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1. B HacToRmeil pa6oTe.paccMaTpnBaroTcR c eanHoil ToqKn apeHHR 

HeKOTOpbre xapaKTepHbie oco6eHHOCTll pacceRHllR AnR ABYX npOll3BOnbHbiX 

cynepn03IIUII'H OAHllX ll TeX )Ke COCTORHIIH IInii qaCTllU 1 T.e. cynepii03IIUIIij: Tllna 

·a I A>+ {3 I B > n y I A >+ o I B> • CxoaHaR aaaaqa cpaKTII'IeCKll y)Ke 6brna 

perneHa IIpll ll3y'leHllll pacceRHllR ABYX TO)I{AeCTBeHHblX 'IBCTllU C OTnll'IHblM 

OT Hyng CilllHOM/ 1/ .. Mbl 6bi XOTenn o6paTllTb BHllMBHlle Ha T0 1 qTO npll 

aHannae pacceRHllR npnpoaa cynepnoanunil He nrpaeT oco6oil,ponn. Ponb 

6aaiiCHhiX cocTORHIIH A, B, ... II TeA• MoryT nrpaTb COCTORHIIR OAHOH II TOM 

)Ke qaCTllUbl C pa3HbiMII npoeKUIIRMII CIIIIHB Ha BbmeneHHYID 0Cb 1 llnii pa3Hbl9 

::mepreTII'I8CKII8 COCTORHIIR aTOMOB II MoneKyn, IInii 1 H8KOH9U 1 p83Hbie 'IBCTII-

Ublo KaK 9TO llMeeT MeCTO B cnyqae HeHTpanbHblX K -Me30HOB. 

B aanbHeiirneM anR Hac 6yaeT cymecTBeHHO, qTo ABe nponasonbHbie 

cynepn03llUllii OAHllX ll TeX )Ke ·COCTORHllll1 B006me I'OBOpR 1 HeOpTOI'OHanbHbl 

apyr apyry (noao6HO TOMy 1 KaK HeOpTOI'OHanbHbl apy'r apyry COCTORHllR 

'18CTIIUbl CO CIIIIHOM + C npoeKUII9ll +t Ha OCb X II C npoeKUII9ll + i
Ha ocb . Z ) • CTaunoJiapHbie cynepnoanunn MoryT 6biTb HeopToroHanbHbi 

Apyr apyry, oqeBllAH0
1 

TOnbKO npii Hanll'IIIH. BblpO)I{AeHllR 6a3IICHblX COCTOR

Hllll 1. A>, I B >. !.JTo KacaeTcR HeopoToroHanbHOCTII HecTauuoHapHbiX cy

nepno3IIUIIH ( ycnoBUR' IIX o6pa:3oBaHUR. 6yayT paCCMOTp9Hbl HII)Ke) 1 TO aaecb 1 

B npUHUHIIe
1 

HeT HliK8KUX orpaHII'IeHUH 1 II OH8 MO)KeT 6biTb npOU3BOnbHOlle 

KaK UOK838HO B. pa6oTe/2/ 1 HeOpTOI'OHan;,HblM ll RBnRIDTCR T8K)Ke aBa HeCTa-

6nnbHbiX COCTORHllR C onpeaeneHHbiM ll 9HeprURMU ll BpeMeHaMH )Kll3HU 1 ecnH 

Bee coxp.aHRIDillll9CR KB8HTOBbie 'IHCna 9TllX COCTORHllll OAllH8KOBble B aanb

HeiirneM Mbi yBHAHM, 'ITO qe,M MeH:brne oTnii'IUe cTeneHU · HeopToroHanbHOCTll 

oT · eanHHUhi, TeM 6onbliie cxoACTBO M e)Kny noBeaeHneM ABYX cynepno3IIUHfi 
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OJlHHX H TeX )!{e COCTOSIHHH H fiOBe)leHHeM TO)KJleCTBeHHbiX "'BCT_HU ( CM. 

B CBSI3H C STHM/3,4/) • 

2. PaccMoTpHM cHa"'ana cnyqa:ii JlByx 6aan:cHbiX cocTOSIHHii. ByaeM 

C"'HT8Tb! 'ITO B3aHMOJleiiCTBHe Me:lKJlY JlBYMSI COCTOSIHHSIMH A t llBYMSI 

COCTOSIHH_SIMH B H COCTOSIHHSIMH A H B OllHO H TO :lKe 0 a aMIInH-

TYilhi nepexoaos' AA_. BB , AA_.AB BB-> AB paBHbi Hymo. llycTb Terrepb 

CTanKHBaiOTCSI H , paccen:BaiOTCSI llBa naKeTa C HMIIynbCaMH p H -p, 
u .J u 

"'eM nepBbiH rraKeT onn:comaeTCSI cyrrepnoan:un:en 

rrpn:-

(p) (p) (p) 
IC> =alA> +/31B> (1) 

a BTopoii - cynepnoan:un:eii 

(-p) (-p) (-p) 
I D > = y I A > +0 I B > ( 2) 

TaKHM Oopa30M 0 COCTOSIHHe JlBYX 'laCTHU llO pacceSIHHSI HMeeT BHil IIpSIMOPO 

IIpOH3Bell9HHSI 

(p) (p) ( -p) ( -p) 
l<flo>={aiA> +/31B> }x(yiA> +oiB> ). (3) 

Ha ycnoBHSI HopMn:poBKH cneayeT, 'ITO 

lal
2 

+1131
2 

=1, lrl
2 

+181
2

.=1. 
(4) 

CTerreHb HeopToroHanbHOCTH cocTOSIHHii I C > .H I D > , o'leBHJlHo, pasHa 

<CI D > =a*y +/3*8. ( 5) 

06o3Ha'IHM aMIInHTYilY pacceSIHHSI H9TO:lKil9CTBeHHbiX 'laCTHU1 _ COOTB9TCTByiO-

IUYIO Jl8HHOMy IIOT9HUHany B3aHMOJl9_HCTBHSI f( 8) ( · 8 - yron Me}K)ly BeK-
-> 

H p, -> 
, rile p H P' - HMIIynbC OJlHOH H3 paCCMaTpHBaeMbiX. TopaMH P, 

'l8CTHU llO H IIOCne pacCeSIHHSI) •. 

HaaoseM aTy aMnnn:TyJly a Ml nn:Tyaoii rrpSJMoro npouecca. HasecTHo 

( CM., HaiipnMep/ B!) t 'ITO aMrrnn:Tylla ~OM9HHOPO IIpouecca, B KOTO,pOM nn:oo 

e< '( ..... -+ .... , ... Ha'lanbHbi9 0 nHuO KOH9'lHbi9 'laCTHUbi M9HSIIOTCSI ,MeCTaMH p ->-:- p .Hnii p -> -p J, 
YJlOBneTBOpSieT COOTHOWeHiriO: 

4 

I 

f o6M.(8) =:!:_f(77-8). 

llpH 3TOM 3HaK (+) COOTBeTCTByeT "'aCTHUa 

"'aCTHUaM C nonyuenbiM CfiHHOMo 

C Y"'t'!ToM ( 6) aMrmn:Tyita nepexoaa n:a 
IA>(p') xiA>(-p'> 

F 1 =ay(f-( 8):t;f(77-8)). 

,Ung 8MIInHTYJlbi IIepeXOJla H3 COCT 

IB \p '> IB \-p') 
> x > Mbi rrony'IHM Bbtpa:lKeHn:e 

F 2 =/3o(f(8)±f("-8 )). 

liTo KacaeTcSI aMrrnHTYJlhi nepexoaa n:a 
( p') (-pi) 

I A > xl B > · , To, KaK nerKo BHile~ 
u \PJ ' \-p; 

nepexoaa n:a. cocTOSIHHn: I A> x I B > 

C COOTB9TCTBYIOIUHMH KOa#HUH9HT8MHo 3TH 

HOM Ha'lanbHhiX cocioSJHHii A n: B • nos 

F · =aOf( 8) +/3yf(77-8 ). 
3 -

AHanorH'lHo aMnnn:Tyaa nepexoaa n:a coc, 

I B (p '> I A (-p,) 
> X > paBHa 

F 4 =/3 yf( 8) t_ao f( 77-8 ). 
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TOmlleCTBeHHbiX 'IBCTHU ( CM. 

ii: llBYX 6a3HCHbiX COCTOHHH:ii:o EyaeM 

asyMH COCTOHHHHMH A 1 aByMH 

A H B oaHo n TO me, a aMnnn-:-

BB ... AB paBHhi Hymo. llycTb Tenepb 

Ba naKeTa C HMnynbCBMH p H -p , 
cynepnosnune:ii: 

(p) 

+f31B> 

(-p) (-p) 

I A > +0 I B> 

np~:... .- . 

