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11.B.floJiy6apHHOB 

3AMEqAH11H 0 KOrEPEHTHb~ COCTOHH11HX 
B KBAHTOBOM TEOP1111 flOJIH 



I. B KaiJeCTBe OCHOBHh!X nepeMeHHh!X B KB3HTOBOH TeOplHl 06b!IJI!O HCITOJ!n-

3Y!OTCH C06CTBeHHh!e 3H81JeHHH onepaTopa llMITYJIDCa (peJKe KOOPi'.\llH3Tbl). 

BMeCTO HKX MO~HO npHMeHRTn CpeAHile 3H31J~HHH X ll p KOOPAHH8Th! ll llMITYJin

ca, ~TO H peaJIH3yeTCH B npeACT3BJieHilll KOrepeHTHbiX COCTOHHiltl. B TaKOM 

BHAe KB8HTOB8H TeOpHH CT3HOBHTCH ITOXOMetl H3 KJI3CC!l1JeCKyiO. BHeWHCC 

CXOACTBO He HCKJI!OIJ3eT npllHUilllll3JinHblX pa3JJHIJHi1, H31JilH3R C '}OptW HCXOJ\-

Hb!X ypaBHeHHJ;! ABilmeHHH/I/. YpaBHeHHH ABH~eHHH B llHTerpaJJbHO~ 
WOpMe H8PHAY C KOOpi'.\llH3T3MH H HMITYJJnC3MH COi'.\epJKaT H npOil3BO~hbiC no 

3THM nepelieHHh!M. JAM 3KBilB3JJeHTHh! i'.\llqxpepeHU1113JinHb!e ypaBHeHilfl 1l,BH:'WHI1H, 

CXOL\Hh!e C KJI8CCHIJeCKHMil, HO TOri'.\3 npOil3BOi'.\Hhle BXOL\HT B 11 H343JlnHh!e 

YCJIOBHH 11
• KOHCT3HT3 liJJ3HK3 "\; ITOHBJJHeTCH !(8K K03qxjJI1UileHT npll 3THX 

IlPOH3BOi'.\Hh!X (B KOM6HH3UHRX X -+ 1.-\_ ~I' ) \'- {1: ~X 7 X(t) +t 1- ~Kt) 
B KB3HTOBOH MeXaHHKe H 'f{lc.)-+i.\-~:;1(><) B KB8HTOBOH TeOpllll ITOJJH, CM.fi/, 

rne Oi'.\H3KO 6b!JIO IlOJIOMeHO ~ =I). 

2. KorepeHTHb!e COCTOHHHH H COOTBeTCTBy!OmHe npei'.\CT3BJJeHHfl KOrepeHT

Hh!X COCTOHHHI/I/MOMHO BBOL\HT» Ha pa3Hh!X ypOBHRX: i'.\JIH CB060i'.\HblX KB3H

TOB, ~JIH CB060~Hh!X KB8HTOB8HHh!X IlOJiei, ~JIH TeX HJIH HHh!X B33HMO~et\CTBy

IOmHX CHCTeM. HHMe 06C~aeTCH, rJIBBHh!M o6pa30M, KB3HTOB3H TeOpllH ITOJIH, 

38IllfCaHHaH B TepMHHax O~HOKB8HT0Bh!X KOrepeHTHh!X COCTOHHHI lxf) ,T.e. 

IlOCJie~HHe HCilOJID3yDTCH KaK 6a3HC, BMeCTO 06h!IJHO IlpHMeHHeMoro 6a3HCa 

IV'> . TaK, ~H onepaTopa noJIH ~ (~) HMee..X)xx) 

~(i!') ""t~)'j.''" \Alr' e.-~ l'x' [~<f'' +,;. .. e:- f') l: ~J~~'«'If'>ta.Lr'>+~V-t-·n1 

