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Germanium and haloids were determined 
over the analytical photopeaks of i'somers 
and isotopes 75m 'G 34n•cl 190 1261 78B produced e, , , and r, 
in the reactions (n,2n} or (n,p} when irradia-
ting with fast 14 ·MeV neutrons~ Use of Ge~Li) 
detector (v= 40 cm3) of high resolution and 
efficiency made it possible to determine 
.simultaneously several elements in· one 
sample of the substance under analysis. The 
detection limits for the present conditions 
are from 2.3xlo-3g (iodine) to 1.8xlo-4g 
(germanium). The. method .is suitable for 
express determination of the mentioned ele:
ments as microcomponents in the samples of 
0.1-0.2 g. The determination duration is 
about 15 min. 

<C) 1913 06-.eC>UHeHHbiU UHCJfUMYM JtC>epHbiX UCCIIeC>oeaHUU Jly6Ha 
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B6eoe11ue 

IlpHMeHeHHe nepBbiX Ge (Li) · - .n.eTeKTopoB 03Haqano 

HOBbiH :nari. B pa3BHTHH raMMa- CIIeKTpOMeTpHH H 3HaqHTenb

HOe pacumpeHHe B03MO:>KHOCTeH HHCTpyMeHTallbHbiX. MeTO

,IJ,OB aKTHBaUHOHHOrO aHanH3a. IlpH6nH3HTenbHO 15- 30-KpaT

HOe · noBbiUieHHe pa3peUiaiOIUeii cnoco6HOCTH coBpeMeHHbiX 

Ge ~Li) - .n.eTeKTopoB no cpaBHeHHIO c _ nyqUJHMH. cnei<Tpo-

MeTpuqecKHMH CUHHTHnnHUHOHHhiMH KpHcTannaMH Na J ( Tl) · 
/1,8 - 3,5 K36 npOTHB 8o/o, T.e. 53 K36 ,IJ,IIH nHHHH 662 K36 

Cs 137 . I n03BOnHnO H,IJ,eHTH$HUHPOBaTb B cneKTpax 3Ha

quTenbHO 6onbUiee KonHqecTBO pa~peUieHHbiX raMMa-nHH!fH, 

· no KOTOpbiM MO:>KHO npOH3BO,IJ,HTb 3neMeHTHbiH aHanH3 Be

IUeCTB. 

IIepBbie THnhi Ge (Li) - .n.eTeKTOPOB o6na.n.anH ManbiM 

qyBCTBHTenbHbiM 06'beMOM H HH3KOH 3$$eKTHBHOCTbiO pe

rHCTpaUHH raMMa-KBaHTOB. ,!J;n.H nonyqeHH.H $oTOnHKOB CKO

nuqecTBOM HMnynbCOB, ,IJ,OCTaToqHbiM ,IJ,ll.H peUieHH.H KOHKpeT

HOH 3a.n.aqu, 6Lmo Heo6xo.n.HMO HiMep.HTb o6'heKTbi c BbiCOKHM 

ypoBHeM HaBe.n.eHHoii aK~HBHOCTH unu 3HaquTenbHO yBenH~ 

qHBaTb BpeM.H H3MepeHH.H no cpaBHeHHIO C H3MepeHHeMHa 

CUHHTHnnHUHOHHoM .n.eTeKTope. Ilo3TOMY Ge(Li) -.n.eTeK

Topbi MO:>KHO 6binO HCnOnb30BaTb ,IJ,ll.H ueneii ·aKTHBaUHOHHOrO 

aHanH3a TOllbKO npH aKTHBaUHH C nOMOJUblO HHTeHCHBHbiX 

nOTOKOB aKTHBHPYIOIUHX qacTHU, HaiipHMep, .C nOMOIUblO 

TennOBbiX HeiiTpOHOB peaKTOpa /!fl =10 II_ 10 14 11/CM 'l.ceK/ 

H .n.nH onpe.n.eneHHH no pa.n.HOH30TonaM ·c 6onhUIHMH nepuo-

.n.aMH nonypacna.n.a / .IJ.HH, qacbi/. . 
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YnyqmeHHe -TexHonorHH npoHJBo.ticTBa · Ge(Li) -~eTeK
Topos, yBenaqeHHe HX qyBCTBHTenbHbiX O(h,eMOB H IIOBhlWeHHe 
3~~eKTHBHOCTH perHCTpanHH II03~Hee II03BOnHnOHCIIORb30· 
BaTh 3TH ~eTeKTOpbl H IIpH pa6oTe CO cna6LIMH IIOTO.KaMH, 
HaiipHMep, C nyqKOM 6LICT~biX HeiiTpOHOB HeiiTp<mHhlX reHe· 
paTOpOB /, <J> =10 7 • 10 O H/CM ~ CeK/, · T.e. C HH3K~MH 
HaBe~eHHbiMH aKTHBHOCTHMH H C KOpOTKO:>KHBYJnHMH H30TO· 
IIaMH H H30MepaMH, y~o6HbiMH ~JIH pa3pa60TKH 3KCIIpeCCHhlX 
,MeTo~oB 3neMeHTHoro aHanaJa :BetneCTB. HecMoTpH Ha 3To, 
qacno.aHanHTHqecKHX pa6oT, npose~eHHhlX Ha HeiiTpoHHOM 
reHepaTope c acnonLJOBaHHeM Ge ( Li)--~eTeKTopos, co
cTaBnHeT scero oKono 10, rrpH o6tneM qacne pa6oT no aKTH
sanaoHHOMY aHaJIH3Y C HCIIOIIb30BaHHeM HeHTPOHHOrO reHe· 
paTopa, · rrpH~JIH)KarotneMcH _y>Ke- K 1000/l/ .Ilo~o6Hoe co
CTOHHHe IIpH COBpeMeHHOM pOCTe rrapaM:eTpOB reHepaTOpOB 
H ~eTeKTOpOB HBHO He COOTBeTCTByeT B03MO:>KHOCTHM ~aH· 
-Horo sapaaHTa aKTH:BauaoHHoro aHanHJa. K·a:K _ B o6rracTH 
HCCIIe~OBaTe.JibCKOH, TaK H rrpOMbiWIIeHHO·IIpiiKIIa~iiOH. 