(1) 

( 2) 

qacTnu ao pacceHHHH nMeeT ana npHMoro 

(p) (-p) (-p) 
IB> )x(yiA> +BIB> ). (3) 

'ITO 

+lol2 .=1. 
(4) 

n I D > , oqesnaHo, pasHa 

( 5) 

'l8CTHU1 . COOTBeTCTByJO-

a!:OnAfi<'TBHH f( 8) ( E) - yron Me*.lly BeK-

- HMnynhc oaHo:ii: ns paccMaTpnsaeMhiX · 

npHMoro npouecca. 11ssecTHO 

o6MeHHoro npouecca, B KOTopoM nn6o 
. ( ... ... ... , ... 'I 

MeHSIIOTCH ,MeCTaMH p -+- p HnH p -+ -p J, 

4 

1 
l 
I 
I 
l. 

. , 
' 

I -

l 
I 

f 06M. (El) = :!:_ f( 11-El ). 
(6) 

llpn 9TOM 3HaK (+) COOTBeTCTByeT 'IaCTHUaM C uenhlM CITHHOM
1 

aHaK (-) -

'I8CTHU8M C nonyuenhlM CITHHOMo 

C, y'I~TOM ( 6) ~MnnnTYila nepexoaa ns COCTOHHHH I <110 > B cocTOSIHne 
I A >(p ) X I A >(-p ) 

F 1 =ay(£·( El)±f(11-El})~ (7) 

.finH aMnnHTYllbi nepexoaa Hs cocTOHHHH I <11 0 > B cocToHHHe 

I \P ') I B \-p') 
B > x > Mhi nony'IHM BhrpameHne 

F 2 =f3o(f(0}±f(11-El )) • ( 8) 

liTo KacaeTcH aMnnnTyahr nepexona ns cocToSIHHH I <II 0 > B cocTOSIHne 
( ') (- I) I A > P xl B > P , To, KaK nerKo snneTb1 OHa pasHa cyMMe aMnnnTyn 

\PJ \-pJ \pJ · l-pJ 
nepexona ns cocTOHHH:ii: I A> xI B > H IB > xI A> 

C COOTBeTCTBYIOIIIHMH KoaclJcllnuneHTaMHo 8TH a·MnnHTYllhi OTnH'laiOTCH 06Me

HOM aaqanbHhiX cocToHHn:ii: A n B • lloaToMy c y'I~TOM ( 5) HaxonnM: 

F. =aof( El) +f3yf(11-El ). 
3 - ( 9) 

AHanorH'IHO aMnnHTyaa nepexona H3 COCTOHHHH 1<11 0 > B COCTOHHHe 

IB (p'> I <-p'> > x A>· pasHa 

F 4 = f3 yf ( El } t. a o f ( 11- El ) • 
. . .• ( 10) 
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Haii:neM Terrepb llii!l>!l>epeHiuranbHoe ce"leHIIe p~cceSIHIISI cynepnosiiuiiii: 

I C > II I D >· 1 npocyMMIIpoBaHHoe no "leTbrpeM KoHe"lHbiM cocToSIHIISIM 

{cyMMapHoe ce"leHIIe): 

da(B) 4 2 2 2 · 2 2 2 2 ---'--=~IF 1 l =(lf(B)l +lf(rr-B)l )(lay! +laB! +lf3Yl +lf38l )+ 
dD ~ · · 

{11) 
2 

·±lay* +f38* I Ref(B)f*( ·.n-B ). 
,.J 

C y"leToM ( 4) II ( 5) Mbi npiixolliiM K npocTou 4JopMyne: 

da(8) · dn =1£(8) 12 +lf(rr-8)1 2 ±2l<CID>l
2 

Ref(8)f*(rr-8). 

llpn < C I D>= 0 cocTOSIHIISI I C> II I D> BenyT · ce6SI KaK pasnn"lHbie "laC

TIIIlbi~-- Ecnii )l(e cyriE;)pnosiiuiiii I C > II I D > OlliiHaKOBbi (a= y, f3= 8 ), 

TO <C I D > = 1
1 

II Mbi nony"'HM IIsBeCTHYIO 4JopMyny; oniiCbiBaromyro pacce

SIHIIe.TomnecTBeHHhlX "l8CTIIUo BeKTOp COCTOSIHIISI llBYX naKeTOB nocne pacce

SIHIISI1 HOpMIIpoBaHHbiii: Ha cyMM apHoe ce"leHIIe ( 12) 1 II MeeT BIIIl: 

(p '> 
llll(B)> =F 1 (0) lA> 

(-p') (p') (-p') 

xlA> +F2 (El)IB> x!B> + 
{ 13) 

(p') (-p') (p') (-p') 

+F
3
(B)IA > xlB> +F 4 (B)IB> xiA> 

IInii, c y"l~TOM {7-10) 1 

(p') (-p') (p') 

llll(B)>=f(El)IC> x!D> +f(rr-B)ID> 

(-p '> 
xlC> ( 14) 

rne I C> II I D> onpenenSiroTCSI cornacHo ( 1) II { 2). 
I1pennono)I(IIM

1 
'ITO cq~T'IHK-$IInbTp1 pacnono)l(eHHbtii: B HanpaBneHIIII 

p OT o6naCTII CTOnKHOBeHHSI rraKeTOB 1periiCTpiipyeT H9KOTOpyiO cynepno-.. , 
3IIUIIIO ·1 L > 

1 
a c"leT'IIIK-$IInbTp, pacnono)l(eHHbtii: B HanpaBneHIIII. ( -p '), 

periicTpiipyeT cynepnosiiUIIIO I M>, npnqeM1 Boo6me roBopSI, <MIL> J, 0. 

6 

I 

' AMrrniiTYAa perHC'fpauHH B _aToM cny"l 

<L,Ml111(0-)> =f{El)<LIC><MID> ±f(" 

. 
llycTb Tenepb cocTOSIHHSI I C > H I M > c 

II03HUHSIMH I C_> II I D > COOTBEiTCTB9HHI 

<C,Dllll(B) >=f(El)tf(rr-B 

Mbt BHilHM1 'ITO xoTSI, cor nacHo { 14) I' c 

cooTBeicTByeT Benii'IIIHa f( B ) ; aMrr 

He coBnanaeT c aMrrnHTYilOfi. f( €) ) 

cocTOSIHIIii: I C > II I D >. /2/:. B' 'lac 

pacceSIHIISI cynepnosiiUIIH I C > II I D > . 
Tyna nponecca1 B pesynbTaTe KoTopor 

1111
0 

> He. M eHSieTcSI) · paBHa 

F(O)=<C,D 1111(0) >=f(O) :!;f( 

3aMeTIIM1 'ITO ecnn Mbi' IIMeeM 
. (p • ) 

cynepnosHUIIIO I L > , · BepoSITHOCTb 

ae: 
2 

P(B)= I<L,AIIIl(B)>I +I<L,B 

=I f( B) 1
2

1 < L I C >I 
2 

+If( rr-B) I 

± 2Rel f( B )f*(rr-B) <L I C ><l 



ceqeane pacceRHHR cyrreprroanun~ 

ITO qeTbipeM KOHe'IHbiM COCTORHHRM 

+If( rr:...e ) \2 )(\a y\ 2 
+I aB\

2 
+IJ3Y\

2 
+I J38\

2 
)+ 

( 11) 

Ref(8}f*( 'IT-8 ). 

) Mhi rrpnxoJJ.HM K npocToit tlJopMyne: 

2 +\f(rr-E>)\ 2 ±2\<C\D>\
2 

Ref(E>)f*(rr-8). 

cocTDRHHR I C> n I D> BeJlyT · ce6R KaK paann'IHbie qac-

nepnoanunn I C > n I D > OJlHHaKOBbi (a= y, J3= 8 ), 

rrony'IHM naaecTHYIO tlJopMyny; orrHChiBaiOIIIYIO pacce

qacTHU. BeKTOp COCTORHHR JlBYX rraKeTOB rrocne pacce

H8 cyMM apHoe ceqeHne ( 12), nMe~T BHJl: 

(p '> (-p') (p') (-p'} 

8) \A> x\A> +F2 (8)\B> x\B> + 
( 13) 

, } . (-p'} (p'} (-p') 

x\B> +F 4 (8)\B> x\A> 

10). 

(p '> (-p '> (p '> 
El)_IC> x\D> +f(rr-8) \D> 

(-p '> 
x\C> (14) 

cornacHo (1) n (2). 
cqeT'iHK-$HnbTp, pacrrono:lKeHHbi~ B aanpaaneHHH 

naKeToB
1
perncTpHpyeT aeKoTopyiO cyrreprro

C'ieT'IHK-$HnbTp, pacnono:lKeHHbi~ a aarrpaaneHHH ( -p '), 
rreprr03HUHIO I M>, npnqeM, aoo6me roaopR, <MIL> I= 0. 

