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CTOXACTVYECKVE RONEGARMT KBAHTOBOTO MASTTHMKA
TIOX IEACTBIEM IIEPVOIMYECKOTO BOMYMERMT

AHHOTANORA

- [lpoBon®TCA YHCJEHHOe HCC/AeNOBAHNE IBEXGHNA KBRHTOBOTO MBe
ATHEKA, HAXOmAmerocA mON ZefcTrEeM BHemHel HeimHeRiHOf ONJH,l6=
puormdeckE saBHoamelt or BpeMerM. [lopeneHme Takoff  kBamTOBOK
CHCTEMH CPABHHBAETCA C NOBEJEHEEM COOTBETCTEyMmes KaaccEIecKoR
- CHCTEMH., Honasnnaercs, YTO NPE JCJOBHAX, KOrZAa B KiaccNYeoKoft
CHCTEMEe BO3HEKaeT croxacranocrn IBUXCHES, NOBeICHNE 'KBaHTOBOR
CHCTeMH B OCHEM IOXOXe HA KJIACCHYECKOe NOBEJCHEE., B 49acTHOCTX,
HA OTHOCHTEJNHHO MAJHX BpeMmeHaX Hadmnnaercsa ANGfysmoHHuE poCT
DHEPI'EH. BMecTe G TeM OGHADYXeHO DACXOXNEHHe B IOBEJICHNN KBaH=
TOBO# CHCTEMH IO CPDABHOHHN C RJIACCHYECKOlt Jaxe B I'IyCOKO KBa=
sEKIaccrdeckof odnacTr. HaEdoJgee MHTEDOCHHM OKASHBAETCH OTCYTe
CTBEE JOKaJBbHO#t HeyCTOAYMBOCTH IBEXEHNA, ABAANmelicd MpEIMHOM
BOSHEKHOBEHH/  KIACCHYECKO# CTOXACTHYHOCTH.

I) VHcTnryT JmsEkE Mmramckoro ymmeepcmreTa (Wraxma)
2) lxosa JusEkM TeXHOJNOTHYECKOI'0 HHCTHTYTA

(r.Araanra mr.Ixopaxmg,ClA)



§ I. BBENEHVE

B nocxremume IogH ORI JOCTHIHYT danmOﬁ ycnex B H3YYEeHHH
NOBEJIeHEA JAMHAMAYCCREX CHCTEM KJISOCHISCKO# MeXaHmKE (CM., Hale
pemep, /I=3/). B 4acTHOCTH, OHWIO OTKDHTO Tak HaSHBAEMOS  CTO-
XACTHIECKOe NEHNXCHNe B OYeHDH IPOCTHX MEXAHMYECKEX cEcTemax,lIpH
STOM, OKASHBAETEH, YTO_CHCTEMA IBHXETCH TaK, Kak ecai® OH OHa
HAXOmmrIach Nox jeftcrerem HeroTopoit caygaltmoft cwm, xoTd Ha ca-
MOM JleJle TaKOoe JIBEXEHNE NOJHOCTHD OMHCHBAETCA THCTO IEHAMHEIEC-
' KEMM ypaBHeHmAMEN, CTOXACTWYECKOe NBHXECHHE HHTEDECHO He TOJBKO
¢ TOYRH' SPeHMA IPOCAEMH NEHAMEYECKOR ycroftawsocTH, HO X b
IIOHVMAHES BOSHUKHOBEHMA CTATACTHIECKHX 34KOHOB B MeXaHwre. OO~
HAGKO HCTHHEOZ MeXxamWMKOff peasbHHX (MSHYECKHX CHOTEM ABIACTCHA
KBAHTOBAA MEXAHHKA, NOSTOMY BAXHO HCCIENOBATH, B Kaxoft mMepe
CTOXACTHYECCKE! THNI RBEXEHEA PAcHpOCTpaHAETCA X HA KBaHTOBHE
IMHAMAYEOKEE CHCTEeMH. J0 HeIaBHEI'O BpEeMEeHH B KBAHTOBO# MeXaHH~-
Ke HCCAENOBANMCE B OCHOBHOM YCTOAYMBHE HJHM MOJHOCTED HHTEI'DHe
PyeMHe CHCTEMH, TAKHe Kak aTOM BOIOpPOIA, NMPOCTHE MOJEKYJH,Iap-
MOHHYeCKHft OCIAATOD H TOMy mMomoCHoe. UTO Xe KacaeTcAd XOpomo
paseuToff kBAHTOBOZ CTATECTHYECKON MEXaHMKH, TO OHA CYHECTBEHHO
HONOXBSyeT IONOJHATeAbHHE CTATHCTHYECKEE IDPOIIIOJOXEHHS THIIA
IprOJMXeHUS XaOoTHYEeCKEX ¢as.

