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AMOB E. Pl3-3020 

HccnenoaaHHe TepMOHOHH3aUHH Ha HaKaneHHbiX OKHcnax c no

MombiO panHOBKTHB!IbiX HHLlHKBTOpOB 

B CT8Tb9 ll8IOTCSI peaynbT8Tbl HCCIJe llOBBHHR T9pMOHOHH38UHOHHblX CBORCTB OKHCIJOB 

B , Si , Mn , Y 1 Zr , Nb no OTHoweHHJO K pa.ltHOBKTHBHbiM uaoTonaM peaxnx ae-

Menb H llpyrHM 31J9M9HT8M. 

B pa6oTe IIOKA30HO , 'ITO T6pMOHOH1f3&nHOHHb19 CBORCTBS OKHCIJOB CYIU9CTB9HHO 38BHCSIT 

KBK OT HX COCT3BB, T8K H OT M8T9pH81J8 DOlliJO>KKH , HB KOTOpyJO ORH H8HOCSITCSI. Ko3<fxtJHUH9RTbl 

HOHH38UJIH )'X838HHbiX 91J9M9HTOB H8 HCCIJ9JJ.OB8HHbiX OKHCHbiX C IJOSI X npeBOCXO.llSIT B 50-lQQ 
paa KO~¢HUH9HTbl HOHR38UHH lliJH BOilbcJ1paMOBOR IJ9HTblo 0Jib1Tbl npOBO.LlHIJUCb C U91Jbi0 H3y

"l9HHSI B03MOH HOCTH UpHM9H9HHSI T9pMH'19CKH yCTOA'IHBbtX OKBCHblX CIJ09B ll iJH T9pMOHOHH38 -

UHH 6onee WHpOKO~O Kpyra sneMeHTOB B M6CC-cneKTpOM9TpH~eCKHX HCCn9UOB8HHRX. 

TipenpRHT 06'be.!lHH9HHOrO HHCTHTyTa Sl.[lepHbiX HCCne.[lOB8HHif. 

ny611a, 1966. 

Amov B. P13-3020 

Investigation of Thermal Ionization by Incandescent 
Oxides Using Radioactive Indicators 

The results of investig ation of thermal ionization proper 
ties of B , Si , Mn , Y , Zr , Nb oxides with respect to 
t h e radioactive isotopes of rare earths arrl other elements are 
given. It is shown that the thermal ionization properties of oxi
des essentially deperrl on its compourrl as well as on mate
rial covering the backing . Ionization coefficients of the above 
elements for the investigated oxide lay ers exceed 50-100 
time s those of wolfram barrl . The experiments were aimed at 
studying the possibility o f using the thermostable oxide layers 
for thermal ionization of more g reat .number of elements in 
mass spectrometer investigations. 

Pr.eprint. Joint Institute for Nuclear Research. 
Dubna, 1966. 
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B. AMOB 

HCCREnOBAHHE TEPMOHOHH3AUHH 
HA HAKMEHHbiX OKHCRAX C OOMOlllblO 

PMHOAKTHBHbiX HHnHKATOPOB 



1. BBeJleHHe 

TepMoHoRHaanHH aaxoaH T rnnpoKoe rrpHMaaenne B Macc-cneKTpoMeTpHH npn ana 

nnae M81Ib!X K01!H'i9CTB B91ll9CTB8 B TBepaolt !jlaael B '18CTHOCTH 1 npoayxTOB HaepHb!X 

peaKUHA H p aaH08KTHB9:biX H30TOfiOB, 

llonOlKHTellbHbiMH CTOpOHBMH TepMOHOHH38HHOHH b!X HOHHb!X HCTO'IHHKOB HBliH IOT

CH npocTOTa HX KOHCTpyKUHH 1 0'19Hb Manbllt paa6poc 3H9prHH 9MHTHpOBaiiHbiX HOHOB 

H B03MOlKHOCTb pa60Tb l C H90rpaliH'i9HIIO M81!biMH K01IH'i9CTBaMH B91ll9CTB8, 

fnaBHbiM 119aOCT8TKOM 9THX HCTO'IHHKOB HB1!H9TCH C91!9KTHBHOCTb HOHH38UHH, 

Ko~!jlHUH9HT HOHH38UHH 38BHCHT cymecTB9HHO OT flOT9HUHana HOHH38UHH 9MHTHpye

Mb!X 8TOMOB H1IH M01!9Kyn H HM99T 601!blllH9 3H8'19HHH TOllbKO ami He601!blliOro 'IHC1!8 

XHMH'i9CKHX 91!9M9HTOB1 rnaBHbJM o6pa30M1 lll91!0'1Hb!X, 

HylKHO OTM9THTb1 'ITO C91!9KTHBH8H HOHH3BUHH HM99T H fl01!0lKHT91!bHYIO CTOpo-

Hy, Ona aaeT aoaMOlKHOCTb yMeHblll9llHH HnH nonnoro ycTpB!lenuH 4lona nocTOpon-

HHX HOllOB1 'ITO HB1!H9TCH O'i9llb B8lKHblM npH np9UH3HOHHOM H30TOflHOM 8H81!H39 1 HaeH-

TH!jlHKBUHH H3068POB H anH 'IHCTOTbl paaaenellHH H30TOflOB, 

CneMOB8T911bH0 1 B pHae CnyqaeB npH HCC1!9AOB8HHH H paaaene!IHH CT86H1!bHb!X H 

paaHOBKTHBHb!X H30TOflOB T9pMOHOHH38UHOHHb!9 HOHHbl9 HCTO'IHHKH HM9IOT np9HMyllleC'I'

B8 nep en OCT9.1!bHb!MH HCTOqHHK8MH 1 H U09TOMY H906XOaHMbl UOHCKH HX li81IbH9ltmero 

ycoaeprnencTBOB811HH, 0CHOBHOA npo6neMOlt npH 9TOM HB1!H9TCH yB91!H'i9HH9 KO~H-

Tlff e RTA TfO UR3l:HUflf. 

11 2/ 
KaK nasecTHO 

1 
1 cTenenb HOHH3anHH 

no 
npH flOB9pXHOCTHOlt HOHH38nHH 

He M e Tannax onpe.o:en;reTcH na y paBHHHHH Caxa-flearMIOpa 

3 

exp( <ll - el) 
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rne n + 11. n 0 -'III.CilO 3MHTHpOB8 1!H bJX B e )lHI!HUY BpeMeHH ll_l)llOlKH TellbHbiX HOHOB 

II He~Tp81lbHbJX 8TOMOB; q~ II q 0 -CT8Tl!CTH'IeCKIJe CyMMbl HOHBOrO l! 8TOMHOrO 

CO C TO SI HHil; 

sneKTpoHa; 

<I> -pa6oTa B h ixona MeT anna; 

k -nocToHHHSSI EorrbUMaHa; 

I -rroTe JUtHB/I HOHH38UHl! i e --38pSIJl 

T -TeMrrepaTyp8 B a6comoTHbiX eAHHH-

U 8X. 

nPH llOBePXHOCTHO ~ l!OHH38UHH HB llOilyllpOBOAHHK8X II. Al!31leKTPHK8X B HeKOT0-

/3/ 
P h !X C llY 'I8HX 3TOT 3 8KOH COXp8HSieTCH , 8 B HeKOTOpblX Ha6JIIOABIOTCH OTKJIOHe-

/4,5/ 
HH SI • Ho o6mag a aBIICHMOCTb noBbi lll e HI!SI c TeneaH II.OHH38UHH c y MeHbllleHHeM no-

T e HuHana HOHH3 8UHH HC118pHIOUIHXCSI BTOMOB II llOBbi!lleUHeM p860Tbl B b iXOAB llOBepx-

H OCTH acerna coxpaHSieTcH. 

Cne noaaTellbHO, rnaaaa H 3 8 118'18 ycoaepllleHCTBOB8HHSI TepMOII.OHH38UIIOHHbiX HOH

HbrX H C TO'Il!HKOB CBOA !ITCH K y aenH'Iel!l!IO pa60Tbl BbiXOil8 3MHTllpyiOIIUIX llOBepXHOCTelt, 

H8K8/IeHH b!X AO B b iCOKHX TeMrrep8Ty p. 

