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BBe,IleH1lle 

Cpe;rJ;H .n l'Io~THpyeMHX acneRTOB KBaHToBoii MexaHVlKlf Ha J160Jle e BBJIIHOe 

MeCTO 3amlMa eT YTBePJ!'i,IleHMe a HenOJlHOTe KBaHTOB0-1i1eX8HWJeCKoro onnca

H1IlR il>V13H'IeCKOll pe8JlbHOCT}1. Cepbe3Hoe o 6cYJK,Ue!me 3TOI'O Bonpoca , Ha'laJ3

u: ] 1\illeeCIJ C rry6JiHKaI..(lHf p a60TH 3j:jHllJTeiiHa-ITo.nOJlbCKOrO-Po3 ef18 n OCJle,no

BaBlDeii 38 Hei:J ,nHCKYCCIll'l C EoPOM [ 2 ] J1 WoKOM LJ] . He Il])eRpmQae TCR 1-1 n 

HaIilll .rum. Ha HenOJlHory 1G38HTOBO-llteXaHll'IeCKOrO OD>l C3 HM ( B TO}; HJUi 

l1Hoil Mepe) YKa3l:!Ba eTCIJ B p a 60Tax 3:iiHlllTetiHa L<1], L Ol/la l 5J, )~e-],poiiJJ.fl 
[6J, lllpe,n:lUlI'epa [7] . BUI'Hepa ( 8 J 11 p fU!:a ,npyrilX H C c.TIe.uoBa TeJl e~ . 

COltJ!eHHR B rrOJlHOTe KBaHTOBO- MeXaHlf'1eCKOrO OITlwa m fR Heo,n:HOKpaTHO 

rrpHBo,n:MH R rrOIruTKaM nocTpoHTb HOByro ( " ooJ1ee rJJY60KYJO" [ 4-6 ] ) lpH311~e c

RYJD TeopHlo , KOTopa R ,naBaJ1a 6H 60Jlee nOJlHOe on llcmrne (lin3Wle cRo~i peaJlb

HOCT}! ll , KpoMe Toro, 06'hf!cHlIJIa 6bl caMY KBa HTOByro MeXa H11KY BMeCTe e ee 

CTaTI1CTlf'leCRO~ }UlTeprrpeTaIJ;l1ell. 

ITo,n:06lille rrOIruTlG! nORa He rrpl1BeJlH K yenexy, npl1 'fer.~ m::m60J1ee eephe3 

lillM npenRTCTBKeM B !'IX p eaJ1H3aUHll RBJlReTCR Ta R H83blBaeMaR " !JenOJlIIOT<'l 

BepORTHOCTHO~ IDITeprrpeTaUKJ1" KB8HTOBOn MexaIDIJrn. CYl4HOCTb ee 3aJUUO'lO

eTCIJ B TOM, 'fTO B KBaHToBotl Mex8mme HeT n OHRnrn COBMeCTH!1X 11 .YCJIOB

HblX BepORTHOCTeii ,llJlR P83JUPrnblX tflI'J3H'!eCKJ1X BeJlll'fHH (Hanpl'lMep, .JlJlSJ KOOJ)

.nl1HaT :II KMrrYJ1bCOB). IT03TOMY KB8HTOB8R MeX8lffiRa . He crfooTpJt Ha eBO" O'fe

BMHlii1 :II 0 01llenp H3HaHHWJ eT8THCTlf'leclG!ii Xapa.KTep , " He YJ<Jla,naBaeTCIl B 

p aMKJ1 rrOCJle,nOBaT€JlbHol1 BepOIITHOCTHOh cx eMH" [4- 12], n 110 a ToLl npM"fHHe 

He MOJKeT CiIlTb CT8T:IICTlfROll .nJlR RaRol] 6H TO HlI 6WIO "OOJ1e e I'JJY60KOil " 

~~3~ecRoll TeopK~ . 

}ICCJle.n:OBaH}I!I pa3Jill'lHblX acrreKTOB "HenOJlHOThi n epOIITJI OCTHOP, lli!TepUpe

TaUYfil" KBaHTOBoil MexaH1llJ<l'J rrp}!BeJlll R rrO CTaHOBKe CJlel\Yl<llle~ npo6JJeMill: 

MOlKHO Jill K8l!.D:OMY KBaHTOBOtny COCTOmnno p (t) cOnO CTaBHTL COBMeCTHOe 

HOp,mpOBaHHOe HeOTpllU8TeJlbHOe Koop,n:KHa THQ-w.myJlbCHOe pacrrpe,ne.nelUI8 

F (q,p,t) C TeM YCJlOBv.eM, 'IT06u Bce KBaHTOBO- MeXamrQe ClOIe cpa.nJm e 

< A > BU"IECJlR.1mCb CTaTKCTlJ'leCImM ycpe,n:HeIDIeM COOTBeTCTB~ KJla c 

CH"IecJOO( ~YH.KUHll A ( fI,? , t ) no pa crrpe.neJle H11lO F(9,P,t) ? 
B no.no6HO~ CPOPMY.1ll!poBRe npoo;reMB COBMeCTHOil Bep ORTHOCTH KOOPlurnaT 

M MMIIYJlbCOB B KB8HTOBOLl MeX8HHRe MCCJ1e,nOBaJl8Cb , HarrpBMep , B pa60Tax 

MotlMa L9J. Eonna [IOJ. K03Ha [II]. TmIKIlli8 lI2J. ITOJlOlUITeJlbHOe pellle 

HMe rrpo6JJeMU COrrOCTaBJIeHl1!I p -- F >-. 0 rr03BOJOlJIO Oli l1HTepUpe

,-, . , ..Td'jT' 
~ . J "'~ 'l. 4 " . ' ""Q4 
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TupOBa Tb F KilK COBMeCTlryIO rrJIOTHOCTb BepOHTHOCTH KOOp.Iurna T II lIM

l1YJIDC cJ B ,nM CRCTeMbI B COCTOJlHID:1 ..p ,Ha :nol1 OCROBe BBeCTH nORffTIDI 

COBMe CTHNX H Y CJlOBHWC BepOH'l'HOcTel1 ,nM ,npyrHX qlH3:If'IecKInc BeJIWmR 11 

TaM CBMblM CBeCTlf lUIBHTOBy:J:O Mex smn", R "rrOCJle.nOBaTeJIDHOl1 BepOHTHOCT

HOY cx eMe " . 

HCCJle,nOBBHlliI nORa3BJrn, 'fTO rrpod.neM1'I COn OC'l'aBlIeHIDl p- F ~ 0 

TeCHO CBJI3BHB C Te opHeia r:OOp.n1lHSTHO-WilrryJlbCHlilX npe.n:CTaBJleHIDi, H8'laB

llie~ CH C pB60T BHrHepB [ I 3J, Tep.lleruwro lI4J . linoXKIm;eBa [I5] H ~eo.n:
HOKPB ~' HO rrpl1MeHJ1BmeH CH (CM. , HBrrpRMep. [ 16-27] ) ltaR B Ksy-qeHlIl'I Te ope 

Tll'fe CRHX nOJIO;KemU! RBaHTOBO~ MeXammPl, TaR H 11 pOUlemU1 ee KOHKpeTHbIX 

3B,l]a'f . n CBOI{) O'fepe,nb, Te OpId.H R00Pl!: IUIO TIIO-I1,MltyJCbClIIAX IIp e.n;CTBBJIemlil 

ll RB3 aJIBCh CBJ13aHHOM [ 9 , I 7- I 9, 2Il J C nporucMol! DllC1'TlOClImt YJlaRTOB!lX 

onep BTopoB, 6epymetl CBo e Ha'lanO C p a6o'r l >o pllu-Ji!o nT\iJHB [ 28J, Jl.HPaRa 

[ 29J , HeliMa Ha [ 30], Befum [ 3I] I Ii R6CMoTpn llU MHOl'o'tJ 11CJleHHble HCCJle,no

B8i:rnR ( CM. , HanpllMep, [ 9 , lI, 17-:W, ~I . :j;'.-'l.tl ) , Bce ClI\e He HMenneA 

CBoer o OKOH'faTe.lIbROrO H 0 6ll(enp M3Hall HOJ'O I' (lJUUIOHl - ~UKcarnm JI..1Q6oro 

npaBMa nocTpoeHHB onepaTopoB Be;D;6T K 1U3[11 J'l'OBOM 'HlOPJ1l1 , He COBllBJtBD

llle~ c. 06menp HHHToi1 RBBHTOBOJ.l. Mexammoil [W , r ~l. :35 , 40, 44J. 
B 	KOHe'1.HOl~ HTore 6wru cTpor o ,n0K89TllllJ CJJ W-lYD.I(l1e YTBflplK,lJ,emm : 

I. COBMe cTHIlX Koop.rom8 THo- l1MIlY.nI,ClIllX pfl Clll JB,I.I.CJleHUfi, TpBRTYeMHx 

Ra K C0BMeC'1'HaH IIJIOTHOCTb BepoR THoCTlI ftOu ljJlI1 JJl I'!' 'II IDI1IryJI.bCOB, B 06merrpH

