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VIIK 517.9
Obcyorcdaromesn nonamus ammpaxmopa u B — ammpaxmopa.
YyecmeumeavHocmb mpaexmoputl no OMHOULEHUIO K HAYAADHBM 0GHHBLM HA CTDAH-
HOLT AMMPAKMOPAT CPABHUBAEMCA C KAACCUMECKUMU ONPEICACHUAMU HEYCMOTUYUBO-
cmu no Jlanynosy, no Iyanxape, no 2Kyxosckomy.
B ouenku pasmeprocmmvir xapaxmepucmur ammpaxmopos esedenv, hynruuu J1a-
nynosa. C ux nomouwwpro nosywersv. Gopmysve AANYHOBCKOT Pa3MEPHOCTIU AMMPaK-
mopoe Xenora u Jlopenua.
BBenenne

AKTyaHbeIMI/I HpO6J’IeMaMI/I TeoOpUun CTpaHHBIX ATTPAaKTOPOB JHMHAMHUYECKUX CH-

CTEeM ABJIAIOTCA U3YyYICHUE S(b(beKTOB JYBCTBUTEJIbHOCTHU II0 OTHOHIICHHIO K HaYaJlb-
HBIM JaHHBIM W OI€HUBaHNE PASMEPHOCTHBIX XapPaKTEPUCTUK MHBaApPUAaHTHBIX MHO-

xkectB [1]-[27]. B Hacrosiem 0630pe 9Tu mpobIeMbl pACCMATPUBAIOTCST ¢ TOYKH 3pe-

HUA KJIACCUIECKON Teopun yCTOfI‘{I/IBOCTI/I JABUZKCHUA.

r‘IYBCTBI/ITGJIBHOCTI:» TpaeKTOpI/Iﬁ 110 OTHOIIIEHUIO K HaYaJbHBIM JJaHHbIM Ha CTpaH-

HBIX aTTPpaKTOpaX CpaBHUBACTCA C KJIACCUIECKUMU OIIPpEAECJICHUAMN HeyCTOﬂqHBOCTH

o JIanynosy, o Ilyankape, o 2Kykosckomy. liist uccsenoBanus ycToftInBOCTU 110
7KyKOBCKOMY TIPUBOJIUTCSA JIMHEIHAsT CUCTEMA TIEPBOTO MTPUOJINZKEHUS.

B omnenku pa3zMepHOCTHBIX XapaKTEPUCTUK aTTPAKTOPOB BBeJleHbl (DyHKIun JIs-
nmyHoBa. B 9TOM HallpaBJIEHUH TOJIyYeHbI (DOPMYJIbI JISAITYHOBCKOW Pa3MEpHOCTH aT-
TpakTOopoB Xenona u Jlopenra.

1. Onpenesienns aTTPaAaKTOPOB

ATTpakTop JAMHAMUYIECKON CHCTEMBI — 3TO IPHUTATUBAIONIEE, 3aMKHYTOE, HHBAPHU-
AHTHOE MHOXKECTBO B ee (pa30BOM mpocTpaHcTBe. MbI OyaemM paccMaTpuBaTh JIMHA-
MHUYECKHe CUCTEMBI, TTOPOXKIeHHbIe U depeHITnabHBIMA

Z—i:f(x), teR', x € R, (1.1)
¥ PA3HOCTHBIME
w(t+1) = f(z(t)), z€Z, zeR", (1.2)

ypaBHEHUSIME. 371eCh R" — eBKJIMI0BO TPOCTPAHCTBO, Z — MHOXKECTBO IEJIbIX THCET,
f(x) — Bekrop-dyukuus: R — R".

Onpenenenne 1.1. Byjem rosopurs, uro ypasuenue (1.1) umu (1.2) nopootrc-
daem QUHAMUMECKYIO0 cCuCmeMmy, eCJIu 10 JIIOOOMY HaYaJbHOMY COCTOSHUIO Ty € R”
OJIHO3HAYHO olpejiesieHa Tpaekropus x(t, xg) npu t € [0, +00).

Brecs x(0,x0) = xo.



XopoIIo U3BECTHO, YTO B PACCMATPUBAEMOM CJIydae Jijisi perneHuii cucrembr (1.1)
CITPaBEJINBO CJIEAYIOIIee TTOTYTPYIIIOBOE CBOMCTBO

z(t+s,20) = x(t, (s, 20)) (1.3)

npu Bcex t > 0, s > 0.

Nmeercss MHOTO TeOpeM CyIeCTBOBAHUS U eIMHCTBeHHOCTH Ha [0, +00) JIst ypaB-
Herust (1.1) [28-31], KoTOpBIE MOXKHO ITPUMEHSITH JIJIsi OIIPEJIEIEHIsT COOTBETCTBYTO-
el JMHAMIIeCKOi cucTeMbl ¢ (ba30BBIM MTpocTpaHcTBOM R". YpaBHEHUS ¢ TaCTHBI-
MU TTPOU3BOJIHBIMU, ITOPOZKJIAIONINAE JTHHAMUICCKUNE CUCTEMBbI ¢ Pa3JIUIHBIME OECKO-
HEYHOMEPHBIME (ha30BLIMU IPOCTPaHCTBaMu npusejenbl B [22-27|. Kiaccuveckue
pe3yJIbTaThl TEOPUH JIUHAMHYIECKUX CHCTEM C MEeTPUIEeCKHM (DAa30BBIM ITPOCTPAH-
CTBOM M3JIOKEHBI B [32].

s pasaocTHOrO ypasHeHus (1.2) 09eBUHO, UTO BCET 1A 10 HAYAJIBLHOMY YCJIOBUIO
2o OJTHOZHAYHO OIpeJIesisieTcs TPAeKTOpus, onpeaesennasd pu Bcex t = 0,1,2,... 1
obamatomast ceoiicreoM (1.3). Takum obpazom, ypasuenue (1.2) Bcerjia mopoxkKaer
JIMHAMIYIECKYIO CUCTeMY ¢ (a30BBbIM ITpocTpancTBoM R™.

JnHaMIYecKyIo cucreMy, HOpozKieHHY 0 ypaHerueM (1.1), GyieM Ha3bIBATD Herpe-
PBIBHOIA, & ypaBHeHueM (1.2) — JUCKPETHON JUHAMIYECKON CHCTEMOI.

BeejieM ornpejiesieHus: aTTpakToOpoOB, cjiejlyst B OCHOBHOM pabore [25].

Onpenenenne 1.2. Bynem rogopurs, uro K unsapuanmmno, ecmn x(t, K) = K,
vt > 0.

3nech
x(t, K) = {x(t,zo) | o € K}.

Onpenesenne 1.3. ByjieM roBopuTh, 4T0 MHBAPUAHTHOE MHOXKECTBO K sBJIsieTCst
AOKANDHO NPUMAZUBAIOULUM, €CITU JITIT HEKOTOPOH £-OKPECTHOCTH 3TOTO MHOYKECTBA
K (£) BBIIOJIHEHO COOTHOIIIEHUE

lim p(K,x(t,xo)) =0, Vzge K(e).
t——+oo

Baech p(K, 1) — paccrosiiue OT TOYKU I JI0 MHOYKECTBa K, KOTOPOe OIpe IesisieTcst
o popmyJie

p(K,x) = inf |z — z|.

zeK

Hamomunm, wro | - | — eBkammosa nopma B R", K(€) — MHOXKECTBO TOYEK T, JJIst
koTopbIX p(K,x) < €.

Onpenenenne 1.4. Byjem roBopurh, 4T0 HHBAPUAHTHOE MHOXKECTBO K SBJIAETCS
2000010 NPUMALUBLIOULUM, €CIII

lim p(K,x(t,xO)) =0, Vzo€eR".
t—-+o00

Onpenenenne 1.5. Byjem roBopurh, 4T0 HHBAPUAHTHOE MHOXKECTBO K SABJIsACTCSA
PaBHOMEPHO JIOKAJIbHO HPUTSTHBAIONINM, €CJIN JJis HEKOTOPOH ero £-OKPeCTHOCTH
K (&) n jg mo6bix uncsia 6 > 0 1 OrpaHUYeHHOTO MHOXKECTBa B CyIIecTBYer Juciio
t(6, B) > 0 rakoe, 910

z(t,BNK(e)) C K(5), Vt>t(5,B)
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31ech
z(t, BN K(e)) = {x(t, o) | zo € (BN K(e))}.

Onpenenenune 1.6. Bynem roBopuTh, 9T0 MHBAPUAHTHOE MHOXKECTBO K ABJIS-
eTCsI PABHOMEPHO TJI00AJbHO MPUTATUBAIONINM, €CJIN JId JII0ObIX ducaa 0 > 0 u
orpanmyeHHoro MHoxkecTBa B € R" cymecrsyer uncio t(d, B) > 0 Takoe, 4ro

«(t, B) C K(5), Vt>t(5, B).

Onpepenenune 1.7. Byjem roBopuTh, 9TO0 MHBAPUAHTHOE MHOXKECTBO K yCTOIi-
quBO 110 JIsmmyHOBY, eciu i jioboro ducia € > 0 cymectByer ducyao ¢ > 0 takoe,
q9To

o(t, K(6)) € K(e), ¥t > 0.

BamMeTrumM, 4TO, ecau K COCTOUT U3 €IMHCTBEHHO! TPAeKTOPHH, TO TIOC/IeTHEe OIpe-
JieJIeHrEe COBITAJIaeT C KJIACCUIECKUM OIIpe/ieJIeHueM YCTOWIUBOCTHU PereHusd 1o JIs-
nyHoBy. Ecim takoe K dBiigeTcss Tak:Ke JIOKAJIbHO NPUTATUBAIONINM, TO Mbl UMeeM
ACUMIITOTHIECKYIO YCTOMIUBOCTh B CMbIC/Ie JIsmyHOBA.

