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BBE.LIEHHE 

38,!\a'la OTpa6oTKH TeXHOJIOrlfH npoH3BO,liCTBa BhiCOKOTeMnepaTypHhlX CBepXIIpOBO.liHillHX UJieHOK Tpe6yeT KOHTpOJIH Qe.JIOrO pH,11,8. napaMeTpOB aa pa3niDIHbiX 31'anax: TeXHonorHt~ecKoH u;enol!KH. MeroAHKa o6paTaoro pacceHHWI (OP) HOHOB, npeli<,Ue Bcero B CHrry cBoero Hepa3pywaro!I(ero xapaK· Tepa, 3aHHMaeT OC06oe UOJIO)I(eHHe Cpe,liH ,llpyrHX MeTO,liOB KOHTpOJIH • .Lie· TaJILHOe oficy~eHHe pa3JIHliHhlX B03MOJKHOCTeH: ,D;8HHOif: MeTO;I:Uii_CH npHMeHHTeJihHO K HCCJie):IOBaHWIM BhiCOKOTeMnepaTypHhiX CBepxnpOBO.liHII(HX IIJieHOK. H HBJIHei'CH upe.D;MeTOM HaCTOHUleii pafiOTbi . 
.LirrH CBepxnpOBO,liHHKOB COCTaBa Y -Ba-Cu-0 H3 cneKTpOB OP HOHOB reJIHH MO)I(HO H3BJie% HH<jlopMa!IHIO 0 CO,llep)l(aHHH MeTaJIJIOB, Onpe,llerrHTh TOJllllHHY CBepxnpOBO.Z:VIII.lero CJIOH, OI..I;eHHTb O.D;HOpO~OCT:& MeHKH H CTeneHh ):IH<jl<jly3HH ee KOMUOHeHT B UO):IJIO)I(KY. 3TH xapaKTepHCTHKH MOryT 6DITh IIO.JIYl!eH:&I npH CpaBHHT6JThHO HH3KOi:f 3H6pnm YCKOpeHHbiX HOHOB rerrWI. B pa6oTe 11 1 noKa3aH cneKTP o6paTHoro pacceHHWI npoTOHOB c 3HeprHeii 2,6 M3B, KOTOph!H U03BOJIHeT H3BJie'lh HH<jlOpMall,lfiO 0 CO,llep)l(aHHH KHCJiopona, O.D;HaKO llpH 3TOM BhiCOKOif t'OliHOCTH ,li;OCTHlJL He y.n;aeTCH H3-3a He6JiarOIIpHJITHOro COOTHOWeHHH 3<jl<jleKT - <jloH, 

)J;onoJIHHTeJILHhle B03MOX<HOCTH MeTO,ll;HKH OP Bo3HHKaJOT npH Hcrron&-30BaHHH pe3oHaHca B ynpyroM pacceHHHH HOHOB rerrHH Ha KHCJiopo.r~e npH 3HeprHH 3,045 M3B. UIHpHHa pe3oHaHca coCTaBJIJ<eT 10 K3B, a ce'leHHe B pe· 30HaHCe B 17 pa3 npeBhlWaeT pe3ep<jlOp,liOBCKOe 12 1. 
J1CCJie,ltOBa.HH.R, BbiilOJIHeHHhle B IIOCJie.IJ;Hee speM.R 13 - 7 I, ITOKa3hiBRlOT B03MO)I(HOCTL llOBhlllleHHH TO'IIHOCTH onpe.D;eJieHHH CO.D;ep)K311HH KHCJIOpo,na, 'a KPOM6 TOrO, B03MO)KHOCTL H3MepeJiHH rny6HHHOI"O IJP0¢11Ulf.l KOHI.J;eHTpa· Il,lfH KHCJIOpO,lla nyTeM H3MeHeHHH 3HeprHH 6oM6ap.11HpYIOII(HX HOHOB reJIHH HecKoJibKO BbiWe pe30H3HCHOH:. llpH 3TOM JlPYI"He rrepetiHcneHHhle BbiWe B03MO)I(HOCTH MeTO.liHKH OP coxpaHH!OTCH. 

