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AHHOTaLUA

[Ipenmaraercss mpocToil u MOCTATOYHO OO MEXAHW3M COXpAaHe-
HUS CenapaTpuChl HEIMHEMHOrO PEe30HAHCa, YTO IIPUBONUT K IOJHOMY
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XaoC ABUXKEHWS. JTO HOBOE SBIIEHHE OBLIO TMOAPOGHO MCCIENOBAHO He-
naBHO oxHMM u3 aBropoB (B.B.B.) B umcneHHBIX sKcIepuMeHTax Ha
MPOCTOI MOMEN ABYMEPHOIO KAHOHWYECKOTo oTobpaxkenws. Passura
npubImKeHHass TeOpHUs, KOTOpas MO3BOJISET MOCTPOUTH IOHYIO 3aBU-
CAMOCTH yTIJla PacCIIelVIeHNsl CelapaTpPUChl OT MapaMeTPOB CHUCTEMEI
U HalTW, B YaCTHOCTH, T€ UX CHEIUAIbHBIE 3HAYEHUS, IIPU KOTOPHIX
9Ta cemapaTpuca OCTAeTCs HePACIIeIUIEHHO. [[puBeneHbI pe3ynbTaTh
YUCIEHHBIX SKCIEPUMEHTOB, MOATBEPXIAIOIINX TEOPETUIECKUE BBHIBO-
IBI [JIs OIpPENeNIEHHOTO Klacca TUHAMUYECKUX I'aMUAIbTOHOBEIX CUCTEM.
OGHapyKeHBI HOBBIE OCOGEHHOCTU IOMABIIEHHS XaoCa B TAKHX CHACTE-
max. B sakmrodenme obcyxmaeTcs o61acTh IPUMEHEHNS TIPEIIIaraeMo-
0 MEXaHW3Ma U €0 TEOPUU.
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1 Bsegenune:
HEOXMAAHHAS YCTOMUYNBOCTh CEeNapaTPHUCHI
HEJIMHEMHOTO pe30HaHCAa

IInHaMuKa HeJIMHEMHBIX IaMIJILTOHOBLIX CHCTEM ONpPeNesIsaeTCsd B3amMo-
JelicTBIeM HeJIMHEMHBIX PE30HAHCOB, KaxK bl U3 KOTOPLIX B OTJIMYNE OT JIH-
HelTHOrO pe30oHAaHCa 3aHUMAeT, IIPU MaJIOM BO3MYINEHUH, OTHOCHTEILHO He-
6osbIIyIo 06J1acTh (a30BOro MPOCTPAHCTBA, OTPAHMYEHHYIO TaK HasbIBae-
Moil cenapampucod (cM., Hanpumep, [1, 2, 3, 4]). Iluigd onuHOYHOTO Pe30HAHCA
cemapaTpuca IpeicTaBiseT u3 cebsa ocobyio TpaekTopuio (B obmeM ciydae
[OBEPXHOCTD ), OTAESIONLY 10 KosieGanus Gasbl (BHY TPU DE30HAHCA) OT ee Bpa-
wenus (BHe pesonanca)l. Ha camoMm fiesie 5T0 1Be IPOCTPAHCTBEHHO COBIA/IA-
Iollle BeTBU, OTBEYAIOIINE X0y BPEMEHHU BIEPE]l M Ha3all, COOTBETCTBEHHO.
Kaxmas BeTBb ABJAETC HEIPEPLIBHOI TpPaeKTOpHUell ¢ 6ECKOHEUHBIM II€PUO-
JIOM JIBIDKEHIS, KOTOPas BBIXOMNT U3 IIOJIOXKEHUS HEYCTONYNBOIO PaBHOBECHS
(cemmo) m 3aTeM acCHMIOTOTHYECKH K HEMY Ke NpUOImKAeTca. B THomdHON
(To ecTh HeMHTETrpUpyeMoll) TaMUJIBLTOHOBON CHCTEME JI060e CKOJIb YTOMHO
MaJloe BO3MYIIEHNEe, HANPHMED, OT APYTHX (XOTs Gbl OQHOTO) HESMHEHHBIX
Pe30HaHCOB MPUBOANT K PaCIIelJICHNIO celapaTpUChl Ha IBe IepeceKalolme-
Cd BETBH, KOTOPBIE TIO-TIPEXKHEMY BBIXOAAT M3 CellIa HaBCTpedy APYT APYTY,
HO Goslee K Hemy He BosBpamaioTca. CBoBOmHBLIE KOHILI BeTBell pacIien-
JIGHHOI celapaTpHChl 06pa3yloT HeCKOHEUHOe YNUCIIO TeTesbh HeOTpAHMYEHHO
BO3pacTalomlell IJINHLI, KOTOPHIE 3allOIHAIOT IIPH 3TOM Y3Kylo 06J1acTh BOJIN-
31 HEBO3MYIIIEHHOI cemapaTpuchl, GOpMUpPYs TaK Ha3bIBaeMBIN raomuueckutl
caoti. TlepeKpbITHE XaOTHUYECKIX CJIOEB BCEX PE3OHAHCOB CUCTEMbI MPUBOMANT
K BO3HHKHOBEHHIO IJIOBAJILHOIO Xaoca M, B 4aCTHOCTH, Mu(dYy3Hu, Or paHm-
YEeHHOM TOJIBKO TOYHLIMU MHTEr pAJIaMI JBIKEHISA, HAIPUMED, OBEPXHOCTHIO
HOCTOSHHON SHEPTHH.

YcioBug obpazoBaHus I06adbLHOIO Xa0Ca 3aBUCAT KAK OT BEJIMYUHBL, TaK
u oT eaadkocmu Bosmymenns (o dase). [locimenHsas xapakTepusyeTcs CKO-

13I[GCI> ¥ HUXKE€ MBI UCIIOJIB3YE€M KaHOHUYECKUE NEPEMEHHBIE nencTBUE — (1)8.38..
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yObIBaHHE ABJId€TCA SKCIIOHEHIINAJBbHBIM. D 5TOM cJ/iy4ae Bcerja CcylmecTByeT
KpUTUYecKas BEJIMYMHA BO3MYIIEHUS €., TaKad, 9TO riobanbHas quddysus
BO3HUKAET JIMIIL NPH € 2, €op. BCIH Ke €S €.p, Xa0C JIOKAJIN30BAH B OTHOCH-
TeJILHO Y3KNX XaOTHYECKHX CJIOSX, KOTOpbIe obpasyroTcs mpnu Jjiobom € > 0.
[Tpu umcne creneneit ceobonbr N > 2 ruobanbHas quddys3us Bce Ke BO3MOXK-
Ha, OMHAKO TOJBLKO IJIS CIENAATBLHBIX HAYATLHBIX YCJIOBUI M C OYEHB MAaJION
ckopocThIo (Tak HasbiBaeMas muddysus Apuonsma [2]). TIpu € — 0 kax
cKOpocTh auddysnn, Tak U Mepa ee 0bJacTy yOLIBAIOT SKCIOHEHINAMBLHO TI0
napameTpy 1/e.

