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MaM H. HAP· P6-86-315 
faMMa-nY'{H H onpeAeneHHe 9HeprHH pacnaAa 169 Yb 

AHTHKOMilTOHOBCKHM cneKTPOMeTpOM H3MepeHbl raMMa-nyqH 
pacnaAa 169 Yb ~ 169Tm B o6nacTH 9Heprmt Bblllle 300 K3B. Ha6rno
AaeTCH ceMb HOBbIX raMMa-nepeXOAOB. B cxeMy pacnaAa 169 Yb 
BBeAem, ABa HOBbIX ypOBHH c 3HeprHHMH 832,479 H 878,40 K3B. 
OnpeAeneHo 3HaqeHHe 9HeprHH pacnaAa 169 Yb Q = (913:11) K3B. 

Pa6oTa BblIIOnHeHa B na6opaTOPHH HAePHbIX npo6neM OIDIH. 

Coo6weHHe 06J.e.tU1He1D1oro IDICTHTyta ,mepHblX HccnenosaHHii. Jly6Ha 1986 

IlepeBOA O.C.BHHorpaAOBoA 

Adam J. et al. 
The Gamma-Ray and Decay Energy 
Determination for 169Yb 

P6-86-315 

Gamma-rays from the radioactive decay of 169 Yb for ener 
gy region above 300 keV have been measured by means of the 
anticompton spectrometer. Seven newy-transitions have been 
observed. Two new levels with 832,479 and 878.40 keV ener
gies have been introduced into the decay scheme. The decay 
energy of 169Yb has been determined to be Q = (913:11) keV. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1986 



no,qpo6HblH nepe4eHb pa6oT o 6eTa-pacna,qe 169 Yb, ony6111,1 KoeaH

HblX ,qo 1975 r.' "1 HX Tll~aTeJlbHblH aHaJ1"13 ,qaHbl .B.A.6a11a11aeBblM 

1,1 ,qp .11 ". no3lKe r. Jl. 6epxepT 1,1 ,qp / 21 1,1 E. r. Kecc11ep 1,1 ,qp ,.181 

1,13Mep1,1111,1 C BblCOKOH T04HOCTblO np1,1 noMOllll-1 npe1.11,131,10HHblX KPHCTa1111-

,q1,1<1>paKl1"10HHblX cneKTpOMeTpOB 3Heprn1,1 ,qeBRT~ HHTeHCH BHblX raMMa

JlHHHH, AHa111,13 3THX pe3y11bTaT0B npoee,qeH 6.C • .lllKe11enoBb1M 1,1 C.A.We

CT<>na11oeoi1 141• B pa6oTe:/
5

/ 6b111 H3MepeH cneKTp raMMa-11y4eJ'.:i e 06-

11acrn H"13KHX 3Hepr1,1i1 /HHlKe 140 K3B/ "1 BblCOKHX 3Hepr1,1i1 /BbJWe 

300 K3B/ "1 no,qTB,,lK,qeHbl pe3y11bTaTbl npe,Clbl,ClYIIIHX pa6oT /cM/1:/ /. 

r. P. BepMa 1,1 ,qp / 6 o6HapylKHJ1"1 HeCKOJlbKO HOBbJX raMMa-nepexo,qoB 

B 0611acT1,1 3Hepr1,1i1 oT 280 ,qo 430 K3B; 1,13Mepr.1111,1 raMMa-raMMa-coe

na,qeHHR "1 raMMa-raMMa yrJlOBble KoppeJ1Rl1"1"1, Hx pe3y11bTaTbl OT111,1-

4a10TCR OT pe3YJ1bTaTOB pa60TbJ /~/ "1 OT pe3yJ1bTaTOB pa60Tbl 151• 
B.C.W1,1p111,1 B 063ope no A= 169 81 

OT,qa11 npe,qn04TeH1,1e pa6oTe Bep

Mbl 16.!. Haw1,1 pe3yJ1bTaTb1, o,qHaKO, no,qTBeplK,qaroT npaBHJlbHOCTb. pa-

6oT 15,7.1 /CM, HHlKe/. 

HaMH 1,1cno11b30BaHbl pa3Hbre pa,q1,1oaKTl1BHble 1,1CT04H"1K"1 
169 Yb. nep

BblH "13 HHX 6blJ1 np1,1rOTOB11eH c11e,qyro111r.1M 06pa30M: OKHCb "1TTep6HR' 

06ora111eHHoro /,qo - 25%/ 168Yb, eecoM 1, 4 Mr 6b111a pacTBOpeHa 

e a30THOH KHCJlOTe. 3THM paCTBOpOM nponr.1TaH 1.1"1J1"1H,Clp BeCOM 300 Mr 

"13 rpae!>r.1Ta cneKTpaJlbHOH 4"1CTOTbl. nocne 06lKH ra OKHCb "1TTep6HR 

pacnpe,qe11R11aCb O,ClHOpO,ClHO no eceMy 061,eMy 1.1"1J1"1H,Qpa' KOTOpbJH 06-

11y4a11CR noTOKOM Ten110BbJX HeHTPOHOB /-5 .10 13cM"" 2 c~1 / B peaKTOpe 

HRH /PlKelK/, BMeCTe C M1,1weHblO 0611y4a11cR 1,1,qeHT"14HblH nyCTOH 1.1r.1-

J1"1H,[lp "13 rpa<1>1,1Ta ,[lJlR npoBe,qeHHR KOHTpOJlbHbJX "13MepeHHH, nocne 

6 ,qHei'.1 0611y4eHHR aKTHBHOCTb MHWeHH COCTaBJ1RJ1a 400 MKH. Jlpyr1,1e 

1,1CT04HHK"1 169 Yb, 1,1cno11b3yeMbJe ,ClJlR "13MepeHHH BO BHyTpeHHei'.1 reo

MeTpr.11,1 pacno11olKeHHR "1CT04HHKa no OTHOWeHHIO K aHTHKOMnTOHOBCKO-

My cneKTpoMeTpY 191, 6bJJ1"1 np1,1rOTOBJ1eHbl nyTeM 0611y4eHHR TaHTa-

JlOBOH MHWeHH npOTOHaMH C 3Hepr1,1ei1 680 M3B Ha CHHXp01.1"1KJ10TpoHe 

JlRn OHRH //J.Y6Ha/. 113 3Toi1 Mr.1weHr.1 pa,qr.1oxr.1Mr.14eCKH 6b111a Bb1,qe11eHa 

<1>paK1.1r.1R HTTep6HR, KOTOpaR pa3,qe11R11aCb no "130TOnaM Ha Macc-ce

napaTope. 

