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ABSTRACT

In the article is specified, that a decision-making process contains the following stages:
control of environment, including relative position and parameters of relative motion, the exposure
of situation of rapprochement of vessels, in the case of rapprochement of vessels it is necessary to
produce estimation of degree of his danger, at dangerous rapprochement is needed to define the
type of co-operation, depending on the degree of danger of situation of rapprochement the choice of
strategy of divergence is produced.

On the first stage of process of decision-making surrounding mobile objects come to light by
ARPA or AIS, for which is measured parameters of motion and relative position. It is shown that on
the second stage of process of decision-making, using the measured parameters, it is necessary to
expect the value of speed of change of distance between vessels, taking into account that at its
negative value ships are drawn together. On the third stage of process of decision-making at
rapprochement of vessels estimation of degree of his danger is produced, what development of
situation of rapprochement to the moment of time of their shortest rapprochement is forecast for.

On the fourth stage of decision-making it is necessary to define the type of cooperation of
the drawn together vessels, taking into account principle their process control of divergence. It is
especially substantial for principle of locally-independent management by the process of
divergence, when coordination of co-operation of vessels at dangerous rapprochement is needed.
The fifth stage of decision-making is characterized by the choice of strategy of divergence, thus at
the locally-independent process control of divergence the choice of strategy of divergence is
produced depending on the degree of danger of situation of rapprochement, by the standard
maneuver of divergence or for excessive rapprochement of vessels it is necessary to use the
maneuver of urgent divergence.

In work as the index of efficiency of the analytical collision avoidance systems vessels
probability of safe completion of process of divergence, which is work of probabilities of successful
end of stages of process of decision-making on the choice of strategy of divergence, is offered.

It is shown that first three stages of decision-making on the choice of strategy of divergence
are characterized by general probability of absence of danger of collision on condition that
distance of the shortest rapprochement is equal to the set minimum-possible distance of
rapprochement. For determination of the mentioned probability the error of distance of the shortest
rapprochement is considered and expression is got for the closeness of its distributing. To that end
collected dependence of error of distance of the shortest rapprochement from the errors of
measuring of distance and bearing.

By the got expression for the closeness of distributing of error of distance of the shortest
rapprochement probability is certain of that at equality of distance of the shortest rapprochement
with limit-possible distance of rapprochement there will not be the collision.

Keywords: safety of navigation, warning of collision of vessels, index of efficiency of the
analytical collision avoidance systems vessels, probability of absence of danger of collision.
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PE®EPAT

B crarTi BKazyerbes, 10 MPOLEC YXBAJIEHHS PILICHHS MICTUTh HACTYIIHI €Tallu: KOHTPOJb
HABKOJIMIIHBOTO OTOYEHHS, BKJIOYAIOYM BIJHOCHY IIO3UIII0 1 TapamMeTpH BiAHOCHOTO PYXY,
BHSIBJICHHSI CUTYaIlli 30JIMDKCHHS CYJIeH, Y pasi 30M)KeHHS CyJCH CJIiJI MPOBECTH OIIHKY CTYIICHS
fioro HeOe3neku, Mpu HeOe3MeYHOMY 30JIMKEHHI HEOOXiTHE BU3HAYUTH THUT B3a€MOIIT, 3aJIE)KHO BiJ
CTyIeHs HeOe3IMeKH CUTYyallii 30JIMKEeHHS 3A1MCHUTH BUOIp cTpaTerii po3X0oKeHHS.

Ha mnepmomy eranmi mpouecy yxBaieHHs pimenHs 3a jgonomororo 3APII a6o AIC
BHSIBJISIIOTHCS] HABKOJIMIITHI PyXOMi 00'€KTH, JIJISl SKUX BUMIPIOIOTHCS MApaMeTpy PyXy 1 BiTHOCHOTO
nonoxkeHHs. [lokazaHo, 110 Ha JPYroMy erami Hpolecy YXBaJCHHS PIIICHHS, BUKOPHUCTOBYIOUH
3MIpsHI MapaMeTpH, HEOOX1THO po3paxyBaTH 3HAYCHHS IIBUKOCTI 3MIHHM JUCTAHIIT MK CyJIHAMH,
BPaxoBYIOUH, L0 MPH 1 HETaTUBHOMY 3Hau€HHI CyAHa 301KyroThes. Ha TpeTboMy erarti mporecy
YXBaJICHHS PIIICHHS TPHU 30JIMKEHHI CYJ€H IPOBOIUTHCS OIlIHKA CTYIEHS MOro HeOe3MeKH, IS
94Oro MPOTHO3YETHCS PO3BUTOK CHTyalii 30JMKEHHS 1O MOMEHTY dYacy iX HaHKOpOTIIOro
30JIM>KEeHHS.

