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B . nocne.n;Hee BpeMH .n;nH ~HanHJa MaJILIX. KOJIHlieCTB. 
Jm~MeHToB· Bee 6onLuree ··. JHalieHHe npao6peTarol- MeTo,n;LI 
ri:tJOBOH XHMHH H, .B liaCTHOCTH, MeTO.IJ;bl raJOBOH TepMOXpo
MaTorpa$HH ... paJJIHliHLIX JieTyliHX .. coe.n;HHeHHH l 1- 3 I. . Cpe.n;H 
MHOrOliHciieHHLIX; JlCTYliHX coe.n;HHCHHH /ranoreliH.IJ;OB, .OKHC- . 

. JIOB, Kap60HHJIOB::·H ,n;p./ Mbl. o6paTHJIH BHHMaHHe ·Ha KJiacc 
JlCTYliHX rH,IJ;pOOKHceii, o6paJOBaHHe KOTOpbiX npH llOBbiWCH
HbiX TeMnepaTypax B aTMoc4Jepe BO.IJ;HHoro napa xapaKTepHo 

. .IJ;JIH MHOrHX. 3JICMCHTOB / 4/. ' 

HcnonLJoaaHHe neTyliHx: r.a.n;pooKHcel: .n;nH paJ.n;eneHHJI · 
3JlCMCHTOB raJOTCpMOXpOMaTorpa$HliCCKHM MCTO,!J;OM npe,n;-. 

. CTaBJIJleT HCCOMHCHHbiH HHTepec, T.K. 'ni.n;pOOKHCH o6na,n;aiOT . 
6onLweii· ,ynpyrocTLIO ·. n·apoB n:o cpaBne_HHIO c OKHCJIMH·, 
liTO o6ycJIOBJlliBaCT 6onee '~ MJirKHH" TeMnepaTypHbiH pe)KHM · 
.n;nJI np~TeKaHHJI Bcex Heo6xo.n;HMLix · npoueccoB •. 3To 6Lmo 
noKaJaHo paHee Ha npHMepe neTyliHX. OKHceii II _rH.n;poOKHCH 
peHHJI / 5 •61, .·' . 

• · ... HacTOJIII{aJI· pa6ora nocBJIII{eHa HJYliCHHIO noBe.n;eHHJI 
MaJILIX . KOJIH'ICCTB BOJIL$paMa B aTMOC$epe KHCJIOpO,n;a~ · 
CO.IJ;Cp)Kall{ero napLl BO.IJ;LI, C I{CnbiO 'nOHCKa YCJIOBHH .IJ;iiH: 

·.6Licrporo BLI,n;ene:Hiu: ero HJ. cno)I(Hoii cMecH ~~o.n;yKT<:ra 
JI.zi;epHL~x·peaKI{HH ,• .. . . I 

H3.17,B/: HJBCCTHo, liTO Boni.$paM npH BLICOKOTeMnepa
Typ~oM oi<HcneHHH KHcnopo.n;oM a npHcyTcTBHH m,t.poB Bo,n;Li 
otspa3yeT JlE!TYli.YIO: rH.n;pOOKHCL . '. . 3TH pa60TLI 6LIJIH 
npoBe.n;eHLI c. MHnJIHrpaMMO~LIMH ·KomilieCTBaMH nonL$paMa 
/.n;o 400' Mr/. Hawa .. 3a.n;alia 3aKJIIOlianacL B Hccne.n;o'BaHHH · 
npoueccoB. o6paJoBaHJin H nepeHoca.: B raJoBoM noToKe. 
JlCTYliHX OKHCHLIX .. ¢oe,IJ;HHCHHH BOJIL$paMa_, npH ero HaliaJib ~, .~ . 
HOM. CO.IJ;ep,KaHHH · B TBep,n;oii. ·MaTpHI{e B iiH.IJ;HI\aTOpliLIX 
110-:-
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M / HJIH MHKporpaMMOBLix KOJIHliCCTBax, 
B 3aBHCHMOC.TH OT napi{HaJILHOH ynpyrOCTH napoB.BO,!J;bl H pJI-
,n;a .n;pyrax napaMinpoB.· · · · ·~.: · • .... 

:j_. 



