
P8 - 7663 

H .r .AmnueHKO, 3 .HaopcKHii 

BblBOP 3REKTPOH30RHIJJ10HHhIX MATEPHMOB 

,n;nH KPHOrEHHhIX 
H CBEPXIIPOBO,n;Hll\HX YCTPOHCTB 

·-· 

H HCCRE,LJ;OBAHHH HX ~H3HqECKHX CBOHCTB 



)61,e,11HHeHHoro liHCTHTYTa a,11epHbIX 

liCCJI8,[IOBaHHH 

HJ! - O6'be):IHHeH110ro HHCTHTyTa Jl):lepHbIX 

UOTCJI caMOCTOJITeJibHblMH rry6JIHI<aUHHMH. 

TBHH co CT. 4 YcTaBa OHJIH. OTJiuque 

1aKJIIOtJaeTCJI B TOM, qTo TeKCT rrperrpHHTa 

HJBe.zreH B KaKOM•JIH6o HayqHoM )KypHaJie 

<e. 

J1H.QeKCaQHH 

nerrOHHPOBaHHbie rry6JIHKaUHH OHJIH HMeIOT 

COBYIO HyMepaUHIO,COCTaBJIJIIOIUYIO rrocne.zr-

6yKBeHHhll - MO)KeT 6hlTb rrpe.zrcTaBJieH 

,M Jl3b!Ke; 

:cK0M Jl3bIKe; 

!TCJI Ha pyCCK0M H aurJIHICKOM Jl3b!Kax. 

' K0T0pb!e paCCbIJiaIOTCJI T0JibK0 B CTpaHbl" 

X HH,U:eKC0B He HMeIOT. 

6yKBeHHbIM 0603uaqe1meM, orrpe.zrenHeT 

HHolny6JIHKaUHH.ITepeqeHbTeMaTHqecKHX 

p!i0):llltJeCKH paCChlJiaeTCJI HX II0JiyqaTeJIHM. 

,Hile. npocTaBJIJIIOTCJI B rrpaBOM BepxHeM 

M nncTe Ka)K.zroro HJ.zramrn. 

CcbIJIKH 

;bmKax Ha- rrperrpHHTbI u coo6iueHHll OHJIH 
,.: HHHUH-ailbl ,H q>aMHJIHIO aBTopa, .zranee -

qHCTHTy.:r;:t • n3.zra TeJIJI, HH):leKc, MeCTO H ro.zr 

ml CCblJIKH: 

4985, 4y611a, 1')71. 

P8 - 7663 

H.r .AmnneHKO, 3.HeopcKHii* 

BbIBOP 3REKTPOM30Rffi.JJ101-1HhIX MATEPMMOB 

,l);RH KPMOrEHHblX 
M CBEPXTIPOBO,ll;HIUMX YCTPOHCTB 
M MCCRE,ll;OBAHJ1H MX ~M3MqECKMX CBOHCTB 

OHS:lH 
5MS.nHOT£KA 

* 'VUKI - Hay•rno-1IccnenoaaTenbcKni1 liHCTliTYT 
Ka6enei1 Ii 1i30JIHUliOHHhlX MaT~plianoa, r.EpaTncnaaa, 
t.fccp • 

... 



S u m m a r y 

A number of papers/1~5, 11~13/ are devoted to investigations of 
electroinsuiating ~aterials operating under cryogenic conditions. 
However, in technical publications there is no common approach to 
the selection of electroinsulating materials for superconducting 
devices, and the obtained results are different to a great extent. 
That is why in this paper we have proposed the methods of research 
used in the division of physical investigations of VUKI (Brati~iava, 
Czechoslovakia) and cryogenic division of JINR (Dubna, USSR). The 
proposed consistency of testing dielectrics in cr;yo@l'lnic conditions, 
on their molecular level as well, allows not only the selection but 
also the development of new electroinsulating materials for'cr;yoge
nic technique. Short static tests (according to item 1~5) make it 

·possible to obtain fast enough the info=ation about the mechanical 
properties of materials under cryogenic conditions. These tests are 
the following : 1) heat stroke by liquid nitrogen; 2) determination 
of frost-resistant and glass temperatures; 3) detemination of the 
so-called thermomechanical graphs 11411 4) determination of static 
mechanical properties, and 5) determination of the coefficient of 
ther:nal linear expansion. Some results of these investigations are 
presented in figs. 4 1 5, 6, 7 and ~!.'able II. In particular, H is 
noted that the problem of the superposition of polymers and metals 
under cryogenic conditions arises and the knowledge about thermal 
expansions are extremely imP.ortant for the epoxY compounds used for 
impregnating the winding of superconducting solenoids 122+24/. The 
dynamic mechanical properties of the materials under cryogenic con
ditions (item 6) are dete=ined when measuring the dynamic elasticity 
modulus or dynamic percu, sion properties (figs, 8, 9a, 9b), Electrical 
investisations of the materials under cryogenic conditions conclude 
the determination of their short- (item 7 - Tables I, III and fig. 
10) and long-term (item 8 - fig. 11) electrical strength, p v 
(item 9 - fig. 1), E (item 10 - fig. 3} and tg~ (item 11 - fig. 
2). The dielectrics selected according to the experimental results 
(items 1~11) are subjected to thermal ageing (item 12),and then their 
srecific heat (item 13) and thermal conductivity (item 14) are deter
mined, The authors of this paper recommend to apply some dielectrics 
as electric insulation of superconducting devices. 
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Hccne,D,OBRHHHM cpu3uqeCKHX CBOHCTB 3IleKTpOH30nH

D;H0HHblX MaTepuanou npu KpuoreHHhlX TeMnepaTypax no

CBHl.l\eH pH,D, pa6oT, HanpHMep, 11 - 5 • 11 - 131. O,D,HRKO, BBH,D,Y 

6onbllIOH . cne:u;ucpuKH pa60Tbl ,D,H3IleKTPHKOB B KpHoreHHblX 

. ycnOBHJIX H OTCYTCTBHJI e,D,HHblX HOpM, CTaH,D,apTOB H MeTo

,D,HKH HCilbITRHHB HX cpu3uqecKHX CBOHCTB npu HH3KHX TeM

nepaTypax, ,D,aHHble pa3HblX RBTOPOB 311aquTenhHO 0Tnu1m
IOTCJI ,D,pyr OT ,D,pyra. K TOMy :lKe uccne,D,OBRHbl IlHillb oT

,D,enbHble CBOHCTBa ,D,H3IleKTPHKOB, a o6muii IlO,!J,XO,!J, K BbJ6opy 

3IleKTP0H30IlJl:u;HOHHblX MaTepuanoB, npHrO,D,HbIX K npHMeHe -

HBIO B CBepxnpOBO,D,JII:u;BX ycTpOBCTBax, B IlHTepaType OTCyT

CTByeT. B ,D,aHHOB pa6oTe Ha OCHOBRHBH 9IlbJTa, npH06peTe11-

Horo B OT,D,ene cpu3uqecKHX H3Mepeuuii VUKI /r. lipaTucna

aa, qccp/114.: 15/ H KpHoreHHOM OT,D,eneJIB30H.Httl16 , 17,25< 
npe,D,naraeTCH MeT.O,D,HKa HCilbITRHHB u o6I:u;HH IlO,!J,X0,!J, K Bbl-

6opy ,!J,H3IleKTpHKOB ,!J,IlH IlpHMeneHHJI B KpHoreHHbIX H cuepx -

IlPOBO,!J,Hl.QHX ycTpOHCTBa.X. 

