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nony4€Hl-1€ BbiCOKOT€MnepaTypHb1X csepxnpOBO~flllJ,VIX nneHOK C Bbi

COKI-1MVI KPHTH4€CKHMlt1 napaMeTpaMH RBJlfi€TCfl OCHOBHOH npe,QnOCblll

KOilt ,QJlfl HX WHPOKOrO npV1M€H€HVIfl B MHKpo- VI KPH0311€KTPOHHK€ ll , 2 / 

AnH 3Toro VICnonbsY~TCH nPaKTH4eCKVI see HssecTHble MeTOAbl saKy
YMHoro HanwneHHH, TaKH€ KaK 3118KTPOHHO-IlY4€BOe VI T€PMVI4€CKO€ 

HCnapeHHe, MOJl€KYilfiPHO-JlY4€BaR 3nVITaKCHR, HMnYilbCHO€ nasepHO€ 

VICnapeHVI€ VI gpyrHe/3-7/, 

B gaHHOM cny4ae .QilH HanwneHHH swcoKoTeMnepaTypHwx csepxnpo
BOAHW.HX nneHOK Ha ocHose YBCO 6wna HcnonbsosaHa eaKYYMHaR yc
TaHosKa C 6esMaCJ1fiHbtMH CP€ACTBaMH OTKa4KI-1, YKOMnil€KTOBaHHa.A 

MarHeTpOHHbiM HanbtilV1T€Jl€M C06CTB€HHOilt KOHCTPYK4VIH. MHW€HVI ,QV1a

MeTpOM 76 MM ~aroToeneHbl ~a KepaM~K~ YBa 2Cu 30 7 cTex~oMeTp~4e
cKoro COCTasa H 06JlaAaiOT CI18,QYIOW,HMH XapaKTepHbiMH napaMeTpaMI-1: 

T = 91 - 92 K· nT = 2 K·, R = 5x10-2 OM. HccneAoBan~Cb paa-
co ' c 

ni·14Hbl8 YCI10BI-1fl Hanbii18HHfl Ha noCTO.AHHOM TOKe npH eapHaUVH1 pac-

CTORH~R MHWeHb-nOAnOmKa OT 40 AO 110 MM ~ AaBneH~R OT 12 AO 

1 na KdK 8 CP8A8 4HCTOrO aproHa, TaK H 8 CM8CH aproHa C 20% 
KHCilOPO,Qa HilH aproHa C 20% KHCilOPO,Qa H 20% a30Ta, no,QilOmKH H3 

MOHOKP~CTann~4ecKoro SrTi0
3

, MgO, Si , Al 2 0
3 

~ AP. HaxoA~n~cb 

npH KOMHaTHO~ TeMnepaType. Y,Q8JlbHaH nilOTHOCTb MOW,HOCTH Ha MH

WeH~ AOCT~rana 4,0 6T/cM2. nepeoe epeMR pacn~neH~e npoMCXOA~no 

nPH noBWW8HHOM HanpRm8HHH Ha MHW8HH, KOTOpoe 48P83 10-15 MHH 

na,QaJlO H CTa6HIH13HPOBallOCb. nocne 3TOrO OTKPbiBaJlaCb 3aCI1QHKa 

H npoeo,QHilOCb Hanbln8HIIIe Ha no,QilO>KKe. TaKoe 1113MeHeHHe pe}f(HMa 

Mbl CB.fl3b1Ba8M C o6pa3oBaHH8M OKHCHOrO CilOfl C 6onee BbiCOKVIM 

ConpOTHBI18HH8M Ha nOB8PXHOCTH MHW8HH H ero nOCTeneHHbiM paCnbl

neH~eM. noA06Hble 3<!>4>eKTbl o6paaoeaHMR oK~cHoro cnoR Ha6n1011a

Jll-1Cb HaMH H BO BP8Mfl Hanbi11€HYI.A nneHOK 8 aTMOC¢epe CM€CYI pa6o-

4YIX ra308 - TaM nPHXOAY1110Cb 8CerAa nDAA€PmH8aTb pa3PRA npH 6o

.nee 8biCOKYIX Hanpflm€HHfiX, 48M 8 CJlY4ae paCnbln€HYifl 8 aTMOC¢epe 

aproHa. CKOPOCTb Hanblll€HYifl H3M€HFJllaCb 8 npeAellax 3-8 HM/MHH. 