3KcnepuMeuma/l&Ha.R 'lacn& 

. 06~eKT8MH HCCJieAOB8HH11 CJiymHJIH 06JiyqeHJihie BhiCO
K03He.preTHqeCKHMH npoTonaM:n MeTaJIJmqecime <Ponhr!f 3o
noTa /0,1 MM/ H T8hT8JI8 /0~1 MM/, B KOTOphiX YJihTpa· 
MHKpOKOJiHqeCTB8 BOJih<iJpaMa o6pa30BhiB8JIHCh 38 cqeT 11Aep- • 
HhiX peaKIIHH Tuna Au(p,6pxn) W * npH EP = 660 M3B 
H Ta(p,xn)W* · . ··npn EP = 120 M3B c AOCTaTotino 
nhicoKnM-nhixoAoM- ;ro-27 - 1o-,26 cM:

2 
;. 

BLI6op- 3THX MHIIIeneii AJIH nonyqenHH paAH08KTHBHoro 
BOJih<iJpa:Ma 6hiJI CAeJI8H H8 OCHOB8HHH CJieAYIOlQHX coo6pa- · 
)f(ennii. MeTanm~qecKoe 30JIOTb ~6naAaeT cpanHHTeJihHO 
HH3KOH TeMnepaTypoii nnannenn11, <no no3BOJIHeT- nerKo 
nonyqaTh pacnnan, H3 KoToporo AH<l!<lJY3H11 ra3oo6pa3HhiX 
npOAYKTOB npoTeKaeT AOCTaToqno 6LICTpo, caMo me 30JIOTO 
OCTaeTC11 HHepTHhiM no OTHOIIIeHIIIO K ra3y· peareHTY (02+1120), 
n cpeAe KOToporo ocyi.Qe cTBJIHeTCH npouecc cy6nHMaiiHH 
ra3o.o6pa3HbiX npOAYKTOB. "liTO KacaeTC11 MeT8JIJIHqe~KOrO 
TaHTana, To on n aTMoc<lJepe xncnopoAa 3Heprnqno oxlicnH
eTcH, npenpai.QaHch n neneTyquii :oi<Iiceii. llponcxoAHI.QaH me 
B npouecce peaKIIHII. Ta+ o2 ... Ta2 0 5 nepecTpoiiKa CTpyK
TYPhl TBepAOH M8TPIIIIhl cnoco6CTByeT AH<iJ<lJy3HH o6pa3yiO
I.QHXCH oKncnon nonL<lJpaMa. · 

~pyruM o6'heKToM: uccne:nonann11, coAepmai.QiiM :Mn~po
rpaMMOBhie ,KOJIHqeCTB8 BOJih<iJpaMa, 6hiJI8 MO~eJihH811 CMeCh, 
npHrOTOBJieHH811 npH -TlQ8 TeJihHOM nepeMeiiiHB8HHH KOM • 
noneHTOB Ta 2 0 5 _ /50 Mr/ H 185 W / 50 MKr MeTaJIJin-. 

qecxoro · nopomKa/. 
YcTanonKa; n-Koiopoii ocyi.QecTnnHnacL nLicoKoTeMne

paTypH811 cy6JIHM8IIH11. ra3006pa3HhiX COeAHHeHHH Hj nc
XOAHhiX 06'heKTOB, onHC8H8 B pa6oTe·/9/. fa3oM-peareHTOM 
H . OAHOBpeMeHHO HOCHTeJieM cnymH:n' KHCJIOPOA, .KOTOphiH 
AO nocTynneriil:H n peaKunon.nyiO qacTL ycTanonKn nacLII.Qan
cH napaMH BOAhi B TepMOCT8THpOB8HHOH KOJI6e C AHCTHJI
JIHpOB8HHOH · BOAOii. YnpyrocTh na~on ·BOAhi nOAAepmnnanach · 
B ripeAenax· 0-414 MM pT.CT. 

101
.B pHAe i<onTpOJihHhiX 

OnhiTOB HCnOJih30B8JIC11 TI.Q8 TeJihHO BhiCYrneHHhiH KHCnOpOA. 
3KcnepnMeHT8JihHLie ycnonn11 6:bmu cneAYIOI.QHMH: TeM

nepaTypa B peaKIIHOHHOH qaCTH yCT8HOBKH .1060° - .1160°C, 
CKOpOCTh ra3a·HOCHTeJI11 15 - 45 H;MJI/MIIH; BpeMH B03':' 
rOHKH MeHHJIOCh OT 5 AO 60 MHHYT. . . 

4 

} ' 

PacnpeAenenne -185W nnonL TepMoxpoMaTorpa<lJnqecKoii · 
'<' 'KOJIOHKH I d = 5 MM, e = 550'-MM/, nonyqennoe .B onhiTax 

c MOAenLnoii cMeCLIO Ta2o5 + 185w ,. ouennnanoch nocne 
OKOHqaHHH B03rOHKH. npH, npOT11rHB8HIIH KO_JIOHKH. nepen 
KOiiJIHMHPOB8HHhiM CIIIIHTIIJIJI11IIHOHHhi'M neTeKTOPOM. Na](Tl) .~ . 

