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MccnenoaaHHII aoaMymeHHbiX yrnoabrX y-y Koppenl!llnll a He'leTHblX 
smpax ranonnHHII c A = 149•155 

Mccnenoaanucb HHTerpanbHbre H AH$tlepeauuanbHble B03MymeHHble 
yrnoabre Koppenl!llHH y- y KacKanoa npu pacnane HAep Tb c A =149, 
151, 153 u 155, aHenpeHHbJX c noMOlllbiO aneKTpOMarHHTHoro Macc-cena

paropa a MaTpHUbr Fe H Ni. PeaynbTaTbi uccnenoaaHHll noaaonuna yro'IHHTb 

ana'!eHHH caepxronKHX nonell Hc;d (Fe) H Hcd (Ni) H onpenenHTb ff
9
a'leHHII I • 

8 -<!>aKTopon H ~tar·HHTifi,JX MOMeHTOB lllfll COCTOIIHHil 165 K38 B Gd , 
108 H 395 K38 B ljl Gd 1 109 H 129 K38 B 153G<J. 

p a6ora BbJIIOlfHeHa B naGopa TOPHH IIAepHLIX npo6neM OM .HM. 

UpenpBHT 061oeJIBHeHBOrO BHCTBTYT& •JlepBWll BCCJieJlOABBl. JJ.y6aa 1977 

Wawryszczuk J. et al. P6 - 10703 

Invest it~at ion or l'erturbed Gamma-Gamma Angular 
Correlations in ()dd Gadolinium Nuclei with 
A ~ 149-l 55 

The integral and differential perturbed angular 
correlations of camma-gamma cascades in the decay of 
nuc.lei with A=H9,l5l,lS' and ISS implanted with an.electro
magnetic mass-separator in Fe and Ni matrices w-ere inves
tigated. The results of investiGations have allowed to 
improve the values of hyper fine magnetic fields II c;d(Fe) 

and H Gd (Ni) and determined the values of g -factors and 
magnetic momenta for 16':> keV levels in ll't Gd,lll! and 
395 keV in 151 Gd, 109 and 129 keV in 153 Gd. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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BBE,l(EHHE 

Hccne~oaanHch HHTerpanhHhle IHBYKI H ~Hdxl>epeH-
UHanhHhie I ,[I,B YKI ao 3 Myll.{eHHhle yr noBhle Koppem~:-
UHH raMMa-nyqeH: npH pa~HoaKTHBHOM pacna~e H~ep Tb c 

A= 149, 151, 153 H 155, BHe~peHHhlX c noMOII.{hiO JneKTpo

MarHHTHoro Macc-cenapaTopa B !lJeppoMarHHTHhie MaTpHUhi 

>Kene3a H HHKenH. Pe3yllhTaThl 3THX HCCne~OBaHHH ll03BOllHllH 

onpe~enHTh 3Ha'leHHH 34JiiJeKTHBHhlX CBepXTOHKHX MarHHTHhlX 

noneH: Ha H~pax Gd B MaTpHuax Fe H Ni, OTpa6oTaTh MeTo

~HKY H3MepeHHH g-liJaKTOpOB KOpOTKO>KHBYII.{HX B036y)l(

~eHHhlX H~epHhlX COCTOHHHH H onpe~enHTh g -liJaKTOphl ~nH 
ypOBHeH 165 K3B B 149Gd , 108 H 395 K3B B lSlGd, 109 
H 129 K3B B lS3Gd. 

1. IIPHTOTOBJIEHHE PA,l(HOAKTHBHbiX 
HCTOqHHKOB 

Pa~HoaKTHBHhle H3oTonhi Tb nonyqanHch B peaKUHH 

rny6oKoro pacll.{enneHHH Ta npoToHaMH c 3HeprHeH: 660 M3B 
Ha CHHXPOUHKnoTpoHe OH.HH. Pa~HOXHMH'IeCKHMH MeTo~aMH 

H3 o6ny'leHHhiX MHIIIeHeH: Ta Bhl~en.HncH 3neMeHT Tb, Ko

TOphiH 3aTeM pa3~en.HllCH ITO MaCCaM Ha 3lleKTpOMarHHTHOM 

Macc-cenapaTope /1/. llpH 3TOM HOHhl Tb BHe~pHnHCh B 

>Kene 3Hhie HnH HHKeneBhie !lJonhrH lnpoH3BO~CTBO "Johnson 

Matthey Chemical Ltd" I I TOllli.{HHOH 12 MKM npH ycKopHIOII.{HX 
llOTeHI.{Hanax 70 HllH 25 KB. ,[l,o3a HMnnaHTHpOBaHHhiX HO

HOB B Ka>K~OM cnyqae He npeBhiiiiana 1011 uoH/cM 2 • 
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2. AIIIIAPATYPA 

lf3MepeHU11 ,LJ;BYK npOBO~UnUCb Ha MHOrOKaHanLHOM 
speMeHHOM cneKTpoMeTpe c ~BYMB NaJ(Tf) -~eTeKTopaMu 
pa3MepoM ~ 40x40 MM u 4JoTOYMHO)I(UTenBMU Tuna XP 1021. 
linoK-cxeMa ycTaHOBKU npuse~eua ua puc. 1. Auanu3 spe
MeHHhiX pacnpe~eneuuB: cosna~euuB: npou3Bo~uncB c no
MOII.(LID BpeM11 -aMnnuTy~HOrO KOHBepTOpa TUna "CTapT
CTOll" U 1024-KaHanLHOrO auanU3aTopa UMnynLCOB. fiaMBTb 
auanuJaTopa pa36usanacb ua ~Ba yqacTKa, ~ng U3MepeuuB: 
npu ~syx npoTusonono)I(HbiX uanpasneuugx suernuero nonB
pu3yiOII.(ero MarHUTHoro nonB. llepeKnroqeuue uanpasneHUB 

T3s· 

6A 

Puc. 1. EAoK- cxeMa epeMeHHozo cneKmpoMempa OAJI u3-
MepeHuii ,4BYK. 
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TOKa B 06MOTKe 3neKTpOMarHHTa U COOTBeTCTByiD~Ue ne
peKnroqeHUH ceKTopa naMHTU auanuJaTopa npouJBo~unucL 
C nOMO~biD 6noKa aBTOMaTUKH /2/,)l;nH 4JopMUpOBaHHH Bpe
MeHHblX curuanoB B o6oux Kauanax npuMeHBnucb 4JopMupo
BaTenu131, pa6oTaroll.(ue B pe)I(HMe "cne~H~ero nopora". 
BpeMeHHOH OT6op COBna~aiOII.(UX UMnynbCOB U Bbl60p Bpe
MeHHOro ~uana30Ha YCTaHOBKU OCy~eCTBnBnUCb Ma)I(OpUTap
HOH cxeMoB: cosna~euuB: u ~BYMH cxeMaMu nponycKaHuB, 
BKnroqeHHblMU B "CTapTOBbiH" U "CTOnOBbiH" KaHanbi KOHBep
TOpa t -. A . 

