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3arpyxeHHOCTb paguoamanasoHa B cCOYeTaHuu C HeobXoaMMOCTbIO OBecneyeHust CKPbITHOW Wt
NMOMEXOYCTOMYMBOW  CBA3M  0oOycnoBunu  pas3paboTky HOBbIX CUCTEM CBSA3M C  KOOUPOBKOW
LLUMPOKOMONOCHBIMW NCeBAOCNYyYanHbIMKU curHanamm [1]. B Takmx cnctemax Bce nonb3oBartenu paboTaioT B
O[JHOM 4aCTOTHOM Anana3oHe, bonee LLIMPOKOM, YeM B Crnyvae TPagMLMOHHbIX CUCTEM CBSA3WN C YaCTOTHbIM
pasgeneHveMm, HO Kaxabli M3 HUX WCMNOMb3yeT CBOW WMOEHTUMUKALMOHHBIA KOO WU CBOK KOOOBYIO
nocnegoBatenbHocTb. [lpn 3TOM Ha BXO4 MPUEMHOrO YCTPOWCTBA MWHAMBUAYaNnbHOrO Mofib3oBaTens
NpUXoaAT He TONbKO OObIYHbIE MOMExXV (ONYKTYauMOHHON MpUPOAbl, HO U CUrHanbl Apyrmx abOHEHTOB K
CWrHambl MHOFOMY4YEeBOro pacnpocTpaHeHus. B cuny aToro cosgaHne cucTemM CBSI3M C  KOAOBbIM
pasgeneHvem kaHanoB TpebyeT pa3paboTkM MOpOoXAaloWMX anroputMoB Ans (hOPMMPOBAHMS CUCTEM
KOOMPYIOLWNX CUrHanoB ¢ 60MblWMM 06GBEMOM U WUCCNEAOBaHMS UX CTAaTUCTUYECKUX U KOPPENALMOHHBIX
CBOWCTB.

lMpyMmeHeHne xaoTnyeckux MOpoOXAalLWmnX anroputMoB obecrneynBaeT BO3MOXHOCTb HOBOrO
noaxona K (bopMMPOBAHMIO XaOTUYECKMX MOcrneAoBaTENbHOCTEN, KOTOPble MOryT OblTb UCMNONb30BaHbI B
KayecTBe cucTeM curHanoB ¢ 6onbInM 06BbEMOM AN MOBUNBHBLIX CUCTEM CBSA3W C KOAOBbLIM pasgeneHnem
aboHeHTOB. Co3gaHue 6Gonbloro aHcambna OuHapHbIX  XaoTUYECKMX KOAOB  OCYLLEeCTBAsieTCA
PEKYPPEHTHLIM OUCKPETHLIM MaTeMaTuyeckum anroputmom [2]. B obwem Buge oguH U3 Takux anropuTMoB
MOXET ObITb NPEeACTaBNEH CUCTEMONM YPaBHEHUN
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Ha OCHOBe KOTOpOIZ BbIHYMNCNAKTCA XaoTu4ecCkme npouecchol yg B HepaBHOBeCHOVI OVWHaMMYEeCKOn cucTeme C

3anasgbiBaHnemMm. 3pecb F(xy)-HenuHenHas yHKuua npeobpasoBaHud, napameTp h  osnavaer war
avnckpetusaumm no Teopeme oTcdeToB KoTemnbHukoBa, a uenoe uucrio N onpegensieT KonmyecTBo
OTCYETOB Ha BpeMeHU 3anasgbiBaHus B JMHAMUYECKON CUCTEME.

