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I. BBelleHlre 

I 11 147 
B 11MeeTcsr yKa3aH11e Ha cymecTBoBaH11e Tb c rrepiiOilOM rrony-

147 
pacrralla 24 M11H, ilo HellaBHero BpeMeHII 1lpyr11x cBelleHII~ o cBo~cTBax Tb 

B n11TepaType He 11Menocb, HacTosrmasr pa5oTa BbmonHeHa c uenbJO rrony'leH11sr 

147 147 Gd 
11HcpOpM8U1111 0 paciTalle Tb II 0 B030Y)!{IleHHb1X COCTOSIH11SIX • 

147 
B IlccnelloBaH11SIX 11Crronb30Bancsr MOH01130Torr Tb , rronytJeHHbi~ c no-

121 
MOIUbJO Macc-cerrapaTopa • B rrep110il rrpoBelleH11SI 11ccnelloBaH11fi raMMa-

147 131 
n3ny'leHIIsr rrp11 pacrralle Tb HaM cTano 113BeCTHO o pe3ynbTaTax pa5oTbi , 

147 
B KOTopo~ TBK*e 11ccnelloBanocb raMMa-113nytJeH11e rrpH pacrralle Tb. 

131 
ABTopaM11 o5Hapy*eHbi raMMa-ny'l11 c 9Hepr11SIM11 118,5:!:.,0,3, 139,4:!:.,0,5 

11 694,4:!:.,0,5 K9B II 110311Tp0Hbl C 11HTeHC11BHOCTbiO "'5% Ha paCI181l 147Tb; 

OCHOBHOMy COCTOSIHIIIO 
147 

Tb C TY:! = 1,61:!:.,0,17 qac rrpim11CaHbi crriiH 

11 tJeTHOCTb I" = 512-; KpoMe Toro, yKa3aHo Ha cymecTBOBaH11e 1130MepHo-

ro COCTOSIHIISI 147Tb c I > 1112 11 T 1:1 = 2,5:!:.,0,1 M11H, CxeMa B03-
147 

OY*IleHHbiX cocToSIH11~ Gd , B03H11KBJOIUIIX rrp11 pacrralle Ha5nJOilBBIU11xcsr 
141 I 31 

1130MepoB Tb , B He llaHa. 
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2. 3KCIIepnMeHT8llbH85I MeTOLIHKa H pe3yllbT8Tbl 

