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JOKAJIU3ALHA IHHAMHYECKOIO XAOCA
B KEAHTOBBIX CHCTEMAX

B. B. Yupukos, J1. JI. Weneaancrui

Uncaeunue 3KCHEPHMENTH ¢ OpocTOl KBaNTOBON MOMENbI NOK2ILBANOT,
qTO AMHHE JOKAAHSAUHH AHHAMHYECKOro Xaoca OnpeleiseTcd cKopocTbi Lud-
thysun B Kaaccndeckos npeaene. [Iposeseno HccnegoBaHMe ABAEHHA AOKalH3a-
IHH BOAHIN KpUTHYECKOro 3HageHnd napaserpa wofenn, Onpegenens yeao-
BHA AEAOKLAH3ALKN B Cayqae HeoAuepoAHoR Awdwpysnu.

1. Beepenwe. fleaennme aHHaMHUecKoro xaoca, T.e. cayuafiHoro
(HenpejAcKasyeMoro) ABHIKEHHA NOJHOCTBIO JeTEPMHHHPOBAHHOA (AHHAMH-
yecKOH) cHeTeMBl KNaccHYeCcKol MEXAHHKH K HACTOAULEMY BPEeMEHH H3yueHo
Yie BechbMa JIOCKOHAJBLHO H B OCHOBHOM NOHATO (CM., HanpHMmep, {”E]].
IMoMuMO BaMHOTO NPHEJAAHOTO 3HAaYeHAd B npobaeMe ycToliUHBOCTH [BH-
ACHHA QHHAMHUYECKHA Xaoc npejicTaBjafeT AJaA (PH3HKH H GOJALIIOH NpPHH-
UHNHAJBHEIE HHTEpEc, MNOCKOABKY OH CYLIECTBEHHO MeHAeT HAallH Tpaiu-
UHOHHHIE MPEACTARJEHHA O NPHPOAE H MeXaHH3Me ¢AYYafiHOCTH H CTATHCTH-
YeCKHX 3aKOHOB, pacnpocTpaHAd NocjelHHe (NpH OnNpefeJcHHBX JAOMOJIHH-
TEALHEX YCAOBHAX) Ha NpeledbHO NPOCTHE CHCTEMB (BCCro ABe CTEMeHH
cBOGO/B JIf - KOHCEPBATHBHOH TraMHJILTOHOBOH CHCTeMH M Jade oina
creneds csofoisl B CAy4ae NepHofHYecKoro BHelHerp posmyulenus). Has
AaNbHEAIEro CYUEecTBeHHD, YTO HCTOYHHKOM JAHHAMHYECKOro Xxaoca fABJs-
eTCsl B KOHEYHOM CcueTe HeNpephlBHOCTL ()a30BOr0 NPOCTPAHCTEA B KJIacCH-
wecKol MexXanWKe, a MCXAHH3M, ¢ NOMOLILID KOTOPOro 3Ta HelpephBHOCTD
TpanchOPMHPYETCH B XAaOTHUYHOCTE ABHIKEHHA, CBH3aH ¢ CHALHOA (3Kcno-
HEHLIHANbHOM) HeyceTolunBocTeio Tpaektopuit [*]. Xapakrepuoii ocoGennoc-
ThbIO JIHHAMHYECKOTO xaoca Apasercs Audpyans B dazoBom npocTpaHcTse,
4 3HAYMMT, H HENPEPHEHLA CNEKTD IRHMKeHH:H.

Beuay oTmMeueHHOro BHIlE QYHAAMEHTAJALHOTO 3HAYEHHS AHHAMHYECKO-
ro xaoca BOJHHKAET ecTecTBEHHBI M BaMHBIA BONpoc, B KAKOH Mepe cox-
paHsercs 2T0 fABJeHHe B Gojee TOYHON KBaHToBOH Mexanuke. OTser Ha sTOT
gonpoc 6uma gan Kpuaoemm [*]: B kBanroBofi MexaHnuxe Takoil xaoc
HEeBOIMOMEH BLHAY [IHCKPETHOCTH cnexTpa Jobofl orpanndenHoll B da-
30BOM MPOCTPAaHCTBE CHCTEMHl, PABHO Kak H JHCKpeTHocTH camoro dasoso-
ro npoctpatersa, Ilosicuum, 4To peus uier o cBOGO/IHON 3BONIOIHH KBAHTO-
BOM cHcTeMbl (ee BexTopa cocTOAHHA P(f)) Oe3s NpoMemyTOUHBIX H3IMepe-
HHIL.

BoaMoxuo, 4To HMenHo nostomy B GoabwnHeTBe paboT No «KBAHTOBO-
My Xaocys, ob3op KoTopwix Aan B [Y?], neeaenywTes npocTo ocoGeHHOCTH
KBAHTOBOrD MNOBEJEHHA NPH  YCJAOBHH Xaoca B KJaccHUECKOM Tpefefe.
Oanaxko BOZHHKAET MPHHNANHAJNBHEI BONPOC: KAK COBMECTHTbH OTCYTCTBHE
Xa0ca B KBAaHTOBOM MeXaHMKE ¢ NMPHHUHNOM COOTBETCTBHSA, KOTOPHI Tpeby-
eT nepexofia K KAaccHyeckofl AHHAMNWKe, B TOM HHC/AE H XaoTHueckoi, dtoT
BOMpoc Gulal mocTapsed B peuted B paGore [#].

