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1.BBElIEHHE 

MHoro11HcneHH11e 3Kcnep~MeHTl1 (cM., Hanp. /1/) n·oKa3an.H, 11To 

caepxnpoao.nnmHe CBOHCTBa coe.nHHeHHll ;YBa2cu3ox • 011eHb · 

'qyacTBHTenbHll K co.nepJKaHHD. H CTeneHH yno'pll.ll04eHli}I , aTOMOB 

KHcnopo.na a ,nnocKOCTH, co.nepJKameA, uenotIKH cu-0. :KaK 

'J<OnH4eCTBO,, TaK · H Ta HnH HHall CTeneHb nopn.nKa KHCJiopo.na· ,a 3TOA 

nn'ocKOCTH 'YCTaHaanHBaDTCll npH .o6MeHe aT~MaMH: KHcnopo.na MeJK.ny 
'·' ,, .· ' 

o6pa3UOM H, OKPYJK~DIUeH cpe.noii H 3aBHCllT OT KOHKpeTHllX ycnoBHH 

npHrOTOBneHHll' o6pa3ua. npouecc npHrOTOBnemrn. caepxnpooo.nnmnx 

KepaMHK YBa2Cu30x. MOJKHO _pa3.ne.nHTb. Ha .naa 3Ta!'Ja. , Ha nepB<;>M 

3Tane .npoHCXO.llHT . XHMH4eCKall TBep.nocpa3Ha~ peaKUHll HC~0.11Hl1X 

KOMTIOHeHTOB npH .llOCTaT04HO B11COKOH TeMnepaType CHHTe3~ 

(T =95o0 c) ,: a pe3YnbTaTe 11ero cpopMHpyeTcn· coe.nHHeHHe C , . 

YBa 2Cu3o 6+5 ( c5<<1), KOTOpO~ He llBJilleTCll CBepxnpOBO.lllllil.lrn. 

BTopoii 3Tan 3aKnD11aeTcn a , yaenH4eHHH co.nepJKaHHll KH,cnopo.na H ; 

ynopn.no11eHHH ero a.nonb OCH b pemeTKH ( aTOMll 04 _c K,oop.nHHaTaMH 

( o, 112., o)). B caepxnpoao.nmueii' cpa3e 3a.~eneHHOCTb · no3HUHH 04 

6nH3Ka K 'e.nHHHUe H npu' c5 "'0.95 ee o6'beM nocTHraeT 100%. 

o6'beMa 06pa3ua, Teime~aTypa tta11ana nepexo.na, ?6pa3ua. a 

.coepxnpoao.nnmee 

nepexo.na < 1 ,K. 

COCTOllHHe THa4.· COCTaanneT 94 K,, ,mHpHHa 

H~BeCTH~. 4TO BTOpoA 3Tai B,OCHOBHOM npe.ncTaanneT co6oA 

npouecc .llHCflefJY3,HH aTOMOB KHCnopo.na H3 OKpyJKaDmeii cpe.1111 B' 

HCXO.llHllH 06.pa3eu. B nHTepaType 3toA npo6neMe llOCBlllUeHO .MHoro 

pa60T' /2-11/, .. HO p'a36poc . npHBe.neHHllX B : HHX K03cpCflHUHeHTOB 
' . . ' 

'.11HcpCfJY3HH .llOCTHraeT 9 nopSl.llKOB, H , Tpe6yDTCSI .nononHHTenbHlle 

HCCJie.noaaHHSI. 

UenbD HaCTOSIIUeH pa6on1 . SIBnSIJIOCb H3y4eHHe npomicca , 

.llHcpCflY3HH aTOMOB KHCnopo.na H3" B03,nyxa B ·KepaMHKY 'YRa2Cu306+c5 ·e 

.nayx peJKHMax : CTaTH4eCKOM :.. .llHcpCfJY3Hll. KHCnopo.na. H3 B03.llYXa B 

o6pa3eU npH TIOCTOllHHOH TeMnepaType·H KHHeTH4eCKOM - .llHcpCfly3HSl'B 

xo.ne o~naJK.neHHH 06pa3ua.0T TeMnepaTyp11 CHHTe3~ .no KOM~aTttoA. 
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22 3KCTTEP11ME!Hbl 

nopomKH YBa2Cu30X H3rOTOBJillJIHCb H3 CMeCH Y293• ~aco3 H 

CQO c 4HCTOTOA KOMTIOHeHTOB He xyJKe 99,9%. CMec~ xopomo 

nepeTHpanacb H cnpeccoa11aanacb a Ta6neTKH pa3Mep~M 25*10~2,5 

MM3 no.n .naaneH~llM~ 80Kf/cM2 H 140Kf/CM2 .nnn KanbU~HHpoaaHHll H . ! . . 

cneKaHJ1SI COOTBeTCTBeHHO. Cpe.nHHH pa3Mep 3epeH paaeH 70 MKM. 

nepeTHpaHHe · H ·npeccoaaHHe, TIOBTOpS!nHCb HeCKOnb~O ,Pa3 .llJISI 

roMoreHH3aUHH 06pa3uoa no cocTaiiy, KaJibUHHHpoaaHH~ n cneKaHHe 
, I , 

npoao.nH.nHCb npH TeMnepaType 950°c. o6mas:i ·.nnHTenbHOCTb 3THX · 

' 

.nayx npoueccoa paaHsinach 14 11acaM. 