6 

I. 
i 
I 
I 

AMrrnnTyJJ.a perHc~paUHH B aToM cnyq&e, oqeaHnHo,paaHa 

<L,MI<1>(0-}> = f(8}<L\ C><M\D> ±f(rr-8 )<L\D><M I C>. (15) 

nycTb Terrepb COCTORHHR I C> H \M > COBIT8Jl8IOT c rrepBOH8'18llbHbiMH cyrrep

IT03HUHRMH I C_> n I D > cooTaeTcTBeHHo. Torna 

2 
<C, D\<1>(8} > = f(El) t,f( rr-8) \< ~ \ D >\ • 

(16) 

(p') (-p') 

Mbi BHJlHM, 'ITO XDTR, cornacHo ( 14), o6paaoBaHHIO cocToRHHR \ C> xiD > 

COOTBeTCTByeT B9llH'IHHa f(8), 8MITllHTyJJ.a perHCTp8Ullll 9TOI'O COCTORHHR 

He COBIT8Jl8eT C 8MITllllTYJl0~ f( 8 ) • 3To. CB5138HO C H90pTOI'OH8llbHOCTbiO 

cocTORHH~ I C > n I D > /2/ • B qacTHOCTn 1 aMrrnHTyJJ.a "'KorepeHTaoro" 

pacceRHHR cyrreprroanunn I C > n I D > . a a yron 0° ( HHhiMn cnoaaMn, aMrrnn

Tyna rrpouecca, B peaynbTaTe KoToporo rrepsoHaqanbHoe cocTORHHe rraKeToB 

1<1>0 > ae MeHReTcR) paEiaa 

F ( 0) = < C, D \<I> (0) > = f (0) + f (rr) \ < C I D > \
2 

• ( 17) 

3aMeTHMt 'ITO ecnn Mbi HMeeM TOllbKO OJlllH Jl9T9KTOp, tPHKCHpyiOIIIHH 
. (p.) 

cyneprroanuniO I L > , · sepoRTHDCTb perncTpaunu nporropunoaanbHa aemi'IH-

He: 

P(8)= I<L,AI<I>(8)>\ 
2 . 2 

+\<L,BI<I>(8.)>\ 

2 2 2 .,2 
= \ f ( 8) \ \ < L I C > \ +If ( rr-8 ) I I <L I D > ± 

( 18) 

±2Rel f(8)f*(rr-8)<LIC><LI D>*<C\ D>l. 
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.... .... 
B cnyqae 1 KOI'.Il8 COCTOSIHHSI. C HMnynbC8MH p n:-p 

'lHCTbiMn:, a onn:chrBaroTCSI c noMOlllbiO M~Tpn:u nnoTHOCTH (I l/ 

He SIBnSilOTCSI 

rn. 7, cTp. 

362-371): 

(p) 
p 

-2 ·a 
= ( a* {3 

a{3* ) .· 
f3 2 

(-p) I lYI 2
. y8* • 

p =(- --) 
y*8 181 2 

' 

ljlopMyna n 2) o6o6maeTCSI cne.UyiOlllHM o6pa30M: 

da (0) 

dO 
I 1

2 I 12 <P> ·<-p> £(0) +f(rr-0) ±2(epp p )Ref(8)f*(.rr-8). (19) 

(p) <-P> x/ 
3.uecb p • p - o6bi'lHOe (He npSIMOe) llpOH3Be.UeHn:e M8TpHU • 

3 •. no cn:x nop Mbl C'lHTann:, 'ITO COCTOSIHHSI I c > H I D > npencTaB-' 

nSiroT co6oii cynepnosn:un:n: .UBYX cocTOSIHn:ii ( qacTn:u) A n: B ~-· O.uHaKo 

C TIOMOlllbiO MeTO.Il8
1 

nsnoJKeHHOI'O Bbillle 1 HeTpy.llHO TIOK838Tb1 'ITO npn npHHSI

TOM npennonoJKeHllli 0 xapaKTepe B38liMO.IleiiCTBllg ~OOTHOllleHHSI (12)-(13) 

cnpaBe.unn:Bbi .unSI nro6oro qn:cna 6asn:cH.biX cocToSIHHii A, B, E .... n: T • .u. 

<PopMynbi ( 12-19) Boo6me He cBSI38Hbi, c. KaKo.fi-nn6o cneunanbHofi cTpyKTypofi 

l 

cocTOSIHHH I C > n: I D >. / B qacTHOCTH 1 oHH onn:cbrBaroT pacceSIHn:e 

.llBYX HeCT86HnbHbiX 'l8CT.HU C O.llHH8KOBbiMH COXp8HSIIOlllHMHCSI KB8HTOBbiMH 

/3/ 
'lHCn8MH ( CM. T8KJKe pa60TY . ) • 

3aMeTHM
1 

'ITO n:snoJKeHH8SI. BbiiUe TeopHSI OllHCbiB8eT 1 B 'l8CTHOCTH 1 

pacceSIHHe TO)I{.[leCTBeHHbiX 'l8CTHU C OTnH'lHbiM OT HynSI. CTIUHOM B cnyqae 1 

KOI'.Il8 noTeHUHan.B38HMO.IleHCTBHSI He 38BHCHT OT CTIHHB. npn: 9TOM ponb 

COCTOSIHHH A, B, C.. H T.n. n:rpaiOT COCTOSIHHSI 'l8CTHUbl C onpeneneHHbiMH 

npoeKUHSIMH CTIHH8 H8 Bbi.[leneHHYIO OCb. nnSI HenonSipH30B8HHbiX 'l8CTH U CO 

cnn:HOM s ¢opMyna ( 19) .uaeT (cp./1/, cTp. 221,/6/, § 135): 

da(8) 

dO 

2 2 23 
1£(0)1 +lf(rr--0)1 +(-1) - 2-Ref(8)f*(rr-0 ). 

2s+ 1 . · · 
( 20) 

x/ npn nepexone 'oT 'iHCTbiX 'COCTOSIHHH K CM9I118HHbiM l < Cl D>l
2 

38MeHH

eTCll H8 fp r'p) p (-p).. 8TO OTHOCHTCH 1 B 'i8CTHOCTH 1 H K tj>opMyne ( lJ) • 
Benn'iHHa Sp p <P> p <-P> npencTaBJIHeT co6oii: o6o6meane Me phi aeopToro

nanbHOCTH H8 cnyqaii: HeKorepeHTHbiX CMeCeii:.llnH 'iHCTbiX COCTOHHHH 

Sp /P> p <-P> = l < C l D > 12 

f 
8 

'I 

B cnyqae nonSipn:soBaHHbiX aneKTp< 

CTH n:MeiOT BH.Il: 

' (p) 1 ( 1 .... (p) .... (p) (-p 
p = 2 + u s ), p 

a - BeKTOpllbiH onepaTOp llaynn:, 

_aneKTpOHOB B COCTOSIHHSIX C HMTiynbca: 

Ce'leHHe pacCeSIHHSI 1 llpOCyMMHpOB8HH 

da(8) 
d[} I fKyn. (0 )1

2 
+I f. Kyn.<' 

.... (p) .... (-p) 

-(l+S S. )Ref (8) f* 

nnSI cynepll03HUMH. ( H CMelllBHHl 

BB9CTH TIOHSITH9 o6o6lll9HHOI'O CllllH8 

COCTpHHllH• llpn 9TOM 6a3UCHbiM COCT 

neneHHbie npoeKunn cnnHa, npnHnMarowr 

Hhlii "cnnH" S 

M eHTOB. 0TCIO.Il8 

.UBYX cynepnosnuni 

0.::; S.::; m· 

B o'rnnqne . oT o6bi'lHoro cnnHa 

He CBSI38H C K8KllMU-nH60 38KOH8MH 

CTBH9 He 38BHCHT OT THTI8 'l8CTHU n; 

uecce pacceSIHHSI coxpaHSieTcSI. 

Hafi.ueM Tenepb MaTpnuy pacces 

CTBe COCTOSIHHH c.nMnynbC8Mll 
p, 

pei'HCTp8UHH·K8KOI'O-nn6o COCTOSIHH 
" 

MBTpli'lHOMY aneMeHTY < L,l\t I F(8) I 
.ueneHnro 



... 
HMnynbC8MH p n-p He SIBnSUOTCSI 

MaTpnu nnoTHOCTH (I l/ rn; 71 cTp. 

-2 -
<-P> • I Yl yo* • 

P =< y*o T8T2), 

o5pasoM: 

J2 :!: 2( fp /P> p <-P>) Ref ( 0 ) f*(.rr-0 ) • 

x/ 
e (He npSIMOe) nponsBeaeHne MaTpnu 

... 

( 19) 

n I D > npeacTaB-

cocToSIHHii ( qacTnu) A n B .-- OaHaKo 

Bbill!e1 HeTpyaHO llOK838Tb1 'ITO npH npHHSI

B38HMOaeiiCTBHB ~OOTHOll!eHHSI ( 12) -( 13) 

5asiiCH.biX cocTOSIHIIii A, B , E._.. II T • .n. 

