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ABSTRACT

The method of forming of impermissible region of courses of one ship and speeds
of other ship is offered for estimation of no unconcern of situation of rapprochement
and choice of safe maneuver of divergence. A case is considered, when speed of ship
which changes direction, more large to speed of other ship, that maneuvers.

The region of impermissible courses of one ship and speeds of other ship is
considered in this case, at united which distance of the shortest rapprochement more
small on a size from maximum - possible distance, that rapprochement of ships is
dangerous. It is considered principle of forming of such region, coming that from that
its border is formed by points which meet condition of equality distance of the
shortest rapprochement and maximum - possible distance.

It is shown that on the intervals of change of course of the first ship, which can
be larger direct corner, the values of speed of the second ship for both scopes grow
droningly. In work there is the got graphic interpretation of the offered region of
impermissible courses of one ship and speeds of other ship for the case of the
considered correlation of speeds of ships which are dangerously drawn together. The
mentioned region is contained between two scopes which do not intersect. Points
between scopes answer courses and speeds of ships, at which distance of the shortest
rapprochement of more small after maximum - possible distance, that characterizes
dangerous rapprochement of ships. Therefore, if a point with the initial parameters of
motion of ships is between the first and second scopes, that it belongs to the region of
impermissible courses of one ship and speeds of other ship, rapprochement of ships is
dangerous. At that rate for safe divergence of ships it is needed to choose the
parameters of deviation of ships, that course and speed thus, that a point proper to
them was on the border of region of impermissible courses of one ship and speeds of
other ship the nearest to the initial point and distance between the mentioned points
was minimum.

Thus, in work analytical expressions are got for the calculation of scopes of region
of impermissible courses of one ship and speeds of other ship, that is dangerously
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drawn together, and also the offered procedure of estimation of unconcern of
rapprochement.

Keywords: safety of navigation, maneuver of divergence of vessels by the
change of course and speed, impermissible region of parameters of motion of vessels.

PE®EPAT

3anpornoHoBaHo crocid QopMyBaHHS HEIOMYCTUMOI 00JIaCTI KYypCiB OJHOTO
CyJlHa 1 MBUAKOCTEH 1HIIIOTO CYyJIHA JIJIsl OI[IHKK HEOe3MeYHOCTI CUTYyaIlii 30JIMKeHHS Ta
BUOOpY 0€3MEeYHOTO MaHEBPY PO3XO/KeHHsA. PO3INISIHYTO BHMAJOK, KOJIU IIBUIKICTH
CyJlHa, SIKe MIHsI€ Kypc, OUIbIlIa IIBUKOCTI IHIIOTO CYAHA, 1110 MAaHEBPYE.

B nanomy BUTNagKy pO3TIISIHYTO 00JaCTh HEJOMYCTUMHUX KYpPCIB OJHOTO Cy/IHA 1
IIBUJIKOCTEM 1HIIOrO CyJaHA, MpU TOEJHAHI SKUX JUCTAHIA HAWKOPOTIIOIo
30JIMKEHHsSI MEHINIA IO BEJMYHMHI BIJ] TPAHUYHO - JOMYCTUMOi IUCTaHIIli, TOOTO
30JIMKEHHSI CYJIeH SIBIISIEThCS HeOe3neuHuM. Po3risHyTo mpuHuun ¢GopMyBaHHS
Takoi 00JIacTi, BUXOASYH 3 TOTO, 110 il MEXY YTBOPIOIOTH TOUKH, K1 3aJJ0BOJILHSIIOThH
YMOB1 PIBHOCTI JUCTaHLIi HAWKOPOTIIOTO 30JIMKEHHS Ta T'PAHUYHO - JOMYCTUMOI
JIUCTAHII].

