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O NMEPCNEKTUBAX NMPUMEHEHHUA 3MOKCUAHOTIO
KOMINAYHIOA NJid 3AJIUBKH OBMOTOK
AJEKTPUYECKHUX MALUUH

I'. A. CHITAHWJIOB, P. M. KECCEHHX, 0. II. IOXOJIKOB

(MMpepcraBieHa HaydyHbIM CeMHHApoM Kadefp SJEKTpPHYeCcKHX MaliuH u obuiei
3JIEKTPOTEXHHUKH )

ONOKCH/HbIe KOMIIAyH/bl NOPSIYEro OTBepPzKAeHUs 00/Ma1al0T PSIAOM LEH-
HBIX CBOHCTB, IIO3BOJIAIOIIHX NPUMEHATb UX [Js1 3aJUBKH 0OMOTOK 3J1€KTPH-
YEeCKMX MalIMH, paboTalouluX B TAXKeIbIX KJIMMATHUECKUX YCJI0BHSAX. 3a py-
0eKoM 3TOKCHIHBIE KOMIAyH/bl HAalllJIH IIHPOKOe TIPUMEHEeHHEe B Pas3JHUHLIX
OTpacaax 3JeKTpOoTexHHKH [l, 2, 3]. Bapbupys peuentypy u peXHUMbl OTBep-
XKJEHHsST 3THX KOMIIayH/O0B, MOXKHO INOJY4YUTb MaTepuas ¢ 3aJaHHbIMH CBOWU-
CTBAMH.

[IpHMeHeHHe 3MOKCHIHOTO KOMNIayH/a B KauecTBe 3aJHMBOYHOrO JIJisl HU3-
KOBOJIbTHBIX 3JI@KTPUUYECKHX MAlUUH HMeeT OoJibliMe NPEeUMYILEeCTBa 1o CpaB-
HEHHUIO C Pa3JIMYHbIMU NPONHUTHLIBAIOIIUMHU JaKaMH, B TOM YHC/Ae U KPEeMHHII-
opraHuyeckumu [4].

B nacrosllee BpemMsa Ajs pab0OThl B YCJAOBHSIX MOPCKOTO M TPONHUYECKO-
ro KJAuMara NPUMEHAIOTCS TIyaBHbIM 00pa3oM 3/eKTpUuecKHe MAlUMHBI C
MHOTOCJOHHONH H30/g1Hell OOMOTOK, NPONUTAHHONH KPEeMHHHOPTaHHYeCcKUMH
JdaKaMH M 3aJUTOH SMOKCUAHBIM KoMnayHaoM. OCHOBHBIM HEAOCTATKO'
7aKOM KOHCTPYKIIMH sBJISIETCSl ee BbICOKAsi CTOMMOCTb, 00yCJ/0BJeHHAsl HAJH-
tyueM OOJBLIOTO KOJMUeCTBA BJArOCTOMKHMX MaTepuasoB (MHOrocjgoiHas na-
30Bast HM30/11HMA) M HEOOXOJHMOCTbIO JONOJHHTEJNbHOH ONepauuy mnpo-
TTHTKH. ;

B nanno# pabore npeasoxKeHa W HcCael0BaHA HOBAsl KOHCTPYKILMS H30-
JSIMH OOMOTKH Ha OCHOBe MNep(OpPHPOBAHHOIO H30JSLHOHHOIO MaTepHa.la
(puc. 1). OTIMUYHTESHHOH YEPTOH 3TOH KOHCTPYKIMH SIBJSIETCS TO, 4TO
C IleJ1bI0 YMEHBIIEHHs KOJHUeCcTBa NPHUMeHseMbIX MaTepHaJsoB H yJyulleHHU:!
YCJIOBHH NPOHUKHOBEHHS] KOMIAayHJ1a BHYTPb OOMOTKH B NMa30BOH 4acCTH BMe-
CTQ HECKOJbKHX CJIOEB 3J€KTPOM30JALLMOHHBIX MaTepHaJioB NpPHMEHEeH OJUH
cJg0i mnephepupOBAHHOIO 3JEKTPOH3O0JALHOHHOIO MaTepHaJia, BbIOJHAI-
iero yHKIHMIO JUCTAHIHOHHON NPOKJAAKH MeXK1y CTeHKaMH 11a3a W NPOBOJ-
HUKaMui o6MOTKH. Kpome TOrOo, KOHCTpYKIHA MO3BOJsIeT 000HTHCL 6e3 mpH-
MEHEHHUS KJHHbEB, H30JdUHH JOOOBbIX uyacTed M Oanpazxka (aasg 0OMOTOK
AKOpeH), Tak KaK HX (YHKIMH MOIKET BBINOJHHUTb 3TMOKCHIHBI KOMIayHJI.

