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Kopa6nectpoenue gna ApKTUKHU

MOAE/IMPOBAHUE CUCTEM APKTUYECKOIOo MOPCKOI O
TPAHCNMOPTA: OCHOBbl MEXKAUCUUINT/ZIMHAPHOTIO
noaxoaA U OoNnbIiT MPAKTUYECKUX PABOT

O. B. TapoBuk, A. I'. Tona, A. b. KpecTbaHueB, A. A. KoHapaTeHKo
@IV KpbinoBcKuiA rocyaapcTBeHHbIN HayyHbI LeHTp (CaHKT-MeTepbypr, Poccuiickan ®epepauums)

PaccmMompeHbl 0CHO8bI MEXOUCLUNIUHAPHO20 N0OX00a K NPOEKMUPOBAHUI0 U GHAU3Y pabombl MOPCKUX MPAHC-
nopmHsix cucmem 8 Apkmuke. OnucaHo peanusyrouiee OaHHbIU N00X00 NPO2PAMMHOE peLieHUE, CUHMe3upyouiee
Ha 6a3e 06bekMHO-0pUeHMUPOBAHHOL KOHUeNyuu makue HanpasneHus, KaK 2e0UHPOPMAUUOHHbIE CUCMEMBI, Cy-
docmpoumensHsie QUCUUNAUHbI U QUHAMUYecKue uMumayuoHHelie Moodenu. lpusedeHsl npuMepsl NPAKMUYECKUX
pabom, deMOHCMPUPYIOULUX B03MOXHOCMU MEXOUCUUNAUHAPHO20 N00x00a, 0es1aemcs 861800 0 UenecoobpasHo-
CMu €20 NpuMeHeHus 0715 KOMNIEKCHO20 UCCIEA08AHUS NPOEKMUPYEMbIX apKMUYECKUX MPAHCNOPMHbIX CUCMEM.

KnioueBble cnoBa: Mopckue mpaHcnopmHsie cucmemsl, UMUMAUUOHHOe MOOeUpPO8aHUe Goma, MopcKas 02Uucmuka, npo-
eKkmuposaHue n1e008bix Cy008, onpedeneHue cocmaesa ¢poma, ModenuposaHue 08uMeHUSs Yyepe3 1ed, 1e008bIl poymuHe.

CraTtbs nocTynuna B pepakumio 8 ceHTabpa 2016 r.

BBepgeHue

Hv oauH NpoeKT 0CBOEHWA pPecypcoB apKTUHECKOro
wenbda He 0bxoanTcA 6e3 BbINOIHEHUA KOMIMIEKCHO-
ro aHasmsa paboTbl MOPCKMX TPAHCMOPTHLIX CUCTEM
(MTC), KoTopble pewawT 3agayv TPaHCMOPTUPOBKU
Cblpbsl, JOCTABKM MPY30B CHAGKEHWSA 1 BbIBO3a OTXO0B.
JddeKTnBHOCTL paboTbl MTC Bo MHOFOM onpeaensaeT
JKOHOMMYECKME MOoKa3aTesM MpoeKTa B LeIOM, 0CO-
6eHHO B XapaKTepHbIX ANnA APKTUKK ycioBuax cnabo-
pa3sutoi MHdpacTpyKTypbl. Jona MTC B cyMMapHbIx
3aTpaTtax Ha 06YCTPOMCTBO APKTUYECKWMX MECTOPOMK-
[eHW BO3pacTaeT Mo Mepe YBEeSMYEHUs OUCTaHLMU
MOPCKUX MepeBO30K M NIeA0BOr0 Kiacca CydoB U Co-
rnacHo pAagy oueHok goxoaut go 30—50% [8]. 3To
CBUAETENbCTBYET 0 BAXKHOCTM 33434 MO UCCIeA0BAHUIO
MTC, noBbIlWEHUIO UX HAOEHHOCTU U SKOHOMUYECKOMN
3ddeKTUBHOCTY.

Co3paHune KomnneKkcHol Mogenn MTC aBnsAeTca ndo-
CTATOYHO CNOMHON C METOAMYECKON TOYKM 3peHna 3a-
Javel, Tak Kak TpebyeT MPUMEHeHUs NOoAXOAO0B U Me-
TOAMK U3 Pas3fNYHbIX Hay4HbIX obnacTeid. B Hanbonee
obLeM crydae pedb naeT ob onpeneneHn xapaxkTepu-
CTUK dnoTa n Opyrvx obbekToB MTC, a Takke o Aasb-
HellweM [eTaNbHOM uccnefoBaHnn 3¢deKTUBHOCTH
paboTbl BbIbpaHHOM KOHOUIypaLmn CUCTEMBI C YHETOM
BXOAALIMX B ee COCTaB Cy[OB, Fpy30B, NMOPTOB, Mnat-
$OopM, CYAOXOAHBIX MAapLUPYTOB W APYruX 3/1€MeHTOB.

[ns BbINONHEHWA NMOAOOHOr0 aHasmsa C y4eToM BCex

Havbonee BAUAIOWMX (AKTOPOB HEOOXOOMMO OLHO-

BpEMEHHOE WCMO/Ib30BaHWe Liesloro KOMMeKca Hay4-

HbIX 3HaHWA M3 HECKONbKMX CaMOCTOATENbHbIX 06na-

CTeln, Karkaan U3 KOTOPbIX MMeeT CBOW TeopeTUYeCKui

6a3nc M MeTogudeckuii annapaT. K TakuMm obnactam

OTHOCATCA:

« MOAeNMpoBaHue paboTbl CNIOMHBLIX TEXHUYECKUX
cncTem;

+ MPOEKTMpOBaHMe CyJOB M onpefefieHne cocTasa
dnoTa;

* JIOFUCTMYECKOE NNIAHUPOBaHNE NepeBO30K;

+ MOJEeNIMpoBaHNe MNPUPOAHO-KIUMATUYECKUX U Nefo-
BbIX YC/I0BUI;

* pacyeTbl XOAKOCTM CYA0B BO /ibAaX U HA YNCTON BOAE;

* CUCTEMHBI aHanM3, anroputMu3auMA U nporpam-
MUPOBaHWE;

+ MOJeNIMpoBaHNe NpoLLeCcCoB Cy10BOMHAEHUS;

* TEXHUKO-IKOHOMMYECKUIA aHanm3.

BmecTe c Tem BBMAy TOro, 4to K co3garHuo MTC nme-
10T OTHOLUEeHMEe CneumanncTbl pa3Hon BeAOMCTBEHHOM
NPUHAAIEHHOCTH, UX MHTEpNpeTaumna 3aaayum NpoeKTH-
poBaHuA MTC oKa3biBaeTCA pas3NyHOW.

Hanpumep, cpean cneumanncToB-cygocTpouTenen
nNpuHATO paccMmatTpuBatb MTC B KOHTEKCTe pelue-
HVUA 3aJayv MpoeKkTMpoBaHuWA cyaHa [7; 21; 26; 30],
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Korda Ha nepBbllii NAaH BbIXOAAT CaMble pa3Hoobpas-
Hble acrneKTbl NMPOEKTUPOBaHUA MpW [OCTAaTOYHO MO-
BEPXHOCTHOM y4yeTe npounx GakTopoB M MPOCTOM
YPOBHE asropuTMMYecKoii npopaboTKM M Mporpamm-
HO peanu3aumn NIOrUCTUYECKUX aCMEeKTOB CUCTEMBI.
OThenbHO B CyAOCTPOUTESIbHOM HamnpasfeHWUM CTOUT
pAag paboT, BbINofIHeHHbIX B 1970—1980-x rogax nop
pyroBOACTBOM akafemuka B. M. MawwHa [14]. B Hux
npeanoXeHa KoHUenuuAa [BYXYPOBHEBOW OMNTUMM3a-
LW CyAHa, B KOTOPOM BEPXHUIA YPOBEHb OMTUMM3aLIMK
NOCBALLEH OnpeaeneHnto coctaBa ¢noTa U OCHOBHBIX
XapaKTepuUCTVK CyAOB ANA 3a[aHHOr0 permoHa Ha oc-
HOBe peLleHus 3a4a4yv MaTeMaTUYeCcKoro nNporpaMmu-
poBaHuA. Takoi nogxod 6bin aaanTUpoBaH U K 3ajade
npoexktupoBaHua MTC, paboTarowmx B fefoBbIX ycio-
BMAX [9], 0AHAKO NPUMEHUTENIbHO K MPOEKTUPOBaHUIO
TPAHCNOPTHBIX CUCTEM C MHOMECTBOM 3aBUCUMbIX OT
BpeMeHn GaKTOpOB OH OKA3bIBAETCA TPYAHOMPUMEHU-
MbIM [18]. TakuM 06pa3oM, MOKHO 0603HaUUTb 06LLYIO
ONA  CymoCTpouTeNbHOU cdepbl TeHOEeHLM: Crneum-
anucT-cygoctpoutens paccMatpmsaeT MTC ¢ nosvumin
NPOEKTUPOBaHNA CyaHa.

Ona cneumanncToB B 06/1aCTV MOPCKOM NOMUCTUKM,
paboTalWmx rnaBHbIM 00Pa3oM Haj MOAENMpPOBaHM-
eM paboTbl cynoB obecneveHus [22], KOHTeliHepHbIX
nepeBo30K [31] 1 MOPCKMX MOCTABOK CHUMKEHHOIO NpU-
poaHoro rasa (CIMr) [20; 23], Ha NepBbIi NAH BbIXOAAT
BOMPOCHI CO34aHUA ONTMMAJIbHOrO MnaHa rpy3onepe-
BO30K, onpeAeneHns HeobxoauMbix niowanen n obb-
eMOB 0OeperoBblX XpaHWIWW, M MOAO0OHbIE CMEMHble
3a4a4M NOrnCTUYECKon HanpasneHHocTu. [pu 3ToM
NCMOJb3YIOTCA YMPOLLEHHbIE MOAENN OBUMKEHNA CyOO0B.
PasfMyHble acnekTbl NIPOEKTUPOBaHWA CYA0B U Bbibopa
OMNTUMAJIbHBIX XapaKTePUCTMK CyAHA, Kak NpaBwio, He
YYMTbIBAOTCA BOBCE, T. €. pacCMaTpuBalOTCA TOJSIbKO
¢duKcmpoBaHHble KoHoUrypaumm MTC.

