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1 •. KaK Il3BeCTHO, BOJIHOBbJe <pyHKllllII, O~IICblB8IOIUile pa3JIIl'IHbJe CTa

UIIOHapHbJe COCTOSIHHSI CTa5HnbHbIX KB8HTOBOMexaHHtJeCKHX CHCTeM, SIBnSIIOTCSI 

B38HMHOOpToroHanbHbIMH. 8T6 YTBep)l(JleHrre, Boo5me roBqpa, HecrrpaBeJlnHBO 

ansi KB83HCTaurroHapHbIX HecTa6rrnbHbIX COCTOSIHilil. TaK, rrpn HapyweH~H 

C p -mrnaprraHTHOCTH B pacrraaax K -Me30HO.B ICB83HCT8UHOHapHbJe BOnHOBbl9 

qiyHKUHH qaCTHU KL H KS J. KOTOpbIM COOTB9TCTBYIOT orrpeaeneHHbI9 3H8'i0-

H.HSI M8CCbl H BpeMeHH )Kll3HH, Boo5rue roBopsi, He SIBJISIJOTCSI opToroaanbHblMH 

(cM. HarrprrMep,/11). HanH'IIle TaKoil HeopToroaanbHOCTH rrpHBOJlIIT K tpil3Il

qecKH Ha5moaaeMbIM CJI9JlCTBHSIM, HarrprrMep, K 38pSIJlOBOil: aCHMMeTpIIII nerr

TOHHbIX pacrraaoB K L /2/. HeopToronaJibHOCTb COCTOSIHilil KL n Ks 

CBSI38Ha C TeM, 'ITO rrprr necoxpaHeHHH CP-'iE:lTHOCTH OHII IIM9IOT o5mne Ka

aanbI pacrraaa. TaKaSI CIITyaurrsi, Koraa JlBa COCTOSIHHSI KB8HTOBOMexaHII'IeCKOfi 

CHCTeMbI (aBe qacTUUbI) ~MeroT o5mne KBHBnbl pacrraaa, KOHe'IHO, He SIBnSl

eTCSI crreuHqJII'IOCKOil: oco5eHHOCTbIO TOnbKO K -Me30l!OB. Bceraa, Koraa ona 

ocyruecTBJrneTCSI, MOlKl!O O)KHJl8Tb, 'ITO KB83l!CTaurronap!IbJe BOnHOBbJe <pyHKUHH 

9TIIX COCTOSIJIHil: ( 'i8CTHU) 5y.ClyT HeOpToronanbHbIMII, 

B aTOMHOil: II SI,Clepaoil: qJH3HKe cyrueCTByeT uenb1il: PSI.Cl srnneH11fi, KOTOpbie 

rronyqaroT ecTeCTB9HHYIO. <pH3H'i9CKYIO HHTeprrpeTaUI!IO IIM9HHO Ha SI3bIKe He

cTa5l!JibHblX ueopTOrOH8JlbHbIX COCTOSIHl!il:, K III!M OTHOCSITCSI 61IeHI1SI B non

HOM 'iHCJIO HOCTa5IIJibHbIX, CIICTOM II IlpO.ClYKTOB pacrra.C1a, B035y)K,Clemie II pac

rra,Cl aTOMHbIX MOJIOKymipHbIX ypoBJieil: B ycnoBIISIX, KOTOpb!O IlpHBO,ClSIT K B03-

HIIKHOBeHIIIO rronroca BToporo rropst,C11rn B MaTpnue paccemnrn/3/, IIJITepqiepeH- · 

UHOHHbie 5IBJI0HlHI Ilpll o5pa30B8HHH B035y)K,Cl0HHbIX COCTOSIHHil: 
8 Be II T,Jl, 
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OAHaKO B HaCTOSimee BpeMSI IlOHSITl!e HeopToroHanbHOCTll B nonHOil Mepe l!C

nonbsyeTCSI T.OnbKO npll aaanHse npo6neMbl HapymeHIISI CP-l!HBapHaHTHOCTll 

B pacnaAax aeilTpanbHbIX K -Me30HOB. 4TO KaCaeTCSI aTOMHOii II MoneKynsip-

1 

HOH !pll31IKII, TO_ 3AeCb rrpn paccMOTpeHIIII yKa3aHHbIX Bbillie SIBneHIIil IJPIIMeHSI

eTCSI IlO'ITll l!CKnIO'IIITenbHO <popManbHblii annapaT MaTpl!Ubl 'paccesimrn. TToa

TOMY Mb! C'IIITaeM none3Hb!M AeTanbHO paCCM0TpeTb Bonpoc O aeop'i'oroHanbH0-

CTH KBa31ICTaunoaapHbIX COCTOSIHHii B o6meM ~ny'!ae. 

2. ITpenrronO)KIIM, 'ITO Mb! HMeeM HecTa6nnhHYIO AByxypoBHeByIO Cl!CTeMy. 

TTycTb Ii/, 
1 

>, l tf,· 2 >. - H0pMIIponaHHbJe, noo6me roBopsi, HeopToroHanbHbJe 

KBa3HCT8UllOHapHble BOnHOBble <pyHKUIIll 9T011 Cl!CTeMb,I; HM . COOTBeTCTBYIOT 

. rl,2 
KOMrrneKCHbie aaepr1m E 1,,2 = lj; 1, 2 - 1 

2 
, rAe r 1,2 - llillpl!Hbl 

paccM_aTpl!BaeMblX ypoBHeii. TTpHrOTOBIIM B Ha'!anbHhliI MOMeHT BpeMeHH t = 0 

cocToSIHHe, siBnmomeecsi HeKoTopoil npoHaBonbaoii cyneprrosHuIIeii I i/, > H ] J, >, 
1 2 

T.e. 

