
P6-8159 

A.A.AneKCaH~pOB, r.- IO.Iiailep, IJ..BLillOB, E.ll.rpHrOpbeB, 
K.JI.rpoMoa, B.r .KanHHHHKoa 

I 
15 sDy B031iYX,[J;EHHhiE COCTOJIHHJI 

1874 
/\A60PATOPII1A RAEPHbiX nP06/\EM 



16beAHHeHHOrO HHCTHTyTa HAepHblX 

HCCJieAOBaH:Hit 

lUI 06'be.li;HHeHHOrO HHCTHTyTa H.ll;epHbiX 

l!OTCH CaMOCTOl!Tetn.ll'-"'" ~""'TIHKaUHliMH. 

[. 0TJIHl.JHe 

rrperrpHHTa 

M )f(ypHane 

UUfHMeiOT 

•10 rrocne.a;-

e.a;cTaaneH 

I H3biKaX. 

B CTpaHbi-

ipe.a;enHeT 

.THl.JeCKHX 

l.JaTeJIHM. 

aepxHeM 

l 

P6-8159 

A.A.AneKCaH,npoB, r.- IO.Iiaiiep, I.J..BblnOB, E.ll.rpHropbeB, 
K.JI.rpoMoB, B.r .KanHHHHKoB 

B036YX,IJ;EHHLIE COCTOJIHHJI 
1 5 8

Dy 

HarrpaBneHo B l13B. AH CCCP 

------~---......... , .. 
Ge·~.:_.~:.~..:.'.: . .zi~ m~~ i £"ii'Yt 

11!:.;; ;J'!:~:.{ ; .:o;:F·n'>r.::e:.1 
bt~6J~~iuTEKA 



AneKcaaapoB A.A., Eaiiep L-10., BbrnoB ll., 
fpHropbeB E.n., fpoMoB K.H., KanHHHHKOB B.r. 

P6-8159 

Bos6y>KAeHHbie COCTOHHIH! 
158 

Dy 

npeanaraeTCH CXeMa pacnaAa 1i30MepOB I! OCHOBHO!'O COCTOHHIHI 
158 

Ho , 
nony"!eHhl KOnH'!6CTB6HHble CBeAeHHH 0 CMeWHB8Hiili BOnHOBb!X (jlyHKUI!H pa3nH"!

Hb!X poTaUHOHHbiX nonoc 158Dy, BBeaeao 6onhwoe KOnH'!eCTBO ypoBHeii c saep 

rHeH > 2 ~38, npoBeAeH CT8THCTH"!6CKHH a~anH3 CBOHCTB 3TiiX ypoBHeii, 

llaeTCS! Bb!BOA 0 (jlparMeHT8Uiili COCTOHHHH 4 (n523>+n52l t) 1i 0 B03MO>KHOH liHTep 

npeTaUHii M8KCIIMYM8 CHnOBOH (jlyHKUiili {3 -pacnaaa Ha ypOBHii B o6naCTii 

3HeprHH 2,6 ~38 KaK npOHBneHHe (jlpa!'M6HT8Uiili COCT05!HHH 1- (n523> -n65l t) . 

flpenpHHT 06be,nHHeHHOrO HHCTHTyTa R,llepHbiX HCCJie,llOBaHHii. 

,D;y6ua, 197 4 

-----------
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P 
u 158 H 

eJynLTaThl H3MepeHHH H3nyqeHHB: H30MepOB O , 

ony6nHKOBaHHLie HaMH B /I/, ll03BOnB:IOT npoBeCTH auanu 3 
yposueB. l5llDy,3acemn011\HXCB npu pacna,IJ,e 

158 
Ho. llpu 3TOM 

auanuJe Mhl ucnonLJOBanu ,IJ,aHHLie u o6 yposusx
1

"'
8
Dy,Koro

pLie B036y>K,IJ,aiOTC~ B/,IJ,epHblX peaKI.UUX(p, 2ny) ,(d, d'), 
\ p , t) , , (a, xn) }

6
- ~I , a raK)I{e cse,IJ,eHHB: o pacna,IJ,e 

1
"'
8

1lo, 

ony6nHKOBaHHbie B ' • 

H 
ulS8p 6 

aM y,IJ,anOChyTO"'HHTLllOnO)I{eHHeypOBHeH uyH anaHC 
HHTeHCHBHOCTeH npHXO,IJ,B:I.l{HX H yXO,IJ,.III.l{HX nepeXO,IJ,OB. MLI 
nonyqunu TaK)I{e 6onee TO'IHLie cse,IJ,eHHB o napaMerpax po
TaUHOHHLIX nonOC, OCHOBaHHLie Ha pa3nH"'HblX COCTOB:HHB:X 
158 Dy .HcnonLJYB peJynLTaTLI y-y -cosna,IJ,euuB. /1/ u cse

,IJ,eHHB: o y -nyqax, B03HHKaiOmux npu pacna,IJ,e 
158 

llo, MLI 
ssenu 6onLl.lloe qucno HOBLIX ypoaueB. u nposenu crarucru
qecKHH auanH3 HX CBOHCTB flO MeTO,II,HKe, llO,IJ,p06HO onu-

caHHOH B /8/ 
<l>parMeH~ cxeMhl yposueB. 

