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B nocneauue roahl npoHBnHeTCH 6onbwoA uurepec 
K ucnonb30BaHHID aneKTponepeuoca B MeTannax u nony
npoeoaHHKax anH onpeaeneHHH napaMerpoe au¢¢Y3HH 
H TIOABH~HOCTH HOHOB DpHMeceA, a TBK~e anH oqucTKH 
MeTannoB. Pe3ynbTaThl arux uccneaoBanuA onucaHhl a pa-
6oTax 1 1 -SI · 

llnH OKHCHhlX KepaMUK CHCTeMaTuqeCKH 8TOT MeTOA AO 
CHX DOp He DpHMeHHnCH, XOTH nepeHOC DpHMeCHhlX 8TOMOB 
B KepaMuqecKux Marepuanax noa BnHHHHeM aneKrpuqecKo
ro nonH y~e ua6niDaancH 1 6-9!. TaK, fuuaynuua u ap,/71 
DpH UCCneAOB8HUH KepaMuqeCKHX KOHAeHC8TOpOB Ha OCHOBe 
SrZv0 3 -SrTi03 uawnu, qro KOMTIOHeHTbi aneKrpoaoB ABH
raiDTCH B KepaMUKY. Tipu 8TOM Ag u Mn MurpupoBanu 
K KaToay' a Mo- K auoay. nau¢opT II OfioKa3an, qTo npu 
aneKrponu3e OKHCH TOpHH B o6nacru Karoaa o6pa3yeTCH 
qepuaH 30Ha, npeacraenHIDWaH co6oA MeTannuqecKue 
BKniDqeHHH B MaTpHUe OKHCH/JO- JJ/ 3Ta 30118 MHrpupyeT 
K anoay. 

B uacroHweA pa6oTe H3yqanocb npuMeuenHe aneKrpo
rrepeuoca anH onpeaenenuH Koa¢¢uuHeHTOB au¢¢Y3UH H 3a
PHAOB UOHOB DpUMeceA B TBepAhlX KHCnopOAH0-8HifOHHhlX 
aneKrponuTax ua ocnoBe Th~. KpoMe roro, rrpoeepHnocb, 
Mo~uo nu Hcrronb30BaTb aneKrponepeuoc anH oqucTKU 
KepaMHKH u anH rpynnoBoro pa3aenenuH rrpuMeCHhlX 
aneMeHTOB, 

0co6eHHOCTb HCTIOnb30B8HHOA MeTOAHKH COCTOHT B TOM, 
qTo ue H3Mep5:rnocb, KaK o6biqno, H3MeHeHHe pacnpeaene
HHH DpOA YKTOB B o6pa3U8X, a TOnbKO HX KOnuqecTBO, 
KOTopoe yxoauno H3 OKHCH Ha aneKTPOAbi, pacnono~eHHbie 
H8 ITOBepXHOCTH. 
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TEOPETMYECKAR YACTb 

ilpH 9neKrpoMnrpaunn npouecc an~yann H MHrpaun~ 
aap~aHhiX qacrnu a 9neKrpnqecKoM none nponcxoagT oa
aoapeMeaao. 06mnH: ana ypaaae~ng ang 9neKTpoMnrpauHH 
paanoaKTHBHoro aemecraa i cneayiOmnn: 

a c I D A --= 1u.c 1-fJ.;9raJcpgraJc1 - >t1c 1 + E 1, at 
( 1 ) 

rae c 1 - Koauearpaung aemecraa; ; t - BpeMg; D
1
-

K09~~HUHeHT an~~Y3HH; Ll - oneparop nannaca; 11;- noa
BH)KHOCTb HOHOB; cp- 9neKTpHqeCKHH ITOTeHUHan; A;- KOH
CT8HT8 paanoaKTHBHoro pacnaaa; E1 - cKopocrb o6paao
aaang aemecraa. 

iloaBHJKHOCTb CBg3hiB89TCg C aapgaoM qaCTHU q I 
qepea cooraoweane 3H:awrenaa: 

q I' 'DI 
J.l. = -----

1 RT 

( R - raaoBag nocrogaaag, T- TeMneparypa). 