CBSI38Hhl,C. K8K~ii-nn5o cneunanbHOll CTpyKTypoil 

B '18CTHOCTH1 oHII oniiCbiBaiOT paccesmne 

COXp8HSIIOIUIIMHCSI KB8HTOBbiMH 

TeopHSI onHCbiB8eT1 B '18CTHOCTII1 

C OTnH'IHbiM OT HynSI. cnHHOM B cnyqae1 

He 38BHCHT OT CnHH8o flpll aTOM pOnb 

'18CTHUbl C onpeneneHHbiMH 

OCbo .QnSI HenonSipH30B8HHbiX '18CTH U CO 

(cp.f1/1 CTpo 221,!6/, § 135): 

- 2-Re£(0 }f*(rr-0 ). 
2s+ 1 

( 20) 

'IIICTbiX coCTOSIHIIii K cMell!aHHbiM l< Cl D>l
2 

saMeHSI
OTHOCIITCSI1 B qaCTHOCTII 1 II_ K ~OpMyne (1!)• 

npencTasnSieT coooii o6o6ll!eane Mepbi aeopToro
:orenenTHt-.r-ic CMecefi. llnSI 'IIICTb!X COCTOSIHIIll 

8 

.I 

B cnyqae nonSipnsoBaHHbiX aneKTpoHoB1 Koraa cnnHOBbie MaTpHUbi nnoTHO

CTH HMeiOT BHA: 

(p) 1 ... (p) ... (p) (-p) 1 ... (-p)-> (-p) 

p =-(1+ a S ), p =-(l+a S ) 
2 2 

... . ... (p) ... (-p) 
a - BeKTopHbiii onepaTop Tiaynn 1 S II S - BeKTopbi nonSipnsaunn 

. .. .... 
aneKTpOHOB B COCTOSIHHSIX C HMnynbC8MH p II -:::p ) 1 an~epeHUHBnbHOe 

ce'leHne pacceSIHHSI1 npocyMMnpoBaHHoe no cnnHaM1 cornacHo (19) 1 paBHO 

· da(0) -If (0 )12 

dO - Kyn. 

... (p) ... (-p) 

-(l+S S )Ref 

2 
+I f. Kyn.(rr-0)1 

(0) f* ( rr-8 )'. 

( 20 

.QnSI cynepnOSHUHii- ( H CMeUI8liHbiX COCTOSIHHH) nro5oii npnpOAbl yao5HO 

BBeCTH nOHSITHe o5o6IUeHHOrO CllllH8 
m-1 s= , rne 

COCTOSIHllllo flpn aTOM 5asUCHbiM COCTOSIHHSIM A, B, C 

m - 'IHCno 5a3HCHbiX 

COOTBeTCTBYIOT onpe-

neneHHbie npoeKunn cnnHa, npnHnMaromne uenbie n nonyuenbie sHa'leHnll. CyMMap-

Hbiii "cnnH" S nByx cynepnosnunii onpenenSIIOT no -npammy cn'o)KeHnSI Mo-

M eHTOBo 0TCIOA8 

o~S~m-1. ( 22) 

B o'rnnqn:e . oT o5bi'IHoro cnnHa o5o5meHHbiii "cnn:H"' 1 Boo5me roBopSI1 

He CBSISaH c KaKnMn-nn5o saKoHaMu coxpaHenn:SI. 0nHaKo1 ecnn BSanMoneii

CTBne He aaBIICllT- OT TUna '18CTHU n:nn COCTOSIHHH1 CyMM8pHblll "cnnH"' B npo-

uecce paccesmrm coxpaHSieTcSI • 

. HailneM Tenepb MaTpuuy pacceSIHHSI F(0 _) B m 
2 

- MepHoM npocTpaH.-. 

CTBe COCTOSIHHii C UMnynbCBMII p, ll p ,(-jf') 11 (-p) • AMnnn:Tyna 
(p) . (-p) 

perncTpaunn KaKoro-nn5o cocTOSIHHSI I L > < xI M> . nom!{na 5biTb paBna 
" 

MaTpn'IHoMy aneMeHTY < L, l\t I F ( 8 ) I C, D > (eM. ljJopMyny ( 15)). flo onpe-

neneHnro 

9 



" (p) 

IIIJ (8)>=F(8) I C> 

CpaBHlfBaH ( 23) u ( 14) 1 Mbi nonytJHM 
( 

"' (p ',p} 

(-p) 

xiD> 

"(p',p) 

F(8)= f(8 )I ±f(rr-8) P o6M. 

(p ',p) 

... 

3aech I - eauHutJHbiH onepaTop B "c~nHoBoM" npocTpaHcTBe 
(p ',p) (p) (-p) (p ') (-p '> 

(I IC> xiD> =IC> xiD> , 

... 

( 23) 

( 24) 

a P 
6 

- o6MeHHbiH onepaTop, nnn onepaTop nepecTaHoBKlf "cnuHOBbiX" 
0 M. -

COCTOSIHlfHo Dpu aeii:CTBllll Ha cynepn03llUllll oaHIIX ll TeX )Ke tJaCTlfU onepa-

TOp p o6M. MeHSieT HX MeCTaMll: 

'P <P '·i'c > <P> x 1 n ~-p> 
o6M. 

= I D ~p '> X I c '> ( -p ') 

A·\p',pJ. \PJ 

p I D> 
1..-pJ \p-' J \-pI) 

xiC > =IC> xiD > 
o6M. 

( 2'3) 

TioaqepKHeM1. 'ITO llHaeKCbl ( p) ll (p ') niiiiib' YK83b!B810T Ha T0 1 'ITO paccMaT

pnBaiOTCSI nepexoabl Memay cocTOSIHIISIMII aByx naKeToB ao n nocne pacce-
. (~ (-p) 

SIHllHo C TO'IKH speHHSI 'IHCTO "CITIIHOBoii' CTpyKTypbl COCTOSIHIISI I C> xI D> 
{p ') (-p') . . 

II I C > xI D> a6comoTHO oaHHaKOBbio Hx MO)KHO sarrHcaTb B anne 
(I) ( 2) 

I C> xI D> , rae 1 n 2 - HOMepa naKeToB. ,. 

SiCH0
1 

'ITO 11 CIIIIHOB8SI" CTpyKTypa onepaTopa p .
6 

He 38BIICIIT OT 
A 0 M. 

" 
HHaeKCOB p If p • Dpn aToM P 

2 
= 1. Co6cTBeHHbiMH <jJyHKUllSIMII 

· o6M. · ·· P o6M. 

HBnSIJOTCSI COCTOSIHliH1 CIJMMepl!'IHbJe ll aHTl!CllMMeTpll'IHbJe OTHOCllTenbHO nepe-
. . S+t 

CTaHOBKII 'CITIIHOBblX nepeMeHHbiX" 1 a C06CTBeHHbie 3HatJeHl!SI paBHbl. ( -1) 

rae S - BBeaeHHbiH Bbillle 
. " 

3HatJeHne o"nepaTopa Po6M. 

Hl!SI . He SIBn.SIIOTCSI 'lllCTb!Mll1 

cyMMapHbiH "cmm• .113 ( 25). SICH0 1 "'ITO CpeaHee 

paBHo 1 <C 1 D>l ~ , a B cnyqae, Korna cocToSI.., 
(p) (-p) 

Sp p p (eM. n.2). 

10 

l( 
l 
\,~ 
~ 

I ;; ,, 

( 

! 
j. 
j 
l, 
I 
I 

I 
··.r' 
1/ 
t' 

\ 

·, CyM MapHoe au<jJ<PepeHuuanbHoe cetJeHne pac 
" 

aneMeHTbi MaTpHUbi F( 8 ) C ITOMOillbiO lf3BeC~ 

da ( 8) " (pl <-p) F" +('"' · 
Sp F ( 8 ) p X p "' ' 

.dO 

Ecnn noacTaBlfTb B ( 26) B_bipa)KeHne ( 24), To 

nonytJHM <jJopMyny ( 19). 