Onpepenenune 1.8. Byjem rosoputh, uto K — arTpakTop, eciu K gBigercd
MHBApPUAHTHBIM, 3aMKHYTHIM, JIOKAJIHHO TPUTITUBAIOIIIM MHOYKECTBOM.

Bynem ropoputhb, uro K — 1i006a/IbHBIN aTTpakTop, ecjin K sABJIseTCs MWHBapU-
AHTHBIM, 3aMKHYTBIM, TJI00AJIbHO TPUTATHBAIOIIIM MHOXKECTBOM.

Bynem rosoputh, uro K — B-arTpakTop, ecin K gBjigeTcsd MHBApUAHTHBIM, 3a-
MKHYTBIM, PABHOMEPHO JIOKAJIBLHO IMPUTATUBAIONTAM MHOXKECTBOM.

Bynem rosoputh, uro K — ryiobanbubiil B-aTrTpakTop, eciu K gBiIgeTcs WHBa-
PUAHTHBIM, 3aMKHYTBIM, PABHOMEPHO TJIODAJIHHO MPUTATUBAIONTUM MHOXKECTBOM.

TpuBnabHBIM TPUMEPOM ATTPAKTOpA ABJIsIETC Bee (ha3oBoe mpocTpancTBo R™,
ecJIn B HEM OIIPEJIeJICHbl TPACKTOPHUH ITPU BeeX 3HadeHusx t > (. 9ToT mpumep 1o-
Ka3bIBAET, UTO IEICOOOPA3HO BBECTH MOHATHE MUHUMAJILHOTO aTTPaKTOpa — HaH-
MEHBIIIEro NHBAPUAHTHOIO MHOXKECTBA, 00/ IAI0NIEro CBONCTBOM IIPUTATUBAEMOCTH.

[IpuBesiem mpocreiinime npuMepbl ATTPAKTOPOB.

IIpumep 1.1. PaccmorpuM ypaBHeHue JIBUKEHUS MAATHUKA

0=z,

Z=—az— Fsinb, (1.4)

rie an ﬁ — IIOJIOZKUTEJ/IbBHBIC YUCJIA. XOpOH_IO N3BECTHO aCUMIITOTHUYECKOE IIOBCJICHUE
tpaekropuii ypasuenust (1.4) (Puc. 1).

JIroboe pemtenue ypashenus (1.4) crpemurcs npu ¢ — 400 K HEKOTOPOMY COCTO-
SIHUIO paBHOBecUs. [109TOMY MUHUMAJIbHBIN II0OAIBHBIH aTTpakTop cucreMbr (1.4)
— 3TO ee CTAIMOHAPHOE MHOXKECTBO.

Paccmorpum teneps map B Majioro pajmyca ¢ IEHTPOM Ha celapaTpuce Cejjia
(Puc. 2). O6pas xz(t, B) sroro mapuka Ipu t — +00 CTPEMUTCS K MHOYKECTBY,
COCTOSINEMY HMX CEJJIOBOI 0CODON TOYKMU M JIBYX CEIapaTpPUC, BBIXOJANINX U3 ITOMN
TOYKH U CTPEMAIINXCA IPU ¢ — 400 K aCHMITOTHYCCKH YCTONYIMBLIM COCTOSHUAM
pasuoBecus (Puc. 2).
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Takum obpazom, ri1odaIbHBI MIHIMAJIBHBI B — aTTpakTop — 3T0 00beIMHeHe
CTaIMaHapHOTO MHOYKECTBA U CEIapaTPUC, BBIXOAANINX U3 CeIJI0BBIX OCOOBIX TOYEK

(Puc. 3).
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N B 6oJtee obmmMX curyaruax B-aTTpaKTop COJEPKUT HEYCTONYINBbIE MHOI0OOPa-
3Usl CeIOBBIX (TUIepbOINIecKIX) 0COObIX TOYEK. DTOT (DAKT YaCTO UCHOJIB3YETCS
JJIsl OIIEHOK CHU3Y TOIOJIOMMYECKON Pa3MEpHOCTH aTTPakTopoB |22, 23].

IIpumep 1.2. Paccmorpum ypasuenus Ban jiep [lossa
Y=z,
. 1.5
f=—p(y* - 1)z -y, (15)
rJie /i — HOJIOKUTEIbHOE YUCJI0. XOPOIIO U3BECTHO [29], 4T0 9TH ypaBHEHUs] NMEIOT

HeyCTOﬁqHBOG COCTOdHMNE paBHOBECUA 1 Hpeﬂeﬂbelﬁ IUKJI, K KOTOPOMY IIPUTATHBa-
I0TCA IIpU t — 400 Bce TPpaeKTOPUU 3a UCKJIIOYECHHUEM COCTOAHHNA PaBHOBECUA (PI/IC

1),

z i

.
Ng
=7

N

Puc.4.

3/1ech 1100a/IbHBIM, MUHUMAJIBHBIM ATTPAKTOPOM $IBJISETCSI MHOXKECTBO, COCTOSI-
mee u3 CTallMOHAPHONW TOYKM U IPEJIEJIbHOTO IUKJIa. [7100a/JbHBIM MUHUMAIbHBIM
B-arTpakTopoM SBJISIETCS MHOYKECTBO, OTpaHUYEeHHOE Ipe/eabHbIM TmkioM (Puc.

5).

IIpumep 1.3. Paccmorpum passoctHoe ypasHenue (1.2) ¢ n = 1 u KycodHO-
muneiinoit dbyuakimeit f(z):

f(x) =3z z € [0,1/2],
fx) =3(1 —x) r € [1/2,1], (1.6)
flz) = z€l0,1].

Kaxkprit u3 aByx orpeskos [0,1/3] u [2/3,1] orobpazkaercss Ha orpesok [0,1], a
nnrepsas (1/3,2/3) BeibpaceiBaercs orOpazkenuem f 3a orpesok [0, 1]. Cremosa-

TeJILHO,
f(f((1/3,2/3))) = 0.
fcno, aro npu orobpazkenun f(f(+)) Kax st 3 orpeskos [0, 1/9], [2/9,3/9], [6/9,7/9],
[8/9, 1] orobpazkaercst Ha orpe3ok [0, 1], a perrerne x(2) ¢ HAYATLHBIMEA JAHHBIMEI
5
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=y

Puc.5.

x(0) u3 unrepsasos (1/9,2/9), (1/3,2/3), (7/9,8/9) BbicKakuBaerT U3 MHOXKECTBA
(0, 1] u, caemoBarenbho, s Hux z(3) = 0.
Jlerko BujieTh uTO Ha N-M IIare Ipu OTOOPaKeHUn

FUC Q)

g

N

Ha (0, 1] ocramyTcst Te pemenusi 2(/N), HadaIbHBIE TAHHbIE KOTOPHIX HAXOMSITCS Ha

MHOXKECTBaX
1 2 3 6 7 3N —1
0’3_N ) 3_N’3_N ) 3_N’3_N PR 3N 7]- .

DTOT IPIECC BHIOPACBIBAHUSI CEPEIIH OCTABIINXCSA OTPE3KOB OOBITHO COITPOBOXKIAIOT
caenyrormum pucyskom (Puc. 6).

Puc.6.

Ty wacts orpeska [0, 1], KoTopasi ocTaercs mocje 6eCKOHETHOTO YUC/Ia, TPOIEILYD
C BbI6paCbIBaHI/Iel\/I cepeIMH OCTaBHINXCA OTPE3KOB, Ha3bIBaIOT KaHTOPOBCKHUM MHO-

ykecTBOM. OBO3HAYIMM 3TO MHOKECTBO depe3 K.
6



dcno, aro sro MHOKecTBO muBapuantHo: f(K) = K. Orcioga u u3 Toro dakra,
aro a1 x(0) € R'\ K BBINOHEHO cooTHOMEHNE
lim z(t) =0,
t——+o00
ciaesyer robaibHas IPUTATIBAEMOCTh MHOXKeCTBa K .

Muozkecrso R\ K apiserca o6beimenneM oTKPLITHIX MHOKecTB. [Tosromy R\
K — otkpsiToe MuoxkecTBO. OTCiofa cieayer 9to K— 3aMKHYTO.

Taxkum o6pazom, K — riobaiabHbI aTTpakTop paccMarpuBaeMoil cucreMbl (1.2),
(1.6).

BameruM, uTo 1o Jio6oMy HarTypasbHOMy N MOXKHO yKa3aTh TOUKY Tg € [0, 1],
11t Koropoit (N, xg) = 1/2. Ho Ttorga (N + 1,x0) = 3/2. [locrennee o3nauaer,
qTo K He sABJIfeTCS PABHOMEPHO IVI00AbHO MPUTATUBAIONINM MHOXKECTBOM. Takum
obpazom, K — He riobajbHbIil B-aTTpakTop

Paccmorpennbie BbIlie IpUMeEpPBI OKA3BIBAIOT CYNIECTBEHHOE OTJIHYNE OIpeesie-
Huit arrpakTopa u B-artpakropa. [Ipumep 1.3 mokaswsiBaet, 9T0 0YeHb IPOCTO 38,14~
BaeMble JTUHAMUYIECKUE CHCTEMbI MOTYT UMETh aTTPAKTOPBI BECbMa CJIOZKHOM CTPYK-
TPYPBHI.

OTMeTnM, 9TO €CTECTBEHHBIMU OOOOIIEHUSIME TIOHATHS ATTPAKTOPA SIBJISTIOTCA 60-
Jiee cj1abble TpeOOBAHUS MPUTATUBAHUS: HA MHOXKECTBAX MOJIOKUTEIbHOI J1e0eroBoit
MepBI, OYTH BCIOAY 1 T.J1. [33-37].

