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YHPABJIEHUE SKCILTYATAIIMOHHBIMH CBOMCTBAMU
®UJIBTPOBAJIBHON BYMAT'H C IOMOIIbIO YHUITIOJISIPHOI'O
KOPOHHOI'O PA3PAA

JI.P. Mycuna, M.®. I'anuxanos, C.B. BoikoBa
Ka3zanckuii hnayuonanvHulil uccnedoeamensckuii mexHoao2udeckuil ynusepcumem, 2. Kazanw,
Poccus

Ilokazana 803MONCHOCb UCHONB308AHUSL KOPOHHO20 pA3pA0a OJisl YIVHUIeHUS KOM-
nieKca dKCHAYAMAYUOHHBIX C8OUCME hunomposanrvHou dymaeu. Ilpeocmaenenvt pesynvma-
Mbl UCCIEO08AHULL NO AHANU3ZY NOJIAPUIYEMOCIIU DUTLIMPOBATLHOU OyMa2y U ee GIUAHUSL HA
npomexanue COpOYUOHHBIX U OUDDY3UOHHBIX NpPOYEcco8 6 CMPYKMype UYeunt103HO-
OymasccHo2o mamepuana, a maxdice Ha KOMNIEKC e20 MexaHu4yecKux c8oUcms.

CONTROL OF OPERATIONAL PROPERTIES OF FILTER PAPER
BY UNIPOLAR CORONA DISCHARGE

L.R. Musina, ML.F. Galikhanov, S.V. Volkova
Kazan national research technological university, Kazan, Russia

The possibility of using a corona discharge to improve a complex of operational prop-
erties of filter paper is shown. The study’s results on the analysis of filter paper polarizability
and its effect on the course of sorption and diffusion processes in the structure of cellulose-
paper material and on the complex of its mechanical properties are presented.

Bo mHoOrumx otpaciasix HpOMBILIUIEHHOCTH (QUIbTpOBajbHas Oymara u
(bUIBTPOBAIILHBI KaPTOH OCTAIOTCS BeChbMa BOCTPeOOBAHHBIMH, TaK KakK 00Ja-
JAI0T ONTUMAJIbHBIM COYETaHUEM (DYHKIIMOHAJIBHBIX XapaKTEPUCTHK, JICIICBU3-
HbI, JIETKOCTU. OAHAKO HU3KHUE MOKA3aTEIM MEXAHMYECKOW MPOYHOCTU LIEIUIIO-
J03HO-0OyMaKHBIX MAaTE€pPUAJIOB OTPAHUUYUBAIOT Cephbl UX NPUMEHEHHS, OCOOEH-
HO B YCJIOBHSIX OOJIBIIIUX HArPYy30K, BHICOKOW BJIIAXKHOCTH [5, 7].

[IpouHoCTh OyMaKHOTO JUCTA 3aBUCUT OT €0 COCTaBa, MPOYHOCTH BOJIO-
KOH, CHJIbBI CBSI3U MEXJIYy 3TUMH BOJOKHamMu. MMmeeTcs: 00JblIoe KOJIMYECTBO
Pa3TUYHBIX METO/IOB — XUMUYECKUX U (DU3UICCKUX — YIYUIICHUS T€X WA HHBIX
CBOWCTB II€JUTIOJIO3HO-OyMakHbIX MaTepuanos [1, 7, 9-10], B Tom yucie — ux
00paboTKa B YHUTIOJISIPHOM KOPOHHOM paspsze [9-10].

B Toxe Bpems mMpoKoe MPpUMEHEHHE HaXOST dJIEKTPETHBIE QUIBTPHI HA
OCHOBE IMOJIMMEPHBIX BOJOKOH. OHU NPEICTaBIAIOT cO00M MaTepuabl U3 3apsi-
KEHHBIX TOHKUX MOJUMEPHBIX BOJIOKOH U MPUMEHSIOTCS JIJIs1 OUMCTKH BO3/AyXa
U Pa3IMYHbIX T'a30B OT MbUIM. DJIEKTPETHbIE BOJOKHA MPUTITUBAIOT K ceOe ya-
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CTULBI IBUIA M 3aXBaTbIBAIOT KYJOHOBCKUMU cuiaMu [4, 8, 13]. Dtor npuHIun
MO>KET OBITh pEeaTU30BaH U ISl IEJUTI0JI03HO-0yMaKHBIX MAaTEPHAJIOB.

