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AHaJIU3 MOJX0/I0B K MaTeMaTHYeCKOMY MO/IeJIMPOBAHMIO Npollecca
NPOTHUBO/IEIICTBUA 0€CIMIOTHBIM JIETATEILHBIM annaparam

boiiko A. A., Maiixy6 X. W., Mocomnos U. A.

Ilocmanoeka 3a0auu: ¢ Hacmosiujee epems 3a0aid RPOMUEOOEUCMEUsE MAI02aADaAPUMHBIM (M0 eCcmb
HAHO-, MUKPO-, MUHU- U OIUdCHe20 paouyca Oeucmeus) OecnuiomHbIM JIemamenvHblM annapamam Ha
KPUMUYECKU BANCHBIX 00bEKMAX 80CHHO20 U SPANCOAHCKO20 HAZHAYEHUs UMeem 0COOYI0 AKmYalbHOCHD.
Cucmemvl, obecneyusarowue GblnOIHeHUe MO 3a0aYlU, AGNAIOMCI MeXHUYeCcKU CLoAHCHbIMU. OHU 00ICHYI
00be0UHsAMb 8 cebe noocUcmemyvl 853U, pa3gedKu, YNpasieHus u oenegozo nopadxcenus. Ceco0Hs maxue
cucmeMvl CMpOsSIMCsT IMAIUpUYecKy, 0Oe3 yuyema MmOl 0COOEHHOCMU, HepeoKo Oadce 0e3 OmOenbHblX
noocucmem, U HOMOMY He MOSYM 2apAHMUPOBAMb BbINOIHEHUE BO3NI0JCEHHOU HA HUX 3A0ayu 8
IKCMPEMATLHBIX YCA0BUSX, KO20A 051 HAHECEHUsI MAKCUMATLHO20 YuepOa KpUMU4ecKu 8aicHomMy 00beKmy
UCHONBL3YeMCsl 3HAYUMENbHOE KOIUYECBO MAI02a0apumublx OeCcnUIOMHbIX JeMAmeNbHblX annapamos, 8
MoM uucie 8 gude pos, YNpasisiemo2o UCKYCCMEEHHbIM UHMELLIeKMoM. [ nosviueHus gh@exmugnocmu
NOO00OHBIX cucmem mpebyemcs pa3eumolii HAYYHO-MEMOoOUdecKuti annapam ee oyenku. B ocnose samoeo
annapama O0O0JHCHA JleHcamsv COBOKYNHOCMb MoOdelell npoyecca npomusooeucmsus 0Oecnuiomubim
JIeMamenbHbiM AnnaApamam Ha KPUMu4ecku a)cHoM 006vbeKme, 60CNPOU3BO0SUAsL YKA3ZAHHYIO 0CODEHHOCb.
Ileny  pabomwl:  svisigneHue  CHOCOOHOCMU — U3BECMHBIX — MAMEMAMuyeckux modenel  npoyecca
npoOMuUBOOelcmausi OeCNUIOMHBIM JIeMAMENbHbIM ANNAPAMAM YYUmMbuleams 63auMHoOe GIUsIHUE NPOYEeccos8
Pa3zgeoKu, ces3u, YNpasienus, 02He8020 NOPANCEHUS U PAOU0INeKmMponHol 6opbovl. Hcenonvzyemutii memoo:
cucmemnviti  ananuz.  Hoeusna: paccmompenue npoyecca NpomugoOelucmeus Mano2adapumHbim
OecnunoOmubIM ~ JIemamenbHblM — ANNapamam Ha — KPUMUYeCKU  GAJICHbIX  00beKmax 6 KOHmeKcHe
AHMALOHUCTHUYECKO20 KOHMAUKMA O08YX 6blCOKOMEXHONOSUYHBIX OPSAHUZAYUOHHO-MEXHUYECKUX CUCTEM,
Kacoasi uz KOmopulx Ok O0CMUIICEHUsL CEOUX YeTlell peanusyem YUKkl NpUMeHeHUs NPoyeccos paseedxi,
C6s13U, YNPAGIEHUs, O02HEeB020 NOPAdNCeHUss U PAOUOINeKMPOHHOU 60pvoObl. Pesynemam: evissnena
He0OX00UMOCHb  COBEPUIEHCIMBOBAHUSL  CYWECMBYIOWUX  BbICOKO  OeMANUUPOBAHHBIX  UMUMAYUOHHBIX
Moldeneil  npoyecca HPOMUBOOCUCMEUs  OECRULOMHbIM  IeMAMENbHbIM — annapamam, —y4umvleaouux
NPeUMyWeCmeenHo MoOIbKO HPOYeccybl pazgedKu U O0SHE8020 NOpAdiCenus, 3d cYyem OONONHUMENbHO2O
B0CHPOU3BEOEHUSL NPOYECCO8 C653U, VAPAGLEHUs U PAOUOINEKMPOHHOU DOPLOBI, A MAKIICE AHATUMUYECKUX
Modeneti 8 yacmu 08YCHMOPOHHE20 Yiemd paouodIeKmMpOHHOU 60pbObl. 3HAUUMOCHb.: pe3yibmam padomsl
A67emMcsi  HOOYOUMENbHbIM  (DAKMOPOM Ol COBEPULEHCMBOBAHUS  HAYYHO-MEMOOUYECKO20 annapama
OYeHKU IPHEeKMUBHOCIU NPOMUBOOCUCMBUSL MAT02AOAPUMHBIM OECRUTOMHBIM TeMAMeTbHLIM Annapamam
Ha KpUMuUYecKu 8ajlicHOM 0Ovexme.

Knwuesvle cnosa: Oecnunomuvlii Jemamenvhblil  annapam, KPUMUYecku GadiCHblll 00beKkm,
aghghexmusrnocmo, npomugooelicmsaue, UMUMAYUOHHOE U AHATUMUYECKOe MOOeTUposarue 003l
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CoBpeMeHHBIN YPOBEHb Pa3BUTHS MaOrabapuUTHBIX (TO €CTh HAHO-, MUKPO-,
MUHU- U OJNMKHETO pajguyca JIEHCTBUA) OCCHHIIOTHBIX JIETATEIBHBIX allapaToB H
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XO0JI€ JUBEPCUOHHOM M TEPPOPUCTUYECKON IEATEIBHOCTH HAa KPUTHYECKH BAKHBIX
o0bekTax (KBO) BoeHHOToO U rpakgaHckoro HaszHaueHusi. OCHOBHBIMHM CHOCOOAMHU
MPOTUBOAEHCTBUA TakuM BIJIA SBISIOTCA panMO’IEKTPOHHOE MOpaKeHue (B TOM
yucie nojaasieHue), orueBoe nopaxenue (OII) (B Tom yucie ¢ momombio brJIA-
uctpebureneil) n nepexsar ynpasienus [1, 2, 3]. IlpuMeHeHue 3THX crOCOOOB
XapaKTepu3yeTcss  BaXKHOM  OCOOEHHOCTbIO —  TpeOdyeT  IPOrHO3UPOBAHMS,
IJTAHUPOBAHHUSI, KOOPJAWHALMM M KOHTPOJISI OJTHOBPEMEHHO PEaM3yEMBIX B paMKax
€IUHOTO TEXHOJOTMYECKOro LHKIa cuctembl nporuBonevictBus brnJIA nHa KBO
poLeccoB (PYHKIIMOHUPOBAHUS €€ MOJCUCTEM pa3BelIKH, CBs3H, ynpasinenus, Ol u
paanosnekTpoHHo OoprObl (POB). Takyio cucremy mnpenjaraercsi Ha3bIBaTh
noanoyukyuonanvrou. OIHAKO CErojHs cucTeMbl npoTuBoaeicTBus bnJlA
cTposiTcsi 0e3 ydera 3Tol 0COOEHHOCTH, HEPEAKO Aaxke 0e3 OTAENIbHBIX MOJICUCTEM, U
NOTOMY HE MOTYT T'apaHTHPOBATh BBINOJHEHHE BO3JI0KEHHOW Ha HUX 3aJayd B
HKCTpEMANIbHBIX YCJIOBMSIX, KOTJa JUIsi HaHeCeHHs MakcumaibHoro yumepba KBO
UCITIONIB3YETCA 3HAUUTENbHOE KoauuecTBO bniJIA, B Tom uucie B BUae pos.

N3noxkeHHOE CBUAETENBCTBYET O HPOMUBOpEYUU 68 NPAKMUKe MEKIY
NOTPEOHOCThIO B MPOTHO3UPOBAHMHM, TUIAHUPOBAHUU, KOOPAMHAIIMM W KOHTPOJIE
COBOKYITHOCTM OJJHOBPEMEHHO pPEaIU3ye€MbIX M B3aMMOCBSI3aHHBIX IPOLIECCOB
pa3Benku, cBsizu, ynpasienusi, OIl u POb npu mnporuBoaeiictBuu bnJIA wu
OTCYTCTBUEM TaKUX BO3MOYKHOCTEH Yy CYHIECTBYIOIIMX CHUCTEM IPOTUBOJAECUCTBHUS
manorabaputaeiM briJIA wa KBO. [lns ycrpaHeHust 3TOro NmpoTHBOpPEYHUsS HYKHA
BBICOKO JICTAJIM3UPOBAHHASA MOJENb KOH(JIUKTA, BOCIPOU3BOJAIIAS HE TOJBKO
CYIIECTBYIOIIE CHOCOOBI MpuMeHeHus: u npotuBojeiicTBus bnJIA na KBO, HO u
COBOKYITHOCTh HCIIOJb3YEMBIX JJISI 3TOTO B3aMMOCBSI3aHHBIX IPOLIECCOB Pa3BEIKH,
cBs3u, ynpasienus, OIl u POBb.

ITocTanoBKka 3a1aun

[Ipunumas B HacTosIied paboTe 3a OPUEHTHUP MOBBIMICHHE d()PEKTUBHOCTH
cucteMbl mnpotuBogericTBusi bnJIA Ha KBO, HyXHO NpOSICHUTH, YTO HMEHHO
nonpazymeBaercs noj 3PheKTuBHOCThIO. DPPEKTUBHOCTD CIOKHON CHUCTEMBI — 3TO
MHOTOTpaHHOE TIOHATHE, 00BeuHsIOIIeE B cede [4]:

- BHCIIHIOI (PYHKIMOHAIBbHYIO (Wi 00€BYI0) 3 (hEKTUBHOCTS;

- BHYTPEHHIOI ()YHKIMOHAJIBHYIO (I TEXHUYECKYTO) 2P (HEKTHBHOCTD;

- IKOHOMHYECKYIO 3(PPEKTUBHOCTD;

- conuanbHyto 3 (HEKTUBHOCTE;

- 3 (dEeKTUBHOCTH YIIPaBICHUS;

- 3G PEKTUBHOCTH )KU3HEHHOTO ITUKIIA.