2. CtpaHHBIE aTTPAKTOPHI U KJIaCCUYECKHE OIIpeaeIeHUS
HEyCTOUYIMBOCTH

O1HOM M3 OCHOBHBIX XapaKTEPUCTUK CTPAHHOCTH aTTPAKTOPA ABJISIETCST 1YBCTBU-
TEJILHOCTD €I0 TPACKTOPHIl [0 OTHOIIEHUIO K HAYAJIBHBIM JAaHHBIM [1-21].

31ech Mbl OOCYINM CBSI3b TAKOM ‘OyBCTBUTEJIHHOCTH'C KJIACCUIECKUME ITOHATHUSI-
Mu HeycToitunBocTr. CHadaa HAIIOMHIM OCHOBHBIE OIIPeIesIeHUs] YCTOMINBOCTH.

Onpenenenne 2.1 (38, 39, 29|. Tpaexropusi x(t, ) JTUHAMIYECKONH CHCTEMBI
Ha3bIBaCTCA ycmotvwusolt no Jlanynosy, eciu g J1odoro ducyia € > () cymecTByeT
quciio () > 0 Takoe, YTO TP BCEX Yo, YAOBIETBOPAIONINX HEPABEHCTBY | — Yo| <
(&), BBIIIOJIHEHO COOTHOIIIEHHE

|x(t, o) — x(t,y0)] <e, Vt>0.

Ecin, xpome Toro, Jijisi HEKOTOPOTO YUCIa Oy U BCEX Yo, YIOBIETBOPSIOIINX Hepa-
BEHCTBY |Zo — Yo| < 0o, BBIIOJHEHO COOTHOIIEHUE

lim |x(t,z0) — x(t,y0)| = 0,

t——+00

TO TOBOPSIT, YTO TpaekTopus x(t, xg) acumnmomuuecku yemotiuusa no JIanynosy.
Brejiem cireryroree obosnadeHue

L*(wo) = {z(t,z0)| t €[0,400)}.

Onpenenenne 2.2 (38, 39, 29|. Tpaexropusi x(t,z) TUHAMIYECKONH CHCTEMBI

Ha3bIBaeTCsl ycmotnusol no Iyankape (W opoumasvro yemotiuusot), ecin st
7



moboro wucsa € > 0 cymecryer ducio 0(g) > 0 Takoe, 9TO TP BCEX Yo, YAOBIIE-
TBOPSIOIIUX HEPABEHCTBY |To — Yo| < J(€), BBIIOIHEHO COOTHONIEHHE

p(L*(z0), z(t,y0)) <&, Vit>0.

Ecsm, kpome Toro, Jis HeKOTOporo 4mcia 0y 1 BCEX 1y, YAOBJICTBOPAIOIINX Hepa-
BEHCTBY |Zo — Yo| < dp, BBIIOJIHEHO COOTHOIIEHUE

tiiinoop([ﬁ_(xo)’ £L‘(t, yO)) = 07

TO TOBOPST, 4TO Tpaekropus z(t,xy) acumnmomuuecky ycmotvusa no Iyankape
(nm acumnmomuvecky, opoumasvoho Ycmoivuea).

BaMeTuM, 9TO B IPUBEIEHHBIX BBHIIIE OIPEIeIeHUIX s HEIPEPBIBHBIX JTIHAMUI-
YeCKUX CUCTEM t € Rl, a JIJIsl TUCKPEeTHBIX JTUHAMUYECKUX cucteM t € 7.

Bsejiem Tenepnb ornpejiesienre yeToiiunBocTu 10 2K YKOBCKOMY JIJ1sT HEIIPEPBIBHBIX
JIMHAMIYECKUX cucteM I 9Toro norpedyercss pacCMOTPEHUE CJIEIYIONEero MHOYXKe-
CcTBa TOMEOMOPQMU3IMOB

Hom = {7(-)|7:]0,+00) — [0,400),7(0) = 0}.

Oynukiwn 7(t) 13 MuO)KecTBa Hom OyyT UrpaTh POJIb leperapaMeTpU3aiii Bpe-
MeHHU It TpaekTopuii cucremsr (1.1).

Onpepnenenne 2.3 [40-43]. Tpaekropus cucremsr (1.1) HasbiBaeTcst yCTONINBOI
o ZKykoBckomy, ecim jits siioboro dncia € > 0 cymectByer wmcso d(€) > 0 takoe,
9YTO JUI JI060T0 BEKTOPA Yo, Y/IOBJIETBOPSIIOIIErO0 HEPABEHCTBY |To — Yo| < (),
Haiigercs dyakmus 7(-) € Hom, npu KOTOPOii BBIIOJHEHO HEPABEHCTBO

lz(t, z0) — z(7(t),y0)| < e, Vt>0.

Ecii, kpome Toro, /715t HEKOTOpOro wucsa dg > 0 u siroboro yy u3 mapa {y| |z —y| <
do } Haiigercsa dbyukus 7(-) € Hom, Ipu KOTOPOIl BBIITOJTHEHO COOTHOIIEHUE

Jim [z (t, ) — 2 (r(t), )] =0,
TO GyJIeM TOBOPHUTH, 9TO TpaeKTopus (t,ry) acUMOTOTHIeCKU ycToitanBa mo 2Ky-
KOBCKOMY.

Hpyrumu cimoBamMu, yCTOHYINBOCTH 110 2K YKOBCKOMY — 3TO yCTONYMBOCTH 110 JIs-
IIyHOBY IIPU TIOJIXOJILAIIEH TIeperapaMeTpu3aliuy Kay/I10i 3 BO3MYIIEHHBIX TPACKTO-
puii.

HamomuuM, uro 1o onpeesennto Heycroitansocts o Jlanyrosy (mo Ilyankape,
10 ZKyKOBCKOMY) — 9TO OTpHIIAHIE COOTBETCTBYIOIIETO BUJA YCTOHINBOCTH.

J11s1 HempepBhIBHBIX JUHAMUYECKHX CHCTEM W3 ycToiumBocTu 1o JIamyHoBy cire-
JlyeT yeToianBoCcThb 110 2KYyKOBCKOMY, a U3 ycToiunBocTH 110 ZKyKOBCKOMY CITy/IyeT
ycroitauBocTh 110 [Iyankape.

g TUCKPETHBIX JIMTHAMUYECKUX CUCTEM U3 YCTONYMBOCTH 110 JIAIyHOBY ciiejtyer
ycroitunsocth 110 [lyankape.

g cocrogauit paBHOBECUS BCE BBEJICHHBIC BBIIIE ONPEJIE/IeHNUs SKBUBAJICHTHBI.

[Tokazkem, 9TO JIJIA IEPUOTUICCKUX TPACKTOPHUIT TUCKPETHBIX CUCTEM SKBUBAJICHT-

HBI OIIpeJiesieHns ycToiunBocT 110 JIsamynosy u o Ilyankape, a 15 mepnogmaecknx
8



TPAeKTOPUil HEIPEPHIBHBIX CHCTEM SKBHBAJEHTHBI OIIPE/IEJIEHUs] YCTONYINBOCTH 110
[Iyankape un o 2KykoBckomy.

[Iycrs mepuopntecKkas TpaeKTOPHUs JINCKPETHO cucreMbl ycroiiansa 1o [lyanka-
pe. Beibepem € — okpecrrocts U(e, L (x0)) nepuogudeckoit rpaekropun LT (xg) Tax,
YTOOBI

Ule,u) NU(e, z) = 0. (2.1)

nyist J106bIx Touek u € L1 (xg), 2 € LT (xg), u # z. 3aech () — mycroe MHOXKECTBO
PacemoTpum g U3 § — OKPECTHOCTH TOUKH To U COSMHUM Tg U 1y OTPE3KOM

Zo + ’Y(yo — l’o), Y S [0, 1]

U3 menpepwiBaoctu f(x), yeroituusoctu o [lyankape u coornorenus (2.1) cieyer,
970

z(t, o+ v(yo — x0)) € Uc(x(t, z0)), Vt>0, Vye|[0,1]. (2.2)

Brutouenne (2.2) mpu v = 1 o3Hadaer ycToidamBOCTh 1O JISIyHOBY TpaekTopun
x(t, o). Orcrofa cietyT SKBUBAJIEHTHOCTD OIpejiesiennii yeroitansoctu mo [lyanka-
pe u 110 JIAMyHOBY MepronIecKnX TPAEKTOPUIl TUCKPETHBIX CHUCTEM.

AHAJIOTUYIHO JIOKA3BIBAETCA SKBUBAJEHTHOCTH ACUMITOTHIECKON YCTOWIUBOCTH
no Ilyankape u no JIgamyHoOBY nepuo/indecKuxX TPaeKTOPUl JIMCKPETHBIX CHUCTEM.

PaccmoTpuM HelpepbIBHYIO IMHAMUYECKYIO CUCTEMY.

[Iycts mepuogmveckasi TPAeKTOPUS HENPEPBIBHOM cucTeMbl ycroitunBa 1o [lyan-
kape. Boibepem ¢ — okpecrrocts U(e, LT (xg)) nepuoguveckoit tpaekropun L (o)
TakK, 9TOObI

U(é, L+(l’0>,t1) N U(&T, L+(I‘0),t1) = @, th 7£ tg, tl S [0, T), t2 S [O,T) (23)
riae

Ule, L (w0), 1) = {ylly —z(t,mo)l <&, (y — a(t,20))"f (2(t, x0)) = 0}.

[To € BBIGEPEM 0 Tak, 4TOOBI U3 HEPABEHCTBA |29 — Yo| < § CJIeI0BAJIO COOTHOIIIEHUE
o(t,y0) € Ule, L™ (w0)), ¥Vt > 0.

