
OtibBAMHBHHbiM 
MHCTMTYT 
HABPHbiX 

MCCnBAOB8HMM 

AYtiH8 

+ 

s q 8~-:U 9 /JL -J'I 
P4-80-713 

A.AK6apoa, H.H.MHxaH~OB 

rHrAHTCKHH KBA~PYOOnbH~H PE30HAHC 
8 B~CTPOBPAmAIDmHXCH H~PAX 

Hanpa eAe HO e Jlt:P 

1980 



§ 1. BBEAEH~E 

rHrSHTCKI-1111 KBS,Qpyno.nbHblill pe30HSHC /rKP/ B 6biCTpoapa~aiOUV-1X

C~ ~,Qpax paCCMOTpeH 8 pa60Tax/1·3/ B paMKSX npi-1611H*eHI-1R C.ny-

4Sii!Hb1X ¢83 /nC¢J/, npHMeHeHHOrO K raMI4JlbTOHJ.IISHY, CO,Qep>Kall.leMy 

OCU,HI1J1fiTOpHOe U,eHTPSilbHOe none 1t1 KBS,Qpyno.nbHble H30CKSI1~PHble 

Cli1J1bl. Bm·1RHlt1e yrnosoro MOMeHTa /1/ y4TeHo Bbi.QeneHr.1eM apautaiO

II.IerocR .Qe¢opMio1poaaHHoro nonR, cornacoaaHHoro c raMHJ1bTOHHSHOM 

no XapTpH. npH 3TOM noKa3aHo, 4TO apat~.~eHHe, a npHHU,Hne, npHao

A14T K aeCbMa CVUlbHbiM lo13MeHeHV1RM cneKTpa 'cOCTORH\.11171 rKP. 0.QHSKO 

CXeMSTJ.14HOCTb MO,QeJlH, paCCMOTpeHHOill 8/1-3 /,He n03BOJ1ReT c¢op
MYJWIP0BSTb KOJH14eCTBeHHbte npe,QCKS3SH\.IIR 06 3¢¢leKTaX, Q)!(H,QSeMbiX 

a npou,ecce 3KcnepHMeHTa. 
KaK y>Ke OTMe4SJ10Cb 8 U,!.·1TlllpOBaHHblX pa6oTaX, MO,Qeilb /l·3/ no-

3BOJ1ReT nony4J.1Tb paayMHble ou.eHKlll nono>KeHJ.~~R rKP KaK e c¢leplll-

4ecKJ.1X, TaK Ill B ,Qe¢lopMa.1POBaHHbiX fi,Qpax npa.1 MailbiX 3Ha4eHJ.IIRX. 

yrnoeoro MOMeHTa, O,QHaKO 3aMeTHble lii3MeHeHIIIR ¢lOPMbl R,Qpa B ,QaH

HOC1 MO,Qeillll npOJ.IICXO,QRT nplll CilliiWKOM 60ilbWIIIX 3Ha4eHIIIRX l. 6onee 

peaJ1J.IICTJ.1l!HblMJ.1 B 3TOM OTHOWeHJ.IIJ.1 RBilfiiOTCR OU.eHKJ.-1 pOTaU.H0HH0'1 

,Qe¢OpMJ.~~pyeMOCTlll R,Qep B paMKaX MO,QeilJ.1 >KH,QKOC1 KannJ.1/41,KaK cne

,QyeT 1113 paCl!eTOB/5/, BilliiRHllle 060J10l!el!Hb1X 3¢l¢leKTOB Ha ¢l0pMy R,Qep 

orpaHllll!eHO cpaBHHTeilbHO He60ilbWHM ,QHana30HOM 3Hepra.1lll B036y>K

,QeHIIIR Ha,Q J.1pacT-IlliiHllle'1, TaK 4TO OT MO,Qeillll mH,QKOC1 Kanillll MO>KHO 

O>KH,QaTb pa3yMHOrO KOJ1llll!eCTBeHHOrO OnHcaHJ.1R ¢lopMbl npO,QYKTOB 

CilliiRHIIIR TR>KeilbtX IIIOHOB B COCTORHIIIRX Hal!ailbH0'1 CTa,QJ.1J.1 KacKa,Qa 

nepeXO,QOB, CHJ.1Mai0~111X B036y>K,QeHJ.1e npo,QyKTOB CilliiRHIIIR lSI, no3-

T0MY AnR on111caHHR ¢opMbl epautaiOuterocfl fi.Qpa 111 CBR31-1 yrnoeoro 

MOMeHTa C l!aCTOT0'1 BpauteHHR MO>KHO nOilb30BaTbCR npe,QCKa3aHIIIRMlll 

MO,QeilH >KI-i,QKO~ Kannlll, a COOTBeTCTBYIOLltllle 3TOC1 l!aCTOTe BpauteHHR 

xapaKTepJ.-~CTIIIKlll rKP onpe,QeilRTb Ha OCHOBe nC~. AHaJ1J.13 rKP B paM

KaX TaKoro nO,QXO,Qa Ill COCTaBnReT U.eilb HaCTOR~e~ pa60Tbl. 

§2. rAM.~Jlb TOH~AH MOAE!l~ 

raMli!IlbTOHlllaH, Onli!Cb1Bal0uta.1H HepoTaU.HOHHbte B036y>K,QeHIIIR R,Qpa, 

aan111weM e BHAe /8/: 
A 

H-H +.!._( l: r 2)2 _.!.. LKl I :Q Q :(-1) m 
av 2 v=l v 2 m m m -m 

/1/ 
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rAe r 2 = x 2 + y 2 + z 2, 

A 
Q = 2: Q, (v) ' 

m V=l m 

r - :;: 1 
(y ± iz) . 

