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.. 12aT· 12aJ 
YpoBHH · e · 1 B03HHKatomue npu pacnaJle 1 6binH uayqeHhi 

B pa6oTax /1-31. ABTOpbi STHX pa6oT uccneJlOBanu cneKTp raMMa-riyqefi 

H H3MepsmH raMMa-raMMa-COBII8Jl9HHSI. IJpHM9HSI9Mbl9 HCTO'IHHKH COJlep)KanH 
. 124 ) . . 

H JlpyrHe H30TOIIhi fioJla J 1 'ITO noMemano o6Hapy)KeHHto cna6hiX 

raMMa-nepeXOJlOB~ KpoMe Toro1 no'ITH He 6htnH uayqe.Hhi cneKTpbi ::meKTpo

.HoB BHyTpeHHeH KOHBepCHH, 

Uenbto Hawefi pa6oThi SIBnSieTcSI JleTanbHoe uayqeuue cneKTpoB raMMa

nyqefi1 raMMa-raMMa-coBnaJleHHH npu noMOIUlt Ge ( Li ) -JleTeKTopoB H uc

t23J • cneJlOB8HHe cneKTpOB KOHBepCHOHHbiX aneKTpOHOB pacnaJla 

llony'IeliHbie H8MH npeJlBapHTenbHbie peaynhT8Tbi 0 ·raMMa-ny'laX 123j 

6btnH npHB9Jl9Hbi B C006IU9HH~X / 4.15 / 

... 

CneKTphr aneKTpoHoB BHyTpeHaefi KOHBepcuu H:ayqanucb npu noMO!UH 
. ' 

MarHHTHOI'O 6eTa-cneKTpOMeTpa C JlBOHHOH JlByKpaTHOfi ~OKyCHpOBKOH Ha 

· yron rr v2 ( R = 0 120%1 0 = 0 115%). MccneJlOBaHHe cneKTpa raMMa-ny-

u 123J 6 '19M binO npOB9Jl9HO C IIOMO!Ubto nonynpOBOJlHHKOBOI'O ra·MMa-CIIeK-

TpOMeTpa. B pa6oTe 6bmH ucnonb30BaHbi Ge ( Li) -JleTeKTOphr KOaKcuanhHo

ro THIIa C 'lyBCTBHTenbHblMH 06'beMaMH 10; 30 .CM3 H paapeWeH!i:eM "'415 K9B 
60 . 

Ha nHHHH 1332 KSB Co. 
B K8'19CTBe HCTOtlHHKa JlnSI H.3Y'I9HHSI C~eKTpa KOHBepCHOHHhiX aneKTpo

HOB cny)KHna ~paKUHSI H0Jl81 KOTOpaSI 6brna BbiJleneHa 33 MH!UeHH MeTannH

'19CKOI'O naHTaHa ( unu uepuSI) 1 o6ny'leHHoro npoToHaMH c. aHepruefi 660 MaB 

Ha CHHXPOUHKnoTpoHe OH.HH. MeTOJlHKa BhiJleneHHSI BhiCOKOaKTHBHoro npenapa

Ta fioJla on~:~caHa B pa6oTe 16!. McTO'IHHKH JlnSI 6eTa-cneK'J;'pOMeTpa uaro

TaBnHBanucb Bbii18pHB8HH9M 8KTHBHOI'O paCTBOpa ~paKUHH fioJla Ha cepe6-
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psiHY!O !jlonhry cpaay nocne ___ Bbtnenemrsi, a H3Mepemui npoH3BOilli11HCh cnyc-

TSI 8-10 'laCOB, .. ,_ 

DpenapaT nnSI ltccnenoBaHHSI raMMa-cneKTpa npiiroToBnSinCSI cnenyro

_;lllliM 66paaoM, Docne o6ny'leHHSI B Te'leHne 2-3 qacoB MeTannii'IecKaSI uepHe-

. BaSI MHmeHh pacTBOpSinach B a30THOH KHCnoTe, a: H30TOIIbi KCeHoHa yHOCH-

11HCh TOKOM I'e1l!ISI II C06Hpa11HCb Ha aKTIIBIIJlOBaHHOM yrne, OX11a:lK]:laeMOM 

:lKIIJlKIIM a30TOM, ,Uanee 110BYlliKII C aKTIIBIIJlOBaHHb!M yrneM I!JlHCOe/lliHSI11HCb 

