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AnHOoTaUA

IIpogomkeno HavaToe pamee HCCIeNOBaHNE CeMefCTBa IJIaIKUX He-
NpePBIBHBIX H AUCKPETHLIX JBYXMapaMeTPHYeCKHX FraMH/IbTOHOBBIX CH-
cTeM C KyCOYHO-JHHeHOoi cumol. YCTAaHOBIEHO, YTO AJid TAKHX CHCTEM
3aBHCHMOCTH HWHTerpana MensHukoBa- ApHOJIBAA OT JaCTOTHI SABAAET-
ca crenennoil u konebarensuoit. Iloxazamo, 9ToO NpH HATHYHE ABYX
PA3THYHLIX MEPBHTHLIX BO3MYIIAKIIAX YaCTOT BO3HHKAOOMAs Ha HX
CyMMe BTOPUYHAS FAPMOHHKA MOXKET JaBaTh OCHOBHOM BKjaj B obpa-
30BaHME XaOTHYECKOro cjios. [Ljisi COOTBETCTBYIOIIErO IVIANKOro 0To6-
paskeHns HalineHs! 06JacTH CIeNMANTBHBLIX 3HAYeHHH TapaMeTpa BO3MY-
INEeHAsH, IPH KOTOPLIX B YCIOBHSX CHIBHOIO JIOKAIBHOTO Xa0Ca BEPXHA
cemapaTpuca ApofHBIX PE30HAHCOB COXPAaHAETCHA, & HIKHAA paspylia-
erca u unaobopor. [IpHBesen nmpuMep TOro, ITO PABEHCTBO HYJIO YIVIa
NepeceYyeHns BeTBEl cenapaTpHCH B IEHTPATILHOM TOMOKIHHHON TOYKe
He ABJAETCs JOCTATOYHBIM YCIOBHEM coxpaHennd cenapatpucel. Orme-
Y€HO CYUIECTBEHHOE PA3/IHtMUe B AHHAMHIECKOM MOBEICHHH IJIAIKHX H
AHAJIUTHYECKHX CHCTEM.
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(C) Hnemumym adepnoti gusuxu um. I'H. Bydxepa CO PAH
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1 DBsBenenwme

Venopusi BOSHEKHOBEHHSA M PA3BUTHHA JHHAMHYECKOrO Xaoca 3aBHCAT, KaK M3~
BECTHO, He TOJIHKO OT BEJIMYMHBI BO3MYLIEHHS, HO ¥ OT IVIaJKOCTH JAUHAMHE-
geckoit cucteMbl. [aKkocTs YA0OHO XapaKTePU30BATE CKOPOCTRIO YOBIBAHNS
Dypbe-aMILTATYA. [ aHATHTHYECKOro Cily4asd aMILTHTYIBI yOBIBAIOT IKC-
[TOHEHIHAJBHO, IPH 3TOM BCETAa CYIECTBYET KOHEIHbIH NOPOr IO BO3MYILE-
HWIO £4, W MI100AJILHBIA XA0C, OXBATBIBAIONIIMIA BCE JOCTYMHOE CUCTEME dazosoe
MPOCTPAHCTBO BO3MOXKEH TOMBKO IIPH £2£4r [1,2,3]. Ecnu norenuyasn apnaercs
riangkoi dyHKuEeit, To ero Oyphe-aMIHTY b yObIBAIOT JIMIIL KAK HEKOTO-
pas cTeneHb (- 1 HX HOMepa, YTO CYIEeCTBEHHO MEHSAET XapaKTep JABHKCHHA
(cm., nanpamep, [4] u ccpuKM tam). Y 3aBucAmeil OT BpeMeHd IVIaIKo# cu-
cTeMBl ¢ OJHOM cTeneHnio cBoOOIBI MOPOT £ > ( cyulecTBYeT BCerjaa npu
8 > Ber = 3 [4,13]. Onnaxo, D0 HeJIABHEro BPEMEHH B MOBEIEHHH CHCTEM C
3 < B.r OCTABAJIOCH €IIe MHOTO HEsCHOI'O.

BMecTe ¢ TeM 0Ka3aJi0chk, 9TO Y7Ke JOBOIbHO JABHO MOABHINCH MaTeMaTH-
yeckue paborsl [5,6,7], B KOTOPBIX yTBEPAKIan0Ch CYNMIECTBOBaHAE raobaib-
HBIX MHBAPHMAHTHBIX KPHUBBIX B TIAJKMX CHCTEMaX NpH 8= 2 < 0. "Utond
nonpobHO# 1 mOsHOH oKazanach pabora Bymuta [7], rae ucenenoBaiiock cuM-
MeTpHYHOe KycOo4dHo-InHelnoe 2D-orobpakenne (CKJIO, 8 =2 < f). by-
JIAT CTPOro JOKA3AJ, YTO IPH CHENUAIbHBIX 3HATEHHAX HapaMeTpa BO3MYIie-
HAA CPEH II06aNbHBIX MHBAPHAHTHBIX KPABBIX C PAMOHAIbHBIMH THCIAMY
BpAIIEHHsT COAEPIKATCA Hepa3PyIIEHHEIE CeNapaTPHCHl LIEBIX i APOOHBIX pe-
30HAHCOB. Bece OHM MMEIOT TOMHYI0 IPOTAXKEHHOCTD 110 (a3e | noToMy ABJIHA-
J0TCs HEIPOXOZMMEIMHA DapbepaMu JJIA APYTUX TPAeKTOPHH, YTO HCKIIIOYAET
BO3MOKHOCTH rii0banbroil puddysun no aeitcreuio. CaMbIM NOPa3HTeIbHbIM
M HEOXKMJAHHBIM OKA3AJIOCh TO, YTO CHCTEMa IPH STOM He CTAHOBUTCA WHTE-
IDEPYEMOi H CenapaTpuChl COXPAHAIOTCA B YCJIOBHAX CHIIBHOIO JIOKAJIbHOIO
xaoca (cM. puc.4 B [10]). Bce 310 pesko oTnmyaercs OT CATYyalWd B THILINY-
HbIX (TO €CTh HEMHTErPHPYEMbIX) AHATHTHYECKHX CHCTEMAaX, /e IPH HaJlu-
4quy APYrux (Xors Gl OZHOrC) PE3OHAHCOB UMEHHO CENapaTpHChl PE3OHAHCOR
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Pa3pymaiorcs B NEePBYI O4Yepelh H Ha MX MecTe 00pasylores XaoTHYeCKHe
cion [1,2,3]. Hctopuio Bonpoca 1 KOMMEHTApH TOTO MOPa3UTeIbHOrO hakTa,
4TO T4 BAsKHAA H MHTepecHadA pabora He mOJyvMsia B CBOE BpeMs INHPOKOH
M3BECTHOCTH MOXKHO Haiitu B [13,14]).

IToaKe u He3aBHCHMO noABIIack TeopeMa OBCAHHUKOBA O COXPAHEHUH Ce-
NapaTpuC UeJIbIX Pe30HaHCOB J1a Toi ke camoil mozenn CKJIO [8]. B sroit
TeOpeMe He TOJIbKO TOYHO YKa3aHO MHOXXECTBO COOTBETCTBYIOUIMX (Tak Ha-
3bIBAEMBIX KPHTHYECKHX) 3HAYEHMI MapaMeTpa, HO M IIPeJIO’KeHO SBHOE U
IpocTOoe BhIpakKeHue ada cenapatpuchi. Mmenno Teopema Oscannukosa na-
J1a TOIYOK K MHTeHcHBHOMY nccrenosanmio CKJIO u poacreennbrx emy [9-14]
(mosmerit Teker Teopembr OBcstHENKOBa cM. B [Ipunoxerwn x {10,11]). Same-
THM, 9TO aBTOPbI paboT [7,8] BhIHYKeHE! GBLIH OrPAHYUTECA HCCIEI0BAHMN-
€M TOJIbKO CAMHMX COXPAHMBIINXCA cenaparpuc, ubo obpasyiomuecs OpH HX
paciienieHus XaOoTHYeCKHe TPAEKTOPHHE HE MOAJAIOTCH AHAJHTHYECKHM HC-
CIe0BAHHAM (3TO MOXKeET GBITh CAEITAHO TOMBKO B IKCIEPUMEHTE - YHCICHHOM
unH hbuzHIecKoM).

Hanbreiimee u3y4yenne MOKA3aI0, YTO KaXKaaA ¥3 OOHADYXEeHHBIX By:u-
TOM ri100aTbHBIX HHBAPHAHTHRIX KPHBLIX (BKJIOYAA CENapaTpHCHI UENbIX U
APOBHBIX PE30HAHCOB), BOZHUKAIONMIAA [IPH HEKOTOPOM TOYHOM 3HAYEHWH I1a-
pameTpa, Ha caMOM JeJie CyLIeCTBeHHO HCKasKaeT CTPYKTYPY dasosoit mioc-
KOCTH M B HEKOTOPOH ero KOHe4HO# oxpectHocTd. Ha 3TOoM ocHOBaHHH B pa-
Gore [13] 6511 e 1/I0XKEH HOBbLH TEPMUH - BUPTYATbHAA HHBAPHAHTHAS KDH-
Bast. Hanu4une Takux BUPTYanbHEIX KPHEBIX MPHBOAUT K COBEDIIEHHO HOBOMY
H OYeHb CJIOKHOMY THIY TPAHCIOPTHOTO IIPONECcCa B INIAJKOH CHCTEME - Tak
Ha3blBaeMOH (bpakTaabHOi AudDy3uH, H3yYeHHe KOTOPOil TOMBKO HAYAIOCH
[13,14].

13 cka3aHHOro ACHO, 4TO IVIAAKHE CHCTEMBI 06J1a1aI0T MHOTHMHE YHHKAJIb-
HBIMH CBOHCTBAMH M 4TO AMHAMHYECKHI Xa0C B HUX BOZHUKAET U Pa3BHBACTCS
IO CBOMM CODCTBEHHBIM M NOPOil BECbMa OPUIMHANBHLIM CIEHADHIM.

