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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

3anponoHOBaHO CMoci0 (GopMyBaHHS HEIOMYCTHMOI 00JIacTi KypCiB OJHOTO
CyJlHa 1 IIBUKOCTEH 1HIIIOTO CYIHA JJIS OIIHKY HEOE3MEeYHOCTI CUTYaIlii 30IMmKeHHS Ta
BUOOpY 0€3MeYHOr0 MaHEeBpY PO3XO/KEHHS. PO3rNsHYyTO BHUMAAOK, KOJIH HIBUAKICTH
CyIHa, SIK€ MIHSI€E KypC, OlIbIlIa MIBUAKOCTI 1HIIIOTO Cy/IHA, 1110 MAHEBPYE.

B nanomy BUDAAKy pO3IVIAHYTO 00JIACTh HEJAOMYCTUMUX KYpCiB OJJHOTO CyAHA 1
IIBUJKOCTEH 1HIIOrO CyAHA, MpU TMOEAHAHI SKAX JHUCTaHIS HAWKOPOTIIOrO
30JMKEHHS MEHINA 1O BEJIMYMHI BiJI TPAHUYHO - JOMYCTUMOI JIMUCTaHIIli, TOOTO
30JIMDKEHHSI CyZIEH SIBIISIEThCS HeOe3neuHuM. Po3MsHyTO NpUHUMI (OpMyBaHHS
TaKoi 00J1aCTl, BUXOJSYH 3 TOTO, IO il MEXY YTBOPIOIOTh TOUKH, SIKI 33J0BOJIbHSIOThH
YMOB1 PIBHOCTI JMUCTAaHINI HAWKOPOTIIOTO 30JIMKEHHSI Ta TPAHUYHO - JOMYCTUMOT
JUCTAHITI.

[TokxazaHo, 1110 Ha IHTEpBaJlax 3MIHM KypcCy MEpIIOTO CyJHA, Kl MOXYTb OyTH
OUIbIII TPSIMOrO KyTa, 3HAYEHHsS IMIBHUIKOCTI JAPYroro cyaHa mig 000X Mex
MOHOTOHHO  3pocTatoTb. B poOoTi  oxaepxkaHa rpadiuHa  1HTEpHpeTais
3alpONOHOBAHOI  00JAacTi HEAOMYCTUMHUX KypCiB OJHOIO Cy[HA 1 IIBUJIKOCTEH
IHIIOTO CyAHA JJISl BUMAJKY PO3IJISHYTOrO CIHIBBIAHOIIEHHS IIBUIAKOCTEN CYJEH, SIKI
HeOe3nmeyHo 30JIMKYIOThCA. 3rajiaHa 00JacTh MICTUTBCS MIXK JIBOMa MEXaMu, K1 He
MEepPEeTUHAIOThCS. TOUKM MIXK MEXaMu BIJNOBIJAIOTh KypcaM 1 IIBHJIKOCTSM CYZEH,
P SKUX JUCTAHINS HAWKOPOTIIOTO 30JIMKEHHSI MEHIIA 32 TPAHUYHO - JOMYCTUMY
JUCTAHINII0, 10 XapaKTepusye HeOe3neune 30JmKeHHs cyleH. ToMy, SKIIO TOYKa 3
MOYATKOBUMH TapaMeTpaMu PyXy CYACH 3HAXOJUTHCS MIXK MEPIIOI Omubka! Omudka
cesiznl JIPYrOI0  MeXaMH, TOOTO HaJEKUTh 00JacTi HEIOMYCTUMHUX KYpCiB OJHOTO
CyJHa 1 MIBUIKOCTEW 1HIIOrO CyJHA, TO 30JMXKEHHs CyleH HebesneuHe. B Takomy
pa3i Juist 0e3MeYHOro PO3XOKEHHS CyJIeH NOTpiOHO BUOpATH MapamMeTpu YXWIECHHS
CylleH, TOOTO KypCy 1 IIBHAKOCTI TakKUM YHWHOM, MO0 BIAMOBiIHA iM TOYKa
3HaXOJIUJIaCh HAa HAMOMKYIM JO MOYATKOBOI TOUYKM MEX1 00JIacTi HEIOMyCTUMHUX
KYpCIB OJHOTO CYyJHA 1 MIBUAKOCTEW I1HIIOTO CYyJHA 1 BIJCTaHb MDK 3TraJlaHUMH
TOYKaMu OyJia MiHIMaJIbHOIO.

