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6a3apKHHa T.B. HAP· 18 - 12629 

npHMeHeHHe MHKPOTPOHa AflR onpeAeneHHR 30flOTa 
B reonorH4eCKHX o6oeKTaX MeTOAOM aKTHBa~HH 
pe30HaHCHWMH HeHTPOHaMH. 

HccneAOBaHO npHMeHeHHe MHKPOTPOHa AflR onpeAeneHHR COAep 
maHHR 30flOTa B reonorH4eCKHX o6oeKTax MeTOAOM aKTHBa~HH 
pe30HaHCHWMH HeHTpOHaMH. KaHanw AflR o6ny4eHHR o6oeKTOB pac
nonaranHCb s o6oeMe rpa¢HTOsoA npH3MW napannenbHO nnocKocTH 
cnomHoro KOHsepTopa HeHTpOHOB. Pa3Mep KamAoro KaHana 500x500 
x22 MM. nnoTHOCTb nOTOKa HeATpOHOB C 3HeprHeA 4,9 3B B 30He 
aKTHBa~HH o6pa3~08 COCTaBnRna 2·10 7 H/CM 2 c. noKa3aHO, 4TO 
HCnOflb30BaHHe cnomHoro ypaH-6epHnnHesoro KOHBepTOpa HeHTpOHOI 
H rpa¢HTa B.Ka4eCTBe 3aMeAflHTenR o6ecne4HBaeT MaCCOBblH HeHT
pOHHo-aKTHBa~HOHHWH aHanH3 COAepmaHHR 30flOTa s-reonorH4eCKHX 
o6oeKTax C 4YBCTBHTenbHOCTb~ Ha ypOBHel•l0-7 r/r. 

Pa6oTa BbtnOnHeHa s Jla6opaTOPHH RAePHblX peaK~HA OHFIH. 

npenpHHT 06b8llHH8HHOro HHCTHTyTa Sll18pHblX HCcnenoBSHHll, Lly6Ha 1979 

B~zarkina T.V. et al. 18 - 12629 

Application of the Microtron for Determination 
of Gold in Geological Samples by Resonance 
Neutron Activation Method 

The application of the microtron for determination of 
gold in geological samples has been investigated by a reso
nance activation method. Canals for sample activation were 
placed in a valume of the graphite prism in parallel to 
a plane of the compound neutron converter. The dimension of 
each canal was 500x500x22 mm. The neutron flux with energy 
4.9 eV in the activation place was 2,10 7 n/cm 2 s. Using 

of ~he compound of u~anium-beryllium neutron converter and 
the graphite-moderator provides for the mass neutron activa
tion analysis of gold in geological samples with a sensi
tivity at the level of 1-10-7 g/g. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

P.reprint of the Joint Institute . for Nuclear Research. Dubna 1979 

IIepcneKTHBHhIM HanpaBJieHHeM pa3BHTHJI aKTHBaUHOHHoro aHa

JIH3a JIBJIJieTCJI HCil0Jlh30BaHHe MaJiora6apHTHhlX UHKJIH•IeCKHX YCKO

PHTeJieii: :rneKTpOHOB - MHKpOTpOHOB, pa3pa60TaHHhIX B H<l>Il 

AH CCCP no,n pyKoBo,ncTBOM npoil>eccopa C.Il.KanHuLr' 1! KOTOphie 

,na10T B03MO:>KHOCTb IlpHMeHJITb ,nJIJI aHaJIHTHqecKHX ueneii: He TOJibKO 

BhICOKO:mepreTHqHoe raMMa-HJJiyqeHHe12/Ho H Heii:TpOHhl, B03HH

KaIOmF.e B MaTepHaJie ii>OTOHeii:TpOHHOrO KOHBepTopa B peJyJihTaTe 

peaKUHH ( y , n / 3 •4 : 