± 1 v 2 

A 
H = 2: h (()) 

av v=l v 

/2/ 

131 

6yAeM annpoKc~M~posaTb, KaK 
HbiX raM"lJlbTOH"laHOB HYKJlOHOB 
rapMOH"14eCKOrO OC~"lJlJlRTOpa. 
aan~weM 

Yl B pa6oTax li·3l, CyMMOi1 0AH04acn14-
hv (fl) B none AectJOpMYtpOBaHHOrO 

.llnR aKc~anbHbiX spa~aiO~~xcR RAep 

h((J) = 

/4/ 
{1-yp-zp). 

X Z y 

no aHanOr"l~ C pa6oTaMYt I 1·3/ BBeAeM OnepaTOPbl $OHOHOB OC~"1J1J1R-
TOpHbiX KSaHTOB a, a+, TaK~e, 4TO 

-'h -'12 + X (2muJ 
11 

) (2m w 
11 

) •o 
!51 

mw 'h ·c mwll ) 'h 
p i(--'-' ) -1--- •o X 2 2 (, ~· ,,,., H -'h -'12 

) ( 
a+ (2mw~) (2mw ~) 
±! 

. mw.L '12 i(mw~)'h - -=(P ± 1p ) 1(--) a± l. + y2 y z 2 2 

/6/ 
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faM~I1bTOH~aH /4/ 3an~WeM B B~Ae 

h(cu)=cu (a+a++..1.)+cu [(a+ a +.!...)+(a+ a +.!...)], 

" 0 0 2 ± 1 +1 +1 2 -1 -1 2 
171 

rAe w± 1 =w..L:j:O. 

0TMeT~M, ~TO onepaTOp h(O) ~HB8p~aHTeH OTHOC~TenbHO one

pau,~~ nosOpOTa_ BOKpyr OC~ X H8 yron 11, KOTOpoH COOTBeTCTByeT 

npeo6paaosaH~e 

a ~ (-l)m a ; 
m m 

m ""0, ± 1. !81 

napaMeTpbl Ae¢opMau.~~ nonR np~ 3aAaHHOM 3Ha~eH\11~ n 6yAeM onpe

AenRTb no ¢opMynaM, nony4eHHbtM e pa6oTe 181 • np111 aHan111ae pasHo

secH~x Ae¢opMau,V~H aapRmeHHoH m~AKO~ Kann\11 a np~6nV~meHVIVI snnV~n

COV~A8I1bHbiMVI ¢~rypaM\11 pasHosecvtR. CsRab napaMeTpos Ae¢opMaU.\11111 

nonR 111 nonyoce~ snnHncOV~Aa (a1,a 2,a 3), annpoKcvtMHpyiD~VIX no

sepxHOCTb RApa, yCT8HOBHM COOTHOWeHvtRM\11 

/9/ 

rAe \0> - HVIma~waR KOH¢Hrypau,HR raMHDbTOH\118H8 /3/. B'WVIpO

KOH o6nacTio1 n AnA aKc...,anbHbtX spat~.~ataii.IHXCR RAep VIMeeT MecTo np...,-

6nV~meHHoe cooTHoweH~e 

110/ 

B raM\11IlbTOH\118H /3/ BBeAeHbl cenapa6enbHbte MOHOnOilbHble \11 KB8Apy

nOilbHble c~Ilbl. C1-1MBon :A: oaHa~aeT, ~To 1-13 onepaTopa A VICKillo-

4eHa 48CTb, A8ID~aA BKI18A B CpeAHee none, 8 OTI1\114~e OT /1-3/,. 

B KOHCT8HT8X KBaApynonbHOro B381o1MOAe~CTBio1A Kl I AOnycKaeM 

paan\114\lle AI1A pa3HbtX 3Ha~eHt;t~ \m\. nplo1 3TOM C~XpaHReTCR VIHBa

p~aHTHOCTb raM\11IlbTOHVI8Ha /3/ OTHOCI4TeilbHO npeo6pa30B8HI4A /8/ . 

.llnA onpeAeneH~;~R KOHCTaHT K I I , ~ , ~-' 6yAeM lo1CnoJ1b30BaTb 

6 
m z " 

COOTHOWeH14A 1 0 ecne4~BaiD~~e BOCCTBHOBileHio1e POT8U,~OHH0\11 ~Hsa-

pi118HTHOCT\111 a TaKme Cy~eCTBOB8H~e onepaTOpa () TaKoro, ~TO [ft,O)..,Q, 

onV~Cbtsata~ero npeo6paaosaHV~e cocTOAHHi:i, pacnonomeHHbiX Ha HpacT

J1HHVIH, s npH6JlH)I(eH\11\11 cny1..1ai1HoH ¢a3b(n 1• KaK cneAyeT Vt3 AanbHe~

wero, 3TVI ycnoB~A so3MomHo BbtnOilHVITb, nonaraA 
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K ~K , 
I - /11/ 

rAe, 80o6ute i-o80p.R, K+f:.K_. B AanbHeHweM ltlcnonbayeM pa8eHCT8o 8 <t>opMyne /11 I. CyutecTBeHHbiMitl napaMeTpaMH MOAe11H R811RIOTCR 

2fC go= 2 4 
rn '"o 

n U=--, (m- 0, ± 1) '"o 

§3. nPH5J1HJ\(EHHE CI1Y4A~HO~ <l>A3bl tnC<J>/ 
allH <l>OHOHOB rKP /nOCTAHOBKA 3AAA4H/ 

/12/ 

3HeprHH rKP onp~Ae!1HM H3 ypaBHeHHH A11R HOpMa!1bH~X KOOPAHHaT (XA) H HMnynbC08 (P A): 