/ 

lv,(0)>= c 1 ll/J1>+ C 2 lt/t2 >' 
( 1) 

TorAa BonHoBasi ¢YHKUHSl Ii/, (t) >, onIIcbrna10masi rroBeAeHHe cHcTeMbI B 6onee 

Il03LlHHe MOMeHTbl BpeMeHl! t , 6yL1eT l!MeTb Bllll 

i I 
-- E t -- E t 

lt1,(t)>=c1ll/J1>e h l+c21"1?e h 2 
( 2) 

113 ( 2) BbITeKaeT, 'ITO 'll!Cno paccMaTpl!BaeMb!X Cl!CTeM N l!3MeasieTCs:I co 

BPeMeHeM cneAYIOllIIIM o6pasoM: 

1 1fu l~t 
. . 2 --h- 2 --h-

N{t) .. <t/,{t)\t/,(t)>=\c
1

\ e +\c 21 e + 
( 3) 

t 6; &, l; +l 
+2Rel< t/, It/I >c* hi 1-'2! t -----n,2--t 

1 2 2 c 2 e l·e 

4 ' 

... 

Ecnn cocTOSIHHSI I if, 1 > n Ii/, 2 > aeopToroHanbHbI,. T.e. <t/, 11" >. I, 0 , 
1 2 

To, cornacao ( 3), Benn'!nHa N ncnbITbIBaeT "6nemrn", saTyxa10mne c Te'!e

HIIeM npeMeHn. 

TTpH Il0M0llIII (3) MO)l{HQ onpeAemITb CK0p0CTb pacnana: 

r
1

t . r2 t 
a r 2 -- r 2 2 --h-

a"t <t/t(t) lt,1,Ct)> = - TI c I I e h -Tlc 2 1 e + 

(4) 

+ 2 Re I 
c* I i - r r I & r: r + r 

I C 2 < "' I t/, 2 .> [ -h ( &, - &, ) - I + 2 l h ( < 1-~ 2 ) t - __t__t. t . 1 2 
2

h e le 2h 

C npyroii CT0p0HbI, 

a 1 · --<~(t) t/,(t)> at 
I I 

- -h E I t -- E t 2 "'I ' h 2 1 · =-k clmAlme +c2A2m e 
m 

(5) 

rAe A 1 m II A 2 m - aMrrnHTYLlbI pacrraAa ll3 cocToSIHIIii I i/, 1 >' II I t/, > 
' 2 

cooTBeTcTBeHHO B aeKoTOpbie K0He'IHbie cocTOSIHHSI Im > ; 2 BKmo'laeT 
m 

B ce6si TaK)Ke HHTerpnpoBaHIIe rro nerrpepbIBHbIM rrepeMeHHb!M, HarrpHMep, 

rro yrnaM BbineTa rrpoAyKTOB pacrraAa. 

Cpa,BHeHHe ( 4) II ( 5) rrpIIB0LillT K cneAyIOJIUIM C0OTHOllieHIISIM: 

fl ( 2) 
I 2 r. I I A 1(2)m 

m ( 6) 

h I A* A 
m Im 2m 

<t/, i I t/t 2 > = 
r 1 + r2 _ i c & 

1 
:_ &2 > 

2 

(7) 
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TTp.11MeHHTenbHO K aHanH3Y pacna)lOB K 0 
-Me30HOB <jJopMynhI ( 6) H ( 7) 

6bmH nonyqeHbI paHee B pa6oTe/5/. 

EcnH Mb! nMeeM CHCTeMy 6onee qeM C JlBYMSI KBa3HCTaun:oHapHb!MH 

ypoBHSIMH, TO aHanor.11qHoe paCCMOTpeHHe npHBOJlHT K COOTHOll!eHHSIM Tuna 

r ""h ! 
1 m 

2 
.A I ' Im ( 8) 

<·'· I t/1 > "" 'I' 1 m 

h I Aim Alm 
m 

.r +rk •cli: -&1:l 1 , - 1 I 
2 

( 9) 

rae IIHJleKCbl 1 ·H k HyMepyroT paccMaTpHBaeMbie _ypoBHH. 

CornacHo l 7 J II l 9} Ben.11q1rna HeopToroHanbHOCTH · cocTosrHHfi I t/1 a> 
nonHOCTbIO -0npeaensieTCSI pa3HOCTb!O COOTBeTCTBYIOlllHX aneprHfi H aMnnHTy

)laMH B03MOMHb!X pacnaJlOB. Ecn.11 aMnnHTYJlhl A , a cnenoBaTenbHO H IIIHpHHbl 

r J rrpH IIOCTOSIHHOH pa3HOCTH 91Iepr.11i1: GJ l -& 2 CTpeMSITCSI K Hynro, TO Be

n.11q.11Ha < t/f 
1 
I t/f 

2 
>. TaK*e cTpeMHTcst K nynro .11 B npeaene cTa6HnbHFX qac

THU cocTosinusr I i/, 
1 

> .11 I t/f 2 > oKa3bIBaIOTC5l opToroHanbHhIMH. OaHaKo 

cocTOSIHHSI I t/J 
1 

>. H l t/1 
2

>. MoryT 6hITb opToronanbHhIMH H rrp.11 Han.11q.11.11 pac-

na)lOB. TaK, ecnH ypoB!rn 1 .11 2 o6na)laIOT paan.11qHb!MH~ coxpaHSIIOl!lHMl!CSI B 

