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• 

11>CCJI€1,lJ,'OIB3HHe y-·c.neKrpOB paJJ:'H'03KTHBHblX H30TOnO'B HB-

J1He1'CH O'Jl.HOH H3 OCHOBHblX 33JJ.a'l H,J,epuo!{ cneKTipOOKO'nH•H. 

Onpe~eJrem1e .3Heprnil H IH.HTettic111sHacrel1 y-ncpexoi.1ios n03BO­

J1HeT 'B C04eTaHHH c JJ.pyrHM'H Jl.3'HHblMH, BblHBHTb B3)1{1Heifurne 

xap1a1Krep>KT'HIK'H arOMIHbIX 51JJ.ep. B 'lacrHocr11, 3Ham1e HHTeH­

CHlBHo·oreil y-1nepexo,J,:OB 'l1 COlOT:BCTCTBYIOW:HX HM 3JieKTp01HQ1.I 

BHyr1peHHeH KOHBepCHH n03BOv151er 011pe.n:eJIHTb K0.3¢¢.HUHeiHTbl 

BHyrpeHHeH IW1H1Bep·C!HH H CJJ.eJiaTb Bb!BO,'lbl 0 M)'J1bTHnOJibHOCTHX 

nepeXIO'Jl.O•B, a CJie)l.QIBareJibHO, 0 B03MOH<Hb!X cnHHax IJ1 l!eT/HO­

CTHX ypoBIHeif, Me)!{.n:y KO'POpblMH .3TH nepeXO.D:bl nipo'HCXOJJ:HT. 

11HTe'HCK.BHOCTiH IWM!lOHe.HT y-CneK'J1pa ,J,3IOT B03M0)!{H'OCTb pac­

•Cl!IHTaTb Bep051T'HOCTH ~-pacna.rr.a ·Ha ypoBH!f Jl.O'lepHHX HIJJ.ep, a 

TaK)!{e Hp.HBeJJ.eH,Hble •BepOWnil'OCTH y-nepeXO:LJ:OB Me)KJJ:y 'B036y)!{­

.D:eHHbl'MH ·CO•CTOH'H'HHMH H3ytiaeMOf10 HJJ.pa. noCJJeJJ.HHe Moryr 

6b1Tb cpalBHe.tlbl c npeJJ.CKa3a.HH51MH pa3J1.H4HblX 'MQIJl.€J1€H '3110/M­
HOro Hj{1pa. 

3a;D.a4ei'i HaCT'O•Hmeif Jl.'H•ocepTaI"(HH 5-IB.IHIJIOCb 'HOCJielJJ.01BaHHe 

v-cneKrpOB Eu 
152* (9,2 'l.)' Eu152 ( 12,4 r.) H Eu 15 4 ( 16 JieT) 

c n>CJ1MOW,b10 .3JICJ1Tp0Ha PaJJ.tteisono 'HHcr:Hryra c p1y4weiHHoif pa3-
pewa IOW.el'i cnooo6HocrbIO. 

1. 3JIOTpOH 

)lJIH H3y4ell-!H5! CJIQ)!{HblX y-•crreKTpOB O'leHb B3H('HQ H.Cn'O•Jlb-

30IBaTb ·cneKrpoMerpbr c BbI·COK'DH pa3pewaiow.ei.f c.no1co6Ho'cTb10 

( <:::; I%) H MaJibl·M cpoHOM. 3nFM rpe601BaHHHM coorneTCTBYIOT 

Ml3'!'H-HT
1
Hble y-C'neKrpo<MeTpbl, HICnOJJb3YIOW.He .3JieK1'p0Hbl OTJl.3411, 

B 'latTI-r.oicr'H, onexrpo1Merpb1 Tttlna .3J1011poH. 

11iHTepnpe.rautt51 pe3y.1hrariaB ·u3:vrepei-r11if Ha .:ir'Hx ·CJnexripo­

Mer'P'ax n()IJJ.Ky1rraer CBO€H npocrornil: K<l)!{Jl.OH H3 y-JI11H'HH 'B .3'K'C-
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nepwMeHraJibHiO'M c.nexrpe COOTBeTcrnyeT e;uIHcrae1mb1H n11K. 

3JI'OTlpOH acpcpeKTHBHO pa6oraer B n6Jiacrn .:iHepraA y-Jiy-

4eti > 300 !GB, HO oco6em10 BblfO,!])HO ero 11CCTOJ!b30BaTb 'npH 

HOCJI·eJJ.'OBaH11111 :11..:ecrKHx v-·cneiKTpos. 3ro 06bHCHHeT10H pacTOM 

cmeK11paJibHOH 4Y'B'CTBl1TeJJbHOC'rl1 3JIOTpOHa '11 yMeHbWeH11e1M 1no­
Jiym11pH'Hb! y-JIIH,HHH C yBeJIH•4ElHl1ElM 3HeprttH V-K,BaHTOIB. 

J\ <HeJI.'OCTa TKa•M KOMlnTOHO'BOK'HX y-cne1npoMeTp01B TIHna 3JIOT-

pOH 
1
()']1HOC'HTCH HX HC60JibillaH cseroo~wa, HaKJia,ll.bIBaJOlll.aH 

orpaH114ElH.HH Ha aKTHBH()ICTb 11-CCJie,i:.yeMblX iilpenaparaB 
(> 100 MHJIJIHK!OpH). 

B nocJie,[lHHe 110.n.b1 3Ha411reJih.HOe np11Me<HeJHHe ·rroJ1y4.11JI11 
rep::vtaif'HeBOJilffHeJBb!e !JlOJiynp,OBO,il)llHKOBble ,.'.l.eTeKT'01pbI !ll)JH HC­

CJie.n.osa:H111H v-cneKrpas paJI:HOaKfl}JIBHblX rrp0ITaparo113 (I). 3nr 

cneK11p10MeTpb1 c pa3pema10lll.eti: cIToco6HocrbJO 0,3-0,4 % 11 cy­

lll.eCT'Be'Htt.o 60JibWeH: 'ITO ·cpa1B1HeHH10 c MarHHTHblM-H 10ITelKT>po:vteT­
pa1M'H 'C'HeT•OOHJIOH XOlpowo 3apeKOMOH}1.0BaJJ11 ce6H ,l.l.JlH ofoiapy­

:IKCHHH V-JJHHl1H. 0.n.HaKO, npH orrpe,l.l.eJJeHl1H OTHOCl1TeJibHblX 
HHTElHICH.B'l-IJOCTeH V-JI.HHl1H np11 '.ITOMOlll.11 3Tl1X CITeKrp>01MeTp08 113-

3a 60JJbWOf'O KOMIIITOHO'BCKOfO cpoHa 11 3arpy~HCHl1H B rpa,l.l.yH­

p ,OBK·e no •11HTeHOfBH>CJICT'l1 He y;laeTCH no.1y'-ll1Tb TOl{.HQJCTb JIY4We, 
tJe<M 10%. 

