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I. BBe,lleHHe 

fip06JI6Mbl ycTpaHeHHfl paCXO,lll1MOCTeil ll MaTpllll.\6 pacceaHJ/Ifl ll 
JIOKaJILHOR KBaHTOBOR TeOpHH RBJIRDTCR OCHOBHbiMK npH ~OpMy­
JIHpOBKe MO~JII~HI.\HpOBaHHbiX 3aUKHYTNX TeOpHA MHKpoqacTHI.\. 
KllaHTOBafl TeOpHll llOJifl B CJiyqae HeJIOKaJILHOrO H cy~eCTlleHHO 
HeJIHHe~HOrO BSaHMO,lle~CTBHfl npe,llCTaBJifleT COOO~ O,llHH HS BapHaHTOB 
5THX TeOpHil. 

B aacTof!~ee BpeMR ycnewao peweH Bonpoc o nocTpoeHHH aeno­
KanLHO~ TeOpHH CJia6HX H SJieKTpOMarHHTHbiX BSaHMO,llellCTBH~ /I/. 
B OCHOBe llOCTpOeHHfl TeOpHH Jl6ll!aJia CJI6,lly!O~fl <))l1Sl1qecKafl H,llell: 
HeJIOKaJILHOCTL BXO,llHT B TeOpHJO TOJILKO qepea Hei!TpaJILHhle llOJifl 
Hei1Tpl1Ho, wotoHa H .llP; nonH aapHEeHHNX qacTHI.\ OCTaJOTCfl JIOKaJIL­
HbiMH. 

TaKHM o6paaou, BBe,lleHHe HeJIOKaJILHOCTH npHBO,llHT K TOMy, qTO 
B pH.JlY TeopHH Boauy~eHHR .llJlfl S -MaTpHI.\N, Y.llOBJieTBOpHJO~e" 
ycnoBHHY npHqHHHOCTH, yHHTapHOCTH, rpa,llHeHTHoil HHBapHaHTHOCTH, 
KOHeqHOCTH H KOBapHaHTHOCTH /Z/, HBMeHf!eTCfl TOJILKO nponaraTop 
Hei!TpaJILHHX nonelrl. llanpHuep, ,llJifl !l>oToaa: 

~~/(-1(.2-i£) => ~, V(-1t2fZ)j(-K2-i£)' 
r,lle \!(c) -HeKoTopaH uenaR !l>YHKI.\Hfl KoHeqaoro nopH,llKa pocTa 
f/2 ~ .f'<: 00, a t XapaKTepHayeT paaMep 06JiaCTH, B KOTOpOi! 

BSaHMO,llei!CTBHfl CTaHOBfiTCfl HeJIOKaJILHbiUH. 
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C'~HBKO yiiB3BHHbiL1 BblWe CllOCOO BBe~eHllfl HeJIOKBJI:&HOCT11 B 

Teopmo He ycTpaHHeT 113 pf!~a Teop!m BoauymeH11il Bcex yJI:&Tpa­

:ImoneTODblX paCXO~llMOCTCil, 0KB3hiBBeTCfl 1 liTO paCXO~TCH ROHeliHOe 

'IHCJIO TllnOB HenpHBO~lll.lbiX ,IU1Bfpa.Ml4 ·:J?eaauaHa1 COCTOHll\l1X 113 

3BMRHYTbiX I.:HltJIOB ITOJIHpU3BU11ill BaRyyMa, oopB30BBHHhiX nponaraTOpB!.IH 

3BpH;~eHllblX I!BCTlll.(, ;!eKOTOpble napaMeTphl, BXO~Hll\l1e B onpe~eJieH11e 

3T11X AHBrpaM!.I 1UOr:JT ObiT:& CBe~eHhl K HBOJIIO~aeMbiM B6JI11'111HaM /S/, 
06LJ'!HO ;!IJIH ycTpaHeHllH paCXO~llMOCTelil B ;1111arpawax npl!XO-

;lll!TCH npl!OeraT:& K l!BCTY!liHO BI1;!10113MeHeHHOil I.\11RJI11'!eCRO~i peryJHlpl1-

3BI.\llll nayJII1-Bmmapca /eM., uanp11.1.1ep /
4/ I. 8ToT MeTo;ll peryJllip11-

aaun11 Cl!HryJIHpHbiX !_l:YHICI.\11!1 paCCMBTpHBBeTCH Jll1W:& KBK \(Jop.MaJil>HBH 

11POI.\6.1(y pat He Hl.!eiO!liBfl onpe~eJieHHOrO iQ113HlieCKOfO CMbiCJIB. 

