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Macnos O.A., l"'asp1-111os K.A. 

Kmi1.1eHTp1-1posaH1-1e nerKHX aHanoroa csepxrn>1<e11b1x 

3JleMeHT0B npH C>KHraHHH yrneH 

P6-91·214 

OnHCaHbl peJyJlbTaT~I ~ H3y4eHHA pacnpeAelleHHA nerKHX aHanoroB csepx· 

TA>1<enb1x JneMeinos no TeXHOllOrH4ecKHM cppaKI.IHAM npi1 c>1<1-1raHHH 6ypb1X 
I • _.,, • • 

yrneH H nepepa6oTKe 30llbHblX yHocos "C 1.1e11b10 nony4eH11A o6pa_ 31..10B Ma110H 
, . , .. ,· .. 

MaCCbl AllA perHCTpal.lHH OCKOJlKOB cnoHTaHHoro AeJleHHA HYKllHAOB C no· 

M0ll.\blO HH3KOQ)OHOBblX AH3JleKTpH~ecKHX AeTeKTopoB. OnpeAeneH sepXHH.H 

npeAen coAep>t<aHHA 11eTy4HX CT3 B 6ypblX yrnAx, paBHblH 10- 16 r/r. . . ., ,· \' ' 

Pa6orn si.montteH~ s na6oparnp1-11-1 AAepHblX 'peaKL.IHH 0111A 111. 
. . , . . 

. . 

Coo61.Llefme 061,e.nHHeHuoro HHCTHTyTa R,nepuhIX nccne..noeaHniL Ily6u·a 1991 

nepeso.ri asTopos 

Maslo~ 0.D., Gavrilov K;A. 
C!)ncentration of Light Homologs of Superheavy 

. Elements in Coal Combustion 

P6-91·214 

The results of the studying of the distribution of light homologs of the 

superheavy elements on._the technological fractions in brown coal.combustion 

· and ~reatmentfly ash with the aim for obtaining of the smalr mass sam'ples for 

registration of spontaneously fissioning nu_clei with the help of. the low-back­

gr~und'dielectric of the lawsan(PETF) track detectors a~e described. The upper 

·. cont~nt limit for the superheavy elements in brown coal was set as 1 o- 16 g/g .. 

. , . 
. :The investigation has been performed at the Laboratory of ~uclear. Reac­

tion, JINR.· 

Com~unication of the Joint Institute for Nuclear Research. Dubna 1991 
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YrnH SIBRSIDTCSI KOHU8HTpaTopaMH P8'AKHX H pacceSIHHHX 9ReMeH­

TOB, TaKHX KaK repMaHHH, BaHaAHH, MORH6AeH, ypaH HAP• HaKon­

neHH8 MHKp09R8M8HTOB npOHCXOAHT B peaynbTaTe ARHT8RbHOro ~yH­

KUHOHHposaHHSI yr neHOCHblX OT ROJ;8HHH B KatieCTB8 cop6UHOHHblX' 

BOCCTaHOBHT8RbHblX, 6HoreHHblX H TepMO'AHHaMHt{8CKHX 6apbepos 

[1]. MOJ;HO npeAnOROJ;HTb, t{TO B yrnSIX H8KOTOpblX M8CTOpOZ'A8HHH 

MornH 61,1 KOHU8HTPHPOBaTbCSI H csepXTSIJ:enble 9R8M8HTbl (CT3) CZ 

~107,no IlOHCKY KOTOpblx B npH~O'AHblX o6~eKTax BblilORH8HO 6onbmoe 

t{HCRO 9KcnepHM8HTaRbHblX pa60T [CM. oOaopH 2-4]. 

npH 9HepreTHqecKOM CJ;HraHHH yrneH MHKp09R8M8HTH B 3aBHCH­

MOCTH OT HX ~H3HKO-XHMHt{8CKHX CBOHCTB pacnpeAeRSIDTCSI M8llt'AY 

mnaKOM, 30RbHHMH yHocaMH H ra30BOH ~a30H. Moz~o OJ;HAaTb IlOBH­

meHHYD neTytieCTb H8KOTOpblX CT3 B BOCCTaHOBHT8RbHHX H OKHCRH­

T8RbHHX ycnOBHSIX, Il09TOMY OHH Mor RH Obi KOHUeHTpHposa Tb CS! B 

30RbHblX yHocax (5-7]. 