XapakTep NBUXEHHS CYIMEeCTBEHHO M3MEHSeTCs I 24a0K020 BO3MYyIIe-
HUd TaMuIbToHnana, Pypbe—aMILINTYALI KOTOPOTO yORIBAIOT KAaK HEKOTOpAasd
cTelleHb Y ux HoMepa (cM., Hanpumep, [5] u ccbliku Tam). B sToMm ciydae
CYHIECTBYET KPHUTUYeCKas TJIAAKOCTH Yer, TAKAd, YTO TOJBKO MPHU Y > Yer
NPOMCXOMUT MOAABJIEHHE TJI06aabHOM quddy3nun Ipn JOCTATOYHO MaJIOM BO3-
myuienun [6]. CyiecTBeHHO, Y4TO 06paTHOE YTBEPKACHUE BOODILE FOBOPS He-
CIIpABEIVINBO, T.e. MPHU Y < Yr TJobanbHas quddysus obbraHo HAbIIOHAeTCS
B YUCJIEHHBLIX DKCIIEPUMEHTAaX, OMHAKO U3BECTHBI W 0OpaTHBLIE IIPUMEPHI, KO-
rja TPaeKTOpHU ABMIKEHNs OCTABAJIACH JIOKAJIN30BAHHON B HEKOTOPOW 4acTH
(ha30BOro IPOCTPAHCTBA B TeYeHUE BCErO BeCbMa IJIMHHOIO BPEMEHH CUYeTa
(cMm., Hanpumep, [7] u [Ipumeuanue K HacTosIIel paboTe).

Curyanusa B 5Toil 067acTH Hadaja MOCTENEeHHO MPOSCHATHLCS COBCEM He-
nmaBHO, nocste Toro Kak JI.B. OBcIHHNKOB Hallles OTHOCHTENLHO TTPOCTOI TOY-
HO pernaeMblil mpumep (cM. (2.1) HHUXKe), AT KOTOPOTO €My yIOAJIOCh NOKa-
3aTh TEOPEMY O COXDAHEHUH eOWHON (HEPACIIENJIEHHOM) cenapaTpuchl pu
CleNUANIbHBIX 3HAUEHUAX NapaMeTpa Bosmyluenus [8]. DTa Teopema mnpuse-
nera nosHocTho B [9] (IIpusoxenne). VIHTeHCHBHBIE HCCIeNOBAHNUS TIPUMePa
Oscaunukona [9, 10, 11] HeMemieHHO TOKA3aJM, YTO CAMbIM BaKHBIM W He-
OXUAAHHBIM B 5TOI TeOpeMe OKa3aJloCh COXpAHEHNE CENapaTPUCH] B YCJIOBUAX
CHJILHOTO Xa0ca, a HEe B KAKOM-TO UCKJIIOYUTEIHLHOM CJIydae MOJTHOCTBLIO MH-
TerpupyeMoil cucTeMbl 6e3 Beakoro xaoca Boobime. Bosee Toro, mpu cnenm-
aJLHBIX 3HAYEHUSIX apaMeTpa BO3MYINEHNs Kak HalaeHHbIX OBCAHHNKOBBIM,
TakK ¥ MHOIHX OPYTuX (MHOXeCTBO TaKUX 3HAUEHUI SIBJISETCS, IO-BUANMOMY,
Bcrony wioTHBM) [9, 10, 11] cenapaTpuchl HeIMHEHHBIX PE3OHAHCOB HE TOJb-
KO He PacCHIEIUISIOTCI, HO U 06pa3yloT HEMPOXOMMMEBIE Gaphepbl I IPYTHX
TpPaeKTOpHil, T.e. TOJHOCTBIO MONABJIAIOT TyobanbHylo muddysuo. W sTo
HECMOTPs Ha TO, 9TO TJIAAKOCTEL BO3MyIlleHnsd B mpumMepe OBCAHHUKOBa Cy-
IIECTBEHHO MeHBIIe KPATHYECKON M MOXKHO ObLIO OB 0XKMAATH TJIOOATHHYIO
nuddysuo npu Jaoboll BeuduHe BO3MY IIEHUS.

B nacrosmmeit pabore Mbl npemiaraeM, obcy KIaeM 1 IIPOBEPSAEM B UHCJIEH-
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T'O sBJIEHUA IIOAaBJIEHUA 'JIOOAJIBHOU ,ZII/Iq)q)ySI/II/I B I'aMMWJILTOHOBBLIX CUCTEMAX.
Mur naunem c IIpuMepa OBCIHHUKOBA.

2 IIpumep OBcaHHEUKOBa

OBCSHHUKOB pacCMaTPHUBAJ PA3HOCTHOE YPAaBHEHHUE, KOTOPOE SKBUBAJIEHT-
HO CJIeNYIOEMY IBYMEPHOMY OTOODAaKEHWIO B KAHOHWYECKUX II€PEMEHHBIX
nefictBue p — daza x

p=p+ K- -f(z), T=24+p (modl). (2.1)

Bneck K = ¢ — mapaMeTp Bo3MyIeHnus (He obsi3aTelIbHO Madiblil), a ” cuna” f(z)
umeeT Gopmy anrucummerpuysoit (f(—y) = —f(y), y = #—1/2) kycounosu-
HefiHOM ” uitel” ¢ mepuonoM 1 (em. (2.2) HUXKe), 94TO CYIIECTBEHHO yIpOLIaeT
HAXOXIEHIE TOYHOrO pellieHns orobpaxenus (2.1). Tem He MeHee Takoe pe-
[IIEHNe MOXHO TOJIYYUTH TOJBKO IS ONPENESIEHHOTO CYETHOTO MHOXKECTBA
CHeNUaIbHBIX (KpHTHYecKuX) 3HaueHnit K = K,,, IpH KOTOPBIX cenapaTpu-
ca He paciiemisgeTcs. B IpOTHBHOM cilydae HHKAaKOe TOYHOE DEIEHUE [1axke
TaKOro ” IpocToro” Ha Bl OTOOpaX)eHNsT HEBO3MOXKHO M3-33 XaOTUUECKOTO Xa-
pakTepa TPaeKTOpWil, B YaCTHOCTH, PACIIENJIEHHON CemapaTpPUCHI.

