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\ 
" 

- 208 
YxaaaHHhie it:30TOllbi HaXO.llSITCSI s6nH3H Pb - ".llBB)!{.llbi Mai'H'Iec-

xoro Sl,!lpa', HMeiOmero 82 npoTOHa H 126 Heii:TpOHOB, Bee OHH pacna,!laiOT-

CSI liH60 C HCllyCKBHHeM allblfla-'laCTHil1 nH60 C 38XB8TOM op6HTanbHbiX 

209At H 21 tAt 
aneKTpOHOB H HCnyCKBHHeM HeRTpHHO, Y 6hinH H3BeCTHbl 

/1/ 
TOllbKO OCHOBHbie allblfla-nepeXO,!lbl 1 y 

210 At H Ha6niO,!lanHCb 

' /2,3/ 
TBK)!{e H allblfla-rpynllbl TOHKOH CTpyKTYPbi •- llellb HaCTOSiweii pa60Tbi -

llOHCKH HOBbiX rpynn TOHKOH CTpyKTypbi a 

211 At H 211p0 

-cneKTpOB 209 At 210At ' 

MeTO.llHKa HCcne.llOBaHHSI 

J130TOllbl 
209 At 210At H 211 At nony'lanHCb B peaKilHSIX rny6o-

KOI'O pacmenneHHSI TOpHSI ( OT 0,5 .llO 5,5 r) npOTOHBMH C 9Hepi'HeH 660M9B 

Ha BHyTpeHHeM ny'IKe CHHXpOilHKnOTpOHa na6opaTOpHH Sl,!lepHbiX npo6neM 

011.RI1; o6ny'leHHe npo.llOn)!{anocb OT 0,5 .llO 4 'lacos. Bbi,!leneHiie acTaTa 

H3 o6ny'leHHOH TOpHesoil: MHWeHH npoBO.llHnOCb 'lepea 7-15 'lacos rrocne 

/4/ 
KOHila o6ny'leHHSI llO XHMH'IeCKOR MeTO,!lHKe, H3nO)!{eHHOR B pa60Te , 

11aoTon 
211 Po T Iii 0,56 cex) nony'lancSI B HCTO'IHHKe rrpH pacna.lle 

lli!At ) T Iii 7,2 'laca, £ 59% H HBXO,!lHnCSI B paBHOBeCHH C MaTepHH-

CKHM H30TOllOM, Allblfla-cneKTpOMeTpH'IeCKHe HCTO'IHHKH llpHI'OTOBnSinHCb Ha 

3 



OCHOBe CaMOnpOH3BOnbHOrO OCa~aeHHH 8CT8T8 H3 830THOKHCnoro paCTBOpa 
/5/ 

H8 OTITOnHpOB8HHYIO noBepXHOCTb nnaTHHbl , DnaTHHOBaH nnaCTHHK8 HMe-
2 

na pa3M9pbl ( 3 .. 4) X (24 .. 35) MM , AKTHBHOCTb HCTO'IHHKOB COCTaBnHna 

5 6 10 -10 a -pacn/ceK. B HCTO'IHHKe, noMHMO yKa3aHHhiX H30TonoB, npHcyT-

CTBOBanH npoayKTbl HX pacnaaa - H30TOnhl nonOHHH H BHCMyTa, 

l1ccneaOB8HHe TOHKOi!: CTpyKTypbl anb<fla-cneKTpOB 6hinO BbinOnHeHO Ha 
/6/ 

MarHHTHOM anb<fla-cneKTporpa<fle, OnHC8HHOM B pa60Te , nnH KanH6poB-
210 

KH cneKTporpa¢a no aaeprHH HCnonh30Banacb anb¢a-rpynna H30Tona Po 
171 

E
0 

= 5304,8 ~ 0,5 KSB,· Bp = 331772 ~ 12 rc•CM ), HaxoaHBlllerocH 

B TOM ~e HCTO'IHHKe, KanH6pOBK8 B Ka~aol!: cepHH H3MepeHHi!: nOBTOpHnacb, 

CHHManOCb OT 3 ao 12 KanH6pOBO'IHhlX TO'leK, Bcero 6hinH H3MepeHhl a -

cneKTpbl llleCTH HCTO'IHHKOB, C Ka~ahiM HCTO'IHHKOM aenanaCb CepHH SKCIT0-

3HUHi!:; 06lllee BpeMH SKCn03HUHi!: COCT8BHnO 187 '18COB, l13MepeHHH BbinOn

HHnHCb B aHepreTH'IeCKOM aHanaaoHe anb¢a-<~acTHU oT 4,75 ao 7,46 MaB. 

PeaynhTaThi H3MepeHHi!: 

Ha pHc. 1-3 noxaaaHhi yqacTKH anbcpa-cneKTpa; no ocR a6CUHCC oTno

~eHa SHeprHH anb<fla-'18CTHU, no OCH opaHHaT - 'IHCnO anbcpa-TpeKOB Ha 

<floTonnaCTHHKe B nonoCKe IIIHpHHOH 0,4 MM H anHHOH 50 MM i BepTHKanbHbie 

nyHKTHpHbie nRHHH 03H8'1810T KpaH npoMepeHHbiX y'laCTKOB <floTonnaCTHHKH, 

B cepHH, H3o6pa~eHHOH Ha pHc, 1-s, CHHT6i!: qepea 75 aHei!: nocne 
209 208 210 

o6ny<~eHH H, BHaHhi TOnhKO a -rpynnhi Po ( a
0 

) , Po(%) H Po( a 0 ), 

DpH 6onee paHHHX SKCn03HUHHX (pHC, 1a H 16) BHaHhi, KpOMe TOro, a 

209 At 210 At 211 rpynrrhi (a 5
4 

) , (a 
398

), At( a H a ) • Cna6hte nHHHH HaMe'!a-
1 74'3 670 

IOTCH IipH SHeprHHX 4780, 5013, 5030,5223, 5243 H 5270 KSB 1 HO HaeHTH-

<f!HUHpOB8Tb HX Mbl IIOKa He MO~eM, 
207 209 "11 

Ha pHC, 2 BHaHhi anh<fla-rpyrrrrhi At(a
0

) ; At(a 0 ) ; u At(a 0 ) 

210 210 
At(a 

0
,a 60 , a

83 
, a 140 , a 167 ): Po(a

0
) ; B pai!:oHe 5,10-5,25 MaB noB-

4 

.,. 

