AHANKU3 NMOMEXO3ALUMLLEHHOCTW PNC C NPUMEHEHVEM AUCKPETHO-KOAWPOBAHHbLIX MO
YACTOTE CUIHAIOB NMPU BO3AENCTBUN COCPEAOOTOYEHHOU NMOMEXMU

MNnékuH B.A., KameHcknn UN.B.

MockoBCkuin aBMaLMOHHBIN MHCTUTYT (ITOCyaapCTBEHHbIN TEXHUYECKUA YHUBEPCUTET)
125871, Mocksa, ['CI1, Bonokonamckoe Liocce, 4, kacdenpa «Paguonokaumm n pagnoHasuraumm»

Ona noBblweHua nomexosawmiieHHoctn PJIC HeobxoomMMo uMCnoOnb3oBaTb CUrHanbl C
bonblwon 6ason (CrnoxHble curHanbl). NpyM STOM NpPUMEHSIEMbIA PAOUONOKALMOHHBIA CUrHam [OOIKeH
obnagatb dyHkumen HeonpegeneHHoctn (®H) "kHonoyHoro" Buaa, T.e. obecneumBaTb BbICOKYHO
COBMECTHYIO pa3speLualoLllylo CnocobHOCTb MO 3agepXKe M AONMepoBCKOM 4acToTe U HU3KUA YpOBEHb
OOKOBbLIX FenecTtkoB B obnactu nbedectana TtpexmepHoro Tena ®H. B cBA3M c¢ 3TMM B KadecTBe
30HOVPYIOLLMX CWUrHamNoB npeanaraeTcs MCnofb3oBaTb OUCKPETHO-KOOUPOBAHHbIE MO 4acToTe CcurHanbl
(OKYC) nnn coctaBHble KYC (COKYC), a nmeHHo: nocneposatenbHoctn OKYC (MOKYC) n anckpeTHble
COCTaBHble 4aCTOTHblIE CUrHanbl C 4YacToTHOM MaHunynaumen (OCHYM). MaremaTtudeckoe onucaHue,
aHanu3 ®H u pekomeHgaumm no Bbibopy napameTtpoB OKYC n COKYC npmnBeneHbl COOTBETCTBEHHO B [1] n
[2]. B paHHom pabote npoBedeH aHanm3 nomexo3aiwimweHHoctn PJIC ¢ npumeHeHMeM OMCKPETHO-
KOAMPOBaHHbIX MO YacTOTe CMrHanoB Npu BO3gencTanm cocpenotodeHHom nomexu (CCI) [3].

[na cnektpanbHOM NNOTHOCTU MoOLHOCTM Bo3sgencTBytowen nomexn (CIMM) N(w), cpeaHsas

MOLLHOCTb MomMexu paBHa: P =LJ‘N(a))dw=J.N(f)df. Ecnu vHTerpan umeeTt KOHEYHOE pELLEHNE,
2r 5

TO NOMEXM TaKOro pofa HasbiBalTCA MOMEXamMu C OrpaHuveHHow molyHocTbio (MOM). Mpu BO3gencTBMM

MOM (Pp= const), nomexoyctonumnsocTtb PJIC onpenensieTcs He TOMbKO 3HEPrMen UCnosnb3yemMoro curHana,

HO 1 ero CTPYKTYPOW M HEKOTOPbIMU APYTMMY NapameTpamu, Hanboree BaXkHbIM M3 KOTOPbIX ABnseTcs 6asa

B. Mo cBoMM 4acTOTHO-BpeMeHHbIM cBonctBaM [1TOM MOXHO pasgennTtb Ha COCpPedOoTOYEHHbIE,

Y3KOMOOCHbIE, UMNYNbCHLIE U CTPYKTYPHbIE [3].

K cocpepotoyeHHbiM nomexam (CCI) oTHocATcs Takue, LUMpUMHA CnekTpa KOoTopbiX Fn
COBMagaeT C LUMPUHOW CMeKTpa MCNofb3yeMoro curHana Fc 1 nomexa MOSIHOCTbIO MepeKpbiBaeT CMeKTp
curHana.

