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1, B B e l1 e H H e 

Bee H30TOllbl p8llOH8 stBmllOTCst pallHOSKTHBHb!MH H pacnallSIOTCst C OTHO

CHTenbHO ManbiM nepHOllOM nonypacnalla. OaH yJKe llSBHO nonyttanHCb B pe

aKuHstX C TstJKenhlMH HOHSMH nH60 B peaKUHstX rny6oKOrO pacwenneHHst, 

0l1H8KO B 6onbWHHCTBe cnyttaeB H3yttancst nHWb a-paCll8ll STHX H30-

TOllOB, XOTst BO MHOrHX :113 HHX. f-{J+ -paCllSll stBnsteTCst 6onee BepOstTHb!M 

cnoco6oM pacnalla, TonbKo B caMoe nocnellaee speMst 6bma lleTanbHO Hccne-

{J 
211 

llOBaHa cxeMa -pacnalla 86 Rn 125 aa ypoBHH nonyMarHttecKoro stllpa 

2 ~~At 126 I 11, YpoBHH llPYrHx llOttepHHX H30TonoB At, soa6yJKl1810WH;KCst B pe

aynbTaTe {J-p8Cll8l18 Rn , liD CHX nop HeH3BeCTHb!, llnst BbistBneHHst STHX 

yposaefi Mbi :~~ccnenosanH y -HanytteHHst, conpoBoJKllBIOWH.~ f3 -pacnall H3DTO

noB 20 'J. Rn , 207Rn , 205Rn . Ebm :~~ccnelloBaH TaKJKe y -cneKTp, conpoBolK

na10w:~~fi f3 -pacnall 207 At, aaKannHBaJOmerocst nocne {3+- £ -pacnana 
207

Rn. 

2, 3KcnepHMeHT 

1:1aoTOllbi 205Rn :~~ 207 Rn 6bmH nonytteHbl 1?. peaKUHstX 
197

Au( 
1
5f.t,xn1

212
-•"Rn 

ecT, 16 209 :11 Pt( O,xn) Rn . Eonee TstJKenbifi :~~aoTon Rn CHHTeaHposancst B peaK-

acT • . UHH Tl( 11 8, xn) Rn, M:~~weHH B BHlle $onbr o6ecnettHnH nonaoe TopMoJKe-

HHe anep oTllS'IH, ao 6binH llOCTaTO'IHD TOHKHMH ( - 3 Mr/ cM2) llnst :~~ccne
llDBSHHst «iJyHKUHH B036yJKi:te.HHsto nocne o6nytteHHst H8 Bb!BelleHHOM nyttKe Tst

JKenhlX HOHOB UHKnoTpOH8 Y-300 OHH He llOllBepranHCb XHMHtteCKOfi o6pa-

6oTKe H no HCTetteHHH 1,5 MHH nepeHOCHnHCb K lleTeKTDPY• !'faMepeHHst 

y -cneKTpOB npoBDllHnHCb Ge( Ll) -neTeKTopoM o6'beMOM 13 eMS, llnst onpe

neneHHst MSCCOBOrO 'IHCna ,nonyttaiOWHXCst H30TOllOB 6binH H3MepeHbl HX !jlyHK

UHH B036yJKlleHHst
1 

KOTOpb!e 38TeM COllOCTSBnstnHCb C «iJyHKUHstMH B036ylK-
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AeHHll H3BeCTHblX AO'IepHHX l!Aep. C _nenbiO nOATBeplKJJ.eHHll npoBe):leHHOlt Ta

KHM cnoco6oM naeaTn~nKaunn y-nepexoaoa naMepl!nCll nepnoA nx nonypac

naaa. K co~aneHHI01 9TOT MeTOll n03BOnlleT HAeHTH~HUHpOB8Tb TOnbKO H8H-

6onee HHTeHCHBHbie y-nepexOAbi. 

3. Pe3ynbTBTbi H3MepeanA 

209 Rn 6hm nony'leH npn o6nyqeann Mnwean H3 Tannnll noaaMn 
11 

B 
209 

c saeprnell 90 Msa. OTBB'IBIOWHe sToMy MaccoBOMY qncny l!Apa Rn pacna-

):18IOTCll C T 1-2 = 30;!:.2 MHH. npnaaane~awne eMy y -nHHHH npnBeABHbl 

B Ta6nnue 1. nony'leHHbiA aaMn nepnoa nonypacnaaa coanaJlaeT c pe3ynb

TaTaMH npeAbiAYWHX pa6oT no• a-pacnaay 209 Rn /2,3/. CywecTBoBaane y-ne

pexoaa 746,0 KSB1 coanaaarowero no saeprnn c cyMMoA saeprnn 

ABYX apyrHX nepeXOAOB 408,3 K9B + 337,4/KSB ,. 745,7 K9B H ):IBH

Hble 06 HX HHTeHCHBHOCTliX n03BOmiiOT npeAnO~HTbr ~parMeHT CXeMbl pacna

):181 npeacTaBneHHbiA aa pnc. 1. 
207 Rn 6bin nony'leH npn o6ny'leHHH MHWBHH H3 30nOT8 HOH8MH .. 