" 

N• a 
200 ~l"po "'It 

-Po ~ . 
A ... _.,:.,. t' ~'-~~~-~~r.J;,· .Jt. l\. ·'· o 1./'0."-.. .._;'li r·"' · · ...... n. 

100 
--~~ ~~ ':I 

I )t • .. ., . :-)Ji .. ~.;.. -'{~-I .. 
~ ~ soo ~0 S20 ~ 

N 
200J 6 

Ill 

100 ~:'A, 
""'A. "-1~ 

4IXJ ~00 
~I et\u a ,A,;, tg·d· I ·d- •scat '-' rei-~ O'eJo J I 

200 
~ 

100 

PHc,l. 

~90 ~00 5,10 ~20 

Y'laCTOX allb<Pa-crrexTpa, CHSITbiA B pa3HOe BpeMSI B t 
SHeprHA 4,78-5,31 M9B (HCTO'IHHK O.llHH H TOT lKe). i 

CHSIT qepe3 12 '18COB rrocne KOHU8 o6ny'leHHSlo BpeMSI 
(T9xcrr.> 8 'lacoB, npH TenecHoM yrne(O) 8xlo-

4 
m 

6). CrrexTp CHSIT qepea 29,5 qacoB rrocne xoHua o6ny 
= 8 'laC., 0 = 8 X 10-4 OT 41T , B). CneXTP CHSIT 'le} 

rrocne xoHua o6ny'leHHSii T sxcn. "' 30 <~ac., 0 • 4 x 

5 



npOH3BOIIbHOPO OCa*aeHHR acTaTa H3 a30THOKHCIIOPO paCTBOpa 
/5/ 

BaHHY!O noBepXHOCTb nnaTHHbl , TinaTHHOBaR nnaCTHHKa HMe-
2 

(3t-4) X (24t-35) MM , AKTHBHOCTb HCTO'IHHKOB COCTaBIIRIIa 

pacn/ceK, _B HCTO'IHHK9 1 nOMHMO yKa3aHHbiX H30TOnOB1 npHCyT

oayKTbl HX pacnaaa - H30TOnbi nOIIOHHR H BHCMyTa, 

OBaHii9 TOHKOH CTpyKTypbl anbcpa-cneKTpOB 6hinO BbinOIIHeHO Ha 
/6/ 

llb~a-cneKTporpa~e, Onll:CaHHOM B pa60Te , nnR KaiiH6poB-
210 

pa~a no aHeprliH ll:Cnonb30Banacb anb~a-rpynna H30Tona Po 
171 

,S ~ 0,5 KSB,· Bp == 331772 ~ 12 rc·CM ), Haxoall:BIIIerocR 

TO'IHil:Ke, Kan116poBKa B Ka*aoil: cepHH H3MepeHHH noBTOpRnacb, 

T 3 ao 12 Kann6poBO'IHhiX TO'IeK, Bcero 6hinH H3MepeHhi a -

TH HCTO'IHHKOB. C Ka*ahiM HCTO'IHHKOM aenanaCb cepHR 9KCnO

e BpeMR 9KCn03HUHH COCTaBHIIO 187 'laCOB, l13MepeHHR BbinOII

epreTH'IeCKOM ananasoHe anb~a-'lacTHU oT 4, 75 ao 7,46 MaB, 

PesynbTaTbi H3MepeHHH 

• 1-3 noKa3aHhl y'laCTKH allb~a-cneKTpa; no OCH a6CUHCC OTIIO

R allb~a-'laCTHU, no OCH opaHHaT - 'IHCIIO allb~a-TpeKOB Ha 

Ke B nOIIOCKe IIIHpHHOH 0,4 MM H aiiHHOH 50 MM; BepTHKallbHbie 

IIHHHH 03Ha'la!OT KpaR npOMepeHHblX y'laCTKOB ~OTOnllaCTHHKH. 

H 1 H306pa*eHHOH Ha p!iC. 1<~, CHRTOH 'lepe3 75 aHeli nocne 
209 208 210 

HaHhi TOIIbKO a -rpynnhi Po ( a
0 

) , Po(%) H Po( a 0 ). 

aHHHX 9KCn03HUHRX (pHC. 1a H 16) BHaHhi, KpOMe TOPO, a 

( 
210 211 

a 5
4 1 

) , At (a 398 ), At(a
7 4

f a 
670 

) • Cna6hle IIHHHH HaMe'la-

eprHRX 4780, 5013, 5030,5223, 5243 H 5270 K9B, HO HaeaTH-

HX Mbl noKa H9 MO*eM, 
207 209 "II 

2 BHJlHhi anb~a-rpynnhi At(a
0

) ; At(a 0 ) ; • At(a 0 ) 

210 
o 'a83 'a 140 , a 167 ); Po(a 0 ) ; B palioHe 5,10-5,25 MaB noB-

4 

~-

~i' 

r . I 

N• a 
200 ~flpo ~~~~ 

100 -A. ... ~'i ~~ . ~~.)(50 . I ~ . HI 
Y ~~ • r . . ,,, .. . .. .. . -· ~:" 

0 ~~ • .;~ .. ~~ .-y.· ':;t ~ 490 s.bo I I ,IL 5,10 5,20 5,30 E~ (Hsd) 

11DR, 

Ji~ 
A= 

N 
200J 6 

~f'A, 
d.IUilld..ll 

100 
""'Po 

I L d..ll 
0 
Nl 480 490 5,00 530 E<~.(f'l3~) 

200' 6 .. :0~~0 
~ 

1001 ~ 
tJ., 

j 
: ~ Jll 
~~..,__.,./' ~ ,: o-l----"-4 I I E.t. 4'116) 

PHc.l. 