3uepreTHqeCKUH OT6op y -KBaHTOB npOU3BO~UnCH no 
06bJqHoMy 6hiCTpo-Me~neHHOMy npHHIJ;Uny C nOMO~biD nu
HeHHbiX yCHnUTeneH, ~U~epeuu;uanbHbiX ~UCKpUMUHaTOpOB 
U Me~neHHOH CXeMbl COBna~eHUH. 

BpeMeuuoe pa3perneuue ycTaHOBKu B U3Mepeuugx Mruo
BeHHLIX COBna,L(eHUH Me)l(~y y -nyqaMU C 3HeprUHMU 90 
U 180 K3B npu ~eCBTUnpon;eHTHOH lliUpUHe 3HepreTuqec
KUX OKOH, COCTaBn11nO 2r 

0 
= 2,5 HC. 

H3Mepeuug HBYK nposo~unucb ua asToMaTu3uposau
HOM KoppenHn;UOHHOM cneKTpoMeTpe c Ge(Li) u ~BYMB 
cu;uuTunngu;uouHLIMU NaJ(Tf) - ~eTeKTopaMH 121. H3Mepgnocb 
yrnosoe pacnpe~eneuue y- KBaHTOB Bbl~eneuuoro KacKa~a. 
npu yrnax Me)l(~y ~eTeKTOpaMH 8 = 90~ 12~ 150~ 180~ 
210~ 240~ 270° ~ng ~BYX npOTUBononO)I(HbiX HanpaBneHHH 
MarHUTHoro nonH. YqacTKU cneKTPOB cosna~euuB: perucT
puposanucb B naMBTU 1024-KaHanLHoro auanu3aTopa uM
nynLcos, pa3~eneuuoB: ua 16 ceKTopos. YrnoBble nono)l(eHHH 
NaJ(Tf) - ~eTeKTopos MeHHnucb asToMa TuqecKH u;uKnuqec
KUM o6pa30M, c 3Kcno3Hn;ueB: 200 c, a uanpasneuue TOKa 
B 06MOTKe 3neKTpOMarHUTa - nocne OKOHqaHHH Ka)I(~OrO 

u;uKna. Ha 3TOH )l(e ycTaHOBKe U3MepHnHCL UHTerpanLHLie 
napaMeTpbl R (135°, ±H> y-y -KacKa~oB. 

H3Mepeuug napaMeTpa R<l35°,±H) npoBo~unucL TaK)I(e 
ua Koppengu;uouuoM cneKTpoMeTpe c ABYMB Ge(Li) - ~e
TeKTOpaMH Ha nUHUU C 3BM MUHCK-2, pa6oTaiO~eH B ~By
MepHOM pe)I(UMe C UHlPPOBbiMH OKHaMU /4/, 

3neKTpOMarHUT. )l;nB BbiCTpaHBaHHB ~OMeHOB 4JeppOMar
HUTHblX 4Jonbr HCnonb30BanCB 3neKTpOMarHHT, KOTOpbiH 
cocToBn U3 "C" -o6pa3uoro )l(ene3uoro /"apMKo"/ cep
~equuKa C 06MOTKOH, CO~ep)l(a~eH 2000 BUTKOB Me~HOrO 
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npoBo.D.a (,2l 0,41 MM. Cpe,li,HBB .D.JIHHa MarHHTHoii cunoao:ii 
JIHHHH COCTaBJIJIJia 210 MM, 3a3op Me>K.D.Y ITOJIIOCaMH -
10 MM, ceqeuue - 10x2 MM 2, Hccne,ll,yeMLie .PonbrH 
/12x3 MM 2j KpeiTHJIHCb Henocpe,li,CTBeHHO K ITOJIIOCaM 
3JieKTpoMarHHTa. KpuaLie HaMaruuquaaHHB Fe H Ni .Ponbr 
npuae,ll,eHLI ua puc. 2. Bee uccne.D.oBaHHB BYK npoBO.D.H
JIHCb npu 3Haqeuuu TOKa 3JieKTpoMarHHTa I = 200 MA. 

MeTO,ll,bl H annapaTypa, HCITOJib30BaBWHeCJI ,li,JIJI HCCJie
,li,OBaHHH BYK H3yqaeMLIX xacKa.D.OB, npuae,ll,eHLI a ma6A. 1. 

% 
MaC • 

.... /!---r~-t !-H-9 it 

40 80 120 

o 
155

Gd r, Fe 

(!) 155Gd r, Ni 

160 200 I (mA 

Puc. 2. 3a6ucuMocmb napaMempa R(l35°,±H> HBYK OAJi 
KacKaOa 180-86 K3B 6 155Gd,uMnAaHmupo6aHHozo 6 Feu 
Ni om moKa 6 KamywKe 3AeKmpOMUZHUma /KpU6UJi HUMUZHU
'lU6UHUJi/. 

3. HCCJIE,40BAHH.JI AB YK H HB YK B 
151 

• 
155 

Gd 

a/ H3MepeHUJi ABYK OAJi KacKaOa /180-86/K3B 6
155 

Gd 

Tiono>KeHHB 3HepreTuqecxux "oxon" a y-cneKTpe 
155

Tb, 
C ITOMO~biD KOTOpbiX B~eJIJIJIHCb cPOTOITHKH nepeXO,li,OB 86 
u 180 K3B, npe,ll,cTaBJieHbl na puc. 3. Ha 3TOM >Ke pucyHKe 

6 

>" 

I' 

i 
I 

I 

Ta6Aufla 1 

MeTO.D.LI u annapaTypa, npuMeHBeMLie .D.JIB uccne,ll,oaauu:ii 
B03My~eHHbiX yrJIOBbiX KOppeJIBD;HH 
Gd I A = 149, 151' 153 H 155/ 

y-y-xacKa.D.OB a B,ll,pax 

.Hapo 

149Gd 

151Gd 

153Gd 

155Gd 

N 

105 

104 

KacKaA Meroa YcraHOBKa 
(KsB) 

187 - 165 HBYK - R} Ge(LD- Ge(Li) 
652 - 165 HBYK - R 

287 - 108 nBYK 
HBYK 
HBYK -

444 - 257 HBYK -

102 - 109 HBYK -
82 - 129 HBYK -

180 - 86 nBYK 
HBYK 

155rb-155Gd g Fe 
11180- 86) 1<38 

NaJ(Tf)- NaJ(Tt) 