Pa3pabotunkum cucrem mpotuBoxaeiictBusi  bnJIA, ToBOps 00 wuX
3¢ (HEeKTUBHOCTH, OOBIYHO UMEIOT BBUIY TEXHUYECKYIO 2 dekTruBHOCTH. [lokazaTenu
TEXHUYECKOW J(PGEKTHBHOCTH MOTYT pa3lenaTbcs Ha WH(POpPMAIMOHHO-00EBbIC
(HampuMep, OMEpPaTHBHOCTh OOEBOTO MNHKIA) W HWHPOPMAIMOHHBIE (HAMIPUMED,
BEPOSITHOCTh PACTO3HABAHUS II€TTH WA €€ TopakeHus1). He ymansis BaXXHOCTh WHBIX
cocTaBnAOMKUX d(PPEKTUBHOCTH, B HACTOSIIECH pabOTe paccMaTpuUBaeTCs UMEHHO
6oeBast 3(Q(GEKTHBHOCTh, KOTOPOH B COBPEMEHHBIX OTCUYECTBCHHBIX HAYUYHBIX
MyOMUKaMsIX HE3aCTY)KEHHO YIENsSeTCsS Mall0 BHUMaHHs. XOTS TOJBKO OoeBas
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3 (PEKTUBHOCTh YUYUTBHIBAET CUCTEMHOCTh BCEX PAa3HOPOJHBIX B3aMMOBIMSIONIINX
MPOIIECCOB, MMEIOIIUX MECTO B KOH(JIMKTE, YacCThbIO KOTOPOIrO SIBISETCS OOBEKT
pa3paboTku. OCHOBHBIMHU TMOKa3aTelAMH O00€BOM 3(P(HEKTUBHOCTH TPATUIMOHHO
ABJIAIOTCS COOTHOLIEHHE CHUJ (0OOEBBIX MOTEHIMAIOB), MPOCTPAHCTBEHHbIE U
BpPEMEHHBIE MOKA3aTEIH BHIOJIHEHUSI O0E€BOM 3a/1a4u.

boesas sddexruBHoCcTh cpenctB npotuBogeiictBus bnJIA ma KBO moxer
ObITh OLEHEHA C  MCIOJb30BAHUEM  BBICOKO  JCTAIU3UPOBAHHONW  MOJENH
COOTBETCTBYIOLLIETO AHTArOHMUCTHYECKOrO0 KOH(JIMKTA, a HE €ro OTAENbHbIX
IOYSJbHBIX CUTyallMd THMA «CPEACTBO (TpyIIia OJHOPOAHBIX CPEACTB) — CPEICTBO
(rpynmna OJHOPOJHBIX CPEICTB)», MPUMEHSEMBIX [JIi OIEHKH TEXHUYECKOU
sbdextuBHOCTH. OmnupaThCs B 3TOM CJIy4yae HYKHO Ha HW3BECTHbIE M IIMPOKO
pacnpoCcTpaHEHHbIE CUCTEMbI MOJIETUPOBAHMS OOEBBIX JEHCTBHIA.

B naHHOM KOHTEKCTE CcleAyeT HCXOJIUTh W3 TOro, 4To HHQPOpManus O
collepKaHUM MoJienell 00s, 3aJ0KEHHBIX B M3BECTHBIX 3apyOeXHBIX CHCTEMax
NOJJICPXKKU TPUHITUS PEHICHUsS KOoMaHJupa (TakuxX Kak, Hampumep, HIUPOKO
u3BectHole  «JWARSy», «JTLS» wunu anoHcupyembiii  «Palantir»), Becbma
IPOTUBOPEUYHBA U IOTOMY HE MOXKET PACCMATPUBATHCS B KAUECTBE OTIIPABHOM TOUKHU
uccienoBanus. B cBoro ouepenb Mozenu 005 B COBPEMEHHBIX KOMIBIOTEPHBIX UTpax
KaHpa «war game» OpUEHTHUPOBAHBI HAa DKCIEPTHYIO (XOTS uHO20a U CPaBHUTEIHHO
aJIcKBaTHYI0) OIIEHKY yIiepOa 3jieMeHTaM OOEBBIX MOPSAKOB OT PAa3jIUYHOTO BHA
MaTEpPUATILHOTO ¥ HMH(POPMALIMOHHOTO BO3JACUCTBUS. OMIIUPU3M U IKCIEPTHOE
MHEHHE B JAaHHOM CITy4ae «UTParoT 3JIyI0 LIYTKY», KOr/a SKCHEPTaM KpailHE CII0KHO
y4ecTh BCE MHOrooOpa3ve B3aUMOBIHSIONIMX MATEPUAIBbHBIX U HH(POPMAIMOHHBIX
(akTOpOB B COBPEMEHHOM aHTarOHUCTUYECKOM KOH(DIUKTE.

Kak crneactBue B KadecTBE OTHPABHOM TOYKM MCCIEIOBAHUS CIEAYET
paccMaTpuBaTh OTEYECTBEHHBIE OOpa3llbl CHCTEM BBICOKO JETAIM3UPOBAHHOIO
MOJICTUPOBAHMS OOCBBIX JEUCTBUH (HAIPUMED, PACUETHO-MOICIUPYIOMHUA KOMITIIEKC
CyxonytHbix Boiick BC P® [5], uzgenue «Cnektp» xommanuu «PycbUTex» [6]).
Pe3ynbTaThl aHamu3za AOCTYIHOW OTKPHITOM HWHGOPMAIlMU IMOKA3bIBAIOT, YTO ATH
CUCTEMBI HE YUUTHIBAIOT BPEMEHHBIE U BEPOSITHOCTHBIE XapAaKTEPUCTUKH MPOLIECCOB
pa3Benku, cBsizu, ynpasienus, OIl u POb, B3aumocBsizaHHBIX B pamMkax OOEBBIX
IIUKJIOB MPOTHBOOOPCTBYIOMIMX CTOPOH B KOH(pIukTe BrJIA u cooTBeTCTByROMMX
cuctreM 3amutel KBO. TIlosToMy pe3ynbTaTbl NpPUMEHEHUS TaKUX CHUCTEM
MOJEIUPOBAHUSI HE MOTYT CUHUTATbCS JOCTATOYHOM OCHOBOM [JIsi CHHTE3a
s exTUBHOM CUCTEMBI MPOTHBOIeHCTBHs MajorabaputHbiM briiJIA na KBO.

Lens paboOThI — araiu3 cywecmayowux Mamemamuieckux mooeet npoyecca
npomugodelicmeus  manozabapumuvim  bnJIA Ha npedomem  8vlsAGNeHUS  UX
cnocobHocmu yuumvleams 83aumnoe érusHue npoyeccos OII, pazseoku, ynpagnenus
u POB, cea3annbIX eOuHbIM UHMOPMAYUOHHBIM HPOCMPAHCIBOM.

AHAJIN3 MaTeMaTHYeCKHUX MojeJiel

HaunemM ananm3 MaremMaTHdyecKuX MOJENEH, MO3BOJAIOIINX OLEHUTH
s dexkTnBHOCTL Tporecca mnpotuBogeicTBus brJIA na KBO, ¢ numonepckux
pe3ysibTaTOB Hay4yHOU mKoabl M. B. CunbHuKOBA.
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B 2016 rony B pabote [7] M. B. CunbunkoB u A. B. AHapeeB NpeiioKuiu
MO/IeJIb 3TOT'0 IMpoliecca, Ha OCHOBE KOTOPOM pazpaboTaHa METOAUKA paclpeaesIeHUs
MOTEHLIMAJIAa CHCTEMbl MPOTHUBOBO3AYIIHON o0oponsl (IIBO) mnpu npukpeiTuu
00BEKTOB 00OPOHBI B 3aIaHHOM paiioHe. MlcxoHble JaHHbIE:

- 10 Pa3JIMYHBIM THUIIAM CTAIlMOHAPHBIX OOBEKTOB B TpaHULAX 3aJlaHHOIO

paiioHa BO3/IEMCTBYIOT HECKOJIBbKUX TUNIOB briJIA;
- KOJMYECTBO BO3JECUCTBUNA OIPEAECICHHOTO THUIIA CPEIACTB MOPAXKEHUS B
IpaHUIIAX paiiloHa OTPAHUYEHO;

- Ka)xJ0€ BO3JEHCTBHE HAHOCUT OOBEKTY (PUKCHUPOBAHHBIN yIIepO, KOTOPBIN
OTIPEEISIETCS MEMOOOM IKCNEPMHOU OYEHKU,

- TPUKPBIBAIOT OOBEKTHl oOmpeiesneHHoe koiuyecTBO cpeacts [IBO ¢
HEKOTOPOH 3P (HEKTUBHOCTHIO.

[Tokazarenb 3¢ dhekTUBHOCTH TpUMEHEHUs! OrHeBbIX cpeAcTB [IBO — Bennunna
CYMMapHOIo MpeaoTBpalieHus yuepoa. B ocHOBE METONMKM JIEKHUT KilaccHuecKas
VIS 3374 PacIpedesieHUs] peCypcoB MOJIENb, OCHOBAHHAsI HA NMPUMEHEHUU mMeopuu
8eposimHOCMell U aneeopauiecKux 8blpaiCceHull.

Hanee B 2022 roaxy B pabore [8] M. B.CHIBHHKOB COBMECTHO C
B. U. JIa30pkuHBIM Da3BUBAIOT HCI0 pabOThl [7] U C UCHOJIB30BAHUEM MO20 JHCe
Mamemamu4ecko20 annapama PpaccMaTpPUBAIOT MOJAENb IPOTUBOAEHUCTBUS POIO
briJIA-kamukaa3e Ha OTACIBHOM CTAIIMOHAPHOM OOBEKTE C TOPU30OHTAIBLHOTO IMOJIETA
WIM C MUKUPOBAHUS C OJHOIO WJIM C HECKOJIbKMX HampasiieHui (cM. puc. 1). Cpen-
cTBO nopakeHusi briJIA-kamukaa3e Ha MapuipyTax mnoJiera (B mpeaenax JajbHen 30-
HBI 3aIUThI) — HEympaBiasieMble pakeThl aanpHero aevcteus (HYP II1). Cpenctso
nopaxeHusi arakyrmomux brnJIA-kamukanze (B mpenenax OMMKHEH 30HBI) — Malble
yrnpasisieMble pakeTsl ommkHero nericteus (MYP BJI).
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Puc. 1. Cxema mocTpoeHHUs 30HbI 3aITUTHl 00BEKTOB

Pe3ynbTaThl MOAEIMpOBaHUs, MPUBEICHHbIE B [8], MOKa3bIBalOT, YTO 30HA
3aMUThl 0OBEKTOB JIOJDKHA BKIIIOYATh KAK MHHHMYM J[Ba DIIIEIIOHA 3AIIUTHI: TIEPBHIM
SIICNIOH JOJDKeH obecrneunBaTh mopaxkeHue brJlA, Haxomsmmxcs Ha MapHipyTax
nosieta K 1eysiM (yaaJieHHe TPaHUIlbl TallbHEeW 30HbI 3alIUTHl OT 00BEKTa 3aIIUThl —
nopsiaka S5...8 KM), BTOpod — mopaxkeHue arakyromux brJIA. Takxke Momenb
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nosicHsieT HeoOxonuMmocTs npumeHeHuss MVYP BJl  anga  nportuBoaeicTBUs
masnorabaputeiM bnJIA na KBO. Ha 3Ty Mozenb MOXXHO ONHUpaThCs, BhICTPAUBas
KOMIUJIEKCHYIO 3alllUTy HE TOJbKO MOOWIBHBIX, HO M IUIOLAAHBIX OOBEKTOB,
pacrnionaras MYP BJl HenocpencTBeHHO BOIM3U OXpaHSIEMbIX 00beKkTOB. OgHAKO B
JAHHOW MOJIeNIM He y4MThIBaeTcs npuMmeHeHue cpeiactB POb. XoTs obuiensBecTHo,
YTO, C UCIIOJIb30BAaHUEM ATHX CpPEACTB B KoMIuiekce co cpeactBamu [IBO 3amura
CTaIllMOHAPHBIX 0OBEKTOB CTAHOBUTCS Oosee 3P (EeKTUBHOM.

