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BBE~EHHE 

B npeAWA~eH pa6oTe 111 a paMKax cpaBHHTenbHO npocTOH MHKpo
cKonH4eCKOH MOAenH C raMHnbTOHH8HOM, BKn~48~HM OC~HnnRTOPHOe 
cpeAHee none H H30CKanRpHwe KBaApynonbHWe cHnw, 6wn npoaHanH-
3HpoaaH cneKTP KOnneKTHBHWX KBaAPynonbHWX B036Y*A8HHH 6WCTpO
apa~a~HXCR AAep. 6wno noKa3aHO, 4TO apa~eHHe npMBOAHT K 3Ha-
4HTenbHOMy pac~enneHH~ rHraHTCKHX pe30H8HCOB, a TaK*e K B03-
HHKHOB8HH~ npH 6onbWHX yrnoBWX MOMeHT8X HH3KOne*~ero KOnneK
THBH3HPOB8HHOro COCTOAHHA, POACTB8HHOrO npe~eCCHOHHoH MOA8 
ABH*8HHA TB8PAOro Tena. 8 A8HHOH pa6oTe MW HCnonb3yeM 3TY MO
A8nb AnA H3Y48HHA xapaKTepHCTHK, onpeAenR~HX B38HMOA8HCTBHe 
apa~a~HXCA AAeP c 3neKTpoMarHHTHWM noneM. 

§1. BHYTPEHHHE HATPH4H~E 3nEHEH~ 
KB~PYnOnbHOrO OnEPATOPA 

noA BHYTPeHHHMH MaTpH4HWMH 3neMeHTaMH onepaTopa MW noHHMaeM 
cpeAHHe 

<A (J I i I y r > - < n I [ D A (J • i 1 I n > "' [ D A a• i 1 ncq, . Ill 

npocTOTa cneKTpa ao36y*AeHHH a paccMaTpHaaeMOH MOAenH nosaonA
eT nony4HTb BeCbMa nonHy~ HH~PM8~H~ o6 3THX BenH4HH8X H3 8Ha
nH3a npaaHn cyMM AnA cooTBeTcTay~HX nepeXOAOB. B A8nbHeHWeM 
MW 6yAeM Hcnonb30B8Tb cneAY~He COOTHOW8HHA, BWBOA KOTOPWX 
AOCTHraeTCA CT8HA8PTHWM nyTeM/2/: 

~ (AI<AIQ:u IYr>r=.!.q2p+.!. ..::!..!IQu l:vo I. 
A 3 2 < Y r I ~ r 21 Y r > 121 

v v 
A 2 1 A A 2 

2~E,I<AIQ lyr>l =-~E,I<Al(Q -Q )lyr>l 
A " xy 2 A " u YY 

= q 2 I 1 - .!.. < Y r~ Q zz I Y r > I. 
2 <yr I~ r!l yr> 

v w 
a TaK*e COOTHOW8HHA, nony48~H8CA H3 HanHCaHHWX BWWe 3aMeHOH 
HHAeKcoa x , y H z. B npHBeAeHHWX <flopMynax £A= wA ;...;2 w 0 -
3HeprHA B036Y*A8HHH B nCCll, Bblpa*eHHaR B 8AHHH1.18X ..J1I wo , q2 -
eCT8CTB8HH8A AnA A8HHOH MOAenH 8AHHHI.Ia H3MepeHHA KB8AP8TOB 

8btJ'ltftittll:tWl umrryr I 
uepllLll •r-~.noa.-1 

6vlGJfl'lOTEHA 
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MBTPH4H~X 31leMeHT08 KBa~pynOllbHOiO onepaTOpa: 2 6h2 
2 q = yr2'; < yr I~ r I yr> . m 2cu Y "' np~ "'o = 41A-P;3 , <yrl ~ r21 yr>= 1,44x~A513 

X to-26 
cM2 ~MeeM v v 5 .!!._ q 2 = 1,22x·A 213

q2 q
8 

p - oAH04BCTH4HBR e,qHHHL(a npHBe-
16tr s.p. · • ,qeHHO~ sepORTHOCTH KBa,qpynonbH~X nepexo,qOB. B~pameHHR .qnR cyMM, co,qep~a~HX HH~e cTeneHH 3HeprHH, 4eM nepSaR, .3Ha4HTellbHO 6qnee rpOM03,QKH, H MW orpaHH4HMCR BHa11H30M /2/, a TaKme CYMM, co,qepma~HX TPeTbH CTeneHH fA.: 

