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PEHOPMIPYIINIA, YHUBEPCAJIbHOCTb U CKEWJIMHT
B JUHAMUKE OOJHOMEPHbBIX ABTOBOJIHOBbBIX, CPEL

C. II. Kysneyos

Merozom PEHOPMIPYNNBE H3Yy4YaeTcsi INOBCAEHHE ONPEAEJEHHOro KJacca
OLHOMEDHBHIX AaBTOBOJHOBHIX CpeA Yy nopora BO3HHKHOBEHHs JHHAMHYECKOro
Xa0ca. YCTaHOBJIEHK CBOACTBA YHHBEPCAJbHOCTH H MaciiTaGHOH HHBapHaHTHO-

CTH MPOCTPAHCTBA NAapaMeTPOB, H3ydeHH pasjHuHble TUNH Gudypkanuit H xa-

pakTepHble peXUMBl JHHAMHUKH DacCMaTpHBAaeMhIX Cpea.

ITonsitua ckefiimra u  peHopmrpynns (PT), chopmuposabummecs
B KBAaHTOBOH TEOPHH INOJA H B TeOPHHM (pa30BLIX IEPEXOAOB, B NOC/IENHEE
BpeMsl IPHBJIEKAIOTCA JJIsSi H3yYeHHs IOBeJEeHUs HeJMHeAHBIX KoJebaTelb-
HBIX CHCTEM BOJIH3M TMOpOra BO3HMKHOBEHHs IHHaMHuecKoro xaoca [~%4].
O ckeiliMHre TOBOPAT B TeX cJydasiX, KOrZa IpPH HEKOTOPHIX 3HAYEHHAX
napaMeTpoB CHCTEeMbl B Hell peaiausyercss Hepapxusi o6pa3oBaHuil, Momood-
HBIX JAPYr APYTy H XapaKTepH3yeMbIX PasJjIMUYHBIMH NPOCTPAHCTBEHHBLIMH
(unu) BpeMeHHBIMH MacmiTabamH. Touka npocTpaHCTBa NmapameTpos, B KO-
TOpOH 3TO MMEeT MeCTO, Ha3biBaeTcd KPHTHYeCKOil ToukoH. JlcHo, d4TO
CKEeHJIHHT O3HauyaeT UHBAPDHAHTHOCTb AMHAMHYECKHX YPaBHEHHH CHCTEMBI
OTHOCHTEJIbHO HEKOTOpPOro npeo6pa3oBaHMs, BKJIOYAIOIIEro H3MEHEHHe
Macmtaba NPOCTPAaHCTBEHHBIX KOOPAMHAT, BPEMEHH H AHMHAMMYECKHX Iie-
peMeHHbIX. DTo H ecThb npeoGpasoBanme PI. Ilpenmerom PI' ananmusa
fIBJISIETCH, BO-NIEPBBIX, HaXOXJAeHHe AMHAMHMYECKHX yDaBHEGHHMH, HHBapHaHT-
HBIX OTHOCHTe/bHO npeoGpa3oBaHus PTI', u, BO-BTODBHIX, H3yUCHHE BJHSAHHS
BO3MYILIEHHH NapaMeTpoB, BHIBOASIUHX CHCTEMY H3 KPHTHYECKOH TOUKH, Ha
dbopMy 9THX ypaBHEHHH.

Ecau BUJ AHHAMHUYECKHX ypaBHEeHH{l B KpUTHYECKOH TOYKEe OJHO3HAYHO
onpejensiercsi TpeGOBaHHEM HHBAPDHAHTHOCTH NO OTHOIUIEHHIO K Ipeobpa-
3oBanHio PI', To 3TO o3HauaeTr yHHBepCaJbHOCTb CKEHJHHFOBHIX 3aKOHO-
MepHOCTell: OHH OKa3blBalOTCA 0O0yCJOBJeHHBIMH cBofictBamu PI', a He
KOHKPETHLIM BHJAOM HCXOJHLIX yPaBHEHHH, ONHCHIBAIOIIHX AHHAMHKY B 00-
JIACTH MaJbIX NMPOCTPAHCTBEHHBIX M BPEMEHHBIX MacluTa(oB.

B nacrosmeli crathbe ¢ nomompio mMeroxa PI' paccmarpHBaercs mose-
JleHHe HEKOTOpOro KJjacca pacnpejesieHHbIX cHcTeM BOJIM3H Iopora BO3-
HHKHOBEHHMS JHHAMHYECKOTO Xaoca. DTO Hcc/eJoBaHHe NPeACTaBJAT coboi
PasBHTHe NOAXOJa, HAMEYEHHOTo B NpeAbAYyIIHX paborax [>7].

IlpeacraBum ceGe pacrnpeneseHHyIO cpeny, B KOTOPOH KaxKiaas TOUKa
€CThb HeJIHHeHHas JHCCHNATHBHaA cHcTeMa (aBTOKoJieGaTelbHAs HJH BO3-
OyXkjaemasi BHEIIHUM BO3JEHCTBHEM) M MMeEETCS JIOKaJbHasl CBA3b MEXKAY
IPOCTPAHCTBEHHO Pa3fie/IeHHLIMH 3JeMEHTaMH. B TakHX cpeflaXx BO3MOXKHEI
BOJIHOBEIE IIPOLECCHI, XapPAKTEPHCTHKH KOTOPHIX B KaKoH-TO Mepe He 3aBH-
CAT OT HavaJbHbLIX W T'PAaHHYHBIX YCJOBHA u KoTophle, caexys P. B. Xox-
JIOBY, HAa3bIBAIOT aBTOBOJIHAMH.

OCHOBHOE TpeANOJIOXKEHHe, BHIAEJsONIee pacCMaTpUBaeMbll nHajee
KJacc cpel, COCTOHT B TOM, UTO MHAMBHAYaJbHbIE 3JIEMEHTH, H3 KOTOPHIX
CTpPOHTCS Cpefia, — JTO CHCTeMbl, [EeMOHCTPHPYIOLIMe [pPH H3MEHEHHH He-
KOTOpPOro TapameTpa (efireH6ayMOBCKYI0 MNOC/AEA0BAaTENbHOCTE YABOCHHHA
BpemenHoro meproia [!2]. TIocKoJbKY 3TO OJMH H3 THIHYHBIX CIleHapHeB
BO3HHKHOBEHHS] Xa0ca B NPOCTHIX CHCTEMAaX, TO aBTOBOJIHOBBIE CPEABl HaH-
HOTO THIIAa TOXE HIKPOKO pacipocTpaHeHbl. K HHM OTHOCsiTCS, HampuMep,
1) pemeTka H3 HeJHHEMHBIX AMCCHNIATHBHBIX OCUHJISTOPOB TOJ BHELIHHM
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NepHOAWYECKHM BO3/eHCTBHEM, KOTOpas fBJSETCS MOLEIbIO KPHUCTAMIA
B TOJIe ONTHUECKON HMJM aKyCTHUECKOH BOJIHBI, 2) paclpeliesieHHHH KOH-
TakT J{x)o3epcona npu BosfeiictBHH Ha Hero CBY koseGauuii, 3) paauo-
reXHHYeCKHE TeHepaTophl C 3amasjbiBalouleli o6paTHOH CBA3bIO M PS4 ApY-
rux [7].

1. OBOBILEHHASI MOJEJIb CPEJbI

B KauecTBe HCXOAHOTO 3JE€MEHTa JUISl IIOCTPOEHHS pacnpefeseHHOH
cpeinl BhI6epeM MPOCTEHIIYIO CHCTEMY, JeMOHCTPHPYIOLLYIO NepeXoJ K Xao-
Cy uepes yABOEHIs NepHOJA, ONHCHIBAEMYIO PEKYPPEHTHHIM ypaBHEHHEM

Untt (x) - f(un) . (l)

31ech un, — nepeMeHHas, XapakTepH3yloLlash COCTOSIHHE CPeAbl B MOMEIT
Bpemenu n, f(u) — romagkas QyHkuus, 3aBHcAllas OT mapaMerpa A, KO-
TOpasi 0To6pakaeT OTPE30K OCH U B celGs ¥ MMeeT Ha 3TOM OTpe3Ke ONHH
mpocToii 3KCTpeMyM, Hanmpumep, f(u)=A—u? npu 0<<A<<2. ([nsynoberBa
Bcerja GYAeM OTCUHTHIBATh BEJHUYHHY # OT TOYKH 3KCTpPeMyMa.)

PaccMoTpuM Temepb OAHOMEPHYIO Cpelly, COCTOSTHHE KOTOPOH B n-ii
MOMEHT AMCKDETHOTO BpeMeHH 3anaercss ¢yHKUHell NPOCTPAaHCTBEHHOH KO-
OpPAIHATH U, (x). IlycTh M3MeHeHHEe COCTOSHMSI 3a OJNMH BpPEMEHHOH miar
onpejensieTcsi ypaBHEHHEM

. Unti(x) = Flun], (2)

rae F — HeanHefiHbifi onepaTop, WHBapUaHTHBII MO OTHOMIEHHIO K IPOCT-
paHCTBeHHBIM caBUraM. UYToGbl cpely MOXKHO OBLIO paccMaTpPUBaTh Kak
COBOKYIHOCTb 3JIEMEHTOB, ONHCBIBaeMbIX ypaBHeHHeM (1), morpe6yem, yTo-
Obl mpu AeHCTBMH Ha He 3aBHCsLIEe OT X cocTosiHMe u oneparop F cBo-
nuacs kK GyHkuud f(u), yzoBaeTBopsiouleil chopMyJHPOBAHHBIM paHee yc-
JoBUAM. I[Ipeanosoxennss, KOHKPETH3UPYIOLIHE XapakKTep CBS3H MeXAY
IPOCTPAHCTBEHHO pa3Jie/IeHHbIMH 3JIeMEHTaMH cpefbl, OyIAyT CHAeJaHbl
HHXKe.