KpoMe ocnoauoro caoero 11a3uaqe11HH - cny:lKHTh 3neKT

puqecKoii H30IlH:u;Heii, ,D,H3neKTpHKH MOryT npuMeHHTbCH 

D B KaqecTBe KOHCTPYKD;HOHHblX, 3RilHBOqffblX H nponuToqHbIX 

MaTepuanoa npu C03,D,aHHH KpHoreHHbIX H caepxnpOBO,D,HI:u;HX 

CHCTeM /KapKaCbI, IlO,D,BeCKH, HeMeTannuqecKHe KPHOCTaTbl, 

3RKpennenue BHTKOB o6MOTOK/. B 3THX cnyqaJIX Hey,D,aqffbIH 

Bbl6op MaTepuana ,!J,B3neKTPHKa MO:lKeT npuaecTH nH60 K 

napymeHHIO pacqeTHOH OJJ,HOpO,D,H0CTH IlOilH, nu6o· K 6onhllIHM 

MexaHuqecKHM nanpH:lKeHBJIM a caepxnpOBO,D,HHKe o6MOTKH, 

qTo MO:lKeT 311aquTeilbHO CHB3BTb ee KPHT·uqecKHH TOK. 

MO)IQIO Ha3BaTb TaIOKe H. neKOTOpble ,D,pyrue .· cnyqau 

npuMenenHH nonuMepoa a- KpuorenHhIX ycnoBBHX, - Hanpu

Mep, KpHoreHHbie MHilleHB B llp;epnoii cpH3HKe /l8,l_!?/. 
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Crreuu4mKa pa60TLI )J,H3neKTpHKOB B KpHoreHHLIX ycno

BHHX BeCLMa MHOroo6pa3Ha. Pa3HOCTL TeMrrepaTypHLIX 

yca,11,oK rronuMepoB H MeTannoB npu oxna:>K,11,eHHH OT KOM

HaTHoii )J,0 renueBOH TeMrrepaTypLI o6Ll1IHO COCTaBmleT 

0,7':- 2,30/o, qTO cpaB'.HHMO c BenuqHHOH ,11,e4>opMaI(HH npH 

pa3pLIBe 3THX )J,H3neKTPHKOB npH KPHOreHHLIX TeMnepaTy

pax, T.e. B03HHKaeT npo6neMa COBMelI(aeMOCTH nonHMepoB 

H MeTannuqeCKHX 3neMeHT0B KOHCTPYKI(HH 151; y nonHMepoB 

rrpu TeMrrepaType :>KH,11,Koro a3oTa /no cpaBHeHmo c KOM

HaTHoii/, HanpHMep, OTH0CHTenLHOe y,11,nHHeHHe npH paCTH

:>KeHHH )J,0 pa3pLIBa CHH:>KaeTCH B 50+100 H 6onee pa3 / 13/; 

3TH MaTepuanLI TepHIOT rH6KOCTL, CTaHOBHTCH xpynKHMH, 

a HeKOTOpLle B0061I(e pa3py111aIOTCH; 3HaqHTenLH0 MeHHIOTCH 

npH rny60KOM oxna)K)J,eHHH H )J,H3neKTpHqecKHe. H TerrnOBLJe 

CBOHCTBa 3neKTpOH30IlHI(HOHHLIX MaTepHanoB / 3 ,4/. TeM

rrepaTypuaH 3aBHCHMOCTL HeKOTOPLIX 4>H3HqeCKHX rrapaMeT

poB -3ileKTPOH3()IlHI(HOHHLIX MaTepuanoB IIPHBe,11,eua Ha puc.l, 
2 /14/ /15, 4 /21/. 

3neKTpHqecKaH IIpoqH0CTL CaMHX KpHoreHHLIX :>KH,lJ,KO

CTeH H ra3oB, B cpe,11,e KOT0PLIX pa6oTaeT :1neKTpuqecKaH 

H30IlHI(HH paccMaTpHBaeMLIX ycTpOHCTB, npHBe)J,eHa B 

111a6A. l •H Ha puc. 10 ! 9/. 

IIpe,11,naraeTCH BLl6HpaTL 3neKTpOH30IlHI(H0HHLle MaTe

puanLI )J,IlH rrpHMeHeHHH B KpHoreHHLIX ycnOBHHX no pe 3ynL -

TaTaM HCilLITaHHii, nopH,11,0K H MeTO,lJ,HKa npoBe)J,eHHH KOTO

PLIX yKa3aHLI HH:>Ke /n.rr •• 1 + 14/. 
TonLKO rrocne 3THX HCilLITaHHii peKOMeH,11,yeTCH npoBo

)J,HTL M0,11,enLHLle HCIILITaHHH Ha 3neKTpuqecKyIO H Mexauu

qecKyIO rrpoqHOCTL 3neKTP0H30IlHI(HOHHLIX KOHCTPYKI(HH pe

anLHLIX KpHoreHHLIX H CBepxnp0BO)J,HII(HX ycTpOHCTB. 

TaKOH IlO)J,XO)J, K BL16opy 3neKTPOH30IlHI(H0HHLIX MaTepua

noB, BKnIOqaIOII(HH H rrpe,11,cTaBneHHe O CBOHCTBaX rrocne)J,HHX 

ua ypoBHe ux MoneKyn11pHoii CTPYKTYPLI, no3BonHeT H co3-

,11,aaaTL HOBL!e MaTepuanLI C 3apaHee 3a)J,aHHLIMH CBOHCT

BaMH, cneuuanLHO npe,11,11a3HaqeHHL1e ,11,n11 KpuoreHHoii Tex

HHKH. 

1. HcnLITaHHH Ha TerrnoBoii ynap npOH3BO,lJ,HTCH O)J,HO

KpaTHLIM pe 3KHM norpy:>KeHHeM o6pa3I(a B :>KH)J,KHH a30T 

C rrocne)J,yIOII(eii rrpoaepKOH IlO)J, MHKpOCKOilOM Ha OTCYTCTBHe 
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Puc. 1. TeMrrepaTypuaH 3aBHCHMOCTL y,11,enLuoro 06'LCMHOro 
conpoTuaneHHH ,11,n11 nonHBHHHnxilopHJJ.a ./IIBX/, nonu:14>up
Horo /II3JI/ H KpeMHHiiopraHuqecKoro /KOJI/ naKOB. 
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Tpell{HH. Wnor.na npHMeHJleTCJI :UHKJI )Kll,r(KHH a30T - rop.SillaJI 
Bo,na. OcnoBaHHeM ,nn11 ,nam.ueiinmx ncnhlTannii .na1111oro 
MaTepuana JIBJIJleTCJI 6e3yCJIOBHOe OTCYTCTBHe MHKpoTpe
ll{HH. 

2. TeMnepaTypLI cTeKJioBaHHJI (Tc), Mopo30CTOHKOCTH (TM) 
H 3JiaCTH'IHOCTH(T ) onpe,neJIJIIOTCJI H3 rpa~HKa TeMnepa
Typnoii 3aBHCHMociH y,nenLnoii pa6oTLI, 3aTpallHBaeMoii Ha 
onpe,neneHHLiii BH.IJ; .ne~opMa:UHH 06pa3:ua MaTepnana. TaKue 
KPHBLie nonyllaIOT, nanpHMep, na 3proMeTpax nn6o H3rn6a11 
/Ha 180°/ 06pa3e:u /neHTY .r(JIHHOH 50 MM/ BOKpyr MeTan
JIH'-leCKOro npo~nn11 onpe,nenenHoro celleHHJI, JIH6o npoT111u
BaH. o6pa3e:U /.nnnnoii 100 MM/ B BH.IJ;e neTJIH '-lepe3 Y3KYIO 
menh /puc. 5/. O6pa3e:U IlOMemeH B KPHOCTaT, B KOTOpOM 
MO)K}IO no.n,nep)KHBa Th neH3MeHHOH n106y10 TeMnepa T YPY 
BilJIOTh .no TeMnetiaTyphl )KH,IJ;Koro a30Ta. B HCilhITaHHIIX, 

~6 
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Puc. 2. TeMnepaTypHa.SI 3aBHCHMOCTL TanreHca yrna ,n111-
neKTPHllecKHX IlOTepb .nm1 Il0JIHBHHHJIXJIOpH,na /IIBX/, IlOJIH-
3~HpHoro /II3JI/ H KpeMHHHOpraHH'leCKOrO /KOJI/ naKoB. 
li3MepeHO IlpH 50 I'll. 
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Pee. 3. TeMnepaTypHaJI 3aBHCHMOCTh .IJ;H3JieKTPHlleCKOH npo
HH:UaeMOCTH .r(JIJI IlOJIH3~HpHoro naKa /II3JI/ H pa3JJH'IHhlX 
BH.IJ;OB nonHBHnunxnopu,na /IIBX/. li3Mepeno npu 50 r11. 

