
Pl 7-93-436 

H.B.BhloHr, E.B.Pacnomrna*, B.B.CKyrapb*, 
H.M.BJiaµ;mrnpoBa, H.A . .sIKoBeHKO*, li.A. CTenauoBa 

IJ;EHTPbl IT0HHHHrA B TOJICTbIX TIJIEHKAX 

YBa
2
Cu

3
O

1
_/J, li3rOTOBJIEHHbIX HA TIO,[(JIO)K..KAX 

Y
2
BaCuO

5 
METO,[(OM OKPACKli 

•RHCTHTYT <t,H3HKO-TexHH'lecKHX npo6JieM 



' : 

-
1,BBeAeBBe 

'lbncTaa IIJJeHXa c TonlltllHoii 6om.we JloJ1AoHoBCJ:oi rny6mn.1 npoHmtHosemlJl ..\ JIB-· 

lllleTC. OAJIBM HO 061.exTOB BC~OBaHWI Bl,lCOltOTeMIIepaTypHWX csepxnpOBOAIW
ltOB. IlpHMeseaae TUBX JJlleBOlt orpamrumaeTCll mt01tm.m OHa'leBHJDlll ltpllTH'le
CJCOro TOJta Jc (Jc~ 101 - 1()« A/w2 npB 77K B Ba nopJIAOlt DOAaBlIDlTa B noruoc 
B lie~ COTeH llJICTQ, B TO Bpel.U' ltU: Allll 6om.WBBCTBa npnweHeIWH Tpe-
6yeTa ic ~ 108 - 109 A/w2 npB 77K B DOIUIX B HeCJtOID,JtO -TCCJlll). IlocneAJille AO
CTHaemu B OooacTB CBBTCOA TOHltHX nneBOlt Aax>T BOOMOllCHOCTb DOny'lllTb x:aamt
MOHOltpHCTMJIH'leaae 9nHTaJCCHam.HWe IlJieHXB C ltpynHJ,D,Ol MOH01tpllCT8JIJIIt'lec1mM1t 

6nouum, OpUeHTHpOJUI.BJll,DOI DOA Mam.nm yrmum APyr OTHOCllTem.HO Apyra,n xo

powmm ltOHTal'.TaMH Me&Af HllMH (l], TeM C8.MLD.l UOBl,lWW[ OHa'leHlle Jc AO 1011 A/M2 

npu T = 4.2K, B = 5.T.11 .PeweHne npo6nela.z noB1'lWeJIB.I[ 1tpn:TT01ta B 1tepaM1txax 
COCTOUT B DOB1'lWeHllH CT~DeHll TeltCTypH o6pao~a u B~eHllll ~eHTpOB nn:HHJWra B 

MaTp~ Y Ba2Cu301-1 (2]. B TUBX 1teplWll'lec1tux o6paoµax oHa'leHne Jc AOCTll
raeT 108 - 109 A/M2 npu 77K B MarHllTHOM none B Hea0n1»1to TeCJia. 

B npf!Al,lAfuteii pa6oTe [3] HaMH 6wn:a npeACTaBJJeHa TexHonorllll :iroroToBJiemi.ii 
TOJICTLDC nneH01t Y Ba2Cu301-1 (6 < 1) (cf>aoa Yl23) Ha DOAJIOlKxe l';BaCuOs (cpana 
Y211) MeTOAOM oxpac1tn:. Iloa0n1»1ty n~AJIO&Jta CJIYllCllT OAHOK :iro Tpex xoMnoHeHT 
B peui:um 4>opMHpOB8.HHll nneBJtH, IlJICHlta .llBJUeTa ltalt .6w npOAOllllCeHlteM DOA-. 

- JIO&ltH a' BMeCTe OHH BWAep&Wl8.IOT TepMH'leCJtyJO 06pa60T1ty, no 1tprumei Mepe 
YCJIOBWI CHHTeoa. 0TCDAa BWTeJtaeT O'leBHAJ{blll BWBOA, 'ITO AlIJl Hawnx nneHOX 
MIDKHO npHMelWTb BWCOltOTeMnepaTypHWH npo~ecc AlIJl BWAMeHIIJl qiaow Y211 B 
MaTpaue Y123, 1:orAa oHa M~neHHo OXJiallCAaeTa nocne nnaBlleHHll n: npoxOAHT 'le
peo TeMnepaTypy nepuTeJ:Tmtu. Taltn:e BJtJID'leJIB.I[ Y211 B Yl23 JIBJIJlIOTCJI ~eHTpaMn 
nHHmmra u DOBWWRDT J. Ha nop.ll):J;Olt [2]. 

B Aa.BBOH cTaT&e np~cTaBJJeHa TexHOJIOrllll imroTOBJieIDIJl Tax HaoWBaeMwx MG 
(mdt-growth) TOJICTWX nneHOlt Yl23 Ha noA1IOE1te Y211 MeTOAOM oxpaWHBamlJl. 
Bnwmn:e BJtJID'leIWH Y211 B MaTp~ Y123 Ha CBOHCTBa o6pao~oB onp~elIJlnoc1, 
c noMOlltl»D HOY'JeIDIJl MHHMOH u peanbHOH 'lacTeii MarHllTHOH BOcnpltltM'lltBOCTH, 

lIDMepemioii Ha AC-MarHllTOMeTpe (4]. HaAO OTMeTHTb, 'ITO DOCXOllbXY MeToµ; oxpa
WBB8JUUI AaeT BOOMOll(HOCTb neno imrOTOBHTb IIJieHXY Y123 mo6oi q>opMbl {no 

q>opMe DOAOOEltH), B TOM 'IHClle H ~H'1ec1toii, TO BOOMOlKHOCTb peryllllpOBaHILII 
CBOHCTB cna6LDC CBr.>ei B MTG-ToncTLDC nneHXax np~cTaBJIJleT 60n1,woi HHTepec 
Allll CKBH,n-npmieHeIWi. 

2, TexHOJJOrllJI 

'lbnc:Twe nneuu Y123, :iroroToBJJeHHWe Ha noAJl(>lKJte Y211, nonYTJaDTa B peoyn1,
TaTe PealtIUUI Mell".Af caMoii UOAOO*JCOH Y211 u CMecbD (3BaCu02 + 2Cu0), HaHe
ceHHOH Ha Bee. TexHonorH'leaue AeTanu Ta1toro npo~ecca 6blllll n0Apo620 :ironollCeHbl · 
a (3). B OTJIH'llle OT TeOJIOBOro peEitMa CHBTeoa, OOltCaHHoro n (3), AlIJl :irorOTO-

. BJieBllll MG-nneHXu Yl23 Ha DOAJIOlKJte Y211 npnweW1eTCJ1 TepMiri:ecxuii npo~ecc, 

np~CTaBJJeHHWH Ha pnc.1. YcnoBBO ero MOEHO p80AeJIHTb Ha ABa OCHOBHblX 0Tana. 
IlepBWI - 0To ct>opMupoBaJme miem:u Y Ba2Cu30u, xoTopblH Oa.BepwaeTCJI oXJia
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Bpe~rn,MHH 

Pnc.i.TeMnepa;yp11a11 µ;1tarpaMMa'c1tHTeoa TOIICTblX YBa2Cu301-6 MG-mreHOX 

:lKACHHeM o6paa~a C 985°C AO 920°C CO CXOpOCTblO 1 °C /MnH ll ero CTa6~llllO~ell 
npn 920° C B Te'leHHe Tpex 'laCoB: Ha BTOpOM 0Tane npollCXOAHT qiopMHpOBaHHe 
MG-nneHxn. CHa'lana o6paoeQ; n:~e10utnii q>aoy Y Ba2Cu30~_;,· 6blcTpo HarpeBaeTca 

c 920° C .Ao 985° C u Bblµ;epllCnBaeTcll npn 0Toii TeMnepaType B Te'leHne t0 , nocne 