I A!,1 A2m 
m 

npouecce pacnaaa KBaHTOBbIMI! q.11cnaM.11, TO cyMMa TOM-

necTBeHHO pamrn Hynro. HarrpHMep, ecnu ypoBHH 1 .11 2 06naaa10T pa3HbIMII 

yrnOBbIMH MOM0HT8MH, l!HTerpl!poBaHHe rnapOBbIX <l>YHKUHH no yrnaM, coaep-

MameecSI B cyMM0 ~ A f m A 
2

m 'o6paTIIT ee B uynb. AHanorIIqHo, ecnn ypoB

HH o6nanaro'.l' pa3HbIMH l!30TOIIIIqecKIIMll cnIIH8MH HnH qeTHOCTSIMH, COOTB0T•• 

CTBy10masi cyMMa TaKMe paBna nynro. BrrpoqeM, BbICKaaaHHoe Bb1rne yTBep~ne

nne oqeBIIJlHO II 6ea CCbinOK Ha yK838llHbJe npnMepbI, T8K KaK cornacno KB8H

TOBOH MeXaHUKe BOnHOBbJe <jJyHKUIIH COCTOSIHHfi, COOTBeTCTByIOlllIIX paanll'lHb!M 

coxpaH5l IOlllIIMCSI KBllHTOBbIM qIIcnaM, JlOnMHbl 6bITb opTOI'OHanbHb!MH. 

6 

Ecn.11 Me KBaHTOBbie q.11cna, KOTOpbIMH paanuqaIOTCSI YPOBHH 1 H 2, 

He coxpaH5lIOTCSI B npouecce pacnaaa,, TO Ben.11q.11Ha < t/f 
1 
I "i/,

2 
> MOMeT 6b1Tb 

0Tn.11qHa OT Hynsi, a BonHOBb1e <jJyHKUHH I VI 
1 

> .11 I t/f 
2 

> neopToronanbHhI. B 

o6meM cnyqae Ben.11q.11na <t/f 1 Iiµ 
2
>KoMnneKcHa, ee Moaynb aaKmoqeH MeMJlY 

uyneM .11 ea.11H.11uefi. Cornacno/6/, 0Tn.11q.11e OT Hynsi Ben.11qHHhI < t/J I t/f > 
. 1 ~ 

COOTBeTCTByeT ne nonHoCTbIO paanHqHbIM .11n.11 "KBa3HTOM)leCTBeHHbIM" COCTO-

SIHHSIM, HHTep<jJep.11py10m.11M np.11 n1060M cnoco6e: per.11cTpau.11.11. 

3. OpTOI'OHanbHbie KBa3HCTau.11onapHbie COCTOSIHHSI MOI'YT nepefiTH B He

opTOI'OHanbHbie npH BKn10qeHHH COOTBeTCTBYIOl!lero B3aHMO)lei1:CTBH5l. TTycTb 

I ·¢ 
1 

>. H I q>
2 

> - B.OnfIOBbie <jJyHKUHH paccMaTpHBaeMbIX KBaaHcTaunouapHbIX 

opTOI'OHanbHbIX COCTOSIHIIH ( HarrpHMep, 2s - .H 2 p -COCTOSIHHSI a TO Ma BOJlOpOJla), 

f l 2 , y 1 2 - HX 9HeprHH H ll!HpHHblo BKn10q.11M CMell!HB8IOl!lee B38HMO)lei1:-. - '-'-" 

CTBHe ( HanpHMep, BHenrnee aneKTp.11qecKoe none). HoBbie BOnHOBbie <jJyHKUHH 

YJlOBneTBOpSIIOT ypaBHeHHIO llipeJlHHrepa 

" HI 1/11(2) >= E 1(2) lt/11(2) >, 
( 10) 

" 
rae H - a<jJ<jleKTIIBHbifi, Boo6me I'OBOpSI, H09pMIITOBbIH raMIInbTOHIIaH, El II 

E 2 - · KOMnneKCHbie 9Heprnn, _PaccMOTpIIM 9TO ypaBHeHne B npencTaBneHnII, 

B KOTOpOM B KaqecTBe 6aanca ncnonbay10Tcsr BonHOBbJe. <jJyuKUIIH I q> 
1 
>. n 

I q> >~T.e. aaniillleM I t/f
1 2 

>. B Bnne: 
2 . • 

( 11) 

. Ii/, lt 2) > = C 1( 2) 11 q, l > + Cl! 2) 2 I q, 2 >. 

Toraa na ycnoBIISI HOpMnpOBKn I if, 1, 2 >. cneayeT, 'ITO 

2 2 . 

1·c 1121 , 1 1 +lclC 2l, 2 I ""l• 
( 12) 
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TioncTaBnHH
1

nanee
1
(ll) B (10), MomHo aanncaTb cneny10my10 cncTeMy 

.ypaBHeHnfi nnH onpeneneHHH Kos¢¢nuneHTOB 

8 11c1121,1+H12 cll2l2 =E112fH-2Jl 
( 13) 

8 21 c11211 + 8 22 c,1212· =E1121c11212' 

rne H
1

k = < ¢ 
1 
I H I ¢ k >- MaTpH'IHbJe sneMeHTbI onepaTopa H . l1cnonh3YH 

cTaHnapTHbIH crroco6 perneHHH TaKofi cncTeM1:,1 1 nony'IaeM cneny10nme Bb1pame

HUH nnH 9Heprnfi E ,. z H K09¢¢nuneHTOB C : 

rne 

H 11 + H22 
E 1,2=--2 +-1--'(H -H )

2 
+4H H 2 V 11 22 12 21 ' 

C 11 
= (1 ~ I H21 I 2 )-1/2 

a 
, c,2 

H21 
-c a 11 1 

C -- 2 -H12 2 -1/2 
21 - C 22 , C 22 = ( 1 + I --1 ) 

a a 

H 11 -1\2 i 2 
a= E -H = ---+ -2 ,y(H - H ) + 4 H H 1 22 2 11 12 12 21 

( 14) 

