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/leTepMUHUPOBAHHBIN XaoC TPUMEHSETCS B
PA3JIMYHBIX OTPACJSIX WHKEHEPWM, B YaCTHOCTHU B
TEeJIEKOMMYHUKAI[MOHHBIX CUCTEMAX, Ga3UPYIOIIUXCS

MartemaTtnyeckas MoeJib HCCIEyeMOi CUCTEMBI

rI/IHerB.OTI/I‘{ECKaH cucrema JIio onmcbiBaeTcs ye-
ThIPbMA HeJTMHENHBIMU [LI/I(i)(l)epeHHI/IaJIbHI)IMI/I ypaB-

Ha 3TOM sABJeHUH. [IprMepaMu 1uHaMUYeCKUX CHC-
TEM C XaOTHMYECKUM IIOBEeJeHHEeM MOTYT CJYKUTb
cuctembr Jlopenmna, Cmporra, Peccrepa u ap.
B nocsienmue rosibl 6blin pazpaGoTanbl HOBbIE CH-
CTEeMBI, KOTOPBIE TIPH OTIPeIeIEHHBIX YCIOBUIX Te-
HEPUPYIOT XaOTHYeCKUe U TUIlepXaoTU4yecKue Ko-
seGanust. B wactHoctw, 510 crcrembl JTio (Liu System)
[1, 2] u Yena (Chen’s model) [3],

SABJIATONTHECS MOII(DUKAIIAMH CH-

crembl Jlopeniia. e 1 [

[IpokomoI0CcHOCTD, OPTOTO- :
HaJbHOCTb, CJOKHOCTb CTPYKTY-

PBl XaOTHYECKUX CUTHAJOB WU .
CUJIbHASI YyBCTBUTEJIbHOCTD K Ha-
YaJIbHBIM yCJOBUAM O0YCJIOBJIN- - ‘
BAIOT IEePCIEKTUBHOCTb UX MHC- [ Bain2

MTOJTh30BAHNS B CHCTEMAX CBA3W
LIS TIOBBIIIEHUST KPUIITOYCTOHYN-
BOCTH. IJTO JieJlaeT aKTyaJbHBIM
MCCJIe/IOBAHNE X CBONCTB, TIONCK
IyTel amnmapaTHOR peajusaluu
TeHepaToOpOB XaOTHYECKUX KoJie-
GaHUil U CUCTEM CBSI3U C UX HUC- i
MTOJTb30BAHUEM.

[lenbio HacTosIIENH PAGOTHI SIB-

JISIETCST OTIpe/iesieHrie 3HAYeHNH 11a- na
pamMeTpoB, TPH KOTOPBIX B Xao-
THyeckoil cucreme JIo renepupy-
I0TCS XaOTHYeCKHe, TUTIePXaoTH-
YecKue, KBAa3UNEPHOAMYECKHe W
Mepro/ITyecKre KoJeOGaHusl, a Tak-
JKe aKCTIepUMeHTaIbHas peain3a-
1IN CUCTEMBI Tlepeiaur nHpopMa-
IIUH C WCTI0JTb30BAHNEM CXEMOTEX-
HUYECKUX PEIeHNii TeHepaTOpOB
XA0THYECKUX KOJIeOaHUI U crucTe-
MBI CBSI3W Ha UX OCHOBE.

HEHUMSIMU TIEPBOTO MOPsi/IKa cJeyiolero sujia [2]:
=bx — hxz + \hw,

rne x, y, z, wuda, b, h, A, ¢, d, n — nepeMeHHbIe
U KOHCTAHTBI COOTBETCTBEHHO.

i=a(y-x), ¥y

s=cx®—dz, w
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Puc. 1. Matlab-Simulink-Mozenb reHeparopa THIEPXa0TUYECKIX
KoJsie6anuit
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CHUCTEMBI IIEPEJJAYU U OBPABOTKU CUTHAJIOB
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.8 & 5

JLIst aucIenHoro MojieTMpoBanust Oblia paspa-
6orana Matlab-Simulink-mozesnp reHepaTtopa ru-
nepxaorndeckux Kosebanuii (pue. 1), cocrosmas
U3 COEeIMHEHHBIX MEXKIYy cOO0N OJIOKOB yCUJIEHUS,
CYMMUPOBAHUS ¥ BbIUUTAHUS, YMHOKUTETEH, WH-
TErPaTOpPOB U YCTPOUCTB PETUCTPAIUU CUTHAJOB.
PesyibraThl MOJIETMPOBAHUST CUCTEMbBI TP 3HAYE-
HugX mapamerpos a=15, b=30, h=1, A=1, c=4,
d=2,5 nipuBejieHbl Ha puC. 2.