·I 

npoBO.IJ;HMLIX B ·VUKI, o6LI'IHO npHHHMannch: TOJJil{HHa 
HCilhlTyeMLIX o6pa3:UOB 0,01-:-- 3 MM, IIIHPHHa 10 MM, IIIHpH
Ha meJIH B 3 .pa3a 6oJJLIIIe TOJIIl{HHhl HCilhITye_Moro o6pa3:ua. 
IlpH TeMnepaTypax HH:>Ke TM /oripe,nenJleTC.JI no MaKCHMYMY 
H3MepeHHOH y,neJihHOH pa60TLI/ Ha IlOBepXHOCTH l'-iaTepua.i:Ia 
IlOJIBJIJIIOTCJI MeJIKHe Tpell{HHKH, 'ITO KOHTpOJJHpyeTCJI no.n 
MHKpOCKODOM. 'IlpH TeMnepaType ~ o6pa3e:U npu HCilhITa

_HHJIX TpecKaeTCJI IlOJIHOCThlO. CelleHHJI MeTaJIJIH'leCKHX npo-
~uneii, BOKpyr KOTOpbIX H3rH6aeTCJI 06pa3e:u, MoryT- HMeTh 
IlPJIMOyronLHYIO, nonyKpyrnYJO HJIH KpyrnYJO ~OpMhl. 3nalle
HHJI ~ , TM , T 9 , BeJIH'-IHHhl K0T0phlx 3aTeM K0HTponupyIOTCJI 
H PB.IJ;0M nocne,nyIOil{HX .HCilblTaHHH /cM. n.n. 3,6/ , Il03BO
JIJIIOT .npaBHJihH0 BbI6paTb ,nuana30H _pa60'IHX .TeMnepaTyp 
,nnB ,naHnoro MaTepeana. 

. 3. TepMOMexaHH'lecKa.SI KpHBa.SI . /TK/; onpe.nen11eT n3-
MeHeHHe .ne~opMal(HH Ma.TepBana npH HeHJMeHH0M YCHJIHH 
H paBH0MepHO IlOBhIIIIalOI.QeiicJI TeMnepaType /nanpHMep, 

7 



AL 
T 

J0•tO' 

20 

10 

0 

-10 

-20 

-30 T(1<) 
0 100 200 300 400 500 600 

PHc. 4. llHHeiiHoe TeMrrepaTypHoe pacwHpeHHe /c)KaTHe/ 
Il0JIHMepoe ·no cpaBHeHHIO C KOMHaTHOH TeMnepaTypoii: 
IIT<P3 - IlOJIHTeTpacpTOp3THJieH /TecpJIOH/; crrr - COilOJIH-
MeTp IIT<P3 c reKcacpTopnponHJieHoM / FEP -TecpnoH/; 
IIXT<l»3 - IIOJIHxnopTpHcpTopnHJieH; II3T<l> - nonH3THJieH
TepecpTanaT /Maiinap/; IIIIMH - IlOJIHilHpoMeJIHTHMHA; 
IIIIK - nonHnapaKCHJIHJieH; IIK - nonaKap6oHaT. 

co cKopocTLIO 1° C/ MUii/. ,D;m1 TepMonnacTH'IHLIX MaTepHa
JIOB npHMeHJieTCR MeTOA npoHHKHOBeHHR HrJihl /ce11e1meM 
!";-3 MM 2/ e neHTP o6paJna TOJill\HHoii l;- 3 MM e· BHAe 
AHCKa AHaMeTpOM 20 MM, AJIR TepMopeaKTHBHLIX - ''18.11\e 
MeTOA HJra6a o6pa3l{OB AJIHHoii 20 MM u TOJill\HHoii 0,1-;. 

-;. 3 MM OT nonepe11Hoii Harpy3KH, npaKJiaALIBaeMoii K ce·pe
AHHe 06pa3na. TeMnepaTypa o6pa3l{a B KpaocTaTe npa 
HCilhITaHHJIX Il0BLiwaeTCR C paBHOMepHoii CKOPOCTLIO /BLI-
6HpaeTCJI ·o-r 0,1 AO 10 ° C/MUH - B JaBHCHMoc'Ta OT Ten
nonpoBOAHOCTH/. XapaKTep TK B 0611\eM e~e noKa3aH 

·a 
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K ~!~t~~tHCM~ 
I J1 aBu*!f<ue nemnu 

~ c6pa3eu, nelT>Jl1 

r •. rM ·r, T[KJ 
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PHC- 5 •. OrrpeAeJieHHe TeMrrepaTyp cTeKnoeaHHJI (Tc ), Mopo
JOCTOHKOCTH (TM) H :rnacTH'IH0CTH (T:3 ) C II0M0ll\hlO 3pro
MeTpa. 

:::c~~OC· 
I mu 

06nacmb 
mtk~UUO 
cocmo,oHu,o 

f,2 

1,0 

I I 0,8 

I I 06 
I I ' 
I I 0.4 
I I 

t[ MM] 

Oapaq,uneH 40/60 
0 •0,1 Kr/ MM 2 

At-1•C/MuH 

'· , I o e 
I I 'I T~ _. 1T.-, :r _,,,.-- T['C] 

a). T -180 -1~0 -100 -60 -20 ,20 ,so 
6) 

PHC. 6. O611\HH BHA /a/ TepMoMeXaHH'leCK0H KpHBOH /Tc 
TeMnepaTypa CTeKJIOBaHHJI, TM - TeMnepaTypa MOp030-
CTOHKOCTH; Ta - TeMnepaTypa 3JiaCTH'IHOCTH/. TepMOMexa
HH'leCKaR KPHBaJI /6/ AJIR napacpaneHa 40/60 npH YAeJILHOM 
AaBneHHH HrJihl o_, 1 KZ/ MM 2 H. CK0POCTH IlOA'LeMa TeMnepa-
TYPLI 1° C/MUH. . . . . 
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Ha puc. 6a, npHMep peaJILHoii TK ,nn.H napa4>uneHa 40/60 

I 4Oo/o nonH3THJieHa, 6.0% - napacl>uHa/ npuBe,neH Ha puc. 66/l~ 
Ha3HaqeHHe ,naHHoro BH,na HCilbITaHHH - aHanorHqHo yKa-

3aHHOMY B n. 2. 

4. ,I:(JI.H HCCJie,noBaHH.H CTaTuqecKHX MexaHuqecKHX 

CBOHCTB MaTepHaJIOB npHMeH.HIOTC.H pa3pblBHbie MalllHHbl, 

cHa6:>KeHHble KPHOCTaTaMH ,IlJI.H :)1(11,IlKHX ra30B.liCilblTbIBaIOTC.H. 

npoqHOCTb MaTepHaJIOB H BX OTHOCHTeJihHOe YJ.lJIHHeHHe IIPH 

H3rH6e H paCT.H)KeHHH. CKOpOCTb ,ne4>opMaIJ;HH npH HCilblTaHH

.HX. Ha paCT.H)KeHHe n;enecoo6pa3HO npHHHMaTb paBHOH l; 
2 HJIH 5 MM/MUii. Pe3yJibTaThl TaKHX HCilhITaHHH Ha pa3-

pblBHOH MaIIIHHe ZWICK /ct>Pr / / P MaKc= 5000 Kz/ ,n;n.H 

HeKOTOpbIX nneHoqHblX ,IlH3JieKTPHKOB H Ka6eJihHOH 6yMarH 

COBeTCKOro npOH3BO,IlCTBa /cl>ToponnacT 0,025 MM, naBCaH 

0,01 H 0,05 MM, 6yMara Tuna KB-12O/ H MeJIHHeKca 

/TOJlll{HHOH 0,1 MM/ aHrJIHHCKOro npOH3B0,IlCTBa npHBe,neHbl 

e ma6A. II·. AHanoruqHLie ,naHHLie ,nn.H ,npyrux noJIHMeJ?.OB 

B WHPOKOM TeMnepaTypHOM .nuana30He npHBe,neHbl B 113ft· 21 ( 

KpHTepHH ,IlJI.H Bb16opa MaTepHaJIOB no 3TOMY BHAY HCllbl

TaHHH CB.H3aHbl C pacqeTaMH KOHKpeTHOH KOHCTPYKUHH 

ycTpoiicTea. 