(2) 

ilepBhlH qneH B (1) npeacTaBngeT C060H 2-H 38KOH 
<I>HKa, Bem~:quaa -fl1graJcpgraJc 1 xapaKrepnayeT aeH:crane 
9neKrpnqecKoro nong, a ->t 1c1 H f 1- anngane paanoaK-

6 • I THBHoro pacnaaa H o paaoBaang naorona 1 aa apeMeHaoe 
H3MeHeHHe KOHUeHTpaUHH. 

Ecnn apeMg )KH3HH naorona MHoro 6onbwe apeMeHH 
onhiTa H ecnn naoron ao BpeMg onhiTa He o6paayercg, 
MO)KHO cqurarb, qro t.. 1c 1 = f 1 = 0 • 

KpoMe roro, Mhi aa6niOaaeM Macconepeaoc ronbKO 
B oaHbM aanpaaneann - B aanpaBneann 9neKrpnqecKoro 
non g. T aKHM o6paaoM, na ( 1 ) nonyquM: 

2 
ac1 a Cl au acl 
--- = D ---- - fJ. --- ----- (3) at I ax 2 I ax ax 

( U- aanpg)KeHne). 

Yro6hi aaiirn peweane ypaaaeang (3), Hy)KHO aaaTh 
pacnpeaeneane noreaunana BHYTPH Marepnana. B Kpncran
nax c HOHHoii npoaoaHMOCThiO rpaaneHT noreaunana cagaaa 
c rpaaneHTOM nerKo MHrpnpyiOmnx HOHOB, Chounclhury 
noKaaan TeopernqecKn, qro a KHcnopoaao-aanoHHhiX 9neKT-

4 

ponnTaX CO CTpyKTypoH ~niOOpHTa 8KTHBHOCTH HOHOB 
Kncnopoaa H cagaaHHhiH c HHM rpaaHeHT noreHuHana 
nocrogHHhi, 3ro crporo Bbtnonagercg nnwb ang Moao
KpHcranna H ronbKO c orpaaHqeaHgMH ang nonnKpHcran
nHqecKoro Marepnana. YeM 6onhwe nopncrocrb, oco6eaao 
OTKph!Tag, H qeM 6onbwe H3MeHeHHe CBOHCTB npOBOaH
MOCTH aa rpaanue aepea11 ~1 TeM Meaee roMoreHHhiM 
6yaer rpaaHeHT noreaunana. CqHrag ero nocTOHHHhiM, 
nonyqaeM 

graJ cp = J!_ 
() 

() ronmHHa npo6hi). 

Tenepb MO)KHO pewnTb ypaaaeHHe ( 3) c aaqanbHhiM 
ycnOBHeM: 

C (X 1 0) = C 
I 0,1 

(4) 

H c rpaanqHhiMH ycnoangMH: 

c (O,t)= c ((),t)=O. 
I I 

(5) 

Haqanhaoe ycnoane roaopnT o TOM, qro B MOMear Bpe
MeHH t =0 KOHUeHTpaung BCIOay oaHH8KOB8, H rpaHHqHhie 
ycnoang npeanonaraiOT 9neKrpoahi, pacnonmKeHHhie aa 
rpaanuax rena, nonaocThiO cag3hiB8IOliiHMH an~~yaanpyiO-
mee Bemecrao. 

1 16/ 
.QnH 9THX ycnoanii ManKoanq y)Ke nonyqnn peweane 

cneay10mero anaa: 

c _277 00 ; - (J2 c 0, I exp ( {31 x ) I 
n=l 

n+ J 
1+(-1) exp(-{3;) 

a n,i 

x exp( -a . D. t)sin .!J.!!_ x 
n, I I () 

rae 

H 

a _{:).2 ("" 2 
n,i- fJ ; + --) () 

f3 
_tL_u __ 
2()D

1 

nx 

(6) 
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Bhipa}l(eHHe (6) onHChiBaeT aaaHCHMOCTb KOHUeHTpa

UHH MHrpHpyiOIUero BeiUeCTB8 B M8 TpHUe OKHCH OT pac

CTOSIHHSI H BpeMeHH. 

l1cXO.[lSI H3 ypaBHeHHSI (6), paCC'iHT8eM OTHOIIIeHHe 

KonH'ieCTBa aemecraa, KOTopoe CBSI3hiBaeTCSI aao.noM MA, ,. 

