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Pedepat. PaccMoTpeHBI TepCcrieKTHBHBIC HAPABICHHS Pa3BUTHUSI CHCTEM Iepeiadd HH(POPMAILUH, HCIIOJb3YIOIIHX CII0KHBIE CHIHAIIBI C
Oonproi 6a3zoif. OOCY)XKIAIOTCS MPEUMYLIECTBA CUCTEM CBSA3M C PACUIMPEHHEM CIEKTpa. B MHKpPOBOIHOBOM JHMama3oHE 4acTOT MpEIOKEeHa
anmapaTHas peaqn3alys MOAEMa, OCYIIECTBIISIONIEr0 PacIMpEHNe U 0OpaTHOE CHKAaTHE CIIEKTpa HEMOCPEICTBEHHO Ha HECYIIeH 4acToTe CUTHAIA.
dazoBasi MAaHMIYJALMS NEPEeIaBaeMOro CHTHaja HMPOW3BOIHUTCS C HCIONB30BAaHHEM XAOTHUYECKHX OMHApPHBIX KOIOB, KOTOpHIE (hOPMHPYIOTCS
1poBEIM IporieccopoM. PeanmsoBan croco6 mepemaur MHOOPMALUM C MOMOIIBI0 XaOTHYECKMX KOJOBBIX CHIHAJIOB. DKCHEPUMEHTAaIbHO
HCCIIEIOBAHO BIMSIHHE 3aJePXKKH KOJa Ha IPOoLiece BbIIEICHNS HH(GOPMaUK P CBEPTKE IPHHATOro curHana. [lokasaHo, 4ro nugposas cucremMa
CBSI3M C PACHIMPEHUEM CIIEKTpa M JUHAMHYECKOH CMEHOW XaOTHYECKHX KOJIOB 00JNaJaeT BHICOKOH ITOMEXO3AIUMIICHHOCTHIO M IOBBIMICHHON
KOH(HICHIIMAIBHOCTBIO IPH TIepeiade JaHHBIX B YCIOBHSX CIOXKHOM 3ICKTPOMarHUTHOI 0OCTaHOBKH.

1. BBenenue

IIIupOKOOIOCHBIE YCTPOWCTBA CBSA3HM C DACHIMPCHUEM CICKTpa HAXOIAT Bce OoJbllce NPUMCHEHHE B
TEIEKOMMYHHKAIIMOHHBIX CHCTEMaX Pa3InYHOro Ha3Ha4YeHUs. [Ipu (ha30oBOi MaHUITYIISIIUU TICEBOCTYYAHBIM KOJIOM
nocturaetcs 3QpQeKTUBHOE paCIIMPEeHUE CIEKTpa MepeaBaeMbIX CUTHANOB. LIIMPOKOMONOCHBIE CHCTEMBI ¢ HHU3KOU
CICKTPAIBLHON IUIOTHOCTBIO M3IIyYCHHS O0JAaNAIOT AJICKTPOMATHUTHONW COBMECTUMOCTBIO C APYTHMMHU OJHOBPEMCHHO
paboTaOMMMK CPEACTBAMH U B TOM YHUCIIE C Y3KOITOJIOCHBIMHU.

