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PaccMoTpeH HOBBIH KiacC XaOTHYECKHX T€HEPAaTOPOB, XAOTHYECKHH - MPOLECC B KOTOPHIX
(hopMupyeTCsl Ha OCHOBE pacIlpeAeICHHBIX BO BpeMEeHN 0ToOpakeHnH. IIpHBeIeHBI alrOpuTMBI U
CTPYKTYPHBIE CXEMBI YCTpOMCTB (popmMHpoBaHMS, MH(YOPMAIMOHHON MOAYISALMU W OOPaOOTKH
curHajga.  YUWCIEHHBIM  MOAENMPOBAHHEM  CHCTEMBI  MOJIYYEHO = CEMEHCTBO  KPHBBIX
MOMEXO0YCTOWYMBOCTH JJIsl PA3JIMYHBIX YCIOBUI pabOThl reHepaTopa Xa0THYECKUX MPOLIECCOB.

Kniouegvie crnosa: xaoc-mipouecc, HelauHelHas Gopmupytomas ¢yHKIUsL, TOMEX0yCTOHYHUBOCTb.

BBeaenue

CrydaiiHO-TonOOHBIE, WM XAOTHYECKHE, IIOCIEeL0BATEIBHOCTH 001aJal0T MHOKECTBOM
YHHKaJIbHBIX CBOMCTB U 0coOeHHOcTeH. Hampumep, B OTIHYME OT BceX U3BECTHBIX HA IaHHBII MOMEHT
MIOCJIEIOBATENBHOCTE OHU HENEPUOAUYHBI, ‘a4 3HA4YMT, UMEIOT CIUIOIIHOM cnekTp. HennHelinbie
CUCTEMBI, (OPMHUPYIOIIUE XAaOTHYECKHE CHUTHAJBI, JOMYCKAalOT MHOXECTBO IOJXOJO0B K
OCYLIECTBIICHHIO HMH(OPMALMOHHOW MOAYISIOMM B  OTJIMYHE, HAlpUMep, OT MOAYJISALUH
rapMOHHYECKOTO KoJieOaHws, T/Ie YIPaBISHHIO MOKHO TIOJBEPTaTh JIUIIb TPH MapaMeTpa: aMIUIUTYAY,
4acToTy W HadanbHylo ¢a3y. CIoKHOCTh ()a30BBIX TPACKTOPUI XaOTHYECKHUX CHTHAJIOB JeiaeT
nepenady uHpopmanuu ckpeITHOM [1]. Takoro poma cUrHajgbl MOXKHO HCIIOJIB30BaTh B KauecTBE
NEPEHOCUYHNKOB WH(POPMALIMK B JIIOOBIX CYILECTBYIOIINX CHCTEMax TEJIEKOMMYHUKAIUH, HO BBITOJIHEE
BCETO HCIONB30BaTh WX B CHCTEMax Iepefadyd WHQPOPMAlMK C TIOBBIIIGHHOW 3alluTOd OT
HECaHKIIMOHUPOBAHHOTO JocTya [2].

IlocTanoBKka 3agaun

dopmupoBatenb xaoca MPEJCTABISET COOOW yCHIINTENh, OXBaYCHHBIH OOPaTHOM CBSI3BIO C
CyIIECTBCHHO HENMHEMHONW aMIUIMTYJHOM XapakTepUCTHKON. DOpMHpOBaTeNlb JUCKPETHBIX BO
BPEMEHH XaOTHYECKHX CHUTHAJIOB €CTh HEKOTOPBIH CHUTHAIBHBIA IPOIECCOP, B KOTOPOM Ha OCHOBE
HEJIMHEWHOW ~ GYHKLIMH PEKYPPEHTHO BBIUMCISIIOTCS OTCYETHl IMporecca. B ciydae cocTaBHBIX
0TOOpakeHu (HOPMUPOBATEIIb MPEICTABIISIET COO0M CUCTEMY CBS3aHHBIX MEXIY COO0H yCUITUTENCH ¢
HEJIMHEWHOW 00paTHOM CBA3bI0. DTO CYIIECTBEHHO YCIOXKHSET XapaKTep OTOOpaXeHUS U CTPYKTYpPY
(a30BBIX TPAaCKTOPHUH.