K KOnH'ieCTBy, CBSI3aHHOMY o6oHMH aneKTpo.naMH MA +M, .· 
-:::-. A ,I "'I ..:>TO OTHOIIIeHHe H830BeM 8HO.[lHhiM OTHOIIIeHHeM : 

V,i 

A = MA.;;...t.•...:....; __ 
V,i M M 

A ,i + K,i 

(7) 

OqeBH:llHO, 'iTO M A . H M K . paBHhi, cooTaeTCTBeHHo: 
,I ,I 

M =AD / ~I cit 
A,/ I a X xdJ 

0 

(8) 

H 

' a c M =A·D. f ..:...._LI cit 
K,l 1

0 ax x=O 
(9) 

(A - nnoma.nb noaepxaocTH o6pa3ua). 

0TCIO,[l8 MO}I(HO paCC'iHT8Tb OTHOIIIeHHe Bhl.[leneHHOrO 

BeiUeCTBa K 06IUeMy KOnH'ieCTBy: 

F = MA,i +M K,l • (10) 
A.(). c 0 . 

;I 

C .npyroti CTOpOHhi! 

() 

F. = 1 - f ..5J_ clx . ( 11 ) 
I 0 c 0 I . 

l13 cjJopMyn {6 )-(9) nonyqaeM 
oo 2 ) n+ 7 ) 2rr2! 4n 2 (1-exp(-a .D.t))(l+(-1 exp{3 1 

A = n=l () an./ n,l I • (12) 
~~ F 

I 

A H3 cjlopMyn (8), (9), (6) H HCnonb3YSI cjlopMyny (10) 
HnH ( 11): 

2"" n2 n+l F. = 1-4rr ! 0+(-1) cosh{3 )exp(·a . D
1
t). 

I n=J 4 2 I n,l 
() a . 

n,1 

( 13) 

6 

EcnH npoHCXO!lHT ronbKO npocTaSI .nH¢¢yaHSI ( U=O HnH 

q
1
= P.;= 0 ), H3 (12) nonyqaeM Av,;= 712. B aToM cnyqae 

aHO!lOM H K8TO,[lOM CBSI3biBaeTCSI O.[lH:H8KOBOe KOnH'ieCTBO 

BemecTaa. l1a (13) npH U=O HnH q ,=p. 
1 

= 0 nonyqaeTCSI 

H3BeCTHOe COOTHOIIIeHHe anSI Bbi.[leneHHSI BeiUeCTBa H3 

nnacTHHhi 6ecKoaeqaoro pa3Mepa 
1171 

2 2 
F. = 1 - _L I _1 ___ exp (. ( 2 n + 1) TT D I t ) . ( 14) 

I TT 2 n=O (2n + 1)2 () 2 

l13 3Ha'ieHH:i1: Av 1 H F 1 , Hcnonb3YSI ypaaHeHHSI (2), 
(12), (13), MO}I(HO'nony'iH:Tb K03cPcPHUH:eHT llH¢¢Y3HH: H: 3cjJ

cjleKTHBHhiH 3apSI!l qacTHU MH:rpHpyiOmero aeiiiecTaa. H a 

pH C • 1 llOKa3aHa HOMOrpaMMa, nonyqeHHaSI H:3 ypaaHeHHH 

(2), (12) H (13) npH () = 1,2 MM HU=2b anSI onpe.ne-

neHHSI q H o. t H:3 3KcnepHMeHTanbHhiX 3Ha'ieHH:i1: A V 
1 

F ~¢ . 
H I • 

flonHhiH nepeHOC KaKoro-nH60 ::meMeHTa Ha O!lHH aneKT-
pO!l HeB03MO}I(eH H: llpH Bb!COKHX 3apSI.nax H:OHOB aneMeHTa. 