/13/ 

[X,,P,] =i, 
A A rrc¢ 

npH4eM np1-1 8bi4HC!1eHHH KOMMyTaTOpo8 XA, PA c raMitliJbTOHHaHoM 83aHMOAei:1CT8HR HCn0!1b3YeM 06bi4HOe A11R nC<IJ rlpH6!1H)I(eHHe: 

' Q l 
s rrc¢ 

= <11 1 r PxA , Q l In> . 
A s /14/ 

B /14/ Q - n106oi1 H3 OAH04acTH4HbiX onepaTopo8 (L1 ,Qm),8xo-•· . ARIJlHX 8 H - H (0) • •• JlerKo 8HAeTb, 4TO 8 npH6nH~eHHH /14/ ypa8HeHHR /13/ AOnyc-KaiOT peWeHJ..1R, 8 KOTOPbiX X,\ H P,\ 8blpamaiOTCR 6H!1HHet1HblMJ.1 KOM-6HHa4J.1RMJ.1 onepaTopos a~ H am. H3 HHBapHaHTHOCTH raMH11bTOHHaHa nO OTHOWeHI-110 K npeo6pa3oBaHHIO /8/ C11eAyeT, 4TO peweHHR pa36HSaiOTCR Ha ABa K!1aCca, TaKJ.1e, 4TO 

~ '\ ( /15/ 

PeweHHR, OTBe4aiOutHe u:.:l (-1) , 6yAeM Ha3biBaTb, COOTBeTCTBeHHO, peWeHJ.1RMJ.1 Af1R B036ymAeHJ.1t1 nOIJO)I{J.1Te!1bHOt1 /OTPJ.14aTeiJbHOt1/ CHrHaTYPbl· 
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Bo36YmAeH"".A nonom""TeilbHO~ c""rHaTypbl reHepYipyiOTC.A MOHononbHO~ 

4aCTbiO B3aHMOAe~CTB"".A, a TaK>Ke 4aCTbiO KBa.QpynOJlbHOrO B3aYIMO

.Qe~CTB"".A, BKI1104al0ll.le~ onepaTopbl 

m- 0, ±2. 

Bblpa>KeH"".A Q Yl r 2 
mB B 

e TepM""Hax onepaTopos am 

1 1 " 
r2~_;___q ---q 

B 2mw x mw 0 
X j_ 

3 
~-v-

2 

q -a+ a+ +a a , 
X X X X X 

q-a+a++aa 
0 -1 +1 +1 -1 

q±2 ~(a~ 1 )2 + (a+ 1 ) 2 ' 

p =a+a+-a a 
X X X X X 

p = a+ a+ -a a 
0 -1 +1 +1 -1 

q' -a+ a 
±2 - ±1 + 1 

1161 

1171 

1181 

Bo36Y>KAeHH.A OTPYIL.IaTeilbHO~ c""rHaTypbl reHepYipyiOTC.A 4aCTbiO 

KBa.QpynOJ1bHOrO B3a""MO.Qe~CTBYI.A, BKJ1104al0ll.le~ onepaTOp~ 

Q ~l-v-3-(p +P: l, 
m=±L B m w wl. ±1 -1 

X 

1191 

OnepaTOPbl X,\ , P A AilFI so36y>K.QeH""~ nono>KYITeJ1bHOt1 /OTP""U.aTenb-

HO~/ CYirHaTypbl Bblpa>KaiOTCFI Il""He~HbiM"" KOM6YIHal.IYI.AMYI onepaTopOB 

q 
8 

, P 
8 

B <1>opMyne I 181 I cooTBeTCTBeHHO I 191 I, 
YcnOBYI.A poTal.I""OHHot1 ""Hsap~r~aHTHOCTYI, o6cym.Qasw""ec.A a §2, 

6y.QyT BblnOilHeHbl, ec.n"" peweH""FI ypasHeHY!t1 ncct> AI1.A ¢>0H0HOB COAep

>KaT ronAcTOyHOBCKYie seT BY!. YcnoaYie w A= 0 Afi.A peweHY1t1 ypasHe

HY1t1 /13/ Ail.A $oHOHos c nonomYITeilbHOt1 Yl OTPYIL.IaTeilbHO~ c""rHaTy

pot1 np""BO.QYIT K ypasHeH""FIM, ""3 KOTOp~X MO>KHO onpe.QeilYITb 3Ha4e

H""FI K ± (g ± ) npYI 3aAaHHOt1 3aBY!CYIMOCTV1 A€$OpMaU.YIVI nOJ1FI OT yr-
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noBO~ 48CTOTbl Bpa~eHHR. RBH~H BHA ypaBHeHHH g± 6y,QeT ,QaH HHme AnR 48CTHOrO cny4aR 8KCH8nbH~X R,Qep, epa~a~~HXCR BOKpyr OCH 
CHMMeTpHH. 

§4. 3HEPr~~ 8035YJI(IlEH~R OAHO<I>OHOHHbiX COCTORH~~ 
nonOJI(~TEnbHO~ 4ETHOCT~ AnR AKC~AnbHbiX 
BPAIIjAIOUI~XCR RAEP 

KonH4ecTBeHHOe onHCaHHe MO,QenH orpaHH4HM aKcHanbH~MH R,QpaMH, epa~a~~HMHCR BOKpyr OCH CHMMeTpHH. B 3TOM cny4ae <J)OHOH~ 
nC<l> o6na,Qa~T T04HbiM 3H84eHHeM npoeKL!HH yrnOBOrO MOMeHTa Ha 
OCb CHMMeTpHH (r). YpaBHeHHR nc<l> npH 3TOM p83,QenR~TCR AilR paaHbiX r. Onpe,QenHB onepaTop pom,QeHHR ¢oHOHa 

g;+ 
A, 

1 
~--(X 

v2 Ar 

/20/ 

npH4eM r = 0,±2 AJlR a=+l H r= ±1 AnR a=-1.HeTpHBH8IlbHble peweHHR ypaBHeHH~ /20/, YAOBneTBOpRIO~He yCJlOBHRM HOPMHpOBKH [ _T\ ,~ + ) = 
1\f ,.\ 'r' nc¢ =8,.\ \ , 8 , , cy~eCTBy~T AilR AHCKpeTHOrO Ha6opa 3H84eHJ.1i:1 w \ , A " 

6 • 
A' 

onpe,Q·enR~~ero cneKTp eoa Y>KAeHHJ.1 R,Qpa 

E A (I) ~ E yr (!1 I ) + h "'A(!1 I ) 
H CTPYKTYPY B036y>K,QeHH~X COCTORHJ.1~. 