~ 1/14 

0 %---=Zt~,...t-- 0 

Pnc. 1. CxeMa ypoaaeli ae'leTIIbiX 1130TonoB acTaTa. 
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ISH C: aaeprneli 95 Man, Ha6monanoch oTHOCIITenhHO 6onhwoe Ko-

nn'!eCTBO y -nepexonon1 conpoBoJKnaroWIIX {3- pacnan aToro 1130Tona 

Rn t Ta6n, 2). OnpeneneHHbifi HaMil nep11on nonypacnana T 12 = 915±.2 Mill! 

H8XOlliiTCH B XOpOWSM COOTBSTCTBIIII C ll8HHblMII npellblllYWIIX pa6oT/ 3/,. 113 

Ha6nronaeMb!X y -nepeXOllOB MOJKHO COCT8BIITb CYM,Mbl 40218 KaD + 344,5 KaB = 
= 747

1
3 KaB (aa6monaeTCH 747,0 KaD) II 328,0 KaB + 344,5 KaB = 673,5 KaB 

(aa6nronaeTCH 67315 KaB) 1 p11c. 1, 205 Rn 6bxn nony'!eH np11 o6ny'!eHI!II Mll

weHII 113 3onoTa 11oHaM11 15N c aaepr11eli 120 Mas. B y -cneKTpe, conpo

noJKnaroweM f3 -pacnan aToro 1130Tona1 ynanoch aaneJKHo llllSHTII!jJIIUIIpoBaTb 

TonhKO Tpll y-nepexona ( Ta6n11ua 3) 1 npii'ISM aaepriiH onaoro 1!3 HIIX1 

731
1
0 KaB1 panaa cyMMe aaepr1111 nnyx npyr11x nepexonoB 26515 KaB + 

465.,0 KaB, 3To no3BOnHeT npennoJKIITh !jlparMeHT cxeMbl pacnana 
205

Rn 

(pnc. 1), 

Hal!neHHbifi HaMil nep11on nony~acnana T12 = 2,8±.014 Mill! oTnll'!aeTcH 

oT npellbillYWIIX 113Mepe!mfi ( T 12 = 118 Mill!/ 3/), 

Pacna.tt 207At ... 207 Po 
.Hnpa 207 At nony'!aniiCh B pe3ynhTaTe f3 -pacnana 

207 
Rn .nepnon nony-

pacnana 207 At r
12 

= 116 qaca 6nii30K K nep11ony nonypacnana 
208 At 1 onaa-

'·• 
KO y -cneKTp nocnennero xopowo 113BecTen/4/, 11 aTo no3BOnllno BbiiteniiTh 

,, y -nepexoltbi, oTHOCHWIISCH K pacnany 
207 

At.nepno.tt nonypacnana 
206

At MHoro 

KOp0'19 ( T
12 

!030 MIIH) II noaTOMY ero npiiMSCII 1!9 M9W810T 113M9p91!11HM, 

B Ta6n11ua 4 npl!neneHbi y -nlll!llll1 OTHeceHHbie HaMil K pacnany 
207 

At. TaK 

KaK pHn I!H!jlopMaullfi o6 ypoBHHX 207 Po 6bm .ttaH B npenbiitYWIIX pa6oTax 
15

-
71

1 

MOJKHO nocTpOIITb CXeMy ypoBHel!, fiOK838HIIY10 118 pile, 2. CniiH OCHOBHOr,O 

cocToHHIIH 207 Po,no i:tai!HbiM pa6oTbi/8/, paBeH 5/2-. B pa6oTax15,6/ 11ccne-

. . 207 p + -
ltOB8ni!Cb 1130M9pl!bl9 COCTOHHIIH 0 CO CI!IIHOM 13/2 II 19/2 II Bp9M9H9M 