R} Ge(Li) - 2NaJ(Tf) 

R Ge(Li) - 2NaJ(Tt) 

R 
Ge(Li)- Ge(Li) 

R 

NaJ(TO- NaJ(Tt) 
Ge(Li) - 2NaJ(Tt) 

266-r--r-86 
KX :.105 
~ : ·~ 148 

• : : • 162 

N' .., 
+ 
i 

~ .. 
2 

. ,~ . .: ·: 

~ 
i 
~ ~~r 1~fll I .r . . :.,- . . Ui Ui 

_.,..,~ ~· ·.: : "'180 

• t t -• t Na~(Tl) . ~j 0 
15%d i I 

0 T\1;2=(6.45 ~0.12) He/, 
: 692 nC/KQH ,, 

103~: .......... _ 

·~---....-I 

102 .~---~---~----~---~---~--~ 
50 100 150 KAHA/\bl 

Puc. 3. Kpu6aJi pacnaoa ypo6HJi 86 K3B 6 155Gd. Ct~uHmuA
AJitiUOHHbtu y- cneKmp 155 Tb. cPpazMeHm cxeMbt ypo6Heu 
I 55 Gd. 
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noKa3aH $parMeHT CXeMbl ypOBHeH 155Gd H KpHBa.ll pacna
~a ypoBH.Il 86 K3B. llonyqeHHoe 3Ha'leHHe nepuo~a rrony
pacna~a T ~ = /6,45±0,12/ HC xopowo cornacyeTcs 
c ~aHHbiMH pa6oTbi I 5/. 

3KcnepHMeHTanbHaS (jlyHKUH.Il: 

N035°, + ll,tl-N<135° ,-H,t) 
R(13!J 0

, ±H,tl=2 
N(l3!J0 ,+ H,t)+ N(l35°,-JI,t) 

/1/ 

onpe~en.11nacb no cneKTpaM apeMeHHbiX pacnpe~eneHHH coa
na~eHHH y 180 - y 86 K3B, H3MepeHHbiX ~ns npOTHBOno
no:>KHbiX HanpaaneHHH nonspH3YIOIUero MarHHTHoro nons. 
TaK KaK B "OKRa" 86 H 180 K3B nona~anH TaK)Ke y-KBaH
Tbl nepeXO~OB 105 H /161±163/ K3B, COBna~eHHS KOTOpbiX 
HCKa)KanH KpHBble pacna~a ypOBHS 86 K3B B o6naCTH Ma
nbiX t /T ~ /105 K3B/ ~ 1,3 HC/, (jlyHKUHS R(l35°, ±H,t) 
Bbi'IHCJISnaCb, Ha'iHHaS C t"' 2 HC OT UeHTpa TS)KeCTH KpH
BOH MrHoBeHHbiX coana~eHuu. K 3TOH (jlyHKUHH no~6upa
nocb Bbipa)KeHHe: 

-.\ t 
R(l35°, ±H,t)=2h

2
e 2 sin2(wLt- ¢

0
) + ~, /2/ 

r ~e R<135°, ± H,t) - qucno HCTHHHbiX coBna~eHHH, cooTBeT
CTBYIOIUee BpeMeHH 3a~ep)KKH t llpH ~aHHOM HanpaaneHHH 
nons H; h 2 - K03~HUHeHT IPYHKUHH yrnoaou Koppensuuu 
H3MepseMoro y - KacKa~a; .\ 2 - penaJ<cauuoHHbiH napa
MeTp; w L - qacToTa napMopoacKoii: npeueccuu; ¢ 0 - l}la3o
BbiH c~BHr; 11 - HOpMHpOBO'iHbiH napaMeTp aenH'iHH R(l35° 
± H, t /. 

llapaMeTpaMH no~6opa sansnucb aenH'iHHbl h
2

, A 
2

, wL, 
¢ H 11. llpeHe6peranocb BnHSHHeM pa3pewaiOIUero BpeMeHH 
ycTaHOBKH Ha BH~ !PYHKUHH R<l35°, ±H,t) TaK KaK BO BCeX 
H3MepeHHSX r 86 I 2r 

0 
> 3. 

BbinonHeHbi H3MepeHHS ~ns ~Byx o6pa3UOB Fe H ~Byx 
o6pa3UOB Ni c HMnnaHTHpoBaHHbiMH B o~HHaKOBbiX ycno
BHSX /V = 70 KB/ HCTO'IHHKaMH 155Tb. llony'leHHble B o~
HOM H3 H3MepeHHH KpHBble CITHHOBOH npeuecCHH s~pa 
155Gd B COCTOSHHH 86 K3B ~ns 060HX MaTpHU npHBe~eHbl 
Ha puc. 4 H 5. 
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~ 
0 155Gd ~ Fe W = (3,84 ±0,08)·108 c~ -.::. 
cr 

6 

4 

2 

0 

-2 692 nc;KaH 
L 

90 100 110 N KAHAAA 
Pucf f: Kpu6a.!l cnuHo6ou npet~eccuu OAJI cocmo.!IHUJI 86 K3B 
6 5 Gd, UMnAaHmupo6aHHOM 6 Fe. 

B cnyqae MaTpHUbi Fe Ha6mo~aeTcs 3KcnoHeHuuanbHOe 
3aTyxaHHe aMnnHTY~bi (jlyHKUHH R(135°,±H,t), CBH~eTenbcT
BYIOIUee o HanH'IHH B o6pa3ue ~iiHaMH'IecKHX B3aHMo~eH:
CTBHH. ~s Ni, H3- 3a 6onbworo nepuo~a napMopoBCKOH npe
UeCCHH, Tpy~HO 6blnO C~enaTb BbiBO~bl 0 3aTyXaHHH 3TOH 
(jlyHKUHH H ll03TOMY o6pa60TKa pe3ynbTaTOB /onpe~eneHHe 
wL I npoao~unacb c yqeTOM H 6e3 yqeTa napaMeTpa .\ 

2 
/puc. 5/. 

3Ha'ieHHS wL H .\ 2 ~ns o6oux o6pa3UOB, nony'ieHHble B 
3THX HCCne~oBaHHSX, npHBe~eHbl B ma6A. 2. fipH Bbi'IHC
neHHH aenH'IHH HGd (Fe) H H Gd(Ni) npHHHManocb 3Haqe
HHe g -(jlaKTopa ypoBHS 86 K 3B H3 pa6oTbl I 61. 