Tep6nH:-147 6bill rronyqeH B peaKUHH pacmerrneHHH HLiep TaHTana rrpH 

o6nyqeHHH rrpoToHaMH c ::meprHeii 660 M 9B Ha cnHxpoUHKnoTpoHe fla6o

paTopnn HLiepHbiX rrpopneM 0I1HI1. l13 MHllieHH TBHTana XHMlfqeCKHM rry

/4/ 
TeM BbiLienHncR aneMeHT Tep6Htt. nocneAy!Omee pa3AeneHne Tep6HR 

/2/ 
IIO H30TOIIBM rrpOBOllHliOCb Ha M8CC-CerrapaTope 0TAena HllepHOH CIIeKT-

pOCKOIIHH H pallHOXHMHH. 
147 

faMMa-H3nyqeHHe Tb HCcneAOB8liOCb C IIOMOllibiO Ge(Li) -lleTeK-

3 3 
TOpOB C qyBCTBHTellbHbiMH 06'beMaMH "' 10 CM H "'30 CM H aMIIliHTyll-

HOrO aHao1IH38TOpa A M-4096. nonymHpHH8 cj)oTOIIHKa llliSI raMMa-nyqeft 

C 9HeprHeH 1153,0 K9B COCT8BliSill8 3,6 H 5,5 K9B LlliH rrepBOrO H BTOpOrO 

AeTeKTOpa, cooTBeTcTBeHHo. CrreKTP raMMa-nyqeH:, H3MepeHHbiH c rro-
3 

MOllibiO Ge (Li) -lleTeKTopa c qyBCTBHTenhHbiM o6'heMoM ,.10 CM , rrpeACT8B-

neH Ha pnc. 1. BHllHO, qTo B nccneAyeMoM crreKTpe rrpoHBliHIOTCH cna6o 

LIB)!(e caMbie HHTeHCHBHbie raMMa-nyqH coceAHHX H30TOIIOB 
149 

Tb , 
150 Tb 

H 
151 Tb • B raMMa-crreKTpe rrpHcyTcTBYIOT T8K)!(e raMMa-nyqH Aoqep-

147 
Hero Gd, KOTOpbiH H8K8IlliHB8liCH 38 BpeMH OT MOMeHTa XHMHqecKOrO 

BbilleneHHH Tep6HH llO naqana H3MepeHHH. OpHcyTCTBHe B crreKTpe nccneAye-
• 147 

Moro ncToqHHKa raMMa-nyqeft, B03HHKaiOIUHX rrpn pacrraAe Gd , II03BOliH-

no paccqRTaTb llOliH raMMa-nyqeii na pacrrall MaTepnHcKoro 
147 

Tb • llnH 

orrpeLieneHHH HHTeHCHBHOCTH raMMa-nyqeft B IIpoueHT8X H8 paciiall 
147

Tb 

H ero rrepnoAa rronypacrralla crreKTp raMMa-nyqeft H3MepH.1ICH rro !lBa paaa 

B KB)!(LIOM H3 LIBYX rrpoBeAeHHbiX OIIbiTOB. OpH pacqeTe, cornacno pa6o-

/ 5/ 147 
Te , npHHHManoch, qTo HHTeHCHBHOCTb raMMa-nyqeft Gd c 9HeprHeft 

229,2 K9B cocTaBnHeT 62% Ha pacrraLI. B peaynbTaTe rronyqeHo, qTO HH

TeHCHBHOCTb raMMa-nyqeft C 9HeprHeft 1153,0 K9B COCTaBliHeT ( 75,0.±,7,6)% 

Ha pacrra!l 
14 7 

Tb 

4 

rl. 

~} 

d 

':'*! 

l 
··I 

147 
OepHOll rronypacrraAa Tb t OIIpe!leneHHbiH IIO CII8LIY HHTeHCHBHOCTH 

raMMa-nyqeft C 9HeprHHMH 119, 7; 139,8; 694,5; 1153,0 K9B1 paBeH 

1, 7±_0,1 qac. 

3HeprHH H HHTeHCHBHOCTH raMMa-nyqei1:, COIIpOBO)!(ll810UHX paCII8ll 

147 
Tb, rrpe!lcTaBneHbi B Ta6nHue 1. 

147 . 
I1HTeHCHBHOCTb peHTreHoBcKoro HanyqeHHH rrpH pacrra!le Tb He 

OIIp9ll9liSio118Cb H3-38 B03M0)!(HOrO HCK8)!(9HHSI 38 cq~T IIpHMeCH COC9llHHX 

147 
H30TOIIOB Tep6HH H llOqepllero 'Gd, C OJlHOH CTOp0Hbi 1 H H3-38 Ilo1IOXO 

orrpe!lene1111oft acj)cj)eKTHBHOCTH perHcTpauHH raMMa-nyqeft c 9lleprHeft Mellb

me 60 K9B 0 C !lpyroft. I111TeliCHBHOCTb raMMa-nyqeft C 9lleprHeft 1660 K9B, 

IIO-BHLIHMOMy, 38BbillleHa H3-38 BKll8Jl8 HliTeHCHBHOCTH OT cj}oTOIIHKa JlBOft-

Horo BbllieTa H3 AeTeKTOpa 8H11HrHliHUHOHHbiX raMMa- KB8HTOB IIpH perHCT

paUHH raMMa-nyqeft c 911eprH,eft 2684 K9B. 

