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AHOTALIA Poboma npucesiuena OOCHIONCEHHIO NpOYeca eNeKmpudHoe0 CMApPiHHA i PYUHYGAHHA NOJNIMEPHUX OleNeKMPUYHUX
naieok. Iloxkasano, wo npobiii meepoux nonimeprux OieieKmpukie nio Oicio eneKmpuyHo20 NOA He € KPUMUUHOIO noodicio, a €
npoyecom, WO Ppo3GUEACMbCS Y YAci ma NPOAGIAEMbCs Yy HakonuwenHi Oegpexkmie 6 mamepiani. Posdinaiomuves  ymosu
HABANMAICEHHS eIeKMPUYHUM NONeM, 8 AKUX NPOMIKAE CMAPIHHA NONIMeDI8, NOKA3aHO, WO CIMapints nio Oi€lo eNeKmpuiHo20 nois
HAaBIMb 8 YMOBAX 0OMEHCEHHS YACMKOBUX PO3PAOI8 € HeMUHYUUM asuwjem. /[na MiHiMizayii enaugy yacmxkosux po3paoie ma 3a0ia
3anobieants enekmpuyHoi epo3ii noaimepy 3anponoHo8aHO NPOCMY MemOOUKy ix obmedicenns, aKka nepedbavac 3meHwents oonacmi
NONIMEPHOT NAIBKYU, WO NIONAdAe nio Oit0 eleKMPUYHO20 NOJsL MA 3aHYPEHHs 3PA3KI8 Y OleleKMPUUHy PIOUHY 3 Memor BUKTIOYEHHS
MONCIUBOCI]  BUHUKHEHHS NOSEPXHeGUX po3paois. Poszensdaromvces pe3ynomamu eKchepuMeHmy 3 HnepegipKu 2inomesu npo
obopomHicmb 3MiH, Wo GI00YEAOMbCsL 8 NONIMEPHUX NIIGKAX NIO GNIUGOM ENeKMPUUHO20 NOISA 8 YMOBAX 0OMENHCEHHS YACMKOBUX
po3pAaoie. Buasneno, wo mMoxcauuti maxuii 6nau8 eieKmpuyHo2o nos nPpOmuielcHol NOIAPHOCMI HA NOTIMePHUL OleleKMmPUK, o
00360J15€ 4ACMKOBO GIOHOBUMU 1020 NOZIPULeH] I30MAYilHI e1acmueocmi. Bucynymo 2inomesu wo0o Mexamizmy saeuuja pecenepayii
34 paxyHoK KomneHcayii npoyecié HaKonuyeHHs 00 eMHUX 3apsa0ieé 6 noiaimepi. (O02080pIOIOMbCA MONCIUGT WINAXU NIOBUWYEHHS
npaye30amuHocmi el1eKmpomexHiuHux nPUCmpois, wo Maioms 8 KOHCMPYKYii OieneKmpura noaiMepHi NaiKU WaAXoM 000amKosoi Oii
Ha OleleKMpuK eneKmpuyHux nouie npomunelcHoi nonaprocmi. Hamiueno winsxu nooansuiux meopemuyHux ma npakmuyHux
00CNiOAHCEHb eNeKMPULHO20 CIMAPIHHA MA NPOOOI0 MEEPOUX NOTIMEPHUX OleeKMPUKIE.

Knrouoei cnosa: nonimepni niieku,; erekmpuune cmapinus; npooitl meepoux 0ieieKmpuKis, 008208IUHICIb.

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

A. MALIUSHEVSKA, S. TOPOROV, 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 ssimple 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 CHEIIAbHUX 3aXO0miB Ul OOMEXKEHHS YacTKOBHX
po3psamiB, TOOTO pO3pAHIB Yy Ta30BUX BKIIOYCHHAX
IcTopis  BHBYEHHS TMPOIECIB  EINEKTPUYHOTO  BCEPEAMHI  130JIAMii, TPOMDKKAX MK 3pa3KkoM i

CTapiHHSI TOJIMEPHHUX [ieNeKTPUKIB Haligye OaraTto
JECATHIITh. 3MiHM IIiJ] BIUIMBOM EJIEKTPUYHOTO OIS
MEXaHIYHUX 1 EJIEKTPUYHHUX BIIACTUBOCTEH IOJIiMEPIB
JICTAIbHO BUBYAJIMCS B yMOBax, KOJIM HE NpHUIManocs

