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Pecbepatr. PaccmoTpeHa cxema CKpbITOM nepefayn uudpoBOro curHana, npurogHasa gnsi nakeTHOMm
cBA3N. lccnepoBaHa MaTtemMaTudeckas MoOAenb MacCKMpOBKM MHAOPMaUUM  MHOrOMOAOBLIM  XaoOCOM.
[MokazaHo, 4TO BO3MOXHaA CKpbITas nepefada uHOpMaUUM MNpU UCMOMNb3OBaHUM B nepefaTyuke W
NpUEeMHUKe XOYLINX XaoTUYECKUX reHepaTopoB C 3anasbiBaHNEM, 3anyckaeMbiX NMUNOT CUTHaNoM.

MackupoBka uHGOPMaUUKM XaoTMdeckuMmn KonebaHusmu, HadmHas ¢ paboTbl [1], WMpoKo
uccriegyetcss M onpegenser OHO U3 BaXHbIX MPWMEHEHWI TeHepaTopoB C XaOTUYECKOW OUHaMMKOM.
XaoTnyeckas MackupoBKa MpeacTaBnseT NHTepec NPMMEHNTENBHO K NakeTHOW CBA3W, KoTopas Bce Gonblue
ucnonb3yetcsa B nocrnegHee Bpems. CTaHUMS NakeTHOW CBSA3M COAEPXWUT KOMMbHOTEP, KOHTPOMMep u
pagnoctaHumio [2]. KomnbioTep cnyxuT [ns BBOAa-BbiBOAa OykBEHHO-LMpPOBON wuHGOpMauun, a
KOHTPONMEep BLINOMHAET poOfb «MNOCPedHVKa» Mexay paavocTaHuMend W KoMMbloTepoM. 3apaHee
noaroToBneHHas  MHgopmaumss  nepefaetcd B aBTomaTmyeckom  pexume. [lpun  nepepadve
KoHUuaeHUnansHon wmnHdopmauumn TpebyeTcs TwatenbHass ee mackupoBka. B atom cnydyae Hambonee
3(pPeKkTMBHON MNpPEACTaBnseTcd MackuMpoBKa LWIYMOBbLIMU WU XaoTUYeckumu curHanamu. [lpu aTOoM
uenecoobpasHbiM SABMSETCA NPUMEHEHME XaoTUYECKMX CUCTEM C MHOrOMOAOBBLIM XaoCOM, TaK Kak npwu
NCNoONb30BaHMM XaoTUYeCKux KornebaHui ¢ manon dpakTanbHOW pa3MeEpPHOCTBI MOTyT ObiTb OMpeaerneHbl
napameTpbl UICTOYHUKA Xaoca.

B HacToswen paboTe paccmaTpmBaeTcss Crnocob XaoTMYECKOW MAaCKMPOBKU MPUMEHUTESNBbHO K
NMakeTHOW PafAMOCBSI3N, OCHOBAHHLIA Ha WMCMOMb30BaHUM XOYLWNX XaOTUYECKUX CUCTEM C MHOrOMOAOBbIM
XaocoMm. JTOT cnocob unncTpupyetca Brnok-cxemon puc.1, cogepxallen nepegatynk u3 anemeHtos 71-8
(puc. 1,a) n npuemHoe yCTpOMUCTBO U3 anemeHToB 9 — 16 (puc. 1,b).
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Puc. 1

leHepaTop 71 dhopmupyeT 3anyckarowmin paguommnynbe f(f) ("nunoT curHan"), KOTOPbLIN MOXHO
onpenenutb cnepyowmmmn yenosuamu: f(t) = 0 npu t < ty, f(t) = Aps cos(apst)npn t = ton f(t)=0 npn t =
tp, rOe Aps, ps - aMNAMTYOaA M YacToTa Hecylmx konebaHwui paguonmnynbca, o, fp — MOMEHTbI Havana u
OKOHYaHWsi UMMynbca.