B HBCTOHll(ee Bpe!.!H CliHTaeTCfl 00lll6llpl!HHTbl.l.l 1 liTO KOpeH:&, 

Jie:::aU(llil B OCHOBe MaTel.laTI1l!8CKHX MeTO~OB ycTpaneHHH YJI:&TpB11110Jie­

TOBbiX pBCXO;llliMOCT8il t HBHbiM HJII4 HeHBHbiM OOpaSOM CBHSBH CO CBOiiiCT­

BBIAll npOCTpaHCTBB 11 BpeMeHH HB MaJibiX paCCTOHHI1HX HJIH C CBMOll 

npl1pOiJ,Ol1 D3Bl!MO;lleLJCTBliH np11 BbiCOK11X 3HeprHHX 1 npHCY1116lt BC6M 

TllnBI.I Il3BI1M0;!16LICTBUH, IIOSTOMY HBM KaJKeTCH 1 'ITO l.!eTO~ ycTpaHeHHH 

y;Iupai.:~IOJieTOBHX pacxo;z~111.1ocTeil ~OJIXieH ObiT:& e~I1HbiM ~H Bcex 

Tl!llOB ~uarpBW! 11 Ll.l8T:& HarJIH)lHbl~l i~H314liSCKHi1 CMbiCJI. 

1ie~'J.BHO )l.,l1,l:lJIOX11HU6BhJM, / 5/ ObiJIO 11CCJie~OBBHO CTOXBCTH­

l!eCKOe npocrpaHCTBO, ouJia~aiOmee TOi-l oco6eHHOCT:&IO, liTO noJie, 

ycpe~HeHnoe B STOll npOCTpBHCTBe, OKB3biBBSTCH HeJIOKaJI:&HbiM llOJieM, 

pBCCI.IOTpei!Hi:llJ Blllile, 8KBHBBJieHTHOCT:& 3T11X ~BYX ITO~XO~OB np11BO~HT 

R CJie~IOU\el! rHnoTeae: npHpo~a B03HI1KBIOlllero <l.Jopu<J.iaKTopa npHBO­

~e~ero K ~a~eneHUIO aneKrpoMarnuTnoro 161 11 nCJiaooro" 1~1 noTeH­

rumnoB liB MBJibiX pi.:i.CCTOHHI1HX1 a TBKJ:e llOJIIlp113BU1111 BBKyyMa, 11 np11-

CY4116 6MJ CROnCTBa onpe~eJIHDTCH CTOXBCTI1l!6CKHM XapaKTepOM 

CBI.!OfO npOCTpBHCTBB-BpeMeHI1, 

liaCTOHlii8H pac.iOTB llOCBHll\ella DOCTpOeHHIO rp~eHTHO-

HHC,ilp>!BHTHOtl KBaHTOBO~ SJieKTpO;!IHHBMHKH B paMKBX CTOXaCTI1tJ6CKO­

ro npocrpaHcTBa EJIOXHHuesa. 

2. CTo:cacTnlieCKOe npocTpaHCTBO 

BI.ISCTO OC06oro CTOXBCTUlieCKOrO npOCTp8HCTBB f;,(x), 
l!CCJie~OBal!IiOrO H pauoTe /

5/, paCCMOTpli!M Tenep:& ;n.pyryiO peaJll1-

38UIIIO CTOXaCTli'IeCKOrO npOCTpaHCTBa fl'f(X), kiMeHHO, llOJIOli\11M 
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1\ "' ~-= ~ -tiapJL , }fo =~+~dj. , 

r~e ~' JS -MaTpHUH ,ll>tpaKa 1 Q, -aMIIJIHTy~a Y!J!YKTYBUH11 

KOOp;!1!4HaTH C HeKOTOPhlM pacnpe;lleJieHI16M VV(~), 

" ,\cia. W'(ajL) = i , 
cf,u. -H6KOTOpHit npoeKT11PYIODUt~ onepaTop, ;llelilcTBHH lWTOporo 

onpe~e.JIIUlfCH cJie,!U'niiiHM o6paaou ( 1i = c = 1): 

/I/ 

/2/ 

A -f A 

~~= m , ~Kfo= m. ;s; 
8.JI6M6Hf )t.JIHHH ciS B 0Kp6CTHOCTH K8.li;!~Oi1 TOliKH CTOX8CTHlieCKOrO 

npocTpaacna aa,ae!CH B BH;lle wopuH nepBoro nopH~a no J..x~'-
/cu. no;llpo6aee 5/;: J' 

dS = p d.X • 
~ A 

B uaweu cJiyqae, ;!IJlH xoaeqa111x BenHqHa ~s ~.J{x) H 

"' ".~A-AS= Z AXJA-=- 2 ~ (x), 
"'.JI. ~ ~ 

/4/ 

r:n.e ~ ('-C)=i aJl.. H ~ -e~HHHliHHi1 B6R!Op 1 
~ ~ m .. R t'!l 

lj;JopuyJIH /I/ - /41 onpe~eJIHilf npocTpaHCTBO 1;, (X) C 'llX,. 

