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YAK 519.6
JTAATHOCTHUKA JJUCKPETHO-HEJIUMHEMHOM CUCTEMBI UYA 11O
CTATUCTUYECKHUM XAPAKTEPUCTUKAM ®OPMUPYEMbIX
3-D CUTHAJIOB

Huwmykos JI.A. e-mail:ishmukov@gmail.ru, B.B. Aganacwes,
Kazauckuit Hanmonansasiii UccnenoBarensckuil TexHuueckuil Y HUBEPCUTET
(KHUTY um. A.H. Tynonesa-KAI), r. Kazans

B noknane paccmarpuBaeTcs MOJENMPOBAHME W JMArHOCTHKA AMCKPETHO-HENWHEHHON cu-
ctembl Uya 1O CTAaTHCTUYECKHM XapakTtepucTukam (popmupyemsix 3-D curnanos. B xagectBe mmat-
(hopMBI T IPOBEACHUS MOJCINPOBAaHUS, BEIOpaHa WHTepakTHBHAS cpeaa MathLAB. Ilens auarao-
CTHKH - OLIEHKA CTaTUCTUYECKUX XapakTepucTuk 3-D curHanoB remeparopa Ha 0a3e IUCKPETHO-HENIH-
HeltHo! cructembl Uya mpu Bapualiuu mapaMeTpoB cucteMbl. CMonenupoBaHa cucrema Uya, orieHeHs
CTaTHCTUYECKHE XapaKTEPUCTUKH CUTHAIOB T€HEpaTopa ICEeBJOCITyYalHBIX CHTHAIIOB Ha 0a3e Iuc-
KPETHO-HEJIMHENHON cucTeMbl Uya IIpU U3MEHEHUU IapaMeTpoB cucTtemsl. 110 pesynbraram nuarso-
CTHKH CZEJaHbl BRIBOABI 0 pabote reHeparopa 3-D curnanos. [lonydeHb HHKEHEPHBIE PEKOMEHIAIINN
Mo moAOOpy JAOMYCTUMOTO JUara30Ha W3MEHEHUs MapaMeTpoB cucteMbl Uya s obecriedeHus cra-
OunbHOI paboThl reHepaTopa 3-D curnanos.

DIAGNOSTICS OF DISCRETE-NONLINEAR CHUA SYSTEM BY
STATISTICAL CHARACTERISTICS OF FORMED 3-D SIGNALS

Ishmukov D.A., V.V. Afanasiev ,
Kazan National Research Technical University named after A.N. Tupolev (KNRTU-KAI), Kazan

The report discusses the modeling and diagnostics of the Chua discrete-nonlinear system ac-
cording to the statistical characteristics of the generated 3-D signals. As a platform for the simulation,
the selected interactive environment MathLAB. The purpose of the diagnosis is to evaluate the statisti-
cal characteristics of the 3-D generator signals based on the discrete non-linear Chua system with vari-
ation of the system parameters. The Chua system is the statistical characteristics of the signals of a
pseudo-random signal generator based on the Chua discrete-nonlinear system when the system param-
eters are changed are estimated. According to the results of the diagnosis, conclusions were drawn about
the operation of the 3-D signal generator. Engineering recommendations on the selection of the accepta-
ble range of changes in the parameters of the Chua system to ensure stable operation of the 3-D signal
generator were obtained.

JlnarHocTuka M HAcTpPOMKa JUCKPETHO-HEIMHEWHOW cucTteMsl Uya - ABIsIeTCS
MEePBOCTENEHHOM 3a7aueii mpu pa3paboTke YCTPOUCTB (OPMUPOBAHUS TICEBIOCTYyYal-
HBIX 3-D curHanoB A cucTeM KOH(DHUIEHIINATBHOM CBSA3U ¢ HOCUTEISIMU HHPOPMAITUU
Ha O0CHOBE 2 (EKTOB TUHAMHYECKOTO Xaoca [1].

Lenp paboThl — IUArHOCTUKA AUCKPETHO-HENMHEHHON cucteMbl Uya mo craTu-
CTHUYECKHUM XxapakTepuctukam 3-D curnanos renepatopa Ha 6a3e JUCKPETHO- HEJIMHEH-
HOU cucteMbl Yya.

[IpoBeneno moaenupoBaHUE NUCKPETHO — HEMMHENMHOUW cuctembl Uya. Ha oc-
HOBE MoJyJiei mporpamMmbl matlab Owiia cMoaenupoBana JUCKPETHO-HENUHEHHAS CH-
crema Yya. [IpousBeseHo n3mepeHne 0a30BBIX MapaMETPOB CHUCTEMBI, UCCIIETOBAHbI
CTaTUCTUYECKHE XapaKTepUCTUKU popmupyemsbix 3-D curnanos.