6/ H3MepeHUJI HBYK OAJI KacKaoa 180-86 K3B 6 155Gd 

Yrnoaoe pacnpe~eneHHe N( e' ±H) raMMa- nyqeu c 3Hep
rueu 86 K3B, Bbl~en.lleMbiX B cneKTpax NaJ<Trl -~eTeKTO
poB c yqacTKOM cneKTpa Ge(Li)-~eTeKTopa, H3Mep.llnocb 
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S! 0 

--a: 

5 

0 

155Gd ~ Ni 

2,076 HC/KOH 

6.>1 =(5.20 :t 02 3)·107c-1. 

W2=(4.76 !0,96H07c' 

.1 
2 

-5 ~--~--~----~--~----W 
50 60 70 KAHA/\bl 

Puc. 5. Kpuea.11 cnuHoeori npetjeccuu OAJI cocllfOJIHUJI 86 K:JB 
e I55Gd, UMnAaHIIfupoeaHHOM e Ni. 

Ta6Aut~a 2 

PeJ~nLTaTbl HJMepenuii ,D.BYK ,D,nJI KacKa,D,a 180-86 K:JB 
B 

1 5Gd, HMnnanTHPOBaHHOM B Fe H Ni npu V = 70 KB 

MaTpaua 8( -1 wL xlO c 
8 -1 a}. 

.\ 2 xlO (c ) HcJM) (Kfc) 
6/ 

G22(oo) 

Fe 3,84(8) 1,27(43) -213 (15) 0,45(8) 

Ni 0,48(10) 0,37 ( 16) -29(3) 0,74(9) 
0,52 (2) = 0 -28(3) 

a/ llpHHJITO g 86 = -0,376±0,026 / 6/ 
6/ G

22
(oo) =<1 +A

2
r)-l 

10 

• 

... 

..... 

I •104 

2.6 

Nco fl. 
2.5 

2.4 

2.3 

2.2 

go• 120° 

155Gd & Fe /25 KB/ 

// 

·~-.// 
J/ 

150° 180° 210° 

/ 
/ 

/ 

f/ 

240° 

/ 

// 
/ 

270° 
a----

Puc. 6. YzAoeble pacnpeoeAeHuJI y -Ay'leii KacKaoa 180-
86 K:JB e 155 Gd, UMnAaHIIfupoeaHHOM e MUIIfPUliY Fe 
I EMMITJI. = 25 K:JB/ OAJI oeyx npollfueonoAOJICHbiX Hanpae
AeHUU noAJIPU3Y10UieZo nOAJI. 

15~ & F• /70 KB/ 
•104 ... 

~o&. 

8.6 

8.4 
I "\ \ J1.. 

I 
8.2 .. "' ' ~ / / 

/ 
/ 

8.0 r -~ __ ... -¥ 
7.8 

L._._ 
so• 120° 150° 180° 210° 240° 270° 

8 

Puc. 7. YzAoeble pacnpeoeAeHUJI y -Ay'leri KacKaoa 180-
86 K:JB e 155 Gd, UMnAaHIIfupoeaHHOM e MUIIfPUliY Fe 
/EMMITJI. = 70 K:JB/ OAJI oeyx npollfueonOAOJICHbiX Hanpae
AeHUU nOAJIPU3Y10UieZO nOAJI. 
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B .u.uanaJoHe 3Hepruii /130±220/ K3B. HcnonL3osanHcL Te 
:>Ke caMble o6pa3Ubl, 'ITO H B H3MepeHHJIX )J;BYK, H O.IJ.HH 
o6pa3eu, nony'leHHLiii npH HMnnaHTaUHH l55Tb B Fe c 

v HMllJJ. = 25 KB. 
PeJynLTaTLI H3MepeHHH unmocTpupyiOTC.II 

H3 no.u.roHKH K 3KcnepaMeHTanLHLIM TO'IKaM 
Ha puc. 6-8. 
N<e ,H ± >., 

"Ken. 
Bblpa:>KeHHJI 

-
N<O , ± H ) = N 

0 
(1 + b 

2 
cos 2 <0::;: t\0)) /8/ 

- 2 -'h 
onpe.u.eneHLI Ko3!W>auaeHTLI b2 =b2 G22 [1+(2wLrG2 ) ] H 
yrnLI nosopoTa AO = 'h arctg(2we G22> uccne.u.yeMoii 
Koppen.IIUHOHHOH <}>yHKUHH KaCKa.IJ,a 180-86 K3B .IJ,n.ll l55Gd B 
Fe a Ni. 

155Gd P, Ni /70 KB/ 
I 

.-..~~;~ ""'-,,~ T/// 
SJ \, // 

I 

5.6 t \ ' I 4 
I 

s.4 • ' '. 1 / 

s_2 t \ '1'\ n. I 

u ~/~ 

I 
I 

I 

I 

... I \\ ~" 
~0° 1;0° 1~0° 1~0• ~0° 240° 270° 

8 

Puc. 8. Yz'{~g&re pacnpeoeAeHUJI y- Ay'leii KacKaoa 180~ 
86 K3B e Gdf uMnAaH111upoeaHHOM e Ma111PUliY N1 
I EHMllJI. = 70 K3B/ OAJI oeyx npo111UBOnOAOJKHbiX Hanpae
AeHuii nOAJipU3YKJfii€ZO nOAJI. 
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3Ha'leHHJI W L , Bbi'IHCReHHble no nony'leHHbiM BeRH'IHHaM 
b 

2 
H t\0, OKa3anHCb CyiUeCTBeHHO MeHLWHMH no cpaBHeHHIO 

c pe3ynLTaTaMH H3MepeHHH )J;BYK j111a6A. 3/. 

