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AHOTALIA Poboma npucesiuena OOCHIONCEHHIO NpOYyeca eNeKmpudHo20 CMAapiHHA i PYUHYGAHHA NONIMEPHUX OleNeKMPUYHUX
nnieox. Ilokazano, wo npoo6iil meepoux NoniMepHux OleleKmpuKie nio O0i€lo eleKMPUUHO20 NOAS He € KPUMUYHOIO NOOI€N, A €
npoyecom, WO Ppo3GUEACMbCS Y YAci ma NPOAGIAEMbCs Yy  HaKonudenHi Oegpekmie 6 mamepiani. Posdinaromuves ymosu
HABANMAICEHHS eIeKMPUYHUM NONeM, 8 AKUX NPOMIKAE CMAPIHHA NONIMEDI8, NOKA3aHO, WO CIMAapinHs nio Ji€lo eNeKmpUuiHo20 Nois
HAaBIMb 8 YMOBAX 0OMEHCEHHS YACMKOBUX PO3PAOI8 € HeMUHYUUM asuwjem. /[na MiHiMizayii eniugy yacmrkosux po3paoie ma 3a0ia
3anobieants enekmpuyHoi epo3sii noaimepy 3anponoHo8aHO NPOCMY MemOOUKy ix obmedicenns, saKka nepedbavac 3meHwents ooacmi
NONIMEPHOT NIGKY, W0 NIONAdAe nio Oit0 eleKMPUYHO20 NOJsL MA 3aHYPEHHS 3DA3KI8 Y OleleKMPUYHY PIOUHY 3 MEemor BUKTIOUEHHS
MOJNCIUBOC]  BUHUKHEHHS NOSEPXHeUX po3padie. Pozensdaromvcs pe3ynomamu eKchepumMeHmy 3 HnepesipKu 2inomesu npo
obopomHicmy 3MiH, Wo GI00YEAOMbCS 8 NONIMEPHUX NIIGKAX NIO GNIUGOM ENeKMPUUHO20 NOISA 8 YMOBAX 0OMENHCEHHS YACMKOBUX
po3pAaoie. Buasneno, wo Moxicauuti maxuii 6nau8 eieKmpuyHo2o nos npomuielCcHol NOIAPHOCMI HA NOAIMepHUL OleleKmPUK, o
00360JI51€ YACMKOBO GIOHOBUMU 020 NO2IPULEH] [301aYiliHi enacmusocmi. Bucynymo einomesu w000 mexamizmy aeuwa pezenepayii
34 paxyHoK KomneHcayii npoyecie HAKOnuyeHHs 00 €MHUX 3apsa0ieé 6 noiaimepi. (O02080pIOIOMbCA MONCIUGT WINAXU NIOBULYEHHS
npaye30amuocmi e1eKmpomexHiuHux nPUCmpois, wo Maioms 6 KOHCMPYKYii OieneKmpuxa noaiMepHi naiBKU WaAXoM 000amKosoi Oii
Ha OleleKMpuK eneKmpuyHux Nonie NpomunelcHoi nonaprocmi. Hamiveno winsxu nooansuiux meopemuyHux ma npakmuyHux
00CTIOAHCEHb eNeKMPULUHO20 CIMAPIHHA MaA NPOOOI MEEPOUX NOTIMEPHUX JleIeKMPUKIe.

Knrouoei cnosa: nonimepni niieku; erekmpuune cmapinusa, npooiti meepoux OieeKmpuKis;, 008206IUHICb.

STUDY OF CERTAIN REGULARITIES OF POLYMERIC DIELECTRIC FILM’S
DESTRUCTION UNDER THE INFLUENCE OF ELECTRIC FIELD AT PARTIAL
DISCHARGES LIMITATION

A. MALIUSHEVSKA, S. TOPOROYV, O. DMITRISHIN

Highvoltage pulse capacitor department, Institute of Pulse Processes and Technologies NAS of Ukraine, Mykolaiv, UKRAINE

ABSTRACT The paper is devoted to the electrical aging, destruction and breakdown of polymer dielectric films. The necessity of
partial discharges’ limitation is explained because they are the main reason of film aging from electroerossion. It is shown that the
necessary condition for the breakdown of a polymer film of micron thickness under the electric field influence is the formation of a
cavity with a reduced density in a homogeneous polymer material, thus a pre-breakdown phenomena develops in this cavity. Possible
ways of such a cavities’ formation under the influence of strong electric field are discussed. A technically simple and reliable
method for partial discharges limiting is described. It implies diminution of polymeric volume, subjected to electric field influence,
and limitation of surface discharges due to film samples’ immersion in dielectric liquid. The aim of study — is the hypothesis of
destructive events in film polymer dielectric reversibility’s verification. The results of an experiment, testing the hypothesis of the
reversibility of changes, occurring in polymer films under the influence of an electric field under the conditions of partial discharges
limitation, are considered. It is established that the action of a constant electric field on film samples, at conditions when the
influence of partial discharges have been minimized, reduces the longevity of polymer in the case of the subsequent action of the field
with the same polarity, but their longevity increases by the electric field’s of opposite polarity action. Possible mechanisms of
conditions’ formation for the polymeric dielectrics breakdown under the action of an electric field (at conditions of partial
discharges suppression) are discussed. Certain ways of increasing the efficiency and reliability of electrical devices that have
polymer films as a dielectric are proposed. The further researches area is outlined.

