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BBELJ:EHHE 

B aameã paõore /11 paCCMOTpeHhI BOnpOChI, CBH3aHHhIe C onpeneneaaexr 
1\' 

cPH3HqeCKHX KOHCTaHT H):(epHOH CTPYKTyphI qeTHO-qeTHhlX necPOpMHpOBaH

J 
" ') 

" \. HhlX anep, o6CY:JKneHhI TaK:JKe cPOpMynhI ,llJIH BhItIHcneHHH npaaenenasrx ae
poaraocreã MarHHTHhlX Ml-nepexonoa BHYTPH pOTaUHoHHhIX nonoc H Me)K,ll;Y 

I' 
\ 

J nOnOCaMH. 
" 

\.. 

," \':' 
-, HaCTOHmaH ny6nHKa~HH HBnHeTCH npOnOn:JKeHHeM YKa38HHOH pa60ThI. 

B rrpennonoaceaaa CMelllHBaHHH BOnH0BhIX cPYHK~HH pOTa~OHHhIXYPOBHeH 
OCHOBHOrO, f3 - H Y-BH6pmHOliHhlX COCTOHHHH B HeH nonyxeasr B par-ncax 
TeopHH B03MymeHHH 06mHe ePppMynhI nna orrpeneneaaa npaseneaasrx 
BepOHTHOCTeií B cnvsaax BHYTpHnOnOCHhIX H MeJK):(ynonoc~hlX anexrpasec

) KHX E2-nepexOnOB. 
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IIPI1BELJ:EHHhIE BEPOFlTHOCTH LJ:JIFlÉ2-IIEPEXOLJ:OB 
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1 
IIpHBeneHHhIe BepOHTHOCTH B (E2) -nepexonoa BHYTPH pOTmHOHHhlX 

rrorroc H MeJKny HHMH, KOTOphIe OnHChIBalOTCH BOnHOBhIMH ePYH~HHMH 
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,~ (I 

I 
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A 
I 

L 

';'\ -~ 

/ 

--,., 
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(1) 
xB(E2;1 i Kq. ~ I t Kq) = { L... a q. q (I i ) a q.r q'" (I r ) Q qq'" 

1 q,q 1 ~ _ 

IKqI> H K03cPcPH~HeHTaMH a qq ... (1) (CM. ePopMynhI (32) H (33) B /1/), 

MOJKHO BhItlHCJIHTb, acnorrsaya COOTHOllleHHe (1), rronyuenaoe, aanpasrep, 
B paõore /2/ . B aaurax 0603HatIeHHHX ero aamnuevr B nane 

/ t .... x <IiK q 2, Kq ... -KqllrKq"'>Vl +18Kq,O-,ôKq,,oIJ2. 
/ 

CrI ,/ MaTpHtIHhIe 3neMeHThI Q qq'" MynhTHnonbHoro oneparopa 'IT'" (E2) onpe
'\ 

/ 
neJIHIOTCH BhIpa:JKeHHeM 

1- , 
I 

// 
l~ Q qq ... == .<ep K ... ( q "') Im'"(E2, v 

q 
= K q ...  K q ) I r:P Kq 

(q) > • (2) 

'" 
,J, 

--1, I 
MO:>KHO noxasars /2.3/ ,tITO Qqq'" =Q q'q . B 0603HatIeHHHX Q (3gH Qyg HH

zrercc g onYCKaeTCH (Qe== QfJ. ,Qy == Q,y ). BBHny Toro, tITO nna npar-rene
UHH reopaa B03MymeHHH Tpe~yeTcH, tITOthI e Q.Cl .... ~d, 3TO H naõmonaerca 
aa orrsrre, npa BhItlHeneHHH B(E2) no ePopMyne (36)/1/ OCTaBnHeM rraun, nne
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asr, naaeãasre no eqq" . Torna nna nnyrparronocasrx H Me/l(nynonocHhlX 'y-ne
pexonoa c MynbTHnOnbHOCThIO E2 npaaeneaaste BepoHTHoCTH BhItIHCnHIOTCH 

no cnent~-GOOTHOllleuWlM:.
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pOT~OHHaH nOJIOCa OCHOBHOrO COCTOHHHH: 

B(E2; I + 2, °g -+ r, og) = Bo (E2 ; I + 2, °g -+ I, 0g) x 
(3) 

= {I + 6a + (a a+ a )[ (1 + 2) (1 + 3) + t(I + 1)] }~ 
Y fJ Y 

HJIH 

B(E2 ; I + 2, °g -+ I, °g ) = Bexp (E 2 ; 2, °g' -+ °,°g) x 

( 3~) 
...<1+2,020110>2 

x - <2020100>2 {I + ( + 1(1+ 1) _6Jl2 •.a,8+ay)[(1+2) (1+3) 

pO-raI.J;HOHHaH nonoca {3-BH6p3.UHOHHOro COCTOHHHH: 

B(E2;I+,2, 0{3-+ t, 0(3) = B O(E2; 1+2,0,8-+1, 0{3) x 
(4) 

x {I - 6a@ - 8a I3Y - 2(a f3 + a {3y)l(I + 3)}2 

ID1H 

B(E2 ; 1 + 2. 0,8 ~ I. 0,8) ~ B O(E2; I + 2. O,8~ I. O )<1 + 2. 020 110> 2 x 
f3 <2020 I00 >2 

(4 ') 
. . 2 

x { 1 - 2(a (3+ a f3y )l(1 + 3)} ; 

npHBe,IJ,eHHaH BepoHTHoCTb ,IJ.JIH Me)l{,IJ,ynOJIOCHbIX y-nepexo,noB: 

B(E2; li 0{3-+ Ir 0g) = Bo(E2 ; I i 0{3 -+ 'IrO g ) x 
(5) 

x {I + Z{3(0{3)F{3(Ii,l r) + [Z{j(0t3) - Zj3(Og)]ff3(Ii) + çf3yF~y(li' I r)}2 

pOTaQHOHHaH norrocav -BH6p3.UHOHHOro COCTOHHHH: 