31l€M€HTHbl~ COCTa8 nlleHOK OnP8A€11RllCfl C nOMOIJ.IbiO 3118KTPOHHOrO 

M~KP030HAa (EDAX), a TaKme no 3HepreT~4eCK~M cneKTPaM ynpyro 

pacceRHHbiX a -4acT~4 c 3HePrMe~ E 0 = 3,0 M3B Ha yron I!= 135 ° 
c npHMeHeHHeM KP€MHHe8oro AeTeKTopa no8epxHoCTHo-6apbepHoro 

THna. TaKa~ cneKTP OT nneHKH YBCO cTexHoMeTPH4eCKoro cocTasa 

TOll~J.~YIHO~ 90 HM Ha KP€MHH€BO~ nOAllOmKe npHB€A€H Ha PHC. 1. 
8 Clly4ae TOHI<J.1X nneHOK, KOrAa cneKTpbl OT pa311H4HbiX 3118M€HTOB 

pa3A€118Hbl /HM810T ¢DPMY nHKOB/, 3Hafl B€JlYI4HHy Ce4€HHR ynpyroro 
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PHc. I. CneKTP ynpy
roro pacceHHH51 a -t.Ia
CTHu;, nony'lleHHhiJ1 OT 
nneHKH YBCO TOllmHHOH 
90 HM Ha KP€MHH€BOJ1 
rro.n;nmKKe • 

pacceRH~R a 3T~x ane
MeHTOB, MO~HO nerKO 
~ c aapaHee aaAaHHo~ 
TO~HOCTb~ /AO 0,1 
aToMHoro npoueHTa/ 
onpeAen~Tb COOTHOWe
H~e ~X COA€P~aH~R no 
$OPMyne 181: 

rAe M - nnoi.L4aA~~t n~~tKOB oT aneMeHTOB /Kon~4eCTBO ~Mnynbcoe/. 
To4HOCTb onpeAeneH~~tR COA€P~aH~~tR K~~tcnopoAa aaMeTHo YM€Hbwa

eTcA aa c~eT Hano~eH~~tR cneKTPa oT noAno~K~~t, HO rnaeH~M o6paaoM 
~~ta-aa OTHOC~~tTenbHO Manoro 3Ha4eH~A ce~eH~A ynpyroro pacceAH~~tA: 

" : " : " : " = 1 : 14 : 26 : 54 • 
0 Cu y Ba 

8 AanbHe~weM npeAnonaraeTCR e~HT~ 1-13 nono~eH~~tA, HCnonb3YA TaK 
Haa~aaeM~~ rnopH-3~~eKT 191: aHoManbHoe yeen~~eH~~te /10-10 3-KpaT
Hoe/ ce4eH~~ ynpyroro pacceRH~R a-~acT~U Ha yrnax, 6nH3K~x 
K 180 °. 

Ha p~c. 2 npHeeAeHa OAHa H3 aaa~c~MOCTe~ pacnpeAeneH~A co~ 
CTaea nneHOK no paA~YCY OTHOC~T€nbHO 4€HTpa A€P~aTenA noAnO
~eK npH paCCTOAHHH MHW€Hb-nOAnO~Ka d =45 MM H AaeneH~H pa6o~e
ro raaa aproH·a p = 1 , 3 na. KaK BHAHO H3 p~~tcyHKa, OTHOW€HH€ 
KOH4€HTpauHH 6apHR H HTTpHR B o6nacTH HaA 30HOH 3P031-1H MHW€H~ 
CYLL4€CTaeHHO H3MeHReTcA. B ueHTpanbHOH H nepH~epHHHoH o6nacTAX 
nony~aeTCA COOTHOW€HHe, 6nH3KOe K CT€X~OM€TP~~eCKOMY. PacnpeAe
neH~~te COCTaBa 3Ha~HTenbHO 3aBHC~T TaK~e OT pacCTORHHA MHW€Hb
nOAflO~Ka H AasneHHR pa6o4ero raaa, eapHauHeH KoToporo /aa c~eT 
H3M€H€HHR WHPHH~ pacn~nHT€nbHOrO KOHyca/ MO~HO 4aCTH~HO rOMO
reHH3HPOBaTb COCTaB nneHOK. Ha6n~AanOCb TaK~e BnHRHH€ COCTaaa 
CM€CH pa60~HX ra30B H CKOPOCTH HX OTKa~KH,. 

