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AK6apoa A. 11 AP· P4-80-187 

AHanH3 cneKTpa KOnneKTHBHWX B036~eHHH 
6wcTpoap~a~HXC~ ~Aep 8 OC~Hnn~TopHOM OOTeH~Hane 

B npH5nH*eHHH cny4aHHOH ~3w npoaeAeH aHanH3 cneKTpa 
KOnneKTHBHWX B035~eHHH nonO*HTen~HOH 4eTHOCTH 8 CHpoKoH 
o5nacTH yrnOBWX HOMeHTOB. raMMnbTOHH8H HOAenH 8SRT 8 BHAe 
noTeH~Hana c~ePH4ecKoro rapHOHH4ecKoro oc~Hnn~Topa 11 Hso
cKanRpHwx KBaApynonbHWX CHn. TaKa~ HOAenb nosaonReT onHcaTb 
H3BeCTHWe AaHHWe 0 nonO*eHHH rHraHTCKOrO KB8ApynonbHOrO pe-
30HaHca npH HefiOnbWHX CnHHaX H n~cneAHT~~3Me~He~K-
TepHCTHK pe30HaH 
POCTOM CKOpoCTH 
yMeHbWaeTCR AO H 
neKTHBH3HpoBaHHW 
4eCKYIO MOAY Kone 

Pa5oTa awno 
OHRH. 

Akbarov A., et 

Analysis 
of Fast Ro 

2460/2-80 np . ca 
(1- 3 &\5' AKdapoB , A . ~ .np . :~H

AHaJI~3 
cneKTpa KOnJieKT~BH~X ••• 
P4- 00- I87 . 1900 

~ ~.~ """·~"4d-"1;'!»~"':!:,~&- ~··.n~ l!!:l~.~~. Jl·~.~~r 

BBEAEH~E ~3y4eHHe c8o~CT8 aTOMHwx RAeP 
8 COCTORHI1RX C 60nbWHM yrn08WM 

MOMeHTOM npl18eno K npeACKa3aHHRM PRAa cy~ecT8eHHwx 113MeHeHI1~ 
8 11x CTPYKType, 8w3w8aeMWx 6wcTpwM 8pa~eHI1eM. BcneACT811e 8pa
~eHI1R napHwe KOppenR~HH C8epxnp080AR~ero THna yMeHbWa~TCR H 
11C4eaa~T np11 yrno80M MOMeHTe I ~ 30~. 3Ha411TenbHO 113MeHR
eTCR TaK*e 11 ¢opMa RApa. Ka4eCT8eHHwe acneKTw o6ycno8neHHwx 
8pa~eHI1eM 3$¢eKT08 Ha KOnneKT118Hwe C80~CT8a RAeP OKa3w8aeTCR 
803MO*HWM npocneAHTb 8 paMKaX 8eCbMa CXeMaTI14eCKO~ MI1KpOCKO
nl14eCK0~ MOAenl1 c raM11nbTOHI1aHOM, 8Kn~4a~~HM c~epl14ecKoe oc
~11nnRTOPHOe none 11 1130CKanRpHwe K8aApynonbHWe Cl1nw. noA06HaR 
MOAenb 113y4anacb 8 pa60TaX / l,V 8 np116n11~eHHH MeTOAa np11HYA11-
TenbHOrO 8pa~eHI1R. B AaHHO~ pa6oTe Mw 11CnOnbayeM 3Ty MOAenb 
AnR 6onee nonHero aHan11aa cneKTpa KonneKT118HbiX 8oa6y~AeHI1~ 
RAeP nono~HTenbHO~ 4eTHOCTH. 

§1. HOAEnbH~~ rAM~nbTOH~AH 
~ CPEAHEE nOnE 
BPAmA~ErOC~ ~APA 

raMHnbTOHHaH RAPa c 3~~eKTH8HWMH 
K8aApynOnb-K8aApynonbHWMH Cl1naMH 
aan11weM 8 811Ae 

_,2 2 
A p 11 mwo .. 2 K 2 

H = l (-- + --r 11 ) -- l Q 1k' 
I '= 1 2m 2 2 1, k = J. ,y, Z 

/1/ 

rAe KOMnOHeHTW TeH30pa K8aApynonbHOrO MOMeHTa OnpeAenR~TCR 
COOTHOWeHHRMH: 

A A 
Q k = l q ~k = l (3x . xk - o k r 

2 
) 11 

I 1/ =} I II= l I I 
/2/ 

0AH04aCTI14HW~ raMHnbTOHHaH RApa, 8pa~a~~erOCR C yrn080~ CKO
pOCTb~ fl, cornaco8aHHw~ no MeTOAY XapTpH c raMHnbTOHHaHOM 
H-0L

1
, MO~eT 6wTb Han11caH 8 811Ae 

H (n) = l h II (0) 
av v av 

2 
h 11 (0)= ~ + El.(w2 x 2 +w2 y 2 +w2 z 2)-0fv 

av 2m 2 x v y v z v x' 
131 
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r,qe f z • YPx - ZP y - o nepaTo p Op611Tallb HOro MOMeHT a HYKilOHa 11 x a 
paKTepi13Y~I1 e c p e ,qHee none OCUHilll~TopH~e ~acTOT~ w1 o npe ,qe 
n~~Tc~ ycno8H~MH c o rnaco8aHHR 

2 
mwo 2 JJ m 2 v 2 
--r -K !. <!l iQiil fb q .. = -

2 
!. w. x . 

2 V I 11 i = z,y,z I I 
/ 4/ 

B /4/ <OIQ 11 10> oaHa4aeT ycpe,qHeHHe no Hl1~a~we~ MHOr04a C TH~
HO~ KOH$11 rypaUH11 raMHilbTOHHaHa /3/ . 

