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BBEllEH11E 

B pa6oTax/l-7/ OTIHC8Hhl MeTOllhl nonyqeHHH MOHO
H30TOTIHhlX paUH08KTHBHhlX DpenapaTOB C TIOMOWbiD aneKT
poMarHHTHOrO Macc-cenapaTopa, paapa6oTannwe B fla6o
paTopHH HnepHbiX npo6neM 0115111. DpnMenenne B aneKTpo
MarHHTHOM Macc-cerrapaTope HOHHoro HCToqHHKa c rro
eepxnocTHoti: HOHH38UHeti:/ 2/ IT03BOnHeT HCITOnb30B8Tb 
rrpouecc TepMo-nn¢¢yaHH /7/ anH 6biCTporo BbiUeneHHH 
paUH08KTHBHhlX 8TOMOB H3 o6nyqeHHOH H8 rryqKe ITpOTOHOB 
TanTanoeoti: MHrneHH. TaKHM rryTeM ynaeTcH nonyqHTb 
rrpenapaTbi naoTorroB c rrepnonoM rronypacrrana no onnoti: 
MHHYTbi H aKTHBHOCTbiD no 10 MKKH, rrpnqeM aq,¢eKTHJ3HOCTb 
cerrapaunti: nmr oTnenbHbiX aneMeHTOB nocTnraeT 80% /2, 4/. 
B aneKTpoMarHHTHOM Macc-cerrapaTope HOHhl naoTorroB 
c aneprnei1 20~50 KaB enenpHnHcb B rronHKpHcTannHqecKym 
anmMHHHeBym rronno)KKy. 

Uenbm nacTOHrneti: pa6oTbi HBnHeTCH oueHKa qlfCTOTbi, 
a T8K)Ke crerreHli li o6'beMHoro pacrrpeneneHliH co6pannoti: 
8KTliBHOCTll MOHOli30TOTIHb!X p8Uli08KTliBHb!X rrperrapaTOB 1 

liCITOnbayeMbiX anSI CTieKTpOCKOfillqeCKliX liCCneUOBBHllll DO 
nporpaMMe .HCHAnn. 

3KCDEP11MEHTAflbH~E PE3YflbTAT~ 

DapaMeTpbl anCKTpoMarHHTHoro M8CC-cenapaTopa ycTa
HOBKH .HCHA DD TI03BOmiiOT nonyqHTb H8 KDnneKTOpe MaC
COBble nHHHH Bb!COTOH 3 MM H illllpHHOH He 6onee 6 MM. 
YnenbHaii aKTHBHOCTb nonyqeHHhiX npenapaToB nocTnraeT 
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- 50 MKKn/cM 2 • llnSI onpeneneHnSI 'liiCTOTbi n~enapaToB 
naMepSinOCb pacrrpeneneHne naoTonoB 165 Tm, 66 Yb n 
167 Tm no nnnHe KonneKTopa. Ha p n c. 1 rroKaaaH Mac

COBhiH cneKTp naoTonos Yb n Tm, BHenpeHHhiX c aHeprneti 
45 KaB npn TOKe ITy'lKa 0,} MKA, BpeMeHH BHenpeHHSI 

-6 3 MHH H llBBneHHH OCTBTO'lHOrO raaa B KaMepe 5 X 10 TOp. 

Dpn aTOM aHa'leHne paapewammeti crroco6HoCTH nocTn-
rano 1600 rrpn nncnepcnn anSI aToti o6nacTn Mace 19 MM. 
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Pnc. 1. Maccoswti crreKTp pannoaKTHBHwx naoTonoal65Tm, 
I66Yb, I67Tm. 
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Hcrronhaosaune Ge(Li)-neTeKTopa rroasonnno c xo-

poweti TO'lHOCThiD onpenenHTh 'lHCTOTY co6npaeMbiX Ha 
rronlW)!{Ke aaoTorroB. Ha p n c. 1 BHLlHO, '!To cTeneHh 

aarpSiaHeHHSI H30Torra 166 Yb cocenunMn MaccaMH cocTaB

nSieT -1%. 
PacnpeneneaHe BHenpeHHhlX naoTorroB no rny6nHe an~J

MHHHesoti llOilJIO)!{Kif onpell8JISIJI0Ch MeTOilOM MHOrOKpaT

HOrO CHSITHSI 8JieKTpOXHMH'leCKHM nyTeM TOHKHX OllHOpOil
HbiX cnoeB /8/ M M3MepeHHSI llOCJie K8)!{LlOrO CHSITHSI OC

