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ATTPAKTOP TUIIA CMEIJIA-BUIBSIMCA B KOJILIIEBOIA
CHUCTEME C IEPUOJUYECKOM MOAYJISILUEN YACTOTHI

B.II. Kpyanos

B pabote npennoxena paIuoTeXHUYECKasi MOIEIb KONbIEBO HEaBTOHOMHOM CHCTEMBI, Te-
HepUpyIoLIeH, Kak mpezronaraercs, runepoonuueckuit xaoc. [Ipuanun paGoTsl Mozxenu 0CHO-
BaH Ha yIBOCHUH (Da3bl KoIeOaHM 3a MOJIHBIN UK epeadyl CUTHaNa, YTO SBISIETCS yCIOBHU-
€M CyIecTBoBaHUs arTpakTopa Cmelna-Bunbsamca B dpazoBom npocrpanctse. OyHKIMOHUPO-
BaHUE CXEMBl OCYIIECTBIsIETCs Onarogaps MIaBHOH NMepHOAMYECKOH Bapualuu cOOCTBEHHOM
YacTOTH ORHOHM M3 JIBYyX KoJeOaTeIbHBIX MOACHCTEM, COCTAaBISIOIINX KOJIBIIO, OT HCXOMHOTO
3HAUEHHUS JIO yIBOCHHOI BEJIMYUHBL.

Kniouegvie cnosa: I'unepbonuyeckuit xaoc, artpakrop Cmeitna-BunssaMca, CTpyKTypHas yCTOU-
YHBOCTb.

B nocnennee BpeMst Ob1I0 MPeII0KEHO HECKOJIBKO MOAXO0M0B K MTOCTPOSHUIO CHCTEM
¢ TUTIEPOOTMICCKAM XaOTHUECKUM aTTPaKTOpOM TuTia cosieHonna CMetina—Bumssamca [1,2].
I'lmaBHOE MPEUMYIIECTBO 3TUX CUCTEM, JIENAIOIIEE UX MPUBJIEKATEIbHBIMU ISl PUIIOXKE-
HUH, 3aKJIH0YAETCS B CTPYKTYPHOH YCTOMYHMBOCTU — HEUYBCTBUTEIIBHOCTH XapaKTEPUCTHUK
TEeHepUPYEMOT0 Xaoca M0 OTHOIICHUIO K BapHalliy IMapaMeTpoB, IIyMaM U ITOMEXaM.

[lepBrIif IpuMep cUCTEMBI ¢ arTpakTopoM Cwmeitta—BunbsMmca npeamoxkeH B pabo-
Te [3]. Cxema cTpOUTCS Ha OCHOBE JIByX OCITHUIIATOPOB BaH jaep Iloms, koTopsle, Giaro-
Japs MOIYJISIIIUY TapaMeTpa, CTAHOBSIT aKTUBHBIMU IOMEPEMEHHO, W MPHU STOM Tepera-
IOIIUX BO30YXKACHUE JPYT Ipyry ¢ TpaHchopmanueid (aspl, OMUCHIBACMON PaCcTATHBAIO-
MM OTOOpaskeHHeM OKpy)XHOCTH. [Ipomecc mpeoOpasoBaHus BO30YXAEHUS MOApazyMe-
BaeT yABOEHHE 4acTOTHI (M (Da3bl) CUTHAIA M CMEIIEHHE CO BCIIOMOTATeIbHBIM CHTHAJIOM
(buKCUpOBaHHOW YacTOThl U (ha3bl, Onaromaps 4eMy MPOUCXOAMT BO3BpAILCHHE B MUCXOJ-
HBIM 4aCTOTHBIM nuana3zoH. HeoOXonuMOCTh HMCIOMB30BAaHUS BCIIOMOTATEIbHOIO CHUTHAJIA
COCTaBIIIET OYEBUAHBIA HEOCTATOK 3TOM cxeMbl. BapuaHT 0e3 BCIIOMOTaTeIbHOTO CHT-
Haja, OCHOBAaHHBIH Ha HEPE30HAHCHOU Iepemade BO30OYKICHUS, TaKKe BO3MOXKeH [4], HO
IUTS HETO XapaKTepHO CYIIECTBEHHOE CY)XEHHE OOJIACTH ITapaMeTpoB, TIe pealn3yeTcs TH-
nepOOTUYECKUil Xaoc, U MPEACTABISAETCS MPOOIEMaTHYHON BO3MOKHOCTD MPOJBUKCHHUS B
0011aCcTh BBICOKUX YacTOT (CPaBHUTEIBHO C YaCTOTON MOIYJISIIINH MapaMeTpPOB).