1
·"
8 

Dy, B036y)I{,IJ,aeMLIX npu 
pacna,IJ,e l58Ho, npe,IJ,cTaBneu ua puc. 1. )J.nB: 6onLl.IIHHCTBa 
ypoBHeH Mbl CMOrnH 3Ha"'HTellLHO yTO"'HHTL HX 3HeprHH, 'ITO 
O'leHh Ba)I{HO ,IJ,nB: BBe,IJ,eHHB: HOBLIX /8/ . HeKOTOpLie H3 

ypOBHeH, ~pH,e,IJ,eHHbiX Ha puc. 1, B036y>K,IJ,aiOTCB: B B:,IJ,epHLIX 
peaKIJ,HB:X z-s . B ,IJ,anLueB.l.lleM ·raKue ypoauu MLI 6y,IJ,eM 

Ha3LIBaTL OllOpHbiMH. 
Pomat~UOHHaJJ no11oc?~ 

1
ocHoeHozo cocmoJJHUJI soJ6y)I{,IJ,a

nacL B peaKIJ,HH (a, xn) ·' .IJ.O ypoBHB: c 1
77 

= 22+. llpu 
pacna.D.e H30Mepa 1"'8 m2Ho I 177 

= 9 + , T = 21 MUH/ I 
1 

I 
JacenBIOTCB: ypoBHH 3TOH nonochl c 1

77 
.IJ.O 10+ . llpu pac

na.D.e 158 g Ho I I 77 = .5 + , T =11 MUHI BH.IJ.Hhl oruocurenLHO 
CHnLHble ne pe XO,IJ,bl Me)I{,IJ,y ypOBHB:MH 2 +g --> 0 +g ; 4 +g__, 2 +g ; 

+ + . +- + 6 g __, 4 g u ManouuTeHCHBHLIH nepexo.D. 8 _, 6 g • Cno-
co6a JaceneHHB ypoBHB s+ npu pacna,IJ,e ls§gHo .. MLinoKa 

ue JHaeM. 
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IlOAOCa, OCH06QHHQJI Ha y- 6U6paijUOHHOM COC1/IOJIHUU 

946,0 K3B, JacenJieTcJI npH pacna.l(e 158mt+!qfo .l(oypoBH.II 

c 177 = 5 + . OcHOBHble nepexo.l(bl, cBJI3biBaiO~He ypoBHH y
BH6paUHOHHOrO COCTOJIHHJI C ypOBHJIMH DOllOCbl OCHOBHOrO 

COCTOJIHHJI, Dpe.l(CTaBnJIIOT C060H O'leHL TeCHble .l(y6neTbl 

I L\E "'1 K 3B/ /1/, H onpe.l(eneHHe 3HeprHii H HHTeHCHBHOCTeii 

3THX nepeXO.l(OB OKa3allOCL .l(OBOllLHO CllO)KHLIM. lianaHC 

3HeprHii ypoaHeii CXO.l(HTCJI B npe.l(enax 0,2 K3B. PoTaUHoH

Hble napaMeTpLI A2= 16,67 ± 0,08 K3B; B2 = -67 ± 5 K3B; 
D

2
= -8,3 ±0,9 3B B l}lopMyne 

2 I 0+2)! 
E = Eo+ A 2 [I (I+ l) - 6) + B 2 [I (I+ l) -6) + D 2 ( -l) 

(I 2) ! 

u u 2 + 3+ 4+ 5 + ODpe.l(eneHLI 83 3HeprHH ypOBHeH y , y , y H y 

Cne.l(yeT OTMeTHTL, 'ITO c 3THMH napaMeTpaMH pacqerHLie 

3Ha'leHHJI 3HeprHH ypOBHeH 6; , 7~ H 8~: 1445,3; 1637,1; 
1712,5 K3B, COOTBeTCTBeHHO, CHnLHO OTnH'IaiOTCJI OT 3Hep-

rHH 1484,8; 1676,3; 1890,9 K3B, npHBe.l(eHHLIX B 121 • 
IJapaMeTp CMeWHBaHHJI poTaUHOHHLIX nonoc C L\K = 2 B 

l}lopMyne MHxaiinoaa 

B(E2, 12 -.1'0) = < M iy} <12; 2-2\ 1'0> 2 I l+a[I'(I' + l) -I(I+l) 
2 I 

6bln ODpe.l(eneH H3 pa3nH'IHbiX OTHOWeHB:i DpHBe.l(eHHLIX Be

po.IITHOCTeii nepexo.l(OB Ha ypoBHH poTaiUIOHHOH nonocbl oc

HOBHoro COCTOJIHHJI. Ha puc. 2 DpHBe.l(eHa rpa4BqecKaJ1 

HHTepnpeTaUHJI DOnyqeHHbiX pe3ynLTaTOB. llerKO 3aMeTHTL, 

'ITO B KOOp.l(HHaTaX pHCYHKa 3KCnepHMeHTanLHble TO'IKH 

.l(On>KHLI nmKHTLCJI Ha Dp.IIMYIO JIHHHIO, eCnH cnpaBe.l(nHBLI 

Dpe.l(CTaBneHHJI 0 B3aHMHOM CMeWHBaHHH BOJIHOBLIX I}JyHKUHH 

DOllOC y-BH6paUHOHHOrO H OCHOBHOrO COCTOJIHHH. BH.l(HO, 

'ITO 3TO HMeeT MeCTO .l(JIJI 
158 Dy. IlpJIMaJI npoBe.l(eHa MeTO.l(OM 

HaHMeHLwHx KBa;:u>aroa. To'IKa nepece'leHHJI np.IIMOH c a6c

UHCCOH .l(aer BenH'IHHY, o6paTHYIO BeJIH'IHHe napaMeTpa 

CMeWHBaHHJI a : a = 0,025 ± 0,005. qaCTO HCDOJIL3yeTCJI 

BMeC'I'O napaMeTpa a napaMeTp z = 2a/( l-4a) H3 l}lopMyJILI 

liopa- M OTTenLC OHa: 

B(E2, 12 ... 1'0) = <M >2 <12; 2-2\1'0 > 2 
f(z, I, I') 

yg 
B .l(aHHOM cnyqae z =0,055. 
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{B(E2;JK .. Jk-2) 
<IK,2-2IfK-2> OTH.EA. 

Ka4-K•2 
1940(() 

K•4- K•2 
1895 (/t) 

K=2-K=0 
l-nOI\OCA 

-20 -10 

a= 0.031 * OD06 

a =0.025t:OD07 

a .. 0.025•0.005 

0 . 10 20 
~1~1) -HI• I) 

Puc. 2. K onpeoeAeHUIO napaMe•poe cMewueaHUJi polllaijuoH
Ht.IX nOAOC C pa3AU'4Hf>IMU 1\. 