Ona  cneumanuctoB  GUMHAHCOBO-3KOHOMMYECKOMO
NpodpunA XxapaKTepHO aKLEHTUPOBaHWE BHWMAHWUA Ha
3KOHOMUYECKMX, YNPaB/IeHYeCKMX U OpraHM3aLMOHHbIX
acnekTtax co3ganna MTC [6; 10; 19] ¢ wurpokmMM npu-
MEHEHWEM PErpecCUoHHbIX Y CTaTUCTUYECKUX OLLEHOK
pasnuMuHbiX napameTpoB. CrneuuanucTel B 06nactu
NporpamMMMpoBaHNA U Co3AaHnA UHGOPMALMOHHBIX
CUCTEM yOensioT BHUMAHWE TNaBHbIM 00pPa3oM KOM-
MbIOTEPHOMY MoAennpoBaHuo paboTtel MTC 1 TexHuYe-
CKMM acneKkTam NporpamMMHoii pa3paboTKu, UCnosb3yA
camble MpoCTble MOAENV ABUMKEHWA CyAOB Ha JIMHUW,
KOTOpble, KaK MpaBu/O, NNLIb KOCBEHHO Y4YMTbIBAlOT
npupoaHble ycnosuA [13].

ABToOpbl y6eraeHbl, YTO ASA MOBLILEHUA KayecTBa
co3faHus apKTndecknx MTC HeobxoauM Meraucum-
NAVHAPHLIN NOAX04, peann3aumnsa KOTOPOro BO3MOMKHA
B MHTErpypoBaHHOM MPOrpaMMHOM pelleHuu, dyHaa-
MeHTaJIbHble OCHOBbl M apXUTEKTypa KoToporo 6yayT
obecreunBaTb BO3MOMHOCTbL OXBaTa BCex obnacrew,
BarKHbIX A1 uUccnegoBaHua Takmx cucteM. OnucaHue
onbITa CO34aHUA TAKOrO NPOrPAMMHOI0 peLleHnA U ero
NpYMeHEeHWs B Xo4e pAada NpakTMyYeckmx paboT npuse-
[EHO B HacToALLEeN cTaTbe.

MexxaucuuniMHapHbIA Noaxon,
K aHanu3y pa6otbl MTC
B 2012 r. KonneKTBoM aBTOpoB [17] 6bin HavaTbl
UCCNeloBaHMA MO CO3L4aHWI0 YHUBEPCASIbHOMO Mpo-
rPAMMHOI0 KOMMJIeKCa, NpeaHa3Ha4YeHHOro AnsA npo-
EKTUPOBaHUA M aHanm3a paboTbl MOPCKMX TPAHCMOpPT-
HbIX CMCTeM, paboTatoLyx B eloBbIX ycnoBuax. OcHoB-
Has nfeA AaHHOM paboThbl 3aK/M04aEeTCA B UHTErpauum
B paMKax eauHOro nporpamMMHoro obecrneyeHus MeTo-
ZI0B 1 MOJX0A0B M3 Pas/MyHbIX NpeaMeTHbIX obnacTei
Ha OCHOBe C/iefyoLMX NPOrPAMMHbBIX MHCTPYMEHTOB:
+  06BbEKTHO-OpMeHTpoBaHHOro noaxoaa (OOM);
+  reovHpopMaumoHHbix cpeg (TNC);
+  OVMHAMUYECKMX MMUTALMOHHBIX MoLenen.
O6beKTHO-OpUeHTpOBaHHbIM nogxox. Lleneco-
obpasHocTb npumeHeHus OOI B nMccnenoBaTebCKOM
NPOEKTVPOBaHWN Cy[0B W OTKPbIBalOWMECA B CBA3M
C 3TWM BO3MOXHOCTU 6bIIM CcPOpMyIMpOBaHbI eLle
B 1990-x rogax [4]. OgHaKo NpakTUYecKoe MCMosb30-
BaHvne OOl B npuKnafHbIX nccnefoBaTelbCKUX MNpUo-
MEHUAX, CO3[aBaeMblX CreuuanMcTamm-cygoctTpouTte-
NAMKW, 0O CUX MOP CAEPHMBAETCA M3BECTHLIM KOHCep-
BaTU3MOM Cy[OCTPOWTE/IbHOW OTPAC/M U OTHOCUTESIb-
HO HW3KMM YPOBHEM KoMreTeHuun B chepe paspaboT-
K1 NporpamMmHbIx cpeacTs. MNpu 3Tom napagurma OOI
naeanbHO COOTBETCTBYET MPUHLMNY PacCMOTPeHuA
CyOHA KaK C/IOMHO OpraHM30BaHHOW TEXHUYECKON CU-
cTeMbl [5], a camoit MTC — KaKk cuctembl 6osee BbiCo-
KOrO MepapxM4ecKoro YpPoBHA MO OTHOLIEHWUIO K CYAHY
[25]. MoaTomy npu co3gaHum NPOrpamMMHON0 peLleHus
ona aHanmsa MTC m3HavanbHO bbina caenaHa crtaBka
Ha LMpOKOe MNprYMeHeHne 06beKTHOro noaxoaa. boina
BbIMOSIHEHA KOMMJIEKCHaA paboTa Mo CUCTEMHOMY
aHanusy, gexkoMnosvumm n bopManm3aumm onncaHun
3neMeHToB MTC, B pe3ynbTate Yero 6biiv CNPOEKTUPO-
BaHbl KOHLleNTya/lbHaA MOAeNb M NMporpaMMHan apxu-
TeKTypa pa3pabartbiBaemMoro pelieHus. Mix nonHoe onu-
CaHWe BbIXOAMT 3a PaMKM HACTOALLEN CTaTbW, MO3TOMY
npuBedeM B Ka4yecTBe MpuMepa TONIbKO OTAE/bHbIN
¢dparMeHT — onucaHue cyaHa U NepeBO3MMbIX MPY30B
B CTaHAapTHol HoTauum UML [20] (puc. 1).
JNornyeckuin knacc «CyaHo» COAEPHUT BONbLIOE KO-
NIN4ECTBO aTpUBYTOB, KOTOPbIE OMUCHIBAIOT NApaMeTpbl,
He 3aBUCALLME OT COCTOAHMA 3arpy3ku. Hapagy ¢ 3tum
B €ro cocrtaBe MPUCYTCTBYIOT CTPYKTYpPbl C/IOMHOMO
Tuna («pynnbl BUHTOB» U «COCTOAHMA 3arpy3Ki») B KO-
nnyecTBe ofHoW unn 6onee. B KavecTBe mapaMeTpoB
3TUX CTPYKTYP BbLICTYNAalOT COOTBETCTBYIOLIME XapaK-
TEPUCTUKM BUHTOB U XapaKTepUCTUKM CyAHA, U3MeHA-
IOLLIMEeCA B 3aBMCMMOCTW OT CTEMEHW ero 3arpy3ku (Bo-
[lov3MelLlleHne, BYKCMPOBOYHOE COMPOTUBIEHUE U Mp.).
CyoHO MOMKeT cofepraTb MPOM3BOSIbHOE KOMMYECTBO
rpy30BbIX MPOCTPAHCTB W CPeACTB rpy3006paboTKy,
NpPOU3BOANTENBHOCTb KOTOPbIX OMUCLIBAETCA KONEK-
LuMer 3K3eMniApoB cneuuanbHoro kKnacca «flapame-
Tpbl rpy3006paboTKM». B 3TOM Knacce onpepnenseTcs,
YTO JaHHbIA «TWM rpy3a» MOrpyraeTcs WUAW Bbirpyra-
€TCA U3 JaHHOro rpy30BOro NPOCTPaHCTBA C 3afaHHOM
MHTEHCUBHOCTbIO. ['py30Bble NPOCTpaHCTBa AeNATCA Ha
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Kopa6nectpoenue gna ApKTUKHU

[pynna BuHTOB CpeactBo

+ [uameTp rpe6Horo BuHTa; double rpy3ooGpaGoTku 1.

+ [luckoBoe oTHOWeHue BuHTa: double
+ llarosoe oTHoweHMe BuHTa: double 0.*
+ Koadpumument ynopa Kt: ®ynkums

+ KoadppmumeHt momenTa KA: ®yHkums

+
+

MonHas MowHOCTbL Ha BUHTe: double Cy.qu

+ ['pysonogbemMHocTb: double

+06cnyxusaer [lapameTpbl rpy3006paboTku

FeHepanbHbIM rpy3  MaccoBblif rpy3

+ CkopocTb norpy3ku: double + MMnoTHocTb: double

+ CkopocTb pa3rpy3ku: double

+ 06bem: double
+ Mnowagb: double
+ Macca: double

+ Ans rpysa 1

Tun Mpy3a

1.* + obecneunBaeT ABMKEHUE + GRT: double + -E
+ J.'lnMHa MexXay nepneHavKynspamiu: double E.qMHVILla U3MepeHUA: EQUHULLI U3MepeHUs
+ : B
1.% + MOXET HaxoauTCs B Liupura Ha mupene: double +Moxer evewars 1.
+ MowHocTb Ha Banax: double KoadhduumeHtsi
+ Tun geuratens: Cnucok UCNOJIb30BaHUA rpy30BOro
MpPoCTpaHCTBa

+ BykcupoBoyHOe conpoTuBneHmne: GyHKuus
+ Bogouameluenue: double

+ [inuHa no BatepnuHum: double

+ LLunpuHa no Batepnuhum: double

+ Ocapka Ha mugene: double

+ lleponpoxoanmocts: double

+ ..

0.. + BKnIoyaeT B cebs

CynoBoe rpy3oBoe
NpPOCTPaHCTBO

+ O6bema: double

+analT + Mnowagu: double

Ipy3osoe 0.*

NPOCMPAHCMEO , \yeer onucanve  OnMCaHME FPY30BOrO NPOCTPAHCTBA

+ O6bem: double  *

1
+ Mnouae: float + OpHoBpeMeHHoe pasmelleHue: boolean

Puc. 1. AuarpamMma Knaccos 06bEKTHOM MOAENMN CyAHA M IPy30B B cTaHAApTHOM HoTaumn UML (pparmeHT o6eii moaenn)

cynoBble 1 6eperoBble (He MoKasaHbl Ha puc. 1), obuimne
XapaKTepUCTMKN U MOoBedeHUe KOTOPbIX WHKancyam-
poBaHbl B abCTPaKTHOM Knacce « py30Boe MpOCTpaH-
cTBO». Ero BarkHeWwen XxapaKTepucTUKON ABAAETCA
«OnncaHve rpy3oBOro NPOCTPaHCTBa», COAepKalliee
KO3PPULUMEHTBI MCNOMb30BaHWA MPOCTPaHCTBa AnA
KaM4oro Tuna rpy3a, a Takme CBefeHWA O TOM, MOMeT
N1 B AAHHOM IPy30BOM MPOCTPAHCTBE COAeprkaTbCA
6onee ogHoro rpysa. JlorMyecKkux TUMOB rpy3a Bblge-
NeHo fABa: reHepasbHble rpy3bl (rpy30Bble eAuHULbI
XapaxTepu3yloTcA 06beMOM, NoOWAAbld U Maccow)
M MaccoBble Tpy3bl (XapaKTepusyloTCA MAOTHOCTbLIO).
MaccoBblii rpy3 Mo 3TOW KnaccuduKauum BRAOHAET
B cebsA M HanveHble rpy3bl. [peacTaBneHHana Mopesb
Nno3BOJIAET BLINOIHATL OMUCAHWE aKTyaslbHbIX C MO-
3uumii aHanmsa MTC acneKToB cyaHa M ero rpy3oBbix
npocTpaHcTB. [puyeMm, Kak BUAHO, NpU PacCMOTPeHUU
CydHa B KayecTBe 3nemMeHTa MTC ocHOBHOe BHUMaHue
yAEeneHo ero rpy3oBbiM MPOCTPAHCTBAM, COCTOAHUAM
3arpy3Ku 1M Xo4OBbIM KayecTBaM, Tak Kak MMEHHO 3Tu
napameTpbl XapaKTepu3yloT CyAHO Kak (yHKLMOHANb-
HYIO CYLLHOCTb B COCTaBe TPaHCMOPTHOW CUCTEMBI.