Takum 00pa3zoM, 11e/bI0 HACTOSIIEH PabOThI SBHIJIOCH MUCCIIEIOBAHUE BO3-
MO>KHOCTU 3JIEKTPETUPOBaHUSA (UIBTPOBAILHOM OyMaru B MOJE€ KOPOHHOIO
paspsia U ero BIMSHHUS Ha COPOLIMOHHBIE M MEXaHWYECKHE CBOWCTBA LIEJUIIO-
JI03HO-0yMa)KHOTO MaTepuara.

B xauectBe 0ObekTa MccienoBanus Oblia BeIOpaHa jabopatopHas (Guib-
tpoBasbHas Oymara mapku OC-II (TOCT 12026-76) (®b) u dunsTpsl 06€330-
nennble «Cunsis nenta» (CJI), «Uepnas nenta» (UJI).

B kavecTBe (unpTpaTa MCHOIB30BAIN NAap(IOMEPHYIO KUIKOCTh, COCTO-
syt u3 73 % stunoBoro cnupta, 8 % mapdromepHoii komnozuiuu u 19 % Bo-
1wl (TOCT 31678-2012).

OnextpetHoe coctosHue ®b co3maBanoch B YHUIOISIPHOM KOPOHHOM
paspsiae npu Hanpsbkenuu U,, = 30 kB u Bpemenu 006paboTku ,, = 30 cex. O0-
pasubl (ODb, DCJI, DUJI) snexkTpeTupoBaIucCh ¢ MPUMEHEHUEM JIABCAaHOBOM
MOJIJIOKKHU, KOTOpasi pa3Memiaiach roj OyMaroil Ha 3a3eMJICHHOM DJJIEKTPOJIE
KOpOHATOpA.

DNeKTpeTHbIe XapaKTEPUCTUKH (ITOTEHIMAN IOBEPXHOCTH V), HaINpsKEH-
HOCTb 3JIEKTPUYECKOro noJisi £, 3(hpexTuBHASI MOBEPXHOCTHAS MJIOTHOCTh 3apsi-
71a 0,p) 00pa3L0B U3MEPSUIN €KEIHEBHO HA M3MEPUTEIE NApAMETPOB IIEKTPO-
cratuueckoro mois UIIDII-1 koMmmeHCalMOHHBIM METOJOM (SKpaHUPOBaHUEM
MIPUEMHOTO DJICKTPOAA).

Onpenenenue GUIBTPYIONIEH U pa3leIUTEIbHONW CIOCOOHOCTH OyMmaru
npoBoauiiochk corinacHo ['OCT 7584—89. McnbeiTaHuss HA CONPOTUBIICHUE IPO-
napnuBaHuto npooguian no 'OCT 13525.8—86 u conpoTUBIEHUS pa3aupaHUIO
(meton Dnbpmenaopda) npooaunu o 'OCT 13525.3-97, nopuctoctu orpee-
asiock MmerogoMm bennrcena (I'OCT P ISO 8791/2).

[Ipu 006paboTke AMAIEKTPUUYECKUX MATEPUAJIOB B YHHUIIOJSIPHOM KOPOH-
HOM pa3psijie MPOUCXOAUT UHKEKIUS HOCUTENEH 3aps0B (MOHOB, 3JIEKTPOHOB)
B 00beM MaTepHana M yJep)KaHHe MX dHEPreTUUYeCKMMH JioBylikamu [4, 13].
Bbymara sBisieTcst miaoxuMm 3JieKTpeToM (Tadu. 1) u gaxke ee moisipu3anus C jJaB-
CaHOBOM MOJJIOKKOM HE MPUBOJUT K 3HAYUTEILHOMY YJIYUYIIEHUIO €€ 3JIEKTPeT-
HBIX CBOWCTB.

