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8 HacroRu.teW pa6ore paccMorpeHbl cxeMbl a -pacnaAa He4eTHo-

He4eTHbiX HYKilHAOB 210 •208 •206 •204 At Ill 212 .fr Ha OCHOSe pe3y!lb-

TaTOB aHa!lH3a 31<CnepHMeHTa!lbHbiX ,QaHHbiX, nony4eHHbiX HaMH B pa-

60Te It!. 

METOAHKA AHAflH3A Aflb~A-nEPEXOAOB 

KnaccH¢HKat~Hfl a -nepexO,QOB npoeO,QHnacb npH nOMOu.tH npe,qno

)l(eHHOro a pa6orax /2,3/ nosepxHOCTHOro cneKTPOCKOnH4eCKOro ~aK

ropa a -4aCn1~bl - 'WL/ L - op6HTa!lbHblf:1 MOMeHT OTHOCHTe!lbHOrO ,QBH

)I(eHHfl a -~.~acrH~bl H ,Q04epHero R.Qpa/. Bemot4HHa ¢aKropa W Lon

pe,QenRer eepoRTHOCTb Haxom,qeHHA a -~.~acTHL.Ibl e KnacrepHoM o6nac

TH RApa. 0TMeTHM 1 4TO $aKTOp WL RBJlAeTCA aHaJ10fOM npHee,qeHHOW 

wHpHHbl a -pacna,qa - y~ (R 0 )
14 1 • no sem14HHe W L see a-nepexO,Qbl 

pa3,QeJ1eHbl C y4eTOM 3¢$eKTa cnapHSaHHA HYK!lOHOB Ha TpH THna, 

Ha3biBaeMble COOTBeTCTBeHHO 06Jlef4eHHbiMH, nonyo6ner4eHHbiMH Ill 

Heo6ner4eHHbiMH/ 2/. npH o6.ner4eHHOM nepeXO,Qe a -4aCTHI.Ia ¢lopMH

pyeTCfl 1113 cnapeHHbiX HeiliTPOHOB 111 npoTOHOB I L =0/. npH nonyo6-

ner4eHHOM nepexo,qe $OpMHpoeaHHe a -~.~acTHllbl npOHCXOAHT c paapbl

soM O,QHOili napbl HYKilOHOB B npOTOHHOili 11111111 HeiliTpOHHOili nO,QCHCTe

Max; np111 Heo6ner4eHHOM nepexo,qe - c paapbteoM HeilirpoHHoili H npo

TOHHOH- nap HYKI10HOB. CHCTeMaTHKa BeJ1H4HH W L Ill $aKT0pOB aanpe

ra- HFL paCCMOTPeHa B pa6orax /2,5-7/. 3Ha4eHHfl W L=O H HF L=O 

AilR o6.ner4eHHbtx, nonyo6ner4eHHbiX 111 Heo6.ner4eHHbiX a -nepexo

,qoe HaXO,QRTCR B npe,qenax COOTB.eTCTBeHHO: W L -0 =1 ·1 Q - 4 -2 1 5 • 1 o-S 
. -6 -5 . - 1 -7 -6 

HFL~O ~5;WL~O =7.10 -3.10 , HFL=O 2;15; WL~O =5· 0 -2.10 

HF L 0> 200. $aKropbt aanpera aaropMomeHHbiX o6ner4eHHbiX nepexo-
== - /2.5-7/ 

,QOB HaXO,QRTCR 8 HHTepeane 5-15 ' , 
8 HacroAu.teW pa6ore 3Ha~w~eHHA WL pacci..IJ.1TbteanHcb npH noMOil.ll-1 

Mero,qa, 1113IlO)I(eHHoro alB!, no cne,qytol.l.leili cj)OpMyne 121 

R2 

w L = J I<P L(R)I 2 dR. /1/ 
Rl 

Pa,qlllailbHaR BOilHOBaA $yHKU.IIIA 1/J L(R) B Ill, Ont.1CbiBaiOIJ.IaR OTHOCH

Te.nbHOe ,QBH»<eHHe t~eHTpa HHept.~V1V1 a -4aCTH~bl Ill ,Q04epHero fi,Qpa 

8 no,q6apbepHOili 06!laCTJ.1 1 ABilReTCR peWeHHeM O,QH04aCTV11..1HOrO ypae

HeHHA Wpe,QHHrepa 121 . npH pac4eTax w L 3Ha4eHJ.1fl R 1 J.1 R 2 8 I 1 I' 
napaMerpbt c¢lepH~w~ecKoro R,qepHoro noreHt.~Hana 8y,qca-CaKcoHa "' rpa

HI-14Hble ycnoeHR 8 ypaBHeHI-11-1 Wpe,qHHrepa 6biilH raKHMH me, KaK H 8 

pa6oTax 15·7, 9/. 3Ha4eHHR 3Heprl-1ili a -nepeXOAOB - Qa 111 napt~Hanb-

HbtX nep~t~o,qoe no!lypacna,qa - T B3ATbl cornacHO 3KcnepHMeHTailb-

HbiM AaHHbiM 1113" HaweW pa6orbt 1tf. 

I 



3Ha4eHHR HF L ,qnR He4eTHo-He4e~ HYK11HAOB onpe,qell.AllHCb 
cornacHo 16•71 113 otHoweHH.A HFL.= WL~o/Wr_ .. r,qe WL pacc4~tt:raH A11R 
·a· .._nepexo,qa paccMaTpl-laaeMoro HyKnH,qa c aTOMHbiM HOMepoM Z, a 
WL=O eCTD nonycyMMa 3Ha4eHHH WL=OA11R o6ner4eHHbiX a -nepexo,qos 
,qayx coce,qHHX 4eTH0-4eTHblx HYK11HAOB c Z -1. TeopeTI-14eCKJ.1e 
aHa4eHI-1R HF~Tj0 eaRTbl ~t~a pa6oTbl 171 , r,qe OHI-1 nony4eHbl Ha ocHo
ee TeopeTH4eCKHx a -wl-lpvtH, pacc4~;~TaHHblX e CsepxTeKy4eH Mo,Qen~;~ 
RApa. 