Omnpenenenne cnekTpa nmokasareJeii Jissmynosa

CyniecTBYIOT JiBa MOJIXO0/1A /IJIsi OIIMCAHUS XA0-
TUYECKUX CUTHAJIOB [4, ¢. 26]. IIpu nepBom cuura-
€TCs, UTO TIPOIECCHI ABJISIOTCS IeTePMITHIPOBAHHDI-
MU, T. €. TAKUMU, KOTOPBbIE PEAJU3yI0TCS ¢ TTOMO-
IIBIO OTIPE/IECTIEHHOTO aJTOPUTMa, a WX TOBE/CHNUE
BO BPEMEHU OIUCHIBAETCS COOTBETCTBEHHBIMU MaTe-
MaTHYeCKUMHU BBIPAYKEHUSIMU C 33JAaHHBIMU HAYATh-
HbIME ycaoBusiMu. [Ipu aTom onpenenstiorest ppax-
TaJbHAS PA3MEPHOCTDH ATTPAKTOPOB U TOKA3ATeNN
JlanyHoBa, SABASAIONIECS XapaKTEPUCTUKAMU CHC-
tembl. [Ipw BTOpoM moaxoze mpeamnosaraeTcs, 4To
CUTHAJT SIBJISIETCS CJIYYaiHBIM U HEMPEICKa3yeMbIM
BO BpeMeHM TIpolieccoM. B xoje Ha6moseHns 3a
MHOKECTBOM PeAJU3aIi TaKOTO MpoTecca MOSKHO
OIIEHUTDH HEKOTOPbIE CTATUCTUYECKUE 3AaKOHOMEPHO-
CTHU BO BPEMEHHON CTPYKType CUTHAJA, OMUCHIBAIO-
Hecst KOPPESAIMOHHON (PYHKITNEH, CIIeKTpaTbHOM
[JIOTHOCTBIO MONIHOCTH, MaTeMaTHYECKUM OXKU/Ia-
HUEM U Juciiepcueii.

Omnpenenenne crekTpa nokasareseii JIsmyHosa
JlaeT BO3MOKHOCTD YCTAHOBUTD AMATIA30H 3HAUEHUI
MapaMeTpPOB CUCTEMDI, TP KOTOPBIX BO3HUKAIOT TH-
MepXaoTUIecKre, XaoTHIeCKue, KBa3WIepuoaude-
CKHe ¥ TIepUOJInuecKrie KoaeOaHus.

[Tokazaresnu JlgmmynoBa xapakTepusyoT CTeleHb
3aBUCUMOCTH CUCTEMBI OT HAYAJTHHBIX YCJIOBWI U
OTIPEIeNISIIOT CKOPOCTh PACXOKIAEHUS ee TPAeKTO-
puii B dazoBoMm mpocTpancTtBe. CylecTByeT He-

Puc. 2. da3oBble TPAaeKTOPUHU CHCTEMBI B YKA3aHHBIX HAa PUCYHKAX IMJIOCKOCTIX

CKOJIDKO aJITOPUTMOB OIIpe/esIeHUsT ToKasaTesei
Jlanynosa. [lepBblil pegycMaTpuBaeT OTCIEKUBA-
HUEe U3MEeHEeHNs BO BpeMeHH (ha30BBbIX TPAEKTOPH
JIByX JIMHAMUYECKUX CUCTEM C OJU3KUMHU HAuaJIb-
HbIMH ycoBUsAMU. COrlacHO BTOPOMY aJTOPUTMY
HEOOXO/IMMO PEIUTh CHCTEMY YPaBHEHUH JUHAMU-
KH, KOTOpasi OIIMCBIBAeT [IBUKEHUE TOYKHU B/OJIb
(a30B0ii TPAEKTOPHH, COBMECTHO C YPABHEHUSIMHU B
BapHalusX, ONMUCHIBAIOIINMHI 9BOTIONII0 GECKOHEY-
HO MaJIoro BO3MYIIEHUS 9TOM TpaekTopui [J, c. 153].
IlepBblii c110co6 UCHOJB3YIOT B CJydae HEBO3MOXKHO-
CTU YMCJIEHHOTO PEIlleHus] YPAaBHEHNI B BapHaIUsIX.

[Ipu omnpeneneHNN HECKOJBKUX TOKazaresieit
JlamyHoBa HeOOXOIMMO OTCJEXKUBATD IBOJIOHIO
COOTBETCTBYIOIIETO KOJMYECTBA BEKTOPOB BO3MYIIle-
HUA BA0Jb (a30Boii TpaeKTOpuN curHasa. [las cu-
cTeMbl, onuchiBaeMoil ypasaenusmu (1), a1o xoJm-
4eCTBO PABHSETCS YETBIPEM.