B(E2; li e.,-+ Ir 2 y) = Bo (E2; li 2,y -+ Ir 2y) x 

(6)a{3y 2
 
x ti - (a y - -:::-) (I + 1) (I + 2) (li - I r) } ,
 

~3 '
 

rrte I i = 1+2 , I r =I , HJIH I i = I + 2, I r = I + 1, HJIH I i :::. I + 1 , I r= I H 3Ha
xeaae I acerna xeraoe. I1CXO,IJ,H H3 o,nHHaKOBhIX npe,nnOJIOiKeHHH,nOJIyqHM 
COOTHorneHHe, yztoõaoe ,nJIH aHaJIH3a 3KcnepHMeHTaJIbHhIX ,IJ,aHHhIX: 

2 

..<I i 220 II r 2 > 2 
B(E2; I i 2y -+ I r 2 y) = B exp (E2; 42y ... 22y ) .. x 

. .<4220122 >2 

a l3y. .. 2 ( 6~) 
x [I - (a-y - --=-)[ (I + 1}(I + 2) - 12](1 i - I r) 1 • 

"';3 ' 

B raõn.I nansr pe3YJIbTaThI aaurax BhIllHcneHHH no <popMYJIaM (3),(4),(6) 
npaaeneaasrx aeporrraocreã B (E2, Xi Kq -+ 1f K q ); 'IIpH 3TOM 3HalleHHH 

Taõnuua 1 
BeJIHlIHHhI npaaenênnsrx aeponraocreã B(E2; I i Kg -+ Ir Kg) ,nm:I' 
BHYTpHnOJIOCHhIX nepexonoa (CM. <POPMYJIhI (3), (4) H (6» 

Cill1HI:l QII - Q fJ(3 - Q yy .. 1; a (3y ... O 
.. 

.' 
nonoca OCaOBHOrO {3- TlOJIOCa y-UOJIOca 

li Ir COCTOSIHHSI 
.. -

a(3-a y .. o a e-«Y'?,Ooo03 a (3 .. o' a {3" 0,00003 
... 

a .. O.y' a y ... 0,00003 

2 O 0,20000 0,20022 0,20000 0,19993 - .... 

3 I 0,25714 0,25767 - - - ~ 

3 2 - - - - 0,35714 0,35689 

4 2 0,28571 0,28671 0,28571 0,28527 0,11905 0,11888 

4 3 - - - .. 0,26667 0,26647 

5 3 0,30303 0,30467 - - 0,19091 0,19091 

5 4 - - - - 0,19091 0,19057 

6 4 0,31469 0,31715 0,31469 0,31352 0,23497 0,23413 

6 5 - - - - 0,14066 0,14041 

7 5 0,32309 0,32655 - - 0,26374 0,26374 

7 6 - - - - 0,10714 0,10678 

8 6 0,32942 0,33406 0,32942 0,32717 0,28362 0~2817I 

8 ·7 - - - - 0,08403 0,08375 

9 7 0,33439 0,34039 - - 0,2~799 0,29799 

9 8 - - - - 0,06755 0,06718 

10 8 0,33835 0,34590 0,33835 0,33466 0,30880 0,305'4? 

10 9 - - - - 0,05541 O,055II 

3 



a (3 M a,y_ rraparaerpoa rrpMHHThI 6JIM3KMMM K nOJIyqeHHhIM npn 06pa60TKe 

3KcrrepMMeHTaJIhHhIX .n;aHHhIX. YqeT CMelllMBaHHH BOJIHOBhlX <PYHKIJ;MH .n;JIH 

nepexonos c YPOBHeH c HH3KMMM cnaaavra Mano BJIMHeT na BeJIMqMHhI rrpnae
.n;eHHhIX BepOHTHOCTeH. 

TIpMBe.n;eHHaH·BepOHTHOCTb .n;JIH Me)I()J.yrrOJIOCHhlX ,y -nepexonoa BhNMCJIH

eTCH rro <popMYJIe 

B(E2; I12,y~ IrO g ) = Bo(E2; li 2 ,y " IrO g ) x 

x [ 1 +z., (2 ) Fl (I i ' I r) + ( Z,8y + }Zy (2y ) - i-Zy (Og ) ] F,8y (1i,l r) I : 
(7) 

y y 

• lo TIpM 3TOM MCrrOJIb30BaHhI CJIe.n;YIOII.J;He 0603HaqeHMH: 

2 
B (E2; I 4I K ; ) == [<li K 2, Kq,-KqllrKq",>Qqq'Y1+laKqO-~Kqoll,.(8)o iKq r q q 

(9)F/3(li' I r) == f/3(I r) -f'I3(11 ) , 

1 <Ii220IIr2> 1 li <li 020[lrO> 
F (I.• Ir) == - [ - -- f (I r) - ~ 1+ (-1) ] ----- f (I.) I (10)
 
'y 1 y48 <~22-2IIrO> Y 2 <I i22-2l lrO>'Y 1 '
 

1 li 1 <1i 020 II r O> (11)F,8 (I., I r) == -[ 1 + (-1) ] -=- ------~-f (1 -) ,
Y 1 2 Y12 <I i 22 - 2 II r O> y 1 

