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, L BBEllEHHE 

CsepxnpOBOZlRIIU18 CBOYICTBa C08Zll1H8Hl1R YBa2cu3o 6 +c5 .. ( YBCO) 

·c11~bio 3aBl1CRT oi KOHU8HTpau111111 CTeneH11 ynopRhoYeHl1R'aTOMOB 

Kl1CJ10POZla B Cu(l)~n~OCKOCTl1, KOTOphre YCTaHa~J111~aDTCR; ;s 

p83YJ1bTaT8 . lll1i.ll~Y31111 npw OTlKl1re o6pa3UOB np11 . JaZlaHHhlX 

. T8Mnepaiype 6~lK11ra TOTi 11 napu11aJ1bHOM ~aB~8Hl111 ~11CJ10POZla; Po2 

· s !eYeH11e speMeH11 0TlK11ra t 0 TlK' . . · · 

. l13YY8Hl1D npouecca Zll1i.lli.llY31111 Kl1CJ10POZla B YBCO noCBRIU8HO 

6~Jlblll08··· Yl1CJ1o .... · 3Kcne .. pl1M.8HTaJ1bHhlX /l..;l
5

/ 11 ' TBOP_8Tl1Y8CKl1X. 
'./16-:-26/ pa6oT, , TTOCJ18ZlHH8, B 'ocHOBHOM, CBR3aHhl C onpe,ll8J18Hl18M 

paBHOBeCHOYI KOHU8HTpau1111 K11CJ10PO.lla np11 Ja,llaHHhIX TeMnepaType 

11 ZlaBnett1111 K11cnop0Zla, ll11i.lli.1lYJHR K11cnopo.lla B YBco 6h1iia. on11caHa 

6aKKepoM 11 ZlP; 116- 171, C. M.C11 11 ZlP; / 23/ 8 3Tl1X pa6ornx 

. ,aBTOphl _ZlaJ111 KOJ111Y8CTB8HHhle OU8HK11 KBa311paBHOB8CHhIX . 3HaY8Hl1YI · 

K03i.ll\l111U118HTOB. Zll1i.lli.llY31111 D, KOTOPhle RBJ1RJ111Cb Hl1>KHl1M Iipe,lleJlOM, 

cobrneTcTBYDIU11M c11Tyau1111, K6t·Zla· ZlHi.lli.llY311R notirn npeKpawaeTcR •. · 

~ TTpeZlCTaBn~eT 6o~blll()fl 11HTepeci paCCMOTpeib - npOM8lKYTOYHhl8 . .. ,. ,_ -

crnZl1111 npouecca Zll1i.lli.llY31111 K11CJ10PO~a B YBCO,. Kor~a KOHUeHTpaUHR 
" " - . -· " ,. , . - . , ' -

n1c·nopomi' no X OZlY OTlKHra riocrnneHHO YBBJ111Yl1B1ieTCR C c5 c: 0 .llO · 

csoero pa~HOB8CHOro ,. ~3'as11CRIUero OT TOT~ 11 ~02 • , 3HaY8Hl1R 

,0 pas( 1oTlK' Po2L _ 

B -HaCTORIU8YI pa6oTe .n,onyYeHHbl8 aHaJ111Tl1Y,eCKl1e i.llOP_MYnhl, . 

no3BOJ1RDIU118. on11c~Tb Kl1H8Tl1KY Kl1CJ10PO.llHOro o6MeHa . B_ ~BCO B 

npouecce OTlK11ra np11 · JaZlaHHhIX T0 TlK .· 11 P02• · PeJYJ1bTan1 

BhIYl1CJ18Hl1YI cpaBHHBaDTCR. C 3Kcnep11M8HTaJ1bHhlMl1 ZlaHHhIMl1 pa60Thl 

A: A: CTenaHOBa· 11 · .llP, ~ 1151,. Ha'. OCHOBe Yero BhinOJ1H8Hhl 

,KQJ111Y8CTB8HHhl8 OU8HKl1 _K03i.lli.lll1U118HTa Zll1i.lli.llY31111 K11CJ10PO.lla D B 

3aBl1C11MOCTl1 OT TOTlK' _ p o2 11 tOTlK' 