3 2 2h 
2 

'2 2 f 'A I<AI Qn lyr>l = -;;;-l<yrl; (rv +3xv)lyr>+ 

/31 2 2 2) + < yr I ~ (2r -3y ) I yr> I. v v v 

3 f 'A I <A I Q xy 

2 2 lyr>l = 
2
9 lLt<yrl~(x2 

m v v 

H COOTHOWeHHti, nolly4BJOW,HXCR H3 /3/ nepeCTBHOBKOi:1 HH.qeKCOB X , y ~ z. np~ 0=0 ~ np~ Q;,Q~l, KOr,Qa <t>opMa cpe,QHero nonR o6na,qaeT aKCHBllbHOti CHMMeTpHeM, 4HCno cnaraeMWX B CyMMaX /2/, /3/ CTOJlb Mana, 4TO. HamtcaHHbte BbJpa)t(eHHR noasonRJOT onpe,qenHTb 601lbWHHCTBO MaTpHLIHblX 3JleMeHTOS C T04HOCTbiO ,QO 4)a3bf. npH {} = 0 ,QOCTaT04HO paC4eTa CYMM CJ.1n nepexOAOB, .m1HePiHbiX :T~=~~:~~;n:M~~~:. f <X f<A I Q zz 10> 1
2 

.QnR onpe,QeneH~R ecex 
HMeeM 

- 1-(1- _g_)l. v v v v y z z y 
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Vy - Vz ) 

2vz + vy ' /4/ 

'21<k=2a =±11Q2210>12=_!_q2(1- Vy-Vz ), 

2 2vz+Vy 

Pacc4HTSHHbte no ¢1opMynaM /4/ 3Ha4eHHA KBaAparoa MarpHI.IHbiX 

311eMeHTOB I<"- I Q 2m I 0> 12 B aaa~c~MOCT~ oT napaMeTpa Ae<)>opMa~~~ 8 

npHBeAeHbl HS ~· ~3 PMCYHK8 BHAHO, \.ITO COCTOAHHe 02 oc

TaeTCA HeKonneKTHBH3\.IIpoeaHHbtM npH ecex 3H84eHHAX 8 1• Blr1AHO raK

>I<e, 4TO M8TpH4Hbtc:1 sneMeHT \ < o1\ Q20 \ 0> \ 2 eoapacraer no Mepe 

yMeHbWeHHA 3HeprHH COCTOAHHA 0 1 , T8K 4TO nap~H8JlbH8A CyMMS 

c~n nepeXOAOB ! <,\I<"- I Q 201o>l2 ~sMeHReTCil He 6onee 4eM Ha 40% 

Ha seeM 11\Hrepec:ihe 0, rAe cyll.lecraytor peweHV1A nC$ AJlfl o+ -cocroA

Hir1~. KaK BV1AHO H3 pj.i!C. 1, 388\IICJ.otMOCTb MaTpH4HbiX 3JleMeHTOB OT fj 

RBJlReTCfl T8~f{e ApKO Bbtpa>KeHHOc:1 AJ1A 1+_ V1 2+ -cOCTOfiHH~. 

npi-1 0 2-.f!Kp) KB8AP8Tbl M8Tpi114Hb1X 3JleMeHTOB MO>KHO 38n\11C8Tb 

B BLIIAe 

/5/ 

npllll.leM A0nOJ1H\ATeJ1bHbli1 t.1HAeKC COCTORHI-1Vi i npo6eraeT no AB8 3Ha-

l..leHV1A npH T == 0 V1 To::+l V1 OTCyTCTByeT np1o1 To::+2 V1 To:-1. napaMeT-

pbl X Ti M0}4{HQ Ha~ Tlo1 V13 COOTH0WeHio1JII 2 

/2/ " /3/, ~cnonb3Yil Al11l Bbl4~cneH~·, 2.0 1<"-IQ,IO>I 

cpeAH1o1X Beillo1LIIo1H ¢oPMYilbl, npHBeAeHHble 

a pa6oTe /3/, 
o: 

B peaynbTaTe nonyl..IHM cneAY~~He 

COOTHOWeHHfl: 

a/ r = 0 

Xlt:l + X2f2=q2A 
/6/ 

rAe (i COOTBeTCTByeT HHmHeMy(i=l) 

lo1 BepXHeMy(i=2) COCT0flHV1AM /eM. 

P1o1c. 1. BHyTpeHHHe MaTpHLIHble sne

MeHTbl KBaApynOilbHb\X OnepaTopoa 

1,5 

0,5 
2. 