H3MepeHHR raMMa-11y4ei1, COOTBeTCTBYIOIIIHX pacna,qy 169 Yb, npo

BO,Cl"1J1"1Cb C nOMOlllblO aHTHKOMnTOHOBCKoro cneKTpoMeTpa 
19 1, KOTOpbJH 

COCTOHT "13 40 cM 3 Ge(Li)-,qeTeKTopa C pa3peweH1,1eM 2,3 K3B Ha 

11"1H"1"1 60 co "1 "13 3a111r.1THOrO NaI(Tl) CI.IHHTHJlJlRTOpa pa3MepaM1,1 

~254 MM X 200 MM, no,qae11eH1,1e HenpepblBHoro KOMnTOHOBCKOro cneKT

pa raMMa-11y4ei1 60 co ,[lOCTHraeT MaKCHMaJlbHOro 3Ha4eHHR, paBHOro 

npr.1MepHo 8. Kp1,1cTa1111 NaI(Tl) 6b1J1 OKpylKeH cer.1H1.1oeoi1 3a111111,Toi1 

TOJllllHHOH 100 MM, KOTOpaR e pelKr.1Me aKTHCOBna,qeHHH Ge(Li)-NaI(Tl) 

cy111eCTBeHHblM o6pa30M nOHHlKaeT ecTeCTBeHHbJH <!>OH, perHCTp1,1pyeMblH 

©buaKrttllHHi\ miC'ffl'cyi I 1 
miei,nBZ ecc11e.1:1onnut::0 

6t1Sflf,J(ffEHt<!:\ 



Ge(Li)-AeTeKTOpoM. B o6naCTl1 3Hepr11H raMMa-KBaHTOB .OT 0,1 AO 
3 M3B 11HTerpaJ1bHblH ¢OH aHT11KOMnTOHOBCKoro cneKTPOMeTpa COCTaB
m1eT 12 11Mn./M11H.' 4TO B 270 pa3 MeHbWe no cpaBHeH1110 C ¢<)HOM, 
per11cTp11pyeMblM npOCTblM Ge(Li)-AeTeKTOpOM. Pe3yJ1bTaTbl Halll11X T111a
TeJ1bHblX 113MepeH11H <bOHa aHT11KOMnTOHOBCKoro cneKTpOMeTpa np11BO
ARTCfl B pa6oTax"10•111• noBb1WeH11e T04HOCTl1 B onpeAeneH1111 3Hepr1111 
raMMa-ny4eH AOCT11raeTCf1 np11MeHeH11eM cneKTpOMeTp11"4eCKOH CH CTeMbl, 
ycTaHaB1111ea10111eH A11¢¢epeH~11aJ1bHYIO Hen11HeHHOCTb ecero 113Mep11Tenb
Horo TpaKTa e Te4eH11e 3Kcnep11MeHTa " 121. 

B OTAeJlbHOM 3KCnep11MeHTe C nOMOll\blO MeTOAa, on11caHHoro B'/12/ 
' . 

onpeAeneHbl 3Hepr1111 11HTeHC11BHblX raMMa-ny4eH B >KeCTKOH 4aCTl1 
cneKTpa 169 Yb: 336,607/13/; 494,326/27/; 515,017/31/; 579,824 
/21/; 600,644/27/; 624,893/12/ K3B. nocne KoppeK~1111 nono>KeH11H 
n11KOB Ha Hen11HeHHOCTb 3aB11Cl1MOCTb 3Hepr1111 Ka11116poB04HblX raMMa
KBaHTOB OT HOMepa KaHana CTaHOB11.TCfl J111HeHHOH C BblCOKO~ T04-
HOCTblO. B Ka4eCTBe Ka11116poB04HblX 6w1111 11cnOJ1b30BaHbl ·3Hepr1111 raM
Ma-ny4eH110MAg , 152 Eu 113111 3Hepr1111 raMMa-Keawroe 261 ,07877 
/24/ K3B"2•31, COOTBeTCTBYIOll\11X pacnaAY 169 Yb. Bee 3Hepr1111 AaHbl 
no OTHOWeH1110 K HOpMa1111 411,80441 K3B /pacnaA 198Au /J14/_ 

nepeoe 113MepeH11e raMMa-11311y4eHHfl pacnaAa 169Yb B 0611acT11 
3Hepr11H BblWe 250 K3B npOBOAl1J10Cb C ¢11JlbTpOM /12 MM Pb+ 1 MM Cd 
+ 1 MM Cu/. BecbMa KOpOTKOe on11caH11e 3TOro 3KCnep11MeHTa C noA
po6Hbl.M TeopeT114ecK11M aHaJ11130M AaHO B pafioTe :/l5/. nocne 3TOrO 
113MepRJ1CR BTOpOH cneKTp C 6onee 11HTeHCHBHblM 11CT04H11KOM C ¢1,tnbT
poM /15 MM Pb + 1 MM Cd + 1 MM Cu /. 0THOC11TeJ1bHaf1 3¢¢eKTl1 BHOCTb. 
per11cTpa1.11111 aHT11KOMnTOHOBCKOro cneKTpoMeTpa C ¢1111bTpOM ycTaHoB
neHa nyTeM 113MepeH11R raMMa-11y4etf UOM Ag, 152Eu 113111 192 Ir /16/ 
11 npoaeAeH11fl 4epe3 3KCnep11MeHTaJ1bHb1e T04K11 aHa1111T114eCKOH Kp11-
BOH MeTOAOM Ha11MeHbWl1X KBaApaTOB. 3aB11C11MOCTb OTHOC11TeJ1bHOH 
3¢¢eKT11BHOCTl1 per11CTpa~1111 OT 3Hepr1111 raMMa-KBaHTOB on11cbleaeTCR 
cneAYIOlJleH ¢YHK1.111ei1: ef, = exp(A0 + A1 log E + A2(log)2 + BE-Q). B11A 
KP11Bb1X 3¢¢eKT11BHOCTl1 cneKTpOMeTpa C ¢1111bTpOM npeACTaaneH B npa
BOH aepxHeH 4acT11 p11c.l. Ow116K11 113MepeH11H OTAenbHblX T04eK.noKa-
3aHbl B B11Ae nano4eK, OAHaKo B 60J1bWl1HCTBe CJ1y4aea OHl1 MeHbWe 
pa3Mepoa caMOH T04K11. HeT04HOCTb B onpeAeneH1111 Kp11BO~ 3¢¢eK
Tl1BHOCTl1 He npeBblwaeT 2%. 