Cucremsbl nepeayu WHGOPMAIMH C HMCIOIB30BAaHUEM XaOC-CUTHAJIOB, KaK MPABUIIO, UMEIOT
0oJiee HU3KYIO MMOMEXOYCTOWYMBOCTH B CPABHEHHHU C KIIACCHYECKHMH CHCTEMaMH. JTO €CTh CBOETO
poJla IuIaTa 3a BCE JIOCTOMHCTBA, MPUCYIIUE XaOoC-CUTHajaM. TeM He MeHee, B CTaTbe NpPeNsIoKeH
3¢ (eKTUBHBII MOAXO0A K MOBBIIIEHUIO TOMEXOYCTOHYMBOCTH 32 CUET PaclpeleleHrs OTOOPaKEHUs
Xa0THYECKOI0 MPOoIEcca BO BPEMEHH.

Oco0eHHOCTBIO TpeAsiaraeMbIX alrOpUTMOB TreHepanuu xaoc-mponeccos (XII) sBusercs To,
YTO B HUX HE CYIIECTBYET CTPOTO OIpenesIeHHOH HenuHelHoi dhopmupyromeit ¢pynkunun (HOD). B
paccMaTpuBaeMOM CJIydae OJIMH WJIM HECKOJIbKO mapamMeTpoB HP®D H3MEHSIOTCS XaOoTHYECKHUM
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00pa3oM Ha Ka)KIOM TakTe reHepanuu. [ aBHas 1emb, JocTUTaeMasi IPU peai3alii aJrOpUTMOB, —
3TO OTHOCHUTENBHO Majoe IpupamieHne (GopMupyromeil GyHKIuM NMpu BHECEHWH 3HAYUTEIHHOTO
BO3MYIICHUSI €€ apryMeHTa C COXPAaHEHHEM BBICOKOH CTENCHHM CTOXACTH3aIllMU KOJIeOaTeThbHOTO
npouecca. B pesynbraTe moMexoycTOHYHMBOCTH CHUCTEMBI CYIIECTBEHHO BO3PACTAET, HO IPH 3TOM
COXPAHACTCS «XAOTH3AIMsD», WIM CTOXACTH3alMs KojeOaHWi. DTO TakKe O3HAYaeT, YTo CHCTeMa
o0Jy1aiaeT CTPYKTYpPHOU CKPBITHOCTBIO. Kak ciencTBue, HM METOZOM MPSMOTo Iepedopa, Hi METOJI0M
CTaTUCTHYECKOTO aHAIN3a, HEBO3MOXKHO «BCKPBITH» CHUCTEMY U M3BJIeUb HHPOpMaLuio O6e3 3HaHus: 1)
CTPYKTYpBI TeHepaTopa; 2) 3HaHWS TOYHOW aHAIMTHUYECKOW 3alHCH HEJIHMHEHHBIX (OPMHPYIOMINX
(G yHKITHIA.

Anaroputmsl popMHUPOBaHUsI H 00PA0OTKH

Anroput™ ¢GopMHPOBaHUS B O0ILIEM BHJE OMHUCHIBAETCS CUCTEMON YpaBHEHHIA:

hi = Po, k + 0Py, k-1 + Py kKhy1 +...

N
ctapy ey = po,k+az Pi ki
i1

he = F(hy);

Po,k = fpo(po,k—l)i
PLk = Fpa(Pyk);
P2k = pr(pZ, k-1);

PNk = pr(PN,k—l)-

Jnst  cucrembl nepemaun  uHpopmammu  (CITM)  ¢as3oBble  TpaekTopuM WMEIOT — JBa
BAXHEHIINX  CBOMCTBA:  SKCHOHCHUMANbHYI0 - PAaCXOIUMOCTh  (a30BBIX  TPAeKTOpUH U
nepeMelMBanrie. YKa3aHHbIE CBOICTBA OOECICUMBAIOT BBICOKYIO aJITOPUTMHUYECKYIO CIIOKHOCTD
JUHAMUYECKUX MPOLECCOB, ONHMCHIBAIOIIMX JaHHbIE TPACKTOPUM M JaHHBIE JAWHAMHYECKHE
CUCTEMBI

