
- -
t{- go 3 

I I' 

A.A.KyJIHeB, H.H.fiBTOB 

cQCT()H}OOI C K fl' = 1 + H HX BKJIM 

B H30CKAJIHPHHR E2 -PE30HAHC 

P4 - 7517 



A.A.KyJIHeB~ .H.H.IlliTOB-

COCTOHHHSI C 

B. H30CKAJIHPHhiA E2 -PE30HAHC 
. . •·.•• ,;"! • 

. , •:."' 

:-.:. 'l 

HanpaBJJt>Ho B Ht1J 
.· . .,. 

H H& XXIV coaemaHHe. 110 Mepaoa 
cneJ<TPOCKOilHH H T_eopHH SUlpa •. 
XapbKOB; 1974_ r. 

P4 - 7517, 

•··~. ~.- •• ·" 1' •• .;;.. • 

• 11 H-T. lPH3HKH AH Aaep6aan>KaHcKoa CCP ( EaKY), 

·' ... 

... ', 

O~~,Riill~!:lHbli\· flHC'l'UTfl 
!'Qtpml:t m:ene)l.omnmtl 
. ·· GlfiGJlt-10TEI-tA 



'. 

Summ-ar ::r-

The RPA method of restoration of the rotational invariance 
for deformed se~-consistent field has been used to obtain a 
consistent description of both the rotational branch of exci
tation and the intrinsic states with K7r = 1+. The method, 

_reproduces all the.crankirig-model results for the rotational 
states but in addition to that it allows orie'to connect the. 

. charact~~istics of the effective isoscalar quadrupole-like in
teractions with the angular momentum matrix elements of the · 
deformed field. Hence, the equation .for the. energy of 1+ exci
tations.involves no additional parameters besides those·for 
the deformed field. The static effective .. charges for 1!2-tran
sition8 with·· A K = 1 are dete~ed :ti-Om 'the contribution 
of the ground band rotational 2+ state to the energy-weighted. 

...Sum rul.e, .and they are found to be of the order e(PJ_ 1. (- f.2 
(1\) . . 

and e - .. 0. i - 0. Z •. Fr~m calculations of th; energy-
weighted sum.rul.e tcir.: E2-transitions:.it. is found that in the 
rare-earth .nuclei E2-tr~sitions with ll. K = 1 e.xha~st about: : 
7(11. of the model-indepondeni; estimate Se2, T-0 , the rest being 
shared among 2+ states- with· K ::'0 and 2. The. ·~tational 
2+ state contains le~s t~ ~-half. of the total ~t~engi;h ~f -
E2 (.0. K :::.1) transitions without change of the principal quan
tum number (.0. N = 0). The. rest of this strength is shared 
among 1+ excitations in the energy region 2-6 MeV and it gives 
rise to the dynamic effective charges for E2( .0. K = 1) transi
tions in odd-mass nuclei. The E2( .o. K = 1 > transitions with 
6N = 2 give the main contribution to the sum rule {see table). 

The. calculated ·strength function for E2 transitions shows a 
maxiiiiUIIl located in the energy region 12.5-14 MeV, which repre
sents the K=1 part of the isoscalar E2 reso~ance (see figs•1,3). 
The 1+ states in this region exhauSt about 15-W of· S e 2, r-0. 

The isovector sp:izi-sp:in forces were ~clud.ed ·in calc~la
tions. The calculated streilgth :fullction :for' M1·fran~itions ~ws 
a maximm in the energy region 7-9 MeV, where tlie 141-resonan:ce 
is expected to occur. (See figs. 2,4). . 
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BBE,l(EHHE 

' /I-4/ . He,naBHO nony'leH p.R,n 3KcnepHMeHTaJI~HLIX yKa3aHHii: · · 

Ha CYJileCTBOBRHHe B RTOMHLIX· .R,npax rHraHTCKOrO KBa,npy· 

noni.Horo H30CKaJI.RpHoro (E2, T ==0) pe3oHaHc~, 3HeprH.R 

KoToporo oKa3LIBaeTc.R . nop~.n~a·· 65 A - 113 M3B, T~e~-
3TOT pe30HaHC paCllOJIO~eH HeCKOJILKO HH*e rHraHTCKOrO 

.nHllOJILHorope3oHaHca. B o6oJIO'Ie'IHOii: M:o_i:tenH TaKQro THna 

B036}')K,neHHe MO>KeT 6LITL o6cyJIOBJieHO KOrepeHTHLIMH 'lac

TH'IHO· ,nLipo'IHLIMH E 2 -nepexo,naMH Me>K,ny CB.R3aHHLIMH co- · 

CTO.RHH.RMH o6ono'leK c H3MeHeHHeM rnaBHoro KMHTOBoro 

'IHCJia ~N =2 H C 3HeprHeii -2fiw • IIpHT.RrHBaiOUUie OCTa· 

TO'IHLie . H30CKRJI.RpHLie .B3RHMO,neiiCTBH.R llOHH)f(aiOT 3HeprHIO 

3TOrO KOJIJieKTHBHOrO B036}')K.i{eHH.R. 

. HacTO.RJQa.R pa6oTa nocB.RJQeHa otieHKe noJio)l(eHH.R E 2 -. 

pe 30HRHCa B ,ne4JopMHPOBaHHLIX .R,npax, npoBe,neHHOR B paM~a~ 
npOCTOR MHKpOCKOllH'IeCKOR MO,neJIH,H3JIO>KeHHOR B pa6oTe _/S~ 
O'leBH,nHo, 'ITO TeopeTH'IeCKHe oueHKH noJIO)I(eHH.R pe 30HaHca 

H ero XRpaKTepHCTHK 6y,nyT 3aBHCeTL OT BH,na H CHJILI OCTa· 

TO'IHLIX H30CKaJI.RPHLIX B3aH:Mo,neiicTBHii:. Ilo:JTOMY HaM npe,n

CTRBJIJieTC.R BR)I(HLIM CaMOCOrJiaCOBaHHLIR BLI60p . 3THX 

B3RHMO,neACTBHR, HCXO,n.R H3 HCKOTOporo 06JQero npHHUHna. 

. B .ne4JopMHPOBRHHLIX .R.npax B6JIH3H nosepxHOCTH .Z,epMH 

llOJIBJI.RIOTC.R O,nHO'IRCTH'IHLie COCTO.RHH.R H3 pa3JIH'IHLIX 060JIO• 

'leK, ll03TOMy HeB03MO>KHO CTporo pa3,neJIHTL no 3HeprHH 

B036}')K,neHH.R, o6ycnoBJieHHLie nepexo,naMH c 11 N ""' 0 H 

AN = 2 • KpoMe Toro, npH coxpaHeHHH aKcHaJILHoii: CHMMeT

PHH E2-pe3oHaHc pacJQenn.ReTc.R Ha B036y)l(,neHH.R, xapaKTe

PH3YIOUUiec.R npoeKUHeii: yrJIOBOrO MOMeHTa Ha OCL .CHMMeT· 

pHH K=O.l H 2 , npH'IeM KR)I(_noe H3 HHX 4JopMHpyeTc.R He-
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3aBHCHMO /B a~lra6aTH'Ieci<oM n'pu6mi:>KeHHH/. OneHKH nono
)fc€mHJI 3THX B036}')K~eHHH:MoryT 6LITL npoBe~eHLl B npOCTOH 

' ' ' 

MO~enH C ·napHLIMH H KBa~pynOHLHLIMH H30CKaHJipHLlMH CH-
na:MB:; 06LI'IHO HCnOnL3yeMoii ~HJI OITHCaHHH KonneKTHBHWX 
{3- 11 y -Bu6pa:ri:Hii Jl~ep: O~naKo npu 3TOM cpa3y B03miKiUOT 
onpe~enennLie Tpy~oCTH BLI6opa _cunoBoro napaMe'ipa 
B3aHMO~eHCTBHJI, KOTOpLIH OKa3LIBaeTCJI pa3HH'IHLlM MJI f3 -
H cy -Kone6aHHH /eM:., IianpHMep, /6/ /. 0co6aJI CHTYaUHJI 
B03HHKaeT ~nJI Bo36y:>K~enuii c K= 1 • HH3Kone:>KaJUaJI BeTBL 
3THX B036y)K~eHHH HOCHT, He BH6paUHOHHLlH _xapaKTep; a 
aCCOUHHpyeTCJI C Bpa~aTenLHOH nonocoii OCHOBHoro COCTOJI
HHJI H, Cne~oBaTenLHO, ~On:>KHa BLI~eHJITLCJI H3 cneKTPa 
BHy~peHHHX B036y:>K~eHHH ~e$opMHPOBaHHLIX Jl~ep; Kale co
CTOJIHHe c 3He:JJrHeii w 0 = 0 . TaKoe BLI~ene:Hue,: neo6xo~Mo-. 