PeJyJibTaTw HCCJie,noBaHHJI IlOJieii: il>oToHeHTPOHOB IlPH pa6oTe 

co CBHHUOBhlM-'! H 6epHJIJIHeBblMH KOHBepTopaMH Ha MHKpOTpOHe 

H<l>Il AH CCCP Ha' :rneprnH 30 M3B c HCTIOJihJOBaHHeM ao,nb1 
. /3/ 

B KaqecTBe JaMe,nJIHTem1 npHae.neHbl B pa6oTe • Ha MHKpOTpoHe 

JI.HP OH.HM /JHeprnJI 16 M3B/ TaK:>Ke Hccne,noaanHch pa3JIHqHhie 

KOHBepTOpbI Heii:TpoHoa'
4

; HO C HCil0Jlh30BaHHeM B KaqecTBe JaMe,n

JIHTeJIJI rpail>HTa. 

B ,naHHOH pa6oTe paccMaTpHBalOTCJI npe,naapHTeJibHble peJyJih

TaTbl no IlpHMeHeHHIO MHKpOTpoHa C ueJiblO aKTHBaUHOHHoro onpe,ne

JieHBJI JoJioTa a reonorBqecKBx 061,exTax. 

HeiiTPOHHO -aKTBBaUHOHHhlH aHaJIH3 30JIOTa OCHOBaH Ha peaKUBH 197
Au(n .y) 

198 
Au

151
. Hau6oJihWaJI qyBCTBHTeJibHOCTh axi-u

BaUHOHHoro aHaJIHJa MO:>KeT 6hITh IlOJiyqeHa a TOM cnyqae, eCJIB 

HapH,ny C onpe,neJIJieMbIM 3JieMeHTOM aK!HBHpyeTCJI MHHBMaJibHOe 

KOJIHqecTBO 3JieMeHTOB npo6b!. TaKaJI CBTyauHJI B03MO,KHa IlPH 

- /5.6/ II HCilOJlh30BaHHH peJOHaHCHhlX HeHTpOHOB ' • PH 3TOM JaMeTHO 

IlOBhIWaeTCJI ceJieKTHBHOCTh onpe,neJieHHJI 3JieMeHTOB, HMeIOlUHX 

,nocTaToqHo Bh!COKHH peJoHaHCHWH HHTerpaJI aKTHBaUHH, KOTOpwii, 

HanpHMep, ,nJIJI 
198Au paaeH 1550 6ap11 17 •91 . 
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3KCIIEPHMEHTAJibHAJI f/ACTb 

AKTHBaum1 o6pa3UOB npoH3B0.D;Hnacb Ha.n;TennOBblMH HeihpoHaMH 

MHKpoTpoHa JUIP c :meprHeii - 16 M3B. 

Ha puc. 1 noKa3aHa rpaq,HTona,i: npH3Ma, reoMeTpHH pacnono)Ke

HHH KOHBepTopoB H KaHanoB .n;n,i: o6nyqeHHH o6pa3UOB. 

Puc.1. I'parpumoeaJI npU3Ma - ycmpoiicmeo 011J1 Maccoeozo HeiimpoHHo
aKmueat1uoHHOZO QHOIIU3a zeollOZU'leCKUX 061,el(mOB. 1 - mopM03HQJI 
MUIUeHb, 2 - ypaH, 3 - 6epu1111uii, 4 - ceuHet1, 5 - zparpum, 6 -
l(QHOllbl 0/IJI pa3MelJleHUJI o6pa3ij06. 

IJyqox, BbIBe.n;eHHblH H3 MHKpOTPOHa qepe3 MarHHTHbIH KaHan, 

npoxo.n;HT qepe3 3neKTpoHonpono.n; B ueHTp rpaqJHTonoro xy6a co 

CTOpOHOH 120 CM H nona.n;aeT Ha TOPM03HYIO MHWeHb H3 Ta TOnIUH

HOii 1 MM. Henocpe.n;CTBeHHO 3a TOpM03HOii MHWeHblO HaXO.D;HTCH 

UHnHH.D;pHqecKHH KOHBepTop HeiiTPOHOB H3 ypaHa f) =50 MM H .n;nHHOii: 

