeTpa 3 m/c, Temmeparypa Boasl +11 °C.

B T1abn. 3 mpuBemeHsl ycpeqHEHHbIE 00pabOTaHHbIE PE3yNbTaThl W3MEPEHHH IISTH

PEXUMOB XOZa B 3aBUCUMOCTH OT MOTpeOIIsieMoil MOITHOCTH 3tekTpoasurareis 100, 95, 70,
40, 30 % (OKpyTICHHO).

130



Hayunvie npoonemut 6001020 mpancnopma / Russian Journal of Water Transport Ne82(1), 2025

g1 I - a-n
i R e o i
g 2 e -
- - B L L] o HPS
= &
=) 2 o
= wefea . ? Mot p—amtt i
E 1 o &
4 a
.
o = o
@ o o = a o a B
] e B e B n 1 P
| B e 0 =]
5 [ ot = o - i - oy
-] & B
o " =
B m8p 3
= F z
- 9 o ¢
I R i , e a .
T it [ St (et S

&

]
O - B o R TR R TS ] R e 'l'"i." e sty s S gl g il gy e g

B e B T R R R e e T T e R e e ]

PG

T s

Lol KWHSTIENImT 1L

Puc. 7. Ilokazanus uzmepenuii mpu 10124 o6/mun: P1 — monHoe naBpnenue nepex paboYuM KOJIECOM,
P2 — cratnueckoe maBieHue nepen pabounM Kosecom, P3 — mosHoe naBneHue 3a pabodnM KOJIECOM,
P4 — craTnueckoe naBieHue 3a pabounm kojecom, PS5 — monHoe naBnenue Ha cpese cormna, P6 —
CTaTHYecKoe JaBjeHHe Ha cpese corua, klla, N — motpebisemast 21eKTpoABUTaTeIeM MOIIHOCTE, BT,
RPM — yactoTa BpalieHus dJICKTPOABUraTes, 00/MUH.

Tabnuya 3
YcpeaHeHHblie pe3yabTaThl HCIIBITAHMI MPH PA3JIMYHOI MOTPe6IeMOil MOIIHOCTH
Yacrora
IMoka3aHust 1aTYNKOB HaBieHus, k[la
Mou- Mou- Bpaile-
HOCTb, % | HOCTB, BT HUYS,
ob/MuH | py P2 P3 P4 P5 P6
100 174,19 10124 -1,33 -5,20 11,67 8,36 13,25 -0,68
95 166,4 9715 -1,83 -8,19 10,56 8,44 13,63 -0,65
70 121,05 8006 -1,40 -4,39 8,03 5,81 9,90 -0,56
40 73,42 6198 -1,56 -5,39 3,54 2,98 5,47 -0,54
30 57,72 5674 -1,96 -5,25 1,49 1,73 3,58 -0,69

Ha ocHOBe noay4eHHBIX PE3y/lbTaTOB MPOU3BOAUTCS PAacyeT OCHOBHBIX MapaMeTpOB
paboTBl BOJOMETHOTO IBIDKMTENS IS Pa3dNYHBIX dYacTOoT BpamieHus (tabn. 4) mo
dbopmynam (1) — (6) uz ucrounukos [5], [6] u [7].
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H=—=, &)

rne H — Hanop pabouero koneca, M; Py — OJHOE MaBJICHUE Tepel] pabouuM KOJIeCOM,
klla; P; — monHOe qaBiieHue 3a pabounm KomecoM, Klla

va=\2(B R, (2)

TJie v, — CKOPOCTh Ha cpe3e coIuia, M/c; Ps — OJIHOE TaBJICHUE Ha cpe3e coruia, klla; P
— CTaTUYECKOE JaBJI€HUE Ha cpese corua, kl]a.

Q = V4Sc’ 3

rae O — pacxoj depes ABWKHTENb, M/c; S, = 0.000345 m* miomanas cedeHns cpesa
coruia.

P=p0O(v4 —v,), 4)
TZIe Vx — CKOPOCTh X0/1a, M/C.
Ny =N N, 5)
rne N, — moTpebiseMas MOUIHOCTh JBWxHUTeneM, Bt; m, = 0,7 — KIIJ
3JEKTPOABUraTENS; My = 0,95 — KII/] BanonpoBoaa, N — MOLIHOCTH 3JIEKTPOJIBUTATEIIEM.
H
np =10028H€ 6)
II

rae Ny — KILJI pabouero kxoneca, %.

Tabauya 4
OcHoOBHBIE TapaMeTPbI BOJOMETHOI'0 IBHKHTE/ISI B 3aBHCHMOCTH OT YaCTOTHI BpaleHHsI
IMotpe6- K1
Yacrora Cro- Cko- Pacxon Harmop ssiemast pabo-
pOCTb Ha yepes pabo- Tsra MOIII- 4ero
Bparie- pocThb
cpese JIBHYKU- 4ero JIBHYKU- HOCTh KoJieca
HUS, X074 Vy,
o6/ MuH e COTIIa Vy, tenb O, koneca | tens P, H JIBUKH- n
m/c m/e ( H,m Tens N, pK>
Br %
10124 1,29 5,28 0,00182 1,32 7,26 115,8 20,4
9715 1,34 5,34 0,00182 1,26 7,38 110,7 20,6
8006 1,15) 4,57 0,00158 0,96 5,4 80,5 18,5
6198 1,09 3,47 0,00120 0,52 2,84 48,8 12,5
5674 0,88 2,93 0,00101 0,35 2,06 38,4 9,1

Ha ocHoBanumM naHHBIX Ta0Js. 4 TIOCTPOEHBI 3aBUCUMOCTH (puc. 8.) Taru P, pacxona Q,

Hanopa H, KIIJ| MNpx OT YACTOTBI BPAIICHHS Bala JIEKTPOIBUIATEls. [TomyueHnnsle

3aBHCHMOCTH OTPaXKAIOT MHapaMeTpsl pabOThl MOIEIH BOAOMETHOTO JABIXKHTEIL. M3
rpaduKOB BUIHO, YTO TpU paboTe ABMKUTENS MPHU dacToTe BpameHus okoso 10000 o6/mMuH
HAYMHACTCS
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Puc. 8. 3aBUCHMOCTH OCHOBHBIX ITAPaMETPOB PaOOTHI BOJOMETHOTO JIBIXKHUTENS OT €r0 YaCTOTHI
BpaLICHUs

CHI)KCHHE CO371aBacMOM TATH M pacxola 4epe3 ABIKHUTeNb, a Takxke ero KIIJ, urto
TOBOPHT O He 3(PeKTHBHON paboTe JaHHOTO pabouero Kojeca npu Oolee BHICOKOI 4acToTe
BpauieHus. TakuM o0pa3oM CTposi aHaNOrHyHble Tpaduku A pabouux KoJieC C MHBIM
LIaroM, JAMCKOBBIM OTHOILIEHHUEM, YUCIIOM JIONACTEH, Uil CAMUX BOJOMETHBIX JIBHXKUTEICH
WHOM KOHCTPYKIMH, MOXXHO B JajbHEHIeM CpaBHHBaTh MEXKIy Cco0Oil Ha OCHOBE
MOJYYEHHBIX 3aBUCUMOCTEH M ONTHUMAIILHOTO JJMana3oHa paboThl.

BriBOBI

BrimonHeHHbIe HA CHEINWATBLHO CO3JaHHOM IMPOIYJIECUBHOM KOMIUIEKCE TIPY30BOTO
karepa KC-110.02-34 uccnenoBanusi, O3BOJISIIOT ClIE€NaTh CIAEAYIOIINE BHIBOIBIL.

1. B pabore OBUTM OmpeIeNeHBl TOJHKO OCHOBHBIC «BHEUTHHE)»
XapaKTePUCTHKH TPOCKTUPYEMOTO BOJOMETHOTO IBIDKHUTENS, YTO SIBISACTCS
JUIIB YacThIO TIPEICTaBICHUS 00 3(PQEKTHBHOCTH €ro HCIOJh30BaHUS Ha
kartepe. [ns Oonee TONHOM OLEHKH XapaKTEPUCTHK IPOCKTUPYEMOTO
BOJOMETa M MyTeH WX YJIYYIICHHS HEOOXOAMMBI JIONOJHUTEIILHBIC
HCCIIEIOBAHUS XapaKTepa TEYEHUS KUIAKOCTH B HACOCHOM 4YacTH BOJOMETA,
MOMEHTa BO3HHUKHOBEHHUS KaBHUTAIlUW, COMPOTHUBJICHHUS B €r0 XapaKTePHBIX
MPOTOYHBIX YACTAX, B3AUMOJICUCTBHS C KOPIYCOM M T.JA., YTO OMPEAEISIET
JNbHENIIee HaIlpaBJIeHWe pabdoT MO COBEPIICHCTBOBAHUIO M3MEPUTEIHLHOTO
KoMIUIekca. Hampumep, BBISIBJICHHAsT HEKOPPEKTHOCTh IIOKa3aHUW Taphl
natunkoB P1 u P2, Opita BEI3BaHA OJHM3KUM PACIIONIOKEHUEM H3MEPUTEIHHBIX
TpyOOK K BcachBawImeil oOmactu pabodero koiyieca. s yTOYHEHHS
MOKa3aHUH HEOOXOJMMO pACIIOIOKUTh HM3MEPHUTENbHBIE TPYOKH ONIKe K
BO/103a00PHOI YaCTH BOJOMETA.
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2. IlpencraBiennble Tpaduyeckue 3aBUCHMOCTH HapaMeTpoB pabOTHI
CIPOEKTUPOBAHHOTO BOJOMETHOT'O JBMXKMTEINS, MOJYYEHHbIE HAa CO3AaHHOU
SKCIEpUMEHTAIILHOM MOJAENIM KaTepa, He MPOTHBOpEYAT YK€ H3BECTHBIM
MPaKTHYECKUM JIaHHBIM. B pe3ynbTare MOXKHO mojiaratk, 4To pa3paboTaHHbIE
IIPOMYJIbCUBHBIA U U3MEPUTENbHBIN KOMIIJIEKCH MOJIENTU KaTepa, MO3BOJISIOT
JOCTaTOYHO JOCTOBEPHO OIPEAEIATH OCHOBHBIC ITApAMETPHI BOJOMETOB Ha
HadaJlbHOM 3Tale MX MpOEKTHpoBaHMA. Kak MOKa3pIBaeT NPaKTHKA, 3THX
IIapaMeTpoB JOCTATOYHO JUIA MOCIEAYIOMIETO MPEABAPUTEILHOTO CPABHEHMS
MoJeNned  pPasIMYHBIX ~ KOHCTPYKIMH  BOJOMETOB,  OTIMYAIOIINXCS
TEOMETPUUECKIMHU pa3MepaMH, THIIOM pabodyero Kojeca, CHPSMILTIOLINMH,
COIUTOBBIMH anmapaTraMHy, Pa3HbIMHU BOJ03a00pHUKAMH U T.1.
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SKOHOMHKA, IOTUCTHKA U MEHE)[’KMEHT HA
TPAHCIIOPTE

ECONOMICS, LOGISTICS AND TRANSPORT MANAGEMENT

VK 656.07;332:012.2, 024.3, 055; 334.021.1; 338.264
DOI: 10.37890/jwt.vi82.566

I[IpuMeHeHUe CTPYKTYPHOI0 MO/IeTUPOBAHMA /1JIs1 OLIEHKH THIA
Pa3BUTHSA 001IECTBEHHOT0 TPAHCIIOPTA B TOPOIaX U FOPOACKHUX
arjioMepanusax

T.M. I'ailinouyeHKkO
ORCID: 0000-0002-8907-3737
Qunancoswiii ynusepcumem npu Ilpasumenscmee P®, 2. Mockea, Poccus

AHHoTanus. CTaThs MOCBSIIEHA BRIIBICHUIO THIA PAa3BUTHUsI OOIIECTBEHHOTO TPAHCIOPTa B
9KOHOMHYECKOM IIPOCTPAHCTBE TOPOIOB U TOPOACKHX arinoMepanuii. Ha ocHoBe mocTpoenus
MOJICIM CTPYKTYPHOM JMHAMUKU COBOKYIHOIO COLMAJIbHO-3KOHOMHUYECKOro IIpolecca
obecrieueHHss Tropoja MIM TOPOJCKOH arjioMepandd OOLIECTBEHHBIM TPaHCIIOPTOM
(dopMupyeTcsi TOHMMaHHE O CTENCHH CHHXPOHM3AIUHM YIPABICHUS OOIECTBEHHBIM
TPaHCIOPTOM U CyOBEKTOB €ro MUKPO- M MaKpo Cpeibl. Pe3ylnbTaTHBHOCTD HCIOJIB30BAHUS
MOTEHIHaIa OOIIECTBEHHOTO0 TPaHCIOpTa oleHuBanach 3a mepuon c¢ 2013 mo 2022rr. Ha
mpuMepe oOmecTBeHHOro TpaHcnopra Hmkaero Hosropoma. IloctpoeHHBIE Moaenu
MO3BOJISIIOT  KOJIMYECTBEHHO M KA4EeCTBEHHO M3MEpPUTh 3(P(HEKTHBHOCTD YIPaBICHHS
00IIECTBEHHBIM TPAHCIIOPTOM U ITOKa3aTh yPOBEHb OOBEKTHBHOMN CI0KHOCTH TapMOHU3AIUH
KOJUIGKTUBHBIX YCWIMHM KJIIOUEBBIX CTEHKXOJAEPOB MpPU OPraHU3alUM  YIpPaBICHUs
CIIOXKHBIMH ~ COI[HATbHO-9KOHOMHYECKHMH CHCTEMaMH, KOTOpBIE IPEACTAaBIIOT co0oit
TPaHCIOPTHBIE CHCTEMBI OOIIECTBEHHOTO TPAHCIOPTa B TOpOJax W TOPOJICKHX
arJgoMepanusx.

IMomyuyenHsle pe3ynbTaThl HPEACTABISIIOT HAYYHO-TIPAKTHYECKHH HMHTEpeC, TaKk Kak, BO-
MEPBBIX, MOTYT CIY)XUTb OOBEKTHBHOW OCHOBOW OILIEHKH COTJIACOBAHHOCTH I€HCTBUS
KITIOYEBBIX CTEHKXONZEpPOB Kak B MpoIeccax I[eNeNoiaranus, Tak W B IpoIeccax
TUTAaHUPOBAHMS, MOHUTOPHHTA, aHAIN3a U OIEHKH 3(P()EKTHBHOCTH WX B3aNMOJCHCTBUS B
9KOHOMUYECKOM IPOCTPAHCTBE TOPOJOB U TOPOACKUX arjomepanuil. Bo-BTOpbIX,
METOMOJIOTHSI CTPYKTYPHOTO MOJAENUPOBAHUS IPUMEHUTENIBHO K OLEHKE THUIIOJIOTUU
pa3BHUTHS OONIECTBEHHOTO TPAHCIIOPTa B TPAHCHOPTHBIX CHUCTEMaX TOPOAOB M TOPOICKHX
arJoMepanyii MokeT ObITh OCHOBOH IJIsl OLIEHKH HANPaBICHHOCTH Pa3BUTHS IPOTEKAIOIINX
B HHX ITTOJIPOIIECCOB U COOTHECEHMS MX BKJIAJa B JOCTIXKeHHE riodansHeix neneir OOH B
00J1aCTH yCTOHYIMBOTO Pa3BHUTHSI.

KnroueBble cjioBa: TOpoJcKas TPAHCIOPTHas CHcTeMa, OOIIECTBEHHBIH TpPaHCIOPT,
MAacCOBBI TMaCCaXUPCKUH TPaHCIOPT, TOpPOJ, TOPOJCKAs arjaoMeparys, 3KOHOMUYECKOE
IIPOCTPAHCTBO, SKOHOMUYECKHUE MPOLIECCHI, CTPYKTYPHOE MOJCIIUPOBAHUE, TUIl PA3BUTHS.

Application of structural modeling to assess the type of public
transport development in cities and urban agglomerations

Tatiana M. Gaynochenko
ORCID: 0000-0002-8907-3737
Financial University under the Government of the Russian Federation, Moscow, Russia
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Abstract. The article is devoted to identifying the type of development of public transport in
the economic space of cities and urban agglomerations. Based on the construction of a model
of the structural dynamics of the cumulative socio-economic process of providing a city or
urban agglomeration with public transport, an understanding is being formed about the
degree of synchronization of public transport management and the subjects of its micro and
macro environment. The effectiveness of using the potential of public transport was assessed
for the period from 2013 to 2022 using the example of Nizhny Novgorod public transport.
The constructed models make it possible to quantify and qualitatively measure the
effectiveness of public transport management and show the level of objective complexity of
harmonizing the collective efforts of key stakeholders in managing complex socio-economic
systems, which are public transport systems in cities and urban agglomerations.

The results obtained are of scientific and practical interest, since, firstly, they can serve as an
objective basis for assessing the coherence of the actions of key stakeholders both in goal-
setting processes and in planning, monitoring, analyzing and evaluating the effectiveness of
their interaction in the economic space of cities and urban agglomerations. Secondly, the
methodology of structural modeling applied to the assessment of the typology of public
transport development in the transport systems of cities and urban agglomerations can be the
basis for assessing the direction of development of the subprocesses occurring in them and
correlating their contribution to the achievement of the UN global goals in the field of
sustainable development.

Keywords: city transport system, mass transit, city, urban agglomeration, economic space,
economic processes, structural modeling, development type.

BBenenue

XapakTepuszys 3a7ady COBPEMEHHOTO »3Tala pa3BUTHS POCCHUICKONH 3IKOHOMHKH,
BUIHBI  poccuiickuii  yueHblii-okoHomuct  b.I.Kieiinep  ciemyromum — oOpazom
dopMynHpyeT ee IeneBOil BeKTOp: «JKOHOMHKA [OJDKHA IPEBPATUTHCA M3 apXWIlenara
cnabo CBSA3aHHBIX MEXIY COOOH pETHOHAJbHBIX, OTPACIEBBIX M IPEAMETHBIX OCTPOBOB
(aHKIABOB) B ©NMHBIA  HApOJOXO3SICTBEHHBIH  KOMIUICKC  B3aMMOCBS3aHHBIX
MOJHUCTPYKTYPHBIX ~ CHCTEM, (YHKIMOHHPYIOIIMX HAa OCHOBE KOOpPIWHAIMM U
caMOpeTyIHpOoBaHMs. DKOHOMHUKA JOJDKHA CTaTh CBOETO poJa «cucTeMoi cuctem». Ceifdac
KE €€ COCTOSHHE MOJKHO OXapaKTepHU30BaTh YCIOBHO KaK «HECHCTEMa HECHCTEM».
Heo6xonnmo kapJauHanbHOE MOBBIIICHHE YPOBHS CBA3aHHOCTH IKOHOMMKHM, BKJIIOYAs ee
(YHKIMOHAIBHYIO U MHCTUTYLIMOHAIBHYIO COCTABIISIONIME B IIPOCTPAHCTBE M BO BPEMEHM»
[1, c.344-345]. dnst Toro, 4ToOBI MOHATH KAaKUM 00pPa30oM MOXKHO JOCTHYb 0oJiee BHICOKOTO
YPOBHSI CHCTEMHOCTH 3KOHOMHKH, HEOOXOAMMO HAWTH CIIOCOO OIEHWUTH KOJIMYECTBEHHO U
Ka4eCTBEHHO ITyOUHY U MaciTab mpo0seMsl.

KiroueBbIM CBOHCTBOM B ONpeNeNICHHH JIFOOOH CHCTEMBI SBISIETCS CIOCOOHOCTH
00beKTa aKTHBHO NPOTHBOJICHCTBOBATh Pa3pylIalonieMy BO3JCHCTBHIO BHEUIHEH CpPEIbI C
Lenblo camocoxpaHeHust [2-3]. DTO NPUBOAMT K Pa3IMYHON MO HANpaBIECHHOCTH M
aMIUIUTY/Ie AWMHAMUKE Pa3BUTHA OOBEKTa KakK CHUCTEMbI. B OOJBIIMHCTBE CIIydaeB TEMITBI
caMOpeTryJsIIui 00bEKTa HE COBIAAAIOT C TEMIIaMU BIHMSHUS (aKTOPOB BHEIIHEH Cpesbl.
Bornee Toro, mo Mepe pocra CTpyKTYypHOH CI0XKHOCTH OOBEKTa BO3HUKACT JONOJIHHUTEIbHAS
IpaHb MOTEPHU CHUHXPOHHOCTH Pa3BUTHS €€ YacTel M CIOKHOCTH yIpaBieHHd. B ciydasx
JIEIICHTPAJIN30BaHHOTO  YIPAaBICHHUS YacTSIMM OOBEKTa MBI HMEeT eIe OIHY
JIOTIOJTHUTENbHYI0 TpaHb IIOTEPH CHHXPOHHOCTH YIpAaBIEHUS YacTSIMH OOBEKTa.
CrnenoBarenbHO, JEHCTBHE OPraHM3allMOHHOTO 3aKOHA HTEpaIlM  JIOJDKHO  OBITH
CKOMIIEHCHPOBAHO C Y4eTOM JEHCTBHUS APYroro 3aKOHAa OPraHM3alMH — KOMIO3HIUHU. DTO
JOJDKHO Ha TpakTHKE pEeann30BBIBAThCS 3a CYET TI'PaMOTHOTO IENeNojlaraHusl |
CTPaTEru4ecKoro CTpyKTypHUPOBAHUS LIeTeH .

Ha rnoGanbHOM ypOBHE OpraHM3allMOHHBIA 3aKOH KOMIIO3HUIMH IOJYYHJI CBOE
NPaKTHYECKOE BOIUIOIIEHHE B pa3zpaboTke riodaneHbIX wHeneir OOH B obnactu
ycroiunBoro pa3Butusi. OOIIECTBEHHbBIH TPAHCIOPT OTBEYAET MHOTHM TJI00AIBHBIM LEISM
OOH. CnenoBaTenbHO, U3y4eHHE CTPYKTYPBl U JUHAMUKH, a TAK)KE CKOOPIUHUPOBAHHOCTU
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MOJNPOLIECCOB  00ECleueHnsi TOpOJOB U TOPOJCKHX arjioMepanuii  OOIEeCTBEHHBIM
TPaHCIIOPTOM MPEJCTABIIET cOOOH aKTyalbHYI0 HAay4YHO-IIPAaKTHYeCKyro 3amady. Cienyer
OTMETUTh, YTO OOIIECTBEHHBIH TPAHCHOPT, KaKk M TPAHCHOPTHAas OTpPacib B IIEJIOM,
OTHOCHTCSI K 9KOHOMHYECKOH HH]pacTpyKType o0miecTBa. DKOHOMHYECKOE MPOCTPAHCTBO
HACEJIEHHBIX ITYHKTOB HCTOPWYECKH ()OPMHPOBAJIOCH HAa OCHOBE €CTECTBEHHBIX ITyTel
COOOIICHNS U SKOHOMHUYECKAs ACATEIIFHOCTh CYOBEKTOB TPAHCIIOPTA CIIOCOOCTBOBAJA POCTY
U Pa3BUTHIO SKOHOMHYECKOTO NPOCTPaHCTBAa ropoxos. OHAa WIpajga M WUIPaeT aKTUBHYIO
pOIb B YCKOPEHWH WM 3aMEAJICHUH YPOAHHCTUYECKHX IPOIECCOB B 3KOHOMHYECKOM
MIPOCTPAHCTBE PETHOHOB ¥ CTPAHHI B 11eTIoM [4-8].

OrtamHOCTH (POPMUPOBAHKS TPAHCIIOPTHOH CHCTEMBI TOPOJIOB YCIOBHO (PUKCHpYETCS ee
CTPYKTYpOIi, ITO BIUSIET HA aAaNTAI[IOHHBIE BO3MOKHOCTH SKOHOMHYECKOTO ITPOCTPAHCTBA
TEPPUTOPUH M CKOPOCTh TPOTEKAHUs IPOLECCOB CcaMOOpraHu3anuy. HakormieHHbIH
MPaKTHYECKUH M TEOPETHYECKHH OIBIT B OPraHM3allid W YNPaBJICHHU OOIIECTBEHHBIM
TPaHCIIOPTOM B TOPOJaX CBUJACTEIBCTBYET O HAIMYMU TPEX YPOBHEH caMOOpraHHM3allfH:
YPOBEHb TPAHCIOPTHOTO IIJIAHUPOBaHMSA, OpPraHU3alMU TPAHCIIOPTHBIX MPOLIECCOB H
TPaHCIIOPTHBIX M MEIIEXOJHBIX ITOTOKOB. Kaskablil MX JaHHBIX yPOBHEW UMEET CBOH MEpHOA
U CKOPOCTh CAMOOpPraHW3allii, B KOTOPOM Y4YacTBYIOT pa3Hble BUIBI CTEHKX0mnaepoB. OHU
m00 aJanTHPYIOTCS K WM3MEHEHUSIM, JHOO OKa3bplBAlOT BIMSHHWE HA IIyTH Pa3BUTHA
TOPOJCKOH TpPaHCIIOPTHOW cucTeMbl. B 000MX ciydasx MpOMCXOAUT W3MEHEHHE
KOJINYECTBEHHBIX M KaUYCCTBEHHBIX XapaKTEPHUCTHK e (DyHKIHMOHHPOBAHMS: HAJIC)KHOCTH H
MOTEHIMATA.

Mexny mpomeccaMd CaMOOPTaHM3AIMKd TOPOJCKOM TPAaHCIIOPTHOW CHCTEMBI U
MOTPEOHOCTSIMU €r0 yCTOWYMBOTO pa3BUTHA OTCYTCTBYET MpsMas 3aBHCHUMOCTh. Tak,
HarpuMmep, HauboJiee MeUIEHHbIC MPOLIECCHI MPOTEKAIOT HA YPOBHE TPAHCIIOPTHBIX CBsI3EH -
KOPPECHOHJICHLIUH - MEXAY MECTaMH NPHJIOKEHHS TPYyHa, JKHIbIX PaiOHOB U OOBEKTOB
TPAHCHOPTHOTO NPUTSDKEHUSI B ropoje. MOHMTOPHHI, pa3paboTka M IUIAHHMPOBAHUE
U3MEHEHHUH Ha JaHHOM YPOBHE OTHOCATCA K KOMIICTCHIIUN TPAHCIIOPTHOI'O IUIAHUPOBAHUA U
OCYIIECTBIISIIOTCS Ha OCHOBE Yyd4eTa BpeMEeHH M KoMmdopTHOCcTH mnoe3nok. Haumbonee
ObICTpBIE TPOLECCHl MPOTEKAIOT Ha YPOBHE TPAHCHOPTHBIX W IEHIEXOAHBIX ITOTOKOB.
VYBenuueHne 3arpy3kd 3JIEMEHTOB TPAHCIIOPTHON CHCTEMBI CHIDKACT €€ aJaNTalliOHHBIC
BO3MOXKHOCTH U SIBISIETCSI NIPU3HAKOM HACHIIEHWA. Eciim opraHel ynmpaBieHHS HE MOTYT
CBOEBPEMEHHO BHECTH HEOOXOAWMBIC HW3MCHCHMS IPOIYCKHOW WM IIPOBO3HOM
CIOCOOHOCTH, TO HAYMHAIOTCS IPOIECCH PACCOTIIACOBAHMS, CHM)KACTCS YCTOHYMBOCTD M
HaJIe)KHOCTh (YHKITMOHHPOBaHUS TOPOJICKON nHQPaCTPyKTYpHI. [Jannble
B3aMMO3aBUCUMOCTH XOPOIIO U3YUYEHbI B TEOPUU TPAHCIIOPTHBIX CUCTEM H IIPOIieccoB [9].

Takum o006pa3om, OOILIECTBEHHBIN TPaHCIOPT KaK OJHA W3 YHHUBEPCAJIbHBIX (HOopM
OpraHu3anun NEpEMEIICHNUA B Topoaax U ropoJICKUX arjioMepanusax BBICTYNA€T HE TOJBKO
HHCTPYMEHTOM TIOBBIIICHUS JETCPMHUHUPOBAHHOCTH (DYHKIIMOHMPOBAHUS TPAHCIOPTHOI
CUCTEMBI TO0poOJila, HO W HWHCTPYMCHTOM TOBBIMNICHHA MOTCHOHAIa JSKOHOMHUYECKOI'O
MPOCTPaHCTBa TOpoJia 3a CYET CHIDKEHHUS 3aTpaT Ha IMOoAJep)KaHue TpeOyeMoro ypOoBHs
MOOMIIBHOCTH U TPAHCIIOPTHOM JIOCTYITHOCTH B FOPOJIE.

Tak Kak Ha KaXIOM N3 BBIAEICHHBIX YPOBHEH YCTOWYHMBOCTH W CaMOOPTaHHU3ALNH
TpPaHCIIOPTHASI CHCTeMa, Kak M Jro0as HKOHOMHYECKas CHCTEMa, XapaKTepU3yeTcs
COOCTBEHHBIM Ha0OPOM CYIIECTBEHHBIX MapaMeTPOB, IO KOTOPHIM MPOUCXOIJUT aJalTaiys
CyOBEKTOB CHCTEMBI, TO BO3HHKAaeT MpobieMa WX COAEpXKaTeNbHON TPYNIHUPOBKU H
OpraHu3anuun yrpaBJICHUSA UX ﬂHHaMHKOﬁ.

B pab6ote [10] aBTopamu ObLIO ONPEAETICHO MEPBOE M TVIABHOE YCIOBHE YCICUIHOCTH
BCEX BEAYLIMXCS CErojHs pa3padoOTOK B TPAHCHOPTHOM orTpaciu. Mm  siBiseTcs
HEOOXOIMMOCTh OYEpPTHTh TPAaHHUIBI IPOEKTOB M TIPOTPaMM pa3BUTHS TPaAHCIOPTa,
OIIPEACIUTE CPEACTBA, METOABI U BO3MOXXHOCTHU UX pCAJIN3AIUH. PaszButue O6H_[eCTB€HHOl"O
TPAHCIOPTa KaK COBOKYNHOCIMU 2eMEPOLEHHBbIX IAEMEHmMO8 U C6A3eli TEeXHUYECKOTo,
TEXHOJIOTUYECKOT0, O PraHM3allMOHHOTO, 3KOHOMUYECKOIr0, COLHAJIBHOIO, MPAaBOBOTO H
KyJIBTYPHOTO XapakTepa IPOMCXOJUT B SKOHOMHYECKOM HPOCTPAHCTBE TOPOAOB H
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ropojackux arsiomepanuid. CrienoBaTenbHO, MOJENMPOBaHME U OLEGHKY  YpPOBHS
CHUHXPOHH3ALMM NPOEKTOB U IPOrpaMM DPa3BUTHs OOLIECTBEHHOIO TpaHCHOpTa OBbLIO OBI
HEBEPHO BBINOJHATH 0€3 YydeTa OCHOBHBIX XapaKTEPUCTHK IOJICHCTEM, KOTOpBIE
OCYILIECTBISIIOT MO OTHOLICHUIO K OOIECTBEHHOMY TPAHCIOPTY BCIIOMOTATEIbHBIE H
NoJJiep KUBatoIe (YHKIMU, a TaKKe OTpaHMYMBAIOT ero pasButue. [loaToMy B JaHHOM
UCCIICIOBAaHWM ~ CTABUTCS  3ajJada  MOJCNHMPOBAHHS  CTPYKTYPBl  COBOKYITHOTO
9KOHOMHYECKOIO IIpollecca OOeCIeYeHHs TOpoja WM TOPOJICKOH  arioMepanun
OOIIECTBEHHBIM TPAHCIIOPTOM, TaK KaK HPH PEIICHHUH OIPENEICHHBIX 3a/ad YIPaBJICHHS
pe3ynabTaT MOXKET OBITh JOCTUTHYT TOJNBKO HPH KOMIUIEKCHOM PAacCMOTPEHUH HECKOJIBKUX
CHCTEM M HX IOCTOSHHOW KOOpAMHAIMM M B3aumMmopeiictBuu. Kak ObuIo yOemuTesbHO
JTOKa3aHo 1.3.H., mpod. buskossim O.A.[11], B pearbHOCTH 3Ta KOOPAWHAIAS YCIOKHSICTCS
BBIOOPOM KpUTEpUEB PAOOTHI OTIEIBHBIX CHCTEM, KOTOPBIE CI1a00 yBSI3aHBI C Pe3yJIbTaTaMU
(YHKIIMOHMPOBAaHUSI CMEXHBIX CHCTEM. B Halem ucciaeqoBaHMM MBI MOINBITAEMCS 33/1aTh
TaKkue KPUTEPHU U ONPEICIUTh TUHAMHYECKUI MOPSAOK MX M3MEHEHHUS OISl TOTO, YTOOBI
MOXXHO OBUIO OIEpaTHBHO OTCJIEKHMBAaThb M OLIEHMBATh S(PPEKTUBHOCTH B3aMMOJCHUCTBHS
Pa3MYHBIX TIOJCHUCTEM HSKOHOMHYECKOTO IPOCTPAHCTBA TOpPOJa W WX BIMSHHE Ha
YCTOHYMBOCTH Pa3BUTHS OOIECTBEHHOTO TPAHCIIOPTA.

MeTtoasnl

JlaHHOE HCCIEeIOBaHKHE BBINIOJHEHO HAa OCHOBE YHHBEPCAIBHOIO HHCTPYMEHTapuUs
CTPYKTYPHOTO MOJEIHPOBaHUS, pa3padOTaHHOTO 1.3.H., mpod. bmakoeiv O.A. [11]. Oxn
CUCTEMATH3HPOBANl JIOCTOMHCTBA M HEJOCTAaTKH METOJOB MOJCIUPOBAHMS Ha OCHOBE
MIPOM3BOJICTBEHHBIX (PYHKINH M KaKk M MHOTHE YYCHBIE-TPAHCIOPTHUKOB, HOAXOA KOTOPBIX
MOJKHO OXapaKTepH30BaTh KaK CHCTeMHbI [4-8], Tamke Tmpuiienl K BBIBOAY
OTPAaHMYEHHOCTH UX TMOTEHIHaNa I W3YYeHHUs IPOLECCOB, MPOTEKAOIIHUX B Pa3IMYHOTO
YPOBHS SKOHOMHYECKUX IPOCTPAHCTBAaX. B 4acTHOCTH, TaKMX MPEANOCHUIOK KaK HAaJIHYHe
COBEPIICHHON KOHKYPCHIIMHU; PAllMOHATBHOCTH JCHCTBUI CYOBEKTOB M HAXOXJICHUHM PhIHKA
B COCTOSHMM YyCTOIfumBOro paBHOBecHs. OTKPBITOCTh KaK CBOICTBO CHCTEM MJMKTYET
OCTpYI0 HEOOXOIUMOCTh Pa3pabOTKH MPUMEHEHHUSI TAKOTO MHCTPYMEHTApHsl, KOTOPbIH Obl
MO3BOJIMI Y4E€CTh MPOLIECCH MUKPO- U MAKPO CPEbI CUCTEMBI, a TAKXKE UX Pa3HOPOAHOCTb U
pa3nu4ye BPEMEHHBIX HUKJIOB Pa3BUTUSL.

Jnst mesteit JaHHOTO MCCIIeI0BaHMUs HanOoJee aJeKBaTHBIM HHCTPYMEHTAPHEM SIBIISICTCS
MOCTPOCHHE MOJENEH, B OCHOBE KOTOPBIX JIEXKHT aHAJIN3 CTPYKTYphl 3KOHOMHYECKOTO
oObekTa. B ornmume ot Monernei, aHaAIM3UPYIOMNX ANHAMUKY ITOKa3aTesIe M CTPOSIIUX
IIPOTHO3Bl HAa OCHOBE OJKCTPANOALUU TPEHIOB MPOLIEANIMX IEPHOAOB, CTPYKTYPHOE
MOJIEIMPOBAHKE Yepe3 AEKOMIIO3UIHIO COBOKYITHOIO S3KOHOMHYECKOTO TIPOIIecca MO3BOISIET
BBISIBUTh JMHAMHUKY MOJIporieccoB. [Ipum 3TOM He HapymaeTcs LEJIOCTHOCTh aHajn3a
00beKTa KaKk CHCTEMBI, a TAKKE YUUTHIBAETCS BIMSHNAE (PAKTOPOB MUKPO-H MaKpOCPEbI.

BanancoBsle MeTO/IBI, KOTOPBIE IIHPOKO IPUMEHSUIUCH B TPAHCIIOPTHOM IUTAHUPOBaHUH,
HE MOTYT aJeKBaTHO ONKCHIBATh HECTAlMOHAPHBIE MPOIECCHl, XapaKTepHbIC It
(GYHKIIMOHUPOBAHUS COLMAIIbHO-9KOHOMUYECKHX 00BeKTOB. CTPYKTYpHOE MOJICITMPOBAHNE
JIMIIEHO 3TOro HegocTaTka. Clie1oBaTenbHO, BO3MOXKHO MPOCIEIUTh H3MEHEHHE CTPYKTYPBI
MOJNPOLIECCOB  OOIIECTBEHHOTO  TPAaHCHIOpPTa M C  IOMOLIBIO  CTPATErH4ecKOro
LieNieroNiarainsl  pa3paboTaTb €IWHBIA KPUTEPUH JUIS  OLEHKH pe3yIbTaTUBHOCTH
(akTr4eckoro pexxruMa (QyHKIMOHMPOBAHMS OOLIECTBEHHOTO TPAHCIIOPTAa B TOpPOJE HIIU
TOPOACKOH arjioMepanuy.

Hcnonp3yemass B JaHHOM MCCJIEJOBAaHUM MOJIENIb OCHOBBIBAECTCS HAa YHHBEPCAJIBHOM
MOJX0/le K aHaNM3y IWHAMHUYECKMX OpraHM3alui, TO €CTh - aHAJU3UPYETCs CTPYKTypa
COBOKYITHOTO AKOHOMHYECKOTO Tpoliecca OO0EcledeHus Topoja WM  TOPOJACKOI
aryioMepanuu o0mecTBeHHbIM TpaHcnopToM (R-mporecc). OHa BKio4aeT B ceOst 4eThIpe
TPYNIIBI  TIOATNPOIIECCOB: OCHOBHBIE, BCIOMOTATENbHBIE M JKH3HEOOECIIEYHBAIOIINE
MOJIIPOIIECCH, a TaKXKe MOJIPONECcCH, MPEMATCTBYIOMINE Ppa3BUTHIO OOIIECTBEHHOTO
TPAHCHOPTA B TOPOJIE UM FOPOJCKON arioMeparyu.
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Kaxkplit M3 BBIIETICHHBIX IOJIPOLECCOB HM3MEPSUICS C IMOMOLIBIO JIOCTYIHBIX IS
CTaTUCTUYECKOTO aHaIM3a MHAWKATOpaMu. Tak, JJisi U3y4eHHs] OCHOBHBIX IPOLIECCOB OBLIH
oToOpaHbl ~TpM  MHIMKATOpa: KOJMYECTBO  IIEPEBE3EHHBIX  ImaccaxupoB  (Ml),
naccaxxupoo6opot (M2) u IpOTSHKEHHOCTh MapIIpyTOB 00LIecCTBEHHOTO TpaHcrnopTa (M3).
BcnomorarenbHble  MOANPOLECCHl M3YYAIUCh C ITIOMOINBIO TaKMX HHIMKATOPOB, Kak
cpemHHMA BO3pacT MapKa IMOJIBI)KHOTO COCTaBa, HCIONB3yeMBbIi Ha wMapmpyTtax(Sl),
YHCJICHHOCTh 3aHATHIX Ha OOIIECTBEHHOM TpaHcmopte (S2) W ypOBeHb (HUHAHCOBOH
MOJACPKKA Pa3BUTHS OOIIECTBEHHOTO TPAaHCIOPTa 3a CYET OIOKETHBIX cpeactB (S3).
[Moxmporneccs! xu3HEOOECTICUSHUST N3MEPSIIICh YHCICHHOCTRIO HaceneHus ropoxaa (LS1),
pearsHBIM ypPOBHEM 3apabOTHOHM TIAaTHl B COOTBETCTByromeM permone (LS2), a Taroke
pasmepoMm moTpedutensckoit kop3uHbl (LS3). M3 WHIUKATOpOB, XapaKTEepHU3YIOLIMX
NPENSITCTBYIOIINE PA3BUTHIO IIOANPOLECCH, OBUIM OTOOpaHBI CIEAYIOIIUE: KOJIHMYECTBO
YaCTHBIX JIETKOBBIX aBToMOOmiel Ha 1000 Hacenenust ropona (P1), ypoBens uHGAIUM B
permone (P2) w croMMOCTb  3JEKTPOIHEPIMH JUIsl  NPOMBIIUIEHHOTO  CEKTOpa
notpebutencii (P3).

CormocraBneHne pa3HOPOJIHBIX IO €IMHUIIAM HW3MEPEHUs ITIoKasaTeledl pellanach B
HecKoJIbKo 3TanoB. CHadana B XO/€ MEePBUYHON 00pabOTKM CTAaTHCTHYECKOW MH(pOpPMAIH
[0 BCEM IIOKa3aTeJIsIM IMPOBOAMIACH IPOLEAYpa MEAMAHHOTO CIVIA)KUBAHUS BPEMEHHBIX
psanoB. TeM caMbIM CHIKAJIAach IOTPEHIHOCTh NPeoOpa3oBaHUS MAHHBIX JUIA LENeH
JalbHEHIIEro aHain3a W CMENICHHE M0 JIOKAIBHBIM 3KcTpemMyMmaM. Ilocie mpouemypsr
MEIMAaHHOTO CITaKHBAHUS MPOBOMAWICS pPACYET YCKOPEHHWH IBIDKCHHS ITOKa3aTelew,
BOWICIINX B ONHCaHWE CTPYKTYPHl IOAINPOIECCOB COBOKYITHOTO 3KOHOMHYECKOT'O
npouecca. ITocTpoeHne cTpyKTypHOI MOJENH OCYILECTBIAIOCh HA OCHOBE PaHKHPOBAHUS
JIBIDKCHUSI TTOKazaTesiell Mo yObIBaHHIO BEJMYMHBI YCKOPSHUS WX JBW)KEHHS, a JUIS OLEHKU
06nM30cTH  (PAaKTUUECKOr0 M HOPMATHBHOTO IOPSIKOB HCIOJIB30BAIHCH KOA(PPUIHEHTHI
panroBoit koppemsanuu Croupmena (mo oTkiIoHeHMAM) U Kenzena (1o HHBEpPCHSM).
HopmaTtuBHBIH TOpsAOK ToOKasareneil (GopMHpOBaNCS 3KCHEPTHBHIM MYTEM, a BECOBBIC
KO3(D(PULMEHTHI JUIS BEJIMYMH YCKOPEHHS 10 KaXKIOMY IIOKa3aTelllo ONpelesuINCh Ha
OCHOBE SKCIOHCHIMAJIbHONW 3aBHCHMOCTH OT 4YHCIA, OOpAaTHOTO MOPSAKOBOMY HOMEPY
TIOKa3aTelsl B TPYIIIe.

JlBmxeHue nokaszatenell pukcHpoBanock ToN0BEIM HHTepBasioM. [lepnon HaOmoneHUS
32 COBOKYNHBIM OSKOHOMHYECKHM IIPOLIECCOM OOECIEUYEHUs] Topojia WJIH TOPOACKON
arJgoMepaiiy 00MecTBEHHBIM TpaHcHopToM coctaBmi ¢ 2013 mo 2022 rr.

Pe3yabTaTsl

B Ttabmumax 1 W 2 1npeacTaBieHbl HOPMHUPOBAHHBIE 3HAUEHHS WHIUKATOPOB,
XapaKTepU3yIONIHe COBOKYIHBIH IKOHOMHUYECKHI MpoIecc Ha OOIIECTBEHHOM TpPaHCIIOPTE
Hmxaero Hoeropona, u pacueTHble 3Ha4eHHUS YCKOPEHUH (TOPMOXKEHHI) ero KOMIIOHEHTOB
JUIl OLICHKM pPE3YJIbTaTUBHOCTH HCIOJb30BAaHUSL €r0 IOTCHLMANa U MOJECIUPOBAHMS
JUHAMHYECKON CTPYKTYPbl SKOHOMUUYECKUX IIPOLIECCOB.
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Tabauya 1

HopmupoBaHHbIe 3HaYeHUs] HHAUKATOPOB COBOKYIIHOI0 9KOHOMHYECKOI0 Ipouecca Ha
obmecrBenHoM Tpancnopre Huxknero HoBropona

— — = - — - = - = = S
 spricrpe comskorTiTT AiPRTBONT TS Akl dima | e | 3 i 3
sl 114 Lem -
i1 [EE ] W1
LI Bl © T RO L M .32
83 1,321
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52 ]
K s T R 55 3
i P s P ]
] (] 0,121
lamperena, [pEETETE e pamnmes (P93 0,171 032 = ot Ty

Hcemounux: paccHumano aemopom

HopmupoBaHnHbIe 3HaUE€HUSI UHAUMKATOPOB 10 I'pyIIaM HOIIPOLECCOB CIIyaT OCHOBOM
I pacdera JUHAMHUKH Ka)KIOTO HWHIWKATOpa, BKIIOYEHHOIO B MOJENb, M IIOMOTAIT
COIIOCTABJIATh PA3HOPOIHBIE IPOLECCHI APYT € APYTOM.

Tabauya 2

PacuerHble 3HaYeHHs YCKOPEeHUIi (TOPMOKEHHIT) KOMIIOHEHTOB COBOKYITHOI0 9KOHOMUYECKOI0
npouecca Ha odecTrBenHoM Tpancnopre Huknero HoBropoaa

CTpyKTypa COBOKYITHOTO S5KOHOMHYECKOTO Mporiecca 2015 2016 2017 2018 2019 2020 2021 2022
M1 -7,7 -8,0 134 -4,9 -0,7 69,1 -38,1 -14,2
M2 488 40,6 127,7 20,8 -89,0 841,1 -719,8 46,8
OCHOBHBIE MOTTPOLIECCHI M3 -190,2 -32,5 45,6 7143 -432,6 -246,8 14,5 -35,2
S1 250,0 -400,0 25,0 246,4 8,6 -80,0 100,0 -133,3
S2 7,5 -5,2 -10,1 0,0 13,6 4,6 -10,4 -4,9
BcriomorareibHbIe 1M0IPOLECChI S3 10,4 10,1 -29,9 -3,5 9,3 14,1 -6,6 4,0
LS1 0,2 -15 -39 4,2 -03 -5.2 14,7 -19,4
LS2 0,2 1,7 -94 19,7 -11,3 9,1 -0,8 55
JKu3HeobecrneunBaromue MOAPOLECCh LS3 -03 -7,4 52 39 9,5 83 -4,6 -21,9
Pl 84 21 78 6,6 17,4 1133 18 6,5
P2 445,0 -459,9 17,8 -111,2 -25.8 -66,4 44,0 461,5
Tloamnporecchl, mpensTcTByIouue pasputnio | P3 12,9 73 -5,9 -11,1 10,1 -1,0 2,0 -27,4

Hcemounuk: paccyumano aemopom
Tak, manpumep, B 2020 r. B Hmwknem HoBropome HabGiar0manoch pe3koe yCKOpeHHe
mpoIecca IMEePeBO30K OOIIECTBCHHBIM TPAHCIOPTOM MACCAXKUPOB Ha 0Oojee IJIMHHBIC
JIUCTAHINH, PE3KUN POCT KOJNYECTBA KOTOPBIX mpuiencs Ha 2018r.
dakTrYecKoe U IeNICBOe PAHKIPOBAHUE TOATIPOLIECCOB COBOKYITHOTO 3KOHOMUYECKOTO
mporiecca Ha o0IecTBeHHOM TpaHcnopte Hikaero HoBropona npencrasineHo B Ta0iI. 3

Tabnuya 3

DaKTHYECKOe U IIeJIeBOe PAHKHPOBAaHNE MOANPOIECCOB COBOKYITHOT0 IKOHOMHYECKOI0
npouecca Ha odiecTBenHoM Tpancnopre Husknero HoBropoaa

LleneBoe
PaHKHpOBa
CTPYKTypa COBOKYITHOIO S5KOHOMHYECKOIO MPOoLecca 2015 2016 2017 2018 2019 2020 2021 2022 HHE
M1 12 12 1 12 11 1 12 12 5
M2 11 11 2 8 9 3 10 11 6
OCHOBHBIE TOIPOLIECCH M3 10 5 5 2 2 11 3 10 4
S1 4 4 9 4 7 7 8 8 8
S2 5 6 8 7 5 8 6 7 9
BcrnomoraressHble 0IPOLECCh! S3 2 3 10 5 3 6 7 4 7
LS1 8 8 4 10 8 4 11 2 1
LS2 1 2 12 1 12 2 2 1 2
JKu3HeobecreunBaroIHe MOIMPOLECCH! LS3 7 1 11 11 1 12 1 3 3
Pl 9 10 3 3 10 5 9 9 12
P2 3 9 6 9 4 10 4 5 11
TTo/UIpOLIECChl, NPENsSTCTBYIOINE pasBuTHIO | P3 6 7 7 6 6 9 5 6 10

HUcmounuxk: paccaumaHo aemopom
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Ha puc.l mnpencraBieHsl pe3ynbTaThl KOJHMUECTBEHHOM OLIGHKM CHHXPOHHOCTU
W3MEHEHHsI IOJNPOLECOB pa3BUTUS oOmiecTBeHHOro TpaHcrnopra HwkHero Hosropona.
OHa mnoJydyeHa Ha OCHOBE COIOCTAaBJICHHS (DAaKTHUYECKOW CTPYKTYPHl JIBMDKCHHUS
NoKazaTesield, OTOOpaHHBIX JJISI MOAEIHPOBAHUS COBOKYITHOTO SKOHOMHYECKOIO Ipolecca
Ha oOmecTBeHHOM TpaHcmopte Hivkaero HoBropona, w meneBoi ¢ NMpUMEHEHHEM IBYX
KkodpdunreHToB paHroBoil koppeminnun Crupmena u Kengema. IlenmeBas crpykrypa
WHIMKATOPOB OTPAXKACT JKENaeMble H3MEHEHHS B IPUPOCTE YHCICHHOCTH HACEICHNS rOpoa
1 YIIydIIEeHUN KadyecTBa KU3HU B ropoje. MHANKaTOpHI JKH3HE00ECTICUNBAOIINX TPOIIECCOB
MONMYYIJIA TIPHOPHUTET B LENEBOM CcTpykType — 1-3 panrn. WHIUKATOpPHI OCHOBHBIX
MOJTIPOIIECCOB OTPAXKAIOT JKEJIAEMBIH MPHOPUTET B PAa3BUTHH OOIIECTBEHHOTO TPaHCIIOPTA
ropofia ¥ yBEIHUYEHUM €ro JOJU B TPAHCIOPTHOH CHCTEME: MPOTSKEHHOCTh MapIIpyTOB
0O0IIIECTBEHHOr0 TpaHCIOpTa Ha 4 MecTe, a KOJMYECTBO IEPEBE3CHHBIX MACCAKHUPOB U
M1acCa)XKUPOOOOPOT COOTBETCTBEHHO IMOJYYWINM B IIEJI€BOM PAHXMPOBAaHWU 5 M 6 paHTH.
VYuuTeiBass orpaHUYeHHbIE (PUHAHCOBBIE BO3MOXKHOCTH KaK OIEpPaToOpoB OOIECTBEHHOTO
TPaHCIOPTA, TaK M HACEJIEHUs,, B TPyIIE BCIOMOTATEIbHBIX IMOANPOIECCOB MPUOPUTET
MOJYYWJI HWHIUKATOp, OTPAKAIOIMKA ypOBeHb (DUHAHCOBOW MOIJIEPIKKH  PA3BUTHS
0O0IIECTBEHHOTO TPAHCIIOPTA 33 CUET OIOKETHBIX cpeAcTB. Jlamee MOyT cpemHHH BO3pacT
Iapka IOJBIDKHOTO COCTaBa, MCIHONB3YEMBIH Ha MapHIpyTax M YHCICHHOCTh 3aHATHIX Ha
oOmecTBeHHOM TpaHcmopre. OOMIECTBCHHBIH TPAHCIOPT B TOpPOJEC KOHKYPHUPYET C
YaCTHBIMH aBTOMOOMIISIMU M CPEACTBAMU HHANBUAYAIBHOM MOOMIbHOCTH. CTaTHCTHYECKUN
yuger o0beMa TpPaHCIOPTHOW pabOTHI, BBINOJIHEHHOW C TPUMEHEHHEM CpEICTB
WHIMBHUIYaIbHONH MOOHMIBHOCTH, B HACTOSILEEe BpeMsl HE BEIETCs, OATOMY ObUI BBHIOpaH
MHUKATOP - KOJUYECTBO YAaCTHBIX JICTKOBBIX aBTOMOOMiel Ha 1000 HaceneHus ropoaa u
€My IpPUCBOEH MocieaHui 12-it panr. IloBbImeHHe CKOPOCTH MEPEIBIKEHHUSI U CHIDKEHUE
YPOBHSA 3arpsA3HEHHOCTH BO3[yXa, IIymMa M JOPOKHO-TPAHCHOPTHBIX IPOMCHIECTBUI
BO3MOJKHO 3a CUET IPHOPUTETHOTO Pa3BUTHs €-MOOMIBHOCTH. B 1ieneBoM paHKHpOBaHUH, B
Ipynie HWHIUKATOPOB, OTPAXKAIOIIUX OrPaHWYEHHs B Pa3BUTHH  OOIECTBEHHOTO
TPaHCIIOPTA, TIPHOPUTETHBIM SIBISIETCSl CHIDKEHHE CTOMMOCTH BJICKTPOIHEPTHH IS
MIPOMBIIINICHHOTO CEKTOpa MNOoTpeduTened W ypoBHS HMHQUIANMM B peruoHe. JlaHHBIE
MHIMKATOPHI IOJIYYUIIU B 1IeJIeBOM panxkupoBaHuu 10 u 11 panru.

VY4uTeIBas JIOTHKY LEJNCBOTO PAHXHUPOBAHHUA M (AKTHUECKYIO CTPYKTYPY AWHAMUKH
WHAUKATOPOB 3a mepuox Habmoaerus ¢ 2013 mo 2022rr., 3¢ (heKTHBHOCTh MPUHAMAEMBIX
PEILICHUI B COOTBETCTBUHU C NPHOPUTETOM IIEJIel COCTaBMIIa B CPEJHEM 3a IEpHo]] MEHee
TPETH OT MOTEHUIHANbHO BO3MOXHOTO ypoBHsA (0,302). /InamazoH H3MEHEHHsI 3TOTO
nokasarernst ot 0 go +1. CienoBaTenbHO, COTIIACOBAHHOCTh MOJAMPOIIECCOB B COBOKYITHOM
SKOHOMHYECKOM TIPOLIECCEe Pa3BUTHUS OOIIECTBEHHOTO TpPaHCIOpTa HE BbIcokas. OmHaKo,
HabIroMaeTcsl TEHICHIMA K POCTY YPOBHS COTJIACOBAHHOCTH NPHHHMAaEeMbIX PEIIeHHH U
pe3yIbTaTOB UX peanu3aliy Ha obmiecTBeHHOM TpaHcnopte Hmxaero Hosropona. 3a nath
net, ¢ 2017r. mo 2022r. pe3ynbTaTUBHOCTH HCIIOJIB30BAaHMS MOTEHIMAIa OOIIECTBEHHOTO
TPAHCIIOPTA C TO3UIIMU COTJIACOBAHHOCTH B3aHMOJICHCTBHS IOAIPONECCOB, COCTABIISIOMINX
COBOKYIHBIH 3KOHOMHYECKHH MpoIecC pa3BUTHs OOIIECTBEHHOI'O TpaHcmopTa B HinkHem
Hosropone yaydmmmack ¥ coCcTaBHiIa K KOHIY HaOmogaemoro nepuona 0,418. Hecmotps
Ha MPOIOJDKAIOIINICS POCT YPOBHSI aBTOMOOMIIM3AIINH, IPUHSTHIE MEPHI 110 YIOPSI0UYECHHIO
paboTHl OIEpaTOpOB PEryNsPHBIX IEPEBO30K Ha OOIIECTBEHHOM TpaHcmopTe Hmknero
HoBropona u ycuiaeHHI0O KOHTPOJIS, IPUBETH K MPEIOMIICHUIO CUTYAIlMH B MACCAKUPCKOM
CETMEHTE TPAHCIIOPTHOW CHCTEMBbI ropoja. MHOTrHe 3KCHepThl OTMEYAIOT MOJIOKUTEIbHBIN
3pQPeKT OT UEHTPAIN3AlMd TOPOJCKHX IAaCCaXKMPCKUX IEPEBO30K OOIIECTBEHHBIM
tpancrnopToM [13]. Dddekt macmiTaba TaKkKe MOKET ObITH PEATH30BaH 3a CUET YIyUIICHUS
COOTBETCTBUS MEXAY pa3MepoM MacCaXHPOMOTOKOB HA MapHipyrax H TPaMOTHBIM
0100POM BMECTUMOCTH MOJBIKHOTO COCTaBa, pabOTalOIIero Ha JaHHBIX MapIIpyTax.
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Puc.1. Pe3yapTaTHBHOCTH HCHOJIB30BAaHMS MTOTEHIHANA OOIECTBEHHOTO TPAHCIIOPTA

puc. 2 mpencTaBleHa MOJAETb JUHAMUYECKOW CTPYKTYpHI

B Hiwxnem Hosropone
HcTounnk: cMOAENMpPOBaHO aBTOPOM

OKOHOMHYCCKHUX

MOATPOIIECCOB Ha obrnecTBeHHOM Tpancmopte Hmxuero Hosropoma. Ona mo3BoisieT Ha
OCHOBE aHAJlM3a YCKOPEHUS WM TOPMOYKEHHsS JBW)KEHHS IOKasaTesledl Mo KakKaoMy U3
MOJIMPOIIECCOB  CHeNaTh BBIBOJ O THIE Pa3BUTHA OOMIECTBEHHOIO TPAHCIOpTa U
PE3YIBTATUBHOCTH PEXUMA €ro (PYHKIHOHHPOBAHHMS B KaXJIOM TOLy HCCIEAYEMOTO
nepuosa (tadm.4).

Mogans AuHamMHHeCH0E TPYHTY RS IHOHOMHHECHWE NPOLECCOS Ha

glwrcTeeiom TpadcnopTe Huseero Horopoga

e [T VLT PLUEIIOU L s

Puc.

2. Mozenp AMHAMAYeCKOH CTPYKTYPhI SKOHOMHYIECKUX MOAPOIIECCOB Ha 0OIIECTBEHHOM

tpancnopre Hmwxuero HoBropona
VcToyHHK: CMOENTUPOBAHO aBTOPOM
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Tabauya 4

KadecTBeHHasi 0LleHKa COBOKYITHOT0 3KOHOMHYeCKOro Mpoiecca Ha 001ecTBEeHHOM
Tpancnopre Husknero Hosropoaa

Vekopenne (+) / TopMoskerue (-) MOAIPOLECCOB 2015 2016 2017 2018 2019 2020 2021 2022
(OCHOBHBIC TOJIIPOLICCChI -2,320 -2,296 3,906 -1,345 -0,198 19,282 -10,093 -4,186
Bcromorare/ibHbI€ MOANPOLECCh 0,007 -0,005 0,004 -0,023 0,013 0,003 0,004 0,009
JKu3neobecrneunBaroIye 10/ IPOLECcCh -0,004 0,254 -0,725 1,207 -0,654 0,695 -0,358 1,271
TTonporecchl, NPersiTCTBYIOINE PA3BHTHIO -0,102 -0,041 0,075 0,036 -0,134 0,081 -0,018 -0,039
JluHampdeckas CTpyKTypa 9KOHOMHYECKHX IPOLIECCOB LS>P>MS | LS>P>MS | MS>P>LS | LS>P>MS | P>MS>LS | MS>LS>P | P>LS>MS | LS>P>MS

Heycroitunerii |Heycroitmpeii |Heyctoiunpeii [Heyctoiiuusiii Heyctoitmspii | Veroiumpeii | Veroiuussii [Heyetoiunbii

Tun pa3BuTHs
cnaj cnaj poct cnajg cnajy poct cnax cran

Hepesynstamus | Hepesynstamus | Pesynsramisist | Hepesynsams |Hepesynstanis | Pesymsmamimis |Hepesynstanis |Hepesymsmanim
Hbili ¢ il ¢ iic Hbili ¢ Hbili ¢ i Hbili ¢ il ¢

iy ¥ y y

yposis yposis yposis yposis yposis yposis yposis yposis

pasnimis pasnimis pasims pasaimis pasaimis pasaimis passims pasnimis

Twur COBOKYITHOTO KO oro

HUcemounux: paccyumano aemopom

AHanu3 AWHAMUYECKOH CTPYKTYpHl 3KOHOMHYECKHX IIOJNPOLECCOB MOKAa3al, dYTO
COBOKYITHBI 3KOHOMHYECKHH TIporiecc Ha OOIIeCTBEHHOM TpaHcmopte HinkHero
HoBropoma B OCHOBHOM TIIOKa3bIBa€T HEYCTOMYMBBI cmax ¢ mpeodiagaHueM
HEepe3yNbTaTUBHOTO THIIA C KOJNEOAHMSIMH MEXAY YXYAIICHHEM, COXpaHCHHEM U
yIIy4qImieHneM ypoBHS pa3BHTHA. COTacHO peHTHHTY KadecTBa OOCIY)KMBaHHS HAaCEICHHS
00IIeCTBEHHBIM TpaHCIIOpTOM B ropoax [12], Hwkuuit Hosropox 3armmain B 2022 roxy 6-
e MecTo (65,8 6ayuta) u B 2023 roxay - 4-¢ mecro (71,8 6amtos u3 100). Obpariaer Ha cebds
BHUMAaHHE, YTO OICHKH, MOJIyuYeHHbIE IO JaHHOM METOJUKE M METOAMKE, NMPUMEHIeMO
JKCHepTaMHu AcCOLMAINK TPAaHCIIOPTHBIX MHXKEHEPOB U KojulekTuBa kommnanuu SIMETRA,
[0 Tpymme IoKa3aTeneld yCTOMYMBOCTH Ppa3BUTHS M 0€30MacHOCTh JAlOT OAMHAKOBBIC
pe3ynpTatel. Kak oTMedasock paHee, pe3ylbTaTUBHOCTh HCIIONB30BAaHHUS IOTEHIHAIa
00IIIECTBEHHOTO TPAHCIIOPTA C MO3UIIMK COTIACOBAHHOCTH B3aMMOICHCTBHS MOIIPOLIECCOB,
COCTABISIIOIIMX ~ COBOKYIHBIA 3KOHOMHYECKHH IIPOIECC pPAa3BUTHS  OOIIECTBEHHOTO
TpaHcnopta B Hmwknem Hosropome cocraBuna 0,418 B 2022 romy. B coorBercTBUM C
narHbpIMHA KoMmraHuu SIMETRA ycToWIrBOCTD pa3BUTHS U 0€30MaCHOCTH OOIIECTBEHHOTO
tpaucrnopta B Huxuem Horopome — (48" — 44%). Boree BBHICOKHii BKIAJ BHECIH TpyIIBI
mokazareneii: gpmsmueckast (80 - 78) u nenoras (64 - 94) TOCTYIHOCTP, (PYHKIIMOHAIEHOCTh
TpaHcnopTHO# cetu (63 - 60), kombopT u ymodctBo (71 - 85). DTH acmekThl KadecTBa
oOuiecTBeHHOTrO TpaHcnopra Hmwxkuaero HoBropoaa HerocpeacTBEHHO He ObLIIM BKIIFOUEHBI B
MOJIeNb JUHAMUYECKOH CTPYKTYypHl IKOHOMHMYECKHX MONPOLECCOB HAa OOIIECTBEHHOM
Tpancnopte Hmxuaero HoBroponma, HO mpu HaKOIJIEHWH JOCTATOYHOTO MO KOJIHYECTBY
HaOmroeHuiT MaccuBa JaHHBIX W3 PEUTHHra KadecTBa OOIIECTBEHHOTO TpaHCIOpPTa B
ropogax kommanun SIMETRA nng npuMeHeHHS MeToJa CTPYKTYPHOTO MOJAEIMPOBAHUS
MOXKHO OXHJaTh Jy4IIeHd CTENeHH OTOOpaXEHWs MOJENBI0 peallbHBIX CBOMCTB OOBEKTa
U3y4YeHUsI.