'lero oxnallCµ;aeTCJI co cxopocTbIO 1 °C /Mn:H AO 920° C. Ha 0THX ABYX ~Taµ;mrx, xax n: 

B Moµ;mf>n:Qn:poBaHHOM MG-npoQecce (2] q>opMn:pyeTCJI oaHoBO qiaoa Y Ba2Cu306.5 c 
BXJIIO'leHllllMn: q>aobl Y211, paaMep, o&l.eMHa.it AOJIJ[,ll pacnpCAeneHne ·xoTopblX OaBH

cnT OT BpeMeHll Bblµ;ep:lKXll ll cxopo'cTH OXIIa:lKAeHn:ll. B 'oTJIH'IHe OT;xepaMn:'lecxn:x 

MG-06pao~oB,' 1toTopble ace-TaxH nMeIOT HeXOTOPYI<? nopn:cTOCTb A~Hble nneHXH no 
OXOH'laHllll nepBOro 0Tana CllHTeoa HMC!OT BblCOKYIO DJIOTHOCTb, 6naroAapll BDHTbl
BaHlllO CMecn: {3BaCu02+2CuO) B nopn:CTYJO DOAJIO~xy Y:211, DOOTOMY nopn:CTOCTb 

I • ' l '. ·. : , i 

TABJIJIIJ;A. HeKOTOphle napaMeTpbl ncCJieAyeMblX o6paa~oB. 06paaeQ N6 JIB-
mreTCll o'6bl'IHOn: TOJICTOH nneHxoii Y123, H~- no~11eprHy~oii npoQeccy Bblp;eneHWI 
Y211 . 

N to TonutnHa f.., ~ 'p(300K) 
{MnH) {mM) % K ''MOCM 

1 0 70 77 87.9 -
2 1 130 78 86.2 10.4 

3 2 70 61 84.9 · · 19'.3 

4 3 42 73 81.9 20.6 

5 ,, 4 140 · 75 82.9 17.3 

6 - '. 55' 77 87.5 -

~· 
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B MG-m1eHxax cBoµ;u\.CII K MUHIIMyMy. <l>aoa YBa2 Gu306.s c BKJIIO"IeHUJIMU Y211 
CTa6nmmupyeTCII npu 920° C B .T.e"IeHue Tpex "IaCOB u Meµ;JieHHO OXJia:.1q:i;aeTC11 µ;o 

400° C co cxopoCThIO 0.5°C/MuH. Ha noCJieµ;Heii CTaµ;1rn 0Tor~ npori;ecca KIICJiopoµ; 

1m oxpy:,1rn10~eii aTMocq>epbl (Poi = laTM) ycneBaeT µ;uq>q>YHµ;npoBaTh B o6paoeri;, 

noBbUllaJI TeM CaMblM coµ;ep:arn1me KllCllOpoµ;a B 0JieMeHTapHoii Jl"leiixe µ;o paBHOBe

CHOro OHa"IeHIIJI (7 .:_ C ~ 6.93 (5]). TexHOllOrII"IeCKUe uapaMeTpbl ll xapaKTepIICTUKll 

I1ccneµ;yeMblX o6paori;oB upeµ;cTaBJieHbl B Ta6nI1ri;e. 

3.PeoyJihTaThl H · o 6cy:itq:i;euue 

3.1.<t>aooBblII aHamm 

~T06bl µ;oxaoaTb Bblp;elleHile "IaCTIIIl; oeneHOll <pa.Dbl B MaTpmi;e Y123 BO BpeMJI Bbl

µ;ep:,xxu npu. TeMnepaType 985°C , 6blJI npoBeµ;eH OnblT C KepaMil"IeCKOll Ta6JieTKOll 

Y123 Maccoii: 2r, TeMnepaTypHblll pe:,xuM KOToporo Ilp;eHTll"IeH npeµ;CTaBJieHHOMY 

BTOPOMY 0Tany TeMnepaTypHoii: µ;uarpaMbl (pilc.1), npu"IeM BpeMJI Bblp;ep:,xKI1 t0 pa
BHJIJIOCh 3 MIIH: Ha 'puc.2 npep;CTaBlleH cneKTp Heii:Tp<>~Oll p;Ilq>paKIJ;llll, cp;ellaHHblli 

µ;nJI BblllleynoMJIHyToro o6paori;a noCJie' TepMII"IeCKOll o6pa60TKU Ha ycTaHOBKe ,IJ;H-2 

Ha nMnynhcHoM peaxTope JIBP~2 [6f CnexTp o6pa6aTblBaJICII no MeToµ;y PuTBeJibp;a, 

npu"IeM µ;nJ1.TeopeTI1"Iecxoii: xp1rnoii: 6blJIII BOJ!Tbl µ;Be q>aobl Y123 u Y211. Ho pI1c_.2 
, . . ' ._· - ., ,., ., ' . . ., ' .·' 

Bllp;Ho, "ITO Me:,xµ;y 0KcnepuMeHTaJibHblMII II TeopeTn"IeCKUMll KplIBblMII IIMeeTCII xo-

po111e_e COBnaµ;eHIIe, "ITO µ;aeT HaM BOOMO)KHOCTb- cµ;eJiaTb OaKllIO"IeHile O HaJIII"IIIII 

YbC03 l1aH·,99~n -200 
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1.071 1.'75 2.280 2.885 3.48' 4.0,t 

d(A) 

Pnc.2.Heii:TpOHorpaMMa Macc1rnHoro o6paori;a, naroroBJieHHoro no TepMU"IecxoMy pe

)KUMY, npt:;1cra~eHHDMY_ Ha puc.1., . :To11Kn - 3KcnepHMeHTaJibHHe. p;aHHble. Bepx= 

. KpUBaJI Bbl"IUCJieHa c npeµ;noJIO)KeHUeM o Hamrmu B o6paori;e µ;~yx q>ao Y123 II Y211. 

HmKH.11.11 KpHB3SI - pa3HOC'rb Me2K,lzy HHMH. ITUKu, o6ooHa"IeHHbie CTpeJIKaMII, nplIHa-
µ;ne:,xaT q>aoe Y211 
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q>aobl Y211 B MaTplIIi;e Y123, B To BpeMJI KaK CTPY:s;Typa noCJieµ;Heii He IIMeeT m1xa

Knx IIOMeHeHilll Im-oa 0TUX BKllIO"IeHuii. 
'<I>aoo~blii: aiiamm UJieHoK·npOBOp;IlllCII C nOMO~blO peHTreHOBCKOll ~Ilq>paKIJ;IIII Ha 

ycTaHOBKe ,II;POH-3. 'Ilmu"!Hble cneKTpbl npeµ;cTaBlleHbl Ha p1Ic.3. Bee om1 IIMeIOT 

nuxu, B OCHOBHOM xapaxTepHble µ;JIJI <pa.Dbl Y123, KOTopa.s: B cpeµ;HeM p;llJI BCex 06-

paori;oB o6Jiap;aeT CJiep;yIO~IIMll napaMeTpaMII 0JieMeHTapHOll Jl"lellKII: a = 3.825(5) , 

b = c/3 = 3.879(5).A., coµ;ep:,xaHue xuCJiopoµ;a (7 - a), onpeµ;eJieHHoro no napaMeTpy 

c paBHO ~ 7. • ,Il;aHHble peHTreHorpaMM noi:i;TBep:,xµ;aroT TO, "ITO nplI UOMO~ll BHme

OnIICaHHblX TexHOJIOrU"IeCKIIX npori;eccoB ip'opMupyIOTCII nJieHKU CBeIJXnpoBOµ;JI~eii: 

q>aobl YBa2Cu30 7_s, .HecMOTp.11 Ha To, "ITO BpeMJI ux cUHTeoa ropaoµ;o MeHhllle no 

cpaBHeHIIIO co CTaHµ;apTHbIM TBepµ;aq>aoHblM MeTOp;OM IIOrOTOBJieHIIJI KepaMU"Ie~KUX 

o6paori;oB.'· HapJIµ;y c mIKaMII q>aobl Y123 npucyTCTBYIOT TaK:,xe nuKII q>ao Y211, 
' ' . 