2.0nl1CAHHl1E nPOUECCA lll1~~Y3l1l1 

PacCMOTPBM KepaMl1KY YBa2Cu306+c5 c HCXOZlHhlM 3HaYeHl18M 

c5
0 

"= 0 KaK rpaHYJ111pOBaHHYD Cl1CT8MY, TTpe,llnOJ10lKl1M, YTO ~ nepBhlA 



MOMBHT OT>K11f a Cl1CTBMhl nirn 3aztaHHhlX T OT>K 11 p o2 Ha MOHOCflOf1HOf1 
nosepXHOCTl1 ~a>KztOf1 rpaHYflhl MfHOBBHHO YCTaHaBn11BaBTCR 

opaB( T OT>K' p o2). 3TO npeztnono>KBH11B BCTBCTBBHHO, 'noCKOflbKY 
MBX aHl13M Zl11IIY31111 K11Cnopozta B YBCO RBnRBTCR saKaHCl10HHhlM 
1231,' T..e., _B , nepBhlf1 MOMBHT npOl1CXOZll1T caMhlM ·11HTBHCl1BHhlM 

. ,_ <,, . . : 

o6pa30M.•:!r flnR nosepXHOCTHOro cnoR . rpazt11BHT KOHUBHTpau1111 

K11cnopozta<3aBl1Cl1T TOflbKO OT. Pa2 11 °0, B· TO BPBMR KaK ztnR 
ocianbH~~ o6b~MHh~ qacTef1 OH 3aBHCl1T OT 00 H YCTaHOBl1BlliBfOCR 

Ha ncisepicHOCTl1 3HalfBHl1R opaB(JOT>K' p o2). TaKl1M o;6pa30M, MO>KHO 
pac~MaTp11BaTb npouecc Zl11IIY31111 K11cnopozta B YBCO KaK 
COBOKYnHOCTb '· napannenbHhlX npoueccoB Zl11IIY31111 K11Cnopozta B 
Ka>KztOf1 1136J111pOBaHHOf1 · r pa Hy ne, 11MBIOlllBf1 nosepx HOCTHOB 3 Ha qeHl1B 

o = opaB ( T OT>K' P 02 ), KoTopoe no,ru:i;epJKlfBaeTcH BHemttef1 OKPY>Ka10mef1 

.cpeztof1. 
CornaCHO C.KC11 11-ztp. 1231, nci6u~cc Zl11IIY31111 B rpaHyne 

COCT011T 113 nocnenosaTenbHhlX 3flBMBTapHhlX aKTOB . Zl11IIY31111 B 
Cu(1)-nnocKOCTl1 ,Bl!Oflb HanpasneHl1R <110> 3flBMBHTapHOf1 Rqef1Kl1. -
TiocKOflbKY Ka>Kll~R rpaHyna COCT011T 113. 6nOKOB MOHOKPl1CTann11TOB, 

TO, pa3YMBBTCR1 nYTb, no KOTOPOMY Zl11IIYHZll1PjBT Kl1Cnopozt 
RBJIRBTCR 3113aroo6pa3HhlM, MBHRIOllll1MCR OT rpaHYnhl ,K rpaHyne 11 He 
no.r:iAaeTcH T0tIH0MY onpe,!J;enemno. Onp~zten11M ztnl1HY nYTl1 Zl11IIY31111 B 

o6pa3UB KaK ycpeztHBHHYIO n~ BCBM rpaHynaM 3IIBKTl1BHYIO Zlfll1HYL3 

(, ·r n 1; 

8 o6meM cnyqae; TaK ,KaK Cl1CTeMa YBCO HB ocTaeTCR 
OZlHOPOZlHOf1 B npouecce OT>K11ra, ee . 111·311qecK11e CBOf1CTBa 11 
CTPYKTypa MBHRIOTCR B TeqeH11e speMeHl1 lQT)I( no Mepe ysen11qeHl1R 
o OT 11CXOZlHOro 00 ZlO csoero , paBHOBBCHoro 3HaqeHl1R 

0paB CT OT)I(' P 02 ), . K031111u11eHT ztHIIY31111 D non)l(eH 6hrrb IYHKu11ei::t ! 

