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C nOMO~b~ aHT~KOMnTOHOBCKOrO CneKTpOMeTpa ~CCneAOBaH pacnaA 

147EII • 147Sm 111 . Ha OCHOBe nOnY4eHHblX 3KCnep~MeHTanbHblX pe 
?ynbTiHOB ~ nar epa ryouux AaHHbix 12-81 noc r poeua cxexa pacnaaa 

47 Ell . 

CXeMa pacnaAa CTpO~llaCb n03TanHO. CHa4ana 6blll~ BBeAeHbl YPOB

H~. cy~ecTBoBaH~e KOTOPblX cneAyeT ~3 pe3YllbTaTOB ~3MepeH~~ 

y-y-cOBnaAeH~11/91 ~ e-'Y-COBnaAeH~11/10/. 3TO YPOBH~: 121,213; 
197,285; 798,730; 1043,526; 1054,216; 1063,386; 1077,046; 
1180,249; 1317,673; 1318,072; 1449,105; 1453,216; 
1471,411; 1471 ,880 ~ 1548,630 K3B. Me~AY YKa3aHHblM~ Bb/We ypOB

HAM~ 6~ll~ pa3Me~eHbl ll~Wb nepeXOAbl, KOTopwe Ha6n~Aan~cb B COB

naAeH~Rx 19,10/. 3Hepr~~ YPOBHel1 Bbl4~ClleHbl MeTOAoM Ha~MeHbW~X 
KBaApaTOB ~ nOllY4eHbl ~~(E) = 2,1. npoBeAeHo TaKIMe cpaBHeH~e 
3Kcnep~MeHTallbHblX ~ paCC4~TaHHblX 3Ha4eH~11 ~HTeHc~BHOCTel1 A~¢

cn ¢epeH~~allbHo-~HTcrpallbHblxcOBnaAeH~11 T:M ~ T~·c~ , KoTopoe 

AallO X«T)= 192,0. Ha BTOPOM 3Tane B cxeMY pacnaAa BKnm4eHbl 

nepeXOAbl, pa3Me~eHHble Ha OCHOBe cpaBHeH~R 3Hepr~~ nepexoAa 

c pa3HOC T so 3Hepr~~ YPOBHCI1; nonyueuu )( :(E) '" 3, 2 ~ )( :(T) = 
= 11,5. HaKOttC~. 6bln~ BBeflcHbl uoauc YP()BH~ L nOM0U4b~ ~3MepeH

HblX ~HTeH01BHOCTel1 A~<WlepeH~~allbHO-~~tTCrpallbH"lxcOllnaAeH~~. 

anA BBeAeH~R YPOBHCI1 c 3Hepr~el1 Dblwe 1000 K3B ~cnOnb30BaHO 

TO 06cTOATenbcrBo, 4TO 3HcprHA p~cn~A~ 141EuQ~1720,9(25) 1<30 / 1 11 

~ 4TO 3Hepr~A r pe r s e r o B036YHlAt'HHoro COC rOf1H~f1 paB~la 

716,59 K3B. B IdKOM lnY4iW nlOflol.1 nl'p('XOII (:Htepr~eH (joIlbwe 

10°0 K3B AOI1lH'lt ~II r ~ Hi! OClHlBHO(' COl. r()HH~(" n~(io ltd ypOB('Hb 

121,2 13 K3B, IlH()O Hd ypODCllb 19/ ,lllr, l<:tn. lle pe xonsr , l<oropb/C 

caepxy He CBH3c1HbI L IH)yr~M IIt'Pt'xuIIOM ~ HdllpolBJ1Cltbl 11,1 ()CIIOB~IO(, 

COCTORH~e, ~Ml'l() I lIyIl"lIylO ~HJ('IH ~IIHO( I b 1I~$QJ('Pt:ltll~.HlbIlO-~1t H,"


pallbHblx COBnilll('H~i'l; 1(' HH', KO I 0PI~(' IIi!IIpdIHWllbl IIi! 1-e ~n~ l-c
 
B036Y*AeHHbIC cue I OHIIHIt. IOUI'dlldKII ( of HOI ~ It'JlbIlO~l ~IHt'IH HU'
 

H()CTb~ 12:{; ~n~ 'I]'i,. r.'KHM OllP<l:IOM, fllfCIlI~M IIll·/lYIOUI~(.· YPOAIt~:
 

- 1106,857 K3n - <1111:10111 ( OllloOltltlM (O( I UJlllf1l'M IIIHIMblM rwpf'XU'
 

110M, ~Me~~HM 31t .. q"Il~1' T :Kon - n,II ( I I) 'f, .
 
- 1317,8S3 1<3B CUIUoIlI ( III Il(lDllblM t.lll IOHII~(,M IIpflMlolM Ilt'pt')(OJlOM
 

( T 3Kcn.", 1,7(3)'.",.
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"pl1 ()(' 1"- pdUl.1AC L47Eu B pafior e 1121 6bUl YCTaHOBJleH YPOBeHb 

HO~,3~~ K3B. BBcAeHl1e 3Toro ypOBH~ nOATBep~AaeTC~ Ha6Jl~AeHHeM 
Tpex HOBWX nepexOAOB, C HHM CB~3aHH~X: 254,09; 267,74; 

688,15 K3B. KpoMe 3HepreTH4eCKoro 6aJlaHCa, pa3Me~eHHe 3THX 

nepeXOAOB nOATBep~AaeTC~ H cpaBHeHHeM COOTBeTCTBY~~HX 3Ha4eHH~ 

T~Kcn H T~ac4 /CM. Ta6Jl.4 / 11 / . Ha OCHOBe nepeXOAOB 716,45 

H 732,33 K3B BBeAeH HOB~~ YPOBeHb 716,59 K3B. CpaBHeHHe 3Ha

4eHHI1 T ~Kcn H T Cac4 AJl~ 060HX nepeXOAOB nOATBep~AaeT cyurec r ao

BaHHe AaHHoro YPOBH~ npH 6eTa-pacnaAe. 3TOT YPOBeHb C I" = 
= 11/2- ~BJl~eTC~ HaH60Jlee HHTeHCHBHO B036Y~AeHH~M B peaK~HRX 
(a,3ny) H (SHe, 4ny) 141 • Ha OCHOBe nepeXOAOB 1022,47; 421,06; 

380,83; 328,828 H 165,558 K3B BBeAeH HOBWI1 ypoBeHb 1219,794 K3B. 