Keywords: polymer films, electric aging; breakdown of solid insulator; longevity.

Beryn CHEIaIbHUX  3aXOMiB I OOMEXEHHS YacCTKOBHX
po3psamiB, TOOTO pO3pSAMIB Yy Ta30BUX BKIIOYCHHAX
IcTopiss  BHWBYEHHS MPOIECIB  E€IEKTPUYHOTO  BCEPEAMHI  130JAMii, MPOMIKKaX MDK 3pa3koM i

CTapiHHS TOJIMEPHHUX [ieNeKTPUKIB Hamigye OaraTo
JECATHIITh. 3MiHM I1iJ] BIUIMBOM EJIEKTPUYHOTO OIS
MEXaHIYHUX 1 EJIEKTPUYHHUX BIIACTUBOCTEH IOJIiMEPIB
JIETAIbHO BUBYAIMCS B yMOBax, KOJIM HE NpUIManocs

€JIEKTPOJaMH, a TaKOX MOBEPXHEBHX pO3psiaiB. Bimomo,
0 B pe3yJbTaTi epo3ii, 10 BHHUKAE B MOJIIMEPHOMY
Marepiayi T BIUIMBOM  YacTKOBUX  pO3PSIB,
BiZIOYyBa€TbCSl TOCTYNOBE PYHHYBaHHS JIOCIIKYyBaHUX
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3pasKiB, MO i TPU3BOAMTH IO MPOoOOI0. 3aKOHOMipHOCTI
€JIEKTPUYHOTO CTapiHHS IOJIMEPHUX IieNIEKTPUKIB MPH
BIUIMBI YAaCTKOBHUX pO3psiAiB Oynm y3arambHeHi i
CHCTEeMaTH30BaHi B psiJii MOHOTpadiii BUEHHUX 31 CBITOBUM
iM'sIM: I'.C. KyuuHcbKoro, C.H. JlixkkoBoro,
A.H. [uxkina, B.I. Caxina, L.A. Dissado, J.C. Fothergill.
Pazom 3 TuM 3aBXau ICHyBaB TakoX IHTepec [0
BUBUCHHS EJICKTPUYHOI MIIIHOCTI TBEPAUX OpPTraHiYHUX
JIEeTIeKTPUYHAX ~ MarepialiB B yMOBaxX BHKIIOUEHHS
LIKiJUTHBOTO BIUTMBY YAaCTKOBUX PO3PSIIB. 3 TUIMHOM 4acy
BJIOCKOHAJICHHSI TEXHOJIOTiil BUTOTOBJICHHS MONIMEPHUX
I3OJAMIAHNX ~MaTepialiB, MPOCOUYIOUHMX pPIAWH IS
IUTIBKOBHUX MIi€TICKTPUYHUX CHCTEM 1 BHPOOIB 3 MHX
KOMITOHEHTIB JIO3BOJIMJIN ICTOTHO 3MEHIINTH MOK/INBICTD
BUHUKHEHHS YacTKOBHX pO3pSNiB B [IIi€TIEKTPUKY B
npoleci ekcrulyaramii, 1 Ie MiACHIIE iHTepec 10
€JIEKTPUYHOTO PYHHYBAaHHS MOJNIMEPY, HE MOB'I3aHOTO 3
BIUIUBOM eJIeKTpUuHOi epo3ii. [Ipu 1mpomy mnoxiMepHi

JUCNEKTPUYHI IUTIBKA TOBIIUHOK OJIU3BKO JECATKIB
MiKpOMETDIB, 110 ITHPOKO BHKOPUCTOBYIOTHCS,
HampuKiIaa, B CHIOBOMY KOHJIEHCATOpOOYyBaHHI,

MOXXKHA pO3TIIAAATH SAK HaHOUTBII 3pydHi 00'€KTH
JMOCTIMKCHDb  €IeKTPUYHOrO  CTapiHHA 1  mpoOoro
MOJIiMepiB, HE IOB'I3aHOTO 3 YAaCTKOBUMH pPO3PsIaMH,
TUM  OijbIne, o0 CHJIOBI KOHIGHCATOPH €
€JIeKTPOTEXHIYHUMHI TIPUCTPOSIMH, HaIpy>KeHICTh
€JIEKTPUYHOTO TI0JISl B SIKUX CSIra€ 3HAYHUX BEIUYUH (10