:.l'f.~'!> \~1.~ J'l~ <_'it I;: f'> [ ,l_(_i( f) + ~+("K -V) l== 
,.. ~)~ vld'>\' [~x'\i?f> q_(Y:f)-+ <.Y-"flx'> .t_+(xf)\ (I) 

r~e 

~~f)=\!~~· <~flf'') ~(V'')) ~+(~~) -=\A""r'~+(V'Xr'\xv~<z> 

X).ztnH HMilyJI»Ca ITOJIH ~ (il')-== i (b)' '\\A~f e? f'~~f' f:~')-+lttf'~aHaJJOrHIJHO. 
XX)lipH 3TOM HCITOJI»3Y!OTCH COOTH'J!!I"'"!>iH ;:i.l) ll3 lipHJIOJKeHHH. 
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~nR OITepaTOpOB yHHqTO~eHHR H po~eHHfl KOrepeHTHOrO KBSHTS B~ITOnHRmTCR 

rrepeCTSHOBOqHNe COOTHOmeHHR 

r~l;r._y;_) ~.:t (~, r1) 1 =0, C<t-(R~~) ,a.+-c;1 ~ )1= <)<." ~.-r .. ,;-1 "f,), (3 > 

B qaCTHOCTH, [8..($'f) ,a..~ ()rp)l =1. (3.a) 

OrrepaTOp~ qacna KBSHTOB, HMITynLCS H SHeprHH B TepllHHSX 3THX onepa-

TOpOB yHaqTo~eHHR H poll:,l.{eHHH aanac~Ba~CHx) 

N :. \!" ~· .i_+ (fJ).{.f') = ~)~ \.l\d~~ a._+c_;<f)cUKf) (4) 

P ... -:::. \A~r'r~a+q•)<1{f')=~:> ~!~xA~~ p ... a..•c_R"f)Wf) (5) 

P.,-= ~J'!.""' ~f'~+n.'-~+(f~o.cy~ .... ~ )!\)I.A~r ¥r+-t~~Y+"''L 2C(x-r)a.(~f)= 
= ~~ ~ A'l.d~r ~f!.+l'1'!. i\- 1 ~+(x-r).t{;tf), (6) 

r,l.{e onepaTop !\ ,l.{aeTCR !P<>PllYno~ (E. 5) IlpHJIOlleHHH E K pa6oTe/I/. 
. A 

ITOJIHO~ cacTeuo~ HOpKapyeu~ co6CTBeHH~ ~YHK~H~ onepaTopa N 6y.l{yT 

~-KBaHTOBiole COCTOHHHfl 

\....,..,...,...., ...,...,, "+r:-".,.,) 11 tf.:"""'\l~ 
~f1 ~t.rt .. ·X,.f ...... n=£L ~~~-1f1 ···a.:\..x. .. ~.,J o/, (7) 

HO, KaK H CJie~OBano OEH~aTL, OHH He HBJiflmTCH C06CTB6HHHMH ~YH~HHMH 
1\ A 

orrepaTopoB P... H Po . 
06paTHMCH K cpe,l.{HW4 OT 4-HMnyn:r,ca B CQCTOHH.HHX (7), 

a) ~JIH O~HOKBaHTOBOrO COCTOHHHH, BBO~H llBTpH~ ITJIOTHOCTH 

~C.x.'f).,&.+-~r)lo> <.ol<4.~r) ·~ (s) 

Q~f)-==/\"'~~+c.~f)lo) <ol.ic.~n, (9) 

nonyqaeu 

~ P..,f/'= ""' -< P .. y> = ~(f+\~~'(Y+M'-
"' A 

~F ... ~?:~..,., 
A 1\ ~ 

<P..~> = '\l'f'"-+t-1,_. 

JOe ITOMO~m \tJOpllyJI!i (IT.2) ITpHJIOlleHHH llO:IHO y6e~HTbCH, liTO 

(IO) 

(II) 

F c. (!~f' flV')J.+Cyr)a.lf')= -"- ( !l.x.!lt> t-(b' + :k~~) c1,+(_"K;;o)cl.(~~<')"" j ~~Y') 1 I 2. ')f, I r 

--~ )~1 )(. a:>~ ~Cr) "-i ~+c~f)~~f') 
~nfl Jim6o~ ~YHK~HH -t • 
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EcTeCTBeHHO, aTo cornacyeTCR c TeM, qTo rronyqanoco ~nH o~HOKBaHTOB~x 

COCTORHH~ B /I/ (6e3 BTOpHqHoro KBaHTOBaHHR). 