Moxasnyit, caMBbIM HEOKUIAHHBIM B 5TOM IIPUMEDE SIBISETCS TO, UTO TJIal-
KOCTh TaMWIbTOHMaHa (mpomsBonsiueil dbyHkunu) orobpaxennd (2.1) v =
1 < ver < 4 [6] cymiecTBeHHO MeHbIIIe KpUTUYeCKOl. VHbIMU coBaMu, TIpu
K = K,, HepacliemieHHas cenapaTpuca ”MorpykKeHa B MOpe” CUIIBHOTO Xa0ca
U TeM He MEHee COXPaHAeTCs U 3anupaeT 1iobanbuyio nuddysuio [9, 11]!

[MockoiibKo HA KOMIBIOTEPE HEBO3MOXKHO 3a1aTh MouHoe 3Hadenue K | cie-
IYIOUIMM DeLIaoIinM [aroM 6bIo nccilefioBanne NOBeNeHNs (pacIlenIeHHO)
cenapaTpUChl U IPYIUX TPACKTOPUH npu MasioM orTkaoHenun |K — K, | — 0,
YTO BO3MOYKHO TOJIEKO B YHCJIEHHBIX SKclepuMeHTax. [lepBhie ke mccaenoBa-
mus [10] mokaszanu, 9To yros paciiensieHus cenapaTPUChl MEHIET 3HAK BMECTe
¢ pasnoctbio K — K,,, Ipu4eM TpHU HEYETHBIX M 3TOT YIOJ IJIABHO MPOXO-
IUT Yepe3 HOJIb, a IPH YeTHBIX — CKauykoM MeHseT 3Hak (cM. puc.l B [9] n
puc.2 Huxe). IIpexiie BCero 9To MHO3BOJIIIIO CPa3y Ke U OTHOCHTEIBHO MPO-
CTO HAll TV MHOXK€ECTBO APYTUX CIHENUATBHBIX Ky, , TIPU KOTOPBIX CelapaTprca
coxpaHsieTcss. BwmecTe ¢ TeM Takoe HeoOBITHOE TIOBEMEHUE YTJIa PACIIEIlie-
HUs ” TOACKA3aa0” 1 NUHAMAYECKH MEXAHW3M COXPAHEHUS CEMapaTPUCHI, 4TO
SIBJISIETCSI OCHOBHBIM TIPEAMETOM OOCYXKAEHUs B HACTOSIIEN paboTe.

Y mobHO paccMOTpeTh cpa3y IeJoe CEMERCTBO MMIIOOOPA3HBIX BO3MYIIE-
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Puc. 1: Cxema norennuana V(z) u cunst f(z) = —dV/dx ¢ nepuonom 1 mist
cemeiicTBa Moneseit (2.2) ¢ napameTpoum d.

HWI, 3aaHHBIX CHJION (cM. puc.l)

v 22/(1—d), ecnm |z]| < (1 —d)/2
f@) = { oyld, | ecmm |yl <dj2 (22)
rne y =« — 1/2, ad < 1 — paccrosiane mMexny ”sybpamu” muist |f(z)] = 1,

PACIOJIOKEHHBIME B ToYKax y = y+ = *+d/2. lpumep OBcIHHUKOBA COOTBET-
cTByeT 3nauennio d = 1/2. B 5Tux AByX ToYKax CHiIa MMeEeT CHHTYJSPHOCTE
— pa3pbiB nepBoil npoussonHont [’ = df /dx:

2

A =t

(2.3)
Ucxonnaga maed o MexaHM3Me COXPAHEHWS CETapaTPUCHl COCTOAIA B TOM, YTO
BO3MYIlleHNe (CIUIa) MMeeT d6é€ CHHIYJISSPHOCTH, KOTOpble HHTepdepupyoT
MeXOy cODOM.

g nccnenoBanms MpeanosaraeMoro MeXanu3Ma yaoObHO NepeliTu OT M-
xotHOTO oTO6paKeHus (2.1) K HEIPEPHIBHOI CHCTEME ¢ FaMUIBTOHUAHOM, SB-

6



H(z,p,t) = p;—l— K -V(z) 01(t) = Ho(z,p) + Hi(z,1), (2.4)

rze 01 (t) obosHauaeT J—pyukumio nepuona 1. HeBosMyeHHBIN raMuIbTOHN-

an 9
m:%+KV@ (2.5)
ONMCHIBAET OCHOBHON (LeJiblil) pesoHaHc B (2.1), a
Hy(z,t) = K -V(z)(d1(¢t) — 1) (2.6)

ero BosMmyileHue (¢ npexuHuM nepuogom T = 1 u wacroroit Q = 2w /Ty = 27)
OT BCEX OCTAJIBHBIX IEJIBIX PE30HAHCOB.
Torennman cusl (2.2) pases:

—z2/(1 —d), ecm |z| < (1 —d)/2
vier=- [ ={ G0 SaliZan " e

Makcumasbaoe 3Hadenne norTeHnuana Vi,gy = 0 onpenengeT HeBO3MYIIEH-
HYIO cellapaTpHUCY OCHOBHOI'O Pe30HAHCa

ps(2) = /2K -V (x), (2.8)

a MUHUMAaJIbHOE 3HadeHue Vi, = —1/4 naer nommyio ruybuny U HeBO3MY-
IIIEHHOM MOTEeHNNATBLHON ~ IMBI”

U=K " (Vimaz — Vimin) = —. (2.9)

OcobernnocTh BosMyIueHus (2.6) cocTONT B TOM, 9TO OHO TOPSIIKA HEBO3-
MYIIIEHHOTO TaMUJILTOHNAHA HE3aBUCHMO OT TapaMeTpa BosmyInennsa K — (.
TeMm He MeHee Teopus BO3MYIIeHWH, BOODIIE TOBOPS, MPUMEHNMA, €CJTH APYTOM
rnapaMeTp BO3MYIIEHUS

Q
A=—>1 (2.10)
wo
apigercd boabluMm. 3pech wy = /2K/d — uwacrora Masubix kKosebanuil

Ha OCHOBHOM pesoHatce (2.5), a €2 = 27 — 4acToTa BHEIIHETO BO3MYIIEHUS.
WNmenno sToT mapamMeTp ”agnabaTHIHOCTH W ONPENESISET PACIIEIJIEHHE Ce-
napaTpuchl. Mcnosb30BaHne B JAHHOM Caydae TepMuHA ~ agnabaTHIHOCTH
nomyepkuBaeT, 4To 3PdeKT BBICOKOYACTOTHOI'O BO3MYIIEHUS KadyeCTBEHHO
TaKoH Ke, KaK U HU3KO4aCTOTHOIO.