7T + 
IloAoca c K = 0 Ha cocmoJiHUU 990,4 K3B JacenJieTCJI 

B pacna~ 158 mt + g Ho ~o ypoBHJI c I" = 4 +. B peaxUBH 
./2 + + ( p, 2 n y) I ua6mo~anucL TaK)Ke ypoBHH 6 u 8 • B •a6A. 1 

npHBC~CHLI OTHOCHTCnLHLIC 3Ha'ICHHJI DpHBC~CHHLIX BepOJIT
HOCTCB nepexo~oB c yposueii :noii nonocw ua nonocy ocuos
uoro cocTOJIHHJI, H JHa'leHHJI napaMeTpOB X 3THX yposueii. 
K co)KaneHHIO, B cneKTpax y -nyqeiiu Konsepcuouuwx 3neKT
pouos nHHHH, COOTBCTCTBYIOUUIC nep~xo~aM C DOllOCLI K" = 0 + 

6 

'• 

Ta<SJIJIWJ I. 

0TBOB8BHB OTBOCRT8BbBYX npaBe~eRBHX BepOHTBOCTel nepexo~OB C poTSQKOHHOl 

nonOCH HS ypoBHS 990.4(K(=0+) 88 poTSQHOHHy» nonocy OCHOBHOro COCTORBBR, 

r---· --- ----
Jpollllll~ nep8XO.ly. 

~~ B(E2)0TH. 
KoaiWJ, K.-r. i 

I"~" jE (aB) I- I' ~ ,o;z,oii',o?j -
o+ 990.4 o+-o+ - -

o+- -r O.IIj:p.OS 
- -

z+ !085.4 z+_ o+ - 0.200 0.200 
2+- 2+ 0.05 0.54j:p.06 0.286 
z+_ 4+ - 2.5 0.5I5 

4 .. I200.3 4+_ z+ - 0.286 0.286 
4+- 4+ 0.07:t0.03 0.26:t0.05 0.260 
4+- 6+ - 2.5t.0.6 0.455 

.._ __ .___. __ .___ _____ 
'-·------'-------'-·-----

Ta<Snaua II. 

0THOW8HHB OTHOCHTSRbHHX npHBe~eHHHX BepOHTHOCTel nepeXO~OB C ypOBHel nonocy 

C Kt=O- H8 ypOBHR pOT8nROBHOU nOROCH OCHOBHOrO COCTOBBBft, 

--------- ----- ~--YpOBHH. nepexo~bl. Bj_EI;IO_.I'O) Koa1q;ijui!r~;b1~,K.-r~-----, 
I,. E (xaB) =' - :J' B(U;Io ... r-t20) (IK·t-K I ~I¢K;I-K\I+~ 
---~- --- -------- ~L=Q.. __ H:L ~K;:Z ____ 

r I299.I r--. o+ 

I-- 2+ 
o. ?Ot)J. 30 0.50 2.00 -

r 1397.2 3-~ 2+ 

,-......... 0.87t.0.35 0.75 1.33 2.69 

s- 1527.8 s-- 4+ 

s-- 6+ 
0.66t.0.25 0.83 1.20 1.75 

---- -·--- ----- --------- ---·- --·.J ----
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Ha nonocy OCHOBHOrO COCTOJIHHJI, HaKna,n;biBaiOTCJI Ha nHHHH 
nepexo,n;oa c ,n;pyrHx ypoBHeii 158 Dy I c..w. puc. 1/. HMea
mHe CJI B HaWeM pacnopJI:lKeHHH y - cneKTpOMeTphl He n03BO
nHnH pa3,n;enHTb 3TH nHHHH B npJIMOM cneKTpe. TonLKO pe-
3ynLTaTbl KOnH'IeCTBeHHOrO aHanH3a y-y- COBna,n;eHHH ,n;anH 
HaM B03MO:lKHOCTb onpe,n;enHTb OTHOCHTenbHble HHTeHCHBHOC
TH 3THX nepeXO,IJ;OB C norpeillHOCTbiO OKOnO 50~. 

IlapaMeTp X ,IJ;nJI YPOBHJI o+ He O'leHb CHnbHO oTnHqa
eTCJI OT o:lKH,n;aeMoro Teop)?fqecKoro 3Ha'leHHJI X"' 0,4 ,n;nJI 

(3- BH6pau;HOHHoii nonocbl 9 • CocTOJIHHe 990,4 K3B cna6o 
B036y)K,IJ;aeTCJI B peaKI(HH (d, d'). BH,IJ;HMO, COCTOJIHHe 
990,4 K3B I 77 = 0 Henb3JI HHTepnpeTHpOBaTb KaK 'IHCTOe 
{3·BH6pal(HOHHOe COCTOJIHHe. 

,lfeyxKea3u..acmu-.Hoe cocmo.RHue 1894,7 K3B. IIpHpacna
,n;e OCHOBHOrO COCTOJIHHJI ISS Ho HaH6onee HHTeHCHBHO 3aCe
nJleTCJI ypoBeHb 1894,7 K3B, 1 77 = 4+ /40~ Ha pacna.n:f.CnHH 
H 'leTHOCTb 3TOrO COCTOJIHHJI onpe,n;eneHbl Ha OCHOBaHHH 
MynLTHnonLHOCTeii pa3pJI:lKaiOIUHX nepexo,n;oa / 6,1/. CnHH oc
HOBHoro COCT OJIHHJI ISS Ho I = 5 H 3MepeH MeTO,IJ;OM a TOMHbiX 
ny'IKOB /lO I. HH3Koe 3Ha'leHHe fg ft = 5,3 cooTBeTCTByeT (au) 
(3 -nepexo,n;y p (523] t_.n(5231. .. 3THX ,n;aHHbiX ,li;OCTaTO'IHO, 'IT06bl 
npHnHCaTb OCHOBHOMY COCTOJIHHIO 158Ho nonO:lKHTeflbHYIO'IeT· 
HOCTb H B COOTBeTCTBHH CO CXeMOH O,IJ;HO'IaCTH'IHbiX ypoBHeH 
KOHiilHrypau;HIOp[523Jt+n[521J!. YpoBHIO 1894,73 K3BMO:lKHO 
npHnHcaTb KOHiilHrypaUHIO n [5231 +n [521] t .PacqeThl Conoabeaa 
npe,n;cKa3blBaiOT noJianeHHe 3Toro ypoBHJI npH 3HeprHH 
2,4 M3B /ll/. 

