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1. BBEAEHI-1E 

l-13oTon 165Lu 6bln o6Hapy>KeH e 1973 rOAY MaHepoM 1o1 AP. 1 11 e 
AAePHbiX peaK1,41o1AX 169Tm (3He, 7ny )165 Lu np1o1 o6ny4eHio11o1 Mlo1WeHeH 
169Tm HoHaMH 3He c 3HeprHeH 80 M3B. no cnaAY HHTeHCHBHOCTH 
Ha6n~AeHHbiX 54 raMMa-nepexoAOB e cneKTpe raMMa-ny4eH onpeAeneH 
nepHOA nonypacnaAa 165 Lu: T'n ~ 11,8(5) M:.1H, AononHHTenbHbiM 
apryMeHTOM np1o1 o6Hapy>KeHHio1 lo130Tona 165Lu ABHnOcb Ha6n~AeHHe 
B lo1CCneAyeMbiX cneKTpax raMMa- ny4eH 165 Yb , lo1HTeHCio1BHOCTb KOTO­
PbiX HapacTana e Ha4ane H3MepeHio1H 1o1 3aTeM cnaAana c T~ ~ 
= 11,8 Mlo1H. 

no3AHee 3KcTpeMOM 1o1 AP. 121 6bln onpeAeneH cnHH J = 1/2 oc­
HOBHoro COCTOAH1o1A 165 Lu MeTOAOM MarHio1THOrO pe30HaHCa aTOMHOrO 
ny4Ka. OcHOBHOe cocTOAHHe 165 Lu lo1Mio1 HAeHTio1~1o1UHPOBaHo KaK 
1/2+/411/. B 1976 rOAY 3KCTpeMOM lo1 AP. 131 Ha OCHOBe npOBeAeH­
HbiX pac4eTOB 3Ha4eHio1H 3Heprlo1H 0AH04aCTio14HbiX COCTOAHio1H lo130TOnOB 
nl'.lTeUHA c A= 161 + 181 1o1 cpaeHeHHA 1o1x c 3KcnepHMeHTanbHbiMio1 
AaHHbiMio1 OCHOBHOMY COCTOAHio1~ 165Lu npHnlo1CaHbl Ha1o160nee BepOAT­
Hble KBaHTOBble xapaKTeplo1CTio1Kio1 1/2+/111 1/ , XOTA He lo1CKn~4a~TCA 1o1 
xapaKTepHCTHKH 1/2-/541/ - cornacHo cxeMe HHnbCCOHa. Bo36y>K­
AeHHble cocTOAHHA 165 Yb 1o13y4an1o1cb e peaKUHAX 169Tm(p, 5n y) 165 Yb 
l-1w1o1xapoH 1o1 AP· 14 1

• I-1MH 6bln npeAnO>KeH ~parMeHT cxeMbl 
Hlo1lKHio1X YPOBHeH poTaUio10HHbiX nonoc 5/2-/523/ ennOTb AO J" ~ 
:: 11/2-H 3/2-/521/ (AO J "= 7/2-). Plo1Aio1Hrep 1o1 AP· 1 5 1 B pe­
aKUio1AX 148Nd(22 Ne,5ny) 165Yb 1o1 156Gd( 12C,3n y) 165yb Ha6mnAa­
nlo1 ypOBHio1 pOTaUHOHHOH nonOCbl 3/2-/521/ BnnOTb AO J" = 45/2-
lo1 Clo1nbHO CMeWaHHble YPOBHio1 nonOCbl COCTOAHio1A i 1312 ennOTb AO 
J " = 41/2+. P1o1xTep 1o1 AP· ' 61 MeTonoM e-~ -- 1o1 e-y-cosnaAeHHH 
np1o1 HccneAoBaHio11o1 peaKUHH 152Sm ( 8 0, 5nye-) 165 Yb 1o1 
l54sm ( 16 0, 5nye-)165Yb yT04Hio1nH AaHHble pa60Tbl 15 1 o Hlo1lKHio1X eo36yJK­
AeHHbiX COCTOAHio1AX 165 Yb lo1 nOATBePA1o1nlo1 pe3ynbTaTbl pa60Tbl 1 41 

16 t 1 -B 6blnlo1 onpeAeneHbl ypOBHio1 poTaUHOHHOH nonOCbl COCTOAHio1A 5 2 
/523/ ennoTb AO 45/2-, Hlo1lKHio1e ypOBHio1 KOTOPOH aBTOpaMH 15 1 HAeH­
Tio1~1o1Uio1POBanlo1Cb KaK 4neHbl POTaUio10HHOH nonOCbl 3/2-/521/, a poTa ­
U1o10HHaA nonoca Clo1nbHO CMeWaHHbiX COCTOAHio1H 6blna yCTaHOBneHa 
ennoTb AO J" = 45/2 +. 

B pa6oTe 6apMeHa 1o1 AP·171 np1o1 lo1CCneAOBaHio11o1 pacnaAa l65Lu 
BBeAeHbl B036ylKAeHHble COCTOAHio1A 165 Yb C 3Heprlo1AMio1 87 , 4; 120,2; 
252,2; 425,9; 455,2; 613,2 1o1 642 , 5 K3B. 