e =100 MM, oKpy)KeHHhiii: Be, pa3MepoM 5OOx5OOx12O. Taxoii: cno)K

Hhlii: ypaH-6epHnnHeBblH KOHBepTop 6brnB BbI6paH 3KcnepHMeHTanbHO 

4 

.n;nH nonyqeHHH HaH60nbweii nnoTHOCTH IlOTOKa pe 30HaHCHbIX HeiiTpO -

HOB. CpaBHeHHe Hawero KOHBepTopa c .n;pyrHMH npHBe,n;eHo Ha puc.2. 

XoTH H He 6brno BbI6paHO OilTHManbHOro COOTHOWeHHH H reoMeTpHH 

ypaHa H 6epHnnHH, HO nnOTHOCTb IlOTOKa B 30He o6nyqeHHH o6pa3UOB 

y.n;anocb no.n;HHTh B 1,5 .;-2 pa3a no cpaBHeHHIO c YPll;HOBhIM KOHBep

TopoM. Ceiiqac OH COCTaBnHeT .n;nH Heii:TpOHOB C 3HeprHeii4,9 3B 
2. 10 7 H/CM 2• C. 

KaHanbl .n;nH pa3MeIUeHHH o6nyqaeMbIX o6'beKTOB pacnonO)KeHhl 

B o6'heMe rpaqJHTOBOH npH3Mbl napannenbHO nnOCKOCTH cnO)KHOro 

KOHBepTopa HeiiTpOHOB. Pa3Mep Ka)K,D;Oro KaHana 5OOx5OOx22 MM. 

Bcero HMeeTCH 6. KaHanoB, TPH H3 HHX pacnono)KeHbl BbIWe, TPH 

HH)Ke KOHBepTopa. 
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Puc. 2. Pcanpeoe11eHue n11omHocmeii nomoKoe HeiimpoHoe e zparpumoeoM 
3aMeo11ume11e npu pa311u'lHb1x KoHeepmopax. 1 - ypaH + 6epu1111uii, 
2 - ypaH, 3 - 6epu1111uii • .... HeiimJJOHbl c 3Hepzueii 4, 9 3B,"J'c- men110-
Bble HeiimpOHbl. 
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B KnaccHqecKoM npo6npHOM MeTo.ne aHanH3a co.nep)KanmI 3on0Ta 

npe,ncTaBnTem,Hoii cquTaeTCH npo6a BeCOM He MeHee 50 z, T .K. npH 

3TOM 34xlieKT neo.nnopo,nHOCTH pacnpe.neneHHH 3on0Ta B o6pa3ue 

6y,neT MHHHManbHblM/
81 

B pa6oTe co,nep)Ka1rne 3onoTa onpe,nen,i:nocb B 06pa3uax reono

rHqecKHX nopo,n BeCOM 80 z. O6pa3Ubl ynaKOBbIBanHCb B KacceThl 

H pa3MemanHCb B Kananax, 3KpaHHPOBaHHblX Ka,IlMHeM TODJUHHOH 

1 MM ,nnH nornomenHH TennOBbIX neiiTpOHOB. B Ka)K,IlOM Kanane 

MO)KIIO pa3MeCTHTb 49 TaKHX o6pa~uoB. KacceTbl H3rOTOBnHnHCb 

H3 nonH3THneHOBOH Tpy6KH p6O MM H TOnJUHHOH 5 MM. BbICOTa 

KacceT 18 MM. Bepx1rnii H IIH)KIIHH TOPUbl KacceTbl 3aKneeHbl 

nonH3THnenoBOH nneHKOH TOnJUHHOH 0,1 MM. 3KnepHMenTanbHO 

6Lmo ycTanoBneno, qTo nannqne TaKoro KonnqecTBa nonn3THnena 

B BB.Ile 3_00 KacceT npaKTHqeCKH He yMeHbWaeT IlOTOKa pe3oHaHC

HblX ueiiTpOIIOB B Kananax. B OCHOBHOM yMeHbWeHHe nnoTHOCTH 

IlOTOKa pe30IIaHCHblX HeiiTpOHOB 11a 15o/o npOHCXO,IlHT 3a cqeT 

nannqu,i: 6onbWHX DHCTOB Ka,IlMHJI. 

