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B Hacrosiliee BpeMsl B pas/iMyHble TEXHOJOrHUYECKHE IPOIECCH YCIeUIHO
BHe/IpsieTCS BBICOKOBOJIbTHASI UMMNyJbcHasi Texuuka. HeobxomumocTs cosna-
HUSl MaJjoraGapHUTHBIX, HAJeXKHBIX BBICOKOBOJNBTHBIX YCTAHOBOK MW YCTPOHCTB
no6yzK/aeT BeCTH UCCAeJ0BaHUS U Pa3dpaboTKy M30JSLHUN C BHICOKUMH 3JEKT-
puuecKUMH XapakTepuctukaMu. HauGosbliee pacnpocTpaHeHue moJyyaer
KOMOMHHUPOBaHHAS HR0JSLIHS ¢ UCMOJAb30BAHHEM TPaHC(HOPMATOPHOrO Macsa
H TBEPJbIX JAHTEKTPUKOB.

B cBsI3U ¢ BO3MOXKHBIM AOCTATOYHO HIMPOKHM JHANa3oHOM PabouMx TeM-
nepaTtyp CHelHaJbHbIX BBHICOKOBOJBTHBIX YCTAHOBOK H3yU€HHE TeMIepaTyp-
HblX XapaKTEPUCTHK 3JIeKTPHUECKOro Mpobos OTAENbHBIX KOMIIOHEHTOB
CJIOXKHOUN H30JISIUU TIPeJICTaBJsAeT ONpe/lesNeHHbIH HHTepec.

M3BecTHO, UTO ¢ M3MEHEHHEM TeMIlepaTypbl U3MEHSIIOTCS MMJIOTHOCTH I
BAI3KOCTb KHJKOCTH, COCTOSIHHE BJATH, YCIOBHSI SMUCCHH M3 KaToia H T. I.
Bce 310 B GoJiblliell UM MeHbIIel CTENeHH B Pa3IMUHBIX YCAOBHSX OKa3biBa-
eT BJHSIHMe Ha NMPOOHMBHble HAMNPSKEHUS JKUIKUX NHIEKTPUKOB. 3aBHCH-
MOCTb, KaK npaBuJso, uMeer makcumyM. [Tosarator [1, 2], uto mpu mocrartou-
HO JUJINTeNbHOM BO3JEHCTBUH HAMNpSIZKEHUs A JKUIKOCTeH TeXHHUeCKOM
OYHCTKH BO3MOXKeH Tena0BoH mpo6oi. IIpu 3ToM Bo3HUKHOBeHHE NPOOOS
CBSI3BIBAETCS] C MPOIECCOM BCKHMAHHUSA KHJKOCTEH.

B skcnepruMeHTaNbHBIX HUCCJEeI0BAHUAX 1O MPOGOI0 pas3IMUHBIX JKUIKOC-
Tell Ha UMIY/IbCaX AJNHUTENbHOCTBIO 1 MKcexk u Oanee [1—6] ycraHOB/eHO He-
KOTOpOe YMeHbIIeHHe MPOOUBHLIX HANpSKeHHil ¢ POCTOM TeMIepaTypbl.
IIpuyem cHHKeHMe HANpPSKEHUS MPOMCXOJUT IO TOH IKe KPUBOH, 4YTO
U CHHIKEHHE €€ IJOTHOCTH. '

M3ayuenuio BAUAHUA TeMIepaTypbl HA UMIYJIbCHOE MPOOUBHOE HaIpsixKe-
HHe TBepJbIX JHU3JEeKTPUKOB TaKxKe NMOCBSILeH Leablid psax pador [7—I12]. On-
HAKO U3MEpPEHUs HaNpPsKEeHHH NPOBOAUIUCH B 0OJACTH MOJOMKUTENbHBIX TEM-
mepaTyp Ha HMIOYJbCaxX JJIHTEIBHOCTBIO Gosiee | mMKcek ¥ B OCHOBHOM JJIi
KPHCTAJIMYECKUX JU3JEeKTPUKOB. JlaHHble HMEIOT TPOTHBOPEUHBBII Xapak-
Tep. B ornenbubix pa6orax [8—12] nabmonanuch TeMnepatypHble MaKCHMY-