Ge ('Li ) -~eTeKTOpLI HJrOTOBJIHIOTCH H3 repMaHHH 
IIOIIYIIPOBO~HHKOBOH . qHC.TOTLI,. ~nH · IIpOHJBO~CTBa KOTOporo 
BO MHOr~X cnyqaHX IIPHMeHHIOTCH repMaHHH·OpraHHqecKHe 
coenHHeHHH, o6na~aiOtnHe, KpOMe Toro, PH~OM :tipyrHX ueH
HhiX csoiicT:B 121. E)Ket'o~Ho. CHHTe3HpyroTCH H HJyqaroTCH 
COTHH _H TbiCHqH repMaHHH·opraHHqecKHX coe~HHeHHH. Ilep
BOH ~a30H B H.X HCCIIe~QBaHHH. 06bJqHO',JIBIIHeTCH KaqecTBeH· 
HbiH H KOIIHqecTBeHHbiH XHMHqecKHH aHaiiH3, KrraccaqecKH·e· 
MeTO~bl KOTOporo IIpHBO~HT K ~OBOllbHO XOpOWHM pe3yJILTa· 
TaM, HO OHH ~IIHTeJILHbl H Tpy~OeMKH, rrpe)K~e Bcero BCJie~
CTBHe Heo6XO~HMOCTH rrpe~BapHTeiiLHOH MHHepaJIH3al(HH o6· / 
paJua/3/ . HMeHH:o rrpouecc npe~sapHTerrLHoii MHHepamiJa· . _ 
UHH R~nHeTCH qatne scero HCToqHHKOM owa6oK rrp:H aHamiJe 
TaKHX o6pa3l(OB.- . ,, . 

IIpe)l:rro)KeHHLiii miMH Me To~ HHCTpyMe1ITaiiLHoro · orrpe
~erreHHH repMaHHH B repM~HHH·opraHHtieCKHX /~ye~HHeHHHX 
C IIOMOJnbiO ·TeiiJIOBbiX HeHTpOHOB peaKTOpa H MeTO~ 
3KCIIpeCCHOrO orrpe~eneHHH repMaHHH C IIOMOJnbiO 6biCTpbiX 
HeiiTpOHOB reHepa Tbpa /S/., II03BOJIHIOT·IIPOH3BO~Th.OIIpe~e- . 

_ neH:He 6e3 rrpe~sapaTenLHoii MHHeparraJa~n:H o6paJtia. 
/51 . . . 

Pa6oTa_ ' 6Lma npose~eHa · c IIOMOJnLIO CUHHTHnnH-
UHPHHoro ~eT~KTopa NaJ (Tl) _p·.40x40 M~, TaK KaK, cornac-
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HO pa6oTe .161 , rrepsoe acrrorrLJOBaHHe _, · Ge~Li);. ~eTeKTopa 
C qyBCTBHTeiibHbiM o6'beMO!d 22 -CM 3 ~JIH aKTHBal(HOIIHOrO 
OIIpe~erreHHH repMaHHH C HCIIOIIb30BaHHeM_reHepaTOpaHeiiT· 
poHoB c 3Hepraeii 14 M36 He npaserro K norro:>KHTellbHLIM 

. IV · 
peJynLTaTaM. :ijarua 6onee no3~HHH pa6oTa , o~aKo, no-
KaJarra, qTo acnonLJoBaHHe Ge(Li) -~eTeKTopa6orrLinero 
o6'beMa /40 CM 3 I ~aeT xopowae peJynLTaTi.I H npa 3Kc
npeccHoM MeTO~e. onpe~erreHHH 3TOrO 3IIeMeHTa C HCIIOIIbJO· 
BaHHeM H30Mepa Ge 75m. · 

IlpHMeHeHHe 6orrLWHX Ge (·Li) -~eTeKTopoB noJBOJIHeT, 
KpoMe Toro, o~HospeMeHHoe· 3KcnpeccHoe onpe~erreHHe rep
MaHHH H ranOH~a H-3 O~OH ·HaBeCKH. 

3KcnepuMenmaA&HaJl t.tacm~ 

Onpe~eneHHe nposo~arrocL c noMOtnLID 6biCTPLIX HeiiTpo
HOB I E =·14 M36/ HeiiTpOHHoro reHepaTopa Hr-200 c To
KOM· Ha o6paJue B npe~errax 2- 6xiOB n/cM ~- ceK·H raMMa
cneKTpo:MeTpaqecKoii a:imapaTypbi, CO_CTOHtneHH3 KOaKCHaiiL· 
Horo Ge(·Li) -~eTeKTopa c qyscTBHTeiiLHLIM o6'beMoM 
40. eM 3 , npoHJBO~CTBa OH.HH ,l(y6Ha; npe~ycana~errH H ~syx 
YCHIIHTerreii, . 6rroKa HHTerpaiiLHO.rO H J];H~~epeHI(HaiibHOro 
~opMHposaHHH HMIIYIILCOB, ·. 4096-KaHarrLHoro aMIIIIHTy~oro 
Kom:iepTopa CA 13 B, 6rroKa rraMHTH BM 26 H 6wcTporo 
MarHeTpoHa R G 23 ·~nH BhlBO~a · HH~opManHH B TeqeHHe 
3KCIIepHMeHTa /100 KaHaJIOB B ceK/, rrp.OH3BO~CTBa ~HpMhl 
lntertechnique. 