l13 pH c. 1 BH!lHO, 'iTO npH lq3 ¢ I= 1 MaKCHM:M 92"/o ane
MeHTa YXO.[lH:T Ha llpOTHBOllOnO}I(HO 3apSI}I(eHHhlH aneKTpO!l, 

npH 1 q
3

dJ 1 = 2 ,96"/o H r • .n. 

l1TaK, 3HaSI Av 
1
H F 1 ,MO}I(HO H3 ypaaHeHHH (2), (12) 

H ( 13) Bhl'iH:CnHTb 'acjlcjleKTHBHhie 38pMbl H:OHOB npHMeCe:ii, 

a T8K}I(e HX K03cPcPHUHeHThl llHcPcPY3HH H llO.[lBH}I(HOCTb. 

3KCITEPI1MEHTAflbHAH YACTb 

nnSI Ollb!TOB HCnonb30BanH o6pa3Ubl H3 ThO 2 H 

Th 0 8 Y 0 2 0 1 9 B BH!le IIIa:i1:6hi roniUHHOti () = 1 ,2 MM, 

.[lHaMeTpO~ 8 ~M. 06pa3Uhl roTOBHnHCb nyTeM KanbUHHH

poBaHHSI OKCanaTOB, XOnO.[lHOrO npecCOB8HH:SI H ClleKaHHSI 

npH ( 1960±..40) °C a aaKyyMe. M acc-cneKTpoMeTpH'ieCKHfi 

aaanH3 .nan cne.nyiOIIIee co.nep}l(aHHe npHMecefi B npoKaneH-

aofi OKHCH: TOPHSI ( 10"4 
aec "'a): Na40 , Mg20 , Co 15 , 

Si7S , Zr60 , Cu, Zn,Pb <2.,Fe20, Ni3 , Cr ,Mn, 
V< 0,5. 

06pa3Uhl o6nyqanHCb ny'iKOM npOTOHOB C 3HeprHefi 

660 MaB aa caaxpoUHKnorpoae Ol1 Hl1. flpH TaKHX aaep

rHSIX npO!lYKThl MepHbiX peaKUHfi paBHOMepHO pacnpe.ne-
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.JISUOTCSI no BCeMY OO'beMy MaTpHUhi. nocne o6ny'ieHHSI 

o6pa3Ubl Bhinep.>KHBB.JIHCb B Te'ieHHe 6 ••• 60 nHeii:, Hargeaa

.JIHCb B BO.Jih$paMOBOH BBKYYMHOH ne'iH no (1580~40) C 

(TeMnepaTypa H3Mepstnach Rh!Pt-Rh repMonapoii:). Bo 

apeMSJ HarpeBBHHSI B o6pa3Ubl BnpeCCOBbiBB.JIH H8 III.JIH

$OB8HHOH KepaMHKe KOHTBKTHbie 3.JieKTpOnbi H3 TaHTana 

non naaneHHeM 0,5 KrlcM
2. 

Conep.>KaHHe paanH'iHhiX H30Tonoa sa aneKTponax H nnst 

HeKOTOpbiX H30TOnOB B o6pa3U8X no H nocne Hai"peBaHHSI 

onpenenSJ.JIOCb y -cneKTpOMeTpH'ieCKHM MeTonoM C HCITO.Jib-

30B8HHeM Ge(Li}-neTeKTopa (paapeiiieHHe 2 KaB npH aaepruu · 

500 K3B, OO'beM 25 CM 3 ) • 

PE3YflbTAT~ H OSCY*DEHHE 

H a p H c • 2 noKaaaHhi qacTH y -cneKTpoa a sana ( cnnoiii

HaSJ .JIHHHSJ) H KaTona a paanH'iHhiX onhiTax. lllenoqaoae

Me.JibH.hie MeTannhi Be, Sa H Ra MHI"PHPYIOT K KaTony, 

nnaTHHOBhie MeTa.JI.Jihi, a TaK.>Ke Mo , Tc H Nb - rnaBHhiM 

o6pa30M K asony. fnaBHOe HanpaaneHHe MHrpaUHH nerKo

neTy'iHX 3.1IeMeHTOB npen.JIO.>KeHHOH MeTOnHKOH onpene.JIHTb 

He.Jib3SJ1 TaK KaK llpOHCXOnHT OOMeH 3THX 3.1IeMeHTOB Me.>Kny 

3.1IeKrponaMH qepe3 ra30BYIO aTMOC~epy, acnenCTBHe TOI"O, 

'iTO 6onhiiiaSJ qacTh 3THX nponyKTOB yneTyquaaeTCSJ. 