8 paOoTe (8] 30RbHbl8 YHOCbl H3 pyKaBHblX ~HRbTpOB nocne 

CKHraHHSI 116 Kr Oyp1,1x yrneH H yrnHCTHX nopOA aHanH3HposanH C 

noM~mbD Ct{8TtiHKOB OCKORKOB 'A8R8HHSI [9] H MrHOB8HHblX H8HTpOHOB 

'A8R8HHSI (10]. BepxHHH npeAen 803MOZHoro COAepEaHHSI CT3 B yr­

RSIX OKa3ancSI paBHHM 10-14r/r. TaKOH Ee npeAen coaepaaHHSI CT3 

Oan nonyqeH H npH aHanH38 30nbHYX YHOCOB, coOpaHHHX nocne 

CEHraHHSI 600 Kr yrneH, 83SITblX H3 paanHtIHHX M8CTOpOEA8HHH 

(11] • 

.nanbHeiimee IlOBHW8HHe CTeneHH KOHU8HTpHpoeaHHSI MHKp09ne­

MeHTOB H Ot{HCTKH OT npHMeceH · ypaHa, qroOH DOHH3HTb npeAen 

oOHapyaeHHSI CTTOHTaHHO. aenS1mHXCSI 9neMeHTOB, 803MOZHO, npH 

nepepa00TK8 30nbHHX YHOCOB. 

8 HaCTOSlmeii paOoTe npHB8'A8HH peaynbTaTH HayqeffHA pacnpe­

AeneHHSI nerKHX aHanoroe CT3 no rexHoaorHqecKHM tpaKUHAM npH 

CEHraHHH OypHX yrneii H nepepa60TK8 SOJlbHHX YHOCOB C Q8Jlbl> 

a~ieRF.tit'\frihiil V.HCmyl \ 
!ffl"!~BUXlUt( ::e)lona111l'i. 

· GliSltHOTEKA __ ----- ., _ .. 



nonyqeHHQ o6pasuoe ManoR MaccH nng perHcTpaUHH ocKonKoB cnoH­
TaHHoro neneHHQ HyKnHAOB C noMombD HHSKOIJ)OHOBHX AH9neKTpHqe­
CKHX neTeKTOpoe. 

YCTaHOBKa Ang CZHraHHQ yrneH 

CzHraHHe yr neR ripoHSBOAHnH Ha ycTaHOBKe, COSAaHHOH Ha 
6ase 6HToeoro annapaTa, cHa6zeHHOH npHcnoco6neHHQMH Ang ynae­
nHBaHHQ sonbHHX YHOCOB. CXeMa ycTaHOBKH npeACTaeneHa Ha 
pHC.1. 

npoHSBOAHTenbHOCTb 
annapa Ta no TonnHBY 
cocTaengna 1-4 Kr/qac. 
npo6H yrneR MaccoR 10 
.Kr sarpyzanH e 6yHKep 
(3), HS KOToporo HX 
noAaean~ HenpepHeHo 
qepes nHTaTenb (2) Ha 
KOnOCHHKOBYD pemeTKY 
(4) TOilKH. 06pasynmHR­

PHC. 1. cxeMa ycTaHOBKH Ang CllHraHHQ CQ mnaK yAangnH mypyD-
yrneR. 1,15 - eeHTHnQTOpH, 2 - nHTa­

Tenb, 3 - 6yHKep, 4 - KOnOCHHKOBaQ 

pemeTKa, 5 - paAHaTop, 6 - mH6ep, 
7, 8 - anaMeracHTenb, 9 - saABHZKa, 

10 ~ Tpy6a, 11 - IJ)HnbTpoAepzaTenb, 
12. - IJ)HnbTP, 13 - TepMonapa, 
14 -HsMepeHHe pacxoAa rasa, 16 - no­
Aaqa BOAH Ang oxnazAeHHQ, 17 - KOTen, 
18 - sonbHHK, 19 - c6opHHKH sonbHHX 
YHOCOB, 20 - KonneKTOp nng IlOAaqH BO-
SAyxa, 21 - mypynmag nnaHKa, 22 -To­
noqHoe npocTpaHcTBO. 