B .llaHBOii pa6oTe npHBe,D;eHhl pe3yJihTaThi Hccrre,n;oaaHHH nJieHOK cocTa· Ba Y -Ba·CU-0 pa3JIH'IHOH TOJI!llHHbi, HaHeCeHHhlX Ha UO.!IJIO)I(Kif, 06hNHO HC· n01Ih3YeMhie .>:~AA norry'leHHH crroea c BhlCOKHMH KPHTH'IeCKHMH TeMnepaTy· paMH, a TaK)I(e UO,liJIO)I(KH, Ha KOTOphlX BhiCOKHe KpHTH'IeCKHe TeMnepaTyphl He ,liOCTHraJIHCh. 3rrei<TpH'IecKHe xapaKTepHCTHKH IilleHOK He HCCJie,liOBaJIBCb, noCKOJihKY B pa6oTe peWaJIHCh npeHMYII(eCTBeHHO aHaJIHTH'IeCKHe 3a,lla'IH. llo3TOMy, a 'laCTHOCTH, 6orree no.r~po6ao o6cyli<,UaeTCH BI>I6op 3TaJIOHHoro o6pa3qa ,liJIJ'I onpe.>:~erreHIDJ KOHIIeHTPl!I(HH KHCJIOpMa. 
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METO~HKA9KCllEPHMEHTOB 
H OBPABOTKA CnEKTPOB 

llfccne,nOB8HIDI BhlllOJIHeHhl Ha nyliKe HOHOB reJIHR-4, ycKOpeHHhiX 3JieK
Tp0CTaTH'!eCKHM reHepaTOpOM ar -5 OHf!H. llyqoK <jlopMHPOBaJICJI c no
MOII..tbiO MarHHTHbiX JIHH3 H KOJIJIHMRTopa ,IlHaMeTpOM 1,5 MM H HaiTpa.BJIHJICR 
Ha MHllleHL, 3a.KpenneHHy10 B lleThipeXn03HIJ;HOHHOM ,nepiKB.Te.Jie. qHCJIO na
lJ,8101UHX HR MHWeHb liRCTHI.J; onpe.D.eJIIDIOCh no nepeHeCeHHOMY nyi.J:KOM 3apa:
ll.Y C ITOMOI..l.lLJO HHTerpaTopa TOKa18 I. BTOpHI!Hhle 3JieKTPOHbl 3a,D;ep)KHB8JIHCh 
aanpa:meaHeM -300 B, no.rtaBaBWHMCH aa 3JieKTpo.u;, OKPY:>Ka.IDI.IJ;HH MHWeHh. 

3aepreTHtieCK3JI Kam-I6posKa ycKopHTeJIR 6Lrna Bhmonaeaa no pe30HaH
cy B ynpyroM pacceJIHHH HOHOB renHR-4 Ha KHcrropo~e. Ha KMcrropo~co~ep
~eiir MHIIIeHH 6hlJIH H3MepeHhl ClleKTphl npH HeCKOJihKHX 3HepfHHX, rrpe
BhllllalOIU,HX prooaa.HcayEO. Ha pHc.l noKa3RHbi nae 3RBHCHMOCTH oT TeKyw;e
ro 3HRlleHIDI 3HeprHH llOJIO)KeHH.fi pe30HaHCa H llOJIO)l(eHHR BhiCOK03HeprerH
qeCKoro KPaJI cneKTpa ( COOTBeTCTBYIOII\ero paCCeJIHHIO Ha nOBepXHOCTH 06-
pa3n;a) paCCeHHHH HOHOB reJIHR: Ha KHCJiopo,ue. TOtJ:Ka nepecelleHIDI 3THX 
tipHMhiX ,llaeT 3HatieHHe Teicym;eif 3HeprHH, npH KOTOpoH: pe30H8.HC Hax:o,IUITCH 
Toqso Ha nosepXHoCTH, T.e. n~roll\aR 3HeprHJI pasHa 3,045 M3B. TaKoii cno-

350~------------------------------, 

150 

100~~~nT~~~~~~~~~~~~~~ 3.00 3.10 3.20 3.30 3.40 3.50 HaqanLHaR ~HepruR uoHoB renuR, M~B 
PHc.l. :3uepreTH!IecKaa Ka.JIH6poBKa ycKopHTens no pe30fiaHCY 3,045 M<tB. 
KpYlf(IC&MH o603HBqeH KpaH cneKTpa ynpyroro pacceHHHH HB KHCJIOpo;D;e, Tpey
r'OJlbHHKBMH- DOJlO)KeHHe MBI<CHMyMa pe30~8HCH0['0 nHKB. 
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C06 ll03BOJIReT 6hiCTpo BhiiiOJI

HHTh 3Heprermeceyw KanH6pos-
KY c omH6Koii, 3HalJHTe.ITLHO 

MeHLilleH lllHpHHhl pe30HaHCa. 