6) ~ByxKBai!TOBOe COCTORHHe C H8TOll:,l.{6CTB6HH~MH KBaHTaMH! 

"- /-:" _., _., _.,) "~ ~+ ) A 1\ 
f \)(1 r1 ""'"rt.. =- ~ CK1 fl) ~ l~!l..K lo> <.ol !!,<k1t) o...C.~,y-0 

o. ~~ X't.f .. ): "-1{ "-~ Y ~ v{ ~~r,.) 

<P ... y>=~1"'+~'"1'1, \P. ~> =- ~~ +\~~~Y+~~ +~(fl.!.+\1\~r.Y+I\1~ 
A A. "' 1\ r--:--<P ... 0.> ... ~1.-.+ Vt...,, -<_p., Q '::>- = ~ p,'l-+m~ + f -p .. !. +Wii . 

B) ~BYXKBaHTOBOe COCTOfiHHe C TO~eCTBeHH~MH KBaHTallH: 

A """" ~ -'II _, ' ' A+ ~ ~ ,. ~""""" A -"> ~ ~(i<.1r1 "t-\>'!.J = a...+cqft)o..:~,_l',_)lo'> <..ol<t.(i{t.h)o...(_X.1r1) 
1\ A 

Q {~ ~...,., ~'\ l -1 "-1 0 {":"..., ..., ..., ) ~ 1Y1 )1..,_ ft.J: 1\1 'l. ) \21-1 V1 )('Z.h 

" l/ .... ..., ,.., .... lt.. <~> =- { + '"'2.'1. "1r~ 
<a>= "-1

1 
f\,_

1 c 1 + ~<-Y:;.ft, ~1 v;'>\,_ J 
'~"'~~~[G\4fl.~r1),:(r2.+ \~ ~~.\,.1[1 +l<l;tt..l~~-~)\t_l 

A A 1 <I> .. ~> =- l\'1+,.).., A~1 t\i [1 +l<.x~.r'l-\ ~1~ )1'- . 

(I2) 

(I3) 

(I4) 

(IS) 

(I6) 

(I7) 

(I8) 

(I9) 

(20) 

(2I) 

HeOpTOrOHaJibHOCTL CHCT6Miol COCTOHHH~ \~t> ITPHBO~HT K yCHOXHeHH~. BMeCTe 
A A 

C Tell H3 <.1;..~> JIHlllHHe qJieH~ ecTeCTBeHHHM 06pa30M HCKn~qaiOTCH rryTell 

,l.{eneHHH Ha HOpMy, HO, ITO-B~HMOMY, 3TO He BCer.l{a TSK~O~HaKO BO BCHKOM 

cnyqae aTH qJieH~ npeHe6peEHWO waJI~·~JIH qacTH~ y~aneHH~ ~pyr OT ~pyra, 

TSK qTO 

<,P.,y~ ~~(~+\A.~')\Mt. + ~<_ft.+Jt~~)'L +\'>\?-, (22) 

X}C ITOMO~m ~OpMyJI~ (IT.3) llpHJIO~eHHH HMeell 

<Ff>=- fl~-ttk~f~)-+ flft.+ ;_~\_)-+ 
+1:""'\..,..., ~r~r,....,.., L,h o \ .t,,,... .... )1\/ ................. 

~1f1 Y-t.\\) T\."'ilt~+pt.+ll~~ +~t.r' "i:t\\..'1.1-lC.'l-)!j'Y.'1..f!.\X1~1>+ 

+Q.'\l .. \i;.;.'> f(~~+1t. +t ~~v;+ ;vt.} +i.\~li.i-tt) 1)~ f.,\ x-~. 1 .. > 
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<Po~). ~ ~f;+_.,t. -t ~ ~+m!. . (23) 

~R COCTOHHH~ C 60RbWHM qHCROM KB8HTOB CHTY8UHH aaanorHqHaH. 

