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BCTYII

AKTHUBHUMU HA3UBAIOTHCS J11€JIEKTPUKH, BIACTUBOCTSIMU SIKUX MOXKHA KEPYBaTH
3a JIOMIOMOT'OI0 30BHIIIHIX €HEPreTUYHUX BIUIMBIB — TEMIIEpaTypH, THCKY, HaIpy-
KEHOCTI €JIEKTPUYHOTO TOJIS 1 Tak Jaii. Taki JieeKTPUKU BUKOPUCTOBYIOTHCS B Pi3-
HOMAaHITHUX JaTyuKaX, EpeTBOpIOBayYax, reHepaTopax, MOJIyJIATOpax Ta IHIIUX aK-
TUBHHX €JIe€MEHTaX.

BrnacTuBOCTI akKTUBHUX MICJIEKTPUKIB MalOTh TBEPAl, PiJKi, ra3000pa3Hi pedo-
BUHH. 3a Oy/J0BOIO 1 BIACTUBOCTSIMHU 1X MOYKHA IMOJUTUTH Ha TOJISIPHI Ta HEMOJISIPHI,
KpUCTaNI4H1 1 aMOp(HI JI€TEKTPUKH.

Jlo uncna akTUBHUX JIIENIEKTPUKIB BIIHOCATH CETHETO-, €30~ 1 MIPOEIEKTPUKH,
€JIEKTPETH, MaTepiajyu KBAHTOBO1 €JIEKTPOHIKH, PIAKI KPUCTAIIH, €JIEKTPO-, MarHitro- i
aKyCTOONTUYHI MaTepialu, AieIeKTPUYHI KPUCTAIH 3 HEIHIMHUMH ONTUYHUMU BJa-
CTUBOCTSIMU Ta 1H.

KrnacudikyBaTu akTHBHI JI€IEKTPUKU CKIAJHO Y 3B'A3KY 3 THM, 1110 OJHH 1 TOU
e MaTepiall MOXKe TPOSBIATH O3HAKU PI3HUX aKTUBHUX J1€NEKTPUKiB. Tak, cerHero-
€JIEKTPUKHU YaCTO MOEJHYIOTh BIACTUBOCTI I’ €303JeKTpUKiB. KpiM Toro, Hemae pi3-
KOi MEX1 MDK aKTUBHUMHU 1 TACUBHUMU JliesieKTpukamu. OuH 1 TOM ke mMaTepial 3a-
JISKHO Bl YMOB €KCIUTyaTallii Moke BUKOHYBaTH (PYHKI[IT MaCUBHOTO 130J15TOpa, 200

aKTUBHI (PYHKI[Ii IEPETBOPIOIOYOTO YU KEPYIOUOTO €JIEMEHTY.

1 CETHETOEJ/IEKTPUKHA

CerneroenekTpUukaMu Ha3MBAaIOTh PEYOBMHHM, 10 MAlOTh CIIOHTaHHY (MHUMOBI-
JIbHY) TIOJISIpU3alliio, HAMPsAM SKO1 MOKe OYTH 3MIHEHHUH 3a JOIMIOMOT'0I0 30BHIITHBOTO
€JIEKTPUYHOTO TOJIsl. BiAMITHOIO OCOONMBICTIO ITUX MaTeplajiiB € BEJIHMKI 3HAYCHHS
BITHOCHOI JI€JI€KTPUYHOI MPOHUKHOCTI, BUCOKI 3HAUEHHS M’ €30€JNEeKTPUYHUX TIOC-
TIHHUX, HEJIIHIMHI XapaKTepUCTUKH 1 €IEKTPOONITUYHI BIACTUBOCTI.

Ha3By cerseToenekTpuku OTpUMalId BiJ CETHETOBOI COJIi, MOABIMHIN Kauliii-
HaTpHUeBOI cojil BUHHO-KaM'stHOT kucinotu (NaKC4H4Og), y skiit Brepiie Oyina BusiB-

JICHA CIIOHTaHHAa HOJIHpI/I?)aI_Iiﬂ.