MeT8/IIll!'leCKl!e llOBepXHOCTII. HMeJOT pa6oTy BbiXOA8 He 60/Ibllle 'leM 5-5,5 3B. 

Ho H3BeCTBO, 'ITO rrpH aAc op6ullll H8 II.X rroaepxaoCTII. 8TOMOB 11. MoneKyn sneKTpooT-

P HUa Te/IbHb! X SlleMeHTOB, H81lpHMep, KHCIIOpOJl8 ll rB/I/IOHAOB, p 860T8 B b!XOA8 yaenH

'IHB8eTCH. noBbiUieHHOll pa60TOfi B b !XOA8 061lB)l8IOT II. COe!{IIHeHHSI 3TIIX sneMeHTOB C 

HeKOTOp biMH MeT81l1!8MH. npeHMymeCTBOM OKl!CilOB 110 CpBB HeHI!IO C r81IIIOJ!AHbiMII. CO

eniiHe Hl!SIMH SIBJISieTCH HX TepMOCTOllKOCTb (a HeKOTOpblX CJiy'I8HX llpll. TeMnep8Type 

B biille 2000°C}. 

YaenH'IeHHe Ko3¢¢HUHeHT8 HOBH38UHH llpH HOBHOil: SMHCCII.II. 11.3 H8KaneBBbiX 

OKHCJIOB 110 CP8BB9HI!IO C MeT81!1!8MII. 6hlJIO o6B8pylKeBO PSI!lOM BBTOPOB, no6peUOB, 

/6/ 
CT8PO.t:tY6!leB II. np. BB6JIIO!l81IH 6onee BbiCOKyiO CTeneab HOHH38UHR K81lbUHH 

I = 6 ,08 8B) 1< M8T'RJHI ( I = 7.61 sa) H8 TOHKHX CJIOSIX HX OKIH':1JOR JTn CP8R

/7-9r 
ReHH!O C MeT81l/I8MH. naa'leHKOB, AKHUIHH H llPo llOJIY'IHnH II.HTeHCII.BHVIO HOHHV!O 

SMHCCH !O m e nO'IH hlX, menO'IH03eMellbHbiX H aeKOTOpbiX Jlpyrii.X sneMeBTOB 11.3 CIIJIH-

/)Q/ /11/ 
Ho!loo5MeBRHKOB. AKHIDHR H nn. • 3biKOI' . fiin-KBTH b!X H 81l!0MO'='HilHK8TIJI-1X 

/12/ /13/ 
p8Rll H AMOB HCCJie)lOB81lll. TepMOHOHII.38UII.!O CBHHU8 ( I • 7,4 sa} H8 c11.-

nRKATRhtX ~MRTTenax H nnHMeHHJIII aTOT crroco6 anSI ero IISOTonHoro ARanHaa. Kno

vq1141 Hr.nOilh30l'Ail r.noll H3 OKHCII 6008 II OKHCII BOilbW08M8 OJIH TeOMOIIOHII381liiK 

T8KHX sneMeHTOB, K8K UIIHK I = 9,4 SB}, K8llMII.It ( I = 9,0 sa} H cepe6po 

.. 7,6 ~u ), 

TepMOFIORH38UIISI 113 fi8K81l9RHbiX Correll B BH)le HKTp8TOB II OKIICilOB R8 BOJib

/16/ 
¢pAMnaoll neHTe 6hm8 rrpRMeHeHa Xall:neaoM nnH HAeBTII¢nKaUIIII HOBbiX panRo-
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8KTII.BHbiX 11.30TOilOB II.T' 

K03eMe/IbHbiX SlleMeHTO 

¢eKTHBHOCTH HOHH38UHH 

nH npoueaTa, HO nnSI m 

TepMoHoHH3aUHOHJ 

/IE 
HeR EepHacoM H np. 

llpOTOHHbiM yCKOpHTeneJ 

peneneHRH ceqeaHH o6p 

pii.SI H Ue3HSI, npHMeHeE 

MOlKeT p8ClllHpHTb Kpy 

npenerrbi meno'IHolt rp: 

K colKaneHHIO, Me 

MB TepMOHOHH38UHH He 

co3naHHe 6onee ~¢eK· 

llellbiO H8CTOSIU1ell: 

TOll'IHBhlX OKHCHhlX CIIC 

Kpyra SJieMeBTOB, C KC 

KHM o6p830M, npllrOOHI 

cenap8Topoa p8AH08KTH 

XHMH'IeCKHe sneM 

MH 9T8 Ue/Ib HBilHeTC£ 

I) sneMeHThi, Tpe6yror 

( *' 2000°C}, HO HMeiO 

nee Bb!COKHMH llOTeHUH 

6orrhlllHX TeMnepaTypax 

K03eMenhHbie sneMeHThl 

0KHCHbie CllOH R8 

peaaTenH} 11. rrocne npc 

nonyqanacb np11 cMelllH 

3THil0BbiM CllHpTOM. 



oH JI_onOlKHTenbH b!X HOHOB 

Mbl HOHHOI"'O H 8TOMHOI"'O 

HOHH38UHH; e -aapn.n 

8 B aoCOITIOTHbiX enHHH-

llHSrreKTPHK8X B HeKOTO

H80IT!Oll810TCH OTKITOHe -

UHH C yMeHbWeHHeM ITO-

paooTbi Bbixona rroeepx-

::!pMOHOHH38UHOHHbiX HOH-

THPYIOIITHX rroeepxuocTeA, 

:J OOITbWe '!eM 5-5,5 SB, 

• H MoneKyn aneKTpooT-

pa6oTa Bbixona yeenH-

:JHHH STHX a neMeHTOB C 

HHIO c rannol!llHbiMH co-

y'!aHx rrpH TeMrrepaType 

AHCCHH H3 HaKaneHHbiX 

.OM aBTOPOB, .UoopeUOB, 

Ib HOHH3aUHH KSrrbUHH 

IX HX OKHCnOR ITO CDBR-

nB HBTeHCHBHVIO HOHHVIO 

IX aneMeiiTOB H3 CHITH-

/ 10/ /11/ 
1. . 3b!KOI'I . flJ0-

1 • 7,4 a e) aa CH-

Torrnoro RHannGa. Koo-

18 llnH TeDMOHORH38DRR 

"' 9,0 ae) H cepe6po 

JB H OKHCITOB Ra BOITb-

r<jJHKaUHII HOBb!X palli!O-

aKTHBHbiX H3oTorroB HTTPHH, pyTeBHH, cTpoBUHH, 6apHH, nauTaua H neKOTOpbiX pe.n

KoaeMenhHbiX aneMeHTOB, C IIOMOWbiO P8llH08KTHBHbiX HHllHKiiTOpOB OB OJipe.nenHn a!jl

!jleKTHBHOCTH HOHH38UHH STHX aneMeHTOB, KOTOpb!e COCT8BnHITH .QeCHTbie H COTb!e llO-

ITH npoUeHTa , HO lliTSI IT8HT8H8 I! 1IpaaeO.QHM8 ll0CTHI"'8ITH 16% H 12% COOTBeTCTB9HHO. 

TepMoHounaauHOHHhiA HCTO'IHHK c aaKaneaaol\ rpa<bnToeoA MHWeHbiO Obirr rroHMe-

/ 16/ • 
aea EepaacoM H .np. aa Macc-crreKTpoMeTpe B eapnaaTe .on line", canaaaaoM c 

rrpoToHHbiM ycKopHTeneM, a TaKJKe H B oobi'IHOM eapnaaTe .nnn HlleHTH!j>HKaUHH H orr

peneneann ceqeaHll o6paaoeaann cTaoHnhHbiX H panHoaKTHBHbiX H30Torroe nHTHSI, oaT

pull H Ue3HSI, npHMeHeHHe TepMOHOHH3aUHH H3 HaKarreHHhlX OKHCITOB B TaKHX CITY'IBSIX 

MOJKeT paCWHpHTb Kpyr a neMeHTOB, IIO,liXOllHWHX .QnH IIOllOOHbiX HCCnenoeaaHll, 38 

rrpenenbi menoqaoll rpyrrrrbi. 