B KauecTBe 06GBEKTOB NPEACTaBAAOTCA HE TOJIbKO
CyAa, HO TaKe NopTbl, N1aTPOPMbI 1 Apyrue 31eMeHTbl
MTC. Kaxablii 06 beKT UMeeT BHYTPEHHIOW CTPYKTYpY
W XapaKTepusyeTca onpefeneHHbIM HAbopoM cTaTuye-
CKMX NapaMeTpoB 1 Gpa30oBbIX NepeMeHHbIX, ONMUChIBalo-
LMX ero TeKkyllee cocToAHWe. TaK, B CTPYKType nopTa
NMOMUMO Fpy30BbIX MPOCTPAHCTB U CPefCTB rpy3006pa-
60TKM OMNWCaHbl peiapl, Npu4yanbl, BHYTPUMOPTOBbIE
MapLUpyTbl, OKHa NOroAbl U Apyrue 3/1eMeHTbl.

MorKHO pe3toMupoBaThb, 4To npumeHeHne OOI Hau-
Ny4wMM 06pa3oM COOTBETCTBYET CUCTEMHOMY MOAXOLY
1 JaeT NPUHLUMNNANBHYI0 BO3MOMKHOCTb MOAENMPOBaTb
cnoMHyto cTpykTypy MTC 1 uHTerpupoBaTb pasnuyHble
NOACUCTEMbI B COCTABE C/IOMHBIX CUCTEM.

FeouHdpopmaumoHHbie cpeppbl. [UC-cpena, B Ko-
TOpOV MoOAenupyeTcA [ABUMKEHWe CyOoB, COAEpHUT
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[aHHble YeTblpex TUMOB, KOTOpble XpaHATCA B dopmaTe
shape-daiinos, cetouHbix grid-obnacrten unm B dopma-
Te tile-cnoes. K 3TUM JaHHbLIM OTHOCATCA:

« cnow, popmupytome reorpadpuyeckoe NpoCTPaHCTBO

ANA HaBUraumm cyaos;

+ C/1oM 1 6a3bl AaHHbIX NMPUPOAHbIX YC0BWIM, Heobxoau-

Mble Af1A pacyeTa NapamMeTpoB [ABUMHeHWA Cya0B;

* 30Hbl C 0COOLIMU JIOTMYECKUMW OFPaHUYEHUAMU UK
3KOHOMUYECKMMI YCIOBUAMM;
* nHPOpMaUMOHHble KapTorpaduyeckue cnow.

OnucaHue reorpaduyeckoro NPocTpaHCTBa AnA Ha-
BUrauum (puc. 2) comepruT: peiigbl nopTos, 6epero-
BYlO YepTy, rnybuHbl Mopeli (6a3sl GEBCO n ETOPO),
CTaHOApPTHbIE HeyK/OHAEeMble MapLupyThl ABUMEHUA
(dbapBaTepbl, BHyTPMUNOPTOBbIE MAPLUPYTHI) U CNION «3a-
KpbITbIX» HaBWUraLMOHHBLIX MpocTpaHcTB. [locnegHuii
CJ10/ OrpaHNyMBaET Y4aCTKM MOpA C rybuHamm MeHee
20 M, a TaKKe CrnaxvBaeT HEPOBHOCTU KOHTYpa bepe-
roBOV YepTbl B LiefIAX YNPOLLEHNA aBTOMATUYEeCKON Ha-
BUraumm cynos. [lBuMKeHue Cy4oB BHe 3aKpbITbiX Mpo-
CTPaHCTB He pernaMeHTUpyeTCA 3apaHee 3aAaHHbIMU
MapLupyTamu, B TO BPeMA KaK B UX Npefeniax ABUHeHue
BO3MOMHO TO/IbKO MO PUKCMPOBAHHLIM Mpedonpeae-
NIEHHbIM TPAEKTOPUAM.

Cnov np1poAHbIX YCII0BWIA BKIOYAIOT PErnoHbl 1 CBA-
3aHHblE C HMMM 6a3bl AaHHbIX, COLEepKallme onncaHna
CTOXaCTU4eCKMX NapaMeTpoB BeTpa W BOJH, YCIOBUNA
BMOMMOCTH, MapameTpoB fibJa W NefoBbIX CHATWN.
3afaHve v xpaHeHne JaHHbIX MO fIef0BbIM YC/I0BUAM
Npov3BOAMTCA C MOMOLLbIO CETOYHOro nogxopa (grid-
¢dopmar), Npu KOTOPOM BCA aKBATOPWA 3aMep3atoLymx
Mopei Poccumn noKpbIBaeTCA LWWMPOTHO-AONTOTHOW CeT-
KO OnpeAeneHHOro paspelleHna (oNA apKTUYeCKKUX
MopeW nNpuHAT war 0,25°), B Kamaon AYeike KOTOpoW
onpefenieHbl napameTpbl fibda ANA Nerkux, CpegHux,
TAMENbIX W IKCTPEMASIbHO TAMKENbIX /1efoBbIX YC/0-
BUV OTAENbHO ANA KarAoro KaseHAapHoro mecAua.
B KauyecTBe MmapameTpoB NbAa WUCMOMb3YIOTCA Takue
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Puc. 2. OcHoBHble reOMHqJOpMaLI.MOHHbIe AaHHble, UCNoJib3yeMble Npu MoAeIUpoOBaHUU MTC

XapaKTepUCTMKKN, KaK CrioYeHHOCTb (oblas u yacT-
Has), BO3pacTHol cocTas, ¢dopMa Nbaa, TOPOCUCTOCTD,
3aCHEMEHHOCTb, Pa3pyLUEHHOCTb, BEPOATHOCTHbIE Xa-
PaKTEPUCTUKM NefoBbIX CHATUA U pa3pbiBOB CrIoL-
HOCTU NbAa, & TaKMXe ero MpPOYHOCTHble XapaKTepu-
CTUKM — BCe NapameTpbl, KoTopble HeobXoAMMbI 4NA
pacyeTa CKOpOCTMW ABWMEHWA CyA0B U PacXofoB TOMu-
Ba. VIHTerpanbHaA XxapaKTepUCTUKA TAKECTU NefoBbIX
YC/I0BUI MOKA3aHa Ha puC. 2 LBETOM: YeM TAXKeNee neg,
TeM 6osiee CBET/bl OTTEHOK MMEeT COOTBETCTBYHOLLMIA
KBagpaT CeTO4YHOW 0611acTu.

CnefyeT 0TMETUTb, YTO A4N1A ONWUCAHWA NIe[0BbIX YC0-
BWI Npu nccnegosanun MTC oTeyecTBEHHbIMK CrieLma-
McTamy TPAAULIMOHHO NPUMEHAETCA ApYron noaxon —
MapLUpyTHOe NpeAcTaBeHne YCI0BUIA ANA KOHKPETHbIX
MOpPCKMX Tpacc. Takoe npefcTaBfieHVe, HECMOTPA Ha
OTHOCUTE/IbHYI0 NPOCTOTY BBOAA WM KOHTPONA AaHHbIX,
HakfagbiBaeT O4YeBUOHOE OrpaHW4eHue Mo pacrnono-
HKEHWIO MOPTOB W MaplupyTaM ABUHEHWUA CYOO0B; UMEH-
HO MO3TOMY B MPOrpPaMMHOM KOMMJIEKCE peanv3oBaH
aNbTepHATMBHbIN CETOYHbIV Noaxoa, obecnevnBatoLLmin
BO3MOMKHOCTb uccnegosaHna MTC ¢ npow3BOSbHBIM
pacrnonoseHveM noptoB. OCOBEHHOCTM WCMOMb30-
BaHWA CETOYHOro MpeacTaBNeHnA JiefoBbIX YCI0BUNA
B MPaKTUYECKUX pacyeTax onucaHbl gasnee.

Cnoii BeTpo-BOMHOBbLIX ycnoBuii (shape-popmar)
COAEPHMUT CTAaTUCTUYECKME [aHHble O napaMeTpax
BeTpa W BOJIHEHMA BO BCeX pernoHax MupoBoro oke-
aHa 1 y4yMTblBAeTCA Npy pacyeTe NapaMeTpoB ABUHe-
HWA CyOOB Hapsaay C riybuHamy MopA U YCIoBUAMM
BUOMMOCTW.

MNpu npaktnueckom mogennposaHun MTC yacTo BO3-
HMKaeT HeobXoaUMOCTb onepupoBaTh cneumuduHecKom

nHdbopmaLmen, umetowen reouHGOpPMaLMOHHYIO MpuU-
BA3RY. 1A 3Toro 6bl1a peannsoBaHa TEXHOMOMMA CO3-
JaHnA reorpaduyeckmx permoHoB, ANA KOTOPbIX MOTYT
ObITb 3a/laHbl pasNnyHble NpaBuIa UCUUCTIEHUA Hano-
roB 1 c6OpoB (B 3aBUCUMOCTY OT XapaKTEPUCTUK CyaHa,
BpPeMeHW roja v napameTpoB rpy3a), BBefeHbl orpa-
HUYEeHUA A1 HOPMUPOBaHMWA BbIBPOCOB, YCTAHOB/IEHDI
Tpe60oBaHMA Mo OrPaHNYEHUI0 CPOKOB HaBUMraLWW U T. M.
Ocobble pervoHbl 3TOro TUMa UCMoJb3yTCA, B YaCTHO-
CTW, AN1A OMUCaHWA FPaHUL, PaioHOB OTBETCTBEHHOCTU
NefoKoNOoB.