K BaKyyMHOH ycTaHOBKe ( 10-5 MM pT,CT,), ll I!JlOBO/lH1laCh O'IIICTKa. KC~HOHa 
OT .rrapOB. BO/lblo KIIC110Tbl II rlOCTOpOHHHX I'a30B, llocne O'IHCTKII KCeHOH 3a

IIa!IBa111I _B a~rryny, II B Te'leH!Ie 10-15 'laCOB I!p0~3BO]:lHnOCb HaKOII11eH!Ie_ 

fiona, 3aTeM aMrryny pa36HBa11H H HepaCIIaBll!liHCSI KCeHOH OTKa'IH~a11!I 0 a 

!I30TOI!bl HO/la OCTaBa11!ICb IIpO'IHO ancop6!IpOBaHHbiMII. H~ CTeHKaX aMIIY1lb!, 

Co cTeHOK aMrryn il.oll CMbiBa11H 6 M NaOH , B BbiJleneHHOfi !jlpaKUIIII fiona 

12 5 - 123 ( ) 
conep:>Ka11HCh cnenyrom!Ie H30TOIIhi: J · _(60. nHeH), J 13,3 'laca , 

122 124 124 J (3;5 MHH,), a J II011HOCTbiO OTCyTCTBOBan, TaK KaK Xe - CTa-

_6H1lbHb!H, MeTO/l!IKa BbiJleneHUSI HO/la 1!3 KCeHOHa OIIHCaHa B pa6oTaX /7,8/, 

DocKonhKY 122J pacrraAaeTCSI o'!eHh 6hiCTpo, TO Ha6niOJlaeMhiii ral.I.1Ma-cneKTP 
123 . . . 

IIpHHa/l1le:>Kan I!paKTII'Ie~KII II30TOIIY 

KO eme 0/lHa I'aMMa-nHHIISI 
12 ~ J 

J , B HeM rrpncyTCTBOBana T011h~ 

c aHeprHeil. 35 KSB, 

n ony'leHHb!H crreKTp raMMa-nyqeil. IIOKa3aH Ha puc. 1. CpaBH8H!Ie Halli!IX 

pe3y1lbTaTOB C ]:laHHb!MII /1+- 3/, I!p!IBeJleH~biMH B Ta6n, 1, I!OKa~b!BaeT, 'ITO 

IIHTeHCHBHOCTII- raMMa-nyqeil., OIIpeJleneHHbie HaMil, XOpOlliO COBI!a/laiOT C Jl8H

Hb!MH CepronH. 121 II Ha 20-30%. oTnH'IaiOTCH oT JlaHHbiX Para!IHII 
131

• Ha-
. ' /1-3/ 

pHilY C raMMa-rrepeXOJlaMH, KOTOpb!e Ha611IO]:la11HCb aBTOpaMH pa6oT , 

HaM!{ 6bl1lll 06Hapy:>KeHbl 6 HOBb!X Ma110IIHTeHCIIBHbiX raMMa-nepeXOJlOB: .331, 

456 0 . 597, 697, 895 II 913 KSB, 

·Dpii nccnenoBaHHH raMMa-crreKTpa· Mhi He Ha6nro!lann raMMa-rrnKa c 

SH_eprHefi 511. KSB, ~03MOlKHO, 'ITO ly 511 <. 0,5% ~ ManoHHTeHCHBHhiH rrepe-

xon 57 4 KSB, o6HapylKeHHbifi aBTopaMn pa6oTbi 
12 I, .B03~olKHo, liaKnanh~Ba-

121· ' 
eTCSI B HallleM crreKTpe Ha raMMa-nHHHIO 573 :KaB Te , KOTOpbiil. rrpn..:. · 

. .· • 121J . 
cyTCTBOBa11 KaK /lO'IepHHH IIpOJlYKT OT paCIIa/la , ll IIOSTOMY Mbl He 

cMornn. 6onee TO'IHO ·orrpeAennTh ero HHTeHCHBHOCTh, 3Ha'leHHe aHeprHH sTo

ro rrepexona ·;- rro HamnM )laHHbiM 0 COCTaBnReT 571 KSB, 

fa M M a- I' a M Ma-C 0 B II a 1l e H ll SI, l13MepeHIISI I!pOBOJlli111ICh I!p!I IIOMD

lllll JlByMep'Horo aHannsaTopa raMMa-raMMa-coBIIaJleHHH c rronyrrpoBO/lHIIKOBbi-
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MII neTeKTOpat.m Ha 6aae 38M "MIIHCK-2"J9/, O~ny'leHHb!' 

