
06'hE)lUHEHHhIH UHCTUTYT M)lEPHhIX UCCJIE)lOBAHUH 

CI1KOJ1EHKO 
Ba,!JJIM BttTarrbesHq 

9-95-450 

Ha npasax py1<0m1cH 

Y,UK 621.384.649 

I1CCJ1EUOBAHI1E I1MITYJ1hCHOro HCTO~HHKA 
HOHOB B3PhIB03MI1CCI10HHOro TMITA 

lllliI Ero I1CITOJ1h30BAHIBI 
B ~I13WIECKHX 3KCITEPI1MEHTAX 

CneU;I1a.JlbHOCTb: 01.04.20 - cpH3ID<:a nyqKOB 3ap5nKeHHbIX qacnm 
H ycKOplfreJThHa51 rexmnca 

ABTOpecpepaT AHCcepTal\HH Ha COHCKaHHe )"leHOH CTeneHH 

KaHJ].HJ].aTa TeXHH'JeCKHX Ha)'K 

,Uy6Ha 1995 



Pa6orn Bhmonttetta B Jla6oparnpm1 caepxab1coK11x 3Heprnii Ofrhe,u.11ttettttoro 

HHCTHTyra MeptthIX u·ccne,u.oaattuii 

Hayqtthltt p}'Koao,u.uTenh: 

,U.OKT0p Texttw1ecKHX ttayK 

, ~rnpuudi . ttayqtthlii coTpy,uttuK 

Cepreii AneK.CaH,l1.p0B!-i'l 

KopeucB: 

\ 

,· 

O<p1tUHilllhH~1e ouuone~t;hi: . . ' . ' 

,lJ.0KT0p TeXHHlJeCKHX ttayK, . '.· i Jles I-h1K0J1aeBHlJ 

npo<peccop 3aiiuea 

KattiimaT ~HJHKO-MaTeMa'l'll'ICCKHX 11ayK, 

crnpuu1ii miyqtthiii coTpy,u.nHK · 
~-

ranuna Muxaiinomrn, 

HoBHKOBa · 

Be,u.ymrur oprattuJaullil: 
. . ' . . \ 

MoCKOBCK~ii pa,u.iioTeX!lll'.JeCKHH ui1cnrr~ PAI-I; i•;. Mo~KBa 

3amina 2ocrnuTcH '' ·,, '. 199 r. B . qac. tta 3ace,u.attii';1 
~ : , ''-~-- , .' 1' _-' ' ,-- ',/' ' : 

JJ,ucceprnuuottnoro Co,BeTa JJ.-047.01.06 npu_Jla6oparnpuu cBepxsh1coKHX 

3Heprnii Olli:IH, r; JJ.y6~a. IvlocKOBCKOH :o6;iacrn. 
. ', ' . i· •. 

C ,!J.H~cep;auueii M6)KH~ OJitaKOMHThC~ B. 6~6J;HCJTeie 0115.IH. ' 

/ 

ABTOpe<pepaT p<130CJI~"-" ··•· 199 r. 

••It.> 

. \./'; 

~~ 
YtJetth1ii ~eKpernph JJ.ucceprnuuonuoro coBen~ 

i 

,,j 

l 
I 
\ 

'' 

I 
·1 

j 
~ 

:;I 
i 

.j ,, 
J 

i~ 

' 

~;: 

j 
' 
l 
' ' ;; . I 

.\ 
'j 

(' 

O6mas xapaKrepucwKa pa60Th1 

AKTyaJihHOCTh TeMhl 

TaKru! of?naCTb ycKopttTenhHOH TeXHHKH, KaK CHnhHOT0lJHhlC HMnyJihCHhlC 

HaH0CCKytt,!J.HhlC llYtJKH JaplDKCHHhlX lJaCTHI.1, x~paKTepmyeTC.11 orp0MHhlMH 

JHalJCHH.IIMH HMIIYJihCHOH M0UIH0CTH H 3HeprnH. Enaro,u.ap.11 0TKpbITHIO .IIBnCHH.11 

B3pb1BHOH 3MHCCHH 3JICKTp0H0B H BII0CJIC,lJ.CTBHH B3ph1BHOH 3MHCCHH H0H0B, 6hlJIH 

pa3pa6oTaHhl MCT0,lJ.hl reHcpaunn CHnhHOT0lJHhlX 3JieKTp0HHhlX H H0HHhlX IIYtJK0B H 

Ha _nx 0CH0BC - HaH0CCKytt,!J.Hhle ycKopnTenH 11p.11Moro ,lJ.eHCTBH.11 C KHHeTHlJCCK0H 

3Heprnerr lJaCTHI.I 150 + 300 K3B H T0K0M IIyqKa 1 + 1000 kA. TaKHC ycKopttTenH 

aKTHBH0 rrpHMCH.IIIOTC.11 B rrpHKJia,lJ.HhlX 3KC11CpHMeHTax ,lJ.JI.11 nosepxH0CTH0ro 

yrrpotJHCHH.11 MeTaJIJI0B, 0T)I<Hra II0JiyIIp0B0,lJ.HHK0B, paJJI0)KeHH.11 aJH,lJ.0B . cepe6pa, 

MO,lJ.HqmKauuu csepxrrp0B0,lJ.HHK0B mrra Nb3Ge. ECTh ll0llhlTKH HCII0Jlh3013aTh 
. ' 

TaK0ro po,lJ.a IIYtJKH B 3KC11CpHMeHTax 110 yrrpaBn.!!CM0MY TepM0.11,lJ.CpHOMY CHIITeJy. 

Ho B HaCT0.IIUICC BpeM.11 CUIC HC BCC B03M0)KH0CTH YCKOpttTenerr, 6a3HpYJOlllHXC.II Ha 

.IIBnCHHH B3ph1BHOH 3MHCCHH, HCII0Jlh3YJOTC.II B IIOJIH0H Mepe. 

3arrasaMII rrIIcceprarmoHHoii pa6on,I }!BJI.IIJittch: pa3pa6oTKa u uccrre,lJ.oB~Htte 

pe)KHM0B pa60Thl HMIIYJihCH0ro B3phIB03MHCCH0HH0ro BaKYYMH0ro H0HH0ro ,lJ.H0,lJ.a, 

11poTeKa10mux s HeM cpmH'leCKHX 11poueccos, pa3pa60TKa HHHUttaTopoB aHoi:i:Horr 

11Jla3Mhl, WI.II 11pHMeHCHH.II . 3T0ro ,lJ.H0,lJ.a B cptt3H'ICCKHX 3KC11epHMCHTax 110 

II0JIYlfCHHIO IIJICH0K B3aHM0HepaCTB0pHMhlX ,lJ.pyr B ,lJ.pyre 3JICMCHT0B H norryqeHHIO 

IIJICH0K BhlC0K0TCMnepaTypHhlX csepx11p0B0,lJ.HHK0B (BTCII). 

HaysHag H0BII3Ha, 

1. Pa3pa6oTaH H HCCJIC,lJ.0BaH B3phIB03MHCCH0HHhlll BaKYYMHhlH ,lJ.H0,lJ., B K0T0p0M 

HCCJIC,lJ.0BaHhl pe)KHMhl H0HH0ro 11epeMCIIIHBaHH.11 IIJICH0K C .110,lJ.JI0)KKaMH.B 11pouecce 

HallhlJICHH.11,, H_ II0JIYlfCHhl IIJICHKH HepaCTB0pHMhlX ,lJ.pyr B ,lJ.pyre 3JICMCHT0B. 

2. Hccrre,lJ.OBaHhl . pe)KHMhl pa60Thl B3ph1B03MHCCHOHHOI'O BaKYYMH0ro ,lJ.H0,lJ.a ,lJ.JI.11 
' ' ' ' ' ~ 

11onyqeHH.11 BTCII IIJICH0K. 

