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HccneAOBaTenu-aHaJIHTHKH B caoeii npaKTHKe AOBOJILHO 
"laCTO BCTpeqaroTCfl c Heo6XOAHMOCThlO onpeAeJieHHfl COAep
)f(aHHfl ypaHa H TOPHfl B MaTepuanax, HMeIOI.QHX CJlO)f(HhIH 
XHMH"leCKHH COCTaB. 0AHaKO JTa JaAa"la flBJUeTCfl BeCLMa 
HenerI<oii B MeTOAH"leCKOM OTHOIIIeHHH. XHMH"leCI<afl npo
ueAypa paJJIO)f(eHHfl 06pa3.ua H I<OH.UeHTpupoBaHHfl ypaHa 
H TOPHfl JaBHCHT OT COCTaBa MaTpH.Uhl HCCJleAyeMoro 06-
paJ.ua. IlpHMeHeHHe Mace - cneI<TpoMeTpHH conpfl)f(eHo co 
cno*Hoii 06pa60T1<oii AaHHLIX Ha 3BM. B cnyqae a1<THaa
UHOHHoro aHaJIH3a Ha TennOBhIX HeiiTpOHax c HCilOJlh30Ba
HHeM raMMa-cneI<TpoMeTpHH HMeeT MeCTO CHJlhHafl HH· 
Tep<IJepeHUHfl JlHHHH npOAYI<TOB AeneHHfl 235U H (n, y ) 
peaI<UHH Ha flApax MaTpH.Uhl, "ITO, B CBOIO oqepeAh, Tpe6yeT 
npeABapHTenLHoro XHMH"lec1<oro paJAeneHHfl JneMeHTOB. 

AHanHJ *e c perecTpaueeii ocKon1<0B AeneHHfl enH JanaJALI· 
BalOI.QHX HeiiTpOHOB npe aI<THBa.UHH TennOBhlMH HeiiTpoHaMH 
npeMeHeM TOJILKO AJifl ypaHa H KpoMe Toro o6naAaeT PflAOM 
HeYA06CTB. 

HcnonL JoaaHee pe JOHaHCHLIX I JilHTennoBLIX/ HeiiTpOHOB 
c 3HeprHeii 1-10 4 3B Il03BOilfleT npoBOAHTh 6e3AeCTpyK· 
THBHhlii aHaJIH3 Ha COAep)f(aHHe ypaHa H TOpHfl BcneACTBHe 
ex ceneI<THBHOii aKTHBa.UHH. ,lJ;Jijf flAep 238U H 232 Th ae
JlH"IHHa peJoHaHcHoro HHTerpana nornoI.QeHHfl HeiiTpoHoa/1 • 2~ 
I= r a (E)N(E) dE, rAe N(E) - L , BO MHoro pa3 npeBhIUiaeT 

0.5 3Bny E 
ce"leHHfl nornoI.QeHHfl TeilJIOBhIX HeiiTpOHOB (a): 1 u =2806apH 

""100· au H lrh= 85 6apH = 12 • aTh. Ilpu Manoii I<OH.UeH
TpauHH nornoI.QaroI.Qero JJieMeHTa H ManoM paJMepe o6pa3 -
ua /T .e. npH OTCYTCTBHH caMOJKpaHHpOBaHHfl/ HaBeAeHHafl 
aI<THBHOCTh 6yAeT onpeAenflThCfl 3THMH 3Ha'leHHflMH pe30-
BaHCHoro HHTerpana /cnyqaii 6ecKoHetJ:Horo pa36aaneHHfl/. 
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l103TOMY npH HanHtfHH .nocTaTOtfHO MOll\HOro HCTOtfHHKa 
pe30HaHCHhlX HeHTPOHOB CTaHOBHTCH B03MO:>KHhlM onpe.ne
neHHe MHKPOKOnHtfeCTBa ypaHa H TOPHH 6e3 XHMHtfeC~orp 

. /3 4/ 
pa3n0>1<eHHH HnH MexaHHtfecxoro pa3pyweHHH 06pa3u;a ' . 