meR nnaHKOH (21)~ Pe­
ZHM ropeHHQ perynHpO­

eanH noAaqeR BOSAYXa 
B8HTHnQTOPPM (1) B TO­

noqHoe npocTpaHCTBO 
1221. PacxoA eosAyxa 
cocTaengn 50 M3/qac. 
rasH HS TonoqHoro npo­
CTpaHcTea npOXOAHnH 

qepes c6opHHKH sonbHHX 
yHocoe (19), oxnazAa­

nHcb paAHaTopaMH (5), 

nocTynanH e nnaMeracHTenb (7,8), rne qacTHqHo oq0manHcb OT 
KpynHHX qacTHU sonbHoro yHoca, H Aanee - qepes oxnazAaeMyD 
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Tpy6y (10) H eonoKHHCTHH IJ)HnbTp (12) c noMombD BeHTHnQTOpa 
(15) BH6pacHeanH e aTMocqiepy. TeMnepaTypa e soHe ropeHHQ yrng_ 

6Hna OKono 116o0c. TeMnepaTypy Ha c6opHHKax sonbHHX YHOCOB 
nbAnepzHeanH paeHoR 120°c, a nepeA eonoKHHCTHM IJ)HnbTpoM - He 
6onee 80-9o0c. nocne CllHraHHQ Ka:uoR nopuHH yr ng ycTaHOBKY · 
pas6HpanH, oq0manH noeepXHOCTb_ ecex qacTeft rasoeoro TpaKTa 
OT ocaJB:AeHHHX sonbHHX YHOCOB H HX o6pasuH aHanHSHpoeanH. 

YCTaHOBKa AnQ CZHraHHQ sonbHHX YHOCOB 

YcTaHOBKa AnQ CllHraHHQ sonbHHX YHOCOB npeACTaeneHa Ha 
pHc.2: 06paseu (3) MaccoR 10-15 r noMemanH e Keapueeyn Tpy6Ky 
(2) AnHHOH 30 CM H BHyTpeHHHM AHaMeTpOM 20 MM. BOSAYX B SOHY 

HarpeeaHHQ nonaeanH_ MeM6paHHHM HaCOCOM (iO) c pacXOAOM 10 
Mn/MHH qepes Tpy6Ky (4). o6paseu HarpeeanH c noMombD Tpy6qa­
ToR sneKTponeqH (11 AO 1000°c. JleTyqHe IJ)paKUHH co6HpanH Ha 
c6opHHKe, HsroToeneHHOM Hs·HepzaeenmeR cTanH (51 H pacnono-

PHC. 2. cxeMa ycTaHOBKH Ang CZHraHHQ 
sonbHHXYHOCOB. 1 - Tpy6qaTaQ sneKT­
poneqb, 2 - Keapueeag Tpy6Ka, 3 - 06-
paseu, 4 - Keapueeag Tpy6Ka nng noAa­
qH BOSAYXa, 5 - c6opHHK HS Hepzaeen­
meR CTanH, 6 - c6opHHK HS sonoTOH 
qionbrH, .7 - noeymKa Ang c6opa KOHAeH­
caTa, 8 -noeymKa c paCTBOpOM 6H NaOH, 
9 - yronbHHH IJ)HnbTp, 10 - MeM6paHHHH 
Hacoc. 

3 

zeHHOM Ha TeMnepaTyp­
HOM rpaAH8HTe OT 800° 
AO 20°c. Ha BHXOAe 

rasoe HS KOnOHKH 
manH c6opHHK HS 
TOH IJ)onbr,H (6) . 
rasH nponycKanH 
noeymKy (7) MQ 

noMe­
sono-
3aTeM 
qepes 
c6opa 

KOHAeHCaTa H noeymKy 
(8), sanonHeHHYD pacT­
eopoM 6H_NaOH Ang yna­
enHBaHHQ BOSMOZHHX ne­
TyqHx coeAHHeHHH. Ha 
BHXOAe·rasoe HS KonoH­
KH 6Hn pacnonozeH 
yronbHHH IJ)HnbTp (9). 

nocne KaZAOro onH­
Ta ycTaHOBKY pas6HpanH, 



co6upanu q,paKUHH, ocaz.neHHHe npu pa3nHqHHX TeMnepaTypax. 
KOH,lleHCaT H menoqHQH paCTBOp 06be,llHHSnH, BHOCHnH 25 Mr xnopH­
CToro zene3a B KaqecTse HOCHTeng H ocaz.nanu menoqbD ru.npooKH­
cnH zene3a. Oca.noK OT.nensnH, a H3 paCTBOpa, B npHCYTCTBHH 25 
Mr xnopHCTOH Me.nu, ocaz.nanH cynblflH.llH 3neMeHTOB cynblflH,llOM 
HaTpHS npH pH =2. 