€JIeKTPOJaMH, a TaKOX MOBEPXHEBUX po3psAdiB. Bimomo,
0 B pe3yJbTaTi epo3ii, 10 BUHUKAE B MOJIIMEPHOMY
Marepiaimi T BIUIMBOM  YacTKOBUX  PO3PSiB,
BiZIOYyBa€TbCSl TMOCTYNOBE PYHHYBaHHS JIOCIIKYyBaHUX
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3pasKiB, MO i TPU3BOAMUTH IO MPOoOOI0. 3aKOHOMIipHOCTI
€IEKTPUYHOTO CTapiHHSA MONIMEPHHUX IieNeKTPUKIB MpH
BIUIMBI YACTKOBHUX pO3psAiB Oynm y3arambHeHi i
CHCTEeMaTH30BaHi B psiii MOHOTpa(iii BUEHHUX 31 CBITOBUM
iM'sIM: I'.C. KyuuHcbkoro, C.H. JlixxkoBoro,
A H. luxina, Bb.I. Caxina, L.A. Dissado, J.C. Fothergill.
Pazom 3 TuM 3aBxaM ICHyBaB TakoX IHTepec [0
BUBYEHHS EJICKTPUYHOI MIITHOCTI TBEPIUX OpPraHIYHUX
JIENIeKTPUYHAX ~ MarepialiB B yMOBaxX BHKIIOUEHHS
IIKIJUTMBOTO BIUTMBY YaCTKOBHX PO3PSNiB. 3 IIIMHOM Yacy
BJJOCKOHAJICHHSI TEXHOJIOTI BHTOTOBJIEHHS MOJIMEPHHUX
I30JIAIIIMHUX ~MaTepiayliB, MPOCOUYYIOUMX PIIUH IS
IDTIBKOBHUX MICTICKTPUYHUX CHCTEM 1 BHPOOIB 3 IMHX
KOMITOHEHTIB JIO3BOJIMUIM ICTOTHO 3MEHIIUTH MOJJIUBICTh
BUHHKHEHHS YacTKOBHX pO3pSNIB B [IiCJIEKTPUKY B
npoleci ekcrutyaraiii, 1 1e MiJCHIIE IHTepec 0
€JIEKTPUYHOTO PYHHYBaHHs NOJIMEpy, HE MOB'SI3aHOTO 3
BIUIUBOM eJIeKTpUuHOi epo3ii. [Ipu 1mpomy mnosiMepHi

JUCNICKTPUYHI IUTIBKA TOBIIUHOK OJIU3BKO JICCATKIB
MIiKpOMETPIB, 110 ITHPOKO BHUKOPUCTOBYIOTHCS,
HampuKiIaa, B CHIOBOMY KOHJICHCAaTOPOOYyBaHHI,

MOXKHA pO3IJBIIaTH  SK  HaWOimpm  3pyuHi  00'ekTH
JOCII/DKeHb  €NIeKTPUYHOTO  CTapiHHA 1 mpoOoro
MOJIiMEPiB, HE TOB'I3aHOTO 3 YACTKOBUMH PO3PsIaMH,
UM  OijbIne, o0 CWJIOBI KOHICHCATOPH €
€JIeKTPOTEXHIYHUMHI TIPUCTPOSIMH, HaTpy>KEHICTh
EJIEKTPUYHOTO TI0JISl B SIKUX CSra€ 3HAYHUX BEIUYUH (10