3HeprerwiecKHii cneKTp qa

cnm;, pacceRHHhiX no.n; yrnoM 

171° , perHCTpHpOBaJICR C ll0-

MOII1l>IO nosepXHocrno-6apbepHo
ro )leTeKTopa (pHc.2). Yron MeJK
.n;y HanpaanmHeM rryliKa H MH

mmoro no.n6~~panc.H HCXO,IJ;H 

H3 ycnoaHH 3KcnepHMeHTa H Mor 

H3MeHRTDCH B l.llHpOKHX rrpe,n;e

nax. P113pemeuHe crrel(TpoMeTpH

qecxoro TpaKTa cocTaBJIHJIO 

20 K3B /lJlli a-qaCTHU OT 2 3 8 Pu 
c 3HeprHeii 5,499 M3B. CneKTphi 
OP, HH<t>opMai.IHR o JKHBOM spe-

AETEKTOP 

PHc.2. CxeMa 3KcnepHMeHTOB, 

MeHH, TOKe nytJI(B., HafipaHHOii .D;03e H BCllOMOraTeJILHbiX. napa.MeTpax 3KCne

pHMeHTa KOHTponHpOaanacL C llOMO~lO H3MepHTeJibHOrO MO,IJ;yJIR, BhffiOJI

HeffiiOrO s CTaH/lapTe KAMAK Ha 6a.e nepcoHanhHoro KOMllhJOTepa 
"llpaee:r:t-16". 

CneKTphl pe3ep<tJop/loBcKoro OP o6pa6aThiBanHCh c noMoll11>JO nporpaM
Mhl RBSM 19 1, KOTopa.a: no3BOIIHeT Mo,n;enHpoaaTo cne:ECTp c ylJeTOM pa3peme

HHH nereKTOpa H CTparrnHHra B :MHllleHH, co,n;ep)IQWJ;eH pa3JIHliHhie 3JieMeH

Thi. B cnyqae JKe pe30HaHCHoro o6parnoro paccemHR: o6pa6oTKa CBO/lHJiaCh 
K BhllJHTaumo €floHa H onpe,n;e.neumo nJIOr.na..IUI nHKa, npwteM npo6neMa no

ShiUieHHR TOliHOCTH Ollpe)l;eJieHHR KHCJIOpo,rr;a CBR3a.Ha B OCHOBHOM C e,n;HHO· 

o6pa3HhiM Bbi.rr;eJieHHeM rnnca OT «PoHa lUIR 3TaJIOHHOrO H HCc.ne.nyeMoro Ofi

Pa3I.IOB. 
Hafiop O,ll;HOrO cnexrpa C ,nOCTB.TOliHOH CTaTHCTHKOH ocy:w;eCTBJI.Hei'CR 

B TeqeHHe O,n;HOrO li8.C8., H ,ll;03a o6nylJeHHR MHilleHH npH 3TOM COCTaBJIHJia 

OKOJIO 101 4 lla.CTHU. 

HCCnE,l:IOBAHHE KHCnOPO,l:ICO,[IEPlKAID;HX 
3TAnOHOB 

QrnoweHHe aTOMHhiX KOHI.leHTpai.IHM Y , B a H C U B HCCJie)lyeMOM o6pa>1.1e 
H3BJieKaeTCR B peayJihTaTe MO/leJIHposaHHR cneKTpos pmep<tJop/lOBCKoro 
OP, ,rr;Jlf.[ KOTophtX xopowo H3BecTHhl celleHHR ynpyroro pacceRHHR. B cnyqae 

)l(e pe30H3HCHoro pacce~HR Tome MO)I(eT 6biTL nOJiyq.eHo auanHTHllecKoe 
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orrnca.HHe <tJopMhi pe3oHB.HCHoH JIHHHH 16 1
, o.n;HaKo wm: 6onee TOl!Horo onpe

.n;eneHHR KOH~eHTI)aiJ;HH KHCJiqpO.IJ;a, TeM He MeHee, Tpe6yeTCH cpaBHeHHe 
C I<HCnOpO):ICO)Iep>KalQIIM 3T8n0HOM. 

