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Annomauyun. B nacrosimee Bpemsi npumeHenne BITJIA oxBaThiBaeT Kak MHUpPHBIE, TaK U
BOEHHBIE Cepbl YETOBEUECKOM NeATETbHOCTH, YTO BbIIBUTA€T HAa EPBBIN IJIaH pa3InyHbIe
3a/ladyd  ONTUMM3ALMKU U MoAenupoBaHusi ux  (QyHkuuonuposanus. [llupokoe
pacrpoOCTpaHEHHE U PA3BUTHE TEOPUH U MPAKTUKH rpynnoBsixX mmosnetoB BIIJIA mpuserno,
€CTECTBEHHO, K PEIICHUIO0 MHOTUX 3a/1a4 00ecredeHus BbICOKOM 3(h(HEKTUBHOCTHU NIEpeiadun
naHHBIX B ceTsx cBs3u  rpynmel  BIUJIA. Tlpu BoeHHbix koHGIHKTaXx OopnrOa

HpOTI/IBO60pCTBYIOIHI/IX CTOPOH 4YaCTO IMPUBOJUT K COIMYTCTBYIOIIUM IIOJICTAM PA3JIMYHBIX
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OECIMIIOTHUKOB, B KOTOPBIX YYaCTBYIOT IPOHBI MPOTUBOOOPCTBYIOMINX CTOPOH. [Ipu sTOM
nepes APOHOM OJIHOM M3 MPOTUBOOOPCTBYIOIIUX CTOPOH MOXKET OBITH MOCTABJIEHA 3ajaya
3arylIUTh, WU BBIBECTH U3 CTPOSI JIPOHBI MPOTUBOOOPCTBYIEH CTOpoHBI. Llenbio
UCCJICIOBAHUS SIBIISIETCSl ONpEEICHUE YCIOBUNA HEUTpalu3aluu BO3ACHCTBUS MOIIHOTO
paaMoOU3IyUYEHUs], UCXOSIIETO OT JAPOHA CIEIHMAIBFHOTO Ha3HAYCHHs, (PYHKIHUSI KOTOPOTO
3aKIJIFOYAETCS B HEUTpaIu3aluyyd JPOHOB IPYTrord CTOPOHBI. PaccMoTpeHa cxema, B KOTOpOU
JUISL TIIYHIEHUS W HEUTpanu3aluu (PyHKIIMOHUPOBAHHUS JIPOHOB MEPBOM CTOPOHBI, BTOpas
CTOpOHA KOH(JIMKTA MOJB3YETCS TPOHOM, HECYIIMM MOIIHBIA T€HEPATOp 3arTyIIaloIIero
AIIEKTPOMArHUTHOTO M3JyYEHUS TOW K€ JJIMHBI BOJHBI, HA KOTOPOM pPabOTaIOT APOHBI
MepBOM CTOPOHBI. PaccmarpuBaeTcs ciaydail paclipOCTpaHEHUs U3JIyYEHUS 1O TPACKTOPUU
npsaMoil BuIuMocTu. OnpeneneHo ycaoBue, 000CHOBaHHOE HEOOXOAMMOCTHI0 MUHUMAJIBHO
BO3MO)XHOTO OTKJIOHEHUSI aTaKyeMOro JpOHa OT HCXOAHO 3aJaHHOM TPaeKTOPHUHU.
CdopmynupoBaHa W pelleHa 3aJadya ONTHUMAJbHOIO yXOJa OT MCXOAHO 3a/laHHOM
TPAGKTOPUU aTaKyeMOro APOHA M3-3a BO3ACHCTBUS 3aMIyHIAOIIETO AJIEKTPOMATHUTHOTO
m3nydyeHus.  OmnpeneneHo  ycloBUE€ — JOCTHMIKEHHUS ~ MHUHUMAJBHOTO  BO3JEHUCTBUS
3anTylIAONIET0 3JIEKTPOMArHUTHOTO M3JIYUYEHHUS IPOHA BTOPOM CTOPOHBI HAa JAPOH NEPBOM
CTOPOHBI.

