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7. CneKTpO\'eTpHH 3.rl€KTpOHOB BHyTpeHHei\: KOHBepCHH' 

V1a.1oA<eHa ~tero.:tHKa H3MepeHHSI KBK c noMOIIlbJO nonynposonHHKOBbiX 
.JeTeKTopos. B npeno.lor>,eHHK: 

ak (661,648 K38 -
137

Cs ) ~ 0,0905 ± 0,0010 

nocrpoeH Ha6op HOp:\l8.leH KBK BTOporo nops:tUKa. npn 3TOM npeanonaranocb 
TITO o6paTHOe pacces:mue 3J18KTpOHOB OT ITOBepXHOCTH ll8T€KTOpa He 38BHCHT 

OT 3HeprHH npH HOp:-..taJibHOM 118.08HHH. IloK838HO, liTO ilJISI nepeXO.ll8 121,8 K3 

( pacnaa 1~2 Eu ) ' s:m.l Sl.KJWeroCH l.HfCTbiM E2 rrepexo,aoM (Tuna 2 +- o+)' 3KCI1e 

pHMeHTanbHOe 3Ha'-:le!llte a k orn~P.IaeTCSI or pacqerHoro ( Ta6nuUbi Xarepa H 

3enbt'Uepa) H8 ( 7 ,3±~ ,5) '?o. IlpHB8ll8Hhl TBK:tKe OTHOCHTenbHbie HHTBHCr1BHOCTH 

3BK paDHOBKTHBHbiX nyK.-Bi.UOB, KOTOphie :v!O*HO npiiMeHHTb !111II HCCneaosa

IHHI 3Q¢eKTH"BHOCT!f cneKTpOMeTpOB. 3KcnepH:MeHT8nbHbie .ll8HHble RB11RIOTCR 

pe3ynbTaroM o6pa6oTKf1 6onee 800 armaparypHblX cneKTpoa. 

Pa6ora abmonHeHa B !Ia6oparopau SI.UepHbiX npo6neM OI-HH1. 

llpeDJ1118T 06J.eJUIHeHHOI"O aBCTBTyT& BAep&WI BCc:.eAO....t, ,l{y6&& 1977 

\'y!m- Ts. et a!. P6 - 11085 
Snectrornehy ,.,f Radioa.ctive Nucleide Radiation 
r_rsing Semiconductor Detectors. 
7. Internal Con\.-"ersion Electron Spectrometry 

I 

with 
PlQ 

The technique of internal conversion coefficient measurement 
the aid of semiconductor defectors has been described. Assu-

137 
a k (Gf>!,618 keV - Cs) ~ 0,0905 ± 0,0010 

the set of intet·nal conversion coefficient standarts of the second 
order has been obtained. The opposite dispersion of eleclrons at 
the detectnr surface is assumed to be independent on the enerQ,y 
at a norrna.l fall. It is sho\vn ti}at the experimental value of a k for 
121.fl l<eV transition (decay of 1'>2 Eu ) being the clear E2-transition 
;(t,-pe 2+- Q+) is disti,-,ctive (to 7. l± 2.5''c) from the calculated one (the 
· HaQ.er and Seltzer t<:tblesl. Relative intensities of internal conversion 
I electrons from radioa.ctive '~JLtcleides are also given. These data ob-

l
tainerl after proces:::.i·1~ more tha:1 800 apparatus spectra can be 
used for the spectr0metry efficiency investigation. 

I 
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: 

The investi~atirJn has been performed at the Laboratory 
of '(uclear Physics, JINR. 
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I I 

OcHOBHaH a~aqa raMMa-cneKTpocKOITHH CBO~TCR K H3MepeHHID aHep
~ H OTHOCKTenbHHX KHTeHCKBHOCTe~ ~epHHX rrepeXO~OB C B03MQMHO 
~en ToqaocT~I-6/, Ha 6ase aTHX peay~TaTOB cTpoHTcs pa~e 
BapKaHThl CXeM pac~ (qacTO C IIplm.Jiel{eHKeM ~a.HH!iX 0 COBITa,IJ;eim.HX) 

H orrpe~enRDTCR 3HeprHH B036~eHHHX COCTORHHH. 3a,naqa ~e crreKTpO
CKOITHH SJieKTpoHOB BH;yTpeHHe~ KOHBepCJDI (3BK) CBO,IUJTCR, B OCHOBHOM, 
R orrpe~eneHHID MY~THITaHDHOCTe~ rrepexo~oB, a CRe~oBaTe~Ho, BOSMo~
HI:lX KBaHTOBh!X xapaKTepHCTHK I 1T Bos6~eHHh!x cocTORH"Iffi. ,lla.HHble o 

ROsqxpKUHeHTax BH;yTpeHHe~ KOHBepcJDI (KBK) II03BOJiffiOT Ta.Kllte rrpoBepRT:b 
npa:ewn.HOCT:D rrpe,IT.licmeHHon cxeMH pacrra,na Ha ocHoBe 6a.na.Hca KHTeH
CKBHOCTeH SJieKTpOMarHKTHHX rrepexo~oB. 

B HacTosmeft pa6oTe pacCMaTpKBaDTcR Borrpocbl H3MepeHHR KBK c rro
'dOlil:bl!l IIOJIYIIPOBO,I~UU<OBh!X ;neTeKTOPQB, XaP,aKTepHCTHKH IIpHMeimeMHX 
CIIeKTpOMeTpOB OIIHCaHbl B pa6oTax /I,2, 7/, 

I. MFI'O,UID{A. M3MEPEHWI KBK OT,1J,E.JihHILX. IIEPEXO,UOB 
Cor;racHo orrpe;nenemm, KBK Ha o60JIOl{Ke t paBeH: 

""i = I iII ' (I) 
r;ne [, H I- qwCJio l-SJieKTpOHOB H r-KBBHTOB, COOTBeTCTBeHHo, HC
rrycKaeMHX B ITOJIHOM TM8CHOM yrJie sa e,nmumy BpeMeiD'!, CltJeBH,I(HO, 'ITO 
MOEHO IIOCTpOHT:b OTHOIDeHHR TKITa: 

x;/o:i = I, I lj • (2) 
Cpa:erumast aKcrrepHMeHTaJI:DHLie sHa'lemm o< i H ,, , jrx i c TeopeTH'Iec.IWMH 

pac-qeTaMH, orrpe~eJIRDT MYJI:DTHIIOJI:DHOCT:D rrepexo;na. 

I. A6comPTHHe HaMepeHHR 
ilyCT:b HMemTCH 6eTa- H raMMa-CIIeRTpOMeTphl, ~eKTHBHOCT:b KOTD

pb!X B yCROBHRX ~CHpOBBHHOrO 3Ha-qeHHR TeJieCHOro yrJia H3MepeHa C 

IIOMOII{:bD RaJIH6pOBaHHLIX UO UKTHBHOCTH HCTOl{HHKOB, llo;ncT~ 3KCIIe
pHMeHTaJI:DHHe aHal{eHHR B (I) , ITOJIY'UleM ()(, (MeTo;n A E G 8 ) • B rrpe;n
IIMOllemm He3aBHCHMOCTH OIIIH60K IIOrpeiiiHOCTl> 1 -ro H3MepelUtll c<;paBHa: 

ex = ex: . f (~) z .. ( ~ )' } Yz 
l> I' I' I s ;, s' , ,3) 

3~ec:D ~" H s' - 'DICJIO HMIIY~COB i -SJieKTpOHOB H r -KBaHTOB, " s ;, 
H " S 1 - COOTBeTCTBYRJitH6 rrorpemHOCTH, B O,ItHHOtnlh!X H3MepeHHRX MOr;yT 
HM6T:b MeCTO CHCTeMaTHl{eCKHe OWH6KH, CBff3aHHHe C DCT!QOBKOH HCTO~
ImKa, c yqeTOM T y2 H npoc-qeTo:/21. IloaTOMY H3Mepemm npo;o,IVIT na 
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pasma: rm.u, cne.KTpoMeTpH'leCKHX Tpa.KTax H aHaJIHaaTopax. Tor.na: 
" L: o( ;, w, l . , , } y, 

c\j ~ ~-- .t,o{,~ (t;<"X;) + (01,;() '(•'1;~) (4) ~~ . 
3,neC:h .X - Jiorper.OCT:h onpe,n~~lDJJI a~COJIIOTHO:ll: sqxpe.KTHBHOCTH rBldMB.-
cne.KTpoMeTpa/3•4 ; fi; = ("' o<;,) , .t.o<; - HaH60Jil,lllasi H3 Bli'UICJietmHX 