TakuM 4yuHOM, B pOOOTI OJIepKAHO AHATITHYHI BUPA3U IJII PO3PAXYHKY MEXK
00J1acTi HEJOMYCTUMHX KYypCiB OJHOTO CyAHA 1 HIBUJIKOCTEH IHIIOTO CyAHA, IO
HeOe3MeyHo 30JMKYIOThCS, @ TAKOXK 3alPOIIOHOBAHA IMPOIeAypa OLIIHKKA O€3Me4YHOCTI
30TMKEHHS.

KirouoBi cjioBa: 6€3neUHICTh CYJTHOBOMIHHS, MAHEBP PO3XOHKEHHS 3MIHOIO
KypcCy 1 IIBUJIKOCTI, HEMPHUITYCTUMA 00JIaCTh MapaMeTPiB PyXy CyACH.
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ITocranoBka npo0/ieMbl B 001eM BH/IE U €€ CBSA3b ¢ BA)KHbIMH HAYYHBIMH
WIN NPAKTHYECKUMH 3aJa4aMu

OOecrieueHne 0O€30MaCHOCTH  CYJOBOXACHHUA IpU IJIAaBaHUU CYyJIOB B
CTECHEHHBIX BOJAX SBJSETCS BaKHEWIIEH MpoOjeMol MOBBILIEHUS O€30MaCHOCTU
MoperiaBaHus. B HacTosiee BpeMsi CTECHEHHbBIE pPalOHbI IJIaBaHUSI C OCOOEHHO
WHTEHCUBHBIM JIBKEHHEM OOOpYAYIOTCS CTAHLMSAMHU YIPABICHUS JIBH)KEHHEM
CyJIOB, HAa3HAYEHUEM KOTOPBIX SIBJISIETCS KOHTPOJIb IpoOLiecca CYIOBOXKICHHUS U
yIpaBlIeHUS ABIKEHUEM OMACHO COMMKAIOMIMXCS Cy/I0B. B cBsA3M ¢ 3TUM pa3paboTka
CHOCOOOB YIIPaBJICHUS OMACHO COMIKAIONIUMUCS CYyAaMH SIBIISIETCS aKTyaJlbHBIM
Hay4HbIM HaIlPaBJICHUEM.

AHAJIU3 TOCJHEIHUX JTOCTHKEHHMH W NyOJuKanuii, B KOTOPbLIX HA4YaTo
pellieHue JaHHOW NMpo0JieMbl U Bble/IeHHEe HEPEelIeHHbIX PaHee 4acTel o01ueit
npooJieMbl

[IpyHIMO BHEIIHErOo yOpPaBJIEHUS TPYNINOM CYJOB NPH BO3HUKHOBEHHUH
CUTyallMd OIACHOTO COMMKEHHs paccMOTpeH B pabore [1], a paboter [2, 3]
MOCBSIIEHB BOMPOCAM TMPUMEHEHMs] OMACHBIX 00JIacTel MapaMeTpoB JBUIKEHUS
CyIlOB JUIsi MX OE€30IacHOTO PAacXOXKJeHHUs, NpudeM B pabore [2] paccMOTpeHO
HCIIOJIb30BaHME OMAacHOM 00JacTH KYypCOB JIBYX CYJOB JJIsi BIOOpaA JOMYCTHMOTO
MaHEBpa PACXOXICHHUA, a B padoTe [3] mpemsioKeH MaHEBpP PaCXOXKICHHUS CY/I0B
W3MEHEHHUEM UX CKOPOCTEM.

