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YHMBEPCAJBHOCTh U CKEWJIMHT B OTOBPAXEHUH
OKPYXHOCTH C NEPUOIUYECKHUM BHEHIHUM BO3JEMCTBHEM

A IO0. Xaarun, C.I1. Kysneyos

Hccaenyiores cBolicTBa CKef/IMHra, AMEIONME MECTO B OKPECTHOCTH KPUTHYECKOM
TOYKH OTOGPAXKEHUS OKPYXKHOCTH C THCIOM BPAUIEHAA «30I0TOE CpeflHee» (KpATHYECKasd
tToyrka GM) DpH HallWYAH AOTONHKTETLHOTO BHENIHErO NEPHONMIECKOro BO3TEHCTBHS Ha
cucTeMy. PaccmarpuBaroTcs BO3MYHICHHS HENONBHMKHOH TOYKU YpaBHEHHSI PEHODMIPYIILI
Qefirenbayma - Kagatosa - llleHkepa, OTBe YaIOMIHE BKIOUECHUIO NEPUONMYECKOrO BO3NEHCTBHS.
ITokazaHo, WTO B 3aBHCHMOCTH OT YACTOTEHI BO3ACHCTBHA MOTYT pcann3oBaThCH [jBa THIA
CKeHIHHTa - TepAOAMdeckoe MOBTOpeHNe KOH(purypamun obzacTed! npr Hpeo0pa3oBaHHU
nogoGus  (ckefnmer P-Tuna) M KBasumepHoTHUeckKoe nosefienve- (ckeimmmr Q-THma).
CpoficTBa caMONOROOAS OKPECTHOCTH KPHTHYECKOH TOUYKM B NPOCTPAHCTBE TApaMETpPOB
WIHOCTPAPYIOTCS MOCTPOCHHBIME Ha KOMIBLIOTEPE KapTaMy JSIYHOBCKOTO IOKAa3aTelsl Ha
IDIOCKOCTH IIapaMeTpoB. ‘

Bsenenne

W3BeCTHO, YTO BO3HMKHOBEHHIO XaOTHYECKOHW MWHAMHUKH B MHOIOMEPHBIX
HEJUHEMHBbIX CHCTEMaxX YacTO MpEAUIECTBYET HECKOJIbKO Onypkamuid poKueHus
KOJIe6aTeNbHbIX COCTABIAIONIMX, OTHOLIEHHE YacTOT KOTOPBIX 3aBHCHT OT NapaMeTpOB
3ajayd. Korpga cOOTHOMIEHHWE 4YacTOT HppalWOHANbLHO, B CHCTEME Ppeaju3YIOTCS
KBasHIICPHOAMYECKHE pexuMbl. B  a3oBoM mnpocTpaHCTBE HM  COOTBETCTBYIOT
aTTPakTOpbl B BHAC TOPOB, Pa3MEPHOCTL KOTOPBIX ONPEACNAETCH KOIHYECTBOM
OCHOBHBIX YacTOTHBIX KOMITOHEHT. JIydllle Bcero HCCleOBaHa 3afjaya O Nepexoie K
XaoCy Yepes paspylIeHUEe PETYISPHOro KBa3UIIepUOAMIECKOTO IBIXEHNUS Ha IByMEPHOM
Tope [1-9], 4TO OTBewaeT HamMUMIO B COEKTpE [BYX OCHOBHBIX dacToT. IlpocTeiineit
MOJISITBIO JI7ISl aHANK3a STOW CHTYallH CIYXUT OTHOMEPHOE OToOpakeHHe OKPY>KHOCTH.
OpHa M3 KOHKPETHBIX 3a7jad, B KOTOPBIX OHO €CTECTBEHHLIM 00pa3oM BO3HMKAET, 3TO
3a/ja4a O CHHXpOHM3aluy KonebaHmii aBToreHeparopa Nepuofueckoll IocIeoBaTelb-
HOCTBIO KOPOTKHMX MMIynbcoB [8, 9]. B GuosyoraueckoM KOHTEKCTe OTOOPaKEHHE
OKPYXXHOCTH IIpHBJIEKAETCs I TCOPETHYECKOIO H3YYEHHs BOIPOCOB, CBA3AHHLIX C
pETMaMH ceplieuHoi fiesireapHocTH [10].

MoHbM METOOM HCCIIEHOBAHUS CJIOXKHOM [MHAMHAKH Ha NOpOre Iepexofa K
XaoCy SBISIETCS, KaK W3BECTHO, peHopMrpymmosoit anamu3 (PT). IlpaMenutensHo K
3ajlade O paspyliCHAM KBa3UICPHORMYECKOrO peXUMa B aBTOHOMHOM OTOOpaXKeHHH
OKPYXKHOCTH OH ObLI passuT B paGorax deiirenGayma, Kaganosa u Illenkepa [2], a
takke Ocrnanpa, Panpa 4 jp. [3, 4). :



His  RETalbHOLO TEOPETHYECKOIO MCCNEJOBAHMS TPAJMUMOHHO BHIGHPAIOT
COOTHOILIEHHE YACTOT, 3afaHHOE HPPAalMOHANBHBIM wucioM w=(5Y2-1)/2 - «30moThIM
cperpnM». TOYKY B MPOCTPaHCTBE MMapamMeTpOB, B KOTOPOH COOTBETCTBYIOLIMH
KBA3MMEPHOJMYECKIH DEXHM paspyllaeTcs, OyfAeM Jis KpaTKOCTH HMEHOBATD
KpuTideckoi Toukoil GM (or cnos «golden mean» - 3on0toe cpemmee) [8, 9]. Kak
MOXKHO NOKa3arh, B JIOG0# CKOJb YTONHO MajioOfl OKPECTHOCTH 3TOW TOYKH IIPUCYT-
CTBYIOT NNEPUORMYECCKHE, KBA3UIIEPHOAUYECKHAE 1 XaOTHUECKHE pexXuMbl. M3BecTHO, 4yTo
KparHyeckas Touka GM uMeeT KopasMepHOCTE 2, TO €CTh MCHEDIBLIBAIOIUMI aHATH3
[MHAMUKH B €€ OKPECTHOCTH JOCTHIa€TCsl B paMKaX JByXIlapaMeTpHIecKoro aHamsa [1-9].

B Hacrosmeit pabore Mbl 06paTUMCS K JOCTATOYHO €CTECTBEHHOM Mo UKALIH
KJIaCCHYECKOM MOJENM H pacCMOTPHM OTOOpasKeHHE OKPYXHOCTH [0 BHEIIHUM
NepUOIIECKUM Bo3fieHcTBHeM. OHO OMACHIBACT, HANIPUMEP, AHHAMEKY aBTOrEHEpaTOpa
IIpH BO3[EVCTBUH MOC/IEN0BATENBHOCTH HMITYJILCOB, €CIH OHA MOTYIHPOBAHA COOTBET-
CTBYIOIUM 00pa3oM. B Gonee mIMPOKOM KOHTEKCTe K 3TOM 3afiaye MOXKHO NpPHITH,
UCCNCAY: OIpEJIE/IEHHbIE CUTYallMd MEepexofia K Xaocy uepe3 paspyilieHne Komeba-
TEJILHOI'O PEXHUMa C TPEeMsI OCHOBHBIMH YaCTOTAMI.

