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4yMHH B. r . .., AP. P6 - 12615 

HccneAOBaHHe H3ny4eHH~ npH pacnaAe 207At 

HccneAOBaHbl cneKTPbl y - ny4e~, KOHsepcHOHHbiX aneKTPOHOB H e- y -
cosnaAeHH~ npH pacnaAe 207At. Pa6oTa npeAnPHHRTa AnR nony4eHHR 6onee 
nonHero Ha6opa 3KcnepHMeHTanbHbiX AaHHbiX o6 H3ny4eHHRx, B03HHKa~~Hx 

npH pacnaAe 207At. H3MepeHHR npoBOAHnHCb c noMO~b~ cneKTPOMeTpos c 
Ge(Li) -AeTeKTopaMH, c Si(Li) -AeTeKTOpOM, noMe~eHHbiM e MarHHTHOe 
none, H cneKTpOMeTpa THna "AnenbCHH11

• Pe3ynbTaTbl no H3MepeHH~ B , •• I,. ,l e , 
MynbTHnOnbHOCTRM nepeXOAOB H e- y -coenaAeHHRM npeACTasneHbl B Tpex' 
Ta6nH~aX. 06Hapy~eHO 220 y-nepeXOAOB, AnR 62 H3 HHX onpeAeneHbl Mynb
THnOnbHOCTH. HHTeHCHBHOCTb y -nepeXOAOB C 3HeprH~~ 814,41 K3B pasHa 
/38 ± 6/ ~ Ha pacnaA 207At. AonR {3 +-pacnaAa cocTaenReT -1,2% Ha pacnaA. 
nony4eHHble pe3ynbTaTbl n03BOn~~T COCTaBHTb 6onee nOnHOe npeACTasneHHe 
0 CXeMe ypOBHe~ H xapaKTepHCTHKaX ypOBHe~ 207Po. 

Pa6oTa BblnOnHeHa 8 na6opaTOPHH RAePHbiX npo6neM OHHH. 

Coo6weHue 06benuHeHHoro nHCrllryra HnepHbiX IICcnenosaHuit, lly6Ha 1979 

Chumin V.G. et al. P6 · 12615 

Study of the Radiations in the 207 At Decay 

The spectra of y-rays,conversion electrons and e-y -coincidence 
in the decay of 207 At were studied. The ai m of this work was to 
complete the experimental data of radiations initiated by the decay 
process of 207At. The spectra were measured using spectrometers with 
Ge(Li) -detectors, Si (Li) -detector in magnetic field and spectro-

meter of the "Orange" type . The experimental results of E ,ly,le and 
e-y -coincidences, as well as the multipolarity of the lransitions 
are represented in 3 tables. There were found 220 y-transitions, 
and for 62 of them the multipolarity were determined. The intensity 
of the y-transition with energy of 814,41 keV and the ratio of 
{3+ -decay were found to be 38±6% and -1.2% per decay, respectively 

These results all01v one more fully to complete our imagination about 
the scheme of 207Po levels and of their characteristics. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1979 

© 1979 06'beJJHHeHHbl/l HHCTHTyT HJiepHbiX HCCneJJOBBHHfl Jly6H8 

BBE)1EHHE 

llepBbiM ,nOBOJibHO DOJIHbiM BCCJie,noBaHBeM pacna,na 207 At JIBJIJI

eTCJI pa6oTa )J;:lKOHCOHa B ,np_.'L '. ABTOpbl :HOB pa60Tbl H3y'laJIH 

CDeKTpbl y -nyqefi, :JneKTpOHOB BHyTpeHHeH KOHBepCHB B y-y -

COBna,neHBH, HCnOJib3YJI Ge(Li) B Si(Li) - ,neTeKTOpbl. llpH HC

CJie,noBaHHB cneKTpa 3JieKTpOHOB BHyTpeHHeH KOHBepCHH B 06JiaCTH 

HH3KHX 3HeprBH BCDOJib30BaJICJI TaK:lKe MarHHTHbJB ,8- cneKTpO

MeTp C ,nBOHHOH ~OKYCBpOBKOH. B Ka'leCTBe HCTO'IHHKa H3Jiy'leHHJI 

npHMeHHJICJI 207 At - npo.nyxT pacna.na 207 Rn, xoTopblii nonyqancJI 

npH paJ,neJieHHB pa,nHOaKTHBHbiX B30TODOB pa,noHa Ha 3JieKTpo

MarHBTHOM Macc-cenapaTope B pe:lKBMe "oa-naiia" c o6ny'leHHeM 

MHweaH. B pa6oTe 111 npe,nno:lKeHa cxeMa pacna.na 207 At .. 207 Po, 

KOTOpaH BKJDO'IaeT ,neBJITHa,nuaTb B036y:lK,neHHbJX COCTOJIHHH 207Po. 

raMMa-HJJiy'leHHe 207At npB nOMOIUH Ge(Li) -,neTeKTOpOB HC

cne,noBaJIOCb TaK:lKe B pa6oTe 121. B xa'leCTBe pa,nHoaxTHBHoro Be 

TO'IHHKa BCnOJib30BaJICJI 207 At, nony'l:eHHbJH no peaKUHB 
209Bi (3He,5n:f07At. PaJ.neneaBe npenapaTa acTaTa no MaccaM He npo

so,nHnocb . 