H3MepeHl1R C ¢11J1bTpOM npo11CXOAl1Jll1 6e3 np11MeHeH11R Cl1CTeMbl 
Td4Horo YCTaH0B11eH11R He1111HeHHOCTl1 113Mep11TeJ1bHOrO TpaKTa. Ka-
11116pOBKa no 3Hepr1111 a 3TOM c11y4ae npo11300A11nacb npoeeAeH11eM 
nOJ111HOMa TpeTbeH CTenet-i11 4epe3 penepHble T04K11, COOTBeTCT.BYIOl1111e 
3Hepr11RM raMMa-KBaHTOB 169Yb: 197,95809; 261 ,07877; 307,73773 
/e30eweHHb1e cpeAH11e 0e1111411H, 113MepeHHb1X e pa6oTax 12•31 I, 11 cne
AYIOll\11X weCTl1 nepeXOAOB, 3Hepr1111 KOTOpblX HaM11 6blJ111 onpeAeneHbl 
B OTAenbHOM 3KCnep11MeHTe 11 np11BeAeHbl BblWe. KpoMe Toro, B Ka-
4ecT0e Ka11116pOB04HblX J111H11H 6b11111 11cno11b30BaHbl 3Hepr1111 879 ,393/8/ 
11 1177,960/4/117~np11HaAnelKa11111e 160Tb, 1173,238/4/ - 60co 111,1. 
11 396,331/20/ - /nepeC411TaHO K HOpMaJ111 411,80441 K3B/ - 175Yb'/18~ 
lfany4eH11e 160 Tb 11 175Yb np11 AJ111Te11bHblx 113MepeH11Rx Ha6moAanocb 
Kat< np11MeCHoe, 113ny4eH11e 60 Co np11HaAJ1elK11T ¢OHY. 
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nepeoe H3MepeHHe c ¢HnbTpoM Ha4anocb 4epes 25 AHeH nocne 
o6ny4eHHR, npOHCXOAHnO B Te4eHHe 36 AHeH H COCTORnO H3 4 4acTeH 
o6~eH AAHTenbHOCTb~ 287,5 4ac. BTopoe H3MepeHHe npOBOAHnOCb 
B Te4eHHe 20 A~eH Hero AnHTenbHOCTb COCTaBnRna 141 4ac. AnR 
meCTKHX nHHHH 6blna Ha6paHa npHMepHO OAHHaKoeaR CTaTHCTHKa. 
OnpeAeneH nepHOA nonypacnaAa BCex Ha6n~AaeMblX nHHHH OTHOCHTenb
HO ·raMMa-ny4eH c 3HeprneH 307,738 K38 ' 19~B o6nacTH 3HeprHH 

\ raMMa-KBaHTOB OT 250 AO 1000 K3B Ha6n~AanHCb cna6ble nHHHH, npH-
HaAAema~He175Yb /T½ = 4,19 AH,/, ·46 Sc/83,8 AH,/ H 160 Tb 
/72, 1 AH,/ - CM,pHC. 1. CooTBeTCTBy~~e paAHOaKTHBHble RApa MornH 
B03HHKHyTb B peaKLIHH (n, p) Ha H30TOnax, HaXOAR~HXCR B Ka4eCTBe 
npHMeCeH B MHWeHH, . 

HeCMOTpR Ha TO, 4TO paCCTORHHe OT HCT04HHKa AO cepeAHHbl 
AeTeKTOpa 6~no npHMepHO 22 CM, Mbl Ha6n~AanH 4eTblpe ManOHHTeH
CHBHblX nHKa HanomeHHR c 3HeprneH 614,58/8/; 821,85/10/;• 
907,24/19/; 931~50/10/. 3HeprHR nHKOB HanomeHHR npHMepHO Ha 
1 K3B HHme COOTBeTCTBY~~eH cyMMbl 3HeprHH, HX HHTeHCHBHOCTb 
y6b1BaeT C nepHOAOM, B ABa pasa Kopo4e, 4eM HHTeHCHBHOCTb OAH
,H04Hb1X raMMa-ny4eH, H ¢opMa nHKOB HanomeHHR HMeeT 6onee cnom
HblH BHA /CM, pHC,1/. 

PaCC4HTaHHaR OTHOCHTenbHaR HHTeHCl-iBHOCTb .IJHKOB HanomeHHR 
COOTBeTCTByeT 3KcnepHMeHTanbHblM 3Ha4eHHRM, HHTeHCHBHOCTb oc
TanbHblX B03MOmHblX ·nHKOB 3Ha4HTenbHO HHme npe,i:fe.na· 06HapymeHHR 
nHHHH ,· PesynbTaTbl H3MepeHHH c nepBblM'1151 H. BTOpblM HCT04HHKaMH 
HaXOARTCR B xopoweM cornaCHH, H HX cpeAHHe 3Hai.!eHHR noKa3aHbl 
a Ta6n. 1. XoTR 3Ha4eHHR AaHHblX o y -nepexoAax YT04HeHbl, 3TO He 
OTpamaeTCR cy~eCTBeHHblM o6pa30M Ha TeopeTH4eCKHX BblBOAaX, CAe
naHHblX B pa6oTe'1151.no cpaeHeHH~ c pesynbTaTaMH npeAblAY~HX pa-
6oT /1,5,6/ HaMH 6blnO 06HapymeHO ceMb HOBblX raMMa--ny4eH pacnaAa 
169Yb: -356,805/18/. /T½ = /32+6/ AH,/; 500,26/9/ /T½ = 
= /36+20/ AH,/; 633,303/24/ /T½ = /30+6/ AH,/; 693,480/19/ 
/T½ -= /30±_3/ AH,/; 739,39/4/ / T½ ':" /25±_5/ AH,/; 760 ,23/7/ 
/ T½ = /23±_9/ AH./; 781 , 79/3/ / T½ = /25±_4/ AH./ CKopoCTb 
yMeHbWeHHR HHTeHCHBHOCTH 3THX Y -nepeXOAOB nOATBepmAaeT HX 
npHHaAAemHOCTb pacnaAY 169 Yb. 