HMeR peweHHR, MomHo pacc4HT8Tb npHBe,QeHH~e eepoRTHOCTH 
3neKTPH4eCKHX Kea,QpynonbH~x nepexo,QoB. AnR 1>>1 J.1MeeM

191 

B(E2,yri~AI+d~l[lR(E2.~.,.),1;,+] 
4

1
2

• 
F\r nc /21/ 

BbrpameHJ.IIR A!lR wAr HMeiOT cneAY~ut""H BJ.1A: 
a/ r = 0. CpeA"" peweHH~ HMeeTCR O,QHa ron,QCTOYHOBcKaR BeTBb w=O, KOTOpoH COOTBeTCTBYeT onepaTOP L x{[Lx,H]=O). 0CT8IlbH~e peweHHR nony'-IHM, aan1o1cae .T;\

0 
e BJ.1,qe 

1; + ~ a q + b p +a q + b p . /22/ ,.\0 X X X X 0 0 0 0 

r,qe Q 8 H P 
8 onpe,QeneHbl <J>opMyno~ I 18!, a 8 "" b 8 - aMn!lHTYA~, nOAJle>Ka~He onpe,QeJleHHIO. PeweHHe ypaeHeHHH nc~ HMeeT BJ.1A 

6 



wAr= 0 ~ 
--'- ~ < ~ [ A ± ,j A2 - B] 

Ar= 0 
/23/ 

"'o 

/24/ 

v ,jv 
1

v 
1 X + -

6/ r = ± 2. AocTaTOI.fHO pewHTb 38A84Y AllR r=+2. no.nO)f(HTenbHble 

peweHHR A.flR WAr onpeAe.OR~T onepaTOp PO)f(AeHHR ~OHOHa C ASHHbiM 

3H84eHHeM r; OTPH~aTe.ObHble 3H84eHHR - onepaTOp nor.no~eHHR 

AflR r=-2. CneKTP ~OHOHHblx 48CT0T, T8KHM o6paaoM, AaeTcR a6co

ti~THb1MH aHa4eHHRMH wAr= 
2

• OnepaTop ~zr=2 HMeeT BHA /eM. ll>OP

MYilbl /18//: 

~R 3HeprH~ s 3TOM c.ny4ae no.ny1.1aeM ypasHeHHe 

Z ~- 4Z 2 (v.L - ~ ,j 7) + 4u,j g + ~ 0 

"'o 
;; E\ + + 2u . 

f\T= - 2 

Tpe6osaHHe Ha.nH4HR ro.nACTOyHoscKo~ 

K YCflOBHO Ha KOHCTaHTY g+: 

+ ( 2) 2 g = v v = v, -u . 
+1 -! ~ 

KpoMe peweHHR Er ... 2 =0, B 3TOM cny1.1ae no.ny4aeM 

'' ~ l"l/2v -u 2 ± 3u\. 
ilr=±2 

/25/ 

/26/ 

/27/ 

/28/ 

s/ r = ± 1 . KaK H s npeAbiAYIQeM cnyl.fae, AOCTaT04HO paccMOTpeTb 

c.ny~.~aa::t r;:: +1. HMeeM 

~+ =a p" + b "'q +a' p" ~ + b ~ q'' 
Ar=i 1 +1 1 +1 1 +1 1 +1 

/29/ 
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g 

0.5 g• 

0.1 0.2 

.PHC. 1 • CH!lOBbJe KOHCTSHTbJ 
J.1 g- K8K ¢YHKL.\YIH u, 

3 

21---~ 

f•O 

f•1 

T=1 

t·O 

rAe q+l=axa+l+axa-1 
"'~ + + q+l=a+lax+axa-1' a P+t' P: 1 onpeAeneHbl $OpMyno~ 
/19/. fOilACTOYHOBCKaR B€T8b 
B036Y*A€HH~ HM€€TCR npH 
BblnOilH€HI-1J.1 COOTHOW€HVIR 

g 
(1-v~)(v~ -u2)v, 
-------./30/ 

1 - l/ 1. + u 2/3 

.QnR H€HYil€BbJX l48CTOT nony-
48€M ypaBH€HJ.1€ 

z3 +z c£+JC.-2v -2v l+ 
1 1 yg+ V X ..l , X 

+2u g ~o, /3l/ 
yg+ 

Zl=f.Ar=±l+U. 

PeweH~tte ypaBH€HHR /31/ Mom
He 38nHC8Tb B 3Il€M€HT8pHbiX 
¢YHKL.\HRX. B wHpOKO~ o6nacTH 
3H84€HI-1i1 u =ill w 0 ace pe-
weHHR ypaBHeHHR Aei1cTB~Tenb
"HbJ. 