Ii . 
= .... 
0 

' Ito= 
:,: ; 
~ :,: 

18 27 36 45 
yroJI 20, • 

Pnc.3.PeHTreHorpaMMbl o6bI"IHOii: nneHKII (N6) II nneHoK, noµ;BeprHyTblX npori;eccy Bblp;e

neHIIJI "IacTuri; Y211. KpoMe nlIKOB q>aobl Y123 OTMe"IeHbl nuxn BaCu02 (*) II Y211 

(o) 

BaCu02 • Han:u"!IIe noCJieµ;Hero (20 = 23.89~) 06'hHCHJ1eTcJ1 npucyTcTBUeM ocTaTKa 

HenpopearupoBaB111eii: HaHeceHHOII cMecu Ha noBepXHOCTU noµ;no:,xx1I. Mbl 1Iµ;eHTII

q>uri;upye~ mIKII 20 = 29.99° II 30.67° ~aK nuxu (040) u (131) <pa.obi Y211. 

--. 3.2 Mopq>ononra 
Mopq>onorlIH nJieHKII (noBepXHOCTh II nonepe"IHOe ce"!emie) 1my"Ian:1Icb Ha cxa

Hilpyro~eM 0JieKTpOHHOM MlIKpocxone J SM - 840. Ha p1Ic.4 npeµ;cTaBJieHa MIIKpo

q>oTorpaq>llJI "!aCTll nouepe"IHoro ce"IeHUH o6bl"IHOii: nJieHKII N6. C upaBoii: cTopoHbI 
pucyHKa BUp;HO m1eHKY TOll~llHOII ~ 100 MKM, a ClleBa- noµ;no:,xxy. Bilµ;Ho, "ITO nJieHKa \. 

UMeeT BblCOKYIO nllOTHOCTb II ropaoµ;o MeHblllYIO uopuCTOCTb no cpaBHeHlllO C noµ;-

lJO)KKOll. 
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Puc. 4.M1IKpoqioTorpaqim1 nonepe~moro ce'IeHirn m1eHKll N6. 

nneHKa, MeHee IlJIOTHaSI - IlO/IJIOJKKa 

DOJiee IlJIOTHall o6JiaCTb -

Ha puc.5 npeµ;cTaBneH TIIIllI'IHhlll anµ; noaepxHocTe:ii o6hI'IHoii m1eHKU (puc.5a) u 
MG-nneHKU (puc.56). 3epHa nMeIOT nnacTUH'Ia;y10 qiop~y, OHH nnoTHO np1mera10T 

µ;pyr K µ;pyry. ,I{mrnHhie ocu nepeH IlO'ITH napannenbHhI OCH qumrnµ;pa, XOTH OHll 

pacnonaraIOTCH OTHOCUTeITbHO µ;pyr µ;pyra C Manoii CTeneHblO ynopHp;O'IeHHOCTH. 

Ha puc.6 npep;CTaBITeHhI nonepe'IHhie ce'IeHIIJI nony'IeHHhIX nneHOK. 3TH :imo6pa

,KeH!ljl_ e~e pan_n_oµ;Taep,Kp;aIOT cKananHoe BhIWe 06 opneHTa~m µ;mrnHo:ii ocn nepeH 

napannenbHOH ocu qumrnµ;pa, IlOCKOITbKY Ha :nux pucyHKax MhI BHp;UM TOITbKO no

nepe'IHhie cprohI rpaHyn U COBCeM He naMeTHO BhITSIHYThIX KpllCTanmIKOB, KaK 3TO 

anµ;Ho Ha puc.5. B OTJill'IUe OT 06hI'IHoi'1 nneHKII (p11c.6a), Ha nonepe'IHOM ce'Ie

Him nneHKII N4 (puc.66), noµ;aeprHyToii 'IaCTll'IHOMY nnaaneH1110 B Te'IeHite Tpex 

MUHYT auµ;Ha 6onee MOHOJIIITHasr CTPYKTypa, Ha qioHe KOTopo:ii BhIµ;eJISIIOTc.ir MeJIKlle 

'IaCTUqhI, IlO-Bllp;UMOMY, qianhI Y211. 
Ilpeµ;cTaBJieHHhie BhIWe proyJibTaThI HeiiTpOHHOH µ;nqipaKq1m u UCCJieµ;OBaHUH Ha 

3JieKTpOHHOM MUKpOCKOlle llOOBOJIHIOT cµ;enaTb BhIBOµ; 0 TOM, 'ITO np11MeHSIH p;aHHhill 

TepMU'IeCKIIii pe,KUM (cM.puc.l), 6hIJIH Bhip;eneHhI 'IaCTllqhI qianhI Y211 B MaTpllqe 

cBepxnpoBoµ;mqe:ii qianhI Y123. Bmrnmre :1-r11x BKJIIO'Iem1:ii Ha· caepxnpoBoµ;H~ne 

cBoiicTBa rmeHoK uny'IanIIcb. c n0Mo~b10 uny'Iemrn naaucuMocTe:ii p(T), x'(T, H), 
x''.(T,H). 
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Pnc.5.MnKpoqioTorpaqixm noaepxHocTeii nneHoK N6(a) u N4(6) 
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Pnc. 6.MIIKpoq>oTorpaqmu rrorrepe'IHblX ce'!eHIIii: m1eHOK N6(a) II N4(6) 
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3.3 Te1mepaTypHble oaBIICIIMOCTII corrpoTIIBJieHilll 

TeMrrepaTypHble OaBIICIIMOCTII R(T)/ R(300K) rrony'leHHblX o·6pao~oB, uoMepeH

Hble. 'leTblpexKOHTaKTHblM MeTO)\OM rrpII IIOCTOJIHHOM TOKe rrpe~CTaBJiem.i Ha puc. 7. 

,!J;JIJI o6pao~oB y· KO~Opblx ·t~< 4MIIH Bee KpIIBble rrpu T > Tc nMe~T MeTanmx~~cioe 

IIOBe)\eH11e, BeJIII'llIHbl JAellbHoro coripoTIIBlleHIIJI p(Ti:oM) :lTIIX o6pao~oB,6mmxu u ne

)K~T B IIHTepBane )\eCJITKOB mO•cM '(CM.Ta6JI.). ,!J;JIJI o6pao~OB C to >4inm rrpi1 T > Tc 
XOA KpIIBblX p(T) IIMeeT rronyrrpoBOAHUKOBblII xapaxTep, rrpu'IeM WIIp1ma rrepexo)\a 
l:!.T MeHJieTCJI B wupoKOM AIIarrao.oHe. Ilo-BIIAIIMOMY, Ta.Koe rroBe)\emxe CBJIOaHO ·c TeM, 

'ITO c yBemI'leHIIeM BpeMemx t0 yBemt'IIIBaIOTCJI omeMHble A<>iin BKJIIO'lemxii: Y211 B 

MaTpmzy Y123. . , . 
Ha OCHOBaHIIII npoiieA~HHblX 1mMepeHIIll R(T) o6pao~bl c t 0 < 4MIIH 6blmx° oTo-