Oocy:xaenue

3HAYNTEIBHBIM MPEHMYIIECTBOM METOJOJIOTUH HM3MEPEHHH B SKOHOMHYECKOM
MIPOCTPAHCTBE SIBISAETCS EIMHCTBO M KOMIUIEKCHOCTH IIOJy4aeMOH oOueHKkH. JlaHHas
METOJIOJIOTHSL TIOMOTaeT PacCMOTPETh JII00OH COIMAIbHO-DKOHOMUYECKHH OOBEKT Kak
JUHAMUYECKYI0 OpTaHM3aIHI0, B KOTOPOH MOCTOSHHO NMPOTEKAIOT MPOIECCHI, H3MEHSIONINE
COOTHOUICHHS MEXAy dieMeHTamu. CieoBaTenbHO, GOPMHUPYETCS BO3MOKHOCTh M3YUUTh
HE TOJBKO TEKyIlee COCTOSHHE, HO ¥ OLEHHUTh BEIWYHHY AWHAMHYECKHX pPE3EpPBOB,
KOTOPBIMH 00JIalaeT COLMAIBHO-I)KOHOMHYECKasT CHCTEMa, BBIOpATh TOUKY IMPHUIIOKEHHS,
MHTCHCUBHOCTh W TPOJOIDKHUTENFHOCTh YCHIIMI MO TEPEeBONY €€ B XKEJIaeMOe COCTOSHHE,
CHUHXPOHHM3MPOBATh TEMIIBI BHYTPEHHHMX IIPOIECCOB C TEMIAMH HM3MEHEHHUs (aKTOpoB

: Jlanusie peritunra 3a 2022 r.[12]
2 Jlannsie peritunra 3a I1I kBapran 2023 r.[12]
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BHeIIHel cpenbl. Tak, HampuMep, B JaHHOM HCCIIEJOBAHUU BKIIOUEHHE B MOJIENIb HE TOJIBKO
OCHOBHBIX U BCIIOMOTATEJNBHBIX MOJINPOIECCOB, HO U MOANPOLECCOB, KOTOPHIE
o0ecreunBaOT  JKU3HENCSSITENbHOCTh W OIPAaHWYMBAIOT  pasBUTHE  OOIIECTBEHHOTO
TpaHCIIOPTa B TOpOJiaX M TOPOACKUX arjioMepanusx, GopmMupyroT Oosee J0CTOBEPHYIO
UTOTOBYIO OLIEHKY JJOCTUTHYTOTO YPOBHS €r0 OpraHU3allii 3a CYET UCIOIb30BaHUs PaHTOB,
OTPAXAIOMNX AMHAMUKY MOKa3aTeJIeH JaHHBIX MOMPOIECCOB M NX B3aMMOBIIHSHHUE.

Ccdepa mpuMeHEHHE CTPYKTYPHOTO MOJECITHUPOBAHUS MOXKET OBITh JOCTATOYHO IIHPOKA,
TaK KaK HOCHT YHHMBEPCAJIbHBII XapaKkTep W OTPakaeT COBPEMEHHOE IIPEICTABICHHE O
JUHAMWYIECKAX OPTaHNU3aIHAX.

Hambonmee y3kuM MeCTOM MJaHHOW METOMOJNIOTHH W3MEpeHHid sBiseTcs Habop
WHIUKATOPOB, C TIIOMOIIBIO KOTOPBIX OINHUCHIBACTCS (YHKIMOHHPOBAHUE COILMATIBHO-
HSKOHOMHYECKOIH OpraHu3alii, B YaCTHOCTH OOIIECTBEHHOIO TPaHCIOPTa B ropojax M
TOPOJCKMX aryioMepanusax. HabOop moxa3zareneif, XapaKTEepU3yIOLUIMX IIOJIPOLECCHI
Pa3BUTHS OOIIECTBEHHOTO TPAHCIIOPTA J0JDKEH OTpaKaTh HE TOJIBKO KOJINYECTBEHHbIE, HO U
KayecTBEHHbIE [TOKa3aTeln. DTy MpodieMy cieayer pemarb B rocruporpamme «Lludpossie
JIaHHBIE», KOTOpAasl MPEAIojaraeT CymecTBeHHYI0 pe)opMy OpraHu3alyy CTAaTHCTHYECKOM
OTYETHOCTH, 3aIUIaHUPOBAHHYIO Ha OJIMKalIlIne TPU roja.

Crnemyer OTMETHTH, YTO HAay4YHBIH 3aJell B M3YYEHHH CIIOXHBIX IPOCTPAHCTBEHHO-
pacIpeseNeHHbIX CHUCTEM OOIIECTBEHHOTO TpaHcHmopra OBUT 3aJloKeH Ha Kadeape
«YTpaBlieHHE  TACCA)KUPCKUMM  IEpEeBO3KaMM» | 0CyapCTBEHHOTO  YHHBEPCHTETa
YIpaBIeHUS. TOJ PYKOBOACTBOM JIOKTOpa SKOHOMHYECKHX HayK, mpodeccopa B.A.
IlepcuanoBa npy aKTUBHOM B3aMMOJECHCTBHHU ¢ HCTUTYTOM KOMIIEKCHBIX TPaHCIOPTHBIX
npobiem B koHue XX Beka. Kak ormeuanock panee, komnanus SIMETRA wu skcneptsi
Accoraniid  TpaHCHOPTHBIX HMHXEHepoB coBMecTHO ¢ IIAO «B3b» mnpoBoasaT
3HAUUTEJIBHYI0O METOJOJOTHYECKYl0 pPaboTy 10 (QOPMHUPOBAaHHMIO pPEUTHHIa KadecTBa
0O0IIIECTBEHHOrO TpaHCIOpTa B ropoaax PoccuM M HAKOIUICHUIO CTaTHCTHYECKOW 0a3bl
JAaHHBIX, BKJIIOYAIOIIEH TIIOKa3aTeNd, KOTOpble HE OTpaXaloTcsi B IOJNHOW Mepe
CYILIECTBYIOIIEH CHCTEMON CTaTHCTHUECKOro YdeTa, OCOOCHHO Ha YPOBHE TOpPOJIOB U
ropoJAckux arjgomepauuil. B noxmane aBropckoro kosuiektuBa HUY  BIID [13]
NPEACTaBICHA  METOAWKAa  pacdyeTa  IPOM3BOAMUTEIBHOCTH  CHUCTEMBI ~ MAacCOBOTO
MACCaKUPCKOTO TPAHCIIOPTA MO MPEJIOKECHUIO, KOTOpast BOCIIONHSACT CEPhE3HBIA IPOOET B
OpraHM3allMH YYeTHO-CTATUCTHUECKOH pPaboOTBl B pa3pe3e TopomoB. ABTOPHI OTMEYArOT
myONMMYHYI0 3aKpPBITOCTh JaHHOTO pona wuHpopMmammu [13 c¢.24], 9ro d9TO CHIDKaeT
3G PEKTUBHOCTh TPHHUMAEMBIX I'PaIOCTPOUTENBHBIX M TPAHCIIOPTHBIX PELICHUH B TOPOJax.
BmecTte ¢ TeM OHM BHOCSAT KOHKPETHBIC MPEAJIOKECHUS [0 BKIIOUEHHIO B CTATHCTHUYECKHUIT
y4eT TPaHCHOPTHBIX U TPAHCIOPTHO-TPAJOCTPOUTEIBHBIX MOKa3aTenei. BaxkHo Bectn yuer
[0 CIEAYIOUINM TPAaHCIOPTHBIM MOKA3aTeNsIM: YyIENbHBIH O0BEM MPEIIOKEHUS BCEMHU
BHIAMH MacCOBOTO IMACCAKHPCKOTO TPAHCIOPTa® HA 1 ThIC. HACENCHWS, CpPEIHsS
3ay0JIMPOBAaHHOCTh HMHTETPAJIBHON MAapIIPyTHOW CETH (YHCIO MapuIpyTOB dYepe3 OIHY
OCTAaHOBKY); COOTHOLICHHME CpeIHed BMECTUMOCTH IIapKa MAacCOBOTO IACCaKUPCKOTO
TpaHCIOPTa W 00BEMa IEPEBE3CHHBIX MACCAXHPOB B MHUKOBBIA mepmox (8:15 — 9:15);
BO3pacTHass  CTPYKTypa BCE€X BHJOB  MacCOBOTO  IACCAXUPCKOTO  TPAHCIIOPTA,
MPOTSHKEHHOCTh Tpad)a CceTH TpamMBacB W 0€3penbCcOBOTO MacCOBOTO  ITACCAKHUPCKOTO
TPAHCIIOPTA; TOIOJIOTHIO CETH TI0 KJIACCY CIIOXKHOCTH W YUCIY IHMKIMYECKUX DJIEMEHTOB.
IMpuyem o06e wnccnenoBaTeNbCKUE TPYIIBI CXOISATCS BO MHEHHHM O HEOOXOIMMOCTH
BBIIENATh OTJEIBHO 3JEKTPOTPAHCHOPT M TPOTSHKEHHOCTh BBIJENCHHBIX IOJIOC TI0
KaTeropusiM. B mensx ydyera rpagocTpOMTENIbHBIX OCOOGHHOCTEH aBTOPHI PEKOMEHIYIOT
HMETh JaHHBIE O JO0JIe 3aCTPOEHHON TEpPUTOPUH OT IUIOMAAM TOPOACKOTO OKpyra c
pacnpeneneHueM HaceJIeHHs 110 THUITY JKHIIbS — MHOTOKBAapTHPHBIE IOMa U MHIUBUyalIbHOE
KIJTUIHOE CTPOUTEIHCTBO; IUIOTHOCTh HACENIEHHs B IIpeJesiaX 3acTPOSHHON TeppHTOPHH;

3 . . .

ABTOpBI CUUTAIOT, YTO TEPMUH «MACCOBBIH NaccakUpcKUi TpaHcnopT» wiaM «Mass Transit» Haubonee
TOYHO COOTHOCUTCS C 3apYOSKHBIMH ONpPENENCHUSIMA ¥ OTpakaeT [Be KIIOUEBbIC CIELU(DUKH:
HaJTepPUTOPUATHEHOCTD 00CTyKUBAaHNUS (aTroMepanin) U QyHKIMOHATFHOCTh
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OTHOIIEHHE 3aCTPOCHHON TEPPUTOPHU K YPOBHIO OOCITY)KEHHOW MacCOBBIM IAaCCaXKHMPCKUM
TPAaHCIIOPTOM HACEJICHUsI; YHCIEHHOCTh HacelIeHHs B 30HaX MEIIEXOAHOW JOCTYIMHOCTH
OCTaHOBOK.

besycioBHO, Hamuuue W JIOCTYIMHOCTh IPEIUIOKEHHBIX IOKazaTeled Morja Obl
CYIIECTBEHHO OOOTaTHTh ONHCAHUE COBOKYITHOTO HKOHOMHMYECKOro Ipolecca Ha
0OIIIECTBEHHOM TPAHCIOPTE B TOPOJIAX U TOPOJCKUX arjJoMeparusax U crocoOCTBOBAIO ObI
Oonee TOHKOH HACTPOIKE METONOJOTHH CTPYKTYPHOTO MOJCIHMPOBAHHS IIPH OLICHKE
COTJIACOBAaHHOCTH JIEHCTBHUS KJIIOUEBBIX CTEHKXOJACPOB KaK B MPOIECCAX LieNeroIaraHusl,
TaK W B IpoLeccax IUIAHUPOBAHWs, MOHUTOPHHIA, aHAIW3a W OLEHKH (P(HEKTUBHOCTH HX
B3aMMOJICHCTBHSA B 9KOHOMHYECKOM IIPOCTPAHCTBE T'OPOIOB M TOPOJCKUX AarJOMepanui.
[lpyHUMas BO BHHMaHHE 3HAYMMOCTh OOIIECTBEHHOIO TPAHCIIOPTAa B JOCTHXKCHHU
rnobanpHeix nenei OOH B 00nacTd  ycTOWYMBOTO pas3BUTHS, COBEPIICHCTBOBAHHE
CTaTUCTUKY OOLIECTBEHHOTO TPAHCHOpPTAa MO3BOJIMT MEPEBECTH CyOHEKTUBHBIE OILIEHOYHBIC
MHEHUSI 00 YyCTOHYMBOM pa3BUTHM OOLIECTBEHHOTO TPAaHCIOPTa W3 HWHTYHTHBHO-
OIUCATENIFHO MIIOCKOCTH B 00bEKTHBHO-aHATUTHYECKYIO.

3akJao4yenue

CoBpeMEHHBIM 3Talm  pPa3BUTHUSA  POCCHMCKONM AIKOHOMHMKM M, B YacTHOCTH,
HSKOHOMHYECKOTO MPOCTPAHCTBA FOPOJOB U FOPOACKHUX arlioMepalyil XapakTepu3yeTcsl Kak
3Tan (OPMUPOBAHUS B3aMMOCBSA3aHHBIX MOJIHCTPYKTYPHBIX CHCTEM, ()YyHKIMOHHPYIOIINX
HA OCHOBE KOOPAMHALIMK M CAMOPErYIHPOBaHUs. ['OpOICKUE TPAHCIOPTHBIE CUCTEMBI U UX
TIOJICHCTEMBI — OOIIECTBEHHBIH TPAHCIIOPT WJIM MacCOBBIM MACCAKUPCKUN TPAHCIIOPT — 3TO
(opMa OTHOIICHNI MEXIY 3KOHOMHYECKUMH MOATPOIECCAMH CONNATbHO-3KOHOMHIECKUX
CyOBEKTOB B 9KOHOMHYECKOM MPOCTPAHCTBE FOPO/Ia HIM FOPOJICKON arioMepaliuu, KoTopas
HMEET LeJIecO00pa3HO MOCTPOCHHYIO CTPYKTYPY M BO3MOXKHOCTSIMH €€ CaMOIIOJIePKaHHsL.
LlenecooOpa3HOCT TOCTPOCHHSI €ro CTPYKTYphl M CaMONOAJEp)KaHUWE YCTOHYMBOCTU
(YHKIMOHUPOBAHUS MOTYT XapaKTepPH30BaThCS PA3IMYHON BPEMEHHOH CTaOHIBHOCTBHIO
win  ycroitunBocteio. ClieioBaTeNbHO, TEPUOAMYECKHM BO3HUKAeT MOTPEOHOCTH B
KOJIMYECTBEHHOM M Ka4€CTBEHHOM M3MEPEHUU BEIMYUHBl U HAIPABIEHUS PACCOITIACOBAHMSL
COCTaBISIIOIIIMX COBOKYITHOTO SKOHOMHYECKOTO IIpoliecca Pa3BUTHA JTIO00T0 CHCTEMHOTO
00BEKTA.

AHanu3 METOAOJIOTHH U METOJOB, MO3BOJIIONIMX C MAaKpOIKOHOMHUYECKUX MO3HMIUI
paccMaTpuBaTh MPOLECCHI, MPOHCXOIAIMUE B YKOHOMHYECKOM INPOCTPAHCTBE, MO3BOJIAET
MPEeJCTaBUTh TOPOACKOM MAaCCaXKUPCKUH TPAHCHOPT KaK COLMAIBHO-3KOHOMUYECKYIO
CUCTEMY, B KOTOpPOH NPOTEKAET OJHOBPEMEHHO YETHIPE BUIA MOJNPOLECCOB: OCHOBHBIE,
BCIIOMOTaTEJIbHEIE, XKHU3HE0OeCIeunBaloIne u HPEISITCTBYOLUE Pa3BUTHIO.
PesynbpraTBHOCTH pexknMa (QYHKIIMOHMPOBAHHUS OOIIECTBEHHOTO TPAHCIIOPTA MOXKET OBbITh
OLICHEHA C IIOMOUIbI JUHAMHYECKOIO INOPSIIKA NOKA3aTeJIeH, XapaKTepU3yOIUX KaxIblil
BUJI TIOJMpoIiecca. BennunHa pe3ysibTaTUBHOCTH ITOKa3bIBAET, HACKOJIBKO (PaKTHUECKHI
pexuM  (QYHKIIMOHHPOBAHUS OOILIECTBEHHOTO TPAHCIOPTa B TOPOAAaX M TOPOACKHX
arJioMepanusax COOTBETCTBYET LIEIEBOMY HOPSAAKY I1OKa3aTesei.

B pabore Obuta chopmupoBaHa cuctemMa M3 12 moKazaTened IS XapaKTEPUCTHUKH
TIOJTIPOIIecCOB Ha oOmecTBeHHOM TpaHcnopTte Hrkaero HoBropona m mocrpoeHa Mojensb
HX JTMHAMUYECKOW CTpYKTyphl 3a nepuoa ¢ 2013 mo 2023rr. Ha ocHOBaHMHM NPOBEAECHHBIX
pacueToB CAEIaH BBIBOJ, O TOM, 4YTO pE€3yIbTATUBHOCTh HCIIOJIB30BaHMS IOTEHIMAIA
0O0IIIECTBEHHOT0 TPaHCHOPTa OTHOCHTEIBHO IEJIEBOI JMHAMMKHN IIOKa3aTesiell ocraBaach
OTHOCHTENILHO HE BBICOKOW. THN pa3BuTHs 0OLIECTBEHHOro TpaHcrmopra B HibkHeM
HoBropone Henb3sd cyuTaTh yCTONYMBBIM, HECMOTPS HA HAMETHUBILUECS OTIEJIbHBIE
YIIydIIeHns: B ero (QyHKIIMOHUPOBAHWU. JTO YJIOBHJIA METOJVKA PAaH)KMPOBAHMUS KadyecTBa
paboTel obmecTBeHHOTO TpaHcmopTa B roponax P® xommanmm SIMETRA, pacmonoxus
obmecTBeHHBIH TpaHciopT HmxHero HoBropona Ha 4-m Mmecre. Bmecte ¢ Tem, coriacHo
METOJIMKE pacuera IPOU3BOAUTEILHOCTU CUCTEMBI MAaCCOBOI'O IIACCAKUPCKOTO TPaHCIOPTa
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MO MPEAJIOKEHUI0, OTMEYaeTcsi N30BITOYHOCTh MOIHOCTEH 1O OTHENIBHBIM €ro BHJAM |
HAarpaBJICHUSM U BBICOKas 331y0IMPOBaHHOCT UHTETPUPOBAHHON MapLIPYTHOH CETH.

CoBepIICHCTBOBAHNE CTATUCTUKU OOILIECTBEHHOT'O TPAHCIIOPTAa C YYETOM YCJIOKHEHUS
TOPOJCKUX TPAHCIOPTHBIX CUCTEM U MX B3aUMOOTHOILIEHUH C KJIIOUEBBIMU CTEHKXONAepaMu
B OSKOHOMHYECKHX IpPOCTPAHCTBAX TOPOJOB M TOPOJCKHX arjoMepanuil B paMKax
HaIMOHAJIBHOTO TpoekTa «LludpoBbie naHHBIE» TO3BOIMUT pa3paboTaTh HHCTPYMEHTApHH,
MIO3BOJIIOIINI MEPEeBECTH CyOBEKTHBHBIC OLICHOYHBIE MHEHHS 00 YCTOWYHMBOM DPa3BUTHH
OOIIECTBEHHOI0 TPAHCIIOPTa M3 HHTYWTHBHO-ONMCATENHLHON IUIOCKOCTH B OOBEKTHBHO-
aHAJTUTHYECKYIO.

Baaropapuoctu

ABTOp Omaromaput NpogeccOpPCKO-NPENOaABATENBCKHI COCTaB IIKOIBI CHCTEMHOTO
TPaHCIOPTHOIO MEHEKMEHTA ['0Cy1apCTBEHHOIO YHUBEPCUTETA YIIPABJICHUSI, CACTEMHOIO
aHaJM3a B 9KOHOMHUKE M OOLIEro ¥ MPOEKTHOro MeHeKMeHTa DUHAHCOBOTO YHUBEPCUTETA
npu IIpaBurenscre PO, a Takke pykoBoacTsBo TpaHncnoprHOU cexuuu LlenTpansHoro qoma
yueHblx PAH 3a BO3MOXXHOCTH IUTOJOTBOPHOM JUCKYCCHH M Pa3BUTHS KOMIICTEHIUI
CJI0KHOCUCTEMHOT'O MBIIIIJICHUS.
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IIpo6aemMbl ynpaBJjieHHsI HHTEHCHBHOCTHIO TPY/1a paGOTHUKOB
BOJHOTO TPAHCIOPTA
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AnHoTtanus. C pocToM IpUMeHEeHHs MH(GOPMAILMOHHBIX TEXHOJIOTHH, YCIOXHEHHEM BCeX
IIPOM3BOJICTBEHHBIX IIPOIIECCOB U MOCTPOCHHEM IU(DPOBOH MO SKOHOMHKH aKTyaTbHBIM
BOIIPOCOM SIBJISICTCSl COBEPIICHCTBOBAHHME OpraHW3allMM Tpyda pabodell CHIBI M BEIOOD
METOJOB ONPENENCHUs TaKOro BaXKHOTO COIMAIbHO-DKOHOMUYECKOTO SIBICHUS Kak
WHTEHCHBHOCTH Tpyna. CHIKEHHe 4Ype3MepHOW WHTEHCHBHOCTH TpYZAa, IIOBBINICHHE
HEZOCTaTOYHOW MHTCHCHBHOCTH TPYJa KakK Ha OTAECNIbHBIX paboyMX MECTax, Tak M B LENBIX
MPOU3BOJICTBEHHBIX MOAPA3ACICHHUAX HIN JaKe OTPACIAX TAKKE MPEJCTABISACTCS BAKHBIM.
VipapieHne WHTCHCUBHOCTBIO TPyZAa pabouel CHIIBI CBSI3aHO HE TOJBKO C €€ M3MEPEHHEM
WM OLEHKOIl. Bo3HMKaeT OCHOBHas TeopeTHYecKas M MpaKkTHYecKas 3amada — pazpaboTka
KOMIUIEKCAa MEPONPHATHI 0 00ECIIeUeHNI0 HOPMAIBEHOH MHTEHCHBHOCTH TPYyJa, C YIeTOM
0a30BBIX SKOHOMHYECKHX, OPTaHW3AIMOHHBIX, ICHXO(U3HOJIOTHYECKHX W COLHUAIBHBIX
(axropoB. [lenaeTcsl akUEHT Ha BHEAPCHHH HOBBIX TEXHOJOTHH, B TOM YHCIE B paMKax
co3maHusd LUQPOBOM MoOJEIM DKOHOMHKHM, YTO MOXKET HPUBECTH K KaueCTBEHHBIM
U3MCHEHUSM B YCIOBHSX TpPYZAA, CTENCHH €ro MHTCHCHBHOCTH, HCIOJIb30BAaHUIO THOKHX
rpaukoB pabOThl, COKPAIICHHUIO MPOJIODKUTEIFHOCTH paboyero JHS M MOSBICHUIO HOBBIX
($hopM 3aHATOCTH.

KirwueBble cjaoBa: WHTCHCUBHOCTH Tpyaa, HOPOU3BOAUTCIIBHOCTE Tpyla, (baKTOpI)I
HWHTCHCHUBHOCTHU TPYyJa, IOBLIMICHUE YPOBHS OpraHu3aluy Tpyja.

Problems of labor intensity management considering water
transport workers

Renata I. Karavashkina

ORCID: 0000-0002-7263-9001

Yulya R. Guro-Frolova

ORCID: 0000-0002-6048-8576

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. Due to the growing usage of information technology, complication of all
production processes and digital economy model development, an urgent issue is the
improvement of labor organization and considering methods for determining such an
important socio-economic phenomenon as labor intensity. Excessive labor intensity
reduction and insufficient labor intensity increase considering individual workplaces and the
entire production units or even industries are important. Labor intensity management is
associated not only with labor workforce measurement or assessment. The main theoretical
and practical task is the strategy development to ensure optimal labor intensity, considering
basic economic, organizational, psychophysiological and social factors. New technologies’
introduction is focused on, including digital economy model development, leading to
qualitative changes in working conditions, labor intensity degree, flexible working schedules
usage, working day reduction and new employment forms emergence.
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BBenenue

Bomnpocs! u3ydeHuss ¥ ONTUMHU3ALUN WHTCHCHBHOCTH TPYyZJa TEOPETHUECKH CBSA3AHBI C
HEOOXOJMMOCTBIO KOHTpOJII 3a Mepoi Tpyza. Ilpm o3ToM 3ajgaya TOBBIMICHHA
SKOHOMHUYECKOH 3 eKTUBHOCTH OOIIECTBEHHOrO NPOW3BOJCTBA CBS3aHA C IIOJHBIM W
palMOHANBHEIM HCIIOJIB30BAaHHEM IPOW3BOJCTBEHHBIX PECYpCOB: pPabodero BpEMEHH,
000opyioBaHusl, IPEIMETOB TPYAA.

VYnpaBineHue HHTEHCUBHOCTBIO TpyAa CBA3aHO HE TOJBKO C €€ H3MEpeHHEM WIH
OleHKOH. BaxHbBIM mpexacraBisercss npouecc (OPMUPOBAHUSI W HHTErpaludl B
IIPOU3BOJICTBEHHYIO IEATEILHOCTh OPTaHU3ALUN KOMIUIEKCA MEPONPHATHH, BKIFOYAOIINX
HE TOJBKO JKOHOMHUYECKHMH AacleKT, HO TAaKKE MEPONPHSTHH, CBSI3aHHBIX C DPEIICHHEM
COLMATBHBIX, MCHUXOJOTHYECKHX M  (U3UOJIOTHYECKUX 3a/ad, HANpaBICHHBIX Ha
ONTUMM3ALMI0 yciaoBuil Tpyaa. Kak mokasplBaeT NpakTHUYECKUN OMBIT, JAHHBI KOMIUIEKC,
BXOJAIMINN B KPATKOCPOYHBIE U JIOITOCPOYHBIE IIAHBI PA3BUTHS MPEIIPHUATHS, OKa3bIBACT
MIOJIOKUTETbHOE BJIUSHAE HA 3()(EKTHBHOCTD AEATEIHHOCTH KaK OTAEIBHOTO PabOTHHKA,
TaK ¥ NpeanpuaTus B enom [1].

MeTtoasl

CoBpeMeHHasi SKOHOMHKa TpyJa paccMaTpuBaeT IIOHATHE WHTEHCUBHOCTH Kak
CIIOKHYIO JKOHOMHYECKYI0 KaTeropuio. [loHMMaHWe ee CYIIHOCTH HEOOXOOUMO JUIsi
3aeiCTBOBaHMUSA B  JCATEIBHOCTH MPENNpPUATHS paHee HEOCBOCHHBIX PE3epBOB
spdexktuBHOCTH Tpyna. Kpome Toro, ciexyeT HOMHHTb, YTO TpPyX HEOTAEIHUM OT
pabOTHHKA, & 3HAYNUT BONPOCH HHTEHCHBHOCTH TPY/a HEPA3PHIBHO CBSI3aHbI C COLUAIBHON
CTOPOHOM TPYAOBOH €ATENBHOCTH [2].

B mmpokoM cMbIciIe 0] HHTEHCUBHOCTBIO TPYy/a TIOHUMAIOT CTETICHb HANPSHKEHHOCTH
paboTHHKa B mponecce Tpynaa. PaxkropaMm, ONPENENSIOINMH CTCICHb WHTEHCHBHOCTH
TpyZa, SBISIOTCA: KJIUMAT, IOJ, COCTOSHHE 3/I0pPOBBS, OTHOIICHHE PAaOOTHHKA K TPYAY,
COCTOSIHHE pabodero Mecra, YpoBEHb OpraHM3alluM TpyJda Ha paboyeM MecTe, B OTIele,
MIPOM3BOJICTBEHHOM YYacTKe WIJIM Ha NPEANPUSATHH, Ka4eCTBO ICUXOJIOTMYECKOr0 KIMMaTa B
TPYAOBOM KOJIJIEKTHBE U HEKOTOPBIE IpyTHe.

C10XHOCTh JaHHOH COIAIbHO-3KOHOMUYECKOI KaTEeTOPHH COCTOUT B HEOOXOAMMOCTH
OIIEHKHU COBOKYITHOCTH M3PacX0JJOBAaHHBIX busryecKux yCuIIni, OIIbITa,
npodeCcCHOHANBHBIX HABBIKOB, YMEHHH, TBOPYECKHX BO3MOXKHOCTEH M HEpPBHBIX 3aTpar.
DOKOHOMHYECKas HayKa B HAcTOsIIEe BpeMs H3MepseT HHTCHCHBHOCTh TpyAa Kak
OTHOIIIEHHE 3aTpaT TpyAa K 3arpaTaMm pabodero BpemeHH. CIIOKHOCTH COCTOUT B TOM,
KakuM HMMEHHO 00pa3oM MOXHO HM3MEPUTh «3aTparhl TPyHa», a TaKkKe KaKue HMEHHO
3aTpaThl BpEMEHU HUCII0JIb30BaTh B pacuere [3].

«3atpaThl TpyAa» MOKHO PacCMaTPUBATh KaK Pe3yJIbTaTUBHBIN MOKa3aTelb, HAIpUMep,
(aKkTH4ecKyo TpyIoEMKOCTh WM BBIpaOOTKy. Ilox 3aTrpaTamu pabodero BpeMEHH MOXHO
MMOHUMATh MECAYHbIA (OHI paboyero BpEeMEHHM W3 pacyera, K npumepy, 40-uacoBoit
paboueii Henenu, i dpdekTuBHbI (oHa Bpemenu padorsl. Ut = 3t / 3ps, rne Ut —
KO3 PUIIUEHT WHTCHCUBHOCTH TpyJa, 3T - 3aTpaThl TPyda, dYei.-4ac, 3pB - 3aTpaThl
pabouero BpeMeHu, den.-yac.

CyliecTByeT MHEHHE, YTO WHTEHCHBHOCTb TPYAa BBICTYNAeT B Ka4yeCTBE CTENECHU
3arpy’K€HHOCTH PAaOOTHHUKA, CTENCHH «YCTAJIOCTH MM YTOMJICHHOCTH» IOCIEIHEro. MBI
TIO3UIIMOHUPYEM 3TO HEBEPHBIM. PeryisipHble 3a7ep>kKKu 10 OKOHYaHMM pabodero JHA Ha
paboyeM MecTe, M3MOXICHHOCTb, a TAKXKE HHTCHCHUBHas paboTa Ha H3HOC HE MOTYT
SIBIISITBCSI BBICOKOHM CTENEHbI0 MHTEHCHBHOCTH TpyJa paboTHuka. Ilo Hamemy MHeHHIO,
CIIelyeT paccMaTpuBaTh HMHTEHCHBHOCTh Tpyla Kak OJIHY M3  XapaKTEPUCTHK
3G PEKTUBHOCTH TPy/Aad, €ro MPOJYKTUBHOCTH WJIM HPOHU3BOAUTEIBHOCTH. VHTEHCHBHBIN
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TPy XapakTepu3yeTcsi pe3yJbTaTHBHOCTBIO DPAa0OTHMKA, MOKA3bIBAeT €ro (akTHYeCKUe
JOCTHKEHHS, MOJTYYSHHBIE 32 HOPMAaTHBHYIO NPOIOJDKUTEIBHOCTh pabouero Bpemenu. [1pu
5TOM, HMHTEHCHBHOCTb TpyJa HE SIBISIETCS DPaBHO3HAYHBIM II0 CMBICIYy IIOHSATHEM
MOKa3aTeJI0 BRIMOIHEHUs HOpM [4].

VIHTEHCHBHOCTD TpyAa 3aBHCHUT OT JEHCTBUSL MHOXKECTBA OSKOHOMHUYECKUX U
COLMATBHBIX (DAKTOPOB, MPEACTABICHHBIX HA PUCYHKE 1: yCIOBHUS TpyZa, XapakTep TPyZAa,
YPOBEHb OpTaHM3AlMH TPYAd, YPOBEHb (PHU3UIECKOTO COCTOSHHS pabOTHHKa MU €ro
crnenuduyeckne (QU3NOIOTHISCKHEe OCOOSHHOCTH B IIpOIecce TPYNOBOH NESATEIHHOCTH,
NICUXOJIOTHYECKUH KJIMMAaT B KOJJIEKTUBE M IICHXOJOTHYECKOE COCTOSIHHME pabOTHHKA,
OTHOIIEHHE pPAaOOTHHMKA K TPYyHdy, MOTHBAIMA TPYJOBOH IEATEIBHOCTH, B TOM YHCIIE
HeMaTepHajIbHasl, AUCIUIUIMHIPOBAaHHOCTh PAOOTHHKA.

Bremmme daktopi

® OPraHIFaiig apolfsBoJIcTRED 1T TP, " VPOBRCHE MIFZHI
® CTHMYIIPORIFIIS TPY L. EIICCTRO ARIFIHIL
* CTPVETYPA I COCTAR padon YPOBEHB JTOXOI0B,
KaIpoE, EAUCCTRO TPYIOROI EINHIL
* O ORMAT B ITPVIOBOM EOUICKTTIBNG, VPOREHE OOCCTICCHHOCTID MILTRLCM,
* OPTAHIFRALTTCHHRE EVIIRTY A, VPpORCHB P BITILA
¢ ERAMIIKAINL, CTAK, OOpa30RHIE, APAROUEPAHEHIT,

TTCHLL BL'HPHJ.:I 11 ,II,I]}-]'"L'- MMHOCTHR S VPOBCHb PEEITTE EIJI'.I,IHJI.I:HU“
XAPAaETEPICTIELL ]'.I-.'Iﬁlf_'lTH"Rﬂ SAIOITRL

Puc.1. ®akTopbl UHTEHCUBHOCTH TpyJa

Pesyabrathl

B coBpemeHHOM Mupe opraHmzanus TpyJa paOOTHHKOB, Kak CHCTeMa II0
YCTAQHOBJICHHIO OJIArONPHATHBIX YCIOBHH B IIEJIOM HMMEET KOHEYHOH NEeNbI0 IMOBBIIICHUE
3¢ PEeKTUBHOCTH PabOTHUKA U IPEANPUATHI B 1IeTioM [5]. [Tpr 3TOM, HTOTOBOM IENBI0 3TOTO
TIIporecca BHICTYNAeT KOMIUIEKCHAS peanu3anus OT/AeIbHbIX 3a/1au:

a) SKOHOMHYECKHX, CBA3aHHBIX C IOBBIMIEHHEM 3(G(QEKTUBHOCTH TpyIa
pabOTHHUKOB, MPOSIBISIFOIIEHCSI B POCTE KaYeCTBEHHBIX XapaKTEPUCTHK TPyAa
1 pOCTE ero HHTEHCUBHOCTH;

0) IICUXOJIOTHYECKUX, KOTOPhIE KOPPEIUPYIOT C YCOBEPIICHCTBOBAHHEM U
ONTUMM3ALUEN yCIOBUM TpyJa KaJpoBOIO COCTaBa OPraHU3ALMMU, IIPU ITOM
GoKyc 3agaud - MOAJCPKAHUE IMICHXOJIOr0-(PH3HOIOTUIECKOTO 30POBbS
pabOTHMKOB B  MEMSIX MOJJACPKAHUS  BBICOKOW  pabOTOCIOCOOHOCTH
MOCTIeTHUX;

B) COUMANIBHBIX, JENAONMX YIOp Ha paclIUpeHHe TPYIOBOTO
MOTeHIMajla Kak pa0OTHUKOB, TaKk W OpraHU3alUH, a TaKXke Ha
HMHTEHCH(HUKALNIO MOTHBAIMOHHOM TPY/10BOM aKTHBHOCTH,

I') IICHXOJIOTHYECKNX, KOTOPHIE B3aMMOCBSI3aHbI C YIIyUIICHHEM YCJIOBUI
TpyZa 1 BBITNOJHSIIOT 33/1a4y COXpPaHEHMs! (PU3NYECKOTO M ICUXOJIOTHYECKOTO
3JI0pPOBBSI, @ TAKXKE MOJI/IePKAHNE HHTEHCUBHON pabOTOCIIOCOOHOCTH.
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B HayuHo#i utepatype [6, 7, 8, 9 u ap.] npeAcTaBICHbI, a aBTOPAMU CTATHU 000OIICHEI
MMIOHUPYIOIIUE UM MOJIOXKCHHUS, TIPSICTABICHHBIC HA PUCYHKE 2, KACATCIILHO OpraHU3aI[ul
3¢ (GeKTUBHON  TPYAOBOW  NEATCIBHOCTH  Pa0OTHHKOB  OpraHW3aldd NP 3TOM
3¢ (GEKTUBHOCTh HANPSIMYIO CBSI3aHA ¢ KOPPEKTHO BBICTPOCHHBIM TPYJOBBIM IPOIIECCOM B
COOTBETCTBHUH C OIPEICIICHHBIMU MTPABUIAMHU, B YACTHOCTH:

1.Pactipenenerne paboT B COOTBETCTBHHU C KBanmpukanueil paboTHHKA ¢
YUYETOM MOCIIEAYIOIIETO B3aUMOICHCTBHS TPYIII pPAOOTHUKOB.

2. BezomacHOCTh W KOMQOPTHBIC YCIOBUS TPYOOBOW [ESTENBHOCTH,
COLMaJIbHAs 3alIUTa PAOOTHUKOB OPTaHHU3AIHH.

3. Cobmonerne TPYyOOBOM AWCIUIUIMHBI, a TakKXKe OCYIICCTBICHHE
pPa3yMHOTO KOHTPOJISI HaJl €€ COOIII0ICHHEM.

4. ®opMHpPOBAHUE U MOJACPKAHUEC MOTHBALUU TPYJOBOH NEATCIBHOCTH
B paMKaX CHCTEMBI OIUIATHI TPYJAa, a TAKkKe MOCPEICTBOM HEMAaTEPHUATBHBIX
CTHMYJIOB.

5. OpraHu3anys MOBBIICHUS KBATH()UKAITUN PAOOTHUKOB.

6. Pa3paboTka U BHEIPCHUE B OPraHU3allMU CUCTEMBI BBIIBICHUS YPOBHS
MIPOU3BOIUTEIBHOCTH TPYIA U PEATU3AIHsI MEPOTIPUSITHI 110 MOBBIIICHUIO €¢
MPOU3BOIUTEILHOCTH.

7. DnUMUHANNS HEPAMOHAIBHBIX 3aTpaT pabovero BPEeMEHH 3a CUeT
ONTHUMU3AIMU TPYAOBBIX MPOIECCOB B OPraHU3AINH.

8. CoBepIICHCTBOBaHME YCIOBHH TpyJa pPabOOTHHKOB, BKJIIOYAs
OCHAaIIIeHHe pabodero Mecra BceM HEOOXOIMMEBIM 000pyIOBaHUEM.

; s TPYTOBAJS
IPDERTIIBHAS NTESTETBHOCTH

MORE EHHE l:li.t_l-l.'l'l'l B COOTEETCTREHRER ©
TR LTS wa s ek

BEIAETEHIE VPOBERA
HpoHI R HTEALROCTH
Tpyaa

DesnnaBCHOCTR, KosdiopT B
cOIFEmuTA pafoTnnEs

HINMHHANHA
HepANTHOHATLHEIX
BReMEeHHLIX JATPAT

CHTHAMIEALIS ¥eaoeui
TRYAR W OCHAI N
padoern MecTa

CTHMY IR OBEFN &
TPYAOBROH AeHTCILI0CTH

Puc. 2. Kommiekc coctaBisitomux 3¢ GpeKTHBHON TPyI0BOi A TeIbHOCTH
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Kak mokaspIBaeT NpaxkTHKa, MHTCHCU(QHKAIMI TPYAOBOH AesTeIbHOCTH 0Oe3 ydyera U
popabOTKU yKa3aHHBIX BbIIIE (PAaKTOPOB, COMPOBOXKIACTCS aKTHBU3AIMEH OTPHUIATEIIbHBIX
NCUXO(HU3HOJIOTHYECKUX TOCIEACTBUMA, YTO CHIDKAEeT IPOU3BOAUTEIBHOCTh TpyAa He
TOJILKO B KPAaTKOCPOYHOM, HO U OoJiee JUIUTeIpHOM nepuozaax [10].

K meperpy3ke M HUCTOLICHWIO HEPBHOW CHCTEMBI, HapyIICHUSM (DYHKIMOHAIBHBIX
COCTOSTHAH paOOTHUKA MOKET MPUBECTH TAKOE OCHAIIICHUE W OPTaHHU3aIMs pad0vero MecTa,
B KOTOPO# paOOTHHK ITOABEPTAETCS BO3ACHCTBUIO HETATUBHBIX (DaKTOPOB pabodeii cpensl, a
HMEHHO BO3JICHCTBHIO TEMIIEpPATyphl BO3/AyXa, IIymMa, OCBemleHHs H T.M. CHIDKEHHE
paboTOCIOCOOHOCTH W yXYAIICHHEe CaMOYYBCTBUS paOOTHHKA BCIEACTBHE €ro HEPBHOTO U
(U3MYIECKOr0 MEepEeHANpPsIKEHNST MOXKET MOBJIEYb 3a CO00H M HepanMoHalIbHAS OPTaHU3aLUs
TpyZa, MpPEeAroaranas HECUCTEMAaTHIECKYI0 110 MHTCHCHBHOCTH PabOTy, COUYETAIOIIYIO
JUINTENbHBIC MHTEPBaJbI IPOCTOA, Oe3eCTBUS ¢ MepHOiaMHi THIIEPAKTUBHOCTH.

He wmenee 3HaunM ans 5((QEKTHBHOH TPYHAOBOH IESTENBHOCTH HCHXOJIOTHYECKUIN
KIMMaT B KOJUIEKTMBE pPa0OTHHUKOB, KaK pe3y/lbTaT KOMIUIEKCHOTO BO3JIEHCTBHSA,
B3aMMOJICHCTBUS U COUETAEMOCTHU JIMYHOCTHBIX XapaKTEPUCTHK, a TaKXkKe MUHIUBHUyaIbHOTO
MEHEDKMEHT-CTHISL  pyKOBOAMTENs. [Ipy 3TOM OJHUM M3 KIIOYEBBIX (PAKTOpPOB
ONTUMU3AIMH IICUXOJOTHUECKOr0 KJIMMaTa B KOJUICKTHBE PAOOTHHUKOB, K HpUMEpY, IO
MHeHuio uccnenoBarens H.H. AxmenoBoif, ¢ KOTOPBIM COJHIApHBI aBTOPHI CTaThH,
SIBIISICTCS CHIDKEHHE YPOBHS KOHPIUKTHOCTH [11].

He wmenee 3HaunmMo (hOpMHpOBaHHE YCIOBHH, SIMMHHHPYIOIIMX BO3HUKHOBCHHE
KOH()JIMKTHBIX CHUTYallMd B TPYAOBOM KOJUICKTHBE, KOTOPBIE HOCAT AECTPYKTHBHBIN
XapakTep M OTPHLATEIbHBIM 00pa3oM CKa3bIBalOTCS Ha 3(QQGEKTUBHOCTH TPYIOBOH
nesirenbHOCTU. Tlo 3TOM mpuunHe o0ydeHHe, Kak MUHUMYM PYKOBOAMTENIEH CTPYKTYPHBIX
NoJipa3/ieNieHuid, NPOIYKTUBHBIM IpHeMaM KOHQIMKT-MEHEIKMEHTa, C TOYKH 3pEHUs
ABTOPOB CTAaThM, MOXET MOJIOKUTEIBHBIM O0pa3oM NOBIUATH Ha IOCIEIYIOLIYIO
ONTUMU3AIMIO TPYAOBON AEATEIBHOCTH OPTaHU3ALIUH B LIEIOM.

ABTOpBI CTaTbM CKJIOHHBI IIOJaraTrb, YTO OTHOIIEHHE pPAOOTHHKA K MCIIOJHEHHIO
COOCTBEHHBIX WHIMBHIYAJIbHBIX TPYAOBBIX OOS3aHHOCTEH OKa3bIBaeT HENOCPEACTBEHHOE
BIMSHHE Ha IPONYKTUBHOCTH €r0 TPYIOBOM IEATENBHOCTH, IIPH 3TOM OTHOIIEHHE K
MIOCJIEAHEH, C TO3MIMM aBTOPOB, MPEICTAacT B KadeCTBE KOMIUICKCHOW COLMAIbHO-
TICUXOJIOTHYECKOM TpeX KOMIOHEHTHOM CHCTEMBbI, IPE/ICTABIAIONICH SIUHCTBO a) MOTHBOB
peanmzanyi TPYAOBOH JIESATENbHOCTH, O) OLEHWBAHHWSA TPYAOBOH CHUTyalUd H B)
(axkTrdeckoro TpynoBoro moseneHHs. C TEpBBIM 3JIEMEHTOM (@) CBS3aHBI COLMAIBHO-
TICUXOJIOTHYECKHE TI00YTUTENN TPYAOBOH esTeNbHOCTH. BTOpoii anemenT (0) koppenupyer
C BHYTPEHHHM, CYOBEKTHBHBIM OIICHMBAaHHEM TPYIOBOH JEATEIHBHOCTH PAaOOTHHUKOM.
TpynoBast akTUBHOCTh PaOOTHHKA OPraHM3ALMU B paMKaxX HMIIEMEHTAlMH TEPBBIX IBYX
9JIEMEHTOB (MOTHB M OlLieHHBaHHe) (DOKYCHpYeTCs B TPEeThbeM dJieMeHTe (B), IIPH ITOM
Ka4yeCTBEHHBIM 00pa30M MEHSETCS BBINOJIHEHHE Pa0OThI, HHUIMATUBHOCTh paOOTHHUKA U €TO
JUCHUTUINHIPOBAHHOCTE.

MO>HO TpOCHeaAnTsh U O0003HAYUTH THUIMOBBIE (DAKTOPHI, BIMAIOLINE HAa OTHOILICHHE
pabOTHHKA K TPYJOBOH IEATEILHOCTH B OPraHM3alMsIX Pa3IMIHOTO NpO(MIs, B TOM YHCIE
1 OpraHU3anusaX BOJHOTO TPAHCHIOPTA, K KOTOPHIM MOKHO OTHECTH: YPOBEHB OILIATHI TPY/Ia,
YPOBEHb OpraHu3anuy pabodyero Mecra, 3apabOTHYIO IUIATY; TEXHUYECKYIO0 OCHAIIEHHOCTb
BBIJIETICHHOTO pabovero Mecra COTPYIHMKA; YCIOBHUS TPYZAA, NMCUXOJOTHUECKUN KIMMAaT B
KOJUIEKTHBE, CTHIb pyKoBoAacTBa. [Ipn 3TOM, BakKHOW KOMITOHEHTOW ITpoIiecca TeHepalun
OJIarONpHUATHOrO TICUXOJOTHYECKOro KIMMaTa ¢ MO3MIUH uccienoBarens [pudosoit S.B.
[12] BBICTYmAeT yIO0BIETBOPEHHOCTh PAOOTHUKA TPYAOBON NESATEIHHOCTHIO, KOTOpast HUMEET
MHOTO(YHKIIMOHANBHBIN ~ XapakTep,  CKJIafgbIBasiCh U3  COYETaHHUA  DBJIEMEHTOB,
IIPEJCTAaBICHHBIX HAa PUCYHKE 3.
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COOTBETCTBHE TPYAOBBIX (PYHKIMI padOTHUKA
€ro KOMNeTeHI UM U BO3MOKHOCTAM

Ja00poskeaaTelbHbIe B3AMMOOTHOIICHHUS B
TPYAOBOM KOJIJIEKTHBE

OTCYTCTBHE IICUX0JIOTHYeCKOr0 AAaBJIEHUSI CO
CTOPOHBI PYKOBOIMTeJISA

(yHKIIMOHHPOBaHHE CHCTEMBI MOTHBAIUH
TPYAOBOii AeATeJIbHOCTH

Puc. 3. Cocrapinsromue y10BIETBOPEHHOCTH TPYIOBOI JESITEIbHOCTHIO

KacaTenpHO mocieHero KOMIIOHEHTa COCTABIIIOIINX YIOBJICTBOPEHHOCTH TPYHOBOM
NEeATeIBHOCTH — TPYIOBOH MOTHBAallMM — MBI MOXXEM OTTOJIKHYTECS OT COOCTBEHHOTO
ONpe/ICNICHUsT TOHATHS MOTHBALMH JEATEIBHOCTH Kak BHYTPHIICHXOJIOTHYECKOH,
JUHAMUYECKOW CHCTEMBI, TeHEpUPYIOIeH YEJIOBEUYCCKYI0 aKTUBHOCTB;, CHCTEMBI,
MIPECTaBIAIOMEH CO00 COBOKYITHOCTh MOTHBOB, OOpa3yIOIINXCsS W3 MOTPEOHOCTEH, Tae
MOTHB SIBIIIETCS OINpeIMEeUeHHON noTpeOHocTho [13]. Ilpn 3TOM, B KadecTBe MOTHBALUU
TPYIOBOH JESTENILHOCTM MBI MOXEM paccMaTpHBaThb COBOKYITHOCTb MOTHBOB —
OINPEMEUYEHHBIX TMOTPEOHOCTEH, KOTOPbIE YIOBJIETBOPSIOTCS IOCPEICTBOM TPYJOBOH
JEATeIbHOCTH.

Obcy:xnenue

B COBpEeMCHHBIX OTCUCCTBEHHBIX OpPraHMU3AlUAX, B TOM YHCIC U CQepsl BOIHOIO
TPAaCHIOPTA, CUCTEMa MOTHBAIUU TPYIOBOH NEATEIFHOCTH B OOJNBINEH CTENCHHU CBS3aHA C
(OHIOM OILIATHI TPYAA U BCEBO3MOXHBIMH JOTIOIHUTEIBHEIMH BEIILIATAMH TI0 Pe3yJIbTaTaM
JUYHOW JESATeIBHOCTH pPaOOTHUKA WM JAEATEIFHOCTH OpTraHW3allid B IEJOM 32
OTIpENCIICHHBI TIePHOA, TPU 3TOM HeMaTepHalbHble (OPMBI MOTHBALWK TPYIOBOM
JESITENFHOCTH PaOOTHUKOB HAOWparT momylsipHOCTE. K mpuMepy, K HeMmaTepHaIbHBIM
¢dbopMaM MOTHBAaIMU PAOOTHHKOB BOJHOTO TPAHCIIOPTa aBTOPHI OTHOCST Pa3HOTO poia
JBFOTHl Ha TMPHUOOPETEHUE YCIAYr WIM NPOIYKIUHM OpraHu3auuii (CKMOKH Ha oOydeHHe
pabOTHHUKOB, B TOM YHCIIE JUIS YJICHOB CEMbU pabOTHHKA, B 00pa30BaTENbHBIX YUPEKICHUIX
®Denepa’dbHOTO areHTCTBa MOPCKOTO M PEYHOTO TpaHcmopTa (nanee mo Texcty — ®AMPT),
CKHJIKA Ha TOKYNKYy OWJIETOB Ha MAacCAXHUPCKHE CyJa W TYPUCTUYECKUX TPOIYKTOB,
noaapku ¢ cuMBonkoid ®AMPT, opraHuzaius JeTHEro OTAbIXa pabOTHUKOB U UX CEMEH U
T.JI.

B psme ctpan Mupa B IeJSX CO3MaHHUS ONArOMPHUATHBIX YCIOBHH TPyAa U IOBBIIICHUS
MPOAYKTUBHOCTH TPYAOBOH MAEATEIFHOCTH CBOMX pPa0OTHHKOB OpPTaHWU3AIMH BHEAPSIOT
COKpAaIIeHHYI0 pabodyro HEAeN0 C OJHOBPEMEHHBIM YAJIUHEHHEM IPOJOKUTEIBHOCTH
paboTel B paMKkax pabodero mHsA. Takoe M3MEHEHHE B Tpaduke padOTHI COMPOBOMKTACTCS
POCTOM UHTEHCHBHOCTH TpY/Jia.

B mameil cTpaHe mOAOOHBIE MPEIOKEHHS, MPEATIONIATAIONINE yBEIHYCHHE
MIPOAOIDKUTEIBHOCTH TPYAOBOTO JHS 10 10 9acoB, BMECTO CTaHAAPTHHIX &8, HO COKpAIIECHHUE
paboueit menenu no 4 nHel (Momenb «4 Ha 10»), MOSIBISAIOTCS PETYIAPHO, TOPOXKIAst
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MHOXXECTBO CIIOPOB, OJIHAKO, IIMPOKOMACIITa0OHOE BHEPEHHE MOJENIN Ha JaHHBI MOMEHT
HE Pealn30BaHOo.

CoBpeMeHHasi JEHCTBUTEIBHOCTh TaKOBa, 4YTO MOXKHO OIPEICIUTh CleIyIoIne
TIOJIOKUTEJbHBIE, MTOBHIIIAIONINE POU3BOIUTEILHOCTD TPYyia paOOTHHKA aCIIEKTHl MOAEIN
«4 Ha 10», npencTaBleHHbIE HA PUCYHKE 4, K KOTOPBIM MBI OTHOCUM:

1. DnuMuHanMs WIM CHIDKCHHE YPOBHSA cCTpecca y pabOTHHKA, UTO
MOJIOKUTEIbHBIM ~ 00pa3oM  CKasplBaeTcd Ha  OOMMX  IOKa3aTewsax
TICHXOJIOTHYECKOTO U (PU3NOTOTHIECKOTO 310POBBS M OOIIETO CAaMOYYBCTBUSI.

2. Bo3moxHOCTB caMopeanu3alii B JIONOJHHUTEIBHOE
BEICBOOOAMBIIEECS y pabOTHHWKAa BpeMs (JOTONHUTENBFHOE OOpa3oBaHHE,

Ty TEIIeCTBHUS, HOBOE X000H U T.11.).

3. VHTepBanbHas CMEHAa HECKOJIBKUX BHJOB AEATEIBHOCTH (OCHOBHAS
pabora — X000M — JONMOJHHUTENbHOE OOpa30BaHME) INPH HAIWYUU TpeX
BBIXOAHBIX JIHEW OJIarompusTHBIM 00pa3oM CKa3blBAaeTCs Ha CHIDKCHUU
YPOBHS MPO(ECCHOHATBHOTO SMOLMOHAIBHOTO BHITOPaHHS.

4. CokpamieHue 3aTpaT OpraHu3alii Ha KOMMYHaJIbHBIE YCIYTH.

5. CHmKeHHe HETaTUBHOTO BIMSHHS JIEATEIBHOCTH 4YeJOBeKa Ha
9KOJIOTUYECKYI0 OOCTaHOBKY M OKPYXXAIOLIYI0 CPEAy 3a CYET COKPAILICHUS
KOJIMYecTBa MOE37I0K pabOTHHUKOB OpTaHM3aIi MOCPEACTBOM
00IIECTBEHHOTO ¥ IMIHOTO TPAHCIOPTA.

K HemocTaTkaM YeTHIpEXAHEBHOH paboueil Heoea MOXHO OTHECTH CIIeIyIOIIHne
(bakTopHI:

1. Bo3MOXHOE CHM)KEHHE 3apIUlaT, COKpAlleHHWE IMPEeMHH W TPOUYHX
BBITUIAT [IPY YBEJIMUEHHH LITAaTa COTPYIHUKOB U KOJUYECTBA CMEH.

2. JlopaboTka B BBIXOJHBIE JHH W CBOE JIMYHOE BpeMms 0Oe3
COOTBETCTBYIOIIMX KOMIICHCAIIMH OT paboToAaTessi MpHU HEXBAaTKE BPEMEHH
Ha BBINIOJIHEHHE CBOMX OCHOBHBIX TPYIOBBIX 00s3aHHOCTEHA.

3. HeBo3morxHOCTB Iepexo/ia Ha YEeTHIPEX THEBHYIO Pabouylo HEEeIo I
HEKOTOPHIX OpraHm3alMii W psja oOTpacieil, K KOTOPbIM OTHOCSTCS
OpraHu3ay cepsl yCIyT, CTPOUTENBCTBO, IPY30NIEPEBO3KH, B TOM YUCIE U
BOJIHBIM TPAHCIIOPTOM, CEIBCKOE XO3IHCTBO, 3/IpaBOOXPAHEHHE H T.II.

[lpuarMas BO BHHMAaHHE IIOJIOKHUTEIBHBIE M OTPHLATENbHBIC AaCHEKTHl MOJEIN
TPYIOBOH NesITeNbHOCTH «4 Ha 10», MBI CKIIOHHBI 110JIaraTh, 9YTO HEOOXOANM KOMITJIEKCHBIIM
SKCIIEPUMEHT IO €€ BHEJPEHMIO B OPraHH3alMH pasHbIX cdep AEATeTbHOCTH I TOro,
4ToOBl C/IeNaTh OKOH4YATeJdbHBIH BbIBOJ. COKpalleHHe uwucina pabouumx JHel, mnpu
YIUIMHEHUH TPOJOJDKUTEIBHOCTH pabodero [Hs, O3HayaeT IpH 3TOM, 4YTO oOliee
KOJIMYECTBO PA0OYMX YacOB OCTaeTCsd HEU3MEHHBIM. YBEIHMUEHHE MPOIOJKUTEIBHOCTH
paboyero IHS MMEET CBOHM MOJIOKHUTENbHBbIE W OTpPHLATENbHbIE CTOpOHBL Takas ¢dopma
OpraHM3alMM TpyJa [JOJDKHA OLEHMBAThCS C TOYKM 3PEHUS] YydeTa 3HAuYUTEIbHOTO
konudecTBa (akropoB. Hampumep, ynanéHHOCTH MecTa pabOThI COTPYIHMKA, XapakTepa
TEXHOJIOTUYECKOTO MTPOIIecca, peKUMa TPYAa M OTAbIXa U JIp.
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Coxpanienne

3aTpar
HA KOMMYHAJIbHbIE YCJIyTH

CHI:KeHre HeraTHBHOTO BJIVSTHHS
Ha OKPYJKAIOLLYIO Cpexy

Camopeann3anusi paGoTHHKA B
BBICBOOOIHBIIIEECS] BpeMst

DIUMHHATHSA WIN CHUKEHHe YpoBHs CTpecca y paﬁonimca,
l'lqu)eCCllOHaﬂbHOl"O SMOLHOHAJIBHOI'0 BHIFOPAHUSA

Puc. 4. [lonoxxuTenbpHBIC aCTIEKTH BHEAPCHHUS COKPAIIEHHOH pabodell HeJleH ¢ YBeIMICHHEM
IPOAOIDKUTENBHOCTH Paboyero aHs

[Ipn n3MeHEHNM MHTEHCHBHOCTH TpyZJa pabOTHHKOB TpeOyeTcs: ompenencHne YETKUX
TPaHWI] WHTEHCHBHOCTH TpyJa, KPUTCPHEB HX pa3INuus, HW3MEPCHHE €€ BEIHYHHBI
[IpakTrdeckas 3HAYUMOCTh MJAHHOW 3amadyd BelHWKa. AmpoOamus MEpOnpusSTHHA 110
COBEPILICHCTBOBAHUIO OPTraHM3aLUHM TPYyJa, CONPOBOXKAAIOIINXCS H3MEHEHUSIMH B €0
MHTEHCUBHOCTH CBSI3aHA C OLICHKOMN CTEMEHU MM BUJIa MHTEHCUBHOCTH TPY/a Ype3BbIYaiiHO
Ba)KHA.