no C~e,n~ ~OpMy~aM norpewHOCT:b! n 

• )' 1 .)2 I ~ 1{, l•"'. -·~ .• )' 
( -"'>\, ~ ;f-~~ j l·H~, - Tl j E.i-~~-- · (5) 

~~~ I ·j 

Be~HHa 7 xapa.KTepHsyeT norpemaocTI> orrpe.n~eHHH a6co~Ho:ll: ~ 

~e.KTIIIBHOCTH 6eTa-cne.KTpoMeTpa. Ee pacctnrrW3810T no ~J.:My~e: 

~ ~ / (~-c~.ill I ' ' / .~ ~'-1T)' 1 ~~ 
I l 0\!)1) \ SI:JT (6) 

IIorpemaocTI> onpe.n~eHWI MOllla.nH nHKa aTMoHHoro nepexo.na AS, 11' Bbl-

•mcMeTc.!l no ~op.cy~aM, aHMOI'R'IHWJ! ( 5) • 207 

Ha pmc. I rrpRBe,neHU ~parMeHTH cne.KTpoB H3~eHKn B1 , H3Me-

peHHHX c UOMOUl:b!O S,(1}- H Ge(li,Au)-.neTeKTopoB, a TaiO!e noJIY'leHHHe B 

aTHX aKcnepHMeHTax 0(~, • AC\-,. A6cOJIIOTHasi s!lxPeR'l'HBHOCTI> 6e-ra-cnelt'l'po

MeTpa orrpe,nMeHa c nOMoliU>lO o(.~ .nM nepexo.na 66I, 7 KSB I37 Cs • 

x ro3 

10 

~ 

I K 569.7 

! T 80 11M2 X 4 MM Sill!) 
P; 5 CM 23.5.76 

ii 
!j 

aK; O.OI56 (6) - AE G 
L12 

'· ! f\l3 M 'J 

~ !500 1600 1700 1800 1900 2000 
--.. 
t~ 
(; 4 

HO M'~2 X 5 ~~j Ge(l ~ ~u) 
P = 5 CM 2°.-;,. 'if. 

K S69. 7 

' 
•I .r 

2 
1

1 aK= ,J.OISq (Y) - AEG , ,\ 
a,= 0.0!6" (ll) - I fC L12 ii 

i1LJ MN 1 r 
~---------- ../~ 

I6CkJ '7Uil reoo J·.j()(J ?OOlJ 21uu 
HOII~P KAHA]A 

PHc.I. ~parMeHTH cnelt'l'poB msxyqeHWI 207 81 , HSMepeHHSe c no-

MOlll:b!O Sr(L•) - li Ge(li Au)- .neTelt'l'OpoB. 

HCKJD>'Ill!'l':b yxasamme BYII!e CliCTeMaTJ!'IeCKHe 0111116Kit MOJUIO, ec.mt 

rrpHMeHHT:b O.ztHH m:tn ,nM perHC'l'plll4Kll K8.K 6eTa-, Talt H r81rD18.-1!3JIY118-
~I,7/- OM. pHc. I. STOT Me'l'O,n ~eTC.!! n~ (H 6unee TO~) 
aHMOrOM MeTo,na BHY'fpeHHe-BHewHeli ROHBepcmi ( I FC / 8/. 

4 

r 

2. CpaBHHT~HHe msMepeHWI 
MeTo,n aHMorzqeH paccMOTpeHHoMy BHme, HO s.neci> .nocTaTo~o 

npe,nBapHT~Horo HC~e,nOBaHH.!l ~:h OTHOCRTe~HSX ~RTHBHOCTeR 

6eTa- m raMMa-cneKTpoMeTpoB. McCJI~yeMHtt H 3TMO~ npenapaTH 

HSMepmDTC.!l BMecTe (MeTo.n N PG / 8 : 

eX = k liD c\ (7) 
II l1Til b JT y 

IIorpeWHOCTH pacc~THBaiDTC.!l no ~e.nynmHM ~opMy~: 

, s· 2 s . z 5 2 ( 5 '} Y2 6,o(;,~o<.;,Jf~) +(~) . .-(~) + ~) 
t( Si1 S:rriv . s, 1 S1T1 (8) 

{ 

• 2 2 . 2 2 '/z 
6 <X[ = ( AC\i) .,. (O(i ;r) + (c~i1) '(~o<Jri) j . 

BeJIJfiiHHH X H 1 xapalt'l'epH3YJOT norpeWHOCT:b OTHOCHT~HUX Slix]ieRTRB

HOCTeR cneKTpOMeTpOB. 
IlpHMep MeTo.na NPG noKaaaH Ha pzc. 2. B Ka'leCTBe 3TMOHHoro 

HCTO'llil'!Ka HCil~30BaH 137 C S • 

~ 
;! 

t: 
!'; 

X 102 ,---...,.-::-=-::-c:-::::-:c:-;-r 

•o tK 569.? 
20 ~ aK• 0.0156 (B) I 20 

fn?Cs -661.7 

r 
/1 
II L 

,1/"N 'L /\....--.. ,; ,, 

1500 1600 1?00 !BOO 2100 2200 

x ro' l B?Cs-661. 7 
~GeiL<I I P-i2Cii-22.5.?6 

20 

ro L 20781-569.7 

1400 1500 

x ro' 
15 

10 

5 

0 1:::::::=~ 

20781-1063.6 

n 
!?00 1800 ?R(l(l 2900 

i" 
il 

I BO .. 2 X 5 DGel.,.\j 
p = 5 C1l 30.5.?6 

11 aK = 0.0974 (48) 
)j 20781 -1063.6 l~2 
! , J\L3MN 

2600 2700 2800 
HCilE!l KAHAU 

3, 0THOCHT~HHe B3MepeH:wi 

PHc. 2. ~~eHTY cneRTpoB zs
~Y'{elld 207 ~i z 137 Cs ' za

MepeHHHX c nOMOUll>ll s;·( L i ) - , 
Ge (Li)-z Ge(Li,Au}- .ne-reRTopoB. 

9aepreTwqecKoe paspemeHHe no~ynpoBO.nHHROBHX 6~-r,-cneRTpoMeTpoB 

H npBMeHeHHe 9BM ,nM o6pa60TKH CUeRT~HHX ~2 
n03BonHDT 

pas,neMT:b K- H L-KoH:BepcHoHHHe JIHHmi .nM Z > IO, L H t-1- .nM 
Z> 35, l"lz N-.nM Z>60, L, II L,- .nM Z:> 70 (CM. PliO, 3). B 

rrpe,nnunOJtemm Heaa.BHCJJMocTH Clllli60R norpewHocTI> I i /I j paBHa: 

t.(L) =(li) \·(~) 2 +(,\SJ)2 1 ~ (9) 
11 • r, 1 s. sj J . 
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3.n;ec:D L,j = k, L,,L,, LJ, M, N H T • .n;., Si H S j - 'UICJIO aapei'l'!cTpHpOBaH-

.fillX L If j aJieKTpoHOB, cooTBeTCTBeHHo; I- S/ E - IDITeHCHBHOCT:D 

l H J -3JI8KTpOHOB; £ - COOTB8TCTBYJllllrui aqxpeKTHBHOCT:D pei'l'ICTpa-

UKH. PeayJI:DTaTH MHoroRpaTHHX H3MepeHHA o6pa6aTHBaDTCH no ~opMy

JIBM, B.Ha.JIO~ ( 4)-( o< it ~ (I;/ Ij), ; ;r- 0 ) • Tor.n;a l!e.7IH'Dllm 1 6y

.n;eT XRpaRT8pH30BaT:D npe,IJ;eJI:DHYD UOrpemHOCT:D onpe.n;eJieHBH OTBOCHTeJib

HOI aqxpeKTliBHOC'l'H cneRTpOMeTpa Ha yqacTxe i - j • HmxC*HDI, 11'1'0 I!IP
!PeRTH CYMM'!JlO:Ba.HJla X-JIY'lel c i , j -aJie~HaMJI IIOryT IIpJmO.n;HT:& x 

c~eCTBeHHHM •cxaaeBBRM OTRameHKI Ii/lj • C ~01 TO~ SpeHJH 
BJIIDIHl!e yCJiomd H3MepeHBH Ra .n;SHHOM cneRTpoMeTpe .n;OJJXHo 61:lT:D JJC

CJie.n;oBaHo aapaHee. 

1 .. 
f 

-·~ 
PRe. 3. 3am'1cHMocu pasRoc

Te! SHep!'l'l! CBff3H Ha o60JIO~

KaX OT Z HYRJII'llta. 

B Ta.6Jr.I npHBe.n;e.fill OTHOCJJ'l'eJI:DHiie JIHT8HCHBHOCTII 3BK, rrOJiy'leHHiie 

c UOMOIIU>D Si (Li )- H Ge(Li,Au~.n;eTeRTOpoB. ,lJ,ir.A: CpaBHemm: 'l'BM .lle 

npKBe.n;eHU H peayJI:DTaTH pac'leTOB .IJ;JI.fi npHHRTHX MYJI:DTHTIOJI:DHocTeft/IO/. 

H1WJ E ol r, •IK lLt t.lU2 Ill dLJ lL •IL IM •IM IN "• 152 Eu 121.8 E2 100.000 2.146 - - 61.?18 0.770 B:m 0.257 .5.0.59 0.162 
100.000 .52.16'. 22.076 511,200 

141 ce 145.4 III 100.000 I .427 - - III.ZIO 0.150 ~:~r 0.011 0.7~ o.a.1 
100.000 13.1102 0.185 13.58'1 

139ce 165.9 IIU 100.000 1.179 - - r•.o92 o.n1 2.921 0.055 o. 7)9 0.035 
100.000 B,24o\ o.Ia. n.•za 2. ?78 

167rm 207 .a 13 I~~ 2.583 80.751 5.:109 H:W. •.m IU:m ro.ras 38."/W I.BI2 8.?25 1.1150 
97.297 36.011 

207e, 569.7 12 11.012 o.21>6 5.692 0.25? 8:~ 0.0,8 6 •• 90 0.355 1.38'7 0.075 o.•llli o.os3 ... 5,,.? 6.097 
137cs 661.7 a 11:8 1.696 -

1.139 - If: in 0.080 - - - -
16.175 

207e, t063. 1 .- I~:!Rl r.ozs 21>.599 0.665 I:~ o.r36 25.999 O.llll 6.811!1 o.- 1.?86 0.011 
21>.021 25.825 

Ta6Jr. I. OTHocne.m.HHe weHCIIBEOCTll SBK • !IX CpaBHeBie c 'l'eo

pe'l'H'IeC.ItiDm pac~eT~IQ .If.IVl npHHRTllX MyJI:DTmiOJD>HOCTel. 

6 

-.,-

.. 

4, MSMenemre OTHOI!lemtil: X. lc 
B c.rryqae ~--pacn~a, a TaiOKe npH Ha.l!lfiUm H30MepH1!X COCTO.fimiH, 

BaKaHcHH Ra o6o;ro~KaX Hy~a B03HHKaWT TOJibKO sa c~eT npouecca 

BHYTpeHHett KOHBepcHH. C;re.n;oBaTeJI:E.Ro,HsMepn sa e.n;IDIRUY BpeMemr 

'UICJIO r -KBB.HTOB H 'UICJIO BaKB.HCHH Ra COOTB6TCTBJromefi 060JIO~Ke, He

Tpy,nHO onpe.n;eJI:HTb KBK ~ cxeMH pacna.n;a c O.n;mrM raMMa-nepexo.n;OM 

(MeTo.n; X PG) 
~. = r •. ~ 
\..J\.IY ~ 

Wi I I 
,.. ex. = C{ . { ( 4 I x; ' )

2 

( ,.. I 1 ) 

2 

} 1 " ~~ -I- + -,,I I y • (IO) 

3.n;ec:D o( iy - KBK Ra [ -o6o;ro~Ke; L, - HHTeHCHBHOCTb x, -peHTreHoB

CKHX ~ett; W[- BhiXO.IJ; <l>Jnoopecuemum Ha l -060JIO~Re; I, - HHT6l!CHB

HOCTb raMMa-~efi; Y - HOMep H3MepeHHR. PesyJI:E.TaTU MHoroKpaTH1!X 

HsMepemrn oupa6aTUBB.IOTCH no ~OPJIYJiaM, aHa.nonr~ ( 4). B aToM c;ry

~ae, O.n;H&KO, B Ra~6CTB6 1 HCTIOJI:D3YRJT norpelllHOCTb H3MepeHHR BUXO,IJ;a 

<PJnoopecueHUHH. 

ITO.IJ;XO.IJ; HeTpy.n;HO paCI!lllpHTb H .n;JI.fi 6o;ree CJIO~HhiX CX8M pacrr~a, 

Kor.n;a OTHOCHT8JibH1!8 HHT8HCHBHOCTH l -3JI8KTpOHOB MO~HO H3M8pHTb C 

BhiCOKOH TO~OCTbro. 3TO OTHOCHTC.fi, B OCHOBHOM, .n;JI.fi c.rryqaR i-~ • 
,lJ,ir.A: rrpHMepa Ha pHc. 4 rrpne.n;e.fill crreKTp raMMa-~eil: 176 m L u H 

rro;r~eHHoe B aToM aKcrrepHMeHTe sHa~emre KBK. 

ID',-----
I?timlu- 3.68 1.1 

200 1012 X S Mil Gell,) 

LX(H! ) KX(it,+rlf) 8K.4 

Tl a .3 'i 12"' 2 II 
P = 6 Cl t[i - Ht.T 

9.7,?6 

wS 

~ ~~ ; ; I w' f :'' .\ · ' 

~~I ; 1 i, ~,;~~: ----+------,_~·J..:I' ~ Io'~- ·--- . I 

I02 j - --~ 
•a. 
' ' K.4.{Yb"t HI) 

•a, 
IO l--- -i Ka1 /. K/;1 ' ~--

___.;3., __ ) :J . ~ 

1000 2000 3000 .000 