H .A . ronosxos B ,np. 13/ npe.nno:lKHJIB 

B036y:lK,naiOIUHXCJI npB a -pacna.ne 2 11Rn: 

684 B 812 K3B. 

cxeMy yposaeii 207 P o, 

0, 68, 238, 391 , 585, 

H 3 conocTasneHBJI ,naHHbiX 11/ B ."3i BH,nHo, 

207 At -+ 
207Po B036y:lK,neHBJI COCTOJIHHH 201 Po 

H 684 K3B He Ha6nro,naJIOCb . }J;JIJI ycTaHOBJie H H ll 

'ITO npB pacna.ne 

C 3HeprBJIMH 391 
npH'IHH JToro pac-

xo:lK,neHHJI Me:lK,ny peaynJ.TaTaMB yxaJaHHbJX pa6oT HMeromerocJI 

3KCnepBMeHTaJibHOrO MaTepHaJia JIBHO He.J OC Ta TO'IHO. 

QenbiO HacToJimeii: pa60Tbl JIBJIJieTCll no .TJ y YeHHe 6onee nonaoro 

Ha6opa JKcnepBMeHTaJibHbJX ,naHHbiX o pa c na .Je 207 At. B npe.nna

raeMoii pa6oTe npe,ncTasneHbl peJyJIJ.Tal b · !L <. .TJ e,nosaHBJI cnexTpos 
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y -nyqeif, KOHBepCHOHHbiX 3neKTpOHOB H e- -y-coana)leHHH. B HJ

MepeHH.IIX HCnOnbJOBanC.II MOHOH30TOn 207At. 

CxeMa pacna.na 207 At .... 207Po H o6CY)I(JlCHHe nony'leHHbiX 

peJynbTaTOB 6y)lyT ony6nHKOBaHbl nOJ)KC. 

YCJIOBH.Jl H PE3YJihTAThl 3KCIIEPHMEHTA 

Pa.nHoaKTHBHble HJOTOnbl acTa Ta o6pa30BbiBanHcb npH o6ny'le

HHH TOpHCBOB MHWCHH npOTOHaMH C 3HeprHeH 660 M3B Ha CHHXpo

D;HKnOTpOHe Jla6opaTopHH l'l.llCPHbiX npo6neM OH.HH. AcTaT HJ 

TOpHJ'I Bbl)lCn.llnCJ'I MCTO)lOM, aHanorH'IHbiM onHCaHHOMY B pa6oTe ,'4.'. 

06ny'leHHaJ'I MHweHb noMemanacb B ropl'I'IYIO JOHY I1200 ° C I 
TepMOXpOMaTorpa$H'ICCKOB KOnOHKH H C)I(Hranacb B TOKe BOJ)lyxa. 

Bhl.nen.IIIOil(Hec.ll BO BpeMJ'I C)I(HraHHJ'I neTy'IHe npo.nyKTbl BbiHOCHnHCb 

B rpa)lHCHTHYIO no TeMnepaType 'laCTb KOnOHKH noTOKOM B03)lyXa. 

AcTaT cop6HpoBanc.ll Ha cepe6pl'IHOB «t>onbre B JoHe 50-180° C. 

IIony'leHHble TaKHM o6paJoM ero HJOTOnbl paJ.nen.llnHCb npH noMOil(H 

Mace- cenapaTopa. 

CneKTpbl raMMa- ny'leil Hccne.noBanHcb c noMOil(biO cneKTpoMeT

pOB C Ge(Li) - )lCTCKTOpaMH 06'beMOM 0,8 CM 3, 38 CM 3 H 50 CM ~ 
3HepreTH'ICCKOC pa3peweHHe )lCTCKTOpOB: 570 3B l.lln.ll 

Ey - 100 K3BI, 2,3 H 2,5 K3B l.nn.11 E y->1,3 M3BI, COOTBCTCTBeH

HO. 3KcnepHMCHTanbHble peJynbTaTbl o6pa6aTbiBanHcb no MeTo

JlHKe, OnHCaHHOB B 15 I . 

CneKTpbl 3nCKTpOHOB BHyTpeHHCH KOHBepCHH 6blnH nony'ICHbl 

npH noMOil(H 6eTa- cneKTpoMeTpa c Si(Li) - .neTeKTopoM lpaJpe

WCHHe 2,5 K3B Ha nHHHH 121 152Eu I, noMell(eHHbiM B MarHHT

HOe none !I'L', 6eJ)KeneJHoro TopoH.nanbHOro 6eTa-cneKTpoMeTpa 7 

H 6eTa-cneKTporpa$oB c paJpeweHHeM 150-300 3B ,'8:_ 

J.iJMepeHHe cneKTpoB e - ·- y -coBna.neHHH npoBo.nHnocb Ha ycTa

HOBKe f.)< co6paHHOH Ha 6a3e TOpOH)lanbHOrO {3-cneKTpOMeTpa H 

Ge(Li) - .neTeKTopa o6'beMoM 41 CM 3 c paJpeweHHeM -· 3,5 K3B 

.nn.11 E y -·1,3 M3B. 
.nn.11 onpe.neneHH.II 3cJKileKTHBHOCTH perHCTpaD;HH KOHBepCHOHHbiX 