B CBY- guanasoHe paspaboTtaHa M 3KCMEpUMMEHTanNbHO WUCCregoBaHa Mogenb Mogema ansd
LLIMPOKOMOMOCHOW CUCTEMbI CBA3M C pacLUMpeHMeM CreKkTpa Ha OCHOBE MOCTOBOM CxeMbl hasoBpallaTtens
¢ dmkcnpoBaHHbiM casurom ¢asbl ¢=Tt [lepeknoyeHne asocaBuraroLLmMx OTPEe3KOB MUKPOMNONOCKOBON
NIVMHUN NPOM3BOAMTCS BbICOKOYACTOTHBIMWU P-i-N AuodaMu C ManbiM BpemMeHem penakcauuu. [dunanasoH
nepectponkn paboyen yactoTbl ANA MOAEeMa nMpeBblllaeT OKTaBy. YnpasneHue p-i-n  anogammu
OCYLLECTBNSAETCA XaoTMYeCKUMU OuHapHbIMM KOOaMK, KOTOpble (DOPMUPYIOTCS MNPOrpaMMupyembiM
UMPOBLIM MPOLECCOPOM COMMacHO XaoTuyeckoMy anropuTtmy. [Onsa kaxgoro aboHeHTa nporpamMmHbIM
cnocobom ycTaHaBnMBaeTCs COOCTBEHHbI XaoTUYeCKUn KoA 3a cyeT Bblbopa N- MepHOro BekTopa
HayanbHbIX OTCYETOB, KOTOPLIN SIBNSETCA NAEHTUHOUKALNOHHBIM NapaMeTpoM aboHeHTa.

OKcnepuMMeHTanbHO uccrnegoBanacb MNOMEXOYCTOMYMBOCTb MOAenu TepMuHana Ha OCHOBe
LWymonogobHOM Hecyllen, B KOTOPOW Ans nepefady MHgopMaumn npuMeHanncbs buHapHble xaoTnyeckue
curHanbl. OHM hopMupoBanmcb KOAepoM, CObpaHHbIM Ha OCHOBE COBPEMEHHbIX LUGPOBLIX MHTErpanbHbIX
Mukpocxem [3,4].

Cxema akcnepumeHTa npeacrtaBneHa Ha puc.1, roe obosHadeHo: CBY-reHepatopbl curHana u
nomexu-1 n 2 cooTBeTCTBEHHO; da3oBble moaynaTopbl ®M;, ®M, n ®Ms- 3, 4 n 5; kopepnl 6 n 7; CBY-
cymmaTop- 8; perynupyemasi NuUHUSA 3adepxku- 9; nepepawowasi M npuemHaa CBY-aHTeHHbl- 10,11,
aHanusaTtop cnekTtpa-12. Kogepbl peann3oBbiBany OAMH M3 anropyMTMOB FeHepauun Krnacca XaoTUYeCKMX
CWrHamnoB Tuna npuBegeHHOro Bbille.

PacwunpeHne cnektpa nepegaBaemoro curHana ot CBY-reHepatopa (1) npowsBogunocb c
nomoLLblo MUKposonHosoro mogema ®M; (3). CBY curHan Ha cpepgHen dactoTe Fg, noctynan Ha Bxof
Mogema, YyrnpaBfeHMe KOTOpPOro OCYLLECTBNSANOCh XaoTU4YecKom OuHapHOW MnocnegoBaTesibHOCTBIO
uMnynbcoB oOT koaepa (6). B pesynbtate Ha Bbixoge ®PM; (3) Habnioganca LWymMoBOM curHanm c
HenpepbIBHbIM CMEKTPOM.

B akcnepumeHTe no onpefeneHuto nomMexoyCTOMYMBOCTU UCMONb30OBanuCb ABa Buaa MNOMEX:
cvHycoupanbHaa nomexa, 6nuskas no 4vactote Kk nepegaBaemomy CBY-curHany, v wmpokononocHas
rnomexa, corfiacoBaHHasi Mo ChOekTpy C nepefdaBaembiM curHanom. LlupokononocHas nomexa
dopmupoBanacb C MOMOLLLID MUKPOBOMNHOBOro Mogema OM, (4). YnpasneHue wmogemom (4)
OCYLLECTBNANOCb OTAENbHbIM KofepoM (7) C TOW e TaKTOBOW 4acTOTOW, YTO M y koaepa(6) nepegatymka.
Kooupytowme nocnegoBsatenbHoctn oboumx kogepoB (6) M (7) HeEKOpPpeEnNWpoBaHbl BO BPEMEHW.
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OKCNEPUMEHT  BBIMOMHEH MPW  CUHXPOHW3ME  KOAMPYIOLLMX MocnefoBaTenisHOCTER AN MOAEMOB
nepegaryvka v NpMemMHuka, Yto obecneumBanock NpUMeHeHNeM perynmpyemon 3agepxku (9). ObpartHoe
KOrepeHTHOe cxXaTune No YacToTe NPUHSITOro curHana npoM3Boaniock MoaeMoM (5) B cxeme npuemMHuKa.
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B kauecTBe KpuTepus NOMexoyCTOMUYMBOCTM MPUHMMAnNoOCh MpeBbLILLEHNE CBEPHYTOrO cuUrHana Ha
BbIXOZ€e NMPMEMHOro ycTporncTtea (12) Hag WyMOBbIM (POHOM B 3aBMCUMOCTW OT OTHOLUEHUSI cuUrHan /momexa
Ha BXoAe NpueMHuKa.

