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"LiynTaM Jl, · 
Onpeneneaae KoaueaTpauaa nenSIIIlHXCll semecTB B Tsep.a&IX ·Tenax 

Pa3pa6oTaHa MeTo.DHKa onpe.aeneHHll .aensmaxcs semeCTB c ToqaOCTb~ 
.DO +10% B· Te.llaX H3B8CTHOrO XHMHqeCKOrO COCT8Bil, MeTOllHKil OCHOB8R8 .Bil 

BCnO.Ilb30B8HBH .DH9.118KTpHqeCKHX .aeTeKTOpOB 38pli*8HHbiX qacTBU: C.ll~.Dbl
MYCKOBBTil, CH.IlBK8THOrO CTeK.Illl, .ll8BC8Hil, nonBK8p60H8Ta, .Q.Illl KOTOpbiX n()oo 

nyqeHbl 38BBCBMOCTB acMJeKTHBHOrO npo6era OCKO.IIKOB R cp OT llTOMHQrO H()oo 

Mepa Z accne.ayeMol\ cpe.a&I. 

9 

• 

OpenpaBT ~ea•••••oro aacTBTyTa SAepawx accneaoaaBBI. 
JlyCSu, 198'1. 

Abdullaev Kh.,Kapuscik A.,Otgonsuren 0,, P12-3243 

Perelygin V,P,, Chultem D, 

Determination of the Fissionable lVJaterial Concentration 

in Solids 
Technique was developed of determination of the fissionable 

material concentration with the accuracy up to + 10% in the solids 
with known chemical composition. The technique is based on the use 
of charged particle detectors: muscovite mica, silicate glass, mylar 
and polycarponate, for which the dependencies of effective fission 
fragment ragne R f on the atomic number Z of the medium. inves
tigated were obtai:iea. 

Prept'int. Joint Institute for Nuclear Reaearch. 
DubnD, 1967. 
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HaMepeHBe KOHueHTpauaa ypaHa, a TaK~e npyrax nenamaxca semecTa so ace

B03MO~H~x Taepn~x Tenax aaa6onee yno6Ho npoaasonaTb c noMOWb~ paapa60Taa
/1 2/ 

Hb!X npaAcoM a YoxepoM naaneKTPH'IeCKax neTeKTopoa aapSI~eaH~x 'laCTBU ' • 
/3/ 

MeTODBKa TaKoro pona B3MepeaaA 6~na anepBbie npenno~eHa B pa60Te • 

0Ha OCHOBbiB89TCSI H8 BCnOJlb30B8HBB neTeKTOpOB OCKOJIKOB neneHBSI, noMeiUaeM~X 

B nnOTH~ll KOHT8KT C HCCnenyeM~M o6pa3UOM, 06pa3eU C D9T9KTOpOM o6ny'I89TCH 

H3BeCTHbiM nOTOKOM TennOB~X HellTpOHOB BnB npyrax '18C'IdU. 3aTeM neTeKTOp o6-

pa6aTbiB89TCH B COOTBeTCTBY~IUeM Tp8BHTene B C nOMOIUb~ onTH'I9CKOrO MBKpOCKQ-

na ua HeM onpenenaeTCH nnOTHOCTb cnenos ocKonKOB neneaaa. 

8Ta M9TODHK8 6bin8 ycneliiHO HCnOJlb30B8H8 B 3KCnepBM9HT8X no H3MepeHH~ 

/4-7/ /8/ 
KOHuenTpauaa ypaHa B MBaepanax u cnnasax a on~Tax no onpeneneHu~ 

/9/ 
CKOpOCTB DB«l!cjly3BB U B JKeneae U TBT8He • AuanorU'IH~M o6pa39M MOryT U3-

MepHTbCH KOnU9HTpauHH npyrHX nenHIUHXCH aneMeHTOB, B TOM 'IBCne CnOHT8HHO ne-

nHIUHXCH TpaHCypaHOB, 

qyscTBHTenbHOCTb MeTona onpenenHeTCH coneplKaHHeM ypaua B caMBX neTeK

Topax. npaMeH9HH9 BH9liiHBX neTeKTOpOB B3· opraHH'I9CKHX llOJlHMepOB ll03BOJ1H9T on-
-10 /57/ 

penenHTb 0'19Hb HH3KH9 KOHU9HTpaUBB ypaHa - BnllOTb DO 10 r/r ' • 

0DH8KO npa B3MepeHHU KOHUeHTpaUHB nenHIUHXCH aemeCTB MeTODOM BH9liiHerO 

neTeKTopa aeo6xonuMo Y'IHTbiBaTb PHD «PaKTopoa, onpenenSI~IUBX TO'IHOCTb TaKoro 

pona H3MepeaaA. 