K COlKarreHHIO, MeX8HH3M TepMOHOHH3aUHH H8 OKHcnax, B OTITH'!He OT MeX8HH3-

M8 TepMOHOHH3aUHH H8 MeTannax, ewe He BbiSICHeH IIOITHOCThiO, H STO 3aTpynHHeT 

C03ll8HHe oonee a<IJ!jleKTHBHbiX TepMOHOHH38UHOHHblX HCTO'IHHKOB, 

UenbiO aacToHmell paoOTbi liBITSieTcll Hccnenoeaaue H coanaane TepMH'!eCKH yc-

TOl!'!HBbiX OKHCHbiX cnoeB, ll810WHX B03MOlKHOCTb TepMOHOHH3aUHH oonee WHpOKOI"'O 

Kpyra aneMeHTOB, C Koa!jlqlHUHeHTOM HOHH3aUHH Bb!We HeCKOITbKHX rrpoueHTOB H, Ta

KHM oopaaoM, rrpHI"'OllHbiX lliTH rrpHMeHeHHH B HOHHb!X HCTO'IHHKaX aneKTpOMai"'HHTHbiX 

cerrapaTopoe panuoaKTHBHbiX H cTaoHrrhHbiX uaoTorroe. 

XHMH'!eCKHe aneMeHTbl ( HCKITIO'!aH meno'!Hb!e), lliTH KOTOpb!X B HaCTOSiwee Bpe

MH STa uenb HBrrHeTCH llOCTHJKHMOll, ycrrOBHO MOJKHO paanerrHTb Ha nee rpyrrrrbi: 

1) aneMeHTbi, Tpe6yiOwHe Bb!COKHX TeMrrepaTyp lliTH SMHCCHH B BHne HOHOB 

( • 2000°C), HO HMeiOwHe HeOOITblilHe IIOTeHUH8ITbl HOHH3aUHH; 2) aneMeHTbl C 00-

nee Bb!COKHMH ITOTeHUH8IT8MH HOHH38UHH, HOHb l KOTOpb!X SMHTHpyiOTCSI IIpH He O'!eHb 

6onbwHx TeMrrepaTypax. KaK rrpencTaBHTenn nepeoA rpyrrrrbi ObinH HccnenoeaHbi pen

KoaeMerrhHbie aneMeHTbi, a H3 BTopoA rpyrrrrbi - TannHll H CBHaen. 

2, ~eTOAHK8 HCCrreAOBSHHSI 

0KRCHbie CITOH HSHOCHITHCb B BHlle cycneH3HH Ha MeTaiTITH'!eCKHe neHTbl (Hal"'

peBaTenH) H rrocne npocywHBaHHH ua eoanyxe HaKanueanHCh B BaKyyMe. CycrrenaHll 

rronyqanaCb ITpH CMeWHBaHHH H3MeiTb'!eHHbiX ITOpOWKOOopa3HblX OKHCITOB C BOllOA HITH 

STJWOBbiM CITHpTOM, 

5 



no HnH nocne npeaaapHTenbHOrO npoKanHBBHHH B BBKyyMe Ha OKHCHble CnOH HB

HOCHnCR aaoTHOKHCnhiA oacTBOP HccneayeMoro oaaHoaKTHBHoro sneMeHTa. HaKan nea
-4 

Tbl H HcnapeaHe ocymeCTBnRnHCb nocne AOCTH~eHHR BBKyyMa IIOpHAKB 10 MM,pT,CT, 

TeMnepaTypa aarpeaaTens H3Mepnnacb onTH'!eCKHM nHpoMeTpoM. 

nnn onpeaeneHHH KO~~HUHeHTa HOHH38UHH H CKOPOCTH HCUaoeHHH HCCneaveMhlX 

s neMeHTOB 6wna HCUOnh30BaHa MOAenh HOHHOrO HCTO'IHHKa C UpOCTOA HOHHOOUTH'Ie-

CKOA CHCTeMoA nHaaa-nHa~parMa. CxeMa R pacnono~eHHe sneKTpouoB noKa3aHbl 

Ha pHC , }. 3KpaHbl II H III RaXOAHnHCb " IIOU OTpHUaTenbHbiM IIOTeHUHanOM 4 KB OT-

aocHTenbHO sxpaaa I H neHThl L , KOTOpble 6bmH aaaeMneHbl, Bee sneKTponw obi-

nH Ha paBHOM paCCTOHHHH ( 5 MM) upyr OT upyra, IUllpHRa nepBOtl menu - 4 MM, a 

BTopoA - 3 MM. npoBHcaHHe nona qepea menH B SKpaaax coanaaano 6naronpHRTHble 

y cnOBHH nnR ~~eKTHBHOrO BbiTHrHBBHHH H ~OKyCHpOBBHHH SMHTHpOBBHHbiX HOROB, 0HH 

co6HpanHCh npaKTH'!ecKH TOnhKO Ha TpeTbeM SKpaae. HeATpanhHble aTOMbl H Monexy-

nbi nonananH npeHMymecTaeaao aa nepBbiA sKpaH H Meahme - Ha BTopoll: H TpeTnA. 

Ha sxpaaax aaKpennnnnch C'beMHble MeTannH'!ecKne tjJonhrH, aa KOTopbiX KOHneHcH-

poBanHCb, a no OKOH'!aHHH OnbiTa pauBOMeTpHpOBanl!Cb npouyKTbl li!CnapeHHH. 

YcnOBHH xoaueacauan Ha aKpaaax KOHTponapoaanBCh no 6anaacy Me~y acna

peaaoA aKTHBHOCThiO c neHTbi B aKTHBHOCTbiO aa axpauax. B cnv'!ae oenKoaeMenhHbiX 

sneMeRTOB STOT 6anaHC Bcerua COXpaHSinCR. nns TannHR H CBHHUa npB 'IHCTbiX Me

TannH'!eCKHX <!>onhrax aa aKpaaax 9TOT 6anaac ae Bhmonasncn, H nHmh rrocne rroKPhl-

THR STHX tjlonhr TOHKBM cnoeM TymB 6bmH nony'leRbl xopomae peaynhTBTbi. no B3-

MepenaoA no H rrocne HcnapeHBR aKTHBROCTB neaTw onpeuennnocb nonaoe KOIIH'IecT-

ao Hcnapeuaoro aemecTBa, a no pacnpeueneRHIO aKTHBHOCTH - cooTHomeaHe uoneA 

HOHOB H aeATpaneA. 

Ha Ta6n. 1 rroxaaaao pacnpeueneaHe HcnapeaaoA aKTHBHOCTH Ha axpaaax npH 

OTCyTCTBIIH H RaUH'IHH sneKTpH'!eCKOrO UOnR. 0Ub1Tbl no HCIIapeRHIO Cs H3 OKHC-

HOrO CIIOH C KO~~HUHeHTOM l!OHH3aUHH no'!TH 100% yKa3biBaiOT ga BbiCOKYIO ~tjJeK-

THBHOCTb COOHpaHHH HOHOB npaKTH'I~CKH nonHOCTbiO Ha TpeTbeM sneKTpone, CoOTHO

meHHH BKTHBHOCTeA HeATpanhHbiX npouyKTOB, oceBWHX HB SKpaHaX ( HB nepBOM N~, 

Ha BTOpOM N~' H Ha TpeTbeM N~" ) , npH CHHTOM BbiTHrl!BBIOII!eM none H3Meps-

nHCb B Kll~UOM SKcnepnMeHTe, C XOpomelt BOCnpOH3BOAHMOCTbiO nonyqanHCb cnenyiO-
" ~ N-

illHe aaa'!eHHH: NNo., =0,31+0,03; ~=0,23+0,02; ~ -0,75+0,14. AxTHB-
o - No - No -

HOCTb HOHOB, rrorraBWHX Ha TpeTHA sneKTpOn N ';' , npH HcnapeHHH B aneKTpH'Ie-

CKOM none o rrpenemmaCb ABYMH He3aBHCHMbiMH CIIOCOOllMH no H3MeHeHHIO COOTHOWe

HlHI 

6 

Me~ay aKTHBHOCTbiO 3'1 

BTOporo N " sneKTJ= 

1) N" 
~ 

Kos~HUHeHT HOHHaauHH 

HOB, OCeBWHX Ha TpeTbe 

A6coniOTHaH owH6Ka B o 

fl y'lmH e peaynhTBTI 

H3 CMeceA OKHCH UHpKO 

ZrO~ , 70% B0 O, 

HH06HH ( 95% Ta 5% 

B Ta6n, 2 npea 

K03eMenbHbiX aneMeHTOB 

ll8Hbl 3 H8'!eHHH KO~HUH 

OTHOWeHHe HCI!8pDHHO 

'IBnhHOA aKTHBHOCTH ne1 

Ha Ta6n. 3 n peucT. 