Knioueswle cnosa: panuonsnyyeHue, IpOH, DIyLIEHUE, TPACKTOPHUS MPSAMOMl BUIUMOCTH,
MEXIPOHHOE B3aUMOJECHCTBUE
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Abstract. As of today, the UAVs application covers both peaceful and military spheres of
human activity, which highlights various tasks of their functioning optimization and
modeling. The wide prevalence and development of theory and practice of the UAV group
flights has naturally led to the solution of many issues on ensuring high efficiency of data
transmission in the communication networks of the UAV group. In military conflicts, the
struggle of the opposing sides often leads to collateral flights of various drones, in which
drones of the opposing sides participate. The drone of one of the contending sides herewith
may be tasked with silencing or disabling the drones of the opposing side. The purpose of
the study is to determine the conditions for neutralizing the effects of powerful radio
emission emanating from a special-purpose drone, which function consists in neutralizing
drones of the other side. The authors considered a scheme, in which the second party to the
conflict employs a drone carrying a powerful generator of silencing electromagnetic

radiation of the same wavelength on which the drones of the first party operate to jam and
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neutralize the functioning of the drones of the first party. The case of radiation propagation
along the line-of-sight trajectory is being considered. The condition justified by the necessity
of the minimum possible deviation of the attacked drone from the originally set trajectory
is determined. The problem of optimal retreat from the initially set trajectory of the attacked
drone due to the effects of damping electromagnetic radiation was formulated and solved.
The condition of achieving minimum impact of the damping electromagnetic radiation of
the second party drone on the first party drone is determined.
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BBenenue

becnmnorusie nerarensHbie anmapartel (BIIJIA) B HacTosiiiee Bpemsi HIMPOKO
BHEJIPEHBI B camble paznudHbie cepbl peasbHol xku3Hu. [I[pumenenue BITJIA oxBarbiBaeT
KaK MHUpHBIE, TaK ¥ BOCHHBIE C(Pepbl YEIOBEUECKOMN AesATeNbHOCTH. Takas mupokas cdepa
NpUMEHEHUsT OCCMWJIOTHUKOB BBIIBUTACT Ha TMEPBBIA IUIaH pa3lIMyHbBIC 3aJ]1a4uu
ONTHUMH3ALMU U MOJIETUPOBaHMs UX (pyHKIMOHUpoBaHus [1]. B mocneanee Bpems mHpoKo
pacnpoCTpaHeHa U Pa3BUBACTCS TEOPUS U MpakTUKa rpynnoBbix nonetoB bITJIA [2,3].11pu
ATOM, €CTECTBEHHO, BO3HUKAET HEOOXOJUMOCTh peIIaTh 3a7ayd OOECHEYEeHHS! BBICOKOM
7 HEKTUBHOCTHU TIEpeiaun JaHHBIX B ceTsAx cBsizu rpynisl BITJIA [3-5].

Onnako, Mpy BOEHHBIX KOH(pIUKTax 00phOa MPOTUBOOOPCTBYIOIIMX CTOPOH YACTO

MMPUBOANUT K TaKUM COITYTCTBYIOHIMM IIOJICTaAM GCCHI/IHOTHI/IKOB, B KOTOPbIX Y4YaCTBYIOT


https://trudymai.ru/eng/published.php?ID=177667

JPOHBI TPOTUBOOOPCTBYIONIMX CTOPOH. BMecTe ¢ TeM, MUpoKoe UCIIONh30BaHUE APOHOB B
00ppOe MPOTHUBOOOPCTBYIOIIUX CTOPOH CTUMYJIMPOBAIO Pa3BUTHE MPOTUBOAPOHHBIX
TEXHUYECKUX cpencTB. Hanbonee pacnpocTpaHeHHBIM METO/IOM IIPOTUBOAPOHHOM OOpHObI
ABJISIETCA MCMOJb30BaHUE AJIEKTPOMArHUTHBIX BOJH [7]. IIpn 3TOM HCHONB3yrHOTCA Kak
AIIEKTPOMArHUTHBIC W3JIY4YEHHUsI OOJIBIIOM MOIIMHOCTH [8], TaK W H3IY4YEHHUs Pa3IUYHOU
9acTOTHI B paznmuaHoit ¢opmel [9-12]. Cormacuo [13], ansa BeIBOAA W3 CTPOS YIPABICHUE
JIPOHOM CIIEIyeT CO3AaTh HANPSIKEHHOCTb 3JeKTpuueckoro mojs cBeime 100 B/m. Ilpu
MCIIOJIb30BAHUM MAJIOMOIIHBIX H3JIYYCHHN YHOp JeNaeTcss Ha BBIOOp PE3OHHUPYIONIUX
YacTOT, MPUBOIAIIUX HENMPaBUILHOMY (DYHKIIMOHUPOBAHUIO OOPTOBBIX YIPABIISIOMIMX
y3JIOB IPOHOB.