Haweit rnasrol 3aaueit GyfieT HCCIeoBAHUE CBOUCTB CKEANMHIA B OKPECTHOCTH
KpuTH4eckoi# ToukH GM B NPHCYTCTBHHM NEPHOTHYECKOIO BHEIIHETO BO3NEHCTBHS.
PaccvarprBasi BOSMYyIUEHMS HEMOJBIDKHOM TOYKM YPAaBHEHHS PEHOPMIDPYIIIbI
deiirenbayma - KanaHosa - lllenkepa, oTBewarolue BKIIIOUEHHIO [epUOIUYECKOTO
BO3[CHCTBHS, MbI IIOKAXEM, YTO B 3aBACHMOCTH OT YaCTOTHI BHEIIHETO BO3JCHCTBHS
MOTYT BO3HHMKATb JBa THUNA CKEWITMHIA, aHAJOTH4YHBIE TeM, KOTOphIE OBLIM OINMCAHBI
paHee I CHCTEM, JIEMOHCTPHUPYIOIEX yiBoeHus nepuona [11]. B ogrom cayuae 370
IEPHOAMYECKOE MOBTOPEHHE KOH(UTypamuy obJacTell Mpu IpeoOpa3OBaHMK HONOGHS
(ckefmmer P-Tuma), B PYroM - KBa3sHIEPHOJMYECKOE TIOBEIEHHE npu MacmtabHOM
npeobpazoBanmy (ckelinuar Q-Tuma).

Host wiumocTpalue CBOACTB CaMOIOROGHS OKPECTHOCTH KPHTHYCCKON TOUKH B
NPOCTPAaHCTBE MApaMETPOB MbI HPHUBONMM M COIOCTABISEM KapThl JISIIYHOBCKHX
TI0Ka3aTeJel, IEPECYNTAHHbIE C YYCTOM KOHCTaHT CKEMIMHTa, TONYUCHHbBIX U3 aHanu3a
PEHOPMIPYIIIbL

ABTOTreHepaTop noJ HMOYALCHBIM BO3REHCTBHEM
H 0T00paXkenne OKPYKHOCTH

B xayecTBe HCXOHOTO NpuMepa OBpaTUMcs K 3afade O BO3ICHCTBIN MOCIIeHoBa-
TEJIbHOCTH KOPOTKHUX MMIIY/ILCOB HA aBTOKOJE0ATENBHYIO CHCTEMY.

IpemnonoxmuM, uTo B (a30BOM NPOCTPAHCTBE aBTOHOMHON CHCTEMLI HMEETCS
NPENeNbHbIA MK, B OKPECTHOCTH KOTOPOTO AMHAMAKA ONHCHIBASTCS ypaBHEHUSIMHU

R :'MR’ (1)
é:m+nR, 2)

I7€ R - OTKIIOHEHNE aMILTHTY/BI OT NPENEeNbHOro MUKIIA; p - KO3 GHUIMEHT, XapakTepH-
3YIOIIMH CKOPOCTE PENaKCaLWN K IIpefiebHOMY NUKITY; BEIWIMHA 0 Xapakrepu3yeT a3y
IBIKEHMS U300pakaroled TOYKY Ha IHKJIE, a o - YaCTOTy apToKoie6ammil. Korcranra
N XapakKTepHU3yeT CTCIEH]: HEH30XPOHHOCTH KOIeGaHuil B CHCTEME.

Ilycre Tenepp Ha cucTeMy AeHCTBYET BHEIHSS CHIA B BIJC NOCICIOBATENbHOCTH
UMOyIbCOB. Kaxjbli oOvepemHO# TONYOK BLIBOAMT CHCTEMY M3 YCTAHOBHBIIEIOCH
PeXHuMa, TIOCIE 4Yero amIUMTYAa BHOBb BO3BpalllaeTCs K -IPEAeIbHOMY LMKIy. B
pesynbTaTe NEHCTBHS n-ro WMIYJbca BO3HUKAeT N0GAaBKa K aMIUIMTYHE, SABJISIOLIAsICS
nepuouuecKoi GyHkupel ¢asel (MpocTeiiliee MPENONOXEHAE COCTOMT B TOM, UTO
3TO CHHYC):



AR =A_ sin2n6,

e A, - mapameTp, XapakTepH3YIOIIui HHTEHCHBHOCTD JaHHOTO MMMYJIbCa, a8, - dasa
KoNebauuii B MOMEHT TONYKA. JIAHAMHKAa CHCTEMbl B HHTEpPBAle BPEMEHM MEXAY
MIMITYJIbCAMH OIUCHIBAETCS YPAaBHEHUAMMA '

R()=(R,+A, sin2nb ) exp(-us), 3)

8(r) = 0, + wt + 1 [, (R +A, sin2n8, Jexp(-ut)dk =
| 4)
=0, + ot + nu'(1-exp(-u))(R +A, sin2nb ).

Eciy penakcalisi K NpEJeNbHOMY IMKIY MNPOMCXOJUT Tak OBICTPO, YTO
BO3MYILIEHME aMIUTATYABI YCIEBAaeT 3aTYXHYTh NPAaKTHUECKHM HOJHOCTHIO 33 HHTEPBA
BpeMern T, Mexay n-M u (n+l)-m mMnymecamu (exp(-uT,)—0), To a1t dassl K
MOMEHTY OYEPEAHOrO UMITYIIbCa TTOIyJaeM

8 ,,,=0,+oT +nu'A, sin2n8, . |

Bsopst o6oznavenust r,=wT, u K /(27)=-mu'A, , npaBoaM 0TOGpaKeHNe B CIE/yIOLEH

¢dopme:
0.,,=0 +r -(K /(2n))sin2n6,  (mod1). 5)

3HAYOK MOfyJIs YKA3bIBAET, YTO 3Ha4YeHMs (ha30BOY NMEPEMEHHOI 6, OTIAYAIONIMECS Ha
11€J10€ YHCNO, CUMTAIOTCS SKBABATEHTHBIMY.