3neKTpOHOB TOPOH)lanbHbiM 6eTa-cneKTpOMeTpOM B o6naCTH 3Hep

rHH 3neKTpOHOB .no 140 K3B 6blnH HcnonbJOBaHbl .naHHble no pacna

.llY 169Lu -· 169 Yb -• 169 Tm H 171Lu .... 171 Yb H3 pa6oT ApT a

MOHOBOB H .np. '10. 11. ·. B o6nacTH 70 7750 K3B JHa'leHH.II 3cJKileKTHB-

4 

HOCTH nony'ICHbl C nOMOil(biO BHyTpeHHHX penepOB - HHTCHCHBHO

CTCH 3neKTpOHOB BHyTpeHHCH KOHBCpCHH )ln.ll nepeXO)lOB C 3HeprHJ'I

MH 167,90 (Ml) . 191,26 (Ml) . 236,48 (Ml); 300,65 (M2): H 814,41 

(E2) K3B . .nn.11 3TH X nepeXO)lOB HHTCHCHBHOCTH KOHBepCHOHHbiX 3nCKT

pOHOB 6blnH nony'ICHbl Ha OCHOBe 3KCnepHMCHTanbHbiX 3Ha'ICHHB I y 

H KBK, pacc'IHTaHHbiX no nporpaMMe u;eHTpa .naHHbiX JIH.H4> 12 .· 

MynbTHnonbHOCTH nepBbiX Tpex nepexo.noB ycTaHoBneHbi HaMH npH 

HCCne)lOBaHHH cneKTpOB 3neKTpOHOB BHyTpCHHCB KOHBepCHH B o6-

naCTH 3HeprHil .no 140 K3B. MynbTHnonbHOCTb nepexo.noB 300,65 

H 814,41 K3B npHH.IITa KaK M2 H E2, COOTBCTCTBCHHO, cornaCHO 

pa6oTaM '1.13/ . 3TH )Ke penepbl 6blnH npHMeHeHbl H .nn.11 onpe.ne

neHH.II 3cJKilCKTHBHOCTH perHCTpaD;HH KOHBepCHOHHLIX 3neKTpOHOB 

cneKTpoMeTpoM c Si ( Li) - .neTeKTopoM B o6nacTH 3HeprHii 70 -;-

750 K3B, a )lnJ'I o6naCTH 500-1350 K3B HCnOnb30BanHCb HHTCHCHB

HOCTH KOHBCpCHOHHbiX 3neKTPOHOB, conpOBO)K)laiOil(HX pacna)l 206p014;' 
206Bi '15.' H 207p0 .'16.' 

3KcnepHMeHTanbHbie peJynbTaTbl, nony'leHHble Ha ocHoBe aHa

nHJa H3y'laeMbiX cneKTpOB y - ny'leH H KOHBepCHOHHbiX 3neKTpOHOB, 

npHBe)leHbl B ma6A. 1- 3. 0WH6KH HHTeHCHBHOCTCH y - nyqeif H 3neKT

pOHOB BHyTpCHHCB KOHBepCHH onpe.nenJ'InHCb KaK cpe,llHeKBa,llpaTH'I

'ICCKHe H3 3 7 5 onbiTOB. B norpewHOCT.IIX AI Y H Ale. npHae.neHHbiX 

B ma6A. 1 U 2, Y'ITeHbl TaK)KC CHCTeMaTH'IeCKHe OWH6KH - )lnl'l I y 

5~, a .nnl'l I e - 10~, o6ycnoBneHHble HeTO'IHOCTbiO B onpe.neneHHH 

OTHOCHTCnbHbiX 3cJKileKTHBHOCTeH perHCTpaD;HH y-ny'leH H KOHBep

CHOHHbiX 3neKTpOHOB COOTBCTCTBeHHO. 

PeJynbTaTbl, nony'leHHble npH Hccne.noBaHHH cneKTpOB e- -y -

COBna.neHHil- L 1 48,28 -y,L2 56,8-y.L 163,87-y,L 1 68,55-y, 

K121,03- y. K167,9-y. K191,26-y , K221,27-y, npe.ncTaaneHbi a 

lfa6A. 4. B Ka)K,llOM Cny'lae MaKCHManbHaJ'I HHTCHCHBHOCTb COBna.ne

HHii npHHHManacb Ja 100 e.n. B 3THX Hccne.noBaHH.IIx 6blno npoBe

.neHo no O.llHOMY onbiTy, H norpeWHOCTH nony'leHHbiX peJynbTaTOB 

B OCHOBHOM o6ycnOBneHbl CTaTHCTH'ICCKHM pa36pOCOM TO'IeK 

B H3Mep.aeMbiX cneKTpax H Heonpe.neneHHOCTbiO npH BBe)leHHH 

nonpaBKH Ha $OHOBbiC COBITa)leHH.II. Y'IHTbiBanCJ'I BKna)l OT cny'laHHbiX 

coBna.neHHB I < 5~1. OpHeHTHpOBO'IHO MO)KHO npHH.IITb, 'ITO .nnl'l 

HHTeHCHBHOCTeil I ey BbiWe 20 e)lHHHU I ma6A. 41 owH6KH t.I ey 

He npeBbiWaiOT 30~, a )ln.ll MCBee HHTCHCHBHbiX COBna)leHHB OHH 

MOryT )lOCTHraTb 50~. 3HaK "+" yKa3biBaeT Ha HanH'IHe COBna)leHHH. 
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Ta6n~~a 1 
npoAOn~eH~e Ta6n. 1 

3Hepr~~ y-ny4eH, OTHOC~TenbHble ~HTeHC~BHOCT~ y -ny4eH I 2 3 4 5 
~ KOHaepc~OHHbiX 3neKTPOHOB 207 At. MynbT~non bHOCT~ nepexOAOB 9?,27(4) 0,64(6) L-, 0,39(?) l.il+(4:3;tii);;; B2 2, ?·I(Hl) 207p0 

lvt 0,85(I3) 
l..-;~ 0,36(6) 

!2!,03(3) 3,44(26) j{ II,O(I4) BI+(8 ,3_±(), 7);;M2 18,7(15) 
I 0 (A1e) MyJI:&TllllOJ!bHOCT:h r~T 14r+2 2,88(30 MI+E2 El-ABJ) I/(t.I/) In ~ ln 

OTJI.C,ll. OTII . e.!(. r;cpexo.na CTH.e,n. 1306) -lt3B 
I56,54(5) I,80(3I) 

I 2 3 4 5 
I63,88(4) 4,4{II) K ?,9(9) E1+(12;t5l% r.12 I3, 9(14) 