IDITOl! RBa HTOBOil MeX8HHRe He CYlUe CTByeT [ IT I 40, 46J. 
2. 06merrpHHRTaiI KBBHTOBaH MexafDlK( 1 MOJItO'!' OUTb Mo,nYiPmurpoBaHa [40 , 

47-49 ] T8 KIlM 0 6PB30M , 'fTO B Hell ~OMY Cu CTOffimlO p 6y;neT COOT

Be TCTBOB8 Tb Tpe6yeMoe pa cnpe,neJIelme F -<> O . 
YRa3aHHaJ1 Mo,nl1\!JtnC8rUm KBBHTOBOf\ MBlW lJl! JtJl lPDlt'!'}fqeCKH CBO;nHTCH K 

BBe,neRl llO crreD;H(pK'IeCKOrO npaBJt JlB [ 4U , I\~IJ 1I0C'I'POBIUIJI onepaTopOB qJH3R

'le CKHX BeJJl11imI. llOJIY'fBeM8 J1 npl1 STOM KBBH 'I'Of);1H 'I'OOPM OTJIWlaeTCiI OT 

06menpllliflTotl RBaHToBoi1 Mexamum M8 l'6M8 'l'M'le C1GlM lilOPMaJIJ{3MOM [47-49] . 
:rnTeprrpeTaIl;He~ (48-50J . J!I, I'JIBBffo e . p6sy.nh t U'l'lIMIf KOIUtpeTHbIX 3a,n;a'! 

( CM., HBn p JilMep, [5I- 57J ) . 3TE OT.JJll'OOI 13 llpwunme n03BOJllIlOT CTaBBTl> 

Bonpo c 0 DOBCRe nyTe.t1 3RCnepm4eHTaJThHO~ nponBlllUI nOJlY'laDlle iiCR TeOpKH. 

B flacTomne j;\ padoTe M1.J pacCMOTPJ1M H6KO'l'OpNe CJIe.nCTBM ll})o c Te:l1mero 

BapH8HTB KBaHToBo~ Teop Jrn C COOTBeTCTBH6M p - r::- i!: 0 • Ha3BaR

Horo npH onytilIHRoBaKIm "KB8HTOBOfi M6XaHRKoi! 0 HeoTp m.Wl'8JThHoi! q,YHRUH

eil pa cnpe,I{e.neHIIH E cpa3 0BoM npoc TpaucTEe " [48] If 'laCTR'Il10 HCc.ne,nOBaB

meroCH B p a 60T8X [50-57J . 
,UJm npoCTOTbl HSJIOl<emm MllI Orp 8.HH'UrBaeMCR pBOCMOTPeIDJ6M JImIIb '!He

THX CO CTOJtlllrll, s a,naBaewlX BO.lJROBOi! ifurHRlUIeY Y , j{ onyCKB6M 60JI!>
!lllilBCTBO M8 TeMBTlA8CKmC BH.KJIa.TtOK , S8MalUUl HX lIO Mapa B03MOltHOCTl! CCbIJI

RaMlI Ha ItRTllPYeMYJO IDITep a TYPY . 

2 

I. 	llpaBwro nocTpoeHIDl orrepBTopoB WJf3ll'leCKI1X BeJIWruH I 


KBBHToBo-MexaHWIecKHi1 \fJOPMBJlli3M 


llpaBlllIO l40] nOCTpOeH'HR onepB TOPOE , npHBO;n.lIll\e e K "RBaHTOBOJl MeX8 

HliRe C HeoTpHll;a TeJIDHO~ tPYHKIJ;l1eH pacnpe,neJIeIDliI B rjla soBoM npOCTpBHc TBe " 

[47, 48J , B CJIY'lae CIICTeMbI C N · CTeneHJIMn cBo Clo,nll sa,nBe TCiI Hopr.mp o 

BaIDruM Ha6opoM KBa;np8Tlf'lHO-I1HTerpzpy eMhlx BcnOMOr a TeJIbHHX ("cy6KBaHTo

BbIX" [ 48-5I J ) IPYHKIJ;Hij Y>< (J/ ) rrpocTpaHcTBa .I = (},) .. ' , J ,y ) • ~1 3 0
.Mop::pHoro RJIa CClNeCKoMY KOHIPJ1I'yJlaIl;HoHHOMY npOCTpaHCTBY 9 = ( 11' " ., CjN)' 
H BpeMe.Hlf t . HOPMllJlOBRa H8Clopa 1. ':f~ J 3arrJ1ChlBB e TCll B BH.ne : 

;> SI 'f" (};tJ /2Jl 1. 	 (L a ) 
K 

Jl.e~ CTBl1e onepaTopB O(A) , 11306p8JK8I<ll\erO B p BCCMa TpI1Ba sMoti KBaHTOBOH 

TeOp MH q,u3:If'IeCI\Y1O BeJIWnl.HY A , Ha WYHKIJ;J1!O U(q, t) KO Op,nRHBT II Bp e

MeIm onpe,neJmeTCH HHTerpaJIbHblM npe06pa30BBHHeM : 

- JII( 	 ~(q''7')f
Q(A) 2I(Cf/) = (2ni) .J :r{l ,p, t ) A('i's,P"f ,tj eli V(r;t)017 d( (r 6 ) 

3;neCb A (r ,p,i) - WYHKl.Um KOOp,nIDlBT 9 ' HMIIYJIbCOB P = (P'" ., jJ", ) 
11 BpeMeHH 1;. ,lf306paJKaliluaiI cpH3Jf'IecI\Y1O BeJIM'lII H;y A B KJIBCCU<!GCIWfi 

TeopIDl . a JU(po ?:f CBH3aHO C Ha 60pOM .. Cy6KBBHTOBhlX " rpYHIQUui COOTHO

meHHGM: 	 -JII-t it (.,. tIt 
y fJ>p; i) = (2.Jlf,) +f,JJ;t) e j 1f.J.t~t) e. <4 i . ([B 

TIpaBJlJlO ( I ) MOJKHO PBCC1IIBTpHBBn K8R onpe.neJIeHH;yIO npoue.nypy RB8HTO

BaHKiI (npoue.n:ypy rrep ex o,nB OT RJIaCClf'feCKOM Teop ME K KB8HTOBOH ) . B no~
'lanuel! CH rrp l f TaKOM KBaHTOBBIDflf Te Op J.ffi npe;nJIBrae T CJ1 L48 J coxpBmlTL 

crrpaBe,nJIIDlI1MZ OCHOBHlle n OJIOlteHHiI KBBHTOBOii MeXBllli KJI: 

I . COCTOJIHHe cj)I13wrecRol1 CllCTel.ul B Jl!{)6 0Il MOMeHT Bp eMeIm 3a,naeTCH 

BOJIHOBOJ.i rPYlUanmtl ljJ(q, i ) • HOPMJ1pOB8HHOM YCJlOBHeM: 

St"(q,t ) r (<j, t)d9'1 	 (2a ) 

2. 3H8'leHlle <. A> rpl13H"4e CRoil BeJlll'!ill!bI A . X<lP::l K'r epJ!3Y!11len 

paCCMBTp RBaeMYJO CI1CTeMY B COCTOlfIDm <jJ • Ollpe.l.la.rmeTCH t~oPMYJlOil: 

-<A > S-y;rq.i)O(A) lj;tc;,i) d'l' ( 26 ) 

3. 	BOJIHoBaa W"H.RI.UlS! y;no.ane TBOpJleT ypaBnelmlO 

i t dt <jJ(i;t:) OfH) 1/f('1;t) .. ( 2B), 
r,n e or H) - on epaTOp, YCTBnOBJIeHHldl n o npaBAAY (l ) .n:M tPYHKI.lll1I Ta 

,lliJIb TOHa CI1C're14bl H (CfJ P)t ). 