Cr0>XHBIE CUTHANBI C PaCIIUPEHHEM CIEKTpa Ha OCHOBE XaOTHYECKUX KOIOB CI0KHO OOHApYKHUTH B dpupe U
BBIICIUTh W3 HHUX TIOJIE3HYI0 WH(GOpPMAIMIO OOBIYHBIMH CPEICTBAMH paIHOIlepeXBaTa, BEAYIIMMH IIpHeM 0e3
KOZOBOTO CXAaTWS CHTHAJIOB BO BpeMeHH. JIm CHCTEeM CBS3M C KOJOBBIM DACHIMPEHHWEM CIIEKTpa yaaeTcs
OCYIIECTBUTh CTATHCTHUECKOE pa3/eleHHe Jydeld IPH MHOTOIYYCBOM pPACHpPOCTPAHEHHH CHTHAJIOB, YTO OCOOCHHO
BOXHO JUISI YCTOWYMBOW MOOWIBHOH CBSI3M B YCIOBHSX IUIOTHOH TOPOACKOW 3acTpoiikw. BoccTaHoBieHUE
nHpOpPMAMH TPHU CBEPTKE BO BPEMEHH IIMPOKOMOJOCHBIX CHTHAJOB BO3MOJKHO, KOTJa HMHTCHCHBHOCTH
MPUHUMAEMBIX CHUTHAJIOB 3HAYUTEIBHO MEHbLIE MoMeX. BricoKkas MOMeX03alUIlIeHHOCTh CUCTEM CBSI3U C KOJIOBBIM
pacIIupeHHeM CIEKTpa MO3BOJISET HAICKHO OCYIICCTBIIATH MEpeady COOOMCHUN TP CIO0KHOHW AIEKTPOMArHUTHOM
00CTaHOBKE.

2. MaTremaTu4ecKne aJITOPUTMBI JIs1 CO3AaHUSI OMHAPHBIX Xa0THYECKUX KOJI0B

Wnentndukanus cooOmEeHnii COOCTBEHHBIM KOJOM IIO3BOJISIET OCYIIECTBHTH KOJIOBOE pa3leiieHHe U
KOZOBYIO aJIpecalio Uil BCeX a0OHEHTOB B CETH CBs3W. basa curHama ompeneiseT peanbHbIii 00BEM CHCTEMBI
CHTHAJIOB M XapakTepH3yeT NMOMEXO03aIIHIIEHHOCTh CHCTEMBI CBSI3M C pacmmpenneM cruekrpa. Co3maHue OOIBIIOro
aHCcaMOJIs OMHAPHBIX Xa0THYCCKHUX KOJIOB OCYIIECTBISICTCS IPOCTHIM MAaTEMAaTHYCCKUM aITOPUTMOM BHUJIa

Vi =sign[ F(x; )]

Xy =(1—exp(=h))sign[ F( x;,_y )] +exp(=h )x;,_; " M

Ha OCHOBC KOTOPOT'O BBIYHCIIAKOTCA XaOTUYCCKHUC MPOLCCCHI y; B CUIIBHO HepaBHOBeCHOﬁ ILHHaMH‘ICCKOﬁ CUCTCEMC C

3amazgsiBanueM [1]. 3xecs mapamerp h osnauaer war JICKPETH3aINH 110 TeopeMe oTcueToB KoTenpHNKOBa, a 1menoe
grcao N ompeznemnseT KOJMYECTBO OTCUETOB HAa BPEMEHH 3alla3IbIBaHUA B TUHAMHYECKOH cumcreme. KommdaecTBo
oTrcueToB N Ha BPEeMEHH 3ara3/AbIBaHUs SBISIETCS PA3MEPHOCTHIO BJIOXKEHUS 1711 MHOXKECTBA XAOTUYECKUX KOJIOB Yy TIO
Teopeme TakeHca O PEeKOHCTPYKUUHU TUHAMUKH [2]. Xa0THUEeCKUI KOJ y; MOJHOCTHIO BOCIIPOU3BOJAUTCS] B IPUEMHOM
YCTPOMCTBE TPH TOYHOM 3aJaHWU N HAYAIbHBIX OTCUCTOB [UIA HOopokmaromiero aimroputma (1). Ilpu HeTouyHOM
3aJJaHMM HAYaJILHBIX OTCUCTOB Ja)X¢ Majas OIIMOKa MPUBOJIUT K IKCIOHCHIUAIFHOMY PACXO0XKICHHIO BO3MYIICHHON
Y 331aHHOM TPaeKTOPHId U IO UCTEYEHUH MAJIOTO BPEMEHHU BO3MYILEHHBIA KOJI MMOJHOCTBIO OTJIMYAETCS OT 3alaHHOTO
koma. Ilpm STOM BOCCTaHOBIEHHE IepedaBaeMoi HMH(OpPMAIi Ha OCHOBE BO3MYIIEHHOTO KOJa CTaHOBHTCS
HEBO3MOXHBIM. To4HOE 3amanne N Ha4aJbHBIX OTCUETOB OIpENeNseT UACHTH(UKATOp aOOHEHTa W OJHOBPEMEHHO
ABJISIETCS KITIOYOM IIPH BOCCTAHOBIICHUN KOH(DHUACHITNATIFHOTO COOOIICHHIS.
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3. CTtpykTypa moaema npu nugpoBoii 00padoTke CUTHAJIOB