B mnacroameit paborte, kak n B npeapiaymumx [12-14], paccmarpusaeTcs
CeMeHCTBO [VIaJKUX CHCTEM C ABYMH IapaMeTPaMH 4 C KyCOYHO-JMHEHHOMN
cuioi (ero yactabiM cirydaeM siBisierca CKJIO) B aByx BapHaHTax - ¢ Henpe-
PHIBHBIM TaMMJIBTOHHAHOM M B BUJe oTobpaxkenns (pasuen 2). Ina nenpe-
- PHIBHOH CHCTEMbI CTPOMTCS MHTerpaj MenbHukoBa-ApHOILAA H C €ro mo-
MOIIBIO YCTAHABJIHBAETCA 3aBHCHMOCTb aMILINTYJ CENapaTPUCHOTO oTobpa-
JKEHHA OT 9acTOTHl. M3BecTHO, 9TO aMIINTYabI TADMOHMK CenapaTpPHCHOTO
OTODpasKeHNdA JJIs AHAJUTHYECKOr0 CJIy4asd SKCIOHEHIHANBHO U MOHOTOHHO
ybeiBaloT ¢ pocrom wacrorsr [1]. B pasmene 3 nokasamo, yro gms paccmart-
PHBAEMbIX HaMH TJIAJKHAX CHCTEM 3Ta 3aBHCHMMOCTH KA4YECTBEHHO Apyras —
crenennas U KonebarenbHas.

PaccmarpuBaloTca ocoOeHHOCTH 0Opa30BaHWA XaOTHYECKOrQ CJOH IIpH
HECUMMETPUYHOM JBYX9ACTOTHOM BO3MYIIEHHH. AHAJOIHYHOE UCCIEA0BAHNE
JIJIA AHAJTATHYIECKOTO CJIy4Yad ObLI0 CpaBHHTENBHO HEIABHO BHITIOJIHEHO B Pa-
Gorax [15-17], rae usy4ancs raMUIBTOHHAH BO3MYIIEHHOIO MAATHHKA BHIA

2
H(z,p,t) = %— + cos(z) + €1 cos(z — Q1 1) + £2 cos(x — Qo t) . L
IlepBbie ke 9HCIEHHbIE IKCIEPUMEHTHI TMOKA3AJIH, YTO B CIEKTpe cenapa-
TPUCHOTO OTOOpaKeHUs ITOH CHCTEMBI IOMHMO HBHO BXOJAAIINX B BO3MYINe-
are (1.1) gacror 2y , Q2 IPHCYTCTBYIOT TAK)KE KOMOMHAILMOHHBIE TAPMOHHKH
~ £1 €9 Ha ux cymme A, = Q)+ u paszsoctu AQ_ = (U — . Eme 6omee
YAMBHTEJbHBIM OKA3aJiCsA TOT (aKT, YTO MPH ONPEJEIEHHBIX YCIOBHAX HMEH-
HO 3TU FAPMOHHKH UTPAIOT PEHIAIONIYIO POITb B (hOPMHPOBAHNH Xa0THYECKOTO
ciost. B [16] npusenen npumep, korna skian BropaaHoit rapmMonukn A, = 3
B aMILTATY/y CENapaTpPHCHOTO OTOOPAsKeHHA B HECKONBKO COTEH pa3 IpEBbi-
CHJI BKJIAJHI OT MEPBHYHBIX rapMOHUK. Bo3HuKANO BreyaTienne, 410 cnabuie
NepBHYHBIE TAPMOHHKH NMOPOJMIA MOINHYI BTOPHYHYIO M HA 3TOM HX POJIb
B 00pa30oBaHul Xa0ca 3aKOHYWIACh ((akT, MOTYUMBINHI NOJHOE YHCICHHOE
noaTBepxKaenue B pabore [16]). Umenno mexannsm BOZHUKHOBEHHS U yde-
Ta BTOPHYHBLIX FAPMOHHK IO3BONHJ OOBACHHUTL B YCTPAHHTE AABHO H3BECT-
HOe pacxoxkgeHue (bomee yeMm B JBa pa3a) MeEXJY BeNMYHHAMH HAMmeHHOM
TEOPETHYIECKH Yepe3 HHTerpan MelbHHKOBa-APHOIBIA H H3MEDPEHHO 3KCIe-
PHMEHTAJBHO AMILIMTY CEIapATPHCHOrO OTOOpAKeHWs s CTAHZAPTHOrO
orobpakenus Tupuxosa [15]. '

B pasaene 4 nokazaHo, 4T0 rapMOHHMKA Ha CyMMe JaCTOT B IOJIHOH Mepe
nposiBaser cebA ¥ B PACCMATPHBAEMBIX CHCTEMAX, B TO BDEMA KakK Ha Pa3HO-
CTH YaCTOT OHA He BO3HHKaeT. 3Aech 0DCYK 1AI0TCH TaKXKe 0CODEHHOCTH 3TOro
addexTa, cBA3aHHBIE C OTMEYEHHBIM BBIIIIE KADAUHAILHLIM PA3JIHYAEM B Xa-
paKTepe 3aBMCHMOCTH WHTerpana MenbHHMKOBa-ApPHONbAA OT YACTOTHI JJIA
AHAJIMTHYECKOI'0 ¥ INIAIKOro ciaydaes. IIpeicrasienue 0 TOM, CKOIb pa3Hble
aMILTATYAbI ¥ CIIEKTPATbHLIR COCTAB MOTYT NPH 3TOM HMETb Da3HbIC YACTH
XAOTHYECKOrO CJI0A JaeT puc.2 HacTosameil paboTsl.

B narom pa3zene BEOBb paccMarpuBaeTcs oTobpaskenwe. 3nech Ha MpH-
Mepe NpodHOro pe3onanca 1:3 moka3aHo, 4YTO MMeeTcs JiBe ODIacTH U3MeHe-
HUA NapaMerpa Bo3myiuenus K, rioe BepxHssa v HUXKHSASA CENapaTpUChl 3TOIO
pe3onanca senyT cebs mo-passomy. B nepsoit u3 mux 1/3 <= K <= 1/4
OHH 0D0e COXpaHAKTCA ONHOBPEMEHHO, T.€. MPH OJHUX M TeX Ke CIeHHaTb-
HBIX 3HAYeHHAX K3 m, m = 1,2,.. (cm. Tabmuny 1 B [10]). Hpu K < 1/4
UX NOBEJEHHe MEHACTCH: BEPXHsid CEeNapaTpuca COXpaHseTcd NPH OJNHHUX 3Ha-
YeHUAX NAPAMETPA, & HIKHAS [UPH JAPYLHX M IPOMCXOAHT 3TO IO0YEpeTHo
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(cM. puc.3). Obpacuaercs MEXaHM3M ITOTO M0OONBITHOTO SBJIEHUs. Y TBEp-
JKJI@ETCH, UTO TAKOE JKe MOBefeHHe MMEeT MecTO ¥ JJls Pe30HAHCOB bomee

BBICOKHX HOPAJIKOB. ;

B paborax [9-11] mpm mccaenosanuu pakTa COXPAHEHHA CenapaTpuc
DE30HAHCOB MIHPOKO MCNONb30BAIACH TEXHUKA H3MEPEHHUs YTJIa NepecedeHus
BeTBell B IEHTPANbHOK TOMOKIMHHON Touke. CHMTAIOCH, 4TO obpalneHne
9TOr0 yriia B HyJib €CTh [OKA3ATENhCTBO COXPAHHOCTH CellapaTpuchl H
OTCYTCTBHS XAOTHHECKOIrO CJIof. JTO NpeJCTaBlIeHue ABIACTCA OIHOOTHBLIM

u B pasfene 6 NPHBOAUTCA ONPOBEPralOIIAil MpUMED.

2 T'aMuapTOHHAH 33244

B macrosmeli paGore npomomkaerca Hagaroe B [11,12] nceneoBanne nenpe-
PBIBHOH CHCTEMBI ¢ TAMHJIBTOHHAHOM BHJIA

)

P
H(z,p,t) = Ho(z,p) +U(z,t), Ho(z,p) =7 +wV(z),  (21)

W [ABYX9YaCTOTHHEIM HECAMMETDUYHBIM BO3MYIIEHHEM
Ulz.1) = £ cos(?:«'r:n—_ﬂl t) + &g cos(2mx — Q2 t), (2.2)

KOTOpOe CauTaeTcs cabbM |g] < 1, a 9acToTh— BbICOKHMH [§2] > wo.
Tlorenuuan 3roit cucremst V(z) = 1/4 — [ f(z) dr nopoxnaercs anTu-
cummerpuunolt f(—z) = —f(&) Kycouno-MHeHOM CHION C NEPHOAOM 1

2z/(1 —d), ecin 0 <z < (1 —-d)/2,
flz)=4¢ (1-2z)/d, ecm (1 —d)/2 <z <(1+4d)/2, (2.3)
2(z ~1)/(1—d), ewm (1+d)<z<1.

Dopmyna (2.3) cogep:KuT napamerp IIepexoca 0 < d < 1, 970 no3pojger
HCC/IeI0BATE CPA3Y Iej10e ceMeHCTRO MUI006pasHbIX 3aBUCHMOCTEH (cM. pue.l
B [12]). OTmernM, 9T0 K HACTOAIIEMY BPEMEHH sabouiee MOTHO W3y4eH ciyYaH
cuMMeTpraHOi cuibl ¢ d = 1/2.

"3y6ea" muist |f(x)| = 1 pacnonoxens! B Toukax T_1 = (1 ~d)/2unzxy =
(1 4+ d)/2, roe umeeT MeCTO CHHTYJISPHOCTD - PA3PLIB nepRoit MPOM3BOTHOM
F=df fdx:

A f(zz1) = :wal:d_) : (2.4)

IMorennuan Moxer GbITH npecTaBieH psaaom Pypee [13]

1 In 2 cos(nw) sin(nwd)
V(E) - E = Z W EOS(QTTHI.) . _F d(l . d) ;
n=l

(2.5)

rae 3 = 2 moKa3aTeNhb IMaAKOCTH CHCTEMbI.