Mo)KHO noKa3aTb1 tJTo B cnyqae aByx 6a:: 
" P 

6 
· nMeeT Bna: 

0 Mo 

A ' 3 

P o6M= 21 (I+ I al(t~ a (2)) 
• i=l f ' 

rae a 
1 

- aByxpRaHbie MaTpllUbi Daynu. B tJacTJ 

aynT none3HaSI {jJopMyna anSI MaTpllUbi pacceSIHll 

nSITllBllCTCKOM npn6nlJ)!(eHllll: 

(p ',p) '1 ... (p, 

F ( 8) = f ( 8 ) I - - f ( rr-8 )( 1 + a Kyn. 2 Kyn. . · 

rae a - BeKTOpHbiH onepaTop Tiaynu, 
KyJ 

Tyaa. 

llnSI Tpex 6a3JICHbiX COCTOSIHIIH ( "CIIllH" e, 

nMeeT ana: 

... p 3 A 

o6 = [ ( I s
0

' 
M. 1=1 i 

2 3 "o> " 12: 
) -<.Is I X s I 

>=I 

A 

S 
(2) 

X I 

rae 8 I - MaTpllUbl IIpOeKUllii CIIl!H8o 

4. HaiiaeM Tenepb nonHoe ceq(mue ynpy1 

npol!HTerpnpyeM. cyMMapHoe ceqenne ( 12) ,nnn 

11 



(p) (-p) 

)IC> xiD> ( 23) ... 

nony'lnM 

"(p',p) 
',p) ;,. ) p 

±f(TT-O o6M, 
( 24) 

orrepaTOp B "C~llHOBOM" llpOCTpaHCTBe 
(-p) (p') (-p') 

=IC> xiD> , 

Top, n:nn one paTop rre pecTaHoBKn: "crrnHOBbiX"' 

onmrx n Tex )l{e qacTn:u onepa-

= I D ~p '> X I c > ( -p , ) 

( 2'5) 
t-pJ \p'J \-p'J 

c > =I C> X I D > 

ll (p ') niiillb' yKa3biBaiOT Ha To, 'ITO paccMaT

OCTOSIHIISIMII nByx rraKeToB no n: nocne pacce
, (p) (-p) 

CITliHOBOH" CTPYKTypbl COCTOSIHIISI I C> X I D> 

0 OlliiHaKOBblo Hx MO)I{HO 381IIIC8Tb B Bll!le 

- HOMepa li8K8TOBo ~ 

CTpyKTypa orrepaTopa P 
. " 6 

He 3aBIICllT OT 
0 M, -

" p 2 = 

06M, 
1. Co6cTBeHHhiMH ljlyHKUHSIMH P 

06
M. 

ll aHTUCUMMeTpli'IHbl9 OTHOCUTenbHO rrepe-

" 8~1 , a C06CTBeHHhie 3Ha'I9HUSI paBHbl . ( -1) 

CYMMapHhiii: "emm'. Hs ( 25) · SICHo, 'ITO epenHee 

PaBao I <C 1 D> I :l , a B cnyqae, Korna eocToSI.., s (p) (-p) 

PP ·P (eM, rr.2). 

10 

If 
-~ 
+ 
\ 

1· 

I 
I. 

\ 

j 

I ' ;:[ l', 
l 

'~ 

., CyM MapHoe nuljlljlepeHunanbHoe eeqeHne pacceSIHIISI orrpenenSieTCSI qepe3 
A 

aneMeHTbl MaTpliUbl F( 0 ) e IIOMOIUbiO ll3B9eTHOI'O eoOTHOilleHIISI: 

da(8) SpF(E>) p'P> x/-p) F+(8). 

.dO 
( 26) 

Ecmr rroneTaBIITb B ( 26) B.bipa)l{eHue ( 24), TO Mhi, KaK nerKo · rrpoBepiiTb, 

rrony'IIIM ljlopMyny ( 19). 

A 
Mo)I{HO rroKa3aTb, 'ITO B enyqae nByx 6asueHbiX eoeTOSIHIIii: onepaTop 

P 
6 

· IIMeeT Bnn: 
0 Me 

A ' 3 

po6 =.!..(I+~ a (I~ a <2>) 
M, 2 1=1 I I ' 

( 27) 

rne a 1 - nByxpSinHbie MaTpiiUhi naymr. B qacTHOCTn, n:s ( 24) n ( 27) cne

nyoT rrone3HaSI ljlopMyna nnSI MaTpHUhi paeeeSIHHSI nByx aneKTpoHoB B Hepe

nSITHBHCTCKOM 1IpH6nii)KeHIIII: 

" (p',p) ·1 ... (p,p') ... (-p,-p') 

F(8)=f Kyn$8 )I - 2 fKyn.(TT-8)(l+a xa ), ( 28) 

rne a - BeKTOpHbiH orrepaTop llaynH, f ( 8) - KynOHOBeKaSI aMITnH-
Kyn 

Tyna. 

llnSI Tpex 6a3IIeHbiX COeTOSIHIIH ( "CIIIIH" 9!\IIHI!Ua) 06MeHHblll OllepaTOp 

IIM9eT BHn: 

" 3 A co "cz> z 3"co "<2> 
P

6 
=[(~S 1 xS 1 ) -(.~8 1 xS 1 )-1], 

0 M, 1=1 •=I 
( 29) 

rne S 1 - MaTpiiUbi rtpoeKUHii: ·emma. 

4. Haii:neM Terrepb rromroe eeqeHne ynpyroro paeeeSIHliSI. · llnSI aToro 

nponHTerpnpyeM. eyMMapHoe eeqeHne ( 12) .umr ( 14) no yrnaM. Y'ITeM, 'ITO 
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K8K ll B cnyqae_pacceRHHR TO*AeCTBeHHhlX qaCTHU CO CITHHOM
1
yron pacceRHHR , 

cnenyeT paCCM8TpiiB8Tb B IIHTepBane OT 0 AO 77/2 .. { qTo6b~ He Y'liiThiB8Tb 

AB8*Ahl OAHHX H· TeX *e 8KTOB pacceRHHR), TaKHM o6pa3oM, ITOnHOe ceqeHHe 

pacceRHIIR p8BHO 

1 da(0) 
a=- f dU --=a +a f£(0 }f*(rr-0}dn. 

2 dn o -
(30) 

.... 2 
3necb a0 =fl£(0)1 dU - nonHoe ceqeHne ynpyroro pacceRHHR HeTo*aecT-

seHHhiX qacTIIU1 a - aeiiCTBHTenbH8SI BennqnHa, p8BH8SI CpenHeMy 3HaqeHHJO 

P ( I C I D I 2 • . s . (p) (-p) 
onepaTopa a= < > anSI cynepno3HUIIH n .a = P p P 

· o6M, 
B o6meM criyqae} xl, 

H3 COOTHOilleHHSI (30), B qaCTHOCTH1 cnenyeT, qTo B cnyqae pe30H8HC

Horo pacceSIHHR -TO*AeCTBeHHhiX 'l8CTHU HnH OAHH8KOBhiX cynepiT03HUHii H TeX 

*e qacTnu ( Korna a = 1 n f( 8 )=.d( 11-8 ) ) non Hoe ceqeHne ynpyroro pacce

SIHHSI B nsa pa3a 6onbme rronHoro ceqeHHSI ynpyroro pacceSIHHR HeTo~ecT

seHHhiX qaCTllU npn TOll *e 8Heprnn CTOnKHOBeHHSI H TeX :lKe pe30H8HCHhiX 

napaMeTpax) xtf. 3aMeTnM Terre ph, qTo · cornacHo ycnosnro yHnTapHOCTH nng 

qncTo ynpyroro pacceSIHHSI (161, § 124): 

k 
Imf(O) =--a· (orrTnqecKaR TeopeMa) 

4 77 0 

Im f ( 11 ) = L J f ( 0 ) f *( 11-El) d n. 
4 77 • 

( 31) 

0Tcrona cnenyeT, qTo 

4 77 ] 
a =- Im [ f(O} +a f( 11) • 

k - (32) 

x/ 
QqeannHo, lm Jf(®)f*{ 11-®)dO =0. 

xx/ 
Mo:>KHO ITOK838Tb1 'ITO TO'IHO TSKOe :>Ke 38KniO'leHlle cnpaBeJlnHBO II B 

oTHomeHHII Heynpyroro peaoaaacaoro paccenHnR~ 

• 

12 

.! 

BennqnHa f (0) .±a f ( 11 ) , • KaK yK 

KOrepeHTHYIO 8MITnHTYAY pacceSIHHSI BI 

npnxonnM K onTnqecKoii TeopeMe: a= ..!:. 

CBSI3Ht qTO YHHT8pHOCTb HeCHMMepH30 

rapaHTHpyeT cnpasennnsoCTb onTnqecK, 
) 

necTBeHHhlX qaCTHU H HeopToroHanbH~ 

. Tex *e qacTHU, 

PaseHcTBo (32) HMeeT !flyHaaMeliT 

rnx npoueccoB ( Ha KOTOphiX Mbi an~cb 

cg) BennqHH8 a B COOTHOllleHHH (32) lJ 

pacceSIHHR cynepno3nunii nnn HeKorepel 

· (qacTnu). 