B nacrosimieit pabore npeaaraercs cxema, peaau3yromias arTpaktop tuna CMmeina—
Bunbsimca, B KOTOpoil B KadecTBE MOAYIMPYEMOTO TMapaMeTpa BBICTYIAeT COOCTBEHHas
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94acTOTa OXHOW M3 IoicHcTeM. brmaromapsi 3ToMy OKa3bIBaeTCsl BO3MOXKHBIM OOECIICUUTH
Tpedyemoe npeoOpa3oBaHUe YaCTOThI IIEPEAABAEMOI0 BO30YXKIECHHS, COXPAHUB PE30HAHC-
HBIIl XapakTep mporecca.

PaccMOTpHM KONBIIEBYIO CHUCTEMY, COCTOSIIYIO M3 JBYX JHHEHHBIX (PUIBTPOB BTO-
poro mopsaka (OCHMJUIITOPOB) M ONHOTO HEIMHEHHOro snemeHTta (puc. 1). Uepes z u
Y 0003Ha4EHB! COOTBETCTBEHHO CHTHAJIBI OT NEPBOTO M BTOPOro OcLMLIATOpoB. YacTora
MIEPBOT0 OCIMUIATOpA IMOCTOSHHA, YaCcTOTa BTOPOTO M3MEHsSETCA NePUOAUUYECKH, TPHIEM
€e MMHHMMAaJIbHOE 3HaYE€HUE COBIAJaeT C YacTOTOM MepBOro OCHUMIIIATOPA, a MaKCUMallb-
HO€ — IPEBBINACT €¢ B [Ba pa3a. HemnHEHHBI 37eMEHT NpeoOpa3oBHIBAET CHTHAN OT
[EPBOTO OCLMILIATOPA, 00Naasi KBaAPaTHUHON XapaKTEPUCTHKOW B O0JACTH MajbIX aM-
TUIMTY[ ¥ HachllecHWeM B oOnacTd Oonpiuux. CHrHAN, MPOIIENINH depe3 HelTMHEHHBIH
3JIeMEHT, 0003Ha4YeH KaK f ().

IIpennokeHHast MOJEIh MaTeMaTHYECKH ONUCHIBAETCS CUCTEMOH IudQepeHaib-
HBIX YpaBHEHUN

d2—$ + dx + iz =a &y
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d?y dy 9 d

— 4 y— t)y = ay— .

3nech Y — ko3 huIHMeHT 3aTyXaHus; a — KO3PQUIUESHT YCUICHUS; g — YacTOTa IIePBOTO
ocumusiTopa; o (t) — GYHKIMs, OMUCHIBAIOIIAS MOIYJSLMIO YaCTOTHl BTOPOTO OCIMIIIS-

TOpa
wt
= 1 +sin? [ ==
o (t) m0< + sin <T>>’

T - nepruoa MOAYJIALUNA. (I)YHKI_II/ISI, OIIMChIBaromas npeoGpa303aHI/Ie CHUTHAaJIa Ha HEJIMHEH-

HOM D3JIECMCHTEC, HMCCT BHU
2

T@=1r

Ha puc. 2 n300pakeHbl ClIeKTpbl CUTHAIOB & (t) 1 y (t), WIUTFOCTPUPYIOIIHE epe/a-
4y BO30Y)KICHUSI MEXAY OCLIIUIATOpaMH (IIPU 3HAYSHUAX MapamerpoB wg = 6m, 1" = 10,
a = 20, y = 0.6). Haubomnpiielt ”HTEHCHBHOCTBIO 00JIQAAaI0T COCTABIAIONINE CUTHAIIOB B
HHTEPBAJIE MEXKY YaCTOTOM MEPBOTO OCLMILIATOPA (g U MAKCUMAJIBHOM 4acTOTOM BTOPO-
TO OCIIIIIATOpa 2(00. MaKCUMyM IIIOTHOCTH MOIIHOCTH IIEPBOTO OCHUIIIATOPA IPUXOIUT-
Csl Ha 9acTOTy Mg, BTOPOTO — Ha 2wq, 3T YacTOThl OTMEYEHBI Ha I'pahukax BEPTHKAIIb-
HBIMH NTyHKTHPHBIMHU JHUHUAMU. [Ipu 3ToM B cnekTpe kojeOaHHIl MepBOro OCLMILIATOpa
cofiepkarcs TapMOHUKH € 9YacTOTaMH, OJIM3KUMHU K 20, BO30YK/IaeMble CUTHAJIOM OT BTO-
poro ocmmuATopa. Takke B CIIEKTpax UMEIOTCS TaPMOHMKH, CBS3aHHBIE C MOAYISALMEH
9acTOTHI BTOPOTO OCLIIIIATOpA.