B KallecTBe 3TWIOHOB o6hlliHO HCUOJih3YIOT paaJIH11Hble OKCH.IJ;bl, HO B03-
. MO'IQIOCTb npHMeHeHHR Kam.IJ;oro OICC~ B 3TOM KallecTBe H006XO.IJ;HMO )lO

ITOJIHHTe.JlhHO npoaepan. KaK noKa3aHO a pa6oTe 16 1, aanpHMep, a IlJleaKe 
Zr0 2 cTexHoMeTpHtlec:Koe omomeaHe 3aMeTHo Hapywanocb H3-3a ee rHrpo
CKOimtJHOCTH. MHorue OKCH,ll;hi o6Jia,IJ;alOT BhiCOKHM oMHllecKHM conpoTHB
neaneM, liTO npeiDITCTBYeT C06Hp8.HHIO 3apR,n;a, nepeHOCHMOrO Ha MHllHllih H, 
KpoMe Taro, npHBo.n;HT K aaKonneHmo era aa noaepXHoCTH o6pa3n;a, Bhi3hi
B8.fl HCI<a>KeHHe cnei<Tpa OP. 

¥13 scex HCCJie.D:OB8HHhiX 3TWIOHOB 1 UO-BHAHMOMY 1 HaH6onee ITO.IJ;XO.IJ;R
UlHM HBJIHeTCR KpeMHHea&IH o6paaeu, co.n;ep:>KanurM: aa noaepXHoCTH cnoH 
Si0 2 TOnlQIIHoli 3,6x1018 aT./cM2

• Hanwme nonynpoBOJIHHKOHoli noMOlKI<H 
y noro 3Tanosa cylljeCTaeHHo yny'llllaeT ycrroallil paCTei<aHIDI 3apR.!\a. Ton· 
IIJ;HHa WieHKH SiQ 2 MaJia, TalC liTO HOHhi reJIHR TepHIOT acero 116 K3B, BMeCTe 
C TeM 3TH ITOTepH .IJ;OCTaT011HO BeJIHKH1 IIO CpaBHeHHlO C WHpHHOJ.i pe30HaHC
HOrO nHI<a, I<ai< no BHAHO Ha cnei<Tpe OP sa pHc.3. 
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PH:c.3. SHeprermeci<:HH CIIeKTP paccemmbiX HOHOB I'MHR JlJIJI 3TaJIOHa Si02/Si 
IIpH Haq&n:J.Hoii 3HeprHH HOHOB l'eJ'JHR 3,205 MsB. CTpeJIKaMU IIOK&38Hbl I<:HHeMa
TH'IecKHe rpBHHUbl 3JieMEHTOB. 
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0T,D;eJieHHe UHKa OT clJoHa MomeT 6hiTb BblUOJIHeHO C BbiCOKOH TQqHQCTbiO, 

a KpoMe Toro, cneKTp noKa3hmaeT BbiCoKyro onaopo.naocr& nneHKH Si02 

no aceH ee ToniUHHe. Mone.rm:poaaHHe pe3epclJopnoacKoH LJaCTH cneKTpa non

Taepnnno CTeXUOMeTpHtieCKOe OTHOWeHHe C TOlUIOCTblO Bbillle 1%. M3MepeH

Hhle npH Tpex 6JIH3KHX 3HepnffiX HOHOB reJIHH cneKTpbi llOKa3aJIH OTK.TIOHe

HHe OT CTexHOMeTpHllecoro OTHOWeHHR OKOJIO 1% O,D;HOrO 3HaKa, liTO, UO-BH

,ll;HMOMY, CJie)lyeT OTHeCTH Ha CtJ:eT TOliHOCTH MO,D;eJIHpOBaHHH CneKTpOB. 

EbiJIH BblllOnHeHhl H3MepeHHH co,nep:ma.HHH KHCJIOpon;a B o6pa3~X 

MgO, SrTi0 3 H Si0 2 , npntJ.eM Ha nocne.nHeM 6bma Ham,meaa rmeHKa 

Y -Ba-Cu-0. Cpaaaeane c 3TaJIOHOM SiO 2 /Si noKa3ano oTJIHqne OT CTeXHOMeT

plf'leCKIIX OTHOIIIeHifii AITH MgO II SiO, -4,1%, a /liTH SrTi0 3 +3,7%. 3TH oT

KJIOHeHHH 6JIH3KH K OlllH6KaM Bbi,D,eJieHHH llHKOB, H, TaKHM o6p8.30M, MO)KHQ 

yTaep)KnaTL, tJ.To pe3yJihTaThi, nonytJ.eHHbie aa acex 3TaJioHHhiX o6pa3uax, co

rnacyrorcR c yKa3aHHoft TOqHoCTbiD. 