:t 
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:OBOl-~yITHOCTh Oner8 TOpOB (16 ) COBMeCTHO C IIOJlO.'i<eHlUlM}I (2) onpe;ue

JlflJOT KB3 lITOBO-Mex 8Hlflec lUul tP0PM8JUI3M Teopmr. oTJrn'IalOOleti cH OT o6merrpfI 

IUlToii F.BBHTOBOi1 1.1eX8HHRlI 38BlICW.IOCThl!l onep 3TopoB tpn3WJ:eCRlIX BeJIWrnH 

OT anpHopFlo BH6pclH.IiliX " CYOJtDaHTOBllX" (He WlteKIl(HX aHaJlOra fill B ltJI8CCH

'I8CI(Q}i. till B o OUleTl})O!llHToil RDaHTOBol i TeOpH.llX) QJYHKU, I·tij ':f... . 
L!.Jle.nyeT OTM8T1!Th, 'ITO TtSMeHefrl,J8 KOJIH1Ie CTBa , Will .flBH01'O BH,I(8 "cy6

l tl3ilHTOBblX." !DYHK!J,1j}j r,letI.fle T DCiO COBOf\'{11HOC'fh onep a 'l'OpOB (16) , a CJle;UOBa-

1'8JI:bHO, y. Bce pe3YJlhTaTl:l. TBOPI1l1. "TflKl1L1 oCipasoM, no;u " KBaHToBo:\l. MeX8Hll 

ROH C HeoTp~!l.\a Te.TlbHoi1 (fJymtJ:nmil pacnpe.neJIerlitit B r~asoBoM np oc TpaHcTBe " 

nO fnllAaeTC1l de CltoHe'l:Ha51 COBOKYTIHOCTb 'r eopJI!.l, l~lIUlall us KO TOPHX COOTBeT

c TBye T ~ru<clIpoBaHHoMY Ha60py { :f" ~ . 
nepen;uel~ Ten eph K pa c cMoTp elUIIO PJ'tn8 c.ne;n, cTBull, BI::ITel{.8i1:ll(11X IJen o c 

p e.lICTB8!!HO ~IS CooTHolllemrn (1) -( 2) • 

i.!. 	 Koop,IJ;lfHa THO-illffllYJlhCHOe paCrme;neJl81llle, 


cTaTj(cTWIe CYJ1~1 lPopMamrnM 


B Teopml, Oa 3HPYKlllel1 C.fl Ha nOJIoJitemmx (I)-(:,!), MUi1Ulu paCCMDTplIDaTh 

pa3IDfll.ltHe KOOp.lJ:lLHaTHO- 1IWIYJIh CHlle rrpe,ncTSBJi8mUI , H~llpllMep, m'e.D.CTDBJle

HIll BaI'lIepa [ I3 , 16 , 21 . 2? ~3 J. Tep.neURor o-hJIOXJ.1Jmel1i j [i4, l 5 , 18). 
Tep.n.euKoro-l,lapr eHay- ArulJI8 [14, 1 7. 22 J 101 T. n. U!J.H8ltO ::lAC 0], , ]; oT.II.l'!'rne 

OT 06menpu HffToll KBaHToBoil MexalnlKH, Bcer,na cymecTgyElT O.I l ~lllCTD01U10e He

oTpllU8 TeJIJ,HOe HOpMHpoBaHHoe Koop.l{lffiaTHo-m.myJIL CHOe rrpe,ncT8BJreml8 , .fiB

Jl.FfllllleeCH (PYRKl..\Hei! pacnpe;rr.eJIeHIDI . ,ll.7l.Ff ;n,OI<aSaTem,CTB8 ,n,OCTElTO"mO 28MB

H1lTh Bblp aJKeID4e 0(,4 ) I.j7(CJ,tJ B ImTerpa,u8 ( 20 ) ero ltOlllqJeTIIblM co;n,ep

JK8HlIeM ( I6). aTO ;uaeT : 

L A> = SA (q,p> n F{9'P> t)J'f~') ) ( 3 a ) 

1';n,e CPYHItD;lIR I'- CBil3aH8 C 'f COOT~0!lleHl1eM : 

- H ( ..J... (J-j") p ~ / I I J


F9JP~ 1:) = C;?hh) j 1J(cU,pp. ~ ) e. 1; f(}/)Y;fJ~ t)dJdJ 'dfl ' 

I1O;U CTaBJIrul ClQll;8 .flBIWli nIm JULpa ( In ) . YCTaHaBJlliBa eM: 

-/II ~ I( - t}P ' 1 
2 

,r;:('1,p.-1:) == (2,Jj~) 4- ,) f :rq-l,-t) e. </Jfs,t)ds ~ O. (3d) 

n o 	 Koop;n,IDlaTaM H 1'IMJlyJIJ,caM C yqeToM HOpLmPOBORJ.iHTerpllPJ'R ;::: 

( l a ) If ( 2a ), noJIY'IHM: 

j 	I- (9J P,Je) dCfdp = 1 . (3B) 

HaKoHeu .;n,~epeHURPYfl f: n o Bp eMeHH R E CnOJIJ,3YR ypaBHeHHe 

(2B) I'I CBilSL (16) MBlUlY onepaTopoM O(H) 11 iflYHl<lu~eJ1 !-I (9'p/~ m~eeM: 

dt:f:'(q,P>f:) = J[H{'f'p/), 1~,Js,t)1J F(cr,p,t) . (3r) 

Snech oe -~e~ B KnaCce ;ue~CTBI'IeTe~hHHX WYH~ ~a30Bo1'o 
rrpocTpaHcTBa IffiTerpaJIJ,HIlli onepaTop . qJYHRIUIOHa~LHo 3aBHc.Rll(llil OT Knaccl'I 

'lecKoil WYHltUID'I raMH.lIbTOHa 11: Haoopa "cyoKBaHTOBblX." ~YHKU,ID! (no;upoc'lHee 

eM . , HanpMMep. [48J). 
COBOIqIlHOCTb ltJIaCCJl'IeCKHX cJ?YHI<!.\1ril A (q>p/: ) COBtVl eCTHO C nO~OlKeHl'

.m.m (3) onpe,n:eJl.fllOT CTaTIICTWIeCRlI.l1 rpopMaJlll3M paccMaTpllBaeMol! Teop'fll. 

Snecb COCTOHHue q,lIsWlecKol! CHCTeMH 3a,n:aeTC.fl HOpMUpOBaHHHM ( 3 a) HeOTpn

~aTeJIJ,HblM (36) Koop,n:llliaTHO-HMIIY~LCIDIM pacrrpe;ue,ueHueM F(q,p) t) • y;n, OB

JIeTBopimI\HM ypaBHemno (31') n onpe;n,8.Jl.flJ(Xjj}IM SHa'leHllH <A> \iJl!3l:l'leCKlIX 

BeJlU'lHH no ~opMYJIe CTaTIICTWleCK01'O ycpe,n:HeHU.fl ( 3a). 

3 . 	 BepoHTHOCTHa.fl uHTepnpeTagIUl 

"KBaHToBaR MeXaHHI<a C He 0 TpHua 'reJILHoJi <lJYH}(I{lIe j;j pacnpe;ueJleHlUl B tpa 
30BOM npOCTpaHCTBe" ;uorryCKaeT JIJ1llI.h o,n:HY nOCJIe,n:OB8TeJlhHYlO II" HenpOT.lmo

pe'lliBYJO lliITepnpeTamno L48-5I], BHTeI<a~'1O J!3 COOTHoweHlj}1 (3a ) - ( 3B) CTa

TI1CTWIeCK01'O q,opMaJlH3Ma: npe;n,CT8BJIemle F(q, p, t) • CBRS8HHoe C BOJlHo

Boii ifJyHronIeH COOTHoweHUeM (36), eCTL COBMeCTHaR MOTHOCTh BepoHTHoCTll 

Koopn:lliIaT H IlMrryJILCOB ClICTeMH B COCTOHHIDl 1f 
l1HTerpHPoBaH}!e F no rn.myJIbCaj,1 (no KOOp,n:JU-I8T81.I ) npHBO,I(HT Je Bll 

palKeHHIO ;UJl.Ff MOTHOCTH BepoHTHoCTlI Koop,n:mr8Tll cL (m,my,uhca J3 ) : 

d(q,t) -= Sdo(l,i) 1!fJ{f(s)t)1~5' } (pi l ) = ~fo(p,t) l~(p-~t)d(I ~(4a ) 
3;n,eCh cJa 11 }>o - CJle,nYJCU1J/Ie, 'laCTO nORBJImlIlHe Cff B TeOpmI , J«lHCTpYR

L,'1fll "cy6KBaHToBlIX" tPYHKUilll.: 

-") ~ ~ 
alJ.t,n = ~ Itf/J,t) \~ JVp,i) - ~ If,/f,e)1 , (46 ) 

K J 

SHaR "r-.. " B COOTHomemmx (4) OSHa'lae T tPYPhe-oCipa3 BlUla: 

r--- - ,y/2 ( - -'- ~ 
V(~,i) = (2nf. ) .J U(:x/ )e ~ J oI"I . 

BbrpaJl{eHIDl (4a) nOKa3l:l.Bam , 'ITO B }!C CJleltYeMO~ TeOplm Beml'illllli ItV I;! 
H B 06meM OJIY'lae He l:IMeJOT (B OTJllfll.Im OT o6iJtenpl1.H.fl'ro.ll .lmalJTOBoj;j IlV I<! 

MeXaIrnKH) IPH3Jo1'IeCKOrO CMNCJla MOTHOCTeil BepOH'fHOCTI! . 