IlpunaTto pasnuuaTh CcHEIyOKME BUABI HMHTCHCHBHOCTH TPYJa: HOPMAJbHYIO,
YPE3MEPHYIO U HEJOCTATOUHYIO.

Hopmanbnas VHTEHCUBHOCTb TpyJAa OIpPEAENAETCS CIO0KHOCTBIO HCIONIB3YyEMBIX B
MPOU3BOJICTBEHHO-XO3AUCTBEHHON [JESATENbHOCTH TEXHONOTMH M ypPOBHEM pPa3BUTHA
MIPOM3BOUTENBHBIX cHil. OHA M3MEHsIeTCS IO Mepe pa3BUTHs O0IIECTBA M SKOHOMHYECKUX
cucreM. HopmanbHas WHTEHCHBHOCTh TpyZAa O3HAYaeT INPUMEHEHHE palMOHAIbHBIX
NIPUEMOB ¥ METOJIOB TpyJa, HOPMAJIBHOTO TeMIla BBINOJIHEHHs paboThl. PaGouee Bpems
UCTIONb3YeTCs TOJHOCTBI0 M 0€3 IMOoTephb, YCIOBHS TpyJa ONaronpHsTHBI, peanu3yercs
coLlaJIbHAs, TBOPYECKas, TApMOHM3UPYIOIIas ¥ TyMaHU3alWOHHAs QyHKIMU Tpynaa. Takas
OpraHM3anys TpyAa TapMOHWYHO BIMCAaHA B BBICOKOA((EKTUBHYIO, COOTBETCTBYIOILIYIO
IIOCJICAHUM TpGGOBaHI/IﬂM CUCTEMY OpraHusanyu TMpOU3BOJACTBA U HE Tpe6yeT oT
pPabOTHUKOB Ype3MepHbIX ycuiaumid. OHa CHOCOOCTBYeT TFapMOHHM3AlMU TPyda M POCTY
CTETNIEHH YIOBJIETBOPEHHOCTH TPYIOM.

K HOpMaJibHOM HWHTEHCHBHOCTH TpyZAa JOJDKEH IPUBOJIUTH JIIOOOH KOMILIEKC
00OCHOBaHHBIX ~MEPONPHATHI, HANPaBICHHBIX HA COBEPUICHCTBOBAaHHE TPYIOBOIi
JIeSITEJIbHOCTH paOOTHUKOB MPEAPHUITHH.

Ypesmepnas WVHTEHCUBHOCTb TpyJda HexenarenbHa. OHa O3Ha4aeT, BBINOJIHEHHE
paboTel 3a mpenesaMH BO3MOXHOCTeH paboTHHKOB. Takas paboTa COIPOBOXKIAETCS
YCTaJIOCTBIO, TIOBBIIICHHBIM PHCKOM TPaBMOOIIACHOCTH, BBHIIIOJIHEHHS Opaka, pOCTOM 4Hcia
KOH()JIMKTOB B KOJUICKTHBE, B LEJIOM CIOCOOHa NPHUBECTH K OBICTPOMY BBITOPAHHIO
paboTHUKA.

Taxo#t BuI MHTEHCUBHOCTH TpyJa He AomycTuM. [Ipu Hannunu 000CHOBaHHBIX OPITEX
MEpONPHATHI HEOOXOAUMO IPOBECTH NMPO(ECCHOHAIBHYIO MEPENOATrOTOBKY COTPYAHHKOB
WIN W3MEHHTh CTPYKTYpY KaJpoB, IpHUBICKas Oojice BbICOKOKBATU(PUIIMPOBAHHBIX
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paboTHuKOB. B apyrux cmydasx, TpeOyeTcs MpOBEACHUE MEPECMOTpa HOPM KOMILIEKCA
MEPOIIPUATHH.

Takxe HexenaTellbHa HedOCmamouHas UHTCHCUBHOCTh Tpyna. OHa COMpPOBOXKIACTCS
moTepsiMéA pabovero BPEMEHH MM HEMOJIHBIM HCIOJb30BaHUEM (OHIA pabodyero BpeMEHH.
Takast ”HTEHCUBHOCTH TPYJIa COMPOBOXKAACTCSI HIU3KUM TEMITIOM paboThI, HeA()(HEKTUBHOCTh
HCTIOJB30BaHU KaJpoB, IEpEepacxogoM 3aTpaT Ha OIUIATy Tpyda M OOIMMM CHIKCHHEM
3¢ (PEKTHBHOCTH XO3AWCTBCHHOH NEATEIHHOCTH. B KOHEYHOM WTOTE 3TO MPHUBOAUT M K
CHIDKEHHMIO JIOXOJOB DPa0OTHHKOB, 3aMEIJICHHIO 3KOHOMHYECKOTO POCTa W CHIDKECHHUIO
YPOBHSI KU3HH.

B mpakTrueckoit AeITebHOCTH IS OTPEIEICHUSI MHTEHCHBHOCTH YacTO MCIIONB3YeTCS
KodpdunreHT ncnonb3oBaHus cMeHHoro BpeMeHn: Kem = (Tem-Tmot)/ Tem, roe Kem —
KOX((UIUEHT HCIONB30BaHUS CMEHHOTO BpPEMECHH, TCM — MIPOIOJKHUTEIEHOCTh CMEHBI,
Toor - notepu padbodyero BpeMeHH (3a CMEHY).

IIpu 3nauenusix Kem menee 0,6 MHTEHCHMBHOCTh TpyHIa MOXKET OBITh MpHU3HAHA Kak
HelOoCTaTOYHass, mnpu 3HaueHUsXx no0 0,8 — HopmambHas, cBeime 0,8 — Oojbimas
WHTCHCUBHOCTb.

3akjaoyenue

Henmocratounas W W3NMHINHSIS WHTCHCHBHOCTH HEJOMYCTUMBI B  IPAKTHUECKOM
nestenbHOCTA. IlpyW 3TOM WHTEHCH(HKANUsA TpyAa BO3MOXKHA B YCIOBHAX YBEINYCHUS
TeMHoB paboTel, Kod(pPHUIHMEeHTa BpEeMEHH 3aHIATOCTH, TMPHHAMAas BO BHUMAaHHE
QNAMUHALIAIO  HENPOW3BOIOUTEIBHBIX  BpeMEHHBIX  3aTpar.  CoKpalmleHme  CBepx
WHTCHCU(UKAIINHA CIEAYST OCYIICCTBIITE IIOCPEACTBOM pAaIMOHAJIBHON OpraHM3alluu
TpyAa. 3aMeTuM, YTO HMHTEHCHBHOCTh Tpyda M TeMIl paboThl HENOCPEACTBEHHO
KOpPENUPYIOT C ONTUMHU3AIUEN YUCIEHHOCTH COTPYIHUKOB OpraHU3alliH.

Takum 06pa30M, BHEAPECHUE HOBBIX TeXHOJ’IOFHﬁ, B TOM 4YHCJICE B paMKax CO3JaHUsA
HH(l)pOBOI:I MOJCJIM 3KOHOMHKH, MOXCT HNPUBCCTH K HOBBLIM, HC HMCBIIUM MECTa PaHCEC
U3MCHCHHUAM B YCJIOBUAX TpyJda, CTCIICHM HWHTCHCHUBHOCTHU, MHCIOJIB30BAHUIO FI/I6KI/IX
rpaduKoB pabOThI, COKpAIECHHUS MPOJODKUTEIBHOCTH pabouyero [Hs, HOBBIX (HopM
3aHsATOCTH [14].

Hanpumep, HeB3upas Ha OTpPacIEBYIO MPHHAMICKHOCTh, aKTyalbHas B COBPEMECHHOM
oOmiecTBe, 0cOOCHHO MPUMEHUTEIBFHO K HHTEIUICKTYaIbHBIM MPO(eCCHsIM, TUCTAHIINOHHASL
(dopma paboTHI, MOXKET YCIICIIHO HHTETPHPOBATHCS B pa0OTY OTEUECTBEHHBIX OpraHU3allni,
IpU STOM JUCTAHIMOHHAas padoTa 3a IMpenesiaMi MPOU3BOJCTBCHHBIX MOMEIICHUH
MTO3UIIMOHHUPYETCS B HACTOSIIEE BpeMs KaK MOCIEICTBHE MAHICMHH, a TAKXKE UYETBEPTOH
IIPOMBIIIICHHOH peBotoruy. CrennanucTsl HacTanBaloT [15] Ha ToM, YTO TUCTAHITMOHHAS
3aHATOCTh MPEJACTABIACT cO00N omHy u3 (opMm I1HdPOBOH 3aHATOCTH. B m060M ciryuae
aKTHBHO peain3yeMasi HU(POBH3alMs BCEX MPOLECCOB TPeOyeT ajalTaldi METOJOB U
MMOAXO0J0B OICHKN MHTCHCUBHOCTHU Tpyaa.
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Poan ERP-cucteM B oNTHMH3AI MU CKJIAJACKON JOTHCTHKH
Ka3axcrana
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AnHoTtanmsi. VccnenoBaHue HampaBlICHO Ha HW3yYCHHE BO3MOXKHOCTEH YITydIICHUS
cKiIanckoi oructukn B Kazaxcrane mocpenctBom BHenpeHusi ERP-cucteM M cOBMECTHBIX
MOJIeNIel NEeMmoYKU MocTaBoK. OCHOBHOC BHHUMAHHE YIICICHO aHAIU3y POJIM COBPEMEHHBIX
WHPOPMAIOHHBIX CHCTEM B ONTHMHU3AIMU TPOIIECCOB YIPABJICHHS 3a1acaMy U MOBBINICHAN
B3aUMOJICUCTBHA MEXAY YYaCTHUKAMH LEMOYKH MOCTABOK. VICHONB3ysl MHTETPUpPOBAHHBIN
MOJIXOJ CMELIAHHBIX METOJOB, HCCIEIOBAaHHE IPOBOJUT CPAaBHUTENBHBIA aHAIH3 U
WCTIONB3YET TEOPUI0 TP IS OIEHKH 3()()EKTHBHOCTH CHUCTEM IUIAHHPOBAHUS DPECYPCOB
npeanpuatuss  (ERP) B onTtummsanum JOTHCTHKH. AHAIM3 OCHOBaH Ha 0030pe
CYIICCTBYIONICH JINTEPaTyphl M TEMATUUYCCKOM UCCIICOBAHHU MPOM3BOJACTBEHHOW CHCTEMBI
Toyota panst ompeleNcHUS CTpaTerHii TOBBINICHHUS OIEPANMOHHON A(PPEKTUBHOCTH,
CHIDKCHHUS 3aTpaT U ONTHUMH3ALUK CKIAJCKON JOrHCTHKH. VccnemnoBaHue MOTYCPKUBACT
pemaromyto posib ERP-cuctem B moaiep)kke COTpyAHHYECTBA B IIETIOYKAX IMOCTaBOK.
Anamu3 BHenpenus Toyota ERP-cuctem cBuaerenbcTByeT O 3HAYUTENIBHOM IOBBIIICHUU
3¢ GEKTUBHOCTH CKIAJCKOM JTOTHCTHKH. Mcronp3ys TeopeTHuecKre OCHOBBI U MPAKTUIECKUE
MIPUMEPHI, UCCIEIOBAaHHE IEMOHCTPHPYET KitodeBble mpemmymiectBa ERP-cucteMm, Takmx
kak 1C:ERP, SAP wu Oracle, u wux anmanrammio K crequuyeckuM MHOTPEOHOCTAM
noructuueckoro cexkropa Kasaxcrana. PaboTa coaepXUT peKOMEHIALUU IO BHEAPECHHUIO
WHTCTPUPOBAHHBIX PEIICHUN W MPENCTABICHUIO JOITOCPOYHBIX CTPATETUH i KOMITaHHH,
CTPEMSIIUXCSI TOBBICHTh CBOK KOHKYPEHTOCIOCOOHOCTh. HayuHBIi M WHHOBAIMOHHBIN
BKJIaJT UCCIICIOBAHMS 3aKIIFOUACTCS B U3yYCHUH BHeApeHuss ERP-cucTeMbl M cTpaTernuecKux
PEKOMEHIAIMAX [0 ONTHMHU3AIMK CKJIAJICKON Joructukd KaszaxcrtaHa W WHTErpaiuu
rJ100aTbHOM LIEMOYKH OCTAaBOK.

KiwueBble caoBa: ckimaackas soructuka, ERP-cucrema, sddexrtuBHOCTH, mEmouka
MMOCTaBOK, ONTHMH3AINs, HHTETPaIHs TEXHOIOTHiA, KazaxcTaH, COBMECTHBIE MOJIEIH

The role of ERP-systems in optimizing warehouse logistics in
Kazakhstan
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Abstract. The research on exploring opportunities for improving warehouse logistics in
Kazakhstan through the implementation of ERP-systems and collaborative supply chain
models. The primary emphasis is placed on analyzing the role of modern information
systems in optimizing inventory management processes and enhancing collaboration among
supply chain participants. Using an integrated mixed-methods approach, the research
conducts a comparative analysis and applies game theory to evaluate the effectiveness of
Enterprise Resource Planning (ERP) systems in logistics optimization. The study is based on
a review of existing literature and a case study of Toyota’s production system to identify
strategies for enhancing operational efficiency, reducing costs, and optimizing warehouse
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logistics. The research highlights the critical role of ERP-systems in supporting collaboration
within supply chains. An analysis of Toyota’s ERP-system implementation demonstrates
significant improvements in warehouse logistics efficiency. By leveraging theoretical
foundations and practical examples, the study showcases key advantages of ERP-systems,
such as 1C:ERP, SAP, and Oracle, and their adaptation to the specific needs of Kazakhstan’s
logistics sector. The work provides recommendations for implementing integrated solutions
and long-term strategies for companies aiming to enhance their competitiveness. The
scientific and innovative contribution of this research lies in the study of ERP-system
implementation and strategic recommendations for optimizing warehouse logistics in
Kazakhstan and integrating it into the global supply chain.

Keywords: warchouse logistics, ERP system, efficiency, supply chain, optimization,
technology integration, Kazakhstan, joint models

BBenenne

Ha peiHKe TpaHCHOpTHBIX IepeBo3oK KaszaxcraHa HaOmomaeTcss CyIIeCTBEHHAs
BOCXOAAIIAsl TCHACHIMSA, O YEM CBHICTENBCTBYET POCT O0BEMOB IPY30IIEPEBO30K BCEMH
BuAaMH TpaHcnopTa Ha 4,4% B 2023 1. no 980,7 MAIH TOHH. OTOT pPOCT HE TOJIBKO
MIOJYEPKUBACT CTpaTernyeckoe reorpaduueckoe BiausHue KazaxcTaHa, HO M yCHINBAeT
3Ha4eHHE CKJIAJCKOW JOTMCTUKM KaK Ba)KHEHWIIEro KOMIOHEHTAa Uil MOANECp KaHUS U
NOBBIIIEHUsST 9((GEKTUBHOCTH LEMOYeK IOCTAaBOK HA JTOW OOIIMPHONW TEPPUTOPHH.
HecMoTps Ha MHOrooO€IIAIONHMI POCT TPAH3UTHBIX MEPEBO30K, KOTOPHIH B 2023 T. BBIpOC
Ha 21% u goctur 29 MIH TOHH, pa3BUTHE CKIAACKONH Joructuku B Kaszaxcrane
CTaJKMBAETCS C CEPbe3HBIMH NpOOJieMaMH, KOTOpPbIE MPEISTCTBYIOT €€ IOTEHIHaNny B
MIOJTHON Mepe BOCIOJIb30BaThCs CTPATETHUYECKUM IOI0KEHHUEM CTPaHBI.

Tekymiee cocTosiHMe CKIaACKOM JorucTuku B KasaxcTane neMOHCTpHpYeT cephe3HBIN
npo0ern, 0coOeHHO B 00ECHEUeHNH CKIagaMH Kiacca A, KOTOPBIE HCIBITHIBAIOT OCTPYIO
HEXBaTKy. OTOT AEePUIHT ycyryOmsercss OTpaHHMYCHHONH MOIIHOCTBIO CYIIECTBYIOIINX
CKJIQJIOB Ul YIOBJICTBOPCHUS IMOTPEOHOCTEH KakK BHYTPEHHHX, TaK M MEXIyHapOJHBIX
LIETIOYCK IIOCTaBOK, @ TAKKe HEXBAaTKOH CTOPOHHHUX JOTHCTHYecKuX omeparopoB (3PL),
0COOCHHO B CEBEPHBIX PETHOHAX.

ITosTomMy kommanmm, pabortatomme B KasaxcraHe, nM3-3a BBICOKOH ITOTPEOHOCTH B
CKJIaJICKUX IOMEIICHUSX, CTAIKUBAIOTCS C MX Ne(PUIUTOM. B 3TOM KOHTEKCTE aKTyaJlbHOCTh
UCCJIEIOBAaHHSI COBPEMEHHBIX HWH()OPMALMOHHBIX CHCTEM B ONTHMH3ALUH IIPOIECCOB
yIpaBJIeHUs] 3amacaMu B CKIaACKOl yormctuke KasaxcTaHa cTaHOBHTCS OYEBHIHOH, B
MIEPBYIO0 OYepenb Uil Ka3aXCTAaHCKUX KOMIaHui. Mojenn COTpyAHHYECTBa OTKPHIBAIOT
MHOToO0OeIIarone BO3MOXHOCTH JJIS  TOBBIIICHUS OIEparioHHONH 3(ddexTuBHOCTH,
CHIDKCHUS 3aTpaT, CHIKEHHS IOTPEOHOCTH B CKIAJCKMX IOMEIICHHSAX W YIyUIICHHS
KayecTBa yCIOyr B CEKTOpe JIOTUCTHKH. HecMoTps Ha cTparernmdeckuid HOTEHIMA
Kazaxcrana kak TJ100QJIbHOTO TpPaH3UTHOTO Yy3Jla, HEPa3BHTOCTh HCIIOJIH30BaHMS
nH(pOpMaIMOHHBIX TAT(HOPM B CKIIA/ICKON JIOTUCTUKE OTPAHMYMBAET BO3MOXKHOCTH CTPAHBI
0 ONTUMU3ALMHK CBOETO CEKTOPA JIOTUCTHKH U CKJIaIHUPOBAHUSI.

JlaHHOE WCcIeOBaHME HaNpaBlIeHO Ha u3ydeHwe noreHnuana ERP-cucrem B
yIy4IIeHUH CKJIAICKON JOTMCTHKH, YAEss ocoboe BHUMAaHHE MX POJHM B ONTHMHU3ALUU
BHYTPEHHHUX ITPOIECCOB U TOBBIIICHUN B3aUMOJCHCTBUS MEXIY PA3IUYHBIMUA YYaCTHUKAMHU
LENOYKHY NOCTaBOK. M3yuas ycnemnsle npumepsl BHeapeHus ERP-cucteM u npakTuky
COTPYAHMYECTBA MEXIy yYaCTHHKAMH IETIOYKH MOCTaBOK, MCCIEJOBAaHHE HAIPaBJIEHO Ha
OINpEJeJICHUE CTpaTerii, HampaBlIeHHbIX HAa CMsArdeHne npodiieM HedPpHEeKTHBHOTO
yIpaBJeHUs 3aracaMi M HEXBATKU CKJIAJCKHX IUIONIAJIEil Yepe3 WHTErpauuio HU(ppPOBBIX
peLIeHuiA.

B kadecTBe 3agau HCCIEOBAaHUS ONPENENEHBL: H3y4EHHE TEKYIEro COCTOSIHUS
CKJIQICKOM JorucTuky B KazaxcraHe ¢ akIIeHTOM Ha BBISBIICHHE KIIIOYEBBIX MPOOJIEM, TaKUX
Kak HexXBaTKa CKIAJCKMX IUIomanei, Hed((eKTHBHOE yNpaBleHHE 3amacaMM H
OTrpaHMYECHHOE HCIIOJIb30BaHHE IHM(QPOBBIX TEXHOJOTMH, a TakXke OIpe/eeHue
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CYILECTBYIOIIMX BO3MOXKHOCTEH JJII MX PELIEHUS MOCPEICTBOM BHEIPEHHS dTUX CUCTEM;
aHamu3 poinu  ERP-cucreM B ONTUMH3allMM  JIOTUCTUYECKUX  OMEpaldii  MyTeMm
aBTOMaTH3alMU YIMpPaBJICHUS 3aMacamy, YIYUIIEHUS KOHTPOJS CKJIAJCKUX MPOLECCOB M
HMHTETpalui BCEX YYACTHUKOB IIETIOYKH TMOCTABOK; M3YUYEHHE JIYUIIUX MHPOBBIX MPAKTUK
BHeapenus ERP-cuctem B ympaBlieHMH CKIAICKUMHU ONEPALMSIMU C UX TMOCIexyrouei
amantanuell Kk crnemmduyecknM ycnoBusax Kaszaxcrana; pa3paboTka METOHONIOTHYECKOI
ocHOBBI i1 BHenpeHuss ERP-cuctem B cekTope CKIIAACKOM JIOTMCTUKH, YTO ITO3BOJMT
ONTUMU3UPOBATH YIIPABICHUE JIOTUCTUIECKHUMH IIPOLIECCAMH B CEKTOpPE CKIAICKOM
JIOTHCTUKU CTPAHBL.

Pemmras sti 3amaun, uccienoBaHre MPU3BAaHO BHECTH BKJIA[ B Pa3BUTHE JIOTUCTHYECKON
nHPpacTpyKTypbl KommaHuii Kaszaxcrana ITyTeM WHTETpaldl NEPEelOBBIX ITHUPPOBBIX
TEXHOJIOTHH, YTO MO3BOJIUT MOBBICUTh UX KOHKYPEHTOCHOCOOHOCTh B TJI00aIBHOMN HEMOYKE
MIOCTAaBOK U MOJJEPKATh YCTOMUUBBIN SKOHOMUUECKHI POCT CTPAHBI.

MeTtoabl

B uccrnenoBaHuM HCHONIB30BAJNICS KOMIUIEKCHBIM TOAXOM, COUETAIONIUH CMeEIIaHHBIE
METOJBI, U1 W3yueHHs MoTeHIManda BHeapeHus ERP-cucrem B yiydlleHHH CKIaaCKoit
noructukn B Kazaxcrane. B xonme wuccnenoBaHusi MpoBeleH OOLIMPHBIA  0030p
CYIIECTBYIOIIEH JTUTEPATYPHI IT0 MOJEIISIM COTPYAHNYECTBA B LIETIOUKE MOCTABOK, C YIIOPOM
Ha BHEIpPEHHWE U Hcroib3oBaHue KommaHusamMu ERP-cucrem. CorpyaHuuectBo
COBMECTHBIE MOJICITH LIETIOYKH ITOCTABOK, a TAK)KE MX POJIb B IOBBIIEHUN 3()(H)EKTUBHOCTH U
ONTUMU3AINH CKIIQJACKON JOTHCTHKU HCCIeNOBaHBI B paboTax AdeBemo-Ypkmara A. JIx.,
Cabmon-Koccrno H., AueBeno-Cyapec k. A., Ypkuara-Pogpurec A. Ix. [1], Aomep H.,
Bpymuep A., Ilproct C. [2], Anyn I. [4], Yarrepmxku C., Mymu I'., Jloypu II. B.,
Yakpabopru C., Xapaun A. [5], I'pun K., Uaman P., Caysp B., 3ean6cr I1. [8], KBak /I-B.,
Ceo M-JIx., Meiicon P. [13], Hummu JIx., Apmkyn K., Manxycynaunan I1. [14], ®an A.,
Hryen X., Hryen K., JIe A., Manyii 1O. [15], [Tottep A., Bunsrensm M. [16], Hloy FO., JIu
10., [ak M., Kaur M. [18], Tannyc K., FOu C. [20], Csio 11, Banr X. [22], Cioii C., Yoii T-
M., Uynr C-X., T'o C. [23].

ERP-cuctemsl, ux ponb 1 3p(PEeKTUBHOCTh ONMHUCHIBAIOTCA B paboTax Aitam C., JIyOuc
M., Butbsikcono P. B., Xaaudatyns Aszuza A. [3], Hembsrosa O. [6], [xuraHOo X., A0 X.,
HNumsyka K. [10], Kenre P., Xan 3. [11], Peitec-Abanto H., Meauna-Ilepec X., 3anara-
Haynman k., Kabanmmesic-Kapoonens M. [17], Ceerccon A., Toce A. [19], Youron C.,
VYunep I1., Wkan 0. [21]. HecMoTps Ha G0NbIOIOe KOTUYECTBO MyOIMKAIIUHA 110 CMEKHBIM
TeMaM, BOIIPOC POJI COBMECTHBIX MOJIeTIeH [ETIOYKH ITOCTABOK B ONTHMU3ALNH CKJIAJICKOM
JIOTUCTUKA W TEpPCHEeKTHB TMOJYy4eHHS OT JTOr0 MPEUMYIIECTB Ka3aXCTaHCKUMH
KOMIIaHUSAMH HEOCTATOYHO U3YUYCH U PEIIEH B COBPEMEHHOH HayKe.

B cratbe HCIONB3YIOTCA METOABI CPABHUTEJIBHOTO aHAIM3a M TEOpUS  HIP.
IIpou3BosacTBeHHAs cucTeMa KoMmaHuu Toyota Oblyla pacCMOTpeHa B KayecTBE OCHOBHOTO
TEMaTHYEeCKOTO HCCIIeIOBaHMA U1 MOHMMaHHA 3((deKTUBHOCTH wHcnoias3oBaHus ERP-
CHCTEM B TOBBILICHHU ONEPAIMOHHON A((PEKTUBHOCTH, COKPAIIEHHN 3aTPaT U IOBBIILICHUN
kadecTBa obOciyxuBanus [16]. lanee OpUI0 poaHaIHM3MPOBAHO BHEApeHUE U BimssHue ERP
n CRM-cucreM B pasnMYHBIX OTPACHAX M IIPOBEIEHO CpPaBHEHHE M OMpeE/esICHHE
ONITHMAJIEHOTO BapuaHTa. JJIsf 3TOr0 MCTOJIB3yeTCsl TEOPHs UTP — METOJl, OCHOBAaHHBIA Ha
UCCIIEJOBAaHUN OTIEPAIMH, WCIIONB3yEeMbIi ISl ONpEeIeNeHUs] HAaWIydIIero BO3MOXKHOTO
pe3ynbTarta Juisi BCeX CTOPOH, YYacTBYIOUIMX B CIIEHapHH KOH(MIMKTA. DTO JIOCTHrAaeTcs 3a
CYEeT HCIMOJNB30BAaHUA CTPOTHMX KOJHMYECTBEHHBIX METOMOB, IMPEJHA3HAYCHHBIX I
ONTHMM3AINH pacTpeiesieHus pecypcoB. [2].

brula mpoanHamm3upoBaHa CHUTyalWs B JIOTUCTHYECKOM cekrtope Kaszaxcrana.
Pesynbrartsl, nosnyuennesle B Kazaxcrane, cpaBHUBaNIMCh C IEPEAOBOM MUPOBOI TPAKTUKOMN
JUTA BBIBJICHUS] TIPOOEIIOB, BOSMOXKHOCTEH M CTpaTeruid, IPUMEHUMBIX K JOTHCTHYECKOMY
cekropy Kazaxcrana [7-12].
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Ha ocHoBe ananmu3a ObLIa IpEIONKEHA CTPYKTypa Ui peaiu3aiuu BHenpenus ERP-
CHUCTEM JJisl Ka3aXCTAaHCKUX KOMIIAHUH B CEKTOpPE CKJIAJACKOW JIOTHCTUKH. DTa CTPYKTypa
BKJIIOYaja IIAard MO CO3JaHHUI0 CETU COTPYIHWYECTBA, WHTErPAllUd TEXHOJOTHUH,
ONTUMU3AIMK YIPABJICHUS CKJIAJaMH W 3alacaMy, a TaKkKe IU(POBH3AIMU MPOIECCOB
COBMECTHOT'O TUTAHUPOBAHMSI U TPOTHO3UPOBAHUSL.

OTOT METOJOJIOTHICCKUNA ITOIX0 TI03BOJIMI BCECTOPOHHE U3YUUTh TEKYIEe COCTOSHUE
ckimaacko soructuku B Kaszaxcrane, pons ERP-cucreM B onTtummuzanuu CKIaaCcKoi
JIOTUCTUKU KOMITAHUH U pa3paboTaTh NeHCTBEHHBIE CTPATETHH ISl YITydIISHUS CEKTOpa.

Pe3yabTarsl

Hecmotps Ha 10, uTo ERP-crcTeMBI HE SBISIOTCS UCKIIOUYNTETBHO MOJEIISIMH LIETIOUKN
MIOCTABOK JUII COBMECTHOM pPabOTHI, OHM MPEACTAaBIAIOT COOO OCHOBOIOJIAraroIlyro
TEXHOJIOTUIO, KOTOpas MOANECPKUBAeT COTPYAHHUYECTBO ITyTEeM HHTErpalliil BHYTPEHHUX
MIPOLIECCOB U MPEJOCTABICHUs TU1aT(GOPMBI JUIsi OOMEHa JaHHBIMU M OOILCHHUSI.

B kauecTBe Jsyumiel MpPaKTUKM HCIHOJb30BAHUS MJAHHOTO BapUaHTa COBMECTHBIX
MoJieNield LEeMOYKH IIOCTaBOK M3 TIOOATBHOTO KOHTEKCTa CTOUT PacCMOTPETh OIBIT
kommnanuu Toyota. JlaHHAs KOMIIAHKS — MAPOBO# JIUAEP aBTOMOOUIICCTPOCHUS, YIKE JTaBHO
CJIaBUTCSI CBOMMM WHHOBAIIMOHHBIMH IOJXOAAaMHU K YIPABJICHUIO IIETIOYKAMHU IOCTABOK U
CKJIQJICKOH JIOTHCTHKE. BHeapeHne KoMnannue COBMECTHBIX MOJICNEH LIETIOUKH TIOCTABOK, B
YaCTHOCTH TPOM3BOACTBEHHOU cucteMbl Toyota (TPS), cymecTBeHHO MOBIMSIIO Ha ee
3¢ PEKTUBHOCTH M MPOLECCH ONTUMH3ALMH. DTa CHCTEMA CIYXKHUT KPacyrojJbHbIM KaMHEM
COBMECTHBIX ycunui Toyota ¢ MOCTaBIIMKAaMH U TAPTHEPAMH T10 JOTUCTHKE, HAIIPABICHHBIX
Ha ONTUMU3AIMIO OTlepalnii, COKpalieHHe OTXO0/I0B 1 MOBBIIICHHE MPOU3BOIUTEIBHOCTH.

CoTpyaHUYECTBO KOMITAHUM C OCTABIIMKAMH BBIXOAUT 3@ PaMKU IIPOCTO OIEPaTHBHOM
npaktuky; Toyota v ee MOCTaBIIMKK OOMEHHMBAIOTCS MH(OPMAIHEH U MPOrHO3aMH, YTOOBI
JIy4qllle COTJIaCOBBIBATh MPOW3BOJCTBEHHbIE I'paHUKHU U MOTPEOHOCTH B 3amacax. Takomy
oOMeHy wuHOpoOpManueld crnocoOcTByloT mnepenoBeie WT-cucrembl, obecrnednBaromue
BHUIMMOCTb BCEl IEMIOYKH MOCTABOK B PEKHUME PEalbHOI'O BPEMEHH.

Bonee Toro, akuent Toyota Ha KOHTpose kadecTBa nocpeactBoM «Jidoka» mpusen k
YMEHBIICHNIO KOJIWYECTBA A€()EKTOB M MEPENENIOK, ONTHMHU3AINN ITOTOKA TOBapOB Yepes3
CKJIaAbl W CHIDKCHHIO IOTPEOHOCTH B JIONIOJHUTEIBHBIX CKIAJCKHX HMOMEUICHUSX [UIs
nedexTHOM uiaM M30BITOYHON MPOXYKIMH. Takoe BHHUMaHHE K Ka4eCTBY TAaKKEe IOBBICHIIO
YIOBIIETBOPEHHOCTh KJIMEHTOB, MOCKOJbKY KOHEYHas IPOMYKIHWS MMeeT OoJiee BBICOKOE
Ka4ecTBO M JIOCTaBIISICTCSI BOBPEMSI.

[lepeuncnenHple NPEeUMYIIECTBA SBISIFOTCS PE3yJbTATOM BHEIPEHHS W aKTHBHOTO
ucnonb3oBanus kommnanuer ERP u CRM cucremsl, B yactHocT Odoo, pa3paboTaHHOMH
Oenbruiickoii kommnanueit Odoo S.A. B 2004 r. Cucrema ERP B Toyota cocrout u3
KOMITOHEHTOB (PHHAHCOBOTO YIIpaBJICHHs, OM3HEC-aHAIUTHKY, YIIPABJICHHS YeIOBEYECKUMHU
pecypcamu, IpPOM3BOJICTBEHHBIX omeparuil. Toyota moiydmna OIpOMHYIO BBITOAY OT
ucnonb3oBanus ERP, u Omaronmapst aToMy Tenepp He CTpajgaeT OT IOTEPh BPEMEHH,
CBSI3AaHHBIX C mepenaueil Qainos. Paboumii mpouecc ymydinwics, a BMECTe C HUM U
3¢ PekTUBHOCTS BHYTpH (hprupMbl. OHa TaKkXKe HE CTAJIKUBACTCS C TPYAHOCTSIMHU, CBSI3aHHBIMHA
C HEXBaTKOIl TOBapHBIX 3aIlacOB M CKJIQJICKUX IUIOMafeil. DTO MPEUMYIIECTBO TOCTHIAETCS
3a CYeT BO3MOKHOCTEH OTCIICKNBAHMS, INTAHUPOBAHMS M IPOTHOZUPOBAHHUS.

Takum oOpasom, Ha mnpumepe Toyota craJo OYEBHAHO, YTO CHHXPOHH3ALUS
nHdopmanny, OW3HEC-aHANNTHKA M yCTpaHEHHE H30BITOYHOCTH 3alacoB IO3BOJISIOT
KOMIIAHHSAM JTOCTUTATh BBICOKOH MPOM3BOJUTEIHHOCTH, U KaK CIEICTBHE, ONTHMU3UPOBAThH
CKIIQJICKYO JIOTUCTHKY. [Ipo6iemMbl, KOTOpble MOKHO PemuTh ¢ moMoibio ERP, BriIrodaroT
mpobJeMbl C 3amacaMu, cOOM B 3aKyIlKax, NPOTHO3UPOBAHME, a Talke MNPOOIEMBI C
KoHBeilepoM. Toyota Taxke peanm3oBaia CBOIO CTPAaTETHIO OEpexIIMBOTO MPOU3BOJACTBA C
nomoiisio ERP. D10 cnenano 3aBoji KOHKYpEHTOCTIOCOOHBIM U YPE3BBIYANHO YCIICIITHBIM.

Obpamas BHUMaHue Ha ombIT KaszaxcraHa, cieqyeT OTMETHUTh HEBBICOKHH ypPOBEHB
ucnons3oBanuss ERP u CRM cucrem, HecMOTpsl Ha MMeroIuiicss O0IbIION BBHIOOP JaHHBIX
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cucreM Ha pbiHke. OnHO U3 npeokeHni Bkiroyaer cucremy ERP SAP R/3 or komnanun
SAP, koTopas momaepxkusaet 6osee 1000 paznuyHbIx Ou3HEc-mporieccoB. Ha ceroausmHmii
JieHb cymiecTByer ©Oonee 50 Bepcui, AOCTYIMHBIX Ha 28 pa3mMyHbIX s3bIKax. R/3
YHHUBEpCaJeH JUIi Ppa3IUYHBIX CEKTOPOB, MpPEJOCTaBIsAs HOKOHOMHMYHBIE, JIETKO
pa3BepThIBaEMblE PpEIICHUS, aJalTUPOBaHHbIE K TOTPEOHOCTSAM MalbIX M CPEIHUX
MPEANPUATHIH.

Oracle Takke mpencTaBisieT KOHKYPEHTOCIIOCOOHBIN MPOAYKT B BHIE MPOTPAMMHOTO
obecnieuerns Oracle Applications, BkiIrodarormero 55 B3amMOCBSI3aHHBIX Moxyiel. Kpome
toro, Oracle mpemmaraer psg pemenuii CRM, mnpemHasHadeHHBIX Ui yIyYIICHUS
B3aUMOJACHCTBYS C KIMEHTAaMH Ha MPEANPUSATHHN ITyTeM 00eCTIeUeHHs TUIaBHOM CBA3U MEXIY
¢dpoHT-0HICOM, pabOTAIOIINM C KIMEHTAMH, 1 BHYTPEHHUMHU Tiporieccamu ERP-cuctemsr.

Ha xa3axcTaHCKOM pBIHKE €l OJJHHM 3aMETHBIM KOHKYPEHTOM SIBJISIETCS IiaTdopma
1C: ERP xommanuu «1C». Byayum usBecTHOH (upMoii-pa3zpaboOTYMKOM HPOTrPaMMHOTO
oGecrieuennst B Poccun, «1C» ocobenHo 3apexomennoBana cedst B Boctounoi EBpore n
ctpanax CHI, Bxmouas Kasaxcran. KmroueBoit ocobGennoctsto 1C: ERP sBusercs ee
pa3paboTka ¢ y4eTOM MECTHOTO 3aKOHOJATENILCTBA B 00JAaCTH OyXrajaTepcKoro ydera H
HaJIOTOO0JIOKEHUs], YTO JIeJIaeT €€ OCOOCHHO BBITOHBIM BEIOOPOM /IS PEANIPUSTHH B THX
pEerHoHax.

Ha ka3zaxcTaHCKOM pBIHKE Kaxknas Hu3 ymnoMmsaHyTelx ERP-cucrem o6cmyxmuBaer
ormensHBle oTpaciuu. Pemenns SAP u Oracle mupoko pacmpocTpaHeHBI B KPYITHBIX
NPOMBIIUICHHBIX ~ (pupMaxX, (HUHAHCOBBIX  YUPSKICHUSX, TEIEKOMMYHHKAIMOHHBIX
KOMIIAaHMAX W APYTHX NPEINPHATHIX, 00padaThIBAIOIINX OTPOMHBIA 00BEM TPaH3aAKIHH.
XOTS 3TH CUCTEMBl TEXHMYECKH CHOCOOHBI IMOJAJEPKUBATh HEOOJbIIME KOMIIAHHH, WX
OTHOCHTEJIFHO BBICOKAasi CTOMMOCTh 4YacTO JEJlaeT X MEHee paclpoCTPaHEHHBIM BBIOOPOM
JUIsl Takux opraHusauuii. Cpenu o0CyXJaeMbIX CHUCTEM HamOoliee paclpoCTPaHCHHOW B
sToM cermente sBiserca 1C: ERP.

Humxe npuBeneHO cpaBHEHHE IPEICTABICHHBIX CHUCTEM HMCXOJS U3 KOJIMYECTBEHHBIX
XapaKTEePUCTUK: CTOMMOCTb JIMLIEH3MH, BHEAPEHUs,, OOCIy)KHBaHHs, OOIas CTOUMOCTh
BIIANICHUSI B CPOK oKymaeMocTH (Tabnwma 1). 3To mo3BOIMT caenaTh 0O00CHOBAaHHEIH BEIOOD
B MOJIB3Y OJHOW U3 CHCTEM. B KauecTBe nmpuMepa KOMIIAHUH I BHEIPEHHS CHCTEMBbI ObLTa
BbIOpaHa kazaxcraHckas kommanusi TOO MJIK (Uatepremrn Jlomkuctike Koncantuar).
CyMMa cperHeMeCcIIHON MPUOBLIH B3siTa M3 (PMHAHCOBBIX PE3yJbTaTOB, Pa3MEIICHHBIX Ha
caiiTe KOMITAaHUU | cocTaBiseT 3,5 mutH Tenre [9]. Ctoumocts nunien3nn SAP R/3 3a onHo
Mecto cocraiser 6000 nommapos CIIA, Oracle E-Business Suite — 5000 mommapos CIIIA,
1C:ERP — 4900 nomnmapos CIIA. [Inst ynobcTBa pacyeToB yKazaHHbIE CYMMBbI HEOOXOIUMO
nepeBecTH B TeHre 1o Kypey 1 nommap CIIIA = 450 Tenre.

Tabauya 1
CpaBHenune ERP-cucteM no Ko1u4ecTBeHHBIM NMOKA3aTeNAM
ERP- Ob6mast Croumocth CroumocTh O6mras Cpox
cucTeMa CTOMMOCTb BHEJIPEHUS, 00CITy)KUBaHUS, CTOMMOCTB OKYIaeMOCTH,
THICH3UH, TEHTe TEeHTe BIIAJCHUS, Mec
TEHTe TEHTe
SAP R/3 16200000 16200000 4860000 49980000 14,3
Oracle E- 13500000 17550000 4050000 43200000 12,3
Business
Suite
1C:ERP 13230000 13230000 5292000 42336000 12,1

Hcmounuk cocmasneno agmopamu Ha ochose dannvix Demyanova, O. [6]

Tak, B pesynprate pacuetoB nporpamma 1C: ERP sBnsercs manbomnee OI0KETHON U
KaK CIIEZICTBUE HMMEET HWXKE CpOK oOKynaemocTd. OJIHAaKO MOMHMO KOJIMYECTBEHHBIX
[oKazaresei, 1aHHas CUCTeMa MMeEEeT NPEUMYIIECTBa B KaueCTBEHHBIX MOKa3aTeNsIX s
ucnosp3oBanus B Kazaxcrane.
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Bo-nepBeix, 1C: ERP xopomo moaxoauT s Ka3aXCTaHCKOTO PBIHKA, MOCKONBKY
pa3paboTaHa C Y4YEeTOM MECTHBIX CTaHIApTOB OYyXraJTepcKOro Yyd4era, HaJIoroOBOTO
3aKOHOJIATENIbCTBA U TPEOOBAHUH K OTYETHOCTH. DTO rapaHTHPYET, YTO NPEANPHUSLTHS MOTYT
YIpaBiIsATh CBOMMH (HUHAHCAMH W ONEpalUsIMU B COOTBETCTBHM C HalMOHAIbHBIMH
3aKOHaMH W TpaBWJIAMH{, YTO 3HAYUTENHHO CHIKAET PUCK BO3HUKHOBEHHSI HPOOJIEM ¢
coOroieHreM TpeOOBaHHH.

Bo-BTOpBIX, IPOrpaMMHOE 00ECIIEUECHUE TMOAEPKUBACT PYCCKHH A3BIK, HA KOTOPOM
mMpoKo roBopsAT B KasaxcraHe, 4To JemaeT €ro MOCTYNHBIM Ml IMIMPOKOTO Kpyra
nosp3oBareneil. MHTepdeiic, foKyMeHTanuss U yCIayTd MOAAEPKKH JOCTYIHBI HA S3bIKaX,
KOTOpBIE OOBIYHO UCIIONB3YI0TCA B KazaxcTaHe, 9TO MOBBIAET yJ00CTBO UCIIOIB30BAHMA U
YAOBJIETBOPEHHOCTD MOJIB30BATENIEH.

B-tpetpux, B KazaxcraHe cymecTByeT MOIHAsl CeTh MapTHEPOB U KOHCYJIbTaHTOB 1C:
ERP. Otu wMecTHble SKCHEpThl 00ECHEYMBAIOT TOAJEPKKY BHEAPEHUS, YCIYyTrd 10
HacTpoiike, OOy4eHHE ¥ IIOCTOSHHOE OOCIy)KMBaHUE, TapaHTUPYs, YTO HPEANPUITHS
cMoryT 3¢ PeKTHBHO pa3BepPTHIBATh U HCIIOJIL30BATH CUCTEMY.

TakuM 00pa3oM HECMOTPsSI Ha TO, YTO Ka3aXCTAHCKUH PHIHOK Pa3BHUBACTCS W JIHIEPHI
Ou3Heca B HACTOsIEE BpeMsl HIMEIOT JIOCTYII K mupokomy criektpy ERP-cucrem, BHenpeHue
JTUX CHCTEM OCTAaeTCs OrPaHMYEHHBIM. B CcBA3M C O3TUM IpeAnaraercs MOJENb,
ajanTUpoBaHHas 11 KommaHmd B KasaxcraHe, TNOCTpoeHHas Ha  MPUHIMIAX
s¢pdextuBHOCTH TOyota M MpaKTHKE COTPYIHMUYECTBA, a TAK)KE YIUTHIBAIOIIAs yHUKAIbHbIC
IpoOJIEMBI, CTOSIINE TIEpe]] CTPAHO, KOTOpast BKIIOYAET B Ce0s CIEAYIOIINE T

Oran 1: ®opMupoBaHHe TEXHOJIOTHUECKON MIaTGOpMBL. (IS YCHEITHOTO BHEAPCHUS
ERP-cucTeM HEOOXOIMMO CO31aTh €IUHOE IM(POBOE MPOCTPAHCTBO, OOCCIICUHBAIOIICE
HMHTETpaIiIo0 BCEX YJaCTHUKOB IIeMOYKU HocTaBok. B Kasaxcrane ato TpeOyeT amanTanuu
JIOKaJTU30BaHHBIX perneHuit, Takux kak 1C:ERP, kotopas yxe 3apekoMeHa0oBaNa ceOs Kak
onTuUManbHas IUIatdpopma Oyarogapsi COOTBETCTBHIO MECTHBIM TpeOOBAaHUSIM yueTa M
HaNorooOyoxeHus. s KpyHHBIX MPOMBIIUICHHBIX KOMIIAHHUH MOTYT OBITh IPEUIOKEHEBI
takue pemeHus, kak SAP u Oracle, koTopsle 00eCHEUMBAIOT YIPABICHHE CIOKHBIMH
onepanusIMu.

Otan 2: TexHonornveckass MHTETpanus M MacmTabupyemocTs cucrteM. OmHUM 13
KIIFOUEBBIX (DAKTOPOB yCIexa sBISIETCS To3TamHoe W rubkoe BHeapenme ERP cuctem c
BO3MOXKHOCTBIO MX MacIITa0MpOBaHUS B 3aBUCHMOCTH OT pOCTa Om3Heca. ITO 0COOEHHO
aKTyaJIbHO JUIS MaJoro M cpeaHero O6mszHeca B KasaxcraHe, rie orpaHHYeHHBIE PECYpCHI
TpeOyIOT YNPOLICHHBIX, HO (YHKIMOHANBHBIX pemeHuid. MHTerpamust maHHBIX W3
Pa3IMYHBIX MMOIPA3/IENeHHU, OT 3aKyIOK 0 MPOU3BOACTBA U COBITA, MO3BOJIIET KOMIIAHUSAM
KOOPJMHUPOBAThH CBOU JIEHCTBUSL, TTOBBIIIAs 3((EKTUBHOCTD BCEH IIETIOYKH OCTABOK.

Oran 3: OntuMmuzaius CKiaja ¥ 3amacoB. BaKHO MPOJBHUraTh METOMbI OEPEIKIMBOTO
yIOpaBleHUs] 3amacaMy, OCHOBaHHBIE Ha mojaxone «TouHo B cpok» (JIT). Dro momoxker
CHHU3UTh 3aBUCHMOCTH OT OOJBIIMX CKJIAJACKHUX IUIOMAAeH 3a CUeT TECHOTO COTTIACOBAaHUS
MIPOM3BOJICTBEHHBIX TI'pa)MKOB C MPOTHO3aMH crpoca. Takke H3Y4UTh BO3MOXKHOCTB
CO3/aHMsl OOMmMX CKJIAACKUX MOMENIEHHWH Ui KOMIIaHMH OJHOW OTpaciu WiIx
reorpa)Mueckoro pernoHa. JTO MOIJIO OBl CMATYNTh AEYUINT CKIAJACKUX IUIOMIAZeH
KJacca A M CHU3MTB 3aTPaThl yYaCTHUKOB.

Oran 4: ndposuzamus MpoueccoB COBMECTHOTO INIAHUPOBAHUS U IIPOTHO3MPOBAHUSI.
ERP-cuctemMpl MO3BOJIIIOT HalaJuTh TpoIecC OOMEHa JaHHBIMH MEXIY YYaCTHHUKaMH
LIEMOYKH MOCTaBOK, 4TO oOecreunBaeT Oojiee TOYHOE IUIAHUPOBAHUE MPOW3BOJCTBA U
mocraBok. Vcroap30BaHNe HHCTPYMEHTOB OM3HEC-aHAINTHKHY U PACIIMPEHHBIX alTOPUTMOB
MIPOTHO3UPOBAHMSA CIIPOCa TIO3BOJIAET KOMITAHUSAM AQJaNTHPOBATBCA K H3MEHEHUSIM
PBIHOYHBIX YCJIOBHI M MUHIMM3UPOBATh PUCKH, CBA3aHHBIE C KOJIEOaHUAMU CIIPOCa.

ITockonbky skoHOMHKa Kaszaxcrana OBICTpO pacTeT, OpraHM3AIUH, 3aHUMAIOIIHECs
BHenpernneM ERP-cuctem, MOTYT UMETh MPOYHYIO OCHOBY IJisi OyayImiero pocra. AHamu3
BHenpenus stux cucreM (1C:ERP, SAP, Oracle) nmoarBepxkaaeT HMX BaKHYIO pOJb B
ONTUMU3AIMK B3aUMOJEHCTBUS MEXJY YYaCTHUKAMHU IIEMIOYKM MOCTAaBOK 3a CUeT
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aBTOMATH3allUK MPOIECCOB YIPABICHUS 3amacaMHl M NPOTHO3UpoBaHMA crpoca. [Ipumep
komnanuu Toyota IMokasbIBaeT, 4To Ojarojaps akTHBHOMY HcIojib3oBaHHi0 ERP-cucrem
yJaJIOCh CHU3UTh M30BITOYHBIC 3amackl Ha 25%, yIy4IIUTh CHHXPOHHM3ALMIO MOCTABOK U
COKpaTHTh  BpeMs  3aJepkeK B  ITPOU3BOACTBEHHOM  mpouecce. lIpumeHeHue
aJanTHPOBAaHHOM MOJENIM B Ka3aXCTAHCKUX KOMIIAHUSX II03BOJMIIO OBl  J0OWTHCS
AQHAJOTWYHBIX PE3yNbTAaTOB MPU YCIOBHHM pPa3BUTUSL COOTBETCTBYIOIIEH mu(poBOH

HHPPACTPYKTYPHL.

3akjouenue

Takum obOpa3oM, Ha mpuMepe KoMmraHuu Toyota OBITIO BBEISICHEHO, uTO BHenperne ERP
n CRM cucreM 4BISeTCS MOIIHBIM WHCTPYMEHTOM IS ONTHMH3AIUH  CKIIAICKOM
JIOTUCTUKU U BCEW LEMOYKH IOCTABOK B LIEJOM. [ MOMHMO BBISBIECHHBIX NPEUMYLIECTB
JMAHHBIC [U(PPOBBIC PEIICHUS SIBISIOTCS HMHCTPYMEHTOM ONTHMH3ALUU  CKIAJICKON
JIOTUCTUKU KOMIIAHWHW, M Kak CIIeJICTBHE, cekTopa B LeidoM. OCHOBBIBAasACh Ha JaHHOM
BBIBOJIC, ObLIa MPENJIOKCHA aJanTHPOBaHHAs MoJenb s KasaxcraHa ¢ akIeHTOM Ha
ucnonb3oBanne ERP-cucteM kak OCHOBHOro npaiiBepa HuQpOBU3ALMU JIOTHCTHYECKOTO
cektopa. OCHOBBIBAsICh Ha aHAJIM3 CYIIECTBYIONIMX MpakTHK BHeapeHus ERP-cuctem, aToT
miar MOXET MPUBECTH K CHIDKCHHIO H30BITOYHBIX 3amacoB Ha 15-30%, ymydineHHro
CUHXPOHM3allMM IIOCTAaBOK, YTO COKPAaTUT 3aJEpPKKU B IMPOM3BOJACTBEHHBIX IPOLIECCAX
Ha 20-25%, W ONTUMH3AIMM WCHOJB30BAaHUS CKJIAJCKHX MOIIHOCTEH, YTO ITO3BOJIHT
BBICBOOOANUTE 110 20% CYIIECTBYIOMHUX CKIAJCKUX IUIOMIAACH [T HOBBIX TOBApPOB MU
BHELIHETO XpaHECHMUS.

AnanTanus MoJiene COBMECTHOM IIEMOYKHU MOCTaBoK Toyota k koHTekcTy KazaxcraHa,
OCOOCHHO C Yy4YeTOM HpOOJeM HHU3KOM MPO3payHOCTH W B3aUMOICHCTBUS MEXKIY
YYACTHHKAMHU IICTIOYKM IIOCTABOK M HEXBAaTKH CKJIAJICKUX IUIOIAJCH TpeboBasa
CTPaTerHYeCKOro TMoaxoaa. B pesyipraTte ObUla MPEJIOKEHA MOEIb, COCTOAIIAs W3
YeThIpeX JTamoB: (OpPMUPOBAHHE TEXHOJIOTHYECKOW IUIATPOPMBI, TEXHOJIOTHUYECKAs
WHTETpalusl ¥  MaclTabupyeMOCTb CHCTeM; ONTHUMHU3alUsl CKjlIajJa U  3alacos;
U(pPOBU3AIHS IPOIIECCOB COBMECTHOTO TNIAHMPOBAHUS U TPOTHO3UPOBAHUS.

Takum oOpazom, BHemperme ERP-cucTteM OTKpBIBaeT HOBBIE BO3MOXKHOCTH JUIS
ONTUMU3AINH CKJIAJCKON JIOTUCTHKH U TOBBIIICHNS KOHKYPEHTOCIIOCOOHOCTH KOMIAHHN B
Kazaxcrane. OmnbliT kommanuu Toyota MOKa3bIBa€T, YTO AaBTOMATH3alUs IPOLECCOB
VOpaBJICHUS 3alacamy, ONTHMHU3AIMS NPOHW3BOJACTBEHHBIX TPAa(QUKOB M COBMECTHOE
IUTAHUPOBAHHUE MOTYT 3HAYHUTEIFHO CHU3UTH ONICPAIIIOHHEIEC 3aTPATHI U MOBBICUTH THOKOCTh
yOpaBlieHUsl. AfanTtanys 3TOM MOJENN K Ka3aXCTaHCKUM YCJIOBHSIM IO3BOJUT KOMIaHHUSIM
COKpaTUTh HW3JIEPKKHU, TOBBICUTH TNPOU3BOJAUTEIHHOCTh W OOECHEYHTh OJTOCPOUYHYIO
YCTOWYUBOCTh IEMOYKH TMOCTaBOK. [IporHo3mpyemMoe COKpaileHHe OmNepanuoHHBIX
nzaepkek Ha 15-25% craHeT BaKHBIM (PAKTOPOM MOBBILIEHHS KOHKYPEHTOCIIOCOOHOCTH
MECTHOTO OM3HEeca Ha MEXKYHApOIHOU apeHe.
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IlepcneKTHBBI PAa3BUTHS CKOPOCTHBIX MACCAKUPCKUX NMEPEBO30K B
paMKax MacmiTabupoBaHus npoekTa «Peunble MarucTpaam»

J.A. Kopmynos
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Bonorcckuii eocydapecmeennsiil yhusepcumem 600Ho20 mpancnopma, Huswcnuii Hoeeopoo,
Poccusa

AHHoTaums: B Hacrosmell craTbe naeTcsi aBTOPCKUM aHalIW3 3ajad MU HalpaBlICHUH
pa3BUTHS MAapIIPYTHOW CETH CKOPOCTHBIX IACCAXKHPCKUX IIEPEBO30OK II0 BHYTPEHHUM
BOJHBIM IIyTAM C YY4EeTOM OIBITa peaJu3allud IEepBOro JTama Ipoekra «PeuHble
MarucTpainu». Bo BBeneHHM 000CHOBBIBACTCS aKTyalbHOCTB, IPEIIIOCHIIKH H TIEPCIIEKTHBEI
Pa3BUTHS CKOPOCTHBIX ACCAXKUPCKUX IIEPEBO30K HA MEXKPETHOHAIBHBIX PEUHBIX MapIIpyTax
CTpaHBbI, CTABUTCS LENb U (POPMYIHPYIOTCS HAyIHBIE 3a[a4X IS €€ JOCTIKEHHA. B MeTomax
MIPOBE/ICH aHAJM3a PEATM30BaHHOTO 3Tana NpoekTa «PedHble MarucTpaim» U MpeaaaralTcs
JadbHEHIINe STambl U MEPONPUATHS AN JaJbHEHIIETOo Pa3BUTHA W MACIITaOMPOBAHHSA
JAaHHOTO IIPOEKTa Ha JpyrHe perrHoHsl Poccum, a Takxke MpeUIOKEHA CBA3aHHAS C 3TUM
TeMaTuKa Hay4yHO-METOAMYECKUX U IPaKTHYeCKuX HccienoBaHuil. B pesynbrare
HACTOSILEr0 HCCIIENOBAaHUS aBTOpaMH C(OPMHPOBAaH IOIXOJ K OpraHU3aIMOHHO-
SKOHOMUYECKOH MOJENN pa3sBUTHUA CYHIECTBYIOIIUX MEXKPETHOHAIBHBIX CKOPOCTHBIX
MapIIpyTOB 10 BHYTPEHHHM BOJHBIM IIyTSIM U JajJbHEWIIeMy MacliTaOMpOBaHUIO
MIOJIOKUTENBHBIX MPAKTUK Ha JPYTHe MPHPEUIHbIC PerHoHb! cTpaHbl. OOCykieHne KacaeTcs
MEPCICKTUBHON HAayYHOH TEMAaTHKH 1O OOOCHOBaHHMIO J(PQPEKTUBHBIX MAapIIPyTOB,
IpopaboTKa KOTOPOH CYIIECTBEHHO YCKOPHT IIPOLECC MAcIITaOMPOBAHUS, PEaTn3yeMOro
Muntpancom P® mnpoekra. B 3aioueHMM [AlOTCS PEKOMEHAALMU IO  KIIIOUEBBIM
napaMeTpaM CUCTEMBI PEYHBIX CKOPOCTHBIX IACCAXKUPCKUX IIEPEBO3OK.

KiroueBble cjI0Ba: peuHble MarucTpaid, MacCaXUPCKUE IIEPEeBO3KU, CKOPOCTHBIC
NIEPeBO3KH,  MAapLIpyThl,  OPraHU3alHOHHO-KOHOMMYECKas  MOJENb  COLMAJbHBIX
MACCaXUPCKUX NEPEBO30K, YCIOBHS CyOCHANPOBAHUS

Prospects for the development of high-speed passenger
transportation within the framework of scaling up the River
Highways project

Dmitry A. Korshunov

ORCID: 0000-0002-9908-4026

Dmitry V. Dreiband

ORCID 0000-0003-0136-2495

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract: This study is related to the need to rethink transport systems in the context of
modern infrastructure development and increased passenger flows. In recent years, there has
been a tendency to increase interest in rapid river passenger transportation, which is a
consequence of both social factors and economic conditions. The methods analyze the
features of the first stage of the project for the development of rapid river passenger
transportation and provide organizational recommendations and propose measures for the
further development and scaling of this project to other regions of Russia, as well as
increasing the attractiveness of inland waterways as an alternative mode of transport. The
methods analyze the implemented stage of the River Highways project and propose further
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stages and activities for further development and scaling of this project to other regions of
Russia, as well as propose related topics of scientific, methodological and practical research.
As a result of this study, the authors have developed an approach to the organizational and
economic model for the development of existing interregional high-speed routes along inland
waterways and further scaling of positive practices to other riverine regions of the country.
The discussion concerns promising scientific topics on the justification of effective routes for
riverine regions joining the project. As a conclusion, the authors of the article provide
recommendations on key scientific aspects and parameters of the river high-speed passenger
transportation system that contribute to their sustainable development.

Keywords: river highways, passenger transportation, high-speed transportation, routes,
organizational and economic model of social passenger transportation, subsidy conditions

BBenenue

B 2024 romy Munrtpancom P® mnpuHATO pemieHHe pa3BUBaTh MEKPETHOHAIBHEIC
CKOPOCTHBIE NACCAXKUPCKUE IIEPEBO3KH MO BHYTPEHHHM BOJHBIM IYTSM, a HAKOIUICHHBIN
OIBIT MOKET OBITh NPUMEHEH Ul COBEPLICHCTBOBAHUS W Pa3BHTHS CHUCTEM COLMAIIBHO-
3HAYMMBIX MACCAKUPCKUX IIEPEBO30K MHOTMMH PETHOHAMH CTPaHBI, O0O0JaJaloluMu
MIPUPEYHBIMH TEPPUTOPHUSIMH C MOTSHIIHAJIOM HCIIOJIb30BAHHS CKOPOCTHBIX CYOB.

