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Pacuan· 20.9Rn ~ Boo6ylKneHHbie COCTOHHHH· 209At. , 
. . ' ' . . 209 209. 

11ccnenoaaHO H3iiy'leHHe 209Rn .IlpennolKeHa cxeMa pacnana· Rn-+ At.BBe-
~eHO naanuaTh 'leTbipe Iio36y~neHHhiX cocTOHHHH 209·At • Onpenene.Hbi nonH .-. 
~aceneHHH aoa6ylKneHHbiX ypoaHe~· 209At I!PH pacmiile 209 Rn · , pacC'IHTaHbi 

OOTBeTCTBYIOll!He 3Ha'leHHSI lgft • 06HapylKeHO nae KOMnOHeHTbi n03HTpo-
~OB npH pacnane 209 Rn ; onpeneneHa paaaocn, Mace 209 Rn - 209 At , 
Q {3 = (3928.::!::.. 40) KaB. 06cyJKnaeTcH aoaM.oJKHaH npHpona aoa6yJKneHHbiX 
COCTOHHHli 209 'At • 

npenpHHT ,06be,nHHeHHOro ~HCTHTyTa Sl,llepHhiX HCCJie,llOBaHJdt 

,lzy6Ha, 1973 
i...; • ~. 

Vylov Ts., Golovkov N.A.~ Gromov K.Ya., 
Gromova I. I. , Kolachkovsky A. , · 
Kuznetsova M. Ya. , Nor seev Yu. V. ·,. 
Chumin v .G.· • · · 

209 • . 209 
Decay of Rn • Exc~ ted States of A~ 

P6 - 7583 

R d • t. f 209 R • .t· d. d . .h . d . . a ~a 1on. o • n 1s1s u ~e. T e· ecay scheme 
209 

Rn-+ 
209 

At is suggested.. T.wenty. four exi:::i ted states of 209 At 
are introduced.The population parts of 209 At excited states 
are determined for 20.9Rn decay •. The corresponding .values of 
lgft are calculated. Two ··components of positrons .. at,.209Rn 
decay are observed; the mass difference, 209 Rn-+ ~09 At, is de-. 
termined: Q f3 =: (392~±.40) keV. Possible natur'e of 209At exci 
ted states is discussed. 

Preprint. Joint Institute for Nuclear· Research. 

Dubna, ·1973 
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Uem>JO HaCTORilleii pa6om SIBJIJieTCSI MCCne.il.oBainie m)a6yi.neHirnx' 
· .. ·>· .. 209 · .. ' 'o·, . 

0 

., ' • - -'..- • ' 000 • 

coci.rommA At .. ,Bos~i<aiDntax ·npM pacna'Ae 
209Rn (Tr/2 = 

.- · /I/ . 0
• • 

0 

: '· • • - • 209 · ·209 · • ·· . . 
= 28,5 MHH.) .• <IIparMeHT cxeMH pacna.na Rn~.: .J\t ,;,::BKmo-. . . . ' ' . ~· 

tiaiOIIlMa cocTommii a· aHeprmrimoBoa6y~elrim '408,3 KaB (7/2-) H- -

· 74G .. KaB (?/2.:..>, ·6un llPe.nnoJKe~_ B paCloT~ KaMimcTii 'H··.;;~/2/ :' .· 
.. · ~-t ~, .-. .. ':. . .. . .·· . ~'- .' . -~, ... -~~~,:--,. 

- •, HaMH 6HJilll ony6Jlll!KOBBHH npe.lJ.BapHTem>ll!:le peay JILT8TH .HCCJfe.Jib-
.~ .. -. ....... ·. - -~ ~-· .. , ·-·. ~ ~ • ~. ,· :: :1-,"':.-.:~-- ... ; : • •• _ '· ·,:~~--

BBHHSI cneKTpOB l'BMMB-JIYtieii,KOHBepCHOHHbiX aneKTpOHOB,·U03.11TpOH<?B 

H raMMB-1'8~ c6n~~eHH~/'J-5/~ B pa6o~ef4/6uJi' ripe,llJIO~efi ; .. · ... ' 

· BapHaH~ ~xe~ pac~a 209Rn .f. 209A.t ; c6.nep:atal!n'l~ ypoBHH. 

c ;~ep~Hmni ~o~6yiiJ.eHH; 4oo;3 (5/2.:.., 7/2~>(.745,5. c;i2->; 

•• 0 794,8 ;" IOSI,o''(I/2_).;' 1092,7 (3/2:_); 
0 

I097 ,4. (3/2.:..h I394,o. 

(5/2.:..); I953'!o (3/2+, 5/2+);-;2I35,5 <3/2+); 24I4, 7 (3/2+~ · 5J2+)' 

H 25~1. 5 ~~i (3/z+c~---5/2+}. TaM ae' nile.zinoii~~a HHTepii}leTai~I·!SI 0 

' ; 

Bos6yx.nelllioro ~-6~;~~SI 209At :· c aHeprieoa rl4515 i<aB ;( ;/2-, 0 

- · .. · -/ .. _ .. , .. ~- -·· ··.· i" .: .- ... :~·,. . ' . "'. ..:--··· . . : 
lg !t. -= 6,I) - p(2f7/ 2 > • . ' ., : -.-. :' . 

0 '0 · ·B ·pa-CloTe,. /Sl noiTBepii,D.emi peayJn,Tam ~a6om I 41.;_ 
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209~~, :..· 209Ai~ OBxfmqa~ Boa6yx.newme co~TommJI.~0?At·o, · ito 
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BaHHHx ~aMH AaBHUx, a ~aKxe B pesy~TaTe ~onee AeTa~Horo_accne

AOBami.a: cneKTpa raMMa-JIYTJe~ 209Rn B aHepreTHTJec1toil ~6JiaCTH lllil- · 

me I MaB H JTOTJHerum aHepr~ii r~MMa-nyTJeii c B.r< I,5 MaB. 