TaBweii:CSI pannoaKTHBHOCTH. TaKne H3MepeHHSI 6wnn 
128 140N 145 1c,2 

rrposeneHbi nrrH naoTonoB Ba , d , Eu, Tb, 
160Er , 167Tm , BHenpeHHhlX B aniDMHHHeByiD ITOLlJIO)!{Ky 

c aHeprHSIMII 20; 28,5 n 15 KaB nepneanMKynSipHo rron
JIO)!{Ke (a = 0°) fl IlOil yrnoM 57° K llOBepXHOCTH MMIIIe

HH. THnMqHbJe KpHB!>Ie llOKaaaHbi Ha pH c. 2. llu<flt!•epeH-
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Pnc. 2. HHTerpanhawe pacnpeneneHHSI rrpo6eros noaoB 
l2Bna, 140Nd, 45 Eu, 152Tb, 160Ern 167Trn , BHenpeHHhiX 

B aniDMHHHH. 3-HeprHSI BHenpeHHR 45 KaB. 
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UllpOB8HMBM KpMBbiX paCIT?eneneHMH OCT8TOqHOH pannoaK
TMBHOCTM onpeaenHnCH npo~Mib pacnpeneneHM£ HSOTOITOB 
Ba,, 'fbn Tm, BHenpeHHbiX c aHeprll:en 4~ KaB (pHc.3). 
ilnH Cp8BHBHMH llpMBeaeHbi KpHBb!B anH cnyqaeB, Ko·raa 
BHenpeHne rrpoBonHnocb rreprreHnnKynHpHo nonno~Ke n 
non yrnoM a = 57°, qTo COOTBBTCTByeT yrny ~OKanbHOH 
nnocKocTH Macc-cerrapaTopa. 
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Pnc. 3. Dpo~nnn KDHUeHTpauHn noHoB Ba , 
lti? Tm, , BHenpeHHbiX B aniDMMHnti c 8Heprneti 
rrpn pa3HbiX yrnax naneanH MOHHoro rryqKa Ha 
HOCTb, 

~ 

15 2 Tb 
' 45 K8B, 

noBepx-

Ha p M C • 4,5 llOK838Hbl pacnpeneneHMfl KOHUBHTp8UHH 
BHe-apemtt:.IX HOHOB pa3HbiX Mace (pH C. 4) H DpH pa3nll:q
Hb!X 8HeprnHx BHenpeHMH (pH c. 5). KaK BHaHo H3 pJi
cyHKoB, CTaTHCTUqeCKHH pa36poc npo6eroB 6nH30K K 
rayccoBCKDMY pacnpeneneHMID, qTo CBH~eTenbCTByeT o 
B03MO~HOCTH npeHe6pe~BHHH B ll8HHOM cnyqae 8~~BKT8MH 
K8HanHpOB8HHH. PacnpeneneHHe BHenpeHHhlX HOHOB 06hlqHo 
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Pnc. 4. nn~~epeHunanhHbiB pacnpeneneHMH npo6eroB 
no HoB 1 28 Ba ,, 15 2 Tb n l 69 Lu, BHenpeHHbiX a aniDMMHHil: 
npn 8HeprMH 45 K8B, 
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OECY)KnEHHE ITOflY"qEHHbiX PE3YflbTATOB 
.~ ·:· 