Ilpu orcyTeTBun BO3MYIIEHUA cucTeMa (2.1) ABAETCA MATErpHpyeMoil H
OMHCHIBAET €IWHCTBEHHBIH Pe30HaHC, KOTOPbIH CYMTAETCA OCHOBHBIM M BOMM-
3 KOTOPOro BEIOMPAIOTCS HadajbHbIe YCIOBHA. KasKaa u3 rapMOHHK BO3MY-
HieHHsA Takske apiasercs pesonancoM. Ilpu 2 > 0 aToT pesoHaHc pacnonokeH
Ha (pa30BOH MJIOCKOCTH BBIIIE OCHOBHOTO, a npu {) < () HUXKe, YTO JaeT OCHO-
BaHHME HA3LIBAThL MX BEPXHHM H HHIXKHHMM, COOTBETCTBEHHO.

I suxenne no sepxHeil HeBO3MyLieHHOH cenapatpuce (7 = €2 = 0) onu-
celBaeTcs (pyHKIHel Oe3pazmepHOro BpeMenn ¥ = 2 wgt BHAA

Age¥e/v2(Q1-d) ecn — oo < Py < —Pg 1,
.’L',g(’f,f)a) - '(1 s = V/& sin (‘Ji’s,/\/Z_d))/lz €M — W{f’s,l % t.ba < 1.ﬁ’zll,l e
1-— Ay e‘"w”"v‘z““dj, eCiH 51 < Py < 00,
(2.6)
UMITYAbC HaxoauTes qudpdepeHuupoBanueM ps = & = 2wy dz, /dys u ucnoins-
3opanbt obosnauenus 1,1 = V2d arcsinVd, Ag = (1 — d) e¥=2/VZi1=d) /9
(dpopmynsr (Al.4) u (A1.8) Ilpunoxkenns 1).
OTHOCHTENHHOE OTKJIOHEHHE 0T HEBO3MYILEHHOH cenepapaTpuch! 110 3Hep-
run obozHaveso w = Ho/Hp s — 1 npu 35a4eEUn raMHIbTOHAAHA HA cellapa-

tpuce Hy 3 = wg /4. Tlepuon newxxenns Ty BOIM3H cenapaTpPHCH] BHITHCISAETCSA
no Gopmymne

]. ]. e 5 TE‘
To(w) =2Ts1+ — In 4 d cos{ws Ts 1)
w2 lw]|

1 (2'?)

rae wy; = wyp+/2/d, ws = wp/2/(1 —d), Ts,1 = arcsin \/&f'wl (csm. Ilpuno-
xenne 1). IIpn 9nclIeHHOM ONpejesleHNH Pa3sMepoB XaOTHYECKOro CI0A MC-
HOJIL3YETCS CBA3b OTHOCHTEIBLHOH 3HEPTHH W ¢ MepHooM JeHxkenns Ty, Ko-

TOpas ONMHCHIBaeTCA 0OpaTHOH K (2.7) 3aBHCHMOCTBIO

w(To) = 4+/(1 — d) cos (wy Tp ) e~2 To=2Te1) (2.8)

Hapsany ¢ senpepsisroil creremoii (2.1),(2.2) mb1 6ymem Takake obpaliars-
csi K JUCKPETHOMY OTOODAKEHHIO ¢ TeM YK€ IOTEHIMAJOM, KOTOPOe K Ha-
CTOSIIEMY BPEMEHH JOCTATOYHO IOMHO W3YYEHO H AMHAMHYECKOE NOBeIeHHe
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KOTOPOTO OKA3aJI0Ch BechMa HeoObraHbIM [9-14]
p=p+Kflx), T=z+p modl, (2.9)

rme K = w?. Orobpaxenue (2.9), Kak H3BECTHO, TAKIKE MOXKeT OBITH Ipes-
CTABJIEHO B BHUJIE HEIIPEPBIBHON CHCTEMBI C FAMIIIBTOHAAHOM, ABHO 3aBHCAIIIHM
OT BpeMeHH U ¢ BoaMymenueM B (popMe Tomukos [13}:

Hp) =2+ KV &), (210)

rae 6;(t) =1+23", -, cos(2rmt) obosnavaer d—pyHKIMIO NEPUOAA 1.

XapaxTepHoit 0coBeHHOCTBIO cribl (2.3) AB/IAETCS HAJIMYHE HA e EPHO-
7e IBYX y94CTKOB: ¢ oTpunarensuoit ("smmnradeckuit"y4acToK) U NOJOXK K-
TespHO# ("runepbomuyeckuii” y9acToK) 3HaAYEHHAME NPOM3BOIHOH f'. Mar-
pALA NHHEAPU30BAHHOrO 0TOOPAIKEHMS B HENOJBHKHON TOUKE BHIMHC/IAETCH
no dopMynam

1+A 1 i iz 1
am( 1380 pA(AANT gy

rie A = 2K/(1 — d) u runepGomraeckoMy y4acTKy OTBeyaer marpuua A, a
IUTANITHYECKOMY MaTpHua B.

3 MHWurerpan MeabHUKOBa~-APHOJIbAA:
3aBUCHUMOCTh OT YaCTOTHI

Bosmyierne (2.2) B 0bmem ciiydae paspylIaeT cenapaTpucy OCHOBHOTO pe-
30HAHCA 1 0Opa3yeT Ha ee MECTE XaOTHYeCKuii C/I0i, B KOTOPOM Cle/lyeT pas-
AMYaTh TPH YacTh: 1) Bepxmss - Bpamenne (asbl npu p > 0, 2) cpenusia -
xonebanus daser u 3) nmwxHEaa - spaumenne dassl npu p < 0. Ilpn necum-
METPHYHOM BO3MYTIEHHM PA3MepPhI STUX YacTell MOryT CHIbHO Pa3iniaTbhCd,
OCKOMBKY BEPXHSAS YACTb C0si (POPMHPYETCst TMOJ BJIHAHHEM B OCHOBHOM
BEPXHHUX PE3OHAHCOB, HWKHAS IOJ BIUSHHEM HIDKHUX, & CPeIHAs - TeX
apyrEx (cM. puc.2 B crepyomem pasgene). Mer Gynem A7s onpesenerHoCTH
B OCHOBHOM HMCCJIEAOBATH BEPXHIOK YacTh XaOTHYECKOTO CJIOA.

PaccMOTPHM BEPXHIOI0 FADMOHHKY BO3MYIUEHHSA BHAA € cos(2mmz—T —
T0), T = §t, KyAa Ajus oOIIHOCTH BBEJEH JONONHUTE/bHBIHA HeJILI MHOMKH-
reap m. Cnenys omucannoii B [1] MeTonuxe, OyjeM HCKATh BBI3BAHHOE 3TOH

8

rapMOHHKON H3MEHeHHe HeBO3MYIIEHHON sHepruu Hy 3a monynepuop KoJre-
DaHuil HJIH [IePHOJ] BpAIlleHUA:

ﬂHg-——-E/ p(t]@dt:2wm£f p(t) sin(2rmz — 7 — 70) dt

Lgn dz e

=2mme sing Wara,

rae Wysa unrerpan MensnukoBa-Apronsia
Ly 0
Wnaa = &f ps(t) cos2mmzs(t) — 2t dt, (3.1)
—oa

y4TeHa TOJIbKO YeTHasl (PyHKIHSA B pa3NoykKeHud sin(2 Tmzx —7 — 7o) u npes-
MOJIOXKEHO, YTO CHCTeMa IBHIKeTCs BOIHM3M HEeBO3MYINEHHOH cenapaTpHChI.

ITepexomas kK be3pazmepHoMy BpeMmenn 1 = 2wgt ¥ BRIYHCIAA NOCHETHEE CO-
OTHOINEHHE C MOMOUIBIo (2.6) HaxommM:

TR 2 X e

_Adﬁ f e ¥/V20-d) cos(2mm Age~¥/VZU-D) 4 A y)dy, (3.2)
=y T,bs,l X |

rae A = §1/2wy ects napamerp ammabarmunoctu [1]. Herpyaso nposepurs,
YTO €C/IH BO3MYIIEHHE ABJISETCA HUXKHEel rapMoHnKoi Buna cos(2mmz+ 7+
T0), T =$1t, To BMecTO (3.2) Hamo 3amHCATH

Va1 :
Whara(A < 0) =—% : cOS (%) cos [ﬁ'm dsin(\;g-&)+|.h]w] dy

ey f’-l__g:a / e~ ¥/ V2(1=d) cos(2rm Age¥/V21=d) _ |\ ) dyp,

(3.3)
3ameTHM, YTO NosIycyMMa Boipaskennii (3.2) u (3.3) npu m =1, d = 1/2 Tou-
HO coBnajaer ¢ opmynoi (12) pabore! [11], orHoCAmEHCA K CHMMETPHYHOMY
OAHOYACTOTHOMY BO3MYIICHHIO PACCMATPHBAECMOI 3]1€Ch CHCTEMBI.

AMNIBTYAa TADMOHMKH CeNapaTpHCHOro orobpazkeHua 4acToTsl ) mosm-
HOCTBIO OIIPEeNeIsieTCs CBONCTBAMH M TOBeleHHeM nHTerpaia MenbHHKOBa-
Apsosnbjaa, NOCKOIBKY IMPONOPIMOHAILHA €My

22 AH 8wme
Wzimax}w—w|=iHM: R Whara . (3.4)

9



[lepBEiii BONpOC, HA KOTOPbIH MPEJCTOMT OTBETHTH! M0 KAKOMY 3aKOHY
namensiercss Wara ¢ poctom A7 B Ilpunoxkenuu 2 BBINOMHEHBI HEKOTOPbLIE
acumirrormdeckue (A — 00) OLEHKH MHTErpasa Mensaukosa-ApHoabaa, Ko-
TOpBIe TIO3BOSIOT CAENATh Cile/lyIONHne BhIBOJbI ftst cucremst (2.1),(2.2). U3
dbopmyn (A2.2),(A2.3) Tlpunoskenns 2 caeayet, 4T0 Wirq ABIACTCA NEPUO-
muaeckoit mo A byHKIMEH ¢ nepuojoM

2 m \/E
Ty = - -, 35
A7 e1 arcsinvd V d e

ee aMmTaTy 2 WasA, max H3MEHSIETCs 0BPATHO NPOTOPIEOHATLHO \*, iprem
pa3HUIBL AT BEPXHUX M HEMKHHX TAPMOHHK HET

A7 J1-d
Wit maz () % 5o\ 5 (3.)