. cnenuanLHo npoBo~HTL np:H ucnonL30Bauuu raMHnLTOHHanoB .·. 
~e4JopMHPOBaimoro caMocqrnacoBauuoro nonH, ue coxpaHJIIO
DUIX nonuoro yrnoBoro MOMeHTa Jl-~pa -/7- 9/ : BoccTaHOBm~
HHe~ poTanuonuoii · HHBapuanTuocTH raMHnLTOHHaua ; MO)KeT 
6WTL npoBe~eHo nyTeM- ~o6aBneHHJI B nero OCTaT<l'IHLlX 

. .... . .... ~ -· . - . ( H30CKaHJIPHLIX 'B3aHMO~eHCTBHH H JIBHOrO BLI~eneHHJI KHHeTH-
qecKOH 3HeprHH Bpa~eHHJI. 3Ta npone~ypa JIBHJieTCJI ca:Mo
cornacoBaHHOH, nocKonLKy c:HnoBoii napln.feTp B Mai-puq:Hwe 

'3HeMeHTM 3cli4leKTBBHLIX B3aHMO~eiicTiiHii, B CBolo' oqepe~L, 
oica31.J:BaJ9TCJI CBJI3aHHLIMH C xapaXTepiiCTHKaMH ~eclJopMHpo-
BaHHOro nonH. B pe3ynLTaTe oKouqaTenLuoe ypaBnenB:e. w.• 
'laCTOT '1 + .:..:;B036y:>K~eHBH He co~ep:>KBT HHKaKIIx ~onomla:-

. . . . . . . . ; I 
TenLHLIX napaMeTpoB, KPOMe napaMeTpoB cpe~uero nonH t 5: • 

HHLIMH CHOBaMH, B .3TOM no~xo)l:e 'XapaKTepHCTHKH OCTaToq- · 
HLlX ·u3ocKanJipHLIX CHn onpe~eHJIIDTCJI 'c:BoiiCTBaMH Bpa~
TenLHOH BeTBH Bo36'0K~euuii. TaKo·e caM:ocornacOBaHHoe 
onpe~enenue 34l4JeKTHBHoro Bloc:KanHpuoro B3aBMo~eiicTBHJI, 
ucxo~H~ee B3 Tpe6oBaHHJI · poianuonuoii imaapuanTIIocTu;. 
~aeT ·Bo3Mo,KnocTL npoBecTu BHacToH~ee BpeMH6onee'cTpo
roe 6ecnapaMeTpuqecKoe paccMoTpe-une cBoiicTB cocTo.Rui 
c K"·=l+ /u, B:qacTnocTu, ux ponu B 4JopMHpoi3anuu E2 ::. 
pe3olianca/, 'leM ~.riB B036y~euuiic K"=· 0 +·u 2 +;~ ·_. 

. ·-· ' ' ·- .. i ;.. . 

KpoMe Toro~ B ~aimoii pa6oTe paccMaTpuBaiOTcH Mar
HHTHLie . CBOHCTBa ' 1 + -B036y~eHHH. B HX. ponL B .4JOpMHpo-; 
"Banuu Ml '-p-e3onauca. · · 
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OCHOBHhJE YPABHEHH.R 

KnJOqeBoii npo6ne~oii BLimeH3no,.Ceiinoil nporpaMYY uc
cne~9BaHHJI COCTOJIHHH c K"== r+ JIBHJieTCJI B~enen:Re Bpa.--. 
~aTenLHoi . BeTBH · li3 cneKTpa :BnyTpeu:Hux B036y~end. 
llpH 3TOM Ba:>KHO H36e:>KaTL TaKOro .cei>Le3noro He~OCTaTU 
K'p3ni<u:Hr-:MohenH, xaK necoxpane·uue · yrnoao.ro :YowenTa 
.R~pa. P 3TOji neil~~ B no~ne~HHe r~~Li_ IIIHfOKO HC~~Jn.3oMncJi 
MeTO~ cnyqaiHOH 4Ja3LI /Ctf.J/ 5•7 IO,, a_ TaiOKe He~aBHO 
pa3BHT:We :MeTo~:bi npJIMOr.o pemeHHJI onepaTOPHWX ypaBHeni: 
~BJDKeHHJI /II/ H o6o6JtieHHOft. MaTpBULl ITJIOTHOCTH. /l2/ •. 
Hau6onee nocne~oBaTenLHO B: .. cTporo 3aKoH · coxpaneliiui 
yrnoBoro MOMenTa BLmonn.&eTcJi. B MeTo~e ~6o6~eH~oi:YaT
pB:nw. nnOTHOCTH. Pe3ynli.TaTLI MeT<>.na. cci» nony-u.oTc·JI· H3 
Hero _B;a~ua6a'TH-.iecKOM npH6nH:>KeHHH, KOTOpoe Mbl H HcnonL-
3yey B·~aJiLueiweM. _ · · .· ··· · • . · . 

,D;eTani.B:oe onucaHH'e npHMeHeHHJI Meio.n:a: Cif.J Jrs? BW.Z.e: 
neHH.R BpautaTenLuoi BeTBH 6Lmo ~ano .B pa6oTe 5 ~-3ieci.: 
Hac .HHTepeCYJOT, rnaBHLIM o6pa30M, cne~CTBHJI yqeTa 3aKo·
Ha COXpaHeHHJI yrnoBoro MOMeHTa ~HJI BHyTpeHHHX. B036y,lc'~ 
~e:Hui c K " == 1 .. • ~ -

PaccMOTPHM cnyqai ~BYXMepnoro -BpaJUeHHJI aKCHanLHo
CBMMeTpH'IHOro .R~pa BOKpyr OCH X /OCL Z - OCH CHMYeT-. 
pHH H~pa/. EcnH raMHHLTbHHaB 3a~a1{u H BKnJO'IaeT B ce6.a 
O~HO'IaCTH'IHYJO 'laCTL, napHLie B3aHMO~ei:CTBHJI H 34MtleKTHB
HWe H3ocKan.&pnwe BoccianaBnHBaro~ue' · clrnw :8 9aicTopu-.. . · ... •' '.. ·- .. ' ·. . + 
30BaJ!HO.M.BH~e, To 3Hep_ruu. wA · ~-o~_6y~e_ilui: c . K~ = ... 1_ 

. · .RBHJIIOTCJI peWeHHJIMH ~HcnepCHOHHOrO ypaBHeHH.R /5/ . 
~· . ~ '2 .. 2.· 

2E , ·L , (j ) , 
VV VV X VV 

2 d 2 
w .J(W )=w :£ 

A A: . A . , . 
v_,l;' >0· 

t /1/ 

r~e E v v' -. ~BYXKBa3H'IaCTHltHLie 3HeprHH, ( j. x. ) vv , '7 

o~HO'IaCTH'IHLie Ma TPH'IHLie_ :JneMeHTLI .. on epa Topa yrnoBoro 
MOMeHTa H B o6LI'IBLIX o6o3Ha'leHHJIX Lvv'= u v v v;._ u v'Vv· 
CyMMa B /1/ npo6eraeT n,o BCeM HeHTpOHHLlM ·H npOTOHHLlM 
COCTOJIHHJIM C DOHO)KHTenLHLIM 3Ha'leHHeM npoeKUHHyrJIOBO
ro MOMeHTa Ba .OCL CHMMeTpHH. O~HO B3 pemeHBi:_ypasHeHHR 
/1/ C W),. =:; Wo "'0 npHHa~ne:>KHTBpauiaTenLHOi:BeTBHB03-

5 



~ 

'··,. 

~. 

6'f)K,D;eHHi, UOCKOJILKy,_KaKMLI UOKa)KeM HIDKe, OHOXapaKTe
pH3yeTCJI onpe,D;eneHHLIMH 3Hal.feHHHMH 3neKTpH'IecKoro :H 
MarHHTHOrO. CTaTH'IeCKHX MOMeHTOB, COBUa,D;aiO~MH C COOT-

. BeTCTBYIOlQHMH BenH'IHHaMH ,li;JIJI :Bpa~aTeJILHoro z+-coCTOJI~ 
HHJI_ B o6o60.eHHOi MO,D;imH. CTaTH'IeCKHH npe,D;en. «<JyHIClufH . 
· j,~ <i>. .~ 0}=· ~0ollp_e.D;enJieTMoM:eaT ··J!ep~•B: __ Ji.z:\pa ~--~o:Bna~~ · 
.D;aeT ~o .«<JopMe c Xopomo _H3BecTHLIM BLipa)KeHHeM B ;rci>:m
KHHr~l.ioji~n'R: OcTanLHLie pem~HHJI Y:{>aBJ!eHJIJI/1/ C . -(,)A f.O 
oriB:ci.iBaioT" rap:MoHH'IecKHe Kone6aHHJI cH-cTe~LI, ne.>Ka~e 
BWme nopora ,!J;BYXKBa3Hl.faCTH'IHLIX B03.6y~eH~ii /KnaCCHlJe ~ .. 
ciC:H oiill cooTBe"J;'CTBYro~ :Kone68.HH.HM .KoMnoiieHTi.l Q21 'J<Ba..:. 
,D;pynonLHoro· M:oMeHni/ ,H_ .D;nJI HHX Mo,;rno nocTpOHTL c·Hcie:My 
o)ij{O.~HOHHLIX ~OJIHOBL;X «iJyHK~Hii /eM:. HIDK~,/. ·. · .... ,. ' .. 