Saue!HM, qTo B ornHqHe OT npoctpaHCTBa ~(it), npocTpancT­

BO f;111'(X) Henocpe~CTB6HHO Yl!14fblB86f CBO~fCTBO CTOXBCTHtJHOCTH 

npB Ha.JIBq&H qaC!HU C uaccolil ~ , C ;!~pyroM CTOpOHH, Ha H~HRe 

fOqeqawx C06Y!HI 1 OHO Bblpaaaef !0 06CTOHT6.JI~CTB0 1 liTO 8Jl6M6H­

!&pHYO qac!HUY He MOryf 6YT~ .JIOKa.JIHBOBBHY TOtJHee, qeM 

AX~ 'h/mc. 
Hail:n.e11 tenepi cpe:n.Hee none ~(x)= (lf(x)>,.,r~e ¥'( £) 

MaKe! 6Y!i npe;!IC!aBJIOHO B BH;lle HH!Orpana typ&e B ripOCTpaHCfB6 

r.~rx)· ,. 
t ' VJ(xJ=Si'"ei.~txijf(~t). /5/ 

8aMO!HM Ha OCHOBaRHH /I/ H /3/ 1 q!O C06CTB6HHYe 

aua.eu11 oneparopa exp{tl<x) 6y7JJ! 

/.(l(,x)= exp{L("x ±a 1m2 -1<,2 .) J /6/ 
a ax cpeiaee aaaqeHHe, corJiacuo 151, paBHo ' 

<l+(l(.,x)> = ei.I<X s da. W(aj~) exp{iaV.r-m-2--K--.2) /7/ 
- r 
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jecnv. W(afL)='W(-ajL)/. B cv.ny aToro cpe~Hee none pa:sHo 

lf(X) =< ly(x)>, =JIA"K.lf{~<.) X(tlm2-K-2) ex.p(iJ<.X), 
r~e, cornacHo /7/, 

X(t.lm2-K2) =fda W(ajL) exp(ialm2
-K2J. /8/ 

2 2 
0TCID~a nerKo BV.,li;8Tb, llTO npv. K = ~ 

X{o)= 1, <exp(llcx)> = exp(ixK) 
~ r ' 

<lf(x))r == {'P(x)}cnoa. 

TaKV.M o6pa30M, CTOXaCTilllllOCTb npOCTpaHCTBa npOHB1!HeTCH T01lbKO 

:S npouecce B3aV.MO;ll8iiCTBV.H M8lit;lly K:SaHTOBaHHbiMM n01IHMV., a CBOUO~­

HOe none He I:!YBCTBY8T C'l'OXaCTV.I:!HOC'l'V. npOCTp8HCT:Sa. 

l'o~o6Hbll.! llie o6paaoM umxeT 6b!Tb nocTpoeno T -npov.aBe.ne­

Hue c ynopH;L\OlleHv.eM no cpe;nHeMy BpeMeHH: 

<oi{<T(lf{x) lf/(yJJ>r}!o> =Sr(x-y), 191 
ri'.\e 

S,(x-,y) =fl~ V(L/m2-fJ S (§) exp{ifj(x-y)) 

HB:aHeTCH HenoKaJibHO~I npMllHHHOtl <iiy HKIUte~ /I/, ecJIH V(z )= [X(.cJ}
2 

uenafl 1l;y HKUV.fl. llanpHMep: 

w(a..)- j__la.l V = Sin'~(~/rrl-aZl/.(J_(m2-o2J'" 
1 L - L {l ' 1 2 r Jj l 2 f' , 

DPH /aj.~L j - 2 
\J(a,)-3(1 ct~\ '\[- .9 /sillL~ ~l 

2 T -lj L. -La J' 2- l 't( m~ 92/L L I m2 -tjz. - cos l m -~ J ' 
nPu /a/~ L · 

J z 2 
~(~)= L11Jfexp{-~}, ~ =exp[-~ (m2-~2)}. 
B.n;ecb S ( i,) -,1;y pbe-oopas 1IOKa1lbHOi1 npl1llHHHolil !j)y HKJ.Uili. 

]IDOOilb!THO,llTO B pe3y1lbTaTe ycpe~HeHl'IH B CTOXaCTV.ll8CKOM 1 
npocTpaHCTBe c pacnpe~e1!8HU8M w ( t) = §:- J(o (.H a)' ( M = r) 
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Mbl nOJIYllm.t OClbll!Hbl~ ((JopMC]aKTOp IlayJIH-BH111!apca. 0TO roaopHT 0 TOM, 

liTO wv.sHqecKv.lil C!.lb!CJI peryJIHpRsamwHHOti npoue.n;y ;m IJayJin-BlillJiapca 

MOlKeT 6h!Tb C:SH8aH C ri-lnOTeSOll 0 CTOXaCTl1ll8CKOI.! xap0KT8p8 fliJOCT­

paHCT:Ba-BpeMeHl1. 

s. Oooo~eHHe TOlK~ecT:sa Yop~a-TaxaxamH 
UTaK, I'HDOT838. 0 CTOXaCTI1llHOCTH npOCTp8HCTBa npUBO,li;~!T K 

ltiSMeHeHHD npODdraTopa KaK aapHE8Hilb!X, TaK li Hef:TpaJJbllJ,lX l:i£1.CTV.J..i.. 