l13 Ta6n. 1 BHllH01 qTo KpOM9 raMMa-nyqeft, yK838HHbiX Ha pHc. 1 IIpH pac

II8Jl9 
147 Tb 11a6n10JlanHCb TaK)!(e raMMa-nyqn c a11eprHRMH 1949, 2564 

H 2684 K9Bo 

YKaaaHllbie a Ta6nHue rrorpem11ocTH a orrpeneneliHH HliTellcHBHOCTeft 

raMMa-nyqeft BKll!OqaiOT C]'8THCTHqecKyiO OlllH6Ky H OlllH6Ky, o6yCliOBo119HHYIO 

IIOrpelllliOCTbiO B 0Ilp9L19ll911HH acj}cj}eKTHBHOCTH perHCTp8UHH raMMa-nyqeft 

AeTeKTOp8MH. 0mH6Ka B orrpe!lell9HHH acj}cj}eKTHBliOCTH IlpHHHTa paBHOH 10% 

LlliH Bcelt o6naCTH 911eprni1. KpHBaH acj}cj)eKTHBHOCTH perncTpaunH raMMa

nyqeft Jl9T9KTOp8MH B 38BHCHMOCTH OT 9lleprHH OIIpe!l9ll5Il18Cb 9KCIIepHM9H-

241 /6/ 169 /7/ 226 /8/ 
TanbHO ·C ncrronhaoBaHHeM HCToqHHKOB Am , Yb , Ra 
24 N /9/ ss C 110/ 

a H o • 
/3/ 

CpaBHeHHe rronyqellllbiX peaynhTaToB c LIBHHbiMH pa6oTbi yKa3biBaeT, 

qTo B UHTHpyeMOH pa6oTe 6blliH o611apy)!(eHbl liHlllb HHTeHCHBHbl9 raMMa

nyqn, B03HHKa!Ollille rrpH pacrra!le 
147 Tb B o6nacTH 9Heprni1: no 1 MsB. 

/3/ 
0LIH8KO Bb!3biBaeT YJlHBlleHHe TOT cj}aKT 0 qTo 8BT0pbl He 06Hapy)!(Hllll 

CBMbiH HHTeHCHBHbiH rrepeXOLI C 9HeprHei1: 1153,0 K9B. 
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1. 

2, 

3, 

4. 

5. 

6. 

7, 

8, 

9, 

10, 

11 • 

12. 

13. 

14. 

15. 

16, 

17. 

18, 

Ta6nHua 1 

3Heprmr H OTHOCHTenbHhie HHTeHCHBHOCTH raMMa-nyqeft 

rrpH pacrrane 147 Tb 

I y (% a a pacrran rnTb 

Ey ( K9B) 
HacTOSIWaSI pa6oTa 

119, 7:!:_0,5 6,7:!:_0,7 

139,8:!:_0,5 33,7 :!:_3,4 

183,5:!:_1,0 
a) 

0,45:!:_0,11 

259 5+0 56 ) '-. 2,5:!:_0,4 

34 7,4:!:_0,5 
a) 

2,6:!:_0,4 

407,4:!:_0,5 1,6:!:_0,3 

51 1 10, l;t.l, 1 

( 1{3+ 5,6:!:_0,6) 

547,2:!:_0,5 1,8:!:_0,2 

554,9:!:_0,5 3,8:!:_0,4 

694,5:!:_0,5 30,6:!:_3,1 

836 0+0 5 a) 
.,.._ '- t 

1, 7:!:_0,4 

1153,0:!:_0,5 75,0:!:_7,6 

1293,0:!:_0,5 2,7:!:_0,4 

1629:!:. 1 a) 2,4:!:_0,4 

1660;!:.1 
a) 

2,7:!:_0,5 

1949:!:_1 
a) 

1,5:!:_0,4 

2564:!:_1 
a) 

1, 7:!:_0,6 

2684;!:.1 
a) 