CoryacHo [:8], ypaBHeHue (1) MOXKHO NPHMEHSITH MJISI KOJHYECTBEH-
HOTO ONHCAHHSA Iepexofa K Xaocy B JIOGHIX THIHMYHBIX HEJHHEHHBIX AMC-
CHIATHBHbIX CHCTEMaX, JIeMOHCTPHPYIOIIHX YJABOEHHS NEepHOAa, B TOM YHC-
Je H B CHCTeMaX, OMMCBIBaeMBIX AHGGEepeHIHaJbHBIMH YPaBHEHHSIMH; NPH
5TOM HEOOXOAMMO JIMIIb IPUAATH HAJJEXAINYyi0 TPAaKTOBKY IepeMEHHOH u
U JHCKDETHOMY BpeMeHH n*. MoOXHO OXHJATh, YTO B TaKOM JKe CMBICJIE
MoZesb (2) mpUMeHHMa K IUHPOKOMY KJaccy paclpefeseHHBIX Cpel, B TOM
YHCJe K CHCTeMaM, ONHCHIBAEMHM HEJHHEHHBIMH YPaBHEHUSMH C YaCTHHIMH
IIPOH3BOJHEIMH,

2. PEHOPMIPYNINIOBOM AHAJIN3

2.1. IMocrpoenne npeoGpasosanus PI. ITo anamoruum c ['] nepefigem
oT onepaTtopa (2) K omepaTopy, ONMHUCLIBAIOLIEMY 3BOJIOIHIO CPEAbl 32 JABA
BPEMEHHBIX IIara W BBHINOJHHM JOIOJHHTEJNbHO Npeo6pa3oBaHHE MacCIITa-
6a S:

Su(x)=au(bx), 3)

rie a ¥ b — KOHCTaHTH, NOAJEXKAIMe ONpenejeHHo. B pesyapTaTe mosay-
yum onepatop Fi[u]=SFFS—[u]. IloBTOpsis 3Ty mnpouexypy MHOrOKpaT-
HO, TIPUXOJMM K PEKYyPPEHTHOMY COOTHoUIeHHIO [7]

* [Ipoueaypa mepexofa ot Aubdepenuuanpubix ypasilenmi kK orobpaxennio (1)
cocrout B caepyioueM. CHayaja BBHUIOJHSIOT CeueHHe (ha30BOrO NPOCTPAHCTBA HEKOTOPOH
NOBEPXHOCTBIO U OrPAHMUYMBAIOTCS PACCMOTpPEHIIeM IHCKPETHOro HaGopa COCTOSHHI CHCTEMBI
B Te MOMEHTH, KOTAa (a3oBas TPAeKTOPHs nepecekaeT mosBepxHoctb. FI3-3a AuccuHnaTuB-
HOCTH CHCTEMH /oGOl 3JjieMeHT (pa3oBoro o6beMa mperepneBaer 3a GoJiblIOe BPeMsl CHJIb-
Hoe cxarue. [To3TOMY npH ONHMCAaHHH JAMHAMHKH Ha GOJbBIIMX BPeMEHHHX HHTepBajax
oToGpaeHHe CeKylleli MOBEPXHOCTH B ceGs CBOAMTCA K ypaBHeHHio Tuma (1), npuuem
nepeMeHHas 4 OTBEM2eT TOMY HanpapJeHHIO B ()a30BOM MPOCTPAHCTBE, NO KOTOPOMY
CTCMEHb CXKaTHs MHHHMalbHa. (B o06sacTH CTOXaCTHUECKHX pPEXHMOB CJeJlyeT TOBODHTb
yXKe O pacTaxelHH no HampasjeHmio u.) Eciau moaydyennas B pesyJbTaTe 3TOH NpOLEAYPH
¢ysRuus f(u) yRoBierBopsier cHOPMYJNHPOBAHHHIM YCJIOBHSM, TO 3TO H O3HayaeT CyULeCT-
BOBaHHE B CHCTCMe (eiiren6ayMOBCKOTO ClieHapHA nepexofa K xaocy.
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Fp[t] =SFn_1Fn_iS4[u] . (4)

dto u ecth ypaBHenue PT. Onepartop F, npeicrasiser coGoli onepaTop
3BOJIIOLUHM CPejnl 3a 2" maroB BpeMeHH (C NepecuHTaHHbBIMH MacuTabaMu
BeJHYHH 4 H x). Jlanee Mp ucnoab3yeM ypaBHenHe (4) mJsi  u3yueHus
noBeJieHHss onepatopoB F, B acHMOTOTHKe Goabwux n. Tem caMbim Gyner
noJjiyueHa uHdopManusi 06 SBOJIOLMH CHCTEMBI Ha GOJIBLUIHX BPEMEHAX, 4TO
H COCTaB/IsIeT OCHOBHONH NpeIAMeT HCCJAeJOBAHHS B 3ajlaue O Nepexofe
K Xaocy.

2.2. Henoasuxuasi touka PI npeoGpasosanus. PaccMoTpuM cayuai,
KOTZla «3aTPaBOYHBIH» ONEpaToOp IBOJIOHH 32 OJMH ILIar HMEeT BH]

Folul={f(u), (5)

A A
rae ! — nuHefiHbifi wWHTerpajbHbIK onmeparop: lu(x) = 5 I(x—E)u(k)dE.
[MotpeGyem, uTo6Ll crekTp 3TOoro omnepartopa [(k) =S [(x)e—it*dx GbLn

YeTHOH aHaJMUTHYECKO# (pYHKIHeHl BOJHOBOIO YHCJAa kR ¥ NpH BCcex HeHcT-
BuUTeIbHBIX R5=0 ynosJaerBopsii HepaBeHcTBY |[(R)|<1. Ilpu manmix &

1(k) = 1—D¥%24-0 (kY) , (6)

rie D — koncranta. BeiGop onepaTtopa 3soJionun B ¢dopme (5) orseuaer
BBEJIEHUIO MeX/Jy NPOCTPAHCTBEHHO pa3JeJeHHBIMH 3JeMEHTaM# Cpelbl
TaKo#l CBfI3H, KOTOPAasi CTPEMHTCS] BLIPOBHATb HX MTHOBEHHbIE COCTOSIHHS,
T. €. CIOCOGCTBYeT 3aTyXaHHI0 KOPOTKOBOJHOBBLIX BO3MYLIeHH#l. IDTOT THII
CBSI3H ecTeCTBEHHO Ha3BaTh AHPdy3uoHHbiM. Beawuuna D onpegeasier
MacwTab AJMHB, Ha KOTOPBIA pacnpocTpaHsieTcsl BJHSHHE CBS3H 32 ONHMH
BPEMEHHOH ar, H MOXeT OHTh Ha3BaHa AH(PGY3HOHHOH NJIHHOM.

Ilyctb nmapamerp A paBeH ¢eiiren6ayMOBCKOMY KPHTHYECKOMY 3Haye-
HHIO Ac, a2 MacmTaOHbIE KOHCTaHTHl @ M b BHIOpAaHB PaBHBIMH COOTBETCT-

BeHHO —2,5029... u ¥ 2 (A — TOYKa HakKomJeHHs OHdypKaLuil yABOEHHS,
@ —oJHa W3 YHHBepCaJbHBIX KOHCTaHT Defiren6ayma ([1:2]). Toraa nocae-
JOBaTeJbHOCTh onepatopoB Fn, mopoxpaeMasi ypaBHeHHeM (4) c Hadajb-
HBIM yciaoBueM (5), uMeer peryaspuulii mpexea G=lim F,. 9To yTBepXk-
JleHHe JoKa3aHo B pa6ote .[7] mis yacTHOro cayyasi, Korja omnepartopsl Fn
JlefiCTBYIOT Ha CJ1a0GOHEOAHOPOAHBIE COCTOSTHUS

u(x) = utev(x), (7)

rie u He 3aBHCHT OT X, & —'GeCKOHEUYHO MaJjas BeJuuHHa. Mul cuuTaem,
OAHAKO, YTO OHO CNPaBeAJHBO M [JIsi IPOU3BOJNBHBIX HEOJHOPOIHBIX COCTOf-
uuii. Kak GyJeT BHAHO M3 YHCJAEHHBIX pe3yJbTaToB (pask.3), 3To mpeano-
JIOXXEHHE NPHBOAHT K NPaBHJbHLIM NPEACTABJEHHSM O CKEHJIHMHIOBLIX CBOH-
CTBaX paccMaTpHBaeMHIX Cpel.

IMpepenbuuiit onepatop G yZOBJAETBOPSIET ONEPATOPHOMY ypPaBHEHHIO

G[u] = SGGS1[u] 3)
H, coryiacHo [7], npubauxenHo BbIpaxaercst B BHAE )
Glu] = exp(D?0?/0x*) g (u) , 9

rae g — ¢yukunsi Peiiren6ayma [1]. Omnepatop G — 3T0 HeNoOABHKHAS
Touka ypaBHenusi PI' B npoctpancrte oneparopos. OH yHHBepcajieH B TOM
CMEICJI, UTO HE 3aBHCHT OT KOHKpeTHoro BeiGopa (yHkuun f u omepartopa

A
! B 3aTpaBouHOM omnepatope (5).