3. Hccrre,lJ.osaH so11poc yaentttJCHH.11 KpttTH'lecKoro T0Ka BTCII ~6:1YtJeHtteM 

HMIIYJihCHhlM CHnhHOT0'lHhlM 3JieKTp0HHhlM nyqK0M. COJ,lJ.aHO yCTp0HCTBO ,lJ.JI.11 

HMnynhcHoro HJMepeHH.11 KpHTH'leCKHX T0K0B_ BTCII. 

IIpaKTIIgeCK0e 3HageHIIe 

1. PaJpa6oTaHHhlll u HCCJie,lJ.OBaHHhlll s ,lJ.HCCeprauuu. HOHHhlll ,lJ.H0,lJ. .IIBJl.lleTC.11 0,lJ.HHM 

H3 Hatt6onee 3cpcpeKTHBHhlX H 11p0CThlX cpe,lJ.CTB ,lJ.JI.11 11orryqeHH.11 llJleH0K_ 

HepaCTB0pHMhlX ,lJ.pyr 

nHTepec, KaK 

B ,!(pyre 3JieMeHT0B, K0T0phlC npe,lJ.CTaBJI.IIIOT 60JihlllOH 

,--~--!lO'hexct....--cpH3H'lCCKHX 3KcnepHMeHT0B. 

~ 0ot,tr,:.r:~t .. ci!~ irn:mr.r: 1 t~'1:t¼lt,,,u; t:if: .,~~;::;umO n 
i£iiSJl!-'1Cff E!11\ ~ 
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2. HaIIbIJieHJie IIJieHOK Al Ha 6epruumenym qJOJibl)' c IIOMOIUhIO HOHHOro )lHO,Ua 

IIOJBOJilleT no.rryqaTh . qJOJiblli .wui BbIIIYCKHblX yCTpoiicTB B aTMOCq>epy B 

3JieKTp?HHbIX ycKOplITeJil!X, pecypc KOTOpbIX npeBbIIIIaeT pecypc q>OJibf 6eJ 

COOTBeTCTBymmero HaIIbIJieHIUI. 

3. Ilony<IeH.He IIJieHO~ BbICOKOTeMnepaTypHblX cnepxnpOBO)lHHKOB n HOHHOM )lHO,Ue 

- ~TO HOBblll 3q>q>eKTHBHblll MeTO.U IIOJiy<IeHIDI TaKHX IIJieHOK, IIIHpOKO 

HCOJihJYJOIUHxc.11 B q>mlflleCKHX 3KcnepHMeHTax. 

Ha Jaumzy Bhrnocncs cneuymrmre rewchl: 
L PaJpa60TaH H HCCJie)lOBaH BJpbIB03MHCCHOHHhiii BaKYYMHbiii .UHO.U, B KornpoM 

HCCJie)lOBaHbl pe)KHMbl HOHHOfO nepeMellmBaHIDI IIJieHOK C IIO,llJIO)KKaMH B npouecce 

HaIIbIJieHIDI, H IIOJiy<IeHhl IIJieHKH BJaHMOHepaCTBOpHMbIX JJ:pyr B .upyre 3JieMeHTOB. 

2. Ilpe,llJIO)KeHbl H pa3pa60TaHhl HHHUHaTOpbl aHO)lHOll IIJlaJMbl .wui HaIIbIJieHIDI 

MHOfOKOMIIOHeHTHblX IIJieHOK. 

3. Hafi)leHhl pe)KHMbl pa6oTbl HOHHOfO )lHO)la .llJl.11 IIOJiy<IeHIDI MHOfOKOMIIOHeHTHblX 

IIJieHOK C coxpaHeHHeM CTeXHOMeTplflleCKOfO COCTaBa Ha IIpHMepe BTCII. 

4. O6ny<IeHHe HMIJYJibCHbIM CHJibHOTOqHbIM 3JieKTPOHHhiM Il)"IKOM npHBO.lllIT K 

ynenlflleHHIO KPHTifllecKoro TOKa BTCII B HecKOJihKO paJ H YMeHhllleHHIO 

YJJ:eJihHOro conpoTHBJieHIDI. 

Anpo6arms pa6oThI, 
OcHOBHbie peJyJibTaTbl! H3JIO)KeHHbie B 

)lOKJia,llb!BaJIHCb Ha I BcecoIOJHOM COBemaHHH 

.UHCcepTaUHOHHOll pa6oTe, 

IIO BbICOKOTeMnepaTypHOll 

CBepxnpoBO,UHMOCTH (XapbKOB, 1988), II BceCOIOJHOM COBemaHHH IIP 

BbICOKOTeMnepaTypHoii CBepxnpOBO)lllMOCTH (KHeB, 1989), Me)K)lyttapOJJ:HOM 

ceMHHape IIO BblCOKOTeMIIepaTypHoii CBepxnpoBO,UHMOCTH (.D:y6Ha, 1989), III 

Me)K)lyttapOJJ:HOii KO~q>epeHUH~ "Mo.uHq>HKauIDI MaTepHaJIOB HMIIYJibCaMH 3HeprnH 

H II)'.'IKaMH qacmu" ,(.D:peJ)leH, 1990), XXX COBemaHHH IIO q>H3HKe HH3KHX 

TeMnepaTyp (.D:y6Ha, 1994), ceMHHapax O6menHCTHTYTCKoro Hay<IHO

MeTOJJ:IfllecKoro 0T)leJieHIDI, ceMHHapax Jla6opaTOpHH . CBepXBbICOKHX 3Heprnii H 

Jla6oparnpHH HeiiTpOHHOii !pll3HKH Om,e)lHHeHHOfO HHCTHTYTa .ll)lepHbIX 

HCCJie)lOBaHHii. 

Ilyfur1:1Karnur. Ilo peJyJibTaTaM )lHCCePTaUHH ony6JIHKOBaHO B BII)le CTaTeii, 

)lOKJla,llOB tt TeJHCOB 8 pa60T. 

Ofu,eM pa60Thl. Jl:HcCePTaUIDI coCToHT m BBe,ueHIDI, qeThipex man, JaKJIIO'lleHIDI H 

cnHcKa JIHTepaTyphI. Pa60Ta H3JI0)KeHa Ha 100 cTpaHHuax, BKJIIOtiaeT 43 pttcyttKa H 
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8 Ta6JIHU. CnHCOK JIHTepaTypbl co.uep)KHT 78 HaHMeHoBaHIDJ. 

Correpi1rntt1:1e pa6oThr 
Bo BBeneHJ:Jl:J cqiopMynHpOBaHa UeJib pa60Tbl, KpaTKO H3JIO)KeHO CO.l{ep)KaHHe 

rnaB .UHCcepTaUHH_ H npHBe.l{eHbl TeJHCbl, BblHOCHMbie Ha JamHTy. 

B rrepBOH mane npoBe.l{eH KpaTKHii o63op crmeCTByIDIUHX HMIIYJibCHblX 

HOHHbIX HCTO'llHHKOB ,llJl.11 npHMeHeHIDJ B !pll3HtieCKHX 3KCIIepHMeHTax IIO 
I 

BaKYYMHOii KOH.l{eHcaUHH, HanhmeHmo IIJieHOK BTCII. B JaKJIIOtieHHe H3JIO)KeHbI 

q>HJHtieCKHe ocH0BhI BJpbIBHoii HOHHoii 3MHCCHH. 