B craBmeli yxe kiaccuueckoit padore [9] B 2019 roay B. B. Pocromuuu
NPEIOKWT  UMUMAYUOHHYIO MOoOelb OTpakeHus Hainera rpynnsl bnJIA Ha
MPUKPBIBAEMBI  3€HUTHO-pakeTHbIM KomiuiekcoM (3PK) ywactok MecTtHOCTH.
3amaueii 3PK saBnsercs mnopaxenue Bcex bnJIA, cTpemsmnxcs BOWTH B 30HY
OTBETCTBEHHOCTH. VIcXO/IHbIE JaHHBIE:

- Ha yJaJIeHuu 25 KM OT NMpUKphIBaeMoi 30HbI pacnosaraetcs 10 kM 30Ha, U3
KOTOpPOIl OJHOBPEMEHHO CTapTyeT HEYNOpPsSAOYEHHash OJHOpPOAHAs TrpyIa
u3 15 briJIA camoneTHoro tTuma co ctaproBoi maccod 10 kr, JeTammx co
ckopocTsamu 100...300 km/g Ha BeicoTax 200...800 Mm;

- nonet bnJIA (kaxaplii ©MEeT CBOM HOMEp) OCYIIECTBISIETCS aBTOHOMHO B
cekrope 90° 1 He CUHXPOHU3UPYETCS C APYTUMH YJIEHAMH TPYIIIIbI;

- JalbHOCTH OOHapyxeHusi briJIA ¢ momMoIpio cpescTB ONTUKO-3JIEKTPOHHON
U pauoJIOKallMOHHON pa3BeIKU B 3aBUCHUMOCTU OT BBICOTHI MOJIETA COCTAB-
aser 1,5...2,5 xm;

- Bpems Haseta 10 MUHYT.

Pe3ynbTaThl MOAEIUPOBAHUSA:

- 3PK ne obecnieur npukpeitTie 00bekTa (10 u3 15 briJIA Bomnum B 30HY OT-
BercTBeHHOCTH 3PK 1 cMornu nmpuMeHUTh OOPTOBBIE CPEICTBA MOPAKEHHUS);

- 3PK wu3pacxonoBan Bech Ooe3amac, HE BBIMOJIHUB 3a7ady IO MPHUKPHITUIO
00BEKTa;

- Oonpime yrisl 1oBopota oceit 3PK Ha nepsbie 10 Bo3ayiIHbIE 1IE€TH TTPUBE-
7 K (PU3HIeCcKOor HEBO3MOKHOCTH MopaxeHus 3tux brJlA.

[IprMeHeHue 3To UMHUTAIMOHHOM MOJIENIM MOoKaszano, 4To nopaxxenue brJIA
cpenctBamu  3PK B OOnbpIIMHCTBE cily4aeB sIBISIETCS  HHU3KOA((EKTUBHBIM,
MOCKOJIKY TPUBOAUT K BBICOKOMY pacxoay OOempuIiacoB — HEBOCIIOJIHUMOIO
MaTepHAIBHOIO pecypca, a IPUMEHEHHE HECKOJIBKHUX BOJH HAJIETOB I'PYMIl JEIIEBIX
brnJIA moxetr nmapanuzoBaTh [IBO. ABTOp chpaBemjivBO MOJIAraeT, 4TO B CBSI3U C
ATUM MEPCHEKTUBHBIM  HampaBlieHUWEeM mnpotuBojercTBusi brnJIA  saBusercs
IpuMeHeHue cpeacts POB, pecypc KOTOpBIX, NpU HaJW4YWM BHEUIHETO IUTAHUSA,
IIPaKTUYECKN HeorpaHnyeH. OTHAKO YYET 3TUX CPEICTB B MOJEIU OTCYTCTBYET.

B tom xe 2019 roay Jia N., Yang Z. u Yang K. ony6iukoBanu padoty [10],
MOCBSIIIEHHYIO OIleHKe 2 PeKTUBHOCTH MpuMeHeHus posi 6oeBbix bJIA Ha ocHOBe
KJIACCUYECKOTO METO/Aa CUCMeMHOU OuHamuku. ABTOpPbI JJI1 BOCIPOMU3BEICHUS
OUHAMUKH 0O0sI MPUMEHWIM T.H. «METOJ BJIOXKEHHBIX JIEPEBBEB C INEPEMEHHBIMU
Becamm» (aHTa. — rate-variable in-tree modeling method). Monens B 3TOi padote
MpeACTaBiIsieT CcoOOM CHUCTEMY JIMHEWHBIX OJHOPOAHBIX AU QepeHInaIbHbIX
YpaBHEHUM, B KOTOPOH KaXXJIOW TOACHUCTEME IPOTHBOOOPCTBYIOIIUX CTOPOH
COOTBETCTBYET OJIHO YPAaBHEHHE, YUWUTBHIBAIOIIEE BIMUSHUE OCTAJIBHBIX IOJCUCTEM.
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OTa MOJIeNb YUUTHIBAET B3aUMHOE BIMSIHUE CPEJCTB, Pa3BEIIKU CBSI3H, YIPABICHUS U
OIl. OpgHako B HeW HE BOCIPOM3BOAATCA OOEBBIE LMKl MPOTHUBOOOPCTBYIOIIMX
CTOpOH U BissHUE cpeacTB POD.

B 2020 rogy B pabdote [11] A. C. I'yceBa, P. A. /lypues, A. C. KyapsimoB u
E. B. CBupuIoKk Ha OCHOBE WCIOJBb30BAHUS J02UKO-8EPOSIMHOCIHOZ0 Memood
MIPEIIOKUIN MOJIENb Mpoliecca MPOTUBOAEHCTBHSI MaCCUPOBaHHOMY HaieTy bnlJIA,
MPUBOAIIEMY K ObICTpOMY HcYepraHuio pecypca cpeactB [IBO u nmocnenyromieit ux
HECITOCOOHOCTH ~ OTpa3uTh yJap JpPYrdX CPEACTB BO3AYLIHOTO  HamaJeHUs
(muoTHpyeMOil aBUALlMU, KPBUIATHIX pakeT W T.Mm.). Mojenb MO3BOJIIET OLUEHUTH
3¢ (peKTUBHOCTh MpUMEHEeHUs MUHU-BIJIA THma «KBagpoKoNmTep» € Y4YETOM
TEXHUYECKUX XapaKTEPUCTHUK M TAKTHUUECKHMX OCOOEHHOCTEH HUX MCIOIb30BaHMUS.
Hanee B 2021 roxy B paborte [12] Te ke aBTOpPBI COBEPIICHCTBYIOT CBOIO MO/IEb,
npulerasi K HCIONBb30BAHUIO MAMeMamuyeckozo annapama meopuu Macco8020
ooCyICUBAHUS U MAPKOBCKUX npoyeccog. B [12] ycTaHOBIIEHO, YTO €CIIU CHCTEMa
NPOTUBOACHCTBUS CIIpaBIsieTCsl ¢ OOJBIIMMHU MOTPEOHBIMU yTIIAMU MOBOPOTAa OCEH
HAIPABJICHHOCTH CTBOJIOB 3€HUTHBIX MYHIEK WM HAIMPABISIIONIUX 3€HUTHBIX PaKeT
ISt cTpenbObl 1Mo manorabaputHeiM brnJlA, paccTosiHHe MEXIy KOTOPBIMU WIIH
BpeMsi MpoJieTa OMNpEeNeTICHHBIX pPyOekKell HOCIT SIPKO BBIPAKEHHBIM CITy4YalHBIN
xapakTtep (Kak Uisi MapKOBCKHMX IMOTOKOB), TO JaHHasi cuUcTeMa He OyJeT HMETh
3aTPyIHEHUI TpU PEryasipHOM TOTOKE BO3AYIIHBIX Mened. ['apaHTHpOBaHHOCTH
pe3ynbTrata BEAET K TMepepacxojly HCIONb3yeMbIX CHUJI W CPEACTB (CHCTEM
npoTuBoAeiicTBUsl ManorabaputHeiM brJIA, ux Ooekomruiekra). 37ech cleayer
OTMETHUTh, YTO, BO-NIEPBBIX, €CIU CPEAU MHOKECTBA CUCTEM OJHA TapaHTHUPOBAHHO
o0OecreyuT pelieHne 3ajJadydl MPOTUBOJEUCTBHS MAacCCUPOBAHHOMY MPUMEHEHUIO
briJIA, naxe ecnu 3arpaTUT OOJbIlIe PECYpCOB, TO TAaKyK CHUCTEMY HEOOXOIUMO
IUTAHUPOBATh K TMPUMEHEHMIO, XOTs Obl B cocTaBe pe3epBa. Bo-BTOphIX, Mozenu
TEOPUU MAaCCOBOTO OOCIYyKMBAaHHS MOXHO TOJTAlHO YTOYHSATh. Takum o0pazom,
npemioxkenHas B [11,12] womens 1o3BodseT  OLEHUTH  3(P(HEKTUBHOCTH
npotuBoaeiicTBus bnJIA mo kpurepuro  «3)PEKTHBHOCTH-CTOMMOCTBY. Ee
JIOCTOMHCTBO B TOM, YTO OHa 00JialaeT TMOKOCTHIO, IMO3BOJISS pacCMaTpUBaTh B
KaueCcTBe OPYXKHS pa3IMuHbIe 00pas3Ibl MPHU HMX H3BECTHBIX OIIMOKaX CTPEIbOBI.
Henocratok Monenu cOCTOMT B TOM, YTO B HEW HE YUWUTHIBAIOTCA CpPECTBA
PaauO3JIEKTPOHHOTO TpoTHBOAeCcTBUA BriJIA.

B 2020 roxy B pa6ore [13] T.L.Cline u J. Dietz npenmnonoxunu, d9To
CYLIECTBYET KpUTHYECKasi CKOPOCTb yIPO3bl I T'HIOTETUYECKOM CHUCTEMBI
npotuBoaeicTBus briJIA. Dta kpuTHdeckass CKOpOCTh OCHOBaHA Ha TeorpauieckoM
pacmloioKeHUH U MaKeTe 3allUThl 00beKTa (B KayecTBE 3alUIIAEMOro OOBEKTa
paccmaTpuBasiach TIOpbMa), NapaMeTpax W3 BHEIIHEH CETH W 3alpeToOB arcHTOB,
BXOISIUX B cucremy nportuBoaencteus brnJIA. Mmum ¢  ucnons3oBaHuem
UMUMAYUOHHOU ~ MoOenu TIPEJIOKEHO BOCIPOM3BECTH  (PU3NYECKHE  ACIEKThI
IIPOCTPAHCTBA, MCIOJIB3YEMOIO B JKCIEpUMEHTE. J(OCTOMHCTBO COCTAaBJIEHHOM
MOJIENIA 3aKJII0YAETCsl B TOM, YTO OHA IO3BOJISET ONPEIEIUTh NapaMeTpbl CUCTEMBI,
HEOOXO0UMbIE JIJIsl o0ecnedeHns: TpeOyeMoro YpoBHS 3aIIUThI, A (UKCHPOBAHHOTO
YPOBHSA 3alUThl WM MOXET [OO0YEPEIHO TNPEIJIOKUTh COOTBETCTBYIOLIEE
pa3MellleHne JaTYMKOB M METOABI 3alpera B aJanTUBHOM pexume. Ho B 3TOM
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MOJIEIN aBTOPBI TAKXKE HE YUUTHIBAIOT PAIUOIEKTPOHHOE NpoTuBoaeiicTBue briJIA.