2.3. Pemienne ypaBHeHuss PI BOaAuM3M HenoaBHXKHOA TouykH. Ilycrtb
nuMeercsi cpeia ¢ AHGPY3HOHHOH CBA3BI0 MEXKAY COCTaBJISIOIHMH €e 3Jie-
MElTaMH TIPH KPUTHYECKOM 3HaueHun napamerpa A.. Ilycts, manee, mbl
CJerKa <HCIOPTHJM» €€, BBeJsl AOTOJHHUTENbHYIO c/1abylo CBf3b HHOTO THIA

890



Hau u3MeHuB A. (BoamylleHus He HapylIalOT TPAHC/SLHOHHYIO HHBapPHAHT-
HocTb 3ajaun!) Kak H3MeHHTCS BHJ OmepaTopa 3BOJIOUMH 3a GoJbiioe
YHCJIO IIaros?

Byaem uckaTh pelieHne ypaBHeHus (4), 6auskoe K G, B BHAE

Fplu] = G[u]+pHnlu], p<1. (10)
IMopcrasasiss (10) B (4) u npeHeGperast ujJeHaMH MOPAAKA p?, MOJYYHM
Hp[u]=SG’ (GS—u)Hp 1S [u] +SH,1GS[4], (11)

rae G’ (GS—'u) — npoussBognas Ppeure oT onepatopa G. YpaBHeHHe (l—l)
A

A

umeer CTpyKTypy Hn[u]=MH, 4[u], rae M — nunefisnifi omepaTop.

AcuMnTOTHKa €ro pelleHHsi NpH GOJbUIMX fn GyAeT onpefessaThes Cylepro-
: A

3uIHel Tex cOGCTBEHHBIX BEKTOpPOB omepatopa M, KOTOpPHIM OTBEYaloOT
coOCTBEHHBIE UKCJIa, PEBLILAIONIHE 10 MOAYJIO eIHHHIY M KOTOpHie Oynem
HasblBaTh cyluectBeHHpiMH*. MTak, Mbl NpHXOAMM K ONEpaTOPHOH 3ajaue
Ha cOGCTBEHHBIE BEKTOPBI U COOCTBEHHBIE 3HAUEHHS

vH[u] =SG’ (GS-tu) HS-[u] +SHGS[u] . (12)

A

Kak nokasano B [Ipusioxenun 1, onepatop M uMeeT yeThIpe CyLIECTBEHHBIX
coGcTBeHHBIX BekTopa M, [u), i=0, 1,2, 3, KOTOPHIM COOTBETCTBYIOT COGCT-
BeHHble 4YHcaa vo=0=4,6692.., v;=—1,7698..., wva=1,4142..., v3=
= —1,2512... IToatomy jJs1 omepaTopa 3BOJIOLHH 3a 2" LIArOB NOJy4YaeMm
BhIpaXKeHHe

Fulu]l=G[u]4Ad" hy[u]+tav? b [u]4BvE ho[u] +yvi Bs[u], (13)

npH4eM BHJA HadaJbHOTO BOo3MylleHHsi eHo=F—G onpexenser TOJbKO
3HAYeHHs KOHCTAHT A, a, B, y. DTH KOHCTAHTHl HI'PAIOT POJb CYLIECTBEHHBIX
napamMeTpos 3ajgauyd. BeauunHa A XapaKTepH3yeT OTKJOHEHHE YIpaBJslo-
1mero mapamMetrpa A OT KPHTHYECKOH TOUKH: A=A—A, a NapameTpH
®, B, y— pasiuuHbie THOBI CBSI3M MEXAY 3JEMEHTAMH Cpelbl, KOTOphle
MOTYT CyllleCTBOBaThb B JONOJHeHHe K Auddy3HoHHO# cBsAsnm (cMm. Ilpu-
noxenue). M3 cootHomenus (13) BHITEKalOT CJeAYIOLIME BaXKHHIE BHIBOJHL.

Ynusepcasvrocre. Ecam wHcxomuwulii onepatop ssoswounu F 6ausok
K HEMOJBUXKHOHA TouKe G, TO omepaTop 3BOJIOUHH 3a 0OJbIIOE YHCJO Bpe-
MEHHbIX IIaroB IOJHOCTbIO ONpejessieTcss YeTHPbMsl KOHCTaHTaMH A, a, B, y.
IMosTomy 06GsiacTH pa3/HYHBIX PEXHMOB AMHAMHKH Cpelbl B NPOCTPAHCTBE
3THX MapaMeTPOB HMEIOT YHHBEPCAJbHYIO CTPYKTYpy, He 3aBHCSILYIO OT
KOHKPETHOr0 BHJa HCXOAHOI'O ONMeparTopa.

Macwrabnas uneapuantrocrs. Kax suaso u3 (13),Bun omepatopa 3Bo-
JIOLUH HE MEHsieTCs NIPH BBHINOJNHEHHH 3aMeHsl n—>n-k, A—A6*, a—avi®,

B—>Bv3* y—>yv3*, rme k — mo6oe unenoe umcio. ClefoBaTENbHO, B TOUKE
Ad~*, avy® Bv;® %% nosKHBL peanusoBAaThCS TAaKHE Ke PEXUMbl JHUHA-

MHKH Ccpelbl, KakK H B TOuke A, a, B, y, HO C yBeJHueHHHIM B 2%/2 pas
NPOCTPAHCTBEHHHIM H B 2% pa3 BpeMeHHbIM MacluTaGoMm.

3. HCCJIENOBAHHUE CTPYKTYPbl TPOCTPAHCTBA ITAPAMETPOB:
PEHIETOYHBIE MOJEJNY U YHCJHAEHHDBIE 3KCNNEPUMEHTbI

B cuay ycTaHOBJeHHO#i B NpeAblAylleM pasjele YHHBePCaJbHOCTH
OJisi BBLISIBJEHHS CTPYKTYPBI TPOCTPAHCTBA NapaMeTPOB BOJH3H KPHTHYE-
ckoit Toukd (Ac, 0, 0,0) MoxHO uMccaefoBaTh JIOOYI0 KOHKPETHYIO CHCTEMY
paccMaTpuBaeMoro kjaacca. Isis YHCJIEHHBIX 3KCIepHMEHTOB HauboJjee
YAOGHBEI pelIeTOYHble MOJEJNH, B KOTOPHIX JMCKPETH3HPOBaHAa He TOJBKO
BpeMeHHasi, HO H NMPOCTPAHCTBEHHAsl KOOPAMHATA.

* Kak u B Teopun Peiirenbayma [ 2], u3 uncna cyuwecTBeHHHX COGCTBEHHBIX BeK-
TOPOB HaJO HCKJIOYHTb T€, KOTOpble CBA3aHbl ¢ HH)HHUTE3UMAJbHHIMH 3aMeHaMu nepe-
MeHHHIX. Jlanee 3To caenano 6e3 JONOJIHHTENbHEIX OrOBOPOK.
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Mogenb cpeant ¢ umctoll nudGY3HOHHOH CBSI3bI0 MEXKAY COCTaBJSIO-
IHMH ee dneMeHTaMH (o==P=7=0) MOXKHO MNOJYYHTb, 3alaBasg Ha AHUC-
KpeTHOfi pelleTKe onepaTop 3soJionun BuAa (5). Iloaxomsmum npumepowm
ABJISICTCA MOJEJNb, ONHCHIBAEMAS YpaBHEHHEM

A
Untt,m = L(A—u] ), (14)

rae #it — AHCKPETHasd MPOCTPaHCTBEHHAs KOOpAHWHATA, 1 — AUCKPETHOE Bpe-
A

Msi, [ — omepaTop ycpeXHEHHs MO TPeM y3JaM pelIeTKH:

Tom = (1/3) (Vmet + Om + Umi) - (15)

Jdunamuka Mojenaefi Takoro THna usyyanaach B ([»7]. 3pecs GyayT pac-
cMaTpHBaThesl GoJiee CJA0XKHBEE MOJENH cpel, B KOTOPbie MOC/ACN0BATEAbHO
BBOJAMTCS KaxX/Iblll M3 THIOB CBA3H, XapaKTepH3yeMHIX NlapaMeTpaMu o, f,
y. O6wufi MPpHHDUN KOHCTPYHPOBAHUS TaKHX MojJeJsell COCTOIT B TOM,
uroGhl N0GaBAsATh B ypaBHeHHe (14) pomosHHMTeJNbHBIE uJeHH, o6paiiaio-
IiHecs B HYJb B cJyuae IPOCTPaHCTBEHHO-OAHOPOJHBIX cocTOstHHH. CTpyK-
Typa 3THX WIEHOB BHIOMpaeTcsi Ha OCHOBaHHH pe3yJbTaToB IIpuioxenus 1
COOTBETCTBEHHO CBOficTBaM omepaTopoB A;[u] (xapakTep 3aBHCHMOCTH OT
U CHMMETPHSl WJIH aHTHCHUMMETPHS IO OTHOLIEHHIO K H3MEHEHHIO ODHEH-
TauMH KoopiuHaTHO# ocu). OrpaHHuMMcs aHAJH30M CHCTEM AacCHMITOTH-
yeckll OOJBINOI JJHHEBI, BbIGHpass ee Tak, 4ToOBl OHa He BJaMsJa Ha OH-
(ypxauHOHHbIE 3HaUEHHS OCTAJbHLIX NapaMeTPoB.