MoMUMO [aHHbIX, KOTOpble HEenoCcpeacTBEHHO WC-
Nosib3yloTCA OS1A BbINOMHEHWA Pa3/IMYHbIX pacyeTos,
HECOMHEHHYI0 No/b3y Ha 3Tane NoAroTOBKW MCXOOHOM
nHdopmMauum n mogenmposarua MTC npuHocAT criom
MHGOpMaLIMOHHON NoAAepHKM. Ha H1X oTobparkaeTcn
nosioxeHWe M HasBaHWA ropodos, Nponaueos, ¢dapsa-
TEPOB, *ene3HblX J0por U NofobHbIX 06beKToB. [nA
0TOOparKeHWs TaKMX ClI0eB UCMoNb3yloTcA tile-popmar
1 nHTepHeT-cepBuc OpenStreetMap.

B uenom MorHO cKa3saTb, 4To ucnosb3oBanHune MNC-
TexHosoru npu onucaHnm MTC 1 MogenMpoBaHum ee
paboTbl NO3BONAET HE TOSIbKO CHU3UTL 3aTpaThbl BpeMe-
HW Ha NOAroTOBRY AaHHbIX, HO U 06ecrneunBaeT NpaKkTu-
YeCKylo BO3MOMHOCTb peanu3auuv NOrMK1 ABUHKEHNA
N B3aMMOAENCTBUA CYAOB, KOTOpPasA HepaspblBHO CBA-
3aHa ¢ reomHdOpMaLMOHHBIM MPOCTPAHCTBOM.

JAuHaMuyeckne uMuTaumoHHble mogenu. [inA
aHammsa MTC n NnpoeKTMpoBaHWA Cy[oOB B UX COCTaBe
TPAAULIMOHHO MCMOJb3YIOTCA MeTOAbI, MepeynciieHHble
HUe B MopAdKe YBeSIMYEHWNA BbIYMCIUTENIbHOW CNOMK-
HOCTM (B CKODOKax yKasaHo MpPEeUMyLLeCTBEHHOE WC-
nonb3oBaHue Metoaos) [11]:
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Kopa6nectpoenue gna ApKTUKHU

3KCNepTHO-aHAIMTUYECKUIA aHanu3 (onpegesnexHune co-
ctaBa ¢nota u apyrmux napamerpos MTC Ha ocHose
aHaMTUYeCKnX GOpPMYI U IKCNEPTHBIX OLEHOK);
TEeopuA MaccoBOro o6C/yKMBaHWA (MOAENMpPOBaHUe
paboTbl cynoB B MOpTax ¥ Wo3ax, onucaHne paboTbl
¢dnoTa obecneyeHua nnatTpopm);

Teopusa rpadoB WM KOMOWHATOPHAA OMTUMM3ALMA

(onpepeneHne oONTUManbHOW MNOC/AELOBATENBHOCTM
06x04a NOpPTOB, COCTaB/IeHNE pacnMCaHUM OBUHKEHNA);
NIMHENHOE WNN HENMHEeNHoe MaTeMaTU4ecKoe npo-
rpaMMUpoBaHue (onpeneneHne onTUMasbHbIX Xapak-
TEpUCTUK ¢ioTa, obecneuvBalolero 3aJaHHbIn rpy-
30MOTOK MPY HAIMYMK B CUCTEME MHOMECTBa NOPTOB);
OUCKPETHO-COObITUMHOE WM areHTHOe WMMUTALMOH-
Hoe MoJenMpoBaHWe (KOMMIEKCHbIV aHann3 1 Npoek-
TupoBaHune MTC).

He octaHaBnnBaAacb NogpobHO Ha AeTanax 3TMX noa-
X0[0B, OTMETUM, YTO A1 CPaBHEHWA PA3NNYHbBIX Ba-
pvaHToB ¢ioTa U oNTMMM3aLMK ero coctasa (T. e. AnA
peLleHns «NMPOEeKTHOW» 3a4aumM) MOryT UCMO/b30BaThCA
MPaKTUYECKU BCe YKa3laHHble MeToAbl C Y4eTOM orpa-
HUYEeHWI, HanaraeMblx opraHusauuei paboTbl ¢noTa
1 ocobeHHocTAMK cyaoB. HeobxoaMMbIM yC/IoBUEM AB-
NAETCA BbICOKOE OLICTPOAENCTBUE pacyeTHbIX Moaene,
KOTOpPOE AO0JIHKHO BblTh 4OCTATOYHLIM AN1A BbIMOIHEHUSA
MacCCOBbIX COMOCTABUTE/IbHbIX W  OMNTUMU3ALIMOHHbIX
pacyetoB. O4YeBMIHO, YTO AeTanM3aumsa TaKUX pacyeT-
HbIX MOZENeN «MpPOEKTHOrO» TUMA B YaCTU OMUCAHMWA
[BUMKEHWUA Cy[O0B, MOAENMPOBAHUA MPUPOLHbIX Mpo-
LIeCCoB, COCTABIEHUA PACNUCaHWiA U T. M. [O/KHA BbITb
Hebonblol. [InA nonyyeHna ke Hambonee TOYUHbBIX KO-
NNYECTBEHHBIX OLLEHOK W HArnaaHoOM BU3yanu3auum pa-
60Tbl MTC, cocTaB ¥ XapaKTepUCTUKM KOTOPOit GUKCK-
pOBaHbI (T. e. Koraa bbicTpoAeicTBME MO He UMeeT
pellaoliero 3HayeHus), Havbosniee nNepCcnexkTUBHLIM
NnpeacTaBAAeTCA areHTHoe MMWTALMOHHOe MOAEenupo-
BaHue [3]. C ero NoMoLLbio MOXKHO MOSy4UTb afeKBar-
HYI0 U HEMPOTMBOPEUMBYIO SKCMIYATALMOHHYIO MOAENb
MOPCKUX TPAHCMOPTHO-TEXHONOMMYECKMX CUCTEM, Lei-
CTBYIOLLMX MO HEMIMHEWHBIM 3KCMyaTaLMOHHBIM CXeMaMm
W BbIMNOJHAIOLMX HECKONBbKO QYHKUUIA UM UMERLLUX
C/IOMHbIE JIOTUYECKME CBA3M Meray 3neMeHTamu (cypa
NefoBOro M/aBaHWA U NeloKoMbl, Cyaa obecrnedeHus
HedTerasonobbiBatoLLeii 0Tpac/u, cyaa TeXHUYeCcKoro
dnota n gp.). TonbKo areHTHaA MoAesb, COBMNagatoLLlan
no CBOEN MAEO0NIOrMN C CUCTEMHBIM MOAXOA0M U MPUH-
uunamm OO, noaaeprkMBaeT peann3aumio «Mexaunc-
uMnaMHapHoi» Mogenn MTC, KoTopas obnajaet -
POKMMM BO3MOKHOCTAMM U OAHOBPEMEHHO A0CTAaTOYHO
BbICOKOW BbIYUC/TUTENIBHOW C/TOMHOCTbIO.

Ncxopsa M3 3TMX coobparkeHuid, B CTPYKType Mpo-
rpamMMHOro pellenva anAa uccnegosanua MTC otoens-
HO Bblfe/ieHbl pacyeTHble Mofenu MTC, cnyxkawme ans
onpepenexHnsa coctaBa ¢noTa M ONTUMU3ALUK Xapak-
TEPUCTUK CYyAOB, U UMUTALMOHHbLIE areHTHble Mope-
nM pnAa AeTanbHOro ucciefoBaHusas GUKCMPOBAHHON
koHourypauum MTC. OTMeTWMM, YTO COrNacHO OMbITy
ABTOPOB HauOONbLUMIA MPAKTUYECKUA WMHTEpec B CO-
BpPEMEHHbIX YC/0BUAX NPeACTaBAAeT UMEHHO BTOpas
3afava. 3To 0byC/IOBMEHO TeM, YTO Cpeayn 3aKa3ymKoB

20

W Cy[oCTPOUTENEen-NpPOeKTaHTOB B MocCiedHWe rogbl,
K COM{aNleHUto, MPUHATO He yAEeNATb AOCTAaTOYHOMO BHU-
MaHuA 3afa4ve NpeanpoeKTHON ONTUMM3ALMM XapaKTe-
PUCTUK cynoB B coctaBe MTC. A BOT He0b6X0AMMOCTb
BbINOSIHEHWSA UCCNIef0BaHUiA Mo aHanusy paboTsl MTC,
XapaKTepUCTUKM KOTOPbIX BbIbpaHbl HA 3KCNepTHOM oc-
HOBe, BCTpEYaeTCcA JOCTATOYHO YacTo.

NTaK, KOMMNMEeKCHaA areHTHas WMUTALMOHHAs Mo-
nenb MTC (puc. 3), co3pgaHHaA KOIEKTUMBOM aBTOPOB
[17], peanu3yeT cnepyloLmMin NpUHLMM UCCNeO0BaHUA
MTC: cyda npeacTaBfAlOTCA KaK CaMOCTOATESIbHble
C/TIOXKHbIE 0OBEKTHI, ABUMYLLMECA U B3aMMOAENCTBYIO-
Wwye B reomHGOpPMaLMOHHON cpeae noj yrnpaBneHneM
JIOrNYeCcKMX 6I0KOB AMHAMUYECKOW UMUTALIMOHHOW MO-
denw. [InA co3gaHnA UMUTALMOHHOW MOeNN UCMOoSb3y-
eTcA cpepa Anylogic, B KoTopovi MofenupyloTca ABuU-
KeHWe CydoB, AMHAMMKA HAMOJIHEHWA XPaHW/NULL, OKHA
norofbl paboTbl MOPTOB Y MHOMECTBO ApYrux npouec-
coB, npoucxoasawwmx B8 MTC. cTopumsa n3ameHeHna nobo-
ro napameTpa paboTbl MOAESN 3anMUCbIBAEeTCA B 3/EK-
TPOHHOM KypHase onepauuin («1ore») U MoeT bbiTb
npoaHanM3npoBaHa B paMKax CTaHAApTHbIX npoueayp
nocrnpoueccuHra. [Ina nosyyeHna U cTtatMcTUHeCKoro
aHanm3a cneumduyecknx nokasaresneil BEPOATHOCTHO-
ro XapaKTepa, TaKux, Hanpumep, Kak obecnevyeHHoCTb
YPOBHA HAaMOJIHEHWA XPaHWWLL, UCNOMb3yeTCA MHOro-
KpaTHbIA 3anyCK MMUTALMOHHOW MOAENN.