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

00OMe)KeHHS IHTEHCUBHOCTI YaCTKOBHX PO3PSJIiB BelIe 10
ICTOTHOTO 3pOCTaHHS €JIEKTPUYHOI MIITHOCTI MOJTIMEPHUX

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

JOCTIDKeHb i MiJCTaBy MPHUITYCTHTH, IO eIEKTPHYHE
pyiiHyBaHHS TOJIIMEpIB TpH OOMEXKEHHI YaCTKOBUX
PO3PSIIIB HE € KPUTUYHOIO MOJIIEI0, IO BiIOYBA€ThCS MPU
JOCSATHEHHI TEeBHOT HAIPY)KEHOCTI TOJIsI, & € MPOIECOM,
KA PO3BHMBAETHCS B Yaci Ta XapaKTEPU3YETHCS 4acOM
HaKOMMYEHHS Je(EeKTIB ad0 YacoM >KHUTTS IOJIMEPHOTO
3paska B eJeKTpuuHOoMy momi. JlirepaTypHi maHi
JIO3BOJISIIOT  yMAaTH, IO HPH TPAKTHYHO IIOBHOMY
OOMEXEHHI YaCTKOBHMX PO3psIiB B IONIMepax Hix Ai€io
EIEKTPHYHOTO TONA BiAOyBAa€ThCS IIOCTYIIOBa 3MiHA
CTPYKTYPH 1 BIACTHBOCTEH MaTepiaiy, sika 3aKiHIyEThCS
mpoboem. [Ipu peamnizarii Oynb-SIKOro MeXaHi3My IIPOOOIO
(TerI0BOro, EISKTPUYHOTO abo eJIEKTPOMEXaHITHOTO)
TBEPIOrO  IMOJIMEPHOTO  [iCJIEKTpHKA  HEOOXiIHO0
YMOBOIO PO3BUTKY MpPOOIHHHMX SIBUI € HAsBHICTH abo
MmosiBa MiJ] JI€I0 30BHINIHIX BIUIMBIB TOPOXHUHH 3
NOHWXEHO TryctuHow [7,8]. Ha cramii migrotoBku
npoOok0 (HalpHKIIaJ, 32 eIeKTPUYHUM MEXaHi3MOM), L0
BH3HAYa€ JIOBTOBIYHICTH  IIOJNIMEPHOTO  3pa3ka B
€JIEKTPUYHOMY o, BiZIOyBa€eTHCS YTBOPEHHS
MOPOKHUHM a0 po3mymeHoi obsacti nosnimepy, B sKid
HAaKOIMYYEThCI OO'€EMHUH 3apsiig 1 CTae MOXIHBOIO

ylIapHa i0Hi3aliss MOJIEKY)I Ta BUHUKHEHHS €JICKTPOHHUX
JMaBUH. BUHHUKHEHHS mopomnomiOHUX abo pO3IMyIIeHUX
obmacreii 31 3HIDKEHOIO MIUTBHICTIO B YMOBHO OJHOPIAHUX
nojiMepax MOJXIJIMBE TUIBKM B pE3yJbTaTl pPO3pHUBY
MaKpOMOJIEKYJI, aJIeé €IMHOI TOYKU 30py HAa MOXJIUBUN
MeXaHi3M YTBOPEHHsS PO3PUBIB MiJ JI€I0 €IeKTPUYHOTO
TOJIS TIOKH IO HE BUPOOJICHO.

To6T0, NpoOiii TUIIBKOBOTO IMOJIMEPHOTO 3pa3Ka
i JIi€I0 EJNEKTPUYHOIO MOJS € aKTOM, IO 3aBEpIIye
TIPOIIECH, SIKi PO3BUBAIOTHCS B HABAHTAXKCHOMY OO0'€KTI i
TOTYIOTh HACTaHHS MaKpPOCKOIIYHOI BTPATH CYLUIBHOCTI
[9-12].

Mera po6oTu

Byna ekcnepuMmeHTaJbHA TEpeBipKa TinmoTe3n
00 060pOTHOCTI (HE3BOPOTHOCTI) PYyWHIBHHUX 3MiH B
TUTIBKOBOMY MOJIIMEPHOMY Ai€JIeKTPUKY, 10 BUHUKIIHN TTi]|
Ji€l0  eNeKTPUYHOrOo IOJIE 33 YMOB  3ariylIeHHA
YaCTKOBUX PO3PSIIB.

MeTonuka eKCliepuMeHTY

Yac, 3a saxwmii BigOyBarOTbCA 3MiHH, IO
NpU3BOIATh JO BTpPAaTH CTIHKOCTI o00'ekta 10  mii
HAaBaHTA)XCHHs, NPUIHATO HAa3MBaTH IOBrOBIYHICTIO, Y
BUIIAIKY HaBaHTAKEHHA MOJIMEPHUX TUTIBOK
EJNIEKTPUYHUM TIOJIEM TOBOPSATH TaKOX MOpPO  dYac
OuiKyBaHHs POOOI0 ab0 Yac KHUTTS 3pa3Ka.