B 3aB\.11CV1MOCTV1 OT 8 np1o1 Q = 0, 

MaTp\.11~.-tHb\e sneMeHTbl HaiiiAeHbl 1-13 npa

aHn cyMM. EAV1HY11..\bl \113MepeH\.11A onpe

AeneHbJ a TeKcTe. 

o; 
~:::::::;:;~~-8 0,1 0,2 0,3 0,4 
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pMc .4 pa6oTbJ Ill I, a sem1L4HHbJ :A H B onpeAeneHbl KaK A~ 2yi!+ v, 
2v, + yg 
ygv 1 - 1 - 1 2yg +v 2 

a- • !--(2vg+v )+ -C2vg+vl- 3 [---"-l 1. (2vX+V ti) VX.rr; X Vg VX 
6/•~+2. 

171 

CooTHOWeHHR THna npasHn cyMM YAaeTCR HanHcaTb IlHWb AI1R one
paTopos, nponOP4HOHa1lbHbJX 3PMHTOBCKHM. TaKOBbJMH RBnR~TCR Q2r ± Q2_,.. 8bJ6op 3HaKa B 3TOH KOM6HHa4HH npoH3BOJ1eH, TaK KaK KBaApaTbJ MOAyJleti MaTpHL4HbJX 3IleMeHT08 OT HHX B paCCMaTpHsaeMOM CI1y4ae aKcHaJlbHOH CHMMeTpHH coanaAa~T. OnpeAeilRR AilR xi nepeMeHHbJe a ~opMyne /6/ KaK 

!81 

191 
B ,3 (1+A) v 1 
r=l) 2 vx +Vg 

a/~ 
AflR nonHOrO onpeAeileHHR MaTpH4HbiX 3JleMeHTOB 8 3TOM CI1Y4ae He06XO~HMO pacCMOTPeHHe npaSHJl CYMM 6onee BbiCOKOrO OOPHAKa, 4eM /2/ H /3/. CooTaeTCTBY~~He awpameHHR aecbMa rpoM03AKH, H 3TO AenaeT nOA06HbJH aHai1H3 MaTPH4HbJX 3JleMeHTOB ManoonpasAaHHbJM. 0AHaKO npe4eCCHOHHaR MOAa KOJ1e6aHHH BHOCHT B TaKHe cyMMbJ seCbMa ManwH BKJlaA. no3TOMY 04eHKY M.3. AnR nepeXOAOB Ha COCTORHHR rKP M0)f(H0 nOITy4HTb, npeHe6pe·raR BKilaAOM npe4eCCHOHHOH MO~ B CyMMe /2/, /3/. TaKHM o6pa30M, BHOBb. npHXOAHM K <f>opMyne /6/, rAe nepeMeHHble onpeAeneHbJ KaK 
•~1 1 I 11 \yr>\2, x1,2=r<•~+ Q2±1 

a sem14HHbl A H B 

4 

A 3 (yg+ v X) 
•~ 1 ~ 2 C{i+2v,) 

B,=1 ~ ~!1+~+(-1-+_1_)- .2..(2...+-1-)1/(-1-+ L). 2 Vi vx Vi 2 vx yg Vi vx 

"""""""~~"'"""'''"''"_ .......... --·-----

/101 

/11 I 



PY1c.2. To >t<e, 4TO Ha pY1c.1 , 

~=(v-A) 2 8 3aBY1CY1MOCTY1 

OT 0. 

Pacc4Y1TaHHble no q,opMynaM /6/

/11/ KBaApaTbl MOAyneH M.3, KBaA

pynonbHbiX onepaTopos !-1306pa)f{eHbt 

Ha p1-1c.2. 3ae3A04Ka y I1HH!-1~r~±l 

cnym1-1T HanoM!-1HaH!-1eM Taro, 4TO 

npaB!-1J1a CYMM B AaHHOM cny4ae 

COAepmaT BKI1aA npe~eCCHOHHO~ 

M0Abl 1 KOTOpbl~ He 6b!I1 np~-tHAT BO 

BHHMaHHe np\11 nony4eHY1Y1 oueHoK 

M. 3. PHc. 2 noKa3blaaeT, 4TO co

CTOAHY1e ) ri ~oz> c 3Hepr1r1e~ 2w 0 

'·' r ~ 2 

'·' 

'·' 

ABI1AeTCA H6KOI1neKTY1BY13Y1pOBSHH~M 
~O 

eo see~ o6nacTY1 napaMeTpaO. npeACTaanR~e~ Y1HTepec. MArKaA 

MOAa rKP np\11 3TOM COXpaHAeT CBO~ KOJ1I1eKTir!BHOCTb, TaK YTO ee 

eKnaA s cyMMY nepsoro nopAAKa npV~MepHo nocTOAHeH np~-1 scex 

f! ( 0.:;;. {}:.:;_ 0 ~~) ). npY16I1~t~>t<eHHbiM nOCTORHCTBOM xap8KT6pY13YIOTCA npo

