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PeeTu T ., Afixnep E., 13afiep. r.-10. Pl2-8096 

YneTy'lHBBHHe npOAYKTOB SIAepHhiX peaKUHfi H3 o6nyqeaaofi 
OKHCH TOpHS! 

HccneAOBanOCb yneTy'lHB8HHe TipOAYKTOB SIAepHb!X peaKUHll H3 OKHCH 
TOpHS! B HHTepaane TeMTiepaTyp 1350-1800°C. IToKa3aH0 1 'ITO CKOpOCTb 

yneTy'lHB8HHSI 38BHCHT OT p8AHYC8 AH¢¢YHAHpyiDmero HOH8 H ~B060AHOll 
8HTanbTIHH o6pa30B8HHSI ero OKHCH, 3!jJ!jleKTHBHhie Koa!jJ!jJHUHeHTbl AH!jl!jly3HH 
B OKHCH TOpHSI yMeHbmaiDTCSI B nopSIAKe Se>Ag>Te, Be>Sb, Cs>Bi, 
Pb> J> Ra> In> Nb. 

Coo6meHMe 06be.QMHeHHOrO MHCTMTyTa JI.QepHhiX MCCJie.QOBaHMf.t 

~y6Ha, 1974 

Reetz T., Eichler B., Beyer J. Pl2-8096 

Release of Nuclear Reaction Products from 
Thorium Oxide 

The frictional release of nuclear reaction products 
from sintered thorium oxide has been investigated over 
the temperature range 1350 to 1800 C. It was shown, that 
the rate of release depends on the ionic radius of the 
diffusing impurity ions and on the free enthalpie of its 
oxides. The effective diffusion coefficients of the 
products in thorium oxide decrease by the following line 
Se> Ag> Te, Rb, Be> Sb, Cs> Bi, Pb > J> Ra> In >Nb. 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1974 

Hccne~oBaHHe nose~eHHJI yneTyqusaHHJI npo~yKTOB 

Jl~epHWX peaKD;HH, o6pa3yiOIIUIXCJI B Macce MHllleHH, B8JKHO 
~nJI pemeHHJI MHOrHX npaKTHqecKHX 3a~aq Jl~epHOH cllH3HKH 
H XHMHH H, npe)l(~e scero, npu sw6ope ycnosuii npose~eHHJI 
3KCnepHMeHTOB. 

B nuTepaType npuse~eHbl pe3ynLTaTbl uccne~oBaHHJI 

TpaHCROpTHpOBKH B OKHCH TOpHJI ~nJI cne~yiO~X 3neMeH
TOB: Th/1,2,3/' o/4,5/, Pa/6~ u/6,7/, Kr/8,9/, 
Ra/8,10/, Xe/7,ll,12/ ,Br , Rb H Cs /13/, J /IO/, Ce, Nb H 

zr/l4/. Bcne~CTBHe pa3nBqHbJX CTPYKTYP HCCne~yeMbiXi 
o6pa3u;OB H 3KcnepuMeHTanLHbiX ycnosuii TPY~Ho cpaBHH-i 
BaTL ~aHHble OT~enLHbiX pa60T. 
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U.enLIO HaCTOJIID;eii pa6oTLI ssnseTCJI onpe~eneHHe MaK

CHManLHO ~onyCTHMOH _Te~IIep_~TY_P.~-~!WeHI!_, npH KOTOpoii 
He npOHCXO~HT 3aMeTHbiX llOTepL npo~yKTOB Jl~epHbiX peaK
D;HA, . 6onee m~iyqui~-q:e-idMa.fepian-Muweu:il':l<iioide-:roro, 
OD;eHHBanHCL HaH6onee 6naronpHJITHble ycnOBHJI ~nJI KOnH· 
qecTBeHHOrO Bbl~eneHHJI H3 o6nyqeHHOH MHWeHH npe~no
naraeMbiX csepxTJI)I(enwx 3neMeHTOB. Bbl~eneHHe KaKoro-'1 
nH60 3neMeHTa H3 MaTpHD;bl OKHCH TOpHJI JIBnJieTCJI ~BYXCTy- i 
neHqaTLIM npou;eCCOM: 3a cqeT ~HcMIY3HH HOHbl HnH aTOMbl t 
~OCTHraiOT llOBepXHOCTH MaTpHD;bl H 3aTeM npOHCXO~T HX 
HCnapeHHe. Ka)l(~aJI H3 3THX CTyneHeii TO)I(e JIBnJieTCJI 
KoMnneKCHbiM npou;eccoM. 