Mipa BHSBJICHHS O0OOPOTHOCTI HaKOMHYYBAIbHHX
NIPOLIECIB B KiHETHII pyHHYBaHHS ILTIBKOBOTO IIOJIIMEPY
Ml JI€I0 eNeKTPUYHOTO IOJsl BHUBYANACS Ha TPHKIIAAL
amMop(HO-KpUCTANIIHOT MOJISIPHOT HEOPiIEHTOBAHO]
nomierunenrepedranatioi (IIET®) mmmiBkm 15 MM
3aBTOBIIKM, sKa 3HaWIIIa IIUPOKE BUKOPHUCTAHHS B
CJICKTPOTEXHIYHUX MPUCTPOSX, 30KPEMa BUCOKOBOIBTHUX
IMIyJIbCHUX KOHZICHCATOpax. TOBIIMHA CYXHX 3pa3KiB
IUIIBKK BU3Hauvaiacs Bigmosimmo no I'OCT 17035-86
"IInactmMaccel. MeTobl ONpeaeneHns TONMIUHbI IICHOK
u nuctoB" mo BuOipii 10 3paszkiB 3 100. ExcriepumeHT
MPOBOIMBCSA HA OCHOBI OYEBHOHOIO IAXOoy —
MOPIBHSIHHS pE3YJIbTAaTiB BUMIPIOBAaHHS JOBTOBIYHOCTI
IIPY OJHOCTIPSIMOBAHIN /i HaBaHTAXXEHHSI 3 pe3yJIbTaTaMU
BUMIpIOBaHHS JIOBIOBIYHOCTI HpW 3MiHI HampsMmy Jii
HaBaHTaXeHHS. [Ipy IIbOMy BpaxoByBajlH, IIO BHCOKA
IIBHJKICTh pYyHHYBaHHS ITOJIIMEPIB Mif Ji€I0 YaCTKOBHX
PO3psAIIB, Y BCIKOMY pasi B MOCTIHHOMY ITI0JTi, MOXKE MaTH
MICIle TUTBKH TIPH HASBHOCTI JOCHUTH BEIUKHAX TOp abo
3HaYHUX NPOCBiTiB. OYEBHIHO, IO BUKIIOYUTH IOSBY
YaCTKOBUX PO3PSAAIB B 00Cs31 MaTepiany abo, MpHHANMHI,
3HAYHO 3MCHIIUTH IXHIO 1HTEHCHBHICTh, IIPOCTIIIIC
BChOTO,  SIKIIO  BUKOPUCTOBYBAaTH  SIK  OO0'€KTH
BUNPOOYBaHHs CcaMe ILUTIBKOBI IOJIIMEpPHI JieJIeKTPUKU
TOBIIMHOIO B KiJIbKa MIKpOMETpiB. ICTOTHO 3MeHIINTH
WMOBIPHICTh TOTpAIUISIHHS IOPU B  MDKEJIEKTPOIHHNA
MIPOMIXKOK MOXHa TaKOXX 32 PaxyHOK 3MEHIICHHS IUIOLIi
esteKTpoiB. TyT cllii 3a3HaYNUTH, 11O TUIOMA C(HEPUIHOTO
CNIEKTPOJIa, Yy Mekax sKoi 30epiraerbcsi BHCOKa
HaTIPY>KEHICTh eJCKTPUYHOTO IO, Mana. BiamosimHo,
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MaJuM € 1 00CAT ToNiMepy, Y SKOMY MOXIIUBHUI mpoOiii,
TOMY II[0 MaJia TaKO)X iIMOBIpHICTb HMOTPAIUISHHS BEINKOI
mopu abo nedeKTy IUTBKU B mel "HeOesmeunuit" obcsr.
[Ipr npoBeneHHI eJNEKTPUYHUX BUIPOOYBaHb 3pa3KiB
HOJIMEPHOI J1eJIeKTPUYHOI IUTIBKM BUKOPHCTOBYBAJIHCS
eNeKkTpoaHi cuctemu tumy "chepa-chepa”. Ak chepuuni
€JIEKTPOJY BUKOPHCTOBYBAJIMCS JIATYHHI KyJI JiaMeTpoM
5wmm, BianomipoBani g0 12 - 14 kjmacy Townocti. SIKiio
po3rairyBaTH  TaKy  CJIEKTPOAHY  CUCTeMy, i3
YCTAaHOBJICHMM Yy HiH 3pa3KoM IUIBKH, Yy piAKOMY
JIeNIeKTPUKY, HaNpUKIaa, TpaHc)OpMATOpHIA  OJMBI,
MOXKHAa  TIOBHICTIO  YCYHYTH  KpaloBl  pO3pSIH.
JIOBroBiuHICTh 3pa3KiB MOJIMEPHOI IUTBKH BH3HAYAIACST
3a JIOTIOMOTOI0 BHCOKOBOJIbTHOTO amapaty ANM-70 TY
25-06-1769-76, mio 3abe3mnedye JiHIMHE IiIBUIICHHS
BUIIPSIMIICHOT HAINpPYTH, PEECTpallisi 3HA4YeHHsS Harpyru
npoboro  (Ump)  mpoBogmiacst  3a  JIOTIOMOTOIO
KIJTOBOJIBTMETpY enekrpocrarnuynoro C196 TY 25-04-
130-79, moBroBivHICTh (4ac KUTTS) 3pasKiB MOTIMEPHOL
IUBKH 10 1po0oto  ¢ikcyBaBcs 3a  JIOMOMOTOIO
cekyHnoMipa. Ilpu BUBUEHHI JOBrOBIYHOCTI IOJIiMEpIB
(K, ByacHE, 1 IHIIMX EJICKTPOTEXHIYHMX MarepiaiB)
CIIOCTEPIraeThcsl 3HAYHUH PO3KU 3HAYEHb JIOBTOBIYHOCTI
JUIA  IIEHTHWYHWX 30BHI 3pa3KkiB mpu 30epekeHHi
OHAKOBHX YMOB HAaBaHTAXCHHS, TOMY HpuU 00poOIi
pe3yNIbTaTiB BUKOPUCTOBYBAIIMCS METOAM MAaTEMAaTHYHOI
cratiuctikd. ONUCyBaHUN EKCIIEPUMEHT MPOBOAMBCS Ha
napTisix MIiBKOBHX 3pas3kiB 3 30 mTyk KoxkHa. KoxxHwuii
3pa3oKk  IMiAJaBaBCs  BIUIMBY  €JIEKTPUYHOTO  MOJIS
Harpy>xeHictio 333 MB/m.