Bo BTOpOH rnaBe OIIHCaHa 3KCIIepHMeHTaJibHa.ll yCTaHOBKa ,wuI IIOJiy<IeHIDJ 

HOHHhIX Ily<IKOB. OHa cocrnHT HJ IIJiaJMeHHoro .UHo,ua, BaKYYMHOii cuCTeMbI, 

reHeparnpa ApKa,ubeBa-MapKca H CHCTeMbl ynpaBJieHIDJ. .D:n.11 JaIIHTKH .UHO.Ua 

HCIIOJlbJOBaJIC.11 reHeparnp ApKa.l{beBa-MapKca. Ha pHC.l npHBe.l{eHa 6noK-CXeMa 

BJpbIB03MHCCHOHHOfO BaKYYMHOfO )lHO.l{a. 8 KatieCTBe HHHUHaTOpa IIJiaJMbl B 

3KCIIepHMeHTaX OIi IIOJiy<IeHHID IIJieHOK BTCII 6bIJI npe,llJIO)KeH H HCIIOJibJOBaJIC.11 

HHHUHan:ip HJ· MaTepHaJIOB BTCII, pa6orn10mHii npH KOMHarnoii TeMnepaType, B 

3KcnepHMeHTax no nony<IeHHIO IIJieHOK Ti/ Al H Al/Be - HHHUHaTOpbI HJ Ti H m Al 

COOTBeTCTBeHHO B 3KCIIepHMeHTaX IIO ?6Jiy<IeHHIO BTCII HCIIOJibJOBaJIC.11 

yrnep0JJ:HO-BOJIOKHHCTblll 3MHTTep. BbIT.llrnBaIOIUHM 3JieKTpOJJ:OM .IIBJillJiaCb 
' ' 

MeTaJIJIIflleCKa.11 MeJIKOCTPYKTYPHa.11 CeTKa C K03q>q>HUHeHTOM np03patIHOCTH - 0.6. 

BbICOKOBOJibTHblll npOXO)lHOii HJOJillTOp, ocymeCTBJillIOIUHll BblCOKOBOJibTHYIO 

paJB.IIJKY KaTO)lHOfO Y3Jia, 6bIJI BbIIIOJIHeH H3 KanponoHa. 

OCHOBHOe OTJIHtIHe yCTaHOBKH ,llJl.11 reHepaUHH HOHHblX II)"IKOB OT yCTaHOBKH 

,wuI reHepaUHH 3JieKTpOHHblX Ily<IKOB JaKJIIOtiaeTC.11 B IIOJillpHOCTH llMIJYJI.bCa 

HaIIp.ll)KeHIDI, HCIIOJlhJyeMoro ,wuI JaIIHTKH BaKYYMHOfO )lHO,Ua. 8 nepBOM CJiy<Iae 3TO 

HMIIYJibC IIOJIO)KlITeJibHOll IIOJillpHOCTH, BO BTOpOM CJiy<Iae - OTpHUaTeJibHOii. Coirr 

HOHOB onpe)leJI.lleTC.11 MaTepHaJIOM HHHUHaTopa aHO.UHOii IIJiaJMbl. 

JJ:anee npHBO)lHTC.11 OIIHCaHHe )lHarHOCTH'lleCKOll annapaTypbl ,wuI HJMepeHIDJ 

napaMeTpOB 3JieKTpOHHblX H HOHHblX Il)"IKOB: UHJIHH.l{pbl <I>apa.l{e.11, 

HHTerpHpymmHe no.11ca PoroBCKOfO ,llJl.11 HJMepeHIDI TOKa Ily<IKa, BblCOKOBOJibTHhie 

)leJIHTeJIH .llJl8 H3MepeHIDJ Hanp.ll)KeHIDJ Ha HCTO'llHHKe tiaCTHU H T • .I{. 

lfccne,uoBaHHe TOIIOrpaq>HH IIOBepXHOCTH o6paJUOB npoBO)lHJIOCb Ha 

paCTpOBOM 3JieKTpOHHOM' MHKpOCKOIIe JSM-840, a pacnpe.ueneHHe npoq>HJill 

KOHUeHTpaUHH no rny6HHe - MeTO)lOM o6parnoro pe3epqiop)lOBCKOfO pacce.llHIDI 

npoTOHOB (PliC) H MeTOJJ:OM BTOpHtIHoii HOHHoii Macc-cneKTpocKOIIHH (BHMC). 

TotietIHhiii 3JieMeHTHhiii aHanm ocymeCTBJillJIC.11 3JieKTpOHHhIM JOH.l{OM no cneKTPY 
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P11c. 1 DJIOK-CXeMa B3pbIB03MHCCHOHHOro BaKY)'MHOro ,n:Ho,n:a 

I - retteparnp ApKa,n:hena-MapKca II - 3JieKTpott-HOHHhIH 11crnqHHK 

1-BbICOKOBOJibTHbIH H30JUITOP, 2-HHHQHaTOp IlJia3MbI, 3-BbITllIJIBaIOIQHH 

3JieKTpo.n:, 4-KOJIJIHMaTOp, 

5-IIOllC PoroBCKOro, 6-TOKOBbIH lll)'IIT, 7-IIO,n:Jio:lKKa, 8-BaKY)'MHa.H KaMepa, 9-
0CQHJIJIOrpacp. 
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paccel!Hllil, !pa30Bb!H aHaJIH3 rrpoBO.IllJJICll 110 .n:aHHblM peHTreHOBCKOH .Illl<pPaKIIllll Ha 

ycrnHOBKe llPOH-3. JfJMepeHlle JaBllCllMOCTll corrpOTllBJieHllil OT TeMrreparypbI 

rrpoBO.IlHJIOCb CTaH.IlapTHhlM qeTbipexToqeqHblM MeTO.IlOM. 

)lrrll ll3MepeHIIl! KpllTllqecKoro TOKa llCIIOJlh3YeMbIX B 3KcrrepllMeHTax 

o6pa3IIOB BbICOKOTeMrrepaTypHblX CBepxrrpoBO.IlHllKOB, 6bmo C03.IlaHO ycTpOHCTBO, 

OCHOBaHHOe Ha rrpl!MOM llMIIYJibCHOM KOHTaKTHOM HJMepeHllll KpllT~eCKOro TOKa, 

C 6ecKOHTaKTHblM HJMepeHlleM TOKa1 11poTeKa10mero qepe3 06paJe11, RL

llHTerpllpyIOIIIllM TOKOBbIM TpaHC<pOpMaTOpOM - IIOllCOM PoroBCKOro. 

TpeTbll rnaaa IIOCBllIIIeHa llCCJie.IlOBaHlllO llOHHOro llMIIYJibCHOfO .IlllO.Ila, 

pa3pa60TKe ycTaHOBKll .IlJlll HallblJleHllil IIJleHOK C llOHHbIM rrepeMeIIIIIBaHlleM Ii 

ycrnHOBKll .IlJlll HarrhmeHllil 11JieHoK B TCII. 

B rrepBOH qacTll rrraBbl rrpllBO.IlllTCll pe3yJihTaTbl llCCJie.IlOBaHllil pe)KllMOB 

pa60Tbl B3pbIB03MllCCllOHHO(O .IlllO.Ila rrpll reHepaIIllll llOHHOI'O rryqKa. 