U3MeHeHNe HEBO3MYIIEHHOI'O I'aMWJILTOHMAHA (4.9) Ha Ilepuode NBUXEHUd B
MaJIOil OKPECTHOCTH HeBo3MYyIleHHON cenaparpuchl. Coenys [11] mosnyuaem:

o0

(0]
— 00 — 00
B mocnenneM BbIpaxeHnu ABYXKEHHE TO GJM3KON K cemapaTpuce TPaeKTOPHU
IPUOIINKEHHO 3aMEHEHO NBIKEHHEM 10 HEBO3MYIIEHHOI cemapaTrpuce (0TCo-
nla BeCKOHEUHBIe TIpe/iesIbl HHTENPUPOBAHNS ).
Tockonbky cmna f(z) wmeer nBe cuHryjaspHoctu (2.3) B Toukax
y+ = £d/2, narerpupyem (2.11) nBa pasa mo 4acTam, Tak 4To

a*ft)  d*fy)
dt2 = dy?

pP=p Af Sy —ys), (2.12)

rae p = da/dt u ocTaBiieH TOJIBKO JIABHBIN WieH ¢ d-bynkiuueit. B pesysib-
Tare MoJydaeM

K?

AHom K -pl - Af - [d(ty) = $(t-)] = — Ad, (2.13)

rae t4+ — MOMEHTBHI BpeMeHHU IPOXOXKIEHNS CHUHTYJIIPHOCTEN B TOYKAX Y+, a
byukums () onpenesnsiercs ypaBHeHIEM

. d?
= %:51(15)—1. (2.14)

Huist Beramcienns pasHoct Ay = ¢(t4) — ¢(t_) nepefiieM K HOBBIM Ire-
peMeHHBIM A 1 tg, re

oty —t_ [ d : A :
A= —g =\ g aresin (Vd) = o, " arcsin (Vd) (2.15)

IIOJIOBUHA BPEMEHUM [IBUXKEHUA MEXKAY CUHTYJ/JIAPHOCTAMU, a

ottt
0= "9

(2.16)

MOMEHT NPOXOXKAEHUs MUHUMYMa noTeHmasia (y = 0), rae oO6bIYHO U HCCIe-
IyeTcd TepecedyeHne BeTBell pacllellJIeHHON celnapaTpuchl.

B obrmem cayuae Aty He hakTOpPU3yeTCsS B 5THX MEPEMEHHBIX, OTHAKO 5TO
BO3MOXKHO TIPH AONOJHUTENBLHOM orpanmuennu: [tg] < A (> 0). B rakom
cilydae

Ay =tg-(1—24A). (2.17)
8



NPpUOINKEHHOU PopMyJon (cM. (12, 1U])

dp dHy 2K
t ran —~ ——~ — (1 —2A). 2.18
savan fa oob xS o) (2.15)

3nech ucnosnb3oBanbl coornomenus: dp = dHo/p, dy = pdt, n

dHy .
— =AY =1-2A
dt v

rie Bce BeJWYUMHBI GepyTcd B TOYKe IIepecedeHNs BeTBell celapaTpHChl
(y = 0). 3aBucumocts (K, d) npuHEMaeT UCKIIOYUTENBHO IPOCTOM BUIL

a, & (1= 2X,) (2.19)

B HpeO6pa30BaHHbIX NEPEMEHHDBIX

2
ozs:a—/,:a)\—, A=A = i~arcsin(\/3) mod 1. (2.20)
2K 472 2w
TomuepkHem, uTo ociuuisgiuu «(K) MOABIWINCH Kak pa3 BCIEACTBHE 06YT
ocobeHHOCTENl B TraMUILTOHUAHE, NHTEPPEPUPYIONINX MEXKAY COOOM.

Cootromenune (2.19) u saBageTCS OCHOBHBIM De3yJILTATOM Halllell paGoTHI.
OHO 0OBSICHSIET U OMUCHIBAET HOBOE SIBJIEHUE MOAABJIEHNE Xa0Ca CEMapaTPUCHI,
a 3HAYUT U TJobanbHol nuddy3un, B ONpedesIeHHOM KJIacce TaMUJILTOHOBLIX
CUCTEM.

CpaBHeHue ¢ pe3ysibTaTaMi YHCICHHBIX HKCHEPUMEHTOB IIPUBEIEHO HA
puc.2. BecbMa BBICOKast TOYHOCTH npoctoil Teopun (npu K < 1) orpannyn-
BaeTcs HeBOJIBIIUM CIBUTOM KpuTuyeckux snavenuii K = K,,. B npumepe
OscsunnkoBa (d = 1/2) ero MoXHO NOJIYy4NTH U 6€3 YNCAEHHBIX SKIIEPHMEH-
TOB, UCIOJIL3Ys TOYHbIE BhIpaxkeHus s K,,, Kak npenckasanubie B [8], Tak
U HaiifeHHBle mo3xke B pabore [10]

2 7I'2 ﬂ_2

T
T6mZ T’ + .= T6me’ (2.21)

K, =

[Mocemnuit 4ien mpeAcTaBIgeT HAIly TEOPHUIO, a B CKOOKaX yKasaHa MompaBKa

nepBoro mopsanka. Teopns o6bICHAET TaKKe HeOKUAAHHBIN pa3pbiB QyHKIUN

a(As) mpu A; = 0 mod 1 (Ho He pu Ay = 1/2 1), KoTOpPBI 6BLT OOHAPYXKEH 1
obcyxpasics ¢ apyroit Touku 3penus B [10].

Ha puc.2 mokasano Takxke emnte 6osiee IpoCcTOE NPUOIIIKEHNE C COXPAHEH-

€M TOJIBKO IepBoro wieHa Pypbe-pasioxenus 01(t) — 1 & 2 cos (27t), KoTopoe
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Puc. 2: HepI/IOJII/I‘IeCKaﬁI 3aBUCUMOCTDL YIJVla pacCHICIJIEHMA cellapaTpuChbl «

oT mapameTpoB K u d B HOpMHEDOBaHHBIX IepeMeHHBIX a(As) (2.20): d =
0.25, 0.5, 0.75, 0.999 (rouku), d = 0.01 (KpyKKH) 1O JAHHBIM YHCJIEHHOIO
cuera. CuomHag npsiMas — Teopus (2.19), KpuBas — HepBoe NpubIHKeHIE
01(t) = 1 = 2cos(27t) (em. (2.11)). AprymenT A; Gepercs IO MOLYJIIO
OIMH, TaK 4TO BCe TOYKU (HO He KPYXKKH !) NMpPENCTaBIAI0T MHOTO TepPUOIOB
sapucumocTn «(K,d) (cM. Tekcr).

CTOJIb K€ TOYHO NPENCTABISeT KpUuTHIecKue 3aadennst K, , HO He BOCIIPOM3-
BOOUT pa3pbiBa yria «.

IIpocToe coorHomrernne (2.19) Takxke He HaeT NOJHON KapTUHbI IVl BCe-
ro cemeiicrBa (2.2), Kak 5TO AEMOHCTPUPYeT HPUMED ¢ MaJIbiM 3HadeHUEM
d = 0.01, npencrasnennsiiit Ha puc.2 kpyxkamu. ObcyxkneHue >Toll obsracTu
[IaHO B CJIEAYIOIIEM Da3felie.