[BvreHne cynoB MOAEeNMpyeTcA B CTOXaCTUYECKUX
NPUPOAHBIX YC/IOBUAX, & CKOPOCTM X04a U pacxodpbl TomM-
IMBa onpefenAlTCcA Mpy MOMOLLM CneuuanbHOro npo-
rpaMMHoro mogyna «MexaHuk» [17]. B 3ToM mopyne
CKOHLIEHTPMPOBaHbI METObl OLLEHKN XO4O0BbIX KayecTs
Cy#OB B MPUPOAHbIX YCNOBMAX BCEX TWUMOB BKJOYaA
OBUMKEHVE Mo TUXOM BOAE, ABUMKEHME B YC/IOBUAX BET-
pa 1 BOJIHEHUA C YHETOM NPUHYOUTENIbHOIO CHUMKEHWA
CKOPOCTW, CAMOCTOATENIbHOE ABUMEHNE B N1e[0BbIX YC-
JTIOBUAX C YYETOM OrpaHUYeHuWin Mo NPOYHOCTU Kopryca,
OBUXKEHVEe B KapaBaHe 3a NefOoKOIOM U B CMep3alo-
LeMcA N1eoBOM KaHase. [pon3BoanTcaA yyeT BAMAHNA
OrpaHNYeHHOl rnybuHbl, obpacTaHusa Kopryca (npu
[OBV¥KEHWUWN MO YMCTON BOAE) M LIepoXoBaTOCTM OOLWIMB-
Kn (Npu gBuskeHun depe3 nef). PyHKUMOHAN Moayns
«MexaHuK» No03BONIAET MOLENMPOBATb MHOMOBAJIbHbIE
Cyha, a TaKKe yunTbiBaTb crneundury SHepreTUHecKux
YCTAaHOBOK C Pa3fiMyHbIMKM TUNaMu nepefayvn MOLLHO-
CTU Ha rpebHble Basbl. PacyeTbl NnapamMeTpoB ABUMKEHNA
CyAHA NPOU3BOAATCA ANA NMOObIX JOCTUHKUMBIX CllyYaeB
3arpy3Ku NponyibCMBHOMO KOMMJIEKCA NPU NPOU3BO/Ib-
HOM COYeTaHuM MpUpoOAHbIX ycnosuin. [pyrumun cno-
BaMu, Moaynb «MexaHuK» ABNAETCA YHMBEPCa/IbHbIM
pacyeTHbIM MHCTPYMEHTOM, KOTOpPbIN WHKaNcynMpyet
pa3nuyHble MeToAbl pacyeTa X0AKOCTU CYA0B, NMpUYeM
npu ero co3AaHnn UCMoJb30BaHbl KaKk CyLlecTByloLwme
MeTOoAbl, TaK U OPUrMHA/IbHbIE aBTOPCKUE METOAMKMW.

B coctaBe areHTHon uMmuTaumMoHHor mMopenn MTC
COOeprKaTCA TaKHe NoKanbHble NoAMOAENM, KoTopble
OMUCHIBAIOT OTAESbHbIE NPOLECCh AMHAMUYECKON Npu-
poAbl. TUNWYHBIM NpUMEpPOM TaKon nogmMonenu ABnA-
eTcA Mofefnb 3apacTaHusa NefoBOro KaHana B MNpu-
nae. Karwpgoe cyoHo, MpoxoAA Mo KaHany, MEeHAET ero
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Puc. 3. AreHTHas uMuTaumMoHHaa moaenb MTC U OCHOBHble MOAENUpyeMble NPOLLECChbl

TeKyLUMe XapaKTepuCTUKKN, KOTOpble, B CBOIO o4epefb,
onpeaenaAlT CKOPOCTb ABUMKEHUA KaK 3TOro, Tak U no-
cnegyrowmx cyaos. [o3ToMy BAnAHWE NefoBOrO KaHa-
Na MOMKET ObITb JOCTOBEPHO OLIEHEHO TOSIbKO B paMKax
BbIYNCNTENIBHOMO 3KCNepMMeHTa CO BCeW UMMTALMOH-
Hol Mogenbio. B 3aBucMMoOCTM OT pellaemMon 3agauv
B MPOrPaMMHOM KOMIJIEKCE MOryT 6biTb peanun3osa-
Hbl Apyrve npegMeTHO-OpPUEHTMPOBAHHbIE MOAMOAeNM
(Hanpumep, MoAenb TEXHOMOMMYECKMX MPOLLeccoB Ha
6ypoBoOIi YyCTaHOBKeE).

B areHTHoOM mMogenu mpegycMOTpeHbl, a AnAa pelue-
HUA pAAa KOHKPETHbIX 33[ay YHe peanm3oBaHbl 6/10KK
ynpaeneHusa pabotoii MTC Ha cTpaTernyeckoM (nna-
HOBOM) M TAKTUYECKOM (OMepaTUBHOM) NEPaPXUYECKUX
YPOBHAX.

CTpaternyeckoe nnaHWpoBaHMWe MEPEBO30K  OCYy-
LLECTBIAETCA MPU NMOMOLLM BHELIHUX PacyeTHbIX 6/10KOB
N CAYXWT ONA cocTaBneHnA rpaduka nocTaBoK B COOT-
BETCTBMM C 3a[aHHbIM MPY30MOTOKOM, Ha3HAaYeHUA KOH-
KPETHbIX 3K3eMNIAPOB CY0B Ha KOHKPETHblEe pelichl Un
HeTPaHCMOpPTHble TEXHONMOrMYeCK/e onepaumny, a TakHe
ANA ynpaBneHWA NefOKOJSIbHbIM COMPOBOMOEHNEM Cy-
[0B, OTNPaBKM CyA0B Ha AoKoBaHWe u T. n. CTpaTternye-
CKWI NfiaH MOXKET BblTb OMEPATUBHO U3MEHEH B Cilydae
HEBO3MOMHOCTY €0 BbIMO/IHEHUA B KAKOM-TMOO MOMEHT
paboTbl MMUTALMOHHOM Modenun. Moaxodbl K pelleHuio
3afaun CTpaTerMyeckoro nnaHWpoBaHua B MTC 6o-
nee nofpobHo ocBelleHbl B [2]. 34ecb Mb OTMETUM,
4yTO Mpu paccmoTpeHnn MTC B «0obLeM» ciydae C Xa-
paKTepHbIMKW, HO TpyaHO dopManM3yeMbiMM  Crieuu-
dryeckUMM 0CO6EHHOCTAMK (MHOMECTBO TWUMOB CYAOB
M TUMOB rPy30B, Ha/MyMe MNepeBasoyvHbix 6as, HecTa-
LIMOHAPHOCTb BXOAHbIX YC/I0BWIA, HEOOXOAMMOCTb yyeTa

[OMNONHNTENBHOIO pecypca B BUAE NeOKON0B U T. A.),
CylLecTByIOWME CTPOrMe KOMOMHATOPHblE aNrOpPUTMbI
pelleHnA TPaHCMOPTHOM 3a4ayM OKa3biBalOTCA Mpak-
TUYECKM HernpuMeHUMbIMUK. [o3ToMy 3adadva co3gaHua
YHVBEPCANIbHOr0 CTpaTermyeckoro nnaHnpoBwmka MTC
aBTOpaMM MOKa OT/IOMKEHA, & OCHOBHOE BHWMaHve yae-
JIEHO peLlleHVAM C NPUMEHEHWEM 3BPUCTUYECKMX W MO-
NY3BPUCTUHECKNX METOAO0B A/1A YaCTHbIX C/ly4aes, onpe-
JenAeMbIX KOHKPETHBIMW MPaKTUYECKUMM 3afa4aMun Uc-
cneposanma MTC.

TaKTnyeckoe wnM onepaTvBHOE MNNAHUPOBaHWE Chy-
MUT O1A UCMOSIHEHUA CTPaTerMyeckoro nnaHa B KOH-
KPeTHbIX OOCTOATENbCTBaX, T. €. C Y4eTOM TeKyLlero
cocToAHMA 06berToB MTC (3aaepHKKM NpubbITUA CyaoB,
HebnaronpuATHble OKHA Morofbl, GaKTUYeCKue YpOoBHM
3aMONHEHMA XpaHuauw, u T. n.). VIHcTpyMeHTamMu pelue-
HMA 3a4a4 TaKTMYECKOro MIaHMPOBAHWA ABMAETCA U3-
MeHeHWe CKOpPOCTW Xoda CYAOB, KOPPEKTMPOBKA o4e-
penHOCTV NOAXOA0B CYAOB K Npuyanam, yTouHeHne 06b-
€MOB U CPOKOB 1eJ0K0JIbHOM nogaepku v T. n. Cornac-
HO MOHMMaHWI0O aBTOpaMV 3TOM 3adaun TaKTUYECKWNA
NNaHVMPOBLLVK JOJHKeH pa3pabaTbiBaTbCs OTAENbHO AA
Kamaon KoHKkpeTHor MTC ¢ y4eToM MHOXKeCTBa ee Jio-
KaJIbHbIX 0COBEHHOCTEl 1 AeTaNM3MpOBaHHOCTM Modenu
B uenom. Mpr 3TOM MOryT NPUMEHATLCA KaKk dopmasib-
Hble ONTMMM3AUMOHHBbIE aNrOpUTMbI, TaK U Gopmanu3o-
BaHHble peanu3aumn 3KCNepTHbIX MOAX0O0B.