KaK MO>KHO BYI,QeTb Yl3 p~~tc. 1-4, r,qe npYJse,qeHbl npe,qno»<eHHble 
HaMVI cxeMbJ a -pacna,qa 210,208,2.06 At 1-1 21 2 Fr, 3Heprl-1vt ypoeHei:i 
R,qep eHcMyTa 11 acT aT a, aacen.AeMbiX a -nepexo,qaMH, He npeBbiWSIOT 
0,5 M38. OcHOBblBSRCb Ha coaoKynHoCTH peaynbTaToB 3KcnepYJMeH
Ta1lbHblX H TeopeTH4eCKVIX VICC1le,QOB8HI-1tf cneKTPOB ypOBHei:1·He4eTHOHe\..leTHbiX A,qe:p 208,Bi/t01, 206Bi /11,121, 210At/13/ 11 208At/14/ 
MO>KHO c,qellaTb BbiBO,Q, 4TO npH a -pacna,qe 210 •208 •206 •204 At 111 212.F; 
8 ,Q04epH11X R,qpax 6y,qyT B036y~,Q8TbCR COCTORHHR, rnaBHble KOMno
HeHTbl BOllHOBbiX ¢YHKU,HH KOTOpbiX npe,QCTaeneHbl TpeMR Hei1TpoH-
npOTOHHbiMH MYllbTHnlleTaMH: [ p (!h 912 ) 1 ll (2f 5 ; 2 ) 1 J 2 +- 7+ ; 
[p(lh9!2)1 n(3P1!2)1l4+ s+; [p(!h9/2 J'n(3Pa/2 )1ls+-s+. 
noRBJleHHe ypOBHei:1 MynbTHnJleTOS ,qpyrJ.1X KOH$Hrypau,Hi:1 B paCCMaT
pHeaeMbiX R,qpax avtcMyTa, acTaTa Yl $paH4HR cne,qyeT omvt,qaTb np~ 
3HeprvtRx eoa6y>K,QeHHR 6onee 0,5 MaB. 

TaK KaK npw a -nepexoAax npoTOHHOe o6ono4e1..1HOe cocTORHHe -
1h 9;2 8 YK838HHbiX MYJ1bTHn1leTaX He MeHR€TCR, TO MO>KHO O>K~,qaTb, 
4TO BC'e a -nepeXO,Qbl HYKJ1t.i,QOB acTaTa H ¢paHU,I-1R C H3MeHeHvteM· 
HetiTpOHHOrO 060I104e4HOrO COCTORHI-1R 6y,qyT nony06J1er4eHHbiMH. 
Anb~a-nepeXOA~ Me~AY ypOBHRMVI O,QHOro MynbTvtnlleTa AOJ1mH~ 6~Tb 
o6ner4eHHbiMH, ecn1-1 JT = J; , Yl nonyo6ner4eHHbiM~, ecm1 J7 I: J; . 

CXEMA Allb<M-PACnA.QA 210 At 

npeAJ10>KeHH8R HaMYI cxeMa a-pacnaAa 210 At /pvtc. 1/ OTI11-14aeT-
CR OT paHee H38eCTHbiX /1S,l6 / l-peM.R HOBbiMH ypOBHRMVI 206 Bi C 3Hep
rHRMH 69,6K38, 287,8K3B H 356,1K3B. YpoeeHb 389,3K3B/151 ~cKn~-
4eH 1113 CXeMbl,nOCKOJ1hKY COOTBeTCTBYIOU,\vtH a -nepexo,Q He 06Hapy>KeH It/ 

CnHH OCHOBHOrO COCTORHI-1.R 206 Bi: J" = 6+ onpeAelleH MeTOAOM 
aTOMHOrO ny4Ka/17~ nOJ10>KHTeJ1bHaR 4eTHOCTb H KOH$Hryp841-1fl 
[p(lh 912 ) 1 nj2f 512 ) 1 l AaHb< no MOAellH o5ono4eK /11,12.1 71 . 
B pa6oTe /13 Ha ocHoee aHanvtaa cxeMbl pacnaAa H30Mepa 210m At c 
J7T =15- npHni-1CanH OCHOBHOMy COCTORHIIIIO 2tO At 3Ha4eHI-1R J" =5+ 
H K0H¢lHrypa~H~ [p(!h912 ) 1n(3Pl/2) 1]. npeAnOJlOlKHB TaKHe >Ke 
xapaKTepvtCTHKH All.A 21° At, aaTOPbl/tB/ nony4vti1vt xopowee cornac1-1e 
A11R a -nepexo,qoe TeopeTvt4ecKvtX aHal.leHvtH y E<R 0 ) c 3KcnepJ.1MeH
T8!1bHbiMH 1-13 pa6oTbl 1151 • C 3THMVl peay.nbTaTaMH cornacyeTc.R nony
o6.nerl.leHHbH1 TYin nepexo,qa a 0 /p1o1c. 1 I. 
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B npe,Qenax T04HOCT~ onpe,Qe
,QeneH~~ 3Hepr~~ yposHe~ R,Qpa 
206Bi - /0,5-3/ K36 H3 t.Qa 

MOmHO C4HT8Tb, 4TO a-nepexo

,Qbl a 60,a 70 ,a 83 1-1 a 356 l1AYT Ha 

YPOBHH 206 Bi: 59,9 K38- 4+; 
70,8 K3B - 3+; 82,8 K36 - 5+ 
H 352,7 K36 - /4,3/+, H3eecy
Hble 1-13 cxeMbl pacna,Qa 206 Po_,. 
-). 206Bi 1121, a nepexoA a 140 aa-
cenReT ypoeeHb 140,4 K3B - 7+, 
KOTOpbiH B036y>K,QBCTCR npY! pac
na,Qe I-130Mepa 206m Bi c J" = 
=1 Q- ItS/. TaKOC1 )f(e BbiBOA OTHO

CYITeJ1bHO ypOBHeH 82,8 K36 H 
140,4 K3B c,QenaH s pa6ore 1161, 

r,Qe Ha6n~AB11H a-y-cosna,QeHHR 
Me>K,Qy a -4aCTI-1~aMI-1 nepeXO,QOB 
a 83 1-1 a 140 \.11 y -KsaHTSMH C 

3HeprHRMH 83 H 140 K36 COOT
BeTCTBeHHO. 

nepexo,Q a 83 no se.niii4HHe HF =11 cne,Qyer Cl.IHTaTb o6ner4eHHbiM. 
YposHIO 82,8 K3B asropbl/12/ nptrm1r1cam1 xapaKrepY!CTI-1KH J 77 =5+ no 
cxeMe pacna,Qa 206 Po_,. 206 Bi. B aroM cny4ae 1113 o6ner4eHHOCTY! ne
pexo,Qa a83 I L =0/ cne,Qyer, '-lTO OCHOBHoe cocroRHI-1e 210 At J.o1MeeT 
xapaKTepi-1CTI4KI-1 J" =5+ a cor.nac1-1r.1 c pa6oTaMio1/13,161. XoTR 3Ha4e

HHe J" =5+ H KOH<IJHrypaijHIO (p(lhg; 2 ) 1 n(3p 112) 1 ] AnR 210 At 
He.J1b3R C4'-1TaTb CTporo AOKa3aHHbtM14, He06XOAJ.o1MO OTMeT'-'ITb, 4TO 

COC6~HJ.o1e J.130T0Hbl 208Bi V1 2 12.fr TO>t<e vtMeiOT xapaKTep'-'ICTJ.o1KJ.o1 J 
11 

