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OBIIIASA XAPAKTEPUCTHUKA PABOTbI

AKTYaJIbHOCTb HMCCJIeA0BaHUsA. TpagulIMOHHO B MOPCKOW PAJAUOJIOKAINU CUUTACT-
Csl, 9YTO MOPCKHE PATUOJIOKAIIMOHHBIE TIEJIA SBJISIOTCS TOUCYHBIMH (HAJBOJHBIE KOPAOIIH,
Karepa, Oyu u T.IL.).

Ha camom nene 3a kopabisamu, KaTepaMu U JIPYTUMU JABUKYIIUMUCS MOPCKUMU 11e-
JISIMUA BCET/Ia TSHETCS KWJIbBATEPHBIN Clie/l, MPOTIAKEHHOCTh KOTOPOTO MOXKET COCTAaBIISAThH
HECKOJIBKO JIECATKOB KUJIOMETPOB, a OT (DOPIITEBHS PACXOAITCS KOpabelbHbIE BOJTHBI, 00-
Jafarolue TaKXke 3HAUUTEIbHOU MPOTSHKEHHOCTHIO. DTa CUCTEMa CJIEJIOB XOPOIIO BU/IHA
HE TOJIbKO B ONTHYECKOM JHaNa3oHe, HO M Ha JKpaHaxX paJruoJOKAIMOHHBIX CTaHIUN
(PJIC) npu BbIKIIIOUEHHOM BpEeMEHHO peryinpoBke yyBcTBUTEIbHOCTH (BPY) 1 0Opazyer
IPOCTPAHCTBEHHO MPOTSKEHHYIO PAJUOJOKALMOHHYIO 1eib. [IpOCTpaHCTBEHHO MNpOTS-
KEHHYIO 1IeJIb 00pa3yeT U rpymnmna Kopadieil COBMECTHO CO ClielaMU, JBUXKYIIAsICS B CO-
CTaBe CTPOS WUJIU OpJEpa, Wi ke 0e3 ydeTa CIe/I0B.

B macrosimieit pabote moa mpoCTPaHCTBEHHO MPOTSHKEHHBIMU IEJISIMH TTOHUMAIOTCS
TaKHe IIeJIU, TEOMETPUUYECKUE Pa3MEPBl KOTOPHIX MHOTO OOJIBIIE pa3pemiaoleid crnocoo-
HoctH PJIC, ucronbs3yeMbIx 15t ©X 0OHApyKEHUSI.

B pesynbrare mpuMeHEHUsT CPEACTB PaaInodIeKTPOHHON 600pb0bl (POB) BeposTHOCTH
oOHapyXeHHsI KopaOJiel paauOJIOKAIIMOHHBIMUA CTAHIIUSAMU HAJBOJHOTO OOHAPYKEHUS
CHUKaeTcsl. B CBSI3M € 3TUM CTaHOBUTCSI aKTyaJbHBIM PaJIMOJIOKAIIMOHHOE OOHApYKEHUE
KopalJieil 1o ciieilaM B YCIOBUSIX paaronpoTUBoercTBUsA. OaHAKO 3a7ja4a pagnuoioKaly-
OHHOTO OOHAPYKEHUSI MPOCTPAHCTBEHHO MPOTSHKEHHBIX IEJIEH B YCIOBUSIX PaAUONPOTHU-
BOJICHCTBUS CO CTOPOHBI MPOTUBHUKA JI0 HACTOSIIIEIO0 BPEMEHHU HE paccMaTpuBajiach. ITO
U OTIPENICIIICT aKTyaIbHOCTh JUCCEPTALIMOHHOTO UCCIICI0BaHUS.

Cocrosinue Bompoca. B konie 60-x-nauane 70-x To0B ObUIO JOKa3aHO, YTO BCE
mopckue PJIC crmocoGHbI 00HapYyKHUBaTh ClieAbl HAABOAHBIX Kopaoseil. bonbioi Bkiam B
pa3pabOTKy METOJOB U CPEACTB PaTUOJIOKAIIMOHHOTO OOHApYy>KEHHs CIEJ0B Kopalieil
BHecu @. I'. bacc, A. B. biaronparos, B. C. lans, A. A. 3aropoanukos, B. A. lIBaHoB,
. b. Kanapeiikun, A. . KanmseikoB, A. 3. Kucenes, K. K. Jlanun, FO. . Munalikus,
. E. Octposckuii, B. A. Ilorexun, A. JI. Pozenbepr, B. A. Ceipaues, 1. E. Yimakos,
U. M. ®yke, U. ©. umkun, W. D. Garret, R. D. Peltzer, P. M. Smith u ap.

Meroanka pacuera BEpOSTHOCTH OOHAPYKEHUS TOUYCUHBIX IeJe (TEOpHsl MOWCKA)
Opima co3gana b. KynmmanmoM w pa3BuTa OTEUECTBEHHBIMH YUYCHBIMH, TAKUMHU Kak
B. A. A6uyk, H. C. Boarun, B. A. I'opOynos, U. . {unep, . I1. Kum, B. I1. Jlanmus,
O. A. Mpsikun, B. B. ITonosuy, B. I'. Cy3gans u 1p.

3afada pacyeTa BEpOSITHOCTH OOHAPYKEHUS MPOCTPAHCTBEHHO MPOTSHKEHHBIX IIesei
obu1a copmynupoBana u pemieHa M. @. Mumkunbiv u ero yuenukamu M. K. Muneesoi,
B. A. CeipBaueBbiM u Ap. [Ipu 3TOM pacuet BeposSTHOCTH OOHAPY>KEHUS MPOCTPAHCTBEHHO
NPOTSHKEHHBIX LIEJIEN B YCIOBUSAX PaJUONPOTUBOAECHCTBUS CO CTOPOHBI IMPOTHUBHUKA HE
paccMarpuBacs.

Hayunas 3agauya ucciieqoBanus. B yCioBusx paguonpoTUBOAEHCTBUS CO CTOPOHBI
IPOTUBHHUKA PACYeT BEPOSITHOCTH OOHAPYKEHUSI MPOCTPAHCTBEHHO MPOTSKEHHBIX IIeNIeH
BIIEPBBIE pacCMaTPUBACTCS B ATOM AUCCEpPTALMU. DTO ONPENEISET HayYHYIO 3a7ady JucC-
CEpTALMHU: UCCAe008aHUE BIUAHUS PAOUONDOMUBOOEUCMBUSL CO CMOPOHbL NPOMUBHUKA HA
8ePOAMHOCHL OOHAPYHCEHUS NPOCMPAHCMBEHHO NPOMANCEHHBIX Yelell.
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O0beKkTOM HCC/IeI0BAHUSI B JMCCEPTALMM SIBISIETCS BEPOSITHOCTH OOHApYKEHUS
IIPOCTPAHCTBEHHO MPOTSKEHHBIX LIEJIEM HA MOPCKOM ITOBEPXHOCTH.

Leap padoThbl 3aKitouaeTcsi B pa3padOTKe METOJOB pacyeTa BEpPOSTHOCTU OOHapy-
KEHUS IIPOCTPAHCTBEHHO IPOTSKEHHBIX LIEJIE Ha MOPCKOM MOBEPXHOCTH PaIUOJIOKALIM-
OHHBIMU CTAHLIMSIMU HAJBOJAHOTO OOHAPY’KEHUS MPU PATUONPOTUBOACHCTBUU CO CTOPOHBI
MIPOTUBHUKA.

3agaum ucciaenoBaHus. [ JOCTHIKEHHsI OCTABJIEHHOM LEIM B MPOLIECCE BBINOJ-
HEHUS paboThI MOTPEOOBAIOCH PEIIUTD CIACAYIONINE 3a/1a4H:

1) mpoBecTH aHanu3 BIAUSHUSA PaJIAONPOTUBOIAECHCTBUA CO CTOPOHBI MPOTMBHUKA HA
BEPOSITHOCTh OOHAPY>KEHMSI MPOCTPAHCTBEHHO MPOTSKEHHBIX LEJIel Ha MOPCKOM MoBepX-
HOCTH;

2) nosy4uTh B 001IEM BUAE (GOPMYJIbI JIsl pacueTa BEPOITHOCTH OOHApYKEHUs MPO-
CTPAHCTBEHHO NPOTSHKEHHBIX LIEJIE HA MOPCKOM MIOBEPXHOCTH;

3) pa3paboTaTh METOABI pacueTa BEpOATHOCTH OOHAPY>KEHUS IPOCTPAHCTBEHHO MPO-
TSOKEHHBIX LEJIEd HA MOPCKOM TOBEPXHOCTH;

4) paccuuTtaTh M MPOAHAIU3UPOBATH BEPOATHOCTH OOHAPY’>KEHUS MPOCTPAHCTBEHHO
NPOTSKEHHBIX LIEJIEH B YCIOBUAX PAJAHOIIPOTUBOIECHCTBHSI CO CTOPOHBI IPOTUBHUKA,

5) cpaBHHUTH BEPOSTHOCTH OOHApy>KEHUS MPOCTPAHCTBEHHO MPOTSKEHHBIX LEIEH C
BEPOSATHOCTAMH OOHAPY>KEHUS TOUCUHBIX IEJIeH MPH PaJuONPOTUBOACHCTBIH CO CTOPOHBI
IPOTHUBHHUKA.