[TokazaHo, 110 Ha IHTEepBaJIaX 3MIHM KypCY MEPIIOro CyAHa, Kl MOXYTh OyTH
OUTbIII TPSAMOro KyTa, 3HAUYEHHS WIBUJKOCTI JAPYTroro cyaHa misg 000X Mex
MOHOTOHHO  3pocTaioTb. B pobori oxepxana rpadiuHa  1HTeprpeTaris
3alpoOINOHOBAaHOI  00JIacTl HEAOMYCTUMHUX KYpCIB OJHOTO CyAHA 1 IIBHUIKOCTEH
THIIIOTO Cy/HA JIJIsi BUMAJAKY PO3TJSHYTOTO CIIBBITHOIIEHHS IBUAKOCTEH CY/IEH, SIKi
HeOe3neyHo 30IIKYIOThCS. 3rajlaHa 001acTh MICTUTHCS MDK JBOMa MEKaMH, sIKi HE
MEePETUHAIOTHCA. TOYKM MK MEXKaMH BIAIMOBIIAIOTh KypcaM 1 IIBUJKOCTSIM CYJIEH,
MIPU SIKUX TUCTAHI(IS HAWKOPOTIIOro 30JMKEHHS MEHIA 3a TPAaHUYHO - JOMYCTUMY
JUCTAHIIII0, IO XapaKkTepusye HeOesneuHe 30JauxkeHHs cyaeH. ToMy, Ko Touka 3
MOYATKOBUMH TapaMeTpaMu PyXy CYJI€H 3HAXOIUTHCS MDK MEPIIOI Ommbka! Omubia
cessu.l JPYTOI0  MeXaMu, TOOTO HaJEXKUTh OOJACTI HEJOMYCTUMHX KYPCIB OJTHOT'O
CyJIHa 1 MIBUAKOCTEH IHIIOro CyAHa, TO 30JIMKEHHA cyAeH HeOesneune. B Takomy
pasi 1l 6e3MeYHOro PO3XOKEHHSI CyJIeH MOTpiOHO BUOpaTH MapaMmeTpu YXHUIJICHHS
CylleH, TOOTO KypCcy 1 MIBHAKOCTI TaKMM 4YHHOM, MO0 BIJANOBiHA iM TOYKa
3HaXoJuJIach Ha HaMOMMKYIA O MOYATKOBOT TOYKM MeEXI 00JACTi HEAOMYCTUMHUX
KypCiB OJHOTO CyJHA 1 MIBUAKOCTEH IHIIOTO CyJHA 1 BIACTAaHb MDK 3rajlaHUMH
TOYKamMu OyJia MiHIMQJIBHOIO.

Takum urHOM, B pOOOTI OJEPKAHO AHATITUYHI BHPA3U JJIsi PO3PAXYHKY MEK
00JacTl HEIOMYyCTUMHUX KYypCIB OJHOTO CydHA 1 HIBUAKOCTEH I1HIIOrO CyAHA, IO
HeOe3MeyHo 30MKYIOThCS, a TAKOX 3alpOoNOHOBaHA MPOLEAypa OLIHKU O€3MeYHOCTI
30JMKEHHS.

KuarouoBi cjioBa: 0e3NedHICTh CYJHOBOJIHHS, MaHEBP PO3XOHKEHHS 3MIHOIO
KypcCy 1 IIBUJKOCTI, HENPUITYCTUMa 00JIaCTh MapaMeTpiB PyXy Cy/AeH.
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IMocTanoBka NMpo6JieMbl B 0011[eM BH/I€ U €€ CBA3b C BAKHBIMU HAYYHBIMH
WM MPAKTHYECKUMH 3a]a4aMHu

Obecnieuenre 0€30MaCHOCTH  CYJOBOXKIEHUS TMpU IUIABAaHUM CYIOB B
CTECHEHHBIX BOJaX SBISICTCS Ba)KHEHIIEH MpoOJIeMOl MOBBIIICHHS 0€30MacHOCTH
MoperutaBanus. B HacTosiiiee BpeMsi CTECHEHHBIE pallOHBI IJIaBaHUS C OCOOEHHO
WHTCHCUBHBIM JIBIDKCHHEM OOOpPYAYIOTCS CTaHIMSIMH YIPaBICHUS JIBHKCHHEM
CyIOB, Ha3HAYCHHEM KOTOPBIX SBISETCS KOHTPOJb MpoIecca CYTOBOXKICHHS U
yIIpaBJICHUS IBIYKEHUEM OIMACHO CONIKAIONINXCS CyI0B. B cBsi3u ¢ 3TUM pa3paboTka
CHIOCOOOB YIIPABIICHUsI OIMACHO COMIKAIONIUMUCS CylaMU SIBISIETCS aKTyaJIbHBIM
HAyYHBIM HaIPaBIICHUEM.