Co8epwaR llHHe~Hoe npeo6paao8aHI1e OT onepaTopoe KOOPAHH a T 
Xi Yl HMnyllbC0 8 pI K onepaTOpaM po~,qeHHR a ~ 11 YHH4TO~eHYIR a I 
OCUHilllRTOpH~X KSaHT08, MO~HO npeACTaBHTb raMHilbTOHHaH / 3/ 8 
,qHaroHallYI30 8aHHOM 8HAe / 1, 2 / 

rAe 

.... 1 JJ 
A 

H av (!l) = I 
v = l 

I h w
0 

( n
0 

+ - ) , 
<7• z,± 2 

n ~'= a ~'+a" 
Q 0 (7 

w 2 
:t 

W2+ W2 
!.____! 
2 

[ a " , a "',+] =o , 8 , , 
(7 0 VII 00 

+ fl2 + ...!. [(w2 - w2) 2 + 80 2(w2+w 2 )]~ - 2 ., z y z 

/5/ 

! 6! 

411cna aanonHe HI1R paan11~H~X ypoaHe~ cpe,qHero nonR /5/ 6y,qyT 
onpe,qellRTbCR YCilOBYIRMI1 MI1HHMyMa 3Heprl111 CI1CTe~, KOTOp~e C 
KBa311KilaCCYI4eC KO~ T04HOCTb~ MO~HO 3ani1CaTb 8 BH,qe 

w I = w !. •w !. =C, 
X Z + + - - 171 

A 

r,qe I, ~ I <0 Iii I + 2
1 In> . B 0TCYTCTBI1e epa~eHHR YCilOBI1R /7 I 1'= 1 1/ 

o6ecne4HBaiJT COrllaCOBaHHe nllOTHOCTH HYKilOHOS C ())OpMOH OCUHil

ll~TOPHOro noTeHU11ana, Tor,qa KaK a 6onee o6~eM cny4ae OHH c o o T-

8eTcTBY~T Tpe608aHH~ H30TpOnHOrO pacnpe,qelleHHR CKOPOCTeH HyK
IlOHOB B pa c cMaTpHeaeMOH CI1CTeMe~•~1 . KOHCTaHTa C np11 3TOM 

onpe,qenReTcR ,qonollH11TellbH~M Tpe6o8aHHeM coxpaHeHI1R o6DeMa 
RAP a 

< x 2>< y 2>< z 2 > = 
cs 

m Sw 2 w 2 2 :CODSt . 
X + W _ 

/ 8/ 

2 

B nocne,qy~eM a HanHae y,qo6Ho Hcnon b3 0 8aTb 6ea paaMepH~e 
8ellH411H~ 

w 2 w2 
I + 

v l=--2- , II±=~, 
w o w o 

0 2 
A = --

2' 
w o 

g = 18 KC 
m2w 4 

0 

191 

0CH08H~MH napaMeTpa MH MO,qe llH, Onpe,qellR~~I1MH ())OpMy Bpa~a~erOCR 
RApa , RBilR~TCR Belli14HH~ g H A. npH B~K11~4eHHOM epa~eHHH CH

IlOBaR KO HCTaHTa CBR3 a Ha C 0CU111lllR TOPH~MI1 4 aC TOTaMH COOTHOWe 
HHRMH / 2/ 

1 - -
v = v = -(3 + \/ 9-8g) 

X y 4 
1 - -

~'z "' "2(3 -v9-8g). /10/ 

Ecm1 n p Hen e 4 b HHilbCCOHOBCKH~ napaMeTp o a KCHall bHO~ Ae())OpMaUHH 
R,qpa 

v = v = 1 +.!o 
X Y 3 ' 

4 
~'z = 1 - -o 3 , /11/ 

TO e r o CBR3b C CI1110BO~ KOHCTaH TOH 6y,qeT Onpe,qellRTbCR COOTHOwe 
HI1eM 

g 1- ~8 -~8 2 
3 9 / 12 / 

H3MeHeHI1e $0PM~ cpe,qHe r o no nR npH epa~eHI1H ,qeTallbHO aHall113Hpo

eanocb a pa6oTe 121 • THnH~H~~ r o,qorpa()l, noKa3~ea~~l1~ aaeHc11-
MOCTb napaMeTpoe pa8HOBeCHO~ ,qe()lopMaUI1H nOTeHU11ana OT A , 
npeACTaeneH Ha PHC. 1. npH c paBHHTellbHO Mall~X CKOPOCTRX epa-

P11c. 1. HaMeHeHI1e oc

UHilllRTOPH~x ~aCTOT Cpe,q

Hero nonR a aaBI1CI1MOc
TI1 OT Q . npe,qcTa81leH~ 

3Ha~eHI1R 8elli1411H 8 11 y , 
onpe,qeneHH~X cOOTHowe-

4 
HI1RMI1 1/z =1- 3 8 COS y 

4 2 
vx= 1- 3 8cos (y + 3 "> · 
fo,qorpa()l nocTpoeH AflR 

HCXOAHO~ 8e1111 ~11H~ g = 0,2 0 3 0,4 

=0,88. U11$p~ y To~eK o n p e ,qenRQT cooTeeTCTBY~I1e 3Ha4eHI1R O/ w0. 
8 3aWTPI1XOBaHHOVo 4aCTH PI1CyHKa OTCYTCTBY~T peweHI1R 3a,qa411 Ha 
MHH11MYM 3Heprl111 CI1CTeM~. 
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~eHHR senH4HHa Ae¢opMaUHH noreHUHana yMeHbwaercR c pocroM A, 
HO pacrer HeaKCHanbHOCTb. npH CKOpOCTH spa~eHHR, npes~wa~~eH 
HeKOTOpy~ KpHTH4eCKy~ O(l), 3HepreTM4eCKM B~rOAH~M OKa3~BaeTCR 
pe*MM Bpa~eHHR Cnn~CHYTO~ RApa BOKpyr OCH CHMMeTpHH. AnR 3TOrO 
pe*HMa BeCbMa Ba*H~M RBnReTCR y4eT 3aBMCMMOCTM g OT CKOpOCTM 
spa~eHMR. Heo6xOAMMoe AnR onpeAeneHHR raKoH 3aBHCHMOCTM ycno
BMe MO*HO HaHTH M3 Tpe6osaHMR OTCYTCTBMR 8 cneKTpe BHyrpeHHMX 
B036Y*AeHMH CMCTeM~ AYXOB~X peweHMH, 06ycnosneHH~X HapyweHMeM 
porauMDHHOH MHsapMaHTHOCTM raMMnbTOHMaHa /eM. HM*e/. TaKoe 
ycnOBMe MO~HO 3anHcaTb B BMAe 

g = ll+ll- /13/ 

H npM y4ere /13/ senM4HH~ /9/ AnR aKCManbHoro pe~MMa spa~eHMR 
6YAYT onpeAenRTbCR COOTHOWeHHRMM: 

