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AJITOPATM PAJTMODJEKTPOHHOTI'O ITOJABJIEHUSA PAJIMOCTAHIIUI
C ICEBJOCJIYYAMHOM MEPECTPOMKOMN PABOUYEN YACTOTHI

AJL. MATIOHLIKOB, B.O. CEHIOK, K.B. CTYIIMH

Benopyccxuil cocyoapemeennviii yHusepcumem ungopmamuku u paouodiekmponuxu, Pecnybnuxa benapyco

Tocmynuna 6 pedaxyuro 28 gpespans 2018

AnHoTanus. Pa3paboraH ajropuT™M TOJABICHUS TAaKTHUECKUX pPaIUOCTAaHIMH C ICEBOCTy4YailHON
niepecTpoiikoii padoueit wactotsl (IITTPY). /lana orenka 3()(eKTHBHOCTH BO3IACHCTBUS ITOIUTaPMOHIYCCKUX
HEMOAYJIMPOBAHHBIX IOMEX HA PAaAHOTPAKT paanoctanuuu c [1ITPY.

Knrouesvie crnosa: AJITOPUTM, HTHTCPMOAYJIA LM, [TIOMEXa, paAUOCTaHIMA, CUTHAJIL.

Abstract. The algorithm for suppressing tactical radiostations with frequency-hopping spread spectrum (FHSS)
was developed. The effectiveness impact of polyharmonic unmodulated interference on the radiotransmission
of a radio station with FHSS was estimated.
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The algorithm of radioelectronic suppression

of radiostations with frequency-hopping spread spectrum
A.L. Matyushkov, V.O. Senyuk, K.V. Stupin

BBenenue

B coBpemennsix cucremax cBi3u (CC) B wuHTepecax MOBBILIEHHS HAAEKHOCTH,
MOMEXO03aIIUIIEHHOCTH ¢ Pa3BeN3allMIIEHHOCTH CyLIecTBYIOT JuHUH panuocBsizu  (JIPC),
ucnons3yromue pexuMm IIITPY. Anamm3 nomexoycroitunBoct JIPC mepemaum IUCKPETHBIX
coobmennii ¢ [ITTPY cBupeTenscTBYET 0 BEICOKOM IMOTEHLHANE NMPH HCHONB30BaHUH UX B CHCTEMax
CBA3M B YCIOBHMAX IPHUMEHEHMS IPOTUBHUKOM CPEICTB PaJUOIEKTPOHHOTO ITOAABIICHUS.
B nacrosmee Bpems JIPC c IIIIPY akTHBHO BHEAPEHBI B CUCTEMBI CBSI3M TAKTUYECKOTO Ha3HAYEHUS U
SBIISIIOTCS OCHOBOW HMH(OPMAIIMOHHOTO oOOecIieueHHs] W YMpaBJeHUs BoickaMu. il momaBieHHs
cpeacts cBs3u ¢ [ITIIPY HeoOxomumbl cranimu akTUBHBIX momex (CAIT). Ins pa3paOGoTKu Takux
cTaHIMi HeoOXoauM 3P PeKTUBHBIN anroputM nogasaenus [TTTPY.

Jlnis mocTaHOBIIMKA TOMEX 3aKOH IepecTpoiiku Hecymiel gactotel B CC ¢ IIITPY HeunsBecteH,
YTO MCKIIIOYaeT BO3MOXXHOCTH cO3AaHus d()(QEeKTUBHBIX CcIIOCO00B MoaaBieHusl. DyHIaMeHTaIbHbINA
NPUHLMII ~ TICEBAOCIYYalHOCTH  CHTHAJOB  TPEMATCTBYET  CUCTEME  PaTUOIIEKTPOHHOTO
nonasiieans (POI) moOuBatbes sddexrtuBHoro BozaerictBus Ha CC ¢ TIIIPY opraHnm3oBaHHBIX
moMex. JTo BBIHYXHaeT cucteMy POII ¢ orpaHM4eHHON MOIIHOCTBIO NEpenaTYHKa paclpeneasiTh
COOTBETCTBYIOIIUM OOpa3OM CIEKTPaJbHYI0 IUIOTHOCTH MOIIHOCTH IIOMEXH II0 YacTOTHOMY
nmuanasony CC.

