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B rrocrre,n;HHe 15-20 rreT ,n;IDI Hccrre,n;oBaHHH crreKTpoB .H,n;epHl>IX H3lIY'Ie

HIIH CTarrn umpOKO npnMeH.llTbC.ll ,n;eTeKTOphl H3lly'IeHIIH C ,n;ocTaTO'IHO xo

polllIIM ;mepreTII"'IeCKIIM pa3perneHIIeM :a: BhlCOKOH 0cpcpeKTlIBHOCTbIO perII

CTpa:u;mI n3rry-qemm. llinpoKo ncrrorr1,3yeTc.ll MeTo,n;IIKa coBrra,n;eHnn. Me2K,a;y 

TeM rrpaKTII"'IeCKII HeT pa6oT, IIOCB.llll(eHHhlX nccrre,n;oBaHH.llM cxeM pac

rra,a;a pa,n;noaKTIIBHhlX .H,n;ep, Ii KOTOphlX rrpoBo,n;IITC.ll KOlIIl'-IeCTBeHHhlH aHa

lIIl3 pe3yrr1,TaTOB II3y'IeHIIll cneKTpOB COBna,n;eHHH .H,n;epHhlX H3lIY"'IeHIIH. 

06:E,I"CJ:HO OTMe"CJ:aeTC.ll TOllbKO <paKT na6rrro,n;eHII.ll COBIIa,n;eHIIH IIlIII, B pe,n;

KIIX crry"'IMX, rrp1rno,n;.HTC.ll OTHOCHTellbHhle lIHTeHCIIBHOCTII COBIIa,n;eHIIII, 

CM., Harrp11Mep, [1,2]. KorrH"'IeCTBeHHhle ,n;aHHl>Ie, IIOlle3Hhle npn aHallll3e 

cxeM pacna.a;a,ne II3BlleKaIOTC.ll. B pa6oTe Xom,HoBa [3] rroKa3aHo, KaK Ha 

OCHOBe ,n;aHHhlX 06 HHTeHCIIBHOCT.llX COBna,n;eHHH MO-?I(HO orrpe,n;eIDITb 3Ha

"9:eHH.ll K00<pq>III(IIeHTOB BeTBlleHH.ll II cyMMapHOH _lIHTeHCIIBHOCTII rrepexo

,n;oB Ha ypOBeHb (3acerreHHOCTb ypoBH.ll). 

Ilpe,n;cTaBll.lleTC.ll :u;errecoo6pa3HhlM rrpe,n;rrmKHTb [4] ,n;ocTaTO'IHO IIpOCTYIO 

II acpcpeKTIIBHYIO rrpo:u;e,a;ypy aaamma pe3yrr1,TaTOB :uccrre,n;OBaHIIH crreKTpoB 

coBrra,n;eHIIH JI,n;epHbIX n3rry'IeHnii:, II03BOIDIIOII(yIO rrorry'IaTb KOlIII'!eCTBeH

Hbie xapaKTepncTIIKH n3y-qaeMoii: cxeMhl pacrra,n;a. 

2. IlocTaHOBKa aKcrrepHMeHTa. <I>opMyJihI 

PacCMOTplIM CTaH,n;apTHbIH 0KCIIepHMeHT no nccrre,n;oBaHIIIO MrHOBeH

HbIX coBrra,n;eHHH II3rry'IeHIIH TIIrra y II z rrp:u pacrra,n;e pa,n;noaKTIIBHoro Hy

Krrn,n;a. IIcrrorr1,3y10Tc.ll ,n;Ba crreKTpOMeTpa (,n;eTeKTopa), perIIcTp:upyroll(IIe 

II3lIY"'IeHIIJI TIIIIa y II Z (HarrplIMep, raMMa lI raMMa IIJIII arrbq>a II raMMa). 

3arrIIChlBaIOTCJI co6hlTH.ll coBna,n;eHIIH IIMIIYlII>COB Eii II Ez. B pe3yrr1,TaTe 

nMeeM MaTpn:u;y N(Ey,Ez). 0,n;HoBpeMeHHO II3Mep.HIOTC.ll o,n;nHO"'I~e crreK

Tphl OT KruK,n;oro crreKTpoMeTpa N(Ey) n N(Ez). Ilpn copTIIpOBKe mi:

cpopMa:u;mr, co,n;ep;i<all(e:iicJI B MaTpn:u;e coBrra,n;eHnn N(Ey,Ez), "CJ:all(e Bcero 

CTpOlITCJI crreKTpbI B :mepreTII"'IeCKOM OKHe o,n;Horo ll3 ,n;eTeKTOpOB, Harrpn

Mep B OKHe Ev,t ±6.Ev,t· ByKBaMH -i, kn T.,n;. o6o3Ha"CJ:aeM cocTO.llHH.ll JI,n;pa, 

Me;J(,n;y KOTOphlMII rrponcxo,n;JIT JI,n;epHhle rrepexo,n;IJ (pnc.1). 8To MoryT 

6hlTI, HOMepa COCTOJIHHH B cxeMe pacna,n;a IIlllI 0HeprIDI COCTO.l:IHHH. "9:acTO 

lICIIOllb3YIOTCll II ,n;pyrne o6otma"CJ:eHH.ll, HarrpHMep E7100, :r,n;e 100 - 0Heprll.ll 

1-nepexo,n;a, paBHM 100 K0B, nrrn Ea2is, r,n;e 218 :meprll.ll ypoBH.ll 218 K0B, 

Ha KOTOphlii: rrpoIIcxo,n;nT a-pacrra,n;. CrreKTphl B oKHax, KaK n o,n;nHo"CJ:Hl>Ie 

crreKTpbI N(Ey) II N(Ez), aHalIH3HpyIOTC.ll c IIOMOII(bIO cooTBeTCTBYIOII(IIX 
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CoBrraµ;eHIUI aµ;epHbIX 1mny<IeH:uii. Pacrrono:lKem1e ypoBHeix, K q>opMyrraM 

nporpaMM (HanpIIMep, KATOK [51). IIorry'laIOT nrroma;a;n nIIK0B Sy,. II 
SZop B O)l;IIHO'IHbrX cneKTpax II S¥;; lilIII s;;: B cneKTpax 0K0H ( CIIMB0lI 0KHa 
BBepxy). L(arree !JTII rrnoma;a;II ;a;eJU!T Ha 3q>q>eKTUBHOCTII ;a;eTeKT0p0B II rro
lIY'laIOT ;a;aHHbre 06 IIHTeHCIIBH0CT1IX COBna;a;eHIIH, K0T0pbre cpaBHIIBaIOTClI 
c Bbr'IIIcrreHHhlMII no npe;a;rraraeMon: cxeMe pacrra;a;a. 

Mhl npe;a;rraraeM HeCK0libK0 IIHOH rryTb. ~IIcrro Ha6rr10;a;aeM1,rx coBrra;a;e
HII:rr, KaK II 'IIIClI0 0TC'leT0B B IIIIKax 0)l;HH0'IHhlX cneKTp0B II B crreKTpax 
coBna;a;emrii (rrrroma;a;II ITIIKoB)1MoryT 6hlTb rrpe;a;cTaBrreHhl B Bn;a;e 

Sy,k =N-ay,k ·Eyu, (1) 

SZop = N · azop · Ezop> (2) 

SY,t _ N aY,k € € (3) 
Zop - . Z0p. Yik. Zop, 

T.e. coOTBeTCTBYIOllllie rrrroma;a;II nporroprrII0Harr1,H1,r: N - 'lncrry pacrra;a;oB 
nccrre;a;yeMoro HyKmr;a;a 3a BpeMH 3KCnepIIMCHTa, €y,. II €:op - Gq>q>eKTIIBHO
CTJIM perIIcTparrrnr II3lIY'!eHira y II z n Ko:Jq>q>IIIIIIeHTy a. Ilpu :JT0M ay,. 
- HHTeHCHBHOCTb II3lIY'!eHHH Yik, 0THeCCHHall K o;a;HoMy pacna;a;y II:Jrrae
ivroro HyKm1;a;a, a¾:! - IIHTeHCIIBH0CTb coBna;a;eHIIH II3lIJ'IeHI1ii Yik II Zap Ha 
o;a;rrn pacrra;a;. 