He ymasisist 0BIIHOCTH MOXKHO cuuTarh, uto Yo € U(e, LT (x0),0). Torma us coorHo-
mennst (2.3) cieyer, 9TO0 MOXKHO ONpPEJIeUTh epernapaMeTpusanuio 7(t) TpaekTo-
pun x(t,yo) CaeayrommmM o6pa3omM

z(7(t),y0) € Ule, Lt (x0),t).
fcno, aro 7(-) € Hom u BBIIOJIHEHO HEPABEHCTBO
’JI(T(t), yO) - .T(t,x0)| S g, t 2 tO-

[Tocnennee oznavdaer ycroitunBocTh 110 2KyKoBCKOMY.

AHaﬂOFI/I‘{HO JOKa3bIBacTCA IKBHUBaJICHTHOCTDL ACUMIITOTUYECKON YCTOﬁqHBOCTH
o ZKykosckomy u o Ilyankape. B sTom ciryaae xoporo nsecrra [39] criermasbhast
nepenapamverpusaius 7(t) = t + ¢ HazpIBaeMasi aCUMITOTHIECKON (hazoii.

XOpOIIo U3BECTHBI MIPUMEPHI IEPUOTUICCKUX TPACKTOPHUI HEIIPEPBIBHBIX CUCTEM,

KOTOpBIe HeycToiunssl 1o JIsmyroBy, HO yeroitausbl o ZKykosekomy [39].
9



[lepeiizem Temeph K CpaBHEHHUIO IIPUBEJIEHHBIX BBIIIE olpejeaeHnii u 3hdekra
YyBCTBUTEIHHOCTU TPAECKTOPHUIA 10 OTHOIIEHUIO K HAYAJIbHBIM JIAHHBIM Ha CTPAHHBIX
aTTpaKTOpax.

B KOMIIBIOTEPHBIX 3CIHPEMEHTaX YaCTO OKa3bIBAETCSI, UTO TPACKTOPUU, HAXOIs-
ecs: Ha HeyCTOMIMBOM MHOro0Opasuu CejI0BOil 0CO00i TOYKM BCIO/LY ILJIOTHO 3a-
HOJIHSIOT B — arrpakTop (Wi ero 4acTb, COCTOAILYIO U3 OIPAHUYEHHBIX TPACKTO-
puii). Dro HabioaeTcsa Ha B-arTpakrope cucreMbl Jlopenta [1]

&= —0o(r—y)
y=rr—y—xz (2.4)
z = —bz+ xy,

riae o = 10, r = 28, b = 8/3 (Pucynku 7, 8).

Puc. 7. HeycroitunBoe mHOrooOpasue cemia cucremsl Jlopenra. IlepBblie msaThae-

CIT 0O0POTOB.
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Puc. 8. Heycroituuoe muoroobpasue cejia cucreMbl Jlopenmna. Cieayionue IsaThIecsaT
0060pPOTOB.

AnajiorndHast CUTyalus UMeeT MeCTO Jist CHCTeMbl XeHoHa [44]

z(t+1) =a+by(t) — x(t)?
y(t+1) = 2(t),

rae a = 1.4, b = 0.3 (Puc. 9)

(2.5)

e e =

om

Puc. 9. Heycroittmsoe MHOr00Opa3ue ceiia CHCTEMBI XeHOHA. 3aTeMHEHHAS TaCTh KBaJl-

aTa — HadaJIbHBI JaHHbIe, IPA KOTOPBIX TPACKTOPUH CTPEMSITCI K OECKOHEYHOCTH.
)
11



Takum oOpaszoM JjIst STUX CHCTEM

p(L" (20), x(t,90)) = 0, (2.6)

Vag € M, yo € K. 3aecy M — HeycToianBOe MHOrOOOpasue cejia, K — yrnoMsHy Thii
Bbillle B — arTpakTop (WM ero 4acTh, COCTOSINAs U3 OPAHUIEHHBIX TPAEKTOPHIA).

U3 coornommenns (2.6) ciemyer, ato Ha arrpakTope K Tpaekropun x(t, xo) acuMII-
roTudeckn ycroituussl o [lyankape. [Tocnennee o3znadaer, 910 HEYCTORIUBOCTD 110
[Tyankape He MOXKET XapaKTepPHU30BaTh 9yBCTBUTEILHOCTD 110 OTHOMIEHUIO K HAYA b
HBIM JIAHHBIM Ha CTPAHHBIX aTTPaKTOpax.

Xoporo uzBectHo [39], 94TO JIsi MEPUOJAUIECKUX TAEKTOPUil HENPEPHIBHBIX JIU-
HAMUYECKUX CHUCTeM BO3MOXKHA& YCTONYMBOCTHL 10 IlyaHkape M HEYyCTOWYUBOCTD I10
JIstmynoBy. Takum 06pa3oM, HEYCTORIUBOCTD 110 JIAIYHOBY TakKe HE MOXKET XapakK-
TEpPU30BaTh “oTTajMKaBaHue ’ JPyr OT Jpyra HEIPEPBIBHBIX TPACKTOPHil Ha CTpaH-
HBIX aTTPAKTOPaX.

V3 ckazaHHOIO BbIIIE MOXKHO CJEJIAaTh BBIBOJ O TOM, YTO CPEIU KJIACCUIECKUX I10-
HATHI HeyCTOInBOCTH HanboJ1ee aJeKBaTHLI JJI N3y YeHusI CTPAHHBIX aTTPAKTOPOB
HeycToianBocTh 110 ZKyKOBCKOMY (B HEIPEPBIBHOM CJlydae) M HEyCTONYUBOCTH 110
JIganyHoBY (B JMCKPETHOM CJIydae).

OTMeTnM, 9TO MPU UCCJIETOBAHUN YCTORINBOCTH 110 2KYKOBCKOMY €CTEeCTBEHHBIM
00pa30M BO3HMKAET JIMHEeAPU3aIys, OTJINIHAs OT KJIACCHYECKON JIMHEHHON CUCTEMBbI
[IepBOTO MPHUOJIMKEHUsI. 3/1eCh OCHOBHYIO POJIb UI'PAET CJIe/lyIolIee YTBePK JIeHHe.

Jlemma 2.1 [42]. ITycmo das oepanuuennozo pewenus x(t, xo), t > 0, cucmemol
(1.1) ewnoanerno nepasencmeso |f(x(t,xg))| > €, YVt > 0, 2de € — nexomopoe nono-
orcumenvroe wucao. Tozda das mobozo wucaa T > 0 cywecmeyem wucao 6(T) > 0
makoe, 4mo 0as 4106020 6EKMOPG Yo U3 MHONHCECTMEA

{yllzo—yl <o(T), (y—x0)"f(z0) =0}

cywecmeyem dupdepenyupyeman gyrnxyua 7(-) € Hom, das komopoti evinoarerv
COOMHOUWEH U

(x(t,x0) — x(7(t),90))" f(x(t,x0)) =0, Vte€|0,T],

7(t) o ( t,x0))* of *
= RGP ( ol (%@(t’xo))) ) .
x(z(t,20) — 2(7(t), y0) + O(|x(t, 20) — z(7(t), o) |*)

31ech %(m(t, x)) — Marpura fkobu BekTop-byHknun f B T0uKe X (t, (), CUMBOI
O(v) o3HAUaeT, 9To JIJIsi JOCTATOYHO MAaJIbIX ¥ BBITOIHEHO HepaseHcTBo |O(v)| < Cv
¢ HeKoTOpoit KoHcTauToi C'.

U3 37001 JIeMMBI cpa3y CJIeyeT 4TO JIs BBEJICHHOM B JIEMMe IepeliapaMeTPI3aIii
7(t) nuHeifinas cucreMa 1epBOro HPUOJIMYKEHNS BJOJIL TpaeKTopun x(t,xo) nMeer
BUJT

[0 s )~ et a0 (g—i(x(t,xo)) . (g—i(dt,xo)))*)} .

12



Fattan))'s =0, glat.an) = LRI 20)

DJIeMEHTBI TEOPUH YCTONYUBOCTH 10 IEPBOMY ITPUOJIMZKEHHIO B cMbIcyIe 2K yKOBCKOTO
pasBuBauCch B [41-43, 45].

Henasro 6611 j1oka3an cieyomuii 3aMedareibHbIi pesysabrar [46]. w — npejernsb-
HO€ MHOXKECTBO aCUMIITOTHYECKN yCTONUNBOM 110 ZKyKOBCKOMY TPaeKTOPHH COCTOUT
A3 HEePUOANIECKON TPaeKTOPUU.

Taknm obpazom, IpeseTbHble MHOYKECTBA ACUMIITOTHIECKH YCTOWYNBBIX 10 7Ky-
KOBCKOMY TPAEKTOPUI YyCTPOEHBI JOCTATOYHO TPOcTo. C JPYToii CTOPOHBI, KaK OBLIO
MIOKa3aHO BBIIIE, HEYCTONINBOCTD O 2K yKOBCKOMY MOXKeT ObITh OJIHOI N3 XapaKTe-
PUCTUK CTPaHHBIX aTTPAKTOPOB.

3. ®ysHkiuu JIsgsnmyHoBa B OIleHKax pa3sMepHOCTH aTTPaKTOPOB
JAHAMUYECKNX CUCTEM

YucoBbIMU XapaKTEPUCTUKAMU JJIsI TaPMOHUYECKUX KOJICOAHUI ABJISIOTCS aM-
IUTUTY/1A, IEPUOJI, YACTOTA, JIJIs [IEPUOIMIEeCKUX Kojiebanuilt — ux nepuoji. B pesyiib-
TaTe MHOTOYUC/ICHHBIX UCCICIOBAHUN CTAJIO SICHO, 9TO U 0O0Jiee CJIOZKHDBIE KOJIeOaHuUsT
00J18/1aI0T YMCJIOBBIMUA XapPaKTEPUCTUKAMEU. DTO — PA3MEPHOCTU ATTPAKTOPOB, CO-
OTBETCTBYIOIINX aHCAMOJISIM TaKUX KOJIEOAHUIA.

