


B nocneAHHe roAbl HHTeHCHBHo pa3pa6aTbiBaiiJTCR TeopHH, KOTOPble 
o6beAHHRIOT CHJlbHble, 3JleKTPOMarHHTHble H Clla6ble B3aHMOAeHCTBHR 
/T.H. "BellHKOe o6oeAHHeHHe 11

/ 
111• CpeAH rnaBHbiX npeACKa3aHHH 3THX 

TeOpHH MOmHO BbiAellHTb: 
a/ Ha11H4He y /aHTH/HeHTpHHO KOHe4HOH MaCCbl nOKOR H BbiTeKaiO

~He H3 3TOrO ~aKTa CJleACTBHR, HHTepeCHble C T04KH 3peHHR ~H3HKH 
3JleMeHTapHbiX 4aCTH~ H acTp~H3HKH; 

6/ HecoxpaHeHHe JlenTOHHOrO 3aPRAa /B03MOmHOCTb cy~eCTBOBaHHR 
ABOHHoro 6e3HeHTPHHHoro 6eTa-pacnaAa 2~ov I; 

· e/ HecoxpaHeHHe 6apHOHHoro 3aPRAa /pacnaA npoToHa/; 
r/ OC~Hllllfl~HH HeHTPHHO. 
B npoeepKe 3THX npeACKa3aHHH 6onbWYIO pollb MomeT cblrpaTb $H-

3HKa HeHTpHHO HH3KHX 3HeprHH. 

1. MACCA /AHTH/HE~TPHHO 

HH$OpMa~HIO 0 Macce /aHTH/HeHTPHHO MOmHO n011Y4HTb H3 CJleAyiO
~HX 3KCnepHMeHTOB /B HaCTOR~eH pa6oTe pe4b 6yAeT HATH TOJlbKO 
06 3JleKTPOHHOM /aHTH/HeHTpHHO my- (my ) , KOTOpoe All KpaTKOCTH 
o603Ha4HM m -(m )/: · 8 8 

v v 
a/ H3y4eHHe 6allaHca 3HeprHH B RAePHbiX peaK4HAXj 
6/ H3MepeHHe 3HeprHH AAep OTAa4H B paAHOaKTHBHOM pacnaAe; 
B/ HCCJleAOBaHHe ~OPMbl 6eTa-cneKTpOB B 06JlaCTH rpa HH4HOH 

3HeprHHj 
r/ HCClleAOBaHHe 00PMbl BHyTpeHHero TOPM03HOro H3Jly 4eHHR /BTH/ 

npH 311eKTPOHHOM 3aXBaTe. 
nepBble ABa MeTOAa npeACTaBJlRIOT JlHWb HCTOPH4eCKHH HHTepec 121, 

TaK KaK C T04KH 3peHHR COBpeMeHHbiX O~eHOK mv HX T04HOCTb He
BeJlHKa. 

HaH6onee 4YBCTBHTellbHbiM MeTOAOM H3MepeHHR Maccbl / aHTH/HeHT
PHHO RBJlReTCR H3y4eHHe ~OPMbl 6eTa-cneKTpa, Ha 4TO y Ka3aJ1 e~e 
B nepBOH CBOeH pa6oTe ~epMH /S(B HCTOPHH 3KCnepHMe TallbHOH npo
eepKH 3TOrO ~aKTa MO*HO BbiAeJlHTb ABa 3Tana. nepBbiH OCHOBaH Ha 
HCCJleAOBaHHRX paAHOaKTHBHOCTH TOpHeeoro H paAHeeoro PRAOB 
; 208 Tl, : 10 Bi, 212 Bi, 214 Bi 1, H3 KOTOpblx BbiTeKaeT 04e Ka 
0 .$ mii c $ 75 K3B 121• BTopoH 3Tan Ha4ancR e 1949 r. c KnaccH-
4ecKoro 3KcnepHMeHTa XaHHa H noHTeKopeo 14/ no Hccne oeaHHIO 6eTa
cneKTpa TpHTHR. HenpepbiBHoe ycoeepweHcTeoeaHHe TexH~KH H MeTo
AHKH 6eTa-cneKTPOMeTpHH npHBellO K MHoroKpaTHOMY nOBTOpeHHIO 3TO
ro 3KcnepHMeHTa, H e pe3yllbTaTe enepeble nony4eHo orpaHH4eHHe 
CHH3Y Ha Macey nOKOR aHTHHeHTPHHO /&/ : l 
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14 38 ~ ,mii c 
2 ~ 46 38 / A11R 99% CL I. /1/ 

HMe~TCR 04eHK~/S/ Mace~ HeHTp~HO, CAe11aHH~e Ha OCHOBe ~CC11eAO
BaH~R $OPM~ n03~TPOHHOro ~311y4eH~R 22 N~ HO 3AeCb T04HOCTb He
Be11~Ka: 

0 ::;;: mvc 
2 

::;;: 6 K38 IA11R 90% CL I. /2/ 

HeAaBHO Ae Pyxy11a npeA110M~11 171 ~cno11b30BaTb cneKTp 8TH np~ 
311eKTPOHHOM 3axBaTe A11R onpeAe11eH~R Mace~ HeHTP~Ho. HM 6~11~ 
n~eA110)!(eHbl Tp~ KaHA~AaTa A11R TaK~x 3Kcnefl~MeHToe j 157 Tb 163 Ho 
1 3 

Pt I ~ y)!(e no11y4eH~ nepBble pe3y11b T aTbl 81 : ' ' 

193 Pt 

163Ho 

0 ::;; mvc
2 

::;; 500 38 /A11R 90% CL/, 

0 :S mvc
2 :S 1300 38 IA11R 90% CL /. 

1 .1. r11aBH~e B~BOA~ Teop~~ 

+ 
1 . 1 • 1 . f3- - p a c n a A : 

(A, Z) ... (A, Z + l) + f3 + v 

+ (A, Z) ... (A, Z - 1) + f3 + v • 

131 

;4/ 

/51 

Ec11~ ~MeeT MeCTo pa3peweHH~H 6eTa-nepexoA, Teop~R ¢epM~ 
OAH03Ha4HO npeACKa3~BaeT ~OpMy Henpep~BHoro 6eTa-cneKTpa /3/: 

N(E) dE= 2
1

3 G
2

IM31
2 

F(E,Z ±1) E(E2 -1) 'h (E0 - E+ m )[ (E -E + mJ2 - m2 ] 'h dE. 
1T v 0 v 

/6/ 
3AeCb N(E)dE- eepoRTHOCTb noRs11eH~R 311eKTpoHa c 3Hepr~e~ oT E 
AO E + dE; G - 1, 4 ·1 0 -

49
3pr. eM 3 - yH~eepca11bHaR nocTORHHaR c11a-

6oro ~3a~MOAeHCTB~Ri I M31 - MaTp~4H~H 3neMeHT 6eTa-nepexoAa 
He 3aB~CR~~H OT 3Hepr~~ 311eKTpoHa; Z ± 1 - aTOMH~H HOMep RA~a
npOAYKTa; F (E, Z ± 1) - ¢YHK4~R ct>epM~, Y4~TbiBa~~aR B11~RH~e Ha 

311eKTPOH 311eKTP~4ecKoro no11R FIAPa; E = 1 + -~- no11HaR 3Hepr~R 
mec2 

2, 
311eKTPOHa e eA~H~4ax mec • E 0 - rpaH~4HaR 3Hepr~R 6eTa-cneKTpa 
/MaKC~MallbHaR 3Hepr~R 31leKTPOHa; KOHe4 6eTa-cneKTpa/; mV- Mac
ca /aHT~/HeHTP~HO B eA~H~4aX mec 2; ~ - K~HeT~4eCKaR 3Hepr~R 
31leKTPOHa, K38. 

04eB~AHO, 4TO OT Be11~4~H~ MaCC~ /aHT~/HeHTp~HO 3aB~CRT: 
a/ 06~aR BepORTHOCTb np04ecca; 

6/ ¢opMa 6eTa-cneKTpa s611~3~ eepxHeH rpaH~4bl - p~c. 1 /Henpe
PbiBHaR 11~H~R/. 
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np~ 3TOM' eC11~ m v = 0' KP~BaR 
~HTeHC~BHOCT~ 3JleKTPOHOB B 0611a
CT~ Eo ~3MeHReTcR, KaK (E 

0
- E + ~)2 , 

T.e. 6yAeT ~MeTb rop~30HTa11bHy~ 

KacaTe11b HY~. Ecn~ me m v f, 0, To 
KP~BaR ~HTeHc~BHQcT~ ~3MeHReTcR, 

\12 KaK (E 0 -E +mv) , T.e. 6yAeT 
~MeTb BepT~Ka11bHy~ KaCaTe11bHy~ . 
nocK011bKY 4aCTO aHa11~3 AaHH~X 
npoBOART c noMO~b~ rpacj)~Ka K~p~

ct>epM~: 

[ N(E) I F (E, z ± 1) E (E 2- 1) I;! l% 
171 

3aB~C~MOCT~. 

8oo6~e rosopR, T04HaR ¢opMa 
6eTa-cneKTpa A11R pa3peweHHoro ne-
pexoAa s611~3~ sepxHeH rpaH~4~ 

A011MHa 3aB~CeTb TaK>Xe OT ~HTep¢epeH4~0HHOrO 4~Clla $~p4a ~ cn~Hop

HOrO pe11RT~B~CTCKOrO nonpaB04HOrO MHOM~Te11R np~3TTa - CM., Ha
np~Mep,/9/, 0AHaKo cor11acHo coepeMeHH~M npeACTas11eH~RM 3T~ 411eH~ 
A011MH~ paBHRTbCR HY11~, 4TO ycTpaHReT HeonpeAe11eHHOCTb s ~HTep-

lliJ~ I CJ4Y1io"'l \...llt::K. I ~Uti • 

Bo3MO*HOCTb ~3B11e4eH~R ~H¢opMa4~~ o Macce /aHT~/HeHTP~Ho Ha 
ceroAHRWHeM 3Tane pa3B~T~R TeopHH ~ 3KCnepHMeHTa H3 AaHH~x o6 
o6~eH sepoRTHOCH1 6eTa-pacnaAa HCK11~4eHa. TaKHM o6pa3oM·, eAHHcT
seHH~M MeTOAOM RB11ReTCR AeTa11bHOe HCC118AOBaHHe cj)OpMbl 6eTa-cneKT
pa B611H3H rpaHH4HOH 3HeprHH /HMeHHO cj)OpM~ cneKTpa, a He rpacj)HKa 
K~pH-$epMH H ero 3KCTpano11R4HH, H60 nepece4eHHe npRMOH C OCb~ 
s 3TOM c11y4ae AaeT ee11H4HHY He E 0 , a npH611H3HTenbHO E 0 + mv I. 

1 .1.2. 311eKTPOHHbiH 3aXBaT 

(A, Z) + e ... (A, Z - l) + v . 

ER = _!_ 
2 

3AeCb Q -
(A, Z - 1); 

M c 2 
R 

pa3HOCTb Mace (A, Z) -(A, z - 1); 
f K - 3HeprHR CBR3H 311eKTpOHa Ha 

!8! 

/9/ 

M R - Macca RAPa 
K-o6o1104Ke HYK11HAa 

3 



(A, z) • npll1 pacnaAe 7Be ~ 7 Li /Hall16onee nepcneKTII1BHbl~ KaHA111AaT 
1113-3a ManocTII1 MR I :mepr111111 fiAep OTAa4111 Allfl rnvc2 = 0 111 rnv::2 =1 00 38 
OTm14aiOTCfl Ha -3 ·1 o- 7 38, 3TO 3Ha4111TeJlbHO MeHbWe BeJ11114111Hbl MHO
rii1X 3<j)<j)eKTOB, KOTOp~e 111CKaMaiOT <j)OpMy cneKTpa fiAeP OTAa4111. 

MomHo, OAHaKo, paCCMOTpeTb npo~ecc BToporo nOPfiAKa OTHOCII1-
TeJlbHO !8! c 111cnycKaHII1eM KBaHTa 8TH: 

(A, Z) + e ... (A, Z - l ) + y + v • 

N(E) dE 

3AeCb a 1/137 - noCTOfiHHafl TOHKO~ CTpyKTyp~; 
MeHfiiOli.\111~Cfl C 3Heprll1e~ MHOMI-'!TeJlb, 6Jli-13KI-1~ K Const; 
rpaHI-'I~a cneKTpa 8TH. 

/10/ 

C(E) - MeAneHHo 
Eo - sepxHflfl 

KaK 111 s cny4ae 6eTa-cneKTpos, aHanl-13 AaHH~x 8TH 4acTo 
AfiT c noMOll.\biO aHanorii14Ho~ rpa¢111KY K10p1-1-¢epM1-1 3aBI-1CI-1MOCTI-1 

nposo-

/12/ 

O~eHKa B03MomHocTe~ l-1cnonb3osaHI-1fl npo~ecca /8/ s paMKax Teo
;:-:::: : .. --:.::,·5::;::.:-~.:;::7~::::: ;;:_ .:..::.7 ;;~;:=:::~~;;: ;;,:.,:.:,:;~,:. ;;_::: -:;,~,:.;;;~:,· :,,:..,-:~;·~~.,,u 1 
rnv s 3Kcnep!-1MeHTe. 0AHaKo, KaK noKa3an Ae Pyxyna /10/ s oKono
peHTreHoscKo~ o6nacTII1 3Heprl-1~ sepof!THOCTb 8TH MoMeT ~~Tb pe 30 -

.. 3 5 
HaHCHO YCI-'!JleHa Ha <j)aKTOp 10 - 10 , 4TO AenaeT peaJlbHO~ B03MOM-
HOCTb I-13MepeHII1~ Ha COBpeMeHHOM TeXHH4eCKOM ypOBHe. fnaBH~MI-1 

npei-'IMYll.\eCTBaMI-1 HOBoro nOAXOAa no cpaBHeH11110, Hanpii1Mep, C 1-13Mepe
HHeM 6eTa-cneKTpa Tpi-!THfl fiBJlfiiOTCfl OTCYTCTBI-'!e aTOMH~X 1-1 MOJle
KYJlflpH~X 3$¢eKTOBi 6onee HI-13KI-1e Tpe6osaHHfl K Ka4eCTBY 1-1CT04HHKa, 
TaK KaK 3AeCb HCnOJlb3yeTCfl TeXHI-'!Ka raMMa-cneKTpOCKOnl-11-1. 