B HacTOA~eH pa6oTe npoeeAeHbl HccneAoBaHHA cneKTpoe 3neKTpo­
HOB BHyTpeHHeH KOHBepCio11o1 /3BK/, y -ny4eH, yy - 1o1 ey -coenaAe­
Hio1H np1o1 pacnaAe 165 Lu . Ha ocHoee nony4eHHbiX pe3ynbTaToe npeA­
naraeTcA cxeMa pacnaAa 165 Lu .... l65 Yb. 
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2. YCflOBHR 3KCnEPHMEHTA. 3KCnEPHMEHTAflbH~E PE3YflbTAT~ 

2. 1. np~rOTOBfleH~e paA~OaKT~BH~X ~CT04H~KOB 

He~TPOHOAe~~U~TH~e ~30Ton~ n~Teu~R nony4an~cb e peaKU~Rx 
rnyfioKoro pac~enneH~R TaHTana npoToHaM~ c 3Hepr~eH 660 M3B. 
M~weH~ ~3 TaHTana B B~Ae MeTaflJ1~4eCKOH ~Oflbr~ TOfl~~HOH 50 MKM 
~ BeCOM 0,5 r ofiny4an~Cb B Te4eH~e 15 M~H Ha B~BeAeHHOM ny4Ke 
npoToHoe (-0, 1 MKA) c~Hxpou~KnoTpOHa 06oeA~HeHHoro ~HCT~TyTa 
RAepH~X ~CCfleAOBaH~H. nocne ofiny4eH~R M~WeH~ AOCTaBflRfl~Cb 
nHeBMOn04TOH K ~OHHOMY ~CT04H~Ky 3fleKTpOMarH~THOro Macc-cenapa­
TOpa / S,g/ , np~ nOMO~~ KOTOpOrO npOBOA~flOCb pa3AefleH~e npOAyK­
TOB RAePH~x peaKu~~. o6pa3oeaew~xcR e M~WeH~, no ~3o6apaM. AnR 
pa3Ae1leH~R ~3o6ap 6~na ~cnonb30BaHa TepM~4ecKaR Aecop6u~R peA­
K03eMenbH~x ::meMeHTOB 1 10 / , ~Mr.lflaHT~pyeM~X B HarpeT~H KOflfleKTOp. 
MeTOA 11 ropR4ero KOnneKTopa11 no3eon~n nony4aTb np~ HarpeeaH~~ 
AO 1400° C noMe~eHHOH Ha KonneKTOP Macc-cenapaTopa TaHTanoeo~ 
<)>onbrl-1 T0fl~I-1HO~ 5- 15 MKM I-1306apy C A = 165, ofioran1eHHY~ ~30TO­
nOM 16 6 Lu. 0THOWeHI-1e B~XOAa ~30Tona fl~TeUI-1R K B~XOAY I-130TOna 
~TTep6~R eo3pacTano e cny4ae I-1Cnonb30BaHHR 11 ropR4ero KonneKTo­
pa11 e 10 pa3. H3MepeH~R cneKTpoe y -ny4e~ H yy -coenaAeH~~ Ha-
41-1Han~cb cnycTR 5 M~HYT, a cneKTPOB 3BK ~ ey -coenaAeHHH npH 
noM~~ fieTa-cneKTpOMeTpa C TOPOI-1AaflbH~M MarHI-1TH~M noneM -
cnyCTR 10 M~HyT nocne KOHUa o6ny4eH~R MI-1WeHeH. 

HcT04H~K~ AflR ~3MepeH~R 3BK np~-1 noMO~I-1 6eTa-cneKTporpa~oe 
npHrOTOBflRfl~Cb nocne XHM~4eCKOro 1 11 1 B~AeJleHHR fl~TeUHR 1-13 M~­
WeHI-1 TaHTana, o6ny4eHHOH Ha BHyTpeHHeM ny4Ke npOTOHOB (Jp ~ 
~ 2,3 MKA) c 3HeprHe~ 660 M3B, 3neKTponi-1T~4eCKHM oca~AeH~eM n~­
TeUI-1R Ha nnaT~Hoey~ npoeonoKy A~aMeTPOM 50 MKM. B 3TOM cny4ae 
H3MepeH~R 38K Ha4HHan~Cb cnyCTR - 1 4ac nocne KOHUa o6ny4eHHR. 

2.2. HccneAoBaHHe cneKTpoe y-ny4e~ 

CneKTP~ y - ny4eH ~3MepRn~Cb np~-1 noMOUII-1 cneKTpoMeTpoe c 
Ge(Li) - AeTeKTopaMH c 4YBCT BI-1TenbH~M o6oeMoM V = 0, 5 eM 3 (.~E = 

= 0,8 K3B np~-1 Ey = 122 K3B 57Co) 1-1 V = 41 cM 3 (.~E = 2,4 K3B 
np~ E y = 1332 K3B 6°Co). PerHcTpauHR cneKTpoe y -ny4e~ npo­
I-13BOAHnacb np~ noMo~~ MHoroKaHanbHoro aMnn~TYAHOro aHan~3aTopa 
AH-4096. 06pa6oTKa cneKTpoe y -ny4eH npoBOAHnacb Ha 3BM 
HP-2116C. 

