U3BECTHU4
TOMCKOTI'O OPJEHA TPYOLOBOI'O KPACHOT'O 3HAMEHH [TOJIHUTEXHHUYECKOI'O
HHCTUTYTA umeun C. M. KUPOBA

Tom 139 1965

BPEMSA 3ANA3AbIBAHYSA NPOBOA B TBEPADIX
AJIEKTPOH3OJIILUOHHBIX MATEPHAJIAX

M, H. JIMCELIKAS, T, A, )KEHUEHKO
(Ilpencrasaena HayunsiM ceMuaapom HMH BH)

[aHHble MO BpeMeHH pa3psila U CKOPOCTH €ro Pa3BHTHsI MOTLYT SIBUTHCS
MatepHanaMu AJs CYKAEHHS O MexaHH3Me npo0os. CoBpeMeHHbLIe TeOPHU
3JE€KTPHYECKOro Npofos TBepAblX AHIIEKTPHUKOB He paccMaTPUBAIOT Npolece
paspsiia B IPOCTPAHCTBe U BpeMeHH. [Ipoilecc mpoGosi OTOMKAECTB/AETCS
C Ha4YaJoM yIAapHOH HOHHU3ALIUH.

Bpems 3amasibpiBaHusi paspsjfa BO MHOTHX TBEPAbIX JAHIJIEKTPHKAX
(HATpOLenJI0/I03a, TIPECINaH, CTeKJ0, caoaa, dapdop) uccaemonaa Llrpu-
reqb [1]. Ilo skcrmepHMeHTaNbHBIM AAHHLIM CTPOHJIACh 32BHCHMOCTD .
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= t B [OJyJOrapHpMHueckom Macwrabe, rie #n, — KoJIudecTBO obpas-
3an

0B, HMEIOLee JJaHHOe U MEeHbllee BpeMsi 3allazjbiBaHusd, ny — olLiee KoJiH-

YyecTBO NPoOuThix 06pasnoB. Ho ero pesyabTaThl HeJb3d CUHTATH HageK-

HBIMH, TaK KaK B €ro onbiTax He Onl/10 ocuu/IorpadHpOBaHHUs.

Psapom aBropos [2, 3] uccienoBaJoch 3anasfbiBaHHE paspsifia B KpH-
cTajjax uesjaouHo-rajdougubix conei. Mccaegopanuamu K. K. Conumka [2]
HaiileHo, YTO B IIEJOYHO-TAJOHJAHLIX COJIAX TOJIIUMHOM HECKOJBLKO AecSThIX
AoJied MM BpeMeHa 3anasjiblBaHHs paspsaga  HMelT nopsmok 10— 7 =
=+ 10 8 cek. a cpegHMe CKODOCTH pachnpoCTpaHeHus paspsga 105 +
= 10% cM/cek.

3anasablBaHue paspsijla B OPrCTEKJIe W 3MOKCHAHOH cMoJe TOJIWHHON
3 =~ 8 MM B HeoJlHOpDOZHOM Hose wuccaeposan [urrmep (4] MM HaiiaeHo,
Y10 BpeMs 3amasiblBaHMA pa3psaja JeXKUT B HHTEpPBaJde OT eAHHHI 10
ACATKOB HCeK.

Ho xak H3BecTHO, TONBKO XapaKTEPHCTHKH MOBEJEHHS AHJEKTPHKA
B OJHOPOJAHOM IOJe ONpefeafioT ero 3JeKTPHYECKYIO NPOUHOCTb, [TosTomMy
NoBejleHHe H3O0JIAUHH B OAHOPDOJHOM TOJe MNPEeACTABASET ONpeAeseHHbIH
HHTEpec.

Opnnako uccaefoBaHHe Pa3BUTHS pPaspsaila B AH3JIEKTPHKE B YCJIOBHAX
OJIHOPOJHOIO IOJS1 3HAYMTENbHO CJOXKHEe, YyeM B HEeOJHOPOJHOM IIoJie II0
JABYM TIpHYHHAM:

1) u3-3a Gojee CHIBHOTO 3JEKTPHYECKOIO NOJS IPOLECCH APOTEKAIOT
GricTpee;

2) MeHbpLIee MeEXK3JEKTPOAHOE pacCTosiHue.