Ecnu npou;ecc ucnapeHHJI c nosepxHOCTH MaTpHD;bl ssns
eTCJI ~ocTaToqHo 6LiC.fj}i.:.-M:- no cpasHeHHIO c npou;eccoM -!_!epeHOCa _ HCCne~yeMbiX 3neMeHTOB H3 MaCCbl MaTpHD;bl 
K llOBepXHOCTH, TO KOHD;eHTpaD;HJI 3THX 3neMeHTOB Ha 
llOBepXHOCT!f ____ npaKTHqecKH paBHa HyniO. llpHHJIB, qyo 3TO 
ycnOBHe BblllOllHJieTCJI H pacnpe~eneHHe HHOpO~HbiX aTOMOB 
B MaTpHu;e JIBnJieTCJI roMoreHHbiM, MO)I(HO npe~CTaBHTL 

Bblpa)l(eHHe BToporo 3aKoHa «!>aKa ~ns npJIMoyronLHoro 
napannenenune~a B cne~yiOID;eM B~e /15/: 
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r~e F - nponeHT yneTY'IBBaHHJI, D - Ko3cW>HUHeHT ~cW>y-
3HH, t - BpeMJI, av- pa3Mepw napannenen&ne~a. YpaBHeHHe 
cnpaBe~nBBO, ecnB cTpyKTypa MaTpHnw o~Hopo~Ha, 'ITO 
B cnyqae DOllHKpHCTannB'IeCKHX H nopHCTWX MaTepHallOB 
He BWnOllHJieTCJI. rpaHHI(LI 3epeH H nopW B o6pa3ne MOryT 
YCKOpJITL HnH 3aMe~llJITL BLIXO~ npo~yiCTOB B 3aBHCHMOCTH 
OT MexaHH3Ma ~cW>Y3HH. B cnyqae npeo6na~aHHJI o6'LeMnoi 
~414IY3HH napaMeTp av B ypasuenHH 111 onpe~enJleTCJI 
pa3MepaMH 3epeH, HO He rapMOHH'IeCKHMH pa3MepaMH 
o6pa3na. ll03TOMY 3Ha'leHHJI BenH'IHH, BXO~JIIIUIX B ypas
HeHHe 111, BLI'IHClleHHLie C HCDOllb30BaHHeM reoMeTpH'IeCKHX 
pa3MepoB o6pa3na, no3sonJlffiT c~enaTL KonH'IeCTBenuwe 
BLIBO~Ll TOllLKO ~nJI HCCne~yeMOrO MaTepHana. IB CBJI3H 
C 3THM K034KtlHUHeHT ~HcWlY3HH, onpe~eneHHLii H3 ypaBHe
HHJI 111 no reoMeTpH'IecxHM pa3MepaM o6pa3na,s ~anL
ueiweM 6y~eT o6o3Ha'laTLCJI Da<P<P. 1. B KaqecTseunoM 
OTHOWeHHH ~aHHLie, nony'leHHLie ~· OKHCH TOpHJI, MO)KHO 
npHMeHJITb H ~nJI ~pyrHx OKHCei, HMeffiliUIX CTPYKTYPY 
!llTOpH~OB. 