§5. on~CAH~E PE3YnbTATOB 
PAC4ETA 

Ha4H€M c ynoMHHaHHR pe
aynbTaToe, OTHOCR~HXCR 
K p8C4€TaM, B KOTOp~X Ae
$OpMa4~R onpeAenRnacb co
rnacoeaHH~M /no XapTp~/ o6-
pa30M C rSMHnbTOHH8HOM 

r-1 .... 2 2 n Pv mcu 0 L--=oo~=:::::;;~~--;C:;----~:::·/~ H ~ ~ ( -- + --r 2) + /Wo v 2m 2 v 
0) 0,2 0) 1321 

P~ttc.2. CneKTp rKP AilR ecex T 
8 38BHCHMOCTJ4 OT u I T = 0 
np" ~ ~ 1 I. 

8 



3 

0.1 0.2 0.3 

1·0 
,.05 
l·• 
l· 2 

• •• •• l•4 

u 
P~t~c. 3. CneKTP rKP c r =0 8 388\.IIClr1MOCTlr1 OT u AI1FI 

pa3Hb!X ~(gO ) . 

np~t~ f=O onpeAeneHHe CP6AHero no.nR AilR raMHJ1bTOHHaHa /32/ A8HO 

B pa50T8X /10,11/ ;OCHOBHble COOTHOWeHJ.IlFI AJ1FI CJ1Y48R f =/ 0 npi-1BeAe

Hbl B nplri110>K~HI-H1 1. Yc.nOBHfl H8 CJ.IIJ10Bbte KOHCT8HTbl B38HMOAe171cTBVIFI, 

06cy>KA8BWllleCFI BbtWe, o6pali.I810TCFI B T0>1<AeCTB8, eCJll-1 Ae¢lopM8U.II1fl 

COr118COB8Ha C raMHJ1bTOHH8HOM, npH 3TOM 3H84eHHFI KOHCTaHt K+ 

H K_ COBn8A810T H YA0BJ1eTB0pRIOT COOTHOWeHHRM /n]/, /n8/. npH

BJ1e4eHHe ¢oPMY11 rHAP0Alr1H8MH4eCKO~ MOAe!lH A11R onHC8HHR ¢opMbl 

Bp8lJ.I810lJ.IerocR FIAP8 npHBOAHT K p8311H41r110 KOHCT8HT K+ H K_,onpe

AeneHHblX 143 yc.noe~r~H BbtAeneHI-1R rOI1ACTOyHOBCKt.1X MOA /eM. pHc. 1 I. 

Pa311H4He CHJ108biX KOHCT8HT yseJ1H4HB8eTCR no Mepe yse11H4~Q 

BMecTe c pa3n~4~eM napaMeTpoe Ae¢opMa~~~ nonA, onpeAeneHH~X 

~3 ycnoe~~ caMocornacoeaH~A ~ no ¢opMynaM r~APOA~HaM~4eCKO~ 

MOAen" /CM. P"C-7/ 8 np-nomeH""/. 
CneKTP ¢oHOHH;x eo36ymAeH~~ npeAcTaaneH Ha p~c.2 ~ 3. KaK 

cneAyeT ~3 paccMoTpeH~A e §4, a cny4ae aKc~anbH~x spa~a~~~xcA 

AAep xapaKTep~CT~K~ ¢OHOHHb!X B036Y>KAeH~~, COOTB~TCTBY~Llt~X T f: Q, 

He 3a8HCAT OT napaMeTpa MOHOnOnbHOrO B3a~MOAe~CTB~A. CneKTp 

eo36ymAeHH~ cocTOAH~~ T =I 0 noKa3aH Ha p~c. 2 AnA RAPa A= 168 

9 



B!E2.r)/B~ 
75 

5 

2.5 

0 

I 
I 
I 
I 
I 
I 

.1 

1 ~a r 1 

.2 .3 u 

4 P"c. 4. B(E2) -<t>aKTOpbl AllR 
B aae~t~CHMOCTI-1 OT u I r=O 
ry~ 1 /. 

0.3 

0,2 

• 0,1 

ecexr 
np" 

L------z .. ~-----~~----~~~OL--.A 
P1-1c.s. XapaKTep~t~CT~t~4eCK~t~e aHa-
4eHJ.1R u e aaeHCHMOCTJ.1 OT A 
Ha .QOPO>KKe {3 -cTB61-111bHOCTI1, 
KpJ.1B8R 1 COOTBeTCTByeT flC.CT. 
B MO,QeJ1J.1 }!(J.1,QKOi1 K'SnJll-1 /4~ 8 2 -n a nc<t>. H. CT, 

Ha ,QOpO}f{Ke f3 -cTa6vtJ1bHOCHI. 3,QeCb >Ke npi-1Be,QeHbl ,Q8HHbte ,QJ1R BeTBet1 t==0, paCC4HT8HHble npJ.1 f = 0. 8 KBI..IeCTBeHHOM OTHOWeHHJ.1 KapTI1H8 cneKTpa 111 B(E2) -¢aKTOPbl nepexo,qoe, npe,qcTaeneHHbre Ha plo1c.4, coena,qaiOT c Hai1,qeHHbiMJ.1 paHee'11·3/ a paMKax caMocorna-cosaHHoro p8C4eTa $OpM~ R,Qpa, 0,QH8KO J.1CnOJ1b30B8HJ.1e ¢OPMYJ1 rJ.1,QPO,QJ.1H8MHI.IeCKOC1 MO,Qe!1H npJ.1BO,QJ.1T K 6onee 6bJCTpbiM I-13MeHeHI-1RM X8p8KTepJ.1CTHK COCTORHJ.1i1 rKP no cpaBHeHH~ C O~eHK8MJ.1 8 pa6oTaX 1 1-. 31
0 KapTVIHa pac~qenneHVIR BeT8eH rKP Ha pVIC 0 2 I-1MeeT MHOrO o6~qer-o CO cneKTpOM HOpMallbHbiX 4aCTOT HeOKI-1MaeMOC1 aapR>KeHHOi1 >K1-1AKOH Kamm 1121