Arrrrapai"ypHoe o~opMrreHHe · He· aKJIIOqano nHeBMaTaqe
cKyro rroqTy,- HO nocrre HeKOTOPLIX H3MeHeHHH II03BOIIHIIO 
HaqaHaTL H3MepeHHH B TeqeHHe 10 - 15 ceKYH~ rrocne o6rry
qeJiaH; Pe)KHMpa6oTLI /speMH o6rryqeHHH, oxrra)K~eHHH H HJ· 
MepeHHH o6pa3Ua/ 6hlll paBeH 300 • 15 ..; 300 ceK COOTBeT· 
CTBCHHO. llaCTb pe3YllbTaTOB H3MepeHHH paCCqHTbiBarraCb 
c IIOMOJnLIO Manoro cqeTHoro ycTpoiicTBa TIIA BeHrepcKoro 
rrpoHJBO~_CTBa. YrraKoBKa o6pa3UOB, reoMeTpHH o~Hospe:MeH
Hor·o o6nyqeHHH o6pa3ua H. Me~Horo MOHHTopa, a TaK)Ke 
He3aBHCHMhlH' cqeTqaK. HeiiTpOHOB 6biiiH TaKHMH )Ke,· KaK B 
pa6oTe /5/. 
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Onpe,IJ;enemie ·repMaHHH Mo~no ripoH3aO,D;HTh no <iJoTonH
KaM uenoro PH,D;a ero .n3oTonoa n H3oMepoa. Ha puc, 1 nameii 
pa6oTLI / 5/ noKa3aHLI <iJoTomixH nn11 nepa3pememiLxe cynep:.· 
no31n,(HH xopoTKo)I(HaYJUHX H3oTono:B nim n3oM:epo:B Ge 75 in , 
Ge 

75
g · .. , Ga 73 , Zn 71 n Ga 74 , ao3nli:KaroiUnxnpn o6-

iJ:yqennn repMaHHH, a Ta{OI<:e <iJoTonnl<: Nl3 _ ao3HHKaiOIUHH 
no. nep:Bn'lnLxM: n aTopn'IHLIM peaK~HHM N 14cri,2n);c.Bcp,n);d~p,a) 
6biCTpbiX HeiiTpOHOa C .. H,D;paMH Heonpe,D;e.JIHeMbiX 3ITeMeHTOB, 
HaXO,II;H~HXCH a nOJIH3THJieHoaoii ynaKOaKe, a COe,D;HHeHHHX 
repMaHHH H B a03,D;yxe, 3aKJIIO'IeHHOM.

5
j3 nOJIH3THJieHOabiX 

ynaxoaKax. Ha puc. 2 Toii )Ke pa6oTLI 1 . · - pacna,D;.ana.JIH-. . . ·. nm 
. TH'IecKoro <iJoTonnxa 139 M3e H30Mepa Ge ... , ~:f~6panno-
ro ,D;JIH 3Kcnpeccnoro onp_e,D;e.JieHHH repMaHHH. Ge o6pa- . 
3yeTcH no peaxunn Ge 76 (n,2n)Ge 75 m • Onpe,D;~¥eHHH MO)KHO 
aLmci.JIHHTh H no ,D;o.JirO)I(HaYJUHM H30TonaM Ga n Ge 69 , 

Cynepn03HUHlt «)loTOnHKOa KOTOpbiX np~IBe,D;eHbl Ha puc. 1 
,D;annoii pa6oTLI. 113 puc. 1 pa6oTLI /!l/ u puc. 1 nacTOHJUeii 
pa60Tbi O'!eaH,D;H01 'ITO CUHHTHJIJIHUHOHHbiH ,D;eTeKTOp H 128-Ka
Ha.JibHhiH . aHa.JIH3aTOp He .n;aroT B03MO)KHOCTH onpe,D;emiTh 
O,II;HOapeMeHHO C repMaHHeM .n;pyr11e 3JieMeHTbl·no IIX <iJoTO--
nHKaM.a o6JiaCTH raMMa-cneKTpa E)' < 1 M3e. · · 

· Ha puc. 2 n :8 ma6A.1 npe,D;CTaa.JieHLI 3KcnepHMeHTa.JILHhH:. 
.n;aHHLie- ,D;JIH 'leTbipex no.JiynpoBo,n;HHKOahiX . Ge (Li) - ,D;eTeK
Topoa; :Hcno.JIL3oaannLrx B · nameii ·pa6oTe, H nponiiie,D;eno 
CpaBHeHHe .. HX napaMeTpOB CO CUHHTHJIJIHUHOHHhiM ·.n;eTei<:To
poM, ncno.JIL3oaaHHhiM :HaMn ·a pa6oTe / 5/. 113Mepenne KPHBLIX 
a6co.JiroTnoii 3<PcbexTnanocTH, Koropoe · no,D;po6no on:Hcano 
a ·pa6o:i'e, nocBHIUennoii o11pe,D;enennro pTyTn /B/, noKa3a.Jio, 
'ITO_ c pocTOM 3<iJ<iJeKTnanoro o6'heMa ,D;eTeKTopa pacTeT n a6-

COJIIOTHaH 3cb<iJeKTHaHOCTb perHCTpaiJ;HH raMMa-KaaHTOB, H. 
'ITO nan60JihlliHH H3 ncn.oni.3oaaimLIX .n;eTeKTopo:B /40 CM 3 / 
B MHrKOH • 06JiaCTH raMMa- 3HeprliH o6n~,D;aeT J<iJ<iJeKTna
HOC_ThiO, cpaBHHMOH c KpHcTa.JinoM · NaJ(Tl)J~40x40 MM H 
a 30 pa3 6o.JI~meii pa3pemaroiUeii cnoco6nocTbro: . . 

113 puc. 3 BH,D;HO, 'ITO a MHrKOH o6nacni cneKTpa 06Jiy
'leHHOro repMannit; H3Mepennoro c noMOJUhiO raM:Ma-:cneKT:.. 
poMeTpnqecxoii annapaTypLI, aKJIIOY:aroiUeii · · Ge ~Li) -,D;_e
TeKTop H 4096-J<aHanhHhiH ana.JIH3aTOp_HMny.JihCOa, na6JIIO
.zia:KiTCH ue.JILie o6JiaCTH 3Heprnii, r,D;e MoryT 6e3HHTep<iJepen
nnn pa3MeCTHThCH <iJoTOnHKH .n;pyrnx H30TOnoa. B Ta6n. 2 

6 .. 

·.l 

4 

' 
! 

' 

I 
! 