KaK o6bi4Ho, nepsble pe3ynbTaTbl npHMeHeHI-'Ifl Hosoro MeToAa /7,8,10,12/ 
nocTaBHJlH 1-1 Hos~e npo6neMw. 

1 .2. PaAI-'IOaKTHBH~e HCT04HHKI-1 

RCHO, 4TO BBI-IAY MallOCTI-1 BellH41-1H~ MaCCW /aHTI-1/He~TPII1HO HYMH~ 
a6coniOTHble H3MepeHI-1fl <j)H3H4eCKI-1X senH4111H (Q, E 0) c To4 HoCTbiO no
PfiAKa HecKonbKI-'IX 38. 0TC10Aa cneAYIOT Tpe6osaHI-1fl ManocTI-1 E0 1-1 oT
cyTCTBI-'Ifl noMeX OT 6onee BWCOK03HepreTI-14eCKI-1X 1-13Jly4eHI-1~. ECJll-1 3a
AaAI-1MCfl YCJlOBH~MI-1+rpaHI-1~aMI-1 E~ ~200 K38 Allfl a--pacnaAa, E~ < 
< 1000 K38 Allfl a -pacnaAa 111 E 0 <1 00 K38 Allfl 3JleKTPOHHOro 3a
XBaTa, TO Cni-'ICOK nepcneKT111BH~X HYK111-1AOB CBeAeTCfl K npi-!BeAeHHOMY 
s Ta6n.1 /o6o3Ha4eHHe: T\1 - nepHOA nonypacnaAa,· E' = E + rn · 0 0 v, 

4 

Ta6JIHI.\a I 

12, 346(2) n 

57)0(40) n 

87, 39( 10/A 

100,1(20)n 

6,5·10 4
n 

1 ,53( 10) -1D
6

n 

6,S(3)·10 6n 

1,57{4)·10 7n 

87(9)n 

1,92(1)n 

4,3(S)·10 10 n 

20,38(2) .. 

109, 72(6) .. 

2,602(2)n 

70,78(7),o. 

2i!4,0(2).o. 

2,80(1)-. 

2,50(8)-. 

33(23)11 

50(9)n 

nepexOA 

18.61':!( 11) I 1/2.-1/2·\. 100 

ts6,478(9l o•-1• jtoo 

167,47(119) 3/2:-3/2:1100 

6'),87(20) 1/2-3/2 100 

11i9tsl 712• -311- 1 1 oo 

92, 3(19) 5/2- -9/2+' 100 

33,1 ( ]) 

192(4) 

76,\(6) 

96,7(10) 

2,64(4) 

960,1(11) 

6)),5(6) 

545,5[5) 

1819,1(5) 

475,0(13) 

1285,8(1]) 

329,9( 11) 

564(18) 

793181 

2,6(2,1) 

60,9(29) 

stz• -112-jtoo 
712+ -3/2+: 100 

5!2- -S/2+' 100 

1/2·-1/2- 100 

5/2+·1/2. 

3/2--3/2 

1+-o+ 

3+-2+ 

100 

99,8 

96.9 

90,4 

0,06 

15,00 

0,0006 

1,46 

712- -S/2 100 

% - 1-!HTeHCI-IBHOCTb nepeXOAa B % 
Ha pacnaA/. AanbHe~wH~ oT6op HYMHO 
AenaT b Ha ocHosaHI-11-1 3Ha4eHI-1~ T \1 
1-1 Tl-'lna 6eTa-nepexoAa, 1-160 OT se
JlH4HHbl T';-l 3aBI-1CI-1T TOllli.\1-'!Ha paAHo
aKTI-'IBHoro HCT04HHKa npH 3aAaHHO~ 
aKTI-'IBHOCTI-1, a Tl-'ln 6eTa-nepeXOAa 
onpeAenfleT <j)opMy Henpep~sHoro 
6eTa-cneKTpa. 

C T04KI-1 3peHI-1fl seni-14HH~ E 0 
HaHJlY4WI-1M KaHAI-'!AaTOM Allfl 1-'!CCJleAO
BaHHfl <j)OpM~ 3JleKTpOHH~X cneKTPOB 
fiBJlfleTCfl 187 Re, 0AHaKO B CBfl31-1 C or
paHI-14eHI-1fiMI-1 no seni-141-!He T \1 
1-1 Tl-'lny 6eTa-nepexoAa peanbHbiMH 
KaHAHAaTaMI-1 OCTaiOTCfl 3H H 35g, 
06a HYKllHAa HMeiOT CBOI-1 npei-'!MYll.\eCT
Ba 1-1 HeAOCTaTKI-1. Tp~-!TI-1~ 1-!HTepeceH 
TeM, 4TO CHCTeMa MallOHYKJlOHHa /npo-
~ecc Hal-16onee 6ni-130K K 3neMeHTap

HoMy aKTY pacnaAa/, nepexoA "csepxpa3peweH" 1-1 senH41-1Ha E '0 cpas
HI-!TenbHO Mana. K COmaneHI-110, B03pacTaiOli.\He TPYAHOCTI-1 C aHaJli-130M 
3KCnepi-'!MeHTaJlbH~X AaHH~X 1-13-3a HeonpeAeJleHHOCTI-1 BKJlaAa aTOMH~X 
3<j)<j)eKTOB see 6onee 3acTaBllfiiOT o6pall.\aTb BHHMaHI-'!e Ha B03MOMHOCTI-1 
1-'!CCJleAOBaHHfl 6eTa-cneKTpa 36g, rAe BKJlaAOM aTOMHbiX 3<j)<j)eKTOB npaK
TI-14eCKI-1 MOMHO npeHe6pe4b, no1-1 3TOM 3Ha4eHHe T If. npl-'!eMJleMO, se
Jli-141-'!Ha E '0 CHI-'!)!{aeT Tpe6oBaHI-1fl K TOJlli.\HHe I-1CT04HI-1Ka, HO Allfl AOCTI-1-
MeHI-'Ifl CpaBHI-'!MbiX C TPI-1TI-1eM O~eHOK He06XOA1-1MO A06HBaTbCfl BWCOKOrO 
3HepreTI-14ecKoro pa3peweHHfl - ~E/E - 0,002%. 

Ao npeAJlO)!{eHI-'!fl o6 I-1Cnonb3osaHI-11-1 cneKTpa 8TH Hal-16onee T04H~M 
MeTOAOM onpeAeneHI-'!fl MaCCbl He~Tpi-IHO fiBJlfiJlCfl aHalll-13 cneKTpa no-
3HTpOHHOrO I-1311Y4eHI-1fl, HO 3AeCb seJli-141-'!Ha E 0 3aMeTHo BbiWe 4eM 
Allfl 3 H 1-1 368. EAHHCTBeHHW~ 3Kcnepi-1MeHT BblnonHeH c 22 Na16< 8 3TOM 
cny4ae ¢opMa cneKTpa no31-1TPOHOB s o6nacTI-1 sepxHe~ rpaHI-'I~bl HCKa
meHa 3a C4eT BTOporo, XOTfl 1-1 MaJlOI-1HTeHCI-1BHOrO n031-1TpOHHOrO KQM
noHeHTa. AHalll-13 AaHH~x 1-13 Ta6n.l noKa3~saeT 4TO c T04KH apeHI-'!fl 
Eo 1-'lHTepec npeAcTasnHeT HYKllHA 66 zn. KaK 1-1 ~ cny1.1ae 36 s, np1-1 
HCCJleAOBaHI-11-1 pacnaAa 66 Zn TaKme Heo6XOAI-1MO B~COKOe 3HepreTH4e
CKOe paapeweHI-'!e: ~E/E - 0,002%. 

AeTallbHW~ aHalll-13 cxeM pacnaAa HYKJlHAOB C T04KI-1 3peHI-1R B03MQ)!{
HOCTH HX Hcnonb30BaHHfl AllR HccneAOBaHI-'Ifl cneKTpos 8TH np1-1 3JleKT
poHHOM aaxsaTe 6wn CAenaH s pa6oTax Ae Pyxynb/71. HcXOAfl 1-13 o6-
li.\HX coo6paMeHH~ MOMHO OTo6paTb 6 paAI-'!OHYKllHAOB: 44 T1 183Ho 
193 194 202 205 ' ' Pt, Hg,, Pb 1-1 Pb.OT6op no yKa3aHHbiM BbiWe Kpi-1-
Tepl-'!fiM OCTaBHJl npaKTI-14eCKII1 ABa HYKI11-1Aa: 163 Ho H 193 Pt. npH
BeAeHH~e B Ta6n.1 AaHH~e B3fiT~ 1-13 Ta6nH~ fleAepepa/11/1-1 OTpa)!{aiOT 
CHTya~H~ nepeA Ha4allOM pa60T. nepswe Me 3KCnepi-1MeHT~ BHeCJlH He~ 
KOTOp~e KOppeKTHB~: 

5 



T 1/2 ( 16:1Ho) 

T 1/2 ( 163 Ho) 

/7+21· 1 03n 
171 

- ' 

19~~1· 1 o2
n

1121 

Q ( 163 Ho ~ 163Dy) 

Q ( 193 Pt ~ 193 Ir ) 

2,3+1 ,0 K3B 171
, 

6 8 /8/ 
5 ' ~1 '0 K3B . 

1131 

KaK 8~AHO, OCH08H~e xapaKTep~cTuKu ~Tux p " •• v •• aA~OHyKn~A08 noAne~aT 

yTo4HeH~~. 

PaccMoTp~M oco6eHHOCT~ nocTaHo8K~ ~ npo8eAeH~R Ha~6onee ~H

TepecHwx 3Kcnep~MeHT08 no ~3MepeH~~ Mace~ laHT~IHe~Tp~Ho. 

1 .3.1. OnpeAeneH~e Maccbl aHT~He~TP~Ho 
Ha OCH08e ~3MepeH~.A 6eTa-cneKTpa Tp~T~R 

04eHK~ 8en~4~H~ aHT~He~Tp~HO OCH08aH~ Ha ~3MepeH~~ $opM~ 6eTa
cneKTpa, $OPMbl TOPM03Horo ~3ny4eH~R ~ Macc-Ay6neTa 3H _ 3He. Oc
H08H~e pe3ynbTaTw c~cTeMaT~3~P08aH~ 8 Ta6n.2. AnR op~eHTa 4 ~~ TaM 
~e np~8eAeHbl AaHHble nep~OA~4ecK~x cornaco8aH~~ pa3HOCT~ Mace 
3 H - 3 He. H~~e KOPOTKO paccMoTp~M 8 xpoHonor~4ecKoM nOPRAKe oc
H08H~e ~Ae~ 3KCnep~MeHT08. 

Ta6mu-1a 2 

roa n-pa AeTOI* f4eTO,Q Q,108 E
0

, K38 m'lec
2 

191o9 ~ Hanna, Pontecorvo npol'lOp" . KIMePI _l - 18.9/5/ 
1~9 1~ Graves, Meyer 

< 1 108 

1~9 15 Curr-an et al 
TopM, M1nY\feHMe - Cnt • 18,0(5) -

1952 16 ~Inger, Ploff1t 
nponop". Ka...epa - 18, )(3) <I 108 

1953 17 Hamil ton et al 
,....,H. C.MeKTPONeTp - 17 .95( 10) <0,25 K38 

1958 18 Frl edNn, Sn~l th 
3.neKCTpOCT, Cnetnpe>f4 . 17 ,6( ~) <11,5 K38 
MAcc-~neT 18,65 ( 20) . -

1959 19 Porter 
1963 20 Bllnbrldge et 11 

MlirH. CMeKTPOMeTP - 18,61 ( 10) -
1969 21 lergkvlst 

,...cc-AY6.ner 18, 47( 17) - -
1969 22 Sligo, Staub 

.,..,". 3neKTI)OC T. eneM - 18,611 ( 15) <60 38 

1969 23 D•rls, St.·Pierre 
:tneMTI)OC T. eneMTI)OIIteTI) . 18, 75(5) <200 38 

1970 2~ L.,ls 
NllrH. eneMTI)OMeTI) - 18,570(75) <75 38 

1972 26 Sergkvlst 
S I (LI) 18,5~0(95) -

1972 25 Pie I 
NllrH, :tneKTI)OeT, en. 18,651 ( 16) 18,610( 16) <55 38 

1975 27 SMith, W•pstr• 
NllrH · eneMTPOMeTp - 18,578(~C) < 1~~ 38 

1976 1) TpeTw.wo• " AP· 
Meec-AY&IeT ;d,588(7) - -

1979 28 S hopson 
.... rH. 3/18KTpoc T, en. - 18,575(13) <15 38 

198o 5 .~~~a&.,..,. M AP· 
S I (LI) - 18,562(5) . 