5, PaccMoTpnM CTOnKHOBeHHR HeC 

)!{liM, qTo Mbi nMeeM nsa reHepaTopa, 

cg KaK qacTHUhi A , TaK n qacTHUbi 

6nH3Kll, HO pa3nnqHbi, Ecnn ycnoBHR 

reHepaTopa B npnHuime Henh3SI onpene 

o6pa3oBanach, rraKeT qacTnu,·neTSIIUHX 

nSieT co6oii HecTaunoHap.Hyro cynepno3IJ 

neprro3nunii snna I Co> =ao I A>+ f3o I B · 

uecca t.t«h/t.E, rae t.E - xa1 

Tipn aToM Heo6xonnMo (eM. /7 I), 'IT of 

ll TeM :>Ke sneKTpnqeCKll.M 38pSIAOM1 6t 

( 1) - 2e 
" - 06hl'IHhlll CITHH '18 

x/ · LlnR nonRpli30B8HHb!X TO:>KJlC 

F (0) = f (0) - + (1 + S < 

X~ . 
n!jliiMepOM MO:>KeT cny:>KI!Tb' 

"- p ... A K0 ; K0 ~ Me3oH, KaK 
IT0311UIIIO KB831ICT8UIIOH8pHbiX COCTO' 



acceRHRR TomnecTBeHHhiX ~acTRU co cnnHoM 1yron pacceRHHR 

TpRB8Th B RHTepBane OT 0 JlO 77/2 . ( ~T06b~ He y~RTbiB8Tb 
me aKTOB pacceRHRR). TaKRM o6pasoM, nonHoe ce~eHne 

da{8) · 
dO dn=a

0 
-~:_a f£(8 )f*{77-8)d0. 

(30) 

2 1 f ( 8) I dO - nonHoe ce~eHne ynpyroro pacceRHHR HeTomnecT-

a - ne:iicTBIITenbHaR aenn~nHa, paBHaR cpenHeMy sHa~eHRIO 

(a= I< C I D>l 2 nnR cynepnosnun:ii II a= Spp (p) p (-i>> 

• J xl. 
rueHIIH (30), B ~8CTHOCTH 1 cnenyeT1 ~TO B cny~ae pe30H8HC-

TOmJleCTBeHHbiX ~8CTRU Hllll OJ1HH8KOBbiX cynepU03RUHll II TeX 

na a = 1 II f{ 8 )=.d( 77-8 ) ) nonHoe ce~eHne ynpyroro pacce-

6onbrue nonHoro ce~eHRH ynpyroro pacceRHRH HeTomAecT

npii TOll me 8Hepr1III CTOllKHOBeHIIR II TeX me pe30H8HCHbiX 

3aMeTIIM TeUepb
1 
~TO · cornaCHO ycnOBIIIO yHIIT8pHOCTII r:tllSI 

pacceRHIIH (161, § 124): 

k 
=--a 

0 
( onTn~ecKaH TeopeMa) 

477 
( 31) 

=-k-f f(8 )f*( 77-8)d0. 
477 . 

,, ~TO 

a = ~ lm [ f(O) +a f( rr) 1. 
k -

( 32) 

sxumo, Im Jf(El)f*( rr-El)dO =0. 
)KHO ITOK838Tb

1 
'ITO TO'IHO T8KOe )Ke 38Kll!O'IeHl!e cnpaBeJlllliBO 11 B 

Heynpyroro peaoaaHcHoro pacceHHIIH .. 

• 

12 

.! 

Benn~nHa f(O) .±a f{ 77), .KaK yKa3biBanocb Bbrrue,' npericTaBAAeT co6o:ii 

KorepeHTHYIO aMnnuTyny pacceHHHH anepen F(O) • x/. TaKIIM o6pasoM, Mhi 

npnxonnM K OllTR~eCKOll TeopeMe: a= ~ Im F(O) . non~epKHeM B 8TOii 
k . s 

CBH3R
1 
·~TO yHRT8pHOCTb HeCIIMMep1I30B8HHOii - M8TpRUbl 8BTOM8TH~eCKH 

rapaHTIIpyeT cnpaaennnBoCTb onTn~ecKoii TeopeMbi B cny~ae pacceHHm• Tom

necTBeHHhiX ~8CTIIU II HeOpTOrOH8llbHblX npyr r:tpyry cynepii03l!UIIll OJ1HHX 11 

TeX me ~8CTIIU. 

PaaeHCTBO ( 32) nMeeT ljlyHnaMeJ:iTanhHblll xapaKTep. npn H8llli'Illll Heynpy-

rnx npoueccoB ( Ha KOTOpbiX Mbi snecb cneunanbHO He 6y.neM ocTaHaBannBaTb

cH) Bellll~RH8 a B COOTHOllieHHll (32) HMeeT CMb!Cll IIOllHOrO ce'IeHI!H ynpyroro 

pacceHHRH cynepnosnunii nmr HeKorepeHTHbiX cMeceii onHnx n Tex me cocToHHHii 

. ( ~aCTIIU) • 

5. PaccMoTpRM CTOllKHOBeHllH HeCT8UHOH8pHbiX cynepii03HUHii. npennono-

)Kl{M
1 
~TO Mbl RMeeM J1B8 reHepaTopa, B K8)KJ10M ll3 KOTOpb!X MOryT pomnaTh"7 

cSI KaK ~acTHUhi A , TaK n 'IaCTHUhi B , npn'IeM MaCChi ~acTHU A n B 

6nli3Kll
1 

HO pasnli~Hblo Ecnn ycnoBRH reHepaUHII TBK0Bbl 1 'ITO riO COCTOHHIIIO 

reHepaTopa B npnHunne Henh3SI onpenennTh1 KaKaH .ns qacTnU -A nnn B

o6paaoBanach
1 

naKeT ~acTnu, neTSilliHX B KaKoM nn6oo HanpaBneHnn, npencTaB

nHeT co6oii HecTaunoHapHyro cynepnosnunro 'I8CTIIU A n B ; feHepaunH cy

nepnosnunii Bnna I C 0 > = a 0 I A> + {3 0 I B > aosMomHa, ecnii nnnTenbHOCTb npo

uecca 6. t <<hI f"...E, rne 6. E - xapaKTepHaH HeonpeneneHHOCTb :aHeprun·. 

npn aTOM Heo6xonHMO ( cM.I7 /). ~To6hi. ~aCTl!Ubl A II B o6nanann OAHHM 

II TeM me :aneKTpn~eCKRM 38pS!AOM 1 6apHOHHb!M .sapSIJlOM II yHIIB8lleHTHOCTb!O 

( 1 ) 
- z,. ( 6 • ) xx/ . " - 0 bi~Hblll CUIIH ~aCTHUbl • • 

x/ i llnH !IOllHpll30B8HHblX TO)KJlCCTBeHHbiX '18CTHU CO Clll!HOM ~/2. 
F(O)=f(O)- +(l+s'<P~ S <-P>)f(11). 

xx/ a - nl?H~epoM ~o~eT cny)Kl!Tb' o6pa30B8Hl!e K - Me30HOB B peaKUllll 
rr p ... A K ; K - Me:3oH, KaK n3secTHD,. npencTaBnHeT co6oii cynep-

noaHUHIO KB83HCTaunoHapHbiX cocToHHllii K L n K.s · 

13 



Ko9qxpnuneHTbJ a
0 

It . f3 0 CBSI38Hbl C 8MIIniiTY/l8Mit o6p830B8HHSI 'l8CTHU 

A H B O'leBH/lHblMit COOTHOIIIeHHSIMH: 

aO = fA/ylf Al
2
+1,fB 1

2 
{3 0 = ~ I " I f A 1

2
+ I f B 1

2
• (33) 

(p). (p) (p) 

llycTJ?.,~'Terrepb renepaTop o6pa3yeT cocTOSIHHe I C 0 > = a0 I A> +O 0 I B > , 

(-p) . (-p) (-p) . 
ID

0
>. =Y

0
IA> +8oiB> . ( p n(-p)-8 reHepaTOp 2 - COCTOSIHHe 

cpennne HMrrynbCbi llBYX rraKeToB) • B o6nacTH paccesmHSI 1 naxonSimeii:cSI Ha 

paccTOSIHHH R 1 oT rrepBoro renepaTopa H · na paccTOSIHHH R 2 oT BToporo 

reHepaTOP8 1 COOTBeTCTBYJOIUHe cyrrepii03HUHH 6yJlyT HMeTb BH.ll ( 1,2) 1 rne 

I mAT I 

a ;;:a
0 

e 

!mAT 2 

Y =Y 
0 

e 

lmfil 

f3=f3o e 

o = 8 e lmsr2 
0 

(34) 

3necb r 1 = R/vy, r 2 

~ 
- co6cTBeHHbie speMeHa rrponeTa rraKeToB 

vy 
I c > tpj H I D j-p) OT reHepaTOpOB /lO TO'lKH BCTpe'lH 1 V - rpyiiiiOB8SI 

CKOpOCTb1 KOTOpyro II pH ~m <<IDA, m8 
MO*HO C'lHT8Tb /lnSI 060HX'II8Ke-

2 .Jh 
TOB O/lHH8KOBOii1 y = ( 1- ~) .2 

c 
- nopeHUOBCKHii $aKTOp (cM/4/) • 

llO/lCT8BnSISI B $opMyny ( 12) BbJpa*eHHSI (1) - (2) C yqeTOM (34) 1 Mbl 

rrony'lRM nnSI cyMMapHoro .llH$$epeHUH8nbHOrO,C9'l9HHSI pacceSIHHSI Bblpa-

')KeHKe: 

da(8) 2 2 
---=I f(8) I +I f(rr-8) I + 2Re £(8 )f*( rr-8) x 
d -0 - . 