nonyw1-1pHHa nHHHH 465,734 K3B Ha 9% 6onbwe, 4eM nonyw1-1p1-1Ha 
OAHH04HOH n1-1H1-1H c 6nH3KOH 3HeprHeH, 3HeprHR paccMaTp1-1eaeMOH 
n1-1H1-1H He coenaAaeT c • 3Heprne~ nepexoAa 5/2 5/2 + - 7 /2 7 /2 + 
1-1n1-1 nepexoAa 3/1 1/2-____: 3/2 1;2+, Bb14HCneHHOH 1,13 cxeMbl pac
naAa, Ecn1-1 npeAnonomHTb, 4TO nHHHR 465,734 K3B RBnReTCR AY6ne
TOM H 3HeprHH nepeXOAOB MOmHO Bbl4HCnHTb Ha OCHOBe cxeMbl pacna
Aa E (5/2 5/2+-. 712 712+) = 465 ,662/6/ K3B H Ey(3/2 1 /2- -
-Jh. 112+) = 466,560 /7/ K3B, TO nony4HM 01.1eHKH HHT8HCHBHO
CTe_H 3THX nepexoAe>_e_ly(5/2 512+-.712 712+)~2,08 H ly (3/2 1/2-
- 3/2 112+} - 0,23 .. 

B KOHTPOnbHOM H3MepeHHH o6ny4eHHoro nycToro LIHnHHAPa H3 
rpacJ)1-1Ta, KOTopoe npOBOAHnOCb 6e3 ¢HnbTpa B Te4eHHe 88 4ac, 
He 6b1nH 06HapymeHbl raMMa-ny41,1 BblweyKa3aHHblX 3HeprHH. CpaBHe-

4 

fl 

II -~ 

Ta6JIH~a 

3HeprHH H 0TH0CHTeJibHhl8 HHT8HCHBH0CTH r!™Ma-nY1Iefi 
169 Yb; o6na~'I'b cne:upajj-" > 240 K3B 

Ef'. 4,Er Iy A I,. 
[xaB] [xaB] [oors.·ep,~} (o-rH. ep,.J 

240,333 0,005 1060 90 
261,07877 a) 0,00024 16000 1200 

291,220 0,014 41,9 1,9 
307 1 73773 a.) 0,00010 100000 2000 . 
333,963 o,ooe 19,2 o,5 

336,606 0,003 95,1 1,9 
356,805 ti) 0,01s 1,51 o,oe 
370,851 0,004 9,74 0,20 

379,267 o,ooe 1,ee o,05 

386,666 0,007· 3,43 0,08 

452,670 0,02s 0,193 0,012 
4651 734 CS) 0,007 2,26 o,o5 

474,967 0,007 2,13 0,05 

494,349 0,006 15,9 0,3 

500,26 H) 0,09 o,oa7 0,015 

515,097 0,006 45,9 o,9 

528,584 0,008 1,296 0,02s 

562,421 0,010 1,270 0,028 

570,828 0,011 1,321 0,02s 

579,1348 o,ooe 21,1 0,4 

600,597 o,ooa 12,68 0,24 

624,893 0,012 55,0 1,0 
633,303 H) 0,024 0,086 0-,-004 

642,880 0,010 o,a62 0,014 

663~618 0,010 2,130 0,024 
693

1
480 _H) 0,019 0,0995 0,0023 

710,380 0,013 0,358 0,005 
739,39 H) 0,04 0,0211 0,0018 
760 23 H) 0,07 0,0120 o,oou , 
773,398 

H) 
0,014 2,392 0,02s 

781,79 o,oa 0,0345 0,0017 

H) - raMMa-nepexo,r:u,1, Ha6mop;aeMh!e BnepBb1e; a) - sHaqeHHe :rnep

rmi: H3 pa60T.12,31 ; 6) - nHHHH'. H'.BnHeTCH'. ;qy6neT0M c HCnonb30Ba
HHeM sHeprnil: nepexop;oB E}'-(5/2 5/2+ ➔ 7 /2 7 /z+) = 465-, 662/6/ K::iB 

.H Ey (3/2 112-::..... 3/2 1/2+) = 466,560 /7/ K3B, nonyqeHHbIX Ha oc

HoBe CX8MbI pacna.a;a; M0JKH0 BbNHcnHTb HX HHT8HCHBH0CTH Iy 
(5/2 5/2+- 7 /2 7/2+) "' 2,08 H ly (3/2 1/2-_,. 3/2 1 /2+) "' 0,23. 
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HHe c pa6oToH B.A.6ananaeea H 6.C.J.l>Kenenoea 17•< KoTopaR RBJ1RJ1acb 
caMOH T04HOH H nOJlHOH B o611aCTH BblCOKHX 3HeprHH raMMa-KBaHTOB, 
noKa31,1BaeT, 4TO HMeeTCR cornaci,ie C HaWHMH AaHHblMH B 3HeprHRX 
H HHTeHCHBHOCTRX raMMa-ny4eH B npeAenax TpexKpaTHOH OWH6KH aa 
HCKJ1~4eHHeM caMblX cn~6b1X nepeXOAOB. T04HOCTb onpeAeneHHR.3Hep
rHH raMMa-KBaHTOB /CM. Ta6n.1/ Ha OAHH-ABa nOPRAKa ny4we, 4eM 
B pa6oTe 17~ ~04HOCTb B onpeAeneHHH HHTeHCHBHOCTeH y Hae OT 
ABYX AO nRTH pa3 BblWe, 4eM B pa6oTe 171-