•.:. 

l 

L -·· 

. ./22 CM
3 I H perHCTPIIPOB8JIOCh ca~9niiCIIeM. BbiXO~ H pac

npenenenne no· AJIHHe KOJIOHKH YJih Tp8MHKpOKOJIHqe CTB BOJib
<lJpaMa B npouecce cy6JIHM8111111 HX ·113 o6nyqeHHhiX MHIIIeHeH 
30JIOT8 HJIH T8HTami onpeAeJIHJIIICL p8AIIOMeTpllqecKn/9/- no 
ceneKTHBHhiM raMMa-nnim~M c ·- 311epr11eii 231,7; 1106,2; 
1341; 1351 K3B ! 178W+ 178Ta / :H 115,7; 184,4; 427,7 1b-n 
(!. 77W) I 11~ OnnonpeMeHHO T8KIIM· me. MeTo.noM M~I KOHTpo-l 
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nHp0~8JIH noBeAeHIIe neTyqllx B 3TIIX ycm)BH11X COeAIIHe~nii 
Re*, Os* ,'Ir;* , Hg* 191 , .. ~y6miMHPYIOlQIIXC_11 113 :pacnnana 
o6nyqennoro 3onoTa_n Toi<e BJiamnoro Kllcnopona' . -~ .. 

-, 

..... -.. ,,, 3KcnepuMe1111l0/lbHble peay/l&maT!lbl-.. ' .. ~ . . .... 

Pe3yJILT8Thi, nonyqennLre np11 u3yqen11u cy6nnMaiiHII 
BOJih<iJpaMa H3 MO.zienhHOH CMeCII Ta2 05~/85 W . B,p83JIHqHhiX 
YCJIOBH11X 3KCnepHMeHT8, npeACT8BJieHbi.'H8 puc~. 1 li 2 II'B 
Ta6nuue L Ha puc. L noKa3aila .cTene.Hh · ymhyqunaiuiH "· 

. l85W H3 CMeC~ B 38BIIC~~OCTII OT ynpyr~CTII ~apOB .H 2 0 
:n ra,~_e-.HO(;HTene. BHAHo,'; qTo c n3MeHeHIIeM PH

2
;·0 . n Im- ,, 

Tepnane OT 0 AO 60 MM pT. CT. BOJih<iJpaM HJIII COBCeM He 
. • . . ·,. 0 . ·' . 

yneryqnnaeTCH jt = ~1060 C/, nn11 yneTyqH:naeTcH n o-iieH:h 
ue6onL.moii cTenenn /no - 6o/o nim t = 1160°C/. llpn A.imL- ., 
neiiiiieM me yaennqeirnH: Pa2o neiyqpcTL 185W p_e.JKo no3·~ 

_ pacTaeT. BpeMennaH 3anncnMocT:b yrieTyqunannH 185W xa~ 
· · paKTepil3yeT_cH- Ta6n. 1, TaM me npnneAeHi.I .ri:'annLie o. pac"~ 
. npeAenennn 185w n TeMnErpaTypnLix 3oHax KononKn, oTKYAa 

. ·1 .BHAHO~ qTo OH .ocamA8JIC11 B ABYX 30H.ax': 850±50~C H 
., 560±50°C; · TurinqJioe: pacnpeAenenlle 185 W npencTanneuo 

1 _na_puc; 2. _ _ .. .- _ . 
- OnLIThi noKa3anH, qTo TpexKpaTnoe ynennqenne cKopo-

. cT~- ra-3a-·nocnienH, oT- 15 .ilo'· 45 n.Mn/MHH;. ·,npunonnno :~ 
K. yMeHhlueHHIO conep)i(aHHH 185W . B oc"J"aTKe .JIHIIIh mi. •1 0.,; 

