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ABSTRACT

Showed results of imitation design of estimation of authenticity of wiring of ship
by the compressed route with the help of two different models, thus one of them uses
the closeness of distributing of vector’s error of ship, and other is based on the
closeness of error of her lateral declination. It is carried out comparison of the got
values of probabilities and confirmed legitimacy of the use of estimation of
authenticity of wiring of ship on the compressed route by simpler model with the use
of closeness of error of she lateral declination.

For the first method of estimation of authenticity of the accident-free sailing of
ship on the chosen route the mathematical model of closeness of distributing of
vector’s error of ship and description of region of the safe sailing is used, wiring of
ship is formalized thus, as stochastic process of Markov. Second method of
estimation of authenticity of the accident-free sailing of ship by the compressed route
it is formalized with the help of model to the closeness of error of his lateral deviation
from the programmatic trajectory of motion and with the use of description of region
of the safe sailing and programmatic trajectory of motion of ship, which is
characterized by the conciseness of region and change of trajectory.

For each of models the imitation program was developed, with the help of which
for the same compressed route of sailing, which includes the scopes of region of the
safe sailing and programmatic trajectory of motion of ship, the calculation of
authenticity of the safe wiring of ship was conducted by the compressed route with
the help of both models, and the got results were compared. In work estimation of
authenticity of the safe wiring of ship was conducted by the compressed route for five
routes with different descriptions of conciseness of safe region and change of
programmatic trajectory, and also exactness of wiring of ship. In quality an example
in work resulted the detailed analysis of two routes.

As a result of comparison of the probabilities safe wiring of ship by the
compressed route for five routes, got on both models appear that a middle relative
difference between estimations of the probabilities safe wiring of ship on both models
makes 0,3 %, that confirms legitimacy of estimation of authenticity of the safe wiring
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of ship by the compressed route by a model with the use to the closeness of error of
she lateral declination.

Keywords: navigation accident rate, closeness of distributing, estimation of
probability of the safe wiring, imitation design.

PE®EPAT

[IpuBeneHi pe3yapTaTH IMITAIIHHOTO MOJETIOBAaHHS OIIHKK BIPOTiTHOCTI
OPOBOAKU CyJHA CTHCIUM MAapUIpyTOM 3 JOMOMOIOI0 JIBOX PI3HUX MOJIENEH,
IPUYOMY OJIHA 13 HUX BUKOPUCTOBYE JBOMIPHY HIUIBHICTH PO3MOALTY BEKTOPIalIbHOT
NOXMOKM CyAHa, a iHIma O0a3yeTbcs Ha OJHOMIPHIM UIUIBHOCTI MOXHUOKU #Oro
OOKOBOTO BIAXWJIEHHS. 3/1IMCHEHO MOPIBHAHHS OJIEPKAHUX 3HAUYEHb BIPOTIIHOCTEH 1
MIATBEPIKEHA MPABOMIPHICTh BUKOPUCTAHHS OLIIHKU BIPOT1IHOCTI MPOBOJAKHU CyAHA
[0 CTUCJIIOMY MapuIpyTy OUIBII MPOCTOI0 MOJEIIO 3 BUKOPUCTAHHSIM OJHOMIPHOI
HIUTBHOCTI MOXUOKHU Oro OOKOBOTO BiJIXWJICHHS.

JI71st mepuioro cnoco0y OILIHKK BIPOTITHOCTI Oe3aBapiitHOro IIaBaHHS Cy/HA 10
BUOpaHOMY MaplIpyTy BHUKOPUCTOBYETHCS MaTeMaTHYHA MOJEIb JIBOMIPHOT
IIUTBHOCTI PO3MOAUTY BEKTOPIabHOT MOXUOKM Cy/lHA Ta JBOMIPHHMM OINUC 00JacTi
0€3MeYHOro IUIaBaHHA, IPUUOMY MPOBOJKY CyAHa (OopMaii3oBaHO, K MApPKIBCHKUN
cToXacTM4YHUM  mporiec. Jlpyruii cmoci0 OLIHKKA BIpPOTiIHOCTI 0Oe3aBapiiHOTrO
IJIaBaHHA CyJHA CTHCIMM MapupyToM (QopMai3oBaHO 3 JONOMOIOK MOJENI
OJIHOMIpHIM IIIJIBHOCTI TOXMOKM HOro OOKOBOrO BIAXWJIEHHS Bl MIPOrpPaMHOI
TPAEKTOPIi PyXy Ta 3 BUKOPHUCTAHHSIM OJHOMIPHOIO OINHUCY 00JacTi Oe3MeyHOoro
MJIaBaHHA 1 IPOTrPaMHOI TPAEKTOPIl pyXy CyIHA, IKUH XapaKTEPU3YETHCS CTUCIICTIO
00J1aCTi Ta 3CyBOM TPAEKTOPII.