JK113HII 2,5 ceK 11 47 MKceK, B !IX pacnane npoHBnHeTCH yponenh 813 KaB 

( 9/2-), nocnena11e naJIHbie o6 a -pacnane 
211 Rn 111 noKa3hiBa10T cywecTBo

naHI!e yponaefi c aaepri!HMII 68,3; 23815; 391,4; 585; 684 11 812 KaB, l13Me

pealle cneKTpa aneKTpOHOB BHyTpeHHSit KOHBSpCIIII/3/ fi03BOnllnO onpeneni!Tb 

cni!H nnyx l!lllKHIIX cocTOHHI!fi ( p11c, 2). Haw11 pe3ynhT8Thi xopowo corna-

cyroTCH C pe3ynbT8T8MII aTIIX pa60T, 
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211 Rn 

.. 
Puc; 2. CxeMa yposneli: 

207
Po , 

4. 06cy)!(JleHne 

/9/ CornacHO pa6oTe 1 TpU Hll)!(HllX COCTOHHHH 211 At: OCHOBH0~ 1 674,2 KSB 

ll 866 KSB nMeiOT CnHHbl ll 'leTHOCTb 117 = 9/2-; 7/2-; 7/2- ll OTHOCHTCH 

K KontjlnrypaunHM: p [(h~;2 );v= 1; I= 9/2-] ; [(h:;2 )0 +;(17; 2 ); 

va7;1=712-] n [(h~/2); 11=3; 1 .. 7/2-]. Kone'IHO, B neli:CTBUTenbHOCTU 

o6a cocTOfiHHH c I = 7/2- B KaKoli:-To cTenenn cMewaHbi, Ha ;aKyro n.nTep

npeTaunro yKa3biBaeT TOT ljlaKT, 'ITO y -nepexon 674,2 KSB 7/2-... 9/2- 6yneT 

Tnna MJ + E2, B TO speMH KaK. ·y-nepexon 866 KSB 7/2- ... 9/2- Tnna E2 

( MJ -nepexollbl Me)!(lly ypoBHHMH Myn&TnnneTa onnoll Kontjlnrypauun ( j 
3 

) 

aanpeweHbi) • .llpyroli: nepexon c ypoBHH 866 KSB ( 7 /2-) na yposen& 674, 2KsB 

(7/2-) CBH3aH c naMene.HneM Kontjlurypauun n nosToMy MOJKeT 6b!Tb Tuna MJ. 

nosToMy, XOTH OH OTHOCHTCH K Tllny I -aanpeWSHHb!X nepeXOJlOB ( h 9/2 ... £7/2 ) 

n aaMennen no cpasnenuro c I -paapeweHHbiMU nepexollaMu, ero npnaeneanaH 
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BepoSITHoeTb Bee JKe 6onbwe, '!eM npnaeneaHaSI BepoSITHoeTb E2-nepexona aa 

oeHOBHOe eoeTOSIHHe, ConoeTaBHM Tenepb e STHMH naHHb!MH llOilY'IeHHbie HaMH 

naHHbie o lf>parMeHTax .exeM paenana 
205

• 
207

• 
209 Rn • Hano aanoMHHTb, 'ITO 

B OTnnqne OT 211 Rn ( OeHOBHOe eoeTOSIHHe IIMeeT ennH = 112-) ,
205

•
207

•
209

Rn, 
203 205 207 -

non~o6ao H30TonaM ' • ' Po,,BepoSITHee Beero, nMeroT enna I = 512 

(15/2 ). B sToM enyqae aan6onee BeponTeH {3-paenan STIIX eoeTOHHnfi aa 

eoeTOHHHH Tnna 17/2- qneHbi Toro JKe enna-op6nTanbHoro ny6neTa B noqepunx 

SlllpaX, Manoe qneno HHTeHeHBHb!X Y -nepeXOilOB H TOT cpaKT, 'ITO Bee HaH-

6onee naTeaenBIIbie nepexollbi B03HHKaiOT npn paenane TonhKo llByx, yKa3aH

HhiX Ha pne, 1, B036yJK,!Iellllb!X ypOBHefi 
205

•
207

•
209At, yKa3biBaeT, 'ITO 6onb

WaSI llOnSI {3 -paenana HlleT HMeHHO Ha STH llBa ypClBIISI, noToMy pa3yMHO 

STH {3-nepeXOilbl OTOlKI19eTBHTb e pa3peweHHb!MII {3-nepexonnMH Tl!lla I 5/2 .. 

.. 11 /2 , nerKO TaKJKe Bl!lleTb 0 'ITO H3MeHeHI!H SHeprHH II oeo6eHHOeTII paena

na Bepxaero H3 sTnx ypoBHefi TaKJKe yKa3biBaiOT aa aaanornro e paeeMoTpea

HhiMH BbiWe llBYMSI ypoBHSIMH 
211

At e I = 712-. 