3KcnepHMeHTaJlbH~e 3Ha4eHH~ HHTeHCHBHOCTe~ AH¢¢epeH~HaJlbHO-HH

TerpaJlbH~X cosnaAeHHi1 nepeXOAOB 1022; 328 H 165 K3B HaxoARTCR 

B xopoweM COrJlaCHH C paCC4HTaHHWMH 3Ha4eHHRMI1, 3TOT ypoBeHb 

6~Jl pausure 06Hapy~eH TOJlbKO B ~AepH~X peaxuuax 12,61 , B 6eTa

pacnaAe M~ ero BHAHM BnepB~e. Ha OCHOBe nepeXOAOB 1172,63 

11 428,24 K3B npeAnOJlO~HTeJlbHO BBeAeH ypoBeHb 1172,66 K3B, KO

TOP~~, nO-BHAHMOMY, OTBe4aeT YPOBH~ 1173 K3B, 06Hapy~eHHOMY 

B ~AepH~X peaxuaax 16,71 . 3TOT B~BOA nonreepxnae tca 3Ha4eHHRMH 

T ,Kcn H T ~ac4 nepexoaa 1172 K3B. OAH03Ha4Ho 6~Il BBeAeH ypoBeHb 

1641,94 K3B, TaK KaK nepexOA 1641,98 K3B ~3-3a 60JlbWO~ BeJlI14H

H~ 3Hepr~H pacnaAa RBJlReTCR np~MWM nepeXOAOM Ha OCHOBHoe co
CTO~HHe. 

nocne BBeAeH~R Bcex Bwwcnepe411CJleHHWX YPoBHe~ H pa3Me~eHI1A 

MC*AY HI1MH raMMa-ncpCXOAOB nOJlY4eHW OKOH4aTeJlbHWe 3Ha4eHI1R 

¥:(E) == 1,8 11 x;<T) = 7 ,3. ~3 75 nepeXOAOB, xoropue Mbl npnna

cana pacriany 174 Eu , YAanocb pa3MCCTI1Tb B cxexy oacnana 72 nc

pcxoAa. CYMMil HHTeHCHBHOClC~ Hepa3Me~eHHblX nepeXOAOB 1712.40; 
1190,87 H 531,6 K3B/ paBlta 0,22(5) B eAHHH~ax Ta6Jl.2/1 /. 1I0Jl;)

r aex , 4TO npH GpTa-pacnil/lc 147Eu He B036Y~Aa~TC~ cnCAY~~He 
YPOOHH 147 Hrn: 872.91 110 1 ; 1006,611ft.lOI ; 1228,08 / 10 1 ; 
1303,73 / 10 / ; IS88.lg/~O/; 1679.9H 1ft , l O/ I1 1658,39 / 9 ,1 0 1 luB, T<lK 

KaK IlCPCXOllb.. KO TOPblMH OItI1 110n)f(llbl p.l:lpR~aT bCR. He HiI(iI1Kll\illO TL n 

HJlH pa3MC~dlOllH u IIPYIOM MI'( H" l)(t'MhI pacnana IncpexoJlbl 1)0'); 

B()<J; 1106 11 1778 loBI. JII,'pl 1111 YP()UItl1~ L47Srn BMCU l' ( KUdlt IOObl

MH )(,lpilKTepl11 TI1KilMI1 ypOOIII'~ yKil3i111b1 D latin. I . 

f1PHI1HMiH'M
f 
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uax H 'll'lllO!. I JlX (Ill/1I'(' (lJ.lCOKO PIl( 11UJIlIIIU'lltllol)( YP(JlllIl.i1.' ,lKI1M Orl

pa30M. IW:loIlIl1( HMO H 0JIIIO:ItIiI'1I10 Ml.l OIlPI'JI~lIHr1l1 I" 11I1H ypoPllI'll 

798.no; IO(d,IUl,; IOIl,nll(); IIBO.7 11!); 1',4'j.1fJl, H 1'.I,A,ldO lull. 
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1'i/IU/uU,a 1. YpOBHH 147 Srn 

19 it 
N"N' E [K3B] I" c 

3Kcn. Bbl'l* 

0,0 7/'-  ::'5.d 8) 6,,,9 

12::'."'13(6) 
8.5 

5/2 ic2.o(:4) 8,2 6,73 
j ':';;17.285(13) 3/2 24.9(U) 8,1 0,8;::
 