3. Tenepb noKa~eu, qTo pacnpe~eneHHH B llKC-2~o cpe~HHM aaaqeHHHK 

HMnynbCOB COBna~aiDT C pacnpe~eneHHHMH ITO C06CTB8HHNM 3HaqeHHRM onepa

TOpa HMnyJibca. B03bMeM, aanpKMep, aMMHTy~y nepexo~a <r,;'~1 1VIf~f{) 

Me~~y COCTOHHHHMH 1 B KOTOpNX Ka~N~ KB8HT HMeeT onpe~eneHHNI KMnyRbC. 

~Rff Ka~OrO KB8HTa nepe~eM K KOrepeHTHOMy COCTOHHHID. 9TO npHBe~eT K 

aMnnHTy~e <.x:', f.. "'il;. t~ I U \it' .. ~~ i ~) • Tor~a, HcnonDaya cooT Howe awe 
_./ 

(fl.4.a), MO~HO y6e~HTbCR B C~enaHHOM yTBep~~eHHH: 

1 (.{\ 11 1\ I'.. ~-t ~-i ~-1 A.-i 1< ..... ..,...., ..., \1~1'"' ....... .,.)\t. 
~'ll")1t. } )(1 "' Xt. 0 x~a X,. "1 1\t "~ "" )(~r~ x~ h. u "-tl't. X1 t1 = 

~ ( 11,. 11. I'!, I~ l-1A. -1 ~ -1 A -1 I ( 1\ I J'!. I I'!, , I'!. , 
={j.'lt)1l \d Kid ll..t.d ~'!.d X., "1 1'-t 1\\ "" jtl. r1 Pt." r~ a ~~ 
_,.., f ....,.,_, ~, ~, .... ,"" ,__,, ~,_,. ...... _,,--!')~ \!. 

<..Y.,r~lf.. "><..Y.;v:l> \y,. >Q., PJ,IU lf2. f1) <r~.\l'2.Pt.) (f1 l"1 P1) = 

-I<- ..... I" \.,..., -"'\1. - r-. r~ u r~. f1---' • (24) 
t..-1 

3~eCb KpOMe ~e~CTBHR onepaTOpaMH 1\ ~RH rrepexo~a B ilKC-2 npoHa.Be~e-

HO, TaK CKa3aTb, "ycpe~HeHHe no HaqanbHNM H CYMMHpOB8HHe no KOHeqHNU 

KOOp~HHaTa~1 x1 ••. i(4 aaanorHqHO TOMy, KaK MN ITOCTyrrHRH 6N B KnaCCHKe 

B no~o6HoR a~aqe o nyqKax (aacau6nax) qacTKU, Kor~a HUnynbcN qacTHU 

perKCTpHpyiDTCH, a KOOp~KHBTN HeT~) 
C~enaHHoe yTBep:z~eHKe cnpaBe~nHBO ~na BepoaTaocTe~ nepexo~oB H 

ceqeHK~ RID6NX npouecCOB (aanpKMep, ~RH ceqeHKH KOMnTOH-3~KTa). 

Ero MO~HO npOKRRIDCTpKpOB8Tb TaKXe K Ha npOCTOM npKMepe COCTORHKff 

C onpe~eneHHNU KMITYRbCOM (cu. WOPMYRN (fl.IO)}. 

~anee OTMeTHM 1 qTo M8TPKU8 ITROTHOCTK 

1 (J~ .~ 1\ ~~.-1 A-i "+r:-o-:) "+t:-"-R'\ :-... t" .... " ....... 
L11t)l"-~ 1(.1 ti "'t.···~ x., "1"' "h ll.1.._lt1f1 ... a.;l..!l .. ~.,J\O..>(()tl.{i(.,f.,) ... <L{il-tf1)"' 

"+ " =Q (fi\) ... a..1-(f:.)lo)<.o\S.(f .. ) ... ~(.~) (25) 
,_ A A 

Y*e eCTb co6CTBeHHaR WYHKUHH N , PM K P0 • 

X)CTaH~apTHN~ ~RR KB8HTOBO~ TeOpHK TKIT aa~aq (~nR peweHKR KOTOpNX 

cymeCTByeT CT8H~apTHaR TeXHHKa). B Kn8CCHKe K 3TOMy THny 3a~aq OTHO-

CHTCR noJiyqeHHe pesep!lJop~oBCKoro pacceaHHR. 
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HeaaBHCHMO OT TOrO, ffBRH8TCff RH CXO~CTBO C KJiaCC~KO~, odyCROBReHHO€ 