Mexxay TeM YMCIEHHBI# CYEeT MOKA3BIBAET, UTO BKAAJbI BEPXHeH U HMKHel
rapMOHMK HepaBHbl. [l BEISICHEHMS 9TOTO ODCTOATENBCTRA noTpeboBaIoCh
y4ecTb WIEHBI MOPSIKa A~% 4T0o ¥ NO3BONIHIIO OOHAPYKUTH HEDOIBILIOE Pa3-
Imupe Me)kay BepxHell n HDKHed rapmonukamu (dopmynst (A2.4),(A2.5)
ITpunoxenus 2)

A7 j1—-d L T L
Wara(A) = (—=1)™ |4|d 5 1+ w|A 1 5 sin (mmd F |A|%s,1),

(3.7)
rae BEpXHHE 3HAKH OTBEYAl0T BEPXHEH rapMOHHKE.

Ha pwuc.l nocrpoeHbl TPH 3aBHCAMOCTH IPHBEJEHHOrO WHTErpana
Mesangosa-Apronbna Wasa - |A]? ana cammerpwanoit massl d = 1/2. Ilpu
snaueHnsax d # 1/2 xapakTep 3THX 3aBUCHMOCTEH OCTaeTCA TAKHM XKe, HO
rapMOHHKH capuralorcs no dase. Bugro, uro dopmymsr (3.7) KadecTBEHHO
[PaBHIBHO [EPeJal0T XapaKTep ITHX 3ABUCHMOCTEH, XOTA W HYKIAOTCA B
YHCIOBBIX MONPABKAX. 3AMETHM, WTO HYJIM UHTErpajla Kak pa3 M O3Ha9atoT
OTCYTCTBHE PACIUICILIIEHHS CenapaTprChl OCHOBHOTO PE30HAHCA [11].

[TomyueHHBIe 34€Ch Pe3yJIbTaThl Pe3K0O OTJINYAIOTCA OT CIydas aHAIUTH-
gyeckoro notennuaia (1.1), rae War 4 Bcerna MOHOTOHHAS ¥ 9KCIIOHEHIHAIBHO
yopsaomasn Gyekius A. Bonee Toro, mpH OJMHAKOBBIX O MOJYJIO HacTO-
TAX BKJIAJ HUKHEH rapMOHMKH B BEDXHIOK HacTh XaOTHYECKOT0 CJI0A MEHLIIE
BKaza Bepxueii rapmonukd B e~ M pas [1]. B rmamkux cucremax Bee zao6o-
POT — C POCTOM 9YACTOTHI BKJAJBI B CENapaTPUCHOE OTOOparkeHue BepXHeh u
amskHelt rapmonsk commxatorca. Croms rimybokue pasnnius AByX obcyx aae-
MBIX THIIOB CHCTEM CBS3aHbI, TO-BHAMMOMY, C CYIIECTBEHHO Pa3HBIM Pacnoiio-
JKEHHEeM CHHTYJISIpHOCTel mnTerpana MenbHuKosa-ApHONBAA: IS MIAIKOIO

10
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10 2 30 40 50 60
(Al
Puc.1: 3asucumocTi HHTerpaia MenpnukoBa—ApHOIbIA OT NapaMeTpa aana-
G6arnanocTy A = §1/2 wy. BHemAsAs KprBas ONMCHIBAET COBMECTHOE AEiCTBHE

BepxHeil ¥ HUKHeH CHMMETPHYHON rapMOHMK BO3MYINEHH, CPeAHAA ~ OQHOH
BEPXHE U BHYTPEHHAA OJHON HMXKHEH IapMOHHKH.

norexmuana (2.1) oHm HaxoAATCA HA JEHCTBATENLHOH OCH BDEMeHH, a Jis
AHAJIMTHYECKOrO noreHuana (1.1) - B KOMILIeKCHON ILIIOCKOCTH.

4 BropuyHble TapMOHMKH B CellapaTpUCHOM
orobparkeHun

CenaparpucHoe oToOpaskenue, Buepebie BBeAeHHOe B pabore [18], mpubmu-
YKEHHO OIHCHIBAET JMHAMHYECKOE MMOBEIeHHe CHCTEMEl B MOMEHTBI IIPOXOXK Jie-
HHS €10 MOJIOXKeHud ycroiidusoro pasHosecus. OTBeualomye 3a pasiHdHbIe
4aCTH CJIOS JIEMEHThI TOr0 OTOOpaXKEeHHs Pa3jIMvyaloTCsd He TOJBKO M0 Be-
JIMYMHE AMIUTATYH, HO M 1O CHEKTPAJLHOMY cOocTasy (cM. puc.2 Hmke). B
3TOM CMBICJIE HECHMMETPHYHOE MHOIOYACTOTHOE BO3MYIIEHHE Ka4eCTBEHHO
OTJIHYIAETCS OT XOPOIIO H3YYEHHOTO CAy4as OJIHOYACTOTHONO CHMMETPHYHOIO
BoaMmyuenns [1].

Bo BBeIeHUH OTMEYAJIOCh. YTO B OOUIEM CIIy49ae B CENapaTPHCHOM OTOD-
paXeHWHM MOMHMO APMOHUK NMEPBAYHBIX (ABHO BXONSAIIMX B raMAJIbTOHHAH
(2.1)) 9acToT BOSHMKAIOT TaKyke BTOPHYIHbIE FADMOHHKW Ha HX KOMOMHAIM-
sx. Ilo sToii mpuyune cenaparpucHoe oTobpaxkenue s cucremsi (2.1),(2.2)
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cieyer 3ammchBaTh B Buge [17]

K.
W=w+Y Wir(Qurte), ecmip>0, (4.1)
k=1
K;
W=w+Y Wir(Qrto), ewmp<O0, (4.2)
k=1
to = to + To(w), (4.3)

rje uHIexcoM "u'' noMedensl Bce pe30HaHCHl, BHOCHAIIME CYIIECTBEHHbIH BKJIA,
B (popMHpOBaHAE BEpXHEH YACTH XAOTHIECKOTO cof, HHAeKcoMm ‘17 - To ke
caMoe g HuKHeH JacTH caosa. MoMeHTE g NpOXoXKAeHnA CHCTEMOH MoJo-
sKenuil ycroiiuusoro pasuosecus £ = 0.5 mod (1) oTCYATHIBAIOTCA B LIKAJE
HENPEePLIBHOTO BpeMeHH. ECIH Bce HacTOTHI KpaTHBRI HEKOTOPOH ONIOPHOH 1a-
croTe §lg, TO MOCAEAHEe COOTHOIIEHHEe MOYKHO IEPEITHCATh B BHJIE

0 = ¢o +QTo(W), ¢o=NRt mod(27), (4.4)

XOTH, KAK MOKA3aJ1a MPAKTHKA, 3TOT0 Nepecdera MOXKHO U He JejaTh.

Gopmynst (3.2) - (3.4) npessLayLIero pa3iena NO3BOJSIOT HallTu B cenapa-
TPUCHOM OTOOpasKeHUH aMITUTYIY JI000 rapMOHMKH, €CJIM TOJIBKO M3BECT-
H3 ee aMIUINTYA3 £ B Bo3MymeHuu. C NepBUYHBEIMA IApMOHMKAMHE ITpobiem
HET, NOCKOJIbKY OHH SiBHO 33JaHbl B (2.2). Ilns noucka aMIuiaTyn BO3MyIe-
HHAA BTOPHYHLIX MAPMOHHK BBeJeM, ciaeays pabore [15], HoBble mepeMenHbIe
y(t) = z(t) — z4(¢) , u(t) = p(t) — ps(t) u ¢ momompo mpoussoaAmeil GyHK-
muu suga Fo(u,z,t) = [ps(t) + ul[x — ()] nepettaem or (2.1) x HOBOMY ra-
munbrornany H(y, u,t), KoTopelil onuCcEBaeT ABHIKeHne BOMIM3M cenapaTpH-
ChL. YYNTBHIBaA C1ab0OCTh BO3MYIIEHHS, PacKIaibiBas noreHnuan V(z, -+ y) B
psg, Tedinopa 10 BTOPOro nopsiKa BKJIIOYHTEIbHO U BBIIIOJIHAS B TAMUIBTOHH-
aHe MpubAMKeHHBIe 3amens! sin (27w y) — 27y, cos (27wy) — [1 — (27w y)?/2]
IPUXOJUM K YPABHEHHIO ABHXKEHHA BHJIA

d? 2V - '
B0 |4 (F) 4w S wern -t

=1

2
+27 Z En SIN(2T x5~ Qnt). (4.5)

n=1

i

Bynem unTepecoBaThCS TONBKO BBIHYKICHHBIM (ACYE3AROMIAM npe € — ()
pemennem (4.5), KOTOpoe MOXKHO TIONYYETE NOCIEA0BATE HHBIME npubmke-

musivi. Ecim, xak u B pabore [15], B xauecTse mepsoro npubMwKenns npu-
HATE -

2
1 1'; (27 p, — Q)2 sin(2wz, — Qy t)

2

2MEn .
m—z 0 sin (27 x5 — O, t)

n=1

(nocnemnee paBeHCTBO npeanonaraer §} > Ps,maz), TO B (4.5) mcuesaror une-
HBI BHJA £, Sin(2 7z, — Q, 1), HO 32T0 NOABAAIOTCA HOBBIE, JJIS JTHKBH AN
KOTOPBIX CJIeZlyeT BBECTH CNeAYIONIee MpHOIHKeHHe

2

2TEn
Ez)ﬁuz :_Z?t sin(27zs — Qy 1)

n=1

s 272 e, €9 [1 : 1
(Q2—M)2 |05 OF

] sin (o — Q1) ¢+ ... {4.5)

u t.a. [15].