‘ To u apyroe TpeSyloT Myunmiero paspelleHHs BO BPEMEHH OT HCIOJb3ye-
MOH anmaparyphl.
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B oamHopoaHOM Tose B oprcrekae ToslndHoE 35 Mk M. A. MeabHHKO-
BBIM [5] Obl1a CHATA BOJbT-CEKYH/HAA XapakTepHcTHKAa npH npoboe Ha
¢dporTe uMnyabca ot 5.10 7 cek no 5.10 =9 cex. Mm 6blno obnapyxeHo
YOPOYHEHHE OPICTEK/a NpPH BPEMEHH BO3ACHCTBMst HampsixxeHus: 5.10 — 9 cek,
HO BpeMs 3amasiblBaHHA B OPICTEK/Ie ObLJI0 BecbMa MaJjbiM H €ro He yjaa-
JOCh H3MEDHTD.

[Tostomy craBHTCA 3agada M3MEPHTH 3aNa3IbIBAHHs paspsaia B TBep-
JAbIX M30J5LMOHHBEIX MaTepHajiax B JHana3cHe (ojiee KOPOTKHX BpeMeH. JTO
NpeaCTaBJsieT HHTEPEC HEe TOMbKO C TOYKH 3PeHUs] H3YUeHHs MeXaHH3Md
npo0os, Ho U B CBA3H C PA3BUTHEM H NIPUMeHeHHeM HAHOCEKYHJHBIX HMITYJb-
CHbiX TE€HEDATOPOB M KBAHTOBBIX I'€HEPATOPGB, KOTOPHIE 3aNYCKAIOTCA Bbl-
COKOBOJIbTHBIM HMMITYJbCOM HAaHOCEKYHIHOU aaurenbnoctd. Heobxomgumo
H3YYHTb NOBEJEHHE NPAKTHYECKOH H30JAIMH B 3TOM [HaNasoHe BpeMeH.

Jlna ucciefoBaHHsS MCHO/b30BAHCH MPSAMOYTOJABHbBIE HMIYAbCH HANPS-
KeHust ¢ ¢ppoaToM 3.1C —9 cek. W MIOCKOI YACThIO AJUTENbHOCTEIO 100 HCeK.

I'enepatop naBaj peryjHpyeMyl aMIVIHTYy1y HanpsKehds g0 60 xB.

bonee mojipo6uoe omucaHHe yCTaHOBKH IPHBOAMTCS B [6].

O6pasusl 4151 MCC/e0BAaHUST BpeMeHH 3anasfbiBaHus Npo0osi H3roTaB-
JUBAIKCh H3 (TOpPOMIACTa, BHHHMILIACTA, rethHakca. OHH Bhipe3a/juch U3
OIHOTO JIMCT@ COOTBETCTBYIOLLEro MAaTepHaJda M A 3THX ONBITOB HMEJH
pasmepnt 353510 Mm. C oaHoil cTopoHE 06pasiia Aeaatoch clenHab-
HbIM IIPHCIIOCOGJIEHHEM B CBEpPJHJBHOM CTaHKe mnodycepuueckas JyHKa
TaK, 4TOOBl TOJIIHHA 00pa3ua B CaMOM TOHKOM MECTe IIOC/Je 3acBepJ/IHBa-
sl paBusitack 0,2--0,3 MM, Jluamerp nosaycdepHUeCKOR JYHKH OBLT BHI-
OpaH TaKHM, 4TOOB! BBHIIOJIHSJIOCH YCJIOBHE OIHOPOAHOCTH MHOJS COTVIACHO
crannapry: R,>25 d v D>5d, rae R,—paanyc yray6aenus, D—roamu-
Ha NJAACTHHKH MaTepuana, d—rToJlHHEA 00pasua B caMOM TOHKOM MecTe.
B namux onwrrax npu R,=5 mM, d=0,1 MM, D;=10 MM 3TO ycJa10BHE
BBIIOJHAAOCh. Heobxoaumas Toamuba obpasna 0,1 MM ocTHTaaach CoO-
undoBaHneM IMIOCKOH CTOPOHBL 00paslia Ha HaxAauHo# Oymare, a 3a-
TeM Ha ¢erpe ¢ nacrofd. Tomuuna obpasua usMepsasach, Ha npubope Ttu-
na M3B-1 ¢ Haumenbmell uenod pesenna 0,001 Mm.

B kauectBe MaTepuasa 3/J€KTPOAOB TPHUMEHSICS MOPOMKOOOpPa3HEI
rpaduT, KOTOPEII C OZHOM CTOPOHH 00pasla 3alpeccoBHIBAJICH B JYHKY,
C APYrOM CTOPOHBI HACHITAJICH Ha MEAHBIH ILIOCKHN 3JIEKTPOA JHAMETPOM
10 MM H ODpHKHMAJCH K IJIOCKOH dacTh ofpasiua. )

O6pasub npo6uBaJjuch, B Bo3AyXe. PaszMepn o6pasuoB BHOPAHL A0-
CTATOYHO OOJBIIMMH U NOBEDPXHOCTHBIX DA3DPSAA0B He HAOJI0IAaN0Ch.