Bo-neps~x, aTo nornomeuee OCKOnKOB neneHBH B caMOM o6paaue. Llel!cTBHTenb

Ho, nOCKOJlbKY 8KTbl neneHHH HDep UMe~ MeCTO B rny6HHe CJlOSI, OCKOJlKH neneHBSI 

Heea6eJKHO TepH~T qacTb caoeA aHepreu Ha TOpMo~euee B eccnenyeMOM o6paaue. 
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3~$eKTHBHhlA npo6er OCKOnKOB B B6W6CTB8X C 
/10/ 

cymeCTB6SS0 -.B seCKOnbKO p83 

z OT 1 JlO 92 H3M6HHeTCH B6CbM8 

8o-BTOphlX, B8*S06 3H8~6HH6 HM6eT 9~KTHBHOCTb perHCTpSUBB OCKOnKOB B 

nassoM neTeKTope t , onpeJlenHeMaH KaK oTsomeaue ~Rena aaperHcTpupoaasswx oc

KOnKOB K nOnHOMY ~Hcny SKTOB )leneHHH,HM6BWRX M6CTO B 6eCKOseqao TOHKOM npe
/11/ 

napaTe y noaepxaocTa neTeKTopa 

8-TpeTbHX, He06XOJlHMO yqHThlBSTb T8K*6 qyBCTBHTenbHOCTb )l6T6KTOpOB K 38-

plllK6HSbiM qaCTRUSM, TaK, R3B6CTHO, qTO qyBCTBHT6nbHOCTb CniOJlhl K OCKOnKSM ne-
/11/ 

nesHB Bbime, qeM canaKaTaoro unu Kaapneaoro CTeKna • B naacaae B HBTpaTe 
/12/ 

uennronoaw peracTpapyeTCH npaKTuqecKB aecb npo6er OCKOnKa • 

KpoMe TOrO, nnH BJl6HTH~RK8UHH Cn6Jl8 OCKOnKOB B Jl6TeKTOpe He06XOJlBMO, qTo-

6bi oa xapaKTepuaoaancH sanpaaneaaeM B nnusoA, n03aonHIDmBMB oTnaqaTJo ero OT 

cnyqaltawx ne~eKTOB noaepxaocTa. TaKaH aneHTB~HKauaH B03MO*Ha, ecna nnuaa cne-

JlB. npeBOCXOJlBT OJlBH-JlBS MHKposa. 

YqeT acex sTBX ~KTopoa aau6onee uenecoo6paaao npoHaaecTa sKcnepHM6HTanb-

HbJM nyTeM, onpellenmr nnH Ka*noA cpenw c aaaecTHhlM Z 9~KTHBHYID TOnmBay 

cnog R 9~ , B KOTOpOM C llOMOWbiD JlSHHOrO li6T6KTOpa perBCTpBpyiDTCH BC6 8KThl 

neneHHH llllep. 

neTeKTOpaMB OCKOnKOB neneHBH B H8CTOHmHX 9KCII6pHM6HT8X cny*HliB cnrona

MYCKOBHT, CHnHKB.TH06 CTeKno, naBC8H H nonBKap60H8T, 3~KTHBH8H TOnWHH8 CnOH 

R a¢ onpenengnacb no nornomesHro ocKonKOB neneaaH B cnoHX a03nyxa, nonaKap6oaa

Ta, anroMHHHSJ, HHKenSJ, cepe6pa, aonoTa, a TaKlKe a ToncTbiX cnoHX ypaaa. 