Ha derBeproMy erami yXBajJeHHs pIlIEHHS CIIiJ] BU3HAYUTH THUIl B3a€MOJil CyJeH, IO
30JIMKYIOThCS, BPaXOBYIOUM IPUHIIMIT YIIPaBIIiHHI X IPOLECOM po3XoJuKeHHs. OcoOIMBO ICTOTHO
e ISl IPUHIIMITY JIOKAJTbHO-HE3aIeKHOTO YIPABIIIHHS MPOIIECOM PO3XOJDKCHHS, KON HEoOXiaHa
KOOpJUHAIIIS B3aEMOJIl cyieH mpu HebesneuHomy 30mmkeHHi. [1'aTuil etan yxBajJeHHS pillIEHHS
XapaKTepU3y€eThCs BUOOPOM CTpaTerii PO3XOPKEHHS, MPUYOMY MpPH JIOKAJIHHO-HE3AICKHOMY
yIOpaBIiHHI MPOIECOM PO3XOKEHHs BHUOIp cTpaTerii po3XOIKEeHHS MPOBOAUTHCS 3AJIEKHO Bij
cTyneHst HeOe3nekn cuTyarii 30ImKeHHs, TOOTO CTaHZapTHHUM MaHEBPOM PO3XOJKEHHS a0 TpH
Ha/IMIpHOMY 30JIMKEHHI CYJIeH CJIiJl BAKOPUCTOBYBATH MaHEBP €KCTPEHOI'0 PO3XOKEHHS.

VY po0oTi sIK MOKa3HUK €()EeKTUBHOCTI AaHATITUYHUX CHUCTEM TOMNEPEKEHHS 31TKHEHb Cy/IeH
3allpONIOHOBAHA BIPOTIAHICTh OE3MEYHOr0 3aBEpIICHHS MPOLECY PO3XOPKEHHs, siKa € J100yTKOM
BIPOTIJTHOCTI YCHIIIHOTO PE3yJIbTAaTy €TaliB MPOLECY YXBAJICHHS pILIEHHS MO BUOOPY cTpaTerii
PO3XOJIKEHHS.

[Toxa3zaHo, 110 mepill TPU €Tanu yXBaJEHHsS PIIIEHHS MO BUOOpPY cTparerii po3XOKEeHHs
XapaKTepU3yIOThCS 3arajlbHOI0 BIPOTIJHICTIO BiJCYTHOCTI HeOe3NeKu 3ITKHEHHS 3a YMOBH, IO
JUCTAHIIST HaMKopoTmIOro 30JMKEHHS piBHA 3aJaHii TpaHUYHO - JOMYCTHMIM JucTaHLIi
30mmkeHHd. J{nsg  Bu3HAueHHs 3rajaHoi  BIPOTITHOCTI  pO3MNIsIHYTa MOXMOKAa  JAMCTaHLii
HAaWKOPOTIIOro 30/JMKEHHS 1 OJep’KaHO BHMpa3 JUId LIUIBHOCTI 1 po3mojautry. 3 11€0 METOH
oJiepXKaHa 3aJIeKHICTh MOXUOKH AUCTaHIIi HAKKOPOTIIOrO 30M)KEHHS BiJl MOXMOOK BUMIPIOBAHHS
NUCTAHIMI 1 ITeJIeHTa.

3a JI0TOMOrOI0 OAEpP)KaHOTO BHUpaA3zy Ui UIUIBHOCTI PO3MOAUTY TOXHMOKM JAMCTaHIIi
HAaKOPOTIIOrO 30JMKEHHS BH3HAU€HA BIPOTIAHICTH  TOrO, IO MpPH PIBHOCTI JAMCTaHII
HalKopoTIIOro 30MKEHHS 3 TPaHUYHO - JOMYCTHUMOIO JHCTAaHII€I 30JMKEHHS HE BUHHMKHE
31TKHEHHS.