( 15) 

( 16) 

( 17) 

3HaH .Kos¢¢nuneHTbl c HeTpynHo 

q>yHKUnii I t/1 > II I t/1 > · -qepea 

Bblpaan:Th Benn:qn:ay HeOpToroaanhHOCTll 

M8Tpll'1Hbl0 aneMeHTbl H l k • Ilpn: 9TOM 
I 2 

< t/J 1 I VI 2 >- = c; 1 ' c 21 + c~ 2 c :z2 , IInII 

8 

< 1/1 I i/1 >"=(1+1 H1212 )-1/2(1 I H2112 -1/2 H* H I 2 a + - )• (--21 _ __!!) a * . a a ( 18) 

Tion-qepKHeM, 'ITO rrocKonhKY cocTOHHUH I 4> 1 > n I ¢ 2 > ( a, cnenoBaTenhHO 1 n 

aennaroaanhHbie MaTpll'IHb1e sneMeHThI H 12 · :, H 21 ) onpeneneabI c . TO'I

HOCThID no q>aa, Mb! MomeM BCerna Bb!6paTh 9TH q>a3bl TaK, '1T06b! Mepa 

aeopToroaanbHocTn: < I/I 1 I i/1 2 >- 6bma neiicTBn:TenbHbIM (nonomn:TenhHbIM) 

-qn:cnoM. 

4. HanoMHUM, 'ITO ypaBHeHne lllpennHrepa C s¢¢eKTllBHbIM H09pMllTOBb!M 

raMn:nbTOHll8HOM MOmHO nonyqn:Tb, n:cxong ll3 raiiTnepo-BCKOH Teopnn: 3aTy-

xaHHH, nMe10meii neno C 9pMUTOBb!M onepaTopoM B38UMonefiCTBllH W 

( CM. /7,8/). TipencTaBHM one pa Top w B Bn:ne w = V, + v, rne V' OIIllCb!B80T 

pacnanhl, a V - aeKoTopoe apMn:ToBc::Koe saan:MoneiicTBn:e , cMeIIIn:Ba:iomee 

cocToHHn:H I "-- >- n: I;,. >- ( Hanpn:Mep, BaanMoneficTBne cncTeMbI c BHeIIIHUM 
· 'I' 1 'I' 2 • 

aneKTpll'10CKllM n:nn: Maran:THbIM rroneM) • TiyCTh Tenepb pacnanHoe B38llMO-

neiicTBn:e He CM0IIIHB80T 9TUX COCTOHHnii. B 9TOM BamHOM cnyqae Mb! MO

meM C'IUTaTb, 'ITO MaTpll'IHbie sneMeHTbl s¢¢eKTHBHoro raMnnbTOH~aHa n:Me

JOT Bn:n: 

H 11 = £ 1 + V 11 - l --!.,, H 22 = t 2 + V 22 - l ~ • - 2 2 
( 19) 

H = H * "'V = V* 
12 21 12 21 

rne £ J ll £· 2 , Y1 ll. )' :z - 9Heprn:n ll IIIllpllHbl ypoBHefi JlO rrepeMeIIIHBa-

HllHp KaK Bn:nHo n:a ( 18)-, npn H 12 =H~ 1 Benn:qn:aa < t/1 2 I if, 1 >' .. Im a • 

nerKo B~neTb ( cM. qiopMyny ( 17)), 'ITO a I, 0 n:, cnenoBaTenbHo, 

<t/J I it, >-,,_ 0, ecnu IIIHpHHbI ypoBHeii no cMeIIInBaHHH ae paBHbI npyr npyry 
2 l . 

(y
1

,/,. y'L-).Tipn 9TOM1 ecnulj,1 -y
2
/£1-t2.l<<l, To _aeaaBHCHMO oT BenH'IHHbI 

cMeIIInBa:iomero Baan:MoneiicTBirn I <t/1 2 I v, 1 >I<< 1 . Benu-qnaa aeopToroaa~b-' 
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HOCTH ropa3JlO MeHbllie 9JlHHHUbl Il TOI"JlB, KOI")la CMeIIJHBBJOIIJee B38HMO)lefi

CTBHe Mano no cpaBHeHHJO c pa3HOCTblO aHeprHii ypoBHefi I <p 
1 
> H I cf, 

2 
>, Hesa

BHCHMO OT pa3HOCTH !IX lli!IpHH. B 9TOM npenenbHOM cnyqae 

<t/1 Ii/I >"' 2 1 

Re H 12 
IH11-H l/y1-y2). 

22 

( 20) 

3aMeTIIM, qTo npII CM9IIJIIB8HIIII KB83IICT8UIIOH8pHbIX _ypoBHefi BH9IIJHIIM 

noneM, Korna, cornacao ( 19), H 12 = Hh , mIIpIIHhI HOBbIX ypoBHeii MO)KHO 

npeJlCT8BHTb B BII)le 

rl ,,,_-2Im EI= -2Im <t/11 IH Ii/I 1 >,: 

2 

=lc1 1 l
2

Y1+lc12IY2 • 

( 21) 

rne BenIIqIIHhI c 
11 

II c 
12 

orrpenensrroTcsr no cpopMynaM ( 15-16). TTpII aToM 

(22) 

r+r.,r 1 +Y2• l 2 

T.e. cyMMa HOBhlX IIJIIpIIH paBHa cyMMe CT8pbIX. 