200 — 300 MB/m).
AHaJIi3 0CTAHHIX JOCTITKEeHb
HaykoBo - mocnmigai pobotu [1-6] moBoasTh, 110

00OMe)KeHHS IHTEHCUBHOCTI YaCTKOBHX PO3PSJIB BEIE 10
ICTOTHOTO 3pOCTaHHS €JIEKTPUYHOI MIITHOCTI MOJIMEPHUX

JeTIeKTPUYHNX Marepiais, ane pyHHYBaHHS
MTOJIIMEPHOTO MieNEeKTPHKA MiJ AI€I0 CYTO EIEKTPHUIHOTO
MO 3aMMIIacThCd HeMHHy4YnM. Taki pesysbTaTd

JOCTIDKeHb i MiJCTaBy MPHUITYCTHTH, IO eIEKTPHYHE
pyiiHYyBaHHS TOJIIMEpIB TP OOMEXEHHI YaCTKOBUX
PO3PSAIIB HE € KPUTHYHOKO TIOI€I0, 110 BiIOYBAETHCS MPH
JIOCSITHEHHI TEBHOT HANpYXXEHOCTI MOJIs, & € TPOLECOM,
SIKM PO3BHMBAETHCS B 4aci Ta XapaKTEPU3YETHCS YacoOM
HaKOMHMUYEHHS Je(EeKTIB ad0 YacoM >KHUTTS IMOJIMEPHOTO
3paska B eJeKTpuuHoMy Tomi. JlirepaTypHi maHi
JIO3BOJISIIOTH  IyMaTH, IO NPH TPAKTHYHO IIOBHOMY
OOMEXEHHI YacTKOBHMX PO3psIiB B IONiMepax Mix Ai€ro
EIIEKTPUYHOTO TIONIA  BiAOyBAa€ThCS IIOCTYNIOBa 3MiHA
CTPYKTYpPH 1 BIACTHBOCTEH MaTepiaiy, sika 3aKiHIy€ThCS
mpoboem. [Ipu peamnizarii Oynb-SIKOro MeXxaHi3My IIPOOOIO
(TerIoBoro, eNeKTPU4HOro ado eNeKTPOMEXaHIYHOTrO)
TBEPAOT0  MOJIMEPHOrO  JieJIEKTpUKA  HEOOXiJHOI
YMOBOIO PO3BUTKY IpPOOIHHMX SIBUI € HAsBHICTH abo
mosiBa MiJ] JI€I0 30BHINIHIX BIUIMBIB TOPOXHUHH 3
NOHWKEeHO ryctuHow [7,8]. Ha cramii migrotoBku
npoOoto (HaNpHKIIa, 32 €IEKTPUYHUM MEXaHi3MOM), L0
BH3HAYa€  JIOBIOBIYHICTH  MOJIMEPHOrOo 3pa3ka B
€JIEKTPUYHOMY T1oJIi, BiZIOyBa€eTHCS YTBOPEHHS
MOPOXKHUHM a0 po3IymeHoi obsacti mosimepy, B sIKid
HAKOIMYYEThCA OO'€eMHUH 3apsiig 1 CTae MOXIHBOIO

yAapHa 10Hi3aIlisi MOJEKYJ Ta BUHUKHEHHS €IIEKTPOHHHUX
naBuH. BUHMKHEHHS MOPONOAIOHHX abo pO3MyLIeHUX
obmacreii 31 3HIDKEHOIO MIUTBHICTIO B YMOBHO OJHOPIAHUX
NoJiMepax MOJXIIMBE TUIBKM B peE3yJbTaTi pPO3pHUBY
MaKpOMOJIEKYJI, aJleé €IMHOI TOYKU 30py Ha MOXKJIUBUN
MeXaHi3M YTBOPEHHsS PO3PUBIB i JI€I0 €IEKTPUYHOTO
TOJIS TIOKH IO HE BHPOOJICHO.

Tob6T0, TpoOiii TUIIBKOBOTO IMOJIMEPHOTO 3pa3Ka
M €10 eJEKTPUYHOTO IIONISI € aKTOM, IO 3aBepllye
MIPOIIECH, SIKi PO3BUBAIOTHCS B HABAHTAXKCHOMY OO0'€KTI i
TOTYIOTh HACTAHHS MaKpPOCKOIIYHOI BTPATH CYLIIBHOCTI
[9-12].

Mera po6oTun

Byna ekcnepumeHTadbHA TEpeBipKa TilmoTe3n
1010 00OPOTHOCTI (HE3BOPOTHOCTI) PYWHIBHUX 3MiH B
TUTIBKOBOMY HOJIIMEPHOMY Ai€IeKTPUKY, 10 BUHUKIHN TTi]]
JE€I0  €JIEKTPUYHOTO MO 32 YMOB  3arjIyllIeHHS
YaCTKOBUX PO3PSIiB.