~90 5,00 5,10 ~20 $11 

Y'laCTOX allbfjla-cnexTpa, CHHThiA B pa3Hoe apeMH B llHanaaoHe 

aHeprHA 4,78-5,31 Msa (HCTO'IHHK o.aHH H TOT *e). a). CnexTp 
CHSIT qepe3 12 '18COB nocne KOHU8 o6ny'leHHH1 BpeMH SKCD03HUHH 

(Taxcn.> 8 '!acoa, npH TenecHoM yrne ( 0) 8 x to-4 oT 4~r • 
6). CnexTp CHHT 'lepea 29,5 qacoa nocne xoHua o6ny'leHHR; Tsxc = 
= 8 '18C,, 0 = 8 X 1 o-4 OT 41T , B), CneKTp CHHT 'lepe3 75 J1H9H n. 

nocne xoHua o6ny'leHHH; T sxcn. "" 30 'lac., 0 = 4 x to-4 OT 4~r • 

t. 
5 
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7 

N1 

7 
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-.Nrz'-· 
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51 0 .Vo i.2o £1.~361 Nc_floJ I II ~ 54 f lit 4 
41 DO Z 

•p, '"Rt II - 41 I Ill 3 
• ct, "• 

31 0 '"'Rt 

5.10 5.ZO &floll do /1 .'.. 3~ x'CJ I lit 2 1"Rt IKCI! "'z ,. . I \ .,I.,.., 1.. ""Rt 
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o .w,s ~10 5,20 5,30 5/rO S.SO ~60 5,60 5.70 ~ao &trrf · ; 0 $11 !iSO fiiXJ atl !120 a.:ll. aw EJ.(IIIIJ 

PHc,2, Y':laCTOK alib<jla-cneKTpa B JlHarraaoae aaeprHH 5 105-5 190 Mae, 
CHSITbiil: C OJlHHM H TeM )Ke HCTO':IHHKOM, 3KCTI03HUHSI N91 C)lenaHa 
1:1epea 7 1:1ac.10 MHH. rrocne Koaua o6ny':leHHH ~- Te':leHHe 5 MHH, 
BpeM'H sKcnoaHuHil: N92 1 3 14 .- 8. 1:1acoe; Ha HHX _BHJlHbi pacnan a/Ib-

zttAt ( ). 210At(. ) 209A cjla-rpyrrn a 670 a 148 1 a 898 _. H t(a 54 1) eo epeMeHH, 
Ha1:1ano sKcrroa.uuHil: N9 2 13 14 cooTBeTCTBeaao 1:1epea 19 MHH 1 8'1. 
54 MHH, H 1~ q, 56 MHH IIOCne OKOH'I8HHH SKCfl, N91, Y BCeK SKCII0-
3HUHH 0 = 4 X 10-8 OT 411 

6 .. 

PHc,3, 

, . 

Y'laCTOK anb<jla-crreKTpa OT 5,80 no 7 100 Mse H OCHOBE 
211 p - ( ) rpyrrrra o 0 156 ceK • 3KcrroaHUHH N9 113 14 nenamrc 

(aKcrr, N92 1 HJleHTH'IHaH SKCII, N91 1 Ha pHc, ae ·yKaaaHa) 
':IHH8nHCb COOTBeTCTBeHHO qepe3 16 '18C 1 32 qac,18 MHE 
14 MHH, rrocne KOHUa o6nyqeHHH. Anbcjla-rpyrrrrbt211 At( a 0 

(a 0 ) CHHManHCb B KOpOTKHX SKCII03HUHHX: BpeMeHa 9K 
10 H 15 MHH, 1 qepea 52 qaca 14 MHH. H 53 qaca 10 Ml 
KOHU8 o6ny'leHHH, 3KCII, N93-4 IIOK83b!B8JOT paCII8Jl anbc 
211 Po(a

1
a

2
)BO BpeMeHH. Bo BCeX 9KCII.03HUHSIX HCTO'IHHK 

Hb!H yron OJlHH H TOT )Ke ( 0 = 4 X 10-4 OT 4 1T ) • 

7 
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CTOK anb<fla-cneKTpa B AHana30He SHepi'HH 5,05-5,90 MsB, 
Tbli!: C OAHHM H TeM )!{e HCTO'IHHKOM, 8xcn03HUHSI NgJ CAenaHa 

3 7 'lac,10 MHH, nocne KOHUa o6ny'leHHSI !3 Te'lelJHe 5 MHH, 
MSI SIKCn03HUHi!: N92,3,4 .- 8. '18COB; Ha HHX .BHAHhl pacnaA anb-

211At ( ,. 210At ) 209At( )' pynn a 670 a 748 , , (a 898 .. H a 
541 

so speMeHH, 
ano SIKCn03HUHi!: Ng 2,3,4 COOTBeTCTBeHHO qepea 19 MHH

0 
8'1. 

HH. H 16 '1, 56 MHH nocne oKOH'IaHHSI sxcn. N9l. Y seeK sxcno
i!: 0 = 4 X 1 Q-8 OT 477 

6 

... 

~ llft:lll/l(•+ 

llfCfl./lffZ·-· 

"'At ... 
6 

5 

4 

3 x11 
\ 

2 

N 
.dl 

I 

~ 

9 

J 
7 

6 

5 

4 

3 

2 

1 

.if!O'lMJ--• "'I'\ 

.llfCIIIh+-•---· /• 

: 

"'1'\ ... 
I 

.. Po 

i 

/_,,,.. 