OT TBKYlllBf1 KOHUBHTpau1111 Kl1Cnopozta. o(x,t). 8 paMKaX 
BaKaHC110HHOfO MeXaHl13Ma Zl11IIY31111 123

/ noHRTHO, qTo ~ 
TBTpa-la3e D.cna6o 3aB~Cl1T OT KO~UBHTpau1111 Kl1Cnopozta; OH 
YMBHbmaeTCR np11 nepexomi 0·6pa3ua 113 TeTpa- · B opTo-la3y. 8 
opTo-la3e D nocTeneHHO YMBHbmaeTCR no· Mepe ysen11qett11R 
3HaqeHl1R o 11 np116n11)1(aeTCR K HYfllO np11 CTpeMneHl111 o K Bll11Hl1Ue. ·I 

H3MeHett11e KottueHTpau1111 K11cnopozta B pe3ynbTaTe· npouecca I 
Zl11IIY31111 CBR3aHo B OCHOBHOM C 6btcTphlMl1 3flBMBHTapHhlMl1 aKTaMl1 

. I 

I 

I 
2· 

Zl11IIY31111, np11qeM ztnR ·cpaBHBHl1R C 3KCnepl1MBHTaflbHhIMl1 ztaHHhlMl1 
11cnonb3YBTCR KOHUBHTpaU11R ycpeztHBHHaR OT TBKYlllBf1 o(x,t) no 
Zlfll1HB Zl11IIY31111. TI03TOMY BMBCTO D(x,t) MO)l(HQ B3RTb YCPBZlHBHHhlf1 
no ztn11He Zl11IIY31111 K03ll11Ul1BHT D, 3aBl1CRllll1f1 TOflbKO OT BPBMBHl1. 

Ha OCHOBB scero · BhllliBCKa3aHHOrO Zl11IIY311R K11cnopozta B 
KepaM11Ke·YBCO MO)l(BT 6hlTb paccMOTpeHa KaK OllHOMBpHaR Zl11IIY311R 
no nn11He L3 C xapaKTBPHhlM K03IIHU11BHTOM D(t). Otta onl1ChIBaeTCR 

CflBZlYIOllll1M ypaBHBH11BM :. 
2 

ao~ = D(t)a o(x,t) 
at at 

C KpaeBhlMl1 ycnOB11~.Mrl :
1

' 

( 1) 

o ( X . t=o) = O , ( 2 ) ' 
, . -,••·.•· 0 · .... _ '.,;ffJ:;,:·1t{)< 

o(x=o,t) = o(5e=L3,t) = opaB(TOT)l('·Pa2l;; i:·,r1mt1on 

·~ 

3ZlBCb, KPOM_e ynoMRHYntx o6o3HaqeH11f1, t-TeKYmee BPBMR ,;ztHli;llYJ1111 
C11n11 OT>K11ra), x ~ TeKymaR ioopn11HaTa·no·nn11H~ L;:• 

Tiocne pemeHl1R ypaBHBHl1R (1) 11 ycpeztHBHl1R no ztn11He L3 : 

L3 
o ( t) = ,....L f cS ( X, t) dx 1 ( 3 ) 

13 0 

nonyqaeM OKOHqaTBflbHOB Bhlpa)l(BHl1B, onl1ChlBatomee 3aBl1C11MOCTb 

KOHUBHTpaU1111 K11CflOPOzta o OT npOZlOfl)l(l1TBflbHOCTl1 OT>Kl1ra_: 

en 1 
o ( t )- o _2_ L · 3 n* ¾ +x (4) 0 = ( - 1 f f erfc dx , 
o -o L · . o 2*yY 
• pas o 3 n=o · 

rne 
t 

y = f D(t')dt'. ( 5) 

0 
H3 IOPMYfl (4) 11 (5) cneztYBT, qTo B TeqeHl1B speMBHl1 

QT)l(l1fa KOHUBHTpaUl1R ysen11q11saeTCR C 11CXOZlHOf0 3HaqeHl1R 00 ZlO 

npeztenbHOro opaB(TQT)I(' Pa2).. TipOMB)l(YTOqHhlB 3JfoqeHl1R o( t) 
3aBl1CRT OT sen11q11Hhl .L3(KOTopaR 3aB11Cl1T OT TBXHonor11qecKl1X 

·xapaKTBP11CTl1K 06pa3ua TaK11X, KaK-.pa3MBP rpaHYflh~ nnoTHOCTb 
Ta6neTKl1, CTeneHb TBKCTYPhl · 11 T. Zl, ) 11 OT K03i;lll11Ul1BHTa Y, 

KOT0Phlf1 eCTb 11HTBr pan OT D no TBKYIUBMY BPBMBHl1 OT)l(l1fa t. 