CoBceM HeTABHO MOSBHIMCEH padorn; B KOTODHX JeJapTCA  IOw
IIHTKE D&SBHTE HEKOTODPYD TEOPHD CTOXACTHYECKOr'O INBHXCHEH B KB
HTOBHX CHCTeMaXx. lMmeprcAa pasimvyHHE NOEXONH B 2TOM HAIpDaABMCHWH.
Tak, HaopmMep, B padore /4/ GHia NPENIPHHATA NONHTRA NPEMEHNTH
MeTOR JIORANBHOZ HeyCTORNMBOCTE INBEXEHES, HHPOKO HCHIOJHByeMuft B
RISCCHIECXOR TEODHE CTOXACTHYHOCTH. NocroMBKY ypeBHemme lipe-
JTEHTrepa JMuHef#HO, WaMEHEHEE BONHOPOR QyHRmmm Y nomwmmaerca
TOMy Xe caMoMy ypaBHeHED, uTo E max Y . B /4/ msyuaerca sae
BECHMOCTE: SBOJIIIME BOJHOBOR (YHKIFH OT MAJHX H3MEHEHME BOSMY=
meHEA. ABTODH NOAYYWIN HEKOTOpDHEe YCJAOBHMA, HPH KOTODHX Taxad
SABHOHMOCTE CTAHOBETCA OYeHh CHIBHOR (oxomomenmmmaxsHoff) M oOHE
PacCMATPEBADTCEX KAK KDETEDER CTOXACTHYHOCTE B KBAHTOBHX OHC=
remax, Fmexeft momxox memoassyerod B padorax /5/, TRe EsyuseTe
CS ONBHI HEBOBMYMEHHHX ypoBHefl SHepIrEE mox NefloTEEEM MANHX PO
SMymeEnfl, APTODH NOXYWRIM, 9TO NPE HEKOTODHX YCXOBNAX MAXO
BOSMyMEeHEE® NPHBOXET K OY€Hb dox;mony OIBEIY, YTO E O3HaYaer,lo
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MHEHEN, CTOXaCTWIHOCTh NBWXEHHEA. K mociemHeMy HANDABNEHHD NpH~
MHESDT Tarxe padoTw /I3/, B KOTODHX M3YyUANaChH CHCTEMATHKA ypPO-
BHefl SHEpTWM KBAHTOBOR CHCTEMH B KBasErIaccwdeckoll ofmactw B
SaBECHMOCTH OT HEYCTONYHBOCTE IBUXEHHA B KJIACCHYECKOM NpereJe.
CaemyeT OTMOTHTH, ONHARO, YTO PEe3yJbTAT 3THX paCOT IPOTHBOpE~
ypr pnarHeM /I14/ no pacnpeleseHEDm ypoBHelt "cayuafiMux" KBaHTOBHX
CHCTEM.

B padore /6/ Gwina cpenaHs NONHTKS PACHOPOCTPAHHTH KpUTepuit
IIePEeKPHTHA PE30HAHCOB, HCHOJH3YeMHE B RIACCHUECKO#! MeXaHWKe,Ha
KBAQHTOBHE CHCTEMH B KBaSHKIACCHIECKOM NpHOIMReHWH. B padoTax
/7, 8/ mcnoxpsoBaica WHOH KpETepH# CTOXACTHYHOCTH, &  WMEHHO
IBEEEHVE CYHTAJIOCH CTOXACTHUYECKHM, E€CJ¥ BO3MyNEHEE CBA3NWBACT
doapmoe HEeBOSMYMEHHHX COCTOSHW{t. OrMeTHM, 4TO B omHOft W3
3TEX pado? CoxepxEres KpaTkmll 0630p CYMECTEYIUMX KBSHTOBHX TeE~
OpEft SPrOAMYHOCTH K YKASHBAETCA HA HEYNOBJIETBODPHTEIBLHOCTEL 3THX
TeOpH#t INA pemeHHA MPOCJEMH CTOXACTHYHOCTH B KBAHTOBHX CHCTE —
Max, CrefyeT ynoMaHyTh Tarkme padoTs /9/, B KOTODHX pacCMaTpUBa-
PTCA IPYyI'HE ACHEKTH kBaHTOBOH# IHAMAKY .

OcHOBEOR ocodennocrsn CTOXACTHYECKOI'0 IBIREHUA KJIaccHyeC—
Ko#t cHCTEeMH ARIAETCHA TAK HASHBAEMOE NepeMEemHBAHEE, KOTOPOE CO—
OTBETCTHyeT HENPEepHBHOMY CHEKRTpY Kak I (YHROEM pacrnpeneseHuA,
noxyrHANmecA ypaBHeHUD JIMyBHLIA, TaKk ¥ IAA OTIEJBHOR TpaeKTo-
pmr. C I1pyroff cTOPOHH XOpOMO H3BECTHO, 4TO SHEPTeTHYECKUit CrexTp
orpaHWYeHHOR B NpoCTpaHCTBE H KOHCEDBATHBHO/! KBAHTOBO! CHCTEMH
BCEr'Ha IHCKpeTeH. OTCHOA BHTEKAEeT, YTO H3MEHEHHe BOJHOBOX fyH~
KOWM ABIAETCA KBASHIEDHOIMIECXEM, & 5TO, Kasajoch OH, 03HavaeT
OTCyTCTEHE IEDPEMEWMBAHMA, KOTOPOE B RJASCCHIECRON TEOPHHE SABIA~
eTcA OCHOBO# CTOXBECTHYHOCTH HBHXCHMA. B HacToAmee BpeMA COBED—~
IEeHHO He ACHH ROHKDeTHH# MEXAaHWSM M YCJOBHEA Ilepexofia OT KBaH-
TOBOTO JMCKPETHOTO CHEKTPa K KIACCHYeCKOMy HENPEPHBHOMY CIEKT-
PY CTOXACTES<CKOIO IBEROHEA. HeM3BECTHH Takxe B JCJIOBUA IPHEME~
HEMOCTH RJjaccudeckoff spromwaecroft TEOpER K znanTOBum CHCTeMaM
Jlaxe B KBaSERIACCHYECROR 0GaacTH.,

HecMOTpa HA yRaSaHHHe OCNEE TPYAHOCTH, CYLECTEYDT HEKOTO-
pHe OCOCHe KBAHTOBHE; CHCTEMH, B KOTODHX IEpEMEMNBAHWE BCe Xe,
BOSMOXHO, EMEET MecTO. BaxHuM OPEMEpOM SRASDTCA DACHANAXIHECH
CHOTEMH, CKAXeM CHIBHO BO3CYXIEHHAA MHOTOATOMHASL MOJIEKy 12,
_ONEKTp KOTOpOf MOXET COAepEATE Kak XHCKDOTHYD TAK H HeNDEPHB-
HYD XOMIOHeHTH, JpyToff IpEMEp CBASAE C CHCTEMAME, MMEXHMMH