BTop~M TexHonorH~ecKHM waroM RBnAeTcR BbiCOKoTeMnepaTypHbiH 
OT~Hr nneHOK, KOTOPbiH 0CYI.L4€CTBnAeTCA B KBapueeo~ Tpy6e B aT-
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PHc. 2. PacnpeAeneHHe co
cTaBa nneHoK Ha Aep~aTene 
noAnO~eK OTHOCHTenbHO ero 
~eHTpa • 

Moc~epe K~cnopoAa np~ 

HOPManbHOM AaeneH~~. 
AnA ~CKn~4eH~A pa3n~4HOro 
POAa A~~Y3~0HH~x 3~eK
Toe Ha nepeoM 3Tane oTm~
ry noAeepran~Cb nneHK~ Ha 
nOAnOmKaX ~3 MOHOKP~CTan

n~4eCKOrO SrTi03 . npeAea
p~TenbHO np0~3BOA~nCA OT
m~r a eaKYYMe np~ TeMne
paType 550° C a Te4eH~e 

1Q L.,.___,___ __ L.._----'-------'--L--:-':---::-:-;--
8 16 24 32 40 48 56 64 R[MM] 

5 M~H. nocne 3Toro cneAo
ean oTm~r a aTMoc~epe K~
cnopoAa np~ TeMnepaType 
860° C B Te4eH~e 5 M~H ~ 
oxnamAeH~e a Te4eH~e 
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10 M~H AO 220° C. ~OTOrpa
~~A noeepxHOCT~ nneHK~ 

nocne oTm~ra npeACTaeneHa 
Ha p~c. 3. 

PHc. 3. TioBepxHOCTb nneHKH YBCO Ha MOHOKpH
CTannH~ecKOH noAno~Ke SrTi03 nocne OT~Hra. 
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PHc. 4. PeHTreHOAH~paK
TorpaMMa YBCO nneHKH, 
nonyqeHHOH Ha MOHOKpH
CTannH~eCKOH noAnO~Ke 

H3 SrTi03 • 

HccneAOBaH~e ~a3o-

28(DEGREESI eoro COCTaBa nneHOK 
npo~3BOA~nOCb C nOMO~b~ 
peHTreHoecKoro A~~paK

ToMeTpa ZEISS /Tpy6Ka c MeAH~M aHOAOM, •CuK -~3ny4eH~e c A= • a 
= 1 ,4518 A I. nony4eHH~e nneHK~ ABnA~TCA non~Kp~cTann~4eCK~M~ 
~ MenK03ePH~CT~M~. Ha p~c. 4 noKa3aH~ WTp~x~, COOTBeTCTBY~~~e 
pe~neKCaM OT OPTOPOM6~4eCKOH CTPYKTYP~ nepo8CK~Ta/tO/ . 

3a8~C~MOCTb 3neKTP~4eCKOrO conpoT~8neH~A OT TeMnepaTYP~ on
peAenAnaCb 4eT~pex30HA08~M MeTOAOM. KaK cneAyeT ~3 p~c. 5, Ta
KaA 3a8~C~MOCTb AnA nony4eHH~X nneHOK HOC~T KaK MeTann~4eCK~H 
/o6pa3e~ 02068/, TaK ~ nonynpo80AH~K08~H xapaKTep /o6pa3e~ 
02918/. H3 p~c. 4 ~ :5 MOmHo 3aKn~4~Tb, 4TO nneHK~ A8YX~a3H~ -
OAH08peMeHHO np~CYTCT8y~T OPTOPOM6~4eCKaA ~ TeTparoHanbHaA ~a-
3bl, KaK noKa3aHo 8 pa6oTax 111 •121 , TeTparoHanbHaA ~a3a 8 ~TTP~
e80H KepaM~Ke 803H~KaeT ecneACT8~e 3aH~meHHoro coAepmaH~R 8 

1

HeH K~CnOPOAa, xapaKTep~3yeTCA KaK nonynp080AH~K08aR ~ o6naAaeT 
6onee H~3KOH TeMnepaTypoH c8epxnpo80AA~ero nepexoAa. B HeKoTo
PbiX nneHKaX Ha6n~Aa~TCR cny4a~ 8~AeneH~R CaMOCTOATenbHOH ~a-
3bl Y20 3. B AanbHeHweM npeAnonaraeTcA onT~M~3~Po8aTb TeMnepaTy
PY oTm~ra, a TaKme nepeHT~ K OAHowaro8oH TexHonor~~ nony4eH~~ 

r r-15 I 

~"~ I 
I- ' 

Vi I 

c8epxnpo80AR~~x nneHoK 
HenocpeACT8eHHO 8 KaMepe 
Han~neH~R. 