VY BiICYTHOCTI 30BHIIIHBOTO €JEKTPUYHOIO MOJII CErHETOETIEKTPUKHU, SIK TIPABU-
JI0, MalOTh JOMEHHY CTPYKTYpy. JloMeHu — 11e MakpoCKOMiuHi 00JacTi, [0 MaloTh
CIIOHTAHHY MOJISIPU3AILiI0, SIKa BUHUKAE 1] BILIMBOM BHYTPIIIHIX MPOLECIB Y JIETICK-
Tpukax. JliHiiH1 po3mipu nomeHiB ckinanats 0.001 — 1 Mmm. Hanpsim enektpuyHux
MOMEHTIB Y p13HUX JIOMEHIB pi3HUi. B pe3ynpTaTi cymapHa mossipu30BaHICTh 3pa3Ka
B LIJIOMY JOPIBHIOE HYITIO.

30BHIIIHE €JEKTPUYHE T0JIe 3MIHIOE HAMpPSM E€NEeKTPUYHUX MOMEHTIB JIOMEHIB.
OpxHouacHO BiIOYBa€ThCS MPOLEC 3aPOKEHHS 1 3pOCTaHHSI HOBUX JOMEHIB 3a paxy-
HOK 3MIIIICHHS JOMEHHUX MEX. Y Pe3yibTaTi BiI0YBA€ThCS MEPEOPIEHTAIIISI BEKTOPY
CIIOHTAHHOI MOJsipu3alii y Hampsami 30BHIIHbOro noissd. Lle cTBoproe edekr myxe
CWJIBHOI MoJisipu3alii 1 00yMOBIIO€ HAIBUCOKI 3HAUYEHHS J11€JIEKTPUYHOI MPOHUKHOCTI
CETHETOCJICKTPUKIB (10 COTEHBb THCSY). 3aJeKHICTh Toyisipu3oBaHocTi P cerneroerne-
KTpUKa BiJ HampykeHocTi nonst E HemiHiiiHa 1 npu nukiiuHid 3Midi E mae Burmsn
netii ricrepesucy (puc.1.1).

HasiBHICTB MeTIIi ricTEpe3UCy € OCHOBHOIO BIIACTUBICTIO CETHETOETIEKTPHUKIB, KA

BIJIPI3HSE X BiJl IHIIUX KJIACIB JICJIEKTPUKIB.
P(Q)

Pucynok 1.1 — 3anexnicts nonsipuzoBaHocTi P cerneroenexkTpuka Bij

HarnpyxeHocTi noJist E



JlieleKTpUYHUN TicTepe3ruc 00yMOBIEHUNH HEOOOPOTHUM 3CYBOM JOMEHHHUX KOp-
JIOHIB M1 JI1€}0 €IEKTPUYHOrO MOJsS 1 CBIIYUTH NPO AOJATKOBI BUTPATHU €HEPrii, sIKi
MOB’sI3aH1 3 Opi€HTalli€l0 ToMeHiIB. [lnoma netTni ricrepe3ucy mpomnopiiiiiHa eHeprii,
[0 PO3CIIOETHCS Y MIENEKTPUKY 3a OJIUH Mepiosl. ToMy CErHETOCNEeKTPUKH XapaKTe-
PU3YIOTHCS BEJIMKUM 3HA4YCHHSIM TaHreHca kyta BTpat (tg 6 = 0.1). Konu Hanpyxe-
HICTB MOJIS Jocsirae 3HayeHHs E, ricTepe3ncHa nmemist cTae rpaHUYHOIO METIIEIO JIie-
JEKTPUYHOTO TicTepe3ucy. [lpu moganpiioMy 30 UTBIIIEHH] HATPY>KEHOCT1 TIOJIST TTOJIS-
PHU30BaHICTh MPOJOBXKYE NeKiibka 3poctatu (niuisHka BC) 3a paxyHOK 3BHYATHUX
BU/IIB TIOJISIpU3AILIii.