3amrcaB 0THoIIIeHI:Ie nrroma;a;eii 

Rk = Sy,k. Szop = N • ay,k · llzop (4) 
0 S¥;; at: ' 

BII)l;HM, 'ITO BbipajKeHlre Ri He :JaBHCIIT OT ::iq>q>eKTIIBHOCTII ;a,eTCKT0p0B, 
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T.e. rrorpeIIIH0CTb orrpe;a;erreHHH 0TH0IIIeHIIJI orrpe;ri:errlleTClI T0:IbK0 rrorpe
IIIH0CTlIMH onpc;a;erreHIIll C00TBeTCTBYIOlllrIX rrrroma;a;eii. IIoncTaB:IlilI B rrpa
ffVIO '!aCTb BbrpaiKeHIUI TTJIJI CXCMHbrX K03,'l,il,nuneHTOB a¥;• =~a··. '£.:;.t,. · a. , 

.; M 'i''±' -or t Oo ... op 

rrorry'!aeM 

Rk = Sy,k · SZop = N · ak · llo (5) 
·o S¥!; , aEko ' 

r;a;e ak II llo - :JacerreHH0CTII ypoBHei'I k II o, T.e. II0lIHal! rrnTeHCIIBH0CTb 
rrepexo;a;oB, rrp1Lxo;a;JI111nx Ha (m:rn yxo;a;HIIIIIX c) ypoBeHh, II aEko - IIHTeH
cnnH0CTb nepexo;a;OB, npnxo;a;JIIIIIIX Ha ypoBeHb o c ypoBHll k. B c:ry'!ae 

rrpl!MhlX coBna;a;eHni'r ( k = o, ak = ao = aEko) 

Rk - Sy;k. S:., - rv. a 
k - S¥:'. - , k· (6) 

B crry'!ae conrra;a;eHHII ... repe:J 0µ;1rn nepexon; (k-+ l) 

Rk = Sy;k . S:,m = .rv. ak. a1 (~) 
·/ SYik , I 

Z/m ank/ 

r;a;e auk/ - Il0lIHal! IIHTeHCIIDH0CTb rrepexo;a;a MeiK;a;y coce;a;HII11II ypoDHlIMII 
k II l. 

<l>opMyrr1,r ( 5-7) II0:JB0!Il!IOT 0IIpeµ;errIITb 0TH0CIITelibHbie BelIII'IIIHbl :Ja
cerreHH0CTH COCTOlIHHH (ak) H IIOlIHOH HHTeHCIIBH0CTH rrepexo;a,on !.re:m:µ;y 
ypoBHlIMH ( ankl lilIH ar:ko). L(rrlI onpe;a,erreaIIJI IIX a6colIIOTHbIX ( B % Ha pac
rraµ;) BerrII'IIIH Heo6xo;a;HMo 3HaTb 'IIIcrro pacna;a;oB ncc:reµ;ye110ro HyK;m;a;a 
3a BpeMJI 3KCIIepIIMeHTa ( N). ~aCTO IIM€I01I1IIeC.ll 3KCIIepII:r.ieHTalibHbie 
;a,aHHhle II0:JB0lilIIOT c;a;erraTb ;a;ocTaT0'IH0 o60CHOBaHHOe 3aKlIIO'l('HIIe 06 
a6coJIIOTHOII HHTCHCHBH0CTH o;a;Horo H:J rrepexo;a,oB nmr 0 3acerreHH0CTII 
o;a,Horo rm ypoBHeii. Tor;a;a B0:JMQ;.KH0 IIp0H0pMnpoBaTb q>opMylihl (5-i) II 
Dbr'IIICJIIITb a6colIIOTHhle 3Ha'leHIUI onpe;a;err.JieMhlX rm HIIX nemr ... rrrn. <l>op
MYlibI (1-3) )l;JilI rrrroma;a;eii IIHK0B B 0)l;HH0'IHbIX CIIeKTpax II CIIf'KTpax C0BIIa
.;a,emrii MoryT 6hlTb HCil0lib30BaHhl ):\lilI C0CTaBJieHIIlI ;a;pyrIIx DbipajKf'H!III, 
Il0l1€3HhlX )l;lI.ll Bhl'IIICl1€HlllI K0lIH'l€CTBCHHhlX COOTHOWCHIIII Me:m:;a;y xapaK
TepIICTIII,aMII JI;a;epHbIX ypoBHe11 II rrepexo;a;oB. HarrpuMep, II3 0THorneHII.ll · 

I S y·k 
~ = ~~rs,:m = !!nil 
R1 S,; •. -SYik Uk 

norry•rneM K03q>q>IID;HeHT BeTBJieHH.ll ;a,rr.JI rrepexo;a,a kl Ha ypoBHe ku ;a,p. 
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B crren;yroweu pa3µ;erre np1rneµ;em,1 npnMep1,1, noxa31,rna10wrre aq>q>eK
TIIBHOCTh IICIIO:IhOOBaHII.II rrpep;rraraeMOTI rrpoIIep;yphl p;mi; KOJIII'IeCTBeHHOII 
o6pa6oTKII peoyrrhTaT0B IIOJ'IeHIUI ('Y-,)-coBrrap;eHiri'I rrpn pacrrage l33Ba 
II 134Cs II (a - ,)-comrnp;eHirii npn pacnap;e 221 Fr. 

3. raMMa-raMMa-coBna~eHH.H npH pacna~e 133Ba H 
134Cs H a.Jibq>a-raMMa-coBna~eHH.H npH pacna~e 
221Fr 

C IIeJihIO p;eMOHCTpaIIIIII BOOMO:iKHOCTeii npep;rraraeMoii l\lf'T0)J;HKII o6pa-
60TKII peoyrrhTaT0B aKcnepnMeHTOB no C0Bnap;eHIIHM Hp;epHhIX II0.1Iy':IeHHll 
npOBe;i;eHhI neerregoBaHirn (1 - 1 )-eoBnap;eHim npII pacrra;a;e 133Ba n 134Cs. 
8xerrepIIMeHTaJihHbie ;a;aHHbie O paena;::i;e GTIIX HJKlIII)J;OB encTeMaTIIOIIp0-
BaHbl II oueHeHhI B pa6oTax ill.Pa6 [6] II IO.B.CepreeHKOBa [7]; IIMeroTe.lI 
;i:oeTaTO'IH0 IIOlIHhle II TO'IHble )J;aHHbie 06 IIHTeHeIIBH0eT.lIX nepe:X:O)];OB npn 

paenap;e aTIIX HJKlIII)];0B, rroeTpoeHbl nx cxeMbl paerrap;a, o6eene'leHhI xo
powne BOOMO:iKH0eTII )J;lIH OIIeHKII T0'IH0eTII peoyrrhTaTOB HCeJie)J;OBaHII:H 
( 'Y - ~, )-eoBnap;eHIIH. 

;:J:rrH IIOJ'leHIIH {'Y- "f )-eoBrra;a;eHIIH IIeII0JibO0BaHa annapaTypa, 0IIIIeaH
HaH B [8]. raMMa-rry--iII perneTpIIpoBaJIIIeb ;a;eTeKTOpaMII no eBepX'IIIeToro 
repMaHII.lI c o6'heMOM 100 CM3 II 2 CM3 c paopeweHIIeM 1.1 + 2.1 KaB B 
;i:narra3oHe aHeprn:ii 50 + 1500 KaB. ,II:eTeKTOpbI paenorrararrneh B 6rrno
Koii, 180°-reoMeTpnn. Co6bITII.lI eoBna;a;eHnii N(E7,_, 100 cM3, E1b 2 eM3, 
t) perneTpIIpoBaJIIIeb B IIIIIpOKOM IIHTepBarre GHeprn:ii If pe:iKIIMe ,, Bee-Ha 
Bee" (in list mode). O;a;HoBpeMeHHo Ha o6onx ;a;eTeKTopax IIOMepHrrneh 
o;a;IIHO'IHble eneKTpbI. 