DopMyJMPOBKA LeJIel CTATHH

Lenpto naHHOM cTaThu sBIAETCS (opManu3anus crnocoda (HopMupoOBaHUS
00J1aCTH KypCOB OJIHOTO CyJIHAa U CKOPOCTEH APYroro CyJHa AJid OLEHKA OMacHOCTU
CUTYaIMH COJMKEHUS U BRIOOpa 0€3011acHOTO MaHEBpa PACX0KICHHUS.

N3n0keHHEe OCHOBHOIO MAaTepHajia MCCJIe0BAHUA C O00O0CHOBaHHMEM
MOJIyYeHHBIX HAYYHBIX Pe3yJbTATOB

B pabote [2] paccmoTpeH crmocod ¢dopmupoBaHHs 00JacTH OMACHBIX KYPCOB
napbl CONIKAIOMIMXCSA CY/AO0B, C MOMOIIBIO KOTOPOTO BO3MOMKHA OIIEHKA CTETECHU
OMACHOCTH CUTyallud COJMMKCHHS W BBIOOpa MaHEBpa PACXOXKICHUS CYJIOB
M3MEHEHHEM HMX KYpPCOB TPU MOCTOSIHHBIX CKOpocTsax. Croco0 pacuera TpaHUIl
00JIaCTH OMACHBIX CKOPOCTEH, MO3BOJISIONIUM OMPEACTUTh MaHEBpP PACXOXKICHUS
CyJIOB U3MEHEHUEM HUX CKOPOCTEM MpU HEM3MEHHBIX Kypcax, MpeioKeH B padoTe
[3]. OnHako BO3MOXKHOCTH O€30MAaCHOTO PACXOXKIACHHUS OIMACHO COJIMKAIOUIUXCS
CyJIOB BO3pacTaloT IPU MCIOJH30BAHUHU €III€ OJHOTO THUIA PACXOXKICHUS, IPHU
KOTOPOM OJTHO M3 CYJIOB U3MEHSIET KypC, COXpaHssi HEU3MEHHON CKOPOCTh, a BTOPOE
CYJIHO Ha TIOCTOSIHHOM KypCE€ MOKET CHUXKaTh CBOIO CKOPOCTh. B ykazaHHOM ciydae
HEOOXOJMMO PACCMOTPETh O0JACTh OMACHBIX KYpPCOB OJHOTO CyJHA M CKOPOCTEH
JIPYroro CyJaHa, TPH COYETAaHWM KOTOPBHIX ITUCTAHIUS KpaT4aWIero COJNMKEHUs
MEHBIIIE TPEACIBHO-AOMYCTUMON AUCTAHIINKN, T. €. COJMMKCHHE CYJOB SIBIISICTCS
omacHbIM. PaccMoTpuMm TpuHIMTT (OPMHUPOBAHUS TaKOW 001acTH, KOTOPYIO
06o3HauuM ., . OueBunHO, UTO TpaHuly obmactu €y, Ha miaockoctn K;xV,

cocraBmsitor Touku (Ki,V,), ymomnerBopsitomme ycmosmoo min D(K;,V,)=d,.
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AHATUTHYECKH OTO BBIPAXKAETCS CIEAYIOIIMM o0Opa3oM. M3 BeIpaKeHHsS IS
min D [4] momy4unm:
_ . d
K, =oFarcsin(=2),
D
II09TOMY CIIPaBEINBO PABEHCTBO:

tgK o =tg[a £ arcsin(%d)].

_ . d
O6o3Hayaem 7(1‘2) =aF arCSIn(Ed) , CIICZIOBATEILHO,

9K ot = tgy(l'z) .