Takke M3BECTHO, YTO CBOMCTBOM pPAaCTUTEIBHOTO BOJIOKHA, CAMOIIPOM3-
BOJIBHO MPOSIBIISIONIUM Ce0sl, SIBIISIETCA 00pa3oBaHUE TBOMHOTO AIEKTPUUIECKOTO
cios ([I2C) na moBepXHOCTH CBOOOJIHBIX CETMEHTOB BOJIOKOH M B KOAryJsIu-
OHHBIX KOHTaKTaX. DJIEKTPOKUHEeTHYECKUU noTteHnuan JI9C MOKeT U3MEHATHCA
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cat

noj jAeiictBueM MHorux (axtopoB — pH, BHJa U KOHLIEHTpauuu B OyMa)KHOM
Macce XMMHUYECKUX BEIeCTB (0COOEHHO MOHOTEHHBIX ), BHIa BOJOKHUCTOTO IO-
nydabpukata (11eJUTI0N103a, IPEBECHAs Macca, BTOPUYHOE BOJIOKHO) U CTEICHH
€ro rujapartalyy, BO3JECUCTBUS AJIEKTPUUECKOrO MOJISA, & TaK K€ psAjna ApYyrux
¢dakropos [6, 12]. [Ipu o6paboTke Oymaru B yHUIIOJSIPHOM KOPOHHOM pas3psijie
IPOUCXOJUT YBEJIMYEHHE NOTEHIMAlIa JABOMHOIO 3JEKTPUYECKOro CJos, T.€.
YCHJICHHE B3aHMOJICHCTBUSI MEXITY BOJOKHAMU. DTO BIIOJIHE BO3MOXKHO, YUHUTHI-
Bas, 4TO B OTPUIIATEILHON KOPOHE Ha BO3ayxe, oO0pa3yrorcsi uonsl Oy, COs,
(H20),COs™, xoTOpble OCax)AaroTCsi Ha MOBEPXHOCTU 00padaThIBAEMOTO Mate-
puaina [4].

Ta6mmma 1. DnekTpernsie cBolictBa Db, DCJI, DUJI

Hauanbsubie 3HaueHus (cpasy mnocie Uepes 10 cyrok mocie
SJICKTPETUPOBAHUS SJICKTPETUPOBAHMUS
Marepuan V., P pE, ) o, V., P E, P o,
kB kB/m MKKi1/M2 B kB/m MK /M2
610)3 0,119 7,36 0,063 0,001 0,18 0,0014
2CIJI 0,08 4,68 0,04 0,001 0,2 0,0016
DUJI 0,052 3.4 0,031 0 0,18 0,0018

D heKTUBHOCTE OYMaXKHBIX AJICKTPETHBIX (UIBTPOB IO 00ECIICUCHUIO
YUCTOTHl (puiibTpaTa ObUIa M3y4YE€HA IPU ONPEACICHUH Pa3[eIUTEIbHON CIIO-
coOHOCTH QUIBTPYIOLIUX MaTepuanoB (puc. 1).

14 12
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=
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4 — 3
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CNOCOBHOCTb, MUH

Puc. 2. Pe3ynbrarhl uctibITaHUN (HUITH-
TpYIOIIEH CIOCOOHOCTH

Puc. 1. Pe3ynbpTarsl UCTIBITAHUN pa3ieiu-
TEIBHOU CITOCOOHOCTH

3aepKUBaAOIIAsl CIOCOOHOCTh (PUIIBTPOBAIIBHBIX MAaTEPUATIOB HAXOIUTCS
B TECHOM 3aBUCHUMOCTH OT CTPYKTYPHBIX CBOWCTB (PMIIBTpOBaNbHOW Oymaru, B
YaCTHOCTH OT pa3Mmepa Mmop. IIEKTPETUPOBAHUE 0OPA3IOB MOKA3aJI0 YMEHbIIIEe-
HUE KOJIMYECTBA YaCTUIl B (PruibTpaTe MoyTH B jBa pasza. Ocaxk/IeHue 4acTull Ha
3apsKEHHBIX o0pa3lax Oymaru MpoOMCXOAMT M3-3a MPUTATUBAHUSA HEUTPAIbHBIX
YacTHUL] BKIIFOUEHUI CHJIAMU 3apsDKEHHBIX BOJIOKOH Oymaru BCIIEICTBHUE YBEJU-
YEHUsSl DJIEKTPOKMHETHUECKOTO IMOTEHIMana moBepxHoctu Oymaru. I[lpu stom
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BO3MOXKHOCTh PACIpOCTPAHEHUS OISl Ha OOJIBIINE PACCTOSHUS TMTO3BOJISIET YBe-
JUIUTh 3HPEKTUBHOCTL PaOOTH (PHIIBTPYIOIIETO MaTepUala.