MeTonuka eKCliepuMeHTY

Yac, 3a saxwmii BigOyBarOTbCA 3MiHH, IO
MpU3BOIATh JO BTpPaTH CTIHKOCTI o0O0'ekta 10 il
HAaBaHTa)XCHHs, NPUIHATO HAa3HMBaTH IOBrOBIYHICTIO, Y
BHIIA/IKY HaBaHTAKEHHSA MOJIMEPHUX TUTIBOK
CNIEKTPUYHUM TIOJIEM TOBOPATH TaKOX Mpo  dYac
OuiKyBaHHS POOOI0 ab0 Yac KHUTTS 3pa3Ka.

Mipa BHSBICHHS 00OPOTHOCTI HaKOMHYYBaJIbHHX
NPOLIECIB B KiHETHII pyHHYBaHHS IIIBKOBOTO IIOJIIMEPY
i Ji€I0 eNeKTPUYHOTO IMOJsl BHUBYANACS Ha TPHKIIAAL
amMop(HO-KpUCTATIIHOT MOJISIPHOT HEOPiIEHTOBAHO]
nomierunenrepedranatioi (IIET®) mmmiBku 15 MM
3aBTOBIIKM, sKa 3HaWIIIa IIUPOKE BUKOPHCTAHHS B
CJICKTPOTEXHIYHUX MPUCTPOAX, 30KPEMa BUCOKOBOJIBTHUX
IMIyJTbCHUX KOHZICHCATOpax. TOBIIMHA CyXHX 3pa3KiB
wiBkK Bu3Hauvaimaca BigmoBigao mo ['OCT 17035-86
"I[TnacTmMaccel. MeTonbl omnpeneieHus TOMIUHBI TICHOK
n sucro" mno BubGipi 10 3paskiB 3 100. Excrniepument
MPOBOAMBCS HAa OCHOBI  OYEBHIHOIO MIAXOAY —
MOPIBHSIHHS PE3YJIbTAaTiB BUMIPIOBaHHS JOBrOBIYHOCTI
IIPY OJHOCTIPSIMOBAHIN /i HaBaHTaXXEHHsI 3 pe3yJibTaTaMU
BUMIpIOBaHHS JIOBIOBIYHOCTI TpW 3MiHI HampsMmy Jii
HaBaHTaXeHHS. [Ipy 1bOMy BpaxoByBajlM, IO BHCOKA
IIBHJKICT PyHHYBaHHS TIOJIIMEPIB IIiJ| JI€I0 YaCTKOBUX
PO3psAIIB, Y BCAKOMY pasi B MOCTIHHOMY II0JTi, MOXE MaTH
MICIle TUTBKH TIPH HASBHOCTI JOCHUTH BEIMKHX TOp abo
3HaYHUX NPOCBiTiB. OYEBHIHO, MO BUKIIOUUTH TIOSBY
YaCTKOBUX PO3PSIiB B 00cs31 MaTepiainy abo, mpuHaliMH,
3HAQYHO 3MEHIIWTH IXHIO IHTEHCHUBHICTb, MPOCTIIlIe
BCBOTO,  SIKIIO  BHKOPUCTOBYBaTH  SIK  OO'€KTH
BUIIPOOYBaHHS CaMe ILTIBKOBI IIOJIIMEpHI Ii€JIeKTPUKU
TOBLIMHOIO B KiJIbKa MIKpOMeETpiB. ICTOTHO 3MeHIIUTH
WMOBIPHICTh TOTpAIUISIHHS TOPH B  MIDKEJIEKTPOIHHUN
MIPOMIXKOK MOXKHA TaKOXX 332 PaxXyHOK 3MEHIIECHHS ILIOIIi
enextpoiB. TyT cii 3a3HaYUTH, 1O TLIONIA C(HEPUIHOTO
eJNIEKTpOJa, Yy Mexax sKoi 30epiraerbcsi BHCOKA
HaTIPY>KEHICTh eJIEKTPUYHOrO IO, Mana. BiamosimHo,
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MaJHuM € 1 00cAT momiMepy, Y SKOMY MOXIIUBHI MpoOiii,
TOMY L0 Majla TaKOX IMOBIPHICTb IOTPAIUIIHHS BEIUKOI
nopu abo nedekry Bk B 1ed "HeOedneuHuid" ooOcsr.
[Ipn npoBeneHHI eJIEKTPUYHUX BUIPOOYBaHb 3pa3KiB
HOJIMEPHOI J1eJIeKTPUYHOI IUTIBKM BUKOPHCTOBYBAJHCS
eJIEKTPOHI cucteMu THUIly "cdepa-chepa”. Sk chepuuni
€JIEKTPOJM BUKOPHCTOBYBAJIMCS JIATYHHI KYJIi JiaMeTpoM
5 MM, BianomipoBaui 10 12 - 14 kjmacy TowHocTi. SIKmio
po3TaimryBaTH  TaKy ~ €JNEKTPOAHY  CUCTeMy, i3
YCTaHOBIICHHM Yy HiA 3pa3KoM IUTIBKH, Y piAKOMY
TUCNeKTPUKY, HANPHUKIAL, TpaHCPOPMATOPHIA OJWBI,
MOXKHa  TIOBHICTIO  YCYHYTH  KpaioBi  pO3psiH.
JIOBroBiuHICTh 3pa3KiB MOJIMEPHOI IUIBKH BH3HAYAIACST
3a JIOTIOMOTOI0 BHCOKOBOJIbTHOTO amapaty ANU-70 TY
25-06-1769-76, mo 3abe3meuye IiHIMHE MTiIBUIIECHHI
BUINPSIMIICHOT HANpPYTH, PEECTpallisi 3HAa4eHHsS Harpyru
npoboro  (Ump)  mpoBomuimacss  3a  JIOTIOMOTOIO
KIJTOBOJIBTMETpY enekrpocrarnynoro C196 TY 25-04-
130-79, mOBroBivyHICTH (Yac HTTS) 3pa3KiB HONIMEpPHOI
IUBKH 10 1po0oto  (ikCyBaBcs 3a  JIOMOMOTOIO
cekyHnoMipa. [lpu BUBUEHHI JOBrOBIYHOCTI IOJIiMEpIB
(sx, BIAcHe, 1 IHMHX EJICKTPOTEXHIYHUX MaTepialiB)
CIIOCTEPIraeThCsl 3HAYHHUN PO3KU 3HAUCHB JTOBIOBIYHOCTI
JUIA  1IEHTHWYHHWX 30BHI 3pa3KkiB mpu 30epexeHHi
OIHAKOBHX YMOB HABaHTAXCHHS, TOMY Hpu 0O0poOIi
pe3yNIbTaTiB BUKOPUCTOBYBAIIMCS METOAM MAaTEMaTHYHOI
cratuctiuky. ONMCyBaHMH EKCIIEPUMEHT MPOBOAMBCS Ha
HapTisax IIBKOBUX 3pa3kiB 3 30 mTyk kokHa. KoxxHui
3pa3oK  MiAJaBaBCs  BIUIMBY  €JIEKTPUYHOTO OIS
HanpyxeHictio 333 MB/m.