TBepnH111I CXeMy ypOBHefi 

TaX / 2 ,3 / (PIIC, 2), 

12& . . . 
Te , rrpenno:>KeHHyro B rrp 

12 · CnexTp. KOHBepcHoHHbiX sneKTPOHOB pacnana -

Ha 6ec!jloHOBOM 6eTa-cneKTpoMeTpe, Oony'leHHbie HaMil CB 
\ 123 

KOHBepC!IOHHb!X S11eKTpOHOB J IIfl!IBe]:leHbl B Ta611, 1 ,: 

TeHCIIBHOCTSIX KOHBepCHOHHbiX sneKTJlOHOB II y -ny'lefi 

30BaHbl Jl11H onpeneneH!ISI Koa!jJ!jJHUHeHTOB ~OHBepCIIII ( a I< 

!IepeXOJlOB, llp!I STOM HOpMHJlOBKa IIHTeHCIIBHOCTefi KOHBep1 

HOB H y -ny'lefi ocymeCTBneHa no TeopeTH'IeCKHM 3Ha'leHH 

nepexona 159 KSB. M 1 12 •31 II 529 i<sB (E2). CpaBHeime 

3Ha'leHHfi KoS!jJ!jJHuneHTOB BHyTpeHHefi KOHBepcHH c sKcnepnl 

111! O!IpeneneHbl ,MY1lhTIIII011hHOCTII. HeKOTOJlb!X !IepeXO]:lOB ( Tl 

. . 12a T 
CxeMa ypoBHefi . e 

COCTOSIHIIH 
123 

Te , B03HHKa: CxeMa Boa6yJKneHHb;X 

ne. 
1
-
23

j , rrpe]:l1IO:>KeHa. B pa6oTaX /1-3/, I']:le KBaHTOBb!E 

ypOBHeil. 3KCIIepHMeHTa1lbHO He orrpeJlenH11HCb
1 

a-IIpHBO/lH1lHCb ll) 

Hhie 3Ha'leHHSI, OrrpeneneHHhie. HaMH MY11hTHrroiihHOCTH HeKo 
. 1~ 

rroaBonnnn yTO'IHHTh xapaKTep!ICTHKII ypoBHefi Te 
12a J -+ 123Te rrpnBeneHa _Ha p!Ic, 2 • 

't23 -
lieTHO-He'leTHoe SI/lpo Te HBnSieTCH _no csoeil. rrpnp' 

Hero xapaKTepHCTHKII rrpe!lCKa3biBaiOTCH.rro cxeMe o6onoqe 

pa, cornacHo 

TOSIHHII S ~ 

KOTopoil. He'leTHh!H 71-fi HeHTpOH MQlKeT Ha 

• DpencKa3aHHe Monenn o6ono'leK IIO/lTBep~ 

B pa6oTaX /1 1':"' 13 / 6bl11 ll3MepeH CII~H OCHO Mll ]:laHHh!Mll, 

123 Te 
, KOTOpb!H OKa3a11CSI paBHbiM 1/2, 

123J CrrnH Sinpa . _TaK:>Ke rrpe!lCKa3hiBaeTcSI no cxe 

COI'118CHO KOTOflOH He'leTHb!H IIpOTOH MO:lKeT HaXOJlllTbCSI B 

- /15-16/. 
B pa60TaX · 6bin. OIIpe)leneH CIIHH OCHOBHOI'O COC 

. . ' . . 123 123 . 
l1crronb3YSI Be11H'IHHy aHepi'HH pacrrana J-+ Te 

pacc'!nTaHHyiO B. pa6oTe- !17 I ,n orrpeaeneH-Hyro HaMH aacene 

Mbi orrpenennnH 3Ha~eHnSI fg ft Jl11H ypoBHefi ,123 Te. 
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rpnroToBmmcH cnenyro

B MeTanmPiecKaH uepne-

soTonbi KC91IO!Ia yHOCH

:>M yrne, OXJia)I{AaeMOM 

, yrneM npacoeAHHHrrHcb 

tHIIaCb oqHCTKa KC91IO!Ia 

ne oqHCTKH KC91IOII 3a

i3BOAHTIOCb HaKom1eHHe 

KCeHOH OTKaqn~ann, a 

1.1H Ita CTeHKaX aMnynbio 

neneHHOfi ~paKUHH nona 

nL 12sJ . (13,3 ~a~~), 
KaK 

124 Xe - CTan, TaK 

mcaHa B pa6oTax· 17•8/. 

nronaeMhifi · ral;1Ma-ciieKTJ? 