[TonyuyeHHble xapakTepHas peanusaius $Ga3oBOro NopTpeTa IUCKPEeTHO — HEIu-
HeliHoM cuctemsl Uya npuBeeHa Ha puc. 1.
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Puc. 1 — ®a30Bblil NOPTPET CUTHAJIOB X, Y, Z IMCKPETHO — HeJIMHEHHOi cuctembl Yya

[Tony4yeHnHble, Ha OCHOBE pa3pabOTAHHBIX CPEACTB MOAECTUPOBAHUS JUCKPETHO —
HEJIMHENHOM cucTeMbl Uya, XapaKTepHbIC PeaIn3alii CUTHAJIOB ITIPUBEICHBI HA PUC.2.

CBoeBpeMeHHasl TMarHoCTUKA TMCKPETHO-HEJINHENHOM cuctemsl Uya 1o craTu-
CTHUYECKUM XapaKTepucTukaM ¢popmMupyemsix 3-D curHaioB no3BossieT rTiOKo HaCTpo-
UTh YCTPOMCTBO (hOpMHUpPOBATENS, a TAKXKE MPEAOTBPATUTh JajbHele cOoOn B XOe
AKCIUTyaTallMu. BBINOMHEHO HccleoBaHME MOBEJACHUSI CUCTEMbI MPU BapbHUPOBAHUU
0a30BbIX napameTpoB cuctemMbl Uya. [lomyyeHHble B pe3ynbTaTe MOACIUPOBAHUS JHC-
KpeTHO-HenuHelHo! cucteMsl Uya nucniepcuu (d), Maremarnyeckue oxxuaanus (M) u
CpelHeKBajpaTHUeckre OTKIOoHeHUs (CKO) dopmupyembix 3-D curHanoB mpeicTas-
JeHbl B Tabnuue 1.
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Puc. 2 — Peanu3anusi CHTHAJIOB X, Y, Z AUCKPETHO — HeJIUHEeiTHOii cucTemsbl Yya

CraTHCTHYECKHX XapaKTepUCTHKH (popMuUpyembix 3-D curaasaon
AMCKPETHO — HeJIMHeiHoM cucTeMbl Uya
Tabmuma 1

Taxum oOpazom, u3 Tabuuiel 1 BUAHO, YTO MPU BapbUPOBAHUU 0A30BBIX Mapa-
METpPOB HaOJI0JaeTCsl U3MEHEHUE CTATUCTUUYECKUX XapaKTEPUCTUK T'€HEPUPYEMBIX CUT-
HaJIOB IMCKPETHO-HEIMHEMHON cucTeMbl Uya.

[losryyeHHBIE CTAaTHCTUYECKHE XAPAKTEPUCTUKH ITO3BOJISIOT ONTHMHM3UPOBATH
paboTy AMCKPETHO-HENMHENHOMN cucTeMbl Uya, a TakKe B X0J1€ IPOBEIEHHBIX HCCIIE0-
BaHUU XapaKTepUCTHK (popMupyeMbIX 3-D cUrHanoB, BbIpabaThIBAIOTCS WHKEHEPHbBIE
PEKOMEHJAINHU 110 BEIOOPY MapaMeTpoB Pauo3JIeKTPOHHOM cuctemsl Uya ¢ XaoTuye-
ckoil auHaMuKkoi. [TomyueHHbIe pe3yabTaThl U CPEACTBA MOJICIUPOBAHUS MOTYT OBITH
IPUMEHEHBI JIsl 00ecriedeH s CTaOMIIbHOM paboThl reHepaTopa ICeBI0CTyYallHbIX CUT-
HaJIOB Ha 0a3e paJuOd’IEeKTPOHHOM MHUCKPETHO-HEIMHEWHOU cucTeMbl Yya ¢ XaoTuye-

CKOM JUHAMHKOMN.
Cumcok uMTHpPYeMOi JINTepaTyphbl

[Tapametpsl cuctemsl Uya
Curnan | alpha=9.8; | alpha=9.7; alpha=8.5; | alpha=10.262; | alpha=10; | alpha=8.66;
beta=15.7 | beta=110/7 | beta=14 beta=14 beta=14 beta=14
M(X) 0.0354 0.0147 1.2408 0.0340 0.0450 0.2441
CKO(X) 1.4143 1.3966 0.6477 1.4663 1.4363 1.3518
M(Y) 2.824e-4 | 2.6377\(-4) | -3.86e-04 3.29%e-04 3.28e-04 -1.6525e-4
CKO(Y) 0.1776 0.1779 0.2129 0.2114 0.2417 0.1843
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