
COOfilllBHMR 
Ofi'bBAMHBHHOrD 

MHCTMTYTa 
RABPHbl X 

MCCnBAOBaHMM 

AYfiHa 

P6-80-364 

B.A .AJIHKOB, H .BaBpbllUYK, r .JIK3ypeH , H .3.MapynoB, 
K.M.MyMHHOB, T.M.MyMHHOB, Y.C.Ca.11Hx6aee, 
P .P.YcMaHOB 

BPEMEHA )I(J.13HJ.1 

HH)I(HJ.1X 8036Y)I(~EHH~X COCTOHHJ.1H 
163,165 ,167 Tm 

. ' 
I 

I -• 

1980 

+ 



1. BBEJlEHHE 

K HaCTOR~eMy BpeMeHH B036Y*AeHH~e COCTORHHR He4eTHO
npoTOHH~X RAep 16 3, 16&, 167Tm OTHOCHTeilbHO XOpOWO H3y4eH~ npH 
HCCileAOBaHHH KaK paAHOaKTHBHOrO pacnaAa / 1· 11/ , TaK H RAePH~X 
peaK~HH 1 12·t71 . PeaynbTaT~ 3THX HccneAOBaHHH nossonHilH ycTaHo
BHTb B 3THX RApax XOpOWO pa3BHT~e poTa~HOHH~ nOilOCW, OCHOBaH
H~e Ha OAH04a CTH4H~x cocTORHHRX 1 /2+ A 11 / , 3/2 + /411/ , 5/z+jl!02 /, 
7/T-/402/, 7/2+/404/, 1/2-/541/, 7/2-/523/, 9/2-/514/. 

JlonOilHHTeilbHY~ HH~OpMa~H~ 0 ~H3H4eCKOH npHpOAe B036Y*AeH
H~X COCTORHHH RAeP MO*HO nOilY4HTb npH H3y4eHHH BepORTHOCTeH 
31leKTPOMarHHTHbiX nepeXOAOB. HH*e npHBOARTCR HMe)OII4HeCR CBeAe
HHR 0 BpeMeHaX *H3HH B036Y*AeHHWX COCTORHHH B RApax Tm. 

B 163 Tm: EYP = 86 K3B, T~ = 380/30/ Hc 1 51; 

B 166Tm: Eyp = 80 K38, T~ = 80/3/ MKC 1 13~ 
Eyp =159 K3B, T li ""322/20/ nc 1121 , 

E yp"' 160 K3B, T~= 9,0/5/ MKC 17/; 

a 
167 Tm: E yp=1 16 K3B, T~= 66/7/ nc 112; 

Eyp=142 K38, T~=343/15/ HC / 121, 

E yp"' 179 K38, T~=1,1 /1/ MKc 1111, 

Eyp=293 K38, T~=0,9 /1/ MKC / 111. 

B AaHHOH pa6oTe npeACTaaneH~ peayilbTaT~ H3MepeHHH apeMeH 
*H3HH B036Y*AeHH~X ypOBHeH 13,5; 136,7; 144,4 K38- 163Tm ; 
11 ,5; 129,9; 159,1 K38 - 166Tm ; 10,4 H 116,6 K3B - 167Tm. 

2 . PAJlHOAKTHBH~E 11CT04HI1KI1 

I13MepeHHR npOBOAHilHCb C paAHOaKTHBH~MH HCT04HHKaMH 
163,16&,167 Yb, nony4eHH~MH s peaK~HH rny6oKoro pac~enneHHR Ta 

HilH Hr npoTOHaMH c 3HeprHeH 660 H3B Ha CHHXPOQHKilOTpOHe na6o
paTOPHH RAePHWX npo6neM OHRH. 

nocne KOpOTKoro o6ny4eHHR /4-10 MHH I Ha swBeAeHHOM ny4Ke 
npOTOHOB MHWeHb 6e3 npeABapHTeilbHOH XHMH4eCKOH o6pa60TKH pa3Ae
IlRilaCb no H3o6apaM Ha 3neKTPOMarHHTHOM Macc-cenapaTope / 18/ , npH 
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3TO~ HOH~ H306apOB C A =163 , 165 , 167 8HeApAnHCb 8 C~HHTHnnA~H
OHH~e nneHKH THna NE104 /~10x0, 1 MM/ HnH e Al -¢>QnbrH TOntllHHOI1 
10 MKM, H3MepeHHA Ha4HHanHCb 4epe3 4-5 MHH . nocne KOH~a o6ny-
4eHHA. 