MBI IPOYHOCTH.
‘ B nacrosie# cratbe NPUBEAEHBI Pe3yJbTAaThl 3KCHEPUMEHTAJNbHBIX H3-
MEepEHHH HMIYJbCHBIX MNPOOMBHBIX HANpsXKEHUH mnoJauTeTpadTopITHIEHA,
TpaHcGOPMaTOPHOro Macja ¥ BOJbI, KOTOpas Ha MMIyJAbcax ¢ KPYTHIM (hpoH-
TOM 00J1afiaeT MPOYHOCTBIO HECKOJbKO NecsiTKOB KB/cM. PaGouuit’ mHTEpBa/I
TeMnepatyp AJd noautTerpadTopsTHiaeHa U TpaHCHOPMATOPHOro Macja co-
craBu1 —40+ 4 100°C. ITpoGuBHBIe HanpsizKeHust JJs1 BOAbl U TpaHchopma-
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TOPHOrO Maciia B HHTepBaJe TeMneparyp or +15 o 100°C usmepsaauch npu
Pas/HYHON KPYTH3HE (PPOHTA MMIIY/bCA MOJOKUTENbHON noasipHOcTH (OT 10
no 1250 Ke/micek).

" MeTtoauka akcnepuMeHTa

TemnepaTypHble 3aBUCHMOCTH TpaHCHOPMATOPHOro Macja, BOJAbI TEXHH-
YECKOH OUHCTKH M IOJNUTETPA(TOPSTHIEHA HCCIENOBANHCh B TepMOKamepe
tuna MIIC-500 c nHTepBasomM pabouux Temmepatyp ot —70 mo +100°C
.M CIIeLHaJbHO CMOHTHDOBAHHBIM BBLICOKOBOJbTHBIM BBOJOM Ha HMIYJbCHOE
nanpsizkeuue 300 k8. TemmepaTypa B KaMepe H3Mepsiach JCKTPUUECKHM H
PTYTHBIM TepMoMeTpaMu ¢ TouHOCTbIO A0 1°C. TIpoGuBHbBIE XapaKTepHUCTHKIT
CHHUMAJIUCh Ha 3JEKTPoAaX <«CTep:KeHb — IIOocKocThb». Ha MOﬂHﬁILQHObiII%
CTepPIKHEBOH 3JeKTPOJ AHMaMeTPoOM 3 Mmm C yrJoM KoHyca npu Bepune 30
YI0J1aBaJIMCh OJMHOYHBIE MMIYJIbCH MOJIOKUTEIbHOH ToasipHocTu. Jlarynnas
IJIOCKOCTb auamerpom 90 mm 3asemasinach. Paccrosinve mexny 3/IeKTPOJLa-
MH 2 MM. DIEKTPOAHOE YCTPOHCTBo MOMelladock B (Hap(opoBbiil COCYA

nuamerpom 120 mm.

HMcTouyHMKOM OJHOKPATHBIX BBICOKOBOJIBTHBIX HMITYJBCOB CJIYZKHJI MHO-
TOCTYNEHYATHIl TeHepaTOp MMIMYJIbCHBIX HANPSKEeHHH C MaKCMMaJbHOH aM-
nautypoit 400 k8 u emkoctbio B paspsae 12000 ni¢h. Bennurna npoOUBHOTO
HaMps2KeHHUsT perucTpupoBanach ¢ nomombio ocuuanorpada OK-19, Bxio-
YEHHOTO uepe3 akKTHUBHBIA jgenutenb conmpotuBienuem 8200 ox. IIpounocte
TpaHcGOpPMaATOPHOrO Macja B CTAHIAPTHOM MacJONpoOOHHHKe cocTaBJisgja
35 k8. YienpHOE compoTHBJAeHHE BOAbI Gbl1o paBHo 1,510 —%om-cu.