F~y (li,l ) ,,_,/12"<li
22 

-211/0> (12)
 
r <I i 020 IIr O'> fy (li) ,
 

Q{3{3Qgg (13) .
Z{3 (Og) == - é {3Q{3 , Z{3 (O(3) == - E {3 Q{3 , 

z, (2 ) == -[24 Qyy (14)Z,y (O g) == - y2"4
Qgg 

f.y' y Q f y ' 
Q YY 

1 Q,y 
(15)Z,8y == -/6 Q{3 E ,8y , ç{3y == - y6 Q13 é,8y , ~ - Qy 

2
Q2 1 Qy 

- Z -.@- a == -Z ---, (16) 
a,8 == /3 Q 2 y 6Y Q2 

gggg 

4 

1 Q,y Q[3y_. . (17)af3y == .f3 Z,8y Q[3 
Q ,8{3 

<I>OPMYJIhI (3) ..;- (7) asrseneasr B 06meM BM.n;e, TO ecrs B rrpennonoaceaaa, 
qTO BHYTpeHHMe xaanpynorrsasre MOMeHTh:i B pOTaIJ;MOHHhlX norrocax pa3JIM

qaIOTCH (Q gg f, Q(3f1= Q,yy) M qTO MMeeT MeCTO csremaaaaae BOJIHOBhlX <PYHK

IJ;MH {3 - M Y -BM6paIJ;MOHHhlX rrOJIOC (E(3y -# O). B mrreparype (CM., aanpa
r-rep, /4-9/) npaaeneasr COOTHOllleHMH, rcoropsre HBJIHIOTCH qaCTHhIMM CJIY

qaHMM ~TMX <P0PMYJI. I1x MO)KHO nonyaars, npapaaanaaa aexoropsre K03<p

<pMIJ;MeHThI K HYJIIO (CM. Ta6JI.2) • 

Taõnuua 2 
qacTHhle CJIyqaM <P0PMYJI (3) -:- (7) 

TIpe.n;rrOJIO TIOJIOca -{3 -rrOJIOCa 'y -norroca 
)KeHMH OCHOBHoro 

COCTOHHMH 

BHYTPM- BHYTPM- M~)K,[I;Y- BHYTpM- Me)K,[I;Y

rrOJIOCHhle rrOJIOCHhle rrOJIOCHhle rrOJIOCHhle' rrOJIOCHhle 

nepexozrsr nepexonsr nepexonsr nepexozrsr rrepexozrsr 
(3) MJIM (:3) (4) IDIM ( 4~) (5) (6) MJIM (6') (7) 

POTaIJ;MOHHaH . af3=a =0,y . Q[3=a{3y=O Z /3(0,8) =0 a ==a[3 =0y y ,. Z (2 ) = O ,y y 
Mo.n;eJIb Z {3(Og) = O Z,y(Og) =0 

(NV (i) = O) ç{3y == O Z(3y = O 

Qqq =Qq'q' a{3y= O Zf3t= ZrJ.0(3) == a {3y=O Z ==Z (2~-= y 'y' 

f {3y= O = Z{3(Og) =Zy(Og) 

(NV(i) = 1) e{3y= O Z{3y= O 

Qqq f, Q " " q q Q{3y= O çf3y = O a f3y =0 Z{3y = O 

é (3y = O I 

(NV(i) = 2) 

Q qq = Qq"q' Z /3==Z [3(0,8) == Z ==Z (2).
y Y' 

é f3y =I O = Z{3(Og+- = Zy'(Og) 

(NV(i) = 3) 

Ilpasrevaaae: Ilapaxrerpsr NV(i) HCrrOJIb30BaHhI ,1l.JIH BXO,1l.HhlX naaasix 
nporpasoasr ZORKA/15/ . 
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Ilpaneneansre BepOHTHOCTM BHYTpMrrOJIOCHhIX E2-rrepexO,ll;OB c yxerora 

CMenUiBaHMR BOJIHOBhIX cPYHI<:IJ;MH aHaJIM3MpOBaJIMCb JIMllIb ,ll;JIH pOTaUM

OHHOH rrOJIOChI OCHOBHOrO COCTORHMH. <D0PMYJIhI (3) M (3') 6hUIM 

norryaeast B paõore /10/. 3I<:CrrepMMeHTaJIbHhle nanasre oy -nepexozrax, 
pa3pHiKaIOIIJ;MX B036YiK,ll;eHHhle COCTOHHMH 152,154 Sm, 154,156 Gd M 174 Rf, 
aHaJIM3MpOBaJIMCb B paôore /11/ ,'B I<:OTOpOH rrpnaeneno COOTHOllIeHHe MeiK,ll;Y 

M3MeHeHMeM cpennero panayca azipa nepaoro B036Y)l()l;eHHoto COCTOHHHH 

2~ M'OCHOBHoro COCTOHHMH azrpa (~<r2> + =? <r2> + -- <r 2 > + ): 
2g 2g 0g 

~ <r 2>2+ 

---g :: ~~-[,B (O )]2 (af3 + a ), (18)-<r 2 >
0+ 

TT 2 s Y 
g 

rne {32 (O ~ '- napaxrerp xaazrpynorrsaoá necpopr-rauaa OCHOBHoro COCTOHHMH 

H,ll;pa. • 

B paõore /12/ npaaeneno COOTHOllIeHMe ,ll;JIH M3MeHeHMR cpezmero pazmy

ca anpa pOTaUMOHHhIX ypOBHeH OCHOBHoro COCTOHHMH co crrMHOM I, I<:OTOpOe 

3aBMCMT OT f M M3TpM'lliOrO 3JIeMeHT3 Eü-nepexozra p(EO, I0{3 ~ IOg ), 

CBH3hIBaroIIJ;e/6 ypOBHM co crrMHOM I f3 -BM6paUMOlIHOH rrOJIOChI M rrOJIOChI 

OCHOBHOtO COCTOHHMH: 

~,<r2>I 10 p(EO, I 0{3~ IO )g

= - E al(I + 1) (19)
 

<r 2> 3 ~ Z
 

rne Z- qMCJIO nporonon B anpe. 
BHYTpMrrOJIOCHhle E2-rr~peXO,ll;hI B {3 - M Y-norrocax c ynerowr CMellIlfBaHMH 

BOJIHOBhIX cPYHKUMH B rnrreparype no CMX rrop ne aHaJIM3MpOBaJIMCb, M asrpa

iKeHMH (4), (4') M (6), (6') rrpMBOJJ;HTCH anepasre. Oõumã BM,ll; cPOPMYJI 

B(E2) ,nJUI Me)I(JJ;yrrOJIOCHhIX rrepeXOJJ;OB (CM. asrpaacenaa (5) M (7)) B na
reparype TaI<:iKe JJ;O CMX rrop ae yrcaasmanacs. B paõore /9/ naao COOTHOIlle

HMe,lJ,JIH B(E2, IiK ~ IrKq,') B npezmonoacenaa, qTO Qqq"'" Qq'c[M f{3y1= 0, 
oJJ;HaI<:O npn 3arrMCM ~~HI<:UMM (10) -;- (12) 6hma nonyutena onecarrca. 