Mocne npoxoxaeHua konebaHun yepe3 pasBeTBUTENb 2 Ha OOHOM €ero Bbixoge (NepBom),
COEOWHEHHOM C NHMEN 3afepXku 3, peanusyeTcs KonebatenbHbIn npouecc e f(t), a Ha gpyrom (BTopom) —
npouecc (1 - 1) f(t) (rae 1 — koacpduuneHT pasBeTBneHns). Ha Bbixoge NMHUN 3adepkkn nmeeM ¢4(7) = ¥
f(7), roe T=t— Tp, Tp— 3aQepxKa curHana B nuHum 3.

HeaBTOHOMHbIE ypaBHEHMS, ONMUCBIBaOLLME NPOLIECChl B reHepaTope 4, MOXHO NpeacTaBuTb B BUAE

X1 1d* + (an/Qq) dxy /dit + an® X1 = ax” {(1/01) [dF(y1)/alf] + pu(2)}, (1a)

o1 dysldt + yy = xq(t- T1), (16)

roe x1 = x¢(f), y1 = y(t), @, Q1 — cobcTBEHHAa YacToTa U JOBPOTHOCTL PUnbTPa BTOPOro nopsiaka
reHepartopa, oy, 01 — NOCTOSIHHbIE BpEMeHN andpdepeHumnpytoLero anemMeHTa u unbTpa NepBoro nopsaka,
T, — 3anasgpiBaHue B Lenu obpaTHon cBa3u, F1(y4) — XxapakTepucTuka HENIMHENHOTO 3reMeHTa.

KecTkoe BO3OYyxaeHMe reHepaTopa obecneynBaeTcs Npy XxapakTepucTuke HENNMHENHOMO arieMeHTa

Fiy) = 01 Bryi* 1 (1 + yr°), (2)

roe Bi - NOCTOSHHBIN KO3 DULMEHT.

KonebaHus x(f), mogynupyemble nepefgaBaembiM cooblieHnem s(tf) B ycTpomctse 6, npeactaBum
Tak, yTo x(t) =0 npu t <ty + Tp + Ton x(t) = Ac [1 + s(f)] cos (ac t ) npu t = to+ Tp + Ty, roe Ac, o -
amnnuTyga U vactota Hecylmx konebaHnun, T, 3agep)kka curHamna cooOLLeHMSI OTHOCUTENbHO MOMEHTa
MOCTYNSIEHMS 3anycKaloLero nMmnynsca Ha reHepatop 4. Torga gns curHana zq(f) Ha Bbixoge cymmaropa 5
MOXHO 3anucatb zq = xq(f) + x(f) + (1-y) f(f), a ans curHana Ha BbIxode ycunutensa 7 (obnagawoLiero
koadbduumeHTom yeunenums G) - G z4 (). 3Tn konebaHus n3nyyaroTcss aHTEHHON 8.
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B npvemHom yctponcTtee konebaHus ¢ aHTeHHbl 9 nopjatoTca Ha passeTButens 10. C ogHoro ero
BbixoAda (NepBOro) NpuHSATbIE kKonebaHusa NOCTynalT Ha 3MNEKTPOHHbLIN koMmyTaTtop 17, KOTOpbIXA, Nponyckas
NWMOT CcurHam, 3anupaeTcs, Tak 4YTO Ha XAOywuin reHepatop 1713, koTopblin nogobeH reHepatopy 4,
BO3OEWCTBYET TONBbKO pagnmouMMnynsc, NPOLWEALLnA Yepes NUHUI0 3agepxkn 12, a xaotudeckune konebaHwus,
copMMpoBaHHbIE B Mepefatynke, «oTcekatoTcay. [Mpu atom B KomMmyTaTtope 7171 npu pasBeTBreHuM
pagvoumnynbca Ha ABEe paBHble YacTW KOMMEHCUMPYIOTCS MOTEpUM Ha pasBeTBreHue Tak, 4YTo KonebaHus
pagvoumnynbca Ha KaxaoM U3 AByX BbIXOAOB paBHbl konebaHusam paguoumnyrbca Ha BXoge KoMMmyTtaTopa.
Ecnn Ha Bxoge pasgetButensa 10 «konebartenbHbIi npouecc (Mpy KOMMEHcauun noTepb B nepenaroLlem
TpakTe) onpegensietca BenuuMHon G z; (f), TO Ha NepBOM €ro BbIXOAe (Ha BXOAE KOMMYTUPYHOLLIEro
ycTtporctBa 11) peanusytotcs konebanus G yr z4(f), raoe yr — koadbdurumeHT pasBeTsneHus. Ha BTopom ero
BbIxoge umeem curHan (1- yr) G z(t). Mocne npoxoxaeHnsa KOMMYTUpYLoLLero ycTporctea numeem G ¥ (1- v
) f(f), a nocne 3apgepxkn B nuHun 12 Ha Bpemsa Tg (Mpu ycnosun Tg = Tp) - ¢x(7) = G & (1-% ) f(7). B
pe3ynbTaTe BO3LAEWCTBUS ITOrO0 curHana reHepartop 73 Bo3byxpaetcsa. lNMpu aTom ero konebaHusa xo(f)
onpefensnTca peLleHneM ypaBHEHUI, nonydalwmxcs ns cuctemsl (2), (3) npyu 3ameHe mHaekca 1 Ha
WHOEKC 2; NOCTOsiHHble napameTpbl (@, Qz, B, &, 0, T,) UMET TOT Xe CMbICA, YTO M aHanorm4Ho
o603HaYeHHble napameTpbl ¢ MHAekcoM 1 B cucteme (1), (2).