Pe3yabTaT i 00roBopeHHst

Ha puc. | mpencrasnena iHrerpaigpHa (yHKIS
po3mominy 3pa3kiB 3a moBroBiunicTio 1-N”/N=f(Ig(t)), ne
N - moBHe gucno 3paskiB cepii, N - 9UCIIO 3pasKiB, sKi
SIUIIMINCS HEYIIKO/DKCHUMHU TIICNSA  BUTPUMKH I
HaBaHTAXCHHSIM IPOTATOM 4acy T.

<

130 1.80 230 250 330 1)

Puc. 1 — Po3nodin 3a 008208iunicmio 0115 3pA3Ki6é NiieKu
HIET® 6 enexkmpuunomy noni (E=333 MB/m)

I'padik ¢yHkuii oyikyBaHO HAOJMMKAETBCS OO S-
nonioHoi  Qopmu. Dopma posmoxiny OJHM3bKAa 0
HOpMaJIbHOT'O pOSHOZ[iHy BUIIAJIKOBUX BCJIMYUH, HIMPUHA

po3moxiny oOyMOBIICHa, IIEBHO, Bapiami€lo CTPYKTYpH i
ne(eKTHOCTI 3pas3KiB, MIKPOLIOPCTKICTIO EJISKTPOMdIB i
T.1H. 3a OTpUMAaHUMH JaHWUMH BU3HA4YaBCsA 4Yac 1", IO
BIJINIOBia€ PYHHYBaHHIO MOJOBHUHU 3pasKiB, Y JaHOMY
BUIIaJKy BiH ckiaB 456 c.

[orim GOpanucst me nBi maprii (mo 30 wT) Takux
JKe  3pasKiB 1 BUTpPUMYBaNuCSl TpU Takill xe
HanpyxeHocTi (333 MB/m) mpotsirom yacy 1" (456 c),
ICNsl YOro HaBaHTaKEHHS 3HIManocs. B pesynbrarti
3aJMIIaiacs He 3pyHHOBAaHOIO ITOJIOBHHA 3pa3KiB MapTii, 3
SIKUMH TIPOBOJAWJIM TIOAAJbImi omeparii. Xig aHamizy
eKCIIepIMEHTANIbHUX JaHUX MOSCHIOE CXeMa Ha puc. 2.