Metoasl ucciaenoBanmus. [Ipu pemieHun NOCTABIEHHBIX B JAMCCEPTALMUA BOIPOCOB
UCII0JIb30BaHbl METO/IbI MCCIIEIOBAHMS ONEPALIUA, TEOPETUUECKON paluOIOKaIMU, TEOPUU
PaIrolIEKTPOHHOM 00phOBl. B 0CHOBY HccnenoBanus nojioxeHsl padotsl M. @. lumku-
Ha B 00JIACTH PaJUOJIOKALIMU MOPCKOW MOBEPXHOCTH. MaTeMaTuyeckoe MOJEIUPOBAHUE
IPOBOJMJIOCH HA MEPCOHAIBHOM 3JEKTPOHHO-BBIUMUCIUTENbHON MamuHe (OBM) Ttuna
IBM PC B nporpamme Mathcad 14.0.

Hay4nasi HOBH3HA McCepTaLUU 3aKJIIOYAETCs B pa3paboTKe METOI0B U aHAJIU3E pe-
3yJIbTaTOB pacyeTa BEPOSTHOCTU OOHAPYX EHHsI MPOCTPAHCTBEHHO MPOTSKEHHBIX ILieNei
Ha MOPCKOW TMOBEPXHOCTH PaJAMOJIOKAIMOHHBIMU CTAHLIMSIMH HAJABOJHOTO OOHApY>KEHUS
IpU paJUONPOTUBOAECHCTBUU CO CTOPOHBI IPOTUBHUKA.

HayuHnble pe3yJibTaThl M MOJI0KEHNUSI, BBIHOCMMbIE Ha 3amuTy. Ha 3amury BbIHO-
CATCHL:

1) knaccudukanus 1eneid Ha MOPCKOW MOBEPXHOCTH, SBIAIOIIUXCS OObEKTaMH pa-
JMOJIOKALIMOHHOTO TTOUCKA;

2) BbIOOp KpuTEpHs (BEPOSTHOCTH OOHAPY>KEHHsI) JUIsl CPABHEHUS PaJMOIOKAIMOH-
HBIX CTAHUMN HAJBOJHOIO OOHApPYXEHHUS MPOCTPAHCTBEHHO MPOTSKEHHBIX U TOUEYHBIX
1ese Ha MOPCKOM MOBEPXHOCTH MPHU PAJAHONPOTUBOJIEHCTBUM CO CTOPOHBI TPOTUBHUKA;

3) MeToauKa pacyera BEpOSTHOCTU PAHOIOKALIMOHHOTO OOHApyKEHHsI MPOCTPaH-
CTBEHHO NPOTSKEHHBIX LEJIEH HAa MOPCKON ITOBEPXHOCTH;

4) pe3ysbTaThl aHAJIN3a BIAUSHUS PaJUONPOTUBOICHCTBUS HA BEPOATHOCTh PaINOJIO-
KallMOHHOT'O OOHApyKEHUsI MPOCTPAHCTBEHHO MPOTSKEHHBIX 1IeJIell Ha MOPCKOW MOBEpX-
HOCTH;

5) cpaBHMUTEIbHAS OIIEHKA BEPOSATHOCTEM pPaaUOJIOKAIMOHHOTO OOHApY’>KEHUs IMpo-
CTPAHCTBEHHO NPOTSKEHHBIX M TOYEUHBIX 1I€JIEM HA MOPCKOM MOBEPXHOCTU MPU Paguo-
IPOTUBOJEHCTBUN CO CTOPOHBI IPOTUBHHUKA.
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JlocTOBEpHOCTH HAYUYHBIX Pe3yJbTATOB. /[0CTOBEPHOCTH MOIYUYECHHBIX B IHUCCEPTA-
LIMA HAYYHBIX PE3YJIbTATOB OINPEAEISIETCS KOPPEKTHONW ITOCTAHOBKOM HAYYHOM 3aJa4u UC-
CJIEIOBAaHHUs, UCIIOIb30BAHUEM AaJIEKBATHOI'O MAaTE€MaTHYECKOIrO allapara, CXOAUMOCTBIO
HOJIyYEHHBIX B pab0Te pe3yIbTaTOB B YACTHBIX CIIydasX K U3BECTHBIM paHEE MOJIOKEHHUIM
U pe3yJIbTaTaMd MaTeMAaTHYECKOTO MOJEITUPOBAHHUS.

JInunblil BKIaa aBropa. OCHOBHBIC HAYUYHBIE PE3YJIbTATHI, BBIBOABI U PEKOMEH]Ia-
LIMH, COJIEpKalllhecs B TUCCEPTALUU, TIOJyYEHbI aBTOPOM CaMOCTOSITENIBHO.

Teopernyeckasi HEeHHOCTH PadOTHI 3aKJII0YAETCS B pa3pabOTaHHBIX METOAAaX pacye-
Ta BEPOATHOCTH OOHAPYX EHUSI MPOCTPAHCTBEHHO MPOTSKEHHBIX LIEJIEH Ha MOPCKOW MO-
BEPXHOCTU PAANOJIOKAMOHHBIMYU CTAHIIMSIMU HAJBOAHOTO OOHAPY’KEHHUS MPU PagUOIPO-
TUBOJEHCTBUU CO CTOPOHBI IPOTUBHUKA.

IIpakTnyeckas HeHHOCTh pPadoThl. [lomydyeHHble B paboTe Hay4HbIE PE3yJIbTATHI,
BBIBOJIbI U PEKOMEHAAIMH MO3BOJISIOT OLIEHUTHh 3((HEKTUBHOCTH MEPCIEKTUBHBIX PaUo-
JIOKAIMOHHBIX CTAHIIMM HAJIBOJHOTO OOHAPYKEHHUS B YCIOBUAX PAIUONPOTUBOICHCTBUSA
CO CTOPOHBI IPOTUBHHUKA.

Peanu3anusi M1 BHepeHHMe pe3yJbTaTOB AUCCepTAnMU. Pe3ynpraTel quccepranu-
OHHOW pabOTHl BHEAPEHBI W HCIOIB3YIOTCS B MPOU3BOJACTBEHHOHN nestenbHOocTH: OO0
«Hayuno-rexunueckuit nentp "llporeit», ®I'Y «Tect-C.-IletrepOypr», 3AO «Mopckue
Kommekcel 1 Cuctembl»; B yuebnom mporecce CeBepo-3amaHoOro rocy1apCTBEHHOTO
3a0YHOI'0 TEXHMUYECKOTO YHUBEPCUTETA, 4 TAKKE HEKOTOPBIX Ipyrux BY3os..

AnpobGanuss pa6oTrel. OCHOBHbBIE Hay4yHbIE PE3YyJbTaThl JUCCEPTALMOHHONW PabOThI
OBLIIM JOJI0KEHBI U 00CY AATUCh HA 21-i1 HAYYHO-TEXHUYECKON KOH(EPEHIMU U HAYyYHOM
CEMHUHape, B TOM 4YHUCJE, Ha MEeXAyHapoaHoM cemuHape «WHrerpauus mHdopmanuu u
reonHdopmannonnbie cucteMb» (Cankt-IlerepOypr, 2005), MexmyHapogHOW Hay4dHO-
npakTudeckoi konpepenunu «HayuHbie ucciaenoBanus U UX NMPAKTUUECKOE MPUMEHEHHE.
CoBpemenHoe coctostnue u iyt pazsutus ‘2007» (Onecca, 2007), 20-it MexBYy30BCKOU
HAy4YHO-TEXHUYECKOU KOHpepeHInN «BoeHHas paguo3eKTPOHUKA: OIBIT UCIIOIb30BaAHUS
U ipoOJieMbl, moaroToBka cnenuanuctoBy (Cankr-IlerepOypr — [lerpoasoperr, 2009).

IMyoaukanuu. [lo maTepuanam auccepranuu omnyoJInKoBaHO 46 MeYaTHBIX HAYYHBIX
pabot, B ToMm uucie MmoHorpadwus, 17 crareit, 13 nokmnanos, 12 pedepaToB u T€3UCOB J10-
KJIa70B, 3 B30-caiita B cetu Internet. IllecTs crareil onyOJMKOBaHO B BEIYIIMX HAYYHBIX
m3nanusax u3 Ilepeunss BAK MunoOpuayku PO. JleBsith paboT omyOIMKOBaHO aBTOPOM
camocToATenbHO (06e3 coaBTOpoB). Bee myOnmkauy mMpuBeIeHBl B CIIUCKE MCTIOIB30BaH-
HOU JINTEPATYPBI.

Ctpykrypa u 00bemM padoThl. J(uccepraimonHas paboTa COCTOUT U3 BBEJCHUS, Ye-
THIPEX IJ1aB, 3aKJIIOYEHUs, CIHCKA HCIOJb30BAaHHOW JIMTEPATyphbl, BKIKOYAIOLIETO B ceOs
141 oubnumorpaduyeckyro ccbulKy (M3 HUX 126 OTe€4ecTBEHHBIX, |5 MHOCTpaHHBIX) U 5
PUIOKEHUH, COPOIIIOPOBAHHBIX caMOCTOsATEIbHO. PaboTa conepxut 147 cTpanuil, B TOM
yucie 57 pucyHkoB, 7 pororpadui.