Y13B6A6HHA lA\<A\Qzr\Yr>\
2 Y1 AI1fl APYrY1X 3Ha46HY1Yir, TSK 4TO 3H8HHe 

npeA6I1bHOfO 3Ha4eHHR M.3. npH 0=0 Y1 3HeprY1Y1 COCTORHHYi KaK 

¢YHKU\.t1Y1 0 n03BOilAeT OUeHir1Tb npY1BeAeHHble MaTpY14Hble 3J1eMeHTbl 

C XOpoweYi T04HOCTbiO, npeAei1bHble T04KH HS KPY1BbiX pltlc.2 AI1R T-=:. ±1 

Y1 r= ±2 onpeAenA~TcA napaMeTpaMio'l a , b , ki a p~eHio'IAX 

senlo'I41<1H A , B "" (_ i no cTeneHRM 0 : 

!.l !.l 2 A a !.l 
r.~1+ki-+o((--)), 

1~!1+ x-+ 

, w 0 w 0 
B b Ulo 

lo'l COOTBeTCTBeHHO HMeeM: 

/12/ 

Pac4eT AaeT cneAyn~He 3Ha4eHY1A AI1R 3THX sen\114\IIH 

r~2: 1 1 1 1 
x,~y-1s{2' x2~2+1s{2' 

h1: x 1 ~-1-(5+__J""'). x 2 ~-1- (13- ;..). 

18 ..; < 18 v 2 

npaBio'IIl8 CYMM, np\11BeA6HHbte Bb!We, BblnOI1HAIOTCA npVt nOACTaHOBKe 

B HY1X 3HS46HY1Yi BHyTpeHHV1X MaTpY14HbiX 3I1eMeHTOB, HaMAeHHbiX B nCc.t>, 

n~t~Wb npH6nY1meHHO. npas1-1na cyMM /2/ nepaoro nopAAKa no 3HeprHY1 

MoryT 6b1Tb nerKo YT04HeHbl. HeT04HOCTb 3Aecb B03HHKaeT Ha-3a 
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,qononHio1TellbHbiX ycnoe1111 /eM. /12/ pa50Tbr 1111, HaKna,qblsaeMbiX 
Ha onepaTOPbl HOpMailbHbiX KOOP,QHHaT VI 11MnynbCOB AflFI Y4€Ta aa
KOHa coxpaHeH11R yrnoeoro MOMeHTa. B pa6oTax 14 •51 noKaaaHo, 4TO 3TH ,qononHHTenbHbre ycnoar.1R BblnonHRIOTCR aeTOMSTJ.14eCKH AJ'lR 
onepaTOpOB HOpMallbHbiX MO.Q, COOTB€TCTBYIOU4HX raMJ.1JlbTOH11aHy - "2 "2 L"2y ·). H~H-r,r;, -r(Ly+ 

1. .JL.. 
2 <L,> ' 

nonpasKa K npaBYIJlaM CYMM /2/ OKS3b!BS€TCR nponOPI.IJ.10HaJlbHOi1 -" 2 2 

/13/ 

h2 ~ rv:> 2 1 2 2 -"--8 ~6 q 8 ,r,qe 8 - napaMeTP ,qe¢opMai.IVIJ.1. Pacxo}f(.QeHVIe 
m < .Ir\2> 

v 
PBCC4HTaHHbiX B nC¢> CyMM nepBOrO nDPR.QKS C Bblpa>KeHHRMH, npr.ise-
,qeHHbiMH BbiWe, COCTaB!lReT M€Hee 2%. ApyraR npH411Ha HeT04HocTeH npHBe.QeHHbiX paHee $OPMY1l OTHoCHTCR K npaBI1JlSM CYMM TPeTbero nopR,qKa no 3HeprHH. nnR coxpa-~2 " 
H€HHR npaBHJ1bHbiX onepaT,.,OPHbJX CBO~CTB onepaTopa [ P , Q 2m J He06XOAHMO BKJ1104HTb B Q2rn 4J1€Hbl, KOTOPbiMH npeHe6peraiOT B AH
HSMI>14€CI<V1X ypaBH€HHRX nCctJ. noaTOMy HCnOJ1b308SHYI€ 3HeprYii1 {)_, 
HSi1A€HHbiX B nCctJ, B ¢QpMynaX /3/ RB11ReTCR npJ.1611HmeHYI€M, T04HOCTb 
KOTOpOrO TPYAHO KOHTpOJ1YipOBSTb. TeM He MeHee aHaJ1J.13 pe3yl1bTa
T08 PSC4€TOB noKa3b1BaeT, 4TO nPYIM€H€HH€ 3THX npaBHJ1 npHBOAHT K norpeWHOCTH B OL4€HKaX MaTPH4HbiX 3l1€M€HT08, He npeBbiWaiO~ei1 
10%. 