I 
I 

. -:. ' 
ripnae,D;eH jHI.zi HeKOTOpbiX H,D;epHbiXpeaKIJ;HH, HHHIJ;HHpoaaHHhiX 
.neiiTponaMH c 3Heprneii· 14 M3e,·· :KoTopLie MO)KHO ncnon:b:. 
3oaaTb npn O,D;HoapeMeHHOM onpe,D;enenmi repMann.!l n rano-

. H,D;Oa. 3ae3,D;O'IKOH noMe'leHhl ana.JIHTH'IeCKHe peaKIJ;HH, _nc
nOJib30aaHHhie a ,D;annoii pa6oTe: Bb16op npon3ao,D;nncH 3Mnn-

. PH'IeCKH, o6ny'leHHeM COOTaeTcTayiOII1;HX ;coe,D;HHeHHH a CTaH
,D;apTHbiX ycnoaHHX, acne,D;CTaHe. 3Ha'IHTe.JihHbiX pa3HOr.JiaCHH 
a JIHTepaT)'PHhiX ,D;aHHbiX 0 Ce'leHHHX 3THX peaK:y;nii/9 ,~ 0/ ,I:(nH. 
paC'!eToa !.5e 3HHTepq,epeHIJ;HOHHbiX qyacTaHTe.JihHOCTeH ol1pe
,D;eneHHH H npe,D;enoa o6napy)KeHHH 6Lmo npoae,D;eno 10 o6ny~ 
'leHHH CTaH,D;apTHbiX ynaKOBOK a O,D;HHaKOBOM pe)KHMe /300.-
15 - 300 cek/. CYMMa nMnynLcoa npn H3Mepennn o6nyqen:. -
noii.ynaKoaK!J: a o6nacni 3Heprnii ananHTH'IecKoro ~oTonnKa 
onpe,D;e.JIHeMbiX H30TOnoa. npHHHMa.JiaCh 3a <iJoH. ·Pe3y.JibTaTbl 
onpe,D;eneHHH F-; o; Br ' J H Ge. no . COOTaeTCTayiOJUHM 
ananHTH'IeCKHM <iJoTonnKaM npe,D;cTaaneHLI ·a Jta6A. 3. Bee 
onpe,D;eneHHH HOpMHpoaaHhl Ha HeHTpOHHhiH llOTOK 
5x10B H/CM 2• CeK. 

113 ma6A. 2 u 3· abiTeKaer, · 'ITO· no qyacTaHTenLHOCTH. 
onpe,D;enennii, abxpa)Kennoii a uMn/Mz, onpe,D;enxeMble 3ne
MeHThi pacnonararoTCH a pH ,II; Ge > . F > Br > Cl> J . ITo npe,D;e
naM o6napy)KeHHH I~ Mz/ pacnono:ll<einie nnoe:-Br>F>Ge>Cl>J, 
-.iTo ·e:ax3ano c pacnpe,D;enenneM· <Ponoa:bn{ HMnynLcoa··_no· 
3HeprHHM. 

Onpe,D;enenne n3y'laeMLIX JneMelnoau.n,D;nan,D;yanLno nnn 
a necKoni.xnx KOM6nnaunHx npon3aO,D;Hnocb ua licKyccT:Ben-

. - . ~ . 
HbiX CMeCHX, ,D;JIH npHrOTOaneHHH KOTOpbiX HCnOJib30aanHCb 
Te )Ke XHMH'IeCKHe ·coe~HHeHHH~ KOTOpbie llpHMeHHJIHCb H ,D;JIH 
Onpe,D;eneiiHH qyacTaHTe.JihHOCTII II . npe,D;e.Jioa o6Hapy)KeHHH. 
Pa3nH'IIIbie aecoai.Je KOJIH'IeCTaa· IICCJie,D;yeMhiX aeii1;eCTB 
CMeiDH_BanHCb c opraHH'IeCKOH MaTpinieii. -· rH,D;pOXHIIOHOM, 
rmoK030H li.JIH JIHMOHHOH KHCJIOTOH. 06II1;aH :Benn'IHHa miaec
KH _-- 150 :. 200 M2. Ha-puc. 4 npnae,D;eHa HH3K03HepreTH'I~ 
naH o6nacTL ciieKTpoa cMeceii Ii i<onKpeTHhiX coe,D;nnennii, 
coiiep)Kaii1;HX Ge H •. F' ·H:a. puc. 5 ~TO ~e.,D;JIH 6oriee cno)K}il.xx 
cMeceii, co.nep)Kaiunx Ge, F n :Br. ·Pe3yni.TaTLionpe,D;e.Jie
n:HH· Ge·;· F · · n Br a 3THX cMecHx· npe,D;craanenl.x B ma6A. 4 . 
PacqeT · c;an.riapTHbi:iC OTKJIOHeHIIH Ii{l0113BO,D;HJICH .nnx . n ~3 
H n-·a I ,;6,95. 11cxnroiJ~Hll.e rpy6.i.ix om:H6oKI1p'()ii3Bbnnnocl. 

. /11/ . 
cornaCHO KpHTepHIO ,I:(HHa H ,I:(HKCOHa • . 
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Ha puc. 6 npHBe,neHbi KanH6poBO'IHhi&KpHBhle .nmr onpe

.neneHH.II BCeX n.IITH :meMeHTOB B pe)i(HMe 300- 15 - 3QQ CeK, 
npH HCnOJib30BaHHH OnHCaHHOH annapaTypbl H HOpMHpOBaHHH 