76,86 Kc1. 1 
660(70) - -

~+2 1,20(I2) J.!I+(.~16)% i:;2 
79,:?~ Ko(1 II?0(60) - - - 167,900(20) 22,5(I2) K 47(5) I.II+(~4,2)% F2 81(6) 
89,8 K/, 410(40) - - -

l.._r+2 8,6(}0) 
92,4 K~~) I3I(8) - - - t,:L2 9,4llt 
43, ?(I)a - L, 0, 40(12) Ml+(~33)~;E2 I ,3(8) 

L., ~0,60 
tv.~ 0,67(23) 

"' 0,32(I4) 
45,8(I)a - ,_, 0,22(4) 100% EI 0,9(2) 

I69,08(3) 3,05(32) K ~6,0 EI+(~22)% :.12 
1.,1 0,24(3) !.!I+(II,:t3);; E2 

M1+E2 
MI+2 0,30(8) 18? ,I5{I5) I,8(6) K 2,58(28) MI+(.;39)% E2 8,0(I5) 

48,28(4) 0,36'(7) L, 4,2(5) Ml+(~I,5)% E2 7,6(8) 
j..,, •G,6 

L2. 0,33(6) 
L2. 0,45(6) 

l.l 0,37(7) 
1.,3 .;0,6 

!II+2 I,40(24) I91,256(8) II,8(7) K I6,6(I7) J,II+(~IO)% E2 34,5(24) 

56,8(I)a) 
M3+4+5 0,39(II) 

7 ,2(!2) t-r+2 ~3.2 
- I-, . 0,54(16) loll+(~3, 5)% E2 

J..,l ~0,2 
1.,2. 2,5(4) M 0,??(17) 
Ll 1,15(20) 

"' ~0,9 
63,87(2) 0,53(9) l.i 4,5(7) EI+(.;9)% 1.12 ?.6(8) \ 213,8?.(7) 2,4(6) - --

j,l 0,55(20) :.n+(,?)% E2 2.21,270(20) 26, 7(15) K 24,0(26) !.1!+(.;20)% r;z.n) 5?,0(35) 65(I)a) - 1-t 0,62(!4) 1.1!+(433)% F2 2,7(4) 1., ~~ ;~:) 
k• < 45"') lvz 0,79(21) 233,58(5) 2,9(6) 2,24(31) J,II+(.;35)% E2 5,7(7) 

f,..i 0,41(17) E1+(24+6)% M2 
68,55(2) 4,8(14) Lr+Z 52,6) IOO% E2 142(9) 236,477(15) 2!, 7(!3) K 17. 4(18) M1+(~1J)% r;z.nl 43,4(23) 

Ll 43(5) 1., -3 Jl) 

L,=Lz o osJ!tl 
1.2. -0,4 lit) 

L~:L3 r :o0> 264,04(!4) 3,8(10) K ~0,4 lit) i.II+E2 , B1+i.12 
M1+2 17,5(23) 268,08(6) 4,26(36) K ~0,4 JK) 

N 5,2(6) 278,8(3) ~3 K "'V,4 E) f,II+E2, E1~.:2 
69,40(3) 2,6(!2) }.,2. 1,90(23) EI+(~8)% 1.12 8,7(15) 286,835(35) 6,7(5) K 0,66(17) E2+(~13)% :.II 7,?(6) 

j.,3 2,4(f,) AU+E2 E1+( 4. 5;t1 I ?)%il12 

1 
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npOAOn~eH~e Ta6n. 

\: npOAOn~eH~e Ta6n. 

I 2 3 4 5 

I 292,816(25) 8,l('l) I{ 2, H0 (34) l.II+E2 I2,l(U) I 2 3 4 5 6 

J.I-t2 0,93(18) E1-t-l.12 473 ,04( 2~i ) 3, 5(5) J( <0,5 MI, JQ, El 4,1(6) 

300,648(13) 287(14) I{ 393(!9) roo;:, ;,12 805(42) I} 48'7,96(U) 6, ·102) 

LI+2 92(~~ 498,23(16) 8,6(8) 
] .:1+(~ 62) :~ E2,ll ) J..,: l.-z ?,5 ,) 503,40(13) II,0( 30 ) K 0,88(13) I2,I(3I) 

l.-3 6,2(6) 5II 59(7) aJIHIII'ILI!IlllHOllll!lii nllli 59(7) 

M 25,4(28) 520,78(9) I9,0(I3) ]{ 1,77(20) l.ti+(~I5)% E2.ll ) 21,2(14) 
324,408(20) I7,8(I2) ]{ 5,9(6) r.tl+(.~I5)% ~) 24,7(14) ~+2 0,36(6) 

~+2 0,74}25) I 
529, 790(25) 77(5) K 7, I(8) MI+(~9,3)%E2.ll) 80(5) 

L1:L~ >5 11 }.1+2 I,29(I9) 
336,80(35) 3,1(3) K 0, 72(IO) MI+(~45)% F) 4,0(4) • L,:t.,2 > 7 lit) 

339,10(25) 4,0(4) K I,!i0(20) IOO% i,tr.ll 5,8(6) I 538,53(12) 3,6(7) 
343,5(1,0) 6) - - - - 553,58(22) 2,6(5) 
35?,153(15) 60 ,2( 35) K I5,6(IO) lili+(~9 ,4 )% E2 81(4) • 562,10(20) !,6(5) 

Lr+2 3,8(~) I 583,340(30) 49,0(29) K 2,49(28) MI+(35_±12)%~) 52(3) 
L,:L

2 
>7,5lll l 588,333(23) 432(232 K 9,3(!0) E2+(II;±5) % MI 4-!4(23) 