YpoaeHb 2021,9 K3B I"= 5+ pa3pJI:lKaeTCJI cHnbHbiMH 
nepexo,n;aMH Ha y·BH6paUHOHHYIO nonocy H JIBflJieTCJI, BH· 
,li;HMO, nepBbiM poTaUHOHHbiM ypOBHeM Ha COCTOJIHHH 
1894,7 K3B. H3 OTHOWeHHH npHBe,n;eHHblX BepOJITHOCTeii 
nepexo,n;oa c ypoaHeii 4+ H 5+ Ha y·aH6panHoHHYIO nonocy, 
Mbl onpe,n;enHnH napaMeTp CMemHBaHHJI o6eHx nonoc a = 
= 0,025±0,007 /eM. puc. 2/. 3KcnepHMeHTanbHble TO'IKH 

ne:lKaT Ha npJIMOH flHHHH, 'ITO CBH,IJ;eTenbCTByeT 0 npHMeHH· 
MOCTH npe,n;cTaBneHHH 0 B3aHMHOM CMeillHBaHHH nonoc. 
3KcnepHMeHTaflbHOe OTHOWeHHe npHBe,n;eHHbiX BepOJITHOCTeH 
(3-nepexo,n;oa npH pacna,n;e 158gHo I77 =5+Ha ypoBHH 1894,7 

H 2021,9 K3B paBHO 100: /6,3 ±1,0/ H OTnH'IaeTCJI OT 

8 

' 

3Ha'leHHJI 100 : 20,4, KOTOpoe 6hlnO paCC'IHTaHO no npaBH· 
naM AnarH. 3TO, no-BH,li;HMOMY, CBH,ll;eTenbCTByeTO cymecT· 
BOBaHHH npHMeCeii B BOnHOBOHiilYHKUHH COCTOJI~Jl1894,7 K3B 
HnH OCHOBHOrO COCTOJIHHJI ISS Ho • B pa6oTe 

12
/ nonyqeHa 

oneHKa nepHo,n;a nonypacna,n;a ypoBHJI 1894,7 K3B 
T ~ 0,11 HCeK. BepxHJIJI rpaHHua napnHanLHoro nepHo,n;a 
nonypacnaM 3ToroypoBHJI oTHOCHTenLHO E2-nepexo,n;a4+ .... 2+ 
nonyqaeTCJI T -::;_1,83 • 10-10 ceK H COOTBeTCTByeT lilaKTOp§ 

TopMo:lKeHHJI F (949) <15. 
T - + 

HeT noKa CBe,n;eHHH 0 BTOpOM pOTal(HOHHOM ypOBHe 6 Ha 
COCTOJIHHH 1894,7 K3B, KOTOpoe B COOTBeTCTBHHC poTaUHOH· 
Hoi lllopMynoii ,n;on:lKHo noJIBnJITbCJI npH 3HeprHH oKono 
2170 K3B. . 

YpoeHu c ompuli(lmeAbHOii -.emHOCJIIbiO e 
158 Dy . IlpH 

pacna,n;e l58mt+gHo 3acenJieTCJI rpynna ypoaHeii c oTpHna
TenLHoii 'leTHOCJ:~· 3TH ypOBHHHa6mo,n;anHCbTaK:lKeBJI,ll;ep
HbiX peaKIJ;HJIX 3 • HHTeHCHBHOCTH 6nH3KHX no 3HeprHH 

- + - + + + 
nepexo,n;oa c ypoaHeii I _, 0 g ; 3 .... 2 g H 0 (3 .... 2 ; 
5- _, 6+g 6blnH onpe,n;eneHhl H3 pe3ynLTaToB y-y-coan~,n;e

HHii. 0THOWeHHJI npHae,n;eHHbiX aepOJITHOCTeii E1•nepexo,n;oa 
C ypOBHeH 1- , 3 -; 5-Ha ypOBHH poTaUHOHHOH nonOCbl OCHOB· 
Horo cocTOJIHHJI npHae,n;eHhl B ma6A. 2. B Toii :lKe Ta6nHne 
npHBe,ll;eHbl O:lKH,ll;8.eMble OTHOWeHHJI npHBe,n;eHHbiX BepOJITHOC· 
Teii E1-nepexo,n:oa ,n;nJI ypoaHeiicpa3nH'IHhiMH K .OTHOWeHHJI 
6nH3KH K O:lKH,n;aeMWM aenH'IHHaM npH K = 0. 

PACIIA,lf OCHOBHOFO COCTORHHJJ 
158 Ho 

IIpH pacna,n;e 158m t+gHo 3acenJieTCJI OTHOCHTenbHO 6onh
maR rpynna ypoaHeii c 3HeprHeii B036y)K,IJ;eHHJI 6onLwe 
1,9 M3B H, ecnH ypoBHIO 1894,7 K3B xapaKTepHCTHKH 
I 77 = 4 + 6blnH npHnHCaHbl Ha OCHOBaHHH H3BeCTHhiX MYJibTH· 
nonLHOCTeii y -nepexo,n;oa Ha HH:lKene:lKaiUHe ypoBHH, TO 
pR,n;y .l\PYrHx MO:lKHO 6wno npHnHcaTb 3Ha'leHHJI F = 2-J; 3 + 
HflH 4+. YTO'IHHTb HX HaM nOMOrno 3HaHHe TaKOrO COCTOJI• 
HHJI lsBHo, npJI pacna,n;e KOTOpOrO 3acenJleTCJI TOT HnH HHOH 
ypoaeHb l58Dy. Pa3peweHHhle (3-nepexo,n;hl c l58gHo I 77=5+ 
MoryT 3acenJITb ypoBHH c I 77 = 4+' 5+ HJIH 6 +. H3MepeHHe 
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cneKTpa y -nyqeii: l58gHo D03BOJIB:ll0 HaM BLIJIBHTL TOllLKO 
HHTeHCHBHLie y-nepexo~LI npu ero pacna~e. 3Toro, o~axo, 
oxa3a~cL ~ocTaToqHo, qTo6LI npunucaTL I"= 4+ pJI~ ypoB
Heii Dy /eM. •a6A. 3/. TonLKO ~JI ypoBHJI 1940 K3B 