KirouoBi ciioBa: Oe3mneka CyIHOBOIIHHS, IONEPEIKEHHS 3ITKHEHHS CYAEH, IOKa3HUK
€(EeKTUBHOCTI aHATITUYHUX CHCTEM TIOINEPeKEHHS 31TKHEHb CYyJIEH, BIPOTIIHICTH BIJICYTHOCTI
HeOe3MeKH 31TKHEeHHS.

ITocTanoBka HpOﬁJIeMbl B OﬁllleM BHAC M €€ CBA3b C Ba)KHBIMU HAYYHBIMHM WMJIH
NPAKTUYCCKUMHU 3ala4YaMu

B cinywae omacHoro cOMmKeHHs CylOB TpeOyeTcs OILCHHTh CHUTYaluio COMMKCHUS |
OTIEPaTUBHO BHIOpaTh O€30MacHBIi MaHEBP PACXOXKICHUS, KOTOPbIM COOTBETCTBOBANI OBl XOpOIIEH
MOpCKOW TpakTHKe. braromaps HaydYHO-TEXHHYECKOMY IMpPOrpeccy B HACTOSIIEe BpeMs
MPEUIOKEHBl PA3IUYHbIE TUIBl AHATUTHUECKUX CHCTEM INPEAyNpekJIeHUs] CTOJKHOBEHUH CYIIOB,
9TO O0O0yClIaBIMBAaeT HEOOXOIUMOCTh pa3pabOTKH crmocoba CpaBHHUTEIBHOTO aHalnW3a MX
spdpextuBHOCTH. OAHUM M3 CYIIECTBEHHBIX BOIPOCOB TaKOW pa3pabOTKH SBISETCS OLIEHKA
BEPOSITHOCTH CTETICHU OMACHOCTH COJIM)KEHUH CYIOB, 4eM 00OCHOBAH BBIOOD TEMBI CTAThH.
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AHaJIM3 NMOCJeTHNX NOCTHKEHU U MyOJMKaIUii, B KOTOPbIX HAYATO pelleHre TaHHOM
npoodJieMbl U Bbl/IeJIeHUE HePelIeHHBIX paHee YyacTeil 00uieil mpooemMbl

[TpyHIMIIBI  JTOKAJIBHO-HE3aBUCUMOTO U TOJHOTO BHEIIHEro YIPaBJICHUS IPOLECCOM
PAaCXOXKJICHUSI ONMAacHO COJIKAIOLIMXCS CY/JOB pPacCMOTpeHbl B pabore [1], a B pabore [2]
MPeIJIOKEH BBIOOpP CUTYyallMu CONMKEHMsSI CyAHA C LENbI0 U3 MHOXKECTBA CTaHJAPTHBIX CUTYalUH,
MocJie 4Yero IMPOU3BOJHUTCS OMpeNesieHHe CTpaTeruu pacxoxiaeHus. IlogpoOHoe uccienoBanue
METO/IOB JIOKaIbHO-HE3aBUCUMOTI'0 YIIpaBJICHUsI IPUBEACHO B pabote [3], mpuyem Juisi pacXoxKIeHUs
ONIEPUPYIOLIETO CYyAHA C HECKOJbKHMH OINACHBIMHU IIENSMH TPEAJIOKEH MeTox (HopMupoBaHUS
THOKHX CTpaTeruil pacxoxacHus. B padore [4] paccMOTpeHBI B3aUMOICUCTBUE CYIOB ITPU OTIACHOM
COMMKEHUH U BBIOOP CTPATErHy PACXOKICHUS U IPEIYTIPEKACHNS UX CTOJIKHOBEHHS.

PabGoTa [5] mocBsimeHa aBTOHOMHOHW CYJOBOW CHCTEME YKJIOHEHHS OT CTOJIKHOBEHHS, B
KOTOpPOM paccMaTpuBaioTCsi TpeOOBaHMA K AaBTOHOMHOW HaBHTallMd M YKa3bIBaeTCs, YTO
UCCIIEIOBaHMS TI0 aBTOMAaTH3allMU YNpaBICHHUs CYAHOM MOTYT OBITh IMpEACTaBICHBI B
KJIACCUYECKOW MJIM KOMIIBIOTEPHON KaTETOPUSIX.