1/ IlpH Bbl'iHClleHHH W L H3 b 2 HCnORb30BallOCb 3Ha'le
HHe K03!W>HUHeHTa b 2 HeB03MyiUeHHOH <}>yHKUHH yrnoBOH 
Koppen.IIUHH KacKa.u.a 180-86 K3B, nony'leHHoe B pa6oTe /6/ 
H ucnpasneHHoe Ha reoMeTpHIO Hawero 3KcnepHMeHTa: 

b2 = -0,147±0,006. 
2/ 3Ha'leHH.II wL <G 22> BLI'IHcneHLI c yqeTOM G 22 , nony-

'leHHLIX B H3MepeHHJIX )J;BYK. 

e/ H3MepeHUJI J(BYK OAJI KacKaoa 287-108 K3B e 
151

Gd 

Hccne.u.osaHH.II npoao.u.unHCL c TpeM.II HCTO'IHBKaMH 
151

Tb, 
BHe.u.peHHLIMH B :>Kene3Hble <}>onLrH IV HMnJJ. = 70 KB/. 
H3Mep.llnBCL apeMeHHLie pacnpe.u.eneHH.II Me:>K.IJ.Y <}>oTonuKaMH 
287 H 108 K3B .IJ.ll.ll .IJ.BYX npOTHBOnonO:>KHbiX HanpaaneHHH 
non.llpB3YIOIUero MarHHTHoro non.11. Ilono:>KeHH.II 3HepreTu
qecKHX OKOH B y - cneKTpax, <}>parMeHT CXeMbl ypOBHeH 
lSlQl H KpHBaJI pacna.IJ,a ypoBHJI 108 K3B npHBe.IJ,eHbl Ha 
puc. 9. BenH'IHHa nepuo.u.a nonypacna.u.a ypoBHJI 108 K3B 
T 'h = /3,17±0,15/ HC, nonyqeHHa.ll B Hawux H3MepeHHJIX, 
xopowo cornacyeTCJI c .u.aHHLIMB pa6oTLI / 5/. 

Ilo peJynLTaTaM Tpex cepuii H3MepeHHH .u.n.11 uccne
.u.yeMoro KacKa.u.a 6wnu onpe.u.eneHLI 3Ha'leHH.II penaKcauuoH
HOFO napaMeTpa H qacTOTbl napMOpOBCKOH npeuecCHH: 
"-

2 
= /1,2±0,8/.10 8 c-1 H wL = /0,43±0,04/.10

9
c-

1
• 

KpHBaJI CnHHOBOH npeueCCHH, nonyqeHHa.ll B O.IJ,HOH H3 cepHH 
HJMepeHHH, npaae.u.eHa Ha puc. 10, H3 KOToporo BH.IJ.HO, 
'ITO, KaK H a cnyqae 155 Gd, B Fe .u.n.11 aMnnHTY.IJ.LI <}>yHKUHH 
R<l35°, ±H, t) paccMaTpasaeMoro KacKa.u.a Ha6niO.u.aeTC.II 
3KCnOHeHUHallbHOe 3aTyXaHHe. 

z/ H3MepeHuJI HBYK OAR KacKaoa 287-108 K3B e 
151

Gd 

H3MepeHHJI npoao.u.unucL c TaKHMB :>Ke HCTO'IHHKaMH, 
KaK H B HCCne.IJ,OBaHHJIX )J;BYK. B CUBHTBllll.IIUBOHHbiX TpaK
TaX Bbi,AeR.IIllHCb 3HepreTH'IeCKHe OKHa Ha <}>oTOnHKe 108 K3B 
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150 KAHAt\1:2 

Puc. 9. Kpuea.11 ypoeHJI 108 K3B e 151Gd. Ct4UH1fiU.IlllJif4UOH
Hbtii y-cneKmp 151Tb. cl>pazMeHm cxeMbl ypoeHeii 151Gd. 

~ 
0 

::!::::. 
a:: 

10 

0 

-10 

151Gd & Fe 6h(0.43 ±0.04)·109 c-1 

600 nc/kaH 

50 60 KAHA~~ 
Puc. 10. Kpuea.11 cnuHoeoii npeijeccuu ypoeHJI 108 K3B 
e 151 Gd,uMn.llaHmupoeaHHOM e Fe. 
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H Ha yqaCTKe KOMTITOHOBCKOrO pacnpe,neneHHJI 3a 3THM 
4JoTOTIHKOM, a B TpaKTe Ge(Li) - ,neTeKTopa - yqacTOK 
cneKTpa c 3HeprHeB: 260-310 K3B. 

YrnosLie pacnpe,neneHHJI KacKa,na 287-108 K3B, H3-
MepeHHble ,Z\llJI 060HX HanpasneHHH TIOllJIPH3YIOIQero TIOllJI, 
npHBe,neHLI Ha puc. 11. KaK H B cnyqae 155Gd ,, Ha6nro.naeMLie 
3Ha1.feHHJI cMe~eHHJI yrnoBbiX pacnpe,neneHHB: wL r 
= - /0,268±0-!042/ pai) H K03cWJH.U.HeHTa 4JYHK.U.HH yrnOBbiX 
KOppenJI.U.HH b 2 = -0,089±0,011 cy~eCTBeHHO MeHbWe 
senH"'HHLI ~L r = -11 ,97±0,21/ pao, BLITeKaroiQeil HJ peJynb
TaToB )l,BYK . 

3 l x10 
25 

Nco~ 

........ --- ...... 

2.3 ;' 

' ' 
22 

2.1 

i.o 

1.9 
go· 120" 

151Gd ~ Fe /70 KB/ 

'\ 
'\ 

'l 
'\ 

-------1/ 
150" 180" 210" 

/ 
/ 

/ 

//l// 

240" 

/ 
/ 

/ 
/ 

/ 

270" 
8--

Puc. 11. Yz.lloebte pacnpeOe.lleHUJI y-Aytteii KacKaoa 287-
108 K3B e 151Gd' UMn/laHmupoeaHHOM e Fe, 0/lJI oeyx npo
mueono.llOJICHbiX Hanpae.lleHuii no.ll.RpU3YK>flle2o no.ll.R. 

4. IlapaMe11lpbt HBYK R<l35o, ±H) 8 149,151,153 Gd 

Hccne.nosaHHJI nposo,nHnHCb c pa,nHoaKTHBHLIMH HCToq-
HHKaMH 149 Tb,, 151Tb H 153 Tb, BHe,npeHHbiMH B >Ke-
ne3Hble 4JonbrH npH noTeH.u.Hane 70 KB. 
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IlapaMeTp HBYK R(135°, ±H) .n;m1xacxa.n;a 187-165 K:JB 
B 149Gd H3MepeH B COBITa,IJ;eHHBX yl65- yl87 H yl87-yl65K:JB 
I puc. 12/ c yqeToM coana.n;eHHH oT xoMnToHoacxoro pac

npe.n;eJieHHB 3a 3THMH llJoTOITHKaMH. ,lJ.a)l(e npH OTHOCHTeJIL
HO He60JibWOH CTaTHCTHKe B 3THX H3MepeHHBX XOpOWO 
npocJie)I(HBaeTCB H3MeHeHHe CKOpOCTH cqeTa COBITa,IJ;eHHH 
,IJ;JIB pa3HbiX HanpaaJieHHH ITOJIBpH3YIOll.{ero llOJIB. 3HaqeHHB 