4. 	 OCHoBHHe CBOECTBa OTIepa TOpoB 

,UeT8JlbHOe HCCJle,n:OBaH1le npaBH.Jla COOTBeTCTBlm (I ) IISJlOllteHO B padoTax 

:; 
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L40, 44, 47-51] . 3.n.ecl> Ml:l IIpl1Be,neM JlliIlJl> HeKOTOpl:le cBol1CTBa no.nyqBKJlIHX

C!l orrep aTopoB : 

I . CTa~apTHl:le rrepecTaHOBO~l:le COOTHoweHHfl ,n~ onepaTopoB KOOP,lJ,ll

Ha T H m,myJIbCOB (HesaBHCYtMO OT !lBHOrO BlUJ:a II KOJlli1I8CTBa "cy6KBaHToBl:lX" 

tWHKlunl. :f;.: ), T. e. : 

[O(tt/),O(p,,)J- = L~~' >( . (5) 

2. CaMOCOnp.ilJK8HHOCTb OrA) ,n~ ,neilCTBlITeJll>HI:lX A (q,p;t ) • 
3. IIOJIOJlG!TeJIl>Ha!l orrp e,ne.n:eHHOCT!> 0 (,.1\) ,lJ,JlR A (q,p,i) ?- 0 
4. )J)lqxpepeHIUlaJll>HaR rpopMa OrA ) .n.JIJ1 nOJlHIIOMllaJlbHIDC no KOMIIOHeH

TaM m.lnyJThca cpYHlcrnrll /i (,/,p,t) ,B 'laCTHOCTJlI, 

orA) -= ~dotj, ~ ) A /f~},i )JJ ~fo (PJt) A.Jf-ii ~)~ (6a)-t 

(01 0 11 jo e CT!> KOHcTpYKLilm ( 46 » , eCJll! 

A (q,p .. i) = A, ttl, n + A 2 (p>t ) E: IA lo. (66) 

OTMeTllM eme, 'ITO s,ne Cl> B OOmeM c.nyqae orA.?) -=1=- O(A)c(A),T.e. npa

B' !JIO (I) O'l'HOCHTM K RJIaccy H8-HS!MaHOBClGIX npaBMJI COOTBe TCTBKff , 06

mv.e CJIe;n:CTBIDI KOTOPhl.X (CM., B 'laCTHOCTlf (7» H3JIOJit8H1:l B pa6oT8 (44]. 

5. " Cy6KB8HToBlile" Heonpe.n.eJleHHOCTll KOOruUUlBT H m.myJThCOB 

3aIH!CI:lBa!l Heonpe.n.eJIeHHOCTl> 3Ha'lemm KOMIIOHeHTI:l Koop.n;RHaTI:l <(A~. )<> 
B COCTOJ1HHH Ijr C rrOMOml>ID IIJIOTHOCTH BepoRTHoCTll (4a), llJIH, 'lTO~ TO 
lite C8Moe, B mme 3Ha'leHll!l (20) onepaTopa O((~, -<'f;».?) , 'K MHJm

MR3HPY!l ee Bapl>llp0BaHlleM ' COCTOJ1HllR1j5, MOlltHO rrOKaSaTl> L48-51 J cnpa

Be.IVllffiOCTl> CJIe.n;yI<li1ero OrpaHH'leHKff: 

V«t1 .)< ~ Sq. = J'-S-[-.,-,--~-S-:d-/-.l~-t)-Jj-'J-2-d-o{j-;i:-)Js--"'" (7a)
0
 
'd d d J 


IIOCTaHOBKa aHaJlO~OU 3a,na'lR ,lJ,nR HMnYJIbCOB ABeT: 
-----, 

(76 )V«4~f> ~ 8~. = V~ t~. - ~~.lfif;t)Jf'r-JJp/-)df I 

TaKHM oopaaoM, B paCCMaTpHBaeMOa TeopHH B oOmeM ~Be He c~eCT

ByeT CO CTOruml!. C 3a.n;aHHo1! Koop.n.mraToi\, I<aR H COCTorunrll. C SCl,lJ,aHHl:lM lIM

nyJIbCOM. " Cy6KBaHTOBl:le " ReOnp6;n.eJIeHHOCTH KOOAAZHaTY (7a) H mmyJIbC8 

( 7 6 ) IIP'KBO,lJ,SlT [48J K COOTHomemm B8onpe.n.eJIeHROCTei\: 

< (4~f>·<(Af,l/ ~ ~" ~ '" + (~f (Sp,J' (7B) 

Cne,nyeT o TM8 THTb , 'lTO paBeHCTBO (7a) (paB8HCTBO (70» ,lJ, OCTHraeTCR 

JIHIIIl> B COCTOHHllJIX C CoOCTBS.H.HHMH ~HKU;1I.lIMl! orr8paTopB O(~. ) ( O(~.). 

6 

6 . IIpe,n;eJll>HhIe rrepex o,ILb!. CxeMa rrpe eMcTBeHHo cTH 

IIpe,lJ,eJlbH1:l6 CJIY'WI1 pa CCMaTpI1BaeMO~ TeOpIDl', OJII13KIW K oomenpl1l1RTOii 

KBaHToBotl MexaHHKe. r ,n:e cY111e c TBYIOT COCTORHH!l C 3a.n.UfffiO}1 KO Op.n;illW TOli 

H COCTOJ1HloHi C sa,n:aHHHM IDmyJIbCOM, onpe,n:eJIHlOTCfl HaCiopaMH -I ':fo< 1 ' 3a 
C' ('

HYJlRIIlI(ID<m "cy6KBaHToBble" Heonpe,n:eJleHHOCT.I1 "~d' " 0 Pi 'lTO BOSIv10lrl ,
 
HO JlIDlJl> rrp'Jll YCJIOBIm : 


<::l/<'{l,i) -- S{l)) fo (p.t:) -- Srp) . (8 ) 

IIoc.ne,nOBaTeJlbHOC'rl1 HaOopOB f jl< 1 ' o6eCne<mB9lll1\.le rrpe,n:eJIbfl'Uti nepe xo.ll. 

(8 ) (nepexo.n HeO.D:HOSHa'leH) , rrpnBe.n.eHI:l B p aooTe [ 54 ]. 
IIpe,lJ,eJIbHl:le CJIY'!aH KJIaCCH'le CKOro Tlma orrpe.n.e.nmoTCS! COBO!\YllHOCTblO 

yCJIOB~ ( 8) 11 YCJIOBM t, -- 0 , 'iTO pa3pewaeT, COPJI8CHO ( 7) , co c 

TO!1Hll.'l C o.n.HoBpeMeHHo sa.,naHHI:iMM KOOp.n.MHClTO:i1 I I llMnYJIbCOM. 

OCHOBHlle pe3YJlbTa Tbi rro npe,lJ,eJIbFrnM nepexo.n.aM ,!J) JJl HarJIR;n:HOCTI1 11306

p aJteHI:l Ha ynpomeHHoi! eXeMe np eeMCTBeHUO CTll , BK1IJO'laKlll.eii B ceOR TPII 

YPOBHiI TeopHil, BhIJ(eJleHHUX KOHI<p eTHHM co.n.eplKaHlieM COOTHowem (7) : 

l IA (9,p,tJj J 1''.f',,:c!,t)j 
::;;=::c:::::::::: 

-pI. I Cc» TTA(q,p;l')L F ~ 0 

{t,d <fr = O(H)?jJde ~ = J'IH}:f.J ] ~ t 

-<;1 > = ~1fO(A)'/JJ1<A > = ~Ar:dqdf' 
- --' 

r---....,.--_]~,df"~ tt...l j'.5 

II. I CIP, el?IT r - ,/ - --: -, 
;- ,/'.' /~/ /. ,I OXM ,/ '" ////.' -:-',,' ,/. ,/

dt f:" = J'npL HJ r: <// '/ IA3 '/'L/ 0// / 
I 

I 
_ _ I /~ /' ;; / /~:~//'/ >Fi

I- ,e,,,, 1i - c __ t- ..J 

III . ~~ "'" A{(If~J>pll. ),i)
",F 

• 'JH IL { H,FJ 
1(-1) ='Pf t ' f¥i) =:-~ \'Oq t 

I 

7 
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J'pOBeHb 1 BKJIIO'Iae T B ceOR lilHOJKeCTBO Teopuil (3arrI1CaHHh!X B BfUJ;e 

lillaHTOBO- MeXarm'le CKoro (Kl1 ). .JlilOO CTaT11CTU'IeCKOrO ( C'll ) rfl0pMa.1lli3Ma). 

ltaAAa!1 113 KOTOPbIX rrOCTp OeHa C rrm.WIUblO cQUKCl'IpOBaHHOrO HaOOpa "cyoKBaH

'I'OBl:U " WYHKlUfi l , Jl OOJIa;n;aeT CBo.l1 c TBaMH, l'I3JIOJKeHHHMy. B §§ 2-6. 