HCCJIEllOBAHHE f!JIEHOK Y -Ba-Cu-0 

Hrut:6onee ,D;eTaJILHO HccnenoaancR o6pa3en; c nneHKoH Y-Ba-Cu-0, HaHe

ceHH&Iii Ha TIOAITOlKKY 113 A I 2 0, ( camp11p) - Ha pile .4 TIOKa3aH OAHH 113 cneKT

poa, nonytJ:eHHhiX Ha 3ToM o6p8.3ue. Xopomo BH)lHo, liTO nneaKa oKa3anacb 
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2.42 2.92 

Plfc.4·. 3Heprerm~ecKHH cneKTp ,U.JUI JlJieHKH Y -Ba-Cu-0 Ha pOAJIO*Ke H3 AI2 0 3 

npH HallMhHoH 3Hepnm HOHOB reJIHa: 3,065 M3B. CTpenKaMH noKB3aHhi KHHeMa-

TmleCKHe rp8HHUbi3JieMeHTOB. 
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.!IOBOJILHO O.!IHOPO.!IHOH H He B3aHMO,lleHCTBOB8JIB C nO,!IJIO>I<I<OH. TOJIUJ.HHII IlJleHKH, UOJiyQeHH8R B peayJILTaTe MO,ZJ;emipOBRHHR: cneKTpa, pa.BH8 6,58x101 8 
BT./CM2 

C TO'IIIOCTbiO 1,5%. 3,!1ecb H HH>Ke, a TBI<>Ke Ha pHcyHI<BX TOJIIUHH8 MHoro::meMeHTHhiX WH!HOK 6y.z:y;er Bhipa>KaTLCR B e,nHHHIJ;ax aT .fCM2 
B COOlBeTCTBHH C pe3yJILT8T8MH OllhlTOB no _o6paTHOMY paCCeHHH10 HOHOB. ~ ,lJ;aHHO:fi rmeHK:H COCT8B, UOJJYlleHHh!H B pe3yJILTaTe o6pa60TKH cneKTpa C HCUOJIL30B3HHeM B KalleCTBe KHcnOpO,ll;CO,ll;ep~ero 3T8.JIOH8 o6pa::m;a Si0 2 /Si, OI<a38JICH cneJIYIO!l1HM: Y:Ba:Cu:O = 1,08:2:3,33:7,89. AToMnoe OTHOWeHHe 3,IJ;ecb H HIDKe npe;:J;CTaBJIReTCH HOpMHpOBa.HHbiM Ha 6apHft, ICOTOpb!H onpe,lleJIHeTCH ,llaHHOH MeTO,!IHI<OH C HaHJiy'IUleH TO'IIIOCTbiO • .LVm npoaepi<H aocnpoH3BO.!IHMOCTH pe.yJibTaToB Ha 3TOM o6pa3Qe 6b!JIH H3MepeHhl UOCJie.l{OB8TeJihHO WeCTL CIIeKTpOB npH UOtfTH HeH3MeHHbiX ycnoBHRX 3KCnepHMeHra (HeCKOJlbKO H3MeHJIJiaCb 3Hepl'HH H3·3a Harapa yrnepo,lla llO,ll nyqi<oM, npHMepHo Ha 3 I<3B 3a 3I<Cll03HQHIO) • 3HaqeHHe KOHQeHTpaQHH KHcnop®a noaTopHJioCb co cpe,llaeKaa,llpaTH'IIIbiM pu6pocoM 3%, .!IJIH MeT6JlJIOB pa36poc COCTaBJIHJI 1,5%. 

H3secTHo, 11TO nneHKH c BLICOKH~H KpHTtJeC.KHMH napaMeTpaMH Moryr 6b!Tb npHrOTOBJieHbl Ha llO,!IJIO>KKax H3 camjmpa H THTaHaTa CTpOHQHH. C TQqKH 3peHHH Bblf.ICHeHHR soaMo>KHoCTeit Mero,nHKH OP HOHOB rerum nneHKa aa no.z:tnoJKKe H3 THTaHa.Ta CTpo~WI Ta.K)Ke HCCJie.D;OBaJiacL. Ha pHc.5 rroKa3aH 
3HeprHH, M3B 0.4.3 0 . .3 1.4.3 1. .3 2 . .3 