HaM'H peKOHCT1py11ipo'BaH 3JIOTpoH Pa,,'1.Heisoru 1m•CT·l!ryra, 

B pe3yJibrare l!ero pa3pewa10lll.aH ·cIToco6ittocrb YJJY''lllle<Ha _n.o I% 
ITp11 hv= 1300 K3B 6e3 cyu.1.ecrneHiHbIX norepb B caerorn.ae. 

B 3T111x ycJJOB'l1HX 3JiorpoH Pa,,:i.11esoro 11Hcr11ryra ·ITO aBOH·M xa­

paKrep11crnKaM He ycrynaJI 3JiorpoHy BHI1I1Ma (2) 11 3Jiorpo­

Hy <t>TI1 :111M. A. <t>. I1ocpcpe (3) (no .. 1yw11p11Ha JJ:HHl1H 0,8%, 
cser101c:11JJa 1s 2,5 pa3a MCHbwe, 'leM y ttawero np116opa) . 3 .. 1.0-

rpaH 04'HTaer 60 con:na.n.eHHH B Ml11Hyry OT v-.TJy4eH hv= 1,3 M3B 

HC'rQ•l{IHHIKa B i K!Op11. JlioJJyill111p1m-ia y-;IHHHH COCTaBJIHeT OT 2,8~o 
.ll.JlH hv=0,4 M3·B n.o l % J.l,JIH hv=l,3 J\faJ.l. 

CneK1ipoMeTp nporpa.n.y11po1BaH ITO 3HeprnHM. ,LlJIH 3TIOH: u.eJIH 
H>OCJJ>e<,LI,•O\BaJI1111cb y-Jll1tH'l1'H, 3.Hepf111H KOTOpblX H3MepeHbl c IBbJ.CO<I<OH 

T04HIOCTblO .D.PYrH·MH aBTOpa.M'H. I3 JIY4llIC.VI CJJy4ae (01.ll.'11H0>4HaH 

HiHTCHICl1B'HaH y-JIHHHH) norpcmHOCTb B onpe:n.eJieJI·!.HH 3'He'prH11 
v-Jl'l11HIHH Ha 3JIOTpoHe .ll.O'CT11raer ±I K3B. 

CneKrpa.1bHaH 4yscns.wreJJbH·OCTb 3.10Tp0tna 01npe~emHJia ·cb 
3I\IOnepnMeHraJJbH,o no KaC1Ka.ll.HbI1M nepe.'Go;i,aM Co60, Sc46 .11 Na24, 
no 113MepeHHH y-cneKrpos Sc46 , Au 198 11 Co60 c H3Be'C'rH1oi1 aK­

THBHOCTbJO 11 or.n.eJibHbIX y-JIHHHH or npenaparos Eu 152 l! Sb 124 

OorpellIHIOCTb ·B ·oITpe·,[leJICIHHIH OTHOC'HTCJlbHblX HllTClllC'Hll3HOCTCH 

y-JI~H'Hl11H, n6yCJI·OIBJleHHaH KpHIBOH CITen:rpaJJbHOH '!YBCTBIHeJib-

HOCTH He npesb1waer 5% B 06Jiacr11 3Heprnli 0,'1 2,8 M3·B. 
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<t>·opiMa np116opHoii Jll1·HHH 3JIOrpoHa, 3'HaH11e KO.TOpoli He·o6-

X·Ol,LI,lfMO ,[{J15! pa3.10iKeHHH ·CJIO:IKHblX onCKTpOB Ha 011.n.eJibHbie 

K0
1
MIT>O'HeHTbl, 6bIJia onpc;r.eJieHa B pe3yJJbTaTe HOCJie>.n.oBaHHH 

O.LJ.'HIHI0141HblX HJIH .n.a.IIC'KO OTCTOHil\HX ;r.pyr OT Jlpyra y-JIHH!HH 
OT •CTa'H1,lJ.a1pTlHb!X 11JlH iOOW.CJl.OCTYilHblX npeITapaTO'B. 

2. y-H3JJy4en11e Eu 152* (9,2 4aca) 

I1ccJie.n.osaa1110 pacna.n.a Eu 152* (9,2 4aca) 11 Eu' 52 ( 12,4 ro-
.n.a) l!l'O'l.'IBHllJ.eHo orp·O.\IHOe KOJIH4eCTBO pa6or. 3rio •CBH3aHo 

rJJaBHbIM o6pa30'M •C re:vt, 41'0 .ll.04ep1HHe 4eTH0-4eTHbie 51.ll.pa 

Sm
1
s2 ·11 Gd1

3
2

, iH03HWKa10m11e 'B ·coo11nercrsy1om11x ~~n·pes·palll.e­
HHHX, Haxo,'.l,HTCH 11a rpamrIJ,e, pa3,[leJimou.1,eli o6Jia'CTb ·c¢ep114e­

cK'11x H ,LI,e¢op.\111posa1ll'Hbix H.n.ep. lfay4em1e csoli·c1'B 1ao36y:tK­
,LI,eH1HbIX oocroHH'Hi1 Sm 1 ~2 H Gd152 JJ.aer noJJe311y10 ·H.HcpO•p'MaJJ.HIO 

JJ.JJH rnp0Bep1m co·orncrcrny1olll.ax Mo;~eJibHbix npe:n.cra,BJJOH'HH. 

Mb1 11ccJie.n.onaJI11 y-crreKrp Eu 152* Ha 3 np116opax: <f>orop11-
rpcm·e ( o6Jiacrb 3HeprnA 0, 1-0,4 Abs), 3JJorpoHc P a:n!11esor.o 

1mcrnryra (0,3- 1,5 M .3lB) H 3JI1orp0He <t>TH l1•M. A. <t>. I1o¢cpe 

(1,38--1,9 J\ba). AKTHB+IOCTb HCT04HHKOB oocTaBJJHJJa o:r 10 
,ll,O 500 KIOP'H. 