ABTOphI pa60ThI 13/ CqMTaJIM, qTO rrRM aHaJIM3e E2-rrepexOJJ;OB, paapa

iKaIOrn;MX {3 -TIOJIOChI B anpax 152 Sm M 1 4,156 Gd, He06xoJJ;MMO yqMThIBaTb 

M qJIeH, rrpOrrOpIJ;MOHaJIbHh:rH rrpOM3BeJJ;eHMIO fyé Bv ; I<:pOMe Toro, npezmorra

raJIOCb, qTO QAR"Q ss ' B oõutevr cnyxae yser sroro qJIeHa rrpMBOJJ;MT I<: CJIe

ztyrouter-ry COOTHOllIeHMlO: 

B(E2, I i O(3~ Ir Og) = B o (E2, I i O(3 ~ I r Og) t i + Z{3 (O(3) F{J (li' Ir) + 

(j(5')+ [ Z{J (O(J) - Z40g )] f{3 (I i) + 

+ç{J F(3' (I.,Ir)[l+Z (2)F (L,I +.!..Z (2 )F{3 (I.,I ) ]l 2 . ry yI YY YI r) 2YY YI 

6 

B Ta6JI.3 notcasaasr pe3YJIbTaThI HaIIIMX BhIlIMCJIeHM.H rro epopMYJIaM (5) 
M (5') npnaeneaastx aepoaraocreã B (E2, li 0[3'" I r O g) ,1J,JIH Pa3JIMqHhIX 

3HaqeHHH CrrM.HOB li M Ir· IlpH 3TOM 3HaqeHMH napavrerpoa Z,a(Of3)' Zf3(O g) , 

Taõnuua 3 
Ilpaaeneaasre BepoHTHoCTM B (E2; I i'Of3 ~ I rOg ) nepexonon MelK,ll;y 

(3 -rrOJIOCOH M rrOJIOCOH OCHOBHoro COCTOHHMH 

QtJ-l 

ZtJ(~ti aZtf~g)- ° ,Z,J°ti..:ltf°g).JJ,02 
-

Z~(Op..o,oo Zf3(O~.,.z 108 )..0,02 Z~(0t1aZrf0g )-0,02 

~fjy .0,002 ; ~y -0,04 
-

li Ir -
(py=O 

. 

epy • ° ztJ(O, )..0,024 ~py ..0,002 

a ~ fjy,cO . (i 

1,2544O 2 1,0000 1,2544 1,2544 1,2544 

2 O 0,2000 0,1549 0,1466 0,1722 0,1722 .... 

2 0,2857 0,2857 0,2722 0,25.89 0,2579 

4 0,5143 0,8426 0,8113 0.,8532 0,8595 

4 2 0,2857 0,1481 0,1170 0,2016 0,2039 

4 0,2597 0,2597 0,2198 0,1597 0,1644 -
---

6 0,4546 0,9426 0,8407 1,0064 .1,0805 .: 

6 4 0~3147 O,098? 0,0484 0,1934 0,2209 

;6 0,2546 0,2546 0,1762 0,06.88 0,0966 

8 0,4308 1,1028 0,8834 1,2744 1,6146 

8 6 0,3294 0,0527 0,0041 0,1903 0,3138 

8 0,2526 0,2526 0,1281 0,0065 0,0622 

10 0,4180 1,2947 0,9056 1,6452 2,7722 

10 8 0,3384 0,0195 0,0135 0,1996 0,6253 

10 0,2517 0,2517 0,0789 0,0221 0,0763 

12 0.4099 1,5112 0,8979 2,1311 5,2845 

Ilpar-revaaae: a) Ilpa BhI6paHHOM 3HaqeHMM napasrerpoa aerrauaasr 
B (E2; I i O(3~ Ir Og) = <: 1 i 020 II r O>2 . 6) BhlqlfCJIeHMH rrpOBO,ll;WIMCb 

c yqe:'OM nonpamca M3 pa60ThI /13/ (CM. epOPMYJIY (5")). 
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ç {3yM Zy npMHRThI 6JIM3KMMM K nOJIYtIaeMhIM npa 06pa60TKe 3KCnepMMeH-
TaJIbHhIX,naHHhIX. OTMeTMM CJIe,nYID:W;Me ztaa <paKTa: . 

1. llpM YBeJImeHMM ~a 20% 3HatIeHMH napaxrerpa Z 13 (Og) no cpaBHeHMID 
c naparaerpora Zff.0(3) (tITO COOTBeTcTByeT TaKOMY )l(e H3MeHeHMID BHYTpeH
HMX KBa,nPynOJIbHhIX MOMeHTOB Q gg H Q(3{3) npaaeneaasre BepOHTHOCTM 
nepexonoa c YPOBHeH, MMeIDI.IJ;MX I ~ 4, pa3JImaIDTCH 60JIee tIeM na 10%. 