3,4:!:_0,7 

a) nepeXOJlhl He pa3MeWeHbl B CXeMe pacrrana, 

Pa6oTa/3/ 

5, l:t_l,O 

24:!:_3 

32;!:.4 

6) <l>OTOITHKH 1 COOTBeTCTBYIOWHe raMMa-ny'laM C 9HeprHSIMH 259,5 K9B 

H 1293,0 K9B1 o6ycnOBneHbl 9<jlcjJeKTOM CyMMHpOBaHHSI KaCKaJlHbiX raMMa

KBaHTOB ( 119,7 K9B + 139,8 K9B) H ( 139,8 K9B + 1153,0 K9B) 1 

C 0 OTBeTCT seHHOe 
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147 147 
3. CxeMa pacnana Tb-+ Gd H o6cy?KLieHHe 

peaynbTaTOB 

147 147' 
Ha pHc, 2 npeacTaeneH sapHaHT cxeMbi pacnaaa Tb.... Gd. 

147 
Ha6moaeHHe B cneKTpe raMMa-nyqeil: Tb <jloTonHKoB, o6ycnosneHHbiX 

a<jl<jleKTOM cyMMHpOB8HHH K8CK81lHbiX raMMa-nyqeil: ( 119, 7+ 139,8) 

H ( 139,8+1153,0) K9Bt IT03BOJlHJlO OllH03H8'1HO BBeCTH ypOBHH C 9HeprHHMH 

147 1153,0; 1292,8 H 141 2,5 K9B srapa Gd 

B cxeMe pacnaaa He paaMemeH psra nepexoaoa, cyMMapHasr HHTeHCHB

HOCTb KOTOpb!X He npeBbllll8eT 20%, 

faMMa-ny'IH C 9HeprHeil: 1153,0 K9B 3H8'1HTenbHO HHTeHCHBHee BCeX 

apyrHx raMMa-nyqeil:, soaHHKaiOIIIHX rrpH pacrraae 
1 
i.7 Tb, rroaToMy ecTecT

seaao rrpeanono~HTb, 'ITO rrepexoa c aHeprHeil: 1153,0 K9B oTBeqaeT aa 

147Gd paapsraKy rrepsoro soa6y~aeaaoro ypoBHH B srape 

Ha cxeMe pacnaaa ( pHc, 2) rrpHeeaeHbi TaK~e rrpoueHThi aaceneHHH 

147 
yposHeil: Gd rrpH 6eTa-pacrraae 147 Tb H cooTBeTCTByiOmHe 3Ha'le-

HHH eg fr QqeBHilH0 1 'ITO IIpH COCTaBneHHH 6anaHC8 HHTeHCHBHOCTeil: 

6btnH TPYilHOCTH Ha-aa HeaHaHHH MynbTHIIOJlbHOCTH nepexoaoB c aHeprHHMH 

119,7 H 139,8 K9B, B rrpoB~IleHHOM pacq~Te IIpHHHTO, 'ITO MYJlbTHIIOnb

HOCTH ~epexoaoB c aaeprHHMH 119,7 H 139,8 K9B THna Ml H E2, cooTBeT-

CTBeHHOo 

Dpearronarasr, 'ITO raMMa-ny'IH c aHeprHeil: 511 K9B o6ycnosneHbi 

8HHHrHnHUHeil: II03HTpOHOB, Mbl OIIpeaenHnH llOJliO IIOCnellHHX H8 paCII81l 

147
Tb • DpH paC'I~Te HHTeHCHBHOCTH II03HTpOHOB HCITOJlb30B8JlCH Koa<jl<jlH-

UHeHT C'I~Ta 8HHHrHJlHUHOHHbiX raMM8-KB8HTOB 1,8, KOTOpbiil: nony'leH 

9KCIIepHMeHT8JlbHO IlpH H3MepeHHH cneKTpa raMMa-nyqeil: IIpH pacnaae 

/10/ 56 Co • HHTeHCHBHOCTb II03HTpoHoB cocTasnsreT (5,8~0,8)% Ha pacrraa 

147 Tb 

H3secTHo, 'ITO rrpH pacnaae 
1H E 

63 u 82 
Ill/ 

75% II03HTpOHHOrO pac-

nana BeneT K 38CeneHHIO OCHOBHOro COCTOHHHH 
145 Sm H TOJlbKO 25% -
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K 
3