B MHKpPOBOTHOBOM [mama3oHe pa3paboTaH MOJAEM Ha OCHOBE MOCTOBOI cxembl (hasoBpamarens c
(UKCHPOBaHHBIM CIBUrOM (pa3bl Ha OJHO M3 BO3MOXKHBIX cocTOsSHMH ©=7/2, /4, /8, w/16 [3]. Ilepeknrouenue
(ha30CcABUTAIOIINX OTPE3KOB MUKPO MOJIOCKOBOW JIMHUHM MPOU3BOIUTCS] BEICOKOYACTOTHBIMH p-i-1 JUOJAMH C MaJIbIM
BpPEMEHEM peJlaKcallii He NPEBBIIAIOIIM 5 HaHOCEKyH[. J[nama3oH nepecTpoiiku paboueil 4acTOThl Juil MojeMa
NIPEBBIIIACT OKTaBy. YNpaBICHHWE p-i-n AMOJAMHU B cXeMe (ha30BpaliaTessi OCYIIECTBIACTCS XaOTHYECKUMHU
OMHApHBIMU  KOJaMH, KOTOpble (DOPMHUPYIOTCS NPOrPaMMHUPYEMbIM LU(PPOBBIM  IIPOLIECCOPOM  COIJIACHO
Maremaruueckomy anropurmy (1). Jlns kaxgoro aboHeHTa IpOrpaMMHBIM CIIOCOOOM yCTaHABJIMBAETCS COOCTBEHHBIN
Xa0THYECKHH KOJI 33 CHeT BbIOOpa N- MEPHOTO BEKTOpa HadyaJIbHBIX OTCUETOB [4]. MHOTOMEpHBII n(poBoii Maccus,
3aJal0MMil  BEKTOp  HAadaJbHBIX  OTCYETOB,  SBIAETCS  WACHTU(HKALMOHHBIM  IapaMeTpoM  abOHEHTa.
[TporpammupyemMelii  komep At (GopMHpPOBaHMS HWHIAWBUAYANbHBIX XaOTHYECKMX KOJOB CO3J4aH Ha OCHOBE
osicTpoaeiicTByromieid [TJIMC-TeXHOTOTHH.

4. llepenauya nngopmanuu

[epenaBaemast undpoas MHGOPMALMS BHOCUTCS IyTEM YacTOTHOM MOIyIsiMM Hecymied yactotsl 2600
MHz (puc.la). Oneparys KOIOBOTO paciiupeHus crekrpa it UM curaana, Hecymero WH(GpOPMAIUIO, BBITOIHICTCS
($a30BBEIM MOJIYJISITOPOM B CXEME IIEpelalollero MoJeMa HEMOCPEICTBEHHO Ha HeCyIled dacToTe CHTrHaia.
Wzny4yaeMblil MepeJaTYNKOM CUTHANT ¢ WH()OPMAIIMOHHOW COCTABISIONICH WMEET HENPEPHIBHBIA ITYMOBOW CHEKTpP
(puc.10), OCHOBHas JdOJII SHEPTHMH KOTOPOTO 3aKiIOYeHa B moioce 4acToT Af=2 Fr. TakroBas wacrora Fr
Xa0THYCCKMX OWHAPHBIX KOJOB YCTAHABIUBACTCA CHHTE3aTOPOM YaCTOT B CXEME MOJEMa M B SKCICPUMCHTE
BeIOMpaeTcst paBHoit Fr =1 MHz. WudopmaimoHHOe cOOOIIEHHE MpencTaBsieT co00H TOCIen0BaTEIbHOCTD
JIBOMYHBIX CUMBOJIOB B BHJIC UMITYJILCOB TOKa C TAaKTOBOM dacToToit 20 kHz.