[lonbupas mapameTpsl -CHCTEMBI, MOXHO JOOWUTBCS TOTO, YTO TaKHe KoseOaTelbHbIe
NPOIIECChl 10 CBOMM CTATUCTHYECKHM XapaKTEpPUCTHKaM He OyIyT OTJINYAThCS OT peaju3anuit
IIyMOBOTO Tporecca. I[Ipu 3ToM MMeeTcs AETEPMHUHMPOBAHHOE YpPAaBHEHHE WM aJTOPUTM, IIO
KOTOpOMY, 3aJlaB HadalbHbIC YCIOBHUS, MOXKHO IIOJHOCTHIO PAcCUMTATh XAOTHUYECKHH MpOIecC
¥ BOCIIPOM3BECTH €ro KakK 3TajloH JI00oe YHCIo pas.

Anroput™  (HOpMHUPOBaHUS ¥ peanu3alys Xaoc-TeHepaTropa OCHOBaHBI HA aHAJOTHYHOM
nonxoje, ocymecteiusiemom B [IK mpu momenupoBaHuu, T. €. MCIONB3YIOT AMCKPETHOE BpeMs H
KBaHTOBAHHBIC TI0 YPOBHIO BEIMYUHBI. MICTOUHUKM HEIMHEHHO (GOPMHUPYEMBIX ITOCIEI0BATEIBHCOTEH
(H®IT) MoryT OBITh MOCTPOCHBI HA JAUCKPETHBIX JIOTHUECKUX deMeHTax mwin BUC, BBIMOIHAIOMIMX
PO COOPOK JAMCKPETHBIX DJIEMEHTOB (ITporpamMMupyemMbie jormdeckue marpuisl, FPGA — field
programmable gate array, CPLD - complex programmable logic devices), yHHBEepCalbHBIX
MHKPOIPOLIECCOPHBIX KOMIUIEKTaX, & TAKXKe Ha CHENHAIN3MPOBAHHBIX MHKPOIPOLECCOPHBIX KOMII-
JIEKTaX — CUTHAJBHBIX MPOIIECCOpaXx.

Henunetinoe moaMernBanie HHQOPMAILIMK 33aeTCs CICAYIOMIEH CHCTEMOM ypaBHEHMIA:

Po,k = Foo(Po k)i PLk = Foa(Prk-1);
P2,k = Fpa(P2,k-1)i -+ P,k = Fon (PN k1)

N
hi = Po, k + 0Py, kMg + oz ko +...+ Py Kh-N = Po, k +0€Z Pi khi—i
i=1

he =(L—y)F(h) +vAy; A =£1
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Puc. 1. CtpykrypHast cxema reHeparuu XI1

Ha pucynkax HuXe MpHUBEIEHbl HEKOTOPHIE pe3yJbTaThl YHCIEHHOTO MOJEIHUPOBAHUS:
(dparMeHT peanusanuy Impolecca U ero orodpaixkenue. VcciaenoBaHue NpoBOAMIOCH Ha 15 mapax
¢dhynaxuii. MonenupoBanre nokaszano, uyTo npu ¢opmupoBanuu XI1 Ha oCHOBE CBS3aHHBIX (YHKITHHA
0oTOOpaXeHHE TPAKTHYECKH IOJHOCTHIO pa3MBITO MO MPOCTPAHCTBY COCTOSHHH. OTOT (QakT
IMOATBECPIKAACT 3aIlyTAHHOCTDH (1)21301;51)( TpaCKTOpHﬁ, YTO ABJJIACTCA ITOJIOKHUTCIBbHBIM q)aKTOM C TOYKHN
3pEHHs CTPYKTYPHOM CKPBITHOCTH CHUTHaia. B TakoMm ciydae HabaroneHHE OOCTAaTOYHO [UINTENBHOMN
pealn3alii XaoTHYECKOIO CHTHalla JeJ1aeT HEBO3MOXKHBIM BOCCO3JAaHUE HCXOAHOM HEIMHEHHOU
(dhopmupytomiei GyHKIUH.