0 L - .wot"";L-~.> ·. ~~ ..... -... ~ r - , ... -t- r• ,~ ~ .+ , ----.--''--'----,...---::---: 
$0 &50 6IXJ a7lJ &!a IiilO J!XI J.1.o l.SO E.I""'J 

I 't~ .... ol.lr."'...,..,~~~~ 
0 I I I I I I 

PHc,3. 

~ ~ 6IXJ at1 1137 &:JI' ' $0 EJ.{Iflll 

Y'lacToK anb<fla-cneKTpa OT 5,80 AO 7,00 Mss H OCHOBH8SI anb,J,a-
211 ~· 

rpynna Po· (0,56 cex). SxcnoaHUHSI Ng 1,3,4 AenanHcb no 8 'lacos 
( sxcn. N92, HAeHTH'IHaSI sxcn. Ng 1, Ha pHc, He yxaaaaa); OHH Ha
'IHHanHCb COOTBeTCTBeHHO 'lepe3 16 'laC, 32 '18C,18 MHH, H 41'1aC, 
14 MHH. nocne KOHUa o6ny'leHHSI, Anh<fla-rpynnht211 At( a

0 
) H 211 p

0 
(a 0 ) CHHM8nHCb B KOpOTKHX SIKCn03HUHSIX! BpeMeHa SIKCn03HUHfi 
10 H 15 MHH., qepea 52 qaca 14 MHH. H 53 'laca 10 MHH nocne 
KOHUa o6ny'leHHSI, Sxcn. N93-4 noxa3hiB8JOT pacnaA anb<fla-rpynn 
211 

Po(a 1a 2)so speMeHH. Bo scex sxcno3HUHSIX HCTO'IHHK H Tenec-
Hhtit yron OAHH H TOT )!{e ( 0 = 4 X 10-4 OT 4 1T ) • 

~ 
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TopsnoTCSI Te *e anb!jla-nHHHH, "'TO H aa pHC, 1 a •. Me*J:lY nHHHSIMH H30To-
2tO 

na At a 88 H a 
140 

BHJ:lHbl J;lBe cna6bi8 He HJ:l8HTH!j:IHUHpOB8HHhle anb!jla-

rpyDDbl C SHeprHSIMH 5400 H 5418 KSB, 
211 

Ha pHc, 3 noxa3aHbi anb!jla-rpynnbt TOHxoA CTpyxTypbi Po (0,56cex) 

211 At H a -rpynna a 0 • 

8aeprHH anb!jla-rpynn H nepHOJ:lbl CD8J:l8HHSI HX HHT8HCHBHOCTeA DpH-. 

BeJ:teHbi B Ta6nHue 1. HJ:teHTH!j:IHKBilHSI 6onbWHHCTBa rpynn ocymecTBnsrnacb 

nyTeM conocTaBneHHSI saeprHH H nepHOJ:ta nonypacnaJ:ta anb!jla-rpynn c nH

TepaTypHbi~H J:lBHHbiMHo TipH onpeJ;leneHHH norpeWHOCTH SHeprHH anb!jla-"'aC

THil Y"'T8Hbl CT8TH"'8CK8SI norpeWHOCTb H3MepeHHA, TO"'HOCTb KanH6pOBKH H 

norpeWHOCTb SHeprHH KanH6pOBO"'HOA anb!jla-rpyDDbl, 
209 

B Ta6nHue 2 npHBeJ:teHbi J:tBHHbie o6 anb!jla-rpynnax H30TODOB At • 
210At , 211 At H 

211 Po • Llnsr saeprHH B036Y*J:leHHbiX cocTOSIHHA J:lO"'ep-

HHX SIJ:lep yK838Hbl nHTepaTypHbl8 3H8"18HHSI1 38 HCKniO"'8HH8M ypOBHSI 541KSB 

2oo Bi 
140 

206 8. H ypOBHSI KSB I 1 KOTOpbie BnepBbie npeJ:tnaraiOTCSI B 

J:lBHHOA pa6oTe i J;lnSI HHX YK838Hbl 3H8"18HHSI1 BbiT8K810WH8 H3 a -cneKTpa, 

.Llnsr OTHOCHT8nbHbiX HHTeHCHBHOCTeA Snb!jla-rpynn KS)K]:lOrO H30TOna J:l8Hbl 

CpeJ:lHHe 3H8"18HHSI1 DOny"'eHHbie no pa3HbiM cepHSIM H3MepeHHA, TiapuHanb

Hbie nepHOJ:lbi nonypacnaJ:tll anb!jla-rpynn onpeJ:teneHbi no OTHOCHTenbHbiM 

HHT8HCHBHOCTSIM1 nony"'8HHbiM B H8CTOSIW8A p·a6oTe 1 C HCDOnb30B8HHeM 
/1,8/ 

J:tBHHbiX o nepHOJ:tax nonypacnaJ:ta H J:tOnSix anb!jla-pacnaJ:ta • .Llong anb-

!jla-pacnaJ:ta H30Tona 210 At onpeJ:teneaa no HH~eHCHBHOCTH anb!jla-pac-

naJ:ta J:lO"'epaero H30Tona 
210 

Po ; H3 Tpex cepHA H3MepeHHA nony"'eHo 3Ha-

"18HH8 (0,175 : 0,020) %, 

Kos!jl!j:IH~HeHTbi aanpeTa (F) anb!jla-nepexoJ:tOB pacC"'HTaHbi no !jlopMyne 

/9/ 
Taarenepa H HypMHSI 
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OIScy)KJleHHe 
209 T 

Jri30Ton · At ( }) = 5~4 'laca) 

131 
B paooTe obina CJle.:JaHa nonbiTKa o6Hapy)KHTb TOHKYIO CTPYKTYPY 

209 At 131 
anbclla-pacnaJla • 0Ha obina 6e3ycnewHoA:; B paooTe yKa3aH 

BepXHHA: npeJlen HHT8HCHBHOCTH a -rpynn TOHKOA: CTpyKTypbi; 2,5% HHTeH-

CHBHOCTH OCHOBHOI"'O nepeXOJlBI 

B HacTosrmeA: paooTe HaiSniOJlanacb a -rpynna c sHeprueA: 5116~2 xss. 