HCITORb30BaHKeM H3NKa Cpe~HKX 1 qHCTO BHeWHHM HRH 6onee 3HaMeHaTeRbHNM 

~RR KBaHTOBO~ TeOpHH (H B KaKO~ uepe onpaB~aHO OTO~eCTBRRTb nepeMCH

HNe x H p c Ha6nm~aeMNMK Koop~HHaTo~ H HMnynbcou XOTH 6N TOJibKO ~nR 
11 aCHMnTOTHqecKK CB060,ZJ;HI:iX 11 qaCTHUX)) 1 B 06C~~aeMOM npe~CTaBneHHH 
He K3M8HHIDTCH a) WOpMyna ilnaHKa 1 6) cneKTpN C06CTBeHH~ 3HaqeHHM, 

B qacTHOCTH, ypOBHK 3HeprKH (aanpHMep, y aTOMa BO~Opo~a)fl/ H 

B) pacnpe~eneHHR no KMITynDC8M (BepORTHOCTK nepexo~OB, ceqeHHR). 

4. BNwe paccuaTpHBanwcb He aaBHCRmKe OT BpeMeHH (mpe~HHrepoBcKwe) 

OrrepaTOpbi ITORR. 3aBHCHmHe OT BpeMeHH UOJltHO BBeCTH 06blqHbiM 06pa30M: 

~ ("-') = Q.,: PoX.: q (it')~-~PoKJ=~~\.Px.l"p~'lxf>Ci.(~f)+~+(xf)<.x fix')] (26) 

r~e B CB060~HOM cnyqae 
• I .! AI !. 

<x.' I x f:> =<.x'x~ 1 i':f~ ::: (Z.. _,_ xo "-~ ~"" <x' 1 X'f~ . (27) 

~3 annapaTa pa60TN/l/ HCHO, qTO 3BOJIIDUHID ra~38HdeprOBCKOrO onepa

TOpa MO~HO flpe~CT8BHTb B BH~e 

Q.(t)::. e.~ "t,-1(t.-t•)(ll-'lt+)Qlt.')= 

:. u-~ {.t.,t';+) lJ(t.,t' ;-) QLt) 

(28 .a) 

(Q(t.)= ~ii."i(t.-t.')('lto-dt~)Q(t•)\ (2ll.6) 

a 3BORID~KID uaTpKUN ITROTHOCTK - B BH~e 

Q Lt.)= ~-i t_-1 (1L-u..+)(\-t.') Q Lt.') (wpe~HHrepOBCK8R (29) 
KapTHHa), 

"·~'·) -=f\1;. 1 .. ~ .. 1, \ 'i'o.,_ ,~r. '· "~U-1t, •. _'\1'\e-,.( 1) (KapTKHa ( ) 
"' 1..t '-~ S' 1..\) 'f?- U\_t,\:: ,+J \.t1t:? I'-" t B38HMO~e~CTBHH). SO 

STK WOPMYRN BbiTeKa~T H3 06blqHbl~ OnepaTOpHNX WOPMYJIXX) H cnpaBe~RHBbl 
KaK B KB8HTOBOM MeXaHHKe, TaK H B KB8HTOBO~ TeOpKH ITOJIH, npH RDONX 

BSaHMO~e~CTBHRX, B TIKC-I w B TI~C-2 (B ~aB~CHMOCTK OT Bb16paHHOrt 

x:)npaB~a, B caMo~ no cede npHME:~flBW-':1CA BbJWe onepau~~ (2-,y!>~A~,..t\ 1 
... 