[Ipexxe Bcero Oblaa CHATA 3aBHCHMOCTb 3JEKTPHYECKOH HPOYHOCTH OT
BEPOATHOCTH Mpo0Os HJs BCeX HCCJACLyeMblXx MarepHanos. [las 3Toro Ha
o6pasel] nojaBa/jJuch NPSAMOYrOJbHblE HMOYJbCbl HaNpSIKEHHS JIHTENb-
Hocthio 100 Hecek ¢ Bo3pacTaHMeM aMILIMTYAB! IOCJAEAYIOLIETO HMIYJAbCA IO
cpaBHeHHIO ¢ npeanaymuM Ha 10%, noka oGpasen He mpobusascs. Pesyub-
TaThl, MOJYYEHHbBIEe NPH 3THX HCOLITAHMAX, NPEACTABJCHBI HA PHC. 1.

3aTemM omnpeneassocs BPeMs 3alasibiBaHHs pa3psiga NpH ONpeIeseH-
HBIX 3HAUEHHHX HanpsaxkKeHnHocTH noasi. Ha puc. 2 npeacrasnena cracTHue-
ckasi 00paGoTKa ppeMeHH 3anasiblBaHus paspsla o MeToAMKe [7], mpose--
Aennas s 30 o6pasnoB H3 BUHHILIACTA NPH HAIPSKEHHOCTH INOJs, paB-
#o#t 1,2 vns/cm. Takxe maxoAm/aIOCh BPeMsi 3anasAblBaHUs AJsl APYTHX Ma-
TEPHAJOB ¥ Ias JAPYTUX Hanpsskenwnocredl mnoad. [lo sTum  pesynbraTtam
Obljla TOCTPOEHA 3aBHCHMOCTh BPEMEHH 3aNas3fbIBAaHHS OT HANPAXKEHHOCTH
nods (puC. 3) AA8 BCEX HCCAENYEMBIX MaTepHajoB. [IpHueM mpH nocTpoe-
HHH TOUKH HOpPH CaMOH MaJOl HanpsiXeHHOCTH 10Jd AJ$ JAHHOTO Ma-
TepHala He YYUTBIBAJMMCb BpeMeHa 3anasjbiBaHHSA, paBHbie H MeHbIIHe,
YeM IIOJYYEHHBle IIPH Cjelyioilel HanpsiKeHHOCTH nojAs. ODTH BpeMeHa
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3anasAbBAHUSA IIOJAVUUINCH, MO-BUAUMOMY, npu npoboe ¢ ai06bix 06pasloB
¢ AeekTamHu. :

B Hamux HCCIEAOBAHHAX HANUIEHO, YTO BpeMs 3amasjbiBaHHs npobosi
B 3JeKTPOU3OJSLHOHHBIX MaTepHajax MaJdo U Jeur B HHTepBanae or 20 1o
2 ncex. Ono ymMeupuiaetrcsi ¢ yBeJuyeHHeM HanpsiKeHHocTH mnoas. Magnas
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Puc. 1. 3aBHCHMOCTB  3JeKTPHuECKOil Puc. 2. Crartacruueckass ofpa-
NPOYHOCTH OT BEPOSTHOCTH NPOBOST JiA 0OTKa [I4HHBIX 1O BPEMEHH 3a-
IeKTPOH3ONSIIIHOHHEIX MaTepHaJoB. na3lblBaHUs NpoGos [ BHHH-
I -—rerunaxc, 2 — pununaacr, 3—ro- naacra npu E == 1,2 mrefem.

ponjacr.

BEeJHUNHA BPEMEHH 3anas3iblBaHHs pas3psida I03BOASCT cledaTb BBIBOI
O TOM, UYTO OCHOBHYIO JIOJII0 B O0HIeM BpemeHH 3amasibiBaHus paspsija
urpaer Bpemsi ¢popmuposanud. I[Ipn TakoM GOJbLIOM AHaMeTpe 3JEKTPOAOB