nJIOIQa,neii !l>oTOnHKOB Ha nOTOK 5xlQ8 H/CM 2_ CeK. · 

06cyJtCoeHue pe3yAbmamo6 

Mani.Ie pa3JIH'IH.II B TOJIIQHHe o6nyqaeMbiX o6pa3UOB, xo

pOWO BOCnpOH3BO.ZJ;HMOe MHHHMaJibHOe paCCTO.IIHHe Me:>K,ny 

o6pa3UOM H ·MHWeHblO HeHTpOHHOrO • reHepaTopa, a TaK:>Ke 

li>HKCHpOBaHHa.ll reoMeTpH.II H3MepeHH.II HaBe,ZJ;eHHOH aKTHBHOC

TH ll03BOJI.IIIOT H36e:>KaTb nonpaBOK .ZJ;JI.II OT.ZJ;eJibHbiX o6pa3UOB 

Ha OCJia6JieHHe HHTeHCHBHOCTH nOTOKa 6biCTpbiX HeHTpOHOB 

H· Ha .nornmueHHe raMMa-H3nyqeHHH · B o6'beMe o6pa3:ua, 

o6ycnosneHHbiX 'IHCTO reoMeTpH'leCKHM !l>aKTopoM. Xopomee 

cornacHe nonyqeHHbiX pe 3YJibTaToB c pe3yJII.TaTaMH KnaccH

qecKHX MeTO.ZJ;OB 11_2/ n03BOJI.IIeT npeHe6pe'lb TaK:>Ke TaKHMH 

!l>aKTOpaMH, KaK CHH:>KeHHe :meprHH MaJIOH 'IaCTH 6oM6ap

.ZJ;HpyiOIQHX HeHTpOHOB .!1;0 3Ha'IeHHH HH:>Ke noporOBbiX :meprHH 

aHaJIHTH'IeCKHX peaKUHH /TepMaJIH3anH.II, pacce.IIHHe/ /13,14/. 

Bciie,ncTBHe Tex :>«:e npH'IHH He npoH3Bo.n;Hnach nonpasKa Ha 

MepTBOe BpeM.II npH H3MepeHHH KOpOTKO:>KHBYIIlHX H30TO· 

noB./IS/ B H3y'IeHHbiX HHTepBaJiaX KOHneHTpa:UHH /0 - 50 MZ 
3JieMeHTa B HaBeCKe 150 - 200 MZ/ npH ,ZJ;aHHbiX 3KCnepH· 

MeHTaJibHbiX ycnoBH.IIX / HHTerpan 3a 300 ceK, onHCaHHaH 

annapaTypa/. 
ITo cpaBHeHHIO C pa60TOH / 7 ( 'IYBCTBHTeJibHOCTb onpe -. 

,ZJ;eJieHH.II repMaHH.II B ,naHHOM 3KCnepHMeHTe Ha - 200/o BhlWe 

/420 uMn/Mz no cpaBHeHHIO c 357 . uMn/Mz • OcHoBHoii 

npH'IHHOH .IIBJI.IIeTC.II 6onee BbiCOKOe cpe,nHee 3Ha'IeHHe HeiiT

pOHHOrO nOTOKa, 'ITO n03BOJIHJIO HOpMHpOBaTb pe3yJibTaThl' 

Ha o6bi'IHO .noCTyimyro seJIHqHHY 5x10 8 H/CM :ceK. KpoMe 

TOrO, BpeM.II OXJia:>K,I(eHHK o6pa3Ua 6biJIO COKpallleHO C 60 .!1;0 
15 ceK • . TaKoe H3MeHe.HHe · pa6oqero pe:>KHMa He npHseno 

npaKTH'IeCKH K KaKHM-JIH60 H3MeHeHH.IIM B 06JiaCTHB03MO:>K·. 

HhiX HHTep!l>epeHUHH, no.npo6Ho o6cy:>K,naeMhlX B pa6oTe/
71. 

{, Cl , Br H J Mo>Iffio onpe.nenHTh TaK:>Ke no aliHHrH

JIHUHOHHOMY.Ii>oTonH~Y 511 K36_ (F 18 ,ct 34m , Br 78 , J 126 ). 

Ero HcnoJib30BaHHe .nnn aHaJIHTH'IeCKHX ueneii HBJIHeTcJI 
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B031'1_o:>KHbiM H :>KenaTeJihHbiM oco6eHHO .nnn Cl H.· J, TaK 
KaK n03BOJI.IIeT nOBbiCHTb 'IYBCTBHTeJihHOCTb onpe,neJieHH.II • 

YcnoaHeM. Hcnoni.3oBaHHH !l>oTonnKa 511 K3e; o,ZJ;HaKo, nann

ere.~~: npe,nBapHTeJibHOe 3HaHHe· 3JieMeHTHOrO COCTaBa o6pa3-

ua H oueHi<a B03MO:>KHbiX B:kna,noB B 3TOT !l>oTOnHK. Hcnonb-

30BaHHe aHHHrHJI.IIUHOHHOrO !l>oTOnHKa, K~K npaBHJIO, BeCb

:M'a HHTeHCHBHoro,· onpaB,nhmaeT ce6n B Tex cnyqan.x, Kor.na 

HMeiOTC.II O.ZJ;HH HJIH ,ZJ;Ba n03HTpOHH.biX H3Jiy'IaTeJIH, o6Jia~aro
lllHX .H ,npyrHMH raMMa·JIHHH.IIMH, ,I(JI.II KOTOpbiX XOpOWO H3-

BeCTHO cooTHOWeHHe HX HHTeHCHBHOCTeii; Hcnon:b3yeMoe 

3KCnepHMeHTaJibHOe o6opy,noBaHHe ll03TOMY .ZJ;OIDKHO HMeTb 

TO'IHO H3MepeHHYIO 3aBHCHMOCTb a6COJIIOTHOH 3!l>!l>eKTHBHOC

TH perHCTpa:UHH raMMa ~ KBaHTOB OT 3HeprHH raMMa- H3Jiyqe-
HH.II: . . ' 

Xnop MO:>KHO c ycnexoM onpe,neJIHTh no !l>oTonHKY 1.45 K36 
3~ . . . .· 

H30Mepa Cl · , He nepeKpbmarollleMycn . c !l>oTonHKOM 

139 K36 Ge 75m
3 

no aHHHrHJIHUH(m~oMy !l>o.TonHKY HJIH no 

pa,ZJ;HOH30TOny s 7 • Onpe.neneHHe HO,ZJ;a oonee 3aTpy.ZJ;HH-

. TeJihHO, ;aK KaK npo,nyKThi peaKUHH 6hiCTphiX iJ:eiiTpOHOB 

C e,ZJ;HHCTBeHHhiM . CTa6HJihHhiM H30TOnOM 3TOrO 3JieMeHTa 

HMeiOT He6naronpHHTHbie .rinH ,naHHOH pa6oThi H.ri;epHI.Ie ,xa

paKTepHCTHKH: ,nnH J 126 TY2 =13,1-,nHH, BHTeHCHBHOCTh 

e,ZJ;HHCTBeHHOH raMMa·JIHHHH /418. 1<36/ J 127
. .COCTaBJI.IIeT 

scero 10/o, a H30Mep Sb 124~ 2 · , B03HHKaromBii· B I>eaKUHH 

(n,.a ), H~eeT O.ZJ;HY MHrKyro JIHHHIO /18 1<36/, H3MepeHHe . 