11cxo.ntt11e _o6~a3Ul1 ,.nnn ~ccne.noaaHHll CTaTHtiecKoro peJKHMa · 

.11HCflefJY3HH nony11eH11 H_3 CTa6HnbHOH BllCOKO'f'.eMnepa TY p_HOH 

TeTparoHanbHOH cpa311 3aKaJIKOH B JKH.llKOM a30Te. 3aTeM OHH 

no.naepranHCb OTJKHry Ha ao3.nyxe npn 350+sso
0

c a Te11eHHe 2 

qacoa. '.nJill onpe.neneHHSI ;),K03CflefJHUHeHTa .11HCflefJY3HH HeCKOnbKO '• 

·o6p~3UOB' OTJKHranHCb npH 350°c pa3HOe apeMSI OT 1 .no 24 qacoa. 

Hnn H3y4eHHll ~HHeTHtiecKoro pe~HMa o6pa3Ul1 nocne'14 -· 

11a·coaoro· · CHHTe3a oxnaJK.nanHcb Henocpe.ncTBeHHO 

'TeMTie·ra.Typ11 CHHTe3a .110 KOMHaTHOH COS CKOpOCTbD 

o~~ .no 300 rpa.n jMHH. 

Ha; ao3.nyxe 

o~naJK.neHHSI 
I 

l 

OT 

OT 

'P~HTi~H6cpa30B11H aHanH3 a11nonHS1nCS1 Ha 4HcppaKTOMeTpe 

HPOH-3. C'beMKa aenacb , Ha CoKa: · H3ny11eHHH C nocne.nyDIUHM 

npoefJHJibHllM aHanH30M. 'YTO'!HeHHe co.nepJKaHHSl · KHCnopo.na 

npoao.n~nocb H~HTpOHOrpacp~qecKH. BHCflpaKuioHHlle cneKTpll 

H3MepnnHCb Ha 'ycTiHOBKe BH-2 Ha HMnynbc~OM peaKTOpe HBP-2 no 

MeTo.ny .apeMeHH nponeTa /12/. nnsi_ onpe.neneHH~ napaMeTpoa 

H~no~b36iiancsi npocpHnhHllH ~HanHi cneKTpoa. ·s npouedce YT04HeHHSI 
·, . , I 

aapbHpOB~nHCb napaMeTpll nqeAKH, 3aceneHHOCT~"aTO~OB ~Hcnopo.na 

04 H 05(1/2,0,0) H Z KOOp.llHHaTll aTOMOB Ba H c'u2 •• renn~a11e 

napaMeTp11 acex aTOMOB 6panHCb H3 nHTepaTyp~ .· H CflHKJHpOB~nHCb '. 

l13MepeHHe conpoTHBneHHSI o6pa3UOB' I, npoap.nHnOCb. ~o 

11eT11pex3oH.noiioMy MeTo.ny • npH H3MepeHHH MarHHTHOH aocnpHHM4H-

aocTH HCTIOJib30Ba
0

ncS1 MeT0.11 HH.llYKTHBHoro MOCTa ' ,qa'cTOTOA 

TIOMOIUbD t'oo , KfU, . TeMnepaTypa npH 3TOM onpe.nennnacb: c , . I 
Kan116poaaHHoro TepMHtiecKoro conpoTHaneHHSI. ! 

0&-..e.n611eHHNil r:::ic1iri1'~ f 
~ illt..,$f"tlE pi,·,. •i~rr:!Jl1U:":'' ' ,: . ,. jf . "1. "-., : .h; i,~ ·-·"• \ 
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3. PE3Y JlbTAT_b! 

IToJJyqeHHUe rrpH • -:H-qacoBoM CHHTe3e . o6pa3uu c o<<1 

HBJJHJJHCh HCXO.UHl1Mli .UJJH 113 yqeHHH · rrpouecca . .nmpcpy 31ili. , Ha p!iC. 

IIOKa3aHl1 crreKTp11 peHTreHOBCKOA .UH<ppaKUHH O,UHoro li3 o6pa3UOB. 

Bee ; o6pa3Ul1 HaXO.llliJIHCh B_ TeTparoHaJJbH~A cpa3e _( rrp. rp. P4/mmm) C, 

rrapaMeTpaMH HqeAKH a=3.Bi0(2)A, c=11~734{5)A 11 co.nepmaHHeM 

KHCJJOpo.na B cpopMyJJhHOA e,UHHHU~ 6JJH3KHM K 6.1. HCXO.UHUe o6pa3Ul1 

6irnH rroqTH O~HOqJa3HhlMH' XOTH ·Ha peHTreHOBCKHX crreKTpax . '. ,_, . ' ' 

Ha6mo.naJJ~Ch CJJa6ue IIHKH O_T BaC03, Y2BaCu05 Ii cuo . 
. ' 0 

. ,naJJee OHH rro.nBepraJJHCh OTmHry rrp_H 350-5.50 C , B HeKoTopux . 

CJJy~aHX ,UOITOJJHHTeJJbHO ,rrpOBO,UHJJCH rrpe.nBapHTeJJhHUA OTmHr. ~pH 

65o0c B -TeqeHHe .n_Byx qacoB. TaKaH rrpoue.nypa, corJJacHo pa6oTe_ 

/13/ ,· rrpHMeHHeTCH .UJJH rrpeo6pa30BaHHH TeTp_a_roHaJJbHOA cpa311 

HCXO.UHOro o_6pa3ua _B' poM6HqecKylO. B H_awe1,1 cJJyq~e. 'rrpH TaKOM 

OTmHre, Ha pH.UY , C cpopMHpOBaHHeM poM6_Hqec1rnA cpa3!1 Ha6JJIO.UaJJOCh 

ycHJJeHHe . ~Hd>paKUllOHHbIX IIHKOB OT BaC03, Y 2BaCu05 Ii &cu02 (CM. 

p!iC.2). ITO -BH.UHMOMY, IIpOHCXO.UHJJO pa3JJOmeHHe cpa3!1. 1-2-3 B 
' ' ' ' . ' .. ' ' ' ' '· 

pe3yJJhTaTe ee, B3aHMO.U~ACTBHH_C H20 Ii CO2 B B03.Uyxe /14/. 