Mematoiiue 371eKTpOMarHuTHEIE BO3/ICMCTBUSI, HAITPABJIEHHbBIC HA IPOHBI MPOTUBHOM
CTOPOHBI, MOTYT OBITh CTEHEPUPOBAHBI KaK C MOMOIIIbI0 HA3€MHBIX TEXHUYECKUX CPENCTB,
TaK U ¢ MOMOIIbIO CIIEMAILHON OOpTOBOM anmapatypsl. B nmocieaHee BpeMsi NOSBIISIOTCS
COOOIICHUST O TMPOBEACHUM PAa3pabOTOK TaKOl ammaparypbl, MpPEIHA3HAUCHHOW s
YCTAaHOBKM Ha OOpTYy NpoHOB. Takum o0Opazom, peanu3yercs KOHIICTIHS MEXIPOHHOTO
AIIEKTPOMArHUTHOTO BO3JCHCTBUS, KOTJIa IPOHBI OHOW M3 MPOTUBOOOPCTBYIOMIUX CTOPOH
co3faBas  MEIIAOUIEe DJJIEKTPOMAarHUTHOE  MW3JIyY€HHE, HapylIaloT HOpPMajbHOE
(yHKIIMOHUPOBAHUE APOHOB JPYTOM CTOPOHHI.

CrnenoBaTelbHO, TOBOPS O MEXKJIPOHHOM BO3JACHCTBUM OyleM HMETh BBUIY
CTpPEMJIEHHUE OJTHOTO U3 MPOTUBOOOPCTBYIOIIMX CTOPOH M30JIMPOBATH WJIM HEUTPAIIM30BATh
JPOHBI MPOTUBHOM CTOPOHBI ITyTEM 3allyCKa CBOETO JIPOHA U OPTaHU3ALMKU BO3JCHCTBUS Ha
JPOHBI TPOTUBHOW CTOPOHBI PAJANOU3ITYYSHHS OOJIBINON MOIITHOCTH. B mogo6HoM cutyaruu

saz[aqeﬁ HCCJICO0BAaHUA ABIACTCA BBIYMCICHUC MoKa3areje ONTUMAaIbHOIO MaHCBpa APOHa



MPOTUBHOW CTOPOHBI. lleah Takoro MaHeBpa - MaKCUMaJIbHO OCIAOWUTH BIIUSHHE
pPaouOUBIIYyYEHUs,  HCXOMAUIEr0  OT  JpoHa-HeWrtpaimms3aropa.  O4eBHIHO,  YTO
BBIIICONMCAHHBIA CIEHApPUIl sBIsIeTCS OOpaTHOM TIOCTAHOBKOW W3BECTHOM 3ajauu
MEXAPOHHON KOMMYHUKAIIUH, B KOTOPOH TpeOyeTcsl UCCiIeloBaHre YCIOBHM oOecredeHus
HaJIe)KHOM  KOMMYHHUKAIIMM ~ MEXAY  JPOHAMU  OJHOM W3  BBIIIEYKa3aHHBIX
MPOTUBOOOPCTBYIOIIUX CTOPOH. 3ajladydl TaKOro pojia ObLIM PAacCMOTPEHBI BO MHOTHX
pabotax (cM. Hanpumep [14-16]). BMecTe ¢ TeM, B 00paTHON MOCTAaHOBKE 3TOM 3a/1a4H, T.€.
MIPUMEHUTENBHO K CIy4Yar MPOTUBOAECUCTBUSA OJHOTO APOHA K APYrOMY CTaBUTCA LIEJNb
MaKCHUMAaJIbHOTO OCJIA0JICHHS TAaKOTO MPOTUBOACHCTBUS ITyTEM BBIYUCICHUS ONTUMAILHOTO
BBIOOpA TMO3UIIUUA aTaKyeMOTO JPOHA C y4E€TOM JOIMYCTUMOTO OTKJIOHEHHUS OT HCXOJHO-
3aIaHHOM TPAEKTOPHUEHN OJIETA.

[Ipy >TOM paccmarpuBaeTcs TOT CiIy4yad, KOIZA aTaKyeMbld JpPOH HMEET
€MHCTBEHHYI0 BO3MOXKHOCTh  OCJa0JieHUs]  BO3JEHUCTBUS  aTaKyIOIIEHl  CTOPOHHI,
3aKJTFOYAIOIILYIOCS B YIAJIEHUH OT HOCUTENS 3anTyIIAIOIIET0 PaAuON3TydaTels.