PazBuras B mepBoil 1mojioBUHE JIBA/IIIATOIO BEKa TEOPUs TOMOJOTMYECKO#H pa3Mep-
HocTH [47, 48] Masio mpurosHa Jjisi TOro, 9To0bI JaTh IKAJY Pa3MEPHOCTHBIX Xa-
PaAKTEPUCTUK aTTPAKTOPOB. Jlejl0 B TOM, 4TO TOMOJIOrUYecKasi pa3MepHOCTb MOXKET
PUHUMATD JINIIb [IeJIOYNC/IEHHbIE 3HAUEHUA, U COCTaB/IEHHAsT TAKUM 00Opa30M IIKa-
Jla, Pa3MEPHOCTHBIX XapaKTEPUCTUK OKa3bIBACTCS CJIMIITKOM O€IHOI.

st uccietoBanust aTTPaKTOPOB OoJiee aJIEKBATHON 0Ka3a/10Ch XaycopdoBa pas-
MEPHOCTH MHOXKECTB. DTa PA3MEPHOCTHAS XapPaKTEPUCTUKA MOYKET IIPUHUMATH JIO-
Oble HEOTpUIATEIbHBIE 3HAYCHUS U HA TAKUX IMPUBBIYHBIX 00bEKTaX B €BKJIUIOBOM
MIPOCTPAHCTBE KaK IJIa/IKasd KPUBas, MOBEPXHOCTb, CYETHOE MHOXKECTBO TOYEK, COB-
aJaeT ¢ TOMOJIOTUIECKON PasMepHOCTBIO.

[Tepeitem Terepb K OIpEIEIEHAIO XaycI0P¢OBOil Pa3MEPHOCTH MHOXKECTB.

PaccmoTpuM KoMIIaKTHOE METPpHYECKOE TPOCTPAHCTBO X ¢ METPUKOM p, TIOJIMHO-
xkKectBo B C X mumcna d > 0, € > 0.

[Tokpoem E mapamu ¢ pajuycaMu r; < € 1 0003HAUUM

— E d
ILLH(E7d7E) = inf Tj)
J
re nHpUMyM OepeTcs 110 BCeM TaKUM E-TIOKPBITHAM F.
Ouento, uto pg(F,d, €) He yobiBaeT npu ymenbinennu €. [losromy cyrmectByer
npejiest (BO3MOXKHO GECKOHEUHBII )

pp(E,d) = lir% pp(E,d ).

Onpenenenne 3.1. Oyukiwus py (-, d) HazbBaercs d-mepoti Xaycdopda.
[Tpu dbukcuposanuom d dyukiwst iy (E, d) obaagaer BceMn CBOHCTBAME BHEITHE

Mephl Ha X .
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[Tpu durcupoBannom muOKecTBe F dyHkIws puy(E,-) obnagaer creayonmm
csoiictBoM. CymectByer Takoe dy, € [0, 00], 1To

pa(E,d) =00, Vd<dg,
pr(E,d) =0, Yd> dg.

Ecmm X C R", 10 dip < n. 3necs R" — eBKIMI0BO N-MepHOE IIPOCTPAHCTBO.
[Tooxxum

dimpy E = di, = inf {d| pu(E,d) = 0}.

Onpeaenenne 3.2. Benuunna dimpy E HasbiBaercsa pasmeprocmovio Xaycdopgpa
MHOXKecTBa F.
IIpumep 3.1. PaccmoTrpuM KaHTOPOBO MHOXKECTBO U3 IpuMepa 1.3:

7=0

rae By = [0,1] u E; cocrout us 2/ OTpesKOB IIMHLI 37, HOJIyYaeMbIX U3 OTPE3KOB,
BXOIAIUX B [;_1, ylajleHueM 13 HUX CepeJMH OTKPBITBIX MHTEPBAJIOB JJIMHBEL 37

(puc. 6).
B kiaccudeckoil TeOPHM TOMOJIOTHYECKOIl Pa3MEPHOCTH XOPOIIO M3BECTHO, UTO

HenocpecrBeHHO U3 OnpeieieHns XaycaopdoBoil pasMepHOCTH JIETKO MOJIY YUTh,
aro puy(E,d) =1 upu d = log2/log3 = 0,6309... u, ciiegoBaTesibHO,

Tomonornveckass pa3MepHOCTD ABJSAETCAd WHBAPUAHTOM IO OTHOIIEHWIO K NOMEO-
Mopduzmam. XaycaopdoBa pa3sMepHOCTD SIBJII€TCS WHBAPUAHTOM I10 OTHOIIEHUIO K
nuddeomopdusmam u Heresras Xayca0pdoBa Pa3MepHOCTD He SIBJISIeTCS NHBaPUAH-
TOM IO OTHOIIEHUIO K roMeoMopdusmam [48].

[Ipu uccnenoBanm; aTTPaAKTOPOB INHAMUIECKIX CHCTEM B (ha30BOM IIPOCTPAHCTBE
YACTO UCIOJIb3YIOTCS TJIQJIKIE 3aMeHbI KoopAuHAaT. [[09ToMy B TAKIX paCCMOTPEHUIX
JIOCTATOYHO MHBAPUAHTHOCTH TI0 OTHOIIEHUIO K juddeomopduzmam.

Xopormro mu3BectHo, uro dimyp ' < dimyg E. KararopoBckoe muoxKecTtBo E maer
pUMep, KOIJIa 3TO HEPABEHCTBO SABJISIETCS CTPOIHM.

[IpuBesem Teneps JiBa SKBUBAJIEHTHBIX Olpe/ieeHs (hpaKTaIbHON Pa3MEPHOCTH.

O6oznaunm vepe3 N, (F) MUHUMAIBHOE YUCIO MAPOB PAIHyca €, HEOOXOIUMOE
JUTsl TIOKpbITHA MHOXKecTBa B C X.

Beenem B pacemorpenne unciia d > 0, € > 0 1 1M0JIOXKAM

jr(E,de) = No(E)e,
/J“F(Eud) = llHéNF(Eada 5),

Omnpenenenne 3.3. Ppaxmanrvrotll pazmepHocmvlo MHOXKeCTBa F Ha3bIBaeTCs
BeJINYnHa

dimp E = inf{d| pr(E,d) = 0}.
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BaMeTnM, 9TO 3TO ONpejieIeHre ITPOBEIEHO IO CXeMe, aHAJIOTMIHON OIpe Ie/IEHIIO
Xayc/1I0pgOBOit pa3MepHOCTH. 3/1eCh TOJIBKO MOKPBITHE ITPOBOJIUTCS IIapaAMU OJIHOTO
1 TOTO 2Ke Pajinyca €.

Onpenenenue 3.4. PpaxmanrvHotll pasmepHocmvlo MHOXKecTBa F HasbiBaeTcs
BeJINYnHa

dimp E — T 108 Ne(E)
i Tog(1/2)

Jlerko BujieTH, 9TO
Ipumep 3.2. na X =[0,1]u E=1{0,1,274371 ...}
1

O60011IeHAsT cXeM BBeJIEHUST XayCA0pdOoBoil 1 (hpaKkTaJIbHON MEPhI 1 Pa3MEPHOCTH
U OIpeJIeJIeHUs PA3IUIHBIX METPUIECKUX PAa3MEPHOCTHBIX XapaKTEPUCTUK JAHbI B
[49]. Oxazamock [50-55], aTo BepxHeit oreHKol XaycaopdoBoit n dhpakTaabHON pas-
MEPHOCTH WHBAPUAHTHBIX MHOYKECTB SBJISCTCS JIAIYHOBCKAA Pa3sMepHOCTh. Jlamamm
3/1eCh OIPEJIeJICHUE JISIIIYHOBCKO# Pa3MEPHOCTH.

Pacemorpum menpepoisho uddepenmnupyemoe orobpazkenue F OTKPBITOrO MHO-
xecrBa U C R" B R". Oboznaunm depes T, F marpuity fAkobu orobparxkenust F' B
rouke z. VI3 HenpepwiBHON nuddepeniupyemoctu F ciieyer COOTHOIIEHUE

F(x +h)— F(z) = (T, F)h + o(h).

B nmanpHeiimem GyieM mpejmoarath, 9ro MHOXKecTBO K C U MHBApUAHTHO OTHO-
curesibHO npeobpaszosanus F: F(K) = K.
Bresem B paccMoTpenme CHHTY/ISPHBIE YUCIa 1 X N-MaTpuiibl A

a1(A) > ... > a,(A).

Hanomuanm, 910 CUHTYJISSPHBIM 9UCIOM MATPUILI A HA3BIBACTCS KBAIPATHBIN KO-
peHb 13 cOOCTBEHHOTO 3HadeHust MaTpuilsl A* A. 31ech depes * obo3HaueHa oepaIust
TPaHCIIOHNPOBaHU A (B BCIIIECCTBECHHOM Cﬂyqae) NJIM 3PMUTOBaA COIIPAKCHUA.

B pasnbneiimem gacTo OyJIeT UCIOIB30BAHO CJIEIyIonee 0003HaYeHIe

wa(A) = a1 (A) ..., a;(A)ay1(A)°
ried=j+s,s€l0,1], j — nenoe anciao u3 npomexxyrka [1,n].

Onpenenenue 3.5. Jlokarvholi AANYHOBCKOT padmeprocmuvlo omobpastcenus F
6 mouke r € K Ha30BEeM YHNCJIIO

dimg(F,z) =j + s,
rje j — HaubOJIbIIIeE TIEJI0e THCIIO U3 OTpe3Ka [1,n|, 1yt KoToporo
a1 (T,F)...05(T,F) > 1,
u ancio s € [0, 1], aisa Kkoroporo

a1 (T F)...o;(T,F)oy (T, F)° = 1.
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B cayuae oy (T, F') < 1 no onpesnenenuio nveem dimy (F,z) = 0 u B caydae
a1 (T F)...a,(T,F) > 1
o oupesesennio dimy (F, x) = n.