1..3 ~O,I2 J.,I+2 2,00(25) ) EI+(9,0_±I,4) ).:.:z 
M 0,68(19) t,,IJ.-2//.,3 I, 3/0, 9/<0, 3'-< 

365,34(II) 5,00(30) K 1,37(20) t.ll+(~I5)% E2.ll) 6,6(6) 599(!)6) - -
Ml+(~5~)% E2A) 3?3,14(8) 9,I(IO) K -2,53 ) l.U+E2, EI-t-M2 603,8(5~ 8,0(16) K 0,40(8) 8,5(16) 

J., ~0. 4JK) 6I2(I) 6 

392,94(6) 17,9(I4) K- 3,9(7) i>U+((I6)% E2 22,4 (16) 6I?,20(4) 40,5(24) K 0,70(II) E2+(~13)% MI 41 ,4(24) 

l-r+2 0,48(6) EI+(I9+3)%:.i2 EI+(8_±2)% ~12 
4II,10(4) 13,3(9) K ~2.50 

- e) 
16,2(II) 626,7?(4) 43,0(25) K 0,5?(IO) E2+(~3,3)% HI 43,8(25) 

~+2 0,87(12) E1+(5,5+I, ?)%:.:2 
425,I9(25) 4,3(8) - - - 63?,270(20) 56(5) K 3,1(4) Ml+(~23l% E2,ll) 60(5) 
432,9600) 9,4(7) K -0,3 JK) /..,I+2 0,55(9) 
438,5(5) -2 - - - 641,00(7) I4,0(I7) K 0,56(10) M1+(34+22)%E2.ll) 14,7(17) 
4~9,12(13) 4,8(4) - - 648,095(20) 96(?) K 5,2(7) !.II+(~I7)% E211 ) IC3(8) 
456,'150(20) 40,5(26) K 6,0(6) 1.11+(~4)%E2.It) 40,0(28) Lt "'o,sJKl 

~+2 0, ?4)15) J.,'l. <O,zl!l) 

1..,•1.2 >5 lll 

!) 

658,40(15) 144(16) K 4,3(7) E2+(47_±20 J%1.1I I50(I7) 

M 0,40(20) Lr+2 0,80(13) El+(20_±4 )% id2 
459,690(30) 37,9(25) K I,II(12) E2+(~9,5i%1.1I 39,5(2?) 670,41(7) 84(8) K 0,79(2!) EI+(4_±2)% f,12 85(8) 

E1+(5_±2);;i.12 000% E2) 
46?,II6(13) I60(10) K 5,8(7) E2 + ( II _±5) %I .II IG8(IO) 675,I54(23) I52(IO) K 0,62(II) EI+(~ 0, I7)1,i.12 I53(IO) 

~+2 I,4I(I9) 68I,80(I4) 1,50(20) 

t.J 0,35(8) '. } 686,0(!0) ,., 45n) 

M 0,36(8) t 693,33(6) 57,7(33) K 0,?5(10) E:G+(~I4)% r.u 58,?(35) 
EI+W_±3)% r.I2 

8 - . 9 



npOAOn~eH~e Ta6n. 
npoAOn~eH~e Ta6n. -- . 

l 2 3 -1 5 
'/2I,I4(1) I35(II) K 6,2(9) IH+(~23)i~ EZ\) I43(I2) 

"'I+2 I ,24(!9) J 
I 2 3 4 5 

726,0(2) 9(3) - - - ; , 1024,6(2) 3(1) 

755,08(}) II,l(9) - - - l 
1042,39(8) G,6(G) -

Ml+(.0;8)% B2.A) 24 ,~(I!l) 
760(1) 0 - - - - - 10G4,22(4) 211,0(17) K 0,34(4) 

765,03(IO) 12,8(9) - - - J,., 0,07(2) 

768,30(30) Il,2(7) - - - 1077,68(3) 44,4(2'7) 

772,20(I5) 9,0(6) - - - 1081,0(15 )<l) 

78I,O(I5 )6 ) - - - - I087,06(IO) 6,1(7) 

789,54(25) 5,0(6) - - - 1095, I3(I5) 3,7(5) 

793\i)c) - - 1II5,I96(24) 108(6) K 0,55(7) e) . 109(7) - -
?98,20(!2) 5,4(6) - - - l,.. 0,24(4) 

814,407(27) 1000(50) K 8,5(4) I001.E2 IOI0(50) II18,25(8) 9,!(9) 

1.,1+2 1,84(20) Il27,90(30) 3,0(10) 

LJ:l.-z > 2,6.!() II31,72(6) !0,2(8) 

/.,3 ~0,4 
Il34, 57(26) 2,0(5) 

820,50(!5) 12,0(!6) - - - n:l9,03(22) 1,7(5) 

833,06(!0) 10,6(!5) - - - II54,65(Il) 3,6(6)-

838(I)<l) - - - - II63,I6(33) 2,0(5) 

847,55(17) 6,7(!2) K 0,25(6) Ml+(~0,6)%E2.n ) 7,1(12) Il7I,62(t1) 27,9(17) K 0,106(15) E2+~0,4)% MI 28(17) 

852,46(16) 5,5(5) - - - E1+(1I;t3)% M2 

862,46(5) 16,0(Il) K 0,42(4) M1+(~I6)% r;z.n) 16,4(II) Il74,60(8) 10,3(8) 

865,3(4) 5,0(6) K_ 0,18(6) !.U+(00)%£2 )() 5,2(6) II88,260(30) 38,7(23) K 0,20(5) E1+(15,i6)% M2 39,0(23) 

880,92(4) 24,5(!8) K 0,27(5) E2+(~ 51) % i.!I 24,9(18) 
E2+(,33)% MI 

EI+05:t9 )% i.l2 
II93,44(7) 10,6(8) - - -

893,34(23) 7,9(9) - - - 1225,620(30) 26,4(18) K ~0,28 bli+E2 )() 26,6(!9) 