OOBsICHSETCSL ATO BBHICOKUM CIPOCOM Pa3HBIX CIOEB M COLMANIBHBIX IPYII HACEJICHUS
Ha CKOpPOCTHbIE pEYHbIE IEPEBO3KH, 3apEKOMEHJIOBaBIIME ce0si Kak aKTyaJbHbIC,
BOCTPEOOBAaHHBIE M MEPCIEKTUBHBIC ISl OTAENBHBIX PErHMOHOB IMUIJIOTHOTO Ipoekra. Tak
Ha0JII01aeTCsl YCTOMYMBBIA POCT MACCaKMPONIOTOKA Ha CYIIECTBYIOIIMX MEKPErHOHAIBHBIX
PEYHBIX CKOPOCTHBIX MapmIpyTax (mamee - MPCM) — puce. 1.
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Puc. 1. MapipyThl MEKPETHOHAIBHBIX PEYHBIX CKOPOCTHBIX TTACCAKUPCKUX TIEPEBO30K Ha TIPUMEpE
CK OO0 «Bomonér»

BoctpeboBaHHOCTh 3TOro BUzA COOOIIEHUSI 00ycClIOBIeHA 3 (akropaMu: yI00CTBOM
TaKoOro COOOLICHHS AJIs HACENICHUS MPU 3aTOPaX W YBEJIMYMBILUMCS BPEMEHEM B IyTH Ha
AQHAJIOTMYHBIX CYXOMYTHBIX MapLIPyTaX; OTHOCHTEIbHBIM KOMGOPTOM IepeMEIleHUs Ha
CKOPOCTHBIX Cylax; BO3MOXXHOCTBIO KOMOWHAIIMM HECKOJBKHUX BHJIOB TPaHCHOpPTA LIS
HmepeMelieHHss MO0 MPUHLUIY «OT JBEpH [0 [BEPH», IMOJNB3YACh HCKIIOYUTEIHEHO
0OIECTBEHHBIM TPAHCIIOPTOM.
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ABTOpaMH  HWCCIIEZIOBaHUS  MPOAHAIN3UPOBAHBl  MPOOJIEMBbl  (YHKIHMOHHPOBAHUS
neiictByromux MPCM mnaccaXXHpCKuUX IEpeBO30K, M OHM CXOXHE U y4YacTBYIOIIMX
CYIOXOJHBIX KOMIIAaHUI U PErMOHOB UX MPUCYTCTBUSA:

— uHdpacTpyKTypHbIE OTrpaHUYEHUs (oTcyTcTBHE MpUYATIBHON
MHQPACTPYKTYpHl WM €€ HENPUIOAHOCThH Ul IPHUEMa CKOPOCTHOTO (hioTa,
3aMeUICHHE TEMIIOB CTPOMTENIBECTBA HHHOBAIIMOHHOTO (PJIOTa B CBS3H CO
CIIOKHOCTSAMHM ~ CHAOXEHHS  WMIIOPTHBIMH  KOMIUISKTYIOIIMMH  H3-32
CaHKIMOHHOTO MaBJCHUs, OrPaHWYCHHbIC TapaHTHPOBaHHBIC TIIyOMH U
CIIOKHAas myTeBas o0cTaHoBKa i padotsr CIIK);

— pa3nuuus SKOHOMHYECKHX BO3MOXKHOCTEH PETHOHOB TII0 CO3JaHUI0 U
Pa3sBUTHIO PEYHBIX CKOPOCTHBIX CUCTEM;

—  HHU3Kas dKOHOMHYEcKash 3(QEKTHBHOCTH PEYHBIX CKOPOCTHBIX NEPEBO30OK B
CBA3M C TOBBIIIEHHBIMH OJKCIUIyaTallUOHHBIMM 3aTpaTaMd U HaJU4us
KOHKYPHUPYIOIIMX BHJOB TpPaHCIOpPTa B COYETAaHMM C  Pa3BUTBIMU
IporpaMMaMu UX CyOCUANPOBaHMUS,

—  CE30HHOCTb.

TakuMm oOpa3om, HaydHas MPOPaOOTKa JATHHEHIINX 3TAIIOB U CBSI3aHHBIX ¢ HUMH 3a7a4
pa3BuTHs «PE4YHBIX MarucTpaneil» sBIsSeTCS BaXXHOM U ONpeAenseT aKTyalbHOCTh JaHHOTO
HCCIIEIOBaHH.

Llenblo naHHOTO HCCIIEAOBaHMS aBTOPHI ONPEEISIOT aHAIN3 COBPEMEHHOTIO COCTOSIHUS
U TIEPCIEKTHB PA3BUTUS CKOPOCTHBIX MACCAXKUPCKUX MEPEBO30K HAa BHYTPEHHUX BOIHBIX
nyTsax PO.

HayunbIMH 3a1auaMyl IPH 9TOM SIBIISIOTCS:

—  aHaNM3 MOAXOJOB K OPTaHU3aI[MM CKOPOCTHBIX MAacCaXMPCKUX NMEPEBO30K Ha
BBI];

— aHaJ M3 CYLIECTBYIOIIMX NPaBHJI CYOCHIUPOBAaHHS COLHMAIBHO 3HAUYUMBIX
MapuIpyTOB MACCaXUPCKUX NepeBo3ok Ha BBII;

— pa3paboTka TOAXOAa K MOJEIH pa3BUTUS CKOPOCTHBIX MAacCaXUPCKUX
HEPEBO30K HA BHYTPEHHEM BOJIHOM TPAHCIIOPTE;

—  ompelerieHHuEe TEMaTHKH HayYHBIX HCCIIEJOBAaHHUHN 111 000CHOBaHMS MOAX0/a K
(hPMHAHCOBO-KOHOMHYECKOH MOJIENN Pa3BUTHS CKOPOCTHBIE ITACCAKHUPCKHE
HNEPEBO3KU.

MeTtoanl

Ha ocHOBe aBTOpPCKOrO aHajgM3a OCHOBHBIX INPUHIMIIOB M MOJXOAOB K
MacIiTaOMpOBAaHWIO  TPAHCIOPTHBIX  MPOEKTOB  TIpEAsiaraeTcs  BOCIHOJIB30BAThCS
CIEYIOUIMMHU U3 HUX B paMKaX HACTOSIIEr0 HAyYHOTO HCCIIEIOBAHUS:

— IIpocrpaHcTBEHHBIN NOAXOA K IUIAHUPOBAHUIO Pa3BUTUSI TPAHCIIOPTHON CETH
arjoMepanul B COYETaHMM CO COANaHCHPOBAHHBIM  HCIIOJIB30BAHHEM
TEePPUTOPUAIBHBIX pecypcoB [1].

— PasBuTne TpaHCTIOPTHOW CETH B COOTBETCTBHHM C (DOPMHPYEMBIM CIIPOCOM Ha
MEepeBO3KH, YTO TpeOyeT KOMIUIEKCHOTO IOJX0Ja K OOOCHOBaHWIO Moeien
Pa3BUTHsSI CKOPOCTHBIX IACCAKUPCKUX IEPEBO30K, OCHOBAHHOTO HA aHAJIM3e
TEKYLIMX U NPeACKa3bIBAEMBbIX TEHIECHIUHN naccaxupoaBrxenus [1].

— Hcnons3oBaHue CpencTB MOJCIUPOBAHMS JUISI IIPOTHO3MPOBAHUS Pa3BUTHS
TPaHCIIOPTHOU ceTH, OOOCHOBaHUSI A(P(PEKTUBHOCTH MPOEKTA, CHIKCHHUS
3aTpar pecypcos.

—  VYuér cuneprerndeckoro 3¢ dekra. Peamuzanus moprderns B3anMOCBI3aHHBIX
MPOEKTOB MOXKET JaTh OONBHIMHA CyMMapHBIH 3(¢eKT, deM peann3anus
HECKOJBKUX HE3aBUCHMBIX MIPOEKTOB, Hampumep, pa3BuTHE
KOMOWHHPOBAHHBIX M MYJIBTUMOJAIBHBIX COOOIIEHWH, B3aMMOJACHCTBHE C
TypareHTCTBAaMH TPH MpoJiaske 1 OPOHNPOBaHUH OHMIIETOB.
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— CootBercTBHE 0OIIEro 4YHciIa MaplIIpyTOB B CHCTEME KOJIWUYECTBY U
XapaKTepUCTUKaM TPAHCIIOPTHBIX CPEJCTB.

Jlanee aBTOpBI CTaThbM NPUMEHSST METOJBI TPYNIIMPOBKH W CpaBHEHUs, (HaKTOPHOTO
aHanu3a W TaOJIMYHOTO OTpPaXEHHS CHOPMHUPOBAIM MOATANHYIO MOJEIb Pa3BUTHUS
CKOPOCTHBIX IAacCaXUPCKUX nepeBo3ok mo BBII, koTopas oTpaskaer craanu GopMupoBaHus
1 pa3BUTHS NIPoeKTa «PeyHble MarucTpantm - puc.2.

3rtan 1: Cozganne perHoHAILHBIX CKOPOCTHERIX PEeYHLIX MapOIPYTOR

. v 5

Hmmmmarmea [Ipaeurensciea Pazpabotra mexanmzma Bripenenne cybcuomn Ha
FITH T I3BEI PETHOHA O O TREER THLIOTHEEX npuobperenye 1
CO3TAHHMH CKOPOCTHEBIX CEOPOCTHBIX DEHHBIX IKCILTY ATALTHED CY OB 1014
pPEHHEBIX Mapmpy TOE MapIpy TOR CKOpPOCTHEIX PEYHEIX
MapmpyTOE perHoHa

Stan 2: PazEuTHe perHoHATLHOH MAPM PYTHOH CETH

l ¥ l

Pacmupenne
Hapabotra npaxtiieckoro R Huunmmamiea
OIMEBITA 3KCILTY ATALTHH P e [TpaeuTensCcTEA MK TIABED
CKOPOCTHEIX PEYHEIX MR i COCEMHET O PETHOHA O €T 0
BEIEOHMEHHEM HOBEIX
MapmpyTOoE ¥ pasEHTHE EETIOYEHHH B
: MATIPYTORH EfCTE VRO VEO
PETMOHANEHOT O TOOX 003 K a YEOM Y

OCTaHOE OYHBIX IYHETOB, B i
uxX cvDCHIOMPOE aHHED % : MapmpyTHYEO CETE H
TOM HHCIIE TPaHMYam X C O

COCEIHHMM PerHOHOM HIH
OTHOCAIIMXCA K HEMY

PeTMOHANEHOIT cybeHar

Iran 3: Popmuporanne eTHHOH MR erHOHAILHOH MapM PYTHOH CeTH

¢ ¥ ¢

Pazpabortkaepunen npaenn || SopMpoBaHiie eIMHOT O Pazpaborra HopmatneHex
CHpENeNCHHAIATPaT HA rOCyJapcIEeHHOT O TOAXoda || HOKYMeHTOE. PerJIaMerTH-
byHKIHOHNp OBaHHE K cybcuampoBarto DYIOMMX DeATeNbHOCTE
CROPOCTHEIX MACCTXUPCRIE || popoCTHE MACCAEMPCKHE || OMepaTOpOE CEOPOCTHEIX
MapmpyTos Ha BBII nepesozox o BBII mapmpyToe BBII

|

Stan 4: Macmraduposanne npoexra «P eqHple MaracTpaam» Ha OpHP eYHLIE PErHOHE]
BCeil CTpaHbI

Puc. 2. Dtansl u 3aa4u pa3sBUTHUSA CKOPOCTHBIX PEYHBIX MAaCCAXKUPCKUX MMEPEBO3OK

Pewenne 3amau TpeThero sTana pasBUTUSL CKOPOCTHBIX PEYHBIX MACCAXKUPCKUX
MIEPEeBO30K MO CYTH SBISETCA OTHPABHOH TOYKOM Ui BBIPAOOTKH TEPCIIEKTUBHBIX
CKOpOCTHBIX MapupyToB Ha BBII B npyrux npupedHble perMOHbI CTpaHbl, B HacCTOALLEE
BpeMsl HE pAaCIONIaraloliuX CKOPOCTHBIMH CyJaMHd, HO oOONajaoImux JIpYTUMH
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H€O6XO,HI/IMI>IMI/I YCJIOBUSMMU: HaJIM4ue HaCCJICHHbBIX NYHKTOB Ha 6epery PCK,
napajyicJIbHOCTL BOAHBIX W CYXOIYTHBIX HyTefI COO6H1€HI/I$I, OTCYTCTBUC QJIBTCPHATUB
peUHOMY COO6III€HI/IIO, BO3MOXHOCTb CYHIECTBEHHO COKpaTUTbL BpEMA B IMYTH IMpHU
(byHKHI/IOHI/IPOBaHI/II/I AJIBTCPHATUBHOI'O BOAHOI'O MapuipyTa 1 T.II.

PesyabTarsl

Mexny TeM B OTAENBHBIX PETHMOHAX MPUMEHSIOTCS CaMOCTOSATEIBHO pa3paboTaHHBIE
MOJIOKEHHS O CyOCHOMPOBAaHUM PEYHBIX MACCAKHUPCKUX IMEPEBO30K, KOTOPHIE MPH OOIIEH
CXOKECTH O007aJaf0T 3HAaYUMBIMHM OTIMYMSAMH. Pe3ynbTaTel aHaln3a aBTOpaMH 3THX

IOKYMEHTOB [2-6] TmOKa3aJM CIeAyoIne OCOOCHHOCTH pPETHOHANBHBIX —IOIXOI0B
—Tabmn.1. [7]
Tabauya 1
AHaJIM3 0cO0CHHOCTeil M IPaBHJI CYyOCHAMPOBAHUS B PerHOHAX
Oco0eHHOCTH OAX0Ja K CYOCHANPOBAHUIO CKOPOCTHBIX PEYHBIX MACCAKHUPCKUX
Kiouesie IIEPEBO30K
XapaKTepUCTUKI Hmxeroponckas
P P XMAO pon Uysamus Tarapcran
001acTh
[Naccaxxupckue IMaccaxxupckue
OOBekT nepeBo3ku Ha BBII MIEPEBO3KHU C IlepeBo3ku naccaxxupos Ha BBII no
CyOCHIIPOBaHUsI | TO CHEIUATEHBIM UCIIOIb30BaHHEM perynupyemMbIM Tapudam
tapudam CIIK
3arpatsl Ha 3arpatsl Ha
MaCCAKUPCKUE OpTaHM3aLHUI0
IIpenmer p P
nepeBo3ku Ha BBII NEPEBO30K C IloTepu B Henomnonyuennsie
CcyOCcHIMPOBaHHS
IO CIEIUATEHBIM UCIIOIb30BaHHEM J0X0Jax JOXOJIBI
Tapudam CIIK
OcHoBaHue
P — Corunarnienue (IoroBop) O MPEAOCTABICHHH CYOCUINH,
3aKIIIOYEHHBIN 10 pe3yibTaTaM 0Toopa
cyocuann
o DUHAHCOBBIN
DuHaHCOBBIN
. N pe3yabTar oT
pe3ynbTaT OT DUHAHCOBBIN DUHAHCOBBIN
BBITIOJTHEHHS
OcHoBa Juist BBITIOJTHEHHS pe3yabTar oT pe3ynbTar oT N
pacuéra peiicos (06e3 HJIC) | BBIOTHEHUS PEiCOB |  BBIIOIHEHHS prle eBos]E)e
pa3zMepa C y4eToM cymamu CIIK Ha pe¥icoB no OTII[)eJ'ILHLIX
cybeunuu PEHTAa0ENBEHOCTH B COTJIACOBaHHBIX perynmupyemMomy (TbFOTHBIX)
azmepe He Ooiee MapupyTax Tapu -
pasmepe | pLIpYT prdy Kareropit
5%
TpakIaH
80%
Yucno
BBINIOJTHEHHBIX
ocymecTBIeHHEIX | [IpemycmoTpeHo ¢ CoxpaHenue B
Pesynbrar . MAaCcCaKUPCKUX
peiicos mo YKa3aHHEM B o COOCTBEHHOCTH
MIPEIOCTABICHUS pelicoB o
MEKpETHOHATBHBIM COTTIAIICHUN HOPMaTHUBHOTO
cybcunnm YTBEp KICHHBIM
MapupyTaM Ha (moroBope) KOJIMYECTBA CyJIOB
MapupyTam 1
BBIT
pacIuCaHUIo
CoxkpaieHue [Ipenycmotpena B | IlpegycmoTpeHo ¢ [IpenycmoTpeno ¢
WM OTMEHa 3aBUCHMOCTH OT YKa3aHHEM B YKa3aHHEM B
CyOCHIHPYeMBIX | % KOMMepUYecKoH COTTIAIICHUN COTTIAIICHAN
peiico 3arpy3Ku (moroBope) (moroBope)
[IpenycmoTpeno ¢ He [IpenycmoTtpeno ¢
ITpenxycMoTpeHo B PCAYCMOTP IIPETYCMOTPEHO, PCeAYCMOTP
ABaHCHpOBaHHE o YKa3aHHEM B yKa3aHHEM B
pa3mepe 30% B cyocunus
cyocunuu COTJIaIICHNH COTJIAIICHUH
TIEpBOM KBapTaie (oroBope) HAYHCIISETCS (oroBope)
P €KEMECSIIHO P
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Kirouessie Oco0eHHOCTH TOAX0a K CYOCHANPOBAHUIO CKOPOCTHBIX PEYHBIX MACCAKUPCKUX
XapaKTepUCTUKI epeBO30K
B ciiyuae

IIepepacuer v

(Bo3Bpar) HEBBIIOJTHEHUS IpemycmorpeHo

P IJTAHOBOTO (HECKOJIBKO YCIOBHIA)
cyocHH N
KOJIMYECTBA peticoB

O0o00masi paccCMOTPEHHBIE MOAXOJbl K CYOCHAMPOBAHHIO PEYHBIX CKOPOCTHBIX
MACCAKUPCKUX TEPEBO30K, ABTOPHl OTMEYAIOT OOIIYI0 CXO0XKECThb B YacTH OOBEKTa
cyocunupoBanus B XMAO, UyBamuu u Tatapcrane, rie CKOPOCTHBIE PEYHbIE MEPEBO3KU
BKJIIOUCHBI B OOIIMI MOAXOA K CYOCHUIMPOBAHHUIO IEPEBO30K IACCAXKUPOB BHYTPEHHHM
BOJHBIM TPAHCIIOPTOM C Y4YeTOM MecTHOW Tapuduoii monmtuku. B Hipkeropoackoit
o0nacTy UT 3TUX IEPEBO30K CYIIECTBYET OT/IENIbHAS IIPOrpaMMa CyOCHINPOBaHN.

Ilpn sTOM I manbHEHIIEro pa3BUTUS CHUCTEMBI MEXPETHOHAIBHBIX CKOPOCTHBIX
MapmipyToB Ha BBII aBTOpsl BumsT HacymHylo mnpobiemy B (HOPMHPOBAHHU EIHHOTO
MOAXOMA YISl JTydIIEero IPUMEHEHHUs] IMEIOIIETOCS ONbITa X (YHKIIMOHWPOBAHUS B PaMKax

COLIMANBHO-3HAYMMBIX ~ MACCAKUPCKUX  MepeBo3ok.  Jlosd  Hayama  OPEACTaBUT
OpraHU3alMOHHO-9)KOHOMHUYECKYI0 ~ MOJeNb  (YHKIMOHUPOBAHUS  CYIIECTBYIOIIUX H
NIEPCIEKTUBHBIX MPCM c Y4ETOM JEUCTBYIOIIUX HOPMaTHBOB U

MPaKTUKOIPUMEHHUTEIFHOTO MoAXoJa. [lo MHEHHIO aBTOpPOB CTaThbd, OHAa JOJDKHA
BBITJISICTh CICIYIONUM 00pa3oM — puc.3.

B pamkax 3agad pa3pabOTKM eIMHOTO IOAXOJa K OIPENeNeHHI0 3aTpar |
CyOCHAMPOBAHMIO CKOPOCTHBIX IACCAKHPCKUX IIEPEBO30OK  aBTOPBI  HCCIEIOBaHMS
MIPEAJIaraoT ONpPENeNUTh KIOYEBbIEe IMOKazaTeau 3(P(EeKTHBHOCTH MapIupyToB. AHaJIU3
aBTOpaMHM JaHHBIX cynoxoxHod kommanun OOO «Bomonér» creneHu 3arpy3ku CyJoOB Ha
OTICTBHBIX MapIIpyTax 3a HaBuranuio 2024 roga BBIIBHII 3aBHCHMOCTH HAIIOJTHSEMOCTH
cynoB ot Tpéx akropos [8]:

— BPEMEHH B IIYTH II0 CPAaBHEHUIO C aTbTCPHATUBHBIMU MapLIPYTaMU CMEKHBIX
BUJIOB TPAHCIIOPTA;

—  HaJEXHOCTH COPMHUPOBAHHBIX MAPIIPYTOB MEKPETHOHAIBHOTO CKOPOCTHOTO
cooOiieHnsi (He BBIXOJA Ha 3asBICHHYIO JIMHUIO Ja)K€ OJTHOTO IEepPEeBO3UHKa
CYIIECTBEHHO COKpAIL[AET MacCAXKUPOIOTOK Y IPYTHX);

- [CeHoBasgd OOCTYNMHOCTb B CPaBHCHUHM C KOHKYPUPYIOIIHUMU COO6I_HCHI/IHMI/I
(cTouMoCTb mpoe3ia).

Jdnst 3TOr0 OBUTM NPOAHATM3HPOBAHBI IEHH Ha OWJIETHI B PEYHOM CKOPOCTHOM
cOOOIIeHNN, TOKa3aTeldb CPEeAHEH 3arpy’KeHHOCTH (TAacCaXXMPOHACEIICHHOCTH) PEYHBIX
CKOPOCTHBIX CYJIOB Ha OTJENBHBIX YYacTKaXx MapIIpyTOB. 3aBUCHMOCTb IIOJydaeTcs
creayronas — 4eM JIoJIblIe BpeMs B IIyTH U MEHBIIE JOCTYITHOCTh KOHKYPHPYIOIINX BHIOB
TPaHCIIOPTa, TeM OOJIblIee MPEANIOYTEHHE OTAAETCSI PEYHOMY MapIIpyTy. DTO OOBsSCHICTCS
TEM, YTO MpH BHIOOpE TpaHCHOpTa ISl MOE3AKH Ha paccrosHus oT 60 kM U Ooisee
MOTPEOUTEISIM BaXkKHEE BCero 0e30macHOCTh W KomMGpopT TpaHcmopra. Tarke ObLia
BBISIBJICHA 3aBUCHMOCTh TPAaHCIIOPTHOM cocTaBisitoliedl Tapuda OT HANOIHAEMOCTH CyJHa
naccaxxupamiu rmpu 15% HopMe peHTa0eTbHOCTH EPEBO3KH OT MPOTHKEHHOCTH MapIIpyTa.

31ech aBTOphl OTMEUAIOT TaKKe BAXKHOCTh peau3alusi CHCTEMBI TapH(HOTrO
peryiMpoBaHusi B paccMmarpuBaeMoil  cdepe, KOTOpas JOJDKHA  OCYIIECTBISATHCS
MIOCPEACTBOM:

— ONpeneNieHus] YPOBHS IUIATEXECIIOCOOHOCTH CIpoca Ha TPaHCIOPTHBIE
YCIIyTH;

— aJpecHOr0 W KOHTPOJNHUPYEMOro  CyOCHAMPOBAaHUS  NPEANPUATHH
MacCa’KUPCKOTO TPAHCIIOPTA;

— IPUMEHEHHS MHCTPYMEHTOB TOCYJapCTBEHHO-YAaCTHOTO IIapTHEPCTBA HA
HaIlpaBJICHUAX MHHOBAIITMOHHOT O pa3BUTHUA pe€uHOoro MacCaXupCKoro
TpaHCIIOpTa, IMMOBBIINAIOIINX Ka4Y€CTBO MW TPAHCHIOPTHYIO JOCTYNMHOCTH IIPpU
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OOCIy)KMBaHHHM  HACEJCHUSA  arjioMepaluii 3a CYeT  KCIOJH30BaHHUS
WHHOBAI[MOHHOTO CKOPOCTHOTO (pJIoTa.

EAWHBINA ONepaTop MeXPErMoHaAbHbIX PEYHbIX CKOPOCTHBIX MapLIpPYTOB CTPaHbl

(POCMOPPEYTPAHC MunTpaHca Pd)

]

EAMHbIA noaxog K cocTasy 3aTpaT Ha opraHusayuio MPCM u npasun ux cybcuauposanua

4

Cornawenue (gorosop) 06 opranunsayuu cybcuampyemerx MPCM c nepesosuukamu. Knroveebie
NOKasaTenu BbINONHEHUA COMNalleHua:

- Hanuume CMK y KoMnaHWH-0NePaTOpOB MEHPENMOHABHBIX MapPLUIPYTOB;

- naccamupoHaceneHHocTs CNK Ha mapupyTe 80%;

- HOPMAaTUBHOE YUCNO COCTOABLUMXCA PEMCOB MO COTNacoBaHHbIM MapLUpyTam;

- BoiNagatowme noxoabl CK 3a cueT perynupyemoro Tapuda Ha MeKperMoHanbHbIX MapLIpyTax;

- pac4éT cybcuanmn Ha Bo3MelleHne Buinagatoumx aoxoaos CK Ha opranmsaumo MPCM (8 pasmepe 1/3
u3 cpencts deaepansHoro GrogKeta u 1/3 u3 cpeacte pervoHansbHoro Bogpkera);

A

PervoHanbHble onepaTopbl CKOPOCTHBIX NaccamMpckux maplpytos BBT ‘

1 1 1

000 «Bogonér», HuHuid | AD «@noTPT», Kasanb | AO «YeboKcapckuia CypoxoaHble
Horopoga peYHOM NopT», KOMMaHuH,
Yebokcapb! paboTatoume B

NPUPEYHBIX PErMOHax

7 3

MNepeyeHb cybcHOMpyemMbIX MEKPETMOHA/IbHBIX PEYHBIX CKOPOCTHBIX MapLIpYTOB

1. HusxHmin 1 KasaHb— 1. Yeborcapoi— | MNepcnexktusHble

Hosropop—Yeborcapbel — | Yebokcapbl—Kaszanb | KaszaHb—Yebokcapobl MapLUIpyThbl

HuskHwMit Hosropog, 21 KazaHb— 2. Yebokcapbl— | oBocHoBbIBalOTCA

2. HuxHmin Ynbanosck—KasaHb Ceuamck—Yebokcapbl PErMOHAMM C y4acTHeEm

Hosropopg—KasaHb— Hay4HbIX 1

HumHmid HoBrof;o,u, KOMMEPYECKMX

3: HurkHumia o
opraHuMsaumi

Hoeropog—YnoAaHOBCK—

HuHuit Hosropog

2 ¥ 2

Kanbkynauua saTpaTt v NpefocTaBNeHMe OTYETHOCTU NO peanr3oBaHHbim MPCM

(pacxompl v BoiNagawoLMe AO0X04bI)

2 L 2 2 2

BeigeneHnue cybeuaum nepesosdnkam (CK) c y4eToB noATBEPHAEHHbIX GaKTUYECKUX PAacXo4oB Npu
BbINOJHEHWW KIOYEBbIX MOKa3aTenei cornalleHun

Puc. 3. OpraHu3anmoHHO-3KOHOMHYECKAs MOJIETh () YHKIIMOHUPOBAHUS CYIIECTBYIOIINX U
nepcnekTuBHIXx MPCM
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Janee aBTopaMu OBUIO BBINOJHEHO CPaBHEHUE MOJIYYUBILEHCS CTOMMOCTH CKOPOCTHOTO
pEYHOro COOOIIEHHsI C YPOBHSMH IUIATEKECHOCOOHOCTH HaceleHHs (CpeIHEeB3BEIICHHBIM
MECSYHBIM JIOXOZIOM) B pETHOHaX HPUCYTCTBUS CKOPOCTHBIX PEYHBIX MAaCCaKUPCKUX
MapupyToB [8]. CpaBHEHHE IPOBOIUIIOCH HA OCHOBE MOKa3aTeNneil:

—  ylellbHas CTOMMOCTh BPEMEHHU HAXOK/ACHHS IacCaKupa B Iy TH;

—  yIeNbHbIC 3aTPaThl HACEJICHHs Ha OIUIaTy TPAaHCHOPTHOH YCIyrH (CTOMMOCTH
OIHOM TOE3IKM Ha CKOPOCTHOM pPEYHOM IIACCaXXHPCKOM MapuIpyTe) B
CpEeAHEIyIIIEBOM MECSIHOM J0XOJIC.

ABTOpBI IpeAararoT ONPEACIsITh CTOMMOCTh BPEMEHH, MIPOBEJCHHOTO MACCAKHPOM B
IyTH, C TOMOINBI0 (POPMYJIBI, TPENCTABICHHON B HMCCIENOBaHUH [9], M aganTupoBaHHOM
HaMH{ C y9ETOM OCOOCHHOCTEH aHAIM3MPYEMbIX MEXPETHOHAIBHBIX MapIIPyTOB WU THUIIOB
CPAaBHUBAEMBIX TPAHCIIOPTHBIX yCIIyT [8]:

g = Toitl
' n

rae S; — CTOMMOCTh BPEMEHH B IYTH Ha i-OM MapLIpyTe IJISl XKHUTEJNS j-TO PETHOHA,
py0./4ac;

Tpi— BpeMs HaxXOKIEHHA MAcCaXMpa Ha MapmpyTe (B HCCIEIOBAHWUHM MPHHATO IO
(hakTHIECKOMY BPEMEHH pelica COTJIACHO YTBEPKICHHOMY PACIHCAHHUIO), U.;

Jlj— CpeIHeB3BEIICHHbIA MECAUHbIHA JOXO/ KUTENs j-TO PerioHa (IPUHAT aBTOPAMH B
HACTOSIIEM HCcleoBaHUU o JaHHBIM Poccrara 3a 2022 rox [10] ¢ uHaekcanued Ha
BenuuuHy uHGsImY 3a 2023-2024 11.), pyo./™Mecs;

n— cpegHee yrncio paboynx yacos B Mecsue npu 40-4acoBoit paboueit Henene, 4.

Takum o0Opa3oM pe3ynbTaThl pacueTa 3TOTO MOKazaTessd MPUMEHUTEIBHO K PEYHBIM
CKOPOCTHBIM MapIIpyTaM MOKa3aHbI Ha pHc. 4.

Puc. 4. Y nenpHas CTOMMOCT BPEMEHH HAXO0XKAEHHS ITACCAKUPa B IyTH

VYienbHbIe 3aTpaThl HACEJEHUs HA OIJIATy TPAHCHOPTHOM YCIyrH (CTOMMOCTH OJIHOM
MOE3/IKM Ha CKOPOCTHOM PEYHOM MACCAKUPCKOM MapIipyTe) B CPEAHEIYIIEBOM MECSUHOM
JOXOZE IIOKa3aHBl Ha pHUC. 5. YpPOBEHb IOXOAOB HACENCHHS MPHUHATO IO JIaHHBIM
odunmanpHOM cTatucTuk [ 10].
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TATAPCTAH HUMKEFTOPOACKAA  Y/IbAHOBCKAA OBJ1. YYBALLINA
OB/.
MAPLLUPYT
e=@== HH-Yeb0oKcapbl HH-Ka3zaHb HH-YnbAHOBCK

Puc. 5. Jlonst TpaHCIIOPTHBIX 3aTPAT HACEJICHUS B CPETHEAYIIEBOM MECIIHOM JI0XOE, Yo

JlaHHbIE 3Ha4YeHUs pacCUMTaHbl AJI1 OJHOW MOE3[KH, YTO XapaKTepHO B Cllydae
3aMHTEPECOBAHHOCTH IACCaXXMPOB B 0O3HAKOMJICHUU C HOBOM TPaHCIOPTHOU yciyroil. IIpu
9TOM OTMEYaeTcs IOCTOSHHBIN POCT MOMYJSPHOCTH 3THX MAapUIPyTOB U IUIAaHUPYETCs
pacmmpeHue reorpauu CKOPOCTHBIX MACCAKUPCKUX MAPIIPYTOB Ha IMOCIEIYIOMINX Tanax
peanuzauuu  Hanmnpoekta «Peunble Maructpanu» B Camapckod, AcCTpaxaHCKOH U
PocroBckoi 00macTax. OTOT HAIIPOEKT CIOCOOCTBYET MOCTIDKEHHIO CTPATErMYEeCKUX
LeNel pa3BUTHS TPAHCIIOPTHOM cucteMbl Poccun M IMEHHO TIO3TOMY aBTOPBI CTaThbU BUASAT
3aMHTEPECOBAJIOCH TOCynapcTBa B juie MuHHCTepcTBa TpaHcmopta PP M BaXHOCTH
HAyYHO-METOJMYECKOr0 OOOCHOBAHMS M NPAKTHIECKUX DPEKOMEHIAUWi Ul peIeHUs
PacCMOTPEHHOTO BONPOCA YCTAHOBJICHHSI PETyJIHPYEMbIX Tapu(OB Ha CKOPOCTHBIE PEUHBIC
MACCAXUPCKUE MapUIpyThl B paMKax HpOpadOTKHM U OOOCHOBaHHS (PHMHAHCOBO-
9KOHOMHYECKON MOJIENTH Pa3BUTHSI PEUHBIX CKOPOCTHBIX NMACCAKUPCKUX IEPEBO3OK.

Obcy:xnenue

[To MHeHMIO aBTOPOB HCCIENOBaHHMS YETBEPTHIH dTanm «MaciuTaOMpoBaHHE IPOEKTa
«PeuHple MarucTpanm» TpeOyeT Cepbe3HOI'0 HAYYHOTO aHallM3a M CKOPEWIIEro pemeHus
psiAa Hay4HBIX M IPAKTUYECKHX 3a]a4:

— pa3pa0oTKa €JMHOTO METOJMYECKOTO IOJXOJa K OMNPEAEIECHHIO 3aTpaT Ha
OpPTraHU3alMI0 U 3KCILIyaTallMI0 PEYHBIX MarucTpaieil ¢ y4éToM pa3iaH4yHbIX
TUIIOB CKOPOCTHBIX CYJIOB;

— o00ocHOBaHME BBIOOpA THIIA M XapaKTEPUCTHK CKOPOCTHBIX TPaHCIOPTHBIX
CPEICTB B YCIOBHAX KOHKPETHBIX MAapIIPYTOB pEYHBIX MarucTpaneit
(BMecTuMOCTh, CKOpocTh 30-75 KM/d4, Ocajka, UCTOYHHK DHEPIUH, 3arac
x0/1a);

— 000CHOBaHHE €MHBIX MPaBMI CyOCHIMPOBAHUS PEYHBIX MarucTpasei;

— o00ocHOBaHHME U pa3BUTHE KOMOMHMPOBAHHBIX U MYJIBTUMOJAIBHBIX CHCTEM B
paMKax pe4HbIX MarucTpanei;

— nudpoBU3aIMA CKOPOCTHBIX MACCAKUPCKHX IIEPEBO30K, HAIPUMEpP, CHCTEMa
OHJIAlH MOKYIIKHM NPOE3JHBIX OMJIETOB ¢ y4ETOM IEepecajki Ha APYTHUe BHIBI
TPaHCIIOPTa B paMKax MYJIbTUMOJAIEHOTO COOOIICHHS;

— Meroxuka 000cHOBaHMS 3(P(EKTHBHBIX CKOPOCTHBIX MapmpyToB 1o BBII ¢
YY4ETOM pa3BUTHSl KOMOWHHMPOBAHHBIX (MYJIBTH- W HHTEPMOJAIILHBIX)
COOOIIEHNI;
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— pa3paboTka (HMHAHCOBO->KOHOMHYECKOH Mojenu 3()(EeKTUBHOIO pPa3BUTHS
CKOPOCTHBIX ~ TAaCCaXMPCKHX TMEpeBO30K (00OCHOBaHHE KOMMEPYECKOH,
coLManbHOU U O10/pKeTHOM 3 heKTHBHOCTH);

— pa3pa0oTka aKkTyaJbHBIX JUIi CKOPOCTHBIX CYAOB MpPaBWJI IEPEBO3KU
MacCaKUpOB U UX Oaraxa, MOKYIKU U BO3BpaTa MPOE3IHBIX OUIICTOB.

3akjouenue

Takum 00pa3oMm, cieldyeT OTMETHTh HAJIMYUE CYIIECTBEHHBIX MEPCIEKTHB Pa3BUTHUS
CKOPOCTHBIX MACCAXUPCKUX IMEPEBO30K B paMKax MaciiTabupoBaHHs mnpoekta «Pednbie
MarucTpaim» Mpd YCIOBHM TOCYJapCTBEHHOW MOAJMCPKKUA COLMAIBHO 3HAYUMBIX
MEXPErHOHANBHBIX CKOPOCTHBIX MapIIPyTOB W COJICHCTBHS pPErHMOHANBHBIX BiacTedl U
OTJCTbHBIX ~ MYHHIUIAIATETOB B  OOCCHCYCHWH TaKUX JHHUH  TEPMUHAJIBbHOW
nH}pacTpyKTypoOu.

B 3akiroueHMHM aBTOPHI OTMEYAIOT, 4YTO KJIFOUEBBIMU (DakTopaMHu pa3BUTHUS U
MaclITabUPOBAaHUS CUCTEMBI PEYHBIX CKOPOCTHBIX IMACCAKUPCKUX IIEPEBO30OK SIBISIOTCS:
€IUHBIH TOCYNapCTBEHHBI MOAXO0A K MpaBWJaM CYOCHAMPOBAHUS TaKHX IEPEBO3OK,
dbopmupoBanue 1H(POBON IIATPOPMBI TEPEBO30K, HAYYHO OOOCHOBAaHHBIA METOJ
(GOpPMUPOBaHUSI PEYHBIX CKOPOCTHBIX IMMACCAKHUPCKUX MAPIIPYTOB U €ro yBs3Ka C
(DHMHAHCOBO-9KOHOMHUYECKON MOJIENBIO PAa3BUTHSI CKOPOCTHBIX MACCAXKHUPCKHUX MEPEBO30K, a
TaKke Y4ET MapUIPYTOB CMEKHBIX BHJOB TPAHCIOpPTa sl co3qaHusl A(GQPEKTUBHBIX
KOMOMHHUPOBAHHBIX (MYJIbTH- ¥ UHTEPMOAAIBHBIX) TPAHCIIOPTHBIX CHCTEM, aKTyalu3allus
MPaBUII IEPEBO3KH MACCAKUPOB U UX Oaraxa, MOKYIKH U BO3BPATa MPOE3THBIX OUIICTOB.
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Aunnorauusi. CoBpeMeHHas 4YpE3BHIYAHHO [MHAMUYHAS CpEla XO35AMCTBOBAHHS CTaBUT
mepefl CyJOCTPOUTEIBHBIMU IMPEINPUATHIMHE 3a1ady (OPMHPOBAHHS MEXaHH3Ma HX
YCTOWYHBOTO Pa3BUTHS C IOMOIIBI0 HMHTEIUICKTYAJIbHBIX CHCTEM yHpaBieHus. B cratbe
AQHATM3UPYIOTCS TEKYILIHE SKOHOMHYECKHE NpoblieMbl cynocTpoeHus B Poccun U crocoObl
UX pCIICHHS Ha OCHOBE CHCTEMHOTO TIIOJXOJa M HHCTPYMEHTOB LHU(POBHU3ALNH,
ABTOMATH3alMM M MHTEJUICKTyalu3anuu. lIpemnaraercs pacuIMpUTh (YHKIMOHAJIbHOCTD
UHTEIUICKTYalbHBIX ~CHCTEM YIpaBICHHS [UIL COIJIACOBaHMs M3MEHEHHMIl Ha Bcex
yIpaBJICHYECKHX cTpaTax, (JOPMHPOBAHHUS CBOCBPEMEHHBIX H 0OOCHOBAHHBIX YITPABJISIOIIHX
U OpPraHM3YIOUIMX BO3ACHCTBHI Onarojapsi aHalnW3y TPOLECCOB M  KiIacCH(HKAIUK
OTKJIOHEHHH (haKTa OT IUIaHAa B COOTBETCTBHM C KOHLENIMAMH activity based costing -
activity based budgeting - activity based management (ABC-ABB-ABM) u cratucTideckum
ynpasneHuem Illyxapra-/leMuHra, 4to NO3BOJUT KJIACCH(UIMPOBATH CYAOCTPOHUTENBHBIC
NOPENPUATHS IO  CTENEHH  YCTOWYMBOTO  pasBUTHUS HAa  OCHOBAHMM  CHCTEMBI
cOanancupoBaHHbix mokasareneid (CCII), omneHumBas YCTOWYMBOCTh HX COCTOSHHA,
(GYHKIIMOHUPOBAHUS U PA3BUTHS.

KiiouyeBble clioBa: yCTOHUYMBOE pPa3BHTHE, CYJAOCTPOCHHE, CTATHCTHUYECKOE YIPAaBIICHHE,
cucteMbl cOamancupoBanubix nokasateneit (CCII), activity based costing - activity based
budgeting - activity based management (ABC-ABB-ABM), uHTENICKTyaabHBIC CHCTEMBI
yIpaBieHus, U(PPOBU3ALIKMS, aBTOMATH3AIINS, HHTEIUIEKTYaIN3a1lHS.
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Abstract. The modern extremely dynamic business environment sets shipbuilding
enterprises the task of forming a mechanism for their sustainable development using
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intelligent control systems. The article analyzes the current economic problems of
shipbuilding in Russia and the ways to solve them based on a systematic approach and tools
of digitalization, automation and intellectualization. It is proposed to expand the functionality
of intelligent management systems to coordinate changes at all levels of management.
System helps to form timely and reasonable management and organizational actions through
the analysis of processes and classification of deviations from the plan in accordance with the
concepts of activity based costing - activity based budgeting - activity based management
(ABC-ABB-ABM) and the Shewhart-Deming statistical management, which will classify
shipbuilding enterprises according to the degree of sustainable development based on the
balanced scorecard, assessing the sustainability of their condition, functioning and
development.

Keywords: sustainable development, shipbuilding, statistical management, balanced
scorecard systems, activity based costing - activity based budgeting - activity based
management (ABC-ABB-ABM), intelligent management systems, digitalization, automation,
intellectualization.

BBenenue

YcroiunBocTh (DYHKIMOHMPOBAHMS M DPa3BUTHS INPEANPHUITHH CYAOCTPOMTEIHHOM
OTpAac/IM 3aBUCHUT OT MHOTUX (PAKTOPOB, KaK BHEIIHEro, TaK M BHYTPEHHEro xapakrepa. Ha
CO3JaHME€ U CTPOUTEIBCTBO CYAOB BIMAKT 3aKOHOAATEIbHBIE OPraHbl, IPOCKTAHTHI,
IIPOU3BOIUTEIIHN, MHBECTOPHI, TOCTABIIUKH IPOU3BOJICTBEHHBIX TEXHOIOTHH, IPOrPaMMHOTO
obecrieueHns1, ChIPbSl, MATEPHUATIOB U CYJOBOIO KOMIUIEKTYIOIIEro OOOpyHOBaHMA (nainee
CKO), cnenmanuctel, paboraromme Ha npeanpuaTusx. CTpOUTENBCTBO CyaHA —
KaIUTaJIOEMKHH mponece, TpeOYIOIU MOKHOTO (UHAHCHPOBAHMS UM PECYPCHOTO
obecnieuennsi. CymOCTpPOHUTENBHBIE MNPEANPUATHS HMEIOT CHEIU(HKY, OO0YCIOBICHHYIO
JUINTENPHBIM POU3BOJICTBEHHBIM ILIMKJIOM, BBIIYCKOM CYAOB 4alle IOJ KOHKPETHOIO
3aKa3yuuKa (peke THIOBBIX CYJIOB), I03aKa3HBIM METOAOM YydeTa 3aTpar.

K BHemHuM QakropaM, CyIIECTBEHHO BIHSIONIMM Ha pPE3yJIbTaThl JEATebHOCTH
CYJIOCTPOUTENBHBIX ~ HPENNpPUATHH, OTHOCITCS B  MEpBYO  odepelb  (aKTopsl,
XapaKTepu3ylouie HOPMaTUBHO-IIPABOBOE  pEryJIMpOBaHUE, JOCTYI K  3a€MHBIM
(MHAHCOBBIM pecypcaM, COCTOSHHE OTEUSCTBEHHOW M MHUpPOBOI SKkoHOMUKH. Ecimm mms
MpeIIpUHIMATEIECTBA  CO3JaHbl  ONarompUATHBIC YCJIOBUS, XO3SMCTBEHHBIE CBS3U
HaJla)KeHbI ¥ 5KOHOMMKa Ha MOJBEME, TO CYHIECTBYET MMOTPEOHOCTh B NEPEBO3KAX TOBApOB,
KaK CIEICTBUE, B HOBBIX CyJax Kak BuJe TpaHcmopra. OmHaKO HEKOTOPHIE 3KCIIEPTHI
OTMEUAIOT HECTAOWIBHOCTh PBIHOYHOW CHUTyallMM B YacTH COOTHOLIEHHWs cIIpoca M
MPEUIOKEHUs] KaK XapaKTepHYI0 4YepTy Cpedbl XO3AHCTBOBAaHHUS CyAOCTPOUTEIBHBIX
npeqnpustaid [1, 2]. Hdpyrume skcreptsl [3] oOpamaroT BHAMaHWE Ha HECOOTBETCTBHUE
LOUKJIOB AKOHOMHUYECKOTO Ppa3BUTUS M CYJOCTPOUTEIBHOIO INPOU3BOACTBA. B cBszm ¢
JUIMTEIBHOCTBIO IIPOLECCOB NPOECKTUPOBAHMS U U3TOTOBJICHUS CYOB BHEIIHUE YCJIOBMS
XO35IICTBOBAHMS MOTYT HACTOJbKO CHJIBHO MEHATHCSA, YTO PE3YJIbTaThbl JEATENbHOCTH
CYIOCTPOUTEIbHBIX MPEINPUATHI CTAHOBATCA CJIa00 TpPeNCKa3yeMbIMH, BO3HUKAIOT
HEOXKHJIaHHbIe PUCKH U moTepu. Tak, Harmpumep, n3BecTeH (HEHOMEH: pOCT MOTPEOHOCTH B
NIEPEBO3KAX BBI3BIBAET IIOABEM CIIPOCAa HAa CyJa, HPENINPHUITHS HE YCIEBAIOT BOBPEMS
o0ecrieunTh BO3POCIINIT CIIPOC 10 OUEPEAHOTO TTaAeH!s TOPTOBIIH U CIIPOCca Ha TOHHAX, KaK
CIeJCTBHE U3MEHMBIINXCS YCIOBHH FOTOBBIE Cy/JJa YACTO HE MOT'YT HAaTH NPUMEHEHUSI.

K BHyrpeHHmM  ¢akTopaM, CyIIECTBEHHO BIMSIOIIAM Ha  YCTOWYHMBOCTH
CYIOCTPOUTENbHBIX MPEANPUATHHA, MOXKHO OTHECTH TPYHOEMKOCTb, KaIMHUTANOEMKOCTh U
YHHUKAJIBHOCTH (B TOW WMJIM MHOW MEpe) M3rOTaBIMBAEMBIX CY/IOB, TPYAHOCTb BHECEHHS
N3MEHEHUH B XapaKTePUCTUKU CYAHA, CIOXHOCTb IJIAHUPOBAHMS IPOU3BOACTBEHHON
JEeSITeIbHOCTH M3-32 JUINTENIFHOCTH CTPOHMTENhCcTBAa CymoB. K morepe addexTHBHOCTH U
LIEJICHANIPABICHHOCTH ACATEIbHOCTU NPEANIPUATHS KaK €AMHON COLIMAIbHO-9KOHOMHUYECKOM
CHCTEMBI BEeIyT PEryJsipHBIC B TOCIEIHNE IECATHIICTHS XO3SHCTBEHHBIE ITPeoOpa3oBaHus,
WOYIUE B CYIOCTPOMUTEIBHOM INPOMBIIUIEHHOCTH, B T.4. KaK 3aKOHOMEDHOE CIEACTBUE
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M3MEHEHHS HOPMATHBHO-TPaBOBOro perynupoBamus [4]%. Takke MeHSeT mOAX0x K
MPOU3BOJCTBY CYJOB  YKECTOUYEHHE MEXIYyHapOAHbIX HOPM IO  OTPaHUYEHUIO
UCIIONIb30BAaHMs ~ TPAJUIMOHHBIX  BHJIOB  TOIUIMBA M  MOSBJICHUE  TpeOOBaHUiA
MexayHaponHoi mMopckoil opranmsamuu (IMO) o mepexone Ha aJbTepHaTUBHBIE BUABI
HOBOTO cyznoBoro roprodero [5]. KpoMe TOro, TeXHOJIOTMH CYAOCTPOEHUS INpPEAINOararT
CO3JIaHME CYAOB y BOJOEMOB, YTO HEM30EKHO BEIET K 3arpsI3HEHHUIO IPUPOAHBIX PECYPCOB,
YBEIMUYCHNIO (MHAHCOBOM HArpy3ku Ha CyIOCTPOHUTENBHBIC NPENNPHATHS W yBEIHICHHUC
OIOPOKpAaTHYECKHX MPOLEAYp B CBA3M C TPeOOBAaHWAMH IIOCTOSHHOTO KOHTPOJIS
JIOITYCTUMBIX U (DaKTHUECKHX BO3ACHCTBUHM Ha OKPYXAIOUIYIO CPEXy Ul COOTBETCTBHSA
9KOJIOTUYECKHM HOPMaM.

Co BpemeHeM TpeOOBaHUS K KadeCTBY CYIOB IOBBIMAIOTCA, BCE sipue o0Oo3Hauas
npoOieMbl  HEXBAaTKM  KaJgpoB, HHM3KMX YpOBHEHl  KBanM(uKaluu  KagpoB H
NPOM3BOJUTENBHOCTH TpyAa [6], HEOOXOAMMOCTh MOJEPHM3AlMH, OOHOBJIECHUS W
HapalBaHUsl IPOU3BOJICTBEHHBIX MOLIHOCTEH [5], a Takyke NOTPeOHOCTh BOCCTAHOBJICHHS
B3aMMOBBITOJHBIX  KOOINEPAI[MOHHBIX  XO3SWCTBEHHBIX  CBA3e W ONTHUMHU3ALUU
BHYTpPU3aBOACKOH Jjoructuku [7]. ns mpou3BoacTBa CylOB TpeOYIOTCS KaueCTBEHHBIC
KOMIUIEKTYIOIIUE, KOTOPhIE Bce elie 3akymnatorcs Ha 60-70% uz-3a pyOexa, 4To TOBOPUT O
COXpaHEeHUH UMIIOPTO3aBUCUMOCTH OTpaciu 8, 9, 10].

Hcxonast w3 3TOro MOXHO OTMETHTH 3HAYUTENIFHOE BIHMSHHE Ha YCTOWYMBOCTH
NPEANIPUATANR  CYyJOCTPOMTEIBHOW OTpAacid Kak BHENIHWX, TaK W BHYTPEHHHX
HeOmaronpuaTHbIX (pakTopoB. COOTBETCTBEHHO, B YCIOBHSAX HEOINPEICICHHOCTH KpaifHe
B2)XKHO BBICTPOMTh MEXaHHM3MBI OO0ECIEUYEHHUs] YCTOHMYMBOTO pa3BUTHS IPEANPHUATHH
CYAOCTPOUTENbHOW MPOMBILIIEHHOCTH, YTO SIBJIAETCS CIO0KHOW HAy4YHOW M NMPAKTHUYECKOUH
3ajgadeii. B pamkax co3maHMs MeXaHM3MOB oOecredeHHs YCTOHYMBOTO pPa3BHUTHS,
HUHTEJUIEKTyaJbHbIE CHUCTEMBI CIOCOOHBI IPEIOCTaBUTh BO3MOXKHOCTH HCIIOJIBb30BAaHUS
JIAaHHBIX O CHTyallUM Ha NpPEANpPUSATHH M OKpYXalomeHd ero cpene it (pOpPMUPOBaHUS
(byH/IaMEeHTa NPUHATHUSI CBOEBPEMEHHBIX U 000CHOBaHHBIX pelieHuil Ha npeanpusituu [10].

Metoabl

CynocTpoeHre paccMaTpuBaeTCss Kak CIOXHas CHUCTeMa, BKJIoYamomas B cels
MHOKECTBO TCXHHYCCKUX, OKOHOMHYCCKHUX W COLOHUAJIBHBIX TIIOJACUCTEM, KOTOPLIC B
COBOKYITHOCTH TIOPOXKIAIOT OOIIIE XapaKTepUCTUKN oTpacin. IIpu 3Tom cucteMa B 11e7I0M U
KaXk/1as MOJICHCTEMA B YaCTHOCTH TIPEJICTABISAIOTCS OONBIINM pa3HOOOpa3HeM 3JIEMEHTOB H
YYaCTHHKOB — CYAOCTPOUTEIILHBIX MPEAIIPUATHH, IOCTAaBIIUKOB, CYAOBIIA/ICNIBIEB H IPYTHX
3aUMHTEPECOBAHHBIX CTOPOH, BSaHMOHeﬁCTBymmHX B paMKax JKHU3HCHHOI'0 [HKJa
cynHa [11].

Jnst OTHECeHMS NPEANPUSATHS K ONPENEJICHHOMY THITy C TOYKH 3PEHHS €ro
YCTOWYMBOCTH OHO paccMaTpuBaeTcsi B  JAHHOM  HCCJIENOBAaHMM C  ITO3MIUH
MIPOCTPaHCTBEHHO-BpeMeHHOH Kkinaccudukanuu cucteM [.b. Kneitrepa [12]: Ha BepxHem
YPOBHE TPEANPHUATHE NPEICTABIAETCS KAaK CHCTeMa OOBEKTHOrO THHa (TO €CTh CHCTEMa,
OrpaHWYEHHas B NMPOCTPAHCTBE W HE OTPaHMUYCHHAS BO BPEMEHHM), B3aMMOJEHCTBYIOIIAs C
BHEIIHEH Cpeloil; NpW JEKOMIIO3UIWH —  B3aUMOJICHCTBYIOIIMMH MEXIy COOOM
MOJICICTEMaMH TIPOEKTHOTO, MPOIECCHOT0, 0OBEKTHOIO M CPEZOBOTO THUIIOB. YTIpPaBICHHE
CYAOCTPOUTEIIbHBIM TMPCANPUATUEM paCCMaTPUBACTCA Ha Tpex YPOBHAX: ONEPATUBHOM,
TaKTUYECKOM M CTPATETMYECKOM, B COOTBETCTBMH C OPTaHU3aIMOHHON MOIEIBIO
«TpeyronsHuK DHTOHWY [13], MpH peanu3anuy NpoIeccoB MIIAHUPOBAHMS, yUeTa U aHAIH3a
JESITEIbHOCTH B COOTBETCTBMM C MeETozoiorueil activity based costing - activity based

4 JlononHUTeNbHBIE HEeraTHBHbIC BO3ZIEICTBHS Ha 9KOHOMHYECKYIO YCTOWYNBOCTH NMPEIIPHATHS OKa3bIBAIOT
XHIICHUS X KOPPYIILIHS CO CTOPOHBI COTPYAHUKOB U JOJDKHOCTHBIX JIHIL, JJOCTATOYHO YacTO YIIOMUHAEMBbIE B
CMMU. TlockonbKy CyOOCTPOUTENBHAs OTpacib TpeOyeT 3HAYUTEIBbHBIX OKJDKETOB JUI peallu3aliu
MPOEKTOB, PUCK SKOHOMHYECKHX 3JI0YIOTPEOJICHHUH TOCTATOYHO BHICOK.
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budgeting - activity based management (mance — ABC-ABB-ABM), uro mpejmnonaraer
NIPE/ICTAaBIICHUE JESTEIBHOCTH INPEANPHUITUS B BUJAE COBOKYIMHOCTH B3aUMOCBSI3aHHBIX U
B3aUMOJICHCTBYIOIIUX mpoiueccoB [14]. AHanu3 u  HHTEpHpeTalus pe3ylbTaToB
(akTH4yecKol  JEATENBHOCTH, a TaKKEe €€ OTKIOHEHMH OT  3alIJaHUpOBAHHOMN
OCYIIECTBIISICTCS. B COOTBETCTBUM C TEOPUEH CTATHCTHYECKOro MblnuteHus [15],
TTO3BOJIAIONIEH 0OOCHOBAHHO Pa3iMyaTh CUTYAI[H CHCTEMHOW U 0c000i BapnabeabHOCTH U,
KaK CIIEJCTBHE, C YIETOM 3TOTO MPUHUMATh PEHICHUS OPTaHNU3YIOIIEr0 WIH YIPABISIOMETr0
xapakTtepa. OmeHKka ypOBHS YCTOHYHWBOTO Pa3BHUTHS OCYIIECTBISIETCS C HCIOJIH30BAHUEM
HHTETPAIBHOTO ITOKA3aTels, PACCUMTHIBAEMOTO HA OCHOBE CHCTEMBI COATaHCHPOBAaHHBIX
mokazareneid (mamee — CCII), wHAMBHAyanbHO (OpMHUpYEeMOW AN KaXIOTO
npennpusaTas [16].

PesyabTarsl

CoBpeMeHHass 3KOHOMHYECKas CHUTyaluss CTaBUT Iepel  CYAOCTPOUTEIbHBIMU
KOMIIAaHMSIMH ~ CEpbe3Hble 3a/Jaud 10 Pa3BUTHIO oOTpaciu: TpeOyercss riyOokas
MOJIEpPHU3AIHS, TEXHUUECKOE MEPEeBOOPYKEHUE U PACIIMPEHHE MOIIHOCTEH NMPOU3BOCTBA,
OCBOCHHUE U yBEJIMYCHHUE BbITycka aHanoroB umnoptHoro CKO, obumpHas nudpousaius
BCEX YPOBHEH ympamieHUs W MpousBojcTBa Bepdeil, mopbimeHne oobema HUOKP u
HayKOEMKOH NpoAyKuuH. JlaHHBIE 3afadd HalpaBlICHbl Ha PEIICHHE OCHOBHOHM menn
CYIOCTPOCHHS — OOECIeYeHIEe CBOEBPEMEHHOTO OOHOBIICHHS M PACIIMPEHUS POCCHUHCKOTO
¢oTa.

Ha kxakxmom H3 3TamoB CTPOMTENHCTBA CyAHA (B TOM 4YHCIE: NPH NPOCKTHPOBAHUH,
M3TOTOBJICHUN KOPITyCa M COCTABIIOIINX MOJYJEH, IepBOHAYaIbHON cOOpPKE M yCTaHOBKE,
cOopke cynHa B JIOKE, OKOHYATEIbHOH YCTaHOBKE CYAOBOTO OOOPYAOBAaHUS M CIyCKe Ha
BOJAY, IpPU TMOCICAYIOIMIMX XOJOBBIX MWCIBITAHUAX) BO3HMKAeT MHOXXECTBO IIpoOieM,
BBI3BIBAIONINX 33J€PKKM BO BPEMEHH CTPOHUTEIBCTBA, 3HAUUTEIHHO YBEIHMYMBAIOIIHNX
ce0ecTOMMOCTh M OKOHYATEJbHYIO LieHy cyaHa. OctaHOBUMCS Ha Hanbosee CyIIeCTBEHHBIX
OTIIMUYUAX CYHOCTPOEHHUS OT JAPYIMX OTpaciieif, B KOTOPBIX CO3MAIOTCS KalUTaJbHBIC
00BEKTHI, 1 UMEIOIUXCS MpodiemMax.

Cneumduxa crnpoca Ha PBIHKE CYZOCTPOCHHUS ONPENEISACTCS €ro 3aBHCHMOCTBIO OT
HaJIMYMsl IUIaTEXKECIIOCOOHOTO CIpoca Ha TOBAPHI, NEPEBO3MMBIE MOPCKHM HIIM PEYHBIM
TpaHcriopToM. K Qakropam, onpenensiommM CIpoc Ha CO3JaHHE HOBBIX CYZIOB, MOXHO
OTHECTH TPeOOBaHMUS 3aKa3uhKa, €ro IUIATeXECHOCOOHOCTh, COCTOSTHHE MEXIyHapOJHOH 1
BHYTPEHHEl TOproBim B mejoM. HecMOTpsi Ha TO, 4TO HEKOTOPHIE SKCIEPTH MHUIIYT O
NIPEBBIIICHUN B HACTOSAIIEE BPEMs CIpoca Ha Cyla HajJ MX NPEUIOKEHHUEM B POCCHHCKON
9KOHOMHKE, OTEYECTBEHHAs] CYIOCTPOWTENbHAs MPOMBIIIJICHHOCTh CTAaJKHUBAeTCI CO
MHOXKECTBOM IpOOJIeM, B YHCIIE KOTOPBIX TpeOOBaHHE CKauKOOOPa3HOro HapalluBaHHS
TIPOM3BOICTBEHHBIX MOIIHOCTEH M KAYECTBEHHOrO M3MEHEHMs HM3rOTABIIMBACMBIX CYJIOB,
npoOieMbl  (MHAHCUPOBAHUSI W PECYPCHOTO OOECHEeYeHHUs] JesTENbHOCTH, HpodiiemMa
obecrieuennss ddpdexkTuBHOCTH (QYHKIMOHUPOBAaHMS W  BBDKHMBAHMS B  IIOCTOSHHO
HM3MEHSIOMNXCS YCIOBHAX.