3 



DocnenHee~o6ctoRTenbCTBO 03Ha4aeT, 4TO BpeMeHHaR 3aBHCHMOCTb 
BenH4HHb( 6( t) llOJilKHa OTpaJKaTb COCTORHHe HccnenyeMoro 06pa3ua, 
HHhlMH cnoBaMH, OHa RBnReTCR MaKpocKonH4eCKHM npORBD8HHeM 
MHKPOCKOnH4ecKoro B3aHMOlleACTBHi vl,V2,V3 116- 221 - MelKllY 
aToMaM~ B .cu(1)-nnocKOCTH. fleACTBHTenbHO,B [7,8] Ha6nDnanHCb 
CKa4K006pa3Hbie H3MeHeHHR HaKnoHa Ha Tr A-KpHBbIX' npH HarpeBaHHH 

YBa2Cu306.l8 H oxnaJKllBHHH YBa2Cu3o6.1 4epe3 T04KY 
TeTpa-opTo-nepexona. 8 pa6oTe 161 6bmH 4BTKO BblRBDBHhl 'llBa .' 
HaKnoHa KPHBhD_ H3M8HBHHR conpOTHBneHHR YBa2Cu3o6.35 · npH 
oTJKHre a aTMocwepe KHcnopona npH T0TlK=215-366°C. A.A.CTenaHOB 
H coaaTophl /l5/ HccnenoaanH KHHBTHKY KHcnoponHoro nornomeHHR 
a· YBa2cu3o 6 B HHTepaane TeMnepaTyp 150 + 700°C H npH naaneHHH 
KHcnopona 1,4 + 10,7 aTM.: 6hlnH o6HapyJKBHhl llBB CTallHH 
nornomeHHR KHCnopona B TBTpa-wa3e, TpBTbR CTallHR npoHCXOllH~ B 
opTo-wa3e H C YM8Hbill8HHOA CKOpOCTbD. 

8 cnenyDmeA 4aCTH Mb! nhITaeMCR onHCaTb pe3ynbTaThl pa6on1 
/l5/ a paMKax, H3noi1<eHHofi: Bhnrie OllHOMBpHoA llHwWY3HOHHOA MonenH. 

3.06CY~flEHHE PE3YflbTATOB 

Ha PHC. 1 noKa3aHhl nony4eHHhlB B /l5/ naHHhlB no 
3aaHCHMOCTH o OT ,ft B npouecce OTiHra nopomKa YBa2cu3o6 npH 
T OTlK=200°C, P 02=4, 1 a TM C KP_HBaR 1 J; 400°c, 4, 3 a TM C KPHBaR 
2); 600°c. 4,3 aTM (KpHBaR 3) H 100°c. 8,9 aTM (KpHBaR 4 ). 
3TH KpHBbie nenRTCR Ha TPH Y4aCTKa B ' mKane ,ft . Ha KOTOpb!X 
HaKDOH KPHBOA HMeeT pa3DH4HOe·3Ha4eHHe : OH nOCTORHBH Ha llBYX 
nepBblX y4acTKax, a Ha TPBTbBM- · MeHR8TCR co BPBMeHBM. Hcnonb3YR 

Bb!paJKeHHR (4) H (5), oueHHM 3Ha4BHHe 3THX HaKJlOHOB ,8 Ha 
KalKllOM y4aCTKB i 

_ lim 
8i - 'l½_->o 

-9£._ 
d ,ff. 