B HacToHmeli pa6oTe onHCLIBaeTCH MeTo,nHKa Taxoro 
aHanH3a c HCilOnb30BaHHeM HeHTPOHHOro nyqxa peaKTOpa 
HliP-30 OHRH. B pe3ynLTaTe pacceHHHH Ha H,npax ropro-

qero H KOHCTPYKUHOHHhlX MaTepHanoB caMoro peaKTOpa, 
a TaK>Ke Ha 3aMe,nnHTene I 40 MM H 2 0 / cneKTP HeHTPOHOB 
.neneHHH TpaHc4iopMHpyeTCH B o6naCTb pe3oHaHCHbIX 3H~p
rHH H HMeeT BH,n/5/: N(E)= 2,7.106E::...O,Sff .e 2 HeHT~>O
HOB/CM ceK.3B, r.ne - MOll\HOCTb peaKTOpa B KBT, -pac
CTOHHHe OT noaepXHOCTH 3aMe,nnHTenH B MeTpax. 06ny
tfeHHe o6pa3UOB npOH3BO,D;HnocL npH w = 25 KBT H Ha 
paCCTOHHHH f = 1 M OT peaKTOpa _ qepe3 cnen;HanLHO 
acTpoeHHLIH B 3an peaxTopa KaHan. Ha pHc. 1 noxa3aHLI 
yqacTOK cneKTpa HeHTPOHOB OT 1 3B .no 10 K3B, COOTBeT
CTBYIOll\HH ycnOBHHM ,naHHOro 3KCnepHMeHTa, H nonHLie 
cetfeHHH B3aHMO,D;eHCTBHH HeHTPOHOB c H,npaMH ZJB u H 
232 Th B yKa3aHHOM ,nHana30He 3HeprHH. ,lJ;onH HeHTpOHOB 
c 3HeprHeH < 0,5 3B COCTaBnHeT aenHtfHHY nopH,nKa lOo/o 
nonHoro noToxa Is/. Cne.noaaTenLHO, .nnH HcxnrotfeHHH 
.neneHHH ypaHa H .nnH MHHHMH3aUHHH aKTHBaUHH Ma TPHULI 
o6nyqaeMLie o6pa3IJ;bl IlOKPLIBanHCb Ka,D;MHeBOH 4ionLrOH 

TOnlJ.lHHQH ::: 1 MM. 
.... IlpOBO,D;HnHCb Mo.nenLHhle OilbITbl c "CHHTeTHtfeCKHMH" 

3TanoHHbIMH o6pa3n;aMH, KOTOphle 6LrnH H3rOTOBneHLI nyTeM 
a6cop6HpOBaHHH HHTpa Ta ypaHa H TOPHH B CHnHKarene. 
CneKTPLI raMMa-H3nyqeHHH 3THX o6pa3UOB, nocne HX 06-
nytfeHHH Ha peaKTOpe, CHHManHCb c IlOMOIJ.lblO cneKTPOMeT
pa c repMaHHH-nHTHeBLIM ,neTeKTopoM. Ha pHc. 2 npe.n
cTaaneHhl TpH TaKHX cneKTpa, COOTBeTCTBYIOIJ.lHe pa3nHq
HhlM COOTHOWeHHHM ypaHa H TOPHH. Ha 3THX cneKTpax. 
Mbl BH,D;HM 8 nHHHH 239 Np /62, 106, 118, 210, 228, 278, 
316, 334 K3B/ H 11 nHHHH 

233 Pa /7~, 87, 97, 111, 271, 
300, 312, 340, 375. __ 398, 416 K3B 6

/ /,: HBnHIOIJ.lHXCH 
npo,nyKTaMH peaKUHH 23 lf:T(n,y;/3-) H 23 Th(n, y; 13 -) . 
3TH cneKTpbl Il03BOnHIOT HaM cy,nHTb 06 OTHOCHTenLHblX 
eenHtfHHaX IlHKOB H 0 B03MO:>KHLIX HHTep4iepeHIJ;HHX nHHHH 
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npH .naHHOM pa3peweHHH cneKTpoMeTpa H npH .naHHbIX ape -
MeHax o6nytfeHHH H oxna>K,neHHH o6pa3n;a. 

Ha pHc. 3 noKa3aHa 3aBHCHMOCTL aenHtfHHhl nnoma.neli 
IlHKOB Ha cneKTpe CHHTeTHtfeCKHX o6pa3IJ;OB ypaHa OT 
xonHtfeCTBa aemecTaa. Ilnoma.nL nHKa onpe.nenHnacL 4iopMy-
noH: 1 

S = In(kJ-L[n(i)+n(fJ](l-i+l), 

r.ne 
i H 

k=i 2 

n(k) - qecno oTctfeTOB a KaHane no.n HOMepoM k , 
I - onpe.nenH10TcJ1 H3 ycnoaeli: 

n(i)- ..jn(·i) > n(i-1), 

n(i +1)- ..j n(i +1) ::;_ n(i), 

n(I)- ../n(f) >n(l+l), 

n(f -1)- ..j n( f-1) ~ n(f). 