3KCIIEPHMEHT AJI.bHAJI qACT .b 

06pa3nw ~nJI o6ny'leHHJI roTOBHnHCL cne~YffiliUIM o6pa-
30M: 

11 OKCanaT TOpHJI nepeBO~HllCJI B OKHCb nyTeM KanL
UHHHpOBaHHJI ua B03~yxe npH 850° C; 

21 H3 nony'leHHOi OICHCH TOpHJI MeTO~OM XOllO~HOrO 
npeccosaHHJI c ~o6asnenHeM opranH'IecKoro CBJI3Yffitnero 
BemeCTBa npH ~aBneHHH 1500 KZ/CM 2 H3rOTaBnBBanHCb 
CTep)KliH pa3MepOM 50x4x4 MM; 

31 3arOTOBKH npOKanHBanHCL B a TMOC!Ilepe aprOHa B Te
'leuHe ~syx 'lacos npH TeMnepaType 11780 ±50I°C; 

41 C nOMOIULffi anMa3HOrO Kpyra 3arOTOBKH pa3pe3a
nHCb ua o6pa3nw pa3MepoM 4x1,5x1,5 MM. 
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B aa6.11. 1 npe~cTaBJieHw pe 3ynLTa TW Mace- cnexTpoMeT
pR'IeCICOrO aHanH3a npoxaneHHOi OICHCR TOp&•. flnOTHOCTL 

J pTyTHOi ICepaMRICH paBH•nacL 9,3 Z/CM 3, 'ITO COCTaBn•eT 
93~ TeopeTH'IeCICOi nnOTHOCTH; OTICpWTa• nopHCTOCTL -
oxono 15~ oT o61oeMa. 

Ta6AU11a 1 -4 
Co()epJitaHue npuMeceu oKucu aopu.R /10 eec ,./ 

No. 40 
K IO 
Mg 20 
Ca., 15 
5i 75 

AI IO 
z,. 60 

Cu,Zvt, Pb "-2 
Fe 20 
Ni 3 

Cr-, Mn,V <.0.5 

06pa3UW o6ny'lanHCL nH60 ny'IKOM npOTOHOB C 3Hep
r&el 660 M3B ua c&uxponaKnoTpoue OHJIH lllJilll, nB6o 
nyqKoM y -KBaHTOB c 3HeprHei 10 M3B ua MHKpoTpoue 
OHJIH I llJIP I. llpH TaKHX 3HeprHJIX npo~yKTW Jl~epuwx 
peaKnHi pasuouepuo pacnpe~eneuw no see My o6'LeMy MaT
PHUW. llocne o6nyqeHHJI o6pa3UW BW~ep)KliBanHCL B Teqe
HHe 10- 150 ~ei. 06pa3UW HarpeBanHCb B BOnL!IlpaMOBOi 
BaKYYMHoi ne'IH I puc. 1/ H sw~ep)KliBan&cb 30 MHHYT npH 
pa3nwx TeMnepaTypax Me>K~Y 1350 H 1800 C. Co~ep>Kau&e 
pa3nH'IHWX H30TonoB s MaTpHnax ~o H nocne uarpesan&• 
onpe~ellJlllOCb y- CDeKTpOMeTpH'IeCKHM MeTO~OM C HCnOnL-
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30BaHHeM Ge(Li)·AeTeKTopa lpa3peweHHe 2 K3BI. llo
CKOnbKY CYMMapHbiB y - cneKTp BCeX npo,D;yKTOB, o6pa3yro
UUIXCJI npu o6ny11eHHH o6pa3UOB,'Ipe3BW'IaiiHo cno>KeH, 6wno 
npoae,neHo TepMoxpoMa Torpa4JuqecKoe pa3,neneHue 3neMeH
TOB, yneTy'IHBaiOUUIXCJI H3 MaTpHUbl npH HarpeBaHHH C HC· 
nonb30BaHHeM Kaapneawxl161u TaHTanoawx I puc. 11 xpoMa· 
TOrpa4JH'IeCKHX KOUOHOK. KonH'IeCTBeHHble onpe,neneHHJI 6a· 
naHca Hau6onee neTy'IHX 3neMeHTOB He Mornu 6WTb awnon
HeHw, TaK KaK KOHCTpyKTHBHble OC06eHHOCTH 3KCnepHMeH • 
TanbHoii annapaTYJ)bl npenJITCTBoaanu ux nonHOMY ynaanu
aaHHIO. 
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Puc. 1. CxeMa annapa•ypt.l 