Hamnbonee mepcrekTuBHBIM HampaBieHueM siBisiercst POIl Ha ocHOBe M3BECTHOTO SIBIICHHUS
MHTEPMOTYJISIIUH, BO3HUKAIOLIETO MTPH B3aUMO/IEHCTBIUHM Ha HENMHENHBIX 2JIEMEHTAaX BXOJHBIX IIenei

IPUEMHOrO0 TpakTa MABYX uinu Oonee curHamoB [1]. Ecim wacrtora momesHoro curHama f),

a IIOMCXH f; , TO B KaHaJICc NpucEMa IMOABIAIOTCA Mapa3uTHLBIC HHTCPMOAYIALMUOHHBIC CHUTHAJIbI



cuacroramu  f,—f,, fi+/f,, 2fi—f. 2fi—f, 3f,—-2f,, 3f,—2f u Tax paiuee.

HpI/I BO3paCTaHuM KOJIUYCCTBA B3aHMOHeﬁCTByIOH1HX CUTHAJIOB Ha BXOAC IMPUCMHUKA HNPOUCXOAUT
J'IaBI/IHOOGpaBHI:II\/'I mpouecc (bOpMPIpOBaHI/Iﬂ HUHTCPMOAYIANMUOHHBIX COCTABJIAIOMINX. Haan/IMep,

BBaHMOﬂGﬁCTBHC TpEX CUTHAJIOB C YaCTOTaMU fi, f‘Z’ ﬂ BBI3BIBACT IIOABJICHHC KOM6I/IHaLII/IOHHBIX

COCTAaBISIIOMX 3-r0 mopsiaka ¢ wacroramu f,+ f,—f,, fi+fi—f L+fi—f. L+ 6L+ 1

Kak mokazano B [2], paboTa B OIHOM YaCTOTHOM JIHama3oHE AECATH PaJHONEPEaronX yCTPOUCTB
MPUBOJUT K BO3HMKHOBEHHIO 100 MHTEpMORYNALMOHHBIX H3NIydeHHH 2-ro mopsaaka, 800 — 3-ro
nopsiaka, 4000 — 4-ro nopsaaka u 15000 — 5-ro nopsizaka.

PesyneraroM BO3MEHCTBMS Ha TPUEMHBIH TpakT TakuX TIOMEX B 3aBHCUMOCTH
OT MX MOIIIHOCTH MOXET OBbITb:

— IONaJ]laHe TTOMEXOBOT0 CHTHAaja WM WHTEPMOIYJSLMOHHOM COCTaBISAIONIEH B IOJOCY
MOJIE3HOT 0 CUTHAJA, YTO PUBEET K MOJTHOMY JINOO YACTUYHOMY ITOJaBIICHHIO;

— OJIOKMpOBaHWE — W3MEHEHHWE YPOBHS IOJE3HOTO CUTHAJA MM OTHOLICHUS CHUTHAJ-IIYM
Ha BBIXOJIE PAaJMONpPHUEMHHKA, IPU ITOM YacTOTa MOMEXH HE COBMNAJAeT C 4YacTOTaMHU OCHOBHOIO
1 TIOOOYHBIX KaHAJIOB;

— IIEPEKPECTHOE MCKAXKEHHE — B3aMMOJEHCTBUE Ha HETMHEHHBIX 3JIEMEHTAaX BXOAHOM ILENU
MIPUEMHHUKA CIIEKTPAIbHBIX COCTABISAIONINX CUTHAJIA U TIOMEXH;

— OIHOBPEMEHHOE CYIIECTBOBAaHHE BhILICYKa3aHHbIX 3()(PeKToB.

B  1memom  wuccnenoBaHMe — BO3AEHCTBUS ~ MHTEPMOIYJSALMOHHBIX  COCTaBIISIOIIMX
Ha paJONpPUEMHBIH TpakT INpPH IIOCTAHOBKE IPEIHAMEPEHHBIX IIOMEX MpPEJCTABISIETCS BechMa
CIOXHOHN 3amauedl. [y OUEHKH CTENEeHH NAaHHOTO BO3AEHCTBHS ObUIM MPOBEIEHBI HKCIIEPHUMEHTEHI,
MOJICNIMPYIOIIE BIMSAHME Ha PpAAUONPHUEMHBIA TPAKT Y3KOMOJOCHBIX HEMOIYJIUPOBAaHHBIX
TapMOHHMYECKUX MTOMEX.