3KcnepHMeHTaJil>Ha.a: TJaCT:&. Pes3 Jil>Tam· 

13 HCC1le,llOB8IDI.IIX .HCITOJil>SOBaJIC.II .MOHOIISOTOIT 209an , ITOJIYTJeH

IDlH ITO M~To,IU~Ke, · OIIlfCaHHoii B II/. HsMeperuiJi ~rreKTPOB Ha'WHaJIHc:& 

tiepes 40-60 MHH. IiocJie R~ oi5nytieHH.a: ·MHII!eHII lia nyTJRe npoToRoB 

C.HHxpOlllfKJIOTpOHa lJUilli •. 

CITeKTPJil r2MMa~JIYTJeii accne~OBaHiil· c ITOMOm:&n Ge(Li}-AeTeKTO

poB o6oiieMoM n,s; -8;2 n 3'7 c.,i3 c' aaeprim~TJecimM paspemeHi1e~ 1,5; 
2,5 II 2,3 KaB COOTB7TCTBe~o npH. ~J'= I3J2 .~aB (60co )/7/ •. 

Qtipa60T.Ka raMMa-cne.KTpOB npoBO,IJ,lfJiaC:& Ha :3BM MHHCI<-2 ITO nporpaM

Me "KaTon" 18, 91 •. 3aeprii~ ·:r-nyqel. onpe,lle~eHiil ID?.MeTo.IlY, _oiiH

caaHoMy B . /IO}. 3KcnepHMe~T2Jil>Hae pe~y 1li>T~m ~eAeHiil_ .. jj . Ta6nH-

. IJ,aX I H 2. A6COJIIOTJme iriTeHCHBHO~T.I{ r-JIYtiel ~ npo~~H~ax_"Ha pa~ 
~ . .• . ·- . ' 

USA nonyTJeHiil HS 3KCnepHMeHT8Jl:&HOI'O SHaTJeHII.a: HHTeHCHBHOCTei 

peHTI'eHOBCKHXK~nyq~~HKOHBepcHOHHHXX-anei<Tp~HOB,llOTJ~pHer.o 
-MPa 

209
At c y~eTOM, TJT~ ,ItO~ a.Jil>tlJa-pac~ 20~n CO~TaBlrJieT .. 

J.7% /I/~ ~ :Jl01111 .• f:P~~llaA~ -: {~ 12z0,6)%."-HHT~HCJmHobn~no:m~. 
TPOHOB paCCl!liTaHa B npe.nrronollteHHu,. tiT~ raMMa;.;.nytm c · aaeprHei 

· 5II KaB neJIHKOM o6ycnoBnemi a~rH~eil nosairpo~~B. · · ' .. 

C~eK~lm ROHBepCH0~~:13JieRTp~HOB 209Rri··J!C~~~AOB8Hiil c n~
.. MOm:&n ~OBepXHOCTHtt-dap:oemrux· . Si(Lil;.;.ASTeR~OpoB. (~BC.~BHTeJil>HiiiH 

enoii 4 w.f, miomaA:& 80 Mil-, 3~~preT.~tTJecKoe paapeme~e 2-4 RaB}~ ... · -. .... . . . .. '· .... 

.un.a: <!MnLTpaitHH · conponoll\Il,anmero .H37JYtieHH.a: B. Hei<oTopsx · IISMepeHII.a:x · 

. npnMeHSinoc:o OJJ.HbpoAH~e: Mal'HIITHoe ·• rioll/U) •. 3f{cnepHMeHTaJil>~e 
. . ~ . ·, ~ . ~. · .... 

peayJI:&Ta;m npl!Be,IteHiil B Tai:JJIH~x Ia H 3. 
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. Ta6JIH~ Ia~. ~Heprllll r-nytiea; l!HTeHCHBHOCTll r-JIYTJe~. ll itoa:aep.::. 
. Cl!OHHHX 3JieRTPOHOB 209Rn •' fv\yJi:&Tl!llOJU,HOCTILnepeXO,ItOB. . . . .. _ 

,,I' 

E (KaB) Ir <% ·aa - Ix C% ~a . Inollli~ <% Ha ;,( X!o2,. ~Jil>~.~tnoJI:&-r pacna.zt)x!O paCUBA)~02 pa?nSA)xlO K· . HOCT:6 . ' 

·f 2. 

. K.&.J. . 217;tl5 
. i;,(, 388£19 

K~ . 140!.10 

3 4 . 

•217±15-
388_!19 
140!.10 
-41.!5 

5, :· .. 6 

-· 

·-
. Kfli. · " · ·4i£s . 

182 '04_!0 ,16. ·~· 2 ,33_!0' 51 : '· 
. ·· 188,40.:to,ao· .l,oe±o;27 

.. ?2,33.:. 
.. ~1,,08. 

=">3,2B 

-. 

··~ .. 
· 275,90!.0,25 3,2B;t0,66 
l279,20;t0,10 101 3_!1,06 1).3,6_!7,1 lB,l£1,9 61,7_!9,7_ Ill 

286,57_!0,13 2,8Q!0,92 - )2,~ 

29&,s5;to,.3s:.: 3,04;to,4o · s,47;t1 137 · 3,()e;to,s7 .18,0:!.5,! ~2,+111 
362~as;to,lo s,15±,1,2a 22,3.!,2,6 ·- 7,86;tl,B3 43,3±11,9: - n· 

! 3~7,45£6,04 ,. _135_!4 ·:' .. 443.±26. 188_!8. ·, 32,9;!:,2.,4 ,:: . Ki 
· · 357 ,38+ci,is 2, 99+o;83 .:; · : · ·>2• 99 · :2. · ·..: · ··· ( ~:. ·· · . 