Ilpll 3allllTKe BaKYYMHOro .IlllO.Ila llMIIYJlhCOM IIOJIO)KllTeJibHOH IIOJill{)HOCTll Ii 

. kU 
rrpll rrpeBbIIIIeHllll Harrpll)KeHHOCTll 3JieKTp~eCKOro IIOJlll E = -, r.n:e K -

D 

K03<p!plllllleHT ycIJJ1eHID1 3JieKTp~eCKOro ~OJlll Ha aHo.n:e, U - . Harrpl!)KeHlle. Ha 

.IlllO.Ile, D. - paCCTOl!Hlle Me)l(Jly KaTO.IlOM Ii'•. aHO.IlOM, HeKOTOpoil: IIOpOroBOH 

BeJmqllHbl Errop, 3aBllCl!IIIeil: OT MaTepllaJia aHo.n:a (Errop -107B/cM rrpll ,n:aBJieHllll p 

-10-5 Topp), Ha6rr10.n:aeTCll llBJieHlle B3pb!BHOH BaKYYMHOH llOHHOH 3MllCCllll, 

KOTOpal! corrpOBO)K,n:aeTCll llHTeHCllBHblM pacrrhIJieHlleM MaTepllaJia auo.n:a Ii 

o6paJOBaHlleM IIJla3MeHHOro cpaKerra. AHO,O:Hal! IIJiaJMa, COCTOlllIIal! 113 . llOHOB 

MaTepllaJia llHllIIllaTOpa, rrapa, 3JieKTpOHOB ,0:Bll)KeTCll B CTOpoHy KaTO,n:a. ToKOOT6op 

rryqKa. llOHOB OCYIIIeCTBJllleTCll C rpattllllhl aHO,O:HOH 11Jla3Mbl .n:o . Tex rrop, IIOKa He 

rrpomoil:,n:eT 3aKOpaqllBaHlle ,O:llO,O:a 3TOH IIJlaJMOH. Berr~llHa IIJIOTHOCTll llOHHOI'O 

TOKa orrpe,n:eJllleTCll 3aKOHOM qail:rr,n:a - IleHrMIOpa: 

4E (2Z )112 U312 
• - 0 , (1) 
J- 9(M;)1'2 D2 

r.n:e Mi ll Zi• - Macca ll Japll.D: Rotta, Eo = 8.86· 10-12 cf>/M. Ilpll cpopMRpoBaHHH 

aHO,O:HOH IIJiaJMhl rrponcxo,n:llT HHTeHClIBHOe paIIbmem1e . MaTepIIaJia lIHlIIIIIaTOpa 

aHO,O:HOH IIJiaJMbl, KOTOpoe CYIIIeCTBeHHO ·. rrpeBOCXO.IlllT pacilI,IJieHIIe lIHlIIIllaTOpa 

KaTO.IlHOH IIJiaJMbl rrpll B3pb1BHOH 3JieKTpOHHOH 3MllCCllll. 3TO l!BJieHHe MO)KHO 

llCIIOJib30BaTb ,n:Jlll HallbIJieHllll IIJieHOK MaTepIIaJia auo.n:a Ha IIO.IlJIO)KKII, 

pacnorro)KeHHble 3a cery:aTbIM KaTO,n:oM. 

Ilpll HallbIJieHIIlI MO)KHO lICIIOJlh30BaTh ,n:na pe)KllMa pa60Thl .IllIO,n:a: 
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a) 6e3 3aKOpatJ:IIBaHIDI .IJ.llO.IJ.a aHO.IJ.HOll nna3MOll, KOr.IJ.a JJ)llITeJlbHOCTb llMIIYJlbCa 

HaIIplDICeHIDI tn MeHbllle BpeMeHll 3aKOpatJ:nBaHIDI .IJ.llO.IJ.a: 
D 

tn < t3aK = - (2) v.p 
me D - paCCT05IHlle Me:;K.IJ.y aHO.IJ.OM If KaTO.IJ.OM, ': ap - IIpO.IJ.OJlbHru! CKOpOCTb 

aHO.IJ.HOll I1Jia3MhI; 

6) C 3aKOpatJ:nBaHneM .IJ.llO.IJ.a aHO.IJ.HOll I1Jia3MOll, KOr.IJ.a JJ)llITeJibHOCTb tn 60J1bllle 

BpeMeHll 3aKOpatJ:lfBaHID! .IJ.llO.IJ.a aHO.IJ.HOll I1Jia3MOii: 

D 
tn > t3aK = - (3) v.p 

B nepBOM pe)KlfMe pa60TbI llOHHOro .IJ.llO.IJ.a Bpewi: paCIIbIJieHIDI MaTepnana tp 

cpaBHlfMO C JJ)llITeJibHOCTb!O lfMilYJlbCa llOHHOro TOKa, a BO BTOpOM pe:iKlfMe tp > 

tn. CpaBHeHne 3TllX .IJ.Byx pe)KlfMOB IIOKa3bIBaeT, 'ITO BTOpoii pe:lKlfM II03BOJIJleT 

)'BeJilftJ:lITb CKOpOCTb HaIIbIJieHIIlI, 'ITO CB513aHO C 60JibllIOll BeJilftJ:llHOll pa3p51.IJ.HOro 

TOKa B .IJ.llO.IJ.e. BpeMeHHbie .IJ.llarpaMMbI BTOporo_ pe:iKlfMa HaIIbIJieHIDI, 

npe.IJ.CTaBJieHHbie Ha pnc. 2, IIOHCHHIOT BbIIIIeCKa3aHHOe. lleiiCTBIITeJibHO, npn 

3aKOpatJ:nBaHllll .IJ.llO.IJ.a . aHO.IJ.HOll I1Jia3MOll aMI1JIIITY.IJ.a lfMIIYJibCa. HaIIpH:lKeHIDI 

YMeHblllaeTCH (llITpllXOBru! JllfHIDI lfMilYJlbC U, )J.llarpaMMa 1), TOK IIytJ:Ka IIa)J.aeT, T.e. 

TOKOOT6op llOHHOro nytJ:Ka npeKpamaeTCH (MMnyJibC Jb, .IJ.llarpaMMa 2), a IIOJIHblll. 

TOK (pa3p51.IJ.Hbiii TOK) Bo3paCTaeT (liMIIYJihC I[, .IJ.narpaMMa 3). 3ToT npouecc 

xapaKTepmyeTCH yclfJleHneM 3p03llll aHO.IJ.a If, CJie.IJ.OBaTeJibHO, )'BeJilftJ:eHneM 

MacconepeHoca MaTepnana aHO.IJ.a. 

IlpO.IJ.OJlbHru! CKOpOCTb Pa3JleTa aHO.IJ.HOll I1Jla3Mbl Van -

CJie.IJ.OBaTeJibHO Vi >> Van, II03TOMY cymecTByeT Bpewi: 3a.IJ.ep:lKKll 

106 cM/c, 

dt Me:;K.IJ.y 

OKOHtJ:aHlleM lfMilYJlhCa pa3p51.IJ.HOro TOKa B .IJ.llO.IJ.e If BpeMeHeM IIpllXO.IJ.a napOBOll 

KOMIIOHeHTbl Ha IIOJJ,JlO)KKy. lfoHHaH MO.IJ.mpllKauIDI ocymecTBJ151eTC51 IlytJ:KOM llOHOB, 

• KOTOpbiii q>OpMnpyeTCH B 3TOM pe)KlfMe .IJ.O 3aKopatJ:llBaHIDI .IJ.llO.IJ.a aHO.IJ.HOll nna3M0ll 

(lfMII)'JlhC Jb). Heo6xo.IJ.lfMO OTMeTIITh, tJ:TO nepBhiii nyqoK noHoB ocymeCTBJ151eT 

"tJ:llCTKy" II~>BepXHOCTll IIOJJ,JIO)KKlf. IlpoueccbI IIOBT0p51!0TC51 C tJ:aCTOTOll, 

onpe.IJ.eJI51eMOll B OCHOBHOM napaMeTpaMll reHepaTopa lfMIIYJibCHOro HaIIpH:lKeHIDI If 

BpeMeHeM BOCCTaHOBJieHIDI 3JieKTPlf'leCKOll IIpOtJ:HOCTlf .IJ.llO.IJ.HOro 3a30pa. 