B uacTHOM ciydae, KOTJia BHELIHEe BO3ACHCTBHE NPEfCTABIsET COO0M MOCefo-
BATE/LHOCTL HMIYIbCOB OHAKOBOH aMIUIUTYHBI, Pa3fc/ICHHbIX PABHLIMA HHTEPBAIAMA
Bpemert (10 ectb r=r ¥ K =K), cootHomenue (5) mpeBpalllaeTcs B aBTOHOMHOE
orobGpaxenne okpyxuoctd [8, 9]. Hac, ogHako, uTepecyeT Gonee CIOXHBIA Cyva,
KOTT{a TIapaMeTphl UMIYJbCOB M3MEHSIOTCS OT Hiara K mary. MoXHO paccMOTpeTs,
HalpuMep, [Ba 4YaCTHbIX BapuaHra: (i) - MNOCIENOBATENbHbIE HMIYJLChI HMEOT
TepHOIMYECKHM 00pa3sOM MOJ[YJTHDOBAHHYIO aMILTHTYHY, HO PaBHOY[a/leHbl BO BPEMEHH,
u (if) - Bce MMITYJIbChl MMEIOT OfMHAKOBYIO aMILIMTYIy, HO MORYIMDYETCS MHTCpBal
MEX]ly MMIyJbhcamu. B mepsoM ciyyae B oToOpaxeHuH (5) OyfeT M3MEHATHCS B
3aBHUCHMOCTH OT AMCKPETHOTO BpeMmeHu mnapamerp K, Bo BTOpoM - mapameTp 7. Mol
NpeNIOYNTaEM CKOHIEHTPAPOBATH BHAMaHHEe Ha BTOPOH CHTYalliy, KOTOpasi IPHBOIHT K
3afaye o6 Af[UTHBHOM MEPHOIMYECKOM BO3[CHCTBHM Ha OTOOpPAaKEHHE OKPYXKHOCTH.
Ecnu 3agaTh MOIYJSLMIO NapaMeTpa B BUJIE

r,=r+ecos (2nQn + ¢),
TO oTobpaxenue (5) NpUHIMAET B
6,,,=0,+7r- (K /(2r))sin2n8, + ecos (2nQn +¢). - (6)

THiE &, © ¥ ¢ ECThb, COOTBETCTBEHHO, aMIUTUTYJIa, YacTOTa H (pasa MOXyIsAUMM lapaMeTpa.

PT-anann3 xpaTH4eckoi Touku GM

Kak W3BECTHO, HA WIAOCKOCTH NapaMeTpPoOB aBTOHOMHOTO OTOOpaXKeHusI
OKDYXHOCTH, TO ecTh npu £=0 B ypasHeHmu (6), kpuTuueckas touka GM mmeer
KoopauHaTtsl [2-4, 8, 9]

(1K) oy = (0.606661063470112..., 1). 7)



Pl-ananu3 [MHAMHKM B 3TOH TOuKe pasBuT B paborax [2-4]. TIockoibky MBI
cobupaeMcsi HCCIENOBATh CBOJCTBA CKeiIMHTa B OKpecTHocTH Toukm GM B
OpACYTCTBAH BHEINHETO NEPHOAMYCCKOrO BO3ACHCTBHS, HEOOXOIMMO INPENIIPHHATD
COOTBETCTBYIOMYI0 Momudukaumio PI'-aHamusa. 3To MOXHO CfeNaTh MO aHANOTHH C
paGoramu [11-13], roe Takoro popa HcciepoBaHHE ObLIO IPOBENEHO I 3afadd o
NePUOMYECKOM BO3MCHUCTBUA Ha OTOOpakeHHe, EMOHCTPUPYIOLLEE NEPEXO], K Xaocy
yepes3 yABOeHHs nepuopa no dedrendaymy.

IMepemmeM OTOOpaXeHHe OKPYXKHOCTM C BHEUIHHM BosmeiicTeueM (6) B

CIICHYFOLIEM BUJIE:

X, =F.(x) =F(x,) +yhy(x,) + e[Z,(x,) exp(2niQn + i} + c.c.], (8)

rie flx)=x+1gy-1/(2n)sin(2mx) - pyHKIMSA, 3aaf0I[asi B ABTOHOMHOTO OTOOpAXEHNS B
kprruyeckoil Touke GM; uneH yh,(x) oTBedaeT 3a CABHT NAPaMETPOB OTHOCHTE/LHO
KpUTHYecKOl TOUKY; PyHKUMA Z,(x) onpeyienseTcs BUIOM BHEIIHErO BOJCHCTBUS Ha
CHCTEMY; «C.C.» O3HAYaeT KOMILIEKCHO-CONpsDKennblit wieH. CpaBHuBast copMyis! (6) 1
(8), BumMM, YTO V11 pacCMATPHBAEMOrO HaMH MCXOIHOTO OTOOpaXEHUs CIEHyeT
TOJIOXKHUTD Zo(x)=1/2. ITockonbKy Hac MHTEpecyeT AWHAMMKA TOJILKO B OKPECTHOCTH
Toukn GM, mapameTpsl ¥ # ¢ GyieM cUATaTh MajabiMi. JacTOTy BHEIIHETO BO3JECHCTBAA
Q mnojiaraeM 3aJJaHHON HEKOTOPBIM PalHOHATLHBIM YHCIIOM: Q=p/q, TAE p ¥ g UEIbIE.
CooTBETCTBEHHO, ICPHON BO3[ECHCTBHS PaBEH g.

OcHoBHas unest PT'-aHanm3a B paborax @efirenbayma - KapaHosa - llenkepa n
Psga ¢ coaBTOopaMH COCTOMT B clelylIeM. «30JI0TOe cpefHee» MOXKET ObITh
annpOKCHMHUPOBAHO TOCHEAOBATENLHOCTRIO TMOAXORMIIMX ApoOci, ONpelenseMbIX
OTHOLICHHAMH urcesn PrboHaTyy,

w=lim,__o, o=F, /F,t0e F=0, F,=1, F,=1, F=2, F=3,..., F,=F, +F,.

Bsenem obosnauenme F|, st F-KpaTHOW KOMIIO3UIMH OTOOpaKeHMH (8), HaunHas ¢
mara n=F
. "

Fom® =fF,,,+F,,-](fF,,,+Fk-2(fF,,,+Fk-3 (“fF,,,(x)“‘))) - Fa

(IToguepkHeM, 9TO 3ajalomad HCXofHOe oOTOOpaxeHwe YHKLMS 3aBUCHT OT
ITUCKPETHOI'O BpeMeHH, Tak YTO HeT HHBApPHAHTHOCTU OTHOCUTENLHO CABUIA IO MHJEKCY
m). Hanee, oneparop 3somonuy 3a F, 1+ ATEPALMI [IPENICTABMM B BHAC CYNEpIO3UIMHA
oneparopos 3a F, u F,_ wTepauit, To eCTb

A

N A
FroXx=F k.1,k°F ko

Craprys ¢ F =1 u F,=1, onpejietuM cOOTBETCTBYIOUIAE ONEPaToOphbl Kak

IA’ 208 =) + vhy(x) + [eZ, (x) exp(i9) + c.c.],
F 12X =f1 (%) + vhy (x) + [eZ,(x) exp(2niQF, + i9) + c.c.].