AHanuTH4ecKas OICHKa KadeCTBEHHBIX MOKa3aTened cucteM (QopMUpoBaHHsS W 00pabOTKU
Xa0THYECKHX CHTHAJOB — 3aJaya MCKIIUUTEIbHO TPYJOEeMKas M 3a4acTyi0 HeBO3MOXkHas. [loatomy
€IMHCTBEHHBIM CITIOCOOOM TIPOBEPKH Pa0OTOCHOCOOHOCTH TIpeAjaracMblXx airOpuTMOB W HX
OINITUMHU3ANU ABJIACTCA YMCJICHHOC MOJACIIMPOBAHKC.
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Puc. 2. q)paFMGHT pean3aly XaOTUYCCKOro Curaajia
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Puc. 3. OroOpakeHne XaoTH4E€CKOrO CUrHaa

YucneHHOe MOJEIHPOBAHUE U OLEHKA ITOMEX0yCTOHYNBOCTH

CyIIHOCTh MOJEIUPOBAHUS COCTOUT B TOM, YTO K XaOTHUECKOMY CUTHAILy AOOABISUICS ILIyM,
IIOJIOCA YacTOT KOTOPOrO COOTBETCTBOBAJIA IOJIOCE YACTOT, 3aHMMAEMbIX XaoC-CUTHajioM. B
pe3yapTaTe CTPOMJIMCH 3aBUCHUMOCTH BEPOSATHOCTH OIIMOKH pazIHYeHUs AUCKPETHOTO MapaMerpa OT
OTHOILIIEHHUSI CUTHAJI/IIyM Ha BXOZe ycTpoiicTBa npruema 1 006padotku. Takue u3mMepeHus MpoBOIHINCE
IIpy pa3inuHeIX napamerpax HOD, T.e. cTporiocs ceMeMCTBO KPUBBIX IIOMEXOYCTOMYHBOCTH.

HccnenoBanus NMpoBOAWIUCH Ha CTaTUCTHKE 00beMOM 100 ThIC. OTCUETOB XaOTHYECKOIO
nporecca. Hike npuBeneHbl pe3ynbTaTsl HCCIIEA0BaHNS sl POPMUPYIOIUX (HYHKIIUH:

h = Po.k +0,1py kh_1 +0,1p; hy_o;
h = F(hy);

Po,k =F {80( Po ke —0,7)° —0,8};
Py = F{10(Py 10,37 ~08};
Do =F {20(p2, 1+0,6)3+0, 6}.

Crnenyer OTMETUTH, YTO B Cllydae HEIMHEWHOTO IMOJMEIIMBAHUS WH(POPMAIIMOHHBIA CHUTHAI
NPEACTaB/IsLT  cOOOM  mociefoBaTedbHOCTh 3HadeHHit Ay =x1. Drto Obuto cpenmaHo  juis
COTIOCTaBUMOCTH PE3yJIbTATOB MOJICTUPOBAHMSI IBYX METOJOB XaOTHUYCCKOU MO TYJISITIFIH.

CeMeHCTBO KpHBBIX TOMEXOyCTOMUMBOCTH Tipu o = 1 mpuBeaeHo Ha pwuc. S (kpuBas 1
canmanace nipu Y = 0,1, kpuBast 2 —y = 0,2, xpusas 3 —y = 0,4).
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Dokt oapi hx_ 1+ apy >

h

A
Ry

. R

1 A
0 2 4 6 8 10 12 14 16 18 20
g, [15]

Puc. 5. CeMeliCTBO KPHUBBIX TIOMEXOYCTOHINBOCTH

OueHka cTeneHy 3alUThI HHPOPMAIUM B CHCTEMAaX ¢ pacnpeneTeHHBIMA 0TOOPaKeHUAMH

B HacTosiee BpeMsi MUKPOKOHTPOJLIEPBI, MMEIOIIHECS B TIPOJaKe, UMEIOT pa3psaHocTh AJTY
He MeHee 12 OUT ¢ KOJIMYEeCTBOM OOIIEOCTYIHBIX PErUCTPOB OT 16 10 256 n Bhime. @akTHYECKH 3TH
PETHCTPHI SBISIFOTCS] CBEPXONIEPATHBHOMN MaMSTBIO.