B Tom xe 2020 rony B pabote [14] A.P. UcxakoB u P. ®. MaaukoB 1Jis
oueHku  3ddexkruBHocTH  cuctemMbl  [IBO  mpenioxkuiaum — MCNOIb30BaTh
MaTeMaTUYEeCKU anmnapatr meopuu Maccogo20 00CAYHCUBAHUS, B HACTHOCTU CUCTEMY
MaccoBoro oociyxuBanusi (CMO) ¢ orpaHU4eHHBIM BpeMeHeM oxuaanus. Cucremy
I[IBO aBTOpBHI mNpeanaratoT CTPYKTYpHO paccMaTpuBaTh B BHJE COBOKYIHOCTH
CUCTEMBl  yOpPaBIEHUS W  KOMIUIEKCA  OTHEBBIX  CpeAcTB. JlOomMyCTHUMBIMU
TpeOOBaHUAMM K 3aJ1aye SIBISIOTCS:

1) TpeboBaHMs K OOCITYKMBAaHUIO MPUHUMAIOTCS B MOPSAKE OYEPEIHOCTH HMX

noctymwienuss B8 CMO, t1.e. [IBO conpoBokgaer u HaumHaeT oOCTpen Tex
BbriJIA, xotopeie noctynuinu B CMO B Buje TpeGoBaHUM;

2) B nepBylo ouepenb obcrpenuBatorcs Te briJIA, kotopsie Hanbonee GIU3KO
pacnojyiaratotcsi K 00ObeKTy OOOpOHBI, T.€. OOCTY>KHMBAaIOTCS TpPeOOBaHMS,
UMEIOIMe MUHUMAIIbHOE BpeMs 10 0TKa3a B 0OCITY>KUBaHUH;

3) eTepMUHUPOBAHHOW BEIMYMHON MOXKET ObITh konuuecTBo bnJIA, ormpas-
JICHHBIX Ha BBIMOJIHEHUE OOEBOM 3a/layd MPOTUBHUKA, T.€. KOJIMYECTBO MO-
crynapomux tpedboBanuit B CMO sBisieTCss KOHKPETHBIM 3HAYEHUEM WIIU
OTPaHUYEHO JOCTYIIHBIMH PECYPCAMU;

4) ciny4yallHBIM SIBJISIETCSI TAK)KE U BPEMSI HAXOXKIAEHUS KaXKJIOIO0 KOHKPETHOTO
BbriJIA B poe, T.e. BpeMs 0KHUJAaHUS KaXJA0ro TpeOOBaHUS BO BXOJSIIEM IO-
TOKE SIBJIIETCSA CIy4aillHbIM, MOO 3aBHUCUT OT JIOKAJBHOM 3aJayM Ka)KIoro
briJIA;

5) cinydaitHeIM sIBIsieTCs BpeMsi oOcTpena oTaeiabHoro briJIA, T.e. Bpemsi 00-
CIIyKUBaHUS TPeOOBaHUS ABIISIETCS CIyYalHBIM M HE 3aBHCHUT OT MPEAbITY-
IIMX AaHAJIOTUYHBIX [MOKA3aTEeIIeH.

Oco00EHHOCTh PACCMOTPEHHOTO TMOJXO0Ja B TOM, YTO OH pacHpoCTpaHeH Ha
ciy4ail poeBod aTtaku He smienoHupoBaHHou cuctembl [1BO. CdopmynupoBansi
PEKOMEHJAIMU [0 COXPAHEHHUIO CBOWMCTB CTAllMOHAPHOCTH, OPAUHAPHOCTH U
OTCYTCTBHMSI TIOCJIEACHUCTBUA TMPU paccMOTpeHuu araku posi brnJIA B Bume
IIyaCcCOHOBCKOT'0 moToka TpeboBanuit B CMO. OmgHako 3Ta MOJEIb TaKXKe, Kak U
IpeabIAYIINE, HE YUUTBIBACT PaJUOdJIEKTPOHHOE MTpoTUBOIeiicTBrEe bJIA.

B 2021 rogy B pabote [15] M. R. Brust, G. Danoy, D. H. Stolf u P. Bouvry
MPEVIOKUIN  UMUMAYUOHHYIO MOOelb AaBTOHOMHOW cUCTeMbl 3amuThl OoT BrnlJIA,
COCTOSIIYI0O W3  COBMECTHO  paboTalomux  3JeMeHTOB.  JlocToMHCTBaMu
MPEACTAaBICHHOTO TMOAXOAa SBISIOTCA CcOallaHCHpPOBaHHAS —KIACTEpH3alusi W
JIOKaJbHBIA KOHTPOJIb IJIs peanu3aunuu nepexsara bnJIA ¢ yyeTtom koinuecTBa
JJIEMEHTOB CHCTEM 3alllUThl, JAMAla30Ha CBs3M, paauyca IEUCTBUA U IOpora
CTOJIKHOBeHHMs. B  pabore mpeAcTaBieHbl SMIHUPUYECKHE  JOKAa3aTeIbCTBA
CIIOCOOHOCTH CHCTEMBI 3alllUThl TpoTuBoAeicTBOBaTh porwo bmJIA. Hemocrarok
MOJIEJIA B TOM, YTO PAAUO3JIEKTPOHHOE MpoTuBOAeicTBUE bJIA He yuuThiBaeTcs, a
CHUCTEMA, II0 CYTH, JIIIEHA CBOEr0 IVIABHOIO CBOWMCTBA — CHUHEPIHH, ITOCKOJBKY
IpeacTaBisieT  coOOM  MHOXKECTBO  OJHOBPEMEHHO  padOTalIMX  CPEJCTB
npotuBoaeiicTBust briJIA.

B 2020...2021 romax B pabGorax [16, 17, 18] A.A.Boiko mnpennoxuI
AHAIMTUYECKYIO MOJIENb 0051, BOCIPOU3BOJSALIYIO B BUJI€ €IMHON CUCTEMBI IIPOLIECCHI
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OIl, pa3Benku, CBsI3U, YIpPaBICHUS, UMHUTAIUM OOCTAHOBKH, PaAMOIIECKTPOHHOIO
MOAABJICHUSA, TMOPAXKEHUS DSJICKTPOMAarHUTHBIM H3JIyUYeHHMEM U KuOepaTak Ha
uH(pOpMaIMIO B €€ MCTOYHHUKE, NPH IMepeaye U B NmoTpeduTese B OOEBBIX LHUKIIAX
JIBYX MNPOTUBOOOPCTBYIOIIUX BOWMHCKUX (opmupoBaHuil. B moaenu ucnonbiyercs
MaTeMaTUYeCKUM ammapatr meopuu 8eposimHOCmel U Jo2uKo-aleebpauieckue
gbipadicenus. JTa MOJEeNb TO3BOJSET MOJYYUTh 3HA4YeHHE OO0EBOro IoKa3aTels
COOTHOIIIEHUS cuJl (OOEBBIX MOTEHIIMATIOB) CTOPOH Ha OCHOBE BBHIYUCIICHUS BPEMEH
70 UX YHUUTOXKEHUS, TIPEACTaBIsisa 00i B BUAE OJJHOTO OOEBOr0 3MHU30/a, B KOTOPOM
B3aUMOBIIUSIIONTUE DJIEMEHThI OOEBBIX MOPSAKOB CTOPOH HEIMOJBUKHBI U BIHUSIOT
Ipyr Ha Jpyra C HEU3MEHHOW HWHTEHCHUBHOCTHIO. JlaHHAasT MoOJENb YCIEIIHO
Bepu(dUIIMpOBaHA HE TOJIBKO Ha Kjaccuueckux mojensx 6os Ocunoa-Jlanuepcrepa,
HO ¥ HAa HCXOAHBIX JAaHHBIX W pe3yjbTaTax peanbHbIX O0oeB. OpHAKO OHAa HE
BOCITPOM3BOJIUT JMUHAMUKY DJIEMEHTOB OOEBBIX MOPSAKOB CTOPOH B MPOCTPAHCTRE.
CTOpOHBI  TIPEACTABISIIOTCA  COBOKYNMHOCTHIO  TOJACUCTEM M Jajiblle€  HE
NETAU3UPYIOTCS. Y KaXKIOW CTOPOHBI €CTh TOJACUCTEMBI Pa3BElIKH, CBS3H,
yIpPaBJICHUSI U OTHEBOTO MOPAXKEHUS, HO TOJBKO OJHA U3 CTOPOH JOIMOJIHUTEIBHO
BKJIIOUaeT nojacucremy POb.

B 2022 roxy B patote [19] E. M. Boponos, A. JI. Penkun, ®. M. Xpomos,
. A. Tumoeer u A. IO. I'epacbkuH TNPEITIOKWIA UMUMAYUOHHYIO MOOEb
dbyukuuonupoBanuss cuctembl [IBO coenuHeHus HAABOAHBIX Kopabiie mpu
BO3JICUCTBUU CETEIICHTPUYECKUX TPYNITUPOBOK YIPABISIEMBIX 00BEKTOB. B OoCHOBY
MOJIENTM 3QJI0KEH aJITOPUTM JIOTUKO-BPEMEHHOW IMKJIOTPAMMBI  OOHAPY>KEHUs
00BEKTOB IPYIIUPOBKU PATUOIOKAIMOHHBIMU cpencTBamu cuctembl [IBO u pacuera
BEPOATHOCTHBIX OIICHOK OOHapyxeHus. [lpu BcTpamBaHuM ajropuTMa B OOIIYIO
IpOorpaMMy UMHUTAIIMU MaTpUIla BpEMEHH 00CITy>KMBaHHUS 0ObEKTOB IPYIITUPOBKU CO
CTOPOHBI 3€HUTHBIX YIIPABISEMbIX pakeT (popMUpyeTcs Mo MacCUBy OOHAPY>KEHHBIX
00BEKTOB COTJIACHO MPOIEAype MEPECTPOUKH MATPHUIBI OOHAPYKEHUS I CPEICTB
IIBO, wucxonss w3 JBWKEHUS OOBEKTOB TI'PyNMHUPOBKU. Koppekius ykazaHHOTO
BPEMEHU MOXET MPOBOAUTHCS 1O MAaTpuUIle KOAPHUIIMEHTOB KOPPEKIIMHU MOJIETHOTO
BPEMEHU aKTUBHBIX 00bekTOB cpeAcTB [IBO no kaxmoro o0bekTa TpyHIUpOBKH.
HenocraTkoM MOJenn aHAJIOTUYHO SBISIETCS OTCYTCTBUU Yy4Y€Ta PaguO03JIEKTPOHHOIO
MIPOTUBOJCUCTBUA.