(35) 
2 

x II< Co I Q, >I - 4Im a0 Y; 8
0 
{3~ exp[ i

2 
(mA -m

6
X r 1-r ~)] x 

x sin ( 
mA-mB 

2 
)(r -r )1. 

I 2 

14. 

0hr BH/lHM1 'ITO ceqemw pacceSIHI 

conep:lKHT HHTep<lJepeHUitOHHbiH qneH1 3 

speMeH J I H T 2 1 COOTBeTCTBYJOll 

H BTOporo renepaTOpOB /lO TO'lKH BCTpE 

OTHOCHTCSI He TOnbKO K /lH$$epeHUH8nbl 

SIHHSI ( C~. $opMyny · ( 32)) 1 ec~H B381il 

H 

llycTb Terrepb o6a renepaTopa o 

ao =Yo 'f3 o = 0o 

da (8) =lf( 8 )::f(rr-8)1\i.Biao 
dO 

Mbr BH/lHM1 'ITO ecnn pa3HOCTb :V 

Hble COCTOSIHHSI1 K8:1KJlOe H3 KOTOpbiX 

BH/l I Co > =a o ·I A> + f3o I B >, 

co6CTBeHHblX BpeMeH Be/lyT ce6SI -K8K 

6. B aaKnJO'leHHe KpaTKO ocTaHOBI 

O.llHHX H TeX )Ke 'l8CTHU IIplt IIpOH3BOT 

o6o6mennoro "crrnna". 

M hi ·Mo:lKeM H B 9TOM cnyqae E 

pacceSIHHSI 0/lHH8KOBblX. q'acTHU C o6bi'll 
1\ 

/l9HCTBitHo .0603H8'1HM · f ( p ~ p ' ) . 1 

CltCTeMe U.M. /lBYX cyrrepii03HUHii, pa3H 

HblM CIIItHOMo llnSI uCIIHHa" 1/2 9TH cy 

I D
. c.:.P>_ lA , <-P> "'I B., <-P>. 
> ' ·.- y ' > + u . . l 

}leCTBeHHbie 'l8CTHUbl C 0/lHHMit H TeN 

( 1/2 H -1/2 COOTBeTCTBeHHO) • 

x/ Ecnn perncTpaunR qacTnU n 
neTeKTOpOB -. <flnnbTpOB1 ~UKCHPY!Olll 
cynepnoanunn 1 nHTep¢ep~uunonm .. !e ' 
nnqllHbl T I - T2 1 HO . H , pa3HOCTII. C• 

aeTCTBy!OIUllX paCCTORIIIIRM OT nepn 

pacceRHnR/4/. · 



f3o eBSI3aHbi e aMIIIIHTynaMH of5pa30BaHHSI qaeTHU 

Mil eooTHOWeHHSIMH: 

2 + l,fB 12 f3 0 = 'r, I v I f A I 
2
+ I f B 1

2
• (33) 

e 

2 

(p) (p) (p ) 

o6pa3yeT eoeTOSIHHe I C 0 > = a0 I A;: +8 0 I B > . , I 
(-p) . (-p) (-p) . 

ID
0
>. = y

0
1 A> +8o IB > . ( p n{-p) -

naKeToB). B o6naCTll pacceSIHHSI, HaxonSirueHCSI Ha 

I mAT 2 

reHepaTopa n Ha paccTOSIHRH R2 oT BToporo 

e cyrrepno3nunn 6ynyT nMeTb ann (1,2), rae 

imift 

f3=f3o e 

(34) 

8 -8 imsr2 
- o e 

~ 
- co6cTBeHHbte apeMeHa nponeTa rraKeToB 

vy 

oT reHepaTopoa no TO'IKH acTpeqn, v - rpynnoaaSI 

~m << m A , m B MO)!(HO etJI:ITaTb lliiSI OOOI:IX. IIaKe-

_.;-) -% - nopeHUOBeKHH ¢aKTOp (eM.f4/), 
c 
( 12) Bhtpa)!(eHHSI ( 1) - ( 2) C yq{!TQM ( 34) t Mbl 

nn¢~epeHunanbaoro cetJeHHSI pacceSIHHSI Bbtpa-

±. 2 Re f{ e ) f * ( 7T-8 ) X 

(35) 

8 {3* exp[ i
9 

(m -m X r -r )1 x 
oo "A B 1~ 

r -r .) I. 
I 2 

14 

Mbt annnM, 'ITO eeqeHne paeeemnm asyx HecTaunoaapHhiX eyneprro3HUHH 

eonep)!(HT HHTep~epeHUHOHHbiH qneH, saBHCSiriiHH OT pa3HOCTH .eo6eTBeHHhlX 

H T t eoOTBeTCTBylOIDHX pa3IIH'IHbiM, paCCTOSIHllSIM nepBOI"O 
apeMeH r 1 2 

ll BTOpOI"O reHepaTOpOB llO TO'IKH BeTpe'lll IIaKeTOBX/, 3TOT BhiBOll1 O'leBI:IllH0 1 

OTHOeHTeSI He TOIIbKO K llll~¢epeHUH8IIbHOMYt HO H K IIOIIHOMY eeqeHHIO. paeee

SIHHSI (eM• ~opMyny (32)}, eenH B38HMOneHeTBlle He 38BllCllT OT 'cnnHa', 

H 

TiycTb Tenepb o6a reHepaTopa onnHaKOBbi, Torna 

ao =.Yo ,f3o= 8 o 

-m ) m A B ( T -r • 
1 2 2 d a <e) 1 r ( e ) + r < 7T- e }1

2
- s I a o f I f3 o I 

2 
sin

2 

· dU - + 

Mhr BHllHM, 'ITO eenn pa3HOeTb Mace qaCTHU oqeHb Mana, HecTaunoHap

Hbte COCTOSIHHSI
1 

Ka)I(Jloe ll3 KOTOpbiX B HaqanhHbiH MOM eHT apeMeHH HMeeT 

Bllll ICo>=ao ·lA> +f3oiB>, na)!(e rrpn 6onbrnOM 3HatJeann pa3HOeTH 

eoocTB9HHblX speMeH aenyT ce6SI KaK TO)I{eCTBeHHbie qaCTHUhl, 

6, B saKIIIO'!eHHe KpaTKO OCTaHOBHMCSI Ha CTOIIKHOBeHHSIX cynepii03HUHH 

OllHHX H TeX )!(e '!aCTllU IIpH rrpOH3BOIIbHOH 3aBHCHMOCfH B3aHMOlleHCTBHSI OT 

o6o6rueHHoro "cnnHa". 
Mbr MO)I{eM n B aTOM cnyqae aocnonbsoaaTbCSI aHanorneH c TeopneH 

paeeeSIHllSI OllllHaKOBhiX qaeTHU C OOhl'IHhiM eiiHH,OM rr'pll aeueHTpanbHOM B3aHMO-
n ' . 

)leHCTBllllo .0603H8'IllM .f ( p ~ p'). MaTpHUYt OIIHChiBalOIDYIO pacceSIHHe B 

encTeMe u,M, llBYX eyneprro3HUllH pa3HhiX qacTHU c OllHllM ll 'TeM )!(e o6o6rneH-
(p) {p) lp) 

eyrrepnosnunn nMeiDT ann I C> =alA> +f31B >, 

rne A n A' • B n B' HeTO)I{-
HhiM cnimoM. nnSI "errnHa" 1/2 3TH 

!iJ> <-P:=riA>'<-P\BIB ,<-P>, 
neeTB9HHhie qaCTHUhl c_ OllHHMll ll TeMH )!(e. rrpoeKUHSIMH OOOOWeHHOI"O "'crrnHav 

(1/2 ll -1/2 COOTBeT~TBeHHO), 
I. 

x/ Ecnn perucTpaumt qacTHU nocne paccesmnst npouas.onuTcst c noMDplbiO 

neTeKTOpOB - .PnnbTpOB, <\JHKCUpyrollll!X ne C/lMH 'CT11Ull0118pllhle COCTOIIIII!II 1 a HX 

cynepno3l!Ul!l!
1 

l!HTep<jlep~IIUl!OIIIIble qneHbl. SIBIISIIOTCII ne. TOIIbKO tPYHKUHIIMl! Be-
III!"'HHbl r

1 
-r

2 
, HO 'n 'paanoCTll co6CTBeHHhiX speMen r; .,II r; ,·cooT-· 

seTCTBYIOlliHX paCCTOSIIIIISIM OT nepnoro II BTOpOI"O, neTeKTOpOB llO o6naCTll , 

paccestanst/4/, 

15 



-~ 

Ecnn B38HMoneficTBHe Me~ny cynepno3HUHSIMH. c n _D' coBnanaeT c 

eaanMoneftcTBHeM cynepnoanunft onHnx n Tex ~e ~acTHU C n D B 
- " 

TeX ~e "'CIIHHOBbiX"' COCTOSIHHSIX1 MaTpHUaf(p',p) He non~Ha H3MeHSITbCSI IIpH 

nepecTaHOBKe HMIIynhCOB H "'ciiHHOB' ~aCTHU ao H IIOCne pacceSIHHSI, HHbiMH 

cnoeaMn, 

,.& 

A A A A 

... , ... p f( ... ' ... ) p f (p ,p) = -p ;-p ' 
o6M, o6M_. 