ITocTpoeH~e- :Boini(>Boii <tiyin<~H~ COC'fOHHHJI c; ./: ' wo _'"_ = 0 
npe,D;~TaBmieT o~pe,D;eneHHLie TPY,D;HOCTH /eM., Hanp.' OOC'Y)K-:. 
,D;eHiie . B /8/ I' nonoM:y rrpH paCCMOTpeHHH: cTiTH'Iecmx 
CBOICTB. MW HcnonL3yeM I<OMMyTaTopLI cooTBeTCTBYroiiVIX 
onepaTopos. . · .- · · · · · ' . ' · ' · ., - · · ' · 

~aCCMOTpRM. ·onepaTop .. 3ileKTPH'I~CK~X KBa,ll;pynonLHWX 
~ . ' . . . 

ne~eXO)J;O_B 
.' 

:Jf; (2/l) :,_, . ~ e tr) '2 
(r 2 ~'-1 2f-L.\ .. , /2/ 

.,.. 7 = (n,p) , 
·-

r.D;e . e, (7
) ':' 3cW!eKTHBHLie ;apJI,li;.LI. l.faCTH~. _B npe.I{cTaBIIeHHH 

BTOpR'IHOrO. KMHTOBRHHJI .. BLI,D;enHM H3 /2/ KOJIJieKTHBII}'IO 
6030HHyro '18CTL ~A ; B~~PI;l3RM ee 'lepe3' .f H . 5'_ ..:onepaTO~ 
pW;, BBe,D;eHHLie . B /5/ H o6pa3yeM JIHHeiiHyro KOM6HHa~ro· . . 
M = I 

p=±l 

r,D;e 

11 A= I 
- JL=±l 

6 

. 1 (7) "' (-) 
e (

7
) I '1 A ol.. A ' 

A y'4Z(w A) /3/ 
m A (2fl) = iy2 I 

I 
v,tl'> 0 

T 

2 ·· .-2 ·2>·< 2'H ·> ·u > , 
• E , ( v ·,· - v r - 2/l ~--' . fl vv /4F 

w ·. ~ v -. . . . . ' . . ' ,' 

E2 
·vv'· 

2 
w 

.>. 

·• 

"'' ' .. 
.•. "'l:_ . .._, 

~_. .. , 
··', ..._"'. ~ 

t; 

·.·:.· 

i - . ~. . . . . -~;-' . . . . . 
, ' 3,D;ecL cyMMa npo6eraeT no cocToJiHHHM o.zui'oro· copTa B:yic·-·: 

I 
i 

JIOHOB . · .. .,_ · ·~ - .. - · . . . :.::· · _._.- · - · '- · , · -- - · · - -- · 

: : B~~;ci".n.M . B npH6JIH)KeHHH Cfl» .ziBoiiHoii · i<oM~;~~ ~op -·· ·• · :; 
onepaTopa. ·M . C raMHJILTOHHaHOM . ' ... -~ . . ; .. , 

·.' [M*, [H,MlJ_ccp::, 

.·.-· . .-- 1-. -~·~ ,.(r) ·(7) 
= 2 I _. · .~ e - 11 A. 

A --~ ~ ( w A ) T .. 

2 ./5/ 

YpaBH'eH:He /5/ npe,D;cTaBJI11eT co6oii npaBHJIO cyMM: ,li;JIK -
. E 2 -:nepeXO,li;OB H3 OCHOiiHoro COCTOJIHHH ·g,D;pa.-Ha B036)')K
~e·HHLie c , 3Hepr~ef w A • ~accMoTpHM : BKJia.D; coc-ro.JIRH~ · .. 
c w 0. = O.B_npaBHJio.cyMM; HMeH.a BH,D;y, qTo / 5/z(wA=O) =;;· 

. '= (1 /2)~ 0,H_Hcnon~_3YH ~o~My~au;HOHHoe cooTHomeHHe _ . 

. 2 v ., -:- 2 . ' . '•·· · .. ;· . 
[ j ·+ , r '!.J 2 .-+1- . ] = y6 r· · Y , . /6/ 

.. - ' .. ! • 20 . '· . 

H CBOICTBO noJIHOTLI COC'fOHHHii. 1 v·> , ·nony'lliM 

. -·' .•. 11 (r:) • : . ·;. = . I 
Alw = o "=+1 

I 
v,v~·> 0 

! .. 

( v2· · - v 2 · )( r 2 'H . ) ~ j ).' r . .. 
v , p ~ . .. 2p vv . fl w, < 

l ., 
j :·:~--: <• 

4 

A r -

____,.. /7/ 
5 (T) 

v 16 11 Q .·. , 
.. ·:.·· ::-:._ 

: ~-2~(; _I · -~~~ ( r 2 Y2o >vv '= V 6 
·v >O . 

·. (r) . . ·::--. . _·o - _,i'.· .. 7:· ·( . . .. 
r,D;e ·· Q . - Ma·ccoBLII KBa.D;pynoJILHLiii MoMe.HT o,D;Horo ·cop
Ta qacTHU:. TenepL H3./5/ nonyqae_M 

.. * . _ . _···. . 6 :. - . 5 : Ct). ( r) , ? ' 
[M [HM]]. o=2· .. --.--:-··.--.. 1Ie Q .. j -

.· , , w A= . ' 2 -~ 0 . . . 1611 T . 
,·,.· 

/8/ . + . 
~ 2E(2 )·.B(E2, 0-+ 2) -. "-': 

,_ 

· .. ,. :-.·: .. ~ + -~ ,__ ·~:. 

r.D;e E (2 . ) = 6/2 ~ 0 - 3HeprHJI. Bpa~a TeJILHOro 2 +:- ' 

' 

"- ·. ypo~HJI H _ B (E.2 ) - IipHBe,D;eHHaH. BepoHjHOCl_:L t;ro _ B03_..::· :_, 
~-- · 6y,KieHHJI-, HMeroT ToT )f(e-~BH.D;, 'ITo .-B ·o6o6rileuHoii ilo.D;eJIH:.' · · 

···.JI,D;pa /eM., uanp.,/ J:i/ /. TaKHM ·o6pa;oM, ypaBHeHHe /8/ .... - ~ - ~ --~· . . 
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,naeT BKna,n Bpaii(aTenLHOrO _ 2 + -ypOBH.II B npaBHnO CYMM, 
llpH'IeM ecTeCTBeHHO B03HHKaeT BenH'IHHa BHyTpeHHero KBa,n
pynonLHOrO MOMeHTa_ 

Q 0 = ~ e (r) Q ( r) /9/·. 

COOTHOIDeHH.II /7/ H /8/ B ,nanLHeiimeM HCllOHL3YJOTC.II_,nH.II 
oneHKH BenH'IHHLl CTaTHqeCKOrO 34KiJe.KTHBHOrO 3ap.11,na e eff 

(r) {1 + e , , ,n.Ji.11 npoTOHOB _ 
e = · eff ·· . · . /10/ 

eff e eff , ,nn.11 HeiiTpOHOB 

B. npHHnHne 3Ha'leHH.II · e e ff Mo)I(Ho oneHHTL H3 ypaBHeHH.II 
/9/ no 3KCnepHMeHTanLHO H3MepeHHOH BenH'IHHe BHyTpeH
Hero KBa,npynonLHoro MOMeHTa, 'ITO H .nenanocL B pa6oTe /I~ 
O,niiaxo npH caMocornacoBaHHOM paccMoTpeHHH 3a:na'IH 3TO 
llpHBO,nHT. K nepeoneHKe BKna,na Bpaii(aTenLHOrO YPOBH.II B 
ItpaBHno cyMM, nocxonLKY BLI'IHcneHHLie B a,nHa6aTH'Iecxow 
npH6nH)I(eHHH 3Ha'leHH.ft: -~ 0 ,xax npaBHno,Ha 10-3~ MeHLme 
3KcnepHMeHTanLHLIX ./eM., Hanp., /Is/ H Ta6n./~ B03MO)I(HO 
TaK)I(e, 'ITO npH 3_TOM Boo61I(e nepeoneHHBaeTC.II BKna.n E2 -~ 
nepexo,noB c !1K = 1 B npaBHno cyMM. Ilo3TOMy, B OTnHime 
OT pa60T /I()~·'I4/, HaM npe,ncTaBn.lleTC.II BrutmhiM llpHBLI6ope 
3cix)eKTHBHLIX 3ap.II.D;OB OllHpaTLC.II Ha 3KcnepHMeHTanLHO 
' + H3Mep.lleMLIH BKna,n Bpaii(aTenLHOrO 2· -ypOBH.II B llpaBHHO 