HOIEP KAII.Ut 

PHc. 4. CneRTp raMMa-JIY'leii 176
m Lu' .IIISMepeHH!rtl: c llOMO!Ill>D 

200IWi x 5MM Ge (L•) -.n;eTeKTopa (no~eRHoe B aTOM aKcnepHMeHTe 

3Ha~eHHe KBK ~=I,I6I±O,OI9). 
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II. METO,l.U1KA M3MEPEHW:I KBK TPYITilli IIEPEXO,UOB 

B s~a~ax no zsMepeHHD KBK rpynnH rrepexo~oB MU zcrro~syeM MeTo

~HKY. H3M8P,8HRR 3HeprKfi H OTHOCHT~HliX HHTeHCHBHOCTefi r~wa-~
~efi73•4•5/, C~e~aeM HeKOTOpHe SaMe~aHRR rrpHMeHHTe~Ho K KBK: 

I. MeTo~HKa He rrpe.n;nMaraeT rrpeiJ;HsHOHHliX zsMepeHHfi aHeprHil: 

~epHHX nepeXO~OB H ITpRMeRffeTCR ~b ~ ~eHTZ~HKali;HH CIT8KTp~LHHX 

~lm:i H orrpe.n;e~emm HX l1HTeHCHBHOCTefi, 

2, AJm HCC~8.IJ:OBaHIDI He~HeJ.iHOCTH Cll8KTp01.18Tpa MOJKHO ITpRM8H.l1Tb 

sHa'leHIDI E iJ = Ej- (,, r~e E j -aHepr'of -~eli; [; -aHepr:rur CBIISH 
a~eKTpoHa Ha l - OOO~O~Ke Hy~a •. (TaO~. 2) , 

3, Jipe.n;rroJiaraeM, ~To .I\.1LH HOpM~Horo rr~eHIDI p - ~acTID~ o6paT-

Hoe paCC€HHHe I1 sqypeKTHBHOCTb C60pa Sa:pii,Jl;OB He 3aBUCS!l' OT 3HeprliiZ, 

l3 c~ae Kocoro rr~eHwr Hy:KHO rrpRMeRffTL crroco6 zcc~e.n:onaHIDI arypeR

THBHOCTn, aH~Or~HH IIpRMeRffeMOMJ B f -CIIeKTpOCKOIIHH, 

4. 3H8lll'8T~eCKaH K~6pOBI\.B. CITeKTpOB 3BI{ OCYlil8CTBJI.<IeTCH C rro

MOU{b!O pruree ITpHMeH.fleMHX 3HepriDJ: f -~efi, JI:mn:r, B pe~KHX C~aHX 

(HarrpHMep,Hy~ C Ma.:TillM ~C~OM HHTeHCHBHHX rrepeXO~OB) ITOHB.liJieTCH 

'l806XO.n;RMOCTb ITpRMel!lHBaJll/IH RCTO~KOB C /EOCTw.m: CIIeKTpaMH HJm 

rrpRMeHeHRR MeTo~KH "BHemHeil: .K.B.Jm6paBKH" I. 
~ orrpe.n;e~eHHH KBK rpyrrrru rrepexo~oB B ~~:oHefimeM rrpRMeHRIDT 

MeTo.n; CpaBHeHwr ( NPG ) c 3T~OII1WM r -rrepexo.n;OM. 

III. IIOCTPOEllliE HAEOPA HORlAJIEM KBK 

B I\.B.~ecTBe HOpM~ KBK rre~Boro ITO:pii,Jl;Ka MH rrpKHliiMaeMI8/ 
~K(66I,64B KsB- I 

7 Cs ) = 0,0905 ± O,OOIO. (II) 
Bb16op 3TOii HOpM~ c~e.m:l.H ITO CJI€.IJ:JIOilUIM rrp~HHaM: 

I. C~TaiOT, ~To r.1y~THIIO~LHOCTL rrepexo~a 661, 7 KsB HB.liJieTCH 

~cToii M4. B sTOM c~~e MOJKHO rrpoBecTH cpa.BHeHHe TeopeT~ecKll'x PI 

3KCIIepllMeHT~!>HliX ~aHHHX. 

2. HyK.Jm,IJ; 
137 Cs HCIIHT!lBaeT 1'> -pacrr~ 11 m~eeT TO~LKO o~ rre

pexo~ (pHC, 5), C~e~OBaTMLHO, O(K MOJKHO OIIpe~eJIHTL C ITOMOlJlb!O Me

TO~OB ~b raMMa-crreKTpOCKOIIJ/IH (X PG ) , 

3, llepexo~ 661,7 K3B HaxO~TCJI B TOil: o6~aCTH 3HeprKH, r~e 
Bxo~oe oKHo ITUll HecymecTBeHHO pacceHBaeT KnR rror~ol!laeT 6eTa-~c
TH~ PI ~ .IJ:OCTaTO~O TOJICT!lX ~eTeKTOpOB ( ~ 3 MM) ~KTPIBHOCTb 

pernCTpauHH He 3a.BRCHT OT 3HeprHH, 

4. Hy~ I 37 C s RMeeT 60JThlllofi rrepzo~ rro~crr~a ( 30, I8 r ) H 

llCTO~K BHCOKOH ~e~HOfi aKTHBHOCTJ/I MOXHO IIO~b Ha peaKTOpax, 

3TO 3Ha~Te~bHO 06JierqaeT 3~a~y H3rOTO~eHHH BHCOKOKa~eCTB8HHliX 

8 

.. 

" 

"' 

6eTa-HcTo~KOB, KpOMe Taro, B!lCOKaH ~peKTHBHOCTL pas~eJieHHH Cs 
C IIOMOIIIbll :meKTpO!olarHHTH!lX Macc-cerrapaTOpOB II03BOJUI8T H3rOTOBI1Tb 

TOHKHe PICTO~Kll' 6e3 HOCHTeJiff, 

5, MCTO~K 137 Cs BXO,ItHT B Ha6op ocrn. 3TO II03BOJiffeT .K.B.Jrn6po
BaTb H3rO'I;OBJJ8HHHe Clera-HCTO'IHHKH ITO aKTHBHOCTH C IIOMOlltbll l.!eTO,JU!Kvl 

CpaBHeHIDI IDITeHCHBHOCTeit f -~e:tt/4/. 
6. Pacrra.n: 

137 Cs HCCJie~oBaH rreo~HoKpaTHO n rrpaKT~ecKI'! Ha Be ex 

Tnrrax 6eTa-crreKTpoMeTpoB • 

7, Mcrro~SYH H3~0JKeHHyro Bllllle MeTO~KY :1'.1 OTHOCHT8~Hble HHTeH

CHBHOCTH f -JIY"'eil (TaM, 7) , JII06ble H3MeHeHRR o{ < 661, 7 K3B B 

.IJ:~nHefimeM M~HO ~erRO yqeCTb, rre !IpOBO~ 8KCnepHM8HTa 3aHOBO, 

105r-=--~-~-.,---::--~ 
ltl(Ba) 

B?CS - 30.18 r 
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HOIEP KAKUl 

PHc. 5. CrreKTp Hs~eHHH 137 C S , llSMepeHHIIft c rroMom:oro Si (l i)
~eTeKTOpa, 

Jio~eHHHe RaMI: 3KCITepRM8HTaJJLHlie 3Ha~eHIDI c/...< IIpHBe~eHli B 

Ta6~. 3 :1'.1 MH 6~eM C~TaTb HX HO~a.JIJIMK BTOporo IIO:pii,JJ;I\.8., TaM Jtte 

IIpHBe.n;eHH ~~0 3KCIIepHMeHTOB 9 R pesy~TaTH pa3JilllqHHX M9TO~OB, 

~ ~oro M8TO~ JKa3aHO 3Ha~eHHe CHCTeMaT~eCKOfi rrorpel!lHOCTR 

1 BKmD~ee IIOrpeWHOCTL HOpManH rrepBoro IIO:pii,JJ;Ka (661,7 K3B-
13~ Cs), paBHoft I,I%. llpH oClpadotKe peaynLtaros, rronyqeRHHX 

pa3HKWX K8TO~aKH 1 B Ka'!9CTB9 CTaTHCTH'I8CKHX B9COB HCIIOJJb3YilT 

HaJ!ClOJIIolllYil H3 norpeiiUIOCtelt ¢.,2=.tX. f ( CK, 4>--JIY ( 4)) Bile 3/UlHCHKOC

U ot q•c~a npoae,.ewllra 3JtCII8J*IIe•rn. TorAa B xaqecrae J •cnOJib-

30iaAac~ HaHJiyqwaa H3 CKCreMar•qecKKx norpe~ocrelt npaMeKeHHWX xe

ro.noB. J!JIJI orrpe~e~e11u etl.; K8lr,ll;oro rrepexo~a HCrronL30BaiiH, KaK »HHH

xyw, ~Ba paaJIHQHWX p~HOaKTHBH~x HCTOQHHKa, 

t 



Tabn. d. JHeprv.VI CBR3V! 3ReKTpOHOB Ha OOonoqKax HYKRHAOB. 

r 
~1. -.T-.K T-i~ -1.;"1 --;:~--~- -~-:~--;;;--i tfl~u i

1 

--- --- ------ -----r --
Sll·l U,t88 .J,ID5 I 
6 c u,,'84 n,Jl'? I 

7 N 0 ,4:J2 I 0 ,,I\)~ I 
~ , 1 o,s32 o,nz• ,,,uo7 I 

u F l 0,6H6! 0,03I ,),JL"l 
10 r:c G,f16? 0,045 c,ors I 
II-;;., 1 1,0?2 o,063 o,Ooi 'l,Olll 1 
I 2 Me 1 I ,305 o,OH9 o,cs2 c· ,no2 
I31 AlI I ,S60 O,IIR 0,0?4 0,073 O,lllil 
!4 c l,83'l 0,!4~ O,IOCJ 0,099 O,OIP 0 0·13 
15, F 2,149 0,1R9 0,136 0,1351 O,CI6 o:uiO 
!61" <,472 o,czg 0,165 o,I64 o,OI6 J,uu~ 
I7 Cl <',823 0,270 0,<02 0,20C 0,0!8 O,OC7 
IB Ar o,203 0,320 0,247 0,?45 • 0,025 O,iJl2 
lq<. 3,608 0,377 0,2ci7 0,294[0,034 O,lllo 

i~ :: ~~~; ~;i~~ ~~m- :~;~;;tt~F.--- ~:~;; -; 
23 ., 5,465 0,628 O,S20 0,5131 0,(]1;6 1):038 I 
24 cr 5,989 0,695 0,584 0,5751 0,074 0,043 
25 Mn 6,539 0,?69 0,652 0,641 0,084 0,049 

~~ ~~ ~·~5~ 8:s.~t s:~~~ 8·~~~: 8:n£ 8·3~~ , 
28111 8:333 r,oo8 0,872 o:8551 o,rrz o;o6tl I 
29 Cu 8,979 I 01)96 0,951 0,931 O,I20 0,074 

~-;~ ~ ~~;i~i ;;~;; ;;i;; ;;1i~~ft--g:r~r~~~n-~ :::231 
33 As Il,867 1,527 1,359 I ,323 0,204 O,I4? O,I~~ I O,J03 
34 Se 12,658 I,654 1,476 !,436 0,232 0,16tl 0,162 I J,<J06 
35Br 13,474 1,782 !,596 1,550 0,257 0,!89 ll,TB2

1
0,027 ,;,,·cs ~~JJS 

36 Kr 14,326 1,92I 1,727 I,675 O,?HQ 0,223 0,214 I 0,0?4 O,C: 

~~ ~~ !~:~ glf~ 1:1l8~ l :~~6 8:~~~ 8:~~~ 8:~~~ IS:~~~ 0
'
01 8,L2l114 

39 Y 17,039 2,373 <,155 ~.oso 0,3:·3 0,3!3 ,i,3ui tl,u4f o,G:f 
40 Zr I'/,Y98 2,532 2,307 2,223 0,43I 0,345 0,331 0,<,152 ·Ll,,J.'O 

-t--- ·-- -----=-t-::-·----~--- ---'---+-----j 
4! Nb 18,986 2,698 2,465 2,371 0,46q 0,37" 1',363 0,05o J,0~4 

1 4211o 20,000 2,866 2,625 <',5?0 0,505 0,410 ,),3Q3 0,062 .',035 
43 Tc CI,Q.\4 3,J43 2,793 2,6?? 0,544 0 1445 0,425 O,L'f~ ,;,,'.51 
44 Ru 22,ll7 1 3,224 2,967 2,838 0,585 0,483 l),46] 0,075 ,;,J43 
45 Rh 23,<20 3,412 3,146 3,004 0,627 0,521 0,4lf 2,0?1 ",04R 
46 Pd 24,350 3,6Ll5 3,33! 3,173 0,670 o,ss~ 0,53I O,Jc( ',.51 
47~g 25,5!4 3,f06 3,524 3,351 0,7!7 1l,60i ll,57I J,C"O '1,,'62 0.056 I 
48Cd 26,7ll -,018 3,727 3,538 0,7?0 G,65I 0,6I7 0,10o 0.007 
49In <7,~ ~.238 3,~38 3,730 D,t126 L',702 o,&64 c,rz.- o.rrn ' 
50Fn 29,200 4,465 4,156 o,929 0,6;l4 0,75? ll,7IS ~.1~7 0.089 ~ 

I ~ z l L, L2 LJ M~ M.-2. M9 N N2 ~-1_-~ 

r • ., l~ 

I 

, 

r 

_.. 

~ 

10 

kol.,_, 
l.(o(i.. 

k ~ l" 
(< "") L,,, 

ITpo~on%eHHe raORVIUH ~. 

kr. I ,, 

~ " 1 K L1 L2 L, r.1 1 t1
2 

t'J T ·;
1 

~~" - :- -' ~ 
I ;:-, f- 1--- t------- ~ 

sr cb 30,491 4,699 4,381 4,132 o,944 o,s12 o,76l 1 o,rs? o.o~·· J,oJ? 1 

52 'fe 31,6!4 4,Y39 4,612 4,34! 1,006 O,H?O 0,8!9: O,l6o O,!Ll 0,0!2 