5 7 - 1 4 - 20 ~ 
A=- --vg - -<1 +- vg- -g) 

4 6 4 3 9 ' /14/ 

2 1 2 ~ 
II =II = 1 +-A - - (9A- SA ) . 

y z 9 9 
v ( 1) 

nepsoe M3 COOTHOWeHMM /14/ onpeAenReT Ta~e 3Ha4eHMe 0 1\p' 
npM KOTOpOM OCy~eCTBnReTCR AnR MCXOAHOH BenM4MH~ g nepeXOA 8 
aKcHanbH~H pe~MM spa~eHMR. H3MeHRR MCXOAHY~ senM4MHY g ,M~ 
MO*eM MOAenMpOBaTb CBOHCTBa RApa 80 seeM AMana3DHe pa3peweHH~X 
ycnosMRMM ycTOH4MBOCTM 3Ha4eHHH napaMerpos Ae¢opMaUMM 8 M y • 

§2. CnEKTP B036Y*AEHH~ 
B nPI-16nH*EHHH 
CnY4MHblX ~A3 

CneKTP KorepeHTH~x <!>DHOHH~x so3-
6y~AeHMH M CTPYKTYPY ¢QHOHH~X 
oneparopos s paccMarp~o~saeMOH MO
Aen~o~ MO*HO HaHTH B paMKaX nOAxo-

Aa, OnMCaHHOrO B pa6orax 13•41, H OTnM4a~erOCR OT CTaHAaPTHOrO 
BapMaHTa npH6nM*eHMR cny4aHH~X 4>a3 /nC~/ y4eTOM KOMMyTaUHOHH~X 
COOTHOWeHHH 

dl ll L z• 5~ 11 0 > =<0 IlL Y'D~) IO> = <01 [L z, 5~ )10> =0. /15/ 

,.. + 
3AeCb Dn- Oneparop ¢QHOHa, CBR3aHH~H C 06o~eHH~MM KOOPAMHa-
TaMH X0 11 MMnynbCaMH p 

0 
COOTHOWeHMeM 

..... + 1 .... ..... 
D 

0 
= -=(X 

0 
-iP 

0
). 

\ ' 2 
/16/ 

4 

• 

B nc~ oneparop~ xn H pn onpeAenR~TCR nHHeapH30BaHH~MH ypaa
HeHHRMH ABH*eHHR 

[X 0 }l] =iwJ'n [ P 
0

, H ] .. -iw
0 

X 
0 

/17/ 
Lx • P , 1 = i8 , n n on 

B o6~eM cny4ae oneparop~ X , P MO~Ho npeAcraBMTb s BHAe 
n n 

,.. n" 
X =l:Xsqs• n s 

Po n" 
l:PsPs• 
8 

/18/ 

rAe Q8 , p 8 - BCeB03MO~H~e 6MnHHeHH~e KOM6HHaUHM OneparOpOB ad 
M a 0 . nMHeapM3aUMR ypaBHeHMH ABM*eHMR AOCTHraeTCR 3aMeHOH 

[qs •Ps' ] ... [ qs,Ps') ncQ! !! <0 1[ qs ,p s' l Ill>= Vs 8 ss' 

np11 B~4HCneHI1M KOMMyraropos X 0 11 P n c raMMnbTOHMaHOM B3aMMo
AeHCTBMR. TaK KaK raM~o~nbTOHMaH cpeAHero nonR /3/ 11HBapMaHreH 
OTHOCMTenbHO nosopora Ha yron " BOKpyr oc11 x , ro oneparop~ 
¢QHOHOB B nC~ MO~HO HaAenMTb T04H~M KBaHTOB~M 4MCnOM a /c~o~r
HaTypOH/, onpeAenR~~MM ~a3y, npMo6peraeMy~ ¢QHOHH~M oneparopoM 
s pe3ynbrare npeo6pa3osaHMR 

,.. + ,.._1 ,.. + 
R x (") Dna R x (") =aD na , /19/ 

rAe Rx (") - coorsercrsy~~MH oneparop nosopora. TaKMM o6pa3oM, 
ypaBHeHMR ABM*eHHR /17/ pa3AenR~TCR Ha ABe He3aBMCMM~e rpynn~ 
ypasHeHMH AnR ¢QHOHOB C nOnO~MTenbHOH (a= +1) M OTPMUaTenbHOH 
(a=-1) CMrHaTypOH. 6onee nOnHOe OnMCaHI1e ypaBHeHI1H nC<%> AnR pac
CMaTpMBaeMOH MOAen~o~ npMBeAeHO B pa6ore /5 / , 