B pe3yJibrare H3MepeH11i1 HaM11 o6Hapy:tKeHo 14 y-JIHH11~1 
Eu

152
*, H3 KOTOpblX y-Jil1HHH hv=l41 l,9±0,7; 1510± 2; 1557±2; 

1680± 2 H 1756±2 K3B Ha6JJJO.ll.aJIHCb Bnepab!e. I1HTeHCHBHOCTH 
OCTaJJbHb!X y-JNIHHH, '113'Be.CTHblX B JIHreparype, onpe.ll.e'Jle!Hb! 'Ha­

M'H ;c 6omee Bbl'CIOIK'OH T04HOCTb!O, 4e.M B npe.,:(blJ1.YllJ.IJ1X •pa6'oTax. 

CTp11Ha.n.Jie:tKHocrb 3THX y-JIHHHH K pacna.n.y Eu 152* nposepHJJacb 
no 1nep11rn.n.y noJJypa·ona,l.l.a. 

DoJiy4eHJHuie .n.aHHbie B ·co1aoKyrm.ocT11 c .u.aHHbIMH MapKJJyH­

.n.a H .n.p. ( 4) II'O 'HiHTeH1Cl1BHOCTl1 3JieKTpOHOB BHyrpeHHeli KOH­

Bepc1111 Eul52* II03BOJil1JIH onpe)l.CJJHTb Ko3<f><f>11u.11eHrb1 sHyrpeH­

Heli KOHBepCHIH Ct" .ll.JlH 12 y-rrepeXOJ1.QIB 11 oueHl1Tb •npH1MCC1I 

MYJibTl1.ITOJieti B 3r11x 1nepexo.ll.ax. Ha OC'HOBaH,1111 6aJJ·a1Hca ypos­

HeH: !1'0 HHTe>IilCHBHOCT5IM y-ITepexO,LI,OB HaM.H onpe.a.e1JJeHbl 1H'HTC'H­
CHIBHIGCT1H IWMIIO'HCHTOIB ~-pacna.a.a H 3axaara ap611T'aJlb'HblX 

3JieiKrtpo'Ho1a >Ha ypo·BHH Gdl52 111 Sm152 coor•nercrse1rno, a TaK:tKe 
3Ha4emrn logfi. 

Os·e,LI,e<H'HH, noJiy'leHHble a iHaweii pa6o'Te ('c'M. Ta6JI. I) 
c Y'l'eT'0

1
M .n.aH'Hhrx a•cex pa6oT, no1c1BHUJ,eHHbIX pac:na,'I.y Eu1s2", 

fl03BOJil1JIH yro•rnttrb cxeMy pacna.n.a Eu 152*. Mb1 .n.onoJJHHJJH ee 

n.syMH HOBbIMH yposHHMH 1680 'K3B I+ 'B Sm152 11 1756 10s 1-
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a Gd152
. 3rn ypoBirn .rro3BOJrHJIH pa3MecrHTb a 1cxeMe 1pacna.L1.a 

Eu
152* v-·nepeXO)l.bl, ·o6Hapy)!(eHHbie <Hla'MH snepBbie. 

Ou:eH
1
Ka orHoweHHH npHBe.L1.eHHb1x" aepoHrnoneti nepexo.nos 

(
B(ElI - ..... o+) ... 

c ypoBHH 963,3 K3B 1- 1a Smt52 • +) - 0,50±0,02) H 
B(El,1- ..... 2 

opaaHel!ll1e c 1npa1B'HJiaMH AJiarH ITOJBOJIHJIH npHnH1caTb 3ToMy 

ypoBHIO K=O. A 1HaJiorwrnoe 011HOWeHHe .LlJIH nepexo.uos c ypoB­

HH 1511 K3B 1- B Sm152 (0.007 ± 0,00 I) yKa3bIBaer, 4TO npa•BJHJia 

AJiarn pe3KO Ha1pyweHbI. Tawoi1 3cpcj:Je1.;r 0GbH·c1rnerc51 oMewHaa­

HHeM IBOJI1HOIBblX cpyHKIJ.HH c pa3JIHllHblMH 3Ha4etHHH'MH l<BaHT.o­
BOflO 4%CJia J\. 

Ta 6 JI ·u ll a I 

3HeprHH H OTHOCHTeJibHble HHTeHCHBHOCTH v-JJHHHH Eu 152* 

Ha uu1 pe3yJibTaTbI 

c 3Hepnrn Y j OTHOCH- d 3Heprnu Y j OTHOCH-c::-
j-JIHHHH TeJibHbre c 

j-JIHHHH Te.11bHb1e 

~ hv, K3B HHTeHCHB-
~ h'I, K3B HHTeHCHB· 

~ HOC TH 
~ HOC TH 

I 122±1 58±6 8 1315±1 6.5±0.3 
2 344±1 21.5±1,2 9 1389.0±0.3 5.2±0.3 
3 565±2 1.7±0.6 10 1411.9±0.7 0.27±0.02 
4 700±2 0.5±0.3 11 1510±2 0.047±0.0()6. 
5 841±1 100 12 1557±2 0.048±0.006 
6 963±1 85±3 13 1680±2 0.032±0.005 
7 970±2 5.5±1,0 14 1756±2 0016±0.002 

3. y-H3Jiy'leHHe Eut52 ( 12,4 ro,11,a) 

DpH pacna.ne Eu152* (0) so36y)!(.narorcH cocroHHHH Sm 152* 
u Gd1

s
2 

c MaJib!M'H 3Ha4e'H'HHMH ·cnH'HOB, no3ro.wy iLI:JIH n()iJ)y4e­

IIHH CBe.ue.mi:ti: 06 ypo<BH51X co CIITHHaMH I ~ 2 HeOOXOl.lJ.HIMO •HC­
CJ!ei.ll.OBaTb paierra.n: Euts2 (3-). 

v-•CJWJ\TP Eu152 lrOCJie<JI,OBa·JI1C5! BO MHOrHX pa6orax <C 'rI01MOll.lbIO 

CU.'HHTIHJIJI51U:H·OHHbJX cneKTP'OMerpoB; 'HOKJl1{)4eJHHe ·OOCTaBJIHer 

pa6ora HaraHa H XaJihr6epra (5), BhlrIOJ1.1-1eHHM1 ·rr10 cpor.03Jie.K­

rpo1Ha:vi Ha ~-ioneKrpoMerpe re VT 
6 

I 

A 

~ 

r/t 

OcHOBHaH T'PY.ll.HOCTb np11 H3y4e.H•HH v-ic.rreKrpa Eut52 3a-

KJII041aercH ·B ro'M, 4TO ecrecrBeHHaH c;viecb O'J{H<C'H E'B'pOlnHH 

cocTOHT H3 Eu151 'H Eu153 c 1npHMep.Hio O,i!.HHaKO!BbIM mpou:earHbIM 

oo.uep)!(a'HHN1 H np11 o6Jiy4eil-llHH TerIJ10BblMH HeihpoHaMH o6pa-

3YIOTIOH Eu152 ( 12,4 r:o.ua) 11 Eu tH (I G JI er) c y-crrei1<Tpa :vi·u, •Ko­

Topwe BO MHOr~x CJiy4aHx HMeIOr 04eHb 6JIH3KHe no 3HeprHH 
f<OIMTW<HeUITbl. 