t.{TQObl npoaepHTh, llpOHCXOnHT .JIH OOMeH IUe.JIO'iH03e

Me.JibHbiX H nnaTHHOBbiX MeTa.JI.JIOB qepe3 aTMOC~epy, OOa 

KOHTaKTa ITOKpbiBa.JIHCb .JIHOO n.JiaTHHOBOH ~O.Jlbi"OH (2 MKM), 

.II ROO KBapueBOH nnaCTHHOH ( 5 MKM) • nna THHa H KBapu 

no.JI.>KHbl peai"HpOBaTh C BhinensteMbiMH 3.JieMeHTaMH H.IIH 

cnnaanstThCSI c HHMH. PacnpeneneHHe nponyKTOB He 3aBH

CHT OT MOnH~HKaUHH 3.JieKTponoa. 3Ha'iHT 1 nnaTHHOBhie H IUe

.JIO'iH03eMe.JlbHbie MeTa.JI.Jibl npO'iHO B3aHMOneii:CTBOBa.JIH 

C TaHTa.JIOM 1 a OOMeH qepe3 aTMOC$epy He llpOHCXOnH.JI. 

3To TaK.>Ke cnpaaennHBO H nnsr Mo , Tc H Nb, acnen

CTBHe HH3KOI"O naaneHHSI napa Ha3BaHHhiX 3.1IeMeHTOB 1 KO

TOpbie B BaKyyMe B npHCYTCTBHH TaHTana npH 1600°C 

cyiUeCTByiOT B MeTa.JI.JIH'ieCKOM COCTOSIHHH. H a pH C • 3 
noKa3aHo KO.JIH'ieCTBO (a HMITIMHH} H30Tonoa 105 Rh, 
103 Ru H 99mrc, BhinenSIIOIUHXCSI Ha aHone H.JIH Karone 
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e 3aBHCHMOCTH OT epeMeHH HarpeeaHHSI. CKopocTb Bbi
aeneHHSI B caMOM Ha'lane onhrTa HaH60nbl1IaSI. OpH yMeHb
illeHHH KOHUeHTpaUHH H30TOUOB B rpaHH'IHhiX C aneKTpOJlaMH 

, cnos:~x yMeHbillaeTCSI H CKopocTb BhiJleneHHSI. KpHBbie Bhi-
99m 103 

aeneHHSI Tc H Ru 6hrnu: Bhi'IHCneHbi H3 ypaeHeHHSI 
( 12) H H3 aaHHbiX T a 6 n. 2. Bhi'IHCneHHhie aKcnepu:MeH
TanbHhre JlaHHhie XOpOlliO COBUallalOT, 

B T a 6 n. 1 npu:eeaeao aHOllHOe OTHOilleHHe Av ( CM. 
ypaBHeHHe (7)) OTJleJlbHbiX H30TOUOBo 06oraUieHHe H30-

Ta6nu:ua 1 

l13oTon Av ans:~ Th02 l.Ju:cno 
OUbiTOB 

7 
Be 0,17 1 

140Ba 
< 0,05 2 131 Ba 

223Ra <0,3 1 

95 Nb 0,68±.0,07 3 

99 Mo 0,80±.0,08 5 

99mTc 0,78:!:.0,04 3 

103 Ru 0,74:!:.0,02 5 

105 Rh 0,70±.0,04 5 

188Pt 0,96±.0,04 5 

'lu:cno 
Av ans:~ Th0,8Yo,2o1,9 onhrTos 

0,2 

0,65:!:.0,08 

0,85:!:.0,10 

0,78:!:.0,05 

0,74:!:.0,07 

0,69±.0,06 

0,95 

1 

0 

0 

3 

6 

5 

6 

10 

2 

85 83 193 
Tonoe Sr H Rb aa KaTOlle H Os aa aaoae 6brno 
3aMe'leHo nHl1Ib Ka'leCTeeaao. 