6paHbl AJIJI AaJibHeiiwnx 11cCJieAOBaH~1ii: Ha AC-MarmxToMeTpe [4]. · 

,.--.. 
~ 
0 
0 
I"") ..___,, 
0::: 
'---0::: 

2,0 

1.0 

0.0 
77 177 277 

TeMrrepaTypa, K 

Pnc. 7.TeMnepaTypHble 0aBlICIIMOCTlI conpOTIIBJieHllli IICCJie)\yeMblX o6pao~oB, npIIBe)\eH

Hble K 11x conpoTlIBJieHIJJIM npn 300°K 

3.4. TeMnepaTypHble II IIOJieBbie 0aBlICIIMOCTII MarHIITHOll BOCIIpllIIM'lllBOCTll 

CnrHan~, nponop~II~HaJibHble peallbHoii: (x') 11· MHnMoii: (x") '!acTII AHHaMH'le:· 

cxoii: MarHUTHoii: BOcnp~UM'IIIBOCTll 06pao~a,cH11MaIOTCJI c µ;Byx npneMHblX KaTywex, 

B 0)\HOll lIO KOTOpbIX HaxO)\IITCJI o6paoe~. 8TH npueMHbie KRTYWKII BKlIIO'laIOTCJI 

noCJieAOBaTeJibHO-npoTUBoq>aoHo u Haxop;.llTCJl BHJTpu oaµ;li.D~eii KaTywxu, 'Iepeo 
KOTopyro npoxoµ;JIT IIOCTO.llHHblll ll nepeMCHHl,lll TOKH, COO)J;aIO~IIe BHYTPII KaTyWKll ' 
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• 
COOTBeTCTBeHHO nOCTO.llHHOe MaI'HIITHOe none Hdc (0 + 2.5 * 104 A/M) U nepeMeHHOe 

M~~mT~~e none Hacsin21rft ( 1 = 68 rq, Hae = 0 + 3.5 * 103 A/M). YcTaIWBKa 

/ 6a.iiaitcupyeTC.ll npII TeMnepa:Type o6paaqa BbIWe Tc c n0Morq1,10 KOMIH!HC~IIOHHon 

KaTywxII, pacnonoJKeHHon B6mrou npIIeMHon. KaJIII6po~Ka BOcnp1mM;1mocT1i npo

B~Aunac1, np:U: 77 Kc noMO~bIO BbICOKOKa'leCTBeHHoro o6paaqa YBa2Cu3 0 7"_5. Ifa
MepeHII.ll TeMnepaTypHblX {77 + 100 K) II noneBbIX oaBIICIIMocTeii: x' u x" KOHTpom1-

pye~c.11 c noMotqbIO Ko~nbIOTepa IBM PC/AT. · 

' Bee 0aBIICIIMOCTU x'(T, Hae, Hdc), x"(T, Hac,Hdc) HOpMIIPYI<>TC.ll no 061>eMy 06-

paaqa V, ·no aMnmITY):le 1roMep11TeJibl10ro noll.ll Hae• Bee IICCJI~yeMbie o6paaqbI 

UMeIOT .BIIA qIIJI:llliApa: AnHHOH 0.8 MM, AHaMeTpOM ~ 0.5 MM u TOnlqIIHOll CTeHK!J 

;._, 42 ~ 140 MKM', BHYTPII KOT<>poro HaxOAIITC.ll q>aaa Y211. Ilpu TaKOll reoMeTpmi 06-

paaqa II~ COOTBeTCTBHH C AaHHbIMII uoy'leHII.ll,M0pq>onoruII'IllJ:eHKII q>aKTOp paaMa-, 

rHII'leHHOCTII Mall II He Y'lIITi.tBaeTC.ll npII o6pa6oTKe peoynbTaTOB. Bm1.11Hue cpeAbI 

Y211. Ha IIOMepeHI~ He 6binO Oa.Me'leHO. lfoM:epeHII.ll BCeI'Aa npOIIOBOAIInIICb B pe

:.KIIMe ZFC, CKopoc~b HarpeBa ~6paaqa ~ 1.5°C /MIIH. 'Ilpn IIDMepeHil.llX noneBbIX 

oaBIICIIM0CTen Hdc MeH.llnOCb CKa'!Koo6paaHO C IllaI'OM 0.6 3, CIIrHaJI CHIIMalIC.ll ll~Cne 

cKa'!Ka non.11 c OllOOAaHIIeM Ha, 0.5c • 

Ha pIIc.8 npIIBeAeH TIInII'lHbin'BI1A TeMnepaTypHoii: 0aBIICIIMOCTII peaJibHon x'(T) 
II MHIIMOH x"(T) 'laCTen AIIHaMII'leCKOll M8.rHIITHOll oocnpIIIIM'llIBOCTII IICCneAyeMbIX 

o6paaqoB B IIHTepBaJie T::: 77 - 95 K, IIOMepeHHbIX B HyneBOM .none Hdc·npII II0Me

p11TenbHOM none Hae= 15 A/M. Ha nepBOM y'laCTKe o6paaeq HaxOAIITC.ll npII HIIOKOH 

TeMnepaT.ype (77 K) II B,cna6oM none Hae {15 A/M AJU1o6paau;oscronu:11moii>40MKM), 

82 87 92 
TeMnepacypa, K 

Pac. 8. 'I'lmII'!Hbie TeMnepaTypHbie 0aBIICIIMOCTII peaJibHOll x'(T) ~ MH~MOH x"(T) 'laCTen 

AIIHaMII'lecxoii: MaI'HIITHOll BocnpIIIIM'llIBOCTII IICCJieAYeMbIX o6paaqOB , 
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'J:: {1.i .. , 

AOCTmKeHHe x' 3HatleHHSI -1 H i' 3Ha'leHHSI O 03Ha'laer, 'ITO B AaHHbIIi: MOMeHT 

nneHKa HaxoAIITC.ll B MencHepoBCKOM cocTo.11Him, IIHAyqupy10rqI1ii: cBepxnpoBOA.lltqnn 

TOK ripoTeKaeTno nepuq>epnII qnmmApa n nonHOCTbIO aKpa.HupyeT BHewHee none. Ha 

BTOpOM y'laCTKe C nom,iweHUeM TeMnepaTypbI x' YBelIU'lUBaeTC.ll, AOCTUra.11 nnaTo 

(x:U, ~ -0.1), B To BpeM.11 KaK MHIIMM ~acTb IIMeeT nIIK. Ha TpeTbeM y'lacTKe x' 
yBelllI'lIIBaeTC.ll AO HYll.ll, a x" OCTaeTC.ll Ha HyneBOM ypoBHe.B paMKax. CT8.HAapTHOro 

o6'b.llCHeHU.ll BTopoii y'laCTOK CB.llObIBaeTC.ll ,c o6naCTbIO ClIOObIX CB.Sm en ( ClIOOa.ll 06-

naCTb ),coe~IIH.llIOtqei'i rpa.HynbI Apyr C APYroM, B KOTOpyIO npn A8.HHOM AUalla:JOHe 

TeMnepaTyp npoHUKaeT BHewHee none, TpeTIIH y'laCTOK CB.llObIBaeTC.ll C CIICTeMoii: 

CllllbHbIX CBepxnpOBOA.lltqlIX rpa.Hyn,. II0OnIIpOB8.HHbIX Apyr OT' Apyra ( CllnbHa.ll 06-

nacTb) C TIInll'lHbIM 0Ha'!eHIIeM TeMnepaTypbI nepexoAa B CBepxnp0BOAHtqee COCTO

.llHIIe Tcg = 90 K ~ll.ll CIICTeMbI .Y123. OTMeTIIM, 'ITO Aa.HHM xapTI!~Ka OTnII'laeTc~' 

OT nOA06Hon, CH.llTOll An.ll KepaMII'leCKOrO MaCCIIBHoro o6paaqa no 0Ha'leHIIIO ~ep

BOro nnaTo x'. 3Ta paaHIIqa CBH0aHa c reoMeTpIIen IIccn~yeMbIX ~6paaqoB. Ilone. 