TakuMm 06pa3oM, MOMHO FOBOPWUTb O TOM, YTO MpuU
CO3[aHNMN eMHOro MpPOrpaMMHOrO peLIeHuA ANnAa Uc-
cnegoBaHna MTC areHTHaA WMMTaUMOHHAA Mojerb
ABNAETCA LLEHTPOM MEMIAMCLWNIMHAPHON UHTEerpauum
1 NOoTeHUManbHO NO3BOAET UccnenoBaTb Bce 6e3 npe-
YBENMYEHWA acneKTbl paboTbl CUCTEMBI.
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CTpyKTypa NnporpaMMHOro pelueHunA

CTpyKkTypa NpOrpaMMHOr0 pelleHVA BRAYaeT Ye-
Tbipe OCHOBHbIX florMyeckux 6noka [1; 17], TecHo WH-
TerpypoBaHHble Mergy coboit (puc. 4). Beog 1 penak-
TUpOoBaHWe Bcex obbeKToB mccnegyemont MTC npous-
BOAMTCA B ynpasnstoLleli obonouke — «KoHCTpyKTOpe
cueHapueB». B 6noke «MaplupyTHble 3aTpatbl» onpe-
fenfetcA Habop CTAaTUCTMYECKUX LaHHbIX O Mapame-
Tpax ABWrKeHuA cynoB uccnegyemon MTC, KoTopble
HeobxoAUMbl ANA AaNbHENLIero COMOCTABUTEIbHOMO
aHanMsa pasnuyHbix KoHGUrypaumi ¢nota u naaHupo-
BaHWA ero paboTbl. Belbop Havbonee pauuoHanbHOro
coctaBa ¢nota MTC Ha ocHoBe creunanvM3npoBaHHbIX
Mopeneii npov3BoanTcA B «ONTUMU3ALMOHHOM G/10KE».
Mcnonb3oBaHne 3TMx Mogynei nossonseT chopMupo-
BaTb HEKYI0 KOHKPETHYIO OMOPHYI KOHPUrypaumio uc-
cnegyemMon cucteMbl — «BapuaHT MTC», KoTopblii co-
[EPHUT 0JIHO3HAYHOE OMWCaHWEe BCEX OOHEKTOB U MO-
HeT ObITb Aanee UCCieloBaH B pAMKaX KOMMbIOTEPHbIX
3KCMEPUMEHTOB C areHTHOW MMWUTALMOHHOW MOAesbio.
BapuaHT MTC MorkeT cofepaTb /o6y Npov3Bosib-
Hyto KoHbUrypaumio MTC, HO B c/ly4ae UCNob30BaHUA
«OnTMMM3aumoHHoro 6510Ka» 3Ta KoHburypaumsa bynet
YAOBMETBOPATb HEKOEMY TEXHWUKO-3KOHOMUYECKOMY
KpUTEPMIO OMTUMASILHOCTM.

HeobxogMMo OTMeTWTb, 4YTO WCMOSb30BaHWE [ABYX
Mofenel pa3Horo ypoBHA AeTanmsauuy AnAa onTrMm3a-
umm coctaBa ¢noTa M UMUTALIMOHHOIO MOAENTMPOBAaHMA
paboTbl ofHol u Toli e MTC noporkpgaeT npobnemy
cornacoBaHua mopeneit. JpyrvmMu cnoBamu, KOHPUry-
pauuna MTC, nonyveHHas B «ONTYMM3aLMOHHOM 6/10Ke»
[OMmKHa OKasatbcAa paboTocrnocobHoli B «MMuTaum-
OHHOM MoAgenu», AeTanu3auma KOTOPOW CyLeCTBEHHO
Bbllle. PelleHvie 3Toli Npobnembl CBOAWTCA K TOMY, YTO
ONTUMM3aLMOHHAA Mofefnb LA MOoBbILeHNs 6blcTpo-
LeNCTBUA MOMKET cofepHaTb bonee NpocTble onMcaHua
Cy[OB, Ipy30B, NMPMPOAOHbIX YCI0BUIA WU OpYrvx napame-
TpoB MTC, HO He JOMHKHA UCKaMaTb KNoYeBble acrneKTbl
paboTbl TPAHCMOPTHOM cncTeMbl. MpakThKa NoKasbiBaeT,
YTO MPaKTUYECKUIA YHEeT 3TOro TpeboBaHUA BO3MOMEH
Jarke OnA goctaTovHo crieumduyeckux 3agad. Hanpu-
Mep, B paboTe [18] onucaHa AWCKPETHO-COObLITUHAA
ONTMMM3aUMOHHAA MoJeNb OnpefefieHnA Yucna U oc-
HOBHbIX XapaKkTepucTuk cygos-rasoso3os CMIT, yunTbl-
BalLLAA BaxKHOe AnA paboTbl TaKkWX CyLoB TpeboBaHue
perynapHocTv noctaBok CIIM B KoHeYHble NopThI.

OnbIT BbIMOJIHEHUA MPaKTUYECKUX paboT

Kak nokasbiBaeT OMbIT aBTOPOB, KOHKPETHble 3a-
naunm uccneposanma MTC noytu Bcerga ABNAOTCA
HETUMWYHBIMU U B KarKOOM YACTHOM Ciyyae AfAa Co3-
JaHuA apexsBaTHoW Mogenn MTC TpebyeTtca yriy-
65eHMe B pas/iMyHble Hay4yHble obnactu. 3a nepvof
2014—2016 rT. C Ucnosb3oBaHMeM pa3paboTaHHOMO
NMpOrpaMMHOro peLleHus Bbl1 BbIMOSIHEH PAA MPOEKTOB
pasnMyHoro MacwTaba, KpaTKoe OMMCaHue KOTOopbIX
npusegeHo ganee.

1. BbinonHeHo nccnefoBaHne paboTbl MENKOCUIALLMX
nenokonoB npoekTa 22740 B A30BCKOM 1 Hacnuinckom
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MopsAx (no 3aka3dy depepasbHOrO areHTCTBa MOPCKO-
ro 1 peyHoro TpaHcnopta). Lenb paboTtbl coctoAna
B onpefefieHun TpebyeMoro Konindectsa Jie[joKo-
NoB ANA obecrneyeHns NepcrnekTUBHbLIX TPy30MOTOKOB,
a TaKiKe B OLeHKe TEeXHMKO-IKOHOMMYECKUX MoKa3a-
Tenel paboTbl NeaoKosoB Npu npoeoake cypos. C no-
MoLLbto MoAyNA «MexaHWK» OblaM BbINOSHEHbI pacyeThl
BPEMEHU OBWMKEHWA KapaBaHOB, COCTOALMX U3 ABaf-
LaTV CyooB «pPeKa-Mopex C NefoBbiMU Knaccamm lcel—
Ice3, noa NpoBOAKON ABYX /IEAOKO/MOB B CPEAHUX U TA-
HKenbix nefoBbix ycnosuaAx (puc. 5). OnpegeneHbl pac-
X0/lbl TOM/IMBA N1eJ0KOMOB.

O6ocHOBaHVe HeobXxoaMMOro Y1cna nefoKosoB 4nd
NepCrnexkTVBHLIX MPY30MOTOKOB BbINOJIHEHO 3KCMEepPTHO-
aHaNMTUYECKUM MyTeM MOCPeACTBOM  COCTaBfEHWA
«btoarkeTa BpeMeHU» pericoB. Ha ocHOBaHUM MoslyyeH-
HbIX pe3y/IbTaToB ObI/I0 MPUHATO PELUEHUE O CHUMKEHUM
TpeboBaHUIi K aBTOHOMHOCTW JIeJOKO/IOB MO TOM/MBY,
YTO CyWeCTBEHHO YMEHbLUWO KanuTasibHble 3aTpaThl
no cyAaM W 3KCMayaTauMoHHbIE U3LEPHKM CUCTEMDI
B Lie/IOM.

2. BbinonHeHa npeanpoeKkTHasA OLeHKa XapakTepw-
cTMk MTC, obecneuvBarolleli BblIBO3 YrieBOAOPOAOB
BaHKopckoro pervoHa (Kapckoe Mope) B 3anagHoMm
1 BOCTOYHOM HarpaB/ieHWAX, BRIOYAA KPYroroaMyHoe
ABurKeHne no Tpaccam CeBepHOro MOpCcKoro nyTtu (mo
3akasy 000 «PH-KpacHoapckHUMUHedTb»). B paboTe
onpefeneHbl NMPOEKTHbIE XapaKTEPUCTUKU U TEXHWKO-
3KCNlyaTauMoHHble MoKasatenn (BpemMA pelica, pac-
Xo4bl TONMBA) TUMOPA3MEpHOro pAfa CynoB (TaHke-
pbl, ra3oBo3bl LNG u LPG) ¢ negoBbiMu Knaccamu Arc7
n Arc8. Ha ocHoBe uccnenoBaHuiA BbINMOIHEHbI TEXHU-
KO-3KOHOMMYeCKne pacyeTbl B 060CHOBaHWe Lieneco-
06pa3HOCTM faNbHENWMX U3bICKaHUA.

3. PaspabotaHa Mopenb 3Kcnayatauum aTtoOMHOMO
nepokona-nuaepa MowHoctblo 120 MBT (no 3akasy
MuHnpomTtopra Poccun). Lienb nccnepoBaHmsa — oueH-
Ka 3KCM/yaTauMoHHbIX NoKasaTtenei paboTbl aTOMHOMO
nefoKona-nuaepa npu NpoBofKe CyAoB B BOCTOYHOM
M 3anafHoM cekTopax ApKTUKW. [ns 3Toro 6binn Bbi-
MOJSIHEHbI OLEHKN 06beMoB nepeBo3ok no CMIT HedTH,
LNG »n LPG n TpaH3uTHbIX rpy30B AN ONTUMMUCTWY-
HOrO, YMEpPeHHOro 1 MeCCUMUCTUYHOIO CLeHapueB
pa3BuTKA. 3aTeM ObinM onpefeneHbl XapaKTepUCTUKK
APKTUYECKUX HedTAHBIX TAHKEPOB M ra30B0O30B, NMoc/e
Yyero co3gaHa MMUTALMOHHAA MofeNib paboTbl nefo-
Kona-nugepa M noslydeHa oLeHKa rpy30noToKoB, obe-
CneyMBaeMbIX OLHVM U ABYMA NefOK0NaMu B JIe40BbIX
YCIOBUAX Pa3/IMYHON CTeneHn TaecTu. MoMumo 3toro
nony4yeHo pacnpefeneHne MOLWHOCTU IHepreTUYecKon
YCTaHOBKM Nefokona (puc. 6) B TeyeHne roga v onpe-
ZeneHa NpoLosIKUTeNbHOCTL paboThl Ha OAHON 3arpys-
Ke AnepHoro Tonavea.