= 

=5+ 10•191• KpoMe Taro, pac4eTbl noKaaa.na-1 1101, 4TO rnaBHblM KOMno-
HeHTOM OCHOBHOrO COCTORHJ.1R 208 Bi TaK>I<e RBJl.R6TC.R KOH¢l'-'trypat.tV1R 
[p(lh 9; 2 ) 1 n(3p u 2 )

11. 
YposeHb 166,4 K38 /p1-1c. 1/, o4eBV1AHO, eoa6ymAaeTc.R '-'~a peaK-

U.I-11-1 204Pb(a, d) 206 ·Bi 1207, rAe ero 3HeprV110 onpeAenl-1.nvt paaHoe1 

/164+1/K38. 3TOT ypoaeHb paapR>I<aeTCR a-nepeXOAOM 8 OCHOBHOe 

cocT0RHJ.1e 206·Bi, cor .nacHo. pa6oTe 1161 , rAe Ha6J110Aa111-1 coanaAeHIIIR 
Me»<AY a -4aCTJ.o1LtaMJ.o1 nepeXOAa a 166 1-1 y -KaaHTaMI-1 c 3Heprlo1e~ 

/167+2/ K3B. Anb<t>a-nepexOA Ha 3TOT ypoaeHh no eenH4HHe HF =4,1 
RBJlReTC.R o6.ner4eHHbiM. no3TOMy COCTO.RHI;110 166,4. CJleAyeT np~t~n\.1• 
caTb. KBaHTOBble xapaKTepi-1CTJ.o1KJ.o1 J"=s+. TaKI4e »<e xapaKTep~t~cTt.1KJ.1 
AJl.R 3Toro YPOBHR npeAJ10>t<J.I1J1J.1 B pa60TaX /15,16/, 

CyutecTaoaaHio1e ABYX o6ner4eHHbtX a -nepexOAOB y 210 At, i-13 Ko

Topb!X OAIIIH - a 83 - 3aMeTHO 3aTOPMO»<eH, MO>KHO 06'b.RCHHTb, C116AYR 

pa60TaM 116•211, pacnpeAeJleHl-teM M6>1<AY YPOBHRM1o1 82,9 K38 - 5+ Yl 
166,4 K36 - 5+ ABYX4aCTH4HOro COCTORHHR (p(lh 912 )

1 n(3p 112 )
1]. 
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Tat5JIHIJ;a I 
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·-- < 

Jlo.u · l aocn o< - 3&epru ~· 
1!yMQ T I/2 0( -po0tt8Jlll [ 0( ~~~88" 0(- YjlOliiiJl .... - Eg w L H F L 

% K8B ;-peCIIaJlOB JtOq.Slijl8 t. 

I 2 3 

2IOAt 8,3• < /40/ O,I8 (2) 

i IC8B 

4 5 6 

5524,3 30, 5( 9) 0,0 

5465,5 7,2(3) 59,9 

5456 0,40(6) 69,6 

5443,0 28,4(I5) 82,9 

5387 4,6(3) I40,0 

536I,I 

5242 

27,8(20) I66,4 

0,9(I) 287,8 

7 8 

0 5,I4(5) 

2 4,92(5) 

0 5,46(5) 

2 5,24(5) 

0 6,68(8) 

2 6,45(8) 

0 4,75(5) 

0 5,25(6) 

2 

0 

0 

5,02(6) 

4,33(6) 

5,I9( 7) 

9 

27(3) 

I6(2) 

56( 7) 

33(4) 

920(I70) 

540( IOO) 

II(I) 

34(4) 

20(3) 

4.I(6) 

30(5) 

2 4,96(7) I8(3) 



Ta6nH~a 1 /npoAofl*eHHe/ 

I ! 2 ! a ! 4 ! 5 ! 6 ! 7 ! 8 ! 9 

5!75 a,2I(6) 356,1 a 5,42(13) 50(15) 

2 5, 19( 13) 3a(9) ------------------------------------------------212Fr 2a,6(3)• 44(5) 64a5 22(I) a,a a 4,66(6) 17(2) 

2 4,44(6) ra(I) 

6383 24(I) Zl,5 a 4,53(5) 13(2) 

6342 3,a(2) 64,2 a 5,26(6) 70(1a) 

2 5,04(6) 41(6) 

6335 IO(I) 71,3 0 4, 70(6) 19(3) 

2 4,48(6) 12(2) 

6262 37(5) 147,7 a 3 ,83( 7) 2,5(4) 

6183 I,3(I) 226,3 a 4, 94(6) 33(5) 

2 4, 72(6) 2a(3) 

6173 1,1(1) Zl6,5 a 4, 96( 7) 35(6) 

2 4,74(7) 21(3) 

6127 1,2(1) 283 a 4,72(7) 2a(3) 

6a76 a,41( 5) 335 a 4,97(7) 36(6) 

"' 
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Ta6nHQa 1 /npo~o~eHHe/ 

2 3 4 5 6 ! 7 8 9 

5983 0,07{3) 430 0 5,30(!6) 76(28) ------------------------------------------------208At !,63(3)ql26/ 0,55(5) /26/ 564! 96,9(3) 0,0 0 4,00(Il) 3,0(8) 

5626 2,I(3) !5,3 0 5,59(!3) !20(35) 

5586 0, 9(!) 56,! 0 5, 77(!2) !80(50) 

2 5,54(!2) !06(30) ------------------------- --------- -------------206At- 3I,O(I5)M /30/ 0,70(!0) 5774 0,9(3) 0,0 0 6,06(!6) 475(!80) 

2 5,83(!6) 280(!!0) 

5767 2,3(4) 7,! 0 5,62(!0) !70(40) 

2 5,39(!0) !00(24) 

5734 !,!(3) 40,8 0 5, 74(!3) 230( 70) 

2 5,52(!3) !35(40) 

5703 95, 7(5) 72,4 0 3,68(6) 2,0(3) ---------- ------- ----- ------------------------204At 9,3(2)M / 3D/ 3,0(!0 5953 roo 0 3,59(!4) 2,2(8) 

B oKo6KBx yKaaasu norpemsocra B noc~eAHHX aHaKax. 