Ocoumnsrop [ x H3 ) fix) Ocuumarop 11
_ - _ X - 3 . 2 Tt
@, = const J(x) [+ &2 ®(f) = g (1 + sin (T))
y

Puc. 1. brok-cxema mpenioXXeHHOH MOAen
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Puc. 2. CroexTpbl IUIOTHOCTH MOINHOCTH CHTHAJIOB OT IepBoro (@) M Broporo (6) OCHMILIITOPOB
(wg = 6m, T' = 10, a = 20, y = 0.6). 3HaueHUs 10O OCH OPJIMHAT OTIOXKEHHI B JOrapu(hMHIECKOM Mac-
mrabe B genubenax

8.0 6.0 o
u u Pt
Rty — 0 %% 0 V5 )
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Puc. 3. Arrpakrop cuctems! (2) B ceuenuu Ilyankape (¢) Ha IIIOCKOCTH AMHAMHUYECKHX MEPEMEHHBIX (X, u)
U ero yBeIWYeHHBIH (parMeHT (0), UTEepallMOHHAs Auarpamma s ¢as3bl KojaeGaHHi IepBOro OCUWIIIATOPa
(6) IpH TeX ke 3HAYCHHSX IapaMeTpoB, YTO U Ha pHC. 2

Ha puc. 3 uzobpaxen arrpakrop oTobpakeHus Bo3Bpara [lyaHkape 3a mepuoa Mo-
JYJSIHAN 9aCTOTHI B MPOEKIUH HA TUIOCKOCTh (T, 1), A€ U — JOTOJHUTEIbHAs TIePEeMEH-
Has (1 = Wox), U ero yBenn4eHHbIH (parMenT. [TomydeHHBIH MOPTPET BU3yaIbHO TOXOXK
Ha arTpakrop CMelna-BuibsiMca; 3T0 MO3BOMSET MpeAroaararb, YTo aTTPaKkTop SABISET-
sl OHOPOIHO rumepbonunueckuM. Ha pucyHke oT4eTyinBO BUAHA (QpakTaiabHas CTPYKTypa
arrpaktopa. Ha puc. 3, ¢ npencrasieHa urepaloHHas nuarpamma oroopaxkenus Ilyan-
Kape U1 ¢a3bl KoJaeOaHUi MepBOro OCLMUIATOPA MPH 3HAYCHUAX IapaMeTpoB wo = 6,
T =10, a = 20, vy = 0.6. ®a3a orHeceHa kK uHTepBaixy or 0 go 2m. Kak BuUAHO u3
JrarpaMMebl, TMHAMHKa (a3bl IPUOIMKEHHO ONUCHIBACTCS PACTATMBAIOIINM OTOOPaXKEHH-
€M OKPY)KHOCTH: 3a IOJHBIA IIPOXOH TOYKOH (p,, MHTepBasa oT 0 mo 21 ee obpa3 Qn41
MIPOXOIUT TOT UHTEPBAI JBAKIBI.

In2 4 Jlns arrpakTopa ortobpaxkenus Ily-

0 agkape cuctemsl (1) OBIT BBIYHCIICH TOJ-
-2.07 HBI CHeKTp TMokaszarened JlsmyHoBa 1O
-4.0 1 anroputT™My beHeTTHHa ¢ OpTOrOHATH3AIIH-

A 6.0 el mo I'pamy-IlImunty [5]. Ha puc. 4 no-
-80 - Ka3aHbl 3aBUCUMOCTHU ToKa3arenen Jlsamy-
-10.0 - HOBa JUIg aTTpakTopa oTobpaxenus [lyan-
120 Kape OT YaCTOTHI MIEPBOTO OCHUILIATOPA (g

10.0 20.0 30.0 40.0 500 60.0 o npu (I)I/IKCI/IpOBaHHLIX 3HA4YCHUAX OCTaJIb-

HeIx mapamerpoB (I' = 10, a = 20,

Puc. 4. I'paduku 3aBucuMOcCTH TTOKa3areieit JIsmyHoBa vy = 0'6)‘ B IIMPOKOM HWHTEpBaJie 3HAYeC-