Hpnes pemwenns cocToHT BO BBEACHHH XaPAKTePHHIX BPEMEHHBIX Mac-
wrafor KBEAHTOROH SBOJIOUHH, HA KOTOPHX NPOAB/IAKTCA pasfHYHEE CBOM-
CTEa KJAaccHyeckoro xaoca. B HacToamuii MOMeHT H3BCCTHH IBA TAKHX Mac-
wraba. IMepewifi v camufi xopotull Mz uux (Horapudmuueckuii) 1. ~ Ing
onpeneasiercAd  OLICTPHRIM  pacibLIBAHHEM BOJHOBHIX MAKETOR BCJAEJCTBHE
IKCTOHEHNHAIENOR HEVCTONYNBOCTH KaaccHueckux Tpaektopuit [*35]. 3necs
Geapasmephoe BpeMs T H3MEPAETCA B €AMHHLAX NEPHOAA ABHIKEHHA, a g oc
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oc i~ — XapaKTepHHIl KBAHTOBLIA NapaMeTp 3ajavus (B fanbHefilieM nojo-
#uM fi=1). Ha 3tom oucHb KOpOTKOM MacwTabe BPCMEHH KBaHTOBBIN
BOMUOBOI MaKeT JEHMCTCH, COrAAacHO Teopeme Ipendecra, no KNaccHYeCKo
TPAEKTOPHH M, TakumM oOpazoM, KBaHTOBafA JHHAMHKA o0JajaeT BeeMmH
CBOHCTBAMMH KJACCHYECKOro Xaoca.

Bropoii, 3HaunTensHo Oojee DAHHHEI (cTenenHoil) W nostomy Ooaee
BaMHBIA MacwiTad BpeMeHH t; HMeeT nopsaiok Intg ~ Ing w onpenenser
npoueccsl AHQPYIHH H peNakcaluy B KBAHTOBOH AWHaMHKe. IToT MacuTad
6Ll OGHAPYIKEH B YHCJAEHHBIX 3KcnepuMentax [?] u ofwacuen B [*]. Lleasio
Hacroalled paboru apaserca OGosce nojlpobHoe H3ayueHHe AHGQYIHOHHOTO
macuitada ta.

2, Mopeaw. Kax u B npeamaywux pabGortax [®], mu uHenoabayewm
MOJie/lb, ONHCEIBAEMYIO TAK HA3LIBAEMBIM CTaHAAPTHHM OTOOPAIKEHHEM.
B knaccuueckoMm npegene otodpaxenue (I, 8) — (/,d) umeer pun (B Ges-
pasMepHHX BeAHUHHAX)

T=I4ksin®, 8=0+4T7, (1)

rae (I, 8) — nepemennnie JeficteHe—aza, T — nepuog otolpameHnns,
a k — napamerp Bo3MyilleHHd. B kpanToROM cayuae oTobpaieHHe A8 BOA-

HoBoi (yHRLUNKE Y — 1 npuHEMaer BuL [%]

r o A
p=exp (i 3 @)exp{— ik cos 0) . (2)

IMpr 3roMm AefieTBHe kpantyercs (/=n — uedoe), a Nepexon K KiaccHyec-
KOMY Tpefeay cooTeerTcTByeT k— oo, T— 0, K=kT=const. [Tocnenunii na-
paMeTp MOJHOCTRIO ONpeledseT AHHAMHKY KJaaccHYeckofl momean (1). B aa-
BHCHMOCTH OT 3HAYCHHA mapamerpa K CyUEecTEVIOT NBa KauyecTBEHHO pas-
anunEx pexaMa: duuntioe (|Af| < Y&/T) u undunutioe nsmxenns. Kpu-
THYECKOE 3Hauenne K, pasfeasmoilee ofia pemuma, pasio Kq,=09716...
[*]. Caenyer oTMeTHTB, uTO B OfOHX peMHMAX CYUIECTRYIOT KakK peryasap-
Hble, TAK H XAOTHYECKHE KOMIOHEHTH [BHMKCHHMA, NpPHYEM Mepa NepBbIX
CTpeMHTCA K HyJo ¢ poctom K [2].

[Mpu K > K. ABH#eHHC B cAHHON XAaoTHYECKOH KOMMOHEHTE MOMKET
OuiTe onucado Kak Auddysua no [ co ckopocteio (esm. [*°] u m 5 nHxe)

D E(ih-’?)=Du(ﬁ:']g_l_{mwz}{1+212u{1+2;§u{}1 (K>45) (3,
e : T2 7 7% 10,30 (K — Ker)® (K=< 45)’

rae T — uucao wrepauuit otobpamenns, a J: (K) — dyuxuusn Beccens.