1981 29 
,...rH, :tneMTpocT. en. - 18,577( 12) l~<m!J < 46 38 

SllllpSon 51 (LI) 
1981 30 DIJ<On ot 11 

- 18,567(5) <65 3 /26/ 

1981 31 SMIth et II 
S I (LI) - 8,59~(25) -
NIICC-A)'CSneT 18,57)(7) - . 

COrnACOIAHME 

197) r21:pstra, Gove 

I 
- r·65(,, 

I = 
I 1977 33 lllpstr1, los - 8,619(11) 

-
1982 ~ ioA)II!M"Coool! M AI>, -

. 
18,60~( 10) . 
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Hanna, Pontecorvo 141 

ra3oo6pa3H~~ Tp~T~~ 880A~ncR 8HyTpb nponOP4~0HanbH~X C4eT4~
K08 c 8~COK~M ra308~M yc~neH~eM. Ha~ny4wee 3HepreT~4eCKoe pa3-
peweH~e 8 o6nacT~ Eo COCTa8nRnO -1,8 K3B. np~ o6pa6oTKe AaHH~X 
rna8Hwe npo6neM~ 803H~Ka~T ~3-3a nnoxoro 3HepreT~4ecKoro pa3pe
weH~R, a TaK~e ~3-3a 8n~RH~R Kpae8~X 3$$eKT08. rpaAY~P08Ka A8YX 
~cnonb308aHHbiX c4eT4~K08 no 3Hepr~~ npo80A~nacb c noMOI4b~ 

Kx -ny4e~ Cl 1-2,6 K3BI ~ Mol-17,4 K3B/. 

Graves, Meyer 1141 

HccneAo8aH cneKTP TOPM03Horo ~3ny4eH~R oT 6eTa-4acT~4 TP~T~R 
8 Zr ~n~ Ta. H3MepeH~R np080A~n~Cb c nOMO~b~ C4eT4~Ka re~repa
M~nnepa ICrMI ~ MeToAa norno~eH~R y -ny4e~ 8 pa3Il~4HbiX Ton~~Hax 
Al, KOTOP~~ pa3Me~ancR Me~AY ~CT04H~KOM ~ C4eT4~KOM. npo4eAypa 
o6pa60TK~ OCH08aHa Ha pac4eTe TOpM03HOrO ~3ny4eH~R np~ y4eTe 
norno~eH~R 8 Al ~ 3a8~C~MOCT~ 3¢$eKT~BHOCT~ c4eT4~Ka OT 3Hepr~~. 
AHan~3 AaHHbiX no 04eHKe Q npo80A~nc.A 8 npeAnono~eH~~ mvc2 = 0. 

Langer, Moffat 1161 

Hcnonb308aH MarH~TH~~ cneKTpoMeTp c HeOAHOPOAHWM noneM I ro = 
40 eM; t!p/p = 0,7%, T.e. tiE- 0,25 K3B 8 o6nacT~ Eo/. rpaAy~

poeKa np080A~IlaCb c noMo~b~ Il~H~~ E8 = 24,5 K3B (
212 

Bi). HcTo4-
···~·,·~ f::oo~o~ ••~.-,-.,"T""n".-.IJll p-,\I"T"O•t OLIM..,r"'\IAD-::IIUIACI CILJT~nUf""'l~ LI'IArnf"lT"-1 /\/nPnh-
•••••·· --····· ··-·------ -· ..... -.--- -·.- - . 

HaR aKT~8HOCTb 0,9 MK~IMKrl Ha noAilO~KY ~3 4anoH-naKa Ton~~Ho~ 
4 MKrlcM 2 • Ton~~Ha ~CT04H~Ka COCTa8nRila-0,5 MKrlcM

2 
· np~ OTCyT

CTB~~ 3a3eMJleH~R ~CT04H~Ka Ha6n~AailCR CA8~r 8epxHe~ rpaH~4W 
cneKTpa, AOCT~ra8w~~ 460 3B. 

Hamilton et al! 171 

Hcnonb3o8aH ~HTerpanbH~~ 3neKTpocTaT~4eCK~~ cneKTPOMeTp 
c 3HepreT~4eCK~M pa3peweH~eM AE -0,12 K3B. 3neKTPOHH~~ TOK Kon
neKTopa ~3MepRil~ c noMo~b~ yc~n~TenR nocTORHHoro ToKa. HcT04H~K 
COCTORil ~3 HaCbl~eHHOro Tp~T~eM CilOR 4~PKOH~.A TOil~~HO~ 
1 00 MKr I cM 2, HanbiileHHoro Ha A~CK ~3 W. 

SalgoJ Staub 
1221 

3Kcnep~MeHT 6wn Ha4eneH Ha ~3MepeH~e Il~Wb 8ei1~4~H~ E 0 , 
~ n03TOMY 6~Il 8w6paH nilOCK~~ ~HTerpanbH~~ 3IleKTpOCTaT~4eCK~~ 
cneKTpoMeTp c 6onbwo~ no8epxHocTb~ ~cTo4H~Ka. Hcnonb308aH Tp~
T~po8aHH~~ IleA (T2 0), HaHeceHH~~ Ha Kpyrny~ 30IlOTY~ noAnO~KY 

C paA~YCOM 5,5 CM, KOTOpaR OXIla~AanaCb ~~AK~M a30TOM. HcT04H~K 
~3roTa8Il~8ancR 8 KaMepe cneKTpoMeTpa, Ho ero TOil~~Ha oKa3anacb 
Hepa8HOMepHo~ 18 4eHTpe- 20 MKrlcM~. B KOHCTPYK4~~ cneKTpoMeT-
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pa BHoc~n~cb cne~~anbHbte ~aMeHeH~~ An~ ~cKn~4eH~~ 3M~cc~~ 3neKr
poHos s c~nbH~x 3neKrp~4ecK~x non~x. An~ AeTeKT~posaH~~ 3neKr
POHOB ~cnonb30BaH OTKp~T~A Cu-Be YMHO~~Tenb. rnasHa~ npo6ne
Ma 3KCnep~MeHTa - ~CKn~4~TenbHO B~COK~A ~OH. 

Daris~ St-Pierre 12SI 

HcnonbaosaH MarH~TH~A ~eneaH~A cneKrpoMerp c HeOAHOPOAH~M 
noneM /ro = 30,75 eM; ~p/p = 0,25%, r.e. ~E -90 38, n- 0,075%/. 
AereKT~posaH~e 3neKrpoHos npo~aBOA~Tc~ c noMO~b~ ~~n~HAP~4ecKoro 
crM. npeAnP~H~Man~Cb cne~~anbH~e Mep~ An~ YMeHbWeH~~ ~oHa Ae
TeKropa /yposeHb -8 ~Mn./M~H/. 8 Ka4ecrse ~cT04H~Ka ~cnonbaosaH 
rp~r~A, a6cop6~posaHH~A an~M~H~esoA ~onbroA /ron~~Ha -2 MKr/cM2, 
aKT~BHOCTb 20 7 30 MKK~/. AeranbHO ~ccneAOBaHa ~opMa annaparypHoA 
n~H~~ c noMO~b~ 3neKTpOHHbtx n~H~A c E e = 24 5 K38 ( 21 2 Bi) ~ E 
- 48 212 ' e - 1 '0 K38 ( Pb). npoBeAeHO 4 cep~~ ~3MepeH~A c 4 paan~4HbiM~ 
~CT04H~KaM~ · 3AeCb BnepBble BblnOnHeHbl CTaT~CT~4eCKa~ o6pa60TKa 
AaHH~x ~ no~cK paan~4HbtX c~cTeMaT~4ecK~x ow~6oK s 3Kcnep~MeHre. 

Bergkvist 121 • 
261 

Hcnonb30BaH MarH~THbiA }l(ene3HbiA cneKTPOMeTp T~na 17 v2 I ro 
=50 CMj ~p/p = 0,11%, T.e. ~E-40 38 B o6nacT~ E0 ;0-0,5%/ 
p~c.2. 3neKTPOH~ AeTeKT~posan~cb c noMO~b~ crM. AeranbHO ~ccne
AOBaHa 3aB~C~MOCTb ~OHa OT KOHCTpyK~~~ cneKTpOMeTpa, ~ B peaynb
TaTe MHOr~X YCOBepWeHCTBOBaH~A OH 6~n VMeHbWRH RnnPP UPM c ~n n~~ 

no MHeH~~ asropa, ~cnonbaosaH~e nponop~~oHanbHoro c4eT4~Ka ~e 
Aacr AanbHeAwero CH~~eH~~ ~oHa, raK KaK 3Hepr~~ pacce~HH~x 
s cneKTPOMerpe 3neKrpoHos 6n~aKa K ~aMep~eMoA. Co6crseHH~A ~oH 

AeTeKTopa cocrasn~n -2,5 ~Mn./c. An~ ysen~4eH~~ ero 4yscrs~renb
HOCT~ BnepBble ~CnOnb30BaHa 3neKTpOCTaT~4eCKa~ KOppeKT~py~~a~ 
c~creMa, Koropa~ noason~er ~ccneAoBaTb cneKTpbt H~3K03Heprer~4e
CK~x 3neKTpOHOB OT ~CT04H~KOB C 6onbWOA nosepXHOCTb~ /20x1Q CM2/ 
np~ coxpaH~~~eMc~ 3HepreT~4eCKOM paapeweH~~ /r.H. He3KB~noreH
~~anbH~e ~CT04H~K~/. Hcnonb30BaH Tp~T~A, KOTOp~A ~MnnaHT~posan
C~ c 3Hepr~eA -1 K38 s Al ~onbry ron~~HoA 0 02 eM /ron"'~Ha ~c-

2 ' ~ 
T04H~Ka -1,4 MKr/CM /. C y4eTOM norepb 3Hepr~~ 3neKTPOHOB B co6-
CTBeHHOA TOn~~He ~CT04H~Ka 3HepreT~4eCKOe paapeweH~e C~CTeMbl 
s ~enoM cocrasn~er -55 38. HccneAoBaH~e np~6opHoA ~OPM~ n~H~A 
/n~n; ~ rpaAy~posKa cn~KrpoMerpa no 3Hepr~~ nposoA~n~cb c no
MO~b~ nepexoAa K84,4 170Tm /ron~~Ha ~CT04H~Ka -0,4 MKr/cM 2/. Xa
paKrepH~A annapaTYPH~A 6era-cneKTp Tp~T~~ B KOOPA~HaTaX QepM~
K~p~ np~seAeH Ha p~c.2. 06pa~aer Ha ce6~ BH~MaH~e n~HeAHa~ aa
s~c~MOCTb ~oHa or 3Hepr~~ 3n~KTPOHOB s o6nacr~ E0 • 

B pa6ore 6eprKs~cra sneps~e paccMorpeH ~ sonpoc o sn~~H~~ 
aroMHbtX 3~eKTOB Ha ~oPMY 6era-cneKrpa s o6nacr~ E 0 • Cyrb 3~

~eKTa COCTO~T B TOM, 4TO pacnaA SH MO~eT ~AT~ He TOnbKO B co-
CTO~H~e lS ~OHa SHe+, HO TaK~e B COCTO~H~~ 28, 38 T 3 ~ ·A. - p~c .. 

8 

t 
.. J 

/~.·~ 
I \---

( ~fi /I \A· ... ·/ 
••• 

·~ s 
'0 

~ 

PHc.2 

1S 

PHc,3 

s1 a ,s 
50 6:~8 
49 0~6 
41 5 38 

--15 0 

An~ cso6oAHOro rp~T~esoro aroMa sepo~THocr~ cocrasn~~r: lS -
-70% j 28 - -25% j 38 + 48 ... - -5%, HO AnR paan~4HbiX coeA~HeHI-1A 
OHI-1 MoryT HeCKOnbKO ~3MeHRTbCR. 04eBI-1AHO, 4TO 3HepreTI-14eCKOe 
paapeweH~e He noasonReT paaAeni-1Tb KOMnoHeHTbt raKoro cno~Horo 
cneKrpa. 8 CBR3~ c 3TI-1M BKnaA aroMH~x 3~~eKros 6eprKs~cT pac
CMorpen TaKI-1M o6pa30M, 4TO OHI-1 KaK 6yATO np~BOART K pa3M~T~~ 
KOH~a 6era-cneKTpa. TorAa nQn MO~HO npeACTaBI-1Tb KaK cynepn031-1-
IIL-11!1 HPC:I<nnhi<LAX ni-11<0R. C:flRI-1HVThiX A C:OOTBeTCTB~I-1 C 3HeOr~RI~i-1 B03-
6Y~AeHI-1f1 SHe+ ~ c y4eroM sepoRTHocreA coorsercrsy~~1-1x nepeXOAOB. 
BBI-1AY ManocT~ 3~~eKTa OT pacnaAa B COCTORH~I-1 38 , 4S, ... 6btno 
BBeAeHO OAHO o6~ee cpeAHee B036Y~AeHHOe COCTORHI-1e C 3Hepri-1eA 
-43 38 1-1 sepoRTHOCTb~ nepexoAa Ha Hero -30% - CM. p~c.3. HMeHHO 
c TaKoA non 1-1 6~na npoBeAeHa o6pa6oTKa 3KCnepi-1MeHTanbH~X AaHH~X. 