MLI cMornu onpe~eJIBTL napaMeTp cMeiiiHBaHHJI c y -su6pa
UHOHHLIM COCTOJIHHeM a= 0,037 ± 0,006 /eM. pUC. 2/. CBoii
CTBa 3Toro ypoBHJI oxa3aJIBCL auanoraquLIMH cooiicTBaM 

Ta!5.1Dlll& III. 

YpoBD, BBe,lleHBiie RO !5&JJ8BC)' aaepl'lll, 

~B) P.ft E (113B) P.ft E (KBB) lt<lt 
ypoBD 4+ li25I9.0 6.I 2903.0 7.7 
I779.9 6,5 li2538.5 6.2 29B.I 7.8 

11!894. 7 5.3 2003.3 6.6 2926.I 8.I 
•I940.3 5.9 3074.6 6.5 2950.I 8.0 
ll202I. 9(5+) 6.4 ypoBIIIII I- 2972.9 8,0 

ll2055.6 6.4 23I0.5 ?.I 3006.9 7.8 
112I07. 7 5.6 2409.5 7.3 3022.0 7.5 

2272.2 6.5 ~05.8 6.6 3032.0 7.3 
2286.6 6., 2645.0 6.9 YPOBHB r 
2346.8 7.0 2658,8 7.5 2423.0 7.7 
2389.1 7.2 2672.4 7.6 2685.3 7,0 

.Z409.2 6.2 YPOBBJJ 2- 27I2.6 7.5 
2423.6 6.8 2470,9 7.8 2760.6 7.2 

.Z436.7 6.3 279I.9 8.I 2809.0 7.3 
L-. ~-------~-- ---- -

SBea,lloqKOI O~eqeBii JpoBHB,Cy~eC!BOB8HHe KOfOpwx RO,llTBe~eBO peay~bf8!8UB 

t-J-coBR8,ll8BIII. 

ypoBHJI 1894,7 K 3B • .lionLmaJI qacTL ypoBueii B Ta6n. 3 6Lina 
BBe~eua no 6anaHcy 3Hepruii pa3pJI~KKUHx ax nepexo~oB. 
Pa3Mell{eHHe HeKOTOpLix H3/ ~epexo~oB no~TBep)I(AeHo pe-
3ynLTaTaMH y-y-cosna~eHHii 1 • O~Haxo ~JI no~Tsep)l(~e
HHJI pa3MemeHHJI ~yrux nepexo~oB HaM npuwnocL npoBecTH 
~ononHHTenLHyiO o6pa6o,J;K,7 MaTpHULI y-y - coBn~eHHii no 
MeTO~y, OnHCaHHOMy B 13 , KOTOpblii: n03BOJIJieT BLIJIBHTL 
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J 

t 
I 

COBna~eHHJI MallOHHTeHCHBHLIX nepeXO~OB. 3TH COBna~eHHJI 
TaK)I(e OTMeqeHLI xpy)I(KaMH Ha puc. 1. 

menepc /7/ npunucan ypoBHIO c 3Heprueii 2108 K3B 

CDHH J" = 3- H KOHclmrypal{HIO p[4ll]+-J{523]t,aH30MepHOMY 
COCTOJIHHIO 67 K3B 158Ho I~ TKOHc)Hrypal{HIO J{4ll]+ -n[523]-i. . 
O~uaxo yToqueHHe HaMH MYHLTHnonLHocTeii nepexo~oB, 

pa3pJI~I<IUHX 3TOT ypOBeHL, /cM/l/ H pUC. 1/, npHBeJIO 
K H3MeHeHHIO ero qeTHOCTH, a OnLITLinO H3MepeHHIO y-nyqeii: 
I5Bg Ho noxa3anu, qTo 3TOT ypoBeHL 3acenJieTCJI npH pac
na~e 158

Ho , a He l5BmtHo, xax 3TO npeMOJiaran Wenepc. 
HH3KOe 3HaqeHHe fg h = 5,6 B COBOKynHOCTH C HaiiiHMH ~aH
HLIMH 0 MYllLTHnOnLHOCTH nepexo~a 1790,65 K3B n03BOHJieT 
npunucaTL 3TOMYYPOBHIOKBaHTOBLie xapaxTepucTHKH I 77 = 4 +. 

)VIJI ~yrux ypOBHeii H3 yxa3aHHoii rpynnLI HMeeTCJI 
MeHLWe 3KCnepuMeHTaJILHLIX ~aHHLIX 06 HX pa3pJI~e, T.K. 
OHH cna6o 3acenJIIOTCJI B ,g-pacna~e. 