~3 OTHOWeH"" <!JaKTOpOB 3anpeTa HF L~O(a 83 ) /HF L~O(a ISS )=2, 7 

cne,qyeT, I..! TO ::na K'oH$1<1rypa141-1F1 I-1MeeT aMnm1TY.Qbl 0, 52 1-1 0, 85 e 

BOilHOBblX $YHK~I-1.RX ypOBHeH 82,9 K3B 1-1 166,4 K3B COOTB€TCTBeHH0, 

4TO cornacyeTCFI c pe3yil.bTSTaMI4 116 •211 . ct>a·KTOp aanpeTa .QilR o6-
ner4eHHoro a -nepeXO,Qa 210 At B LH1CTOT€ COCTOFIHI-1€ ( p(1~12)ln(3pt/ )1) 

paseH [ 1/HF L=O (a 83 ) + 1/HF L=O (a166 )] - 1 = 3,0 ± 0,3. 
2 

KaK Blt1.QHo 1-13 -Ta6n. 1 1t1 p1.1c. 1, 3Ha4eHIIIR HF AJlfl nepexo.Qoe 

a O, a GO, a 70 , a 140 , HaXO.QRTCR B npe,Qe.nax OT 27 .QO 920, '-ITO, COr

naCHO KJlaCCI-1$1-1KS~\III-1 a -nepeXO.QOB B WKa.ne WL Ill C,Q€J1aHHblM BbiW€ 

npe,QnOilO>K€HI-1FIM, n03BOilfi€T C41,1.TaTb VIX nonyo6ner4€HHbiMJ..1. 3TOT 

Bb1BO.Q cornacyeTcFI c npe.Q.nomeHHOH e pa6oTax 112. te, 181 HHTep

npeTS41-1eH OCHOBHOrO J..1 B036ym,QeHHOrO COCTOFIHlt1~ 206 Bi : 59,9KaB; 
70,8 K36" 140,4 K36 KaK "JleHOB MYilbT"nlleTa - [p(1h 91 jn(2f512 f]. 

nonyo6nerl..leHHblill nepexo,q a 356 c HFL,.2=30, ol.leBHAHO, aacenfleT 

ypoeeHb 352,7 K3B c J" =/4,3/+, Y13eecTH~ill H3 cxeM~ pacna,qa 
206 Po /12/. 3TOT ypoeeHb SBTOpbl /12/ YIHTepnpen-1pOB.a'!U1 KSK COCTo

AHltle MYilbTV1ni1eTa [p(lh g; 2)
1 n(3p 3; 2 ) 

1 1, OCHOBbiBSFICb Ha nfEe,q

nOJlO}f{eHV1V1 o noAo61-11-1 cneKTpos yposHeill e HYKilVIASX 208 Bi 1-1 2 6 Bi. 

0TMen1M, 4TO cornacHo pacYeTaM Banb6opHal11/ 3Hepn1loo1 ypoeHeill 
+ + + • 

2°6 Bi C J": 5+, 4 , 6 , 3 MYilbT"nJleTa [p(lhg;2)1 n(3p3/2)lJ 

COCTSBJlfiiOT: 0,29; 0,36; 0,52; Y1 0,67 MaB COOTB€TCTB€HHO. 

AeTOPbl 121/ paCC'-H1TSJ11-1 3HS4€HVtA ri (R 0) AJl.A a -nepexo,qoe Ha 

ABa YPOBH" 2°6Bi C J" =4+ ~ KOH<!J"rypa~""M" [p(Ih 912 ) 1 n(2f 512) 1 1 
Y1 (p (I h g; 2

) ln( 3p, 312 ) l J COOTB€TCTB€HHO -i- 0THOW€HV1€ $SKTOPOB 

aanpeTa A!lR a-nepexo,qos Ha 3TH ypoeHH 4 , nony4eHHOe Ha oc
HOBe 3HS4€HYiill y t =z(R 0) 1113 pa60Tbl / 2 1/, C!le,qyeT O>Kli!AaTb paBHbiM 

35/30. 3Ta senlll~li!Ha xopowo cornacyeTC~ c OTHoweHll!eM nony~eH

HbtX HaMill 3KcnepliiMeHTa!lbHbiX 3Ha~eHlll~ HF L,., 2 £1!1~ nepeXOAOB a 60 

"a356 /CM. Ta6n. 1/: HFL=2("6ol/HFL=2("356) =33/30. no3TOMy, 
OCHOBbiBa~Cb Ha pe3y!lbTaTaX pa60T /12,21/ Ill nO!ly~eHHOM OTHOWeHllllll 

3Ha~eHlll~ HFL~ •• cocTOHHlll~ 356,1 K3B MO>KHO npll!nHcaTb xapaKTe

P"CT"K" J" =4 "KOH<!J"rypa~"Kl- [p(1hg; )1 n(3p 312 )1J. 

YposH~ 287,8 K3B, 3acenReMoMy nonyo~nerlleHHbiM a-nepexo,qoM, 

Mbl npl-1nii1Ca!lH xapaKTepHCTliiKH J 77 =5+ Ha OCHOBaHHH C!le.QYIO~IIIX 
AaHHblX. no 3Hepr~t~H B036y>t<AeHHH 3TOT ypOBeHb MO>RHO OTHeCTI-1 K 

COCTOHHI-110 MY!lbTitln!leTa [p(th 9 /
2 

)ln(3p 3 .' 2 ) 1 1. ~CXOAR 1113 

npeAnO!lO>KeHH~ 0 nOA06HH B pac~en!leHIIIV. 3TOrO My!lbTitln!leTa B 
206 Bi 111 208 Bi 111 paclleTOB Banb60pHa /tl/, cneAyeT O>KliiAaTb s 206 Bi 

nOCJleAOBaTe!lbHOCTb ypOBHeH 3TOrO MY!lbTHn!leTa /8 nop~AKe 803-

paCTaHHH 3HeprHH/: s+, 4+, 3+, 6+. Ecnw y~eCTb, llTO 3HeprHR 

My!lbTlllnJleTa 8 206Bi C J 77 =3+ COCTa8!l~eT 523,2 K3B /12/ C J 77 = 
=4+- 356,1 K3B, TO YPOBHIO 287,8 K3B MO>KHO npHnHCaTb xapaKTe

pHCTiiiKlll J" =5+. Cor nacHO Banb6opHy /111, 3HePrHR 3TOro yposH~ 
AOmKHa 6b1Tb 0, 29 M3B. ~3 OTHOWeHlll~ QJaKTOpos 3anpeTa HFL=Ja

8
d: 
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: HFL-O (a 166 ):HFL_0 (a 288 )-11 :4,1:30 H yC!10BHR HOPMHpOBK<t 80!1-
HOBbFX 4JyHK1..11-1i1 CJ1€AY€T, 4TO 8Mnm1TYAS- B03MO>KHOi1 npi-'IMeCI-1 KOMno-
HeHTa [p(lh 912)1 n(3p 112 ) 1 ] B COCTORHHH 287,8 K38 He npeBbl-
waeT 0,3. 

CXEMA Allb<I>A-PACnA.QA 212 Fr 

npeAJ10}I(eHHSR HSM14 CX€M8 a -pacna-Aa 212 .Fr /pV1C. 2/BKJ1104SeT 
9 ypOBHeH 208 At, H3 KOTOpbiX Tpl-1 C 3HeprHRMH: 71 1<38, 226 K38 
1-1 236 K3B o6Hapy>KeHbl enepBble. 

lamrJPAWIIJ 

p(N,l,j) n(H-,l,,j) 

""" 

,,...,,, ""'"' { 
,. 