3aKn~4eH~e: nony4eHbl 
A8YX~a3H~e nneHK~ 

YBa2Cu30 7, 6n~3K~e K cTe-
02918 1 x~oMeTp~4eCKOMY cocTa8y, 

~ . I 

) ~ 5 j : --- 0206B I 

c Ha4anoM TeMnepaTypHoro 
nepexoAa Teo = 90-95 K, 
Hyne8~M 3Ha4eH~eM ~x co
npoT~8neH~A np~ Tee= 75 K 

jJL I 

50 100 

-t--__j 
150 200 250 

TEMPERATURE (K) 

PHc. 5. TeMnepaTypHaH ga
BHCHMOCTb 3neKTpHqecKoro 
ConpOTHBneHHH nneHOK, 
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PHc. 4. PeHTreHOAH~paK
TorpaMMa YBCO nneHKH, 
nonyqeHHOH Ha MOHOKpH-
CTaJIJIHqecKo:H: no,r:z;nmKKe 
H3SrTi03 • 

28[0EGREES] BOrO COCTaaa nileHOK 

npOH3BOA~I10Cb C nOMO~b~ 
peHTreHoacKoro A~¢pat<

TOMeTpa z.EISS /Tpy6Ka c MeAHbiM aHOAOM' ·CuKa -~ally4eH~e c A= 
=== 1 , 4518 A I. nonY4€HHbre nneHKH RBilRIOTC.A non~t~KPHcTanm14ect<I.1MH 

V1 M€11K03€PHHCTbiM14. Ha PHC. 4 nOK838Hbl WTPVIXI-1, COOTB€TCTBYIOI.4VI€ 
P€¢11€KC8M OT OPTOPOM6H4€CK011 CTPYKTYPbl nepoBCKHTa /lQ/ • 

3aBJ.101MOCTb 3Il€KTPH4€CKOrO COnPOTHBJl€HVI.A OT TeMnepaTypbl on
pe,qe11RI18Cb 4€TblpexsoH,qoebrM MeTo,qoM. Kat< cne,qyeT 1-13 pHC. 5, Ta
Kafl aae&.1CJ.1MOCTb A!lfl nony4eHHbiX nneHoK HOCI-IT Kat< M€Tann.VI4€CKVI~ 
/o6paae~ 02068!, TaK ~ nonynposoAH~KOBbl~ xapaKTep /o6paae~ 
02918/. Ha p~c. 4 ~ S MO>KHO 3aKI1104~Tb, 4TO nneHK~ ABYX<!Ja3Hbl-
0AHOBP€M€HHO nPHCYTCTBYIOT OPTOPOM6J.14€CKa.A VI TeTparOH8JlbHaR ¢a-
3bl. Kat< noKa3aHo a pa6oTax 111 •121 ·, rerparoHanbHa.A <Paaa a ~ttrrpvr
eao~ KepaMvrKe ao3HV!Kaer acne,qcravre aaHvrmeHHoro co,qepmaHvr.A a 
He~ KVIC110PO.Qa, xapaKT€pV13Y8TC.A KaK nonynpOBOAHVIKOBa.A J.1 0611aAa8T 
6onee HJ.13KOH TeMneparypoH caepxnpoaoA.A~ero nepexoAa. 8 HeKoro
PbiX nneHKax Ha61110AaiOTC.A C11Y4aVI Bb1A€11€HVI.A CaMOCTO.AT811bHOI1 ¢a-
3bl Y 20 3. 8 Aa11bHe~weM npeAnonaraerc.A onTVIMV13VIPOBaTb reMnepary
PY OTmVIra, a TaKme nepe~TVI K OAHOWaroBO~ T€XH0110rVIVI n011Y4€HVI.A 

V> 
:;: 
I 
0 

c 
15 : 

50 100 

02918 

150 200 250 
TEMPERATURE [K] 

caepxnpOBOAFI~VIX nneHOK 
HenocpeACTB€HHO 8 KaMepe 
Hanbi11€HVI.A. 

3aK11104eHvre: nony4eHbl 
ABYX¢a3Hbl€ nneHKVI 
YBa2Cu3 0 7, 6nVI3KJ.1e K cre
XVIOM€TpVI4eCKOMY COCTaay, 
c Ha4anoM reMneparypHoro 
nepexoAa T co = 90-95 K, 
Hy11€Bb1M 3Ha4€HVI€M lo1X CQ
npoTVIBJ1€HVI.A np~-1 Tee= 75 K 

PHc. 5. TeMnepaTypHaH 3a
BHCHMOCTh 3n€KTpHqeCKOrO 
COnPOTHBfl€HHH nfl€HOK. 
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111 WllfPllfHo~ nepexoAa a npeAenax ll.Tc = 7-9 K. nneHKllf nocne Anllf

TenbHoro XPaHeHHR Ha B03Ayxe /6onee 6 MeCR4ee/ He llf3MeHllfnH 

CBOH OCHOBH~e xapaKTepHCTHKH. 

AeTop~ e~pa~a~T rny6oKy~ 6naroAaPHOCTb B.AnT~Hoey H O.Ope

noeH4Y 3a 6onbWY~ pa6oTy no llfCCneAoBaHH~ Ha 3neKTPOHHOM MllfK

POCKOne. 
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PYKOnllfCb nocTynllfna B H3AaTenbCKH~ OTAen 

1 ~~HR 1989 roAa. 