PasmepHOCTH N 4UCIIOBOTO UACHTH(PUKATOPA WIIH BEKTOpa HAadaJbHBIX OTCUETOB BEIOMpaeTCst HE MeHee N>7.
DT0 BaKHOE YCJIOBHE JJIS TOpoKIaromiero anropurMa (1) obecrednBaeT yCTOWUMBEIN PEKUM MHOTOMOJIOBOTO Xaoca
mpu (GOPMHPOBAHUH KOJOB C XOPOIIUMH KOPPEISIMOHHBIMA M CTATHCTUYECKUMH CBOHCTBaMH. llepemaBaembrit
IIHPOKOMOJIOCHBIN CHTHAN ¢ MH(QOPMAIIMOHHOM COCTABIISIONICH UMEET HEPEPHIBHEIN MIYMOBOI criekTp (puc.10) u mo
CBOCH CTPYKTYpE MPAKTUYECCKH HEOTIHUYUM OT CIYYaHHOTO MpoIecca ¢ TOH ke MOJI0COH 9acToT.

Hudporoii mpormeccop koiepa (GYHKIMOHHPYET B IMKIMYCCKOM U alepUOTUUECKOM pexunmax. [lpu
IUKITAYECKOM (POPMHUPOBAHUU XAOTUICCKUE KOJBI IIOBTOPSIFOTCS C 33JJaHHBIM MEPUOIOM. B armeproanveckoM peskuMe
IU(pPOBON MPOIECCOp TCHEPHPYST HEMPEPBIBHYIO M HE MOBTOPSIONIYIOCS ITOCIICAOBATEIBHOCTh XAOTHYECKUX
CUMBOJIOB. TakuMm CIOCOOOM OCYIIECTBIISICTCS JWHAMHYCCKAas CMEHA KOJOB B TCUYCHHE BCETO BPEMCHH Iepeladu
JaHHBIX. Pa3pa0oTaHHas cucTeMa Iepelayd MaHHBIX C AWHAMHYECKOW CMEHOM KOJOB MPAaKTUYECKH HCKITIOYAeT
BO3MOHOCTh KPUITOTPahUIECKOTO PACKPBITHS COOOIIEHUH cornacHo pe3ynbTatam lllennona [5].

