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161Er np11 

PacnaA 161 Tm ( T ½ = 37 MHH) 11sy'IeH c noMombro Ge(Li)- , 
Si (Li)- Ii NaJ ( Tf) -AeTeKTOpOB Ii M8I'HliTHb!X 6eTa-cneKTpOrpacpoB. 11sMe

peHbl cneKTPbI raMMa-ny'Ieii, KOHBepC!iOHHb!X sneKTpOHOB, MI'HOBeHHbIX Ii 3a
Aep)l(8HHb!X raMMa-raMMa coanaAeH11ii 11 nos11Tpon0B. IlpeAnaraeTCSI cxeMa 

pacnaAa 161Tm ➔ 161 Er. 

Pa6oTa Bb!IlOnnena B na6opaTOplili SIA0PHhlX npo6neM 011Hl1. 

IlpenpHHT 06'beAHH8HHOro HHCTHTyTa HA8PHblX HCCJI8AOBaHHii 

,ll;y6Ha 1975 

i 
/ 

I. Beeoe11ue 

HccneAOBaHHIO CBOHCTB B036Y:>KAeHHblX COCTOHHHH He

qeTHoro H30T0ITa 161 Er 6hln IT0CBHIJ.{eH B rrocneAHHe r0Abl 

pHA pa6oT. B pa6oTaxl1 , 2/ u3y11anuch ypoBHH 161 Er rrpu 

6eTa-pacrraAe 161Tm. HmliopMaUHH 06 yp0BHHX 161Er, B0J-

6y:>KAaIOu.tHXCH B peaKUHHX (d,t) ,( 31le,:lny) u(a,:lny), 

C0Aep:>KHTCH B CTaThHX / 3 - 61. CrrHHbl 0CH0BHhIX COCT0HHHH 
161 Er H 161 Tm HJMepeHhl H paBHhl 3/2 H 7/2 C00TBeT

CTBeHHo/2,7/. Pa60Thl/t- 7/ AaIOT o6WHPHYIO HHcl>opMaUHIO 

0 CBOHCTBaX OCHOBHOro'H B036Y:>KAeHHblX COCTOHHHH HApa 
161 Er . TeM He Menee :na HHcl>opMaUHH He M0:>KeT cqHTaThCH 

rronnoii; HMenach B03M0:>KH0CTh YT0lJHHTh CBeAeHHH 06 3Hep

rHHX, HHTeHCHBH0CTHX, MYilhTHIT0ilhH0CTHX H epeMeHHblX 

K0ppenHUHHX raMMa-rrepeX0A0B H 0 pa3H0CTH Mace 161Tm-
161 Er, lJT0 Ba:>KH0 4AilH orrpeAeneHHH 3HeprHii, KBaHT0BblX 

xapaKTepuc'rHK 'H ceoiicTB eoJ6Y:>KAeHHhlX ypoeHeii 161Er. 
I.J,enhlO HaCTOHu.teii pa60Thl 6wno ~eTailhHOe HJyqeHHe crreKT

p0B raMMa-ny11eii, JaAep:>KaHHblX _H HeJaAep:>KaHHblX raMMa

raMMa-coerraAeHHH, IT0JHTp0H0B H K0HBepcH0HHblX 3IleKTpo

H0B 161 Tm H IT0CTpoeHHe cxeMhl pacrraAa 3Toro HApa. 

Ilpe,neapHTeilhHble peJyilhTaThl HaWHX HCCileAOBaHHH pac

rraAa 161Tm orry6nHKOBaHbl B/s/_ 

2. YCA06U.R 3KCnepu¥e111!106 

U UX pe3yAblflQlflb1 

HJOTOIT 
161Tm Mbl rronyqaJIH B peaKUHH rny6oKoro 

pacu.terrneHHH TaHTana rrpoToHaMH c 3Heprueii 660-:-680 M3B 

Ha BhIBeAeHH0M H BHyTpeHHeM rryqKax rrp0T0H0B CHHXpo

UHKil0Tp0Ha OHJIH. HJ o6nyqeHHhIX MHWeHeii TaHTana Bbl-
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,nenHilHCh 3IlCMCHThl rpymihl pe,nKHX 3CMCilh, K0T0phle pa3 • 

,nenHilHCh xpoMa Torpa«!iH'-ICCKHM MCTO,I{OM/9 ,l 0.i.KTHBHOCTh 

Tyn:HH, II0ilY'-ICHHaH npH o6ny'-IeHHH MHIIICHH Ha BHYTPCHHCM 

nyqi<:e npH T0Ke npoT0H0B 2,3 MKA, ucnonh30Banach ,nnH 
H3MepeHHi K0HBepCH0HHhIX 3IlCKTP0H0B Ha 6eTa-cneKTpo

rpa«tiax C II0CT0HHHhIM 0,I{H0P0AHhIM MarHHTHhIM noneM /1 1, 12/ 

Pa3peUiaIOil.laH cnoco6HocTh cne1<Tporpa«!ioB paBHHnach 
0,03 - 0,070/o. 