Li.JIH yro4.HeiJ!IHH 1rnreHCH'BH•ocreif paHee o6Ha•py)!(eHHbIX 
H lfIOHCKa HO·Bb!X y-JI'HHHH Mb! Bb!TIOJIHIHJIH ,lI.eraJibHOe HIC'CJieiUO'Ba­

HHe v-eine1Krpa Eu 152 iIT<pH IT()IMOW:H cporop11rpCJ1Ha (hv=0,1-
-0,4 M3B) H ::>JIOTpoHa (hv=0,2-1,6 M3B). Hcro4H'HK!OM •cJiy ­

)!(l{JI .npenapar Eu1·; 2 aKT'HBHOCThIO 1,2 KIOjHf, rrpttroro1Bvie.HHhJH 

o6Jiy4eH1H<eM O'K'HO! Eu151 (98,9% Eu 151+ l ,i 0 io Eu153 ) noroKOlM rein- . 

JIOBbfX HeHTpOHOIB. Yic·CJie.ZI.yeMbI~i npenapaT <Bbl'.ZI.ep)K'HBaJi rC~ 
IT()ICJie o6Jiy4eHIH51 1Q\KO.IIO 2 Mecs:1ueB H He COJI,epMa 1JI 3a1Me11tiblX 

rrpuMe1oeti, Kpo1:vie ·He6ioVIbmoif .nipHMecH Eu154, Y4E'T 1<1oropo·ro 
rrpo11-1·3·so1.ZI.'HJI•CH 1Ha M'H o.u.H03Ha·4H10. 

B v-.cirreKrpe Eu152 Mbl H36JIIO,ilaJ1H 28 JlifHHH (CM. ra6JI. 2). 
H3 IK<O'I'Opb!X 9, a llf1MeHHO, hv,=296; 567; 810; 840; 920; 1006 ~ 

Ta6JIHl.(a 2 

3ttepn1H H OTHOCHTeJibHble HHTeHCHBHOCTH y-JIHHHH EU 152 

Hamtt peay.11bTaTb1 
-

c 3Heprntt y r-orno- d 3tteprHH 
Y "(- OTHO-

c j-JIHHHH CfIT. HHTeH- c::-
"{·JIHHHH 

CHTeJibllhle 

~ h'I, K3B CHBHOCTH 7-! h'I, K3B 
HIITeHCHB· 

~ ~ 
HOC TH 

I 122±1 155±11 15 840±3 1.2±0.3 
2 245+ 1 39+ 5 16 868±1 19±1 
3 296±2 16±5 17 920±3 3.1±0.6 
4 344±1 141±6 18 965±1 68±3 
5 ~360 5±3 19 1006±2 2.7±0.5 
6 41 I ±I 11±1 20 1087± ~ 50±2 
7 441± I 20±2 21 1094±5 8±2 
8 567±3 4±1 22 1113±1 63±3 
9 586±2 2±1 23 1210±1 6.7±0.6 

:o 674±3 3±1 24 1253±2 1.0±0.2 
11 689±3 4±1 25 1302±2 7.8±0.5 
i2 720±3 1.5±0.3 26 1409 ±1 100 
13 779±1 60±3 27 1454±1 2.1±0.2 
14 810±2 1.6±0.3 28 1527±2 1.2±0.2 
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1253; 1454 11 1527 !OB Ha6JIIO.LI.a.111n snepBbie. HwrenicwsHocrn 
11-JI'l11H'HH, •H3BeJCTHb!X paHee B JI'HTepaTy·pe, 01npe.LI.eJ15Hbl Ha'MH 
c 60JibWei1 T04HOCTblO, l[eJM B npe,UbIJLYlUHX ·HCCJie,nroBa!HIHHX. 

HicHOJlb3Y51 .LI.a1HHble pa6oT "1'0 HiHTeHCHBHOCTHM 3JlelK11pOH'CXB 
1sHyrpem1eti 1KOH.sepc1111 Eu152 H •Haurn ;I,aP..Hbie 06 H'Hl1elH'CHB-
1HoC'rnx 'CQIOT'Be1'cTBy1ow.Hx y-nepexo.LI,OB, Mbl Bbl4HCJl'HJIH K03cpcp111-
11.11eHTbl BHyTpeiHHei1 KOHBep.c1rn aK .UJIH 15 nepexo1n.os, 1conpo­
BIO>K'.LI.a10ULHX 1paicrrn.LI. Eu1;,2. Cpa.B·HelHHe aK3Kc· c TeopeTH400KHMii 
3Ha4'e.HJHHMH 1rr031BOJIHJIH ·o.LI.eJiaTb BhtBo;.r.br o 01ecHx 'MYJihTHrroJiei'I 
B 3'1'11X rrepexo.LI.ax. B qacmrnc11H, oKa3a:1ocb, 4TO MYJihTHIITOJib­
HOCTb y-nepexryn.a hv= 868 K3B s sm1s2 (3 -t- y--r4+) pa·BHa 
E2+ (5± 3) % Ml 'B oornac1111 c pe3yJlbTaTOM 3Kcrretp11MetHTOB rro 
(y245, y869) yrnasofI KoppeJIHUH'H {6). B •pa6oTe HaTaHa 11 
XaJibT6e·pra (5), HCXO!I.H 113 HHTe:H·c11BHocrn cj:JOT'OJI•HH'11111 K-869 
3T·OMY rrepexo.LI.y .rrp11nn1chFBaJia cb MYJibTHfIOJibHOCTb 4IH1cl'aH Ml. 

Ha ocaosaH11111 B·CCX 11Me1ow:11xicH B JIHTepaType .LI.a'H'Hb1'X 11 pe-
3YJibTaTOB Haweii pa6oThI rran.poeiHa cxeMa pa·crra•.LI.a Eut52 

( 12,4 ro.LI.a) . CxeMa c6aJiairr1c·upoBaHa no 11HTeH'C%BHOC11HM 
H 1B1KJII04aeT see o6Hapy}l<eHHbie HaMH nopexo..'.I.hl. BbI41111cJte,HbI 
HHT'eJHCH!BHOcT11 KOMnoHeHTOB ~-~crreKTpa Eu152 H 3ax•BaTa op611-
TaJibHhIX 3JieKTpOHOB Ha yposHe SmJG2*, a TaK>Ke 3Ha4emrn 
logfl. llJIH 011HoweH'HH pa 31BeTBJieHHH paorra.J!OB Eu 152 ·Ha yp·oBH•11 
Gd152 11 Sm1s2 cornaioHo Haw111M JI.attHbIM, no:1y411Jia1Cb ·Be.1rwq1111Ha 

= 0,42± 0,03. 