PaBeHCTBO ( 21) MOJKHO nonyqIITb TaKJKe c noMoIIJbJO cpopMynhI ( 6), ecnII 

yqecTb nIIH9HHYIO CBSI3b M9)KJlY HOBbIMII II CT8pb!MH aMnmrTyJlaMII 

aem(i,f=l,2): 

Alm= cl 1 aim t c12 a 2m • 

10 

A Im II 

(23) 

l 
. I 
-l ,;( 

-~ , -I r) 
I 
f 
' ij 

,.I 
'I 
~ 
',I 
\ 
' 
I 
I j 
1 
' 
/4 
i 
I ·1· 

ii• 
' ' I 
I~ 
I 
I l 
0' 
\ 

TTpoCTOfi 8HanH3 ypaBH9HHfi ( 10) nOK83bIBaeT, qTo Bb!p8lK9HHe ( 18) npH 

H 12 = H ;, Il Bb!p8)K9HHe ( 7) C yqeTOM nnHefiaofi CBSl3II M9)KJly HOBbIMII 

II CT8pb!Mll aMnnHTynaMII (23) npHBOJlSITCSI K OJllIHBKOBOMY BHJly: 
• ft " 

<t/1 !Hit,!, >-<t/11 IHlt/12 >* 
I
. 2 I 

<t/1 VJ >,: -----------
2 I E.-E! 

c* c y + c* c y 
2 I 11 I 22 12 2 

( 24) 

r + y /2 - i ( & - 6 ) 
I 2 I 2 

3aMeTIIM, qTo ecnII Bbl3bIB8!0IIJee pacnaJlbl B38HMO)leficTBIIe IlpOH3BOJlHT, 

KpoMe Toro, n nepeMeIIIHBaHHe cocTOSIHllfi I cf, 
1 
> II I 'cf> 

2 
>, To, Boo6me roBo

psr, H 12 ,/, H*21 II aeopTOI"OHanbHOCTb BO3HIIKaeT, npII nro6bJX HaqanbHbIX 

11mpIIHax. 4>opMynhI ( 21)' ( 23) II ( 24) npII 9TOM aecrrpaBeJlnIIBble 

6. PacCMOTpIIM Terrepb cnyqafi, KOI"Jla B pesynbTaTe BKnroqeHIISI B38IIMO-

nefiCTBIISI W 9H9pI"IIII II lliIIpHHbl KBa3IICT8UIIOH8pHbIX YPOBHefi OK83blB810TCSI 

coBnanaroIIJIIMII. Ha ( 14) BhJTeKaeT, qTo 

F =E 
I 2 

(1+£2 L\1+~2 , ·+------ -1 
2 2 

y~ 
4 

ecnn IIO)lKOpeHHOe BbipalKeHiie 

2 
(H11-H22) +4H12H21 o:O, 

8 11 + H 22 

2 

Hcnonhsyg o6osaaqeaIIe H 11 - P. 22 = 8 + i f3 , 

HO nepenIIcaTb B BIIne cnenyroIIJIIX nByx ycnoBIIn: 

2 2 o - f3 + 4 Re ( H 12 H 21 ) = 0 

8 f3 + 2 Im ( H 12 H 21 ) = 0 • 

11 

( 25) 

( 26) 

paBeHCTBO ( 26) MO)K-

( 27) 



ilm1 apMHTOBCKOrO CM0WHBaIOl!lero 

a Re ( H 12 "21)>0_ HE 1 MO)KeT oKasaThCSI 

eaaHMoneiicTBHSI Im ( H I i H 21 ) = 0, 

paBHblM E 2 ,ecnH 8"' 0 ' a 

2 I 12 . f3 = 4 H 12 • IT pH 8TOM BenH'IHHa a= i 
r -r 
--

2-;r---1----n Bb!pa)K0HHe nnsi Heop-

ToroHanhHOCTH HMeeT BHn 

y - Y 8 12 
2 l -

< t/,1 lib 2>= i I Y2 -yll lH121 (28) 

Mb1 BHnHM, 'ITO B npenene E 1 = E 2 eenH'IHHa I < i/J 
1 

I i/, 
2 

> I = 1 . nerKo 

IIpoBepHTh, 'ITO B cnyqae HeapMHTOBCKoro CM0illHBaromero B3aHMonefiCTBHSI 

( H 12 ;6 H ~ l ) II pH El = E 2 TaK)Ke I <v\ j i/,? I = 1 • ITocKonhKy COCTOSIHHSI I v, 
1 
> H 

I i/, 2 > OIIpeneneHbl C TO'IHOCThio no ¢as~! ( CM. pasnen 3). Mb! MO)KeM C'IH

TaTh, 'ITO 

Jim < 1/J Ii/, > = 1 , T,e, rrpH E == E -I lb > ;:e Ii/, > . 
I 2 l 2 I 2 

E = E 
I 2 

CnenoBaTenhHO, B cnyqae IIepeceqeHHSI H80pToroHanhHhlX YPOBHefi KBa3HCTa-

UHOHapHb!8 COCTOSIHHSI CTaHOBSITCSI TO)KneCTBeHHbIMH ( CM, B CBSI3H C 8THM 

pa60Tyl6f). 