B kpasuknaccuueckoli obaacti 3akoH auddysnm (3) coxpaHsercsa B
npepenax Auddyavonnoro Maciwitaba BpeMeHd, KOTOPBIE A48 paccMaTpu-
BaeMofi MofenH, coraacHo [¥], umeeT MOpANOK Tq ~ Dy ~ £ TlpH 1< 14
KBAHTOBAA 3aBHCHMOCTE [y B COTJIacHH ¢ NPHHUHNOOM COOTBETCTBHH XOpO-
WO MOBTOPAET BCe JAeTand KiaccHyeckoit Auddyiuu, B TOM 4HCAE H He
ONHCLIBACMEIE MPOCTHM COOTHOWCHHeM (3). ITo WAMDCTpUpyeTes Ha pHC.I,
riae KpyXKH MNPeicTaBafioT MHCACHHHE AAHHHC EjJaccuueckoil moneaun (1)
[**], cnnownan kpusas — Teopusi (3) ['°], a KpecTs — uucaeHnble AaHHbBIE
Ans kBaHToBOl Mogenn (2) [2] ¢ & = 40.

[Mpu 1327y keaHToBas AudubysHs ocTAaHABAHBAETCA H NEPEXOAHT B
cTanHoHapHule xoaeSamua ['*], koropuie GLH npocieikeHsl BMAOTL 10
t=>5 - 10* [%], uTo O3Hayaer AMCKPETHOCTH CMEKTPa KBasusHEPrHil Mojenu
(2) [*]. ¥xe no sToll npuuHHe «KBauTOBRI] Xaoc» Bo Beell KBasHKJaccH-
yeckoil o0nacTH He SBAAETCS HCTHHHEIM, KAK B KaaccHueckom npegene. Mul
GyaeM Ha3HBATE ero neepfoxaccoMm. OTMETHM, 4TO OTKAOHCHHS OT HACTO-
AIEro Xaoca HAYHHAKIOTCA YIKe Ha ropasfo MeHbllieM Macmtade 1, YTO 0po-
ABAACTCH, B HACTHOCTH, B OTCYTCTBHE JOKAABHOM HeyCTONYHBOCTH KBAHTOBO-

ro ABHAEHHA NPH T > 7, ['] # nosABjeHun ocTaToMHBIX Koppeaaumil [ 18]
{cMm. Takke [!]).
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Mpu T =1 apumenne sBIACTCS cyllecTseHHO KBauToBLM [f]. Tem
He MeHee MCeBIoXaoc cOXPAHAeTCA M B 3ToH 00JacTH NPH AONOJIHHTENLHOM
yenopun £ 3= 1. OAHAaKo ero cT4THCTHYECKHE CBOHCTBA, B YaCTHOCTH CKO-
pocTh Hauaabuoil auddysuH, Boobiie ropopa, oTaHdawTes ot obnactn T =
=1 pawxe npn k31 B obpatnHom caysae k<l cnpaBeinupa 0OHYHASA
KBAHTOBAA TeOPHs BOIMYLLEHHI (B OTCYTCTBHE Pe30OHAHca), 4TO O3HAYAeT
MaJoCTh TONMPABOK K HEBOSMYIIEHHBIM COCTOAHMAM, T. €. PeryaspHOCTb
KBAHTOROH NHHAMMKH HE3ABHCHMO OT XAPAKTEPa ABHMKEHHA B KAACCHUECKOM
npenete. Takoii MEXAHHZM KBAHTOBOH cTAOHNH3ALHH KIaCCHUECKOTO Xaoca,
CEBA3AHHHHA ¢ JAMCKPETHOCTBI0 KBAHTOBOrD chnexTpa, Ona paccMoOTpeH B
patorte Ilypaka ['7].

D;;qu%
25F i
A [+]
k.4
L]
201
15 |
10|
1]}
5 0

Puc. 1.

B cayuae KAACCHUECKOro HEJHHEfAHOro pe3oHaHca yoJoBHe KBAHTOBOM
crabuansauun npuuuMaer g /T = 1, 4t0 HMeeT CAeAYOMHA _npocTol
H3WYECKH{I CMBLICI: uMcao ypobHel, saxsavenunx B pesonanc, ¥ &/T =1
%‘”]. Ecan o6a napamerpa mane (& = 1, &/T & 1), To Bce HERO3MYIILEH-
HbIE COCTOAHHR COXpaHsTed. 10 — obaacts rA0DaNBHOH NPHMEHHMOCTH
TeopHH Bo3MyuweHul, pu k& =1, no &/T = | HeposMylleHHbIE COCTOAHHA
COXPaHAITCA TOMBKO MEHRLY pe3oHaHcaMu. BHYTPH pe3oHaHCOB HEBO3MY-
UEHHBIE COCTOAHHA CMElIMBAlOTCA, OJHAKO JABHMKEHHE OCTaeTcss peryasp-
HEIM H MOMHO NepefiTH K HOBBIM, Pe3OHAHCHBIM, KBAHTOBLIM YHCIAM H CO-
OTECTCTBYIOIIAM HM colcTBeHHBIM (VHKUHAM KBasusHepruu. Haxodew, B
KBasnkaaccuueckofl obmacty, npu k = 1 u &/T = 1 (Ho kT = 1) cMewn-
BAHHE NPOHCXOAHMT AJH BCeX HEBO3MYIUEHHHX COCTOAHHH, HO 00JAacTh cMe-
INHBAHNA He NPeBOCXO/AHT WHPHHB OTAENLHOTO PL3OHAHCH.