BHmenaqusaHHe MHKp03neMeHTOB H3 30nbHHX yHOCOB 

cxeMa nepepa60TKH 30nbHHX yHOCOB BHmenaqHBaHHeM noKa3aHa 
Ha pHC. 3. 06pa3eU o6pa6aTHBanH pacTBopoM 6H HCl npH T :E = 
1: 1. nocne TpexcyToqHoro BH.nepzHBaHHR OT 20° .no 9o0c 

6MI-Cl 
T:>t<=t:t 

t-bOH, 
pH=2 

2-­
TeOa 

~s. 
. pH=2 

paCTBOp .neKaHTHposanH, 

3onbHbMYHOC I oca.noK npoMHBanH ~He-

OcaooK Fet1-n3 

Ocd!DK'Te 

OcdJloK MexSy 

THnnHposaHHOH so.noR H 
H3 nonyqeHHHX paCTBO­
pos nocne.nosaTenbHO 
ocaz.nanu 
xene3a, 

rH.npoOKHCnH 
MeTannH · H 

PHC. 3. cxeMa nepepa60TKH 30nbHHX 
YHOCOB. 

OKHCnH MeTannoB 3neKT­
ponH30M paCTBOpa B BOC­

CTaHOBHTenbHHX ycno­
BHSX, cynblflH.nH'9neMeH­
TOB. 

Pa.nuoaKTHBHHe OTMeTqHKH, HCnOnb3yeMHe B pa6oTe 

H3yqeHHe pacnpe.neneHHS 9neMeHTOB no ra30BOMY TpaKTY ycTa­
HOBOK H npH XHMHqecKOH nepepa60TKe o6pa3UOB nposo.nHnH C noMO­
mbD HX pa.nuoaKTHBHHX H30TOnOB. 8 KaqecTBe OTMeTqHKOB npHMeHR­
nH 74As, 126r, 186Re, 191os, 197Hg, 203Pb, KOTOpHe nonyqanH 
o6nyqeHHeM 3neMeHTOB HnH HX coe,llHHeHHH TOpM03HHM H~nyqeHHeM 
MHKPOTpOHa AHP MT-22. PaCTBOpOM OTMeTqHKa CMaqusanH HaBeCKY 
yrns MaccoR 1 Kr, a 3aTeM ee paBHOMepHo pacnpe.nensnu s 10 Kr 
o6pa3ua. H3MepeHHe aKTHBHOCTH npOH380,llHnH CUHHTHnnRUHOHHHM 

4 

·, 
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.neTeKTopoM. c uenbD ynpomeHHS npouecca H3MepeHHS pa.nuoaKTHB­
HOCTH B Kalt,llHH CEHraeMHH o6pa3eU yr ns BHOCHnH TOnbKO O,llHH 
pa.nHoaKTHBHHH OTMeTqHK. 

MeTO,llH aHanH3a MHKp09neMeHTOB 

Hcxo.nHHe yrnH H TexHqnoruqecKHe q,paKUHH, nonyqeHHHe nocne 
CllHraHHS yrneH, aHanH3HposanH Ha co.nep:ataHHe MHKpo3neMeHTOB C 
npHMeHeHHeM peHTreHolflnDopecueHTHoro MeTo.na, raMMa - H HeRr­
poHHO-aKTHBaUHOHHoro aHanH308 Ha MHKpOTpOHe MT - 22 [12]; 

co.neplltaHHe ypaHa onpe.nensnH no TpeKosoR MeTO.llHKe [13] . 
06pa3eu TonmHHOH 5 Mr/cM2 H nnoma.nbD 20 cM2 noMemanH Mez.ny 
.llBYMS TBep.noTenbHHMH · TpeKOBHMH .neTeKTOpaMH H3 nascaHa 
(nonH3THneHTepeq,TanaTa) TonmHHOH 175 MKM H o6nyqanH BMeCT,e C 