Simpson 128• 291 

HcnonbaosaH Si(Li)-AeTeKrop /S -30 MM 2; ron~I-1Ha 4YBCTBI-1Tenb
Horo cno~ -5 MM; ~E - 215 38 AnR Kx·ny4eA Fe/E- 5,9 K38/.C no
MOUibiO cne~1-1anbHOA npo~eAYP~ 1-10Hbl TPI-1T~R C 3Heprl-1eA 8-9 ~1a8/yCKO
PI-1Tenb 8aH-rpaa~a; roK 0,25 HA/ ~MnnaHI-1POBaH~ 4epea Be-oKOWKO 
B 4yBCTBI-1TenbHYIO o6nacTb Si(Li) -AeTeKTopa - p1-1C .4. rny6~Ha I-1M
nnaHTa~I-1H -0 2 MM /npo6er 3neKTpOHOB C Ee - 18 K38 B KpeMHI-11-1 

' 1S 3 COCTaBnReT- 2, 5 MKM/, KOnH4eCTBO HOHOB 3 H - 1, 5 ·1 0 CM- /4yB-
CTBI-1TenbH~A o6beM Si(Li)-AeTeKTOpa- 0,15 CM 3 /, CKOpOCTb C4eTa 
6eTa-4aCTI-1~ -70 1-1Mn./c. rpaAYHPOBKa cneKTpoMeTpa no 3Hepri-1RM 
ocy~ecrsnRnacb c noMo~b~ K -nf<4eA Cu 1-1 Mo, nepi-10AI-14ecKI-1 soa6ym
AaeM~X raMMa-ny4aMI-1 87' 7 K3B ( 09 Cd). npo~eAypa I-13MepeHHR opraHI-1-
30BaHa raKHM o6paaoM, 4To 41-1CT~A 6era-cneKTP 1-1 6era-cneKTP 
C rpaAYI-1POB04H~MH nHHH~MH HaKanni-1BanHCb B pa3ni-14H~X y4aCTKaX 
naMRTI-1 MHoroKaHanbHoro aMnnHTYAHoro aHan~aaropa. 8o speM~ 1-13-
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MQI'4{P ~AHA_1/\ 

PHc.4 

Jl1o6w-toe u op/ 13• 51 

MepeHHH IMHoro HeAenbl Hcnonb3osanacb 
4H$pOBaR CTa6HnH3a4HH IT04HOCTb -2 3BI 
H npOBOAHnCR aHanH3 ~MnynbCOB no Hano*e
HH~. THnH4H~e annapaTYPH~e cneKTP~ noKa-
3aHbl Ha pHC. 4. 

B 3KcnepHMeHTe AaHHoro THna ponb aToM
H~X 3$$eKTOB npaKTH4eCKH CBeAeHa K Hyn~. 
npH o6pa60TKe AaHH~X H3MepeHH~ 3Ha4H
TenbHOe BHHMaHHe YAeneHO aHanH3Y n$n 
H CBR3aHH~M C He~ HCKa*a~~HM 3~~eK

TaM. HaHny4wee cornacosaHHe 3KcnepHMeH
TanbH~x H pac4eTH~X AaHH~X AOCTHraeTCR 
npH mvc 2 - 20 3B, OAHaKo a sTop npeAno
*Hn 04eHKY m- C 

2 < 65 38 1261. v 

Hcnonb3oBaH Ge3mene3H~~ TOPOHAanbH~~ cneKTPOMeTp c 4eT~pex

KpaTHbiM OTKnoHeHHeM Ha yron 11 I ~pip = 0, 12%, T. e. ~E _ 4 3 38 
B o6naCTH Eo; n -0,4%1- PHC.5. B nepe~x 3KcnepHMeHTax 113/ Ae
TeKTHPOBaHHe 3neKTpOHOB npOBOAHnOCb C nOMO~b~ CrH a n03*e /5/ 

H3-3a 3arpH3HeHHH KaMep~ cneKTPOMeTpa TPHTHeM, - ~ nOMO~b~ np~
nOP4HOHanbHOro C4eT4HKa C aMnnHTYAH~M OT60pOM. $oH cneKTPOMeTpa 
He 3aBHCHT OT HaXO~AeHHH B KaMepe HCT04HHKa TPHTHH H COCTaBnHeT 
-0,05 HMn.lc. B AanbHe~weM 11978 r.l TeXHHKa AeTeKTHPOBaHHR 6~na 
yny4weHa nyTeM nOAKnn4eHHR TpexKaHanbHO~ KaMepbt, no3BOnR~~e~ 

~c~•~ ~~Mc~eH~e OAHOBpeMeHHO j He3aBHCHM~X cneKTpoB. KaK H y 
6eprKBHCTa 126~3AeCb ~cnonb30BaH He3KBHnOTeH4HanbH~~ HCT04HHK 
ICYMMapHaH nosepXHOCTb- 8 CM 21, H3rOTOBneHHbl~ 1-13 TPHTHPOBaHHOrO 
BanHHa (C 5 H11 0 2) C 18~-H~M o6ora~eHHeM 1-2 aTOMa TpHTHR Ha Mo
neKynyl. HccneAoBaHHe 1-1 rpaAYHPOBKa cneKTpoMeTpa npoBOAHnHCb 
C nOMO~b~ 169 Yb. C Y4eTOM noTepb 3HeprHH 3neKTPOHOB B C06CTBeH
HO~ TOn~HHe HCT04HHKa 

\ 

z 

2\ 
15 

t ~---2Jm-----~ 

\\_~ 
0,4 

18423 18524 18625 E.k3B 

PHc.S 
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3HepreTH4ecKoe pa3peweHHe cneKTpoMeTpa 
COCTaBnReT -55 38. HccneAOBaHHe n$n 
npOBOAHnOCb C nOMO~b~ cnoeHbiX HCT04HH
KOB 1-13 eanHHa H 169 Yb. rpaAYHPOBKa 
cneKTpoMeTpa no 3HeprHRM ocy~ecTBnRnacb 
no MeTOAHKe 11 aBTOKanH6pOBKH 11 3Hr6a-
Ha 135/. 

C T04KH 3peHHR o6pa60TKH pe3ynbTa
TOB H3MepeHH~ Hy~HO B~AenHTb cneAY~~He 

OCHOBH~e MOMeHT~: AeTanbHO HCCneAOBaHa 
n$n H ee ponb B OnpeAeneHHH BenH4HH~ 
mi7; Y4eT aTOMHbiX 3~eKToB nposeAeH no 
5eprKBHcTy 1261 ;6onbwoe BHHMaHHe YAeneHo 
CTaTHCTH4eCKO~ o6pa60TKe 3KCnepHMeH
TanbHbiX AaHHbtx. 

B pe3ynbTaTe enepsbte nony4eHo yKa3aHHe Ha B03MO*Hoe oTnH4He 
MaCCbl He~TpHHO oT Hynr~ I 1 I. 

1 .3.2. QnpeAeneHHe MaCCbl He~TPHHO Ha OCHOBe 
H3MepeHHR cneKTpa n03HTpOHHOrO H3ny4eHHR

22
Na 

H3BeCTeH TOnbKO OAHH 3KCnepHMeHT/6~ B KOTOPOM ~opMa ~+-cneKT
pa 22Na HccneAoBaHa c 4enb~ onpeAeneHHR Mace~ He~TpHHO. Hcnonb-
3oBaH MarHHTH~~ 6e3*ene3H~~ 6eTa-cneKTpOMeTp C ~OKyCHPOBKO~ Ha 
yron "12vT31 r 0 = 30 eM; ~p/p = 0, 1%, T.e. ~E -0,85 K3B s o6-
nacTH Eo- 545 K3B; n - 1 '5%1. ~1cT04HHK 22 Na H3rOTOBneH MeTOAOM 
saKyyMHoro HcnapeHHR. B pe3ynbTaTe cTaTHCTH4ecKo~ o6pa6oTKH AaH

H~x nony4eHo: 

545,7~0,5 K38, 
1141 

1.3.3. OnpeAeneHHe MaCCbl He~TPHHO 
npH H3y4eHHH 3neKTPOHHoro 3axsaTa 

KaK OTMe4anocb s~we, npo4ecc 8TH Mo*eT 6~Tb Hcnonb30BaH AnR 
onpeAeneHHR Mace~ He~TPHHO nHWb B Tex cny4aflx, KOrAa eenH4HHa Q 
HaXOAHTCR B OKonopeHTreHOBCKO~ o6naCTH. 3HepreTH4eCKaR AHarpaM
Ma npo4ecca noKa3aHa Ha p1-1c.6. 8BHAY Tor~~n4TO ~~~OBH~e xapaK
TepHCTHKH HaHbonee HHTepeCH~X HyKnHAOB ~ --- HO, --- t't) Bbi3~BanH 

PHc.6 

Bennett et al.
1361 

COMHeHHe, rnaBH~e ycHnHR 3KCnepHMeHTa
TOpOB 3a HCTeKWH~ C 1980 roAa nepHOA 
6~nH HanpaeneH~ Ha HX YT04HeHHe. Ha 
OCHOBe nony4eHH~X AaHH~X H CAenaH~ nep
B~e 04eHKH eenH4HH~ mv. 

a/ PacnaA 163 Ho 

Ao HaCTOfl~ero epeMeHH e~nonHeH~ 
3 OpHrHHanbH~X HCcneAOBaHHR pacna
Aa 163 Ho. 

rnaBHaR 3aAa4a - H3MepeHHe Q. Hcnonb30BaH Si(Li) -AeTeKTOP 
113 MM 2x3 MM; ~E = 140 38 B o6naCTH 0,5 K3BI. HcT04HHK 163Ho 
nony4eH B 1961 r. B pe3ynbTaTe nposeAeHHR peaK4HH 162

Er(ny)
163

Er-+ 
-+ 163Ho c nocneAY~~HM Macc-cenapHpoeaHHeM. Ha6n~AeHHe nepexoAa 
5P-+ 3S B cneKTpe M x - ny4e~ rosopHT o TOM, 4TO QE c( 163 Ho) > 
> 2,1 K38, TaK KaK 3HeprHR CB.A3H 3S 1; 2 3neKTPOHa COCTaBnReT 
2,047 K38. 
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Andersen et at. 1371 

lnaaHa.A 3aAa4a - ~3MepeH~e T 112 ~ Q, ~1cxoAHa.A aKT~BHOCTb 
163

Ho nonyYeHa ~3 peaKI..l~~ Ta(p, xp, yn) .... 163 Ho c nocneAYIOlli~M 
pa3AeneH~eM Ha 3JleKTpoMarH~THOM Macc-cenapaTope ~ cno~Ho~ paA~o

X~M~4ecKo~ 04~CTKo~ oT pa3Jl~4H~x np~Mece~. Aanee 6~n~ ~3roTos
neHbl ABa ~CT04H~Ka, COCTO.All\~X ~3 -1,9 ·1 0 13 ~ -3,1 · 10 13 aTOMOB 
COOTBeTCTBeHHO. Kon~4eCTBO aTOMOB B ~CT04H~KaX onpeAeJl.AJlOCb 
c noMOU\btO PaA~ox~M~4ecKo~ MeToA~K~ ~ ynpyroro KynoHoscKoro pac
ce.AH~.A a -4aCT~I..l I Ea = 3, 5 M38l Ha 6onbw~e yrn~. lt13Mep.A.A cKo
pocTb C4eTa M-o~e 3JleKTpoHos ~ Mx -ny4e~ c noMOU\btO MHoronposo
Jl04Ho~ ~ npoT04HO~ nponopl..l~OHaJlbHbiX KaMep, Mo~Ho onpeAeJl~Tb M
napl..l~aJlbH~~ nep~OA nonypacnaAa 163Ho: 

M 4 
T 112 = I 4, 0_:: 1 , 21. 1 0 n. 1151 

8epo.ATHOCTb nonHoro M -3axsaTa MO>xHo 3an~caTb cneAYtOU\~M o6-
pa3oM: 

1161 

r -·· •-r-'"'' 1''-t ~·M--I""''WHI ll .... lt'>'I-IIIUIPI VJI"-'1'11,..111' 

A(M 1 )- 3JleKTpOHH~e BOJlHOB~e $YHKI..l~~; fMj - 3Hepr~.A CB.A3~ 3JleKT
poHa Ha M 1 -o6ono4Ke; ~ (M 1 ) - $a30B~~ MHO~~TeJlb. 

noACTaBJl.A.A nony4eHHOe 3Ha4eH~e T1/2 a TaK~e ~3BeCTH~e 3Ha-
4eH~.A OF' JM3J ~ A(M 1 ) B 1161, Ail.A npeo6naAatOUiero M1 -3axsaTa 
MO~Ho 3an~caTb If M 

1 
= 2, 05 K38l: 

~(M1 ) =[Q -2,05][(Q -2,05) 2 -rn~] 112 =0,53±0,10. 1171 

CneAOBaTeJlbHO, 

2,58_::0, 10 K38. 1181 

TorAa, ~cnonbay.A pac4eTHble 3Ha4eH~.A OTHoweH~~ sepo.ATHOCTe~ M- , 
N -~ T ·A. 3axaaTa, Mo~Ho nony4~Tb nonHbl~ nep~OA nonypacnaAa 
163 Ho : 

T 1/2( 163 Ho ) = /7+21. 1 0 3n. 1191 

8a~AY aa~HOCT~ 3Ha4eH~.A Q aBTOPbl npoaen~ TaK~e cnel..l~anbHble 
~3MepeH~.A npOAYKTOB .AAePHbiX peaKI..l~~ C l..leilbtO He3aB~C~MOrO onpe
AeJleH~.A 3To~ aen~4~H~ ~ nony4~Jl~ 

Q = 2,3_::1 ,0 K38, 1201 
12 

1if~----------------~ 

PHc.7 

% 
<II 

..>t. ...... 
z 

·~· 

10 

0.5 1.0 

4p-3s 
4d-3p 

··Mr!', 
: .. ~./ : ... 