3.1. PaccmoTpuM cpeny, B KOTOPOH NPHUCYTCTBYET THII CBA3H, Xapak-
Tepu3yeMblii mapameTpoM «. YTo6Gb BBEeCTH CBSI3b 3TOrO THIA B MOJeJb
(14), nyxHO JOGaBHTh K BHIPaXKEHHI0 B CKOOKaxX HEJOKaJbHBIH UJeH,
MEHSIOIINA 3HAaK NMPH M3MEHCHHH OPHEHTAalHH KOODAHHATHOM OCH M 3aBH-
CALIMA OT # COOTBeTCTBEHHO cobcTBeHHOM ¢(yHKuuM @4 (¢) '(IIpunoxenne
1). Urak, o6paTUMcs K M3YYEHUIO CAEAYIOLIEH MOLEJIH:

A
Untt,m = l[},——ui’m + a(1—0,1764Un,m) (Un, m+1 — Un,m-1)], (16)

A
rae ! — onepatop ycpennenus (15). I'paHuudble yc/oBHSI 3aafiuM B BHAE

un,O = Cy, un,L=02 ’ (17)
rae L — AnuHA CHCTEMBI, €; U C; — KOHCTAHTHI («3aKpEMJIEHHbIE KOHIBI).
A -2
[ 4
1,25 7
[ 2 - 5
- B £60AHb1
1,0 |-
AV T T 3
S 4 1 (
0,75—=—= A ‘ : 4
0 0,2 04 ot -8 -4 fn ot
a) 8)

Puc. 1. Ilnockocts mapamerpoB mojenn (16). CsersnbiM mokasa-

Hbl 06JIaCTH PeXHMOB, 006J1a1aI0lBX IPOCTPAHCTBEHHOR OMHOPOA-

HOCTbIO BJalH OT KpaeB cpefbl. 3akpalileHH O06GJacTH CyLiecT-

BEHHO HEOAHOPOAHBIX pexuMoB. Te ke 0603HAYEHUS NPHHSATH
Ha puc. 4 u 7

PeaysabTaTsl YHCJAEHHOTO HcciaefoBaHHs Mozean (16) mpexcrasJcHb
Ha puc. 1, 2. Ha puc. 1 nokasana dyacTb IJIOCKOCTH NapaMeTpoB (o, A),
npuacraromas Kk kpuruyeckoii Touke (0, Ac). Puc. 2 maaroctpupyer npoct-
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PaHCTBEHHO-BPEMEHHYI0 JHHAMHKY CPeAbl B Pa3/HUHHIX 06JacTAX MJIOCKO-
CTH NapaMeTpoB. AHajJM3 3THX De3yJbTaTOB BBHISBJASET TPH THIA GHOYP-
Kanui.

4 AT, 6204

Puc. 2. TIpoCTpaHCTBEHHO-BDEMEHHBIC AMATPAMMBI, HJUIOCTPHDYIOUIHE JHHAMUKY CPEHBL.
Koopaunata OTCUMTHIBaeTcsi MO TOPU3OHTANY, BPeMs — MO BEPTHKANM BHHU3, SHAUEHHS U
B Pa3JHUHEIX TOYKAaX XapaKTePH3YIOTCH SAPKOCTBIO CHMBOJIOB.

Ecau Mb Haxonumcs Ha Oudypxaunossoit nquxauu I (puc. 1), T0 BO3-
MOXKHa CHTyalus, KOTJa cJeBa OT Y3KOH NepexoJHoi 06JacTH 3JeMeHTHI
NpeGLIBAIOT B COCTOSIHHH C BPEMEHHBIM IEPHOJOM I, a CIpaBa — C BpPeMeH- .
HHM mepuonoM 2 (puc..2a). Ecam casuuyTbes ¢ OHYyPKaLHOHHOH JIMHIIH
BJIEBO HJIM BBEpDX, TO NepexofHasi 06JacTb HAayHEeT CMeUlaThcs COpaBa Ha-
JIeBO, TdK 4TO B KOHIle KOHIIOB BCA Cpefa OKa)eTcs B COCTOSIHHH C Ie-
puosoMm 2 (puc. 26). Ecau e CABHHYTbCS € STOH JIHHHM BIPAaBO HJM BHH3,
TO mepexojHasi 06/1acTh HAa4YHET CMeIaThCs HANpPaBO M BCA cpeja IpHAET
B COCTOSIHHE C BPeMEHHBIM nepuojom I (puc. 2B).

Eciu Mbl HaxomuMcsi Ha GuoypkanuonHo#t Jgaunuu II, BoaMoxHa cH-
Tyallusi, KOrJa B cpefie UMeeTcsd 06J1acTb, B KOTOPOH 3JeMeHTh HaxoJsTCs
8 cocTosiHuM nepHoxa I (caeBa), u objacTb Gerymiux BoJH (cmpaBa), pHC.
2r. OHM pasfelieHbl NepexoAHOH 06/1acThio, KOTOpast UTPAeT POJb BHYTPEH-
Hero HCToyHMKa Oerylmx HampasBo BOJH. [Ipu yBeanuennu A obJjacTh-
HCTOYHHK HAUMHAeT JBHTAThCH BJEBO, TAK UTO B KOHEYHOM HTOTe BCS Cpe-
Ila OKasbiBaeTcsl BOBJEUYEHHOH B JBIIKEHHe THIA Oerymux BogaH (pHC. 2I).
IIpu ymenbuieHud A 06JacCThb-HCTOYHHK HauMHAeT [BHraTbCH BIPABO, H
B KOHLE KOHIOB CpeJla OKasblBaeTcss B COCTOSIHMM mepuoja I (puc. 2e).

Budpypraunonnas gunus III paspgensier pexkum Geryuiux BOJH U pe-
kUM mepuona 2. IlpociaenuM, Kax IPOMCXOAHT CMEHA peXHMa NpH nepe-
xXojJie uepe3 3Ty JHHHIO. IIycTh cHayana 3HaucHHe ¢ 6oJablie GHMYPKALHOH-
Horo. Torza, Kak y»e rOBOPHJIOCH, B cpefc HMeeTcsl 006J1aCThb-UCTOYHHK,
KOTOpas HCIyCcKaeT BOJIHBI HaNlpaBo, a caMa ABuxKeTcsd HaJjeBo. [ofing
[0 TpaHHLBI Cpelbl, HCTOUHHK OCTAHABJMBAETCS, HO HE HCUe3aeT, Tak YTO
pexum Oerymux BOJH NPOAOJKaeT cyllecTBoBath. Korza mnapamerp o
npubamKaercs K Touke OGHGYypPKaluH, AJHHA BOJH, KOTOPhLIE HCIYCKAIOTCS
HCTOUYHHKOM, HAXOASIIIAMCS y T'PaHHUOBI CPeAbl, YBEJHUHBAETCS W CTpe-
MuTca K 0eckoneuHocTH. Ilociie mpoxoxacuus TOYKH Oudypkaumn Gery-
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He BOJIHLI GoJiee He HCIYCKAalOTCA, a CPefa OCTaeTCs B COCTOSHHH C Bpe-
MEHHBIM NepHoJOM 2.

B Ilpunoxenuu 2 nokasano, uTo 6udypkanuu I u II obycuaoBaenst
CMeHOfi HeyCTOHYHBOCTH NPOCTPAHCTBEHHO-OJHOPOIHOTO COCTOSIHHS C KOH-
BEKTHBHOM Ha a6coaioTHYIO ([°] ¥, TakuM 06pa3oM, He HMEIOT TOYHBIX aHa-
JIOTOB B TEOPDHH COCPEAOTOYEHHBIX cCHCTeM. B wyacTHOCTH, Anag 3THX GubYDp-
Kauui xapaKTepHO HeOOLIYHOEe coueTaHHe CBOHCTB MATKHX M JKECTKHX Iie-
PEXO/0B: C OIHO¥ CTOPOHBI, OHH O6paTHMHl (HeT THCTepesuca), ac Apyroi,—
CONPOBOXKAAIOTCS KOHEYHBIM H3MEHEHHEM COCTOSIHMS CPEXbI NPH MaJiOM H3-
MEHEeHHH ynpaBJsiomux napaMmerpoB. budypkamua III ceasana c sBae-
HHSIMH Ha Kpamo Cpefbl, TJe OTKJOHEHHEe OT NPOCTPAHCTBEHHOH OAHOPOA-
HOCTH CYIIEeCTBEHHO H IO3TOMY He OOHapyXKHBaeTCsi B paMKax HPOBeEH-
#oro B IIpuioxennu aHa/nu3a Ha HEyCTOHYHBOCTD.

3aMeTHM, 4TO H3MEHEHHe 3HaKa NapaMmeTpa o KBHBaJEHTHO H3MeHe-
HHIO ODHEHTAallHH OCH KOOPAMHAT; IpH 3ToM (dopMa OGH]ypPKaUHOHHBIX JIH-
HHH ocTaeTcsi TO# xKe.

CorsnacHo pesysabraTam PT' aHanW3a, MJIOCKOCTb NMapaMeTpPoOB IOJIKHA
,00/121aTh -MaclITa6HO-HHBADHAHTHOH CTPYKTYpOi BOJM3H KPHTHUECKOH
rouku (0, A.). HefictBuTenbHO, U3 pUC. | MOXKHO BHAETb, YTO OOGCYXIaB-
mascss KoHoburypanus obnacreii # GHPYPKANHOHHBIX JHUHHH MHOTOKPaTHO
TIOBTOPsieTCA B yMeHbIIAIOIHKXCA MacliTabax NpH NPpHOIHKEHHH K KPHTHUE-
cKoii Touke. B acumnrotuke ¢opma obGiacTell CTAaHOBHTCS YHHBEpPCAJbHOH,
YTO OCOOEHHO HarJIIAHO BHIHO B JOrapudMHYecKMX KOOpAHHATax (pHC.
16). Kosadduuuents mogoGusi COOTBETCTBYIOT OxHAaeMbiM (8 mo ocu A
H v4 TIO OCH ar).