0TMeTHM 3/leci:, 'ITO H8CMOTpSI Ha "Bb!pO)KneHne" ( E l = E 
2

) BOnHOBb!e 

cpyHKUHH I i/, 1 > H I i/, 2. >; exonsimne B ( 28), onpeneneHbI onHosHatIHo, ecnn 

paCCMaTpHBaTh yKa3aHHbie COOTH0ill8HHSI K8K IIpenenhHb!H cnyqafi E l ➔ E 
2 

• 

7. flpenrrono)KHM Teneph, 'ITO B pesynbTaTe HeKoToporo npouecca 6bmo 

coanaHo cocToSIHHe I i/, (0)>, cooTBeTcTByromee I cp 1 > . PaccMOTpHM, KaK OHO 

HsMeHSieTcSI c TeqeHHeM epeMeHH. ilnsi aToro pasnO)KHM I cf, 
1 

> no KBasu-

CTauHoHapHbIM cocToSIHHSIM I i/, 1 > H I i/, 2 > . Ha ( 11) cnenyeT, 'ITO STO 

pasnO)K0HHe HMeeT BHn: 

C C 

I ;,. ( 0 ) . I . 2 2 I . . l 2 I . . 
'I' >"' cf, . > = -- lµ > --- if, > ' 

l D l O 2 
( 29) 

12 

rne 

D"' C 11 C 22 - c 12 ,c 21 , 

Pa3BHTHe BO BpeMeHH I¢ l > OIIHCbJBaeTCSI Bblpa)K8HHeM 

I I 
C __ , E I -- E I 

.,. ( ) 22 I · h l C " I . . h 2 
'I-' t = - if, > e - __...., t/, > e 

D 1 D 2 

(30) 

BepoSITHOCTh 110 HCT8'18HHH Bp8M8HH t o6Hapy)KHTh CHCTeMy B HaqanhHOM 

COCTOSIHHH I cp l >. 

2 (31) 

P(t)=l<c/>1 lib(t) > \ 

PaccMoTpHM Bb1pa)KeHHe (31) B cnyqae, Karna E 1 ➔ E 2 .ITpn E 1=E 2 

KoacpcpHUHeHTbl a pasno)KeHHH ( 29) SIBnSIIOTCSI CHHrynSipH~;M~-. AKKyp~;Hh;il 

nepexon K rrpeneny nocne COOTBeTCTBYIOlllHX noeonhHO rpoMosnKHX an-

re6paH'I8CKHX I!peo6pasoBaHHll IIPHBonHT K paBeHCTBY 

HnH 

y I +y2 -----1 
P(t)=ll-i (Hll-H22) 

2h 
1

2 2h 
t e 

2 2 
. {Jt B+{J 2 

P(t)=ll+-+--t I 
2 4 h 2 

y I+ y 2 
- I 

2h 

· xi 
rne B u it ynoeneTBOPSIIOT cooTHoweHHSIM ( 27) • 

Y1 + Y2 
x/ 2 8 21 2 - ·1 

TTpH aTOM l<<t,
2
li/,(t)>I =I-ti e 

2
h • a BenH'IHHa 

. h 

N(t>=l<<t>
1
li/,(t)>l 2 +l<<t> 2 l t/J(t)>l 2 

f3 s2
+f3 2 +4IH 12 1

2 
-~, 

= I 1 + - t + ----------t2I e 2h h 4 h 2 
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(32) 

(33) 



•\ 

Ecnu, HaIIpl!Mep, rrepeMe!lmBaIOmee B38HMOlleficTBHe 9PMHTOBO, TO, K8K 

y:i1rn yKa3hIBanoch 1 8 = 0 u aaKoH pacrralla uMeeT BUil 

P(t)=(l+ 
Y2 - y I 

4h 

y + y 
- I 2 

t) 2 e 2h 

ITycTh, Jlanee, y 1 = 0 , y 2 = y . Tor)la 

P(t)=(l+ 
y 

4 h 

2 - y 
t) e ~t 

(34) 

(35) 

06paTHM BHHMaHHe Ha TO, 'ITO, cornaCHO ( 27). CM01HHBa10rnee B3al!MOllell:

CTBlle 1lon:11rno 6bITb rrpu 9TOM CTporo orrpelleneHHbIM, a l!M0HHo: 

IH12 l=IH211;..+, (36) 

Ecmr .B HatJanbHhIH MOM0HT Bp0M0Hll t = 0 6bmo C031l8HO COCTOSimie, COOT

B0TCTBy romee I ¢, 2 >; To BepoSITHOCTb P ' ( t ) rro ncTetJeHnn B peMeHn t 

06Hapy:11mTh cucTeMy B HatJanhHOM cocTOSIHIIII I cf, 
2 

> · B ycnoBIISIX paBeHcTBa 

E = E 6yllOT HMCTh BUil ( cp. /3/): 
1 ? 

y 

P '( y 2 -- t 
t)=(l--t) e 2h 

. 4h 
(37) 

3aKoHhr pac11a1la I cp 1 > u I "ef> 2 > ·uMero·r H09KCIIOHCHUHanhHhrfi xapaKTep 

H rronJiocThIO orrp:m0nSI10TcS1 nemPumoll: I H12 1 ; Bb1pa:lK01me ( 36), om1chrnn-

10mee pacIIall COCTOSIHIISIA 6b!BIH0I'O no BKnIO'IeH!rn HepeMeWIIBaromero BaaHMO

nefiCTBIISI cTa6HnbP.HM 1 coBIIanaeT c oairnJioM pacrrana rron10ca B·Ioporo rropSin

Ka, BBeneHHoro B pa6oTe191 xi. 

xi 1 
Cny<tall, Korna y = 0 ,y ~-y,. o, coo·raeTc-raycT Mo;::;n,m nn. He3KcnoneH-

unan&Hbtll pacna_n B paM«A
1
x aToll 1Mo11enn fiMn pnrcMoTpon panee a pa6o-rel 10/. 