§2. nPABHflA BETBflEHHR AOR nEPEXOAOB ME!KAY HPACT- H OAHO<I>OHOHHbiMH COCTORHHRMH 8 CJ1y4ae MSJ1biX cnHHOB, I<OrAa HM€€TCR aKCHaJ1bHSR CHMMeTPHR 
Cp€AHerO n011R, HHTeHCHBHOCTH nepeXOAOB MO~HO onpeA€11HTb, OnH
paRCb Ha HA€H 0606~eHHOt1 MO,qellH RAPa 121 • npf..1 3TOM B03Hf..11<SIOT 
H38€CTHbl€ npasHJ16 OT6opa AnR COCTORHH~ RAPS (-1) 1

+"a ~ 1, 
/14/ 

COrllSCHO KOTOpbiM COCTORHHR 4€TH0-4€THbiX RA€P C n0110*HT€J1bHOt1 
CHrHSTypoH 06R3ST€J1bHO HM€10T 4€THOe 3HS4€HH€ KBSHTOBOrO 4HCJ16 
yrnOBOrO MOM€HT6 I, a COCTORHHR C OTpH~aTellbHOi1 CHrHaTypoi1-
He4eTHble 3Ha4eHHR I. BeTeneHHe nepeXOAOB onHcblsaeTcR npaeHllSMH 
AnarH 161, B 4acTHOCTH, B(E2) -ct>aKTOPbl AllR nepexOAOB H3 HpacT
cocTORHHR I(G=+ 1) B COCTORHJ.1R CO BC€MH B03MO}I(HbiMH I' H Cl>HKCH
POBSHHb!MH HHAeKCSMH OAHOIPOHOHHOro B036Y*A€HJ.1R (k,a k) onpeAenR
IOTCR COOTHOW€HHRMH 

~ B(E2 ,I yr ~ l'a k) =A 1(k,cr )(2-8 k ) x ,. 

0 
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/15/ 

r,Qe [ 6, ~] OC<P .- BHyTpeHH~Cii MBTp\114Hk.li:1 3J1eMeHT, paccMOTpeHHbl~ 

Bb\We, a reoMeTp\114eCK!rlslt ¢aKTOP A1 (k,a) paseH 

AI(k,a)= 1 f (I02k\I+Tk)
2 (1+(-1)a+r ). /16/ 

I I 1 

np~6J1HlKeHHO MO!KHO C4HTaTb A (a=1,k=0J=1, A (a, k,CO) = 2' 

T8K I.! TO npSB\.1118 BeTBileHHA nepeXO,QOB Y r -+ ¢loHOH nma a: 

onpe,Qel1RIOTCR KBS,Qp8T8M\11 MO,Qy.nea::i BHyTpeHHHX MaTpH4HbiX 3IleMeH

TOB, np\11Be,QeHHb1X HS p\11C.1. 