1 
,. .. ,. 

"-------

= ,. 
(1~/2) (2r5/2) 

<1tw2> (}P-,/2) { 

.. , . ~ 
• 

,,.,,, '"'"' { 
,. ,. .. ,. ,. 
~ 
~ 

~ J.t12' 

5* 20,6 lOIII 

~ ~~ Fr125 

nc: ... ~6!>28 v 0<. ....... ,. 

~--- '<-50 o,o7 76 

'" '·' 5~ 

"' '•' ~ 

-~ 
2 ;&,;. '·' " ~ 22&,} 1,3 " 
147,7 ,. 

" '·' 
______,-- 71,} ,. 

" " ~ ~., .. , ?0 

2},5 ,. 
'" " 0 ,. 
" " ~ At12, 

"""" PHc. 2 JKGI'IEPITIIEII1' 

0CHOBHOe COCTORH1t1€ 212 Fr HMeeT xapaKT€PVICTHK\.1 J"~5+' cor
IlSCHO pa6oTe/19/. HyKI1HA 208 At 

1 
lt1MeeT tapaKTepl-'tCTVIKH 

J" -6+ H KOH<)>HrypaUHIO [p(lb912 ) n(2f512 ) J. COr naCHO 

HSW€MY BapHSHTY CX€Mbl a -pacnaAa 208At /CM. Hltl>l<e/. C 3TJ.1MH 
,QaHHbiMl-1 cor.nacyeTcR no.nyo6nerl.leHHbJill xapaKTep nepexo,Qa a 0 c HF= 
=17 /pHC, 2/. 

nepeXOA a148 c HF=2,5 RBIIReTCR o6.ner'-leHHb1M. no3TOMY ypOBHIO 
147,7 K3B nplt1niiiO:aHbl xapaKTeplt1CTJ.1KH J 77 =5+. 3TOT ypoeeHb pas
p.RH<aeTCR (Ml+E2) ')i -nepeXO,QOM 147,7 K3B Ha 0CH08HOe COCTORHHe 
208 At /221• Cor .nacHo pac'-!eTaM ApTaMoHoea 1-1 HcaKoea 1141. pesy.nbTa

Tbl KOTOPbiX np~;~BeAeHbl Ha p1-1C. 26, COCTORHlt1fl C J 77 =5+ B 208 At 
HMeiOT 3HeprHH: 15 K3B AI1R KOH~HrypaUHH [p(Jb 9 / 2 )

1 n(2! 512 )1 ], 
150 K3B- AI1" [p(lil !l'2 ) 1 n(3p112)] H 240 K3B AI1" - [p(lh

9
/ 2)1n\3j':llt1]. 
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0CH08bi88RCb Ha 3TOM 

ypOBH~ 147,7 K38-
1 . 1 

[p(!hg; 2 ) n(3Pt/2) ]. 

peay.nbTSTe, paayMHO npeAnonomHTb, 4TO 
s+ COOTBeTCTByeT KOHIP~-trypa~~-tR 

B 3TOM cny4ae 1-13 o6ner4eHHOCT~ nepexoAa 
a~ 48 cneAyeT, 4TO rnaBH~M KOMnOHeHTOM OCHOBHOrO COCTORHI-tR 
21Ji Fr RBnReTCR KOH$~rypa~>IR [p(lh g;2)1 n(3p 1; 2 ) 1 ], KaK H B co-
CeAHHX 11!30TOHax 2°8 Bi 1-1 21° At. 

YpoeeHb 23,5 K3B aacenReTcR aaTOpMomeHHbiM o6ner4eHHbiM a -
nepeXOAOM c HF=13 1-1, cneA08aTenbHO, AOnmeH IIIMeTb xapaKTep~-tc

TJ.1KH J" =5+. 3TOT BbiBOA COrnacyeTCR C pe3yllbTSTFIMI-1 pa60T /22,23< 

rAe H3y4anH MynbT~-tnonbHOCTH y-nepeXOA08 npH pacnaAe 212 Fr H 
cxeMy pacnaAa 208 Rn ..-. 2°8 At 1-1 noKaaan~-t, 4-TO ypo8eHb 23,5 K3B 
CBR3-8H C yp08HeM 147,7 K38 1-1 OCHOBHbiM C0CTORHH€M 208 At y -ne
peXOASMI-1 THna Ml. ~3 COnOCT88JleHHR C TeOpeTH4eCKHM cneKTpOM 
208At/14/ /pHC. 2/cneAyeT, 4TO rnaBHbiM KOMnOHeHTOM YPOBHR 

23,5 K38- 5+ RBnReTCR KOH$Hrypa~~R [p(1hg;2)1n(2f5/2)1]. 
06ner4eHHb1H, xoTR 1-1- aaTopMomeHHblt1 xapaKTep nepexoAa a 23 Mom

HO o6~RCHHTb pacnpeAeneHHeM c~-tnbl o6ner4eHHoro a-nepeXOAa 
2-12 .Fr no ypOBHRM 2° 8 At 147,7 K3B H 23,5 K3-B BClleACTBHe CMeWH
BaHHR KOH$Hrypa~HH [p(1hg;2)1n(ap 112 )1] H [p(lhg;2)1n(2f 512 ) 1 ]. 
Ha CMeWHB8HHe 3THX KOH!PHrypa~~-tt1 yKa3bi8S~T H f-aanpe~eHHble 
y -nepeXOAbl T~-tna Ml C YPOBHR 147,7 K3B B OCH08HOe COCTORHHe 
2°8 At 1-1 Ha ypoeeHb 23,5 K3B, o6Hapy>t<eHHble a1221. Y4HT~eaR, 4TO 
c~-t.na o6ner4eHHoro a -nepexoAa 21 2.Fr pacnpeAeneHa TOllbKO Me>+<AY 

nepeXOABMI-1 a 23 , a 148 , MOmHO 1-13 OTHOWeHHfl HF L=O(a23)/HFL=Ja 148) = 
=5 ,2 CAenaTb BbiBOA, 4TO COCTOAHI-1€ (p(lhg;2 )1 n(3p112)1] HMeeT 

aMnmHYAbl 0, 40 H 0, 92 8 80!1HOBbiX ¢YHK~HRX YP08Helil 23,5 K36 
1-1 147,7 K3B cooTBeTCTBeHHO. 3$¢eKTHBHoe 3Ha4eHHe HF AllR o6-
ner4eHHOro a -nepeXOA8 212Fr B 4HCTOe COCTORHJ.o1e 