4
 7:.6.59(5) E/2 0.0 :2.3
 
5
 738. 730( 5) 3/2 18.7(5) 7.8 7,11 
6 809.355(17) 9/2 0.026(2) 10,7
 
7
 1043,526(11) 1/2 0.004(4) 1~,2 

8 1054.216(7) 3/2+ 5,62(17) 8.0
 
9
 i063.386( B) 7/2+ 0,302<'9) 9,3
 
10
 1077.046(6) 5/2 1l,43( 28) 7,B 7.50
 
11
 1106.857(23) 9/2 0.033(1) 10,2
 
12
 1172,66(7) 0.001(1)(5/2.7/2-) 11 ,11
 

13
 1180,249(11) 5/2+ O,160(B) 9,4
 
14
 1219.794(17) 1/2+ 0.004(4) 11.0
 
15
 1317,673(13) 0,186(6)3/:2. 9,0 8.78
 
16
 1317,853(18) 5/2.7/2 0,132 (5) 11,2
 
17
 131B,072(16) 3/2.5/2 0.24H 9) B.I!
 
lB
 1349.648(<:1) 3/2+,5/<: 0, 025( 1) 9.8
 
19
 1449,105(14) 7/',).  0.2114(11) B.4
 
20
 1453,216 (10) 5/2 1.1B(4) 7.11
 
21
 1171.411 (20) O,12B( 5) fl.7
 
22
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1A71.8BO( 10) O.04 11( i.. ) \i.l
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24
 1600.\I:j(~J) (5/2' ) 0,0:: \I ( 4 ) II, :, 

25 1641 • ~14l V) O. or»: \ 1 ) V... ' 
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paH~4~Tb B03MomH~e 3Ha4eH~A Cn~Ha YPoBHe~ 1317,853
 

~ 1318,072 K3B, AnA APyr~x YPoBHe~ M~ nonY4~n~ Ha60p B03MO~

H~X 3Ha4eH~~ I", KOTop~e BO Bcex cny4aAx He npOT~Bope4aT AaH

HbiM pa60Tbl 1121, np~H~MaeM 3Ha4eH~A I" AnA YPoBHe~ 1054,216;
 
1317,673; 1453,216; 1471,411 ~ 1471,875 K3B. Ecn~ He~3BeCTHbl 
MynbT~nonbHOCT~ nepeXOAOB, TO MomHo npeAnonO~~Tb, 4TO OH~ ~n~ 

El, ~n~ Ml, ~n~ E2. 3TO npeAnonomeH~e n03Bon~no onpeAen~Tb 

B03MomHble cn~H~ ~ 4eTHocT~ YPoBHe~ 1349,648 ~ 1600,93 K3B. 

AnA YPoBHe~ 716,59 K3B ~ 1106,857 K3B np~H~MaeM xapaKTep~CT~
K~ I", onpeAeneHH~e B AAepH~X peaK4~AX pa60T / 2&.V ~ 12~1 
COOTBeTCTBeHHO. Ecn~ YPOBeHb 1172,66 K38, KOTOPbl~ M~ npeAnono
m~TenbHO BBen~, OTBe4aeT COOTBeTcTBy~~eMY YPOBH~, 06Hapy~eHHo

My B AAepH~X peaK4~Ax 16,71 , TO OH 6YAeT ~MeTb cn~H ~ 4eTHOCTb 
5/2, 7/2-. 

HHTeHC~BHOCT~ ~-pacnaAa 147 Eu Ha ypOBH~ 147Sm ~ COOTBeTCT

By~~~e 3Ha4eH~A Igft np~BeAeHbl B r afin , 1. HHTeHc~BHoCTb pacna-

Aa onpCAeneHa Ha OCHOBaH~~ Toro? 4TO CYMMa Bcex nepeXOAOB, 
~AY~~X Ha OCHOBHoe COCTOAH~e 148m. paaua 100%. OTHoc~Tenb-
HY~ ~HTeHC~BHOCTb npAMoro 6eTa-nepexoAa M~ B3An~ paBHo~ 

If/+/I K 1117= 0,0480(25) 113/. Teope r auec eoe 3Ha4eH~e 

(f'~+) = 82,5(12) yxaaaso TaKme B pa60Te / 1 3/ . Hc.nonb-
OCH. COCT. 4 4 (4) n

3YA 3T~ AilHHble, M~ nony4~n~, 4TO I y ( 19 7 , 29 9 ) = 2, ~ Ha pac
naA. 6anaHc ~~lTeHC~BHOCTC~ AnA nepBoro ~ BToporo B036ymAeHHo

r o COCTl)AH~A Bbllmcn~n~, np~MeHAA OTHoweH~A 0,026(4)'»: IIK1 97 = 

~ IfJJ IIK~97 " 0,0195(30). 3Ha4eH~A Igft nony4~n~, ~cnonb3YA
 
Q ee ~720,9(25) K:J0 / 1l 1 ~ T1/st" 24,6(1) AHe~/14/. 3aceneHHOCTb
 
ne paor () ~ U Topr n U 11():J6ymAt'HH~X coc TOAH~~ .nonyue-o-aa HaM~I OMC

lIe ( A.lIIIII~M~ of; ~Hr('ltl~BtloCTAX nl)3~TpOHH~X nepexoAOB / 1 3 .110

:IRonIlCT OIlIWlv'm1fb OTItOWt'I1~A (I fJ'1 (0 I ~t»1 = 0,00 /111( n
 
~ (1/ l tI «( t IfI' )) .. - 0,00311( 5 ) , I(orop~e MomHo cpaaua r s C «()Ol

RI'II rnY~II\~M~l '11(1111'1)l1M(,~II.)f1hll"'M~ :1I,a4CIl~AM~ 0,005111 (65)
 
~ n,nn 79 ( '3). """Y'Il'ItIt"'M~ n paf)o r e I u~
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Ta6./luv,a 2. 