,D;nH uccne,noeaHHi cneKTpoe raMMa • nr1ei; 3a,nep)f(aH • 

HhIX H He 3a,nep)f(aHHhIX raMMa • raMMa- C0BIIa,nem1i. H Il03H • 

TP0H0B aKTHBH0CTh TYilHH , II0ilY'-ICHHaH IIPH o6ny'-ICHHH 

MHIIICHH Ha BhIBe,neHH0M,IIY'-IKe npH T0Ke IIPQ,T0H0B 0,1 MKA, 
6h1na pa3,neneiia II0 H3.0TOIIaM Ha 3IlCKTpOMarHHTH,OM Mace~ 

cenapaiope/13/ C Tpy61.JaThIM H0HHhIM HCT0'-IHHK0M:.C II0-
BCpXHOCTHOi HOHH3au;uei /14/. . 

Hccne.n;oBaHHH raMMa - cneKTPOB BhIII0ilHCHhl c;; II0M0LQhIO 

nonynp0B0,I{HHK0BhIX Ge(.Li) - ACTCKT0P0B. qyBCTBHTCilh • 

Hhli. o6'beM .neTeKT0POB 1; 38 . H 43 CM 3 , pa3peUiaIOLQaH 

cnoco6Hoc:i-h' ,I{CTCK-:C:OP0B o'!6 ~3B inH ll,HHHH 122 K3B .57 Co , 
3,5 H 2,2 K3B .I{IlH _IlHHHH, 1333 K3B , Co C00TBCTCTBCHH0. 

CnexTphl raMMa-ny~ei HaKannHBanHCh B naMHTH HCCK0ilhKHX 

4O96· KaHailhHhIX aMililHTYAHhIX ,aHailH3a TOpO~, nepenHChIBa • 

IlHCh Ha MarHHTHYIO neHTY H aHailH3HpoBanH~h C II0M0LQhIO 

CHCTCM co CBCT0BhIM, KapaH,naUI0M .H 3IlCKTp0HHhIX. Bhl'-IHCilH~ 
TCilhHhIX MaUIHH/15,16/ . 

CneKTphl He 3a,nep)f(aHHhIX raMMa- raMMa ~ C0Bna,neHHi 

H3y'-IailHCh C IlOMOLQhIO .IJ:BYX , Ge( Li) - ,Ll,CTCKT0p0B C o6'h,CMOM 
3 , , ' ' , ' 

22 H 25 CM H pa3peIIIeHHCM 5 K3B ,I{IlH IlHHHH 1333 K3B 
60eo .Hc:nonh30Banach CHCTeMa ABYXMepHhlx coBna,neHHi c 

UH«!ipoBhIMH OKHaMu/l6/, Pa3peUiaIOLQee BpCMH COCTaBilHil0 
0K0il0 170 HC. 

H3MepeHHH 3a,nep)f(aHHhIX raMMa- raMMa- COBna,neHHi 

npoB0,I{HilHCh C Il0M0il.lhIO N aJ (Te) - ,neTeKT0pa /pa3peUie- . 

HHe 90/o ,nnHilHHHH661,62 K3B 137 Cs/.u,.Ge(Li) -.n;eTCl,(Topa 

/061,eM 27 CM 
3

' pa3peUICHHe 2:2 ~ K3B ,nnH IlHHHH 

122 K3B 
57 C-0/. Pa3peUiaIOil.lCC BpCMH CHC~CMLI COBnaie1rni 

C0CTaBnHno 0K0il0 50 HC; BPCMH 3a,nep)f(KH - 300 ,He. 