1.1 npHCYTCTBOBana TOIIb~ 

KSB, 

Jac, L. CpaBHeaae Hawax 

1611. 1, noKa~biBaeT, qTO 

OpOWO·COBnaA810T C A81I-
/3/ .. 

HHbiX ParaHHH · • Ha-
. /1-3/ 

aBTOpaMH pa60T o 

raMMa-nepexonoB: 331, 

16iironann raMMa-naKa c. 

ManoHRTeHCHBHbifi nepe-

.B03MO)K!I0 0 • RaKnaAbiBa-. 
t' - ' " 

121 T~ · , KOTOphifi npn.:.· 
21J, , • I He H noaTOMY Mb 

,, 3Raqeaae aRepraa aTo-

B, 

S1 npOBOAHIIHCb npH nOMD

IIHH c nonynpoBOAHHKOBbi-

l 
!' 
i 
I 
I 
I 
I 

l 
l 

MH neTeKTopaMH Ra 6aae 8BM ;,MHHCK-2" /9/, DonyqeHUbie peaynbTaTbi non-

TBepnnm~: cxeMy ypoB·Hefi 

Tax 12•31 (oac. 2). 

t2a . 
Te , npenno)KeHHYIO B npeAbiAymnx pa6o- · 

U3 
CneKTp. KOHBepcaoHHbiX aneKTpOHOB pacnana J nccnenoBancH 

Ha 6ec~oHOBOM 6eTa-cneKTpoMeTpe, DonyqeHUhie naMH CBeAeHHSI o cneKTpe 

123J 5 1 2. n 5 KOHBepCHOHHh!X aneKTpOHOB npHB9A9Hbi B Ta n, 
0 

.1-4aiiHb!e 0 HH-

TeHCRBHOCTSIX KOHBepCHOHHb!X 3119KTpOHOB H Y -nyqefi ( Ta6n, 1) ,Rcnonb-

30B8Hbl AIISI onpeneneHRSI KOacjlcjlHUH9HTOB ~OHBepCRH ( a K :3KCII,) PSIAa y -

nepeXOAOB, ilpH :3TOM HOpMHpOBKa RHT9HCHBIIOCTefi KOHBepCHOHIIbiX aneKTpo

IIOB R y -nyqefi ocymecTsnena no TeopeTaqecKHM 3HaqeHHSIM aleop; /10/ 

nepexona 159 Kas: M1 12 •31· a 529 KSB (E2), CpasHeHneM TeopeTaqecKax 

3HaqeHall: Koa#auneHTOB aiiyipeRRefi KOHBepcaa c aKcnepaMeHTaJibHbiMR 6hi

na onpeneneHbl ,MYIIbTHnOIIbHOCTH H9KOTOpb!X nepeXOAOB ( Ta6n,2), 

CxeMa yposnell: 123 Te 

123 

CxeMa soa6y)KA9HHbiX cocTOSIUHfi Te , B03HHKaromnx npa pacna-
., 123

j 0 npeAII0)1(9Ha B pa6oTaX /1-3/, rne KBaHTOBbl9 XapaKTepRCTRKH 

yposnell: aKcnepaMeHTanbno He orrpenemm~cb, a npnsonHnHCb nx rrpennonO)KHTen~;>::; 