ITokazaresn Jlamynosa ucciegyeMoil cUCTeMbl
PACCYNTBIBAJINCH C NCTOJb30BaHNeM anroput™a be-
HerTuHa ¢ Mogudukarmsamu [4, 5]. Ilpu aTom ocy-
HIECTBJISJIOCH OJIHOBPEMEHHOE pellleHHe CHCTEMbl
nuddepenianbubix ypaBuennii (1) u uerbipex
CHCTEM YPaBHEHUI B BapuaIusaX, MMEIONNX CJie-
JAVIONIMI BU:

4y =aly —x), g =bxy —haxy = hxz + dawy, )
. . 2
2, = 2cxx, —dz,, w, = —ny,.
Cucrema 13 1Ba/IIIaTH YPABHEHWIT PeIazach Ync-
JIEHHBIM MeTo/ioM Pynre — KyTTa ¢ iepeHopMUpOB-
KOH M OpPTOroHaIM3aIuell BEKTOPOB BO3MYIIEHUS B
rpoiiecce BBIYUCJICHUN JIJIs YKa3aHHBIX BBIIIE 3HA-
4yeHuil napameTpos a, b, h, A, ¢, d. [lns kaxkmoro
sHauenus napamerpa ne (1, 100] onpenesiucs mo-
KazaTesnn JIamyHoBa 1pm HOPMUPOBAHUU HA €JlU-
HUILy HAYaJbHbIX OPTOTOHAJBHBIX BEKTOPOB BO3-
MYIIEHHS X, Yo, 2o @,. Pacuer 3apepmaics opro-
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CUCTEMbBI INEPEJAYU U

OBPABOTKH CUTHAJIOB
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Puc. 3. Crexrp moxasatesieil JIamyHoBa 1/ CHCTEMBI
ypasHaennii (1):

a — TiepBble TPU MOKA3aTeNN; 6 — YeTBEPTHIl TOKa3aTe b

roHaJjiu3aiueil 1 HopmaJusaiueit Ha GUKCUpoBaH-
HYIO KOHCTaHTY BEKTOPOB BO3MYIIEHWS COTJIACHO
merony I'pamma—IlImugra [6]. Paccumrannbrii
criexTp nokaszaresieii Jlamyrosa (ILJI) npuBesen Ha
puc. 3.

Kak caenyer us puc. 3, 6, gerseproiii I1JI or-
punarenen s jo6oro 3Hadenus n. Ero mMuHun-
MaJibHOe 3HaueHMe coctaBisieT —18,58 ipu n=10 u
MakcuMaJsibHoe —14,78 nipu n=84.

[Tepuoanueckue KoJeOaHUST UMEIOT MECTO IPHU
OTpHUIlaTeIbHBIX 3HAUYEHUSAX TPeX Mokasareseit JIg-
IyHOBA U paBeHCTBe HYJIIO YeTBepToro. [Ipu orpu-
nareJbHbIX 3HaveHusix AByX 1LJI u AByX HyJieBbIX
3HaUEeHUSIX HAOGJIO/JAI0TCS KBA3UIIEPUOIMUECKHE
KoJeGanmst. XaoTH4ecKne KosebaHust UMeIoT MEeCTO
1IpU yCcJOBUHU, UTO 3HaueHue ojnHoro u3 I1JI paBHo
HYJII0, 3HAUEHUS OJTHOTO — MOJIOKUTETHHOE, a /1Ba
OCTAJIbHBIX — OTpHUIIaTeJbHble. ['UIIepXaoTuiecKue
KoJieGaHust HaOIO/JAIOTCS TIPU JIBYX TTOJIOKUTEJb-
HBIX 3HAUCHUSX TTOKa3aTesis JISmyHoBa U3 4yeTbIpex.

N3 noy4eHHBIX Pe3yJIbTaTOB CJAEAYET, YTO MPU
snauenusax ne (0, 33] cucrema uMeeT /1Ba [10JI0MKU-
teapubix I1JI, u, Kak caeacTBue, B Hell BOSHUKAIOT
runepxaorudyeckue kosebGanus. Ilpu 3HaveHumsIX
ne (38, 42] u ne (48, 57] cucrema uMeeT ONH TI0-
goxurenbhbiil 1LJ1, T. e. B cucreme GyayT nMerhb
MecTo Xaorudeckue koJjebanusi. [lpu 3nauenumsx
ne (42, 48], (57, 68], (76, 80], (83, 100] cucre-
MOU reHepupyIoTcs nepuo/imueckue Kosebanus. [Ipu
snauenuax ne (68, 76], (80, 83] uMeror MecTo KBa-
3UIEPHOANYECKIE KOJIeGaHNUS.