aceneHHID rrepBOro B030Y~AeHHOrO ypOBHH C 9Heprne~ 894 K9B (3/2-). 
147 

YJcxoAH n3 6anaHca nHTeHcHBHocTe~ nepexonoB B 6 4 Gd 83 n Haonronae-
145 145 

Moro 3aceneHHH ypoaHe~ 
6 2 

Sm 
8 3 npn rro3HTpOHHOM pacnane Eu, 

147 147 
MO~Ho npennono~HTh, "'TO rrpn pacnane Tb ... Gd ocHOBHaH nonH no-

147 

3
nTpOHHhlX pacnaAOB BeneT K 3aceneHHID OCHOBHOrO COCTOHHHH Gd • DpeA-

147 
nonaraH, "'TO rrpn IT03llTpOHHOM pacrrane Tb 3acenHeTCH TOnbKO OCHOBH0-

147 147 
Hoe cocToHHHe Gd, Mbl oueHnnn aHeprnro 6eTa-pacnana Tb • l13 no-

ny<IeHHoro npn aToM npennono~eHHH oTHoiiieHHH K I f3 + 'S. 5,0 cnenyeT, "'TO 

rpaHll"'H8H 9HeprHH IT03HTpOHOB AnH pa3peiiieHHOrO oeTa-nepeXOAa AOli~Ha 
147 147 

6htTh 6onhiiie 1500 K9B, cnenoBaTenhHO, pa3HOCTh Mace Tb - Gd 

6yneT oonbiii9 2500 K9Bo C Upyroii CTOp0Hbl 0 Haonro.aeHH9 raMMa-ny"!eH 
147 147 

c aHeprneii 2684 K9B yKa3biBaeT, "'TO pa3HOCTh Mace Tb - Gd 

6onhiiie 2700 K9B. Dpn pac"'~Te 3HaqeHnii fgfr aenH"'HHa pa3HOCTH Mace 
I 12 13/ 

14 7 Tb _ 14 7 Gd npiiHHTa paBHoii 4060 K aB ' • 
/3/ 

KaK yK83b!Banocb BbJIIIe, B pa6oTe He ObinO ooHapy~eHO raMMa-
147 

nyqeii c aHepriieii 1153,0 K9B 
I = 75% Ha pacnan Tb ) • 3ToT 

y 

cpaKT ll HBllnCH, TIO-BIIAHMOMy, rrpii"'IIHOH OIIJIIOO"!Hb1X Bb1BOAOB 0 KBaHTOBbiX 

xapaKT9pllCTIIKaX OCHOBHOrO COCTOHHIIH 

Mace 
147 

Tb-
147 

Gd. 

