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1. BBEDEHHE 

8 ·pa6oTaX.· /l, 2 , 3/ Mhl n Benu HBK . po n OTOPhlB Hcci:ienosaHHR 
npouecca YCTaHOBflBHHR COllBPlKfiHHR rncnopona c5 B YBa2Cu306+c5 
(6((1) npH era OTlK~r~. n6KG3fiHO, qTQ ysen11qeH~B 6 B 3TOM 
npo,uecce onHCh!BaBTCR B paMKax npOCTOA OllHOMBPHOf1 llH\l!\l!Y3HOHHOf1. 
MOllBnH. TeKymee 3HaqeHHB 6 B.3aBHCHMOCTH OT BpBMBHH OTlKHra 
tOTlK BhipalKaBTCR CflBllYIC>mHM o6pa30M . 121 : 

rite 60 - sen11q11Ha c5 B HCXOllHOM o6pa3UB, cSm HachlmBHHOB 
3HaqeHHB 6 B o6pa3UB, nonseprHYTOM llflHTBnbHOMY OTlKHrY, ~ -
IYHKUHR, 3aBHCRmaR OT llflHHhl llHIIY3HH, K03\l!\l!HUHBHTa llH\l!Y3HH D 

H BPBMBHH OTlKHra tOTlK /2/ 

8 ynoMRHYTOM npouecce cymecTBYBT ... nsa laKTopa, Kcirop1,re. 
HOC RT. cnyqaf1Hhlf1 X apaKTep.. sa.:.nepBhlX; llflHHa llH\l!IY3HH L 

3Hr3aroo6pa3Ha, H3MBHiBTCR OT rpaHynhl K rpaHyne 'H TBCHO, 
CBR3RHa C pa3MBpOM rpaHyn. 8 paMKax OllHOMBPHOf1 MOl!BnH 
llHIIY3HH H nnR llHCnepCHOHHOf1 no pa3MepaM.rpaHyn CHCTBMhl llflHHY 

'llHIIY3HH MOlKHO oxapaKTBPH30BfiTb HBKOf1 YCPBllHBHHOf1 sen11q11HoA 
L3 121. flnR 6onee' TQqHof1 OUBHKH BBnHqHHhl L3 a. TfiKlKB 

CBR3aHHOro C HBf1 K03IIHUHBHTa llHIIY3HH D MOlKHO HCnOnb30BfiTb 
annpOKCHMaUHD. MBTOllOM' HfiHMBHbWHX KBanpaTOB PB3YnbTfiTOB 
~3MBPBHHf1 c5 B 6onbWOM HHTepsane TBMnepaTYP C HCnOnb30BfiHHBM 
npencTasneHHOf1 B 12

/ MoitenH. 

BTOPhlM laKTOPOM RBflRBTCR BnHRHHB noBBPXHOCTH rpaHynhl 
Ha noBBPXHOCTHOB COllBPlKaHHB KHCnopona cS~ ··. RBnRDmeecR 

npenenbHhlM 3HaqeHHBM, KOTOporo MOlKBT llOCTHrHYTb o6bBMHOB 
3HaqeHHB 6 nocne llflHTBflbHOro' OTlKHra. 3HaqeHHB cSm 3aBHCHT 

OT TBMnepaTYPhl OTlKHra TOTlK, napu11anbHOro ~aBnBHHR KHcnopona 
OKPYlKaDmef1 CPBllhl P o2 11 OT COCTORHHR nosepx HOCTH rpaHYnhl. 
nocrieitHBB RBflRBTCR q11cTo TBXHOnor11qecKHM laKTOPOM, BnHRHHB 

_KOTOporo MOlKH'o CBBCTH K MHHHMYMY_, 11 Tor na · cSm 6yneT paBHO, 

paBHOBBCHOMY 3HaqeHHD 6pa8 CT0TlK'P02l. 

Ot>ie.ali11euH11tl cscnrryr I 
'. Wl~~J~I acc1e1on1uot 
. 6l1S/U40TEK'1\ 
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np1-1Mep YKa3aHHOro 3~~8KTa npHB8ll8H Ha PHC.1 ( CM. 

3KcnepHM8HTanbHl,l8 TO'iKl-1 Ha KPl-181,lX 1 1-1 2 ). '3aperHCTPHPOBaHo. 