3 Ilpemen d — 0: pa3pbIBHas cmiia

PaccMoTpuM BHawase mpemesbHbIA caydail d = (), Korma HempephIBHAS
cuna f(x) craHoBuTcs paspeiBHOi (cM. puc.l). KauecTBeHHOE oTimume mpe-
JleJIa COCTOUT B TOM, YTO JBe OCOBEHHOCTH NoTeHnuasa npu d > 0 cauBaloTcs
Tenepb B 00HY U CJEIOBATEILHO, COIVIACHO Halllell FUIOTe3€e, YIOJI pPacilenie-
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Puc. 3: 3aBucuMocTh yrJla pacImelyieHns cemapaTpuchl o oT mapaveTpa K
npu sHaveHusax d = 0.01 (Ttoukn), 0.001 (Tpeyroasuuku), d = 0 (KpyxKu) 1o
IAHHBIM YHCJIEeHHOTO cueTa. HikHIS Kpupas — npubsiuxentas Teopus (3.6),
BepXHsisl KpuBas — TouHast Teopus (3.10).

Ha puc.3 mokasaHbl pesybTaThl HEKOTOPBIX YUCAEHHBIX SKCIEPUMEHTOB
kKak B camoM npefieste d = 0 (KpyXKKu), Tak ¥ B €ro MaJjoil OKPeCTHOCTH
d = 0.001 (rpeyroapuuku) u d = 0.01 (rvouxm). IIpusenena Hemocpen-
CTBeHHO 3aBucuMocTh (K ), Tak kak npu d = 0 mapamMeTp agunabaTuIHOCTH
A = m/2d/K = 0 repser cmbica. Ilpexiie Bcero BUAHO, YTO IpEebHDI
nepexon d — 0 B Moziesn (2.2) ABISeTCS HEMPEPHIBHBIM C SMINPHYECKOI I'pa-
Hunei (mo Mmakcumymy a(K)):

K~ Kp~Td. (3.1)

Pusnyeckas IPUUNHA, IO KOTOPOII cooTHoIeHue (2.18) cTaHOBUTCS HEPUMe-
numbiM ipu K 2 Kp 3akiiodaeTcd B TOM, 4TO IIPU e€ro BLIBOJIE TpeHebpera-
eTCs U3MeHEHUeM CKOPOCTH B IIPOMEKYTKE MEXKIY ABYMS CHHTYJISPHOCTSIMUI
3a cueT HeNCTBUS IIEPBOH W3 HUX, a4 TAKKe W3MEHEHHEM BDEMEHH IIposieTa A
Mexay Humu (cM. d-asl (2.13) u (2.15)). B npeXHuX mHepeMeHHBIX IEPEXOL
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llogyepkHeM, 4TO OTKJIOHEHHUE OT (4.18) UMeeT MeCTO TOJIBKO IIpU A A U
He TIOBTOPSIETCS HEPUOJMYECKN KaK 3aBUCUMOCTS (2.18) (cM. KpyKOK B jileBoM
BepxHeM yIiy pucyHka). Takum obpasom, B npeneste d = 0 yroi paciieniie-
HUA IeHCTBUTEIBHO He MeHdeT 3HAK U, CJIeloBaTesIbHO, celapaTpuca BCeria
paciieniseTcd.

g Kom4ecTBEHHOTO aHAIM3a MOXKHO MTPUMEHUTEL TOT XKe MeTOHd, YTO U
npu d # 0 (pasgen 2). Orsmune cOCTOUT JINIIL B TOM, YTO Telleph Pa3phIB
Af(z) = —2 uMeer cama cuila U [OTOMY AOCTATOYHO HPOMHTErPUPOBATH
(2.11) o wacTsM TONBLKO ofnuH pa3s. VMeem:

AHy~ K /Oo dt py fas) (81(1) = 1) & Kpo - Af - §(to) = —V2K3 %4 (1) .
- (3.2)

3nech 1o npexHemy pg & /K/2, a
b(t) = % —t mod 1 (3.3)

(em. (2.14)). Onzako mpocrtoe BhipaxkeHue (2.18) B mpubJIMKEHUN MaJIbIX
YTJIOB Tellephb yiKe HEMPUMEHNMO, TIOCKOIBKY NpH AuddepeHIrpoBaHi 110 tg
BO3HUKAET CHHTYJIAPHOCTD:

dHq
dt
npuyeM IpoM3BO[AHAs BepeTcd Ipu ABYX 3Hadenusx t = tg = 0 u 1/2, xorma

AHy = 0 (mepeceuenne BeTBell cenapaTpuchl, ¢-ia (3.3)). Kaxngoe us stux
3HAYeHHH OIpeesdeT YroJl HakKJIOHa COOTBETCTBYIOMIEH BETBU CEIlapaTpPUCh]

= —Kpo - (6:(t) - 1), (3.4)

oTHOCUTENBHO oc & (cM. puc.4). CunrysnsprocTb Bo3HukaeT npu t = 0 u
oTBevaeT yriy ag = m/2 (tgag = o). Yros Opyroit BeTBHU [ OIpPeNesseTcs
cooTHotenueM (cp. (2.18)):

dp 1 dHy K
tgf=—r - ~ —xV2K. D
&b de 2 pidty  po * (35)

Muoxurenas 1/2 npu npousBomuoll Bo3HUKaeT u3—3a Toro, uto AHg Bbrum-
CIIAETCS. OTHOCHTENILHO HEBO3MYIIEHHOM cemapaTpHChl (CIVIONIHAS JIOMaHas
suHus Ha puc.4), a yroa 3 (Kak u «g) 6epeTcs OTHOCHTENBEHO OCH . 3HAKN
YIJIOB ONPENENISIOTCS ¢ YI€TOM TOTO, YTO BETBB C (rp COOTBETCTBYET NBUKE-
HUIO BIEDEN MO BPEMEHHW, TOTa KaK [pyras BETBb — OOPATHOMY [BUKEHUIO
(cm.[9]). OxoHuaTenbHO, WIS yTJla MEXKY BETBSAMHE CElapaTpPUCHl IOy daeM

a(f{):ao—ﬁzg—\/ﬁ. (3.6)
12
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Puc. 4: llpumep pacmemnenus cemaparpuce npu K = 0.005 u d = 0: couor-
Hast JIMHUSA ¢ W3JI0MOM B Touke & = 0.5 — HeBosMyuleHHas cenaparpuca (3.7);
BETBHU CeNapaTpPUCHl IPENCTABIEHbl TOYKaMi (BIEpel IO BPEMEHH) U KPYXK-
KaMi (Hasal [0 BPEMEHH), paspbIBBl BETBEH COENUHEHBI [IyHKTHPOM, HOKa-
3BIBAIOIIAM TIOCJIEIOBATEHLHOCTE Touek; po & 0.04756 - opnuHaTa TOUKHA Iie-
peceuenust (3.8).