5. AnnapaTypa, npHMeH.HeMa.H B,'VUKI }.lJI.H onpe,neneHH.H 

TeMnepaTYPHOH ..Y.£..~KH MaTepHaJIOB, aHanorHqHa HCilOJib-

3yeMOH npu CH.HTHH TepMoMexaHHqecKHx KpHBLix /cM. n. 3/. 
IlpH HenpepbIBHOM CH.HTHH KpHBOH LH/f=f ( T) Ha Cah-10-

llHCen; CKOpOCTb H3MeHeHH.H TeMnepaTypbl /B 3aBHCHMOCTH 

OT TellJIOIIPOBOMOCTH 06pa3n;a/ BbI6HpaeTC.H B npe.nenax 
0 

OT 0, 1 .no 10 C/MUH. IIpuqeM, MO)KeT H3Mep.HTbC.H KaK 

yca,nKa /rrpH CHHmeHHH TeMnepaTyphl OT 300 K/, TaK u 

YAJIHHeHHe npe,nBapHTeJibHO OXJIIDK,IleHHblX o6pa3IJ;OB /npH 

BX Harpeee/. B. nocne,nHeM cnyqae Heo6xo,nHMO npe,nBapu

TeJILHO C03,Il8.Tb ,IlOllOJIHHTeJibHblH HaT.Hr 06pa3n;a CHJIOH 

5 z. 3HaHHe TeMnepaTypHoii yca,nKH oco6eHHO BIDKHO }.lJI.H 

3llOKCH,IlHblX KOMnayH,IlOB, npe,nHa3HaqeHHblX ,IlJI.H nponHTKH 

o6MOTOK CBepxnpoBO,Il.HIIJ;HX COJieHOH,IlOB /22,23,24/. Heo6-

XOJJ;HMbIM ,IlJI.H HOpMaJibHOH pa60Tbl COJieHOH,IlOB B 3THX 

cnyqagx YCJIOBHeM .HBJI.HeTC.H paBeHCTBO HHTerpaJibHblX Tep

MHqecKHX yca,noK npH oxnam,neHHH .no 4,2 K 3llOKCH,IlH0rO 

KOMnayH,na H Me Tanna o6MOTKH. lfa ,naHHbIX /l 3 / cne,nyeT, 

qTo HeKOTOPbie COCTaBbl HanonHeHHbIX 3IlOKCH,IlHhIX KOMna-

10 
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YHJ.lOB THna Stycast; HanpHMep, o6na,naIOT TaKHM KaqecT

BOM. IloCKOJibKY OCHOBHa.H TepMuqecKa.H yca,nKa llOJIHMepoB 

npoHCXOJ.lHT npH oxnam,neHHH .no 77 K /9Oo/o OT llOJIHOH, 

T. e. npH OXJia)KJ.leHHH .no 4 ,2 K/, TO BllOJIHe ,nocTa ToqHblM 

.HBJI.HeTc.H onpe,neneHHe HHTerpanLHoii yca,nKH npu oxnam

,neHHH B )KH,IlKOM a30Te. Pe3yJibTaTbl TaKHX H3MepeHHH, 

npoBe,neHHblX B Oli.Hli, }.lJI.H 3IlOKCH,IlHbIX KOMnayH,nOB Ha 

OCHOBe CMOJlbl 3,I:(-5 / c 1 Oo/o .no6aBKOH HH3-KOMOJieKyJI.HpHOH 

anHcl>aTHqecKoii CMOJibl ,I:(3r- l/ B 3aBHCHMOCTH OT KOH

n;eHTpan;HH pa3JIHqHblX uanonHHTeneii npe,ncTaBJICHbl Ha 

puc. 7. ,I:(n.H cpaBHeHH.H: HHTerpa.JibHa.H TepMuqecKa.H yca.n.Ka 

11· 
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Puc~ 7. 3aBHCHMOCTb TepMHqecKoii HHTerpanhHOii yca,nKH 
o6pa3IJ;OB /p 10 MM, ,IlJIHHa 100 MM/ H3 3IlOKCH,IJ.HblX KOM.
nayH,IlOB ,OT KOHIJ;eHTpaD;HH H THila HallOJIHHTeJI.H /npH ox
na:lK,lJ.eHHH OT KOMHaTHOii .no a30THOH TeM;nepaTyphl/. . 
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IIPH oxna)KJ\eHHH AO a30THOH TeMrrepaTypLI COCTaam1e·T Ail.ll 

MeAH H cTanH X18H1OT - 3,2 MM/M, AnH amoMHHH.ll 

-4,1 MM/M. 

KpaTKOBpeMeHHLie CTaTJPleCKHe HCIILITaHH.ll no II.II. 1+5 
II03B0Il.llIOT AOCTaT01-IHO 6LJCTPO rrony1-1HTL HH<l>opMaUHIO 0 

MexaHH1-leCKHX CBOHCTBax MaTepHanoa H COCTaBHTL orrpe

AeneHHOe MHeHHe O rrpHMeHHMOCTH AaHHOrO AH3neKTPHKa 

a KpHoreHHLIX ycnOBH.llX. OAHaKO rrepeA peKOMeH.l{aUHeii 

K WHpOKOMY rrpaKTH1-leCKOMy HCIIOilL30BaHHIO AaHHOrO MaTe

pHana rrpH HH3KHX TeMrrepaTypax Heo6xo~HMLI 6onee Tuta

TenLHLie H rny6oKHe HCCneAOBaHH.ll CBOiiCTB Ha YPOBHe 

MoneKyn.llpHoii CTPYKTYPLI 3THX MaTepHanoa. IlpH TaKHX 

HccneAOBaHH.llX HCIILITLIBalOTC.ll AHHaMH1-leCKHe MexaHH1-lec

KHe H AH3neKTPH1-leCKHe CBOHCTBa MaTepHanoa. ,D;aIDKeHHe 

1-1acTeii MoneKyn /HarrpHMep, 6oKOBLIX uerreii rronHMepoa/ 

OTpa>KaeTC.ll KaK Ha AH3neKTPH1-leCKHX CBOHCTBax MaTepHa

noa B rrepeMeHHOM 3neKTpH1-1eCKOM rrone,-TaK H Ha MeXaHH-

1-leCKHX - IIPH rrepeMeHHOH Harpy3Ke. XaoTH1-leCKOe TeMrre

paTypHoe ABIDKeHHe 3THX 1-1acTeiirrpHHano>KeHHHMeXaHH1-1ec

Koro HnH 3neKTpH1-1ecKoro rrom.1 cTaHOBHTC.ll 6onee orrpe

AeneHHLIM H HarrpaaneHHLIM. 3TH 1-laCTHULI MOneKyn MoryT 

rrepeXOAHTL CKa'-IKOM H3 OAHOro B Apyroe paBHOBeCHOe 

COCTO.llHHe, 1-ITO H MO>KeT 6LJTL. 3a4>HKCHpoBaHO H H3MepeHo 

IIPH HCIILITaHH.IIX 'AHHaMH1-leCKHX MexaHH1-leCKHX H AH3IleKT

PH1-leCKHX caoiicTB MaiepHanoa. IlpH1-1eM, ecnH B 3neKTpH-

1-1ecKoM none MO>KHO, KaK rrpaBHno, H3MepHTL 3TH CKa1-IKH 

TOilLKO a MaTepHanax, MoneKynLI KOTOPLIX o6naAalOT OT

IlH1-IHLIM OT HYil.ll AHIIOilLHLIM MOMeHTOM, TO B "Mexa

HH1-leCKOM none" TaKHe ABIDKeHH.ll MO>KHO Ha6moAaTL H IIPH 

HyneBOM 3Ha1-1eHHH 3Toro MOMeHTa. 