· .; 12o/o. . - . _. 
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· · ·Ha'_pHC. 3-5 rrpe.D;CTaaneHbl· pe3yiihTaTbiHCCIIe.D;OBaHHH 
IIOBe.,neHHH .. pa.D;HOaKTHBHOro: BOIIbtl>paMa IIpH C)KHraHHH o6ny
qeHHOro Ta .B TOKe -KHCIIOpO,na~B 3aBHCHMOCTH OT yrrpyrOCTH 
co.nep)Kaw:nxcH B HeM rrapoa H2 0, apeMeHH .·ao3rOHKH, -a 
TaK)Ke pacrrpe.neneHHe W *· a KonoHKe, AHanorHqni.Ie nc.
cne.noaaHnH. IIOBe,neHHH W * · ··B -~ o6nyqeHHOM · 30IIOTe · :,nanH 
HaM peJyiibTaTbi,: iu)Ka3aHHbie Ha pHC. ;4 /KpHBaH 2/ H•6. 
lf3 .3THX pHCYHKOB BH.D;HO;i 'ITO TepMOXpOMaTorpatl>H'IeCKOe 
rroae.neHne ynbTpaMHKPOKcirrnqecra aoni.tl>paMa rrpn cy6nnMa
UHH- HX H3 MHWeHH Au. aHarrorH'IHO IIOBe.D;eHHIOW*. B.MH-

. WeHH Ta': BOIIbtl>paM B COCTOHHHH · 6e 3 HOCHTeiiH .a,ncop6n
poBaiiCH rrpeHMyw;eCTBeHHO ·a O.D;HOH TeMrrepaTypHOH 30He 

0 . . . . ' 
/560 C/, H, .KaK IIOKa3aiiH H3MepeHHH; OH 6biii pa.u;HOXHMH,.. 

. 'leCKH 'IHCTbiM. .. · ... 
. . A:Haiin3npyH .naHHbie pnc. 6 n cpaBHHBaH· nx c . .n~~~LIMH 

·pa6oTni /9/ • MomHo · :3aMe'ni1-n·, -:il-o. a~>n~:o.n ir TeM:nepaT.ypa 
oca>K.neHHH · H3 ra3oBoH tl>a3bi yrrbTpaMHKpoi<onnqecTB · Os , 
I~ n Hg He 3aBHCHT OT Ha:nnqnH rrapoa.ao,nbi. iJ ra3e··Hocn
Tene; co.nep)KaHH:e H 20 BIIHHeT nnwb Ha. c:rerreHb .yneTyqn
BaHHH jJOIIbtl>paMa H Ha TeMrrepaTypy OCa)K,I:(eHHH .B KOIIOHKe 

~ - . . ' . -
neTyl{HX IIpO.D;YKTOB peHHH. 

06cyJtdJeHue pe3yAbmamoe · 

' ' ,l(nH . o6'bHCHeHHH .. noae.u;eHHH. YIILTpaMHI<pOKOIIH'IeCTB '' 
·aorintl>paMa npn ~-3aHMO.D;eHCTi:mn HX c KHCII~po,noM ~yw;eq"" 
beHHbiM _»Bn»eTc» 3Hanne xnMH'IecKoH «<iopMl.I o6pa3yrow:Iixc» 
coe.u;HHeHHH. Mcmi.pemie Mai<poKonnqecTa Bon'~tl>paM.a a a.f~ 
MOC~epe. cyxoro I<Hcnopo.na nponcxo.n~-1:: B. ~op:Me .TPHMepit 
(W03Jf 12

-
16l, a"ao BIIa)KHOM l<'ncn<?po.ne - B ait:.u;'e.rH~pOOKH;. 

CH THIIa Wp2 _( OHJj7·~-· 17~o/CooTJ!OWeHHe .y_npyrOCTf.H IlitPO~ 
W03 , (W0:1 h• (W03 )3 .nn» MaKpoKonnqecTB 3THX coe.IJ;HHeHn!J: 
rrpn 1-eMrrepaType ~ 1000°C cocTaan»eT' rrpnMepH:o · 1 : 

'• 

3000,· : 1000011 61. ' •. ' . ' - . ,· ,. 

llpHHHMaH BO BHHMaHHe 3TH ,naHHbie, IIOIIy'leHHbie HaMH 
3KCIIepHMeHTaiibHbie . pe3yiibTaTbl ,nmi: MHKpOKOIIH'IeCTB W 
/50 MKr/ MO)KHO HHTeprrpeTHpOBaTb .Cne,nyiOW:HM o6pa30M •. 
Ha6nro.naeMoe Ha TepMoxpoMaTorpaMMe o6pa3oaaHne .D;J,lYX 
IIHI<OB' /pnc. 2/, rro-aH,nnMoMy~ CBH3aHo c :Bo3HHKHOBeHHeM 

7 
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·rnecKOJihKH~:- rio Kpaiineii Mepe He Menee . .nByx, coe.nnnennii, 
OTJIH"lJEliO~HXC.fL·ITO CBOeH--JieTy"lJeCTH HJIH· a.ncop6npyeMOCTH 
na ::KBapue. · Upe.ncTa:BmreTcs. nan6o:in!e: BeposTHhiM, "lJTo 
:.:ShiC OKOTeMnepa TypHaH. 3 OHa C OOTBeTCTByeT TpHMepy (W~)3 , 
--~ HH.3KOTeMiiepaJ'ypnas-·_3oHa. - rn.npooKncn W02 (0H~ •• IIo.n-

• ... : 
~~ 

.' 