3HepPHH YPOBHH [K3B] 121,2 197,3 716,6 798,7 809,4 1106,9 

TIepHop, nonypacnaAa 620 1320 2,34 1,07 3,50 0,3(,
T] [10- 1 2 c ] 

Ha OCHOBe a6con~TH~x 3Ha4eH~R np~BeAeHH~x BepoRTHocTeR He
KOTOP~X nepeXOAOB 147Srn• ~3MepeHH~X B RAepH~x peaKU~Rx/3/. 
onpeneneuu aficoruor aue BepoHTHoCT~ APyr~x nepeXOAOB 147Srn ~ npo
BeAeHo cpaBHeH~e ~x C TeopeT~4eCK~M~ 3Ha4eH~RM~, B~

l.lw:neH~bIM~ B HaCToRll\eR pafio re ICM. r afin , 31. B r afin . 4 YKa3aHbi 
paCC4~TaHH~e ~ 3Kcnep~MeHTanbH~e/~2/3Ha4eH~H K03$$~u~eHTOB 
CMec~ MynbT~nonbHocTeR (E2/M1) AnR HeKOTOp~X nepeXOAOB t47Srn . 
Pac4eT~, np~BeAeHH~e B 3TOR pa6oTe, B~nonHeH~ B paMKax MOAen~ 

.~. ._h~ ._~~._ >~.,___ __._, .., . ,

B3a~MoAeRcTBY~~~X 6030HOB ~ $epM~OHOB IMB6$1. 

'/'11 on uua 3. IlpI1AE'p,E'HHblE' uepOHTHOCTH nc pe xorro n 
147 

Sm 

Ei r i H If r: B(E2) 1(~2b21 B(MI)lll~J 

I K'lB 1 I K')B I 
,'_. ~

l K:lU j 
~~

:lKcn. 
~

111>1'1. 
,_4_·_··

'IKCIl. IIbl\(• 
.._.a.' • ___·_·__ .."______.. "_ . 

121,1 '.>/21 0 7/2 1 121,2 0,119 0,119 o ,o i o 0,00') 
197,) )/21 121,2 5/21 76,1 0, I JO o , 0 I I) 0, 00 I 0,09(1 

0 7/2 1 197, .\ o , 1OH () , I 2/, 

II II, (I I I/'!1 0 7/2 1 7) 6, (I o,ln o , I .\ 'j 

1')H, I ~/'!.~ I I) 1,1 '1/'11 «o I , rl o ,O'd 0, OIl 
I I' I ,I' '1/'21 II 17, 'I O,OJ/) O,llHO 0,0'10 0,001' 

0 In 1 l'IH, I o ,01, ! O,OO} 
I\()I) , I, 1//'! 1 0 1/'l1 !HPJ,I, 0,001 O,OllO,Olh O,OO} 

I:' I ,I' ') /'11 I,HH, I o ,0 III O,O(l'l, 
I 10(,. IJ IJ /:' J. 0 1//1 1 1011." 0.01\1 (}.Oll'/ 

Il O(>f1.ll. T~. P,lIflOflIHKI'1I110H 01(0/10 Hl\l'p (,lMdIH111. Ill' MO/WJH1 1I:ld~ 

MOi\CII< II1YK)~~X ()O:IlJIII'11 IMllr,1 I' 7/. 01.11101111('11 ~Hlil pill 'II' lOB I 1I0lii I II 

'II'1I10-- I H 'I l tbIX W!OlOIlOI1. " 10 UP('Mft I(dl( IIIHt uoue r uux ~:JOIOIIIIII 

I':u I YUII" I byl' I 0111111 I ~I I('M.lll1lll:'lI(O(' ~(( 11t.1/\OUdll~C 110 MIlI.$ /kill, 

II,,,,,, I ItI.II' ~:H)IIJlI'" Ll1M'1P~fl 1\0 I ~X ,,"p , II0MOU\blO MU[,$ II" Wly'ld 

11111. b, 1'.1< 'It". IIprtl'll'/\I'1 II Ibll1 IlIIH I ~~Slll Q pnOo,,' n 11/. )((J 1)1 11 IH 

6 7 
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Taonuua 4. K03~H~HeHTw CMeCH MynbTHnonbHOCTH (E2/MI) 
nepexop;OB 147Sm 

6BWll 63KcnEi Ii Ef If E 
[K3B] [K3B] [K3B] 

121,2 5/21 0 7/21 121,2 -0,366 -0,278(20)
 
197,3 3/21 121,2 5/21 76,1 0,028 +0,655(34)
 
798,7 3/22 197,3 3/21 601,5 0,829 0,005(6)
 

121,2 5/21 677,5 3,565 -0,48(2) J 
809,4 9/21 0 7/2 1 809,4 1,579 0,46 

1043,5 1/21 798,7 3/22 244,8 -0,026 
197,3 3/21 846,2 -6,02 -0,24(6) 

1077 ,0 5/22	 798,7 3/22 278,4 -0,023 0,086(48) 
197,3 3/21 879,8 -1,793 -0,23(3) 
121,2 5/21 955,8 -8,784 -0, 124 (7) 

0 7/2 1 1077 ,0 -0, 153 -0,071 (5) 
1106,9 9/22 0 7/2 1 1106,9 4,344 
1117,7 3/2 3 798,7 3/22 519,0 0,136 

197,3 3/21 1120,4 -0, 137 -0,018 (17) 

._---~. --•.._._~-,---~ •.._---- --"_.__._-- .._- ---. 

noris aye r HB6lD-ll>opMam13M, AOf1>t<eH Kf1aCCl-1lDl-1l.\l-1pOBaTbCFI KaK aunori 

HeHHw~ B MOACI1I-1 rl-1n~ 4<lCTI-14HO-BI-16pal.\1-10HHOA CBH31-1, nOCKonbKY 

B Hero 6030H-G030HHb1C B3al-1MOAeACTBI-1A He 6b1111-1 BKI1104CHbl. 