5000 

Qj 

~4000 
:z: 
<t1 
:.1 .3000 
Ill 

e. 
~2000 

CJ 

1000 

10 

y 1.0.3 
Ba 2 
Cu 3.1.3 
0 7.02 
1.01 •10

16 AT/C~ 

o~~~~~~~~~~~~~~~~n 1 00 .300 500 700 HoMep ICaHarra PHc.6, 3HeprerJAecKH:ii cneKTP .a;JIR IIJU!HKH Y -Ba-Cu-0 H& noWJoacJCe H3 TiSr03 I1pH H&q&nbHOH 3Hepi'HH HOHOB remm 3,105 M3B. CTpemcaMH noKa38H&I KHHeMaTHqecJ<He rp81fHUb13JieMetiTOB. 
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PHc.6. 3HepreTu-qecKHH cnex-rp AJ:IR IIJieHKH Y ·Ba-Cu-0 TOJUUIIHOH 

10,18x1018 
BT./CM

2 
H8. noJVIO)I(Ke H3 MOHOKpHCTBJIJIHIIecKoro rpa4m.T8.. Ha1l8Jll>· 

H8JI 3Hepnm HOHOB remm: 3,066 MsB. CTpenKBMH ROK838H&I KHHeM&TH'IJeCKHe 

rp8HJoiUhl 9JieMeHTOB. 

cne><Tp OP IIOHOB remm c 3Heprneii 3,105 M3B. Tip11 TonwHFie nneHI<H 

l,OlxlO" aT./cM2 napiiHil.IThllhle cneKTphl Y, Ba 11 Cu noJIHOCThJO paaAenii

JIHCD. O.n;HaKO cneKTP Cu HaJIO)f(HJ]CR Ha cneKTp Sr, a pe30HaHC Ha KHcnopo

,D;e - H8 cyMMapHhlH cneKTp Ti H Sr. 3TO, KOHeliHO, CHH>KBeT TOtJHOCTL onpe

AI!neHHH I<Hcnopop;a 11 MI!AH. BMecre c TI!M np11 Manoii nooepe 3HI!prHH 

B mteHKe npe,nCTaBJIHeTCH B03M0)1(}1biM HCllOJib30BaTh B Kaqecme KHCJIOpO,!J;· 

cop;ep>Ka~I~ero 3TanOHa nop;no>KKy SrTiO,. 

HBJIHliHe TJDKenhlX sneMeHTOB a noAJIOlKKa.X, Ka.K 6b1Jlo nOK8.3BHO Bhnne, 

CHII>Kai!T TO""OCTh onpep;eneHHH KIICHOpop;a. TI03TOMY 6hlnll IICCHI!AOBaHhl 

o6p!l3llhl C iJOAHOlKKOH 113 MOHOKpiiCTannHqecKOrO rpacjJHTB, KOTOpwii MOlKI!T 

OK!I3aThCH ROAXOAHIIIHM MltTepHanoM AnH npHrOTOBneHHH o6p!I3!10B·CBH/];e

TI!neH B npOIII!CCI! llanhlneHHH CBepxnpoBOAHIIIHX MeHOK. Ha p11c.6 ROK!I3aH 

cneKTp, nonyqeHHhlii ua TaKOM o6paa11e np11 3HeprHH HOHOB renwr 3,055 M3B. 

BHAHO, ~0 AalKI! npH CpaBHHTenhHO 6onhWOH TOHIIIHHI! MeHI<H 

10,18x1018 aT./CM2 tPOH nOA I<HcnOpOAHhiM ImKOM OTCYTCTByi!T. qeThrpe 

H3MepeHHH AJUI pa3JIH'IHhiX 3Hepndi H8JieTalOUlHX HOHOB renHH. )l,8JIH DOCTOJDI

HOI! 911aqeHHe MOlllaAH llHKll CO Cpi!AHI!KBliApB~hiM p!136poCOM 3,5%. 
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PHc.7. 3Heprermec~enii crreKTp AA.fl IIJieHRH Y-Ba-Cu-0 TOniUHHoii },35x1Q1 
S &T./cM

2 
Ha IIOAJIO)I(Ke H3 MOH0KpHCT8Jlnl-t:1leCK0£'0 rpa$HTa, Ha'laJibH&JI sueprHR HOHOB remm 3,105 M3B. CTpeJIKBMH IIOK33aHbl KHHeMaTHqecKHe 

llpH MaJIOH TOJI~e HCCJie,!1yeMOH rmeHI<H MO>KeT 6biTL peaJIH30BIIHa noqTH 6eccPoaosrur cmyauHH .n;nR scex 3JieMeHTOB, JCaK sHAHO Ha pHc.7. PaclJeT IT0Ka3M, liTO TOJIIIJ;HHa l1JieHKH B 3TOM cnyqae paBHa 1,35xl01 8 
3T./CM2