OTa mpocTas 3aBUCUMOCTH TOKa3aHa Ha PUC.3 HUXKHEN CHJIOITHON JIMHUEN.
Mpu manbrx K oHa XOpOIO COTJIACYeTCS C YUCIEHHBIMH SKCIEPUMEHTAaMH,
OHAKO TIpW yBesduwdenun K ommbKa BO3pacTaeT, NOCTHUTAS BETUINHBI OKOJIO
40% npu K = 0.6. IIpu 66abpmux K Bcs mpocTas KapTHHA PACIIENJIEHUs Ce-
apaTPUCHI OTIEIBHOIO PE30HAHCA TEPSET CMBICI U334 MEPEKPBITHSI MHOTUX
Pe30HAHCOB (CM. HEXKe).

Owmubka npu 6onpmux K 2 0.6 cBsa3ana ¢ Npub/iKeHHbIM HCIIOIb30BAHI-
eM, IpHU BBIUNCICHHM uHTerpasa (3.2), HEBO3MYIUEHHOH cemapaTpHChI

(eM. ¢-ater (2.8) u (2.7))
ps(z) = £po - (1 —2[y]) (3.7)

¢ aMIIUTynolt pg & /K /2. WHTepecHoil 0coBEHHOCTBIO pACCMaTPUBAEMON
CHCTEMBI SIBJISETCS COXpaHeHHe (HOPMBI HEBO3MYIIEHHOI cemapaTpuchl (IBe
IpsiMBle) 10 JeficTBHEM Bo3MylueHus (puc.4). DTo mo3BosIseT BBIYNCIUTH
ToyHoe 3HadeHue po(K ) npu jao6oM K 10 cOGCTBEHHBIM BEKTOPAM HCXOJHOIO
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pe3yJabTaTe IIoJydaeM:
K
V2K + K2+ K

OnHako Npu MOACTAHOBKE 5TOTO BBIpaXkeHWs B (3.5) corsacue He TOJNBKO He
yiydiaeTcd, HO gaxe yxXynlaeTcd:

tgﬁzl;,>\/ﬁ. (3.9)
po(K)
IIpuunaa 5TOro JEXUT B APYTroM NpubIMKeHnN nHTerpata (3.2) — coxpane-
HUI TOJIBKO BKJIaAa oT ckadka cuiibl A f(z). OnsaTs Taku, us-3a crnenudude-
CKOMt 0COBEHHOCTH HeBO3MYIIIEHHON cenaparpuckl pu d = 0 yrou [ HaxoguT-
cst To4HO Ge30 BCSKOIO MHTerpupoBaHus npsmo us puc.d: tgf = 2po(K). B
pe3ysabTaTe MoJIydaeM:

po(K) = (3.8)

(3.10)

a(K) = T _ arctan _
2 14++1+4+2/K
OTo BhIpaXkeHue TpeacTaBsgeT HanboJee TOUYHLIN Pe3yJbTaT Halllell Teopun
(BepxHSS CIUIONIHAS JIMHUS Ha PHC.3), KOTOPHIN IPEKPACHO COBIANAET C Y-
CJIEHHBIM 5KCIIEPHMEHTOM (KDPYXKKH) BINIOTH JI0 Hayasla NEPEKPBITHS Pe3o-
HaHcoB. IlosicHUM, 9TO B CIIIY ePHOANYHOCTH oTobpaxkeHus (2.1) He TOIBKO
no x, Ho m no p (M ¢ TeM Xe mepuomoM 1), uMeeTcss GeCKOHeUHas CHCTEMA
nenbix pesonancos npu p(0) = n, Hy = n?/2, rge n — nioboe mesoe du-
CJI0, KaK TOJIOKHUTENBHOe, TaK N OTPHUIATEJbHOE, a Takke Hydb. [lociennuii
YacTHBIN ciaydail u paccMaTpuBaeTcd B HacTogmeir pabore. pu pg = 1/2
cenmapaTpHUChl COCEIHUX IEJTBIX PE30HAHCOB HAYMHAIOT MEPEKPHIBATLCSA, 9TO
MOJTHOCTRLIO PaspyIlaeT WX CTPYKTYpy. PopMasibHO, 5TO MPOMCXOMUT JIAIIH
B npezieiie K — oo (3.8). Onnako dakTudecku Takoe paspylleHue HaunHa-
€TCA 3HAYUTEJIHLHO PAHbINe U3-33a MePEKPBITUSA C MPOMEXKYTOYHBIME JIPOOHLI-
mu pesonancamu (cM. [9]). Ormerum Takxke, 9T0 HOPMAIBLHO BCErZa YIOJ
paciiemienus « > m/4 & 0.785 (cm. &y (3.10)), onHako daxTHUecKH,
U [0 TOW JKe NpPUYMHE, peryispHas saBucuUMocThb «(K) pesko obpbiBaercs
yxke mpu o & 0.96 &~ 55°, K = K ~ 0.8, po(K¢) =~ 1/3 (puc.3). Ilpn
K > K. BETBU cemapaTpUCHl CTAHOBATCA HACTOJNLKO HEYCTOWYMBBIMU, 9TO
CKOJILKO-HUOYIb HalleXKHOe N3MepeHNne yTJa pacilielJieHns He TTPeICTaBIsgeTCs
BO3MOXKHBIM. HTEpecHO OTMETHTD, 9TO OTKJIOHEHNE OPANHATEI TOUKH MEpe-
cedeHUs BeTBel cenapaTpuchl po(K ) cornacuo (3.8) B oroil obsacTn (BILIOTH
no K = 1.24) ue npessimaer 1%. OnHako 5Toro okasbBaeTcs QOCTaTOYHBIM
[UI OY4eHb CHJILHOTO M HEPEryJpHOTO UCKAXKeHUs BeTBell cenapaTpuchl.
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Tpa A < U.8 yroJ paciielyieHnd cellapaTpUCchl JaJIeKO He JOCTUraeT HyJid, 1
TeM Bojlee He MeHdeT 3HAK, a 3HAYUT cellapaTpuca Bcerja paclleligeTcs.

4 3akioueHHe: HACKOJIBKO TUIUYHO
COXpaHEHNEe CelapaTpuchI?