·. Sp-3s 
. ;. 
, "''• · .... : ,. 

., 

1.5 2.0 
E. k3B 

2.5 

TaK~M o6pa3oM, ~cnoilb3Y.A B3a~Mo3aB~C~MOCTb Q ~ mv B $YHKI..l~~ 
~(M 1),MO~HO Oi..leH~Tb BeJ1~4~HY Mace~ He~Tp~HO lp~c.71: 

rn ,....2 / 1 '2 , ... .....,0 I? 1 I ·- v· 

04eB~AHO, 4TO c yny4weH~eM T04HOCT~ ~3MepeH~.A Q 
l..la ffiv MO~eT 6~Tb yMeHbWeHa, 

Yasumi et al-.1121 

eepxHR.A rpaH~-

lnaBHa.A 3aAa4a - ~3MepeH~e ~;2 ~ Q, ltiCXOAHa.A aKT~BHOCTb no
Jly4eHa ~a peaKLI~~ 164 Dy (p, 2n) 16 Ho c nocneAYIOIIIe~ 04~c TKO~ OT 
paA~OaKT~BH~X 3arp.A3HeH~~. 4~CJ10 aTOMOB B ~CCJleAyeMOM ~CT04H~Ke 
onpeAeneHo MeTOA~M $ntOopeCI..leHTHoro aHan~3a c nOMOU\btO npoToHoa: 
10,986+0,2001·10 . HaMepeH~e cneKTpa M1 -ny4e~ npoBOA~JlOCb c no
MOU\btO Si(Li) -AeTeKTOpa 16E - 120 38 np~ E - 2 K38l - p~c.8. An.A 
yMeHbWeH~.A norJlOU\eH~.A B B03AYXe ~CT04H~K pa3Mell\eH B cnel..l~aJlbHO~ 
BaKyyMHO~ KaMepe. HaMepeH~ OTHOC~TeJlbH~e ~HTeHc~sHocT~ M 1 -ny-
4e~ ~ c noMOU\btO 1161 nony4eHo: 