(opaa-_oc:iil *4*"°1 IVn/L3 (6) 

rne Di H ooi - COOTBeTCTBYDmHe 3Ha4eHHR K03WWHUHBHTa DH 00 

Ha i-y4acTKe( i=1, 2, 3 )." ' BcnellCTBHe, Henpeph!BHOCTH KPHBOA I 

o . = o( ,~1 ),)lnsi Ha,-,nsi,o:HocTH yKa3amrne n0Be,o:e1rne cxeMaTttqec1O1 I 01 _ r~i-1 , , 
noKa3hlBaeTCR Ha PlfC.2. I 

4 

ii 
j i 

-\' ;I 

0.8 

0.6 

5 
0.4 

0.2 

0:0----.---.--.---,,_..,._,..-.---.-....-...-.--.---.---➔ 

PHc.1. KHHern4eCKHe : - KPHBhIB nor nomeHHR · KHcnopona a 
'YBa2cu

3
o6 : 

1. - 200°c, 4.1 aTM ; 2. - 4oo0 c, 4.3 aTM•; 
- 0 . : · · 0 ' ., . 

3. - 600 C, 4.3 aTM ; 4. - 700 C, 8. 9_ aTM ; 
T04KH 
pa6on1 
Hhie no 

,-,. 

3KcnepHM8HTanbHb!B llaHHbE, 83RTLE H3 
/lS( cnnomu1,1e KpHBbie - 3Ha4BHHR, BLNHcneH-
( 7 J c napaMeTpaMH, npHseneuu1,ni11 s ia6.ni-1ne 1. 

~ 
Q) 

bDSi 
:>,, 
~ 
0 

Pil 02 

-· 
0

o - 112 t 112 - - 1/2 
·• .: - t1 - 2 - time 

PHc._2. 0 0 Bell BHHe 

: YBa2CU306+o 
KpHBOA nor norneHHR 

~ 

KHcnopona B 



Ta6m1Ua 1. Hcnonb3yeMbie napaMeTpbI C cM. o6o3Hal.feHl1R Ha pric. 2) 

llJIR BbllfHCJieHHH KPHBblX, npel{CTaBneHHblX Ha PllC. 1.. 

. naHbl TaKlKe o_ueHKH K03\!'1\!'1HUHeHTOB llHWWY3HH Di llJIR 

Tpex cTal!HA npouecca 

---------------------------------·---,-- . 

KpHBbie 1 2 3 4 

----------------------- ~-----------------. . 

n
1 

/MHH-l/ 2 

n /MHH-11 2 
2 . 

n /MHH-l/ 2-
3 . . 

'fti / 1/MHH 

~ / 1/MHH 

L3/cM 

6 
pas 2 . 

D1 /CM /ceK 

D2 /cM
2
/ceK 

D3 /cM 2 iceK 

0,98 

0,065 

0,12 

2. 10- 3 

0,93 

1,5.10-8 

8,4.10-11 

1,95 

0,38 

o, 14 

0,17 

0.90 

2. 10- 3 

0,90 

6,1.10- 8 

5,9.10- 9 

3,1.10- 9 

3 

0,5 

0 ,·12 

0,11 

0,80 

2. 10- 3 

0,82 

1, 8 .10'- 7· 
-8 

1,4.10 
, -9 

8,1.10 · 

---------------------------------------- . 

4 

0,48 

0,11 

2 .10'."" 3 

0;72 

4,1.10-7 

3,7.10-8 

1,13 

wopMYJie 

( 6) MOlKHO onpenenHTb Di H BhllfHCJIHTb 6 . (·ff) 1 y I..' no 

6i(,ft) 6 . +( 6 .. - 6 , ) *LL * 
01 . paB 01 . 3 

co L3 n*½+x )dx Le -1 )n*t erfc(2*VD1*"V½ 
n=O . 

( 7) 

(pe3YJlbTaThl BhllfHCJleHHA no t7) npencTaBJIHDTCH TaKlKe Ha pHc.1). 

ITpH BhllfHCJieHHH KPOMe 3KCnepri~eHTaJibHbU 3Hal.feHHA napaMeTpOB 
, . · , · /19/ 

601' ti, ni 3HalfeHHH 6paB(TOTlK'P02r 6blJIH B3HUI H3 DnH 

L3 Mb! B3HJIH o6ocHoBaHHOe aBTopaMH /l
5

/ 3HalfeHHe 20 µKM. 