7·1¢L 165 

A a. ODHHO~H/JH cnEKTP 

HO' 1 \ 351 Iii t 
~ I \ 16s -r;- J rv1= 1.1 •O.I HC 

~::: ' . o::I7 
~JfO \ "\d1 

0 ~ 187 

~ HO' •• • • • • __. \_ • • • • • •· • • • • • • • • • • • • • ,../'·,.._, ........ • •. 
0 

1000 

1000 

100 

0 

6-COBn.c rlflT•>B 

J 
J . ·' :•• .. " 

' 

lt 11
1
1u.pi 

1 -cCBJ c nlill• .s 
•-Hf 

•-H• 
II -115' 

....... , 

I 

t-rr '''"'' -100 ..__.____..~_______ ~ 

350 360 370 380 390 ,00 
IV KAHA~A 

Puc. 12. Yt~acmoK y- cneKmpa 149Tb /a/; ~omonuKu 165 K:JB 
/6/ u 187 K:JB /8/ 8 cneKmpax co8naoeHuii c y187 u 
y 165 K:JB coom8emcm8eHHO, OAJf o8yx npomu8onoAOJICHbiX 
HanpaeAeHUU nOAJfpU3Y10U#eZO nOAJf; pa3HOCJ/lU UH111eHCU8HO
C111eU ~omonuKoe 165 K:JB /z/ u 187 K:JB /o/ 8 cneKmpax 
co8naoeHuii OAJf npomu8onoAOJICHbiX Hanpa8AeHuii noAJfpu-
3Y10U#ezo noAJf. 
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aenHqHH R<l35°, ±H) = -0,208±0,023 H R<225°, ± H ) 
+0,214±0,020, ITOJiyqeHHLie COOTBeTCTBeHHO H3 HH

TeHCHBHOCTeH llJoTOITHKOB 165 H 187 K:JB, B cneKTpax 
coana.n;eHHii xopowo cornacyroTCB Me)l(.n;y co6oii, qTo yxa-
3hlBaeT Ha OTCyTCTBHe 3aMeTHhlX CHCTeMaTHqecKHX OWH-

60K B H3MepeHHBX. 
149 Gd 

IlapaMeTp HBYK .n;nB xacxa.n;a 652-165 K:JB a 
onpe.n;eJieH B COBITa,IJ;eHHHX Me)I(,IJ;y llJoTOITHKaMH 652 K:JB, 
Bhl,IJ;eJIBeMhlMH B CUHHTHJIJIBUHOHHhlX TpaKTaX, H y- KBaH-
TaMH nepexo.n;a 165 K:JB, pepacTpHpyeMhlX Ge(Li) 
.n;eTeKTopoM xax RU35° ,±B) = +0,117±0,012. 

IlapaMeTphl HBYK R<135°, ±H) ,IJ;JIB xacxa.n;oa 287-
108 K:JB H 444-287 K3B B 151 Gd 6hlJIH onpe.n;eneHbl B Ha
weii npe.n;LI,IJ;YJ:Ueii pa6oTe / 7/, xax: -0,065±0,010 H 
-0,122±0,022, COOTBeTCTBeHHO. 

IlpH HCCJie,IJ;OBaHHH KaCKa,IJ;OB 102-109 K:JB H 82-129K:JB 
B !53Gd B 060HX TpaKTaX 6hlJIH ycTaHOBJieHbl UHllJpOBble 

OKHa Ha llJoTOllHKaX 82,102, 109 H 129 K:JB H Ha yqacTKaX 
KOMITTOHOBCKOro pacnpe.n;eJieHHB 3a $OTOllHKaMH 109 H 
129 K:JB. Pe3yJILTaThl H3MepeHHii no3BOJIHJIH onpe.n;enHTL 
3HaqeHHB napaMeTpoa HBYK .n;JIB xacxa.n;a 102-109 K:JB 
KaK: R(l35°, ±H)= -0,029±0,006 H H(225°,±H) = 
= +0,022±0,005 H ,IJ;JIB xacxa.n;a 82-129 K:JBKaK: RU35°,± IH= 
= -0,067±0,022 H R<225°,±H>= +0,054±0,019. 

5. OECY)f(,4EHHE 

a/ C8epx111oHKUe noAJf 

BnepBLie· caepxToHKoe none Ha B.n;pax Gd a MaTpuue 
Fe 6LIJIO H3MepeHO rpo,D,3HHCOM H .n;p. /B/ H li03MOM H 
.n;p. /9/. B 3THX pa6oTax H3MepeHHB npoao.n;HJIHCL MeTOAOM 
HBYK c B.n;paMH 156 Gd, aHe.n;peHHhlMH B )l(eJie3Hhle t})onL
rH B npouecce HX KYJIOHOBCKOrO B036y)I(,IJ;eHHB HOHaMH 16 0 
c 3HeprHeii 36 M:JB. Knennep H .n;p./IO/ Hccne.n;oaanH 
Hcd<Fe) H Hcd<Ni) MeTo.n;oM ,ll.BYK npH xynoHoacxoM ao3-
6y)I(,II;eHHH B.n;ep 156 Gd anLllla- qacTHUaMH c 3HeprHeii 

4710 M:JB. 
3HaqeHHe H Gd (Fe), llOJiyqeHHOe B HaWHX H3Mepe-

17 



HHHX B 
155 Gd, cornacyeTCH C pe3ynLTaTaMH yKa3aHHhiX 

BLIIlle pa6oT H HMeeT 6onLlliYIO TO'IHOCTL I ma6A. 4/. 

Pe3ynLTaThi HalliHX Hccne,LJ,oaaHHii Hcd<Ni) H H3Me-

peHHii Knennepa H ,LJ,p. /10/ pe3KO OTnH'IaiOTCH Me:>K,LJ,Y co-

6oii I ma6A. 41. EcnH yqecTL, 'ITO ycnoBHH HalliHX H3Mepe

HHii ,[(BYK 6LmH cy~ecTBeHHO ny'lllle, 'leM a pa6oTe /10 I , 
B KOTOpOH H3MepsnaCb 'laCTOTa napMOpOBCKOH npeueCCHH 

,LJ,nH COCTOHHHH 89 K3B B 156 Gd C BpeMeHeM :>KH3HH, 

flO'ITH B TpH pa3a MeHblliHM flO cpaBHeHHIO C BpeMeHeM 

:>KH3HH ypOBHH 86 K3B 155Gd, TO, no-BH,!J,HMOMy, MO:>KHO 

OT,LJ,aTh npe,LJ,nO'ITeHHe HallleMy pe3ynLTaTy IJGd(Ni). 