KonebaHus x,(f) nogawTcss Ha oguMH M3 BXogoB cymmartopa 714. Ha pgpyron ero Bxopg noctynaeT
curHan, pasHbii BenuunHe (1-y) v G f(t). CymmapHbin konebatenbHbIi npouecce, onpeaensiembii
BblpaxeHnem zy(f) = xu(7) + (1-1) v G f(t), nonagaet Ha oguH M3 BXOAOB (Ha MNEPBbIN) BblYUTAIOLLETO
ycTponcTea 15. Ha BTopou ero Bxog nogatotcs konebaHus (¢ Boixoga passetsutens 10), pasHble G (1- 1r)
24 (f). PasHocTHble konebanus z(f) = G (1- yr) z1(t) — zx(f) BO3OENCTBYIOT Ha AeTeKkTupytoLee ycTponcTso 16,
C KOTOPOro CHMMaeTCs BbIXOAHOW CWUrHam nocrie  MpoueccoB  HENMMHEMHOro  npeobpasoBaHus,
WHTErpMpoBaHns 1 unbTpaLmm, ONUCLIBAEMbIX YPaBHEHUSIMA

U=§o+§12+§222,

avldt = § (u—v),

dPwidf + (an/Qo) dwidt + an® (w - B v) =0,

rae &, &, &, & an, Qo, B - noctosiHHble, u(t), v(t), w(t) — curHanbl Ha BbiIxoAax HENUHEWHOro,
WHTErpupyoLLEero N (ounbTpyoLwero YCTPOUCTB COOTBETCTBEHHO.

Ha puc. 2 npuBegeHbl xapakTepHble CMeKTpbl MOLLHOCTM Npu nepegadve uHdopMauun. [pu
YNCMEeHHOM aHanuMse MaTemMaTU4eckon mopenu reHepatopbl 4 n 13 nonaranncb WAEHTUYHBLIMKM, a UX
napameTpbl (Npu i = 1, 2) paBHbIMA CnegywowWmMM 3HadeHnsm: o = 4, Q=1 ,B;=8, §6 =01, T, = 2.
MepenaBaembivi curHan s(t) 3agaH B Buae s(f) = Ap cos Q. INpu atoM Aps = 2, wps = 4, =10, t,=20, Tp =
Tr=2,To=1,G=2, % =%=05,A0,=02,02=06,Ac=04, ax=4,5=01,£=02,6=2, {=1, an=
0.4, Qo =1, B = 0. Ha puc. 2,a unniocTpmpyeTcsi CNeKTP MOLLHOCTU S; Ha BbIXO4e YCTpoOWCTBa 6 M CNekTp
MOLLIHOCTW S3 Ha BbIXOAE MPUEMHOrO YCTPOWCTB, @ Ha puc. 2,b - CNEeKTp MOLLHOCTU S, Ha BbIXOAE yCUnuTens
7.