53 r 33,170 5,188 4,o52 4,557 1,0?2 0,93! 0,875 '0,186 o,I?3 0,0!4 
54 Xe 34,562 5,453 5,Iil4 4,782 !,145 0,,99 0,33? i 0,208 O,l47 0,0!~ 
55 Cs 35,985 5,713 5,360 5,0I2 I,217 l,U65 0,99t '0,·31 0,172 J,l6? c',Qd 
56 Ba 37,441 5,987 5,P• 5 247 1,293 1,137 1,06310,253 0,1 .,. 0 100 0,04· 
57 La 38,925 6,267 5,891 5:483 1,362 1,205 I,I24 I 0,?71 0,2UE \1:I9.? U,C~~3 
58Ce 40,444 6,549 6,I65 5,724 I,435 I,i73 l,I86I0,290 0,<24 0,206 0,032 
59 Pr 41,991 6,835 6,4'tl 5,965 I,SII 1,338 1,24~ I 0,30S 0,237 0,218 o,~3o I 
60 lld 43,569 7,126 6,72? 6,c'Ob I,576 1,403 I,:98 0,316 o,.·~,<, __ 'l,2_"~J~"-1 
6I lln 45,-qs 7,428 7,0!' 6,460 1,650 1,472 1,357:0,331 O,?SS 0,237 C,Ulc 
b2 Sm 46,oo5 7,737 7,312 6,717 1,724 l,54i I ,421 : 0,347 O,c67 J,i4~ 0,039 
63 Eu 4b,5I9! 8,052 7,618 6,977 !,BOO 1,614 I ,481 I 0,360 u,2t4 0,257 0,03? 

-64 Gd 50,23Y 1 B,3?6 7,93I 7,243 r .~81 r ,689 1,544 1 o,3?6 u,zsy o,27I o,036 
65 Tb 51,996 8,70~ ~,252 7,515 1,968 1,768 1,6I2 1 0,3'!8 0,31: 0,286 0,04() 
66 Dy 53 0 788 9,047 8,581 7,790 2,047 1,842 1,676 I U,4I6 :1,332 ~,2<,3 0,063 
671Ho 55,618 9,395 8,919 8,0?1 2,128 I,923 l,?.4I. 0,436 0,343 1.1,306 u,OSI ' 
68 Br 57,486 9,752 9,265 8,3)8 2,207 2,006 I ,8!2 0,44 4 O,lhf> 0,32·:1 J,OCU 
69 Tm 59,390 10,116 9,6IH 8,648 2,1)C7 2,090 I ,~<85: 0,4?2 11,~'"'E \l,~57 U,OS~ 
?01Yb 61,332 10,488 9,9?8 R,;;43 2,3'17 2,I72 I,'-149: 0,4>-'.? 0,3't6 0,343 O,lJS3 
--+ ---------- ---- t·--
71 ILu 63,3I4 !0,870 10,349 9,2. 44 2,491 2,264. 2,024 'l.!,S.06 11,4:0 
72 Hf 65,351 11,272 !0,739 9,561 2,601 2,365 2,IOH 0,538 0,43? 
73 Ta 67,417 Il,680 IJ,136 ~,881 2,708 2,46'! 2,194 o,56f c,46S 
74 If 69,525 12,099 Il,542 10,205 2,820 2,575 2,281 0,595 0,49? 
75 Ro 71,677 12,527 Il,957 !0,535 2,932 2,682 2,367 0,6c'5 U,SIP 

I 
'16

1

oe 73,t17I 1 I2,%8 12,385 IO,o?l 3,049 2,792 2,45c 
1 

O,b55 0,547 
77 Ir 76,l!I !3,419 I2,b24 II ,215 3,174 2,909 2,551 1 O,tQO 0,577 
78'pt 78,395 13,880 13,273 II,564 3,296 3,027 2,646 I 0,722 0,6l'cl 
79'Au 80,725 14,353 13,?33 11,0!18 3,425 3,I50 2,74310,759 0,644 
aoiHg 83,103 14,b39 14,209 I2,284 3,562 3,27Y_~fl<t2..~~~~77 

o2 Pb o8,005 l5,86I 15,200 I3,035 3,tSI 3,5>4 l,Of7 · O,f'!4 ',764 
BI!ITl H5,531 15,347 I4,6i8 I2,657 3,7U4 3,4I6 ~,"57 1 O,c46 0,72; 

83 Bi 90,526 16,388 15,709 13,4I8 3,999 3,6~7 3,177 0,"3'· ,cOf 
84 Po ~3,I05 16,939 16,c44 !3,el4 4,149 3,R54 3,3021 0,99') 0,851 
ss 1At 95,730 17,493 I6,785 14,214 4,3I7 4,008 3,42611,042 o,ob6 

• 86 Rn '38,404 18,049 17,337 !4,619 4,482 4,I59 3,53" 11,097 0,'~29 

I 
87 h IOl !37 18 639 I? 906 l5,03I 4,652 4,327 3,6f.3, T,;'J 0,9i'O 
88IW 103:922 19:237 18:484 15,444 4,82? 4,490 3,793 I I,201: 1,05~ 

I 
89Ac 106,?55 !9840 19,083 15,87! 5,00t 4,656 3,90QII,26• I,O"O 
90 Tb !09,65I 20:472 19,693 I6,300 5,18~ __ 4,~ _ _4_,046 ~-I~BO_I_,I~8 

"

91 Pa ll2,60! 21,105 20,3I4 16,733 5,367 5,00! 4,174 I I,3ti7 I,2?4 
0!2 u !15,606 21,758 20,948 I?,I6ti 5,548 5,!8I 4,30411,442 l,i73 
93 Np 1IB,676 2?,420 d,599 17,608 5,722 5,366 4,455 l,50I 1,'2~ 
94 Pu I2I,blt1 Ll,I02 22,266 I8,CJ57 5,933 5,546 4,562 1,55h I,377 
-95.., I25,027 23, 7 73 22,944 I8,504 6,120 5,710 4,667 I ,6!7 I ,412 
96 Cm !28,?20 24,460 23,779 lo,930 6,<88 5,895 4,797 1,643 1,44C 
9? Bk !3! ,5'l0 25,275 24,385 19,452 6,556 6,147 4,9771 I ,753 I ,'>54 

l 99 Er !39,490 26,';J00 26,020 20,4IO 6,977 6,5?4 5,252 I ,o68 I ,680 
roo Pm !43,090 21,100 26,ero zo,90o 7,205 6,7"3 s,3"7 1,93 7 1,747 

98 cf !35,960 26,Il0 25,250 l9,Y30 6,754 6,35~ 5,I0~1! ,799 I ,61( 

------- . --
IOI t.td I46,7BO 28,530 27,6IO 21,390 7,441 7,0!9 5,546 c,OIO I,~l4 
!02llo !50,540 <9,380 28,440 21,880 7,675 7,?45 5,686. 2,0.78 I,R76 
!03 Lr 154,380 30,240 29,280 22,360 7,900 7,460 5,810 c,I40 1,"30 
104- 15e,3oo 31,I20 30,!40 22,840 tJ,I20 7,6f.D 5,9IO L,.-oc J,-·70 

K l L L ~-- - __ _1 __ 2 --~~ ~ ----~2__ :J __ ! \1 

11 

S:~~o 3;gg~ 
0,4US J,J71 
J,426 U,J77 
0,445 o,nd 
\~, ,46~ o ,uF.4 
0,4JS ... ,o_:t 

3:~1~ : ~:!3~ 
O,S?I },l.?O 

---- .,._ 

~:~~~ ~:L:~ 
U,L7 0,160 
o, 70': 0,177 
C,74fl 0,1?5 
;J 1 ?6K 0 1 214 
,J,SIO: 0,234 

3:~~: 8:~~~ 
0,%8' 0,290 . - --- +---· ~ 
I ,OU7: 0,5IC ! 
I ,045 : 0,324 
J 1 027 r 0,!,3;; 
l,l20 i 0,3S2 

J :~ ~~ ~ s:;t! 
1,235 J,398 
I ,279 0,41° 
I ,l2I 0,435 
1,366 0,454 

1,410 
I ,446 
I ,4t"C 
I ,510 

'] 



HyKliHil 

TJ 12 

176mlU 
3.68 q 
I52Eu 
13.2 r 
I69Yb 
30.6 .II 
I41Ce 
32.5I ll 

I49Gd 
9,5 .II 
I5I Gd 
120 .l! 
139Ce ... 

N 
137.5 .II 
I73lu 
r.37 r 

I5IGd 
I20 ll 
I73Lu 
1.37 r 

I72Lu 
6.7 .l! 
I69Y.b 
30.7 .II 
I56Tb 
5.35 .II 
I?2Lu 
6.7 1l 
I67Tm 
9.25 .II 
ISI Gd 
I20 11 
!52 Eu 
13.2 r 

HyKnHtl J 

T 1.'2 

I 56 Tb 
5.35 n 
I52Tb 
17.5 q 

1?3 Lu 
I.37 r 

I49Eu 
93.1 1l 
203Pb 
52.1 q 

I49Gd ... 9.5 .l! 
w I69Yb 

30.7 .II 
I5IGd 
120 11 
I49Eu 
93.1 ll 
152Eu 
n.2 r 

I52Tb 
I7.5 q 

I49Gd 
9.5 11 
I 56 Tb 
5.35 ll 
156 Tb 
5.35 11 
207Bi 
30.2 r 

207Bi 
30.2 1' 

Tadn. J. JKCrrepnueHTaRhHHe 3HaqeHnR IillK, rronyqeHH~e c noMomhiD 
pa3nnqHHX·M€TO~OB Ha ITITn. 

E (\E) !(.\!) 4>1 
( 

Pe3yllbT8Tbi pa3HbiX MeTonoB 

EK !K(\l K) "k <1>2 !\a k 

Q MeTOJl ak <1>1 <1>2 ' .\ak 

88.367( 7) 100.000(1830) I .161 0.004 0.018 0.019 5 XPG 1.161 0.004 0.004 o.or a o.or 9 23 ,OI6 -
121. 782(3) 100.000~2476~ 0.06 0.007 0.023 0.01( 7 AEG 0.638 0.009 0.003 0.023 0.01? 74.947 100.000 2!46 0.002 5 NPG 0.635 0.010 0.003 0,023 0.0!8 
I30.525(4) 30.936~733~ 0.499 0.012 0.023 0.017 2 AEG 0.506 0.0!4 0.006 0.023 0.0! 8 ?1.135 44.525 839 0.010 1 NPG 0.483 0,022 - 0.023 0.025 
145.443(3) IOD.OOO~IB2?~ 0.365 0.004 0,023 O.OII 5 AEG 0.366 0.007 0.004 0.023 0.01 I 103.452 IOO.O'JO II?? 0.007 3 NPG 0.350 0.008 0.008 0.023 0.01I 

5 XPG 0.374 0.007 0.007 0.032 0.012 
I49. ?33(f) Ioo.ooop 82? ~ 0.459 0.010 0.023 0.015 2 AEG 0.458 0.014 o.ooo 0.023 0.018 I01 .214 100.000 3393 O.OOI 2 NPG 0.460 0.013 0.006 0.023 0.017 
I53.605(4) I DO. 000 p 829) 0,426 0.008 0.023 0.013 2 AEG 0.428 0.010 0.003 0.023 0.014 105.086 51.307 686) 0.003 I NPG 0.422 0.0!3 - 0.023 0.016 
165.854 (5) Ioo.ooop 827~ 0.226 0.004 0.023 0.007 4 AEG 0.228 0.005 0.004 0.023 0.007 126.929 IOO.OOO II79 0.003 3 NPG 0.222 0.007 0.005 0.023 0.009 
171.402(4) 13.834p?9) 0.0657 0.0013 0.023 0.020 2 AEG 0.0662 0.0016 0.00!2 0.023 0.0022 IIO.O?O 39.488 1008) 0.0013 3 NPG 0.0634 0.0023 0.0009 0.023 0.0027 

I IEC 0,0703 0,0042 - 0.032 0.0048 
I74.f97(4) 47.342~970) I. 73! 0.014 0.023 0.043 2 AEG I. 722 0,016 0.010 0.023 0.043 126.178 100.000 1348) 0.0!5 I NPG I. 754 0.025 - 0.023 0.048 
!79.363(5) 6.3E21I77l 0.2I4 0.004 0.023 0.006 2 AEG 0.214 0.005 0.003 0.023 0.007 II8.03I 62.952 !55 ) 0.004 3 NPG 0.210 0.008 0.004 0.023 0.009 

I I EC 0.229 0.013 - 0.032 O.OI5 
I8I.530(4) 32.80I~II82~ 0.2IO 0.006 0.023 0.008 2 AEG 0.2II O.OJ6 0.001 0.023 0.008 
I20.I98 IOO.OOO 2698 0.002 I NPG 0.206 0.013 - 0.023 0.014 
197.948(4) 100.00011834 ~ 0.355 0.007 0.023 O.OII 2 AEG 0.352 0.008 0.001 0.023 O.OII 
I 38.558 IOO.OOO I63I 0.007 I NPG 0.369 0.016 - 0.023 0.0!8 
!99.216(5) 6I .22911I26~ 0.155 0.006 0.023 0.008 2 AEG O.I54 0.007 0.006 0.023 0.008 