PE3YJTbTATbl H OECY)J(,l{EHHR 

B •a6A. 2 npuae,neHo pacnpe.neneHHe HeKoTopwx npo,nyK
TOB JI.D;epHbiX peaKUHB, yneTy'IHBaiOUUIXCJI H3 o6ny'leHHOrO 
o6pa3na npu TeMnepaType 3KcnepuMeHTa, a.nonb TaHTano
aoii KOHOHKH. Rb H Nb a,ncop6upoBanHCb Ha KOHOHKe B 30He 
caMwx BWCOKHX TeMnepaTyp I puc. 1, 30Ha A I; Sr H Be 
nornomanucb Ha OKHCH anroMHHHJI I puc. 1, 30Ha B I, 
Haxo.nJimeiicJI Henocpe,ncTBeHHO Ha.n o6pa3I(oM. llpll 'reMne
paType onwTa Ru , no-BH.D;HMOMY, a.ncop6upyeTCJI B au.ne 
MeTanna; Nb, yneTy'IHBaeTCJI H3 o6pa3na B BH.D;e OKHCH 
H 3aTeM BOCCTaHaBUHBaeTCJI Ha TaHTane .D;O MeTanHH'IeCKO· 
ro cocTO.IIHHJI; Sr H Be, aepo.IITHO, TaK>Ke yneTy'IHBaiOTCJI 
B BH.D;e OKHCeii, HO, BCne,D;CTBHe HX OCHOBHbiX CBOBCTB, pea
rupyiOT C OKHCbiO anJOMHHHJI. fipH'IHHa paBHOMepHoro pac • 
npe.neneHHJI H30Tonoa Sn H In no yqacTKaM B, C H D He 
ycTaHoaneHa. Bwxo.n npo.nyKTOB .11,nepHwx peaKnHii H3 o6-
pa3na yaenuquaaeTCJI c noawweHHeM TeMnepaTypw. O,nHaKo 
aenH'IHHW F , onpe.neneHHble ,nnJI pa3nH'IHWX o6pa3UOB, 
Henb3JI cpaBHHBaTb H3·3a 3aBHCHMOCTH 3THX BeUH'IHH OT 

pa3MepOB o6pa3UOB. fi03TOMy Ha OCHOBaHHH 3Ha'leHHB f 
6wnu nonyqeHw H3 ypaBHeHHJI III aenH'IHHbl D 8<P<P.. Ha 
puc. 2 H 3 llOKa3aHbl 3aBHCHMOCTH norapH4JMOB BenH'IHHbl 
D 8<f!<f!. .nn.11 pa3nH'IHWX 3neMeHTOB OT o6paTHoii a6comoTHoii 
TeMnepaTypw. AHanHTH'IeCKHii BH.D; Kpuaoii y,nanocb onpe
.nenHTb .D;OCTaTO'IHO TO'IHO TOUbKO .D;UJI cepe6pa B o6naCTH 
BbiCOKHX TeMnepaTyp. 

log D 8<fJ<fJ. =-1 ± 0,4- (10350 ± 830)} (1780~-}::;;: 2070). 

B •a6A. 3 npE6.ncTaaneHbl 3Ha'leHHJI log D :3<fJ<fJ. npu 1400, 
1600 H 1800 C B nop.II.D;Ke ux yMeHbWeHH.II. KonuqecTBeH
HO onpe.nenHTb awxo.n Gl , Sn , T 1 , Sr , I 40 Ba 1 140 Ia H 
Mo H3 OKHCH TOpHJI y • cneKTpOMeTpH'IeCKHM MeTO.D;OM He· 
B03MO>KHO, Tal< KaK HX y ·nHHHH COBlla.D;aiOT C UHHHJIMH 
,npyrux 3neMeHTOB B cyMMapHoM y -cneKTpe o6pa3na, o.n
HaKo 3TH 3UeMeHTbl 6wnH H,D;eHTH4JHUHPOBaHbl llOCne TepMo· 
xpoMaTorpa4JuqecKoro pa3,neneHHJI B03roHa H3 MaTpunw. 
3neMeHTbl Y , Ac H Pa He 6wnu o6Hapy>KeHbl B B03roHax, 
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TaoAUIIa 2 
Pacnpe<)eAeHue s IUlHJUJA08oUIIP)16Ke 