llanee IIpllBO.IJ.51TC51 pe3yJibTaTbI IIO pa3pa60TKe yCTaHOBKlf JJ)l5I HaIIbIJieHIDI 

nneHOK c llOHHbIM nepeMelllllBaHneM. 06bitJ:HO WI.lI IIOJiytJ:eHIDI nneHOK 

HepacrnopliMbIX .IJ.pyr B .II.pyre 3JleMeHTOB llCIIOJ1b3YIOTC51 IIOIIepeMeHHhie npouecchl 
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Pnc. 2. BpeMeHHbie .unarpaMMbl HaIIbIJieHIDI IIJieHOK n nx llOHHOii: 

MO.UHqJHKaunn B llMII)'JlbCHOM B3pbIB03MllCCHOHHOM HOHHOM BaKY)'MHCM .nno,ue. 

u - Hanp»)KeHne . Ha ,uno,ue; Jb - TOK llOHHOro IIyqKa; Jr - IIOJIHh!H TOK B 

.IJ.IIO.IJ.e; Ny - IIJIOTHOCTb napoBoii: qla3b! MaTepIIana llHHUHaTOpa aHO,UHOii: 

IIJ1a3MhI; Vi - IIOTOK llOHOB; Vy - IIOTOK napa; tu - ,!J)IlITeJihHOCTb HMIIYJibCa 

HaIIpH)KeHIDI; 1b - ,!J)IlITeJibHOCTb llMIIYJibCa 'rOKa nyqKa; ty - BpeMH 

paCIIblJleHIDI llHIIUIIaTOpa aHO.Il.HOH IIJ1a3Mbl IIplI 3aKOpatJ:HBaHlllI .Il.IIO.IJ.a 

aHO.IJ.HOii: IIJia3MOii; dt - BpeMH 3a.Il.ep)KKII Mexey OKOHtJ:aaHIIeM_ HMIIYJibCa 

IIOJIHOro TOKa B ,UHO.!{e If MOMeHTOM npIIXO.!{a napoBoii: KOMIIOHeHTb! Ha 

IIO.l:(JIO)l(Ky; t 1 - HatJ:aJIO CJie.!{ylOmero HMrryJibCa HarrpH)KeHIDI n TOKa rryqKa. 

•••••••• - lIOHbl. 
. . ' 00000 - napOBaH KOMIIOHeHTa MaTepnana IIHHUllaTopa 

aHO,UHOll IIJ1a3Mhl. 

o➔ - napoBOe OCIDK.l{eHne Ha IIO,!J)IO)l(Ky; 

· ➔ - llOHHOe o6JiyqeHne. 
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HallhlJieHIDI H HOHHOro o6rryqeHIDI .WU! rrepeMeumBaHIDI KOMIIOHeHT. ,llrn1 

pearrmauuu 3THX pe)KHM0B He06XO).lHMbl COOTBeTCTBYIOUIHe HCTOqHHKH HOHOB H 

ycrpoikTBa .D)UI rrepeMeUieHIDI IIO.D)IO)KKH rro.n: · HCTOqHHK H0H0B H IIOTOKa rrapoB 

HCXO).lHblX MaTepuarroB, ~o orpa,mquBaeT TeXH0JIOrwieCKHe B03MO)KHOCTH. Ilpu 

rrpHMeHeHHH )Ke B KaqeCTBe HCTOqHuKa B3pbIB03MHCCHOHHOro HOHHOro .n:uo.n:a, Mb! 

rrorryqaeM HallblJleHIIe nrreHKH C 0).lH0BpeMeHHbIM ee HOHHbIM o6rryqeHHeM, T.e. 

norryqaeM HOHHOe rrepeMeIUHBaHHe KOMIIOHeHT Herrocpe.n:CTBeHHO BO BpeMH 

rrpouecca HarrhmeHIDI. 

B rpeibeu •-mew rnaBbl III rrpuB0AATCH pe3yJihTaThI rro pa3pa6oTKe 

ycrnHOBKH .D)IH HarrbIJieHIDI nrreHOK BTCil. 

Coe.n:HHeHIDI Y-Ba-Cu-O u Bi-Sr-Ca-Cu-O rrpe.n:crnBmIOT co6oii 

MHOfOKOMIIOHeHTHble coe.n:uHeHIDI co CJIOHCTOH CTPYKTYPOH "rrepOBCKHTHoro" THIIa 

c KHCJIOpO/.lHbIM .n:eqmUHTOM. O.n:Ha m Ba)KHeHIUHX rrpo6rreM H3BeCTHbIX 

qiu3uqeCKHX MeTO).lOB HaIIbIJieHIDI COCTOHT B TOM, qTo C0CTaB nrreHKH MO)KeT 

3HaqHTeJibHO OTJIIfqaTbCH OT COCTaBa HCXO).lHOH MHIUeHH, H rrorryqeHHe 

CTeXHOMeTpuqecKoro COCTaBa nrreHKH Bbl3bIBaeT CYUieCTBeHHhie 

3KCIIepHMeHTaJibHble TPY/.lHOCTH. ·IlrreHKH rryqrnero KaqeCTBa rrorryqaIOTCH MeTO).lOM 

rra3epHoro HallbIJieHIDI, B KOTOpOM .HCIIOJlb3YeTCH 3cp<peKT KOHrpY3HTHOH a6AAUHH -

B3pbIBH0ro ucrrapeHIDI MOJieKyrr MaTepuarra IIO).l B03).leHCTBHeM HMIIYJibCa rra3epHoro 

mrryqeHIDI H rrocrre.n:ymUIM KOH).leHCaUIDI Ha rro.n:orpeTym IIO.D)IO)KKY- Ilpu 3TOM 

. OCYUieCTBJIHeTCH TOqHblH rrepeH0C KOMIIOHeHTHOro C0CTaBa MHIUeHH Ha nrreHKy. 

llarree o60CH0B5IBaeTCH IIpHMeHeHHe . BaKYYMH0fO B3pbIB03MHCCHOHHOfO 

.n:uo.n:a .D)UI HarrurreHIDI nrreHOK BTCil. AHarru3 rroBepxHOCTH 

BbICOKOTeMrrepaTypHbIX CBepxrrpoBO).lHHKOB II0Ka3bIBaeT Harruque rpaHyrrupoBaHHOH 

CTPYKTYPbl, KOTOpM HMeeT ecTeCTBeHHbie 6orree-MeHee peryrrHpHhie 

MHKpOHeO).lHOp0/.lHOCTH H MO)KeT 6b!Tb HCIIOJlb30BaHa .D)UI qiopMHpoBaHIDI aHO).lHOH 

IlJla3Mbl. )lrrg uccrre.n:oBaHIDI 3THX MaTepuarroB B KaqeCTBe B3pbIB03MHCCHOHHOro 

3MHTTepa 6bma pa3pa60TaHa cepID! aHO).lOB Ha OCHOBe 3THX MaTepuarroB •.. Ilpu 

MHTeJihHOCTH HMrryrrhca tHMrr - 100 + 300 He Bpe~ qiopMupoBaHIDI aHO/.lH0H 

nrra3Mbl COCTaBJIHeT - 10 + 50 HC B 3aBHCHMOCTH OT MaTepuarra HHHUHaTopa. 