KonneKTHBHSR MO,Qen;-e-npe,Qene 6onbW\11X cnHHOB H3y4anacb 

e pa6oTe
171

. B 3TOCii pa6oTe noKa3aHo, 4TO npasa.ma OT6opa /14/ 

COXPSHRIOT CBOIO C\11l1Y \11 np\11 1>>1, np\114eM npH 04eHb 06~\11X ycno

B\11RX Cll1rHaTypa a ABilfleTCfl 8C\.11MnTOT\114eCK\.1 T04HbiM KBSHTOBbiM 

'-I\11CJ10M. npH 3TOM AJ'lfl npHBe,QeHHbiX M. 3. nepeXO,QOB \11MeiOT MeCTO 

8CH,..tnTOT\11LleCKV1e BblpS)I{eHHR 

<.P 1\lli(EI<)\\.P >=v2Ix<a,a\lli'().,m =')\ yr>. 
I+T,O,a lyr x 1171 

3,QeCb )U'(A,m)- KOMnOHeHTS BHyTpeHHero MYJlbTHnOJlbHOrO MOMeH-

Ta C npoeKL(H€~ r Ha OCb BpaUJ,eHHA, H Mbl 6yAeM annpOKCHMHpOBaTb 

BHYTPeHHH(it M,3, B /171 COOTHOWeHHAMH Tl4na /11. B npeAeJle 1>> 1 

¢opMyna 1171 coenaAaeT c aHanoriii4HbiM npeAenoM o6bi4Hblx Bblpame

HI-1!';1 AJlA MaTpH4HbiX 3J1€M€HTOB SAII!a6aTIII4€:CKO~ TeOpV1l1, eCJll-1 npeA

nonO>Kit1Tb, 4TO $OpMa AAPS ABI1A€TCA aKCHaJ1bHO-CHMM€Tp1114HO~, 

a OCb Bpaw,eHII!A nepneHAHKYI1ApHa OCH aKcHaJ1bHOj;1 CHMMeTpl-114. 0AHS

KO npH BbiBOAe ¢opMyl1bl I 17 I npeAnonomeHV1e o6 aKcV1aJ1bH0(;1 Cl-1MMeT

Pl-1H H 0 HanpaBJ1€HHI4 OCH 8paw,eHV1A He V1CnOI1b30BaJ10Cb, n03TOMY 

3Ta ¢OpMyJ1a MO>K€T npHM€HATbC~ 8 3Ha4HTeJ1bHO 6onee WV1pOKHX ycno

BYIRX, 

B CHI1Y npa814I1 OT60pa /141 14 YCI10BHj;1 CHMMeTpHI-1 

" -1 " " 

l Da ,r , lli (I< ,r)lnc<fl= (R x (rr)[D 0 ,r , lli(l< ,r)l R,(rr llnc<fl 
/18/ 

nepeXOAbl 1-13 14pacT-COCT0AHiriA I Ha COCTOAHI-1A C ¢JHKC14POBaHHbiM 3Ha-

4€HH€M a B03MO>KHbl TOJlbKO C H3M€H€HH€M yrnOBOrO MOM€HTa Ha 4eT

H0€ 414CJ10 €AHHHL( nnaHKa, eCm1 a"" + 1, 1r1 Ha HC4eTHOe 4HCI10 eAHHH·~ 

nnaHKa, ecnH a= -1. 

¢OpMyJ1a /181 nplriBOAHT K npOCTbiM npaBHJ1aM OT60pa no r npH 

paCCMOTpeHHH BbiCOKOCn14HOBbiX COCTO.RHI-11-1, KOrAa CP€AHee none o6-

naAa€T OCb~ CHMMCTPHH, HanpaeJleHHOI-1 BAOI1b yrnoeoro MOMeHTa. 

B 3TOM CI1y4ae COCTOAHYI€ \0> ABJl.ReTCA C06CT8€HHbiM AI1R onepa-

7 



ropa L x, a oneparopbr ¢loHoHoe Moryr 6b1Tb Ha,qeneHbl KBaHTOBbJM 41r1CllOM x -npoeK4Hirl yrnosoro MOMeHra r.Tor,qa 
<<fr, IIJii(EA)II<fr >~v2I8 , x[D .J!JCAJ)l11c~. /19/ 

1 or !,yr r,J-1 a,r •p 

nnR 41r1CJleHHOro aHanH3a sepORTHOCTH MYilbTirlnOilbHbiX 3Jl€KTPH-4€CKHX nepeXO,QOB 8 4€TH0-4€THbiX R,qpax MO)I{HO npe,qllO>KHTb CJ1€.QYIO~YIO HHTepnOilR4HOHHYIO $OpMyny: 

<<frr-v a lllli(EA)II<fr >~v2I+1 X , ,a I,yr 

/20/ 

B KOTOpOH onepaTOpbl onpe,qeneHbl B CVICT€M€ KOOp,QVIHBT C OCbiO KBaHTOBaHHR, nepneH.QiriKYllRPHOM OC!rl Bpa~eHHR. np~r~ KonneKTHBHOM spa~eH!riH aKc~r~anbHOro rena nony4aeM ~r~a /20/ 
<<fr

1 
r ak lllii(EA)If<fr

1 
h y-!;Sk-- x + , , yr , o 

xv2I+1 (IOAkii+rk)[D ,liJ(Ak)]f!C<I> a,k 
/21/ 

B COOTB€TCTBYIH C npaBYIIlBMH BeTBJ1€HI-1R nepeXO,QOB g-) k 0606UI€HHOI1 MO,Q€JU1 AnR 4€TH0-4€THblX R,Qep. C .Qpyroti CTOpOHbl, npH ! >>A H3 ¢lOPMYilbl /20/ Cne,qyeT COOTHOWeHitl€ /19/ C BHyTpeHHYIM M.3., onpeAeneHH~M ~OpMyno~ /1/. 
nepeXO,Qbl Ha COCTORHVIR C nonO>KYITenbHOI1 CYirHaTypoi1 B03MO}I(Hbl !lHWb npH '== 0, ± 2. 1t1 npJ.1Be,QeHHaR eepORTHOCTb B(E2) J.1MeeT BJ.1A 