8 KaqeCTBe HCTOqsHKB. OCKOnKOB HCIIOnb30BanCH npenapaT KIDpHHC ynenbHOA SK-
3 THBHOCTbiD 7,2 ·10 OCK/qac, JlHaMeTpOM 1 CM, 

Baaqane o6nyqancH neTeKTOp 6ea nornoTaTenH, aaTeM noaepx npenapaTa no

Memancg KanH6poaaHHbiA cnoA accnenyeMoro MaTepaana a npoaaaonanocb o6nyqesHe 

cnenyromero neTeKTopa. BpeMB sKcnoaauaa y npenapaTa cocTasnBno 15 Mas so acex 

9KCII6pHM6sTaX, nnH Ka*JlOrO H3 yKa3aHHhlX BhlW6 Jl6T6KTOpOB BbinOnHBnaCb cepHH H3 

tl-8 o6nyqeaaA, npa paasbrx Tonmasax nornoTaTeneA. 3aTeM neTeKTOphl o6pa6aTbiBa

nacb a pelKHMax, yKaaassbiX B Ta6naue 1. Ha Ka*JlOM neTeKTope onpenemmocb Ko

naqecTBO cne)lOB OCKOnKOB nenesHH, peaynbTaThl npeJlCTaBnHnBCb B BBJl6 rpa~HKQB, 

4 

Ta6nuna 

neTeKTOp PeareaT KosueaTpauaH BpeMH TpaanesaSI TeMnepaTypa 

1. Cnro.lla HF 40% 1 qac 20°C 

2. CTeKno HF 5% 10 MHS 20°C 

3. naacaa KOH 1,35 r/cM 3 18 qac 20°C 

3, nonaKap- NaOH 1,25 r/cM 3 24 qac 20°C 
6oaaT 

Ha pac. 1 npe.llcTaaneaa aaaacaMOCTb qacna aaperaCTpapoaasswx cnenoa OCKon

KOB oT Tonmasw cnoH cepe6pHssoro nornoTHTeng llnH canaKaTscro cTeKna, naacasa 

u cnronbi, KaK BH.IlsO aa sToro pacysKa, cnrona aMeeT saa6onbwyro a~¢eKTBBHOCTb pe

racTpanaa npa MHHHMan~osoA Tonmase nornoTHTenH, aaTeM qHcna aaperacTpapoaaa

sbrx ocKonKoB sa enrolle a naacase cpaaaaaaiDTCH. npa 6onbmax TonmHsax norno

THTenB qacno cnenoa sa naacase 6on~ome, qeM sa cnrone aa cqeT 6on~omoA qyacTaa-

TenbHOCTH naBCasa K aapll*9SHhlM qaCTBUaM, 

Ha pac. 2a, 6, B npencTaanesbi aaaaCHMOCTH qHcna aaperHcTpapoaaaswx cne-

JlOB OCKOnKOB, Bb!palKeHsbie B npouesTaX IIO OTSOWesHID K qHcny cne.llOB sa neTeK-

Tope 6ea nornoTHTenH, oT Tonmuaw nornoTHTenH: a) nnH canBKaTaoro cTeKna, 

6) cniDJlbl MYCKOBHTa H B) naacasa, 3~~6KTHBHOCTb perBCTpattBH f cniDJlbl MyCKO

BHT paaaa 100%, nnB naacana a nonaKap6oaaTa IIpH yKaaaaawx Bbiwe ycnoaagx Tpaa

neaaB oaa onpeneneaa paasoA (88~5)%, nnB canaKaTsoro CTeKna (42~3)i~ 
Ha 9TBX rpa~HKOB HsTerpHpOBaHB6M saXOJlHnBCb 9~KTHBSble 

llJHI BCeX yKa3B.HHbiX BbiWe IIornOTHTenelt H Jl9T9KTOpOB: 

R 

R 
mcrx 

f ~ dx, 
~ {0) 

TQnWHHbl R a<!J 

rne t - s~~eKTHBHOCTb neTeKTopa nnH 6ecKoaeqao TOHKoro cnog npenapaTa, 

R mqx- MaKCHManbHb!ll npo6er OCKOnKa B JlBHHOA Cpene, IIpH KOTOpOM OH MOlKeT 6b1Tb 

aaperacTpapoeaH, 

N (X)/ - OTHOll19HBe qacna aaperacTpHpOBSHHblX B neTeKTOpe OCKonKOB IIpH TOnWBH6 
N (0) 

nornoTaTenB X H 6ea nornoTHTenB. 
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HaMepeiUie R
9

cjl .ansr MeTann'lecxoro ypaaa npoaaso.aanOCD 6onee npBMHM 

o6pa30M, JfOCKOllbKY enol ypaaa OllBOBpeM&BRO SIBllii&TeSI HCTO'lHHKOM II DOf'IIOTHTe

ll&M OCKOllKOB e OllHOp0.11HbiM paenp8Jl81l8HB8M ll81lSIWBXeSI H.Qep B enoe. 
2 2 