11 

B HameM paCCMOTpeHIIll naHHbill THII H09KCITOHenunanhHOCTH pacrrana 

I¢ 1 >. SIBnSieTcSI rrpocTo IIpenenhHhIM qacTHbIM cnytJaeM o6mero aaKoHa pac-

rrana I "</J 1 >; KOTOphrll: rrpH E 1 !E 2 IIMeeT • Bun aaTyxa10mnx 6ueHHfi; 

Ma rrp1rnenennor_o Bbrme aaamraa cnenyeT, 'ITO IIpn aanII'IHH Bhrpo:lKnenuSI 

llBYX HeopTOI'OHanbHbIX KB~3l!CT8UHOHapHbIX ypoBHefi 38KOH pacrrana, Boo6rue 

roBOpSI, HMeeT Bllll 

rne BenH'IHHa 

2 -r1 
ll+f,tl e 

f, 38BIICIIT OT crroco6a BOa6y:lKn0HHSI, ITpII f, I, 0 

(38) 

MaTpHua pe3o-

H8HCHOI'O pacceSIHHSI Ha paCCMOTpeHHOll Bb!IH0 CIICT0Me ypOBHe:ii 6yneT IIM0Tb 

IIon10c BToporo rropSinKa B TO'IKe En ;= E 1 = E ~ ( cM. TaK:lKe/ 10/ ,/3/), He

TPYllHO IIOHSITb, 'ITO rrepecetJeHIIIO N -;-HeopToronanhHbIX ypoBHe:ii ( N :'.:. 2 ) 
OTBetJaeT IIOSIBneHII0 rron10ca KpBTHOCTII N . 3aKOH pacrrana rrpu 9TOM HM00T 

I
. (N-J) 2 rt (N-1) · 

Bun Q (t)I e- , me Q (t) -· IIonunoM _(N-1) -o:ii 

CTerreHII, 3aMeTIIM, 'ITO peaynbTBTbI 9TOro paanena MoryT 6b!Th rronytJeHbI 

HerrocpencTBOHHO rryTeM pemeHIISI BpeMeHHoro ypaBHeHIISI illpemrnrepa .. 

i h LI iµ>·= HI iµ >. II rronnocThIO cornacy10TCS1 c TeopIIefi cncTeM nmpcpe-
rl t 

penuuanbHbIX ypaBHeHIIH, ):{nSI KOTOpbIX COOTBeTCTBYJOIUee xapaKTepIICTII'IeCKOe 

ypaBHeHIIe HMeeT KPBTHbie KOpHH (CM,/ l l/). ITpn TaKOM rroxone BBeneHue 

neopTOI'OHanhHbIX KB83IICTaUIIOHapHb!X COCTOSIHII:ii ne SIBnSieTCSI o6SiaaTenh-

HhIM. 

8, PaccMOTpeHHaSI Bb!We TeopHSI pacrrana HeCTa6unhHbIX CHCTeM HOCHT 

o6ruu:ii xapaKTep I! MO:lKeT 6b!Th rrpuMeHeHa B paanII'IHb!X !pH3H'IeCKHX CHTya

UHSIX. Mbr y:lKe yKa3bIBanu, 'ITO nm• Toro, 'IT06br neopToronanbHOCTb KB83HCTa

IIH_onapHb!X COCTOSIHH:ii 6brna 6onhmof1, Heo6xom1Mo, 'IT06bI paaHOCTb IlIIIP_IIH 

ypoBne:ii obma cpaBHHMa c paanoCThro ux anepru:ii. PaccMoTpuM, HarrpIIMep, 

pacrran Boa6y:lKneHHbIX cocTOHHII:ii aToMa Bonopona 2 S ih II 2 P th rrpu ..,, 
IIX rrepeMem11BaHIIII BIIelHHHM aneKTpll'I0CKIIM noneM B cnyqae, Korna naM6oB-

CKll:ii CllBHr KOM!IeHCHpyeTCH COOTBeTCTBYIOIHHM MarUIITHb!M rroneM- / 121 

( aneKTPII'IOCKOe I! M8I'Hl!TH00 rronSI non:lKHbl 6b!Tb rrepIIenmmymip!Ibl npyr .npyry). 
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B aToM cnrrne cocTOSIHllSIM I '¢
1 

>. 11 I¢ 
2
>. cooTB9TCTBy10T cocTOSIHllSI 2S ih 

11 2P1/2 B OTCYTCTBlle aneKTpll'I9CKOro nonSI. ITpll nepeM9llillB8Hllll YPOBHefi 

Boa1mKa10T HeopToroHanhHb1e cocTOSIHllSI I VJ 
1 

> 11 Iv, 2> c aHepr11SIM11 E 1 11 

E 2 •. 8TO npHBOJlllT K TOMY, 'ITO 'lllCno Boa6ymn~HHbIX aTOMOB ll3M9HSl9TCSI 

B T9'l9HH9 BpeMeHH H99KCilOH9HUllanbHO ( CM. cpopMyny ( 3)) • fl pH E l ➔ E 
2 

< v, , l "i/1 n >·➔ 1 11 aaKoH pacnana cHcTeMbI gnncbIBaeTCSI cpopMynaMH ( 35), 
( 37). MaTpHua peaoHaHcHoro pacceSIHHSI cpOTOHOB B 9TOM cnyqae llMeeT 

1 
B TO'IK9 E O = E 1 = E 2 non10c BToporo nopSIJlKa "' 

(E-Eo)2 
B K8'l9CTBe BTOOoro IlOllMeoa OTM9TllM, 'ITO. BOa6vmneHHbJe COCTOSIHIISI 

8 .. 
Be 

1 
* H Be' ' KOTOpb!e paccMaTpllBan11cb B pa6oTe/4/. TaKme SIBnSI-

2 I 

IOTCSI HeopToroHanbHbIMll. IlefiCTBHTenbHO, o6a COCTOSIHHSI 6ep11nnnS1 o6na-

Jl8IOT 0JlllH8KOBbIMH cnnHaMH H qeTHOCTHMH ( 2+) H pacnana10TCSI Ha JlBE! 

a -'laCTHUbI. l1 cnonh3YSI 9KCil9pllM9HTanbHbl9. Jl8HHbie Jlml lliHpllH r 1 11 r 2 