[]af1('HTHW~ HCi-1 r pou B 1-130TOnax CaMapl-1A HaXOAI-1TCA I] eoe T()HH~lHX 

rnillltlo.:1 oG()n04K~1 L N = 82-126 C AOMI-1HI-1PYlOlI\l-1M BKn<1AOM or '7/;1 

P: :.' 1-1 h IJI ypOIJII('I-i. B npoToH~iOA 0601104Ke L Z ')0-137, K.1K
11 

(m'HI TAI-1(' ~OllhIUiI~l :1Itl'prefI-14CCKO~ lI\el1l-1 MCli<AY Op0I-1T.1MH dr./2 
1-1 h tl/\! , ll-1J1l,II0 11pot1Uflfll'TCfl nOAo601104e4H,H) 3,lMKHYTOL I b npl-1 

Z (,II. :hol "1"1'1'1{1 Y'IWfblndnCA B HeKOTopblX p"L'j('I,IX no HIH, 
1"0'	 . I

1-1 p.1HhUIl' ••. ""I'HH 1"'lltlbll' :Hii14CHVlA MarHHTt-ibIX MOMCIlIOIi 'II ypOll

IId1 AIIII 11/\1'1' l N:.. BB .. IHd'lI-1TenbHO 611I-1li<C K ::lKflH'pI-1M('lIr;lftt.tlhIM, 

I{()( lid 111-1( no npo I OHllhlX ()():IOIIOA onpcncnnnoc s C Y'l(' r OM Z (,'I 

:ldMIIIIY TO( I VI. B I "110M (ny'l.1l' 1\11" 1-1:10T(lrlOB C,lMdPHlI II" -I. [K(lIl\> 

"'II .. p,lri" '" n'l.' Pill ( 'IVlI .. 1I IIIHI H:lorolloB C,}MoIPI-111 :111'11'1'11 HlIUhH' 

'II~( 110 III'"Tlllllllo'l< (HUllllllll, """"01' II fI ;.:: ~ HIJ H( IloIlt,:IOU.llll-1 

Illi HH' IIll/\i(oll. l'oI(lWT '1l'IIIIl-lj,'II'OfO OCloU,1 L.6HI1I\JV~u. 1I1 

"IIi ~1 n I' I, I oIMH n1o I O"~'''" lIlJ(jPdll II IJH/lI' 

I 'f' (	 fl') •• on v I 'I'
11\- 't,(II(II' 111,1" ) I	 10'0" . -" I V"" I "" . "r"r . III 

fI/l" 'r IIpU('llIplllllllM'l 1II1"p","1' lid F (111-111 (~'MMt'IIH,qll"'I' IIIH'IIIII ), 

11I·"IP('"I'..... (1'1 1(1I11l~ltl, "I ('IIl'·III .. " .... T q~( 11(1 t ~f1n.lllll"l:l· I 

N = nIT + nv .. n. + n d + n r ' 

_( +d- d+ )(2) (d+-d)(2)Q	 p=v,IT,P _ 8 + 8 'f' +)(P p' 

I J.J2L+ICr«d+/)(L) (dd)(L) )(0)Vpp 
L=O,2,4 2	 'f' 

BI-1AY Toro, 4TO HaM~ I-1CnOnb30BaHO APyroe 41-1Cno 6030HOB, He

*elll-1 B pa60Tax n7,18/, M~ Aon*H~ 6~nl-1 HeMHoro 1-13MeHHTb HeKoTo

pue napaxerpu B raMl-1nbTOHl-1aHe. OHI-1 paBH~: t q = 0,9 H3B, I( = 

= -0,12 M3B, )(1T = -1,3; )(v = 0,36; c; = O,O~ M3B, t r =1,38 M3B; 

OCTanbH~e napaMeTp~, KOTop~e 3AeCb He YKa3aH~, paBH~ Hyn~. 

CTpYKTypa AApa t~6Srn c nOMOlI\blO B~6paHH~x HaMI-1 napaMeTpoB onl-1c~
BaeTCA TaK *e xopowo, KaK B YKa3aHH~x B~we pa60Tax. 

H~3Kone*all\~e ypOBH~ B U7Srn Bb141-1CneH~ B npeAnono*eHI-1I-1, 4TO 

He4eTHbl~ He~TpoH HaxOAI-1TCA Ha '7/2 ' P3/2 ' 1-11 llS / 2 Op61-1TaXh 9/ 2 
~ 4TO n ~ 1. BepoATHoCT~ 3aCeneHI-1A 3T~X Op61-1T I-1CnOnb30Banl-1Cbr 
Ha OCHoBe B~~~cneH~A, cAen~HH~x C nOMOll\~1O MI-1KPOCKOnl-14fcKOA MO

AeI1~ /221 : = 0,205; v3/2= 0,015; vi/2 = 0,01 1-1 ..V 7 /2	 v1IS/ 2 
= 0,026. 6030H-ll>epMH9.HH~A raM~I1bTOHHaH I-1MeeT BI-1A: Hsr'" "B + 
+ 1:, j 0 J + V Br ' rAe 0 J - oneparop 4HCI1a ll>epMI-10HOB, f J - KBa31-1

QaCTI-14HaA 3Hepr~A lDepM~oHOB. B3aHMoAeAcTB~e 6030H-ll>epMI-10H 3a

n~C~BacTCA B B~Ae: 

V -lA ~ ~ 1: r(2)Q(2).(c+ - )(2) I. It' '«d+- )0") ( +d)<J") )(0) 
U F J J d J +Jj' JJ' , J CJ +JJ '1" JJ' . CJ )( CJ 0 : 