CneKrp ABYXKBa3M4acTM4H~x KBaApynonbH~x so36Y*AeHMH AnR 
paCCMOTpeHH~X B npeA~AY~eM naparpa4>e paBHOBecH~X Ae¢opMaUMH 
noKa3aH Ha PMC,2. CnnowH~e nMHMM COOTBeTCTBY~T T04KaM rOAO
rpa<!>a /p~o~c.~acnono~eHH~M Ha cnn~cHyTOH aKc~o~anbHOH OCM , ror
Aa KaK nyHKTHPH~e - HeaKc~o~anbHOMY pe*I1My spa~eHMR npM A<AKP • 
np~o~ A< 0, 4 MMeercR 4eTKOe pa3Ae.neHMe cneKrpa Ha rpynny M3 rpex 
YPOBHeH C B036Y~AeHMeM KBa3M4aCTMU BHyTpl1 OAHOH o6on04KH, a 
Ta~e Ha 6 ABYXKBa3H4aCTH4H~X ypOBHeH C B036Y*AeHHeM nonHero 
4HCna OCUHnnRTOpH~X KBaHTOB Ha 2 eAHHHU~. Y4eT B nC~ 3<l>¢eKTMB
HOrO OCTaT04HOrO B3aMMOAeHCTBMR, He BKn~4eHHOro B CpeAHee none 
/3/, npHBOAHT K KOnneKTHBH3aUH11 KBaApynonbH~X B036Y*AeHMH H 
nepecrpoHKe cneKrpa s coorsercrBHH c ypasHeHMRMI1 /17/. npocrora 
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E,.fwo 

2,5 

-

w. •w_ 

1,5 

1,0 

0,5 

0,1 0,2 0,3 01. 0 / cu o 

P11c.2. 3HeprHH ABYXKaa3114aCTI14H~X aos6y~AeHI1~ nono
~11TenbHO~ 4eTH0CTI1. nyHKTI1pH~e ni1HI111 COOTBeTCTBY~T 
KOnneKT11BHOMy Bpa~eHI1~ np11 HeaKC11anbHO~ ~OpMe ~Apa, 
aepTHKanbHa~ nHHH~ n~~ onpeAen~eT npeAenbH~e 4ac
TOT~ KOnneKT11BHOro Bpa~eHI1~. 

raMHnbTOHHaHa paccMaTpHaaeMoH MOAenH nosaon~eT nony411Tb a aHa
nHT114eCKOM BHAe peweHHe ypaBHeHHH nC~ An~ HaH60nee xapaKTepH~X 
CHTya411H, BCTpe4a~HXC~ BO Bpa~a~HXC~ ~Apax. nony4eHH~e np11 
3TOM pesynbTaT~ CB060AH~ OT TPYAHOKOHTpOnHpyeM~X npH6nH~eHHH, 

6 

ca~3aHH~x c caMocornacoaaHH~M a~6opoM cpeAHero non~, nonHOTO~ 
cneKTpa y4HT~BaeM~X ypOBHe~ H T.n., KOTOp~e B03HHKa~T B 6onee 
peanHCTH4eCKHX MOAen~x. 

PeweHHe ceKyn~pH~x ypaaHeHH~, onpeAen~~Hx cneKTP KorepeHT
H~x B036Y*AeHH~ B nC~, OKa3~BaeTC~ OC06eHHO npOCT~M npH OTCyT
CTBHH apa~eHH~. B 3TOM cny4ae B036Y~AeHH~ MO~HO KnaCCH~H4HpO
BaTb o6~4H~M o6pa30M no aenH4HHe npoeK41111 K yrnoaoro MOMeHTa 
Ha OCb CI1MMeTPI111 / S,?/ , 11 cneKTp B036Y*AeHI1H nonO~I1TenbHOH 4eT
H0CTI1 An~ Kal4<AOro 113 B03MO~H~x 3Ha4eHI111 K" =0~ 1+ 11 2+ 6yAeT 
onpeAen~TbC~ ypaaHeHI1eM 

1 - 2 K S kk (cu) = 0 • 

3AeCb 11CnOnb30BaH~ 0003Ha4eHI1~ 14 •51 

S ,(cu) = l 
kk U' 

q <t >q<k'> cuu, <ne, -nD) 
ff' ff, ---:---=--~(. =----2 2 I 

cuff,-cu 

/20/ 

/21/ 

11 q~, COOTBeTCTByeT MaTpi14H~M 3neMeHTaM KBaApynOnbHOrO Onepa
TOpa B C~epl14eCKO~ CI1CTeMe KOOPA11HaT, npoBeAfl B~411CneHI1~ MaT
pi14H~X 3neMeHTOB, MO~HO 3ani1CaTb ypaBHeHI1~ /20/ B BHAe 

v 4 1/X 

3 ~-v 
2 

+- z = 1 
4v -11 

X z 3 

2 
(II x -v z) - v(ll x + 11 z) 

(v + v - v) 2 - 4 v 11 
I Z I Z 

2vz 

4v - v 
J: 

1 

- 1 

Anfl K" = o+ 

An~ K " + = 1 /22/ 

An~ K" = 2+, 

rAe v = cu2 I cu ~ . PeweHI1e 3TI1X ypaaHeHI1H onpeAem~eTc~ cl>OpMynaMH 

208 
+--

9 

cu(O 2) / cuo 4 "+ ( 1 + !_8 
I= [ 3- 3o - 3 

cu(O 1 ) / wo 

1 - 1 cu(1o =±1) / cu0 = y 2(1- 3 8 ) .. v'2(1· --ij-8 ) 

2 
~ ~ I 

sel J = v2(1-~> 

/23/ 
8 - 4 cJ2a= ±1) / cu 0 = v'2(1 + 3 8) .. v'2(1 + 3 8) . 