~- 3eo,68;o;1s 5,is;l-~54 .... 9,4 6,1·7;t2;so·- .... 1a,2 · -~.· ··fn"> ·· 
. ··-386,43;to~o7 19,~;tl,:r: 44,0!.2 14 24,6.!1;6 22,9:!.2,1 Y .Ill 

40·8,32_:to~64 · 468_:tl4 " .• 163.!6 493_:tl~' -··3,48;tci,l7 ~ 9'7% E2 · 
461,41+0,07 13,4+0,7. 17,2+1,0 15~5+0.,8. 12,9+1,1" Ill. 

s26~ao!:o.,so i~a7;o,56 · ~1:4 2,oo!:o·,?o ·. "-7,5 · '·· oin 
s71,1?.:tb,o8. 9,12zp,s~ 4,56±o,sa 9,73,to;67 's~OO.:to:7o· ··Ml+E2.;' 

··· : ., .. 599,41f.O,~O · 5,38_!0 148 .... 3,86_!0, 73 5 1 84_!0,58 . 7,;J..B.!,1,50 . Ill ; 
605,45,to,~6 · l.,s9;t0~16. ..:.J.,O 1,69:t9;2s 'i'6,3 · en·>,· · 
672,82£0,!)4, 30,4.;t1,o· 3,S0!.0 1 70 3o,8.:tl';1,~ ~~i5!,0;24 _:E2· _ _' 

c s84.,90±o,1o __ 1o,a;ti~3 • '}o,B.!,1,1 ···l.2,2.:tl/~S".: 1o,O.:tl~ 1. 112;£o+E2..:n 
6B9,26;to,os. go,2.:t2·,·9·.: · 44;s_:t2~o 95,6£3,4··=- 4',93;to,:J2 .. :u{ .· 
69s,,9oz:o.!3q_2.,2oio,2~. :'~o,7s · 2,30.:to·,'ao ~3,4 . • :· · ·onJ ·· 
70S,so.io,2o 2,46;t0,25' .:·( op .2,50!.0;30, · < 2,8 '. ·'. (El .. ,E2.) 

·722,SO+o,ao' 3,84+o,22 l,B6+o;-za 4;os+o,3o· 4~8s+o;8i t ·~n. 
~ - .. ·.. . .. ~ .. - ·~-· ~.:·~-- "":"" .:· .. -::-, ..... 

730,95_!0,30. 2,38;!:0,14 ,. - 2,40:!.0,20 . ·.-· - . 
74s,7s!:o,·04 212+6 · ·· 75,4·5,7 · 221+? ··:· 3~s6+o,3o -· '·n·-
761;59!,-0,os :, 5,1a!:o',a4 ·a~o2;o,Bl s,ssio';4s .. ·;;,sa£i,63:. 111' 
794,72_!0,07 31,3_!2,1 N 2,4 . 31;7±2,3 ~0,77 ._ ... (E2) 

·:· 8·ss,76.;to,~ 45;3_!2,4 ·;;, 2,5 .. '· 45;~;t2,7 ;_;ci,ss • -·:til~E2): · 

;,: 
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llpo,noJIEeHRe 'l'a6Jmxvl Ia. 
1 .. ../ . 2 ·.·a· 4 . 5 

872,.40;!.0,15 .. 6,54,!.2,28 .. 6,60!_2,30 

94?~· 70.;t1 ··~J 2,33,!.0,48 (),5?.!0,15 2,41!.o;5a 2,45!,0,81 
. (Ill} 

951,-~7!,0,80 (Ill) 

985,90!,0,20 5 1 00;!.0i50 . 0;36!,0,08 5,04!,0,52 0,72!,0,18 E2 . 

1021,50!,0,50 1 t 71,!0. 30 o, 18,!.0 ,06 1,72!,0,37 1,05.!.0,39 Ea,n 
1027 ,55!,0,20 .1, 72,!.0,35 - 1~72!,0,37 

1037~93.!_0,.06 38, 7,!2,0 _o, 79,!0,16 • 38,8,!2,1 0,20!,0,04 E1 

1054~53!,(),07 15,2!,0,8 . 0,44!,0,1~ 15,3!,0,8 0~29.!_0,09 E1 

1?59,45!,0,1~ s·; 2azo ,.to <! ,28.:to,o9 5,26!,0,41- 0,54!,0,18 E2 · · 

:1.065 t 55!,0 • 07 15,8,!0,8 1,95,!0,20 16,0!,0,8 1,23!,0,14 Ill 

,Ta6JIH~ !_6. SaeprHlt H_ HHTeHCHBHOC'l'.H r -.eyqeJ _209Rn. 

. . I ... 
. . r . I ·. '. . r . 

Er'(KaB) (% Ha pacna;UxiO ·Br (nB) (% ua-pacna,n)XIO 

1082,:£1 '1,0!,0~5 1338,00!,0,80 .· 1;44,!.0,19 
io85.f.I · ·1,4!,0,5 1341,40;!,0,35 · · 4164,!0,40 . 