B nacrosimeii pabore IpemiokeH U IPOBEPEH IIPOCTON MEXAHU3M HOBOI'O
HEOXKUAHHOTO SIBJIEHUS - COXPAHEHUS CENAPATPUCHl HEJIMHETHOTO PE30HAHCA
B YCJIOBUSIX CHJIBHOTO Xaoca Ha 6osibiell acTu Ha3oBoil IIOCKOCTH IHHAMU-
yeckoil cuctemst [8, 9, 10, 11]. TlpemiaraeMblit MeEXaHU3M OCHOBAH HA IIPOCTOM
unee 06 nHTEpGEPEHITNN HECKOJIBLKIX CHHTYJISPHOCTER B raMUJIbTOHUAHE U~
HAMUYECKON CHCTEMBI, KOTODPBIE W ONPENEISIOT PACIIENJIEHNe CEmapaTpPUCHI
HEJIMHENHOTO pe3oHaHca. YucieHHBbIe SKCIIEPUMEHTHI U TEOPETUYECKUN aHa-
JIN3 TIPOBOJMIINCE IUlst ceMelicTBa 2D—oTobpaxenuit (2.1), B npocTeiimem city-
Yae ABYX CHUHTYJISIPHOCTEN, BKJIIOYAIOINEro U mepBbill mpumMep OBCIHHUKOBA
[8, 9]. PesyabTaThl uccaeNOBaHUs HE TOJIHKO MOATBEPAUIN U OOBACHUIYN Ta-
KOI MeXaHW3M, HO U TIO3BOJIIIIN pa3paboTaTh MIPOCTYIO TEOPHIO I BHIYUCIIE
HUS KaK CHeNaJbHBIX 3HadYeHuin mapamerpa K = K,,, Tak # 3aBUCHUMOCTH
yriIa paciierienus cenapaTpuchl oK) B HOCTATOYHO INPOKOM IUATIA30HE
mapamerpoB K u d, g—uer (2.19), (3.6) u (3.10).

OrnensHO paccMoTpeH mepexon K npeneniny d — 0, B KOTOpOM cenmapaTpu-
ca pacmemisiercs npu jmobom K (pasgen 3). B obparHom npenese d — 1
saBucuMocTb (2.19) coxpansercs, mo kpaiineit Mepe no d = 0.999 (puc.2).
Culenyer olHaKO OTMETHUTb, YTO B caMoM mpenesie (d = 1) xapakrep 1BH-
JKeHUsI KadecTBeHHO m3MeHsieTcs. [Ipexie Bcero, nBuXKeHUe 1O cenapaTpuce
[pencTaBisieT coboil IpocTo rapMoHudeckre Kojebanus (cm. (2.7) u puc.1).
TTomumo »Toro, BHyTpH pesoHanca (Hg < 0) TpaeKTopus ABUKEHUS BOOOIIE
He [AOCTHUTaeT CHUHTYJISpHOCTH noTeHnuasa B Touke £ = 0 mod 1. Haxower,
HAIIN TpeABapUTeNbHbIe YHCIEHHBIE SKCIIEPUMEHTHI B TOM IPEMESIe OMpee-
JIEHHO YKAa3bIBAIOT HA OYe€Hb OBICTPOE YMEHBITIEHNE MEDBI Xa0THYeCKOR KOMIO-
HEHTHI ¢ yMeHbIeHneM K. Bbigo 6b1 4pe3sBBIYAHO WHTEPECHO MPOMOJIKUTE
HCCIIEOBAHNE YTON CHENUAIbHON MUHAMUYECKON CHCTEMBI.

B macrosimeit pabore MbI paccMaTpUBAIU TOJBKO IEJIbIE PE30HAHCHI C
p(0) = n, roe n — moboe nenoe. Kak m3sectHo (cMm., Hanpumep, [2, 3, 9]),
npobHble pezonaHchl ¢ p(0) & n/q UMeOT Takyio XKe CTPYKTYDY B HOOXONS-
IUX TePeMeHHBIX. [105TOMY MOXKHO OXHIATh, YTO NONOOHBI MEXAHU3M KaK
1 €ro mpocTas Teopus MPUMEHUMBI M [ IPOOHBIX PE30HAHCOB. B ciydae
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5TO IIO3BOJIMJIO Obl He TOJBKO OOBACHHUTL COXpaHeHUHE cellapaTpPUChl HEKO-
TOPBIX APOOHBIX PE30HAHCOB, OOHADYKEHHOE B UHCJIEHHBIX SKCIIEPUMEHTAX
[9, 10, 11], HO U pacHpOCTPAHUTEL HTOT PE3YILTAT HA 6CE IPODHbIE DE3OHAH-
col. [locnemnee o3navaio Obl, YTO MHOKECTBO BCEX CHENUATBLHBIX 3HAUEHU
K = Kg,, 1pu KOTOPBIX cellapaTpuca COXpaHdeTcsd, ABJIAeTCA BCIOAY ILIOT-
HBIM. B cBOW0 04epenb, 9TO MO3BOIWIO OBl OXHUAATH CHJILHOIO (XOTSA U He
[OJIHOTO) TofaBsIeHus raobanbHoll nuddysun npu awbon 3Hadenunn K (cm.
[9, 10, 11]).

WHTepecHBITT W BaXKHBIA BOOPOC: HACKOIBKO THOUYHBIM SIBJISETCS COXPa-
HeHUe CemapaTPUCH BOOOIIE W er0 KOHKPETHBIN MEXaHU3M, B 9aCTHOCTH. XO-
POIII0 M3BECTHO, YTO K HACTOSINEMY BPEMEHH ~ CKOHCTPYHPOBAHO  OOJIBIMOE
YUCIIO IPUMEDPOB, W HAXKe MEJIbIX CEMENCTB, TaK HA3BIBAEMbIX IIOJHOCTHIO UH-
TerpupyeMblX HeJMHETHBIX NUHAMHUYeCKHX cucTeM (cM., Hanpumep, [13]). B
TAKNX CHCTEMAX XA0C IOJTHOCTBIO OTCYTCTBYET, OMHAKO OHU ONPEMEJIEHHO HE
SIBJISIIOTCS. TUIHYHBIMEA, a 00pa3yioT B HEKOTOPOM CMBICJIE MHOXKECTBO MEDHI
HYJIb B IIPOCTPAHCTBE BCEX BO3MOKHBIX AUHAMUYeCKuX cucteM. C 9TOil TOYKH
3peHUsI HOBOE SIBJIEHWE COXPAHEHNS CeapaTPUC B XAOTUYECKON CUCTEME TIPE-
cTaBssgeTCs boJiee TUMUYHBIM HECMOTDS Ha BeCbMa OT'DAHWYEHHOE, B TaAHHBIH
MOMEHT, YHUCJIO TIPUMEPOB.