7 



CocTORHI-1e 0; c 3HeprHeH (A) oe 2(A)o K011JleKTI-18HbiMH C80HCT8a~otlo1 He 

o6naAaeT /c~-t. Hl-i*e/. OcTanbHble peweHI-111 xapaKTepi-13Y~T nono*e

HI-1e COOT8eTCT8Y~I-1X 8eT8eM rHraHTCKOrO K8aApynOJlbHOrO pe30HaH
ca /fKP/ 8 Ae¢0p~otHP08aHHOM RApe . 0TJ1H41-1e C00THOWeHI-1H /23/ OT 

pe3yJlbTaT08 1 nony4eHHbiX 8 pa60Te 171 , o6yC1108JleHO HeCKOJlbKO 

I-1Hbllot 8b160p0M KOHCTaHT OCTaT04HOrO 83aHMOAe~CT81o1R, 8 npeAellaX 
Hyne80M Ae<l>op~-ta~HI1 peweHHe (A)=v2w 0 xopowo cornacyeTCR c H~-te10-
~I-1MI1CR 3KCneplo1~-teHTallbHbiMH AaHHbiMH o6 I-130CKa11RPHOM rKP / 8 / . 0T

~-teTI1M , 4TO 8 paCCMOTpeHHOM MOAelll-1 He 80CnpOI-13BOARTCR HH3KOJle

*a~He KonneKTH8Hble 8036Y*AeHHR RAeP I f3- H y -nonocbl/, TaK 
KaK cneKTp COOT8eTCT8Y~HX K8a3H4aCTH4HbiX nepeXOA08 H~-teeT CllHW
KOM ynpo~eHHbiM xapaKTep. 

3a811CI1MOCTb 3Hepri1M C0CTORHI1H fKP OT napaMeTpa Ae<!>OpMa~l-11-1 
8 OTCYTCT811e BPat~~eHHR (f!=O) npeACTa811eHa Ha PI1C. 3 • KaK 8HAHO , 

w./"'• 

2p 

1,0 

0 0,1 0.2 0,3 

z' 

0,, 0,5 OHHilbC 

P11c.3. 3a81-1CI1MOCTb 
3Hepri-1H 8036Y*AeHI1R CQ

CTORHI1M nOilO*HTellbHOM 
4eTHOCTI1 OT napaMeTpa 

Ae<l>op~-ta~l111 np11 0 = 0. 
4acToTa Oi MOAbl o6pat~~a
eTCR 8 HYilb npH 81\p = 

1 -= f-<v7 -t> = o, 411 . 

3Hepr11R 8036Y*AeHH.R tpoHOHHOrO COCTO.RHH.R Oi MOHOTOHHO y6b18aeT 

C pOCTOM 8 11 o6pat~~aeTC.R 8 Hyllb npH 8 = t< y7-1) = 0 1 411. 06pa

UieHHe 8 HYilb 4aCT0Tbl HOpMallbHbiX KOJle6aHHH nC<I> COOT8eTCTByeT 

803HHKHOBeHH~ HeyCTOH4HBOCTH B CI1CTeMe OTHOCHTeJlbHO OTK110HeHI1.R 
<I>OPMbl OT onpeAeneHHOH 113 ycnoa11i1 caMocornaco8aHI1.R 191 . 0oR8ne

HI-1e HeyCTOH4HBOCTH B M0Ae1111 .RApa, paCCMOTpeHHOH 3AeCb, CB.R3aHO 
C HaJlH4HeM KBaApynOJlbHbiX CHJl npi1T.R*eHI1.R, H3-aa KOTOpbiX nOTeH-
4Ha11bHaR 3HeprH.R 
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HMeeT MaKCI-11-tYM KaK <!>yHK4H.R napaMeTpa Ae<I>OpMa41-1H MaCCbl 8 H npH 
6011bWHX 3Ha4eHHRX 8 MOHOTOHHO H HeorpaHI14eHHO y6b1BaeT. KaK 6y

AeT noKa3aHo HH*e, aHanorH4HaR TeHAeH~H.R npocne*HBaeTc.R H All.R 

COCTO.RHHR ru = 2+, COOTBeTCTBY~Uiero OAHOH 1-13 MOA B036Y*AeHI-1H 

cnJliOCHyTOrO RApa, 8Pallla~erOCR BOKpyr OCH CHMMeTpHH.TaKHM o6-
pa30M, KaK yaenH4eHHe napaMeTpa Ae<I>OpMa~HH noTeH~Hana 8 , TaK 

H pOeT yrn080H 4aCTOTbl epat~~eHH.R 0 npHBOART K HC4e3HOBeHHIO no
KallbHOrO MHHI-1MyMa n08epXHOCTH 3HeprHH KaK <!>yHK~HH napaMeTpOB 

paaMepa H KBaApynOilbHOH Ae<I>OpMa4HI1. ACHMnTOTHKa <I>YHK~HH V 
npH 04eHb 6011bWHX < l r ~ > H 8, 6e3yC110BHO, RBil.ReTC.R Hepea-

V 

111-1CTH4HOM. 0AHaKO B Ka4eCTBeHHOM OTHOWeHHH OnHCaHHble CBOHCTBa 
noeepXHOCTH 3HeprHH npH yMepeHHO 60JlbWHX 8 H 0 COOTBeTCTBy~T 

peaJlbHbiM RAPaM, B KOTOpbiX yBe11H4eHHe Ae<I>OpMa4H11 H yrJlOBOH CKO

POCTH Bpa~eHHR AOil*HO npHBOAHTb K AelleHH~ CHCTeMbl Ha 4aCTH. 
B AallbHeHWeM Mbl orpaHI-14HeaeMcR pacc~-tOTpeHHeM xapaKTepHCTHK Mo

AellH B 0611aCTH 8 H 0 , npH KOTOPbiX 4aCTOTbl <I>OHOHHbiX B036Y*Ae

HI-1H B nC<I> OT11H4Hbl OT Hyll.R. fpaHH~a 3TOH o6JlaCTH CXeMaTH4eCKH 
OTMe4eHa Ha PI1C. 1 nyHKTHpHOH 11HHHeH. HeyCTOH4HBbiM KOH<!>Hrypa-

4H.RM COOTBeTCTByeT 3aWTPHXOBaHHa.R 4aCTb PHCYHKa . 