B y - DR

Puc. 3 NEeMOHCTPUPYET CKeHJIMHT pPeXHMOB JHHAMHKH Cpelbl, peasH-
3yIOIUXCA B JABYX TOYKAaX MJOCKOCTH NapaMeTPoB, AJs KOTOPHIX 3HAUEHHT
A—Ac oTanuaiorcst B §% pas, a 3HaueHHs o B vi pas. Kak nokasmiBaer cpas-
Henue puc. 3a u 30, BO3HHKAWI¥E B cpefie CTPYKTYPH NOLOGHBI, MpHYEM
IPOCTPAHCTBEHHBIH MacluTab oTauuaeTcds B [Ba, a BPEeMEHHOH B UeTHIpe
pasa. 3aMerum, 4TO ecjau Obl NPOBOAMJOCH NpeobpasoBaHHe NapaMeTpoB
BO H 'VI pa3 ¢ HGYETHLIM 7, TO €ro HY2XKHO 6110 Obl JOINOJIHUTL H3MEHe-
HHEeM OpHeHTauuu KoopiuHaTHo# ocu. (ITocuaennee cBs3aHo ¢ TeMm, 4YTO
v1<0 H NpH r-KpaTHOU NepeHOPMHPOBKE o, MEHsET 3HaK.)

3.2. IlepeifiieM K H3yuY€HHIO CPejbl, B KOTOPOil HMeEeTCs THI CB3H,
XapakTepudyeMblii nmapaMeTpom B. BBeleHue 3TOro THma CBSI3H OTBeYaer
Tako# CHTyauuu, Korjga Kpome auddy3un umeercs CHOC C IOCTOSIHHOM
ckopocthio. ®urypupyrouuii B (5) JHHENHBI onepaTop AOMXKeH ObITH 3a-

AA A

A
MeHeH npu 3ToM Ha [Ag, rae Ag — omepatop caBHra: Agv(x)=v(x—p).
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A .
Cnektp onepatopa [Ag Gymer numets Bug [(k)eibr=1-+ipk— (D2 p2/2) k24
+0(&2). liToém CKOHCTPYHUPOBATL PCLIETOYHYIO MOJeNb, MOAHGHLHPYEM

onepatop / B ypaBHeHuu (14) Tak, 4TOGHl €ro CIEKTP COOTBETCTBOBAJ
NpH MaJibiX & NPHBEJAECHHOMY BHIPa)KeHHIO. JIJI 3TOTO MOMKHO TOJIOXKHTD

A
[om = p1Um—y + (1—p1—p2) Um~+P2Vm+1, (18)
pr2= (1/2) ((1/2) FB+p%), D= (1/2).

['panununble yc/J0BHSI HAa KOHIAX CPeAbl NMO-NpeXHeMy 3afialuM B BHAe (17).
Ha puc. 4 noxkasana cTpykTypa IJIOCKOCTH napameTpoB (f, A) BOIM3H
kputuueckoit Touku (0, A.). Kak u B npeaviaymem cayuae, nudpoi I orme-
uyeHpl OudypKaLHOHHBIE JHHHUH, OTBeYaloOllMe M3MEHEHHIO HanpaBJeHHs
IBHKEHHS (POHTA NepeKJIOYeHHS MEXIy COo-
CTOSIHMSIMH C Pa3JHYHBIM BPEMEHHBIM IEPHOAOM. o
dra Gudypkaunus CONpOBOXKAALTCS CMEHOH Xa-
paKTepa HEYCTOHYHBOCTH N POCTPAHCTBEHHO-OX-
HOPOJHOTO pexHMa C KOHBEKTHBHOH Ha alco-
motuyw (IIpunoxenue 2). Ludpoit IV orme- 14
yeHa GudypKauus, KOTopas COCTOHT B CJAeAyio-
meM. Ecau Mpl HaxoguMcs cjaeBa oT Gudypka-
IHOHHO# JIHHHHK, TO B IIOFPAaHUYHOH 30He BOMH3U
JIEBOTO Kpasi Cpelbl 3aBUCHMOCTb BeJMYUHH U
OT KOODAMHATH HMeeT BHJ Kose6GaHuli, 3aTy- 7 f ,
XalomHuX Nnpu yaajesduu ot kpas. Ilo mepe mpu- 0 02 04
6anxKeHuss K OMQYpPKaUHOHHOH JIHHHH NPOCTPaH- Puc. 4.

CTBEHHHIH NEKPEMEHT 3aTyXaHHs yMeHbLIAeTcs H
Ha caMoil JHHHH oOpamaeTcsi B HyJb. [Tocae 6udypkauuu Bcs cpela oKa-
3LIBA€TCSI B HEOAHOPDOAHOM COCTOSIHHH, KOTOpPOe BJaJH OT JEBOH I'DaHHUILI

IBJISIETCS] NPOCTPAHCTBEHHO-NEPHOANYECKHM. BpeMeHHOA NepHOA pexHMa
oCcTaercsl TeM Xe, 4yTo M Ao Oudypranuu.

rne

13

06 p

81 p=052
Puc. 5.

. 3} B »{3;%2%5

895



O6uee npeacraBjeHHe O TPOCTPAHCTBEHHO-BPEMEHHOH JHHAMHKe
cpeibl B PasjMyHBIX 00JacTsX IJIOCKOCcTH napamerpoB (B, A) naer pHc. 5.
Bce pHCcyHKH (a—e) OTHOCATCS K OZHOMY H TOMY e 3HaueHHI0 A=1,45
¥ PaclnoJIoXeHH B NOpsjiKe BodpacTaHus napamerpa f. IIpu =0 ‘umeem
cpely ¢ CHMMeTpPHYHOH Au(Qy3HOHHOR CBsI3bIO, B KOTOPON peasn3yercs
croxacTHueckuit pexum [7]. CroxacTHueckasi JAHHAMHKA COXpaHseTcs H
NpH MaJblX P, OTAMYHBIX OT HYJS .(XaoTHYecKHe Gerymue BOJIHBI Ha pHC.
5a u 6). Ilpu yBesnueHHu P Xaoc HcUe3aeT H NOSBJAETCH KBa3HICPHOILH-
4ecKhil pexkuM Oerylux BoJH (pHC. 5 B,T), KOTOPble TEHEPHPYIOTCA Y Je-
BOTO Kpasi CpeAbl M yXoAaT HampaBo. IIpu JaJjbHefimeM yBesJuueHHH
Geryuyie BOJHBI TaKMe HCYe3al0T H BO3HHKaeT COCTOSIHHE CpPeis ¢ Bpe-
MEHHBIM NCPHOAOM 4, KOTOpOEe XapaKTepH3yeTCsl CJOXHOH NPOCTPaHCTBEH-
HOf cTpykTypoii (puc. 5x). Ilocse mepeceuenuss 6ndypKauHOHHON JHHUH I
peasusyeTcs OZHOPOAHOE BAAJH OT Kpas COCTOSHHE C BPCMEHHBIM IepHO-
nom 2 (puc. 5e). 3amernm, uTo 3aMeHa B — — B IKBIBaJEeHTHA H3MCHEHHIO
HanpasJIeHHs] KOOPAHHATHOH OCH.

50

150}

¥

) A=145, p=045-

" Puc. 6.

U3 puc. 4 BUAHO, 4TO KapTHHa o6GJjacTeil BOJIHM3H KPHTHYECKOH TOUKH
uMeeT MaciitaGHO-HHBAPHAHTHYIO CTPYKTYpy. OHa BOCIPOHM3BOAMTCH TPH
H3MeHeHHH Macuitaba o ocsiM KOOpDAHMHAT A H f B 8 H Vs pa3 B COOTBET-
cTBHH ¢ pesyabTaTaMu PI' amanusa®. Puc. 6 namocTpupyer nogo6ue cTpyk-
TYp, peajusyIolHuxcs B cpejie B ABYX TOYKAaX IJIOCKOCTH NapaMeTpoB, HJIA
KOTOPBIX 3HAueHHss A—A, oTauyaloTcs B 62 pas, a 3HaueHHs f B vz pas.

3.3. Iocnennuit cayuafl, KOTOPHiH 0OCTaJ0Ch OOCYAMTH, — 3TO Cpefa CO
CBSI3bIO, onpejesieMoll mapamerpoM y. [l BBeleHHS 3TOro THIA CBA3H
B Mozneab (14) caexyer KOGaBHTh K BHIPAXKEHHIO B CKOOKAaX CHMMETPHUHBIIT
HeJOKaJbHBIH 4JeH, 3aBHCHMOCTb KOTOPOTO OT # COOTBETCTBYeT COOCTBEH-
Ho#l ¢yHKuuH @4 (#) (IIpuaoxenne 1). PaccMoTpuM MozLenb

A
Ungt,m == l[?\,—-u%’m + Y (1—0,176un,m) (un,m+1 — 2un,m+un,m_l) ] , (19)
rae
A A A
l=lf’ oy = (1/3)(Um—1+0m+0m+1) .

I'panunubble ycjI0BHS, B OTVIHYHE OT NPEABIAYLIMX cJydaeB, 3ajlalliM B BH-
1€ Uno=Un1, Un, L+1=Un, . (CBOGOAHBIE KOHIEI) **. '

* OTMeTHM OTJHuMe OT npeiuiAymiero caydas (m3.1): nockoabky v2>0, To mpu
npeo6pa3oBanuH MOAOGHS OPHEHTALHMs MPOCTPAHCTBEHHOH KOODAMHATHL HE MEHACTCA.