2. YtIeT nonpasKM f 'y f B ' npe,nJIO)l(eHHOH B paõore /1"3/, rrpnaonrrr 
K cy:w;eCTBeHHOMY M3MeHeHMÍÕ trpMBe,neHHhIX BepOHTHOCTeH B (E2, li O{3-+ IrO ) 
WIH nepexonoa, M,nY:W;HX c YPoBHeH co cnMHOM I ~ 6. g 

Baenesr ,nJIH OTHOIlleHIDI rrpaaeneaasrx aeponrnocreâ CJI~,nYID:w;ee 060
3HatIeHMe: 

lo 

B(E2;I i Kq-+ IfOg ) Bo(E2; I iK q -+ ~/ Og)_.(20) 

N(E2, li Kq -+ IrOg, I( qg) == -B(E2:-!K-:-IO) B(E2; I iKq -+ I r/ O~ 
o' i q r ~ 

3HatIeHMH B (E2; I i K q -+ I r Og) BhIqMCJIHeM no <p0pMYJIaM (5) (K q = 
= O(3) MJIM (7) (K q = 2 y ); eCJIM,[(JIH BhIqMCJIeHMH MCnOJIb3yeM <}JOPMYJIhI 
(5/) MJIM (7/), ror-na oraouienae npaaeneansrx aepoaraocreá (20) 0603Ha

tIHM 3HalfKOM "UITpMX": N/ (E2; li Kq -+ Ir Og. I r/ °g) • 
Ha pnc.I naasr 3aBMCMMOCTI1 oTHoIlleHHH npaaenemrsrx aeponraocreã
 

N (E2; 10 f3 -+ I+2,Og. 10 g) 01' crmaa ypOBHH I B cnyxae, teor-na E{3y= O,
 

Z8(0{3) =ZB(Og) == Zf3 npn pas

NIE2;IO.a-I+2,Og,IOg)	 Hh-IX 3HatIeBMHX Z {3 . TOtIHO TaKYID 

xce 3aBMCI1MOCTb nOJIYtIMM ,nJIH 
OTHOIlleHMH N (E2; !O(3 -+ I - 2, °g , 
!O g ), eCJIM 3aMeHMTb rrapar-rerpsr ZIJ 
Z{3 na -Z{3.Q05 

3aBMcMMoCTb oTHoIlleHMH npa
Be,neHHhIX aepoaraocreã N (E2; 

!O13" -> I ± 2, °g' IOg) , N/ (E2; 
!O(3 -+ I ± 2, 0g' IOg) noKa3aHhI 

20 

15	 0.04 na pMC.2a ,nJIH 3HatIeHMH cnana 

Puc.l. 3aeucuMocTU o rnotuenuú 
10 npueeõetucux eeposirnocteú N(E2; 

IOj3 -> 1+2, Og ; IOg) OT cnuua 

ypoetoi I. JIUHUU (C1UZoUlHbze 

àlZR nOIZOJICUTelZbHbZX, UlTpUXO
\5 6bze - àns« oTpUlj.aTelZbHbzx 3Ha ttt 

ueuuü napascerpoe ) npoeeàetcu 
IZUW,b àns: coeàunenusi eenuuuu, 
6bZllUClZeHHbZ-X c àaHHbzM' suaue
nuesi napcscetpa.2 4 6 8 

8 

(I + 2) M aa pMc.26 WIH cnana tI - 2) . BhltIMCJIeHHH nponezteasr npa CJIe,nYID
:W;HX 3HatIeHHHX napar-rerpoa ; Za(O(3) = Z /3(Og) == Z(3 = 0,02; napasrerp ç(3y 
M3MeHHeTCH 01' -0,004 tu» +0,004; ,nonOJIHMTeJIbHhIH napar-rerp, KOTOphIH MC
nOJIb3yeTcH npn BhIqMCJIeHMM N/, paaen Z,y(2y ) = Zy(Og) == Zy = 0,04. 

113 pac.ãa.õ MOJKHO 3aMeTMTb, tITO OTHOIlleHIDI npaaeneaasix BepOHT
HOCTeH aecsr-ra tIYBCTBMTeJIbHhI K M3MeHeHMID napar-rerpa ç(3 'M CYI.IJ;eCTl3eHHO 
3aBMCHT 01' 3HatIeHIDI cnana 1. BKJHm nonpaaxn, npeWIO)l(eH~HB paõore / 13~ 
CTaHOBMTCH 3aMeTHhIM ,nJIH nepexonoa, M,nY:W;MX c YPoBHeH co cnMHOM 1=4, 
H C YBeJIMtIeHMeM cnnaa ypOBHH ee BJIHHHMe 3HatIMTeJIbHO aospacraer. 

,llJIH nepexonon, caaasraarourax v-nonocy c nOJIOCOH OCHOBHoro COCTOH
HIDI, YtIeT BhIIlleynOMHHYToH rronpaarca /13/ npaaorrar K CJIe,nYID:w;eMY COOT
HOIlleHMID: 

== Bo(E2 : I i 2 ,y -+	 +B(E2; I i2,y-+ IfO g )	 IrO g) {1+Z,y(2y)F,y(Ii' Ir) 
(7/) 

+ [Zt3y(l+Z(3(0{3)f,B(I r)) + ~ Z,y(2,y) -~ Zy(Og)]F{3y (I i,I r ) }2 . 

He06xo,nMMO oTMeTMTb, tITO M3 aazta <P0PMYJIhI (7) cnenyer HeB03MO)l(
HOCTb pasnerrnrs BKJIa,n B BeJIMtIMHY B (E2; li 2,y" Ir Og ) , 06YCJIOBJIeHHhIH 
pa3HOCTbID BHyTpeHHHX KBa.nPynOJIbHhIX MOMeHTOB Q:yy- Q gg M CMeIIIMBa
HMeM BOJIHOBhIX <PYHKIJ;MH YPoBHeH f3 - M y-noiroc (E f3ru 1= O). 