Bosspamasice x cucreme (2.1),(2.2) u npurmMas npEbmnKeHEO T A
Ts + yf}, cus.21ry£2) ~ 1, sin y?} S Ewyém ybexxnaemMcs B MOABECHWH B
BO3MYIIEHHH BTOPUYIHBIX (~ £1E2) FAPMOHMK HA CYMME M PA3HOCTH 4ACTOT.
Ormerum onHaKO, 4TO MEXaHM3M MX NPOHMKHOBEHNS B CEMAPATPHCHOE OTOG-
Pa’keHHe CyImeCcTBeHHO pa3muyHbiit. lapMonuka Ha cymme wacror o6pasyercs
OT B3aWMOZEHCTBHSA TepBOro wieHa b (4.6) ¢ mepBUYHBIMEA TApMOHWKAMHE H,
NOCKOJBKY 3TO TOYHO COBIIAJAET C aHATHTHYECKUM CJIy9aeM, JJisi Hee CIpa-
BEJITHBBI PaBeHCTBA 7 u3 [16] (KoTopele ciieayer mums mogkoppeKTHPOBaTH

Ha APYTY10 HOPMHPOBKY (ba3bi):
M 2 1 1
€4+ cos(dmz—AQLt), £y =-21%¢;69 it T (4.7)

rae Ay =y + £,

['apMOHEKa Ha Pa3HOCTH YACTOT MOABIAETCS MHAYE - OT B3AUMOACHCTBHA
BTOpOro “iena B (4.6) co BTopoit mpoussonmoi noremmana d? V /dz? s (4.1),
crekTp Koroporo (2.5) ecbma 6orar (B ormmuune or (1.1), rae V(z) = cos(z)).
3/1ech BO3HHKAET HE JIBe TADMOHHWKH, KaK B [16], a Beckomewno MHOTO ¥ BBI-
JeTUTh U3 HUX OHY CaMyl0 CYIIECTBEHHYIO HE VAeTCH.
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Tlna namoctpamue 3¢ dexTa BOZHHKHOBEHNA BTOPHYHOH TADMOHMKH Ha
- cymMe 9acToT pacemorpum cuctemy (2.1),(2.2) co cnenyompMyu napamerpa-
MH

w2 =009, g =6=005 =220, Q=-190, Q=10 (48)

¥ TIOCTPOMM JJIs Hee CernapaTpHCHble OTODparkeHns BCex Tpex dacred Co#.
KparTko MosiCHAM, Kak 3T0 jenanoch (noapodnoctn B [15]). Ilpexue Bcero
Ha uanH T = 0.5 ¢ BBICOKOIl TOYHOCTHIO OTHICKMBAJIaCh HEHTPAJIbHAA rOMO-
KJuHHasA To4Ka Pjp (KaK rpaHuLa MeXIY BpalleHHeM H konebannem dazbl).
Orimune OT Hy/s yIia NepeceveHns BeTbell Cenaparpichl B 3TOH TOYKE yKa-
3LIBAJIO HA HAJMYHE XAOTHYECKOro ¢jiosi (06paTHOe HEBEPHO, CM. paszen 6).
B6:m31 3T0i TOYKM B HCCIEAyeMOi JacTi i0os BeIOHpanach Y3Kni HHTepBas
z = 0.5, Psp + 6P, U3 KOTOPOTO 3aIlyCKaJIach CAy4uaidHas TPACKTOPHI. DT1a
TpaexTOpus b0 COBEPINAa NPeITUCAHAOE YHCIIO IePHOOB ABHKCHA (an-
TepBasbl Bpemenn Ty MKy COCCTHUMH NPXOXKICHHAME daswr z = 0.5), mabo
MpepLIBAJIACE H3-32 IIEPEX0/ia B APYTYIO HacTh CJIOA. B ofoux cny4asix H3 TOTO
yKe UHTEpBaJIa 3aIlyCKAIach HOBasl ciydafiHas TPaeKTOPH:A, HOKa He Habupa-
noch Tpebyemoe «meio nepuoios Np. [lina xamzoro nepuoza no gopmyiie
(2.8) BerUHECAANACH CpeaHAdA sHeprusa w. Onpesess u3SMeHeHue dw=UW-—w
SHEPIUH A7 KaxK0# coceamell Naps! NEPUOZOB H IPUITUCHIBAS €10 K obiemy
7151 9TOi TTAPEI MOMEHTY BPeMEeHH fg MOYKHO IOCTPOHTD CENapaTpHCHOe oT06-
paxenue (6w, tok, k£ =1,2,..Np — 1 B mKaJjie HeNPepLIBHOTO BPEMEHH.

MMeHHO TAKMM TyTeM HOMydeHbl TO4UKa Ha puc.2. IIpuBenenHbie Tam xe
CILIONIHEIE JIMHHK eCTh Pe3yJbTaT MOATOHKH METO/0M HanMEHbUIMX KBaJpa-
TOB, C TOMONIBI0 KOTOPOFO HAXOAW/IMCh AMIUIMTYIbLI OTJENbHBIX TapMOHUK
W (B ckoBKax yxasaHsl 3HayeHus 4acTor). Mi3mepenHbI BKJIaJ BTOPUTHOH
rapmorukn W (3) =~ 3.03- 10~2 B popMUPOBAHKE BEPXHEH TaCTH XaOTHIECKO-
ro ¢os 6ojee YeM B COPOK pa3 IPeBBINIAET BKJIAJbI NEPBHIHBIX apMOHHUK.
Teoperuueckoe 3HaYeHne aMIATYAs Wr(3) cemapaTpiCHOro 0Tobparkenue
5TOlf YACTOTHI, MOMyIeHHOE ¢ noMompbio dopmyn (3.2), (4.7) u (3.4) pasno
Wir(3) = 3.37- 1072 (¢4 ~ 2.39-107%, Waa = 0.505).

Ha npaxrtuke HambONbIIHIA HHTEpEC NPEICTABIAIOT He aMIUTHTYIb Cena-
paTpucHOro oTobparkenusi, a IIMPHHBI (0 OTHOCHTENLHOH SHEPrUH w) gacreit
cnos. EcTh ABa mpakTHuecKuX crnocoba noMyyeHus STUX BeIHIHH - HTepauu
CenapaTpUCHOro 0TODParKeHHsA H MOMCK MHHHMAaJIbHOIO NEPHONA JABHIKEHHH
To.min (Pa3Mep 108 HAXOMMTCA 3aTEM 1O (popmyIe (2.8)). Ilpumenenre 9THX
cnocoboe myist ciryyas (4.8) OTHOCUTENHLHO BEpXHell YacTH CJIOs JaeT Coryiacy-
JONTHECH O HOPAAKY BENMYHHbI Ws ~ 0. 19 11 we; = 0.32 no nepsoMy ¥ BTOPO-
My crocoBy, coorpercTBenio. [ HUYKHEl JacTH CJI0f AHANOIHIHO HAXOMMM
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wep = 0.016 1 weq =~ 0.022. 3amerum, 9TO NEPBLIA U3 NEPEIUCACHHBIX BBIIIE
cnocoBOB IPHBOMT K Pe3y/IbTATY 3HAYATENBHO (B coTaH pa3) 6picTpee, 4TO U
ONpPAB/HIBAET HANPABJIEHHbIE HA [IOCTPOEHUE CENapaTPUCHOTO OTODPAZKeHH
YCHIHA . :

5 HecumMerpusd B pacHICILIEHUHM BepXHel u
HI2KHEN cerapaTrpuc

B 3ToM pazjesie BHOBb paccMaTpuBaercs orobpaxkenne (2.9) ¢ d = 1/2 u 06-
CY3KJAIOTCS HEKOTODBIE JETANIM B NOBEIEHUH CEnapaTpuc ApobHBIX pe30HaH-
cos. HanoMHuM BHaYaje HA NMPUMepe MaATHWKA KaK YCTPOEHa celapaTrpHuca
[1].

IIpex e BCEro, HMeeTCA CeJJIO - HEIIOJBHXKHAA TOYKA, KOTOPYIO CeAyeT
pACCMATDUBATD KaK CaMOCTOATENLHYIO TPAEKTOPHIO (HEBO3MYIIEHHbIH MasiT-
HHUK MOMKET OCTABATHCA B Heil 6eckoneuno aonro). Ot cenna B MPOTHBOIOIOK-
HBEIX HAIIPABNEHHUAX OTXOJAT M 3aTE€M aCHMITOTHYECKH K HeMy e mpubmim-
JKAKOTCH elie JBe TPAeKTOPHH (CenapaTpuchl), KaX/1ad W3 KOTOPBIX ABJIAETCS
morpasE4HON MeXXay Bpamennem ¢a3sl (BHe Pe30HAHCA) U ee KosebaHmeM
(BuyTpu pesonanca). Ha ¢a3oBoit nockocTH B OKPECTHOCTH ceflyia 00pasyer-
csl XapaKTepHbI#l KPECT ¢ ABYMSA [IPUXOAAIMMH U ABYMS YXOAAIIMMH TPaeK-
topusimu (cM. prc.2.1 B [1]). Yao6HO Ty M3 cenapaTpuC OCHOBHOIO PE30HAHCA,
1151 KOTOPO# (ps = Pst > 0) cumTaTs BepxHeEi, a APyryio (ps = Psp < 0) HEXK-
Heil. BakHO OTMETHTB, 4TO Ha CaMOM jiejie 0be HeBO3MYINeHHEIE CelapaTpHChl
COCTOST W3 JBYX NPOCTPAHCTBEHHO COBIANAIONIAX TPAeKTOPHil /Ui HaIIPaB-
JleHuil BpEMEHH BIepej, H Ha3aJl, COOTBETCTBeHHO. Bo3mylnenue pacmeniser
KasKAylo cemapatpucy Ha ape sersu ("ycwl"), KOTOpBIE yiKe He COBIAJAIOT
APYT C APYIOM, HO NEPECEeKalOTCA B TaK Ha3bIBAEMBIX OMOKJIHHHBIX TOYKAX.
Ornnune OT HyJA yIia nepecevenus persefi B moOo# Takol Touke (06BIYHO
pbIBEpaeTcs UeHTpaabHadA, B (2.9) eit orBevaer dasa zo = 0.5 [10]) apas-
eTCs HAJEeKHEIM CBH/IETE]BCTBOM Da3pylleHH: CenapaTpHchl H 06pa3oBaHusA
HA €e MeCTe XaoTH4ecKO# Tpaekropun (o6paTHOE yTBep:KIeHNe OKA3bIBACTCH
HeBEpHBIM, CM. pasze 6).