06Hapy:>KeHHhle B H3MepeHHHX ,[(BYK HBHLie penaKca

UHOHHhle npouecchl B Fe H, ho-aH,LJ,HMOMy, a Ni -!llonL

rax, MOryT CBH,LJ,eTenLCTBOBaTb 0 cymeCTBOBaHHH B 3THX 

06pa3UaX IKy6H1.J:eCKaH pellleTKal MarHHTHhiX ,!J,HHaMH'IeC

KHX B3aHMO,LJ,eHCTBHH, o6ycnoaneHHhiX 3neKTpOHHOH CnH

HOBOH penaKcauHeii. TaKHe B3aHMO,LJ,eiicTBHH a MeTannax 

C npHMeCHhiMH H,LJ,paMH pH,LJ,a pe,LJ,K03eMenLHhiX 3neMeHTOB 

paHee Ha6niO,LJ,anHcL a pa6oTax /11-13/. 

6/ 0cAa6AeHue 3t/x/JeKma HBYK 

KaK y:>Ke OTMe'lanocL Bhlllle, H3MepeHHH 11BYK npHBO

.LJ.HT K cpe,LJ,HHM 3Ha'leHHHM w L 3Ha'IHTenLHO MeHLIIIHM, 

'leM 3TO BhiTeKaeT H3 H3MepeHHii ,[(BYK. Pacxo:>K,LJ,eHHH oc

TaiOTCH I!_ nocne y'leTa ,LJ,HHaMH'IeCKHX 3~eKTOB. Ocna6-

neHHe W L MO:>KHO nOHHTh, ecnH npe,LJ,nOnO:>KHTh, 'ITO Ha 

'laCTh H,LJ,ep HMnnaHTHpOBaHHhiX HOHOB He ,LJ,eHCTByeT CBepx

TOHKOe none H 3TO npHBO,!J,HT K CHnhHOMY no,LJ,aBneHHIO 

cpe,LJ,HeH BenH'IHHhi !!.e2 H yaenH'IeHHIO aMnnHTY,!J,hl b 2 
B 3TOM cnyqae H3Mep.HeMaH li~YHKUHH 11BYK 6y,LJ,eT npe,LJ,

cTaBnHTL co6oii cynepn03HUHIO ,LJ,BYX li~YHKUHH: 

-
W = fW (e ± H ) + <1- f)W W , H = 0) , 141 

r,LJ,e f - 'laCTh H,LJ,ep, Ha KOTOphle ,LJ,eHCTByeT CBepXTOHKOe 

none 
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(oo), 
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, 

/\.0 = .!._ arctg{2t,J r G (oo)l, 
2 L 22 

G (oo) = (l +A r -]) • 
22 2 

CpaBHHBaJI 131 H 141, MO)f(HO nony"'HTh: 

((-;-; I.r) ~ 

h') 2 
(-~) 

h2 

fG (uJ r G ) 
22 I. 22 

') 

f c 2 2 -t ( 1 - f) II -t ( 2 (O I. T G 2 2 ) - I 

fG.) lfG
22

+ 2<1- Ol . 
-

2 +<I-n: 
1 + (2ro T G )2 

I. 2 2 

IS/ 

161 

11cnOJib3YJI 3TH COOTHOWeHHJI H npHHHMaJI G 22 , BbiTeKaiOIUHe 

H3 H3MepeHHH )l.BYK, MO)f(HO onpe,neJIHTb K034KlJHU.HeHT f no 

3Ha"'eHHJIM ~ L H b 2 I ma6A. 51. B cooTBeTCTBHH c O)f(H

.naeMbiM 3Ha"'eHHJI wL H b 2 no Mepe yaeJIH"'eHHJI Z MaT

PHU.hl H c noHH)f(eHHeM 3HeprHH HMnnauTaU.HH yMeHhmaiOT

CJI. 
3Ha\.feHHJI f H A2 , noJiy"'eHHble B HaCTO.HIUeH pa6oTe 

npH Hccne,noBaHHH )l.BYK H 11BYK npH pacna,ne 155Tb H 

151 Tb, HMnnaHTHpoaaHHhiX B )f(eJie 3Hble $onhrH, cornacy

IOTCJI Me)f(,ny co6o8 I ma6A. 5 I. 3To no3BOJIJieT JaKJIIO"'HTh, 

"'TO ,nJIJI acex H30Tonoa Th,HMnnanTHpoaaHHhiX B MaTpHU.hl 

Fe B u,neHTH"'HhiX ycnoau.a:x, 3Ha"'eHHJI He d (Fe) , f H A 2 
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o,IJ;HHaKoBLI, T.e. nonyqeHHLie 3HaqeHH.Il Hcd<Fe), f H 

A. 2 MoryT 6hiTh Hcnonh30BaHhi ,IJ;JI.Il ou;eHKH g -dlaKTopos 

KOpOTKO)f(HBYIUHX B036y)f(,IJ;eHHhiX COCTO.IIHHH H30TODOB DO 

pe3ynhTaTaM Hccne,IJ;oBaHHH HBYK. 

Ta6Aut~a 5 

3HaqeHH.Il Ko34><l>Hu;HeHTOB f .D;JI.Il .ll,D;ep Gd, HMnnaHTHposaHHhiX 
B Fe H Ni -dJonhrH 

V MMIL11. 
Ma TpRua .Hnpo ( KB) A.

2
[108 

c-1 1 -
f(b2l f(wr) 

155Gd 25 1,27 ( 43) 0,55(4) 0,65{6) 

Fe 155Gd 70 1,27 ( 43) 0,71(6) 0,81 (5) 

lSlGd 70 1,20(80) 0,57(30) 0,76(4) 

Ni l55Gd 70 0,37(16) 0,51 {9) 0,40 (8' 

e/ g -(xllaflOPbl COCiflOJIHUU 108 U 395 1<3B 

e 151 Gd, 165 1<:JB e l 49 Gd, 109 u 129 1<:JB e 153 Gd 

H3 senHqHHhi csepxTOHKoro MarHHTHoro non.11 Hcd (Fe)= 
- /213±15/ 1<2C H qacTOThl napMOpOBCKOH npeu;eCCHH 

KaCKa,IJ;a 287-108 1<3B BhiTeKaeT 3HaqeHHe g -dJaKTOpa ,IJ;JI.Il 

COCTO.IIHH.Il 108 1<3B 
151 Gd g = -0,42±0,05. 