_11 pa3HOCTH ypoBHefi Q = 5, I -& 2. npnBeneHHb!9 B pa6oTe/4/. Mbl C no-

MOillblO q:iopMynhI ( 7) rrony'lllM 

·,< a* 8 * · r l r 2 
I 1 Be I _Be > I = V I' I' .. 0,3 • 

2 ( + ·) 2 + Q 2 
2 

* 
HMeHHO HeopToroHanbHOCTb Bl Be s* 

11 2 Be IlpllBOJlHT K TOMY, 'ITO cneKTP 
* . . 

pacnana 8 Be ➔ 2 a He onllCbIBaeTcSI cyMMofi nByx cpopMyn BpefiTa-Bm'nepa, 

a conepmllT llHTepcpepeHUllOHHb!M qneH, 1'ITO 11 6binO 38M0'l0HO aKcnepnMe_H

TanbHOx/ •· 

9. 3aMeTllM B aaKnIO'l9Hlle, 'ITO B C8MOM o6meM. cnyqae C0'l9Hlle o6pa-

30B8Hlrn nByx HecTa6nnhHhIX HeopToroHanhHhIX cocTOSIHllfi I¢ 1 > lf I "t/1 2 >. 
~ 

paBHO 

u·=H
1

l
2

+lf
2

!2 +·2Re(<t/, Ii/, >"f* f ), 
2 l 2 I 

(39) 

----------------xi . * e* 
CocTosiansi 8

1 Be n · 2 Be np.encTaBnS110T cooofi cynepnoanunn cocTo.lIHHfi 
C ll30TOilll'I0CKHMH CilHHSMH T = 0, 1, "KOTOpb1e, cornacno ( 15-16), MOJKHO 
aanncaTb B Bnne 

8;Be=al",/,T=•>·+ b/a 1·,µT•I >, * \Be• - b* / a Ii/, T,;.,0 >·+ a Ii/, T•I >. • 

-rne a - neilCTBHTenbnoe 'IHCno, a a - B ll8HHOM cny'lae OOSl38T0(lbll0 
KOMil.rJeKCHSSI BenH'IHHa. 8To, IlO-BllllllMOMy, .yCKOnb3Hyno OT 8BTOpOB paoo
Tbl/4/. np·H nefiCTBHTenbHblX 3118'10HHSIX Koa¢<j,nu11eHTOB npHB01l011HbJ0. BbJWe 
cynepnoa11unn 6hmn Oht1 O'leBHllno, opToronanbHhtMn. 
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rne f 1 - aMnnnTyna 06paaoBaH11S1 cocToSIHllSI I iµ
1 

>·, f 
2 

- aMnn11Tyna o6pa

aoBaHHSI cocToSIHllSI It/, 2 > ·, <!>op Myna ( 39), • no cyT11 nena, naeT npencTaBne

Hne ceqeHllSI npouecca B HeopTorouanhHOM 6aa11ce. 0Ha MO)KeT 6bITb rrony'leHa

uanpnMep, cneny101UllM cnoco6oM. 

PacCMOTpllM pacnpeJ:1eneH11e aHeprllfi ( CTporo roBopSI, acpcpeKTHBHbIX 

Mace) nponyKTOB pacnana IVJ
1 

>·, Ii/I 2 >-➔ lm>·. 0Ho, otJeBllJlHO, llMeeT cneny-

IO!Ull ii BllJl ! 

A A2m 12di;-1 Im f . l·, 
da =-hi£ r + 2 c- c- • r2 

m 277 
1
f-f 1 +i~ lo-lo2+ 12· 

(40) 

rrte A l m , A 2 m - aMnnllTYJlbl pacna:OoB I 1/Jl > ➔ I m> 11 I VF 
2 
>➔ I m > COOTBeTCTBeH-

HO, & 1 11 & 2 - aHeprn11 11 rn11p11HbI cocToSIHllii I i/J 
1 

> 11 it/, 
2 

>. 
flpll COOTB9TCTBYIOIU9M cyMMllpOBaHllll no KOH9'!Hb!M COCTOSIHllSIM M ( Ha

np11Mep, rrp11 llHTerpllpOB8Hllll no yrnaM) llHTepcpepeHUllOHHhifi 'lneH B ( 40) 

B cnyqae o~roHanbHOCTH I 1/, 1 > · 11 I t/J 2> ·11cqeaaeT. · Ho ecn11 cocToSIHIISI 

I i/J 1 > · 11 I ,/I 2 >. HeopToroHanhHhI, llHTepcpepeuu11onHhifi qnen B Bb1pamen11n 

i" d <J' m Bcerna oTnll'leH OT ~y;i. 
m 

TTonHoe ceqenne 06paaoBaH11S1 cocTOSIHllii I iµ 
1 

>. 11 lt/J >-a=}:fda • 
? m 

I locne aneMeHTapHoro llHTerp11poBamrn rrony'IIIM 

IIA 1
2 IIA 1

2 

a=if 12 h m lm +1£212 h m 2m + 
1 r r 

l 2 

+ 2 Re ( f f * 
· I 2 

h I A A* 
m Im 2m ----•·--- ) . 

r1 +r2/2+1<&1-&2l 

C Y'l~TOM COOTHOlli9Hllt'i: ( 6) 11 ( 7) Mb! npllXOJlHM K cpopMyne ( 39). 

( 41) 

ABTOpbt Bb!p8>1(8IOT rny60Ky10 6na_rOJl8pHOCTb. n.H .. nan11nycy 38 y'laCTHe 

B 06cymneH11°11'·.· pa60Tbl 11 llHTepeCHbte 38M9'l8HllSI. 
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