OCHOBHOE COJEPKXAHUE PABOTbI

Bo BBeeHun 000CHOBaHA aKTyaJIbHOCTh MCCJIEAOBAHMS, OMPEAEIECHbI O0OBEKT, IIEIb
U 3ajiaun uccinenoBanus. OnMucaHbl METObl UCCIIEIOBAHUS U MOKa3aHa Hay4yHasi HOBU3HA



muccepranuu. [IpencraBiieHbl MOJ0KEHUS, BBIHOCUMbIE Ha 3alllUTy, CTPYKTypa U 00beM
JUCCEPTALINH.

B nepBoii riaBe nmpuBegeHa KiacCH(pUKAIMS MPOCTPAHCTBEHHO MPOTSKEHHBIX IIe-
Jeil Ha MOpcKo# moBepxHOCTH. [lomyueHbl GopMyIbl i BEPOSTHOCTH UX OOHAPYKEHUS
U PacCMOTPEHO BIIMSHHUE HA HEE PAJAMOIIPOTHUBOIEUCTBHS CO CTOPOHBI IPOTUBHUKA.

B0O3MOXHOCTD PagMOIOKAIIMOHHOTO OOHAPYXEHHs CIEAOB HAJBOIHBIX KOpaliei
ONpENEISIETC MEXaHU3MOM PACCesHUs PaJMOBOJIH B3BOJHOBAaHHON MOPCKOM MOBEPXHO-
CThIO. B3BOJTHOBaHHAs MOpCKasi MOBEPXHOCTh MOXKET OBITh MPEJCTaBICHA JBYXMAcCIITa0-
HOll Mognensio b. @. KypbsiHOBa B BUJIE CYNEPHO3ULIUU KPYIHBIX («3bIOb») U MEIKHUX
(«psi0B») moJyorux HepoBHOCTEW. B3anmopaeiicTBue TypOyJIE€HTHOrO ABUKEHUS B KUJIbBA-
TEPHOM CJIeJIe HaJABOJAHOIO KOpadJisi C MOBEPXHOCTHBIM BETPOBBIM BOJIHEHHUEM IPHUBOJUT K
Tali€HUI0 BBICOKOYACTOTHBIX COCTABIIIOUIMX B CIEKTPE MOPCKOTO BOJHEHUSA, & PACXO/s-
mecs: KopabesbHbIe BOJIHBI MEHSIOT YIoJl 00Jy4eHHs BHICOKOYACTOTHBIX COCTABIISIOIIMX
B CIIEKTpPE MOPCKOTO BOJIHEHMS. MICX0ld M3 MOJEIU pe30HAHCHOTO PAaCCEesHUsS paJuOBOJIH
B3BOJIHOBaHHOW Mopckoi nmoBepxHOcThiO (D. I'. bacc, 1. M. ®ykc), oTpakeHHasi paifo-
BOJIHA (popMUpYeETCS 32 CUET pacCesHHsI Ha BHICOKOYACTOTHBIX COCTABIISIONIUX B CIIEKTPE
MOpcKoro BosiHeHUs. CriiaxXuBaHue TypOyJIEHTHOCTHIO BRBICOKOYACTOTHBIX COCTABIISIOIINX
B CIEKTPE MOPCKOTO BOJIHEHUS MPUBOJMUT K YBEIMYECHUIO 3€PKATbHBIX OTPAXKECHUN U
OCJIa0JICHUIO PaJUOJIOKALIMOHHBIX CUTHAJIOB, OTPAKAEMbIX OOpAaTHO B HAIpaBJICHUU Ha
UCTOYHUK PaJNOBOJIH. B pe3ynbTare, TypOyJIEHTHBIM KWIbBATEPHBIN cClie]l HAABOAHOTO
KopabJisi 0OHapyKUBAETCA HAa IKpaHaX MHAMKATOPOB PAJUOJOKALMOHHBIX CTAHLIUMA B BUJIE
YETKOW TEMHOMU MOJIOCH Ha (POHE OTPAKEHUM OT BOJIH HA MOPCKOW MOBEpXHOCTH (puc. 1)
[4, 5]. 3a 30HOI OTpaKEHUI OT MOPCKOM MOBEPXHOCTH PAAMOIOKALNOHHBIMUA CTaHLUSMU
0oOHapy»KUBAIOTCS pacxoAsuiuecs kopadenbHble BOJHBI (puc. 2) [4, 5]. U kopaGenbHbie
BOJIHBI, U TypOYJICHTHBIN KWJIbBATEPHBIN CJie] 00pa3yIoT MPOCTPAHCTBEHHO MPOTSKEHHBIE
e U OOHAPY’KUBAIOTCS € MOMOIIb 10001 Mopckoit PJIC. Onnako 1ienecoodpa3Ho BBe-
ctu B PJIC crnenuanbHbI KaHa OOHApYy>KeHHUsS CIe0B Ha MOpCKoM moBepxHocTu. [lo-
JIPOOHO STOT BOMPOC U3TOKEH B MOHOTpaduu [7].

[IpocTpaHCTBEHHO MPOTSKEHHBIE LEJIH OAPA3AEISIOTCS Ha cleaytomue Buasl. Cuex
Ha/IBOJJHOTO KOpabJisi Ha MOPCKOM MOBEPXHOCTHU MPEJCTABISIET COOON MPOCTYIO MPOCTPaH-
CTBEHHO MPOTSKEHHYIO LieNb. HanBoHbIN KOpabiib U ero ciej 00pa3yroT CI0XKHYI0 Mpo-
CTPAHCTBEHHO IPOTSKEHHYIO 1eJb. ['pymmna HaABOAHBIX KOpabJel Kak co clielaMu, TaK U
0€3 HHUX, COCTaBJISIET IPYNIOBYIO MPOCTPAHCTBEHHO MPOTSHKEHHYIO IIEITb.

B otnuune oT TOYeUHBIX IIeJieil, TPOCTPAHCTBEHHO MPOTSIKEHHbIC 1IEJIM XapaKTepH-
3YIOTCSl HE TOJBKO 3(PeKkTUBHOMN 1omaabpo paccesaus (O11P), HO U MpoCTpaHCTBEHHBI-
MU XapaKTEepUCTUKaMU (TIPOTSHKEHHOCTBIO, OpUEHTAIMEN B IPOCTPAHCTBE, KOH(DUTYpaIy-
e, COMKHYTOCTBIO WJIH Pa30MKHYTOCTbIO (DPOHTA MOUCKA IPYIIIOBOM MPOCTPAHCTBEHHO
IPOTSKEHHOM 1SN ).

[IpocTpaHCTBEHHBIE XapPaKTEPUCTUKU LEIU OINPEIACISAIOT YBEIUYECHHE BEPOATHOCTH
0oOHapyKeHHs TPOCTPAHCTBEHHO MPOTSHKEHHBIX LIEJIEH 10 CPABHEHUIO C BEPOATHOCTHIO 00-
Hapy»XeHHs TOYEUYHbIX Lener. [Ipu paanonokainoOHHOM MOUCKE CIIOKHOW MPOCTPAHCTBEH-
HO MPOTSKEHHOW LIeJIM Ha MOPCKOM MOBEPXHOCTH (pHUC. 3) B YCIOBUSAX PAAUONPOTUBOIECH-
CTBHSI CO CTOPOHBI MIPOTHUBHUKA (IPUMEHEHUS CPEACTB IMOCTAHOBKU MOMEX U TEXHOJOTHI
CHIDKEHHUS PaJHOJIOKAIIMOHHOM 3aMETHOCTH) HEBO3MOXXKHOCTh HAONOJEHUsT Kopabis Ha
skpanax PJIC He uckmouaeT ero ooHapyxenue (puc. 2).
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Puc. 1. PagnonokannonHoe n300paxeHue Puc. 2. PagnonokannoHHoe n300paxeHue

KWJIBBATEPHOTO CJIeJIa M HAJIBOJTHOTO KOpaoJis, pacXoIAIXCsi KOpaOeTbHbBIX BOJIH:
3aKOHYMBLIETO MOBOPOT Ha 180" 1 — TOABMIKHOE KOJIBIIO TaILHOCTH,
1 — HEeNMOABMIKHBIC KOJIBIA JAIbHOCTH, 2 — OTpa)KE€HHUS OT MOPCKOTO BOJIHEHUS BOKPYT
2 — OTpakeHHUs OT MOPCKOT'O BOJIHEHUS BOKPYT CyJiHa,
Cy/Ha, 3 — pacxopsuecs: KopaOeabHbIE BOJTHbI
3 — xopabib, 4 — KWJIbBATEPHBIN CIIE, OT BCTPEYHOTI'O Cy/IHA,

5 — 3aTeHeHHne KOPMOBBIMH HAJACTPOHKaMH KOpalist 4 — MeXaHHUECKUI BU3HP

o [MocranoBmnk
nomMex

+*

=<t

PazBenuuk
(HoCHTEb PAAHOJIOKALHOHHBIX CPEACTB 00HAPYKEHH)

Puc. 3. I'eomeTpuueckue NocTpoeHUs: MPHU pagruoIOKAIIMIOHHOM ITOUCKE
CJI0’KHOM MPOCTPAHCTBEHHO MPOTSKEHHOM 1€ HA MOPCKOW IMMOBEPXHOCTH
B YCJIOBHSIX PaAUONPOTUBOACHCTBUS CO CTOPOHBI TPOTUBHUKA

N3o0paxxeHHblld Ha puc. 3 KOpabJib B TEOPUU MOWCKA MPEJCTABIACTCS TOUKON U HE
MMEET MPOCTPAHCTBEHHOMN MPOTSKEHHOCTH.