UHH CaMapHR npH TeMne! 

IIH'!HbiX MeTannH'!eCKHX I 

PanHoaKTHBHhie Hac 

ny'!e HHH TaHTanOBOA MH[ 

OH.RH 11 nocneuyromeM x1 

wenHH aonH ao'!epaHx np 

aneMeHTOB HcnapeaHe B 

2-3 '18COB IIOCne HOHOOf 

Ce, Pr H Nd , B KOTOpb!X II 

HaKannHBanacb ae6onhme 

psna . B ocTanhHhTX tjJpaK 

neaHe npoBOAHTJOCh nocno 

ewe ae ycneaanH HaKon!! 



·Me H8 OKHCHb!e CliOH HB-

'O aneMeHTa. Haxan neH

-4 
8 llOpS!AK8 10 MM.pT.CT, 

•poM. 

HcnaoeHHSI uccnenveMbiX 

C flpOCTOA HOHHOOf!TH'Ie-

I e aneKTPOAOB f!OK838Hbl 

:M ITOTeHUH8liOM 4 KB OT-

eabr. Bee aneKTPOAhi 6bl

repBol\ menu - 4 MM, a 

0 3 A8BBliO 6narorrpHSITHbie 

IHTHpoBaHHbiX HOHOB. OaH 

llbHb!9 8TOM bl H MoneKy-

t - Ha BTOpOA H TpeTHA. 

HB KOTOpbiX KOHUeHCH-

~YKTbl HCITapeHHSI. 

ro 6anaHcy Me*Ay ucrra-

CliY'Iae 09AK039MellbHbiX 

CBHHU8 rrpH 'IIICTbiX Me-

,g, 11 liHWb nocne noKPbi-

11e pe3yllbT8Tbi, ITo 113-

SlliOCb f!OliHOe KOl!H'I9CT-

11 - cooTaomeaHe noneA 

!BHOCTR 88 3Kp8H8X ITPH 

rapeauiD Cs 113 OKIIC-

'l!OT H8 Bb!COKYIO a<P<f>eK

beM aneKTpone. CooTHo

•Kpaaax ( aa nepBOM N,;, 
'IIBaromeM none 113MepSI-

rbro non)"lanHcb cnenyro

~ = 0, 75 + o, 14. AKTIIB-
1 0 -

·cnapearm B aneKTp ii'Ie-

0 ll3MeHeHHIO COOTHOWe-

Memny aKTHBHOCTbiD aToro anexTpona 

BTOporo N " a neKTponoB. 

l) N '" = N"' 
+ 

NQ'" 
N~ 

N '" H aKTHBHOCTbiD nepBoro 

N' ; 2) N '" 
+ 

N "' 
N "'- - 0

- • N " 
N" (\ 

N' 

Koa~IIUIIeHT IIOHII38UIIH ~ onpeneliS!liCSI KBK OTHOWeHHe Me*Ay 8KTHBHOCTbiD HO-

HOB, OCeBWHX Ha TpeTbeM aKpaHe, H f!OliHOA 8KTHBHOCTbiD H8 Tpex 3Kp8H8X, 

A6coniDTHBSI owH6Ka B onpeneneHHH COCT8BnS!eT !J.~ = + 2%. 

3. 3KcnepHM9HT8ITbHbi9 pa3YflbT8Tbl 

fly'IWHe pe3yllbT8Tb! AliSI p9AK03eMallbHbiX aneMeHTOB 6b!liH flOITy'IeHbl H8 CliO!IX 

1!3 CMecefi OKHCH UHpKOHHSI H OKHCH 6opa UpH BeCOBOM COCT8B9 B cycrraH3HH 30% 

Zr0~ , 70% B 0 0, H8HeceHHblX H8 neHTbl 113 T8HT8ll8 Hl!H CflliABA TAHTAl!A u 

HH06Im ( 95% Ta 5% Nb ) • 

B Ta6n, 2 rrpencTaBneHb! pe3yllbTBTbr II3MepeHIIA aa aTIIX cnoSix nnSI oen-

K03 9MenbHhiX a neMeHTOB npH TeMnepaType aarpeBaTel!SI 20Q0°C. B o BTOpOA KOl!OHK9 

U 8Hb! 3H!l'IeHH!I Koa<I><I>HUIIeHT8 HOHII38UIIII ~ HcnapeaHoro BemecTBa, a B TpeTbeA -

OTHOWeHII9 11Cri .9 pCHHOA 38 30 MII!!YT 8KTIIBHOCTII H8 Tpex 3Kp8H8X 

qanbHoA aKTIIBHOCTII neHTbl N 0 . 

N 
u K HB -

Ha Ta6n, 3 npeJlCT8Bli9Hbl 8H8l!Orii'IHb!e pe3yllbT8Tbl Ul!!I IICnapeHH!I II IIOHII38-

U HH C8M8pH!I npH TeMnepaType 2000 -C 113 OKIICHbiX CITOSB p83HOrO COCT8B8 H8 pa3-

ITH'IHb !X MeTalll!H'IeCKHX HarpeBaTel!SIX. 

p 8UH08KTHBHbie II30TOflbl penKo3eMel!bHbiX aneMeHTOB 6binll f!Olly'IeHb! npH 06-

nyqeHHII T8HT8ITOBOfi MIIWeHII ripOTOH8MH C aaepr11e A 600 MaB H8 CIIHXpOUIIKITOTpOHe 

OHHH II nocnenyromeM XIIMI!'IeCKOM pa3neneHHII HOH006MeHHbiM MeTOAOM . nn!I yMeHb

we!II!Sl UOITI! UO'IepHIIX ripOUyKTOB B UeflO'IKe pacnana HeATpOHOUecPI!UI!TH blX Sinep 3 THX 

a rreMeHTOB HCflapeHIIe B BaKyyMe II 113MepeHIIe 8KTIIBHOCTefi ripOBOlllllii!Cb B Te'IeHIIe 

2-3 qacoB noc rre I!OHoo6Meaaoro paanerraHIISI . HecMoTpSI aa aTo , B !jlpaKUIISIX La • 

Ce . Pr II Nd • B KOTOpbiX npeo6rranarrl! KOpoTKomuBymlle H3 0TOflbr, 3 8 B peMSI 1!3 M e peHHSI 

HaKannHBarracb ae6orrbWaSI norrSI noqepHIIX nponyKTOB npenbrny mero arreMeHTa a Toro 

pSina . B ocTa rrbH biX !j>paKUIISIX npHcyTCTBOBaliH norrrom HByiUHe H3 0TOn b r , T . K . p a 3 ne-

rreHI!e npOBOUIIliOCb nocrre pacnana KOpOTKOmi!Byilli!X H3 0TOf!OB II U O'Ie p HIIe nponyKTbl 

e UJe He y cne B B lii! H8KOf!IITbC!I 3 8MeTHO IIITII COBCeM H e ripHC y TCTBOB8lii!. 
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llnst TannHst H CSHHU8 ny'llliHe peaynbTSTbl 6binH liO!Iy'!eHbl H8 C!IOHX H3 70% 

SiO~ 30% B
2 

0 28 ( S SeCOSbiX e)lHHHUSX), HaHeCeHHhiX H8 MOnH6JleHOSb!l! Harpesa-

Tenb s sHne cycrreH3HH . C 10% -Holl opTO!jloc!jlopHoll KHcnoTol!. KonHqecTso rrocneaHell 

3 
JlO!I)!(HO 6b!Tb He MeHee '!eM 0,1 CM H8 10 MH!I!IHrpaMM CMeCH OKHC!IOS KpeMHHSI H 

6opa. 