MOlKHO BH.ZJ;eTb H 60Jiee TpllBil8JibHbi!1 C 'b1CJ1: npOCTO CDOC06 nepeXO.ZJ;a 

H3 ITKC B p-npe~cTaBneHile. 

xx)alt)-::. ~' H (\-t') Qlt.') £._;A (t-~) = u-\t ,t') Qlt)U(t,t!) (&tt.)=~ Hol\-t')~lt')iiHo(H~ 
A • ) 

ht) .. e..-iH(-1:-t')f(t')e:.t·Ht-t')) ~€~(t) "'U(t,t'~ ~h(~)U-\t,t'). 
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pean~aau~~ orrepaTopoB Koop~~HaT~ 11 11Mnynr,ca). uTMCT~M, qTo onepaTop 

L = t,-1 (.'lt-'lt+) ()I) 

eCTh orrepaTOp Jl~yB~nna, 060611\CHH~~ Ha KBaHTOB~H CJiyqa~. 

~OpMyJia (29) ~CITOnL30BanaCL B/I/ np~MeH~TCJlhHO K CB060~HOMY Hepe-

L 4.-i/"' "''~ . r .. d nRTI1BI1CTCKOMY .l{BI1lKeHI110, KOr~a B ll!\C-2 onepaTop "'1\ \..<~'--~J=-'t;o)(.., 

TOlKACCTBeHeH C COOTBeTCTBYIOll\11M onepaTOpOM n11yB~nJIR B KJiaCCI1KC, Onepa-
-\.Lt. -thk 

TOp :3BOJIIOU1111 B a'llOM cnyqae CCTL !IpOCTO O!IepaTOp C.l{BI1ra: e. =e. "' "" 
1 

~ peaynLTaT ero .l{e~CTBI1fl Ha 1hnOTHOCTI1 B ~a30BOM !IpOCTpaHCTB8 11 (ll.!O.B) 

(il. II. B) 11 (ll.l2.B) TaKO~ JKe, KaK B KJiaCCHKC (cM.fl/ ~Jll'l tlJOpMyn~ ~Jlfl 
OCU~nJIRTOpa rrp11 W =0 B llpl'lnOJK8HI111 K HaCTOf!ll\8~ pa60T8), 

nnf! OCUI1J!Jlf!TOpa (CHOBa KaK B KJiaCCHKe) 

L =- t_-l('lt-'ll+) = -i. (~~x .. - ~wt.x.,~rJ . (32) 

->Lt 
aet~CTBHe COOTBeTCTBYIOll\CrO orrepaTopa SBOJIIOU1111 e. !Ip011JIJIIOCTpl1pOBaHO 

B llpl'IJIOJKCH~~. OnepaTOpbl n11yBl1JIJlfl ~Jlfl ~pyrl'IX CHCTCM B KBaHTOBOii Mexa

HHKe nerKO rronyqHTL C !IOMOll\LIO B~paJKCHH~ ~Jlff lt 113 IT. 5 pa60T~/l/, 
flp11ne~eM rrpHMep orrepaTopa nHyBHJIJifl B KBaHTOBO~ Teopl'!H nonf!. .Unf! 

CB060~Horo CKanHpHOrO !IOJIH B llKC-2 l'IMCCM 

lt =~ ~a!>{t>\~~{/l)+' ~ ~'le!<~, +~ ... UJ(!i.)+\\ \,.~~~0- ~--~~)+1t6,. ~1~~i.l , 
L=t'~-lt:)=i~r~"'(\>\,_~6<)1~) +0""~)1""~·:K~~.) -c,~{!l.)o"~~i) . (33) 

ABTop 6naro~apeH .b.H.HanyeBy, M.A.MapKOBY ~ ~.M.illl'lpOKOBY aa liOJiea

Hbie 06CyJK~eHI1ff BO!IpOCOB, CBf!3aHHbiX C ~aHHO~ pa60TO~. 
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IIPMOIEH~E 

~3 f!BHOrO BH;zta B8JIHqi1H<.ii:'IX'f"~ H <.p'\;ef') (eM. tlJOpr.!yJI~ (E.I9) 11 

(E.20) B ITpHJIOJKCHI'IH E K pa60Te/l/) CJie;ztyiOT COOTHOllieHHH 

<..i'lit' -p')::: <-'X' 1-ii'f>"" <,;(' f Iii:'>, <.f'Ht f> ==<:-f'l.:' -f>:.<.itflf'.> , (IT. I) 

t(~~tt:..)<..f"l~(>«flr'>=- (~ ... + tl\tr:)<-f"lxf)<.~flf') , (IT.2) 