B Ta6JI.4 zraasr pe3YJIbTaThI HaIlIMX BhIqMCJIeHMH no <p0pMYJIaM (7) 
li (7') npaseneaasrx sepoarnocreã B (E2; li 2 y .... I r Og) nJIH pa3JIMtIHhIX 
3HatIeHMH CUHHOB li M I r. npM 3TOM 3HatIeHMH napaxrerpoa Zy (2 y ) , Zy (Og) , 
Z (3y M Z {3 npMHHThI 6JIM3KMMM K nOJIYtIaeMhIM npa 06pa60TKe axcnepar-rea
TaJIhHhIX ,naH}ihIX. Florrcepxaer-r, tITO na nepexonsr, M,nYI.IJ;Me c yponaeã c ne
tIeTHhIMM cnaaar-ra I i , ne BJIMHeT CMeIlIMBaHMe BOJIHOBhIX <PYHKIJ;MH Me)l(,[(Y 
{3- M Y-nOJIOCaMM (f {3y ) fi nonpaarca, 06YCJIOBJIeH,HaH J;lpOM3BeneHMeM 
(E,y. f t3y ), ae BHOCMT M3MeHe~MH B 3HatIeHMe B (E2; I i 2'Y"" I r Og ). 3Ta 
nonpaarca CTaHQBMTCH 3aMeTHOM. ,nJIH nepexonon c yponaea, MMeIDIIJ;MX xer
rn.re 3HatIeHMH cnana I i ~ 6. . 

3aBMcMMoCTb oTHoIlleHMM npaaeneansrx aepoarnocreã N (E2; 12y -+ 1+ 2, 

Og, IOg ) , N(E2; I2 y -+ 10g, I -2, Og) M N(E2;I2 y"" r.-1,Og, I + 1,Og) 

01' cnaaa I , BhltIMCJIeHHhIX B npennonoacenaa, tITO Z {3y = 0. M Zy (2 y ) = 

= Zy (Og) == Zy , a 3HatIeHMH napar-rerpa Z,y MeHHIDTCH 01' -0,06 no +0,07, 
nOKa3aHa Ha pac.S. . . 

Ha pac.d nansr 3aBMCMMOCTM N (E2; 12 y-+ I ± 2, °g, 10 g) M N/ (E2; 
12,y -+ I ± 2, °g' 10 g) 01' cnaaa I, BhltIMCJIeHHhle npa 3H~tIeHMHXZy = 0,04 
M ,nonOJIHMTeJIbHOrO rrapavrerpa Zf3 =0,02 B <p0pMYJIe (7); napaxrerp Z{3y 
M3MeHHJICH B npezierrax 01' -0,004,n0 +0,004. 

Cneziyer OTMeTMTb CMJIbHOe BJIMHHMe nonpaarcn, KOTopaH npennoxceaa 
~,_p'a60Te /13/ ,[(JIH nepexortoa, anymax c ypoaaeá I 2: 6 (cp., nanpar-rep, 
N (E2; 12,y -+ I + 2, °g; 10 g ) M N/(E2; 12 y -+ 1+ 2, Og , IOg)) .BeJIMtIMHhI 

oTHoIlleHMH N(E2; 12 y .... I-1,Og' 1+1, 0g) M N/(E2;I2 y 41 -l,Og' 

I + 1, °g ) ne 3aBMCHT 01' napavrerpa Z {3y . 
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àns: snauenuü cnuua (1 + 2) (CM. noànucs 'K puc.l) .
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lo 

Taõnuua 4 
Ilpnaeneaasra BepoHTHOCTI1 B (E2; ri 2 y -+ I r og) nepexozion 

Me~y y-rrOJIOCOH 11 rrOJIOCOH OCHOBHoro COCTOHHI1H 

Qg .1 

~/2y) ..i (<k)'" ~y(~y)~~y(og>" Zy(),) ~y(Ck). . ~(~y)"''' (Og). 

11 Ir -o .0,04 - 0,04 - 0,04 
ZfJy" o Z8y-O ZfJy-O~OO2 Z8y---O,OOO;. 

a ZfJ~,<L-' 

2 O 0,4000 0,3686 0,3656 0,3656 . 
2 O,57I4 0,6665 0.67I5 O,672I 

4 0,0286 0,0529 0,0510 0,0503 

3. 2 0,7143 0,6583 0,6583 0.6583 
4 0,2857 0,4393 0,4393 0,4393 

4 2 0,2381 0,1524 O,I434 O,I423 

4 0.70I3 0..8180 0,8383 O,84~5 

6 0,0606 0.I400 0,1292 0,1204 

5 4 0,6364 0.4928 0,4928 0,4928 

6 0,3637 0,6336 0,6336 0,6336 
. 6 4 0,1958 0.0802 0,0659 0,0605 

6 0,72.73 0,8483 O,892~ O,93I2 

8 0,0769 O,217I 0 ..1891 0,1522 

7 6 0,6000 0,3840 0,3840 0,3840 

8 0,4000 0,7840 0,7840 0,7840 
8 6 0,1765 0,0407 0,0239 0,0132 

8 0,7369 0,8595 0,9376 1,0560 
Ia 0,0867 0,2935 0,2389 0,1385 

9 8 0,5790 0,300] O,300I O,300I 

Ia O,42II 0,9223 0,9223 0,9223 

"10 8, . 0,1654 O,OI70 0,0033 0,0024 
10 O,74I4 O,~649 0,9863 1,2815 
12 0,0932 0,3727 0,2808 0,0775 

a) I1pI1 BbI6paHHOM 3HatIeHI111 napar-rerpon BeJIl1tIl1HhI B (E2; I i 2y~Ir O~ = 
<I i 22 - 2 1r o> 2 . 