B 2022 roxy B padote [20] A. I'. BeJIOHOXKKO pacCMaTPUBACT AHAIUMULECKYVIO
Mmooeny nuHaMuku BriJIA B yClOBUSIX Kak HENpeIHAMEPEHHBIX NEeCTPYKTUBHBIX BO3-
JIEVCTBUH, TaK U MPEIHAMEPEHHBIX JECTPYKTHUBHBIX BO3JCUCTBUM, K HICTOYHUKAM KO-
TOPBIX aBTOP OTHOCHUT CPEACTBA OTHEBOTO M (DU3MYECKOTO MOPAKEHUS, PaTUOdIICK-
TPOHHOTO TOJABICHUS, PYHKIIMOHAIBHOTO TTOPAXKEHUS DJIEKTPOMArHUTHBIM | Ja3ep-
HBIM W3IIy4eHHEeM. B 3Toil paboTe HE MPHUBOIUTCS METOJ TOJYYCHUS YHCICHHBIX
3HaueHWHN Toka3arteneil YQPEKTUBHOCTH YKa3aHHBIX MPEIHAMEPEHHBIX JECTPYKTHB-
HBIX BO3JCHCTBHUI, a 00OOIEHHBIN MOKa3aTesib BCEX TaKUX BO3JCHCTBUN (BEpOST-
HOCTb NOpakeHusi oTAenapHoro bnJIA B pe3ynbraTe npenHaMepeHHOTO JIECTPYKTHUB-
HOTO BO3JICHCTBUSI) UCNONIL3YVEMCA 8 MeOPemuKO-MHONCECMBEHHOM BbIPANCEHUU 8
Kauecmee 3j1eMeHma Kopmedxca napamempos, BIUSIOIMNX HA YCTOWYHUBOCTH yIIPaB-
nenus briJIA. cTouHMKOM B MepeyHe JIUTepaTyphl paccMaTpuBaeMoil paboTkl, B KO-
TOPOM COJIEpKaTCsl CBEJCHUSI O CHOcO0e MOMYyYEeHHUs] YHUCICHHBIX 3HAUEHUM MOoKa3a-
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Tene 3 PEeKTUBHOCTH BBINICYKA3aHHBIX MPEIHAMEPEHHBIX NE€CTPYKTHUBHBIX BO3JEH-
CTBUM, SBISETCS COBOKYMHOCTH paboT B. A. Anoxuna u /. B. Xo/siyeHko (B nepByo
ouepenb, padora [21]). OHu nocBsuIeHBl OLeHKE A((PEKTUBHOCTH J1€30praHU3alun
MH(OPMAIMOHHO-YNPABIAIOIIMNX cucTeM. B 3TuX paborax mpenjaraercs yYUThIBATb
BO3MOXHOCTH POb B Tak Ha3piBaeMOM «IIOJHOM» OO€BOM MOTEHIIMAJIE BOMHCKOIO
dbopmupoBanust Hapsany ¢ OIl, ynpaBieHreM U pa3BeJAKON B Ka4eCTBE CIAraeMoro C
COOTBETCTBYIOIIUM BECOBBIM KOA(PHHUIIMEHTOM, OMPEACIISIEMBIM MemMOOOM IKCNepm-
Huix oyerok. OIHAKO, KaK OTMEUYEeHO B [16], Takoi moAXO] HE YUYUTHIBAET PEAIbHBIE
XapaKTepUCTUKN TeXHUKU PODB, nuHaMuKy npuMeHeHHs 00pa3loB BOOPYKEHUS U
BOMHCKUX (POPMHUPOBAHUMN, TPOTUBOACHCTBHE NMPOTUBHUKA U BIUSHUE TeXHUKU POb
Ha €ro OTHEBYIO MOUIb.

Taxxke B 2022 roay Bbemwia nyonukamus — paboTtel  [22], TIE
®@. U. INwennunspiii, U. . Koposes u C. B. UBaHOB mNpemioxKUIA TMOKA3aTEIH,
XapakTepusyomne (QyHKIHMOHUPOBAHUE HH(POPMALMOHHO-YIIPABISIOMEH CUCTEMBI
komruiekcoB ¢ bnJIA  (Oe3omacHOCTb, ONMEpaTUBHOCTh  (CBOEBPEMEHHOCTb),
JIOCTOBEPHOCTh, YCTOMYMBOCTb, TMOMEXOYCTOMYMBOCTb, IOMEXO3AIUIIEHHOCTD,
TEXHUYECKasI HaJIC)KHOCTD, CKPBITHOCTb (pa3BeA3aUIUIIIEHHOCTD),
KUOEpyCTONYMBOCTh, UMUTOCTOUKOCTh U KUBYYECTb), U AHAIIUTUYECKUE BBIPAKEHUS
Ul  UX OIEHKH, Oaszupyroniyecss Ha MaTeMaTHYeCcKOM amnmapare meopuu
geposimuocmei. HecmoTps Ha BecbMa TIyOOKHM YpPOBEHb TEOPETUUYECKOMN
npopaboTKH, MaTeMaTH4ecKas Mojienb KoH(uukTa komruiekcoB ¢ brJIA u cpencts
NPOTUBOACHCTBUS MM B 9TOM paboTe HE YYMTHIBA€T B3aMMHOE BIUSHUE
BEPOSITHOCTHBIX W BPEMEHHBIX XapaKTEPUCTUK IIPOLIECCOB Ppa3BEIKH, CBS3H,
ynpasinenusi, OIl u POb cropoH.

B 2022 ronmy, xpome Toro, omyobsmkoBaHa pabdora [23] A. B.CyxoBa u
C. . Ily3mituyka, MNOCBSIIEHHAas BECbMa OpPUTMHAJIBHOMY TIOAXOAY K OLEHKE
3G ()EKTUBHOCTH PAAMOIIEKTPOHHOTO TMPOTUBOICHCTBUS HECAHKIIMOHUPOBAHHBIM
brnJIA. B aroit paboTe B ocHOBY Mojnenu (yHkimoHupoBanus brnJIA monoxen ero
MH(GOPMAIIMOHHBIN PECYPC, KOTOPBIN paccCMaTpPHUBAECTCS KaK SHTPOIHUS MOKPBITUS OT
crocoOHOCTH ucToNb3oBaHus brJIA wumeromuxcs paanokaHaioB (paguoIUHUA
ynpasiienusi brniJIA, paanonvHuyM HaBUTAlIMOHHBIX OMPEACICHUM MO KOCMUYECKUM
HAaBUTALIMOHHBIM CUCTEMAaM W paJUOJIMHUU TEpeladyd TEJIEMETPUHM) B YCIOBHIX
PaaMo3IEKTPOHHOIO MpoTHBOOOpCcTBa. TO €CTh 3a OCHOBY B3ST MaTeMaTUYECKUI
anmapar meopuu geposimuocmeti. HecMOTpsi Ha 3HAYUTEIBHYIO MPOPAOOTAHHOCTH
BOMpOCa MPAKTUYECKOI0 MPUMEHEHUsI MPEIOKEHHONH B 3TOM paboTe Mojend, OoHa
MOXXET HCTOJB30BAaThCSI TOJBKO B CYry0O TpakIaHCKUX YCJIOBHSX, KOTJa
npumenenne 1o bnJIA cpeactB OIl He sBusiercss ompaBaaHHbIM. OJHAaKO Takue
YCJIOBHS B COBPEMEHHBIX peaiuiX aKTUBU3ALMK IUBEPCUOHHON U TEPPOPUCTUUECKOM
nestenbHocTd Ha KBO rpaxaaHcKoro M BOEHHOTO Ha3HAa4€HHsT B OCHOBHOM HE
ABJISIIOTCS. aKTyaJdbHbIMU. BMecTe ¢ TeM [aHHBIA MOJAXOJ TaKXKE, KaK U TMOJXO/,
UCIONb3yEMbId B TpeAblayniell padoTe, HE YUYUTHIBAET B3aUMHOE BIIUSHHE
BEPOSITHOCTHBIX W BPEMEHHBIX XapaKTEPUCTUK MPOLECCOB Pa3BEIKU, CBS3H,
ynpasienns, OIl u POb npotuB0o6OpCTBYIOITUX CTOPOH.

HecomHeHHBII MHTEpec MPEACTaBISAIOT Pe3yJbTaTbl, IMOJYYEHHbIE B
2021...2023 ropax nayuynou mkoson H. B. beikosa.
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B 2021 roay B pabote [24] H. B. brikoB, M. C. ToBapnos, B. A. ®exny.Jios,
H. C. BnacoBa u A. A. Iloxkapckuii npeayiaraloT UmMumayuoHHyo Mooeib OTHEBOTO
nporuBoaencTeus bnJIA tumna «xBagpoxonrepy. [Iponecc nporuBonericTeus bnJIA
C MOMOILbIO aBTOMaTHYECKUX MYIIEK paccMaTpUBaeTCs B KOHTEKCTe oocTpena briJIA
OIMHOYHBIMHU BBICTPEIIAMHU WA O4epelpl0. MICXOOHBIMU 11 MOJENH SBIISIIOTCSA Xa-
PaKTEpPUCTHUKHU LIEJU U CpelCcTBA NMpoTuBoAckcTBuA. JBrmxkenne bnJIA npencraBnser
co0o0ll ABMKEeHHE a0COIIOTHO >KECTKOrO Tejla B TPEXMEPHOM IMPOCTPAHCTBE, ISl KO-
TOPOr0 TPAEKTOPUS LEHTPA JIOKAIBHOM CHCTEMBI KOOPAMHAT ONHCBIBAETCS C IOMO-
b0 KpuBoil besbe Tperbero nopsaka. Mojaenb no3BoJisieT B 11000 MOMEHT BpeMe-
HU ONPENENIUTh IOJOKEHUE M opueHTauuio brJIA. OnHAako OHa HE Y4YHMTHIBAET
OLIMOKU CTPENbObI M PaIn0dJIEKTPOHHOE MpoTUBOAeiicTBUE briJIA.

B 2022 rony B pa6ote [25] B. A. ®eayaoB u H. B. bbikoB pa3zBuBaioT Mo-
nenb B [24] u npejaraloT MoJieNb CUCTEMbl OOHApY’KEHHUS, JIOKAJIU3alud U MPOTH-
BozericTBus briJIA B TpexmepHoii cpeze (cM. puc. 2). [logcucrema mpoTUBOICHCTBUS
BOCITPOM3BOJUTCS MOJIEJIBI0 aBTOMATHYECKOIO CTpenakoBoro opyxus. Ilepen mone-
JUPOBAHUEM C 3aJaHHBIMU MApPAMETPAMU UHULMAIU3ZUPYIOTCS 3K3EMIUISIPbl aHTEHH,
OOHapy’XUTENs, CPEJACTB OTHEBOIO TMOPAXKEHMS, MOJICUCTEMbl MPOTUBOJCHCTBUSA U
noJicucTeMbl OOHapyKeHus M Jokanu3auu. Co3/1aHHbIe TAKUM 00pa3oM IK3EMILIS-
PBI JIEMEHTOB MOJCUCTEM 00pa3yIOT MOJEIb CUCTEMbl OOHAPYKEHHUS, JIOKATU3AINH
u npotuBoneicTBus briJlA, comepskairyro CBOMCTBA U METOABI, HEOOXOIUMBIE IS
3aImycKa M CBSI3M MPOLECCOB MOJACIHUPOBaHUS 00BEKTOB. Taxke MHUIMAIU3UPYIOTCS
sk3eMIuLsipbl briJIA u sk3eMIuIsip cpeibl AUCKPETHO-COOBITUMHOTO UMUMAYUOHHOSO
Mmooenuposanusi. UHUIIMATU3UPOBAHHBIE OOBEKTHI MOJAIOTCS HA BXOA Moayis «Cu-
MYJISITOPY», 3aIlyCKAOIIEro JIBa NapajulebHbIX Ipolecca — IMPOLUEeCcC MOAEIUPOBAHUS
nosieta kKaxaoro bnJIA (moser) u mpouecc GyHKIMOHUPOBAHUS CUCTEMBI OOHapy-
KEHUs, JIOKaIu3auu u npotuBoaeicTeus bnJIA (padora).