B Ta6n. 4 rrpencTasneHbi aTH peaynhTSThi rrpu TeMrrepaType aarpesaTenst 

1400°C. E blllll HC!IO!Ib30S8Hbl H30TOIIbl Tf 
204 

H Ph 
212 

( Th B). l13oTOII CSUHlla Th B c 

rrepHOJlOM rronypacrrana 10,6 qaca rrony'lanH H3 aMaHaTopa TOpHSI3ToT H3oTon conpo -
212 

S0)!(Jla!IC51 CSOHM llO'!epHHM IIpOJlyKTOM Bi (Th C) , rrepHOJl !IO!Iypacnana KOTOporo 

60,5 MHHyT, no a T OMy H3MepeHHe aKTHSHOCTH Ha aKp8HaX !IpOSOJlH!IOCb qepea 2-3 '!a-

ca nocne HCnapeHHSI, KOrJla B Ka'leCTSe JlO'IepHHX !IpOJlyKTOS !IpHCyTCTSOSS!IH H30TO

llbl, nonyqeHHbie 113 pacnana TonhKO Tex aToMos Th B , KoTopbie ocenH aa aKpaaax. 

TaKHM o6paaoM, naHHbie OTHOC!ITCSI K 'IHCToMy csHauy. 

4. 06cy*AeHHe peaynhTaTos 

KaK SHJlHO H3 Ta6n. 2, no cTeneHH TepMOHOHHaauHH s o6nacTH penKoaeMenbHbiX• 

aneMeHTOS BhiJlensteTCSI nse rpynnbi. ·nepsaSI rpyrrna aneMeHTos OT La JlO Eu 

xapaKTepHayeTC!I cpaSHHTe!IbHO 60!IblliHMH KOa!jJ!jJHUHeHTSMH liOHH3aUHll ( 7-17%) H 60-

nee 6biCTpb!M HCIIapeHHeM IIO cpasHeHHto CO STOpOl! rpyrrrrol! Tb- Tu rne 

3Ha'le HHe Koa!jJ!jJHuHeHT8 liOHH38UHH He npeSbillJaeT 3%. 3TO MO)!(HO 06bHCHHTb paanH-

'!HeM B aTOMHbiX liOTeHUHanax HOHH3aUHll, KOTOpbie Jl!IH nepSOl! rpyllllbl !Ie)!(aT S HH

Tepsane 5,4 - 5, 7 a a, a anSI BTopol! rpynnhi - s liHTepsane 6,0 - 6,8 as. Ho 6po

caeTCH S rnaaa TOT !jlaKT, 'ITO Tep6Hfl, l!Metomlll! liOTeHUHan liOHH3aUHll TaKOll )!(e, 

KaK y CaM8pll51 5,6 as), l!OHH3yeTC51 Xy)!(e He TO!IbKO CaMapliH, HO H ra)lO-

!IHHII51 I = 6,2 as). no-BHJlHMOMy, HcnapeaHe peJlK03eMenbHblX aneMeHTOS H3 aa-

KaneHHb!X OKHC!IOB npOHCXOJlHT npeHMyllJeCTSeHHO S SHJle MOHOOKHCHbiX MO!IeKyn, Ha

npHMep, SmO H B MeHbllJel! CTeneHH S aTOMapHOM COCT051HHH, K8K aTO !IOKa

/15/ 
aa no s pa6oTe • B aToM cnyqae onpenensttolliHMH SIS!I51toTC51 noTeHuHanbi HOHH3a-

lll!H OKHCHbiX MO!IeKyn, HO, . K CQ)!(aneHllto, B !IHTepaType HeT )laHHbiX 0 HHX, 

Ebma 11ccnenosaHa soaMOJ!(HOCTb TepMOHOHH3aUHH aneMeaTos nnyTOHHH, aMepH

IlHH H KtopHSI KaK npeJlCTaBHTeneA rpy!Illbl aKTHHHJlOS, Koa!jl!jJHUHeHTbl HOHH3aUHH Sbl

we 3 % He 6bl!IH aaMe'!eHbi, 'ITO !IOKa3biBaeT Ha 6!IH30CTb HX CSOl!CTS S OTHOllJeHHH 

TepMOHOHH3aUHH KO STOpOl! rpynne peJlK03eMe!IbHblX aneMeHTOS. 
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,J 

CpasHeHHe Me*n: 

'ITO KoaljJ!jJHUHeHTbl HOHII 

KOa!jJ!jJHUHeHTbl HOHH38lll 

Jl!ISI KOTOPbiX 3HS'!eHHSI 

PeaynbTaTbi s Tf 

CSMapHSI OT COCTasa Ot 

!jJHUHeHT HOHH38UHH HM( 

KOTOpb!X SXOJlHT OKHCI 

5% Nb naeT Te *e 1 

MO!IH6aeHOSbiM KOa!jJ!jJHIJ 

c11. llo6asneHHe oKHCH 

neHHto HOHH3aUHH S Ha' 

nanaeT co speMeHeM 

3aMeHa OKHCH 6c 

UHpKOHH!I Ha TaHTane, 

HO, OTSeTCTSeHHbiMH ~ 

HH06HSI, KOTOpb!e o6pa: 

SSHHH OKHCHbiX cnoes. 

TanosoM HarpesaTene 

6enbil!. HasepHoe, OJ 

Ty'IHMH, HC!IapHtoTC51 H 

o6HH '18CTH'IHO aanepl 

~OflhiDOAMA II MOfliiOOel 

1000-1100°C, a OKIICI 

Ollb!TOS Ha SO!Ib!jlpaM 

o6ycnaS!IHSaeT HOHH31 

T8HT8!Ia H HH06H51 JlO 

raaua gsnHtoTC51 Heyc1 

meCTSeHHO Ha HOHH3al 

OKHC!IeHH51 TaHTana H 

Ehi!IH Hccneaoi 

KOTOpbie TO)!(e SIS!ISito 

MO!IH6JleHOSOM, TaK H 

Tona ae aa6ntoaanacb 



rqeabJ aa cnosx H3 70% 

MOnH6neHOBbrll aarpeaa

• KonHqecTBO nocnenael!: 

ieCH OKHCnOB Kp6MHHH H 

inepaType aarpeaaTens 

) . 1130TOU CBHHlla Tb 8 C 

::>pHH.3TOT H30TOU conpo -

n nonypacnaJla KoToporo 

:JBOJlHnOCb qepe3 2-3 qa-

3 UpHCyTCTBOBanH H30TO-

ropbre ocenH Ha SKpaaax. 

>6nacTH peJJ.K03eMenbHbix• 

3HTOB OT La JlO Eu 

IOHH3aUHH (7-11%) H 60-

pynnol!: Tb- Tu 

MOJKHO 06cHCHHTb pa3nH

IBOJ!: rpyUUbl neJKaT B HH-

re 6 ,0 - 6,8 sa. H o 6po-

an HOHH3aUHH TaKOJ!: JKe, 

>KO CaMapHH, HO H raJlO-

3nbHbl X sneMeHTOB H3 Ha-

J HOOKHCHb!X MOneKyn, Ha-

OCTOHHHH, KaK 3TO UOKa-

:JTCH UOTeHUHanbi HOHH3a-

r JlaHHhiX 0 HHX, 

MeHTOB nnyTOHHH, aMepH

?!jJHUHeHTbl HOHH3aUHH Bbl-

HX CBOHCTB B OTHOJlleHHH 

!M6HTOB, 

CpaaaeaHe MeJKJlY HBIIIHMH JlBHHhiMH H JlBHHhiMH Xal!:JlaHa
1 151 

noKa3bJBaeT, 

"'TO Kos!jJ!jJHUHeHTbl HOHH38UHH H8 H8IIIHX OKHCHblX CnOHX npeBOCXOJlHT B 50-100 p83 