Bhime MBI BHEIH, YTO BEPXHss CENapaTpPHCa Pa3pylIaeTcs B OCHOBHOM
BEePXHEH CHCTEMOI Pe3OHAHCOB, HUXKHSAS CErapaTpuca - HKHell u B obuiem
CIydae 9TH CHCTeMBI He coBnajaloT. Kak ciencrsue, BePXHAS U HIDKH:ASA 4a-
CTH XaOTHYECKOr0 CJIosl MOTYT OBLITH COBCeM pa3ubiMH (cM. puc.2). B cucreme
(2.9), kak noxasan BynuT, uMeeT MeCTO YHHKAJIBLHOE fB/IeHHe - COXpaHeHue
(npu cenmanbHBIX 3HAYeHHAX napaMerpa K) cenapaTpuc Kak UENbIX, TaK U
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w.10°

Puc.2a: Cenaparpucuoe orobpasxenne cucremst (2.1),(2.2) ¢ mecummerpndy-
apiM Bo3mymeAnem (4.8). Toukm - 4YHCHAEHHBIH CYeT, CIUIOIIHBIE JIMHHY -
IIOArOHKA HAWMEHBIIMMH KBajparama. Bepxnss 9acTh XAOTHYECKOTrO CJIOA
(ppaimenme dasst ¢ p > 0). AMIUIIMTYAbI NepBHYHBEIX rapmonuk W(22) ~
6.9-10~%, W(-19) ~ —4.9 - 10~*, ammiuTysa BTOPHIBOH TapMOHMKM Ha
cymme gactor W(3) = 3.03-10~2

Puc.26: To ke, uro # Ha puc.2a. CpeEAs YacTh XAOTHYECKOTO CJIOA (kome-
Gagus ¢dassl). [dse nmepnogudeckue KpuBble OTPaXKaOT NeHCTBHE BePXHHX H
HUKHHMX PE30HAHCOB.
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Puc.2¢c: To xe, uTo ¥ Ha puc.2a. HumxHAs 4acTh XaOTHIECKOro ciod (Bpa-
menue dazpl ¢ p < 0). AMmryas nepBAYHBIX rapmonuk W(22) =~ 2.1 -
10~4, W(-19) ~ —4.8 - 1074, amunuryga sropudsoil rapmornku W(3) =
5.6 1075,

JIPOGHBIX PE30HAHCOB B YCIOBAAX CHIBHOIO JIOKAJLHOIO Xaoca. Ml moxaxew,
4TO IS APOGHBIX PE30HAHCOB ITOT IPOLECC CONPOBOMAACTCA JTIOOONBITHEIME
IeTaAMI.

O6bexToM Hamero paccMorpenns Oymer gpobHblil pesoHanc 1:3 H HUXKe
NPHBOAATCA NOJyUeHHsIe B pabore [7] dakrsl (HomomauTebHBIE TOTPOOHO-
et umerorTcs Takske B [10]). 3uavenne K = 1/3 asnserca AanOONbIIAM KPH-
THYECKUM YHCIIOM, HIPH KOTOPOM COXPaHSIOTCA CeaPATPHCHI BCEX PE30HAHCOB
(a me Tonbko pesonanca 1:3) cucremsl. IMeHHO 3THME HEmpO3pauHBIMH 715
APYICUX TPAeKTOpHH cenaparpucaMu (M TOMBKO MMH ) BHIMONIEH €IUHHIHBIE
KkBajpar ¢pa30Boil IIOCKOCTH, TPUYEM NOJHAA IUIOMAAb I3TOH MO3aUKH TOYHO
paBHa maomann ksaapara (cm. [7] m puc.6 B [10]). IIpu nnasroM ymenbie-
Hun pesmuuBEsl K > 1/4 cucrema npoxXoguT depe3 MHOXKECTBO CHeIMaIbHbIX
3Havennit K3, , m = 1,2,..., OpH KaXKAOM H3 KOTOPHIX OZHOBDEMEHHO CO-
xpaHsioTcst obe (BepXHAA H HUKHAA) CENapaTpHCHl pezoHanca 1:3 (mepsbie
necaTh 3nadenuit K3, Aaser B tabmuaue 1 B [10]). D10 na nepselil B3raan
BBI3bIBaEeT HekoTopoe Hegoymenune., CHCTEMY DE30OHAHCOB BbIIIE H HYXKE UC-
CAesyeMOoro pe3oHanca 1:3 HMKaK HeJIb3s CUHTATh CUMMeTpH4YHOI. Bmukaii-
mui caMbiii CHIBHEBIN PE30HAHC CHU3Y IENEBIH, a CBepXy NOJYUeJIbil, 4 TeM He
MeHee YCIOBHA cOXpaHeHus 0DeHX CenapaTpuc TOYHO COBNaAaioT. urepecHo
MOHATH NPHYHHY ITOrO SABJICHUS.

17



Muoxkecrso K3, umeer Touky crymenus npu K = 1/4, xorza dba3osbiit
obbeM pe3onanca 1:3 CTAHOBUTCS PAaBHBIM HYIIIO, €0 BEPXHAA W HHXKHSAA Ce-
HAPATPHCHI CXJIONBIBAIOTCS, IPEBPAIAsch B JIOMaHYIO nTuHUI0. Pesonanc uc-
Ye3aeT, HO OCTABIfET BMecTo ceba rnobaibHy0 HHBAPHAHTHYI KpuByio. B
[7] nokasano (cM. Tam pue.l), 4TO 9TO NepHOAHIECKas OpPOMTA, KaxKaad TOY-
Ka KoTopoii Bo3Bpalnaercs B cebs depe3 Tpu mrepanun. Baxuo orMeTHTs,
YTO, KaK MOKA3aJH HAIM MCCJIeI0BAHHA B MHTEpBalle 3HaUeHHHA IapaMerpa
1/4 < K < 1/3 Bce Tpu ceaoBble TOUKM pe3oHanca 1:3 HaxonATcsa Ha THNep-
GosmaeckoM yuacTke. Ilpn mansueiimem ymensinenud napamerpa K < 1/4
pe3onanc 1:3 BHOBb BO3HMKAET, HO Tellephb NOBEIEHNE BEPXHEH n HIyKHell cena-
PaTPHC CTAHOBMTCS COBEPIIIEHHO HHBIM: OHH COXPaHSIOTCS HEe OJHOBPEMEHHO,
a TIPY Pas3HbIX 3HaYeHusX napamerpa K u riomepemenno. CkasaHHOE HIUTIO-
CTpHpYET pHc.3, IOCTpoeHHsIl i nepsoro nocie K = 1/4 KpuTHIECKOro
gucna K = 0.1035533905931... Baxkso Takke ormerursb, uyto mpu K<1/4
O/IHA U3 CEIJIOBBIX TOYEK NEPEXOTHT ¢ runepboNIuvYecKoro y9acTka Ha 3J1TH-
THYeCKHil.

0.62

Puc.3: Iapamerpsr orobpaxenns (2.9) K = 0.1035533905931.. d = 1/2.
BosibInoe OKHO - eIMHCTBEHHAS Xa0THYeCKasa TPAeKTOPH s, OTPaHHIeHHAA CHE-
3y HUZKHel cemaparpucoii pesonanca 1:3 (4ucio nrepanmii 5 - 10°). B manom
OKHE TI0Ka3aHbI pacuienueumecs sers ("ycol") BepxHel cemapaTpHChl H CO-
XPAHHUBIIAACA HIDKHSAA CEMapAaTPHCA STOrO PE30HAHCa MEXy ABYMs COCEe-
HUMY CeJIOBLEIMH TOYKAMH. '

[lpensapuTenbHble YHCJIEHHBIE JKCIEPHMEHTHI IOKA3bIBAIOT, HTO IpH
najgbHeieM yMeHbilieHHH napamerpa K Haiijercsa ero 3HavyeHue, IpH KO-
TOPOM Y2Ke [IB€ CeJIOBbIE TOYKHA NepeiyT Ha MIMNTAYeCKHA Y4acTOK | T.1,
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Oxas3aioch TaKKe, UYT0 MoJ00HOe MOBeIeHHe WMeeT MeCTO M Juld JApobHbIX
pe3oHancoB 6ojee BHICOKMX MOPAJIKOB U KADTHHA BIEJIOM BBIMJISIHT ClIENYIO-
M o6pazom. s moboro pesonanca nopaaka () MoxHO HaliTu Takoe G-
xatimee K K = 1/3 3nagenne napamerpa K (Q), IpH KOTOPOM 3TOT PE3CHAHC
BBIPOKJAETCS B NEPHOJUYECKYI0 opbuTy (15 HeKOTOpEIX () OHM NPUBEIEHBI
B pabore [7]). BHyTpu yKa3aHHOrO HHTEPBAJIA BCE CEJIOBLIE TOYKH 3TOTO pe-
30HAHCA IPHHAJIEKAT FHNEPOOINIeCKOMY YYacTKy, a HIIKe ero XoTs Obl oxHa
W3 HMX MEPeXOJuT Ha JLIHnTHYecKuil ydacrox. Ilpu manbpHeiiimem niasHOM
yMeHbIIeHAH NapaMeTpa YHCIO CeJJIOBBIX TOYEK HA JTHOTHYECKOM yHyacTKe
Oyaer BO3pacTarh.