OpHOM M3 BarKHbIX MPaKTUYECKUX 3aJad, peLleHHbIX
B paMKax WccnefoBaHusa paboTbl nefoKona-nuaepa,
6bina npobnema Boibopa ONTYMaNbHOro MapLupyTa ABW-
HKeHWA BO NibAax (poyTuHra) [26; 23]. M3BecTHo, 4To Co-
BpPEMEHHbIE aPKTUYECKME CyAa NPAKTUYECKM HE XOAAT BO
NbJax NpAMbIMMA Kypcamu, a MakcMMasbHbIM 06pa3om

ApKTuKa: 3Konorua u skoHomuka N2 1 (25), 2017
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Puc. 4. CrpykTypHble 610KM NPOrpaMMHOro pelueHus ansa uccneposaHua MTC

NCMONb3YI0T UMeloLWMeCA MOoJbiHbW, MOJbIHBM U pano-
Hbl 6onee cnaboro NbAa, 3HAUMTENIBHO OTKJIOHAACH OT
CTaHAApTHbIX MaplupyToB. Ha 6a3e ApKTUYECKOro U aH-
TapKTUYECKOro Hay4HO-UCCef0BaTeIbCKOro NHCTUTYTA
dYHKUMOHMPYET creumanbHbin cepsuc [15], obecneum-
BAlOLUMIN CMYTHUKOBYIO PajapHylo /lefoBYI0 pa3Befry,
no pe3sy/ibTaTaM KOTOPOW Cy[OBOAUTENIO E€HeCyTOYHO
NpefoCTaBnAeTcA Havbonee 6MaronpuATHBIA MapLipyT
OBuKeHuna vepes neg. Mo3aTomy nefosble yCoBKA B pe-
rMOHE B LIESIOM MOTYT BbiTb TAMKENEee YCI0BMIA Ha MapLu-
pyTe OBUMKEHWA CyAHA, KOTOPbIM MoAnexuT onpenene-
Huto. MoMrMo MpobneMbl BbIbopa ONTUMASIBHOO MyTK
CNlefoBaHVA CYLLEeCTBYeT TaKMKe 3agada 0b60CHOBaHUA
HeobxoAMMbIX 06bEMOB NIeJOKO/IbHOV NMPOBOAKM CYLIOB.
B pAage cnyvaeB cyda MOMyT Kak CaMOCTOATENbHO Mpo-
6uBaTbCA Yepes nef, Tak U BOCMONb30BaTbCA yCIyraMit
NefoKOIbHOV MPOBOAKM, YBENMYMBAA CKOPOCTb ABUMKE-
HWA 1 3KOHOMA TOMNJ/IBO, HO OAHOBPEMEHHO HecA A0oMNOos-
HUTeNbHble 3aTpaThl Ha dpaxT negorkona. OveBUHo, YTO
CyLLeCTBYeT HEKOTOPbIi 3KOHOMWUYECKU OMnpaBAAHHbBIN
06bEM 1e[JOKOJSIBHOrO COMPOBOMKAEHNUA, MPU KOTOPOM
YC/I0BHbIe 3aTpaThl HA MPOXOMHAeHMe Nef0BOro yyacTka
6yayT MUHUMABHBIMM.

[na pewenua 3Tux 3agay 6bi1 NPYMEHEH anropuTM
Denkctpbl (Dijkstra), no3sonsooWwmMii HalkTM oNTUMASIb-
HbI MYyTb Ha OpWEHTMpOBaHHOM rpade. UnnocTpauma
K MOCTaHOBKE ONTMMM3AaLMOHHONM 3aa4v NpeAcTas/eHa
Ha puc. 7. Bce npocTpaHCTBO Medy HauasibHOW M KO-
HeYHOM TOYKaMM CcerMeHTa MapLipyTa npeacraBifeTca
B BUAE PEryiApHOi CeToYHOW obnactu (C y4eToM «3a-
KPbITbIX» HAaBUIALMOHHBIX MPOCTPAHCTB), ANA KarkAoro

Puc. 5. MapameTpbl NpoBOAKM KapaBaHa CyA0B pa3/IMUHOIO
nepoBoro knacca B A30BCKOM Mope (Tshkesble 1efoBble
YCN0BUA) MENKOCUASALLUM NIeA0KONOM npoekTa 22740
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Puc. 6. PacnpeaeneHue MOLIHOCTM 3HepreTMYECKOW YCTAaHOBKM feAoKona-nuaepa
B TeyeHue Tunosoro roga B nerkux (J1), cpeaHux (C), Tmxennbix (T) u 3KcTpeManbHO

TSKeNbIX (3) NefoBbIX YCI0BUAX

pebpa KoTopoli onpedenseTcA YCIOBHAA LeHa Mpo-
XOXAEeHWA, paBHAaA npousBefdeHwio GpaxTOBON CTaBKU
CyOHa W LITENbHOCTM MPOXOMAEHUA OaHHOro pebpa,
paccyMTaHHOM C NoMolLbio 6/10Ka «MexaHuKy. MNMomMrMo
3TOrO BbIMUC/IAETCA TAKMKE LieHa MPOXOHAEHUA Kark4o-
ro pebpa Ans cayvan OBVMKEHWA CydHA C JIEQOKO/IOM,
KOTOpPaA yuuTbiBaeT CyMMy (paxToBblX CTABOK CydHa
1 NefoKosa U CKOPOCTb ABUMHEHNA KapaBaHa. B pesysb-
TaTe 06pa3yeTcA XxapaKTepHbili «ABYXC/IOMHbIN» rpad, Ha
OJHOM C/l0e KOTOpOro oripedefieHbl napameTpbl caMo-
CTOATENbHOMO ABUMKEHWA CYAHA, @ Ha APYroM — [BUMKe-
HWA C NefoKosioM. [Nepexon C BepXHEero C10A Ha HUMHKHUIA
BO3MOMeH B /10601 Touke rpada; LieHa 3Toro nepexoaa
onpefenAeTcA Kak Npov3BefeHVe YC/IOBHOrO BPeMeHU
OXKMOAHWA NeAoKoNa U ero GpaxToBOW CTaBKU. TakvM
06pa3oM, pa3MepHOCTb Kakaoro pebpa — «py6.4»,
a onNTUMM3aUMA MapLUpyTa NPOU3BOAMTCA NOCPEACTBOM
MMHMMM3auMKM 3TOro KpuTepuA Ha rpade. Mpumepsbl pe-
LeHnA 3a4a4 N1eOBOro poyTUHra npyeefeHbl Ha puc. 8.
BpemAa BbluMCIEHMA Ha CTaHAAPTHOM MNEepCOHASIbHOM
KOMIbloTepe A1A NpMBeAeHHbIX MPYMEPOB He MpeBbllla-
€T OOHOM CeKyHAbI.

MNpuBeneHHaA nocTtaHoBKa 3aAayv poyTUHra MO3BO-
NAET He TONIbKO OnpefenATb ONTUMASbHBIA MyTb ABU-
YKeHWA CyO0B BO /Ibfax, HO Y ONTUMU3UPOBaTb 06 bEMBI
nefoKoNbHON NpoBoAKW. [lencTBUTENBHO, €CNN YCI0B-
HaA CTOMMOCTb MpUB/IeYEHWA lefoKoNa Mana, To CyAHo
6yneT CTpeMUTLCA BCErga MATU B ero COMPOBOMAEHNN,
€C/IN e OHa BEe/MKa, TO CyAHO OyAeT 3anpalumBaTh fe-
[IOKOJ1 TO/IbKO B TeX panoHax, rae He MOXKeT ABUraTbCA
caMocToATeNbHO (puc. 8). YKa3aHHaA TexHonorna uc-
nosib3oBasnacb 414 060CHOBaHMA 06bEMOB J1€40KO/b-
HOM MOAAEpPHKN Cy[OB pas/IM4HOro S1ef4oBOro Knacca
NefoKONOM-IMOEPOM.

4. BbINOMHEH aHaNN3 NOrUCTUYECKON CXxeMbl paboThl
YeJIHOYHbIX TaHKEpPOB Ha MOPCKOW NefOoCTOVKOMN CTa-
umMoHapHol nnatdpopme «[pupasnomHas» (Mo 3axasy
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000 «asnpom HedTb wWwenbd»).
MNpoBegeH  YMCNEHHBI  MMUTaUW-
OHHbI 3KCMEPUMEHT MO OLEHKe
CKOPOCTU Tpy3006paboTKM Ha oOcC-
HOBaHWW HAaTYpHOW CTATUCTMKKU MO
noaxoaaM-oTXoL4aM Cy[i0B, a TaKHe
onpefenieHbl OKHA noroAbl ANnA Bbl-
MOJIHEHWA TPY30BbIX OMnepauuin Mo
[OMNyCTVMbIM HanpaefeHWAM BeTpa
n gpenda nbaa.

5.  Pa3spaboTaHa  KoHUenuus
TPAHCMOPTHOW CUCTEMbI A/1A apK-
Tuyeckoro nnasy4vero 3asoga CII
(no 3aka3y MuHnpomTopra Poccun).
B pamkax paboTbl 6biM onpenesne-
Hbl COCTaB W XapaKTepuctuku ¢no-
Ta cynoB-ra3oBo30B, pa3paboTaHa
MoZenb rpy3oonepauuin B MOpPTY,
yuMTbIBalOWAA BIMAHWE OKOH Mo-
rogbl Ha AMHAMUKY HAMONHEHUA
XpPaHUIULL, YUCIO0 MOAXOA0B-0TXO-
AoB CyaoB v Opyrne noxasatenm
MTC. MoKa3aHo, 4To AnA NpUHATON
TexHonorun oTrpy3km CMIM v yaoepsaHuAa nnasy4vero
3aBoja B TOYKe [06blYM BIMSHWME OKOH Morofpl, onpe-
JenAeMblX BETPO-BOSIHOBLIMUA YCNOBUAMK U apeiidom
NbAa, Ha MNWKOBbIE YPOBHW HAMOSMHEHUA XpaHWIMLa
[OCTaTO4YHO HeBenMKo — okono 10% cymMmapHoW BMe-
cTuMocTw. NpoaHann3npoBaHo BAUAHME HAa AMHAMUKY
nokasateneir MTC Takoro aBapuiiHoro ¢akTopa, Kak
BbIXO W3 CTPOSA OJHOrO CyAHa-rasoso3a. PaboTa sAB-
NAETCA OCHOBOW ANA [aNbHENMLWero npoexkTUpoBaHWA
nnasy4ero 3aBoaa CII n obecneunBatowyx ero pabo-
TY TPAHCMOPTHBIX CUCTEM.