1097;55!,0,25 . 2~20;!,0,20 1376,95,!0,60 ... · o,88,!.o;os 
1110~20!,0,40 . 1,17!,0,48 1394,42!,0,09•) 9;07!,0,38 
lll9!;1' '. 0~47,!0;20 1471,8,!.0,5: ·1,33,!0,16 

11~sil 1,59!,0,21 '1497,8!,0,8 '. 0.,88!,0',14 
1135;2o!p,3o . 1',92.!.0,2~ 1500,2!,014 :: .0,80;!,0,10- · · 

1158-~80.!_0,11 . 7,76!,0,_49' '1543,05,!.0,10 7,53.:!:,0,48' 

iia6~66±o,17 ·· 3~86.:t0,28 1592,1,!.0,3 ·• l,7s.i_o,n. 
1207;35+0,40 2~26,!0,21; - 1597,4+0,6 0,91+0~11 
12.78~00:o,45 o,sa+o,ii · 16oa,0:1,o·:·;._' o,47:o,l2 

l291\2o;o, 10 o,43±o,il ·. 16os,s±1,o · · o~6o!:o;,oa 
1298,25!,0,40 2;02,!0,20. 1616,0;!,1~0 .'' O,S8,!.0,12' 

132.3,05,!0,55 a,as£0~18 1631,5!.1~0 . o,5l.!.O~is 
j . . •·. . . ~· • - . .. • • . • • -.. - - ,( . 

:d 1K(I394,42 K3Bl.= {~,OoJ7± O,OOIO)% Ha pacna,n:20~!lt" 
·~~·~ O,OD4I,!O,OOII; .MY1II>'l'Hno1II>HOC'l':& rieJleXo.na~E2;: . 

; . I' ·. .. '· • ·, ' ' . • •. ·. -, 

6 

~. 
1 

l 
I 

1 

1635~0;!,1,0 .. 
1665 15!1 10 

1669,5!,1,0. 
1692;8!,0,6 

1700,2.:!:,0,6 

1708,95!,0,15 
1722,5!,1,0 
1741,0;!,1,0 . 
1746,1,!.0,a 
1771,2.:!:,0,5 
1774,3!,0,5 

1778,2!,015 
1796;5.:!:,0,3 
1875,0!,1,0 
1887,0;!,1,0 
1912,0.:!:,0, 7. 
1925,7±0,3 
1950;0.:!:,1,0 

1954,3!,1,0 
2074,5!,0,3 

2114,05!,0,20 

2121,2!,0,5 

2~30,5.:!:,1,0 

2133 8+1' o.·· . - , ' 

.2145,o±,1,0 
2150 0+1 0 , - , 
2160, 7,!.0,6 .. 
2176,-5!,0,~. 

2195;5!,0,4 
2205,2.:!:,1,0 

2281, 7!,0 ,4 . 
2290,5.:!:,0,3 

2306 ,0!,1,5 
2317,2.:!:,0,4 
2346,0!,0,3 

llpo:ztomteHHe Ta6JIHUH. !6. 
2 1 .2 

0,50;!,0,15 2394,7.:!:,0,6 0,79,!0,09 
0,65.:!:,0,i3 2413,5!,0,6 0,63!,0,07 
1,10;!,0,15 2~26,0;!,1,0 .... o,3_ 

. 0,45.:!:,0;.12 2446,9.:!:,0,4 0~61!,0,10 

0,41±0,11 2453,5.:!:,0,5 0,56,!.0,11 
6,22.!_0,48 2460,8±0,6 1,61.:!:,0,11 
1,30!,0,15 2463,7,!.0,6 0,93.:!:,0,11· 
0,33±0,12. 2475,5.:!:,0,4 0,93!,0,14 
1,36!,0,11 2485,7!,0,4. . 0,89.:!:,0,23 
1,78,!.0,11 253.6 t 7!,0, 7 0,38!,0,10 
0 1 91.:!:,0,10 2555,7.:!:,0,3 1,06.:!:,0,08 
NO,? 2638,8!,0,6 0,66.:!:,0,13 

1,53,!.0,10 2642,9,!0,3 2,92.:!:,0,30 
0,43!,0,17 2646;4!,0,8 0,75!,0,15 
0,60;!,0,23 2656,4!,0,4 0,56!,0,12 
0,57.:!:.0,23 2667,0.:!:,1,0 0 ,28!,0-,10 

2,52.:!:,0,16 2694,9!,0,6 0,42!,0,10 
0,46!,0,10 2750,3!,0,6 0,46!,0,10 
1,21!,0,12 2762,5.:!:,0,7 0,55!,0,09 
o;87!,0,10 2798,1!,0,5 0,62!,0,07_-
3,07.:!:,0,11 2824,3.:!:,1,0 ':"'0,25 

. 0,70!,0,14 2833,5.:!:,1,0 . ..;,0,25 

0,61.:!:,0,12 2881,0;!,1,0 0,42.:!:,0,10 
0,52!,0,08 2937,0!,1,0 .L 0,28.:!:,0',10" 

0,56!,0;17 ~ 2942,0;!,0,3 1,22!,0,19 
1,41;!:0,14 2981,0;!,1,0 0,18!,0,06 
o,ao!,0 110 3007,5,!.0,6. 0,51!,0,06 
0,67;!:0,11 3088,5!,1,0 . o,3B!,0,12 
1,02;!:0,10 3118,0!,1,5 ....... 0,15 

0,58!,0,11 3123 '5;!:1', 5 . "'0,15:. 

1,03,!.0,10 3136,0!,0,8 _1,20;!,0,12 
0,68.:!:,0,11 314317.:!:,0,8 0,59!,0,07 
·.vo,25 . 3169,5.:!:,1,5 0,18!,0,05 

0,78,!.0,11 "3183,0;!,1,5 0,20!,0,05 

'1,08!,0,11 3218,0±1;5 0,23!,0,05 

.1 



Ta6mn~a 2. SHeprnH r-nyqet!, Dpi1!18,1tJie3:HO.CTD KOTOpiDC pacna;zty 
~0_9Rn . -OKQHqateXLHO He yctaHOBJeHa. 