Puc. 2. O6mas cxema npouecca npotuBoaericteust brJIA
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DK3EMIUIAP CUCTEMBI B MOJEIH, B CBOIO OUEPE/Ib, TAKXKE 3aITyCKAET JIBa Mapa-
JEIBHBIX Mpollecca — MPoLecC MPOTUBOJICUCTBUS U MPOLIeCC OOHAPYKEHUS U JIOKAJIH-
3auMM 1enen paxapa. Ilpouecc npoTUBOAEHUCTBHS 3allyCKaeT MPOLECCHl MOPAKEHUS
KaXXJIOTO CpEeJCTBa OTHEBOro MopakeHus (KoMaHaa Ha yHuuToxkeHue). [lporecc
MIPUMEHEHHS PAJUOJIOKAIIMOHHON CTAHIIMU WHULHAIU3UPYET MPOLECCH AETEKTUPO-
BaHMS Ka)XJ0M aHTEHHBI, KOTOPbIE B CBOIO OYepe/b MPU OOHAPYKEHUU CUTHaia OT
00BEKTa 3aMyCKalOT MPOLECC OOHAPYKUTEIISA, B XOJ€ KOTOPOTO (hOpMUpPYETCS CIIHCOK
oOHapyxeHHbIX lened. [Ipu Oo4YeBHUIHBIX 3HAYMMBIX JOCTOUHCTBAX, HEIOCTATKOM
JAHHOW MOJENU SIBIAETCS OTCYTCTBHE BO3MOXKHOCTH TEPEMENIECHUS SK3EMILISIPOB
CpPEACTB MPOTUBOJACHCTBUS B MPOCTPAHCTBE MO 3aJaHHBIM TPACKTOPHSAM JIsl UX pa-
MOHAJIBHOTO pa3MelleHus: B mpoluecce npotuBoaeiicTtBus Hanety brJIA. Takxke B
MOJIENIM OTCYTCTBYET YUET PAgUOIIEKTPOHHOTO NpoTUBOAeHCcTBUA briJIA.

B 2023 roay B pabore [26] B. A. ®enyJoB, H. B. brikos u B. /I. bBackakos
PEJIOKUIN OYEPEHOE pa3BUTUE CBOMX pabot [24, 25]. B Heil onucana ob1as Mo-
nenb brJIA, cocrosimas u3 nByx vacreid: mojenu briJIA kak ¢usndeckoro o0beKTa
(T.e. KaK CHCTEMBbI COCTABIIAIOIINX €0 TeJI) U MOJCIH CUCTEMBbI yrpaBiieHus. BHer-
HUMM CUTHanaMu Jyisi mojaenu briJIA MoryT sIBAsITbCS CUTHAJIBI 0 TTopakeHuu briJIA,
CUTHaJIBl 00 M3MEHEHUW KOOPJWHAT TOYKH Ha3zHa4YeHUss W Ap. Mojelb CUCTEMBI
ynpasnenus bnJIA npencrapnsier cobol koueunvili agmomam, COCTOSTHHE KOTOPOTO
MEHSIETCS 10 3aJJaHHOM JIOTUKE TIPU HACTYIIJICHUU 3aJJaHHBIX COOBITUM B UMUMAYUOH-
HoU Modenu. B paanonoKalMoOHHYI0 CTAaHIIUIO BXOAST MOJEIN aHTEHH U MOJIeNb 00-
Hapykurtensa. Mozenp pajgapa OCyIIECTBISET B3aUMOJICHCTBUE MEXKAY aHTEHHAMU U
oOHapyXKuTeJIeM: IMOCJIeAHEMY TepelaeTcs NEpBUYHAs PaJHOIOKaIlMOHHAs WHOOP-
MalHus ¢ aHTeHH. B 3TOI MOJIeM BO3MOKHO peaIn30BaTh OrPaHUYEHUE HA YUCIIO Of-
HOBPEMEHHO OTCIIEKMBAEMBbIX Lenel. B paszmene Moaenu moAacucTeMbl HEUTpain3a-
oy Manopa3MmepHbix brJIA omwcaHbsl cpeicTBa MPOTUBOJIEHCTBUSA, OKa3bIBAIOLINE
OTHEBOE Bo3zjeiicTBue Ha briJIA mocpeacTBom myib, ApoOu u ap. B Moaenu BBeaeHO
nonyiienue, 4To 00bekThl KBO ynaneHns! win 000c0o0JIeHB OT HACEICHHBIX PaliOHOB
ropona. OmmuOKu cTpenbObl pactpeneNeHbl M0 JBYMEPHOMY HOPMAaJIbHOMY 3aKOHY.
[IpennaraeTcst MOJIETMPOBAHKUE CTPEIHOBI OJJMHOYHBIMU BBICTPEIAMU WIH OYEPEbIO
C YUYETOM CKOpPOCTPEJIbBHOCTH, EMKOCTA Mara3uHa, BpEMEHH MEXAY O4epe/siMu, Bpe-
MEHH MEXAY BBICTPEJIaMH B OJHOM OYepe/in, BpEMEHHU Mepe3apsIKi, CPEAHEN CKOPO-
CTHU TMEPEBUKEHUSI CPEICTB MPOTUBOJACUCTBUS B MPOCTPAHCTBE (€CIM 3TO BO3MOXK-
HO). Iloncucrema HelTpanuzanuu (IMOpaXeHUsI) COCTOMT W3 HECKOJIBKUX CPEJICTB
Bo3neiicTBug. Cxema monenu nojcucremsl HellTpanuzauuu bnJIA npencraBiena Ha
puc. 3. Ee ocHOBHas (h)yHKIUS — paclpee/ieHHe MeIe MeXIy CpeICcTBaMHU BO3JICH-
ctBusi. OCHOBHBIC TIOKA3aTeNW B3SITHl M3 Teopuu 3P deKTHBHOCTH cTpenbObl. [Ipen-
JI0’KEHBI TTOKa3aTEIU BEPOSITHOCTH U MHTEHCUBHOCTU YHUYTOKEHUSI MAJIOPa3MEPHBIX
bnJIA, BEpOATHOCTH 1 MHTEHCUBHOCTH UX IMAJICHUS B 3aIIPETHHIE 30HBI.

Bun cBepxy Ha cucremy nopaxenus briJIA npeacrasien Ha puc. 4. Ha puc. 5
MOKa3aHbl CX0XKHE TUCTOIPAMMbI, XapaKTEPU3YIOIIHE paclpeieieHusi ToueKk OoOHa-
pYKEHUS LieJield aHTeHHAMU PaJUOJIOKAIIMOHHBIX CTAHIIUI MPU 3HAYCHUSX TapameTpa
Ny4 (xonudecTBO onHOBpeMeHHO HajeTatomux brJIA), paBubix 3 u 21. OTu naHHbIe
MOT'YT UCIIOJIB30BAaThCS JJIsI aHAJIM3a TUIOIAAM MOKPBITHUS MPOCTPAHCTBA pajapaMu.
Ha yka3annbix rpadukax BUAHbI 00J€€ HACHIIEHHBIE IBETOM O0JACTH — 3TO 00JIaCTH
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nepecevyeHni 30H 0030pa aHTeHH. Kaxxaas u3 Tpex aHTeHH paboTana B CBOEM PEXHU-
Me, T.e. aHTEHHBI pa3IUYyaIUCh 30HOW 0030pa (MOJHBIA WM CEKTOPHBIM 0030p),
JANbHOCTBIO OOHAPYKEHUs LieNied, CKOPOCThio BpalueHus U np. Ha puc. 6 nokasana
BEPOSITHOCTh YHUUTOXKeHUs1 brJIA ¢ ncnonap3oBaHreM OOEpUIacOB pa3HbIX THUIIOB, a
Ha puc. 7 MpUBEIEHA 3aBUCUMOCTh YHUUTOKEHHS CPEJICTBA HEUTPAIU3ALMU U aHTEH-
Hbl PpaJMOJIOKAllMOHHOM CTaHUHUH OT KOJMYECTBA OJHOBPEMEHHO HAJIETAIOLIUX
brnJIA. B xaxaom Hanete oT 1 g0 4 briJIA, criocoOHBIX aTakoBaTh CUCTEMY MPOTUBO-
neicTBusl. BoIOOp aHTEHHBI UK CPEICTBA MPOTUBOICUCTBHS PABHOBEPOSITEH.

Puc. 3. Cxema Moaenu nojacucteMbl HelTpanu3auu briJIA

Puc. 4. Bua cBepxy Ha Puc. 5. KadecTtBeHHast ructorpaMma mioTHOCTH
cucremy nopaxenus: brnJIA obHapyxenus briJIA pagapamu
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Puc. 6. BepoATHOCTh YHUUYTOKEHUS Puc. 7. BepoATHOCTb YHUUTOXEHUSA
briJIA 6oenpunacamMu pa3nuyHOro TUMA 3JIEMEHTOB CUCTEMBI ITOPAKECHUS

atakyromumu briJIA

Monaens no3sosset [26]:
- orneHuBaTh dQPEKTUBHOCTH MPOTUBOAeHCTBUS briJIA 1o pa3nuyHbIM MOKa-
3aTeNIsIM: BEPOSITHOCTH YHUUTOXKECHUS IIeJIeH, pacxoy OOoernpuriacoB, Bpeme-
HU BBITIOJTHEHUS 33/1a4M, BEPOSITHOCTU TajieHusi bnJIA B 3amnpeTHbie 30HBI,
WHTCHCUBHOCTH YHUUTOXKEHUS LIEJIeH U Jp.;
- MOJCNHPOBAThH CHUCTeMY mnopakeHust brJIA ¢ paznuyabiM HAOOPOM dJIEeMEH-
TOB U Pa3JIUYHON MPOCTPAHCTBEHHOM CTPYKTypoul. Bo3MoxHO, Hampumep,
UCCJIeIOBATh TOJILKO MOACUCTEMY HEUTpaM3alliu, TOJIbKO MOJICUCTEMY 00-
Hapy»XeHUsl WK JTr00ble X KoMOuWHauuu. OTAENbHBIE 3JIEMEHTHI CHUCTEMBbI
MOTYT UMETh Pa3JINYHbIE TAKTUKO-TEXHUUYECKUE XapAKTEPUCTHUKU;
- oueHuBaTh AP(HEKTUBHOCTH CHUCTEMbI IMOPAXKEHHUS MPU MPOTHBOJACUCTBUU
bnJIA, KoTOopbie MOTYT U3MEHSTH CBOIO TPACKTOPHIO B MOJIETE;
- uccienoBath 3P(GHEKTUBHOCTh CHCTEMbl MOpa)XXeHUsi B cueHapusx ¢ briJlA,
KOTOpBIE CIIOCOOHBI aTaKOBaTh €€ DJIEMEHTHI, a Takke clueHapuu ¢ briJIA,
KOTOpbIE PEaTU3YIOT OMNPENCIICHHYI0 TAKTHUKY HajleTa C OTBJICKAIOIIUMH M
atakytomnmu briJlA;
- oleHuBaTh 3PHEKTUBHOCTH CUCTEMBI MTOPAKEHUS B CLIEHAPUSAX, B KOTOPBIX
paccMaTpHBaeTCs 3aluTa ONpeAeICHHBIX 00JacTeil MPOCTPaHCTBA;
- ucciuenoBath 3Q(PEKTUBHOCTh CHCTEMBI MOPAKECHHsS B CIICHAPUAX HajeTa
brJIA ¢ pa3snuuHbBIX HanpaBJICHUH, KOTJA 3JIEMEHTHl CHUCTEMBI ITOPAXEHHUS
CIIOCOOHBI TTepeMenIaThCs;
- TPOBOJHTH CPABHUTEIBHYIO OIEHKY 3(P(PEKTUBHOCTH BAapPHAHTOB CUCTEMBI
nopakeHus: ManopazMepHbix briJIA.
OnHako, HECMOTpSi Ha HECOMHEHHbBIE JIOCTOMHCTBA, HEJOCTATKOM MOJIENU
SBJISIETCSL OTCYTCTBUE YUYETa PAIUO3JIEKTPOHHOTO IpOoTHUBOAecTBUA briJIA.