B3pbIBHOH xapaKTep ucrrapeHIDI BCJie).lCTBHe pa3orpeBa MHKpOOCTpHH aHO).la 3a 

TaKoe KOpOTKOe Bpe~. MHOro MeHbIUee, qeM BpeMH rrpoTeKaHIDI rrpouecCOB 

TepMuqecKOH J.lH<pq>Y3HH, o6ecrrequBaeT BblJleT m MHilleHH-aHO).la BemeCTBa B TOM 

)Ke COCTaBe, ~o H MHIUeHb, ~o Il03B0AAeT peIUHTb 0/.lHY H3 OCHOBHbIX rrpo6rreM 

H3rOT0BJieHIDI MHOfOKOMIIOHeHTHbIX BTCil - nrreHOK - TOqHbIH rrepeHOC 
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K0MIIOHeHTHOro COCTaBa MIIIlleHII Ha Il0.D)l0)KKY-

EoM6ap.n:IIpOBKa IIO.D)IO)KKII 'IIOHaMII MaTepIIarra IIHIIUIIaTOpa crroco6CTBYeT 

xoporneii a).lfe3IIII nrreH0K. Me)K).ly nrreHKOH II OCHOBOH o6pa3yeTCH o6rraCTb 

rrepeMeHHoro co~aBa He B pe3yrrhTaTe · o6bJqHoii .n:IIcpq>Y3IIII, a Bcrre.n:CTBIIe 

rrpOHIIKHOBeHIDI Brrry6b IIO.D)IO)KKII HOHOB. MOHbl, _ OCa)K).lMCb Ha IIOW!O)KKY, 

o6pa3yIOT KOMIIaKTHhIH nrroTHhIH crroii c omuqHoii a).lre3IIeii K ocHoBe. Erraro.n:apH 

3TOMY nrreHKa xopoIIIo "cueflJIReTcH" c rro.D)IO)KKOii, ~o B ,crryqae BTCil .n:aeT 

B03M0)KH0CTb rrorryqaTb rrpoqHbie nrreHKII Ha Pa3JIIfqHbIX TIIrrax IIO.D)I0)KeK. 

IlpII rrp0HHKH0BeHIIII B MaTepIIarr II0H0B ).lIICCIIIIaUIDI IIX 3HeprnII 

corrp0BO)K).laeTCH pa3orpeBOM, II0CKOJlbKY BCH 3HeprID1 IIOHOB Bbl,I(eJIReTCH B TOHKOM 

crroe, TOJIUIIIHOH rropMKa rrry6IIHhI ux rrpo6era. 

B crryqae HarrhmeHIDI BTCIT - rr0Kpb1mii B03MO)KeH pa3orpeB IIO.D)IO)KKII II 

nrreHKH .n:o 400 + 600 °C ( B 3aBIICHMOCTII OT HarrpH)KeHIDI Ha .D:IIO).le II MaTep1Iarra 

IIO.D)IO)KKH), ~o 6rrarorrpID!THO CKa3bIBaeTCH Ha rrpouecce qiopMHpOBaHIDI 

KplICTarrrruqecKoii CTPYKTYPhI nrreHKII. 

O6paTHM CTOp0Ha rrpouecca .n:ecpeKTOB, o6pa30BaHHbIX IIOHHbIM 

o6rryqeHIIeM - Ila).leHIIe KpmuqecKOH TeMrr~paTypbl CBepxrrpOBOAAUieH~ IIJleHKII, 

Il03TOMY .D)UI CHHTIDI 3TIIX .n:ecpeKTOB II rrorryqeHIDI rrp11eMJIHMbIX 3HaqeHIIH Tc 

He06XO).lIIM BbICOKOTeMrrepaTypHblH OT)KIIf rrpII TeMrrepaTypax BbIIUe 900. °C .D)UI 

IITTpIIeBbIX IIOKpbITIIH H TeMrrepaTypax - 800 °C .D)UI BllCMYTOBbIX IIOKpbITIIH. 

Sernepraa rnaaa II0CBHUieHa rrpHMeHeHIIIO IIOHHOro .D:IIO).la B 3KCrrepHMeHTax 

IIO rrorryqeHIIIO nrreHOK II MO.D:llq>IIKaUIIII II0BepXHOCTll IIOHHb!Mll II 3JieKTpOHHblMH 

Il}"IKaMll. 

IlorryqeHIIe BTCIT nrreHoK. 

Harr~meHue BTCil IIJleHOK rrpoB0.D:llJI0Ch rrp11 ttarrpH)KeHIJII Ha .n:11oi:ie 200 + 

300 KB, 3Hepro3arrace re~eparnpa HMrryrrhcHoro HarrpH)KeHIDI ApKa).lbeBa - MapKca 

50 + 125 n)K, .D)IHTeJibHOCTll HMrryJibCa HaIIpH)KeHIDI 200 + 500 HC, qaCTOTe 

CJie).lOBaHIDI HMIIYJlbCOB 0.2 ru. fIO.D)IO)KKII IIOMeUiaJIIICb 3a KaTO).lOM, 

rrpe.n:CTaBmlOllllIM co6oii MeTaJIJIIJqeCKYIO ceTKy C K03!pq>IIUHeHTOM rrp03paqttOCTII -

0.6. CKopoi:Tb HarrhIJieHIDI . nrreHOK Y-Ba-Cu-O coCTaBIIJla - 0.1 MKM I IIMrr II 

IIJleHoK Bi-Sr-_Ca-Cu-O .n:o 0.5 MKWIIMII. B KaqeCTBe IIO.D)IO.lKeK IICIIOJih30Barrlicb 

THTaHaT CTPOHUIDI, 3eJieHM <pa3a Y 2BaCuO5, KpeMHIIH. 

3rreMeHTHblH aHaJIH3 nrreHOK 3JleKTpOHHblM 30H).l0M C norryrrpOBO).lHIIKOBbIM 

cneKTpOMeTpOM peHTreHOBCKOfO mrryqeHIDI IlOKa3aJI, ~o CTeXIIOMeTpIIH MIIIUeHII 

nepeHocmcH Ha no.D)IO)KKY c ToqHoCThlO .n:o 90 %. CTPYKTYPHhle nccrre.n:oBaHIIH 
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IDieH0K Il0CJie HailbIJieHIUI Il0KaJami:, lff0 IDieHKH Y-Ba-Cu-O npe,D;CTaBJUmH co6oii 

cMecb aMopqmoii u TeTparoHaJihHOii q>aJ, IDieHKH Bi-Sr-Ca-Cu-O 6bIJIH noJIH0CTh!O 

aMOpq>HbIMH. Mx 3JieKTpll'IeCK0e conpOTHBJieHHe C0CTaBJUm0 OT 50 OM ,!1;0 1 KOM. 

3TOT pe3yJihTaT JierK0 OO'bSICHHTb qaCTll'IHOH aMopcpmauueii IDieH0K H0HHblM 

o6nyqeHneM. 

)])ul cpopMupoBaHHSI KpHCTaJIJill'IecKoii CTPYKTYPhI Heo6xo,D;HM 

BbICOKOTeMnepaTypHblH QT)Kllf, H ,!l;JISI cpopMHpOBaHHSI opTOcpa3bl 

HH3KOTeMnepaTypHblH (400 + 500 °C), Il03TOMY IDieHKH Il0CJie HailbIJieHHSI 

OT)KllfaJIHCb B KHCJIOpO,D;HOH cpe,D;e. Ha puc.3 npuBe,D;eHhl 3aBHCHM0CTH 

conp0THBJieHHSI OT TeMnepaTypbl ,D;BYX IDieH0K Y-Ba-Cu-O Ha Il0Jl)l0)KKax. H3 

SrTiO3, a Ha puc.4 - 3aBHCHM0CTh conpoTHBJieHHSI OT TeMnepaTypbI IDieHKH Bi-Ca

Sr-Cu-O Ha KpeMHHeBoii noJl)l0)KKe u coOTBeTCTBY!QIUIDI 3aBHCHM0CTh ,!l;JISI 

HCXO,!l;HOH MlllieHH. 

IlonyqeHHe IDieH0K C H0HHblM nepeMemuBaHHeM. 