3MEHIICHHS HAMPY>KEHOCTI MOl CYIPOBOJIUTHCSA 3MEHILIEHHSM MOJIIPU30BAHOCTI
3pa3ka no kpuBiid BP; 1 npu E = 0 mnonspuzoBanicTh 3pa3ka 30epiraetscs. Lle 3Ha-
YEeHHs MOJISIpU30BaHOCTI 3pa3ka npu E = 0 orpuMmano Ha3By 3ajMILIKOBA MOJIIPU30Ba-
HICTb.

Hanpysxenicts nons E., npu sikiit BinOyBa€eThCs 3MiHA HAMPsIMY MOJISIPU30BAHOC-
Ti, HA3UBAIOTh KOEPIUTUBHOIO CUJIOI0. 3a 3HAUYECHHSM KoepuuTuBHOi cunu E. cerne-
TOEJIEKTPIYHI MaTepiayin pO3AUIAIOTECS Ha cerHeToMm siki, y akux E. < 0,1 MB/m, 1
CerHeTroTBepi, B sikux E. > 1 MB/m.

3 rpaHuYHOI METJi JIEIEKTPUYHOrO TiCTepe3ucy, OKpPIM BKa3aHHUX IMapaMeTpiB,
MO>KHA BU3HAUUTHU TAKOXK 1 1HII XapakTepucTuku. Hanpukiaza, ekctpanossiuis Biapi-
3ky BC 1o nepeciuenns 3 Biccto P q03Bossie npuOiIM3HO BUSHAUYUTU BEIMYMHY CIIOH-
TaHHOI nosspuzarii P..

Binnomenns P, 1o P, HasuBaeThcs koediieHTOM MPSIMOKYTHOCTI TIETJ1 ricTepe-

3UCY

_ P
I{.nnl_" - H'[PH . (11)

[e#i koedilieHT € OJHIEI0 3 OCHOBHUX XapaKTEPUCTUK CETHETOCICKTPHUKIB, K1
BUKOPHUCTOBYIOTBHCS y KOMIT IOTE€pax, sIK MPUCTPOI rmam’sITi.
JlienekTpuyHa TMPOHUKHICTh CETHETOCJEKTPUKIB 3a3BUYall BU3HAYAETHCS Y
CnabKuX eJEeKTPUYHMX TMOJAX 1 BiAnoBigae mnoximHow OP/OE Ha mnouatkoBik mi-

nsuui kpuBoi OAB, (puc. 1.1).



CerHeToeneKTpUKN 4acTO HA3MBaIOTh (hepOENIeKTpUKaMH, Y 3B'SI3KY 3 THUM, IO
MOBE/IIHKA CETHETOCJIEKTPUKIB B €JIEKTPUUYHOMY TOJI1 TOoAIOHA 10 MoBeaiHKU (epo-
MarHeTUKiB y MarHiTHOMY MoJjii. BiAMIHHICT MK CETHETOEJEKTpUKaMHu 1 hepomar-
HETUKaMHM TOJIATAE B TOMY, 10 IPU MOMIIIEHH] iX B €JIEKTPUYHE T0JIe MIHSIETHCS Be-
KTOp enekrpuyHoro 3cyBy D = E + P, a y pepoMarneTukiB npu nomiiieHH1 B MarHiT-
He noJie MiHseTbes iHaykuis B = H+L.

XapakTepHUM MMapaMeTpOM CETHETOEJIEKTPUKIB € cerHeToesekTpuuHa Touka Kro-
pl — Temreparypa, npu K1 BUHUKAE (MPU OXOJIOJKEHH1) a00 3HUKAE (IIPU HArpiBaH-
H1) CIIOHTaHHA MOJSpU3allisd, a JieJeKTPUUHA MOJISpHU3allis 10CATaE CBOr0 MakCHMa-
apHOTrO 3HaueHHs. [licns nocsirHeHHs Touku Kropi ToMeHHa CTPYKTypa po3MaiaeThbes
1 CETHETOCNIEKTPUK MEPEXOAUTHh B MapoeseKTpuuHui ctaH. Lleil mpouec cympoBo-
JDKYETBCSL PI3KUM 3MEHIICHHSIM tg0, OCKUIbKM 3HUKAIOTh BTpaTH Ha rictepesuc. [lpu
TeMreparypax BHIIE 3a TOUuKy Kropi 3a1exKHICTh A1€JIEKTPUYHOT MPOHUKHOCTI BIJ] T€-

MIiepaTypu niakopserbes 3akony Kropi-Beiica
- €
-0 (1.2)

ne C — koncranTa Kropi; ® — temneparypa Kropi—Beiica.