907 .08(3) 149(9) K 3,1(5) I.U+(~30)% ~) 153(9) 1242,62(7) 1?,5(15) K 0,180(27) MI+(~ 23)%E2)() 17' 7(16) 

LI+2 0,64(I2) 1245,46(5) I3,4(II) 

932,:3(20) 8,6(7) - - - I254,II(I5) 2,52(22) 

934,6(3) ""2 - - - I263,7l{4) I2,I(9) K 0,18(6) (MI))() I2,3(9) 

948,37(10) I5,0(I2) - - - I I2?5,17(25) 3,1(3) 

959 79(18) 4,8(5) - - - 1277,83(23) 3,3(4) 

96? fl(9) 5,9(Il) - - - !283,08(4) 27,4(I6) 

974(' - - - I29I,83(35) 2,30(26) -
100i:,5(5) ""2 - - - 1298,84(24) 4,2(II) 

1004,56(6) 5,4(8) - - - 1305,43(25) 5, 8(16) 

IOI5,40(8) 5,3(6) - - - I320(I) 3,6(I8) 

1021,67(12) I9,6(I2) K O,I3(4) E2+(~30)% 1.11 I9,8(I3) 1323,12(I5) 4,5(6) 

El+( !2_±6)% :.12 I 1331,63(12) 4,0(6) 
1334,0(!0) "'I 
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I 
I339 , I'7(IG) 
I3,1t3 ,0(IO) 
I350 ,73(II) 
I 364 , 70(20) 
I 380 ,5( I o >0 > 
I396 , 19 (4) 
1409 , 86(5) 
l4I3 , I5(5) 

l!pliMe'laHI!e : 

2 
6 ,2(?) 

- 2 
9 , 4(9) 
3 , 0(5) 

3I , 8(I8 ) 
25,9(15) 
22 , 4(I3) 

npOAOnmeHHe Ta6n. 

3 

K ~0 , 06 

K O, I6(4) 
K 0 , 16(4) 

4 

(EI) 
!.U+ (~ 2I)%~) 
1.11+(;;5)% E2.ll) 

a ) Ticpex o.u oonapp.; en TOJibKO B KOnsepcnonnoM cnei,Tpe . 

6) TiepeXOJ\ OOHap:f.'CH TOJJbKO B COCKTpe e - -/-CQ;3J"'.a.i!€HIDi , 

B) JIHTCHCI!.BHOCTb OL~CHCI!a !!3 .UaHH!iX IJO e --/ - COB!!a.IICHillll4 . 

5 

3!,9(18) 
26,I(I5 ) 
22 , 6(I4) 

r) TIOJIHal! IIIITCI!CIIDIIOCTb rrepexor ... q O:Ja.~aCb KaK CYJ!l4a ll!.IC!)!:j!IXCR 
9 KCJJCpiiMCIITaJJbEHX 3HU'!einu1 i. 'j ll Ie , a B CJT.f'la€ IOC OTCYTC'i'B:IR 

HCIJOJJb30BaJJncb pac'!CTHlle 3Ha'!cmrn I 1 lli!H Ie JI)lJl rroJIY'!CHH!iX B 

a KcncpnMeHTe MYJJbTlillOJJ bHOCTeli . 

.n.) JJ.nR a Tnx rrepexo.uoB uo~:eT Cib!Tb raros:e El+(;:.20 )~~ 1.12. 
e) J3o3MO!UIO , 3TO ,!!y6JJCT . 

Z) ) li'llillb!C llOJJY'!CHU Il::J. !.IU!'HHTHUX 6eTa-CilCJ(Tp0rpaifJaX C IJOCTORHII~ , 

WlrHIITHUM llOJJCi•l H pei'IICTpa!U!Cii CIICKTpoB Ha ~TOilJJaCTI!HKaX 8 I 

BBll.n.y TPY.IUIOCTeii K0..1ll'lCCTBCHitoi! OllCHKH norpew!IOCTCii OUIY.OKI! He 

llpldbO)!RTCR . 

11CD0Jih3Yll 3KCDepHMeHTaJihHhie 3Ha'lfeHHll HHTeHCHBHOC T eH peHT 

reHOBCKHX ny'lfeii H KOHBepcHOHHbiX K - 3JieKTpOHOB H Y"'HTbiBall, 

"'TO )lOJill u- pacna)la 207 tU COCTaBJilleT 1 0~ 1? ' Mbl paCC"'HTaJIH 

a6comoTHble HHTeHCHBHOCTH - I y8 14 =/38 ± 6/~ H I f:l 1,2~ Ha 

pacna.n 207 At. llonpasxa Ha ljlmoopecueHTHbiH BbiXOJl a JaxaaT 

op6aTaJihHoro 3JieKTpoHa c L ,M a N o6ono'lfeK 6panach H3 pa6oT '
18

• Hl · 

COOTBeTCTBeHHO, a DpH OUeHKel f:l DpHHHMaJIOCh, "'TO HHTeHCHB

HOCTh y -ny'lfeii: c 3Hepraeii 511 K3B /Iy =59 ±7 e.n. ma6A. 1/ 
noJIHOCThiD o6ycnosneHa aHHHrHJiliUHeii noJHTpOHOB. Ko3ljJijJauaeHT 

C'lfeTa aHHHrHJiliUHOHHbiX KBaHTOB npHHliT · 2 . 