Gyskumst F(...) Ha puc. 1 B BUme TMOJIMHOMA C U3MEHSIOIMMMHUCS BO BPEMEHHU
ko3 duiiuentamu (070K B IEHTPE CXEMBI) OMNpe/AeiseT MOMEXOYCTOMYMBOCTH, BCIIOMOTAaTEIbHbIC
GyHKIMYM,  peanu3yrome (GopMHpOBaHME TOCIEIOBATEIBHOCTH KOX(POUIMEHTOB IOJMHOMA,
OIIPEACISIOT CTOXacTU3aluI0 KojeOanuit. Ha ykazaHHble ()yHKIMH, B CHITYy TOTO, YTO OHU HE BIUSIOT
Ha [OMEXOYCTOHYMBOCTh CHUCTEMbI, HHKAKHE YCIIOBHS HE HalararTcs, T.6. OHH MOTYT OBITh
COBEPIIIEHHO MMPOU3BOJIHHBIMH.

[Monoxxum, uto Gpynkuus F ogno3nauHo onpenensercs 10 koaddunpenramu. IT0 3HAUUT, YTO
CyMMapHBIH 00BEM «IIPOCTPAHCTBA MapamMeTpoB» coctasiseT 120 6ut. B apyrux padortax Ha mpumepe
MHOTOYHCIICHHBIX (YHKIMI TOKa3aHO, YTO Xa0C BOCCTAHOBHUM B TE€UYCHHE 4—5 TaKTOB, €CIIM ONMIMOKA B
napamerpe HenuHerHOH ¢opmupyromerd ¢yakuun (HOD) nve mpesbimaer 3-5%. D10 3HA4MT, UTO
B3JIOMIIMK CHUTHAIBHOW KOHCTPYKLMM TIpU TpyOOi aTrake HMEeT BO3MOXKHOCTh «OLIMOUTBCS» B
€IMHCTBEHHOM TIocieaHeM Oure mapametpa HO®D [2]. Takum o00pazoM, 00BEM MPOCTPaHCTBA
HapaMeTpoB, KOTOPBIH HEOOXOIMMO «Iepedparh» Ul BCKPBITHS CHUCTEMBI, CHIbKaercs 1o 120-
12 = 108 6ut. OTCIO/1a HAXOUM KOJIMYECTBO BO3MOKHBIX BapHaHToB: 21% = 3.25x10%,

Ecmu mpenmonoxuts, 4To HemoOpokenarenb 3a(UKCHpOBANl BECh CEAHC CBS3HM M HMEET
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BO3MOXKHOCTh TiepeOupaTh | MIIpJ. BAPUAHTOB B CEKYHY, TO MOJNYyYaeTCsl, YTO Ha B3JIOM CUTHAIBHO-
KOJIOBOM KOHCTPYKIMH M H3BJeUeHHe MH(OpManuu emy notpedyercs mopsaka 3,76x10 cyrok mmm
1,03x10% ner. 3nHaHme HayanbHBIX YCIOBHIl U1 BCHOMOTAaTEJbHBIX T€HEPATOPOB (TE€HEPATOPOB
napaMeTpoB) (aKTUYECKH COCTABIISICT KIIOY M B HameM mnpuMmepe OH paBeH 120 Outam.
DddexTuBHBI 00beM KITF0Ya, KaK OBLIO IOKA3aHO, B peajbHBIX CHCTeMax cocraBiser mopsaka 100—
110 6ut. Anroput™m 06JaaeT UCKIIFOYUTEITHLHO BHICOKOH B CPAaBHEHHWH C M3BECTHBIMH XaOTHICCKIMH
CHCTEMaMH TIOMEXOYCTOMYMBOCTBIO, COCTaBJISAIONICH BenuuuHy mopsnaka 12-18 gb. Cxema
peayinzyemMa Ha POCTESHIINX KOHTPOJUIepax, B T.4. U HAa YCTApPEBIIMX 8-OMTHBIX, aXe B OTCYTCTBHUE
BHEIITHETO OTIEPATHBHOTO 3a[IOMHUHAIOIIETO YCTPOICTBA.