T 1/2( 163Ho) = 19~~1·102n, 

Q = 2, 30_::0, 15 K38, 1221 

rn v c 2 < 3 0 0 38. 
np~ 3TOM aHaJ1~3e Y4~T~Banacb ~ POJlb T04HOCT~ pac4eTa 1M3 J, 
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3To noKa eAHHCTBeHH~~ 3KCnepHMeHT no HCCneAOBaHH~ aaBHCHMO
CTH cneKTpa BTH OT senH4HH~ He~TPHHO. HcxoAHa~ aKTHBHOCTb nony-
4eHa H3 peaKL\HH rny6oKoro pacu~enneHH~ Pb(p, xp, yn) ••• 193Pt c nocne-

~~~6~~ ~~~:~:=~e~. 11~~ p!~~~;~~HHpKa ~~:Ujan:3;0MTeo:;yeHABHYaM~ n;:;eOK>KTK:-

paMH H3 HPGe/200 MM 2 x6 MM/ H Si(Li). C HX noMOUJb~ H3Mep~nH cneKT
P~ BTH, Lx -ny4e~ H coanaAeHH~ Me>KAY HHMH. AnnapaTypH~~ cneKTP 
Lx-BTH coanaAeHH~ noKa3aH Ha pHc.9a, a 3aBHCHMOCTb ero OT BenH-
4HH~ Q - Ha pHc.96. AHanHa coaoKynHocTH 3KcnepHMeHTanbH~x AaH
HbiX AaeT: 

56,6~0,3 K3B, 

193pt 

10-5 8TH-LX 

~.-~·, .... · .. a/ 
c 10-6 

~ 

0 
X = 10- 7 
X 

.... 

s •o -~l. . . \·. .I 
10 21) 30 41) so 

E. K38 

:::: J-

w 

' " l-

I 

'l 

PHc.9 

1 .4. nnaHHPOBaHHe HOB~X 3KCnepHMeHTOB 

E' K3!l 

0 
OJ 

/23/ 

B HacTo~Ujee apeM~ npeAno>KeH~ paanH4H~e npoeKT~, 4aCTb H3 
KOTOP~X y>Ke HaXOAHTC~ B CTaAHH peanH3a4HH. KaK npaBHnO, OHH 6a-
3Hpy~TC~ Ha B03MO>KHOCTH COBepweHCTBOBaHH~ paHee H3rOTOBneHH~X 
cneKTPOMeTpOB. PaCCMOTpHM BKpaT4e OCHOBH~e HAeH ony6nHKOBaHH~X 
npoeKTOB. 

1.4.1. npoeKTbl 

Robertson et al. 1381 

3KcnepHMeHT npeADO>KeH Konna6opa4He~ noc-AnaMOCCKO~ Ha4HOHanb
HO~ na6opaTOPHH H MH4HraHCKOro YHHBepcHTeTa /CWA/. onoK-cXeMa 

HHIEK· 

TOP 

4>0PMHPO
BAHHE 
nY4KA 

H3Bfi~4EHHE H3 
COfiEHOHAA 

H YCKOPEHH~ 

PHc.IO 

npeACTaaneHa Ha pHC. 10. npeAnOnaraeTc~. HCCneAOBaTb pacnaA aTo
MapHoro TpHTH~, KOTOp~~ nony4aeTC~ C nOMOUjb~ MHKPOBOnHOBOro 
pa3P~Aa C nocneAY~UJHM AOCTH>KeHHeM paBHOBeCHOrO COCTO~HH~ nyTeM 
2+4 OTpa>KeHH~ OT oxna>KAeHH~X /AO 10°K/ Te$nOHOB~X CTeHOK. HH
TeHCHBHOCTb ny4Ka- -10 16aTOMOB/C. 

3neKTpoH~ oT pacnaaweroc~ a aoHe coneHOHAanbHoro MarHHTHoro 
non~ TPHTH~ ABHra~Tc~ no cnHpanH. AnHHa coneHOHAa - 1 M. Ha a~

xoAe OHH yCKOp~~TC~ 3neKTPH4eCKHM noneM -20 KB. 3TOT war cy
UjeCTBeH C ABYX T04eK apeHH~: BO-nepB~X, MarHHTHble cneKTPOMeTp~ 
o6~4HO pa6oTa~T ny4We B o6naCTH E

8
>20 K3B H, so-BTOP~X, HCnOnb-

30BaHHe CHCTeM~ AeTeKTHpoaaHH~ c aMnnHTYDH~M aHanH3nM nn~RnnRPT 
CyUjeCTBeHHO yMeHbWHTb $OH OT pacnaAa TPHTH~, KOTOp~~ MO>KeT npo
HHKHYTb a aaKyyMHY~ KaMepy. An~ H3MepeHH~ 3HepreTH4ecKoro pac
npeAeneHH~ 3neKTPOHOB npeAnonaraeTc~ HcnonbaoaaTb 6ea>KeneaH~~ 
MarHHTH~~ TOPOHAanbH~~ cneKTpoMeTp TpeTb~Koaa 1 1SI, PaHee aa-
Topbl paCCMaTpHBanH TaK>Ke B03MO>KHOCTb npHMeHeHH~ MarHHTHO~ AHC
nepCHOHHO~ CHCTeM~ C KOOPAHHaTHO~ perHCTpal.\He~ 3neKTPOHOB. 

HccneAOBaHHe xapaKTepHCTHK CHCTeM~ B 4enoM nnaHHpyeTC~ npo
BOAHTb C nOMOUjb~ raaosoro HCT04HHKa SSm Kr /E 

8
- 17 K3BI, KOTOpbi~ 

6yAeT nony4aTbC~ a peaK4HH pacnaAa 83Rbl T 112 = 83 AH. I. ABTOPbl 
HaAe~Tc~ nony4HTb nepa~e 3KCnepHMeHTanbH~e AaHH~e npHMepHo 
B 1985 r. 0>KHAaeMa~ 4YBCTBHTenbHOCTb MeTOAHKH COCTaBn~eT rn_c2 > 
> 10 3B. v 

/39/ 
Boyd et al. 

npoeKT npeAnO>KeH B YHHBepCHTeTe Ora~o ICWAI. An~ H3MepeHH~ 
3HepreTH4eCKoro pacnpeAeneHH~ 3neKTPOHOB 6yAeT cny>KHTb 3neKTpo
CTaTH4eCKH~ cneKTpOMeTp - CnO>KHa~ CHCTeMa H3 C$epH4eCKOrO aHa
nH3aTopa H $OKYCHPY~UlHX peweTOK, pa6oTa~Uja~ B HHTerpanbHOM pe
>KHMe lpHc. 11 I. 0>KHAaeMble nap<:JMeTpbl: 11E - 10 3B a o6nacTH E , 
0 - lQ~;AHaMeTp HCT04HHKa - 0,93 CM;HeT04HOCTb onpeAeneHH~ ~neKT
PH4eCKOro non~ -3 3B. B Ka4eCTBe HCT04HHKa 6yAeT HCnonb30BaH aa-
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'o 
S ... D•75cm 

Pnc.ll Pnc.l2 

MopomeHH~A Ha renHeeoA noeywKe TpHTHA: aKTHBHOCTb - 0,4 MKH, 
TOfilJ.IHHa - HeCKOfibKO /-5/ MOHOMOfieKyn.ApHbiX CnOeB. .[\eTeKTHpoea
HHe 3fieKTpOHOB 6yAeT npOBOAHTbC.A C nOMOIJ.Ib~ HOHH3a~HOHHOA KaMep~ 

C 3HepreTH4eCKHM paapeweHHeM -20+30% . .[\HaMeTp KaMep~ - 25 MM. 
HccneAOBaHHe n~n H rpaAYHPOBKa cneKTPOMeTpa 6YAYT B~nonH.ATbC.A 

c noMOIJ.Ib~ 3neKTPOHHoA nywKH, a TaKme paAHOHYKfiHAOB 119 Sn IE e -
- 18 K38/ H 170 Tm/ E -23 K38/. OmHAaeMa.A 4YBCTBHTenbHOCTb co

cTaen.AeT m_c 2-30 38 .e Ha4ano 3KcnepHMeHTOB Ha cneKTPOMeTpe aanna-v 
HHpoeaHo Ha 1983 r. 

Fujioka et aZ/401 

npoeKT OCYIJ.IeCTBfi.AeT Konna6opa~H.A HeCKOfibKHX .AnOHCKHX YHHBep
CHTeTOB. 3HepreTH4eCKOe pacnpeAefieHHe 3fieKTpOHOB H3Mep.AeTC.A __ 
c noMOIJ.Ib~ 6eameneaHoro MarHHTHoro 6eTa-cneKTPOMeTpa THna "V2-~= 
= 75 CM; ~p/p - 0, 06%, T. e. ~E - 20 38 e o6nacTH Eo; 0 - 0, 1%. 
~OKafibHa.A noeepXHOCTb npH6opa COCTaBn.AeT 2,5% OT H3Mep.AeMOro 
HMnynbca, 4TO AOCTaT04HO Afi.A H3MepeHH.A eceA 4YBCTBHTefibHOA o6-
naCTH TPHTH.A /-1,5 K38/ C nOMOIJ.Ib~ n03H~HOHH0-4YBCTBHTefibHOrO 
AeTeKTOpa /paapeweHHe -1 MM B o6naCTH Eo/. npeAnonaraeTC.A Hc
nonb30BaHHe He3KBHnOTeH~HafibH~X HCT04HHKOB C pa6o4eA nfiOIJ.IaAb~ 

-100 CM2 /. 
8eAYTC.A pa6oT~ no H3rOTOBfieHH~ TOHKHX TPHTHeB~X HCT04HHKOB 

c 6onbwoA YAenbHoA aKTHBHOCTb~ /1 MKH/2 MKr; Afi.A cpaBHeHHfl: 
y 6perKBHCTa1281 - 0,1 MKH/2 MKr, y n~6HMOBa /13/ - 0,5 MKH/2 MKr/. 
npoBOAHTC.A aHafiH3 BfiH.AHH.A pa3fiH4H~X BTOPH4H~X 3~~eKTOB B 6eTa
pacnaAe Ha eenH4HHY Mace~ aHTHHeATpHHO. 

Graham et aZ./411 

3KcnepHMeHT 6yAeT npOBOAHTbC.A B 4oK-PHBepe /KaHaAa/. nnaHH
pyeTC.A HCnOfib30BaTb 6eamene3HbtA MarHHTH~A 6eTa-cneKTpOMeTp THna 
"V':f I r 0 = 100 eM/ c yny4weHH~M paapeweHHeM (~E -18 38)e o6nacTH 
Eo.nnaHHpyeTC.A HCnOfib30BaHHe He3KBHnoTeH~HafibH~X HCT04HHKOB 

H MHOronpOBOfi04HOA KOOPAHHaTHOA KaMep~ Afi.A perHCTpa~HH 3fieKTpo-

16 

HOB. Paapa6aT~Ba~TC.A MeTOA~ H3roToeneHH.A pa3nH4H~x ceepxToHKHX 
TpHTHeB~X HCT04HHKOB, a TaKme MaTeMaTH4eCKHX MeTOAOB o6pa60TKH 
3KCnepHMeHTanbH~x AaHH~X. 

Kilnding et aZ. 1501 

3KcnepHMeHT npeAno~eH ¢H3H4eCKHM HHCTHTYTOM YHHBepcHTeTa 
B U~PHXe H 6yAeT B~nOfiH.ATbC.A B cne~HafibHO 3KpaHHpOBaHHOA OT BHew
HHX MarHHTHbtx noneA na6opaTopHH e SINe. ,[ln.A H3MepeHH.A cneKTpa 
3neKTPOHOB nocTpoeH 6eamenesH~A TOPOHAanbH~A cneKTPOMeTp TpeTb.A
Koea1131 c paccTo.AHHeM HCT04HHK-AeTeKTop 265 eM. UHnHHAPH4eCKHA 
He3KBHnoTeH~HanbH~A HCT04HHK IAnHHa - 10 eM, AHaMeTp - 5 CM/ 
HaXOAHTC.A nOA Hanp.A~eHHeM Vo OTHOCHTefibHO CeTH C 6onbWHM npo
nycKaHHeM, a MarHHTHbtA cneKTPOMeTp HaCTpOeH Ha $HKCHPOBaHHY~ 
3HeprH~ 1000 /2000/ 38. nepeA AeTeKTHPOBaHHeM, KOTOpoe OCylJ.IeCT
Bfi.AeTC.A C nOMOIJ.Ib~ ~HfiHHAPH4eCKOA n03H~HOHH0-4YBCTBHTefibHOA KaMe
p~ /AfiHHa - 10 CM, AHaMeTp - 6 CM, BXOAHOe OKHO- 150 MKr/cM 2, 
co6cTseHHoe 3HepreTH4ecKoe paspeweHHe- 11% Afi.A EY- 14 K3B/, 
3neKTPOH~ ycKopfl~TC.A Hanp.A*eHHeM 20 KB . .QeTeKTHpy~~a.A cHcTeMa 
n03BOfi.AeT OAHOBpeMeHHO H3Mep.ATb cneKTp B HHTepsane 48/96/ 38 
C npOCTpaHCTBeHH~M paspeweHHeM 2 MM, 4TO COOTBeTCTByeT 3Hep
reTH4eCKOMY paspeweHH~ 1/2/ 38. 

Yme Ha4aT~ HccneAOBaHH.A xapaKTepHCTHK cneKTPOMeTpa c noMOIJ.Ib~ 
3neKTpOHHOA nyWKH H nony4eHo 3HepreTH4eCKOe paspeWeHHe -6,4 38. 
roTOB.ATC.A 3KcnepHMeHT~ no H3MepeHH~ cneKTpa 3fieKTpOHOB 195Pt

~9S3,S3S3 ::~~ /14'-t:: ~0,'~e ::::~/ .. ".::.: .. ~~:=~:;;:,·::::-:-::::~--: :: .. --:~:::::~:::: .:-:-~:-~; ..... "' ......... 
$eKTOB H napaMeTpOB cneKTPOMeTpa Ha 4YBCTBHTefibHOCTb 3KCnepHMeH
Ta no H3MepeHH~ Mace~ aHTHHeATpHHO. 

1.4.2. CpaBHHTenbHbte xapaKTepHCTHKH npoeKTOB 

B npoeKTax, KaK npaeHno, npHBOA.ATC.A caM~e onTHMHCTH4eCKHe 
O~eHKH. DYAYT fiH AOCTHrHyTbl nnaHHpyeMbte napaMeTpbl, noKa~eT TOnb
KO 3KcnepHMeHT. 0TMeTHM rnaBH~e TeHAeH~HH, KOTOp~e B~TeKa~T H3 
CHCTeMaTH3HPOBaHH~X AaHH~X B Ta6n.3: 

Ta6nnu;a 3 
Jlln-DA 

"'' 151 Ill/ _,.. 
E, al 55 55 20-110 

Sl.,, 0,5 o.• 
S, e•2 ... 8 ' L•.fl.S, e-2 3·10-l 2-10-l 

._cno.~l 

~,MIIIn/C '·' 0,05 

,-r/e-2 1,. '·' 

/Jj/ "" 
10 20 

10 0,1 

0,7 .. 
7·10-2 IHO-l .. 

/ftl/ 

20 

0,1 

' (11·10-2) 

(96) 

/50/ 

10 

D,ft) 

157 .... 

a/ Hoe~e 3KcnepHMeHT~ Ha~ene
H~ Ha B~COKOe 3HepreTH4eCKOe pas
peweHHe I KaK npaeHno, < 20 38/; 

6/ 04eBHAHO CTpeMneHHe HC
nOfib30BaTb HCT04HHKH C 60fibWOA 
noeepXHOCTb~, 4TO CB.A3aHO C Ma
fiOCTb~ 3$$eKTa H Tpe60BaHH.AMH 
B~COKOrO pa3peweHH.A /TOHKHe HC
T04HHKH/; 

B/ .[\n.A Ha6opa He06XOAHMOA CTaTHCTHKH CylJ.IeCTBeHHOe 3Ha4eHHe 
HMeeT B03MO~HOCTb HCnOfib30BaHH.A MHOrOKaHafibHOrO pemHMa perHCTpa
~HH 3neKTPOHOB. OaKTop 10 2 /eosMomHoe 4Hcno KaHanoe/ c H36~TKOM 
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KOMneHCHpy~T cpaBHHTeflbHO Manwe CBeTHMOCTH B HOBWX npoeKTaX. 3To 
Cy~eCTBeHHO H AflR HCKfl~4eHHR TeX CHCTeMaTH4eCKHX norpeWHOCTe~, 
KOTOpWe MOryT nORBHTbCR B 3KCnepHMeHTaX C OAHOKaHaflbHWMH npH-
6opaMH. 

1 . 5. npo6neMbl 

~3 npoBeAeHHOro aHaflH3a cneAyeT, 4TO no Mepe yMeHbWeHHR npe
Aena sepxHe~ rpaHH4W Maccw /aHTH/He~TPHHO cy~ecTseHHO so3pacTa

~T cno~HOCTH, csn3aHHble c Heo6XOAHMOCTb~ y4eTa PRAa 3$$eKTos, 
BeflH4HHa KOTOp~X cpaBHHMa C O~HAaeMWM 3Ha4eHHeM MaCe~. npo6ne

Mbl, CBR3aHHble C H3MepeHHeM IIlii H lily, paCCMOTpHM OTAeflbHO BBHAY 
HX cne4H$H4HOCTH. 

1.5.1. Macca aHTHHe~TPHHO 

EAHHCTBeHHbiM peanbHbiM KaHAHAaTOM AflR H3MepeH~1R lily OCTaeTCR 