XapaxTepHoii oco6eHHOCTLIO ypoBueii c I 77 = 4 + JIBnJieTCJI 
TO, ~0 CaMble HHTeHCHBHLie nepeXO~LI C HHX H~YT Ha BTOpOii: 

~ I" 4+ poTal{HOHHLIH ypoBeHL nOllOCLI OCHOBHOrO COCTOJIHHJI = . 
B .a6A. 4 ~HLI oTuomeHHJI npHBe~eHHLIX BepoJITHOCTeii 
nepeXO~OB Ha ypoBHH 4+ y-BH6pal{HOHHOrOHnOJIOCLIOCHOB
HOrO COCTOJIHHJI. YcnoBHO nonaraeTcJI, qTo MYJILTHnonLHOCTL 
3THX nepexo~oB E2. Bu~o. qTo paccMoTpeHHLie OTHomeHHJI 
He oqeHL BeJIHKH, KaK 3TO, HanpHMep, HMeeT MeCTO B JI~pe 

160 Dy /B/. MmKHo ~yMaTL, qTo K- 3anreJUeHHLie nepexo~LI 
( L\K = 4) v=L\K-L=2 c ypoBHeii c I 

77 
= 4 Ha poTauaoHHYIO 

nonocy OCHOBHOrO COCTOJIHHJI H~YT 3a cqeT 3aMeTHOrO 
CMeWHBaHHJI COCTOJIHHH C pa3JIHquLIMH K • 

7T + 
3HaqeHHJI fg ft {-3 - nepexo~oB ua ypoBHH c I = 4 

H3 M6A. 3 ne~T B npe~enax 5,6-7 ,2, qTo MO)I(HO 06'LJICHHTL 
3aMeTHLIM BKna~OM B BOllHOBLie c)yHKUHH 3THX COCTOJIHHH 
KOMDOHeHTLI n[523]+ + n[52l]t.. fiO-BH~HMOMy, ~BYXKBa3H

qaCTHqHoe COCTOJIHHe n [ 523] + + n [521]\ c)parMeHTHpOBaHO 
no pJI~Y ypoBHeii B o6nacTH 3ilepruii I, 9 -'- 2,5 M3B. OcHoBuaJI 
~OllJI BOllHOBOH c)yHKUHH 3TOrO COCTOJIHHJI npHHa~e)I(HT ypoB
HIO 1894,7 K 3B, T .K. H3 BCeX yKa3aHHLIX COCTOJIHHH 3TOT ypo
BeHL HMeeT HaHOOllLWee 3HaqeHHe npHBe~eHHOH BepoJITHOCTH 
,g-nepexo~a. 

Cuna ,g-nepexo~a ua ypoBeHL 1894,7 K3B xapaxTepH3y
eTCJI fgft = 5,3. 3TO 3HaqeHHe HeCKOllLK03aBLIWeHOnOCpaB-

II 
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HeHBIO C O)I(JIMeMhiM fg ft ,l{nJI (au) /3-nepeXO.l{OB 
a MHHoii o6nacTH JI.l{ep. Cne.l{yeT, O.l{HaKo, yqecTL, 'ITO 
BOnHOBaJI 4!YHKIUIJI .l{BYXKBa3H'IaCTH'IHOrO C OCTOJIHBJI, Ha 
KOTopoe H.l{eT (au) !3-nepexo.l{, 4!parMeHTHpoaaHa no MHo
ruM ypoBHJIM H, cne.l{OBaTenLHO, 'IT06LI 3HaTL CYMMapHyiO 
CHny /3 -nepeXO.l{a, He06XO,l{HMO npocyMMHpOBaTL BKna.l{ 3TOH 
KOMITOHeHTLI. IlpOCYMMHPOBaB, MLI nony'IHM fg ft = 4,9, 
'ITO COOTBeTCTByeT (au) /3-nepeXO.l{y . 

Ha puc. 3a npuae.l{eHa rHcTorpaMMa, npe.l{CTaBnJI~JI 
JaBHCHMOCTL OT 3HeprHH B036y)I()J;eHHJI CHnLI /3-nepeXO,l{OBHa 

ypoBHH c I 17 = 4 + 158 Dy a HHTepaanax no 100 K3B. 

PeJKHii MaKCHMYM npH 3HeprHH 1,9 M3B cooTBeTCTayeT 
p-nepexo.l{y Ha ypoaeHL 189.4,7 K3B. Hl paccMoTpeHHJI 
rHCTOrpaMMLI H llla6A. 3 MO>KHO JaKniO'IHTL, 'ITO 4!parMeHTa
IJ;HJI pacnpocTpaHJieTCJI Ha ypoBHH c I" = 4 + a HHTepaane 
:mepruii 600 K3B. ~ 

B KHHre 1141 npuae,l{eHa cxeMa pacna.l{a 
15 Ho , r,l{e 

KOMITOHeHTa /3+ -cneKTpa C E rp,= 1350 ±+50 K3B OWH60'IHO 
HanpaaneHa Ha ypoaeHL 1672,2 K36 14 I ly946,0 725,61. 
lionee noJ,l{HHe uccne.l{oaaHBJI noKaJanH, 'ITO nepexo,l{ 
727,45 K3B npHHa,l{ne)I(JIT ypOBHIO 1044,6 K3B /3+/, a U3 

6anaHca HHTeHCHBHOCTeii cne.l{yeT, 'ITO KoMnoHeHTY P-cneK
Tpa c Erp. = 1350 ±50 K3B cne.l{yeTHanpaBHTLHaypoaeHL 
1894,7 K3B 14+ 1. TaKHMo6pa3oM, 3HeprHJipacna,l{acocTaaHT 
Qpll270 ±50 K3B. linHJKoe JHa'leHHe nony'leHo H apa6o-

Te /~4/ : Q /3 = 4220±30 K3B. 0wH60'IHLIH PJarnLTaT pa6o
TLI nOBTOpeH H B Ta6nuu;ax Mace JI,l{ep • MLI npHHB
MaeM 3HeprHIO /3-pacna,l{a paBHOH Q(3= 4220± 30 K3B. 