Q'VJ.Yl'fJY.n..&. && v ..., .. -... 

Rb roo 
A Nb 96 

Sr- IOO 
Be IOO 
lb. 65 

B Sn/J't'l c·~s.,f"~ In) 30 
Pb (212 Pb) IO 
Nb 4 
Te 3 
Sb 88 
11z. 35 
Ra. 35 

c Sn 1Jn(H35n/'"31n) 35 
Ag 33 
Pb e1

1. Pb) ro 
Se 5 
Bi roo 
,J., ( .,~.., Jn) IOO 
Rb 100 

0 Se. 95 
Pb (2i2Pb) 80 
Te 65 
Ag 67 
Sn IJn ( "41Sn/ .. ~ In) 4}5 

--

8 

l 

I 
I 

I 

I 
1 

I ,, 

TaoAUIIa 3 
Ko3Nu11ueH• <)JJHy3uu oa!lltfl /eM 2 ceK-1 I 

3JieMeHT -log~ 

I400°C r500°C I600°C I700°C I800°C 

Se - 6,1 5,8 - -
Ag 8,5 7,3 6,5 6,2 6,0 
Te 8,9 7,8 6,9 6,5 6,3 
Rb - - 6,9 G,S -
Pt/Jr - 7,7 6,9 6,7 -
Be - 7,8 6,9 - -
Sb - 7,9 2,2 6,5 -
cs - - 7,4 - -
Bi - 8,4 7,7 7,2 -
Pb - 9,2 7,7 6,9 6,7 
I - - 7,8 7,0 -

I Ra. - - 7,9 7,2 -
:Jn - 8,9 a.r 7,3 6,7 
Po - - 8,2 6,9 -
Ru - 9,2 8,3 7,5 -
Nb - 9,4 8,4 7,6 6,8 

Tl, s.,, Cd. 
<. 10 5r1 So../L.a. 

Xe,Mo 

y,Nd,Ac ~ IO 
Tc,z.,.. 
Po.,U 
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Puc. 2. TeMnepallypHaJI 
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Puc. 3. TeMnepa•ypHaJI 

3Q6UCUMOCJlb ~U~Y3UU 

Ag 6 Th02 • 
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'ITO ll03BOnJJ:eT npe.n:nonmKHTL .IJ.nJI 3THX 3neMeHTOB 3Ha'leHHe 
aenH'IHHhl log D a<j:l<j:l. MeHLWe 10. 

npo~eHT yneTy'IHBaHHJI yMeHLmaeTCJI BHYTPH OT.D.enLHhiX 
rpynn nepHO.D.H'Iecxoii CHCTeMLI c yaenH'IeHHeM aTOMHoro 

HOMepa I Rb- Cs , Sb- Bi , Se- Te- Po /. BepoJITHO, yae
nH'IeHHe pa.D.HYCOB HOHOB 3aTpy.D.HJJ:eT HX .D.BH>KeHHe BHYTPH 
pemeTKH OKHCH TOpHJI. KpoMe TOrO, Ha TpaHCITOPTHpOBKY 
BnHJJ:eT B3aHMO.IJ.eHCTBHe C HOilaMH KHCnOpO.IJ.a pemeTKH. 