CopTnpoBKa eo6bITIIH coBna;a;eHnii N(E7., E71 , t) BKJIIO'larra B ee6H 
erregyIOlIIIIe orreparrm1. Bo-nepBbIX,IICTIIHHble COBna;a;eHII.lI oT;a;eJIHJIIIeb OT 
erry<Jai1HbIX. ,II:rrH aToro BO BpeMeHHoM erreKTpe oa;a;ep)KaHHbIX c0Brra;a;em1:ii 
yeTaHaBJIIIBaJIIICb ;a;Ba IIIIq>pOBbIX OKHa o;a;1rnaKOBOH IIIIIpIIHbI, eOOTBeTCTBy
IOlIIIIX MrHOBeHHhiM C0BIIa;a;eHIIHM ( B HaIIIIIX ycJI0BilHX fl. r 0K0JIO 150 HeeK) II 
errria:ii:HbIM COBrra;a;eHHHM. llcTIIHHble COBrra;a;eHII.lI II0JIJ'laJIII BbI'IIITaHIIeM 
'!Herra co6hITIIII BO BTOp0M 0KHe no ':IIICJia co6bITIIH B nepBOM OKHe. Bo
BTop1,1x,B aHepreTll':IeCKOM cneKTpe nepBoro (mm BToporo.) ;a;eTeKTopa 
ycTaHaBJIIIBaJIIIeb OKHa Ha BbI6paHHbIX IIIIKax 'Y-liy'le:ii. Ho norry'laeMhIX 
eneKTp0B Bbl'IIITarrueb erreKTpbI q>OHOBbIX OKOH, yeTaHaBlIIIBaeMhIX pH;a;oM 
e Bhl6paHHhIM OKHoM, xax npaBurro, npn 6oJibIIIe:ii aHeprIIH 1-rry'le:ii. OT-
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MCTIIM 3p;eeb Ba:iKH0eTb ;a;lI.lI BbIII0JIHeHilH K0JIIl'leeTBeHH0ro aHamma Bhl-
6opa KaK B nepB0M, TaK n BO BT0pOM erry:qaax ;a;oeTaTO'IHO IIIIIp0KIIX OKOH, 
~1To61,1 oaXBaTIITb Beeb IIllK B C0OTBeTeTBJIOlIIeM eneKTpe. 

IIorry'laeMhie aHepreTII'leexne cneKTpbI aHarrnonpoBalIIICb e II0M0lIIbIO 
rrporpaMMhI paorrmKeHIDI eneKTpOB ~1-rry'le:ii (HanpnMep, KA TOK [5]). IIrro
lIIa;a;n IIIlK0B ,-rry'leii B eneKTpax OK0H eoBna;a;eHIIH II B. 0)J;HH0'IHbIX eneK
Tpax IIeII0JibO0BaJIIIeh ;u.arree B eo0TBeTeTBIIII C ripe;a;rraraeMOTI npoue;a;ypoii 
( q)OpMylihI 5-7). 

IIeerre;a;oBamrn (, - 1 )-eoBnap;eHIIH npn paenap;e 133Ba BhIII0JIHeHhI e ne
T0'IHHK0M aKTHBH0eTbIO OK0JI0 1.5 MKKII. Ha pnc. 2 npep;eTaBJieHhl II0-
lly'leHHhie B neerrep;oBaHIUix O)];HHO'IHbIH erreKTP II IIpIIMephl erreKTp0B eo
Bna;a;eHIIll. Heo6xop;IIMhie ;a;lI.lI ;a;arrhHeiiIIIero 06ey2K;a;emIH eBe;a;eHIIH o exeMe 
paena)J;a 133Ba ;a;aHbl Ha pIIe. 3 [6]. ,TI:lI.lI norry'leHHH aKenepHMe:s:TallhHhIX 
;:i;aHHhIX o oacerreHHOeTII ypoBHeii ;a;o'IepHero Hp;pa i33Cs MhI Bh16pam1 npH-

E-< 
Q) 

:,' 
u 

10' 

10 • 

10' 

10' 

""Ba; HpGe 100cM• 

3 11 • I I I I I I I I I I I I I I I I I I I I I I I 1'1::0::,1\ I 

:::~ 
lO~. 0IU!o 81 i:eB . . 
10' 

10' 

10' 

1~0• . . . . . 

10 •~ ~ 
1 

I 0JCHO 302 xeB 

10 ·LJ,\~-~~ M•~~-~~~~~-~0r"tHt:~1c;c;~:D~o:~:~1~,~1~,~1!12,tt~,r1ric1~~c1□1~·1~131~13,TI11 

io • 
10' . 

1o~M'tl"':ITT"lr~ 
0 100 200 300 400 

3Hepr:m=i, ICGB 

Pnc.2. CneKTpbl ,-rryqen: npn pacnaµ;e 133Ba, mlMepeHHble c nor,,roi.qbro HpGe- · 

µ;eTeKTopa o6'beMOM 100 CM3 • BBepxy oµ;HHO'IHb!H cneKTp, Hl-!lKe "i1p1rneµ;eHbl cneKTpbl 

COBnaµ;eHHiI c r.n¢poBblMI-I OKHaMll, ycTaHOBJieHHblMJ-1 B cneKTpe HpGe-µ;eTeKTopa, o6'b

eMOM 2 CM3 
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1/2+ 

133 

56 Ba 77 /4 .10.52 y 
EC 

437.0 86 86.6(8) 

383.9 14 28.75(12) =28.75 

160.6 <0.3 8.06(3) 10.8(9) 

81.0 <3 90.1(33) =89.9(7) 

o.o <3 101.8 

(6) G.F. 

E I Populations of 
EC Levels 

keV % % 

PHc.3. CxeMa pacnaga 133Ba K onpegerremuo ypoBHeii 133Cs. IIp1rnegeHbl norrHble, 

BKIIIO'laJI KOHBepcuro, HHTeHCHBHOCTH -y-nepexogoB. CnpaBa - 3acerreHHOCTH ypoBHeii, 

norry'leHHhie B HaCTOJ!ll~eii pa6oTe (G.F.), cpaBHHBaIOTCH c [6] 

Mbie KacKa):l;bI conna,a;aIOll.\IIX -y-rry-qen: {'Y302.9--y81.0), (,356.0--y81.0) ):];ill! 

ypoBHJI 81.0 KaB; {1'53.2 - -y302.9), {1'53.2 - -y383.9) ,a;rrJI yponHJI 383.9 xaB 
n ('}'276.4 - ~rl60.6) ,a;lIJI yponHJI 160.6 KaB. CooTBeTCTBYIOll.\IIe aKcnepn
i\IeHTarrbHbie ):l;aHHhle npIIBe):l;eHbI n Ta6rrnn;ax 1-3. 