|

/e

1 — po3nodin 3a 0o6208iuHicmI0 01 3pA3KIB, KI He 3PYUHOBAHI
(He npobumi) nicis 6nAU8y ereKmpUIHO20 NOISL NPOma2om t'";
2 - kpusa 1, nepedyoosana 6 koopournamax lg (t-t") — poznooin
3a 008206IUHICMIO OJI51 3PA3KIE, WO He NI00AmMbCs peceHepayii;
3 — po3nooin 3a 008208IUHICIMIO OIS 3PA3KIE, WO YACMKOBO
pezeHepy6any 3a 4ac nepepusanHs HaA8aAHMAaNCeHHA,

4 — po3nooin 3a 008208IUHICIMIO OIS 3PA3KIB, 8 AKUX
pesynvmami Oitl, Wo BUKOHAHT 3a 4AC NepPepUBaHHs
HABAHMANCEHHSL, BI0OYAUCA SMIYHIOIOYUU 3MIHU

Co—

r

Puc. 2 — Cxema po3nodiny 3pasxie 3a 006208IMHICMIO

KpuBy 1 mpuiiMaemMo 3a OMNOpHYy, TaKy, IIO
BiJINIOBiJTa€ PO3MOILTY 3pa3KiB 3 JOBTOBIYHICTIO OiibIe,
HDK 1", BIacHE I BEpXHS YacTWHA PO3IMONUTY 3 pHC. l.
SIKIIO0 micys BUTPUMKH ITiJ] BIUTHBOM €JIEKTPUYHOTO TIOJIS
1 3HSATTA HANpyrd HAKONMW4YEHI B IUIBLI JedeKTn
30epiraloTbcsi —  MICAS  MOBTOPHOTO  BKITFOUEHHS
HaBaHTAKEHHS TI€T K BENUYMHH 1 3HAKY PO3IOJIT PELITH
3pa3KiB TOBMHEH mpoiTH JiBime kpuBoi 1. IloBHid
BiJICYTHOCTI BIJJHOBJICHHS 3a 4YaC TCPEPBH BIiJMOBINAE
nepeOynoBaHa B koopaunatax 1g (t — 1) kpusa 1 - kpuBa
2 mHa puc. 2. Sxmo 3a yac mepepBH Aii €IEKTPUYHOTO
MOJIsI CTajacsl 4acTKoBa pereHepanis, TO PO3MOIUT MO
BTOPHMHHIH JOBrOBIYHOCTI Ma€ MPONUTH MK KpuBUMH 1 12
(xpuBa 3), y pa3i MOBHOTO BiIHOBICHHS ITI0YaTKOBOTO
CTaHy 3pa3KiB 3a yac mepepsu Kpusi 1 1 3 cmiBmaayTs. I,
HapEIITi, SKIIO B Pe3yNbTaTi sAK0i-HeOyAb il Ha 3pa3Ku B
nepepsi BigOyIyThCs 3MILHIOIYH 3MiHH, TO PO3MOALI MO
BTOPUHHIA JTOBrOBIYHOCTI IIOBHHEH IIPONTH MpaBiIlie
OTIOpHO1 KpUBOi — KpuBa 4.

[Tix wac nepepsu (TpuBaiictio 240 c) oxHa mapris
3paskiB (30 1IT.) He HiAgaBagach HISKOMY BIUIMBY, a 1HIIA
naptist (30 wT.) mianaBanack BIUIMBY €JIEKTPHYHOTO MOJIS,
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TaKoro X 3a moxyiem (333 MB/M), ajne mpOoTHIISKHOTO 3a
HarpsMoM (TIPOTHUBOIIOJS).

Ha puc. 3 HaBeneHi pe3yibTaTH eKCIIEPHMEHTY 3
HepeprBaHHAM [l eJNeKTPUYHOTO MOoJisi Ha 3pa3ok 0e3
Oy/b-SIKOTO JIONATKOBOTO BIUIMBY B IepepBi. biau3bkicTh
KpUBUX 2 1 3 CBIIYMTH MpO Te, IO 3a Yac NEPBHHHOTO
BIUIMBY Ha 3pa3KH B HUX HAKOIUYMIIUCS 3MiHH (IeeKTn),
sIKi 30eperiucs i 4ac MepepBH 1 MPUBEIH 3r0J0OM JI0
3HW)KEHHSI BTOPUHHOT JOBIOBIYHOCTI.
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1 — po3nodin 3a dosz06iunicmIO 0 3pA3Ki6, AKi 3pYIUHOBAHT 30
yac, 6invwuil " (onopHa Kpusa),
2 — excnepumenmanbHull po3noOin 3pasKie 3a 008208IUHICIIO
nicast nepepsu (240 c);
3 — po3paxyukosuti po3nooin 3pasKis 3a 006206IUHICMIO
no lg (z-t")

Puc. 3 — Posnodin 3paskis nuiexu IIET® 3a
0oeeosiunicmio (E=333 MB/m, " = 456 ¢), 0ooamxosuii
6N nio yac nepepsu 8i0cymHiii

Ha puc. 4  mpeacraBieHO — pe3yibTaTu
EKCIIEPUMEHTY 3 MEPEPUBAHHIM BIUIMBY EJIEKTPUIHOTO
MoJsl Ha 3pa3Kd Ta HAKIAJaHHIM Ha HHUX y MEpepBi

EJIEKTPUYHOTO  TIOJIs, TPOTHJICKHOTO 32 HANPSIMOM
(mpotuBoMIONS).