KOTOpOH. Ha ,naHHOH an napa Type HeB03 MO:>KHO. Jly'IWHX' pe-

3YJibTaTOB. ,I(JIH HO,ZJ;a MO:>KHO 6I.IJIO ·6hi .ZJ;OC"fHlih npH ai<:THBaUHH 

TennoBbiMH HeiiTpoHaMH, TaK KaK, HecMoTpH Ha- cHB:>KeHBe 

HHTeHCHBHOCTH noioKa HeHTpOHOB npH6JIH3HTeJihH_O Ha 2 no-~. 
p.II.ZJ;Ka' nocne HX TepMaJIH3a:UHH, · aKTHBa:UHH no peaKUHH 

(n, y) npOHCXO,I(HT C ·ceqeHHeM B nHTh. pa3 60JihWHM 

/5,2 6apH/. llpH 5-MHHYTHOH 3KCn03HUHH,I(OJI:>KHO B03HHKHYTb 

- 130/o OT .HaCbiiileHHOH aKTHBHOCTH H30Tona J 12
8 -/ TY2 .= 

=25 MUH/, 'ITO no'ITH Ha 3. nop.II.ZJ;Ka · 60JihWe, 'IeM .ZJ;JIH 

J 1~TY2=13,1 (>HJl/. Pe3yJihTHPYIOIIlHH 3!l>!l>eKT .nnH JIHHHH 

4.55 K36 /17 ;40/o/ H30TOHa · j 128 6biJI 61.1 IIpH6JIH~HTeJibHO 
,,B 25 pa3. 60JibWHM,. T.e. OKOJIO 450 UMn/MZ HO,ZJ;a. Jly'lliiHX 

pe3yJII.TaTOB no cpasaeHHIO c HeiiTpoHaMH' 14 .M3a MO:>KHO 
O:>KH,ZJ;aTb Til.K:>Ke npH o6nyqeHHH - C · nOMOIIlblO HeiiTpOHOB 

2,8 M36, nonyqaeMhiX no peaKUHH (d,d)06( .· 

-.~ 9 



, _ BBH,ny .orpaHHqeHHoro Bpe~eHII pa6o .. mx IUiKJioB. TPHTHe
BhiX MHI.I.I.eHeii neiiTpOHHhiX renepa TopoB; a TaK)Ke neo6xo.nii~ 
MOCTH co6mo.neHHH Tpe6oBaHIIii 3KcnpeccHoCTH onpe.nenelmn, 
B03HHKaeT noTpeGHoCTh. _IIcnon~3oBaHIIH -Kop~T:KO)KHB}'l.QIIX 
H30TOUOB II H30MepHhiX C.OCTOJIHHH, no,n6opa pa6oqero pe
)KIIMa, · BBe,neHHH B anmi.paTypHyiO cxeMy cTa6HJIII3aTopoB 
MepTBOro BpeMeHH II T. ,ll;. Ka)K,l(aH KOHKpeTHaH pa6oTa .l(JIH 
nonyqemin onTIIMaJILHhiX pe 3yn"bTaToB Tpe6yeT IIH.l(IIBH,nyanh
Hoii oueHKH annapa TypHoro odJopMneHIIH ·II BLI6opa pe)KHMa 

pa60Thl. ,lJ;JIH 3TIIX l.(eJieii MO)KeT OKa3aThCH UOJie3HhiM rpa
tPIIqecKoe H306pa)KeHIIe 3aBHCIIMOCTII OT BpeMeHH B03HIIK
HOBeHIIH II pacna,na HaBe,ll;eHHOH aKTHBHOCTII .l(JIJI ,naHHOro 
BpeMeHII o6nyqeJIHH. Ilo.no6Han 3aBHCIIMOCTh .nnn cHcTeMLI 
UHTH H3yqeHHhiX 3JieMeHTOB Upii BpeMeHH 06JiyqeHHH 5 . MU1l 

npHBe,neHa Ha puc. 7 
AHaJIHTHqecKIIH tPOTOUIIK 139 1<36 MO)KHO IICnOJib30BaTh 

II ,l(JIJI onpe.neneHIIJI Mhii.I.I.hHKa no peaKI.(IIII As 75 (n,p) Ge 75ni • 
O,nHaKo ceqeHIIe 3Toii peaKUIIII, a TeM caMLIM II qyBCTBH
TeJILHOCTh onpe,neJieHIIH, npii6JIH3IITeiThHO B 100 pa3 MeHbuie, 
qeM B cnyqae onpe.neneHIIH repMaHIIH no peaKI.(IIII 
Ge 76(n,2n) Ge 75 m • IlpaKTIIqecKII. 3TO 03HaqaeT' qTo 

0,1 MZ Ge HMHTIIpyeTCH BeCOBhiM KOJIIIqecTBOM 10 MZ As, 
T.e. npii aHaJIII3e repMaHIIii-opraHIIqecKIIX coe,niiHenHii, 
Mhii.I.I.hHK B KOTOphiX npaKTIIqeCKII B0061l.(e OTCYTCTByeT, 
Mei.I.I.aiO~ee BJIIIHHHe As UMeeT qHCTO TeopeTIIqecKIIH acneKT. 