Ta6Jrnn;a 1. Comiaµ;eHnH c -y-rry'laMH 81.0 KaB npn perncTpan;mI nx 
,a;eTeKT0p0M HpGe 2 CM3, s1'81-2 = 22.6 . 106 (rrenaa: '-IaCTb Ta6mID;bI) II 

;:i;eTeKT0p0M HpGe 100 CM3, s1'81-100 = 34.6 -106 (npaBaJI '-IaCTb Ta6mID;bI) 

E.,.,, K:JB 302.8 356.0 E..,,, K:JB 302.8 356.0 

s...,,-100 9.16 · 106 26.7. 10° s..,,_, 1.43. 106 3.51. 106 

S,.,"_, 
1'1-100 

31.3(2) -103 96.2(3) · 103 [S"Ys1-100 
'Yi-2 

7.54(9) · 103 19.79(15) · 103 

S-Y•-100 
1'81-2 

31.8(2). 103 95.8(3) · 103 s~;;-~100 7.64(9) · 103 19.6(2). 103 

Nas1 6.6. 109 6.3. 109 Nas1 6.5. 109 6.2. 109 

(Naa1)cp = (6.4 ± 0.1) · 10 
0 
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Ta6Jrnn;a 2. COBna):l;emrn c -y-rry'IaMII 160.0 xaB npu perncTparurn IIX 
;a;eTeKTopoM HpGe 2 cM3, S11• 0 _: 2 = 0.190 • 106 (rreBaa: 'laCTb Ta6rrnn;hl) II 
µ;eTeKT0p0M HpGe 100 CM3' sl'160-IOO = 0.550 -106 (npaBaJI '!aCTb Ta6nnn;b1) 

E..,,, KaB 276.4 £..,,, KaB 276.4 

s,.,.-100 3.86 -106 s..,,_, 0.670 -106 

s..,, •• _, 0.98(4) · 103 5--YH0-100 0A6(3) · 103 
'li-100 s~·.-=-~ 5"1,-100 0.97(4) · 103 0.48(3) . 103 
"Yl60-2 . 'lt60-100 

1Va1so 0.76. 109 Na1so 0.78-109 

(Na1so)cp = (0.77 ± 0.01) -109 

Ta6JIH1:~a 3. Connaµ;eHirn c ~1-rr:rrawr 53.2 KaB npn perIIcTpan;mr IIX 
;:teTeKT0p0M HpGe 2 CM3' s1'53-0 = 1.37 . 106 (rrenaa: 'laCTb Ta6;i:1mhl) II 
µ;eTeKT0p0M HpGe 100 CM3, s1'53-100 = 2.13 -106 (rrpaBaJI '!aCTb Ta6mIUbI) 

E-,,, KaB 302.8 383.9 E..,,, KaB 302.8 383.9 

S1,-100 9.16 · 106 3.88 -106 s..,,_, 1.43. 106 0.456 · 10" 
s..,,,_, 6.77(9) · 103 2.34( 5) · 103 5 ... :sJ-100 1.56(5) · 103 0.43( 3) · 103 

"'11-100 '1'1-2 

s""!,-;oo 6.77(9) · 103 2.39( 5) · 103 s;:;~100 1.61(5) · 103 0.48(3) · 103 
1'~3-2 

Na333 1.86. 109 2.25 · 109 Na333 1.94. 109 2.15. 109 

-
(N a3SJ)cp = (2.05 ± 0.07) · 10 

PaccMoTpHM ,a;aHHbre Ta6rrnn;hr 1 o KacKa):l;ax -qepe::i yponeHb 81.0 KaB. B 
rrenoi"r 'IaCTII Ta6JIHUhl npe;a;cTaBrreHbl cneµ;emrn 0 IllIOll.\a)];.iIX IlIIK0B B 0AU
H0'lHbIX cneKTpax n cneKTpax conna):l;eHHII, Kor,a;a 1 -lI)'"'III 81.0 KaB pe
rncTpnponamrcb ;a;eTeKTopoM HpGe 2 cM3, -y-rrrrn KacKa,a;m,rx nepexo;a;on 
302.9 n 356.0 xaB - ,a;eTeKTopoM HpGe 100 cM3, .[(aroTCH ne:III'IIIHbI rrno
ll.\cl.)J;ei'r IlIIK0B (KOlIH'leCTBO ::iaperncTpnponaHHhlX co6bITIIII) n 0):l;IIH0'IHhIX 
crreKTpax, S

181
_, - IllI0ll.\ap;b ITHKa -y-81 B cneKTpe ,a;eTeKTopa 2 c:vr3 II S-,302 _ 100 

II S1
356

_
100 

- IllI0ll.\a,a;II IlHK0B 302.9 II 356.0 KaB B cneKTpe )leTeKTopa 

100 cM3, H nnomanH llHK0B COBnMeHHH s;:~;o"o II s;~;~~o (nncpxy yKanaH rmmorr 
0KHa cooTBeTCTBYIOll.lero crreKTpa conna,a;emri"r). OTMCTIIU conna;a;emre n 
npe,a;errax own6oK nemPinH nrroll.la):l;ei"r mIK0B conna):J;emrii: 

sz:i;:,oo = SZ;f:; 100 II sz:;;:,oo = sz::~;'00
-

B C00TBCTCTBIIII c qiopMyrroii (6) BhI'-UICITeHbI_ BelIII'-IIIHhl 

s..,a1-2·s,,i-1~0 ---. 
Rg} = (Nas1)cp = 1;2-(s;~~

1
,?

0
+s~;~~~0 ) 
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B rrpaBOII -qaCTII Ta6mIIJ;bI 1 rrpep;cTaBJieHbI GKCrrepuMeHTaJibHhlbie ;a;aH

Hbie ;a;rrJI crry'laJI, Kor;a;a ,-rry'III 81.0 KGB perHCTpHp0BMIICb p;eTeKT0POM 

100 cM3, a xacKa;a;Hhle rrepexo;a;hl - p;eTeKTOp0M 2 c:vr3. OrrJITb rrrromagu 

IIHK0B COBrra;a;eHIIII s:::~~IOO II S:{~~~100 B rrpeµ;errax: ourn6ciic C0Brra;a;aroT, HO 

0Ha'JHTelibH0 OTlIH'laIOTCJI OT OHa'leHIUI SJ?~~0
2
0 II S.f!~~~o HO rreBOII '!aCTII 

Ta6:rIIIJ;bI. 8TOT q>aKT CBJI0aH C paOITH'!HeM BeillI'lIIH rrp~IIOBep;eHHII Gq>

q>eKTIIBHOCTeII p;eTeKTopoB: l'-y81 _ 2 • €-Ii-too u l'-y81 _ 100 • l'•r,- 2 • B rrocrrep;He11 

cTpoKe Ta6mIU:bI 1 rrpIIBep;eHo cpe;:i;Hee BoBerneHHoe oHa'lemre (./Va 81 )cp = 
(6.4 ± 0.1). 109 . .UaHHbie 0 KaCKap;ax ,-rrrreii -qepe3 YP0BHH 160.6 II 

383.9 K3B o6pa60TaHbl TaIOKe. TaKHM o6pa30M rronyqeHbI 3KcrrepHMeHTaJibHbie 

;:i;aHHhle 06 OTHOIIleHIIJIX 3acerreHHOCTei'r ypoBHei'r 81.0, 160.6 II 383.9 K<3B: 

as1 : al6o : a333 = 6.4( 1) : 0.77(1) : 2.05(7). 