CneKTP no3ilTpoHo:e 161Tm 6hm ~3~epeH c noMOLQhto 

Si ( I.;i) ~ ,neTe,KT0pa i /nno~a,nh ·ao M.M 2 '.Toniu:uHa 2,4 MM, . 
• I • C - , • • ., .i ·- -, : ,- •· ll. • ' ~ .• 

pa:ipeUieHue 2,5 K3B ,nnH K-ii':ilHHH r:aMMa-nepe~o,na 121 K3B. . .,.._ . , . ;,. .. . . . •. . . ·- ··•:,., " .. .,, . 
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2010,7;0,58 ) 

2043 %0 68 ) 

2062
1

2;0 
1 

58 ) 
' - ' 2067,h0,9 - ) 

· 2095,2+0,48 

2ns ,o;o, 1°> 
2129,5;0, 78 ) 

2139 ~o 98 ) 

2154 \;o \ 0 > 
2174 \;o 1 

88 ) 
I - I ) 

2190 10:t,0, 78 · 

2223 5+0 88 ) 

2374:0~1:08 > 

lz 
I65;t_I5 

82±.8 
28±.4 
35±.4 
I0±.5 
33±,4 

.!:'12 
40:t,IO 
7I;t8 
.:f.8 

IB:t.6 
27t.B 
03 
.!" IO 

~7 
Br) 
15±.5 

9i2 
IIt.4 
13±,4 
Irt.4 
19±_5 
~ 8 

15t.4 
~6 
20±,6 
9i4 
9+4 
!6 
23±.5 
f7 
{;7 

f7 
~ 8 

I 

l 52 Eu / npn TeMneparype 110 K. ,[J;eTeKTop 6Lm noMell{eH 

B OAHOpOAHOe MarHHTHOe none AJl.8 HCKJIIO'leHH.8 qioHa OT 

raMMa-ny11e_ii H KOHBepCHOHHhIX 3JieKTpOHOB/17/. rpaHH'IHa.8 

3HeprH.8 Il03HTpOHOB oKaJaJiaCL paBHOH /1800±100/ K3B. 

PeJyJILTaTLI HJMepeHHH cneKTPOB raMMa-ny11eii H KOH

BepCHOHHhIX 3JieKTPOHOB npencTaBJieHhl B Ta6JI. 1. O6Ha

py)KeHO 147 raMMa-nepexonoe.11HTeHCHBHOCTH raMMa-ny11eii 

H KOHBepCHOHHhIX 3JleKTPOHOB Mhl npHBeJIH K OAHHM enHHHIJ;aM, 

HCilOJlh3Y.8 TeopeTH'leCKHH K03<l><l>Hn;HeHT KOHBepCHH aK( E2) = 
= 0,41 AJI.8 raMMa-iiepexona 143,92 K3B. ·MyJILTHilOJihHOCTh 

3TOrO nepexona yeepeHHO onpenen.seTC.8 HJ OTHOWeHHH 
K/L

1 
, L

1 
/L

11
,L

11
/L

111
~1ifM11 H 1\,\1/1\1 111 ,11:HTeHCHBHOCTH raMMa

ny11eii H KOHBepCHOHHhIX 3JieKTPOHOB naHLI Ha 10 000 pac

nanoB. IIorpewHocTH e onpeneneHHH HHTeHCHBH<>cTeii JIHHHH 

KOHBepCHOHHhIX 3JieKTpOHOB He npeBLIWaIOT 3O0/o. ,[J;n.s CHJIL

HhlX H 6JIH3KHX IlO 3HeprHH JIHHHH norpeWHOCTh MeHLWe. 

,[J;JIH JIHHHH KOHBepCHOHHhIX 3JieKTpOHOB C 3Heprneii MeHee 

30 K3B OWH6KH B o_npeneneHHH J:IHTeHCHBHOCTH MOryT npe

BLIWaTL 5O0/o. IIpennaraeMLie e Ta6Jl. 1 l.!YJihTHilOJihHOCTH 

raMMa - ny11eii nony11eHLI npH cpaBHeHHH 3KCnepHMeHTaJILHhIX 

JHa11eHHii K -Ko3qiqiHn;HeHTOB BHyTpeHHeii KOHBepcHH, K/L1 , 
L

1
/L

11 
/Lm - • H MJIM

11
/1\1 111 -oTHOWeHHii · HHTeHCHBHOC:Teii 

JIHHHH BHyTpeHHeii KOHBepCHH C pac11eTHhlMH · 3Ha'leHH.8MH 

3THX BeJIH'IHH H3 Ta6JIHIJ;/ls/. PeJyJILTaTLi H3y'leHH.8 3a,n~p~ 

)KaHIILIX H He Janep)KaHHLIX raMMa- ra.MMa - coenaneHHii ;:i;aHLI 
. 4 . • 

B Ta6JI. 2. . 
TX 161T· . . . 
nJoMepHoe cocTo.HHHe B rn .c nepHOAOM nonypacna-

na T ½ = 7 MUH, HaiineHHOe B pa6oTe /rn/,He Ha6n10nanoci. •. 