Ha PHC. 1 ~ 2 noKa3aH~ cneKTP~ y -ny4eH, ~3MepeHH~e Ha cneKT­
poMeTpaxc:--~cnonb3oeaHHeM Ge(Li) -AeTeKTopoe c V = 0, 5 eM 3 1-1 
V = 41 CM 3 COOTBeTCTBeHHO. 3Hepr~~ y -ny4eH onpeAellRflHCb np~ 

ofipafiOTKe OAHOBpeMeHHO ~3MepeHH~X cneKTpOB ~CCfleAyeMOrO ~30TOna 
H Kan~6pOB04H~X HCT04HI-1KOB / l 2 / llOmAg, 133Ba, 152 Eu, 182 Ta 

~ 241Am. KpHe~e 3~eKTI-1BHOCTH per~cTpaUHH y-H3ny4eHHR AeTeK­
TopaM~ nony4eH~ C T04HOCTb~ He Xy~e 5% C HCnOflb30BaHHeM KanH6-
POB04H~X CTaHAapTH~X ~CT04HHKOB . 
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Lu ----- ' 
~3MepeHHaR Ha cneKTPOMeTpe c Ge (Li) -AeTeKTopoM o6oeMOM 

0,5 CM3. 
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P11 c .2. CneKTP y -ny4e~ 165 Lu , 113MePeHH biH Ha cneKTPOMeTpe 

c Ge(Li) -aeTeKTopoM o6DeMoM 41 eMs. 

B H3yqaeMbiX cneKTpax H306apbl A= 165 B OCHOBHOM Ha6J110AaJ1HCb 
y -ny411 165Lu , a TaKl4<e y-ny4H A04epHI1X 1130Tonoa 165 Yb (T~ 

8 / 13/ 16& / 14 / = 9. MI1H ) • Tm(T ~ = 30 4aC) . raMMa-113J1y4eHI1e 
16&Lu 11AeHTI1~11~11POBaJ10Cb no cnaAY 11HTeHCI1BHOCTI1. 3Kcnepi1MeH­

TaJ1bHble AaHHble 06 3Hepri1~X 11 0THOCI1TeJ1bHbiX 11HTeHCI1BHOCTRX Ha-
6J110AeHHbiX y-ny4eH 166 Lu np11eeaeHbl e Ta6n. 1. 

06Hapyl4<eHo 125 nepexoaoe, 113 HI1X 75 - enepeble. 3Ha4eHI1R 
3Heprl111 11 OTHOCI1TeJ1bHbiX 11HTeHCI1BHOCTeH y -ny4eH 165 Lu YT04HeHbl 
no cpaeHeHI110 c aaHHbiMI1 pa6oTbl 1 11 , a nepexoabl c 3Heprl1eH 127,52; 
443,0; 1029,93 11 1073,35 K3B HaMH He o6Hapyl4<eHbl. 

2.3. HccJ1eAOBaHI1e cneKTPOB 311eKTpOHOB BHyTpeHHeH KOHBepCI11-1 

CneKTPbl 3BK 11ccneaoean11cb KaK c noM~b~ 6e314<ene3Horo 6eTa­
cneKTPOMeTpa 11&/ np11 ~Hp/Hp "' 0,5% 11 CBeTOCI1J1e T = 10%, TaK 
11 c noM~biO 6eTa -cneKTporpa~a 1 161 . B Ta6n.2 np11eeaeHbl pe3yl1bTa­
Tbl aHa11113a cneKTpoe 3BK. Perl1cTpa~I1R 3BK np11 11CnOJ1b3oeaHI111 6e­
Ta-cneKTporpa~a npOI13BOA11JlaCb Ha ~TonnaCTI1HKax HHK~H- 50. no­
rpewHOCTI1 onpeaeJ1eHI1R OTHOCI1TeJ1b~X 11HTeHCI1BHOCTeH no nJ10THOCTI1 
no4epHeHI1~ Ha ~TOnJ1aCTI1HKaX COCTaBJ1RJ111 20% AJ1R CHJlbHbiX (I e > 5) 
11 npHMepHo 50% (I

8 
s 5) AJlR cna6blx no 11HTeHCI1BHOCTI1 3BK. MyllbTW 

nOJ1bHOCTI1 AJ1R PRAa y -nepeXOAOB onpeae11RJ111Cb 11CXOAR 113 COOTHO­
weHI1H K/ L I , L I / L II , L II / L Ill, M / M II , Ha61110AeHHb1X B 3KCne­
PI1MeHTC, 11 1-13 cpaBHeHI1R 11X C COOTBeTCTByi0~11MI1 COOTHOWeHI1RMI1 
TeopeTI14eCKI1X 3Ha4eHI1H K03~~11~11eHTOB BHyTpeHHeH KOHBepCI111 1171 . 

OnpeaeneHHOe 3Ha4eHI1e K03¢$11~11eHTa BHYTPeHHeH KOHeepc1111 an~ 
nepexoaa c 3Heprl1eH 120,60 K3B (Ml + ~ 3% E2) 6blllo 11CnOJ1b30ea­
HO AJlR CBR311 WKaJl 0THOCI1TeJ1bHbiX 11HTeHCI1BHOCTeH y -ny4eH 11 3BK . 

2.4. HccneaoeaHI1e cneKTpoe ey-coenaaeHI1H 

CneKTPbl ey -coenaaeHI1H 113MepR1111Cb Ha ycTaHOBKe 1181 , C03AaH­
HOH Ha 6a3e 6e314<el1e3Horo 6eTa-cneKTPOMeTpa 1151 11 cneKTPOMeTpa 
c Ge(Li) -aeTeKTopoM c V = 35 cM3 (~Ey= 3,5 K3B np11 Ey= 

1332 K3B 6°Co) . BpeMeHHOe pa3peweH11e ycTaHOBKH cocTaenRno 
5 X 10-S C. 

npoee·aeHbl 113MepeHI1~ cneKTpoe coenaaeHI1H y - ny4eH c 3BK: 
L39,23; K80,4; K86,71; K87,54; K120,60; K174,25 11 
K203,68, 4aCTb H3 3TI1X cneKTpoe noKa3aHa Ha pl1c.3. Pe3yl1bTaTbl 
aHaJ1113a cneKTPOB ey -coenaaeHHH np11eeaeHbl e Ta6ii":3. 