TBep:>K,IJ;enn'eM . :noro npe.nnono:>KeimH cny:>KHT TOT lbaKT, "lJTO :~::;,. 

~pH B03rO~Ke.MH~pOKOJIH~eCT.B;BOJlhlPPa.Ma·)~0 MKr/B TOKe , . ._. 
.;,..c_y~oro P2' BeCh cy6JIHMHPOBaHHhJHJSS w oca:>K.naeTCH B Bhi-' .~ :~·~ ' 
' 0 .. -- •. 
__ ,·COKOTeMnepa~ypHQH 30He~/900 -:80Q".C/, BepOHTHO;BBH.IJ:e ..... 
-:·(W0

3
);, HO npli.BBe.IJ:eHHH B 0 2 •llapOB BO~hl H C yBe_nliqenneM 

HX . CO.IJ:~p:>KaHHH. OCa:>Kp:eHH.e H3 ra30BOH .lba3~1 npOHCJCO.IJ:HT · 
.• npimM~ecTBeHHO npn: ~onee HH3Koii --:reMnepaType · /610-

5000C/. :"Pnc. 2 UOKa3-hiBaeT; "lJTO c yM.eHhWeHHeM TeMrie':' 
paTyphl B p~aKUHOHHOH 30He Ha 100°C 3naqnTeJihHOyMeHh
rnaeTcs co.nep:>KaHHe .1 8 SW ~/ BhiCo~oTeMnepaTypnoii' 30He 
oca:>KAeHHH, "lJTO TaK:>Ke. CO~JiacyeTc.f{ c rrpime.neHII'bi'Mn npe.n
ITOJIO:>KeHmiMH ·· o ·xii:MH:qe'ci<oii !bop 'Me w ·npH: H:-crrapeliim n 
o·ca:>K~ennn. . · ·· ·- · _ - :. · · · :. · '· ,~~,. 

::._ .-:t~ 

•' . 

. TepMO~HHaMHtiecKne xapaKTejmcTHKH (W~J.Jii W02 (OH~··. 
.'r. /Ta6JI. 'ij noKa3hiBaro'T, "lJTO 3HT.aJihllHH cy6JIIIMaUHH .~W63 :. 

(WC?3 h /ra3/ ·3naqnTenhn·o: ·· 6onhme · 3Hl'ani.nn~ ··'peaKu~n 

'~ 

(W03 ) /T.B./+ H.jO /ra3/-+ W9J (OH)2/ra3/18•131 :·- Ilo3TOMY ... 
·•:· npn MeHhuieii TeMnepaType p'eaKUHH /1060°C/ .BO BJia:>I<HOM 

02 OCHOBHOe. KOJIH"lJeCTBO BOJihlbpaMa · TpaHCITOpTnpyeTCH 
~_._; B BH.IJ:e WOiOH) 

2
• . "' '' .. :~: . • • '· . . . . • .. _ f 

·. : · 06pa3oBaime ra3oo6pa3noro .]PHMepa npn BhiC'oKoii 
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JIHHeiiHo Bo3pac_TaeT c yaenHtteHHeM P
8 

· 0 • 3TOT d>aKT; 
.. .·. . . 2 .. 

JIO •BH,!lHMOMy ,_ CBH3aH C ·oco6eHHOCTbiO o6pa30BaHHH ;JieTy· 
_tteii ru.npooKricu'· W02 (OH)2: a p~3YJI&TaTe cne.nyro~rix pe.aK-
'uuii: · · 

1. W(Ta)+ 02 -oW02(Ta20 5 ), 

2/-WO (Ta 0) + 1/2 0.-+ Wd
3 

.. ('ia
2

0
5

);. >" 
. 2·· 2 5 .. 2 . . . 

3.W(Ta)+3/20~-+ W03 (Ta2 05 ); . 

.... ; ~ 

- !,; 

:··r --~\ ··.· 
(,.~ ,!. 