OnucanHan BHEIIC KBAHTORAA [AHHAMHKA MOLCAH HMEET MECcTO TOJBKO
ILAs HppaLHOHANLHBX 3Hauenuii napamerpa T/4x. B cayuae paunoHajbHb«
T/4n sosnukaer cneundmyeckoe 1as AaHHOR MOACAH sABJeHHEe KBAHTOBOTO
pesonanca ['¥]. Tlpu 3ToM cnekTp KBasHSHepPrAH CTAHUBHTCA HeNmpepLB-
HLIM, a AeficTBHe |n| pacTeT nmponopunonadbno T (T—-oc) npH awloMm k.
E{Ta OCOOEHHOCTE MOLENN CHA3aHa ¢ XapakTepoM HeBOSMYLIEHHOTD CHeKTpa
En=n%/2 u ne spaserca THNHuHOH Aas KeanToBol munamuxd. [lo sTol
e NPHYHHE AHHAMHMKA Mofean (2) onpepenserci BeJHUHHOH T, B3ATOR no
Moayaw 4.
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3. Mpunuun xeanrosoil nokanusaumm xaoca. Caeaya [*], pacemorpum
cHauasa KaMecTBeHHD MeXauusm orpanudenns auddysun B mogean (2).
On ocHoBaH Ha cAelyoWux npocTulx dusnyeckux coobpamennsx. Mo npuu-
WHMY COOTBETCTBHA KBAaHTOBOE JBHMCHHE B KBasHKJaccHYecKoil obaacth
JOTHIO 'flbITh, B KAKOM-TO CMBLICJIE, GJH3IKO K KJAaCCHYECKOMY, IO I(['.‘I'EFIHCFI
MEpe Ha HEKOTOPOM XapakTepHoM Macwrale BpeMmeHH. 3To OMEBHIHO A5
caMoro KopoTkoro Macwrtaba T, T. € [0 pacn/blBaHHsA BOJHOBHIX NAKETOB,
KOTOpHe JBHMYTCA M0 KJaccHyeckHM TpaexkTopuam. IIpm t231, KeBanToBas
OHHAMHKA, KOHEUYHO, HE COBNAJAET MNOJHOCTHIO C KIACCHYECKOH, OAHAKO,
KaK NOKA3LIBAET UHCAEHHOe MoleiupoBanue [3845]  gnaccuuecxan uuddry-
3Hs B cHcreMe npojojmaerca. Ecan Oul Auddysna OGuaa HeorpanudeHHod,
KaKk B HlaccHYeCcKOM Npegene, To CIOEKTP KBEEHSHEPFHﬁ O Oml HENIpEpHB-
HBIM, C}’MECTBEHHG, OAHAKD, UTO H B CAYYAE MHCTO AHCKPETHOrO CNEKTpa
€O CcpedHell NAOTHOCTLIO YPoBHeH pp KAaccHueckast AndpysHsa MomeT npo-
A0MKATECA B TeueHHe BpPeMeHH

T ~ Td ~ o (4)

370 BHTEK3eT HenocpeACTBEHHO H3 NPHHUHNA HeonpeleleHHOCTH, NOCKOb-
Ky NpH T<pg CHCTEMa He paspemaeT («He YyBCTBYeT») AHCKPETHHIM xapak-
Tep cnexrpa. Ouenka (4) u onpepeaser auddysHoHHE MaciTald BpeMen
Aas mofean (2). Tloscuum, uTo nAoTHOCTB po B (4) onpegensercs TOJALKO
coGCTBEHHEMH (DYHKLUHAMH, NPEJCTABJCHHBMH B JIAHHOM COCTOAHHH CHCTE-
Mbl, 3(GhEKTHENOe YHEIO KOTOPHX BCErjlia KoHeuHo,

Has oneHKH BelHMHHE py PACCMOTPHM BHaYaje SBOJIOUEID  OJHOTO
NPOH3BOJABHOrO HEBO3MYLUleHHOTo cocTofiHua, Torga BenegcTBHe KnaccH4yec-
Kofi Audysuu 3a sBpema tg Oyaer spdeKTHBHO BO3OYKIEHO HEKOTOpOe
YHCAO COCCAHHX HEBO3MYUeHHHX cocTOAHHA An ~ (Detq)'® 370 3HAUMT,
UTO TOMHHE COBCTBeHHLIC (DYHKUHH CHCTEME ABJAAIOTCA CYNEPNO3HIHAMM
HECKOJABKHX (nopsaika An) HeBoamylleHHHX coctosnuil. M naoGopot, Jao-
foe HEBOIMYILEHHOE COCTOAHHE NPCACTABAACTCH TAaKHM e YHCIOM cod-
creennpiX (ynruwmil, Otciona po~An~tg cornacko (4) n [?]:

Ta ~ De, |~ An ~ Dy, (5)

rae [ — spdpekTHBHOE YHCAD HEBOIMYULEHHBX COCTOAHHI, BOBJACYCHHBIX B
cTaunoHapale Koaedanus noche npekpawmenns auddyann. Huave moxuno
CKA3aTh, YTO BeJHuHHa [ onpejendeT passmep obAACTH MOKAJH3IAlHH cob-
CTBEHHEX (PYHKUHA B HeBoaMyWeHHOM Dasuce (no n). Mul GyieM HazHBATE
[ naunofl nokanusauud. 3ameuarenpnofi ocoleHHOCTBI0 cooTHOWEHHA (5)
ABRMAACTCH YCTaHaBJAHBaCMad HMH CBA3b CYUECTBEHHO KBaHTOBBLIX XapakTe-
pHCTHE Apaennd — nuddysvonnore mMacwmraba Ty W OAJHHE JOKaNH3AHH
I, co ckopoeteio audpysun Dy B waaccHueckoM npegene,