HccanenoBanus O6blu npoBeeHbl Ha MOJEJsIX, NPeACTaBISIOMUX co60il
peasibHble SIKOpPSI MaLIHH NMOCTOSIHHOTO TOKAa MOLIHOCTBIO 10 | k87. B KauecT-
Be 1Ma30BOH H30JALUH OOMOTKH SKOpPS HAMH Obla NpHMeHeH NepdopHpoBaH-
LBl 371eKTpoKapToH ToauuHoi 0,2 mm. Ilepdpopauus — oTBepcTHss AUaMer-
poMm 2,5 mm, paccTtosiHue Mexay oTBepcTHsiMu — 0,5 mm (puc. 1.). IIpoBox
IT9B-2, anamerpom 0,93 mm.

B obwem ciayyae mpoBoa M MaTepuas nepHOPUPOBAHHOTO CJIOs MOXKET
ObITh MOAOOPAH C YYETOM COBMECTHMOCTH H3O0JALUUHU A1 oOecneueHds HYK-
HOTO KJlacCa HAarpeBOCTOMKOCTH.
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Puc. 1. flkops ¢ OGMOTKOI, 3aJATOl STOKCHAHBIM KOMIAYHAOM M nepgopH
POBaHHOH KOPIYCHOI H30MALACH.
1 — DIIOKCHAHBIH KOMIayHJ,
9 — 3aroTosKa JJA Na30BOH H30JIAIHH.

B xoneuHoM HTOTe, YyUUTBIBAs co3jaHue B OyaylleM HOBBIX CHHTETHUEC-
KHX 3JIeKTPOU30JIALIMOHHBIX MaTepHaloB, CyLeCTBYeT BO3MOXKHOCTbL nonbopa
TAaKOTOo KOMIIAyHAa H TAKOro MaTtepHaJja nephopHpPOBAHHOTO CJI0S, KOTOpPbiE
B IIpollecce OTBEPIKAEHHS] BCTYNST B XHMHYECKYIO peakluio, o6pa30BaB 01-
HOPOJHYIO KOPIIYCHYIO H30JSIHIO.
' ToBOpSi 0 KOHCTPYKIHSIX 0OMOTOK ¢ 3MOKCHIHON H30JSIHEN, MOKHO OT-
METHTb, 4TO 3a pyOeKoM TIoCJeHHe HeCKOJbKO JieT TaKUM KOHCTPVKLHUSAM
yaeasieTcs JA0BOJbHO MHOTO BHUMaHHs [, 6, 7]. M3BeCTHBI KOHCTPYKIHH Ma-
IIMH MOPCKOTNO U TPOMHYECKOTO UCIOJNHEeHHsS ¢ OOMOTKaMH, 3aJUTHIMU SMOK-
CHIHBIM KoMnayHaoM. O1Hako Npu 3TOM yallle BCEro TPAKTHKYETCsl NpeiBa-
purteabHas nponutka. MiaBectHa takxe [8] KOHCTPYKIHS H30JA1MH NPOBOAOB
INPUMEHUTENbHO K CEKIHSIM BbICOKOBOJIbTHBIX 3J€KTPHUECKUX MalUHuH, Ijie OT-
JeJbHble CTePXKHH, 0OMOTaHHbIE CTEKJIO0JEeHTOH, H30JUPYIOTCA mnephopHupo-
BAHHBIM MHKa(pO/JHeM M 3aTeM NPONUTHLIBAIOTCS STOKCHAHBIM KCMIAYyHIOM.
Opnunako nepdopanusi B 3TOM CcJaydyae Npecaelyer Iefb TONbKO aKTHBH3HPO-
BaTb NPOHUKHOBEHHE KOMNAayHAA B MHKa(dOJHH, He yMeHbHIass KOJHYECTBA
MaTtepuaJjoB (Auamerp nepdopaunnoHHbix oTBepcTuit 0,1 ma).