o H TaM 1-1 3Aecb e cneKTpe VtMeeTcR 8eTeb I y -KOne6aHVIR/, 3HeprHR 8036Y>KAeHHR KOTOp0£:1 o6pa~qaeTCR 8 HYilb npVI HeKOTOpOM 3Ha4eHHI-1 yri1080C1 4aCTOTbl BpalqeHI-1R o noA06HaR KapTI-1Ha cneKTpa OTMe4anacb 8 pa6oTax 11 · 31 
o 06pa~qeHI-1e 8 HYilb 4aCTOTbl HOpMallbHbiX KOile6aHI-1~ y -8H6pa4HOHHOro Tl-1na 8 MOAelll-1 >KI-IAK0£:1 KanIlH npOHCXOAHT npH AOCTH>KeHVIH T04KI-1 61-1$ypKa~VIH - 3Ha4eHVIR yrnoB0£:1 4aCT0Tbl, np\.1 KOTOPOM nORBilReTCR CeMei1CTBO HeaKCVtallbHbiX 
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ctn-tryp paaHOBec~A. 3a T04KOH 6~¢YPKSL\~~ ABe BeTS~ y -Kone6aH~H 

~~AKO~ KSnJl~ C pa3H~M~ npOeK\..I,~AM~ yrnoaoro MOMCHTa Ha OCb 

apa~eH~R CMbiKSIOTCR np11 Kpi-1T114CCKOM 3Ha4eH1111 yrJlOBOrO MOMCHTa 

/11Jll1 f!/, npes~weH~e KOTOporo BeAeT K paasany CI1CTeM~. AHa

JlOr~4H6 36BI1CI1MOCTb OT n 1-1 A11R' 46CTOT' Oni1CbiBSIO~~x B ASHHOH 

MOACJl~ cneKTp rKP. 4~CJleHHble 3Ha4CHI1R xapaKTep~Cn14CCK11X 4SC

TOT, onpeAeJlRIO~I1X T04KY 611¢ypKS\..I,~~ 11 T04Ky noTep11 CTa6~JlbHOCTI1 

aapR~CHHOH ~~AKOH Kann11, 11 COOTBeTCTBYIO~I1X ~M T04eK Ha p~C.2 

AilA cneKTpa rKP, no-paaHOMY aas11CAT oT Maccoaoro 411Cna 11 aa

PAAa RAp a. Ha pr.-1c. 5 npi1BeACHbl TSKI1e 3HS4CHI1R 4SCTOTbl apa~e

HI1R AllA RAeP Ha AOPO~Ke f3 -cTa611JlbHOcT~. KaK cneAyeT 11a p~c.S, 

8 TR~CJlbiX RAPSX cy~CCTBCHHbiX ~3MCHeH~H S napaMeTpaX rKP cne

AYCT 0~11A6Tb TOJlbKO B COCTOAHI1AX C 60JlbWI1M~ 3H64CH~RMI1 yrno

BOrO MOMeHTS, npeBbiW610~11MI1 Kpi1TI14CCKI1C yrJlOBble MOMCHTbl, np\.1 

KOTOpbiX np0\.1CXOA\.1T pa3BSI1 RAPS. 0AHSKO S OTHOCHTeJlbHO nerKI1X 

RApax I A < 1 00/ C11JlbHbte H3MeHeHI1R nonomeHHA seTae~ rKP MomHO 

0~1-1A6Tb Y1 8 AACPHblX COCTORHi-iRX, YCTOi:I41-1Bb1X no OTHOWeHI-110 K Ae

neHI110. 

B cneKTpe B036Y~ACHI-1~, Oni1C~eaeM~X paao6paHHOi:1 MOACilbiO, 

np~CyTCTByeT HI-13K046CTOTHSA KOJlJleKTI-iBHSA MOAS, nOA06HSA cneKTpy 

HYTSL\HOHH~X KOJle6aHHH. 3HeprHA B036ymAeH~A 3TOH MOA~, KSK 

\.1 B p6C4CTSX, npeACTSBJleHHbiX paHee /1·3/, npeBbiWSCT npi1MepHO 

BASS paaa Ol.\eHKH, nony4eHH~e no MOACJll1 TpeXOCHOro meCTKOrO 

pOTSTOpa C COOTBeTCTBYIO~HMH reoMeTp~4eCK~M~ xapSKTCPI1CT\.1KSM~. 

nonomeHI1e aeTaeH soa6ymAeH11H r=O aae11c11T oT aeni1411H~ cH

noso~ KOHCTSHTbl MOHOnOJlbHOrO 83611MOAeHCTBHR /eM. p~c.J/. npH 

HSJll-141111 l.\CHTPSJlbHOH CI1MMeTpl1~ cpeAHerO nonA ABe B~B036ym-
ACH11H C r = 0 on~C~BSIOT BCTBb KOJle6aHHi:i noeepXH0CTI1 KB6Apy-

nOJlbHOi:i CI1MMCTpl111 11 BeTBb 11AbiXSTeJlbHbiX
11 

KOJle6SHHH, CBA36HHbiX 

c 113MeHeHHAMH o6"beMa. Bpa~eHHe, Bbl3biBSA Ae¢opMSL\1110 nonA, npi1-

BOAHT K CBA3H 3TI-1X Tl1nOB KOne6SHI1i:i. 