3. CxeMa pac'r,aoa 161 Tm 
• I 

161 · .. ·. .. · 
Ilpn nocTpoeHHH cxeMLI pacnana Tm /pnc. 1 H 2/ MLI 

HCilOJlh30BaJIJ:I: Hap.8¥Y C pe 3YJILTa TaMH 'HfCTO.HIIJ;eii papoThl 
ceeneHHH O B036ymneHHhIX CO.CTOHHHHX 

16 
Er, nony11e'HHhle 

/
1· 7/ ' 161 161 .; • 

e pa6oTaX - • OcHOBHLie COCTOHHHH Tm H Er· {HMeIOT . . . . + -
HHJILCCOHO.BCKHe KBaHTOBLie xapaKTepHCTHKH 7 /2 ·(404) H 

3/2 -[52H/1 •2 •7/. raMMa-nepexoniJ; AJIH K~To'pLix onHoJHa.11-

Ho /npeAilOJIO)KHTeJILHO/ ycTaH,OBJieHhl CC>BilaAeHH.8 cc·;ipy

rHMH raMMa-nepexonaMH, noMe'leHhl 11epHLIMH /cBeTJI~MH/ 

Kpy)KKaMH. B C.K06KaX B cxeMe pacnana 
161

Trn naHhl IlOJIHhle 

9 

. 
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HHTeHCHBHOCTH raMMa·nepeXOAOB Ha 10 000 pacnaAOB. 
IlpH 3TOM 3a 10 000 pacnaAOB npHmITa cyMMapHa.H HHTeH
CHBHOCTb raMMa·nepeXOAOB B OCHOBHOe COCTO.HHHe 

161
Er . 

C•rnTaJIOCh, qTo HHTeHCHBHOCTblO YHHKaJihHOro 6eTa • nepexo -
Aa nep.Boro 38.IlpemeHH.H 7 /2 + [4041 ➔ 3/2 - [521] H3 OCHOB· 
HOro COCTO.HHH.H 161Tm B OCHOBHOe COCTO.HHHe 

161
Er MO)K· 

HO npeHe6peqb. 
Ou;eHK8. HHTeHCHBHOCTeH 3aceneHH.H ypOBHeii 

161
Er npH 

3JieKTpOHHOM 3axBaTe H Il03HTpOHHOM pacnaAe 161Tm /cM. 
puc. 1 H 2/ noKa3hIBaeT, qTO 6eTa·pacnaA HAeT rnaBHhIM 
o6pa30M Ha ypoBHH c 3Heprneii oKono 200 K3B. Ilo3TOMY 
MO)KH0 cqnTaTh, qTO Il03HTpOHHa.H KOMilOHeHT8: C rpaHHqHOH 
3Heprneii /1,800+100/ K3B f.B.H3aHa C pacnaAOM Ha 3TH · · · , - 16 161 
ypoaHH. 3Hepru.11 pacnaAa Tm - Er TOrAa paaHa /3,0± 
+ 0,2/ M3IJ.· 3TO 3HaqeHH~ cprnacyeTC.11 C paccqHTaHHbIM 
- · , . /20 / 
3HaqeHHeM Q {3_+ = 3,5 M3B . llcnoJih3YH aennqnHY 3Hep-
rnu pacnaAa16lTm-161Er H oueHKH HHTeHCHBHOCTH 3aceneHHH 
ypoaHeii 161Er, Mbl BblqHCJIHJIH 3HaqeHH.H £og ft AJIH 6eTa· 
p'acnaAa' Ha' ypoBHH 161Er /cM. pHC. 1 H 2/. IIonyqeHiible 
HaMH 3HaqeHH.H fog ft cornacyIOTC.H co CAeJiaHHhIM B pa6o
Tax/ 2, 7/ npeAilOJIO)KeHHeM o KBaHTOBblX xapaKTepHCTHKax 
OCHOBHOro COCTOHHH.H 161Tm/ 7 /2 + [ 404 J /. )].n.11 3HaqeHHH 
BCJIHqBH, fog U Ha pHC. 1 AaIOTC.H TOJibKO HH)KHHe npeAeJihl; 
rnaaHa.H npuquHa 3Toro - 6onhrnoe KonuqecTBO raMMa·ne
pexoAOB, He pa3MemeHHhIX a cxeMe pacnaAa• 