CpasHeHae Hawax pe3yJihTaToB c .naHHbiMH / 1.,2 / noxaJbiBaeT, 

"'TO B OCHOBHOM pe3yllhTaTbl BCeX Tpex pa60T COrJiaCyiDTCll )lpyr 

C )lpyrOM. 11MeiDTCll H HeKOTOpble DpOTHBOpe"'Hll. flo HaWHM )laH

HbiM, HHTeHCHBHOCTH nepeXOJlOB C 3HeprHliMH 422,2 H 960,6 K3B 

He 60JihWe 1 H 5 e)l. /ma6A. 1/ COOTBeTCTBeHHO. B pa6oTe lli 3TH 

nepexo.nbl .naiDTCll c HHTeHCHBHOCTliMH 41 ± 3 a 50 ± 4 e.n. I ma6A. 1 

12 

Ey ( 4Ey) 11( .b.IJ) 
J;~D 01'11.€.1\. 

I 2 

1450 , 75(20) I , 30(30) 
! 455 ,06(25) 0,80(20) 
I488 , 9I(I2) 6 , 9(7) 
!493,23(!2) 5 , 7(6) 
I506,97(9) 14,3(9) 
I 5IG ,&P(8) II,7(8) 
I 548,2I(8) 26 , I(I6) 
I 552,48(I3) 7 , 2{5) 
I 556 , 54 (II) 6,2(7) 
I 574,64 (Il) 3,7(4) 
I 589 ,19( I 5) 3,8(4) 
1598,3!(18) 2 , 90(30) 
I63I, I 6(20) 2,I0(30) 
I64I ,82 (6) 2I,I(I2) 
1676,50(!0) €8(4) 
I684,07(18) 2,60(30) 
1697,0(4) I,20(I2) 
17!2 , £0 (9) 29,8(18) 
I7I6 ,39(10) 20 , 9(I2) 
I7I9,I{4) 4,2(6) 
! 730, 7('(6) 84 ( 5) 
1736 , 7(4) I, 5( 6) 
1745 ,3? (7) 15,6(9) 
I 768 ,0(5) 1, 6U(3I) 
I 772,7'1(7) I 5 ,0( 9) 
I781, 6''(7) I2,I (8) 
1786. 5't ('I) I 9 ,3 (II ) 
I805, 25(6) I 6,4(I2) 
1807 , 5{4) 7 , 9 ( 26) 
18II, 42(23) 5 , 3(I2) 
I 82b, 52{I8) 4 , 3(7) 
I 854, 54 (9) I 2 ,I( 9) 

Ta6nH4a 2 

Ey ( .b.Ey) Iy( 11I/) EJ( a l':J) Iy( aiy) 
R3B O'l'I!.C,l( , J(3B O'l'H . C)l . 

1 2 I 2 

!867. 97(25) I,7(5) 2457. 57(35) 3 , 73(29) 
I875 , '74(15) 7,2(5) 2'173,€9(25) 2,02(25) 
IOOI , I9(27) 2,00(30) 2486,65(35) 3,22(32) 
1887 ,47(15) 4 ,0(6) 2514. 20( 15) I,20(30) 
I891 ,87(II) 6,8(8) 2526 , 50(30) O,f0(20) 
!897,0(5) I,3(4) 2535 , 57(25~ I,74( I 7) 
I908,22(25) 3,3(5) 2545 , 38( IO) 3, 7(5) 
I993, 7 ( 5) 2 , 0(4) 2558 , ~2( I2) 6 , 4{6) 
2006, 58(26) I,8I(27) 2566,IO(I3) 6,3(6) 
20I6,25( I O) I6,0(II) 2572,65(20) I,97(30) 
2026 , 78(I8) 4,20(37) 2582,4(4) 0,63{6) 
2046 , 2!(26) 3,0(5) 259! . 30( 15) 4,3(-i) 
2053,02(30) 6,6(8) 2627,35(I5) 3 ,13(25) 
2056,20{30) 3,5(6) 2684,21(I5) 2 , 94(25) 
2064. 51( 32) 4,I(4) 2691,20(30) 0,76(20) 
207!,60(27) 2 , !(4) 27!2,50(!5) 27,4(!7) 
2075 , 27{7) II,O(IO) 2721,3(5) 0,90(20) 
2099 , 5{5) 3,0(I0l 2772,70(35) 2 , 10(30) 
2I34,I0(20) 2,5(4) 2792,5(4) 0 , ?0(20) 
2I43 , 57(I2) 3 , 6(4) 2800 , 6(4) .vi 
2I88 , 79(25) 2 ,80(35) 2854,70(30) I,20(20) 
2! 97 ,0 ( 5) 2 , 4{7) 286I ,80(30) I, 20(20) 
2493,81(25) 1 ,50 (24) 2877 ,0(7) 0 , 60(15) 

2303. 50(30) I ,33(20) 2888. 12(35) I , 00(25) 
2342 ,65( 10) I6 , 3(12) 2962 , 5(6) 0, 60( I O) 
2365,45(20) I , 60(22) 2968 , 5(5) 0, 50(!0) 
2373,45(25) 0 ,90(B) 3008 , 9(5) 1, 06 (21) 
2380 . 42(!5) I, 46(13) 3080,4(6) 0, 40(I2) 

2393 ,04( I 5) 3,25(30) 3096,5{7) 0,59(I5) 
2426,52(28) I ,00(30) 3!79 , 2(5) 0,80( 12) 
2444 , 3(5) 0 ,8;)(25) 3272 . !(5) 0, 42{7) 

2450 , 75(30) 1, 7(4) 34r.B,3(7) ,v0,5 
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Ta6m11.1a 3 

nepeXOAbl, npeAnOJ10lKHTe11bHO OTHeCeHHble K pacnaAY 207At 

E 0 (A E0 ) 
ItsB 

I23,38(I7) 

747,07(9) 

1050,62(32) 

14G5,63(I7) 

1472,77(30) 

1482 ,42(17) 

1584,07(30) 

2030,0(4) 

2I29,5(3) 

2644,2(5) 

2GG8,4(4) 

I 0 Ct~Io) 
OTH.e;n;. 