Bompocam yuera HaBUTallMOHHBIX OMACHOCTEH M HMHEPUUOHHOCTH CyAHA IpU BbIOOpE
CTpaTerHH PacXOKJICHUs CyJlHA TIOCBSIIEHBI paboThl [6,7], a B paboTe [8] mpemiokeHo onucaHue
IpolLecca pacXoXkIeHUs Cy10B B TepMUHaxX nuddepeHInanibHoil aHTarOHUCTHYECKON UTPBI.

B w™onorpagum [9] mnpuBemeH MeTON TPEAYNPEKICHHS CTOJIKHOBEHHUS CYAOB IIyTeM
CMEILIEHUs] Ha TapauIeTbHYI0 JIMHUIO MYTH, a SKCTPEHHAsl CTpATerusi PAcXOKIEHUS B CUTyalluu
YpEe3MEPHOTO CONMKEHUH CYI0B peiokeHa B padore [10].

PesynbTarel uccienoBanus 3h(PeKTUBHOCTH MapHBIX MAaHEBPOB PACXOXKJICHUS MPUBEICHBI B
pabore [11], a B pabore [12] paccMOTpeHO ympaBiICHHS TpeMs CyJAHAMH Ui 0e30MacHOTro
PacxXoKJIeHUSI.

@®opMyaMpoOBaHUe HeJieil cTaThbH (I0OCTAHOBKA 32/1a4H)

]_ICJ'ILIO CTAaTbU ABJISICTCSA pACCMOTPCHHUE MPOLECCa NPUHATUA PCUICHUA O BBI60pe CTpaTeruu
PACXOKACHUA U OLICHKE BEPOATHOCTU CTCIICHU OIMMACHOCTHU COMMKEeHUS CyIO0B.

N3n0xxeHne martepuajia WMCCIeIOBAHHST ¢ OOOCHOBAHMEM TOJYYEHHBIX HAYYHBIX
pe3yJIbTaTOB

[Ipouiecc MpUHATHSA pEIICHUS O BHIOOPE CTPATETHH PACXOXKACHUS COJCPKUT CIETYIOIINe
ATarlbl:

- KOHTPOJIb OKpY’Karollel 0O0CTaHOBKH, BKJIIOYAs OTHOCHTENBHYIO MO3UIMI0 U TapaMeTpbl
OTHOCHUTEIILHOTO IBUKEHUS;

- BBISIBJICHHE CUTYyAIlH COMMKEHUS CY/IOB;

- IIpH COJIMKEHUU CYJIOB CIIeAyeT MPOU3BECTHU OLIEHKY CTEIIEHH €ro OMacHOCTH;

- B CJIy4ae OMacHOro CONMKEHUs ONPEACTUTh TUIT B3aUMOICHCTBHS;

- B 3aBUCUMOCTH OT CTEIEHH OINACHOCTH CHUTyallud COJWIKEHUsS BBIOOp CTpaTeruu
PacxXoXKIACHUS.

Ha nepBoM stane npouecca npunsatus pemenus ¢ nomoniso CAPIT nnn AVC BeIsSBISIOTCS

OKpYKaloIlIhe TOJBUXKHBIE OOBEKTHI, JUIsI KOTOPBIX HM3MEPSIOTCS IMapaMeTpoOB IBUKCHHUS U

OTHOCUTEJIBHOI'O IIOJIOKEHHMSA. Ha 3ToM »3Tame OIIPCACIIAOTCA OTHOCUTEIbHBIN KypcC KOt n

ckopocTh Vi C OMOIIBIO BEIPAXKCHHIL:

Kot =arcsin[(MsinK; —V,sinK, )/ 1,
Vor =[V/ +V2-2VV cos(K -K )]*?,

rae Ky, Vi, K, u V, - mapamerps! nermxenns cynos.
Ha BTOpOM »3Tame mpolriecca NPHHATHA PELICHUs, MCIOJb3ysl H3MEPEHHBIE MapaMeTphl,