[Ipu »ToM Bpemsi GpUIbTpaIIUU TIPH JIEKTPETUPOBAHUU OOPA3IOB YBEIIU-
yuBaetcs (puc. 2). BunHo, uro npuganue oOpasziaMm 3JIEKTPETHOTO COCTOSHUS
CIIOCOOCTBYET YBEIIMUCHHUIO BPEMEHU MPOXOXKJAEHUS (DUiIbTpaTa yepe3 GUuibTphbl
B ~1,5 paza. JlanHoe siBJieHUE OOBSICHAETCS BIUSHUEM IOJIS JIEKTpETa Ha Mpo-
Tekanue 1ud¢y3noHHBIX MpoieccoB. Jleno B TOM, 4TO NOJISIPU3ALIMOHHBIN 3apsij
CO3/1a€T PHEPTreTUUYECKUN Oaphep, BIMSIONIUMN HA MPOXOXKICHUE (PUIbTpaTa ye-
pe3 o0beM audsekTpuka [4].

OnHUM M3 BaXKHBIX TEXHUYECKHUX IMMAPAMETPOB OMPEICISIONINX MEXaHH-
YECKYI0 MPOYHOCTHh (DUIBTPOBAIBHONW OyMaru SIBISIETCS CONMPOTHUBIIEHUE TPO-

JIaBJIMBaHUIO (pucC. 3).

200
- 190 180 178
180 —
170 160 —
160 —
150 +— -
140

MnNa

190

ConpoTuBneHue

npopgaBnMBaHUKO

cn acn un aun
HanmeHoBaHue o6pa3LoB

Puc. 3. PG3YJ'II>TaTBI HCIIbITAHUHN Ha COIIPOTHUBJICHUC ITPOJABJIMBAHUIO

Buano, uto o0paboTka B KOPOHHOM pa3psjie ClIOCOOCTBYET YBEIUUYCHUIO
COTIPOTHUBIICHUSI TPOJABIMBAHUIO I 00€330JeHHBIX (GuinbTpoB: Ha 13 % s
bunbTpoB «Cunsis nenta» u Ha 7 % st GuiabTpoB «YUepHas eHTa» . ITO MOXK-
HO CBSI3aTh C TE€M, YTO IPHU BO3JCUCTBUU KOPOHHOTO pa3psijia MPOUCXOIUT BbI-
CTpauBaHUE JAUIOJICH MOJIMMEpPA U OCYIIECTBISCTCS OPUEHTUPOBAHUE IO JCH-
CTBUEM TIOJISl OCAXKJIAEMbIX Ha MOBEPXHOCTH 3apsnoB [4, 13]. JlaHHbIE BBIBOIBI
MO3BOJISIIOT HAM TAKXKE MPEIINOI0KUTh, YTO BO3JIEUCTBHUE AIEKTPUUECKOTO TOJIS
CITIOCOOCTBYET B3aUMHOMY CONMDKEHUIO (PUOPUIUT B CTPYKTYpPE BOJIOKOH JIMCTA,
YMEHBIIICHUIO MEKBOJIOKOHHOTO MPOCTPAHCTBA U MPUIAHUIO BBIPAKEHHOTO
OPUEHTUPOBAHHOI'O COCTOSIHUS BOJIOKOH.

DNEeKTPEeTUPOBAHUE TAKKE CHOCOOCTBYET YCHUIICHUIO CHJI AJIEKTPOCTATHU-
YECKUX CBA3EH Mexay BosokHamu. KoHedHO, MpOYHOCTh OyMakKHOTO JIUCTA BO
MHOT'OM O0€CIEUUBAETCS 3a CUET JEUCTBUSL BOJOPOJHBIX CBSI3€H, OJJHAKO BIIMS-
HUE JIEKTPOCTATUYECKUX CBSI3€M TAKXKE SBJISIETCS CYIIECTBEHHbIM [11].
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JloKa3aTeabCTBOM BO3pPACTaHMS MEKBOJIOKOHHBIX CBSI3€U B CTPYKTYPE JIH-
CTa MPU BO3JECUCTBUU KOPOHHOTO Pa3psla MOXKET CIYKUTh UCIBITAHUNW Ha CO-
POTHUBJICHUE Pa3IUpaHHe TI0 MeTo Iy DibMeHa0pda (Tadr. 2).