Ul arTpakTopa oroOpakeHus llyaHkape OT 4acTOTHI HUil ¢ CTapuMii mokasarens JIAmyHOBa
MEPBOTO OCIIILIATOPA o HPH (PUKCHPOBAHHBIX 3HA-

ITOJIOXKUTCJICH, @ OCTAJIbHBIC — OTPULATCIIb-

YeHUX OcTalbHBIX mapamerpoB (17 = 10, a = 20, =
vy = 0.6) HBL. B aTOM HHTCPBAJIC CTapIIMU ITOKa3a-
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TeJIb IIAJKO 3aBHCHUT OT NapaMeTpa, Pe3KUe MPOBajbl B OTPULIATENIbHYIO 001acTh, Xapak-
TEpHBIE U1 HETUIEPOONINIECKUX aTTPAKTOPOB, OTCYTCTBYIOT. IIpu 3TOM BesnmunHa crap-
LIEro MOKa3aTess B IIMPOKOM JHANa30He W3MEHEHHs IIapaMeTpa ocTaeTcs OaM3Kon K In 2 —
nokasarento JlsmyHoBa oToOpakeHUs bepHyIH, KOTopoe MpUOIMKEHHO OMHCHIBAET AU-
HaMmuKy (asbl konebaHuid B cucteme. Takum 00pa3oM, deMeHT o0beMa B (pa3oBoM Ipo-
CTpaHCTBe oToOpaxkeHus [lyaHkape MCHBITBIBAET PacTsDKEHHE IO OJHOMY HaIpaBJICHUIO
U C)KaTHe MO OCTAJBHBIM TPEM 3a OAHY MTEpALUI0. TO COOTBETCTBYET MOCTPOEHUIO TH-
nepOonuueckoro arrpakropa tuna Cmeina—BuibsmMca B yeThipexMepHOM (ha30BOM IPoO-
CTPAHCTBE.

s arTpakTopa B ceueHuu Ilyankape Obljia BBIITOJHEHA OLIEHKA pPacHpeneIeHus yrI-
JIOB MEXAY YCTONYMBBIM M HEYCTOWYHMBBIM MHOTOOOpa3usMHU B TOUKAX MX HEPECEUCHHUS.
Ha puc. 5 npezncrasiena ructorpamma pacnpesaesnesus. [lepeceuenus ¢ ymamu, OIU3KUMU
WM PaBHBIMH HYJIIO, OTCYTCTBYIOT. DTO MOATBEPKIAET MPEANOI0KEHHE O THIIEPOOIUYHO-
CTH aTTPaKTopa, TOIrMa Kak HaJIW4dhe KacaHWH MeXJy MHOT00OpasusiMHU CBUAETEIILCTBOBA-
710 OBI O TOM, YTO aTTpakToOp Herumnepoonudeckui [1,2].

bruta BBINOIHEHA OIEHKA pacHpeAeeHrs HHBApHaHTHOW Mephl BIOJIb BOJIOKOH aT-
TpakTopa 1o aaropuT™my, paspadboranHomy M.P. CataeBbIM U ONMUMCaHHOMY B IilaBe 7 KHU-
ru [1]. PacnpeneneHue B MPOEKIMU Ha IUIOCKOCTH (I, ) TMPU 3HAYEHHSAX ITapaMeTpOB
wg = 6, T' = 10, a = 20, y = 0.6 mpexacraneHo Ha puc. 6. Pacmnpenenenue BIOIb
BOJIOKOH TJIa/IKO€, CUHTYJISIPHOCTH U Pa3pbIBbl, XapaKTepHbIe Il HETUNepOOINUeCcKUX aT-
TPaKkTOpoB [5], OTCYTCTBYIOT.