IlOJIIlID1 rrpeneJIbHilli n epexon ( 8 ) B1l,lWJl.f!eT B I rrO;n;MHOlKeCTBO TeopID1 

YPOBHR II . KBGHTOBO- tfieXaHJil'IeCm tQopMaJIH3M O(1)rrp ) KOTOPbIX OJIfl30K R 

oOuterrpIDl.fIToj j KBaHTOBoil MeX8HIrKe , 8 SKBHB8JIeHTHilll eMY CTaTnCTl'I'leCm 

ljJop~18Jm3M ( CrJi rrp ) OTJIl'!'laeTCH OT ( C(~ ) JIlilllb BI·mOM orrepaTopa B ypaBHemm 

.n..1I.l'l F . I3 nOJIHOM rrpeneJIbHOM rrepexo,ne «(3 ): 

1. 	VlC'Ie 3aIOT " cy 6KBa HToBlie " oJ'p allli'leHJ!R ( 7 a ) l[ ( 70). 

2. Orpa Hlf'Ielrne ( 7B) rrepex o,nJiIT B U3BeCTHoe COOTHOllleHl1e HeOrrpeneJleH

Ho cTeii r a113eHoepr a . 

3 . Orrep aTopH (6a ) l(J1!S l1'Ie OKHX BemfTInt MHOlKeCTBa /A1o .orrpe;n;eJleH

Hor o CO OTHoweHKeM ( 66). CTaHOB.f!TC!1 oOluerrpl{ IHITIDAlIl . 

'p 8BHeflli 8 ( 2B ) np I1 tJ?YHI~l!JU{ raMJ:UThTOHa l'I3 MB OlKeCTBa ! AJ 0 rrepe 

XOn11T B OOll'lHOe ypaBHeIDfe llip e;r,v..!rrepa. 

5. 	 CooTHO Wemffi: (4a ) onp e.ueJImOT cTarmapTHYIO HHTepnpeTaI(lllO 'lfJ 
TaKllT~ o6pasoM. JlIQOaH TeopHiI YPOBHH II COBrra;n;a eT C oOUlerrpKHRTotl 

KBa HToBoil MeXaHI'!KOi i ( 01\1.0 BO MHOJKeCTBe 0n3f1'lecKJI!x BeJIIf'll1H tA..\" , 'ITO 

Il03BOJIHeT BRJIIO'I¥!Tb rrOCJIenHlOIO B exeMY' B BIJ;D;e rryHKTHPHorO rrpffi,;oyrOJIbHl1

R8 . 'IaCTWIHO nepeKpbIBalOillero npm,lOyrOJIbHI1K ( KIJ.l:pp). 
Hpe,neJIbHID1 rrepexo,n K ypOBHIO III ( ~ -- 0 ) B ( C~rr ) ;n;aeT o,nH03Ha'I

HIll!, pesYJlbTa T - KJI8CClf'IecI<'{lO CTa TJfCTlf'IecI<'{lO TeOpl'IlO (cg ) C ypaBHeImKJI 
eM Jl~J1.lIJlJ!. HaROHeu, rrpeneJIbHIDI rr epexo;n; no P (B1liOOP 1IJlOTHOCTH Bepo

llTHOCTH B BIme J.(9)p,t ) = 2J{'1-'1(t)) . d (p -P(i») , 'ITO B03MOJKHO JII1Jllb 

Ha ypoBHe III ) npUBO,IU!T K KJIaCClf'IecKOf.\ MexafillKe (MruI ) C ypaBHeHI1ffi.lU 

r aMl1JIbTOHa . K 'Iacclf'lecKJI!e TeOplrH YPOBHll III MoryT OblTb nOJIY'IeHll H KS 

( Klll ) Me TO,I(aMJ-! (UYHKTHpHHe JIIllilrn) . HSBeCTHllMIl K3 OOmerrpHRHTo:i1 KBaH
np

TOBOlJ MeXaHI1JG!. 

7. 	 IloCTaHOBRa npocTeMillrrx 3gna~ 

B Ha CTO!lllleiJ paooTe MIl OrpaJrn'lllMCll pacCMoTpeHHeM rrpocTeilnmx t!lI!Sl'I

'Ie CKKX CIlCTeM, rrpe;n;CTaBJl!lIDmllX co6o~ ( c TO'IKa speHRH ruIacc~ecROn Teo

PIDl.) 'laCTHUY MaCCH jk n saprma k e. B UeHTpaJlbHOli\ IJOTeHUHaJIbHOM 

UOJIe V(I~/) • T.e . : 

{ ~ iI. 

f-/ (~. PI t) Cj' P + V(J ~'I ) . 	 ( 9 ) 

IIPR 6a.naHID! "cy oKBaHToBwc" CPYHKl.Urtt eCTe CTBeHHO L49- 5I J Tpe60BaTb 

c oxpaHeHHll rpYllnH CHMMe TpK8 HCXO;n;HOJ.\ KJIaCC~ecKott s a.na'IH B rrany'lammeH

Cll B cWlY np aBiw a ( 1) KBaHTOBOf.\ sa.naqe. B c..nyqae CHCTeM ( 9) llHBapnaHT

8 

HOCTb OTHOCHTeJIbHO TpaHCJl.f!Ull1 BpeMeHH ~! rroBopoTOB rrpocTpaHcTBa coxpa

HlleTCll, eCJlH l5I] : 

::f1«T)i) -= '1"Clft), Sai/lfl)dr = L (IO) 

(l10CJIenHee paBeHcTBo eCTb HOPMl1POBY..B (Ia» . 113 0 Tp01IJ1He • cTaunoHapHllie, 

HOpMllpoBaHHH8 H3 e,n:Klumy KOHCTpYRlUrM 

aJo (iy/) = L 
;.; 

1'1;/11/)(, } l'?/) = ~ \ ?JI?I)\-! . ( ITa ) 

onpe,neJIHlOT, COrJIaCHO ( 7a) II ( 76 ), "CYOKBaHTOBble" Heorrpe,neJIeUHOCTI1 KOM

nOHeHT Koop,n:HHaTlli If HMUYJIbca: 
-. 

3c. = ~~ = v' ~ Sl'?J,,(lf/)di J b~,= Sp= V±~tf'JifJ)Jf . ( 11 6)
d 

Ilo;n;CTaBJlH!l Haoop CPYH~K.Ii (1 0 ) B rrpaB}!JlO rrOCTpOeHI1ll orrepa TopoB (I), 
C y-qeTOM 0003Ha'1:emrn ( II ) ,nJIH onepaTopa 0 Of) , cooTBeTc TBynuero 

IPYHRIl;}I}! raM}!JlbTOHa ( 9) , rroJIY'illM: 

0(1-1) = - #.? L1 + ~(Sp)e +- S<t(ij /) Vu ?.,.y/)Jr _ ( 12 ) 

PellleJrne ypaBHeHHll (2B). RaK 1'! B OOmenp }IHllTOH RBaHTOBOii MeX8HHKe. 

rpaKTlf'IeCKl'I CBO;n;HTCll Terrepb K pellleHfIIO 3a.na 'IH Ha coocTBeHHble SHa'lemm 

orrepaTopa ( 1 2 ), 

O(H) t./{~) (z) < E > ...,/r (~»
(n) 	Ten) , (13 ) 

orrpe;n;eJJ.!llC1Jletl CTaUllOHapHble COCTOllID.!!l CllCTeMbl f! COOTBeTCTByY.JllJrn 11M 

CrreKTp SHa'IeHIDi 8HeprHM. 

8. 	 OnepaTopbl KOMITOHeHT ROOPJ],mraThI U I1MrrYJIbCa , 


MeXaHU'lecKJ1i\ (opol!TaJlblillil) U MarHl1THlili MOMeHThl 


IIO;n;CTaHOBRa KJIaCCfI'lecKl!X KOMIIOHeHT ROOp,nmra Tbl 11 J!HIT,YJlbCa B rrpaBH

JIO ( I ) np:H cPyRKUIDDC ( 10) npllBO,nl'IT .K orrepa TopaM: 

0 0-·) = ~. O(~ ·2 ) -= ~..] + ( b ~)<! 	 (I4a)
J d ) 4 J ' 

0(0 ) = - ihd O(~~) = - Ii «d~./ of- Cd?y~. ( 140) rd ~. 
d 

3.ne cb XOPOlllO BlJ;D;eH CMblCJl " cYOKBaHTOBl:lX" Heonpe,neJIeH.HO CTe~ . HarrpllMep : 

~~ - e CTb MlliIllMaJlbHO B03MOEHa.fI HeOnpe,neJIeHHOCTD 8Ha'1:elfIDl <; ~d? 
,nOCTIITaeMalJ B COCTOllHllRX C C0 6CTBeH1:1Oli IPYH~eJ.l orrepaTOpa O ( ?-·) • 

Onepa Top OpOllTaJIbHOr O MOMeWl'a O(r) JIeTKO YCTaHaBJIJ:m8eTiH rro rrpa

Bmry (I) C rrOMOlI\bIO H3BeCTHO~ KJIa OCH'fe CKoi! aaBHCllMOCTll L(i,p) = [fxpJ. 
IIPH "cyoKBaHToBWC" tPYHKUlWX (0) aTO ,naeT: 

I} 
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or L) = - d [7 " VJ . (I4B) 