3akiaouenne

MeToabl Ha OCHOBE paclpeleNIeHHbIX OTOOpaKEHHH B BHJE KYCOYHO-TMHEHHBIX IIOCKOCTEH
CYLIECTBEHHO Ooiiee MpOCTHI, HEXEIU H3BECTHbIE, U NPH ITOM AOCTaToyHO TruOku. Hampumep,
uHpopmarmo B XII MOXHO 3akianplBaTh KaK MHHMMYM YETBIPBMS CIIOCOOAMH: MacKHPOBKOM,
HEeJMHEHHBIM MOAMEIINBAaHUEM, MaHUIYJIALMEH pekUMaMHU Xaoc-TeHepaTopa, KOAUPOBAHUEM 30H U
obOmacteil. B HacTosimee Bpems MpopadaThIBAIOTCS €HIe HECKOJBbKO - YHUKAIBHBIX IOJIXOJIOB,
KacarollMXCsl IOBBIIICHHUS NOMEXOYCTOHUMBOCTH. B cucTemax TeleKOMMyHHKaLdid Ha OCHOBE
pacpeieNIeHHbIX 0TOOPaKeHUH yCII0KHIETCS CTPYKTYpa (popMHUpoOBaTeNs CUTHANIA U €T0 IeKOJepa.

B nacrosiielt pabote mokazaHa NpUHIMITHATBEHAS BO3MOKHOCTh CYIIECTBEHHOTO MOBBIIICHUSI
MIOMEXO0YCTOHYNBOCTH CHCTEM Iepefadn MHPOpMalyu Ha OCHOBE METOJOB HEIMHEHHOW NTUHAMUKU.
[IpenniokeH HOBBIM aJITOPUTM T'€HEpALUU XA0TUYECKUX MOCIeA0BaTeapHOCTEN. B cucreMe 3amarotcs
pacripenenieHHbIE BO BpeMeHHU HenuHelHble (opmupytomue ¢Gynkuud (HOD) B Buae HAKIOHHBIX
wiockocteld B N-MepHOM TpocTpaHCTBe ($a30BBIX cocTosHUU. lIpemnoxkeH 3¢ GeKTUBHBIA ¢ TOYKH
3peHus 00beMa BBIYHUCICHUH anroputM cuHTe3a HO® Ha 0CHOBE MOJIMHOMOB HE BbINIE 3-€i CTENCHH.

Taxke moOKa3aHO, YTO IIepefaBaeMoe MO KaHaly CBA3M Koje0aHHME 10 CBOUM
CTaTUCTHYECKMM M  CIIEKTPalIbHO BPEMEHHBIM  XdpakTEPUCTUKAM CXOxe ¢ myMmoMm. llpm
nepegadye  MoCIeOBaTeNIbHOCTH — «HYJEH» WM  «eIUHUI» B CHUTHajle HE MPOSBISIOTCA
peryisipHbsle CTPYKTypbl. OrmpeneneHsl aaropuTMbl MHQOPMAIMOHHOM MOIYJSIIMKA M JTOCTUTHYTA
MIOMEXOYCTOHYMBOCTh CHUCTeMbI Tepepadn uHpopmanuu 15-21 nb npu BeposSTHOCTH OMIMOKU
10%. Bce mNpeNIOKEHHBIE AITOPUTMBI  XOPOLIO  aNaNTHPOBaHbl K LU(PPOBBIM  METOAAM
¢dopmupoBaHUsT 1 00pabOTKM CHUrHAja, B TOM YHCIE B CHUCTEMax C HEBBICOKOW pa3psIHOCTHIO
HENOYHCIeHHbIX perucTpoB.  [IpennmoxeHHble alrOpuTMBl PACHIUPSIOT KJIACC CUTHAJOB C
XaOTHYECKOM MOXYJSIMEH < M METONOB HX InpueMa u o0paboTku Ha (¢GOHE IIYMOB, 4YTO
o0ecreynBaeT CoO3/aHue  MTOMEXO3AUIUIIEHHBIX M CKPBITHBIX TEIEKOMMYHUKAIMOHHBIX CHCTEM
HOBOTO THIIA.

GENERATION AND PROCESSING OF CHAOTIC SIGNALS BASED ON SIMPLE
FUNCTIONS IN THREE DIMENSIONAL SPACE

V.A. CHERDYNTSEV, S.I. POLOVENYA, V.V. DUBROVSKY

Abstract

A new class of chaotic oscillators, chaotic process that is based on distributed in time maps is
considered. The algorithms and block diagrams of devices forming, information of modulation and
signal processing are given. Numerical simulation of a family of curves obtained interference
immunity for various operating conditions of the generator of chaotic processes is received.
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