B 2022 romy B pabore [27] M.C.HUBanoB, MWN.E.Adouun u
C. . MakapeHKo TIpEeAJIOKUIN TaK HA3bIBAEMYIO T'€OTOIMOJIOTHYECKYIO0 MOJIENb 30-
HbI ojieToB briJIA Ha Teatpe BOEHHBIX JEUCTBUI. DTa aHanumuyeckas mMooeisb yuu-
THIBA€T B Ka4eCTBE MpEnsITCTBUM 11 nojeta briJIA nBa Tuma aecTaOuIn3upyOmmnX
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Bo3aelcTBUI — (pusnyeckoe BozaeicTue 1IBO u BozneiictBue cpeacts POb, koro-
pbie hopMaTU3YIOTCSl B BUJE UHTETPAILHON METPUKHU Y3JIOB rpada reoTonoioruye-
CKOW MOJIeau 30HBI TosieToB. [Ipu 3ToM aist popMupoBaHusi «OECIONIETHBIX» 30H, B
KOTOPBIX BBICOKA BEPOSITHOCTHh MopakeHus brJIA u 30H HapylleHus yIpaBlICHUS
BCJICICTBUE BO3/€HCTBUS cpeAcTB POb Ha kaHanbl ynpasienus: briJIA, ncnosnb3yercs
MAaTEMAaTHYECKUI AJITOPUTM Hepapxuyeckui kinacrepusanuu Jlanca-BuibsiMca, a
IIPOBEPKA CBSI3HOCTH MAPLIPYTHOW CETH OCHOBAHA HA METOJIE ONPEAEIICHUS CUIIBHO-
CBS3HBIX oOnacteit rpada. B ocHOBY Mojenu MoJIOKeH MamemamuiecKuil annapam
meopuu 2pagoe N meopuu eeposmuocmeti. OqHAKO, HECMOTPS Ha OOJBIIYIO IIEH-
HOCTb PE3YyJIbTATOB TAaHHOM PabOThI JJIsl BBICOKO JETAIU3UPOBAHHOIO BOCIIPOU3BEE-
Hus npouecca nporuBoneiictus bnJIA ma KBO, B Hell HE 3aTparuBarOTCsi BOIPOCHI
OIICHKU BepoATHOCTH mopaxkeHus brnJIA cpeactBamu (U3MYECKOrO MOpaKEHUS U
MOJABJICHUS] UX KaHAJIOB yIipaBieHus cpeactsamu POB.

B 2023 romy B ©pabore [28] B.B.Jlannos, K. B.JlannoB u
JI. A. MapTbIHOBA TNPEUIOKWIN UMUMAYUOHHYIO MOOelb, TPETHA3HAUYCHHYIO IS
orieHKHA A PekTUBHOCTH OTBeAcHUsI brJIA ¢ mMapmpyTHON TpaeKTOpHH TakK, YTOOBI
OH HE MomnaJ B MpeJesibl KpuTuueckoi 30Hbl. Takoe noseaenue bnJIA u oxpansemo-
ro o0beKTa HauboJee XapakTepHO JJIsI MOPCKOM akBaTopuu. Mojienb BOCIIPOU3BOIUT
JBIDKCHHE OXpaHsIeMoro oObekTa, NBrkeHue brJIA, BpalieHue aHTEHHBI CpPEJCTB
oOHapy»XeHUs U TOTOJHbIE ycioBHs. B 3Tol paboTe MCronp30BaH MaTeMaTUUECKU
amnmapaTr TEOpPHH BEPOSITHOCTEH, alreOpanvecKue W TPUTOHOMETPUYECKHUE BBhIpaKe-
Hus. B xadectBe mokasarens 3)PEKTUBHOCTH pacCMaTPUBAETCS BEPOSITHOCTh OOHa-
pyxeHust brJIA u BeposSTHOCTh €ro OTBEIECHHSI OT KPUTHUYECKOI 30HBI. Pe3ynbTaThl
ATOrO MCCJIEOBAHUS BEChMa IOJIE3HBI I CHEU(PUIECKUX YCIOBUN MPUMEHEHUS
briJIA. B To e Bpemsi B paboTe aBTOPHI He KOHKPETU3UPYIOT MPOIECC BO3ACHCTBUS
Ha brnJIA, onepupys TOJBKO T'paHUIEH KPYTOBOM KPUTHUYECKOUN 30HBI 3alUIIIAEMOTO
MOPCKOTO 00BEKTA.

B 2024 rogy B pabore [29] C. A. CaxHoB ans 000cHOBaHUsI TpeOOBaHUU K
CUCTEME  TPOTUBOJICUCTBHS  POOOTOTEXHMYECKHMM  KOMIUIEKCAM  MPEIJIOKHII
UCIIOJIb30BaTh MOJIENh Tporecca (DYHKIMOHUPOBAHUS AITOM CHUCTEMbI Ha OCHOBE
MaTEMaTUYECKOTO amnmnapara meopuu Maccosozo oocayxcuganus. Monenb BKIIOYaeT
CJIENYIOLIHNE COCTOSTHHUS:

- BCE CpEACTBa MPOTHBOJICMCTBHUS HE 3a/ICHCTBOBAHBI;

- Benercs ooHapyxenue 1, 2, ... n brJIA;

- mpousBoauTCs (PyHKIMOHAIBHOE mojasieHue 1, 2, ... m buJIA.

[Tepexon Mexay COCTOSHUSMH B MOJEIH PETYJIUPYETCA MPOCTEUIIMMU MOTO-
KaMHU CITy9alHBIX COOBITHH: mosiBieHUe brJIA B 30HE 0oOHapyKeHHsI, 3aBEpIICHUE
oboHapyxenus brJIA, pynkmuonansnoe nonasnenne briJIA u npopsB brJIA. C wuc-
MOJIB30BAHUEM MOJICIIA aBTOP MPEIIIONKUI AHAIUTHYECKOE BBIPAXKECHUE JJIs1 OLECHKHU
BEPOSITHOCTU BBINIOJIHEHUST OoeBoi 3amaun brnJIA. HeocrnopumbiM J1OCTOMHCTBOM
ATOM MOJIENIH SIBJISIETCA TO, YTO OHA OPUEHTHMPOBAHA HA BOCIPOM3BEICHUE Ipolecca
byHKIIMOHABHOTO TIo/IaBieHns briJIA mo cytu mroObIMU TOCTYNHBIMUA CIIOCOOaMHU.
OnHako M 3Ta MOJIeNIb HE MO3BOJIIET YUeCTh B3auMHOe BiusgHUE mpoieccoB Oll, pas-
BeJIKH, ynpasieHus u POb, cBsi3aHHBIX eTUHBIM UHPOPMAIMOHHBIM IIPOCTPAHCTBOM.

Crenenust 00 aBTOpax BBIMICU3IIOKESHHBIX MOJEIeH MPUBEICHBI B Ta0IuIIe 1.
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Tabnuua 1 — ABTOpbI MaTeMaTUYECKUX MOJEIIEH mpolecca npoTuBoaercTus bnJIA

No ABTOpBI / OCHOBHAsI OpraHu3aIus T'onpl | Marematnueckuit anmapar | Mctounuk
1. |B. B. Pocrommuun / SDT Industry Technology. 2019 [9]
Dmbh (r. Otro6pyHH, ['epmanmst)
2. |T. L. Cline, J. Dietz / NASA Johnson Space 2020 [13]
Center (1. XbtocTon, CIIIA)
3. M. R. Brust, G. Danoy, D. H. Stolf,
P. Bouvry / University of Luxembourg (JIrokx- | 2021 [15]
cemOypr)
4. |E. M. BopoHos, A. JI. PenikuH, IMHTALHOHHOE
®. M. Xpo-moB, JI. A. Tumodees,
A. 1O. I'epacbkun — MI'TY um. H.O. baymana 2022 MOACITIpOBARHC [19]
(r. Mocksa)
5. |H. B. beixos, M. C. ToBapHOB, 2021
B. A. ®enynos, H. C. Bnacosa, [24, 25,
A. A. Tloxapckuit, B. JI. backakos / 26'2'3 26]
MI'TVY um. H.D. baymana (r. Mocksa)
6. |B. B. Jlannos, K. B. Jlannos, JI. A. MapTsiHo- 2023 28]
Ba / 'ocHUUIIII (r. Cankr-IletepOypr)
7. |JiaN., Yang Z. u Yang K. /
Konnemx cucteMHON MHKEHEPUH, 2019 CHCTEMHAas [10]
HanmonaneHelil yHUBEpCcUTET 00OPOHHBIX JUHAMUKa
texHosoru# (r. Yanma, Kurait)
8. |®. U. ITmennunsiit, K. /. Kopones,
C. B. lBanog / KpacHogapckoe BbIcIee BO- 2022 [22]
€HHOE YUMJIHILE TEOpHsl BEPOSITHOCTEH
9. |A. B. Cyxos, C. U. I[ly3uiiuyx / 2022 23]
OKY HIIO «CTuC MBJI Poccun (r. Mockga)
10.|M. B. CunpHukos, A. B. Auapees, 2016 anreOpaunye-
B. U. Jlazopkun / HITO cnenumanbHBIX MaTe- CKHE BbIpa- [7, 8]
puaios (r. Cankt-IlerepOypr) 2022 JKECHUS
11.|A. A. boiiko / 2020 JIOTUKO-
BVYHI] BBC «BBA» (r. Boponex) TEOpHs anreOpaunye- [16, 17,
) 021 BEPOATHO- | CKHE BbIpa- 18]
crei JKEHUS
12.|M. C. Usanos, U. E. Aponun, C. . Maka-
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BbIBOABI

be3yciioBHO, B HACTOAILIEH CTaTb€ PACCMOTPEHBI TOJIBKO TE€ JOCTYIIHbBIE
MaTeMaTu4ecKue MOJIEIU, KOTopble Haubojee OJIM3KU K BONPOCY MPOTHBOJAEHCTBUS
bnJIA Ha KBO. Iloka3aTs Bce MpoaHaIU3UPOBAHHBIE B XOJI€ MCCIECIOBAHNS MOJEIH,
MO3BOJISIIOLME XOTA Obl B KaKOW-TO MeEpe BOCIPOMU3BECTH AHTArOHUCTUYECKUM
KOH(MJIUKT U 001aJarone HEOCIOPUMBIMUA JIOCTOMHCTBAMM, KOTOPBIE 00YCIIOBIEHBI
LEeISIMU HMCCIIEIOBAaHUS UX aBTOPOB, HET BO3MOXKHOCTU. Takue MOAENu SBISIOTCS
MPEIMETOM HUCCIIEIOBAaHUS ONepaluii BO BCEM MHUpPE YK€ Ha MPOTSKEHUU COTHU JIET,
HayMHas ¢ Kjaccuueckux moaeneir 0osi OcumnoBa-JlaHuectepa, KOTOpbIE B Hallle
BpeMsi MOJIyYWJIM BechbMa u3diiHoe o0obmenue B padotax H. B. MurtwkoBa (cMm.,
Hanpumep, [30]). Tem He MeHee, pe3yJIbTaThl UX aHAJIN3a COBMECTHO C pe3yJibTaTaMHu
aHanM3a PACCMOTPEHHBIX BBIIIE MAaTEMATHUYECKHX MOJENEd NaloT BO3MOKHOCTb
CAeNaTh CIEAYIOIINE BbIBObL:

1) Oonbiias yacth pabOT coCpeoTOUEHA HAa OOHAPYKEHUU U UACHTUPUKALIUH
JIPOHOB 0€3 PACCMOTPEHUS TPOLIECCOB IPOTUBOACHCTBUS UM;

2) HM OJIHa M3BECTHAs MMHTAIMOHHAs MOJI€Jb HE BOCIPOMU3BOAMUT COBOKYII-
HOCTh IPOLECCOB pa3BeAKHU, CBA3M, ynpasienus, OIl u POb npu opranusa-
1uu KoMmruiekcHou 3amuTtel KBO oT manorabaputhbeix briJIA;

3) cyliecTByIOIINE UMUTAIIMOHHBIE MO/IeNId TpoTUBOAeicTBUsA briJIA Bocmpo-
U3BOJSIT TOJBKO MPOIECCHl Pa3BElIKM U OrHeBOoro mopaxeHusi briJlA, ne
yaelsis BHUMAHUS BOIPOCAM PaIMO3JIEKTPOHHOTO MPOTHUBOACHCTBUS KaHa-
JaM YIpaBJICHUs], Nepe]ayu JaHHbIX U HaBurauuu brnJIA u uX LeneBbIX
Harpys3oK;

4) ananuTudeckas mojaenb 6os B [16, 17, 18] Bocipou3BOIUT B BUIE €IUHOMN
cucteMsl nipoueccel OIl, pa3Benku, cBa3u, ynpasienus u POb, HO He yuu-
THIBACT JUHAMHUKY 3JIEMEHTOB OOEBBIX MOPSIAKOB CTOPOH B MPOCTPAHCTBE,
HE NpeayCMaTpHUBAET UX JNETAIN3ALHUI0, 4 TAKXKE BOCIHPOU3BOJIUT MPOLECC
P3b TosIBKO ¢ OJTHOM CTOPOHHI.

DTO CBUIETENBCTBYET O TPEOYIOIIEM CKOPEHIIIETO pa3pelieH s npomusopeduu

8 meopuu MeXIy MOTPEOHOCTHIO B OLICHKE BJIMSHHUS BCErO CIIEKTPa BO3JEHCTBUI Ha
majorabaputhaeie briJIA mpu 3ammTe KBO ¢ yderoM mapamMeTpoB M XapaKTEPUCTUK
COBOKYITHOCTH HCHOJIb3YEMBIX ISl 3TOI0 B3aMMOCBSI3aHHBIX MPOLIECCOB Pa3BEAKH,
cBsi3u, ympasieHus, OIl m POB u HegocraTouHOW CTeneHBIO pa3pabOTaHHOCTU
CYLIECTBYIOIIIETO HAyYHO-METOJUYECKOro ammnapaTa OLEHKH 3((HEKTUBHOCTU ITOTO
mporecca.

HanpaBienus najbHelIero uccjaea0BaHus

BrimmensnoskeHHOE TO3BOISET CHOPMYITUPOBATH CIIEAYIOIIEEe COMIEPKaHKe 00-
el XxapakTepUCTUKU HEOOXOJMMOI0 HAYYHOT'O HCCIIEIOBAHUS:
- npeomem UCcle008aHus — TPOLECcC MNPOTUBOJECUCTBUS ManiorabapuTHBIM
briJIA ma KBO;
- 00vbeKkm ucciedo8anusi — MOJIETN, METOIUKA W alTOPUTMBbI MPOTHUBOICH-
ctBust MajorabaputaeiM briJIA Ha KBO;

- yenwv ucciedoganusi — noBbiieHue 3P PEKTUBHOCTH MPOTUBOACHCTBUS MAJIO-
rabaputHsiM briJIA na KBO;
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- 3a0a4a uccredosanus — COBEPUICHCTBOBAHUE CYLIECTBYIOIIETO Hay4HO-
METOMYECKOr0 anmnapara OueHKH 3 (HEKTUBHOCTH MPOTUBOJAEHCTBUS MaJO-
rabaputHeiM briJIA Ha KBO B yactu y4eTa BAMSHUS BCETO CIIEKTpPa BO3JIEH-
cTBui Ha ManorabaputHsle briJIA nmpu 3amure KBO 1 coBOKynmHOCTH Hc-
NOJIB3YEMBIX JUJII ATOTO B3aMMOCBSI3aHHBIX IPOLECCOB Pa3BEIKH, CBS3H,
ynpasnenus, OIl u POb.

Hanpapnenusimu f1anpHEUIIET0 UCCIEA0BAHUS SBISIOTCS:

- pa3paboTka aHATUTUYECKOU (IJIs1 SKCIIPECC-OIEHKHN ) U UMUTAIMOHHOMN (7151
BBICOKO JI€TATU3UPOBAHHOM OIIEHKH) MOJEJECH MPOIIECCOB MPUMEHEHUS U
npotusoaeiicteus bnJIA na KBO, BoCIpon3BOIsIINX B3aMMHOE BIUSHUE
npoueccoB OII, pa3zsenku, ynpasinenus u POb ctopon koHduukTa, CBsI3aH-
HBIX €MHBIM UHPOPMALIMOHHBIM MPOCTPAHCTBOM;

- pa3paboTKa KOMIUIEKCa METOJUK JKCIPEcc- U JAETaNbHON OLEHKH 3]dek-
TUBHOCTH NPOTUBOAEICTBUS ManorabaputHbiM briJIA na KBO;

- pa3paboTKa KOMIUIEKCAa METOAMK MapaMeTPUUYECKOTo KCIpecc- U AeTallb-
HOTO CHHTE3a MOJHO(PYHKIIMOHATBHON CHUCTEMbI MPOTUBOACHCTBUS MaJlo-
rabaputHeiM briJIA na KBO.

CtpykTypHas cxema HEOoOXOJIMMOI0o HayYHO-METOIAMYECKOTo armapara, Opu-

E€HTUPOBAHHOIO Ha JB€ 00JAacCTH MpUMEHEHUs — 1) cUTyallMOHHOE KOH(pUTYpUpPOBa-
HUE U ONepaTUBHAsI KOOPJAMHAIMS U 2) TPOEKTUPOBAHUE — MOKa3aHa Ha puC. 7.

Puc. 7. CtpykrypHas cxema HEOOXOAUMOTO HAyYHO-METOIMYCCKOTO aIllapara
orieHkH 3P dexTuBHOCTH MpoTuBOAekicTBUs briJIA Ha KBO

Ha ocHOBE MMHTALIMOHHOW MOJIEIM U METOJUK, OPUCHTUPOBAHHBIX HA CUTYya-
IIMOHHOE KOH(UTYPUPOBAHHE M OMCPATUBHYIO KOOPJAMHAIIMIO, TPEJACTABISAETCS He-
00xoauMoOl pa3paboTKa COBOKYITHOCTH B3aHMOCBSI3aHHBIX aJITOPUTMOB IMTPUMCHEHUS
MOTHOPYHKIIMOHAJIBHON cHcTeMbI mpoTruBoaeicTBus briJIA na KBO.

3akJa0ueHue

Takum oOpazoM, B pe3yiabTaTe aHaIW3a MaTEMaTUYSCKUX  MOJENeH
MPOTUBOACHCTBUSI MajorabapuTHBIM OECHUJIOTHBIM JIETATEJIbHBIM  almapaTam
OTEUECTBEHHBIX M 3apyO€KHBIX aBTOPOB YCTAaHOBJIEHA HEOOXOAMMOCTH PEIICHUS
HAy4YHOM 3aJa4d COBEPIICHCTBOBAHUS CYLIECTBYIOLIETO HAYYHO-METOAUYECKOTO
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anmapata  OIEHKM  A(P(GEKTUBHOCTH  MPOTUBOJCUCTBUS  MalorabapuUTHBIM
OECIUJIOTHBIM JIETAaTEIbHBIM anmnapaTaM Ha KpUTUUYECKU BaXHOM oOBekTe. B ocHOBe
HEO0OXOMMOr0 Hay4YHO-METOJMYECKOro armapaTa JO0JKHA JIeXKaTh aHAJIUTUYECKas
(m1 PKCIpecc-OleHKN) U UMHUTAIIMOHHAsS (711 BHICOKO JIETAM3UPOBAHHOMN OIICHKH )
MOJIEIM AHTarOHUCTUYECKOTO KOH(MIMUKTA, CUCTEMHO BOCHPOU3BOASIINE MPOLECCHI
OTHEBOTO MOPAXKEHUS, PA3BEJKH, CBA3HU, YIPABICHUS U PaIUOIIECKTPOHHON OOPHOHI,
C YYETOM M3BECTHBIX CITOCOOOB MPOTUBOACUCTBUS MajlorabapuTHBIM OECHUIOTHBIM
JeTaTeIbHBIM almaparam.
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Countering UAVs Mathematical Models Overview

A. A. Boyko, H. 1. Maihoub, 1. A. Mosolov

Problem Statement: Currently, the task of countering small-sized (i.e. nano-, micro-, mini- and
short-range) unmanned aerial vehicles at critical military and civilian facilities is of particular relevance.
The systems that ensure the implementation of this task are technically complex. The construction of such
systems requires a high degree of accuracy, which, in turn, leads to great difficulties, since systems of this
type must combine communication, reconnaissance, control, electronic warfare and fire destruction systems.
Today, such systems are built empirically, without taking this feature into account, often even without
individual subsystems, and therefore cannot guarantee the implementation of the task assigned to them in
extreme conditions, when a significant number of small-sized unmanned aerial vehicles are used to inflict
maximum damage on a critical facility. To improve the efficiency of such systems, a developed scientific and
methodological apparatus for its assessment is required. This apparatus should be based on a model of the
process of countering unmanned aerial vehicles at a critical facility, reproducing the specified feature. Aim
of the paper: identifying the ability of known mathematical models of the process of counteracting unmanned
aerial vehicles to take into account the mutual influence of the processes of reconnaissance, communication,
control, fire damage and electronic warfare. Used Methods: systems analysis. Novelty: consideration of the
process of countering small-sized unmanned aerial vehicles at critical facilities in the context of an
antagonistic conflict between two high-tech organizational and technical systems, each of which implements
a cycle of applying the processes of reconnaissance, communication, control, fire damage and electronic
warfare to achieve its goals. Result: generalization of the known models of the process of countering
unmanned aerial vehicles made it possible to identify the need to integrate existing detailed simulation
models of this process, taking into account only the processes of reconnaissance and fire damage, with an
analytical combat model that takes into account the set of necessary processes, but is not able to reproduce
them in detail. Practical relevance: The result of the work is necessary for the development of a scientific
and methodological apparatus for assessing the effectiveness of counteraction to small-sized unmanned
aerial vehicles at a critical facility.

Keywords: unmanned aerial vehicle, critical asset, effectiveness, countermeasures, combat
simulation and analytical modeling.
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