Ouenka (5) mna 1y, oueBHAHO, HE 3ABHCHT OT HAYAJNLHOTO COCTOAHHA
CHCTEMEL, KaK M JLIHHA JoKajdusaluu cobersennslx dyuruui, Yro me kaca-
eTcl [IHAE JOKaAH3alHH [ 104 cTauHoHapHeIX KodeSawufi, To ouenka (5)
chipaBe/liHBa TOALKO B TOM cJydae, KOrja pa3sMep HavadbHOrO COCTOAHHH
!, Ecnn xe Iy == [, T0 N0 NOPAAKY BENHUHHBI Da3Mep COCTOSIHHS HE
HaMeHfeTCo,

B paGore [Y] Gua oTmedeHa aHaNOrHA MEKAY ONMHCAHHOA BHIWE Jo-
Kaldusauueii B HMOYALCHOM npocTpaHceTBe (no n) W xopowo HasecTHof
Jokanuzauued Aujepcona B cayyaiHoM noteHuuane (cM., Hanpumep, [2°]).
HanGonee cyutecTeeHnoe pasiuuyHe MexAy OOOHMH SBJASHHAMH CBS3aHD C
TEM, 4TO B paccMaTpHBaeMoli Hamu mojend (2) HeT HHKAKHX cnyqafHbIX
napamerpos. [Iporonmxas 3Ty aranorno, MOMHO 3aMETHTh, YTO KBaHTOBHI
pPesoHaNc COOTBETCTBYET HeNOKAJH30BAHHLIM GJADXOBCKHM COCTOSINHAM B
MepHOARYecKoM noTedtnane [1819], OrmeruM TakKe, 4TO MeXaHH3M JOKa-
AH3aUME B ofenx cHeTeMax ABJAfeTcHl, Booblle ToBOpHA, COBCPUICHHO paz-
JHYHEM B 2aBHCHMOCTH OT TapaMcTpoB agpHxeHnda. Tax, aans mofean (2)
npt K== 1 w k> 1 nmokanusauns cBA3AHA € OCTAHOBKON KJAaccHuecKoit
antdy3HH BelefcTBHe KBAHTOBHX HHTepdiepeHOnoHHWX sddexrtor. Ecau
we K=1 (k==1), To nokaiH3auua onpenensercs KBAHTOBHIM TYHHeJAHpO-
BABICM B KAACCHYECKH HEAOCTYNHYIO 061aCTh.

1044



4. Kpanrosaa aokaausaums npe opHopopaHofi anddysun. B nansuei-
weM Mu OyieM paccMaTpHBATE KBAHTOBYH JIOKAJH3AUHIO, CBA3AHHYIO
TOJILKO ¢ NpeKpalleHHeM KjiaccHueckoft audgysuun, 1. e. aaa moaean (2)
Mul Gyaem npennosarats, u4To K > Ko u k23 1. PaccmoTtpum BHavaje Go-
Jdee ppoctoil cayyafi omHoponHofi (no n) auddyzen npr K21, B srom
cayuae MOMHO Takie NpakTHueckd npenefipeds yerofiyusoll KoMNoHeHTOR
apuwaenns [*]. s yrounenus oueHkn (5) HYXHO npexje Beero onpepe-
JHTL GoJiee akkypatno auddbyavouunii Macwrtad € B (HAH) AAMHY JoKa-
anzauny [ Kak peisicunsoch, wanfonee yaolHO 3TO clenats HMEHHO [is
BEMHUHHE! [, NOCKOJLKY 3aKOH JOKaAH3aluu colcTieHdblx QyHEOHA, npen-
ckasanuefi B[] no ananorus ¢ Jokanuzaumedl AHjepcoHa, MOXHO NpH-
OanMeHHO NPEJACTABNTb B BHAE CACAYIOMIET0 BHPAMKEHHA:

](Fm{n} | oce—in—mil rEﬂm. ':ﬁ]

rie cayuafinad BeJHYHHA Enm XapakTepHayeT QAYKTYAIHH BOKPYr cpefHed
IKCNOHEHUHANLHON JOKaAH2aUuNH, NpHYeM {Enmy=10.

n}"CTI: B HAYANBHEI MOMEHT BPEMEHH CHCTCMA HAXOAHTCH B COCTOAHHH
c n =10 Torza crauHoHapune KoaeSauug, ycraunasaupalomuecs Npu t >
> 14, XapaKTepPH3YIOTCA YCPEAHCHHEIM N0 BPEMEHH pachpejefeHHem

Ty =To mF= X |on (9) gn ()|~ (7)

Otmerum, uto [ (n) ABASETCH AHAJOTOM KOPPEAATOPa NJAOTHOCTHD — MAOT-
HOCTL B TBepioM Tede [*°]. YuuTuBasn, uto B cpeateM