[Ipu mpoBeneHMH HCCIEOOBaHUI HCIONIB30BANACH JIA0OOpATOpHAs YCTaHOBKA, COCTOALIAS
n3 aHanm3aropa crektpa Agilent N9320A, Tpex reHepaTopoB curnajioB ['4-222, ogHoro reHepaTopa
curHana Agilent E4438C u cyMMaTopa CHTHaJIOB, WMEIOLIETO B CBOEM COCTaBE€ THIIOBOM
TPaH3UCTOPHBIN Kackaja, uMuTHpytomuid padory BU ycunurens [TI1PY paanoctanium.

Ananu3 IKCIHEPUMEHTAJBbHBIX TaHHBIX

M3BectHo, uto B YKB pamuocranuusax, wucnons3yomux [IIIPY, Bech nuama3on
or 30 mo 108 MI'ty pa3out Ha moamuana3oHsl. C IENbI0 ONTUMHU3AINN IKCIIEPUMEHTA HCCISIOBaHUS
NPOBOIWINCH B OJHOM MOJAMANa30HE, TaK KakK B JPYruX MOAAMANAa30HaX BCE IPOUCXOIUT
aHaJoruyHo. B kauecTBe MONE3HOr0 pPaJAMOCUTHANIA M IIOMEX HCIOIb30BAINCH TapMOHUYECKHE
HEMOAYJIHPOBAHHBIE CUTHAJIBI C IIUPUHON CIEKTpa MO OCHOBHOMY JernecTky 12,5 k[l B 4acTOTHOM
muanazone ot 30 mo 40 MI'm (puc. 1,2), KOTOpble TI'€HEPHPOBAINCH T€HEPATOpPaMU CHTHAJIOB
['4-222 u renepaTopoM Agllent E443 8C.
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Puc. 1. Cnextp paguocurnana Puc. 2. Tone3HBIi CHTHAI B THAIla30He
¢ Hecymel gacroroit f =37,609 MI'y ot 30 no 40 MI'p

Ha puc. 3-5 mnpeactaBineHbl CHEKTPbl TNPH BO3JCHCTBUM Ha PAJMONPHUEMHBIH TpPAaKT,
NPUHUMAIONIMI MOJNE3HBIN cUrHai ¢ yactoroi f = 37,609 MI'y, oxnoit (vacrora f,, =35,739 MI'n),



aByx (uacrora  f,, =35,739MIw, f ,=34,326MI'), Tpex (uacrora f,, =35,739MIw,
f., =34,326MI'n, f,=31326MI11) noMex ¢ OAUHAKOBOH MOIIHOCTbIO OTHOCUTEIBHO MOIIHOCTU
CUTHamna.
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Puc. 5. [lone3Hblil curHal, Tpu MOMEXU U UHTEPMOJY. 111/1

bIC COCTABJIAOIINEC

Ha puc. 6, 7 mpencraBieHbl CHEKTPHl MOJE3HOTO CHUTHAlA U TPEX IOMEX C MOIIHOCTHIO
curHama, oonpiieil Ha 3 1bM OTHOCHTENHHO MOIIHOCTH IIOMEX M MeHbIIeld Ha 3 1bM OTHOCHUTEILHO
MOIITHOCTH TIOMEX COOTBeTCTBeHHO. Yacrora curHama [ =37,609 MI'm, wyactora momex

£, =35,739 MI'y, f,, =34,326MT'w, £, =31,326MI.
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Puc. 6. MOIIIHOCTB MOJIE3HOI'O CUTHAJIA, Puc. 7. MomHOCTh IIOJIC3HOrO CUTHAIIA,
Oompmrast Ha 3 7bM 10 CPaBHEHWIO C MOITHOCTBIO TIOMEX ~ MEHbINAs Ha 3 1bM 10 CPaBHEHHIO ¢ MOIITHOCTHEO TIOMEX



Onenka 3(()EKTUBHOCTH BO3JCHCTBHSI TMOMEX HAa PAaJUOTPAKT U PACIIOIIOKEHUS ITOMEX
OTHOCHUTEJIPHO YacTOThI CHUTHaJa MpOBoOMiIack ¢ momomipio (yHkiuu «Power Spectral Density»
aHaJgu3aTopa CHEKTpa. B pe3ynbTaTe YCTAaHOBJIEHO, YTO IIyMbl B PaJAHOTPAKTE BO3PACTAIOT
C YBEIIMYCHUEM KOJIMYECTBA MOMEX, JOCTUTAsS BETUUYUHBI +6,64 nbM mpu BO3IEHCTBUU Ha MOJIE3HBIN
curHan 3 momex (puc. 8—11).