K iiacTOHI.l.(eMy BpeMeHII CIIHTe 3HpOBaHhl repMaHHH- op
raHnqecKne coe.i(nHeHnn,' co.nep)Kall.(IIe KpoMe repMannn H 
ranoH,noa · OT o,nHOro .no . Tpex ,npyrnx reTepo3JieMeHTOB. 
AHann3 TaKnx o6pa3UOB oqeHh cJio)KeH, TaK KaK B po)IH 
.l(OnOJIHHTeJihHhiX reTepoaTOMOB BhiCTynaiOT 6onee 40 3Jie

. MeHToB' nepno.nntiectwii 'cHcTeMLI. McnonL30Baime 6LICTphix 
HeiiTpoHo'B reHepa Topa B KoM6IIHal.(IIH c . ~ Ge (Li)- ,neTe·:K
TopaMH .nnn aHaJIII3a TaKHX coe,nHHeHIIH oco6eHHo nepcneK
THBHO B cnyqae onpe.neneiiHH Na, Al,P,Sc,V;Ni, Cu, Zn; Ga,Se, 

Rb , Zr, Mo, Ru, Ag, Cd, In, Sb, Ba, Ce, Pr,Nd, Hf 
H HeKOTOphiX ,npyrHX 3JieMeHTOB, KpaTKOBpeMeHHOe 06Jiy4e
HHe KOTOpLIX npHBO.l(HT K B03HIIKHOBeHHIO H30TOnOB H H30-
MepoB c' KOpOTKHMH nepno,naMH nonypacna,na H tPOTOnHKaMH 
B MJI:rKoii o6nacTH 3HeprHii, r.ne Ge (Li) - ,neTeKTOphl o6-
Jia.l(aiOT MaKCHMaJihHOH 3tPtPeKTIIBHOCThiO perHCTpal.(HH 
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raMMa-KBaHTOB, a HX BhiCOKaH pa3pei.I.I.aiOI.l.(aH.cnoco6HocTL 
n03BOJIHeT 6e3HHTepdJepeHI.(HOHHOe H3MepeHHe TIJIOII.(a,neii 
tPOTOnHKOB, no KOTOphiM npOI13BO):{HTCJI .onpe,neJieHHe·.- .. 

3a KAIO'IeHue 

Pa3pa6oTaHHhie MeTO.l(HKH npHro,nHLI .nnn 3KcnpeccHoro 
/15 MHHYT _6e3 no.nroToBKH o6pa3ua/ onpe.neneHHH Ge , F , 
Cl , Br H J B 3JieMeHToopraHHqecKnx coe,nHHeHHHX, aTaK
)Ke B TeXHHt.IeC.KHX npo,nyKTaX, B .KOTOphiX 3TH 3JieMeHThl 
HaXO.l(JITCJI B BH,l(e MaKpOKOMnOHeHTa H aHaJIH3 KOTOphiX 
KJiaCcHqecKHMH MeTO,ll;aMH opraHIIqecKoro aHaJIII3a Tpe6yeT 
.l(JIHTeJihHOrO BpeMeHH. ):(aJibHeHIIIee ycoBepiiieHCTBOBaHHe 
MeTo,nHKH ~OJI)KHO H.l(TH no nyTH HcnoJih30BaHHH nHeBMonoqThl·: 

H o6pa60TKH raMMa-cneKTpOB Ha 3BM, B nporpaMMhl KO
TOphiX ,l(OJI)KHhl 6hiTh BKJIIOqeHhl KOppeKI.(HH Ha tPJIIOKTyal.(HIO 
HeHTpOHHOrO TOKa, tPOH, HaBeCKII II T . .l(., . qTo n03BO.JIHJIO 
6bi B ,naJihHeHI.I.I.eM npH pa6oTe C 6oJihiiiiiMII cepHHMH o6pa3l.(OB 
nepeHTH K nOJIHOCThiO aBTO¥aTi13HpOBaHHOMY npoueccy C 
nporpaMMHhiM ynpaBJieHneM. 

ABTop Bhipa)KaeT npn3ii:aTeJihHOCTh A.:M.Kyqepy n Ii.Iio

qeBy 3a UOMOI.l.(h B pa6oTe. 
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Til.dmu~a r. 
Paapew~~He cnocoOHOCTH 

HCDOAbBOBaHHHX ,ll8T8KTOPOB rBMMa-xu~y~eHKB . 

"' THD )l8T8KTOpa ~YBCTBHT&Ab!Will aaepreTxqecxoe·paspeweHBe 
)l8T8KTOpa OO'!>eM/paexepH/ AU UHK:il Ra226, C!.l37 BU (j,60 

1' 
2 

3 

4 

5 

EBB " DO~DpOBO)lHKK • l;.&fLI 1 1 6CK~ 8,o 1,27/609/ 
Do~ynpoBO)lHKK, f.c./Li - lOCK 4,0. 0,6ti/662/ 
Do~yDpOBO,llHKK,· G.c.ILi 30cx3 

3,8 0 ,b7/609/ 
DOllyllpOBO,llHKKo f?.c.{Li. 40cx3 

~,e 0,32/1330/ 
. Cl{BHTIIJ!U~. Na.'l/Tl i40x40 xi 74,2 11,2 /662/ 

TaOu~a 2. 

AHauTxqecx~e/ +/ 111. HeKOTopue .llPYrllle B)lepaue pe&Jtl{BIII, 

KOTOpue KoryT OH~ HCDOAbUOBaHH ,lll!B )laHHOIII paooTHo 
CTao, HBOTOU J!,llepHaa ce11eHBe DpO)lYK!I: e_Hepru /aaB/ 11 B'dXoAf'IJ 
II CO)lep&aHKe pe&Jt~IIB_ peaKI{BII peax~HH Tl/2 rBMMa-Hu~~eHIIa 

B 8CT, CII8CII /110/ -
F'~" too" '1,1 ... DO F' ~ll ll811HH 611/200/ '• 

(+) "•f' 2Q ol9 -29ceK 197/97~1360/biV ... , ... 2Q N16 7 13ceJL 6140/69~7110/5/ 14 2o,llo 
cr35 75,6 (+) "''1"' 8 cr34"' 32,411HR 2130/62~145/27/ K T,)l, 
q37 

24~6 n,p 30 537 6 11KKH 3090/';10/ • ~76 7, _6. (+) n 111'1 800 ~75"' 4liC8K 137/37/. 
'Or'l9 60,6 (•) n12.n 860 ~8 .. 6 1611HH 613/141 +aawirH.Il. 