TpHTH~. 0AHaKo ecnH npo6neMbl y4eTa aTOMHbiX 3<I><J>eKTOB He 6YAYT 
HaAe~HO peweHW, B03MO~HO, noTpe6y~TCR 3Ha4HTBflbHWe YCHflHR no 
HCCflBAOBaHH~ 6eTa-cneKTpa 85 g, 

a/ npe4H3HOHHaR cneKTpOMeTpHR HH3K03HepreTH4eCKHX 3fleKTpOHOB 

oeTa-cneKTP TPHTHR HaXOAHTCR B o6naCTH 0-18 K38. C 3KCnepH
Mt::HidJibHUH T04KH 3peHHR 3Ta OOnaCTb OCBOeHa nflOXO, 4TO CBR3aHO: 

C TPYAHOCTRMH H3rOTOBfleHHfl BWCOKOKa4eCTBeHHWX HCT04HHKOBiC npo6-
neMaMH perHCTPa4HH 3fleKTPOHOB OAHHM THnOM AeTeKTOpa B o6naCTH 
0-18 K38i C He06XOAHMOCTb~ AeTanbHOro H3y4eHHR xapaKTepHCTHK 
cneKTPOMeTpOB C BWCOKHM pa3peWBHHeM H npHeMneMO~ 3$¢eKTHBHOCTb~i 
C nnOXHM 3HaHHeM BKflaAa MHOrHX 3$¢eKTOB, KOTOpble npHBOART K HC
Ka~eHH~ ¢opMW annapaTypHO~ flHHHH /HanpHMep, AHCKpeTHWe noTepH 
3HeprH~ 1421 I. 

8 pe3yflbTaTe H3MepeHHR OTHOCHTeflbHWX HHTeHCHBHOCTeH AHCKpeT
HbiX H3ny4eHHH /38K, O~e-3flBKTPOHbl/ npoBOAfiT, B ny4WBM cny4ae, 
Ha ypoBHB 10%-HWX norpeWHOCTBH. npH HCCflBAOBaHHH HenpepWBHWX 

cneKTPOB 3flBKTPOHOB TPYAHOCTH e~e 6onbWe B03paCTa~T, TaK KaK 
HBflb3fl KOHTPOflHPOBaTb TaKHB xapaKTepHCTHKH Ka4BCTBa 3KCnepH

MBHTa, KaK, HanpHMep, ¢opMa, MaKCHMYM H HHTBHCHBHOCTb cneKTpanb
HOH flHHHH. HeKOTOpWM BWXOAOM H3 nono•eHHfl MO~eT 6WTb MBTOAHKa 
H3roTosneHHR cnoeHbiX HCT04HHKOB no TpeTbRKosy 11 81,Ho TaKoH noAXOA 

He AaeT T04HOCTH 60flbWBH, 4eM Aflfl rpaAYHPOB04HOro HCT04HHKa. 

CneAoBaTenbHO, nepswM waroM npH nocTaHoBKe 3KcnepHMeHTa no 
H3MepeHH~ lil- fiBflfleTCfl pa3pa6oTKa MBTOAHKH npe4H3HOHHOH cneKTpo

v 
MeTpHH HH3K03HepreTH4eCKHX 3flBKTPOHOB H C03AaHHB C ee nOMO~b~ 
COOTBBTCTBY~~ero Ha6opa rpaAYHPOB04HWX HCT04HHKOB. 

18 

6/ rpaAYHPOB04HWe HCT04HHKH 

~Me~~HeCR npoeKTW npeAnonara~T HCnOflb30BaHHe TpHTHR KaK 
B CBfl3aHHOH,TaK H B ra30BO~ ¢opMe.AHaflH3HPYR Ta6nH4W H30TOnoa111~ 
MO*HO BW6paTb HeCKOflbKO HYKflHAOB,HMe~~HX 3fleKTpOHHWe flHHHH B o6-
naCTH Ee- 20 K3B, npHeMneMwe nepHOAW nonypacnaAa, cpaBHHTenbHO 
npOCTble cneKTpbl H 3Ha4HTBflbHY~ AOfl~ HHTeHCHBHOCTH B % Ha pac-
naA' 83Rb( + 83mKr) 119mSn 119Sn 149E 161Gd n · 3 • , , u H . PH 3TOM Ann ra-
3080~ $OpMW H HCT04HHK SSmKr RBflRBTCR BAHHCTBeHHO B03MO~HWM 
B 3KCnepHMeHTaX 1261 H 151 HCnOflb30BaHbl 170Trn H 169 Yb COOTBeTCTBeH·

HO. 0AHaKO HCT04HHK 
170 Trn XapaKTepH3YBTCfl 60flbWOH ecTeCTBeHHOH 

WHPHHO~ flHHHH K84,3 /f'(K) -30 38/, a 169 Yb- HH3KHM BbiXOAOM 
3neKTPOHOB H20,7 /~1,7%/ H YXYAWeHHBM Ka4eCT~a HCT04HHKa CO spe-

142/ 0 

MeHeM ,4TO MO~BT 06bfiCHRTbCR AH¢¢Y3HeH RAep B nOAflO~KY HflH o6-
pa30BaHHeM nosepXHOCTHOH nneHKH, 3TH 3$$eKTW MOryT npHBOAHTb 

K YXYAWeHH~ 3HepreTH4eCKOrO pa3peweHHR H HenpaBHflbHO~ rpaAYHPOB
Ke no 3HeprHRM. 

C HCCflBAOBaHHBM n~n npRMWM 06pa30M CBR3aH H y4eT ecTeCTBeHHWX 
WHPHH aTOMHWX YPOBHe~ 147 ~ Ha 3TY MWCflb HaBOAHT aHaflH3 nQn B pa-
6 /6/ OTe , rAe aBTOPW CBfi3WBa~T QaKT YWHpeHHR M 1 -nHHHH nepeXOAa 
20,7 K3B npH pacnaAe 

169
Yb/pHc.13a/ c B03MOMHWM Hano*eHHeM K

nHHHH KaKOrO-HH6YAb 6onee BWCOK03HepreTH4eCKoro nepeXOAa. Ha 

CaMOM Aene 3TO YWHpBHHe CBR3aHO C BKnaAOM f'(M 1 ), 4TO npOABMOHCT
PHPOBaHO Ha PHC. 136 /H3MepeHHe npOBBABHO Ha 3fleKTpOCTaTH4BCKOM 
6eTa-cneKTPOMeTpe C ~E- 12 38/, PHC, 136 AeMOHCTpHpyeT TaK•e 

3¢¢eKT AHCKpeTH~X noTepb 3HeprHH /HH3K03HepreTH4eCKH~ CKflOH 
ml-nHHHH/, KOTOPWH c yny4weHHeM pa3peweHHR npoRBnReTcR RCHee 14~! 

3aMeTHM, 4TO OT npaBHflbHOCTH np04eAYPW nocTpoeHHR n¢n 3aBH
CHT BbiBOA 0 HaflH4HH KOHB4HO~ MaCCbl y aHTHHB~TPHHO /5, 13/, EcnH 

" - 18662 38 

\ 

• 2 

a/ 

18867 o8 

19, I 

0 
~ 

,_ 
~· 

" UJ 

~ 9L1 0:-:0---:-19:-:3':-0:-0 ~-:I-,.95-0~0-_._,1_9_70._,0_..__1_J990 0 
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B3.RTb non 6o'nee Y3KYIO, 4eM OHa eCTb B gef:iCTB~TenbHOCH1, TO MO>+<HO 
He 3aMeT~Tb ~cKa>xeH~.R cneKTpa np~ ml'c2 f, 0. Ecn~ >+<e B3.RTb n<:>n 
6onee w~poKy~, 4eM peanbHa.R, Ha KOH4e cneKTpa no.RB~TCR nposan, 

KOTOp~f:i MO>+<HO ~HTepnpeT~pOBaTb KaK npO.RBneH~e KOHe4HOCT~ MaCC~ 
nOKO.R aHT~Hef:!Tp~HO. 

s/ npoxo>+<geH~e 3neKTpoHos 4epe3 sogopogcogep>+<a~~e coeg~HeH~.R 

3TOT sonpoc CB.R3aH c onpegeneH~eM n4>n ~ ~MeeT caMOCTO.RTenbHoe 
3Ha4eH~e. 8~sog~ o MexaH~3Me npoxo>+<geH~.R ~MeiOT cy~ecTseHHoe 3Ha-
4eH~e KaK gn.R 3HepreT~4ecKof:i rpagy~posK~, TaK ~ gn.R y4eTa 3¢¢eK
T~BHOCT~ per~cTpa4~~ 3neKTPOHOB, 

r/ 06 ~3MepeH~~ sen~4~H~ E a 16/ ~1261 
0 

KaK nog4epK~sanocb a 161 , nony4eHHoe 3Ha4eH~e Eo pacxog~TC.R 
C gaHH~M~ 5eprKB~CTa 126l: 

1972 r. 

1980 r. 

18610+6 /~16/ 38, 

18577~1 ,5 /~12/ 38. 

/24/ 

8 cKo6Kax yKa3aHa nonHa.R norpewHOCTb, BKn~4a~~a.R y4eT x~M~4e
CK~x 3¢¢eKTOB no 6eprKB~CTy /-10 38/, 3T~ gaHH~e Heo6XOA~MO OT
KOppeKT~pOBaTb C y4eTOM HOBef:iW~X ~3MepeH~f:i Ha Kp~cTann-g~¢paK-

4~0HHOM cneKTPOMeTpe /KAIC/ 1431 . 
170

Tm: Ev -84,3 K38, 1972 r, - 84,262/4/, 1983 - 84,253/1/: 

169 Yb: E 20 7 8 y- , K3 , 1980 r. - 20,735/2/, 1983- 20,744/1/. 

CnegosaTenbHo, gaHH~e I26 1Hy)t(HO yMeHbW~Tb Ha 9 38, a gaHH~e/6/
ysen~4~Tb Ha 9 38: 

18601+16 38, 

/25/ 
18586+12 38. 

TaK~M o6pa3oM, ¢opManbHo MO>+<HO npHH.RTb, 4To pacxoAHMOCTb CH.R
Ta, <l>opManbHO noToMy, 4To sen~4HHa E 0 TpaKTyeTc.R no-pa3HOMY /461: 
s pa6oTe 161 noA Eo s ¢YHK4~0Hane /6/ c T04HOCTb~ AO 3Hepr~~ 
OTAa4H .Rgpa nOAPa3yMesaeTc.R E 0 ,., E0 +mil; s pa6oTe )t(e/26/ 3To y)t(e 
3KcTpanon~posaHHa.R rpaH~4a E0 , KoTopa.R oTnH4aeTc.R oT E0 Ha cpeA
HIO~ 3Hepr~~ B036Y)t(AeHH.R /-18 38/, 

AI 0 cTaTHCT~4ecKoA o6pa6oTKe AaHH~x 

3<l>¢>eKT Bn~.RH~.R BenH4HHbl Mace~ aHT~HeATp~HO Ha QOPMY 6eTa
cneKTpa cpaBH~M C ~CKa>:<eH~.RM~, BHOC~M~M~ cneKTPOMeTpOM, ~n~ 

MeHbwe ~x. H, KaK yKa3aHo s /6/, 11 B~3yan~3~posaTb 11 3¢¢eKT MO)t(HO 
TonbKO nyTeM cTaT~CT~4ecKoro aHan~3a. H3secTHo, 4To TaKa.R npo-
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4egypa 4acTo HeogH03Ha4Ha ~ go
nycKaeT np~MeHeH~e HecKonbK~X nog
xogos np~ peweH~~ 3aga4~ M~H~M~3a-
4~~ napaMeTpos, Y4~T~Ba.R sa>+<HOCTb 
B~Boga 0 Han~4~~ KOHe4HOA Mace~ 
y aHT~Hef:!Tp~Ho, npegcTasn.ReTC.R 
4enecoo6pa3H~M no)t(enaTb asTopaM/5/ 
ony6n~KOBaTb nonH~f:i npoToKon 3Kcne
P~MeHTa. 

0 TPYAHOCT~ o6pa60TK~ gaHH~X 
rosop~T, Hanp~Mep, rpa¢~4eCK~i1 

aHan~3 pe3ynbTaTos pa6oT~/5!_ 
p~c. 14, KaK B~AHO, xog 3as~c~MOCT~ 
sen~4~Hbl mil oT HOMepa cep~~ ~3Me

peH~.R nonHoCTbiO nosTop.ReT xog E~ 
~CKnl04eH~e COCTaBn.ReT n~Wb 4-.A 

1 

cep~.R. 8 TO )t(e CaMoe speM.R XOA 
gpyr~x napaMeTpos HanoM~HaeT no
segeH~e cny4aAH~x sen~4~H, KOTopoe 
nor~4Ho o6b.RCH.ReTc.R ycnos~.RM~ 
3Kcnep~MeHTa. 8o3MO)t(HbiM o6b.RCHe
H~eM Ha6niOgaeMoi1 Koppen.R4~~ MO)t(eT 
6~Tb TOT ¢aKT, 4TO ¢YHK4~0Han /6/ 
M~H~M~3~pyeTc.R no napaMeTpy 
Eo= Eo + mil, a He no ABYM He-
3as~c~M~M napaMeTpaM E 0 ~ mil' 

KpoMe Toro,~cnonb3oBaH~e TaK~x ¢~-
3~4eCK~x napaMeTpos,KaK ¢oH ~ 3¢
¢eKT~BHOCTb, Hy)t(HO np~3HaTb ~H

TepeCH~M np~ MOAen~pOBaH~~ ~X Bn~.RH~.R, HO HenocneAOBaTenbH~M 
np~ ~3sne4eH~~ ~H¢opMa4~~ o sen~4~He m~ - 4enecoo6pa3Hee 6~no 
6~ nony4aTb 3T~ napaMeTp~ He3as~c~M~M nyTeM, 

e/ 06 ~3MepeH~~ 6eTa-cneKTpa TP~T~.R c nOMO~b~ nnA 

8 3Kcnep~MeHTax C~MncoHa 1 28,29/ aToMapH~A TP~T~A ~MnnaHT~po
sanc.R s Si(Li) -geTeKTop. Ecn~ np~H.RTb see Mepbl K cH~H<eH~~ pon~ 
KpaeBbiX 3¢¢eKTOB /MaCK~POBKa Kpaes nnA BO speM.R ~MnnaHTa4~~/, 
TO AOCT~raiOTC.R npe~My~eCTBa 4rr -reoMeTp~~, a TaK>+<e ~CKnl04eH~.R 

3¢¢eKTa ~cKa)t(eH~.R ¢opMbl 6eTa-cneKTpa ~3-3a pacce.RH~.R s co6cT
seHHof:i Ton~~He ~CT04H~Ka ~ sKnaga aTOMH~x 3¢¢eKTos. Cnegosa
TenbHO, s ~geanbHOM cny4ae 3gecb ~MeeT MecTo Kanop~MeTp~4ecKoe 
~3Mep~H~e ~ sen~4~H~ E 0 ~ Q o4eHb 6n~3K~. K co~aneH~IO, ~MnnaH

T~pyeM~e aTOM~ TP~T~.R co3gaiOT pag~a4~0HH~e nospe)t(geH~.R Kp~cTan
na, KOTOp~e CTaHOB.RTC.R nosywKaM~ 3aP.RAOB. 8 pe3ynbTaTe 3Hepre
T~4eCKa.R rpagy~pOBKa cneKTpOMeTpa C nOMO~biO BHeWH~X ~CT04H~KOB 
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MOmeT 6~Tb 'HeOAH03Ha4HO~ H3-3a CHCTeMaTH4eCKHX norpeWHOCTe~ 
-100 38. B 3TOM MOmHO 6~no y6eAHTbC~ nocne npoBeAeHH~ OCTOpOmHo
ro oTmHra KPHCTanna, B pe3ynbTaTe KOToporo senH4HHa E0 Bo3po
cna npi1MepHo Ha 65 3B. Pe3ynbTaT CI1MncoHa npHBeAeH s Ta6n.2: 

/26/ 

B CB~311 c 11CKn~411TenbHo~ samHOCTb~ 3TO~ seni1411H~ no3me 6~n11 
nPOAOn>KeHbl pa6oTbl no ee yT04HeHI1~ 18°1 · 

/27/ 

3Ha4eHI1e 8 CK06KaX AaeT BKflaA CI1CTeMaTI14eCKO~ HeonpeAefleHHOCTI1 
113-3a paA11a~I10HH~X nospemAeHI1~. 

AanbHe~wee yny4weHHe MeTOA11KI1 MomeT 6~Tb AOCTHrHyTo nyTeM 
11CnOflb30BaHI1~ MeTOAa TepMOAI1¢¢Y31111 Tpi1TI1~ 8 KpeMHI111 /4B/ AO ypos
H~ -1014 aTOMOB/CM 3 /B 3TOM cny4ae 3~~eKT paA11a~I10HH~X nospemAe
H11~ 11CKn~4aeTc~/ 11 AeTeKTopos 113 HPGe/oTml1r np11 onT11ManbHO~ TeM
nepaType MOmHO npOBOAHTb nocne 11MnnaHTa~l111 TPI1T11fl KaK AO, TaK 
11 nocne 113rOTOBneHI1~ AeTeKTopa/. 

1.5.2. Macca He~TPI1HO 

no-B11A11MOMy, 113 ~OpM~ n0311TPOHH~X cneKTPOB 8 rpaH114HOR o6na
CTI1 3HeprHI1 BP~A fll1 MOmHO 113Bfle4b cy~eCTBeHHO 6onee T04HY~ O~eH
KY senH411H~ m . Yme ceR4ac AaHH~e BTH no4TI1 Ha nop~AOK ny4we 