,J:l.1m BI>'!.I1CJIeHIDf 3HaqeHM MarHJolTHOrO MOMeHTa D cOCTOmurn 1jf rroc

TYIIHM CJIe,nYKllIlIM 06pa30M. IIpo,nmjxpep enII;JrpoBaB nJIOTHOCTl> BepoRTHoCT).t ItO

op,nuHaTll ( 4a ) no t C j"!eToM CBo1\CTB Ha60pa (10), ypaBHeHM (2B) Z 

onepaTopa ( 12 ), nOJlY'iJ!M ypaDHemm HerrpepI>BHOCTH: de d. = - vd~ 
r ,ne IlJlOTHOCTl> TOKa BepOJITHOCTl'I ,naeTeR COOTHOllle lfl'leM: 

lrz,t) = ;;. Sdo(IF-II ) i 1/;(r,e)~ lJl'"rr,n -y;ty,t) ~ '/J{J:-nJ Jr . (15) 

Tenepl> 3Haqefme -< It> MarHUTHoro MOMeHTa B COCTOmIln! </J MOlltHO 

orrpe,neJII1Tb [58 J KaK MarfmTHldi MOMeHT , C03,nanaeMl1i1 pacnpe,neJIeHHNM aneK

'rp~eCRl!M TOIWM C lDIOTHO CTl>1O Y = ke:;r , T.e.: 

<At> = 2~ SL~~" Y(Z;i)J dl" = k 2~ SL~"J(£;iUdz. (16) 

IIo.n cTaBJIR.R CKln8 BupalKeHBe (15 ) , nOCJIe 3ar.leml nep sMeHfUlX Jol I:lliTerpEpO

BaHM no 'IaCTRM, B cIDIY U30TPOIlHOCTII ~ (10) n OJJy 'u!M: 

<11.1> =- ike ~e r'1Jj"[~~V'J , Jr di" = k e7; <L> ( 17 ) 7c ~T I ~c 
TaullM o6pa30M. B CJolCTeMaX C rpymmn etl I'aMI1JlLTOHa ( 9 ) 3Ha'leHIDf Me

xa~eCKoro H MarHUTHoro MOMeHTOB CBR3aHH MsrHeTOHOM l3opa. 

9 . CBo6o,nHaJI ~aCTID!a 

IIpH V(rzl) =' 0 ypaBHeRJole (13 ) onpe.n;eJl.JIeT MHOlteCTBO cTaI.J;l!OHap

HHX COCTO~ cBo60.n;HOn 'lac~, 

tfp = -c - f/.? l'lXf { fp"i ~ > z: = Sd2: ) (lSa ) 

KOTOPHM COOTBe TCTBYDT CJIe~e 3HaQeHUJI 3HeprHPI H HMIIyJILca: 

<' f;">p = !.r pi! + ~(Sf/ ) < P;>p = .P. (I86) 

CooTHomeHnR (186) YCTaHaBnHBaIDT rpH3~ecKKll CMUcn cnaraeMoro 

.3($pY /2j B on epaTope ( 12 ) - 3HeprIDl cBo6o.nHoll 'laCTHIlH C HYJIeBliM 

SHa'lefmeM lmIIYmca ( " cy 6KBaHTOBaR" :lHepl'IDI cBo60,naoJa ~ac~). 

rD . ra&~ouxqecKKU O~TOp 

IIpH V(J"'eI) = J<w <l~ 'i2 H3 (12) CJle.nyeT onepaTOp. 

arM = -i; 4 +- ft.;:2 ~ 2 + E ) .E "" .2~ (~p)2 + ~(~~)~ (I9a) 

OT~~CR OT COOTBe TCTB~ero onepaTopa o6~errpPIHRToA KBaHTOBO! Me

111 

xaKHKH nnIDb nOCTORHHOa £ . ll03TOMY 3~a~a (13) llMeeT H3BeCTHue c06

CTBemrne illYHKUHH [58 , 59J. HarrpHMep • .,1'''1111 (~/ ~.. 2".J)' /7. =>0, 1" . • , npl1't', I 1. .1 .) ~ d 
C06CTBeHHIDC 3HaqemfJIX 

< £ > = tW(Il/+-1l2+()$ • f) + £. (196)
1J,lIo!n.s 

" Cy6KBaHToBhill" BI~~ £ • e,n:runnl ,nJIR Bcex co6c'rBeHHux 3Ha~eHIrll, He 

BJlH.HeT Ha pa3HOC'rl> 3HepreT~eCIGIX YPOBHeil. 

II. aneKTpoH B BYJIOHOBCKOM nOJIe 


IIPH V(/~/)= - ZQ<j/ ~1 H3 (1 2 ) CJIe.nyeT: 


i;-~ .3 .
()( ) ( 20a)H = - c!, Ll + 2r(Sp)C - re~ l.l(~) 

3.n;ecl> :?: == I? I • a rpYHKIJ;Rff U- onpe.n;eJl.JIeTCJI KOHcTPYKUJole1! oJ. o : 
2: 00 

(206) V'(~) = 4: Sj2d o (j)JJ + ~j' S)~o(j)Jf . 
<) ~ 

3~a~a (13) ,n:Jl.JI orrepaTopa (20a) MOIeT OHT}, npH6JllaeHHO pellleHa B 

npe,nnOJIoltemm 0 llaJIOCTJol "cYOKBaHToBol!" Heonpe.n;eJIeHHOCTPI S~ . IIpn 

3TOM, FBK CJle.n:yeT PIS (116 ). cJ o (1) cy~ecTBeHHo OTJIH'lHa OT HYJIH JIHllil> 

rrpH MaJIUX ~ , 'ITO rr03BOJl.JIeT O~eIDITl> rpYHKUHlO (206): lY(t~ 0») _ ~- f , 

()"(o) '" (~~)-1 • II03ToMY IIpK M8JIUX St rpYHKUHR "lJ(~) MOlKeT 6HTh 

rrpe.n;cTaBJIeHa B mme cJMMbI HeB03MYUleHHO~ 'laCTH 2:-( H B03MJlIleHM 

(v'(t:)- ~- f ). B TaKOM IIo,nxo,ne 3~aqa (I3 ) onpe.n;eJl.JIeT (B O-M np1l6JIJU[e

rom) cTaI\IWHapHHe cocToilHIDI1/lntm = Rn( 6) 'ft.",(S,r), H3BeCTHUe H3 COOT

BeTcTBynne~ 3~aqH 06Il\enpRHRTO~ KB8HTOBOl! MeXaHlllGl [58, 59J , H ( B I-M 

nop~Ke) cneKTp 3Ha'le~ 3HeprHH (no,np06Hee CM. [52. 57J): 

-<E> =_ze l + ~rS)2. Z(22 (2Ia)n!m ?an.! &'], f + ~ c.nt ) 

12t)2{t+f) C;:; f r 2.{/.f) (216)
Cne ~2JTl-n (2t+-"3)T j E!-) :ld/t)~ 

o 
3.n;ecl> a. =- ~~J'ez - 60poBcm P~HYC , c:; - 6RHOMHa.1Il>Hbl8 K03qqJID.\l1

eHTH, 17=1,2, ... ; ! = O, ( •. . • ) n- 1 ~ m =-e, .",l.. 
B (2Ia) rrepBOe CJlaraeMOe eCTL /12. - KpaTHO Bl.'POlK,l.l;8Hm.di YPOB9HL 

3HeprKH Bo,n:opo,n:orro~06Horo a'rOMa B 06merrpHHRTOa KBaHTOBO! MexaKHKe . 

BTopoe CJlaraeMOe He BJlH.HeT 1m Ha pa3HOOTl> YPOBHel! . Ifi1 Ha 3HepI'lm HOHH

S8UHH (CJle.n; cTBlle ( 186» . HaKoK8q, TpeTl>e CfiRMaeT BHpOJK.D:6RHe no l • ~TO 
lISMeRlie'l' paSHOCTl> ypoBltel. B 'lBCTBOO'l'll, 118 (21) CJIeJtYeT: 

~E = <E > _ <£> ~ 2Q.~r~ (~~)2
ns, np noo 111m a n3 a J (22) 
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'ITO rro 3aBHCHMOCTH OT Z 11 n HalIOMHHaeT JI3;,IOOBCrum G,I(BlIT. 3TO 

rr03BO.JUIeT G,I(eJIa TL olleHl,y "cyOKBaHTOBOiJ" Heorrpe,neJIeHHOCTH KOMIIOHeHTIi 

Koop,nnHaTh!: S~ ~ 4,26- IO-I2CM, ec;rn (22) paBHo JI3MOOBCROMY G,I(BJ.IT'Y 

( ,1E<!~_2P / lJ = 1057 ,90 MIU rrpn .z = I [60J), n 8~ <. IO-I4cM, 

eCJIJ1 CMell1eHJ'le (22 ) oTpalKaeT ~eRT, BhlXO,nmuyJ~ 3a rrpe,neJIJi TO'l:HOCTH H3

MepeHHi1 [60J. 