YcaoBue CyIecTBOBaHUS HECKOJBKHX CHHTYJISPHOCTEN NOTEHIHAJIA, 110~
JIOXKEHHOE B OCHOBY HACTOSIIETO HCCIENOBAHMUs, caMO TIO cebe He SBISIETCS
HU HeOOXOMWMBIM, HU [OCTATOYHBIM I coxpaHeHus cemapatpuckl. C om-
HOW CTOPOHBI, MPEABAPUTENbHOE UCCIENOBAHNE NPYTUX TPUMEPOB TIOKA3AJIO,
YTO HAJUYNe HEeCKOJIbKUX CHHTYJSPHOCTEN CHJIBI €llle He TapaHTUPYeT CO-
XpaHeHHUe cemapaTpuchl. Hampumep, eciii TpoCcTO MPOMOIKUTEH Pa3PHIBHYIO
cuny (2.2) ¢ d = 0 eme Ha ONWH MEPHUOM, TaK YTO GOPMAIIBLHO HOSIBITHCS [IBE
CHHTYJIIPHOCTH, cemapaTpuca OymeT Mo-—TpekHeMY pPa3pylmiaThbCs TPH JIO-
6om 3Havyennn napamerpa K. B manHOM ciydae 5TO IPOUCXOOUT U3—3a TOTO,
YTO TOTEHINA IPUHIMAET (POPMY IBYX CONPSIKEHHBIX ~ M’ C HEYyCTONYUBOM
HETIOBUAKHON TOYKOW KakK pa3 Ha rpaHulle Mexkay Humu. B pesysnbTarte He-
BO3MYIIIEHHAS CelapaTprca BCerda OKa3bIBAeTCs JIOKAIN30BAHHON B OMHON U3
HUX (B 3aBHCHMOCTH OT Ha4aJbHbBIX YCJIOBHUIl) ¢ €ANHCTBEHHON CHHIYJISPHO-
CThIO.

C mpyroii cCTOPOHBI, B CJIydae aHAJATUYECKOTO MOTEHIINATA CHHTYISIPHO-
CTHU, OMPENESISIIOIINE PACIIETJIEHAE CEMAPATPUCHl, MOTYT OBITH PACIIOIOXKEHBI
He Ha [efiCTBUTENHLHON OCH BDEMEHH, a B KOMIIEKCHON mitockocTu. Takas cu-
Tyalnus, To-BUAUMOMY, NeACTBUTENBHO HAOIOATACh B COBEPIIIEHHO APYTOM
3a/1ade 00 yIAepXKAHUY 3aPSKEHHBIX YaCTHIl B [JIMHHON MAarHUTHON JIOBYIIKE
Kosna [14] (cm. Takxe [15]).
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HYJIb B 3aBUCUMOCTH OT IlapaMeTpa CHUCTEeMbl, a 3HA4YUT U COXpaHEHHe ce-
napaTpuChl DU ONpelleleHHbIX 3HAYeHUAX 3TOTO llapaMeTpa, BO3MOXKEH, B
npuHOuIe, 1 1y ocoboil popMbl noTeHIMaIa 6€30 BCAKUX CUHIYJISAPHOCTEN
Boobie. Bce 5TO HeCOMHEHHO 3aC/IyKUBaeT NAJbLHENINETO MCCIEIOBAHNUA.

B 3aksiouenue MOXHO CKa3aTh, 9YTO XOTS HOBLIN »ddEKT coXxpaHeHUS Ce-
HapaTPUCHl B Xaoce W He SBJISETCS YHUBEPCAJIBHBIM (JIIOOUMBIA TEPMUH B
COBDEMEHHBIX HCCIIEIOBAHUAX NUHAMHYECKOTO Xaoca ), Kpurepnit mHTEpdE-
PEHIMH CUHTYJIAPHOCTEN, KaK 1 paspaboTaHHas Ha ero OCHOBe Teopus (Ko-
TOpas JIerko 0600IIaeTCst Ha IPON3BOJIBHOE YHCIIO CHHTYJIIPHOCTEN), MOXKeT
3HAYUTEHHO TIOMOYb, KaK Mbl HaJleeMCS, B NCCJIENOBAHNIX IIINPOKOTO KJlacca
raMIJIBTOHOBBIX IMHAMWYECKUX CHCTEM.

Ipumeuanue npu xoppexmype.

Mur 6naronapust .JI.[lenenanckoMy, yka3zaBimeMy Ha BaKHYIO W WHTe-
pecuyio pabory [16], KoTopas K coxaseHuIO Obliia HaM paHee Hem3BecTHa. B
sToll paboTe MPOBeNeHO TOAPOOHOE MATEMATHIECKOE UCCIENOBAHIE KaK Pas3
TOTO CAMOTO OTOOpaKeHUsI, KOTOPOe Mbl HasbiBaeM npumepoMm OBCSIHHUKOBA.
TuaBubiM pesysibraToM [16] sBiisercs H0Ka3aTesbeTBO CYLIECTBOBAHUSA HHBA~
PUAHTHBIX KPUBBIX B IIMPOKOM [HMAIa30He 3HAYeHU? mapamerpa K u ducia
BpAIleHNs vV, BKJIIOYas U PAUOHAIBHBIE V.

B sToit paboTe, omHaKo, IPAKTUYECKHA OTCY TCTBYET PACCMOTPEHNE TAKKE
OYEHb MHTEPECHOIO U CBOeOOPa3HOro IpeneibHOro ciyuas v = (), oTBedaro-
IIEro ceapaTpHcaM HeJIMHENHBIX Pe30HAHCOB (06 9TOM JIIIL KPATKO YIOMHU-
HaeTcs Ul [IBYX IePBHIX KpuTudeckux yucesr K = 1/3 u K = 1/8).

B sTOM cMmBIcTe Kak HacTosIas paboTa, TaK W TPEANIECTBYIOIINE HCCIIe-
nosanus [8,9,10,11] nonreepxaaoT U CylmecTBEHHO Honoausior [16].

CaenyeT oTMETUTH, YTO B AoKasaTeabcTBax [16] npuMensercsa mMeTomn, mo
nnee 6AU3KUN K TOMY, YTO MBI Ha3BaJn UHTepdepeHnneii ocobeHHOCTeN, KO-
TOpbIil BBl BIEpBBIe MPeIIoKeH U sddexTuBHO ucnonabzosal B [17]. Tlomy-
yennble B paborax [17,16] pesyabTaThl MOKA3BIBAIOT, YTO MONOOHBLIN MeXa-
HU3M [eHCTBATEIBHO PACTPOCTPAHIETCS HAa BeCbMa IMUPOKUN KJacc AUHA-
MUYECKUX 3aad.

B uwacTHOCTH, TOSIBIIEHNE HHBAPUAHTHBIX KPUBBIX C PAIlMOHAJLHBIME 3HA~
YEHUSMHU V MOXKHO HHTEPIPETUPOBATH KaK IOHAABJIEHHE CAMUX DPE30HAHCOB
BMecTe ¢ ux cenaparpucamu. Onun Takoil " crpanubiil” cayvait ma K = 1/4
¢ v = 1/3 nabmonaiuca B [9], onHako ero nasbHeilliiee UccieqoBanue ObLIO
OTJIOXKEHO Ha Oymyiiee.
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