Kak BugHO (puc. 2,b), cnektp MOLWHOCTM Ha BbIXoAe MepedaTyMka oTobpaXkaeT XaoTU4YeCKUi
xapakTtep konebaHuii. lNMpn 3TOM NepegaBaeMblli PerynsipHbli CUrHam HagexHo 3amacknpoBaH. B npyuemHom
YCTPOWCTBE MNepedaBaeMbli CUrHanm 4YeTko BblgenseTrcs (kpuBasi Sz Ha puc.2,a). Cnektp Hecymx
perynsipHbix kornebaHum npocmMaTpmBaeTCcs Ha BbixoAe (HE3HaUYUTENbHbIA PE30OHAHCHbLIN MUK MO YPOBHIO — 70
dB Ha vacToTe ® = 4) nuwb BcneacTeBMe BblOOpa HWU3KOMO (4Nsi HArnsgHOCTM) 3HayYeHuUst JOOPOTHOCTU
GunbTpyrOLLEro ycTponcTea.
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Puc. 2

[MpoBeaeHHbIN aHanu3 cBUAETENbCTBYET O BO3MOXHOCTM UCMOMNb30BaHUSA pacCMOTPEHHOro cnocoba
Ons nepefayn koHduaeHumansHon nHgopmauun. Ero ocobeHHOCTLI0 SABMASIETCH TO, YTO UCMOMb3YTCH He
aHanoroBble XaoTU4ecKue reHepaTopsbl, a nporpaMmmMel, obecrneynBaroLime MoaennMpoBaHne Ha KOMMboTepax
3NeMeHTOB nepefaTyvka U MpUEeMHMKa C COOTBETCTBYIOLUMMU YCTPOMCTBaMu BBOAA WM BbIBOAA, KOTOpbIe
NPUMEHSIIOTCA NPY OOLIYHOW NAKETHOW PafMOCBS3N.
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Abstract. The circuit of latent transfer of the digital signal with reference to batch communication is
considered. The mathematical model of way of masking of information by multimode chaotic oscillations is
investigated.

The masking of the information by chaotic oscillations is widely investigated, since work [1]. It is
interest with reference to a batch communication [2]. In the present work the new way of chaotic masking
with reference to a batch radio communication is considered. This way is based on use identical chaotic auto
oscillatory systems with rigid excitation in the transmitter and receiver.

In the transmitting device the managing a radio pulse (“pilot-signal”) is formed. After a branching the
part of oscillations of radio pulse acts on an output of the transmitter. Other part of a radio pulse lingers over
and moves on the expecting generator with chaotic dynamics. To chaotic oscillations of the generator the
information signal is mixed. The resulting oscillations also act on an output of the transmitter.

In the reception device the accepted signal branches. The part it acts on the switchboard, which
passed only oscillations of pilot-signal. These oscillations (after their delay) raise the chaotic generator of the
reception device. Other part of the accepted oscillations moves on the subtracting device, on which the
oscillations of the chaotic generator move also. After detecting the information signal is allocated.

The numerical analysis of mathematical model of the considered way of transfer of information
shows, that at the appropriate choice of parameters of transmitting and reception devices the reliable
masking of the information by multimode chaos is possible. Feature of the considered way is that not analog
chaotic generator, and their mathematical models are used. Devices of input and output same as well as at
use of a usual batch radio communication.

The work is executed at financial support RFFI (project no. 00-07-90147).
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