6o~bmoe paJnH'il-18 3Ha'ieHHA o (tOTE) npH OTZHre TeTpa~~a3hl 

YBa2cu3o6. l ZinR ZIBYX cepHA 'o6pa3UOB', KOTop1,re 6WJH H3rOTOBneHhl 

B no'iTH OZIHHaK6B1,IX .ycnoBHRX. DnR OZIHOA cep1-111 CipHBaR· 1) 

om; 0.3, a ZIDR ZipyroA-(KpHBBR 2) om~ 0.8; . 

8 ZiaHHOM C006meHHl-1 '06CYlKZia8TCR OZIHH 1-13 BO3MO:l:HLIX 

sap1-1aHTOB TexHonor1-11-1 np1-1roToaneH1-1R o6paJuos C nOMOLlbl> 

KOToporo MOlKHO CB8CTl-1 nosepXHOCTHoe BnHRHl-18 ZIO MHHHMYMa _H 

npH 350°c Ha nocTH'ib om~ 0.97 a 06pa3uax B xone OTZHra 

B03ZIYXe. 
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P1-1c.1. 3aBHCl-1MOCTl-1 coneplKaHHR' KHcnopona O o6pa3UOB 

YBa2cu3o 6+6 OTOU8Hb!X Ha B03ll,YX e npH 3500C OT 

BpeMeHl-1 OTl!Cltra. To'iKH - 3KcnepHM8HTanbHl,Ie llfiHHh!e. 

Kpl-1B b!e - 81,l'il-1Cne HHhle. no. ~O~MY Il_e ( 1 ) 

1 __ L = 8*10- 3cM, 0=2. 97*10- 9cM /ceK, oo=0.14, 6m=O. 3, 

2 _ L = 7*10- 3 cM; __ 0=2. 97*10-: 9crl;ceK, 6
0

=0.14, 6m=0.-8, 

3 - L =4. 5*10- 3cM, 0=2. 97*10- 9cM2/ceK, 6
0

=0. 06, 6m=0. 97 

__ 2. 3KCnEPl1MEHT l1 .PE3YilbTATbl 

, YlKe ycTaHOBneHO; 'iTO MexaHl-13M ZIH~IY31111 KHCnopona B 

YBa2Cu306+o RBnReTCR BaKaHCHOHHI,™ /
4

~ 

· 113. OKPYlKaJlmeA cpen1,1 c napu1-1anHh™ nasneH11eM KHcnopona P 
02

: 

aTOMhl KHcnopona, nocne ZIHCCOUHBUHl-1 MoneKYnhl 02 np11 ancop6UHH 

Ha nosepxttocTH o6pa3ua 121; ZIHIIYHZIHPYilT n rny6b o6paJua ,no 
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IT031-1Ul-1RM 04 CO, 1/2, 0) qepe3 MeTaCTa61-1nbHl,Ie no3HUl-1_1-1 05 

(1/2,0,0) BepoRTHOCTb TaKoro npouecca 3aBHCl-1T OT .Toro,. 

11acKOJlhKO 88Jll-1Ka sepoRTHOCTb BaKaHCl-11-1 B IT031-1UHRX 04, 

OKPYlKBKlIUHX ZiaHYKl IT0311Ul-1Kl 05 COOTB8TCTB8HHO, _ K03IIHUl-18HT 

ZIHIIY31-11-1 KHCJlOPOZia HMeeT MaKCHMaJlbHOe 3Ha'i8Hl-1e ZIJJR ,YBa2Cu306 

1-1 MHHHMBJlbHOe 3Ha'i8Hl-18 ZIJJR YBa2CU30~7- TaKHM_ o6~a3oM, lIJJR 

ITOBhlmeHHR coneplKaHHR KHCJJOPOZia Ha nosepXHOCTl-1 rpaHYJl 1-1 T8M 

CBMbIM ero 3Ha'ieHHR B o6beMe HYlKHO ysenl-1'il-1Tb BepORTHOCTb 

yxona saKaHc1-11-1 04 Ha nosepxttocTb rpattyn. 

DnR 3TOA uen1-1 Mhl npoBeJJl-1 OTlKHr _o6pa3Ua 

OZIHOBpeMeHHO C ero l-13M8Jlb'i8Hl-18M. DeTanl-1 npouecca 

B cneZIYKlIU8M. 

YBa2cu3o 6+o 

3 aK DKJ'iaKJTC R 

Hex OZIHbie o6pa3Ubl YBa2Cu306 .1 B Bl-1ll8 rn6neTOK pa3MepoM . 