8 cny4ae HCnonb30BaHHA TaHTanOBOH ~WeHH OCHOBHaA aKTHBHOCTb 
BbiAenAeMbiX H3o6apOB onpeAenAnacb pa.AHOaKTHBH~M pacnaAOM AAep 
16SYb 1 T ~ =11, 1 MHH/, 16Strnr T ~ =1,81 4ac/ H 16SEr 1 T~ 

= 1,25 4ac/ 8 H3o6apax c A =163; 16~u IT~ .. 11,8 MHH/ H 
160Yb IT~ = 10,5 MHH/- e H3o6apax c A•165; 167Lu/ T~ 

= 51 , 5 MHH/ H 167 Yb I T ~ = 17,5 MHH/ - e Hso6apax c A = 16 7. 
npH HCnOn b30BaHHH ra~HHeBOH MHWeHH 8KnaA H30TOn08 Lu 8 aK 

THBHOCTb HCT04HHKOB CytlleCTBeHHO yMeHbWancA. 

3 . AnnAPATYPA 

HsMepeHHA speHeH ~H3HH npoBOAHnHCb MeTOAOM e-y H ~ saAep
~aHHb~X CO BnBAeHHH C nOMOtllbiO MHOrOKaHanbHbiX BpeMeHHbiX aHBnH3a
TOpOs 1191 , co6paHHbiX Ha 6ase: 

a/ MarHHTHO-nHH30BOrO ~ -cneKTpOMeTpa H C~HHTHnnAUHOHHO
ro cneKTpoMeTpa c nnacTH4eCKHMH CUHHTHnnATopaMH THna NE 104 
pa3MepaMH ~ 25x25 MM /AnA perHCTPBUHH y -ny4el1/ HnH 6 25x0, 1 MM 

/ AnA perHCTpaUHH HH3K03HepreTH4eCKHX 3neKTpOHOB/; 
6/ ABYX CUHHTHnnAUHOHHbiX AeTeKTOpOB C nnaCTH4eCKHMH CUHHTHn

nATOpaMH NE 111 /~ 25x 10 MM/ H NE 104 /~ 1 OxO , 1 HM/. 
BpeMeHHWe cneKTpw o6pa6aTwaanHCb Ha 38M CDC-6500 no npo

rpaMMBM "LIFTIM" H "GEXFIT" ! 201 , 

4. 3KCnEPHHEHTAJlbHbiE P.E3Y Jlb TATbl 

BpeHeHa ~H3HH nepBbiX B036~AeHHbiX COCTOAHHH 163Tm/13,5 K38/, 
160Tm /11,5 K38/ H 167Tm /10,4 K38/ H3MepAnHCb s e-/8~12 K38/ 

- y /60~200 K38/ - C08naAeHHAX C HCnOnb30BaHHeM HCT04HHKOB, 
nony4eHHwx H3 MHWeHel1 HC. 

AnA perHCTPBUHH 38K HH3K03HepreTH4eCKHX nepeXOAOB, pa3pA~aiO

tllHX 3TH ypOBHH, HCnOnb30BanHCb nneH04Hble CI,4HHTHnnATOPbl C BHeA
peHHbiMH B HHX HCT04HHKBMH. nony4eHHble BpeMeHHWe pacnpeAen6HHA 
cosnaAeHHH /pHc. 1/ npocne.lKHaanHCb Ha nepHOA nonypacnaAa HaTe
PHHCKHX H30T~ AHanH3 KPHBWX apeMeHHbiX pacnpeAeneHHH n03BO
nHn HaM npHnHcaTb cneAY~He 3HB4eHHA apeMeH lKH3HH: 

163Tm : E YP = 1 3 • 5 K3 B ' T ~ ~ 0,9 HC, 

2 

.. 