Koa!jl!jJHUHeHTbl HOHH3aUHH Ha BOnb!jlpaMOBOJ!: neHTe, 38 HCKmoqeaHeM La H Pr , 

JlnH KOTOPhlX 3Ha"!eHHH flO"'TH COBfl8Jl810T, 

Pe3YnhT8Tbl B TB6n, 3 UOK83 bJ Ba!OT 38BHCHMOCTb Koa4JdlHUHeHT8 HOHH3aUHH 

C8MapHH OT COCT8Ba OKHCHOrO cnOH H MaTepnana HarpeBaTenH, KaK BHJlHO, KOa!jl

!jJHUHeHT HOHH3aUHH HMeeT 6onblllHe 3 Ha"!eHHH TOnbKO Ha OKHCHbl X CnOHX, B COCTaB 

KOTOpb!X BXOJlHT OKHCb UHPKOHHH Ha TaHTBnOBOM HarpeBaTene. CnnaB 95% Ta , 

5% Nb JlaeT Te JKe pe3ynhTaTbJ. Tipll: aaMeae aarpeaaTens aonh!jlpaMoBbiM HnH 

MOnH6)leHOBbiM KOa!jl!jJHUHeHT HOHH3aUHH Ua)laeT H C KOpOCTb HCnapeHHH yMeHblllaeT

CH. llo6aane aHe OKHCH HH06HH K OKHCH UHpKOHHR H8 BOnb!jJpaMe n pHBOJlHT K UOHB

neHHIO H OHH3aUHH B Ha"!anhHbll! MOMeHT, HO 3aTeM KOS!jl!jJHUHeHT HOHH3aUHH 6bJCTpO 

naJla e T co apeMeHeM • 

3aMeHa OKHCH 6opa OKHCb!O !jloc!jlopa HnH MapraHUa, Jl06aanHeMbiX K OKHCH 

uHpKOHHH Ha TaHTane, ToJKe ae H3MeHHeT cymecTBeHHO pe3ynhTaToa. CneJloBaTenb-

HO, OTBeTCTBeHHbJMH 3 8 ynyqweaHe TepMOHOHH38UHH HBliHIOTCH OKHCH TBHTBna H 

HH06HH, KOTOpbie o6pa3y!OTCH B pe3ynbTaTe OKHcneHHH HarpeBaTens npH npOKa nH

BaHHH OKHCHb!X cnoeB, Ha 3TO yKa3bJBaeT H BHeliiHHJ!: BHJl cnoea, KOTOpb!l!: Ha TaH

TanOBOM aarpeBaTene HMeeT qepHb Jll UBeT, a Ha BOnb!jlpaMOBOM H MOnH6)leHOBOM-

6enhrl!:. Haaepaoe, OKHCH aonb!jlpaMa H Mone6JleHa, KOTopbre nanHJOTCH 6onee ne

TY"'HMH, HCnapH!OTCH H3 cnoeB npH TeMnepaTypax 2000°C, a OKHCH TaHTana H HH-

o6HH qacTH"'HO 3aJlepJKHBaJOTCH. HalllH HccneJloBaHHH noKa3anH, "'TO "'HCTbre oKHCH 

RnnhmnaMA u MnnunneHa HcnaoHIDTC H nonHOCThJO c HaroeaaTens noH TeMneoaTvoax 

1000-1100°C, a OKHCH HH06HH - npH TeMnepaTypax 1700-1800°C. K aK BHJlHO H3 

Oflb!TOB aa BOnb!jlpaMOBbiX H MOnH6JleHOBbiX HBrpeBaTenHX, OKHCh UHpKOHHH He 

o6ycnaBnHBaeT HOHH3aUHH 0 HO OHa BblflOnHHeT penh CBH3H 0 Yll6plKHBaJOmel!: OKHCH 

TaHTana H HH06HH JlO TeMnepaTyp nopHJlKa 2200°C. 0KHCH 6opa, !jloc!jlopa H Map

raHUa HBnHIOTCH HeyCTOJ!:"!HBblMH H npH TeMnepaType 2000°C He MOryT BnHHTb Cy

mecTBeHHO Ha HOHH3aUH10 0 HO OHH Hrpa!OT penh OKHCnHTeneJ!:, yCKOpH!OillHX npouecc 

OKHCneHHH TaHTana H HH06HH , 

EhlnH HCCneJlOB8Hhl H OKHCHbie CnOH B COCT8Be 50% Y? 0 0 ; 50% 8 ~ 0 A 

KOTOpb! e TOJKe HBnHJOTCH ycTOJ!:"!HBbiMH JlO TeMnepaTyp nopHJlKa 2200°C, KaK Ha 

MOnH6JleHOBOM, TaK H HB TaHTanOBOM HarpeBaTene HOHH3aUHH Bb!Jlle TO"'HOCTH Me-

TOJla He Ha6nJOJlanaCb, 
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npH OKHCHbiX CIIOSIX Ha TaHTaiiOBOM HarpeBaTene, a TaK>Ke H Ha crrnaae 95% Ta, 

5% Nb Ha6monanaCb B HBKOTOpblX cnyqaSJX 3H8'IHTenbHaSI llH<iJ<jJyGHSI panHoaKTHBHblX 

aTOMOB B rny6HHY MeTanna, 3TO CHnbHBe 6binO Bblpa>KeHo !IpH pa6oTe CO BTOpoA 

rpyrrnoA Menee neTy'IHX penKoaeMenbHbiX aneMeHTOB Gd Tu H IlpOS!BnSJnOCb B 

3 Ha'IHTBnbHOM yMBHbllie HHI'I aKTHBHOCTH HCI18pHTenSJ IlOCne !IpOKanHBaHHSI ( 15-20 MH

HyT)rrpH 2000UC H HB60nbW OA none HCIIapeHHOA BKTHBHOCTH Ha 3Kp8H8X, 3TO 6bl-

no o co6enao 3aMeTao aa Gd 
180 180 

Er + Ho H CMBCH HMBIOWHX cpaBHHTenb-

no MSJrKoe H3nyqeaHe, nerKo nornomaiOIUeecSJ B Tonme enoS! MeTanna. nocne rrpoKa-

nHB8HHSI B Te'IBHHB 30-40 MHHyT BKTHBHOCTH, H3MepeHHble C nHUBBOI\ H o6paTHOA 

CTOpOH HarpeBaTenSJ, BblpaBHHBanHCb H yMeHbWanHCb Menneaaee no cpaaaeHHIO c 

yaenH'IBHHBM HCIIapeHHOA 8KTHBHOCTH Ha 3Kpaaax. nn<!J<Py3HSI !IpOS!BnSJnacb 6onee 38-

MeTHO, KOT'Il8 pallH08KTHBHbiB H30TOIIbl HaHOCHnHCb Ha rrpenaapHTenbHO IlpOKaneHHbiA 

B BaKyyMe OKHCHbll! enol\, 8TOT a<iJ<PeKT 3aMellnSJeT CKOpOCTb HCIIapeHHSI pBilK03BMenb-

HbiX 3neMeHTOB. 

113 Ta6n. 4 BHilHO, 'ITO cpaBHHTenbHO BbiCOKHe KOa<jJ<jJHUI!eHTbl HOHH38UHH MO>K-

HO rrony'IHTb H nnH 3!IeMeHTOB C 6onee BhlCOKHMH IIOTeHUH8!I8MH HOHH3BUHH: 

Tf ( 6,1 3B) H Ph ( 7,4 3B) • B 3TOM cnyqae B COCT8B OKHCHbiX CnOeB non>K

Hbl BXOnHTb OKHCH KpeMHHH, 6opa H <jloc<j>opa . 8TH CnOH HMeiOT IIOBbiWeHHYIO pa6oTy 

BbiXOna !IO cpaBHeHHIO CO C!IOHMH H3 OKHCH UHpKOHHH H 6opa, HO HB!IHIOTCH MeHee 

yCTOfi'IHBbiMH H IlpH TeMrrepaTypax BbiWe 1,.700°C pa3pywaiOTCH, noaTOMy HX MO)I(

HO !IpHMeHHTb nnH T epMOHOHH3aUHH 6onee neTy'IHX 3neMeHTOB. nnH CBHHUB pe3y!Ib

TaTbl nony'IaiOTCSJ nyqwe, ecnH cHa'Iana rrpoKanHTb 30-60 MHHYT no TeMrrepaTypbl 

1000-1100°C, a 3aTeM !IOBbiCHTb TeMrrepaTypy no 1400-1500°C nnH HCIIapeHHH B 

BHile HOHOB. Koa<j><j>uuHeHT HOHH38UHH CBHHUB pacTeT CO BpeMeHeM H llOXOilHT no 

30-40%, OCTBB8S!Cb B cpenHeM pBBHbiM 10-15%. 