CHHXPOHHU3AIMS FeHEPATOPOB XaOTHYECKUX
KoJIeOaHmit

CyniecTByeT MHOKECTBO METOJIOB CHHXPOHHU3a-
IIUU XaO0TUYECKUX CUCTEM — I10JHad, 06001eHHas,
azosas, omnepexatormas u ap. [7]. Ilox nosnoii
CHHXPOHHU3AIMEN TTOHUMAIOT TOYHOE COBIAJCHHE
BEKTOPOB COCTOSTHUIT B3aUMOJIEHCTBYIONINX MEXK/IY
co6oii cucreM. ITO BOZMOXKHO MPU MAEHTHYHOCTH
UX IapaMeTpOB.

PexxuM CUHXPOHU3AIMY JIBYX UJIEHTHYHBIX Xa-
ornveckux cucreM Jlo, GyHKIMOHAMBHAS CXeMa
KOTOPOU NpuBe/leHa Ha pucC. 4, 06ecreunBacs my-
TEM YCTAHOBJIEHUS MEXIy HUMU OOPATHON JMHET-
HOH CBSI3MU.

Yy

Benymasn
cucreMa

Benomas
crucTemMa

!

Puc. 4. dyHkmoHasbHas cXxeMa CUHXPOHU3AINH JIBYX
XaOTHYECKUX CHUCTEM JIMHEHHOI 06paTHOIl CBSI3bIO
(comporusienne pe3nctopoB R, ... R, — 10 kOm)

Benymyio u Begomyio cucrembl JIio, MOXKHO
orucaTh CUCTEMAMU JHHEWHbIX auddepeniinaib-
HBbIX yPaBHEHUU TEPBOrO TOPSAKA CJIEAYIONIErO
Bujga [8]:

i =aCy, —x,), ¥, =bx, —hx,z + Aw,,

2 =cx’ —dz, @ =-ny, )
u

&y =aly, - x,),

Yy = by = hxyz, + hw, + ey — y),

: 2 (4)
z, = cx” —dz,,

W, = —ny,,

rjie Y,~Y, — HOIPEIIHOCTb CUHXPOHU3AINN BeJy-

el 1 BeJOMOU CUCTEM.

Benymag n Beromast cucteMbl (GOPMUPYIOT Xa0-
tiueckne curnannt x,(¢), y,(¢), z,(t), w,(t) n
x,(1), y,(1), z,(t), w,(t) coorsercTBenHO. B Ka-
4eCTBE MPUMEPA PACCMOTPUM OGECIIEYeHNE MTPOLEC-
ca cunxponuzaiuu curuanos y,(¢) n y,(t) seny-
el 1 BeJIOMOM cucTeM.

Jlis MOIeTMPOBaHKS ITPOIlecca CHHXPOHU3AIMI
BeylIeil 1 BeJOMOIl CHCTEM MCIIOIb30BAIACh IIPO-
rpaMmMHag cpena Micro-cap 9.

[y6una CBA3M MEXK/LY CHCTEMaMU PEryJIUpPyeTcst
M3MeHEeHHeM BeJIMYMHb! conpornsienus R . Kaue-
CTBEHHO O CTEIeHN KOPPEJIAINKE MEKIY CUTHAJAMU
y,(t) m y,(¢) mpu pasHBIX 3HAYCHUAX R MOXKHO
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CUTHAJIOB

Puc. 5. Bpemennble amarpaMMbl XaOTHYECKHX CHTHA-
JIOB Y, U Y, JUISL UCCJEYEeMOIl CHCTEMBI [IPU 3HAUEHI-
ax R, =100 Om (@) u R, = 3 xOwm (6)

a)

Yy B
4

4
| 1 A fFI A i ) f'ﬁ\
an] A / tog | {1 n_/’ V" i f o A
- e \ 4 W, \ Y J
S0 \ ||} 14N rr,r i L" *Lﬁ'\\ I]' Vi l”Nﬁ‘\[ \ IIE “"\l J,’ \
; 1 'l ‘(l A H 1 i
= \| ! o v 'J U v
1 I T I MY SO S S I
0 2 4 6 8 t, mc

4 y,B

Puc. 6. 3aBHCHMOCTb aMILIMTY/bI CHTHajla Y, OT aM-
IJIMTY /Il CHTHAIA ¥/, JUIA MCCTeyeMOH CHCTeMBI HpH
R =100 Om (@) u R =3 xOm (6)

CYWTH 10 WX BPEMEHHBIM JMarpamMmam, IIpHuBe-
JIleHHpIM Ha puc. 3. npu R,=100 Om gumarpamMmb
UJIEHTUYHBI, YTO YKa3bIBAET HA CUHXPOHU3AIIUIO Be-
JtyTieil 1 BeJIoMOoii cucteM, B OTInune oT R = 3 kOmMm.
[anbHeilliee yBesnueHue conpoTuBaeHns R . pu-
BOJUT K TIOJTHON T€CUHXPOHU3AINN CUCTEM.
Hanwmume cuHXpOHM3AIUN UCCAETYEMBIX CHC-
TeM TOATBEPIKIAETCSI 3aBUCUMOCTSIMHU aMILIATY-