Ha pucynky 1.2 npuBeneHi 3ai1€KHOCTI MOJApU3aIlii 1 11eJIeKTPUIHOT TPOHUKHO-
CTl CETHETOeNeKTpUKa Bia Temrepatypu. OcCoOJUBICTIO JAaHOI 3aJIEKHOCTI € HasB-
HICTh XapaKTEPHOTO TOCTPOr0 MAKCUMYMY €, KOJM TEMIIepaTypa J0CsIrae 3HAaUCHHS
T. — temneparypu Kiopi [3].

Bue 3a temnepatypy Kropi ciontanna nonsipusanist 3uukae (Ps = 0) 1 mienekr-
PUK MEPEXOUTH B apaeIeKTPUUHUN CTaH.

[Ipu noHmkeHH1 TeMnepaTypu Hux4de Ts nonsipuzarntisi nocunoerbest (Ps # 0) 1

JIiCJICKTpI/IK MNepexXoauTh y CCFHCTOCHCKTPI/ILIHI/Iﬁ CTaH.
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Pucynok 1.2 — 3anexHicTb nmoisipu3anii i J1e1eKTPUYHOT IPOHUKHOCTI

BiJl TEMIIEPATYPH JIsi CETHETOENEKTPUKA (TPUTIILUHCYIb(AT)

3a TUMOM XIMIYHOTO 3B’SI3KY 1 (PI3MYHUMH BJIACTUBOCTSIMU CETHETOEIEKTPUKH
MIIPO3AUISIOTH HA 10HHI 1 TUTIOIBHI KpUCTaIU. J[0 10HHUX CErHETOCNEKTPUKIB BITHO-
cutbes TuTaHaT Oapii (BaTiO;), Tutanat cBuHiio (PbTiOs3), Hiobar mitiro (LINbO;),
tanTtanar Jitito (LiTaOs3) 1 i1, 11 3'eqHaHHsS HE PO3YMHHI Y BOJI1, BOJIOAIIOTH 3HAYHOIO
MEXaHIYHOIO MIIHICTIO, JIETKO BUXOASATH y BUTJISAII MOJIKPUCTANIB 32 KEPaMIYHOIO
TEXHOJIOT1€10, MAalOTh BUly Temneparypy Kiopi 1 Ouiblie 3HaU€HHS CIIOHTAHHOI MO-
JSPU30BAHOT, YAM JTUTIOJIbHI CETHETOCIEKTPHUKHU.

J1o IUMOIBHUM CETHETOENEKTPUKIB BIAHOCITHCS CETHETOBA CLIb, AIriIpocyibdar
kanito (KH,POy), nitput Hatpito (NaNO,) 1 1H. JIUNOIbHI CETHETOCNEKTPUKHU JTyKE
n00pe PO3UMHAIOTHCS Y BOJ1 1 MalOTh Mally MEXaHIYHY MIIHICTh, Touka Kiopi y Oara-
THOX 3 HUX HAabarato HUX4e KIMHATHO1 TeMIIEpaTypH.