1 I JJ' ,,~ (fl r-)(I!) . (e+;; )(2) I A Jr or n J +
JI	 J j' J 

- J , , ., (j").. .
1 ;\ J( I: «fl' I) «(11' p(J ))(11)	 

/2/ 

I II. O. I I uj" 

I (:J) ( I '," . , I (lJ) (.	 I' ( :1 )1 . It I It) • (l l~ )

JJ J J '
 JI' 

B"ol'UI(' Q :HIHM(JAc'i-h T lIHO V lJ r lO/H'J)HCI-1I 04('llb MHor 0 lIilpaMC T PO". q~l

1111 (no()oI\IIIt1X lli1p.,M(' IpOD MOlKlHl nOtIH:lH r s , HCnOnla3YH HX M~KPOCK()

lI~ll('( KHI' O'~I"IIKH Ilt'!/: 

O~) - 
I JJ' - ,.115 (\I \I • - V V ,) u(fl l. 1 0f

)
J J J J JJ (I A J = A(I' A Jr - A nr ' 

H	 9 

f
 



j" - (2) (2)

A j j , "'-V5AO(UjVj" +VjUj',)Qjj"(Uj'Vj" +Vj,U j ,, ) Qj'j" x
 

x I	 _ 1 _ + __..--.! I 
(j'+(j" -ED (j +E j" -ED 

(UjVj' - Uj' V j-j" --	 (2) Q (3)
Ajl' "'-v7 Aor(uj,V j " +vJ,uj,,)Qjj" - - jj' ,

(j +Ej' -E F 

.(3) .(:J)	 (3-)
I jj,='Io (ujuj' +vjvj')Q »: Q ~~), '" <J II y (k) II r:> , 

Q (2) = (d+ 6 + 8+;1 ) (2) + )( (d +d)(2) 

napaMeTp )( B~6paH paBH~M )(rr' 3Ha4eHHfl OCTanbH~X napaMeTpOB no:
 

IlY4eH~ nyTeM cpaBHeHHfl 3KcnepHMeHTanbH~X H B~4HcneHH~x 3HeprHH
 

YPOBHe~. KOHe4H~H Ha60p napaMeTpOB paBeH: (7/2 = 0,9 M3B,
 

E8/2 = 1,78 M3B, (9/2 = 1,8 M3B, (~S/2 = 2,1 M3B, Ao=-O,l 1136,
 

A = 2,0 M3B, rJ2)_ = 0,33 M3B, I~(S = 0,12 M3B')(r = 1,8;o 
A or '" -0, 17 M3B, A or = 0 M36, 3HeprHIO KonIleKTHBHo~ <pepMHOHHO~ 

napu c L = 2 M~ B3flIlH ED", 1,0 M3B. 

3KcnepHMeHTaIlbH~e H B~4HcneHH~e YPOBHH npHBeAeH~ Ha pHc.2. 

nonY4cHo B3aHMHoe COOTBeTCTBHC Me*AY B~4HcneHH~MH H 3KcnepHMeH

TanbH~MH COCTOAHHAMH C oTpH~aTenbHo~ 4eTHOCTbIO BnnOTb AO 3Hep

rHH B036Y*AcHHR 1,3 M3B, 3a HCKfl104CHHeM COCTORHHfl 7/2 2 , KOTo

poe npeABapHTenbHO 6~no HAeHTH~H~HpoBaHo KaK ypoaeHb C I" = 
"" (5/2,7/2)- C 3Hepnlc~ 1,174 M3B/8,7/. COcToRHHe 11/2
C 3HcprHcH 0,931 M3B, HaGnlOAaBwt'ecR IJ pa6oTax / 4 ,7/ , B0311HKaCT, 

04CBHAHO, nyrex B030Y*ACHHR THna 14aCTH~a-AblpKa, Hero onHCilHHC 

HaxoAHTCR Bill' npoc r oauc r aa MOAenH BEJcII. 061!\Hi:! xar.aKTCP CXCMbl 

B03f)Y*Al'HHbIX YPOfiliCH C o r pauar ens IIOi:! 4CTHOC TblO ...7Rm XOPOW() 

OnHC<11t Il paMK<lX paCCMOTpPHIIOii MOAcnH 8Ei<l>, XOlH HCKOlOPblC npofi
IWMbl OCTdlOTCH Iwpewt'HHl.IMH. PaCC14HT.1HHhlt-' :JH(~prHH Ily{)nelllblX CO

e T(lRHH.:1 S/2~·, 3/2, uccxoru, Ko IJblW(', H, lIilOOOPOT. nnJ' YPOIIIIA 

)/2 i; I1bI4HCI1PlllliHl 31tl'prHli CJ1HWKOM IIWIKd no CPilfJllt'IIHKl C :lKIIIl'pH

Me'll T al1bllblM ('\' :llliJ14t'IIH\'M. 