0,6I(I2) 

9,5(8) 

2,5(5) 

2,60(30) 

0,90(20) 

3,2(10) 

4,2(6) 

5,1(5) 

2,40(20) 

2,2(4} 

0,90(30) 

Ie ( [) Ie) 
OTH.e;n;. 

K 2,13(3I) 

H 2/ COOTBeTCTBeHHO. B pa6oTe~1 nepexo;n; C 3HepraeH 422,2 K3B 

06Hapy)l(eH, HO HMeeT HHTeHCHBHOCTL, B 8 paJ MeHLWYIO, 'leM 

B ill, a nepexo;n; c 3HeprueA 960,6 K3B, xax H y Hac , He Ha6nJO;n;an 

cx . llo HaWeMy MHeHHIO, paCCMaTpHBaeMLie nepexo;n;LI MOryT 

6LITL o6ycnoBneHLI pacna;n;oM 202 m · 20 · ~ KOTOPLIH Mor o6paJoBaTL 

cx B HCTO'IHHKe npH a -pacna;n;e npHMeCHOrO 206 Rn 

(206Rn -~:_~~~-~11_~·_, 202 p 0 :_._~5M~~.:. 2 0 2 Bi :_._1~~~-'l_.202pb )/l.~ 

3xcnepHMeHTanLHLie peJynLTaTbl HacToxmeu pa6oTLI cymecTBeH

Ho ;n;onoJDIJIJOT ony6nuxoBaHHLie paHee .'1.2.:HaMH o6Hapy)l(eHo 6onee 

220 y -nepexo;n;oB, conpoBo~aJOmex pacna;n; 207 At. npH'IeM cBe

;n;eHHX o 140 y - nepexo;n;ax nony9eHLI BnepBLie . )J;nx 62 nepexo;n;oB 

onpe;n;eneHbl MYJILTHfiOJibHOCTH, ;n;nJI 38 HJ HHX - BnepBLie . lloJiy'le

HLI nepBble CBe;n;eHHX 0 e- -y COBna;n;eHHXX npH pacna;n;e 21l7 At. 
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T a611H 1.1 a 4 
0THOCHTeJ1 b H~e HHTeHCH BHOCTH e- - y -coanaAeHHH 

Er 
l\OD 

Iea
ol·u. 
c.n. 

Er 
1:oD 

I er 
0 1'11 . 

. c.n. 

1.-l •Hl I.., GO 

I2I 5 
2I3 + 
221 + 

264 + 
343 35 
357 IO 
365 !5 
459 35 
5!38 25 
599 100 
603 25 
612 + 

814 60 
1081 + 

l.,a56 

520 + 
6?5 + 
?55 ;. 
??2 + 
?81 + 
833 

15G 
IG? 
191 
221 
286 
292 
324 
449 
GI? 
626 
6-18 
65!3 
6?0 
6?5 
?2! 
?26 
??2 
798 
880 
948 
IDOl 
IIIB 
1245 

1.£63 12?5 
459 + 1348 
599 + 1396 
1081 + 150? 
1245 + !676 
1320 + 

KI2I 

+ 
35 

+ 
25 

+ 
5 

·10 
6 

65 
G 

25 
+ 

100 
50 
25 
10 
+ 
9 
? 
? 
8 

10 
10 

+ 
12 
25 

9 
IO 

1380 
1507 

+ 

+ 16? 12 

Er 
K:JB 

45G 
4G'7 
487 
5Il 
520 
588 
637 
G?O 
6?5 
686 
?GO 
?93 
838 
932 
IDS? 
IllS 
II?I 
1320 
1409 
2342 

Ier 
Cl'll. 
CJl • 

II 
G5 
35 
!5 
IO 
?0 
35 

+ 
+ 

25 
55 
25 
45 
+ 
+ 

50 
+ 

IOO 
+ 

130 

KI67 

97 + 

!30 + 
15G + 

191 + 

221 + 
264 + 
2?8 + 

286 + 

292 
449 

+ 
? 

Er 
I-\ nil 

503 
5?l"'l 

603 
626 
6-18 
658 
6?0 
6?5 
681 
693 
?2I 
?26 
820 
84? 
852 
9?4 
lOCI 
1095 
II ?I 
II?-i 
1245 
1254 
1263. 
12?5 
12?? 
1323 
1334 
1364 
!396 
!50? 
1?30 

ler 
01'!i. 
CJ(, 

+ 
+ 
+ 
+ 

20 
+ 

roo 
55 

5 
? 

') " .. o 
6 
5 
+ 
+ 
+ 
6 
+ 
? 
? 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

15 
? 
+ 

T 
~cr Er 

l< Ol> 0'::11 . 
e;t . 

l\191 

456 
4G7 
473 
529 
5!38 
GI? 
641 
G?O 
675 
S07 
1054 

r\.221 

292 
324 
392 
588 
617 
648 
6?5 
686 
'7'21 
1396 
! 5G7 
I7I2 

-10 
so 
15 
55 
20 
8 

I? 
25 
roo 
40 
15 

I? 
7 

!0 
9 

w 
20 
:oo 
eo 
~0 

20 
I2 
+ 

B JaKnJO'IeHHe MLI 6n aro;n;apHM Q.BLinoBa, lll.OMaHoBa , B.M .ro

po)l(aHKHHa H H .A.ronoBKOBa Ja noMomL npu npoBe;n;eHHH 3Kcne

pHMeHTOB, a TaK)I(e H . B.HHKHTHHY Ja BLI'IHcneHHe TeopeTH'IeCKHx 

JHa'leHHH KBK Ha 3BM . 
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