~/n Ef(KaB) li;y;n Er (KaB) 

1 ........ 147 
2. ,.., 152' 

21. 
22. 
23. 

ii43,s;to,s-> 
1192,0;t1 10 
~1252 3. 202,3;t0,4 

4. 20_6;2+0,4 24. ·--1258 
. - .' . . JE) 

s. 211,7;t0,4 25. -1265 
6. 224,8.!,0;6 . 26. """1272 

. JEJE) 
7. 230,4;t0,8 27. 1317 1 8;t0,8 
B. 249;3;t0,4 28. 1349,1;t01 8 
9. 256 ,3_£0,4 29~ 'l4l5 1 5;t1,oJ!•U) 

10. 263,1;t0;4 - 30. ·1420 1 5.!,1 10 
. ·~ 11. 265,2;t0,6 31. 142~1 

12. 324,~0,4 32.' ....., 1439 
. . Jf) . ' 

13. ~97,2.!,0,4 33. ·1512,6.!,0,7 
1~. 625,2;t0 1 7 34. 1516,8.!,1,0 
15. 635,3.!,0,4 35. 1555,5.!,1,0 
16. 642,0:!:,0,6 36. ....;, 1559 

. . JE) 
17. 656,8;t0,5 37~ 1568.!,1. 
1s. 8os,a;to,4M) ·as. 1594!1 

. :!!!) . . J!Jf) 
19. 819,1.!,0 15 39. 1727,S;t0,7 
20. 921~6.!,0,4Jf'MM) 40~ 1761,0:!:,0,7 

--~In 

41. 
42 •. 
.ta. 
44. 
45. 
46. 
47. 

Ef(KaB) 

1786,6;t0,5JI'Jil!). 

1812,5+1 oW> - ' 1823.!,1 J!Jf) . 
1836,il .,:!~!:!!!) 

"'1848 
;...1858· 
""1865 

48. "'1883' 
49. · ·2043 1 5!-;J.,OJ!Jf) 
so. 2233.!,1 :!1!:!1!) 

sL · ""2251 
s2. 2335,7;to;s 
53. 2369,5.!,1,0 

. 54~ ..., 2404 
ss. ,.. 2437 
s6. ,.., 2496 
57~ "' 2810 
58. ~ 2932 

~) . . 
HneucHBHOCT:& nepexo,11a ·cocTaBmieT ORono O,I% Ha pacna,11 

209
Rn''f HHT8HCHBHOCT:& ,1lpyrHX nepeX0,1lOB HHlltC 0,1%. . . . 

:lflf) ITepexo,11 paaueJileH: B .cxeue pacna,11a 209Rn - 209At. 

Ta6J'iH~a 3 ~ liHT8HCHBHOCTH . KOHBepCHOHHIDC _ K_.;L- ,M- 3JI8KTpOHOB 
H yYJI:&THllOJI:&HOCTH nepeXO;ItOB. 

( lx: . . . IL .ly • 1ofy:n:&TH-
Ef KSB) (%aa ·pacna,11)xiO (%aa pacn8,1l)xiO (%Ha pacna;zt)xiO non:&HOCT:& · 

337,45 .. ' 443.!,26 .70, 7;t6,1 18;6.!,1,3 Jll 
386,43 . 44,0.!,2,4 -7,6~1,00 3,28.!,1,0 Jll . 
408,32 163;t6 73,3.!,5,2 20,3;t2,3 ' 97$ E2 
461,41 171 2.!,1,0 2,97.!,0,20 Jll 
689,26 44,5;t2,0 7,27.!,1,67 . 1,6 Jll 
745,78 75,4.!,5, 7 13,1.!,1,7 3,72.!,1,13 Jll 

8 

. 

Omll6KH B onpe~eneHHR a6COniDTHHX HHTeHCHBHOCTefi raMMa-nyqefi 

H KOHBepCHOHHHX aneKTpOHOB HBnaiDTCH cpe~eKB~BTHqHUMH, nony

qeHHHMH H3 ~ -t. 5 onpe~eneHHif, H: He BKJIID'l8JOT Ollli16Ky ( "'8%), · o6y

cnoBneHHYJO·norpeWHOCT:&ID B onpe~eneanu·naTeHCHBHOCTH EX-nyq~fi •. 

CneKTP noanTpOHOB H9Cne~oBaH c noMomnrosi(Li)-cneKTpoMeT-

pa c o~opo~ Mar~THHM noneM /II/. -06mipyliteHH · ,IJ.Be .. KOMTIOHeHTU 

c rpaHH~ SHeprHHMH (262Q±I20)KaB H (2I60±4Q)KaB H HHTeHCHB

HOCTHMH (0,85.;t0,27)% u (2,35,±0,50)% Ha pacrra~ 209Rn .·IIonaa.rl 

HHTeHCHBHOCT:& ll03HTpOHOBHOpMHpOBaHa K (3,2.;t0,6)% Ha pacna~ 
209Rn. • _. · 

. . . 
CneKTpbl r -r -coBna~eHHfi uccne~oBaHH c. llOMOmDJO .· ,Il.ByMepHoro 

aHamsaTopa /I2/ c ,IJ.BYMSI Ge(Li)-~eTeKTOpaMH c qyBCTBHT87IL.N. 

o6'LeMBMH ~30 c~. AHama cneKTpoB coBrra~eHHfi npoBo~ncH no Me-_ 

TO~, OllHC~HHO~· B /I3/, pe~yJILTSTH aHa~aa npe~CTaBneHH ~ Ta6~. 
nn~e 4. Omll6KH .B ·onpe~eneHHH HHTeHCHBHOCTeii. (-( 7""COBlla~eHHii 

COCTaBnRIDT ~20 -t 30)% ~nH Irr30 e~HHU. H MoryT _~OCTU1'8Tll 50% 

~nH In< 30 e~an~. 