• B03MOlKHO HCCJie.D;OBa.HHe H 6onee TOHKHX IDieHOK, ITpHtleM pa3perueHHe ITO rny6HHe MO)Ke'J' 6blTL YBe.JlHqeHo npH H3MeHeHHH yrna H3KJIOHa MHUieHH I< IIY"I<Y · 

HCCJIE.[(OBAHHE rJIYBHHHh!X llPO<f>11JIEll: 
3JIEMEHTOB 

11:cnon:&3yn pe30Ha.HC a ynpyroM pacce.FIHHH HOHOB reJIIDI aa KHcnopone rrpH 3HeprHH 3,045 MaB, MO>KHO noJiy'<HTL rny6HHHhti\ npo<l>HJIL npH noahiweHHH 3HeprJIH: .D;O Te.X nop, IIOKa pe30HaHC He ,D;OCTlfTHeT .n;pyroif rpa.HHl~I IIJieHKH. B ,z::r;eHCTBHTe.JILHocTH yBeJIHliHBaTh 3Heprmo Bblllle 3,4 M3B, no-aa.tiHMOMY, He HMeeT CMhiCJia, DOCKOJihKy Ha BhiXo,z::r;e H3 o6pa3:Qa paCCMHHbie a pe30HaHCe H6Hhr 6y,z::r;yT HMEITh 3HeprHro MeHee 0,5 M3B, a pe30HaHCHDIH nmc 
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PM:c.8, 38BHCHMOCTb <flopMbl cneKTpB a6nH3H pe30HI1Hca OT 3HeprHH H&neTaiOJ.I.tHX 

llBCTlru; AJIR nnE!HKH Y -Ba-Cu-0 Ha DO,ll,IlO)I(Ke H3 Al2 03 1 

cymecTaeHHo pacmHpHTcR H3-3a crparrJIHara. XapaKTep H3MeHeHHH cneKTpa 

a6nH3H pe3oHaHca c yaenW~eHHeM aaqan&aoH 3HeprHH noKa3a.H Ha pHc .8. 

BH.IleH 6hiCTpb1H poeT BhiXona pacceJIHHH a pe3oHa.HCe, ero pacwHpeaHe, cMe

rueHHe no 3Hepnm:, a TaiOKe HapacTaHHe cnoR yrnepo.na aa noeepXHOCTH o6-

pa3~a a npo~ecce H3MepeHHfl rny6HHHoro npo.pHnH KHcnopo)la. IlpH Ha'lliJIL

aoH 3HeprHH OKOJIO 3,2 M3B nHKH OT KHCJIOpo,na H yrnepOJJ;a nepeKphiBaiOT· 

CR, liTO 3RTPY.IlHReT H3MepeHHe rrpoc:IJHJIR. 

3aBHCHMOCTb BhiXOna B pe30HaHCe OT HaqaJihHOH 3HeprHI-I HOHOB feJUif.l 

noKa3aHa ua pHc.9 AnH o6pa31Ul sa nop;noJKKe "' can<PHPa (!feKOTOpLie 

crreK'I'phi ,llJlR :noro o6pa3ua IIOKa3a.HLI Ha pHc.4 11 8). Bhlxon a pe3oHmce 

pe3KO H3MeHReTCR HQ rpaHHURX nJJeHKH1 a Me)K,lly HHMH OCTaeTCR IIOCTORH

HhiM C TOlfHOCThlO ,IlO 3KCnepHMeHTa.JihHhiX OlliH60K. P3.36poc TO\IeK Ha I'OpH.-

30HTW1hHOM yttaCTKe CBH3aH C HeTOt!HOCTbiO OT,Ile.JleHHH nHKa OT <floHa, H cpe,D;

HeKBa.r\paTHliHOe OTKJIOHeHHe COCTaBJifleT 6%. 

Ha TOM a<e pHC.9 ll0Ka3a.Ha 3aBHCHMOCTh BhiXO,D;a B pe30HaHCe OT 3Heprmt: 

HOHOB renHfl ,D;JIH o6pa3ua Si0 2 /Si, KOTOphiH: HCnOnh30BaJICJI B Kaqecme 3Ta

noHa KHCJIOpo.n,a. 3,rr;eCL Ha 1'0pH30HTMLHOM yllaCTKe H3MepeHO 4 TOlJKH, 

HO pa36poc HX 3HaqHTenLHO MeHLllle, qeM )l;nH o6pa31Ul Y-Ba-Cu-0/AI,0 3 , 

IIoaTopHbie H3MepeaHR (4 pa3a) npH oAUoii H Toii JKe 3HeprHH ycKopeHHLIX 

HOHOB renilll noKa3anH pa36poc a npep;enax 1%. 
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rrry6HHH&Ie npo<j>HJI!i IIJIH MeTaJIJIOB B nJieHKe Y -Ba-Cu-0 MOryT 6&!Tb no· 

nytleHLI H3 cneKTpoB OP TOJILKO ,IlJIR TOJII.I.Uf.H, MeHLWHX 1,35xl01 8 aT./CM2 , 