K npenapaTSM ypaaa (0,16 Mr/eM H 22,4 Mr/eM ) IIQM8W81lHC'b BIIllOTHyiO 

eTeKnO, ell10Jl8, naseaa B II01lBK8p60H8T, 3aTeM !IpOB3BOllH1lOeb o6ny'l&RH8 T81Ill0Biol

MB H&J!:TpORaMH B Ha ll8TeKTOpax 0Dp8.1181l!l1laeb IIllOTHOCTb enellOB OeKOllKOB Jl81l8HHSI, 

.llnH Toaxoro enoH ypaaa nornomea&eM ocxonxoa MOJKHO npeae6pe'lb, enol ypaaa 

2 
22,4 Mr/eM npeaoeXOllHll MaB:eHMSlli>Hioll!: npo6er OCKOllKOB .1181l8HHSI B ypaae, no-

9TOMY H3 OTHOW8HHII IIllOTHOCTel ene.aOB .111151 KaJKJl0£'0 .I18T8KTOpa 01Ip8Jl81l!l1l8eb acjl-
2 

cjleKTHBR811 TOllWBHa ypaaa R acb B MB1lllHf'p8MM8X Ha eM , 

Peayn&TaTbl axenepHMeHTOB no onpenene&HIO R a!IJ nna eniOJlbl, nascaaa H e11-

llHKaTHOf'O eT&Klla B 38BHeHMOeTB OT aTOMHQrO HOMepa Z TOpM03!1Wel ep&lllol 

npeaeTasneHbl aa pae. S. To'lKB anH nonHxap6oaaTa aaee& ae np&BellaHbl, noexom:.xy 

oaa e npeaenax owa6ox eosnana e aaa&b!MH llllH naaeaaa. 

Kax BHJIHO ea aToro peeyaxa, aa6niOaaeTeH nnaeaa11 aasHeeMoeT& R .., OT z a..,._ 
II.)f'llOTBTell!l, HeTO'lROCTb B B3MepeHBB B81lH'IHRbl R 

9
4J OIIp8Jl81lSI8TeSI B OeHOBHOM 

eTaTHeTH'leexol!: OWH6KOA', Oaa He npeeOeXOAHT 5% llllll 60llbWBHeTea aKenepBMe_H-

TallbHblX TO'l8K, 

34JcpeKTHBHble TOllWBHbi R a!IJ llllH eniO.Qbl B naaeaaa npaKTH'leCKH OllHH a Te 

>Ke BO BCeM pal!:oae H3M8R8HHSI Z , 3TH 3aB&eBMOeTB II03B01lln01: Bbl'lHell!ITb aaa-

'l8HHSI R 9cb llllll 06pa3UOB, HM810WHX enOJKHbll!: XHMB'l&CKHA eoeTaB, B TSKHX 

pae.'leTax aeo6xoAHMO Y'IHTblBaTb aTOMHble TopM03Hble enoeo6HOCTH 91leMeaToe, exo

AHmax B eocTae Heene.QyeMoro o6paaua. 

OTMBTBM, 'ITO nony'leHJible aaMH aaaqe&HH R a$ B 1,5-2 paaa 6om:.we, 'laM 

B81lH'IHHbl, Bbl'IHeneHHb18 113 H3BeeTHbiX ep&JlHHX npo6erOB TSilK81l0f'O H ll&f'K0£'0 OeKOll

KOB (10), 3TOT peayn&TaT o6ycnOB118B, 0'18BHAHO, BK1l8ll0M OT Haa6onee JlllHHHo

rrpo6e>KHbiX nerxax OCKOIIKOB ( 11). 

I13MepeHHe liOTOK8 6oM68pllHpyiOWHX qaeTHU B TSK0£'0 POllS 9KenepHMeHTaX uene

eoo6pa3HO 1IpOB3B0.11HTb TaK>Ke e IIOMOWbiO .11H91l8KTpH'I&eKBX .118T8KTOpOB, IIOMemae

MblX B KOHTaKT e K81lH6pOB8HilbiM npenapaTOM H3 .1181lHWBXeSI aneM8HTOB, noeKOllbKY 

IIOTOK 6oM6apAHPYIOWBX qaeTBU O.llBH H TOT >Ke .111151 nperrapaTa H Heene.ayeM0£'0 o6paa-

ua, TO KOHU&HTpaUHSI Ollp8.1181lli8TeSI H3 eoOTHOW&HHSI: 