[p(1hg; 2)1n(3p 112 )1] COCT8BnReT 2,1:':_0,2. 
no.nyo6ner4eHHble nepeXOAbl a64 H a71 c HF=70 1-1 HF=19 MO>KHO 

conocTaBI-1Tb c nonyo6ner4eHHbiMH nepeXOASMI-1 a 60 H a 140 
210 At c 

HF=56 ~ HF =34 Ha ypoBHH 59,9 K38 - 4+ ~ 140 K38 - 7+ cooTseT
CTBeHHO B 206 Bi /p~C. 1/ - 4neHbl MynbT~nneTa [p(1hg; 2)1 n(2f 5; 2)1]. 
nono>KeHHe COCTORHHt1 3TOrO MYllbTI-1n.neTa 8 paCC4HT8HHOM cneKTpe 
2°8 At I 14/ /p1-1c. 26/ cornacyeTCR c npeAnono>KeH~-teM, 4TO ypoBHl-1 

64 Ill 71 K3B HMe~T xapaKTepHCTHKl-1 4+ H 7+ COOTBeTCTBeHHO. Ypo

BeHb 64 K36 CBR3aH y -nepeXOA8Mio1 Tl-ina Ml C ypOBHRMH 23,5 K38 -
s+ ~ 147,7 K38- s+ 2°8At.cornacHO pa6oTaM 122.23/ YposeHb 71K38 
pa3pfl>K8eTCR 8 OCHOBHOe COCTORHHe 208 At, y -nepeXOAOM THna 
Ml 1221 1-1 He eoa6y)l(AaeTcR np~-t pacnaAe 208Rn, KaK 1-1 ypoeeHb 
140 K3B - 7+ e 2°6Bi np~t~ pacnaAe 2°6 Po112/. Ha ocHoeaHHio1 co8o

KynHOCTV1 ecex 3THX A8HHbiX ypoBHRM 64 1-1 71 K3B A8Hbl xapaKTe-
PI-1CTI-1Kll1 4+ ~ 7+ COOTBeTCTBeHHO Ill KOH~I-irypa~HA 
[ p(lh 9; 2 )

1 n (2f 512 )1 ]. 
~TO K8C8eTCR ypOBHeH 208 At C 3Hepr~RM~ 226; 236; 283; 335 

111 430 K36, Ha KOTOpble IIIAYT no.nyo6.ner4€HHble Gt -nepeXOAbl 212.Fr, 

TO AllR HV!X noKa TPYAHO cp,enaTb BbiBOAbl o 3Ha4eHV1RX J". Ecm1 
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y4eCTb, 4TO 8 coce,QH€M c 208 At H30TOHe 207Po 3HeprHH · O,QHo

K8a3H'-laCTH'-lHbiX COCTO.RHH~ 1 /2+ Ill 3/2+ COCTa8IlRIOT 68,] K3B 

H 236,6 KaB 12~ H np08€CTH COnOCTa8Il€HYI€ C paCC4HTaHH~M cneKT

POM 208 At /pYIC. 2/, TO MO>KHO 8biCKa3aTb nl)e,QnOJ10>K€HHe, 4TO 

6onbWHHCTBO H3 3THX YP08He~ npe.QCTa8nRIOT cOcTORHHR MYilbTHnne

Ta [p(lh 912 ) 1 n(3p 3; 2J1]. 
~3 cpasHeHHR cxeM a-pacnaAa 210 At 1-1 212.Fr /pHc. 1 ,2/MO>KHO 

8HA€Tb, '-lTO (J>aKTOPbl 3anpeTa 1o1 cneKTPbl ypo8He~ H30TOH08. 206 Bi 
Y1 208,At HM€10T CXO,QHbl~ xapaKTep. 3TO yKa3bJ8aeT Ha 06UIH~ ,QilR 

H€4€THO-H€4€TH~X RAep M€X3HI-13M $OpMHP08aHHR cneKTpa HYI3KOil€
>KaUIJ.1X yp08Hei:1, OTM€4€HHbli:1 paHee 8 /14/. 

CXEMA Anb<l>A-PACnA!1A 208 At 

CxeMa a -pacna,Qa 
208 ·At, noKa3aHHaR Ha p1-1c. 3, cornacyeTcR 

C npe,QilO>KeHHO~ paHee 1251,,anR paC4eTa 3Ha'-leHI-1i:1 WL 208At a3RTbl 

3Ha'-leHHR Tt;2 =/1,63+0,03/ 41-1 a =/0,55+0,05/%, peKoMeH,Q08aH-
Hble B /2S/. - -

204 8 . 
83 

1
121 

56,1 

15.3 

.o 

,. 
!41' 

6··.' 

I" 

0.9 

2,1 

96,9 

PHc.3 

180 

120 

3,0 

s• 1,63 4 

208 
85At123 

~ ()."' = 5752 

~ o<. = 0.55% 

Cr1~t~H OCHOBHOro COCTORHIIIR 
204 Bi - J17 =6+ onpe,QeneH M€TO,QOM 

aTOMHOrO nyl.lKa1171 , 4€THOCTb ,QaHa nOilO>KHT€IlbHaR, COrilaCHO MQ

,Q€111-1 o6on04eK. B pa5oTe 1271 npeAnOI10>KI-1I1H, l.lTO 208 At lt1MeeT xapaK

Tep"CT""" J" =6+ "n" 7+" KOH$"rypa~"~ [p(lh 912) 1 n(2f 512 )1] 
Ha ocHosaHI-11-1 aHan~t~aa cxeMbl pacna,Qa 20S At .... 20Sp0 . 

nepexo,Q a 0 
208 At no B€I1H41-1He HF =3' 0 fiBilfi€TCR o5nerlleHHbJM 0 

noaToMy 208 At cne,QyeT npHnHcaTb xapaKTepl-1cTHKI-1 J" =6+. 3Kcne

PHMeHTailbHOe 3Ha4eHHe HF cosna,QaeT c TeopeTHI.IecKHM HF(T)= 
=2, 9 !?! . 0TCIO,Qa CJle,QyeT, 4TO rilaBHbJJ1 KOMnOH€HT BOilHOBbiX ¢YHK-

~I-1i:1 OCHOBHbiX COCTORHI-111 208 At It! 204 Bi COBna,QaeT, H aMnmny,Qa 
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ero 6m·13Ka K eAHHH4e. Pac4eTbl cneKTpa yposHe~ 208 At a cTaTbe 1141 

noKaaanH, 4TO 20Sg At AOil>f<et:i HMeTb xapaKTepa-tcTHKH J 17 =6+ "' 
rnaBHbiH KOMnOH€HT 80I1H080H <i>YHK~~~ - [p(!h 9/2 )1 n(2f 512 )

1 ), 
Y4HTbiBaR 3TOT pe3yilbTaT 1r1 BbiBOAbl pa60Tbl 1271, MO>f<HO yTaep>KAaTb, 
'-iTO 204gBi HMeeT TSKYIO >Ke KOH¢lHrypS4HIO. · 

YpoaeHb 204Bi c 3HeprHe~ 15 K38 /p~t~c. 3/ aacenReT nonyo6-
ner4eHHbl~ a -nepeXOA. 3TOMY ypOBHIO npH 143y4eH1414 CXeMbl pacna-
Aa 204pa .... 204Bi a /28/ npHnHcanH xapaKTepHCTMKM J" =4+ Hillrl 

s+, "'3HS4eHHe 4+ npHHRTO 6onee sepORTHblM. Ha cpasHeHHR cxeM 
ypoaHe~ 206 Bi H 204 Bi /pHc. 1, 3/ MO>KHO npeAnOilO>K14Tb, 4TO 
ypOBeHb 15 K38 B 204 Bi RBJlReTCR SHanoroM c6CTORHI4R 59,9 K38 
- 4+ 8 206Bi c KOH<!>~rypa~~eii [p(lh 912 )1 n(2f 512 ) 1]. 