AHAJM3 TOCJAEeIHUX JOCTH:KEHMi W mnyOJuKaunmid, B KOTOPHIX HA4YaTo
peleHue AaHHOI NMpo0JieMbl U BblleJIcHHE HEPEIICHHBIX paHee YacTed o0uiei
npooIeMbl

[IpyHIIMI BHEIIHEr0 YOpPaBJICHUS TPYNIONM CYJOB TpPU BO3HUKHOBEHHUH
CUTyallul ONAacCHOro CcOJIMKEeHUsI paccMOTpeH B pabore [1], a pabGoter [2, 3]
MOCBSIIIEHBl BOMpPOCAaM TMPUMEHEHHsI OMACHBIX O00JIaCTEH MapaMeTpoB JBUIKEHUS
CYyIOB Mg HUX O€30IacHOr0 pacxXoKJIEHUs, MpuyeM B paboTe [2] paccMOTpeHO
MCIIOJIb30BaHUE OMACHON 00JIacTH KYpPCOB JBYX CYIOB JJiA BbIOOpa JOMYCTHUMOIO
MaHeBpa pPacXoKJIeHUs, a B paboTe [3] mpeioxkeH MaHEBpP PACXOXKIEHHUS CYJIIOB
W3MEHEHUEM UX CKOPOCTEM.

DopMyJIMPOBKA LieJIel CTaTbU

Ilenbro maHHOW cTaThM sBISETCA (opMmanu3anus crocodba GopMUpOBaHUS
00J1aCTH KypCOB OJJTHOTO CyJHA M CKOPOCTEH APYroro CyjaHa JJisg OLEHKUA OMaCHOCTU
CUTyalluu COMMKEHMS ¥ BBIOOpa 0€301acHOr0 MaHeBpa PacX0XKICHHUS.

N3n05keHHe OCHOBHOIO MaTepuajia MCCIeJOBAHUS ¢ O00OCHOBAHHEM
MOJYYeHHBIX HAYYHBIX Pe3yJbTAaTOB

B pabGote [2] paccMoTpen cmoco0 ¢dopmupoBaHus 00JIaCTH OMACHBIX KYpPCOB
napbl CONMKAIOIIKUXCS CY/IOB, C MOMOIIBIO KOTOPOIO BO3MOKHA OIIEHKA CTENEHU
OMACHOCTU CUTyalluu COJMDKEHHS] W BbIOOpAa MaHEBpa PACXOXKIECHUS CYJIOB
M3MEHEHHUEM HX KYpPCOB MPU MOCTOSHHBIX cKopocTsax. Croco0 pacuera TpaHUIl
00JJaCTH OMACHBIX CKOPOCTEH, MO3BOJISIIOUIMI OMpPEeNeNuTh MaHEBP PACXOXKICHUS
CYJOB M3MEHEHHMEM HX CKOpPOCTEH NMpU HEU3MEHHBIX Kypcax, MpeasioKeH B padbore
[3]. OnHako BO3MOXXHOCTH O€30MAaCHOI0 PACXOXKIECHUS OIMACHO COIMKAIOUINXCS
CyJOB BO3PACTAIOT MpPHU MCIOJIB30BAHUM €II€ OJHOr0 THUIA PACXOXKIEHUs, IMpHU
KOTOPOM OJTHO U3 CYZIOB U3MEHSIET KypC, COXpaHssi HEM3MEHHONU CKOPOCTh, @ BTOPOE
CYJHO Ha TIOCTOSIHHOM KYpC€ MOKET CHUXATh CBOIO CKOPOCTh. B ykazaHHOM ciyuae
HEOOXOJIUMO PAacCCMOTPETh 00JIACTh OMACHBIX KYpPCOB OJHOIO CYAHA U CKOPOCTEH
APYroro cyaHa, MNpU COYETAHHHM KOTOPBIX JTUCTAHIUS KpaTyalIlero COJMKEHUs
MEHbIIE TPEeNeNbHO-I0NYCTUMON IUCTAHIIMMU, T. €. COJIMKEHHE CYAOB SBISETCA
omacHbIM. PaccMoTpuM mpUHIMI (GOPMUPOBAHUS TaKOM 00JacTH, KOTOPYIO
0003HauMM Q. O4eBUIHO, 4TO rpaHuly obsnacth Qg Ha miockoctu K xV,

coctaBisitor Touku (K,,V,), ynosnerBopstomue ycinosuro min D(K,,V,)=d,.
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AHATUTUYECKH OTO BBIpaKaeTcs clenyomuM obpazoMm. W3 BbelpaxkeHus ams
min D [4] monyuum:
d
— T ; d
K. =oFarcsin(—-),
D
MO3TOMY CHPABEIJIMBO PABEHCTBO:

tgK ., =tgla + arcsin(%‘)].