....J2 -I·2.Og.IOgI
 
N1EZ.12, -1-2.0g.l0g1


N",. r l,"'!'i '0.05 

I 
NIE2.lZ,-I-'.OQ.I.l.Og1 

:' -0.04 ,',.. -0.03 

l, ..Q.06 ·0.05 /-0.06' -0.05 :' ! / -QQ4,:' .. -ClQ2~:/ .. :: l, 

.../ .../ :,:/ 

~ 
I JI ;i/ /,/'''''I .. ,l:::~<:///: ::: 
\ 
Q / i'.:' ....~./ -~ . \ 

r~, .' ~ 

~"~....... , ..,, ........ f;n'~-~'~:':_~---'
 -'O~:~ ........
 

l~i~:::::--:-::=---;'~<o" :i ~~:- 04:_.•.... 00.. O'~C::'4.-.... :om 
: ~·:::i;::;:::.r··t ~- 14 I __ ~ • .1 

J ~ -, v lt 13 15 I2 4 S 

Puc.3. 3aeUCUMOCTU OTHOUleHUÜ npueeàentuax eepOJlTHOCTeÜ 

N (E2 ; I 2 y ~ I + 2 , Og, 10 g), N (E2 ; 12.y '" I Og; I - 2, Og) 
U N(E2; 12,y -)1 -1, Og; 1+ 1, Og) OT cnuua ypoensc ]. (CM. 

noànucu K puc.l) . 

y -nepexoztsr Me:JK,IJ;Y ypOBHHMI1 {3 - 11 .y -nOJIOC aanpemensr 113-3a orpa

Hl1tIeHI1H na 113MeHeHI1e BI16par.I;110HHhIX ~BaHTOBhIX tIMCeJI (~n (3 + An y = 2) , 
onaaxo B arccnepaxreare (CM., nanpar-rep, pa60TY /14/) rarcae nepexozn.r 
Ha6Juo,IJ;aIOTCH. MO:JKHO nonsrrarsca I1X I1CCJIe,IJ;OBaTb, I1CnOJIb3YH TeOp111O 

B03MymeHHH B llpe,IJ;nOJIO:JKeHI1H, tITO tIJIeH C MaTpl1tIHhIM 3neMeHTOM Q{3y,IJ;O

MI1Hl1pyeT B 3TI1X nepexonax (BhIpa:JKeHl1fl (21) 11 (22)) I1nl1, Ha060pOT, OH 

npaanr-raer ,n:OCTaTOtIHO MaJIOe 3HatIeHI1e no cpaBHeHl110 C OCTaJIbHhIMM tIJIe

HaMI1 (CM. BhIproKéHI1H (21~) 11 (22), npaaeneansre HI1:JKe) . 

. B 06meM aane (Qqg ~ Qq~ q ~ , e{3y ~ O) npaaezieaasre BepoHTHOCTI1 ,IJ;JIH 

'y -rrepeXO,IJ;OB C ypoaaea {3-nOJIOChI na ypOBHI1 y -rrOJIOChI BhItIl1CnHIOTCH 

no COOTHOIlleHI1HM 

I 
~ B (E2; I i Of3 ~ Ir 2 y) = Bo (E2; I i O{3 -~ I r 2y ) x 

i (21)x t 1 - Z Í3 f f3 (I i) - i Z YcP (3y(Ii ,I r) 

I 
- 2Z~y(2y)[ePy[ 1i ,I r) + ~eP (3y(Ii ,I r)] + Z~y <pf3y(I i' I r)}2 

ECJII1 I r tIeTHOe, TO 

l' 
I <1 i 022 11r2 >2 2 

(21')B (E2 ; r.O(3 -) Ir 2 ) = 2 Bo(E2; I i O(3 -) I r Og) {A}, 
1 Y < I i 020 II ro> 2 

eCJII1 Ir HetIeTHOe,TO 

. 13 12 
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Puc.4. 3aBUCUMOCTU NCE2;12 y-t I±2,Og, IO g) U N/CE2;I2
y-t

-t I ± 2, 0g' lO g ) OT cnuua YPOB/tR 1 (CM. noônucu te puc.l). 
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< 1i 022 [ I ( 2 > 2 
2

BCE2;Ii0{3-tl r2,y) =2 . BoCE2; I i 0{j-t I r-l,Og){AI , 
<li 020 11 r: 1,2 >2 

r,n;e 

2 Q{3y Q y	 1 Q,y 
{A}	 ={-- - - Z{3C0(3) f{3(I i ) - "2 -,Z,yC2y) ~ (3yCl i ,I r) -

Qy Q${3 QW 

Q,yQyY 1 . QyQ[3j3 2 

- 2Z,I3y Q~ [ IÓ y(l i' 1 I) + '2 lÓ,I3y n., 1 I)] + Z/3YT lÓ,I3y(I i' 1 I) I 

B Ta6JI.5 nansr pe3YJIbTaTbI nanrax BbItIlICJIeHlIH no epopMYJIe (21) npaaenea
HbIX BepOHTHOCTeH B (E2; li O$-t 1r 2,y ') ,n;JIH P8.3JIlIqHbIX 3HaqeHlIH cnHHOB 

1 i li I t . 3HaqeHlffi napasrerpoa ZÍ3, Z,y' Z Í3y (2 y) li' Z ~y (O(3) npaaari.r 
6JIlI3KlIMlI K nOJIYQaeMbIM rrpn oôpaõórxe 3'KcnepllMeHT3JIbHbIX ,n;aHHbIX. 