#*# Jlaa cucreMsl (19) ¢ CHMMETPHUHOH CBf3bl0 pe3Y/bTaThl, aHaJOrHUHbIE ONHCaH-
HEIM HMXKe, NOJYYalOTCA M B Cjydyae 3aKpelJieHHBX Kouuos. [Ipu oTOM, OIHAKO, HPHXO-
LNTCA YBCAHUMBATH AJHHY CHCTCMBLI A5 BGLIABJCHHS ACHMITOTHYIECKOTO N0 L noBejeHnd,
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Ha puc. 7 nokasana wacTh mIOCKOCTH mapaMmetpos (y,A), mpreraio-
mas k¥ kputuyeckoir Touke (0; Ac). Bospmass cBersias o0GuaacTh B IEHTpe
pHCYHKA — 3TO 06.JaCTh NMPOCTPAHCTBEHHO-OJAHOPOLHOTO PEXHMa C BpeMeH-
HeIM mepHogoM 4. [losicHuM xapakrep 6uypkanuii, Ha6JI104aeMbiX TIPA Bhl-
XOJ€e M3 3TOH 00/1aCTH Uepe3 pasjiHyHbie I'PaHUILHL

Ilepexoa uyepes BEPXHIOIO IDaHHIY COOTBETCTBYeT GHypKauuu yaBoe-
HHsSI BPEMEHHOT'0 I€PHOAA NMPOCTPAHCTBEHHO-OJHOPORHOrO DEIUEHHs, a nepe-
XOJL Yepe3 HHXXHIOIO rPaHully — yMeHbIIEHHIO NIepHofa B ABa pasa.

Ilpu nepexoxe uepes GOKOBHie rpaHHILI OGJIACTH NPOMCXOAAT GHYp-
KallH¥ TOTCPY CHMMETPHIl ¢ NOSBJEHHCM NPOCTPAHCTBEHHO-HEOXHOPOAILIX
pexumoB. Mmeercss Tpu pas/iMYHLIX BapHaH-
ra 3TuXx OudypKauuii (Ha puc. 7 — JHHHH Q,
6,8). IlepBas Gudypkauus (@) CONPOBOXK-
JlaeTcsl BO3HHKHOBEHHEM NEPHOAHYECKOH CTOSA-
yell BOJIHBI, BDEMEHHO! IepHOJ KOTOPOH BABOS
6oJblle, YeM y HCXOLHOTO pexuma (puc.8a).
dra GHypKalus SBJSETCS MATKOH, TucTepe-
3Huc oTcyTcTByeT. JlBe Apyrue aunun (6, 8)
OTBEYAIOT KEeCTKHM OHGypKaUHsM T[OTepH
cuMMeTpud. B pesyabrate ckKaukoM mOsB-
Js10Tcsl 60Jiee KOPOTKOBOJIHOBBHIE, YE€M B CJY-
yae (@), MPOCTPAHCTBEHHBIE CTPYKTYPHl (pHC.
8 6,B). Bosuukaomuii NpOCTPaHCTBEHHO-HE-
OJHOPOJHLIA pexXHM HMeeT B cjaydae (6) ToT
J)Ke BPEeMEHHOH IepHojJ, Kak H HCXOJHBIH, a Puc. 7.

B cayuae (8), MO-BHAUMOMY, Cpa3y OKasLi-
BAeTCH CTOXACTHYECKHM.

B6an3n Toukn mepeceueHusi OuMypKauHOHHLIX JHHHE (@) u (8) MoOryT
peaJin30BaThCsl PCHKHMEI KOHKYPEHLUHH MeKAy KOPOTKOBOJHOBBLIMH H JUIHH-
HOBOJIHOBHIMH BO3MYILIeHHSIMH. B HeKoTopoi#l 00/iacTH KOHEUHOH IMIMPHHBI
Ha NJOCKOCTH (y,A) o6a THma BO3MYLIeHHI COCYyLIecTBYIOT, GyAy4YH IpOCT-
PaHCTBEHHO pasjeneHHBIMH (puc. 9a). 3a mpeleiaMH 3TOH 06JaCTH OIHH
U3 HHX BbITeCHseT Apyroi (puc. 96).

32136, 3514 B 2
5 i Wikisia e - i P pl:lc. 8

s Intttaaiahio S,

B cooTBeTcTBHU ¢ OXKHAAeMBIM CBOACTBOM MacuITaOHON HHBAapHUaHT-
HOCTH CTPYKTYypa ILUIOCKOCTH MapameTpoB (y,A) IepexoiuT B ceGs IpH H3-
MeHeHHH Macmtaba B 8 pa3 mo ocH A H B v3 pa3 no oc y. ITocKoJbKy
v3<0, To u3MeHeHne Macuitaba CONPOBOXKAAETCA 3€PKAJBHEIM OTpaKeHHeM
KapTHHH O0JiacTell OTHOCHTEJNBHO BepTHKaJbHOH ocH. Puc. 10 memonctpu-
pPYeT CKeHJHHT CTPYKTYp, PeajiH3yIOLIHXCA B CPele B CXOJCTBEHHBIX TOY-
Kax TJOCKOCTH (y,A), B KOTOPHIX BEJHUYHHBI A—A. OTJaHYalOTCA B 62 pas,
a y B wv: pas.
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4. 3AKJIIOYEHHE

PaspuTeIl mOAXOA NMPHMEHUM K paclpelesieHHbIM CPelaM, YAOBJETBO-
PAIOLHM ABYM YCJOBHSM: 1) B IIPOCTPaHCTBEHHO-OZHOPOZHOM CJyuae cpe-
Aa LeMOHCTpHPYeT (eldreH6ayMOBCKYIO NOC/A€AOBATENbHOCTD YABOEHHH Bpe-
MEHHOTO TIepHoJa; 2) OCHOBHOH (HO BO3MOXKHO He €IMHCTBEHHBIH) (akTop,
oGecneynBaOmMil CBA3b MEXAY JeMEeHTaMH CPeAsl, — 9T0 Auddysus, cro-
COOGCTBYIOILAS CIVI2KHBAHHIO KOPOTKOBOJIHOBBIX BO3MYILEHHI.

e e

5) A=138, -

Puc. 10.

Posib mocTpoeHHO! TeOpHM B OTHOIIEHHH MAHHOLO KJacca cpex Io-
Jn06Ha TOli, KoTOpylo urpaer teopus Pefirenbayma JJsi KOHEYHOMEPHBIX CH-
crem. OqHako npeanpuHsATOoe pasBuTHe Metoxa PIT genaer ero coxepxka-
HHe OoJjee riyOOKUM, NPHUBOAS, HANpHMep, K NPeACTaBJIEHHIO O CKeilsinHre
NPOCTPAHCTBEHHBIX CTPYKTYp Ha MNyTH K Xxaocy. B MeTozoJornucckom
IJiaHe 2TO0 cOMMKAeT KOHUENIHH TeOpHH AHHAMHYECKHX CHCTEM C KOHIEM-
IHAMH TeopHH (pa30BbIX MEPeX0J0B H KBAaHTOBOH TEODHM MOJIS, YTO COCOO-
cTByeT (opMHPOBAHHIO OOllePU3HUECKHX NOHSTHH DEHOPMIPYNNH H CKefi-
JIHHTA.

MoxeT mokKa3aTbcs HECKOJbKO O0eCKYpaXKHMBAIOIHM HaJHYHE B TeO-
puu GoJblIOro yHcaa (4YeThHlpex) cBoOOAHBIX mapamerpoB. Ha camom agese
9TO CcJeACTBHe OOGIMHOCTH MOAXO0JA; IPH aHAJ/M3e KOHKPETHRIX 3ajad cy-
IIecCTBEHHBIMH MOTYT GbITh He Bce mapamerpnl. Hanpumep, ecin cBssb
MeXJy 3JeMeHTaMH Ccpels CHMMCTPHYHA IO OTHOUIEHHIO X HU3MEHEHHIO
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OpHEHTALMH NpPOCTPAHCTBEHHON KoOpAMHATH, TO o==f=0 H ocraercs
Bcero ZiBa CBOGOJHEIX IapaMeTpa y H A.

Bo3MoxHbIE HampaBJeHHs HaJbHEHIIHX HCCAEJOBaHWi BKJAIOYaIOT Ma-
TeMaTHueckoe 060OCHOBaHMe Nojxoja (CTPOruil aHaJH3 ONEpPaTOPHHIX ypaB-
Henuit (8) u (12)), a TakXKe npoBeleHHe IKCIIepPHMEHTAJBHLIX HCCJe[OBa-
HHH paclpefic/ieHHBIX CHCTeM Yy INOpora BO3HMKHOBEHHS Xaoca C TOYKH
3peHHs HalACHHBIX 3[iech 3aKOHOMepHocTell KpuTHueckoro nosefeHus. [Ipes-
CTaBJisieT MHTepPec paclpOoCTPaHCHHE PEHOPMIPYIIOBOro MOAXOAa Ha ABY-
MepHble H TpPexXMepHble 3aJauH, a TaK¥Ke H3yueHHe CpeJ, MOCTPOEHHBIX H3
3JIeMEHTOB, 00/IafalOLHX HHBIMH THIAMH KPHTHYECKOro mnoBeieHust [%+4].