CPi1811HIl'nbIlO IIt'MIiOro HMI'I'TLJI :IIH IWpHMl'llI "lIhll,.IX lIillllH,IX 0 CU" 

llOHHI-1RX C 1l0J10H4HTl'lIbIHl~ 'U'TlIO( 'LIO 0 I 47Hrn . II IlW'pIH,IX pt'ilKI4H

AX /b,81 1f<1{)/IKJJlilllHlb yp081lH I/,)!; 1,771 M:lfl, 1/2'; 1 J)lI M:JU, 
3/7 f; 1 ,lJ'.J'j M:JU H 31') I; 1,')1,8 M;JfI. I1!WJ-\rllllTill',lO I ( H. 'ITo .lTH 

ypUUIIH COOHU'llllJYKll ljiHIH'mo·A1~pO'IH,.IM uo:\fiYH4I\('"HI1M H llO:)1OMV 

lit' MOl Y I tjl~T" IlhlQHU1l'lIlo1 11\1 MOJH'I1H nh(\J. C I-IPVI o~i ( IOIH)\'b', YJlU 

"t'lll, I.Y,ll M:11I - (1/7, '1/7)1 n 1l1.H1M....1I HIII'pllhlll I!I'Ul<qHt1X Ill" 

J() 

( -	 ) + ) I7nE
 

rM3B]
 ~-!If 5/23/2, 5/2	 17/2 

1/2- ~912\SI2l 1/2 

3/2 _ -V/ 712;i -4~ 3/2,5/2 _ ~ ll/2~3/21.5 7/2~~7/;i/2\ ~5/ 
rn ",,,- I:- 7; m~	 ~'"
3/2 __ 9/2 =l9/2

5/2 

5/2, 7/2 ....	 1/2
5/2 "'- 1/2

9/2 
7J2~11/2 

5/2 ~9/Z
 
9/2 ~ ~m
 
1/2	 sn 

I.D ~~ ~'l~
11/2 "- 5/2	 t7/2

9/21/2 ~ 9/2 

9/2~11/2 11/2 

3/2 7 312 

11/2 - 

.5 

~.>:- 3/2 

1/2 
f~ 

'J/2 

0.0 J/2	 In 

:lllCll I III 'I .u.nu IlIl'l 

1'Ill' • "} , 

H;1(,IlKJI\i1t'1CJLOIi M\lllWf UIOIDt'lClBOIHlTlo U",qHCI\C'IIIIl.lMY II,JMH lIo1HIIH:I 

W('MY J/7 t COCTOfIHHIO, 

:tllrpllHI YPOQIIC'H ( rioJlm' IU.ICOI<HM :J11114t'IIHCM (IlHHOll: I17 ~ ; 
II/"t H 17/2 1 (lrIH:JKil IC ({)OIUc:'TClBYIOIIIHM nbl411UlCHHbiM :lIlil'lI'HH'iM. 

:lKCrwjlHMclIl.iIllo'HM' 1-1 nW41-11 J1t111'lblf-l IHlMI1 npHIHJ1\l'llIlblC' IWIlOflT 110' 

(IH lICP"KoAOCl lIO 7) H U(HI) nOIlW '" l.ifill,1. O/t\'!H11n(J f ]'11(\1.)(')(0 

II 



Aa MH B3RnH B BHAe 

(2) (2) + - (2) 1
 
T(E2)=qBQ ()()+qF j~' (ujuj'-VjVj' )Qjj'(cjcj') (- vl5 )./4/
 

OAHOBpeMeHHO Bbl6panH cneAYlOlI\He 3Ha4eHHR nepaxe rpoa q B= q F = 

= 0,161 H)(= -0,47. npH 3TOM KBaAPynOnbHblii onepa r op Q(2) 

B raMHnbTOHHaHe MB6-1 TomAeCTBeH Q(2) B onepaTope AnR E2-ne

peXOAa, T,e. Hcnonb3yeTcR cornaCOBaHHblii Q-$OpManH3M/2~. One
paTOp M1-nepexoAa HMeeT BHA 

T(Ml) =J 3 [gdVl0(d+d)(h)-2gjj~j(j+l)(2j+l) (C+jcj)(li)l,/S/
 
4" j 3
 

r ne 6030HHblii g-$aKTop paae» gd = 0,32110 • 3TO 3Ha4eHHe yCTaHoB

neHO Ha OCHOBe 3KcnepHMeHTanbHblX AaHHblX 0 MarHHTHbiX MOMeHTax 

4eTHO-4eTHbIX 1-130TOnOB 8m 1181. $epMHOHHaR 4aCTb Ml-onepaTopa 

nonyqeua no MI-1KpOCKOnH4ecKoii MOAenl-1 C HecKonbKo H3MeHeHHblMH 

3Ha4eHHRMH op6HTanbHoro H Cnl-1HOBOrO g-$aKTopoB: gp = 0,4 11 0 
1-1 gs'" -2,811 0 . 

npl-10CACHHble oepORTHOCTI-1 E2-nepexoAoB,Bbl4~cneHHble B paMKax 

MB6$, YAOBnCTBOpl-1TenbHO Onl-1CblBalOT 3KcnepHMCHTanbHble 3Ha4eHI-1R. 

Oco6eHHO xopowee cornacl-1c Ha6nlOAacTcR AnR nepexOAo~ CBR3aHHblX 

c OCHOBHblM COCTOAHHCM 147Sm . Xyme 06CT0l-1T Aeno C MI-ncpexo

AaMI-1,A"A KOTOpblX Benl-14~HbI B/Mll BCCbMa 4YBCTBHTenbHbI K npH

MCCHblM KOMnOHCHT.:lM BonHOBoii $YHKl.\~H Ha4anbHoro H KOHC4Horo co

CTOAHH~~I, (aMoe fionsuroc pa auornac ae McmAY B/Ml/ p1c 4 1-1 B/MI/'Ken 

I-1MPCTCA AIlA ne pe xona 3/2 1 '5/2~. 

no Me TOllY pur, 'Ie Ta, npCAIlUIMCIHloMY D pafio r e 12fl
r , flilMH BbI4I-1C

neHbl 311~)lH'I'I-1A h~ ft I\IlA OI\HOKpa THO 3anpClI\elHlbix HeYHI-1KilnbHblX 

()" T il-rwpeXliJ\OI). ROnHOH.l11 IbYHKl.\1-111 oCtIOBHoro COCTOAHI-1H 147F.u no

nY41'IIil I1YTl'M I\l-101rOH...n~:ldlll-1l-1 rilMl-1nbTOllHilHa III c HeCKOJ1bKO 1-1:1-· 