HCOGXOI[I/IMO pacCuuTatb 3HAYCHUC CKOPOCTU HU3MCHCHHA JUCTAHIUHU MCKAY CyIAHaMU D,
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YUUTBIBas, YTO IpPH €€ OTPULATE]IFHOM 3HAYeHUWH CyAa COMMKaloTCsA. 3HaueHHEe CKOPOCTU
MU3MEHEHUS JUCTAaHLUU MEXAY CyJHAMH PACCUYUTHIBAETCS C IIOMOILIBIO BBIPAKEHU:

D=- otcos(@—Ky),

II€ O - NIEJICHT C OJHOIO0 CyJHa Ha APYroe CyIHO.
Ha tperbem 3Tame mpolecca NPUHATUS PELICHUS NPU CONMKEHUM CYJIOB ITPOU3BOJIUTCS
OLIEHKA CTENEHH €ro OMNAaCHOCTH, Ul 4Yero MPOrHO3UPYETCs pa3BUTHE CUTyallMH COJVDKEHUS 10

MOMEHTa BPEMEHH MX KpaTyaiIiero cONMmKeHus, KOTOpOe XapakTepu3yercs: JUCTaHIIUen Dmin :

D__ =|Dsin(a—Kg)|,

rae D - nucrannms mexay cyaHamu.

CreneHp OnacHOCTU COJM)KEHHUU CYIOB XapaKTEpPU3yeTCs CUTYallMOHHBIM BO3MYIIEHHEM
(0, KOTOpOE BO3HUKAET IIPU IPOTHO3MPYEMOM IIONAJaHMM CYIOB B JOMEH HEAOIyCTHUMBIX
no3uuui. OHO BO3HUKAET TOIZA, KOrJa IIPOrHO3MPYEMOE 3HAYEHHE AMCTAaHUUHU KpaT4alllero

cOIMKEeHUs Dmin MEHBIIIE 3HAYEHHUS MPeNeIbHO-IOMYCTUMON IUCTAHLUU COMUKCHHUS Dd,

BEJIMYMHA KOTOPOW 3aBUCUT OT (hOPMBI IOMEHA HEAOMYCTHMbIX MO3UIUN U paKypca COMMKEHUs
cynoB. [Ipu onmacHOM CONMMKEHUU CUTYaIlMOHHOE BO3MYIIIEHHE () MOKET MPUHUMATH 3HA4YCHUS |
HIH 2.

[Tocne Toro, kak BBISBICHO HAJIWYUE OIMACHOCTU CTOJIKHOBEHUS, Ha YETBEPTOM JTarie
MPUHSATHS PEIICHUS CJIeIyeT ONPEISIUTh TUI B3aUMOJACUCTBUSA CONMKAIOIINXCS CYJIOB, YUUTHIBAS
MIPUHIUIT YIIPABJICHUU WX TPoleccoM pacxoxaeHus. OCOOEHHO CYIIECTBEHHO ATO JJisl MPUHIIUIIA
JIOKAJIbHO-HE3aBUCUMOTO YTIPABJICHHSI TIPOIIECCOM PACXOXKACHHUS, KOTAa HE00X0JuMa KOOPINHAIIHS
B3aUMOJICHCTBUS CYI0B IPU OMACHOM COJTHMKEHUH.

Ha msTom sTamne npuHATHS pelleHUs ClieayeT BhIOpaTh CTPATErHi0 PacXoKIACHHUs, IpUYeM
IpU  JIOKAJIbHO-HE3aBUCUMOM  YINPABJICHUM IPOLECCOM PACXOXKIEHUS BBIOOp  CTpaTeruu
PacXoXIE€HUs MPOU3BOAUTCS B 3aBUCHMOCTH OT CTENEHU ONACHOCTU CUTYallMU CONMKEHHS, T. €.
3HAa4YCHUA CUTYallMUOHHOT'O BO3MYUICHUSA o> O 5 nucxoast u3 KOOpAWHAaIUU MaHCBpPOB
commxkaromuxcsi cyaoB, npeaycMmorpenHot MIIIICC-72. B 3toM cnydae xapakTep MaHEBpa
PACXOXKIEHHS TAKKE OMNpENENAeTCs 3HAYCHHEM CUTYAlMOHHOTO BO3MyIeHuWs. B ciydae o =1
IPELYCMOTPEHO MPUMEHEHHE CTAHIAPTHONO MAHEBPA PACXOXKIEHHUS, a P 3HAYEHUH ® = 2, 4TO
XapakTepHO [UIl YpPe3MEpPHOTro COMMKEHHMsI CylOB, BO U30€KaHHE CTOJKHOBEHHS CIEIyeT
WCTIOJIH30BaTh MAHEBP SKCTPEHHOTO PACXOXKICHUSI.