9TanoHOM B TeqeHHe 1 qaca B rpalflHTOBOH npH3Me MHKpOTpOHa npH 
TOKe 3neKTpOHOB, paBHOM 15 MKA. nocne o6nyqeHHS CKpHTHe cne.nH 
OT OCKOnKOB BHHy:at.neHHoro .neneHHS ypaHa npossnsnH 9neKTPOXHMH­
qecKHM TpasneHHeM (CM. HH:atel. onpe.neneHHe co.nepzaHHS ypaHa 
npOBO,llHnH MeTO,llOM cpaBHeHHS HnH .no6aBOK. ToqHQCTb onpe.neneHHS 
ypaHa paBHSnacb 10%. npe.nen 06Hapy:ateHHS ypaHa COOTBeTCTBOBan 
10-8r/r. 

~eTeKTHPOBaHHe cnoHTaHHOro .neneHHS 

PerHCTpaUHD cnOHTaHHO .nensmHXCS HyKnH,llOB B o6pa3uax npo~ 
H380,llHnH TaKllte C noMombD TBep.noTenbHHX .neTeKTOPOB (TT~, . Hc­
cne.nyeMoe semecTBO H3MenbqanH H cnoeM 1 Mr/cM2 pasHoMepHo 
pacnpe.nensnH no nnoma.nH 150 cM2 nascaHosoro .neTeKTopa Tonmu­
HOH 1 75 MKM. BemecTBO 3aKpennsnH cnHpTOBHM pacTBOpOM Kneg 
B~-2. csepxy noMemanH .npyroR .neTeKTop H zecTKO lflHKcHpoeanH. 
nocne MHorocyToqHQH 3KCn03HUHH .neTeKTOpH pa3be,llHHSnH, oqHmanH 
OT eemecTea 06pa3ua, npoMHBanH H nposo.nHnH nposeneHHe cne.nos 
OT OCKOnKOB cnoHTaHHoro .neneHHS 3neKTpOXHMHqecKHM TpasneHHeM 
B paCTBOpe 6H NaOH npH Hanps:ateHHH 10 KB/CM H qacTOTe 5 Kru 
[14] . H.neHTHlflHKaUHD TpeKOB, OTHOcsmHXCS K OCKOnKaM .neneHHS, 
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nposoaHnH no ABYH aeTeKTopaH. TonbKO ,ecnH KOOPAHHaTli TpeKOB 
cosnaaanH, npH cosHemeHHH o6oHx aeTeKTopos no npeasapHTenbHO 

HaHeCeHHliH HeTKaH, TO HX onpeaengnH KaK cneau OT OCKOnKOB 4e­

neHH8. 
3qJ!peKTHBHOCTb perHCTpaUHH TpeKOB OT OCKOnKOB aeneHH8 B 

paccHaTpHsaeHOH reoHeTpHH 4ng nascaHOBNX AeTeKTOPOB npH HX 
3neKTpoxHHHqecKOH TpasneHHH onpeaengnH c Hcnonb30BaHHeH seme­

CTBa c coaep:ataHHeH ypaHa 5: 10-6 r /r. .neTeKTopu c o6pa3UaHH 

semecTBa o6nyqanH HeHTPOHaHH B rpa!pHTOBOH npH3He HHKpOTpOHa B 

TeqeHHe 2 qacos. IlpH TonmHHe cnog 06pa3ua 1 Hr/cH2 TpeKH OT 

OCKOnKOB BliHY:IUeHHOro 4eneHH8 ypaHa npo8Bn8DTC8 C 3qJ!peKTHB­

HOCTbD 76% Ha 04HOH H3 aeTeKTOpOB H C 3qJ!peKTHBHOCTbD 48% 4ng 

TpeKoB, cosnaaaDmHx apyr c apyroH npH cosHemeHHH o6oHx aeTeK­

Topos : [14, 15] . 

Pe3ynbTaTli 

B Ta6nHue l npeacTasneHli K03!p!pHUHeHTli KOHUeHTpHpoBaHH8 

IK), paBHlie OTHOWeHHD KOHUeHTpauHH 3neHeHTa B 30nbHOH yHoce H3 

BOnOKHHCToro !pHnbTpa Kera coaep:ataHHD Byrne. 3HaqeHH8 K 

ycpeaHeHli no pg4y onliTOB [16]. EcnH K > 1, TO 3neHeHT KOHUeH­

TpHpyeTC8 B neTyqeH q,paKUHH, a npH K < l - B wnaKe. 
Ta6nHua 1 

··----·---· --- -- ------. --------- ---- .. 