AlianHB ClleKTpOB r-nyqei! H KOHBepCHOHHHX aneKTpOHOB npH 

pacna~e 209Rn noaBonHJI pa'ccq:HTaT:& axcnepUMeHTa~HHe :aH8qeHHH 

KOa@)HUHeHTOB BHYTpeilliei! KOHBepCHH. (KBK) H c~enaT:O BHBO,IJ,ll~ 0 

~n:&THllOJILHOCTH pH.ll,a nepexo~OB B H~e 209At '- (Ta6JI. Ia);. Ilplf 

aToM npe.D.rroJiaraJI?C:&, liTO nepexo,JJ,H c aaeprHS!Mn 33'?,45 H 408,32 

KSB HBJIHJOTCH nepeXO,D,aMH THIIB MI H E2 COOTBeTCTBeHHO. fltYJILTHllOJIL

HOCTH nepeXO~OB 337~45; 386,43; 408,32;.461;41; 689,26; 745;78 

KSB 6Hnn onpe~eJieHH Ba OCHOB~ cpaBHeHHH SKCllepHMe~Tan:&HH~ OTHD-

~eHHfi ~: ~~:;t!l· . -,~~6~.3) ~-. T~opeTUq~_(}rotl\~ /I~/. Ilo~~~KY. _:B ·: 
. . . . . . 

pacch;aT}JJ!~a.e~?~ O~Jia_CTH .. S!leprHH; OTHOmeHHH. IK: IL: IM' ;:·~WrH:-: 

qe~RH o~lumolm B cnyqae ~ JILTHnoJdHoCTeH EI H MI, npHHHMa7IHC:&_ 

BO BHHMaHHe T8KlKe SKCnepHMeHTSJILHHe. 3HaqeiDfH I 

·9 



TaGmu~a 4. li~TeHCH~HOCT"J: r·:.:.f:.:coBna]teiudi: 
: a)~. . E1', Efz. . I~ I~IJE/'~o . _., . ' ~lEt'l . 

(KaBJ' (K3B) SKCil8plUI8HT -· no cxeue pacna~a 

_279,20 408,32 + s 
1037,93 + 6,5 

337,.45 " 408,32, 128 ::.128 .. 

511,0 20 15 _, 

408,32 '· 386,43 ,_.+ ." 16· 
461,41 20 9 
511,0 40 30 
672,82 31 29 
684,90 17 10 
689,26 88 85 
855,76 48 37 
872~40 ~14' 5 
985,90 .. 20. ,. ·' 5 

1037,9~ ., 44 32 
1054,53 24 12 
2114,05 + 3' "(:_. 

461,41_ 6_89,26 11 8 
855,76 14 9,5 

672,82 1054~53 
C• 

25:: 13 

689,26 855,76 . 30 39 
1037;93 29: 33 

745,78 . 511,0 31 23 

aJ PacicuTaHH!ie ~na. npe~lioaeilHotl t:xew • pacnaJJ;a 209Rn - 2~At< 
HHTeHczBitocnt-r ~oBn~e8HA HopwpoBairH · n~ y337 ,4s;f 408,32 · 

~~ . _,. . .. ' ··- . . ~ :· ·; '- - . ;~-:- ·, . . ' . -

·~-~ .. -:. .- . --~ 
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I 

l 
l 
l 
l 

l 
1 

I 

I 
I 
~I 

1 
I 

1 
I, 

i 
:1 
l . j 

I 
l 
I 
l 
,{ 

CxeMa pacna,na. OClcy;n.eHHe 

Ha p:ac I. lliJHBe.zteHa npe.zvmraeMaH cxeMa pacna,Ita 209Rn-20~At • 

CEeTnm.m KIJYlliXaMH Ha cxeMe noMetJeHH nepexo.ztH, oClaapyllteHHHe ri ·., 

cneRTIJ8X r-r -coBI!8.neHifi! ~ J3ce YIJOBHif'. Bos.Cly~eHHe KOTOJmX c~-
MaeTCJI TaKHMH-. nepexo.ztar.m, BBe,IteHH Ha ocHoBe aHaJIHsa raMMa-raMMa 

COBna,Ite~ii, -OCTa~HHe::;POBHH BBO,ItSITCJI)Js cooClpallteH:ail' cox:paHeii~~, 
aaepreT:a'lecixoro Clari~il~a 'H- <iammca ~HT~H~:anHocTeii. IIepexo,ll,bl, 

-~-- . ---·. -' -- ~ .. .•. ' . ' - . .. --~" -:-· - ~- ~. -.- . ~ . . . . .. 
:asoClpallteHHHe BommcTo~- Jrii:IDiea, pasMemew B cxeMe ,ItBa~. Ha 

cxeMe pac~~ -~:to9~~~ _:.20~Ai_~;x~~a~ ::· aaepr:a~ · BosCly~eHHHx coo-
-- 209 _:. ·.; ' . . --- . . . . 