!48.977 Ioo.ooo 2506 0.002 I NPG O.I57 0.013 - 0.023 O.OI4 
203.436(4) 7 .6261378~ O.I50 0.004 0.023 0.005 2 AEG 0.149 0.004 :J.OOO 0.023 o.oos 
142.I04 I? .049 53 I 0.002 I NPG 0.154 O.OIO - 0.023 O.OII 
207. 797(3) I00.0001I821•~ 0.479 0.010 o.o23 o.or5 2 AEG 0.48I O.OIG 0.003 0.023 0.019 
I50.3II 100.000 2583 0.002 3 NPG 0.478 0.013 0.007 0.0~3 O.OI? 
243.293(14) 89.8361!836) 0.0202 0.0004 0.023 0.0006 2 AEG 0 .. 0204 0.0005 0.0007 0.023 0.0008 
I94. 774 2.1% 28) 0.0003 I NPG 0.0197 0.0009 - 0.023 0.0010 
244.69! (6) 25,839t522) 0.0846 0.0014 0.023 0.0029 3 AEG 0.0869 0.0022 0,0006 0.023 0.0828 
!97.856 3.424 42) 0.0023 5 NPG 0.0827 0.0020 0.0008 0.023 0.002'1 

I I EC 0.0835 0.0074 - 0.032 0.0079 

.. 

IIpo~onxeHHe radnHUH J. 

E(\E) 1(\1) <I> I Pe3ynbTaTbl pa3HbiX MeTonon 

E ll\1 ~ ak <1>2 ( .'\a k 
K q Meron ak <N (1>2 c i\(lk 

262.587(13) 9.1051I7I ~ 0.0769 0.0024 0.023 0.0030 2 AEG 0.0771 0.0026 0.0025 0.023 0.0031 
212.348 7.010 I3C 0.0006 I NPG 0.0754 0.0056 - 0.023 0.0059 

27I.Oiflll'+! I4.7761279~ 0.0620 0.0018 0,023 0.0030 2 AEG 0.06!4 0.0022 0.0016 0.023 0.0026 
220.774 29.%6 350 O.OOII I NPG 0.0636 0.0034 - 0.023 G. 0037 
272.III(5) 100.0001!886~ 0.02IO 0.0004 0.023 0.0007 2 A~G 0.0209 0.0005 O.OOOI 0.023 0.0008 
210.779 100.000 1286 0.0001 I N G 0.0214 0.0010 - 0.023 O.OOII 

l IEC O.C2IO O.OOIS - 0.032 0,00I6 

277.08! (5) 83,534ti975~ 0.0808 o.OOI4 0.023 0,0023 2 AEG 0.0800 0.0021 O.OD2I 0.0~3 0.0027 
230.246 IOO.OOO 2697 0.0008 2 NPG 0.0815 0.0020 O.OOII 0.0 3 0.0027 

279.189(6) I00.0001I893~ 0.166 0.003 0.023 0.006 2 A~ G 0.163 0.006 0.003 0.023 0.007 
I 93.658 100.000 2795 0.002 2 N g 0.!68 0.006 0.002 0.023 0.006 

2 IE 0.173 0.010 O.OOI 0.032 O.OII 

298.61 7( 9) 59.0801II?6) C.0723 O.OOII 0.023 0.0020 2 AEG 0.0729 0.0016 0.0009 0.023 0.0024 
250.098 9.217 240) 0.0007 2 NPG 0.0?16 0.0016 0.0001 0.023 0.0022 

307. 72! (6) 29.2701654) 0.0446 0.0014 0.023 O.OOI7 2 AEG 0.0450 0.0016 0.0012 0.023 0.0019 
248.33I 3.729 72) 0.0006 2 NPG 0.0437 0.0024 0.0002 0.023 0,0026 

307.500(9) I7 .4I?p44) 0.0605 0.0015 0.023 0.0020 2 AEG 0.0592 0.0020 0.0003 0.023 0.0025 
258. 98! !.34! 39) 0.0014 I NPG 0.0619 0.0021 - 0.023 0.0026 

327. 527(6) 100.00011982~ 0.05I4 0.0009 0.023 0.0015 2 AEG 0.052I 0.0012 0.0002 0.023 0.0017 
280.692 70.766 254 7 0.0008 2 NPG 0.0504 0.0015 0.0015 0.023 0.0019 

344.267(7) %. 5281I 784) 0.03I3 0.0005 0.023 0.0009 3 AEG 0.0317 0.0007 0.0003 0.023 0.0010 
294.028 4.72939) o.ooos 6 NPG o.a3IO o.ooo7 o.ooo2 o.o23 o.ooro 

I IEC 0.0322 0.0020 - 0.032 0.0022 

344.267(7) IOU.OOO(I923) 0.0308 0.0008 0,023 O.OUII 4 AEG 0.0308 0.0008 0.0002 0.023 O.OOII 
294.028 IOO.OOU('/55) 0.0002 I NPG 0.0306 0.00!7 - 0.023 0.0018 

346.660(9) 49. 781111~6~ 0.187 0.003 0.023 0.006 2 AEG 0.188 0.006 O.OC3 0.023 0.007 
298.141 20.070 !004 O.OOI 2 NPG 0.187 0.005 0.00? J.C23 0.007 

356.431(11) 20.8I6p88~ 0.0277 0.0009 0.023 0.0011 2 AEG 0.0278 0.0011 0.001; 0.023 0.0013 
306. I 92 6.091 II9 0.0002 I NPG :J.0273 0.0017 - 0.023 0.0018 

534.323(IIJ roo.ooop%7) 0.0035 0.0002 0.023 0.0002 2 AEG 0.0035 0.0002 0.0002 0.023 0.0002 
484.084 3.691 83) 0.0000 I NPG 0.0035 0.0003 - ll.023 0.0003 

569.683(12) IOO.OOOti834) o.016I 0.0002 0.023 0.0005 'l AEG o.oi58 o.ooo3 o.oc03 o.023 o.ooo5 
48! .678 22.082 24E) 0.0003 5 NPG 0.016~ C'.0003 O.OC03 0.023 C.0005 

2 IEC c •. n 75 0.0010 o.XJ5 o.C32 o.oorz 

!063.66~(19) ?6.205ti46I ~ 0.0966 0.0012 0.023 0.0025 3 AEG J.8'!C3 0.0022 C.OC:'•• ... J23 0.002" 
975 .f5 100.000 1025 0.0.102 10 NPG 0.0"(8 0.00!5 O.OC<CJ~ 0.023 C.003I 



C~e~aeM aecKORbKO 3aMe~aHRH o ~eTanHX aKcrrepHMeHTOB: 
I. Bee pa,IO!OaKTHBHHe HCTO~KH IIMJ"l8Illi C IIOMOIU:b!O 3~8KTpOMar

HHTHOrO Macc-cerrapaTopa, 3a HC~~8HH8M 207 Bi , H3rOTO~eHHoro BH
rrapHBaHH8M paCTBOpa. 

2. Oco6oe BHHMaHHe ~e~oci> rrpaBRnnHOMY J"l8TY ~eKToB, cBfl-
3aHHHX C pa,IO!OaKTHBHllM pacrra,nOM. 

3. B Ka~8CTB8 3T~OHOB HCII0~30~Ch 6 pa~ HCTO~KOB 
IJ?cs • EHru:b B O~OM C~~e Hadnm~~OC:b yxy~eHHe KU~SCTB HCTO~H
Ka, CBfl3aHHOe c rror~omeHHeM H pacceHHHeM 6eTa-~acTHU 3a c~eT 3ar

pli3HeHHH IIOBepXHOCTHo l<OHTpO~ .KaJK,IJ;OrO HCTO'lHHKa IIpOBO~CH IIYT8M 
l'l3Mepemm 01., B rn~e ~yroro HCTO~HKa. llpHBe~eM rrpHMep: 

0,0900±0,0040 
o,o896±Ci,D028 ex (66I,7 KaB- I 37Cs) 

K 

0' 0 8'7 4±,0 '0042 
3TOT pesy~I>TaT ~eMOHCTpHpyeT H BOCIIpOM3BO~HMOCTL reoMeTp~eCIO[X 
yCJIOBHii ,JVI.ii Tpex pa3~X !1CTO~HROB. 

4. Pe3y.JI:bTaTH, IIIJ:<~:Be~eHHHe B Ta6JI. 3, IIO~J"l8HH C IIOMOI!1h!O 8 
pa3Jni!~X IJJJ,I(. B 3HepreT~eCKHX pa60"!HX 06~aCTHX CHCT8MaTR'I8CKH8 
OTKnOH8HHR 3RCII8pHM8HT~hHHX 3Ha~eHHH olkB 3aBHCHMOCTH OT ITpHMe
HR8MHX ~eTeKTOpOB He Hadnm~~Cho 3TOT ~aRT IIO~TBe~aeT rrpe~o~o
~eHHe 0 H83aBHCHMOCTH c6opa 3a~OB OT 3HeprKH 6eTa-~aCTHU. 3aMeTHM, 
~0 ,JVI.ii H3rOT0~8HHR fiilU HCIIMb30BaH 6a30BHli MaTepPI~ pa~X 
i~HpM C pa3HHMH IIapaMeTpaMH. 

5. H3MepeHH OTHOCHT8~bHH8 KHT8HCHBHOCTH 3BK HeKOTOpHX Hy~
~OB, ROTOpHe MO~HO IIpHM8HRTb ,1VI.ii ~6pOBKH 6eTa-CII8KTpOM8TpOB 
(cu. radn. I H 4).XapaKTepHue annaparypaue cneKTPH rroKaaaHu aa 
pHc. 6 - I4. llpHHRTH c~e~yroiUBe o6osHa~eHHR: TI - BpeMR, rrporne~ee 

C MOM8HTa IIMJ"leHHR HCTO~HKa; T2 - BpeMR H3MepeHHR; P - paCCTOH
HHe HCTO~HK - fiilU; C, M, 1:!, ,lL H f - 0603Ha~eHHR BpeMeHK: ceK~a, 
MHHYTa, ~C, ~eHI> H ro~, COOTBeTCTBeHHo; IT - rrpHMeCHHH Hy~~; ,lL -
~o~epHHn H~. B ~~bHettweM MH rrpe~o~araeM pacrnHpHTb o~acTb 
~6pOBO~ HCTO~HKOB. 

IY • .AHAJIH3 PF:3YJibTATOB 
AHa.JIH3 nOJIJ"'eHHHX ~aHHHX MOJIHO npoBeCTH KaK B CpaBHeiDm C 

~epaTypHHMH peayni>TaTawM, TaK H B conocT~eHKH c TeopeT~ecKH
MPI pac~eTaMH ( Ta~. 5) • O'l'MeTHM, ~0 HMeiO!I!HeCH B HaCTORlllee BpeMR 
~e o KBK npoTHBope~ H BH6paTb KPHTepHn oT6opa HaH6Mee 
~OCTOBepHHX 3Ha~eHHI1 Tpy,nHO. ~OpM~HaR ~e ITpoUe~ypa B3BemHBaHHR_ 
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Up;.<..Bo;:;nT K ciOJibllHlM 3Ha'18HM.RM TIOrpeWHOCTl'I pa36poca, "!TO lr!CK7!10'1a8T 

B03r.lO:iCHOCTb cpaBH8Hl'f.R C T80p8Tl'I'18C!MJ!lil paC'18TaMJil, !IpOBO,I\li!Tb liOJIIillll 

tPI13Ml:£8C.KJI!ll aHaJIM3 p83YJibTaTOB Ml:l H8 6y.neM, HClO OCHOBHa.R U8Jib pa6o

TH - M3JI0~8HM8 M8TO,I\H.KJI! M3M8p8HHM, HeKOTOpl:le 3aM8'1aHl'f.R, O,I\HaKO, 

c.neJiaTI> cJie.nyeT. 

I. H Ta6JI. 5 rrpHBe.neHH KBK, KoTopl:le MOJJtHO TIOJIY'll'IT:& .n;JI.R rrepexo

.noB l:£MCTOfi MYJibTHTIOJibHOCTM :113 Ta6JI, 4, C TO"!KM 3p8HRH IIJiaHHpOBaH¥~ 

Tadn, 4, 0THOCHTeRbHHe HHTeHCHBHOCTH HeKOTOpl:lX KOHBepCHOHHI:lX 

RHHHU, npe~naraeMI:le ~RR KaRHdpOBKH nonynpOBO~HHKOBI:lX deTa
cneKTpOMeTpOB 110 3W¢8KTHBHOCTH, 

' 

Jt,'l,?B 

.??.?,H7 

?'<8,617 

~ .. 6 . 6t: 

,, 

~.C\lf 

J.Gll 

J .ex:~ 

D.QO<l 

'! 

l4<lGd - 9. 5 ~ 

lOO.OllO !.827 

?,B6 C.IS6 

H.l!l I.Hf 

S'i.SO( 1.3,><; 

I 401L~u5 Ll.J!~ 5,''76 0,2'11 
51 t. SSE l, 0! ~ 5, 7bJ 0. I I 9 i 53u.3\J41- 0.0!'1 6.63>1 Q,l2'l 

1 ;~~:~~ S Sl~ lti~~ o3~! 

~
'l~3IB 1,029 I 241 0040 

8 591 l 0?? ~- 7I4 0,147 
?,MO~S~-~814 ::1,::136 

l'>lGd - l?t !! 
106.5f6 O.LlJ4 ; .62fl C.liJ4 
JSI.6'J'• 0Jl::4 100.000 I.8?"~ 

1?4.69~ J,CXI4 47.Y4? Q,"l?(l 

Z3" ,01 ~ 
243.?'?3 

I ?60.6rH 
?86.0'lR 