5. B bl B 0 ll bl 

113 IIOny 'IeHHbiX 3KCIIepHMeHTBnbHbiX pe3ynbTBTO"B BllllHO, 'ITO C IIpHMeHeHHeM 

OKHeHbiX cnoeB IIOilXOilHWero COCTBBB MO)I(HO paCWHpHTb Kpyr aneMeHTOB I a<j><j>eKTHB-

HO I'JOHI'I3YIOWHXe51 MeTOilOM TepMOHOHH38UHH 11'1 IIpHMeHHTb 3TOT MeTOil, KpOMe MBCC-

C!IBKTpOMeTpH'IBCKOT'O BHBnH3 B, eme ll nnR 3IIBKTpOMBT'HHTHOT'O p831leneHH51 pallHO

BKTHBHbiX H CT86HIIbHbiX H30TO!IOB. 
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Yneno Heenenoaa 

!IOpS!>KeHHH pallHOaKT HBil 

TepMOHOHI'J3aUHH MO>KHO 

na aneMeHTOB. Ha enoS! 

HO I'JOilH30BaTb eme men 

MeeTeSJ, meno'IHbte ane 

Bi , In , Ga , '\g , Sn . 

3Ha'IHTBnbHBSI llH¢ 

yKB3blBllBT Ha B03MO>KH 

MHWBHBfi, o6nyqaeMblX 

HHBM HaKanHB8HHH TaKH 

npn noenenyromeM naKa 

T opa 06bi'IHOT'O THII a MC 

nepBOH IIOIIOBHHbl pellKO· 

eMa K OKHeneHHOH noae 

B eoOTBeTeTBHH C HaW: 

ue npn6erMI K XHMif'IeC 

Hlffl pBili'IOBKTI'JBHblX 1'13C 

Pe3ynbTBTbi uacT• 

XaHH3Ma TepMOI!Oifll38lll'l 

Ul'llf ua6monaeTcfl npn . 

n <j>oe<f>opa , a npH rrpHe: 

cfl . Ponb OKHeH <!>oe<j>o~ 

ua 6blna Hecnenoaaua 1 

UllpKOHilfl I! OKI'ICb aniOr 

pbl 1'13BeeTHO, 'ITO 60pl 

HeKOTOpb!X sneMeHTOB, 

TlJKI'Je sneMeHTbl, KBK 

eBOHCTB HCene!lOBBHHbl 

I'IOHH38UI'IH HMeeT MeC1 

eoeTaB, OTnH'IBeTC9 6C 

T aKHMH SJBnflroTefl oKH 

BOnb~paMa , MOnH6r.eua, 

noB e IIOBb!IJleHH8M I!X 



tK)I(e H aa cnnaae 95% Ta , 

tlH!jJ4>yauH p aauoaKTH BH hiX 

> npu p a 6 ore co aropoA 

To H npoHanstnocb a 

lpOKanH BaHHH ( 15-20 MH-

T H Ha 3 K p aaax. 3ro 6 br 

HM e!OmHx c paaaure nb

M eranna. rlocne npoKa

c n uueaoA H o 6 paraoA 

neaaee no cpaaa eau10 c 

npoHBnHnacb 6onee aa

.apurenbao npoKane aabrl! 

ucna peaust p ea KoaeM e nb-

lHeHT bl HOHH3aUHII M O)I( 

iUHanaMH HOHHa SUHH: 

1 OK HCHb! X cnoea JlO!I )I( 

QT liOBbi!lleaa yiO p a 6ory 

a , HO HBnHIOTCSI M e aee 

reS! , rl03TOMy HX MO>K

B. Ilnst CBHHU a p eaynb

IHHYT llO T e M n epaTypbl 
0 

10 C llnH Hcn a p e aHH 8 

e MeHe M H llOXOilHT llO 

) , 'ITO C !IpHMeHeHI!eM 

a n eMenr o a 1 a!jJI!JeKTHB 

r Meroa , K poMe M ace-

ro paaaenenHH paauo -

., 

Y ncno uccneaoaaHHbiX sneMearoa 6bmo orpaauqeao HMeiOmHMHCst a aallleM pac 

n o pH>Ke auu pallH08KTHB HblM H H30T Oll8 M H. Ho 118 OCHOB 8 11HH !IH TepaTypHblX ll8HHbiX 110 

T 9 pMOHOHH38UHH MO>KHO H8Jl9SIT bCSI nony'IHTb 8H8 n OrH'IHb19 peaynbT8Tbl eme Jlnst pH 

Jla sneMeaToa. H a c noHx ua OKHcH uupKOHHH aa raaranoaoM aarpeaarene aoaMO)I(-

HO liOHli30BaT b eme 1ll9!IO'IH039M9!IbHbl9 S!I9M9HT bi, KaK Sr , Ba , Ra , H , paay-

MeeTcst, meno'!Hbre a n eMeHTbi , a aa cno~x Ha OKHCH KpeMHHH , 6opa H !lloc¢opa -

Bi , In , Ga , '\g , Sn . 

3Ha'IHTe!Ib Hast llH!IJ!jly3HSI pellK03eMe!IbHbiX 3!IeMeHTOB B OKHC!IeHHOM TaHTane 

yKa3biBaeT H8 B03MO>KHOCTb !IpHMeHeHHSI TaHTa!IOBblX neaT C OKHCHbiM cnoeM KaK 

MH!lleHeA, o6nyqaeMbiX !IpOTOHaMH B yCKOp!!Tenstx. rJpH OllHOBpeMeHHOM C o6nyqe-

HH9M H8K8nHB8HHH TSKHX MHW9He:f% B B8pH8HTe ,,. on line , Macc - cenaparopa unu 

!Ipll liOCnelly101lleM HaKanHBaHHH B HOHHOM HCTO'IHHKe aneKTpOMarHHTHOrO cenapa

Topa o6bi'!Horo THna MO>KHO aaaestTbCst, 'ITO npoayKTbi staepHbiX peaKuHA a o6nacTH 

nepaoA nonoBHHbt peaKoaeMenbHbiX aneMeHTOB 6yayr nerKo llH!IJ¢yaaHpoaaTb ua o6"h

eMa K OKHCll9HHOl! liOBepXHOCTH, OT Kylla '18CTH'IHO DYilYT HCnapS!TbCSI B BHile HOHOB 

~ cooTaercTBHH c aalllHMH aKcnepHMeHTanbHhiMH peaynbTaTaMH . TaKHM o6paaoM, 

He npuoerast K XHMH'IeCKOA o6pa6oTK9 MH!ll9HH, MO)KHO COKpaTHTb apeMSI paaaene -

HHSI pallHOaKTHBHhlX H30TOITOB. 

PeaynhTaTbi aacrostmero uccneaoaaHHst ocaemaror H HeKoTopbre cTopOHbi Me

xaauaMa T9pMOHOHH3aUHH Ha HaKaneHHbiX OKHCnax. rJOBbi lll9HHe KOa!jJ!jJHUHeHT8 liOHII38-

UHll HBDliiOJlaeTCSI npH Ha!IH'IHH B CilOSIX OKHCilOB TaHTana, HHODHSI, KpeMHHSI, 6opa 

H !jloc¢opa, a llpH llpHCYTCTBHH OKHC!IOB UHpKOHHSI H HTTpHSI HOHH3aUHSI yMeHblllaeT

CSI . Ponb OKHCH ¢oc¢opa H KpeMHHSI B yaenH'IeHI!H Koa!jlrjJHUHeHTa HOHH3aUHH CBHH-

1 131 
ua 6bma uccnenoaana naMH a pa6oTe • TaM 6bmo noKaaaao TaK)Ke, 'ITO OKHCb 

uwpKOHHSI H OKHCb aniOMHHHSI y MeHblllaiOT a!jlrjJeKTHBHOCTb HOHHaauau. Ha nHTepaTy

pbi H3BeCTHO, 'ITO 6opaKC H 6opHaH KHCnOTa liOBhi!llaiOT Koa!jl!jlu UHeHTbl HOHH3aUHH 