12 . TIpodJIeM8 ,nHcrrepc fill 

.Ito cux rrop MhI rOBopwrn 0 3Ha'ieHYUIX < A > ~113meCKHX Beml'fHH, rro

HI1MaeMhlX B CMHCJIe cpe,nHJIX (20), IfJlM, 'ITO TO lite caMoe, ( 3 a). TaRoe 3Ha

'IeRne ,nOJIlKHO xapaRTepH30BancR ,nHcrrepcHeil < (.dA )C > , rrpe,ncTaBJIJllf.tUe~ 
coooll cpe,nHee KBa,npaT8 OTKJIOHeKHR BeJIWIYilib! A OT ee cpe,nHero 3Ha'l:e

HUR < A > . B paCCMaTpHBaeMHX MO,nHq;mKaWHIX KBaHTOBO~ MexaKHKH MaTeMa

TH'1eCKHM 00pa30M BeIDl'lHHhI A RMReTCll orrepaTOp OrA), Ii o,nHOBpe

MeHHO KJIaCCH'1eCKaR CPYHKIJ;M A. (9,1';1.). TI03TOI'\y JIorH'lHO 3arrHcaTL: B 

Y.BallTOBO-MeXaHntJ:eCKOM <!JopMaJIn3Me 

< (LlAt> = JY(9)iJ IO(A)- < A>f3~1'(q;t)d'1 ) (23a) 

a B CTaTHCTH'1eCROM <!JopMaJlH3Me 

< (.1 A)2> ::: Sl A(q,p,-t) - <A >F f F(9JP;t)J9?· ( 230) 

TIpodJIeMa COCTOI'lT B TOM, 'ITO BhIP8l{SHI'lR (23a) H (230) He 3KBHBaJleHT

HhI. 3TO BhlTeKaeT Herrocpe,nCTBeHHO lfS B3aHMOCBR3eH (Io) H (30) I'l RBJIReT

CH rrpRMHM CJIe,nCTBHeM HS-Hei itvlaHOBOCTl1 L44J rrpaBlfJl8 (I). 

Bhloop orrpe,neJIeHHR (238) rrplfBo,nlfT I< TOMY. 'ITO MaKCHMaJIDHaH onpe,ne

JIeHHOCTh 3Ha'leHHR <A> (MHHHMaJILHaR, paBHaR HYJDO ,nlfcrrepCHR) ,nOCTH

raeTCR B COCTORHHRX "~~ , y;IIOBJIeTBOp~x 3~ua'l:e H8 COOCTBeHHHe 

3HaQeJfl!:R : 

OrA) 1/Jd. = Chfrl d = cJ" . 
( 24a) 

3TOT BhlBO,I( rrpH .1'1 = H corJIacyeTcR C rrOHRTHeM CTarmOH8pHhIX COCTOR

Hlrll, onpe,neJIReMhIX ypaBHeHHeM ( 3B) . O;rr.HaKo BhI00P (23a) Be,neT R 'l:8CTR'l:

ROMy' HapymeHMRl "rrOCJIs,nOBaTeJILHot! BepOHTHoCTHoi! cxeMH" TeOpID!. 

Bhloop orrpe,neJleHM (230) coxpaKReT "rrOCJIe,nOBaTem.flYE) BepORTHOCTflYE) 

cxeMy'''. Qrr.HaKO Terreph ,nHcrrspCM B cocTommmc "<f<L B oomeM CJIY'1ae He 

paBHa HYJDO (H ,nax e He MHHHMaJILRa), T. e . 3a,naQa (24a) rrepeCTaeT KrpaTL 

IPYImaMeHT8JILHYD pom.. COCTO.llHIDI: MaKCHM8JILHoi! orrpe,ne.neKHOCTlf1/!:JJ 
3Ha'lemm < A > B 3TOM CJIY"lae OYJI:fT y;IIOBJIeTBOpHTL yp8BHemm [44 J: 

LO(A2)-2<A~O(A)+«A>.J»).!J'f~ =:J)ljJ.J» j)~O. 
(24a) 

]2 

B CJIYtJ:ae A = H HeJHfHeiiHO e HHTerpo-,n}rcJijJepeHlUl aJILHOe ypaBHeRne 

(240) co,U eplltHT orrep8Top V -+ , 'ITO B CO'l:eTaHlm C He,Uoorrpe,neJIeHHOCTLIO 

" CYOKBaHTOBUX" t!>YH.l<l.1ID! 3HB'UITeJILHO 3aTpY;lum8T ,nam,Hei1llme HCCJIe,nOBaHM. 

C.nenyeT OTMeTHTL , 'ITO rrp06.neMa ,nHcrrepClfil cyme cTBeHHO CBH3aHa CO 

CBo~ CTBaMif "cYOKnaHToBhIX" CPYHKIJ;IDl . B'laCTHOCTl1 , eCJill' HaOop { tf.. 3 Ta

ROB, '!TO OrAi! ) "'" (O(A))': , IDIl! lO(A 2 
) , O(A)L = O . TO COCTOmnIR 

'Pol. 11 1f~ rrpaRTB'IeClGI COrr1m8RlT (B nOCJIe,nHeM CJJY'Iae TO'fHO) . TeM He 

MeHee, rrpoO.lIeMa BHoopa BhlpallteHJ1R ;Ir.llii KOJIlfCleC'I'BeKHOr o rro,nC'l:8T8 ,~Kcrrep-

CHM «23a), Rnn (230» OCTaeTCR • 

3aRJlJ01leID:!e 

TIpell1lle Bcsro rro,n'l:epKHeM: BCS Hc x o,nHhle rrOCTYJIaTYillHHe rrOJlO;l(eHIL'! , Ha 

KOTOPhIX 083 :1!pyeTCH HaCTomuaR paOOTa, H3JIOJKeHhl B § I. Pe3y .lILT8Thl §§ 2 

-13 RBJlffiOTCR IDe rrpRMhlIDI C.lIS,nCTBIDIMl1. TIo xony \<! CCJle,UOB8Hl1R 6wrn: c.n:eJla

fill JrnIlIL ,UBa ynpomalOlllIDC rrpe,nno.lIO}KeHl1R - coxpaHemre r pymlhl mn,1MeTp ltil 

UPl! KB8HTOB8IDm ( § 8) n MaJIOCTh " cyOKBElHTOBo'l1 " fIeorrpe,neJIeHHoCTlt KOOp

,nHHaTll (§ 12) . 

CJIe,nyeT OTMSTllTh eme . 'ITO 'l:aCTO BCTPe~8~CH 13 Te KCTe TepMRH 

"CYOKBaHToBhI:fi " B ,namlOH paOOTS OTpalltB eT JrnIlIh TOT ellaKT , 'ITO COOTBeT

CTBYJIlI1ee er.o;y nOAATlie. Bo-rrep BhIX. He I1MeeT 8 HaJIOr8 HI! B KJIaCCIflSClWfi, 

HH B o omerrpIlliffToli KBaHTOBO~ TeopKH , 130-BTOPllX . onpe.ueJIReTCH HaoopOM 

<PYHKU1dl ~ '1'" j • 31maH][e ROToporo TpeoyeTcR ,UO KBaHTOBaHIDI. 

COBO~HOCTL c.ne.n: CT~ , BhlRB.neHHllX B §§ 2-13, rr0R83h1B8eT , 'ITO BBe

.n:eRMS COBMeCTfillX He OTPHll8TeJILHlIX Koop,nHHa'.rHO- 'PIJvmyJILCHHX p a crrpe,nsJleRIDl 

B KBaHTOBYID MeXaHI1~ MOEeT rrpHBO,UHTL K Teopnm~, ll3y~erIHe KOTOPUX no 

KpallHeil Mepe He Oec ctoWCJIeHHO . OCHOBhlBaRCh Ha pe3YJILTaTa X §§ 2-13, yr,(e 

cen 'l:ac MOlltHO G,I(eJIaTL p~ OCTOpO~ BhlBO,nOB, OCHOBHbWGl 113 KOTOPUX, H8 

HaID B3r~. RMRhlTCR CJls~rre : 

I. Cyn~eCTBOBaID:!e F ~ 0 B MO,nI1lPUIJ;ZpOBalllfllX BapHaHTaX KBaHToBo:f;\ 

MeX8IDIKH rr03BOJIRe T BU'lHCJIRTL BepORTHOCTL rrorr1maHliH C}!CTeMH B CRO.lIh 

yrO,l.\HO MaJrhl:J1 OO'bSM i,Pa30Boro npOCTpaHCTBa, 'fTO rpaKT1f<1eClm COOTBeTCTBY

e T TO'l:K8 3peHl1R ,I(e- Epot:I.n.H . 3fi1mJTeilHa ][ ,!(p•• paCCMa TpnaBIImX JCOOP,U1Ui8

TY 1'1 llMllYm.c CHCTeMH RB I< o,nHOBpeMeHHO CYI~e CTBY'IfllIl&e <f>M3l{qeCKHe p eaJIh

n OCTH. KaR HH CTpaHHO , 3'.1'0 He rrpOTHBOpe'il'lT COOTlloweHIDO Heonpe,ne.neH

HocTei1 I'a~3 eR6epra . EoJIee Toro , nOHHTIDI Heorrpe,neJIeflHOC're~ ( CM. § 6 ) 
CTaHOBRTCR oonmpHee 11 npHHIJ;m:maJlhHee, 'l:eM B oOO\errprurRToll KBaHToBotl 

Mexamme. 