O6pasupl nonurerpadTopITHIACHA NPSIMOYroJbHOH (OPMBEI pasMepamu
30>30X5 mk mapesasuch Ha (ppe3epHOM CTaHKe U3 JIHCTOB OAHOH MapTHH
nocrynienus. Jlas ycrpanenusi KpaeBoro s¢dekra B 00pasiiax BbICBEpJIHBa-
Jlach KoHMYecKas JyHka ¢ yraom 30°. TosnuiuHa o6pasunoB KOHTPOJHPOBA-
Jgace npu6opom M3B-1 ¢ tounoctbio mo 0,01 mm. [Iasi uckaioueHus: mepe-
KPBITUSl 00pasloB M0 MOBEPXHOCTH NMPU BHIOPAHHBIX JHHEHHBIX -pasMepax
o0pasipl NOMellaJuch B TpaHcPOpMaTOpHOE Macio.

[Taprus 06pasios noauTeTpadTOPITHAEHA, a TAKKe KHAKHE NUITEKT-
PHKH nepej] mpo6oeM Npu 3aJlaHHOH TeMmIlepaType BbIAEPXKHUBAJUCh B T€PMO-
KaMmepe He meHee 30 MUH.

[IpoGoii :xunkoctTeit 1 06pas3ioB NOAUTETPpADTOPITUIEHA TPOBOIUJICS HA
(hpoHTEe OoAHOKpaTHOrO HMMyJabca. Kaxkpasa Touka NOJyYyeHHBIX XapaKTepHuc-
THK IIOCTpOeHa Ha ocHOBe 06pab6oTku 20 u Gosee OCHHJIOTPAaMM MPOOGOS.

PesyabTaThl akcnepuMeHTa M HUX O0OCYXKJAeHHe

Ha puc. | npuBesensl 3aBHCHMOCTH NMPOOGUBHBLIX HANPSIZKeHUH TpaHchOop-
MaTopHOro macnia (Kpusasi 3), BOAb (KpHBas 2) u moauteTrpadTopITHIEHA
(kpuBasi 1). MMnyabchl MOMOXKHTEJNBHOH MOJSIPHOCTH, KPYyTH3HA (hPOHTA
250 xs/mkcex. Tonuuna B Mecte mpoGost 2 mM. :

B unrepsane temnepatyp ot -+20 mo +4-90°C npoGuBHOe HanpsiKeHue
noauTerpadTOpITUIEHA JJS AAHHBIX YCJAOBHUII ONbITA OCTAaBAJOCh HEM3MEH-
HBIM B CBSI3M C JIOCTATOYHO BBICOKOH TePMOCTOMKOCTBIO MaTepuasia (Makci-
MaJsbHast pabouas temnepatypa Gosee 200°C). C yMeHbIIeHHEM TeMmepaTy-
pot o1 +20 10—10°C npoGuBHOe HampsKEeHHE MOJHTETPAaPTOPITHAEHA CHH-
xkaercqa Ha 10—15%, a 3atem mo Mepe HgasbHefimero yMeHblleHHsl TeMIepa-
Typbl Bo3pacraer U npu temnepatype —40°C cTaHOBUTCS TaKUM JKe, KaK U
Npu HOpMaJabHOH Temmnepartype. MoxKHO mosaraTh, YTO HEKOTOpOe CHHUMKEHME
NPOOMBHOTO HAaNpsi?KeHMs CBSI3AHO C HAJHYHEM BHYTPEHHHX MeXaHHueCKHX
HanpsikeHui. Eclim npu MOHMKEHHBIX TeMmepaTypax MOJHTeTpadTOpP3ITHIEH
BBII€PKUBATL Ooslee JTHTENbHOE BPEMsl, BHYTPEHHHE HAMPSKEHWs, CBA3aH-
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Hbl€ ¢ H3MEHEHHEM COOTHOILUEHHMSI MeXKAY KPUCTAJNIHUeCKOHd U aMophHOU ¢a-
3aMH, CHUMAIOTCAd H He OKAa3blBAIOT BJHUSHUSA Ha MeXaHHYeCKylo, a Takxke H
9JIEKTPHUYECKYIO MPOYHOCTh MaTepuaJsia. Tak, npu BbelAepKKe BpeMeHH 00pas-
o npu temneparype —20°C, paBuoit 3 uac (Bmecto 30 MuH.) EBeautH-
Ha MpoOHMBHOIO HaNpsI?KeHUs1 COCTaBHsa 77 K8, T. €. 0OKa3aJjachb paBHOH Ha-
npsizkeHuio npu temmneparype -+ 20°C.