2. 5. HccneaoeaHI1e cneKTpoe yy -coenaaeHI1H 

An~ HCCJ1eAOBaHI1~ cneKTPOB yy -coenaaeHI1H 11CnOJ1b30BaHa ycTa-
HOBKa 1191 C ABYMR C.e(Li)-aeTeKTOpaM11 C V = 41 CMS 11 V = 
= 47 eM 3 11 pa3peu•eHI1eM 2, 5 K3B np11 Ey = 661 K3B 137 Cs. Pa3-
pewa~ee epeMR cxeMbl coenaaeHI1H cocTaenRno 5 x 10-8 c. 
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Ta6n~~a 1. 3Ha4eH~R 3Hepr~H ~ OTHOC~ TenbH~x ~HTeH -
Ta6n~~a 2. 0THOC~TenbH~e ~HTeHC~BHOCT~ 3neKTPOHOB BHYTPeHHeH 
KOHBepc~~ nepeXOAOB, B03H~Ka~~x np~ pacnaAe 165 Lu c~sHocTeH y - ny4eH np~ pacnaAe 165Lu 

E y (1\E y). j (l\J ) Ey (1\E y ). J y (M y) E (~E ) • Jy {1\J y) E y, 1 ** M:ynn- Ey, !l,yJ!UX-
KaB y y Y xaBY I* I * I ** KaB .aB e e ao.n.a. .aB e e nOJD>B • 

39 ,23(8) 357(30) 458, 77(12) I24(6) 943,54(15) 36(4) 
86, 71(6) 54(6) 472 ,04(17) 25(4) 963 , 19( 19) 27( 4) 39,23 L1 8 EI 203,68 K IS 13,8 

87,54(6) 230(16) 479 ,20(16) 16(4) 978, 73(26) 23(5) II, 2 L, 2 I{[ 

93,33(8) 14,3 485,10(27) 9(3) 1050 ' 59 (I'/) 47(5) 53,6 ~L 15,0 L II 0,3 
120,60(6) 1000(60) 494,68(18) 16(2) II14,60(J3) 1'1(5) 
121 ,92(10) 42(7) 519 , SIC IS) 57(5) II27,81(52) 8(3) 80,4 K 13,6 217,43 K )/2 5,9 I{[,E2 

132,49(6) 1000(60) 525, 46(25) 18(4) II3I ,30(43) 16(3) 86 ,71 K 20 I7,6 III 253,43 K 1,5 5 IU,E2 

134,10(16) 46( 10) 532,82(15) 43(4) !144, 70(18) 31(3) L , 3 271,15 K ~1 , 2 4,5 II.I,E2 

167,07(10) 25(4) 543,95(15) 32(3) II82 ,02(2J) J4(4) 279,82 K - 0,8 III,E2 

1?2,86(8) 65(7) 549,00 (20) 43(7) II87, 93(20) 27(3) fn ,54 K ~ ~ 324,54 K 0,2 0 , 5 E2 
174,25(6) 470(25) 552,0?(12) 98(8) 1240,82(16) 47(4) Lo 3J 356,93 K 0,6 0 ,8 E2 
203 ,68(6) 300(25) 566 ,9!(12) 25(2) i248, 76(21) 2!(3) L11 ~ <75 E2+~5:AII 361, (17 K 1,5 1,7 E2,11I 
217 ,43(6) 200(15) 578,66(15) 21(3) 1265,36(40) 18(6) L111 30 'I/2,97 K 0 ,2 EI -
253 ,43(7) 162(15) 605 ,?9(14) 40( 4) 1268,27(43) 17(6) li n 7 400,55 K 0 ,5 E2 -
254,89(10 40( 7) 608,98(10) 86(5) 1281. 12( I'/) o6( 4) II III 7 
268,72(ll) 60(7) 613,66(33) 10(3) 1288, 72(40) 35(!2) 120,60 K 156 158 
2'11 , 15(10) 198(10) 623,38(23) 13(3) 1291 ,16(74) 18(!:l) 

L, 22~ 279,82(10) 35(6) 629,89(!0) 69(4) 1306,52(18) 5?( 4) L II 3 ( 40 III+~3%&2 
313, 78(12) 30(5) 638 ,b0(16) 29(3) 1329 ,'70(21) 29(6) 

Lm0,9 
3!9,46(10) 42(6) 655 ,78(28) 8(3) 1334,99(28) 23( 4) 
324, 54(Il) 34(6) 659 ,o4(1S) 44(6) I342,4!(3I) 20(4) ll r 5 8 

340,10(25) 18( 4) 662, 72(II) 66(4) 1368,12(21) 3!(4) 132,49 K 12 IO EI 
345,3?(18) 17(4) 6'11 ,0700) 10'1(o) 1391 ,9?(2J) 2'/(4) 
356,93(10) 199(8) 686,5400) 103(5) 142'1 , 09 (I'/) 44(4) 172,86 K 2,5 II.I,E2 
36! ,0?(!0) 293(12) 7:G6,8?(I1) 39(3) 1438,66(3?) !3(4) 
3?2 ,97(10) 128(6) '753 ,55(II) ?o<o> I454.~(J (23) ~1(3) 174,25 K 22 <28 

39! , ?6(10) 35{5) 770,33(14) 40(5) 1461, l:G\JJ) lU( 1) Lo2., 
398,06(24) 21(4) 8Io ,3I(l4) 55(4) 1478, Sl:S(:c:.::J GJ(J) Lu 0,5 3,6 Ml+P:5% E2 
400 ,55(10) 200(8) ~4 . 06(I5) 44(4) 15I9, 16(:Cl) Ga<..1J L111 
412, ?0(2i) 1?(3) ~? , 61(25) 23(3) I539 ,0u(22) ."\.:!) 