B pa6oTe li3.D;HK3 H ,IJ;p./14/ B H3MepeHH.IIX HBYK c He

llOJih30BaHHeM BHeiUHero MarHHTHOrO llOJI.Il g -dJaKTOp 3TO

ro ypoBH.Il 6hm onpe,D;eneH KaK g = -0,49±0,07. 
MO)f(HO noKa3aTh, qTo napaMeTp HBYK R (135°, ± H) c 

yqeToM Ko34><l>Hu;HeHTa f H dlaKTopa ocna6neHH.Il G 22=<1+A. 2rY 1 

onpe,IJ;en.lleTc.ll cne.D;yJOIUHM Bbipa)f(eHHeM 

6f A 22 2 WLT G 2 2 
R<l35°' ±H)= - • 2 • /7 I 

4+ A 2il - f(l-G2:fJ 1 + (2wL T G2.) 
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Tor.D;a, HCXO,IJ;.Il H3 3HaqeHHH napaMeTpos R <135°, ±II) ,IJ;JI.Il 

KacKa,IJ;OB 287- 108 1< :JB H 444-287 1< :JB, MO)f(HO onpe,IJ;eJIHTh 

BeJIHqHHhl g-$aKTOpOB ,IJ;Jl.ll COCTO.IIHHH 108 H 395 1<3B KaK 

g = -0,47±0,14 H g = -1 ,65±0,50 COOTBeTCTBeHHO. llony

qeHHa.ll TaKHM o6pa30M BeJIHqHHa g -$aKTOpa COCTO.IIHH.Il 

108 1<:JB xopomo cornacyeTc.ll co 3HaqeHHeM, nonyqeHHLIM 

MeTO,IJ;OM )l;BYK. 3TO CBH,IJ;eTeJihCTByeT 0 TOM, qTo yqeT 

Ko34><l>Hu;HeHTa f H napaMeTpa penaxcau;HH npH onpe,D;eneHHH 

g -$aKTOpOB B036y)f(,IJ;eHHbiX COCTO.IIHHH H3 BeJIHqHHhl 

R<135°, ± B ) onpas,IJ;aH. 

AHanorHqHo onpe,D;eneHLI 3HaqeHH.Il g -$aKTopos .D;JI.Il 

COCTO.IIHHH 165 1<3B B 149 Gd , 109 H 129 K:JB B 153 Gd. 

3HaqeHH.Il g-$aKTOpOB H MarHHTHbiX MOMeHTOB, BbiTe

KaiOIUHX H3 npoBe,IJ;eHHhiX HCCJie,IJ;OBaHHH, llpHBe,IJ;eHbi B ma6A.6. 

Ta6Aut~a 6 

g -$aKTOpbi H MarHHTHhle MOMeHTbi HH)f(HHX B036y)f(,IJ;eHHhiX 
cocTO.IIHHH B .ll,D;pax Gd c A = 149, 151, 153 

.Hnpo Eyp I" g ll 
(KaB) ( H.M.) 

I49Gd 165 5/2 - -0,36 (9) -0,90(23} 
I51Gd 108 5/2 - -0,43 (5) -1,08 (13} -395 3/2 -1 ,65(50) -2,48(75} 
I53Gd 5/2 - +0,16 (6) +0,40( 15} 109 

129 3/2 - +0,22 (8) +0,33 (12) 

6. 3AKJIJO 'lEHHE 

OcHOBHLie pe3yJihTaThi, nonyqeHHble B 3TOH pa6oTe, 

CBO,IJ;.IITC.Il K CJie,IJ;yiOII.(eMy: 

1. YToqaeHLI 3HaqeHH.Il csepxTOHKBX MarHBTHLIX noneH:, 

,IJ;eHcTBYIOIUBX Ha .ll,IJ;pa Gd B )f(eJie3HOH B HBKenesoi MaTpB

u;ax. 
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2. Onpe.n.eneHa .n.on.11 HMnJiaHTHpoBaHHblX B MaTpHULI 

Fe H Ni JI.IJ.ep, "qyacTBYIOIUHX" caepxTOHKoe MarHHTHoe 

none. 

3. Bnepable onpe.n.eneHbl 3Ha1.feHHJI g -cl>aKTopoa H Mar-

HHTHblX MOMeHTOB )l.JIJI COCTOJIHHH 165 K3B B 149 Gd , 
395 K3B B 151 Gd ' 109 H 129 K3B B 153 Gd. 

~JIJI COCTOJIHHJI 108 K3B B 15 1Gd 3Ha1.JeHHJI 3THX BeJIH"'HH 

yTO"'HeHLI no cpaaHeHHIO c H3BeCTHblMH pe3yJILTaTaMH. 

B 3aKJII01.feHHe aBTOPLI Bblpa:>KaiOT rny6oKyro 6naro.n.ap

HOCTL npo4>. K.JI.rpoMOBY 3a no.n..n.ep:>KKY H noCTOJIHHblH HH

Tepec K pa6oTe. 

JIHTEPATYPA 

1. A(ficmacbee B.II. u op. OHHH, 13-4763, jfy6Ha, 1969. 
2. AAuKoe E.A. u op. OH..JIH, P13-9607, Jfy6Ha, 1976. 
3. EaAOUH E.IO., KpyMUlllleUH 3.B., PoHJICUH A.H. OH..JIH, 

13-9850, ,lfy6Ha, 19 76. 
4. AAUKOB E.A. u op. OH..JIH, P13-9608, jfy6Ha, 1976. 
5. EepAoeut.t 3.E., BacuAeHKO C. C., HoeuKoe IO.E. Bpe

MeHa JICU3HU 6036yJICOeHHbiX COCIIIOJIHUU aiiiOMHbiX JIO.ep. 
"HayKa ", JI., 1972. 

6. Hrynkiewicz A.Z. e.a. Nucl.Phys., 1966, 80, p.608. 
7. Afanasiev V.P. e.a. JINR, E6-8327, Dubna, 1974. 
8. Grodzins L., Borchers, Hagemann G.B. Phys. Lett., 

1966, 21, p.214. 
9. Boehm F., Hagemann G.B., Winter A. Phys. Lett., 

1966, 21, P.217. 
10. Klepper 0., Spehe H., Wertz N. Z.Phys., 1968, 217, 

P.425. 
11. Deutch B.I., Bonde Nielson L., Bernas H. Phys. Lett., 

1968, 27B, p.209. 
12. Waddington T. C. e.a. Nucl. Reactions Induced bz 

Heavy Ions. N.-H. Publ. Comp., 1970, 438. 
13. Herskind B. Hy/Jerfine Interactions in Excited Nuclei. 

Rehovot 1970, 987, N.-Y.-London-Paris, 1971. 
14. Badica T. e.a. Z.Phys., 1976, A277, p.217. 

24 

PyKonucb nocmynuAa e U30ameAbCKuu omoeA 
30 MaJI 1977 zooa. 

/ 