KOJlfleKTI1BI1361..1,1-1A COCTOAHHH, Bbi3BSHHSA KBSApynOJlbHbiMH H MOHO

nOJlbHbiM\.1 CHJlSM\.1, a TSK>Ke J.1CKJliOLleH~e AYXOBbiX COCTOAH\.114 npi1BOAAT 

K Clo1JlbHOMy 113MeHeHI110 cneKTpa H113Konema~I1X aoa6ymAeH11H, aHano-

r\.1LlHOMY o6cymAaaweMycA a pa6oTax /1-3/. TaKHe 113MeHeHI1A cneKTpa 

BJli1AIOT HS 0\..l,eHKY nnOTHOCTI1 ypOBHeH/13/,Ha PI1C.6 npeACTaeneH 

pacl..leT napaMeTpa 113MeHeHHR nnoTHOCT~ ypoaHei4, Y411T~BaiO~HH 

BKJ16A Bl16pal.\110HHbiX CTeneHeH CB060Ab\ •. 

Pac4eT BblnOJlHeH npH f = 0 n6 ¢OpMyJ1e CTSTHCTI14eCKOH TeO

pHI'! /13/ 

k 
nc¢ 

_,,. I kT 
!1(1-e 1<B ) 

A 

11 



••• 
PHc.6.Ko3$$H4HeHT knc~ 
KaK $yHK4HR t /M38/. 
I A- 170; 1- u- 0, 05; 
2 - u- 0, 1 ; 3 - u- 0, 15; 
4- u- 0,2; 5 -u- 0,25/. 

rAe E:AKB - 3Hepn1R ... ABYXKBa31-1-
4SCTH4HbiX aoa6y>KAeHHV1 H E" A d:J-
3HeprHR, H8H~eHH8R B nC~. ~2Rn~-
4eHHe AYXOBbiX COCTORHHH npHBOAHT 
K o6eAHeHH~ cneKTpa HH3KOne>K8~HX 
B036Y>KAeHHbiX COCTORHHiil no cpaa
HeHHID CO cneKTPOM B npvt6JlH>KeHHH 
He3aBI<'JCHMbiX KB83H48Cn14, H, CO
OTBeTCTBeHHO, napaMeTp kncffi MQ
>KeT npHHHM8Tb 3H84eHHR, MeAbWHe, 
4eM eAHHH4a. TaKaA CHTY84HA He 
BCTpe4aeTCA B o6nacn1 M811biX 
yrJlOBbiX MOMeHTOB H3-38 H811H4HR 
~eJlH /He Y4TeHHOH B A8HHOH MO
Aenvt/. PHc.6 CBHAeTenbcTayeT 
0 TOM, 4TO B OTCyTCTBHe ~envt TH
nvt4HOH CHTY84HH COOTBeTCTByeT 
HMeHHO CllY48ii! k < 1, OAH8KO napa
MeTp kncdJ HMeeT CJlO>KHYIO 38BJ.1-
Cl-1MOCTb KaK OT TeMnepSTYPbl, T8K 
H OT yrnOBOH CKOpOCTH 8pa~eHHR. 

B 3aKn~4€HH€ C11€AY€T OTMeTHTb, 4TO aHanH3 npOCTOH MOA€11H, 
paCCMOTpeHHOH 8bJWe, nOKa3bJ8aeT, 4TO 8pa~€HH€ CHJlbHO 8J1Hfi€T 
Ha xapaKT€pHCTHKH rKP A011rOmH8Y~HX COCTORHHH l>>l 8 nerKHX 
RApax, H MOmeT npH8€CTH K H3M€H€HHRM CTPYKTYPbl RA€P, KOTOpbl€ 
MOryT OKa3aTbCR CYJl.I€CT8€HHblMH npH H3Y4€HHH 38011~ltHH COCTORHHH 
l >>.1, o6pa3YIOJ!IHXCR 8 CTOJ1KH08€HHRX 3HeprH4HblX TRm€JlbiX HOH08 
c RApaMH. 

nPHJlOIKEHHE 1 

YcnOBHR caMocornacosaHHOCTH A11R cpeAHero nonR spaJl.laiOJl.lerocR 
RAPa B MOA€11H rapMOHH4€CKOrO 0CltH1111RTOpa npH HaJ1H4HH 
MOHOnOJlbHblX H KBSApynOllbHblX CHJl 

OnepaTop cpeAHero nonR, cornacoBaHHbiH c /32/ no XapTpH, HMe
eT BHA 

~2 2 
P v m cui v 2 • 1 hv(nJ---+:l:--(X.) -U£ = :l: h"' (n +-). 2m 2 1 x m=x,± m m 2 /nl/ 

npH onpeAelleHHH ycnosHH caMocornacoBaHHfl noJ1b3yeMCR o6oaHa4e
HHRMH B q,opMyne /12/. PaccMaTPH8aeM TOJlbKO Clly4aH 11 KOJ111€KTHBHO
ro 8paJl.leHHR

11 1101 
vy -v z.,;,. 0. Cny4aill spaJl.leHHR BOKpyr aKcHanbHOH 
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oc~ np~ 3TOM cneAYeT noH~MaTb KaK npeAen np~ v ~vz oO~~x 

BblpameH~H, nonylleHHbiX np~ TaKOM paccMOTpeH~~. Ycnos~.A cornaco

eaH~.A/tO/ npVIBOART K BblpameHJ.II.AM 

rge 

2 
1 2 W. 

v ~ -(b+yb -4ac), (v. ~ --'-) 
x 2a 1 2 wo 

a=l+ 

3go 
3-2u2-v +-

x v, 
3go 

1--
g+ 

b~ 1 + (a-1) (3-2u 2) 