415,00( I'/) 17(4) 860 , ·16(JIJ) _'I(J ) ~5o9,86l~5) ;c,4) 
426 ,23(!ti) I6(J) 8'/5 , 1905) :;8(3) 1572,29{18) ~7(3) 

431 ,93(25) 10(2) 89I , J!(:C:'I) 10(2) 160l,43(IJ) ... G4 \? ) 
444, 79(16) !3(2) 896, .:!0(17) 21(3) .606 ,5'1(2b) 2..;(:;) Dppe'!8B!e: norpeJmocn ll oape,~te.aexa oftocrre..nma e~CD.BOO!'el 
455,3UJQl ~5(3) - ~30 . ~?_(._2_t>) ~OHl I613 146L.3> 15.:-l'J COC 'r8liJIJIJ)'f ~ 2()% Ala CJLildlll:X ([ e> 5) J1 ....,. 5{)% ~ CJla6ax 

I632 ,2I(2I) 27( 3) !00?,98(24) J6(4) !951 ,88(36) 14(2) (J~5) ao m!TeBCDHOCTII 3BK; 
16?2,2!(23) 48(6) 1833,06(25) 2I(2) 1900 ,5'1(38) J.7(3) 
I?34 ,I3(I6) U6(b) :tl62 ,45(25) 3o(4) 1988,70( 48) !0(2) 

3BK, u~~epe~~m~e III* nOMOIIIJI 6na-cnenporparll& <•> • 
1?46, 22(2'1) 22(3) 188"1 ,21 (28) J8(4) 20C5 ,2o(J2) v2(6) 

6eue.tes•oro 6e'ta-cneKTJ)OIIIeTJl& c TO.POQ&n.IDDI Mai'Dnml 

1'1?9 ' 36(34 ) 13(3) I907 , 97 ( 4'7) :o<2l 2032 ,64(38) 26(4) 
no.ae111 (a). 

!790 ,12(27) l!:l(3) I922,bo(30) 26(3) 2154,4~(50) ~c(..>) 

IOOI ,34(2v) 69\6) I~43 , ?0\ 37) 13(2) 7 
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Ta6n~~a 3 /npoAon~eH~e/ 

Ta6n~~a 3. Pe3ynbTaT~ aHan~3a cneKTpo e ey -cosnaAeH~i:1 np~ 
pacnaAe 165Lu 

I 2 3 4 5 
E nepex . • E cosn. • CX(x lOO) I ey(6I ey) 

I ey pac \1. (L\I e) ) KI74, 23 I72,86i 43( 8) + 
(E ) 'K3B K::lB a 'lKCII . 3KCn. ( I74,23) 2I7,43 95( 8) I90(IG) 200(I5) YP 

I 2 3 4 5 253,43 I02(IO) IG5(I7) IG2(I5) 

R87,54 39,23 + + - 3I9,46 I09(I5) 46( 7) 42( G) 

(87 ,54) 86,7! 99(IO) 53( 6) 54( 6) 552,07 + + 

I67,07 II3(I5) 28( 4) 25( 4) 600,98 + + 

I'72 ,86 44( s>• - - 'f 39,23 87,54 + + 
2!7,43 32( 6)• - - (I26,74) 356,9j81 IOO(IS) 200(Xl) 200(20) 
253,43 26( a>• - -

'· 
361,07 .. 28(IO) 82( 8) I20 

3I3,78 92(10) 39( 6) 30( 5) 400,55 .. + + 
340,10 90(15) I6( 4) IS( 4) 
638,50 + + - I<B0 ,36 I20 ,6 + + 

KI20 ,60 I34,IO + + - (254,64) I72 ,86 I05(15) 68(IO) 65( 7) 

(I20,60) 203,68 92( 5)• - - I74,25 95(IO) 447(45) 470(25) 

2I7 ,43 28( 5)• - - K203 ,68 I20 ,6 + + 
253,43 ~( 6). - - ( 324,44) 345,37 + + 
~1 ,15 I07( 8) 212(I6) I98(IO) 623,38 + + 
279,82 IIO(II) 39( 6) 35( 6) 
319,46 + + 
372,9'7 96( 7) I23( 9) I28( 6) 
543,95 < 135 <43 32( 3) 
552,07 + + 
605,79 + + 
662,72 II6(20) 77(13) 66(II) QOIDie'lll.!!!e: 3Ba.KOM "+ • o'lVe'lleJDi aacs.uuuun•e COBIIB.lteDII , xo.uqec'l'-

I<B6, 7I 80 + + - ·f :BeHBM oneKita KOTOJI>IX He npo:se.IteHa JIS-sa wuol 
87,54 9I(I4) 2I0(32) 

. 
230(IG) C'l'8'1'][C!'mal ; 

ex Set' 217,43 I09(IO) 218(20) 200(20) ' • onpe,IteAeHH O!HOCJI-f IIO 8B8116DJDI 0 SKCII = S '¥ 
253,43 I02( IO) I65(I6) I62(I5) TeJD>lllile IIO.IBH8 JIH'I'eRCJilmOC'l'][ ( - nepexo.-oB c 

H86 , 7I 319,46 I09(I5) 46( 6) 42( 6) &Bep~ 53,55 K&B. 
(I74, 23) 552,07 + + - I no.m. = 400(50) J1 80,4 K&B . I noxa. = 100(I5). 