KaK noKa3aHo Ha pHc.7. Tipo¢mnH H3BneKaiOTCR a pe3ynLTaTe Mo.u.enHposa

HHH cneKTpa OP no nporpaMMe R BSM. L\JIH nrreHOK 6orr&weiil TOJII11HH&I oil· 

H03Hatrnoro pelllCHHfl 3a,natiH H3BJietleHHfl npOQ:lHJIR MeTa.IIJlOB ITOJIYtiHTb He· 

B03Mo:>KHo. O,nHaKo, saop;R HeKOTOphie anpHOPHLie npe,n;nono)l{eHHH o npo

QJwuix, MO)KHO no.u.mep.n.HTL HX pactleToM. CneKTP OP, KpoMe Taro, nae-r Ka

t~eCTseHHoe npe,IJ.CTaBJleHHe 06 O,D.HOpO,D;HOCTH CpaBHHTeJlbHO TOJlCTblX IDICHOK. 

L\JIH npHMepa Ha pHc.lO noKa3aH&I ABa cneKTpa, norryqeHH&Ie Ha llBYX o6pa3-

uax, HallhUieHHbiX O,IJ.HOBpeMeHHO, O,l],HH H3 KOTOP.:biX 3aTeM llO,ll;BepranCR OT

)KIITy. BH.IJ.Ho, liTO B pe3yJlbTaTe OT)l(Hra npm:1.30lllno cym;ecTBeHHoe nepepac

npe;u;eJieHMe 3JleMeHTOB a nneHKe. 

ilpOBC,ll;eHHhie 3KCnepHMCHTbl JIOKa3aJIH B03MQ)KHQCTH HCCJie,llOBaHHR 

[]JJeHQK COCTaBa Y -Ba-Cu-0, Ha.HeCeHHbiX Ha llO,lJ.JIQ)KKH H3 pa3JIH\IHbiX Ma~ 

TepHaJioa, MeTO.U.OM OP HOHOB renWI. l13 a.H8J1H3a cneKTpOB OP nonyqea co· 

CTRB acex 3JieMeHTOB, TOJimHHhl nneHOK, npoc}lHJIH KHCJIOpo.n.a Ha rny6HHY 

HR 101 9 RT./CM
2 , npocl:mJIH MeTaJIJIOB .ZJ.O rny6HHhl OKOJIO 1,4xl01 8 RT./CM2 , 

a TRK)Ke npe)J.CTRBJielUt:e 0 B3aHMO,ZJ.e:i%CTBHH ITJleHOK C ITO)J)lO)KKRMH. llpoae~ 

,ZJ.eHo Cpa.BHeHHe HecKOJIDKH% 3TaJIOHOB KHCJIOpO.ZJ.il H OOKa3aHO, tfTO JTY'IlllHM 

H3 HHX RBJUieTCR OKCH,D. KpeMHHH TOJIIJ..UiHOii OKOJIO 4xlQ1 8 aT ./CM
2 Ha ITO)],~ 

JIO)KKe H3 KpeMHWI. )l.nH ITOBblllleHHH TOI.J.HOCTH onpe,ZJ.eJieHHH KHCJIOpo)l,a 

npe,IlnaraeTCH HCIIOJlD30BRTb o6pa3Qhi·CBH):I;Erre.TIH C UO,lJ.JIO)KKO:H H3 nerKHX 

3JieMeHTOB. 

AsTopbi BbipaJKaJOT 6naro,c;apHocTD 0 .n.Xacaaoay 3a H3roToaneHHe o6-

pa3uos H B.M.flyWHKOBY 3a nocTOHHH&Iii HHTepec K pa6oTe. 

Pa6oTa BhiiTOJIHeHa npH qacrHIIHo:H no,n;AepmKe co cTopOHbi npoeKTa 

N!! 421 racy)l.apCTBeHHO:ti nporpaMMhl "BbiCOKOTeMnepaTypHaR caepxrrpo~ 

BO,D;HMOCTb". 
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