Pe3yabTaTu i 00roBopeHHst

Ha puc. | mpencrasnena iHrerpaigpHa (yHKIIS
po3moziny 3pa3kiB 3a moBroBiunicTio 1-N”/N=f(Ig(7)), ne
N - moBHe wmcmo 3paskiB cepii, N - 4ucIo 3pasKiB, sKi
3INIIWINCS HEYIIKO/DKCHUMHU IIICNISA  BUTPUMKH I
HAaBaHTAXXCHHSM IPOTATOM dacy T.

<

130 1.80 230 250 330 1)

Puc. 1— Po3nodin 3a 008208iunicmro 0115 3pa3Kié Niiexu
HIET® 6 enexkmpuuromy noni (E=333 MB/m)

I'padik QyHkuii oyikyBaHO HAOJMKAETBCS O S-
nofioHoi  Qopmu. Dopma posmoxminy OJHM3bKAa 0
HOpMaJIbHOT'O pOSHOZ[iHy BUIIAJIKOBUX BCJIMYUH, HIMPUHA

po3moxiny oOyMOBIICHA, IIEBHO, Bapiami€lo CTPYKTYpH i
ne(eKTHOCTI 3pas3KiB, MIKPOLIOPCTKICTIO EJISKTPOMdIB 1
T.1H. 3a OTpUMAaHMMH JaHWUMH BH3HA4YaBCsA 4Yac 1", IO
BIJINIOBiIa€ PYHHYBaHHIO MOJOBUHU 3pasKiB, Y JaHOMY
BUIIaJKy BiH ckiaB 456 c.

[orim Opanucst me aBi maprii (mo 30 wT) Takux
JKe  3pasKiB 1 BUTPUMYBaIWCS TIpU Takill ke
HanpyxeHocTi (333 MB/m) mpotsirom yacy 1" (456 c),
ICNsl YOro HaBaHTaKEHHS 3HIManocs. B pesynbrarti
3aJMIIazacs He 3pyHHOBAaHOIO ITOJIOBHHA 3pa3KiB MapTii, 3
SKUMH TIPOBOAWJIM TIOAAJbImi omeparmii. Xig aHamizy
SKCIIepHMEHTATIBPHUX JaHUX MOSCHIOE CXeMa Ha puc. 2.

1 - po3nodin 3a 0oszo8iunicmo 01 3pA3Ki8, AKI He 3PYUHOBAHI
(He npobumi) nicisi 6NAUBY eNeKMPUUHO20 NOJISL NPOMS2oM T";
2 - kpusa 1, nepebyoosana 6 koopournamax lg (t-t") — poznodin
3a 008206IYHICMIO OJ151 3PA3KIE, WO He NI00AmMbCs peceHepayii;
3 — po3nodin 3a 008208iuHICMIO OIS 3PA3KIE, WO YACMKOBO
pezenepysanu 3a 4ac nepepusanHs HaaHMAadCeHHs,

4 — po3noodin 3a 008208IUHICIMIO OIS 3PA3KIE, 8 AKUX 6
pesynvmami Oitl, Wo BUKOHAHT 3a 4AC NePepPUBaHHs
HABAHMANCEHHSL, BIOOYAUCA SMIYHIOIOYUU 3MIHU