16
1rm. llx 

IlOJIH8..H HHTe~CHBHOCTb - OKOJIO 5Oo/o. . . 
· 3Hepruu ypo_BHeii, nonyqeHHhle B HaCTOH~eii pa6oTe, 

onpeAeJieHhl ', 6on~e TOqHo, qeM B pa6oTaX /.l -5 . Y~OBHH 
1060 u ,' 1038 K3B, aaeAeHHhle a cxeMy pacnaAa 

16 
Tm B 

pa6oTe /~/' AaHHhIMH HaCTO.Hmeii pa60Tbl He IlOATBep)l(AaIOT • . lfil , •, 
C.H. MbI BBOAHM B cxeMy pacnaAa 1m rneCTL HOBhIX. 

ypoaHeii l61 Er • 
COCT0.H~H.H 3/2-· [5211 , 5/2- [523] u 11/2-f5O5] . a 

HApe 161Er 11 'IJieHhl ux poTauuoHHhIX nonoc 6b1JIH Ha;:ie)K• 
Ho/211 · ycTattoImeHhl paHee npu 6eTa·pacnaAe/1,21 u a 
peaKUHHX (di-t)/3/, ( 3 He,3ny)l4/ u {a,3ny)l5 ,

6/. Hawu 
AaHHhle /cM. pHC~ 1/ IlOJIHOCTblO IlOATBep)l(AaIOT npe)KHHe 
caeAeHHH. q6Hapy)KeH PHA HOBhIX nepeXOAOB Me*AY 3THMH 
ypoaHHMH: 28,18' K3B /Ml/, 16,70 K3B; 206,95 K3B /Ml/; 
246,2 K3B /Ml/ H 266,32 K3B /E2/. BnepBbie onpeAeJieHhl 
MYJibTHilOJibHOCTH CJieAyIOmux nepeXOAOB Me)l(Ay 3THMH ypoa-

12 

Ta61mua 2 

3aAepzaH!llie H HeaaAepaaHHHe rawa-rawa-coBna~eHHH, 
Ha6nIU!aewe npa pacna~e 161Tm 

I. Heaa~epzaHHue COBTIBAeHHH 

ElI_(KaB) 
84,40 

105,88 
II2,56 
!46,65 

_ !53 ,37 
156,52+157 ,BO 
!72,0~!72,92 

!90,24 
2!2,88 

El2 . (K3B) 

!05,88; 122,55; !28,90; !46,65; (244,57); 252,50 
(5II ,O) . 
!43,92; 146,65 
2!8,IO 
105,88; !90,24 

(!56,52); 250,IO; (283,40) 
(!53,37);(!72,42); (2!2,88); (278,90) 
(!57,80); 2!8,IO 
(138,68);(!40,40); !46,65 
!56,52; 250,IO; 283,40 

II. 3SAepaaHHue COBll8A8HHH 

El! (K3B) El2 (KaB) 
!648,0 99,76; 128,90; !46,65; 207,12; 252,50 

E12: aaeprHH rauua-nyqen, aa6nD,11aeuwc B cneKTpax coBna~eHH~ 
c rauua-nyqauH EJI 

H.HMH: 123,80 •,c3B,,- Ml; 138,68 K3B - Ml; 140,40 K3B -
Ml H 218,10K3B - E2. 

HeKOTOphle pa3HOrnacH.H HMeJIHCb npu HHTepnpeTaUHH 
161 

H3oMepHoro ypoaH.11 189,46 K3B / Er. 3TOT ypoaeHb 
npO.HBJI.HeTC.H B peaKUHHX ( d, t/~3/ H ( a, 3n y) /5,6/ H npu 
6eTa- p_acnaAe. ThoM H 3n6fK npeAnonaraIOT, qTo 
3TOT ypoBeHb THna 9/2 5/2 [6421 . IIpeAilOJIO)K~TeJihHO 
BBOAHJIC.H TaK)Ke ypoaeHb co CilHHOM 1/2 IlOJIOCbl 5/2 [6421 
npil: 3Heprun · 268 K3B. OAHaKo APYrHe cocTOHHHH 3Toii no
nocb1 OHH He Ha6JIIOAaJIH. B peaKUHH ( a, 3n y) XareMaHH 
H Ap./5/ Ha6JIIOAaJIH nocneAOBaTeJibHOCTL ypoBHeii c qeT
HLIMH 3HaqeHH.HMH aenuqHHbl I+ 1/2: 9/2 - 189,4 K3B; 
13/2 - 267 ,5 K3B; 17 /2 - 466,l K3B; 21/2 - 784,6 K3B; 
25/2 - 1209,7 K3B H 29/2 - 1728,2 K3B. OHH-cquTaIOT 
BX YPOBH.HMH CHJibHOB03MymeHHO,ij/ apamaTeJihHOH IlOJIOCbl 