Tomma. At , aaepr:a:a :a .MJ'm.THnom.H()CTJli,raMMS-nepexo,ItoB Me~ 

HHMH, BOSMOlltHHe CIDilm ~- 'leTHOCTH YIJOBHeD 209At _, a·. T8Kllte ,ItOIDf 

. aaceneHHJI :Hx np:H pac~.zt-~ ?09Iin {B npoue~i'ax ~a no~a pacna.zt) 

:a cooTBeTCTBYIOIIIHe · s~'leHHJI ig' f't. :cymif~~ira'JJ HHTeH~RBHOCTL · nepe-
• • ' - ' < ' - • ' ~-- ~ ~ -~- • - • •• ·': • • • ! '--

XO,ItOB, He pasMemeHHHx B npe,zinollteHHoD cxe~e:pacna,Ita; COCTaBJIJieT 

{II,O .+:'2,S)% H~ pa~IID.It : 20~n. CJI~~~T- sa~eTIJ~'I,, tiTO .Ha ,It8HHOM 

STane ;ccne,ItOBaHHii -~.ItHosHa'nl~e lliJHmfCa~e ;~WIHO~ ~·~ 'i~TllO'CTeii. 
BOSCly~e~M COd.TOHHJfRM 209 A_~;·~-: __ 3_8TIJ;,ttHHTex;,ko·:_'My ~TH~O~HOCTR 

·. . - . ~ . - ..... ~ ! " 

nepeXO,ItOB C aHeprRJOOL ?94,72 I<BB: (E2}: H 855~ ?6 I<BB- (El} · H61II>SSI -

C'IRT8T:& YCT8HOBJiemmi.m ~~oHl{aT~Ho;· ';TO ~SHnae/n~HJITlm~ TIJY.It

HOCTH. B ohpe,Ite.neHH:a·KBaH~OBHX. xapaKT~IJHCT~~--~- ;IJOBHeij"~09A~ 
lf He ~CRJmtiaeT BOSN~:a:ilo~~' RSMeHHT~- p~ci~oit~~~~- Ji~~R·~~~X ne- · 
~7,.~ • -, ~ . • --~'> -- -- ~ .-~~-~ • ~- --·· • _; ., 

peXO,ItOB B CXSMe IJ8Cna,Ita. II,p:aillfcaiill; CimH8 H ~eTHOCiTH YIJO~~ , __.c,, 

c auepr.ee! 1093,20 ~aB· saBRC~;OT ~m.THno;,~~T~ ri~pe~~: , 
684,90 xaB - M2 'Hmi. EO .:._ E2 +'MI. O,D,IUJKO, Hec~~Tlm:Ha y~~a~~e _ 

Heonpe,IteJieHHOCTH, OliW,ItaT:b ~ 3H8'1RTe1II>ImX ·HaMeHeHRH B · npe.IiJioeHHo~ 
.. - ·) . -· .;,~·- .·... ·:..~ :·:;_ ... 

CXeMe pacna,Ita HeT OCHOB8HHH. 
·.. . ' . 209 

HCXO,IVI lfS lliJ6,lVIOEeHHOH CX6ltll :pacna,Ita Rn H BSMepeHHHX 
. . 20g_ 209 . 

3H8'161llii aHepr.HH IIOSIIITPOHOB, pasHOCTl> MaCC -Rn- At non,y-

II 
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qeHa paBHO~ (3928 t 40) naB. STo nepBoe aHaqeHHe paaHOCTM Mace 
~00 200 • . . . 

Rn - At , onpe~eneHHoe ancnepMMeHTanoHo. llonya~mnpMqe~ 

cxoe aHaqeime ee 3762 /I6/, 3946 /I7/ u 3959 naB /IS/._ 

Cmum M qeTHOCTM OCHOBHHX COCTomm~ JI~ep 209At n . 209Rn 

cornacHo Mo~em o6onoqen H ~~ pa6oT_ /I,I5~ npHHJITU 9/2-H-

5/2- COOT~eTCTBeHHo. 0CHOBHOe COCTOJIIme 2~~At124 _MOlKHO -ofutcaTb 

RO~ypa~e~ [p(1h9~2 }n(3pi~2 ~ 9; 2- , a-OCHOBHOe COCTOJIIme -
2

'
19

Rn -(P<1h9}2~n(2f'5}2 ~·:>12:: • B_BoJIHoBo~ ~YHR~H o?HoBHoro 

cocTo~.it 209
Rn BOSMOlKHa DPHMeCI> · _RoH\PifrypatiHH [ p( 1h9~2 ;·2f'7 ; 2 } 

n{ 2f's;2>] 5/2- • 

Ha PHC. 2 npHBe~eHa_ cxeMa o6onoqex B6mait z~a2 H N=126 , 

sa RoTopoii ynaaaHH TaRllte-mm60Jiee !lepoJITime npH pac~e 20~n 
~~ -~-

~CTH'I{lme n:pex~Jl,ll p _.~n· ( QJ += _3928 xaB). B peay noTaTe STHX 

riepe;x:O;!lOB B JI,IJ,p_e 
209

At ;!lO.mKHll B036y~TbCJI COCTOJIHHJI, OlliiC!l

BaeM!le · CJI6;!lYillll!l!m ROHlPIII'Ypa~mm: 

I ( 2 1 } ~ ~ · · M • p 1h912 ,2f'712 , I = 7/2 , E_vp.~· I aB _ 

2 ( 4 -1 ) . ']; + • p 1h9; 2 , 2d312 , .. I = 3/2 

( 4 -1 . s + 
3. p 1h912 , 2d5; 2 ) , • . I = 5/2 

4 ( h 3 ) ( -1 = 1 ~- + + + • P 1 9; 2 n 2f'512 ;2g912 > , L- = 3/2 , 5/2 , 7/2 ••• 