SIKIIO0 CeTHETOENEKTPUK MOMICTUTH B €JIEKTPUYHE IOJIE€ CyMapHa MOJspU3allis
Horo 30utbIIyeThes (puc. 1.3). V 3B’sA3Ky 3 TUM 11O Jli€IEKTPUYHA MPOHUKIIUBICTD €
BIJTHOIICHHSIM BEKTOpPA E€JIEKTPUYHOIO 3MIIIEHHS J0 BEKTOPY HAIMpPY>KEHOCTI €JeKT-
puunoro oyt € = D/ E, To B 06;1aCT1 pi3KOT0 3pOCTaHHS MOJISIpU3allii JieJIeKTpUYHa
MIPOHUKHICTh CETHETOENIEKTPUKIB AOCIATa€ MaKCUMalbHOTO 3HaueHHs. [licns Toro, sk
B110yJacsl MOJIApU3allisl TOMEHIB, 1 BOHU 3alIOBHUIINM BECh KPUCTAJ, 3pOCTAHHS MOJISI-

pu3allii IPUTTUHAETHCS.
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Pucynok 1. 3 — 3anexHicTh BEKTOpa €JIEKTPUUHOTO 3MimeHHs D 1 pienekTpuyHoi

MIPOHUKHOCTI € B/l HAPY>KEHOCTI €AeKTPUYHOrO 1nosist E

Ha HOBeIIiHKy CCTHCTOCJICKTPUKA B CIICKTPUYIHOMY II0JI1 ICTOTHO BIUIMBA€ TEMIIE-
parypa. HpI/I I[OCHFHCHHi MEBHO1 TCMIICPATYPHU CCTHCTOCIICKTPUKU NICPEXOAATH B IId-

paenexTpuuHui ctaH. [{1o TeMnepaTypy Ha3uBaoTh Temnepatyporo Kropi.

T °C

Tc

Pucynok 1.4 — 3anexHicTh i€JEKTPUYHOI MPOHUKHOCTI CErHETOENEKTPUKA Bijl

TEMIIEPATYPHU

[Ipu migBHILIEHH] TeMIEpaTypu KIHETUYHA €Hepris 10HIB 3pOCTa€, 1 B3aEMOJIIS
MDK 10HAaMU SIKi YTBOPIOIOThH JUIOJIbHI MOMEHTH, 3MEHIIYEThCA. Y 3B'SI3KY 3 LIUM I10-

BOPOT JINOJIEH MONETIIYEThCS, 1 MAKCUMYM MOJSpU3allii CloCTEpIraeTbesi NpU MeEH-
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ITUX 3HAYEHHAX HAIPY>XEHOCT1 €JIEKTPUYHOTO ToJig. Tomy, mieeKTpUdHa MpPOHHUK-
HICTh CETHETOEJIEKTPHUKIB 3pocTac. [Ipu nmepexosai cerHeToeNneKTpruKa y napacieKTpu-
YHUW CTaH HOro JieJeKTpUYHA MPOHUKHICTH Aocsirae mMakcumymy. [lomanbiie 3poc-
TaHHs TeMIEepaTypu, MPU3BOAUTH 10 TOTO, IO TEIJIOBI KOJIMBAHHS PO30PIEHTYIOTh
JTUTIONI 1 IIeJIEKTPUYHA TPOHUKHICTh 3HHKYETHCS.

CrnioHTaHHa MOJIIpU3Allisl CIOCTEPIraeThCsl B CETHETOEIEKTPUKAX MPU 3MiHI Yac-
TOTH Y IIMPOKOMY aiana3oHi [4]. ITpu 3011blIeHH] YaCTOTH BIIHOCHA JIENIEKTPUYHA

MPOHUKHICTh TPOXH 3MEHIIYETHCSI, a JIIEJIEKTPUUHI BTpaTH 3pocTatoTh (puc.l1.5).

€ — tgd
| ——
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PucyHnok 1.5 - 3anexxHicTh A1€IEKTPUIHOT TPOHUKHOCTI 1 tZ0 CErHETOCIEKTPUKA

B1J 4aCTOTH

CerneToeneKTpUKN 3aCTOCOBYIOTHCS JIsl BUTOTOBJICHHSI HU3bKOYaCTOTHUX KOH-
JI€HCATOPIB, TEPMOCIEKTPUYHUX 1 MIPOETEKTPUYHUX TEPETBOPIOBAUIB, J1€IEKTPUY-
HUX MIJCUJIIOBAYIB 1 MOJIYJIATOPIB, OCEPENIKIB aM’SITi 1 T.]I.