6. ,lfwtaMu11ec1<ue Mexa11u11ec1<ue ceoiicmea MamepuaAoe 

orrpeAeil.llIOTC.ll nH6o rrpH H3MepeHHH AHHaMH1-leCKHX MOAyneii 

yrrpyrocTH , rrpH Kpy1-1eHHH / G-MOAYnL/ HnH pacTH>KeHHH 

/E-MoAynL/, nH6o AHHaMH1-1ecKHX YAapHLIX caoiicTB no 

MeTOAY IHaprrH. B rrepBOM cny1-1ae K 06pa3uy c rroMOutLro 
' ' . 

HHeplU{OHHOro AHCKa IIPHKnaALIBaeTC.ll HMrrynLCHO MOMeHT 

Kpy1-1eHH.ll, H Ha CaMOIIHCUe <i>HKCHpyeTC.ll 3aTyxaHHe Bpa

maTenLHLIX KOne6aHHH 06pa3ua C IIOMOII.tLIO HHAYKTHBH<>ro 
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Puc. 8. IlpHHUHIIHailLHa.ll ·cxeMa rrpH6opa Ail.ll H3MepeHH.ll 
G -MOAYil.ll /1 - rrpOTHBOBec; 2 - HHTL; 3 - HHepUHOHHLIH 
AHCK; 4 - HHAYK.UHOHHLIH AaT1-1HK; 5 - MarHHTLI; 6. - BepXHHH 
/IIOABH>KHLIH/ H HIDKHHH /He)lOABH)KHLJH/ 3aXBaTLI; 7, - KPHO
CTaT; 8 - _BaKYYrirHLIH KOilOKon; 9 - OTKa1-IHOH BeHTHnL; 
10 - 96pa3eu; 11 - TepMOIIapLI/. 

AaT1-IHKa. IlpHHlUIIIHanLHa.11 cxeMa rrpH6opa rrpeACTaBneHa 

Ha puc. 8 /Ha3H8.1-leirne 'OTAenLHLIX II03HUHH JICHO H3 1-1ep

Te)Ka, cneAyeT OTMeTHTL TOilLKO HHAYKUHOHHLIH AaT1-IHK 

4 H MarHHTLI 5, C03AalOII.tHe, B3aHMOAeHCTBY.ll C HHepuHOH

HLIM AHCKOM 3, MOMeHT Kpy1-1eHH.ll, rrepeAaBaeMLIH 1-1epe3 

HHTL. 2 o6pa3UY 10/. H3MepeHH.II G -MoAyn.11 Ha TaKoM rrpu-

6ope rrpOH3BOA.llTC.ll B o6naCTH 1-laCTOT o.o~ 10 r1.1. no 

3aIIHCaHHLIM Ha caMOIIHCUe Kone6aHH.llM H3Mep.11eTC.II 1-1acTo

Ta H norapH<i>MH1-leCKHH AeKpeMeHT,HX 3aTyXaHH.llA, a 3aT~M 

pac1-1eTHLIM rryTeM orrpeAen.11eTc.11 G-MO,IffnL. Ha puc. 9a 
IIOKa3aH THIIH1-IHLIH BHA KPHBLIX .'G-MOAYil.11 H, A H COOTBeT:

CTBYIOlUHe 'HM .KPHBLie '' - _CH.IITa.11 Ha 3proMeTpe 'H TepM9Me -

xaHH1-1ecKa.ll /ace KPHBLie - All.II OAHOrO ycnOBHoro MaTepHa-
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Puc. 9a. O6muii BBJJ. KpBBbIX G -Mo,nyJUI, A. TepMOMexauu
qecKoii B CHHTOH Ha 3proMeTpe - B 3aBBCBMOCTB OT TeM

nepaTypbI. 

G j[°~.-l 
10' 

G ------
10• 

' 10' 

10
1 

·ZOO ·150 ·100 ·50 0 +50 

a.~ 
O5o3ttO•~UA 

" - MenuHtkC ma111,4u1-10U O;i ,..,., 

o-,,a£coH fflO<W,U•OU 0,0J,.,. j0,3 

ulMepume.nbHa.11 •acmcm0~0.sr~1 

0,2 

□ .1 

•100- •150 .200 ,250 

Pitc. 96. KpHBble G ·MoJJ,yn,i: ii A a q>yHKUHH TeMnepaTypbl 
JJ,nH· COBeTCKOrO naacaHa'TOilll\HHOii 10:MKM H.aHrnHHCKOro 

MenHHeKca TOilll\HHOH 100 MKM. 

,. , 14 

.{ 

l 

) 

na/. BHJJ.HO, "'ITO 3Ha"lleHHH Tc , TM , T 
9 

B3aHMHO KOHTponu

PYIDTCH npH CHHTHH acex 3THX KpHBbIX. Ha puc. 96 npHBe -

JJ,eHbl peanbHble KPHBbie G -MoJJ,ym1 H A JJ.nH COBeTCKOro 

naacaua Tonmauoii 10 MKM H aurnHiicKoro MenuHeKca 

TOilll\HHOH 100 MKM. 

IIpeJJ,IlO"llTHTenhHbIMH JJ,nH npHMeHeHHH B KpHoreHHOH 

TeXHHKe HBilHIOTCH MaTepuanbl C He3Ha"llHTenbHblMH H nnaa

HbIMH H3MeHeHHHMH B KPHBO:ii G =f(T) B o6naCTH pa60"'IHX 

KpHOTeMnepaTyp: CKa"llKH B KPHBO:ii 'G=f(T) COOTBeTCTBYIDT 

nHKaM B KPHBO:ii A = tg oMex , "'ITO xapaKTepa3yeT JJ,onon

HHTenhHhie TennOBbie IlOTepH B MaTepHane. 

7. Hccne.l{OBaHHH 3neKTPH"lleCKHX CBOHCTB MaTepaana 

Ha"llHHaIOTCH C onpeJJ,eneHHH ero 3neKTOH"lleCKO:ii npo"'IHOCTH 

B pa3nH"llHbIX KpHoreHHbIX cpeJJ,ax HnH BaKyyMe npH HH3KO:ii 

TeMnepaType /B 3aBHCHMOCTH OT pa6o"'IHX ycnoBHii/. Mo)K

HO npHMeHHTb Te )Ke 3neKTPOJJ.Hble CHCTeMbl, KOTOpble 

Ofibl"'IHO HCilOilb3}WT IlpH HOpManbHbIX TeMnepaTypax: JJ,HCK 

//, 25 MM/ - ,IJ;HCK //,50 MMHnHfJ ~5 MM/; wap-wap /i,20MM/; 

Hrna / R 3aKpyrneHHH = 1 MM/ - nnoCKOCTb. OnucaHHe 

ycTaHOBKH KpHoreHHoro OTJJ,ena OH.HH JJ,nH onpeJJ,eneHHH 

Ta5nu4a ii" " -PeJw,bma~ ucnb1ma1<uu cmamu.eckux Me=ttu•ecJ<ux ,goucmt MeHok cpmopoMOcmo, 
J101>c0Hq (0.01 u 0,05 "") u ka6SJ1b1<0u 6y,.,oeu co!emckoeo npou3!oacm110 , 
a makO/Ce Me11uttekca (O,lrtM) OHI.Jluucl<oao npauJ~oilcmea [u.iupuHO 06paJ408 f5 MM) 

TeMnepamyfl!l 
1P0Jpb1llpe~J CUJIQ '!J?□~Ha~,::,p ~~,/1()3; Dmttocumenb1<oe 

Mamepua11 ~illluHHeHue npu 
man"-\UH'l (MMJ ucnb1ma1<uu CpeoHee 3HO•eHue UJ n/lmu UJMepeHUU PQ3pb18e [ '/,] 

'"' 
cpmapGMc::c.m ~96 1, lj4 3,86 138 

0,025 77 4, 41! IZ. Z.,28 

110Bc0H 296 e,06 13 18 169 

O,Df 77 2,87 19, 1 6 

110&caH 296 14 19, 8 Bf 

0,05' 77 17, 4 23,2 li,Z~ 

ka6eJ1b11ap 296 16, 3 8,15 !i,6 
6!1P1aaa 

77 l!i, 9 7,9 f,4¼ 0,135 

Menu11ekc 295 29,7 19,7 101 

0,1 77 37,B 25,0 4,86 
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Ta811uu,o III 
BnuRHUe ckopocmu nooieMQ HOnpSl.lkeMUR, cpeob1, 
qiopMb1 HanpR~eHUR HO kpamkoSpe.MeHH,Yt-0 
npo1mocmb cnoucmou U3MRU,UU . 