ISPLAY

Y

|+ J L
) P e,
[
!
I
I

Persist
Off

Farmat
XY

TISREE]

Contrast
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Contrast
Decrease

Lo H b 1
Hi 100V CHZ 100V XY Mode

6) ek I

e e DISPLAY
Type
Wectors|

Persist
O11]
Format

Contrast
Increase

RN AR RN R ALY et a4

INRRRERRREE

Caontrast
Decrease

BHT T00Y CHE 100V 7 Mode

Puc. 7. SKCHepI/IMEHTaJIbeIe 3aBUCHUMOCTH

x, = fx) (@) n y,= f(y,) (6)

JIbI CHTHAJIA BeIOMOii cucteMbl y,(t) oT aMILmTy-
apl curnana y,(t) Bemylieil, KOTOPbIE MPHUBEICHDI
Ha puc. 6, a: npu R =100 Om 3aBucumoctd y,=f(y,)
JIMHEWHa ¢ YIJIOM HaKJOHA @ = T/4, 4TO yKa3bIBaeT
Ha WJICHTUYHOCTH CUTHAJIOB. Y BEJIMUEHIE COITPOTUB-
JeHnd Rx 10 3 kKOM TpUBOJUT K JECUHXPOHU3A-
mun cucrem (puc. 6, 6).

W3 pe3ynbTaToB aKCHEPUMEHTAJbHBIX HCCJIEI0-
BaHMI pEXXMMa CHHXPOHW3AINU BEAYIIeH U BeJO-
MOW CHUCTEM, NTPUBE/IEHHBbIX HA PHC. 7, CJEJYET, UTO
cuHxpoHusanus curuanos x, () u x,(¢) (puc. 7, @)
o6ecTieunBaeTCs yCTAHOBJIEHUEM CHHX POHU3AITUH CHT-
nanos y,(t) u y,(t) (puc. 7, 6).

XaoTruueckoe MaCKHpOBaHHUE

XaoTnvyeckoe MaCKUPOBAHWE SBJISETCS OJHUM W3
CcaMbIX MPOCTBIX CIIOCOOOB CKPBITOH Tepejaun WH-
dopmanuu [7, 9]. Ilpu xaoTuuecKkoM MacKUpPOBa-
HUU UHQOPMAIIMOHHBIN CUTHAJ A/JIUTUBHO TOJ[Me-
[IMBAETCS K XA0TUYECKOMY CUTHAJY B CYyMMAaTope Ha
BBIXO/IE BEIYIIEN CUCTEMDI, TTOCJIE YETO PE3yIbTUDPY-
IOMUI CUTHAJ TiepeJlaeTcs 1o Kanamy cBgsn. Cun-
XPOHM3AIMS CUCTEMBI CBSI3M OCYIIECTBJISIETCS yCTa-
HOBJIEHUEM OJIMHAKOBBIX [IMHAMUYECKUX PEKUMOB
paboThI IPUEMHON 1 IepeIaioleil YacTell CUCTEMbI
CBSI3U C [TOMOIIBIO TIEPEJAHHOTO U U/IEHTUYHOTO eMY
CUTHAJIA, CTEHEPUPOBAHHOTO TTPUEMHOI CTOPOHOIA.
Ha mpuemnoii cTopoHe MPONCXOUT IE€TEKTUPOBA-
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HHe I/IH(bOpMaL[I/IOHHOFO CHT'HaJla IIyTEM
BbIYUTAaHUA OT IIPUHATOTIO CUTHaAJIa CUH-

Beayias (D[ Begomas XPOHHOTO OTKJIMKA. 3
creTeMa creTeMa Ha puc. 8 npuBesien Bo3MOXKHbIiT Ba-
@ 0) PUAHT CTPYKTYPHOH CXeMbl Iepeaauu
y.(0) BJIOK2 uH(OpPMaIUN C XAa0THYECKUM MaCKHPO-

! BaHWEM.
: ; CUHXPOHU3AINHT M ) 6 i
IlepemaTunk : HpI/IeMHI/IK o/1e/IMpoBaHne pabOTbl CUCTEMDI TI€
e LTI penayr nHGOPMAITN OCYITIECTBIISIIOCH TaK-
Puc. 8. Crpykrypras cxema mepeaatn muopyarmn ¢ xaorme- K€ B Iporpamvioit cpese Micro-cap 9.