6. Co3gaHa MMUTAUMOHHAA Mogenb paboTbl apKTu-
Yecknx TaHKepoB HOBOMOPTOBCKOro MeCTOPOXKAEHWA
Ha NMHUKM OT Mbica KameHHbln (Obckana ryba) fo nop-
Ta MypMaHCK B yCNIOBUAX CMep3alollerocs sefoBoro
kaHana B npunae (no 3akasy OO0 «lasnpom HedTb
Hogubiii MopT»). OC06eHHOCTbI0 AaHHOTO UCCe0BaHNA
ABNANOCL Oonpedensolee BAMAHUE NPOTAMEHHOrO fne-
[IOBOTO KaHana Ha Bce 3neMeHTbl MTC: TaHKepbl, be-
peroBoe XpaHunuLLe, AerKypHbIi negoKkos. PaspaboTka
MoZenu nefoBoro KaHana [15] n uHTerpaumna ee B oc-
HOBHYIO MMMWTALMOHHYI0 MOZenb MO3BOSWAN pewwunTb
PAL BarKHbIX MPAKTUYECKUX 3aJad:

+ MOAeNMpoBaHMe AMHAMMUKKU HAMoSIHeHUs GeperoBoro
pe3epByapHOro napka u 060CHOBaHMe ero NPOeKTHO
BMeCTUMOCTH (puc. 9);

onpegeneHne 06 bEMOB U CPOKOB HEOOXOAUMOI Neao-
KOJIbHOM MOAAEPHKN TAHKEPOB B TAMKESbIX U 3KCTpe-
MasnbHO TAKENbIX YCNOBUAX;

onpeaeneHne HeobxoAMMOro 4ncna fefoBbiX KaHa-
NOB B MpU1Mae U OpUEHTUPOBOYHBIX AaT UX NPORNAOKM
B Pas/IMyHbIX JIef0BbIX YC/I0BUAX;

onpefeneHue mnokasatenein paboTbl TPAHCMOPTHOW
cucTeMbl MO BPEMEHHONM CxemMe, Korda OCHOBHbIe
TaHKepbl elle He BBeAEeHbl B CTPOW, a MEepeBO3KM
OCYLLECTB/ATCA C MOMOLLbI CYLIECTBYIOWMX CYyA0B
Masioro gefseiTa n cnaboro nefoBoro Knacca.

ApKTuKa: 3Konorua u skoHomuka N2 1 (25), 2017
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Puc. 7. OnucaHne nocTaHOBKM 3aAa4M NOMCKA ONTUMANIbHOIO MapuipyTa B JieA0BbIX YCI0BUAX

Puc. 8. MpuMepbl NpakTUYECKOro NPUMEeHEeHUsi NPOrpaMMHOI TEXHOIOrMMU POYTUHIA BO NIbAax
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Puc. 9. UsmeHeHHne TEXHUKO-3KCNyaTauMOHHbIX nokasarteneit MTC B TeueHue roaa B 3aBUCMMOCTU OT TSIKECTU IEA0BbIX yC.ﬂOBMﬁ

(nerkue, cpenHue, TSOKENbIE)

Bonee noppobHoe onncaHue AaHHbIX UCCIef0BaHWIA
conepunTca B [12], 30eCb NWLLb OTMETUM, YTO peLleHne
nepBoi 1 MocnefHen 13 HUX CTaso BO3MOMHO TOJIbKO
6narofapA UHTerpauum B paMKax eMHOro nporpamm-
HOro peLleHna MoAesnel ABMMHEeHNA CyaoB, CMep3aHuA
NefoBOro KaHana, HaMo/IHEHWA XpaHUMWa 1 6110KoB
NMaHNpoBaHUA paboTbl TaHKEPOB.

7. MMTaumoHHaA mopenb TPaHCMOPTHO-TEXHOOMM-
YeCKoi CUCTeMbl BbiBO3a Mycopa C MpuBpeHbIX Tep-
pUTOPWIN apKTUYECKUX MOPEN U BbINOSIHEHWUA CEBEPHOMO
3aBo3a (no 3akasy MwuHnpomTopra Poccum) (puc. 10).
Lenb coctoana B aHanuse addertnBHocTn MTC, coBme-
LAloLLLel JOCTaBKY OCHOBHbIX MPY30B CEBEPHOro 3aBo3a
C BbIBO30OM apKTU4eckoro Mycopa. PaccmaTpuBanucb
130 HaceneHHbIX MYyHKTOB, OObeAUHEHHbIX B pPaMKax
yNpoLLEeHHOro noructnyeckoro rpada B 30 yCI0BHbIX
YKPYMHEHHBIX TOYeK cHabMeHusa. B pamkax paboTbl
pa3paboTaH OpUrMHASIBHBIA aNrOpUTM CTpaTernyecko-
ro MAaHNMPOBaHUA MepeBO30K, KOTOPbIN OCHOBAaH He Ha
KOMBUHATOpPHOM nepebope BapuaHTOB, a Ha MOJy3BpY-
CTUYECKON MeToauKe GOpMMpOBaHMA rpaduKa nocTa-
BOK METO[0OM Y[0B/IETBOPEHNA Hanbosee KpUTUHECKUX
NoTPeBHOCTEN «OT Hayana K KoHLUy». ANFOpUTM Mo3BO-
NAET M/JaHUpoBaTb NepeBO3KYy OTXOAOB KaK B «MOMyT-
HOM>» pervMe, Tak ¥ NMpu pacCMOTPEHNN UX B KayecTse
OCHOBHOrO rpy3a HapAdy C rpy3amu CeBepHOro 3aso03a.
B npouecce nnaHMpoBaHUA yUUTLIBAIOTCA OrpaHNYeHnA
no pa3MepeHVAM CydoB MpW 3axode B pasfinyHble pey-
Hble 1 MOpCKMe MopThl. B pe3ynbTate 6bino ycTaHoBne-
HO, YTO Mp¥ [OCTATOYHO BLICOKMX CKOPOCTAX OMepauui
Mo MOrpy3Ke/Bbirpy3Ke Mycopa ero njaHoBble 06beMbl
(orono 6% OT 3aB03a CyxWX rpy30B) MOryT BbITb MOMHO-
CTbi0 BbIBE3EHbI 33 CHET 06paTHbIX PEicoB CyoB, OCY-
LeCTB/AIOLWMX CeBEPHbIV 3aBO3.
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3ak/oueHue

B coBpeMeHHbIX 3KOHOMUYECKNX U MOITUHECKUX YCI10-
BMAX LieHa OLWMOOK MpY MPOEKTUPOBAHUM CUCTEM OCBO-
eHuA LWenbda OKa3bIBAETCA 04YeHb BLICOKON. M36erkatb
COOTBETCTBYIOLLMX OLLIMOOK TOMBKO 3@ CHET MPUMEHEHNSA
3KCMEepTHbIX MOAXOA0B MPAKTUYECKN HEBO3MOMKHO, TaK
KaK OMblT peasn3aumn apKTUYecKuX LenbPoBbIX Mpo-
EKTOB HeBe/WK. [11A 3Toro HeobXo4uMbl KOMIMJIEKCHbIE
MemAMCUMNIMHapHble nccnegoBalua MTC, B obecnieve-
Hue KoTopbix B 2012 I. KONNEKTVBOM aBTOPOB HauyaTbl
U B HaCTOfALLEe BpeMs aKTMBHO MPOAOSIHKALOTCA paboThl
no CO34aHNI0 MOZY/bHOrO NMPOrPAMMHOMO peLleHnsa OT-
KPbITON 1 PACLLMPAEMON apXMTEKTYPbI, CUHTE3UNPYIOLLEro
Ha 6a3e 06BHEKTHO-OPUEHTMPOBAHHOIO MoAxoda Takue
HanpaeneHnda, Kak reouHGOpPMaLMOHHbIE CUCTEMBI, Cy-
[OCTpouTeNIbHble AUCUMMAMHBL U OMHAMUYECKME UMUI-
TauuoHHble Mogenn. Bo3MOMHOCTM  UMUTALMOHHOMO
noaxoda, No3BoJIALWEro aHaAM3nMpoBaTb HeJOCTYMHbIE
ApyruMm noaxogaM napameTtpbl MTC, nogTBepaeHbl
PAOOM BbIMOSIHEHHbBIX MPAKTUYeCcKUX paboT. CToMMoCTb
KOMMbIOTEPHbIX MMUTALMOHHBIX MCCNeA0BaHUN apKTu-
Yyecknx MTC HMYTOMHO Mana Mo CpPaBHEHUIO CO CTOM-
MOCTbIO CAMOI apKTUYECKON MHPPACTPYKTYpPbI U LieHON
BO3MOKHBIX OLUIMOOK, MO3TOMY KOMIJIEKCHOE MOAENPO-
BaHMe [O/MKHO CTaTb OnpegesieHHbIM CTaH4ApPTOM Bbl-
MOMHEHNA WCCNEfOBaHWA Ha 3Tanax MpOeKTUPOBaHWA
W 3KCnlyaTaummn apktmdecknx MTC.
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ARCTIC MARINE TRANSPORT SYSTEM SIMULATION:
MULTIDISCIPLINARY APPROACH FUNDAMENTALS AND PRACTICAL
EXPERIENCE

Tarovik O. V., Topaj A. G., Krestyantsev A. B., Kondratenko A. A.
Krylov State Research Centre (St. Petersburg, Russian Federation)

Abstract

Development of new offshore projects in the Arctic begins with comprehensive analysis of Marine Transport Sys-
tem’s (MTS) performance. At the same time researchers with different professional orientation (shipbuilders, lo-
gisticians, economists and managers etc.) are often have narrow view while making their investigations of MTS,
focusing mostly at corresponding familiar sides of the system. It leads to specific “disproportional” description
of MTS’s when some components considered in detail but other are out of investigation that in some cases may
result in inaccurate conclusions. This makes authors sure that the only proper approach to investigate complex
arctic MTS should be multidisciplinary.

Article contains the description of integrated R&D project fulfilled at State Krylov Research Centre and devoted
to realization of multidisciplinary methodology and corresponding software for arctic MTS design and analy-
sis. Integrated software solution is based on object-oriented paradigm and combines such scientific areas as
geographic information systems (GIS), shipbuilding disciplines, discrete event and agent-based simulation mod-
els. Theoretical base of the solution and its architecture envelops the following subject fields: ship design and
fleet sizing, resistance and propulsion of ships including ice-going capabilities, vessel routing in ice, scheduling,
downstream and upstream logistics, navigation process simulation, environment conditions stochastic modeling,
operation research, queue theory, economy and management. Software has a modular structure with open and
expansible architecture, which makes possible to add new functionality and upgrade existing program blocks in
accordance with demands of specific project.

Simulation model serve as the center of multidisciplinary integration because this technology allows reproducing
behavior of different objects of MTS under dynamic conditions. Realized in AnyLogic ® framework simulation
model replicates vessel operation process according to individual schedule generated by special planning compo-
nent. Vessel’s activities simulated in modeled time with consideration of special aspects of operational planning
and resolving accidents. Main model also includes specialized sub-models that provide opportunity to describe
many local dynamic essences such as processes of offshore drilling and production, freeze-up of channel in fast
ice, different ship interaction aspects, “weather windows” in ports etc.

Number of instances are also given in the article, they allows to conclude that adequate and consistent model of
MTS working in heavy ice-conditions or having complex organization scheme could be obtained only by means
of simulation modeling under multidiscipline approach.

Keywords: marine transport systems, simulation modeling, marine logistics, design of ice class vessels, definition of fleet configuration,
modeling of ice navigation, ice routing.
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