1n21 

/n4/ 

Ins/ 

npJ.II U = 0 ycnOBJ.IIA cornaCOB8HVI.A npHBOART K orpaHHlleH~IO H8 KQH

CTaHTbl g+ VI g0 : tl>opMa AAP8 npVI U=0 RBn.AeTC.A 8KCJ.118nbHO-CVIMMeT

pJ.IIllHOH. 3an~t~cae 

- 4 v ~v(1--o) 
z 3 ' 

v ~v ~v(1+_g_o), 
X Y 3 

1 {(1+~)(9~-1) + 3(~-1)y(~+1)2 -a I 
2(9~ 2 -1) 

o~---3~{3~~~y~(~~+~t~)_
2 _-~a=l==~~ 

(1+~)(9~-1) +3(~ -1) y(~+1)2 -a 

/n6/ 

/n7/ 

tl>opMa CT8HOBJ.IITC.A 8KCJ.II8nbHO-CHMM€TpJ.II4HOH TaKme npJ.II H€KOTOPOM 

npeAeilbHOM 3Ha4eHiriH u AilR aaAaHHbiX g "' TJ· Kp~t~TH4ecKoe aHa4eHJ.IIe 

un onpeAen.AeTCR tl>opMynaM~r~ 

l3 



u
0 

= v : (1 + ~ - Z) • 

f3y +vr 2-a(f3L 1) z = ---'----'-----
{3 2_1 

a= : g(91) 2 -1) (~ + 1), 

{3 =.!._(91) 2 -1) +3~, 
2 

y = (91)2-1)(; y2g(1+~) + ! (1+~)). 

;ns; 

napaMeTpbl ¢0PMbl npH KPJ.1TH4eCKOM 3HB4eHHH U HSXOAfiTCR H3 ¢opMyn: 

Yy =Yz = ~ (y2g(1+~) +U2) =i7(1+: 13), 

3 -2-. - 4 v, = -2(_,.
3
=-'q'-+-

1
-,-)(Z+vZ -a)=v(1- 3 13), 

/nTO/ 

~ =~(v +2v ), n 3 x y 

v - v 
0 = y J: /nTT I 

n 2.i/ 

~OpMyn~ /nll/ ~ /n8/ OnpeAenRIDT HeRBHy~ 38B~C~MOCTb napaMeT
pa >KeCTKOCTH (V 0 ) H Ae¢opMai.IHH (8 n ) AilR aKclftanbHbiX spa~aiO
~HXcR ¢0pM·OT u 0 npH 38,Q8HHOM 3Ha4eHHH CHilOBO~ KOHCTBHTbl 
B MOHOnOilbHO~ 48CTH B38HMO,qe~CTBHfl (~). 3aBHCHMOCTb On OT lln 
HillliOCTpHpyeTcR pHC. 7. KaK BHAHO H3 PI-1CYHKa, npH 71 > 1 aaeHCH-, 
MOCTb v 0 (U'l , Tf) ~7] RBJlReTCR 4pe38.bl4BiifHO cna6oi:1. HSJU14He 
MOHononbHbiX Cl-111 /npH 1J > 1 I npHBO,qHT K nepeHoPMJ.1POBKe cpe,qHeKsa,qpaTJ.14ecKoro pa,q1o1yca no cpaeHeHHIO co cny4aeM, paccMoTpeHHbiM 
B /10/, He MeHRR CytqeCTBeHHbiM o6pa30M HHble xapaKTePHCTHKH pe
WeHVIR. 
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P111c. 7. 3ae\11C\11MOCTb an \11 a>K.K. -napaMeTpa Ae¢lopMa~\11\11 

e MOAem1 >1<111AKOi:1 Kann111 OT u AilR cornacoeaHHOi:1 Ae¢lop

MaU,\11\11, 

nPHJlQJI(EHHE 2 

8blpa>~<eH\11FI B(E2) -¢aKTopoe Ailfl paaHbiX aHa4eHII1i:1 r. 

~cnonb3Yfl ¢lopMyny /21/, nerKO nony4111Tb cneAY~~ee BblpameHII1e 

AflR np\11BeAeHHOi:1 eepOfiTHOCT\11 nepeXOAOB 6ea \113MeHeH~fl yrnoeoro 

MOMeHTa: 

B0 2 
B(E2, r ~o) ~ -~- [ ---=--

24·y2rrC 
BO ~ m<} AR2 ~ 

0 

5,55 

v (4v -<2 )2 
x x Ar=O 

1 -1 
+ l • 

(v~ -u2)(4v~-<{,~o'f' /n2.1/ 

;n2.21 

/BOTH. eA~H~~ax q 2 IS! /. np~BeAeHH8R eepOfiTHOCTb nepexo

AOB C ~3MeHeH\11eM yrilOBOrO MOMeHTa Ha ± l•ltl lo1MeeT B\11A: 
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B(E2,r=±1)= 

4 
:s 

a=l 

<-ll' iii. v"<-ti• 
2 -2 

cAr=± 1 - E a 

iii = V"+t + ,;v-, 1,2 - X 

HopMHPOBOLIHbl~ MHO>tnnenb N 1 lt1MeeT BHA 

;nz.3/ 

;n2.4/ 

;nz.s; 

;n.6; 

Afl~ npHBeAeHHO~ BepORTHOCTH nepeXOAOB C H3MeHeHHeM yrnosoro 
MOMeHTS Ha ± 2t YIMeeM 

16 

Bo Q 2 
B(E2' f = ± 2) = - [1 + ,, + • - I 

N M= -2 2 

g+2etrn2wd 

1S·C(g +o
2 

-1) 

4 
8 =--! 

2 3v 
~ 

u2 + ___ ....:.. ____ I. 

;nz.7; 

;nz.a; 

1 
2 2 

I, /n2.9/ 
4u -fAr=±2 

;nz. 1 o; 



B 3TOM cny4ae HOPM\.IIpoeo4Hb1H MHO>tunenb N lo1MeeT cneAYIO~Hi1 BJ.1A: 

+2 
g €Ar=+2 

N~ _ __:::~ 
1-2Qy~ 

(1 -
(,2 -4v )2 

Ar=±2 +1 

Q,2 
-- Ar= +2 

(1+2Qyv )(1+-----) 
-1 2yv-

+ ---·----'----
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