·. 25*10*2. 5MM3 6bm1-1 nony'-feHbl B pe3YDbTaTe KanbU,HHHPOBaHHR 1-1 

ci-tttTe3a 0Kc1-1nos 'Y2o 3, cuo 1-1' i<ap6ottarn 6ap1-1R np1-1 - 95o0 c c 

nocJJeZIYK>IUeA 3aKanKOA ~o KOMHBTHOA TeMnep~TYP~ nocne 

npJnsapHT8DbHOro H~Menb'ieHHR o6~a3Uhl BHOCHnHCb B ~neu1-1anbHYKl 

KaMepy ,• f ZI~. OHl-1 6binl-1 1-13Menb'iilfll-1Cb 1-1 OTlKHranHCb OZIH
0

0BpeM8HHO. 

KoHe'-fHble pa3Mepbl rpaHyn 61im1-1. nopRl!Ka 50 MKM, TeMriepaTypa 

OTlKHra - 350°c aTMOClepa - 803llYX' . BpeMR '. OTlKHra . 

EiapbHpoBanocb .s HHTepsane OT 15 ZIO 360 MHHYT. no IICTCtiel!llll 

3aZiaHHOfO BpeMeHl-1 _OTlKHra '-faCTb nopomKa BblliHManacb 1-13 KaMephl 1-1 

6bICTpo oxnalKnanacb no KOMHaTHOA TeMnepaTyp1,1 Ha anK>MHHHeBOM 

[]Ql!Y. 
0

flnR KOHTpOnR CBepxnpOBOZIRIUHX Ka'ieCTB nonyqeHHblX 

o6pa3UOB 6binl-1 ripOB8ll8Hbl l-13MepeHHR T8MITepaTypHOA 3flBl-1Cl-1MOCTl-1 

MarH~THOA BOCITPHM~H~OCTl-1 B HHTepsane 77 + 100 K (p1-1c.2). 

CTPYKTypii1,1e napaMeTpbI YTO'-fHRn1-1cb npo11-1nbHbIM" aHan113oM 

,L(llqJpaKJ\IIOllllblX . cneKTPOB '3Tl-1X o6pa3UOB, . . H3MepeHHbIX ·tta 

ycniHOBKe DH-2 Ha HMITYDbCHOM peaKTope l16P-2 -no MeTOZIY apeMeHl-1 

nponern· · / 5/ HeKoTopbl~ naHHble - BMecTe · c 3Ha'ieHHRMH 

n1-1aMarHHTHOA TeMnepaTYPhl nepex ona · npencTaBneHbI u Ta6n. 1. 
3aa1-1c11Mocrn co·nep

1

lKatt1-1R KHcnopona o OT t
0

TlK. 'nnR · 3TOA · cep1-11-1 

o6pa3UOB_ nbKa3aHhl.Ha p1-1c; 1 (KpHBaR 3). 

iw.e· nocne. 15-~HHYTHOro OTlKHfa HCXOl!HaR TeTparoHaJlbHaR 

la3a npeapamaeTCR B OpTopoM61-1qeCKYKl, ITPl-1'-f8M napaMeTphl 

CTPYKTYPbl OCTaKJTCR ITO'-fTl-1 ITOCTOFIHHblMl-1 npl-1 nponomKeHl-11-1 OTlKHra 
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PHc.2 TeMnepaTYPHhle 38BHCHM6cTH MarHHTHOA" BOCITPHMqHMOCTH 

HCXOllHOrO o6pa3ua (1) H ropRqe H3MenbqeHHb~ o6pa3UO~ rr~H 

350°C Ha B03llYX e B yeqeHHe 15 MHH. ( 2), 30 ' MHH. ( 3), 
45 MHH.14), 60. MHH.15), 90 MHH.16),. · 120 MHH.(]), 

240 MHH. (8), 300 MHH.(9) H 360 MHH; (10); 

no. 360 MHHYT. Ha6nDnaeTci 6b~Tpoe ·ysenHqeHHe conep•aHHR 

KH~nopona : cS = 0.88 nocne 15-MHHYTHoro OT*Hra H nocTHraeT 

0. 97 nocne 300 MHHYT. Bo scex 06pa3uax YCTll!IOBJIClla BhlCOKaR 
,cTeneHb ynopRnoYeHHOCTH (coOTHOmeHHe JaceneHHOCTH µ(05)/µ(04) 