,L(n,i: yqeTa pacnpe,nenenna pe3011a11cnb1x 11eiiTpo110B B nnocKOCTH 

Ka)K,IlOro KaHana HCilOnb30BanHCb MOHHTOpbI, H3rOTOBneHHbie nyTeM 

naneceHmI Ha qmnbTpoBa11ny10 6yMary annKBOTbI 3Tanmrnoro pacT

Bopa 30noTa /5 MKZ/ H o6nyqaeMbie COBMeCTHO C npo6aMH. 

BpeMH o6nyqenHH qlOTOHeihponaMH MHKpOTpona paBHHnOCb 

10 "· ToK MHKpoTpona - 20 MKA. Ilocne 6O-11O-qacoBoii BbJ,uep)K

KH raMMa-cneKTpbl o6pa3UOB H3MepHnHCb B Teqem1e 3 MUii Ha 

raMMa-cneKTPOMeTpe c Ge(Li) -,neTeKTOpOM ofrbeMOM 30 CM~ 

pa3pewenne KOToporo no qioTonnKy 1,332 M3B cocTaBnnno 4 K3B. 
KonnqecTBeHHbIH anann3 npOH3BO,IlHnCH OTHOCHTenbHbIM MeTO,IlOM 

no nnoJUa.nn qioTonnKa 198 Au c 3Heprneii 0,412 M3B. 

PE3YJlhTATI,J H HX OECY)KJ(EHHE 

B na6Au11e npHBe,neHbl pe3ynbTaT1,1 11eiiTpo11110-aKTHBaUHOH-

11oro onpe,neneHH.11 3on0Ta n reonornqecKux 06pa3uax. 

H3 111a6AU1Jbl cne.nyeT' qTo conna,nenHe .naHIIblX HeiiTpOHHO -

aKTHnaunoHHoro H npo6up11oro MeTo.non anann3a co,nep)KaHnH 3ono

Ta B Hccne,nyeMbIX ofrbeKTax y,nonneTBOpHTenbHOe, H paCXO)K,IleHHH 

ue npenb1wa10T n cpe.nneM 15o/o npH co.nep)KaHHH ero OT 1 .no 56 z/m. 