B Ta6n.2 npHBeAeHa eepXHRR rpaHH~a HHTeHCHBHOCTH raMMa-
. ny4eH IM c 3HeprneH 614, 8 K3B 17 <. 492 4 K3B 120~wecrn raMMcl
KBaHToB, YKa3aHHblX r.P.BepMOH H AP. 16 ~ H COMHHTenbHblX raMMa
ny4eH /CM.Ill/. npeAellbHYO HHTeHCHBHOCTb onpeAenReM KaK nno111aAb 
ni-tKa BblCOTOH 3u 3a HCKJ104eHHeM JlHHHH, COOTBeTCTBY~lllHX 3HeprHRM: 
301,6; 304; 314,7; 317; 320; 464; 492,4; 614,8 K3B, KOTOpble 
AOJllKHbl pacnonaraTbCR B6J1H3H HHTeHCHBHblX JlHHHH HJlH Ha $oHe 
CJlOlKHoro BHAa. IM YBeJ1H4eHa HaCTOJlbKO, 4T06bl MOlKHO 6blJ10 nHK 
Ha PHCYHKe 3aMeTHTb npo.CTblM rna30M. 3Ha4eHHR IM OT HeCKOJlbKHX 
pa3 AO HeCKOJlbKHX AeCRTKOB pa3 HHlKe, 4eM HHTeHCHBHOCTH, yKa-
3aHHble B pa6oTaX /l, 7,6 ,201• 8 OTAeJlbHOM 3KCnepHMeHTe, B 6nH3KOH 
reoMeTPHH OT paaMelJ.leHHR paAHOaKTHBHoro HCT04HHKa H Ge(Li)
AeTeKTOpa, Mbl Ha6n~Aa11H 19 nHKOB HaJlOlKeHHR pa3Hb1X 3HeprHH, cpe
AH KOTOPblX 6b1J1H H JlHHHH c 3HeprneH 286,93; 295,43; 327,89; 
353,50; 614,53 K38. BepoRTHO, 6JlH3KHe 3Hepri-tH raMMa-ny4eH, 
KOTOPble npHBeAeHbl B Ta6n.2, RBJlR~TCR nHKaMH HanolKeHHR HMnynbiat 
COB. MOlKHO npeAnOJ10lKHTb,. 4TO nepeXOAbl 304; 425,0 H 492,4 K3B 
npi-tHaAJlelKaT npHMeCRM. 

Ha OCHOBe cxeMbl pacnaAa 169Yb /CM. PHC.2/ MOrni,i 6bl cy111ecT
BOBaTb raMMa-nepeXOAbl, KOTOPble AO CHX nop He Ha6n~Aa11HCb. 
B Ta6n.3 YCTaHOBJleHa npeAenbHaR HHTeHCHBHOCTb 3THX nepexoAOB 
c 3HeprHeH Bblwe 300 K3B. 

none3Hble cBeAeHHR .o paaMe111eHHH raMMa-nepeXOAOB B cxeMe 
pacnaAa MOlKHO nony4HTb npH H3MepeHHRX BO BHyTpeHHeH reoMeTPHH 
pacnoJlOlKeHHR paAHOaKTHBHoro HCT04HHKa B aHTHKOMnTOHOBCKOM 
CneKTpOMeTpe. 8 3TOM CJ1Y4ae HCT04HHK 61,111 nOMelJ.leH B OJlOBRHHY~ 
Kopo6o4Ky HenocpeACTBeHHO HaA Ge(Li)-AeTeKTopoM BHYTPH NaI(Tl) 
KpHCTanna. Onoeo TOJllJ.lHHOH 1 MM CJlYlKHT AJlR noAaBneHHR peHTre
HOBCKHX ny4eH, B03HHKa~IJ.lHX npH pacnaAe 169 Yb. HHTeHCHBHOCTb 
AH<!>$epeH~i-tanbHo-1-1.HTerpanbHblX coenaAeHHH Ge (Li )-Na I (Tl) aae1-1CHT 
OT 4HCJ1a raMMa-KBaHTOB B KacKaAe, Hee MOlKHO paCC4HT8Tb AJlR 
ecex raMMa-nepeXOAOB, paaMe111eHHblX B cxeMe pacnaAa 1211 • 

Pe3yJ1bTaTbl H3MepeHHblX H Bb14HCJ1eHHb1X OTHOCHTenbHblX HHTeHCHB
t-iocTeH coenaAeHHH AaHbl B Ta6n.4. Bb14HCJ1eHHR npOH3BOAHJ1HCb 
B npeAnonolKeHHH paaMelJ.leHHR Bcex 06HapylKeHHb1X HaMH raMMa-nepe
XOAOB /cM. Ta6n. 1/, noKaaaHHOM Ha pi,ic.2. CoenaAeHHR raMMa
raMMa B o6naCTH 3Hepri,iH HH)Ke 307,74 K38 H3MePRJ1HCb MHoro 
pa3 11 , 6 1, XOTR KOJ1H4eCTBeHHOH o6pa6oTKH HX He nPOH3BOAHJ10Cb. 
BBeAeH1-1e YPOBHeH c 3HePrHRMH 118,190; 138,934; 316,148; 379,269 
H 472,884 K38 nOATBePlKAaeTCR Ha OCHOBe cpaBHeHHR 3Kcnepi,iMeH-
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Ta6Jimi;a 2 

BepxHHe npegeJibI HHTeHCHBHOCTett HeKOTOPbIX ra.MMa-JIHHHH, 
IIPHIIHCaHHbIX pacnagy 169 Yb aBTOPaMH pa6oT /S,7,20/ 

Er(AEr) 
f.xaB] 

252 
285,0(2) 
288 
295,0(2) 
304,0(1) 
317 
320,0(15) 
328,0(2) 
354,7(1) 
363 
394(2) 
411(2) 
417(2) . 
425,0(2) 
492,4(8) 
614,8(5) 

!,..Ct.Ir) 

[
0TH. eA•1-l 
(307)=1&>:I 

a) 

28(5) 
a) 

70(7) 
840(70) 
280 
210(100) 

70(30) 
200(50) 

a) 

70 
30 
30 

7(3) 
2(1} 
0,93(9) 

PaOoora 

O) 
[6] 

O) 
(6] 

[6] 

O) 

Ci) 

[6] 
[6] 

Ci) 

0) 

Ci) 

0) 

[6) 

[2.0] 
[7, 10] 

a) HHTeHCHBHOCTb B pa6oTe He yKa3aHa. 