+ , /2 
1/2 [660 J • A6AyMaJIHKOB HAP- OAH03HaqHo YCTaHo-
BHJIH CilHH H. qeTHOCTh YPOBH.H 189,45 K3B KaK 9/2+ H HH· 

13 



!! 

i 
,\ 

TepnpeTHpoaanH ero TaK>Ke K~K b~cTOHHHC 9/2 l/2+[66O] • 
YpoBCHh co cnliHOM· 13/2 no'.nochI ·Ha):t H3oMeplihiM cocTos
HHeM 189,45 K3B, npOHBHBWHifc:'K i3 :p·eakii.:e:ix'{ d, t) / 3 / H 

( a, 3n,?;;)/5 ,6 / , BOJMJ>t_7IO, 3aceirneTCH-·H•B:6eTa-pacnaJJ,e 
161Tm 2

· ; XhOPT ·u JJ.p: 6 , ~ HJyqag TaioKe pe·aKUHIO ·( a ,3ny) , 
·auJJ,enH B 3TOH nonoce ··:uaJJ, B30MepHhIM ·coCTOHHHe~ 189,45 

1<.1B· eui~ ~ocne.n<>Ba Teri~~O~Th YP0BHCH ~ ,He'leTHblMH 3Ha11e
HHHMH BenH'IHHhl I+ 1/2: 11/2 - 29_6, 7 K3B; 15/2 :: 508, 7 K3B; 
19/2 - 848,7 K3BH 23j2_ - 1308,1 K3B. _3TOT pe:iynhTaT no
Ka3hIBaCT, 'ITO nonoca IlOilO)KBTe~hHOH 'ICTHOCTH HaJJ, co
CTOHHHCM 189,45 K3B 06pa3yeT npaKTH'ICCKH JJ,Be nocneJJ,o· 

Ba TenhHOCTH . YPOBHCH .c :qeTHhlMH. H' HC'ICTHblMH -:rna11eHHHMH 
I +1/2. To11HhlH aHanHJ apamaTenhHoiinonochI Ha'.n cocTOJrnn-· 
eM 189,45 K3B C nonomifreni.HOH ·11eTHOCThlO. C y11eTOM 
_B3aHMOJJ,CHC!BHH _Kop11onuca, np9:eeJJ,CHHhlH Xh~PT0M H JJ,p/6/, 
noKa3hlBaeT, 'ITO. 3TO HBneHHe Bbl3BaHO CHilhHhlM CMCWHBa • 
HHCM KOH$Hrypauuu H3 ci!>epH'ICCKOH IlOJJ,o6ono~KH. i J3/2 B 
cocToHHHHX 3Toii nonochl. V 161 , 

PeJynLTaTLI Hamux uccne,tJ,oaaHHH pacnaJJ,a 1m no-
3BOilHIOT YTBCp)KJJ,aTh, 'ITO B 3TOM ·pacnaJJ,e B036_y)KJJ,alOTCH 
He TOilhKO yp0BHH co CUHHOM9/2, 11/2 H 13/2pc>TauiioHHOH 
nonOChl HaJJ, H30MepHhlM COCTOHHHCM 189,45 K3B, HO JJ,a)Ke 
JJ.O CHX nop HCH3BCCTHbIC ypOBHH co CDHHaMH 5/2 H 7 /2. 
PaJMema,i B _cxeMe ypoaHeii 161 Er raMMa • nepexoJJ.hI c 
3HeprHHMH 23,,9 /E2/; 27 ,92 /M 1/; 29,26 /M 1/; '40_,86 /E 1/; 
45,54 /El/; 46,86 //El//; 69,00 /El/; . 73,48 /El/; 
78,07 /E2/; 79,35 /E2/; 99,76 /El/; 107 ,22 /E2/; 128,90 
/Ei/; 153,37 /El/; 157,80 /El/ u 212,88 /El/ ·K:1B, Mhl 
nony11aeM . c.neJJ,y10mue 3HeprBH ypoBHeii . 3T0H 1fonoch1: 
f89,46 'K3B /9/2 +;; 212,91 ,K3B/5/2 +;; 217,37 K3B/7/2 ➔/; 
i.67,53')<:1B' /13/2 + / u 296,72 K3B /11/2 +/. B no.nHOM 
co'r.iia:c1iH '·c' iaicoi BHi'epnp'eTal(Beii' HaXOJJ,HTCH ii iKcnepn
MeHTaJILHO. onpeJJ,eneHHLie' MylihTHiiOnLHbCTH •. H apeMellHblC 