600,9~ + + - a ¥' - J1Y1UI, &at\u,ItaeMHe B cnenpax 38,1tepx•Blf!lT 
e ( -cOBIIB.lteBd. 
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Ta6Jwtt.~a 4. Pe3y1lbTaTbl aHa11113a cneKrpoe yy - coenaAeHI1H 
np11 pacnaAe 165 Lu 

I Ta611111.1a 4 /npOA011lt<eHI1e/ 

Ey 1' E y2, 
I yy (!\I yy) I yy pac'l. (L\1 yy) 

(Ejp) 'K::JB K3B 

I 2 3 4 I T 2 3 4 

380(25) I 
203,68 345,3? !8( 6) I7( 4) I20,60 203,68 364(22) 

(324 ,44) 458,77 I9( 6) JBf 

(120,69) 2?I,I5 2!7(20) I98(IO) 549,80 40(!4) 43( 7) 
2'79,82 26( 9) 35( 6) 

I 
!80!,34 ?!(30) 69( 6) 

372,97 124(15) 128( 6) 
2!7,43 !734,!3 II1(30) II6( 8) 543,95 3J(IO) 32( 3) 
27!,!5 !734,!3 II5(!6) II6( 8) 552,07 64(16) 42(15) f (39! ,69) 6(1),79 48(!9) 40( 4) 

662,72 56(I9) 66( 4) !72,86 !29! ,!6 8( 3) !8( 8) 
686.54 I07(18) 103( 5) 253,43 !306,52 34(20) 57( 4) 
753,55 55(20) 70( 5) (427 ,60) 

1613,46 !44(28) !51(7) 36!,07 268,72 74(20) 60( 7) 
!734,13 76(II) 58(IO) (493,57) 455,3! 39(IO) 25( 3) 
1801,34 79(!8) 63(!8) 

5!9,5! 67(25) 57( 5) 
!32,49 356,93 150(!5) 200( 8)8 3?2,97 268,?2 64(10) 60( 7) 

(132,55) 361,07 293(20) 293(I2) (493,57) 455,31 23(10) 2.5( 3) 
400,55 187(22) 200( 8) 519,51 43(!6) 57( 5) 
458,77 120(16) 124( 6)- 356 ,9ya 458,77 38(15) 124(66) 
519,5! 4I(I3) 36( 7) (59!,30) 
629,89 63(!7) 69( 4) 
815,3! 65(!7) 55( 4) 

!60! ,43 2!0(40) !64( 7) 

!74,25 !?2,86 2!( 7) 25( 8) 
(!74,23) 217,43 209(I6) 200(!5} 

253,43 !50(20) !62(!5) 
3I9,46 40(IO) 42( 6) 
552,0? 52(25) 98( 8) 
600,98 8!(20) 86( 5) 

!559,86 ?O(I5) 72( 4) 
1 

UJa!!!e'iaoe: 3HSROM "a" OTUe'leBH nepeXOJtli, DleiiiPie )t]IOboe 
I?34,I3 ??(IS) 60( 8) pecno.~oaene B cxe111e pacna,1t8.. HopmpoB01UIHI 

KoacfxiJinHeHT BU6paB no COBIUUteDJDI f !32, 49 -~ 361, Cf7. 

10 1 
11 



12 

\10 
coen A.D!HMR c K 11. S4 

... 
120 

~ ~ 
.... ...... t-) 

~~ ... 1 ~ 
/ ~ [::: :C ~o::; t.. 1 ~;(j _. 

~ "iJ~ u;;~~~~-
i 0 ~ 
t ~ 

1$0 

100 

$0 

~ ... .. . ... . ... 
~ · 

... 
~ ... ... 

COBIIADEHM!l C K 86.71 

I ~YIIi~ .. J~ . • 
O 400 &00 1200 1• 00 H014[1' KAHAM 

PHc. 3. CneKTp ey-coenaAeHHH npH pacnaAe 165 Lu .. 16 5 Yb. 

~ 
\_ 
~ 
i' 
7 

i 

I 
OK...O t10.60 • •I 

~ 

I ~ 

~ 
::. i. 

. "' 
;:. .... :t ,., ... .., j ~ i ,~ r: ~ r: § 

I LI..J l~ --
't4ll l~~~:~~~~~ 

i 
---, 

OK...O ')J41,1..; J P 

i § : 
~ I ... 
l I I "' • 

• 1 I ! 5 

~~·~~. 
kti - QIX) 0 d H(Jo4(P K4MAAA 

~ 

t i 

4 v 16& 165 PHc. . CneKTP yy -coenaj\eHHH Lu vo Yb. 

TpexMepH~e cneKTP~ coenaAeHH~ 3anHc~eanHCb Ha MarHHTHY~ neH­
TY H o6pa6aT~BanHCb Ha 38M HP- 2116C. Ha pHc.4 noKa3aH~ a Ka4ecT­
ae npHMepa cneKTP~ coenaAeHH~ r-ny4e~ c--r=ny4a~ nepexoAOB 
120,60 H 132,49 K3B. Pe3yr.bTaT~ o6pa6oTKH cneKTpoe yy-cosnaAe­
HH~ npeJ\CTaaneH~ a Ta6n.4. 