iy Um,ﬁd ; +
TR S D RS e
c o o Xt
~
\
80 e e
C T o )
60

S50 20 0 20 40 60 t°c

Puc. 1. Temmeparypnble 3aBHCHMOCTH WMIYJbCHBIX MPO-

OUBHBIX HAamNpsKEHWH moJuTerpadropstuiena (kpusag 1),

BOJIbI TEXHHYECKOH OYHCTKH (KpHBasi:'2) u TpaHcopMaTop-

Horo wmacgaa (kpuBasi 3). KpyrusHa ¢ponra umnysanca
250 kx8/mKcex

B uccrenoBaHHOM HHTEpBaje TeMmepaTyp NpPOOHUBHBIE HaTpSzKeHHsT
TPpaHC(OPMATOPHOTO Mac/ia H BOJAbl TPAKTHYECKH OCTAIOTCA HEH3MEHHBIMH
H IPeBBIIIAIOT NPOOHBHOE HamnpszKeHHe mosaurerpadropatusiena. [locaennee
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Puc. 2. 3aBiCHMOCTH HMMIYJLCHBIX NPOGHBHBIX  HATpSAKEHHIl

TpaHC(OPMATOPHOrO Macaa (KpuBble 1, 2, 3) W BOJABI TEXHHUECKO

OYMCTKH (KpuBble 4 ,5, 6) OT KpPyTH3HBI (GpOHTA HMIyJLCA TNpH
: pasJIMYHbIX TeMIepaTypax. 5

1l n4—t=15C, 2 u 5—t=60°C, 3 u 6 —t=98°C

YKa3blBaeT Ha BO3MOXKHOCTb HCIOJIb30BAHUS BOJbI TEXHHUECKOH OUMCTKH mpH
UMIyJIbCaX ¢ KPYThiM (ppoHTOM (250 K68/MKcex u Gosiee) B KauecTBe H30Jsi-
UHOHHOH cpennl. [IMoTHOCTL BOABI ¢ pocTOM Temmepatypbl oT 15 1o 98°C
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ymenbinaercs: ot 0,01 go 0,002 [13]. Takoe He3aHauHTeJBbHOE H3MEHEHHE MJIOT-
HOCTH BPSIJ JIM OKaxKeT CyLIeCTBEHHOe BJMSHHE HA BpeMdA paspsila U COOT-
BETCTBEHHO Ha BeJHUYHHY pas3psifgHOro Hampsizkenus [l].