6 

c .. 
B 

C N f I 
A 2 1 

N 1 Racjl4J 

rae N
1 

a N
2

- nnoTaoeTB ene.aoa oexonxos .QeneHHSI aa .aeTeKTopax, aaxo.aaewHxea 

B KOHTaKTe e npenapaTOM H Heene.ayaMbiM o6pa3UOM; 
2 C A- KOllH'I&eTBO ll81lSIW8f'OeSI eemeeTBa Ha npenapaTe (B Mf'leM ) ; 

l I - a<!JcjleKTHBHOCTb Jl8T8KTOPS, HaXOJlHBWerOCII B KOHTaKTe C npen8p8TOM; 

R 
9

<jl - scjlcjleKTHBHaSI TOllWHHa CllOSI &eene.ayeM0£'0 o6paaua; 

C 
8 

-KOllH'leeTao .aenHmeroeSI same cTaa e o6pa3lle ( B r/r). 

0w&6Ka B OnpeneneHHH KOHU8HTpaUHH ll81l!IWBXeH s.aep 9THM MeTO.IlOM eoeTSB-

llHeT :!:_10%, Qaa onpenenSieTeSI B oeHOBHOM H8TO'IHOCTbiO B H3MepeHHB 91jlcjleKTHBHo-

CTK per&eTpaUHH ll8T8KTOpa f H TOllWHHbl CllOSI R scjl (:!:_5-7%), a TaKJKe eTa

TI!CTH'IeeKHMH owa6xaMH e H3Mepea&H nnoTaoeTel!: cne.aoe N 
1 

H N 
2 

aa aeTeKTopax. 

B aaxniO'IeHHe aaTOpbl Bbipa>KaiOT rny6oxy10 npHaaaTen&aocTb qneay-xoppeenos-· 

Jl8HTY AH CCCP r.H. <l>nepoey aa noeTO!!HHoe BHHMaHHe K pa60Te, II01l83Hble eoaeTbl 

II o6eyJK.aeHHSI nony'leHHbiX peaym:.TaTOB. ABTOpbl 6naroLtapHbl c.n. TpeTb~OBOI aa 

noMom& B nposenea&H sxenepHMeHToe, a TaK>Ke T.H. Phl6axosol H K.H. MepKHHOI, 

o5ecne'IHBWHM npOCMOTp ll8T8KTOpOB OCKOllKOB ll81l8HHSI, 
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Pac. 2a. 3aBHCHMOCTH qacna aaperacTpapoBaHHhlX OCKOnKOB·B nponeHTax OT qacna cnenas 
aa neTeKTope 6ea nornoTaTena nna canaKaTaoro CTeKna OT TOIDUHHhl nornorHTen~ 

f - nonaKap6oaaT; + -soanyx; J - anJOMilHHil; t - muten&; ~ -cepe6JW; 

f - aonOTo. 

·~ 
A 

& 9 12. 
Mt; .a. 

;C.M 

Pac. 26.3aaacnMOC'l'll qacna aaperacTpaposaHHhlX ocKOnKOB B npoueaTax oT qncna cnenoa 
RS )leTeKTOpe 6ea nornoTHTenSI llnSI Cfl!Oilbl MyCKOBHTSIOT TOnlllHHbl nornOTHTenSI: 

+ - nonaKap6oHaT; ~ - aoanyx; f - anJOMHHHA; ~- H<~Kenb; £ - cepe6po; 

~ - aonOTo. 
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80 

lO 

s,o 

.3,0 

.l,O 

-1,0 

R 

Pac, 2s. 3asac&.MOCTB. 'lllCila aaperacTpaposaBBblx OC!tOII!tOB B up~neBT&X OT 'IBCna cneAOB 

H& JleTeKTOpe 6ea DOrllOTHTellB JlllB ll&BC&Ba OT TOilmBBbl DOrllOTHTellB, 

~ - DOIIHKap60H&T i ' - B03JlYXi ~- &IIIOMBBBit; 2 - BBJtem, l 

q - cepe6po; l - aonOTo. 

10 JO so 60 iO to 90 

Pac, 3. 3aaHCBMOCTb R OT &TOMHoro HOMepa 8'* DOrllOTIIT61ISI Z , 

~ - CHIIHK&THOe CT6KIIOi ~ - llaBC8Bi + -CJIIO)la, 

z 