IIpennaraemass HaMH KOHCTPyKLHs Gosee mpocra. IlepdopupoBanubiit
3JIEKTPOU3OVISILMOHHBIA  MaTepHasa (3JeKTPOKapPTOH) 10 3aJHBKH CJIYXKHT
MeXaHHYeCKHM pasjieqnuTeseM OOMOTKH OT MarHutonpoBojaa. Huskas ucxon-
Has BA3KOCTb KoMNayH/Ja npu Temnepatype 140°C nossoJisieT Xxopouro npomnu-
TaTpb 0OMOTKY U 3aNOJIHATH BCe nepdopalHOHHBIE OTBEPCTHS. DTOMY CNOCO0-
CTBYET MaJblii 00beM TBepJoH H30JSLUUH B a3y MaUIWHB, KOTOPbIH IOC/Ie
nepdopanuu cokpallaercss NPUMEPHO B 1Ba pasa.

[Tocsie oTBepxKaeHHs KOMIayH/1a OGMOTKAa B 11a30BOH YacTH H30J1HPOBa-
Ha OT CTEHOK Masa Jubo CJ10eM 3MOKCHIHOTO KOMNayH/Aa, JIPI60 C0eM IIpo-
NIHTAHHOTO. KOMIAYHIOM. 3J1eKTPOKaPTOHA.

Bo usbexxkanue oBpexAeHHS HU30JSIHH NPOBOJLA npu yKJIam(e B Mec-
Tax BBHIXOJa M3 I1a3a, TOpLEBble Kpas 3JeKTpPOKapToHa He mepdopupyroTCs.
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[TpumeHeHHe SMOKCHAHOTO KCMMAyHAa /s 3aJHBKH MO3BOJSET OTKa-
3aThCsl OT KJIHMHBEB; IOC/IEe YKIaJAKH OOMOTKH B Ma3bt 371€KTPOKAPTOH 3aKpPbi-
B4eT NPOBOJL BHAXJIECT U OCTAETCH B TAKOM IOJIOKEHHH 3a CUET CBOEH JKecT-
KoctH. [locne 3anMBKM (PYHKIMIO KJIHHBEB BBINOJNHSIET CJIOH KOMIayHaa, Ha-
XOAAUUACA B ma3y Hag oOMOTKOM.

Hcnonb3oBanue AaHHOH KOHCTPYKUHH . H30SIHH OOMOTKH /51 STKOpei
3JIEKTPUYECKUX MALIHH JaeT BO3MOXKHOCTb OTKa3aTbCsl OT MpUMeHeHus1 GaH-
naxem, nombaHAa)KHON H3OJSIIHU H H30JASIIHU JOOOBBIX YacTed OT BaJa.
DyHKIHUY 3THX MATEPHAJOB BBINOJIHSIET SMOKCHAHBIA KoMnayHi. Ksossius
JI00G0BBIX YacTeil OT Basa o6ecrieduBaeTcs CaeAyIOIUM o6pa3cm: fipy YKaa-
Ke 0OMOTKH B TIa3bl sSIKOpSA, Ha BaJ, B 006JacTH JOOGOBBIX YacTei OLeBaIOTCs
pasbeMHble BTYJKH, o0ecrneyuBamoluide 3a30p MexKAY OOMOTKOH H BaJOM.
HenocpeacrBenno nepes 3aHBKO# 3TH BTYJIKH CHHMAlOTCs, a MocJje 3ajiuB-
KH UX MEeCTO 3aHMMaeT 3MOKCHAHBIH KomMnayHa. Hamu 6blid M3TOTOB/IEHBI
MakeTbl OOMOTOK C ONHCAaHHOH KOHCTPyKUHeH H30JsILUH; HX MOBeJeHHe B
PasIHYHBIX KIMMAaTHYECKHX YCJOBHSX HCC/AeJ0BaJOCh: OJHOBPEMEHHO C Ile-
JIBIM PSIIOM JIPYTHX KOHCTPYKIHIL.