3cyHeHHs KpuBOi 2 10 KpuBoi | B nmaHOMY
BUNAAKy CBIYMTH MpO  30UIBLICHHS  BTOPHHHOI

JIOBrOBIYHOCTI 3pa3KiB, MiJJIaHUX BIUIUBY €JIEKTPUYHOTO
TI0JIsI, TTIPOTHJICSKHOTO 33 HAMpsSIMOM IIEpBICHOMY. 3TiIHO
BUINEBUKJIQJICHOI CXEMH aHaji3y eKCIepUMEHTAIbHUX
JAHUX — II¢ BiJIIOBiJJa€ YaCTKOBIHM pereHeparii 1eQeKTiB,
110 HAKOITUYHUIIACS B 3pa3Kax.

OTprMaHHI B €KCIIEPUMEHTI JaHHI 3 pyHHYyBaHHI
IUTIBKOBUX  MOJIMEPHUX  MarepiajgiB Mg i€
EJIEKTPUYHOTO TMOJIsi 32 YMOB OOMEXKEHHS YacCTKOBHX
pPO3psIIIB B 4YaCTHHI MOMJIMBOCTI pereHepaiii 3MiH,
HAKOIHMYEHHS SIKUX MPU3BOJUTH J0 MPOOOI0, J03BOJISIOTH
3pO0OHMTH TPUIYLIEHHS NP0 XapakTep TaKUX 3MiH.
MoxnuBo, MmO BCi 3MIHM Yy TakoMy BHIJAKY
BiZI0OYBaIOTHCSl Ha €JIEKTPOHHOMY DiBHI Ta HE TOPKAOTHCS
MaKpOMOJICKYJIAPHUAX SIBHL (TIEpEerpyIyBaHHS MOJIEKY,
PO3pHB MDKMOJIEKYJISIPHHUX 3B’S13KiB, TOILO).

HaiiGinpmr  mpuponmHiM Ui mojdiMepy,  LIO
3HAXOIOUTHCSA T €0 ENeKTPHYHOTO TOJS, 3HA€THCS
¢opmyBaHHS B momiMepi 00’emHHX 3apsaiB. OO'eMHwmiA

3apsig QOpMyeThCS SK 32 pPaXyHOK IHKEKTOBAaHUX 3
MOBEPXHI EJIEKTPOAIB ENEeKTPOHIB, TaK 1 3a paxyHOK
iOHI3alil  MaKpOMOJIEKyNl —MojdiMepa B  CHIbHOMY
EJIEKTPUYHOMY IIOJIi 3 TEepPexXOZO0M EJEeKTPOHIB BiX
MaKpOMOJIEKYJI B MIKMOJIEKYJISIpHI ITaCTKH. 3a YMOB
JOCATHCHHA 3apsagaMu I'paHI/I'-IHOT BCJIMYUHU i BUHUKAE
poOiii.
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1 - po3nodin 3a 006206iuHICMIO 015 3PA3KIB, AKI 3PYUHOBAHI 3
uac, 6invwuii " (onopHa Kpusa);

2 — eKCnepuMeHmanbHull po3nooil 3a 008208IUHICIIO OISl
3paskis, siKi npomscom nepepsu (240 c) 6ynu niooami eniugy
npomueonons E = 333 MB/m;

3 — po3paxynkosuil po3nooin 3pasKie 3a 008208i4HICMIO
no lg (v-t")

Puc. 4 — Posnooin 3pasxis nuiexu IIET® 3a
0oeeogiunicmio (E = 333 MB/m, t" = 456 ¢), y nepepei —
8NIIUE NPOMUBONOJIA MIEL JIC HANPYICEHOCMI

[onmanpmni mOCHiKEHHS AOIIBHO CHPSIMYBAaTH B
00yacTe BUBYEHHS MOXKIIMBOCTI pereHepartii moriMepHnux
IUTIBOK, 10 OYJIH MiAfaHi BILTUBY €JICKTPUYHOTO OIS, 3a
paxyHOK il 1HIIMX TOJIB, HANPUKIA[, TermioBoro. Kpim
TOTO,  JOBFOCTPOKOBI  JOCIIIKCHHS HEOOXITHO
MPUCBATUTH  TIPOSICHCHHIO  MEXaHi3My  YTBOpPCHHS
00’eMHHUX 3apsJliB B IUTIBKOBUX JICICKTPUKAX Ta METO/IIB
3amo0iraHHs TakoMy siBUINY. JleTanizamis eIeKTPOHHUX
NIPOILIECiB, IO TOTYIOTh NPOOiH TIOJiMEpiB TakoX €
BaXIMBUM 3aBJIaHHAM ITOJANBIINX JTOCIIIKCHB.