Opranmzamust  JESATENFHOCTH  CYAOCTPOMTENIFHOH  NPOMBIIIJIEHHOCTH  Tpedyer
TIIATEILHOW KOOPAMHALMK MPOLIECCOB U TECHOTO B3aMMOJICHCTBHS 3aKa3uMKa, IPOEKTaHTa
U BCEX MOJpa3/ielieHNH 3aBOJIa-CTPOUTENSI Ha BCEX dTarax CTPOUTENbCTBA CyAHA. B aTom
KOHTEKCTE CTOMT OTMETHUTB MPOOJIEMBI CO3AaHHs 3JIEKTPOHHOW TPEXMEPHOH MOJIENN CyaHA

3 Kax H3BCCTHO, B Poccun OCTpO CTOUT Hp06HCMa HUMIIOPTO3aMELICHUS, B 0COOCHHOCTH 3TO KacaeTcst
Cy}lOCT‘pOHTeHBHOﬁ TIPOMBIIIJICHHOCTH. MCTOpI/I‘[eCKH CJIOKUJIOCH, YTO OCHOBHBIC Y3JIbl U CUCTEMBI Cy/1Ha
MOCTaBJIAJIUCH 3apy6e)KHBIMI/I TIPOU3BOJUTEIISIMU, U B YCIIOBUAX CaHKI.II/Iﬁ pOCCHﬁCKVIM npeanpusaTUIM
NPUXOAUTCS 3aHOBO OCBaMBATh NNOTCPAHHBIC 3HAHUSA B INIAHWUPOBAHWU U OpTraHU3allui IPOU3BOACTBA,
pa3BUBATh YTPAY€HHbIC KOMIICTCHIIMU B TAKUX CQ)ean KaK MUKPOJJIEKTPOHHUKA, CYIOBBIC
FeOI/IH(i)OpMaI_U/IOHHBIe CUCTEMBI, CYJOBBIC IBUTaTC/IM U MHOT'UX APYI'UX.
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n WHQOPMALMOHHON MOJENN HENPEepHIBHOM IENOYKH IPOIECCOB €ro CTPOUTENLCTBA,
CO3JIaHUs eTMHOTO (B KpailHEM cilydae, COBMECTUMOI0) MH(OPMAIMOHHOTO MPOCTPAHCTBA
JIESITETBHOCTH TPOEKTAHTOB U HHXKEHEPHBIX MOJpPa3[e/ICHUH, OTIEeNOB IUIaHUPOBAHMUS,
MIPOU3BOJICTBEHHBIX MOJpAa3JeNieHNH U TPYII YNpaBieHUs NMPOEKTaMM 3aBOIA-CTPOUTEINS,
obecrieueHns1 TPOLECCOB CTPOUTENBCTBA CYJHA PEJICBAHTHOM aKTyallbHON WHQOpManuei,
aHaM3a OTPOMHOTO O0bEeMa NaHHBIX, TEHEPHPYEMBIX B PE3YyIbTaTe CYJOCTPOUTEIHHOTO
MIPOU3BOJICTBA [UISI TPUHATHS CBOCBPEMEHHBIX M OOOCHOBaHHBIX pemreHuid. CeromHs
B3aMMOJICHICTBHE YKa3aHHBIX CTOPOH CONPSDKEHO C OONBIIMMH TPYAHOCTAMH H3-3a
WCTIONB30BAaHUSl  YCTAPEBIIMX TIPOTPAMMHBIX CHCTEM U OTCYTCTBHS COBMECTHMBIX
WHPOPMALMOHHBIX Cpell aKKyMyIBIIuU HHpopMarmH |3, 4].

OTtMeTuM H crienupuKy pa3paboTKh MPoeKToB cyaoB. Cyna MPOEKTHPYIOTCS HE TOIBKO
0 Hauama  cTpourenbcTBa.  IIpoekTHpoBaHuMEe  NpOJOKAeTcs M BO  BpeMs
CyJIOCTPOUTEIHHOTO MPOU3BOJCTBA ITyTEM BHECEHUS OIPENENEHHBIX KOPPEKTUPOBOK B
NpoeKT (Hampumep, u3-3a HeobxoauMmocTH 3aMeHbl uMroptHoro CKO Ha oreuecTBeHHOE,
MpEKpaIleHus] BBIMyCKa 3aJ0XKEHHBIX B TPOEKT KOMIUIEKTYIOIIUX, YIOBJIETBOPEHUS
cnenuduyecknx TpeOOBaHMH KOHKPETHOTO 3aKa3yMKa, YACHICBICHHS NpOeKTa Jyis
COOTBETCTBUSI OIO/PKETHBIM OTPaHMYCHHUSIM B YCIOBUSIX pOCTa LieH | T.1.). HeobxoaumocTsb
MIPOBECHUS TOTIONTHUTEIBHBIX IPOCKTHBIX PpAcueTOB C YYETOM paHee BBITOTHEHHBIX
WH)KCHEPHBIX ¥ TIPOM3BOACTBEHHBIX pabOT ¥ YXKe IOCTPOCHHBIX CEKIWH CyIHA,
MOCTICYIOMIEH TMEepPecTPONKH CIOKHOTO IPOU3BOJCTBA BBIBIACT OIHY W3 OCHOBHBIX
poOJIeM CYIOCTPOCHUS: OTCYTCTBHE 3(P(PEKTHBHO OPTaHU30BAHHOW KOMMYHUKAIIH MEXKITY
3aWHTEPECOBAHHBIMI CTOPOHAMHU W YUYACTHHKAMU IIPOIIECCOB IS Iepenaud HHYOpMAIHU O
TpeOyeMbIX H3MEHEHHSIX, KOTOpbIe HEOOXOMMO BHECTH, U MOJYUYEHHBIX pe3yJbTaTax.

CynocTpoeHue UMeeT JIOJATOCPOUHBIE MOCIECTBUS, TOCKOJIBKY Ha COBEPILEHHE CICIIKU
10 MIPOCKTHUPOBAHUIO, TIOCTPOHKE U MpOoJake CyJHA YXOIUT MHOTO JIET, a 3aTeM BIaJieliel]
CyJIHa SKCIUTyaTUPYyeT €ro HEeCKOJbKO aecartuieTuit (1o 40 u Gojee yer). B cBs3u ¢ 3TUM
3HAaYUMO ABIISIETCSA npoOiema obecrieyeHus IUTAaHOBO-IPEAYIPEAUTEITHHOTO
00CITy)KMBaHHsl M PEMOHTHBIX Pa0OT, KOTOpBIC JOJKHBI MPOBOJMTHCS, KaK MUHHMYM, B
KaXIbplii MekHaBUTanoHHEIH niepuon. B CCCP ¢yHkmmoHupoBana oTia)keHHas cUcTeMa
CyIIOPEMOHTa, 00ecTiednBaeMasi IMTUPOKON CEThIO0 CYyJOPEMOHTHBIX TPEATIPUSTUN, MHOTHE U3
KOTOPBIX BIIOCIICACTBUN OBUTH IepenpodINpOBaHbl WM JINKBHINPOBAHEL. Bo MHOTOM 3TO
O0OBSICHACTCS HU3KOW PEHTA0CTBHOCTHIO JaHHOTO BHIA NEATEIFHOCTH, KOTOPHIH Tpedyer
rOCYIapCTBCHHOM MOMICPIKKH B BHJE JIBTOT, JOTAIIMK WIIK TOMY IO0OHBIX Mep. TpedyeTcs
OpraHu3aIysl CYZOPEMOHTHBIX ITO/IPa3/ICICHUN Ha NEHCTBYIOIIUX MPEIIPUATHSIX (TI0 THITY
CyIOCTPOUTEIHHO-CYIOPEMOHTHBIX ~ 3aBOJIOB), JHOO  OTHENBHBIX  CYIJOPEMOHTHBIX
KOMIIaHUH.

B CCCP B pamkax IIaHOBOM 3KOHOMHUKH OOECIEUMBANIOCh YCTOWYHBOE pPa3BUTHE
MPEeANPUATHA CYAOCTPOUTENILHON oOmacTu Onarojapsi oOmeld MOTIYMHEHHOCTH €IUHOMY
locmany CCCP wu emuHoMy KoHTponupywoomeMmy oprany (puc.l). Cucrema, c
KOHIICHTpAI[MeH OTBETCTBEHHOCTH M BCeil HeoOxoaumoin uH(pOpMaimeil B OIHOW TOYKE
UMella BO3MOXKHOCTh YYHTBHIBATH WHTEPECH BCEX 3aWHTEPECOBAHHBIX CTOPOH, KOPPEKTHO
pacrpeneniaTe MPOM3BOJACTBO C YYETOM HMMEIOMMXCS pecypcoB. Ilocie cTaHOBIECHUS
PBIHOYHOH 3KOHOMHKH CMEHHJIACH MMapagurMa YIpaBICHUS B CYIOCTPOUTEIBHOMN OTpaCIH,
KOTOpas Temeph BKIFOYACT MHOXKECTBO KOCBEHHBIX yHpaBisomux cBszed. C yuérom
MHOXECTBa WCTOYHHKOB HWH(popMamuy TpeOdyeTcss CPOPMHPOBATH HOBBI MEXaHH3M
YCTOWYUBOTO PAa3BUTHS, CHOCOOHBIH OOBEAMHHUTH pPa3HOOOpa3Hble W HEOIHOPOJHBIE
HUCTOYHUKH W3MEHEHHUH B €IMHYIO CUCTEMY HECMOTPS Ha TEPPUTOPHAIBHYIO Pa3/IeNEHHOCTh
C LIEJIbI0 €IMHOHAIIPABIEHHBIX U CJIAKEHHBIX JEHCTBUM.
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Puc. 1. Yrpasienue cyzocTponTenbHON IPOMBIIUICHHOCTEIO B 1965-1991 rT. (a)
U B HacTosiee BpeMs (0)
Cocmasneno asmopamu

Takum obOpasom, mpoOnema oOecHedeHNsT YCTOMYMBOTO Pa3BUTHSA CYAOCTPOHTEIHHOM
MIPOMBIIIIEHHOCTH SBJISIETCS KOMIUIEKCHOM M 3HAYMMOMW KaK Ul CaMHX NMPENNPUATUH, TaK U
JUIsl 9KOHOMUKH 1 Oe3omacHocTH Poccun B Lenom.

[lepeuncnennble  Bblle  MPOOJEMBI  CBsi3aHbl ¢ (aKTOpamMH,  BHOCSIIUMH
HEYCTOMYMBOCTb B JEATEIbHOCTb CYAOCTPOUTEIBHBIX MNpeanpusatuil. Jius BbIHECEHMS
NpeAJIOKEHUH TI0 paspelieHHI0 ATUX MpoldiieM Tpedyercst moapoOHee NpoaHaIM3UPOBATh
HUCTOYHUKU BO3JCHCTBUH Ha mnpeanpusatus. s 3Toro mpemiaraeTcst IOIOJIHUTEIBHO K
pas3/ieNieHHI0 UICTOYHUKOB BO3JICHCTBHI Ha BHEIIHWE U BHYTPEHHHE KJIACCU(PHUIIUPOBATH X
[0 CIEIYIOMMM IIpHU3HaKaM: II0 XapakTepy BIMSHHA Ha Npennpustne (HEeraTUBHOE,
YCIIOBHO-HETaTUBHOE, HEHTpabHOE) M 10 BO3MOXXHOCTH BIHMSHUS JIMI, NPHHUMAIOMINX
pemenust (nanee — JIIIP) (ympasnenue, BInsSHHE, HE3HAYWTENILHOE BIMAHNE). B TeueHume
JUINTENIBHOTO MPOLIECCa CTPOUTENBCTBA CyJAHA Ha NPEANPHUIATHE OKA3bIBAIOTCS BO3ACHCTBHS
KaK HETaTHBHOTO, TaK M YCIOBHO HETraTUBHOrO XapakTepa. IIpuponHble sBIeHUS,
MIPENSITCTBYIOIINE CTPOUTENBCTBY Cy/HA, OTKAa3 3aKa34ynKa I0CIe 3aBEPIICHUS 9acTh padoT,
CBSI3b C HeOJaroHal&XHBIM IOCTABIIMKOM W Opak — SIBHO HETaTHBHBIE BO3JEHCTBUSL.
OpHako C yd4€TOM JUHAMUYHOCTH CpeAbl HaONI0JaeTcss YCKOpEHHE HEeHTPalbHBIX
BO3/ICICTBUIA, KOTOpble TPEOYIOT CBOEBPEMEHHOTO BOBJICUSHHSI W peardpoBaHUs:
N3MEHeHHe TpeOOBaHMN 3aKa34yuWKa, JOCTYMHOCTh MaTepHajoB M 000pyIOBaHUS,
MOTPEOHOCTH B PEMOHTE 00OpyIOBaHHMA M MOTHBAIMK NepcoHana. lIpm pacmupeHun
MacmTaboB JESATENEHOCTH KOJIMUECTBO BO3ACHCTBUI yBETMUUBACTCS 1, HAKIAABIBASCH APYT
Ha Jpyra OHHM ()OPMHPYIOT YCIOBHO-HEraTHBHBIE BO3JCHCTBHS, KOTOpBIE, B Cilydac
OTCYTCTBUSI ~ CBOEBPEMEHHBIX  pEHIEHWH  TOAPBIBAIOT  YCTOMYUBOCTh  COCTOSIHUS,
(GYHKIIMOHMPOBaHUS M pa3BUTHA npeanpuatus. [Ipu pabore ¢ Bo3xeiicTBUsIMHU Tpedyercs
SIBHO OIPENENNTh, Kakyl CTENeHb BIMSHHA Ha HHX crocoOeH okasbBath JIIIP.
HecraOwipHass cuTyanuss Ha BHEIIHEM M BHYTPEHHHMX pBIHKaX HAaXOAWUTCS B 30HE
He3HauuTenbHOTO BiusHus JI[IP w  co3maer HeOnmaronmpusTHbIE  YCIOBUS ISt
(YHKIMOHUPOBAHUS TIPEIIPUATHIL, CJIeJOBAaTEIbHO, OHU HE TOJILKO HE MOTYT Pa3BHUBAaThCS,
HO W YCTOHYMBO (YHKIMOHHPOBaTb. B 30HE BIMSHHMS HAXOJIUTCS B3aHUMOJICHCTBHE
OpeanpusaTHs ¢ OmMMKaWIIMMK  3aWHTEPECOBAHHBIMH  CTOPOHAMH:  IOCTAaBIIUKAMHU
MaTepHaoB, 3aKa34uKaMu. Pan GyHKIMHA HAXOAWTCS B 30HE BIMSHHS WM YIPABICHHS B
3aBUCUMOCTH OT HaJW4Msl JOCTATOYHBIX PECYPCOB Ha MNPEANPUATUU U OPIrCTPYKTYPBI:
PEMOHT M 0OCITy>KMBaHUE O00OpYHOBaHUS, OyXrajaTepus, IOpUIMYECKOe II0Jpa3elieHue H
MHasg  BCIOMOraTejbHAass  JIEATEIIBHOCTb, HE  OTHOCAILIAACA  HEINOCPEICTBEHHO K
CYJOCTPOCHHIO, MOTYT OBITh OTAAHBI HAa AyTCOPCHHI' C LEJIBI0 SKOHOMHH W ITOBBIILICHHS
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KavyecTBa padoT 3a CUET CHEeNHMATM3UPOBAHHBIX KOMaH, IIPH 3TOM (YHKIMU MEPEXOlsT U3
30HBl YIPABJICHUS B 30HY BIMAHUA. PacimiupeHue 30HBI yNpaBJIEHUs U CHIDKEHHE 30HBI
BIMSIHUA, KaK INPaBWJIO NPHBOAUT K TOBBIIICHUIO YPOBHS YCTOWYMBOCTH COCTOSTHUS U
(YHKIIMOHUPOBAHUS IPEATIPUATHS.

OoOecrieueHrne yCTOHYMBOTrO Pa3BUTHS BKIIOYAET B ceOsi oOeclieueHne YCTOMYMBOCTH
COCTOSTHHS, (PYHKIIMOHUPOBAHUS HA YPOBHSX IPOLECCOB M CPEMIbI, a TAKKE YCTOMIMBOCTH
pasBUTHA. YCTOMYMBOCTH COCTOSIHHMSL 3aBUCHT OT 0a30BBIX (DAaKTOpPOB, KOTOpBIE
CIOCOOCTBYIOT ~COXPAaHEHHIO CaMOWACHTWYHOCTH mpennpustus. Ha  ycrtoitumBocTs
(YHKIIMOHNPOBAHUS BIUSIOT PErJIAMEHTHI W KAaueCTBO PETYJIPHBIX MPOIECCOB, KOTOPBIE
3aMIUIAI0T TPEANPHUATHS OT HEraTUBHBIX BO3AEHCTBHHA TeM, uyTo m3bammaror JIIP ot
HEOOXOAMMOCTH 4YacTOrO IIPHUHATUS PEHICHHH 10 MAaJO3HAYUTENbHBIM M IOHSITHBIM
BorpocaM. Ha ycTOWYMBOCTH Pa3BUTHSI BIMSET CIIOCOOHOCTH MPEAIIPUSTHS 3alycKaTb U
JIOBOJUTS JI0 YCIIEUIHOI'O 3aBEPLICHUS IPOCKTHI.

Jdnst  oOecrieueHHss yYCTOHYMBOCTH COCTOSIHUSI, (YHKIIMOHUPOBAHUS U  Pa3BUTHUS
TpebyeTcs OT/Ia/ika Ipoliecca CBOSBPEMEHHOTO MTPUHATHSI 0OOCHOBAHHBIX PEILICHUH Ha TpexX
CcTpaTax YOpaBIE€HMs: CTpAaTeTHUECKOM, TakTWdyeckol u  omepatuBHOH. HysxeH
COOTBETCTBYIOIIMIA OpPraHU3allMOHHO-yIpaBiIeHUeCKUi Mexanu3M. Ero peanuzanus tpeOyeT
OTIEPaTHBHOTO TMONYyYeHHsS WHPOPMANWH, JOCTATOYHOM JUIA TIPUHATUS pEIICHHH U
noaxozsmed Merofonorud. IlpunsaTHE pemeHuit GOpMUpPYETCsl Ha OCHOBAHUH IUIAHOB H
HaOMIOZICHUN OTKJIOHEHWH (PAKTHUECKHX 3HAYEHHH OT IUIAHOBBIX M MOXET 3aHHMAaTh
JUINTEIbHOE BpeMs s o0paboTku denoBekoM. Tpedyercss OTCICKMBATh MOKa3aTEIH
MIPOLIECCOB B PEXXHMME PEATbHOTO BPEMEHH, KIACCH(UIIMPOBATh OTKIOHEHUS C TOUKHU 3PEHUS
Teopuu cratucThuyeckoro MmeinuleHus Illyxapra-/[emMuHra corimacHo KOTOpPOMl NpPUYMHBL
OTKJIOHEHUH B Mpolleccax KIACCU(PHUUIUPYIOTCS KaK OCOOble NpPUYMHBI BapHaLH,
TpeOyIONIMEe  yNPaBJICHUCCKAX BO3ACUCTBHI JIMOO Kak CHCTEMHBbIC, TpeOyromue
OpraHM3yIOIMX H3MeHEeHui. IIpuMepoM 0co0OW MPHUYHMHBI BapHalMH MOXKET CIYKUTb
OoNle3Hb COTPYIHHMKAa Ha KOHBedepe, uTo TpeOyeT ONepaTUBHOH 3aMEHbl B KayeCTBE
YIIPaBJIEHYECKOrO BO3ACHCTBUS Ul IOAAEpKaHUS 00BbEMa NMPOM3BOACTBA HA IUIAHOBOM
ypoBHe. B cnyd4ae 3Ha4MTENBHOM CHCTEMHOH BapuallMd B IpoLeccax, HaIpumep,
JUINTEIbHBIE ~ COTJIACOBAHMS MEXIy MOApa3/eIeHUsAMH, TpeOyeTcs MepecMOTPEeTh
MOTHBAILMIO COTPYAHHKOB, B TOM YHCIE PYKOBOJUTEIEH MO B3aUMOACHCTBHIO OTIEINIOB.
IIponeccel Ha CTpaTern4eckoM, TAaKTHYECKOM M ONEPAaTHBHOM YPOBHIX MpPEIIaraeTcs
U3MEPSTh C TOUKH 3PEHUSI 3/IepKEK, (PMHAHCOB M KAYECTBA B PEKUME PEUTLHOTO BPEMEHH,
JUISl CBOEBPEMEHHOT'O CHTHAJIM3UPOBAHUS O HANWYUHU 1podieM. C 3TUM CHOCOOHBI OMOYb
MHTEJJIEKTyalbHble cucTeMbl yrpasienus (nanee — MCY). COop KayeCTBEHHBIX JaHHBIX W
npenocrapieHue JIIIP  10CTaTOYHBIX [JAHHBIX JUISL [PUHATUS PELIEHUN IO3BOJIUT
CBOEBPEMEHHO IepeOpMyaHpoBaTh LEJIM, HAWTH HOBBIE aJbTEPHATHBBI, BHECTU
KOPPEKTHPOBKH B TEKYIIYIO0 TEXHHUYECKYIO ACSITEIbHOCTb.

B pamkax QopmupoBaHHS €JHHOTO MEXaHH3Ma O0ECIEYCHHUs] YCTOWYHUBOIO pPa3BUTHUS
MIPEUIaraeTcsl OCYIIECTBIATH MOHHUTOPHHI YCTONUMBOCTH COCTOSIHHS, YCTOMYMBOCTH
(YHKIIMOHMPOBAHUS ¥ YCTOHYMBOCTH Pa3BUTHUS NPEANPUATHI C IOMOIIBIO IU(POBHU3AINH,
aBTOMATH3allMY U UHTEIUIEKTyalu3aliy Npoliecca yIpaBIeHHUs.

Ha puc. 2 npencraBiena cxema pacnpeaeneHusi OTBEeTCTBEHHOCTH Mexay WUCY u
YeJOBEKOM B paMKax Iporecca 010/KETHPOBAHUS Ha CYJJOCTPOUTEIEHOM MPEANPHUATHH, TAe
3HaYKOM IIECTEPEHKM YKa3aHbl MPOLECCHl, KOTOPBIE MOABEPIalOTCS KOMIBIOTEPHOM
HHTeIUIeKTyanu3anui. OTBETCTBEHHOCTh YeJIOBEKa B ITOJIHOM Mepe NpOsBIISETCS Ha YPOBHE
MPUHATHS CTPATETMYECKUX PEIICHUI! M OKOHYATENIBHBIX PEIIeHHH MO0 PeryIupyIIINM
BO3JICHCTBUAM B IIPOLIECCE AEATEILHOCTH.

VYrpoleHue MporeccoB OMHKETUPOBAaHUS 00ECIeUUBACTCS 32 CYET BKIIOUSHHMS
(YHKINH WHTEIUIEKTYyaTbHOTO KOHTPOJUIMHTA M MHTEJUICKTYATbHOM MOANCPKKH HPUHATHS
pemennii B ¢yHkuoHanbHOocTh HCY. Jlnsg oOecniedyeHus YCTOWYMBOTO Pa3BUTHSA
CYIOCTPOUTENBHOTO MPENPHUATHs BbllleHa3BaHHble QyHKuuH VICY IOIKHBI OXBaTHIBATh
BCE CTpaThl ymnpaBiieHHs. MHTerpamust 5JKOHOMHYECKOH M CTaTHCTHYECKOW HH(pOpMAINH
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MIO3BOJISIET MOBBICUTH YCTOWYHMBOCTH COCTOSIHUSI NPH NPUHATHH PELICHHH Ha BCEX CTparax
yIpaBJeHUs, YCTOMYMBOCTh (PYHKIMOHUPOBAHHS M Pa3BUTHS OJyiarojapsi KOPpPEKTUPOBKE
MOJIX0Ja K OTCIIEKUBAHUIO IIPOLIECCOB M IIPOEKTOB COOTBETCTBEHHO. Ha 0cHOBE M3MepeHus
3aTpaT B cooTBeTcTBMM ¢ KoHuenuued Activity Based Costing (ABC), Activity Based
Budgeting (ABB), Activity Based Management (ABM) u Teopuu CTaTHCTHYECKOTO
VIIPaBJICHHUS B PEKUME PEALHOTO BPEMEHH 10 TIPOIieccaM B paMKax 3aKa3a, YIUTHIBAIOIIIM
KaK IIPOM3BOJCTBEHHbIC, TaK M aIMHHHCTPATHBHBIE W BCIHOMOTATCNILHBIC IIPOLECCH,
npeylaraeTcs CoOMpaTh CTATHCTUKY, W3MEpATh M KIACCU(QHIMPOBATH OTKIOHCHHS B
nporeccax ¥ NPUMEHATh YIPaBIAIOIINE MM OpPraHU3YIOIIKe BO3ACHCTBYS JUI H3MEHCHHUS
IUIAHA WJIM TEKyLeH JesITeNbHOCTH, B TOM YHCIE KOPPEKTUPOBATh CEe0ECTOMMOCTh
MPOAYKIIMK HAa OCHOBAaHHH (DaKTHUECKH CBS3aHHBIX C NPOAYKIMEH mporeccoB. Takoit
MOJXOJ TIO3BOJISIET ONEPATHBHO BBIABIATH HM30BITOYHBIE MPOLIECCHl, HE 00aBISIOLIME
LIEHHOCTH, 0OHapy>XHUBaTh NPOOJIEMHBIE MPOIECCH C BBHICOKOW BapualMeil W, onepaTuBHO
ompezenss e€ xapakTep, BO3BPAILATh MPOLECC B CTATUCTUYECKU YIPaBIIEMOE COCTOSHUE C
TIOMOIIBIO YIPABIISIOMINX ¥ OPTaHU3YIOIIUX BO3AEHCTBHH.
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Puc. 2. Cxema nporecca 0roDKeTHPOBaHHMs ¢ BIItoueHneM GpyHkuui UCY
Cocmasnero asmopamu

Taxum o0pazom, OroKETHPOBAHHE o METOL0JIOTHHU ABC-ABB-ABM
COBEPIICHCTBYETCS W QJalNTHPYeTCS K pEHIeHHI0 3a7ad OOeCIeYeHUs YCTOWYHBOTO
Pa3BUTHS TPEATIPUSITHAS 32 CYET pealii3alliiil IPEIOKCHHBIX OH3HEC-TEXHOJIOTHUECKUX
CXeM YIPaBICHYECKOTO IMKIIA ¢ Hcnonbp3oBanueMm MCY.

OTHeCcTH NpeAnpusTHe K OJHOMY W3 MATH THIIOB — HEYCTOWYHMBOE, YCTONHYMBOE
Ha TeKyIIUA MOMEHT, Pa3BUBAIOIIEECS, YCTOMYMBO Pa3BUBAIOIICECS W COOTBETCTBYIOIIEE
npuanunaM ESG — mo3BosisieT pazpaboTaHHasi MaTpuila 3peOCTH B YacTh oOecredeHwHst
YCTOHYMBOTO Pa3BUTHS, CTPYKTYpHOE H300pakeHHe KOTOPOW MpejacTaBlieHo B Tabmuie 1.
OTHeceHne MpPeNNpUATHS K KOHKPETHOH Tpymie MO3BOJSAET AaTh PEKOMEHIAlWU II0
pa3paboTke MexaHu3Ma OOECIeUeHHUsT YCTOWYMBOTO Pa3BUTHSI C YYETOM €ro CTajJuu
3pENIOCTH, YTO SBISIETCS OJHUM W3 OTIUYUTEIBHBIX IPU3HAKOB pa3paboTaHHONH METOTUKH.
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Tabauya 1
Knaccuduxanus npeAnpusiTusi N0 YPOBHIO YCTOHYHMBOro Pa3BUTHS HA OCHOBAHUHU TPy
nokasareJei
Tun npeanpusaTus
[
=
z 2
w =
s | 2| 3 5| 22
=) b=} Q 8 Q 9 [Sa]
> & = = g =
Kpurepuit = o S g 2 £ g
S 8 < =S o E
£ g a S a £ =
o = 5 = Q=
> = = @ @ =
9 1= o > =
T = < 3 g a
o A~ = S E
I O
o
>
CocrosiHue Her Ectp Ectp Ectp Ectp
OyHKIMOHMpOBaHHE (Ha YPOBHE IIPOIIECCOB) Her Ectp Het Ectp Ectp
OyukIonnpoBanue (Ha ypoBHe Hajgcucrembl) | Her Her Her Her Ectp
PasBurue Her Her Ectp Ectp Ectp

DopMUPOBaHUE MEXAaHU3MA YCTOMYMBOIO PA3BUTUS HAUYMHAETCS C OIPEICIICHHUS
TEeKyLIeH CTaJuu NPEANPUATUA C TOUKH 3PEHUS YCTOMYMBOCTU C IIOMOILBIO NIPEAIaracMoi
MaTpHLBl 3pEJOCTH C YYETOM €ro CHCTeMbl COAaJaHCHPOBAaHHBIX IIOKa3aTelsieil, Mpu 3TOM
YUUTBIBAKOTCSL ~TEKyIIME 3HAYEHUs IIOKa3zaTesieil, TpeHJ 3HA4YCHUH IIOKasareseil
3a IPEIBIAYIIUNA pPEeNeBaHTHBI Mepuox (HampuMep, ToJ), TPEHA 3a BeChb MEPHOA
CYyILIECTBOBaHMS MPEAIPUATHS, PEaKLUs 3HAUCHUH MMOKa3aTeNel Ha BO3ACHCTBYS pa3IHIHON
cuibl B oBTOpsieMocTu. IlokazaTenu kinaccupUIMPYIOTCs HA YETHIpE TPYMIBI M 00pa3yroT
WUHTETPAJbHBIA IIOKA3aTeNlb yYCTOWYMBOTO pAa3BUTHUS, KOTOPBIA MOXKHO OTOOpasuTh
BU3yalbHO, KaK MpEACTaBIeHO Ha pucyHke 3. Ha ocHoBaHmm »53TOi uH(pOpMALUH
MNpeUIaraloTcsl  KOMIUIEKCHBIE  PEKOMEHJAUUU AN PYKOBOJUTENEH  NpEeAnpHATUI
I10 MOBBIIICHUIO YPOBHs YCTOHYHMBOTO pa3BuTHs, KOTOpBIE OIMCHIBAIOT
MOCJIE/IOBATENIFHOCTh  IIArOB  BHEJApeHHs W3MeHeHud B dyacTsax ¢ynkumit UCY, wux
TEXHUYECKOH peanu3ainuu, Ou3Hec-pYHKUMI MPEANpHUATHS W KPUTEPHUEB YCTOMYMBOCTH,
KOTOpBIE MOMJIEKAT YCUICHHUIO, YTOUHEHHUS O TUIIE NPEANPUATHS, KOTOPHIM HU3MEHEHUS B
paMKax TEKyIIero Iara HanOoJiee akTyaIbHbI.

McTOMMMBOCTE COCTORHMA

{ofbexTa)

YoTOMYMBOCTE
PYHKLAOHH DOBAHK S
(Npousccos)

YCTOHYHBOCTE
na E5G
{ceRzL co cpesoi)

VETORYMBOCTE DATBMTHA
(NpoekToR)

Puc. 3. BusyanbHoe 0ToOpaykeHHE HHTErPaJbHOTO MTOKA3aTellsl YCTOWUYMBOTO Pa3BUTHS
Cocmasneno asmopamu
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Ileppeitmuit mar BHeapenus MCY 3akmrouaeTcs B aHaJIM3€ IPOLIECCOB B PEXKHUME
pealibHOrO BpeMeHM. J[1g Takoro MOHHUTOPUHTA MOAXOMAT TEXHOJOTMM HHTErpaluu C
cucteMaMu y4€ra M OTYETHOCTH, a Takke cOop MH(MOpPMalUUHM IO TNPOU3BOJCTBEHHBIM
mporeccaM ¢ nomomnpio TexHojoruil IloT (mpombiinieHHBI HHTEpHET Bemeil). OTo
OCOOCHHO TIOJIE3HO HEYCTOHYMBBIM  HPENIPUATUSAM T.K. IO3BOJISIET 0OECHEeYUTh
YCTOWYHMBOCTh COCTOSIHHSI Onarojaps aHanM3y TEKYIIUX IPOLECCOB Ha MPEIMET OCOOBIX
MIPUYMH BapuaOEIbHOCTH U MIPUMEHEHHIO YIPABISIOINX BO3ACHCTBUI AL MX yAAJICHHS.
Jlnst TIOBBIIIEHUSI YPOBHS YCTOWYMBOTO pa3sBUTHS HEOOXOAMMO OMNHCATh MPOLECCHI,
MIPOBEPHUTH UX HA TOBTOPSEMOCTh M HEOOXOJMMOCTh ISl ITOBBIMICHUS! KOHEYHOW IIEHHOCTH
npoxyknun. Te mporeccsl, KOTOphIE He MPUHOCST AOTOJHUTEIBHBIN IEHHOCTH HEOOX0ANMO
TaKKe yIaJIuTh.

Bropoit mar — obecnieueHne KiacCU(pHKaMKM OTKIOHEHHH B MpolLeccaX B PEeKUME
pealbHOTO BpeMeHU. B ocHOBe MaTreMaTH4ecKoro ammapara JeKaT KOHTpPOJIbHBIE KapTbl
yxapra. OToOpa)keHMEe arperMpoOBaHHONM CTATHCTHKHM MO TpolieccaM BO3MOXKHO uepe3
nambopasl s JIIIP. 3To moMoskeT pa3BUBAIOLIEMYCS! MPENPHATHIO MIPOaHATU3UPOBATH
NPOLIECCHl Ha MPEAMET CUCTEMHBIX OTKJIOHEHWH, BBIABUTH T€ W3 HHUX, KOTOpHIE 00JaaroT
HauOONBIIMM CHCTEMHBIM OTKJIOHEHHEM M NPHUMEHHTh OpraHu3yollee BO3JeiCTBUE s
U3MEHEHHs CTPYKTYpBI MPEANPUATHI U CHI)KEHUS Bapualuy. BeaencTsue 3THX OeHCTBUI
CHM3ATCSl Harpy3ka Ha KIIOYEBBIX COTPYJHHKOB, [ICSITENIBHOCTh CTaHET Ooiee
IIpecKa3syeMon u YIOPaBIIEMOH, Oyner 00ecIIeunBaTHCS YCTOIYUBOCTD
(YHKIIMOHNPOBAHUS Ha YPOBHE ITPOIIECCOB.

Tperuil miar — HacTpoMKa MHTEILIEKTYaIbHOIO MOUCKA JONOIHHUTENBHBIX albTEPHATUB
n orpannyeHuii. C moMomupi0 Mojesneld 00ydeHnsi NCKyCCTBEHHOTo uHTelutekta Word2vec,
GloVe, FastText aHamu3MpyIOTCS OTKPBIThIE UCTOYHUKH WH(OpMAaLUK H, MO KIHOUEBBIM
CJIOBaM, BBIJIAIOT IIABHYIO HH(OPMAIHIO M0 U3MEHEHUSIM Ha phiHKe. C MOMOLIBIO ApCHHTa
KIIFOYEBBIX CAalTOB MapTHEPOB M aHAIUTHUECKUX CBOJOK TAKXKE aHAJIM3HPYETCS LEHBI Ha
CBIPBE M MPOMYKIHNIO. DTO MO3BOJIUT 00ECTICUUTh YCTOHUYMBOCTD Pa3BUTHSI Ha MPEIPHUATHH,
YCTOHYMBOM B MOMEHTe, Oiarojapsi CHIDKCHHMIO KOHIIGHTpallMM Ha Ipoleccax H
TIepeHaNpaBIICHHIO (OKyca Ha IIPOSKTHYIO AEATEIBHOCTD, CBI3aHHYIO C pealn3alieil HOBBIX
BO3MOXHOCTEH.

UeTBepThIii MIar — aHANN3 OMbITa NPEANPHUATAN Ha phlHKe. Ha 0CHOBaHMH MaIIMHHOTO
oOydeHust Ha 0a3e OTYETHOCTH — CTATUCTUYECKOH, YNpaBICHYECKOW, HE()UHAHCOBOH —
MIPOBOJUTCS TIOUCK MHBIX NPEINPUATHH, C TOXOXKUMHU MOKa3aTelsIMu U nuHamukoil. Y JIITP
MOSIBIIIETCS.  BO3MOXKHOCTb  MPOAHAIU3UPOBaTh JACHCTBHS TMOXO0XKHX KOMIIAHUH U
MOCJIEICTBHS ITUX JAEHCTBUIL, TIOCIE Yero MCHOJIB30BaTh JIyUIIHe MPakTUKU. Jta QyHKIus
MIO3BOJISIET YCTOMYMBO PAa3BHBAIONIEMYCS MPEANIPUATHIO, KOTOPOE yXKe 00J1alaeT CUCTEMHO
HAaCTPOEHHBIMH MPOIIECCAaMH W aKTHBHO 3aIlyCKAaeT IPOEKTHI, MOBBICUTH YCTOMYMBOCTH
(GYHKIMOHMPOBAHUSI Ha YPOBHE HAJICUCTEMBI W YIpOIIAeT repexo] K peanuzauuun ESG
IIPUHITUIIOB.

3akaouenue

[NoBbIIeHNE YCTOMYMBOCTH CYJOCTPOSHHMS TIPEJCTaBIIsieT co00i Ooraryro obiacTb s
n3ydenus. [lorepst poccuiickumu  Bep(sMH  KOHKYPEHTOCIIOCOOHOCTH Ha  PBIHKE
CYIOCTPOCHHMSI TNPOM30ILIA BCIEACTBUE OOJiee aKTHBHOTO IPOM3BOJCTBA 3apyOEeKHBIMH
CYJIOCTPOUTENSMH BBICOKOTEXHOJOTUYHONW MPOXYKIUK M IHM(PPOBU3ALMH IPOM3BOACTBA.
[Ipeononenne 3TOro HEraTHBHOTO OOCTOSATENBCTBA BO3MOXKHO ITOCPEICTBOM Iepexojia K
HHTEJUIEKTYyaJIbHOMY IIPOM3BOJICTBY, OCOOCHHO K BHICOKMM TEXHOJIOTHAM, KaKk B 0OOPOHHOM,
TaKk U B TPAXTAHCKOW NMPOMBIIUICHHOCTH. MHOr000eImaonmii MoIX0 B 3TOM KOHTEKCTE,
MIO-BUAMMOMY, 3TO COIIOCTAaBJIIEHHE BHPTYalIbHOTO M peaJbHOro obpasa cyaHa IyTeM
CO3MaHUs  €QMHOTO WH(OPMAIMOHHOTO IPOCTPAHCTBA, YCTAHOBJICHUS CBS3eH U
B3aMMOJIEHCTBHA MEXIY CYIAOCTPOWTEISIMH M APYTUMH YYaCTHHKAMHU CYAOCTPOEHHS (Tak
HasbIBaeMas «uudposas Bepdo» mwm «Bepds 4.0» [21, 22]).
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TeopeTndecky B yCTOMUUBOM pa3BUTHU OTPACIIH 3aHHTEPECOBAHBI BCE: U HAJICUCTEMA B
BUJIe SKOHOMHKHU CTPaHbl, U OTPacib CyJOCTPOCHHUS, U CMEXHBbIE OTPACiIH, U TOTpeOUTENN
yCIOyr IepeBO30K MOPCKUM U  pedHblM TpaHcmopTtoM. OJHako Ha IpakTHKE
CyJIOCTPOHUTENIbHAS MPOMBIIIJICHHOCTh CTAJIKUBACTCSA C YCHJICHHEM BJIMSHUSA HETATHBHBIX U
YCIOBHO HETaTUBHBIX  BO3JCHCTBUI, HWMeET MECTO Ppsii 3HAauYUMBIX HpolieMm,
MPEIATCTBYIOMMUX YCTOHYMBOMY PpAa3BHTHIO TPEANIPUATHH M oOTpaciu B meioMm [23].
OCHOBHBIE TIPOOJIEMBI CBS3BIBAIOTCA C JKECTKOM NPUBSA3KONH MPOM3BOACTBA K CIPOCY,
OONBIIMM KOJNWYECTBOM B3aWMOICHCTBYIONIMX AarceHTOB IIPU IPOWU3BOJCTBE CYIHA,
JUINTEIBHOCTHIO TPOEKTHPOBAHMUS U IIPOM3BOACTBA, @ BMECTE C TEM H CIOXXHOCTHIO
BHECEHMA W3MEHEHHH B TIPOEKT, [UINTEIBHOCTHIO JKU3HEHHOTO IMKIA MPOIYKIHH,
TpeOyIOMmEero COOTBETCTBYIOMEH (MHAHCOBOH, OPraHM3allMOHHOM W  TEXHUYECKOM
MOJAEPKKU CyJHA, KaK Ha CTaJUU NPOU3BOJACTBA, TaK U HA CTaUM SKCIUTyaTaIlUH.

B atHX ycnoBusX peamusyercssi psAA  COBMECTHBIX  MEPONPUSATHH  MEeXIy
3aUHTEPECOBAaHHBIMH CTOPOHAMM B CYAOCTPOEHHUH, HANpPaBIEHHBIX HA IPOJBUKECHUE
ycroifuuBoro pa3Butus. [Ipu 3TOM He Bceria sICHO, KyJa BKJIaAbIBaTh YCHIJIUS, HO pacTeT
MOHMMaHHE TOTO, YTO HEOOXOMUMO CJieNlaTh, YTOOBI YKPENUTh OTPACib C TOYKU 3PEHUS
yCTOﬁ‘IHBOCTH U CKOOPAWMHHUPOBAHHOCTH. BrisgBiennelie Hp06ﬂeMbI npeajaracTcsa peuruThb
yepe3 IOBBIMICHHE YCTOWYMBOCTH COCTOSIHUS, (YHKIMOHHUPOBAHHSI M Pa3BUTHA
npennpusaTaa 6maronaps BHeaperuto UCY.

B yactm cHHXpOHHM3amMHM cIIpoca M TPEIJIOKECHUS B CyJOCTPOUTEIBHOH 00iacTu
npeanaraercs npuMeHuTs VICY Ha 0a3e KOHKPETHBIX AOCTYIHBIX HA CETONHSIIIHWN NEHb
TEXHOJIOTHH C IIeIbI0 OOHApy>XKEHWs OTpaHWYECHHH M BO3MOXHOCTEH, Omaromapsi demy
YBEJIIMYUTCS CKOPOCTH PEArHPOBaHMS HA U3MEHEHHUS.

BsauMoeiicTBre pa3MYHBIX MOJApa3ieicHUil U 0OMeH HH(pOpMAIUel mHpeanaracTes
BeIcTpanBaTh Ha 0Oaze MCY, 3a cyer HcCleqOBaHMS XapaKTEPHCTHK IPOLECCOB M HX
BapuanunM Ha OINCPAaTUBHOM, TAKTHUYCCKOM H CTPATCTMYCCKOM YPOBHAX YIPaBJICHUA. Ilo
pe3ysbTaTaM U3MEpEHUil B peKUME peallbHOr0 BPEMEHH IpejyiaracTcsl KiacCu(puiupoBaTh
OTKJIOHEHHE (paKTHUECKHMX IOKa3aTesieil OT IJIAHOBBIX KaK CHCTEMHBIC WM IOPOXKIEHHBIC
0coOBIMH TIPUYMHAMHU BapHalmuy, a mocine — npemnarate JI[IP opranmsyromme u
YIPaBISIONINE BO3AEHCTBHS ATl HOBBIIICHHUS CTATHCTHYECKOM YIIPAaBISIEMOCTH CUCTEMBI.

IMpennaraemast UICY nomkHa XpaHuTh B ceOe MHGOPMAIMIO O BBHITYIIEHHBIX CyAaX,
JIETAIAX €r0 MPOM3BOACTBA, HKCIUTyaTallud M OOCITYXKMBaHUS, YTO MO3BOJHUT NpENIarath U
obecrieunBaTh JUIs 3aKa34unka CBOEBPEMEHHBIH M Kaue€CTBEHHbIH PEMOHT TOTOBOTO Cy/IHA.

CaMO TOAHSATHE TEMBlI CIY)XUT JUIi WHUIUHPOBAHWS HW3MEHEHHH, OOCYXICHHS |
(OpMYITHPOBKH HOBBIX HAIIPABJICHHH YCTOWYMBOTO Pa3BUTHUS CYIOCTPOCHHS U ONpEIeIICHHs
HOBBIX PE3YJIbTATOB, TAKUX KaK BHeIpeHHe W paciuupeHue QyHkunonansHoctu MCY Ha
CYyAOCTPOUTEIIbHBIX TPEATNIPUATHUAX.
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AHHOTauusi: B craThe mpenCTaBICHO HcCleNoBaHHE (DAKTOPOB, BIMSAIOMIMX HA
0€30IaCHOCTh CYJOXOJICTBA HA MOPCKHX W BHYTPEHHHX BOAHBIX HyTsiX. OTMeuaercs, 4To
aBapUIHOCTh CY/OB B YCJIOBHSX HHTEHCHBHOCTH NEPEBO30K CTPEMHTEIBHO BBIpOCHIA H,
4acTo, INIABHOW NMPUYMHON BO3SHHKHOBEHHS MHIUJICHTOB SIBILIOTCS YEJIOBEYECKHE OLIMOKH.
Ha ocHOBe wW3ydYeHMS MEXAYHAPOOHBIX W HAIMOHAIBHBIX HOPMAaTHBHO-TIPaBOBBIX
JOKYMEHTOB, a TakKe HAyJYHBIX ITOJXOJOB OTECYECTBEHHBIX M 3apyOeXHBIX YYEHBIX
BBINOJTHEHA CHUCTEMATH3alusl OCHOBHBIX TpyNH (akTOpoB ¢ pa3jeieHHeM Ha BHYTPEHHHE U
BHEIIIHME, YTO II03BOJSIET BCECTOPOHHE pAcCMaTpUBATh  BONPOCH  obecredeHHs
0€30IIaCHOCTU CYNOXOJCTBA. AKLCHTHPYeTCS BHHUMAaHHE, 4TO B Hay4HOIl JuTeparype
paccMaTpuBaeTcsl IIUPOKHH CIEKTP KOMIIOHCHTOB, ONMpENEIAIONIMX HAJEeKHOE JBIKCHUE
CY/IOB, TaKkH€ Kak: NPHPOJHBIC M KIMMAaTHYECKHE YCIIOBHs, SKOJOTHYECKas OOCTaHOBKa,
HOPMAaTHBHO-IIPABOBOE  PETYJIMPOBAHHE, TEXHUYECKOE COCTOSIHHE CYJOB, YCIOBHSA
9KCIUTyaTally CyJ0B U Apyrue. [Ipu 3ToM GOJBIIMHCTBO YYEHBIX BBIICISIIOT YEITOBEYESCKHH
(axTop, KaK KIFOYEBOH acHeKT, 0OecreynBaloni yCTOMINBOCTE paboThl cynHa. Pa3BuBas
TaKod IIOJXOJX B CTaThe IpPEJACTaBlIeHa pa3pabOTaHHAs aBTOPOM JETAIM3MPOBaHHASL
uepapxus BIMSHUS YeJIOBEYECKOTo (akTopa Ha OE30MACHOCTh CYHOXOJICTBA, B KOTOPOM
BBIJICJICHBI KOMITOHEHTHI TIPSIMOT0 ¥ ONOCPEIOBAaHHOTO BO3JEHCTBHUS, CTPYIIIMPOBAHHBIC 110
KaTeropusiM: MpogecCHOHATTbHOE M (PU3MYECKOE COCTOSHUE IKUMaKEH CyloB, COOMOICHNE
YCIOBHH Tpy#a, NHTAaHHE W MEIULMHCKOE OOCIY)KHMBaHHE, TEXHHYECKUE acCIeKTHl,
HOPMAaTHBHO-TIPAaBOBOE OOECIEUCHHE: MEXKIYHApOAHbIE M HAIMOHAIBHBIC JIOKYMEHTHI,
OpraHU3allMOHHOE  oOOecliedeHne, TEXHUYecKoe obecrmedeHue, HHOPACTPYKTypHOE
obecrieueHne, WHOOPMAIMOHHOE OOECHEYEHHE U COLHUAIBHO-TPYIOBOE OOECIeueHHe.
PesynbraThl  HMcClienOBaHMS  JIEMOHCTPHPYIOT WX  B@KHOCTH M HEOOXOIMMOCTB
HWHTETPUPOBaHMS B KOPIIOPATUBHBIC YIPABICHYECKHE IPOIECCHI, YTO MO3BOJIUT KOMILIEKCHO
MOJXOANTH K BONpPOCaM pa3pabOTKH Mep MO MOBBIMICHUIO OE30MacCHOCTH CYyIOXOJCTBA M
MHHHMMH3ALHH PHCKOB.

KioueBble c10Ba: 0e30MaCHOCTh CYIOXOJCTBA, Kiaccupukanus GakTopoB 0e30MacHOCTH
CY/IOXOJICTBa, HEPApXHsl BIMSHHUS YEIOBEYECKOro (hakTopa.
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Abstract: The article presents a study of the factors affecting the safety of navigation on sea
and inland waterways. It is noted that the accident rate of ships in conditions of heavy traffic
has increased rapidly and, often, human errors are the main cause of incidents. Based on the
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study of international and national regulatory documents, as well as scientific approaches of
domestic and foreign scientists, the systematization of the main groups of factors has been
carried out, divided into internal and external, which proves that it allows comprehensive
consideration of issues of ensuring the safety of navigation. It is emphasized that the
scientific literature considers a wide range of components that determine the reliable
movement of ships, such as: natural and climatic conditions, environmental conditions,
regulatory and legal regulation, technical condition of ships, operating conditions of ships
and others. At the same time, most scientists single out the human factor as a key aspect
ensuring the stability of the vessel's operation. Developing this approach, the article presents
a detailed hierarchy of the influence of the human factor on the safety of navigation
developed by the author, which highlights the components of direct and indirect impact,
grouped by categories: professional and physical condition of ship crews, compliance with
working conditions, nutrition and medical care, technical aspects, regulatory support:
international and national documents, organizational provision, technical support,
infrastructure support, information support and social and labor support. The results of the
study demonstrate their importance and the need to integrate them into corporate
management processes, which will allow a comprehensive approach to the development of
measures to improve the safety of navigation and minimize risks.

Keywords: safety of navigation, classification of factors of safety of navigation, hierarchy of
influence of the human factor.

BBenenne

Mopckoli ¥ BHYTPEHHUH BOJHBIA TPAHCHOPT SBISAETCA Ba)XXKHBIM JJIEMEHTOM
TpaHCTIOPTHOW cucTeMbl Poccuiickoit dexnepariin, NpeabsABIIONINX BEICOKHE TPEOOBAHHS K
0€3011aCHOCTH CyIOXO/ICTBA HA MOPCKHX M BHYTPEHHUX BOJHBIX ITyTSX.

B ycnoBusx  yBenmdeHHs ~O0OBEMOB  TIEPEBO30K, HM3MEHEHHS  KiIMMarta |
TPaHCHOPTUPOBKH CTPATETHUECKU BAXKHBIX M OMACHBIX TPYy30B YYaCTHIUCh WHIMICHTHI U
aBapuy, NPHUBOASININE K HETaTHBHBIM MOCIEICTBHAM pPa3lWYHOTO MacuiTaba, MOITOMY
NPUHATHE KOMIUIEKCHBIX Mep 10 00ecIieueHHI0 0Ee30IacCHOCTH B OTpaciHd CTAaHOBHUTCS BCE
OoJiee aKTyaJbHBIM.

Kpome TOoro, 0e30macHOCTh CYHOXOJACTBA  SIBIETCS  KJIIOYEBBIM  ACIEKTOM
MEXAYHapOJHONW U HAallUOHAJIBHOM CYyJOXOJHOW IOJUTHKHU, OKA3bIBAIOLIUM 3HAYUTEIILHOE
BIMsSHME Ha oOecredyeHHe TOPTOBIM, 3alIUTy OKPYKAIOIIeH Cpelabl, 4YTO HMeeT
(dyHIaMEeHTaIbHOE 3HAUCHUE JUISl Pa3BUTHSI MUPOBOM W HAIIMOHAIBEHON SKOHOMHUKH.

ExerogHo aBapuu Ha MOPCKMX M BHYTPEHHHMX BOJHBIX IYTSAX HPHBOAAT K yTpare
YENIOBEYECKUX JKM3HEH, MOJIOMKE M MOTepe CYAOB, HPOHM3BOJACTBEHHBIX MOIIHOCTEH,
9KOJIOTMYECKHM TIpodieMaM M JIPpYyrUM OTPHLATEIbHBIM IOCHeAcTBHAM.  CTaTHCTHKA
TIOKa3bIBAeT, YTO aBapHHHOCTh Ha (ioTe pacteT. Tak, 3a MOCIEAHUE MATH JIET KOJIHIECTBO
aBapuil ¥ aBapUHHBIX CIy4aeB Ha MOPCKHX MYyTAX yBenuumiaock Ha 40%, Ha BHYTPEHHHUX
BoaHeIXx — Ha 200% [1]. Takas curyamus Tpebyer, ¢ OJHOW CTOPOHBI, JETAIHHOTO
UCCIIeJOBAHMS BIUSIONMX (PaKTOPOB, ¢ Apyroi — npuHATHE d3PPEKTUBHBIX YIPaBICHYECKUX
pEIeHHH 11 CHKESHHS PacCMaTPUBAEMBIX IPOOIIEM.

MeToabl u MaTepuaJjbl

OcHOBO# 151 Mccie0BaHus (DaKTOPOB, BIIMSIONIMX Ha OE30MaCHOCTH CYIOXOJCTBA,
SIBIISICTCA OTPENCIICHUE CaMoro STOr0 TOHATHSA, KOTOPOE B HAyYHOH JHUTEpaTtype W B
MPAKTUIECKON NEeATCTFHOCTH HMMEET IIHMPOKHHA CHEKTP TPAKTOBAHHUS B 3aBHCHMOCTH OT
IIOCTaBJIEHHBIX LIEJIEN.

3acmyxuBaeT BHHMaHHe HambOonee oOmee onpenencane PassozoBa C.B. -
«0e30MaCHOCTh CYJOXOACTBA — 3TO COXPAHHOCTh YEIIOBEYCCKUX JKU3HEH M UMYIIECTBA Ha
Mope, KOTopas OOECIeYMBACTCS CHCTEMOH MEXIYHAPOJHBIX W HAIMOHAJBHBIX MeEp
TEXHUYECKOTO, OPTaHM3alMOHHOTO, COIMATBHOTO M MpaBoBOro xapakrepa» [2]. Takoit
MIOJIXO/]T OTIPEAEIISIET OCHOBHBIEC HANIPABIIEHUS ()aKTOPOB, KOTOPHIE BIHMSIOT HA STOT MPOIIECC.
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B HnayuHOW InuTeparype wu3Naraercs JOCTATOYHO IIMPOKMHA HepedeHb (HhaKTOpOB,
BIMSIOIINX Ha oOecreyeHre OE30MacHOCTH CYAOXOJCTBA, IpOaHaIM3UpyeM Hauboiee
3HAa4MMBbIE CPEIU HUX.

JmutpreB B.U. B cBOMX MHOTOYHCIICHHBIX paboTaxX BBIAEISET T, KOTOPHIE OKa3bIBAIOT
HEMOCPECTBEHHOE BIMSHHE Ha OE30MacCHOCTh MEPEeBO30K IPY30B M IIACCAXKMPOB Ha
MOpPCKHX ¥ BHYTPEHHHX BOJHBIX TyTsaX [3-4]: TEXHHYECKOE COCTOSHHE CYAOB,
yemoBeueckui  (pakTop, HABHUTAIMOHHAs 0E30IAaCHOCTb, OSKOJOTMYECKHE  YCIIOBHS,
IOPHANIECKOE PEryINPOBaHME.

KapernukoB B.B. akueHTUpyeT BHHMMaHUE Ha BIMSHUE TUAPOMETEOPOJOTMUECKUX
YCIIOBUH M HCIIOIBb30BaHNE MH(MOPMAIIOHHBIX TEXHOJOTHH, MOAYEPKUBast HEOOXOIUMOCTb
BHEJ[PEHHS MHTCIUIEKTYAIbHBIX CHCTEM YIPaBJICHHS ABIKEHUEM CyJIOB. [5].

ITo muenuto Kozuka C.B. u UYepHbimeBa B.®. [5-6] BaxHeHIIMMU SBISIOTCS
OpPTraHU3AIMIOHHO-TEXHUYECKUE U YETOBEUYECKHE aCMeKThl, TTOCKOJIbKY UMEHHO 110 MPUYUHE
omMOOK OJKHUMaka TNpoucxodsr okoino 80% aBapuil. ABTOpB (OKyCHUPYIOTCS Ha
TICUXOJIOTHYECKOH ITOATOTOBKE IIABCOCTaBa, MMOJYEPKUBAIOT BAXXHOCTh Pa3pabOTKH CHCTEM
yIpaBJeHHUs, IpEeAsaraloT COOTBETCTBYIOLIUME MEphl IO NPEeIOTBPAICHHIO aBapUIHBIX
cuTyanui. [6]

B paborax BacunbseBa C.A. paccMaTpHBarOTCS BOIPOCH! HEAOCTATKA TEXHOJIOTHIECKUX
1 4eJIOBEYECKUX CTaHJapTOB, YTO 3HAUYUTEIHHO YBEINYNBACT PUCK aBApUHHBIX Cirydaes. [7]

I'puropee  H.H. axTuBHO mccienoBan BIMSHHE 4YeEJOBEKa Ha 0O€30M1aCHOCTh
NEPEBO30YHON  NESTENPHOCTH,  INOJYEPKHBAS  BAKHOCTh  ICHXO(PH3HOJIOTHUYECKOM
MOATOTOBKH M KBAIM(HKALUKN SKHMaXa, MOCKOJIbKY MMEHHO OMIMOKH YeJIOBEKa 3a4acTYIO
MIPUBOJAT K aBapUIHBIM CUTYaIHsIM. [§]

C.B. EpmakoB Tak e yaenseT BHHUMaHHE 4YelOBEYECKOMY (aKTopy, BbIIEIssA
MOBBILIEHUE HArpy3KH Ha SKUNAX M HEJOCTaTOK KBaIM(UIMPOBAHHBIX KaJpPOB Kak
OCHOBHBIE PUCKH I CYJIOB Ha BHYTPECHHUX BOAHBIX MyTsX. [9]

ITo muenuio Adonuna A.B. BaXXHO YYUTHIBATH T'MIPOMETEOPOIOTUUECKHE YCIOBUS U
PHUCKH, CBSI3aHHBIE C OIIMOKAaMHU SKHIIaXKa, IOCKOJIBKY YCIOBHSA Ha MOPCKUX M BHYTPEHHUX
BOJHBIX MyTX 9acTo MeHstoTcs. [10]

B cBoux tpynmax Maciok H.H. u bmogux A.P. cnenmanusupyercss Ha BIUSHUU
IU(POBBIX TEXHOJOTHH Ha OE30IAaCHOCTH CYAOXOJCTBA, PACCMATPUBACT M aHATH3UPYET
BOMPOCH! BHEAPCHUS WHTEIICKTYaJbHBIX CHCTEM, YTO NPHU3BAHO YMEHBIINTH PHUCKH,
CBSI3aHHBIE C YEIOBEYSCKUMU omuOKamu. [11]

Psan 3apyOexseix yueHsrx, Takue Chowdhury, M.N. u Shafi, S. npemmararor
KOMIUIEKCHBIN IOJIXOA K BOIpocaM O€30MacHOCTH CYIOXOJICTBA, BBIACIAS TEXHHUYECKHE,
OpTraHM3aI[MOHHBIE U HOPMATUBHO-IIPABOBBIE YCIOBUSL. [12]

B T0 xe Bpems, Galierikova, A., David, A. u Sosedova, J. 0OTMEUaAIOT YEIOBCUCCKUI
(akTop Kak OCHOBHOW acIeKT, BJIMSIONMKA Ha Oe3zomacHocTh. VM Obula mpeioxkeHa
KOHIIETIIIUSI O TOM, YTO aBapuiHbIE CIy4aW MPOHCXOIAT M3-3a MHOXKECTBA OINMOOK Ha
pPa3HBIX YPOBHSX CHCTEMBI, BKJIIOYass OIMMOKM OJKHUMaXa, TEXHWYECKHe CcOOM U
OpraHu3aIuoHHbIe PakTopHL. [13]

HccnenoBanusi y4eHBIX IMOKa3bIBalOT, 4To 3(dexTrBHOE obecrieueHne 0e30macHOCTH
CYZI0XOJICTBA HANPSIMYIO 3aBUCHT OT (haKTOPOB, KOTOPbIE OOBEKTUBHO CYIIECTBYIOT B 3TOM
mporecce, M TO3BOJIAIOT HENPEPHIBHO COBEPIICHCTBOBATH CTAaHAApTHl M TpeOOBaHMSA,
HanpaBJeHHbIE Ha TPEJOTBPAICHWE aBapUiHBIX CIlydyaeB M CHIDKCHHE PHCKOB
JIESITETFHOCTH HA MOPCKUX U BHYTPEHHHX BOIHBIX IMyTSX.

OO0o001asi BBHINOJHEHHBIH aHaJIM3 HAyYHBIX MOJXOJOB K paccMaTpuBaeMoi 00JiacTh
NPaBOMEPHO CJeNaTh BBIBOJ, 4YTO O€301aCHOCTh CYAOXOICTBA — OTO KOMIUIEKCHAs
mpobnema, TpeOyromas ydeTra MHOXKECTBa B3aUMOCBS3aHHBIX COCTABIISIONINX, KOTOPHIE
aKTyaJbHBl KaK JJIsI MOPCKOTO, TaK W BHYTPEHHErO BOJHOTO TPAHCIOPTa C y4YETOM
COOTBETCTBYIOIIEH CHIETHM(DUKH.

Ha Mopckux myTsix, XapaKTepH3YIOIIUXCsI OTKPBITBIM IPOCTPAHCTBOM, 3HAYHTEIbHBIMH
pPacCTOSHUAMHM M IEPEMEHYMBBIMH IIOTOJHBIMU YCIIOBHSMH, O€30MaCHOCTb 33aBHUCHT OT:
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METEOPOJIOTHUECKHUX YCIOBHHI (IITOPMBI, TyMaHbl, CUIIbHBIE BETpa, JIEJOBbIe 00pa30BaHus),
HABUT'allMOHHOM OOCTAaHOBKM (HaJIM4YME M KauyecTBO HABHMIAIMOHHBIX 3HAKOB, CHCTEMBI
CIyTHUKOBOH HaBWTallMH, paJlOCBs3M), Teorpaguyeckux ocobeHHocteil (Mmenu, puBL,
TEUEHMs1), a TaK)Ke MHTCHCUBHOCTU CYJIOXOJCTBa M THIIOB M pa3Mepa CyJOB (TaHKEpHI,
KOHTEHHEPOBO3bI NPEJICTABISAIOT COOOM MOBBIMICHHBIH PUCK B ciaydae aBapuu). [lpu stom
0COOCHHO Ba)KHA IOATOTOBKA SKHNAXEH K paboTe B CIOXKHBIX YCIOBHAX, HalMIHE
3¢ PEKTUBHBIX CHCTEM CBSI3M M MOHUTOPHHTA, & TAK)KE CTPOTHI KOHTPOJIb 33 COONIOAEHUEM
MEXIYHApPOIHBIX HOPM 0€30MacHOCTH, TAKUX Kak MeXIyHapoJHas KOHBEHIUS MO OXpaHe
yenoBeyeckoi xu3an Ha Mope (SOLAS). Poxp GeperoBsix ciry0, BKIIIOYas criacaTeIbHBIC
n OeperoByro OXpaHy, KpailHE BBICOKA, OCOOCHHO B CIydac KPYNHBIX aBapuil wim
cTuxuitHbIX OexctBuit. Ocoboe BHUMaHHE YAEISIETCS OXpaHE CyNOB OT MUPATCTBA M
TEPPOPUCTUYECKHX AKTOB.