~~~ 

J.J9t< 
O.OI4 
J.079 
J.Ol4 
C:.IX"' 

!.397 O.IH-
93.f0'J 1.'1!3 

•,??7 O,J57 
!.619 0,039 

1".';77 0,,1;¥' 

I 
PI.782 '.1,003 

I'>?Eu- B.? f 

9'.·nz 2.300 

244.691 O.OOE ?5,040 0.5,16 

544.?6' ,"l,OO? IOO.OOC' I .84fl 

;!___ t.le Ee 

lOO.OC~' 3,30"-+ K i.OI.?:~ 
15.2?:1 J.454 l 142.2 

3,169 0. ~06 "' I 4' .9 
0.002 O.DSE N 149.4 
l.H9 G,04D K 223,798 
0.202 Q,Ol4 • 264,8 
9.?17 J,24C K 2"'>C.09B 
l.hB.? c.•rc 2'•I.l 

?G.C71J !,,..'04 rl: 291'.!4! 
'.SIS 0.092 l B9.! 
J.~9 0,.:•43 M !45,? 
:J, ?12 O.LJ!3 K 44 7. ~R4 
o.t90 o.oos K 4f>P.o39 
0.227 0.017 K 485.785 
0.0~7 0,006 K 700.071 
0.1?6 0.0013 '( 740.336 
O.I)(H 0,001 K f\84.614 
O,Qj2 0.003 K f!':IU.072 
_9_c003 0.001 _!_ 899.3?1 

l.f!.f\7 0.046 
"< .507 0.686 

7.504 0.072 
r. 705 o.04~ 
0.42? o.on 

100.000 1,348 
I9.070 0.413 
4,835 0.05? 
I.I99 0.039 
1J.BS O.OCf'. 
2.19€ ~ .. J?f! 
J.O?f 0.\:0S 
O.i4? LL009 
1.34! l),J30 

---~8" Q .• ~R 

'if',.y,·, 
I0'">.08f 
146.0 
ISI.R 
153.3 
IU.I7r< 
!(7,1 
172.9 
! 7~. 3 
1~.494 
!"14."1"'4 
.?l.'.l)H4 
?3'.57" 
?5tl."~Pl 
2~ q 

100.000 2.14(, 71,,'14 
61.718 0.7"0 ll4,'i 
!3,887 0,?<;? I:? ,4 
3.0~Q ·J.!U 12l.f 
~ .424 ::1.042 1?7. 8'if 
0.927 0.028 .237.4 
ll.72'! 0.0~? !{ ,'9<1.0,'<1 
I.OIB O.OB 336.4 

r- 'IE 

• 93.615 ·l.!X·5 

I09.'PA ,:;,Q04 
!30.525 0,004 

r-7 . .?Gt' o.,)14 

19,. )<, ~ ,l) • 

.:.·,, 
O,JQf, 

?fl.f">! 'l,f)Jf 

LX::. 711 C.·\.~ 

l-:'1.4:11 ll,(X)4 

1"'1.363 o.mc 

),,~ ,., 

1.012 

1%3.660 'l.·J!" 

l7?J.2S3 0.034 

L1 I,. -~~ _____ Ee 

I69Yb -3C.611 
~. 21+[ '. 271 

52.4t·" 1.940 
32 ,47~ o. 76'l 

(,0'" . l . ·'· ~ 

S.d.? 
34,!% 

c,s .• 

L7Jlu - !,37 l 
')'),",<L' ,',JI;.'l l3{fl.~'lf> 29.544 

n.•s.· 1.PI 

1.?,?08 J,23l 

5.?>') .:.10'1 

!<.XI,()().• !,88t 

20781 - 30,2 r 

·a..:.'~\' r. ~"'~ 

'1~<.3f4 : ... 2f 

7,(}J7 0.143 

'i7 S .62: 17.66<.) 
h3.fl'· ll.%5 
504.533 7.711 
!IS,356 2.307 
26.824 I.~t-07 
~<o~ ... BA r .ooa 

7.7S,? Q,jS9 
62.9'.i2 :.5)1 
.?3.421 I.nr 

ll.AAS l•.35I 
!OO,JOO 1.286 

14.944 0' ~<,; 
3.02l D.:?6 
O.<l55 c.::-7,. 
t.ow o.or,c 
1 • 545 'l, I ~? 
4.67', O.Ji?",' 

22 .Jill 
f-,4<( 
!.}R7 
0.4~ 

j,JO,(X)J 
''),Q'"19 
6.88':' 
!.?Sf 
0.29') 
0.044 
0.0!1 

:.,: .. ~-
8,3SS 
'.0~ 

0. 05 ~ 
I.iJ."''i 
J,OOI 
O.lolof 
ll.J71 
o.ooe 
C.IJ()f 
O.OC>o 

< 34.2?3 
83.9 
91.7 

100.2 
7I.13S 

120,7 
!21-'.f 
l ~0. I 

. :&".3 
~· I -;-o, • >; 

17&.'1 
Dtl.:S ~ 
!88.1 
I9LL 
I<l?.J 
>Ql.E791 

__ 2~~~: j 
~~: ~ I 
7~. ~ 

"·' 9t'.A 
100.4 
110.0'0 
16!.6 
lH.OH 
177.4 
!701.0 
21'}.7?1 
?f. 2. ~ 
??4.03" 
?89.«L ~ 
~9'.i .4!7 
4%.l'i~ 
574.""' 

~!'.l.C'g 
5Sil,? 
56f.,f 

"'569.i 
K q?'i,ES" 
' 04R.l 
~ JfJ.f 
" 010~ "' 
K Hl.?,.'lif' 
l 7'>t.C 
~ 7f7,,"' 

3KC118pHMeHTa 3TH pe3yJII>TaTU liOJI83Iill TeM, "!TO MOYJ10 Y3HaTb peaJI:&Illie 

rrorpeWHOCTH, .nocTID!rnMhle B rro.no6HOM rro.n;xo.n;e. TaM JKe rrpHBe.neHH pac

•IeTlllie KBK l'I HX OTKROH8HRH OT 3KCITepHMeHTaJibHUX 3Ha"!effi&., a TaRJKe 

,IJ;aHHHe JIHTe~y.pHHX RCTO"!HRKOB, 

2. 06:&eRTOM CIT8Ul'IaJI:&IillX 3KCIIepHMeHTOB 6UJI rrepexo.n !2!,8 K3B -
152 E u, C'll'ITaiOT, 'ITO oH .HBJI.ReTC.R '1li!CTIDA E2, pa3PfllKaiOl!lliiM nepBoe 

B036YJK,neHHoe cocTomme 
152 Smt2+). E.7!arorrpl'f.RTHI1M o6cTO.fiTeJI:&CTBOM 

.n;JI.R TipOB8,I\8Hl'f.R 3KCTiepHM8HTOB .flBJI.RJIOCb Ha.mr<rn:e B Ha6ope 0CI'!1 :Ka.Jrn-

6~0BaHilliX rro aKTHBHOCTH HCTO'llil'IKOB 
57 C l~ t rrepexo.n 122, I KaB J rr 

1 7 C S \ rrepexo.n 661,7 KaBJ. Enaro.n;ap,q aToMy rrcKJIJo'laJiac:r, rrorpewHOCTb 
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Ta6JI. 5. 3KcrrepHMeHTJ:&!fhle 3Ha"!eHMH KBK Jlf HX cpaBHE'HMe c Teo

peTl'I'leC.EGfMlil pac'!eTaMH Iu/ .n;JI.R rrp:mmTux r.ryJibTIDJOJI:&HocTe:i M 

JIHTepaTypllliMI'I ;n:aHHHMH. 

HYHnKJl 

l72Lu 

176mlu 
rsz Eu 

169Yb 
141 Ce 

I49Gd 

lSI Gd 

!l9Ce 

I 73Lu 
I<!Gd 

173Lu 
1?2Lu 
1SETb 
1?2Lu 

lf7Tm 1· 

:siGd 
152Eu 
!56 Tb 
1S2Tb 
173 Lu 
l49Eu 
16qYb 
!49Eu 
!S?Ev 

156 Tb 
15ETb 
20781 

E( 6E) 

78. 738(5) 

88.367(?) 
12:. 782(3) 

130.525(4) 
!45.443(3) 

Iu9. 733(E) 

rc.3JD5(4) 

lf5.854(S) 

!71.402(4) 
174.69?(4) 

179.363(5) 
181.530(4) 
199.216(5) 
?03.43E(4) 
207. 797(3) 

2113.293 (I4) 
244.€91(6) 
262. SA?(! 3) 
2?I.Cffi(l4) 
2?2.II!(5) 
2?7 .OBI (5) 
30?. 721 (6) 
327.'>?7(E) 
344.267(?) 

35£.431 (II) 
534.323(11) 
569.683 (12) 

137C• 66I.f•8(1•J 

20781 IIOO.EFC(lq) 

oL 1 

E2 L 
M 
N 

E2 K 
E2 K 

L 
M 
N 

E2 K 
III K 

L 
M 
N 

III K 
L 
M 

ll1 K 
L 
M 

Ill K 
L 
M 
N 

El K 
U2 K 

L 

E2 K 

F.2 K li 

E2 K 

E2 K I 
E3 K 

~ 
N 

EI K 
E2 K 
E? K 
E2 K 
EI K 
II K 
E2 K 
III K 
E2 K 

L 
E2 K 
EI K 
!2 K 

L 
M K 

L 
114 K 

L 

a, A a, 10 I a, (YeopJI Pl3H. ,.I a, 

5.268 6.2 
1.319 •• 9 
0.342 6.? 
1.161 1.8 
0.636 2.5 
0.393 3.7 
0.0883 3.8 
0.0193 6.3 
0.499 3.3 
0.365 3.0 
0.05!9 3.5 
0.0104 4.4 
0.0027 5.8 
0.459 3.3 
0.0699 5.6 
0.0146 10.8 
0.426 l.I 
0.0623 3.5 
0.0142 4.3 
0.226 3.1 
0.0319 3.5 
0.00660 3.8 
0.00167 5.8 
0.0657 3.1 
I. 731 2.5 
0.330 3.(, 

0.214 3.0 
0.210 3.8 
0.155 5.2 
0.150 3.3 
0.4?9 3.2 
0.709 2.2 
0.: 8E E.! 
0.042 21.? 
0.0?02 3.1 
0.0846 3.6 
0.0769 3. 9 
0.0620 3.8 
0.0210 3.1 
0.0008 2.8 
0.044f 3.8 
0.0514 2.8 
0.0313 2.9 
:J.ODI'?l 5.3 
0.02?7 4.0 
o.oo35 •.8 
o:o1H 3.2 
0.00.?• "·' 

8:8m 
O.O<JH 
0.0251 

1.1 
2.1 
2.6 
4.C 

11 

5.091 
1.253 

!.210 
0.684 
0.375 
0.084 
0.0198 
0.546 
0.388 
0.0522 
O.OIII 
0.0030 
0.507 
0.0?2 
0.0155 
0.47! 
0.0669 
0.0144 
0.225 
0.0302 
0.00625 
0.001?2 
0.0698 
1.8% 
0.384 
0.231 
0.224 
0.158 
O.IEI 
0.461 
o. 703 
0.!74 

0.0222 
0.0~13 

O.DI'B'i 

0.0622 
0.02H 
0.086! 
0.0485 
0.0557 
0.03II 
0.00684 
0.0282 
0.0035 
0.01" 
0.001139 
o.~ 
0.0168 
0.097 
0.025! 