YqeT csreunraaaaa BOJIHOBbIX epYHKUlIH OCHOBHoro COCTOHHlIH li {3- li 'y-no

JIOC MaJIO BJIlIHeT na 3HaqeHlIH npaaeneaasrx aepoaraocreã . 
AHaJIOrllllHO ,ll;JIH nepexonoa, nnymax c ypoaneã 'y -nOJIOCbI H3. ypOBHlI 

(3-nOJIOCbI, B oômer-r CJIYQae lIMeeM 

B(E2; 1i 2 y -t 1r °(3) = BoCE2; I i 2 y -t Ir °{1 {I - Z ~f fl I r) 
(22) 

- [~ Z,; + Z~yC2,y) -Z~y(0t3)]F$y(Ii,Ir) -2Z$yC2 y) F y (li' I r) 12 , 

Q[3y Q f3 
B(E2;Ii2 y-tlr0{j) ==B oCE2 ; I i 2 .y-t IrO ) {Q - -Q-Z{3CO(3)f{3(lr)g

. .y {3~ 

1 Q {3 Qyy Q (38L	 (22')- [ -- - Z C2 ) + - Z a - -_!.-Z fj 1F (J (I. , I t) 
2 ~.y y Q (3 tJy Q (3 tJY tJy 1 

Qyy	 2 
- 2 -QZ Q F Cl., I r ) I . tJy 'y	 1 

,(3 

3,n;eCb MbI lICnOJIb30BaJIlI cnenyronrae 0603HaQeHlIH: 

cP , I r) == ~1_{ <li 2201~2>
yCl i y~ <li 0221 I 2>f.y (I i)  (23)r 

_ ; [1 +(_1)1 1] _'::J 1020 1 1 lO> t
 
<li 022 II r2 > ,y (I r) 1 ,
 

cP{3yCl , I == 1.[1 +(_l)lr] _1_ <I i 020 !I rO>	 (24)2	 --- f(I)i r) V12 <I i 022 \ I r2>y r ' 
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I1(2 ><11220Taõnuua 5 4/{3y (1 i ,Ir) _ - JT2----- r (I.) ,	 (25) 
TIpHBe,neHHbIe BepOHTHOCTH B (E2; ~ i O{3 -+ I ( 2,y) nepexo,noB	 <I i 022 \I ( 2>y 1 

MeJK,1l;y f3 -H ,y-nOnOCaMH 

li Ir 

QfTr. -1 

Z~ .. Z~=O 

Zt3Y(~y)~ (OiY JJ 

&. 

Z'f3 - 0,005 

Z' -o
'y 

Zi3Y(2 y 'f-Z fdOti JJ 

Zfi!e O 

Zy ...O,0005 

ZÍJy(~y)-Zf3Y (O';~ 

Z~-O,0005 

Z~ .0,0005 

Z~y (2y)~f3y(0f3).0 

O 2 1,ססOO 1,0000 0,9990 0,9990 

2 2 0,2857 0,2840 0,2860 0,2843 

2 3 0,5000 0,4970 0,5000 0,4970 
I 

2 4 0,2143 0,2130 0,2130 0,2117 

4 2 0,0079 0,0078 0,0079 0,0077 

4 3 0,1111 0,1089 0,1111 0,1089 

4 4 0,3507 0,3437 0,3518 0,3448 

4 - 5 0,3889 0,3812 0,3889 0,3812 

4 6 0,1414 0,1386 0,1393 0,1365 

6 4 0,0210 0,0201 0,0207 0,0198 

6 5 0,1539 0,1475 0,1539 0,1474 

6 6 0,3636 0,3485' 0,3662 0,3510 

6 7 0,3462 0,3318 0,3462 0,3318 

6 8 0,1154 0,1106 0,1122 0,1075 

8 6 0,0294 0,0273 0,0286 0,0266 

8 7 0,1765 0,1640 0,1765 0,1640 

8 8 0,3684 0,3424 0,3729 0,3467 

8 9 0,3235 0,3007 0,3235 0,3007 

8 10 . 0,1022 0,0950 0,0976 0,0906 

10 8 0,0351 0,0313 0,0335 0,0299 

10 9 0,1905 0,1701 0,1905 0,1701 
10 10 0,3707 0,3311 0,3776 0,3375 

10 11 0,3095 0,2764 0,3095 0,2764 

10 12 0,0942 0,0841 0,0881 0,0784 

(26)Q,y Zí- " - /24( QQ fJ 
z~ := - E {3 Q /3"y ,	 ,y 

(ay 
, 

.)	 Qyy 
(27)

Zj;y(O (3) " -,fi «(3y Q (3~. Z Í'Jy(2 y) " - Ji; (3yQ(3y • 
Q[jy 

<I>opMynbl (21) H (21'), (22) H (22') ynpourarorca npa HanO)KeHHH 
na napaxrerpsr Qqq' H (f3y norrorrnarerrsnsrx OrpaHH1!eHHH: ecrm Q~f3= Q yy , 
ror-na Z f3 (O 13) = z 13' Z Y (2 y ) = Z,y H Z ~y (O /3) = Z Íiy'(2 y) := Z'f3 ' 
ecna e f3y = O, ror-na Z f3y= O. CooTHoIlleHHH (21) H (21'), (22) H (221'), 
nonyxeaasre HaMH ,nnH onpe,neneHHR npnaenemn-rx nepoarnocreã B crrynaax 
BHYTpHnonOCHbIX H Me)K,nynonocHbIX 3neKTpHqeCKHX E2-nepexo,nOB, no 
CHXnop B mrreparype ae npI1Bo,nHnHCb. 

/ 1l)laHHaH ny6nHKaI.I.HH BMeCTe c pa6oToll BXOAHT B COCTaB UI1Kna, 
KOTOpblH aaaepuiaerca OnHCaHHeM nporpaMMbl ZQRKA nrra Bbl1IHCneHI1H 
na SBM <pH3HqeCKHX KOHCTaHT OCHOBHoro 11 KBa,npynonbHblx BH6pau;HOHHbIX 
COCTOHHHH H nepexo,nOB B qeTHO-qeTHhIX ,ne<popMHpOBaHHbIX anpax. Orraca
HI1IO 3TOll nporpaMMbl nOCBHmeHa cneuaansaaa paõora 1151 . 
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