YpoeeHb 204Bi c 3Hepn1e·~ 56 K38, aacenReMbl~ nonyo6ner4eHHbiM 
nepexoAOM c HF=180, eoa6y>KAaeTCR H_npH pacnaAe H30Mepa 
204m Bi c J 17 =1 a-, cor nacHo pa6oTe 1181, rAe 3TOMY yposHIO npvmM
can~ xapaKTep~cT~K~ J" =7+ ~ KOH<!>~rypa~~IO [p(!h 912)1 n(2f 512 )1], 
YposeHb 56 K38 204 Bi, 0\.leBiriAHO, RBilReTCR aHanorOM COCTORHHR 
140 K3B c J" =7+ 8 206 Bi /18,291. 

CXEMA Anb<I>A-PAcnA.QA 206 
At 

CxeMa a- pacnaAa 206 At /PHC. 4/ BKill04aeT TpH eoa6y>f<AeHHbiX 
COCTORHHR 202Bi C 3HeprHRMirl 72 K38, 41 K38 H 7 K38. PaHee 
SBTOpb1 1301 MeTOAOM a-y-cosnaAeHH~ 06HapymHJ1H TOilbKO OAHH 
a-nepeXOA 2°6At HS yposeHb -68 K38 B 202 Bi. 

8 pa6oTe 1: 31 ~ rAe H3y4anH cxeMy pacnaAa 
206 At ...,. 206 Po, npHnH

canH OCHOBHOMy COCTORHHIO 2°6 At xapaKTepHCTHKH J17 =/5/+. TaK 
KaK CnHH COCeAHerO YI30TOHa 205 Po paseH 5/2 1321 , TO, COrJlaCHO 
MOAeilH o6ono4eK "' no aHanorHYI c 2°8 At "' 204 Bi, MO>KHO npeAno
IlO>f<HTb, 4TO B OCHOBHOM COCTORHHH 206At HMeeT KOH¢lHrypa4HIO 

5' 31,0M 

206 
85At121 

~ 
()."'; 5888 

ex. = 0,70% 

I"' HF 

72,4 5' 95,7 2.0 
40,8 (4)+ 1.1 270 

7.1 17'1 2.3 170 

0 s• 0.9 475 
202 8' 

83 
1
119 PHc.4 
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( p (1h 912 ) 1n (2f 512 )1 ] , np" a-pacoaAe 206 At Ha6J110AaeTCR TOJlb-
KO OAHH o6ner4eHHbli1 nepeXOA a 72, ¢aKTOp aanpeTa KOToporo HF = 
=2+0,3, xopowo cornacyeTCR c TeopeTH4ecKHM aHa4eHHeM HF(Th 
=1-:-9 111 . noaTOMY ecn1-1 cor nacHo pa6oTe 1311 nplo1HATb AI1R 206g~At 
xapai<T€PHCTJ.1KH J 17 =5+, TO ypOBHIO ]2 K3B B 202 Bi Cile~yeT npa . .mH
caTb xapaKTep"CT"K" J" =5+" KOH<IJ"rypa4"10 [p(1h 912 ) n(2f 512 )

1l. 
CnHH OCHOBHOro COCTO.RHH.R 202 Bi H3MepeH J 11 =5T i'S3/, nepeXOA 

a. 0
206 ·At RBnReTcR nonyo6ner4eHHbiM c HF =470. 3To CBI-1AeTeJ1bCTBYeT 

0 TOM, 4TO BOJlHOBble Q>yHKI..tHH OCHOBHbiX COCTO.RHI-111 ZOB At H 202 Bi 
lt1M€10T pa3Jllii4Hbl€ rJlaBHble KOMnOH€HTbl, XOT.R Cni-1Hbl J.1X COsnaAatOT -
5+. Cor nacHO MOA€111-1 o60J104€K, B pa60Te /S3/ npJ.1HRI1H, 4T0 OCHOB
HOe COCTORHH€ 

202Bi I-1M€eT I<OH$1-lrypa~HIO [p(lhg;2 ) 1 n(2fs;z )1 ]. 
0AHaKo nonyo6nerl.leHHOCTb nepexo,qa a

0
206·At aacTaen.ReT npe,qno

IlO>KHTb, l.ITO 202g Bi Ha116011ee eepO.ATHO ~-!MeeT KOH$1-!rypa~HIO 
[p(fh g;z)1n(3p 312 ) 1 ], 3TO npe,qnOIIO>KeHI-1e OCHOB8HO H8 TOM, l.ITO 
COCe,QHHH C 202 Bi H30TOH 201 Pb HMeeT cnHH 5/2, l.ITO COOTBeTCTBy-
eT Hei1TpOHHOMy o6on04el.IHOMy COCTO.RHHIO 2f 512 , a nepeoe BQ3-
6y}f(,QeHHOe COCTO.AHHe 201 Pb C 3HeprHea7f 88,5 K38 H J =3/2 MO>KHO 
HHTepn-peTHP0B8Tb KaK Hei1TPOHHO-,Qblp04HOe B036ym,qeHHe ;3p 312 

134< 
Cne,QyeT OTMeTHTb, l.ITO B 202 Bi, B OTIIHl.!He OT 206-Bi, CY,Q.R no 3Ha-
4eHH.AM HF Ail .A nepexOAOB a 0 "' a 72 /pHc. 4/, HeT aaMeTHoro pac-
npeAelleH"R aMnn"TYA•' KOH¢l"rypa~"" [p(1h 912 )1 n(2f 512 )1] no 
YPOBH.RM C J rr =5+. 