CyI0X0/ICTBO MO BHYTPEHHHM BOJHBIM IYTSIM, BKJIIOYask PEKH, KaHAJIbl U 03€pa, UMeeT
CBOIO CIeU(HKY. 3/1eCh ONPEAEIIIONIMMU SBIISIOTCS: THAPOJIOTHUECKHE YCIOBHS (YPOBEHBb
BOJIBI, TEUEHHE, HAJIWYNE MPEMSATCTBUI B pyclie), MHPPACTPYKTypa (HaIW4ue U COCTOSHHE
LIJTF030B, MOCTOB, NPHUYajoB), IUIOTHOCTh CYIOXOJACTBa (YacTo Ooyiee BBICOKas, 4eM Ha
MOPCKUX TyTSX), U THUI CyIoB (peuHble cyaa, Oapxu). be3omacHOCTh HA BHYTPCHHHX
BOJHBIX ITyTSAX YacTO 3aBHCHT OT 3((EKTHBHOTO YNPABICHUS BOIHBIMH PECypCamH,
MIPEAOTBPALICHUST 3aTOPOB M CBOEBPEMEHHOTO IIPOBEACHUS THOYIIIyOHTENBHBIX PpadoT.
3HaunTEIbHAS PO OTBOJUTCS] KOHTPOIIIO 332 TEXHUUECKHM COCTOSHUEM I'MIPOTEXHUIECKUX
COOpYXEHHH M oOOecleueHHI0 OE30IacHOCTH MEpEeXOI0B 4Yepe3 CyJOXOAHBIE ITyTH.
HapuranmonHnast o6cTaHOBKa Ha BHYTPEHHHX BOJIHBIX ITyTAX TpeOyeT ocoO0ro BHUMaHUS C
Y4€TOM MCCTHBIX yCHOBHﬁ.

Kpome ToOro, cymecrBytor oOmue (HakTopbl, Kacarolludecs KaK MOPCKHX, TaK H
BHYTPEHHHUX BOJHBIX IIyTei, Takue KakK 4enoBeYecKuil (axkrop (OMMOKM SKUMaxa,
HEJOCTaTOYHAs KBAIM(HKALM), TEXHUYECKOE COCTOSHUE CYJOB (HEHCIIPaBHOCTH
ABUTATCIIA, CUCTEM YIpPaBJICHUA, CPEACTB CB)I3I/I), a TaAKXE€ DJKOJOTHYCCKHE aCIICKThI
(mpenoTBpaleHne 3arpsi3HEHUs] OKpYJKalolleld cpelpl B cCilydae aBapuu). OJTo TpeOyer
KOMIUIEKCHOTO TT0JIX0/1a, BKIIFOUAIOIIETO COBEPIICHCTBOBAHNE HOPMATHBHO-IIPABOBOM 0a3bl,
Pa3sBUTHE TEXHOJOTWH, IOBBILICHNE KBAIN(PHUKALUKN CIEIHAINCTOB M MEXIyHapoIHOE
COTPYIHHYECTBO.

B pesynpraTe NpOBENCHHOTO aHAINM3a BBHINOJIHEHAa YKPYMHEHHAs CHCTEMaTH3allys
KIIFOUEeBBIX (DAKTOPOB, BIHMSIONIMX Ha OE30IAaCHOCTH CYyJOXOJACTBA C pa3JelicHHeM Ha
BHEIIHWE ¥ BHYTPEHHHE, a TaKXE TPYIIHUPOBKOW C YYETOM CHEUM(PUKH MOPCKHX H
BHYTPEHHUX BOJHBIX MEpeBO30K (Tab:.1).

Tabnuya 1
KniwoueBsble ¢pakTopbl, BAUAIONINE HA 0€30MACHOCTb CYJ0X0ACTBA
I'pynmna ¢axropoB XapakrepucTuka akTopos
Mopckue nyti | BuyTpeHnnue BoaHbIE yTH
BHeunue gakTopbl
HopmatusHo - npaBoBoe MexyHapoJHble KOHBEHLIUH, Hanmonansnoe
peryiaupoBaHue HallMOHATbHOE 3aKOHOJIaTENbCTBO,
3aKOHOJIATENBCTBO, oTpacieBble 1 peTHOHAIbHbIE
OTpacieBble U perHOHAIbHbIE IpaBuiIa
IpaBuiIa
Tomntuaeckwue, MexayHapo HbIe KOH(IUKTHI, OKOHOMHYECKAsT U
9KOHOMHYECKHE H TeppOPH3M, IHPATCTBO. COIMaNbHAs CTAOUIBHOCTH
COIMANIbHBIE YCIIOBHS PETHOHOB
[Ipupoansie u Merteoposiorudeckie U ruIpoIoTHYECKUe YCIOBHUS,
KIMMaTHYeCKUE YCIOBUS reorpaduueckie 0cOOEHHOCTH
Okojornueckast 00CTaHOBKa 3arpsi3HEHHE OKEaHOB U MOPEH, PeK U 03ep, Pa3iIHBbl HePTU U
HeTenpoIyKTOB, COPOC MPOMBIIIIEHHBIX OTX0I0B, BEIOPOC
OTIACHBIX BEIIECTB
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BHyTpeHHHe GakTOpbI

Tumnel, TexHUYECKOE HasuramuonHoe 060pyjoBaHUE, PETYISIPHOE TEXHUIECKOE
COCTOSIHHE CYJIOB 00CIy)XKHBaHHE, HATMIHE CHCTEM aBapUifHOTO pearnpoBaHUs
YcnoBus 3KCIUTyaTauu VIHTEeHCHUBHOCTB CYIOXO/CTBA, XapaKTEPUCTUKHU MEPEBO30K
CYZIOB
CocrosHue HHPPACTPYKTYpPHI HaBurannonHast 00CTaHOBKa, MOJAEPKaHUE TOPTOB,

TEpMUHAJIOB, KAHAJIOB, THAPOTEXHUUECKUX COOPYXKEHHH U
BOJIHBIX IIyTE€H B 3KCIUIyaTallMOHHOM COCTOSIHHH.

Yenoseueckuit paxTop YpoBeHb KBaTH(UKAINH SKUIXKEH CyH0B, BKIIIOUas paboTy B
HKCTPEMAIBHBIX YCIOBHSIX

B obecrieueHnn 0€30IaCHOCTH CYIOXOJCTBa KaK Ha MOPCKHX, TaK M BHYTPEHHHX
BOJIHBIX MYTSIX 4YEIOBEUECKOMY (aKTOpy yIenseTcss OONbIIOoe BHHUMAHHE. OTOT aCIEKT
paccMOTpeH BO MHOTHX Hay4YHbIX paboTax.

Tomumue A.H. B cBOMX Tpylnax He TOJBKO BBIABIISIET NPOOJIEMBI BIMSHUS YelOBEKa B
CyJIOXOJCTBE W HEOOXOJMMOCTH pa3padOTKM METOMOB CHW)KEHHs aBapUHOCTH Ha
TpPaHCIIOpPTE, HO W IOJYEPKHUBACT 3HAYUMOCTb BBICOKOW KBaTM(UKALUU ODKHUIIAXKEH |
OpraHu3aluy YCIOBUN TpyAa JUIsl CHHYKEHUS PUCKA YeIOBEYECKUX OIMNOOK. [14]

CkopoxonoB /I. A. u Mapunos M. JI. B CBOUX HCCICIOBAHUAX B 00IACTH CYI0XOCTBA
Ha BHYTPEHHHMX BOAHBIX ITyTSAX BBIJCHSAIOT POJb YEJIOBEKA B YCIOBHSX OIPaHWYEHHBIX
BOJIHBIX MyTeH M CynoxogHoro tpaduka. MmMu pa3paboTaHbl KOMIUIEKCHBIE MEpBI UL
MOBBIIICHUsT ~ OE30IacHOCTM  3KWMaka, a HMEHHO: OOydeHHe  IIIaBCOCTaBa,
NICUXO(HU3HOJIOTHIECKas TOJATOTOBKA U CTPOTHH KOHTPOJIb 33 COOJIIOICHUEM PEXnMa TpyAa
u oTapixa. [15]

BHumanne k mnpoOieMaM B3aUMOJEHCTBHUS SKUIIaka W TEXHOJOTWI Ha OopTy
COBPEMEHHBIX CYIIOB B CBOMX paborax yzaemsan [nmagkoBa A. M., Mapymesckuii M. B.,
®ayctoBa O. I'., paccmaTrpuBas He TOJIBKO KaK aBTOMATH3aIlUs BIUSACT HA YeJOBeKa, HO U
npeajaras  crnocoObl  NOBbIIEHHS S()(GEKTHMBHOCTH  B3aMMOJCWUCTBHS JKUMNAXa U
AaBTOMAaTH3UPOBAHHBIX CUCTEM. [16]

Paboter [Imutpuea B.J. HampaBieHbl Ha TIIATCIbHBIA aHAIM3 YCIOBHH Tpyna u
PESKMMOB OTABIXa IUIABCOCTABA W WX BIMSHHE Ha aBapuitHOcTh. IlomMmMO 3TOTO, aBTOP
0co00e BHIMaHKE YAEISIET BIMSHNIO YCTAJIOCTH Ha MPUHSTHE PELICHUH U Ka4eCTBO paboThI
skunaxei. [17]

[Ipobnema ycranoctu orpaxena B padorax Xiao Fei Ma, Guo You Shi u Zheng Jiang
Liu, koTOpbIe MOJUEPKUBAIOT BHICOKOE 3HAUCHHE YEJIOBEUECKHX OIIMOOK B CYIIOXOJCTBE.
Hx mccnenoBaHMs OXBAaThIBAIOT TAKHWE TEMBI, KaK BIMSHHE IICHXOJOTMYECKOTO CTpecca Ha
paborty skunaxeil, rpapukoB pabOTbl M YCIOBHH Tpyla Ha NPOU3BOJUTENLHOCT H
crocoOHOCTh 3(h(HEeKTUBHO BBINOIHATH CBOM 00s3aHHOCTH. [18]

Chauvin C. paccmaTpuBaeT B3aMMOCBSI3b CHCTEM O€30MACHOCTH CYIOB M aHaJH3
omubOoK B 0Tpaciu. ABTOp COCPEIOTOYNI BHUMAaHUE Ha pa3paboTke Mojienell OIeHKH prcKa
OmMOOK SKWIIaXa M CO3JAaHHM CHUCTEM MOHHTOPUHTA TIOBEACHHUS IIJIaBCOCTAaBa I
MIPEJOTBPALICHUS aBapuitHBIX cuTyanui [19].

B pesynbTarte npoBeIeHHOTO aHaIN3a HAyYHbIX T0AX0/0B IPABOMEPHO CAENATh BBIBOJ,
YTO YeJOBEUSCKHH (PAKTOpP WIPaeT CYNIECTBEHHYIO POJb B KOMIUIEKCHOM oOOecredeHun
0€3011aCHOCTH CYZ0XOJICTBA HA MOPCKHX M BHYTPEHHHX BOJHBIX IyTsX. MHOroodpasue ero
COCTaBIISIOIINX, BKJIIOYAsh YPOBEHb KBAIM(HKALMM SKHNaXKa, YCIOBUS Tpylda M OTHABIXa,
OpraHM3aIIo0 PadOTHl HAa CYAHE U B3aUMOJICHCTBIE MEXKAY JIFOIBMH U JIpyTUe, 3HAYUTEIbHO
BIIMSIET HA BEPOSITHOCTh BOHUKHOBEHHUS ABAPUNHBIX ClydyaeB. Takod MOAXOJ OIpenenseT
€ro CIOXHYI0 M MHOTOYPOBHEBYIO CTPYKTYpPYy, COCTABIAIOLINE KOTOPOH MpsMO WIIH
OTIOCPEIOBAHHO BIMSIOT Ha 00ecredeHne 0e30macHOCTH CyI0X0ACTBA.

Takum oO0pa3om, Al COBEPIICHCTBOBAHMS CHCTEMBI O€30IaCHOCTH CYJOXOJCTBA
HEOOXOIUMO KOMIUIEKCHO PAacCMOTPETh YENIOBEUECKUH (haKTop, KOTOPBIH TOJKEH OBITH
HHTETPUPOBAH B OOIIYIO CTPATETHIO YIPABJICHHUS IBIKECHNEM CYyA0B (Tabi.2).
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Tabauya 2

I/Iepapxml BJIMAAHUSA Y€JI0BEYECKOI'0 q)alcmpa Ha 0e30MacHOCTh Cy10X0aACTBa

Kareropust | Omnucanue (oJKaTeropus)

DakTops! NPSIMOTO BO3ACUCTBUS

CO6J'IIOZ[€HI/IC MUHUMAJILHOTO BO3pacTa

IIpodeccnonansHoe n
(u3MUecKOe COCTOSIHUE
SKUIaXKEH CyJ0B

HO}JFOTOBKa, nepenoAroToBKa U MOBLIMICHUE KBaJ'H/I(I)I/IKaIII/II/I
SKHUMaKEH CyA0B MOPCKOI'O U BHYTPCHHETO BOJHOI'O TPAaHCIIOPTa
Du3ndecKoe COCTOSTHUE U TICUXO0JIOTHYECKast moAroToBKa

VcmoBus TpyAa U OTAbIXa pa6OTHI/IKOB IJ1aBaTCJIBHOT'O COCTaBa

PexuMel Tpyna u oTIBIXA

Cobmopenne ycnosuid Tpya BezonacHocTh U OXpaHa Tpyza

MenuuuHCcKOE OCBHJICTCIILCTBOBAHUEC

[Iuranwe u crooBoe 06CJ'Iy)KI/IBaHI/I€

IIuTanue U MEIUITUHCKOE

0BCITyKHBaHHE MenuiHCKOE 00CTy>KMBaHHE SKUITaKeH Ha O0pTy CyHa U Ha

Oepery

CreneHb aBTOMATH3AIUN CyaHa

CucteMBbl ONOBEIIECHHS O YPE3BBIYANHBIX CUTYAIHAX U CHCTEMbI

TexHUYecKre acTIeKTHI CBSI3H

[TnanoBoE 0OCTYXKMBaHUE CYJOB M JTHATHOCTHKA
HEUCIpaBHOCTEN

PaxkTOpHI ONIOCPEAOBAHHOIO BO3ACHCTBUS

MexayHapoaHast KOHBEHIIHS 10 OXPaHe YeTOBEUSCKOM WKHU3HI
Ha mope (SOLAS)

MexryHapoHBIH KoJeKe yrpasieHus Oe3onacHocTsio (ISM
Code)
MesxayHapo/JHasi KOHBEHIHS O OATOTOBKE M JUILIOMUPOBAHUH
MOpSIKOB U HeceHUH BaxThl (STCW)

HopmartusHo — npaBosoe

obecrieuenue: Vi
MKy HAPOHBIC OKYMCHTBI eKITyHAPOIHAS KOHBeHL[I/IZI 1\2 E‘gfﬂe B MOPCKOM CYIOXOJICTBE

ITpunnunel MexayHapoHoi Mopckoit opranuzanuu (IMO) o
YIIPaBJICHUIO YEJIOBEYECKUM (HaKTOPOM

Konekc 6e3omacHoro nmoseneuus na cynax (Code of Safe
Working Practices for Merchant Seafarers)

Konexc Toprosoro mopemnnaBanus Poccuiickoit denepanuu
(KTM P®D)

®enepanbubiii 3akoH Ne 52-D3 ot 05.06.2012 «O patuduxarym
Konseniuu o Tpyae B MopckoM cynoxonactse (MLC)»

DdenepanbHblil 3akoH Ne 24-D3 ot 07.03.2001 (pen. ot
08.08.2024) «O BHYTpeHHEM BOJHOM TpaHcnopte B Poccuiickoit
Denepaunny»

[ocranosnenne [IpaBurenscTBa PO Ne 620 ot 12.08.2010 (pexn.
o1 07.10.2019) «O06 yTBep>KICHUU TEXHIYECKOTO perlaMeHTa o
0e30macHOCTH 00BEKTOB MOPCKOTO TPAHCIIOPTa)

HaL[I/IOHaJ'[LHI:Ie JOKYMCHTBI

IIpukaz MunucrepctBa Tpancropta PO Ne378 ot 08.11.2021
«O06 yrBepikneHnu [TonoxeHus 0 AUMIIOMUPOBAHHHU YICHOB
IKHUIMaKeH MOPCKHX CYIOB»
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Kareropust Onwncanue (IOIKaTeropus)

IIpuka3 MunucrepctBa Tpancopta PO Ne87 ot 12.03.2018
(pen. ot 25.09.2020) «O6 yrBepxkaennu [lomoxeHus o
JTUIUIOMAPOBAHHUHU YICHOB SKUIAXEH CyI0B BHYTPEHHETO
BOZHOT'O TPAHCIIOPTa»

CanuTapHble HOPMBI U IIPaBUJIa AJIs CyJI0B

CrannapTsl 1 npaBmia Poccuiickoro Mopckoro peructpa
CYJOXOJACTBA

KOpHOpaTI/IBHaH NOJIMTHUKA IO YIIPABJICHUIO IEPCOHAIIOM

OpraHu3aIHoHHoe VYipasieHue cucreMaMu 6e30MacHOCTH

obecrieueHne HpOBeZ[eHI/Ie BHYTPCHHHUX U BHCITHUX ayAUTOB

TpynoycTpoicTBO pabOTHUKOB IUIaBAaTEIHHOTO COCTAaBA

CocTostHHE CYZIOB, BKJIIOYAst MCIIOIBb30BaHHUE BCEX HEOOXOANMBIX
CHCTeM (aBTOMAaTHYECKOTO YIIPaBIECHHS CYTHOM, BHyTPEHHEH
CBSI3M, aBaPUHHON CUTHANM3ALMH, TIPEAYIPEKIECHUS O
cONMKEHNH CYI0B, CPEICTBA HHIMBUIYaIbHOH 3aIUTHI U T.1.)

TexHuueckoe obecreucHme

CocTostHIE BOJHBIX MyTeil U THAPOTEXHUUECKUX COOPYKEHHH

I'mnporpaduueckoe obecrieueHne

WudpactpykrypHoe
obecreueHue CocTosiHHE aKBATOPHU MOPCKUX M PEYHBIX IOPTOB M KAaHAJIOB
CocrosiHuE IpUYanoB
WundopmarmonHoe Kunbep6e3011acHOCTh aBTOMAaTH3HPOBAHHBIX CUCTEM
obecreueHue HaBurannoHHbIe CHCTEMbI U JOCTYI K JAHHBIM
TpynoBbIie 1OrOBOPEI pAOOTHHUKOB IIABATEIFHOTO COCTABa
Habop u TpynoyctpoiicTBo miaBcocTaBa
Cobmronenue TpeOOBaHMH 1O pernaTpruanui MOPSIKOB
MotuBanus Tpyaa 3KUNaxxei MOPCKUX CyJ0B U CYIOB
CoumnansHO — TPYI0BOE BHYTPEHHETO BOJIHOTO ITaBaHUS
obecnieueHne

Pa3BuTHE Kapbephl IUIABCOCTAaBA

OxpaHa 310pOBbs paOOTHUKOB ILIABaTEIBHOTO COCTaBa

ConpansHoe 00ecreyeHne SKHUIIaXe MOPCKHUX CYNOB U CYJOB
BHYTPEHHEr0 BOJIHOTO TIaBaHHUSI

3akarouenue

Ha ocHOBaHHMHU BBITIOJIHEHHOT'O HCCIIEIOBAHUS ABTOPOM Pa3pabOoTaHa UEePAPXHsl BIUSHUS
YeJI0Beueckoro (hakTopa Ha OE30MacHOCTh CYI0XO/CTBA, KOTOPAs SIBISICTCS METOAUYECKON
OCHOBOH KOMIUIEKCHOTO Yy4acTHsi MepcoHajla B CHCTeMe o0ecredeHus 0e30IacHOCTH
Cy[IOXOJHOrO OHW3Heca ¥ HWHTErpalii B YIOPABICHYCCKHE IPOILECCHl  YIPABICHUS
JIBHYKEHUEM CYJIOB.

BbigesieHne COCTaBJSIIOIIUX MPSIMOTO M KOCBEHHOTO BO3JACHCTBHS  IO3BOJIAIIO
OTPENEINTh KIFOYCBBIC DIIEMEHTHI, OKAa3bIBAIOIIMAE HAMOOJIBIICE BIUSHHE HA YPOBEHBb
aBapPUUHOCTH U PUCKOB MPH BBIMOJHECHHH [IEPEBO30K.

BaxHO MOJYEPKHYTh, YTO K ONPEACISIFOIIMM ACTIEKTaM BIHSHHUS YEJIOBEKA OTHOCSTCS
HE TOJBKO YPOBEHb KBATH(DUKAIMU M MCUXO(PHU3UOIOrHYECKas MTOATOTOBKA IKUIAKa, HO U
MHOTHUE JIPYTHE JJIEMEHTHI, TAKUE KaK: TEXHUYECKOE COCTOSHUE, MCIOJIHCHHUE TPeOOBaHM
MEXIYHAPO/IHBIX U HAIIMOHAIBHBIX CTAH/IAPTOB, COONIOICHUE YCIOBHM TPYIA H T.1I.

[pemnosxeHHast wepapxus MOCTPOEHA ITyTeM YKPYITHCHHOTO PAacCMOTPEHHUS OCHOBHBIX
KOMITOHEHTOB, BIHSIIOIINX HAa HAJIEKHOCTh U 0€3aBapUiHOCTH paboThI (hy1oTa. ITO MO3BOIUT
OoJsiee IeJICHANPABICHHO MOJXOJUTh K BOMPOCaM pPa3pabOTKH Mep 0 MOBBILICHHIO
0€30MacHOCTH CYJ0XOACTBA, BKIOYAs ONTHMHU3AIUIO YCIOBUI TPy, MOBBIIICHHE YPOBHS
MMOJTOTOBKH IIJIABCOCTAaBa, MOJICPHHU3AIMI0 TEXHHUYECKUX CPEICTB, COBEPIICHCTBOBAHHE
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cUcTeM aBToMaru3aluu cyaoB. Ocoboe BHUMaHHE CTOHUT yIEIUTh MepaM 110 MHHUMU3AIHN
YeJI0BEYECKUX OIIMOOK, KOTOpBIE, Ha JaHHBIH MOMEHT, SIBJISIOTCS OJHOW M3 TIJIaBHBIX
NIPUYMH aBapUIHBIX CUTYallUil HA MOPCKHUX U BHYTPEHHHUX BOJHBIX IYTAX.

KomruiekcHblif monxon k oOecrieueHHI0 0E30IacHOCTH CYHOXOJCTBA C TIO3ULMI
YeJOBEUECKOT0  (hakTopa, BKIIOYAIOMIMN yNpaBiIeHHWE BHYTPSHHUMH YCIOBHUSAMH |
TOTOBHOCTh K HEMEAJICHHOMY pEardpoBaHMIO Ha BHEIIHHE BO3JICHCTBUS, SBISETCA
KIIFOUEBBIM PBIYArOM K CHIDKGHHIO Pas3lIMYHOTO XapakTepa pHCKOB M TIOTEPh B
paccMaTtpuBaeMoi 00JIacTH.

13.

15.
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I/ICCJIe)IOBaHI/le N3MEHCHUS MapaMETPOB CHOCA CyAHa B CTBOPE
MOCTOBOI'O nmepexoaa

E.M. Kynpuna

ORCID: 0009-0004-1476-8886

Bonorcckuii 2ocydapcmeennbiil yHugepcumem 6001020 mparcnopma, 2. Husxcnuii Hoeeopoo,
Poccusa

AnHoTammsi. B naHHOI cTaThe NpPUBEZEHO HCCIENOBAHHE BO3MOXKHOCTH HOBBIMICHUS
0€30I1aCHOCTH Ha BHYTPEHHUX BOAHBIX ITYTSAX M YMEHBIICHHUIO aBAPUHHOCTH TI0 THITY «CYZHO
— MocT». B B3 C CIIOXKHOCTBIO TPOBOJKH CYZOB B CTBOPE MOCTOBOTO IIepexoja,
HEOOXOIVMO BBIIBUTH INIPHYMHBI HaBaJa CyIOB Ha ONOPHI MOCTA, JUIA 4Yero Ui 4Yero
BBIMIONIHSIETCS aHAIU3 MOBEAEHUS TIOTOKAa M BO3MOXKHOTO CHOCA CyZAHA MPH MPOXOXKICHUU B
paiioHe MOCTOBBIX omnop. BeLsBieHBI TpH pacyeTHble obnactu: | - Ha moaxozxe k mMocty; 1 - B
cTBOpe MoctoBoro mepexona; III — 3a moctom. Ilo pesympraTam wmccrnenoBaHus OBUTH
MOTy4YeHBI (hOPMYIIBI, MO3BOJISIONINE ONPEACUTh YTOJ CHOCA CyAHA B 3aBUCHMOCTHU OT €TO
MECTONOJIOKEHHI OTHOCHTEIBHOTO MOCTOBOTrO mepexona. Jns 3onel Il npeanaraercs BBOA
HOBOTO KOo3(duimeHTa OOKOBOro cHoca Kc, KOTOpHIA TO3BOJNUT Yy4ecTh JeiicTBhE
MIPOJONBHBIX W IMPKY/SIIMOHHBIX TEYEHWH, 00pa3ylomuXxcst B 00JacCTH CyXeHHWs pycia y
OIIOp MOCTa W MPUBOIALINX K HAaBally CyJHa Ha HUX. [Ipemnaraemsrii koagduuuent Kc Obu1
MOJTy4eH aHAJIUTHYECKH — CTaTUCTHYECKUM METOJIOM, IIyTeM BBIYHCICHHUS €ro depes
pa3nMYHBIE H3MEHSIONIMECS IapaMeTphl, 3aBUcsmue oOT psga  ¢axropoB. Ilox
HU3MEHSIONMMHCS (paKTOpaMH IPHHATH PYCIOBBIE XaPAaKTEPUCTHKH (YKIOH CBOOOMHOI
MOBEPXHOCTU BOABI | M IIEpoXOBaToOCTh pycla N) U TEOMETPUYECKHE XapaKTEPHUCTUKH
MOCTOBBIX omop (mmpuHa omopsl B). ®aktopHas Bapuamus IO3BOMSET IONYIUTHh
3aBUCHMOCTH IIPHOPUTETHOTO BIMSHHS ITapaMeTPOB HA Pe3yIbTHPYIOIyIo Kc.

KiroueBbie cioBa. [IpoBoaka CymoB, MOCTOBBIE COOPYXKEHHs, CKOPOCTHbBIE H3MECHEHHS,
CKOPOCTh BETpa, IPEIMOCTOBOH IMOAIOp, MIMPHUHA OMOPHI, KOAPHUIMEHT OOKOBOTO CHOCA,
YKJIOH CBOOOIHOM ITOBEPXHOCTH, LIEPOXOBATOCTh PyCIIa.

Investigation of changes in the parameters of ship demolition in
the alignment of the bridge crossing

Ekaterina M.Kuprina
https://orcid.org/0009-0004-1476-8886
Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. This article presents a study of the possibility of improving safety on inland
waterways and reducing accidents of the "ship — bridge" type. Due to the complexity of the
wiring of ships in the alignment of the bridge crossing, it is necessary to identify the causes
of the bulk of ships on the bridge supports, for which an analysis of the flow behavior and
possible demolition of the vessel when passing in the area of bridge supports is performed.
Three calculation areas have been identified: I - on the approach to the bridge; II - in the
alignment of the bridge crossing; III — behind the bridge. According to the results of the
study, formulas were obtained that allow determining the angle of demolition of the vessel
depending on its location relative to the bridge crossing. For zone II, it is proposed to
introduce a new lateral drift coefficient K¢, which will take into account the effect of
longitudinal and circulating currents formed in the narrowing area of the channel at the
bridge supports and leading to the bulk of the vessel on them. The proposed Kc coefficient
was obtained analytically and statistically by calculating it through various changing
parameters depending on a number of factors. Channel characteristics (slope of the free water
surface I and roughness of the channel n) and geometric characteristics of bridge supports
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(width of the support B) are assumed to be changing factors. Factor variation allows us to
obtain dependences of the priority influence of parameters on the resulting Kc.

Keywords. Ship wiring, bridge structures, speed changes, wind speed, bridge support,
support width, lateral drift coefficient, slope of the free surface, roughness of the riverbed.

BBenenue

IlpoBogka cymoB 1OA MOCTaMM SIBIISIETCSI CJIOKHOM W OTBETCTBEHHOM 3amadei,
TpeOyromeil 0co0oro BHIMaHUS W OCTOPOKHOCTH. JTO CBSA3aHHO C TE€M, YTO MOCTOBBIC
COOPY)KEHHS OTPAaHHYMBAIOT CYIOBOH XOJ MO MIMPHHE W BBICOTE MOIMOCTOBOTO rabapwura.
Kpome Toro, HaBHTamMoOHHEBIE YCIIOBHS 110 MPOXOIY CYIOB Yepe3 CTBOP MOCTa YCIOXKHSET
HEpaBHOMEPHOCTBIO TMOTOKa. Ha moaxoje K MOCTOBOMY IMEpexoay MOTOK pa3lessieTcs, a
HETMOCPEJICTBEHHO 3a ONopaMu 00pa3yIOTCs BOJOBOPOTHBIC 00JACTH U CBAJIbHBIC TCUYCHUS,
YTO TPUBOJUT K OOKOBOMY CMEIICHHIO CyJHA OT HAMEUYCHHOTO Kypca. OTKIIOHEHUE OT OCH
CYIOBOTO XOJla MPUBOAUT K CHOCY CyJIHA B CTOPOHY OMOP C BO3MOXKHBIM MOCIEAYIOLUIUM
HaBaJIOM Ha OIOPbI WJIM MOCAAKOW Ha MEJb MPHU YXOJIe 3a Mpeeibl CYyA0XOIHON MOJIOCH B
npoJere Mocta [5,6].

Tak, o maHEbIM padotsl [14], ¢ 1970 mo 1974 rr ma BHyTperHMX myTsax CIIA 6bL10
3apeructpupoBano 811 ciyuaeB HaBala CygHa Ha OIOpPHBIE KOHCTPYKIUH C
MUHUMAaJbHBIME MOBPEXKICHUSIMA Tocineqanx. O0muit ymepd ot aBapuii cocTaBmi 23MITH
nomut. CIIA.

CormacHo ob6memupoBoii cratuctuke (Puc. 1), €XErogHO Tpoucxogur 1- 2
Cephe3HbIC aBapUH M0 TUITY «CyAHO-MocT». B 30% ciyuaeB Takue CTOJTKHOBEHUS PUBOJISIT
K 4€JOBEUYECKMM JKEPTBAM M IIOJHOMY pa3pylIeHHI0 MocToB. Tak, cormacuHo pabore [11],
¢ 1960 mo 1993rr npounzouuio 29 KpymnHBIX aBapui, rae B CyMMapHO# CI0KHOCTH ITOTHOJIO0
321 genoBek. JlaHHas cTaTHUCTHKA MPOJOIKACT MOCTOSHHO MOIOIHATHCS.
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Puc. 1. KomuyectBo kpymHbIX aBapuii ¢ 1978 no 2014rr mo o011eMUpoBOii CTATHCTHKE

B cBsi3u BO3poCIIMM TEMIOM CTPOUTEIBCTBA MOCTOBBIX IEPEXOJOM, B TOM YHUCIIE HA
TeppUTOPHUAX cyOBekToB Poccuiickoit deneparyy, pacTeT U aBapUitHOCTh 110 THITY «CYyIHO-
MocT». TakuM 00pazoM, yuUTHIBasl HETaTUBHYIO TCHICHIINIO, BOSHUKAET HEOOXOAUMOCTh B
MTOBBIIIEHUH O€30MTaCHOCTH Ha BOIHBIX Iy TSIX.
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OmnpeesieHne CHOCA CY/IHA B CTBOPE MOCTOBOIO IEpexo/a

Jist nocTrkeHust 6e3aBapuHOCTH MPU MPOXOJIE CYAOB B CTBOPE MOCTOBOTO IEpexoja
W HaXOXJICHUSI KPUTEPUEB 10 MOBBIIIEHHIO 0E30MaCHOCTH HEOOXOIMMO MPOBECTH aHAIIU3
MOBE/ICHHSI CHOCA CY/IHAa B CTBOPE MOCTA.

B mpakTuke CyIOBOXKICHUS OINpPECIICHHE CHOCA CY/HA Ha BHYTPEHHUX BOJHBIX MYTAX
MpearoiaracT MPOBEJACHUE HEOOJBIIOTO BEKTOpPHOTO (Tpadudeckoro) pacdera C
HCIOJIb30BAHMEM H3BECTHOTO BEKTOpPAa CKOPOCTH M Bekropa TeueHus. OJHAKO, MpH
MPOKIIAIKe MapIIpyTa Yepe3 MOCTOBOI Mepexo/l, TAKOH pacyeT CTAHOBHUTCS HEBO3MOXKHBIM.
DTO CBA3aHO C TeM, YTO B CTBOPE MOCTOBOTO IEpexoja MOTOK BOJbI HEPABHOMEPEH, YTO
MPUBOJMT K YBETHUYCHHUIO YHCIIa CKOPOCTHBIX BEKTOPOB JI0 YKCIIA 1.

ITo npuHmunmy paGoTel omop B I1OTOKe[3,5,6,9], CKOpPOCTHBIE HM3MEHsA BO3MOKHO
pa3zeNuTh Ha TP XapaKTepHbIe 00aacTH (puc.2).

A

Pnc. 2. Cxema OTKIIOHEHHS CyJHA OT CYZOBOTO X0J[a IPH ABMXEHNUH MO MOCTOBBIM ITEPEX0T0M
A- CTpyKTypa NOTOKa MO MOCTOBBIM IEPEXOA0M; b - OTKIIOHEHUSI CyiHa OT CyZIOBOTO X01a

O6mnacTs 30HHI | pacnonaraeTcs BhllIe CTBOpa MOCTOBOTO nepexona. E€ npoTsxeHHOCTD
IIPUHUMAETCS] PABHOM JUIMHE PYCIOBON YacTH C HAYaJbHBIM OTKIOHEHHEM BOJHOTO MOTOKA
l; (cniokoliHOe TeueHHe NepexoauT K OypHOMY, 00pa3ysl HauaJ bHBIN MPEIMOCTOBOI MMOIIIOP

z,)(puc. 3).
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Puc. 3. Cxema u3MeHeHUs OJIOPA BOJHOH TOBEPXHOCTH
JlnmvHa Ha4aabHOTO OTKJIOHEHMUS:
3
b’ 1)
1 ZZ 1
l1=lC)K_X01=lC)K_|| 1 |lC)K |,M (D
Box - K03 PUIHUEHT CTEeCHEHUS pyCeT,
rac: Zy - [IOAOP B 30HC MOCTOBOTO NT€pEXoaa, M
Xo1, - IIEPBOE KPUTUUYECKOE PACCTOSIHUE, M

- PaCCTOSAHHUC CIKATHA MMOTOKA OMOpaMH MOCTa, paBHACTCA PACCTOAHUIO
OT OCH OTBCPCTUA MOCTA OO PACYETHOTO CTBOpA, PACIOJIOXKCHHOTO B
30HC C HYJICBBIM HAallOpomM, M

PaccrosHme coxaTHs mOTOKa:

lC)K

=B lu |
oK T 1+ Lﬂ, (2)
L6n
rae: B, - IIMpPUHA pyCJla PEeKU NpPU PAcCUeTHOM YpPOBHE BBICOKOW BObI
(PYBB), m;
Ly, - pacdeTHas JUIMHA MOCTOBOI'O IIEPEX0Aa, M
Ly Len - TPOTSDKEHHOCTh MEHBIIEH M OoJbIledl MOWMBI B MOIEPEYHOM
CEYEHHUH, M

B ob6mactu | mpomcxoanT MOCTENEHHOE OTKJIOHEHHE BOIHOTO IIOTOKAa B CTOPOHY
cBoOomHON uacTn pycna (cM puc.2). CKOpOCTH TEUeHHs HAYMHAIOT YBEIWYMBAIOTCS, a
YKJIOH CBOOOJIHOH ITOBEPXHOCTh BOABI HAYMHAET yMEHbBLIAThCSA, 0O0pa3ysl HadaJIbHBIA
MIPEIMOCTOBOM moamop z; (cM puc.3).

Kak noka3siBaloT HaTypHble HAOJIOJEHUS M HA MOJIEISX, IPUBEACHHBIX B KyunHCKO#
rUpaBInUeCcKoi aboparopun Bojareo [9], ocHOBHAsS BelMUYMHA MOANOPA PACIIONATAETCS B
HETIOCPEJICTBEHHONH OMM30CTH OT MOCTa, Ha MEPBOM KPUTHYECKOM pPACCTOSHUM Xgq.
IIpenmocTOBOI Hamop BO3HUKAeT B CJIEJICTBHM CTECHEHHMS pycia OINOpaMH MOCTa H
TIOJIXOHBIMU HACBHITISIMU Ha moliMax. TakuM o0pa3oM, BeMYMHA HANIOPA Z;, KPUTHYECKHUE
paccrosiaus Xy, @ TAKKe AJIMHHA 30HBI CKaTHA L., HAXOAATCS B MPSIMOW 3aBUCHMOCTH OT
CTETICHN CTECHEHMS pycia S, (popmymna 1).

IMoyuennoe BbeipaxkeHue (1) OymeT OEHCTBUTENBHO MJIs CIydaeB, KOT/a JJTMHHA
MOCTOBBIX OIOp He TpeBblmaer BockMu mpuH (L < 8B). B cnydae yamuHeHHH orop o
TPUHALUATA KPATHOW LIMPHHBI, COTNIACHO onbitaM Harnepa[3], monydeHHble pe3ysbTaThl

210



Hayunvie npoonemut 6001020 mpancnopma / Russian Journal of Water Transport Ne82(1), 2025

clenyeT yBenuuuTh Ha 4%, Tak KaK MpH YBETUYEHUU BEJTMUMHBI CTECHEHHS pyclia OTIopamMu
MOCTa M0 AJIMHE MPOUCXOJUT POCT KHHETUYHOCTH MOTOKA.

CHoc cymHa (cM puc. 2), TpW JABIKCHHH B 30HC | MOXHO OMHCATh CICIAIINM
BBIPAKEHUEM.

, (€)
Br = sinKyy,
cpl

roe:. W — CKOPOCTb BeTpa, M/C;

| — CpeIHssl CKOPOCTh TEUESHUS JUIsl IEpBOit 00acTu, M/c;

cpl
w — CKODOCTb BETpa, M/C;
KYy,, —KypcoBoil yron KOCHHBI IOTOKA JUIs IEPBOK 00J1acTH.

B nmanHO#l oOyacTH TypOYJNEHTHOrO pEXHMa HE HAOJIOJAeTCs W Ha CHOC CyJaHA
OKa3bIBaCT BIIMSHUC TOJBHKO HAMpPAaBICHHWE M CKOPOCTh BETpa C TeueHWeM. B ciyuae
COBMAJICHUS yIJa KOCHHBI MOTOKAa C HampaBJCHHEM cymoBoro xoxa, sinKy,; cmemyer
NpYHKUMATh paBHbIM 1[3].

C yBenmueHueM ckatus moToka (o6macth II), CKOpOCTh TEUEHHS M KUHUTHIHOCTH
MMOTOKa HAYWHAIOT BO3PacTaTh, a Ha [BIMKCHHEC CyJHA HAYMHAIOT OKA3bIBAaTh BIIHSIHUE
NpOIOJIbHBIE TeueHus[2].

IIpomonbHBle TEueHHWsS MPEACTABISIIOT COOOM MONMEPEeYHYI IUPKYJIALUI0 BOJHI,
00pa3yIoNIyIOCs B pe3yibTaTe OOpPaTHOrO MBMIKCHHS PEYHOIO MOTOKA Y OMOpP MOCTOB U
Hacbinet. OOpa30BaBIIMICS Yy ONOPHI JOHHBIA Bajell, PacHpPOCTPaHsICTCS Ha OOKOBYIO
4acTh OMOpPHI, 00pasys KOHTYp 30HbI NoAcackBaHus (puc. 4).

A
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Puc. 4. Cmemenne cynHa nipu aBmxeHnd 1o 11 o6nactu
A- Mozens pacnpeielieHHsl OTOKa B IporpaMMHOM Komruiekce FlowVision;
b — cxema kpeHa cyznHa
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CMerieHue CyliHa B CTBOPE MOCTa MPOMCXOIWT IMOJ JCHCTBUEM HAPYIICHUS MOJIS
paBeHcTBa naBieHui. [Ipoxofs yepe3 CTBOp, CYJAHO OKAa3bIBACTCSA B 30HE IMOBBIINICHHOIO
CXKaTUsl ¢ HEpaBHOM MPOIMYCKHOM CIOCOOHOCTBIO MO JICBOMY U IpaBoMmy Oopty. [laHHas
HEPaBHOMEPHOCTh SIBJIICTCSI MPUYHHOW BO3HHMKHOBCHHS IEPEMAZOB NABJICHUS, KOTOPBIC
CTAaHOBUTCS UCTOYHHUKOM IMOTIEPEYHON CHJIBI, YBOJISIEE CYIHO OT OCH CYIOBOTO XOJa.

Takoe siBeHHE BBIpaXkaeTcs yepe3 Ko3PPUIMEHT OOKOBOT'O CHOCa KC, TMTOJIYICHHBIH 110
pe3yJibTaTaM aHaju3a MnepepacipeelieHnss BOJHOTO MOTOKAa B CTBOPE MOCTOBOTO MEepexoa
U OTHOLICHUSI CKOPOCTHU CY/HA K TIOTOKY.

Ve 4
y; = Kc—sinK¥y,,, @)
cpll
rae: Vepir — CPEIHSISL CKOPOCTh T€YEHHs ISk BTOPOH 06nactu, M/c;

V. — ckopocTh cyHa, M/c;
Kc¢ — xo3¢¢umment O0KOBOTO cCHOCa
KYy,, — KypcoBoii yros KOCUHBI IOTOKa JUIsl BTOPOH 00nacTy.
ITpn 3TOM NPOTKEHHOCTH O0TACTH, IJIST KOTOPOH OyNEeT BEPHO BBIPAKEHHE MOMKET
OTIPENETATECS KaK CyMMa IIEPBBIX U BTOPBIX KPUTHYECKHX PacCTOSHHH (cM.puc. 3).

L = Xo1 + Xoz, M Q)

[Mon KpUTHYECKHMH pPACCTOSHHSAMH IMTOHUMAETCS TMPOTSHDKEHHOCTh OT OCH MOCTa [0
BEPTUKAJIHN HaWBHICIIEH yacTu moanopa (Xy;) ¥ OT OcH MOCTa 10 30HHI pacTekaHus (X3 ).

(o)

Z3
Xo:i =X0y = | —=—— )
01 02 | ,ch -1 | lcm

(6)

Torma yronm cHoca B oOnactu Il MOXHO ompemenuTh Kak CyMMy OOKOBOTO CHOCa
HEpaBEeHCTBA JIABICHUN Y; U CHOCA O] JelicTBUeM TeueHus u Betpa § 11 B obnacTu:
. Ve w @)
B = sinKyy,, KCV— + v )
cpll cpll

Oo6nacts 11 pacnonaraercst HIXke MO TEYSHUIO OT MOCTOBOTO Iepexoja (cM. puc 3). Ee
MPOTSDKEHHOCTh PaBHSETCS UIMHE pacTeKaHus NoToka [;;; = Ip = 2loxk.

IMon mmHOM pacTekaHus! MOHUMAETCS MPOTSHKEHHOCTh YYacTKa OT 30HBI BOSMYIICHUS
MOTOKA [;; 710 30HBI C TOJHBIM BOCCTaHOBJICHHMEM E€CTECTBEHHBIX ycioBHi peku. Ilo
THIpaBImdeckoMy pesxkuMy obmacts I obpatHo mpomoprmonansHa obmactu 1. Kak u B
cirydae ¢ obnactbio I, Ha yyactke Il HeT sipko BBIpaKEHHBIX TYpOYJICHTHBIX 30H, @ Ha CHOC
CyZHA OKa3blBAaeT BIMSHUE TOJBLKO HANPABICHHUE M CKOPOCTH BeTpa ¢ TeueHHeM. [lpwm
OTJAJIEHHH OT CTBOpPa MOCTOBOTO IIepexoja CKOPOCTh HAuMHAET YMEHBINAThCS, a
HCKaXEHUE BOJAHOM MOBEPXHOCTH MPAKTHUECKU UCUE3aET.

Taxum o6pa3om, yron cHoca f5;;; MOKHO ONPEIENIUTD 0 CIETYIONIEMY BbIPaKEHHIO:

B =

sinKy
chIII vt (8)

HccnenoBanue uamMeHenus ko3¢ puuueHTa 60KOBOro cHoca

IMon xoad¢punmenrom OokoBoro cHoca Kc TOHMMaeTcss — IIPOLECC HW3MEHEHHE
MOBEJCHUS YIJla NEepepaclpesieieHUs] CKaToro MoToKa B CTBOPE MOCTOBOTO MEPEXOAa.
Ero moBenenne 3aBUCHT OT MHOTOYHCICHHBIX (DPAKTOPOB, TAKMX KaK: CPEJHHH IHAMETp
rpyHTa d (B mpezenax paccMaTpuBaeMol 00J1acTH), YKIOH CBOOOIHOHM ITOBEPXHOCTH BOABI [
U IIMpUHA MOCTOBBIX omop B.
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IloBeneHne MOTOKa B CTBOPE MOCTOBOIO IE€pexXoja XOpPOIIO NPOCIEKHBAETCS TPH
CpaBHEHHH €CTECTBEHHOTO COCTOSHUSI PYCla C COCTOSTHUEM pYyClia B MEpBbIE TOJbI MOCTE
BO3BEJIEHUSI MOCTOBOTO Iepexoja. B Havanme 5SKCIUTyaTallMOHHOTO TMEpPUOJa MECTHBIN
pa3MbIB U TepepacipelielieHe BOJHOTO TOTOKAa B 30HE YCTAaHOBKHM MOCTOBBIX OIOD,
MIPOUCXOJUT CUIIbHEHN U OTUeTIMBEH (pucC 5).

A

Puc. 5. IloBenenue noroka B cTBOpe MocToBOro nepexoaa B I 3one.
A - TIpU €CTECTBEHHOM COCTOSIHMM pycina; b - mociie Bo3BeIeHNsI MOCTOBOTO MEpeXoia

Ha ocnoBanuu amanusa nureparypsl [1,3,4,7,10,12,13] u monydeHHBIX pe3yabTATOB
pacrpeneneHus IOTOKa B CTBOpe MocToBoro mepexona (puc 4,5), AT TOHCKa
ko3¢ dunmenta 60koBoro cHoca K¢ mpeamonaraercs ciesiias Teopus. Teopus IIacHr,
YTO TIOCJIE€ BO3BEAEHHS MOCTOBOTO IIEPEXOAa B pyCiIe€ pPEKH, THIPABINYECKHE |
TUJPOCTATHYECKUE XapAKTEPUCTUKHU (CKOPOCTH Vg, YAEIBHBIN pacxo] , JaBlIeHne Bobl P
U T.7), NEHCTBYIOIINE BO3JIE OIOP MOCTA, U3MEHATHCS C TEUEHHEM BPEMEHH, HO OCTAIOTCS
HEM3MEHHBIMHU T10 CBOEMY HaIpaBJIeHHIO. TakuM oOpazoMm, Kko3¢h¢uuneHT K¢ BO3MOXKHO
OTIPEICTINTh AHAINTUYECKH, IyTEeM aHalli3a IiepepacrpelielieHus] (CMEIIEeHHs) I0TOKa B
NIepBBIE TOJBI TOCIE IOCTPOMKM MOCTOBOTO IEPEXOAa MPH  PA3IMYHBIX M3MEHSIONIUXCS
(axTopax.

Pesynpratel  pacduera Ko3(duIeHTOB OOKOBOro CHOCa OT T'€OMETPUYECKHX
XapaKTEepUCTUK OIOp MOCTa TpeJCTaBieHbl B Tabmume 1, a rpadyk 3aBUCHMOCTH
MOJYYeHHBIX Ben4nH K¢ npencraBieHsl Ha puc 6.

Tabnuya 1
Pe3yabTaTsl ko3 puueHTa GOKOBOr0 CHOCA OT INHPHHBI MOCTOBBIX OIIOP
[IIupuna onops! B,m Koa¢duienra 60koBoro cHoca
0 (10 yCTaHOBKH) 0

2 0,027304 - 0,027581

4 0,049833689 - 0,050482835
6 0,077823697 - 0,077943099
8 0,10361143 - 0,103869166
10 0,132895604 - 0,133046047
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Puc. 6. I'padux 3aBucuMocTH ko3¢ duirieHTa 60KOBOT0 CHOCA OT IIMPHUHBI MOCTOBBIX OITOP

Pesynbratel pacuera mokaszanu, 9To Kod((dUIMEHT O0KOBOTO CHoca KcC HampsMmyro
3aBHCHUT OT IIHPHUHA OTOPHI B W MpH yBENMYEHUH MUPHUHBI OTIOPEI, KO3 (PPUIHEHT OOKOBOTO
CHOCa BO3pacTaeT mpakTuieckud B 1,5 pasza. Takoe siBjeHHe OOBACHSIETCS TEM, YTO MPH
YBEJIMYEHUH TapameTrpa B, NpOHMCXOJUT yMEHbIIEHHE CBOOOJHOW 4YacTH pycia, YTO
MPUBOJIMT K MOBBIIIEHUIO HANIOPa Z B CTBOPE MOCTOBOTO TIEpeXo/ia.

CornacHo ypaBHeHuto bepuynu (Gopmyina 9), ckopocts notoka V u aaeicHue P mpsmo
NPONOPIMOHANBHBI Hanopy Z. ClieoBaTenbHO, C POCTOM TI'€OMETPHYECKOr0 Iapamerpa
IIMPUHEI OTIOPHI MX 3HAYCHHS Tarkke OyAyT Bo3pacTaTb. A HEPaBEHCTBO 30HBI JaBICHUSL
OyJeT OKa3bIBaTh 0OJbIIEe BAMAHUE HA KpeH cyaHa (puc 2, 4) [9].

phga R Ay 9)
ATy g TRy T gt
rac Z1U Zy - FCOMCTPI/I‘IGCKHI;’I Hamop, M;

P o
; - IbE30OMCTPHUICCKUHN HALIOP, M;

2
a o o
~o - JMHAMUYECKHH (cratudeckuit HammoOP),M;
g

h,, - motepu HaNopa, M;

Hna ananm3a BiuustHAA ¢akTopoB B, I, n Ha pe3ynpTHpYIOMMHA TOKa3aTeNb
ko3(punrenra 60koBoro cHoca Kc mocTpoeHsl rpaguku U3MEHEHHs OOKOBOI'O CHOCA OT
Hux (puc. 7). [I'paduku 3aBHCUMOCTH NPEACTABISIOT CO00W HAOOp MOJMHOMHUAIIBHBIX
JIMHAUM TpeHJa C JOCTOBEPHOCTHIO AalIPOKCUMAILIMKM JUIsl BCEX CIIy4yaeB R? = 0.9973.
JlanHoe pemieHHe OBUIO MPUHATO JUISL  YCTPAHEHUS MAaNbIX HETOYHOCTEH, BO3HHUKIIHNX
BCJIEICTBHE TPaUUecKoro ONpeNesieHns] IUIOMAAN CMEIIeHHsT BOJHOTO II0TOKa IOCIe
YCTaHOBKH MOCTOBBIX OTIOP.

CornacHO TONy4eHHBIM pe3yibTaTaM YKIOH CBOOOJHOW IOBEPXHOCTH BOABl [
IIEPOXOBATOCTb PyCia N ABJISIOTCS BTOPUYHBIME (haKTOPAMH.

Kak B ciydae ¢ reoMeTpH4ecKUM MapaMeTpoM IIHUPHUHBI MOCTOBBIX ONOP, YKa3aHHbIE
nmapaMeTpel | U n HaxoZsTCs B NPSAMOH  CBSI3M C PE3yNBTHPYIOIINM IOKazaTeneM Kc.
OnHako, yKJIOH CBOOOIHOW MOBEPXHOCTH M IIEPOXOBATOCTh PYCJa B IIEJIOM HE OKa3bIBAIOT
JIOCTaTOYHO CHJIHOTO BIIMSIHMSI Ha TIOJy4aeMBbIil pe3yibTaT 10 CPaBHEHHIO ¢ (DaKTOpOM
IIMPUHBI 0NIOpEI B.
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ITomy4yeHHbIe pe3ynbTaThl MOKA3bIBAIOT, UTO C POCTOM YKJIOHA BOJHOH MOBEPXHOCTH I,
3HaueHHs1 Kod(pdHIMEeHTa OOKOBOTO CHOCA Kc Bo3pacTaloT, a ¢ MOBBIIIEHHEM
LIEPOXOBATOCTH pyciia - YObIBaloT. JlaHHBIA pe3yiabTaT MOXKET OBITh OOBSICHUM uepe3
ypasuenus 11lesu —Manunra ( popmyna 10) u bepuymnu (popmyna 9) .

V=C\T,l (10)

rue Tep/®
A C= % — ko3¢ dunuent le3n;

T,p- cpennss rryOuHa Ha yYacTKe, M;
I- yxnon cBoO0HOM NOBEPXHOCTH, M

CormacHo ypaBHermto Illesm — ManuHTa, CKOpPOCTH Te4eHHsA V  mpsmo
MIPOTIOPIMOHANIFHA YKJIOHY CBOOOIHOW MOBEpXHOCTH I, M 00paTHO MPONMOPUHOHAIbHA
IIEPOXOBATOCTH pyciaa M . TakuM o00pa3oMm, IpU YBEIUYECHHUH YKIIOHa CBOOOJHOI

MMOBEPXHOCTH CKOPOCTh, U TUHAMUYECKHI Harop OyayT pactu (hopmyna bepHynu).

3akiao4yenue

IIpuBenennslii B paboTe aHaiW3 H3MEHEHHS MapaMeTpOB CHOCa CylIHAa B CTBOPE
MOCTOBOTO Iepexoja TMOKa3al, YTO CHOC CyJHa HaIpsAMYyI 3aBHCHUT OT €ro
MECTOIIOJIOKEHHSI U MOKET MEHSThCS B 3aBUCUMOCTH OT OOJIACTH, MO KOTOPOM MPOXOIUT
CyOHO B KOHKPETHBIH MOMEHT BpeMeHH. Ilpum ABM)KEHMHM IO CYAOBOMY XOIy CaMbIM
OTACHBIM ~ yYacTKOM sBisiercst obsacte II, rme HaOmiogaroTcst MNpPONOIBHBIE H
LIUPKYJSIIMOHHBIE TEYCHUs], IPUBOAINNE K HABaJly CylHa Ha OMOpy MocTa. B maHHOH
CTaThe WX BIMSHHE BBIpakaeTcs depe3 Kod¢pduuueHT O00koBoro cHoca Kc, mMOmydeHHBIH
AQHAINTHYECKA — CTATHCTHYECKHM METOJOM HCCIEIOBaHMS IOBEACHHUS IOTOKa B CTBOpE
MOCTOBOTI'O Ilepexo/ia.

B xoze uccnenoBanus napamerpa K¢ ObUIO BBISIBICHO CIEYIOIIEE.

1. T'maBHBIM (axTopom, BIIUSIOLIUI Ha PE3yNBTUPYIOIIUN
MoKasareib, ABJsIeTcs IIupHHa omopel B. Tak mnpu yBemnueHHH
napameTpa B, koapdunuent Kc Bo3pactaer npaktudecku B 1,5 pasa.

2. Ilpm mnowmcke Kod3pduIMeHTa OOKOBOTO CHOCA YKIIOH CBOOOIHOMN
MOBEPXHOCTH | WM IIepoxoBaTocTh pycia N SBISIOTCS BTOPHYHBIMHU
(akTopamu.  JlaHHBIE TTapaMeTphl HAXOIATCS B NPSAMOM  CBS3U C
pe3ynbTHpYyIoInM 1okazaresieM Kc. Onnako ob6a mapamerpa (I u n) He
OKa3bIBAIOT JOCTATOYHO CHJIBHOTO BIMSHUS Ha IOJIyYEHHBIE PE3yNIbTaTHl,

B cpaBHeHHH ¢ (hakTopom B.
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OnuH U3 N0AX0/10B K onpeaeeHn0 3pPeKTUBHOCTH
HCMOJb30BAHUSI CYJA0B HA MOJABOIHBIX KPbLIbSX
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Annortanusi. CTaTbs HalleleHa Ha COAEICTBHE B PELIEHHH OJHOM M3 aKTUBHO 00OCYKTaeMBIX
mpoGyieM — BO3POXIECHHE M PA3BUTHE CKOPOCTHBIX IMACCAKUPCKUX INEPEBO30K CyAaMH Ha
noaBoaHbIXx Kpelibax (CIIK), 4ro, HecOMHEHHO, MpUBEAET K IOBBIMICHHUIO IPECTIDKA
TOCYJapCTBEHHBIX OPTaHOB Ilepe]] HaceleHueM. B COBpPEMEHHBIX yCIOBHSX 3Ta mpobiema
MOXET OBITh pelleHa TOJNBKO Onarogapst TOCYJapCTBEHHOH MOIJIEPKKE B BHIC
CyOCHIMPOBAHUS OINEPAIMOHHBIX W KANHUTAIBHBIX PAacXOJOB W JILIOTHOTO JM3MHTA. Jlis
9TOTO0 HEOOXOJMMBI METOJVKH OIIpENeIeHHs] OSKCIUTyaTallMOHHBIX PAacXoJl0B M OLEHKH
sKoHOMHYecKoit 3¢ dexriuBHOCTH peunbix CIIK mpu skcIuryaTaliMoOHHBIX 0OOCHOBaHMSAX Ha
CTaaMsAX HPEIIPOSKTHOTO BHIOOPA M IMPOSKTUPOBAHMS HOBBIX CY/IOB, BBIOOpAa YYacTKOB MX
paboTel. B HacTosmiee BpeMs Takue OOIIENPU3HAHHBIC MIIM YTBEPXKICHHBIE METOIUKH IS
peunsix CIIK otcyrcTByioT. Mcnomp3oBaHue K€ TOJBKO JIMIIb H3BECTHBIX TEXHHYECKUX
nokazareneil npu Beidbope CIIK sBisiercss He mocTaTOYHBIM. B cTaThe Ha OCHOBE aHamM3a
CYIIECTBYIOIINX METOAOB OmpereneHus 3()p(HEeKTUBHOCTH CKOPOCTHBIX CYAOB Ha MOPCKOM
TpaHCIIOpPTE  Tpe/ularaeTcss KPUTepHH, KOTOPBIH  YYUTHIBaeT KaK JeHCTBYIONIHME
METOUYECKHE PEKOMEHJAIlNH, TAK 1 COBPEMEHHBIC SKOHOMUUYECKUE YCIIOBUS, U LEIHKOM U
IIOJJHOCTBIO OCHOBBbIBaeTcsi Ha npuHnunax Jlypee AJL Ilpu 3TOoM Ui HOBBIIIEHUS
HaJIeKHOCTH U IOCTOBEPHOCTH TEXHUUECKHE ((PM3HIECKHE) U CTOMMOCTHBIE ITOKA3aTeNH TIPH
000CHOBaHMSIX M OCOOCHHO Ha PAHHHUX CTAAUAX TNPOEKTHBIX H3BICKAHWKA HEOOXOIHMMO
HCTIONB30BATh B KOMITIIEKCE.

KiaroueBble cioBa: Ccyaa Ha IIOIBOAHBIX KPBUIBSX, MACCAKUPCKHE IEPEBO3KH,
IKCIUTYaTAHOHHO-DKOHOMHYECKIE 000CHOBaHWUS, KpHUTEpHH IKOHOMHYECKOH
3¢ GEKTUBHOCTH.

One approach to determining the efficiency of using hydrofoil
vessels

Juri L. Platov

ORCID: 0000-0003-1758-1684

Marina V. Nikulina

ORCID: 0000-0002-8973-4101

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. The article is aimed at facilitating the solution of one of the actively discussed
problems — the revival and development of high-speed passenger transportation by hydrofoil
vessels (HV), which will undoubtedly lead to an increase in the prestige of government
agencies among the population. In modern conditions, this problem can be solved only
through government support in the form of subsidizing operating and capital costs and
preferential leasing. This requires methods for determining operating costs and assessing the
economic efficiency of river HVs during operational justifications at the stages of pre-project
selection and design of new vessels, selection of their operating areas. Currently, such
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generally recognized or approved methods for river HPVs are absent. The use of only known
technical indicators when selecting an HV is insufficient. In the article, based on the analysis
of existing methods for determining the efficiency of high-speed vessels in sea transport, a
criterion is proposed that takes into account both current methodological recommendations
and modern economic conditions, and is entirely based on the principles of Lurye A.L. At the
same time, to increase reliability and authenticity, technical (physical) and cost indicators
must be used in combination during justifications and especially in the early stages of design
research.