KaK v.s:secTHo, JIBJ6aH MO~(mKaJ.Utfl JIOKaJI:&HO}I npn•nmHoii . yEICIJ.Hll 

sapruKeHHOil qaCTHUbl BB,ll;eT K Hapyl!leH~!ID pH~a c.nreupallllGCKI1X 

COOTHOWBHV.iJ, :SbiD01IH8HH8 KOTOpb!X ra.paHTHpyeT COXj,!alleHIIE: aapn.ll,a, 

T.e. Y,li;O:SJI8TBOpBHH6 yCJIO:SHXI rpa~l1eHTHOH HHIJapnaHTHOCTU. 

t-lccJie~o:saHHD aTolil npo6nem1 6h!1ll1 nocBHI!ieHL! l.lllorv.e pauoTu, cpe.n;n 

nv.x :saJKHoe MecTo saHHMaiDT pacioTbl II.Li.l~ponna fi_f 11 n .. BpeilreHJIO­

xnepa / 9/ • Hame paCC!.!OTp8HHe OCHOBaHO Ua pa00T8 LpOJIJJa, B IWTO­

poM Obl110 nOKUSaHO: 1l'l'06hl TaKafl MO~W~l41.UlpOBaUHaH TeOpV.H y ~O:SJieT:BO­

pJIJia YCJIO:SHII rpa~eHTH0£1 HHBapuaHTHOCTM 1 He00XO,II;I'JMO I'J3!.1eHHTL BH,II; 

O,li;HO~OTOHHOil BepWHHbl t COrJlaCHO TO~eCTBY Yop,~~;a, a TaK•e 

~ODOJIHHTBJlbHO BBeCTH UBCKOH81:!HOe l:iliC1!0 IJIIOrO',:OTOHHElX DE:p. ;UH 

/CM. OOJiee no,n;poGHO :s /B/ j. 
UeJIJo AB.HHoro naparpa4>a - o6o6!11HTl> pesyA:&TaTH l~poAna ,IIJJll 

if.JopLI~iaKTOpa 113 KJiacca U81lb!X li.-YHKUl1iA • Mbl .i].QJI;: HL! ilOJljl!V.Tb ll81COTO­

pble COOTHOWeHHfl, H80UXO~Hble ~'Jlfl ~OKa8aT81lbCTEa rpa,1J.V.8HTHOii 

HH:SapHaHTHOCTH S -MaTpV.ll,bl B CTOXaCTHI:i"CROil T80plll,. 

3 .I • d. -onepa!ill!l ~fl IL81lh!X cjy HKUH~l. 
JleilCTBYH C o6eHX CTOpOH d -onepauv.ell Ha TO~eCTBO 

~.V(-9-2L2) =- V(-CJ,2l2). ~ 

H liCDOJlb8YH ee onpeAe.lleHHe, .ltB.HHOe B paOore/IB~ ilOJiyt!HU! 

" 
~("JV(-q.2L2)= {V{-(~+K/L) -V(-Cf2L2

) j 1<.~ • /IO/ 

s.z. Gi -onepa~H ~H oClpaTHbiX UeJiblx WYHKuv.n. 

B08bMBI4 CJIB~Il!IIBB TOlK,li;8CTBO: 

v-•(-q}L2) V(-lJ2L2) = 1 . 
neACT:SYH Ha Hero al -onepauv.eil, nOJIYliHM 
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-l -1 2 2 ( )) -1 
~(~<:)V (-~2L2) =-V (-(tj+K)L )t~(KJV(lL2}_; V (-'J,2L~;u; 

s.s. BwmcJiem~e ~ [K)Sr( q) . 
La TOlK~ecTBa d.Jc(l<) [Sr(iJS; 1(~)] =0, 
CJie;eyeT, l!TO _1 . 

~(K)S/~) = -Sr(f +K) [ ~(K)Sr (f)] S/ q). /12/ 

[iMeHHO OTC~~a onpe~eJifl6TCfl H3M6H6HHafl O~HOWOTOHHafl BepWHHa 

UN ( ~J I<) /B pruJoTe !{pOJma aTa neJIHl!HHa olioaaaqaeTCfl qepea V..(f..K)j 
./. -1 " Jl 

~(f,K)=-~(K)Sr (lf)· 

3.11 0 /i.OKU3UT6JI:bCTBO cnpane~JIHBOCTH 00001116HHOrO 

TOiitA6CTBa Yop~a-TaKaxawH 

/13/ 

(1).-g.)J;(Rrt) =S(p)-S(i>, S<P>=S/P)~ /14/ 

r;11e 
[; (P, f)=: S(p) ~ (K/j,)S(~) ~ K-= p-'J. 