YpoaeHb 7 K38 e 202 Bi aacenReTc.R nonyo6nerl-leHHb1M a -nepe
xo,qoM c HF =170. EcnH yl.leCTb, 4TO 3HeprH.R ypoBH.R c J 17 =7+ 
B 208 Bi , 206 Bi , 2°4 Bi COCTaBil.ReT: 651 K38 1261.140 K38 H 56K38 
COOTBeTCTBeHHO, a OCHOBHOe COCTO.RHHe 200 Bi HMeeT X8p8KTepHC
THKH J" =7+ /3 3/, TO, OCHOBbiB8.RCb Ha 3TOC1 CHCTeM8H1Ke, YPOBHIO 
7 K38 B 202 Bi MO>I<HO npHm1C8Tb 3Hal.leHJ.1.R J" =7+ H KOH¢Hrypa~HIO 
[p(lh 912) 1n(2f 5, 2 ) 1 ]. 

nonyo6ner4eHHbl'1 nepexoA a 
41 c HF =230, Ol.leBJ.1.QHO, aacen.ReT 

ypOBeHb 41,2 K38, KOTOpblc:i pagp.R>KaeTC.A B OCHOBHOe COCTO.RHHe 202 Bi y -nepexo,qoM THna Ml cor nacHO cxeMe pacna,qa 2°2 Po -+ 
-+202 Bi /351. BoaMOmHble 3Ha4eHH.A J" ,Q!l.R 3TOro ypoaH.A ecTb 4+, 

5+ VI 6+. TaK KaK npl-1 311eKTPOHHOM aaxeaTe 206 .204 Po F. ~04epHHX 
.A,Qpax BJ.1CMYT8 cna5o B036y}f(,Q810TC.A ypOBHH C J > 5 / 12 •1B,2S.', TO 
HaH60!lee aepO.ATH0,4TO ypoBeHb 41,2 K38 HMeeT xapaKTepHCTHKVI 
J" =4+. 

CXEMA Aflb<PA-PACnA~A 204
At 

E,Q1-1HCTBeHHbiC1 I-13BeCTHbll1 a -nepexo,q 
204 

At c Ea =59.53 K38 H 
HF =2, 2+0, 8 .RBnReTc.A o6.ner4eHHbiM. TeopeTH4eCKOe · aHa4eHHe 
HF(T) =1,4 ,QJl.R 2°4At /7/ nyl-lwe cornacyeTc.A cHF=1 ,s·, nony4eHHbtM 
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npH a( 204 At) =4)5% 1-13 pa6or 136 •371 • 3aMentM, OAHako, 4TO $aK

rop aanpera AI1R· o6ner4eHHoro a-nepexo,Qa coceAHero H30TOHa 
206.Fr, paCCl·H1TSHHb1i1 HS OCHOBe 3KCnepHMeHTa.nbHbiX ABHHbiX H3/37/, 

paeeH HF =1 ,9+0, 1 , a cooTeercreyiOw.ee reopeTH'-!ecKOe 3Ha4eHIIIe 

HF(T) =1 '2 171• Cor nacHO CHCTeMan1Ke' 3HS4eHio1i1 w L Y1< HF L Allfl 

o6.ne~l.leHHbiX a -nepeXOAOB 12 • 5 • 6 ~ aem14t-1Hbl HF L-O c pocrOM' Z 

8 H30TOHSX He YBeJ1H4111BSIOTCR, no3TOMy npeACTSBilReTCR pa3yMHb1M 

nony4eHHOe HSMH 3HS4eHHe /1/ AOJH.1 a -pacnaAa 3% AilR 204 At. 
Cn1-1H 2°0 Bi onpeAeneH Mero,QOM aroMHoro ny4Ka, paeHbiM 7+, 

a nono>~n.ne!lbHaR 4eTHOCTb AaHa no MOAen~r~ o6ono4eK 1331_ .4ro6bl 

06DRCH!.1Tb cnHH ], npeAnOilO~HilH;ga~4TO OCHbBHOe COCTORHHe 

20°Bi "MeeT KOH<!Mrypa4"10 [p(1h912 Y n(2f,PI 2 )
1]. ~3Mepe""" cn"Ha 

204 At He npoeOAI-1IlOCb. B pa6oTax 13 8• 39 1-13 aHaJ1YI3a cxeMbl pac

naAa 204 At --~> 204 Po 14 MOA€11111 o6ono1.1eK np1.1n1-1ca.n1o1 204g At xapaKTe

PHCTio1K"' J" =5+ 14J11.1 6+, 
fCill-1 o6ner4€HHbtl7! a -nepeXOA 204 At sace.n.ReT OCHOBHOe COCTO.R-

HHe 200 Bi, · T01
, 04eB1-1AHO, 204g At lo1MeeT xapaKTepHCT\.1KH ·J" =7+ 

" KOH¢l"rypa4"10 [p(1h 91 )1n(2r 512 )1], 0AHaKo ecn" y"eCTb pac
XO>KAeHHe 3Ha4eHHa:1 HF &Kcn.)\.1 HF (T~ TO OHO yK83biBaeT Ha pacnpe

,QelleHHe CHJlbt o6ner4eHHOro a -nepexoAa 204 At c s<l>¢eKTI-1BHbtM 

¢aKTOpOM aanpeTa HF =1, 4 no HeCKOJ1bK\4M COCTO.RHio1.RM 200Bi. no
CKOilbKY B COCTORHJ.1H C J" =7+ npi-1M€Cb KOH$1-1rypa~H~ AfYrHX 

paCCM8TPIIIB8€MbiX MYilbTVInJ1€TOB, KpOMe ( P (1h 9 ; 2 ) 1 n (2f 5 ; 2 ) ), HCKJ110-

486TCA, TO MO>KHO npe,QnOJlO>I<li!Tb, '4TO H86J110,QaeMbl~ a -nepexo,Q 

204At 3aCeJU~eT B036Y>t<A€HHOe COCTORHHe C J < 7 H C:m1H 204 At 

M€HbWe 7. K TOMy )1{€ BbiBOAY npHWJll-1 8 0630pe /39( rAe HS· OCHOB€ 

CHCT€MSTHKH ypOBH€~ C J 17 =5+ 8 H€4€THQ-H€4€THbiX H30TOnax BHC

MyTa J;1 acrara npeAnOJ1Q)KJ..1J1H, '-ITO cnHH 204 At paseH s+ + "' o6ner

I..I€HHbl~ a -pacnaA 3acem'leT B036Y>t<A€HHOe COCTORHI-1e 5 C 3HeprllleH 

- 100 K3B e 200 Bi. <J>aKTOP 3anpeTa AllR B03MO>t<Horo eroporo o6-

nerl..leHHOro a -nepeXOAa 204 At cocraenr~er HF =3 7 5, eCilH npHHRTb, 

'-ITO 3$$eKr~t~eHaR een~t~4~t~Ha HF 6nH3Ka K reopeT~t~l..lecKoMy HF(T)·=1,4. 

8 3SKJ110YeHHe Mbl 6naroAapHM npo<J>. c. r. KaAMeHtKOro 1-1 B. ~.<t>yp
MSHa 3a none3Hbte o6cy>t<Ae.HHfl pa6oTbl, C. ,Q. Kypran1-1Ha - a a noMOutb 

np~--1 pac4erax Ha 38M. 
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