Keywords: hydrofoils, passenger transportation, operational and economic justifications,
economic efficiency criteria.

AKTYaJIbHOCTH

B HacTosmee BpeMsi OnHOH W3 Hambonee OOCYXIAaeMBIX MPOOJeM SBISETCS
BO3PO’KICHHE U Pa3BUTHE CKOPOCTHBIX MAcCaXKUPCKUX NMEPEBO30K CyJaMH Ha IMOABOIHBIX
KpBUIBSIX. DTa mpobjemMa MpHBJIEKaeT MOBBIIIEHHOE BHUMAHHE CO CTOPOHBI HACEJICHUS W
Pa3MuYHBIX TOCYJapCTBEHHBIX OPraHOB, LIMPOKO OOCYKAAeTcsi B CPEACTBAX MAacCOBOM
nHdopmanmu u orpaxkaercs B MHrepHer-pecypcax [1,2]. B koHue coBeTckoro nepuozaa
CIIK Obutn OYeHb TMOMYJSIPHBI M  BOCTPEOOBAaHBI Yy HAceleHHs M  aKTUBHO
3KCIIyaTUPOBAIUCh HA BCEX PEYHBIX U 03€pHBbIX Maructpaiix Esponeiickoi yactu Poccun,
Cubupwu, JlanpHero Bocroka, B mpUOpEKHBIX MOPCKUX BOJAX; OHU OBUIM OJHUM U3 SIPKUX
TexHuueckux naocTikeHud Coserckoro Coro3a. bonee TOro, mpu CyuecTBOBaBIIECH
COBETCKOM MOZeNN 3KOHOMHKH OHH ObUTH NMPHOBUIBHBIMH. C IEpexoJoM Ha PHIHOYHYIO
SKOHOMHKY TaKW€ TEpPEeBO3KM TIPAaKTUYECKH TPEKpaTWwINCh B CBA3M C  HX
HEpEeHTa0IFHOCTHIO, 32 HEKOTOPHIMHU HCKITIOUCHUSIMH (TYPUCTCKUMH U Ha pekax Cubupu u
Hamsaero Boctoka). CremyeT OTMETHTB, 4TO B HaBUTaruio 2024 roga HabIIOAICs BCIDIECK
MIepeBO30K MaccakupoB u TypuctoB Ha CIIK B oTaensHBIX pernoHax Poccum, CBSI3aHHBIN ©
BBOJIOM B OKCIUTyaTal[Mi0 CYyIOB JTOr0 THUIIA M3 HOBOIO CYJIOCTPOCHHS, O YeM
CBUJICTENBCTBYIOT JIaHHBIE, IPHBECHHBIC B Ta0.1 u Ha puc. 1, 2 [3]. IIpu 3TOM BO3HHKaeT
BOIIPOC: HACKOJIBKO ATH NepeBO3KH 3P PEKTHUBHBI C TOYKH 3PEHUS] SIKOHOMHUKH?

Tabnuya 1

CBeleHHs1 0 HATUYUH CKOPOCTHBIX MACCAKUPCKHX CY/I0B MO CYA0XOHBIM NMpeInpusiTHAM
110 COCTOSIHHIO HA KoHel[ 2024 T.

Permon CynoxoaHoe Konunuectso Tams: cyzos
MIpeANpPUITHE CYZOB, €]1.
2 «Merteop 120P»
Hwxeropoackas
oONACTE «Bonponer»
5 «Bamnmait 45P»
Pecny6nuka <<‘{6601<vcap01<m/1 3 «Barait 45P»
UyBammst peuHoii GpyoT»
N 2 «Bannaii 45P»
XanTtel-MaHcuickuit
ABTOHOMHETH OKpYT «Ceseppeutnor»
2 «Merteop 120P»
Pecny6mka Caxa N
(STicyris) «Jlenatypdmor» 2 «Bannait 45P»
Cavapcxas «Bonra-Tpesem» 4 «Banpnait 45P»
o01acTb
Pocroscras CIIK «lon» 2 «Banpnait 45P»
001acTh
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o
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Puc. 1. KonmuecTBo pelicoB, BBITOIHEHHBIX Puc. 2. Yucno maccaxupos, nepesezeHHbx CIIK B
CIIK B 2024 1. 2024 1.

AKTyalTbHOCTh BO3POXKICHHS HaccaXupckux mepeBo3ok CIIK mukTyeTcss HE TOIBKO
CONMANGHBIMA W DKOHOMHYECKHMMH (akTopamu (ocTpas HEOOXOOMMOCTh B TaKHX
MepeBO3KaX B HEKOTOPHIX PETHOHAX, IIOBBIMICHWE TPAHCIOPTHOW JOCTYITHOCTH,
KOM(OPTHOCTD TEPEABIKCHHS, PAa3BUTHE TPAHCHOPTHOTO TypHW3Ma W IIp.), HO W, HA HaIl
B3I, TOBBIIIICHHEM MIPECTHKA TOCYAaPCTBEHHBIX OPTaHOB IIEpe]] HACEICHUEM.

B cBsi3M ¢ BBICOKOW CTOMMOCTBIO NEPEBO30K CTPOUTENbCTBO M dkcruryaramus CIIK
HEBO3MOXHBI 0€3 TOCYAapCTBEHHON TOICPKKY B BUJIC HAJIOTOBBIX JIBIOT, CYOCHAUPOBAHUS
OTIEPallMOHHBIX U KAaUTAIBHBIX PACXOJIOB, ITOTHOTrO Ju3uHTa [4]. OMHOBPEMEHHO OJHUM
U3 TJaBHBIX MyTCH PEIICHUS TOH MPOOJIEMBI SBISCTCS CO3JaHHE OOJiee COBEPIICHHBIX U
SKOHOMHMYHBIX CYJIOB U 000CHOBAaHHE UX ONTHUMAaILHOTO UCIIOJIb30BAHNUS.

Kpatkuii 0030p onieHKH 3K0HOMHYeCcKO# I (pexTUBHOCTH

Ornenka sxkoHomuueckoid addexrrBHocTr CIIK npu sKcruTyaTallmoHHBIX 000CHOBaHHAX
Ha CTAIWAX HPEANPOSKTHOTO BHIOOpa M MPOCKTHPOBAHUS HOBHIX CYIOB, BBIOOpa YYacTKOB
ux pabOTHl — 3TO OJHA W3 LEHTPAIBHBIX 3a/a4, KOTOpas B HACTOSIIEe BpeMs HE HMEeT
OOIIECTIPU3HAHHOTO pemeHus. Tak, HampuMmep, TPH TPOCKTHPOBAHHH HOBEIX CYIIOB
HamOollee paclpoCTpaHEHHBIM B HAyYHOW JIHTEpaType KpPUTEpHEM BHIOOpa SBIISICTCS
MoKa3aTtelb MHHUMAIBHOTO yIOENBHOTO pacxoja TOIUIMBA, COOTBETCTBEHHO, IS
BOJIOM3MeELIAIOUX I'py30BbIX cya0B [5] u CIIK [6]:

G

K, = 5= min 1)
G
K, = o — min, @

rre G —4acoBoil pacxo]| ToruMBa raBHeIMK aBuratessiMu (I'J1) mpu ckopocTu v, Kr/d;

Q — Tpy301I0IbEMHOCTH CY/IHa, T;

V — DKCIUTyaTallMOHHAasl CKOPOCTh CylIHa, KM/4;

I1 — maccaxupoBMECTHUMOCTb Cy/IHA, Yell.

HecomHenno, »To0 oauH u3 Hauboiee OOBEKTHBHBIX MOKasarenei. OmHako,
HCTIONB30BaHUE TOJIBKO €r0 U €My MOAOOHBIX [6] TeXHHYECKUX TOKa3aTesieil SBIIeTCS He
TOJIBKO OJJHOCTOPOHHMM JUIS NMPUHATHS peueHus o0 3(QQPEeKTUBHOCTH TOTO WM HHOTO
CylHa, HO, KaK IIOKa3aHO B paboTe [5], MOXET NMpHBECTH K OIIMOKAM H3-32 BO3MOXXHOM
BBICOKOI TIOTPELIHOCTH OLEHKH IPOEKTHBIX mapaMeTpoB. OYeBHIHBIM HEJIOCTaTKOM
SIBISIETCSL ¥ TO, YTO NPHUBEACHHBIE KPUTEPUU HE ONPEAEIAIOT TaKHe BaXKHBIE MOKA3aTelH,
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KaK CTOMMOCTb IPOCKTUPYEMBIX CYJIOB M JKCIUTyaTallMOHHBIE PAcXO/bl, KOTOPbIE 3aBUCST
HEJTMHEHHO OT CKOPOCTH, MOIIHOCTH, MacCa)KUPOBMECTUMOCTH, a TaKKe HE YYUTHIBAIOT
pasHooOpa3us ycJoBUil dKcutyartanuu. 1o 3TMM e NpUYMHAM OHHM HE IPUIOAHBI JUIS
ONEPaTHBHBIX  JKCIUTyaTallMOHHO-DKOHOMHUYECKHMX  OOOCHOBaHMH,  Hampumep, Ui
ONpENeICHUs] PallOHAIBHBIX YYaCTKOB HMX HCIOJBb30BAaHMS, NPUHATUS pEIICHUN
MOTEHIMATBHBIX TOKyNaTeIel CyI0B WM BBIOOpa yclnoBUi au3nHra. [loaToMy it BeIOOpa
3¢ PEKTUBHBIX CyI0B M X MAapaMETPOB Ha BCEX CTaIUIX IKCIUTyaTallMOHHO-3KOHOMHYIECKUX
000CHOBaHMI HEOOXOAMMO HCIIOIb30BaTh KaK (PU3NUECKHE, TaK U CTOMMOCTHBIE KPUTEPHUU
IIPU Pa3HBIX YCIOBUSX IIABAHHS M UCIIOJIB30BaHUS CynoB [5]. OTdacTu MOX0XHH MOOXO,
MIPUMEHUTEIBHO K BBICOKOCKOPOCTHEIM MopckuM cynam (BCC), 6pur cdopmynupoBan
panee B muccepranuu AOpamoBckoro A.B. [7]. B Heli mpHBOAWTCS «TEOPETHUECKUH U
METOJIOJIOTUYECKUH ammapar, IO3BOJISIOMINN OLEHUTh AKOHOMHYECKYIO 3(QeKTHBHOCTH
CyJHa Ha CaMbIX PaHHHUX CTaJUsIX — HayMHas C pa3pabdOTKM W aHalKM3a TEeXHHYECKOTO
3aganust (T3), BBINONHEHNS! TEXHHMYECKOTO MPEJIONKEHUS] U ACKU3HOTO IMPOEKTa»; AAI0TCS
OIIpeJIeTICHUs, KaKHe CyJa OTHOCATCS K CKOPOCTHBIM: «OJHOKOPITYCHBIE Cy/a, KaTaMapaHsbl,
Cyla Ha BO3AYIIHOH IOAYIIKE CHErOBOIO THIAa»,  yKa3blBaeTCsd HX Ha3HAuYCHHE —
«TACCAKUPCKUE, TPY30BBIE, TPY30IacCaXKUPCKUE MapoMbl». ABTOpoM [7] paccMaTpHUBaOTCS
cilenyrone pekoMeHayembie B [8,9] kputepun skoHOMHYeckon s¢dextuBHOCTH BCC,
MO3BOJIIOINME OIEHUTH WX pabOTy: MHHHUMH3ALUs 3arpar (TMPHUBEACHHBIX 3aTpar),
MaKCHUMU3alHs TPUOBUTA, WHTETPANbHBIA 3(P(eKT (IUCTBIN TUCKOHTHPOBAHHBIA JOXOMN),
HHJICKC PEeHTA0eIbHOCTH HHBECTUIINH, BHYTPEHHSSI HOpMa TOXOAHOCTH, CPOK OKYIIaeMOCTH
nHBecTHMHd. Tarke B 3ToH paboTe wmccnenyroTcsi «(akTOphl BIMSHUS CKOPOCTH Ha
Kputepun 3pPeKTUBHOCTH Irpy30BBIX U naccaxupckux BCCy» u pa3pabaThiBalOTCS «METOIBI
pacyera JONOJHUTENBHOTO 3((eKTa, 00yCIOBIEHHOTO YCKOPEHHEM IOCTABKU TIPY30B H
MACCAXKUPOB U CHIDKEHHUEM YOBITKOB OT «3aMOPaKUBAHU» O0OPOTHBIX CPENICTB B TPY3axX».

K coxaneHuto, Mbl BEIHY>KAE€HBI KOHCTaTUPOBATh, YTO MPUMEHUTENbHO K pedHbiM CITK
Ha3BaHHbBIC BBINIEC KPUTEPUH HE MPUMEHHUMBI 10 CJIETYIOIINM IPUYHHAM.

Bo-nepBbIX, KpUTEpHU SKOHOMHYECKOW 3((PEKTHBHOCTH HE NPUMEHHMBI K PEYHBIM
CIIK, Tak KaK HMX 3KCIUTyaTalus BO3MOXKHA TOJNBKO INpH CyOCHIMPOBAaHHU CO CTOPOHBI
(enepalbHBIX U pETHOHAIBHBIX OPTraHoOB BiacTH [10].

Bo-BTOpBIX, HE IMEET CMBICIIA PACCUHUTHIBATE JIOMOTHUTEIBHBINA 3Q(EKT OT YyCKOPEHUS
JOCTaBKH Tpy30B M maccaxupoB B peuHblx CIIK BBUIY OTCYTCTBHS TPY30BBIX H
TPaH3UTHBIX MIEPEBO30K Ha BOJOM3MEINAIOIINX CylaX (KpOMe TYpHCTHYECKHX), @ CKOPOCTh
TaKUX TEPEBO30K COMOCTABMMA M JaXKe HIXKe, YeM Ha aJIbTePHATHBHBIX BU/IaX TPAHCHIOPTA.

Urto kacaercs MpUBEACHHBIX 3aTPaT [8], TO HA UX OCHOBAHHUM MPHU OIEHKE HE TOJILKO HE
YUUTHIBAIOTCSI MPHUHIUIBI  ONPEACICHUS JKOHOMHUYECKOH 3¢ ¢extuBHocTH [9], T.€.
HW3MEHEHHE LEHHOCTH JICHEeXKHBIX I[IOTOKOB B TEYCHHE IKU3HEHHOTO IMKJIA IyTeM
JMCKOHTHPOBAHMS, HO U MCKAXKAETCsl BEJIMYMHA MPUBEACHHS IBOIHBIM Y4€TOM CTOMMOCTHU
Cy[Ha Yyepe3 aMOpPTHU3AIMIO U JIeJIeHHEM 3TOH CTOMMOCTH Ha cpok okymaemoctu [10,11].

Kpurepnii onenku 3xoHoMu4eckoii 3pdextuBHoctu CIIK

[TpuBeneHHBIH BBINIE aHANM3 ITO3BOJISICT aBTOPaM MPEAJIOKUTH IUISi COBPEMEHHBIX
ycnoBuil (YHKIMOHMPOBAHUS JECHCTBYIOIIEH MOJAENN SKOHOMUKH HauOoiee, Ha Hall
B3TJISAN, MPHEMJIEMBIA TIOAXOJ K OIIGHKe 3KoHoMuueckoil s¢dextuBHOcTH CIIK mpu
SKCIITyaTallHIOHHBIX OOOCHOBAHUSX. B €ro 0CHOBY IMOJIOXKEHBI T€ K€ MPUHIUIBI, YTO U MPH
ONpPEJCICHUH HOPMAaTHBHOM CTOMMOCTM mepeBo3ku mnaccaxupoB Ha CIIK [10], u npu
OIIEHKE CPaBHUTEJIEHON 3¢ PeKTUBHOCTH MIEPEBO30K Ipy30B Pa3IMYHBIMU
aIbTepHATUBHBIMM BUAaMu TpaHcropTa [11].

OtHocutenpHO ucnonb3oBaHus peyHbix CIIK u ¢ ydgerom aeficTByrommx sbrot [4],
KpuTepuit 3pPEeKTUBHOCTH JUIS KaXXI0TO MapIipyTa (pacnucaHusl) MPUHUMAET CIIeTyFOIINil
BH:

Co =3B + Cc(i; — aw)) - min, 3)
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YL, = lZml?’z i(yklk)' @

k=1

1-(1+d)™™ %)
o d ’

rae C, — CTOMMOCTB IIEpPEeBO3KH OJTHOTO Maccakupa 3a 1| KM Ha KOHKPETHOM MapuipyTe,
py0./mac.-km;

YL. — KONMYECTBO NPOTHO3MPYEMBIX MNACCaKUPO-KWIOMETPOB, NPHUXOISIINXCA Ha
oxno CIIK 3a HaBuramuro (MOXET OTPeNeNAThCS pa3IHIHBIMU CITIOcO0aMu), exl.;

dcp — CPEIHETONOBBIE PACXO/bl, CBsA3aHHbIE ¢ dKkcmtyatanueii CIIK u oTHOCHMBbIE Ha
mo00H 3amaHHBIA (B TOM YHCIIEe HABHTAIIMOHHBIM) TEPHOJ, OIpEIesiieMble B ITOJHOM
cooTBeTcTBUH ¢ [12], py0.;

C. — crpoutensHas win OamaHcoBas crommocTs onHoro CIIK, pabotaromero Ha
KOHKPETHOM MapuipyTe, pyo.;

A, — enMHNYHBIA aHHYUTET WJIM CyMMa KO3((HIMEHTOB JAMCKOHTHPOBAHHUS 32 BECh
HOPMAaTHUBHBIN CPOK 3KCIUTyaTaluy (KU3HEHHBIN 1uki1) ogHoro CIIK, nomu ex.;

a,, — HOpMa aMOPTH3ALH, JIOJIH €11.;

7; — YHUCIIO peHCOB 3a 3aJJaHHbBIN TIepro 1 (HABUTAIMIO) Ha TUTAHUPYEMOM /—M MapuipyTe,
CAa.;

Yx — CpeOHee UYHCIO MacCaXupos, Haxomsumxcs Ha Oopry CIIK Mexny aByms
MIOCJIEI0BATENILHBIMY TIapaMH ITyHKTOB —TO YJacTKa MapIipyTa CIeAOBaHuUs, Iac.;

l, — paccrosiHMe MeXay IByMs HOCIEIOBAaTEIbHBIMU IapaMy ITyHKTOB —TO yJacTKa
Mapuipyta cienoBanust CIIK, km;

d — HopMa JIMCKOHTA, yTBEpIKIaeMasi TOCOpraHaMu IPU HAIWYUU JIbTOT (B Cllydae MX
OTCYTCTBHUSI OTIpeieNisieTcs coryiacHo [9]), monu en.;

T,, — HOpMaTUBHas JIUTEIBHOCTH Nepuona 3kciuryatauuu ogHoro CIIK (ku3HEHHBIN
IIHKIT), JIET.

AHaJIN3 npeajiaraeMoro MeToa u 00cykaeHue ero NpuMeHeHust

HdamuMm  HEKOTOpBIE  Pa3bsCHEHHWA K  NPUBEACHHOMY  BBIIIE  KPUTEPHIO,
MpeqHa3HauYeHHOMY JUia BbIOOpa HamOoinee 3¢ddektuBHpix CIIK Ha pasHBIX cTagmsx
9KCIUTYaTAI[HOHHO-3KOHOMIYECKUX 000CHOBaHH.

[pemmaraeMsiil KpUTEPHU TOXYIECH UCXOS U3 CICTYIONINX JTOIYIICHUIA:

—  PaBHOMEPHBIX CPEIHHMX JKCIUTYaTAIIMOHHBIX JOXOJOB W PaCcXOJOB MO TOJaM
’KU3HEHHOTO IUKJIA CyJTHA;

—  BEIMYMHA CTOMMOCTH TIEPEBO3KH OJHOTO Maccakupa 3a 1 KM Ha KOHKPETHOM
MapIuIpyTe MoJiydeHa MpU YCJIIOBHH OOECredYeHUsi IKOHOMHUUECKOTro dddekTa
paBHBIM HYJIO, a CIeJ0BaTelIbHO, TOJBKO BO3BpaTa IepBOHAYAIBHBIX
€JIMHOBPEMEHHBIX BJIOXKEHHIH B CTOMMOCTH CyJHA HA KOHEI[ €r0 HU3HEHHOTO
UKIIA.

OTH HONyIICHHUs, Ha HAI B3I, SIBITIOTCS JIOTHYHBIMH B YCIOBHUSX TOCYAapCTBEHHOU
MOJICP)KKH B BHIE CYOCHIMPOBAaHUS OICPAIMOHHBIX M KAlUTANBHBIX PAaCXOJOB U
JBTOTHOTO JIM3UHTA.

Kpurepwuii Taxke obecrednBaeT y4eT CYIIECTBYIONINX HAJOTOBBIX JILIOT MPH MOKYIIKE
CY/IOB M U3MEHEHUS IIEHHOCTH JCHEKHBIX MOTOKOB B TEUEHHUE YKU3HEHHOTO IUKIA IMyTeM
JNUCKOHTUpOBaHUS [4].
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3akiao4yenue

[Mpennaraemsrit monxon k oueHke 3¢p¢extnBHOCTH CIIK 1HEnMkoM u MOIHOCTBHIO
ocHOBBIBaeTcd Ha mpuHiumnax Jlypee A.JL. [13] u, no HameMy MHEHHUIO, B COBPEMEHHBIX
YCJIOBUSIX SIBJISIETCS] HanboJIee aJleKBaTHBIM M IPUEMIIEMBIM ITPH TIPOSKTUPOBAHHUHU M BBIOOpE
peunbix CIIK mi1s koHKpeTHBIX MapupyToB. [Ipy M3MeHeHUH S5KOHOMHYECKUX YCIIOBUH HX
HCTIONIB30BAHMA B ONPEIEICHUE KPUTEPHUSI BOZMOXHO BHOCHTH MONPaBKU. B wactHOCTH, ITpH
OTMEHE HaJIOTOBBIX JBIoT B popmyrre (3) HeoOX0OUMO YIUTHIBATh HAJIOTH Ha UMYIIECTBO U
Ha mnpuOeUTF aHamornyHo [l1], oxHako mpuM H3TOM Takas TIIONpaBKa HE OKaXeT
cymiecTBeHHOTo BiusHUSA Ha BeIOop CIIK.

Jnst  TOBBIIEHWS  HAAEKHOCTH M JIOCTOBEPHOCTH  TEXHHKO-3KOHOMHYECKHX
00OCHOBaHMI Ha CTaAMAX IIPOCKTHBIX H3BICKAHMI HEOOXOAMMO TaKke B KOMILIEKCE
UCIIOJIb30BaTh (PU3UUECKHE U CTOMMOCTHBIE TOKA3aTEeH.
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HccnenoBanne BIAMSHUSA CTPOUTEIbCTBA MOCTOBOIO Mepexoaa
yepe3 p. Oka (r. Hu:knunii HoBropoa) Ha BbllepacmnoJioskKeHHbIe
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AHHOTamus. /[ nmpoexkTHpyeMoro MocToBoro mepexosga uepe3 p. Oxa B r. Hmxauil
Hosropoa npousBesieHa OLICHKa BIMSHUS €r0 CTPOUTEIbCTBA HA HAZEKHOCTb IKCILTyaTallul
BBIIIEPACIIONOKEHHBIX [0 TEUCHHIO BOJOBOAOB B pycie. JlaHHbIE BOJOBOABI ITOJBEPIKCHBI
pa3sMbBIBy M ISl OLCHKH BIUSHUS BO3BOJMMBIX OIOP MOCTa Ha COCTOSIHUE BOJOBOJOB
MIPOM3BEICHO TPEXMEPHOE MAaTeMAaTHYECKOE€ MOMAENUPOBAHHE PEYHOro II0TOKa B
HCCIIEyeMOM paiioHe peku. MoJennpoBaHue OCHOBBIBAETCsl Ha cucTeMe ypaBHeHuil HaBbe-
Croxkca. [{yns onmcanust TypOyJICHTHBIX SBICHHH HCIIONB3YeTCsl k-e MOZIeNb TypOyIeHTHOCTH.
TpexmepHas reoMeTpHs HCCIEAYEMOIo ydacTKa BKIIIOYAET PYCIO PEKH, MOCTOBHIE OIOPEI,
BOJIOBOJIBI.  BEIMONHEHHOE MaTeMaTH4ecKoe MOJENUpoBaHME ydacTka p. Oka B paiioHe
BOJOBOZOB B JIByX COCTOSIHUAX — B €CTECTBEHHOM (0 CTPOMTENBCTBA MOCTa) M
9KCILTYaTaIIOHHOM (IIOCJIE BBOJIA MOCTA B HKCILTYaTAIHIO) IPH HA3KUX MEKEHHBIX YPOBHSIX
MO3BOJIMJIO CJENaTh BBIBOJ O IPAKTHUECKH OTCYTCTBYIOUIEM BIMSHHH OIOP MOCTa Ha
JJIbHEHIINN pa3MbIB JHA B palioHe BOIOBOJOB. Takke HE OKa3bIBAET BIMSIHMSA Ha Pa3MbIB
OHa TOJ TpydamMH BOIOBOAOB IHOYIIyOseHHE, HE0OXOoAMMOe UIA MOJACPKAHUS
CYZOXOJCTBa Ha JOINOJHUTEIBHOM CyIOBOM XOIy B pyKaBe. PesymbraTsl paGoThI
IIpeIHa3HAueHBI JUTSl HCIIOJIb30BaHMUS IIPU MPOSKTUPOBAHUH M CTPOUTEIHCTBE O0BEKTA.

KiroueBble cJjoBa: peyHOW IOTOK, THAPABIMKA, MaTeMaTH4YecKOe MOJEIMPOBaHUE,
MOCTOBBIE OMOPEL, THOYTITyOJIeHNE.

Investigation of the impact of the construction of a bridge crossing
over the river. Oka (Nizhny Novgorod) on the upstream
waterways using mathematical modeling of the riverbed flow

Maxim A. Reshetnikov
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Yulia E. Voronina

Aleksandr N. Sitnov
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Marina V. Shestova

Volga State University of Water Transport, Nizhny Novgorod, Russia

Abstract. For the projected bridge crossing over the river. An assessment of the impact of its
construction on the reliability of operation of upstream aqueducts in the riverbed was carried
out in Nizhny Novgorod. These conduits are subject to erosion and to assess the impact of
the bridge supports being erected on the condition of the conduits, three-dimensional
mathematical modeling of the river flow in the studied river area was performed. The
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simulation is based on a system of Navier-Stokes equations. The k-e turbulence model is
used to describe turbulent phenomena. The three-dimensional geometry of the area under
study includes the riverbed, bridge supports, and culverts. The performed mathematical
modeling of the section of the river The Oka in the area of the aqueducts in two states — in
natural (before the construction of the bridge) and operational (after the bridge was put into
operation) at low inter-soil levels allowed us to conclude that there was practically no effect
of the bridge supports on further erosion of the bottom in the area of the aqueducts. Also,
dredging, which is necessary to maintain navigation on an additional ship's course in the
sleeve, does not affect the erosion of the bottom under the pipes of the aqueducts. The results
of the work are intended for use in the design and construction of the facility.

Keywords: river flow, hydraulics, mathematical modeling, bridge supports, dredging.

BBenenue

Hwmxeropozackas armomepanus siBisieTcs kpyneeimmer B IloBomkee. OHa — nmpaiiBep
SKOHOMHYECKOTO POCTa BCETO PETHOHA: 3/1€Ch CKOHIEHTPHpOBaHO Oosee 60% HacenmeHus
obmactu n 75% BanoBoro perunoHansHoro npoaykra (BPIT). ba3oBast nporpamma pa3BuTus
arJoMepaly BKIIOYaeTcss B ce0S TpH OCHOBHBIX HAIIPABICHHS: Pa3BUTHE >KWINIHOTO
CTPOUTENBCTBA; pedopMa OOIIECTBEHHOTO TPAHCIIOPTA; PENEBEIONMEHT HCTOPHYECKOTO
LEHTpa.

IOr cromuuer IlpuBomkes — 3710 nocénok HoBuukM u gepeBHsS OJIBIMHO, KOTOPHIE
COBCEM HEIaBHO BOILIM B COCTaB OOJNACTHOIO WEHTpa. OTH IUIOIIAAW IpeJyiaracTcs
Ppa3BUBATH C NIOMOLILIO HHHOBAIMOHHOTO ME€XaHN3Ma KOMIIJICKCHOI'O pa3sBUTUA TCPPUTOPUH.
HenaBno, mnst obecnieyeHns: CBA3HOCTH TEPPUTOPHH, 37i€Ch OBLIO 3aBEpIIEHO BO3BEACHHE
KPYIHOM pa3Bsi3KM: MacIITa0HOE OKWIHMIIHOE CTPOUTEIBCTBO OYyAET IOIHOCTBIO
CHHXPOHHM3MPOBAaHO C JOPOXKHBIM KapkacoM. TpaHCHOpTHas JOCTYIIHOCTh HOBOTO
MHKpopaioHa OyzeT obecriedeHa IMyTEM CTPOMTENbCTBA AyOnépa mpocnekra ['arapuHa, B
COCTaB KOTOPOTro BOMAET mAThId MOCT yepe3 Oky.

JyOnep siBnseTCs HEOTHEMIIEMON YacThlO KOMIUIEKCHOTO PAa3BHUTHS HHKETOPOJICKOM
ariaomeparun. IIpoekT peanusyercs Mo mopydeHuIo mpesuaeHTa Poccnu u npu nojaepixke
MunuctepctBa TpaHcnopta P®. Jlybnep mpocmekra ['arapuna (puc. 1) craHeT 4acThio
HOBOT'O TPAHCIOPTHOT'O KapKaca HUKETOPOJICKOH arjoMepariu.

npgscn. f arapease
i MosacTIapan

w. Eramay

Ayénép np.farapvna

i Mesutaa

PO i L0

MocT yepea p.Oka MK e iomia
“-—-_.__‘_‘T_ Smart Sitys
. Boaonoas | o

i, Depos LUkt ivasns

oY, B3l Pl

=Puss - acwuon
Mypom: H Hosropogs

Puc. 1. Cxema pacrnosoxeHus MOCTa U BOJJOBOJIOB

IIpoekToM  crpouTenbcTBA  MOCTa  NpEAyCMaTpUBacTCs  TaKXKe  BBHIIOJHEHHE
JHOYTITYOUTENBbHBIX CYIOXOJIHBIX mpope3eil. OJHako BO3BEJEHHE MOCTOBOTO Iiepexoja, a
TaKke pa3paboTKa JHOYIIIyOUTENBHBIX TPOpe3ei MOXKET OKa3aTh BIMSHHE Ha CTPYKTYpPY
pedHOro MOTOKa B 30HE Iepexona. B 3Ty 30HY momamaroT BOAOBOIBI 3aBOJCKHX CETEH,
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pacronararomuecs B HecyloXoigHoM pykase p. Oka B paifoHe octpoBa HoBuHCKOTO
BOJHOTO Yy3/1a NpUMEpHO Ha | KM BbIIE CTBOpa Mocra. B Hacrosiiee Bpemsi B 30HE
BOJIOBOJIOB CYIIECTBYIOT JIOKAJIbHBIE 30HBI Pa3MbIBa JHA PEKH, YTO yXYALIAeT UX HaJAEKHYIO
SKCILTyaTanuo. /Iyl OLEHKH BIMSHHS CTPOMTENILCTBA MOCTOBOTO TI€pPEX0/a Ha PYCIOBBIC
Ipolecchl B pailoHe BOJOBOJOB CIEAyeT HCCIEA0BaTh M3MEHEHHE CTPYKTYphI PEYHOTO
MOTOKA.

BonbIMHCTBO pekoMeHJanui O MPOTHO3HOM OIEHKE BJIMSHHS MOCTOBBIX HMEPEXOI0B
Ha JWHAMHUKY pPYCJIOBBIX IPOLIECCOB OCHOBaHbI Ha MPUOMIDKEHHBIX THIPABIUKO-
MOpQONOTHYECKHX ~ pacuérax NPUMEHHTENIFHO K  BECbMa  CXEMaTH3HPOBAHHOMY
MIPECTaBICHAIO MOP(OJIOTHH PYCIIa, a TAKXKe B3aNMOJICHCTBHIO ITOTOKA M OMop MocTa [1, 2,
3, 4]. B Hacrosmee BpeMs CTajo aKTyaJbHBIM FHCIIOJIB30BaHUE YHCICHHBIX METOIIOB
MOJICTIMPOBAHKS, OCHOBAHHBIX Ha KOMIIBIOTEPH3MPOBAHHOM pEILICHHH 00JIaIaoIuX
OOJIBIIMMHU pa3MepaMy CUCTEM YPaBHEHUH T'MAPaBINKH (THIPOIUHAMUKH) [5,6,7].

MeToauka NMpoOBEACHUSA UCCIIEA0BAHUA

Jia pelieHuss NOCTaBICHHOW 3a/a4yM 110 OLEHKE BIUSHUSA CTPOUTENIBCTBA MOCTOBOIO
nepexoga 4depe3 p. Oka Ha BOJOBOABI 3aBOACKHMX CETEH HCIOIB30BAJICS MPOrPaMMHBIH
KOMIUIEKC, NIPEIHA3HAYEHHBINA Ul YUCIEHHOIO PEIICHUS YPAaBHEHUN JVHAMUKU JIBUKCHUS
KHUIKOCTH. Llenpio MOJETUPOBaHMS JBIKCHUS JKUAKOCTH B PACUETHOW OONACTH SIBIIAIOCH
MOJydeHHE paclpeleNleHuss CKopocTed moToka. Jlns pacueTa IOaHHBIX IApaMeTpOB
3a7aBAINCh (PU3MYECKHE 3aKOHBI HMX HM3MEHEHHS, COBOKYITHOCTh CBOICTB KOTOPBIX
HCTIONB30BaHa Il MOCTAHOBKH MaTeMaTHYECKON MOJENN KOHKPETHOM 3aaun.

OCHOBHBIMU IIPEUMYIIECTBAMU YHCIEHHBIX METOJOB HCCIECNOBAHMS SBISIOTCS:
BO3MOKHOCTh PpEIICHUS HCCIeAyeMol 3agauyd B TpEXMEpHOH (NPOCTPaHCTBEHHOM)
IIOCTAHOBKE;  BO3MOJKHOCTb ~ OXBaTa pacuy€TaMM ydYacTKa PEKH, BKIIOYAIOLIETO
OZHOBPEMEHHO PaliOH PACIIONOXKEHMs OIIOP MOCTOBOIO IIEPEXO0Ja U 30HY UX BIUSHUSA HA
COCTOSIHUE DPEKHU; OIEPATUBHOCTb DPACUETOB NS OIPEICIICHUS ONTUMAJIBHOIO BapUaHTa
pacrojoxeHuss ¥ KOH(QUrypalud MOCTOBBIX OIOpP; Y4eT T€OMETPHYECKOH KOH(Urypaluu
BOJIOBOJIOB.

CTpyKTypa peYHOTO IOTOKa ONFCHIBaeTCs cHUcTeMoil ypaBHeHmit HaBpe-Crokca (1),
JIOTIOJTHEHHAS ypaBHEHHEM HEPa3pHIBHOCTH:

W _ . (aZVx + 02Vy aZVx) =F — 1.9
dt dx2 dy? 0z2 X p ox

M
%y (Cl+ i T o, L2
dt dx2 dy?2 dz2 Y p oy

’ (1

av, o%v, . 9%v, . 93V, 1 9
avz V- ( z z + z) — Fz P
dt dx2 ay? 0z2

ov, OV o _ 1 0p

ox Jdy o0z p Ot
V. V, V. — KOMIIOHEHTBI CKOPOCTEH B NMPOEKLHMU HAa COOTBETCTBYHOLIYIO
OCBb;
P — naBnenue;
F,, F,, F, - KOMIIOHEHTBl MaCCOBBIX CHUJ;
v — 3¢ deKTuBHAS BI3KOCTh, ONpeesieMast BRIPaKCHUEM

V=V, +v; 2)
T€ Vy — KHHEMATUYECKasl BA3KOCThb CPEJIbI;
V; — TypOyJICHTHasI BA3KOCTb.

rac:
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s ompeneneHuss TypOYJIEHTHOU BS3KOCTH Vv, MPUMEHSETCS k-e 1oaxona. BenumuuHa
TypOyJIEHTHOH BA3KOCTH ompenensercs mno Gopmye (3):
2

v =c, i 3)

rie k — xmHEMAaTIHYECKas SHEPTH TypOYICHTHOCTH;
Cp — TypOyieHTHast KOHCTaHTa CPE.IBI;
€ — IUCCUITALNA TypOYJICHTHOH SHEPTUH.

Bennuunel C, 1 € IPUHUMAIOTCA 110 MOJIENU BTOPOro nopsaaka Jxoncona-Jlaynzepa [8,
9, 10].

Co3naHue TBEpAOTENBHOW MOJENM HCCIEAyeMOro YydyacTKa OCHOBBIBAaeTCS Ha
UMEIOIIMXCsl TUaporpaduueckux IulaHax y4actka ¢ mnomoinsio CAD-mporpaMmHOro
obecneuernsa. Ilomydennas CAD wMopmerms ydacTKa ONHCHIBAaeT BeCh peibed mHA U
MIPEACTABILIET U3 ce0s TPHAHTYIISAHOHHYIO ceTh. CIIeAYIONINM 3TAllOM ITOJrOTOBKH JaHHBIX
IUTA MOJCNHPOBAHUS SBISICTCA CO3JaHUEC PACUCTHOM TPEXMEPHOH OOBEMHOW CeTH C
MIPOMEXXYTOYHBIM Iepepa3OneHneM MoBepXHOCTHOH ceru. Ilpum ee co3manmm ocoboe
BHUMaHHE YZAEJICHO 30HE BOJOBOAOB, B KOTOPOIl CETKa JOMOIHUTEIHHO M3MENbUANach s
Hanboiee TOYHOTO penreHus moroka. OOmiee KOJMYECTBO PACUETHBIX SYEEK COCTABISIET
1,3MutH. Y4acTOK TpexXMepHOI ceTH MpeCTaBIeH Ha puc. 2.

Puc. 2. Penped nHa B paiioHe BOJOBOIOB MOCIE IIOCTPOSHHS TPEXMEPHOH CETKH

HHH yue€Tta BIHUAHUA TE€OMETPpHUU BOJOBOAOB, PACIOJOXCHHBIX BBIIIC JHA PEKWA Ha
CTPYKTYpY MOTOKa, UX reoMeTpusi OyJeBoil omnepauueil Bbpe3aHa W3 OOLIEH pacueTHOM
o0sactu motoka (puc. 3).
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Puc. 3. Yuer reomeTpun BOIOBOIOB, PACIONOKEHHBIX BBIIIE JHA PEKU (IPOBHCAIOIINE YYACTKU)

Jns pemeHus 3aJadd MOAENUPOBAHUS PEYHOTO IOTOKA HCIONB3YIOTCSA CIEAYyIOIIUe
IpaHUYHBIE YCIOBUS:
a) BxogHas oOmactp (inlet). OmuceiBaeTcs 3HAYEHUSAMH CKOPOCTEH
MTOTOKA, KOTOPBIE OMPEACIISIIOTCS UCXO M3 pacueTa pacxona (4):

% =fy. 20 = fxy,2);v;, = f(x,y,2). )
0) BeIxomHas obOmacth (outlet). YcioBue, Mo KOTOpOMY NpOHM3BOAHAs
CKOpPOCTH TIOTOKa PUPABHUBACTCS K HYJICBOMY 3HAUEHUIO (5):

4 %
—=0
on
B) creHka (wall). YcnoBue, Mo KOTOpOMY MAacCOBBI pacXon >KHIKOCTH
Yyepe3 JaHHYIO 00JIacTh 3ampetieH (6):
V=V, =V=0 6)
I') MOBEPXHOCTh BOXBI (Symmetry). s naHHOH 00JacTH CKOPOCTHBIE KOMIIOHEHTHI
NEepHEeHANKYJISIpHBIE K 00JIaCTH paBHBI HYIO. J[BI)KeHHE JKHUAKOCTH TperyCcMaTpHBaeTCs
TOJIBKO BJIOJIb OOJIACTH.
B mpomecce MoJeIMpoBaHUs CO3JaHO JIBE PACUESTHBIX MOICIH:
1. ecTecTBEHHOE COCTOSTHHE pYCIIa (0 CTPOUTENIHCTBA OTIOP MOCTA);
2. TIPOEKTHOE COCTOSIHME pYCiia — IIOCII€ 3aBEPLICHUSI CTPOMTENILCTBA
MOCTOBOTO TMepexoJia M IPOM3BOACTBA B IEIAX CYAOXOJCTBA
JTHOYTJIyOUTENBHBIX pPAa0dOT HAa TPAaH3UTHOM M JIONOJHUTEIHHOM
CYIOBBIX XOJax. Maremaruueckue MOACIN CO3JaHbl MPU YCIIOBUU
MIPOXOXKICHNUS HU3KOTO (IIPOEKTHOI'0) pacxojia BOJIBI, paBHOro 560
M3/c W TUpPUHATOIO HA OCHOBAaHHMM aHaJIM3a THJIPOJOTMYECKOr0
pexxuma pex [3].

Pe3yJ’leaTLI MaTeMaTU1€CKOIro MOACJIMPOBaAHUSA

Ha ocHoBe TMOJYYCHHBIX PE3YJIbTATOB MATEMATHYCCKOTO MOJCIUPOBAHUA PEYHOTO
TIIOTOKa Ha UCCJICAYEMOM YYacCTKE p. Oka B paﬁOHe BOJOBOJOB 3aBOHCKI/IX ceTeil BBIIIOIHCH
aHaJiIu3 MW  HOPOrHo3 BO3MOKHBIX  PYCIOBBIX /:[eQ)opMaumVI B €CTECTBCHHOM H
OKCIUTYaTaHlMOHHOM COCTOSIHUSAX. HpI/IMCHCHI/IC YHUCJICHHOTO MOJCIMPOBAHUA ITO3BOJIACT
HCCIEN0BATh HU3MCHCHUE CTPYKTYPBI IIOTOKA IO MHOXECTBY CKAIAPHBIX W BEKTOPHBIX
BCIIUMYHH. I[JISI BBIABJICHUA U3MEHCHUS CTPYKTYPBI IIOTOKAa CPAaBHUBAKOTCA CKOPOCTHBIC T10JIA
B C€CTCCTBECHHOM W IIPOCKTHOM COCTOSHUAX. Ha puc. 4 NpeACTaBJICHbI 3HA4YCHUA
TTOBEPXHOCTHBIX CKOpOCTCﬁ PEYHOro NOTOKA B IBYX COCTOSTHUAX.
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Puc. 4. CkamsipHoe pacnpeereHie OBEPXHOCTHBIX CKOPOCTEH
a) eCTECTBCHHOE COCTOSIHHE; 0) MPOEKTHOE COCTOSHHE.

Oco60e BHIMaHHUE yIEIeHO CKOPOCTHOMY MOJIIO MOTOKA MKy BOZOBOJAMU H THOM Ha
OTOJICHHBIX yJ4acTKax (puc. 5).

Ecrecreennoe HpoexTioe
COCTONHIE COCTOSHITE

.
Velocity: Magnitude (mis)
o 006 02 018 024 03 036 042 048 054 =06

Puc. 5. 3HauenHns ckopocTel TOTOKA IT0]] OTOJIEHHBIM YJacTKOM HIDKHEH HUTKH BOJJOBOJIOB

HHH HCCIICAOBAaHUA TAaKXE pPACCMOTPCHBI JIMHUM TOKa, 30HBI BI/IXpeO6p3.30BaHI/IH,
Typ6yJ'I€HTHI>Ie nmpoueccel W APYrue BCJIWYUHBI, I[O3BOJIAKONIMC OLCHUTHL BJIMAHHC
MOCTOBOI'O IIEpexoJa u Z[HOYI‘J'Iy6I/IT€J'IBHLIX npopeaeﬁ Ha rMJApPaBJIMKY NOTOKA Y BOAOBOJOB.

Oocy:xaenune

B okcioryaTanmmoHHOM — COCTOSHHHM, KOrha Oymymuii MocT OymeT BBeICGH B
9KCILUTyaTallUi0 U BBHIOJNHEHO JHOYIIIYOJCHWE HA OCHOBHOM U JOIOJIHHUTEIEHOM CYIOBBIX
X0Jax, Oo0Ilee IMoJie CKOPOCTEH OCTaeTCs MPAaKTHYCCKH HEU3MEHHBIM II0 CPAaBHEHHUIO C
€CTECTBEHHBIM COCTOSIHHEM pyciia B HACTOSIIEE BpeMsl.

ITo pe3ynbraTtaM aHamM3a MPOJOIBHBIX CKOPOCTHBIX MpoGuiIei B pailoHe BOJOBOJIOB B
JIByX COCTOSHUSX TIOJNIyd9eHHas [IWHAMHKA pacCIpeieleHus] CKOpOCTedl 10 BepTHKAIN
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YKa3bpIBaCT Ha IOJHOC MOBTOPEHHE XapaKTepa W HANPABICHHOCTH BOJOBOPOTHBIX 30H B
paccMmarpuBaeMbIx ciaydasx. OJHaKo, IIPU CO3ZaHUK OIIOp HOBOT'O MOCTOBOT'O IEpexona H
MPOBEICHUH THOYIITYOUTENBHBIX pabOT B paiioHe ydyacTKa, IJic HaOJI0JacTCs HaBHCAHUC
BOJIOBOJIOB HAJ pa3MBITBIM JHOM PYCJa, MPOUCXOAUT 3aMEUICHHE MMOBEPXHOCTHBIX
CKOpOCTEH Ha MOJX0/aX K TpydaM M IpH NEepeNuBe Yepe3 HUX MaKCHUMalbHbIE CKOPOCTH
COCPEeOTaYMBAIOTCS Y TIOBEPXHOCTH BOXBL, HUYTO TMOJOXHUTEIBHO CKa3bIBaeTcs Ha
YCTOHYMBOCTH THA HIKE TPYOOIIPOBOIOB.

HesnaunTensHble IDIAHOBBIE HM3MEHEHHS CKOPOCTHBIX IIOJICH TIIONydeHBI HIKE OT
YXBOCTbsI OcTpoBa (puc. 4) TpH TOIXOAEC K OmopaM MOCTa. 3a CYeT THOYTITyOJICHHS
JIOTIONTHUTEIHHOTO CYZOBOTO X0Ja OCHOBHOM CTPEXKEHb IMOTOKA HECYAOXOIHOTO PYKaBa, TIe
pacronararoTcsi BOJOBOJBI, PABHOMEPHO IepepacipeiessieTcs 110 IMUPUHE pycia.

MakcuMasbHbIC CKOPOCTH Y THA JOCTHTAIOT 3HAYCHUH, IPUYEM B pailoHE HUKHETO IO
TEUCHHUIO BOJIOBOJA. MexX Iy NBYMsI HUTKaMHU TPyO BOJOBOJIOB (POPMHPYETCSI 3aKPYUHBAHUC
MOTOKa Ha MaJbIX CKOPOCTSIX TE4YEHHs, o0pa3ys OTAENbHYI0 00JlacTh TYpOYJIEHTHOCTH,
OTpPaHMYCHHYIO TPyOaMH, JHOM U OOpATHBIMH TCUCHHSIMHU HIKE HU)KHEH HUTKU BOJOBOJA.
BBuay TOro, 4to 37¢Ch CKOPOCTH HE3HAYUTEIBHBIC, UPKYJSIHS MOTOKA HE BIUSCT Ha
pa3sMbIB  HENOCPEACTBEHHO y nHa. OIHAKO TMOBBIIMIEHHE CKOPOCTEH Yy HIDKHEH BETKH
BOJIOBOJIOB TPH HEOJATONPUATHBIX YCIOBHSAX MOXET CIPOBOIHPOBATh IIPOJOIDKCHUE
moaMbIBa B OymymeM. B manHOM ciydae (mpu HU3KOM YpOBHE) pa3MBIB THA B paiioHe TPYO
He HaOmomaeTcss BBUAY MAallbIX 3HAUCHHWHA JOHHBIX CKOPOCTEH HIDKE HEepPa3MBIBAIOLINX IS
pexu Oxka.

3akiarouenue

BrinomHeHHOE MaTeMaTHuecKoe MOoJeIpoBaHue yuacTka p. Oka B paifoHe BOJOBOJOB
B JIBYX COCTOSHHUSX (B €CTECTBEHHOM WM SKCIIIyaTallMOHHOM) INIPH HHU3KHUX MEXKEHHBIX
YPOBHSX IO3BOJIUJIO CHIEIaTh BBIBOJ O NMIPAKTUYECKHU OTCYTCTBYIOILEM BIIMSHUU OIIOP MOCTa
Ha JAIIBHEWIINI pa3sMbIB HA B paiioHe BOJOBOIOB. J{HOyriyOneHue, HeoOXOaUMOE JUIst
MOJIEPKAaHUs CyJOXOJCTBA HA JIONOJHUTENEHOM CYJIOBOM XOAy B HECYJIOXOJHOM PYKaBe,
IIPOU3BOJUTCS HUXKE CAMOI0 CTBOPA BOAOBOZOB, IIOTOMY BIUSHHS Ha Pa3MbIBbl JHA IO
TpyOaMH HE OKa3bIBacT, a JHIIb HE3HAYUTEIHHO IIEPEHANpPAaBISIET MOTOK K YXBOCTHIO
OCTpOBa.

IIpy HU3KHX YypOBHAX BOIBI CKOPOCTHBIE IONS KaK B €CTECTBEHHOM, TaK H B
JKCILUTyaTallHOHHOM COCTOSIHMSX HEW3MeHHbI. He3HauuTenbHbIE M3MEHEHHS CKOPOCTHOTO
HOJIsl MPOCMATPHUBAIOTCS JIUIIL Y MOBEPXHOCTH BOJBI U CBSA3aHHBI C MEPEHANPABICHUEM
MIOTOKa B CTOPOHY THOYrimyOneHus. CpeaHne M JAOHHBIE TEUEHMS MOJHOCTHIO MOBTOPSIOT
KOH(UTYpalrIO €CTECTBEHHOT0 pyciia. 3HAYEHHUs JOHHBIX CKOPOCTEH B 00OMX pacyeTHBIX
COCTOSIHUSIX HE TPEBBIMIAIOT CPETHMX HEPa3MBIBAIOIINX CKOpOCTeH it ydacTka p. Oxa B
HIDKHEM TedeHMu (He mpeBsimaoT 0,55 wm/c). Ilpudem, Bce 3Ha4eHHUs CKOPOCTEH He
MIPEBBIMIAIOT HEPa3MBIBAIOUINX 3HAYEHHH IO y4YacTKy, YTO TOBOPHT 00 OTCYTCTBUH
Pa3MBIBOB HEIIOCPEICTBEHHO B IIEPHOJ] HU3KUX YPOBHEH.
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AHAJIU3 COCTOSIHUSA CHCTEMBI o0ecrieyeHnsi 0€30MacHOCTH
CYJ0XO0/ICTBA HA BHYyTPEHHEM BOIHOM TPaHCIOpPTe
roCyJapCcTBEHHBIM MOPTOBBIM KOHTPOJIEM

A.A. ®DomuH

ORCID: 0009-0000-4078-2914

Cubupcruil 20cyoapcmeentblll yHusepcumem 001020 mpancnopma, 2. Hosocubupck,
Poccus

Annoramusi. CraThsd TOCBSIIEHa aHAJIN3y HOPMAaTHUBHO-NIPABOBOTO  OOECTICUCHUs
6€30MacHOCTH  CyJOXOJCTBA HAa BHYTPEHHEM BOJHOM TPAHCIOPTE B JEATEIBHOCTH
roCyJapCTBEHHOTO MOPTOBOT0 KOHTpOsL. [Ipoananu3uposan «Kojxekc BHYTpeHHEro BOJHOTO
TpaHcnoprta Poccuiickoit denepanumn» U npukasbl MuHucTepeTBa TpaHcnopTa Poccuiickoit
®Geneparmu (2012-2020 rT.), periaaMeHTUPYIOIIME AAHHYIO IesTeabHOCTh. OOparmaercs
BHIMaHHE Ha HECOBEPIICHCTBO COBPEMEHHOIO 3aKOHOJATENbCTBA, 4YTO HETaTHBHO
oTpaxkaeTcsi Ha (P (HEKTUBHOCTH AEATEINFHOCTH HWHCIIEKTOpPa TOCYIapCTBEHHOTO IIOPTOBOTO
KOHTPOJISI TIPH TIPHHATHM WM OIIpeIeNICHHBIX pelleHuil. [lonTBepxaaercs OTCyTCTBHE
HOPMaTHUBHO-IIPABOBOI 0a3bl AJIsA: OCYIIECTBICHHS KOHTPOJS HaJ 00BEKTaMH IIOCTPOUKH JI0
¢deBpamss 2012 T1.; KOHKPETHKH TpeOOBAaHUH K TEXHHYECKOMY COCTOSHHUIO H IIpOIieccam
9KCIUTyaTallud OOBEKTOB BOTHOTO TPAHCHOPTA, TPEeOOBAaHHWN COONIOACHHSA IMOKApHOH
Oe3omacHOCTH W TpaBmi IaBaHuss 1o BBII; KOHKpeTHOH M KadeCTBEHHOW OLICHKH
HapymeHui. [lepedncieHHoe AenaeT HEBO3MOXKHBIM NIPOBEPKH 3HAYUTEIHHOTO KOJNHMYECTBA
00BEKTOB BHYTPEHHETO BOAHOTO TpaHcmopTa. [IpoBeieHHbINH aHAaIH3 HOPMaTHBHO-TIPABOBBIX
OCHOB 0E€30IIaCHOCTH CYZOXOJCTBa HAa BHYTPEHHEM BOJHOM TPAHCIOPTE M COOCTBEHHBIH
OIIBIT IO3BOJIMJIM aBTOPY CJEJIaTh BBIBOJBI, HMEIOIIUE aKTyalbHOE MPUKIATHOE 3HAYCHHE
IUI  COBEPILICHCTBOBAHMS CHCTEMbl oOecredeHHs Oe30MacHOCTH  CylOXOJCTBa Ha
BHYTPEHHEM BOJHOM TPAHCIIOPTE TOCYAAPCTBEHHBIM IIOPTOBBIM KOHTPOJIEM.

KioueBble ci10Ba: CyoOXOACTBO, BHYTPEHHHH BOIHBI TpaHCIOPT, OE30MacHOCTH
CYHOXOACTBA, TOCYNapCTBEHHBIH MOPTOBBII KOHTPONb, HHCIEKTOPHI TOCYIapPCTBEHHOTO
MIOPTOBOTO KOHTPOJISI, cHUCTeMa oOecredeHHs Oe30MacHOCTH CyJOXOJCTBA, TEXHHYECKas
9KCIUTyaTalUsl PEYHOTO TPAHCIIOPTA.

Analysis of the state of the system for ensuring the safety of
navigation on inland water transport by the state port control

Andrey A. Fomin
ORCID: 0009-0000-4078-2914
Siberian State University of Water Transport, Novosibirsk, Russia

Abstract. The article is devoted to the analysis of the regulatory framework for the safety of
navigation on inland water transport. The author analyzes the documents that regulate the
work of the state port control - this is the "Code of Inland Water Transport of the Russian
Federation" and orders of the Ministry of Transport of the Russian Federation (2012-2020).
Attention is drawn to the imperfection of modern legislation. This negatively affects the
efficiency of the state port control inspector. It is noted that there are no laws for monitoring
objects built before February 2012; there are no specific requirements for the technical
condition and operation of water transport, fire safety requirements; specific and high-quality
assessment of violations. All of the above does not allow for a high-quality inspection of a
significant number of water transport facilities. After analyzing the regulatory framework,
the author of the article made conclusions. They are relevant and applicable to the system of
ensuring the safety of navigation on inland water transport.
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BBenenue

Cobprtne 15 pmexabps 2024 roma B KepueHckoMm mponmBe, KOorja JBa CyOHA
«Bonronedts-212» (1969 rox nocrpoiikn) u «Boaronedts-239» (1973 roa moctpoiiku)
MIepEIOMUITUCE TIPH LITOpME 7 OaIJIOB, MIPUBEJIO K MACIITa0HOM IKOJIOTUUECKOH KaTtacTpode
u rubenu moxaeil. XapakTepHo, 4YTO aHAJIOTWYHAs aBapHsl yxe ObUla ¢ CyJJHOM 3TOTO Kilacca.
CoBpeMeHHbIE COOBITHS MTOKa3bIBAIOT HEJOCTATOUYHYIO pa3pab0TaHHOCTh CHCTEMBI HaI30pa
W KOHTPOJISI Ha BHYTPEHHEM BOJHOM TPAHCIIOpPTE, a TaKXke HeoOXOAMMOCTb MepecMoTpa
HOPMaTHBHO-IIpaBOBOW 0a3bl, oOecneuynBaroniell 0€3011aCHOCTb, B YaCTHOCTH, PEYHOTO
TpaHCIIOpTA.

CuctemMa rocyqapcTBEHHOTO IOPTOBOTO KOHTPOJSI BBEAEHA HAa BHYTPEHHHX BOIHBIX
nytsx Poccuiickoii @enepamuu ¢ asrycra 2012 roma. B cucremy BkIO4YeHbl 12
aIMUHUCTpalMid OaccefHOB BHYTPEHHHX BOITHBIX ITyTEH, OOECHECUMBAIOIINX IIPOBEPKHU
CyIOB BHYTPEHHEro BOJHOTO TpaHcmopra. JlaHHas cucTeMa perIaMeHTHPYETCS PSIAoM
HOPMAaTHBHO-IIPAaBOBBIX JJOKyMEHTOB.

Ilenp Hamero ucciefOBaHMA 3aKJIOYaeTCs B aHAIW3€ HOPMATHBHO-TIPABOBOTO
obecrieueHnsi 0E30IACHOCTH  CYJOXOJICTBA Ha BHYTPEHHEM BOJHOM TpPAHCIIOPTE
roCyJapCTBEHHBIM TOPTOBBIM KOHTPOJIEM, UYTO MPETIONaraer:

- KOHKPETHU3AlIUIO HOPMATHUBHO-IIPABOBLIX OCHOB I[aHHOﬁ HpO6HeMLI;

—  BBIABJCHUE MPOOJIEM, CBSI3aHHBIX C HECOBEPIICHCTBOM 3aKOHOJATEIbHOTO
pEerynupoBaHUsl  CHUCTEMBl  oOecreueHHs 0O€30ITacHOCTH  CyJIOXOACTBA,
KOHKPETHON U Ka4€CTBEHHOH OLIEHKE HapyLICHHUI;

—  OMNpeneNeHHE POJIM HHCIIEKTOPa TOCYIapCTBEHHOTO MOPTOBOTO KOHTPOJIS;

—  pa3pabOTKy TpPEIVIOKCHWH 10 TOBBIIICHMIO 3(P(EKTHBHOCTH JESTEIBHOCTH
TOCYapCTBEHHOTO TOPTOBOTO  KOHTPOJIL B HANPaBICHUH  OOECTICYEHUS
6€301acHOCTH CyIOXOACTBAa Ha BHYTPEHHEM BOJHOM TPAHCIIOPTE.

OCHOBHOH MeTOJI UCCIIeIOBAHMSA: aHATIN3 HOPMATHBHO-TIPAaBOBBIX JOKYMEHTOB.

AHaJIU3 HOPMATUBHO-NPABOBOI 6a3bl cHCTEMBI 0fecneyeHHsi 6€30MaCHOCTH
CYI0XO/ICTBA

B »T0lf craThe XO4y MOAHATH BOMPOC O HECOBEPIICHCTBOBAHMM HOPMATHUBHO-
npaBoBoi 6a3b1 ['TIK (I'ocymapcTBeHHBIH TOPTOBBIN KOHTPOJIB)

JlesITenbHOCTh TOCYIapCTBEHHOTO MMOPTOBOTO KOHTPOJISI HA BHYTPEHHUX BOIHBIX MYTSIX
periaMeHTHpoBaHa (eaepaabHBIM 3aKOHOM M PSIOM IPHKa30B MHUHHCTEPCTBA TPAHCIIOPTA
Poccun.

B cootBerctBue ¢ Komexkcom BHyTpeHHEro BOJHOTO TpaHcnopTa Poccuiickoit
Oeneparmn (KBBT) [1], apMuHuCTpanusMu OacceHOB BHYTPEHHHX BOIHBIX ITyTEH
0€301acHOCTh CyJOXOJACTBA OOECHEeYNBaeTCs, B TOM YHCIE, MYTEM OCYIIECTBICHUS
TOCYapPCTBEHHOT'O TIOPTOBOTO KOHTPOJIS, BKJIIOYAIOIIETO B ce0sl MPOBEPKY COOMIONCHUS Ha
cylax M IUIaBy4yuX OOBEKTaX, HaXOAANIMXCS B OacceilHe BHYTpEHHHX BOJHBIX ITyTeH,
TpeOoBaHUIT K OOOPYHOBaHHIO, KOHCTPYKIMSIM, MAaIllMHAM, MEXaHH3MaM CYZOB,
cracaresibHbIM M MHBIM CPEJICTBAM, TpeOOBaHMU oOecrieucHusi 0€30MacHOM IKCIIyaTaluu
TaKUX CYAOB M IUIaByYHUX OOBEKTOB, MNPOPECCHOHATIBHBIX M KBaTH()UKAIIMOHHBIX
TpeOOBaHUII K YIeHaM KUMaXXeH CyI0B.

