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Pedepar: PaspabortaH 6nok 3awutbl OT NoAobHbIX MOMEX YCTPOMCTBA ObICTPOro nowucka
LWYMONOAOGHbIX CUrHamNoB, MOCTPOEHHbIX HAa MNCEBAOCYyYalHbIX MOCMNELOBaTENBHOCTSX MakcumarbHOro
nepuogaa.

1. B cBsA3n ¢ Habniogarollenca TeHOeHUMen NpMMEHEHUs B cucTemax nepegaym uHdgopmaumm
(CMW) onunHHbIX nceBgocnyyanHbix nocriegopatensHocTen (MCI) gna dopmupoBaHMsa WyMONoOo06HbIX
curHanos (LUMC), Bo3pactaeT akTyanbHOCTb MPOOSeMbl COKpalleHUs BPEMEHU YCTaHOBIIEHUSA KOOOBOW
CHXpoHmu3auun nckomoro LUMC ¢ npuemHbim yctponcTteom (1Y) [1].

OavH 13 BapuaHTOB peLleHus 3aaun npeasioxeH B [2], rae Ha OCHOBE MpeACcTaBIieHNs OBOUYHOWN
pekyppeHTHOl [MCIT MakcMmanbHOro nepuoda CrOXHOW Lenbo MapkoBa € [OBYMSI PaBHOBEPOSITHBIMMU
COCTOSIHUSIMA W MCMOJNb30BaHNS TEOPUWM YCIOBHbIX MapKOBCKMX MPOLECCOB MOMyYeHbl YpaBHEHUS
HenuHerHon dunbTtpauun LUMNC. PesynbtaThl uccrnenosaHui [3] NOMEXoyCTONYMBOCTU CUHTE3MPOBAHHOMO
B COOTBETCTBUM C YPaBHEHUSMU afjanTuBHOro MY ¢ HemnunHerHbIM unbTpom (HP) B ycnosusix aenctens
©enoro rayccoBCKOro LuymMa nokasanu 6ornee BbICOKYH0 3EKTUBHOCTb noucka BuHapHbix LWMC, yem B
aHanornyHblx yctpomcTteax boictporo novcka LUMC.

B peanbHbix CI/ Ha Bxoge kpome cobcTBeHHoro wyma 1Y gencTeytoT noMexu, pasnunyHble no
XapakTepy M MoWHOCTU. YcTaHoBrneHo [4,5], 4To ycTpoinctBa ObicTporo mnoucka LUMNC Hambonee
NMOABEPXKEHbl OEVCTBMIO MOLLHbIX CTPYKTYPHbIX MOMEX, MOZOOHbIX MONE3HOMY CUrHamy u Mno3Tomy
Ha3blBaeMbIX B nuTepartype nogobHeimn nomexamu (IM1). B gaHHbIX paboTax Takke OTMeYaeTcs, YTo B
undposbix CIMU ¢ WUMNC npaktuyeckn oTcyTcTBYOT adhdpekTuBHble MeToabl 6opbbbl ¢ M. Hawegwwui
pacnpocTpaHeHne KOMMNeHCaUNOHHbIN MeTo4 nofasrneHuns [6], oCHOBaHHbIN Ha BblgeneHun MMM ¢ nomoLbo
NnosiocoBoro ounbTpa M amniIMTYAHOrO OrpaHUYeHns], U3-3a HU3KOW TOYHOCTU OUEHKWM CTpykTypbl MM He
nossondaeT 4obuTbcs HagexxHon komneHcauum M.

2. PaboTta nocesiwieHa paspabotke 6noka 3awuTtsl oT 1IN agantneHoro MY ¢ H® npu coBMecTHOM
nencteum Ha Bxoge uckomoro LUMC, mowHeix MM n 6enoro rayccosckoro wyma. NoctaBneHHas uenb -
MakcumarbHO ucnonb3oBatb Ang 60pbbbl ¢ M1 ocobeHHocTn reHepaunn n obpaboTkm MNCI1 B uugposomn
dopme. PesynbTatbl nonydeHbl Anga cnydas, korga [ npeacrasnsoT cobon LUMC, nocTpoeHHble Ha
pekyppeHTHbIXx [CI1 makcMmanbHOro nepuoga C npaBuramu (QOPMUPOBAHWS, OTIIMYHBIMK OT MpaBuIl
dpopmupoBaHus MNCI1 nckomoro LUMC.