Ha .. p!iC 3 rrpe.ncTaB~eH THIIliqHuA. . peHn:eHOBCKHA 

.nHcppaKUHOHHUA crreK!P o6pa3UOB (BKJJIO~aH H rro.nBeprHyrue 

rrpe.nBapHTeJJhHOMY oTmHry) rrocJJe ,nByxqacoBoro oTmHra rrpH 
. . ,' 0 . . " ' 

TeMrrepaType B_ ,, HHTepBaJJe 3507550 c. BH.UHO, qTo rrpH TaKHX 

OTmHrax. O,UHOB pe_MeHHO rrpo11cxo.n11-r.. KaK 

YBa2cu30 6+0 B o6pa~ua~, no.nBeprny.Tux 

T~K . Ji .UH<p<pY31i~ aTOMOB KHCJJopo.na li3 

CHJJhHOe o6HOBJJeHHe. cpa3~ 

yno1,1HHYTOMY. p~3JJomeHH~ 

B03,nyxa B o6pa3e~. B 

pe3yJJhTaTe qero cpopM~pyeTcH · poM6wrncKaH. cB~pxnpoBo,.nmuaH .. cpa_3a 

YBa2cu3o7 _ 0· .. ( rrp. rp. Pmmm). KoH_KpeTHaH TeMrrepaTypa 0Tm11ra He 

CKa3UBaJJaCb Ha BeJJJ-lqHHe napaMeTpOB _HqeAKl:I , HO. ~ ee, ITOBUIIIeHHeM 

(CM. Ta6JJ.1). ~HJJhHO H3MeHHJJOCh, so,.nepmamie KHCJJOpo.na B 

~6pa3ue, paCCTOHHHe cu1~cu2 ~MeHhIIIaJJOCb, a paCCTOHHHe Ba-Cu1 

yBeJJJ-lqHBaJJOCh. _rrp11, rrpoBe.neHHH rrpo<pHJJ~Horo aHaJJH3a Bapb!ipOBaJJCH 

Ii cpaKTOp 3aCeJJeHHOCTH aTOMa 05 (pe3yJJhTaTI1 TaKme BKJJIOqeHU B 

Ta6JJ.1), o.nHaKO IIOCJJe MHHHMH3aUHH OH JJH66 HMeJJ OTpHUaTeJJbHOe . . . . ; , ' . 
3HaqeHHe, JJH6o COCTaBJJHJJ MaJJylO .UOJJIO OT 3aceJJeHHOCTH aTOMa 04 

(MaKCHMaJJhHO 107. rroc~e OT;Hra np!i 350°c). 

4 

,ti 

'l 

·t, ..... 
en 
i:: 
(I) ..., 
i:: 

' ..... 

. P11c. 1 . PeHTreHoBCKHA .nmppaKUHOHHUA crreKTP 11cxo.nHoro o6p;;ua 
I , I 

YBa2Cu3o6.1 . ITOKa3aHl1 H3MepeHHl1A { TOqKJ-1 ), pacqeTHUA 

npo<pHJJh Ji pa3HOCTHaH KpHBaH. 
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x- BaC03 
a- BaCu02 
o,- )aBaCuOs 

' ·, ,' .· ' -~·-·· ... ·· 

27 · 29 31 33 35 37 39 · 41 . 43 · 45 47 49 51 53 55 57 59 
2. theta. (degree) 

P11c.2. PeHTreHorpaMMa 06pa3ua YBa2cu3o 6 _1 , rro.naep~HyToro 

oTmHry Ha B03,nyxe rrpH 6So0c B TeqeHHe .UBYX qacoB 
' . - , . _., . ' 
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Ta6nuua 1. Pe3yJihTaTU npo~HJihHOro aHaJIH3a HeiiTpOHorpaMM H 

3Ha:eHHSI pe3HCTHBHOH. H )lHaMarHHTHOH TeMnepaTyp nepexona, B, 

. CBepxnpoBOJlHIU~e COCTOSIHHe o6pa3UOB, OTOJKJKeHHblX B. TetJeHHe 2 q 
' 0 
npH 350+550 C Ha B03Jlyxe. B o6pa60TKY npo~HJihHOro aHaJIH3a 

B KJIKJtJaJIHCh 400 3 KcnepHMeHTaJihHUX TOtJe~, · 100 'IlHKOB. <l>a3a 

poM6HtJecKasi, npocTp. rpynna N47, Pmmrn. CpenHeKBanpaTHtJHue 

oum6KH napaMeTpOB COCTaBJISIKJT ±0. 02 JlJISI c, ±0. 007 JlJISI a,b ~ 
Z-KOOpJlHHaT H ±0.03 JlJISI ~aKTOpOB 3aceJieHHOCTH µ.. 

-
0 . R7. Rw7. T0 Tll/ C) 

,, 0 

c(AJ a(A) b(A). 

350 5.8 8.0 3.825 3.886 . 11. 67 

5.8 ' 8.0 3.825 3.886 \ 11. 67 

420 9.6 13.4 '3. 825 3. 885 ' 11. 67 
' 9.6 13;4 3.825 3.885 11. 67 , 

480* 9.2 13.2 3.825 3.885 11. 67 

500 10.2 14.4 3.826 3.882 ,· 11. 67 

10.2 14.4 3.826 3.882 11. 67 

550* 9.2 · 13. 3 3. 826' 3.884 11. 67 

TOTJK µ.(04) µ.(05) Z(Cu2) Z(Ba) pe3HCT. pe3HCT. n»aMar:. 