Cp·eJJ:a ypomieH: 4eTH0-4eT1H1oro .uecpopM11posamrnro H.LI.'Pa 
Sm152 BbIJLeJ1eHb1 : P·OTaU·HOH'HaH •rroJioca ocHos1-101-o cocTOHH'11H 
ypOBl-111 O+; 121,78 K3B 2+; 366,45 K3B 4+; ~-B116paUHOHHaH ITO­

JIOOa - 685 K3B O+, 811 K3'B, 2 t- IH l 042 K3B 4~ ; \" 1B1116paU110HH351 
ITOJIOCa-1086,6 K3B 2+; 1234,5 K3B 3+; 1373 K3B 4+ 11 Tp11 ypoBHH 
c 011p11uaTeJiblHOH 4eTHOCTblO - 963,3 JOB 1- . 1530 K31B 2- 11 
1·576 K3B 3-. 8'036iy>K.LI.em1e yposHH 963,3 K.:i B 1- a Sm152 paHee 
Ha6JIIO.LI.aJioch Jil1Wb np11 pacna.LI.e KopoTKonep110.LI.HOro Eu152* 
no-B1H.LI.HM10'MY 3TOT yp101Bellb np11 pa•C!la,Lle Eu152 {3- ) 3aceJirterrcH 
nepex•oJJ.O':vt ·c ypOiBiHH 1530 'K3'B 2-. Mb! 01~eHHJl11 oTHowe.H11e np11-
Hei.LI.eHHbtX aep051T'HO'C"reti rre.peXO.LI.OB c ypo•BHH i 530 K3'B H1a ypo1B­
•Hl1 2+ 11 3+ y-·B,116paUHIO'H•Hoi1 :rroJIOICbI •B Sm152: 

B(EI.r -.. 2-t- ·t) =0,35±0,11 . 
.B (E 1,2 -+ 3+- 1) 
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Cpa,BH!fBaH 3TY 1Be.1114•11J1y c 1rrpaBH.TJa1v111 AJiar11 .rrp•11x10JJ.'HM 
K ao13Mo>K1HCJ'CT11 npHrrHcaHHH yp:otB.mo 1530 K3B 2- ·a Sm152 KBaH · 
To·s10110 q111cJia K = I. 

Cpe.LI.H yp10i&Hei1 Gd152 1np11 paicrraJLe Eu1s2 so36y>K.LI.a10T'CH: 
344,2 K3B 2+; 755,5 JOB 4-t ; 931,l K31B 2+; 1123,8 K3B 3-; 1445 !OB 
3'· 11 1645 K'JB 2-. YpoaeHb 931, l K3B 2+ paHee ;-rn6Jiro;J:aJI•OH JIHWb 
np.11 paorra.ue Tbt52. 

YpoBHH Gd 152 c 3HOpnH511Ml1 JLO 3820 1<:.>B B036y>K,ll,a-
IOTC51 1np111 pa<Cna.LI.e Tb152 (!-). B pa6orn (/) npe.n.cTa'BJI·eHa cxe­
Ma pa•cna.LI.a Tb152, a KOTO'POH 'H1Me1011cH ypoBHa Gd152 1318,6 10s 
2+ 'H 1643,9 K3'B 1-. KBa'HTOBhie xapaKTep11crnK11 3THX yp.o•BHeii 
HaXO.LI.HTCH B rrpoT11aopetIHH c .LI.aHHhIMH no pacrraiiy Eu 152* H 
Eu 152, cornacHo KOTOpbIM s Gd152 JLOCTOsepao ycTaHOBJieHbI 
xapaKTep11crnK•H Y'PO'BHH 1315 'K3'a-1 ·- H ypoB1P.5! 1645 K3B - 2-. 

4. v-H3JJy'leHHe Eu 154 (16 J1e1) 

CTp11 P-pacna.LI.e Eu 154 so36y)!{.LI.aIOTCH ypoBHH cTa6HJibHoro 
51.D!pa Gd151, H'BJIHIOW.erocH 1rrep.BbI.M 113 qel'HO-'IeTHbIX H30TOnos 
r a)LOJIHIH'l1H, K'OTOpbIH 'HIMeeT CTPYKTYPY yposHetr, xapaii<rnpHyIO 
.J.JIH Ol1Jib•HO .LI.ettJopM11p1osaHHbIX HJLep. 5I.D!pa Sm152 H Gd15 1 Ha­
XO.LI.HTCH B Ha'laJie •nepeXOJL1P.OH .o6JiaCTl1, p33!J.eJI5ll01UeH ·ccj:>epH-
1.{eJOKHe tt ,ll.ecpo1pM11poBaHHbie 51.LI.pa, 11MeJOT O,.'.l.11HaKOBOe 4H'CJ10 
HeHTpOHOB (N = 90) 11 6Jil13KHe CBOHCTBa. 3THM H o6ycJIOBJllf­
Bael'CH 1-1aw •H'HTelpec K 113yqeH1110 ·pacna.LI.a Eu154, nocKOJibKY no­
:HBJI51eTC51 1B03MO)K·HO'CTh ·cpaB11-11HTh CBOHCTBa so,36y>KJLe'HHhIX co­
.CTOH.H'HH HJLeip Sm152 :H Gdt5.J.. 

llo Hawetr p1a60Tbl v-113Jiyqe1-:111e Eu154 tfC.CJie.LI.OBaJIOCb •B 5 pa­
OOTax H3 KOT'OpbIX 4 1BhmoJI,HeJHbI Ha C!LHHTHJIJIHI.I.HOHHbIX 1c1rreK-
1p10i:vtcTpax, a O.LI.Ha (8) no cpoT03JieKTp·c>'HaM Ha crreKTpoMeTpe 