C y'l6TOM 

u.,iK.,f-)=~vi:-;2,}) +(m-i-KJVC:p7})~C~<JVt-ft~]v(-;7-l) /I4a/ 

H G)opMyJibl /10/ 

ilOCJI6 116KOTOpbCC 3JI6M6HTapHb1X BbiKJia~OK noJiyl!HM TOlK~6CTBO /14/. 
3.5 • ;~Uafl TeOpHfl C MO~H!jJHUllpOBaHHbll4 nponaraTOpOM HJIH C 

BepW~IHHO~ 15YHK[(Heii C0~6plKHT MHHHMaJIJ:.HOe 'lllCJIO MHOrOif!OTOHHbiX 

B6p!cHH en uh. ' Y~OBJI6TBOPfl~IIIRX YCJIOBH~ 

Un( CJj 1<,, ..• , Kn) = - d(Kn) U,l-t(~; K, ... , 1<11_,) _, 
npH Uo= S . 

/IS/ 

ECJIH s-1 H U f flBJifl~TCfl nOJIHHOMliaJIJ:.HblMR rjly HKUHflMH 

CBOHX apryl.i6HTOB, TO Ml1HHMaJIJ:.H06 l!HCJIO H600XO,llHMblX MHOrO!lJOTOHHblX 

BepWHH paBHO no -I, r,lle no -TaKOe 'lllCJIO, ,llJill KOTOpOrO 

COOTHOW6HI16 /15/ oopa111a6TCfl B HYJll>o 

B npOTHBHOM CJiyl!ae, eCJIH s-1 H u, -HenOJIHHOMHaJIJ:.Hble WYHKUHH, 

TO q;;CJIO n o6paTl1TCll B 6eCKOH6l!HOCTJ:.. 
0 
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8. 6. SapmKeHHbl£1 aaMKHYTbltl U.llKJI 

llp6lK,ll6 BCero aaM6THI4, 'ITO aaplllK6HHbl~l 3aMKHYTbli1 UliKJI B JlOKaJIJ:.HO;i 

Teopli!H paBeH 

n:(I<,, ... JJ(1t> = ~ fl'~ sp{ ~JI{1 ; K,, ... , K'ZJS{i J} 
r,lle 

" n'" rJI( "' n " 5{ if-+{;/<) 'n tJ i K,, ... 7 1(12 ) 5 (~)==(-f) d(~) ... d(Kn) S(CJ). 
06061116HH6 STOrO paB6HCTBa B cnyl!ae MO;liH<111UHPOBaHHO~l T60pHlil ne 

npe,llcTaBJille!r TPY.llHOCTH, a aaplllK6HHblld UllKJI onpe;lleJIHeTCH 

BblpaJK6HH6N 

n1pc,, ... JKn) = ~ fij' Sp{ ~~(~;K, ... ,Kn)~(~)}, /I6/ 

r~e 1L 

rn' ( ~; 1(1' ... 7 "n) = V(-( 'l- + ttK)
2Lz; ~ ( 't; 1(1' ••• , Kn) J 

" n " 
S(f,t-ZK.) r ('J,;K,, ... , k:n)S(.")= T 1. S(~+;~ki)Uj~fiJj~+fJ'")I(n) 

i=t' n. 'I nj=t J!(n-J)! 

·S(i) ~-j('J; Kt,.-·,K;J 5(f)= (-t)nd(K1) .•. d( Kn) S(tj), 

-1 I' 

npH r;, = S ( 4 ) . 
CHliBOJI !?n. 03Ha'la6T ~OJIHYJO CHI4lA6TpH3al(HJJ, COCTOlliJlY~ 
B CyWAlilpOBaHHH no BC6M n!/J!(n-j)!paa6H6Hl1ffll. COBOKYllHOCTH 

TO'l6K 1(1 1 ... 1 Kn, Ha ,llB6 COBOKynHOCTH j H ?t-j TO'l6K, 

H 3,ll6CJ:. Nbl H6 BblnHCbiBaJIR T6H30pHblX HH~6KCOB. 

4. PH.ll Teopaa BoaMyllleHH~ 

ilOCTp06HH6 ~ -MaTpHUbl no T60pHH B03yY1116HH~ B03MOlKHO 

JIHm:r:. B pa.JU(ax onpe~e.neHHoro uaTeuaTli!l!ecKoro annapaTa. Mbi 6y~eM 

non:r:.aoBaT:r:.CH perynBp:!sauHoHno« npoue,~~;ypo« A.ne6acTpoBa-fllJHMOBa/IO/ 

npH B~l!HC.li6HHH MaTpHl!H~X SJI6M6HTOB B T60pHH BOSMYIII6HH~. 

BneJteHHe aTo~ peryJIHpHaauHH o6ecnel!HBaeT nepexo,ll K HHTerpvzposa­

HHJO no eBKJIH,llOBY npocTpaHCTBy B aunJIHTy;llaX WH3Hl!eCKHX npoueccoB. 