•,:ICoppenHUHB raMMa·iI~peic(zio~. :6oprr'p11Ii 11 ·cne-i-'t,eH'/<l/ , 
u:iy11aa' peaicumo ( 3 He, 3ny}; fri>e.Iinonai"anu pa3pHJJ.KY u3'0-
MCPil ·n;2 - [5O5J · .11epe3 ypoaiu. 296·,12 '1<3B ;1112~ /; 
267 ,53· ·K3B. /13/2 + / u 'l t,9:46 · K3B ·;9;2 + / Ha no.iiocy 
ocHoBiioro cocto.HHHH. Hawu .zia'.HHLie no,nHoc-riio' noJJ,T'Bep:>1c
JJ.alOT 3T0T pe'3y.JiLTa.T 'jc~. 'pile~ l/; Ilo pe3yiILTaTaM :ua
CTOH~eii'. pa6o:i::t-..i :e pa6oTl5 ,6i' '' a pa.Micax·IieaJJ,Ba.6iTH'ICCKOH 

. Mone.riB' 'IlHT0Ba/22- 25/ -~ / 25/· npoBe.neii'. :pa:c11e'T 'apa.maTCJih • 

: 14. 

Horo cneKTpa nonOChl HaJJ, H30MCpHhIM COCT0HHHCM 
189,46 K3B. IIony11eHo JJ.0BOnhHO xopowee cornacue c 3Kcne
puMeHTanhHhIMH JJ,aHHhIMH /Ta6n .. 3/. ;Pac11eT Il0Ka3hIBaeT, 
'ITO rnaBHOH KOi.fil()HCHTOH B HB3K0ne)Kall\HX: C0CTOHHHHX HB· . + . . 
n11eTcJI KoH"'Hrypauus 5/2 [642] . . · 

'!' . . 161 
ThOM H 3n6eK BBOJJ,HT B cxeMy YPOBHeii. Er COCT0HHHe 

3/2+1 I 4O2 l + (651]1 c 3Heprneii 369 K3B. Ha6n10JJ,aroiuue
c11 npn pacnaJJ,e: 161T!11 raMMa·nepexo.11.hl 156,52.K3B/Ml/; 
197,38 K3B //El//; 310,00 K3B /Ei/.u; ~69,5 K3B /El/ 
H COBilaJJ,eHue 156,52 K3B - 153,37 H 212,88 K3B Il03B0IlHIOT 
BBCCTH 3TOT YP0BCHh npu 3HperHH 369,45 .K3B. MynhTH· 
nonhHOCTH nepexoJJ,a c 3Toro yp0BHH H fapaKTep ero pa3 -
PHJJ.KH cornacyIOTCH C npe.11.nono)KeHHCM, ''ITO' ero CDHH H 
'ICTH0CTh 3/2 +. 

BTopoe cocToHHue 3/2 +I [ 4021 + 165111 a.· tfil Er Ha~ 
6nIOJJ,aIOT ThOM H 3n6eK/3/, a JaTeM Xb0pT u JJ,p. -'6 1 npH 
3HeprHH 463 K3B. Ilpu pacna.11.e 161Tm 3Tor·ypoaenh ·ycTa
HaanuaaeTcH COBDaJJ,CHHHMH 212,88 K3B - . 250,2 K3B H 
153,37 K3B - 250,2 K3B. Ero 3HeprH1i 463,2 K3B. PaJpH.11.Ka 
YPOBHH. 463,2 K3B ,OCYIUCCTBilHCTCH. raMMa·nepexo.11.a
MH 250,2 K3B /Ml/;.4O3,5 K3B H 463;6 K:JB /El/. IlpoTH· 
Bope11uii B OUCHl<~X MYilbTHnonhHOCTCH HCT.: Ypo~uu 49_6;'3 
u 590,0 K3B B 161

Er, npo11an.ii10iuuec11· B peaKuuu ( d, t)' ·1 , 
JacenHIOTCH H npu 6eTjl • pacnaJJ,e 16JTm; Ha.mu ,l].aHHhie YT0'I· 
HHWT 3HeprHH 3THX YPOBHeii H Il03BOnHIOT ygTaH0BHTh HX, 
KBaHTOBhle xapaKTepHCTHKH. XapaKTep pa,3pHJJ,KH-H 3Ha'ICHHH 
CUHHa H 'leTHOCTH 3THX, YPOBHeir ,Il03B0IlHIOT C'I.HTaTh, 'ITO 

• • ' ' . ➔ 

3TO YPOBHH BpaiuaTenhHOH' nonoCbl COCTOHHUH 3/2 l r 4O2J + 
+ f 651]1 co cnu~aMH 5/2 /496,3 K3B/ H :7/2 l5<;?,O,O K3B/. 