{gm (n) |* = %—g—?lﬂ—ml:ls, (8)
nz (7) noayuaem *
[(n) = 'l‘ = m ?ﬂ o L

Beanunna [, MOXKET OTJAHYATLCH OT AJHHLEL JOKANH3aUHH cobcTBeunblx dyH-
Kuuit /. Tlpuunna storo ceaszana ¢ bAayKTyauusMH En.. Tak, B cayuae ra-
yecoBblx paykryaunii ¢ {(Afam)?) = Di|An| nmeenm (m = 0)

* H. E=
~ — e b B dk. 10
lgo (n) | j exp ( it Eﬂan) (10)

mll
HGEHE BEIYHCJICHHA HHTEFPEJIH I'IG.I'I}"-IEIEM

R TR 1 1
=S P, SRR 2 T T R NGRS, R T e 11
ey Al R e T £h

Anajnoruunoe sBJeHHe XOpOWO H3BecTHO B TBepiom Ttexe [*]. [Npumep cra-
LHOHAPHOrO pacnpefejeHns nokazad Ha puc. 2 418 k=10, T = 0,5, K =
=5, x=2n/l,, [x=[(n)2L/(14x), npamaa [y=e* B npenmenax
craTHCcTHUecKHX GuiykTyauuft 3akon (9) BHIMOJHACTCHA B OTPOMHOM JHana-
sone, oxpaTeipawitem oxodo 10 nopankoe namenenus fy. THnHuHas kpyn-
HoMaclTaOHas CTPYKTYPa CBH3aHa, NMO-BHAHMOMY, ¢ CHJALHHIMH JayKTya-
UHAMH BEJHUHHH Enm (cM. (10)).
B uyHCJHEHHLIX 3KCMEpHMEHTax AJHHA JOKaJWsauwk [, onpejensjach
H3 CTALHOHAPHOTrO pacnpeleienns ka ocHose cootHowenus (9). Coraaceo
(5) oTHOWEHHE
o = l/Dy = ,I?/D, (12)

He OOMMHO 3aBHCETh OT mapamerpos sogaenn (2). Ha puwe. 3 npuseaenu
HAIH YHCleHHble JaHnme 10s 3aeHcumoctH LT? or Dy (kpyxks) B 1aBofi-
HOM JieciTHuHOM JorapHdmudeckoM macmrtabe. Buano, wro B AHanasone,
OXBaTHBAIOUIEM NoYTH 4 NOPAAKA, omulaeman sasucHmocts (12) neficten-
TEALHO BHIMOJHAETCH, NpHueM cpeanee snavenne {(a)=1,04 & 0,03 (owno-
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Puc. 2.

tug, D,

Puc. 3.

1046



Ka — CTATHCTHUCCKAA) odeHb OJH3KO K ejiuuuue. KpaHToBHI napaMerp
BO3MYUIEHHA & HaMeHstacd B HHTepBade 5 — 120, T < 1, a anuna Joxaan-
sauun I, = 9 + 180. Ha sToM ke pHcyHKe NMpHBeIEHB! AaHible, NOJAyUeH-
Hole B [*¥] maa AaHHED Goxaansauun  coGeTBeHBON  PYHEIMH: -l =
= {In|@w (n) |/n> (roukmn). ITapaMerpn MeHsiHCh B HHTepBayiax: k =

575, T'==1, =8+ 1300. Cpeanea aHauenne {m) = 0,57 & 0,02,
Has ewuucaenns [ B [#*] ucnoabzopajcs CHeUHANBHEIR METOA, KOTOPBIH
no3goJser ofoHTHChL Oe3 HaxoMIeHHR NOAHEX coO0CcTEeHHWX  yHKUHI.
Hecmotpsa na pasfpoc Touek nodyyennele Aanible OTYETIHBO NOKA3LIBAIOT,
uro {; = 2[. M3 atoro coOTHOWeHHs oNpejenseM cKopocTh AHGAYIHE Eum
B BOMHOBOR Gyukmuu: Dy = 1/ = 2/D, TlpaMoe poiuHcaense D: meto-
BoM paloTe ?23} NOJATBEPHKIAET ITC COOTHOLIEHHE,

DakTHIECKH, KaK BHAHO na pHc. 3, 3akoH aokanusauun (12) octaetca
cnpapetausuM o B obnactn K ~ 1, rae kaaccHyeckas andwpy3us cramo-
BHTCH CYIECTREHHO Heo HopoAHol H noarafnTed Goablide ofdacTH yerol-
uupore ApHMeHHA. OTMeTHM, ure B Auanazose suadvenufi K Ha BCTaBke
puc. 3 sapucHMocTe Dy o AK = K — K, apasierca oyens caomuoi (cwm.

(3)).

5. KBanroean aokanusaumsa B KputHueckoi obnacth. [Ipn K— K.
CKOPOCTh KiaccHueckol audyann B Modenn (1) pesko najaeT seaefcTBHe
obpazopanus cneunduueckolt kputHdeckoli erpykrypu [*%]. Cornacho [%)
Dpoc (AK)® (AK=K — Kyr). D107 3aKoH corjacyercs CO CTapeiMH H3Me-
%EHHHMH Dy [M] u 6ol Godee aKKypaTHO [pPOBEPEH HAMH B HHTEpBAaJE

= 1,1 = 2,8, riae ckopocTs AHPPYIHE MOMHO ONHCATH IMIHDPHYECKOH
thopMyaoit (3} (cM. BeTaEky Ha pHe. 3).
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be =i R
a0 L
3 B '.A %
K :—"ﬂ‘o i’:
.o
L gy -
= [ .
20: ] Y
"-".4.-."1
L -
L "y *e %
~30 £ “
o W
o 5
E L
I .
=40 N
C l: ey ®
- % i
r [
: TS
Yy PS8 IS5 A S A iSSP o [ o [Ny S et
aJ 20 &0 ({1 B0 00 120 143 g{=11] €0

Puec. 4.