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

KpuBy 1 mnpuiiMaeMo 3a ONOpHYy, TaKy, IIO
BiJINIOBiJJa€ PO3MOJLTY 3pa3KiB 3 JOBTOBIYHICTIO OiibIIe,
HDK 1", BIacHE I BEpXHS YacTWHA PO3MOnLTy 3 puc. 1.
SIKIIO Ticist BATPUMKH MiJl BIUIMBOM €JICKTPHYHOTO IOJIS
1 3HSITTA HANpyrd HAKONMM4YEHI B IUIBLI JedeKTn
30epiraloTbcsi —  MICAs  MOBTOPHOTO  BKIIFOUEHHS
HaBaHTAXKEHHS TI€l K BENWYMHM 1 3HAKY PO3IOJI PELITH
3pa3KiB TOBMHEH mpoiTu JiBime kpuBoi 1. I[loBHid
BiJICYTHOCTI BIJIHOBJICHHS 3a 4Yac MCPEPBH BiJIIIOBIJA€
nepeOynoBaHa B KoopauHaTax 1g (t — 1) kpusa 1 - kpuBa
2 Ha puc. 2. SIKmo 3a yac mepepBH il eNEeKTPHUYHOTO
MOJISL CTajacsi 4acTKOBa pereHepanis, TO PO3MOALT MO
BTOPHUHHIH JOBroOBIYHOCTI Ma€ MPONUTH MK KpuBUMH 1 12
(kpuBa 3), y pa3i IOBHOTO BiJHOBIIEHHS TOYAaTKOBOTO
CTaHy 3pa3KiB 3a yac mepepsu Kpusi 1 i1 3 cmiBmaayTs. I,
HapEITi, SKIO B pe3yJbTaTi sKoi-HeOyAb il Ha 3pa3Ku B
nepepsi BigOyIyThCs 3MILHIOIOYN 3MiHH, TO PO3MOALT MO
BTOPUHHIM JOBrOBIYHOCTI IOBHHEH IPONTH TpaBiIlie
OTIOpHO1 KpUBOT — KpuBa 4.

[Tix yac nepepsu (TpuBaiictio 240 c) oxHa mapris
3pa3kiB (30 1IT.) He TiATaBagach HiSKOMY BIUIMBY, a iHIIIA
napTist (30 1wT.) manaBanack BIUIMBY €JIEKTPHYHOTO TOJIA,
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TaKoro X 3a Moxyiem (333 MB/M), ajne mpoTHIICKHOTO 3a
HanpsMOM (TIPOTHUBOTIONISA).

Ha puc. 3 HaBenmeHi pe3yibpTaTH eKCIEPUMEHTY 3
NepeprBaHHAM [Iil eNeKTPUYHOTO IOJIsi Ha 3pa3ok 0e3
Oy/1b-SIKOTO JIONIATKOBOTO BIUIMBY B IepepBi. biausbkicTh
KpUBUX 2 1 3 CBIIYMTH MPO Te, IO 3a 4Yac MEPBHHHOTO
BIUIMBY Ha 3pa3KH B HUX HAKOMUYMIIUCS 3MiHH (IeeKTH),
sIKi 30eperiucs i 4ac HepepBH 1 NPUBEIH 3r0J0OM JI0
3HW)KEHHSI BTOPUHHOT JOBI'OBIYHOCTI.
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1 - po3nodin 3a doszoeiunicmo 0 3pa3Kis, AKi 3pVIUHOBAHT 30
yac, 6invwuil " (onopHa Kpusa),
2 — excnepumeHmanbHUll po3nooil 3pasKie 3a 006208IUHICTIIO
nicas nepepeu (240 ¢);
3 — pospaxynxoeuii po3nooin 3pasKie 3a 008206I4HICIO
no lg (z-t")

Puc. 3— Posnodin 3paskis niniexu IIET® 3a
0oeeosiunicmio (E=333 MB/m, t" = 456 ¢), dooamxosuii
6118 Nio yac nepepeu 8i0cymHiii

Ha puc. 4  mpencraBieHO — pe3yibTaTd
eKCIIEPUMEHTY 3 MEPEPUBAHHIM BIUIMBY EJIEKTPUIHOTO
MoJsl Ha 3pasKd Ta HAKIAJaHHIM Ha HHUX y MepepBi

CJIEKTPUYHOTO TIOJIS, TPOTHIIEKHOTO 3a HANPSIMOM
(poTHBOIIONS).

3cyHeHHA KpuBOi 2 10 KpuBoi | B 1maHOMY
BUMAJKY CBIIYWTH 1pO  30UIbIIEHHS  BTOPUHHOI

JIOBTOBIYHOCTI 3pa3KiB, MiJJaHUX BIUIMBY €JICKTPUUYHOTO
T0JIs1, TPOTHJIESKHOTO 32 HANpsSIMOM IIEpBICHOMY. 3TiIHO
BHUIIEBUKIIQJICHOT CXEMH aHaji3y eKCIepUMEHTAIbHUX
JAaHUX — II¢ BiJIIOBiJJa€ YaCTKOBIM pereHeparrii 1edeKTiB,
10 HAKOITUYMIIHCS B 3pa3Kax.