CYMM. - . 
,I(n.ll COCTO.IIHHH C cu A -/: 0 MO)I(HO llOCTpOHTL /B a.nua6a

. TH'IeCKOM llPH6nH)I(eHHH/ CHCTeMy HOpMHpOBaHHhiX H CHMMeT
PH30BRHHLIX BOnHOBLIX !IJyH:i<:nHii c onpe.n;eneHHhiM 3Ha'leHHeM . . . . ·*' 
'yrnoBoro MoMeHTa I· . · · 

j 21 + 1 I 
I,K=1,A>= I {~ 

32 77 2 t= ± I M I 

I ( t)+ 

- t ( -1) :J} M • -I I Q A I 0 ·> , 
• ( t) 

r,ne !IJoHO~LI' onepaTopLI Q A COBna,naiOT c llPHBe,neHHhiMH 
B pa6oTe 5 . a I 0> - !IJoHOHHLiii- BaKyyM. Taxa.~~: 4lop:wa 
BOHHOBhiX !IJYHKnHii COOTBeTC.TByeT, KOHe'IHO,· npHH.IITOH B 
o6o61I(eHHOH Mo,nenH .11;ipa MaKpOCKOllH'IeCKOii TpaKTOBKe 

- * 3Ha'leHH.II t . = ::j: 1 COOTB.eTCTB~T -4JoHO~IHLIM Kone6~-. 
HH.IIM B.D;OHL Oceii X H y COOTBeTCTBeHHO. 
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. • 

i. 

j 

l . 
I' 
i 
1 

' 
l 
I 
I 

'1," 

r 

' ·~ /" 

_ onepaTopa yrnoBoro M~~-eHTa. ·cne:Z.y.~~: o6wquoii np~ne.nyp~--- · · _ 
·.: Bhi'IHciieHHii B o6o61I(einloii :Mo.nemi .~~:.iipa, nonyqH:w'nplise,neH;"~ .. ·. ', ::. 

HYJO Bepo.IITHOCTL E2 -nepexo.n'a H3 ocHOBHoro cocTOIHHJJ · :::_ :· 
· ua cocT.O.IIHH~ c I 77 - K · = 2+1 · c :· BHyTpeHHeii · ·3HeprHeii . ,: •. 

. ' . #: . • ..•• 

cu A -~ 0 .. ·_; 
1 . . ,., . . + . + .. . 1; 

B(E2,0 -~_2 1A)=~ 
.. <·. •. - A 

4 Z~. I I ,_e<r> TJ <r~ 2./12/-
--~ -A: T • A .... 

. -· 

TenepL, HCllOHL3Y.II ypaBHeHH.II· /8/ H /12/~' npaBHJIO c}':w:M 
. '· .: -/5/ MO)I(H0'-3allHCaTL B-i<naCCH'IeCK()H !IJopM~ * 

. . + . . . . -~-

[ M *, [H.' M)] Cct> .• := 2 E}.2 ) • B ( E 2 , 0 ~ 2 ) .+ 

-("-
.. /{13/ 

I 
I 

... 
~-.i 

I. - + 
· .+ 2 . -~-. . 6! ~ B ( E 2-~ 0 

. ·A f,· 0• · ,.. 

+' 
~ 2 : 1 ) . A <-

-..... ii< 

, ·• ,I(n.ll KOHTpon.ll TO'IHOCTH pemeHHH B MeTO~e .·CCI» :wo,.Wo ·He.; 
: ·nonL3ouaTit npaBHJIO cyMM .nn.~~: - E2 -nepexo.no:B B KBa3H-. 

.;:-_ 'IRCTH'IHOM~. npe,ncTaBneHHH/ycpe,nHeHHe llO'KB8.3H'IaCTHqHo-
MY ·BRKYYMYf . . . ·. '· . . . 

' ~ ~- - -.·, 
2:I ( 

(r) ) 2 ; . · · · ·_<· · e - ·· x ~-
- ' . 

[ M :t<· [ H M J] : . , sqp t qp T 

(r2 . y .. : /14/ 
- ... 2 > . -~- I 2 . . .. . . -

' /l . vv .. . '·'- ·. '•,_ X _I ·, . Ev- , U 2 , 
v,v· ·>:O v vv 

I 
jJ. d ±I 

·r.ne_ H sqp - O.D;HOKBR3H .• IaCTH'IHa.ll . 'IRCT_L ra.:wiiilLTOHHaHa •.: 
H H: U , ""'·u .. v· , ·· + u , v · .• liHcneHHO o6e BeJDI'IHHhl 

VV V I' ·· V · l' · .· · . · .· ••• . · /13/ H /14/ ,Il;OH)I(HLI COBna,naTL. YpaBHeHH.II .THna /14/:' :, -. 
· MO)I(HO nonyqHTL Taioice :II ,nn.11 E2 ~nepexo,noB c b K = 0 . J: 

( /l = 0 ) H 2 ( p. . = ± 2 ) '; 'ITO ll03BOn.lleT oneHHTL OTHOCH- ·. 
TenLHhiH _BeC~HX BKna,nOB .B npaBHno· CYMM. . 

~ -~ 

· * B-pa6oie J 10/ oneHKa BKmi.na · Bpa~na TenLHoro ypoBH.II 
B npaBHno cyMM. npoBo,nHnacL nyTeM npe,nenLHoro nepexo.na 
cu;,\ ->· 0. BO ;BTOpOM qneHe B npaBOH 'lilCTH /13/;· IlpH 
~OpManLHO npaBHHLHOM pe3yHLTaTe 3Ta oneHKa .IIBn.lleTCH 
MaTeMaTJI'IeCKH HexoppeKTHOii, no<?KOnLKY BenH'IH~a B(E2f, 
onpe,neneHHa.ll ypaBHeHHeM /12/, HMeeT CMhiCH TOHLKO ,nH.II 

-· cu)._' =1/0 • - . 
;;> ~ .. 

.. ··-· 

9 : 

(. 

.., ' -~ -~.:.; --~- i: ·. \-
-·-

'' 

.. ~ 



I.·· 

l 

I 
! 

flpaBRHI!. _eyMM /13/ H /14/ HMCIO~ OllpCJJ;CHCHHyro c)H3H.;. 
~ . . . ' 

11eexyro l{eHHOeTh, llOeKOHhKY HX MO)KHO epaBHHTh C MOJJ;CnL-
HO-HC3aBHCBMOit oJteHKO~, nony'ICHHOH B nptme6pe)KCHHB 
:Jc)c)CKTa:r.m _ OfiMeHIIldX -II 3aBHeJUI~HX OT CICOpOeTH B3aBMO·
JJ;eiicTBBi 11 Y11BTLIBaromei uee 2 + -no36y)I(JJ;eHH~ .a:~a~miOTL 
JJ;O nopora Me30H006pa30BaHH.R /eM., HanpHMep, . 6 I 

s = I cu B(E2,0 ... 2-.) 
E2,T=O n n n 

25 -K 2 z2 itS/ 
--- - e2 < r 2,> 

' 417 m A 

r.JJ;e < r% ·> - epeJJ;HexnaJJ;paTH11Hhlii pa,!Uiyc paenpeJJ;eneHHJI 
3&pJIJJ;a, xoTopLIA B .nam.:HeiimeM npeJJ;nonaraeTe·s paBHWM 
(3/S)R ~ , npu11eM R0 "'1,2A ~ c)epMH. . . . 

noiimtceHHe E 2 - pe 3oHaHea /KaK H M 1 - pe 30HaHea/I7/j 
oripe.nenJieTe.a: e noMoiQLro paenpe.neneHHJI eHnoswx c)ymaudi 
E 2 -nepexoJJ;oB · · · 

i + 
B ( E2, 0 j= (E2) ~ I 

,\ (Ll cu) 11·cu 

<Af.o> 

11 3aBHeJnQero OT ::mepruu npanuna eyMM 

+ 
·x (E2,cu) =E(2 

n )·B(E2,0 ... 2) 

n + 
+ I cu B ( E2, 0 ... 2+ 1 ) 

' ,\ = 1 
,\ . ,\ 

r.JJ;e 11 cu - HHTepuan yepe.nlieHH.11. llpu n 
pauuo nonoBHHe npanuna eYMM /13/. 
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... 

+ 

+ 
2 

,\ 

I 

1 ,\ ) /16/ 

/17/ 

max /17/ 

II. 

l t 

l· 
'Jl 
!!. l . 
;1_ 

_,,_ . .... _, 

i 

l 
\. 

,, 
r ., 
l 

\ 

t 
l 

i 

~···· 

MATHHTHhiB CBOilCTBA COCTO.JIHHtl . 

lloexonLKY Jl.llPO. npe.nnonaraeTe.11 npamaroiQH·M~JI noxpyr 
OeH . X , TO KOHHCKTHBHhiH MarHHTHhiH MOMCHT, CBJI3aHHLlH .. 
e . 3THM JJ;BH:>KCHHeM_, Hy:>KHO BhiJJ;CJUiTh H3 X -JCOMllOHCHTLl 
onepaTopa MarHHTHOrO MOMCHTa 

... 
p. 