6 

Ta6Au11a 

Pe3ynhTaTbl ueiiTpOHHO-aKTHBaUHOHIIOro onpe.neneHH.11 30DOTa 

WW MHKPOTPOH npo6HpH~~ aHanH3 
' n/n COAep>KaHHe, r/T COAep>KaHHe, r/T 

· '' 1 2 3 (~ 1. 1,1±_0,06 1,0 

. 2 . 5 , 3±_0 , 1 5 , 0 

3. 0, 4±_0, 1 0 ,5 

4 . • 1 , 0±_0 , 0 7 1 , 0 

5 . 8, 4±_0 , 3 8, 4 

6. 55,7.±_0,4 58,0 

7 . 3 , 8.±_0 , 3 3 , 4 

8 . 1 3 , 9.±_0 , 6 16 , 4 

9. 1 , 2±_0 , 2 1 , 0 

10. 9, 0±_0, 2 9, 0 

11 . 1 , 4±_0 , 2 1 , 2 

IlpH pacqe!e KonueHTpauHH 3onoTa B 06pa3uax n 3TanoHax 

yqnThrnanoch pacnpe,nenenue noToKa pe3011a11cHbIX Heihponon B 

nnocKoCTH Ka)K,noro 3arpy)KeHnoro Kanana. Ha puc. 3 MO)KHO cpaB

HHTb xapaKTep pacnpe.neneHHH noTOKa pe3011aHCHbIX neiiTpOHOB 

e nepBoM H BTopoM, cquTa,i: OT KoneepTopa, Kananax npH nonnoii 

nx 3arpy3Ke reonoruqecKHMH 06pa:1uaMH. Bnm10, qTo na,nenne 

KonnqecTBa pe3011a11cHblX HeiiTpOHOB OT ueHTpa K KpaHM nepBoro 

KaHana .IlOXO,LIHT .no 75o/o, B TO BpeMJI KaK BO BTOPOM KaHane pacnpe

.nenenne 6onee panHoMepHo, pa3nnque ueHTpa n Kpaen He npeBb1wa

eT 45o/o. 3TO o6'bJICH.lleTCJI TeM, qTo H3MeHeHHe nnoTHOCTH noTOKa 

HeiiTpOHOB B 3aBHCBMOCTH OT TOnJUHHbl rpaqiHTOBOro 3aMe,nnHTen.11 

npOHCXO,IlHT 6onee pe3KO B6nH3H KOHBepTopa neiiTpOHOB. 

B paCCMaTpHBaeMOM BapHaHTe o6ecneqnnaeTCH MaCCOBblH aHa

nH3 reonoruqecKHX o6'beKTOB Ha 3on0To, o6JUeii. 3arpy3Koii .no 

15 KZ. C yqeTOM Toro, qTo npoH3BO,IlHTCJI aKTHBaUHJI pe30HaHCHbIMH 

HeiiTponaMH, 6onhwa,i: qaCTb npHMeCHblX 3neMeHTOB MaTpHUhl npaK

THqecKH He aKTHBHpyeTCJI, H aKTHBHOCTb nocne 06nyqe11HJ1 He3Ha

quTenbHa. MaTpHqHue 3neMeHThl Mn / Jp,· 1 = 14 6ap11/ H Na 
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Puc.3. PacnpeoeAe11ue nA011111oc111eii no1110Koe pe3011a11c11b1x 11eiimpo11oe 

8 nAOCKOCT/IU KUHUAOB 2pa,PU111080U npU3Mbl. 

/'1183 = 0,31 6ap11/ 3a cqeT Rx Bbicoxoro co.nep)KaHRH B nopo.ne 

/HeCKOJlbKO K2/111./ aKTBBBPYIOTCJI 3HaquTeJibHO, HO npR BbI,D;ep)KKe 
24 56 

-100 "Bx B30Ton1,1 Na/ T112 = 15 '-I/ B Mn/ T 112 = 2,6 11/ 
pacna.naroTcH 

171
• Onpe.neneHHbIH BKJia.D; B raMMa- cnexTp MoryT 

,D;aBaTb npucyTCTBYIOmRe B npo6ax As R Sb, RX aKTBBaUBJI 

npOBCXO,D;BT B3 - 3a HaJiuqu,i: Y yKa3aHHbIX 3JieMeHTOB ,D;OCTa TOqHo 

BblCOKBX pe30HaHCHblX BHTerpaJIOB aKTBBaURR. Ilocne BbI-
76 

.nep)KKR B TeqeHBe 60-110 '-I aKTRBHOCTb R30TOila As, RMeromero 

nepRo.n nonypacna.na 26,5 'I, npaxTuqecxu Rcqe3aeT. Ha puc. 4. 
noxa3aH yqacToK cn~KTpa 06pa3ua; co.nep)Kamero 0,5 2/111 30JIOTa, 

nocne 11O-qacOBOH Bbl,D;ep)KKB. IlpBCYTCTBBe cpoTOilRKOB cypbMbl 

061.JICHJleTCJI nepRO,D;OM nonypacna.na B30TOilOB 122 Sb, 124sb , 

/2,8 ,D;HJI u 60,4 ,D;HJI COOTBeTCTBeHHO/. 