OmnucaHHas 3/7ech MHIPallHsA CEJIOBBIX TOYeK W mposcHsaer jaeno. Kax
W3BECTHO, BEPXHAA W HUJKHAS CENapaTPHUChl Pe30HAHCOB ODXOAAT CBOM CEl-
JIOBBIE TOYKH B IIPOTHBOINOIOXKHBIX HAIIpaBleHHAX. Brime orMedanocs, 9To B
caMOM Hadasie Ipolecca 06pa3oBaHmsa pe3oHaHCHBIX CTPYKTYp npu K = 1/3
H Ha HEKOTOPOM MHTEpBAJIe HUIKE 3TOrO 3HaUeHHs BCe Ce/lJIOBble TOYKH PE30-
sanca () HAXOAATCA TOJHKO HA runepbONAIECKOM YYaCTKE U MaTPHIA MepHO-
mrgecKoii neycroiiunBoii opburst ecth npocto A% (ca.(2.11)) HesaBucuMO OT
nopsaka 00xoaa. YCIOBUA COXpaHeHHA JJs HIXKHeH U BepXHell cenapaTpuc
OKA3bIBAIOTCA CTPOTO OJHHAKOBEI H MPOUCXOAT IMPH OXHOM H TOM K€ KpUTH-
YyecKOoM 3HauYeHMH napamerpa Bosmymenus K. CATyanus KapAuHAJILHO Me-
HSETCS TIOCIIe CTAJH BHIPOXKIEHUA PE30HAHCA B IEPHOIUYECKYI0 OpOHTY, No-
CKOJILKY OJHA W3 CeJIJIOBBIX TOYEK NEePEeCKAKMBACT HA JILTUIITHIECKUH yIaCTOK
¥ ONMHCHIBAETCH Tenepb yxke marpuneit B. MMmenno sgece BO3HMKaeT HECHM-
MeTpHs B TIOBEJIEHNH CENapaTpuc, TaK KaK OJHA M3 HUX COBEpPIIAeT Nepexos
¢ runepbOIEYecKOro yJacTka Ha mumnTudecknii (Marpuna BA), a apyras
gaobopor (marpuua AB # BA). BeneacTBan 3T0r0 BepXHss M HUZKHASA cena-
paTPHUCHl COXPAHAIOTCA NIPH PA3HBIX 3HAYEHMsX napaMeTpa K u Jienaior 910
noovepenHo. BO3HHKAET BOMPOC: a €CIH BCE CeJJIOBBIE TOYKH HEpeceiaTcs
Ha ULIANTHIECKHA Yy9ACTOK, TO BHOBh HAYHETCH OJHOBPEMEHHOe COXPaHeHHe
cenmaparpuc? Onucannoe 31ech MOBONBITHOE ABICHHUE — ele OJiHa u3 ocoben-
HOCTEH I'MaJKHX CHCTEeM.

6 DBwmecTo 3aKJII0YEeHUSA

O6bexTaMu HAIEero paccMoTpeHusi B JanHo#t pabore ObLIM B OCHOBHOM HEJTH-
HeltHble Pe30HAHCHL W UX cenapaTpuckl. Bo BBeleHHMM yke oTMedanach, ITO
BAXKHAA POJIb B NMOJ00HOTO poja HCCIIeJ0BAHAAX OTBOAUTCA U3MEPEHHIO yIia
nepecedYerns BeTBel cemapaTpHC B HEHTPAILHOH rOMOKIHHHOH TOYKe [9-11[.
OTa BEMAYHHA ABIHETCH OJHAM H3 OYeHb HEMHOI'HX aTpuOyTOB Xaoca, KO-
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TOpada MOXeT OGbITh M3MEPeHa CKOJIb yroguo to4uo. Ecan aror yroa oriu-
YeH OT HYJsA, TO CeNapaTpHca PacluervieHa # MMeeT MecTo xaoc. Bosumkaer
NPaKTHYECKH BAJKHBIM BONPOC — ABJISETCH JIM PABEHCTBO ITOr0 yIJyla HYJIO
BEPHBIM MPH3HAKOM COXpaHeHHd cemaparpuchl? 1o cux nop 3To Bceria OKa-
3LIBAJIOCE TaK M MOA00HOE yTBEpKIeHue JJaske BKIIIOYEHO B HEKOTOPEIE HAIIH
paborel. OaHAKO, CHEIAATBHO NMPOBENEHHbLIE HCCIEAOBAHHSA TNOKA3AIH, YTO
310 HeseprOo. Halsoch 3aMeTHOE YHCIO CHCTeM, KAK HelpepbLIBHBIX, TAK H
orobpazKeHHl, TIe MPOXOXKAEHHe STOTO YIiia depe3 HyJb He 03HA4YAeT COXpa-
HeHus cenapaTpuchl. [TokaeMm 9T0 Ha IPEMEDE YCIAOAKHEHHOTO CTAHAAPTHOrO
oTobpakeH!s BHIA

p = p + Clsin(2nz) — asin(6nz)], T =2z +P. . (6.1)

¢ mapamerpamu C = 0.32395435... , a = 0.1. KapTuHKa pacienupBmmxcs BeT-
Belt pepxHell cenaparpucsl JaHa Ha puc.4 (HeHTpalbHasi FTOMOKJIMHHAS TOYKA
HaxonuTcs HA muHad z = 0.5). XapakTep KacaHud 3/eCh COOTBETCTBYET TOY-
ke neperuba. Ilo-BrauMOMY, TPABHIBHBI OTBET O HAJIMYHA MIH OTCYTCTBHHA
Xa0Cca MOKeT JATh TOJBKO MOCTPOeHue NMOIHON# KapTHUHBI NOBeJeHus BeTBell
cenmapaTpHChI I X0[a BpeMeHH BIIepe ] U Ha3a/l Ha MHTepBaJe MeXIy JByMH
COCEIHUMH NOMOKJIMHHBLIMH TOYKAMHU.

035 ;

p oS+

045+

0.4
]

033 ¢

03

1.0 ot 2 0.3 4 HE L6 03 0.8 0.y 1.0

X
Puc.4: Orobpaxenune (6.1) ¢ napamerpamu C = 0.32395435.., a = 0.1.
Kaprunka pacinenuBinuxcs BeTBeil Bepxieil cenaparTpuchl. VIsMepeHHbIH yromn

B IEHTPaJbHOM IOMOKJHHHON TOYKe papeH Hymo. CnuroniHas Kpusas COOT-
BETCTBYET XOAY BPEMEHH BIIepeJ, INTPHXOBAA - Ha3aJl,

VI3 13/102K€HHOT'O BHINIEe BUIHO, 4TO NOYTH BO BCEX PACCMOTPEHHBIX B JaH-
HOit paboTe BONpPOCaX B AHHAMHYECKOM NOBEAEHHUY IMAJKHX H aHATHTHYECKHX
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crcTeM 0GHAPYYKEHA CyTIeCTBeHHAs Da3HMIIA. JTO ABJIAETCH, 110 HaIeMy MHe-
HHIO, yOeUTeBHLIM NIOBOJOM AMS AAJIbHEAIEro N3y 1eHUA VIaJAKHUX CHCTEM.

AgsTop riyboko 6naronapen B.B.Unpuxosy 3a 00CyK/IeHHA B COBETHI. Pa-
Gora uacTHaHO momaepxana Poccmiickum ®ongom Pynmamenranbrbix Ie-
crnenosaduit (rpanT 01-02-16836) 1 KOMILIEKCHOH HayHOM IIPOrPaMMOi PAH
"HesmueiiHnas JUHAMMKA W COTUTOHBI".

IMpunoxenne 1.

JIBn>kenve 1o HeBO3MYINEHHOM cellaparpuce u BOM3N1 Hee

JHayeHHe TraMHJIGTOHMAHA HA HEBO3MYINEHHOH CelapaTpHce paBHO
Hp, = w}/4, uro mosBonsier HAlTH ee MMIYJIbC KaK (DYHKIHIO KOOPIHHA-
TBI

zs1/2/(1 —d) ecn 0 < x5 < (1 —d)/2,
P _ ) (1-@zs—1)2/d)/2/\3 ecm (1—d)/2 <z, < (1+d)/2,
2 (1-z,)4/2/(1 —d) ecm (14+d) <zy<l.
, (A1.1)
I[IpumeM 3a Ha4ANO orcuera Ge3pasmepHOro BpeMenu ¥ = 2wpt TOYKY
yeroliuuBoro papHoBechsi £ = zg = 0.5. YpaBHeHue [BIDKeHHS Ha WHTEP-
pane 7o < z1 = (1 + d)/2 (ma3oBem ero mepBbIM) 3alHCHIBAETCA B BUAE
i = —0Ho/0z = wd (1 — 2z)/d n umeer pemenue

A ¢
t) = — + — sinw; ¢, w1 = Wwg i/ =, Al.2
z(t) 9 - i 1 1 0\ 3 ( )
rie po - UMIIYJbC B HadaJbHO# Touke Tgo = 0.9. Ilna cenapaTpHChl U3 BTO-
poii crpoke (Al.1) B 3TOl TOYKE HAXOIMM Po,s/wo = 1 / \/Q, 9TO NO3BOJIAET

HATHCATDb

Zs(,) = % [1 +Vd sin \%&H] : ps(ts) = j—% cos jz_ﬂ& ; (A1.3)

Bpems 1) 1 ABHIKEHHA TO CENapaTpHCe Ha BCEM MHTEPBAJe OMpe/lesaeTcd C
MOMOINBIO MOCJIEAHEr0 YPaBHEHHA U3 paBeHCTBa

1—}—(1&1 " 1y‘b.s,l
B {“ﬂﬁmmd]
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¥ B KOHIIE IEPBOT'0 HHTEPBAIA HMEEM
Te.1'= aresin \/c—i/wl y Ws1 =2wpTs1 =vV2d arcsin \/&,

1+d R
2 ’ pﬁ,] = & 9 1

(A1.4)

1153,1 =

rae T, 1 obbranoe Bpemsi.

Asmwxenue Ha propoM uHTepBaie (1 + d)/2 < z < 1 onuceiBaercs ypas-
nernueM & = 2w§ (z — 1)/(1 — d) n umeer pemenue

il coshws (t — 1) + s sinhws (t —T1), wa=wp 5, 3 ’
Lo : 1—d
(Al1.5)
rae 77, p1 BpeMs B HMIIYJbC B KOHIE IePBOrc HHTepBaa. [Ipyu IBH>KEeHHH 10
cerapaTpuce ¢ yueroM paBeHcTB (Al.4) nmeem

e [coshwy (£ — T,1)—sinhwg (t — T, 1)] = 1— B

I(t) =1-

xs(‘t) =1-

=

(Al1.6)
Bosspamasce K 6e3pa3smMepHOMY BpeMEHU 1 HAXOIUM, YTO IBHIKEHHE MO Ce-
napaTpHuce Ha BTOPOM HHTEpBaJle OIUCBIBACTCSA CIEAYIOMMMHA BhIpasKeHUAMH

e~ Va/y/2(1-d)
(Al.?')

Ag= g;_d)e’dh,ﬂv‘ﬂ‘:l-“d) (A1.8)

U 3HaYeHue 1, 1 6eperca 3 (Al.4). Bee ckasanHOe MO3BONAET ONMHCATH JBH-
JKeHHe 1o Bcelt cenaparpuce (cM. dopmyist (2.6) ocHOBHOrO TekcTa).