B sxcno3HUHH, CHHTOA 'lepe3 75 JlHeA: nocne oiSny'leHnsr, sTy rpynny ecTeCT-
208 11 I 

seHHO C'IHTBTb rnasHoA a -rpynnoA Po ( T}) = 2,93 I"'OJla .Ea = 

= 5118! 5 17 I ) I 0JlH8KO B ISonee paHHHX SKCfi03HUHSIX STa rpynna oblna 
208 

6onee HHTeHCHBHa, 'ieM cneJlyeT Jlnsr nHHHH Po( a0 ) , npH'i8M HHTeH-

CHBHOCTb 38BHCena OT speMeHH 1 nocne Bbi'IHTBHHSI JlOnH, npHHBJln8)1{8UleA: 
208 

Po , ocTaToK oKa3ancsr cnaJlaiOUlHM c nepHOJlOM 5,4 + 0,5 '!aca H Obin 
2o9 T 181 -

npnnHCaH At , y KOToporo }) = 5,41 'iaca ; HHTeHCHBHOCTb 

I"'pynnbl - (0,10! 0,05)% OT HHT8HCHBHOCTH rnaBHOA: l"'pynfibl 
209 

At 

(5647 KSB) 1 

20~ 

06 ypoBHSIX B030Y)KJl8HHSI JlO'iepHel"'O SIJlPB Bi fiOKa HeT HHKBKHX 
20~ • Ill 

CB8Jl8HHA. CnHH OCHOBHOI"'O COCTOSIHHSI 81 H3MepeH : I = 912 
201 203. 209 1221 

( TaKoA: )Ke, KaK H y Bi , 81 H Bi ) ; rio MOJlenH o6ono-

'ieK STO COCTOSIHHe h 9 ; 2 • BenH'IHHa Koacll«<!HUHeHTa 3anpeTa ( Ta6n,2) 

OCHC?BHOI"'O a -nepexoJla 209 At fi03BOnsreT npeJlfiOnO)KHTb, 'ITO y OCHOBHO-
209 
8~ At 

211 

8~ At I 17 = 912-~ Y coceJlHero T8K)K8 1"'0 COCTOSIHHSI 
1221 

H pasef{ 9/2, MepeH 

nepBbl8 B030Y)KJl8HHbie COCTOSIHHSI y He'ieTHbiX H30TOfiOB 

CfiHH H3-

207,209,211 

83 Bi 

HMeiOT aHepl"'HIO 6onee 400 KSB H npeJlnonaraeMbie KBaHTOBbie xapaKTepHc-

" -THKH I = 712 - ( COCTOSIHHSI fr /2 ) . 
• 209 

EcTeCTBeHHO npeJlnonO)KHTb, 'ITO HaA:JleHHasr HaMH a -rpynna At 
- 20~ 

c E a = 5116 KSB HanpasneHa Ha ypoBeHb 541 KSB (7 12 ) Bi I XoTsr 

I 

~ 

11 
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'. 

HHTeHCHBHOCTb a -l"pyiiiibl 5116 K9B B Tb!CSI'Iy paa MeHbille HHTeHCHBHOC

TH l"naBHOA I"pyiiiibl 1 ee KOS~~HUHeHT aanpeTa 6nH30K K K09~HUHeHTy 38!1-

peTa l"naBHOA l"pynnbl, 

_DpeJlnonal"aeMaS{ cxeMa pacnaJla H3o6pa)KeHa Ha pRe. 4. 

210 

l130TOI1 At ( '1\(, = 8.3 'laca) 

/2/ 210 
Xo~~ 1 Hay'laSI TOHKYIO cTpyKTypy H30Tona At Ha Mal"HHTHOM 

anb~a-cneKTpol"pa~e 1 o6Hapy)I{Hn TpH anb~a-l"pynnbJ1 B03HHKSIOlliHX npH 
210 

pacnaJle At ; HX aHepl"HH H HHTeHCHBHOCTH: -.5519 KaB (32%) 1 

5437 KSB ( 31%) H 5355 KaB ( 37%). KpoMe nepe'IHCneHHbiX1 HSMH 6bmH 

HSHJleHbl ellle TpH paHee He H3B9CTHble 6onee cnaOble nHHHH C 9Hepl"HSIMH 

5465; 5386 H 5131 K9B 1 y KOTOpblX nepHOJl CI18Jl8HHSI HHTeHCHBHOCTH COB-

!18Jl8eT C nepHOJlOM paaee H3BeCTHbiX I"pynn, 
/2/ 

Anb~a-I"pynnbi 1 yKaaaHHbie B pa6oTe 1 onpeJlenSIIOT Boa6y)KJleHHbie 

ypOBHH 206 Bi T ~ = 6 13 Jl) c aHepl"HSIMH 82 H 164 KaB, Hail:JleHHble 

HSMH a -I"py!1!1bl YK83b!B810T Ha cymeCTBOBaHHe ypOBHeil: C 9Hepl"HSIMH 

59 10+2 10; 140+2 H 401 +4 K9B, 
- li91 
Ap6MaH H3y'lan pacnaJl 2o6 Po 2~6 Bi ( T~ "' 8 18 JlHSI); OH 