Paccmotpm  nomexosawmweHHocTb  PJIC  npn  ob6pabotke LOKUC wn COKYC c
ucnonb3oBaHneMm ¢unbTpoB cxatmsa (PC), obecneumBalolMX KOrepeHTHOE JIMHEWHOE HaKoMseHne
3MeMEHTapHbIX UMMNYNbCOB (3NemMeHToB curHana). ®unetp coxatnsa gna OKYC (COKYC) npepcraenset
Habop MonocoBbIX PUNBTPOB, BbIXOAHBIE CUrHAasMbl KOTOPbIX 3a4€pPXXMBalTCA B COOTBETCTBMM C YaCTOTHO-
BPEMEHHON MaTpuULEn curHana m CyMMUPYIOTCA C Y4eTOM HadanbHOW dasbl 3fieMEeHTapHbIX MMMYMbCOB.
Kaxgblh nonocoBon unbTp cornacoBaH C OTAENbHbIM 3fIEMEHTOM CUrHana: paguouMnynbCoM C 4acToToM
3anonHeHust f, 1 nmeet nonocy nponyckaHus Afqe paBHyto 2/T, rae T — ANUTENbHOCTb 3MEMEHTapHOro
pagvoumnynbca.

Onpegenum HakonmneHHoe oTHoLWeHWe curHan / nomexa Ha Bbixoge ®C AKYC (COKYC). O6o3Haunm
yepes ¥, HanpshKeHne Ha BbIXOA4E 3NIEMEHTHOro COrfacoBaHHOIO unbTpa C HOMEPOM M, KOTOpPOe paBHO

CyMMe curHanbHon Uy, 1 NOMEX0BON COCTaBRSAIOWMX En: V), = Um +§m . MNonoxwum, 4To cpegHee 3HavyeHue

nomexn M[E,] = 0, a ee gucnepcua D[E,] = o.. Torna Mym] = Un, @ Dlym] = O Mpn nuHenHom
HaKOMMEHUN Ha BbIXOAE CYMMaTopa UMEEM:

Ny
Y=3y,=U+¢&,
m=1

Ny Ny
rae N — KONMMYECTBO HaKanmnMBaeMblX 3MEMEHTOB CUrHana, U:ZUm : §=2§m , M[Y]=U,
m=1

m=1

Ny
2 2 - o
D[Y] = zcm =0 ", nocnegHee crnpasennmeo npun ctatncTtn4eckon He3aBUCUMOCTU CIllydanHbIX BEJNTMYUH
m=1

& Torga oTHoLeHWe curHan / nomexa Ha BbIXOAe NTMHENHOTro KOrepeHTHOro HaKONMUTENs! PaBHO:

U2 No 2 No )
QBLIX = 2 = ZUm Zcm . (1)

o v=1 v=1
MaKCMMyM curHanbHom COCTaBJ'lFlIOLIJ,eﬁ Ha BbIX0o4e 3NneMeHTapHOoro cornacoBaHHoOro chanpa:
U,=vEq Hy

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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rae £, = P.T' — aHeprvsi anemeHTa curHana, He — noctosiHHas unbTpa, Pc — MOLHOCTb cUrHana
Ha Bxoge OC. [MonoXuMMm, 4YTO 3MEMEHTHbIA COrMacoBaHHbLIN (UIbTP WMMEET MOCTOSIHHBIA B MOnoce
nponyckaHusa Afqe Moaynb koadpduumneHta nepegayuun Ky n CrM nomexm N(f) = NHm . Torpa:

_ 2
Hy =2K; - Mo »
1e. U, =K 2P.T -Af, ., @ MOWHOCTb NOMEXM Ha BbIXOAE OMEMEHTHOrO COrNTacoBaHHOMO

cuneTpa paBHa P, =NHmK§ Mo =O';, rae N, — CIM nomexu B nonoce m-ro anemeHta curHana [3].
Taknm obpasom, popmyna (1) npuHUMaeT BUA:

2
(Vok 2T AR, ) N2o2RT

BbIX — N, Ny
Kg'Achb 'ZNHm ZNHm
m=1

m=1

()

BblUYnMCIIMM QgLix NPU OENCTBUMM COCPEOOTOMEHHON MOMEXM C paBHOMEpPHbIM cnekTpom. Ecnn
CCI aBnsaeTcsa HOopManbHbIM CryYalHbIM npoueccom ¢ paBHomepHown CIM B npegenax nomnockbl YacToT
JOKYC unn COKYC Fc, 3Has mowHocTb NMOM Pr, CIIM B nonoce Kaxgoro cCorracoBaHHOrO 3reMEHTHOro
dunbTpa 6yayT oaguHaKoBbIMU U paBHbIMU: N, =Pr/Fc.

Monoca 4actotT Fc ana OAKYC n COKYC 3aBucuT oT 3Ha4YeHnss macluTtabHoro koadpdpuumneHta
nonocbl M =AfT , Toe Af — war ceTkum cuHTesaTopa 4vactoT. B cnyvae OCYYM Fc 3aBucuT Takke OT

MacwTabHoro koadpmumeHTa nogHecywmx 4actotr Mp. [Mapametppl M u My gns  obGecneveHus
KOMMpoMUCCa Mexay paspeluatolier CcrnocobHOCTbIO MO 3adepxke M ypoBHem 6okoBbix nenectkos ®H
pekoMeHayeTcs BblovpaTb paBHbIMU eguHuue [1, 2]. Toraa B cOOTBETCTBUM C (2), Qprix NPUMET BUA;

- ana cnyydaa AKYC npu M=1 (Fc = (N+1)Af, No=N):

N? - 2P.T-(N+1)Af P, P
- =—S.2N(N +1)- AfT=—=-2N(N +1); 3
9 rix NP, P, ( ) T P, ( ) (3)
- ana cnyyada NAOKYC npyu M=1 (Fc = (N+1)Af, N3=LN ):
I[’N? -2P.T-(N+1)Af P. P,
= =—CS . 2IN(N +1)-AfT=—5-2LN(N +1); 4
9 rix LN -P, P, ( ) T P, ( ) (4)

- ana cnydas JCYYUM npu M=Mn=1 (Fc = (LN+1)Af, N3=LN ):

2 2
Tpx = LN"-2RT- (LN + DY =£-2LN(LN+ 1) AfT:P—C-zLN(LN+ 1);(5)
LN - P, Py, Py

roe N — paamepHocTb [IKHC, a L — konuyectso [OKYC, coctanaowmx MNOAKYC nnn JCHYM.

Takum obpasom, ucnonb3oBaHne [OKYC pasmepHoctn N B npucytctBum CCIT ¢ paBHOMEPHbLIM
CMEKTPOM ynydllaeT oTHOWeHMe curHan / nomexa Ha Bbixoge PC B 2N(N+1) pas, NAOKYC — B 2LN(N+1) pas,
a npumeHenne OCHYYM — B 2LN(LN+1) pa3 (npu Bbibope pekoMeHOOBaHHbIX 3HaveHun M=Mp=1). lo
dopmynam (3), (4) u (5) ana OKYC, NMNOKYC n CHYYM cooTBETCTBEHHO, paccynTaHbl rpacdmku 3aBMCUMOCTH
Qsbix OT OTHowWweHusA Pc /Pn Ha Bxoge ©C npu N =20, L =5 (puc. 1) n ot pasmepHoctu L COKYC npu Pc /Pp =-
30 ab n N =20 (pwuc. 2).

Ygem, OB
45[

40
35T
30
25

-30 35 40 —45&'[[5
Pr

Pwuc. 1.
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B cooTBETCTBMM C MOSyYEHHbIMU rpadMKkamMmm MOXHO cAenaTtb BbiBOA, O LienecoobpasHoCcTh
ncnonb3oBarHms JCHYM u MNAKYC ana goctuwxkeHus TpebyeMoro OTHOLLIEHUS curHan / momexa Ha Bbixoae
®C npu dukcmposaHHon pasmepHoctn N. lMpu atom pasmepHocTb COKYC L BbiGupaeTtcsa, mcxogos u3
Heobxogumoro nogaeneHuns BosgencTaytowen CCI.