. d
OGosHauaem Y2 =0 arcsm(sd) , CIIEZI0BATEIILHO,

teK o =tgy"? .

VYuursiBas [4],
V;sinK, - V,sinK,
V,cosK, — V,cosK,

V;sinK; — V,sinK,  siny™? .
(1’2) 2 ( )

tgK ;=

,  TOJIy4uM

VicosK,; — V,cosK, - cosy

OTKyZa 3alUChIBAEM 3aBUCUMOCTb MEXIY KypcoM ofgHoro cyaHa K, u ckopocTbio
APYroro cyaHa V,, yIOBIETBOPSIOIIKM ycinoBu0 min D =d .
Bripaxkenue (1) npuHUMaeT caeAyOmuid BUA:

: : vV, . :
smchosy(l’z) — cosKlsmy(l’z) :72(smK2cosy(l’2) — coussmy(l’z)), 1581051
1

. in(K, —y"?
sin(K,; —y'"?) = L 2\/ ! )Vz-
1
(12 _ Sin(K2 _ Y(1,2)) - V(l,z) _ Sin(Kl _ y(1,2))
V, ’ 2 u(?

Ecnu 0603HauuTh P

CnenoBaTenbHO, CYHIECTBYET JBE IPAHUIIbI, HA KOTOPBIX JIOCTUTAeTCsl PABEHCTBO
minD=d,:

M sin(K, —y" . _d
VvV, = sin(K, D v = i sin[K; — (a0 — arcsde)] ,
H sin[ K, — (o + arcsin [;1)]
@  sin(K, —y?) v . . d
vV, = (K, & LA ! sin[ K, — (o + arcsin Bd)] .2

H sin[ K, — (o —arcsin [;1)]
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Tak kxak paccMaTpuBaeM H3MEHEHHE CKOPOCTH TOPMOXKEHUEM, TO 3HAYEHUS
(1,2) (1,2)
cKkopocTen V, IOJDKHBL YAOBIETBOPATH yClIoBUKO Vo, >V, 20, roe V,, -

Ha4daJIbHas1 CKOPOCTh CyaHaA.
PaCCMOTpI/IM, KaKHuC 3HA4UYCHUA KYypCa Kl COOTBCTCTBYIOT TI'PaHUYHBIM

(1,2)
3HaueHusM 0 u 'V, ckopoctu V, . IIpexne Bcero, orMedaeM, 4TO I'PaHULBI HE

. d
MOTYT OBITH OINpeaeieHbl JUisl cuTyauuu, korma K, =aiarcsmgd. OueBugHO, U3

ypaBHEeHM rpaHull (2):

(1,2) . d
Ki(V, =0)=0aF arcsmsdzy(l’z).
(1.2)
Jlis onpenenenus Broporo 3HaueHus K, (V, =V, ) paccMoTpuM ypaBHEHHE:
12 sin(K, —y"? (1.2)
vV, = in( ]j (1,2? ) U noxacrasisieM V, =V, :

_sin(K; — Y(l’z))
- 1,2
“( )

sin(K; — y(l’z)) = %sin(K2 - y(l’z)) , IOATOMY
1

Vo, , OTKyJ1a

. Vo .
K, = y(l’z) + arcsm[—\?“ sin(K, — y(l’z))], 15R10
1

)

(12 Vo
KV, =V,)= 7(1,2) + arcsm[%sm(K2 _ y(l,z))]-

1

(1,2)
B canyuae V, >V, cymecrBytor 3Hauenus K,(V, =V, ) mia obeux
rpaHul, a eciau V; <V, , TO HEOOXOOUMO YYHUTHIBATH COOTHOIIECHUS MEXKIY
u K

PaCCMOTpI/IM cnyqaﬁ, Koraga Vl > V2n N HaXOOUM TI'PAaHUYHBIC 3HAYCHUA KypCa

o 1,2
BCIIMYNHOU ’Y( -2) " 3KCTPEMAJIbHBIMHU OTHOCUTCJIBHBIMU KYpCaMH K

otmax otmin *

IICPpBOTO CyaHA:

(H . d
KV, =0)=0a- arcsmsd = y(l);

@ . d
Ki(V, =0)=a+ arcsmsd =v@.