MI'lIl'lIHblMH :llIoI'H'HI-1HMH r1.lp.IMeTpOB rio LpaOHL'1I1-11O L ptl()OTO';:' ILl!! • 

1,1K KoIH MI.l n:IIH1H /IDYl !lL' 4HLIlO t50:JOHII8. PL':JYllb HlTbI p.H 4(' 1(1) 

I ... f t npHn('AI'lIbl n r afin , I UM('\. It' C IIol()OPOM Bbl(ipalHtblx n,'1pilMl'Y pOH , 

Ih.''!Hl 111""'1011' :ltlollH'H~" IKft 111111 HeKoTopblX IH'Pl'XO/IOU IY~I\C'1 TOPII

IIll MI'lIbIUI' .j u r IIl'PI-1MI'III.lJlbllbIX :Jllil4('I1I-1~. [\ UOI"IODII~ lIlYIIKL\HI-1 Ill. 

IHllllH11 II lOI Ill""HIl 147~:u H L47 Sm I\OMHIlI-1J.lYI'I KIlMrlOIlC'HJ.l l. nd=f), 

I1lUIl)MY I I(0lll)( I b (')"1.I-Pdl ""/\.1 '1I11H'/lc'I"i\'Il" 1I fH.1I0IHIlIM I1IHtMblM 

011"1''1,)1 II-1'1IIh1M '1IH"IIlIM. OJ\II11'ldCtWI"b1I' lHIl'HKI-1 J\nn :ITllfo ncuoxon.s 
II"HII :111,1 111 ' 11 1-1 " IRet - ',.1). Yllt'f n.lplilolx Koppe'lIIlIIH.i H O[)ML'IIIIIoIX 

:1(1)(1)(,I~fOIl 11 HIlt.lfl 1IJ.ll-1hOJ\Hf K Yhf'lI1-1IHHII-1Kl l!tft IIi! tl/1~"1-14Y. IlIIII" 

11.111 .1I11. IIl'pHMI'lI1 ,111""111' :1 II il 1II'll 1-1{' lid I,') I'l\l-1HI-1Lllol "IoIlUl', "YIM"" III
 

MI' I H I b. 'ITO 111.1'11-11 r"'II"lIl' :111,1'1011101,' 11rt "lilltl-1( H f f i1KlMt' III blottlll!'.1
 

I Hntl r'011l1l1ln. 1«'" lPlolll Jl I IHUH C npHl y TIl UI1I'M nOllotl1l1101H' 11l11ot X
 

lllltiWlllOli JHllIr1l'f( 11 IIf' 1I1101lllf' 01\1I11'Ut,l'tHt.lM, 

12 

M~ npeAnOnaranH, 4TO npOTOHHble H HeiiTpOHH~e 6030H~ HMelOT 

4aCTH4H~ii XapaKTep. B cnY4ae, KorAa npOTOHbI HMelOT AblP04HWii 

XapaKTep, H3MeHReTCR 3HaK HHTep$epeH~HH MemAY npRM~M H 06MeH

HbiM 4neHaMH OnepaTOpa 6eTa-nepexOAa, H TOrAa 3Ha4eHHe 19ft 
6eTa-nepexoAa, HAYlI\ero Ha OCHOBHOe COCTORHHe, nOHH*aeTCR, T.e. 

COrnaCHe C 3KCnepHMeHTOM YXYAWaeTCR. Hao6opOT, AnR HeKOTOpWX 

APyrHx nepeXOAOB 19ft nOBblWaeTCR. OAHaKO HH OAHH B~6op THna 

6030HOB He npHBOA~T K YAOBneTBopHTenbHOMY onHcaHHIO 3KcnepHMeH

Ta. CneAY~lI\Hii Bonpoc, KOTOPblii HaAO npOKOMMeHTHpOBaTb, KacaeTCR 

Bbl60pa BonHOBoii $YHK~I-1H 4eTHO-4eTHoro OCToBa l. 48sin . B pacve
Tax M~ Hcnonb30BanH OAI-1HaKOBOe OnHCaHl-1e OCTOBa npH B~4HcneHHH 

BonHOB~X $YHK~Hii 147Eu H 147Sm . nOAo6on04e4H~H 3$$eKT 
83 84 62 86w 

Cl-1nbHO 3aBI-1CHT OT QHcna HeHTpOHO~, n03TOMY MomHO O*HfaTb, 4TO 

OCTOB HeCKonbKO 1-13MeHReTCR npH nepexoAe OT 147Eu K 1 7Sm 
H3MeHeHI-1e OCTOBa YMeHbwaeT nepeKp~THe BonHOBbiX $YHKl.\H~ H, cne

AOBaTenbHo, nOBblwaeT 3Ha4eHHR Igft 
HeCOBepweHCTBO BonHOB~X $YHK~Hii npORBnReTCR KaK npH BW4Hcne

H~1-1 B/MI/, TaK H npl-1 paC4eTax 19ft ,OAHaKO, HeCMOTpR Ha yKa

3aHHble Bblwe TPYAHOCT~, CBR3aHHwe C Bbl41-1CneH~eM Igft , npHxo

AI-1 M K TOMY lite 3aKnI04eH~IO, 4TO 1-1 B pa60Te 12fW: Y4eT 06MeHHblx 

4neHOB onepaTopa 6eTa-nepexoAa Heo6xoAHM, nocKonbKY OHH BHOCRT 

B Benl-141-1HY Igft BKnaA TaKoro lite nopRAKa, 4TO ~ npRMoii 4neH. 
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