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BJIUAHUE TEMNEPATYPbI HA UMNYJbCHOE NPOBUBHOE
HANPA)XEHUE HEKOTOPBIX TBEPABIX IMOJHUMEPHBIX
AHUDIJNEKTPHKOB

B. B. KPHBKO, 0. 1. JIEXT

(Ilpepcrabnena cemuwmapoM HHWW Bmcoknx Hanpaxenuit)

Bnaropapsi 3HauuTeJNbHBIM YCIEXaM XHMHH B IOCJAefHee IeCSTHICTHE,
H30J5ILHOHHAs W KaOeJbHag TeXHHKA MOJAYUHIH GOJbIICE  KOJHUECTBO
HOBhIX TOJHMEPHLIX AHSJEKTPHKOB C AOCTATOYHO XOPOLIMMH 3JEKTPOdpuzH-
YeCKMMH XapaKTePHUCTHKaMH (MOJMMETHJIMeTaKpuJaarT, IOJHUITHIEH, MHO.IU-
TeTpadTOPITHIIEH, MOJHUCTHPOX H [P.).

Hlupokoe BHeApeHNe BBICOKOBOJABTHOH W OCOGEHHO 'HMOYJALCHOI
TEXHHKH B DA3JIMUHLIC TEXHOJOTHUECKHe Mpolecchl 00yC/jaOBJAHBAECT HEOHXO-
JUMOCTb CO3[aHHA CIHELHAJbHBIX H30JSIIHOHHBIX KOHCTPYKIHMIT U BBICOKO-
BOJIbTHBIX Kalesiell ¢ HCHOONbL30BaHHEM H IIOJHMEPHBEIX MAaTepHaJloB.

Juanason paGounx TeMmMmepaTyp LEeJAOro psja BLICOKOBOJLTHBIX yCTa-
HOBOK U YCTPONCTB AJS OTAEJbHBIX paiiCHOB CTpaHLl MOzKeT ObLITh
— 50 + 4 70°C. Tlosromy u3yueHHe 3JeKTPHUYSCKHX CBOWUCTB TMOJAMMEPHBIX
MaTepuaJsoB B IIMPOKOM HHTEpBaJe TeMIepaTtyp MNPEeACTAaBJASCT HAYUHBbIA H
NpakTHUeCKHi HHTepec.

B Hacrodiiee Bpems yxke HMeeTcs OOJbIIOf 3KCIEPUMCHTANbLHbBIN Ma-
tepuan {l—4] Do HCCAEAOBaHHUIO TEMIEpPATYPHBIX XapaKTePUCTHK pPa3Ho-
00pasHbIX NOJUMEPHBIX AH3JMEKTPUKOB. OJHAKO JaHHBIC MO BJIHAHHIO TEM-
nepatypbl Ha HMIOYyJbCHOe TIpOOHBHOE HaINpsAKCeHHE [OJHMEPOB mpH
Pa3JUUYHBIX BpEeMeHaX BO3JEHCTBHA HANPSIXKEHHSA OTCYTCTBYIOT.

'Pa6ora moCBfAIIEHA  HCCAENOBAHHIO  HUMIYJBCHBIX — XapaKTePHCTHK
npo6osi B HEOAHOPOAHOM IIOJI¢ HEKOTOPBIX  IMOJHMEPHBIX JHIJEKTPUKOB
(nonuteTpadTOP3THICH, IOJUITUNCH HU3KOO M BEICOKOrO JMaBJIeHHST) TPH
temneparypax oT —40 no + 90°C. Pesyabratel paGoTel MOryt ObiTh
MMOJIE3HE NPH KOHCTPYMPOBAHHH H3OJISIHH CIHEIHAJbHBIX BbICOKOBOIDTHDIX
HMITyJIbCHBIX YCTAHOBOK H Kabeuedl.