JI1st KOo’KHOI 13 Mojenert Oyna po3po0OsieHa iMiTaliiiHa mporpama, 3 JI0OMOTOI0
SAKUX JJI1 OJJHOTO W TOTO XK CTHCIIOTO MapHIpyTy TUIaBaHHS, SKUH BKJIIOYAE MEXI
oOmnacTi 0e3MeYHOro TUIAaBaHHS Ta TMPOTPAMHY TPAEKTOPIIO PYXY CYyIIHA, TPOBOIUBCS
PO3paxyHOK BIPOTIHOCTI O€3MeYHOl MPOBOJAKH CYJHA CTUCIHM MaplIipyToM 3
JIOTIOMOTOI0 000X MoOJIeNiel, a oJepXaHl pe3yJbTaTh MOPIBHIOBAIUCH. B poOoTi
MIPOBOJIUJIACH OIlIHKA BIPOT1IHOCTI 0€3MEeUHO1 MPOBOJIKHU CyAHA CTUCIUM MapIIPyTOM
JUTSE TUSITH MapIIpyTiB 3 PI3SHUMHU XapaKTEPUCTUKAMH CTHCIOCTI Oe3meuHoi 001acTi
Ta 3CYBY MPOTrPAMHOI TPAEKTOpii, a TAKOXX TOYHICTIO MPOBOJKH cyaHa. B skocti
MpUKIaAy B poOOTI NpUBEACHI I€TalbHUNA aHaJ3 IBOX MApLIPYTIB.

B pe3ynbTaTi mopiBHSIHHS BipOriHOCTENH O€3MEe4HOi MPOBOAKU CyAHA CTUCIUM
MapIIipyToM JIJsl TI’STH MapuipyTiB, OJAEPKaHUX MO 000M MOJEISM BUSBUIIOCA, IO
cepeHs BITHOCHA PI3HMIIS MK OLIIHKaMH BIpOT1HOCTEH Oe3meYHOi MPOBOJIKHU CyHA
no o0ox moxensx craHoBuTh 0,3 %, 1m0 MATBEPAXKYE NPABOMIPHICTH OLIIHKU
BIPOT1THOCTI O€3MEeYHOI TPOBOAKU CyJHA CTHUCIUM MAapUIPyTOM 3a JOTIOMOTOIO
MOJIeNIi 3 BUKOPUCTAHHSAM OJHOMIPHIM TIUIBHOCTI TMOXMOKHM WOTO OOKOBOTO
BIIXHJIEHHS.

KurouoBi csioBa: HaBirauiiiHa aBapiiiHiCTh, OJHOMIpPHA Ta JABOMIipHA HIIJIBHOCTI
MOXHUOKH, BIPOT1AHOCTI 0€3MEeYHO1 TPOBOIKH, IMITAIlIITHE MOJICTTIOBAHHS.
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IHocTanoBKka npo0.ieMbI B 001IeM BH/IEe U €€ CBA3b ¢ BA)KHBIMU HAyYHBIMHU
WIH NPAKTHYECKMMHU 3a1a4aMHu