KaK 0TMe4aJlOCb BbiWe, npH {l ~ n<n yrnOBoH MOMeHT HanpaeneH 
BA011b OCH CHMMeTPHH, H ¢oHOHbl nC<!> 06JlaAa~T T04HbiM 3Ha4eHHeM 
KBaHT080rO 4HC11a npOeK4HH yrllOBOrO MOMeHTa Ha 3Ty OCb, 06o3Ha-

4aeMOrO Aanee r • AHcnepcHOHHble ypaeHeHH.R AJ1R 4aCTOT HOpManb~biX 

KOJle6aHHH B 3TOM Clly4ae TaK*e pa3Ae11R~TCR Ha TPH He3aBHCHMbiX 

ypa8HeHI-1.R: ABa H3 HI-1X onpeAellR~T B036Y*AeHH.R n0110*HTellbHOH 
Cl1rHaTypbl C r= 0 H r = ± 2 H TpeTbe - 8036Y*AeHHR OTpH~aTellbHOH 
CHrHaTypbl C T =± 1. 

npH 3anHCH MaTpH4HbiX 3JleMeHTOB KBaApynOilbHbiX onepaTOPOB B 
C<!>epH4eCKOH CHCTeMe KOOPAHHaT, OpHeHTHPOBaHHOH nO OCH CHMMeT

PHH, ypaBHeHHe /20/ A/111 COCTO.RHHH r= Q+ npHHHMaeT BHA 

2 2 2 1 
-(v ->.)I + 1 = 1 
3 Y v (4v -v) (v -A)(4v - v) .t .t ., y 

/24/ 

H ABa erO peweHH.R onpeAell.RIOTCR <I>OPMYilaMI-1 

v = 2a t 2va2 - b , 
/25/ 

a = v x + v Y - gj3v x - yg/ 6 , 

b = 4v.tvy- 4gvy / 3v .t- 2/i,v.t / 3. 
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AnR COCTORH~~ C r =±2 ~4~CneH~R OKa3~BaOTCR 6onee rpOM03A
K~MH, HO nocne DRAa npeo6pa30BaH~~ ~ B~AeneHHR AYXOBOrO pe
weH~R AHcnepcHOHHOe ypaeHeHHe MOmHo 3anHcaTb e BHAe 

v2 +6...j-;,v + 10.>. - 2v =0. /26/ 

Aea peweHHR 3Toro ypaeHeHHR onpeAenROTCR cooTHOWeHHeM 

v1, 2 • ±3/A+...j2v-.>. /27/ 

KOrAa yrnoBaR CKO~OCTb epa~eHHR AOCTHraeT HeKOTOPOrO KPHTH4eC
KOrO 3Ha4eHHR 0 ~J , KOTOPOMY COOTBeTCTBYeT eenH4HHa V = 0, 
T01 KaK H B paCCMOTpeHHOM BbiWe cny4ae 60nbWHX /) npH 0 • 0, 
CHCTeMa TepReT YCT0~4HBOCTb. npH Han~4HH CBR3e~, YCTaHaBnHBae
~ ~OpMyno~ /13/ , 6yAeM HMeTb 

rf2> 87 -...j153 ~ 
Kp = [ 

412 
l cu 0 = 0,425cu 0 , /28/ 

H 3Ta aenH4HHa onpeAenReT rpaHH~Y yCT0~4HBOCTH ¢QpM Bpa~aO~HXCR 
.AAep Ha OCH y-rr/3 /pHC, 1/. 

AnR COCTOAHH~ OTPH~aTenbHO~ CHrHaTypw C r=±l nocne OTAene
HH.A AYX08WX peweHH~ H BeCbMa rpOM03AKHX, HO npHH~HnHanbHO He
cnO*H~X 8~4HcneHH~ MO*HO npeACTaBHTb AHCnepcHOHHOe ypaBHeH~e B 
BHAe 

...;'>: 2..;"A<t + j-..;>-> 2..;.>-<t + j-..;~> 
z3-z[2(1+->+ l+ =0, 

6 - -l +...j.>. l+ ...j>-

/29/ 

rAe Z .( ...;-; +lM . Mw He 6yAeM e~nHc~eaTb o6~ee peweHHe 3Toro 
ypaeHeHHR, a npHBeAeM nHWb npH6nHmeHH~e peweH~R, nony4eHH~e 
pa3nomeHHeM no CTeneHRM fl : 

cur = ±1 -- 7 3 
- ' 2 cu + -- o + -fl v o s ..;2 - 2 • /30/ 

cur • +1 
npelt 

3 n2 
8 o 

- - --(1 - -- -) . 
2 cu0 9 cu 0 
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AHanorH4HOe pa3nomeH~e paccMOTpeHH~x e~we peweHHH AHcnep
CHOHH~x ypaaHeHHH /25/ H /27/ AnR COCTORHH~ nOnOmHTenbHOH CHr
HaTypw 6yAeT ~MeTb BHA 

r=O 
w 

2cuo 5 ..;2 
0 ...j2 cuo + -6. 

-- fl + 30. cur = ± 2 "' ...; 2 cu 0 - 3 ...j2 -

/31/ 

COOTHOWeHHR /31/, TaK~e, KaK H nepaoe 1-13 COOTHOWeHHH /30/, xa
paKTepH3yOT pac~enneH~e pa3nH4HWX BeTBeH H30CKan.ApHOrO rKP BO 
apa~a~eMcR RAPe, TOrAa KaK nocneAHee H3 ewpameHHH /30/ onpe
AenReT 4aCTOTy HH3K03HepreTH4ecKOH npe~eccHOHHO~ MOA~. Pe3ynb
TaTw 6onee nOnHOrO aHanH3a cneKTpa ¢QHOHHWX B036ymAeHHH B nC~, 
nony4eHHWe npH 4HcneHHOM peweHHH A~CnepcHOHH~x ypaeHeHHH 1 51 , 