A6corrIOTHbie 3Ha'!eHIIJI 3acerreHH0CTlI ')TIIX ypoBHeII no )J;aHHbIM pa6oTbI 

[6]: as1 = 90.0(33)%, al6o = 8.2(3)% II a333 = 28.75(12)%. Kamr6pyJicb rro 

HaII6orree T0'IH0M:Y H3 GTIIX 3Ha'IeHIIII, norry'IaeM 3Ha•reHHJI oacerreHH0CTH 

ypoBHeii 81.0 K3B II 160.6 KGB: a8, = 89.7(35)% II a150 = 10.8(4)% (c.M. 

pnc. 3). TaKIIM o6pa3oM, Harne 3Ha•remre a81 comra11;aeT c BbI'IHCITeHHbIM 

rro ;a;aHHbr11 [6], Ho rrorry'IeHHoe 3Ha'Iem1e :JacerreHHOCTII yponHH 160.6 KGB 

OTITn'IaeTCH OT (6] ~ Ha 20%. 8ToT q>aKT M01KeT yKao1,rnaTb Ha cyll.\eCTBO

namie rrpJIMoro pacna;a;a 133Ba Ha yponeHb 160.6 K3B 133Cs c IIHTeHCIIBH0-

cTbIO n;o 2% Ha pacrra;r:i;. Ilo 6arraHcy HHTeHCIIBHOCTdI 1 -rrepexo;r:i;on rrpn 

pacrraµ;e 133Ba [6] IIHTeHCIIBH0CTb 3TOII neTBlI pacrra;r:i;a 6bma orpaHII'IeHa 

rrpe;a;erro11 B 0.3%. Crre;r:i;yeT o;r:i;HaK0 OTMeTIITb TO, 'ITO IIHTeHCIIBH0CTb ,

;ry-qeiI 160.6 K3B Marra (0.65% Ha pacrra;r:i;), II 0HII B II0MepeHHbIX crreKTpax 

Ha6mori;aIOTCJI Ha q>oHe K0MIIT0H0BCKIIX pacrrpe;a;erreHIIII OT IIHTeHCIIBHbIX ~1-
:ry<IeiJ: 276.4, 302.8 II 356.0 K3B ( CM. puc. 2), II II03T0MY onpe;a;erreHHaH HaMII 

nerrwnrna a160 11,10:,KeT co;a;ep1KaTb Hey<rTeHHYIO cncTeMaTH'IecKyIO ornn6Ky. 

licc:re;:i:onamrn ( ~I - 1 )-coBrra;a;eHni'1 rrpn pacrra;a;e 134Cs BbIII0rrHeHbI B Tex 

;i.;e ycrromrnx, KaK u IIccrre;a;onamrn pacna;a;a 133Ba. AKTHBHOCTb HCTO'I

HHKa J:l4Cs 6hlrra oKorro 0.1 MKKII. Cxe1-ra pacrra;a;a 134Cs rrpune;a;eHa Ha 

pnc.4. ,[(ITH orrpe;r:i;erreHIIH OTH0CIITelibHhlX oacerreHHOCTeII ypoBHCII 604.7, 
1168.1 II 1400.6 K3B n 134Ba IIcrrorrboonaHbI p;aHHbie o KacKa;r:i;ax ,-rry-qe11 

•repe::i 'lTH yponmr: (1796 - 1605), b564 - ~1605) ;a;rrJI ypoBHH 604.7 KGB, 

h802 - 1563), (-y802 - 11168) ;a;rrH yponHH 1168.8 K3B u (1 569 --y796) p;ITH 

yponmr 1400.6 K<3B. BbI'IlICJIJIJI 0TH0IIlCHHH rrrromap;eii ,-IIIIK0B n 0)];HH0'I

HbIX crreKTpax n n cneKTpax (1 - 1 )-conrra;a;emri'r (qiopMyrra 6), Mhl rrorry-

8 

,\ 
\/ 
~ 

I ~i ( 

:1 

.. · ;1, 

I. 

134Cs 
55 79 

~p-

27 

70 

0.2 

0.001 

1% 
f 

2.08 Y 

4+ 

3+ 

4+ 

~ ~ : ~ ..: 
2+ 

2+ 

~ ·~ 

g! ~ 

.... i t! 
"' 

0+ 

~~::i'S a t7i ,-.. a 
Q ~ co c-i 

~ :a,: 
:a,: 11 B ~ 0, "' 

c; cl :.'4 

~ 1/ 
.., . .,; 

::i ~ <O ., 

... 

.; C! 
!;j: 

.. 
0 ., 

"! "! ., ., ~ 
a> .., .... ~ !? 

134 
56Ba1s 

1969.9 27.26(12) 

1643.3 2.52(2) 

1400.6 85.78(7) 82.4(40) 

1168.0 10.21(6) 9.0(12) 

604.7 98.2(1) =98.2(1) 

E 
keV 

0.0 100 
[6) G.F. 

Populations of 
Levels 

% 

PHc.4. CxeMa pacrrap;a 134Cs. IloJicHeHIDI Te JKe, KaK K pnc. 3 

'IHlIII 0TH0CIITelibHhle BeITII'IIIHbI 3aceneHH0CTII 3TIIX JpOBHen: 

a505: all6s: a1400 = 435(7) : 40(5) : 363(15). 

IIpnHIIMaH no [7] :JacerreHH0CT:O yponHJI 604. 7 K3B paBHon a505 = 98.2(1 )%, 
BbI'IIICITJieM :JacerreHH0CTH ypoBHeii 1168.1 II 1400.6 K3B: all6s = 9.0(12)% 
II a1400 = 82(4)%. OHII conrrap;aIOT B rrpe;a;errax OllIII60K C II3BeCTHhlMll [7]: 
a1168 = 10.21(6)% , a1400 = 85.78(7)% . Ifo 3KCIIepIIMeHTalibHhlX p;aHHhlX 

o COBrrageHIUIX (,569 - ,605) II ( 1862 - ,605) Bhl'IIICITeHhl ( q>opMyrra 7) 
II0lIHhle IIHTeHCIIBH0CTll ,-rrepexo;a;on 795.8 ll 563.3 K3B; rrorry'!eHhl 3Ha

'IeHIIH a11795 = 81(6)% ll an563 = 6.4(11)%, conrra;a;aIOII.\IIe C H3BeCTHhlMII: 

85. 78(7)% II 8.4( 4)% C00TBeTCTBeHH0. 

Ilpe;r:i;rraraeMaH MeTop;IIKa aHalIII3a pe3yrr:0TaToB rmy<reHIIJI conrra;r:i;em1:a: 

JI;r:i;epHhlX II:Jrry-qeHuii HCII0lib3JeTc.lI HaMII rrpu rrpo;a;omKeHIIII uccrrep;onaHurr 

(9] (a-,)-conrra;a;eHIIII npu pacrra;a;e 221Fr (T1; 2 = 4.9 MrrH)1co;a;ep1Kall.\erocJI 
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Kax npop;JKT pacnap;a 225Ac (T112 = 10 p;a) B npenapaTe aKTIIHIDI, Bbip;erreH

Horo [10] nn 229Th (T112 = 7340 rreT ). Hcnorr1,nyeTCJI Ta ::rKe a.nnapaTypa [8], 

'ITO II B 06cy2Kp;eHHb!X Bblllle aKcnepIIMeaTax no {'y-1 )-coBnap;eHIDIM, c na

:r.rnaoii Marroro (2 cM3) repMaHI:IeBoro p;eTeKTopa Si(Au)- a -p;eTe:KTopoM. 

B 0T1II:I'II:Ie OT [9] 0CH0BHhle penyrrbTaTbl norry'Ie~ npII copTIIp0BKe co-

6bITIIll COBnap;eHI:Iii no 0KHaM B 1'-CneKTpe: cymecTBeHH0 lIJ"Illlee aaepre

TII'ICCK0e panpellleHIIe B 1'-cneKTpe nonB0JUieT n0ITJ'IaTb. 6orree Ha,[IC::rKHble 

penyrrhTaTbl 06 IIHTeHCIIBH0CTHX COBnap;eHIIii. 

Pacnap; 221 Fr II::lJ'IaITCJI B pa6oTax ,Il;)KerrenoBa n p;p. [11,12] II Jinaara n 

p;p. [13,14]. 8aeprm1 ypoBHen p;o'!epaero .1Ip;pa 217 At ycTaH0BITCHbl npII nc

crrep;oBaHI:III TOHKOll CTPYKTJpbI O'-ClleKTpa 221 Fr Ha MarHHTHbIX O'-CllCKTpo

rpaqiax [11,13]. HMeIOTC.1[ ,!J;aHHbIC 06 aHeprHHX II I:IHTeHCHBH0CTHX 1-rry'Ieii 

[9,14] II K0HBCpCII0HHbIX arreKTp0H0B [12,14] npII pacnap;e 221 Fr. Jiuaar 

II p;p. [14] p;erraIOT T0llbK0 Ka'IeCTBCHHhle naKlIIO'IeHIDI 0 no;a;TBep::rK,[ICHIIH 

cxeMbI pacnap;a (a - 1 )-coBnap;eHIDIMII. B Halllen pa6oTe [9] cp;erraaa no

IlbITKa K0lIII'ICCTBCHHoro aaarrIIna penyrr1,TaT0B axcnepnMeHT0B no ( 0'-1' )

C0Bnap;eHH.1lM Ha 0CH0Be aaarrnna CllCKTp0B B O'-OKHax:. 3p;ec1, Mb! npHB0-

,!J;IIM npep;BapIITClibHbIC penyrr1,TaTbl HalllJIX H0BbIX nccrrep;oBaHJill. IIorrHhlll 

aaamm aTIIX penyrr1,TaToB 6ygeT ony6rrmoBaa non}i;Hee. 