11'11 
[o-rH. eA.] 

£30 

.:.10 
{7 

<'.5 
.(100 

.£4 

.(2 

41 

<0,2 
£0,12 
.:0,10 
<0,09 
<'.0,09 
<0,08 
<'.0,1 
<o,5 

6) . 
Ilpe~ylIUfe pa60TbI, KOTOPbie aHaJIH3HPOBaJIHCb BaJiaJiaeBbIM 

H gp/1/ Ha CTp, 102, 

TailbHblX 11 Bbl'·fl.1CileHHblX 11HTeHC1'1B HOCTei1 coena,qeH11i1 /CM. Ta611. 4/. 
Bnepeb1e 1'13MepeHbl coena,qeH11fl nepexo,qoe 494, 3; 515, 1 ; 579, 8; 
600,6 H 624,9 K3B, KOTOpble no,qTBepm,qa~T cy~eCTBOBaH11e YPOBHei1 
633 '287 1,1 718, 793 K3B, BBe,qeHHblX paHbWe Il1,1Wb Ha OCHOBe 6a11aHca 
3Hepr1,1i1, 

Cor11ac11e cyMMbl 3Hepr11i1 ypoBHfl 11 nepexo,qa, 
332, 120/9/ + 500,26/9/ = 832,38/10/ 
138,934 + 693,480/19/ = 832,414/19/ 
138,934 + 739,39/4/ = 878,32/4/ 
118,190 + 760,23/7/ = 878,42/7/ 

nO3BOIlfleT BBeCTl-1 ,qea HOBblX ypOBHfl C 3Hepr11flMl1 
11 878,35 K3B. nepBblH 113 BblweyKa3aHHblX ypOBHei1 
aK1..11111 (p, 2ny) 11 (d, 3n y,) 18:npe,qnonaraeTCfl, '-!TO OH 
TblM YPOBHeM pOTa1..111OHHOH nonOCbl COCTOflH1'1fl 3/2+ 

8 

T.e.: 

832,412 
Ha6rno,qa11cF1 B pe
flBilfleTCfl '-leTBep
/411/. BTOpoi:l 

! 

11 

;J 
I 

j 
, 

Ta6Jimi;a 3 

Ilpegem1 HHTeHCHBHOCTett lyM HeKOTOp!,DC raMMa-ny'lett 
C 3HeprHett Bb1111e 300 K3B 

It K· L I.f Kf E 

(KsB) 

301,8 
314,6 
_330,6 
333,6 
342,0 
348,5 
35I,I 
399,I 
402,6 
431,9 
445,0 
449,7 
464,8 . 
·so7,a 

Icl"'Sbl\f 

(OTB.e,1t.) 

·"1-" • 

7/Z-
7/Z-
7/Z
l/2-
I/Z-
5/2+ 
7/2+ 
9/2+ 
7/~ 
3/2+ 
7/2+ 
5/2+ 
9/2+ 
7/2-
7/2+ 
9/2+ 
7/2+ 

112-
I/Z
l/Z
I/2-

5/Z-
9/~ 
7/~ 
312+ 
I/~ 
9/2+ 

I/Z
I/~ 
'l/2+ . 
I/2+ 
112+ 
7/2+ 

·o,20(6)a) 

( 'OTB. eJ(. ) 

60 

Il/Z-
9/2+ 
7/~ 

I/Z-
5/2+ 
3/2+ 
3/2+ 
3/2+ 
3/2+ 
512+ 
5/2+ 
3/2+ 
112-
5/2+ 
3/2+ 
5/2+ 
I/Z-
3/2+ 
5/2+ 

1112+ 
9/2+ 
7/2+ 
7/2+ 
9/2+ 
9/~ 

1112+ 
7/2+ 

II/~ 
7/~ 
9/2+ 
9/2+-
5/2+ 
3/2+ 

. I/~ 
7/2+ 
7/2+ 
112+ 
7/~ 
I/2+ 
I/2+ 
I/2+ 
I/~ 
7/2+ 
I/~ 
I/2+ 
I/2+ 
I/2+ 

5I0,8 
5I6,3 
546,3 
552,I 
7I4,3 
870,0 

O,OOIB) 
0,000041') 
o,ooar> 
0,0005B) 
o,004r) 

0,024(9)a) 
0,0136) 
0,000000713> 
o, ooooosr > 
o,004r) 

0,0003B) 
0,0003B) 

a) PaCC'lHTaHo C HCIIOJlb30BaHHeM 3Ha'leHHR H3 peaK~HH. 
5

) P~CClJHTaHO C HCIIOJib30BaHHeM npaBHJI An:aru. 

5 
0._3 
IO 
0,2 
0,2 
0,2 
O~I 
O,I 
0._09 
0,06 
0,06 
0,2 
0,01 
0,01 
I 
0,03 
0,03 
0,005 
0,003 

B) OnpegeJieHO Ha OCHOBe paclJeTa BepORTHOCTett E2-nepexogoB 
/ CM, pa6oTy 1151 /. -

r) PaCClJHTaHo C YlJeToM BJIHRHHR CMemHBaHHR KopHOJIHCa /cM. 
pa60TY /l fi/ /. 

ypoeeHb ycTaHoeneH 1111wb np11 6eTa-pacna,qe. npe,qnonaraeM, 1..1To 
OH flBilfleTCfl BTOPblM ypoBHeM p0Ta1..1110HHOH nonOCbl COCTOflH11fl 
5/2+/402/. TaKafl 11HTepnpeTal..11'1fl YPOBHfl 878,35 K3B BblTeKaeT 113 
61111aocT11 3KCnep11MeHTaI1bHOH 3Hepr1111 AaHHoro COCTOflHl1fl K pac
C411TaHHOH Ha OCHOBe p0Ta1..1110HHOH MO,C\8111,1 /CM. 1161 / 11 113 xapaKTe
pa ero pa3PflAKl1 nepexo,qoM 739,39 K3B Ha ypoBeHb 7/2, 1/2+/411/ 
1,1 nepexb,qoM 760,23 K3B Ha COCTOflH118 5/2, 1/2+/411/. 