Momepuon E 0.3"' *"'~ E~N2 ... o,' E .o.3~.N, EJtN2•~ 
Ez.s.,,*N2 E&a3ayx ... a~ £,.,o,aJ1C.N2 Ewa111,0J 

nv1 250=0 g 250 _ 335 _ 335'. 

40Ml<M• 1 3f0 ' 2so-f,0 250 - 1,3 ltfD -0,8 

n3rcp 235 :0,7 235 _ 8 400 =1? tioo i 
iOMkMX 2 325 o,ff 275" -0,nd 235' • 2• 370:{h· 

nrcp3 280 =09 280_ ti45 =i 6 fil:07 
20MkMxi 290 ' 390-0,7 280 I 630 I 

KB go - j_Q___5Li 175 =f g 175 =86 
90MkMtf 

go~ 1,0 17 - I 90 I 20 ' 

Eo,3"':ilcNinpobu~HaA Honpsi:>lceHHocmb npu ckopocmu noo~eMCI 
0.3 t<.B/et.k, 50 ru,, & :i!cuakoM a3orne, KB Make/MM. 

E&o~:r.=0,3- npofoBHOR HOnpR,lceHHocmb ~ &03oyxe npu Han~ 
pR,;/ceHuu nocmoRHHOW moka , ckopocrnb 

na1lbeMO HanpR:>lceHUR 0,3 KB/eek > KB/MM. 
~ · cpe.aou Rf>JIRJICR .:i1cuakuu aenuu 

1 
0 He :>!tuclkuu Q30m, 

3neKTpH'leCKOH npo'IHOCTH MaTepuanoB H paJnH'IHLIX 3neKT

pOHJOn.llUHOHHLIX KOHCTPYKUHH B )KH)J.KHX aJoTe H renHH 

npHBeJJ.eHo al 1 ~OcHOBHLie 'laCTH ycTaHOBKH / UHoM=65 kBaeii/ 
- MeTannH'le.cKHH KPHOCTaT I, 300 MM H HCTO'IHHKH nocTO.RH

uoro H nepeMeHuoro 11anp.11)KeHH.11 JJ.O 90 KB. TaM :lKe 

npHBe)J.eHLI )J.aHHble no 3neKTPH'leCKOH npo'IHOCTH HeKOTOphIX 

mreHO'IHLIX ?.faTepuanoB B paJnH'IHbIX KpHoreHHbIX cpe)J.ax. 

HanpHMep, npH nepeMeHHOM 11anp.11:lKeHHH 50 r11 npo'IHOCTh 

JJ.BYX cnoea coaeTCKoro naacaua TonmuHoe no 10 MKM 
B cpe)J.e )KH)J.KHX H ra3006paJHLIX aJOTa H renH.11 COCTaBuna 

240 ±80 KB Ma Kc/MM. IlpH HCilbITaHH.IIX Hanp.11:lKeHHeM no -

CTO.IIHHoro TOKa :- 460±_90 KB/MM. IlpH npo~e)J.eHHH 3,THX 

uccne)J.oBaHIIe cne)J.yeT · oco6oe BHHMaHHe o6paLQaTb Ha 

0)1.HHaKOBOCTb y)J.enhHoro )J.aBneHH.11 3neKTPOJJ.OB Ha o6pa-

--~•-16 

Jeu /peKoMeHJJ.YeTc.11 100 z/cM2; ao apeM.11 acee cepuu 

HJMepeHHH. 

B ma6A. III oTpa)KeHLI nony'{eHHLie B OH.HM peJynbTaTbI 

Hccne)J.OBaHHH no BnH.IIHHIO BH)J.a HCnLITaTenhHOro Hanp.11)Ke

HH.ff H CKOPOCTH ero nO)J.'beMa Ha 3neKTPH'leCKyro npO'IHOCTb 

B KpuoreHHLIX ycnoauxx nonHHMHJJ.HOH /ITH/, naBcaHOBoe 

/II3T<I>/ H 4>ToponnaCTOBOH /riT<I>3/ nneHOK H Ka6eJibHOH 

6yMarH /KB/ COBeTCKOro npoHJBO)J.CTBa. IIony'leHHLie )J.aH

Hble B npHHUHne MO)KHO o6'b.RCHHTb )J.eHCTBHeM 'laCTH'IHbIX 

paJp.RJJ.OB /qp /, c HaJIH'IHeM KOTOpLix CB.113LIBaIOT MexaHHJM 

npo60.11 )J.H3neKTPHKOB 116 •17 ,2 0/. qp npH HCnbITaHH.IIX 

TBep)J.OH HJOn.llUHH B cpe)J.e KpHoreHHLIX )KH)J.KOCTeii HnH 

raJOB MoryT B03HHKaTb KaK Bcne)J.CTBHe MeHbWee 3neKT

PH'leCKOH npo'IHOCTH KpHorenHLIX cpe)J. /no cpaBHeHmo 

1<6 MOkC.1--+I -11-t!tt-ll ........ l,I ,l, L_I. I 10 I 

60 I I I I ti 1 '~' O I 

50 

~D 

30,--

10 l---+---+----1-'----i 

d 
0 .___..___....._ ___ _. 

0,S i 1,5 MM 2 

NIJO UC&.1MOcm1..1 
l=n. JcSao. 5600. 

a.Jam I /! 3 • 
,=no,= 4 s 6 

ae11uu 7 8 
m":;'£/;;t 9 - -

Wop- UJap ¢ 62,!i MM, 50 Zl{. 
[119] 

Pe:c. 10. 3neKTpH'leCKaH np0'IHOCTb C)KH)KeHHLIX . raJ0B 
B JaBHCHMOCTH OT paCCTOHHH.11 Me)KJJ.Y 3JieKTPOJJ.8.MH 11:)J.aB-.. , . . ,,:". ~ .. 
neHH.11. 
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C TBep.n;oii H30Il.HIUieii/, Ta!< H H3- 3a HepaBH0MepHoro 
pacnpe.n;eneHH.11 Hanp.11:>KeHH.II Me)K,IJ,Y K0MnoHeHTaMH TaKOH 
cnoncToii n3on.11n;HH. HMeHH0 ao3.n;eiicTBHe qp Ha H3on.11umo 
npHB0,IJ;HT K ee 3ne1<TpHqec1<0My CTapeHmo. 

8. 3ne1<Tpnqec1<oe cTapeHHe no,D, Hanp.11)KeHHeM B 1<pno
reHHhlX ycnoBH.IIX np0B0,IJ,HTC.11 C uenbIO onpe.n;eneHH.11,IJ,0ny
CTHM0ro ypoBH.11 Hanp.H)KeHH0CTH 3ne1<Tpnqec1<oro non.II npH 
3a,n;aHH0M cpo1<e cnY:>K6b1 nccne.n;yeMoro MaTepnana. Pe-
3ynLTaTbI TaKHX Hccne.n;oaaHHii B KpHoreHHhlX ycnoBH.IIX .n;n.11 
naecaHoaoii H ~ToponnacToaoii nneHoK coaeTcKoro npon3-
ao,n;cTBa npnae,n;eHhl Ha puc. 11 1251 

~E 
"8, 
MM 

E 
Ka"'°kt -----,;;-;;, 

20 40 

2 3~--+--- --
• 1200 / 

160 2.2F,. 