1 
2 

. . -> (T) -> 
I I (g< r>_g_<r>)a.+ I I g _j 
ri s e 'ri e /18/. 

r.JJ;e a - MaTJiHUhi llaynH, g ~ r) H g f (r) - CllHliOBLlH H OJ>.
fiHTanhHhiH rHpOMarHHTHhiC OTHOWCHHJI JJ;HJI CB060JJ;HLlX HyK- · · 
iioHoB, · eyMMa npo6eraeT no nceM HyxnoHaM. B npeJJ;cTaune-:
HHH BTOpHlfHOrO KBaHTOBaHHJI Bhi:nenHM H3 /18/ JCBa3H6030H
Hyro qacTh H Bhipa3HM ee qepe3 i) H 'p -onepaTOP~ 

'-

(p.x)A= I 1 [~ (~·) + 
,\ y2Z(cu,\) , prot . ,\: 

"If· 

-~ 

+I ( g (T) _:. g (T) ) . :t (T) ( ) ) p (-) 
T 

s e cu,\ . . ,\ ' 

/19/ 

r.JJ;e .nmr onpeJJ;eneHHoro copTa HyxnoHoB 

E . 2 . (" 
v1.;' ·Lvv' J x ) vv' (a x~ ) w ' 

./20/ ''· ~(cu,\) I 
v,v>o E 2 , -vv . 

'2 ·' ., 
(i) .,\ 

a . ~ prot ((IJA. ) - npoToHHaJI qacTL cyMMLl u npaso~· qacTH.·~_,, · · 
ypaBHCHHJI /1/. BLIJJ;CnHM H3 /19/ CTaTHtlCCKyro 11ac7~)' co
OTBCTCTBYIDIQYIO Cll 'A '"" cJ O = 0. Tax KaK onepaTop p O · npo
nopi{HOHaneH upaiQaTenhHOMY yrnoBOMY M.OMCHTY JIJJ;pa /S/ , 
TO 

0 
( p. X ) AI cu = 0 = g R ( I X ) A 

. A· /21/ 

r.I(e (.I x ) A - 6o30HHaJI 11aCTL onepaTopa yrnouoro MC»:MeH_
Ta upameHHJI, a BenH'IHHa g0R , HrparoiQaJI ponh xonneKTHB-

II 



3aBHCHT JIBHO OT ero xapaKTepHCT~K 6naro~ap11 HCDOllb30Ba· 

muO COOTHOWeHHit, BLITeKaiO~HX H3 Tpe6oBaHHJI poTa~oHiiOii: 
HHBapHaHTHOCTH * . . . 

llpaB&no cyMM ~n.R Ml -nepexo~oB He &MeeT Taxoi cllu-

3H11ecxoit neHHOCTH, KaK npaB&no cyMM ~n11 E2 -nepexo~oB, 
DOCKOllLKY ero BellH11HHa 3aBHCHT OT MO~enH H BH~a OCTaToq

. HLIX B3aHMo~eitcTBHit. O~Hai<o oHo MO)KeT :icllcllei<THBHO uc

nonL3oBaTLCJI ~n11 oneHI<H nono>KeHHJI MarHHTHoro ~nonLHo-· 

ro pe30HaHca, CBOitCTBa I<OTOporo B OCHOBHOM onpe~enJIIOTC·B 

H30BeKTopHLIMH cnHHOBLIMH cHnaMH /17/-;. 

34H>EKT.bl CIIHHOB.biX CHJI H Ml -PE30HAHC 

. Ha6nro~eH&e ~1 -pe30HaHca B aTOMHLIX 11~pax BHeynpy

roM pacceJIHHH :mei<TpoiloB Ha3a~ /I/ MO>KeT 6wTL cB.:3aHo 

C KOrepeHTHbiMH 11aCTH11HO-~blp011HLIMH nepexo~aMH Me)I(,Qy 

ypoBHJIMH cn&H·opo&TanLHLIX napTHepoB /19/. HeB03M)'IqeH

Hwit pe30HaHC npe~ci<a3LIBaeTCJI npH 3HeprHH, COOTBeT· 

cTB~eit paciQenneHHIO cnHH·op6HTanLHitiX ~y6neToB. OcTa

TO'IHLie CnHH·CnHHOBble. H30Bei<TOpHLie CHllLI, HMeiOIUHe OT· 

TanKHBaTenLHitlit xapai<Tep~ c~BHraroT pe3oHaHc BBepx no 

3HeprHH. 

*--
0TMeTHM, 'ITO B ypaBHCHHH /28/ MLI· HCnOllb30BanH 

TaK>Ke TO 06CTOJITenLCTBO, · 'ITO. CYMMW THna 

2 j 

I. E ,.L , (j ) , (a ) ,::0. 3To. JIBn.ReTcJI cne~-
, VII VII X VII X VII ·• 

vv .. 
CTBHeM Tpe6oBaHHJI poran&oHHoi HRBap&aHTHOCTHrauunL
TOHHaHa H ~On>KHO BLinOllHJITLCJI C TOit TO'IHOCTLIO, C KOTO· 
pol ~eKTHBHLie BOCCTaHaBnHBaiOIUHe CHnLI He 3aBHCJIT OT 
CnHHOB. BOOOIQe rOBOpJI, cnHHOBaJI 3aBHCHMOCTb 3cllclleKTHB
IIWX CHn MO>KeT B03HHI<aTL H3;..,3a HapymeHHJI poTanHOHHOI 
HHBapHaHTHOCTH ManltiMH CnHH·- Op6HTanLHLIMH qne&aMH. B 
ca!docornacoBaHHOM none, 3aBHCJIIQHMH OT ~eclJopManuu. liRe
nei{HaJI. npoBepi<a, .BitiWeyxa3aHHwx cyMM noKa3ana, 'ITO .ORB 
06J.111HO He npeBitiiiiaiOT 1 'fo OT BCllH11HHLI y ,,'ITO HaXO~TCJI 
B npe~enax TO'IHOCTH BCeX BLI'IHCneHHH. 3aMeTHM TaK>Ke, · 
'ITO y .... [ ix , [H sqp , j x ]] H, cne~oBaTenLHO, npe~·cTaBnJieT 

.. co6ol BI<na~ HecclJepuqeci<oi qacTH caMocornacoBaHHoro 
non11 B npaB&no cyMM. · · · · · 
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l· 
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I. 
( 
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' . 
· B 11HcneHHitiX pac11eTax ~nJI ~eclJopMupoBaHHLIX Jl~ep/16-IW 

HCnOnL30BanHCb CXeMaTH'IeCKHe·cnHHOBLie CHHLI, napaMeTpLI 

'I<OTOpLIX Bbi6HpanHCL H3 paCCMOTpeHHJI MarHHTHLIX ~nonL
HLIX MOMeHTOB .B He'leTHbiX Jl~pax~ BKnro'leH&e. 3THX· CHn 

B paccMoTpeHHYJO B npe~LI~YJI'HX pa3~enax cxeMy. 6wno np_o

Be~eHo B pa6oTe/5/ , n03TOMY 3~eCL MLI npHBe~eM TOllbKO . 

caMwe Heo6xo~MLie . clJopMynLI. B qacTHOCTH, ypaBHeHHe 

/1/ ~n11 3Hepruii cu.\ npHHHMaeT BH~ /ec,nu ilcnonL30BaTL 

TOT >Ke BH~ CnHHOBLIX CHn, 'ITO H B pa6oTe I 5/ j: · · 

2 
2 d (a) ( ~ ) = cu ,\ I. , 

2E· VII'L ~, (j x) vv' (jx)VII, 
0, 

2 2 cu ,\ J ,\ . v ,v >O 
Ew,- cu.\ /31/. 

• ~ t; • ; 

r~e. 3cllclleKTHBHbii MaTpH'IHblit 3neMCHT. ( j .x· ) 1/1,' nep~HOP:" 
MHPOBaHHLiit CnHHOBLIMH CHnaMH, &MeeT BH~ . . 

(j ) ,= (j ) . ; -(a ) , 

. ··. I .. 
. X ( cu .\ ) · ... :' i/32/ 

X VII XVII XVII - ( ) l+K S CU,\ 

X(cu,\)=4 ~ 
v,v >O 

, .. -

I. ) - 4 S(cu ·- = '->0 
,\ v,v 

a 

2. 
Ecvv' Lvv' (ax )vv' 

E2 
. VII, 

2. 
(L),\ 

E 2 
vv' 

2 
(ax).;,, 

.2 
(L)~ 

(j x >vv' 
·/33/ 

/3_4/ 

3)leCL.. K - cunoBol napaMeTp cnHHOBLix :&3a&Mo.IieicTBd, . . . a ·.. . . . . . . . . . . 
KOTOpLII onpe,lleneH. H3 · ,lleTanbHLIX pac'leTOB MarHHTHWX 

· woMeiiTo:B; 12o1 . ; · 
N~Z 

K u = IS-' __ ....;_ 
2A r/35/ 
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CTaTH'IeCKHii npe,nen $yHKnHH ~(a) (Ci),\ =0)= 3 J a) ,naeT 
nenH'IHHY MOMeHTa HHepnHH c y'leTOM cnHHOBhiX cHn. CooT
BeTCTBeHHO H3MeHaiOTC.II BLipa>KeHH.II ,nn.11 g 1~ H B (M 1) , 
KOTOpble Mbl 3_necb He npHBO,nHM. H3- 3a rpOM03.Z.KOCTH. 
Ilono>KeHHe Ml -pe3onaHca 6y~eM naxo,nHTL c noMornLro. cH
nonoii $yHKnHH ·· · M 1 -nepexo,noB /26/ H 3aBHC.HJneto OT 
3HeprHH npanHna cyMM, onpe,neneHHoro ypaBHeHHeM THna 
/17/: 

PACqETb/ H OECY)l(,l!EHHE PE3YJibTATOB 

qHcneHHble pac'leTLl 6LmH npone,neHbl ,nn.11 pR,na pe,nKo --
3eMenLHLIX H,nep B o6nacTH 152 < A < 172. Cpe,nHee none 
OnHCLIBaeTC.II C nOMOJnbiO ,ne$opMHPOBa-HHOrO . noTeHnsana 
THna CaKcoHa- By.rica c napaMeTpaMH, npHne,neHHhiMH B pa-
6oTe /21/ . HcnonL30BanHcL· cJie,nyrornHe · 3Ha'leHHa napaMeT;. 
poB .ne$opManHH: f3 20 "" · 0,30 .;;~ f3 40 , 0,04 ,nn.11 
H30Tonon Sm . H Gd H f3 . -= 0,28 .H f3 ·=· o.o2 ,nnR 
H30Tonon Dy , Er H Yb . 