B cooTBetcTBUU ¢ puc. 3 BBelIeM HEOOXOAUMBIE ONPEIeICHUS:

1) nuHuUsS poHTa MOUCKA — ITO MpsMasi JUHUS, MEPICHAUKYISIPHAsS BEKTOPY OTHO-
CUTEJIBHON CKOPOCTH IEPEMEILICHUS PAa3BEAUNKA U LETIU:

2, 2
v:\/vH+VH—2'vH-vH-cosq), (1)
TJIE (¢ — YTOJl MEXIY BEKTOPAMH CKOPOCTH LIEJIU Vi U Pa3BENUMKA Vi ;

2) mnpoekuus LNy Ha JIMHUIO (PPOHTA MOUCKA Ha3bIBaeTCsl (POHTAIBHOM IPOEKIMEN
nenu /g ;



3) BesmunHa @ = Dpyy +dpyy + 1o (2)

Ha3bIBaeTCS ()POHTOM TIOMCKA U COCTOUT M3 OTPE3KOB MPSIMBIX HAa JUHUU (PPOHTA MMOUCKA,
OTpaKaroIUX (aKT yyacTus B MOUCKe Henu (rae Dpypy, dpyy — JAIBHOCTH PagUOIOKaIU-

OHHOr0 OOHapy>KeHHsI Kopaliisi U ero ciefa Mmpu pajauorpOTUBOJECUCTBUM CO CTOPOHBI
POTUBHUKA).

Yroan ¢ sABISAETCA CIy4YaWHOM BEJIMYMHOW W IMPU IMOJHOM alPUOPHOUW HEONPEIECIICH-
HOCTH OTHOCHUTEJIBHO MECTONpPEOBbIBAaHUA 1I€JIM B MPOCTPAHCTBE MOUCKA IUIOTHOCTH pac-
peaeICHUS

f((p):L npu 0< @ <2m.
21

[Tnomans, obcmenyemas pa3BeIUMKOM TPH PATUOTOKAITMOHHOM TIOUCKE B EAMHUILY
BPEMEHHU, ONpEAesieTCs ee MaTtemMaTuueckuM oxxkunanvem. Ucxons u3 (1) u (2), B rom. 1
MOJIYYEHO BBIPAXKEHHE 1T MATEMAaTUYECKOTI0 OXKHMJIaHUS IUIOIIAIU, 00CIeayeMOon B X01e
MOMCKA 3a €IMHUILY BPEMEHH, NIPU CIIy4YallHOM Kypce HocHuTesi(eil) cpencTn(a) paauoso-
KaIIMOHHOTO OOHAPYKEHHS () OTHOCUTEIIBHO Kypca MPOCTPAHCTBEHHO MPOTSKEHHOM TIeNTH

C IUIOTHOCTBIO pacmpeseneHus f(¢) Ipu paguoNpPOTHBONCHCTBHE CO CTOPOHBI TIPOTHB-
HUKA:

1= | £()- () vighdo -
0 3)

1 2n 1 2n
= Py J.(Dpan +dpyyy ) v(Q)do+ P _[lcb (9) V((P)d(P,
T 9 T 9
HA3bIBAEMOI'0 MPOU3BOJUTEIBHOCTHIO ITOUCKA.
®opmyna (3) UMeeT aJINTUBHYIO CTPYKTYPY:
=TI+ = ([T + e )+ My, (4)

IlepBoe cmaraemoe II. OmpeneNnseT COOCTBEHHYIO IPOM3BOAUTEIBHOCTH IIOMCKA IIPO-
CTPAHCTBEHHO MPOTSDKCHHOM 1enu (Kopabist Il U ero cnexa Il..), a BTOpoe caaraeMoe

I — MIPUOOPETCHHYIO MPOU3BOAUTEILHOCTD IMOUCKA 3a CUET MPOCTPAHCTBEHHBIX Xapak-
TEPUCTUK LICTIU HHH.
CoOcTBeHHasi TPOU3BOJUTEIBLHOCTD MTOUCKA I1. 3aBHCHUT OT JAJIBHOCTH paJHUOJIOKa-

LUMOHHOTO0 OOHApY’KEHHsI IPOCTPAHCTBEHHO NMPOTSKEHHOM LEIH, OT Kypca pa3BequHKa U
LEJIM YU BO3HUKACT B PE3yJIbTATE MOMCKOBOW AKTUBHOCTH PA3BENUYMKA, IPOSIBISIONIEH B
TOM, YTO OH OOHapy>KUBaeT 1eNb, MONaBiIyo B 30Hy naedctBus PJIC manBogHoro obna-
PYKEHUS.

IIpnobpeTeHHas MPOU3BOAUTENBHOCTh MOMCKA [I;, HE 3aBHCUT OT JAIbHOCTU JAECH-

ctBust PJIC HanBoaHOro oOHapyXeHHs U BO3HUKAET B PE3yJbTaTe MUCIIOJIb30BAHUS pas-
BEIUMKOM TIE€OMETPUYECKUX Pa3MEpPOB IPOTSHKEHHOU LEIU U «IIPOTPAIMBAHUSA» LIENbIO
IIPOCTPAHCTBA, YKBUBAJICHTHOI'O CAMOCTOSITEJIbHOMY ITOUCKY.

B 3aBucuMocTH OT OIEPATUBHO-TAKTUYECKON CUTYallMM PaJIHOJOKALMOHHBINA IIOUCK B
YCIOBUSIX PAAMONPOTUBOACUCTBUS MOKET OBITh ITyaCCOHOBCKUM HJIM TIOMCKOM C BO3pac-
TAIOIIE MHTEHCUBHOCTBIO. [lyacCOHOBCKMI NTOMCK COOTBETCTBYET IOMCKY IO CIIyYalHOU
TPAEKTOPUU C MOCTOSIHHOW MHTEHCHUBHOCTBIO M OPJAMHAPHBIM MOTOKOM OOHApY>KEHUS Iie-
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net. ITpu moucke ¢ Bo3pacTaroliel HHTEHCUBHOCTBIO KaXkJ1asi 001acTh MPOCTPAHCTBA 00-
CJIeAyeTCs TOJIBKO OJIUH pa3.
Kak nmoka3zaHo B Teopuu MoucKa, BEpOATHOCTb OOHApy eHUsl ToueuHou uenu P(f) 3a

BpeMsl PaJMOJIOKAIIMOHHOIO MOMCKA / TIPU MOJHOW alpUOPHONM HEOIPEEICHHOCTH OTHO-
CUTEILHO MECTONpPeObIBaHUS 1I€JIU B aKBATOPUHU TUIOMIAJLI0 S JUIsl MyaCCOHOBCKOTO IO-
UCKa, KaK U B PEaIbHBIX YCIOBHUAX, HAXOJAUTCS U3 BBIPAKEHUS:

P(t)=1 —exp(—lg~ o -tj, @)

rae B, — BEpOSTHOCTh NMPaBUIBHOIO OOHAPYKEHHs CUTHAJIA, OTPAKEHHOIO OT PaguoiIo-

KallMOHHOM 11eJIH, TPU (PUKCUPOBAHHOM NOPOTe OOHApYKEHUSI CUTHAIA.
BepositHocTh 00HapysxeHus nenu P(t) 3a Bpems Moucka ¢ sBJISETCs, 10 cBoeMy (u-

3MYE€CKOMY CMBICTY, HAKOTUICHHOW WM WHTETPATIbHONW BEPOSTHOCTBHIO OOHAPYKEHUS IIe-
mu(ei) 3a BpeMs paiOJIOKAIIMOHHOTO TOMCKA.

[Tonaganue nenu B 300y oOHapyxkenusi PJIC emie He o3Hauyaer, 4To oHa OyjaeTr oOHa-
pykeHa. PagnonoKkaliMOHHbIN CUTHAT UMEET CTOXACTUYECKYIO IPUPOAY U MOXKET OBITh 00-
Hapy’KeH JIMILb C BEPOSITHOCTBIO P .

[Tpu paanoaoKalMOHHOM MOUCKE MPOCTPAHCTBEHHO MPOTSHKEHHBIX 1ENed Mpou3Bo-
JTUTENBHOCTh TIoucKa I1 onpenensiercs BbipaxkenueM (4). Mcxons u3 storo, B 1. 1 moiy-
yeHa B oOuieM Bujae ¢hopmyra Juisl pacueTa BEPOATHOCTH OOHApYKEHUSI MPOCTPAHCTBEHHO
NPOTSHKEHHOM €M JIJIsl TyaCCOHOBCKOTO MOUCKA IIPU PaIUONIPOTUBOAEHCTBUHU CO CTOPO-

HBI ITPOTHBHHKA!
I+ 11 )+ 11
Pt)=1- exp(— My +Mec )+ Mg P -tj : (6)

AHanoruyHo B ri1. 1 moiydyeHa B o0miemM Bujie GpopMyiia AJig pacyeTa BEpOSTHOCTH
oOHapyKEeHHsI MPOCTPAHCTBEHHO MPOTSKEHHOM II€NU JUIsl TIOMCKAa C BO3PACTAIOIIeH HH-