[TpuHIMNMATBHO BaXKHBIM SBIISIETCS YHCIIO OMACHO cONMXKaromuXcs cyJoB. B ciydae, kornia
OMacHo cOmmKalTcs Oosee ABYX CYyHOB, CTPATETHsl PACXOKACHUS (OPMHPYETCS C Y4eTOM
MaTpHUIbl CUTYaIMOHHOI'O BO3MYILEHHs, KOTOpas B KayecTBE 3JIEMEHTa COICPKUT 3HAYCHHE
CUTYallHOHHOTO BO3MYIIIEHUS COOTBETCTBYIOIICH Maphl CYI0B.

B xauectBe mokazatens 3(()EKTUBHOCTH aHAIUTHUECKUX CHCTEM MpPEeayNpeKaeHUs
CTOJIKHOBEHHH CyJOB I€JIECOO0Pa3HO MPEMJIOKHUTh BEPOATHOCTh OE30MACHOTO 3aBEPUICHUS

nporiecca pacxoxaeHns Pgp, KoTopast sBIsSIeTCs NpOM3BeieHHeM BepositHoctedl P, yememrsoro

HCXO0Ja 3TaIloB Mpo1eccCa IMPUHATUS PCIICHUA 110 BBI60py CTPATCTUU PACXOKIACHUA:
Pst = P1P,P3P,Ps.

OTmeTuM, 4TO TEepBbIe TPH ATalla MPUHATHUS PELICHUS 10 BBIOOPY CTPATErHH PACXOKICHUS
MOJKHO XapaKTepu30BaTh OOIIEH BEPOSATHOCTbIO OTCYTCTBHMSI OHNACHOCTH CTOJKHOBEHHUS IIpU
YCIOBHM, YTO IMCTAHIMA KpaTyaimiero cONMKEHUs paBHA 3aJaHHOM IpelelbHO-I0IyCTUMOM
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OUCTaHIMU cOmmkenus. s ompeneneHus yHOMSHYTOW BEpOSTHOCTU CIIEAYET pPacCMOTPETh
IIOTPELIHOCT AUCTAHIMK Kpardaiiurero commkerns AD .. n Haiitn BeIpakeHHe M1 IOTHOCTH

€e pacIpe/esIeHus.
C 5T0il 1eNbl0 CIeAyeT PacCMOTPETh 3aBUCUMOCTH MOTPEIIHOCTH JAUCTAHIIMKM KpaTyaulIiero

commxennst AD ., or morpemHocrei usmepenust aucranuuu AD u nemenra Ao. s ororo

BOCIIOJIb3yeMCst BbipaskeHneM st D i :
D =|Dsin(a-K 1
nin = [DsiN(o = Kt )], )
# ¢ ygeroM coorBercTBytouux norpemsocreiit AD iy, AD 1 Aa nonyunwm:

D +ADp, =|[(D + AD)sin[( o — K ) + Aa]| = (D + AD)[sin( @ — K ;) cosAa +

min

+ cos(a — K )sinAal.

Tak Kak MOTPEIHOCTH U3MEPEHNUS MMEIOT MaJble 3HAYEHHs, TO MOKHO npuHaTh COSAa =1
u SINAo = Ao.. CnenoBarensHo,

D . +ADp, =(D +AD)[sin( @ — Kg) + cos(a — K )Aa] = Dfsin(a. — K, )| +
Dcos(a — Ky )Aa + ADJsin(o — K )| + ADcos(o — Ky )Aar.

OO0pariaeM BHUMaHHE, YTO B IOCJIEIHEM BBIPAXKECHHUHU:

Dfsin(o — Ko )| =D, ADcos(a— K )Aa~0,

Y4UThbIBasA, 4TO AD nu AOL ABJIAOTCA BCJIMUMHAMHA C MaJIBIMU 3HAYCHUSMMUA. HOBTOMY:
D +ADpy, =D +Dcos(o — Koy )Aa + ADfsin(a. — Koy,

HNJIN OKOHYATCJIbHO:

AD i, = Deos(o— Ky )Aa + ADJsin(o — K, )|. )

Takoil ke pe3ynbTar MOJy4YMM ajlbTepHATUBHBIM IyTeM. Halinem momuelii nuddepenuan
BbIpaxkeHus (1):

d(D ) =[d(D)sin( @~ K )| +Deos(a—~ K ) da.