NMPUJIO)KEHHUE

Kak yxe roBopuJsocs, B paccMaTpUBaeMbIX 3[echb cpefax Bceria npej-
noJsiaraercs cyllecTBoBanue IH(GY3HOHHOH CBsA3H, CHOCOOCTBYIOIIe#l 3a-
TyXaHHIO KOPOTKOBOJIHOBHIX BO3MyiueHuii. ITo3ToMy AJii TOHHMaHHS 0CO-
OeHHOCTell 3BOJIIOUMH 3THX Cpef MOJE3HO PacCMOTPETh HEKOTOphle BOMPO-
Cbl AMHAMHMKH COCTOSIHHMH, OJIM3KHX K NPOCTPaHCTBCHHO-OAHOPOAHBIM. B
nepBoil yactH IlpuJoxkeHUS NPHMEHHTENIBHO K 3TOMY KJacCy COCTOSIHHIl
H3y4aloTcsl MOJYYCHHLIE B OCHOBHOM TeKCTe OllepaTOpHBle ypaBHeHHs. Pe-
3yJbTaTbl 9TOFO aHAJH3a OKAa3hIBAlOTCS AOCTATOYHBIMH, YTOOLI OJHO3HAUHO
chopMyJHPOBaTh THINOTE3bl YHHBepcajbHOCTH M momobusi (I1.2) u cxoH-
CTPYyHPOBATb MOJEJH, HA OCHOBE KOTOPHIX MOKHO BBIIOJHHTb UHCJEHHYIO
nposepky 3tux rumore3 (I1.3). Bo BTopoit wactu IlpusoxeHuss npoBoAUTCS
HCCJEJOBAHHE MPOCTPAHCTBEHHO-ONHOPOAHBIX COCTOSHHH Ha HeYCTONUH-

BOCTb. DTO JONOJHSET Pe3y/bTAaThl NPOBEAEHHBLIX UHCJEHHBIX JKCIEPHMEH-
TOB: BHIFCHsIETCsl NMpHpoja HabmogaeMblx OudypKaiuii U yKasniBaeTcs Me-
TOJ HaXOoXAeHHS OHQYypPKallHOHHBIX JIHHHM.

II.1. Asanu3 onepaTopHHIX YPABHEHHH Ha Kjaacce Ca1aGOHEOXHOPONHBIX
cocrosiHuid. Beenem ciaeiyomyio ¢opmy 3anucH caaGOHEOZHOPOAHHIX COC-
crosHuil Tuna (7):

u(x)= “ = u +¢ | vreitxdk, (I1.1)
Uy eikx

rie A TNepeMeHHOH yacTH v(X) HCIOJb30BaHO IpeAcTaBieHHe Dypbe.

Pacmorpum As1si npuMepa JeHCTBHE Ha 3TO COCTOSIHHE OIlepaTopa
G[u] =-exp(D202/0x2) g (u). Hcnoab3ys BBeHeHHYIO (OPMYy 3alHCH, HMEeM

I A )

Y6enumcsa, urto omeparop (I1.2) ynmomnersopsier ypaBHenumio (8). B
caMoM JeJe, ACHCTBYsl Ha Jio6oe c1aGOHEOJHOPOJHOE COCTOSIHHE ONeparo-
poM, cTosiliuM B NpaBoif yacTH (8),ojlydaem TOT XK€ pe3yJbTaT, Kak H IpH

& . 1 | _ ula _

neficteuu onepartopoM G: SGGS [’Ok e"”} SGG [a‘lvkexp(ikx/V§)]

— SG [ g (Ula) =
a-' v, g’ (u/a) exp (— D22 + ikx[V'2)
g (g (z/a)) ~ ] _ [ g (1) ]
[ a~' v, g’ (u/a) g’ (g (u/a)) e~Dwr+irxVz v, g'(n) e=DW+ibs ||
3[ech yuTEHO, YTO COIVIACHO ompezeneHHio ¢pyHkuun g (z), ag (g (¢/a)) =
=g n g (¢fa)g (g (ua)) =g’ (u)

OGpatuMcst Tenepb K ypaBHeHnuio (12). [IpeapapuTesbHO 3aMeTHM, 4TO
pesyJabTaT HeiicTBus omepaTopa H Ha Takoe cocTosiHMe GyJeT WMEThb BHI

H[u(x)]=[ h @) ] (I.3)

? (kr u) Uz elkx
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rae h(u) u (k u) — pyuxuun, omnpexensieMule CTPYKTYpO# omepartopa
H[u]. He napywmasi o6IIHOCTH, HaJOXHM Ha GYHKIHIO @(k, ) ycaoBHe
@ (0, ) = 0*. Lanee, Bruucaum BxoAswyio B (12) mpomssoguyio ®pemre,
HCTIONB3Ys ee ompejenenue [10]:

Glu(%)+2(x)] =Glu]+G' [u]u+O0 (1) . (I.4)
B pesyabrate noayuaem
s — [8 () 0

YuutniBast (I1.3) u (I1.5), u3 (12) umeem

J o r@ _
P (k' u) elkx
_ [ 2&’ (g (4/a)) k (u/a) + ah (g (u]a))
e-Dwniike (o (R 2 g'(g ENtofL (2N e (2 |
V2 a . \a 2 a a
Orcrofa BHIHO, YTO CYIIECTBYET [Ba KJacca COOCTBEHHBEIX BEKTOPOB:
1) h5£0, 9=0 u 2) h=0, @5=0. Co6cTBeHHLIE BEKTOPHI NEPBOro KJacca
He coJepxKaT 3aBHCHMOCTH OT BOJIHOBOTO YHCJa &£; OHH OTBEYalOT TaKHM
BO3MYIUECHUAM HeNOJBHKHOH TOuKH (omeparopa .G), KOTOpble BJHSIOT Ha
HHAHBHJAYyaJbHbLIE 3JIeMEHTHl CpPeAbl, HO He Ha XapakTep CBSI3H MEXIYy HH-
mu. HanpoTus, Bo3aMymieHHs BTOPOro kJacca MOAHGHUHDPYIOT XapaKTep CBs-
30 MeXAy 3JeMeHTaMH, O YeM TFOBOPHT HajiHuHe 3aBHCHMOCTH OT X.
PaccmaTpuBass BEKTOPHl NEPBOTO KJjacga, NojayyaeM Ajas (QYHKUUH h
TaKkoe e ypaBHeHHe, Kak B Teopun Defiren6ayma [!] (BepxHss cTpoka
B (I1.6)). OHO maeT eIMHCTBEHHYIO CYIIECTBEHHYIO COOCTBEHHYI0 (PYHKIHIO
h(u) c coGcTBeHHBIM YHCAOM Wo==0=4,6692... ¥ COGCTBEHHBI BEKTOp

ho[u] = lh((;‘) ] .

B cayuae BeKTOpOB BTOPOro Kjacca pelIeHHE YPaBHEHHs A (YHK-
unn @(k,u) (uuxnas crpoxa B ([1.6)) 6ymem uckats B Buae W (R)D(u).
Torpa mepemeHHble Pas3fc/sIIOTCS B MOXKHO 3aNHCaTh

N0 (4) =g' (g (u/a)) D (u/a)+g (4/a)D(g(u/a)),
E¥ (k) = e~ D*2 W (£/V2).

Ilepsoe ypaBHeHHEe HMeeT CyILIECTBEHHEIE cOGCTBeHHble GyHKIHH D4 (1)
H @Op(u), KoTophle BeAyT ce6si BOJH3H Hauada KOOPAHHAT COOTBETCTBEHHO
Kak 1+0(u) u u+0(u®) [6]. IMm oTBeualoT COGCTBEHHBIE YHCAA Na=a
H =2 (3TO0 HETPYAHO NPOBCPHTb, PAacCCMATPUBAsl yPaBHCHHE B 06JacTH
Majbix #). C 3THMH JABYMsl COGCTBEHHBIMH (YHKWIISAMH aCCONMHPYIOTCS
ABa pas/iHuHLIX crnocoGa BBEJCHHS CBS3H MEXAY 3JeMEHTaMH Cpeibl, KO-
Topuic OyaeM oGo3HauaTh Kak A B B [#] (uX KayecTBEHHYI0 TPaKTOBKY
cM. B [1]). '

Co6crBennsle  (yHkuum BToporo ypaBHewus (I1.7) wumelor BHJ .
W (k) = (ik)™ e~P%, m=1, 2, 3,... 34ecb MBI Y4JIH HaJOXEHHOEe YCJO-
Bue @(0,u4) =0, a Takxke 10, uTo W(k)=W*(— k), TaK Kak ¢@(k, u) ecTb
¢bypbe-o6pas geficrBuTesnbHON GyHKuMH. Iloncrasasa Wm (k) B ypaBHeHwue,
MOXKHO BHJETb, UTO COGCTBEHHBIE UHCJAA €CTh &m = 2-™/2, CoOCTBEHHbIE
(YHKUME C YETHBHIMH 11 OTBEYAlOT CBSI3H CHMMETPHYHOH MO OTHOLIEHHMIO K
H3MEHEHHIO HalpaBJeHUsl KOOPAMHATHOH OCH, a C HEYETHBIMH — aHTHCHM-
METPUYHOH,

(I1.6)

(IL.7)

* Ecin @(0, )50, To MOXKHO nepeonpenenuTbh (YHKUHH 'h H @ ciaefpyouum obpa-
som: I/ (u)=h(u)—ep(0,u), @' (k u)=q(k u)— ¢(0,u).
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KomBunupys pesyabTatel amanusa Asyx ypasuenufi (I1.7), maxomu,

YTO CylIecTBeHHbIe COOGCTBCHHBIE BEKTOPH BTOPOTro Kaacca ki, [#] == .

Ps€
XapaKTepHU3ylTCsl CJEAYIOMHMH COOCTBEHHBIMH YHC/IaMH M COOCTBEHHBIMl
oyukuusamMu @ (&, x) *.