JIJisi BUTOTOBJIEHHSI KOHAEHCATOPIB 3aCTOCOBYETHCSI CErHETOKEpaMiKa, siKa BIApi-
3HSETbCSI HACTYMHUMH OCOOJUBOCTSIMU: MA€ BEJIUKY BEJIMYUHY AICIEKTPUYHOI MPO-
HUKHOCTI 3 MaJIOI0 3aJISKHICTIO 11 BiJ TeMIIepaTypH, HEBEJIUKI BTpaTH, CJIa0Ky 3aje-
KHICTB tg0 Bl HANIPY>KEHOCTI €JIEKTPUYHOTrO MoJist (Maidy HENiHIMHICTh), BUCOK] 3Ha-
YEeHHSI TUTOMOI 00'€MHOTI0 1 IOBEPXHEBOT'O OMOPY Ta €AEKTPUYHOI MILIHOCTI.

CerneroeneKTpuyHi MaTepiaiu, U0 3aCTOCOBYIOTHCS AJII BUTOTOBJICHHS MEBHUX
TUIIIB KOHJEHCATOPIB BIIPIZHAIOTHCA EJNEKTPUYHUMHU XapaKTEpPUCTHKAMU, sK1 3ajie-

’KaTh B1Jl KOHIIEHTpaIlii KOMIIOHEHTIB, SIK1 BXOJIATh J0 iX CKJIay.

10



CerneToeneKTpukKH, M0 BOJOAIIOTh PI3KO BUPAKEHUMHU HEJIIHIMHUMU BIaCTUBOC-

TAMH, 3aCTOCOBYIOTBCA JII BUTOTOBJICHHA HEIIHIHHUX KOHI[CHC&TOpiB — BApPHUKOH-

niB. OJIHa 3 OCHOBHUX XapaKTEPUCTUK BAPUKOHIIB II€ KOe(IIi€EHT HEeMIHIMHOCTI

K = Ciax / Ciay, BeIMUKHA sIKOTO TIepeOyBae B Mexkax Big 4 10 50. 31 30UIbIIEHHSIM

4acTOTH el Koe(ilieHT 3MeHIIyeThes. Y Tabnuii 1.1 HaBeneH1 XapaKTepUCTUKU Ce-

T'HCTOKCPpAMUKH, KA 3aCTOCOBYETHCA IJII BUTOTOBJICHHA BapI/IKOHIIiB [4]

Ta6JII/II_I$I 1.1- XapaKTepI/ICTI/IKI/I CCTHCTOKCPAMUKMH, KA 3aCTOCOBYETHCA IJIA BU-

TOTOBJICHHS! BapIKOH/IIB.

Marepian T°C €y K, E,jaxc KB/M tgd
BK-1 75+10 2000 6-—8 150 —200 0,02
BK-2 75+10 2000 15-20 120 - 150 0,01
BK-3 25+10 10000 1-2 50-100 0,03
BK-4 105+10 1800 10-16 250 - 300 0,015
BK-5 7510 2000 35-50 80— 100 0,01
BK-6 200 400 20-50 500 - 600 0,03
BK-7 -10 3000 - - 0,001

BapukoHu BUTOTOBISIIOTHCS y BUTJISIIL AUCKIB @00 Y BUIJISIIL AUCKIB, 310paHUX

B I_II/IJIiHIIp. HowminanpHe 3HA4YEHHS €MHOCTI BAPUKOHAY 3HAXOAUTHCSA B MCKaAX BiI[

10n® no 0,22 mMx®. [Ipu BUpOOHUIITBI BApUKOHIB HaOLIbII 3aCTOCOBYIOTHCSA Ma-

tepiamu BK-1, BK-2 1 BK-4. XapakrepucTuku BapuKOH1B 3 IIUMU MaTepiajaMu Ha-

BeneHi B Ta0mmi 1.2.