9 
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Ta6nm~a 4 

0THOCHTenbHaH HHTeHCHBHOCTh AHcWlepe~HanhHO-
HHTerpanhH&IX gBOHHbIX coBrragemm: T 2 • 

I T2 :,ac'i 
a) 

4 T2 pac1{ T2 axe A T2 3KC 

[saB] [ I] ['1,J ['1,] ['1,] 

&3,1 46,9 0,3 31,0 2,1 

93,6 48,0 0,3 13,2 0,2 

109,B 37,4 1,9 39,5 1,7 

118,2 37,4 1,9 38,2 1,4 

1.30,5 32,6 1,2 31,7 o,9 

177,2 14,7 0,3 11,1 0,3 

198,0 8,90 0,24 6,31 0,12 

240,5 13,32 0,29 12,5 0,6 

261,1 7,39 0,26 6,32 0,19 

307,7 2,04 o,oe 2,15 0,01 

494,3 13,00 0,29 10,2 4,2 

515,1 1,00 0,26 5,5 o,5 

579,8 13,00 0,29 10,s 1,0 

600,6 1,00 o,2e 4,9 1,9 

624,9 0 2,1 0,3 

a) YtITeHbJ TOnhKO CTaTHCTH'leCKHe OIIIH6KH. 

nepeXOA 781,79 K3B MOmHO pasMeCTMTb KaK npRMOH nepexo,q 
C YPOBHR 781,810 K3B, M TaKMM o6paaoM BHOBb no,qTBepAMTb cy~ecT
BoBaHMe paCCMaTpHBaeMoro ypoBHR. CyMMa 118,190 + 356,805/18/ 
= 474,995/18/ K3B 611M3Ka 3HeprHH YPOBHR 474,971 K3B, KOTOpblH 
6b1Jl eee,qeH /l/ npe,qeapMTellbHO. Bo3MOmHaR paspRAKa ypOBHR 
474,971 K3B nepexo,qOM 365,805 K3B RBilReTCR aamHblM $aKTOM B no11b-
3y aee,qeHMR 3Toro ypoBHR e cxeMy pacna,qa. 

AnR onpe,qe11eHHR 3HeprMH eos6y1KA8HHblX COCTORHMH 6bll1H HCnOI1b-
30BaHbl ,qaHHble 06 3HeprMRX nepexoAOB B 0611acTH AO 310 K3B H3 
pa6oT 12,31, no KOTOpblM HaMH paCC4HTaHbl cpeAHMe aaaeweHHble 3Ha-
48HMR: 63,12078/8/; 93,61513/11/; 109,77990/5/; 118,19018/18/; 
130,52383/17/; 177,21438/19/; 197,95809/20/; 261,07877/24/ 
M 307,]'J773/10/ K3B. AnR nepexo,qoa 8,400/8/; 20,72/3/;117,25/5/ 
M 156 '66/10/ K3B HCnOI1b30Ba11HCb AaHHble pa6oT' npHBe,qeHHblX B 111

. 
MeTOAOM HaHMeHbWMX KBa,qpaTOB Mbl Bb14MCl1HI1M .3HeprMH ypOBHeH 169Tm. 
KOTOpble npMae,qeHbl B Ta611.5. 11HTepnpeTal.lMR ypoaHeH QCTa11aCb Ta 
me, 4TO M B pa6oTe /l~ ,qono11HMTel1bHO 6bll1H BB8A8Hbl TOilbKO xapaKTe
PMCTMKH COCTORHMH C 3HeprH8H 832,412 M 878,35 K3B. 11HTeHCMBHO~ 

10 . 

Ta6nH~a 5 

3HeprHH ypoBHeu, HHTeHCHBHOCTH 6eTa-rrepexogoB 
H sHatieHHH logft MH pacnaga 169Yb aa ypoBHH 169Tm 

E; (" E j) I K-x [ N-,.A J 3f.1• '" :lt.j) {os It (Afo3 h.) 

[KaB] z;,; ua pacna.zt J 

8,41028(19) 3/2 112+ (411] -2(10) >8~5 
118,19017{18) 5/2 112+ (411] 1(3) >8,7 
138,93394(23) 7 /2 l/2 + (411] -1,4(18) >9,7 
316,14811.{20) 7 /2 7 /2+ [404] 7(4) a, 18(27) 
332,120(9) 9/2 1/2+ [411] -0,0003938

) a) 

345,016(3) 5/2 1/2- (?411 o,o098(4) 10,99(2) 
379,26889(21) 7 /2 7 /2- fp23] 82(4) 1;01{4) 
430,154(14) 9/2 · 112- (p41J 0,00433(26) 11,19(3) 
433,40( 5) 9,12 112+ Bo4] 0,109(12) 9,78(5) 
472,88403(24) 9/2 712- L523] ·11,7(8) 7,67(4) 
474,971(7) 3/2 112- [541) 0,000395(19) 12,13(3) 
570,832{7) 3/2 3/2-ir [411] 0,000291(12) 12,02(3) 
633,288(4) 5/2 3/2+ [411] 0,0123(5) 10,18(4) 
646,71',(8) 7 /2 1/?- [541) 0,000132(6) 12,10{4) 
718, 786( 5) 7 /2 3/2+ [411] o,00392(16) 10,27(6) 
781,810(6) 5/2 5/2+ (402) 0,00019(3) 10,48(9) 
832,412(19) 9/2 3/2+ [411] 0,0000194(18) 11,33(16) 
878,35(3) 7 /2 5/2 + (402] 0,00000402(27) 11,00(26) 

a) He aa6nroganttch rrepex0Ab1, yxogHll\He HS sToro ypoBHH, OHH 
HMelOT saeprHID MeHhme 300 K3B H rrepeKpbJTbl 6onhillHM KOMIITOHOBCKHM 
¢oHoM HHTeHCHBHblX raMMa-nHHHH. 