3. CXEMA PACnAAA 

Ha ocHoee aHanH3a cneKTpos y -ny4e~, 3BK, yy- H ey -coana­
AeHH~ npeAnaraeTc~ cxeMa pacnaAa 165 Lu .. 165 Yb /pHc.5/. Co-

185, -----CTO~HHe 87,51 K38 7/2 - Yb paHee ycTaHOBneHO B ~AePH~X pe-
aK~~6~HHTePnPe~pOUaHO KaK poTa~HOHH~~ ypoBeHb nonOC~ 
OCHOBHOrO COCTO~HH~ 5/2-/523/. OnpeAeneHHa~ HaMH MynbTHnOnb­
HOCTb nepexoAa c 3HeprHe~ 87,54 K3B - E2 + $ 15% Ml He npo­
THBope4aT j\aHHOMy B~BOAY· nepeXOA C 3HeprHe~ 120,60 K38 HaH6o­
nee HHTeHCHBH~H B cneKTpe H3ny4eHH~ 165Lu H onpej\en~eT B03-
6y>Kj\eHHI!!_~~QBeHb - c 3HeEH.e~ 12.2.,.69 ~K~B un-;. Ha6n~­
AeHHe coanaAeH~39"'7'!r y8~ H K87 ,54 r39 ,2'3 yKa3~ea ­
eT Ha TO, 4TO Cy~eCTB~~B~Hb C ~HeprHe~2~,22 K38, 9/2+. 
B pa6oTax 15,6/ npH HccneAoBaHHH ~AePH~x peaK~H~ 3TOT ypoeeHb 
YIHTepnpeTYIPOBaH KaK ronOBHOe COCTO~HHe aHOManbHOH pOTa~HOHHOH 
nonoc~, o6pa30BaHHOH CHnbH~M KOpHOnHC08~M CMeWHBaHHeM COCTO~­
HH~ noAo6ono4KH i 13/2. YcTaH08neHHa~ HaMH MynbTHnonbHOCTb 
El -nepexoAa 39,23 K3B H H3MepeHHOe paHee 1201 8peM~ >KH3HH 
~~ = 350(50)x 10-9 C yp08H~ C 3HeprHel1 126,74 K3B nOATBep­
>KAa~T Aa-HHy'i5' '11tnepnpeTa~HIO. npH H3MepeHHH 3aAep>KaHH~X 
( L 39,23 y) coanaAeHHH Ha6niOAeH~ coenaAeHH~ c y356,93 ; 
y361,07 H y400,55 K3B. AHanH3 cneKTpa (L39,23y) coenaAeHHH 

noKa3an, 4TO nepeXOA 356,93 K3B HaXOAHTC~ B np~MOM KaCKaAe C 
y 39 , 23, a ocTanbH~e y -ny4H nepexoAOB ocna6neH~ npHMepHo 8 

ABa pa3a H, no-BHAHMOMY 1 CB~3aH~ C 3aceneHHeM COCTORHH~ 
1J2, 49 K3B ( 5/2 +, 112 +).a pa3P~*aeMor; nepe~~A~2'K3B Ha 
ypoeeHb 126,74 K3B. YpoeeHb 132,55 K3B xopowo nOAT8eP>KAaeTc~ 
( Y 132 , 55 y) -coanaAeHH~MH. Ha OCHOBe Ha6niOAaeM~X COBnaAeHHH 
( K 87,54 y 86,71) H ( K86, 71 y 87,54) cnesyeT _!!.BeCT!1.~eoeeHb 
J]4 , 23 K38 ( 3/2-, 5/2-), pa3p~>K~eM~H TaK>Ke np~M~M nepeXOAOM B 
OCHOBHOe COCTO;;; --nfOyb . 

B cneKTpe (K 120,6 y) - coanaAeHHH npoRen~IOTC~ ocna6neHH~e 
no HHTeHCYIBHOCTYI nepeXOA~ y217,43; y253,43; y319,46 H 
Y552,07 K3B, HaXOA~~HeC~ 8 np~M~X KacKaAaX C nepeXOAOM 
174,25 K38 H nOATBeP>KAeHH~e (K 174,25 y) -coenaAeHH~MH. 3TO 
yKa3~eaeT Ha TO, 4TO ypoeeHb 174,23 K3B pa3p~>KaeTc~ Ha ypoeeHb 
120 , 69 K3B nepeXOAOM 53,55 K3B. 

YopeeHb 254,64 K3B (3/2 -~ BBOAHTC~ Ha OCHOBe Ha6ni0Ae­
HH~ (K 88,55 y 167,07)-coenaAeHHH. KpoMe Toro, Ha6niOAeH~ "xopo-

'3 
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w1-1e" coenaAeHI-1R y174,25..., y172,86 K38 c K80,4 K3B. HaAe>K­
HOCTb 3KCnepi-1MeHTa no l-13y4eH!.1~ COBnaAeHI-1~ ( K80 ,4 y) AOCTI-1rHy­
Ta 3a C4eT Toro, 4TO e cneKTpax 1-13o6ap~ c A= 165 Mewa~...,~ 

nepeXOA 80,1 K3B 165 Yb pacnono>KeH Me>KAY ABYMR I-130MepH~MI-1 coc-
TORHI-1~MI-1 165