5. p(1h972)n(2f's72·li1l/2) • rr =3/2+. 5/2+' 7/2+ ••• 

6 
•{ 2 1 -1 . 1 . !i ' + ~- , + .. '+ 

• P 1h912 ,2f'712ln(2~512 ,2g912 > , I =.3/2 ,5/2, 7/2 ••• 

7 ('1h 4 -1 ) ( -1 1 . ..'i' + +. + • P . 912 ,3s112 n u 512 ,3p112> , r = 3/2 , 5/2_ , 7/2 • 

8 (lh 4 -1 ) -1 1 . _!I'. . + .. . + . + 
• P 9; 2 ,2d312 n(21'512 ,3p112 > , L~ = 3/2 , 5/2_ , 7/2 ••• 

0EH;!l86TCJI, ~fO BOa6ji):leHHHe COCTOJIHHJI-2 ~-8 ;!lO~ HM6Tb 

aaepr~n · "'2 MaE H BHme. 

PJI;!l B036y~eHHHX COCTOJIHHa 
2~~At124 MOEeT B03HHRaTb B 

peaynoTaTe C~a6oa CBJI3H He~e~HOI'O-~OTClfta C Boa6y~eHHUM '1{6THQ-



tiu/2 

2f~ 

·. 

----3d52 

1h~2 
----1ft'~/;? 

1hg--2 ~ ~ 219--2 

Z::82 N =126 

" 3p'l/;? 3St/2 _.;___ __ -==:~~~ 2fs/2 

2d3~ ·-----------· . . 3pJ~ ~~ . .· 1~ 
~~ ~ 

19 772 .,•· 1h9/2 

Pnc.2 •. CxeMa o6ono~eR B6nnau Z = 82 , N = 126. 
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li~TWM OCTOBO~- 2~Bpc)l24 B tiBCTHOCTlf, npH aHeprlut IDJllte I -t I, 5 

MaB·B03MOEH& COCTOHHHH: 
20Bpo("685 x~B; 2+)lp(lh9~;)1 ~~2- • IT= 5/2-, '7/2-. •.-. . 

· 20Bpo(685 xa~l 2+>[PC1bg}2 l0~2:t'??2~ 712- , .JS. = 3/2-, 5/2-17/2:. 

HMemTcs oclioBaiDJs /19/ .eHTepnpeT.Rpo:Baio:r:. Bo~6yllQl.eHHoe. cocToHHHe 
208po c aHep~eil.685 ~aB (2+) RaK cocTOHHHe,o6ycnoBneHHoe B3a

HMO.D,eilcTBHeM~npoToHimx .~~ fie»TpoHHWx.Boa6yzme~». 
Ilp:a pa~mme 20~n .. 209At:S Jliipe 209it Moryi' TaRllte Boa6yllt-

. . ., . . . .· ·' . . ' . 3 :•· .. ·· . .~( .1 
,IJ,aT:&CH TpexnpOTOHHHe COCTOHHM THna p_(lh912> H p(lh912 .2:r712J 

l!Mellll{Qe OTpH~Tem:.HyJO lleTHOCTb. He HCRmtitreHO H CMelll:HBaiDJe 6ima

KHX no BHeprHH COCTOHHHii C o:n_HHaKOBUMH.KBaHTOBUMH xapaRTepHCTH.;.. 

RaMH. 
. . ·. 209 

Bee 3TH .C006paJKeiDJH y6elf,IJ,aDT B TOM', liTO lliJH pacna,ne • Rn 
. . . . . : ' . . . 209 . 
MOllteT 61>1T:b. B036ylK,IJ.eHa BeC:&Ma CJIOlltHaH CXeMa ypOBHeB . At 1 np.R-

treM HBlltHHe YPOBHB .D,01IltlW HMeTL OTpHI.t3Te~HYD 'lleTHOCT:&, a ypOBH.R, 

pacnoJioJteHH!Jie . m~me .... r ,& MaB, npeHMYmeciBeH~o - · nonoDTeJii.HYD • 

npe)inaraeMaH · Ha»H ex ella. ypoBiien 209n (pHc. ·I) KallecTB

BeHHo. no.D,TBepJI,IUleT 9TH BUBO.IIJ:l. IIonytreHH!Jie . 3HalleiDIH ···lg :t't Allfl 
. . , ... · . . . ' 

ypoBHeit c aHepr:a:ei.t. m~me "'I ,5 · MaB cornacyDTCH co asatreiDIJIMI'l .D.Ilfl 
1" • ' • 

O~~MUX O~OKP8THO sanpenteHH!JIX riepeXO.D,OB~ 

• • •. YBen:atie~e ··BepoHT&ocT:a: paciia.D.a 20~Rn c Bos6yi.neH.ReM m~co- · 

RO pacnOJIOllteHHJlX ypoBHeii 209
At (Eyp .. > 3. MaB) HaX~.D,HTCH B noJIHOM 

cornacua c pesyJILTaTaM:a .Hcc1IeiloBaHHs cExoBoii } -g)y.liR~ 
2~n /ZO/. ~eTHM. TOJII>RO ,· liTO :no.n~n:reHH!le, .HaMH ~trHCJieHH!Jie '3Hatre

mi~ ~~·~I!~~HOCTB p~cnaM· 209Rn ~· B03:6yz,neiDJeM ypoBHeii 209
At . , 

pacnonoxeHH!JIX BIJme I MaB; aecRom:.Ro MeB:&me. treM np:a:Be,IJ.eHH!Jie- B 

· pa6oT/20/_; • • . . 
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JlelCIUIH no;. HeiTpOJIHOI 41H3HICe~ 
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Tpy.ilw MeQyxapo.IUioro . ca~no· 
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