147 Tb ll 0 3Ha"!eHHII pa3HOCTII 

3KcrrepiiMeHT8nbHblX ABHHbiX, TI03BOnHIDIUIIX orrpeneniiTb KBaHTOBbie 
147 

xapaKTepncTHKH aaeneHHbiX B cxeMy pacnana ypoaHeii Gd • HeT. OJJ-

HaKo MO~HO rrpeATIOnO~llTb 0 "'TO xapaKTepHCTllKll OCHOBHOrO II rrepBOrO B03-

6y~AeHHOrO COCTOHHIIH 
147 

Gd 
OYAYT TaKHMII ~e KaK y coce)]HllX "!~THO-

H9"'~THbiX HAep C N 83. Ha pile. 2 nnH cpaBH9HIIH co cxeMoii ypoBHe~ 

147 Gd rrpHB9)]9Hbl TaK~e rrepBbie B030Y~A9HHbie COCTOHHHH HAep 

114/ 139B 115/ 141C /16/ 143Nd 117,18/ 137 
54 Xe B 3 

145 
62 Sms3 

56 a 83 • 58 e 83 , 60 sa II 

Ill 19/ ' • CrrllH ll "!eTHOCTb rrepBoro B030Y~AeHHOrO COCTOHHIIH 

7r -
AnH Bcex yKa3aHHhlX HA9p 

I = 3/2 , a nnH OCHOBHOrO COCTOHHIIH -

I" = 7/2-. BepoHTHO, "'TO ypoaeHb 
147 

Gd c aHeprneii 1153,0 K9B TaK-

10 

~e oyneT IIM eTh CITIIH II "'~THOCTb 3/2-, a OCHOBHOe COCTOHHIIe - 7/2-, 

"'TO cornacyeTCH TaK~e C rrpeJJCKa3aHIIeM OOOliO"'e"!HOH MO)l911II HApa. 

Ha OCHOBaHIIII OUeHOK Beliii"'IIH fg fr , CpaBHeHIIH C CC':9)lHIIMll He-

148 Pm 145 E /20,21/ 
"!eTHO-He"'~THbJMII H)lpaMII 

141 Pr 
59 82 61 82 • 63 u 82 

a TaK~e 

147 Tb 

rrpeJJCKa3aHIIH 000110"!9"'HOH MO)l911II HApa OCHOBHOMY COCTOHHIIID 
+ + 

cneJJyeT rrpiirriicaTh KBaHTOBbie xapaKTepiicTIIKII I" =5/2 (3/2 ). 

fiJJpO 

N = 82, a 

147 
64 

Gd
83 

nMeeT OJliiH HeiiTpoH HaJJ 3aMKHyTo~ ooono"!Koii 

64-ft rrpOTOH 3aMbJKa9T TIOAOOOJlO"'KY 2 d 5/2 ' DoaTOMy MO;>KHO 

6binO O~II)laTh, "'TO rrpeJJCKa3aHIIH 000110"!9"'HOH MOA911II 00 9HepreTII"!eCKIIX 

COCTOHHIIHX 9TOrO H)lpa oyAyT liY"'llle COOTB9TCTBOBaTb 9KCTI9piiM9HTanbHhlM 

pe3ynbTaTaM, "!9M B cny"!ae HJJ9p C ocinbiiiiiM "!IICliOM He~TpOHOB HaJJ 3aMK-

HyTOH ooono"'KOH 
N = 82. B CBH3II c 9TIIM IICCne)loBaHIIe B030Y~Jl9HHbiX 

147 cocToHHIIii Gd, a TaK~e coceAHIIX "'~THo-He"'~THbiX HJJep c N = 83, 

npencTaBnHeT 6onhiiiOii IIHTepec. 0JJHaKo )laHHbie, nony"!eHHbte rrpii Ilccne-

noaaHIIII niiiiih raMMa-I13ny"!eHHH rrpii pacnane 
147 

Tb, He nosaonHroT rroKa 

cnenaTb oonee onpeJJeneHHbiX Bb!BO)]OB 0 rrpiipO)le B030Y~Jl9HHbiX COCTOSI-

HIIH 
147 

Gd 

B 3aKnro"'eHIIe aaTopbt rrpiiHOCSIT IICKpeHHIOIO 6naroJJapHOCTh JJOKTOPY 

¢H3llKO-MaTeMaTII"!eCKIIX HayK K.fl. fpoMOBY 3a TIOCTOHHHbiH IIHTjipec K pa

ooTe II none3Hbie o6cy~JJeHIISI pe3ynhTaToB, P. ApnhTy, B.Yl. ct>oMIIHhiX 

n B.Yl. Pa~Ko 3a noMOIUh rrpii npoaeJJeHIIII IICcnenoBaHII~. 
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