/. r ·' 
' ; 

4. W02 (Ta2 05)+~H20 (ras)-+ W02 ~OH)2(ras);!-'H/ra,s), 
s. wo3 (T<705 ) + ~ O(I'as·)-- wq ~OH)2 (r.as) · ./ 

. 6.3WO (Ta 0 ) -+ (W0
3

)
3

( . . )'. 
3 2 5 ras . .... , -- ·.·-

3,necb W(Ta) , W02(Ta,fJ5)., W03(Ta205 ) 03HattaroT XHMHttec
KYJO 4JopMy W * , W02* , WO ~ . B . COOTBeTCTBYJ?~eH TBep,noii 
4Ja3e •. B ycnoBHHx Hawero 3K.cnepHMeHT·a M:anoaepoHTH:a 

: peaKUHJI 4, nocKOJibKY -~peMJI cy~ecTBOBRHH~ .WO~ (1,'a.20 5 ) '· 
He 6on&we BpeMeHH JIOJIHOro' OKHCJieHifJI TaHTaJia r 5 MHH/' 

·;_-a yJieTyt.IHBRHH·e-W*' B Hawifi. OllbiTa£.'npoHCXO,!lHT .3JI~t.IH~· 
·TenLHoMe,nnermee; ToT 4JaKT, it1-o a ToKe cyxoro .Kucnop_o.na 

'·( 

'i 
. I 

son&4JpaM He so3roHJieTcH H3 TaHTanoaoii MkweHH, HcKmo!' • . 
. . . .• .. · · .· · · c. " · . I 

:qaeT peaKUHJO 6. Tai<HM o6pa30M, MO:lKHO nonaraTL, ·-ttTo f. 

HaH6onee BepOJITHbiMH peaKUHJIMH 6y,nyT· peaKUHH 3· H ·s.. ., L 

•· llpH cpaaHeHHH cKo:pocreiiynetyqH_BaHHJI If;~ _!13 Tali·fluii( / 
H 30JIOTa /pHC. 4/ BH,!lHO, t{TO.:npouecc 3TOTJipOTeKaeT-Me,n·: ... -~ 

· neHHee- a TaHTane. · B iiaq~rtLHLiii m!p:u'o.n ·o~ucneHIUI ·ra . 1 
/3·5 MHH/:.~o6pa3yeTcJI··Ta 2Q5 a; BHJie···CJIJIOWHOH OKaiiH· ~~-

Hbl/2l • 2 ~1 1 .H .. CKOpOC .. Tb .n~,4J4Jf~H~ ra3oo6pa_3HbxX llpO.IlYJ,C.TOB ~.' ·. 
qepe3 3TY oKaJIHHY ,noJI:lKHa 6&ITb''Mana. O.nHaKo co apeMe- , ·• 
HeM 6y,u;eT· npoHCXOJiHTb •pacTpeCJ<HBaHH_~o:.MaCCbl Ta2 o; H . ., 
o~pa30~aHHe OT,neJibHbiX nmipTHH,qK pa3~t{HbiX p_a3MepoB, l 
t{TO llPHBO,!lHT K YCKOpeHHJO Bbi,!leJieHHJI ra·3o06pa3HbiX~COe· I 

'· - ...... • • ~ ~ ~ • :·" :- t< 

,nHHeHHii: TaKHM·o6pa30M, yneTyt{HBaHHe 'lf* -onpe,n~JIJieTcJI ) . 
.nH~y31iel napoB:H 20 . BO :BCCH .-M'acce. TBe'ti'#oro Bei.UeCTBa:. j . 
.IlH4J4Jy3HeH ·o6p·a3yJOJ.QeiicJI · rH,Ij.POQKHCH 'f.Ol0H)

2 
K':·noaepx;~ . ; · 

. ·H~CTH:Tap5 H y,naJ!~HHe¥ C. Hee. : -~. . \_ 
~~, -~- .· Mo:lKHO 'nonaraT&, iiTO MexaHH~M ·-:o6pa3oBaHHH ra3o- .·. · · -1~:·· 

o6pa3H_?ro WOi()H)
2

_ B 30JioTe 6y.neT TaKHM :lKe:, 0TJIHqHe 
3aKJIJOqaeTCJI · B TOM, t{TO. H3 30JIOTa W * yJieTyqHaaeTCJI 

r. 10 1 

~\:·· ·., .. . . v-~: .. 
........ ""::-.; 

~·~ 

··~~ ~. 

}
: 
I 

':; . 
·" .. ~. 