TCV2:° Mbl 'BblfTIOJIHl!JIH .LI.eTaJibHOe ·H3y4eHHe v-crreKTpa Eu154 Ha 
3Jl0'1'pOHe IB '06JiaCTl1 3-Eepr11i1 200-1900 K3B. I1CT04H111'KOIM cJiy­
)KHJI mperrapaT Eu154 aKTl1BHOCTbIO ~ 7 K10p11, np'lffOTO'BJie<HHhIH 
o6Jiy4eH•lfeM 'OKl1'C'H Eu153 (98,9 % Eu153-H,1 -010 Eu151) ·noTOK'OM 
Te!lJIOBblX iHettTpOHOIB. I1ccJie.LI.ye>MblH ·rrpenapaT 'BbI.J,ep)!{IfBaJICH 
200 .D!Heti IT<OCJie o6Jiy4eH·HH 11 IHet CO.LI.ep1KaJl 3aMeWiblX npH!Mecei1, 
Kp01Me rre6oJihWOH np111Mec11 Eu152 (11HTe.J-1c11B1Y.'OCTb y-JI111J1H11 
hv=J408 ·K31B Eu152 COCTaBIHJia ~ J,2% OT HHTCIHC'l1BHOCT'H V-Jl'l1-
ff1Hl1 hv= 1276 K3B Eu154). Y:epe3 I ro.LI. nocJJe rrepBoro mp101Mepa 
v-1C1neJKT•pa Eu154 'Mb! BT0p114HO WOCJie;J,O<BaJIH TOT >Ke nperra·paT Ha 
npe.LI.MeT onpe.LI.eJieHl1H CKOpOCTl1 cna.LI.aHHH HHTeHCifBHOCTH y-JIH­
HHH: oi-:a IQKa3aJia•cb 11-Ie rrpo1111sopeqamei1 nepHo,a:y rroJiyicpa.cna.LI.a 
16 JieT. 
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Hoef"o ;B Hawttx H3,:-.1epe'H'H5IX y-oneKrpa Eu1s4 onpe,lleJieHbI 
3HeprH'H 'H H'HTeHCH'BHOCTH 32 y-JIHiH'HH (c::-.1. T36JI. 3)' 113 IKOTO­
pb!X 14 y-JI'H'HHH, a 1HMeH1Ho; hv= 247; 445; 593; 628; 678; 693; 
724; 758; 815; 874; 998; 1007; 1277 H 1598 1013 paHee Ha6JII01Jl.a­
JIHCh, 1KaiK TIJp1tt pacna.lle Eu 154, TaK H Tb154 (T1!2=8 ·11 20 '-!1a100B); 
y-JiilUfHJH hv= 560, 895, 1142 'H 1190 K3H t:a6JIIO,llaJIHCb JIHWb B 
pa1cna,lle Tb154; ocTaJibHhI1e 14 y-JIHHHH, a YFMeHHO hv=328; 403; 
465; 480; 581; 616; 834; 847; 906; 925; l 129; 1248; 1493 H 
1539 '.J(3>B. 1Ha6JlIO.UaJI'HCb Ha1M'H B1nepBble. 

Ta6JIHUa 3 

3tteprHH H OTHOCHTeJibHble HHTeHCHBHOCTH v-JillHllH Eu 15~ 

HarnH pe3yJJbTaTbI 

Y1 OT!IOCH-Yi - orno- _c:::_ 3tteprn~ 
TeJJbHbie 

_s_ 3ttepfl:luH 
CHTeJJbHbie c::: I JJHIIHH 

HHTeHCHB-
c::: j-JIHHHH 

HI!TeHCHB-
~ h 'I, K3B 

HOC TH ~ hv, K3B 
llOCTH 

~ 7-! I I 

I 2-17± l 22±2 17 834±4 0.7± 0.2 
2 328±3 2.3±0.6 18 847±3 2.8±0.3 
3 403± 2 1.3±0.3 19 1174± I 34±2 
4 445±2 l.5±0.3 20 895±3 l.4±0.3 
5 465±4 0.6±0 .. 2 21 906±3 2.3±0.3 
6 480±5 0.4±0.2 22 92~±2 0.27±0.07 
7 560±4 0.7±0.2 23 998:!: 2 32.5±2.5 
8 581 + 3 3.1 + 0.6 24 i007±2 46.4±2.8 
9 593±1 14.0 ± 0.7 25 I 129±3 11.0±0.2 

10 616±3 0.9±0.3 26 1142±2 0.6±0.l 
IL 628± 3 0.6±0 3 27 11!:!0±2 0.24 ± 0.06 
12 678±2 1.0±0.3 28 1248±4 2.9 ±0.5 
13 693± I 5.4±0.5 29 1277± I 100 
14 724± l 57±3 30 1493 ± 2 2.1±0. l 
15 758±1 13.2±0.8 31 1539 ±3 0.19±0.03 
16 8 !5±2 l.8±0.2 32 1598 ± 2 5.0±03 

Il>OJlytJeHHbie ,.'laHHbie BMecTe 'CO OBe,J.eHH51MH 06 H'HTeH1Cl1B­
HOCT5IX 3JieKT•p01f~O'B 'BHyTpe1rnei1 KOH·Bep·cHH, 3an.MCT'B01Ba.H1Hbl1MH 
H3 :n.pyrnx pa6or, 1n013BOJIHJI'H 'Ol111pe,lleJIHTb al( .LlJIH 14 - nepexo­
,D,OB Me}!{,D,y yp,o's,irn,MH Gd15\ .a 1cJie,D,0BaTe.1bHO, H oueHHTh np11-
Meic111 MYJib'TlHlno·Jiei1 B 3T'HX y-ncpexoJJ,ax. 

Ha 01cH01Ba1HH'H 1sicex 'BbITIOJI'HeHHhIX paHee pa6oT, 1noic1BHW.eH­
HhIX tt3ytJe.Hmo paana)la Eu 1M 'H pe3yJibTaTOB Hawe1'i pa60,Tbl no­
crpoeitta cxe:-.rn pa,cna.J.a, 113 6aJia+:1ca HHTeHCHBHO'CTei1 ne1pexo-

IO 

.n,oB ,!]Q ypoBHHM Gd154 01npe.neJieHb1 HJHTeHCUBHOCTTI f3-<K01Mn.01He11-1-
TOB 'H 3HatJeHIHH logfl •paona.na Eu 15'1 'Ha ypoBHH Gd154• 

np11 paiena,lle EuU4 H03UY}!{Jl310TC5I CJie;i.y1ow.He Y'POBH'H Gd15 4: 