+ 3.4 
+ 5.1 

- 4.! 
- ?.3 
+ 4.? 
t 5.0 
- 2.6 
- 9.0 
- 6.1 
- 0.6 
- 6.5 
-!0.3 
- 9.9 
- 3.0 
- 6.0 
-10.0 
- 7.1 
- 1.4 
+ 0.5 
t 5.5 
t 5.5 
- 3.0 
- 6.1 
- 9.1 
-15.1 
- 7.6 
- 6.5 
- ?Jo 

- 7 .I 
- 0.11 
t 0.9 
+ (. 7 

- 9.4 

t 4.0 
tl I.E 
- G.2 
- I.? 
- 6.4 
- 8.4 
- 8.0 
t OJ 
- I .9 
- 1.8 
+ 0.1 
• 1.3 
• 7.? 

- ! .6 
- 1.2 
- 0.4 

o.o 

1.10 
0.65 
0.38 

0.53 
0.379 

0.475 

0.1~71) 

C.0?3 
0.2I42 

O.ot5 

0.38 
0.20 
0.210 

o.uo 

I 

o:<;o 

0.02') 

u.0346 
0.0(?3 
0.0640 
0.0222 
0.079 
0.0488 
0.050 
0.0296 

0.0285 
0.0032 
0.0160 

0.092f 

Aa 1 % 

5.5 
9.2 

13.2 

5.? 
1.1 

2.? 

3.2 

30.'• 
o. 7 

15.4 

I 8.4 
15.0 
6.0 

C.3 
P. 8 

1<.0 I 
g.o 
3.3 

1?.0 
!.4 
6.3 
3. 7 
G.O 
4.4 
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6.9 
2.5 
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orrpe.ne.JreHIDI 3cMeRTMBHOCTH raMMa-crreRT~oMeTpao B o6mel1: c.JIOJKHOCTH 

HcrrO.JThsOBa.JIHc:o 4 pas.Jllf'!Hh!X ncTO'IIDl:Ka 52 Eu n 5 ncTO'IIDl:KoB I 37 Cs 0 

KaK Bl'I,ll;HO H3 .I(aHHh!X Ta6.Jio 5, a(, ti2I,8 R3B) OTJJJPiaeTCJI OT pactreT

HOro 3HatreHHR Ha (7,3±2,5)%o 

r.;oJKHO .norrycTHT:b. 'ITO arfxpeRTHBHOCTh mm Hrpa8T PO.JTh B 06.JiaCTH 

~80 K3Bo 0.I(HaKO H3lliH 3KCIIepHMeHTH ITpOBO.I(H.JIHCb 0 ITOMOJJ1~0 1 pa3JI1f'!

HNX Sr(Lr)-.neTeRTopoB H OKa3a.JIOc:o, trTo TIO.JIYtieHHHe sHatreHIDI coBrra

.nruoT o "'{por.le Toro, IIO.JiytreHHh!e HaMH OTHOCHT8.JibHh!8 HHTOHCMBHOCTM 3BK 

I 5
2 E u coBrr~aroT B rrp8.!(8.Jiax rrorperuHOCTH c .nrurnHMH, rrpMB8.!(8HHhlMH 

B /II/ H /I2 - (Ta6.Jio 6)o CXO~TCR TaRJKe H OTHOCHT8.JI:&Hhle HHT8H

CHBHOCTH 3B!{ B 06.JiaCTU .1(0 35 R3B .I(.JIR I 69 Y~ ( Ta6.Jio 4) 0 pesy.JI:&T,

TaMH 3KCIT8p:IIM8HTOB Ha l.larHI1THHX CII8KTpOM8Tpax
1 

T!pHB8.!(8HHI:lMH B I7 ~ 

E I t>I I t>I/II/ I t>I/12/ I 61 /16/ 

K I2I. 8 IOO.OOO 2.146 100.000 3.82I - - IOO.OOO 1.988 
L I 2I. 8 61. 7I 8 o. 770 78.025 6.242 6I.465 7.092 56.989 LOBO 
K 244,7 3.424 0.042 3.376 0.!27 3.593 0.236 2.045 0.102 
L 244.7 0.927 0.028 0.840 O.I02 - - I 0.545 0.028 
K 344.3 4.'129 0.039 4.586 - 4.729 - I 3.409 O.I?I 
L 344.3 I .018 0.033 I .102 0.159 - - 0.767 0.039 

Ta6.Jio 6. CpaBHeHHe 3KCIT8pRMeHTa.JI:&HHX 3HatreHHtt OTHOCKT8.JI:&HHX 

HHT8HCMBHocTei:i 3Bl{ I 52Eu c .JIHT8paTypHl:lMH .IIaHHHMHo 

i 

I 

TaKHM o6pasoM, B03MOJKHhl ,nBa rrpefro.JIOJKeHIDI: .JIH6o HeBepHH .IIaH

HHe o6 aKTHBHOCTH :11 cxeMe pacrra.rr,a 5 Co H I 37 Cs, JIR6o pac'!eTli rro 

KaJw;l-.JIH6o rrpwnrne .!(3FT saBUllleHHhle 3HatreHIDI KBKo 

3o fiep8XO.I(li THIIa E2 .I(.JIR treTHo-treTHHX Mep, paspRJKa:olf1He 

COCTORHH8 2+ B OCHOBH08 COCTORHRe 0+~ CMCTeMaTR3:1lpOBa.JIRCb B /I4/o 

PacXO.I(IDJ!OCTb .I(.JIR X" \I2I, 8 KaB - I
5 E u) OTM8tia.Jiac:o H TaM, HO 

rrorpemHocT:o 6H.Jia 6o.JI:&m8o KcTaTR, B /I41 yKasaHo R Ha OTK.JIOHeHRe 

OTHorneHHii L ,/L, :11 L ,/L,.I(.JIR tiRCTHX E2 - rrepexo.noB oT pactreTHHX 

3HatreHHfro 

4o B pa6oTaX 14 ,61 HaMR YI\a3llBa.JIOCb Ha pacx~eHRe HawHX Pr 

.JIHT8paTypHhiX pesy.JI:&TaTOB 06 OTHOCRT8.JibHhiX HHT8HCR,HOCTRX raMMa

.Jiytrefi B o6.JiacTR 200 - 600 RaB. ITpHMeHeHRe .naHHHX 4,61 ~ Ka.JIR6-
poBKH raMMa-CIT8KTpoMeTpoB IIpliBe.JIO K TaMY, 'ITO IIO.JIYtieHHYe 3Ha'leHJUI 

B KO~RTHOR 06.JiaCTR OT.JIR'IanHC:& OT paC'I8THHX .1(0 3HatreHRfi, HarrpR

Me J, llJ, I% ~ tJ:RcToro E2 rrepexo.na J44, 3 RaB - 152 E u. C .npyrott 
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CTOpOHhl, HeT CXO,nHMOCTR M~Y OTHOCHT8.JibHHMR RHT8HCRBHOCTffi~ raM

Ma-.JIYtiett, 3BK R paC'I8THHX 3Hati8~ c\, ~ 'IRCT!lX E2 -rrepexo,noB 

(I2I,d H 344,3 KaB) rrpR pacrra,ne I 52 Euo B CBR3H c 3T:IIM MH rrpoaHa

.JIH3:1lpOBa.JIR 8!.!18 pa3 pesy.JI:&TaT!l 3KCII8pRM8HTOB ITO R3MepeHRID OTHOCH

Te.JibHilX RHT8HCRBHOCTett raMMa-.Jiytrett Ha rrpRMepe I 52 [u, TaK KaK HOp

MHpOBKY lr OCYJJ18CTB.JIRIDT c rroMom:oro rrepexo.na 344,3 KaB, Haxo.nm~erocR 
B U8HTp8 KOH;;(l.irnKTHOil: o6.JiaCTR • 

Bo-rr8pBHX, rrpoaHa.JIH3:1lpOBaHhf yc.JIOBMR 3KCrrepM:MeHTOB y pa3HIJX 

aBTOpOB: 

a) B pa60T8 /
26

/ 3lWJ8RTHBHOCTb CTI8KTpOM8Tpa OI!p8.!(8.JIR.JiaCL Me

TO.I(OM J.lOHT8-Kap.JIO, ITpMtreM I!pOBepKa rrpaBH.JI:&HOCTM: pactreTa IIpOBOJl;lt-· 

.JiaCh Ha Y3KOM 3Hepr8TM'IeCKOM nacTH:e C IIOMOJll:&!J OTHOCHT8.JI:&H!lX 

lllHTeHCHBHOCTei:i rar.1Ma-KBaHTOB 33 Ba ; 
6) B pa6oTe 127 I 3rJxpeKTHBHOCT:& crreRTpOMeTpa Hcc.Jie.noBa.Jiac:s c 

ITOMOJJ1biD IAEA HCTOtiHJ/lKOBo 06paTHM BHRMaHR8 Ha TpH 1JaKTa: ClllJI o~C

TIO.Jih30BaH Ma.JI8H:&KHti II.Jia.Hapiruil: Ge(Li)-.neTeKTop; aKcrrepHMeHTa.JI:&HHe 

TO'IKH He arrrrpOKCHMHpOBa.JIHCb aHa.JIHTMtreCKHM BUpa1WHR8M; H8T rrepexo

.I(OB B 06.JiaCTH 279 - 66I KaB; 

B) B pa60T8 12Bf HeT .!(8Ta.JI8il: Ka.JIH6poBKH CII8KTpoMeTpa; 

r) B pa6oTe /I
3

1 acMeKTRBHOCT:& 45 cLI3 Ge ~Li )-.II8TeKTopa HCC.JI8-

,goBa.Jiaci> c rrOMOIIIhKl NBS PrcTotiHRKoB <109 Cd, 7 Co, 139 ce. 203H~. 
II3 S n, 85 S 2, 137 C s , 6° Co, 88 Y ) o 3KcuepHMeHTa.JI:&Hlie TotrKH 

arrrrpOKCIThmpOBa.JIRCb BllpaJ!t8HH8M: 

1/E = 0,9023 x EI,Un25 + 6,0 x 106 x g-2,5 (I2) 

C.JI8.I(OBaTe.JI:&no, B .IJ;BOti:Hw .JiorapH~m<IeCKOM MacmTa6e rrpn E > 200 K::JD 

OTHOCHT8.JibHM 3(Pfl8RTJ/lBHOCT:O rrpe.I(CTaBJieHa rrpm.w!i. 3TOT !'(la.KT !IpOTV!