[lepexons ot quddepeHIanoB K KOHEUHBIM MPUPALIEHUSAM, TTOITYYUM BbIpaskeHue (2).
C yuerom 3aBucumocTu (2) u npeanonaras, uro norpemnocty AD u Aol pacnipenenensr mo

2 2
HOpMAJIbHOMY 3aKOHY C JHUCIICPCUAMU GD n 0(1 MOXXHO 3aIlMCaThb BBIPAXCHUC I JUCIICPCUU
2
norpemsoctd AD i , KOTOpY!0 0603HaINM Gy, - [T03TOMY:!

62 =o5sin(a—Ky) +02D%cos? (a— Ky .

B sToM ciyuae 3akoH pacnpenernetus norpemsoctd AD i, Taroke sBIsiercst HOpMaNIbHBIM U

mnotHocTs fpy (AD ;) BBIpakaercs cieyommm 06pasom:
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(AD )2
fp (AD i) = —==——exp[———3"],
b( mln) \IZTEGmin p[ 262mih ]
WU
[ADmin]2
f.(AD.....)=A. exp{— ’ ©
b (AD min ) n €Xp{ 2[02Dsin2(a—Kot)+G§DzCOSZ(a—Kot))}
e A, = -

J2n(c3sin? (@ — Ky) + 62D%cos? (0 — Kyy))

Pacnonaras Bepaxxennem s miotHoctn pacnpenenenns f(AD i), MoxHO onpenemnts

BEpOSTHOCTH Py, Toro, uto B ciydae papercta D, =Dy npu cOmmkennn cynoB He BOSHUKHET
cronkHoBeHus. J{ns sToro obpatumcsa K puc. 1, Ha Kotopom o6o3HaueHo uepes Dy paamyc

HeTepMHHHpOBaHHOﬁ O6J'IaCTI/I, y‘lI/ITLIBaIOH_Ieﬁ Fa6apI/ITBI CyJHa " ABJICHUC TPHUCACBIBAHN.

Puc. 1. Onpeoenenue éepossmuocmu 6e3a8apuiitHo20 CONUNCEHUS
OueBH/IHO, HCKOMasi BEPOSTHOCTb PaBHA BEPOSTHOCTH TOro, 4ro morpemsocts AD i, He

npessoiiner BemuunHy Dip =Dy, 1. e Py =P{AD.;, <Dpmi» —Dg}- C yuerom
nosy4eHHoro Boipaxkenust (3) st miotHoctu pacnpenenerus fy (AD ;) momyanm:
Dmin_Ddt

I:)b = I:){ADmin < I:)min - Ddt} = ,[fb (ADmin )dADmin » AT
0

Dmin_Ddt
I:)b = Ifb(ADmin )dADmin :
0
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B cimydae nomena ¢ (opmoi, OTIMYHONW OT Kpyra, HEOOXOIMMO pacCMaTpUBATh BOIPOC
onpeneneuusi Dy . Ilonydennas BepostHocTs P, ompenensier 6IaronpusTHBIA HCXOJ IEPBOTO

oTaria.

BbiBoabI M MepCHeKTHBA AaJIbHelIIeill padoThI 10 JAHHOMY HANIPABJIEHUIO

TakuM 00pa3oM, B JaHHOH CTaThe PACCMOTPEH MPOIECC TPUHATHS PEIICHUS O BBIOOpE
CTpaTeTHH PACXOXKICHUS M MPEIUIOKEHA MPOIEaypa OICHKH BEPOSTHOCTH CTEIICHH OIAaCHOCTH
cOmmkeHust cyoB. B panpHeleMm 1enecoodpa3HO paccMOTPETh BO3MOXKHOCTBH OIPEIEIICHUS
BEPOSITHOCTEH YCIIEIIHOTO MCXO/a OCTAIBHBIX 3TAloB MpoIecca MPUHSITUS PEHICHUsS 10 BBIOOPY
CTpaTETHH PACXOKICHUS.
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