"BIIAIIT" o6paaeq Ha nepBOM y'lacTKt; KaK o6'beMHbIH q1mIIHAP c paAIIYCOM R, II Ha 

TpeTeM y'laCTKe,KaK nonbIH qIIIIIIHAP C TOntqIIHOiI CTeHKII d, a Ha BTOl)OM y'laCTKe All.ll 

x",xax nonbln qIInIIHAP, OAHaKO All.ll x',xax o6'beMHbin qIInIIHAP· lfo-oa MaJioro oHa

'leHII.ll TonrqIIHbI nneHiu BTopoii: nIIK x", cooTBeTCTBy10rqIIii: npoHIIKHoBeHIIIO non.11 B 

cIIcTeMy rpa.Hyn, He BIIAeH Ha Aa.HHOM AC-MarHIITOMeTpe • 

.D;ll.ll KOHqa BTOporo y'laCTKII, cnp~mm~ Cll~IO{qaJI q>opMyna: 
' ' ' ' 

J,lx~I = lx:...I * 1rR2/1r(R2 
- r

2
), {1) 

rAe R II r - BHewHIIii: II BHyTpeHHIIn paAIIYCbl qII1IIIHA?a; x~ ' - peaJibHM 'laCTb Ma

rHIITHon BOcnpIIIIM'lIIBOCTII CIInbH0ll o6nacTII, J. - o6'beMHa.ll AOll.ll CllllbH0li o6naCTII. 

Kooq>qJliqIIeHT 1rR2 /1r(R2 
- r 2) BBOAUTC.ll B q>opilyny (1), nocxon1,xy IIOMepeH

HbIH cIIrHaJI x:U, 6blll HOpMIIpoBaH K .o6'beMy 1r R2
• Ha Aa.HHOM. y'lacTKe Bee rpaaynbI 

nonHOCTbIO HaJCOA.llTC.ll B MeHCHepOBCKOM COCTO.llHIIU 1 II X~ HMeeT 0Ha'leHue ..:_ 1. B 

CJiy'lae r < < R All.ll onpeAeJieHII.ll 06'beMHbIX AOnen CIInbHOH II cna6o:ii o6nacTen f w 

MbI IIMeeM Cllel];yIOtqIIe. Dp0CTble q>OpMYnbI: 

J. = lx~nl * R/2d (2) 

H 
,·:, 

fw = 1.,-J, {3) 

3Ha'leHil.ll fw An.ll IICCJieAyeMbIX o6paa~oB npeACTaBneHbI B Ta6nnu;e.· 

BbiwecKaaaHHOe nOBeAeHIIe o6paaqoB MOlKHO 'Ha6n10AaTb Ha noneBbIX 0aBIICII

MOCT.llX BocnpII~'lUBOCTU 'x'(Hdc) II x"(Hdc), TIInII'lHbill BIIA TaKOll 0aBUCUMOCTII 

npeACTaBneH Ha pnc.9. Ilpu;77 K II IIoMepuTenbHOM curHane Hae= 15 A/cM x' = -1 

u x" = 0 B none Hdc = 0. KorAa BHewHee nocTO.llHHoe none yBem1'luBaeTC.11, x' 
OCTaeTC.ll Ha ypOBHe -1 AO Toro MOMeHTa, noKa Hdc He npeBbICIIT nepBOe KpIITII'le

CKOe ~one CJia6o:ii o6nacTII Hcl . KorAa none Hdc > Hcl,n~ne Ha'lIIHaeT npOHUKaTb 

B CJia6y10 o6nacTb, AOBOAIIT ee AO KpIITu'!ecxoro coToHHil.ll , cooTBeTCTBeHHo lx'I 

yMeHblllaeTC.ll, a x" UMeeT Ha aTOM y'laCTKe nuK. C AallbHe:iiwIIM nOBbIIlleHUeM noll.ll 

Hdc, noxa OHO MeHbllle nepBOro KpIITU'lecK~ro noll.ll rpa.Hyn H:1,x' II x" OCTaIOTC.!l 

nocToRHHbIMII, B npoTIIBHOM cny'lae lx'I yMeHbWaeTC.11 u BTopo:ii nIIK .x" no.11Bll.ll

eTC.11, KOrAa none npOHIIKaeT B cepeAIIHbI rpaay~. Tai~:ii IllIK B AaHHOM CJiy'lae Ha-
' \ 
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.- 1 . 0 -r-r.-r-.-r-.-r.--r-r-r-r-,-i--.-r--.--r---,--,---r--,--.--r-..,-j a) 

0 10000 20000 
. •. . Hdc(A/ M-) 

Pnc. 9a.lioneBble ::iaBIICIIMocTII peanhHoii: 'laCTII MarHIITHoii: BOcnpIIIIM'IIIBocTII x'(Hnc) 
o6pa::iqa N3, u::iMepeHHble npu 77· K c pa::inu'IHblMII ::iHa'lemraMu Hac•CHIIOY BBepx 
Hae = 15, 75, 150, 300, 900, _3825 A'/M COOTBeTCTBeHHO> 
. 0,3 . 

0.01 

0.2 

X 

. 0.1 

0.0 

0 

Hac=3825A/m 

10000 20000 
Hdc(A/m) 

6) 

0 •·,' 10000 20000 ,. · 
•· ·· · · VHdc(A/M.) V · · .. 

Pnc. 96.IIoneBble ::laBIICIIM0CTII MHIIM0II 'laCTII MarHil'.TH0II B0CilpIIIIM'llIB0CTII x"(Hdc) o6-

pa::iqa,N3, II0MepeHHble npu -77 Kc pa::inII'IHblMII ::lHa'leHIIJl:Mu Hae• CnpaBa HaneBo 

Hae= 15, 75, 150, 300,900, 3825 A/M- C00TBeTCTBeHH0. Ha BCTaBxe noxa::iaHa xpaii:
Hfill JieBM KplIBM B 6oJibllleM MaClllTa6e 
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. 6moAaeTCJI TOJihKO Ha xp1rnon:, IIOMepeHHon: npu Hae = 3825 A/M, u IIMeeT Mec-ro 

np~I Hdc_= 17280 A/M. HanU'IIIe BT0poro nnxa x"(Hdc) UB'1;0poro Il0A'heMa x'(T) 
( cM.pnc.8) roBopuT o TOM, 'IT~ nepBblll mxx ~puBon: x"(T) np1rnaAJie)KUT cna6oi'1 06-

nacTu,~1O TOM, _'ITO npu paCCMOTpeiurn pe::iynhTaT0B IIDMepemxii: 'x'' x"(T,. Hac, Hdc) 
AaHHble nneH~U M0)KH0 npeACTaBIITb B BIIAe M0::iauxn, COCTOJI~e1i: u::i CllllhHOIJ: II CJia-· 

6011 o6nacTeii, BCTpoeHHblX APYr. B Apyra. 
Ilocxonhiy Hallleii: qeJibIO JIBJIJIJIOCh onpeAenemxe BJIIIJIHIIJI BK_JIIO'lemxn: )'211 ,B Ma

Tpnqe Yl23 Ha BeJIII'IIIHY KpUTII'lecxoro T0Ka Jc, Hll)Ke Mbl IlOAp06Ho npoamunmu

pye~ Il0BeAeHIIe II x" B .. o6naCTII nuxa. Ha pnc.10 npIIB~eHbl ::iaBnCIIM0CTII x"(T), 
IIDMepeHHble npII pa::imI'IHblX 0Ha'leHirnx Hae, Hdc = 0. B:oino 0aMe'leHo, 'ITO npn 