(oc) THatJ./K TKOH./K THatJ./K 
---

350 0.85 0.0 0.355 0.187 93 91 88 

0;80 0.07 0.354 0.188 

420 0.55 o.o 0.351 0.197 91.,5 89 84 

0.55 0.03 0.351 0.196 

480* 0.50 0.0 0.352 0.198 91 83 · 80 

· 500 0,49 0.0 0.351 0.198 -- -- 75 

0.49 0.03 0.351 0.198' 

·550 0.40 0.0 0.347 0.204 89 79 61 

* ,llJISI 3THX JlBYX TeMnepaTyp OTJKHra 3aceJieHHOCTh µ.( 05) 

npHHHMaJia OTpHUaTeJihHUe ~Ha'leHHSI, eCJIH OHa BapbHpOBaJiaCb. 
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35 40 45 50 55 60 
2 ·theta 

JlHlppaKUHOHHblii cneKTp o6pa3UOB 
- 0 

YBa2cu3ox• 

OTOJIOKeHHUX Ha _B03Jlyxe B HHTepBaJie- 350 + 550 C B TetJeHHe JIBYX 

qacoB. H3MepeHHaSI ( TOtJKH ) H BUtJHCJieHHaSI peHTrenorpaima. 

BHH3Y pa3HOCTHaSI KpHBaSI. 

BTa6JI.1 BMecre co CTpyKTypHUMH 11ammMH B llBYX npe11nocne1111ux 

KOJIOHKax npHBe11enu 3HatJeHHSI THatJ. H TKOH! onpe11eJieHHUe no 

TeMnepaTypHOH 3aBHCHMOCTH conpoTHBJieHHSI. 0Ka3aJIOCh, 'ITO, B 

HCCJie11yeMOM HHTepBaJie TeMnepaTyp OTJKHra. OTJKHr npH 3So0 c naeT 

11au6onee KatJeCTBeHHUH o6pa3eU, B HeM co11epJKamie aTOMOB 

KHCJiopo11a B ~OPMYJihHOH emrn»ue paBHO 6. 87, THatJ~93 K, 

T =91 K. C IlOBUilleHHeM TeMnepaTypu OTJl[Hra T yMeHhlllaeTCSi 
KOH. _ . ~atJ. 

JIHlllh HeMnoro (110 89 K nocJie OTJKHra npH 550 C), HO CHJlbHO 

pac11111psieTCS1 lllHpHHa nepexo11a l\T = T11a.,-T , oHa paBHa 2 K H 
0 

,. K'fill. 
10 KB o6pa3UaX,OTOllClKeHHUX npH 350 CH 500 C COOTBeTCTBeHHO . 

.llJJSI 6onee 11eTaJ1bHoro H3ytJeHHSI npouecca JlHlfxl!Y3HH KHCJJopona 

npH TaKOM cpaBHHTeJihHO HH3KOTeMnepaTypnoM OTJKHre psi11 lfCXOllHUX 

06pa311ou 61rn nonueprnyT OTJKHry npu 3So0 c B TetJeHne. pa3noro 

e peMeim oT 1 110 24 tJacoB. Ha6J1KJ.naeTcst 6ucTpoe nacmuemie 

7 



Ta6nHua 2. Pe3yRhTaTU npo¢HRhHoro aHaRH3a HeHTpOHOrpaMM H 

3HaqeHHH n~aMarHHTHOH TeMnepaTypu nepexona 06pa3uoa YBa
2
cu

3
ox• 

0 -OTOl!Cl!CeHHUX Ha B03nyxe npH 350 C B TeqeHHe OT 1 no 24 q_ 

3HaqeHHe µ(05) y acex o6pa3UOB paBHO HYRIO. 0WH6KH_CTpyKTYPHUX 

napaMeTpOB TaKHe_ lKe, KaK B Ta6n. 1. 

TOTlK R7. Rw7. CHHr : 
(q.) (A) 

0 5.6 7.3 T 3.864 

1 5.2 7.1 p 3.827 

2 5.4 7.4 p 3.825 

3 6.0 8.5 p 3;826 

b 

(AJ 
C 

(AJ 

11.75 

3. 886 11. 66 

3.887 11.66 

3.889 11.66 

µ(04) Z(Cu2) Z(Ba) nHaM 

TH/K 

0.06 0.355 0.199 

0.71 0.356 0.192 57 

0.79 0.355 0.192 54 

0.75 0.357 0.189 61 

4 5.9 8.1 p 3.825 3.889 11.66 0.78 0.356 0.191 60 

5 5.7 8.0 p 3.826 3.888 11.66 0.81 0.356 0.189 60 

6' 5.7 8.4 p 3.826 3.887 11.66 0.80 0.356 0.189 89 
/ 

8 6.3 8.6 p 3.825 3. 888 11. 66 0.77 0.357 0.190 90 

10 5.4 8.1 p 3.825 3.888 11.66 0.81 0.355 0.190 90 

24 5.0 7.0 p 3.626 3.889 11.66 0.80 0.355 0.191 90 

69 . r ·-·,:_:c r i sst 

~ YBa 2Cu3 0x 

so· ..l......1,_L 

0 2 4 6 8 10 

lor,./4 

P1-1~. 4. 3aBHCHMOCTh conepl!CaHHH KHcnopona x · o6pa3UOB YBa2cudox 
OT BpeMeHH OTlKHra. DTlKHr npoaeneH Ha B03nyxe npH 350 C. 