B Ta6rrmi;e 4 ( q>opMJllbl 4-7) Bbl'IIIClICHbI 0TH0lllemrn nrroll(ap;e:rr nn

K0B s~sit.;,~"k . Ilrromap;II nHK0B s,.. II SJ~• n0ITJ'IeHbl B HallleM axcnepII-
"k 

MCHTC. B Ka'!eCTBe nrro111ap;eii Sa. HCn0libtl0BaHbl HHTCHCIIBH0CTII lllIHIIIl 

TOHKOH CTPJKTYPhl a-cnexTpa 221 Fr nn pa60Thl .Jinaara n Bacnrn-Cxoqi1,e 

[13]. PanpeweHIIe MarHHTHoro cneKTporpaq>a (3-4 KaB), IIcnori1,noBaHHOro 

B [13], cy111ecTBCHH0 ITJ'IlllC panpellleHIDI Si(Au)-p;eTe:KTopa (20-25 KaB), 

npIIMeH.llBllleroc.1l B HalllIIX nccrrep;0BaHIDIX, u noaT0My l!X p;aHHble 6orree 

T0'!Hbl. 3Benp;O'IKOII 0TMe'!eHbl tlHa'IeHIDI OTHOllleHIIll nrro111ap;eii IIIIK0B ;a;rrH 

npHMbIX coBna;a;eHnii:, Korp;a 1-rrepexop; rro rrpep;rraraeMoii: cxeMe pacrrap;a 

n;a;eT c ypoBHH, Ha KoTopbiii nponcxop;nT a-pacrrap;. B 3T0M crry'!ae co

rrracH0 q>opMyrre (6) paccMaTpIIBaeM1,re 0TH0lllemrn rrrroll(a,[leii: rrporropn;n

oaarr1,a1,1 rroITHhB,r nacerreHH0CTHM ypoBHei'r p;o'IepHero .llp;pa - ak. AHamrn 

n-crre.KTpa B 0KHe E,=218.1 .K3B II0KaJbIBaeT, qTo 3aceneHHe ypoBHJi 218.1 K3B 

y-nepexo,naMH C 6onee Bb!C0KHX yp0BHeii: MeHblIIe 1.5% IIHTCHCIIBHOCTH 

a-pacna.na Ha 3T0T ypoaeHb., Ilo3T~My ~OJIHaJi 3aCeJieHH0CTb Y}JOBHJi 218. i K3B -

<Xz1s rrpHHliTa· paBHOH HHTeHCHBHOCTH a-JIHHHH 6126 K3B: a21s = Cta21s 

= 15.1(5)% Ha pacrrap; [11,13]. Bee ;a;pyrne 0THOIIICHHlI IIJIOll(ap;eii IIIIK0B B 

Ta6rrnn;e HOp:r.mpoBaHbI Ha 3T0 nHa'ICHHe. 
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IIorrrreHHbie ::rna"-reHII.1l rrorraoxr nacerreHHOCTII ypoBHei'r 217 At (Bemr'IIIHhl, 

OT:\IC"-ICHHbie ::3Bf'3;a;O'!KaMII B Ta6mrn;e 1) II0::lBOlI.llIOT cp;erraTb crregy10111ne 

BhlBO)i:bI. 

l. ,IJ;;rn 'IeThlpex ypoBaen 218.1, 272.0, 368.3 n 382.3 KGB Berrn"-IIIHbI rrorr

. Horo nacerreHII.ll ypoBH.ll orrpegerr.llIOTC.ll HC0)i:HOKpaTHO. OHII B rrpe

p;errax OlllII60K COBrragaIOT )i:JI.ll :Ka::rKJJ;oro ypoBH.ll. 8To IIO).l;TBep;i:,n;aeT 

panMell(CHIIe C00TBCTCTBJIOll(IIX 1-rrepexop;OB B cxe!\IC pacrra;::i;a. 

2. B rrpep;rrocrregHeii: cTpo:Ke Ta6nun;1,1 1 gaHbI cpegmre rrna"-1emrn rro:r

Hon: nacerreHHOCTII ypoBHCII. B .nayx CJiyqaliX, yp0BHH 100.2 H 272.0 K3B, 

0HH 3aMeTHO 60Jibllle HHTeHCHBHOCTH n-pacrrap;a Ha 3TII ypo

BHII ( rrocrregH.ll.ll CTpOKa Ta6mm1,1), 'T .e. aTH ypoBHII nace:r.llIOTC.ll ; -

rrepexogaMII c 6orree BhlCOKIIX ypoBHeII. 

3. IIo:rnrui: IIHTeHCIIBHocTh 1 -rrepexo,[la 100.2 KaB c rrepBoro BO:J6y:.-KgeH

Horo ypoBHlI 217 At paBHa oacerreHHOCTil 3TOI'0 ypoBHlI - 1.8(3 )% . 
IfoMepeHHM [9] IIHTCHCHBHOCTb ,-rrrrefr 100.2 KaB - 0.10(3)% rronno

lilICT Bhl"-IIICJIIITI, IIOlIHbIII K03q>q>nn;ueHT KOHBepcmr .:noro rrepexo;:r:a: 

O'n = ak +Oct+ O'm-•• = an!OO -1 = 17(6). 
a,100 

CpaBHCHHC aTOII BCJIII'IIIHbI C pac'!CTHbIMII nHa"-ICHIIlIMII IIOKanb!BaeT' 

"-ITO rrepexo;a; 100.2 K3B TIIIIa 1'11 (nn(l\11)=12), II Il0!l;TBep:.-rqaf'T pe

nyrr1,TaT [14], q:i;erraHHbIII Ha '.)CH0BC nHa'ICHIIlI 0:1=1.2(6). 

Berrn'IIIHbI OTHOlllCHHfI Ill!Oll(agei"r IIIIKOB )i:ll.ll COBrra;o;emrii •repeo Ka('Ka_ll;Hb!C 

1-rrepexoµ:1,r (rrna"IeHIIlI 6e:J onengo'ICK B Ta6rrIIn;e 4) IlODBO:IlIK)T BbPIIIC!IITb 

!IO qiopMyrre (7) IIOJIHYIO IIHTCHCHBHOCTb rrepexo;o;a MC::rKilr ~·poBHlI::--m. IIo

Ka::rKCM 3TO Ha upm1epe rrepexoga 96.3 KaB c ypoBHlI 368.3 KaB Ha ypo

neHb 272.0 K:JB. CorrraCHo qiopMyrre (7)HHTeHCHBHOCTb nepexo.na 96.3 K3B 

paBHa npomae.neHmo nacerreHHocTei'r yponHei°r 368.3 n 272.0 r.;:)I3 rre

rreHHOMY Ha 0THOWeHIIe rrrro111a;o;d1 ITIIKOB nn Ta6ITIIIl;hl -! ,!l.1lI '")-IIl'jl('X()J:a. 