Obecnieuenrie 6€30MaCHOCTH CYJIOBOXKJIEHUS B CTECHEHHBIX pailOHax IJIaBaHUs
ABJISIETCSl OAHOW M3 Haubojee aKkTyaJdbHBIX MpoOsieM. PermieHue 3Toil mpoOiaeMbl
CIOCOOCTBYET CHMKEHUIO YHCJIA aBapHid, BOSHUKAIOIINX MO MPUYUHE MOCAT0K CYI0B
Ha MEJIb ¥ HAaBaJIOB Ha MPUYaJl, Yer0 BO3MOXHO JOCTUYb AaHAJTM30M MaTEeMaTHYECKOM
Mozienu (OpPMHUPOBAHHS BEPOATHOCTH O€3aBapUlHOTO IUIaBaHUS CyAHA TIO
BBIOpAaHHOMY MapIIPyTy, KOTOPBIM MO3BOJIAET BBISIBUTH CYIIECTBEHHBIC (DAaKTOPHI U
NpEeAyNpeanTh KX OTPULATENbHOE BIUSHME Ha O€30MacHOCTh  Ipolecca
CYJIOBOXK/ICHHUSI.

AHAJIU3 TNOCJHEIHUX JTOCTHKEHUH W mnyOJuKanuii, B KOTOPbLIX HA4YaTo
pellieHue JaHHOW NMpo0JieMbl U Bble/IeHHEe HEPEelIeHHbIX PaHee 4acTel o01ueit
npooJieMbl

B paGorax [1] u [2] BmepBble paccMaTpUBAIUCh BOMPOCHI TO OIEHKE
HAJIe)KHOCTU CYJIOBOXKIEHUSA B Y3KOCTH, KOTZIa CYJIHO CIJIEIOBAJI0 MHUMO TOYEYHBIX
HAaBUTAllMOHHBIX  OMACHOCTEH, a OOOCHOBAaHWIO KpPUTEPHUS  HABUTAIMOHHOU
0e30I1acHOCTH MOCBsIIeHa padoTa [3].

JIBa monaxoda K OLIEHKE BEPOATHOCTH O€3aBapUilHOTO IUJIaBaHUSI CyJHA B
CTECHEHHOM pailOHE pacCMOTPEHbI B paboTe [4] U MoKa3aHa UX 3KBUBAJIEHTHOCTb, a B
paboTe [5] mpemjiokeHa KOJWYECTBEHHAs OIICHKA HaBUTAIMOHHON 0e30MacHOCTH
MOBOPOTA Cy/IHA B CTECHEHHBIX YCJIOBUSX IJIaBaHUS, BbIpAKEHHAsSI B BEPOSITHOCTHOM
Mepe. PazpaboTka nporeaypsl OIEHKH BEpOSTHOCTH 0e3aBapuHOIO TUIaBAHUSI CyTHA
B CTECHCHHBIX BOJ[aX paccMOTpeHa B padorax [6, 7].

@opMyJHPOBKaA 11eJIell CTAThbH (MOCTAHOBKA 3a/1a4H)

[lenpro cTraTtbW  SIBISIETCA  CPAaBHEHWME C  MOMOINBIHO  WMHUTAILMOHHOTO
MOJICJIMPOBAHUS PA3JIMYHBIX MOJICJIEM OICHKH BEPOSATHOCTH TOBOJKH CYJIHA
CTECHEHHBIM MapIIPYTOM U JI0KA3aTEJILCTBO UX SKBUBAJIEHTHOCTH.

N3i0:keHNe OCHOBHOIO MaTepHaja HCCJIeJI0BaHUS ¢ OO0OCHOBaHHMEM
MOJIy4eHHBIX HAYYHBIX Pe3y/JbTATOB