B umenom, crmegyer OTMETHTh, YTO KOMMYHHUKAIUS MEXIY JBYMSI OOBEKTaMu
KiIaccuuImpyercs, Kak KOMMYHUKAIUs 1o mpsiMoil nuHuu Bugumoctu (LOS) wu
KOMMYHHKAITUSI TIPU OTCYTCTBUU TPSAMOM BuAMMOCTH Mexay ctopoHamu (NLOS). [anee
OyZleT CcuuTarb, YTO MPUMEHUTEIBHO K B3aUMOJCHCTBHUIO JIBYX IPOTHUBOOOPCTBYIOIIUX
JPOHOB Pa3yMHO CUUTATh KOMMYHHUKaIio Tuma LOS, T.K. BEpOSATHOCTH MOSBJICHUS PEKUMA
NLOS npu nonere HEBBICOKA.

B o6miem ciydae, BCSIKOE 2IEKTPOMAarHUTHOE U3TyYeHUE TIOJBEPTAETCsl OTPAKECHHUIO,

nudpakiiy, pacCesHUIO, U IPYTUM BO3MOXKHBIM BozzeicTBusM [17] (puc. 1).



Puc. 1. Ilytu pacnpocTpaHeHus AJIEKTPOMarHUTHOTO U3NTydeHus oT apoHa (1) k
JIPOHY MPOTUBHOM CTOPOHBI (2) U HA3EMHBIM MPUEMHUKaM 3, 4. S-TUCTaHIUS OTPaKCHUS;

6-TMCTAHIUS IPSMON BUAUMOCTH; 7-TUCTAHIIMS pACCESIHUS; 8-TUCTaHIUA TUPpaKIIUU
[IpuemMHBIlA CHUTHal HA36MHBIMH NPUEMHUKAMHU OMNPEAECIAECTCS KaK MHOTOITYTHBIN
CUTHAJIL, SIBJISIFOLANICS CYMMOW CUTHAJIA IPSIMOU BUJIUMOCTH, OTPAKEHHBIX, PACCESIHHOTO U
nudparupoBaHHOTO curHaia. [Ipu mocTaToYHON BHICOTE IMOJIETa IPOHOB MOKHO CUHTATh,
YTO PAJAUOMUBIIYYEHHE PACIPOCTPAHSACTCSA IO TPACKTOPUU MPAMON BUAUMOCTH MEKIY
npoHamu. B Takom ciydae ocnabieHue paauousinyueHus norepu curnana. Coracho [18],

HpI/IHI/IMaCMHﬁ CUTHAJ TOAABJICHUA OIIPCACINTCA KaK
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Takum ob6pazom, npu peanusaiuu Gyukiuu d = f(Pr) B Buze (19) obecnieunBaetcs
MUHUMYM 3HaueHus 1eneBoro ¢ynkmuonana (11), T.e. mocTturaercs MaKCHMAaJIbHO
BO3MOXKHOE OCJ1a0JIeHUE BIUSHUS 3arTyIIAIOIIETO AIEKTPOMArHUTHOTO U3JIy4CHHUS.

3akiouenune

Paccmotpen cueHapuil, korna Juis IyIeHUs: 1 HeUTpanu3anuu pyHKIMOHUPOBAHMS
JIPOHOB B IOJIETE€ MEPBOM CTOPOHBI, BTOpasi CTOpOHA KOH(IMKTA 3allyCKaeT CBOM JIPOH,
001a1aroMii MOIIIHBIM T€HEPAaTOPOM 3arTyIIAIOIIETO 3JIEKTPOMATHUTHOTO U3JTy4YEeHHS TOU
e JUTMHBI BOJIHBI, HA KOTOPOM paboTaeT IpOH NMepBOil cTOpOoHBL. C y4eTOM IMPEIoI0KEHHS
pacnpoCTPaHEHUsI U3JyYEHUsl MO TPACKTOPUHU NPSIMON BUIMMOCTH BBIYHUCIEHO YCIIOBUE
JOCTHKEHUS] MUHUMAJIbHOTO BO3/IEHCTBUS 3aNTyIIAIOIIEr0 3JEKTPOMArHUTHOTO U3TyYEHUS

JIPOHA BTOPOM CTOPOHBI HA APOH MEPBOM CTOPOHBI.
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