; .-· ., t I 

Tg•enwe aapg•eHHhle qacTRUh4~BR•~mHecH qepea 

BeilleCTB0 1 TepSI!OT CBOIO 8Hepi'HJO 'BcneaCTBRe: i)lepHhiX 

( yrrpyrRx) H 9Jl.eKTpOHHhiX. .( HeyrrpyrHx) .CTO/.IKHO.B9HHH 

C 8TOM8MH MRWeHHo 0THOCHTeJibH&rM: BKnaa Ka•aoro H3 

8THX aByX MexaHR3MOB TOpMo•eHH.SI QqeHb CHrrQHO 38BH

CHT OT 8HeprRH E R 8TOMHO~O HOM-epa z.- aaneTaiOmeM: 

qaCTHUhi. 

nng E < E a rrpeo6nilaaeT Raepaoe TOpMo•eime, a rrpR 

E > E a - sneKTpOHHoe. · 

fpaaRqaag sHeprHR orrpeaengeTcH ¢opMynoM: 

Ea 
2E z·z <z 2/3 2/3-I/2 

r12.1+Z 2 >. 
M I+ M2 

M . 
2 

I 

(I) 

rae E r -: saeprRH HoHifaauHJi: aTo!-ia Boaopoa'a, paBHaH 

13,6 sB; Z I II,. M I - aTOMHhiH- HOMep H_ Macca BHeapRe

Moro HOHa.; Z z H M z - aTOMHhiH. HOMep ·H ·Macca MRWeHR, 

nng amoMHHHeBOH MHW6HH H HOHOB, HCITO/.Ib3yeMhiX B 

aaaaor1 pa6oTe, (56 < Z I < 71) E a = 450 KsB. ' 

B ycnoBRHX, Koraa E ::; 45 KsB R Z 1 > Z ·2 , MO•Ho 

yqHThiBaTb TOnbKO HaepHoe TopMo:SKeaHe. Tor.[la Hmr6onee 

BepOHTHhiH rrpo6er 

0 

R <A)= 
p 

00E(K3B> 

g 

(z 2/3 z 2/3)I/2 <M +M >Mz 
I + ' 2 I 2 . ,'( 2) 

ziz zM i 

I".lle g - IT/.IOTHOCTb MRilleHR B r/~M- 3 • qTOtJhi OUeHHTb 

cpeaHHM: rrpoeriRpoBaHHhi·H rrpo6er R P, B a'aweM cnyqae 

MO.*HO. BOCITO/.Ib30B8TbC51 Bh!pa~eHHeM /9,IO/ 

-+ 

RP 

10 

R 
, __ p 

-y-:-. 
<1+ __ 2) 

3M
1 

(3) 

-+ 

Ha ¢opMyn ( 2) H ( 3) BHaHo, qTo aaaqeang R R R 
u 3 p p 

/.IHHeHHO 38BHC51T OT 8HeprHH HOHa. 8BHCHMOCTb OT M8CChl 

noaa 6onee cno•aa.SI, Ho anR paccMaTpHBaeMhiX cnyqaeB, 

Kor.na M I >> M 
2

, sTa aaBHCHMOCTb Kpaiiae cna6aR, qTo 

RllliiOCTpRpy!OT pH C. 6 ll 7, rae ITpHBeaeHbl 3aBHCHMOCTH 

rny6HH, H8 KOTOphiX OCTaBWaHCH aKTHBHOCTb paBHa 50; 
10; 1 H O,l%,oT MaCChi HOH-a (pnc. 6) H er.o sHeprRH 

(pH C. 7) • naHHhre, rrpeacTaBneHHbie ITyHKTHpHOH llllHHeH 

~r -------~---------~-----, 

R ~·" 

700 

ooc( . 
0 

12,,_ 
::t 
::3 j)OI 

lo() 
' >-

< 
L · R 101. 

300 

R~,.- - ---...-"----

100 L___._.._______~ 
120 130 f40 150 160 no 

M, 
Pnc. 6. 3KcrrepH·MeHTanbHhie aaBHCHMOCTH ocTaToqaoif pa

.llROaKTHBHOCTH oT MaCchi 1waoB. R50 %, RIO% , R I% 

H R O I% - TDlllllHHhl C/.IOeB,ITOClle CH51TH51 KOTOph!X B MH

WeHH. ~CT~B8/.10Cb COOTBeTCTBeHHO 50, 10, 1 H 0,1% Ha

qanhH~~ aKTHBHOCTH. 
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Pnc. 7. 3KcnepnMeHTa.'lbHbie 3aBHCHMOCTH ocTaTO'IHOti 

panHoaKTHBHOCTH H 5()%, R IO% , R I% , R o, I% oT 
8-HeprHH HOHOB. 