Tabnuua 2. Pe3ynapTaTsl HCIBITAHUN (DUIBTPOBATIBHBIX MAaTEPHATIOB HA
CONPOTHBIICHUE PA3JUPAHUIO

Marepuan ConpoTusienue pazaupanuio (Meron Dnemenaopda), MH
B MalllMHHOM HaITpaBJICHUU B TIOTICPEYHOM HAITPABJICHUH
db 1067 1197
DDb 994 1132
1 1304 1369
2YJI 1231 1283

ConpoTuBIIEHHE pa3IUPAHUIO SIBISIETCS IIOKA3aTelleM MEXaHWYECKOU
IPOYHOCTH OyMaru Ha KOTOPBIA HE OKAa3bIBAIOT CYIIECTBEHHOE BIUSHUE CHIIbI
MEXIY BOJOKHAMHU. DTO OOBACHSETCS TeM, 4TO B Oymare ¢ YCUJICHHBIMH
ME>KBOJIOKOHHBIMH CBSI3SIMU TPU BO3JICHCTBUE PACTATUBAIOIIUX HArpy30K BO-
JIOKHA HE MOTYT CKOJIB3UT JAPYT OTHOCUTEIBHO JIpyra W, CIEJI0BATEIbHO YBEIU-
YUBAETCSl YMCIIO BOJIOKOH, Pa3phIBAIOLIMXCS MPU PACTSIKEHUU. JHEPrusl 3aTpa-
yuBaeMas Ha pa3pe3aHue BOJIOKOH, 3HAUUTEIbHO MEHbIIIE, YeM pacxojayemMas Ha
ux BeITAruBaHue u3 jucta [11]. IToaToMy compoTuBIIEHHE JIMCTA Pa3IUPAHUIO
YMEHBIIIACTCS, TaK KaK Cujia pa3gupaHus MpPU 3TOM KOHIICHTPUPYETCS Ha He-
oosbioi miomaad. CHUKEHHUE MPOYHOCTH BOJIOKOH MOYKHO OOBSICHUTH pa3py-
[IEHUEM MX MMOBEPXHOCTHU, IPOUCXOMSIINUM MPU 00pabOTKEe B KOPOHHOM pa3psi-
ne. Ilpouiecc TpaBieHUs! MOJMMEPHBIX MaTepUaioB B MOJ€ KOPOHHOTO paspsia
ObLT TIOKa3aH U panee [2]. Kak mpaBuio, 3To BeaeT K BO3pacTaHUIO IIEPEeXOBa-
TOCTH MOBEPXHOCTH. B 3TOM citydae, noymkHa Bo3pacTaTh HOPUCTOCTh OyMaru.
DTOT moKazareib XapakTepusyer CTpyKTypy Oymaru. MccnenoBanus nokasanu,
yTto 00paborka db B KOpoHE yBeIMYMBAET €€ NOpPUCTOCTh ¢ 2540 1o
2660 mn/mun, mis CJI ato Bo3pacranue — ¢ 1410 mo 1500 mn/mun, mnns YJI —
¢ 3210 no 3270 mun/muH. IlpuBeneHHbIE JaHHBIE KOCBEHHO CBHJIETEIBCTBYIOT O
HapYyIICHUU IEJIOCTHOCTH LIEJITIOJIO3HBIX BOJIOKOH, YTO M MPUBOJUT K CHUXKE-
HUIO 3HAYECHUU COMPOTUBIICHUS Pa3IUPAHUIO UCCIIEAYEMbIX MAaTEPHUAIIOB.

Takum 00pa3om, pe3ynbTaThl MPOBEACHHBIX HCHBITAHUM TOKa3aiu (-
(EeKTUBHOCTh TPUMEHEHHUS OOpPaOOTKHM KOPOHHBIM Pa3psoM IEJUIFOJIO3HO-
OyMaXHBIX (UIBTPOBAJIBHBIX MAaTEPUAIOB JJIsi OOECIEUYCHUH MPOYHOCTH WU
YIIYUIIEHUS UX SKCIUTYyaTallMOHHBIX XapaKTePUCTHK.

118




‘ IV MexkayHapoaHasi HAy4YHO-TeXHUYeCKas KOH(pepeHuus
«ITPOBJIEMBI MEXAHUKH! HEJJIIOJO3HO-BYMAXKHBIX MATEPUAJIOB»

r. ApxaHreibck, 14-16 centsops 2017 r.