Tabnuus 1.2 — Xapaxkrepuctuku BapikoHAiB 3 matepiaiis BK-1, BK-2, BK-4

Tun HominanbHa Tun HominanbHa Tun HominanbHa
BapUKOH- €MHICTD BapUKOHY €MHICTD BapUKOHY €MHICTD
ny  |[(U=5B,f=50Tm), U = 5B,f=50T"m), (U = 5B,f=50I'm),
n® n® n®
BK1-0 100 BK2-1 470 BK4-M 10m 22
BK1-1 51011500 BK2-2 2200 BK4-0 68
BK1-2 270015100 BK2-3 6800 BK4-1 220
BK1-3 68001 12000 BK2-4 10000 BK4-2 1500
BK1-b 0,151 0,2mMxD BK2-3111 6800 BK4-3 4700
BK2-5M 10122 BK2-5 0,15mMxD BK4-4 6800
BK2-0 100 BK2-BIII |0,15ta 0,22Mkx® BK4-b 100000
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Taxi KOHJIeHCAaTOpH 3HANIIUIA 3aCTOCYBAHHS B PI3HUX PAAIOTEXHIYHUX MPUCTPO-
AX MapaMeTPUYHUX MIJCUIIIOBaYax, HU3bKOYACTOTHUX MIJICHIIOBAYaX MOTYXHOCTI,
(bazoobeprayax, MOMHOXKYBayax 4acTOTH, CTa0LII3aTOpax HAMPYTH Ta 1H.

Kpucranm neskux CerHeTroeleKTpUKIB MarOTh CHJIBHO BUPAXXEHUH €JIEKTPOOI-
TUYHUUA eQeKT, SKUN MojsIrac B 3MiHI IMOKAa3HHUKA IMEPEIOMJICHHS Marepiany Iif
BIUTUBOM 30BHIIIHBOTO eJleKTpuuHOro noss. Komnu koedilieHT nepenoMieHHs 3Mi-
HIOETHCS MPOMOPILIHHO HAMPY>KEHOCTI T0JIsl €(peKT HAa3UBAETHCS JIHIMHUM 1 KBajJpa-
TUYHUM — SIKILO CIOCTEPIraeThCsl KBapaTUUHA 3aJIEKHICTh BiJl HAIPYKEHOCTI MOJIS.
CerHeToeneKTpUKH 3 TAKUMU BIIACTUBOCTSMU BUKOPUCTOBYIOTHCS JJI1 MOJYJIALIIT J1a-
3epHOT0 BUIIPOMIHIOBAaHHS, sIK€ BIUIMBAE Ha Marepiai. J[Jig TakuX eNeKTPOONTHYHHUX
MOJYJISTOPIB BUKOPUCTOBYIOThCS KprcTanu HuoOarta miitito LiNbO;3, mpo3opa cerne-
tokepamika cuctemu LITCJI, sxa npencrasise co600 TBEp/l PO3YMHH LIUPKOHATA —
TUTAHATYy CBUHIJIO 3 OKCHJIOM JIAHTaHY.

Jlesiki CerHeTORJIEKTPUKU MalOTh BIACTUBOCTI HamiBNPOBIAHUKIB. Tak, mpu Jje-
I'yBaHHI cerHeroenekTpuuHoi kepamiku BaTiOs; Ta tBepaux po3zuuniB Ba(T1,Sn)O; 1
(Ba,PB)TiO; HeoxiMoM 1 MapraHiieM OTPUMYIOTh MaTepialiu, sIKi Ha3UBalOThCS CErHe-
TOHAMIBIPOBIAHUKU. Y TaKUX MaTepiajiax, 3aBJAsIKU JIETYBaHHIO, BUHUKAIOTh JIOHOPHI
1 aKUEeNnTOpHI PiBHI, B Pe3yJbTaTl LBOrO iX MPOBIIHICTH ICTOTHO MiJBUILYETHCS /10
3HA4Y€Hb, K1 BIJMOBIIal0Th HaMmiBIPOBiIHUKaM. OHAK BUCOKa MPOBITHICTH CIOCTE-
piraeTbes Jdiie B MOJSAPHIN (a3l npu temneparypax Hukde Touku Kropi. [To6nuzy
Touku Kropi mpoBiJIHICTh Pi3KO 3MEHIIYEThCS, ajie MPU HarpiBaHH1 3HAYHO BUIIE TO-
yku Kropi BoHa nmounHae 3H0BY 3poctath. Takuit ehekT OTpuMaB Ha3By MO3UCTOPHO-
ro. KepamiuHi mo3uctopu BOJIOAIIOTh HU3BKUM «XOJOJHHUM)» 1 BUCOKUM «TapsiurM»»
ornopoM. Taki eJeMeHTH 3aCTOCOBYIOTbCS Yy BUMIPIOBANIbHIN TEXHIIl, B CUCTEMAaX aB-