noKa3aHW Ha p~c.4. CnnOWH~e nHHH~, KaK H Ha pHC.2, COOTBeTCTBy
OT cnnOCHYT~M aKCHanbHWM ¢opMaM apa~a~erOCR RApa, TOrAa KaK 
nyHKTHPHWe xapaKTePH3YOT CneKTD HeaKC~anbHOrO pem~Ma apa~eHHR 
a o6nacT~ 0::; fl ::; 0 <;> . Cneaa Ha nyHKTHPH~x KPHB~x p~c. 4 
yKa3aHW KBaHTOBWe 4~gna npoeK~HH yrnoaoro MOMeHTa Ha OCb Z , 
RBn.A~~eCR T04H~MH npH n "' 0, a TaK*e CHrHaTypa ¢oHOHa. Cnpaea 
Ha cnnowHwx nHHHRX AaH~ 3Ha4eHHR npoeK~HH yrnoeoro MOMeHTa r 
Ha OCb epa~eH~R /OCb X I, RBnR~HeCR B paMKaX nc~ T04HbiM~ KBaH
TOB~M~ 4~CnaMH ¢oHOHH~X onepaTOpOB npH fl > fl p> . 113 npeA
CTaBneHH~X pe3ynbTaTOB nerKO YBHAeTb, 4TO ;poc~aR nHHeapH30-
BaHHaR O~eHKa /30/ ~ /31/ peweH~~ AHCnepCHOHH~X ypaeHeHHH OKa-
3WBaeTCR eecbMa xopoweH Aame a o6nacTH cpaeHHTen bHO 6onbWHX 
CKOpOCTeH epa~eHH.A . 

BeTBb npe~eccHOHHWX ao36ymAeHHH Ha4HHaeTcR c Hyneeoro 3Ha-
4eHHR npH 0=0 H OCTaeTC.A HHmaHWeH eeTBbiO npH 0 < 0,376cu 0 , 
T. e. npaKTH4eCKH 80 BCeM ~H3~4eCKH HHTepeCHOM HHTepeane 4aCTOT 
Bpa~eHH.A. 0AHaKO ycnOB~.A aA~a6aT~4HOCTH npe~eCCHOHH~X KOne6a
HH~ An.A paCCMOTpeHHO~ CHCTeMW He BWnOnHRIOTCR. AAHa6aTH4eCKaR 
O~eHKa 4aCTOTW npe~eCC~OHH~X KOne6aHH~ / S / 

cu a,nJHlO. 
npeu. =fH (Jx-Jy)(Jx - Jz) / JyJz ] ~ • /32/ 

rAe Ji- TBepAOTenbH~e 3Ha4eHHR MOMeHTOB HHep~~H, An.A aKCHanb
HOrO pemHMa epa~eH~R npHBOA~T K COOTHOWeHHIO 

a.o.Han 
cunpe!.1. 

v:r- vy +A 0 2 5 fl 
= {l .. - (1 --- + ... ) • 

v x + v y - A 2 cu 0 6 cu0 
/33/ 

11 



w~/Wo 
I 

2,5 

I 
o~~>; w o 

O' 
2 

r-1. ___ 

1 : 0 

1,5 G•1 

C) =-1 

r •· 1 

0,5 

0,1 0,2 0,3 OJ. 0/wo 

PHc.LI. 3HeprHH COCTO~HHH nonO*HTenbHOH 4eTHOCTH, 
HaHAeHH~e B nc~. YKa3aH~ npeAenbH~e 3Ha4eHH~ npoeKUHH 
yrnOBOrO MOMeHTa k Ha B~T~HYTY~ OCb /nyHKTHPH~e nHHHH/, 
cHrHaTyp~ H npoeK4HH yrnoeoro MOMeHTa r Ha cnn~cHyTy~ 
ocb /cnnowH~e nHHHH/. 

3TOT pe3ynbTaT Cy~eCTBeHHO OTnH4aeTCA OT aHanOrH4HOH 04eHKH 
nC~, COOTBeTCTBy~eH nocneAHeH H3 ¢opMyn /30/. AnA BCero AHana-
30Ha B03MO*H~X CKOPOCTeH epa~eHH~ COOOCTaeneHHe pe3ynbTaTOB 
pac4eTOB W npell B nC~ H B aAHa6aTH4eCKOM npH6nHll<eHI1H - npHBeAe
HO Ha pHc.S. AnA a~cHanbHoro pe*HMa epa~eHHA (wncq; / wanHa6)npeil'3 
An~ Man~X CKOpOCTeH Bpa~eHH~, H OTHOWeHHe 4aCTOT npeueCCHH 

12 

PHc.s. HaHAeHHaA B nc~ 
4aCTOTa npeuecCHH B eAH
HHUaX w O 9 3aBHCH-

MOCTH OT 0 . AnA cpae
HeHHA npHBeAeH~ 3Ha4e-

0,20 

HHA 3HeprH~<~ HHll<aHwero OJ5 
ABYXKBa3H4aCTH4HOro 

YPOBHA OTPH4aTenbHOH 
cH rHaTyp~ (w + -<-J a)/ ~..,o 0,15 
H OUeHKH 4aCTOT~ npe-
4eCCHH no MOAenH TBep-
AOrO poTaTopa, c 3KBH
eaneHTH~M pacnpeAene
HHeM MaCC~ /TB.pOT,/. 

0,05 

w,P Wo 

0.1 0,2 0,3 O,t. 0,5 O/ w0 

yMeHbWaeTCA npHMepHO AO 2 B o6naCTH 6onee B~COKHX CKOpOCTeH. 
6nH3KHM K ABYM OKa3~BaeTCA 3TO OTHOWeHHe H AnA HeaKCHanbHOrO 
pe*~<~Ma epa~eHHA. H3 aHanH3a AHCnepcHOHH~x ypaeHeHHH nerKo eH
AeTb, 4TO HapyweHHe ycnoeHH aAHa6aTH4HOCTH npe4eccHOHH~x Ko
neGaHHH o6ycnoeneHo, e nepey~ 04epeAb, ponb~ HH3K03HepreT~<~-

4ecKHX ABYXKBa3H4aCTH4H~X nepeXOAOB C 3HeprHeH W+ - W x • 

C pOCTOM CKOpOCTH epa~eHHA H COOTBeTCTBY~HM yMeHbWeHHeM CH
noBOH KOHCTaHT~ /13/ 4aCTOTa npeueCCHOHH~X KOne6aHHH aCHMOTO
TH4eCKH CTpeMHTCA K BeJ1H4HHe W + - Wl /CM.pHc.S/. 