BucHoBkH

TakuM 4YHHOM, BWTPHMKa 3pa3KiB IUTBKH B
MOCTIHHOMY  €JEeKTPUYHOMY  MOJI  3HIKYE  IX
JMOBTOBIYHICTh Yy pa3i momajibmiol [ii MO Tiei Xk
MOJISIPHOCTI, 1 TMiABHIIY€ TOBTOBIYHICTD MPU HOAAIBLIOMY
BIUIMBI Ha 3pa3Kud EJIEKTPHUYHOTO MOJS HPOTHIICKHOT
nossipHocTi. IlutaHHs 00OPOTHOCTI 3MiH, SIKi TOTYIOTh
MOPYIICHHS  CYHUIBHOCTI  IUTIBKM  MiJ]  BIUIMBOM
€JIEKTPUYHOTO TI0JISl, € LIKaBUM SK B HAYKOBOMY, TaK i B
MIPaKTHYHOMY IIIaHi.

CroctepexxkeHHs, sIKi 00roBopeHo B po0OoTi,
JTO3BOJISIOTH OUIBII NETaTbHO CYOUTH PO eJIeMEHTapHi
NpoLecH, AKi TOTYIOTh PYHHYBaHHS, Ta € HENPSIMUMH
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AHHOTALIUA Paboma nocsaujena ucciedos8anuro npoyecca Cmapenus U paspyuenus noIUMepHblX OUdIeKMpUYeckKux nieHoK noo
6030eticmeuem dnekmpuieckoco noias. Ob6cysucoaiomes yciogus npodos meepovix NOAUMEPO8 8 Hacmu Gopmuposanus obiacmu
NOHUdICEHHOU nAomHOCmU 6 Mamepuane. Tlokazana HeoOX0OUMOCMb pasdenenus npoyecca Cmaperus NAeHOK noo 8030elicmeuem
YACMUYHBIX PA3PA00E, GIEKVWUX 3d COOOU DNEKMPUYECKyI0 3PO3UI0, U Npoyecca Cmapenus u nocredyioujeco npooos meepovix
noOIUMEPOs 6 pesyibmame GIUAHUA COOCMBEHHO NEKMPUUecKo20 noas Ha nonumep. IIpeonodcena memoouxa dKchepumenmad,
NO360MAIOWAA OSPAHUYUMb YACMUYHbLE PA3PAObL, BOZHUKAIOWUE 68 NOTUMEPHBIX NIEHOUHBIX OUINIEKMPUUeCKUX nienkax. Memoouka
noopasymeeaem 00HOGpeMeHHOe 02panuyenue 001acmu noauUMepa, No0BepIHCEHHOU B030eUCMBUI0 CUTLHO20 DNeKMPUYECKO20 NOJIA U
CHUDICEHUE 8ePOAMHOCIU PA36UMUA NOBEPXHOCMHLIX PA3PA008 3d CUem NO2PYJICeHUs NAeHOYHbIX 00pa3y08 @ OUdNeKmpuiecKylo
Jrcuokocme. Paccmampusaromes pe3ynibmamel dKcnepumenma no npogepke 2unomesuvlt 06 06pamumocmu usmMeHeHutl, NPOUCX00AUUX
6 NOTUMEPHBIX NAEHKAX NOO 8030eliCIBUeM INeKMPULecKo20 HOS 8 YCI08UAX 02PAHUYeHUs YaACUYHbIX pa3paoos. TIpu eo3deticmauu
Ha NOAUMEPHBII OUDIEKMPUK NPOMUBONOIIS. HAOMI00Aemcs nosbluenue 001208e4HOCU NIEHOYHbIX 00pa3yos. Bulosunyma eunomesa
0 npupooe usMeHeHull 8 noauUMepe, NPOUCXOOAUWUX HOO 8030€UCBUEM INEKMPULECKO20 N0 6 OMCYMCMBUE YACMUYHBIX PA3PAO0E.
O6cyanc0aiomest 603MOdiCHbIE NYMU NOGBIUMEHUS  pabOMOCNOCOOHOCMU DNEKMPOMEXHUYECKUX YCMPOUCMS, UMEIOWUX 6 Kayecmee
ousnexmpuxa nonumepHvie nienku. C yuemom NOAYHEHHLIX pe3yIbmamos HamedeHvl HYmu pa3eumus meopemuyeckux u
npakmuyeckux uccue008anull @ 001acmu NeKMpUiecKo20 Cmapenus NoIUMEPHLIX NieHOK.

Kniouesvie cnoga: nonumepnvle nienku, 21eKmpuieckoe cmapenue;, npoboii meepovix OuINeKmpuKos, 001208€4HOCHb.
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