Meroauka 3kcnepHMeHTa

O6pasnbl 43 NOJHMEPHBIX MAaTepHAJOB NPSIMOYrOAbHOH (OPMBL pas-
Mepamu 30 X 30 X5 mm Hapesanuch Ha ¢hpesepHOM CTaHKE H5 JHCTOB
H 610KOB OfHOH mapTum nocrynaedus. s ycTpaHeHus kpaesoro s¢dex-
Ta B ofpaanax BHICBEpJaHBANach KOHMYecKas JyHKa ¢ yraom 30°. Tomuusa
06pa3noB B MecTe npobos Obla NMPHHATA 2 MM U KOHTPOJHPOBAJACHL TIPH-
6opom HM3B-1 ¢ rounoctpio mo 0,01 mm. HecaenoBauus INpOBOIHIHCH
B TepMokamepe tuna MIIC-B00 c uHTepBallom pafodux TeMmmeparyp or
—70° mo + 100°C u crmeu#asbHO  CMOHTHPOBAHHLIM  BBICOKOBOJIbTHBIM
peogom Ha 300 xs. Temmeparypa B KaMmepe HU3MEpPANach 3JMEKTPUUCCKHM
H DTYTHBIM TepMOMeTpamMH ¢ TouHocthic jgo 1°C. *
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[Taptusi ob6pasuos nepex npoGoem UpH 3aLaHHON TEMIEpPAType Bhi-
AepXKHuBanace B TepMokamepe He meHee 30 MHH.

[Ipo6uBHBIE XapaKTEPHCTHKH CHHUMAJHCh Ha 3JEKTPOAAX «CTePIKeHb—-
NJ0CKOCTb». MoMUGACHOBBIH CTEPKHEBON 3JEKTPOJ JHAMETPOM 3 MM HME]
xonyc 30° Tlaockocrs auamerpom 90 mu BhimodHAnach M3 JaTyHdH. OpHo-
KpaTHble WMIYJ/bChl MOJOXHUTEAbHOR MOJAPHOCTH MOAAaBa/JHCL Ha CTEpXKeHb,
MAOCKOCTb 3a3eMJs/1ach. IJJEKTPOAHOe YCTPOHcTBO ¢ 06pa3uoM moMella-
Jd0cb B (papopoBblil cocyn auamerpom 120 mm, 3anonHeHHBI!l TpaHchOp-
MAaTOPHbIM MACJIOM C 5J€KTPHYECKOH NPOUHOCTLI0 45 K8 B CTAHAAPTHOM
MacaonpoGOAHHKE. ITO HCKJII0YAJ0 BO3MOXKHOCTb NEPEKPBITHA 00paslos
N0 TMOBEPXHCCTH NpU Bbl6PAHHBIX JHUHEHHBIX pa3MepaX 00pasuoB.

HeTouHHKOM OJHOKPATHBIX BbICOKOBOJIBTHBIX MMIIYJbCOB  CJIY 2KHJI
MHOTOCTYMEHYATHIYl TeHepaTop MMIYJAbCHEIX HAMNpPSIXKEHUH ¢ MaKCHMaJbHOI
ammautynoit 400 k6 m emxocrbio B paspage 1200 nk¢p. MunnuMmanbHAd
InuHa @ponTa wuMmyabca cocraBassna 0,2 mkcek M yBelHuHBaiach N0
4 MKCeK BKIKOYEHHeM B cXeMy (OPMHDYIOIIHX HHAYKTHBHOCTH 6 meH 1
eMKOCcTH 160 nk¢g. Benwunna npoGHBHOTO HANPSIKEHHA DPETHCTPHPOBANACH
¢ nomowpk ocnuanorpada OK-19M2, BkaoueHHOTO uepe3 aKTHBHBIA [e-
JaaTesib conporuBiacHueM 8200 owm.

[Tpo6oit 06pasuoB mpoBoauaca Ha (POHTe OAHOKPATHOIO HMMIYJbCA.
Beposithocts npoGost npuHuMmadgack pasHoit 90%. Kaxaas touka mosyueH-
HBIX XapaKTePHCTHK I0CTPOeHa Ha OocHOBe o0pabotku 20 u SoJsice OCLHIIO-
rpamm npob6os.

PesyabraTel sKcnepumeHTa H HX OGCYXKACHHE.