~,:.,;(tKir'><.f'l~~'>,.. 1 [r1+r,+t~~+~r\.)-i\l\(x1-x.~)?,'f..Jr'~<f'tir1~, cn.3) 

l~'t \41."' K1<.'f"l~~<ii:flf'> = 'b(r"-f)b(t-'f) , (IT.4.a) 

~ \A1>"' l\1 l;ry~<.ilfl = lf><.VI , (IT.4.6) 

~11> \A:!.t ,\-1 ~"lxf><.xf\iZ'> = 'b~·-~)S(x'-x) , (IT.5.a) 

~" \A:!.r f\1 1xf><xf\ = I~><.Y:I , cn.5.6) 

K 1 l<.ilf\f')\t. ='b(f-f') , (IT.6) 

A-i l<.~fl ~'>I" = b ~ -x') . (ll. 7) 
J.i3 

<-~'f .. \~1r1> = 4!.~rf ~ (~(r1-G.)t.+t\~-v~'$)+~(f't~-~~} (IT. 8) 

cJie;ztyeT 

· K: Ki \(~r .. l~'f,'.>\"=~tr)~~(X',-t1)'b<.f'l.-f.t). 
ITpHBC.ztCM !IpH!i8pii "ITJIOTHOCTC~ B tlJa30BOM rrpOCTpaHCTB8 11 • 

Vlt.'):. lf'><..f'\ (COCTOf!HHe C O!Ipe~eJICHHhiM HMITYJILCOM), 

~lt.') :<..xf\9\t.')\xf~ = l<;r'f\f'~\1 (ITKc-I), 

Q lt;') = ~\.i'f \ ht1)\~f> = t\1 \~f\f'>\1 = b(y-y') (ITKC-2) 

(ll.9) 

(11. IO.a) 

(11.10.6) 

(IT. IO. B) 

("ITJIOTHOCTL 11 Q (t1) 03HattaeT, lJTO HllliYJILC tlJI1KCI1pOBaH (p=p' ) , a JII060e 

aHatteHHe Koop.ztHH8Tii t panHonepOHTHO). 

~lt.')=\x''>(;;:'l (COCT0f!HH8 C orrpe~eJICHHOJ.l KOOp;ztHHaTO~), (IT.II.a) 

9(t.') = <.i<.'f\ Y(\')\~'f~::. \(X"f\x'>\'1. (ITKC-I), (ll. II .6) 

Qlt')~k1<.~r\~(~)\~f'>= K1 \~f\t'>lt.='b<..X'-x') (ITKC-2) <IT.II.n> 
.... -., 

(aTa UJIOTHOCTL ~(t) 03HaqaeT, lJTO ~l'IKCHpOBaHa KOOp;zti1HaTa X:X , a 

JID60e 3H8lJ6HHe HMnyJI~Ca p paBHOBepOf!THO). ITJIOTHOCTH (11.10) H (IT.ll) 

MOZHO !IOJiyqHTL rryTeM HHTerpHpOBaHI1fl COOTBeTCTB8HHO ITO X1 
1'1 p1 60Jiee 
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,l\8TaJibHOi1 "nJIOTHOCTI1 B tya30BOM npocTpaHCTBe" 

~en-=- N.-1 I ~'f''::>(x' f'l , 
~(.t') =<.xflht')lxf>=-N.- 11<.xf\x'f'>l2., 
Qlt') = f\'<.xfl ~lt')\"X7f> = t\ 1 N-1 \«rtx'f'>\t.=~·fS<..~x~~<f-r'). 