H MarepHasie 31eKTpoacs rpadura, oue-

£z BH/IHO, BEPOSITHOCTb IOsBJEHHS CBOGO-
HBIX 3/J€KTPOHOB, KOTOpAst Onpeiesser
& _‘\ BPEMs 3anas/plBaHMsl, BETHKA.
3 _‘"‘t“ﬁ"—ﬁ—- [TosToMy MOKHO CuMTaTh, YTO CTATH-
25 - CTHYECKHM  BpeMeHeM  3anasjiblBaHHst
; _k‘\;\ ™ 4 MOZKHO IpeHeOpeYb, a H3MEPEHHOe Bpe-
PR\ Msl 3anasibiBaHus ecTb BpeMst (QOpPMH-
1IN 2 poBaHust paspaga. BosMoxHO onpene-
! - T JIeHHEe Cpe/HeHd CKOPOCTH paspsna, Kak

os ' .
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t!un,C‘EK v=

, Tie d — TOJIHHA JHIJIEKT-

3an
Puc. 3. 3aBucimocTs BpeMein 3amaz-

ABIBAHHS OT HANPSKEHHOCTH Mo Aas DHKA, Iy,p—BpeMs 3ana3iblBaHUs npobos.
I—retunaxca, 2—sunnnnacra, 3—dro- {lpug E =15 MrBcM B BHHHOJIACTE
ponacTa. Laan =3 107" cek. V =3-10¢ cm/cex.

[Ipu yBelHUeHHH HaNpPAKEHHOCTH TNOJsS BpeMsl 3anas/blBAHHA YMeEHb-
laercs, a, ¢/1e10BarelbHO, CKOPOCTh paspsia Bo3pacraeT. BoJblline cKopo-
CTH paspsfa CBHAETEJLCTBYIOT O TOM, UTO 3JIEKTPHYECKHH NpoGOH B TBEPABIX
AHIJCKTPHKAX ABJSETCSA 3JEKTPOHHBIM TIPOLECCOM.

CpaBuenue ¢ pasBUTHeM pas3psia B KaMEHHOH cOJH [8] mokasmiBaer,
4TO Ppaspsi/l B TBEDALIX 3JIEKTPOU3OJAIMOHHBLIX MaTepHadax HAET ¢ 6OJb-
ureii CKOPOCTBIO, YTO MOXKHO OGLSICHHTH GOJBIIHM 3HAUCHHEM HaIlpsIXKEeHHO-
CTH IIOJISL H TEM, YTO KPUCTANIbl KAMEHHOH CO/M O4€Hb XOPOLIO MOXKHO Mpo-
CMOTPETb TIOL  MHKDOCKONOM ¥ HCKIOYHTH OTOOPOM OOpPA3LOR HAJHUHE
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JedeKToB (HHOPOJHUX BKJ/IOYEHHH, My3bipbKOB BO3IyXa, TpellMH). B He-
HpO3pavHbIX JHJIEKTPUKAX 3TOTO HEJb3sl CIeJaTh.

Ho namu [9] npoBoAMJHCh HCCA€AOBAHHS B NPO3PAYHOM OPFCTEKJE
B OJHOPOJHOM moJje npu TosamuHe 70 MK ¢ FpadHUTOBLIMH 3JIEKTPOAMH.
Bouwio naiiieHo, yto oprereksgo o6maanaer GOJbIIel NPOYHOCTHIO NO CPaB-
HEHHIO € HCCaelyeMbIMH MarepuajaMu. YUTo MOXKHO OOBSACHHTH MEHBIIHM
JANaMeTpOM 3JEKTPOMOB, a TakxKe OOJblIeH OJHOPOJAHOCTBIO AUIJIEKTPHKA.

s oprerek/ia H3MepeHHHIE BeJAHYHHLI 3aMa3AblBAHHS JEKaT B TOM
7Ke MHTepBaJsie BpeMeHM, 4TO M A/l AaHHBIX JH3/JEKTPUKOB, YTO CBHIETE/b-
cTByer 00 aHAJOrHH IPOLECCOB npoGoa B 3THX Marepdajax. Takum ofpa-
30M, [0 Pe3Y.JbTAaTaM HCCIET0BAHUI MOXKHO CAENaTh CJIeAVIOIiHe BbIBOMIbL:

1. Bpems sanmasapiBaHUsl paspsijga B 3JEKTPOH3OJALNMOHHBIX MAaTepHa-
Jiax (BHHHILTACT, (DTOpONJAacT-4, OPICTEKI0, FE€THHAKC) Majo M HMeeT IOo-
pagok 2 (10 =9 = 10 — ) cexk.

2. Bpems sanasianiBaHHst pa3paia YMEHBUIAETCS ¢ YBeJHUYEHHeM Hamnps-
JKEHHOCTH HOJIS.

3. Cpenusia ckopocTh paspsiia Beqauka, 3.108 cym/cex.

4. Bosbiias cKOpOCTh mnpouecca OOBIACHAETCS 3JIEKTPOHHBIM — Xapak-
TepoM Tpobos.
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