[Ipu ocymiecTBICHNH MHPOBEPOK CYAOB HHCHEKTOPHI TOCYAapPCTBEHHOTO IOPTOBOTO
KOHTPOJISI PYKOBOJCTBYIOTCSI HOPMATUBHBIMU MPABOBBIMU JOKYMEHTAMH, PETYIUPYIOIIUMU
JIeSITEIFHOCTG  BHYTPEHHETO BOJHOTO TPAaHCIOpTa B 4acTH olecriedyeHHs Oe30MacHOM
JKCIUTyaTauu CcynoB. OJIHAKO MOXKHO BBIICNUTH sl  HpoOJieM, CBSI3aHHBIX C
HECOBEPILECHCTBOM 3aKOHO/IATEIBHOTO PETyIMPOBaHUs YKa3aHHON cepbl NesTeTbHOCTH.
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Tak, B HacTosee BpeMst Ipuka3 Munncrepcrsa Tpancnopra Poccuu ot 06.11.2020 Ne
464 [3] sBuaseTcd €IMHCTBEHHBIM HOPMATHBHO-IPABOBBIM aKTOM, PErJaMEHTUPYIOIIUM
JeMCTBUS MHCIIEKTOPa roCyJapCTBEHHOTO MMOPTOBOI0 KOHTPOJISA MPU MPUHATHU UM pPEIleHUs
JUIsL BPEMEHHOT'O 3aJiepXKaHusl cyla WM IuiaBydero oObekra. HecmoTpst Ha mmerormecs
HECHSThIE 3alpeTsl, CyJa MPOAOIKAIOT O3KCIIyaTHPOBAThCSA, YTO MPHUBOAUT K
TPaHCIIOPTHBIM IIPOUCLIECTBHSAM.

IMogapnsroniee  OONBIIMHCTBO OCHOBAHWHM ST BPEMEHHOTO 3aJepXKaHUS CyAHA
3aKOHOJATENb OTHOCHT K HapymeHusM TpeOoBaHni «TexXxHn4eckoro periamMeHTa o
Oe3omacHOCTH  OOBEKTOB  BHYTPEHHETO  BOJHOTO  TPAHCIOPTa»,  yTBEPKICHHOTO
mocraHoBieHneM [IpaButensctBa Poccuiickoit ®@eneparim ot 12.08.2010 Ne 623 (manmee —
Texpermamenr) [8].

Opnako B nyHkTe 3 ITocranosnenus [IpaButensctBa PO ot 12.08.2010r. Ne 623 «O06
yTBepxeHnn TexperiiaMeHTa» yCTaHOBJIEHO, YTO €ro TpeOOBaHUs HE PaCHpPOCTPAHSIOTCS
Ha OOBEKTH HMHQPACTPYKTYPbl BHYTPEHHEr0 BOJHOTO TPAaHCIOPTa M CYAA, IPOEKTHI
KOTOPBIX COIJIACOBaHBI M KOHTPAKTHI HAa CTPOMUTENBCTBO KOTOPBIX 3aKIIOUEHBI JI0 €ro
BCTYIUICHUS. B CHJIy, a TaKXe Ha MaTepuallbl M M3JeNus Ui CyJO0B, U3TOTOBJICHHBIE N0
BCTYIUICHUS B CHJIY TEXHUYECKOTO pernamenTa, T.e. 1o 24.02.2012r.

TakuM o0pa3oM, yKa3aHHBIC TPEOOBaHMS AENAIOT HEBO3MOKHBIM IPHMEHEHHE 3TOTO
JOKyMEHTa HHCIIEKTOPaMH TOCYJapCTBEHHOTO MOPTOBOTO KOHTPOJIS IIPH IPOBEACHHH
MHCIICKTHPOBAHUS CyJI0B U IUTaBYIHX O0BEKTOB, IIOCTPOCHHBIX 10 Ha3BAaHHOW JIaThI.

B TOXe BpeMs HET €AMHOTO MOJX0Ja y PEerHOHANIBHBIX TPAHCIIOPTHBIX MPOKYPATyp IO
npuMeHeHn1o TexpernaMenTa Ha cyaa noctpoiiku n1o 2012 roxa.

IIpu »TOM crnenyer oTMeTuTh, uro noJokeHus pasgena III  Texpernamenra,
KOHKpETH3upyoumero TpeOoBaHHs K O€30MacHOCTH MPOLECCOB  OKCIUTyaTallud |
YTUIIN3AlMH, CBA3aHHBIX C TPEOOBAHUSIMH K 0€3011aCHOCTH 0OBEKTOB BHYTPEHHETO BOJHOTO
TpaHCIIOPTa,

BenencrBue  mumrenbHOM  okciutyatanmd - ¢ior  1950-1960 romoB  mocTpoiku
JIOCTaTOYHO H3HOIICH M, CJIEOBATENIbHO, TpeOyeT MOBBIIIEHHOTO BHUMAHHUS CO CTOPOHBI
MHCIICKIIMM TOCYJapCTBEHHOTO MOPTOBOTO KOHTPOJS MpPH OLEHKE €ro TEXHWYECKOTO
COCTOSTHHSL M OLICHKE BO3MOXKHOCTH JalbHEHIIeH skcruryatanmuu. OJHAKO B HACTOsIIEE
BpEMsI OTCYTCTBYET HOPMAaTHBHO-IIPABOBOHW IOKYMEHT, YCTAaHABIMBAIOIIMN TpeOOBaHHS K
cymaM ¥ IDIaByYHMM OOBEKTaM mMOCTporkd 1o ¢eBpans 2012 roma W mpormeccam HX
9KCIITyaTalllid, KOTOPBI MOXET OBITh NMPUMEHEH IPH NPOBEICHHU IUIAHOBBIX MPOBEPOK
CyZ0B (M IJTaByYHX 0OBEKTOB) B paMKaxX rOCY/IapCTBEHHOTO TOPTOBOTO KOHTPOJIS.

Kpome srtoro, B TexperiiamenTe (IyHKT 5) onpesiesnieHbl OObEKThl PeryJupoBaHus, U3
Ypcaa KOTOPHIX MCKIIIOYEHBI MalOMEpHbIE, MPOTYJIOYHbIE M CIOPTHUBHBIE NMAapyCHBIE Cya.
Takum o6pa3oM, B OTHOIICHUM HAa3BaHHBIX KATErOpUi CYJOB OTCYTCTBYET HOPMAaTHUBHBIIN
JOKYMEHT, B COOTBETCTBHHM C KOTOPHIM OBIIM OBl ONpeneneHbl TpeOoBaHMA K HX
TEXHUYECKOMY COCTOSHHIO M IIpolleccaM 3KCIUTyaTallid IpU TNPOBEICHUU IPOBEPOK B
paMKax TOCyAapCTBEHHOI'O IOPTOBOTO KOHTPOJIS.

B OacceiiHe BHYTpPEHHHMX BOJHBIX IIyTel OCHOBHas Macca HCIIOJb3YeMbIX CYJIOB
MIOCTPOEHA | /WM BBeAE€Ha B dKCInTyaranuio 1o 2012 roza, Takxe paboTaroT MporyJodHbIe
cyla ¥ MaJOMEpHble CyJa, WCHONB3YIONMecs B KOMMEpPYECKHMX LeisiX. Beck
9KCILTyaTHpyeMbIii B OacceiiHe (10T MOJIEKUT MpOBEPKaM TOCYAapCTBEHHOI'O HOPTOBOTO
KOHTPOJISI B CPOKH, YCTAHOBJIEHHbIE CHCTEMOM MHCIIEKTUPOBAHHUS PEUHBIX CYJIOB.

BwMmecre ¢ TeM orpaHUYeHUs, yCTAHOBIICHHbIE TeXperiaMeHTOM B OTHOIIEHHH 0OBEKTOB
pEeTyIUpPOBaHUSA JIE/IAl0T HEBO3MOXKHBIM €T0 MPUMEHEHHE, a TaKkXkKe MPH IPUHITHN PEeLIeHUH
0 BPEMEHHBIX 33/Iep’KaHMIX Cyl0B. IHBIMH ClIOBaMH, MPOBEAECHNE MPOBEPOK B OTHOIIEHUHU
3HAYUTENHHOTO KOINYECTBA CYA0B CTAHOBUTCSI HEBO3MOKHBIM.

OObpamaemM BHMMaHHE, YTO B paMKaX «PETyISTOPHOI TMIBOTHHB» llocTaHOBIEHHEM
[IpaBurensctBa Poccuiickoit ®eneparmu ot 26.10.2020r. Ne 1742 [10] ormeHeH c
01.01.2021r. mpuxa3 MunucrepctBa Tpancnopra Poccunm ot 24.12.2002r. Ne 158 «O6
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yIBepkaeHun IlpaBun mnoxkapHoW 0e30macHOCTH Ha CyJaX BHYTPEHHETO BOJHOIO
TpaHcnopta Poccuiickoit @enepanuny.

VYKa3aHHBIN JOKYMEHT yCTaHaBIMBaJl TPEOOBAaHUs IOKapHOH 0E30IMacHOCTH Ha Cylax
BHYTPEHHET0 M CMEUIAHHOTO (peKa — MOope) IUIaBaHWs, HaXOISIIUXCS B OKCIUTyaTallUH,
PEMOHTE M OTCTOE, a TaK)Ke 00s3aTeNbCTBA JJIS BBIIOJHEHUS BCEMU CYyJOBJIAJEIbLAMH H
YWICHAMH SKHMaKeH Cyl0B HE3aBUCHMO OT MX OPTaHM3alMOHHO-TIPAaBOBBIX (hopM U dopM
COOCTBEHHOCTH. OJTO OBLI CIMHCTBEHHBI HOPMATHBHO-TIPABOBOH aKT, PETYIUPYIOUIUI
MIPaBOOTHOIICHHS B 00JIACTH COOJIIONIEHUST TPEOOBAHMIA MOKapHOW OE30IMaCHOCTH Ha CyJax
BHYTPEHHETO BOJHOTO TpPaHCHOPTa. B3aMeH yTpaTuBIIETro CHIy HOPMAaTHBHO-IIPABOBOTO
aKTa MHOTO aKTa K HACTOSIIEMY BPEMEHH MPUHATO HE OBLIO.

Takum 00pa3oM, HpH TPOBEACHHM MPOBEPOK CYIOB HHCIIEKTOP TOCYIAPCTBEHHOTO
MOPTOBOTO ~ KOHTPOJIS, BBISBIISIL  OYEBHJHbIE HapylIeHHs TpeOOBaHMH MNOXKapHOU
0€30MacHOCTH, JIMIIEH BO3MOXXHOCTH TPHMEHHUTh MEphl BO3JCHCTBHS B OTHOLICHUU
CylIoBIazeablla U MPEAOTBPATUTh BEPOSTHOCTh HACTYIUIEHHS HETaTUBHBIX IOCIEACTBUIL
HapyIIEHUH, B TOM 4YHUCIIE CIIOCOOHBIX IOBJIEYb NMPHUYMHEHHE Bpela JKH3HHU U 370POBbBIO
JIOZIeH Ha CyJIHE, a TaK)Ke UX THOEIb.

He mnomnexxar  mpumenenuto «HacraBieHus mno Ooppbe 3a JKHMBy4YeCTh CYIOB
Munpeupiaora PCOCPy, tak kak Ilpmkazom MuHucTepcTBa TpaHcmopTa Poccuiickoit
Oeneparn ot 04.12.2020r. Ne 541 «O mpusHaHUM HE ACUCTBYIOUIMMH Ha TEPPUTOPHUH
Poccuiickoit ®enepaunn HekoTopbix akToB CCCP, MX OTHENbHBIX MOJOKEHUH, a TaKXKe
IIHCEM, WHCTPYKIMH M yKa3aHWH, M3JaHHBIX IEHTPAJIBHBIMU OpraHaMH TOCYIapCTBEHHOTO
ynpasiieHuss CCCP, u yrpaTuBmMMM cuily HEKOTOpbIX akToB PCOCP, uX OTAEIBHBIX
IIOJIOKEHUH, a TAKKE MUCEM, MHCTPYKIIMH U yKa3aHUHU, U3JAHHBIX LEHTPAIbHBIMYU OpraHaMu
rocyaapctBeHHoro ympasieHuss PCOCP, B o6macTu TpaHCIOPTa», MOCKOJBKY JTaHHBII
JIOKYMEHT MpU3HaH yTpatuBmuM cuiy ¢ 04.12.2020r. [11]. IToguepkHeMm, 9TO B UCTOUYHHUKE
(cucrema «["apaHT») JOKyMEHT OITyOJIMKOBAH HE OBLI.

Heo0xonuMocTs NpUMEHEHUS 3TOTO JOKYMEHTa INpH TPOBEJCHUU IPOBEPOK CYIOB
OblIa 00yCJIOBJIEHA TEM, YTO OH SIBJSUICS PYKOBOJSIINM IOKYMEHTOM, PEriaMeHTUPYIOINM
B COOTBETCTBHM C YCTaBOM CIyXObl Ha cynax MwuHmcTepcTBa peunoro ¢uiora Poccun
JEWCTBUA WICHOB OJKUIAXEH M0 CyHOBBIM TpeBoram (Ooppba c TOXapoM, BOJIOH,
aBapUHHBIMHI NOBPEXICHUSIMH, Pa3UBBl HEPTEIPOIYKTOB, a TAKXKE CIIACAHUE MACCaKUPOB
U WICHOB SKHIIAXKEH C HCIOJIb30BAaHUEM CYHOBBIX KOJUIEKTHBHBIX M WHIMBHIYaIbHBIX
criacaTesbHBIX CPE/ICTB).

Kpome storo, B mporecce NpoBepOK CyJOB BO3HHKAIOT BONPOCHI MO KOHKPETHOH M
KAaueCTBEHHOM OLEHKE HapyleHUs. TeXpernamMeHT He B IIOJIHOM Mepe MO3BOJIIET OIUCaTh
HapylieHue. 3aKOHHbIC TPeOOBaHUS B IOJHOM Mepe omwucanbl B IIpaBmiax Poccuiickoro
Krnaccudukanmnonnoro odmectsa (PKO), HO HHCIEKTOp TOCYIapCTBEHHOTO MOPTOBOTO
KOHTPOJISI He MOXKeT cchutathes Ha [IpaBuima PKO, moToMy 4TO 3TOT JOKYMEHT HE SIBISETCS
HOPMAaTHUBHO-IIPaBOBBIM akTOM. [lofokeHHMs HaHHOTO JOKYMEHTa PaclpOCTPaHSIOTCA Ha
TpeboBanus PKO. OgHako TOKYMEHT HE MPOIIes perucTpauio B MUHHCTEPCTBE IOCTHIINN
Poccutickoit ®enepanun. ITOT TOKyMEHT MpeIHa3HAYCH TOJIBKO sl paboTHHKOB PKO.

OtaenbHble MyHKTHI TexperiiaMeHTa He MO3BOJSIOT BHECTH KOHKPETHKY B OINHMCaHHE
HapyIIeHUH, OOHApyXEHHBIX HHCIEKTOPOM T'OCYJapCTBEHHOTO IIOPTOBOTO KOHTPOJIS.
IMpuseném nmpumepsl. Kak npenycmorpeno B TexperiamenTe, HO KOHKPETHKA OpeiesieHa
B npaBuiax Poccuiickoro KiaccugukannonHoro o0rmecTsa.

AKKYMYJISTOPBI

222. Jlng moAfepkaHWsT Ha CyAHE MPOTHBOMOXKAPHOTO pEeXHMa MEPCOHAIOM
9KCILTyaTaHTa JI0JDKHBI OBbITh BBIIIOJHEHBI ClIETyOLINEe TPeOOBaHNUSI:

) Ha JIBEpU aKKyMYJIITOPHOTO TOMEIIEHHS JJOJDKEH ObITh HaHECEH 3HaK «OCTOPOKHO!
OrnacHOCTb B3PBIBaY.

HeT KOHKpETHKH B ONUCAaHWU OMACHOCTEH M Mep MO UX HPEAYIPEKICHHIO.

CnacartenbHble CpeacTBa
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327. 3anpemaercd 3KCIUTyaTallus CyAHA NPH HEKOMIJIEKTHOCTH M HEHUCIPAaBHOCTU
CHacaTeNbHBIX CPEJICTB.

HeT KOHKpeTHKM B ONUCAHUU KOMIUIEKTHOCTHM M HCHPABHOCTH WHIUBHUYyalbHbIC
cnacarenbHble cpencTtBa. CracaTenbHble KMIEThl Uil feTed; CracaTelbHbIE KWJIETHl U
Kpyru (oTpaxatenu); KoMniaekT cHabkeHHs cracaTeIbHOM MITIONKH.

3.IIpoTrBOmIOXKAapHOE 00OPYIOBAHHE

328. TexHndeckas SKCINTyaTalWs MPOTHBOIIOKAPHOTO OOOpPYIOBAaHWS W CHAOXKEHUS,
CTAlMOHAPHBIX CHCTEM II0)KApOTYLICHWs, IIEPBUYHBIX OTHETaCHUTENBHBIX CPEICTB
[10’KapOTYILEHHUS, T0KAPHOM CUTHAIU3ALUK, & TAK)KE CPEICTB NACCUBHON KOHCTPYKTUBHOM
MIPOTUBOIIOXAPHON 3alIUTHI U aKTUBHBIX CPEICTB OOPHOBI C BO3HHUKIINM ITOKAPOM JOJDKHA
COOTBETCTBOBAaTh  MOJNOKCHMSAM HHCTPYKIHH, pPa3pabOTaHHBIX OIKCIUTyaTaHTOM H
HU3TOTOBUTEIIEM.

329. JlomkHO OBITH OPraHW30BaHO XpaHEHHE NEPBHYHBIX OTHEraCHTENBHBIX CPEACTB
MOXAPOTYILECHHMSI, TI0)KAPHOTO WHBEHTaps M MEPEJBIKHBIX MPUOOPOB MOXKAPOTYIICHHS B
ONpPENENEHHBIX JIETKOJOCTYIHBIX MECTaX M KOHTPOIMPOBATHCS COJEP KaHUE UX B IOJTHOM
MOpSAKE U TIOCTOSHHOM TOTOBHOCTHM K HEMEIJIEHHOMY JeicTBuio. 3ampernaercs
UCIIOJIb30BaTh NMPOTHBOIOKAPHOE 000PYJOBAaHKE, CTAIIMOHAPHBIE CUCTEMBI U TIEPEIBIIKHBIC
puOOpHl  TIOXKAPOTYLICHUS, TMEPBUYHbIC OTHETAaCHUTENbHBIC CPEICTBA IOKAPOTYIICHHS,
MIEPBUYHBIC OTHETaCUTENIBHBIC CPEICTBA MOXKAPOTYIICHNUS W TOXKapHBIH WHBEHTaph HE IO
MIPSMOMY Ha3HauEHHMIO.

OtcyrcTByeT KOHKpeTHKa. [IpoTnBonoxapHoe cHaOkeHne. CHaOXEeHUE NEPEHOCHBIMHU
OTHETYIINTEISIMA; TIOKpbIBaia /Uil TymeHus; [IpoTuBomnoxxapHslii HHCTpyMeHT; Kommekt
CHapSKECHUS IS TOXKAPHBIX.

4. OrHy, BU3yalibHasl CUTHATU3AIHS.

373. OcHOBaHMEM JUIS 3aNIPELCHNS IKCILTyaTal[uy CyJHA SBJISIETCS HEUCIPABHOCTE!

B) CUTHAJBbHBIX W OTJIMYMTENBHBIX (DOHAped, MallMHHBIX TenerpadoB (WM CpeicTB
CBSI3U, UX 3aMEHSIOINX).

321. Texuuueckoe OOCIY)XMBAaHHE CPEICTB CHUTHAIM3ALMU M CBSI3M BBINOJHSIETCS C
LETBIO TTOJACPKAHUS UX B HCTIPABHOM TEXHUYECKOM COCTOSIHUHM U TOTOBHOCTH K JICHCTBHIO.
Ha Bcex cymax cpercrBa JHEBHOM W HOYHOM CHTHaiIM3aunuM (TYIKH, CHPEHBI, (OHapH,
OTMAIIK{, KOJIOKOJNA M MeradoHbI) IOJDKHBI YIOBIETBOPSTH TPEOOBAHUSAM HACTOSIIETO
TEXHHMYECKOTO pETJIaMEHTa M OOECHeYMBAaTh XOPOLIO BHAWMBIH M CIBIINMBIA OOMEH
CUTHAJIAMU € WIYIIMMH U CTOSIINMHU CyAaMH 1 OeperoM npH Jro0oi moroe.

Her wH(popMammm o KOHKPETHBIX TpeOOBaHMAX (Ppa3bl «IOJDKHBI yIOBIETBOPSTH
TpeOOBAHUAM HACTOAIIETO TEXHUUECKOTO PErJIAMEHTaY.

Her KoHKpeTHWKH, aHajgOrmyHOW gokymeHTam: CurHanbHble ¢urypsr;, I[IpaBuiaa
mwraBanus BBII (ITI1 BBII) ct1.5, 1.47); JlonosHUTEIbHBIE CUTHATIBHBIE OTHU (TPU KPAaCHBIX,
o6enerit) T1I1 BBII ct.4, 1.42); CurHanbaeiii guar; [T BBII cT.2, 11.9).

ABapuiiHoe cCHaOXeHHe

238. ABapuiiHoe, MPOTHUBOMOXKApHOE CHAOKEHUE W cracaTelbHbIE CPECTBA JOKHBI
pa3MelaThes Ha MTATHBIX MECTaX, aBAPUUHBIX U MOXAPHBIX MTOCTAaX.

MO>KHO CpPaBHHUTH CO CIICAYIONIMMH JOKyMeHTaMH: Habop Takesna)kHOro WHCTPYMEHTa;
Pa3memenne aBapuiiHoro cHabxenust; Hanmnuce, ocBelieHre aBapuitHOro CHaO)KEHHMSI.

6. B TP orcyrcrByeT nHdopManus 0 HABUTAIIHOHHOM CHaOXEHHH CY/IOB, TOTJa Kak B
nokymernrax PKO a3T1o moapo6HO omucano:

CynoBoit kosokon; CynoBble Yackl, OMHOKIb NPU3MEHHBIM, KPEHOMETpP, HaMETKU
(pyrrokn): bapomerp, Tepmometp (miist kiacca O, kiacca P, minaBaromunx Ha 03€pax).

[Ipu onucanun HapyIIeHHI Ha Cy/lax He BCErja MMEIOTCS JOCTaTOYHBIE BO3MOXKHOCTH
KOHKPETHU3UPOBaTh HapyLIeHUS Ha OCHOBE TpeboBaHMi Texperimamenra, Ha 4To 0OpamawT
BHUMAaHHE HAJ30pHBIC OPTaHBl MPH OCYIIECTBICHUHM CBOWX IIOJIHOMOYWH B OTHOIICHUH
MOPTOBOTO KOHTPOJIA. B uTore y mHcrekTopa ocTta€rcst OAUH €IUHCTBEHHBIH JOKYMEHT —
TexpernaMeHT, KOTOPBIHA HE B OJHON MepPe MOXKET ONMCATh BCE HAPYLICHHUS.
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Kpome 3TOro, mpeicraBuM UacTHBIM HpUMEp, CBSI3aHHBIM C 3alOTHEHUEM CYIOBBIX
xypHaioB. Tak, B pegakuuu denepansHoro 3akoHa ot 03.07.2016 N 367-D3, B cTatse 14.
CynoBble TOKYMEHTHI, YKa3aHO:

4. CynoBast poib U yKa3aHHBIE B NOJNMYHKTE 8 NMyHKTa | HacTosIIEH cTaTbU XKypHAJbI
BEAyTCS B COOTBETCTBHM C NpaBWJIaMH{, YCTAHOBJIEHHBIMH (e/iepalbHbIM OpraHoM
HCTIOJTHUTENBHO BIIACTH B 001aCTH TPAHCIIOPTA.

8) cymoBol KypHaN, MAIIWHHBIA XypHal (U1 CyqHAa ¢ MEXaHHYECKHM JIBUTATEIEM,
9KCIITYaTHPYEMOT0 WIEHAMH SKUIaXa CyIHa 0€3 COBMEIIEHHS TOJDKHOCTEN);

CynoBo#i XypHaln XpaHUTCS Ha CyIHE B TEUCHHE ABYX JIET CO JHSA BHECCHHUS B HETO
nocneaHel 3amucu. [lo ncTedeHHMM YKa3aHHOIO CpOKa CYAOBOM JKypHal CHAaeTcs Ha
XpaHEHUE B OpraH, OCYHIECTBIIIOIIMN TOCYJApCTBEHHYI PErMCTpanuio cynoB. JlaHHBII
opraH obecreynBaeT XpaHEHUE CYIOBOTO JKypHala He MEHEe YeM JIECSTh JIET B MOpsJIKE,
YCTaHOBIICHHOM (eJiepajbHBIM OPraHOM HCIIOJHUTEIBHON BIACTH B 00JIaCTH TPaHCIIOPTa.

CynoBoii )xypHaJl IpeloCTaBIIeTCs Ul O3HAKOMJIEHUS] C HUM M CHSTHS C HEro Komuil
JIMLaM, UMEIOIINM TIPaBo Ha MOJIyYeHHE COOTBETCTBYOLIECH HH(OpMALMK B COOTBETCTBHH C
3akoHoAarenscTBOM Poccuiickonn ®enepaunu. B ciaydae mpomaxku cyaHa 3a IIPEJeIIbl
Poccuiickoit @enepanuu CynoBON KypHal MPENOCTABISIETCS AJI O3HAKOMIIEHHUS C HUM U
CHATHSL C HEro KOMWH JHIaM, HMEIOIIMM TIpaBO HA IIOJNyYEHHWE COOTBETCTBYIOLIECH
HHPOPMALINH.

Ora 3anuck B KBBT 3nauntcs ¢ urong 2016 rona. Cynossie xypHansl ¢ 2018 roga
JIOJDKHBI CHABaThCs HAa XPAHCHHWE B COOTBETCTBYIOIIME AIMWHHCTPAIMA BHYTPEHHETO
BOJIHOTO TPAHCIIOPTA, I/I¢ OHH OBIIM 3aPeTrNCTPUPOBAHEL.

ITomgepkHEeM, YTO CO BPEMEHH BBIIICYKAa3aHHOTO M3/IaHHS IIPOILIO BOCEMb JIET, OIHAKO
JI0 HACTOSILEr0 BPEMEHH B POCCHHCKOM 3aKOHOJAATEJbCTBE He 00o03HaueHbl [lpaBuia
XpaHEHHUS CYIOBBIX M MAIIMHHBIX KypHajoB. Ecnu 3amaThcst BOIPOCOM O 3HAYEHUH ITHUX
JKYPHAJIOB, TO TEPBBIN K& OTBET OyJeT: 3TO MeHcHs B 55 neT st cypoBoautens. M3 storo
CJIEIYET, YTO >KypHajbl HEOOXOIUMBI B CUTYalMsX, CBSI3aHHBIX C PabOTOH KOHKPETHOTO
CYJIOBOJMTEIISl Ha CyJHE WIM B CBSI3M C UCYe3HOBeHHUEM (upMbl. B ntore dopmupyrorcs
BONPOCH K IIPOKYpaType M CIEACTBEHHOMY KOMHUTETY IO JelaM MpOIIEeIIINX JIET.
[lepeuncnenHple  acleKThl HEMOCPEACTBEHHBIM 00pa3oM CBS3aHBI C  BONPOCAMH
0€301aCHOCTH CyJOBOKICHHUS.

Her HOpMaTHBHOTO AOKYMEHTa O HAJIWYMM HEKOPPEKTHPOBAHHBIX JIOIMAHCKUX KapT
ydJacTKa peKd Ha KOTOPOM COBEpIIaeTcs CyNOBOXJAeHHWe. PaHee 3TO ObUIO MpPONHCAHO B
npaBmiax miaBarus no BBIL. Tlpumep aBapuu, B KOTOpoil oanH U3 (PaKTOPOB OTCYTCTBUE
Ha Cy/IHE KOPPEKTUPOBAHHOM KapTHI.

Tenmoxon «bTM-618» 11.08.19 Beimen B peiic ¢ Gapxeir «HC-3016» rpyxénoit
JKEJNe300€ TOHHBIMH OJIOKaMH ISl MOABOJHBIX MEPEeXOoJ0B, ¢ ocaakor 234 cmM, 4To OBLIO
MpeeabHO JOIMYCTUMO IPH ABWKEHHH 1O p. TOMb, Iie Ha 3TO BpeMs rapaHTHpPOBAaHHAs
ryouna coctaBmsia 250 cm.  CormacHo IlpaBunam muaBanus wa BBIT (mm. 79, 81,
npuioxeHne Ne 5) mpu Takoi riryOMHE 3amac 1Mo JHUIIEM J0JDKEeH OBITh He MeHee 15 cm.

Ha rtemmoxone «bTM-618» Haxomumach HEKOppeKTHpoBaHHas kKapta peku OOb OT
ycrbs peku Tomb 1o cenenus Cocamuo (2011 1.B.) — KapTa, Tie cyI0BOH XOJ Ha IepeKare
BbapanakoBckuii 0003Ha4e€H NPOXOAAIIMM BIOJIb JIEBOTO Oepera peKH U MepeBaTuBaIOIINM
Ha TpaBBI Oeper, Tor/1a Kak Ha KOPPeKTHpOBaHHON Kapte (HaumHas ¢ 2015 roma) cynoBoit
XOJ1 CHauaJla MepeBajiMBaeT C JIeBOro Oepera Ha MpaBbIi M UIET OJIDKe K MpaBoMy Oepery
peKu.

B cBs3m ¢ Tem, YTO HMEIOIIAsACS Ha CyAHE KapTra He Oblla OTKOPPEKTHPOBaHa,
CyJIOBOAMNTENb, OCHOBBIBASICh HA YKAa3aHHBIX B HEH CBEICHUSAX, BET COCTAB, MPHUAEPKUBASICH
neBoro Oepera, uas IpaBoO KPOMKOIl CTapOTo HECYIIECTBYIOLIETO CYJOBOTO XOJa U I0CIe
PacXOKAEHUS ¢ BCTPEYHBIM COCTaBOM IIPAaBbIM OOPTOM W BHIAMMO IOHSJI, YTO OKa3aJICs 3a
IpefenamMy CyZ0BOTO XOJa, MOXKHO TPERNOIOXKHUTh, CTall PE3KO MEpeBaINBaTh K MPaBOMY
Oepery Ha HepeBaJbHBIA 3HAK; NPH PE3KOM ITOBOPOTE COCTaBa MOSBHJCS KPEH Ha JIEBBIH
OOpT OT TeUeHUs ¥ HEHTPOOESIKHOM CUIIBI HHEPLIMH, B CBSI3H C 3TUM YBEJIMYMIACH OCaJKa I10
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neBoMy OopTy, U B 3T0 BpeMsi W mpousomén ynap Oapxu «HC-3016» o momBoaHoe
npensitctBue Ha 1220,0 kM p. O0b. bapika yToHyna Ha riryOuHe 7 METPOB U HAXOAUTCS TaM
J0 cuX TOop.

ABTOp clenan aHanu3 cratedl Ha TeMy HOPMATHBHOM 0a3bl 10 M3MEHEHHUIO 3aKOHOB
JUIL MHCIEKIMU TOCYJapCTBEHHOTO IIOPTOBOrO KOHTposid. bbuia crates kamutana U.
KprsiMoBa «Mesxay MponuisiM U OyIymiiM» B KypHasle «Mopckue Becti» Ne 3 3a 2019 rog
[12]. B aroif crathe OH momHSANT Bompoc O HOBHIX IlpaBmmax mmaBammsa mo BBII. Tlo
KOPPEKTHPOBKE JIOIIMAHCKUX KapT BONIPOC HE MOIHUMAIICS.

Crarps byruenko B.H. m Kpemeka C.B. «IIpobmemsl mpaBoBOro obOecredeHus
TOCYAapPCTBEHHOTO TIOPTOBOTO KOHTPOIS 3a CyJaMH M IUIaBYYMMH OOBEKTaMH Ha
BHYTPCHHUX BOIHBIX MyTsAX Poccumiickort dexepannum» craths HamedaTaHa «Tpyasl 22-ro
Hay4YHO — IPOMBIIIJICHHOTO0 KOMIUIEKcay, npoxoausiiero B r.Huxuuit Hosropog ¢ 27 no 29
Mas [13]. B craThe OTMeueHBI HEAOCTATKU MPABOBOTO PETYIUPOBAHMUS COOTBETCTBYIOIINX
OTHOIIEHUH M AaHbl NPEAJIOKEHUS IO COBEPIICHCTBOBAHUIO 3aKOHOJATENILCTBA B JaHHOM
chepe.

IMocne aBapuu TaHKepoB B KepyeHCKOM MpPOJMBE M JKOJOTMYECKOW KaTtacTpogoi
IIpesunent crpansl B.B. Ilytun nocraBui 3ajady mepez NPaBUTEIBCTBOM IIEPECMOTPETH
HOpPMaTHBHYI0 0a3y. OTa cTaThsl HOMOXET pa3o0parbCsi B HEJOYETaxX IIPAaBOBOM H
HOPMaTHBHOHU 0a3e rocyIapcTBEHHOTO IIOPTOBOTO KOHTPOJIS.

3akarouenue

B pesynpTare NpOBENEHHOTO aHANIKW3a HOPMATHBHO-NIPABOBBIX OCHOB CHUCTEMBI
obecrieueHnss 0E30MACHOCTH  CyJOXOJACTBAa Ha BHYTPEHHEM BOJHOM TpAHCIIOPTE
roCyJapCTBEHHBIM OPTOBBIM KOHTPOJIEM CHAEJIaHbI CIIeTyIOIHE BHIBOBI:

1. OTMeHeHBl OOKYMEHTHI, ONpeAesIoIMe KOHKPETHbIE ITOKa3aTelu,
MPEANUCHIBAIOLINE MEPhl 00eCTIeueH s Pa3InYHBIX chep 6e30MacHOCTH CyI0B
BHYTPEHHET0 BOJHOTO TPaHCIIOPTA.

2. HoBoBBen€HHbIE JOKYMEHTHI, B YACTHOCTH, TeXperiaMeHT, IO
MO3UIMSAM, BaXHBIM sl o0ecrieueHHs: OE30MAaCHOCTH, HE COACPIKHT
JOCTaTOYHO KOHKPETHBIX TpeOOBaHMH AL ONMHCaHMS  HapyIICHWH,
BBIABIIIEMBIX MHCIIEKTOpAaMH TOCYJapCTBEHHOTO MOPTOBOrO KOHTposd. B To
K€ BpeMsl MHCIIEKTOpaM JaHHOIO KOHTPOJsS HE MPEANUCAHO CChUIATHCS Ha
WHbIE HOPMATHBHBIE TPEOOBaHMS, KOHKPETH3NPYIONIHIE TOPSIO0K 00ecedeHus
0€3011acHOCTH CyJI0B BHYTPEHHETO BOJIHOTO TPAHCIIOPTA.

3. JlomoaHUTENBbHO, B YaCTHOCTH, MTOJTHOCTBHIO OTCYTCTBYIOT TPEOOBAHUS K
MaJOMEpHBIM, MPOTYJOYHBIM U  CHOPTHBHBIM  MAapyCHBIM  CyJaM,
HCTIONB3YIOMIMMCA B KOMMEPUYECKHX ILEJSIX; OTCYTCTBYIOT TpeOoBaHMA K
COOJTIOICHHIO MTOYKapHOM 6€30MIaCHOCTH Ha Cyax.

4. OrcyTcTByeT  HOPMAaTHBHBIH  JOKYMEHT, YCTaHABIMBAIOLIUH
TpeOoBaHUsI K CylaM W IUIaBy4YUM OOBEKTaM IMOCTpoWku a0 ¢despans 2012
rojia u MPOLEeCcaM UX IKCIUTyaTaIl|H.

5. CoBpeMEHHBI TOCYJIApPCTBEHHBIM TMOPTOBBI KOHTPOJb JIMIUEH
BO3MOXXHOCTH 3()()eKTHMBHO BBIMONHATH (DYHKIHIO, BO3JIOKEHHYIO HA HETO
Konexcom BHyTpeHHero BoaHoro tpaHcnopTta Poccuiickoit ®@exnepanuu mno
obecrieueHnI0  OE30IACHOCTH  CYJOXOJCTBA Ha BHYTPEHHEM BOJHOM
TpaHCHOPTE.

6. IlpemmaraeM cxeMy BHECEHMs 3aKOHOIpOeKTa B l'ocymapcTBEHHYIO
nymy Poccniickoit ®eneparmu: npu BHeceHun B KBBT kakoro-mm6o
MIPOEKTa, M3MEHEHHUS WM MOINPaBOK, IOJDKEH OBITh MPOEKT MPaBWII MU
JIpyroii HOpMaTHBHO-IIPABOBOM JOKYMEHT, IIponucaHHbli ['ocynapcTBeHHON
nymoit B KBBT. be3 mpoekra atoro gokymeHTta ['ocyaapcTBEeHHONH nyme He
cnenayer paccmarpuBaTh BHecEéHHble u3MmeHeHus B KBBT. IlpeanoxenHas
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PEKOMEHIALMs MO3BOJIUT ONTUMHM3MPOBATh Pa0OTY KOHTPOJBHBIX OPraHOB
BHYTPEHHEI'0 PEUYHOI'0 TPAHCIIOPTa.

7. Bepuyts B [IpaBuia muiaBanust cynoB no BBII o nammuuu Ha Gopry
OTKOPPEKTHPOBAHHON KapThl CYIOXOJHOTO yJacTKa.

Takum 00pa3oM, B IENSIX YCTpaHCHHS MPOOETOB MPAaBOBOTO PETYIHUPOBAHUSA B cdepe
0€301acCHOCTH SKCIUTyaTalli BHYTPEHHETO BOJHOTO TPAHCIIOPTA, CYIIECTBYET aKTyaJlbHAs B
HACTOsAIIEe BPeMs HEOOXOAMMOCTh COBEPIICHCTBOBAHUS HOPMATHUBHBIX IPABOBBIX AKTOB B
yKa3zaHHOU 00JIaCTH IPaBOOTHOIICHHUH.

10.
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noctyma:URL:https://www.consultant.ru/document/cons_doc LAW_30650/?ysclid=m4we6
yymop 162750994
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Nudopmanus 1Jist aBTOpoOB

Tpe6GoBanus K 0GOPMIICHHIO CTaTel, a TAKKE MPUMEPB OQOPMIICHHS CIIUCKOB JIUTEPATYPBI U3TI0/KEHBI
Ha caiiTe )xypHaina http://journal.vsuwt.ru/index.php/jwt/rules

1. Mamepuanwst, npedocmagninemoie agmopom é pedaKuyuio:
1.®aiin ¢ TekcroM ctathu (B popmate Microsoft Word mim RTF) manpasmnsiercst Ha 3JeKTpOHHBIH
aznpec journal@vsuwt.ru 1u60 raeva.oa@yandex.ru. PexomennoBanubIii 00beM craten — 0,5 - 1
MeYaTHBIX JUCTOB (8-16 cTpanuI).
2.DKCIIEePTHOE 3aKIIOYEHHE O BO3MOXKHOCTH OTKPBITOTO OITYOJMKOBAHMS MATEPHAJIOB CTaThbH
(moxuo mpucnate PDF ¢aiin Ha 37eKTpoHHYO MoYTy raeva.oa@yandex.ru, 1100 HampaBIsieTCs B
OymakHOM BHJE 10 axpecy I. Hmwxuuit Hosropon, yi. Hecreposa, 1.5, x.971).

II. Ocnoenvle mpetosanusn K cooepicanuio cmamopu:
1.Marepuay, mpeyaraeMelid JIss  IyONWKAalWHM, JOJDKEH OBITh  OpUTHHAJBHBIM, HE
ONyOJIMKOBAaHHBIM paHee B JAPYIMX IEUATHBIX HM3MaHusAX HaydHas cTaThs NOJDKHA COJEpIKaTh
OYEBUIHBIN 3JIEMEHT CO3JAHMS HOBOI'O 3HAHUS B CPABHEHUM C MMEIOLIENCA HayYHOU JIMUTEPATypOi
mo u30paHHOU Teme mccinenoBaHus. [IpeanoyTeHue oTAaeTcs CTaTbIM HAYYHO-TEOPETHYECKOTrO,
HAYYHO-TIPAKTHUECKOTO M aHATUTHYECKOTO XapaKTepa.
2.Iloka3arens UTOTOBOM OLICHKH OPUTHHANBHOCTH TEKCTa B CHCTeMe AHTHILIArHAT JOJDKEH OBITh
He MmeHee 80%, mokaszarenb 3auMCTBOBaHUsS He Oonee 10%, mokasaTeiab CaMOIMTHPOBAHUS HE
6onee 25%

pu odopMIIeHHH CTATEU PEKOMEHIYETCSI OPUCHTUPOBATRLCS Ha MyOIMKaIKu, Bomeanve B Tekynuii

BBIIIYCK.

1I1. Ilepeuenv cmpyKmypHuIX INeMEHMO08 CHAMbU
1. YK (u3 xnaccupukatopa)
2. Haamucs "DOI: 10.37890/jwt.vi"
3. HasBanwue craten
4. Ceexnenus 00 aBTopax B opmare:
o Munnunaner, amunms (Ha pyccKOM s3bIKE) KaKAOTO aBTOpa, Hanmpumep, .M. liBanoB
e Unenrudukarop asropa ORCID, nanpumep, ORCID: http://orcid.org/0000-0002-8255-
3017
o [lepeueHs yupexIeHHI BceX aBTOPOB 0e€3 COKpalleHni (He YKa3blBaTh OPraHU3alUOHHO-
npaBoBylo  ¢GopMy), MECTO U3IaHUSA, Hampumep, Boikckuii  rocynapcTBEHHBIIH
YHHUBEPCUTET BOAHOrO TpaHcnopTa, I. Huxuuilt Hosropon, Poccust
Awnnotaiust oobemom 100-250 cioB TekcTa (He MeHee 10 cTpok)
Kirouessle cioBa — 8-10 ¢10B niu cI0BOCOYETaHUM
Ha3BaHue cTaThy Ha aHTJIMHCKOM SI3bIKE
CaezieHus 00 aBTOpax Ha aHMIKMHCKOM B (hopmare:
o Uwms, O., ®aMuiust KaXxI0ro aBTopa (Ha aHTJIMHCKOM s3bIKe), Hanpumep, Ivan 1. Ivanov
e nentudurarop aBropa ORCID
e [lepeueHr ydpeXAeHHH BCeX aBTOPOB Ha aHTJIMICKOM s3bIKe, Hampumep, Volga State
University of Water Transport, Nizhny Novgorod, Russia.
9. Amnnoranus (Abstract) Ha aHTJIHHCKOM SI3BIKE.
10. KiroueBbie croBa (Keywords) Ha aHTIIHHACKOM SI3BIKE.
11. Texcr crathy (JOMKEH OBITH CTPYKTYpPHUPOBaH; pekoMeHayercs cTpykrypa IMRaD
(https://ru.wikipedia.org/wiki/IMRAD), mHanpumep:
e Beenenue
e MeTtozbl
e Pe3ynbpTarhl
e OOcyxneHne
¢ 3aKIt04eHue
e  bnaromapnoctu
12. Crincox nuTeparypel
13. References (Jiuteparypa Ha aHTIIHICKOM SI3bIKE)
14. Uadopmanus 06 aBTOpax Ha PYCCKOM H aHTJIMIICKOM SI3bIKaX:
® 1M1, OTYECTBO, (haMUIIHUS;
® JOJDKHOCTb, 3BaHKE, yIeHas CTeleHb, kadenpa, HoApaseicHue;

N
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® TIOJTHOE ¥ COKPAIIICHHOE Ha3BaHUE OPTaHU3AIlNH, T]IC BEIMOIHICTCS paboTa, aapec;
e ¢-mail

15.  Koopaunats! [ist 00paTHO# cBsi3u (e-mail, TenedoH)
16. PyOpuka >xypHaia, B KOTOPYIO TOJAETCS CTaThs ISl PACCMOTPEHHS

1IV. Ogpopmnenue cmpykmypHuIx 2/1eMeHmM 08 cmamou

O01ee oopMiIeHne —peaaKius IPHHUMAET TEKCThI, COXpaHeHHbIe B popmare .doc, .docx, .1tf.
e  Pa3mep mpudra 12, Times New Roman;
e  UHTepBan MeXIy CTPOKaMU OJWHAPHBIN;
. Tons: neBoe - 3 cM, npaBoe - 1,5 cM, BepxHee - 2 cM, HIDKHEE - 2 CM;

VYJIK — yHuBepcaibHasi AECATHYHAS KIACCU(UKALMS, HCIONB3YeTCS Ul CHCTEMaTH3alMH HAYYHBIX CTaTei.
Ompenernsiercst o kiIaccupukaropy (MoxHO HalTH B MHTepHeTe). Ecnu cTaThs BKIIOUaeT HECKOIBKO oOMacTed
3HaHUM, TO U1 OOBEOWHEHHS HECKOIBKHX KOJOB HCIIONB3YIOTCS 3HAKH mpenuHaHus (+ (IWmoc) - 3HaK
MPUCOeIMHEeHHs, / (KOocast yepTa) - 3HaK PacrpoCTpaHeHus, : (IBOETOUNE) — 3HAK MPOCTOrO OTHOLICHHSI, :: (ABOIHOE
JIBOETOYHE) -3HAK 3aKPEILICHHS II0CIEeI0BAaTEILHOCTH, || (KBagpaTHbIE CKOOKH) — 3HAK IPYHIIUPOBAHIIS).

DOI: 10.37890/jwt.vi — 370 mpeduKc KypHaia.

Ha3Banue cTaThH - TODKHO KpaTKo (He Ooniee 10 CJIOB) M TOUHO OTpa)kaTh COJEpKAHNUE CTAaThH (HE JIOIMYyCKAIOTCS
Ha3BaHUs, UMeloIe 000poThI Takue Kak «K Borpocy...», «HeKoTopbie acreKThl. ..» U aHAJIOTHYHbIE).
OdopmirsieTcs oMy KHPHBIM MPH(TOM, GOpMATHPYETCs IO LEHTPY. 3arIaBHBIMU OyKBaMy 0(OpPMIIATE HEe Hajo!

AHHOTAIUSA — 3TO KPATKOE TOYHOE M3IIOKCHNE COACPIKAHUS JOKYMEHTA, BKIIIOYAIOIIEe OCHOBHbBIE CBEACHHS U
BBEIBOZIBI paOOTEI. AHHOTAIUS 1aeT BO3MOXKHOCTD YCTAaHOBUTH OCHOBHOE COZICpIKaHHe JOKYMEHTa, HCIIOIb3yeTCsl B
HH()OPMALOHHEIX (aBTOMAaTH3UPOBAHHBIX) CUCTEMAX JUIS TOMCKA TOKYMEHTOB. AHHOTALHS BHIIIOJIHSCT (ByHKIUIO
MHCTPYMEHTA, TI03BOJISIOIIETO YUTATEIIO IOHATD, CIICLYET JIh 00paIlaThesi K MOIHOMY TEKCTY CTaTbH. AHHOTALUs
JIOJDKHA OBITH HH(POPMATUBHOI (HE cozieprKalel OOIINX CIIOB), COAEpIKaTeNbHOI (0TpaXkaTh OCHOBHOE
cozlep)KaHUe CTaThbH M Pe3yNIbTaThl HCCIESIOBAaHUs ), CTPYKTYpUpOBaHHONW. CTPYKTypa aHHOTalUH JIOJDKHA
HOJIHOCTBIO MOBTOPSITH CTPYKTYPY CTaThi. B TeKcTe aHHOTALMU ClIeyeT IPUMEHAThH 3HAYHMBbIE CJIOBA U3 TEKCTA
CTaTbH.

Ki1roueBble cJI0Ba - JOJDKHBI XapaKTePU30BaTh IPEAMETHYIO 001acTh rcciaeqoBanus. Bo Bcex
Ooubsmorpaduueckux 6a3ax JaHHBIX OCYILECTBIISCTCS IIOUCK CTaTel IO KIIFOUEBBIM ClloBaM. (He Oosiee 3-X CloB
BHYTpH KJIF04eBOi1 (pa3br). ClioBa H/WITH CIIOBOCOYETAHHS OTACIISIOTCS 3aILITOM.

AHIJI0513bIYHBIE TIePeBO/ibl (Ha3BaHHUE CTaThH, CBEACHU 00 aBTOpax, aHHoTauus (Abstract), KiiroueBble ClIOBa
(Keywords), tutepatypa (References)— q0KHBI ObITh KA4€CTBEHHBIMH.

TeKcT cTaThH - JOIDKEH OBITh CTPYKTYpHUPOBaH, Ha3BaHUE YacTell HEOOXOAUMO BBLIEIATH COOTBETCTBYIOIIUMHU
T10/[3aTOJIOBKAMH, KOTOPBIE O(POPMIISIOTCS TTOTYKUPHBIM MIPH(TOM U (POPMATHPYIOTCS 110 HEHTpY. Pa3nems
Beenenue (ITocranoBka 3a1aun) u 3akmtoueHue (BriBoabl) sSBISIOTCS 00s13aTeNbHBIMU. [IpHBETCTBYETCS
ucnons3oBanue ctpykrypsl IMRaD (https:/ru.wikipedia.org/wiki/IMRAD):

1. Bgedenue (aKTyalbHOCTB) - OIMCAHME TPOOIEMBI, 0030p JMTEpPATyphl, CBA3AHHOH C HCCIEIOBAHHEM,
(dopMynupoBaHHE IIEMM ¥ 3a1ad HCCIEAOBaHMS, OOO3HAYCHHME HEPEHICHHBIX MpoOieM, 00OCHOBaHHE
TEOPETUYECKOM U MPAKTUUYECKOH 3HAUNMOCTH.

2. MemoOwi -onMcaHNe METOMIOB, YCIOBHI M CXeM 9KCHEPHMEHTOB, PHOOPOB, MATEPHAIOB U 000PY/IOBAHHS.
yKa3bIBaeTCs TOCNIEe0BATEIbHOCTh BBINOIHEHHS UCCIEJOBAHHUSA U OOOCHOBBIBAETCS BBHIOOP HCIIONB3YEMBIX
MeTO/0B  (HAOJIOJEHWE, ONpOC, TECTHPOBAHUE, OKCIEPUMEHT, Ja0OpaTOPHBI  OMBIT, aHAJM3,
MOJIENTMPOBAHNE U T. J1.).

3. Pesynbmamei - TpeqoCTaBICHHUE DKCIEPHUMEHTANBHBIX HIM TEOPETHUECKUX IAaHHBIX, MONYYSHHBIX B XOJe
HCCIIeIOBaHMi (MOTYT OBITh PECTABICHBI B BUIE TaOMUII, TpagUKOB, AHArpaMM, ypaBHEHu, GpoTorpaduii,
PHCYHKOB). DTO OCHOBHO#H pa3fiel, Iielb KOTOPOTo — A0Ka3aTh pabodyro THIOTE3Y (THUIIOTE3HI).

4. O6cyscoenue - UHTEPIPETALHS MOTYyYEHHBIX PE3yJbTaTOB, MPEAINOIOKEHHUS, COMOCTABICHHE, CPABHEHUE
MOJTy4EeHHBIX PE3yIbTaTOB C Pe3ylIbTaTaMU JPYrUX aBTOPOB U T.I.

5.3aknouenue - CTPyKTypUpOBAaHHBIE BBIBOJBI, COOTBETCTBYIONINE ITOCTAHOBKE 3aJ[a4ll HCCIEIOBAHUS BO
BBEJICHHHU, JeNaloTcsi 000OIIeHHs U PEeKOMEHIALHH, BbITEKAIONIMe M3 paboThl, MOMYEpPKHBAETCA HX
IpaKTUYecKas 3HAUYMMOCTh, a Takoke OIPENENIIOTCS OCHOBHBIE HAmpaBlIeHHsA UL JalbHeHIero
UCCIIC/IOBAaHMS B 3TOH oOnacTh. B 3aKIIFOUMTENBHYIO YaCTh CTAThH JKENATENBHO BKIIOYHTH ITOMBITKH
IIPOTHO3a Pa3BUTHS PACCMOTPEHHBIX BOIIPOCOB.

6. bnazodapnocmu - MOXHO YIOMSHYTH JIOJel, HOMOTaBIIMX aBTOPaM IMOATOTOBUTH HACTOSIIYIO CTAaTbIoO,
OpraHM3alny, OKa3aBlIne (PUHAHCOBYIO IOJIEPKKY (Hampumep, HoMmep rpanta PO®U). Xopommm ToHOM
CUUTaeTCs BEIpaKCHHUE 0JIaroapHOCTH AaHOHUMHBIM PEIICH3CHTaM.
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TadMubl - 10/DKHBI ObITh OArOTOBIEHBI cTaHAapTHBIMU cpenctBamu MS Office. Hagnucers Tabmua
1 dpopmaTupyercs o npaBoMy kpato (pa3mep mpudra 11, Hadepranue - kypcus). HazBanue TaOmuist
dhopmatupyercs 1o ueHTpy noryxupHbM mprudTom. Ha Bee Tabmuipt (Tadi1. 1) 0JDKHBL OBITh CCBUIKH B TEKCTE

PHCYHKH - PHCYHKH JOITYCKAFOTCSI KaK B PAaCTPOBOM, TaK M B BEKTOPHOM (opmaTe. MHHHMAIBHOE pa3peLICHHE -
300 dpi. Kaxxnoe rpaduueckoe n300paxkeHne TODKHO MPEICTAaBIATh COOOH €ANMHBIN, HEeNbHbINH 00beKT. [loamuch k
PHCYHKaM NPUBOAUTCS HAa PYCCKOM M aHIIMHCKOM s3bIKax. [llMpuHa MOANMCH NPUMEPHO COOTBETCTBYET LIMPHHE
pucyHka. TekCTOBbIE IOAMKMCH MOJ PHCYHKOM HE MODKHBI OBITh YacTbIO PHCYHKAa. PHCYHKM (Quarpammel,
rpauKm) JOJDKHBI JOIMYCKaTh BO3SMOXHOCTb PENAKTHPOBAHMS M M3MEHEHHS MX pasmepoB. [Io BO3MOXHOCTH
HCMONB3YiiTe A1 Tpaduueckoro Marepuaia MHHHMAalIbHO TpeOyemoe paspeurenune. Ha Bce pucynku (puc.l)
JIOJKHBI OBITH CCBUIKH B TEKCTE. PUCYHKH M MILTIOCTPALNK BCTABISIOTCS B TEKCT, a HE B Ta0auIbl!

®opmy.abl -Bee hopMyibl Habuparotes B penakropax Microsoft Equation 3.0, MathType 6 win Koncrpykrope
dopmyn Microsoft Word. IIpudt cumBoiios, Bxoasumx B popmyis - komOuHamust Symbol u Times New Roman.
HymepyroTcst TosbKO Te (hOopMyJibl, Ha KOTOPbIE €CTh CChUIKA B TeKcTe cTaThi. Eciu hopMmyiia HOsBISIETCS B TEKCTE
KaK OT/AeNbHas CTPOKA, OHA MJODKHA OBITh LEHTPUPOBAHA M, NPH HEOOXOAUMOCTH, IIOMEYEHA CKBO3HOI
HyMepauueil apabckumu mudpamn B Kpyriisix ckoOkax. Ecin dopMysta mosiBisercss BHYTpH TeKCTa, obparuaiite
BHHMAaHHE Ha Pa3Mephl UCIIONb3YEMbIX LIPU(PTOB, YTOOBI OHU OBUIH «COCTHIKOBAHBD) C Pa3MepaMy TEKCTa paboThI.

He coxpansiite ¢opMyiibl B BUIe PUCYHKA M HE BCTABILIATE MX B TAOIMIIb!!

CHHCcOoK JIUTepaTypbl — SBIISETCS 00513aTENbHBIM 3JEMEHTOM CTaThbi. CChUIKA Ha MyOJIMKALMIO B HAYYHOH CTaThe
SIBJISICTCS] OZIHAM M3 IVIaBHBIX [OKa3aTelieil KauecTBa IyOIHKALIHI, a CTAThsl C IIPEICTABUTENIbHBIM CIIHCKOM
JIUTEPATypHl AEMOHCTPUPYET NMPO(eCCHOHATIBHBIN KPYro30p M KaueCTBEHHBIH YPOBEHb HCCIIEIOBAaHMUIT € aBTOPOB.
IpaBuiIbHOE ONMCAHHUE UCIIOIB3YEMbIX HCTOYHUKOB B CITUCKAX JUTEPATYPHI SBIISETCS 3a]I0IOM TOTO, YTO
uuTupyemas nyonukaiys OyaeT yyTeHa [Py OLIEHKe HaAyYHOH AeSTeNbHOCTH ee aBTopa. [10 HUTHpOBaHUIO
JKypHaJla OIPEJIeNsIeTCs €ro HayIHBIH YPOBEHb, aBTOPUTETHOCTD, Y (PEKTUBHOCTD JEATEILHOCTH €€ PEIKOJIICTHH.
Kasxaplil HayqHBIH (aKT JODKEH CONPOBOXKIATHCS OTACIBHON CCHIIKON Ha McTOUHUK. IIpn opMupoBaHuy crivcka
JIMTEpPaTypbl HEOOXOUMO TPUICPKUBATHCS CICAYIOLINX HPABHIL:

o odopmisiercs B coorBerctBuu ¢ [OCT P 7.0.100-2018.
HCTOYHHKH B CIIMCKE JINTEPATYPHI HyMEPYIOTCS M PAacIIONararoTes B IIOPSIKE X YIIOMHHAHUS B TEKCTE.
CCBUIKH Ha BCE HCTOYHUKH JINTEPATYPhI B TEKCTE CTAThU 00s3aTENbHEL;
He MeHee 10 cChUIOK;
HPHBETCTBYIOTCS CChUIKM HA QHIJTION3bIYHBIE HCTOYHHKH;
Ha CBOHM CTaThU (caMoLuTHpoBaHue) He 6oiee 20-25% 0T 00Imero Yuciia cChbUIOK
CCBUIKM Ha CTaThU NEPUOAMYECKHX M3JAHMH (3a MOCIeqHUE S5 JIeT), ONnyOJIMKOBAHHbBIE B PELEH3UPYEMBIX
Hay4HBIX J)XypHanax, nanexcupyeMsix B PUHI, Scopus, WoS, 1omkHBI cocTaBiaTh He MeHee 25%);
ecnu muTHpyeMas cTaThbs mMeer DOI, HeoOX0oauMO yKa3bIBaTh €ro IOCIIe ONMMCAHUS HUTHPYEMOW CTaThH.
Jlnsg mpoBepkn Hammuusi y ctatbl DOl MOXXHO, HampuMmep, BOCHONIBb30BaThCsl cepBucoM Crossref 1mo
cebuike https:/search.crossref.org/references
HEXEeJIaTeNIbHO BKJIIOYAaTh B CIHCKH JIATEPATYphl aHOHUMHBIE HCTOYHHKH ¥ HOPMATHBHBIE JIOKYMEHTHI
(IOCTAaHOBIICHUS], 3aKOHBI, HHCTPYKIIMU U T.J.), KOTOPbIE HUKOI/Ia HE OyIyT MpPOMHAEKCHPOBAaHBI B 0a3zax
JIAHHBIX [MTUPOBAHUS, INPEANOYTHTENBHO WX [MUTUPOBATh HEMOCPEACTBEHHO B TEKCTE WIHM BO
BHYTPHUTEKCTOBBIX CHOCKaX;
HEXeJIaTeJIbHO HCII0JIb30BaTh B CIIMCKAX JINTEPaTyphl aBTopedepaTsl IUccepTalii U JuccepTalyi, yaeOHbe
ocoOust M yHeOHNKH;
AQHOHUMHBIE HHTCPHET-HCTOYHHKH HEOOXOIMMO YKa3bIBaTh B IIOCTPAaHMYHBIX CHOCKaxX, a HE B CITHCKax
JIUTEPaTypBHIL.

References - criicok muTepaTyphl Ha aHTIIMHACKOM S3BIKE.

JIns pyccKos3BIYHBIX cTaTel HeoOxoaumo ykassiath: ®MO aBTOpOB Ha NaTwHMIE (TpaHCIUTEpaIs); Ha3BaHHE
CTaTbu (TpaHCIUTEpaLys); NepeBO]] Ha3BaHUS CTAThbU Ha AHTIMICKHUIN SI3bIK; Ha3BaHUE XKypHAla HA aHTIIMHCKOM
A3bIKE (TPAaHCIUTEpalHs, eclnd HeT WH(pOpMamuu o0 WCIIONB30BAHHM JKYPHAIOM AHTJIOA3BIYHOTO HA3BaHNA);
BBIXO/IHBIE JaHHBIE ¢ 0003HAYEHNEM Ha aHTIIMICKOM sI3bIKE (TOJ, TOM, HOMEp CTPAaHHUIBI «OT-10%»); yKa3aHWe Ha
SI3BIK CTATbU, €CIIM OHa TpejcTaBlieHa Ha pycckoM si3bike (In Russ.); DOI crateu (npu Hammuun) win URL npu
orcyrcTeur DOI, ecii ecTh JOCTYI K CTAThE.

B 3TOV pasnene AOMKHBI MCIONB30BAThCSl TOJIBKO AHTIMICKHE CHMBOJIBI, HAJIMYME KUPUIUIMYECKHX 3HAKOB HE
nomyckaercst. [Ipu ccblIke Ha CalThI, COAEpIKAIME B HA3BAHUH PYCCKHE CHMBOJIBI, IPHIETCS BOCIIONB30BATHCS TAaK
Ha3bIBaeMbIM punicode-koHBepTOpOoM (HampuMep, https://hb.by/punycode-converter.aspx). C momMompio Mog00HBIX
OHJIAWH-CEPBHCOB MMS caiiTa mpeoOpasyeTcs B CHEUMAJIbHBIA KOJ, KOTOPbIH M YKa3bIBaeTCs BMECTO
pycckoszpiuHoro Haspanusa. K mpumepy, cceiika «http://Bd-pexa-mope.pd» mpeobpasyercs B http://xn-----
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