B yacTHOCTH, OGBIIM HCIBITAHBIL: :

1. Slkopsa c masoBo# H30JALMEH, COCTOSILEH U3 MHKAIeaKa, 3JeKTPo-
KaproHa, npososa [19B-2, nponuTaHHO# KpPEeMHHHOPraHMYECKHM JIaKOM
9P3-BCY (kommosuuusi A).

2. SIkops ¢ H3oaAsiMEeH KOMIO3WUHH A, IONOJHHTENbHO 3ajJHTOH 3IM0-
{CHIAHBIM KOMIIayHAOM (Komnosuuus b).

3. SIkops ¢ mas3oBoii H3oasUHel U3 nepHOPHUPOBAHHOrO 3/JIEKTPOKAPTOHA
C NPOMHTKOM ¥ 3aJUBKOH 3MOKCHAHBIM KoMmmnayHmaom (komnosuuus B). Coc-
TaB KommayHaa: cmosna JDJLI-6, ¢raneBbiii aHTWAPHA, KBAapPLEBbIH MecoK, 1U-
oyruadTranar.

Ha puc. 2 u 3 npeacraBieHsl cpaBHHTeIbHble 3ABUCHMOCTH H3MeHEHHS
CONPOTHBJ/IEHUS U3OJSAUHH PACCMOTPEHHbIX KOMMO3UIHUA OT BpeMeHu npedbi-
BaHHS B YC/JOBHSAX NOBBIIIEHHOH MOPCKOH BJIAXKHOCTH M MOPCKO# BoAabl. B
Tabauue MpUBENEeHbl pe3yabTaThl HaMeHenus emkoctH C, tqd u Uy, usoaauuun
nocje 72 gacos npeGbiBaHHS B MOPCKOH BOJe.

[ToBeimennasi mMopckas BiaaxHOcTh (p=100%) u Mopckasi Bojxa OKa-
3bIBAIOT NOryOHOe BO3/eHCTBHE HA MHOTOC/JOHHYIO H3OJSIHIO, MPOIMUTAHHYIC
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Puc. 2. 3aBHCHMOCTH JiorapudMa COMPOTHBICHHA KOM-
MO3ULHOHHON HBONANMM OT BPEMEHH NpeObIBaHHA
B ycaoBHAX 1009%-HOol OTHOCHTENIbHOH MOPCKOH BJIAKHOCTH.
HKpuBasi 1 — KOMIO3HIHA A.
pHBag 2 — KOMNO3HIHA B.
KpuBaa 3 — kommosunus B.
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Puc. 3. 3aBHCHMOCTb Jiorapugma - CONpPOTHBIICHHS
KOMIIO3UIIHOHHOH H30JIAIMH OT BpeMeHH NpeOblBaHusd
B MOPCKOH BOJe.

O0o03HaYeHHe KPHUBBIX Te e, YTO AJA pHC. 2.

KpPeMHMHOPraHHYEeCKHUM JaKOM; CONPOTHBJEHHE H3OJISAIHH MagaeT MOUTH Ha
3 mopsigka (puc. 2 u 3), yxymmatones u igpyrue mokasaremu C, tgd, Upp (em.
Tabs.). 3TO yXyAlleHHe, NMO-BUAUMOMY, OOYCJIOBJIEHO HAJHYHEM MOp B Ja-
KOBOH MJ/IeHKe, 0Opa30BaHHBIX NPH HCIApPeHHH PacTBOPHUTES.