Ha puc. 1 mpencraenienbl 3aBHCHMOCTH HMIYJbCHEIX TPOGHBHLIX Ha-
NpAKEHUH NOJUTETPAQTOPITHIEHA B HEOAHOPOJHOM MOJE OT TeMMEepaTypbl
npH KpyTH3HAX (poHTAa uMnyabca a==500 «xe/mxcex (xpuBas 1),
a = 250 ke/mrcerx (xpusas 2) v a = 30 x6/uxcex (xpuBas 3). HMmymbcsl
TIOJIOAHTEBHOH NOJSIPHOCTH, TOJILIMHA 06pasLoB B MecTe npoboss 2 ym.

C yBennuenwem KpyTH3HBI HMIyJbca NPOOMBHOE HaNpsIKEHMe TOJH-
TeTpa(pTOPITHIEHA NPH HEH3MEHHOI TeMIeparype M NPOYHX PABHEIX YCJIO-
BHAX BO BCeM HCCJEIOBAHHOM JHama3oHe TeMmeparyp ot — 40 po +90°C
Bo3pacraer. Hanpumep, aas  Temmepartypst + 20°C n xpytusus 30, 250
1 500 xs/mrcex mpOGHBHBIE HANPSAMKEHUSI COOTBETCTBEHHO pPaBHH 65, 75 u
80 xe. IlosyuenHoe B HaWIUX ONLITAX YBEJHYEHHEe MPOGHBHOrO HAIpPSLKe-
HUSl C POCTOM KPYTH3HEI (PPOHTA HMIIyJbCa CBSI3aHO C ABJCHHEM 3aMa3ibl-
BaHHg paspsiia H XOPOWUO COIJIaCyeTcs ¢ HM3BECTHBIMH  JaHHBiMH [6—7].
B unreppane temmepatyp or 20 po 70—80°C npoOuBHEIe HANpsKeHHS AT
BCE€X KDYTH3H OCTAlOTCA Heu3MeHHbIMH., C gajbHefAIIHM pOCTOM TeMIepa-
Typhl Bbille 80°C mMeeT MeCTO HEKOTOpas TEHACHUUSI K CHHIKEHHIO NpOGHB-
HBIX HanpsiXKeHHH, NpHYEM MAaKCHMAaJbHOC CHHMKEHME OT 3HAYeHus INpH
HopMaJjbHOlI Temneparype (20°C) ue mnpeswimaer 79%. CoxpaHeHue mnpo-
OMBHOrO HaNpAXKEHHS NMPAKTHUECKH HEH3MEHHBIM INPH IOBBLIIEHHbIX TEMIIe-
paTtypax 3aKOHOMEpHO, TaK Kak mnoaurerpadTopaTHIeH ob6Jajgaer BHICOKOH
TePMOCTORKOCTBIO. 3aMeTHOe M3MeHeHHe (U3HUECKHX CBOHCTB HabJogaercs
npu temneparypax shille 200°C [2]. ‘

YMmenblileHde teMmiepatypu ot 20 g0 — 10 -+ — 20°C BHI3LIBAET CHUKE-
HHe NpOOKHBHLIX HANpPAXKeHHH B cpeaHeM He Gosee, yem Ha 15%. C nanabHeii-
IIUM [OHHXKEHHEM TeMilepaTypbl (120 — 40°C) npoGuBHBle HANPAXKEHHA BO3-
pacramT A0 3HAYEHHH INIPH HOPMAJBHOR TeMmmepartype.