B npuemnmke wH(OpMAIMs BBIOCNSCTCS IIOCIE YCTPAaHEHHWS OTHOCHTENBHOW 3aJepKKH MPHHATOTO U
OTIOPHOTO KOZOB M CXKATHS IO YacTOTE HIMPOKOIOJIOCHOTO CHTHajla. B sKcIeprMeHTe mepenavya JaHHBIX BEIETCS C
JTUHAMHUYECKOW CMEHOW KOJIOB 3a CUET HENPEPBhIBHOM IeHepaluu HEeNepHOIUYEecKUX MociienoBaTenabHocTe. Komms
Xa0THYECKOT0 OMHApHOTO Kojaa (opMHpYyeTCsl B MPHUEMHHKE IH(POBBEIM IMPOIECCOPOM HAa OCHOBE MOPOXKIAIOIIETO
anropurMma (1) mpu TouHOM 3amaHuK N- MEPHOTO YHCIOBOTO HICHTU(UKATOPA FIIM BEKTOpPAa HAYAIBHBIX OTCUCTOB.
Oo0patHoe mnpeoOpazoBanue mnpunHitoro @OM-currana ocymiecTBiaseTcss (a30BBIM JEMOIYIATOPOM, KOTOPBIi
BOCCTaHABIIMBACT (pa3y CHTHAJTA UCIIONB3Ys B KAUECTBE YIPABISAIOIICIO CUTHANIA KOMHIO Xa0THIEeCKOTo Koaa. CxaTre
MPHUHATOTO CUTHAJNA IO YacTOTE BO3MOXHO TOJBKO MPH 3aJepXKKE MIPUHITOTO W OMOPHOTO KOJOB B Mpeienax
JUTNTETTBHOCTH OJHOTO TakTa. D((EKTUBHOCTh CBEPTKH MPHUHSATOI'O CHUTHANIA B 3aBUCUMOCTH OT BPEMCHHOTO CIIBUTA
KOJIOB WJUTIOCTPUPYETCS IHEPTECTUICCKUMHU CIICKTPaMU JUIS JACKOAMPOBAaHHBIX MPUHATHIX CUTHAIOB (puc.lB-le). Ha
pHc. B pencTaBiIeH CIIEKTP CHTHaja Ha BBIXOJE NEMOAYIATOPA IMPH CHHXPOHHM3AINWN MIPHHATOTO M OMOPHOTO KOJOB,
Korma 3a;epkka kojgoB T7=0 orcyrcTByeT. CHEKTp BOCCTAHOBJICHHOTO CHUTHANIA COJACPKUT HWH(POPMAIUOHHYIO
COCTABIIIONIYI0 TOAO0OHYI0 criekTpy UM-curHama Ha BbIXoJe HH(OPMAIIMOHHOTO MOAYISATOpPa B IEpeIaTdHKe
(puc.la). [Ipu oTCYTCTBUU aKTUBHBIX ITOMEX YPOBEHL HH(GOPMAITMOHHBIX COCTABJISIOMINX TpeBbIIaeT mouty Ha 40 n1b
coOCTBEHHBIC IITYMbI TIPUEMHHUKA U Ha 35 nb BBIIE Mapa3WTHBIX COCTABIAIONINX C TaKTOBOW wactoTod Fr =1 MHz.
IIpu anutensHocTH OgHOTO cuMBoa T=1/Fr=1 MKC 3aJiep:KKa onopHOro kojaa Bcero Ha 7=0.1T=0.] MKC IpPUBOAUT K
yMeHbIIeHnto Ha 14 n1b wHGOpMaIMOHHON COCTABJISAIONIEH B CIIEKTpe 1O YpOBHSA 26 b OTHOCHTENBHO ITyMOBOTO
neenecrana (puc.lr). Ilpm 3anmepxkke omopHoro koma Ha 7=0.3T (puc.ln) u 7=0.5T (puc.le) ypoBeHb
nH(OPMAIMOHHON cOCTaBIIsIIONIEeH cHIbKaeTcst 10 15 n1b u 7 a1b coorBeTcTBeHHO. OTHOBPEMEHHO C POCTOM 3aICPIKKH
T mabmomaeTcs yBelMYeHHE YPOBHS, KaK IMIYMOBOTO MbeIECTaNa, TaK M MApasHTHBIX COCTABJISIONIMX HA KPATHBIX
Fr gacTtoTax B CIIEKTpe BCJIEACTBHE HETOJHOW CBEPTKU MPUHATOTO CWrHaja. [Ipw yBemmueHHH 3aJepKKH OMOPHOTO
KOJIa CBBIIIE JUTUTEIBHOCTH OJHOTO TakTa 7>7 WH(GOPMAIMOHHAS COCTABISIONIAS B CICKTPE HEepa3IMynMa Ha (OHE
IIymMa ¥ BOCCTaHOBJICHHE TepenaBacMoi MHPOPMALUN CTaHOBHTCS HEBO3MOXKXHBIM. [IpoBeeHHBIN 3KCIIEPHMEHT 10
mepefade JaHHBIX C IUHAMHAYECKON CMEHOH XaOoTHYEeCKMX KOAOB IOKa3asl, 4To 3((eKTHBHOE BOCCTAHOBJICHHE
MOJIe3HOH WH(OPMAINU TPOMCXOAWT TOJBKO TPH Majod 3amepkke 7<0.5T omopHOro Koma. Pe3ymbraTh
SKCIEpUMEHTA 10 Mepenade NHPOPMaINH B CHCTEME CBS3H C PaCIIUPEHHEM CIIEKTpa U THHAMHYICCKON CMEHOH KOJOB
CBUJICTEICTBYIOT O HEOOXOAMMOCTH TOYHON CHHXPOHHU3AIMH OMIOPHOTO KOJIa B IPHEMHHUKE.
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Puc.1 IIpeoOpa3oBaHue CIIEKTpa CUTHANA TIPU MPOXO0XKICHUU 110 KaHATY CBSI3U