Onpeaenenne 3.6. Jlanyrosckot pasmeprocmuiro omobpastcenus F muoorcecmea
K wnazoseMm 4ucio
dimy (F, K) = supdim (F, z).
K

Onpenenenue 3.7. Jlokarvholi AANYHOBCKOT PAMEPHOCTNBIO NOCAEIOBAMENLHO-
cmu omobpascenudi F* 6 mouxe x € K Haz0BEM YHUCIIO
dimy, z = lim dimg(F", x).
1——400
Onpenenenue 3.8. JIanynosckol pasmepHocmvio nocaecdosamesvbHoCmu omoo-
pasrcenuti F* mnoorcecmea K Haz0oBEM YHCIIO

dim; K = supdimy, x.
K

s orobpazkennii Fy, 3aBUCSIINX OT Imapamerpa t € ]Rl, MOXKHO BBECTHU CJIEJLYTO-
mye aHaJjJoru oupejaenenuit 3.7 u 3.8.

Onpeaenenne 3.9. Jlokaivhotll AANYHOBCKOT PadmepHocmvlo omobpastcenusn Fy
6 mouke r € K Ha30BEM 4HUCJIIO

dim; x = t@ dimy, (Fy, x).

Onpepenenune 3.10. Jlanynosckoti pasmeprocmuio omobpasicenus Fy, mmoorce-
cmea K mazoBeM 4mCIIO

dim; K = supdimy, x.
K

Eme pas orMerum, 9T0 BayKHBIM CBOHCTBOM JISITyHOBCKO# PA3MEPHOCTH SIBJISIETCST
nepaseHcTBo [53-55| dimp K < dimy, K.
Takum obpaszom,

OTMeTnM TakzKe, 9TO JIAIYHOBCKAs PA3MEPHOCTb MOKET CJIY?KUTh XapaKTEePUCTH-
KO# BHYTpEHHEH! HEyCTONYNBOCTUA JUHAMUYCCKON CUCTEMBI, OIIPEJe/ICHHON Ha UHBAa-
PUAHTHOM MHOXKecTBe K 1 MOPOKIeHHOH ceMeiicTBOM oTobpaxkenuit F wmm F.

JIAmmyHOBCKAsI pa3MepPHOCTD He SIBJIIeTCs pa3MePHOCTHOM XapaKTEePUCTUKON B KJtac-
CUYECKOM CMBICJIe, OJTHAKO TO3BOJISET, BO-TIEPBBIX, 3(D(MEKTUBHO OIEHNBATH CBEPXY
TONOJIOTHIECKYI0, XaycA0pdOBY 1 hPaKTaIbHYIO0 PA3SMEPHOCTH, BO-BTOPBIX, ABJISAET-
cs XapaKTEPUCTUKON HEYCTONINBOCTU JTUHAMUYECKUX CHCTEM, U, B-TPETHUX, XOPOIIIO
“npucniocobsiena 11t uccieIoBaHnl MeTOJaMI KJIACCUYECKON T€OPUHU YCTONINBOCTI
JIBUZKEHUS.

[IponemoncTpuUpyeM 3TO, BBeId B OIEHKH JIAIYHOBCKON Pa3MepPHOCTH (DYHKITIH
Jlamynosa. Briepsoie ujiest BBesienus pyukimii JIgamyHoBa B OIEHKN pa3MEePHOCTHBIX
XapaKTePUCTHK ObliIa BhICKa3aHa B pabore [56| u B najabHeiineM passuBaiach B [56—

63, 51, 52|. 3mech MbI B OCHOBHOM CJIEJIYET STHUM HJIESIM.
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Beesiem B paccmorpenue n X n-marpurbl (Q(x), saBucamume ot © € R". Bymem
peJIrnoaraTh, ITo
detQ(z) #£0, Vzel,
U CYIIECTBYIOT YHUCJIA €] U Cg, JIJIsT KOTOPBIX

s;l(pwd(Q(x)) < a1,
s;l(pwd(Q‘l(fv)) < .

Teopema 3.1. ITycmo F(K) = K u daa nexomopot mampuyw, Q(x) cnpasediuso
HEePAGEHCME0

5111{p wa(Q(F ()T, FQ ' (z)) < 1. (3.1)
Tozda das docmamouro 6ONDWULT HAMYPANOHBLT § CRPABEIAUBH OUEHKG
dimp (F*, K) < d. (3.2)

JokazaTeabcTBo. /g marpurpst T, F? mveeM cOOTHOIIEHHE
T,F' = (Tpi-1(o)F)(Tri-2) F) . .. (T, F).
9TO COOTHOIIEHNE MOXKHO 3aIlNCaTh TaKKe CJIe/IyIOIUM 00pa30M
T,F' = Q(F!(2)) ™ (QUF (2)) Tyv-s( FQUF™ (@)™
(QUF (o) T FQUF (@) ). ..
- (QF (@) T FQ(2) Q).
Orcroia 1 U3 XOPOIIIO W3BECTHOrO cBojicTBa [51, 52|

wi(AB) < wa(A)wq(B)

IIOJIyYUM OIICHKY
i

wy(T,F') < c10s sr;pw(@(F(w))TxFQ(x)‘l

1t Beex @ € K. V13 9roit orenkn, yciaoBus (3.1) TeopeMbl U OIpeieIeHnst JIsSIITy HOB-
CKOil Pa3MEPHOCTH TIOJIYIUM OTEHKY (3.2).

Jlerko BujieTh, 4ro ycaosue (3.1) MHBAPUAHTHO OTHOCUTEIHLHO JTMHEHHO HeO0CObOoM
3aMeHbl y = Sx, rae S — HOCTOAHHAdA N X n-MaTpuia. SICHO, 9To B HOBOM Oasmce
ycstoBue (3.1) Gymer TakzKe BBIIOJHEHO ¢ HOBO MaTpureit Q1 (y):

Q1(y) = Q(F(S™'y))S.
B nasbneiimem OygemM paccMaTpuBaTh BaXKHBIN 9aCTHBIN CoIydaii
Q(z) = p(x)5,
rje S — MoCTOsiHHAST HEBBIPOXKJIEHHAs 1 X n-Marpuiia, p(xr) — HempepbiBHas (DYHK-
must: R” — R, s KOTOPO#t

P <plx) <ps, VzekK.
17



31ech Py 1 p2 — HOJIOKHUTEIbHBIE YuCIa. B 9ToM ciry4dae Hepasenctso (3.1) mpumer
BH/
SUp Wy (]M STIFS_l) < 1. (3.3)
K p(x)

Kax Gyzer mokazano B jpasbheiiniem muoxurenn sujga p(F(z))/p(z) B ycrosun
(3.3) urpator posb dyHKIuHil JsyHoBekoro tuma. OcobeHHo HAIVISIHO 9TO HPOSIB-
JIFETCS TIPH TIePeXo/ie K JUHAMIIECKAM CHCTEMAaM, TOPOZK1aeMbIM b depeHnnaib-
HBIME yDABHEHHUSIMI.

Pacemorpum cucremy
d
—f = f(t,x), teR!, zeR", (3.4)

e f (t, x) — HenpepbIBHO Juddepentupyemasi T-miepuojiniaeckas BeKTOP-PyHKITHS:
R!' x R" — R", f(t +T,z) = f(t,x).
Bynem npennosarars, uro perenust x(t, xo) cucrembl (3.4) ¢ HaYaJIbHBIMU JIaH-

ueivn x(0,29) = x¢ oupenesnensl Ha npomexyTke [0,7] u obosmaunm uepe3 G
oIepaTop C/JBHIa IO PEIIeHNsIM CHCTeMBbI (3.4):
GTq = I(T, q)

[Ipenmooxkum, 9To orpanndennoe Muoxkectso K C R" mHBapraHTHO OTHOCHTEILHO
oneparopa Gr:
GrK =K.

O6oznaunm vepes J(t, z) marpuiy fAxobu Bekrop-dyukuuu f(t, x):
Of(t x)
0x

U PACCMOTPHUM HEBBIPOKICHHYIO 1 X n-MaTpuily S.
O6ozHaunm gepes \i(t,z,S) > ... > \,(t,z,S) cobcTBeHHbIE 3HAYEHHST MATPUIIBI

J(t,z) =

1 - 1y«
5 [SJ(t,2)S™" + (SJ(t,2)S~)"].
31ech * O3HAYAET ONEPAIMIO TPAHCIIOHUPOBAHMUS.