I 

5 

60 

2,1 h,o,f---t--------t-

I 
10 

-1 0 1,0 

I 
80 I 100 •10·•IK 

100 

.J 

-~ 

'i:' 
!000 Uk 

2,0 3,o ~.o 
~{t,c«) 

PHC. 11. 3aBHCHMOCTb cpoKa cny:>K6hl (r) OT HanpH)KeHHOCTH 
3ne1<Tpnqec1<oro non.11 nneH0K naBcaHa /KPHBble 1,2,4/ H 
~ToponnacTa /3/ B :>KH,IJ,KHX renHH /1/, a3oTe /3,4/ H ao3-
.n;yxe /2/f'ZfJ/ npH KOMHaTHOH TeMnepaType; 3ne1<Tp0,1J,hl /.nn.11 
_1,3 ,4/ -:: nnoc1<He. ,IJ,HCKH. Hanp.11~eH_He 50 l)J. Kpnaa.11 5 -
I<a)KyIIJ;a.HC.11 HHTeHCHBHOCTb qacTHqHblX pa3pHJ1tOB /I/ B 
)KH,IJ,KOM renHH /a Kyncrnax/. 

\I~ 

I 

9. OCHOBHhle Tpy,n;H0CTH npH H3MepeHHH B KpHoreHHblX 
ycnoBH.HX y.nenbHOro 061>eMHoro conpoTHBneHH.11 (py) Ma
Tepnanoa CB.H3aHbl C BeCbMa BbIC0KHMH /no qyBCTBHTenb
HOCTH/ Tpe6oBaHH.HMH K H3MepHTenbHbIM npn6opaM, T.K. 
3HaqeHH.H Py npH TeMnepaType )KH,IJ,Koro renn.11 B03pacTaIOT 
,D,O 1 0 1 7-;.- 10 19 OM. CM. B 'VUKI , 1<a1< npaBHno, npHMeH.11eTc.11 
Tpex3ne1<Tp0,IJ;Ha.11 CHCTeMa HanbllleHHhlX B BaKyyMe 30n0TbIX 
3ne1<Tpo,D,0B. Pe3ynbTaTbI H3Mepeunii Py= f(T) .n;n.11 
o6pa3IJ;OB nonHBHHHnxnopH,n;a, non113~np11oro H KpeMHHii
opra11Hqec1<oro na1<0B 6blnH npnBe,D,eHbI BbIIIIe Ha puc. 1115[ 

10 H 11. H3Mepe11n.11 .IlH3ne1<Tpnqec1<oii npounuaeMocTn 
( d H 1<03d>dmune11Ta .IlH3ne1<Tpnqec1<nx noTepb ( tgo) MaTe

pnanoB B 1<pnoreHHbIX ycnoan.11x Tpe6yioT oco6oii TIIJ;aTenb
HOCT~ /yqeT TepMnqecKOH yca,IJ,KH o6pa3IJ;OB, BCe~epHoe 
CHH:>KeHHe TennonpHT0Ka K oxna:>K,IJ,eHHbIM 06pa3n;aM/ H 
IlOBbIWeHHOH qyBCTBHTenbHOCTH H3MepHTenbHhlX npH6opoB 
/HanpnMep, ,IJ,0 l.1O-6 npH H3MepeHHH tgo /. HeKOTOpble 
pe3ynbTaThl H3MepeHnii / f = 50 I'ZJ; UHcn = 100 .;-500 B/ 
TaK)Ke 6blnH npHBe,IJ,eHbl BbIIIIe Ha puc. 2 u 3. 

H3BeCTHO, qTO BennqHHa noTepb B ,IJ,H3neKTPHKe, naxo
,IJ,.IIIIJ;eMC.11 B nepeMeHHOM 3ne1<Tpnqec1<0M none, 3aBHCHT OT 
CTPYKTYPhl MaTepnana. Henon.11pHble ,IJ,H3neKTpHKH, .n;n.11 1<0-
TOpbIX xapaK~epHa T0nbK0 3ne1<TpOHHa.11 H aTOMHa.11 non.11-
pH3aIJ;HH, 06na.n;a10f cpaBHHTenbHO HH3KHMH ,IJ,H3neKTpHqec
KOH nponnuaeM0CTblO H K03~~Hn;HeHTOM IlOTepb ;-1.1O-4 npH 
HOpMam.HOH TeMnepaType/. KpHBa.11 tgo = f ( T) .n;mi HHX, 
1<a1< npaanno, HMeeT 0.D.HH MaKCHMYM B o6nacTH Tc. Ilon.11p
Hhle :>Ke ,IJ,H3neJ<TpHKH,,KOTOpbIM CBOHCTBeHHbl H ,D,pyrne BH,IJ,bl 
non.HpH3aIJ;HH, 0TnHqaIOTC.11 TeM, qTo 3Ta 3aBHCHMOCTb .n;n.11 
HHX. MO)KCT HMeTb HeCKOnbKO MaKCHMYM0B. O.n;HaKO, Hll)Ke. 
Tc xapa1<Tep KPHBbIX tg o = f(T) ,D,n.11 non.11pHbIX H Henon.11p
HbIX ,IJ,H3neKTPHK0B O,IJ,HHaKOB. 

3HaHne TeMnepa TYPHOH 3aBHCHM0CTH tg O Il03BOn.11eT' 
C O,IJ,HOH CTOP0Hbl, onpe.n;enHTb .n;n.11 ,n;aHHOro MaTepnana 
o6naCTb ~a6oqnx KpHoreHHbIX TeMnepaTyp_ C mi.11MeHbWHMH 
,IJ,H3ne1<TpHqec1<HMH IlOTep.HMH, a C ,D,pyroii - . OIJ;CHHTb B 
,n;aHHhlX TeMnepaTYPHbIX ycnoBH.IIX BenHqHHY TennoBbl,D,eneHHH 
B 3ne1<Tpuqec1<oii H3on.11n;11u. Ta1<a.11 on;eHKa ,D,nH BbICOKODOnbT
HbI~ CBepxnpoao.n;.11IIJ;nx ycTpoiicTB nepeMennoro TOKa neo6-
X0,IJ,HMa. YMeCTHO 3,D,eCb HanoMHHTb 06 oqeHb HH3KOH 
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TennoeMKOCTH KaK caMoro )KMKoro renaH 

/15 OJIC/MOAb.zpao/ 1261 TaK H MeTannoB o6MOTKH H KOH

CTPYKUHH YCTpoiicTB npH renHeBhlX TeMnepaTypax /JI.nH 

MeJI.H, HanpHMep, npa 20 K C"' 0,0245 KKaA/Kz.zpao/. 

12. MaTepaanLI, OT06paHHhie no pe3ynLTaTaM HCnhITa
HHH 1-;- 11, nOJI.BepralOTCH TennoBOMV CTapeHHIO: 

a/ npH npoJI.Oil)KHTenhHOH . BhlJI.ep)KKe B )KMKOM a30Te 
/ana renaa/; 

6/ npH UHKnax ")KHJI.KHH a30T - B03JI.YX" /HnH " )KHJI.KHH 
a30T - rop11qa11 BOJI.a"/; 

B/ npH UHKnax, KaK B n. 6/ a OJI.HOBpeMeHHOM Hano)Ke
HHH MexaHaqecKoro HanpH)KeHHH; 

r/ TO )Ke, qTo H B n. B/, HO B 3IleKTpaqecKOM none. 