YuntbiBasi, 4to nckombinn LUMC n MM He3aBucMMbI U ncnonb3ys pesynbTathl cuHTe3a Y ¢ HO gna
noncka LUMC [2,3], NOCTPOEHHbIX Ha ABOUYHLIX pekyppeHTHbIX MCI1, no aHanormm nony4veHbl ypaBHEHUS
coBMecTHON cpunbTpauum nckomoro LUMC v MM

“kz+1 = [fk+1 (CDI) _fk+1(q)2 )] +il +Z(ﬁk ’ﬁii) + i{[fq(k+l) ((Dl ) _fq(k+1) (cD2 )] + ﬁqk tz, (ﬁqﬂ aﬁqii )} :

T Upyys Upy(ha) norapudmbl OTHOLLEHUS anoCTEPUOPHBLIX BEPOATHOCTEN AUCKpeTHoro napametpa LUMC

n g -n NN cooTBETCTBEHHO; ka(CDi), S gtk (q)i) (i=1,2) - norapudpmbl cyHKUMM npaBgonogo6ust

auckpeTtHoro napametpa WIMC un g -i MMM cooTBeTcTBEHHO; ﬁk, ﬁqk - SKCTpanonupoBaHHble Ha TakT

OLEHKN 3HAYEHUA Uy i iU, (41 (3HakM 1, n Uy OfHO3HAYHO OmnpenensioTcs KOMOVHaUMen NpUHATbIX
CMMBOIIOB, 3anncaHHbIX B PerncTpebl casura reHepatopa onopHow MNCI1 n onopHon ¢ -1 MMI1). XapakTepHoi
0COBEHHOCTBLIO ypaBHeHUsA dunbTpaumm auckpetHoro napametpa LUMNC aBnaeTcs Hanuuue cnaraembix
Z(uk,pﬁ) n oz, (uqﬂ,pkqﬁ), BKMOYaLmMx B ceba BCHO anpuopHyl MWHGOpMaumMio O CTaTUCTUKe
anckpeTHoro napameTpa mnckomoro LUMC v MM, a Dij+ Dyij (i,j = 1,2) - anemeHTbl MaTpuLbl BEPOSITHOCTY
nepexofoB 3a OAMH TaKT auckpeTHoro napametpa LUMC n g -n M, npuHuMmatowme 3HayveHns f?ij n f?qi]- B

pesynbTaTe agantauuu.
CuHTesmpoBaHHOe B COOTBETCTBMM C YypaBHeHueM [1Y ¢ H® pana 6eictporo nowucka LWIMNC ¢
napanneneHbIMW KaHanamMmmn oueHBaHMs napameTpoB Heckonbkux M 1 61okom nx komneHcauum yxe npu
uucne NN (O =3...5 npeacTaBnsieT CMoXHOe AN peanusaumm yCTporucTBo. YnpolleHus MY MoXHO 4oCTUYb
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BbIBOPOM TaKTUKM MOOYEPEAHOro OBHapyxeHust U uaMepeHus napameTpoB [, HauuMHas ¢ Hanbonee
mMoLuHow [1I1, u nocneaywowen ee KomneHcaumen. YcTponcteo (puc.1) coctouT 13 kaHana noucka (KIT)
LUMC wn 6rnoka 3awmtbl oT [, OCHOBY KOTOPOro COCTaBNSAET KaHan OOHapYy)XeHWs WU OLEeHUBaHUS
napameTtpoB (KOIM) TIM. BbasoBbin anroputm pabotel MY peanusyetcss UUGPPOBBIM  CUTHANBHBIM
npoueccopom (LICIT), amynupytowiero pewlawowee YCTPOWCTBO OOHapyXeHUs U pacrno3HaBaHus

(onpepenenns ko3addULMEHTOB ¢ nopoxaatowero nonvHoma [MCIM) uckomoro LUMC. Pa6oty KOM
KoopauHUpYeT nepudepunHbii LndpoBor curHanbHbeln npoueccop (MUCIT), peanusylowmnin anroputmsl

oOHapyxeHusl, pacno3HaBaHus (onpegeneHns KoapdunumeHToB éq nopoxgatowero nonmHoma [NCI1) un

oueHuBaHusa amnnuTyabl g -1 M.
B ncxogHom coctosiHum BKModeH pexum nouvcka I, Hanuune MMM drkecmpyeTca no npesbilleHnto
nopora anop B MUCIT, koTopbin nocne obHapyxeHus NI nepexoauT B pexuM CreXeHus!, OCyLLEeCTBSSA