Teopema 3.2. [Ipednoaootcum, wmo das uerozo wucaa j € [1,n] u wucaa s € [0,1]
cyuecmeyrom nenpepuisho Jugddepervupyemasn na R™ dynxyus v(x) u neswvpostc-
dennas n X n-mampuya S MAKUE, YMoO GHINOAHEHO HEPAGEHCTNEO

T
su p/)xl (t,z(t,q),S)+ ...+ X\(t,z(t,q), S)+
0

(3.5)
+sAj(t,z(t q), S) + i(x(t, q))] dt <0.
Toz0a das docmamouro OOALVWUL T GBINONHEHO HEPAGEHCTNEO
dim; (G5, K) < j +s. (3.6)

18



JlokazareabcTBO. BBegem obo3nadenHne g MaTpuilbl JKoOu

H(tv Q) = ax(.(;q’ q)

[Moncrasnsas x(t,q) B (3.4) u nuddepennupys obe vactu pasencrsa (3.4) 1o g,
HOJIyYUM PABEHCTBO

dH (t,q)

— =t a(t.q)H(tq)

[Iepenuiiem 3T0 paBeHCTBO B CreyIONIel dopme

& [SH(,0)5™) = [SJ(t,2(1,0)S ] [SH(1,0)5 ™)

Jlnst cunrynapHbIx 3Hadennii oy (t) > ... 0, (t) marpunsr SH(t,q)S™" umeem nepa-
BercTso [51, 52]

¢
01...akSexp(/()\1+...+>\k)d7)
0

st gioboro k=1, ..., n. Orcona n m3 paBeHCTBa,

o1 .. ‘Ujaj-‘rl - (0'1 .. .Uj)l_'S(O'l .. .O—j+1)s

IIOJIY9UM OLEHKY

t
0'1...0'j0'j+1 S exp </()\1 + ... +)‘j +S>\j+1)d7'). (37)
0

Tlooxxum
1/(j+s
p(z) = (expo(z)) U+

U yMHOXKUM 00e 4acTu HepaBeHCTBa (3.7) Ha BbIpaykeHue

<M>j+s  exp ot q) — )] = oxp (/t@(x(r, q))dT)

p(q)

B pesysbprare mojyunm HEpaBEeHCTBO

(IM

J+s
01...0;0, ., <
p(q) ) 7

t
< exp (/(A1 N+ SN+ (2T ) dT>.
0
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Orcrosia ceryer oleHKa

ai(t,q)...a;(t, Qaj1(t, q)° < exp (/ /\1 (1,2(7,q),5)+
0 (3.8)

+... /\j(T’ ZE(T, Q), S) + S)‘j+1(7—7 ZL’(T, Q), S) + 1.}('17(7_7 q)))d7—> )
rie ag(t,q) — CHHTYJISPHbBIE YUCIa MATPHIIBI
t
p(l’( 7Q>> SH(t, q)Sil.

p(q)

U3 onenkn (3.8) u yemosus (3.5) meopembl 3.2 ciiejtyeT CyIecTBOBaHUE TIOJIOXKU-
TEJIBLHOIO YHCJIA € TAKOTO, YTO BBIIOJIHEHO HEPABEHCTBO

ar(T,q) ... (T, q)ej (T, q)° < exp(—¢)
Jts Beex q € K.
Takum 06pazoM, 311ech BbinoyiHeHo yeyosue (3.3) ¢ F' = G,

T,F =T1,Gr=H(T,q),
U, CJIeJIOBATeJIbHO, BhITOTHeHA oreHKa (3.6). Teopema 3.2 mokaszaHa.
B nasnbHeitem Gy yT 1I0J€3HBI CJIE/yOIIIe TIPOCThIE yTBEPK JICHUS.

Jlemma 3.1. Ilpednosoorcum, wmo sewecmeennas mampuya A mootcem bvimo
npusedena K Oua2oHANOHOMY 6UJY:

A 0
SAS™! = " :
0 An

2de S — sewecmseernas HEOCobas MAMPUUQ.
Tozda cywecmeyom nOAOHCUMENDHBLE YUCAA C1 U C3 MAKUE, YN0

AL AN [T < walAT) < el At AN

ﬂﬂﬂ JOoKa3aTeJIbCTBa JIEMMbI 3.1 JOCTaTOYHO 3aMETUTDH,9TO CUHI'YJIAPHBIMHU 3HA-
YEHUAMU MaTpPHUIbI

A1 0
0 An
SIBJIAIOTCS 9UCIIA || M JI7Is CHHTYJISIDHBIX 9HCET (4 > ... > (i, CHPABEJJINBBI HEpa-

BEHCTBa

() (B) < 0y(CB) < aa(C)ay(B).

JIemma 3.2. [Tycmo F(x) = x u mampuya Hdxobu T, F omobpascenus F umeem

NPOCMOBIE BEULLCTNBEHHBLE COOCMBEHHDIE SHAYEHUA A1 = ... > Ay
20



Tozda A0KAALHAA AANYHOBCKAA PA3MEPHOCTG NOCAECOOBAMEALHOCTY 0MOOPAXHCE-
nuti F* 6 mouke x pasna j + S, ede wucaa j u S onpedesomcs u3 paseHcmaean

A A =1

Jlemma 3.2 sIBJIsIeTCsl HEIIOCPEJICTBEHHBIM CJIEJICTBHEM JIeMMbI 3.1. AHaIOrMIHbBIH’
pe3yJibTaT UMEeT MeCTO U JjIsd OToOpaykeHus Fj.

MmMma 3.3. [Tycmo = e u mampuua 06.4EMEOPACTIL YCAOBUIO NEMMDL
Jlemma 3.3. IT T, F, = e A yo
3.2.

Toz0a A0KAALHAA AANYHOECKAA PASMEPHOCTL omobpadicenus F, 6 mouke T pasha
j+ s, 2de wucaa j u S onpedesomea u3 pacencmea

)\1+---+)\j+3>\j+1:0-

JlemMa 3.3 Takzke sBIFETCS CJIEICTBUEM JeMMBI 3.1.

[Ipumenum Tenepsb Teopembl 3.1 n 3.2 K cucremam Xenona u JIopeniia, KOHCTpYyHU-
pys dyuknuu Jlsmysosa p(z) (ms cucrembr Xenona) u v(z) (mas cucremsr Jlopen-

1a).
Pacemorpum orobpazkenne Xenona F : R? — R?

T —a+by — 2%
Yy —x,

(3.9)

rje a > 0, b € (0,1) — mapamerpsl 0TOOparKeHUs.
Bynewm 31ech paccmarpuBarTh OrpaHuteHHOE WHBAPUAHTHOE MHOXKECTBO K 0TOO-
paxenus (3.9): FK = K, comepzaliee CTallIOHAPHBIE TOYKH ITOIO OTOOPAKEHUSI:

$+=§[b_1+¢m},

1
z-=> [b—l— (b—1)2+4a].
Takoe muoxkecTBo K m300pakeHo Ha pucyHke 9.

Teopema 3.3. /s omobpasicernus F enpasedauso pasercmeo
1
I1—Inb/Inay(z_)’

ar(z_) =/a®2 +b—x_.

okazareabcTBo. Brejiem obosnauenne £ = (z) Marpuna fkobu T F' oTrobpa-
Kenusi F' uveer BuJI
—2z b
(7o)

21
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Beegem marpuity S ciieyronero Bua
1 0
5= (0 ﬂ> .

ST.FS™" = <_\[2; \@ .

[TokazkeM, 9TO CHHTYJISPHBIME 3HAUEHUSIMU MATPHUIIBL (3.10) ABAAIOTCS BEJIMIUHBL

ap(x) = Va2 + b+ |z,

B stom ciryuae

(3.10)

(3.11)

an(w) = VI b — |u] = allzx) |

ay(x)? =222 + b+ 2|z| Va2 + b,
as(z)? =222 + b — 2lz| Va2 + b .
13 3THX PaBEHCTB ACHO, UTO ()% ABJISIOTCA HYJIAME HOJMHOMA
A — (42° + 2b)\ + b7,

KOTOprfI ABJIAETCA XapaKTePUCTUICCKUM ITIOJIMHOMOM MaTPHIIbL

() (F )

Takum 06paszom, Jokazanbr (popmydisr (3.11).

U3 reopemsr 3.1 cirepyer, 9ro ecau cymiecTByor qucyio s € [0, 1) u HenpepbIBHO
muddepenimpyemast mojoxuTeabHas Ha K dyHkinusa p(§), Takue, 9T0 BBIIOJIHEHO
HEPABEHCTBO

OueBniHO, 9TO

3161}3 ay(x)as(z)? p(j(g)) <1, (3.12)
TO
dim;, K <1+ s.
[Toroxxkum

p(&) = 67(1—5)(w+by),

rJe 7y — HOJOXKUTEIbHBIIT BapbUPYEMBbIil TapamMeTp.
JIerko BUJIETH, YTO BBIIIOJIHEHO COOTHOIIIEHHE

p(F()) 1 (1=8) (@t (b-1)z—a?)
p(§)

Orciona ciefyer, 4ro mocsie jgorapudmupoBanus yciosue (3.12) npuauMaer BuL
sup [Inoy (z) + snas(z) + y(1 — s)(a+ (b— 1)z — 2?)] =
K
=sup [(1 —s)lnay(z) +slnb+ (1 —s)(a+ (b— 1)z —2?)] <0.
K

DTO HEPABEHCTBO OY/IET BBLIIIOJHEHO, €CJIN

slnb+ (1 —s)p(z) <0, Ve (—oo,+00),
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e
o(x)=In |VaZz+b+ |a:|] +v(a+ (b— 1)z — 2?).
W3 nepasenct v > 0, b — 1 < 0 cireryer ornenka

e(—lz) = p(|z]).
[TosToMy JOCTATOYHO PACCMOTPETh SKCTpeMaJibHble TOUKN (yHKIMU ¢(x) npu z €
(—00,0]. fcro, ¥T0 Ha TOM MHOXKECTBE
—1
"(2) = ——=+7|(b—-1) = 2z|, ¢"(z)<0.
@)= =t a[6-1) 2], @)

Bribpas
1

T 12w )R +b

IIOJIYYUM, 9TO /.1', = 0 u, caemoBaTeJbHO, IPU TAKOM BBIOOPE 7Y BBIIIOJIHEHO HEpa-
y ) ) 1 )

BEHCTBO
o(r) <In <\/x2_ +b+ |x_|) =Ina(z).