AaHHblX ycnoBIIJIX (Ha, T) He Ha6JIIOAallaCb BpeMeHHM ::laBIICIIM0CTb H~arHII'leHHo

CTII o6pa::iqoB , noaT0MY Mbl 6JAeM aHalllI::llip0BaTb IIX npn Il0M0~II MOAeJIII KpIITn-, 
'!ecxoro cocT0JIHirn [7). '· 

0.3 

0.2 Hdc 0 

X 

0.1 

...... J-,~~· .... .,,~~ .. ,.:.. ... ..,-.... -·.·.J 

o;o 
78 83 88 93 

TeMrrepazypa, K 

Pnc.10.TeMnepaTypHble ::iaBncnMocTn x"(T) o6pa::iqa N2, II::iMepeHHble·npu pa::imI'IHblX 

nonJix HAc ·B HyneBoM nocToJIHH0M none Hdc• CnpaBa H_aneBo Hae = 15, 30, 45, 60, 

90, 120, 225, 300 A/M cooTBeTcTBeHH0 · 

CornacHo aToii M0Aenu npoqinnh HepaBH0BecHoro pacnpeAenemrn IIHAyqupoBaH

Horo Il0JIJI H; BHYTPII CBepxnpoB0AHIIKa BToporo P0Aa, Hax0AJI~eroCJI B CMelllaHH0M 

'C0CT0JIHIUI, ycTaHaBJIIIBaeTCJI npu ypaBH0BelllIIBaHirn AByx cun: CIIJlbl JiopeHqa, Il0A
Aep)KlIBaIO~eii: np0HIIKH0BeHIIe Il0JIJI B o6pa::ieq B BHJJ;e BHxpeii:, n CHJihl IlHHHHHI'a a(T,H;), ·_. 

cy~eCTBYIO~eii: B AaHHOM CBepxnpoBOAHHKe. HMeHHO AaHHM cuna'nIIH

HIIHra ::iaAaeT MaKCIIMallbH0e 0Ha'leHIIe CBepXIlp0BOAJI~ero T0Ka, Ha::lblBaeMoro xpu

TII'leCKIIM Jc(T, H;), IIHAyqupoBaHHoro B o6p~qe II0A AellCTBIIeM BHelllHero noJIJI. 

)lo CIIX nop AJIJI o6'bJicHeHIIJI CBOIIX pe::iyllbTaT0B pa::iHl>le aBT0pbl [8] npu6erann x 
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panHbIM ~<>pMaM oaBIICIIMOCTeii: Jc(T, H;), oµ;HaK<>, ecJm- paccy)l(µ;aTb 06 UCTO'lHIIKe 

TOKa, B p;aHHOM CJIY'Jae pe'lb IIµ;eT O IDIHHimre, TO MOlKHO npeµ;nOlIOlKIITb, 'ITO. OH -

oaBIICII~ OT JI; JIU6o He oaBUCllT. B nepBOM CJIY'lae, KaK npeµ;nonoJKillI Bim, a(T, H;) 
yBemI'lnBaeTcir BMecTe · c lIOKMbHbIM norreM H;, 'ITO 11 npIIBOp;IIT K HeoaBucuMOCTU 

Jc OT Ji;, BO BTopoM CJiy'lae1imrµ;a a(T,H;) He oaBIIClIT OT H;, TO Jc~ H0
1 

(Mo-

1 µ;errb KuMa), OCTallbHble OaBlICUMOCTll Jc(H;) ,no-Bllp;lIMOMY,i!BllllIOTC.11 KOM61ma~ueii 

13THX µ;Byx CJiy'laeB, npu'IeM 0TII OaBIIClIMOCTII 6blmI YTO'IHeHbI npH . cpaBHeHHH 

TeOpe'rHlieCKHX H 3KCilepHMeHTaJlbHbIX l(3HHhlX _ H3MepeHHH - MarHIITHbIX 

MOMeHTOB, rµ;e 6bIJill npoBeµ;em,1 llHTerpIIpOBaHll.11 no -npoq>llllllM H;(x, t), noaToMy . . ' 
TO'lHOCTb onpeµ;erreHll.11 HeBelIIIKa • 

Ilpep;nOlIOlKIIM1 'ITO B o6~eM BUp;e Jc UMeeT Bllp;: 

Jc = aF1(T)F2(H;), 

rµ;e a - Kooqil)m~ueHT, np.11Mo nponop~uoHMbHblll c1me nuHmmra, 

F1(T) - TeMnepaTypHa.11 oaBIIClIMOCTb Jc, 
F2(H;) - noneBa.11 OaBIIClIMOCTb Jc. 
Ilo OaKOHY AMnepa IIMeeM: 

dH- - -
dx• = -sgn(J)aF1(T)F2(H;). 

(4) 

(5) 

Ilpu ~ummµ;pu'lecKoii: 4>opMe IIcCJieµ;yeMbIX o6pan~oB, norre H::;,, cooTBeTCTBYIO~ee 

mrny x'(T = Tp), paBHO npuMepHo HP (10], rµ;e Hp - norre, oaµ;a10~ee Ha'larro KplITH

'leCKoro COCTOSIHII.11 BO BCeM o6pan~e (B µ;aHHOM CJiy'lae-Bo Been CJia6oii: o6rraCTII, u 

ecml y'leCTb ~UlIUHp;plI'leCKYIO CIIMMeTpn10, TO a:x-o COOTBeTCTByeT IIpOHIIKHO~eHIIIO 

noll.11 H: BIIXpe:ii BO BCIO TOlI~IIHy" nlleHKll d). BbipaJKelm~, CB.IIObIBaIO~ee H:::, {lllIU 

Hp), Tp n d 1IMeeT crreµ;y10~u:i'1 Buµ;: 

F3(H; = 0) = -sgn(J)aF1(Tp)d + F3{H; = H:C) 1 (6) 

rµ;e F3(Hi) = f F2-
1(H;)dH;. 

.D:rr.11 onpeµ;erreHHOCTll 6epeM F1(T) = (Tc - Tt, F2(H;) = (IH;I + Ho )-13 . 3aBU

CHMOCTH F2(H;) omICbIBa10Tc.11 Moµ;err.11Mu BIIHa II KnMa nplI /3 = 0 u /3 = 1 cooTBeT

CTBeHHO. CTenemmii BUµ; oaBHCIIMOCTH Fi(T) Ha6rr10µ;arrc.11, Hanpmi:ep (9]. 
B paMKax npeµ;cTaBJiemrn 06 "uµ;earrbHoii: CBepxnpoBOp;uMocTn" MOJKHo np1mnTb 

mia'leHlle H0 : ~ 0,'ITO u cooTBeTCTByeT TOMY, 'ITO B O'leHb CJia60M norre Ha~ H~, 
Korµ;a BCl[ CHCTeMa, COCTO.ll~a.11 IID CllllbHOll u crra6oii: o6rraCTll, Haxop;HTCl[ B 'llICTO 

MellCHepOBCKOM COCTOSIHim, CBepxnpoBOµ;SI~lllI TOK 6ecKOHe~eH. Ilpu TaK~M- BbI6ope 

Ha OCHOBe (3) ll (4) ll IlOCJie µ;n<I>4>epeH~HpOBallll.ll Mbl UMeeM: . . r 

-:~:::, = a 1I/J+l ·_n. dl//3+1. (/3 + 1rf3/(/3+1)(Tc :-Tp)<n-(/3+1))/(/3+1): (7) . 