(1 .V )
KV, =V, )= vy 4 arcsm[%sm(l{2 —yM1;
1
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(2) OV,
KV, =V,)= Y(2) + arcsm[%sm(l{2 _ Y(2))] -
1
BBenem 0003HaueHU:

(1) (2)
Kin =K (V, =0),K{p} =K (V, =0),

1min 1min

1 (1) , @
KD =Ki(V, =Vy), K& =KV, =V,).

Imax Imax

C ydeTroM mpUHATBHIX 0003HAYEHUH:

dd M

KV = (x—arcsing =y,

1min
2) . dy
K3 =a+arcs1n3=y ,

KO —y® 4 arcsin[%sin(l(2 -y,
1

. Vo .
K = y(z) + arcsm[%sm(l{z — y(z))].
1
OOparaeM BHUMaHUE, YTO U3MEHEHUE CKOPOCTU BTOPOTO CyAHAa V, Ha y4acTkKe

V,€(0,V,,) i mnepBod TIpaHMIBI IPOMCXOAWT HA  Y4YacTKE KypCOB

K, e(K(l) K ), T. €. Ha HHTepBaje AK{D:K(D ~K® e y4EeTOM

Imin® **1max Imax 1min

. Voo .
nonyuenusix  Boipaxenuit  AKD = arcsin[—22sin(K, —y")].  Amanoruuno TS
yd p 1 vV 2 =Y
1

propoii rpammme: K, e(K!2 K )y up AK® =arCSin[%sin(K2 _ @y,

Imin® *>1max
1

3aMeTHM, YTO UHTEPBaJIbI AKgl) u AK{z) MEHbIIE /2, TOATOMY Ha 3THX MHTEpBaIax
3HaYeHHe CKOpocTH V, nisi 00eux TIpaHUL] MOHOTOHHO Bo3pacTaer. C yueToM
TIOJTy4EHHBIX PE3yNbTaToB 061acTh {2k OMAaCHBIX MAPAMETPOB Kypca OJHOTO CyIHA
U CKOPOCTH BTOPOIO CyJHA, 3aK/IIOYCHHAs MExXAy nepBod Gixy H BTOpod Gy
IpaHALIAMM I caydas V) >V, BBINIIAWT, Kak I0OKa3aHO Ha puc. 1. Iloaromy,

€CJIM TOYKa C Ha4aJIbHBIMH MapaMeTpaMu JBUKEHUS CY/I0B
M, (K, ;,V,,) HaXOAUTCS MEXAY NEPBOU Oumbka! Ouméka cesizn. U BTOPOH G,y

rpanumamu, 1. e. (K., V,)eQyy, TO wuMeer MecTo HepaBEeHCTBO
min D(K
HEOOXO0IMMO BBIOpaTh MapameTphl YKJIOHeHHus cyinoB K,y u V,, Takum o6pasom,

nl»

al> Von ) <dyq, M cOnmxeHue cynoB sBISETCS ONacHeIM. B 3ToM citydae

4T00BI cooTBEeTCTBYIOMA UM Touka M, (K,y,V,, )Haxonunace Ha Oivokaimiei K

touke M, (K
M, ObLIO0 MEUHHMANBHBIM, KakK I0Ka3aHo Ha puc. 1.

11> Vo, ) Tpanuue obmactu {dgy ¥ paccTosHue MEXIy ToukaMu M. u
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A
V2
MI]
V2n
0 , K
1 (2 (1) (2
0 K%rr)nn I<lm)in Klmax I<lm)ax

Puc. 1. O6nacte gy, ONACHBIX IAPaMETPOB CY0B

BriBoabI M MEepCneKTHBA JabHeH e pa0OThI 110 JAHHOMY HANIPABJICHHUIO

Takum 06pa3om, B JaHHOW CTaThe MPEANIOKEH crocod GpopmMupoBaHus o0IacTu
KypCOB OJHOTO CYZHA U CKOPOCTEH APYroro CyjaHa IJis OLIEHKU OIMACHOCTU CUTYalllH
cOommkeHuss W BblIOOpa 0Oe30macHOro MaHeBpa pacxoxiaeHus. B panbHeiinem
LEJIECO00Pa3HO PacCMOTPETh CHUTYalUl0, KOIJa CKOPOCTh CYyJHA, W3MEHSIOLIEro
Kypc, 00JIbIlIe CKOPOCTH CBOET0 apTHEPA 110 ONACHOMY COJIMKEHHUIO.
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