3peck ciefiyeT NONOXHTS f; ,(x)=f(x), h ,(x)=hy(x), Z, ,(x)=Z,(x). Onepatop F;, Mmo-
3XeT ObITh NpPEACTABICH B BUIE KOMIO3UIME: F, 3,0=F 1,2°F2 o+ TOT7ia MOXHO 3aNHCaTh!

X5, = Fagt =i 500) + 11 (o) A00 + (O] +
+ elexp(io){f ', (f,(0)) Z,(x) + Z,(f,(x)) exp(2niQF,)] + c.c.}.



ITocneguuii oneparop NPUBOAUTCA K BULY

Fy g0 =£5(x) + vhy(x) + £[Z,(x) exp(io) + el 9)
yi ()
| 5,0 =£,(1,(0)s (10)
hy(®) = £ (00, (0) + B (F(0)), (11)
Z,(x) = f'l(fz(;c))z () + Z, (f,(x)) exp(2riQF). (12)

Bsepem HOBYIO EPEMEHHYIO X=A X, OTIHYAIOLIy:OCs OT CTapoH MacmTabom Ha
daxTop A, KOTOpBIit BHIGHpaeTCst Kak A . =1/f. (0), u onpepemmM NEepeHOPMAPOBAHHLIE

pyuxrun
f,x)=g,Ax/4,, hx=9,A4x4, Z (x) =y, (A x)A.

Beefem Takxe Jis ypoOcTBa (hasoBYI0 IEpeMEHHyr w,=2nQF,, KOTOpyl0 B
JaibHefIleM YCIOBHMCS HAsbBaTh nepeHopmupyemoii - pasoid. Torpa cucrema
ypasuenuit (9)-(12) Moxet GbITh Iepenucana B BUAC

 FyX= 50 + 19,00 + e[w,(X) exp(ig) +c.c ], (13)
g3(X) = a3a2g1(az'1g2(X/03)), (14)
(P3(X) = a3g’l(a2'1g2(X/a3))cp2(X/ a3) + a3ach1(a2-1g2(X/ag))’ (15)

P5(X) = a8’ (0,8, (X ag)),(Xlay) + asazivl,(az'lgz(X/ ay)) exp(iwy),  (16)

w, = W,/(F/F}), : (17)
e
Cypy = A uilA,, = U8, (a8, (0))]-
Kak BAfUM, HOBBIH HAGOP (g3, s W5 Ws}’ OIIpee O onepaTop 3BONIOLHAN
F, BbIpAXaeTCst MOCPEACTBOM ONPEJICIICHHBIX COOTHOIIEHNA Yepe3 ABa NpeNbIRyIMX

Habopa {g,, ¢, ¥, W;} 1 {g,, ©,, W,, W,}. T10BTOpSIS aHATOTHYHbIE PAcCyKNCHIS CHOBA U

CHOBA, MOHO IIOCTPOKTh TIOCIE/[OBATENBHOCT ONEPaTOPOB IBOMIONNH F) o, 3aJaHHbIX
Ha60paMI/I {gk’ (pk’ 1Pk, }

CornacHo pesynbraTaM paGoT [2 4] (cm. Takxe [8, 9]), nocnenoBaTenbHOCT
GbyHKIMi g, CXOJUTCS K YHUBEPCAIIbHOM (byHKumd g(X), ssnsromeiics peD’.IeHI/IeM
(PYHKUHOHAIEHOI'O YPABHCHHUSA

g(X) = o?g(a'g(X/ a)), ' (18)
e ,
) o = -1.28857455395436...

€CThb yHHBEpCalbHAasi KOHCTAHTa, SABMAIOWASCS IPEAEAOM IOCHE0BAaTeIbHOCTH
KO3 PUIMEHTOB NIEPEHOPMUAPOBKH 0, . ’
TocnenoBaTenbHOCTL (YHKUME ¢, BEAET ce6s KaK

0 (X) = Z, (8)5(X), | (19)

rfie 8, H x, - COBCTBEHHBIE YHCNA U (PYHKIIMH, IONYYEHHbIE U3 PEIIEHYs] YpaBHCHUS



(X ) = dorg'(alg(X/a) (X! ) + ox(eg(X/ ).
C TOYKH 3peHVs] aCHMITOTUYECKOrO NoBefeHHs! (Ipu GONbIuX k), U3 BCETO CHEKTpa
COOCTBEHHBIX 3HAUYEHUH CYIIeCTBEHHEI TOJILKO JBa:

8, = -2.83361065589116... u ©,= o = 1.66042438109870...

OHu¥ ¥ OTBEYAIOT 3a IByXNAPaMETPUYECKHH CKEMTIHT CTPYKTYPLI A3BIKOB APHOJBIA Ha
mnockocri (r,K) aBroHoMHoro oroSpaxkenus [1-9].

Obparumcsi Tenepe K HOBOM wact PI'-amanmsa, x ypaehenusm (16) u (17).
VlnTepecysich acHMIITOTHYECKIM OBEJCHUEM PENIEHNs, MBI MOXEM 3aMEHATH g, H O,
COOTBETCTBEHHO, Ha g M O, M 3aicaTh Ha k-i uTepanuu npeobpaszoBanus PI

Yt (X) = ag' (o g (XM o) ) (X @) + oy, (o' g(X/ @) yexp(iw,), (20)
W = WI(EFJE, ). (21)

CyuwecrBendo, uro ypapHenume (20) cofepXuT IepeMeHHbIA XO3((hUUMEHT B
[IOCIENHEM HIIEHE, KOTOPBIH 3aBUCUT OT IIePEHOPMUPYEMOR asel w,={2nQF }.

OueBnfHO, ACHMITOTHYECKOE MNOBEfEHNEe GYHKIN v, GYOeT ONpeNeisThCs
CBOHCTBAMM [OCIECHOBATENBHOCTH W,. IIpoBeleHHblE HAMH YHCIEHHLIE pPaCYeThI
IIOKA3aJM, 9TO JJIS BCEX MPOTECTUPOBAHHBIX PALMOHANBHBIX 3HAYEHMI 4aCTOThI Q=p/qg
NOCIENOBATENBHOCTL W, OKa3bIBAETCS NEPUORMIECKON (C TOUYHOCTLIO IO HECYIECTBEH-
HBIX pasHocTe#l, KpaTHbIx 2r). CooTBEeTCTBYROLIMH NepHol GyneM 0603HadaTs N(Q). Ou
KpaTeH TOMY IIEpUOAY, C KOTOPhIM B MOCHEHOBATENbHOCTH PHOOHAUYM BCTpEYArOTCH
4ucia, fennMble 63 ocTaTka Ha q. JlarHble mo nepuopgaM N(Q) mist pa3inMysbIX YacTOT
BO3JIeHCTBUSA Q2 [IPUBEACHBI B TabILe.