Ha p If c. 7, Bbi'IHcneHbi no !flopMyne ( 2), a IliTpnxnyHKTHp

HoA nHHHeA (nyqllle coananaromeA c aKcnepHMeHTanbHhlMH 
pe3yJ1bTaTaMn) - no TeopHH nnHnxapna H np. /II/. OT 

pacnpeneneHHH aKTHBHOCTH no rny6HHe nonno~KH 3aBHCHT 
cMemean:e n pa3MbiTHe aHepreTn:qecKoro cneKTpa, CBH-
3aHHbie C llOTepHMII 3HeprHH 38pH~eHHbiX 'IaCTHU B nO!lJ10)!{-

Ke.llpH STOM 3HepreTH'IeCKOe CMellleHHe B OCHOBHOM 38BHC11T 

12 

-> 

OT rny611Hhl BHenpeHHH HOHOB, onpenenHeMOH 3Ha'IeHHeM R p' 

a pa3MhlTHe (ymHpeHHe cneKTpanbHOI J1HHHH) - OT TOJI
IliHHhl HMllJiaHTHpOBaHHOrO CJIOH, KOTOpaH npH6J1H3HTeJ1bHO 

paaua LlRp . 
f1oTepH aHeprRH B MHilleHH C aTOMHbiM HOMepoM Z 2 

nnH aneKTpouoa c auepnreA no 1 M3B MO~Ho onpenenHTh 

no !flopMyne 

dE = kn Z 2 dx, 

rne n - 'IHCJIO aTOMOB B 8/lHHHUe 06beMa, k - noCTOHHHaH 
nmi nauuoA aueprnn noHoB • 

llnH 3J1eKTpOHOB C SHeprHeA 50 KSB, npOXOilHiliHX qepe3. 

dE 
0 /12/ 

anroMHHneayro MHilleHh, --d = 0,2 aB/ A . CornacHo 
X -> 

Ta6nnu&, anSI HO!JOB c 9f!eprn:ei1 20 KaB [ M 1 = 128] R !',:: 
= 150 A , a LlH =220 A . B aToM cnyqae cMemeun:e p
cneKTpa ue 6yneT npeBbiillaTb 30 aB, a pa3MbiTHe auep

reTH'IecKoro cneKTpa, COOTBeTCTBeHHt?.r- 44 a8,
0 

llnH n:ouoa c aueprneA 45 KaB R = 240 A 
.... 0 p 

ARP =245A, npa aTOM CMemeune n pa3MbiTHe cocraanHIOT 
-50 a B. 

H3 npn:aeneuuwx nauuwx annao, 'ITO pannoaKTHBHwe 

HCTO'IHHKH, npn:roTOBJ18HHhl8 C nOMOillbiD 3J18KTpOMarHHT

HOrO Macc-cenapaTopa ycTaHOBKH HCHAflTI, cpaBHHTeabHO 

Mano ncKa~aroT n:ccnenyeMwe cneKTpw, a 3HaHne pacnpe

neneHHH pannoaKTHBHOCTH no rny6n:He nonno~KH naeT 

B03MO~HOCTb yqeCTb 8TH HCKa~eHHH npH o6pa60TKe SKCITe

pHMeHTanbHbiX ilBHHbiXo 

nHTEPATYPA 

I. f.My3n:onh, B.H.Pail:Ko, X. Thippo!fl¢. TiperrpnHT OHHH, 

P8-4487, lly6Ha, 1969. 
2.G. Beyer, E.Herrman, A.Piotrowski, V.I. 

V.I.Raiko, A.Tyrroff. Nuc1.Instr.Meth., 
96/3, 437 (1971). 
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