CTH nepexo,qoB B 0611aCTH 3HePrHA AO 310 K3B ,qaHbl B 111. no11Hbre 
MHTeHCHBHOCTH nepexo,qoa Bb14HCI1eHbl nPM HCnOI1b30BaHMM 3Ha4eHMA 
KOHBepCHOHHblX K03<!Xl>MI.IMeHTOB H3 pa6oTbl 122<A6co1110THble HHTeHCHB
HOCTH B npo1.1eHTax Ha pacna,q 6b111H onpe,qelleHbl no,qc4eTOM cyMMbl 
HHTeHCMBHOCTeH nepexo,qoe, MAY~MX Ha ABa HMmHMX YPOBHR /6eTa
pacnaA Ha ypoBeHb 3/2 112+/411/ OTHOCHTCR K ABYKPaTHOMY aa
npe~eHM~, ,qo11meH HM8Tb logft - 12 Mera BllMRHMeM Ha 6a11aHC HH
T8HCMBHOCTeH MOmHO npeHe6pe4b/. 

B a,qHa6aTH48CKoA Mo,qellH poTaTopa AllR OTHOW8HHR npHBe,qeHHblX 
BepORTHOCTeA paspeweHHblX /no cnMHY M KBaHTOBOMY 4HCI1y K / 6eTa
nepexo,qoa' KOTOpbre MAYT Ha ABa ypoBHR /o6o3Ha4HM MX m M n / 
oAMHaKoeoA p0Ta1.1HOHHOA no110Cbl /T. e. Km= Kn = Kr /, cnpaee,q11MBb1 
npaaH11a A11arH. B c11y4ae 311eKTPOHHoro aaxaaTa, Kor,qa ,qaa 6eTa-
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nepexoAa MMelOT He6onbWYIO 3HeprMIO, MOmHo, Ha OCHoBe Bblweyno
MRHYTOro npaBMna, onpeAenMTb 3HeprMIO pacnaAa MaTepMHCKOro RA
pa Q, TaK KaK /cM.:128•241 /: 

Iln 

Ilm 

<Ii ,\Ki Kr-, Ki IInKr >2 

X 
<Ii ,\ Ki Kr -, K1llm Kr > 2 

2 2 l: Gj gj (n) 
I -

l: o2 g~ (m) ' 
j j J 

/1/ 

rAe gj (m) = Q -,E~ -,£j aHanornl.lHO gj (n) = Q -,En --£i. j = K, L 1 , 
L2 ,M1 , M2, Nl, N2; Gj = gj AnR j = K, L1, M1, N1; Gj'= fj'AnR 

j '= L2, M2 , N2 , gj , fj, - <l>YHKLIMM AnR aHanM3a 3neKTPOHHOro aa
xeaTa, MX 3Hal.leHMe Bbll.lMCneHo B Ta6nH1.1ax pa60Tb1'1241;£j - 3HeprMR 
CBR3M 3neKTPOHa Ha j -TOH 06ono1.1Ke aTOMa /npMHMManMCb 3Hal.leHMR, 
yKaaaHHble B pa6oTeJ241/. CooTHOWeHMe /1/ HaMM MCnOnbaoeanOCb . + 
,qnR 6eTa-nepexo,qoe 7 /2, 712+ /633/- 7 /2, 5/2 /402/ c En ::; 
= 878,35 K3B, Iln = 0,00000402/27/% Ha pacna,q M 7/2, 7/2+/633/
_, 5/2, 5/2+ /402/ C Em= 781,810 K3B, Ilm = 0,00078/3/% Ha pac
na,q. B 3TOM cny1.1ae ,\ = 1. PeweHMe ypaBHeHMR /1/ npOM3BOAMnOCb 
MeTo,qoM nocTeneHHOH 3KCTpanonRLIHM ·eoKpyr aa,qaHHoro Ha1.1anbHoro 
aHal.leHMR Q, nony1.1eHo aHa1.1eHMe Q = /913+1/ K38, KOTopoe Haxo
AMTCR1 B XOPOWeM cornaCMM C eenMI.IMHOH,-yKaaaHHOH B pa6oTeJ25~ 
Q = 908/4/ K3B. npMee,qeHHaR HaMM owM6Ka 3Hepr~M pacna,qa He y1.1M
Tb1BaeT Heonpe,qeneHHOCTM e CYMMe MHTeHCMBHOCTeH HeHa6n1QAaeMblX 
nepexo,qoe M HeTOI.IHOCTM BblnOnHeHMR COOTHOWeHMR /1/ B CBR3M C Ha
pyweHMeM a,qMa6aTMI.IHOCTM. 

01.1eHKa MHTeHCMBHOCTM HeHa6rno,qaeMblX 111:;1pexo,q0B MaMeHReT MH
TeHCMBHOCTb 6eTa-nepexo,qa ,, MAY111ero Ha ypoBeHb 7 /2 5/2+ /402/, 
c 0,0397/21/ Ha 0,083/4/, M 6eTa-nepexo,qa, MAY111ero Ha 
5/2 5/2+/402/, c 7,68/9/ Ha 11 ,3/3/ OTH.eAMHMI.I. Tor,qa Q = 
= 922/2/ K3B. Bb1weyKaaaHHb1e Y.POBHM RBnRIOTCR ,qoeonbHO I.IMCTblMM 
COCTORHMRMM 5/2+/402/, npMMeCb 7/2+/404/ COCTaBnReT nPMMepHO 
10-4 /cM. pa6oTyJ15/. EcnM npe,qnonomMM /6onee MnM MeHee npoMa
eonbHo/, I.ITO npnBMna AnarM BbJnOnHRIOTCR c TOI.IHOCTblO 20%, TO 
HymHO yeenMI.IMTb OWM6KY npMMepHO Ha weCTb K3B. 

BenMI.IMHbl log ft ,qaHbl e Ta6n. 5. OHM Bbll.lHCneHbl c 1-1cnonbaoea
HHeM HHTeHCHBHocTe'1 aaceneHMR ypoBHe'1 169Tm,nep1-10,qa nonypacna-
,qa 169 Yb /T½ = 32,00 AH,//19/1,1 3Heprn1-1 pacna,qa Q = /913_:t11/K38, 

ABTOpbl 6naro,qapRT M. ~. KyaHe1.1oey aa 1.1eHHb1e coeeTbl 1-1 nOMOlllb 
np1-1 Han1-1caHHH CTaTbl-1. 

L~----
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