KoMnoueHTY c E rp. = 2890 ± 20 K 3B .aaTopLI/6 / HanpaaH-
+ 158 JIB Ha ypoBeHL 4 g Dy. 3TOT nepeXO,l{ xapaKTepHJyeTCJI 

fg ft = 8,65. CTOJIL HHJKoe JHa'leHBe fg ft .l{nJI CHnLHO 
Janpell{eHHoro nP 1<BaHTOBOMY 'IHCJIY K ,13- nepexo,l{a I f!K = 5 I 
r= 4, B COBOKynHOCTH C ,l{aHHLIMH 0 pacna,l{e ypOBHeii C I 

17
K=4+4 

Ha ypOBHH poTaUHOHHOH noJIOCLI OCHOBHOrO COCTOJIHHJif!K = 4, 
v = 2 npHBO,l{HT K JaKJIIO'IeHBIO 0 HaEyWeHHH npaBHJI OT6opa 
no KBaHTOBOMY 'IHCJiy K a cnyqae 1 8 Dy. 

liaJiaHC HHTeHCHBHOCTeii ,l{JIJI OCHOBHOrO COCTOJIHHJI 
158 Ho 

XOpOWO C06JIIO,l{aeTCJI. IIOJIHaJI HHTeHCHBHOCTL HlOMepHOrO 
nepexo,l{a 67,25 K3BcocTaBJIJieT65 ±10~pacna.l{oa 158m1 Ho/1( 
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Puc. 3. ruc•ozpaMMbl cuAbl {3- nepexooo6 6 UHIIepaaAax 
no 100 K3B 6 306UCUMOCIIU 0111 3Hepzuu 6036yJICOeHUJI: 
a/ npu pacnaoe I58g Ho 177 = 5 + Ha ypo6HU 4 +, S+; 
6/npu pacnac)e l58m 1Ho 177 =2- Ha ypo6HU 1-, 2-, 3-: 
3a'lePHeHHbiMU IIO'IKOMU OIIMe'leHbl ypo6HU, cyrqeCII6060HUe 
KOIIOPbiX noOII6epJICOeHO pe3yAbiiOIIQMU y-y - C06naOeHUU. 
llyHKIIUpHOU AUHUeU OIIMe'leHbl HUJICHUe npec)eAbl UHIIeHCU6-
HOCIIU 30CeAeHUJI yp06HeU, KOIIIOpble MOJICHO 6t.IAO 6bl3aMei/IUIIb 
6 Haruux ont.r•ax. 
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HuTeHCHBHOCTb 3aceneHBJI ypoBue:ii: l58Dy npH pacna,11.e oc
HOBHoro COCTOJIHHJI lS8 Ho COCTaBnJieT 57 ±1~. 

PACIIA,D; 27-MHHYTHOrO H30MEPA 
158 Ho 

CnBH 27-MHHYTHoro H oMepa 158 Ho H3Mepeu MeTO.II.OM 
aToMuwx ny'IKOB I = 2/IO~ H3oMep pa3pJI)I(a,eTcJI B 65~ 
Clll'laeB E3 -nepeXO,IJ.OM 67,25 K3B B OCHOBHOe COCTOJIHHe 
15 Ho 177 = s+. 3TH ,IJ.aHHble U03BOllJIIOT npHUHCaTb H30Mepuo
MY ypOBHIO C 3HeprHe:ii: 67,25 K3B KBaHTOBble xapaKTepHCTH· 
KH 177 = 2- . 

IIpH pacna,11.e 158
m1 Ho ua6n10,11.aeTcJI 3aceneuHe rpynnw. 

1T - - -
ypoBue:ii: c KBaHTOBbiMH xapaKTepHCTHKaMH I = 1 , 2 , 3 
npH 3HeprHH B036y)I()J.eHBJI 2,6 M3B. Cy~ecTBOBaHBe ueKoTo
pbiX H3 HHX UO,IJ.TBep)I(,IJ.eHO pe3yllbTaTaMB y-y -coBUa,IJ.eHBH 
/eM. puc. 1/. Bee 3TH ypoBHH nepe'IBcneuw B 111a6A. 3. 

KpHTepHH .ll.llJI BBe,IJ.eHBJI TaKHX ypoBue:ii: no,IJ.po6uoonHcaHbl 
B /8/. Ha puc. 36 npHBe,IJ.eua cHnoBaJI cllYHKUBJI .ll.llJI ypoBue:ii: 
c 177 = 1-,2 -, 3- H3 11a6A. 3. 

Mbi ua6n10,11.aeM ue6onJ.mo:ii: nHK B o6nacTH 3HeprHii 
2,6 7 2,8 M3B. CyMMapuaJI cHna {j- nepexo,11.a ua ypoBHH, 
BXO,IJ.JIIQHe B 3TOT MaKCHMYM, xapaKTepH3yeTCJI rg ft = 6,3. 
3Ha'leHBe fg ft ,IJ.OBOllbHO BellHKO H He U03BOllJieT C,IJ.enaTb 
onpe,ll.eneHBbiX BbiBO,IJ.OB OTHOCHTellbHO 3TOH rpynnbl ypOBHeii, 
HMeKIQHX OTpHUaTellbHYIO 'leTHOCTb. 

1T - 158 
H3oMepuoMy COCTOJIHHI067 ,25 K3B I = 2 llo MO)KIIO 

DpHDHCaTb flO CXeMe O,IJ.HO'IaCTH'IHbiX ypOBHe:ii: O,IJ.Hy H3 cne
.II.YJOIUHX KOHcllHrypaUB:ii::p[523]t-n[65l]i , ,p[4ll]J.- n[ 5Z3 ]_. 
HllH p [ 411) ~ + n [ 521 ] t , {3- nepeXO,IJ.bl, npOHCXO,IJ.JI~e H3 
BTOpO:ii: HnH TpeTbe:ii: KOHcllHrypaUBH, 6y,11.yT CHllbHO 3anpe~eHbl 
DO aCHMDTOTH'IeCKHM KBaHTOBbiM 'IHCllaM, T.K. B HHTepBane 
3HeprHii 2,2-3,0 M3B ueT ypoBue:ii: c KoucllurypaUBJIMH, ua 
KOTOpble MO>KeT H,IJ.TH (au) HnH (ah) {3 -nepeXO,IJ. C 3THX 
.II.BYX KOHdJHrypaua:ii:. II03TOMY Mbl npHUHCbiBaeM COCTOJIHHIO 