IIpn ymeHblleHHH TeMIepaTypbl OT HODMAJbHOR B MOJHMEPHBIX K-
3J1€KTPUKAX MPOMCXOAUT M3MEHEHHE COOTHOLIEHHS MEXIy KPHUCTAJNIHIecKoil
n amoptuoi dasamu [2]. C yBenuuennem KpucTadIH4ecKo# (has3bl THIIEKT-
pUKa ero MeXaHUUYecKasl, a PaBHO M 3JEKTPHUYECcKast IPOYHOCTH BO3PACTANOT
[5). C mpyroii cTopoHbl, IpH M3MEHEHHH CTPYKTYPHl JOJNIKHBl BO3HHKATD
BHYTPEHHHE MEXaHHUECKHE HAMPAXKCHHSA, KOTODHE IPHBOASAT K CHHIKCHHIO
NpoOHBHBIX HaNpsiKeHHH. ‘
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BeposTHO, 4T0 B TeMmepaTypHOM HETEpBaje CTPYKTYPHBIX H3MEHEHMI
maTepnagta (+ 20 — 20°C) B yc/l0OBHSAX IAHHOrO ONbITa TPH CPABHHUTENBHO
. Majoil BeiepxkKe o6pasuos mpu HeusMmenHo#t Temneparype (30 MuH.)
NpeBaJHpyloliee BJAHSAHHE OKasblBaeT BTOpoil ¢aktop. [lostomy B yKasaH-
HOH 06J1acTH TeMIepaTyp HMEeT MECTO CHIXKeHHe MPOGHBHLIX HaMPSAMXKEHHI.

Hockonbky npu npoGoe na Gosee HU3KHX TemIleparypax ob6paslibl 110
Mepe OXJMaXJAeHWs HaXOAWJIHCh B KaMepe GoOublllee BpeMs, MeXaHHYCCKHC
BHYTPEHHHE HaNpSIKeHHUs MOIJW CHUMATbCS, H MOCTENEHHOE YBeJH4YeHHe
KpucTannnyeckoil ¢asm noaumepa oGyC/HOBIHBAJIO BO3pacTaHHe MPOOHBHBIX
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Puc. 1 TemmnepatypHble 3aBHCHMOCTH HMAYAbCHBIX TPOGHBHBIX
HAMPSAMKEHUH TONHTeTpAadTOPSITHICHA NPH PAa3JHUHLIX KDPYTH3Hax
¢ponta. 1—a=500 «ka/MKCceK; 2—a=200  kg/micek; 3—
' a=30 ke /mrcex,

HanpsKeHuil. BollienanoxeHHoe oObsACHeHHE H3MEHEHHS 3JeKTpOMexaHHue-
CKHX CBOWCTB MaTepHa/ja ¢ M3MCHeHUeM TeMIIepaTypbl IOATBEPIKAAETCS Ha-
IUMM JONOJHUTE bHBIM onbiToM. [lpu TemnepaTtype — 20°C o6pasunl Bbi-
AepXKHBANKCh B TeueHHe 3 yacoB (BMecto 30 muH). Bennunna npoGUBHOIO
HanpsiKeHHs: IPH KpyTH3He 250 K6/mKcek cocTaBuaa 77 K6., T. €. 0Ka3ajaoch
NpakTHYECKH PABHOH HATPSIXKEHHIO TIPH HOPMAJbHOH TeMmepartype.

Ha puc. 2 npuBeenbl 3HadeHHss NPOOUBHLIX HANPAMKEHHH NMOJHITHIEHA
BBICOKOH MJIOTHOCTH (KpuBbhle 1,3) u HH3KOH naorHoctd (Kpusbie 2,4) cOOT-
BETCTBEHHO Aas KpyTH3Hb ¢poHTa 500 n 30 xe/mxcex B MHTepBaJje TeMile-
patyp or — 40 po + 90°C. Tomuuna o6pasiuoB paBHa 2 MM, 3JKTPOILI
CTepPKeHb IJIOCKOCTb, HMIYJIbCH TOJOKHUTEJIbHOH MOJSAPHOCTH.