95 Zr , 89 Y H 227 Th, Korophre 
Jl8'({)T B o6ny'leHHOM TOpHH HaH60JlblliY10 aKTHBHOCTb, HH
KOrlla He aa6niDaanu:cb Ha aneKrpoaax. 

Mu:rpauu:eH aru:x aneMeHTOB MO~Ho npeae6pe'lb H3-3a 
HH3KHX K09~~HUHeHTOB llH~~Y3HH HX B OKHCH/J9/npH TeM
neparypax onhrTa. Opu:cyTCTBHe 9THX aneMeHTOB Ha 
aneKTPOllaX llOKa3ano 6bi HaJlH'IHe Ha HHX OCTaTKa 
KepaMHKH. 

12 

·.( 

l. 

Ta6nu:ua 2 

I130TOU F q34J D D 
B% H3 ( 12) H3 (12) H3 nu:Te-

nocne CM2 c·1 Av par;;-
2 q. pbl 18/ 

CM
2 c" 1 

7
Be 0,17 22:!:.3 +(1,9:!:.0,1) 1,0.10 

-8 
1,0.HJ 

7 

103 Ru 0,74 6:!:.2 -(3,5:!:.0,5) 1,0.10"9 5.10-9 

99mTc 0,78 8±.3 -(3,5:!:.0,6) 1,5.10"9 

Pacnpeaeneau:e aneMeHTOB OllHHaKOBO anSI o6ou:x u:c
nonb3oeaHHhlX BHllOB KepaMHKH, 

Bhrlleneau:e Ff.aanocb paCC'IHTaTb H3 cneKrpoe ronbKO 
llJlSI aneMeHTOB Be, 103 Ru H 99 mrc. B T a 6 n. 2 npu:eeaeHbl 
aKcnepu:MearanbHhie aaHHhie eenH'IHH A v H F H Bhi'IHCneHHhie 
u:a ypaeHeHHSI ( 12) eenH'IHHhr q

3
<P H D . Ha pH c. 1 

noKa3aao, KaK llJlSI Be H Ru H3 eenH'IHH A v H F MO~Ho 
nony'IHTb q

3
<P , a 3aTeM D .t. 11a ra6nHUhi BHllHO, 'ITO 

xoa~~HUHeHThi llH~~y3HH anSI Be H Ru yaoeneTeopu:renhHO 
cornacyiDTCSI c aaHHhiMH apyrl!x pa6oT. 

B T a 6 n, 1 noKa3aHo, 'ITO Ba o6orawaeTCSI Ha 95% 
na KaToae. A U3 pH c. 1 cneayeT, 'ITO 6onbl1Ie 80% Ba 
BhiJleJlSIJlOCb H3 o6pa3Ua, eCJ1H 9~~eKTHBHbiH 3apM 6moKe 
K +2, nnSI Pt Ha6JIIDAaJ1CSI UO'ITH OOJlHblH nepenoc Ha aHOJl, 

noaTOMy 9~~eKTHBHbiH 3apSIJl q 3<lJ ::; -2. EcnH q34J=-2, 
A v=0,96, BpeMSI OT~u:ra t = 2 q H () = 1,2 MM, H3 ypaB

HeHHSI (12) nonyqaeTCSI K03~~HUHeHT AH~Y3HH D3 m -
10

-7 2 -J '1;; 
- CM C , 'ITO XOpOillO CornacyeTCSI C B8JlH'IHHOH, 
npHBelleHHOH B pa6oTe/7 9/ 