[NonydeHnble pe3ynabraThl (MTepaldOHHAs AuWarpamma Ui ¢as, XapaKTepHBIH BUA
arTpakropa B ceueHuu l[lyaHkape, 3HaueHUs Moka3areneil JIAmyHoBa) MO3BOJIAIOT Mpea-
noJaraTh CyIeCTBOBaHHUE aTTpakTopa Thma CMeina—BuibsimMca B a3o0BOM IpOCTpaHCTBE
PENIOKEHHON CUCTEMBL. [T1aaKas 3aBUCHUMOCTD CTapIIEro mnokasarens JlsamyHoBa oT ma-
pameTpa, TUCTaHLIMPOBAHHOE OT HYJNA paclpefesieHHe YITIOB MeXJIy MHOTooOpasusMH U
IJIaJKoe paclipefiefieHe WHBAPHUAHTHONW Mepbl BIOJb BOJOKOH aTTPakTopa ABISIOTCS TH-
MUYHBIMH aTpuOyTaMu TUIepOOINIecKOr TUHAMUKH.

IIpenmyiecTBO MPEATOKEHHON B HACTOAIIEH pabOTe CXeMBI COCTOUT B TOM, UYTO
17 ee GYHKIMOHUPOBAHUS TpeOyeTcs eMHCTBEHHBIH BHEIIHUI TapMOHUYECKUI CUTHAI,
MOJIaBaeMbli TOJBKO Ha OIUH OCLIJIIATOP U 0OecreynBaromuil MepHoANYecKoe U3MEHe-
HUE ero coOCTBEHHON 4YacTOTHl. [Ipm 3TOM cucTema ycTpoeHa Tak, YTO OCYIIECTBISET-
Csl pe30HaHCHas Iepenada Bo30yKIEHUS Mexny ocumuiitopaMu. CucrteMa He CONCP)KUT
aBTOKOJIEOATENbHBIX JIEMEHTOB, YCWICHHE HEYCTOMUMBOCTEH M MX cTabmim3anus obec-
MIEYNBAIOTCS €AUHCTBEHHBIM HEIMHEWHBIM 21eMeHTOM. [1o3ToMy Ha OCHOBE 3TOH CXEMBI

0 o /2

Puc. 5. I'mcrorpamMmMa pacnpenencHus yIIOB MEXKIY
YCTOIUYMBEIM M HEYyCTOMYHMBBIM MHOrooOpasmsmu mis Puc. 6. Pacmpenenenne MHBapHaHTHOW MepHI BIOJb
arTpakTtopa B cedyeHnu IlyaHkape mpu 3Ha4YEeHHAX Ma- BOJIOKOH aTTPAaKToOpa MPH TeX K€ 3HAUYEHUSX Mapamer-
pameTpoB wo = 67, 1" = 10, a = 20, y = 0.6 POB, UTO U Ha puC. 5
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MPEACTaBISIETCS BO3MOXKHBIM CO3aHUE HIMPOKOIIOJIOCHOTO TEHEpaTopa Xaoca, HE YyB-
CTBUTEJIFHOT'O K Bapualuy IapaMeTpoB, HIymMaM H romexaM. 11ono0HbIH reHeparop MOKeT
HalTH NpPUMEHEHUe B 0071acTH MH(GOPMAIIMOHHBIX TEXHOJIOTHH, ITOCKONbKY KaXKIOH Tpa-
eKTOpHH Ha arTpakTope Tuna CMmelna—BuibsaMca, KOTOPBIM IpeArnoNokKUTEIbHO peaIu3y-
eTcsl B IaHHOM CHUCTeMe, OTHO3HAYHO COIOCTaBIAeTCS OECKOHEUHas MOCIe0BaTeIbHOCTD
JBYX CUMBOJIOB (Hampumep, 0 u 1).

ABTOp BBIpakaeT OmarogapHocts npogeccopy C.I1. KysnenoBy u Bemymemy Hayd-
HoMy coTpyaHuky M.P. CaraeBy 3a oOcykaeHre U MOMOIIIb.

Paboma evinonnena npu noodepoicke epanma PODOU Ne 12-02-00343.
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Capamosckuii 20cyoapcmeenHbiil Hocmynuna 6 peoaxyuro  13.02.2012
yHuugepcumem um. H.I' Yepuvluieeckoz2o

ATTRACTOR OF SMALE-WILLIAMS TYPE IN A RING SYSTEM
WITH PERIODIC FREQUENCY MODULATION

V.P. Kruglov

A scheme of circular nonautonomous system is introduced, which is supposed to
generate hyperbolic chaos. Its operation is based on doubling of phase on complete cycle
of the signal transmission. This is a criterion for the Smale-Williams attractor to exist.
The performance is realized due to smooth periodic variation of natural frequency in one
of the two oscillatory subsystems, which compose the ring, from reference value to the
doubled one.

Keywords: Hyperbolic chaos, Smale—Williams attractor, structural stability.
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