2
<pac11eTLI noKai?tnH cmi6yro · 

3aBHCHMOCTb pe3yllLTaTOB OT 3THX napaMeTpOB, n03TOMY• 
HeT He06XO.Z.HMOCTH MeHJITL HX OT: .H,npa K .11,npy. ,I.J;n.11 HeiiT
pOHOB Y'IHTLIBanHcL o,nHo'laCTH'IHLie ypoBHH o6ono11e1< c 
N o-=3-7 /64 · ypOBH.II B HHTepnane 3HeprHH OT -25 ,no 
+5 MaB/, a ,nn.11 npoTOHOB - yponnH o6ono11eK c N~2-6/50 
yponHeii npHMepHo n TOM >Ke HHTepnane ::meprHii/. 06rnee 
'IHcno ,nnyxKBa3H'IaCTHqHLIX cocT<)1nmii c . K 17 -~ 1 + n TaKoi 
cxeMe npeBLIDiaeT 600, a Hx 3HI:~prHH ,nocTJiraroT 30 MaB. 

0CHOBHLie pe3yllLTaTLI pac'leTOB CTaTH'IeCKHX xapaKTe
pHCTlfK .11,nep H npanHn cyMM ,nn.11 E2 -nepexo,noB npH:Be,neHhl 

. B :ra6nHne, r,ne ,naHLI TaK>Ke HcnonL3onaHHhle HaMH 3Haqe- · 
HH.II 3HepreTB:'IecKoii rnenH ~-. IIocne,nnHe 6nH3KH K 3Haqe
HH.IIM, HcnonL3o'IJaHHLIM B pacqe-fax MOMeHToB HHepnsH/15/, 
HO CHCTeMaTH'IeCKH MeHLme 3Jia'leHHH ~ , BLI6paliHhiX no 
napHLIM 3HeprH.IIM /21/_, . . . 

IIpH yKa3~miLrx. n ·Ta6nHI£e 3:iiaqeliB:.~~x. ..~. y,naeTc.H: 
< -· ~ - -. w ' ' ' - ~· ' •• - • 

Y.Z.OBneTBOpHTenLHO OnHCaTL 3HeprHH 3KCnepHMe~T~LHO 

06HapY>JeeHHLIX IIH31\0ll~>KarnHX 1 +-~?36y>K,neHHH jc'M,., .,. a.: . 
npHMep, B 156 Gd /22/., B .160 Dy /23/ H 170 Yb /24. /. 

Ba>KHLIM cne,nCTBHeM BLI,neneHH.II BparnaTenLHOH BeTBH B03-

16 

Ta<5JIHua 

. CTaxuqeCKHe'xapaKTepHCTKKH H npaBHna cywu ~nH E2-nepexo~OB B pn~e 
H]tep· 

H~pa 154sm 156Gd 158 . 
. Gd 

160 ' D,y 162D,y 166Er 170n 

6n. IOI6 923 917 894 836 816 744 
(Ka;) 

Ap 1080 1016 . 1016 997 953 946 905 
(KaB) · 

(];(IS}, 2 0 , Teop. 
CMaB-1) 

46,2 50,4 50,2 48,2 52,4 54,3 . 56,9 
,. 

2{t ,~~en. 
SB ) 73,2 67,4 75,5 : 69.I 74,3 74,4 . 7!,2 

•. 

0 fiR ,Teop. 0,38 0,37. 0,36 0,35 0,32 0,30 • 0~30 

*I 0,39(2) 0,39(!) 0,33(2) 0,36(!) 0,34(1) 0,32(1) 0,34(1) 
~ ,aKcn. 

R . 0,32(3) 0,35(1) ·0,39(2) 0,36(2)' 0,36(2) 0,33(3Y 0,33(2) 
-E(2+)B(E2), 

3KCn.f'Z71 0,35 0,41 0,42 0,4! . 0,41 0,46 0,48 

(M36·e2 cP·) 

eefr/€ 0,08 0,14 o,i4 0,09 O,II . 0,15 0,18 
.. 

a.. 
<>- C) 1,08 1,03 1,03 1,13 1,12 1,10 1,08 

8 ;t ~ ~ oi.O 
- .. ',-.,t. 

J: II ~. ~ 2,87 2,78 2,78 3,21 3,!9 3,II 3,02·" __, Q) II * ~ ... :lC ..... 
l: C» o.Q 

1,43 1...-!(l)"' N 1,41 1,41 1,85. . ··. 1,84 I.8I !,77 ...... ~ 
~ ~ .._ 

se2.,T=o· 
. 

(M3B·e'-52 ) 
5,12 5,43 5,41 5,72 5,70 6,00 6,3! 

~~.;' 
«::) 
II 0,80 0,90 0,90 0,89 0,91 0,99 1,0! 

~ "H,IO ~ - .... ~ 
N '+ ql N 
UJ <II""' II 2,56 2,80 2,81 2,93 3,04 3,21 3,30 

Q) "' <: 1.1) ....... ~ <I 

'lf/llpHBe~eHH T01ll>KO MB HS pff~8 BOSIIOlltllliX SKCU6pHII6HTB1ll>HiiX 
. /26/ . 

SH8'16HHI. 
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6Y*~CHHH RBnHCTea eHnbHaH KonnCKTHBH3a~HH eoeTOSHHH 
e K 71 =-= 1 + ,'ITO OTMe'lanoeL TaK)Ke n pa6oTe / 25/. Pae
'ICTLI noKaJanH, -'ITO DKna~ KaKOH-nH60 o.ziHoii ~BYXKB8.3H
qaeTH'IHOH KOHclJHrypa~HH HlfKOr~a He npenbiiiiaCT 25~ HOpMN 
BOnHOBOH .4JyHK~HH. 06bi'IHO ...;80o/o HOpMbi pacnpe):{eneHO 
~fe)K~Y 6onLmHM quenoM ~ByxKna3n'laeTH'IHbiX eoeToJIHHH~ 
Bo3MO>KHo, 'ITO u:Meuuo nene~c'inne ennLuoii KonneKTHBH-
3a~HH B peaK~HHX O~HOHyKnOHHbiX rrepe~aq 6blnO 06Hapy)KC,. 
HO · O'leHb Mano eoeTOHHHii e K 71 

• = 1 + . B eBli3H e 3THM . 
OTMCTHM, 'ITO O~HH TOnbKO enHHOBbie D3aHMO~eiieTBHll, KaK. 
npaBnno, oqeub·~na6o KonneKTHBH3HPYIDT HH3Kone)Ka~e 

1-1· -BO.J6y)K~CHHH /I7,1B/. _ . . 

KaK BH~HO H3 Ta6nH~bl, Bbi'IHeneHHbiC 3Ha'leHHJl MOMCH- .· 
TOB ·uuep~HH eneTeMaTH'ICeKH MCHLme 3KerrepHMCHTanbHWX, 
a 3Ha'leHus g ~ ~ononLno xopomo eornaeyroTc.a e 3Kenepu.;. 
MCHTanbHbiMH ~aHHbiMH. 06e BCnH'IHIIbl O'ICHb HC3Ha'IHTCnLHO 
lnpHMCpHO Ha 1 '1ol YMCHbWaiOTeH npH BKJIIO'IeUHH enHHOBbiX 
eRn. . 