Hbie 3HaqeHRSI, OrrpenenenHbie naMa MynbTHnonbUOCTH HeKOTOpbiX nepexonoB 
123 , 

noasonana yToqHRTb xapaKTepRCTHKR yposHefi Te , CxeMa pacna~a 

npnseneHa Ha pnc. 2, 
. .123 

4eTno-HeqeTHoe HApo Te HBnHeTCH .rro csoefi npnpone ~epnqecKnM, 

R ero xapaKTepncTHKR npencKa3biBaiOTCH no cxeMe o6onoqeqHofi Monena·HA~ 

pa, cornaCHO KOTOpOH HeqeTHblll 71-fi HeHTpOH MQ)K9T II8XOAHTbCSI B COC-

TOSIHHH S ~ , DpeACKa3aHHe MOASIIH o6orroqeK nOATB9p)KA89TCSI OnbiTHbl-

MR AaHHbiMR, B pa6oTax· / 11 - 13 / 6bin H3MepeH CIIRH OCHOBHOI'O COCTOSIIIHSI 

123 Te • 1 /2 
1 KOTOpb!H OKa3aJICSI paBHbiM , 

CnnH HApa 
123 

J TaK)Ke npencKa3biBaeTCSI no cxeMe Mailep /14/, 

COI'IIaCHO KOTOpofi HeqeTHblll npOTOII MO)KeT H8XOAHTbCSI B COCTOSIHRH d 
6
j

2 
• 

/15 16/. . • 123 I 
B pa60T8X - 6hin onpenenen CnHH OCHOBHOI'O COCTOSIIIHSI J -+1=•5 2. 

. . ' . 123 123 . 
l1cnonb3YH senaqnHy aHeprna pacnana J... Te Q = 1275 Kas, 

paccqaTaHRyro B, pa6oTe. !17 I , rr orrpeneneHHyro HaMR aacenenHoCTb ypoBHeu;. 

Mbi onpenenann aHaqeHHSI fg ft nnH yposHeil 123 Te. 
5 
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. 123 123 . 
EeTa-pacnaJl · J·:-+ Te xapaKT~peH TeM, 'ITO ocHOBHaSI ero ]long 

' I , 

(98,3%) aacenSieT. ypoaeHb c sHeprneii 159 KsB~ Ero xapaKTepHCTHKH 3/2+ 

~aaecTHhi na npeJlhiJlyuinx pa6oT, a fgft = 5,2:!:0,2. ManaSI aenH'lHHa aHa

'leHHH fgft noJlTBepmJlaeT paHee onpeJleneHHyro nonomnTenhHyro 'leTHOCTb 

OCHOBHOI'O COCTOHHHSI 128J-> 5/2+ • 

YpoBeHb 248 KSB nBnneTcn H30MepHbiM t18t ( TJ-'2 =104JlHH; 

1' 17 = 1112-). 
123 

EeTa-·pacnaJl C OCHOBHOI'O COCTOSIHHSI J Ha 3TOT ypoBeHb Mano-

BepOSITeH, H Mbl He Ha6nro)lanH · COOTBeTCTBYIDillHX nepeXOJlOB Ha ypOBHH 0 H 

159 KSB ('I y < 0,01 %). 

'y p 0 Be Hb 440 K 3 B. Ha OCHOB8HHH onpe)leneHHbiX HaMH M.ynbTHOOnb-

HOCTeii nepeXOJlOB 440 KSB (E2+M1) H 281,5 KSB (E0+E2+M1) MO)j<HO npH

IIHCaTb ypOBHIO 440 K3B KB8HTOBbie xap~KTepRCTHKH 3/2+ RnH' .1/2 + 1 IIOCKOrrbKY 

6eTa-nepeXOJl 5/2+-> '112+ CO 3Ha'leHReM fg ft= 10 t-11 OTHOCHTCSI' KO BTOpOMY 

nopSIJlKY aanpemeHHSI, xapaKTepHCTHK8 1 /2+ HCKniO'laeTCSlo . . . 

Y p 0 Be H b 505 K 3 B pa3pSimaeTCSI JlBYMSI nepeXOJl8MH 346 H 505 KSB, 

c MynhTanonhHOCTSIMH M1+E2 H E2 cooTBeTCTBeHiio. 3To noaBonSieT onpe
. + 

]lenHTb 0JlH03H8'lHO CllHH H qe,THOCTb ypoBHSI 505 K3B KaK 5/2 • 

OTHOCHTenbHO HHTeHCHBHO aacene,aHblll ypoBeHb 688 KSB c fg ft= 6, 7 
MOmeT HMeTb. KBaHTOBbie xapaKTepRCTH

1

KH 5/2+. ltnH 3/2t, KaK STO cne]lyeT 

H3 MynhTRnonbHOCTH THna E2 nepeXOJlOB 529 H 688 KsB. 