"•P 10 St7':Jwo 3 1llllliH 96/4/ 

"'"81 411,6, . n,2.1'1 65Q !.~Qm 4 14qac 36/5/ 
n,f Hi ~81"' 1,eqac 103/13/ .. 
n,p 16 S£81 18j611HH 275/3~-480/~ 17Q/lJ. 
n,ot. 30 /1678 1 1 b11ac 615/~ 6!15/1~~-· To)l~ 

-f27 100 (+) n11n ·1200 -:f26 13 -l,llH 386/3~ 650/33/+BHHHr. 
•. n,p 20 Ttt127 ':J 1411U 418/1/ 

"•"" 6 $bl24m: 21KHH 18/?./ 

13. 

F'-.::0 
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B.l!BII.BHT 

F 
Cl 
Ge 
~ ... 
J 

TaOmn~a 3. 

BBBKHTBP4BPB~OHHHB ~YBCTBKTBAbHOCTK H 
npe,ll&.l!H oOaapyaeHKil F' , C l , 'e , Br H :J • 

XIIII.. BBC S.l!B- aHa.miT. !IJ!Oliii!Ab 'IYBCTBIITo 
·ljlopll.a II.BHTa/111'/ ljlOTODHK q,DTOUIIK8. O!lpB)IBJ!B-

/KaB/ /HIIO/ Hlll!/llll.ll/11.1'/ 

Lif !18,2 1\18 311585 403 
Litl 117,5 145 23806 136 

li>~,, .. o 152,3 1311 71083 467 

("""?,~ 80,1 614 285131 3611 

~J 187,5 386 331!0 18 

Ta.Omu~a 4. 

q,DH op&)I&Jl 

... v;; ooaapy-

&~Hill! 

/Hil11.1 /ll.l'i 
'74 0 1 11l 

!14 o,71 
121 o,<l6 
33 o,o!f 
42 ~,34 

pac~BTHOB BBCOBOB H~BHHO& KOJ!-BO S::OCOJliJTH!UI OWHOKa. 

KOJ!-BO 8.l!Bil8HT8. . 8.l!BII.8HT8. /cpe,!IHBB DllpB,!IB.l!BHIIH BJ18li.BHT8. 

/llr/.~.~ . 3-X ODpB,!IBJ!BHIIil /Ill'/ 
.•. /Ill'/ 

(,e r &r "e. f 'i!>Y' 6e. .I" bY' 

6,41 38,2\1 14,33 6,411' 38,50 13,!15 +0 ,o8 +0,~1 -Q,38 

6,41 1!1,15 30,28 6,02. 18,!111- .3Q,l!i -Q,311 -0,16 -0,0!1 

6,41 !1,57 55,70 6,81' 8,5o· 56,22 +0,40 -1,07 .+Q,5b 

23,76 2'!.,62 . 7,02 . 24,1Q 28~10 6,b2 +0,34 +0148 -o,oo 

23,76 17,70 22,44 23,93 17 jl!l 22,22 +0,17 -Q,b1 -Q,22 

23,76 7,35 56,11 aa,o8 .. 8,01 55,70 -o,68 +()' 61i -Q,41 

42,82 5,12 33,16 43,01 4,88 33,16 +() ,111 -o,40 o,ou 

42,82 11,83 20,62 42,60 12,17 21,05 .. o,a2 +11,34 +0,~3 

42,82 111 ,o6 6,54 42,82 11,17 6,0!1 o,oo +0,11 -o,4b 

" 

i ll1 p. 
15 min. 

700! A . E'6 
1 1\ :xJ . / keV 

600 r . /1 I , r~o 
SOD ::.:.. - I . 11 7 .1000 

.. .. 
400 1··.. . It\ \ v.r 1 t BOO .. ... -
300 • .... ···· .. :· J liM 1·1 A~ _ ~ r 600 

••_.y 

2oo I · .. AI ~ \ 114 \\ -11-\\----t 40o 

100 ·. 200 

. . - -~~ 
10 ZJ 30 40 50 60 70 80 90 100 110 

channel number 

Puc. 1. qaCTh raMMa- crreKTpa repMaHHH /78,2 MZ/, CHH
Toro CU:HHTHllllHU:HOHHhiM . CIIeKTpOMeTpOM C.. KpHCTannoM 

NaJ (Tl) 6 40x40 MM qepe3 19,: 42,g H 77 <~ac nocne 
5-MHHYTHOrO o6nyqeHHH IIOTOKOM 1,9x10 H/CM 2ceK. 1,&3 

cyrreprro3HU:HH Hepa3perneHHhiX <l>oTOIIHKOB Ga 72 H Ge 
/T 1!, =14;8 H 37 qac/. 511 + 573 + 601 + 630 K36; 835 + 
+ 872 + 894 1<36 H 1050 + 1107 1<36. 
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Oc/Li 
tO·.:m3 

Gr/li 
!JO cmJ 

f6JI I I I I I~, I sJ I 1 I I I I I aJ 1 t 1 1 1 1 !,l.J 

41 ~D •• 

~· 

PH c. 2. KpHBLie a6conroTHLrx 3!Wlei<THBiiocTeii perHcrpalUIH 
raMMa-I<BaHTOB HCITOJih30BaHHhiMH ,neTei<TOpaMH •. 

,. 

16 

I 

1mp. 
5 min. 

6·103 

" 
2 

< • 

· .... :.····.··· 

0 

139 keV x10 

Ge 15m 596 keV 

\ 
Ga 

74 

I 
265 keV sn 607 ktV 
Ge 75g 

A ... -.· < < 

· .. ·· ..... : .... ·.··· ... -~.-- .. . ,·.·.: ... ·.· .. ·.· ....................... 
-... 

200 400 600 channel 
number 

PHC. 3. lJaCTh raMMa-cnei<Tpa 240,9 M2 repMaHHH, CHHTO
ro · 'Iepe3 15 ceK nocne 5-MHHYTHoro o6nyqeHHH no'roi<oM 
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