TEHCHUBHOCTBIO MPH PaIUONPOTUBOAECHCTBUHU CO CTOPOHBI POTUBHUKA:
P(f) = ey + Mee)+ My Pl (7)
S
U3 Beipaxkenuii (6) u (7) cnemayer, 4To BEPOSITHOCTh OOHAPYKEHUSI MPOCTPAHCTBEHHO
IPOTSHKEHHOM 1IeTTM XapaKTePU3yeTcsi MPUOOPETEHHON MPOU3BOIUTEILHOCTBIO TTOUCKA U
BCETJIa BBIIIE, YEM BEPOSITHOCTh OOHApYKEHUsI TOUEYHOU 1enu. Ha BeposiTHOCTE 00HapY-
KEHUSI MPOCTPAHCTBEHHO MPOTSHKEHHOM 1€ CYIIECTBEHHOE BJIUSHHE OKAa3bIBAIOT €€
OpHUEHTAIMs [0 OTHOIICHHUIO K KypCy pa3BeAuHKa, XapaKTep €€ MaHEBPUPOBAHMUS, CKOPO-
CTH 1IeJIU U pa3BeIyuKa.
[Ipu paaronpOTUBOJCUCTBUU CO CTOPOHBI MPOTHBHUKA YMEHBIIIAETCS COOCTBEHHAS
IPOU3BOAUTEILHOCTD MOKCKA [1., IPH 3TOM NPUOOPETEHHAs IPOU3BOAUTENLHOCTD I1,; HE

MeHseTcsa. 11oaToMy B yCIIOBHAX paguoOnpOTUBOACUCTBHS CO CTOPOHBI IIPOTUBHUKA BEPO-
ATHOCTb OOHApY’KEHUS MPOCTPAHCTBEHHO MPOTSHKEHHBIX LIEJeH CHUXKAETCSI MEHbIE, YeM
TOYEYHBIX.

Bo BTOpOIi riase pazpaboTaHbl METO/ABI pacueTa BEPOATHOCTH OOHApPYKEHUS MPO-
CTPaHCTBEHHO MPOTSKEHHBIX LEJIEH OAUHOYHBIM Pa3BEIUUKOM.

BeposiTHOCTh 00HApY>KEHUS MPOCTPAHCTBEHHO MPOTSKEHHOM LIETU OJUHOYHBIM pa3-
BEIUMKOM ONPEACISIETCA UCXOI U3 COOTHOILIECHHS MEXKY NAIBbHOCTIMHU PaINOIOKAINOH-
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HOro oOHapy»eHus uenau (kopadnst Dy, Wn ero ciena dpyy) NpH paauornpoTHBOAEH-

CTBUU CO CTOPOHBI IPOTUBHUKA U MPOTSKEHHOCTHIO (IJIMHOMN) 1€ [ .
Ilpu Dpyy > [ +dpy AT BEPOSITHOCTH OOHAPY>KEHUSI IPOCTPAHCTBEHHO NPOTSKEH-

HOM 11eJIM JJIsI ITyaCCOHOBCKOT'O IMOUCKA B IJ1. 2 TIoTyuyeHa Gopmyra:
P =1 "1 ®)
a JJIsl IOMCKa ¢ BO3pacTarolle HHTEHCUBHOCTBIO B T, 2 mojydeHa ¢popmyia:
PO="S Byt )

rae ey =2 Dpyy -V, V — CpeiHEE 3HAYCHUE OTHOCUTEIBHOM CKOPOCTH.

Taxkum o6pazom, npu ycinoBuUH Dy > [+ dpyy, GopMyiisl (6), (7) nepexoasaT B u3-

BecTHbIe dopmynsl (8), (9) b. KynMana nist pacdyera BEpOSTHOCTH OOHApYKEHHsI TOUYEY-
HOM 11eJ71, a MPOTSKEHHOCTHIO 11N [ MOKHO TPUHEOpEYb.
Ipu Dpyy <1+ dpyq N Dpsy > dpsy; BEPOSITHOCTE OOHAPYKEHUSI MPOCTPAHCTBEHHO

OPOTSKEHHOM 1€ paccuuThiBaeTca 1o ¢gopmynam (6), (7), KOTOpble COOTBETCTBYIOT
pacueTy BEpOSTHOCTH OOHAapy>KEHHs CIIOKHOM IPOCTPAHCTBEHHO NPOTSHKEHHOM LEINH.
IIpu 3TOM pannosoKalMOHHOE OOHAPYKEHUE LENIN MPOUCXOIUT JIM00 MPU MONAJAHUH 11e-
v B 30Hy neictBus PJIC HanBogHOro 0OOHapy KeHUs pa3BeIuuKa, JIMOO 3a CUET UCIOJIb-
30BaHUs Pa3BEIUUKOM MPOTSKEHHOCTH LN WIN «IPOTPATUBAHU) LEIbI0 IPOCTPAHCTBA
IIOUCKA B 3aBUCUMOCTH OT €€ Kypca.

Ipu Dpsyy <! +dpy N Dpspp < dprsypp A1 BEPOSITHOCTH OOHAPYKEHUS IPOCTPAHCTBEH-

HO MPOTSHKEHHOM IENU B TII. 2 moiTydeHa ¢popMyia JJis MyacCOHOBCKOTO MOUCKA:

M +11
P(t)zl—exp[—CCSHu-PHO-tj, (10)
a JUIsI TIOMCKA ¢ BO3pacTaloe HHTEHCHBHOCTBIO B TJI. 2 Mojy4eHa ¢hopmyia:
I +11
P(t):%.pno.t, (11)

rae Il =2-dpyy -V, V — cpeiHEe 3HaYCHHE OTHOCUTENIBHOM CKOPOCTH.

Pacuer mproOpeTeHHOM MPOU3BOIUTEIBHOCTH MMOUCKA PAaCCMOTPUM Ha MPUMEPE T0-
MCKa JIMHUU KOpaOenbHBIX BOJH, MOKa3aHHBIX Ha puc. 2. IlockonbKy BcTpeya C JIUHUEH
PaBHOBEPOSITHA IMOJ JIIOOBIM yTJIOM, CPEIHEOKUAAEMBIN pa3Mep MPOEKIMU IeNId Ha HOp-
Masb K Kypcy pa3Beauuka paseH 0,637/ (/ — nnvHa TUHUR).

Ecnn CKOpPOCTh pa3BeA4YUKa Vy 3HAYUTCIIBHO OoubIIIe CKOpOCTH LI VH , TO IIOHUC-

KOBOM aKTHBHOCTBIO IICJIM MOXKHO NMPUHEOpEYh W MPUOOPETEHHAS MPOHU3BOAUTEIHLHOCTD
MTOMCKA BBIYMUCIIICTCS 110 hopMyJIe:

Ecau v;; HacTOJIBKO OOJbLIE Vi, YTO TIOUCKOBAsE AKTUBHOCTD 11E]IH, HA00OPOT, SIBJIs-

eTcd JOMUHHMPYIOIUM (DaKTOpOM, TO MPUOOPETEHHAss MPOU3BOIUTENLHOCTh IMOMCKA BbI-
quciseTcs 1o popmyiie:
Iy =y &sina-/-vy, (13)

I7Ie€ O — yTroJ MEXy KypcoM LENHN U TMHUENH KOpaOelbHbIX BOJIH.
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B npoMexyTouHBIX ciydasx, a TakKe MpU IPYruxX KOHGUTYpaLUsIX eI, paCueTHhIC
(dbopMyIIBl OKa3BIBAIOTCS 00JIEE CIIOKHBIMHU.

Ananmuz dopmyn (12), (13) mokaspIiBaeT, 4To MpU OPUEHTAIMN KUJIBLBATEPHOTO clieja
BJIOJIb Kypca IEIH BEPOSTHOCTh OOHAPY)KEHHS LIETTU MOXKET OBITh MOBBIIIEHA TOJBKO 32
CYET HCMOJb30BAHUS €r0 MPOTSKEHHOCTU (JIUHBI). [[7s1 3TOro pa3BeqUUK JOJKEH IBU-
ratbes (v # 0). [IpoBoauTh pagnoioKallmOHHOE OOHAPYKEHUE C OEPEroBbIX MOCTOB Lie-

1ecoo0pa3Ho JUIIb Ul OOHAPYKEHUS CIIEJIOB, OPUEHTALMSI KOTOPbIX B IIPOCTPAHCTBE HE
COBIIAJIA€T C HAIIPABJICHUEM UX JIBUKECHHUSL.

ITpu paanonpoTUBOAEHCTBUU CO CTOPOHBI IPOTUBHUKA JAJIbHOCTH PaJHOJIOKAIINOH-
HOTO0 OOHapy»XeHHs NMPOCTPAHCTBEHHO NMPOTSKEHHOW Lenu (kopadiss Dpyy M €ro ciiena

dPBH) MOTI'YT CHHIKATbLCA. CooTHoIIeHnE MCIKAY HAJIBHOCTAMU PAAUOJIOKALIMOHHOTIO 00-

HapY)KEHUS U MPOTSHKCHHOCTHIO 1esin MeHseTcsl. CoOCTBEeHHAs! TIPOU3BOJAUTEILHOCTD T10-
WCKa YMEHBIIIACTCS, a MPUOOPETEHHAsI OCTaeTCsl HeM3MEeHHOM. PacueT BeposTHOCTH 0OHA-
PYXXEHHUS BBIIOJIHIETCS IIPH 3TOM MCXOJS U3 COOTHOWEHUS Dpyy U [+ dpy TO OHOM U3
dbopmyi (6)—(11).