CKUM MaCKUPOBaHUEM

Henunelinplii mepeaT4uk CUCTEMbBI CO-
CTOWT M3 reHepaTopa XaoTHYECKUX KO-
Jgebanuii 1 6JJ0Ka CyMMUPOBAHUSI CHUT-

a) Ry HaJIOB, a MPUEMHUK — W3 WACHTUYHOTO TeHepaTo-
pa u 6J0Ka BbIYMTaHUsI. B KavyecTBe TeHepatopa

XA0THUECKUX KOJeOaHWI B TIepelaTunKe U IIPUEM-

- R, HUKE HCII0JIb30BaJach cucteMa JIto, onucbiBaeMast

Bxoal | DA, - muddepentmanbiabiMu ypasHenusmu (1), Dxcre-
+ DA, PUMEHTAJIBHO CUCTEMA Tiepefayn MHPOopMaIu Gblia

I i BbIxon | peasmsoBana Ha OIEPAMOHHBIX YCHINTENAX W aHa-

R, JIOTOBBIX YMHOXKHUTEJISIX CUTHATOB. B 60Kax cym-

Bxon2 Ry MUPOBaHUSI M BblYNTaHus curiaaos (puc. 9) nep-

Puc. 9. Cxembl Boruntanus (@) u cymmuposanus (6)
ananoroBoii nudopmManun

(compornBenne pesnctopos R, ... R, — 10 kOm)

BbIl OIE€PAlMOHHBIN YCHIUTEb BBITOIHIET (PYyHK-
o 6ydepa.

TenepaTopbl XaoTnyecknx KoseGanuii B Bejy-
el 1 BegaoMoil cucreMax (hOPMUPYIOT CHTHAJIBI
(D), y (), 2,(0), w, (1) u x)(1), y,(1), z,(0),
wz(t) oéﬂaz[afomﬂe CBOWCTBAMHU Xaomqecxou M-
namukn. Cunxponusanus curnanos x,(¢) u x,(t)
cucTeMbl 06€CIIeUrBAETCS ITyTEM yCTaHOBJIeHI/IH CUH-
xponusamun curnanos y1(t) u y2(t) ¢ moMompIo
cxeMbl JinHelHOiT o6parHoil cBsizu (eMm. puc. 4).
Wudopmaimonnbiii curnan s(t), mpocyMMUpOBaH-
HBIIl ¢ HECYIIIM Xa0THYeCKUM cHrHasoM x (), me-
pejlaercs 1o JIMHUK CBs3u. B kavectBe mHdOpMa-
[IMOHHOTO CUTHAJIA BHIGHPAIACh CHHYCOM/A C aMIl-
gutynoii 3 B m wactoroit 600 I'm. B mpuemmoii

T AR —
60 80 t, MC
6)
M A ww EAAAARRARRS M WAL w&w A “W AR AN
0 20 40 60 80 t, Mc
B)
Wﬁw—_‘%ﬂ _\_’.*_rj“%‘t%%‘t f?__sf_r&zkt‘?%"ﬁf*rf‘fwxf_%’if%_ Yy WE{W@NW%. Mf‘.«.’#ﬁfﬁ..f. s
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-3,5.._._i_.La.\f_'_'.:.L/'_u_'l i '._*_‘ui:'u'_:[ﬂ;_t:kr_'.": ?}_;;.]t.j._\*'__\g;b:_@;i H hjb L ”\'5 P ” R
0 20 40 60 80 t, MC

Puc. 10. IosyueHHble B pesysbTate MOJEJINPOBAHUS BPEMEHHbBIE JUATPAMMbBI AMILTUTY/IbI CUTHANOB (B BOJIBTAX):
@ — BXOJHOI HH(OPMAIMOHHDLIT CUTHAJL; 6 — XaOTHYECKHIl CUTHAI; 6 — a/UIUTUBHA cMeCh HH(OPMAIHOHHOTO i Xa0THYECKOTrO

CHUTHAJIOB; ¢ — BBIXO/IHOI CHUTHAJ Ha HpHeMHOﬁ CTOPOHE CUCTEMDI
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a) PR TJL ® Stop M Pas: 0.000s AUTOSET
i : + 1 R
= . . 4
BRI JE Iy TR [ PR e—.
;
g R
il g o [ P
L , FFT
L 2 : i I| s, i H
z | 1 ! 1
H | I ! udl
o e 5
PK=PK 454/ : Unda
Perigd 1.670ms - : : 3 Autoset
HT 2005 0z 200V M 250ms CHI 7 831V
b 599.707Hz
6) AUTOSET

M Pas: 0,000

Caa 714U,

YaCTH CUCTEMBI MPOUCXO/UT BbIYUTAHUE OT MOJLY-
JupoBaHHoro curuana m(t) XaoTHYeCcKOro CUrHa-
na x,(t), cunxponnsuposannoro ¢ x,(t), B pe-
3yJIbTaTe Yero MoJIydaeTcs BhIXOAHON nHMOpMaIu-
ounblil curuaj. Ilpu MojgempoBanuu mpe/oiara-
JIOCh, YTO KaHaJI CBA3W SABJISAETCS N/ICAJTbHBIM.