Ha puc. 4 npe.n:cTaaneHw aenH'IHHhl log D a<j:J<j:l.3neMeHTOB 
rnaBHhiX rpynn B 3aBHCIIMOCTH OT 

rHOH 

log ( ~ G Mez!n <r~GTh ~ 0 ) 

r.n:e ~ G Th ~ o ;. cao6o.n:HaJI 3HTanJ.nHJI o6pa3oaaHHJI OKHCH 

TOpHJI npH 1600°C IKKOA/Z-QJIOM 0/, ~GMe 2fnO - CB0-
60.D.HaJI 3HTan~>nHJI o6pa3oBaHBJI caMwx ycToii'IHBwx coe.n:H
HeHHii 

0
c KHCnopo.n:oM I K'KaA/ z- all OM 0 I, r HOH - pa.n:Hyc 

HOHa(A). 

_, 
t- -~ .. 

Q -· 
~ -9 

- -10 

-~t 

. ~ ..... 
k • 

Sb 

...... 

"1 ~l 0.~ 0,... 0,5' 0,(1; 0.1- a_~ o.• \0 ,.. '\l. 1,1 ...... ..,, ... 

r 
Puc. 4. 3a6UCUMOCJlb log D a!IJ<j:l. OJI -~----~--

log( ~G Me2/n <rSGTh ~2 d 

Cao6o.n:Hwe 3HTanJ.nHH o6pa3oBaHHJI .D.nB TeMnepaTypw 
1600' C onpe.n:enJinHCh H3 .D.aHHhiX /17,18/ B HeMHOrHX cny
'laJIX 3KCTpanOnJI~HH. 

Kax BH,n:Ho H3 puc. 4, Me>K.D.Y 3THMH aenH'IHHaMH cyll\eCT

ayeT xoppenJI~JI. 
Me>K.D.Y 3Ha'leHHJIMH logD a!IJ!IJH napaMeTpaMH neTy'leCTH 

COOTBeTCTBYIOUVIX HCCne.n:yeMhiX 3neMeHTOB TaKOH KOppe-
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DJII(BB He 06HapylKBBaeTCJI. 3TO yJCa3hiBaeT Ha TO, 'ITO npo· 

:u;eHT BhiXO~ npo~yiCTOB Jl~epHhiX peayi(Bi 83 MaTpBJlhl He 

3aBBCBT OT BX neTy'leCTB, a onpe~enJleTCJI CICOpOCTLIO 

BX TpaHCDOpTBpOBICB IC DOBepXHOCTB o6pa3:u;a. 

Ha ocHOBaHBB 3aBBCBMOCTB, BnniOCTpapyeuoi puc. 4, 
MO)I(HO o:u;eHBTL IC03clM)BilBeHT ~4!4ly3BB 3DeMeHTOB rnaBHhiX 

rpynn B OICBCB TOpBJI, eCnB B3BeCTHhl CB060~hle 3HTanL· 

ORB o6pa30BaHBJI OICBCeJi B pa~yChl BOHOB. ,1:\DJI CBepx

TJI)I(enoro 3neueHTa 114 nony'laiOTCJI cne~yroJillle 3Ha'leHBJI: 

n • + 2 , r HOH ,. 1,31 A , SG Ul4)d' 8 ±10 KKaA/Mci/1, 
log D - 7,3. 

Hcxo~• B3 nony...eHHhiX pe3ynLTaToB, MO)I(HO npe~cJCa-

3aTL DOBe~eHBe CBepXTJl)l(enhiX 3DeMeHTOB B MBWeHJIX 83 

OICBce.i, BMeiOJiliiX ci»TopB~YIO CTpyJCTypy. O~aJCO MJI no· 

ny'leHBJI 3TBX 3DeMeHTOB MBWeHL npe~onaraeTCJI o6ny

'laT~ DY'IICOM TJI)I(eDhiX BOHOB, B o:u;eHBT~ ICOnB'IeCTBeHHhle 

B3UeHeHBJI yneTY'fBBaHBJI npB B03~eJiCTBBB DY'IJCa He npe~

CTaBnJieTCJI B03MO)I(HhiM B3• 3a CDO)I(HOCTB DpOBCXO~JIJiliiX 

npa 3TOM npo:u;eccos /non&oe pa3pymeHBe pemeTJCB B nosepx

ROCTROU cnoe ~0 aMONROCTB DpB BHTerpanLROM TOKe 

OICODO 10 15-qacTBil, ropJI'IBe 30RW, BOCCTaHOBneHBe Ae· 

ci»eJCTOB B npo:u;eCChl peJCpBCTannB3&1lBB, XBMB'IeCJCOe B3aBMO· 

~elcTBBe c rpaR&'IHoi aTuoccl»epoi/. 