OTprMaHHI B €KCIIEPUMEHTI JaHHI 3 pyHHYyBaHHI
IUTIBKOBUX  MOJIMEPHUX  MarepiajgiB Mg MJi€ro
eNeKTPUYHOTO IIONS 32 yMOB OOMEXEHHS YacTKOBHX
pO3pSIiB B YACTHHI MOXIIMBOCTI pereHeparlii 3MiH,
HaKOIIMYEHHS SIKHX MPU3BOAUTH O NPOOOI0, JO3BOJISIIOTH
3pO0OHMTH TPUIYLIEHHS PO XapakTep TaKUX 3MiH.
MoxnrBo, 1O BCi 3MIHM Yy TakoMy BHIJAKY
BiZI0OYBAIOTHCSl HAa €NIEKTPOHHOMY PiBHI Ta HE TOPKAOTHCS
MaKpOMOJICKYJIAPHUAX SIBHIL (TIEpEerpyIyBaHHS MOJIEKY,
PO3pHB MIKMOJIEKYJISIPHHUX 3B’S13KiB, TOIIO).

HaiiGinpmr  mpuponmHiM Ui mojdiMepy, IO
3HaXOAWTBCS M MI€I0 EIEKTPHYHOTO TMOJSA, 3HAEThCS
¢dopmyBaHHS B momiMepi 00’eMHuX 3apsaiB. O0'emHmi

3apsan  (GOpMyeThCs SK 32 PAaXyHOK IHXKEKTOBaHUX 3
MMOBEPXHI EJIEKTPOMIB EJEKTPOHIB, TaK 1 3a pPaxyHOK
ioHi3amii MakpoOMOJEKyd TojiMepa B  CHJIBHOMY
CJNIEKTPUYHOMY IIOJIi 3 TEepPeXOZO0M EJEeKTPOHIB BiX
MaKpOMOJIEKYJI B MIDKMOJIEKYJIIPHI ITaCTKH. 3a YMOB
JIOCSITHEHHS 3apsilaMyd TPaHUYHOT BEJIWYMHHU 1 BUHHKAE
npoOiii.
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1- po3nodin 3a 0os206iuHicmIO 015 3PA3KIE, AKI 3PYUHOBAHI 3
yac, 6invwuii " (onopHa Kpusa);

2 — excnepumenmanbHuil pO3nooin 3a 006208IUHICIIO 0I5
3paskie, siKi npomseom nepepsu (240 c) 6ynu niooani eniugy
npomueonons E = 333 MB/m;

3 — pospaxynxoeuti po3nooin 3pasKie 3a 008208iUHICNIIO

no lg (v-t")

Puc. 4— Posnodin 3pasxis nuiexu IIET® 3a
ooeeogiunicmio (E = 333 MB/m, " = 456 ¢), y nepepei —
8NIUE NPOMUBONOJIA MIEL JIC HANPYIHCEHOCH

[opmampmti mOCHIKEHHS AOIIBHO CHPSIMYBAaTH B
00acTh BUBUEHHS MOXKIIMBOCTI pereHepartii moxiMepHux
IUTIBOK, IO OYJIM MiIaH] BINTUBY €JIEKTPUYHOTO MO, 32
paxyHOK Jil 1HIIMX TOJIIB, HAIIPUKIaJ, TeroBoro. Kpim
TOTO, JOBFOCTPOKOBI  JOCIIIKEHHS HEOOXITHO
MPUCBATUTH  TIPOSICHEHHIO  MEXaHi3My  YTBOpPEHHS
00’eMHHUX 3aps/liB B IUTIBKOBUX JICJICKTPUKAX Ta METO/IIB
3ano0iraHHsl TakoMy sBHLy. JleTarizamis €JIeKTpOHHUX
IIPOILIECiB, IO TOTYIOTh NPOOiIH IOJiMEpiB TakoX €
Ba)KJIMBUM 3aBJAHHSM MOJAJIBIINX TOCITIKEHb.