6nH3.KO K HYflD ). . ~ 
_Ha ~HC. 1 nnR 38BHCHMOCT~ cS OT epeMeHH OT~Hra HilPRllY ·c 

3KcnepHM8HTaflbHbIMf1 TQqKaMH npencTasneHbl KPHBbJe, Bbl'fHCneHHbE 

no \tiOpMyne 11 l I. nonpo6HblA BHll ¢)YHKUHH 41 CM.' B 121 ). IlpH 

Bhl'fHCfleHHH 6panHCb 3KCnepHMeHTanbHble 3HaqeHHR 

, K03IIHUH8HT llHl\tiY3HH D on~en~nRnCR no 111opMyne 
/ 2/ ,H paBHRflCR .~ 3*10- 9 cM /ceK., ' 

6 0 H c5m ,._a 
( 12) H3 .· pa60Thl 

QqeBHllHO, qTo 3KcnepHM8HTaflbHbie pe3ynbTan1 llHl~Y3HH 

KHCnopona B YBa2CU306+c5 C yqeTOM BnHRHHR noeepXHOCTH xopomo 

OITHCblBilflHCb B paMkax npocTOA QllHOMepHoA flH¢)¢)Y3HH. DonroHoqHbJM 

napaMeTpOM npH 3TOM RBnReTCR llflHHa AH~~Y3HH L , KOTopaR 
MeHReTCR B npe~enax (4.5+8.0)*10- 3cM H cp~BHHMa c pa3~epoM 

3epeH B HccnenyeMb~ o6paJuax. 
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. Ta6nHua 1. Pe3YflbT8Thl npotHflbHOro auanH3~ HeATpOHorpaMM H 

JHaYeHHR nHaMarHHTHOA TeMnepaTYPhl nepexona B csepxnposonRmee 

COCTORHHe o6~a3UOB YBa2Cu306+c5• .OTO~~eHba Ha B03llYXe npH 

'350°C 3a BPCMH OT 1~ no 360 MHHYT, Cpe~HeKBanpaTHqHhle OlliH6KH 

napaMeTpoe COCTaBnRDT ±0.02 nnR c, ±0.007 nnR a, b H ±0.03 

nnR 3HaYeHHR cS, 

-----------------------------------------------------------
_tOT~ R- a(~) b(~) c(~) cS nHaMr. 

_I MHH. l. taKT .I%) T/K , 
------------------------------------------------------------

·O 7.2 3.837 11. 79 0.06 
-------------------------------------------------------------

15 4.9 3.826 3.879 lf.68 O.Bi 94.0 
0 ' I -------------------------------------------------------------

30 4.9 3.826 3.880 11.69 0.91 94.0 
-------------------------------------------------------------

45 5.2 3.826 3.881 11. 68 0.90 92.3 
-------------------------------------------------------------

60 

90 

120 

180 

240 

5.2 

5.4 

5.0 

5.2 

4.8 

3. 825, 3.881 11.68 
' . 

3.825 

3.825 

3.825 

3.825 

3.881 

3.883 

3.882 

3.882 

11.68 

11.68 

11.68 

11.68 

0.91 

0.95 

0.91 

0.97 

0.97 

93.8 

91. 3 

91. 0 

94.0 

93.7 

300 4.9 3~825 3.883 11-~8 0.97 93.5 . 
-------------------------------------------------------------

360 5.3 3.825 3.883 11. 67 0.97 91. 0 

3. B b!B 0llbl 

HTaK, B ttacToRmeA pa6oTe npennozeH 11 onpo6osaH sapHaHT 

TexHonorHH npHrOTOBfleHHR IT opomKa YBa2Cu30~7 C ITOMOmbD 

"ropRYero H3MenbqeHHR". DpH 3TOM cymecTBeHHO CHH~aeTCR 

BflHRHHe nosepXHOCTH rpaHyn Ha YCTaHOBfleHHe o6beMHoro 

conepzaHHR KHCnopona B 06pa3ue, CKOPOCTb llOCTH~eHHR BhlCOKHX 

3HaqeHHA c5 pe3KO ysenHYHBaeTCR. YcTalloBn~HHe 3HaqeHHR 

TeMnepaTYPhl nepexona B csepxnposonRmee cocToRHHe ~1 + 94 K 

npo11cxonHT 3a 1 qac. 
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