B qaeTaoeTn, BO Beex enyqagx npnBeneHHbie BepoSITHOeTI! Y -nepexona '} 

( 7 12-) 2 .. ( 7 12-) J OK83biBaiOTeSI 6onbwe npi!Bell9HHOfi BepOS!THOeTII y -nepe-

X0/18 ( 7 12-)2 .. ( 912-). Hawe paeeyJKilenne noKa3biBaeT, TaKI!M o6pa30M, .. 
• 208 207 209'·2 I I -

'ITO HlllKIIIIfi 113 B036ylKileHHbiX ypoBuen 113oTonoB ' ' ' At e I = 7 I 2 

B oeaoBHOM eeTb onaoqaeTII'IHbifi ypoBeHb 17 I 2 , B TO BpeMSI KaK Bepxanl!: 

113 HIIX - B OeHOBHOM TpexqaeTI!'!Hbifi ypOB9Hb Tl!lla (h ;12 )7 /2- e eeHbOpHTII 

v = 3. 

H3 pneyaKa 1 BHilHO, 'ITO e yMeHbweaneM qnena aefiTpoaoB B Hnpax At 

ypoBeHb I 5/2 nnaBHO n 6bieTpo noanJKaeTeSI n npn A< 203 MOlKeT oKa3<lTbeH 

l!HlKe ypOBHSI h 912, B STOM enyqae OeHOBHbie eoeTOHHIISI Slllep aeTaTa e A< 203 

MoryT nMeTb ennl! I = 712-, a. ae 912-. 

3KeTpanonnpoBal!ne nal!l!hiX o6 saeprnn HHJKHero ypoBHSI e I .. 7 I 2-

noKa3biBaeT, 'ITO B 203 At /101 OH llOnJKeH HaXOiliiTbeSI 6nH3KO K oeHOBHOMy 

eoeTOSIHIIIO ( e f < 100 K3B.) II nepeXOil 712- .. 912- TPYilHO o6aapylKIITb, 

HMeHHO STIIM, BepOS!THO, MOlKHO o6~SieHI!Tb TOT lf>aKT, 'ITO npll pa3pS!IlKe H30-

Mepaoro eoeTOHHIIR 203 At e T = 108 MeeK, KOTOpOMy Mbl llpllllHehiBaeM 

+ · E3 + -I= 112 , aa6nronaeTeH TonbKO onna n3oMepHbifi nepexon Tlma 112 .. 112, 

ABTOpb! Bb!palKaiOT 6naronapaoeTb aKall9MIIKY f.H, ¢nepoBy 3~ IIHTepee 

K pa6oTe, P •. Epone 11 A. ronb'IeBeKoMy 3a noMoWb B H3MepeHIISIX, a TaKJKe 

rpynne unKnoTpoaa Y-300, o6eene'IHBwel!: xopowyro pa6oTy yeKopnTenSI, 

7 
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:E . I~3B 

r r 
. 

Tac5mu~a I. 

f -nepeXO,Il;hl B 209 At • 

. 
337,4 408,3 : 688,0 . . . . 

: 27+3 roo : 23+3 . -. 

Ta6mu~a 2 

t -nepexo.IJ;hl B 207 At 

. 
; 746,0 : 855 !037,8 . .. . . 48;t5 9;t2 8;t2 . 
:· 

~ K3B; 328; 344,5 ;367,7; 402,~; 444,7; ;63r,s; 673,5; 747,Q 774,3;852,6;972,6 . . . . .. . . . . 
r., 7-!:.2 roo :7+2 : . 

:7+2 :25+3 :33+3 :6+2 :4+1 i7+2 26.:3 . 3.:!;1 : . . - . . - . - . - . - . - . 
: : . . . . . . . . 

.. 

Tac>;nn~a 3 o 

'( -nepexo,Il;bl B 205At 

. . 
: E 

. . 
K3B : 265,5 : 465,0 731,0 . . . . 

If roo : 26;t3 22+3 
0 . 
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Tac5JB!~a 4 

f -nepexo~H B 207Po 

--------.------.-----.-------.-----.------.----~.------.-----.------~ 
E KSB; 168,5i 238,3; 300,4 ;356,8i 458,1 i467,1i 530,3; 553,5; 588,0 : 

~ : . . . : 
: 3;t1 

. 
: 7;t2 :1812 : .: 2+1 It . 4.:!;1 : 24.:!:3 4;t1 6_:1 . 40;t4 . . . . - . . . . 

: 616,8: 637,6: : 788 ;s15 
. . . 

: E 1\SB 676 : 722 '1077, 7 :1II5,6: II72 . . . . . . 
:-· 

:20+2 :roo It 6;t1 3,;t1 18;t2 6.:!;1 4.:!;1 II_:1 4_:1 . -

.. 
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