B r. 2 muccepTarnuu Takke pacCMOTpPEHA 3ajJada pacdyeTra BEPOSATHOCTH OOHapykKe-
HUS TPYIIOBOM MPOCTPAHCTBEHHO MPOTSHKEHHOU 1IN OJTMHOYHBIM Pa3BEIUUKOM.

[TockoNbKY TIPH COBMECTHBIX JCHCTBHUAX KOpaOJiel, CICAYIOIIMX CTPOEM HIIU B CO-
CTaBe OpJepa, UX MAaHCBPUPOBAHHUE HE MOXKET OBITh HE3aBUCUMBIM, TO 3aJa4ei paguoiio-
KaIIMOHHOTO OOHAPY)KCHHUS CUMTACTCS OOHaApyKXEHHE XOTS Obl OJHOTO W3 KopaOiied win
ero ciena. [Ipu 3ToM HE0OX0UMO YUECTh, YTO PA3BEIUUK MOXKET IMPONUTH CKBO3b I'PYIIIIO-
BYIO IIPOCTPAHCTBEHHO MPOTSKEHHYIO 11€71b, HE YCTAHOBUB KOHTAKTa aaxe npu P, =1, B

TOM CJIy4yae, €ClIi PacCTOSTHHE MEXY OTACIbHBIMU LIEISIMU OOJIbIIE, YEM (Dpan + dpgn),

B 3aBHCUMOCTH OT Buja rpymisl. [loaTomy nenecoodpa3Ho BBECTH NOHATHE COMKHYTOIO U
Pa3OMKHYTOro (poHTOB moucka. [log COMKHYTHIM (PpoHTOM OyJeM MOHUMATh TaKON
(GpOHT MoucKa, IpU KOTOPOM pa3BeAUMK HE MOKET IPONUTH CKBO3b I'PYIILYy, HE OOHAPYKUB
HU oaHOM nenu. [lox pazoMKHYTHIM QpoHTOM, Oy/1eM MOHUMATh TaKkoi (PPOHT, MPH KOTO-
POM pa3BeIUUK MOXKET MPOUTH CKBO3b IPYIITy, HE OOHAPY>KUB HU OJIHOM LIETH.

B 1. 2 gokazaHo, 4TO ycioBHEe COMKHYTOCTH ()pOHTA MOKMCKA FPYNIOBON MPOCTpaH-
CTBEHHO MPOTSDKEHHOM Lenu AJisg cTposi meneHra ((poHTa, KHIIbBAaTepa) ONpeAemsieTcs
TPaHCLICHICHTHBIM HEPABEHCTBOM BUjia (puc. 4):

) ) [ )
z() :6-‘\/}1 -s1n((p+oc)—vH -smoc‘—;-vH -‘sm(p‘—(DPgH +dP9H)S 0, (14)

rac r — pacCTosIHUC MCKAY OTACIbHBIMU LCIISAIMU I'PYIIIIBI;
a I CTPOs KIIMHA TPAHCHCHACHTHBIM HCPABCHCTBOM BH 4!

z(p) = ma}x{ﬁ-‘vﬁ -sin(Q + ;) — vy -sinocl.‘} —i-vH -|sin(p| - (Dpan + dpan)_
o Y (15)

. . v . .
—min —-VH-|sm(p|+(DP3H+dP9H), —’-‘VH-sm((p-i—aj)—vu-smocj‘ <0,
Y \Y%

e [ =1{,23},

jel{ Jlr; -‘VH -sin( @ + o ;) — vy -sin ocj‘:min[ri-‘vH -sin((|)+oci)—vLI -sin oc,.‘] }

iel
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Pemenne tpancuenaeHTHbIX HepaBeHCTB (14), (15) ¢ nocTaTouHoM A pakTUye-
CKHX PacueTOB TOUYHOCTHIO 0,5 MPOU3BOAUTCS METOJIOM iepedopa.

JHHHA @POHTA NHOHCKA

Puc. 4. 'eomerpruueckue mocTpoeHUs MPU PaaroI0KAIIMOHHOM TOUCKE
IPYIIIOBOM IIPOCTPAHCTBEHHO NPOTS)KEHHOM LEIM Ha MOPCKOM ITOBEPXHOCTHU
B YCIJIOBUS PaJUONIPOTUBOACUCTBHS CO CTOPOHBI IPOTUBHUKA

B 1. 2 nuccepranuu BeiBeAeHBI (HOPMYJIIBI JIJIsl pacueTa BEPOITHOCTH OOHAPYKEHHUS
TPYIIOBOM MPOCTPAHCTBEHHO MPOTSIKEHHOU 1enu. BepoaTHOCTh 0OHapy>KeHUs TPyIIo-
BOU MPOCTPAHCTBEHHO MPOTSXKEHHOU LIEU 3aBUCUT OT JAJIbHOCTH €€ PaJIHOJIOKAlMOHHOTO
0oOHapy»KEHHUsI, CKOPOCTH 1LIEJU U pa3BeIuuKa, Kypca LeJu U €€ MPOCTPAHCTBEHHBIX XapakK-
TEPUCTHUK (MTPOTSHKEHHOCTH, OPUEHTAIMK B MPOCTPAHCTBE, KOHPUTYPAIIUU, COMKHYTOCTH
WIN Pa30MKHYTOCTH (pOHTA MOMCKa). PamnonmpoTuBoeiicTBHE CO CTOPOHBI MPOTHBHUKA
MPUBOJUT K TOMY, YTO (DPOHT IMOMCKA TPYIIOBOM MPOCTPAHCTBEHHO MPOTSIHKEHHOMN LIEeNn
CTAHOBUTCSI PA30MKHYTBIM M BEPOSTHOCTh OOHapy>XKeHUsi yMeHblnaeTcsi. [Ipu 3ToM Bepo-
STHOCTh OOHAPY>KEHHS TPYIIOBOM MPOCTPAHCTBEHHO MPOTSXKEHHOM 1€ BBIIIE BEPOSIT-
HOCTH OOHApYXEHUSI TOUCUHOU 11eJIU U, KpOME IPUBEACHHBIX BbIIIE (PAKTOPOB, 3aBUCUT OT
KOH(pUrypauuu cTpos (opaepa) U KOJIMUYECTBA 1eJIeH, COCTABISIIONINX TPYMILY, a TAKKe OT
MOIITHOCTH TOMEXH, PACCTOSIHUSA MEXKIY Pa3BEIUYMKOM M TOCTAHOBUIMKOM IOMEX U OT
HaIIPABJICHHS HA IMOCTAHOBILIUK ITOMEX.

B Tperbeii ri1aBe Ha OCHOBE METOJOB pacueTa BEpOSTHOCTH OOHApYKEHHs, pa3pa-
OOTaHHBIX B TJI. 2 AMCCEpPTAlUU, MPEIIOKEH METO/ pacueTa BEPOSITHOCTA OOHAPYKEHUS
OJMHOYHOM IPOCTPAHCTBEHHO MPOTSIXKEHHOW LEJM Ha MOPCKOM MOBEPXHOCTHU TPYNIION
HOCHTENICH PaJMOJIOKAIMOHHBIX CPEJICTB OOHApYXEHUsS (HApSIOM MOWCKOBBIX CHJ) MPHU
PaIHONPOTUBOAEHUCTBAN CO CTOPOHBI POTUBHHUKA.

[Ipn HE3aBHCHMOM NIEWCTBHM N HOCUTEJIEH pPaTlOJIOKAIIMOHHBIX CPEJCTB OOHApY-
YKEHUSI BEPOSITHOCTh OOHApYKEHUS OMNpPEEseTcsl KaKk BEPOATHOCTh OOHApPYKEHUs TPO-
CTPaHCTBEHHO MPOTSKEHHOM 1eu XOTs Obl OJTHMM U3 HUX, B COOTBETCTBUU C TEOPEMOM
CJI0’KEHHUSI TOMCKOBBIX NTOTeHIManoB b. Kynmana.

[Ipu opranuzoBaHHOM 00CIEAOBAaHUN AKBATOPUU HAPSJIOM MOUCKOBBIX CHJI BO3HHMKA-
€T HeOOXOIMMOCTh pacuyeTa BepOsITHOCTH OOHAPYKEHHSI MPOCTPAHCTBEHHO MPOTSKEHHBIX
Hese ucxos U3 TOTO, YTO PAJAMOJIOKAIIMOHHOE OOHAPYKEHHE LIETTU OJJHUM U3 pa3BeIdu-
KOB OyJIeT 03HauaTh ee 0OHapykeHue Bceil rpymnmoit. [Ipu 3ToM HEOOX0IUMO YUHUTHIBATD,
YTO MPOCTPAHCTBEHHO MPOTSKEHHAs L€ MOXET IPOUTH CKBO3b CTPOW WIIM OpIEp, HE
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YCTAHOBMB KOHTaKTa jAaxe npu P, =1, eciiu paccTosHue MEXIY pa3BeAUNKaMH B CTPOIO
WIN B opJiepe 0oJbIe (DP3H +dpsy)-

BeposiTHOCT,  0O0Hapy>KeHUsT OJMHOYHOW TPOCTPAHCTBEHHO TPOTSHKCHHOW IIeH
HapSJIOM TIOMCKOBBIX CHJI PACCYUTHIBAETCS C TIOMOIIIBIO, TIPEIOKEHHOTO B IJ1. 3, IPUHIIU-
1a B3aMMHOCTH, KOTOPBI 3aKIII0YaeTCs B IIEPECTaHOBKE Vi = vy B opmymnax (12), (13).