Cnucoxk mureparypsl

1. Axaponok B.B., ®unarosa 1U.N., Bomyna N.B., Jlnyrynosuu B.A., [{aprok
O.B., I'opxxanoBa T.H. M3MeHeHne ONTHYECKUX CBOMCTB Oymaru IoJi BIUSHUEM Mar-
HUTHOW COCTaBIISIFOIIEH BBICOKOYACTOTHOrO 3JeKTpoMarHutHoro mnois // Xypuan
npukiaaHoi cnekrpockonuu. 2007. T. 74, Ne 4. C. 421-426.

2. AnanbeB B.B., Ileperokun T.H., 3auxoB I'.E., Coppuna C.}0. Moauduka-
Ul aIF€3UOHHBIX CBOMCTB MOJUMEPHBIX MJIEHOK 00paOOTKOW KOPOHHBIM pa3psiaoM //
Bectauk Kazanckoro rexnonornueckoro yuusepcurera. 2014. T.17. Ne5. C.116-119.

3. Bypacko A.B., ®ponosa E.N., CrosnoB O.B. IloBbllieHne COpOIMOHHBIX
CBOMCTB TEXHUYECKOW IEJUTIONO3bI U3 HEAPEBECHOIO PACTUTEIHHOTO Chipbs // Bect-
Huk Kazanckoro texnonoruueckoro ynusepcutera. 2014. T. 17. Ne 1. C.41-43.

4. l'anuxanoB M.®. KopoHO3JeKTpeThl HA OCHOBE TMOJUMEPHBIX KOMIIO3HIIH-
OHHBIX MatepuanioB: Monorpadus. — Saarbriicken: LAP LAMBERT Academic Pub-
lishing GmbH & Co. KG, 2011. 364 c.

5. Kanapckuii A.B. ®unpTpoBanbHble BUAbI OyMard U KapTOHA JUIsl POMBIII-
JIEHHBIX TEXHOJOTHYECKUX MpolieccoB. M.: Dkomorus, 1991. 272 c.

6. Kosepuunckuit M.H., Jynekun J.A., Jly6oseiii B.K., KoxeBaukos C.1O.
Ponp Z-notennuana B MEXBOJIOKOHHOM B3aWMOJICUCTBUU // DUBHMKOXUMUS PaCTH-
TeIbHBIX MoauMepoB. Matep. [V MexayH. koHdep. Apxanrensck, 2011. C. 133-134.

7. Kontiox JI. Kapton ¢unstpyer // Kapron u ['oppokapron. 2006, T. 21, Ne 1.
C. 54-59.

8. KpaBuoB A.I'., Tonpnane B.A., 3otoB C.B. // IlonumepHble 31€KTpeTHBIE
dbunbTpoMaTepuanbl s 3alUThl opraHoB abixanud. / [lox nayy. pen. JI.C. [Iunuyxka.
I'omens: UMMC HAHB, 2003. 204 c.

9. Mycuna JL.P. IlpumeHeHHne 31EKTPETUPOBAHUS KaK CIoco0a YNpOYHEHUs
KOMOMHHPOBAHHOTO rodpupoBaHHOTO KapToHa // BectHuk KazaHckoro texHonoruue-
ckoro yHuBepcutera. 2014. T. 17, Ne 10. C. 45-47.

10. Ilepenenkuna A.A., I'anmnxanoB M.®., Mycuna JI.P. Biousaue tepmude-
CKOM 00pa0OTKH U 3IEKTPO(YU3NUECKOr0 BO3JIEHCTBHS HA COMPOTUBIICHUE MPOJaBIIU-
BaHUIO 1EJUTI0JI03HO-OymaxHoro Marepuana // BectHuk Kazanckoro Texnonoruue-
ckoro yHusepcuteta. 2013. T 16. Ne7. C.113-114.

11. ®aste .M. CoiictBa 6ymaru. M.: JlecH. npom-cth, 1986. 680 c.

12. FOpre B.1A. O moBepXHOCTHOM (TEPMOJMHAMHUYECKOM) MOTCHIIHANIE I1eI-
JIIOJIO3HBIX BOJIOKOH. // MexBy3. c6. Hayd. Tp. JI.: 1980. Ne 6. C. 50-53.

13. Kestelman V.N., Pinchuk L.S., Goldade V.A. Electrets in Engineering:
Fundamentals and Applications. Boston—Dordrecht—-London: Kluwer Acad. Publ.,
2000. 281 p.

119