CTaTu.feeKHe 34lclleKTHBHLie 3aps~bl onpe~ensroTeJI c no
MomLro ypaBH.CHHH 151 B.' /81 no~ 3KenepHMCHTanLHbiM ~aH;; 
HbiM 06 3HeprHH BpamaTenbHOrO _2+-ypOBHll H BenH'IHHe 

·· ero BnyTpeuuero KBa~pynonLuoro Mo:MeliTa./27/. 3Ha'leHHJI·' · 
e pfC OKa3biBaiDTell _He6onLWHMH H OHH MOr}'T eneriea 

MCHJITLeS e H3MCHCHBeM BCnB'IHHbl 3HepreTB'IeCKOB menu 
· Ia 'ioi eTeneuu, B KOTopoii: B.enH'IHHa g 3aBHeiiT (>T A · I. 
Eenu eTaTH'IeeKHe 3apJI~bl nLI6upaTL no 3KenepuMeHTanL-

. :. ' HOi BCJIH'IBHe BHYTPCHHero KBa~pynonbHOrO MOMenTa Q O, 
TO 06bi'IHO 3Ha'ICHH11 e eff . B03paeTl!-IDT B nonTopa- ,ADa 

pa3a, 'ITO. npHBO~HT K pe3KOMY B03paeTaHHID BenH'IBHW 

r· 

npaBnna eyMM .zin.a E2 -:nepexo~oB ·e /'.. K.= 1 . 
.·. B Ta6nu~e npu~e~eHLI npoTOHHble KBa3H'IaeTH'IIIble npa-, 

Bnna eyMM /eM. ypaBneuue 114// ~nB: E2 -nepeio~oB · 
e ~ K = 0,1 H 2 • CyMMapHO OHB OI<;a3b1BaiDTeJI, ; S E2 , T =o·*. 

>!< . 

... 3Ha'ICHHJI S E2, T=O B Ta6nBU.C Bbi'IBeneUbl 6e3 yqe-
Ta :zieclJopMa~uu. KaK OTMe'lanoeL B /28/ .epe~neKBa.~paTuq- -
HhiH pa~uye paenpe~eneHB.H . 3aps~a . s.n.pa HC.eKOnbKO B03-
P<leTaeT I S 5tfol B ~ecllopMupoBaHHLIX s~pax. · 

.,\US 

:: 

,. 

~-~ 

BH~HO, 'ITO npaBHnO eyMM, eOOTBCTeTByromee E2 -nepexo~aM 
e _A K = 1 ,:zioMHHHpyeT, npuqeM TonLKO ue6onLmaJI_qaeTL 
ero I- ~S~I uenonL3yeTeJI ua :BpamaTenLuyro BeTBL B03.;, 
6}')K)J;eHHJI. B ~Byx noene~uux eTpoKax Ta6n~w npaBnrio 
eyMM ~nJI E2 -nepeXO~OB H3 OeHOBHOrO eoeTOJIHHJI ua f+.;. · 

.B036y)I(J];eHHJI IY)KC e Y'ICTOM 34lc~JeKTHBHOro 3apJI~a, yKa3aH
uoro B . Jta6A./ pa3,neneuo Ha ~Be qaeTH, eOOTBeTeTB}'lOIIUIC 

nepexo~aM , 6e3 _· H3MeneHHJI · ( ~ N .;., 0 ) u· e H3MeueimeM 
( 11 N -- = '2 ) rnaBHoro KBaHTOBoro 'IRena. OT:MeTHM 3~ec1.· 
~Be oco6eHHoeTH. Bo-nepBLIX, · e y'leToM · 3$ciJeKTHBBoro 
3apJI~a ·E2 ::nepexo~bi e 11 K = 1 ucqepnbiBaiDT. npHM~puo _ 
68._, :Benn'IBHLI S E2 , T=O. Bo.;,BTOPLIX, nepexo.n.N e AN'= 
= 0 06W'IBO COeTaBnJIIDT TOnbKO O~HY 'ICTBCpTb S ·E2 ( K = 1), 
H H3 uux Menee nonoBHHLI paexo~yeTeJI ua BpamaTenLHYID 
neTBL Bo36y)K~eHHJI, a oeianbnoe.paenpe~enJieTcJI.Me)I(J];y 
B036y)I(J];CHubiMH . 1 + -eoeTOJIHHJIMH •. 3TOT pe3ynLTaT npe~
eTaBnJieTeJI Ba)KHbiM npH paeeMOTpeHHH ~HHaMH'ICCKHX •34J- . 
$eKTHBHbiX 3apJI~oB ~ns . E2 -nepexo~oB e ·/1 K = 1 MClK.n.Y 
HH3KOne>KamHMH eoeTOJIHHJIMH HC'ICTHLIX aTOMHLIX Jl~ep, 

B03~KaiDmHX H3-3a CBJI3H 'laeTH~ e BII)'TpCHHH~H 1 + 
B036y)I(J];CHHJIMH. 

CyMMHPYJI 3TH pe3y_nLTaTLI, Mo)f(uo O>KH~aTL, 'ITO B ~e
clJopMBponauublx JI~pax uau6onee HHTeHeHBHaJI qaeTL H3o
CK2L!IJIPHoro · E2 -pe3onauca -/e T.3. BKna.U:a B npaBuno 
CYMM/ 6y~eT. COOTBeTCTBOBaTb 3Ha'ICHHID K = 1 • 3TOT . . 

BLIBO~, KOHC'IHO, 3aBHCHT OT·BCnH'IHH CTaTH'ICCKHX 3apJI.:. 
~oB ~nJI E2 -nepexo~oB . c tl K = 0 H 2 , KOTOpble MO>KHo 
oileHBTL H3 3KcnepuMeHTanLHLIX ~aHHbiX .zux,. {3 - B: y · -
KOne6aHHit, COOTBCTCTBCHHO. qTO KacaeTCJI Y -xone6aJiuit, 
TO ~nJI HHX 34l4leKTHBHbiC 3apJI~LI OKa3blBaiDTCJI . nop.H,nxa 
e df. -:-0,216/ 3$~KTBBHLie 3ap.ft~LI ,nnJI {3 -icone6auuit~ 
no·-BH~BMOMy, TOrO )KC nopJI,nKa, XOTJI eBe~CHHJI 0 HHX 
3Ha'IBTenLHO 6onee Heonpe~eneHHbl, T.K •. 3TH eOCTOJIHHJI 
CBnLHO CMCDIHBaiDTCH ~ napHLIMB BH6pa~JIMH H otB03~ 
6}')K)J;eHHJIMB ~pyrax THIIOB. TaKHM o6pa3oM, BKna~ E2 -ne
pexo~oB c f1K,O H · 2 B npaBu.ri:o cyMM BpJI~ na OKa>KeTcJI 
MHOrO 6onLme O~CHOK, ~aHHbiX. B Ta6n~e, T.e. COOTHOWe
HHC BKna~oB B npaBHno CYMM 2+ -Bo36y)K~(muii c K ""o.i 
H 2 , .no-BH~HMOMY, cuni:.uo ue H3MeHHTCJI. · · 
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O~ua:Ko c - yqeTo:M·.- cTaTH'IecKHr 3«l>«l>eKTHBHWX 3apJI~OB 
KWi"3H'IaCTH'IHaJI /Mo~e-.ri:LHaJI/ .OU:eHKa npaBHJia·~-~M OKa3W.;_ 
aaeTCJI CHCTeMaTH'IeCKH 6oni.me. Be~HlfHHLI S E2 ,; + ==· 6· :-" 
HanpuMep, ecJIH npHHJITL, 'ITO 3«l>«l>eKTHBHLie 3apJ1~LI o~HaKo
BLI ~JIH BCex £2 -nepexo~OB H HCDOJIL30BaTL yKa3aHHWe B. 
Ta6JIHU:e 3Ha'leHHJI, TO 'cyMMapHaJI- KBa3H'IaCTHqHaJI mieHKa-5/:· 
np~BLIIIIaeT BeJIH'f!!IY · S E2 , T=O Ha 30:-~0~. Bo_3Mo,.Wo, , 

_ -~ 3TO CBJI3aHO C .TeM; 'ITO B HaWeM:.MO~eJILHOM paCCMOTpe-
. · HH~ _ E2 -nepexo~LI HOCJIT CJIHWKOM KorepeiiTHLii xapaicTep~: 

KOTOpW:ii 6y~eT ·HapymaTbCJI B3aHMO~eiicTBHJiMH C ~pyroi,· 
cHMMeTpuei. C ~pyroi cTopoHi.I, npe~nono,KeH:He_o·He3aau~·'· 
CHMOCTH H3oc:KaJIJipHLIX :H u:ioaeKTOPHLix :2-t -:Bo36y)I(AeHui, 
:Hcno~L3oaauuoe npH BLI,I~eneHHH. SE2 T=O _ B3 96~ero Dj)~-.,. 
BHJia· CYMM /16/ . , B03MO>KHO, To;.le JIBJIJieTCJI rpy6LIM. 
B HaCTOJioiee :BpeMJI .MLI He MmKeM . c,neJiaTb KaKHX;; Jia6o. 
6onee'onpe~eneHHLIX :iaimoqe~Hi o.· xapaKTepe· yKa3ailuoro:, · 
pacxo>K~eHHS Me>K~Y MoneJILHLIMH. H 6e lMO~eJILHLIMH. OU:eH---

' • .:. f • • ' ; • •• ' - ~ ' 

KaMH npaBHJia CyMM. . 

qTo6LI onpe~eJIHTL''pacnpe~eneHHe c:Hnw E2 - .u' Ml 
nepexo~oB no l:~;.Bo36y)I(AeHHJIM, a TaK>Ke HaiTH JIOKaJIH-- · 