N3 nosyueHHbIX B pe3yJbTaTe MOJCTUPOBAHUS
BPEMEHHBIX JarpaMM, MpUBeJeHHBIX Ha puc. 10,
CJIeTYET, UTO BBIXOJHOW CUTHAJ HA TPUEMHOI CTO-
poHe COBIA/IaeT ¢ BXOHBIM NH(MOPMAIIMOHHBIM CHUT-
HaJIOM.

Pesyabrarsl Mo/leIMpOBaHus MpoOIecca mepe-
Jfaun MHGOPMAIMU ¢ Xa0THYECKUM MacCKUPOBaU-
eM ObLIU MOATBEPIKJAEHDbI dKCIIEPUMEHTATbHBIMU
MCCJIeIOBAaHNSMHI, B KOTOPBIX UCITOJIb30BAJICS CHU-
HYCOUJIAJIbHBIN NHPOPMAIIMOHHBIN CUTHAJ 4aCTO-
toit 600 I'm m ammmuryoit 1,6 B, dbopmupyembrii
reHepaTopoOM HU3KOYACTOTHBIX curHaioB ['3-118.
B kayecTBe reHepaTopa XaOTHYECKUX KOJeOaHMI
MCIIOJb30BAJICS TeHepaTop, ONMUChIBAEMbIN cucTe-
Moii uddepennmaibubix ypasaenuit (1), cBoii-
CTBa KOTOPOro ucciaepoBanb B [10].

Kak crenyer u3 npexacrabiennbix na puc. 11
IKCIIEPUMEHTAIBHBIX BPEMEHHBIX JMArPaMM, pPas-
HUIA MEXK/Ty TIOJIyYeHHBIM CUTHAJIOM HA TTPUEMHOI
CTOpPOHE CHCTEMBI CBS3W U TepeJJaHHbIM nH(opMa-
[IMOHHBIM CUTHAJIOM HezHauutebHa (puc. 11, 2),
YTO yKa3bIBaeT Ha BO3MOXKHOCTb MCIOJIb30BAHUS

11 P U3 LI

B) K ____ JL. -y

Undo
Autoset
~BERImY
599.80@Hz o

vc}RMS‘i.B‘z\-';“'”é .....
Freq: 600.6Hz :

M Pos;

0,00 s

i m———

Operation

'
YRE ; Al CH1-CH2

INRNNREIE]

ﬁ X, 11— 1 AL T
z 599 TONH»

Puc. 11. 9xcnepuMeHTaJbHbIE BPEMEHHBIE JMATPAMMbl CUTHAJIOB:
a — BXO/IHOIT MH(OPMAIMOHHDBIIT CUTHAJ U XaOTUYECKUH CUTHAJ; 6 — BXO/HOI MH(MOPMAIIMOHHBII CUTHAJ U [IEPEIAHHbIIT 110 JTMHUK
CBA3N MOI[yJIVIpOBaHHbTﬁ CUTHAJI, 6 — I/IH(I)OpMaTII/IOHHbIﬁ CUTHAJI Ha BXO/I€ M BbIXO/J€ CHUCTEMBI, 2 — I/IH(I)OpMaTH/IOHHbHU/I
CHUTHaJI Ha BXO/l€, BbIX0/l€ CUCTEMbI U pa3HUIla MEXK/lY HUMU

HpeIIJIOH(eHHOfl CUCTEMDI AJiAd Iepeladn I/IHCl)OpMa-
I ¢ XaOTUYECKUM MACKUPOBaHUEM.
3k %k

[IpoBenentbie uccie0BaHUS TO3BOJIIIH PEATH-
30BaTh Ha 6aze cucreMbl JI10 reHepaTop pa3IMuHbIX
BH/IOB KOJIEOAHWI 1 CHHXPOHU3UPOBATD /IBA TAKMX
reHeparopa ¢ IOMOIIbIO JUHEHHONH 06paTHOU CBSI-
3H, a TaKKe Pean30BaTh CUCTEMY CBSI3U C UCTIOJIb-
30BaHNEM IeHEPATOPOB XA0THUECKUX KOJIeOAHMIA.
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Ivanyuk P. V., Politansky L. F., Politansky R. L.
Chaotic masking of information signals using gene-
rator based on the Liu system.

Keywords: chaos, hyperchaos, chaotic masking, chaotic
synchronization, Liu system, Lyapunov exponent
spectrum.

Lyapunov exponent spectrum for a chaotic Liu system
was calculated in this work. The possibility to set the
synchronization between generators based on the system
under investigation was shown. A communication
system was experimentally realized using chaotic
generators.

Ukraine, Yuriy Fedkovych Chernivtsi National
University.

IBantok II. B., Iloxitancekuii JI. @., Ilomitancbkuii
P. JI. Xaotuune MacKyBaHHs iH(pOpMANiifHHX CHUTHAJIB
3 BUKOPHUCTAHHSM reHeparopa Ha 6asi cucremu Jlio.