BucHoBkH

TakuM 4YHHOM, BWTPHMKAa 3pa3KiB IUTBKH B
MOCTIHHOMY  €JeKTPUYHOMY  MOJI  3HIDKYE  IX
JIOBTOBIYHICTh Yy pa3l momajibiiol [ii moas Tiei xk
MOJISIPHOCTI, 1 TMiBHIIY€ JOBTOBIYHICTD MPU NOAAIBIIOMY
BIUIMBI Ha 3pa3Kud EJIEKTPHUYHOTO MOJS HPOTHICKHOT
nossipHocTi. IlutaHHs 0OOPOTHOCTI 3MiH, SIKi TOTYIOTBH
MOPYIICHHS  CYHUIBHOCTI  IUTIBKM  MiJ]  BIUIMBOM
€JIEKTPUYHOTO TI0JISl, € LIKaBUM SK B HAYKOBOMY, TaK i B
MIPAaKTHYHOMY IIIaHi.

CroctepexxeHHs, sIKi 0OroBopeHo B po0OoTi,
JTO3BOJISIOTH OUIBII [ETaJhbHO CYOUTH TPO eJIeMEHTapHi
NpoLEecH, AKi TOTYIOTh pPYHHYBaHHS, Ta € HENPSIMUMHU
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HiATBEePKCHHSIMHI
MOJIIMEPHOMY  Ji€TIEKTPUKY

rinote3n npo (GopMyBaHHI B

ol0'emHHX 3apsnmiB. Y

MIPUKJIAAHOMY AacIlleKTi TIHOOKE MJOCHIIKEHHS SBHIIA
pereHepaiii 1edeKTiB, 0 HAKOMUYYIOTHCS Y MOJIMEPHUX
IUIIBKaX EJEKTPOTEXHIYHOTO TMPHU3HAYEHHS TIif JIi€l0
EJIEKTPUYHOTO TMOJs 32 YMOB BIJICYTHOCTI YacCTKOBHX
PO3psLiB, MOKE CTATH OCHOBOIO YISt METOJTY ITiIBUILCHHS
pane3/1aTHOCTI eJeKTPOTEXHIYHUX KOHCTPYKIIIH.
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YACMUYHBIX PA3PA008, GIEKVWUX 3G COOOU INeKMPUUECKYIO IPO3UI0, U Npoyecca CMapeHus u nociedylowe2o npobos meepobix
nOIUMEPO8 6 pesyibmame 6IUAHUS COOCIMBEHHO INEKMPUUEecKo20 noas Ha nonumep. IIpeonodcena memoouxa dKchepumenmad,
N0360NAIOWAS 02PAHUYUMb YACMUYHbIE PA3PAOb, BOZHUKAIOWUE 8 NOIUMEPHBIX NACHOYHBIX OUdeKmpuiecKux nienkax. Memoouxa
noopasymeeaem 00HOGpeMeHHOe 02panuyenue 001acmu noauMepa, No0BePIHCEHHOU B030eUCMBUI0 CUTLHO20 DNeKMPUYECKO20 O U
CHUDICEHUEe 8ePOSAMHOCU PA36UMUS NOBEPXHOCHMHLIX PA3PA008 3d CUem NO2PYIUCEHUs NIEHOYHbIX 00pa3y08 8 OUIIeKMPULecKyio
Jrcuokocme. Paccmampusaromes pe3ynomamel SKCnepumMeHma no npogepke 2unome3suvl 06 06pamumMocmu usmMeHeHul, NPOUCX00AUUX
6 NONUMEPHBIX NIEHKAX NOO 8030eliCIBUeM INeKMPUIecKo20 NOs 8 YCI0UAX 02PAHUYEHUS YACMUYHBIX pa3paoos. IIpu eo3deticmauu
HA NOTUMEPHDBIL OUDIEKMPUK NPOMUSONOIA HADII00AemCsi NOSblULeHIe 00I208€YHOCIU NIEHOYHbBIX 00pa3yos. Boiosunyma eunomesa
0 npupooe usMeHeHull 8 noaUMepe, NPOUCXOOAWUX NOO 8030€UCBUEM INEKMPULECKO20 NOISL 8 OMCYMCMBUe YACIMUYHBIX PA3PAO0E.
O6cyancoaiomest 03MOdiCHbIE NYMU NOGbIMEHUA  pabOMOCNOCOOHOCMU INEKMPOMEXHUNECKUX YCMPOUCME, UMEIOWUX 6 Kavecmee
ouanexmpuxa nonumepHsvie nienku. C yuemom nony4eHHuIX pe3yibmamos HameueHvl NYmu pazéumus meopemuyeckux u
NPaKmuyecKux Uccie008anuil 6 061acmu SNeKMpULecKo20 cmaperus NOIUMEPHbIX NIIEHOK.

Kniouesnvie cnoga: nonumepnvle nienxu, s1eKmpuieckoe cmapenue; npoooii meepovix OUINeKmpukos, 001208€4HOCHIb.
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