a-criekTp nHpopMmannonHoro YM-curHana; 0-CIeKTp MepeaaBaeMoro CHTHANIA ¢ KOJOBBIM PaCIIMPEHHEM CIIEKTpa U
WHPOPMAIIMOHHOW COCTABIIIONICH; B-CIIEKTP BOCCTAHOBICHHOTO CHTHaja MOCIE JAEMOIYJIATOpa MpPH ITOJTHON
CHHXPOHH3AIUH; CIIEKTPHI BOCCTAHOBJICHHOTO CHTHANA ¢ MH()OPMAIIMOHHON COCTaBIISIONIEH NP PaCCHHXPOHU3AIUH
(1) Mexmy komepamu Moaynsropa u aemonyisropa: T = 0.1 T (r), Tt =03 T (n), T = 0.5 T (e), rne T- nepuox
MTOBTOPEHHSI UMITYJIECOB KOAUPYIOIIEH ITOCIE0BATEIHHOCTH.

Cpenusist yactota auanasoHa paseptku F=2600 MI'n, Ilonymupuna nuanasoHa pa3zsepTtku 1mo ocu X AF =5 MI'm.
TakToBass 4acToTa MMITYJIbCOB T€HEpaTOpa XaOTHUECKOH KOJOBOH mocienoBarenbHOCTH F,—= 1 MI'm, gacroTa.
Yacrora aesuanuy nHpopManronnoro curaana 0.5 MI'n paBHast F,./2. UactoTa nHQOpMAIMOHHBIX UMITYJIbCOB F,, =
20 xI'm. Hena nenenus mo ocu Y - 10 nb/nmen.

5. 3akr0oueHue

[Tudposas cuctema CBsI3M C pacUIMPEHHEM CIEKTPa U AMHAMHUYECKON CMEHOH XaOoTHYEeCKHX KOJIOB 00IajgaeT
BBICOKOI TTOMEXO3aIUIIEHHOCTBI0 M IOBBIIICHHON KOHGHMICHIMAIBHOCTBIO NPH Meperade AAHHBIX B YCIOBHSX
CJIOXHOW 3JIEKTPOMAarHUTHOH OOCTaHOBKH, BO3ACHCTBHS CWJIBHBIX MOMEX M MHOTOIYYEBOTO PacIpOCTPAHEHUS
CUTHAJIOB. bricTponeiicTBytomnye mudpoBbie MPOIEecCOpbl Ha OCHOBE KOHEYHOMEPHBIX alTOPUTMOB C HEIWHEHHOU
JVHAMUKON CO3/ar0T 0OJbIION aHCaMOIIb XaOTHUECKUX OMHAPHBIX KOJOB, YTO MO3BOJIAET MPAKTUUECKH OCYIIECTBUTH
KOZIOBOE pasJieNicHne OoupInoro uuciaa aboHeHTos. Ilepenada maHHBIX ¢ TMHAMHYECKOW CMEHOH XaOTHYECKHX KOJOB
3aTpyJHSET BO3MOKHOCTD KPUITOTpahMuecKOTro PacKphITHs KOH(OUACHINAIBHBIX COOOIICHHH.

Pabota BrImosHeHa npu nmojyiepxkke Poccuiickoro ¢oHna GpyHIaMEHTaNBHBIX UccIeq0BaHui, mpoekT Ne 98-
02-16722 u Ne 00-07-90147. .
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Abstract

Perspective guidelines of development system for transmiting information by complex signals with a large base were considered. It was
discussed an advantages of communication system with spread spectrum. In microwave frequency band it was proposed and realized spectrum
compression directly on carrier frequency . The phase manipulation of transmitting signals was processed with using of chaotic binary codes
generated by digital processor. There was realized the method of transmitting information with chaotic binary signals. Effects of code delay on
detecting information by convolution of receiving signals was examined experimentally. It was shown that digital communication system with
spread spectrum and dynamical changing of chaotic codes has high level of noise immunity and high confidelity of data transmission at complex
electromagnetic environment.