oueHky amnnutygbl M meTogom Tekywero ycpegHeHus. 3atem B [MLUCIT BbipabaTtbiBatoTca curHan,
KOTOpbI B COOTBETCTBUM C HaWAEHHbIMU KO3 ULIMEHTaMU MOPOXAAoLWEro norMHoOMa qu 3anyckaet

reHepatop konuwm MM (I'TIM). 3atem MUCI BkNoyaeT pexum KoMmneHcauum ¢ nomoLLbio kritoda K nocne yvero
Ha BbluMTalOLWMIA BXO4 cymmaTtopa 22 Ha4yMHalT nocTynatb oueHkn 3HaveHun [1I1. MNepen BkOYEeHWEM

pexunma KoMneHcaunn napameTp agantaunn ﬁlj B K1 yCTaHaBMBaeTCA B Ha4dallbHOE€ 3Ha4YeHue p; =0,5.

WcuesHoseHue Ml onpeagensieTcss No yMeHbLUIEHUIO Py B KOl Hwke NoOporoBoro 3HauyeHusl, YTO CRYXWUT
cvrHanom gns nepeknoveHns KOMM B pexxum noucka MM nytem pasmbikaHus kntoda K.
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3. KauectBo pabotbl Y ¢ H® oueHnBanocb BEpPOSTHOCTbIO pacno3HaBaHUS Hi- 3HAYHbIX
kombuHauwmi cumeonos [MCIT nckomoro LUMNC p(m,ﬁl.l.), OLEHKM KOTOpbIX No3BonstoT pacnosHate MNCI1 un

onpegenutb  3agepxkky LUMC oTHoCUTENbHO HayamnbHOW 11 -3HAa4HOM KOMOWHaumu. [lo pesynbTatam
MOLENVPOBaHUST Ha PUC.2 MOCTPOEHbI Fpadvkv BEPOSITHOCTU pacno3HaBaHWA 71 - 3HAYHbIX KOMOWHaLUA

cumeonos [MCIM wuckomoro WUMC  p(m, f)l.l.) Ha Bbixoge apganTtmeHoro 1Y ¢ H® 6Ge3 komneHcaumm un ¢

komneHcaumen 1.
MopenupoBaHne MpoBOAMMOCE NpU crnefywwmnx ycrnosuax: a) gnsa uckomoro LWIMC creneHb

nopoxpatowero nonuHoma [CIM m=9, oTHOWeHne cmrHan-Luympg =-3 gb, 6) ana MMM creneHb

nopoxgatouiero nonuvHoma rCI1 m, =7; OTHOLIEHNs NoMexa-curHan jfm =6 ab (NyHKTUpHas nuHUA) K
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jfm =9 ab (cnnowHaga nuHua). [ns paccmatprBaeMbix criydaeB notepu ot genctsus 1 coctasnaoT 8 ob

npu ]',27,7 =6 npb v 14 gb ans ]',27,7 =9 pb. 3a cuyeT BBeOeHUSA KOMMEHcaUMM Ha OCHOBE OLleHUBaHUSA
CTpyKTYpbl M amnnutyasl NN notepu cHusnnucs go 1,5-2 ob.

4. OCHOBHbIM Y3II0M YCTPOWCTBA ObICTPOro novcka un 6roka 3awutbl oT M1 aBNseTcs aganTUBHBIN
H®, koTopbin onpegensieT OCHOBHbIE 3aTpaTbl HA UX peanu3auuio M OKasbiBaeT pelualoliee BO3AENCTBME
Ha ckopocTb nowucka LUMC u MM, OueHnm GbICTpoOENCTBME U annapaTypHble 3aTpaTbl Ha peanu3auuio
agantneHoro HO. [1na BblMMCHEHUS HENMHENHON DYyHKLMK BblOpaH TabnnyHbii cnocob peanusaumu, npu
KOTOpPOM 3HayeHusi yHkumm xpaHstca B [13Y. CpaBHuTenbHble pacdeTbl annapaTypHbiX 3aTtpaT Ha

peanusaumto agantmeHoro H® Ha FPGA npuBeeHbl HuxXe.