9 

~--------



liCC:'ICAY 6!.! Tenep:r, t~aTpHt!Hble 3JICJ.ICHTL1 CTOXaCTllt!CCKOi:J 

S -!laTpUUll, CODTUCTCTBJ'l'Jil(Ue CJIC;llYIOIJlHM !1pli!n!TliBHbli.i Henp~!BO;zui!.ILI!.i 

~~narp<:m::an 41e:;unwa: 

~v.o. 
a} ~· 6) 

" r--1 

J'IiC, I 

!: .I • .),uarpaJ.n,m nom1puaan.mi naxyyua 

]\ rpa;l(I\CIITHO-!HlB3pUallTI!O;: CTOXaCTll'16CKOil Teopnn 110JIHp~!-

8al'.El1 Baityyua BO BTOpOM nopH,l\KC T60pl114 B08MYlllCHHii onpe;zteJIHC!'CH 

;ztHarpaMMawH, npe;ztcTaBJieHHL1MH Ha pnc. Ia. 
B IIIJUY JII:.CHOM npe]J.CTaBJICHUH MaTpr.tt!Hbll1 3JICIJCHT, COOTBCTCTBYIOUU1M 

STUM ;ltl1arpaJ,!l.laU, onpe/l,eJIHCTCH iJblpalKCIUiCM /I 6/ 

r( f,· ie'Z (" v6. 2 2 Sp[r[t. s" } n ~ K,1<2 )= tm. 2<2mt)d ~ fq, £) ·uo~'-lJ;K,,1<2)5 {f) 
.!' o-+o , , /I7 1 

( K1+K2 =0), 
r::le 

5(~) ~.J(q,; K,, K2)S(i) = (-1l '}t(K,)di~> S(i), 
( 1:z = f"t 1<,-t K2 = 9, ) • 

hcnon:r:.aya onpe;lteJielme d -onepanmil ;zJ.JIH ueJll.IX tlYHKunH 11 pacK­

pbmaa paBeHCTBO /I7 I, nony'lml 

0 r(K):fim~~=,'t (d't~SpJ(.. Vf-1~z)0., ~ +{ ~ "[d_,(K)vf-f2L2)lt 
:JA~ &•o'"""/ J lJt m-'1. "m-Q :JI. ,,-if,_ v J 

1 #' 1 

+ ~ d,~(K)~(-K)Vf-~2L.2)] = fl_,.~(K) + 1~(1<)1" fl~~{lt), 
r,~te 'Jt = lJ, + 1(, , 

(f) f -r- )-2r. 
fl {t<)= 'l.f(1-J")jJx(f-X)'(d1 ;{ L2f0 +2 K'J. +0 (lll'1:._l'-(KJ»l 

)4'1 0 )C ~fJI ./f Jl tfoJI ~ 
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(Z) 'ff'(. j ~-1 i -1-T >-11 
ni'.,{K)= 1(2 )d"~[~ K~-~>'~ t-t,(K2-t-(K·fJ)]l(rl-~2:..it) + )ddX(t-X) £ J 

H 

(3) .f 2 s r: ~ ;-n (t<.)=~(2K .. .J<.,-ICJ.. ) d1 L(m'l:_c/-i£)-(m2-t-ie) J 
}4-J 1( r JMJI 1 • 

8,1(6CI:. l.lbl BOCI!OJII:.30BQJI::c:r. npe;l.\CTaBJICHl!C!.i ,l\J!H qJOpMfjiaKTOpa 
-£-ioo 2 ~ 

Vt-f2L2'=_; Jd> ~{~) e8> r{m2-a2)L2 ) /IG/ / 2 t Stn!Jf5' L' -, 
-!f+ioo 

11 ooosHat1em1eu: 
-jJ-ioo 

P = ie2 
~ fd> ":'(~) lr ~ = nl--o2-2>Ka)x-~x 

J (231)'~ 21, y . 5tn3Jf ' I' . {' y • 
-p+•-

( 0<)1<.1) 

llocJie llHTerpnponc,HilH no t/'q. rron;;'!eriHbl8 :JI,!pa; .. emrfl npi:;yT 

BU~: . t 
r z -p-•oe ~ t->rt ) ~ n (K) =g_ (K K -o K2)-L {rr z:l~'(m'll2) dxx(t-X) _2.£_ 

)'1'1 2.1{2 J'l )I ~" 2£ ) . Srtdf) r{t-T) o~ 
2 -fJ+IOO 0 

~ = 1-:2 x(t-x). 
r.!bl Ctii1Taeu 1 t!TO m.2L2<< j l1 riaXO,l\>111 

e2 z 1 
~,(1<) ==

2
- 2 (~1(11 -9. JJK ) J Jxx(t-X) · 
:rr ~ 0 

/(2. 

· lfnn f-;;;1-.X(t-.:c) -t- S + ~1(o) + {OQHl'L2 t- O{rrf-L2}] 
L 7 .Z(t-X) 6 tf • 

O~CD;zta BU;ztHO, t!TO nocne nepenopMnpoBKn sapa;n;a nonytieHHhlii HaMu 

onepaTOp IIOJiffpH3aUI1H BaKyyMa COBf!a,1(a8T C nepe!iOp!.ll!IJODaHHb!M 

Bblpal:ICHI16M B OCibltiHOlil JlOitaJII:.l!OW T60p11H /
4/, 

Lf ,2 • ]'.11arpaMMa COOCTBeHHOi1 aHepri1H 

PaCCLIOTpHM ;nHarpaMMy COOCTBCHIIOW 3Hepri1H, npe;ltCTaBJICHHYIO 

Ha p11c, 10. 
B CTOXaCTl1t!CCKOM npocTpaHCTBe t!JICH LiaTpi1Ubl paCCCHHUfl, COOTBCTC~­