(fl. 12. a) 

(fl.12.6) 

(fl. 12 • B) 

UCTal!OB._,MCf! Ha 3BOJIIOU1111 B CJJy'lae OCU11JJJJRTOpa. flpHHI1MaR IIJJOTHOCTI1 

(ri.Ill.6), (f1.1Ll.B),(f1.I1.6),(1l.Il.B),(fi.I2.6) 11 (fl.I2.B) 38 Ha'laJJI>Hbie, 

IIOJiy'laeM ( t 1 =0) 

~(f)e. hQlt)=li--+(J..u.~~)y'i u.r~ l\\t)(r'c.e6Wt+wH.oi'~wt-f')~, (fl. I0.6) 

Q(t)= e.-it..LQ(t') = 'S(y~(.()t+~'>~W~~I-\wt-f'), (IT.IO.Ii) 

~Lt)=- M~Lt) "'lf--i(!~tC1.t~-1ext~C: 1(t:)(Y:~- ~~~t-x1~, <rr. n.6) 

Q(.t)=- e..-itLQ(.t•)-=b(i'~wt- ~~"wt-x'), (11. II.'B) 

~ (t) = 1\Q,(\:) = 
= :t~"~r~t\(x-x'~wt-~~"w~q_- t\i(f-P'~wt+~x'S>\.~tw~J,<fl. 12.6) 

Qlt)= e.-itLQ,lt') = 
~ ... y· s~ ~wt- 1:.. ~"wt-x')'S(b'~t-+wu . .)~ -:.<.1-\.Wt-r"== 

Mt..:> I 1 ) (fi.I2.B) 
= <l.1fY.S~-;:r~ -!;~"'wt.) 'b(f-f'u..wt:-+~wt'~wt). 

B 3THX BhlpallteHHl1X A•il\tl:t..,K~.,\\., t\_--t .... C..=l\1~.,\1 npH ta.t', 
. l&.o)t 

i\lt)= f\. ~wt+k".~,t.wt.~t.wt, Clt)==A-i~z.wt +~ ~'->£ • (fl.I3) 

Hs (fi.!2.B) MOEHO IIOJJY'IHTL BCe rrpeAhiAYmHe IIJJOTHOCTH rryTeM rrpHYeHeHHl1 

h H HHTerpHpOBaHHI 110 x' HJJH p'. ECJIH lite rrpoiHTerpHpOBaTL no X HJJH - . ~ IIO p, TO MOXHO nOJJy'lHTL pacnpeAeJieHHR COOTB8TCTB8HHO TOJILKO no p HJIH 

no X IIPI1 3~aHHhiX (Ha'laJJbHhiX) x' H p': 

~(±) =lt -.Y (L.t: ~ Y ~ e."'" ~t\1 (f- f'~w'\.+~L.Yx'~~Wt.i), 
Q(t) = ~(f' -f'~wt -+wl'>'l"Y: 1 k~L4lt), 

S'l~) ='If--\~ k9--! ~"'r(:.t\(X'-~'~wt- ~'k.~w~~, _, :"\ 
Qlt) =-S(ii.'-X''~~t: -~ ~wt;. 
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(fl. 14.6) 

(fi.I4.B) 

(fi.I5.6) 

(fl.I5.B) 

(qT06bl IIOJJy'lHTb H3BeCTHy~ 3BOJIID~H~ rayCCOBCKOrO naKeTa B p- H X
npe~CTaBJI8HHl1X, HJXHO no~eMCTBOBaTL Ha BeJIH'lHHhl (il.I4.B) H (fl.I5.B) 

onepaTOPOM (\ : 

~ Qlt)::. tf -t (!tt~lt.~-\Col(.r<:~~(tXf-r'~U)t.+W~~'~wt),:l<:ftl~'f">l", 
(fl.I6) 

"-'O,Lt:) =tr-\ (Lt~)y\4v~t-1~(~-~·~l<)t-~~~~i)=l<.xt\x'f'>l1. > 
(fl.I7) 0Til8THY, tlTO .11IIJIOTHOCTH B fPaSOBOJl rrpOCTpaHCTBe" Q.(t) npaBHJILHO 

OIIHCNBaiDT nOB8A8HHe CpeAHHX H B TO Ee Bpelll1 ITOSBOJIROT BOCDpOHSBeeCTH 

JID6He ~pyrHe pesyJILTaTbl KBaHTOBOI TeOpHH. 
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