The wide frequency band spread spectrum communication devices are finding the more and more wide
application. The effective spreading of transmitting signals spectrum are obtained by phase modulation with chaotic
binary codes. The high frequency band system with low density of spectrum radiation has electromagnetic
compatibility with other at the same time operating systems including the low-band one's.

The complex signals with spread spectrum on the base of chaotic codes are difficult to detect and extract off
information by means of common radio interception facility without using code convoluton in time. For the
communication system with code spread spectrum it is possible to realize statistical beam division in condition of
many-beams propagation . The recovery (BocctaHoBnenue) of information under spectrum compression (CBepTKa) in
time of such type wide -band signals (ans Takux cucrem) is possible when the intensity of receiving signals are
significantly low then noise level High level of noise immunity and noise interference (ITOMeX03aIUILICHHOCTH)
system of communications with chaotic coding spread spectrum permite to realize reliable transmission of message
in complex electromagnetic environment.

The identification of message by it's own code permit to realize code division and code addressing for all
users of communication network. The base of signals defines (ompenenser) real volume of whole signal system and
characterizes noise immunity noise protection (oMexo3amuIIeHHOCTh) of communication system with spread
spectrum. The generation of great ensemble of binary chaotic codes is realizing by simple mathematical algorithm

i =sign[ F(x; )] 1)
%, =(1—exp(—h )sign[ F( xe_y )] +exp(—h )x,_,

On the base of (1) there were calculated the chaotic processes yy in strong nonequilibrium dynamic system
with delay [1]. Here it is: h- is a step of sampling in accordance with Kotelnikov's theorem of samples, N is an integer
number defining number of samples on delay time in dynamical system. By Takens theorem on reconstruction this
number N is defining the dimension of embedding (pa3meprocTs BroxkeHus) for the (MHOxecTBa) set chaotic codes
[2]. The chaotic code yy is complitly regenerated in receiver in case of precise defining (3aganue) N string values of
samples for algorithm (1). The incorrect values of one’s in receiver will lead to exponential evolving (oTkJIOHEHHE,
pacxoxnaenue) between code sequences in transmitter and in receiver after a quick time.
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On the basis of algorithm (1) it was designed oscillator of chaotic binary code sequence with PLM-
technology. The digital channel of data transmission was realized with using for spreading spectrum chaotic binary
code sequence with repeat frequency 1 MGz [3]. The carrier frequency of system is 2600 MGz and binary information
pulses has frequency band 20 kGz. Processes of spreading spectrum in transmitter and its next time compression in
receiver were realized_on identical FM-devices with p-i-n diodes. Under the action of chaotic code pulses these diodes
switch long line sections providing phase modulation. It was studied effect of controllable phase shift between chaotic
code sequence in transmitter and receiver on the recovery information in the last one. It was shown that effective
information recovery in receiver is possible only when the time- shift between base (onopHslif) code sequence and the
one in receiver T < 0.5 T. Here T is a period of coding pulse clock rate. In accordance with Shannon’s results the
designed system of data communication with dynamical codes changing practically excludes possibility of
cryptographic revelation of message [4].

Conclusion

The digital communication system with spread spectrum and dynamical chaotic changing of codes has the
high level of noise and interference rejection (momexo3ammumeHHocTs) and high confidentialty in processes of data
transmission in condition of complex electromagnetic environment. High rate digital processors on the base of finite -
dimensional algorithm with nonlinear dynamic is generating a great ensemble chaotic binary codes sequences what is
the base for possibility to divide a great number of users.

This study has been made with support of Russian Fond of Fundamental Research, grants N98-02-16722 and
N 00-07-90147.
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