... 

~ 

t' 

16&Tm: 

167Tm: 
E yp 

E YP 

1 1, 5 K3B, 

10,4 K3B, 

T~ = 0,75/5/ HC, 

T~ = 0 ,95/5/ HC . 

BpeMR ~H3HH ypOBHA 10,4 K3B 167Tm TaK~e H3MepAnocb a coe
naAeHHAX: 

y/60~200 K3B/-H10,4 K3B, 

K106 -e-/7~ 10 K3B/. 

B nep80M cny4ae M -
3neKTPOHbl nepeXOAa 

10,4 K38 8WAenAnHCb C 
noMOtllb~ MBrHHTHOrO ~ -
cneKTPOMeTpa, a y - ny -
4H perHCTpHp08anHCb 
nnaCTH4eCKHM C~HHTHn
nATOpOM NE 111 
~ 25x10 MM, 80-BTOPOH-

C nOHOtllb~ MarHHTHOrO 
{:3 -cneKTPOMeTpa B~Ae
nAnHC b 3neKTPOHW K106, 
a 3neKTp0Hbl HH3K03Hep
reTH4eCKOrO nepexoAa 
10,4 K38 8WAenAnHCb 8 
C~HHTHnnA~HOHHOM TpaK
Te, rAe Hcnonb308ancA 
nneH04HbiH C~HHTHnnATOp, 
nOHetlleHHbiH 8 8aKyyMHYIO 
KaMepy MarHHTHOrO ~-

cneKTPOMeTpa. AnA 
KOHTpOnA 8 nep80M Cny-
4ae 6wnH H3MepeHw co8-
naAeHHA y/60~200 K38/
- H8,4 8 16flTm , a 
BO 8TOpOM cny4ae OKHO 
B C~HHTHnnA~HOHHOM 
TpaKTe CMetllanOCb B 
6onee 8~COK03HepreTH-
4eCKy~ o6nacTb 3neK
TpOHHoro cneKTpa 167Yb. 
HsHepeHHwe speHeHHWe 
pacnpeAeneHHA cosna
AeHHI1, a TaK~e Y4BCT
KH cneKTPOB 3BK npH
BeAeHW Ha PHC.2. no
ny4eHHble 8 3THX 3K
cnepHMeHTBX 3HB4eHHA 
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T 'A=O , B/1/ He H T~ =0 ,9/2/ HC cornacyiOTC~ c pe3ynbTaToM, npH 
BeAeHH~M e~we. 

BpeMeHa >KH3HH ypoeHei:l 136 H 144 K3B 16~m H 116 K3B 167 Tm 
OnpeAefl~flHCb no CABHry ~eHTpOB T~lKeCTH epeMeHH~X pacnpeAeneHHi:l, 
COOTBeTCTBYIOU4HX COenaAeHH~M MelKAY y -ny~aMH H K - 3neKTPOHaMH 
SHyTpeHHeH KOHBePCHH nepeXOAOB, pa3p~>Ka10U4HX H CCileAyeM~e CO-
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CTOnHHfl, H MrHOBeH
H~X y-{3- -pe nepoe, 
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pacnpeAeneHH~ coanaAeHH~ y -K129 H 
H T~ ~ 0,3 HC COOTBeTCTBeHHO . 