A onpeneneHus nepuoia IBUyKeHHsA BOMM3K cenapaTpuchl pacCMOTPHM
TPaeKTOPHIO, CTAPTYLIYIC H3 HAYAJBHOH TOUKH Tg = (0.5 ¢ HeDOMBIIMM OTKIO-
HEHHeM I1I0 HMIIYJIbCY OT €r0 3HaYeHHs HA CelapaTpuce py = Ps o + 0pp. IT0
H3MEHHT BpeM# HPOXOXKIEHMA NEepBOro HHTepBana 1,1 Ha BequduHy 071) M
HMIIYJILC B KOHIIE 3TOr0 HHTEpPBAJIa Ha BenuqunHy 0p;. [lepByio U3 HEX MOXKHO
HalTH ¢ noMompio ypasHenus (A1.2):

Lddiaad ] oT
* - ...}_Em____.p_ﬂ. sin [wl (TS 1 — 5T1)]? — gy 5T]_ = :
2 P w1 ; Ps,0

Bu(he) = 1= Age ™ IVITD () = Agy|

rae 0603HATEeHO

4 BTOPYK H3 COOTHOINEHHA

dpo
cos (w1 Ts,1)

P1 = Ps1+0p1 = (Ps,0+0po) cos|wy (T5,1 —0Th)], — op1=

22

—wg (t=T: 1)

tan (w; 75,1),

[Tocnenaion BEIHYHHY MOXKHO CBA3ATh C OTHOCHTE/IbHBIM M3MEHEHHEM dHEep-
run w = 4 Ho/w§ — 1. Tlockomsky V(zg = 0.5) = 0, To nmeem

2 : Wy wWp
= 2 it o S )P L g w=—2 g
= W (Ps.0 + &po) 52 2ps.0 24/2
Wo
) = w.
o 2 /2 cos(wy Ts.1)

O603mauuM uyepes Ty mepuoy DBIDKEHHS MO PacCMaTpPHBaeMOil TpaeKkTo-
pun (MHTEPBAJ BPEMEHH MeXXy COCETHHMH MOMEHTAMH IIPOXO0XK IeHN yCTOH-
qusoit dassr g = 0.5). [lonaras z = 1, u3 ypasuenus (Al.5) momysaem

paBeHCTBA
1—-d 0
tanh[wg (E—Ts )]-— 250 BPag g pl:g,
2 ” Ps,1

IpH BBIBOAE KOTOPHIX YYT€HO cleiyiomee w3 Bropoii crpoku (Al.l) mna

241 = (1 + d)/2 coornowmenue ps1/we = /(1 —d)/2 (cm. Takxe (Al.4)).

Qopmyia 1A neproaa ABIKeHud BOJU3M cenapaTpHChl HMeeT BHJ,

1+£ _aT, 1+_ lnal\fl—dcns(wli”ﬂl)
1-& we |w]

Ipu d = 1/2 ona To4no cosnajaer ¢ popmyoit (9) paborsr [11].

%@ﬂh2ﬂ1+—dn (A1.9)

Ipunoxenne 2.

HuaTerpan MenbHRKOBa-ApHOIBAA: OIEHKH

[Nepemumenm uaTerpan Mensuukosa-Apronbaa (4.1) ajisi Bepxseil rapMOHHKH
sosmyesus ({2 > 0) B pazsepuyToii hopme

oo -

Waa =— / ps [cos(2mm z,) cos(t) +sin(2wmz,) sin(Q2t)] dt. (A2.1)
— 00

Cnenys [12], 6yaem 6paTh 3TOT HHTErpaJl 10 9aCTAM, HHTETPAPYA Ha KadKJIOM

mare yienst ¢ {2 n gudpcdeperumpys ocransHylo Yacrs. Ha Tperbem mare nosn

3HAKOM uHTerpaja mossaTca 173 m Tperbsa npousBomHAs ps TO BPEMEHH,

KoTOpas NopoxkaaeT d;-byHKIHIO B CHHIYIAPHBIX ToYKaX T_1 = (1 —d)/2 u
T4 = (1+d)/2:

dg Ps =5 d Ps p‘ p3 2
dt3 dz®- "% S0 ] )
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B 3TOM BBIPasKEHHMH YYTEH TONBKO INIABHBLA 4ieH ¢ §;-hyHKIHAMEA U HCIIOJb-
sosana dopmyna (2.4) AJisi CKAYKOB ITPOM3BONHEIX. B CHErynApHBIX TO4YKax
oTHOMEHHE Ps/wo = 1/ (1 — d)/2 (Bropas crpoka B (Al.1) Ilpunoxkernns 1) u
s nepsoro caaraemoro B (A2.1) nomydyaem

}‘—3
 8d

\/ - ; - lcosmm (1 + d) sin (A, 1) —cosmm (1 —d)sin (-, 1)] =

)1 3 1-— d :
m—1 i
(2<1) 1/ cos(m m d) %ln(ltﬁs,l)-

rae A =Q/2wp u P51 =2wpTs,1-

JleficTBYs aHAJIOMMYHO B OTHOIIEHUH BTOpPOro ciaramoro B (A2.1) u ckia-
IbiBaf pE3YJLTATHI TIOMydYaeM OLEHKY uHTerpaja MesnbHUKOBa-ApHOIBIA
AJ1d BepXHEeH rapMOHHKH

W Sl ¢ B
[ sin(rmd = M) (A22)

.-WMA(A >0)~ (-1)™

Tlnsa Huokuell rapMOHHKH Bo3MymeHus (A < () aHAJIOTHYHO HaXOIHM

X3 [1-d |
Wrpa(A<0) = (—1)"". 13 5 sin (mmd+ |Ms,1) (A2.3)

W OHA € TOYHOCTHIO JO CABHra 1o ¢ase BHOCHT B aMIUIMTYAY cenapaTpHc-
HOro OTOOpaKeHusl TOYHO TAKOH JKe BKJaJl, KAK U BePXHAS FApMOHHKA, YTO
HE COOTBETCTBYET YHCIEHHOMY 3KcnepuMenTy. [leno okaspibaercs B TOM, 4TO
pasHANIA MEeXIy BKJaJaMH BEpXHeil W HUKHell rapMOHWK BO3HHKAeT TOJIb-
Ko B cienyiomeMm (~ A~%) mopsake u mia ee obHapyKeHHA HAN0 9eTBEp-
THIH pa3 B34Th MHTErpai no HactaM. Herpyano nmposeputk, 9TO Ha ceil pa3
clellyerT pacCMOTPeTh [JBA 4ileHa, COIEPIKAIINX B CBOEM COCTABE BBIPasKEHHHA
ps-(d* z5/dt*) m &4-(d® p,/dt?), KoTOpEIE BHOCAT B W4 ONMHAKOBBIA BKJIA.
C y4erom BCeX pacCMOTPEHHWIl NOJIyYaeM OKOHYATeNbHbIe BBIPAXKEHHS JIJIA
BEpXHEeH rapMOHHUKH

o By 1 7
o~ (—1)m l TRYSYT A HE
()™= = [1+m . ]sm(md Yo1),  (A2.4)

H IJ1A HUXKHe# rapMOHUKH

Waa(d <0) =

iy aET T [l_ﬂ;g,*x 29 sin(rmd + A ).

(A2.5)
ITH PE3YJILTATHL 00CYKIAI0TCS B TpeThbeM pa3jejie OCHOBHOI'O TEKCTa.

Cnucok smreparypsl

[1] B.V.Chirikov. Phys.Reports, 52, 263 (1979).

[2] A. Lichtenberg and M. Lieberman. Regular and Chaotic Dynamics,
Springer (1992).

[3] I''M.3acnasckuit, P.3.Carzmeen. Beedenue 6 neaunetingo dusuxy, Hay-
Ka, Mocksa (1988)

[4] B.V.Chirikov. Chaos, Solitons and Fractals, 1, 79 (1991).

[5] M.Wojtkowski. Commun. Math. Phys., 80, 453 (1981); Ergt}du: Theory
Dyn. Syst. 2, 525 (1982).

[6] M.Hénon, J.Wisdom. Physica D, 8, 157 (1983).
[7] S.Bullett. Commun. Math. Phys., 107, 241 (1986). (1971).
[8] JI.B.OBcsnuukor. Yacrnoe coobuienue, Mait 1999.

[9] B.B.Beuecnasos. Heobtunaa dunamura nuaoobpasnozo omobpasicenus,
[Ipenpuar UAP® 99-69, HoBocubupck, 1999.

[10] B.B.Bewecnasos. Junamura nuaoobpasnozo omobpasicenus: 1. Hoewvie
wucaennvie pesyavmame. [lpenpurr USI® 2000-27, Hosocubupcxk, 2000;
E-print archive nlin.CD /0005048.

[11] B.B.Beuecnasos. 2KST®, 119, 853 (2001)

[12] B.B.Beuecnasos, B.B.Yupukos. 2K93T®, 120, 740 (2001).

[13] B.B.Beuecnasos, B.B.Ynpukoe, 2KIT®, 122, 175 (2002).
25



[14] B.V.Chirikov and V.V.Vecheslavov. 2K9T®, 122, B nesarn (2002).
[15] B.B.Beuecaasos. 2K9T® 109, 2208 (1996).
[16] B.B.Beuecnasos, [Tucoma B 2KOT®, 63 , 989 (1996).

B.B.Bewecaasos
[17] V.V.Vecheslavov. Physica D, 131 55 (1999).

dByx4acToTHOEe BO3MYyIeHHe
rJagKoil raMHJIBTOHOBOM CHCTEMBI
[18] I'M.3acnapcknit, H.H.®@nnosenxo. 2KIT®, 54, 1590 (1965). :

V.V. Vecheslavov

Two-frequency perturbation
in smooth Hamiltonian systems

AP 2002-51

Otsercreennniit 3a Bemyck A.M. Kyznpsasues
Pabora moctynmna 5.09.2002 r.

Cnano B Habop 6.09.2002 r.
INoanucano B mesars 9.09.2002 r.

Popuar Gymars 60x90 1/16 Obbem 2.2 new.a., 1.8 VH.-M31.1.
Tupax 90 sx3. BecnaaTro. 3akas M 51
O6paborano sa IBM PC u ornevarano na
poranpaaTe HAD mu. I'H. Byakepa CO PAH
Hosocufupex, 630090, np. axademuxa Jlaspenmuvesa, 11.

26