B (E 2, y r ~ a ~ + 1) ~ I (I 0 2 0 I I +T 0) [ DA , lJi 0 l + 

/22/ 

nepeXO,Qbl Ha COCTORHJ.1R OTpJ.1~aTe!lbHOtf CHrHaTypbl B03M0}1(Hbl TOnbKO npl-1 r~ ± 1, H npJ.1Be,QeHHaR BepORTHOCTb onpe,QeJlReTCR COOTHOW€HV!eM 

(-) B(E2,yr~a~-1. ~21(10211I+r1)[DA,lli1 l+ 

+ (10221 I +r2)[DA ,lJI~-) ]1
2

• /23/ 

Pe3yi1bTaTbl pac4eTa AfiR npJ.1ee,QeHHbiX sepORTHOCTei1 nepexo,Qos C V!CnO!lb30BaHJ.1eM J.1HTepnOJ1R~YIOHHOi1 ¢OPMY1lbl npHB€,Q€Hbl Ha PHC. 3. 
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P~ttc. 3. np~t~BeAeHHble MaT-' 

p~4H~e 3neMeHT~ nepexo

AOB ~B(E2,yri~AI'). 
I ' 

nyHKTHPHble IlHHHH COOT

BeTCTBYIDT KOnfleKTHBHOMy 

epa~eHHID npH He8KCH8flb

HOi1 cf)opMe RApa. 

Pac4eT~ BbtnonHeH~ AflR 

g ~o,ss (80 ~0,15) AJ1R 

3H84eHHi1 {l B HHTepaane 

0,;{) $ {)~~) H AJ1R 

g~(v-A)2 npH 

( 1) (2) 
{) Kp .$ {).$ {)Kp • C BR 3 b Me"'AY 

CKOpOCTb~ apa~eHHR {l 

Itt yrilOB~M MOMeHTOM YCTa

H8BilHB8Il8Cb cf)opMyiloH MO

AeilH npHHYAHTenbHOro 

epa~eHHR 

<nl I., ln>~vi(i71). 

2.0 

BIE2J/s, 
' I 
I 
I 

' ' 
' I 
' ',__..., 

5 .61t_ 1 

Bo"'16n: ~<r) 

!•-2 

1.5: -=\~, ~*~~~~~~~~~f·-1 1.0 
T•O 

\ 
1:t1 

0.5 ____ '.::' :.,..(--~-::-== .... --~--=-::-.c-_-_--=_-,t .. -2 
'1. --- t:-.1 ---
0.1 

--- !•0 

0.2 0.3 U·_L 
w;)T.T 

/24/ 

Pe3yilbT8T~ pac4eTa, Hcnonbay~ero H8~AeHH~e 8 nc~ 3Ha4eHHR 

BHYTPeHHVlX M. 3. , H8XOARTCR 8 XOpoweM COOTBeTCTBHH C A8HHbiMH, 

KOTOp~e MOmHO nOilY4HTb, OnHp8RCb Ha npaa~ttna CYMM. MRrKaR BeTBb 

fKP CoxpaHReT KOilJleKTHBHOCTb npH_ BCeX 3Ha4eHHRX yrnoaoro MOMeH

T8 annOTb AO KPHT!II-\..IeCKOro. B ""3y4eHHOi1 MOAeJlH npH n~ n<1) 3Ta 

aeTBb xapaKTepHayeTCR T04H~M aHa4eHHeM npoeK~"""" yrnoeo~ MO

MeHTa H8 OCb epauteHHR r = 2, nplil4eM nepeXOAbl C yMeHbweHHeM 

¢QHOHHOrO B036Y~AeHHR A8HHOrO COpTa B~3~88~T yMeHbWeHHe yrno

aoro MD MeHTa RAP a Ha ABe eAHHH~~. KaK O-TMe4anocb paHee, cy

~ecTaosaHHe nOA06HO~ BeTBH B036YmAeHHH HMeeT TeCHY~ CBR3b 

C AeilHTe!lbH~MH CB0HCTB8MH 6YCTpoapa~~HXCR RAep, a nOTOMY 

H8IlH4""R ee MOmHO OmHA8Tb H B 6onee pean!IICTH4eCKHX MOAeilRX 

6biCTPOBP8U\810~HXCR RAep. 3aMeTHM, 4TO BMecTe C poeT OM BHyTpeH

Hero M8TpH4HOrO 3JleMeHT8, CBR3YB8IOU\ero HP8CT-COCTORH""R C CQ

CTORHHRMH MRrKOH BeTBH fKP, AOilmH~ yaeniii4HB8TbCR H Te MaTpH4-

Hble 3JleMeHTbl raMHJlbTOHH8H8, KOTOpble OnHCbiB810T pa3B8Il COCTORHH~ 

fKP Ha 6onee CilO>KHble KOHcf)HrypaLJ.HH, He Y4VlT~aaeM~e B nC~. 3TO 

o6CTORTeilbCTBO noa~waeT H~Tepec K H3y4eHH~ pDilH fKP B A""H8MH

Ke RAePH~X npou.ecCOB np~ 6oJlbWHX yrJlOBbiX MOMeHTaX. 