* - 3KcnepHMeHTaRhHUe naHHUe cnnowHaH. KpHBaH 
-6 2 auq1-1cneHHaH no (1),_ L = 0.25 CM D = 3.10 CM /ceK , 

nyHKTHpHaH KpHBaH 
- -9 2 

D = 2.5.10 CM /ceK 

auqHcneHHaH no (1), L = 0.007cM 

8 

'\ 

)\ 
) 

·1 

( 

!)'' 
\, 
,, 

_06pa3ua 

nocTHrno 

nepexona 

KHcnoponoM, 3a 1 qac OTlKHra 

907. OT npenenhHoro 3HaqeHHH 

o6pa3ua B poM6HqecKyJO ¢a3y 

conepl!CaHHe KHcnopona 

(CM. pHC.4). Ilocne 

(np. rp Pmmm) era 

napaMeTpU HqeftKH OCTaBaRHCh noqTH nocTOHHHUMH (CM. Ta6n.2). 

, HTaK, npH yaenuqeHHH apeMeHH OTlKHra n~H T ~ 35o0c 
KaqecTBO o6pa3UOB nocTeneHHO ynyqwaeTCH. 3TO HarnHnHo 

n~MOHCTpHpylOT pe3yRhTaTU H3MepeHHH MarHHTHOH BocnpHHMqHBOCTH 

(pHc.5) :TeMnepaTypa nepexona THaq. yaenHqHnach c, 55 K no 90.K] 

wHp1rna nepexona yMeHhWHnach, 061,eM caepxnposonHmeft ¢a3u 

yaenHqHRCH. Ilpouecc nH¢¢Y3HH npaKTHqecKH 3aBepWHRCH nocne 10 

qacoa OTlKHra. 

JlnH KORHqecTaeHiioft oueHKH K03~HUHei1Ta 
I KHCROpona -MOlKHO HCnORh30BaTh ypaaHeHHe )lH~Y3~H 

nnacTHHOK, peweHHe KoToporo naeT B03MOlKHOCTh 

nH¢¢Y3HH 

nnH TOHKHX 

cpaBHHTh 

auqHcneHHUe H 3KCnepHM0HTaRhHUe naHHUe no conepl!CaHHIO KHCROpona . I 
B o6pa3ue B 3aBHCHMOCTH OT npononlKHTeRhHOCTH OTlKHra t. OHO 

HMeeT.. cnenyJOIUHil sun 
! 

X - X 00 

X(t)=X +2N 00 ON\ 
O L L 

n L i 
(-1) * J erfc( nNL+z) ~z, 

0 2N/DNt ! · 
(1) 

- n=O 

I 
rne X(t) - conepl!CaHHe KHCnopona B ¢0PMYRhHOH enHHHUe (¢. e.) 

n 06pa3ue npu t qacax OTlKHra, 

x
00 

7 conepl!CaHHe KHcnopona a ¢. e. 

6eCKOHeqHOM BpeMeHH OTlKHra, 
a ! 06pa3ue npH 

z - KoopnHHaTa, HanpaaneHHaH 

nepneHnHKYRHpHO noaepXHOCTH, 

L - nnHHa nu¢¢Y3HH, 

D - HCKOMUH K03~HUH0HT nu¢¢Y3HH 

o6pa3eu. 

i 
arny6h 

I 
I aTOMOB 

06pa3ua 

KHcnopona a 

I 
C noMOIUhlO 3TOH ¢opMynu MOlKHO onpenenHTh ~03¢¢HUH0HT D, 

ecnH H3BeCTHU X, X H L. B HaWeM 3KCnepHMeHTe XI = 6,13, X = 
- 0 oo O oo 

6, 80. TaK KaK nnHHa mi~y3HH HeH3BeCTHa TO nnHj oueHOK, 6URH 
. - , I 

B3HTU naa npenenhHUX 3HaqeHHH L: MaKCHMaRhHOe ~aBHOe TORIUHHe 

. o6pa3ua ( = 0, 25 CM ) H MHHHMaRhHOe paBHOe pa3M~py 3epHa 
I 

( 70 .MKM) .3TH )];Ba 3HaqeHHH L, nocne cpaBH0HHH puqHcneHHUX H 

3KcnepHMeHTanhHUX naHHUX (cM. pHc. 4)~ naJOT lnsa 3HaqeHHH 

I 
9 



1to:iqxpHUHeHTa ,nHqxpy3HH D. paueue· 3.10-
6 

H 2. 5. 10~
9

cM
2 
/c 

COOTBeTCTBeHHO. B Ta6n. 3 npe.ncTaBJieHU JIHTepaTypm,ie .naueue 0 

npouecce ,nHqxpy3HH KHcnopo.na B 1tepaMH1tax YBa2cu3o. B TOM qHcne 
0 X 

H 1to:iqxpHuHeHT D npH 350 c. ,llnH KOTOporo ua6n11.naeTCH 60JibWOH 
-15 -5 2 pa36poc. OT 1.10 .no 5.10 CM /C. nonyqeHHHe HaMH 3HaqeHHH 

HaXOJIHTCH B uepxneii qaCTH·HHTepuana pa36poca H CBH,lleTeJibCTBYllT 

0 TOM. qTO JIHqxpy3HH KHCJIOpo.na H3 B03JiyXa . B KepaMHKY 

YBa2Cu306+~ npH 35o0 c HBJIHeTCH JIOCTaToqHO aKTHBHOH. 