B cxeMy pacna.qa HH 'I'm., Mhl BBOJJ,HM YPOBHH C 3HeprHH • 
MH 724,8 u 843,0. K:JB, o/:feHTH'IHhie c npeJJ,n~)f{eii}JhlMH B pa-
6oTe TLoMa H 3n6eKa 3/. Ha ocHoBe '.3Ha.•1eHiiii cnuHa u 

; I : .-- ... 
'ICTHOCTH, Bh1Te~a10iuux H3 xapaKTepa pa3pHJJ,KB 3TBX YPOB· 

• '. ...-:• . ,. - . ,· ~ ~- .' • I 

Heii, M0)KHO npe~non0)KHtenhHO HHtepnpeTHPOBaTh YPOBHH 
npu 724,8 u 843',o :..K~IJ ,Kai< i~c.TosHiiH ~yi- [~32] u 5/2 -
1512] C0OTBCTCTBCHHO. 

CoBnaJJ,eHBH. '.CYMM 3Hepruii raMMa-nepeXOJJ,OB C · T0'I· 
HOCThIO ny11we O-;O5o/o' no:iBon,iior Bae·cTB HOBhle ypoBHH 
161 

Er c 3Hepr1111MII 1481;5: 1dlJ /7/2 -;, 1960,3 K3B 
/7 /2 -;; 2062,8 K3B /5/2+ I u 2066,5 K3B/7 /2 - / /B c1<06-

15 ,; 
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Kax, ua ocuoae,.,xapaKTepa pa3p.H.IJ;KH 3THX ypomieii, yKaJa
HhI B03MO:>KHble 3HaqeHH.H HX. CIIHHa H qeTHOCTH/; ;· '. .. 

PeJyiu~ia.ThI HJ·yqeuHa Ja,nep:>KaHHhIX' .. i-aMMa~iaMMa
coarra,neuHii j c'M .. -ia6n: 2/; :0:03B0JIHIOT. BBeCTH"ypoBeHb rrpH 
3Hepriui''2044';5 ;K3R:HH3K.Oe 3HaqeJiiie 'fug ft. =5:o Ha !lTOT 
ypoiie~~ MO,KHO 

0

06bHCHHTh TOJibKO. pa:ipemeH°tthIMi "ue3a,nep:. 
:>KaHHhIM · 6eTa:-rrepexo~oM .. Ilep~.xo.n .TaKoro THna B paiioue 
A =161 ·rrpoiicxo,n;HT Me:>K.nY:90CT<>.HHH.HMH\n5/2-:-[5.23]:p7/2l523] 

3TO. o6CTO.HJ:eJihCTBO, ,H xapa1nep pa3p.Hl(KH. YPOBH.H •Il03B0JI.H -
JOT c.nenaTh Bhrno.n, qTo . ypoaeHh 2044,5 K3B co,nep:>KHT 
3H8.11HTeJihHYIO rrpm.iecb Tpex1rna~HqaCTHqHoro COCTO.HHH.H 
9/2~1p 1 7/2- [523] , .. p 2 7 ;2+ [4041. , n_ 5/2 - , [523] I . 

B 3aKn10qeHHe ·. aaTophI Bhlpa:>KaIOT rny60Ky10 6naro
,napuo.cTh, rrpoqieccopaM B.II:,I(:>Kenerroay H r .My3Honio Ja 
rro,n,nep:>KKY, 11acTO.HII\eH pa6oThI, .IJ;OKTOpaM. 11.H.IIHTOBY H 

M.11.liaJHaTy 3a IIOJie3Hhie .IJ;HCKYCCH.H H rrep·coHaJiy CHHxpo
QllKJIOTpoua OHRH: H H:3MepHTeJILHoro iieuTpa Jla.6opa TOPHH 
.H~epHhii .rrpo6neM OHJll1 Ja II<?Moiiih a pa6oTe. 
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