I 
I 

MLI BH,D;HM, tfTO nnoma.nL nHKa, ecTeCTBeHHo, J1BJJJ1eTcJ1 
xopoweii Mepoii co.nep:>KaHHJI aHanH3HpyeMoro JneMeHTa 
H MO>KeT 6LITb HCilOJlb30BaHa ,nnJI cpaBHHTeJILHOro aHanH3a 
no OTHOWeHHIO K 3TanOHHOMY 06pa3u;y. KaK tfYBCTBHTenb
HOCTb, TaK H TOtfHOCTb TaKoro aHB;nH3a 6y,nyT onpe.nenJITbCJI 
IlOTOKOM pe3oHaHCHblX HeHTPOHOB, npo.non:>KHTeJibHOCTblO 
o6nylfeHHJI e oxna>K,neHHJI 06pa3u;a, speMeHeM H reoMeTpeeii 
H3MepeHHJI H 34'4ieKTHBHOCTblO .neTeKTOpa. 3TH BeJlHlfHHbJ 
3aBHCJIT TaK:>Ke OT OTHO-CHTeJILHOH HHTeHCHBHOCTH JJHHHH, 
ecnoJJb3yeMoii ,nJJJI aHane3a. HanpeMep, H3 pHc. 3 BH,D;HM, 
tfTO IlHK 106 K3B, B npHHUHile, MO:>KeT .naTb tfyBCTBHTeJJL
HOCTb .no 10-~r/rH TOtfHOCTb 5o/o, B TO BpeMJI KaK IlHKH 
228 H 278 K3B o6ecnelfHBalOT tfYBCTBHTeJJLHOCTb 10-6 r/r 
npe Toil >Ke TOtfHOCTH. 

,D;n'1 npepo.D.HLIX MaTepeanoa, r.ne 0,1 < Th/ U <10, eo3-
~_0>1CHa HHTepcl>epeHIJ;HJI JIHHHH: 106 K3B 239Np H 97 K3B 
233f'a H HCil0Jlb30BaHHe IlHKa 106 K3B ,ll;JIJI nonyqeHHJI Bhl

COKOH lfYBCTBHTenLHOCTH 6e3,neCTPYKTHBHqro auane3a Ha 
co.nep)l(aHee ypaHa Tpe6yeT 3HepreTHtfecKoro pa3peweHHJ1 
:s; 1 K3B 9, 3TOM .neana30He. 3To CBJl3aHo c TeM, tfTO eCJIH 

,ll;JlJI KatfeCTBeHHoro aHaJIH3a .nocTaTOtfHO JIHWb pa3peweHHJI 
nHHHH, TO ,ll;JJJI KOJJHtfeCTBeHHOro aHaJIH3a Heo6xo,nHMO HX 
nonHoe pa3,neneHHe, T .e. ,nOJI)l(HO 6LITL BbmonHeHo ycnoeee 
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f 1 < i 2 , r.ne HH,lJ,eKCbl 1 H ~ - HOMepa pa3pewaeMbIX 
nHHHH. XoTJI TaKoe pa3peweHue y>Ke .nocTH>KHMO, B HaCTOJI~ 
mee epeMJI ero y.naeTCJI nonyqHTb npu ManoM pa3Mepe 
.neTeKTOpa. IloTepJI CTaTHCTHKH H3- 3a reoMeTpuqecKHX 
pa3MepoB ocna6nJ1eT O>KH,lJ,aeMblH BblHrpbIW B qyeCTBH
TenhHOCTH. Hcnonb30BaHHe MeHee HHTeHCHBHbIX, HO xopowo 
H30nHpOBaHHbIX nHHHH 228 H 278 KJB ,IJ,nJI aHanH3a ypaHa 
MO>KeT .naTh y.noeneTaopHTenbHblH pe3ynhTaT npu pa3pewe
HHH cneKTPOMeTpa B HeCKOilbKO KJB. IlpH JTOM ,lJ,IlJI o6pa3 -
I.J;OB BeCOM 1-10 r MO>KeT 6bITb ,lJ,OCTHrHyTa qyBCTBHTenb
HOCTb aHanu3a 10 - 6 - 10-7 r/r npH TOqHoCTH 1 - 5o/o. 
TaKoii ypoaeHb qyacTBHTenbHOCTH .nocTa yoqeH ,IJ,nJI onpe.ne -
neHHJI KOHI.J;eHTpau;uii ypaHa H TOPHJI B cnyqae H3yqeHHJI 
6onhWHHCTBa reonoruqecKHX o6'beKTOB. IloJTOMY pe30HaHc
HbIH aKTHBau;HOHHbIH aHanH3 c ycnexoM MO>KeT npHMeHJITb
CJI B pa3nHqHoro po.na reonoruqecI<llx uccne.noeaHHJIX, 
CBJl3aHHbIX c ypaHOM H TOpHeM /HanpHMep, ,IJ,nJI onpe.neneHHJI 
OTHoweHHJI Th I U B MHHepanax, .nnJ1 onpe.neneHHJI ux 
a6comoTHoro eo3pacTa H T . .n./. A .nnJ1 uccne.noeaHHJI ,IJ,aH
HblM MeTO,lJ,OM CO,IJ,ep:>KaHHJI ypaHa B 6uonoruqecKHX o6'beK-