1) AnTHcHMMeTpuuHas cBsisb THHa A: vi=naki= (@/V2), ¢ =
= ike=D¥ D4 (u).

2) AnTtucuMMeTpHYHasi  CBfI3b THHa B: vy =l = ]/7, Pa=
= ike=D* Qg (u).

3) CummerpuuHasi cBsi3b THNA A: vi=naka= (a,2), o3 = — k> e~D% X
X @4 (1)

I1.2. Uccaenosanne mnpocTpaHCTBEHHO-OJHOPOAHLIX pPEXKHMOB Ha Xa-
pakTep HeycroiiuMBocTH. [lycThb mpH HEKOTOPOM 3HaueHHH A B IPOTSKEH-
HOM Ccpele MOXKeT CYIIeCTBOBaTh OJHOPOJHOE pellieHHe ¢ BPEMEHHBIM Ie-
puozom N:

Upt+y = .f(un), Up+N = Unp . (HS)

PaccMoTpUM AMH2MUKY MaJoOro JIOKaJH30BAHHOIO BO3MYLIEHHSI 3ITOro pe-
menus v(x). Hac Oyayt mHTepecoBaTh YCJ/OBHSI peaju3alHu abCOIOTHOH
HeyCTOMYMBOCTH, NPH KOTOPOH BO3MyIleHHe HapacTaeT H OXBaTbiBaeT BCE
GoJsbmKil y4acTOK CpeAbl, BKJAIOYAIOLUA 06/1acTh €ro nepBoHavaJgabHOH JO-
KaJH3aluH.

Uro6sl NpoC]eAUTh 33 3BOJIOLHEH BO3MYLIEHHS, HEOOXOAHUMO PeIUHTh
copMectHo (I1.8) u moayuaemoe mnyTrem JauHeapusauuu (2) ypaBHeHme
B Bapuanuax. [Tocsieanee yao6HO pelnaTh B (pypbe-NpeCTaB/eHHH, Ioaaras

v(x) =5'v(k)eik’°dk. PaccmaTtpuBas Bo3MyllicHHe BHJAa v(k)ei”*, Haiinem
H3MEHEHHE ero aMIUIUTYIBl 33 NCPHOX Unin (R) =nva (k), rae

n=u(k) . (IL9)

Cootnowenne (I1.9) — 3To AHCIepCHOHHOE YpaBHEHHE, MOCKOJbKY OHO
CBSI3LIBAET BOJIHOBOE HYHCJO R ¥ BEJHYHHY W, ONPEeIeNsiolIyl0 BPeMeHHYIO
3BOJIIOLMI0 BO3MYylleHHs. Jljs HaXoxKJAeHHs ycJOBHH BO3HHKHOBEHHs abco-
JIIOTHOH HeycTOMYHMBOCTH HCno/b3yeM MmeToX [%2]. OH COCTOHT B TOM, 4YTO
CHayaja HINYTCS MOBEPXHOCTH B HPOCTPAHCTBE NapaMeTpPoB, KOTOPbIE MO-
TYT CAYXHTh TpaHuLlaMH al0COJNIOTHOH HEYCTOIYHBOCTH M 3aJaloTCA ypaB-

HEHHSIMHU
ln(e) | =1, W (k)=0. (T1.10)

[Ipu sToM mpocTpaHCcTBO nmapaMeTpoB pa3buBaeTcs Ha 06JacTH, XapakTep
pellleHHs] BHYTPH KOTOPHIX CJeAyeT ONpelesHTb H3 JAOMOJHHTENbHHIX CO06-
paxeHH# (Hampumep, U3 TOIOJIOTHH KOHTYPa HHTETPHPOBAHHA B k-mJjo-
ckocTH). B Hamem cayuae okasajoch GoJjee yHOOHBIM CAenaTh 3TO NyTeM
[PSIMOTO HCCJAELOBAaHHS SBOJIONHH BO3MYILIEHHH B UYHCJIEHHOM 3JKClepH-
MEHTe.

Brii npoBeseH aHanM3 HAa HEYCTOHYHBOCTb IPOCTPAHCTBEHHO-OAHOPOA-
HBIX pellleHH# ¢ BpeMeHHBIM nepuojom N=27, r=0, 1, ..,6 naa moneiei
(16), (18), (19).

Has mozenn (16) mAucnepCHOHHOE ypaBHEHHE HMeeT BHJ

14+ 2cosk \V
p=(_i___s_)

N
2 T] [—2un-+2ia(1—0,176un) sin k] . (TL11)

n=1

* Nuddysnonnass cBs3b He BKJOYEHA B ITOT IIE€PEUEHb, TaK KaK HIPaeT B Hallem
aHasu3e OCOOYI0 BEIIENEHHYIO POJb, ONpeJesisisi XapaKTepHBI NPOCTPAHCTBEHHBIH MaciiTal
JnepaTopa 3BOMIOLHH — AHPOY3HOHHYIO AJNHY. B COOTBETCTBHH C BBeJAEHHOH KIacCH()HKa-
Ineit nudpdy3HOHHAS CBA3b— 3TO CHMMETPHUHasi CBA3b THNa B; el oTBeuaeT co6cTBeHHOE

2 ,—Dk? o
quca0 vi=1 H coGcTBeHHas (QYHKUHS @.=k%e ®p (u). OnpegenseMoe 3Tol coGCTBEH-
106t QyHKUHEH BO3MYILEHHe ONepaTopa 3BOJIOLHH C OYEBHAHOCTHIO 3KBHBAJEHTHO BBEJE-
HHIO NONPaBKH K Au(PGDY3SHOHHOH AJHHE.
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IIpu ¢uxcupoBanHoM o« Merojom HbioToHa uyHc/CHHO NOAGHpasHCh 3HA-
4yeHHs & ¥ A, obecneunBaollye BhMoJHeHHe cooTHomenu#i (IT. 10). Haii-
JIleHO [Ba BO3MOXHLIX BapHAaHTa BO3HHKHOBEHHS aGCOJIIOTHOH HeyCTOHuwu-
BOCTH:

= —1, w'=0, & — yucro MHHMOE; (I1.12)
|u]=1, n'=0, p, &#— KOMIJIeKcHHE. (T1.13)
B nepBom ciayuae Ha nopore abGCONIOTHOH HeyCTOHYHBOCTH p = —1, mno-

3TOMY BO3HHKAIOIIMA Nocje OHPYPKALUH pexXuM OyJeT HMEeTb YABOEHHBIl
BpeMeHHOH nepHoA. Bo BTOpoM ciyyae BeJHYHHA p KOMIVIEKCHAsI H POXK-
JaromMAcs peXHM HOCHT xXapakTep Oerymux BoJH. M3o6paxkeHHble Ha
puc. 1 Ha mJaockocTd (o, A) OubypkaunuoHHbie auHuu [ paccuurtass ¢ mo-
mowbio (I1.12) a ameuu I — c nmomoupio (I1.13).

Has moaenn (18) aucnepcHOHHOE ypaBHEHHE TaKOBO:

N
p=[1/2— B+ (1/2+ B cos k + iB sin £]¥ [ (— 2z,).  (I1.14)

1

Orclo/la 4Hc/IeHHO HaliieHBl JIMHUH Ha IUIOCKOCTH (B, A), Ha KOTOPHIX BHI-
noaHennl cooTHomeHus: (I1.12). OHu oTmeuens Ha puc. 4 nudpoin I*.
HucnepcuonHoe ypaBHeHue Ajast MofAenn (19) BBINISAMT Tak:

N
b= (_1_.:.“_2_;9_5&_)’" II [—2un+2y(1—0,176us) (cos k—1)].  (L15)

B orinume or ABYX NpeAbIAYIIHX CJAyYaeB, OHO HMeeT JefiCTBHTE/NbHEIC
ko3 duuuentsl. ITpu stom ycaoBus (10) oka3bBalOTCA BBLIMOJHEHHBIMH NPii
JeHCTBUTENBHBIX W U k. Peasnsyiorcs ciaeiyouiie BapHaHTH Oudyprauuii:
p=—1I1, k=0 (BepxHAs rOpH30OHTaJbHAsI IPaHHLA O0JACTH YCTOHYH-
BOCTH Ha puc. 7),
p==1, k=0 (HHXKHAS ropu3OHTa/JbHas TPaHHla),
pu=—1, k=0 (aunMd g Ha puc. 7),
u=1, k==0 (1uHuu 6 ¥ 8).
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CapaToBcKuii IOCYAapCTBEHHbI Mocrynuia B peRaKiHio
YHHBEpPCHTET 13 nmionsa 1985 r.

RENORMALIZATION GROUP, UNIVERSALITY AND SCALING IN DYNAMICS
OF ONE-DIMENSIONAL AUTO-WAVE MEDIA

S. P. Kuznetsov

The behaviour of a certain class of one-dimensional auto-wave media near a
threshold of onset of dynamical chaos is investigated by a renormalitization group
technique. The properties of universality and scaling of parameter space are stated, dif-
ferent types of bifurcations and typical regimes are studied.

* JIuunu, oTMeueHHble Ha pHc. 4 mudpoit IV, nMeloT HHYI0 NpPHPOAY, HO TaKkKe MO-
ryT 6biTh HafiJleHH H3 aHau¥3a JHCIEPCHOHHOro ypaBHeHHa W=W(R). CooTBeTcTBYIOLIHE
YCJIOBHS OUEBHANH H3 NPHUBEAEHHOrO B OCHOBHOM TEKCTe OMHCAHHA 3TOR GHdypkaiuiu:
p=1, Imk=0.
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