Buipaxenne (3) naer cpefHion ckopocTh ARGMPYIHH 3a BpeMSs, MHOTO
Bo/bLIee BPEMCHH [ICPEX0La MCHLY COCCAHHMH LEMLMH peaoHancaMy (mpu-
smepio paspoe 130 (AK)—®). Jlokadeian ckopocts guddyann B aTolt ofaac-
TH CTAHOBHTCH PEIKO HEOJUODOIAHONA, ONATh-TAKH 3a cYeT oOpa3oBaHHA KpH-
THYeCKOH cTPYKTYpHL Tem He MeHee, 3aKoH KBaHTOBROH Joxanusaunn (12)
YAOBAECTBOPUTENLHO BHINOJAHACTCA H B 3ToH o6aacTH NpH JONOJHHTEABHOM
YCAOBHH, YTO KBAHTOBBIHA napamerp & fdocratouno Goaswod. B npoTHeHOM
cllyyae xapakTep cTAalHOHAPHOPO pacnpefe/ielHs Pesko H3mMensieTcs (pue. 4,
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k=10, K = 1,5, neprox pesonancHoli cTpyKTyput 2n/T=42). 3nece
HEOAHOPOAHOCTE SHGHYIHH DPHBOAHT K HEMOHOTOHHOMY H3MeHenuio [ (n).
flcHD BHAHLI UETHpE® DENLHX Pe3oHAHCA, KOTOPLIE COOTBETCTBVIOT «[JIaTO®
[ (n). Camoe HmmHee MAATO onpefeafsercs OWHOKAMI OKPYrJexus [np
cuere, [Tnato BuyTpH pesoHaHcoB olGpa3ywTesl 3a cuer OBICTPHIX Kojeba-
uuft no n, Memay pesonancamu, B o0JaCTAX KPHTHYECKOR CTPYKTYPHI, CKO-
pocTh Audysnn, a BMecte ¢ Hell W AHHA JOKaJHIALUHH PE3KO YMEHLIIA-
OTCH, UTO H TPHEOANT K Guierpowmy nafenmio f(n). Bysem HazmeaTe sTOT
cayuafi HeofHOPOAHOH noKaaumzanHeil.

OueHky ajsa key MOXHO NONYYHTH chedylomum obpasom. Henoabsys
MEeTOJ, OMHCAHHMN B 1. 3, NpeacTaRHM AJNHHY JOKANH3AUMH B BUAE

P—" —~ 22 —I— {D;.fﬂ} Td =~ Ti . E]E'}

3neck uwnen k® xapakTepH3IVeT BKJIajJ MEPBOTD NEPHOMA BOIMYyMeHHs (A0A
HAYAJALHOTD cocToAHEg fn =0), KOTOpHH gBAAETCH CYLLECTBEHHBIM TIPH
Dyg—0 (K— Kq). Ha (13) BunaHo, 970 BO3MOMHE [BA PA3MHYHHEIX PeHH-
Ma KBAHTOBOH JOKAJH3ALHH B 3aBRCHMOCTH OT COOTHOWIEHHA oGOHX chara-
emblx, Ecan £2< Dyry/T?, T. 0. BKIAAOM NEPEOTO NEPHOAA POIMYLIEHHA MOK-
Ho npenefpeus, To [~Dy/T? 1 Mul Bo3EpallaeMes K NpeXHeMy BEHPaXeHHIO
(12). 3rto — pesum Owerpolt guwhdysnn, KoTopag NPHBOIAT K TAaLKOMY
cralifonapronmy pacnpefescuuio (puc. 2). ITOT pemHM COXPAHACTCS H NpH
K— K¢, ecnn ToAbKO KEAHTOBMWNA [apaMerp £ pocratodHo seanx (13).
B ofpatHom npefensHom cayuae Dyra/T2<k? mepnennoft audwbpysuu noka-
JMH2AUHA cTAaHOBHTeHd Heoinopoauoft (pue. 4). Tpannna memxpy 3THMH pe-
MuMamu jgaerca oucHkol A2 ~ Dyry/T? nnn

Dober/ K221, (14)

rAe SMOHPHUCCKOE 3HAUCHHE NAPAMETPa HeoJHOPOJAHOCTH B3ATO H3 YHCIEH-
v pamHex. Upapnuny (14) MmoMHO CBAZaTE ¢ XAPaKTEPHCTHKAMM KPHTH-
gyeckoH cTpykTypul npH K — Ky Ilpocras pesoHaHcHAas TeopHA Taxod
CTPYRTYpE onucana n [%]. CorsacHo Toff TEOPHH, HAXKPHTHYECKOE BO3-
mymenne g = AK > 0 paspywaer Bce wenkue Macmrabul KpPHTHYECKOR
CTPYKTYPW BOAOTH A0 Macwrafa ¢ XapakTepHeIM BpPeMeHeM JABHMEHHA
te ~ e~ Torma ua (14) naxogum 7, ~ £1° rie MH HCNOJb3OBATH OUEHKY
Dy~ €® (3) u nonowuan K = 1.