VYuursiBas [4],
_VgsinK —V,sinK,
% VicosK, — V,cosK,
VisinK; —V,sinK,  siny
V,cosK; — V,cosK, cosy?

tgK

MOJTy4YUM

(1.2)

1)

OTKYJla 3allUChIBAEM 3aBHCHUMOCTh MEXAY KypCcOM OAHOTrO cynHa K; M CKOpOCTbHIO
Apyroro cyaHa V,, yIOBIETBOPSIONIMM ycioBuio MinD=d;.
Bripaxkenue (1) mpuHUMaeT CleayOmuii BU:

. . Vv, . .
sink ,cosy™? — cosKsiny®? = 72 (sinK,cosyM? —cosKsiny™2),

1

i _ 12
Sin(Kl_y(l,Z)):SIn(KZ Y )V2

Vl
[ _ (12 L2 si 12
Eciu 0603HauuTb M(1,2):sm(Kz ) o v, _sin(K; —v*?)
Vi u@2

CrnenoBaresibHO, CYIIECTBYET JBE IPAHULIbI, HA KOTOPBIX JOCTUTAETCS PABEHCTBO
minD=d:

@  si — @ _ .
V, = Sm(Kl(l) ) Vi sin[K; — (o — arcsm%d)] ,
H sin[K, — (a+arcsinDd)]
@ sin(K,; —y® V. . . d
V, = ( 1(2)y )_ L sm[Kl—(a+arcsde)]. (2)

H sin[K, —(a—arcsinDd)]
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Tak kak paccMaTpuBaeM HM3MEHEHHE CKOPOCTHM TOPMOXKEHHUEM, TO 3HA4YCHHUs
(12) ,
ckopocte V, JOJDKHBI yIOBIETBOPATH ycnoButo Vo, >V, 20, rne V,, -
Ha4aJIbHasi CKOPOCTh CY/HA.
PaccmoTpuMm, kakue 3HaueHuss Kypca K; COOTBETCTBYIOT TI'DaHUYHBIM

(1.2)
3HayeHusMm 0 u V2n CKOpOCTH V2 . Hpe;xz[e BCCro, OTMC4YacM, 4TO I'paHHUIbI HC

. d
MOTYT OBITH OIpEAENeHbl A1 CUTyauuu, koraa K, :aiarcsmgd. OueBuHO, U3

ypaBHEHUH rpaHull (2):

Kl(Vz(l'Z) —0)=aF arcsin%‘lI —yt2,
Jnst onpenenenust Broporo 3Hauerus K, (V. ) =V,,) paccCMOTpUM ypaBHECHHE:
V2(1'2) = Sin(Kl(l_g(l,Z)) U TIOJCTaBIIIEM V2(1'2) =Vo,:
e
Vo = Sin(}i:(l_,z?(l@) , OTKy/1a

sin(K, —y?) =%sin(K2 —v12y nosromy
1

Ky =y®? 4 arcsin[%sin(Kz — v 2], wm
1

= V2n) = Y(l,Z) + a_rCSir'l[%Sil’](K2 _ 7(1’2))]-
1

(12
Ky (V2

(12)
B caysae V;>V,, cymectBytor 3HageHus K, (V. =V,,) s obenx

rpanun, a ecid V) <V,,, TO HEOOXOAUMO YUYUTHIBaTh COOTHOILIEHUS MEXIY

1,2
12) OKCTPEMAJIBHBIMUA OTHOCUTENIBHBIMU KypcaMH K imax B Kotmin -

BEJIMYUHOU Y
Paccmotpum ciywait, korna V; >V,, ¥ HaxoouM I'paHWYHBIE 3HAYEHUS Kypca

MEePBOTO Cy/IHA!

1 d
Ki(V, =0)=o0- arcsmE“I =y

2 .
Ki(V, =0)=a+ arcsln%OI =@

o)) ) ]
KV, =V, )=yY + arcsm[%sm(K2 —vO1;

1
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2 VAR
Ki(V, =V, ) =7 + arcsm[%sm(K2 _y@].
1
BBegeM 0003HAYCHHUS:

1 2
Kinin = Kl(Vz() =0), K& = Kl(VZ() =0),

1min Imin
1 (L) 2 (2)
K£n)1ax = Kl(VZ = V2n) ' Kim)ax = Kl(VZ = V2n)-

C y4eToM mpuHATHIX 0003HAYEHUN:

d
KO =q— arcsinBOI =y,

1min

. d
Kgﬁ])in =0+ arcsmﬁd - Y(Z) ’