VYcnoBueM NpUMEHHMOCTH MPUHIMIA B3aUMHOCTHU SIBJISIETCSI COMKHYTOCTh (DPOHTA IOUC-
ka. [Ipu pannonpoTHUBOIEHCTBUU CO CTOPOHBI NMPOTHBHHUKA (PPOHT MOUCKA CTAHOBUTCS
Pa30MKHYTBHIM U IPUHILIMII B3aHMHOCTH HEIIPUMEHUM.

B rn. 3 auccepranuu mokasaHo, YTO BEPOSITHOCTh OOHApYXEHHUsSI OJAMHOYHOM MpO-
CTPaHCTBEHHO MPOTSLKEHHOM 1€MW HapsiIoM MOMCKOBBIX CHJI 3aBUCUT OT KOH(UTypanuu
L€JIM, OPUEHTALMH LIEJIA TI0 OTHOUIEHUIO K KypCy pa3BeAYHUKOB, XapaKTepa MaHEBPUPOBa-
HUS 1IeJIM, COMKHYTOCTH WJIM Pa30MKHYTOCTH (DPOHTA MOMCKA, CKOPOCTU LM U pa3Be.-
YUKOB.

[Tpn paguonpoTUBOAECHCTBUU CO CTOPOHBI IPOTHBHHUKA BEPOATHOCTH OOHAPYKEHHUS
OJIMHOYHOW MPOCTPAHCTBEHHO MPOTSKEHHOMN LEIN HApsA0M IMOUCKOBBIX CHJI, TOMHMO I1e-
PEUMCIIEHHBIX BbILIE ()aKTOPOB, 3aBUCUT OT MOIIHOCTH MOMEXH, PACCTOSIHUS MEXIY pa3-
BEIYMKAMHU U MTOCTAHOBIIMKOM IMOMEX U OT HAIlPaBJIEHUS HA OCTAHOBIIMK TOMEX.

B 4yerBepTOii rjIaBe MPUBOAATCS PE3yJIbTaThl UCCIECIOBAHUS BIUSHUS PAJUONPOTH-
BOJICHCTBUS CO CTOPOHBI IPOTUBHUKA HAa BEPOATHOCTb OOHAPY)KEHHUS MPOCTPAHCTBEHHO
IPOTSKEHHBIX LENe Ha MOPCKOM IOBEPXHOCTH KaK OAWHOYHBIM Pa3BENUUMKOM, TAK H
HapsJI0M IMOUCKOBBIX cHI, ucnoib3ytomumM PJIC HagBoiHOTrO 0OHapy XEeHNUS.

HccnenoBanus 1. 4 nuccepTalyy BBIIOJHEHBI HA KOHKPETHBIX IpuMepax. PacueTsl
BEPOSATHOCTU OOHAPY’KEHUSI MPOCTPAHCTBEHHO MPOTSHKEHHBIX LEJNeH MpU paguonpoTUBO-
JNENCTBUU CO CTOPOHBI IPOTUBHMKA BBITIOJHEHBI IS BYX CIy4YaeB:

1) paanoaoKauMOHHOTO OOHAPYXEHUs OJMHOYHOrO KOpalysl W IpyIIbl Kopaliei,
CIPOEKTHUPOBAHHBIX [0 TEXHOJOTMM YMEHBIIECHUS PaJHOJIOKAMOHHOW 3aMETHOCTU
HAJBOJHBIX Kopaliel (Tak Ha3bIBa€MOM TEXHOJNOIMU «CTeNcy»), U X KUIbBATEPHBIX Clle-
JIOB KaK OJJMHOYHBIM Pa3BEIYMKOM, TaK U HAPSIIOM MOMCKOBBIX CHUJI;

2) paaMOJIOKAMOHHOTO OOHApPYXEHUS OJUHOYHOIO KOpadJisi U rpynmbl Kopaldiel u
UX KWJIbBAaTEPHBIX CIEAOB MPHU BO3ACHCTBUU AKTUBHBIX MACKUPYIOIIHUX MOMEX KaK OJU-
HOYHBIM Pa3BEIYMKOM, TAK U HApPsIOM ITOMCKOBBIX CHIL.

PacyeTsl BepOSTHOCTH OOHApy’>KEHUs NMPOCTPAHCTBEHHO MPOTSHKEHHBIX LETIEH Ipu
PavoONpPOTUBOIEHCTBUU CO CTOPOHBI IPOTUBHUKA BBIIIOJIHEHBI IO METOAMKAM, pa3pado-
TaHHBIM B IUI. 2 U 3 nucceprauuu. PacueT BepoSITHOCTH OOHapy»KEHUsI OAMHOYHOIO KO-
pabns u rpynnsl Kopabiiel, CIPOEKTUPOBAHHBIX MO TEXHOJOrUM «CTec», MPOBOAMICS
UCXOJs1 U3 TUMOBBIX 3HaueHuil DIIP kopabmns. PacdyeT BeposSTHOCTH OOHApY>KEHHUS OJH-
HOYHOTO KOpabJisi U TpyMNIbl Kopadiel Mpu BO3A€UCTBUN aKTUBHBIX MAaCKHPYIOIINX TOMEX
MIPOBOJIMJICS UCXO/S U3 TUIIOBBIX MAPAMETPOB MOMEX.

Ha puc. 5, 6 npencrasiensl rpaduki HaKOIUIEHHBIX BEPOSTHOCTEH OOHApYKEHHS
OJIMHOYHOTO KOpabJisi, CIIPOCKTHPOBAHHOTO MO TeXHONOTHH «CTenc» (JIMHUS IITPUXAMHU),
U «CTeJIC-KOpabJiss» BMECTE C KUJIbBATEPHBIM CJIE/IOM (CIUIOLIHAS JIUHUS), OIMHOYHOIO KO-
pabiid, CIpPOEKTUPOBAHHOTO Oe3 MpUMeHeHUs: TexHonoruu «Crency (JIMHHUS TOYKaMu), U
KopabJisi BMECTE C KUJIbBATEPHBIM cleOoM (IITPUXITYHKTUPHAS JIMHUS) KaK OJUHOYHBIM
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pPa3BEeIUMKOM, TaK U HAPSAJOM MOMCKOBBIX ciil. CTpelikaMu CHU3Y BBEpPX MOKA3aHO YBEJU-
YeHHE BEPOSITHOCTH OOHAPYKEHHUS 33 CUET OOHAPYKEHUSI KUIIbBATEPHOT'O CIIE/A.

Ha puc. 7, 8 mpencraBieHbl rpa@uKkd HAKOTUICHHBIX BEPOSITHOCTEW OOHAPY>KEHUS
OJIMHOYHOTO KOpaOuist (JIMHMS IUTPUXaMHU) M KOpadiii BMECTE C KHJIBBATEPHBIM CJIEIOM
(crimomrHas JTUHUS) B YCJIOBHMSIX aKTHBHBIX MAaCKHPYIOMIMX MOMEX U IpaduKu BEpOSITHO-
cTeil 0OHapyKEHUsI OJITMHOYHOTO KOpadis (JIMHUS TOYKaMHU) U KOpalOJisi BMECTE C KWJIbBa-
TEPHBIM CJIEIOM (IUTPUXITYHKTHPHAS JIMHUS) MIPU OTCYTCTBUM aKTHUBHBIX MAaCKHPYIOLIUX
OMEX KaK OJIMHOYHBIM Pa3BEIYMKOM, TaK U HApSAJOM NOUCKOBBIX CHI. CTpelIkaMu CHU3Y
BBEpPX MOKA3aHO YBEJIMYEHHE BEPOATHOCTU OOHAPYKEHHS 3a cUeT OOHApYKEHUsS! KUJIbBa-
TEPHOTO CIIe/a.

Ha puc. 9 npencraBnensl rpadki HaKOIJIEHHBIX BEPOSTHOCTEN OOHAPYKEHUS TPYII-
bl KOpalJiel, CIPOCKTUPOBAHHBIX MO TeXHOJOTUU «CTency (JIMHUS IITPUXAMH), U TPYyI-
bl «CTEJIC-Kopadiiei» BMeCTe C KHJIbBAaTEPHBIMU ciielaMH (CIUIOIIHAS JIUHUS), TPYMIIbI
KopabJeH, CIpOeKTUPOBAHHBIX 03 MpuMeHeHus: TexHodorun «Crency (TUHUS TOYKAMH),
U TPYIIIIBI KOopabiielt BMECTE C KIIbBATEPHBIMU clieflaMu (IITPUXITYHKTUPHAS TUHUS) OH-
HOYHBIM pa3BequukoM. Ha puc. 10 npencraBieHbl rpa@uKy HAKOIIEHHBIX BEPOSITHOCTEH
oOHapy>KeHHsI TPYIIBI Kopabiiel (JTUHUS MTPUXaMH) U TPYIIBI Kopabiieih BMECTE C KUJb-
BaTE€pPHBIMM clieJaMU (CIUIOIIHAS JIMHHS) B YCJIOBHSX AKTUBHBIX MACKUPYIOIIHMX MOMEX,
rpynibl Kopabiei (JIMHUS TOYKAMH) U TPYIIbI KOpabiieil BMECTE ¢ KWIbBATEPHBIMU ClIe-
namu (IITPUXITYHKTUPHAS JTUHUS) IPU OTCYTCTBUM MPEJHAMEPEHHBIX TOMEX OJMHOYHBIM
pa3BequukoM. CTpenkaMy CHU3Y BBEpX IMOKA3aHO YBEIWYEHHE BEPOSTHOCTH OOHapyxe-
HUS 32 cYeT OOHAPYKEHUSI KWIbBATEPHBIX CJIEIOB IPYIIIbI KOpadiei.