.z:\Bci»ci»Y3BJl DpBMecei YCICOpJieTCJI DO~ ~eiCTBBeM DY'IICa 

TJI)I(eDhiX BOHOB. 83 3TOrO cne~yeT, 'ITO pac'leT UaJCCBMan~

RO B03MO)I(HOI TeMDepaTypw MBWeHB B3 DPBBe~eHHhiX Bhlme 

~aHHhiX YO)I(eT ~aTL TO~ICO BepXRBB npe~en B03MO)I(HOro 

3Ha'leHBJI 3TOI BeDB'IBRhl. 

1. fipo:u;eHT yneTy'IBBaHBJI B3 DOBepxHOCTHOrO CDOJI MO)I(· 

ao o:u;eHBTL no cl»opuyne /2 o/ 

F = 100 erfc (RP I (2D t) I/2 ), 

TalC JCaJC R p /rny6&Ha npoHBJCHOBeHBJI/ npauepHo o~HaJCosa 
M• scex aToMoB. 3a~asa• 3Ha'leHBJI Rp"'5/L, t =lOr a 

log D =logD 3 <Wr12B Tpe6yJI, '1To6w F $ 1~, MO)I(HO paccqa

TaTL, 'ITO OICBCL TOpBJI JIBDJieTCJI BDODHe npBrO~HhiM MaTe· 

pBaDOM MJI MBWeHB, ecnB DOBepXHOCTHaJI TeMnepaTypa ee 

He 6y~eT DpeBhiWaTL 1100·1300° C. 
2. 83 o6ny'leHHOB OICBCB TOpBJI MO)I(HO Bhl~enBTL npB 

HarpeBaHBB ~0 1550°C 3a 1 MBHYTY OICODO 50~ CBepXTJI· 

12 

t 

I 
t 

I 
I 
I• 
I 

• 

i 

· )l(eDhiX 3DeMeHTOB. fipB 3TOM IC03ci»ci»B:u;BeHT pa3 • 

~eneHBJI csepxTJl)l(enwx 3neueHTOB B aJCTBHOBAOB (Th, Pa) 
6onLme 10 10. 3TH 3clM)eJCThl MOryT 6WTL BCDODL30BaHhl JCaJC 

MJI pa3~eneHBJI uacc-cenapaTopou Ha nBHBB, TalC a MJI 

Tepuoxpoua Torpal)aqe cJCoro pa3~eneHBJI. 

3. fioBe~eHBe BHOpO~hiX 3DeMeHTOB B OICBCB TOpBJI 

CpaBHBMO C DOBe~eHBeM 3TBX 3DeMeHTOB B ~pyrBX OICBCJIX, 

BMeiOJiliiX cTpyJCTYPY cl»Top~os, JCaJC,Hanpauep,JCy6B'IecJCoro 

Zr02 B 00 2 • 83- 3a 3clM)eJCTBBHoro pa3~eJiellllJloT axTBHB~
HhiX 3neueHTOB JCy6a'lecJCHi Zr02 oco6eaao xopom MJI 

DpBMeHeHHJI B JCa'leCTBe CTODDepa DpH BhiCOICHX TeMnepa· 

Typax. 

ABTOphl C'IHTaiOT CBOBM ~onroM Bhlpa3HTL 6naro~ap

HOCTL aJCa~eMHICY r .H.4»neposy H 'IDeHy·JCoppecnoH~eHTY 

AH qccP H.3sape 3a nocTOJIHHoe BHHMaHBe JC pa6oTe. 
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