lNpn BO3OENCTBMM Y3KOMOSIOCHOW MOMEXM CMEKTP CYMMapHOro curHama v MnoMexu Ha Bxopge
NMpMeMHMKa MMeEeT BUA HENPEpPLIBHOrO B NMOSIOCE LUMPOKOMOMOCHOTO LWyMa, COOTBETCTBYIOLLErO NPUHATOMY
CWrHamy C pacliMpeHMeM CnekTpa, Hag YPOBHEM KOTOpPOro BO3BLILAETCS CuHycouAarbHas nomexa.
Oekogep ®M; obecneunBaeT CBepTKY M BbiaeneHne nonesHoro curHana. OgHOBPEMEHHO MMeeT MeCTO
“pas3mbiBaHNE” MOLLHOCTU Y3KOMONIOCHOM NOMEXV MO ChekTpy BO BCeW Monoce, npespallasi rnomexy B
LLYMOBOW NbefecTarn, Hag KOTOPbIM BO3BbILLAETCSH CBEPHYThIN MHPOPMALVNOHHBINA CUrHan.

LnpokononocHasi nomexa opmMumpyeTcs Npu NpoxXoXxaeHun curHana reHepatopa (2) yepes ®M, un
Ha BXoe NpUeMHMKa ee CNekTp NpeacTaBnsaeTcs B BUAe LUMPOKONONOCHOr0 HENPEpPbIBHOrO LyMa, BHELLHE
noao6HOro WymMoBOMY CMEKTPY UHOpMaLIMOHHOro curHana Ha Beixoge ®M;. CymmapHbI cnekTp curHana
M LUMPOKOMOJSIOCHOM MOMEXM Ha BXoAde NpUeMHUKa MMeeT BuA HEMpPEpPbIBHOIO B MOMOCE LLIMPOKOMOSIOCHOrO
WyMa v nokasaH Ha puc.2a. CnekTp Ha BbIXOA4Ee MPUEMHOro YCTPOWCTBa B pe3ynbTarte cBepTkn B PM; ans
OTHOLLIEHMS MOLLIHOCTE Nomexa / curHan Ha Bxoge, pasHoro 10 ob, npeacraeneH Ha puc.20.