Ha pIIc.11 npeµ;cTaBJieHbI OaBlICUMOCTII H:::, oT TeMnepaTypbI Tp1np1IBep;eHHOlI 

K TeMnepaType nepexoµ;a B CBepxnpoBOp;.11~ee COCTO.IIHllC CJia60:i'1 o6JiaCTII T:. Ilo

'CTO.IIHCTBa HaKlIOHa 0TlIX OaBlICllMOCTeii: ( CM.pnc.8) p;llll BCCX lICCJiep;yeMbIX o6pan~OB 

06.l!ObIBaeT CB.l!Ob n = /3 + 1, T.e. n = 1, /3 = 0 no MOp;emI BIIHa u n = 2, /3 =.1 no 

MO):l;eJIII KIIMa. 

.D:rr.11 cpaBHeHU.11 Ka'leCTBa COO):J;aHHbIX ~eHTpOB nllHHlmra B pannlI'lHbIX o6pan~ax 

µ;oJIJKeH Y'lllTbIBaTbCl[ reoMeTpII'leCKIW <l>~Top (B AaHHOM CJIY'Jae TOlI~lIHl!, nlleHKU) • 
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,Tarme Bllll.llHIIe B BUHOBCKoii: Mop;erru : npnMo nponopI!,HOHaJihHO d, a B MO/:leJIH KHMa _ / 

-d½. Koa<l>4>II~UeHT a, nponop~IIOHMbHblli Clllle IlllHHIIHra, onpep;elllleTcir no Moµ;erru 
- dHm dHm 2 

Bima Ta.KUM o6p_anoM:aB = ITifl/d, a no Mop;err11 KuMa: aK = l=J¥,;I /2d. -

,,---, 

E 100 

"' <( 
'---" 

eg 
I 

0 I , 1 1 1 , , 1 1 , 1 1 1 1 , 1 , ," 1 ·' I 
0.90 0.94. 0.98 

.Tp/Tt 
PHc. ll.3aBucuMOCTII oHa'lemru HJ:c OT OTHowemrn Tp/T: µ;rr.11 IIccrreµ;yeM:i.ix o6pan~oB: 

o - Nl, + - N2, * - N3, .6. - N4, o - N5, * - N6 

Ha p1Ic.12 Bllp;Ho, KaK MeH.lleTC.11 a<l>4>eKT nuHHIIHra BKlIIO'leHIIll Y211 B MaTpII~e 

. Y123 B OaBllCUMOCTll OT npop;OlllKUTellbHOCTU npo~ecca 4>opMupoBaHll.ll 0TUX BKJIIQC 

'leHuii:. Ha ):l;aHHOM rpa4>uKe npeµ;cTaBJieHbI oaBUCllMOCTII aB · 11 aK OT BpeMeHII BbI

. µ;epJKKII t 0 • Iloµ;o6Hbie p;aHHbie µ;rr.11 ucxop;Horo o6pan~a, He noµ;BeprHyToro npo~eccy 

Bblp;erreHUSI <l>anprY211, OTMe'leHbI KBaµ;paTaMll (aB) II TpeyrollbHUKOM (aK)Ha 13TOM 

·'lKe pucyHKe. MolKHO cµ;erraTb CJieµ;y10~ue BbIBop;bI:' 1) Bhl6op Moµ;erreii: BuMa IIJIII KuMa 

Ka'leCTBeHHO He BlIU.lleT Ha o~eHKll TCXHOJioru'leCKoro npo~ecca 4>opMupoBaH1I.11 ~eH

TpOB nUHHIIH.ra, : 2) c yBelllI'leHUeM BpeMeHU BbIµ;eplKKll to curra nuHHIIHra yBellll'lll

BaeTC.11; ripoxoµ;uT 'Iepeo MaKCIIMYM npll to = 3MIIH u naµ;aeT npu to = 4 MUH. . 

. MHorO'lllCJieHHbie pa60T},I (2,10-15] nocBn~eHbI npo6rreMe ucnollbOOBallll.11 BKlIIO

'leHUll Y2n B MaTpuey Y123 B Ka'leCTBe ~eHTpOB nllHHUHra, B O):l;HUX pa6oTax (2,10-

12] aBTOpbI µ;erra10T BbIBO):l;bI 06 ux noJIOlKllTellbHOll porru B yBelIU'lCHllll CllllbI mm

HllHra, B µ;pyrux - 06 OTpu~aTellbHOll (13-15]. KaK OTMe'leHO B (14], nlIHHllHrOBa.11 . 

cnoco6uocTb BKlIIO'leHuii: Y211 B Y123_oaBIICIIT OT IIX o6'beMHoii: µ;om1 u OT panMepoB 

CaMIIX_ '!acTu~ Y2U • .D:llll o6pan~a c MIIKpoMeTpoBbIMU: BKlI~'lemrnMu _Y2i1; ~CJIII 

ux o6'beMHa.ll p;ollll OTHOCUTeJibHO uuoxa, Ha6rr10µ;~Te.11 noBbiweuue Jc c noBI,iwem1eM 

coµ;eplKaHll.11 aTUX BKlIIO'leHuii:. Ha.iipoTuB, eCJI11 0_6'beMHa.11 µ;ollll Y211 BelIUKa, To __ Jc 
yMeHbWaeTC.11 C_ yBelllI'leHUeM cop;eplKaHIISI Y21 l. B yperyrrupOBaHUII KpIITT~Ka Jc C 

noMO~b:ici BKlIIO'leHUll Y211 B Y123 KOHKypupyIOT µ;Ba npo~ecca: 1 )nIIHHIIHi'upoBaHIIe 

. MarHIITHoro noTOKa Ha UHTep4>eii:ce MeJKµ;y Y211 II oxpylKaIO~eii: Y123, 2) yxyµ;we

HIIe CBepxnpoBOA.ll~llX CBOIICTB Ca.MOIi _·MaTpU:~bI Y123 oa C'leT BKlIIO'leHII.11 HeCBepx-
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PHC. 12.3aBIICIIMOCTII KOO<pq>Ill:~IleHTOB GB ( 0) H aK ( * ), BblpalKaJO~HX cnoco6HOCTh IlHH

HIIHra BKJIIO"IeHIIH Y211 B MaTpn:qe Y123 OT npOAOlllKHTellbHOCTH t 0 npoqecca q>op

MHpoBaHIDI aTHX BKlIIO"IeHilll. □ II !::,,. COOTBeTCTBYIOT OHa"!eHWIM aB H aK Al111 06-

paaqa N6, COOTBeTCTBeHHO 

npoBOR!l~en q>aabl Y211 ( YXYAIIIeHIIe ofueMa CBepxnpoBOAJI~en q>aahl, yMeHblll~HHe 
nepKoJIJiqIIOHHoro nyTH II T.A. ), -

IlpIIBeAeHHble Bhlllle peayJibTaTbl {cM.pHc.7 n: 12) AlIJI AaHHblX nlleHOK AeMOHCTpH

PYIOT BblllleynoMJIHyToe noBeAeHn:e BKlIIO"IeHHH Y211 B Yl23. IlocKOllbKY HaMII 6bllla 

HCilOllhOOBaHa TeMnepaTypa 985°C BMeCTO 1100°C [2] AJIJI ."IaCTII"IHOro IlllaB~eHIDI 

q>aabl Y123, npII _aTOM CKOpOCTh. OXJiaJKAeHIIJI pacnJiaBa, npoXOAJI~a!I "Iepea nepII

TeKTII"IeCKYIO TO"IKY AJIJI Bcex IICCJieAyeMblX o6paaqoB,nocToJIHHa, ,paaMepbl BKITIO"Ie

HIIH Y211 BO Bcex o6paaqax O~TaJOTCJI npII6lIHOIITellhHO IlOCTOJIHH~M~, a ~frbeMHble 

AOlIH Y211. perylln:pyIOTCJI BpeMeHeM "IaCTH"IHoro IlllaBJieHIDI t0 • C IlOBbl~emreM ,.t0 

· Ha6JIIOAaeTCJI n IlOHHJKeHIIe TeMnepaTypbl nepexOAa CJia6on o,6JiaCTII T~ ( CM.Ta6JI. ), 

yBenu"IeHHe p(300° K) ( CM.pIIc.4). B peayJihTaTe KOHKypeHq1m BblllleHaaBaHHblX npo

qeccoB perymrpoBaHIDI Jc Ha6lIIOA8.eTCJI OaBIIClIMOCTh acpq>eKTIIBHOll CIIllbl IlHHHIIHra 
. or to, KaK np~CTaBJieHO Ha pnc.12. . . 