IlonyqeHHe IDieH0K c H0HHbIM nepeMemuBaHneM 6bIJIO npoBe,D;eH0 Ha 

npHMepe IDieH0K THTaHa Ha aJIIOMHHHH u aJIIOMHHHSI im 6epHJIJIHH. Ha puc.5 

npuBe,D;eHo pacnpe,D;e.rreHue KOHUeHTpatiuu Ti, Alu O (KpHBhie 1, 2, 3) no T0JIIUHHe 

IDieHKu; Hanhmemi:oii B pe)KHMe 6e3 3aKopaquBaHHSI ,D;Ho,D;a aHO,D;H0ii IDia3Moii. Tipu 

3T0M HanpSI)KeHue Ha ,!l;H0,D;e C0CTaBJUm0 250 KB, TOK nyqKa H0H0B - 10 NcM2, 

.IJ.JlHTeJihH0CTh HMnynhca - 300 He. Ilpu qacToTe pa6oThI ,D;Ho,D;a 1 ru BpeMSI 

HailbIJieHHSI C0CTaBJUm0 5 ceK. If3 puc. 5 BH,!l;H0, lff0 Ha6JIIO,D;aeTCSI H0HH0e 

nepeMennrnattue. 

Pe3yJibTaTbl 3KcnepHMeHT0B Il0KaJbIBa!OT, lff0 npu HailbIJieHHH IDieH0K B 

H0HH0M ,!l;H0,D;e Ha6JIIO,D;aeTCSI nepeMelliHBaHHe HepacrnopHMbIX 3JieMeHT0B Ti B Al C 

Il0M0IUb!O HMnyJihCH0ro HOHHOro nyqKa ·Bo BpeMSI HailbIJiemci. TaKHM o6pa30M, 

H0HH0e nepeMelliHBaHIJe Il03BOJISieT noJiyqHTh HOBbIH KOHCTPYKUHOHHblH MaTepuaJI: 

aJl!OMHHHH C THTaHOBOH IDieHKOH. 

HanhIJieHHe IDieHKH Al Ha Be · cponhry npoB0,D;HJI0Ch np11 CJie,D;Y!QIUHX 

napaMe-rpax H0HHoro ,D;Ho,D;a: U - 250 KB, jAl - 5 AlcM2, t11 - 300 He, t = 10 ~. f 

= 1 ru. B ,!l;HCCepTaUHH TaK)Ke npHB0,!l;l!TCSI MHKpocpoTOrpacpuu nonyqeHHOH q>OJibrn 

,!1;0 ee pa60Tbl B KaqeCTBe BhinyCKH0ro yCTpoiicTBa B 3JieKTp0HH0M ycK0pHTene B 

nyqKe E=lOO K3B, j=2.5 MA!cM2, 11 t=l qac. 

MO,D;llq>HKaUHSI IDieH0K, nonyqeHHbIX B H0HH0M ,!l;H0,D;e, HMnyJihCHbIM CHJibH0T0qHblM 

3JleKTp0HHbIM ITyqK0M. 

IlpH o6nyqeHHll HMnyJihCHbIM nyqK0M 3JieKTp0H0B C IDIOTH0CTb!O T0Ka 
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Puc. 4. 3aBHCHMOCTb :;meKTPH'IeCKOro conpoTHBJieHHll OT TeMneparypbI IIJieHKH Bi-Sr-Ca-Cu-O H 

COOTBeTCTBYJOIUeii MHWeHH. 

----MHWeHb 

-------- - IIJieHKa 
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Pttc.5. Pacnpellenetttte KOHU:eHTpaI.IHH Ti, Al H O no TOJUU:HHe IIJieHKH,. norryqeHHOtt 

B pe)KHMC 6e3 3aKopaqnaaHllil lllfOlla aHOllHOll IIJia3MOll. 

1 - Ti (+); 2 - Al (o); 3 - 0 (d). 

MollmpnKaU:llil HOHaMH Ti. 
4 - Ti (+); 5 - Al (o); 6 - 0 (d) - MOllttqmKaU:llil HMnyrrbCHbIM nyqKoM :::irreKTpOHOB. 

nyqKa 3JICKTpOHOB je - 1000 AfcM2 lf KlIHemqecKOll 3Heprn:eii 200 + 300 K3B: tn 

- 300 HC CTPYKTYP nocrre HX HanbIJICHllil c lfOHHbIM nepeMeIImBaHHeM, Be.JiliqlfHa 

pacqeTHOro pa3orpeaa BCJICllCTBHe B3aHMOllCllCTBllil :::irreKTpttqecKoro nollil 3ap5L!1:a C 

3JICKTpOHaMlf aTOMOB aemeCTBa, B HCCKOJibKO pa3 npeBbIIIIaeT TeMnepaTypbl 

IIJiaBJieHllil IIJieHOK B paccMaTpttaaeMbIX CTPYKTypax. CrrellOBaTe.JibHO, pearrmyeTc.sI 

allHa6aTnqecKttii Harpea 06pa3u:a llO TeMnepaTypbI, npeBbIIIIaiomeii TeMnepaTypy 

IIJiaBJieHlI.sI KOMnOHeHT, qTo MO)KeT npttBeCTH K KaqecTBCHHbIM lf3MeHeHlI.sIM 

norryqeHHbIX CTPYKTYP-

Jlrr.si yrryqIIIeHIDI Kaqecrna noaepxHOCTlI IIJieHKH (YMeHbIIIeHH.sI pa3Mepa 

3epeH lf Kanenb) 6bIJilf npoBCllCHbl o6rryqeHlI.sI 3THX IIJieHOK HMnyJibCHbIM 

:::irreKTpOHHbIM nyqKOM C KlfHeTHqeCKOll 3Heprn:eii 250 K3B, IIJIOTHOCTblO TOKa 700 

AfcM2 lf llJilITe.JibHOCTblO HMnyJibCa - 300 HC. Pe3yJibTaTbl 3KCnepttMeHTOB HarmI,!(HO 
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lleMOHCTpttpyioT, ~o HMnyJibCHOe :::irreKTpOHHOe o6rryqetttte yrryqIIIaeT Kaqecrno 

noaepxHOCTH IIJieHKlf lI ocymecTBID!eT llOnOJIHlITe.JibHOe nepeMeIIIHBaHHe Ti B Al. 

3KcnepHMeHTbl no o6rryqeHlIIO noaepxHOCTlf BbICOKOTeMnepaTypHbIX 

caepxnpOBOllHHKOB C U:e.JiblO MOlllI!plIKaU:Hlf lIX lplf3HqeCKlIX CBOllCTB .. 

B npellCTaBJieHHbiX a lllICCepTaU:lilI 3KCnepHMeHTax 'tHMn=300 HC, a 'tp-1.06 · 10-5 c 

llJI.sI KepaMHKlI mna YBa2Cu3O7 lI 'tp = 2.03• 1()-5 c llJI.sI KepaMHKlI mna 

2R2pc 
Bi2SriCaCu2Og, T.e. Bb!IlOJIH.sieTC.si ycrroane 'tp >> 'tHMn• rlle 'l' P = --,1,- H R -

rny6Jma npo6era qacTHU:; p, c, )., - IIJIOTHOCTb, Ylle.JibHa.sI TeIIJIOeMKOCTb n Ylle.JibHa.sI 

TeIIJionpoBOllHOCTb o6rryqaeMoro MaTepnarra. B 3TOM crryqae Bb!IlOJIH.sITC.sI ycrroane 

alllia6aTliqHOCTlf npou:ecca n rpalllieHT TeMnepaTypbl MO)KHO npellCTaBlITb a 
W-r . 