Ha puc.3 npeacraBneHbl pesynbTaThl USMEpPEeHUst OTHOLWEHMST curHan / nomexa (S./ Sy) Ha Bbixoae
NMPUEMHOro YCTPOWCTBAa B 3aBMCMMOCTM OT COOTHOLLEHWUS] YPOBHEW MOMEXM M MH(OPMAaLMOHHOIO curHana
Ha Bxoge npuemHuka (S, / S.) Ana OBYX BMAOB MOMeEXM: y3KororiocHon (1) M MPOKOMNONOCHoOW (2).
MpenenbHas MNOMEXOYCTOMYMBOCTL [Af1 CUCTEMbl CBSI3W C paclUMpeHMeM CchekTpa onpegensietcs
OTHOLLEHMEM curHan/nomexa Ha BXoAde MpUEeMHMKA, MNpU KOTOPOM BOCCTaHOBMEHME nepeaaBaemMon
WHpopMaLMM CTaHOBUTCHA HEBO3MOXHbLIM MPU 3a4aHHOM BPEMEHUN yCpeaHEHNS.
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PesynbTaTbl 9KCNEpMMEHTOB MOKasbiBalOT, 4TO Ana oboux TWUMOB MOMeEXM npefenbHasi
NomMexoycTomunBocTb coctaenseT [R5 gb. lNpu nepepade wHpopmaumm ucnonb3yeTca HenpepbiBHadA
Henepuoguyeckas KoOAMpylllasi XaoTuyeckasd nocrnefoBaTenbHOCTb, peanu3oBaHHas Ha MpakTUYecKku
HeorpaHW4YeHHOM WHTepBarne BpeMeHW. TakMm cnocoboM peanuayeTcs OUHaMmMyeckas CMeHa KOAOB B
TeyeHMe BCero BpemeHW nepefavm pfAaHHbix. CornacHo LUeHHOHY B 3TOM cnydae npakTU4ecku
UCKNIOYaeTCsl BO3MOXHOCTb  KpUMTOrpauyeckoro packpbitnuss  cooblieHusa [5]. 3ToT pesynbTat
CBMAETENbLCTBYET O MNOTEHUMANbHbIX BO3MOXHOCTSIX MPUMEHEHNS UCCneayeMon CUCTEMbI C pacLlUMpeHnem
CMeKTpa Ha OCHOBE XaOTUYECKMX KOOOB B MHOFOCTAHLMOHHBLIX MOOGUMBbHBLIX CUCTEMAaX CBSA3M C BbICOKOW
CTeneHbl KOHPUAEHUNANbHOCTL.

MNcecnepoBaHus BbIMOJTHANNCH npu ¢mHaHcoBoOM nogaepxke Poccunckoro  doHaa
dyHOameHTanbHbIX nccnegosanun (npoekt Ne 98-07-90299 n npoekT Ne 00-07-90147).
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NOISE-IMMUNITY OF A COMMUNICATION SYSTEM WITH SPREAD SPECTRUM ON THE BASIS OF
CHAOTIC BINARY CODES
Belyaev R., Kalinin V., Kolesov V.

Institute of Radioengineering and electronics RAS
Moscow

In microwave band there was investigated experimentally a model of radioterminal on the basis of
noise-like carrier with transmitting information by using binary chaotic sequence.

It is shown on Fig.1 experimental circuit where it was designated: microwave oscillators of
information signal - 1 and noise signal -2; phase modulators ®M;, ®M, , ®M; -3, 4 and 5; coders of binary
chaotic sequence —6 and 7; microwave adder- 8; controlled line of delay-9; transmitter's and receiver's
antennas- 10, 11; analyzer of spectrum —12. The coders have been realised with one algorithm of the class
generating chaotic signals.

The spreading spectrum of signal in microwave band arriving on an input of phase modulator ®M;-
(3) was accomplished by driving of this one with chaotic binary pulse sequence forming by the coder (6). As
result of this action on the output ®M; there were observed noise signal with a continuous spectrum in a
wide frequency band.

There were used noise of the two type- narrow-band and wide-band. The first one of them was a
monochromatic signal of the microwave oscillator (2) which pass through the phase modulator (4) when the
coder (7) was switched off. The last was formed in passing monochromatic signal through the phase
modulator (4), on which at the same time there have been arrived the driving chaotic binary sequences of
coder (7) uncorrelated with analogic controlling sequences used for spreading spectrum of information
signals. On the output of phase modulator the spectrum of the wide-band noise has an appearance just as
a wide-band continuous noise. The combined spectrum of the information signal and the wide-band noise
on the receiver’s input is similar to one seen on the Fig.2a. An example of the spectrum on the output of
receiver device is shown on Fig.2b. This spectrum is the result of convolution of the input signal in ®Mj; (5)
for relation noise / signal on the input being equal to 10 dB .

As it can be seen on Fig.3 a limited noise-immunity for both type of noise is nearly 25 dB. In this
case the continuous unperiodic coding chaotic sequence was realised on practically unlimited time interval.
So there was realised a dynamical code replacement for transmitting data.