B ,D;aHH0M BapRaHTe MaCCOBOro HeiiTpOHHO-aKTRBaUROHHoro 

aHaJIR3a co.nep)KaHRH 30JI0Ta B reonoruqecxux nopo.nax nonyqeHa 

'IYBCTBRTeJibH0CTb Ha YPOBHe 1.10-7 2/2. Taxa,i: BblCOKaJI 'IYBCTBR

TeJibHOCTb JIBJIJleTCJI pe3yJibTaTOM BCil0Jib30BaHRJI 60JibWBX HaBeC0K 

o6pa3UOB H npRMeHeHRJI pe30HaHCHOH aKTHBaURR. CpaBHeHHe pe30-
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Puc .4. Y11ac1110K 2aMMa- cneK111pa 2eoAo-2u11ecK020 06pa311a. Cooep

J1Ca11ue 30A0111a 0,5 2/111. BpeMJl o6Ay'leHUJl 10 'I, 1110K MUKpo111po11a -

20 MK, epeMJl OXAUJICOeHUJl - 60 'I, epeMJl U3Mepe·11u11 - 3 MUH. 

HaHCHbIX xapaKTepHCTHK 30JI0Ta H .npyrux 3JieMeHTOB, HMeromux 

BblCOKHe pe3oHaHCHble HHTerpaJibl aKTHBaUHH, HanpHMep, U , W , 

Yb, Sm H T.,D;., Il03B0JIJleT C,D;eJiaTb BbIBO,D; 0 TOM, 'ITO qyBCTBHTeJib

HOCTb HX onpe.neJieHRJI npR paCCMOTpeHHbIX BbIWe YCJIOBHJIX aKTHBa

UHR 6y~eT paBHa 10-
6
-10-7 2/2 17 ,91

• 

B 3aKJIIOqeHHe 3aMeTHM, qTo pe3yJibTaTbl pa60Tbl cne.11yeT 

paccMaTpHBaTb KaK npe.D;BapHTeJibHbie. 

. B ,D;aJibHeiiweM He06XO,D;RMO OilTHMH3HpoBaTb KOHCTPYKUHIO ypaH-

6epHJIJIHeBoro KOHBepTopa /MaCCbl H pa3Mepbl ypaHa H 6epHJIJIHJI/. 

BpeMJI o6nyqeHHJI, Bbl,D;ep)KKH H H3MepeHHJI 06pa
0

3UOB, npHMeHeHHe 

,D;OilOJIHRTeJibHO K Ka,D;MHIO 3KpaHOB H3 .npyrux MaTepuaJI0B /nanpu-
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Mep, H3 cyphMhl H MhlllihJIKa/, no.a;6op cneu11aJihHhlX .a;eTeKTOPOB 
' ' 

,ll;JIJI raMMa • cneKTpOMeTpHH. 

B .a;aHHOH ?Ke pa6oTe aBTOphl npe.a;cTaBJIJIIOT rnaBHhlH pe3yJlh" 

TaT: 

Ha ocHoBe coJ.a;aHHoii B JU.IP ypaH·6epHJIJIHii·rpa<lrnToBoii c6op

KH npH MHKpoTpoHe peaJihHO OCYll.lCCTBJieH MaCCOBhlH HCHTpOIIHO • 

aKTHBaUHOHHhlH aHaJIH3 30JIOTOCO.D;Cp)Kall.lHX nopo.a; C qyBCTBHTCJlb" 

HOCThlO nopJI.D;Ka 10-7 z/z no Au npH O,ll;HOBpeMeHHOM o6nyqeHHH 

15 l(Z npo6. llpoH3B0,ll;HTeJlhHOCTh raMMa·cneKTpoMeTpHH COCTaB· 

JilleT 3 MUH. Ha aHaJIH3 npH BCCe npo6hl He MeHee 50 z. 

ABTOPhl rny6oKO IlpH3HaTeJihHhl aKa.a;. r .H.«l>nepoBy 3a IlOCTa· 

HOBKY npo6JICMhl, PYKOBO.D;CTBO H JIHqHoC yqacTHe B pa60TC. 
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