I. Ypo1B'H'H P'OTaUJ10H1111oi1 nOJIOCbI oc1HOBH1oro cocT051'HiH51 -O+; 
123,1K31B2+ 371,l K3'B 4+ '11 718 K3'B 6+. 

2. Ypo!BHH ~-B1H6pau,110HHOH ,ITOJlOChI - 680,8 K3B o+; 
816,1 K3B 2+ H 1049,l 1<3B 4+. 

3. YpoBHH y-s116pau110HHoi1 -noJiochr - 997,7 1ns 2+; 
1129,4 K3B 3+ H 1265,2 K3B 4·1. 

4. Y-pCJlBHM c •oTpm~aTeJibHOtt tJernocThIO --- 1399,5 K31B 2- 11 
1722,2 I\31B 2-. 

5. MbI IB'BO!J.HM HOBhie yp0iatt11 c ::meprnH\IH 1617 ± 2 'K3B 11 
1663± 2 K3B, TI03BOJIHBWH1e pa3'MeCTHTb y-nepexo;].bl hv= 1493±2; 
1248± 4; 616± 3; 1539± 3 11 84 7±,3 K3B. Bo3MO)Kllbie 1rna1H'TOBhie 
xapa11<Te1p'H'C TYDKH 3Tl1X y1p>OBHeli 3+, 4+, HCX'O.Ll.5! 113 31HatJeH'H5I 
logfl pa'c'na'.lla Eu 154 Ha yp101B1H11 1617 IK31B (logft = 10,6) 11 
1663 K3B (logfl= l0,5). 

}J,JIH pa3MeW.eHH51 y-'nepeXO.ll:OB hv=l 129 H 1190 IGB He06XO­
.ll,HMIO 1BBOCTH HO'Bble ypO'BHH, .HO .JlJ15l .".ITO!'O rpeoyeTCH ,llaJibHei1-
wee 'HOCJi el.ll,OBaH'He pa1cna,llOB Eui.;4 11 Td154. 

Ha ocHOBa'HHH 01'HOWeHHi1 rrp11Be.LI.e1'!,HhIX sep'oH11Hocrei1 ne.-

peX'O"OB Ha . ypOBHH 2-r 'Y H 3 T 'Y ( B (E I •2- - 2
-t- I) =2 23± 0 17 H 

""' I I B(EI,T-3T y) ' ' 

~ 0,4) 'Y'POBH5I'M 1722,2 'K'31B 2- 111 1399,5 K3B 2- 'B Gd15 4 :npH111H­
calHbl 3Ha>tJeHHH K1Ba1HTOB'oro tJIH'CJI1a K =2 IH K = 1 coo11BeT1c•11B1e1H>Iro. 

B ,D,HccepTaUHH rrpoBeLI.eHo cpaBHeHHe 3KcnepHMeHTaJibHhIX 
n.aH'HbIX c rrpe,Li.CJKa3a>H'H51M'H o6'o6W,e'HHOfr MOJJ,eJIH 51,L!.pa H MOiLLe­
JIH a KNiaJihHO-Hec>HM MeTp'HtJHof'o poTa Tiopa A. C. ,LI.'aBbIJlOBa 
H 'HX MQ)J.1HcpHKal.1'Hfi [9]. 

CTpo'Bel,llBHHOe 1cpa1B1He1-rne 3K'dnepH·MC1HTa.JibHblX 3'HatJeHHl! 
3Hepr11i1 yp01BHei1 poTaUHOHHhIX 1noJioc ocHOBHoro c101cT05IHHH 
Srn152 111 Gdl54 c pacctJe'THf>IiM'H 3HatJelfH51MH no ·MO,lleJIHM 51,llep 
ITOKa3aJIO, lJTO iHa>11,1ytJwee COfJia•C·He TIOJ!ytiaeTC51 C HeiaKC'HaJib­
HOH 1M01,lleJibIO np111 oirnpe,lleJielHHOIM 1113 Ei (2+) u Ei ( 4+) 11 ~t=O. 

2. 3Heprw11 Y'P'OIBHei1 f3-su6paunoHHhIX noJ1oc >B Srn152 11 
Gd154 cpa·BIHe'HbI c paciotJe11HhI1MH 3HatJeHH5IMH no M01JJ.eJI11 ,Ll.a1BhI­
JJ.OBa (µ=FO) 'H MO,lleJI·11 R-V. (P01au110HHO-BH6pa1i.noH,HaH :-.10-
.neJib <Decmepa, fpei1Hepa 11 Wewrnfi,Ha ( 10). 06e M101;r.eJI11 xapo­
urn COrJia1cyIOTC5I ,11.pyr c JLpyroM, HO ;:i:alOT 3aBbIWeHHbie no 
OTH'OWBHHIO K 3K1C1nep1HIMelHTY 3'HatJeH:H5I Ha 5-15%. 
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B Ta6mu.1.e 4 .rrpe,il,CTaBJieHo ·cpaBHe.HHe 3I\crrep11MeH•TaJib-

1HbIX OTHowem1ii •ITlpHlBei,n:eHHblX 'Bep·OHTHOCTett rrepeXQlJJ:OB 'C Y'POB­

Heii ~~BH6tpaU,H•()lHHblX f!OJIOIC Ha ypOBHH porauHOHHLIX f!IOJIOC 

OC1HOIB1Horo OCYCT05!·1nrn :s Sm152 :H Gd154 c npaBHJiaM·H AJial'H II 

Bbll!IJ1CJieH:H5I'M'H '110 ·~W,il_eJIH JJ.aBbFJJ:OBa ( µ =I= 0, \'=I= -0) -
0Wa3aJIOCb, l!TO MO;;J.eJib .[La1BbIJJ:OBa H T-Ia6a1-Ia HeCKOJ!bKO 

JIYl!We :oorJI'aicyerc51 1c .:>Kcrrcp111MeHroM, qe:M npa1BHJia AJiarH. 

B v~rre:pexonax, OOOT.BeTCTBYIOI.l.lliX pa3p51,il,I<e 2+;3 ypoB'Hett Ha 2+ 
ypo:BH'H ocH101s.H1oi1 po'I'aU.HOH<HiOtt 1rroJiocb1 B 5111152 'H Gdt54 o6'Ha­

py>KeHbI rrpHMec'H: EO, Koropb1e corna·OHo Haw11M ou,eHKaM pas­

HbI (6,5± 0,6) % OT E2 B rrepexone hv=689 K3B s Smt52 11 

(3,5± 0,6) % OT E2 B rrepexoJJ.e hv=693 K3B B Gd 1•H . 3rn rrptt­

Mec11 o6yCJIOBJIHBa!OT aHOMaJibl-IO BWCOKHe 3Hal!eHH51 Ko3¢­

¢HU.H·eHT'OiB 'B'HyTpeHHett I<OI-rBCpCIIH COOTBeTCTBYIOLlJ,HX V-'rrepe­
X.Ql,il_01B. 