K (@)

Imax

=y® 4 arcsin[ﬁ sin(K, —y™M)],
Vl
N Ve
K2 =y tarcsin[~2'sin(K, —y@)].
\4
OOparmaeM BHIMaHHUE, YTO U3MEHEHHE CKOPOCTH BTOPOTO cynHa V, Ha y4acTKe
V, €(0,V,,) nana nepBoil TIpaHUIBl TNPOUCXOAUT HA Y4YacTKe KypCOB

K, E(K(l) K @

@)
1min * " “1max -K nim € Y4€TOM

1 1
), T. €. Ha HHTEpBaJe AKi):K() imin

1max

. Vo .
MOJTyYEHHBIX BBIPAKCHUM AKil) :arc3|n[$sm(K2 —y(l))]. AHaNOTHYHO TSI
1

. N VA
BTOpOM rpaHuupl: K € (Kﬁn)in , Kiﬁ])ax) U AKiZ) = arCSIn[%SIn(KZ —y(z))].
1
3aMeTUM, YTO UHTEPBAJIbI AK&D u AKP MEHBIIIE 71/2, TOATOMY Ha 3TUX UHTEpBajax
3Ha4eHHe CKOpocTH V, A o0eux IpaHUl] MOHOTOHHO Bo3pactaer. C ydeToMm

TIOJIy4EHHBIX Pe3yIbTaToB 00macTh (2, OMACHBIX MAPaMETPOB Kypca OJHOTO CyIHA
U CKOPOCTH BTOPOTO CYy/HA, 3aKJIIOYEHHass Mexay nepBol Gjn, H BTOpoil G,y
rpaHuiamMu aus ciaydas V>V, BBIIJISANT, Kak MoKa3aHo Ha puc. 1. Ilostomy,

€CJIM TOYKa C HaYaJ bHBIMHU MapaMeTPaMy ABHKCHHUS CYyJIOB
M, (K1, Vo) HaXOAUTCS MEXKITY HEPBOM Ommbra! Ommbra cesisu. 1 BTOPOH Gy

rpanunmamu, T. €. (K 1,Vo,) €Quy, TO HMeeT MecTo  HEPaBEHCTBO
min D(K,,1,V,,) <dy, u cOmmkeHne cynoB sBISEeTCS omacHeIM. B sToMm ciyuae
HEOOX0MMO BBIOpATh MapameTpsl yKIOHeHus cynoB Kj, u V,, takum obpasowm,

yTOOBl COOTBETCTBYIOIAS UM TOYKa My(Kly,sz)HaXOIH/IHaCI) Ha Omkaiimen x

touke M, (K1, V,,) rpanune obnactu Q1 paccrosuue Mexay Toukamu M, u
M, ObLIO MUHHMANBHBIM, KaK MOKa3aHo Ha puc. 1.
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A
V2
V2n
0 !
1 2 @ 2
0 Kirr)ﬂn Kinzin K max Kirrzax

Puc. 1. O6nacts Q,, ONacHbIX NapaMeTPOB CYI0B

BbIBOABI M EpPCNIEKTUBA JaJIbHEHIe padoThI 110 JAHHOMY HAIIPABJICHUIO

Takum 00pa3om, B JaHHOW CTAaThe MPEMJIOKEH CIocod GpopMUpoBaHUST 00JIACTH
KypCOB OJIHOTO CyJIHA U CKOPOCTEH APYroro cyjHa Ajsi OLIEHKH OMAaCHOCTU CUTYallUU
cOmmbKeHrus © BbIOOpa 0€30macHOr0 MaHeBpa pacxoxiaeHus. B manpHeiem
11eJ1eCO00pa3HO PacCMOTPETh CHUTYaIMIO, KOIJa CKOPOCTh Cy/HA, H3MEHSIOIIEro
Kypc, O0JIbIIIe CKOPOCTH CBOETO MapTHEPA 10 OMACHOMY COJIMKEHHUIO.
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