Wrak, dyHkuuoHansHoe ypasHenue (20) CONEpXKHUT NepeMeHHbI KO3(hhUIHEHT
¢ neprofoM N(Q) o «peropMmBpemenu» k. ITocpeicTBOM NOJCTaHOBKY

Ve (X) = V* &, (X) (22)

ypasHenue (20) cBOAUTCA K CHCTeMe JMHEHHbIX ypaBHEHMI, ONpeReIAIomel 3anady Ha
COOCTBEHHbIE YKC/Ia H COGCTBEHHBIE BEKTOPEL. PEIIUB ee, MOXHO HAKTH CNEKTp BEJH-
YHH V, COOCTBEHHBIX YHCE IMHEAPH30BAHHOTO YpaBHeHust PT', u cOGCTBEHHbIE BEKTODHI,
KaKJIblid 13 KOTOPEIX ONpefesieTcs HabopoM pYHKIHHA-KOMIIOHEHT {El, Eperes EN}.

DaKTHYECKH, W3 BCeX COOCTBEHHBIX YHCEN, UMEIOLIMX MECTO IIPH 3afaHHOM
napaMeTpe 4acTOTHI Q, Hac Oy[eT UHTEpPecoBaTh TOILKO caMoe GONBIIOE MO aGCOMOT-
HO@l BENWYMHE, TaK KaK HMEHHO OHO OTBEYAET 33 HOBbIC CBONCTBA CKEH/IMHra B
NPOCTPAHCTBE 1apaMETPOB, CBS3aHHbIE C [IEPHOJUYECKHUM BHEIIHUM BO3[[CHCTBIEM.

Yro6b! onpepenuTh Crapiiee COGCTBEHHOE 3HAYEHHE V UYHCNIEHHO, MOCTYIAeM
crenyromuM o0pazoM. OyHKIMM anmpOKCUMHPYHOTCS HOJMHOMAMH, a Mpeobpa3oBaHue
PT’, KOTOpOMY OHM MO[BEPralOTCs, PEalU30BAHO B BHIE KOMIILIOTEPHOH IIPOTpaMMbL.
3Ta nporpaMma Ha BBIXOfie BBIFACT HOBBII HAGOP KOI(QHUIMEHTOB I OYepemHOl
yHKIMH 10 HAGOPaM [isi ABYX IPEMBIIYIIUX. 3aaBast «3aTPaBOUHbIe» QYHKIAHY, (X) u
P,(x), nonyyaeM nocnenyromye QyHKUMH IyTeM IPAMbIX HTepaumit oroGpaxeruil (20)
1 (21). TIpu k—>co mocnenoBatemsuoCTs QyHKIM {1, (x)) (=12... . BEMET Ce6 KaK

& k
{wzwm’ W22 -+ ka+N}k=O,1,2,...,oc - {v Ep Vk%z’ eV EN}k=O,l,2,...,oo’

Iie v - HauOolbIIEee NO MOAYNIO COGCTBEHHOE 4uclo. Takum 00pa3oM, ero MOXKHO
HalTH KaKk OTHOLICHUES

V = Yoyl 0/, (0)-

HWrax, nepuonuyeckoe BO3feHCTBAE ONpeeeHHON YacTOThl Q Ha OTOOpaKeHHe
OKPYKHOCTH NPHBOJHUT K MOABJICHUIO HOBOTO COOCTBEHHOTO YMCIIA JIMHEAPH30BAHHOIO



Tabmuma

Q | Ilepmog N(Q) vl arg v T ckefimara
0 1 2.83361065 n P
1, 16 690109.532 0.0 P
s 24 112818867 0.0 P
24 10 2202.30663 0.79101604 Q
P 20 419217476 0.0 P
314 48 1.35984624x10'6 0.0 P
2g 24 119101569 0.0 P
s 28 6.21312900x10° 0.0 P
A 6 95.5105145 0.59851103 Q
415 40 1.52212247x1013 0.09557059 Q
31 10 1335.00232 0.65025055 Q
g 24 25524454.0 00 P
2, 16 100480.780 0.0 P
3l 36 5.13620730x10! 0.0 P
30 60 6.31537750x101? 0.0 P
413 28 309689580 0.0 P
1, 8 329.570755 0.0 P
Sty 48 2.03335713x1013 0.0 P
441 10 2166.74895 -0.39638565 Q
g 18 1633210.57 -1.24919695 Q
3g 12 16700.1629 -0.56210947 Q
8/ 16 1062840.11 -0.65025184 Q
Si3 28 1.73437205x1010 0.0 P
U 24 267302442 0.0 P
2 20 4192174.76 0.0 P
145 36 3.60438506x1011 0.0 P
Sy 24 206389500 114787857 Q
8.0 18 413134.129 0.52055924 Q
3, 16 78245.8906 0.0 P
e 24 187703591 - -0.78777353 Q
4y 24 16037145.9 0.0 P
344 10 943.996261 0.12189284 Q
1, 3 7.38728606 . P

YpaBHEHHUS PEHOPMIPYINIBI, TaK YTO CBOKCTBA CKEHIIMHTA B OKPECTHOCTH KPUTHIECKOH
touk# GM B pOCTPaHCTBE MAPaMeTPOB OYIYT ONMPENENATHLCS TPOHKOM KOHCTaHT

{8,Y, 8,%, v}

'O6paTyM BHUMAHWE Ha NpPAaBHIO TEPEHOPMHUPOBKA BPEMEHHOTO MaciuTaba,
BbITEKaiommee u3 ypasHerns (21). Ha kaxpoit urepapn npeobpasosanns PI' dasopas



nepeMeHHast w, YMHOXAaeTcss Ha nokasarenb F/F, , B Ipefene CTpeMsLics K o™
CrienoBarenbHo, nonHoMy neprofly PI'-npeoGpa3oBaHms OTBeYacT HEPECYET XapakTep-
HOr'O BPEMEHHOr0 MaciuTaba THHaMIIECKUX PEXXUMOB Ha dakTop w™.

THnbI CKeflIAHra B 0TOGpakeHHH OKPYXHOCTH
B NPUCYTCTBHH BHEHNIHEro BO3EHCTRUSA

PaccmorpuM onepaTop apomouan Ha k-1 wrepauun PT-npeo6pasosanust

FX = g,(X) + vo,(X) + e[, (X) exp(i¢) + c.c]
WM, yIMTBIBASt aCHMIITOTHYECKHE CBOMCTBa (ynkumit (cu. (18), (19) u (22)),
FoX = g(X) + Ar8 Mo (X) + AKS,% + e[¥€,(X) exp(i0) +cc],  (23)

e Ar=srrg,, AK=K-1. O1crofia cnefiyet, 9ro B oGILeM Ciiyyae MOTYT HPHCYTCTBOBATh
TPH pPOfia CYIIECTBEHHBIX BO3MYIIEHIHA HENONBIXHON TOYKN ypaBHeHus PT .