;a;a10111ero coBrrageHIDI c n-"racTnn;m.m E,,3<is=5979 K3B qepe3 nepexo.n 

96.8 K3B. TaKHx coana.neHHH TpH: c y-nyqaMH 53.8, 171.8 II 272 K:JB. Cpr;:iHr<• 

Bt3BPWCHHOC nHa"-ICHIIe 0THOWCHII.ll p;rr.ll 3TIIX COBnagemrii paBH0 0.99(6} II. 

COOTBeTCTBCHHO, 

0.55(3) · 0.39( 5) = 0.22(3)%. 
an96 = 0.99(6) 
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Ta O 
u S -S . 1. 

6JIHn;a 4. THOWeHH.ll IIlIOlD;a)];eII IIIIKOB osk l;r'il;. '- orrpeµ;erreHIIIO ::la-
"< 

cerreHHOCTII ypoBHeir 217 At II IIHTeHCIIBHOCTeir KacKa)];HbIX rrepeXO)];OB 

E• 100.2 218.1 2i2.0 368.3 382.3 410.6 424.0 538.1 569.7 578.0 

E •• 6243 6126 6075 5980 5966 5939 5925 5813 5783 5776 

E, 
E38 

53.8 0.42(11)" .1.15(10) 
100.2 1.81(25)' 83(50) ~ 13 
118.0 ~ 16· 
150.0 0.57(4)' 1.5(4) 

171.8 0.36(7). 0.99(7) 

218.1 :15.1(5)" 34(3) 31(10) 

272 0.46(14)' 0.83(15) 
282.1 0.085(11 )' 

323.7 0.038(13)' 
0.063(10)' 359.9 

368 0.53(5)' 
382.3 0.083(11)" 

410.6 0.16(3)' 

469.0 ~o.oos• 
538.1 ~O.OO.,' 

0.063(10) ak% 1.81(25) :15.1(5) 0.39(5) 0.55(3) 0.084(10) 0.16(3) 0.038(13) ~0.005 ~0.005 

Oak o/c 1.34(10) 15.1(3) 0.15(3) 0.49(3) 0.08(1) 0.17(3) 0.038(1) 0.004(2) O.OO'i(2) 0.06(1) 

Ilp11Me'!am1e: Ek - :rneprmr ypoBHJI 217At; E"'• · '3Hepr:irn mrnIm TOHKoii cTpyKTYPbl ct· 

cneKTpa 221 Fr; E-r • '3Hepr11JI 1 - nepexo;i;a ( Bee B K:3B ); ak % . ;:iaceJJeHHOCTb ypoBHJij 

a"'• o/c, · UHTeHC:IIBHOCTb lll!Hllll TOHKOl1 CTPYKTYJJbl. 

ThKIIM o6pa::3oM, cyMMa IIHTeHCIIDHOCTell rrepexo;a;on, rrpUXO)];HlD;IIX Ha ypo

BeH:E, 271.9 KGB acr272 + an96.3 = 0.15(3) + 0.22(3) = 0.37(6)o/~panHa rrorrHOII 

oacerreHHOCTH ypoDHH 272.0 KGB - a272 = 0.39(5)%. IIorrHhIH KO::Hpq>nu;neHT 

nttyTpemrnir KOHDepc1rn rrepexo)];a 96.3 KGB onpeµ;errHCTCH Ha ocHone oHaTie

HHH an9o.a=0.22(3) II a-,,96.3 = 0.014( 4) IIO [9] KaK ltn96.3 = 15(5). CpaBHeHlre 

ero C pac'IeTHbIMII OHa'IeHIIllMII noKaObIDaCT, 'ITO GTO rrepeXO)]; Tima Ml 
( O'.n96.3(Ml )=13. 7). AHan:OrlI'IHbIM o6pa::30M Ha OCHODe )];aHHbIX Ta6lIIIU:bl 4 
MO:,KHO paCCTIIITaTb nolIHbie HHTeHClIDHOCTII rrepexo)];OB Me:iKp;y ypoDHllMII 

C :JHeprHllMII 578 II 368.3 KGB, 578 II 218.1 K:JB, 368.3 II 218.1 K:JB, 368.3 H 

100.2 KGB u 218.1 II 100.2 KGB. 

IJp1rne)];eHHhie rrpIIMepbr noKaObIDaIOT, 'ITO npeµ;rraraeMall npOCTall npo

D;C)];ypa o6pa6oTKII peoyrrbTaTOD IIOy'IeHirn conna)];eHIIII norry'IeHIIH noono

lIHCT IIOlIJ'IaTb CBC)];CHIIll O nacerreHHOCTH ypoBHef1 II IIOJIHOII HHTeHCHBHO

CTH rrcpcxoµ;on MC)K)];Y HIIMII 6eo rrpHBJIC'ICHIIll p;aHHblX 110 )];pyrnx GKCnepn

MCHTOB n c xopoweii: ()];O HCCKOJlbKHX npou;eHTOB) TO'IHOCTbIO. 8TII )];aHHbie 

MoryT 6bITb ncnOJibOOBaHbl npII aHalIII::lC CXCM pacnaµ;a. Ilpn IIOCTpoeHIIII 

CXCMbl pacrraµ;a Tpc6onaHHe paneHCTBa BClIIl'IlIH Rt (6), HeoaBIICHMO OT 

Toro ITO KaKOH nape rrepeXO)];OB OHII onpe)];CllllIOTCll, llBJIHCTCll o6H::3aTem,

HbIM /];JIil DBep;eHirn ypoBHH II pa::3MClD;CHHll rrepeXO)];a. 

8KcncpIIMeHTbl no COBIIa)];CHIIllM ll)];CpHbIX II::llIY'IeHIIII, 06bl'IHO C D;CllbIO 

IIOlIJ'IIITb MaKCIIMallbHJIO GqJqJCKTIIBHOCTb perlICTpau;1rn HOJIY'ICHIIH, Bbl

norrHlIIOTCll B ycrrODHllX 6mIOKOH reoMCTplIH. MoBCCTHO, 'ITO 3TO 'IaCTO 
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rrpnBO)];HT K IICKa2KCHll.lIM llOMCp.llCMhlX CIICKTpOB CJMMIIpOBaHIICM llMilylI1>

COB OT COBna;a;aro111nx rrepexo;a;on, 'ITO BJIH.llCT Ha IIHTCHCIIBHOCTb Ha6rrro;a;a

CMbIX conrraµ;eHllll. IIpe;a;rraraeMaJI npon;e)];ypa o6pa6oTKH 0KcrrepI1MeHTalI1>

HhIX ;a;aHHbIX O conna;a;eHH.llx .Hµ;epHbIX norry'IeHllll HCIIOJibOJCT OTHOWCHH.ll 

rrrro111a;a;eii nHKOB B crreKTpax conrrap;eHllll K nrro[IJ;ap;.HM nHKOB B O)];HHO'i

HbIX cneKTpax, HOMepeHHbIX B TOM :iKe GKCnepIIMeHTe. Brraroµ;ap.H GTOMJ 

BJIH.llHne Gq><peKTOB cyMMnponaHH.ll co~na;a;aro111nx IIMIIYllhcon na OKOH'ia

TeJibHhlH penyrrbTaT B nHa'iHTerrhnoii Mepe ncKJIIO'iaeTc.H. 