Bb16op OJI.HOro H3 3THX cnoco6oB HCnhITaHHH CBH3aH 

c Heo6XOJI.HMOCThlO npoMOJI.enHpoBaTh TennOBhle pe)KHMhl 

peanLHhIX YCTpOHCTB. Bo BPCMH CTapeHHH /MC)KJI.Y UHKiia

MH/ npoBOJI.HTCH .. nOBTOPHhle HCnhITaHHH CBOHCTB Ma Tepaa

IlOB no n.n. 2,3 HnH 4 /B 3aBHCHMOCTH OT MaTepaana/. 
B cnyqae pe3KHX H3MeHeHHH pe3ynLTaTOB 3THX npoMe)Ky

TO'IHhlX HCnhITaHHH no cpaBHeHHIO C nepBoHaqanhHhlMH 

npOBOJI.JITCJI TaK>Ke HCnLITaHHJI no n.n. 6,9,10,11. IlpH 

HC3HaqHTCilhHhlX OTilH'IHJIX nocneAHHe HCilhlTaHHH _nOBTOpJI

IOTCJI TOilhKO nocne nonHoro OKOHqaHHH UHKilOB. 

EcTeCTBeHHO, nono>KHTenLHhlM noKa3aTeneM JI.IlJI JI.aH
Horo MaTepaana HBnHeTcH 11e311aqaTenLHaJ1 pa3HHUa pe3ynL

TaTOB HCnhITaHHH JI.O H nocne TennoBoro CTapeHHH. Ilo 
JI.8.HHhlM /l 3 / npeJI.en npo'IHOCTH na pa3phlB HCKO~Ophlx nona
MepoB /nonHaMHJI.a, nanpaMep/ CHH)Kanc11 nocne 6 ~ HeJI.enL -

HOH BLIJI.ep>KKH B >KHJI.KOM a3oTe Ha 3O0/o. UaKnH'lecKoe )Ke 
TennoBoe CTapeHHe /2-MHHYTHhle UHKilhl 300 K-77K/ nona
aMHJI.a npHBOJI.HilO K CHB>KeHBIO 3TOro napaMeTpa /nocne 

400 UHKilOB/ Ha 4lo/o; 

13 H 14. ,lJ.nH nenocpeJI.CTBeHHoro KOHCTpyupoeamrn 
KpH6reHHhlX ycTpOHCTB C npHMeHeHBeM Bhl6paHHhlX B30m1-

UHOHHhlX MaTepaanoB Heo6XOJI.HMO 3HaTh pe3ynLTaTh1 HCnhI

TaHHH HX y.nenhHhIX TennoeMKOCTH B TennonpoBOllHOCTH. 
OcHOBHaH MCTOJI.HKa 3THX HCnhlT8.HHH - KanopHMeTpuqecKHH 

MeTOJI.. TeMnepaTypHLie 3aBHCHMOCTH 3THX napaMeTpoB JI.IlJI 
HeK0TOphlX nonHMCPOB npHBCJI.CHhl, HanpHMep,B / 13 ,21 / 
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Ilo yKa3aHHLIM Bhillle MCTOJI.HKaM B ,'VUKI H OHJIH 
npOBCJI.CHhl HCCileJI.OBaHHH uenoro PHJI.a pa3nHqllhlX JI.H3IleKT
PHKOB, H3 KOTOphIX JI.IlJI npHMeHCHHH B KpHoreHHhlX ycno
BHHX MO)KHO peKOMCHJI.OBaTh, HanpHMep, CilCJI.YIOIUHe: 

a/ nneHoqHLie MaTepHanhl - naBcan, cl>ToponnacT, no
nHHMHJI.; 

6/ · naKH nonHHMHJI.Hhlii H nona34iHPHLiii; 

B/ 3anHBoqHLie H nponHToq111,1e MaTepaanLI - napaclia

neH /npOH3BOJI.CTBa qccp /, 3nOKCMHhle KOMnayHJI.hl, Ha

npHMep, Ha OCHOBe CMOilhl 3,D,-5 c HanonHHTeneM TanLK
KBapueBhIH neCOK HnH HHTpHJI. 6opa; 

r/ KOHCTPYKUHOHHhle MaTepaanbl - CTCKnOTCKCTOilBT Ha 
cneuaanLnLix KpeMHHiiopraHHqecKHX CMonax, nonanpona

neH-o_KCHJI., cneuaanLHO o6pa6oTaHHLiii B peaKTope y -nyqa
MH. 

BhIBO,l(I,J 

1/ BLI6op HOBhlX 3IlCKTPOH30IlHUHOHHhlX MaTepaanoB 
JI.nH KpHoreHHOH a CBepxnpoBOJI.HIUeii TCXHHKH MO)KCT 6b1Th 

ocyiueCTBneH TOilhKO no .pe3YilhTaTaM MHOroqucneHHhlX H 

JI.OBonLHo _cnO)KHLIX acnLITaHuii Ha JI.OporocToJIIUeM o6opy
JI.OBaHHH. 

2/ B JI.aHltoii :ea6oTe npHBeJI.CHhl MCTOJI.HKH a nocneJI.o
BaTenhHOCTh npoBeJI.eHHH TaKHX HCnhlTaHHH, BKnroqalOIUHX 
H HCCilCJI.OBaHHH CBOHCTi3 MaTepaanoB Ha YPOBHe HX MOneKy
IlHpHOH CTPYKTYPLI. 

3/ Coo6iua10Tc.11 nonyqenHLie B VUKI /r. EpaTHcnaBa/ 
H OHJIH pe3ynLTaThl HCnhlTaHH:ii B KpHoreHHhlX ycnOBHHX 
HeKOTOphlx · · JI.H3IlCKTPHKOB, Ha OCHOBaHHH qero JI.enaeTCH 

BhlB0JI. 0 npBMCHHMOCTH HX B KpHoreHHOH H CBepxnpoBOJI.HIUeii 
TeXHHKe. 

4/ B CBH3H C MHOroo6pa3HCM cneu~cl>HKB pa60Thl 3IleKT
POH30IlHUBOHHhlX MaTepHanOB npH HH3KHX TeMnepaTypax, 
a TaK)Ke JI.nH o6ecneqeHHH HaJI.C)KHOii H 6e3onacHoii ·pa.6oTLI 

KpHoreHHhlX a CBepxnpOBOJI.HIUHX . YCTPOHCTB, Heo6XOJI.HMO 

pa3pa6aTLIBaTh HOBhle 3IleKTPOH3"0IlHUHOHHhle MaTepHanhl 
C 3apaHee 3aJI.aHHhIMH CBOHCTBaMB, npeJI.Ha3HaqeHHhle cne
UHanhHO JI.IlH KpHoreHH0H TeXHHKH. 
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ABTOphl Bhlpa~aIOT 6naro,n;apHOCTh H.H.IlaBnoBy H 
A.r .3enb,D;OBHqy - _Ja no,n;,n;ep)Kl(y pa6oT H IlOCTOJIHHhlH HH
Tepec K npoBO,Il;HMhlM HCCne,n;oBaHHJIM, B.<l>.MHHCHHY H 
M.Ilonenmuy - Ja 6onhwy10 noMO~h B npoBe,n;eHHH Hccne,n;o
BaHHii H yqacTHe B o6cy:>KJJ,eHHJIX peJynhTaToB, IO.A.IIIHwo
BY - _Ja noneJHhie AHCKYCCHH, JI.A.,[J;MHTpHeBy, A.C.Xne-
6ywKHHY n n.r .CMHpHOBY - Ja ,n;o6pocoBecTHhlH Tpy,n; npn: 
MOHTa:>Ke ycTaHOBKH H no,nrOTOBKe 3KcnepHMeHTOB, a TaK:>Ke 
B.A.BacHnheBy n f'..H.,D;ori6HnoBoii - Ja ~praHHJalJ,HIO a 
npoBe,n;eHHe 3KcnepHMeHTOB no TepMaqecKoii yca.n;Ke 3noK
CHAHhIX KOMnayH,Il;OB. 
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