Bo-nepBbix, IIpy Bapuaiuy napaMeTpa r BKIIOYaeTCsi BO3MYILEHNAE, KOTOPOMY 3a
nonHkli nepuon PT-npeoGpasosarus N(Q) cOOTBETCTBYET KOHCTaHTa CKeiuHra 8,7,

Bo-Bropbix, Bapuauu napamerpa K oTBevaeT THI BO3MYIIEHUSL, VI KOTOPOTO
MacuITaOHas KOHcTaHTa 3a nepuoy] PI'-npeoGpa3osanus pasHad,”.

Hakoren, Tpetmii B BO3MYLICHWS BO3HMKAET C BKJIOYEHHEM BHEHIHErO
IIEPHOIAYECKOrO BO3JICHCTBHS, ¥ C HHAM AaCCOUMUPYIOTCS HOBBIE 3aKOHOMEPHOCTH
CKEHIMHra, 33 KOTOphIe OTBEYAET KOHCTAHTA V.

Pesynbrarel pacyeToB IOKa3bIBAXOT, YTO B 3aBUCMMOCTH OT YacTOTHI
BO3JIECTBES Q COOCTBEHHOE WYHCIO V MOXKET OKa3aThbesl JeHCTBHTENLbHBIM WM
KOMITIEKCHBIM. JTO NPUBOJUT K BO3HMKHOBEHHMIO ABYX THIIOB CKEWIWHra, KOTOpIE,
crefysi TepMBHOJIorHH paGoTs! [11], Gynem HaswiBaTh P- 1 Q-THIIOM, COOTBETCTBEHHO.

Yro6b! cuenath OGBACHEHUs Ooiee TPOCTLIMH M HATJISHBIME, OTPaHHYUMCS
OOCYXNICHAEM CHTyal|H, KOIjJa NPHCYTCTBYIOT TOJBKO TEPBLIA M TPETHl BHBI
BO3MYIIEHHS, 151 Yero B ypasHeHuH (23) nomoxum AK=0.

PaccmoTpuM cHauyama ciydaifl AefiCTBUTENBHOrO COGCTBEHHOro wymcia v. (270
HAMEET MECTO, B YaCTHOCTH, IPH 9:1/2 I 1/3.) Kax Bupgno u3 (23), nepeHopMupoBKa
napaMerpoB Ar—Ar® M u e—se/v* Upu IEHCTBUTENHHOM V NPUBORAT K TOMY, YTO BHJ
oIeparopa SBOMIOLNMHM Ha XapakKTEPHOM BPEMEHHOM MaclITafe, YMHOKEHHOM Ha w™,
OynmeT coBmagaTh ¢ HCXOfHBIM. IToaToMy B crcTeMe OyleT peann30BaThCa AMHAMIIECKHI
PeXHUM, HONOOHBLIA NEPBOHAYANLHOMY, HO C JDYIHM XapakKTEPHBIM BPEMEHHBIM
MacIITaGoM.

Ha puc. 1, a, 6 npuBouTCs MAMIOCTpALHS CKEHIMHra IS CITyJast Q=1/2. Ha puc.
1, a npepcraBneHa Kapra Ha TIJIOCKOCTH NapaMeTpoB (Ar, &), Ifie B KaXNOi TOYKeE
3HAYCHHE JIAIYHOBCKOTO IOKA3aTeNlsd KOJUPYETCS OTTEHKOM Ceporo mgeTa. JIns
HNOCTPOSHWSL aHAJIOTHYHON KapThl Ha pUC. 1, 6 MbI IepeCcUHTLIBAEM MACINTa0 MO OCIM
KOOpIMHAT 1o npasuiy (Ar,e)—>(Arfd,e/v) m yMHOXaeM B Kaxjoli TOUKE KapThl
3HaYCHUE JISAIYHOBCKOro MOKa3aTen s Ha w>. CpaBHUBAsI TIOTyYeHHbIE KAPThl, MbI BHIAM,
4TO OHH BM3YaNbHO MpakKTWYECKH HeoT/wummbl. (Ha camoM flene, cTeneHb
COOTBETCTBHS CTAHOBHTCS TEM JYYIllE, YEM MEHbINAsi OKPECTHOCTh KPUTHUYECKOH TOYKA
paccMaTpUBaeTCs, )

YactoTe BO3NEUCTBHSA Q=1/3 COOTBETCTBYET TOT XKe THIl cCKehnwnra. [Ipowmn-
TIOCTPHPYEM €ro, BhIGpaB JpYyrylo INIOCKOCTH NApaMeTpoB. 3aMeTHM, UTO BHEUIHCE
BO3JIEiCTBHE MMEET NOMHMO aMILIATY[bl €Ille OfMH NapameTp - (pasy, H IOCTPONM
JISAIYHOBCKYIO KapTy B KOOpAMHAaTax A =ecosd, B=esing. Ecnn naMeHuTs Macmrab no
obGenM ocsiM Ha GakTop v, a BpeMeHHO! Macirra6 - Ha akTop o8 (Tak Kak N(1/3)=8),
TO ITONY4YaeM KaPTHHKY, TOROOHYIO HCXORHOM (cM. pHc. 1,8, 2).
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Puc. 1. Kaprel JANyHOBCKUX [IOKasaTeldeil Ui NCPHONMUECKH BO30YXAaEMOro OTOCpakeHHS
OKpIY)KHOCTH (6) (mpu K=1): na mockocTn mapameTpoB {Ar,e) [UIs 3HAuEHHMS napameTpa (YacTOThI)

=1/, (a,6), n ma mockocty (A=ecosd, B=¢sing) w1 Q=l/3 (8, 2) ® w1z Q=1/ (3, ¢). Tona ceporo
IIBETA OT GEJIOro JI0 YePHOrC COOTBETCTBYIOT 3HAMEHWSIM JSHIYHOBCKOTO IOKa3aTeNsd B HHTEPBaNe OT
MHHYC GECKOHEUHOCTH [0 HyNd. YBeIAueHHe Malbix parMeHToB Kapr (6, 2, e) WITIOCTPApYET Hali-
9ue ckefimunra P-tuma (@-2) u Q-tuna (0-¢). YpenuueHne parMEHTOB CONPOBOXAACTCS NEPeCIETOM
3HavCHEA JAIYHOBCKOrO NOKA3aTeNs MyTeM YMHOXEHVs Ha (hakTop @

11



Jpyroifi THI yCTPOHMCTBA OKDECTHOCTH KPHUTHUECKON TOYKHM BO3HUKAET, €CIH
COOCTBEHHOE 4YMCJIO Vv Ipu HaHHOM YacToTe MCPUOAHYECKOro BOSHCHCTBUS €2
OKas3bIBaeTCs KOMIUIEKCHBIM. B 9TOM cliyyae MOXHO nepenucath ypasHeHue (23) B Bujle