Ta6JIHUa 4 

3KcnepHMeHT npasHJia AJiarH JlaBbl,11.0B H 
4a6an [9] 

B (E2, 1- -+I) I 
I= 11,45°; 

B (E 2, 1-~ I) 
sm1;;2 Cdt5i K=2 K = l K = 0 fJ. = 0,37 Sm152; 

I= 12,2°; 
µ = 0,365 Cd 15'; 

2+~ --+ 2 1-
5,6±1,8 6,9±C,9 1,43 0,36 1,43 2,2 

2 ' ~ --+ o+ 
-

2 1 ~ -- 4+ 
2,5±0,5 0,05 2+~ --+ zi- - 3.2 1,8 4,1 

-
4+~ --+ 4 1-

4,6±1,8 17±7 2,94 0.082 0,91 4+~ - -+ zi-

3. Co.rrocraBJieHHe .3Hep rni1 ypoBHett v-s11Cipau,110'HHbIX 'llO'JIO'C 

B Sm152 11 Gd154 :co 3Hal!eiHHHMH, •BhI4!1!C.nm1.HbIM>11 Ha ocHrOBe MO­
JleJiett 51,n_ep rroKa3aJio, lfT•o Ha'HJiyqwee oorJiac11e rroJiy4aercH 

c 1Molll,eJib10 HeaKt'HaJih'HOro poraTopa (µ=O). 
Pe3yJimarb1 cpas1HeH'H5! 3K1cnepIIMeH1'aJib1HbIX orrHlomeHHH 

np·11se1,lle1-IHbIX eep051THOCTeH rrepeXO,.'.LOB c ypoBHeii v-'BH'6rpaiI.H'OH­

HblX IITOJIOC Ha ypOBH'H poral{H.OlfHblX no.1oc OCHOIBHO!'O COCY.051-

HHH Sm152 H Gdt54 c rrpe.n:cKa3aHHHM11 reopen14ec·K11x MO,ll,eJiei1 
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L(aBhl.LI,OiBa (w=O H µ+ 0) O.J.HHaKoBo xopomo 1co,r.aaoy10l'C5I 

c .3Korrepmv1eHTo·:v:. Cpe.J.He'B3,BeweHHbie 3Ha4 eHHH rrapaMeT'pa fle­

peMeW:HBaHH51 'TlO'JIOC z OKa3aJl•HICb HeoKOJlbl<O Bblllle ·3:Ha4e<H'11H 

,!l,JIH oepe,IJJH·Hbl ,llecpopM11paBaH'H'Oti OoJJaCTl1 (Z= 0,05) 11 -rrpnBO­

,llHT K pe3yJ1hTaTa M xopomo cornacyIOW.HMCH c .3Kcrrep11MeH­

TaJ1bHhIMH OTHOWell H 51MH l1 p1rne.ueHHbIX Bep051THOCTei1 rrepexo­

,UOB. 

B S1111s2 H Gd 154 Bb1.uc.1e'Hbr .u0Bo.10H,o pa31BHTb1e P-'BH6pa-

u110HHb1e V-'BH6pallH'OILHble 'H p011aUHOHHbie TIOJ10Cbl 'OC'HOB'HIOfO 

coc TJOl51H'H51 . Do.3TOM Y HaM11 ·c.ueJJa•Ha rronblTKa oueHHTb 1MoMeHTbI 

HHe1pul1'11 .3T'HX llOJlOC 'B illpe,UeJJax crrpa·Be,llJIH'B'()CTH .Ll.BY4JJeHIHOH 

<j:JOplM'YJlbl I3op -Mone.'!bCOHa ,ll.Jl51 .3'He'prni1 ypOBHeH porauHOH.HblX 

TIOJl'()JC 4eTH0-4eTllblX necj:lopMHpO'BaHHblX 5l,D.Cp. i'v\O'MeHTbl IH'Hep­

U'WH p- ·11 v-s'H opau1101HHb1x rroJI·oc oKa3a jJHCb HH}Ke, 4e:M .n:m1 

poTaUHOHHbIX llOJIOC OCHOBHoro COCT051HH51 Ha 5 Ii 20% ,UJl5! 
Sm152 H 111a 12 'H 11 ~/o caorae11C11BelHHo .Ll.JIH Gdt54. 

C,n:eJJaHa m YrrbIT11<a Oill'HC.aHH51 HMe10w.11xc.51 a Sm152 11 Gd101 
ypoBHeii: c OT'p111uaTeJ1bHOH qe11HaCTb!O 'B pa1MK3X o6o6w,eHH>OH 

.H 'OBe·pxTe1<yL1eii MOl,UeJJeii 51,n,pa. 

B p e 3yJJbTare rrpose,n:e1HHbIX •H<CCJ1e,11.0BaHHH rroJJyl!eHbr 3Ha-

4eHH'51 3Hepr>HH H O'I'HOC:HTeJlbHb!X HHTeHCHB,H'O'CTeH V-Jl 'HH'HH 

B crreKTpax Eu 152*, Eu 152 11 Eu154. 06Hapy)KeH p51,ii, He113·sec:rHbIX 

pa1Hee v-rrcpeXO',UOB H YT04He'Hbl •cxeMbl pa1crra;l'OB HCICJlel,U01BaH­

'HbIX l13'0TOII1QIB. CToJJyl!e.HHbie · .3KClleP'HMC.HTa.TJblHble 'Pe3yJJbTaTbl 

cpaBHeHw c rrpe.ucKa3aHHRMH MO,UeJJeii: aTOMHOro 51,Upa . 

0C'HOIBHbie pe3yJJbTaTbl ·rr-po.ueJJaHHOI1 pa60Tbl 6bIJIM ,UOJIO­

)i\0Hbl Ha 13-15 e,;Kero·,UHbIX ·cosew.aHH51X no H,ll,epHofl orre1KTpo­

CK01rrn>H H o:rry6JJHKOB8Hbl IB pa6orax (l l-14). 
no1CJ1e orry6JJIHKOB·8H'H51 3THX paoOT 11 HanHC3HH51 O'KOIH43TeJJb­

'HOfO 1Bap·HaHTia ,llHC'ceprauirn ,111051:BHJIHCb paoOTbl, TlO'C'B51W.eHHble 

•110CJie,UOIB3HHIO v~crreiKrpo;B Eu1":? (15) H Eu 154 (16) Ha lllQJJy1rrpo­

BO,'lH'H1KQiBbIX repMaHl1elBO-JIHTHeBblX .uerewmpax. 

PeGyJJhTaTbI .3THX pa6or xopomo ·cornacy1orc51 c >HaW'H'MH 

JI:aH1Hbf:-.l1H. 
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