Lot
b
4 ‘



GECKOHEYHOE WMCNO YPOBHefl ¥ HAXOINANEXCH IOE IeRcTBHeM BHENHE~
TO NMEepHONMYEeCKOr0 BO3MymeHWsA, Tak Kak B MOCJeNHeM ciydae pHe-
PrEA He COXDaHAETCH, BIOJHE BOSMOXHO, UTO CHCTeMA OyXeT - Kak-
TO anepHONMYEeCKH "CAYRUATE" IIO BCEMY aTomy GeCROHEYHOMYy HAO0O-
Py ypoBHef#t. MOXHO paccyxiaTh E ¥HadYe: TAK Kak BHeNHee BOSMY -~
meHre NEePAONUYHO BO BPEMEHW, TOUHHM KBAHTOBHM YHCJIOM CHOTEMH
ARIAETCA TaKk HasupaeMas KBasusHeprza /I0/. Ho kBasmsHeprma
ONpeNesAeTCAd ¢ TOYHOCTHD NO LEJOTO YHCJIA KBAHTOB BHENMHET'O BO-
3MylleHVs, T.€. BCce (MSHUYECKH Da3NMYHHe BSHAYEHWA KBaSHOHET THH
JiexaT B KOHEYHOM WHTEpBaJe 21%/%", Tie T ~ NepHoON BO3MY~
menuA. IJOCKOJBKY CHCTEME HMeeT GeCKOHeYHOe 9HMCJO ypOoBHe# kBa~
3WSHEPI'MH, CIEKTD MOXeT CTaTh no kpafiHeit Mepe BCOXY. ILIOTHHM
WIH Jaxe HeNpeDHBHHM. '

B HacTommeit padoTe MCCIENYETCA CHCTEMA MMEHHO NOCJEIHero
Tana. B KavecTBe KPHTEPHA CTOXACTHYHOCTH Memoxbsyerca muddy -
3pA 10 DHEPTMH, KOTODAR BOSMOXHA B TAKOX CHCTEME BCJEICTEBHC
GeCKOHEYHOTO SHEPTeTHYEeCKOTO CHeKTpa. . llpocrad MomeJs raxoft
cmeTeMy ommeaHa B § 2; e& moBejleHMe B KJIACCHYECKOM  IpeXese
PACCMOTDEHO B § 3; uucNeHHHe DeBYJBTATH NBUKEHHA B KBAHTOBOM
cayuae mpencrarteny B § 4 m o6cyxnawrca B §§ 5, 6.

OcHOBHO# pesyJahTaT IPOBENEHHHX HCCJAENOBAHHA COCTOMT B
TOM, YTO NBAXCHAE PACCMATDHBAEMO# KBaHTOBO# CHCTEMH MOXOxe Im
OIpeJieIeHHHX YCJIOBHAX Ha CTOXACTHYECKOE NBHEXEHHE RIACCHIECKOR
CHCTEeMH. B uacTHoCcTH, HadymuaerTcd IEffysma mo oHeprmu, T.e.
JmHeltHut poCT cpenHe# aHepIEE CO BpemeHeM. BMecTe C TeM BO
BCeX cJydJafxX, B TOM YKCJe H B KBaSHRJIaccHYecKof OGAACTH IBH~
xexma (mpE GOMBIMX KBAHTOBHX YHCJAX) BCerza HalipraeTcs  Cy-
MeCTBEHHOE OTJMYEE KBAHTOBOTO IBHXEHMX OT IBHXEHEA B KJACCH ~
gecKoOM mpenesie. Tax, CKROpoCT: IEPfy3mM BOErJa ORasHBAETCA
SHAYMTENHHO MEHbIe KIACCHIECKOf 3a HCKINYEeRHeM KOPOTHKOI'O Hae
9aJBEHOTO IIEPHONA LBEXCHEA. Ham He ynaxoch Takxe OCHADYXHTE
Kaxo#t 68 TO HM OHAO JORANBHOZ HEeyCTONUYMBOCTH IBHXEHMA, KOTOw
pad ARIAETOR NPENEHOM CTOXACTHYHOCTE MBHXEHHS KAACCHYECKEX
CHCTEM.

§ 2. MOIET

PaccMOTpAM IaNBMATOHMAH ¢
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' I'7ie NeBOSMYMEHHNE TIAMILTLTOHNAH
. TaMu e N
S - (2.2)
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ONHOWBEET CBOGOZHOE EpAmEHEE MAATHMEA ¢ Maccoll vn i jymmmoft €.
Yrox 6 sanmser OTRJIOHEHNe MAATHHKA OT NOJNOXEHEA yCTOoRumBOTO
P&BHOBECHA . Bosmerme v Budepeu B BHIE

--tQ_kS,_,()\\C%B | T (2.3)

. THe g ()\) = NeJbTa - QYHKIEA © nepno.nou 2% , onpeneme—
Mad CJeyXumEM cI’ypbe-pastoxenneu'

=35 (4+ 2§:cmx) Y'Y

Smecs A= 57-"’-*)‘ - (asa, T-2'1:/.S)_ - mepHog ¥ k>0 Ges-
. pasmepHufl HapaMeTp BOSMYHEHHHA,

llpEsagTOe BOSMyHIeHNEe npencramer codoft nepnomecxne
OYeHb KODOTKHe TONYKH. ECAN DEPHOX TONYKOB ROCTAROYHO MAJI,BOw
SMyERFHEe MOXHO YCDEIHHTH MO Bpeue., H MH no.uyuaeu odmuﬁ
MOATHEK ¢ T'aMEALTOREAHOMS
- A

H=H,=wm¢ wﬁ,&se e

: ‘ ‘kSlk | |
b.)°= ’ 2xvwne | : | ' ' (2.6)

YRCTOTA MAK.X Ro.nedam MAATHEKA B na.ecnecxou mpenexe, C.ne-
XomarexsHo, moxems (2.1) Moxuo PaccMarTpEBATS: KaK OOHVHHE Mo~

: nm (2.5) mox mxmaHEenM HeX0TOporo nepnomcoxoro BOSMYREHRA .