B pe3ynbprare npoBeAEHHBIX B 1. 4 HUCCIIEIOBAHUI NTOKA3aHO, YTO:

1) panuonoKanMOHHOE OOHApYKEHUE MPOCTPAHCTBEHHO MPOTSKEHHBIX LieJIeld CHU-
xaeT 2QGeKTUBHOCTh MpUMEHEeHHs TexHonoruu «Crency. [Ipu 3TOM HakorieHHas Bepo-
SATHOCTh OOHAPYKEHUsI TPOCTPAHCTBEHHO MPOTSHKEHHOM 1€ BBIIIE 110 CPAaBHEHUIO C Be-
POSITHOCTBIO OOHAPY>KEHUS TOUSUHOM IIEJIM B HECKOJIBKO pas3;

2) paauoJOKaMOHHOE OOHApYXEHHE MPOCTPAHCTBEHHO MPOTSHKEHHBIX LIE€JeH CHU-
xaeT 2QpheKTUBHOCTH NpenHaMmepeHHbIx nmomex PJIC HagBoaHOTO OOHApYXEHUS, B 4acCT-
HOCTH, aKTUBHBIX MACKUPYIOIIMX MoMeX. Tak, Hampumep, HaKOIUIEHHasi BEPOSTHOCTh 00-
Hapy>KeHUs MPOCTPAHCTBEHHO MPOTSHXKEHHOM 1EIH BhIIIE BEPOATHOCTH OOHAPY>KEHUS TO-
YEYHOU LEJIM B YCJIOBHSIX aKTHBHBIX MAaCKHPYIOLIIMX [IOMEX B HECKOJIbKO pa3. CymiecTBy-
IOIIHE BUJIbI IPEAHAMEPEHHBIX IIOMEX B JTAHHOM ciiy4ae He 3(()EeKTUBHBI.

HeB03MOKHOCTh paiMOIOKAIMOHHOIO OOHAPYKEHUsl HaJBOJAHBIX KopalJiel mnpu pa-
JUOTPOTUBOACHCTBUU CO CTOPOHBI MPOTUBHUKA HE UCKIIOUYAET PAJUOJIOKALIMOHHOTO 00-
HapyXeHus1 Kopabiel mo ux cinenam (puc. 1 u 2).

Takum 00pa3om, paguoOKallMOHHOE OOHAPYKEHUE TPOCTPAHCTBEHHO MPOTKEHHBIX
Hesne MOKHO paccMaTpuBaTh Kak CBOCOOpa3HbIN X0/ B paJIMO3IEKTPOHHOM O0opbOe, 1mo3-
BOJISIFOIIUI PEIIUTh 3a7a4y PajuoIOKAIMOHHOTO OOHAPY>KEHUS MOPCKHUX LieJed MPOTUB-
HUKA MPU PaTUONPOTUBOACHCTBUU C €ro CTOpoHbl. CrocoObl MAaCKUPOBKH U MMHUTALUU
CJIEJIOB, OCTaBJISIEMbIX KOPaOJIsIMM Ha MOPCKOM MOBEPXHOCTH, B HACTOALIEE BpPeMsl HEH3-
BECTHBI.

B 3ak/110YeHNH NPUBEIECHBI OCHOBHBIE HAYUYHBIE PE3YJbTaThl IUCCEPTALMOHHON pa-
OOTBI U MOJOKEHUS, BBIHOCUMBIE Ha 3aIIUTY, a TAKXKE CBEIEHUS 00 anpoOalMK U UCIIONb-
30BAHHMH PE3YJIbTATOB IUCCEPTALUU.
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IIpuino:keHus1 coepKar: ajJrOPUTM BBIYKMCIICHUS MHTETpalla YUCICHHBIM METOIOM
1o 00001eHHON (PopMyJsie Tpamenuii Ha PaBHOMEPHOU CeTKe ¢ oOecreueHueM 3aJaHHON
TOYHOCTU MeTofioM Pynre (mpui. A); pacdyeT mpHOOpPETEeHHOM MPOU3BOAUTEIHLHOCTH TO-
UCKa MPOCTPAHCTBEHHO MPOTSHKEHHBIX MOPCKUX 00BEKTOB TIpocTeiieit hopmsl (ipuit. b);
BBIPAXKCHHS ISl OLEHKU 3(P(PEKTUBHOCTH MOMCKA MOPCKUX OOBEKTOB C MOMOIIBIO KOH-
TaKTHBIX JAaTYUKOB (Mpwi. B); pe3ynbTaTsl uccieqoBaHUs OCOOCHHOCTEH paJHOIOKaIIN-
OHHOTO MOMCKA MPOCTPAHCTBEHHO MPOTIKEHHBIX MOPCKUX OOBEKTOB C JIETATENbHBIX all-
naparoB (npui. ['); ucciienoBanue cXxoauMOCTH (GOpMYJI, MOJYYEHHBIX B JIHCCEPTALUU, K
dopmynam Teopuu norcka ToueyHsix neneit b. Kynmana (npun. [1).

HOBBIE HAYYHBIE PE3YJIBTATBI, IIOJITYYEHHBIE B IUCCEPTALINHN

1. Ilpemnoxena knaccupukanus LeJed HA MOPCKOM IMOBEPXHOCTH, SIBIISIFOIIMXCS
00BEKTaMU PaJUOJOKAIIMOHHOIO MOMCKA, U JJAHO UX MATEMaTU4YeCKOE ONMMCAHUE, YUUThI-
Batolee He Toiabko OIIP 1enu, HO U ee MPOCTPaHCTBEHHBIE XapPAKTEPUCTUKHU (TIPOTSKEH-
HOCTb, OPUEHTALIMIO B MPOCTPAHCTBE, KOH(OUTYpAIUIO, COMKHYTOCTb MJIM Pa30MKHYTOCTh
¢dbpoHTa MOMCKa IPYIIOBOI MPOCTPAHCTBEHHO MPOTSHKEHHOM 1IETH ).

2. Pazpabortanbl MeTOAbl pacueTa BEpOSTHOCTU OOHApPYKEHHS MPOCTPAHCTBEHHO
IPOTSKEHHBIX LENEH Ha MOPCKOM ITOBEPXHOCTH IPU PAIAOIPOTUBOAEHCTBUHU CO CTOPOHBI
IPOTHUBHHKA.

3. Iloka3zaHo, 4TO BEPOSITHOCTh OOHAPYKEHUSI MPOCTPAHCTBEHHO MPOTSHKEHHBIX I1€-
JIE CHUKAETCS MEHBIIE, YEM TOYEYHBIX IPU PAIUONPOTHUBOACHCTBUHM CO CTOPOHBI IPO-
TUBHHKA.

4. Jloxa3zaHo, 4TO 32 CHET PaJAMOJOKALMOHHOTO OOHAPYX EHUsS CJIEI0B HAJABOJHBIX
KOpabJiel yJaeTcsl NOBBICUTh BEPOSITHOCTh UX PaJMOJIOKAlMOHHOIO OOHApy>KEHUs B He-
CKOJIBKO pa3. PajnonokannoHHoe oOHapyK€HUE CIEA0B HAJIBOAHBIX KOpaOiel MO3BOJIsAET
HOBBICUTH IoMexoycToiunBocTh PJIC HanBOgHOTO OOHAPYIKEHUSI.

5. PapuonokannoHHOe 0OHAapy’KE€HUE MPOCTPAHCTBEHHO IMPOTSKEHHBIX LEJIEH IM03-
BOJISIET TOBBICUTH d(PPEKTUBHOCTH OOHAPYKEHHSI COBPEMEHHBIX HAJBOJHBIX KOpaOJiei,
UCTIOJIB3YIOMINX TeXHONOTHIO «CTesncy, U Kopabiiel, MPUMEHSIONUX CPEICTBA TOCTAHOB-
ku momex PJIC HagBogHOTO OOHAPYKECHHUS.

CIIMCOK IMYBJUKAIIMHI IO TEME JIUCCEPTAIIAM

CraThu B BeIylIUX HAYYHBIX M31aHUsAX, pekoMeHayeMbIX [lepeunem BAK Munoopuayku P® nus
nmy0JMKAIMUA HAYYHBIX padoT

1. Ceprymes, A. I'. DpdekTHBHOCTH «ITOMCKA CETH» a00OHEHTCKUMH TEPMUHAJIAMHA COTOBOM CBSI3H /
A.T. Ceprymes // Bectauk cBsizu. —2008. — Ne 3. — C. 30-34.

2. CeprymeB, A. I'. KoHTpacTHBIIi TpueM CHTHAJOB MPU TPACCOJOTHUECKUX HAOITIOACHUAX /
U. ®. llIumxkun, A. I'. Ceprymes / Hayuno-rexunueckue Begomoctu CIIOITIY. Mudopmatuka. Tene-
KOMMYHHKaIuu. Ynpasierue. — 2009. — Ne 1(72). — C. 67-72.

3. Ceprymes, A. I'. K Bompocy 06 3¢ dexruBHOCTH TiprbopoB morcka 00bekToB / U. @. IllumkuH,
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