3neHeHT K 3neHeHT K 

UHHK 35 PeHHH 190 

ra.rinHH. 25 OCHHH 125 

MliWb8K 40 PTYTb '230 

ceneH 20 TannHH 15 

MonH64eH 30 CBHHeu 35 

KaAHHH 16 YpaH 1,5 

HOA 18 
l{osqiqiv11~11eHTbl KOHUeHTpHpOBaHH8 Ko6anbTa, HHKeng, HeAH, 

Ue3H8 H 6apH8 paBHli 2, a uepH8, caHapH8 H UHpKOHHa - 0,1-0,2. 

CyHHapHa8 Hacca 30nbHliX YHOCOB Ha BOnOKHHCTOH qJHnbTpe nocne 
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CltHraHH8 100 Kr yrneH H3 pa3nHqHNX HeCTopo:ataeHHH COCTaBHna 
250 r. 

IlpH 40:atHraHHH 30nbHliX YHOCOB Ha ycTaHOBKe, noKa3aHHOH Ha 

pHC.2, Ha c6opHHKe H3 Hep:ataBeDmeH CTanH oca:ataaDTC8 3neHeHTli, 

OKHCnli KOTOpliX neTyqH 40 1000°c. B Ta6nHue 2 aaHli HHTepsanu 

TeHnepaTyp, B KOTOpNX ocaxaanHCb OKHCnli HeTannoB. 

o6mee KOnHqecTBO semecTsa, nonyqeHHoe npH 40:atHraHHH 250 r 

30nbHliX YHOCOB,He npesuwano 2 r. C npHHeHeHHeH paAHOaKTHBHliX 

Ta6nHua 2 

TeHnepaTypu ocaxaeHH8 OKHcnos HeTannos 

3neHeHT TeHnepaTypa ocaxaeHHa, 0c 

Zn, Ga, As, Se, 

Mo, Cd, Te, Pb 800 - 350 
Tl, I, Re 350 - 100 
Hg, Os 100 - 20 

OTMeTqHKOB onpeaenHnH H3BneqeHHe MliWbaKa, HOAa, peHHa, OCMHa, 

PTYTH, TannH8 H CBHHUa B npouecce 40:atHraHHa, KOTOpoe paBHa­
nocb 60-80%. 

BumenaqHBaHHeM conaHOH KHCnOTOH 6linH H3BneqeHli H3 neTyqHx 

YHOCOB H CKOHUeHTpHpOBaHli 3neMeHTli TpeTbeH, qeTBepTOH H naTOH 

aHanHTHqecKHX rpynn [17]. BNXOA CBHHUa H TannHa COCTaBHn 60%. 

BumenaqHBaHHeM 6uno nepepa6oTaHO 250 r 30nbHliX YHOCOB, OT06-

paHHHX no BCeMy ra30BOMY TpaKTy ycTaHOBKH nng CltHraHH8 yrneH 

H nonyqeHHliX npH CltHraHHH 20 Kr TOnnHBa. 06mee KOnHqecTBO 

CKOHUeHTPHPOBaHHoro semecTBa COCTasnano 1,9 r. 
nonyqeHHlie KOHU8HTpaTli noMemanH B KOHTaKT C TT.n H sunep­

ltHBanH 100 H 6onee cyToK. Pe3ynbTaTli HaMepeHHa o6paauos naHH 

s Ta6nHue 3. 
B ocanKe rHnpooKHcnos xeneaa, nonyqeHHHX nepepa6oTKOH · 

pacTsopos sumenaqHsaHHa, aa 110 cyToK 3KcnoaHUHH Ha6n1>nanH 

OAHH cnyqa11 cosnaneHHa KOOPAHHaT TpeKOB npH COBMemeHHH nsyx 
48T8KTOPOB. 3a BpeMa 3KCn03HUHH B 3TOM 06pa3ue nonltHO 6uno 

7 



I 

n/n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ta6nHua 3 

Pe~ynbTaTH H3MepeHHH o6pa3UOB Ha TTB 

06pa3eu Bec,r CO.Z1ep1taHHe BpeMH H3Me- qHcno TpeKOB 

ypaHa,r/r peHHH,CyT. (COBila.ZleHHH) 