Takum 06paszom, HepaBeHCTBO (3.12) BBIIOJHEHO Jisi BCEX S, YJIOBJIETBOPAIONIMX
YCJIOBUTO

1 _
. nog(z_)

Inai(z_) —Inb" (3:13)

CremoBaTeIbHO, BBIIIOJIHEHA OIIEHKA
dim; K <1+ s

JUTs BCEX S, yJOBIIEeTBOpsttomuX HepaseHcTBY (3.13). [lepexons K mpe/ieny, mosryanm
HEPaBEHCTBO

1—Inb/Ina;(z_) (3.14)

BaMeTuM, 9ToO TOUKA T = T_, Y = T_ ABJIAETCS HENOJABUKHOM JJTst 0TOOparKeHns:
F. TIpu sTom
S
ar(z_)ag(z)® =1, (3.15)

rie
1

1—Inb/Ina;(z_)
JIerko BUIETH, 9TO BEIUIHHBI (v (T_) U Qo(2_) ABIAIOTCA COOCTBEHHBIMU 3HATC-
HUAME MaTpuibl SIkodu T¢F' orobpaxkenuss I' B HENOJABUKHOM TOUKe § = T = X _:

—2x_ b
nr- (% 0)
Orciona n u3 pasencrsa (3.15) 1o semme 3.2 ciie/yer, 9To JIOKAJIbHAs JISITYHOBCKAST

pa3MepHOCTh IIOCJIeI0BATEIbHOCT OoTOoOpaskeHnit F* B 9TOH cTallMOHAPHON TOYKe
paBHa

S

1
l—Inb/Inay(z_)"

Orciona u u3 HepaBeHcTBa (3.14) ciiemyer yrBep:KieHue TeopeMbl 3.3.
23
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Bamernm, aro npu a = 1,4, b = 0,3 u3 Teopembl 3.3 MMeeM paBEHCTBO

dim;, K =1,49532...

Paccmorpum cucremy Jlopenta

T =—oxr+ oy,
y=rr—y— 1z, (3.17)
Z = —bz+ xy,

rje r, b, 0 — MOJIOKUTE/IbHbIE TUCTIA.
[IpemonoykuM, 9TO BBITOJTHEHBI HEPpABEHCTBA 1 > 1,

c+1>b>2 (3.18)

Pacemorpum omeparop ciBura mo Tpaekropus cucremsl (3.17) G, tiae T — mpo-
U3BOJILHOE MOJIOKUTEIbHOE dnciio. [lycts K — WHBapuaHTHOE MHOXKECTBO OTHOCH-
TeJIbHO 9TOro oneparopa Gr. Bymem mpesmoaraTh, 9T0 MHOXKECTBO K COIEPKUT

cranroHapHyio TouKy =z = y = z = (. Takoe MHOXKeCTBO M300paskeHO Ha PUCYHKaX
7u8.

Hanum 3necs dopmyity st JISIyHOBCKO# pasmepuoctn dimy K muoxkectBa K
OTHOCHTEJILHO IIOCJIEI0BATE/ILHOCTH oToOpaxkenuit (Gr)*.

Teopema 3.4. [lycmov evinosnens, nepasencmesa (3.18) u
ro*(4 —b) +20(b —1)(20 — 3b) > b(b — 1)°. (3.19)

Toz0a
200+b+1)

dim; K = 3 — :
- oc+1++/(c—12+4ro

(3.20)

HoxkaszarenbcTBo. Marpuna fkobn npasoit wactu cucremsr (3.17) umeer B

—0 o 0

J=|r—z -1 —x

Bsejem Mmarpuity ciieiyromnero Bua

—a! 00
S=| —oc'(b-1) 1 0 |,
0 01



o
e a = . B aTtom cirygae

o+ (b—1)(o —b)

b—o—1 ola 0

§J5-1 — g—az -b —=x
b—1
ay + al ):c x —=b
o
[TosToMy xXapaKTepuCTUIECKUil TTOJTMHOM MaTPHITHI
az 1 a(b—1)
-1 -z Z
b—o -3 3 (ay + > az)
1 1 1 o az
— * = - — — —b 0
2((SJS VH(SJSTH)) i
1 b—1
— (ay + il )x) 0 —b
2 o

nMeeT B/

(>\+b){

Orcrona cieayer, 9TO COOCTBEHHBIMU 3HAYEHUSIMU MATPUITHI

)\2+(U+1))\+b(0+1—b)—<%—%>2} - [a<b_1)x+%r}.

%[(SJS‘I)* + (S5

ABJIAIOTCA BEJIMYNHBI

Ao = —b,

(0 +1—2b)2+ (%U —az)2+ (@x+ay)2]

U3 coorHormennii (3.18) j1erko BUIETH, 9TO A > Ag > As.
Bsesem B paccmoTpenue (DyHKIIUIO JISITYHOBCKOTO THIIA

1/2
Mg = -

2 2

_192 _ 2 2 2_(b_1)22
v(z,y,2) = 5ab*(1 =) { nz” + 92 (Y +2 poan ) IRNCER R
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rae s € (0,1),

9 20\ 2
0= |2/(c+1—2b)2+ o ,

B 4o _a
P)/S_ a/b’ ")/2_27
1 ro — (b—1)2 alb—1
SR S o))
20 o o

PaCCMOTpI/IM BbIpa2KE€HNE

2[/\14-)\2—}-8)\34—1}} =
= _(0-+ 1 +2b) - S<O+ 1) + (1 - 8)@(I7y7 2)7

rie

¢@4h@=:Oa+1—2m?+(%Z_w02+<a®;¢)x+%02)w+

b—1)2
+02{ (—2@710 + QWM) 22 — 2ay9y%—
o

ro —(b—1)>2

—2av,02* + a (2071 + 27, + ’yg) Ty — ’YgCLbZ}.

I/ICHOHBSyH O4YeBUIHOEC HEepaBEHCTBO

1
\/ESE_’_QQua

HOJIyYUM OLICHKY
1, . (20)\°
gp(m,y,z)§4—92+6’ (c+1-=20)"+(—) +

a(b—1)? N a’(b— 1)2] 224

+ {—2@710 + 275

ro — (b—1)2 b—1
Hﬁ—%wf+htﬂwwf+P<%%+%T—J?_L+%)+M2a}w—

—[ysab + 40]2}.
26



BamMeTnm, 9TO apaMeTphbl Y1, Ve U Y3 BBIOPAHBI TaK, IYTOOBI BBITOJHSIIOCH COOTHO-
IIeHne

1 20\ 2
< 1 L p2  o7)\2 <0
go(x7y,z)_492+9{(0+1 2b) —i—(a) +

alb—1)%> a*(b—1)
+| —2av10 + 27 ( ) + ( 5 ) :|$2}
o g
Jlerko nokazarb, uro u3 yciaoBus (3.19) mpu onpejieIeHHBIX BBIIIE MapAMETPAX
Y1, Y2, Y3 UMEeEM HEPaBEHCTBO
alb—1)2  a?(b—1)?
17, 01

—2av,0 + 27, <0.

o
Taxum obpasoM, ipu Beex &, Y, 2

()O(x7y7 Z) < \/4TO— + (J - 1)2 :
Otciona ciaefyer, 9To [ JII000ro ducia
Viro+(c—1)2—2b—0—1
s < 8§y =
Viro+(c—12+o0+1
cytecTByer ucyio € > () Takoe, YTO IPU BCEX T, Y, 2 BBIIOJIHEHA OIEHKA

/\1($,y72> + /\Q(I,y72) + S/\3(.T,y72) + i}(x,y,z) < —€.

YerpeMuB s K Sg CIIpaBa U UCHOIb3YS TEOpEMY 3.2, TMOJYIUM OIEHKY
200+b+1)

c+1++/(c—1)2+4dro

Ucnonp3ys aemmy 3.3 JIETKO BUJIETH, YTO JIOKAJbHAS JISMYHOBCKAsS PA3MEPHOCTD

craruoHapHoit Toukn © =y = z = 0 cucrems! (3.17) paBHa
20+b+1)

- c+1++/(oc—1)2+4dro
U3 coornomenmit (3.21) u (3.22) cremyer dopmyia (3.20).
Vcnosb30Banue aHAJIOTIYHOTO TOJIX0/a ¢ mocTpoerneM (yHKImil JIsmynosa mo3-

BOJIMJIM TIOJIYYUTh (DOPMYJIBI JISIIIYHOBCKON pasMepHOCTH JIJIs aTTPAKTOPOB JIUCCH-
HaTHBHOIO oTobpazkenus Yupukosa [44].

(3.21)

(3.22)
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3akJiroueHue

YyBCTBUTEILHOCTH TPAEKTOPHIl 110 OTHONIEHUIO K HAYAIbLHBIM JaHHBIM HanboJee
aJIeKBATHBI HEYCTONIMBOCTD 110 2K yKOBCKOMY (B HEIPEPBIBHOM CJIydae) U HEyCTOM-
YUBOCTD 10 JISIyHOBY (J1J1sT JUCKPETHBIX JTUHAMUIECKUX CUCTEM).

B omnenku pazmMepHOCTHBIX XapaKTEPUCTUK aTTPAKTOPOB BBeJleHbl (hyHKIun JIs-
nyHoBa. C MX TOMOIIBIO MMOJTYYIeHBI (DOPMYJIBI JISIIIYHOBCKOI padMepHocTu B — at-
TpakTopoB Xenona u Jlopenna. IIpu sToM okazaaoch, 4YTo MaKCUMYM JIOKAJILHOM JIsi-
ITyHOBCKOI Pa3MEpPHOCTH JOCTUTAETCs B THIEPOOJIMIECKOM COCTOSTHUN PABHOBECHSI.
[ToBrmMOMy 3TO CBOWCTBO SKCTPEMAJIHHOCTH MMEET MECTO JJI OYeHb IMTUPOKOTO
KJjacca B — aTTpaKTOpOB.

Pa6ora Beimosnena npu nogep:xkke rpantos POOU (N 01-01-00317 ), Cosera
rOCYIapCTBEHHON TO/Iep:KKY Beaynmx HaydHbix mkoa (N 00-15-96028), a rakxke
nporpammamu “Yuusepcurersbl Poccun” u OIIII “Uurerparus’.
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