Bee cnoco6u H3rOTOBJieHHH KepaMHK YBa2Cu30x o6H3aTeJihHO 

B1tn11qa11T oxnalltlleHHe 06pa3ua nocne cHHTe3a OT TeMnepaTypu 

CHHTe3a JIO KOMHaTHOH. IlpH 3TOM TaKie B03HHKaeT KaKaH-TO 

CTeneHh ynop11.noqenHH aTOMOB KHcnopo.na B 06pa3ue. 

npe.ncTaBJIHeTCH HHTepecHHM H3yqenHe BJIHHHHH CKOpOCTH npouecca 

oxnalltlleHHH Ha .q,opMHpoBaHHe CBepxnpoBOJIHmeH !Jla3H. Ha JIHqxpy3Hll 

KHCJiopo.na H3 01tpyxa.11meii cpe.nu B o6pa3eU H. B KOHeqHoM HTOre. 

ea cuepxnpoBO.llHmHe CBOHCTBa HTTpHeBUX 1tepaMHK. 
nocne 14-qacouoro cHHTe3a o6pa3UH oxnalltllaJIHCh OT 

TeMnepaTypu CHHTe3a T .no KOMHaTHOH C pa3nHqHUMH CKOpOCTHMH V 
co . 

B HHTepuane 0. 5 -=- CD C/MHH · ( CKOpOCTh v = CD COOTBeTCTByeT· 

BUMOpaJKHBaHHll o6pa3ua Ha anIOMHHHCBOM no.ny). 

8 3TOM cnyqae ,nnH KOnHqeCTBeHHOro ODHCaHHH npouecca 

,nHqxpy3HH KHCnopo.na DO.llXO,llHT ypaBHeHHe ,nHqxpy3HH ,llJIH TOHKHX 

nnaCTHHOK. HO 1to:iqxpHuHeHT ,nHqxpy3HH 3aBHCHT OT BpexeHH H HMeeT 

cne.ny11my11 q,opMy (3HeprHH aKTHBaUHH E - DOCTOHHHa) 

Ta6na~a 3.XapaKTepHCiHKH npouecca .llHcfl<t>Y31fH KHcnopo.lla Ii 

KepaMHKBX YBa2Cu30x .. · 

JllnepaTypa 

/2/ 

/3/ 

/4/ 

/5/ 

'/6/ 

/7/ 
/8/ 

/9/ 

/10/ 

/11/ 
IIBCT .. pa6oTa 

npe.ll3KCnOHeH. 

K03cflcfl. D 
' 2 0 

. ( CM /ceK) 

2.87lf10-1 

1. 8lf10-4 

4.10-4 

3.5lf1o-:-2 

(2+6)lf10-3 

3HeprH.11 3HaqeHHe K3CfXtl.D 

BKTHBBUHH IlpH 3500C 

(3B) (cM2lceK) 

3. 1*10-5 

'1.23 ·4:7*10-14 

10-12 (npH 5000C) 

10-lO{npH 300°C) 

0.11 5.2lf10-5 . 

6lfl0-6 ( npHr 3000C) ., 

10-14 (npH 5oo0 c) · 
1.2+1.4•. 7lf10-12 + 2lf1o-13 

6lf10-14 + 4lf10-12 

1. 25 
3lf10_9. + 3lf10-6 

Ta6nuua 4. Pe3yRhTBTLI npocflHJlhHOro. BHBJIH3a HefiTpOHOrpaMM . . 

o6pa3UOB YBa2Cu30x, OXJIB~.lleHHLIX c pa3JJHqHoM CKOpOCThll OT 

T . .llO .T .. B nocJJe.llHeM CTOJJ6ue .llBHLI JIHBMarHHTHUe ·. CHHT. · KOMH. · · · 
TeMnepaTypu nepexo.lla: 0IDH6KH CTpyKTYP~LIX napaMeTpOB TBKHe. *e; 

KBK B Ta6n. 1. 

D = D * exp (-E/KN(Tc-V*~)). (2) I Voxn.R7. R 7. .a b c · µ(04) µ(05) Z(Cu2) Z(Ba) RHaM. 
0 0 w O O . 

RnH 3THX o6pa3UOB npH6JIHieHHOe pemeHHe. BUpa.a11mee 3aBHCHMOCTb C/M ( A) ( A) ( A) T /K 

co,nepEaHH.11 KHcnopo.na. H3Mep11e1mro npu KOMHaTHoii TexnepaType , . 
. Tk. ?T c1topocTH v_. HMeeT BHJl: I 0.5 7.4 10.0 3.832 3.887 11".64 0.49 0.09 0.357 0.194 64 

·1.0 6.6 8.9 3.834 3.886 11.64 0.53 0.11 0.357 0.194 60 
C -c [CD n 1 nNl+f 

C(Tk) = c +2 N CD O * (-1) *I erf"c( -~)di;,(3) I 2.0 7.6 10.3 3.833 3.886 11.64 0.57 0.11 .0.357 0.193 58 
0 1 0 2Nv-Y 

n=O . 
5.0 7.1 9.6 3.836 3.884 11.64 0.43 0.11 0.359 0.195 52 

nxe I; = ./v * z 
I,=; ./v. * L l 30 5.7 7:7 3.834 3.879 11.66 0.39 0.11 0.358 0.194 50 