Ecan BMecTo KBaHToporo mapamerpa k Mcnoib3oBaTk fi, MOHHMAas ne-
pexXol K KIaccHYeCKOMY mpefeny kak fi — 0, To NoclelHAd olLéHKa TpH-
HHMAeT BHL T, ~ A~Y8 n dopMansuo coBmafaer ¢ pPesynbTATOM pPalOTH
[*®], nmoayvennwmm apyrum metoiom. OAHAKO HHTePNpeTalus 3TOTo pe-
ayALTATa ¥ Hac coBeplienno unan. Bo-nepsux, 8 [*°] spema  A-Y¥ nuxax
He CBAZaHO ¢ BeMHYHHON poaMymlenns e. Bo-sropux, asropum [*®] nomuma-
10T ero Kak Audpdyzvoaami macwrad 14, Ha camom pene, oanaxo, nochen-
uuii MHoro Goaewe (cm. (13)):

Tu’. f kcr """ﬁr_! }Ts A= fd:__? (k::r } 1]..

6. Menokanuszauun. Ecan B npouecce AupQysuu ee CKOpoCTb H3IMEHs-
ETCH, TO 3TO MOMKeT CYIURCTBCHHO NOBJAHATE Ha XaPakTeED KBAHTOBOH JOKA-
JHIAUHH. B YACTHOCTH, BOAMOXKHA AeNOKAaJH3IAUHA, KOTIOa KBaHTOBAA .II.H{tJ-
[IJ‘}"3HH MPOAGAACAETCA HEOTPAHHMEHHO JO0JAT0. 310 ABMeHHe 0RO HCCAENO-
BaHO B pafiore [°] wa moxenu (2), B xoropoft mapamerp k(t) ABHO 3aBH-
cea oT BpeMend, B caywae crenennofi sapHcHMocTH k= kot (Bi > 1)
JAeNIOKanH3alus HacTynaet npu p = 1/2,

Huxe Mul pACCMOTPHM MPHMED HEOAHOPOAHOH No n AR(y3HH, NPHHAB
D, (n) = Dinb. Ecin f§ n0CTATOUHO BEMHKO, T. €. CKOpOCTh AutdysHn pac-
TeT GHCTpEe A, TO YACAD HEeBO3MYLIEHHLIX coCTOAHHA (An), CBA3AHHHIX
audysucii, ¥ HEKOTOPOMY MOMEHTY BPEMEHH T Gyaer pacTtH OhicTpee T.
[MocKoALKY 4HCAO COGCTBEHHBIX COCTOAHHA KBa3sHIHEPIHH H HX NAOTHOCTH
fn = An —~ v, TO paseHcTBo (4) He AocTHraeTcsl W JOKalH3aUHH He NpoHe-
XOJHT. DT0 H OUPENAET YCIOBHA AeN0KaAH3alHM,

MMvers HawadabHoe n = ny ~ 1. Torga w3 ypaenenus anpdysun noay-
qaem Dyt ~ n*PF < Din, [locheanee HepaseHcTBO H flaeT rpaHuuy neoKa-
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auzanmn: f=1, Dy > 1, a yeaosue Dy == 1 sksHBadeHTHO TpeGoBannio,

utobul & ~ ¥ Dy 2= 1 npu aoGom v (rpamnna Ilypaka, em. n. 2). Otmernm,
4yTo orpaHnyende f = | B TOYHOCTH COBMAAAET € YIOMAHYTHM BBEILIE yCJ0-
BHeM p = 1/2 npu ABHOH 3aBHCHMOCTH CKOpOCTH NHpQYIHH OT BpeMeny.
Ecnn unadadibHoe ng 33+ 1, TO JOKaJH3aluMs Bo3MOKHA H npu ff > |, xoraa
AJHHA ONHOPOAHOR JoKaauzaumn (5) ¢ Da = Dy (me) < ne. Orcwna yeao-
Bhe Aenokaauzaumun [*'] Dy nl-f< 1. B nporusHom cayuae cHeTeMa

«He mouyBcTByeT» pocta Dy ¢ n. Tlpn ng~1 sTo ychioBHe nepexofut
B [y == 1. OnHcandblif MeXaHH3M ACN0KANH3alHH OKasadcHd cyllecTBeHHbIM
npu BosbyiACHHH aToMa BO/JOPOAA MOHOXpOMaTHYeckdm nojeM [¥].
Ham npuaTHO OTMETHTH NOCTOAHNLI HETepec H noanepmxky A. B. Ta-
nonosa-I'pexosa, KOTOpPOMY MHE BHIpamaeM cBoio PAy0OKyH NpH3HETENL-
HOCTh.
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Hucrutyr anepuol dusmii
CO AH CCCP

LOCALIZATION OF DYNAMICAL CHAOS IN QUANTUM SYSTEMS
B. V, Chirikov, D. L. Shepelyanshky

Numerical experiments with a simple quantum model show that the localization
length of dynamical chaos is determined by the diffusion rate in the classical limit,
The investigation of the localization phenomenon near the critical parameler value is
carried out. The conditions of delocalization in the case of inhomogencous diffusion
are determined.
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