113 pe3yJlbTaTOB MO~HO ClleJ18Tb BbiBOllbl 0 COCTOSIHHH 
npHM8CHbiX aTOMOB B KepaMHKe Ha OCHOBe OKHCH TOpHSI, 
3~~eKTHBHhie aapSillhi weno'IH03eMeJibHhiX MeTannoa Be 
H Ba npaKTH'IeCKH coenaaaiOT c ~opMaJibHhiM 3apS1llOM, 
a 9TO HaXOllHTCSI B npOTHBOpe'IHH C JlaHHblMH pa60Tb/l 9/, 
rae OOKa3aHO,'ITO B 'IHCTblX OKHCSIX 3~eKTHBHhiH 3apS1Jl 
HOHOB npHMepHO B JlBa pa3a M8Hblll8 ~OpM8JlbHOrO, 
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Bo3MO)I{HO, 'ITO acneacTBlie rrpRCYTCTBli H 3neKTpH'IecKoro 
IIOJIH KOB8JI8HTH85l CB5l3h IIOJI5lpli3yeTCH,B pe3yJihT8Te 

qero Ha6moaaeTCH 6onee BbiCOKlifi 3apHa. 

0KHCH rrnaTHHOBbiX MeTannoa, a T8K)I{e OKHCH Tc , 
Mo u Nb a ycnoBHHX OITbiTa no TepMOJJ:HHBMHKe HecTa-

6HJihHhi. Dpu 6onee BbiCOKifX KOHUBHTp8UliHX B OKliCli, K8K 

8TO 6h!B88T IIOCJie CHJihHOf'O Bblf'Op8Hif5l B HaepHOM TOIIJili

Be lf3 uo2 If U(Pu)02, 8TH 8JieMeHTbl o6pa3yJOT MeTaJIJI!f-
720,27/ 

'IBCK!fe BKJIJO'IBHifH • DpH KOHUBHTp8Uiflf, KOTOpag 

6bJJI8 B H8WifX 0Ilb!T8X (KOJI!f'IBCTBO 8TOMOB OT 109 L\0 

10 l2 ) , He MO)I{BT o6pa30B8TbCH MBT8JIJI1f'IBCK85l 4Ja3a, 

Bo3MO)I{HO, 'ITO rrnaTHHOBbie Merannbi KoaaneHTHO CBH3a

Hbi C KlfCJIOpOJJ:OM If T8K LlBiff'8lOTC51, 

BbiBOllbJ 

1. Dpeano)l{eH MeToa orrpeaeneHHH 8<P<PeKTHBHoro 3apgaa 

U K094J<lJHUifeHT8 LlH<P<lJY3HH Mlff'pHpyroruero B OKifCif lfOHa 

ITO pacrrpeaeneH!flO rrpoayKTOB MB)KJJ:Y 8HOL{OM H K8TOJJ:OM 

H ITO IIpOUeHTY Bhl):{BJI8HH51 BeiUeCTBa lf3 M8TplfUhl. 

2. C IIOMOIUhlO 8JI8KTp0Miff'p8UifH MO)I{HO p83L{BJIIfTh 

8JieMeHThl no rpyrrrraM c Ko8<P<PnuHeHTOM pa3aeneHHH or 

10 ):{0 20 Dplf ITOJIHOM BhlL{BJIBHlilf lf3 OKHC!f. 

3, Yf3 OKifCli TOpHH MO)I{HO BbiL{BJIHTb M8T8JIJibl rrna

THHOBOH rpyrrnbi c o6orarueHHeM Ha auoae 6onee '!eM 90%. 

4, Yf3 L{8HHbiX ITO 8JI8KTp0Miff'paU!flf MO)I{HO aenaTb 
BhlBOJJ:hl 0 COCTOHHifH 9JieMeHTOB B M8TpHUe OKHC!f. 

5. flerKonery'!He rrpoayKThi , KOTOphie o6pa3yrorcg 

a rroaepxuocruoM cnoe o6pa3ua, HarrpHMep, a pe3ynbTaTe 

o6ny'leHH51 T51)1{8Jib1Mif lf0H8Mif, MO)I{HQ 4JHKCHpOB8Th B c6op

HliK8 C IIOMOIUhlO 8JI8KTplf'I8CKOf'O IIOJIH, 

Aarop 6naroaapeH aKaaeMHKY r.H.¢nepoay H 'IJieHy
KOppecrroHaeHTy AH lJCCP YI ,3aape 38 rrocroHHHoe BHHMa

HHe K pa6oTe. 
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