BOp8tiHT p83Y.JI:&TaTat.1 HCC.JI8.!(0BaHIDf B 1 25/ o 

B U8.JIOM 8TH pa60Tll xapaKT8pVI3yroT TIO.I(XO.I( K Ka.JIH6pOBK8 CII8KTpO

M8Tp0Bo KaK BH.I(HO, H8T .!(8Ta.JibHhiX V!CC.JI8.!(0BaHIDi 31[1fl8KTI!BHOCTH 

CII8KTpoMeTpOB B 06.JiaCTR 200 - 600 K3Bo 

Bo-BT~HX, 8me pas 6U.JIH rrpoaHa.JIHSHpOBaHhl yC.JioBRR Harnnx sKcrre

pHMeHTOB I 0 B rrpmmm:re, B03MOJKHH TPH rrpe.nrro.JIOJKeHIDI ~ o6:&RcHe

HIDI pacxo.I(HMOCTR: HeBepno pacctJ:RTaHH cxeMH pacrra.na 203 H 1 H II3 S n; 

HM88TCR OTIIR6Ka B 3RCII8pRM8HTax; HeBepHO aTT8CTyroTCR IIO aKTHBHOCTH 
203 H ~ z II3 S n • B HaCTOHIIIee BpeWI uepBoe rrpe.I(ITO.JIOEeHlle MW OTBep

raeMo Ot'ppeKTRBHOC'I':& JKe ,It6T8KTOpOB l'f3M8prun! C IIOM0111:&D 5 pa3JIIII1IHHX 

I!CTO'IHRROB 203 Hq, H II3 Sn; non}"leHH!le pe3ynna:ru coBn~UaDT 
Ke~y codo~ B npe~enax !I,5 % ~ ~I,i% COOTBeTCTBeHHOoiT03TOMy OCO-
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ClOC Bl!l1MaHVIe ClWIO Y.l\8JI8HO Tp8Th8MY !Ip8,l\IIOJIOX8HVIIO,C 3TOH U81lhD Mh1 

llpOB8JIVI HOByJO KOHTpOJihHYlO cept1D Vl3M8p8Hllll C IIOMOlJihKl Tpex HOBNX Ha-

6opOB (X;r V: (1977 r,), 0Ka3aJ!OCh, tJTO !lOBaR rrapTV!l! HCTOtJHHKOB ITO aK

TVIBHOCTVl OTJ!HtJaeTCR (3aHHZ8Ha) OT CTapOR Ha (9,6+2,7)% Vl (8,3+2,4)% 
)(Jill 

2031/'J V. II 3 Sh ,cOOTB8TCTBeHHO,Pe3yJ!hTaTH IIOB;OpHOR rrpoue.JJ;yPN 

RanHOpOBKH CIIeRTpOMeTpOB IIOKa3aHH Ha pHC, I5, ~ Har~OCTH TaM 

:Ke !IpMBe~eHhl 3aBHCHMOCTM acveKTirHOCTM 38 cM3 Ge (L i) -~eTeKTOpa 
rrpH :~rcno~soBaHHH ~aHHHX I 1 H I 3/, 3aMeTHM, ~To omz6Ka B aTTec

TaLU'JM 203 H1 npHBe.n;eT K KoppeKl\IDIM ~aHHhiX H B o6JracTH - 00 KaB. 

liOJiytl8!!Hhl8 B HOBHX YCJIOBMX OTHOCHT8JI:hHhl8 HHT8HCHBHOCTH raMMa

Jiytl8ll Ha6upa MHOropenepHhiX HCTO~HKOB rrpHB8~6Hhl B TaOJI, 7, BHYT

pe!!H.IDI JKe CXO,nm.IOCT:h ~aHHhiX H3 Ta6JI, 7 WllliOCTpHpyeTCJI pHC, I6, 

0THOCHT8JI:hHO KarrllOpOBKVI raMMa-crreKTpOM8TpOB ITO 3WW8KTHBHOCTH 

IIOJI83HO c~eJiaT:h CJI8.IJ;YJ0l!U'I6 3aM8~aHH.f!, IlpHMeHeHHe 3HVJ .n;JI1I o6pa60TKH 

arrrraparypHNX crreRTpoB rrpHBeJio K TOMY, ~To ITJioma.n;J> rrHKa MOJKeT 6IIT:h 

orrpe~eJieHa c rrorpewHOCTbiD M8Hbme I %. C ~pyroli cTopoHN, ycpe.n;HeH

Hhle rrorpelliHOCTH OTHCCHT8JihH!lX HHT8HCMBHOCT8ti raMMa-KBa.HTOB ~6-
pOBOtJH!lX MCTO~KOB Moryr ONT:h MeHJ>we I% (eM., HarrpHMep, 129 ). 

O~HaKO ec~ HCII0~30BaT:h 3TH pesyJIJ>TaTH .n;JIII KaJIHOpOBKH crreRTpOMeT

poB, 06Hap~RBa9M paCXOJK.n;9HH8 3H8'18HR~ OTHOCHT8JI:hHNX ~eKTKBHOC

Tell, orrpe~eJieHHhiX C IIOMO!I11>10 pa3~X RCTO~RKOB, 3TO R 8CT:h 

OCHOBIIaJl !Ip~a Taro, ~TO OTHOCRT8JI:hHbl8 HHT8HCHBHOCTH raMMa-KBaH

TOB, IIIJHBO.n;RM!:l8 pa3HJ1MH aBTOprunH, HM8IOT 3H8~Te~:ruli pa30pOC, 

IIoaTOMY pa3JMH!lM IIIarOM HBJIJI8TCR pemeHRe o6paTHOH 3a.IJ;a~, T,e, RC

CJI8~0BaHR8 aqxpeKTRBHOCT:I'I Hadopa CT!8KTpOMeTpOB C liOMO!l{:h!O aTT8CTOBaH

HhiX ITO 8KTMBHOCTH RCTO~HKOB R R3MepeHHe B 3TRX YCJIOBHRX OTHOCR

T8JI:hHhiX HHT9IJCRBHOCTel1: r8111Ma-KBaHTOB KaJIROpOBO~X HCTO~RKOB, 

ilOCKOJI:hey 3a.IJ;a~y pemaroT B O.n;HOti rpyrrrre :1'1 C O.IJ;HliM:I'I H T8MH JK8 RCTO~

HHKaMH, TaK:I'Ie ycJIOBHH MH Ha3HBaeM 6a3HCHHMH. KoHe~o, aTR .n;aHHHe 

Moryr HM8T:h CRCTeMaT~eCKyro rrorpeWHOCT:h, HO B U8JIOM OHH OOJia.IJ;aiOT 

BHCOKO~ BHyrpeHHe~ CXO.IJ;:I'IMOCT:h!O, H 3TOT ~KT B .IJ;aJIJ>HefiilleM M~HO 

RCIIOJI:h30BaT:h ~ IIORCKa TaKHX OIIIH60K. KcTaTH, B CRJIY pH.n;a o6-
CTOHT8~CTB ( CM. BHme), RM810111R9CJ'I 0CTI1 He.IJ;OCTaTO~ .n;JIII IIOJIHOro 

pemeHHR 3~8.. xanH6pOBKR CIIeKTpOMeTpOB H T~KO rrpHBJie~eHHe pa3-

~HhiX <lJHa~ecKHx KPHTepHeB (6aJiaHC HHTeHCHBHOCTelt, KBK H T • .n;.) 

MOJKeT IIOMO~:h B .IJ;OCTmtemm IIOrpemHOCTeit OTHOCHT8JI:hHhiX HHT8HCHB

HOCT8H M8H88 2 %. 1\poMe Toro, ITOJIY'I8HH!l8 B TaKOM 6a3HC8 .IJ;aHHH8 

Y~OBJI8TBOpRIOT CaMOMY rJiaBHOMY Tpe60BaHHID K rpH3~8CKHM peayJI:hTaTaM: 

B03MOJKHOCTH IIepectJeTa .IJ;aHH!lX B CJIY'Iae H3M8H8HHH HO}flaJieil:, OTHOCH-
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PRc.I5. ::ijxpeRTHBHOCTb crreKTpoMeTpa c :38cM3 Ge(Lt) -,IJ,eTeKTopoM, 

HCCJie~OBaHHaH C goMO~:h!O pa3~X JIHTepaTypHilX peayJIJ>TaTOB: 

KPHBaH I- .IJ;aHHb!ef 4/, KPKBaJI 2- HOBHe Ha6opil ocrn (1977 ro.n;), 

KPHBaH 3- .n;aHHHef137. B IIpaBOM BepXHeM yrny- ~parweHT o6nacTM 

paCXO.n;RMOCTH, 

, .. lt--r ~l .+:t··,> ' ... 
4t;: ; 1,, 
, " L! ~Hl. . .. "' 'J!t\ l<i;~ . . 

I : ; :~.1~:; \:~~:: .::~,\~. ,~;· 
... f 1 . :, .. , ... ' • t. IH't+ . ' i ! .~I 1

lill!f: .• :f+t~" 
-r . : . ~ ': ! ~ : ·. ;: 

-· • ··: · t t tr·'l' 
: t ~ ,~·m , i 11 ~ ~~~~ I , ' , . 

Pilc,l6, s.ppeJt'l'JIBHOC'I'JI cneRTpoMeTpoB C 20~ X 5MM (KpHBM I) 

R 38 cM3 (KPHBM 2) Ge(Li)-~eTeRTopaMH, ITOJIY'J8HHhle c rroMomJ>ro 
~X H3 Ta6Jr, 7, To~ - SKCIIepHM8HTaJI:hHhl8 3Ha'!eHHR, Herrpe

p!iBHaJI JIJIIHH.ff - aiiiipOKCHMaillffi II~OMOM, 
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66,050 
96,734 

121.117 
136.00C 
198,£03 
2f4,(52 
279,535 
303. <JOB 
400.64( 

49,772 
50.742 
57 .s 
59.0 
0.!18 
93,6!3 

109.784 
118.191 
!30.525 
I 77.208 
! ~7. ~48 
240.305 
261,069 
307.721 

30.625 
30.973 
34.9 
35.8 
53 .I60 
79.629 
~.993 

!60.613 
223.307 

27(,. 39? 
302. 8?0 
35£.005 
3 83. A3I 

I I 

1/ 

L~~~~~~--
a2·~R~8::;;; 
Mo.MI'!WltiiTKOI'PEKUifl! 

TaOR. 7. 3HeprHH M OTHOCHTeAAHHe BHTeHCHBHOCTH rawYa-nyqeR p~HOaKTMBHHX 
ayxn~os, npHweaaewux ~na XaRHOpoBXH cnexrpowerpos. 

4E 1 41 E 4E I ld E AE I AI 
- E AE I ?SSe 20781 IIOmAg I921r 0.003 I. 8)9 0.068 72.805 K>. 19,923 0.437 446.802 O.OI6 h .149 0,090 13G,3:o 8.034 0.233 0.004 5.690 0.249 7!1, 970 KX 33.892 0,798 620.353 D.02I 2,81! 0.!43 20l.3oe O,OI3 0.562 0,00} 29.037 0.934 "'4. 5 KX :I.642 0.406 657.744 0.014 IOO.OOO I. 832 205.781 0,005 3. 717 0.003 99.052 1. 895 8?. :j KX 3.501 0.100 677.613 D.OIS Il.286 0.212 283.!78 0.056 0.236 0.005 2.367 0,087 '6°.(83 0.0:2 100.000 1.834 687.001 0.018 6.844 0.14• 295. 9.'+( . J.oos 33.821 0,005 IOO.OOO I, 846 "''7. 928 D.l IE 0.!32 0.032 706.672 0.015 I?. 50? ll. 387 30E. 44'• ~ .OOG 35.10 0.006 42.E3I 0.876 ICE3.6EO o.crq 76.205 l.46I 744.27I 0,0!9 4,8<;2 0.1 7' 3Ir. ·~·lr. C.00( !OD.COD D.OIO 2.256 0.055 !442.228 J.2EI 0.099 0,010 763.936 8,020 23.5! '! 0.52.! 374.'+(P :J.02? c. 885 0.008 20.768 0.780 1770.253 0.034 7.22I 0.147 8I8.028 0.025 7. 7!4 0.1 7'} 4IE.4':4 0.014 o. 755 169Yb I34Cs 884.695 D.OIE 77.0fC J. C74 468.0<;£ 0.009 56.455 937.507 0.017 3£.'•'d ''· 72(, 484,55° 0.0!7 3. 74i KX 137.806 2,978 4 7'). 356 J.OI! 1.551 0.041 1384.279 0.027 26.1\(8 0.5!3 4119.06° 0.029 0,4?3 KX 239.165 5.629 5E3.231 O.OII 8. 758 0.173 1~75. 778 0.028 4.372 C.Ob( 58B,S72 G.OI2 5 .1)2 ltX 76.425 I. 757 569.322 0,(1I2 15.953 0.292 1505,028 0,028 14.372 0.282 604.394 o.or2 9.50( ltX 20.193 0,597 604.707 0.014 roo.ooo 1.835 1562.303 0.029 l.29f 0.02S 6!2.'•4£ 0.0!3 E. IE? o.oor II3,58Ao 2,936 795.856 O.L~B 87.415 1.822 

160Tb 8tl4.524 0.044 0.333 0.005 6. 8II 0.224 801.957 J,C20 8.303 0.184 !061.439 0,3S9 o,c9I 0,00. 45,820 1.694 1038.608 0.013 1.029 0,020 45.207 KX 20. SOt 0.420 
226Rc 0.005 4.867 0.140 II67. 946 0.014 1.890 0.038 45.998 KX 36.00 o.n" o.n 30.936 a. 733 I3E5.177 0.025 3.212 0.066 52.1 KX I I .333 0.?32 186.212 0.005 9.025 o.oo. 62.375 I.I71 
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