Y p o Be H b 697 K a B. Eonee OJlH03Ha'lHbie peaynhTaThi Mhi nonyq~nR 

o6 ypoBHe 697 KsB. B paaee npeJlnomeHHOii cxeMe aTOMY ypoBHID npnnHca

nR xapaKTePH:CTHKH 5/2+ RnH 7/2+. OnpeJleneHHaSI HaMR MynhTRnonbHOCTb 

nepeXOJla 538 KSB (E2+M1), KOTOp!Slll paapgmaeT COCTOSIHHe· 697 K3B Ha CDC-

TOSIHHe 159 KSB C xapaKTepRCTHKaMH 

HHH. ToT ¢aKT, 'ITO Mhi aa6nro]laeM 

697 KSB Ha OCHOBHOe COCTOSIHHe 

CTHKY 7 12+.· 

3/2+, noJlTBepmJlaeT 3TH npeJlnonome-
. . I 

C 3TOI'O ypOBHSI nepeXOJl C 3Heprneii 

128 Te ( 1 12+), RCKnro'laeT xapaKTepR-

Y p 0 Be H b 895 K 3 B paapgmaeTCSI TpeMSI I'SMMa-nepeXO]laMH: HS 
+ + . . 

ocaoaaoe 1/2 (0 xsa), 3/2 (159 xsa) H 3/2+ (440 xaa) coCTOSIHHSI. 

ABTOpbr pa6oT 12,3/ npeJlnararoT AnSI aero xapaKTepRCTHK.H 5/2+- RnH 

7/2+. MynhTRnonhHOCTb nepexoJla 736 ;KsB, no-BHJlHMOMy, ecTb (Mi+E2)'. 
\ 

Ecnn; pacCMOTpHM TeopeTH'leCKOe OTHOIIIeHHe ·npHBe]leHHblX aepOSITHOCTeii . . ' . . + 
B ( E 2) H B ( M 3) npH npeJlnonaraeMoii xapaKTepHCTHKe 7/2 

.y786 y89G 

JlnSI cocTOSIHHSI 895 KSB, nony'lHM: 

6 

I 
~l 

·:r r 

I .. \ 
. . ,!\./ 

·.Y! 

lu: ( 
. i !;~ } 

r 

I B{M3)y89~ 
·A 4/s ~ . E 

1,a.to2 . A 4 /s ·~· =.4,2.io

5 

. E .y· 

8· 
1,6.10. 

CooTBeTcTayromee cooTaoweane + . . . ... ·. ··- . . 
npH np~Jlnonar~eMoii 

5/2 ' 6yJleT HMeTb BHJl: 

2 
. 18 .. 

B{M1)y73'6 
I~ 
. B(E2) ys95 

,a .to E 3 y 

1,6. 10 2 A 4/s E a = 200. 
y 

TaK KaK 3KCnepHM9HTanbHOe COOTHOIIIeHHe 
I y 73«! 
......--
I v sills 

"'15 

K npeJlnonomeHilro l2}, Mhi ·npHHRMaeM xapaKTepHCTHKY 

895 KSB. 
I 

HapHJlY c paccMoTpeHHhiMH ypoBHSIMH B cxeMe pacnaJla 

ayeT· eme ypOBeHb. C SHeprHeii 784 K3B H xapaKTepHCTHKI 

Hallin sKcnep~M.eHTanbHbie· ·JlaHHbie noJlTBepmJlaiDT ero ciyuiE 

noaBonnroT 6onee OJlH03Ha'lHO onpeJlenHTb ero xapaKTepncT . - . . 
B cxeMe ypoBHeii 1~l1Te He paaMellleHbi nepeXOJlbi • 

571, 597, 9.13 KSB, .CYMMapHas£ liHTeHCHBHOCTh KOTOpbiX CC 

0,2% fia pacnaJl. 

nnreparypa 

J. R. Gupta. NuCl.Phys., 1.4, 606 (1.960) • 

2. H. Sergolle, G. Abbony, J. Bouloumie, J. Lagrange 

Pantrat.· Journal de Phys., · 28, 383 (1.967) • 

3. R. · Ragaini, W.Walters, G. Gordowand Boedecker. N 

61.1. (1.968). 
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