BYIOUU1i1 3~0£1 ;n;HarpaMMC, npe;ztCTaBI1M B Bl1,1(6 
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/ 

-i: 1f(.r).L,"(x-yJ lf'{!;), 
r;~~e 

... ,... 1 J ip(x-y) "" 
I.(x-y)=<Z (x-~)) =-~. d''pe L. {p) 

r r · r ( 21rY r • 

:l;~~ecl> . 2 $. 2Z A " [ L (P)=em-~ J~~K ~ (-K l)! m +P-K y v (-~ -K)1_2l 
r c .... 0 &rl -1<2 -iE ':14 m2-p2-it- ~ m P .J. 

Bocno.nayeucR ;~~anee npep;cTaBneuHeM /18/ p;JIH <I>opuclJa.KTopa 
\f(-1<2~). Tor;~~a noc;ne ueKoorop~ BNqHcneHH" no;nyqHM 

f (P)= ff2 ~ ~~oo 1/'"('f} (m2l2)'r .1:-f-~;DOlf1Z) (nz2t2l~ 
r 8g(Z 21. r . Si1Z1f) 2 t Si1l""f I 

-_,:,- -r+i..o /r9/ 
r(-r-'$"> J {f-:c)~( p2 f+J" " ] 

rlt-rJr(t-'5')o Jx x- 1-"Zz) [zm-px . 
C;~~enaB ueooxo;~~HMNe BNqHcnenHR H Cqlr{faH, qro Macmra6 norpemuocreM 
L ;~~ocTaToquo uan, T.e. 11t2i.2~~ 1 , nonyqHM c toquocr:Lil .-o 

q;neuoB nopH;~~Ka m21,fl cne;ztyll~ee BNpali8Hile: 

e " M 4 e~ 11t · f ....... :z. f ~ ~ { 

Lr(P)=s,.zfdx(:z.m-px)foj mi-p2z + 16dfZ [Jfo!,-z,z-
-JI-;DD 

-31f~o)- f+2tn:"ft~r V(J"~~(-J')(.J->)] ~ o(m2iz_}·+ /20/ 
/, . 6/1Z Jr~ 1 
-•+H» 

~ A £ F ~-ftiO 1 +e {m-e> {~00.1_ -11-fo'+f+:n:Jt~:rll{r)II'(-"¥J(t-l') l+o(m~' 
t6srz C tt M~J.z .., 2t . shr''~"r- 'J · -,+COO 

BNqHcneHHe HHTerpana orHna ,~jdi ll"'f-s?"'{-~)(. .. ) 
~t $111 ..,.$' 

npoBO;!IHTCH aneueHTapHo ~H KOHKpeoruYX Bw6opoB iPYHKIUIH 1/(~} • 
HanpHuep, ~H ?i{"S")=l{(r) nepBwl HH!erpan B BwpueBBK /20/ 
npHHHKae! BH;tt: 
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-p-ioo 
/ffJo~ 1t(s-)1J'-(->J ) - ~ ~ 2·81 -

2i. _r s;n.z:Jr?; (J-~ - s -~ 1Z{Z1l-f}('t!t2-9'(rz?·-'t)(1Z+3){n+ti"q6• 
-jl+£CO 11-3 '/ 

llTaK, no;nyqeHHOe HaJ.lH BbipalKeHl16 ,lVlfl COUCTB6HIIO~I Sllepr~m, no 
CJ'I!I6CTBY 1 MaJIO OTJIHqaeTCfl OT SHatleHIIH, Bbl'ql1CJI6HHOrO B H6JlO!WJil>­
HO~ TeOpHH &pHMOBa / 6/. 

4.3. BepumuHaH )l;Harpauua 11 nonpaBim K auouaJil>Houy 
MarHHTHOMY I.IOM6HTY JI6ITTOHa 

PaccMoTpl1U Tenepl> neplilHHHYIO ;zu.IarpaMMY, npe)J;c•raBJieHHJ'IO Ha 
pl1C. lB. 
B l1Uny;n:&CHOM npe;!ICTaBJieHHH 061!1af! ee CTPJ'KTJ' pa }lli!86T B~l;ll 

U/P~{J;P,(92) + 2~ s;o~1, Pz[~:Z.)} ~(p) 1 /21/ 
1 ( "{' 

r;z~e ~" = .u J;, ~-J;, ~ ) • 
TlepBoe cJiaraeMoe B /21/ co;z~eplKHT q;neubl, no;z~Jieli:ali(l!e nepeHopr..H­
poBKe sapR;z~a nenToHa, a BTopoil q;neH fi('l-2) ITJ.m q,2:o )laeT 
BKJia;!l B aHOMaJI:&Hhl11 MarHUTHhliil MOMeHT ;nenTOHa, B6Jlllt!UIIa ROTOporo 
onpe;z~enHeTCR paBeHCTBOU 