‘Pemenxe SanavE BHPaSEM !epes 006CTBeHHNe (yHXITNX nenosuy-
NEeRNOTO OmeperTopa. H, s -

mie
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Tax Kak BOSMyMEHHe IEPHONMYECKOE, YDABHEHMA NBHXCHHA MOXHO
IPECTABAT, B BEIe OTOCpaxeHEA Yepes IEPHOX BOSMYHECHHUA T .
Yro6H NMOJYUNTh 3TO OTOCpAXEHEe, NMPOHHTEIPEPYEeM YpAaBHEHHEE [pew
nuarepa (2.1) B nBa mpHEeMa,

a) GpodoiHoe BpajleHue OMECHBaETCA peoGpasoBaHmeM:
;\»Dyﬂ"
o Qn Ane (2.8)
TIe
W= 2me’ (2.9)

6) ToxdoR. Tak Kak IJMTEIHPHOCTH TOJNYKA CECKOHEYHO Maxa ,
MOXHO NpeHe6pedYh HEBOBMymEHHOH 9ACTBHO MAMHJIBTOHMAHA B TEYeHHE
rosaxka. Torma ypaBHeHme [lpenrwHIepa mpEMeT BHI;

that = 5 Qk (o0 ¥ (2.10)
UnTe1p¥pya , 0Ny I¥M,
'] |
Y=ye @ (2.11)

Pasjox¥M SKCHOHEHTY B pAN dJypre:

gk(&se 9

- 2 A (k\e (2.-12)

Qavo0

# nepemmmeM ypaBHenme (2.II) B BHRe:

=% A me () e

vS=~-oo
S+C=wn

KomomHupys ypaBHenma (2.9) ® (2.I3), mojydYEM NOJNHOe OTOSpARew
HEE: \

. we 1’-'-2-'?
.=, a.e 6, - (2.14)
;-ﬂ'sn )



B nocxenHeM BHpAXeHME BBelieHS GespasMepHad IepeMeHHAdA

v=2L (2.15)

et

Crporo romopA, cymsa B (2.I4) GeckoHeuna, oxHako, KO3{pEIAEHTH
@g(k) , KOTOpHe BHpaxapTcd 4epes (yHERmm Becce:

8.09=3,00;5  &.=b (2.16)

OHCTpO yOusawT mpE s>k, Tak ¥ro B (2.I2) MoxHO OCTaBATh
KOHeWHOe IECHO wieHoB. OroSpaxemme (2.I4) MOXHO Temeph WHCJEH-
HO HHTEIDHPOBATH 32 OGOJXBNOE THCAO TONIROB.

§ 3. KJIACCHYECKMI IPEIEN

pexnie 9eM NMPENCTABAATEH PEIYAHTATH NBEXCHMA KBAHTOBOH MO--

Deam, OmEcaHROft B mpexunymem naparpade, pacCMOTDEM MOBeJEHWE
MOXeJE B KIACCHYECKOM mpeziene. IaMpahTOHMAH KJIaccHueckot cuc-

TeMd EMeeT BRIl
2

e ¢
H= ‘é;:“"eg -me woz'ﬁgz‘:()\_\co‘ig (3:1)
BeJIeicTERe NEPHOANYHOCTH BO3MYMEHHA YDABHEHHA NBAXEHHT
T= -l e 2w BN Tinb

I/ wme?
MOXHO NIDENCTABNTh KAK OTOCpaxeHHe:
2 2

-i='.[---"-%_—‘9-°-2:§'m9

[ 9_+(i/,,;\e2 T
Beozs HOBMR MMIyIEC ' |

: T (3.2)
. |

(3.3)

’P:: %Q—,_T C(3.4)



npuBoaEM oTodpaxerme (3.3) K BEOY

p=p-Klind
- P (3.5)
6= 9+-P-
rne
2 . ’
X:_M—';kt (3.6)

SL

TlocaenHee BHpaxeHWe NAeT CRASH KIACCHYECKOTO mapaMerpa K ¢
HapaMeTpaMy KBEHTOBOT'O MaATHHKa. CBOACTBE RJASCCHYECKOT'O OTOGDA=
xerns (3.5) Gwre nmompo6Ho m3yveHH B padorax /3, II/. B uacTHOC-
TH, OHJIO YCTAHORIEHO, YTO IpPH K< I npuxennme yoeroffttmBO B TOM
CMHCJIE, YTO W3MeHeHHe EMyinéa orpanmeno (lap| < J’:_f )e C
mpyrof cropomd, aa K >> I IREXeHHe ROCTATOUYHO TOYHO ONECHBAETOCA
ITPOCTHM IMPySHOHHHM SAKOHOM

2 : :
<2t (3.7)

Tke P eCTH 3HAYEHHE NMIyJHCA B MOMEHT BD@MEHH t = P EHIIONOm
XeHNH, YTO HeYaxbHOe BSHAYeHHe Pow 0. Bpemn 1 HSMepeHO B WHC-
Xe Wrepamuft oroSpaxeHEd, & YCpenHeHHe HPOMSBORMTCA IO  COJMBHOMY
TMCHAY TpaekropEll ¢ DasANYEHMA HAYAALHHME YOJNOBRAMA, M3 mmifiysm-
OHHOT'O 3akoHa (3.7) BuTeRaeT, YTO pacnpenenenne no mn.wmcy HMEw-
eT rayccopcKkmit BHX:

%xz

g(P) ‘{"‘x .‘(3.-8)

IpyTVM BaXHHM CBORCTBOM CTOX2CTHIGCKOIO IBEXCHUA B KAACCHYGOKHX
CHCTEeMAX ABAAETCH TAK HASHEAeMAR JOKAXbHAA HEYCTORIEBOCTE IBEXOw
HEA, KOTOpD&A OBHAYAET BKCIOHEHNEAJILHOE "pasderaHEe" GIHSKEX TPOw
exTopuft '

<«ds = H: ~ (3.5)

Tae ds\l(sp) +$9 | a pemroma h | XapaxTepHsyet CROPOCTH
pacxormmocrs E HasuBaered KC o an'rponneﬁ / 12/ Tinst oroépaxe -
Aua (3.5) |



~ 0 [¥X
hx e“(‘{) (3.10)
npn’ X> 4 /3/. |

§ 4. TACTEHHHE SKCTEPYMEHTH C KBANTOBOJ MOLEIBD

I pMxeHEe KBSHTOBOI'O MAATHHKS, OIMMCAHHOTO B § 2, umcieHHO
onpereaanoch mo fopmynam (2.I4). Ilpz STOM BHYMCJAAACH CJAELYD~
IEe BEJMYHMHH:

a) yHKIEA pacnpeneseHus

C=law’ | (4.1)
6) CpemHAA SHEPIEA
CE>=T 2 5 (4.2)
B) cpemHml mnmmch |
<I>=2v:n5,(v\) | (4.3)

- XapakTepHHe TpEMEepH {YHKIME pacHpelesieHMA XaHH Ha pmc, I-3 ,
TIe ECNOXHSOBAHH CJEAYyNIEe HOPDMHDOBAHHHE KOODAHMHATH:

S L= (4.4

s ypasmemmft (2.I5) = (3.4) c.uémrer. qT0 P-m't » B TayCCOBC~
Koe pacnpeznesenne (3.8) cBommTed K

)= ks = (4.5

970 pacHpe:icAeHHe isodpaxeno Ba DEC,I-3 mpasoft ..0.' ',

9ro0H OPEECTABETH DeSYABTATH TMCACHHHX SKCIEDEMEHTOB B
xomumaxTHOR fopMe, SKCIEpDEMEHTAALHOE pacHpeneseHHe S,, () HEHTED=
NOANpOBANOCH MO cxexymmeft fopmgre (cp. (4.5)):

&&(v})ﬂ\e-&x | e
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rie } ® B - napamerpy, onpenesiemie N0 METONY HAMMEHBUHMX KBOws
IparoB, [lapamerp B ONHCHBAET OTJMYME HAKJIOHA pacnpeneaeHus
(B moaymorapmimudeckom Macmrade) OT rayccoeckoro (4.5), a napa=
MeTp f cmAsan ¢ joJef ,ummwnmpymeﬁ Rounoneu'ru \54 . OTY
IOJID MOXHO ONDeXeJHTH, mrerpnpyﬂ fyrkmmw §(n) Mo w ¢

e

Iy = wliﬁ"k S 'mdngﬁ: (4.7)

PesyanTarn nonrom 9KCHEPEMEHTANBHOTO pacnpeRejeHrEa mo dopmyae
(4.6) mpencrapnenu Ha puc.I-3 mpmeam ,8" (B komne cuera).

Ilpyroe xapakTepHoe CBOAGTEO PACCMATDHBAEMOTO NBAXECHAA -
BpeMeHHad B8BHCHMOCTE cpexHeft oHeprum (4.2). IA CTOXaCTHIECKO-
TO NBEXEHHA 9Ta 3aBACHEMOCTH ABIAETCA JHHefHOH. .!Ienc'rme.rmno L
uemonpsya (2.I5) = (3.4), moxHoO nepemucaTs IEhiy 3HOHRKN 3aKOH
(3.7) B BHRE:

2

Lok |
<E>,,f="-,:-’c ; D,E—T{-‘=%' (4.8)

JKCIepUMeHTabHHe saBucEMocTH <E>(Y) mpemcrannemn Ha pme.IA -
3A. '

XapakTepHO#t -0COGEHHOCTHD 9TOfl 3aBHCHMOCTH ARNIETCH SHATH-
TeapHOe (Jsaxe nma K = 40; X = 5) saMenieHHe CEOpOCTH mudfye=
MM D= -3~ <E> C TedueHMeM BpeMeHH. (49eHb YNpOMEHHO MOXHO
GUHTATE, q-ro CKOPOCTE: nubfySHM NpMHNMAET IBA SHAYEHAA ~ HAYAw
JBHOE D, ® KOHeYHOe D, » 8 BaMelicH¥e NRPJYy3HH NpO-
HCXONHT B HeKOTODHRt MoMeHT ¥ .

CBomka sKCHepHMEHTAJBHHX NAHHHX NpefcTaBieHa B radmme I,
TIe

tl"-':Di/Dr ) s'z"=--bz/1)|"
HAYANbHAA M KOHEYHAas CKODOCTH mmsn, COOTBETCTBEHHO, YCpel=
HeHHHEe 10 BpEeMeHNM M HODMHDOBSHHHE Ha cxopocar), XEGIYSEE B KJAAC
CHYeCKOM mpefiese D, (é’ 8); Bemrmmuu B, v Wi oTHocATES X MO )
menty +* v 8 B, , W -~ K KoHny cuera t . Foaee TIOXPOG «

HHe JNaHHWe O OTHEeJHLHHX cayIax ABEXEHNT KBAHTOBOT'O MASATHHES
IpeNCTaBAeHH HA DHC. I-=3, IA=3A n B Tadmmax 2-'7 TIe BeJHvHEA

II



<E>/ (¥/y) » xnaccmaeckom mpemese papwa t (4.8), a cTpora
OTHOCAMAACA K MOMEHTy +% OTMeueHa 3Be3IOYKOR.