Tc 50 5.5 8.1 3.856 3.880 11.65 0.30 0.08 0.364 0.191 

Y=D N J e:rp( -E/KN7 )d7. -. -. . . 
o 300' 5.5 7;2 3.867 11.71 0.03 0.356 0.201 

T -T c k 

10 I n 



113 cpaBHeHIUI cpopMyJJ (3) H (1) BH.llHO,. '{TO MOlKHO orrncaTb 

KHHeTH'{eCKHH pelKHM llHCfleflY3HH Ka·K TeMnepaTypHO-CTaUHOHapm,111, . .HO 

BMeCTO .llJIHHU .11HefleflY3HH L H . l{JleHa D'1ft CJ1e.11yeT HCnOJlb30Ba_Tb 1 H 

y COOTBeTCTBeH,HO. CTpH 6oJJ_hWOH CKOpOCTH oxmiJK.11eHHH KHCJJOpo.11 He 

ycneBaeT npOHHKaTb Brny6b o6pa3Ua' npH Me.nJJeHHOM OXJJalK.lleHHH 1 

OKa3UBaeTCH MaJJOH H aTOMl,I KHCJ10po.11a: MoryT . .llHCfleflYH.llHpoBaTb '¾epe3 

Bech 06pa3eu, .TeM caMUM noBuwaeTcH 3Ha'¾eHHe X. 
PHC. 6 noKa3UBaeT 3KCnepHMeHTaJlhHYIO H pac'¾eTHUe 

3aBHCHMOCTH . co.11eplKaHHH K_HC;JJOpo.na OT_ CKOpOCTH OXJlaJK.lleHHH. 

llaHHUe onpe.11eJ1HJ1HCh c noMOIUhIO npoeflHJJhHoro . aHaJ1113a ,Hef!TpOHHUX 

.111-1cppaKUHOHHUX cneKTPOB •. Pac'¾eT BeJICH no cpopMyne (3) c 

napaMeTpaMH X
0

:c6.13, X
00

=6._8_0 H .llJIH .llBYX npe.11eJ1bHUX 31Hl'¾~H1_1fl L 

= 0.25 H 0.007- CM. nepeMeHHpH npH Bl,ll{HCJle~HH 6una BeJIH'¾kHa Y. 

;; .. 
. 1 
" 

40 50 60 70 
T/K 

80 90 

PHC. 5.' TeMnepai-ypHUe 3aBHCHMOCTH MarHHTHOH BOCnpHHM'¾HBOCTH X 
. . . ' . . 0 

o6pa3UOB · YBa2Cu30X , .OTOJKlKeHHUX Ha.· B03.llyxe npH 350 C. B 

Te~eH~e OT 1 .llO 24 '¾aCOB 

7.0~------------~ 
YBa1Cu30x 

6.8 
1 

rl 
.J 

~6.6 

X 
6.4 

6.2 

6.01 , 1 t el e , e 1, ,I 111 J 
~ , w -~ ~ 

V/KMIJH'"1 

PHC.6. 3KcnepHMeHT~JlbHUe .11aHHUe ( TO'¾KH) H pac'¾eTHUe no (3) 

( KPHBUe ) 3aBHCHMOCTH . co.11eplKaHHH KHCJ10po.11a X(T k) OT CKOpOCTH 

OXJ1aJK.11eHHH. 

CnJJOWHUe KpHBUe :L = 0.25 CM~ riyHKTHpHUe KpHBUe L = 0.007 CM. 

12 

XOTH Ha6nIOlaeTCH He nonHoe COOTBeTCTBHe MeJK.11y 

3 KcnepHMe11TaJ1bHl,IMH H Bl,ll{HCJleHHUMH _llaHHUMHj MOlKeT 6UTb c.11enaua 

oueHKa BeJIH'{HHU Y OT 10-
4· .110 10-

1 
.llJIH .llByx 3Ha'¾eHHH L 

COOTBeTCTBeHHO. 

B Ta6JJ. .4 npe.11cTaBJ1eHu cTpyKTypHue napaMeTpu H 

TeMnepaTypa Ha'¾aJJa nepexo.11a B CB~pxnpoBO.llHIUee 

onpe.11eJ1eHHaH no MarHHTHO~ BocnpHHM'¾HB~CTH .llJIH pa3Hl,IX 

OXJ1aJK.11eHHH V, . OT JIH'{HTeJlbHOH '¾epTOH KHHeTH'¾eCKoro 

COCTOHHHe, 

CKOpOCTefl 
'' . 
pelKHMa 

.11HefleflY3HH HBJJHeTCH paBHOBeCHOe 3anoJ1HeHHe ,aTOMaMH KHCJ1opo.11a 

_no3HUHH 05,, BeJIH'{HHa 3aceJ1eHHOCTH KOTOpof! paBHa npHMepuo 0.1 H 

CJJa6o 3aBHCHT OT CKOpO~TH OXJlaJK.lleHHH v. 

~.BblBOllbl 

·AHaJIH3 uawttx .11aHHUX no .111-1cpcpy31-1H KHCJJopo.na no3BOJJHeT 

c.11eJ1aTb CJle.llyIOIUHe BUBO.llU.:, 

1. OTJKHr KepaMHKII YBa
2
cu3ox ·npH cpaBHHTeJJbHo ·HH3KOH 

TeMnepaType T = 35o
0 c HrpaeT. BalKHYIO pOJJb. B ero XO.Ile OTlK .. . 

HHTeHCHBHO · npOHCXOJIHT npouecc .1111_cpq,Y3HH aTOMOB KHCJIOpo.na. H3 

oKpyJKaIOw,ef! cpe.111,1, 6onee Toro, .. ,· npH 3TOM ._npo~CXO.llHT 

BOCCTaHOBJleHHe cpa31,1 1-2~3, '¾aCTH'¾HO pa3JJOlKHBWeflcH 1;1PH 

OXJJalK.lleHHH o6pa3~0B Ha B03.llyxe OT. Te¥n~paTypu CHHTe3a . .110 

KOMHaTHOH. 