. CoBnaneHHe · MelKllY BbllfHCJieHlfbIMH H 3Kcnepr1MeHTaJ1bHblMH 

KPHBbIMH oKa3bIBaeT,CH XOPOIIIHM. Bee napaMeTpbl l{JIH BbllfHCJieHHA 

npencTaBJIH¥>TCII B ·Ta6nriue 1. 
Ha OCHOB8 non~qeHHbU pe3YJlhTaTOB noseneHH8 ~aBHCHMOCTH 6 

or·speMeHH OTlKHra B YBa2Cu306+6 MOJKHO onricaTb B paMKax 

' 

~· 

npocToro llH\!'1\!'1Y3HOHHoro ypaBHeHHH. 8 Halfane OTlKHra, Karna 

HCXOl!HaH KOHUeHTPaUHR Mana 601"' 0 , aTOMbl KHCJIOPOlla H3 

OKPYlKaDmeA cpel{bl OlfeHb HHTe_HCHBHO llHWWYHllHPYDT B o6pa3eU C 

D=Dl' o6pa3YH B 3TOT nepHOll cna6blfl rnepl{blA pacrnop YBa2Cu306 ;_ 

KHCJIOPOll, C yBeJIHl.feHHeM 6 llO. onpeneneHHOrO 3H~lfeHHH, paBHOro 

/ 6 
02

, noBbIIIIaeTcH creneHb ynopHl!OlfeHHH irncnopona B cu( 1) · -

1;1 nnocKOCTH, KOTOpaH KaK H. no /l~/ CBH3aHa,. C noHBJl8HHeM 

1
:1· CBepxcrpyKTYP / 7 , 27/, H np0Hcxon11r H3MeHeHHe •K03\!'1il1HUHeHra D. C 

~. 3TOrO MOMeHTa (tl) l!Hil1WY3HH KHCJIOPOlla npoHCXOllHT KpK .~ 

OllHOPOllHY.D cpeny C X apaKT8PHbIM K03¢1il)HUH8HTOM D2 H C HCX OllHb!M 

-- : 

1\"

' 

1'·J' li.
1 

··\' ' 

3Hal.feHHeM : 602· HaKOHeu, npH npOllOJllKaDW8MCH ysen11qeHHH c5 

npOHCXOl{HT TeTpa-opTo-nepexo~, npH KOT~POM D onHTb 

CKalf·Koo6pa3HO ·yMeHbIIIaeTCH C nsicnel!YDDlHM nocreneHHbiM 

YMe~blll8HHe_M B ycraHOBHBIII8ACH opro-il)a3·e llO HYJIH no Mepe 

CTpeMJieHHH .6 K 8llHHHU8. 0 nocnenHeM o6cTOHT8JlbCTBe 

CBH]leTeJibCTBYeT npeBbIIIl8HHe BbJqricneHHbIX 3HaqeHHA Hall 

3KcnepriMeHTaJibHhIMH ( CM. KPHBYD 2 ) , x om roqHoCTh 3KcnepHMeHra 

Ha rpeTbeM yqacTKe He naeT 'B03MO*HOCTH. CYllHTb nonpo6HO 0 

Ko~ue~TpaUHOHHOA 3a6HCHM~CTH •o3il)il)HUH8HTa DB opro~il)a3e. 

11ccne.ztyeMaH CHCT8Ma YBCO HBJIHeTCH OTKPbITOA no OTHOIIl8HHD 

K'OKPYlKaDmeA cpene, no3~0MY KPOMe TeMneparyphl OTlKHra TOTlK 

Ha yc~aHOBJieHHe 3HaqeHHH c5pas H Ha XOll npouecca AHll'1il1Y3HH, 

T.e. Ha K03IIHUHeHT D, llOJllKHO BJIHHTb napuHaJibHOe ll~BJieHHe 

KHCJIOPOJla. KaK ynoMRHYT6 BO BTOPOA qaCTH, 3TO BJIHRHHe 

RBJIReTCH CHJlbHhlM Ha nepsoA CTallHH llH\!'1il1Y3HH, qro H 

]leACTBHTeJihHO Ha6JIDllaJIOCh B.· pa6ore /l
5

/ TaM JKe naHa 

cnellYIOWffR 3aBHCHMOCTb senHqHHbl CKaqKa nxCK' ( TO lKe, qro. c5o2 B 

llaHHOA pa6ore ) B. HHTepsane TeMneparyp 200+700°C H ]laBJieHHR 

1, 4 + 10, 7 aTM 

3]leCh 

H 

LixCK c502 

ECK 

0, 5*( P~~
2 - C) *exp (-ECK/KTl 

= (0,07+0,01) 9B 

C "' 0, 7 aTMl/
2

• 

'· 

7 

(8) 



i 

!,13; ( 6) cneiiyer. 