5. 06CYlKtlEH~E 

y-K159 ,KaK T~ <S_ 0,2 HC 

Ha ocHoee H3MepeHHbiX 3Ha4eHI1~ T ~ ~Ken. HccneAyeMbiX 
COCTOAHH~ paCC4HTBHbl npHBeAeHHble eepOATHOCTH Y -nepeXOAOB, 
pa3PA*B~HX 3TH COCTOAHHA , KOTOpble cpaBHHBBOTCA C TeopeTH4e 

! CKHMH OL(eHKBMH no Ba~CKOnC!Iy 1 221H HHnbCCOHY / 23/ /ra6n. 1 I. npH 
3TOM ABHHble 0 MynbTHnOnbHOM COCTBBe H HHTeHCHBHOCTAX y-nepe
XOAOB 3BHMCTBOBBHbl H3 pa60T / 5 ,9,10/ , 

nony4eHHble 3HB4eHHA npHBeAeHHbiX BepOATHOCTe~ paCCMBTPHBae
Mb!X y -nepeXOAOB cornacyOTCA B o6~eM C HMeO~e~CA CHCTeMBTHKO~ 
aepOATHOCTe~ aHanOrH4HbiX nepeXOAOB B COCeAHHX Ae$QpMHPOBBHHbiX 

AAPBX 1251 • 
no eepOATHOCTAM E2-nepexOAOB, pa3PA*B~HX poTal(HOHHble ypoe

HH nonocbl 1/2+/411 I, OL(eHeHbl BHyrpeHHHe KBaApynonbHble MOMeHTbl 
H napaMeTpbl KBBApynonbHO~ Ae$QpMBL(HH AnA 3TO~ nonOCbl B HCcne
AYeMb!X AAPBX 168, 165, 167Tm'ra6n, 2/ . licnOnb3yA eenH4HHY KBaApy
nonbHOrO MOMeHTa Q 0 = 7, 8/3/ 6apH 1 121 , nepHOA nonypacnaAa co-

/ + 167T CTOAHHA 3 2 B m H TeOpeTH4eCKHe 3HB4eHHA a OOJIH,(Ml) H 
/ IH/ 

a nOAH. (E2) AnA nepeXOAB 10,4 K3B 3/ 2 + ... 1/2 + 1 MO*HO nony-

4HTb 82 = 8~0·10-4 11 Bei1114HHbl npH BeAeHHbiX BepOATHOCTe~ B(Ml) = 
= 9, 0. 10-2 1' N H B(E2) = 1 , 2 e 2 6 2 • 3rl-1 OL(eHKH xopowo 
cornacyor cA c aHanori-14HbiMH AnA AAeP 16S, 165Tm. 

Ta6nHL(a 2. BHyrpeHHHe KBaApynonbHble MOMeHTbl H napaMeTpbl 
AeC!IopMal(HH nonoCbl 1/2+/ 411 / a AApax Tm 

~ 
I63r"' I65T.,., 167T"' 

~(ell f1 JII(II . Q.~" f,t~ Q"tlf(ll Ez-" 

3/2 - I/2 <6,8 ~0.25 ~ 7, 6 ~ 0,28 

5/2 - 3/2 ~8,2 ~0,30 ~4, 5 ~ 0,2 

5/2 - I/2 6,0(10) 0,23(4) ~ 4,4 ) 0 ,17 ~6. 2 ~0,23 

7/2 - 3/2 ~5,5 ~0, 21 

WOO .lUi 6,0{10) 0,23(4) 5,5+6,8 0,21-+0, 25 6,2+7,6 0,23+0,28 
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H 

.L\nA 

All A 

no 3Ha~eHHAM B(M1,312+ ... 11t") H Q 0 o~eHeHW napaMeTpw 

s:/ 2~ (gt-gR)2 (1 +bo)2 1 Qg 

8 2 = (g - g ) 2 (1 - b ) 21Q 2 
5/ 2 k R 0 0 

163 2 6 -2 2 ( 1) 0 - 2 Tm-8 312 .. .4·10 , 8 512 ~ 3,8 1 ·1 , 

165 2 -2 2 -2 Tm-8
312

> 9,3 . 10, 8 51 2 -7,5(9)· 10. 
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