2. nptt HH3K~T,e~~.epaTYP1,IOM OTJKttre npouecc .1111cpcpy3HH ,KHCJ10po.11a, 

B o6pa3eU YllOBJleTBOpHTeJlbHO onHCUBaeTCH 3aKOHOM ¢HKa. nptt ril. . . 
350 C · npouecc npaKTtt'¾eCKH 3aaepwaeTcH 3a 1 o '¾acoa. l!JJH 

-9 -6 
K03CfleflHUHeHTa, .11HefleflY3HH noJJy'¾eHa oueHKa 2. 10 :s D :S 3.,10 

cM
2

/ceK. rpaHHUU 3Toro HHTepBaJJa CBH3aHU C ueonpe.11eJ1eHHOCTblO B 

BeJJH'¾HHe .llJIHHU .11HefleflY3HH KHCJ1opo.11a B BemecTBe. 

3·. llHCfleflY3HH KHCJ10po.11a npH T = 35o
0

c conpOBOJK.lla_eTCH era, 

ynopH.llO'{eHHeM B uenO'¾KaX Cu-0 B.llOJlb OCH b pemeTKH, TOr.11a KaK 

npH OXJ1aJK.11e1111tt 06pa3ua C nocTOHHIIOH CKOpOCTbIO _aTOMl,I KHCJ1opo.11a 

pacno~araIOTCH B ueno'¾Kax B.llOJJh o6ettx ocef! ,a H b pemeTKH; 

4. npouecc .llHCfleflY3HH KHCJ1opo.11a nptt OXJlaJK.11eHHH o6pa3ua TOJlbKO 

Ka '¾eCTB e11110 onttCUB aeTCH y pa_B 11eutteM .llttcpcpy 3 HH. B03MOlKHO, '{TO era 

6onee CJIOlKHl,IH xapaKTep CBH3aH C 3aBHCHMOCTblO 3HeprHH _aKTHBaUHH 

OT TeMnepaTypu. 

13 
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6anarypoe A.M. HAP- Pl7-91-378 
,/lH¢<1lY3Hll' KHCnopOA_a B Kepa_MHKe YBa2CU30 X 

HccneAOBaH npo4ecc A~¢<1ly3HH aTOMOB KHCITOPOAa H3 803Ayxa B KepaMHKe 
Y8a 2CU 306 , 0 npH,nOCTOllHHOCi TeMnepaType H B_ XOAe oxna>KAeHHll 06pa34a (1T TeM
nepaTypbl CHHTe3a AO KOMHaTHOH. noKa3aHa Ba>t<Hall ponb HH3KOTeMnepaTypHoro OT
>KHra ("'350°Cl e ¢opM11poeaHHH pciM6HYe~KoCi ¢a3bl YBa 2Cu 30,, 7 HJ TeTparoHanbHOCi 
¢a3bl YBa2cu.o,, •. ,/lH¢<1JY3Hll KHCnopoAa npH T = 350°C, YAOBneTBOPHTenbHO on11Cbf
saeTCll 3aKOHOM ¢~Ka 11 conpOBO>KAaeTCll ynopRAOYeH11eM aTOMOB KHcnopOAa 8 4e
noY0Kax Cu-0 BAOnb OCH b peweTKH. B npornsononO>KHOCTb 3TOMY. npH oxna>KAeHHH 
06pa34ac noCTOllHHOH CKOPOCTblO aTOMbl KHcnopOAa pacnonaralOTCll BAOnb o6eHX, 7 

oceCi a H b peweTKH, npH 3TOM npo4ecc A11¢<1lY3Hl1 .TOnbKO KaYeCTBeHHO onHCblBa
ercll' ypaBHeHHeM AH¢<1Jy3Hl1. Bo3MO>KHO, YTO ero 6onee cno>KHblH xapaKTep CBll3aH. 
C 3aB11CHMOCTblO 3HeprHH a~Tl1Ba41111 OT TeMnepaTypb~ 

Pa6oTa B~nonHeHa.e ITa6oparop1111 HeHTPOHHOH ¢113HKH OHAH. 

' -:-,, 

Coo6me1111e 06bl!JU111etti10ro 1111cr11ryra Mep11b1x 11ccnenoaan11ii . .D.y6na 1991 
, ~ - . l '." . -

nepeBOA 3B~Op0B .·<. . -

Balagurov A.M. et al. . . . Pl7-91:-378 
Oxygen Diffusion in YBa 2Cu 30x-Cer;-amics 

ihere was .investigat~d the oxygen diffusion from ambient into 
YBa 2Cu3 06 , 0-ieramics _eithe~ at conitant temperatures or by-cooling samples 
from.the synthesis·temperature to the room one. It has been proved the im
portant role of the,low.:temperature annealing ("'350°C}. for forming an or
thorhombic phase YBa 2 Cu 30"' 7 from a· tetragonal phase YBa 2Cu 30,, 6 • The oxygen 
diffusion at 350°C is well described by ·Fick;-law, at which the oxygen· 
atoms are.oidered along the lattice axis b into Cu-0 chains. In contrast, 
at the constant rate cooling the oxygen atom~ arranged along both a and b· 

·axes. The oxygen diffusion~n this case is only qualitatively .described 
by the diff~sion equation; it may be due to the more complicated tempera
ture dependence of_the activation energy. 

-The investigatio~ has been performed at the Labo~~tory'of Neutron' 
Physics, JINR. . . 

,· / 
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