3AKJ1104EHHE XOTA raMHJlbTOHHaH paccMoTpeHHOH 
MOAeJlH BeCbMa OPHMHTHBeH, TeM 

He MeHee, s paMKax MOAenH YAaeTCA KoppeKTHO on~<~caTb nono*eHHe 
H 3aBHCHMOCTb OT KBaApynOnbHOH Ae~OpMaUHH An~ COCTOAHHH rKP 
npH Man~x cn~<~Hax 16 •1 ( KaK OTMe4anocb s pa6oTe 1 2/ , 3TOT raM~wb
TOHHaH TaKll<e Ka4eCTBeHHO nepeAaeT TaKHe Cy~eCTBeHH~e pOTauH
OHH~e xapaKTepHCTHKH AAPa, KaK 3aBHCHMOCTb MOMeHTa HHepUHH OT 
pacnpeAeJleHH~ AAepHOrO Be~eCTBa H OOABneHHe HeaKCHanbHOCTH 
BCJleACTBHe spa~eHHA. no3TOMY peaynbTaT~, nony4eHH~e B AaHHOH 
pa60Te, MOryT AaTb npeACTaBJleHHe o6 Oli<HAaeM~X H3MeHeHHAX B 
cneKTpe KOnneKTHBH~X B036yli<AeHHH npH 60nbWHX yrnos~X MOMeHTaX. 

Pa3pyweHHe cnapHBaHHA npH epa~eHHH AAPa npHBOAHT K ~<~C4ea
HOBeHH~ KOnJleKTHBH~X COCTOAHHH , cy~eCTBOBaHHe KOTOp~X CBA3aHO 
CO CBepxTeKy4HMH CBOHCTBaMH AAepHOrO Be~eCTBa. no3TOMy OTCyT-
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CT BHe B MOAeilH, pa3o6paHHOH BbiWe, Mfl riH1X {3- H y-MOA B036yl4<-
AeHHR npH MailbiX CnHHaX BPRA IlH CHilbHO CKa3biBaeTCR Ha BbiBOAaX, 
OTHOCR~HXCR K KOI11leKTHBHbiM COCTORHHRM npH l>> 1 . KonneKTHBH3a
UHR HH3K03HepreTH4eCKHX COCTORHHH B 3TOH o6nacTH B03M0l4<Ha 
H3-3a CHilbHOrO yMeHbWeHHfl l4<eCTKOCTH RAep no OTHOWeHH~ K Ae~op
MaUHRM, B KOTOPbiX y4aCTBy~T CTeneHH CBo60Abl RAPa, onpeAeilR~

~He 3BOI1~UH~ RAeP B npouecce Aei1eHHfl. 8 Hawe.:1 MOAeilH POilb Ta
KHX CTeneHeH CB060Abl Hrpa~T napaMeTpbl KBaApynOI1bHOH Ae~opMa
UHH. B pa6oTe npeACTaaneH MaTepHan, noaaonR~HH nporH03HpoaaTb 
3aBHCHMOCTb 3HeprHH B036Yl4<AeHHR H pacnaAHbiX CBOHCTB MOA rKP 
OT yrnoaoro MOMeHTa. 

E~e OAHa B03M0l4<Hafl npH4HHa B03HHKHOBeHHfl HH3KOI1el4<a~HX KOn
J1eKTHBH3HpOBaHHbiX COCTORHHH npH 1 >> 1 CBR3aHa C B03HHKHOBeHHeM 
aHH30TponHH a HMnynbCHOM pacnpeAeneHHH HYKI10HOB. Ee TaKl4<e MOl4<
HO paCCMa~pHBaTb KaK OC06b1H BHA Ae~OpMaUHH, H TOrAa M0l4<HO H3y-
4aTb KOJ1e6aHHR OTHOCHTeilbHO paBHOBeCHOH Ae~pMaUHH nOA06Horo 
POAa. B TBePAOM Tene TaKHe KOne6aHHR HMe~T xapaKTep npeueccHH, 
H Ha npOTRl4<eHHH PRAa neT OUeHKH, nOI1y4eHHble B MOAei1H TBepAOrO 
pOTaTopa, HCnOI1b30Bai1HCb Ailfl aHai1H3a TaKOH MOAb! B RApax. B AaH
HOH pa6oTe noKaaaHO, 4TO nOA06Hble oueHKH aecbMa rpy6bl. 

HaM Kal4<eTCR, 4TO AaHHaR pa60Ta HMeeT TaKl4<e AOCTaT04HbiH MeTO
AH4eCKHH HHTepec. B 4aCTHOCTH, Ha ee ocHoeaHHH YAanocb npoaepHTb 
3~eKTHBHOCTb npoueAYPbl Bb1Aei1eHHR AYXOBbiX COCTORHHH, C~pMynH

poaaHHOH B / S,4 / . noKa3aHo, 4TO 3Ta npoueAypa AeHCTBHTeilbHO ra
paHTHpyeT HC KI1~4eHHe AYXOBbiX COCTORHHH npH KOili1eKTHBHOM epa~e

HHH . Cny4aH 11 B pa~eHHfl BOKpyr OCH CHMMeTpHH11 OKa3aJ1Cfl OCOfibiM, 
TaK KaK YCI10BHR CaMOCOrJ1aCOBaHHR, OTBeTCTBeHHble 3a HCKI1~4eHHe 
AYXOBbiX COCTORHHH, npH 3TOM o6pa~a~TCR B TOl4<AeCTBa. 
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