[IpE cYeTe HCNOJH3OBAJHCH DASJMIHHE HAYAJNBHHE COCTOAHHA
cHCTEMH (HAYANBLHHE YCJOBHA): BO3GYRIEH TOJBKO HyJeBoff YypOBeHb
seprmn ( n = 0, paBHOpacmpegneserme mo B ); BO3CymOeHO  Hec-—
KosbKO {~ I0) HWXHEX ypOBHe# SHEDPI'EE C PABHHMM WM CJIydaiHHMH
aMITETYIaMA; TayCCOBCKOe pacipenesyeHne. CymecTBeHHO! 3aBMCUMO-
" CTH IBAXCHHMA OT HAYAJLHHX YcJaoBufl He HadumpaJtsoch. [loJlHOe YHCJIO
ypoBHel! sHeprum msmerAnoch OoT I00I (CEMMETPHYIIO OTHOCHTEJHLHO
Hyneporo yposud: -500 € n & 500) mo 400I. B nocaenmHeM cJydae
BoJHOBAA (yHxmmMA BuOHpasach cmmmerpmyroft (Q..=Q, ) ® cuer
BeJcd, faxrmaeckd, ¢ 2001 yposrem (0 wn ¢ 2000). To4HOCTH
cYyeTa, BRIDYAA M OMACKHE, CBA3AHHHE C KOHEYHHM YHCJOM ypDOBHel,
KOHTPOJIMPOBAJIMCE IO COXpPaHEHHWN BEPCATHOCTH. MakcMMabHag omul-
ka § 1 nomoft BEPOATHOCTHE He ITpeBHmAJA 3-IO"'3, ee 3HAYEeHHA
B OTHEJBHHX CJY4YAAX YKa3aHH B Taduune I. B Tadimiax npuBereHO
TaKxe MOJHOE YMCJIO rapMOHRK N B cymme (2.12), ParTHYecKHM HC—
IOJIL30BAHHHX B CcYeTe.

§ 5. OBCYRIEHME PESYILTATOB

IlpAcTynad K YHCJEHHHM DKCIEDEMEHTAM, ONMECAHHHM Bmme, MH
OXEJE, 9TO B KBasHrIaccuiecko? odmactE ( K» I)kmanrosoe mBE-
XeHHe JIOJXHO OHTH IO KpafitHefi Mepe moxoxe HA KJIACCHYECKOE. B
YACTHOCTH, MpE X>> I MH OXHIAJH YBHIETH CTOXACTHUECKOE IBHe
XeHWe C mapamerpamu, om#caHHwMM B § 3. JlaHEwe Tadmumu I m pme.
IA~-3A moraswBanT, 49T0, IeflcremTespHo, mpE X =5 k35 B
CHCTeMe NPOMCXOANT IEGfysSHA mO SHEPTHE CO CKOPOCTHD, OJHM3KOR K
OxmmaeMoft, ONHAKO TOJBKO B TEYeHHE OTHOCHTENBHO KODOTKOI'O Bpew
memm t* ., Ipr t>i* CKOpOCTh JE({ySHM CYymecTBeHHO nauaer.Kpu=
THYecKOe Bpes! t¥ pacTeT NPHGAMSHTEIHLHO IPONOPIMORAaABHO Kk .
Roneumas ckopocrs muffysme ( €, ) raxme pacrer ¢ kK mo nane-
HuM Taduenu I, npMGAExadch K KiaaccEYeckofl, ODHeprermyeckme
.CHeKTpH XpaxeHmA (pEc.I-3) NMOKASHBANT, YTO YMEHBIEHHe CKODOCTH
IuffysME IPOMCXOEMT, TJABHHM OOpasOM, 38.CYET COKpameHUd KOJH
Iuffyaaepynmefl XOMIOHEHTH W) , TOI'la KaK HAKJIOH clekTpa (B )
YBeANIHBAEGTCA OTHOCHTEJBHO MAJNO, ITO O3HAYAET, HNOBENWMOMY, ITO
donee WIE MeHee JIMTeabHAd IMPIySEA BOSMOXHA TOJBKO INA OYEHE

I2
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CIIeIMATbHHX HAYAJIbHHX cocTogHmA cmcTemu. IIpm STOM OCTaeTCA CO-—
BepIIeHHO HeACHHM, KAk Xe OylneT BeCTH CeCf KBAHTOBAA CHCTeMA Ha
NOCTATOYHO GOJBUOM BpemeHH. BymeT Jm ee CcpellHAA SHEPTWI = BO3~
pacTaTh HEOTPAHWYEHHO M eCaM Ia, TO C KaKoil CKOpOCTBL?

OTBeT Ha BTH BOIPOCH, & TeM CoJee NeTAJbHAd Teopuad KBaH-
TOBO# CTOX2CTWYHOCTH TpelyeT IajbHefimux mccienoBaHuH.