HeKOTOpbiX aneMeHTOB, a Ha CMeCH H3 OKHCH 6opa H OKHCH BO!Ib!jlpaMa HOHH3yiOTCSI 

TaKHe aneMeHTbl, KaK Zn 9,4 aa) H Cd ( = 8,0 aa). Cpaaaeaue 

CBOHCTB HCC!Ie!IOB8HHbiX COellHHeHHll liOKa3biBaeT, 'ITO yaenH'IeHHe K03!jJ4>HUHeHTa 

HOHii38UHH HMeeT MeCTO nnst TeX OKHCnoa, ami KOTOpb!X MeTann, BXOilSIIUHf! B HX 

. I 17 I 
COCTBB , OTIIH'!aeTCst DOnbllleH aneKTpOOTpHU8TeiibHO~TbiO liO lllKane D aynHHra , 

T aKliMH stBnstiOTCSI OKHCH KpeMHHst , 6op a, ¢oc¢opa, OKHCH TyrorrnaaKHX MeTannoa

aonb¢paMa , MOnH64eHa, TBHTana HHOt>HH H llP• ;y aenH'IeHHe pat>OTbl BbiXOil8 MeTan 

!IOB C liOBbllll9HHeM liX 31!eKTpOOTp~IUaTellbHOCTll liOKa38HO y6·ellHTeiibflbiM o6p830M 

II 
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fop.QH H ToM8COM ,0KHCH, .QnSI KOTOpb!X M9Tann, BXO.QSI!UHII B HX COCT8B, HM99T 

He6onbWYIO sneKTPOOTPHU8T9nbHOCTb, T8KH9, K8K OKHCH UHPKOHHSI, HTTDHSI, 8nTOMH-

HHH, OKHCH pe.QK039MenbHhlX, wenO'IH039MenbHb!X H lU9nO'!HblX SneM9HTOB, npHBO.QHT 

K yM9HbW9HHIO KO~~HUH9HT8 HOHH38UHH, 8 COOTB9TCTBHH C STHM M9HSI9TCSI H npH-

0008 XHMH'I9CKOII CBH3H B STHX .QBVX THll8X C09.QHH9HHII, CornaCHO ll09.QCT8BneHHIO 

l1AV1T>!HrA, B nepBOM THlle npeo6nanaeT KOB8neHTH8SI CBSI3b, 8 BO BTOpOM - HOHH8SI, 

'ITO 11 orrpenenSieT pa3nH'IH9 B TepMOCTOl!KOCTH, 0KHCH C npeo6na.Q8HH9M KOBaneHT-

HOl! CBSI31! nerKO p83pyW810TCSI npH Harpeee B B8KyyMe, HCll8pSIS!Cb B BH.Qe OKHCHblX 

MOneKyn. C yeenH'I9HH9M HOHHOI! CBS13lJ, yCTOli'IHBOCTb C09.QHH9HHII p8CT9T, HO, K CO

)f(8n9HHIO, KaK rroKa3aHo, Kosl!>¢lauHeHT HOHH38UHH yMeabwaeTcSI. TaKHM o6oa3oM. no-

Bbllll9HHe TepMH'I9CKOll yCTOli'IHBOCTH OKHCHoro CnOSI H yBenH'I9HH9 ero pa60Tbl Bbl-

XO.Q8 HBnH!OTCSI npOTHBOITOnO)f(RblMH T9H.Q9HUHSIMH, 

Ho CM9CH STHX .QBYX TIIIIOB OKHCnOB HM9!0T llPOM9)f(YTO'IHbl9 CBOIICTB8, II 6na-

rona pH STOMy, B8pb11pySI IIX COCT8B, MO)KHQ yBenH'IHTb TepMOCTOl!KOCTH OKIICHblX 

CnOeB llOH llOBblW9HHOll pafioTe BblXO.Q8, 

J.iccne.QOB8HH9 T8KHX CMecel\ C uenb!O ll0Bb!W9HHH HX TepMOCTOIIKOCTII llpH yee

• 
ni!'I9HHH COITeO)f(aHHSI sneKTOOOTOIIUaTenbHb!X SII9M9HTOB S!BnSI9TCSI O.QHIIM H3 llVTel\ 

.Q8nbaellwero ycoeepweHCTBOB8HHSI T9pMOHOHH38UHOHHbiX IIOHHbiX HCTO'IHHKOB II pac-

WHD9HHH o6naCTH HX llPIIM9H9HHSI. 

B 38KII10'19HHe XO'IY Bb!pa3HTb 6naronapHOCTb npo~eccopy r.H. ~nepoBy II 

H.H. TapaHTI!Hy 38 oKa3aHHY!O noMO!Ub H conellcTBHe npH npoeeneHHH STIIX Hccneno

eaaHl! B fla6opaTopHH HnepHblX peaKUHll OHHH II TOB8pH!UaM Jl, XpiiCTOBy H H. ne-
6eneey 38 npe.QOCT8Bn9HII9 XHMH'I9CKII 'IIICTbiX pe.QK039MenbHblX 1130TOITOB, 
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Ta!SnHua 

J.1cnap9HH851 8KTHBHOCTb
1
% 

6ea a.n. nonR 

65 

20 

15 

Cs 

13 

3 

7 

90 

c an. noneM 

Sm 

56 

17 

27 



T a 6 n H ll a 2 

N N'" + ( u) "' 3neMeHT f3,..-' % To t= 30 MHH'' " Nu 

La 17 50 
Ce 18 50 
Pr 14 50 

Nd 7 60 

Pm 7 80 

Sm 14 70 

Eu 9 80 

Gd 5 30 

Tb <3 30 
Dy <3 30 

Er + Ho <3 30 
Tu <3 30 
Yb <3 90 

14 

: 

. 

l 

C n o ll HE 

Zr02 + 8 3 0 3 96% Ta 

Zr02 +Ha P0 4 95% Ta 

Zr0 3 + Mn03 95% Ta 

Zr03 + 820a + 
25:1>Nb 3 0 6 

95% Ta 

Zr0 2 +8 2 0 3 T• 

Zr0 2 +820a Me 

Zr0 2 + 820a ~ 

Zr02+82 0a+ 
50% Nb:i 0 0 II 

y2 °a + 8 2 °a M. 

Y20a + 82 Oa 95% Ta 

3neMeaT 

ITi 

II 

I 

Tf 

Pb 

-----------

CxeMa aoaaor 
HOHH38UHH H CKOpOC 



2 

N 
( u) % Tot= 30 M H H' 

50 

50 

50 

60 

80 

70 

80 

30 
30 

30 

30 

30 

90 

T a 6 n H 11 a 3 

N"' N 
C n o l! Harpe sa Ten& {3--+_, % <-"-> 

No t•30 1 

Zr0 2 + 82 Os 96% Ta 

Zr0 2 + H3 PO< 96% Ta 

Zr 0 2 + Mn02 96% Ta 
Zr02 + 82 Os + 
25% Nb 2 0 6 

96% Ta 

Zr0 2 +8 2 0 3 Ta 

Zr 02 + 82 Os Mo 

Zr0 2 + 82 Os w 
Zr02+82 0a+ 

50% N~ 0 6 w 

y2 °s + 82 03 Mo 

Y203 + 82 03 95% Ta 

3n eM e B T 

Tf 

Ph 

N 

+ 6% Nb 14. 70 
+ 6% Nb 14 70 
+ 6% Nb 12 70 
+ 6% Nb 13 50 

13 70 

< 13 15 

< 3 20 

7 
15 

10 
< 3 

50 
+ 5% Nb < 3 

T a 6 n H u a 4 

N"' 
f3- _i_ % 

Nu 

13 

10-16 

BpeMR 
aarpesa, 

MHB 

5 

30 

N 
-"-, % 
No 

80 

50 

)-~---0 -'t KB 
II 
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CxeMa aoaaoro acTo'IHHKa, acnonbayeMoro Ami onpe.oeneHHH Koa<l><!>auaeaTa 
HOHH3aUHH H CKOpOCTH HCnap9HHH, 
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