B paGote [4] momydensl nBa crmocoba OIEHKH BEPOSITHOCTH Oe3aBapHItHOTO
IUIaBaHMsl CyaHA IO BBIOpAaHHOMY MapIIpyTy: HPHUMEHEHHEM MaTeMaTHYeCKOU
MOJIETT JBYMEPHOW TUIOTHOCTHIO pAaCIpeNeeHHs] BEKTOPHAIBbHOW MO3UIIMOHHOM
MOTPEIIHOCTH U C TIOMOIIBI0 MOJIETH C OJHOMEPHOW IUIOTHOCTHIO PacHpeeIeHuUs
OOKOBOT'O OTKJIOHEHHMSI Cy/IHa OT MPOTrpaMMHOM TpaeKTOpHUH ABMXKEHUs. Jls Kaxaon
u3 Mojenel Obla paspaboTaHa MMHUTAIMOHHAS MPOrpaMMa, C TTOMOIIBIO KOTOPOU
IUIE OJTHOTO W TOTO XK€ MaplIpyTa IUIaBaHUS, BKIIOYAIOIIETO TPAaHUIIBI 0€30MacHOM
00JacTH TUIaBaHUS U MPOTPAMMHYIO TPACKTOPHIO JBHKEHUS CyAHA, TMPOU3BOIMIICS
pacueT BepOSITHOCTH O€30MacHOI POBOAKH CyHA 3aJaHHBIM MapUIPyTOM 10 00euM
MOJIETISIM U TOJY4YEHHBIE pe3ynbTaThl cpaBHUBAIUCH. OO003HAUMM BEPOATHOCTD,
MOJIyYCHHYIO 10 MOJEIU OJHOMEPHOH IUIOTHOCTH, uepe3 P;, a mo wmopenun

IBYMEPHOM IUIOTHOCTH — 4epe3 P,. C mOMOLIbI0 MMHTAllMOHHON KOMIIBIOTEPHOU

nporpaMmbl BHavasle (pOPMUPOBAJICS CTECHEHHBIM MaplIpyT IUIaBaHUsl CyAHA, AJis
Yero BBOJIMJIMCh MAaCCHUBBI TPaHMI] 00JacTH 0€30MacHOro IUIaBaHUsl U MpOrpaMMHas
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TpaeKTopusl TUTaBaHUs cyaHa. [[ns BBIOpaHHOTO MaplIpyTa BBHIOMpAOCh 3HAUCHHE
C.K.0. M TPUHUMAJIOCh, YTO TOTPEIIHOCTH MOJYUHSAIOTCS HOPMAIBHOMY 3aKOHY
pacrpesieneHus. 3aTeM MPOU3BOAMIICS PacyeT OLEHKU BeposATHOCTH P, Oe3omacHOi
MIPOBOJKH CyJHA.

C momompio pa3pabOTaHHON KOMIBIOTEPHOM MPOTPaMMbl OBLIH OMPECIICHBI
OJHOMEpPHbIE XapaKTePUCTUKU BBIOPAHHOTO CTECHEHHOTO MapHIpyTa, K KOTOPBIM
OTHOCATCSL €r0 CTECHEHHOCTb M CMELIEHHOCTh MPOTPAMMHOM TpPAeKTOPHH,
NO3BOJISIIONINE IIPOU3BECTU OLIEHKY BEPOATHOCTH Oe3omacHoro IuiaBanus P; 1o

OJIHOMEPHOM MOJIEIH.

Onenka BepoOsSITHOCTH O€30MacHOM MPOBOJKH CyAHA MPOU3BOAMIIACH IO MATH
MapuipyTam. B kauecTBe mpumepa npuBeieM MOAPOOHBIA aHAIU3 ABYX MapIIPyTOB.
Buauane ¢opmupoBaicss MapmipyT 1, Juisi KOTOPOro BBIOMPAIOCh 3HAYEHHE C.K.O.
paBHOe 5. 3aTeM NpPOM3BONWICA pacueT OLIEHKH BEpOSTHOCTH P, 0Oe3omacHOil

MIPOBOJIKK CYJHA CTECHEHHBIM MapmipyToM |, 94TO MOKa3aHO Ha pHUC. 1, TIpU 3TOM
IOJIy4€HO 3HaueHue BepoaTtHoctu P, =0,484.

Whavmauma

Hrm =1000

| Pm=0484

Puc. 1. Oyenxa eeposmuocmu P, nposooku mapwpymom 1

C nomouplo pa3pabOTaHHOW KOMIBIOTEPHON MporpaMmbl ObUIM  ONpEEIeHBI
OJTHOMEPHBIE XapAKTEPUCTHKU Mapuipyta 1, KOTOpbI€ MO3BOJWIM MPOU3BECTU
TOYHYIO OIIEHKY BEpPOSTHOCTH Oe30macHOro IuiaBanusi P; mo ogHOMepHO# mozenw,

npudeM, Kak cienyer u3 puc. 2, P, =0,487. 3nagenus BepostHocTedt P, u P,
MIPOBOIKY CyJHA MapIIpyTOM | OYeHb OJIN3KH, - OHH MMPAKTUICCKH PABHEI.