-B 
Tax, r.ne ero KOHu;eHTpau;HJI o6blqHo << 10 r /r, noTpe-
6yeTCJI 6onee BblCOKoe JHepreTuqecKoe pa3peweHHe .ne
TeKTopoa H 6onee BbICOKaJI HHTeHCHBHOCTb pe30HaHCblHX 
HeiiTpOHOB. B HacToJ1mee apeMJI .nnJ1 JToii u;enu u;eneco
o6pa3HO HCilOilb30BaTb MeTO,lJ, ,lJ,HJneKTpuqecKHX ,lJ,eTeKTOPOB 

...., TennOBbie HeHTPOHbl, XOTJI OH .naeT HeCKOilbKO xy.nwyro 
TOqHOCTb /.no 15o/o/ npH ero BblCOKOH qyBCTBHTenbHOCTH 
/.no 10-11 r/r/. qyo KacaeTCJI onpe.neneHHJI MHKpoKo
nuqecTBa TOpHJI, aKTHBaI.J;HJI pe30HaHCHbIMH HeiiTpoHaMH, 
no-BH,lJ,HMOMY, JIBnJleTCJI HaH6onee nepcneKTHBHOH. 

Ha puc. 4,5,6 H 7 B KaqecTae npHMepa npuae,IJ,eHbI 
cneKTpbI .nnJ1 qeTbipex npupo,IJ,HbIX MaTepuanoa, HMeromux 
BeCbMa pa3nuqHbIH COCTaB: <l>oc<l>opHTa, yrnJI, KOCTH .nu
H03aBpa /MoHronHJ1/ H >Kene3oMapraHu;eaoii KOHKpeu;HH 
/THXHH oKeaH/. Bee 06pa3u;oa paBHJ1ncJ1 10 r. BpeMJI 
o6nyqeHHJI COCTaBnJlnO 2 ,lJ,HJI H BpeMH H3MepeHHH cneKTpa -
1 qac. 3TH BpeMeHa BbI6paHbl TaKHM o6pa30M, qyo6bI 
HaBe,lJ,eHH~JI aKTHBHOCTb BO MHoro pa3 npeeocxo.nuna ec
TeCTBeHHYIO pa,lJ,HOaKTHBHOCTb H nHHHH ecTeCTBeHHblX pa
,lJ,HOJneMeHTOB He npoHBnJlnHcb Ha cneKTpe. BepxHHe Kpu-
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Bble COOTBeTCTBYIOT BpeMeHH oxna>K,lJ,eHHH, paBHOMY l.D;HIO, 
a HH>KHHe - 15 ,lJ,HHM. 

H3 cpaBHeHHH nnoma;neii DHKOB COOTBeTCTByromux nu -
HHH Ha cneKTpax uccne.nyeMbIX H JTanoHHbIX, 06pa3u;oa 
Hali.neHbI cne.nyromue 3HaqeHHH KoHu;eHTpau;uu ypaHa u To
pHH. 