Tm 1 121
, c T~= 9,0 x lo-s c..., T~= 80 x 

X 10- C. npl-1 HCCneAOBaHHH CneKTpa y-ny4e~ H306apHOrO HCT04-
H!.1Ka c A= 165 eecbMa cno>KHO o6Hapy>KHTb y - ny4H nepexoAa 
80 , 4 K38 165

Yb. 0AHaKO B HaweM cny4ae npH HCCneAOBaHHH cneKT­
POB 3BK Ha 6e3>Kene3HOM 6eTa-cneKTPOMeTpe 5AanOCb 06Hapy>KI-1Tb 
ni-1HI-110 K80, 4 165 Lu , 6ni-13Kyl0 K K80, 1 16 Yb. OH~-1 pa3AenRIOTCR 
APYr OT APyra 1-13-3a pa3nH4H~X 3HeprH~ CBR31-1 Ha K-o6on04KaX 
MaTepHHCKoro ..., A04epHero RAep. TaK KaK MynbTHnonbHOCTI-1 nepexo­
AOB, pa3pR>Kai0~1-1X YPOBeHb 254,64 K3B, He YCTaHOBneH~, TO TPYAHO 
npl-1nHcaTb eMy OAH03Ha4H~e 3Ha4eHHR cnHHa ..., 4eTHOCTI-1. Ha ocHoee 
coenaAeHI-11":1 (K120,6 y 203,68), (K203,68y 120,6)..., (y 120,6 y 
203,68 ) HaAe>KHO BB01lHTCR ypoBeHb 32-4~44 ~ 1L2-. 

Yp_oaew...-3.9.C69....iaa i.V2-, 312...:'L aaOAMTCR.. H.a. oCHose ( K120 ,6 
y 271,15 ), ( K174,25 y 217,43 ), (y 120,6 y 271,15) ..., (y 174,25 y 
217,4 3 ) - coenaAeHI-1~. Ha6niOAeHH~e coenaAeHI-1R ( K 80, 4 y 172,86 ) , 
( K174,25 y 253,43 ), ( K86,71 y253,43)..., (y 174,25 y253,43 ) no-
3BonRIOT BBeCJI:j YOOBeHI> 422,_Q_K3B (,3/2-, 5/2-) , a ( K 120,6 y 
2 71 , 1 5) , (K 1 7 4 , 2 5 y 2 1 7 , 4 3 ) , ( y 1 2 0 , 6 y 2 71 , 1 5 ) 1-1 ( y 1 7 4 , 2 5 y 
217,43) - ypoeeH~ 400,83 K3B (3/2-, 5/2-). 

3aAep>KaHH~e (L39,23 y 356,93) -coenaAeHHR pa3pewaiOT seecTI-1 
COCTORHHe C 3HeprHe~ 483,67 K3B (5/2+, (11/2+)) . Heo6XOAHMO 
OTMeTI-1Tb, 4TO Ha6niOAeHH~e COBnaAeHHR (y458 , 77 y 356,93) yKa3~­
BaiOT Ha AynneTH~i:1 COCTaB $0TOnHKa y356,9 K3B. 8 CBR3H C 3THM 
nepeXOA 356,93 K3B pa3Me~aeTCR B CXeMe pacnaAa B ABYX MeCTax . 

Y.QQ.a~b. 49J .. 57 K3B (1/2++5/2+) BBOAHTCR Ha OCHOBe ( K12 0,6 
y 372,97), (K174,23 y319,46), (y120,6 y372 ,97), (y132,49y 
361,07)..., (y174,23y319,46) -coenaAeHI-11":1. (y132 , 49y400,55) ­
COBnaAeHHR n03BOnR~T BBeCTH ypoeeHb C 3Hepr~e~ 533,16 K3B 
( 1/2++5/2+ ), (y132,49458,77) - 591,30 K3B, (K 120,6 y543 , 95) -
664,98 K3B, (K 203,68 y 345,37) H (y203,6 y345,37) - 669,81 K3B, 
a ( K87,54 y638,5), (K120,6y605,79), (K174 ,25 y 552,07), 
(K86,71y552 , 07), (y 120,6 y 605,79 ) ..., (y 174,25y552,07)-
726, 36 K3B. 0cTanbH~e ypOBHI-1 BBeAeH~ Ha OCHOBaHHI-1 aHanH3a 
cneKTpoe yy -coenaAeHI-11":1. -

3Ha4eHHR logft OnpeAeneH~ B npeAnOnO>KeHI-1H, 4TO HHTeHCI-1B­
HOCTb y -nepeXOAOB B OCHOBHOe COCTORH!.1e 165 Yb /p!.1C.5/ COCTae­
nReT 100% pacnaAOB 165 Lu ..., pa3HOCTb Mace Q a+ .:-u-H3B 1211 . 

CneAyeT o6paT!.1Tb BHI-1MaH!.1e Ha TO, 4TO B036Y>KAeHH~e COCTORHHR 
C 3Hepri-1RMI-1 1734,13 K38 (logft = 4,4) 1-1 2125,86 K38 (logft 
= 4, 1) 3acenRIOTCR nyTeM 6eTa- pacnaAa CO cpaBHI-1TenbHO HH3KI-1MI-1 
3Ha4eH!.1RMJ.1 log ft. no- BHAI-1MOMy, 3TH YPOBHI-1 RBnRnTCR 4neHaM!.1 
TpexKBa3H4acTI-14Horo MynbTHnneTa rr /523/t , 11/411/ ~ , v /523/~. 
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