Crreµ;yeT OTMeTHTb, 'ITO CIICKTpbI conrraµ;emm B Bbl}];CJICHHblX OKHax 

OHa'IHTCllbHO npo111e op;HHO'iHbIX crreKTpon; n cneKTpax OKOH 'iHClIO nHKOB 

MCHbWe. Ilpn GTOM OTHOCHTCJibHble HHTCHCIIBHOCTH nepexo;a;on C oµ;Horo 

ypoBH.H B cneKTpe Bblp;erreHHoro OKHa nonTOp.HIOT OTHOCHTCllbHble HHTCH

CllBHOCTH n O)];HHO'IHOM cneKTpe. 8T<> o6cTO.HTCJibCTBO noonoJI.HeT, n He

KOTOpbIX ClIJ'iaJIX, onpep;eiµ'rb OTHOCHTClI1>Hble lIHTCHCIIBHOCTH .H)];CpHbIX 

rrepexo;a;on npn auan:noe crreKTpon n oKnax TO'!Hee, 'ICM rrpn auan:noe op;n

HO'iHhIX CIICKTpon. Borree npOCTble cneKTpbI n OKHax MoryT 6bITb HCIIOllb

::30BaHbl TaK:iKC H B p;pyrnx C1IJ'iaJIX, HanpIIMep )];ll.H onpe;a;erreHH.ll KOGqJq>H

n;neHTOB BHJTpeHHeH KOHBepcnn -y-nepexo,u;oB no OTHOIIICHHIO IIHTCHCHBHO

CTeii -y- n X-rry-qeii. 
221 

5/2-

7/2-

9/2-

1· 

s1FT134 4.9m 

a. a.-99% 

4-.,,...,., 578.0 5776 0.06 0.063 

-1~ 
569.7 5783 0.00~. 0.005 .,-:-
538.1 6813 0.004 0.006 .. I I I I 47 .. ., 424.0 5925 0.038 0.038 I ~"' 41_0.8 5939 0.17 0.16 

_y ,I° 382.3 5966 0.08 °-08 

I 11 I I I 1 1 1 f 368.3 5~80 0.49 °.55 

_ _ _ _ - - (310) 6036 0.003 

I 11 I I I I 11 , <:' f ~t.,,:: ffl. • • 

._# 
6126 15.1 

100.2 

I I I I 1 1 0.0 8341 83A 

6243 1.34 

217 f 
ss A 132 

E,..., Ea. la, 
keV keV % 

0.39 

=15.1 

1.81 

a,. 
% 

Puc.5. CxeMa pacnaAa 221Fr. ak - aaceneHHOCTH ypoBHen: 217 At, onpe,11e.JieHHble B 

HRCTOJ'l~e:ii: pa6oTe 
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Ilpep;rraraeMa.a: MeTO)];IIICa IICIIOIIb3OBaHa "C.{)'MIIHbIM II p;p. [15] rrpu aHa
lIII3e. pe3yrr1,TaToB n3yqeHII.JI ( a - 1 )-coBuap;eHIIH npn pacrra;n;e 217 At. Ilo
rry'IeHhl HOBble p;aHHble o cBoii:cTBax ypoBHeii 213Bi, 3a<;ellileMhIX B aTOM 
pacrra;n;e c IIHTeHCHBHOCTbIO MCHee 0.06% Ha pacrra;n;. Ha rrop.Kp;OK IIOBbI
llleHa TO'IHOCTb II3MepeHII.lI lIHTCHCHBHOCTeii: ,- H O'-IIepexop;oB, uorry'IeHbI 
HOBhie CBep;eHII.lI O MJIIbTlIIIOIIbHOCTII ,-rrepexop;oB. HoBbie p;aHHhie IIO3BO
IIIIIIII 6orree orrpe;n;erreHHO BbICKa3aTbC.lI O CTp}'KType BO36y;K)];eHHbIX COCTO
.lIHIIll 213Bi. 

4. 3aKJII0'9:eHHe 

PaccMoTpeHhI BO3MO;KHOCTII norry'IeHll.lI KOIIII'IeCTBeHHOH IIHq>OpMaUIIII 
B IIccrrep;oBaHIDIX coBrrap;emrn Hp;epHbIX II31IJ'IeHmi. Ilpep;rraraeTcJI npo
CTOII MeTop; o6pa6oTKH 0KCIIepHMeHTaJibHbIX pe3JIIbTaTOB, OCHOBaHHbIII 
Ha llCIIOIIb3OBaHUII OTHOllleHHH IIIIOllla;n;eii: IIIIKOB ll31IY'ICHIIII B O;D;IIHO'IHbIX 
cneKTpax II cneKTpax coBnap;eHmi. IloKa3aHo, 'ITO nccrrep;oBaHH.lI crreK
TpoB coBnap;eHnii Kp;epHbIX n3rryqeHmi no3BOlI.lIIOT c xopollleII TO'IHOCThIO 
II 6e3 npHB/Ie'IeHII.lI p;aHHhlX H3 p;pyrux aKcnepnMeHTOB onpep;elli!Th norrHhie 
IIHTeHClIBHOCTII 3acerreHID1 .llp;epHbIX ypoBHeH H IIOlIHhie IIHTCHClIBHOCTII 
KaCKap;HhIX nepexop;OB. IIpe;n;rraraeMa.a: npon;ep;ypa o6pa6oTKII ncKrrro•rneT 
BKrra,n; B rrorpelllHOCTII rrorry'IaeMbIX IIHTeHClIBHOCTeii: OIIIU60K B onpe,n;e
lICHIIII aq>q>eKTlIBHOCTeH HCIIOIIb3JeMbIX ,n;eTeKTOpOB. HcKlIIO'IaeTC.lI TaK;Ke 
BlIHJIHHe Ha pe3ylinTaTbI aq>q>eKTOB cyMMIIpoBaHrur lIMIIYlibCOB COBna,n;a
IOlllIIX K,n;epHbIX nepexo,n;oB. Bo3MO;KHOCTII npe,n;rraraeMOII M8TO)];IIKH npo
lililIIOCTpIIpOBaHbI B aKcnepIIMeHTax no ( 1 - 1 )-coBna,n;eHIIJIM rrpn. pacnap;e 
133Ba II 134Cs, a TaK;Ke npe,n;BapnTelibHhIMrr pe3yrrnTaTaMn nccrrep;oBaHrrii: 
( a-1 ) - c0Brra,n;em1ii: rrpII pacrrap;e 221 Fr. 

ABTOpbI rrry6oKO IIpII3HaTelibHbl B.r.~yMIIHY, iv1.H.Ky3HeD;OBOH II M.B. 
IOrrp;allleBy 3a rroMO!D;b B pa6oTe, B.M.fop·o;KaHKITHY rr B.B.Bpy,n;aHIIHY 3a 
IIOlie3Hbie O 6cy;K,n;eHII.lI. 

Pa6oTa BhIIIorrHeHa rrpII q>IIHaHcoBoii: rro,n;;n;ep)KKe PoccHHCKoro q>oHp;a 
q>yH)l;aMeHTarrhHbIX_,IIccrrep;oBaHIIH (Kop; npoeKTa 94-O2-O4828a). 
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r poMoa K.51., <1JoMHHb1x ~.11. . .. 
K_ Bonpocy o· KOJIH'JeCTBel!HOM llH3:)IH3e. 
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'pe3yJJbTaTOB 3KCnepHMeilTOB no CO_BnaneHmlM ,51JlepHblX H3Jl)":lelrntt 

.. · .. : Ilpenmir~eTC51 Me.TOA aHaJJH3a 3KCnepHMeHTaJibHblJn>e:iy.rn;Ta.TOB 1ic~J1e)lOB,a!IHH 
C()BnaneHHH. _51nepilblX H3JJ)'11elli1H,._ ocl10ria11i1blH i1a HCl10Jlb30Ba.i'i1111 ·ornowe1m1i . 
. mmuianett llHKOB -~3Jl)"JellHH a '.o)llillOYllblX 'c:neKTpax· ", a cneK'rpa'x COBna,ueHHtt'. 
TTpouenypa,,~6p~60TKHHC~l{)YaeT·•BKJla)l. B no;-pewi106Ti-1 nOJJyYaeMblX ·nattHblX~:~ 
, OUIHQOK onpeneneHH51 _ ::iqicpeKTH!llfoCTH ,UeTeKTOpOB. l1cKJito"i.iaeTC51,Ta.JOKe .·BJIH51Hlie 
Ha pe3ynbTaTbl iicpcpeKT~B CYM~Hpoaai1irn ·u~inyni,coii COBnauatoW.HX 51hep1ib1x· nepe~. 
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