Halllen 33 nepeXOJla Me)KJlY ypoBHSIMH 206 Bi H cpeJlH HHX nepeXOJlbl C 

aHepl"HSIMH 59 19; 82 1 9 H 14016 K9B 1 KOTOpb!e MOI"yT Ob!Tb HanpaBneHbl H8 

OCHOBHOe COCTOSIHHe 
206 Bi 1 a TSK)Ke nepeXOJlbi c aHepl"HSIMH 106 1 1 H 

338 1 4 KaB 1 KOTOpbie MOI"YT ObiTb yno)KeHbl ¥e)KJlY yKaaaHHbiMH _ypoBHSIMH 

206 Bi , KpoMe TOI"O, B aToil: pa6oTe Ha6nJOJlanacb aneKTpOHHaSI nHHHSI c 

SHepl"Heil: 168,2 KSB 1 KOTOpaSI MO)KeT Ob!Tb HHTepnpeTHpOB8H8 KSK K2_58,7; 

nepeXOJl C TSKOH 9Hepl"HeA TO'IHO yKnSJlbiBaeTCSI Me)KJlY ypOBHSIMH 398 13 H 

140 16 KaB, Bee 9TH nepeXOJlbi yKaaaHbi Ha cxeMe (pRe. 5); ecnH paaMe

meHHe IIepeXOJlOB Ha pHC, 5 !1p8BHnbH0 1 TO aHepl"HH ypOBHeil: HMeiOT 3H8-

'leHHSI1 IlpHBeJleHHble cneaa. 

12 

... 

. .. no) :>- nj 
~ ~ 
~ 
C1 1tl ~lta -~ "' lt") 

~ 

lL. lrlN 
..J-("1) 

-'o .... 
~ 

~~ 

~! ~e 
'--

C\1 
~,....., +I 

'0 (() 
lJ.J ~ ~ 

....... 1.0 

'i'""' 
~ ~ 

:;o ~ 
lo I tl) .... 

~~ ~ 

13 

I 

~ 
0 

't 
~ 

~ 

(?, 
~: 

~---------------------------------



HOCTb a -rpynnhl 5116 K:3B B TbiCSI'IY pa3 MeHbWe IIHTeHCIIBHOC

oJ.i rpynnhi, ee Koa<fJqmulleHT aanpeTa 6nii30K K K0:34J4lllulleHTY aan-

BHOJ.i rpynnhi, 

nnonaraeMaR cxeMa pacnana 11ao6pa*eHa Ha p11c. 4, 

210 
l1aoTon At ( 1\{ = 8.3 "'aca) 

121 210 
4J 

1 
H3y"'aR TOHKYID CTpyKTypy H30TOna At Ha Mai'HHTHOM 

eKTporpa<fJe, 06Hapy*lln Tpll anh4Ja-rpynnhi1 B03HHKaiDWHX npH 
210 At ; HX aHeprHH 11 HHTeHCHBHOCTH: .. 5519 K:3B (32%), 

( 31%) H 5355 K:3B ( 37%). KpoMe nepe"'IICneHHhiX, HaMil 6hmH 

ewe TpH paHee He H3B8CTHbie 6onee cna6bl8 nHHIIH C :3HeprHRMH 

86 II 5131 K:3B, y KOTOpblX nepiiOll cnanaHIIR HHT8HCIIBHOCTH COB-

nepHOUOM paHee 113B8CTHblX rpynn, 
/2/ 

<tJa-rpynnhi, yKaaaHHbie B pa6oTe , onpenenRroT Boa6y*neHHhie 

2o6 Bi T X = 6,3 n) c aHepriiRMH 82 11 164 K:3B, HaJ.l:neHHbie 

-rpynnbi yKa3hiBaiDT Ha cymecTBOBaHIIe ypoBHeJ.i c :3Hepr11RMH 

0; 140+2 H 401 +4 K:3B, 
/l9/ -

6MaH 113y'l!an pacnan 2o6 Po 2~6 Bi ( Tx = 8,8 UHR) j OH 

3 nepexona M8*llY ypoBHRMH 206 Bi H cpenH HHX. nepeXOllbl C 

II 59,9 j 82,9 II 140,6 K:3B 1 KOT0pb18 MOI'yT 6hiTb HanpaBneHbl H8 

COCTORHH8 206 Bi , a TaK*e nepeXOUbl C :3H8pi'IIRMH 106,1 H 
I 

MOI'YT 6hiTb yn0*8Hbl M8*llY yKa3aHHbiMH .YPOBHRMH 

B aToJ.i pa6oTe Ha6nronanacb aneKTpOHH8R nHHIIR c 

" 168,2 K:3B, KOTOpag M0*8T 6biTb HHTepnpeTHpOBaHa KaK K258,7 j 

C TaKOJ.i :3H8pi'118J.i TO"'HO yKn8UbiBaeTCR M8*llY ypOBHRMH 398,3 II 

B, Bee :3TH nepexonhi yKaaa.Hhi .Ha cxeMe (pH c. 5); ecnH paaMe

epexonoB Ha pHC, 5 npaBHnbHO, TO :3H8pi'HH ypOBHeJ.i HM8IDT 3Ha-

pHB8ll8HHbl8 cneBa, 
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206 206 
flpH pacnalle Po ... Bi B030Y)KA810TCSI MHOI'He ypOBHH, He 

yKaaaHHhie Ha pHc. 5, CpellH HHX HaH6onee HH3KO ne)KaT YPOBHH 280,7K9B 
+ + + 

(8 ,4 ) H 512,8 K9B ( 4 ) ; Mbl He HaoniOAanH HX B030Y)KlleHHSI npH pac-
210 • 

naAe At ( a -rpynna, HanpaanSIIOIUSSICSI Ha ypoaeHb 280,7 KaB, nepeK-
210 

pbiBaeTCSI c rpynnoil: a 
0 

Po). 

206 . 1T + 
81 H3MepeH: I = 6 • CornacHo CnHH OCHOBHOI'O COCTOSIHHSI 

1201 
pac'l:eTaM BanboopHa , y 1T + COCTOSIHHSI C 9Hepi'Heil: 59,9 K9B I = 4 

1 

a y COCTOSIHHSI 898,3 K9B I 17 3+. 