Puc. 9. CnekrpanbHast IIIOTHOCTb MOJIE3HOTO CUTHAJA,

Puc. 8. CnekrpanbHas INIOTHOCTD [IOJIE3HOIO CUTHAja
OMEeXH U 14 MHTEpMOYISIUOHHBIX COCTABIISIOIINX
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Puc. 11. CHCKTpaJ'H)HaH IJIOTHOCTH MOJIE3HOI'O CUT'HAaJIa, TPEX MOMEX U 73 HUHTCPMOAYJIALIMOHHBIX COCTABJIAIOIINX

B [3] moka3aHo, 4TO OTHOLIEHUE YHEPTUH CHTHANAa IPHU Iepenadye OgHOro oruta nHGOpMaIUH
K CIIEKTPaJIbHOH MJIOTHOCTU IIymMa B cuctemax cBszu ¢ [I[IPY B oTcyTcTBHM mOMeXx NOMKHO OBITH
He Menee 13,35 1B [u1s obecriedeH s cpeIHeil BepOSTHOCTH ommbku He Gonee 10~

Bozpacranue, B HameMm ciy4yae, CHEKTpajdbHOM IIJIOTHOCTH IymMa Ha 6,5 abm
MIPH BO3JICHCTBUH TpeX MOMEXOBBIX CHTHAJIOB MPUBOAMT K HEOOXOAMMOCTH YBEIMYEHHUS! MOIIHOCTU
MOJIE3HOTO CUTHAJIa MPUOJM3UTENBHO B 4 pa3a ais nepenadyd HU(POBBIX JaHHBIX 0e3 UCKa)KeHHWH
U TIOTEPB.

B pabote [4] mpencrtaBieHBl pacyeThl, MMO3BOJSIOIIME OLICHUTH BEPOSTHOCTH OJOKHPOBKU
KaHaJla MPOMEXYTOYHONW YacTOThl IPUEMHHUKA MOJIE3HOr0 paguocuraaia. Eciu npuHsaTh, 4To GUIBTP
KaHaJla TIPOMEKYTOUYHON YacTOTHI UMeeT mojiocy B 25 k['1, To Torga KOJIMYEeCTBO KaHAJIOB CHCTEMBI

CBs3M JUId quanas3oHa mupruHo 10 MI'n coctaBnsger N = 10000 «I'n =400.

25 xI'g
KonuuecTBO  OCHOBHBIX TIOMEX H WX  HHTCPMOAYJSAIMOHHBIX  COCTABJISIOIIAX



B criekTpe (puc. 11) opuenTHpoBOouHO cocrtaBiser j=3+73=76. Torma BepoOSTHOCTh MOPAKECHUS

paccMmarpuBaeMoro padodero kaHana cuctemsl cBs3u ¢ [IITPY cocrasiser S =§=47—060=19-10"2,

YTO ABJIACTCA HCAOIMYCTUMBIM JJI IEPpEAaun ]_[I/I(l)pOBBIX JaHHBIX 0e3 UCKaXKEHUS.

AJITOPUTM Pagu031eKTPOHHOT0 MOJABJICHUS

AHanu3  SKCIEPUMEHTANBHBIX  HMCCICIOBaHWI  TMO3BOJSET  pa3padoTaTh  alTOPUTM
PaIUOSJICKTPOHHOTO  TMOJABJICHUS]  TAKTUYECKUX  paaudocTaHimii  npotuBHuka ¢ [ITTPY
0e3 onpeeneHrsl UX KOJTUYECTBA U UCIIOIB3YEMBIX PaO0UUX YacToT.