, 6&icTpee· /p~c.; . 4/i~~ ·a·epo.f!THO·, 3a cqeT. 6onee. '6~ICTpoii 
' 'Z.nmlxiJY3~IH·H3_ pacnnaaa, qeM Ji3;T'BepJJ.or'o' Tappj! ' . · ·. ~ · 
. ' roaopH O:MexaHH3Me. oca:lK,neHHH BOJibdJpaMa H3Ta30BOH· 

d>a:i&I Iia ·cTe:Hi<ax iorioHKH, MO:lKHo .naTL o6'bHCHeHHe·; aHa-· 
no:.:;uqHo~ nlm:Be.neiJ;HOMy. HaMH paHee/9~ a HMeliH:o:'oca:lK.ne
HHe, oqi-JtieCTBJIHeTCH JIO,MexaHH3MY MHOroKpaTHOH a,ncop6- · 

. UHH..:.Jiecop6UHH. A,ncop6iJ:HOHHaH 3dHa MO:lKeT o6pa30BbiBaTb· 
· CJI TOJI&Ko npH onpe.neneHHOH T·eM:nepaType; npH K.oTopoii· · 

a,ncop6UHJI H3yqaeMoro COe,IlHHeHHH npeo6na,naeT Ha,n··.ne· 
cgp6uueii. llpn 3TOM ~e lrcinro..Jeiio,_ t{To·. "xapaKrepn~T~~~ 
qeCKHe" TeMnepaTypbl . OCa,!lKOB MHKpOKOJIHqecTB ·neTyt{HX 
~KHCJIOB H. fH,npOOKHCH:BOJib4JpaMa He oqeHb:. CHiibHO OTJIIl• 
qaJOTCH oT' '•1-eMnepaTypLI. KOH,neHcauiiH n.HX.: coe.iiHHeHHI, 
KaK 3Tc; -Ha6mo.nanocb. H .nmi MHKpol<oiJnqecTa'· m~TYt{HX 

. 4JTOpH~OB / 241, . . . . .. 

. qTO KacaeTCJI noae,neHH11 YJibTpaMHKPOKOJIH~ec.J.a Re , 
· Os, ;·lr . H Hg ' npH ~cy6riHMaUHif' Jix H3 pacnna-Bao6rrytrimHoro 

30JIOTa B TOKe BJia:lKHOro KHCJIOpo,na,, TO Mo)KHO OTMeTHTb 
. cne,nyro~ee: ·nOCKOJII;K}<.3oHbl oca:lK,neHHH Os' ., Hg ,'! /; . ' He 

•· MeHHJOT cao'e'ro noiio,l<eHHH B 3aaHCHMO,CTH OT .c~.iieil)KaHHJI 
:·a ra3e ~HOCHTene ~a.~oB.~'H.:za~ MO:lKHO roaopHTb. o6'~,neHTHq~ 
··~HOC~H 'XH~Hqec_KHX · ·_t~JopM' llP'({ cy6JIHMaUHH '-YJI~Tpa~HKPO •. · .. i .· 

KOJIHqecTB 3.-THX 3neMeHTOB H3 3onoTa H B cyxoM:, H uo BJia:lK.:.. 
HOMO~-. llepe~H~~eHue,·~xapaK'i-epnc.filqec_Koii~':TeMnep(lT}'pi\.I· 
OCEl:lK,IleHJIH ·~e npH HaJI~t{HH napoa II p /c 500° .Il~"'i 70°C/ 

· ,_,MO:lKeT cny:lKHTb .IlOKa3aTeJibCTBOM ·.Toro,·qTo .peHHH B 3TOM 
.,_, ' "';I • ; • • ' 'T 

,;1!-: 

cnyqae nepeHOCHTCJI :r'a30BbiM'. JIOTOKOM B BH,ne JieTyqeii 
ru,~I?.o<?K~~-~~. :. . . - . ., " . ::.. . 

.. -~ :.· .!._· .:' •' . 
Bbleo~bJ •· -~- : . 

..,·,. ~;;: .... - .'. :: • ~-.. ' . :.. .-'::., .. · .. 0 •.. '\;:;"··· ' 

1.. Jhyt.{eHa· B&IcoKoTeMiiepaTypHaH />Jo:oo C/ cy6nu-: 
ManriH . H . TepMoxpoMaTO:r'pa4JHqecKoe . noae.neHHe- YJibT'pa
MaJibiX H MHKpoKonHqecTa aoiii:.4Jpa:Ma a· ToKe: :Kilcnopo.na 
s~:~aBHcHMOCTJI.O'J:' 'ynpyrocTH.napoa ao~M a .. ra3e ~ HOCHTene, 
cKopoc'iu ra3a·HocuTenH :H ape'MeHH :Bo3roHKH. 