Koa<jJ<jJHuHeHThi aanpeTa F AnSI paaHbiX rpynn HMeiOT oTnH'l:aiOIUHecSI 

3Ha'l:eHHSI ( pHC, 5 H Taon, 2), - 21lJ1.t 
85 

211 
VlaoTon At ( T};i = 7.21 qaca) 

121 
VIa paooTbi Xo<jl<jla H3BeCTHa OCHOBHaSI anb<jla-I'pynna c aHepi'HeA 

5862 Kaa; yTO'l:HeHHOe aHa'l:eHHe 9HeprHH - 5868 K9B 111• Mbi o6Hapy)KHnH, 

ilOMHMO 9TOii, erue ABe I'pynnbi TOHKOH CTpyKTypbl anb<jla-cneKTpa 211 At 

c aHepi'HSIMH 5210 H 5141 Kaa; 9TH nHHHH OTHeceHbi K H30Tony 211 At no 

nepHOAY nonypacnatla, C llOOaaneHHeM 9Hepi'HH ·SillepHOH 0Tll8'1H .pa3HOCTb 

HX 9HeprHil: H 9Hepi'HH OCHOBHOI'O nepeXOA8 668 ~ 2,5 H 739 ~ 3 K9B - TO'I

HO COBnaAaeT C 9Hepi'HSIMH B030Y)KAeHHSI nepBOI'O H BTOpOI'O ypOBHeH 
12112o7 . 201 

669,8 H 742,9 K9B 81 , KOTOpbie H3BeCTHhi ua pacnaAa Po 

T-};! = 5,7 qaca). 

3Ha'l:eHHSI CilHH8 H 'leTHOCTH ypOBHSI 742,9 K9B - 712 H B03MO)I(Hble 

3H8'l:eHHSI AnSI ypOBHSI 669,8 K9B (712-; 912- f!nH 1112-) npHBeAeHbl B pa-
121 I 

6oTe • CxeMa pacnaAa noKaaaHa Ha pHc, 5, 

V!aoTon 
211

p0 ( TYa =-0,56ceK) 

211 
Anb<jla-pacnaA HaoTona Po 12 11 I 

HCCneAOBSH B paOOTaX 1 
, flpH 

H3MepeHHSIX c noMOIUbiO HOHHaauHOHHOH KaMepbi ObinO o6Hapy)KeHo TPH 

14 

_. 

o( 0,18±0,02% 

Qo<-5.631 M3o 

E 
(K3~J 

398,3 3+ 

338,1, 

• .m 

Eo< 
(K3oJ 

-5131 :t3 

2581 1 )~·!J} 
! /J '// 
' !'i1--536f .tf 

-----1_,___-+-..--.....~~~r --5386 .t 1 

--r--~~--+----J,f! 1- 51,42,0 ±1,5 
.'~51,65,0±1,5 

....................... _ __, - 5521,,0 :!:1,5 
206 
B3BL 6.24a 

Joe 
(OTH.J 
1,2.t0,4 

83t6 
/I, :!:2 

95±6 
26!:2 
100 

PHc,5. CxeMa anb<jla-pacnaAa 210 At. 

15 
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Ae 206 Po -> 206 Bi aoa6y)I(ABIOTCSI MHOI"He ypOBHH, He 

HC, 5, CpeAH HHX HaH60nee HH3KO ne)I(BT ypOBHH 230,7KSB 
+ 

KSB ( 4 ) j Mbl He Ha6niOABnH HX B036y)I(AeHHSI ITpH pac-

a -rpynna, HanpaanHIOmaHcH Ha ypoaeHb 230,7 Ksa, nepeK-
210 

nnoii: a
0 

Po). 

BHOI"O COCTOSIHHSI 
206

8i 
+ 

H3MepeH: 177 = 6 • CornacHo 
1201 

opHa ' y 
17 + COCTOSIHHSI C SHepi"HeA 59,9 KSB ( = 4 , 

398,3 KSB 1 77 3+. 

HTbl aanpeTa F AnSI pa3HbiX I"pynn HMeiOT OTnH'IBIOII{HeCSI 

5 H Ta6n, 2), 

211 

11aoTon At ( T}\l = 7,21 tJaca) 

121 
I Xo<fl<fla 1!3BeCTHa OCHOBHBSI anb<fla-rpynna C SHepi"Heii: 

eHHOe 3HatJeHHe aHepi"I:II:I - 5868 Kaa 
171

• Mbt o6Hapy)I(Hnl:l, 

me ABe rpynnhi TOHKoii: CTpyKTypht anb<fla-cneKTpa 211 At 

10 H 5141 K9Bj STI:I ni:IHI:II:I OTHeCeHbl K 1:130TOny 211 At no 

nana. C no6aaneHI:IeM aHepi"I:IH S!AepHoii: OTAB'IH .paaHOCTb 

epi'I!I:I OCHOBHOI'O nepeXOAa 668 ~ 2,5 1:1 739 ~ 3 K9B - TO'I-

9Hepi'HSIMI:I B036Y)I(A9HI:ISI nepBOI'O 1:1 BTOpOI"O ypOBHeii: 
1211207 . 207 

sa 81 , KOTOphte ~:~aaecTHhi H3 pacnana Po 

a) • 

ITI:IHa 1:1 '19THOCTH ypOBHSI 742,9 K9B - 712 H B03MO>K.Hble 

OBHSI 669,8 KSB (7 12- j 912- 1:1n1:1 11 12-) ITpi:IBeAeHbl B pa-

a pacnana noKaaaHa Ha p1:1c, 5. 

21 I ( 
11aoTon Po T}\l = 0,56ceK) 

211 12,11 I 
an 1:130Tona Po HccnenoaaH a pa6oTax • Dp1:1 

ioMombiO I:IOHI:Iaaul!oHHoii: KaMephi 6htno ooHapy)l(eHo TPH 

14 

_,.: 

210 t 
85~ 8,34. -o<0,18t0,02% 

33. 