B oOmem ciydae mpu TOmaBICHHH TPYIIUPOBKH CUCTEM paauocBs3u npotuBHuka (CPC)
B IPUEMHOM  TPaKTe€ KaXJIOW paguocTaHmuu OyaeT (OpMUPOBATHCS  CIOXKHBIA — CHTHAI
OT B3aMMOJICUCTBHSI TIOJIE3HBIX CHUTHAJIOB U moMmex: oT craHmuil POIl u cimydailHBIX CUTHAIOB
paauoCTaHLMM, BemymMX paxuooOMeH B paifoHe OoeBbIX neiictBuil. Pesynmpratom 3TOrO
B3aUMOJICHCTBUS OyeT N30BITOUHBIN MTUPOKOITOJIOCHBIN IITyM, KOTOPBIA, KPOME COOCTBEHHBIX IITYMOB
MPUEMHUKA, CONEPKUT UHTEPMOTYIIALIMOHHBIE COCTABIISIONINE BHEMOIOCHBIX TOMEX.

B kauvectBe curHanoB cranmuii POIl  memecooOpa3HO WCMONB30BaTh  MOOWIIBHBIC
paauoCTaHIIUK, COBMECTUMBIE IO YACTOTHOMY JUANa30Hy ¢ HAIPaBJICHHBIMU aHTCHHAMU, UMEIOIIUMHU
moutHocTh 0T 10 10 40 BT B 3aBUCHMOCTH OT TiTyOHHBI oAaBieHus rpynnuposku CPC.

Becy paboumnii amanazon mnomaBneHuss CPC momxkeH OBITh pa3OMT Ha IMOAIHANA30HBI
¢ mupuHO# monockl He Oonmee 10 MI'm. KonmuectBo cranmuit POIl Ha kaxaoM momnuama3oHe —
He MeHee Tpex. Hampumep, mist YKB muanazona ot 30 mo 108 MI'np konmuectBo cranumit POIIL
coctasisier 24. Ilepenatunku cranuuii POIl momkHel paboTaTh B HEMPEPHIBHOM pexUMe. YacTOThI
MEPeaTYNKOB TIOMEX JIOJDKHBI BEIOMPATBCS C IENBI0 TOSBICHHUS MaKCHMAaJIbHOIO KOJIHYECTBA
WHTEPMO Ty ISIIUOHHBIX COCTABJISIFOIIUX, T. €. BOJIM3U IICHTPAIBHBIX YaCTOT MOIHATIA30HOB,

[Ipu ucnonszoBanum B nepenatunkax POII n nmomasiasiembix CPC HeHanpaBleHHBIX aHTEHH,
HEOO0XOMMO BBITIOIHEHUE CICTYIOIIUX YCIOBHIA:

— MOIIHOCTh Tepenatunka POIl nomkHa OBITP HE MEHbBIIE MOIIHOCTH IEpelaTInKa
TMOJIC3HOT'O CUTHAJIA;

— paccTosiHUE OT TOJABIISIEMON paAroCcTaHIuK A0 nepenatunka POII momkHO OBITH MEHBIIE
u00 paBHO PACCTOSIHHIO OT MepeaTInKa MoJIe3HoN nHpopMaluu.

I'padmku pacdera 3aBHCHMOCTH TOPOTOBOM MOIIHOCTH CUTHala Pr Ha BXOJE NMPUEMHUKA
PaAMOCTaHIIMKM OT pacCTOsSHUS [ 10 TepeAaTyhKa IIOJIE3HOTO CUTHana (IepeaaTdyuka IToMeX)
C MOIIHOCTHIO OT 5 10 25 BT nmpencrasniensl Ha puc. 12.
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Puc. 12. Fpa(l)I/IKI/I 3aBUCHUMOCTH HOpOFOBOP'I MOIITHOCTHU CUTHaJIa Ha BXOEC IMPUEMHHUKA OT PaCCTOAHU

3akjoueHmne

Pazpaborannslii anroput™ no3sossieT 3hdekTuBHO ocymecTBATh nogasienne CPC c ITITPY
0e3 ompeneneHrs KOMMYECTBa TAKTHYCCKUX PaJHOCTAHIINN, UCTIONB3YEMbIX TPOTHBHUKOM, U 3aKOHOB
M3MEHEHHS UX pabounx yactor. B kauectBe cranimii POII BO3MOXKHO HCIIONE30BaHUE PaTUOCTAHIIHIA,
COBMECTHMBIX IO YaCTOTHOMY Juana3ony ¢ nogasisembiMu CPC.
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