Iipa kpafiumx caydas B Tadmme I,oTHOCATCA, OYEBHEHO, K yC-
To#UMBOMY IBEXEHMD B TOM CMHCJE, UTO CDEIHAA SHEPIWA CHCTEMH B
mpenesax NOBOJBHO donbmnx quykryamg# He H3MeHAeTCA 34 BpemA
cuers. nyqaﬁ k = X =1 COOTBETCTBYeT kJaaccmaeckol
I'paHuIe yCTo#auBOCTH (§ 3). B IsHHOM cJydYae TNOBeJEHME KBAHTO-

. BOft CHCTEMH B KBasWKJacCHYecKo oGJaCTH COBNANAET B OTHONEHHN
yCTONUMBOCTHE C IIOBEIEHHEM B KJIACCHYECKOM ImpexeJe {cM. Tadmy 7)
Coyaat Kk = I; X = 5 gBigercA CymeCTBEHHO KBaHTOB#M. M3 nan-
Hux Taduamn I, 2 ciaenyeT, UTO IBMKEHHe ABAAETCA yCTOMUMBHM, He-
cMoTpa Ha Gospmoe K . OTOT IpEMED IOKasHBHET, YTO B KBIHTOBHX
CHCTEeMAX EMeeTCA KONOJHATEeJhHAA TPaHUNE YCTONIMBOCTH ITOMMMO
xnaccadeckoft (X = I), Taxad KBAHTOBAA TI'DAHANR YCTONIMBOCTH GH~
Ja mperckasana llypaxom /6/. B pacCMATDHBAEMOM CJY9a€  MEXAHWSM
5TOl KBAHTOBO! YCTOUYMBOCTHE BNOJHE NOHATEH U3 BHpaxeHufl (2.I2)m
(2.16). .I[eﬂc'rme.rmno, mz K« I sce 6 «(k) npeneGpexmMo May
.38 HCKJINYEeHHeM ~ I. 3TO 3HAYMT, YTO NePEXONH Mexry HeBO3My-
L{eHHHME YPOBHAMM npaxrnqecxn OTCYTCTEYDOT. A onpeneseHHd TOY~
HOTO NMOJOXEHHA KBAHTOBOR I'paHMIH ycroimBoCTH TpeCynTCA  Iaiab—
Heflime MCCJIENOBAHUA, ONHAKO, MOXHO IPENNOJOXATH, YTO OHA IDyGo
COOTBETCTEyeT ycaoBup K~ I,

CymecTByeT elle ONMH CBOeOCpasHuil THN NBAXEHUA DACCMATDHBA—~
emolt CHCTeMH, KOTODHE MH HA3BAJM KBSHTOBHM pesoHaHCOM. OH mMe~
er MecTo mpE T=4wywm , rme w - Joboe mexoe THCJO. B To4HOM
pE3OHAHCE CPeIHASA SHEPIEA PacTeT NPONOPLHOHAJNBHO 1* . Mexammam
KBQHTOBOTO PE3CHAHCA OWeHb IDOCT B CBASEH ¢ BENOM cnepra He-
BOBMyIEHHOA CHCTEMH: W,= /2 , Ip T=4xwm Bce Pasu oTobpaxe-
HEA CBOGONHOTO BpANEHEA W, T =2%wmn® KparHu 2% # 9T0 0TOGpa-
XeHHe CTAHOBHTCA TOXNECTBEHHHM. Torja mosHoe orospaxenme (2.14)
ceomuTes k Tomuky (2.II) m,. caemoBaTeNBHO, IOCKE t TOJIKOB

ROJHOEBY® (YHKIFD CHCTEMH MOXHO IOPENCTABHTE B BHIE

(8,1 =V¥(9,0) gtk en® (5.1)
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9TO SKBHBAJIEHTHO Ne#CTBAD ONHOTO TOJYKA C HapaMeTpoM tk y KO~
Topuft BU3HBAET mepexoln Mexly 2tk ypomusmm, Orchma ciemyeT ,
9TO IpH NOCTATOYHO GOJBNOM Tt 4YMCJIO BO3GYXNEHHHX ypoBHe#f GOy~
IeT pacTH mpomopmuoHasBHO kt , a CPENHAA BHEPTHA ~ IIPONMOPINO~
pamro (kt )*. Imz T=lxm PEeSOHAHC MPOMCXOAMT IpH JéoM K
B ToM umMcie m nmpE K« I, T.e. B STOM pPexMMe KBAHTOBAA IDAH-
na yoroftumeocrs ( K~ I) orcyrorsyer.

My OpoBeJm TaKEe INPYTYD CepHl YACJHEHHHX SKCIIEPEMEHTOB,IH—
TaACk OCHADPYXHTH JOKAJILHYD HEyCTOMUMBOCTEH NBHEXEHHEA, KOTOpad
- ABNAETCA XAPAKTEPHHM CBOACTBOM CTOXACTHYECKOTO IBHXCHEA B
RaaccHiecroff MexaHmKe, [IpE 3TOM HCIOJR30BAJOCE CBOBCTBO CHMMET—~
PHM raMWIBTOHMAHA CECTeMH (2.I) IO OTHONEHHD K M3MEHEHWD 3HAKA
mMyasca, OTchia CienyeT, ITO ecJM HAYANBHOE COCTOAHEE TAKEe
ofqanaer sTOff cHMMETDHell, TO CHMMETDES COXDaHAET®A B TPOLECCE
JBEXCHRA. B 4acTHOCTH, cpemumft mMmyasc <1> = O Bce mpema. [Ina
ca060 ACCHMETDHYHOI'O HAYANBHOI'O COCTOAHEA, KOrma <I>#(Q , HO
MAJIO, MH OXHNAJHM 3KCHOHeHmmadbHHR pocT <I> B CTOXacTHYECKOHR
OCIACTHE IO AHANOT'HE C KAacCHYecKol MexaHmRoft. OKa3a/M0Ch, OmHA-
RO, YTO 8T0 cOBCeM He Tak! XoTs BosMmymemEe (2.3) ABHO He COX~
paHfaeT EMIYJBC, €I'0 CpefHee SHAYEeHHe OCTAEeTCA NPHOAHSHTENHHO
IOCTOAHHNM BO BCEX HCCJEZOBAHHHX CAYYSAX, BKINYAA B CIYUAH, B
KOTOpHX Hadumnanach meffysma nmo sHeprmM. B HacToAmee BpeMsa CO-
BEpHEHHO HEeACHO, C YeM CBASAHO TAKOE KAYECTBEHHO OTJHYHOE I[IOw
BeJIcHEe KBAHTOBO! CHCTEMH IO CPABHEHEN C KARCCHYECKOR.