3aMeTHOH npHBeAeHHOH aepORTHOCTb~ 06Il8A810T nepeXOA~ MemAy 

HpacT-COCTORHHRMH H COCTORHH~M~ C B036ymAeHHeM KOne6aHHH, poA

CTBeHH~X npeU.eCCHOHHOMY AB""meHH~. npHHRTO C4HT8Tb, 4TO B Onpe

AeileHH~X ycnoeHRX npHaeAeHH~e aepOATHOCT"" TaKHX nepexOAOB, TaK 
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~e KaK H 3HeprHH HX B036ym,qeHHR, onpe~enR~TCR $OpMy!1aMH, OnHC~BaiD~HMH COOTBeTCTBY~~He KBaHTOS~e nepeXO.Q~ 8 mecTKOM TpexOCHOM 80n4Ke s npe,qene 6onbwHx cni-IH08/2/. Pac4er, npo8eAeHHb1H HaMH, noKaaan, 4TO 3a8HCHMOCTb 8epORTHOCTH TaKHX nepeXOA08 OT yrnoBOrO MOMeHTa, HaH,qeHHa.A B nC$, HMeeT $yHK~HOHBnbHO HHOH xapaKrep no cpa8H€HI-IID c o~eHKaMI-1 no MO,qenl-1 ~ecrKoro poraropa. HeKOTOpOe CXOACTBO Mem,Qy peaynbTaTaMH nC$ H ¢eHOM€H0!10rH4eCKOH Mo,qenH mecrKoro poraropa ~-tMeerc.A npH 0 ~ 0,2. 

3AKI1104EHHE 
npH8€,QeHH~e BbiW€ peaynbTaTbl ,QaiOT npe,qCTa811eHI-I€ 06 Q)f0.1,qae-Mb1X 1-13M€H€HHRX KOJ1!1eKTHSHbiX B036Y)f(A€HI-1~ .A,qep Op¥1 60J1bWHX yrnoBbiX MOMeHTaX. XOTR raMI-tllbTOHHaH paCCM0TP€HHOt1 MOA€nJ.1 cpa8HV1-Tel1bHO npOcT, TeM He MeHee B paMKBX M0A€11H y,qaeTC.A KOPP€KTHO onHCaTb pac~enneHHe rKP 8 ,qe$OPMI-IP088HHOM RApe npH Ma!1bfX CnHHax181 H npocneAHTb H3MeHeHH.A xapaKT€PHCTHK rKP A11R 6biCTPOBpa~aiO~erocR R,qpa. 

KpoMe rHraHTCKI-lX peaoHaHcoa, 8 5blcrpoapaU(aiO~qeMcR RAP€ B03HHKaer HH3Kone>Ka~qee KOnneKTHBHOe eoa6y>K,qeHHe, no,qo6Hoe npe~ecCHOHHOMY ,QB~-tmeHHIO Teep,qoro rena. AnR aHa!1H3a TaKOH MOAbl B RAPaX WHPOKO HCnOI1b3YIOTC.A O~€HKH, nony4eHHble B MO,qenH rpeXOCHOrO poraropa. B ,qaHHot1 .pa6ore noKaaaHo, 4TO no,qo6Hble OQeHKVI 8ecoMa rpy6~. Pacc4HTaHH~e B nc~ 3HeprHH H B(E2)-~aKTOP~ AflR TaKHX B036ym,q€HVIt1 OT11H4aiOTCR OT OQ€HOK B MO,Q€!1VI >K€CTKOrO POTaropa 8 ,QBa-TPH paaa. 0TM€THM, 4TO CXOAH~e Bbi80Abl OKa3a116Cb 803MQ)f(Hb1M CA€11aTb KaK Ha OCH08aHHH 04€Hb 06~HX C006pa>KeHH~ 0 K01111€KH18HOi:1 MO,Q€!1VI npH J >> 1 8 pa5ore !7!, raK H Ha OCHOBaHJ.1H paC4€TOB, H.Q€HHO 6!1H3KI-1X K ~aHH~M pac4eTaM C pea!11-tCTH4€CKJ.1MH napaMerpaMH raMH!lbTOHI-1aHa 19 . 
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