Tab6nuyga
KoMmnosuius ‘ tg & EM!](](();TB, l{(‘g’
A 0 BO3HEHCTB. 0,005 130 5,4
rnocJe 0,38 670 0,8
B JIO BO3JEHCTB. 0,006 170 Taie
nocJse 9,009 220 6,35
B IO BO3[EHCTB. 0,008 180 4,3
rnocJjie 0,01 230 4,1

DaeKTpUyecKHe CBOHCTBA M3OJALHH KOMMO3HUMH DB mpu aauresbHOM
BO3IEHCTBHH TeX Ke YCJIOBHH, YTO W JJ51 M3OJSUHH KOMIO3HUUH A, Oonee
crabuabHbl. M3oasauus komnosuuuu B He ycrynmaeTr mo cTaGHAbHOCTH 3JI€K-
TPHYECKHX CBOHCTB H30JALUH KoMmosuuuu B. dromy cmocobcTByer MOHO-
JIUTHOCTb KaICyJbl M3 3MOKCHAHOIO KOMIAyHAa H Xopollee KayecTBO KOP-
NyCHOH M3OJSILHH, COCTOSAIEN Ha 55Y% H3 3MOKCHAHOrO KOMMayH.1a.

JlaHHble UCTIBITAHHH SKOpeH C H30J51HeH KOMIO3HLHK B Ha cpok cayxk-
Obl TO3BOJISAIOT OTHECTH 3TY H30J5LUI0 K Kaaccy E. Cpok c1yKObl H30JA1HH
OoOMOTOK KOMMNO3HWIMH B mnpu pasaHyHbIX TeMmmnepaTtypax COCTaBJsIeT:
105°C — 31600 yacos, 120°C — 14900 uyacos, 130°C — 9800 uacos.

KoHcTpykiusi 06OMOTKH Ha OCHOBe NMepdopUPOBAHHON H30JALHUH H 3MOK-
CHAHOrO KOMIAayHJa HMeeT 3HAuuTe/JbHble MpeHMylllecTBa Mnepel APYrHMH
KOHCTPYKUHAMH 3aJUThIX 0OMOTOK.

1. 3HauuTebHOE COKpallleHHe HOMEHKJ/ATypbl NpUMeHsIeMblX MaTepHa-
JIOB O0ECIeYHUT CHUKEHHEe CTOMMOCTH H3/eJHsl U NPHBEAET K 3HAUHTEJIbHOMY
COKpPAaLeHHIO OTNepPaLHi 110 MOANOTOBKE H30JSIHOHHbIX MAaTEPHAJIOB H yKIal-
KH UX B Ma3bl MaUIHHbI.
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2. Ymenbuienne o6beMa TBEPAON M30JSIHM B Na3y MalllWHBI ¥ YBEJH-
YeHHEe ©e MOBEPXHOCTH IIO3BOJIHT COKPATHThL BPEMS CYLIKH M30J5LMH W B Pi-
Jie cay4yaeB MCKJIOUHTH NPH 3TOM BaKyyMHPOBaHHeE.

3. Bosbmiasi moBepXHOCTb TBepAOH H30JsALMH, OOycaoBieHHas mnepdo-
panuei, Oyner cnocoOcTBOBaTh GoJsiee XOpOIIeH TIPONUTKE 3TOH H30JsILHH.

Takum 006pasoM, KakK 1Mo 3JeKTPHUECKHM CBOHCTBAM, TaK H NO CPOKY
cyKObl H30MA1HSA 0OOMOTOK AKOpeH HHU3KOBOJAbTHBIX 3J1€KTPHYECKHX MalIHH,
COCTOSIasl H3 OJHOTO CJ0s NMep(pOPHPOBAHHOIO 3JE€KTPOKApPTOHA, NPONHTAH-
HOTO M 3aJMTOTO 3MOKCHAHBIM KOMIAyHAOM, C YCIeXOM MOIKeT 3aMeHHThb
MHODOCJIOHHYIO TIa30BYI0 H30JISIIHIO, COCTOSILLYIO. M3 BJIATOCTOHKHX MaTepHa-
JIOB, MPONUTAHHBIX KPEMHHHOPraHHYECKHUMH JaKaMH H 3aJHTHIX 3MOKCHA-
HBIM KOMINayHOM.
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