1T - l"S8 I = 2 Ho T= 27 MUH KOHcllHrypaUBJO p [ 5Z3]t. - n [ 65l]t • 
IIpH {3-pacna,IJ.e H30Mepuoro cocToJIHHJI 158 Ho 177 

= 2-
,IJ.On>KeH ua6n10,11.aTJ.CJI (au) {3 -nepexo,IJ. ua .II.BYXKBa3HHeii
Tpouuoe cocTOJIHHe I-n [523] ~~.-n[651P • Cornacuo pacqe-
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TaM ConOBbeBa, 3TO COCTO.ftHHe AOIDKHO ITO.ftBJI.ftTbC.ft B 158 Dy 
npH 3HeprHH "'2,~ M3B. Mo:lKHo AYMaTb, 'ITOHa6moAaBlliHHC.ft 

ITHK CHJIOBOH liJyHKI.J;HH npH 3HeprHH 2, 7 M 3B CB.ft3aH HMeHHO 

C 3THM COCTO.ftHHeM. 0AHaKO CYMMapHa.ft CHJia {3 -nepeXOAa 

xapaKTepH3yeTC.ft, KaK Mbl y)l(e rOBOpHJIH, eg ft "' 6,3. 3TO 

3Ha'leHHe AOBOJibHO BeJIHKO AJI.ft (au) {3-nepeXOAOB, H An.ft 

OKOH'IaTeJibHbiX BbiBOAOB He06XOAHMbl AOITOJIHHTeJibHble CBe

AeHH.ft o6 ypoBH.HX B o6nacTH 3Hepruil 2,2-3,0 M3B, Jace

n.HIO~HXC.HnpH pacnaAe158 miHo I"= 2-. HecxonbKO CTpaHHbiM 

Ka)l(eTC.ft 60JiblliOH liJaKTOp TOpMO)I(eHH.ft OAHO'IaCTH'IHOro 

/ n [ 651] t ._. n [ 521] .t I HJMepHoro E 3 - nepexoAa 

67,25 K3B FT=(,6·10 4 • Taxoe .HBneHHe Mbl Ha6moAaeM 

H B 160 Ho Ia, rAe liJaKTOP TOpMO)I(eHH.ft H30MepHoro 
4 

E3 -nepexoAa ei.Qe 6onbme H cocTaan.HeT F T = 9,3:10 • 

B pa6oTe 13 1 B peaKI.J;HH ( d, d ') HJyqanHCb ypoBHH 
158 Dy . HeKOTOpble H3 HHX MOryT 3acen.HTbC.ft H llpH pacnaAe 

158 H H30Mepoa o. B ma6A. 5 npHBeAeHbl B03MO)I(Hble nyTH 

pa3p.HAKH 3THX ypoBHeil. Hx B03MO)I(Hble KBaHTOBble xapax-

2+ 4+ TepHCTHKH , • CpaBHHTenbHO ue6onhma.H 3HeprH.H ao3-

6y)I(AeHH.ft ll03BOJI.fteT HaAe.HTbC.ft Ha Bbl.ftCHeHHe BOJIHOBbiX 

liJyHKI.J;HH 3THX ypaBHeHHH C TO'IKH 3peHH.ft MOAeJibHbiX npeA

CTaBneHHH. 

PACIIA,4 21-MHHYTHOFO H30MEPA 
158

Ho 

llpH uccneAOBaHHH 
158 Ho npo.HBHJIC.ft . TpeTHH H30Mep 

3Toro H30Tona, o KoTopoM coo6~anocb a17 I . HJMepeHHOe 

3Ha'leHHe nepHOAa llJ.f}YPaCITaAa OKa3aJIOCb paBHbiM 21± 2 MUH. 
B COOTBeTCTBHHH C CITHH H CTPYKTypa 3TOrO H30Mepa 9+ 

p[ 523] t + n [ 3:> 5]t.. OH HCTibiTbiBaeT B rr 901> pacnaAOB ( au) 
{3 -nepeXOA Ha ypoBeHb 2528,5 K3B I =8 n(523]+ + n(3:>5] t 

Pa3p.HAKa COCTO.ftHH.ft 2528,5 K3B npoHCXOAHT IHf ypOBHH' 

8+ H 10+ TIOJIOCbl OCHOBHOrO COCTO.ftHH.ft. illenepc 
7 

Ha6moAaJI 

TaK)I(e ypoBeHb 3237 K3B, HHTeHCHBHOCTb 3aCeJieHH.ft KOTOpo

ro no HalliHM ou;eHKaM, < 10~ pacnaAOB. 
' 
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TaCSmrua 1. 
/ 

CmiCOK fpoBBel 
158DJ, 88M8~8HBHX B pea~ ul~) 8 BOBMOKBO, 88C81B8MKX 

n~ pacnue 158m1Ho. 

(d,d) PaCJIQ 15S...,Ho, 

IE (PB) de' /d9. E (aB) I,.. toft CJ~am, 

1513 9 I5I3.3 4+ 6,4 98,9+I4I4.4ai5I3.3 E2,11I 
3I7.I+II96.3a15I3~4 

637.6+ 875~1~1512,7 !2 

182I 4 1821,1 4+ 7.1 946.0+ 875,1•1821.1 E2 

1044.6+ 7~.6-1821,2 III 

1924 5 1923.8 z+ 7.3 946.0 + 977.6=1923,5 E2 

1085.4+ 839,0•1924.4 E2 

1280.3+ 643.1=1923.4 EI,EZ 

2048 7 2047.9 4+ 7.4 98.9+1948,6=2048,3 E2 

1085.4+ 962,9=2048,3 E2 

1280.3+ 768,1=2048.4 

210! 2 2101.1 4 .. 6,5 317.1+1784.4=2101.5 

637,6+1463.3=2100,9 E2 

1085.4+1014.8=2100,2 

2151 2 2150.8 2- 7,8 1163.3+ 986,0=2149.3 

!299,8+ 850,5=2150.3 E2 

----------
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