H cy~eCTBY~T ~eanbHble nnaHbl nOBb1WeHI1~ 4YBCTBI1TeflbHOCTI1 MeTOAa. 

193 Pt rnaBH~e HaAemA~ CB~3aH~ C TeM, 4TO 3KCnepi1MeHT~ C noKa3a-
flH cy~ecTsosaHI1e pe3oHaHcHoro yc11neH11n BTH 11 so3MomHOCTI1 11Cnonb-
3oBaHI1~ TeXHI1KI1 COBnaAeHI1~ L -ny4eR C TOPM03H~M11 KBaHTaMI1. 

X Q ( 198 ) K comaneHH~, cpasHI1TenbHO 6onbwoe 3Ha4eH11e Pt He no3so-
n~eT om11AaTb cy~eCTBeHHOrO nOB~WeHH~ T04HOCTI1 O~eHKI1 illv• 11 Te
nepb see HaAemA~ CB~3~BanT C 11CCfleAOBaHI1eM Mx-y COBnaAeH11R np11 
pacnaAe 168 Ho. 

~/11/l/]6//10/ 

lr,
12

.n 33\23)]- 7!zl 10 3 

I • . ' ~.T 112 .n • I · lo, 0 ( 12) .JQ 

IQ, 08 - 2,112,3(10) 

IQ" ... lB 12.6\21)1- 2,58110} 

lm;, "' 8 i I · I l.l 

/12/ 

2.30115) 

O.l 

/4(,/ 

1,25 

noABeAeM 11TOrl1 11CCfleAOBaHI1~ 

pacnaAa 163Ho - Ta6n. 4. npemAe 
8cero OTMeTI1M, 4TO nony4eHH~e 
pe3yflbTaT~ cy~eCT8eHHO 0Tfll14a~TC~ 

OT paHee npi1H~TbiX Ill/ /CM.Ta6n.1/: 
nep110A nonypacnaAa oKasancn 6onb
we 8 -10 2pa3, seni1411Ha Q yTo4-
HeHa. OGpaTHM BHHMaHI1e TaKme Ha 
~aKT xopowero cosn1feHI1~ pe3ynb
TaTos 113MepeHI1~ T 1; 2 ABYM~ rpyn

naM11 c noMO~b~ pa3ni14H~x MeTOAO~ H Ha 3a811CI1MOCTb nonHero T112 
OT npa811flbHOro B~6opa ~AePH~X MaTpi14H~X 3fleMeHTOB/ 4S~Q4eBI1AHa 
He06XOAI1MOCTb yny4WeH11~ T04HOCTI1 np~MOrO 113MepeHH~ Q, 4TO n038Q
fli1T COOT8eTCT8eHHO yMeHbW11Tb sepXH~~ rpaHH~Y illy• nnaH11PY~TC~ 

TaKme 113MepeHI1~ Mx-ny4e~ c noMO~b~ KArC c KOOPA11HaTHO~ perl1cT
pa~l1e~1121. 0AHaKo rnasHble HaAe*A~ - pean113a~11~ M x- y -co8naAeHI1~. 
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CMoryT nH 3KcnepHMeHTbl c 163 Ho BbiAepmaTb KOHKypeHL\HIO c TpH
THeB~MI1, noKameT TonbKO on~T. TeM speMeHeM, OAHaKo, npeAno*eH 
HOB~~ MCTOA onpeAeneHH~ Mace~ HC~Tpi1HO - OAH03flCKTPOHH~R B~6poc 

a 3neKTPOHHOM 3axsaTe /MeTOA SEEEC a oTnH4He oT IBEC/: 

163 Ho 

163Dy + v 

163Dy + y + v 

163Dy + e- + v 

(EC) 

(IBEC) 

(SEEEC) 

/28/ 

nepBbiC O~CHKH 803MOmHOCTI1 HOBOrO MCTOAa paCCMOTPCHbl B pafioTe ' 4g/ 

H B~XOA~T 3a paMKH HaCTOR~ero 0630pa, 

1 , 5 , 3 , Q l.\ e H K a M a C C bl a H T H H C ~ T p H H 0 
no 3HepreTH4CCKOMY 6anaHCY nPOAYKTCB pacnaAa 
Tpi1TI1~ 

npoBeACHH~~ B~We aHanH3 3KCnepHMCHT08 C TpHTHCM /p33ACfl 1 .3.1 • 
11 1.5.1/ noKa3an, 4TO snH~HI1e seni1411HN m~ Ha ~OPMY fieTa-cneKTpa 
cpaBH11MO C 11CKa~eH11~M11 8 11CT04HI1Ke H cneKTPOMeTpe, ~ Aa~e CCflH 
nony411Tb O~CHKY mjl f, 0, TO o6RJaTeflbHO AOfl*CH C06ll10AaTbCR 3aKOH 
coxpaHeHI1R 3HeprHH: 

2 
miic =Q-E 0 -ER-~E. /29/ 

rAe Q = 18573/7/ 38 - pa3HOCTb Mace 3H- 3 He 31 ; ER- 3HeprHR 
~Apa OTAa4H; ~E - nonpaBKa, CB~3aHH3R C BflHRHHCM aTOMHOH o6ono4-
KH Ha 3HeprHIO f3 -3neKTpOHa (~E > 0). 

TaK11M o6pa3oM, ecnH onpeAeni1Tb c AOCTaTo4Ho~ cTeneHbiO T04Ho
CTI1 /-38/ 8efli1411H~, CTOR~I1e 8 npaBO~ 4aCTI1 /29/, TO MOmHO O~eHHTb 
senH4HHY m~c2. B 4acTHOCTH, Hcnonb308aHHe AaHH~x /25/ npHBOAHT 
K Hepa8eHCT8y 

m_c 2 <0. 
v 

OTCIOAa 8~TeKaeT Heo6xoAHMOCTb Hos~x H3MepeHH~ Q 11 E0 . 
AnR onpeAeneHI1R Q MO*HO HCnonb3oBaTb cneAY10~11e MeTOA~: 

a/ Macc-Ay6neTH~e H3MepeH11R; 
6/ HCnOflb308aHHe ~HKflOTpOHHOrO pe30HaHca; 

/30/ 

B/ 3KCTpanon~~HIO rpa¢HKa $epM11-K10pH npH H3MepeHHH 6eTa-cneKT
pa TpHTI1R, 8BeAeHHoro a 4YBCTBHTenbHbl~ o6beM Si(Li)- H HPGe-Ae
TeKTopo8; 

r/ 3KCTpanon~~HIO rpa~HKa ~epMH-KIOpH npH 113MepeHHH 6eTa-cneKT
pa C nOM~biO cneKTPOMeTpOB C 8~COKI1M 3HepreTH4eCKHM pa3peweHHeM 
I eM. , Hanp~o~Mep, 1421 I; 

AI aHan~o~s Ha ocHose 6anaHca 3HeprH~ pasnH4H~x peaKUHR, 113-
MepeHH~x C 8~COKO~ T04HOCTbiO, 

3Ha4HTenbHo 6onee cno*HO~ saAa4e~ ~8n~eTcn onpeAeneHI1e 8en~o~-

411Hbl E0 .3AeCb cy~ecT8YIOT cneAYIO~He 803MOmHocT~o~: 
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a/ ganbHe~wee co8epweHCT808aH~e MeTogo8 aHan~sa ¢opM~ 6eTa
cneKTP08, nony4eHH~X C nOMO~b~ cneKTPOMeTp08 C 8~COK~M 3HepreT~-
4eCK~M paspeweH~eM /sgecb ogH08peMeHHO onpegenR~T Eo~ mvl; 

6/ ~ccnego8aH~e 3a8~C~MOCT~ ¢opM~ cneKTpa TOPM03Horo ~sny4e
H~R 3DeKTPOH08 Tp~T~R 8 nornoT~TenRX C 60DbW~M Z OT 8eD~4~H~ 
m v I sgecb TaK>Xe ogHo8peMeHHO onpegenR~T Eo ~ m- I; 

8/ ~3MepeH~e rpaH~l.\bl 6eTa-cneKTpa TP~T~R 8 ~~TerpanbHOM pe
>K~Me no ~gee 1221 . 

6onee nogpo6HOe paCCMOTpeH~e 803MO>KHOCTe~ MeTogo8 onpegeneH~R 
Q ~ E 0 8biXOg~T 3a paMK~ HaC TOR~ero o63opa. 
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1 . MACCA /AHTH/HE~TPHHO . 
1.1. rnaBHb~ B~BOAW Teop~~ 

1.1.1. 13-pacnaA. 
1.1 .2. 3neKTpoHH~~ aaxsaT . 

1 .2. PaA~OaKT~BH~e ~CT04H~K~ 

1 .3. 3Kcnep~M8HTanbHaR C~Tya~~R . 
1 .3.1. OnpeAeneH~e MaCC~ aHT~He~Tp~HO Ha OCHOBe 

CTp. 

1 
2 
2 
3 
4 
6 

~aMepeH~R 6eTa-cneKTpa TP~T~R. . 6 
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1 .3.2. OnpeAeneH~e Mace~ He~Tp~HO Ha OCHOBe ~3MepeH~R 
cneKTpa noa~TPOHHoro ~any4eH~R 22 Na . 11 

1 .3.3. OnpeAeneH~e Mace~ He~TP~Ho np~ ~3y4eH~~ 
3neKTpoHHoro aaxsaTa 
a/ PacnaA 163Ho . 
6/ PacnaA 193 Pt 

1 .4. nnaH~poBaH~e HOB~X 3KCnep~MeHTOB 

1.4.1. npoeKTbl . 
1 .4.2. CpasH~TenbH~e xapaKTep~cT~K~ npoeKTOB 

1 • 5. npo6neMbl . 
1 .5. 1. Macca aHT~He~Tp~Ho . 

a/ npe~~3~0HHaR cneKTpOMeTp~R 
H~3K03HepreT~4eCK~X 3neKTpOHOB 

B/ npoXO*AeH~e 3neKTPOHOB 
4epe3 BOAOPOACOA8P*a~~e COeA~HeH~R. 

r/ 06 ~aMepeH~~ sen~4~H~ E 0 . 
AI 0 cTaT~CT~4ecKo~ o6pa6oTKe AaHH~x 
e/ 06 ~3MepeH~~ 6eTa-cneKTpa Tp~T~R 

c noMO~biO nnA . 
1 .5.2. Macca He~Tp~Ho . 
1 .5.3. O~eHKa Mace~ aHT~He~TP~Ho 

no 3HepreT~48CKOMY 6anaHCY 
npOAYKTOB pacnaAa TP~T~R 

2. n~TepaTypa ., 
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20 
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ll3-11787 

ll13-11807 

ll1,2-12036 

ll1,2-12450 

ll11-80-13 

HET RH OPOBEROB B BAWEA BHBRHOTEKE? 

8111 MOJKeTe nO.IIY'IMTb no no'ITe nepe'IMCJieHHble HMJKe KHMrM, 

eCJIM OHM He !ibiJIM 38K838Hbl paHee. 

TPYAW III Me.AYHapoAHOH wxonw no HeHTPOHHOH ~3HKe. 
AnywTa, 1978. 

TPYAW III MeMAYHapoAHOro coa~aHHA no nponopijHOHanb
HWH H APeH¢oBWH xaHepaH. AY6Ha, 1978. 

TPYAW VI Bceco~3Horo coae~aHHA no ycxopHTenAH 3apA
•eHHWX ~aCTHij, /1y6Ha, 1978 /2 TOHa/ 

TpyAw V Me.AYHapOAHOro ceHHHapa no npo6neHaH ~3HKH 
awcoxHx 3HeprHi<. AY6H·a, 1978 

TpyAw XII Me•AYHapoAHOi< wxonw HOnoAWx y~eHWx no ~3HKe 
BWCOKHX 3HeprHH. npHHOpCKO, HP6, 1978. 

TPYAW VII Bceco~3Horo coae~a.HHA no ycxopHTenAH 3apA
•eHHWx ~aCTHij, /1y6Ha, 1980 /2 TOHa/ 

3 p. 00 K. 

6 p. 00 K. 

7 p. 40 K. 

5 p. 00 K. 

3 p. 00 K. 

8 p. 00 K, 

TPYAW pa6~ero coae~aHHA no cHcTeHaH H HeToAaH 
aHanHTH4eCKHX BW4HCneHHH Ha 38M H HX npHMeHeHH~ 

B TeopeTH~eCKOH ~3HKe, /1y6Ha, 1979 3 p. 50 K, 

ll4-80-271 

ll4-80-385 

""' 01 '' . ..... - -. ... .... 

TPYAW Me*AYHaPOAHOH KOH¢epeHijHH no npo6neHaH 
HeCKOnbKHx Ten B AAePHOH ~3HKe. /1y6Ha, 1979. 

TPYAW Me*AYHapOAHOi< wxonw no cTpyxType AApa. 
AnywTa, 1980. 

3 p. 00 K. 

5 p. 00 K. 

'~7~~ v• n~*AYHaPOAHoro coae~aHHR no npo6neMaM KBaH
TOBOH TeopHH nonA. AnywTa, 1981 2 p. 50 K. 

tl10,11-81-622 

ll1,2-81-]28 

ll17-81-758 

111,2-82-27 

P18-82-117 

112-82-568 

119-82-664 

A3 ,4-82-704 

TPYAW Me*AYHaPOAHOro coae~aHHA no npo6neHaH HaTeHaTH
~ecxoro HOAenHpOBaHHA 8 AAepHO-~H3H~eCKHX HCCneAO&a
HHAX. 11y6Ha, 1980 

TPYAW VI Me*AYHaPOAHoro ceHHHapa no npo6neHaH ~H3HKH 
BWCOKHX 3HeprHi<. tly6Ha, 1981. 

TPYAW I I Me*AYHapOAHOro CHHn03HyHa no H36paHHWH 
npo6neMaH cTaTHCTH~ecxoi1 HexaHHKH. 11Y6Ha, 1981. 

TPYAW Me*AYHapOAHOro CHHnoaHyHa no nonApH3aijHOHHWH 
AaneHHAM a ~H3Hxe awcoKHx aHeprHi<. 11y6Ha, 1981. 

TPYAW IV coaewaHHA no HcnonbaoaaHH~ HOawx AAepHo
~H3H~ecxHx HeTOAOB AnA peWeHHA Hay~HO-TeXHH~eCKHX 
H HapOAHOxo3AHCTBeHHWx 3aAa~. 11y6Ha, 1981. 

TpyAw coaewaHHA no HccneAOBaHHAH a o6nacTH 
penATHBHCTcKoi1 AAePHOH ~H3HKH. /1y6Ha, 1982. 

TPYA~ coee~aHHR no KonneKTHBH~M MeTOAaM 
ycxopeHHA: /1y6Ha, 1982. 

TPYAW IV tle*AyHapoAHOH wKonw no Hei1TpOHHoi1 
¢H3HKe. 11y6Ha, 1982. 

2 p. 50 

3 p. 60 

5 p. 40 

3 p. 20 

p. 80 

p. 75 

3 p. 30 

5 p. 00 

3aKa3bl Ha ynoMAHYTble KHHrH MoryT 6b1Tb HanpaaneHbl no anpecy: 
101000 MocKaa, rnaano'ITaMT, n/A 79 
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TEMA'IWIECKHE KATErOPHM nYBJIHKAI.lHA 

OB~E~HHOro HHCTHTYTA ~PHYX 
HCCJIE,l\OBA~ 

TeMa'I'IIKB 

1. 3KcnepHMeHTanbHaR ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH~eCKaR ~3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpQHHaR ~3HKa 

4. TeopeTH~ecKaR ~3HKa HH3KHX 3HeprHH 

s: HaTeMaTHKa 

6. RAepHa~ cneKTpocKOnHR H paAHOXHMHR 

7. ~3HKa TAMenWX HOHOB 

8. KPHoreHHKa 

9. YcKopHTenH 

10. AaTOMaTH3a~HA o6pa6oT KH 3KcnepHMeHTanbHWX 
A8HHWX 

11. Bw~cnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~3H4ecKoro 3KcnepHMeHTa 

14. MccneAOBaHMR TBePAWX Ten H MHAKOCTeH 
RAePHWMM MeTOAaMM 

15. 3KcnepMMeHTanbHaA ~3HKa AAePHWX peaK~HH 
npH HH3KHX 3HeprHAX 

16. ~03HMeTpHA H ~3HKa 3a~TW 

17. TeopHA K0HAeHCMp088HHOrO COCTOAHHA 

18. ~cnonb308aHMe pe3ynbTaT08 H MeTOAOB 
~YHA8MeHTanbHWX ~3M~eCKMX HCCOeAOBaHMH 
8 CMe*HWX o6naCTRX HByKH H TeXHHKH 

19. 6HOCl>H3HKa 