F

e X = 8(X) +Ar 3Ny (X) + ¢[WI'E (X) exp(i¢+ ik arg v) + c.c.]. (24)

OO0paTtuM BHHMaHue, YTO IOA 3HAKOM OKCIOHEHTh! IOABHIOCH CllaraeMoe ikargy,
KOTOPO€ MOXHO HHTEPIPETHPOBaTh Kak N00aBKy K (ha3e BHELIHETO HepUOIUYECKOro
Bo3felicTBus. ClenoBaTeNbHO, Ha TWIOCKOCTH napaMeTpoB (4,8 ) nepeHopMHpOBKa ocell
KOOpJMHAT Ha ¢akTop I* He TpMBENET K BOCTIPOU3IBENCHUIO CTPYKTYPLI OKPECTHOCTH
KpuTHueckoi Toukd. M3 puc. 1, 0, e BuHO, YTO XapaKTepHas CTPYKTYpa OKPECTHOCTH
HOBTOPAETCS ¢ TOYHOCTBIO IO MOBOPOTA Ha HEKOTOPBIH OnpefieleHHbli yroi. [yist Toro
YTOOB! IOJYYMTH BOCHPOM3BENECHUE [HHAMUUECKHX PEXHMOB, CIENyeT MepeiiTH K
koopmuHaTaM (A',B’), ompenenseMpix 1o npaswiy A'+iB'=(A+iB)/vf, To ecTb
OCYIIECTBUTE NOBOPOT Intockoctu (A,B) Ha yronm (-kargy). OusWUecKHn B Kaxoh
KOHKPETHOHU TOYKE IPOCTPAHCTBA I1APaMETPOB 3TO COOTBETCTBYET M3MCHEHHIO (hasbl
TIEPHOUYECKOTO BO3JICHCTBHS Ha CHCTEMY HA COOTBETCTBYIOLIYIO BETIMUMHY.

O600mieHHbIe RaHHbIC O 3HAYEHHSIM KOHCTAHTHI V Ui PasiMYHbIX 4acToT Q H
COOTBETCTBYIOIWM THIIAM CKeIlIMHra IPUBENEHb! B Tabuune. 3HaueHns Q 3afjal0Tcs KaK
paUMOHAIbHBIE YHCNIA IEPBLIX INECTH YPOBHEH NOCTPOEHWS TaK Ha3bIBAEMOTO jiepeBa
Peiipu [14]. B Tabmutie NpefcTaBIeHbI faHHbIE AL A5 YacTOT U3 MHTepBaia QE[0, 1/5],
NOCKOJNBKY [pyras MONOBHHA ERMHUYHOIO HHTEpBAIa yCTpoeHa CHMMETPUYHBIM
o0GpasoM.

Xopouwle# wTrocTpanyeit ckeiymura P- u Q-THNa MOTYT CITyKHTh «KOMTaKU» U3
JSANYHOBCKUX KApT, BLIIOMHEHHBIX HA TIOCKOCTH (Ar,e) B OBOWHOM JIOrapuMHUUECKOM
Macmrabe. B arux KooppuHaTax 3aMeHa nepeMeHHbIX Ar—Ar/I§M u e—»e/lvl oTBeuaer
CIIBATY BOJb {BYX OCEH KOOPIMHAT Ha BemvurHb! NInld, | u Inlvl, cooTBeTcTBEHHO.

ITprrnMas BO BHMMaHHE CKEHJIMHT, MBI MOXEM CTPOMTDL JISIIYHOBCKHE KAPThl B
IBOHHOM JiorapuhMU4IeCKOM MaciuTabe B HEKOTOPOi 0GIaCTy M3MEHEHH apaMeTpOB
Ar ¥ € I pa3sHbIX wrepaiui npeobpasosanms PI', a moTOM yIopsaounTs 9Td KapThl TaK,
4TOObI MOKPHITh HEKOTOPBI INAPOKMA HHTepBan H3MeHehms lglad u Iglel. Tlpm
IIOCTPOEHHH KapT 3Ha4YeHHe JIANYHOBCKOIO MOKa3aTeNs B KaXkOi TOUYKE HOPMUPYETCH
Ha akrop I, P, rue p= -log,, ((5¥2-1)/2). Ha puc. 2, a, 6 Takue «KOMIaXH» IPEICTAB-
JIEHBI 051 Q= /3 u Q=1/ 4 B nepsoM ciydae Ha Kapre MOXHO BHIETL [epPHORMYECKOE
nosropenue Qopmel obnacredl (ckedmuHr P-tmna). Bo BropoMm cmywae (Q-Tum
CKEWIMHTa) NIOBTOPEHNe (parMeHTOB KapTh! He HAGMIONAETCS, XOTA B CPEHEM IPAHHIA
Xaoca pacnojiaraeTcst B{oJb NpsAMOH JTHHUY BITOJHE Olpe/IeNICHHOTO HAKJIOHA.

3akaouenue

B nawrHO# pa6oTe Gbinn NpoaHaTM3HPOBaHbI CROKCTBA CKETMHTa B IIPOCTPAHCTBE
[1apaMeTpOB IIEPUOAMIECKH BO30YX/Ia€MOT0 0TOOPaXXEHUS OKPYXKHOCTH B OKPECTHOCTH
KpuTHieckoit Touk# GM, oTBevalomell paspyeHHIO KBa3UTEPHOTMIHOCTH C YHCIOM
BpallleHHs «30JI0TOE CpefHee». Bl paccMOTpeHb! BO3MYIIEHHS HEMONBUKHOM TOUKH
ypaBHEHHS peHopMrpymibl Peiirenbayma - Kaganosa - IlleHkepa, cOOTBETCTBYrOLIHME
BKJIIOYUCHHUIO NEPHOIMIECKOrO BO3JeACTBHA. IIpH 3TOM BO3HMKAET HOBOE COGCTBEHHOE
HUHCIIO JIMHEApU3OBAHHOTO  yPABHEHMS PEHOPMIPYNIIbI, 3aBUCSIEE OT IApaMmeTpa
Y4aCTOTBI BO3JIEACTBUS. DTO COGCTBEHHOE UHCIO MOXKET OBITh HEHCTBHTENBHBIM WM
KOMILICKCHBIM, COOTBETCTBCHHO, B MPOCTPAHCTBE MapaMETPOB PealiM3yIoTCs [Ba THIA
CKEMWIHHTA;

* nepuofprieckuit (P-Tuir), Korma CTPYKTYpH! B NPOCTPAHCTBE NapaMETPOB
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-2 Iglr-raal _12