BepoarH.

Cozgare

g

M apwpyT &

BepoatHocTe ToduHas = 0,4877 BepoaTHOCTE NpHEnKxkeHHan = 08419

< ok

-

Puc. 2. Oyenxa seposmnocmu Py nposooku cyona mapwpymom 1
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Taxxe npuBeneM moaApoOHYIO HHPOpPMAIHIO TT0 6€30MACHOCTH MPOBOJKH CYyIHA
MapIpyToM 3, 0COOEHHOCTBIO KOTOPOTO SIBJISICTCSI MEHbINAsI CTETICHh CTECHEHHOCTH
OTHOCHUTENIFHO TIPEeXKHUX MapmipyToB. J[[is pacuera BeposTHOCTEH Oe3omacHOH
NPOBOJKK CyqHAa TIO JaHHOMY MAapuipyTy TMpUHHAManIach TOYHOCTh 0=4,3.
BepositHocTs P,, olleHHBanach MOJENBIO ¢ JBYMEPHOU IIOTHOCTBIO BEKTOPHATIbHOU
norpemuHocty  u  cocraBuna 0,982  (puc. 3). AnbTepHaTUBHas OIEHKa
0€30MacHOCTH IUTaBaHKMS MapuIpyToM 3 C MOMOIINBIO BEPOSATHOCTH P; Momensio

OJJTHOMEPHOH IUIOTHOCTH PACHPEAETICHUS MOTPEIIHOCTH OOKOBOTO

“ah“%fﬂh‘.s‘:;-;-tminz
X IS

Puc. 3. Oyenxa éeposmunocmu P, npu niasanuu cyona mapupymom 3

OTKIIOHCHMsI, KaK II0Ka3aHO Ha puc. 4, cocTaBHia P, =0,9818, koropas
MPaKTHYECKH COBIA/IACT C BEPOSITHOCTBIO P, /ist 9TOTO Citydast.
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BepoatHocTe TouHas = 0,9818 BepoaTHOCTE NpMENLEKeHHAS = 09999

Puc. 4. Oyenka eeposmnocmu Py 6ezonacnoii npoeooku cyona mapupymom 3
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O6001MM  TIOJlyYEHHbIE pPE3yJIbTaThl OLIEHKH BEPOATHOCTH Oe30macHoi
NPOBOJKM CyJHA IO BCEM IISATH MaplipyTam C IOMOIIbI0 OOOMX MOJene u

peACTaBUM HX B TaOI. 1.
Tabnuya 1. Pe3ynomamvl oyeHKU 8eposimHocmuy 6€30nacHoll nposooKu cyoHa

Mapuipyt 1 2 3 4 5
P 0,487 0,543 0,9818 0,9179 0,8149
P, 0,484 0546 0,982 0,916 0,817

oP (%) 0,6 0,5 0,02 0,2 0,3

BbIBoabI M epCcNeKTUBA JajIbHeHIeil padoThI 110 JAHHOMY HANIPABJIEHUIO

Taxkum oOpa3om, Kak cienyeT u3 Tabiu. 1, cpeHss OTHOCUTENbHAs pa3Huia oP
MEXy OIEHKaMH BEPOATHOCTH MIPOBOJKU CyJHA MO 000UM Mojeism coctasisieT 0,3
%, 4TO TOATBEPKIAET MPABOMEPHOCTH OLIEHKH BEPOSTHOCTH MPOBOJKHU CYJHA IO
CTECHEHHOMY MAapUIpyTy MOJENbI0 C NPUMEHEHHEM OJIHOMEPHOW IIJIOTHOCTH
pacmpenesieHdss  MOTPelHOCTH  OOKOBOrO  OTKJIOHeHWs. B jmanbHeimem
[[EJIECO00Pa3HO PACCMOTPETh MOTPENTHOCTH, BO3HUKAIOIIME OT BIMUSHHUS JPYTHX
(bhakTOpOB U BIMSIONIME HA 0€30MMACHOCTD CYI0BOXKICHHUS.
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