3aBHCHMOCTH MPOOHBHBIX HANPAKEHHH NOJHITHJIEHA U NOJUTETpadTOp-
3THJIEHA OT TeMIepaTypbl NOAOOGHBI. JTO BIOJHE eCTECTBEHHO, Tak Kak 004
noauMepa HENoJIsIpHBIE H HMEKT NPHMEPHO OXHHAKOBHIE 3/1IEKTPODH3HYECKHE
XapakTepuCTHKH /g, tgd/ [2]. OcHepuble TOIKOBAHUS TeMNepaTypHO# 3aBH-
CHMOCTH NpPOOUBHBEIX HANPSKEHHH MOJHTETPa(TOPITHIEHA JONYCTHMbBI H
ansa nojaustuneHa, OaHakKo ciaeayer ykKasaTb, 4TO B CBfI3H C IOHHMIKEHHOH
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TEPMOCTOHKOCTBIO TMOJHITHICHA €ro NpoGHBHbIC HanpsxKeHust Gojee KPyToO
CHHMZKAMOTCA C TIOBbIIEHHEM TeMmepaTypbl. TeMruepaTypHbIi HHTEpBas HEH3-
MEHHBIX IPOOGUBHBIX HANpSKCHHH cABHUTaercsi B 00/1acTh Gojice HU3KHX TeM-
neparyp (60 — 70°C).

Pe3yibTathl 3KCIEPHMEHTa MO3BOJSIOT CHENaTh BHIBOMBI:

1. B untepsane TeMnepatyp or — 40 no -+ 90°C npoOuBHble HampskKe-
HHSl NOJUTETPadTOPITHICHA M HONHITHIEHA BBLICOKOH MJIOTHOCTH C yBeJH-
YEHHEM KDYTH3HBI ()pOHTa HMIYJbCa BO3PACTAOT-
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Puc. 2 TemnepaTypHple 3aBHCHMOCTH HMIYJbCHBIX NPOGHB-

HBIX HalpSKEHUH [OJH3THJAEeHA BLICOKOH M HH3KOH NJOT-

HOCTH IIDH PAas/JHYHBIX KPyTH3HaxX ¢ponrta. | — noaustu-

JieH BBICOKOH NJMOTHOCTH, a = 500 ke /MKrcex, 2 — monusTii-

JIeH Hu3KOH MIOTHOCTH, a = 500 Kk8/mxcex, 3 — NoaHITHACH

BLICOKOH ILIOTHOCTH, a ==30 K8/MKcex, 4 —- NodH3THICH
HUBKOH TAOTHOCTH, a == 30 Ka/MKCeK.

2. IlpobusHele HAanpsKeHHS MOJHTETPa()TOP3THICHA B HHTEPBAJe TeM-
neparyp ot 20 ao 80°C u moausthaeHa or 20 mo 70°C ocramTcs mpakTAue-
CKH HCH3MEHHBLIMH.

3. YBeqnuenne Temmepartyphl Beille 70°C NIPHUBOAMT K PE3KOMY CHHXKe-
HHIO MPOOGHBHOIO HANPAMKEHUA IOJHITHICHA.

4. Jlas uccneloBaHHBIX HOJMMEPGB B AuHala3oHe TemMmepatyp or 20 0
— 20°C mpu BbiEpXKKe 06pasnoB IIPH HEN3MEHHON TeMIEPaTypPe B TEUeHHE
30 MHHYT HMEeT MeCTO CHUXKeHHe MPOGHBHBIX HAINpSKEHHi, BBI3BIBACMOE
CTPYKTYPHBIMH H3MEHECHHAMH MaTepHaJta.
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5. YMeHblleHre npoGHMBHBIX HANPSIKCHHH MOJMHITHICHA H NOJHTETpa-
dbropsTHIEHAa MOXKeT He HabMONAaTbhCA, €CAH H3MEHeHHe B YKA3aHHO# ofJaa-
CTH HPOHMCXOJHT MAJIHTEJbHOE BpEMs, JOCTATOUHOE AJs CHATHS BHYTPEHHHX
Hanpsaxenud. EcrecTBeHHO, uTO onpegeseHHe TOYHOM TPAHHMIbLl  BIHSHHS
BpeMeHHOro (hakTopa NpH H3MEHEHHH TeMIepaTypbl Ha HMIYJbCHOe MpoO-
OHBHOE HaNpsIXKeHHe PAa3JHYHBIX MOJHUMEPOB TpeGyeT AONOJHHUTEAbHBIX 3K-
CIIEPHMEHTAJIBHBIX HCCAeJOBaHHUM.
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