·. · '2(~06cy:lK.naeTCH MeXaHH3M. o6pa30BallHH. H noae,neHHH 
. yn&Tpa~HKpOKorin'-.le c,TB rreTyqeii' ru,npOOKHCH. BOn&IJ>paM.a B 
ripoueccax BbiCOKOTeMnepaTypHOH. cy6nHMaUHH· H .TepMOXpo-. 
MaTorpaijJuiiecKoro oca:lK.zieHHH. · · 

. ;... . '\_,'' 

·• r 
~ .... 

,,•\. 
,• .. ~~ .. ~ 

~:.,. . .. 
'" ... 

~~: 
.. ,, 

·r II :.-; 



3. Ha OCHOBe ITOJiyqeHHhiX ,I:(aHIJhiX pa3pa6oTaH 6biCTphiH 
ra3orepMoxpoMaTorpa¢iiqecKnii ~e-io.n_ :Bhi.IJ:em!HHH pa.nnO'-. · 
XHMHqecKH qncroro_,B. COCTOHHHH 6e3 HOCHTe)IH BOJihtiJpaMa 
H3 'o6nyqeHHhiX_Bhi~OK03HepreTHqecKHMH npoTOHaMH '¥Hille-_ .. 
Hell 3 OJIOTa H. TaHTaJia. 
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·:. 

l' 
l' 

.~ r I ··. .. 

- - A 
• 0 

• I 
~ 

» ,.., 

P 2 P . 185 
· He. • . acnpe,IJ;eneHHe · W no ,IJ;JIHHe TepMoxpoMaTorpa-

<IJnqecKoii KOJIOHKH: B npo~ecce ·cy6JIHMal.{HH H3 CMeCH'Ta
2

0
5
+ 

+ -185Wj1 -- 1160°C, 2 :.. 1060 °C, · JH ·0 = 414 :MM pT:ct., 
CKOPOCTL raJa~HOCHTeJTH 15 JI;MlJ/MHH2/,

1
Bp_eMH _15, MHH/. 

14 

I . 
· Pnc. 3. YneTytiHBaHHe W* H3 Jl6Jiy'leHHoro Ta·MeT B Jaan-, 

cnMocTH oT Pu20 I t = 1160 C, apeMH 40 MHH, cKopocTL 
raJa-HOCHTeJIH 15 H.MJI/MHH. AKTHBHOCTL BOJIL$pa}.fa, BOJ
rOHHeMoro npn P

8 0 
= 414 MM pT. cT., 6Liiia. npHHHTa Ja 
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me/ 
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0. '.10· 20. "JO 40 50 . 60 

>"! - •. .. - . . . - a.ciu c ..... , . ' l 
jPnc. 4. Yn,eTytiiiBaHne· 'IJ'* (%) · HJ p6_nytieHHoro·,TaiMeT .i
i/..;.0,5 rj/,Jl/ . H.Au'MeT· j ... 0,5 rj/2/ 'B ·JaBHCHMOCTH OT 
iiBpe:Meilli- it ;-it6doc;FH;~ ·-= 4t4 MM pT.ci·.: ·cKo~pocrL
raJa-HocnTenH 15 H.MJI/MHH/. 
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PH·c. 5. Pacnpe.neneHHe W* no .nmme I<onoHI<H, npH cy6-
nH_M_B.UHH ero. :H3 o6nyqeHHoro TaMe/ t = 1160°C, pHJ:O = 
414' MM pT.CT., BpeM.H cy6nHMaUHH 40 MHH, CI<OpOCThra3a
HOCHTell.H 15 H.Mll/MHH/. 

,. 

'r:. 

Pac:: 6. Pacnpe.neneHHe nery•mx pa.nHoai<THBHhiX coe.nH
HeHHii n repMoxpoMarorpallJJiqeci<o:ii I<onoHI<e npH cy6nH-. 

- MaUHH HX H3 pacnnana o6nytieHHoro -3onora n 'n:ii<e 0 2+/k 0 ~ 
.. n 3aBHCHMocr:H. or npeMeHH 1 t = · 1160° c, ffi-,2C>=414 MM ': 

pT.qT., CI<OpOCTh -raJa-HOCHTell.H 15 H.Mn/MHH; · }- 5. MHH;· - . 
'2.; 10 MHH;3- 20 MHH; 4- 40 MHH, _.;._-W,~_;./r_ •. ·.: 
'- • - • ...:..:_ R~; :. . - : . Os, ..:__- Hg, A- aMnyna, JI -:- · . 
'nonymKa.. ~ · · ' • 
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