Puc. 2. «<Konmaxu», cocTaBlIeHHEIE W3 hparMERTOB JISIIYHOBCKUX KapT B ABOMHOM JIOrapH(MHAYECKOM
macirrabe (lgl-r, . 1glel). Tona ceporo upera oT 6eJ0ro0 70 YEPHOTO COOTBETCTBYIOT 3HAYCHHIM
NEPEeHOPMUPOBAHHOTO JISIIYHOBCKOIO [OKa3aTesNs A/Ir-rGMlﬁ, e P=-log, |((51’2-1)/2), OT MHUHYC
OEecCKOHEYHOCTH JHO Hyns MOXHO HaOmoiaTh NepAOIMYECKOE non'lropeme KoHurypasnui
MHAMEGECKHX pexaMoB (P-tim ckeitmamra) mns Q=1/3 (@), ¥ KBa3WNEPHORHIECKOE HepENOBAHME
¢ parMeHTOB, COOTBETCTBYIOMIee Q-THITY CKEAJIMHTa, IIPY Q=1/, (6)

BOCNPOM3BOAATCSA B MajbIX MaclliTabax NMpH NepeHOPMUPOBKE KOOPIUHAT Ha ¢axkTOph!
CKEHIINHT]; ,

+ xkpasumepHomuueckmii (Q-THMH), IpH KOTOPOM JIByMEpHast CTPYKTypa
MHAMAYECKUX PEXMMOB Ha TIOCKOCTH NPAMETPOB SBJIAETCA KBA3HIIEPHOJUYECKON, HO
B TPEXMEPHOM IPOCTPAHCTBE NapaMETPOB BOCTIPOU3BOMUTCS IIPH MEpecyeTe Macrrraba
C TOYHOCTBIO JI0 TIOBOPOTa Ha HEKOTOPBIA Yrol.

~ M3BecTHO, YTO THII IOBCACHAS, acCOLMUpYIOLIEHCA ¢ KpuTraeckol Toukoi GM, ¢
NPECYLMMHM €My YHHBEpPCATbHBIMM CBOMCTBAMH CKEWIHMHIa MOXET HaOmofaTeECs B
Pa3MUHbIX HeJIMHEHHBIX TUCCHIIATHBHBIX CHCTEMAX [15-19], aBTOHOMHOE OTOGpaXeHHEe
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OKPYXHOCTH MOXKET pacCMaTpHBaThbCAd Kak HaumGonee ymoOHBIA IS HCCIIEOBAHMS
NPENICTaBUTENb COOTBETCTBYIOLEIO Kjlacca yHMBEpCaJIbHOCTH. OGHAPYXKEHHE HOBBIX
3aKOHOMEPHOCTEH CKEHINHra B AMHAMUKE OTOGPAXEHHS OKPYXHOCTH [IPH BHELIHEM
MEPHOAMIECKOM BO3JICCTBHY TO3BOMSIET IPEANOOXHTE, YTO AHAIOTHUHBLIC SBIECHHUS
OyAyT MMETh MECTO M B [PYTHX CHCTEMaX, OTHOCAIAXCS K TOMYy 3Ke KJ1accy
YHMBEPCAILHOCTH, IIPH HAJIAYHK IIEPUOANIECKOro Bo3aecTBaA. [To-BiumuMomMy, Toro xe
pojia 3aKOHOMEPHOCTH GYHyT NMPOSBIATECS B OHPENETEHHBIX OGIacTIX IIPOCTPaHCTBA
MapaMeTpOB NpH PAacCMOTPEHMH 3afjady¥ I[I€PeXofa K XaoCy uepe3 paspylieHue
TPEXYAaCTOTHON KBasWNepuop4HOCTH. B ofmeM ciydae ara 3ajaua dYpesBbIYANHO
CIIOXKHA, U TI03TOMY JIFOObIE YaCTHBIE PE3YIBTATHL, POMBAIOLIME CBET HA OCOGEHHOCTH
COOTBETCTBYFOIIEH JMHAMUKH, MOTYT OKa3aThCsl BaXHBIMM JyIsi IPOJBHXKEHHA B €€
aHanmse. : '

Paboma ebinoanena npu ﬁoabepwace PPBH, epanm Ne00-02-17509.
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Capamosckoe omoeaenue Hucmumyma

paduomexHuku u aaekmporuxu PAH

UNIVERSALITY AND SCALING IN THE CIRCLE MAP
UNDER EXTERNAL PERIODIC DRIVING

A.Yu. Jalnine, S.P. Kuznetsov

We investigate scaling properties of a neighborhood of the «golden mean» critical
point in the circle map in presence of external periodic forcing upon the system. We
consider such perturbations of the fixed point of the Feigenbaum-Kadanoff-Shenker
renormalization group equation, which are initiated by periodic forcing. We show that,
depending upon the frequency of external forcing, two types of scaling behavior can be
observed. The first (P-type) is associated with periodic repetition of the structures of
dynamical regimes in parameter space under subsequent scaling transformations. For the
second case (Q-type of scaling) quasiperiodic behavior of structures in the parameter
space takes place. The both types of scaling are illustrated by parameter-space diagrams
for re-scaled Lyapunov exponents.

Kannun Anerceil 0pvesuy - popunca B banamose CapaToBckol o6nacTy
(1977). Okonunn dusuko-rexurdeckuit JTuueir N 1 Capartosa (1995), dakymsrer
renuueitbix nponeccos CI'Y (2000). AcnupanT Kadepsl fUHAMAUECKAX CHCTEM
CT'Y. OGnacTh HayYHBIX WHTEPECOB: KBa3HIIEPHOJHYECKAA [JMHAMMKA, CTPAHHLIE
HEeXaOTHYECKHE ATTPAKTOPbI, Xa0TIHYecKas CHHXPOHU3AIINA.

Kysneyoe Cepeeii Ilemposuy poguncgd B 1951 rony. HokTop dusuko-
MATEMATHYECKUX HAyK, BeNyLMN HayuHeli coTpymuuk CapaToBckoro ¢mnuana
WHcTuTyTa paguorexuukd u aekrponuky PAH, mpodeccop CapatoBckoro
rocynuBepcureTa.  CHeNManucT NO HeauHeHHOH [WHaMuKe, TECOpHM JAHHAMH-
YEeCKOTO Xaoca ¥ TEOpHM KPUTHYECKHX sBJIECHMI? IIpH Mepexofic K xaocy. 3aHu-
MAaeTcs TaKXKe HMCCIE[OBAHUAMH B 00JacTH KBaHTOBOro xaoca. OmnyOmuxosan
cebiiie 100 paGor B oTeuecTBeHHO# U 3apybexHo¥ HayuHoll meyatn. CoaBTOp
IBYX MoHOTpadMii ¥ ORHOH TIONyNspHOd KHHMIH. ABTOD' HECKOJBKHX
OPHI'MHANBHBIX YIeOHBIX KYypCOB, TPOYNTAHHBIX UM B pa3HbIC MOMb! Ha Katenpax
3NEKTPOHUKY, paguou3nKe M (akyIbTeTa HeMMHEHHLIX mnpouecco CIY.
Copocosckuit ipodeccop (2000).
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