Ha puc. 2 npeacraBienbl 3HayeHUst APOOUBHBIX HANPSAXKEHHH TpaHcdOp-
mMaTopHoro macna (kpusble 1, 2, 3) u Boabl (KpuBble 4, 5, 6) Ha uMmyJabcax
TNOJIOXKUTEIbHON IMOJNSIPHOCTH C Ppas3JuyHON KpyTu3Hoi ¢ponrta. Paccroanue
MeXKIy 3JeKTpogaMu B Mecte mpoGosi 10 mm. PaGoune remnepartypul + 15:
+-60 u +98°C. :

M3 puc. 2 crenyer, 4T0 ¢ POCTOM KPYTHU3HBI MMIYyJ/JbCa MPOOHBHBLIE Ha-
. IPSIZKEHUsI MPH BCEX HCCJAeJOBAHHLIX TeMIepaTypax Bo3pacTaloT. DTO BIOJHE
corJiacyeTcsi ¢ M3BeCTHBIMU paHee MaHHBIMH [l, 3] n 0OBsACHAETCS fABJAEHHEM
3amnasjblBaHus paspsna. :

HekoTopoe CHHKEHHe NPOOHBHBIX Hanpsixenuit (15—20%) Boasl H
TpaHcOpPMATOPHOTO Macja NMPH HOBHINEHHBIX Temmnepartypax (98 u 100°C)
Ha uUMnyJabcax KpytusHoil meHee 100 xg/mxcex, BepOATHO, CBSI3aHO C TEM,
yTO NpH GOJBIINX BpeMeHaX BO3AeHCTBUS HANPSIKeHHs1 pa3psiji MOXKET pas-
BUBATbCS IO Ta30BBIM My3blpbKaM. Ha KpyTbix HMMIyJabcax TIa3oBbIE
My3blpbKI, KaK U JpyTHe BKJIOYEHHS B KU/AKOCTH, BJHUSIHUS Ha MOpPOMBHOE
HanpsiKeHHe He OKa3biBaloT.

BblBOIU:I

1. Ha umnyabscax ¢ KpyTuaHoil pponrta 250 x8/mkcexk u Gojiee Bomxa Tex-
HUYeCKOH OUMCTKM MOXKET HMCIOJb30BaThCsl B KauecTBe HBOJIprIOHleH KU
KOCTH.

2. B unrepBaje temnepatyp or —40 10 490°C (mas Boabl ot + 15°C)
NpOOUBHBIE HANPSXKEHUsS TPAHCPOPMATOPHOTO Macaa, BOAbI H MOJUTETpad-
" TOp3THJIEHA PaKTHYECKH OCTAIOTCS HEH3MEHHBIMIL. ITO yKa3biBaeT Ha BO3-
MO}KHodTb HaleXkKHOH paGoThl B HCCIEOBAHHOM HHTEpPBaJjieé TEMIEePaTyp Bhbi-
COKOBOJIbTHBIX YCTPOMCTB C MCIOJNb30BAHHEM BOIBI U TPaHCHPOPMATOPHOLD
MacJa.

JINTEPATYPA

he 1. T. 1. CxanaBu. Pusuka ausnekTpukoB (o6.1acTb CuibHBIX moaei), THUOUJI,
958.

2. Derante R. W. J. Appl. Phys. 10, 514, 1959. . "

3. A. P BauabTtep. Pusuka aussiekrpukos, [TTU, 1932.

4. Edwards. W D. Canadian. J. Phys. 29, 310, 1951.
i 51.9g4rowe R, W..iBrawge J.. K:vand SHarbauwgh A "H.J. Appl. Phys. 25, 3;

6. Goodwin P. W. and Mackfadyen K. A. Prac. Phys. Soc. Sondon, B 66,
8b.°815,: 1953

7.A. A, Bopo6beB, U. A. [Ipuxoabko. Tpyam COUTH, 4, 31, 1938.

8. Calderwood J. H, Cooper R. Proc. Phys. Soc. B66 74, 1953.

9. Keller K. Physica 17 oL, 71951

10. A. ®. Baua bTep nuJl. 1. Uuare. )KOT® 10, 1034, 1940.

I1. Vermer J. Physica 20, 313, 1954.

12. Hippel A. J. Appl. Phys. 8, 815, 1937. )

13. 0. Keit u T. JI36n Cnpasqum{ ¢dusnka- 9Kcnepnmemaropa HNWJI, 1949.