2. BBe,neHl1e 13 KBaHToBym MeX8RHRY HeoTp~aTem.HUX KOOp.IJ:K.Ha THO-BM

rryJILCH.hIX p aClIp e,neJIemrll CRB3b1BaeTM (§§ 10-12) 110 peaym,T8T8X ROHIqleT

HID<: 3a,naQ. 3TO ,nae T Ha;t(6}lQly lIa TO, 'ITO rrpaBOMepJ{QCTh n o,nooltllX MO,nll 

rpHRBnKn KBaHTOBo~ MeXBHHKH MOEHO npOBepHTL SKCnepHMeHTam.HO. 

1::1 

http:SKCnepHMeHTam.HO
http:KOOp.IJ:K.Ha


JIMTeparypa 

1. 	Einstein A., Podolsky B., Rosen N. Phys. Rev . , 1935, 47, 777. 
2. Bohr N. Phys. Rev ., 193 5 , 48 , 696 . 

). QoR B. A. Y~H, 1936, XYI , BHll. 4, 436. 

4. 	 Ei nstein A. Dialectica, 1948 , I I , 320 . 
J. 	Bolm D. Phys . Rev., 1952 , .§.2, 166 . 
6 . 	 De - Broglie 1. 1a Physique Quant ique Reatera- t -e lle Indeterminis te?, 

Paris , 1 9~)3 , 1. 
7. 	Schrodi nge r E. Nuovo Cim., 1955, 1. Ser e 10, 5. 
8. Wi gner E. P. Amer. J. Phys., 1963, 1I, 6. 

9· Moyal I .E. Proc. Cambro Phil. Soc., 1949, 45, 99. 


10 . 	 Bopp F. Ann. Inst. H. Poincare, 1956, XY, 81. 
11 . 	 Cohen L. Philos. Sc1. , 1966, 21" 317. 
12 . 	 Tyapkin A. A. Development of s t atistical i nt erpre t a t ion of quant um 

mechanic e by means of the joint coordi nat e - momentwll representation, 
J I NR , E4-3687 , Dubna, 1968. 

13 . Wi gner E.P. Phye. Rev., 1932, iQ, 749. 
14· Tep.rreuKIiiI Ii. n. 1'3Tw , 1937, 1, 1290. 
1). Blokbi n tee v D.I. Journ . of Phys., 1940 , g, 71 . 

16. 	 KJrnMOHTOBIf'I IO.Jl., CI\Jl.llli B. n • .lIAH, 1952, 82, 361. 
17 . 	 Mar-ge nau H., Hill R. N. Prog. Theor. Phys. , 1961 , £.§. ' 722 . 
18. 	Mehta C. L. J. Mat h. Phys . , 1964 , ~, 677 . 
19. 	 Cohen L. J. Math. Phye., 1966, 1 , 781. 
20 . 	 Shankar a T. S . Prog. Theor . PhYB ., 1967, 11, 1 3 3 ~ . 

21 . Imre K. , O~izmir E. , Roeen baum M., Zweifel P.F . J . Math. Phys. , 
1967, .§, I0 97 . 

22. ApID!IIJTe'lH 3. A., I'H'IM8H )l .I~. l1aBecTlffi ByaoB, 1967 , ItIJt311Ka :~ 9, Il3. 
2) . I{OHbKOB B. lI., rOpUleHROB B. H. 113Be cTlffi BY30B,1 968,CPz3MKa JI! 3 , 135. 
24 . KyPbllllKllH B. B. 113Be CTID! BY30B, 1969, CPU311 J<a J~ 4, II I. 
2) . Zlat e v I.S. J . Phye. , 1977, £, ) 83 . 
26 . 	 J annUBsi s A., S l rec l !1s B "., Vlacha.e A. Phye ika . 1981 , A, 107 . 587 . 
27 . 	 TaTapcKlfil B.H. Y!l>H, 1983 , I39 , 587. 
28 . 	 Bor n M •• Jorda n P. Z. Phyaik . 192;), li, 858 . 
29. 	Di r ac P.A.Y. Proc . Roy . Soc .(1ondon ) . 1926, A. llQ. 561. 
30. Neuman J . Von. Nachr. Acad. Wi s e . Go tt ingen , Math . Physik. KI, 

1927 , 24 J. 
31. 	 Weyl H. Z. Phyen, 1927, i§.. 1. 
32. 	Temple G. Nature , 19)) , 11£. 179. 
33. Tolm.an R.C. 'fhe Princ i pl es of St a ti st i cal Me chsni cs, N.Y •• 19) 8 . 

)4. Groenewold M. J. Physica , 1946 , 1£, 40 5. 

35 · Shewell J.R. Am . J. Phys., 19 ) 9. £1. 16 . 


14 

36. 	 Jordan T.F., Sudarshan E.C.G. Rev . Mod. Phys . , 1961,21,,515. 
37. 	Agaxwal G.S., Wolf E. Phys. Rev., 1970 , 2D, 2161. 
38 . 	 Cohen L. J. Math . Phys. , 1970, 11, 3296. 

39. 	Eepe 3HH ~.A. TM~, 1971 , 2, 194. 
40 . 	 Kyp.hlllIKHH B.B. VI3BecTIffi BY30B, I97I, <lilf311I<8 Jf> II, 103 . 
41. 	3aimeB r. A. A.Jrre6paWIeCKHe npo6.neMii MaTeMaTlf'IeCKOil l'! TeOpe TIf'Iec-

RO~ <PU3MKH , M. , " HaY}{[J'; 1974. 
42 . 	 Abellanas L•• Al onzo L.H. J. Math . Phys •• 1976, 11, 1363· 

43. 	lliKpORoB D.M. 3~AH, 1979, 10. BUrr. I, 5. 
44. Kuryshkin V,V" Lyabis I.A., Zaparovanny Yu.I. Ann. Fond. 1 . de 

Broglie, 1978, 1, 4 5. 
45 . 	 Wi gner E.P. Perspectives in Quantum Theory, Cambridge, 1971, 25. 

46. 	KyPbllllKHH B. B. TeOpeTlf'l:eCI<8R iPH3l!Jta, M. , Y.LU:I, 1974, 78 . 
47. 	Kurys hkin V. V. Compt. Rend., 1972 , £1!, Serie B, 1107. 
48. 	Kuryshlcin V.V. Ann . Inst. H.Poincare, 1972, XYIl, 81. 
49 . 	 Kuryshkin V.V. The Uncerte.inty PrinCiple a.nd Foundation of Quan

tum M8chani c B, London , 1977. 61 . 
50. Kypmurum B. B., Tep.rreUI!Jtil H. II. IIpo6Jler,1li CTaTl1CTl{t!eCKotl (j}.H3lUG'l H 

TeopKH no~, M., Y.llH , 1976, 70. 
51 . 	 Kuryshkin V.V . I nt . J . Theor . PhyB. , 1973, I . 451. 
52. 	Kuryehkin V. V., Zaparovanny Yu . I . Compt . Rend ., 1974 , £11, Se

rie B, 17 . 

53 . 	 Lyabis I.A. ~~n. Fond . L. de Broglie , 1978, 1, 177. 

;)4 . 3arrapoBamru:l1 JO. VI. , Kyp1:iIIIKIU! B. B. IIpodJreMii CTaTHCTHt:re cRoil 11 RBaH-
TOBOil iPH3RRU, M., Y,UH , 1980, 107. 

55. 	CaMcoHeHKo H.B. , ]ly6ROB C.Jl. llilBeCTHR BY30B, I980, ~lf3l'1'Ka.lf> 4, 16. 
;)6 . Basu S., Lyabi s I.A. Proc . Indi an na tn. Acad., 1983 , A, 11, 509. 

57 · ClmOPKOB H.B. Yr3BeCTHR BY30B, 1983 , <PH3HRB If; 4 , 107 . 
58 . 	MO.lCIDIT.\eB ,U. Yr. OCHOBN RBaHToBot! MeXaHJfKH, M. , " Hay.Ka~ 1976. 
59 . 	,UaBH,I(OB A.C. KBaHTOBa!I MexatmKa, M., ~ffilMaTrH3 , I963. 
60. Taylor B.N . , Pa r ker W. H., Langenberg D. N. Th8 Fundamental c ons 

tants and Quan t um Elec trodynamics, N.Y., 1969. 

• 

, 


PyROIDtCb ilocryml.lla B l1s;u,a'l'e..rrt CKWi OT;llI3JI 

27 lUOH.fI Ioo5' rO,lla 

15 

http:lf3l'1'Ka.lf