Knwouosi caosa: xaoc, zinepxaoc, xaomuune MAacKy-
B8AHMS, XAOMUUHA CUHXPOHI3AYL, cucmema JI1o, cnexmp
nokaswuxis Jlsnynosa.

B po6oti pospaxoBaHo ciieKTp MoKa3HukiB JlsmyHnosa
nas xaotruynoi cucrtemu Jlo. Ilokaszano MoxkauBicTb
BCTAHOBJICHHA PEXUMY CUHXPOHi3allii Misk reHeparopa-
MU, 110 6a3yI0ThCS HA JOCJi/pKeHiit cuctemi. Excriepu-
MEHTAJbHO Peasi3oBaHO CHUCTeMY Tepemadi iHdopmarrii
3 BUKOPHUCTAHHSAM TeHepaTOpPiB XaOTUYHUX KOJHMBAHbD.

Ykpaina, UepHiBellbkuit HallioHAJIbHUI YHiBepCUTET iMeHi

IOpiss DeaproBuya.
HOBBIE KHUT'

Hocepa, 2011.— 432 c.

/Fyﬁapes B. B. Uudopmaruka: npouinoe, Hacrosiee, oyayuiee.— Mockpa: Tex-

~

HOBBIE KHUT'

-

B nocob6uu wuanaraercs B3rsi aBTOpa Ha TO, UTO Takoe HH(GOpMaTHKa, €e COCTaB,
OCHOBHbI€ MOHSITHS, KOHLENLHSI OMUCAHUS €€ UCTOPUKM U MOKOJEHHUH CPeJCTB BbIUMCIH-
TeabHOH TexHUuKH. Ocoboe BHUMaHUE YIeaseTCs XPOHOMTOTHH CO3/1aHns 6a30BbIX CPECTB
U TeXHOJOTMH MH(MOPMATHUKH, CBEIEHHUSIM O JHIlaX, BHECIIUX BECOMBIH BKJIAaJd B pa3BH-
THE Pas3HbIX pas/ienoB MHPOPMATHKH, a TaKxKe OJMKANIINM TEepCreKTHBAM HX pa3BH-
THA. COﬂep)KaTCH MHOTOYHUCJ/JIEHHbIE ClIpaBOYHbI€, B HaCTHOCTH CTATUCTUUECKHE, CBEeJle-
HMSl U MepeueHb MeKAMCLMMIUHAPHBIX MPOOJIEMHBIX BONPOCOB, KACAIOUIUXCS MOHSITHS
HHhopMallKi, UHPOPMATHKHU U ee pa3aenoB. B KHUTY BK/AOUeHbl yueOHble U CpaBoy-
Hble MaTepuaJbl, MpelHa3HaUeHHbIe /51 U3yUeHHs] B paMKaX yueOHOTO mpolecca MpH
MOATOTOBKe GaKa/JaaBPOB U MAarucTPOB MO HampaBaeHusM «MHdopmMaTHKa U BBIUMCIHU-
TeJbHasl TexHUKa», «[Ipukaannas matemaTuka U uHopmatuka», «[Iporpammuas uH-
KeHnepusi», «CHCTEeMHBIH aHaau3 U ynpasaenue», «Mundopmannontble CHCTEMbl U TeX-
Hosorun», «IIpuknannas nndopmatuka» (no orpacasm), «Marematuueckoe obecreue-
HUE W aMUHUCTPUPOBAHHE MH(MOPMALUOHHBIX CUCTeM», «YNpaBleHHe B TeXHHUECKHX
cucremax», «busnec-unpopmatuka», «Mupopmannonnas 6ezonacHoctb» u T. m. [loco-
6ue M0oxKeT ObITh MOJE3HO CTyAeHTaM, 00yJyaloluMcs Mo HanpaBaenusim «MaTemaTuka
1 KOMTIbIOTEpHbIEe HAYKH», «PyHnaMeHTanbpHass MHGOPpMATHKa U HHDOPMALLHOHHBIE TeX-
Hosorun», «MHuTenmeKTyanbuble CHCTEMbl B TymMaHuTapHoi chepe», «Mupo-koMMyHu-
KALMOHHbIE TEeXHOJOTMHM M CUCTeMbl CBSI3W» U T. M., MHOTMM MpenojaBaTegsiM M aclu-
paHTaM, a TakxKe BCEM, KeJalolUM CHCTEMHO MO3HATh, YTO TaKOe MH(POPMATHKA, ee
KOHILETITYaJbHble OCHOBBI, CTPYKTYpa, HCTOPUST U METOJOJOTHS, STANbl CTAHOBJIEHHS U
HaTpaBJ/JaeHHs] Pa3BUTHSI.
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