. 3aU:HJO pe30HaHCHLIX COCTOJIHHH, BLI'IHCJIHJIHCL CHJIOBLie «l>YHK· : 
-·~HH~:..·COOTBeTCTByiDID:HX nepexo~oB· 5=(E2); H·~(Ml): a·." 
'iaK>Ke _«l>YHKU:HH ,.pacnpe~eJieHHH Xn (w) _. Ha puc •. 1-4 
npl.ia!~eiiLi'- npuMepi.I Ta~_Hx - pactieToB .nns JI:nt:P 154 Sm •. 
- · '.~r •. TipH BLI'IHCJieHHH CHJIOBLIX «l>YHKU:HH -MLI HaWJIH;: 

'ITo. uaunyqmB:ii HHTepaan .ycpe~HeHHH A w .,. 1 M3B, 'ITO 
D03BOJIJieT -XOpOWO onpe~eJIHTL·: JIOKaJIH3aU:HJO -pe30HaHCOB~' :r 

. - I 

)Jo ·ac_e?t pacc~o'fpeHHLIX H~pax qacTL E2 -pe3~Hauca, 
COOTBeTCTByJoiD:aH· 3Ha'leHHIO . K=l ·, 'noKaJIH30BaHa B o6JiaCTB _·,, 
:1B:eprui 12,5 - 14 M3B. C~aur pe3o~auca, o6yc~o:Bneuuwi 
3«l>«l>eKTHBHLIMH clmaMH, oKa3LiaaeTcJI :- 2. M3B. Cnuuoawe 
CHJILI · npaKTH'IeCKH ue BJIHJIIDT ua · nono>K~HHe u caoicT:aa 
E2 _:-pe30HaHca. TIJIOTHOCTL . rt.:.Bo36y)I(Ae':HH:ii B o6JiaCTH .. pe-
. 3o:Hauca ~OCTHraer ·35,;40 c'ocm:/M3B~- npH'IeM Olj:H HClfep-
ni.maiO! npuMepuo 15~20!fo :.;_seJIH'IHHLI- SE2 , T == 0 . B cTpyK
Type BOJIHOBLIX .«l>yHKU:HH 3THX. COCTOHHHH ~OMHHHPYIOT qac-_ 
TH<iHo-~Lipo-.lm.Ie B036~~eH:O:H . c L\N = ~ • CyMMapHaJI pa: · 
~aD;HOHHaJI.WHPHHa· 2 (K=l);-COCTOJIHHH B o6JiaCTH 3HeprHH 
13.:.1~ ~3B06LI'IHO OKa3LIBaeTCH -f'- (E2,0:-.2·)- 300 3B. 

- y . 

·. : .... 
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YKa3aHHaJI HaMH o6nacTL noKaJIH3au:uu E2 (K=D -pe3o~ 
HaHca COOTBCTCTByeT 3Ha'leHHIO 3HeprHHw(2"1.;.70A-1/3M3B~ 
'ITO COrJiacyeTCJI_ C . MaKpOCKODH'IeCKHMH OU:eHKaMH, .KOTO;. 
pwe yxa3LIBaiOT Ha :Bo3MO>KHOCTL CYID:eCTBOBaHHJI B30CKa-
JIJipHoro E2 ..:pe3oHaHca B o6nacTH 3Heprirli nop•.Qxa 
(60-70)A -~ M3B /eM~, Hanp.,/29/ /. 3Kcnepu:YeHTW no· 
lleynpyroMy pacceJIHHIO 3JieKTpOHOB H npOTOHOB, ynOMJIHy· 
TLie BO BBe~eHHH, DOJCa3LIBaiOT, 'ITO B ctllepH'IeCKHX ll~pax 
CYID:eCTBVeT E2 /HJIH EO I pe3oHaHc. npu 3HeprHH nopJi;ixa 
65A -1/3 M3B. EcJIH 3TO £2 -pe30HaHC, TO OH HC'Iepnw
aaeT OJCOJIO 50., npaBHJia CYMM S E2 , T= O • HccJie~oBaHHe 
Heynpyroro pacceJIHHJI npoTOHOB c 3Heprue:ii 155 M3B _6YJio 
npo:Be~euo Ha g~pax 181. Ta H 165 Ho /30( Q:yeqaeTCll, 'ITO 
B •~pe Ho npu yrnax pacceJIIiHJiO •> 13°06HapY:>KeHo ~a .. 

. - . 
pe3oHaHca c 3Heprueii 10,4 H 13 M3B. Bo3Mo>Kilo, 'ITO 3TO 
CBJI3aHO C paciD:enneHHeM E2 -pe30HaHca no KBAHTOBOMY 
'IHC~. ~ -

PaccMOTpeHHaJI HaMH Mo~eJIL co~ep>KHT TOJILKO napa
MeTpLI cpe~Hero noJIH H napHLIX B3aH~o~eicTBHi: He3aau
CHMOCTL nono>KeHH~ E2 ~pe3oHaaca H ~ro xapaxTepHCTHK 
OT cnHHoai.Ix B3aHMo~eicTBHi MLI y>Ke OTMe'laJIH. Oxa3anocL; 
'ITO H3MeHeHHe napaMeTpOB ~e!llopMaU:BH H 3Ha'leHHH 3Hepre- • 
THlfeCJCO:ii ID:CJIH TaK)J(e He BJIHHeT CKOJILJCO-HH6y~L 3aMeTHO 
Ha nono>KeHue pe3oHaHca, xoTH 3HatieHHe cBJioao:ii «l>YHKilHH 
E2 -nepexo~OB MO>Ki:n cnerxa aapLHpo:BaTLCJI ~ pe30HaHCHOH 
06JiaCTH. . . . __ . 

ToT cllaxT, 'ITO npe~cxa3aHHaJI Teopuei cuna E2 -pe3o
naHca c K = 1 npuMepHo a~oe MeHLme; qeM Ha6JIIO~aewa• 
B 3KcnepHMeHTax Ha c«t>epuqecxux Jl~pax, npe~cTaBnJieTcll 
eCTeCTBeHHLIM CJie~CTBHeM ~e«l>opMaU:HH. llpe~CT<~HT eiD:e_ 
OU:eHHTL B03MO>KHLI:ii BJCJia~ B npaBHJIO CYMM COCTOJIHHH 
cK=0H2.. . . --. 

TipoBe~eHHLie HaMH paC'IeTLI B OCHOBHOM DO~TBep~JIH 
BLIBO~ pa6oTLI/I7/. o JIOKaJIH3aU:UH Ml -pe3oHaHca (K = 1 ) 
B o6mlCTH 3Heprufi nopJI~xa·7-9· M3B /eM. CHJIOBLie «l>YHICWIH 
Ha puc. 2 u 4/. BoccTaHoaneHue poTaU:UOHHoi u~pHaHT
HocTH raMBJILTOHHaHa . HeCJCOJILJCO MeHHeT pacnpe~eJieHJie 
CHJIOBOH 41YHKD:HH ~(M 1) B cnexTpOCKODH'Iecxo:ii, 06JiaCTH .· 
3Hepnl:ii, HO CYJileCTBeHHO ' He BJIHJleT Ha DOJIO>KeHHe H 
caoiic~aa Ml-·-pe3oHaHca. 3io coana~aeT c BLIBo~aMH pa-
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': 6oTw· /I 4/. O~Htuco · 3d>cilexTHBin.Ie .. :BdaiiM:o·.n~ii~T~H:ii·, . BoccTa

Haa]mBaiOIQHe poTit:QHOHH.YIO HHBapHaHTHOCTL, 3aMeTHO BllHJI-' 
IOT. :Ha D:paBHrro cyMM .n;rr.11 Ml -nepexo.n;oB~ yMell:bmaJI ero 
npRMepllo Ha_ ' 10:..12~. c yqeTOM' '3Toii nonpaBKH npaBBJia! 
CYMM, BLI'IBcrreHHLie B. MeTo.n;e CCI> /ypaBHeliae j21 I H' B' 
xaa3xqac-fxqHoM ·npll6rriDKeHHH lipaaHeHHe i2BI 1, npexpacHo : 
corn_aCYIOTCJI Me>K;:ty co6oii. Bxrra.n: B npa:BHrro CYMM,._o6yc:.' 

·ITOBITeHHWi Hec4JepBqHOCTLIO JI.D;pa, COCTaBrrJieT npHMepHO 
10-15~. 0TMeTHM, q1'o 1+. -cocTOJIHJIJI :B o6rracTH M 1-pe-:-
30HaHca Hcqepm.J:aaiOT npHMepHo 30:-.40~ norrHoro npaBHrra 
cyMM.- CyMMapHaJI pa,nHaUHOHHaJI m:HpiiHa 3THX .cocTORHHii · 
r_(Ml, 0 -+1) ... 60-80 aB... . 
y --' -

B 3aKniOqeHHe aBTOPLI BLipa)KaiOT 6rraro.n;apHOCTL 
C.K.A6.n;yrraara6oaoii H ,IJ;.Kapa.n;)KoBy · 3a _ npe.n;ocTaaneHBe 
p.11.n;a qxcrreHHLIX .n;aHHLIX, a TaK)Ke. coTpy.n;HHKaM OT.n;emi Teo-
pBH .11.n;pa 3a.rrorre3HLie o6cy)K.ZJ:eHHJI pa6oTLI. · 

--: 
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