HaumeHoBaHue anemeHta HP XC4000 FLEX10K

16-pa3sp. cymmaTop Ha Tpu Bxoaa, CLB 18 32
16-pa3p. 6ydepHbii pernctp, CLB 8 16
32-pasp. pernctp casura, CLB 16 32
32 n 16-pasp. mynbTunnekcopsl 2-1, CLB 24 -

32-pasp. cymmatop no moaynio 2, CLB 6 12
KombuHaumoHHas noruka, CLB 4 8

Bnok BblYMCNEHUs HEMMHENHON DYHKLIMK Z(ﬁk ,ﬁii), CLB 192 40
Briok aganTBHOro oUeHVBaHUs napameTpa pj 40 55
WUtoro, CLB 308 195

O6u.|,ee BpeM4A 3aepXKK1 BbIXOAHOINo oTcyeTa B aganTMBHOM H® coctaBnser
= TC()G +T M002 +T 66HG 1T T s ao

K cym
roe T, - 3apgepxka npu casure B PrC; T, 5, - Bpems 3a4epxkn B 32-BX0[0BOM CymMMaTope no Mofysio

nBa; TK - 3afepXKka MnepekniyeHna B Krko4ax; T56H¢ - BpemMd CYUTbIBaHUA 3HaA4YeHUsA HenvHernHon

dyHkumm 13 M3Y; T, - BPeMsi CyMMUPOBAHUS B TPEXBXO[OBOM CYMMATOpe C YCKOPEHHbLIM MEPEHOCOM;

Tad - BpemMsA BblHUCIIEHNA HOBOIo 3Ha4eHuA pif .

PacueTbl nokasanu, 4To obLlee BpeMsi 3afepXku npu peanusaumm agantusHoro H® Ha FPGA
cemenctBa XC4000(-3) dompmbl Xilinx coctaensiet 80 Hc, a Ha FPGA dwmpmbl Altera FLEX10K(-3) - 68 Hc.
[obutbcsi noBbIWEHNsT CKOpOCTM paboTbl aganTtMBHoro H® B aBa-Tpu pasa MOXHO ucnonb3ys FPGA
cemenictBa XC4000 ¢ 3agepxkoin meHee 1 Hc.
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The abstract: the block of a protection against similar jammer for the device of fast search of
pseudonoise signals built on pseudo-random sequences of maximum period is developed.

1. It is established [1,2], that the device of fast search of pseudonoise signals (PNS) is very critical
to presence jammers, similar (SJ) to a signal. It is marked [1,2], that in digital systems with PNS practically
there are no effective methods of supression of SJ.

2. The report is devoted to development of the block of a protection against SJ in an adaptive
receiving device (RD) of PNS with a nonlinear filter (NF) [3]. PNS in combine with high-power SJ plus
additive white Gaussian noise is present on an input. The basic purpose of development is the maximal use
of advantages of digital signal processing. Let's suspect, that PNS and SJ are independent. We shell use
results of synthesis RD with NF for search PNS [3], constructed on binary recurrent pseudo-random
sequences (PRS). Let's write down the equations of a joint filtration

Y
“kz+1 = [fk+1 ((Dl)_fkﬂ (¢2)] +ﬁk +Z(ﬁk’ﬁii) + zl{[fq(k+1) (CD1 ) _fq(k+l)(q)2) + ﬁqk tz, (ﬁqﬂ Dﬁqii )} .
q=

Synthesized RD with NF for fast search PNS with parallel path of parameters estimation SJ is very
complex. We must simplify this device. With this purpose the serial detection and measurements of
parameters SJ, was used, starting with the most powerful SJ. Next SJ is compensated. The block of
protection is based on the path of detection of parameter of SJ. The basic algorithm of work RD is realized
by the digital signal processor (DSP), emulating algorithm of recognition of PRS of a signal. The Operation
of the path of search SJ is controlled by peripheral DSP, realizing algorithms of detection, recognition and
estimation of amplitude of ¢ -th SJ.

3. The simulation was made under following conditions: a) for PNS a degree of a generating

polynomial PRS m = 9 signal-to-noise ratio pf, =-3dB, 6) for SJ - m,, = 7; the jammer-to-signal ratio jf, =
6 dB (dashed line) and jsz, = 9 dB (solid line). The losses from a presence of SJ ware 8 dB for jf, = 6dB

and 14 dB for jsz, = 9 dB. At the expense of introduction of compensation on a basis of estimations of

structure and amplitudes of SJ the loss have decreased up to 1,5-2 dB.

4. Basic unit of the considered devices is adaptive NF, which determines the basic costs of their
realization and speed of search. The implementation adaptive NF with the use of FPGA requires: a) 308
CLB (XC4000), b) 195 CLB (FLEX10K). The counted general time of delay of output readout in adaptive
NF at implementation on FPGA is in the range of: a) XC4000 (-3) - 80 ns, b) FLEX10K (-3) - 68 ns. The
increasing of speed of work adaptive NF from two to three times is possible with using FPGA of family
XC4000 with a delay less than 1 ns.
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