4.BbIBOAbl 

B AaHHOll pa6oTe ACTallbHO OilIICblBaeTCJI TexHOJIOrH"IeCKIIll npoqecc COOAaHIDI qeH

TpOB mmHimra ~ TOJICTOH nJieHKe Y Ba2Cu3O7_5 · ( 6 ~ 1), 1mroToBJieHHOH MeTo-

. AOM <>KpacKII. TaimMII rieHTpaMII JIBJIJIIOTCJI "IaCTIIqbl cpaabl l';BaCuO5 , BhlAeJieHHble 
B MaTp~e Y123 B npoqecce ee nllaBJieHwi npII 985° C II . n~e,1y10m;ero oXJia)K,I~

. ~si, npoxoil~m;ero. "Iepea TO"IKY nepIITeKTIIX'ii. Ka.~ecTBO ImHHIIH~a, o6yCJioB;eHHoro 

:)TIIMH BKlIIO"IeHIDIMII, npo:sepJieTcsi IIDMepeHIIJI~ AC -;_BOCnpmiM11HBOCTH x'(T, Hae), 
x"(T,Hac); c IlOMO~hlO,KOTOpblX 6blll HaHAeH OilTlIMallhHblll peJKii:M (TpII MlIHYTbI 

B~ACPlKKII imeHKH Y123 npII 985° C, OXJiaJKAeHHe co cKopocThIO 1° C/MIIH c 985° C 

.16 

AO 920° C) AJIJI COOAaHIDI TaKIIX qeHTpOB IlIIHHIIHra. IlJieHKH, HOrOTOBlleHHble :)TIIM 

MeTOAOM, MOlKHO np~CTaBIITh KaK CO"IeTaHIIe AByx CIICTeM, peryJIJipHO BCTpoe~~blX 

APyr B APyra: CIIllhHM o6JiaCTh CBepxnpOBOAJI~ rpaHyll n: Clla6M o6JiaCTh,' CBJI

OblBaJO~a!I rpaHyllbl. CJia6y10 o6JiaCTh MOlKHO paCCMaTpIIBaTh KaK CBepxnpoBOAHIIK. 

BTOporo POAa, Ee CBOHCTBa MOlKHO peryll~poBaTb C IlOMO~bIO OilIICaHHOro npoqecca' 

COOAaHIIJI qeHTpOB IlIIHHIIHra, no KpaHHell Mepe, B OilIICaHHOM OilTIIMallbHOM pelKIIMe 

CIIlla IlIIHHIIHra YBeJIII"IIIBaeTcJI B 5 paa. Trume IllleHKll qIIlIHHAPII"IeCKOH q>OpMbl c 

peryJinpyeMblMII CBOHCTBaMII o6JiaCTII Clla6blX CBJIOell npeACTaBlIJIIOT co6on IIHTepe
CHblll ofueKT AJIJI npIIMeHeHIIJI n:x B CKBH.I(ax. 

ABTOpbl BhlpaJKaIOT CBOIO 6JiaroAapHOCTh Bac1mbeBy B.B. aa TIOAAeplKKY n:' iio

lleDHble AIIcKycc1m, .I(po6IIHY B.M. aa noMo~h B npoB~emm R(T) 1mMepem1n, Ce
MIIHOH B.K. aa CHJITIIe peHTreHorpaMM1 a TaK JKe BMarypoBy A.M. II JI.K.Kyn aa 

- IlOMO~h npII CHJITIIII II aHaJIIIOe HeiiTpoHorpaMM. 
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B1,10Hr H.B. u ,lij). Pl 7-93-436 , · 
I.J;eHTPhl nHHHHHra B TOJICThIX IDieHKax YBaiCu3O7_0 , 

II3roTOBJieHHbIX Ha IlOAJIO)KKax Y2BaCuO5 MeTOAOM OKpaCKH 

IIpeACTaBJieHa TexHonom.sI H3roroBJieHH.sI TOJICThIX IDieHOK YBa2Cu3o7.::.0 · 

Ha IlOAJIO)KKaX Y2BaCuO5 c BKJIIoqeHH.sIMH MHKpoMeTpoBbIX qaCTHD; cPa3hl 
Y2BaCuO5 B KaqecrBe u;eHTpoiJ nHHHHHra MamHTHhIX BHXpen. Cnoco6HoCT:&. 

IlHHHHHra 3THX BKJIIoqeHHH aHaJIH3HpyeTC51 C IlOMO~IO H3yqeHH51 TeMITepa
TYPHMX H noJieBhIX 3aBHCHMOCTeii AHHaMnqecKoii MarHHTHoii BocnpHHMqHBo
CTH lIJ!eHOK. YCTaHOBJieHO, qTo B o6pa3u;ax C BKilIOqeHH.sIMII, BHAeJieHHbIMH :a. 
pe3yn1:,TaTe TpexMHHYTHoro qacrnqHor<> IDiaBJieHH.sI ct>a31,1 YBa2Cu3O7_0 npH 

985°C c ~enoCJieAyIOID;HMOXJia~eHHeMAO 920°C co CKOpoCT:&IO 1 °C/MHH,CHJia 
IlHHHHHra MarHHTHbIX BHXpeii nOBhlmaeTC51 Ha nop5IAOK no cpaBHeHHIO C o6pa3: 
u;oM 6e3 TaKnx BKJI10qeHnii. -

Pa6oTa BhlnOJIHeHa B Jla6oparopHH HeiiTpoHHoii ci>H3HKH HM. H.M.<I>paHKa 
OH.sIH H B OTAeJie CBepxnpoBOAHMOCTH H<I>TII. 

Coo61llemrn Q(n.e1111HeHHOro HHCTHT)'Ta 51):lepHblX HCCJie]:IOBaHHH. )fy6tta, 1993 

Vuong N.V. et al. P17-93-436 
Pinning Centers in the YBaiCu3O7_0 Thick Films Prepar_ed 

on the Y2BaCuO5-Substrates by Paint-On Method 

The preparation technology of the YBa2Cu3O7_0 (d « 1)-thickfilms on the 

Y2BaCuO5-substrates with micrometer inclusions Y2BaCuO5-particles as 

. pinning centers of magnetic vortices has been presented. The pinning abilities 
of these inclusions have been analyzed by investigating temperature and field 
dependences of ac-magnetic susceptibilities of the films. It has been found, that 
in the films with the inclusions educed during the three-minute partial melting 
of the YBa2Cu3O7_0-phase at 985°C followed by the cooling to 920°C at 

1 °C/ min the pinning force is increased by one order of magnitude in comparison 
with the films without ones. 

The investigations has been performed at the Frank Laboratory of Neutron 
Physics, JINR and the Department of Superconductivities, IPTP. 

Communication of the Jointlnstitute for Nuclear Research. Dubna, 1993 
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