Cl =£(o)=~ HJ~d, ~(rJ7J-f'l> {m2t.2) 2+~ e z (.z~.y. JJ " cm:1r; sot3rf e 
. ..!il rft-~-:rJ r(t-r.z>t-eJ {t-z){t-J"){ t+~t) 
2.ff r(3-'l)P{3+'lrr-) · 

B npe)lnOJIOlKeHl1l1 MaJIOCTH me2L2<.< 1., (1rl=JT2,1Q)noJiytll11.1 nupai!ieHIIe 
- ~ e. .Jf 

a=~ f t+m2t.2[-!L1i(t) _zt(:1~';' ?H~J1f{1-~'. r: 29 -e 3 .3 21. ) . s;-n.2r~ 
-,+tO€' :> 

·>(t->)(z-rJ]} ~ :~(t-2m;t.2 'l!'f1)). 1221 
CpaBHeHHe STOtl BenHql1Hhl C 3RCnepl1UeUTaJil>Hb!Lil1 SHatlelUlfliJU /II/ 
aHoManl>Horo MarHHTuoro MOMenTa ;nenToHOB ;~~aeT cnu:z~YIO!lUie orpaHHtie­
HHH ua uacwTa6 norpewHocTe~ L : 

L ~1,13·10-13 eM npH V=V, } (e) 
L ~1,06•10-13 cu npH V =Vz 
L .f1,5 ·I0-15 CM npH V= ~ } ( M.) 
L £1,4 .1o-15 eM np11 V= Vz . J · 

Tionyt~euuaH t) -uaTpHua 6y;~~eT rpa;~~HeHTHO-HHnapuaHTHa. 
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/ 1.eiiCTBHTeJI:DH0 1 B paCCMaTpHBaeMOU HBMH CTOX8CTH'IeCKOll l3JleKTp0-
~11H8MJilKe Bb!IIOJIHeHO TOlil~eCTBO Yop~a 

o ,......, __ "'r 
dP.. Lr(P)- ~ (~o), /28/ 

:J4. 
IIOCKOJil>KY OHO HBJifleTCfl CJie~CTBHeM TO~AeCTBa /!2-!8/. 
TaK KaK HaM He H8AO AeJiaTl> HHK8KHX Bbi'IJilTBHH~ 6eCKOHe'IHbiX 
ItoHTpl!JieHOB, TO B PHAY TeOpJilJil BOSMyl!leHH~ He MOryT BOSHHKHYTD 
HHK8KHe OII8CHble 'IJieHbl 1 KOTOpble MOrJIH Obi HapymaT:D TOm~eCTBO /28/, 

KOrAa CllpaBeAJIHBO /12/. "'r 
LoKasa~l>CTBO rpaAHeHTHO~ JllHBapHaHTHOCTH B wopMe ~~~(P,~)=O 

B pHAJ TeopHH BOSMyllleHH£:1 AOBOJll>HO IIpOCTO H OCHOB8HO Ha 
11Cll0Jll>80B8HHH TOlii,ll;eCTBB /14/. 

ilHarpaMUa IiOJiflpH881.1HH BaKyyMa rpa.n;HeHTHO-HHBapHBHTHa, 
curJIBCHO Bb!Op811HOtf H8MH rpa.n;HeHTHO-HHBapHaHTHOtf peryJI.RpH38l.IHOH­
HOll rrpoue;type I:poJIJia. 

r,lbl IIOCTpOHJIH rpa,llHeHTHO-HHB8pH8HTHYID KBBHTOByiO 8JieKTpO.n;H­
H8MHKY B paMK8X CTOXBCTH'IeCKOrO npOCTpaHCTBa. 
T:CJm n Kaqecrne wopMtlJaKTopa TeopHH Bb16paTL uenhle (j)yHKUHH, 
llOJiy'leHHble B peayJI:&TaTe ycpe.n;HeHHfl B COOTBeTCTBYilllleM KJIBCCe 
CTOX8CTH'IeCKOrO llpOCTpaHCTBa, TO ,li;OKa3aTeJI:DCTBO yHHTapHOCTH H 
l~!aKporrplllll!HHOCTH B 3TOi1 TeOpHH rrpOBO;l(HTCfl T8K JKe, KaK H B 
HeJIOI<aJI:DHoi1 KBaHrono£1 TeopHH fro I • 

B uenoM HaM KaJKeTCfl, 'ITO rrpeAJiaraeuafl cxeMa sacJiyliiHnaeT 
.n;aJI:DHellwero HSy'leHHfl. 

B aaKJIIO'IeHHe anTopbl nhlpalilaiOT rnyooKyiO onaro.n;apHoCTl> 

r.B.r~HUOBy, a TaKZe yqacTHHKau ceMHHapa nT~ OKHH 3a noJie3HHe 
oOcy~eHH.II H KpHTH'IeCKHe 38Ne'I8HH.II 0 rrepBOHaqaJILHOU BapHaHTe 
3TOJ! CTBTLH • 
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