06pa3UH, nonyqeHHHe npH CltHraHHH 30RbHlilX YHOCOB 

3oHa oca1t.Z1e-

HHH:800-3500C 0,48 2·10-6 100 0 

3oHa oca1t.Z1e-
HHH:350-lOOOC 0,85 3·10-7 100 0 

3oHa oca1t.Z1e-
HHH:100-200C 0,76 5·10-7 90 0 

3onoTaH qionb-

ra 100 0 

rH.ZlpOOKHCRH 

:1ene3a 0,6 2·10- 7 100 0 

cynbqlH.ZlH Me-

Tannoa 0,2 1·10-7 100 0 

YronbHHH 

qJHRbTp 0,15 1·10-6 100 0 

06pa3UH OT nepepa60TKH paCTBOpOB BHmenaqHBaHHH 

rH.!lPOOKHCnH 

:1ene3a 0,68 1,1•10-4 110 1 

3neKTpORH3HHH 

OCa.!lOK 1,1 -5 
1. 3· 10 · 200 0 

cynbqJH.ZlH Me-

Tannoa 0,11 2·10_ 6 . 89 0 

npoH30HTH TpH aKTa cnoHTaHHOro .Z1eneHHH ypaHa, no9TOMY Ha6nD­

.ZleHHe 0.ZlHOro TpeKa coana.ZleHHH anonHe o6~HCHHeTCH cnOHTaHHlilM 

.Z1eneHHeM ypaHa. Bo acex ocTanbHHX Hccne.Z10BaHHHX 06pa3uax He 

Ha6nD.Z1anH HH 0.ZlHOro aKTa cnOHTaHHOro .ZleneHHH. 

H3 npe.!lCTaaneHHHX pe3ynbTaTOB MOltHO oueHHTb aepxHHH npe­

.Zlen B03M01tHoro co.Z1ep:1aHHH CT3, onpe.Z1eneHHoro XHMHqecKoro 
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CBOHCTBa, B yrnHX no KOHUeHTpHposaHHD HX nerKHX aHanoros. B 

Ta6nHue 4 npe.!lCTasneHH npe.Z1enH co.Z1ep1taHHH CT3, paccqHTaHHHe s 

npe.Z1nono1teHHH, KaK npHHHTO B RHTepaType [3], qTo HX nepHO.!l 

nonypacna.Zla HaXO.!lHTCH s npe.Z1enax 109neT. 

Ta6nHua 4 

npe.Z1en1,1 co.Z1ep:1aHHH CT3 s yrnHx, paccqHTaHHHe no HX 

803MOltHHM nerKHM aHanoraM 

3neMeHT npe.Z1en co.Z1ep1taHHH 3neMeHT npe.Z1en co.Z1ep1taHHi 
CT3 - aHanora, CT3 - aHanora, 
x 10-16r/r x 10-16r/r 

UHHK 8 PeHHH 2 
rannHH 13 OCMHH 2 

'. MlilWbHK 8 PTYTb 1 
CeneH 15 TannHH 19 

MOnH6.ZleH 10 CBHHeu 8 
Ka.!lMHH 19 CaMapHH 150000 
HO.!l 15 YpaH 1900 

nanbHeiimee nos1i1meH11e qyscTBHTenbHOCTH onpe.Z1eneHHH CT3 B 

Hccne.Z10BaHH1i1x o6pa3uax MOltHO ocymecTBHTb ysenHqeHHeM speMeHH 
9KCn03HUHH npo6 Ha TTB. 

BHBO.!lH 

CltHraHHe ropDqHX HCKonaeMHX C nocne.Z1yDmHM KOHUeHTpHposa­

HHeM neTyqHx MHKpo9neMeHTOB H3 30RbHlilX YHOCOB H H3MepeHHe 

KOHUeHTpaTOB C noMombD TBep.!lOTenbHHX TpeKOBHX .ZleTeKTOPOB 

n03BOnHeT .!lOBeCTH npe.Z1en 06Hapy1teHHH neTyqHx CT3 .ZlO 
10-16r/r. 

ABTOPH BHpaltaDT 6naro.Z1apHOCTb qneHy-KoppecnOH.!leHTy AH 
qc~p H.H.3sape 3a 06cy1t.Z1eHHe pe3ynbTaTos. 
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