E 
(K36J 

/I Q"'-5.631 M36 

I J Eo< Joe F 
/ ,. . (K36J (OTH.J 

398,3 3+ 5131 '!:3 1,2t0,4 350 

338,4 

258,1 I 
.u 

~
ij, . 

-~: ,. 

I 'II ~ 
166,0 I ' r/)1_536f t 1 
14o,s .t ~r--5386tf 
B2 9 Mas ros,t jl· I_ 5442 o ±1.5 

• 4+ I t · • · • 
59,9 829 !599 '-------.51,65,0±1,5 

0 B+ .. , - 5524,0 :t1,5 
2068. 
83 L 6.24o 

83t6 
Jl, :t 2 

95±6 
26:t2 
100 

PHc.5, CxeMa anb<fla-pacnana 210 At. 
~ 

15 

150 
1200 
330 

-1600 
810 
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E 
(K3!J) 

~ .r~-) 

68."'-

o r%-J 

..-
;,. 

·ga 30" 
83 

%{-} 211 t 
'2 85 )\ 1,2111. 

1/ CX41,B;ta2t. 
- 3.3. 

Q-~9791'136 

Ed. J« F 
(K3S) (OTH.) 

-3 
5f«J±3 ( ':t2J>c40 200 
524o±~5 ( 1~'!:0,2)x«i'2 fJI8 
5866±2 400 lt5,8 

llll 
PHc;.6, CxeMa an&cfla-pacna.Qa At. 

16 

anh<j>a-rpynnbi TOHKOA CTpyKTYPbi C SHepi'HSIMH 6,90 Msa ( 0,5~ 
/2/ 

(0,48%) H 6,34 Msa (0,07%), Xo<l><!> Hawen ABe nepabiX mt 

6,895 Msa (0,5%) H 6,569 M9a (0,53%), HO He Hawen TpeTbe 

'ITO HeT anh<j>a-rpynn, COCTaBnSIJOIUHX no HHTeHCHBHOCTH 0,02% 

rpynnbi B AHana30He aHeprHA OT 6,26 AO 6,57 Mas, 
/12 13 14/ 

B AanhHeliwHx pa6oTax ' ' yAaaanocb o6Hapy)I{HTf 
211 

nepay10 anb<j>a-rpynny TOHKoA CTPYKTYPbi Po. 

B Haweii pa6oTe B anh<j>a-cneKTpax nHHHil TOHKOA CTpyKT; 

(0,56 CeK) 6892 H 6570 KaB '18TKO npOSIBHnHCb, BepXHHii npE 

-3 CHBHOCTH nHHHli B HHTepaane 5,88-6,43 Mas "'2•10 %, 
/15/ 

Pac'!eThi, npoaeAeHHbie a pa6oTe , noKaaanH, 'ITO O:lt 

HHT8HCHBHOCTb anh<j>a-rpynnbi AnSI nepeXOAa Ha B036y)I{A8HHbiH 

207 Bi c aaeprHeA 1633,1 Kaa ( Ea "'5845 Kaa), pasHa (3-50) 

OCHOBHOH rpynnbi; B HaWHX H3MepeHHSIX o6Hapy)I{HTb ee 6binO I 

H3-3a TOI'O, 'ITO OHa HaXOAHTCSI Ha cnaAe O'leHb HHT8HCHBHOH l 

anb<j>a-nHHHH 
21 1 

At( E a= 5866 KSB). 
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( 1;Jtq2)X10-2 

100 

211 PHco6. CxeMa anb«Pa-pacnaaa At. 

16 

.,.. 

F 

200 
fll8 

+5,8 

anbcjla-rpyrrrrbi TOHKOA CTpyKTYPbi c aHepi'HSIMH 6,90 MaB ( 0,57%), 6,57 MaB 
. ) n; 

(0,48%) H 6,34 MaB (0,07% • XocPciJ Hawen .QBe rrepBbiX nHHHH -

6,895 MaB (0,5%) H 6,569 MaB (0,53%), Ho He Hawen TpeTbeii H yKaaan, 

'ITO HeT anbcjla-rpyrrn, COCT8BnSIJOlUHX DO HHTeHCHBHOCTH 0,02% OT OCHOBHOH 

rpyrrnbi B .QHarraaoHe 3HeprHA OT 6,26 ao 6,57 MaB. 
/12 13 14/ 

B aanbHeAwHx pa6oTax ' ' yaaBanocb o6Hapy)KHTb TonbKO 
21 I 

IIepByJO anbcjla-rpyrrrry TOHKOH CTpyKTypbi Po. 
211 B HaweA pa6oTe B anbcjla-crreKTpax nHHHA TOHKoA CTpyKTYPbi Po 

(0,56 CeK) 6892 H 6570 K3B '!eTKO IIpOSIBHnHCb 1 BepXHHH rrpeaen HHTeH-

-3 CHBHOCTH nHHHH B HHTepBane 5,88-6,43 MaB ""2•10 %, 
/15/ 

Pac'!eThi, rrpoBeaeHHhie B pa6oTe , rroKaaanH, 'ITO O)KHaaeMaSI 

HHTeHCHBHOCT!=> anbcjla-rpyrrnbi anSI rrepexoaa Ha Boa6y)KaeHHbiA ypoBeHb 
207

Bi c aHeprHeA 1633,1 K3B ( Ea ""5845 KaB), paBHa (3-50)·10-5 % oT 

OCHOBHOH rpyiiiiblj B H8WHX H3MepeHHSIX 06Hapy)KHTb ee 6btn0 HeB03MO)KH0 

H3-3a TOT'01 'ITO OHa HaXOaHTCSI Ha crraae O'leHb HHTeHCHBHOH OCHOBHOH 

anbcjla-nHHHH 
21 1 

At( E a== 5866 K3B). 
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