(37) 

rne P o6M;- paccMoTpeHHbift Bbiiiie o6MeHHbift onepaTop. MaTpnua _ paccestHHSI 

cynepnoanunft nnn HeKorepeHTHbiX cMeceft onHHX n Tex ~e ~acTHU B aToM 

cny~ae CBSI38H8 C f(p~p) COOTHOIIIeHHeM, aHanorH'!HbiM (24) (cp,/1/, rn, 

7, cTp. 320) 

'Fc-p ·.p>="f(p ',if>+ rcv·.-v>Po6M;' (38) 

... '" 
= f(p '~p} + p O~M!( ~p ',p ), 

(38a) 

" 
Ilpn aToM onepaTop f(p .~.p) onHCbiBaeT npHMofi npouecc::, a onepaTop 

~ A , 

P 6 f( -p ~p} - o6MeHHbifi (eM, nyHKT 2). nerKo enneTh,. ~To II cny~ae 
0 M. ,... ,.. 

COXp8H9HHSI ~eTHOCTH OIIepaTOpbi F(p ~p) H p 06M, Bcerna KOMMyTHpyiOT 

npyr c npyroM. 0Tcrona stcao, 'ITO npn aToM a6coniOTHo aanpemeHbi nepe-
, ' ~ 

XOJ1bl Me~ny COCTOSIHHSIMH C co6cTBeHHbiMH 3H8~9HHSIMII onepaTopa p o6M 1 ' . 
paBHbiMH ( + l) H ( -1}, _3TO 03Ha~aeT1 'ITO COCTOSIHHSI cynepii03HUHfi C H D 

C ~~THbiM CYMM8pHbiM "'CIIHHOM"' He MOryT B pe3ynhT8Te p8CC9SIHHSI nepe

XOJ1HTb B COCTOSIHHSI C He~eTHbiM cyMMapHbiM "'CIIHHOM .. e J1MeHHO II03TOMY IIpH 

pacceSIHHH1 HaiipHMep, IIpOTOHOB Ha. IIpOTOH8X OTCyTCTBYIOT nepeXOJ1bi Me~ny 

CHHrneTHbiM H TpHIIneTHbiM COCTOSIHHSIMH ( /6/ 1 § 138), 

CyMMapHoe ce'!eHne pacceSIHHSI B o6meM cny~ae onpenensteTcst no ¢opMy-
~ -~ . 

ne ( 26), rne F( 8) 3aMeHsteTcSI aa F(p ',p). Ilpn aToM onTn~ecKast Teo-

peMa naeT 

16 

477 " ... ... {p) (-p) 
u=--[lmSpf(p,p)p xp + 

k 

+ ImSpf(p,-p)P_
06

M,P<P>, xp<-p> ]. 

3aMeTHM 1 'ITO ecnn paccenearoTcst onnHaJ 

p 06M, B <fJopMyne ( 38) MO~HO 38MeHHTb Ha , 

H3 ( 38) 1 BCe _ 8MIInHTyJ1bl pacceSIHHSI 6ynyT CI 

H aHTIICHMMeTpH~HbiMH (nn¢ ¢epMHOHOB) OTHOC 

n B cny~ae To~necTBeHHbiX qacTnu. Ilpn coxpa1 

MeTpHSI HMeeT MeCTO H IIO OTHOIIIeHHIO K IIepe 

B oTnn~ne OT cny'last, Korna B3anMoneft 

ceqeane paccestHHSI onnHaKOBbiX cynepno3nun~ 

Toro, KaKHe HM9HHO cynepii03HUHH CTanKHB8IOTC~ 

HapHbiX cyrreprro3HUHfi ceqeHne 'paccestHHSI Mo~e~ 

CTH C06CTBeHHbiX BpeMeH ( cp, C ¢opMynoft ( 35: 

AeTop Bbipa~aeT rny6oKyro 6nar~mapHOCTh 

neHne n ueHHhie 3aMe~aHnH. 
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Me)Kay cynepnoanunSIMn C n D' cosnaaaeT c 

c cynepnoanunil oaanx n Tex )Ke ~acTnu 
. " n D ·a 

COCTO.IlHHSIX1 MaTpHUa f(p ', p) He aon~Ha ll3MeHSIThCSI IIpll 

n 'cnnaoa• ~acTnu ao n nocne pacceSIHHSI. HHbiMH 

A A A 

... ... ) p ( ... ... f(p',p =f-p',-p), 
06M, (37) 

HHhiH Bbiiiie o6MeHHhiil onepaTop. MaTpnua. pacce.llHH.Il 

KOI'epeHTHbiX CMeceil OaHHX U TeX )Ke ~aCTHU B 8TOM 

( P.~ p) cooTHOIIIeHneM, aHanorn~HhiM ( 24) ( cp. I 11,.. rn. 

" " (p ',p) + f(p", -p) P05~ (38) 

(38a) 

... 
f( ... , ... ) " 

p .-,p onncbiBaeT np.llMon npouecc, a onepaTop 

( ~M. IIYHKT 2) • nerKo BnaeTb1 - ~TO B cny•me 

" ll p 06M, Bceraa KOMMYTllpyiOT 

SICHo, ~To npn aToM a6coniOTHo aanpemeHbi nepe-
·. " 

C C06CTBeHHbiMH 3Ha~eHHSIMH onepaTopa p o6M , . . 
• .3To' o3aa~aeT, ~TO COCTOSIHHSI cynepnoanunil C H D 

. 'cnnaoM' ae MoryT B peaynhTaTe pacceSIHHSI nepe

He~eTHbiM cyMM:apHbiM "cnn.HoM'. HMeHHo noaToMy npn 

npoTOHOB Ha·npOTOHaX OTCyTCTBYIOT nepexoahl Me)Kay 

truM COCTOSIHHSIMH (I 61
1 

§ 138) • 

pacce.llHH.Il B o6IIIeM cnyqae onpeaen.lleTc.ll no ¢opMy-
, . """ -+ -+ . 

aaMeH.IleTcSI aa F(p ',p). ITpn aToM onTnqecKa.ll Teo-

16 

411 [ s " ...... ) ( p) u = - I m p f {p, p p x p 
k 

(-p) 

+ 

(39} 

-+ _,. A . ~ ) 

+ lmSpf(p ,-p)P
06

M.P<P> x/-p ]. 

3aMeTHM, qTo ecnn paccenaaiOTC.Il oanHaKOBbie. cynepnoanunn, onepaTop 
~ ./ 

p 06M, B ¢opMyne ( 38) MO~HO 38M9HHTb Ha eanHHUy • flpn 8TOM
1 

KaK BHaHo 

na ( 38), Bee. aMnnnTyahi pacceSIHHSI 6yayT cnMMeTpH~HhiM~I (anSI 6oaoaos) 

H 8HTIICHMMeTpll~HbiMH (an¢ <jlepMHOHOB) OTHOCHTenhHO 38M9Hbl p ->:- p KaK. 

U B cny~ae TO~aeCTBeHHb!X qaCTHU, flpn COXpaHeHHH qeTHOCTH TaKa.ll ~e CHM

M9Tpll.ll HMeeT MeCTO ll no OTHOIIIeHHIO K nepecTaHOBKe p '-> -p' • 
B OTnH~ne OT cnyqag, Koraa B38HMoaeilCTBHe He 38BHCHT OT 'cnnHa•, 

ce~eHne pacce.llHHSI oanHaKOBhiX cynepnoanunil, Boo6me roEopSI, aasncnT OT 

TOI'0 0 KaKHe HM9HHO cyrrepii03HUHH CTanKHB810TCSI, flpu CTOnKHOB9HHH H9CT8UI!O

HapHbiX cynepnoanunil ce~eHne'pacceSIHH.Il MO)KeT aasuceTh ne TonhKo oT paa.Ho

CTH C06CTB9HHblX BpeMeH ( Cp, C <jlopMynoil ( 35)) 
1 

HO U OT IIX CYMMble 

ABTop Bbipa~aeT rny6oKyro 6naronapnocTh M.H.IToaropeuKoMy aa o6cy~
aenne n ueHHhie aaMe~aHnSI. 
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