YpaHoco.nep>Kamuli yronb 
KocTb .nuuo3aBpa 
<l>oc<l>opuT 
)Kene30-MaprauueaaH 
KOHKpeuuH 

U, l0-6 r/r 

773±8 
441±5 
8,7±0,5 

2,1±0,1 

Th, 10 .... 6 · r/r 

3,0±0,3 
61,2±1,0 

6, 1±0, 1 

9,4±0,5 

233 
TaK KaK uau6onee uuTeHcHBHbte nuuuu Pa /97, 312 

H 340 KJB/ HHTep<i>epupyIOT c nHHHHMH 106, 316 H 334 KJB 
239Np /cM. puc. 2/, ,lJ,JJH no.naeJJeHHH nocJJe.nuux npu onpe
.neneuuu TopHH H3Mepeuue ueJJecoo6pa3uo. npoBO,lJ,HTb npu-
6nu 3HTenbuo 1.1epe 3 2 ue.neJJH nocne 06ny1.1eHHH, T. e. 1.1epe 3 

239 
7 - 8 nepuo.noe noJJypacna.na Np u < 1 nepuo.na noJJypac-
na.na 233 Pa. Ilpu JTOM OTHOWeuue HHTeHCHBHOCTeii HHTep
<l>epupyIOmnx nHHHH H3MeHHTCH npHMepHO Ha 2 nopfl,lJ,Ka. 
0.nHaKO ,lJ,JJH o6pa3UOB c BbICOKHM co.nep>KaHHeM ypaHfl 
H TaKoe BpeMH MO)KeT OKa3aTbCH He,lJ,OCTaTO"IHbIM ,lJ,IlH CHj)
THH HHTep<i>epeuuuu. 

KpoMe Toro, Ha Tex )l(e cneKTpax, KOTOpbie 6bJnH CHHTbl 
1.1epe3 15 .nueli nocJJe 06JJy1.1eHHH /puc. 4-7, HH)l(HHe KPHBbie/ 
Mbl BH,lJ,HM nHHHH H30TOOOB 131 Ba ' 160 Tb H 16 9¥b, KOTOpblM 
TaK)l(e COOTBeTCTBYIOT 6onbwue 3Ha"!eHHfl pe3oHaHCHOro 
HHTerpana. HanpuMep, BH,lJ,HO, "ITO .npeBHj)j) KOCTb co.nep>KHT 
6onhwoe Konu1.1ecTeo 6apnfl - XHMH"lecKoro aHanora Kanh
U.Hfl u cTpouunH. HuTeucHBHhie JJHHHn

131 Ba /I =270 6apH, 
TI~ = 12 ,lJ,Heii/ 124, 216 H 373 KJB HHTepil>epupyIOT 

r; 239 233 
c nHHHHMH 118 u 210 KJB Np H 375 KJB Pa. JIHHHH 
87 u 299 KJB 160Tb / I = 355 6apu, T y2 = 72 .D;HH/ 
TaK)Ke MoryT HIITepcliepupoaaTb c JIHHHflMH 87 H 300 KJB 
233 Pa. flo:HOMY ,IJ,JJH HCKJIIO"ICllHH no.n.o6Horo po.na HHTep
<l>epeHUifOHHblX J$$eKTOB npH onpe.neneHHH co.nep>KaHHj) ypa-
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Ha H TOPHJI 3TH raMMa·cneICTPLI )KeJiaTeJibHO CHHMaTb 

B 6onee WHPOKOM ,IJ;Hana30He 3HeprHH. 

Pe3oHaHCHLiii aKTHeauuoHHLIB aaanu3, ,IJ;OCTOHHCTBO Ko· 

TOporo ,IJ;eMOHCTpupoeaJIOCb B ,IJ;aHHOH pa6oTe, OKa31>1BaeTCJI 

aeci.Ma 34>4>eKTHBHLIM MeTO,IJ;OM ,!J;JIJI onpe,D;eJieHHJI MHOrHx 

,IJ;pyrux 3JieMeHTOB /OKOJIO 30 3JieMeHTOB, HaXO,!J;Jll.QHXCJI 

a nepuo,IJ;H11ecKoii Ta6nuue Me)K,IJ;y Ag H Au, xapaKTepH3YJOT • 

cJI 6on1>WHMH 3Ha11eHHJ1MH pe30HaHcHoro HHTerpana/. He

coMHeHHO, 11TO 3TOT MeTO,!J; ,!J;OJl)KeH HaiiTH CBOe npHMeHeHHe 

npH peweHHH pa3Hoo6pa3HLIX auaJIHTH11eCKHX 3a,IJ;a11 B o6naCTH 

reonorHH, 6HOJIOrHH, 3KOJIOrHH H TeXHOJIOrHH MaTepuaJIOB. 

ABTopi.1 BLipa)KaIOT 6naro,IJ;apHOCT1t aKa,IJ;eMHKaM 

H.M.<l>paHKy H r .H.<l>nepoay 3a ueHHLle COBeTLI. 

_ 
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