Takum obpasom, NpoBedEeHHbIN aHanM3 nomexosawmuieHHoctn PJIC ¢ npMMeHeHMeM AMCKPETHO-
KOAMPOBAHHLIX MO 4YacTOoTe CUrHaroB MNpW BO3LENCTBUM COCPELOTOYEHHOW MOMEXM Mokasas, 4To npwu
pasvepHocTn OKYC N=20 pgocturaetcs BbIUIpbill B OTHOLLUEHUW curHan / nmomexa Ha Bbixoge dunbTpa
cxkartuma okorno 30 b, a gna NAKYC n OCYYM npu Ton xe pasmepHoctn N n L=5 Bbinrpbiw coctaenset 37
ob n 43 gb cooTtBeTCcTBEHHO. Kpome TOro, mokasaHo, YTo C pocTtoM konuyectBa OKYC L, Bxogawmx B
COKYC npu dmkcmpoBaHHoM N, HaMbOMbLUMIA BbIMIPbIL B OTHOLIEHWM curHan / nomexa obecrneuvvBaet
OCHYYM. Ha ocHoBaHUM nNOMNyYeHHbIX pe3ynbLTaToB MOXHO caenaTb BbIBOA O TOM, YTO C pPOCTOM
pasvepHocternr N u L [OUCKPETHO-KOAMPOBAHHLIX MO 4YacTOTe CUrHanoOB BbIMIPbIL B OTHOLUEHWM CUrHan
/nomexa 6ynet Bo3pacTarhb.
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ANALYSIS OF NOISE IMMUNITY OF A RADAR WITH APPLICATION OF FREQUENCY HOPPING
DISCRETELY-CODING SIGNALS AT ACTION OF THE CONCENTRATED INTERFERENCE

Plekin V., Kamensky I.

Moscow Aviation Institute (State Technical University)
125871, Moscow, Volokolamskoye highway, 4, Faculty "Radiolocation and radionavigation”

For boosting noise immunity of a RADAR it is necessary to use signals with large base (complex
signals). Thus the used radar signal should have "needle" character ambiguity function (AF), i.e. ensure high
joint resolution capability on a delay and Doppler frequency and low minor-lobe level in the field of a pedestal
of a three-dimensional skew field AF. In this connection as probing signals it is offered to use frequency
hopping discretely-coding signals (FHDCS) or composite FHDCS (CFHDCS), namely: sequences FHDCS
(SFHDCS) and discrete composite frequency signals with a frequency shift keying (DCFFK). Mathematical
exposition, AF analysis and the recommendations at the choice of parameters FHDCS and CFHDCS are
given accordingly in [1] and [2]. In the given article the analysis of noise immunity of a RADAR with
application of frequency hopping discretely-coding signals is carried out at action of the concentrated
interference [3].

Such concern to the concentrated interferences, width of which spectrum F, coincides width of a
spectrum of a used signal Fs and the interference completely overlaps a spectrum of a signal.

The noise immunity of a RADAR is considered at processing FHDCS and CFHDCS with use of filters
of compression ensuring coherent linear accumulation of elementary pulses (signal elements).

The carried out analysis of noise immunity of a RADAR with application of frequency hopping
discretely-coding signals at action of the concentrated interference has shown, that at dimension FHDCS
N=20 the prize in the signal / interference ratio on an output of the filter of compression about 30 dB is
reached, and for SFHDCS and DCFFK at the same dimension N and L=5 the prize makes 37 dB and 43 dB
accordingly. Besides is shown, that with growth of quantity FHDCS L, included in CFHDCS at fixed N,
greatest prize in the signal / interference ratio ensures DCFFK. On the basis of the obtained results it is
possible to make a lead-out that with growth of dimensions N and L of frequency hopping discretely-coding
signals a prize in the signal / interference ratio will increase.
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