§ 6. BAKIMERVE

OcHOEHOf IeXbp HacToAmefl padoTH GHIO HCOXENORANNE IBIXCHEA
nmpocrToit KBaHTOBOR CHCTEMH, KOTOpad, CYIA m0 CBOficTBAM COOTBET-
cTEymEefl KAacCHYEeCKOR CECTeMH, JONXHa OHAA OH OCXAZATH CTOXAQ=

TEYeCKEM NOBEJeHNeM, IO Kpaftneft Mspe B KBasHEASCCEIeCKOR 0Grac-
TH, o |

ONNCANHHe BHEE UHCAEHHHE SKCIEDHMEHTH NOKASHBANT, Tr0,

ReficTBRTEAEHO, IDE ONpeleAeHHHX YCAOBMAX NBEXeHNEe KBAHTOBOS CNe

OTeMH IIOXOXe HA CTOXACTHYECKOE NBHXCHNE B KAACCHYecKoR MexaHmke.
B uaoTHOOTH, M Hadmoraxx neffiysmn mo sHeprum. Buecre ¢ TeM, B0

BCeX HCCNeNOBANHHX CJY4YASX, JAXe I'AYCOKO B KBA3NKIACCHUECKOR 0w
- AACTHE, CROpOCTH IEJJySHE CORmafiaeT C KIACCHYECKOR TOALKO B TeYCw

14
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HME OTHOCHTEJHHO KODOTKOT'O BpPEMEHM, & 3aTeM DeSKO Najaer.

TaxmM 0o6pa3oM, IPOBEIEHHHE YHCJEHHHE BSKCIEDMMEHTH NOKasH-
BAWT, 4TO IoBelleHHe KBaHTOBO#l CHCTEMH B KBASKRJIACCHYECKOR OG-
JACTY CymeCTBEHHO OTJHMYAETCA OT NMOBENEHHS COOTBETCTRYykuel Kia-
comueckoft cmeremu, no kpaline# mMepe Ha COJMBNIOM BPEMEHE NBHEEEHHS,
910 pazjwuue eme Cojee YCYTyOJasaeTcd HOJHHM OTCYTCTBHEM JIOKaJb-
HOft HEyCTONUMBOCTH MBMXEHWS, BO BCAKOM CJy4ae HaM He YIAnoCh e
OGHADYXHUTE.

IlosyyeHHHe PesyJbTATH NOKa3HBAKT, YTO HEPEeXOX OT KBAHTO ~
Bofl MeXAHMKE K Kiaccuieckoft (ecum oH Boolme cymecTEyeT!)mpomc-
XOINT - KAKAM—~TO 3BHAUYNTEJNHHO GOJee CJIOXHHM Oo0pasoM, deM 3T0 OCH—
QHO NpelnoJsaraercd,

Tlosm 3yeMcA CJydYaeM BHDA3WTHL Hally HCKPEHHXN NPHSHATEABHOCTH
4.T.Cunap, 9.B.lypaxy, I'.M.lIpocnepn, I'.M.3acrasckomy, @.Banajs-
o¥, C.A.Xe#peny sa moJesnne odcyxnmennd ® J.J.IllemessHckoMy 32
IOMOIb B IIPOBEJCHHH MHCJEHHHX SKCIEDHMEHTOB.
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TaGmama 2.

= 5; = I, ‘T, =
<EY
+_ (kz/l.) & B : V94
150 I.62 3,2.104 13.1 0.023
300 I.38 ~7.5.1078 29.5 0.029
450 I.18 ~4.6+1070 40.0 0.0I5
600 0.86 2.5+ 0™ 55. 4 0.0I5
750 I1.18 1.9.1076 66.2 0.020
Tadamma 3,
%{ .= 53 k = 53 T =1
<EY
t Q) € b i
30 2.5 0.32 1.27 0.56
60 3.0 0.23 I.36 0.22
90 3.5 0.17 1.96 0.24
120 3.2 0.1I 2.43 0.16
150 2.0 0.035 0.12

2,93
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Tadmmmna 4.

K =5 k=103 T =0,5
| <E>
t D) £ B Wy
20 17 0.78 1.23 0.79
200 27 0.024 1.43 0.0I5
400 - 27 0,013 2.17 6.3-107°
600 33 0.0I7 2,71 2.0.10™2
800 31 0.015 3.33 1,9-1073
1000 26 0.012 3.93 I1.3.107°
TaGamma 5.
=50 k=20; T =0.25
| CEY |
t (\:"/4) t B Wy
40 28 0.65 1.23 0. 46
100 38 0.35 I.I9 0.27
200 52 0.21I 1.23 0.094
300 64 0.1I5 1.28 -0.039
400 75 0.I4 I1.40 0.036
500 78 0.I2 1.55 0.038




Tadawna 6.

¥ =5 k=-4; T =0.I25
<&y
t 0y t B W
40 40.8 0.98 0.86 0.52
50 46.6 0.90 . 0.81I 0.42
100 6.2 0.68 0.80 0.3I
150 105 0.64 0.68 0.33
200 124 0.59 0.93 0.35
250 140 0.53 0.99 0.33
Tadmma 7.
X =1; k=40; T =o0.02
<EY
D) S B at
30 2.67 5.6+ 1073 29.1 0.28
60 3.00 2.9-107° 53.2 0.27
90 2.04 I.8.1073 76.4 0.24
120 2.31 -5.4.10~4 94.2 0.I4
150 I.44 116 0.I5
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