0 02 = 0 paB(TOTlK'Po2l*4 *V°i*f½/-y'n/L3• C9 ) 

CpaBHHBaH .c 8) .11 ( 9), nonrrneM ·. ~nei1y10mY10 . 3aB11c11MoCTb o1 OT 
TeMnepaTYPhl 11 llaBneHl1H B yKa3aHHb~ HHTepBanax ·: 

o
1

(cM 2/ceK)~C2,3+4,6l10- 7(yP02CaTM)-0, 7) 2exp - 0 : ~f-3
B] .·c10) 

Ha BTOPOM yqacTKe; HaKnOH 62 He 3aB11Cl1T OT l{aBneHl1H 
P

0
2 '11 B 11HTepBane TeMnepaTYP 150 + 50□°C BbipalKaeTCH cnel!YIOml1M 

o6pa30M /l5/: · 

-6 2 ~·go·.,; .. lft .~· exp (-0,3(3B)/KTl . (11) 

Attanor11qHQ, C,nOMOmblO (6) 11 (11) 11~eeM 

D
2 

(cM 2 /Ce~) = CO, 84+3, 4). 1 □- 4 * exp -O ;·:1(
3

B) ( 12) 

4; 8blBDDbl 

· 1/ Datto on11caHHe · 
1<epaMl1Ke ·. np11 . OTlKl1f e 

~/' TioKa3aHo, qTo 

npouecca •· ll11IIY31111 . rncnopona- .. B. YBCO

np11 3aitaHHblX T OTlK 11 p 02· 
pe3ynbTan1 pa60n1 /l5/ no 11ccnei10Batt1110 

K~HeTl1K~ K11cnopol{HOroo6MeHa B YBaicu306 xopomo on11chlBalOTCH 

nonyqeHHbIMl1 1opMynaM11. 
3/ 8 npouecce: ll11IIY31111 . K11cnopona 113 OKPYlKa10meA , cpellbI ~ 

YBa2·cu;o6 -::OCTOHHl1e 11ccnenyeMoro MBTep11ana, npOl1CXOlll1T TJ)M 

CTil,llHl-1 : 
a· - 06pa30BaH11e TBepiioro pacTB_opa YBa2Cu306 - Kl1Cnopoll. 

l-15/, 11Me10mero TeTparottanhHYIO , cTpYKTYPY, B J<oTopoM 
K03ll11U11eHT B11IIY31111 D~ ~ 11HTepBane•TeMnepaTYP 200 + jo□°C ~ 
l{aBrieHl1H rncnopc)lla f, 4 + 10, J. aTM BbipalKaeTCH IOPMYnOA ( 10 L 

6 - nanbHeAmee pa3B11Tl1e Cl1CTeMhl ''.B .. TeTph~wa3e, 
HeynopHl!OqeHHOA no uenoqKaM Cll-0 .. ,8 :3TOA la3e K03ll11U,11e·HT D2 

oueHl1BaeTCH BhlpalK~Hl1eM (12). 
B - Tiocne TeTpa-opTo-riepexo,na ~ B bpTo-1a:rn 

ll11IIY31111 oKa3hlBaeTCH MeHbme,qeM B TeTpa-la3e 11 
YMeHbmaeTCH llO HYnH C llOCTl1lKeH11eM. 11iieanbHOA 

YBa
2
cu3 o7 • 

8 

K03ll11Ul1eHT 
nocTeneHHO 

opTo-la3bl 

ABTop 6naronapeH 8. n. AKcettoBY 11 A. M; 
noiiiteplKKy' 11 none3HOe 06CYlKlleH11e pe3ynbTaTOB.· 
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