ynpomeHHOM Blflle: dT = ~- 0TCJOlla MO)KHO OU:CHlITb noporoayio IIJIOTHOCTb 
Rep 

MOIUHOCTlI 3JieKTpOHHOro n}"P(a, nplIBOll.sIIUYJO K pacIIJiaBJICHlIIO (dT = TIIJI)- )lml 

Y 1 Ba2Cu3O7 oHa paatta P = l · 107 BT/cM2, llJI.sI Bi2Sr2Ca1 Cu2Og - 4.106 

BTlcM2. B npellCTaBJieHHblX 3KcnepHMeHTax IIJIOTHOCTb MOIUHOCTlI nyqKa 

:::irreKTpoHoB cocraalIJia P = jb·U = 2 - 2.5·1'08 BT/cM2. TaKHM o6pa3oM, npn 

o6rryqeHlilI BTCIT ClIJibHQTOqHbIM 3JICKTpOHHbIM nyqKOM. npolICXOlllIT nepeHOC 

60JibIIIOll . 3Heprn:lI 3a OlllfH HMnyJibC lI Bb{lle.JieHlie ee B o6rryqaeMOM aemeCTBe 3a 

oqeHb KOpOTKlfll HHTepaarr apeMeHH, onpellerr.sICMblll llJilITe.JibHOCTblO HMnyJibCa TOKa 

nyqKa, 3HaqlITe.JibHO MeHbIIIeii TCIIJIOBOll noCTO.sIHHOll, B pe3YJibTaTe qero 

nponcXOlllIT ClIJibHbitt alllia6aTnqecKHtt Harpea, nplIBOll.sIIUHll K pacIIJiaay crro.si 

o6pa3U:a, onpellerr.sieMoro rny6nHoii npo6era R. 

Ha pttc.6 npnBellCHbl pe3yJibTaTbI no lI3MeHeHlIIO 3aBlICHMOCTeii 

lIHTerparrbHOro conpOTlIBJieHlI.sI OT TeMnepaTypbI llJI.sI pa3ITHqHbIX ll03 o6rryqeHlI.sI 

BlICMYTOBbIX o6pa3U:OB, a Ha pnc. 7 - 3aBHCHMOCTb lI3MeHeHllil KplITnqecKoro TOKa 

BTCIT OT qirrioeHca llJI.sI pa3ITHqHbIX mnoa o6pa3U:OB. )laHHbie peHTreH<?BCKoii 

lllI<ppaKU:HlI noKa3bIBaJOT; ~o KpHCTarrrrnqecKa.si CTPYKTYPa 06p.i13U:OB nocrre 

o6rryqeHlI.sI npaKTHqeCKlI He lI3MCHlIJiaCb, T .e. npomoIIIJia peKplICTaJIJilI3aU:llil lI3 

pacIIJiaBa a opTOpoM6nqecKyio <pa3y. MlIKpO!pOTOrpa<plilI, Clle.JiaHHble 

CKaHlIPYJOIUHM paCTpOBbIM :::irreKTpOHHbIM MlIKpOCKOnOM, nOKa3bIBaJOT, ~o. llO 

o6rryqettllil o6pa3U:bI npellCTawoom co6oii Heynop5IlloqeHHYJO cpeey, coCTo.simyio m 

MHO)KeCTBa rpattyrr co cpellHHM pa3MepoM - 10 MKM. Ilocrre o6rryqeHH.sI 

ClIJibHQTOqHbIM 3JieKTpOHHbIM nyqKOM QTqeTJilIBO . BllllHO cneKaHHe rpaeyrr lI 

o6pa30BaHHe HOBbIX <popMaU:lill, C xapaKTepHbIM pa3MepOM ~e nqp.s!llKa 100 MKM. 
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TaKIIM 06pa30M, o6nyqeHlie BTCII ClinbHOToqHbIM 3neKTpOHHbIM IIyqKOM He 

MeIDieT KpliT~eCKOH TeMrrepaTypbl, HO }'MeHbIIIaeT corrpOTIIBJieHile B HOpMarrbHOM 

COCTOHHIIII, a KpliT~eCKile TOKII IICIIOllb30BaHHhIX B 3KCIIepHMeHTax o6pa31.(0B 

HeCKOllbKO )'BeJIIlqlinIICb II rrpII ,LlaJibHeHIIJeM o6nyqeHIIII He MeHHnIICb. IlpII 

IInOTHOCTII MOll.(HOCTII 3neKTpOHHOro rryqKa He,LIOCTaTQqHoro ,nnH rrporrnana, 

Il3MeHeHHH KpIIT~eCKOro TOKa He Ha6mo,narrocb. 

IlonyqeHHble pe3ynhTaTbl MOryr 6bIT_b rronHOCTblO OObHCHeHbl MO,LleJiblO, B 

KOTOpOH BbICOKOTeMrrepaTypHblH cBepxrrpono,nfmK rrpe,nc-raBJIHeT co6oii . 
COBOKyrrHOCTb CBepxrrpoBO,LIHll.(IIX 3epeH, coe,nI1HeHHbIX cna6bIMII CBH3HMII -

,Ll::K03ecpcoHOBCKIIMII MOCTIIKaMII C Ha6opoM ic KpliT~eCKIIX TOKOB. B 

rrpe,nCTaBJieHHblX 3KCrrepI1MeHTax rrpII rrporrnaBe rpaHynbI pa3MepoM - 10 MKM 

crreKalOTCH, II o6pa3ylOTCH HOBbie cpopMilpOBaHHH pa3MepoM - 100. MKM. B 

pe3ynbTaTe KOnilqecrno cna6bi.X CBH3eii }'MeHbIIIaeTCH II, cne,noBaTeJibHO, paCTeT 

KpliTilqecKIIH TOK II }'MeHbIIJaeTCH 3neKTpI1qecKoe corrpOTI1BJieHI1e. 

B 3aKmogeauu ccpopMynilpOBaHbl OCHOBHbie pe3ynhTaTbl ,LIIICCepTal.(IIII. 

Octt0Rai,1e pe3ynbia:rhJ zmccep:ranuottaoii pa6oThl · 
1. Pa3pa6oTaH II IICcne,noBaH B3pbIB03MIICCIIOHHblH BaKY}'MHbIH ,LIIIO,LI, B KOTOpOM 

IICCne,noBaHbl pe::KHMbl IIOHHOro rrepeMeIIIIIBaHHH rrneHOK C IIO,LlnO::KKaMII B rrpouecce 

HarrbmeHHH, II rrorryqeHbl rrneHKII HepacTBOpllMblX .LIPYT B ,np~ 3neMeHTOB. 

2. Ilpe,nno::KeHbl II pa3pa60TaHbl IIHill.(IlaTOpbl. aHO,LIHOH IIna3Mbl ,nnH HarrbmeHHH 

MHOfOKOMIIOHeHTHbIX rrneHOK. 

3. Hccne,noBaHbl pe::KUMbl pa60Tbl B3pbIB03MllCCIIOHHOro BaKY}'MHOro ,LIIIO,na ,nnH 

rronyqeHHH BTCII rrneHOK. 

4. Hccne,noBaH Borrpoc ynenuqeHHH KpliTilqecKoro TOKa BTCII 06nyqeHI1eM 

HMIIynbCHblM . ClinbHOTQqHblM 3neKTpOHHblM II}"IKOM. C03,naHO ycTpOHCTBO Jl,TUI 
HMrrynhcHoro ll3MepeHHH KpITTI1qecKux TOKOB BTCII. 

OcttoRHhle pe3ynbia:rhX zmcceprauuu onucatthl R pa6orax· 
1. KopeHeB C.A., CnKoneHKO B.B., BarreHToB~ Jl. 311eKmpu'leCKue 
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HanbL/leHue.M I BceCOI03HOe CoBell.(aHile no BblCOKOTeMrrepaTypHoii 
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