TOPCTYIIIOBAHHA, CUCTCMAX TCIIJIOBOT'O KOHTPOJHO 1 T.O.

2 IPE3OEJIEKTPUKHA
[Ipsmuit °e30eddext OyB Biakputuit Opatamu Kropi y 1880 p. Bonu BusiBuin
BUHUKHEHHS €JIEKTPOCTATUYHMX 3apsi/IiB Ha IJIACTUHI, BUPI3aHidl 3 KpUcTajga KBapiy,

npu Aii Ha Hei MexaHiyHoro 3ycwuis. Bennuuna 3apsiniB Oyna npomnopiidHa MpuUK-
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nazieHi MexaH1yHii Harnpy3i. [licis 3HATTS MEeXaHI4HOI Jii, eJIeKTPUYHI 3apsSau 3HU-
KaJu.

OpHouacHO 3 IpAMHUM 1I’€30€PeKTOM OYB BHUSBICHUH 1 3BOPOTHUMN I’ €30€(EKT,
SAKUU MOJIATaB B TOMY, 11O M1/l BIUIMBOM €JIEKTPUYHOIO MOJIsl BiAOyBasacs MEXaHIuHa
nedopmairist 3pazka. Bennunna gedopmaiiii Oyina mpsiMmo IpornopiiiiHa Hanpy>KeHOCT1

CICKTPUYIHOT'O IT10JIA.

Ha BiZMIHHICTB BiJl €IE€KTPOCTPHKIIii, sIKa MOB'sI3aHa 3 AedOpMaIliEl0 TBEPOTO
a0 PIAKOTO 3pa3ka B CJICKTPUYHOMY IO, M'€30€(PEKT CIOCTEPIracThCs TUIBKH B
TBEPAUX JIEJIEKTPUKAX 3 TMEBHOI KPUCTAIIYHOIO CTPYKTYyporo. Takox mpu 1’ e30-
e(eKT1 3aJeXKHICTh MEXaHI4YHOiI fedopMalii BiJl HANPYKEHOCT1 €JIEKTPUUYHOTO OIS
Mae JIIHIMHUI XapakTep, y BIAMIHHOCTI B/l €IeKTPOCTPUKIIIL, IPH SIKIH L 3aJ1€KHICTD

HOCHTB KBaIpaTUIHY 3aJICKHICTD.

[I’e30edekT cnocTepira€ThCs JUIIE B 10HHUX 1 CUIIBHOMOSIPHUX J1€JIEKTPUKAX,
B CTPYKTYp1 KUX BIICYTHIN IIEHTP CUMETPIi KPUCTAIIUYHOI PEUIITKU 1 sIKI MalOTh BH-
COKHUI MUTOMHH OITIp.

Enexrpuunuii 3apsan Q, sikuii BUHUKAaE Ha MOBEPXHI JIEIEKTPUKA IPH Jii Mexa-
HiyHoro 3ycwiis F, Oyne piBHuit

Q=dF, 2.1)

ne Q — BenuuuHa 3apsny, F — BenuunHa npukiaaeHoi cuiu, d — koedilieHT mpornop-
[[I0HAJILHOCTI MK 3aps0M 1 IPUKJIAIEHOI0 CHIIO0, 3BaHHM 11’ €30MOYJIEM.

Po3ninuBim BeIMUUHY 3apsay 1 IPUKIAJAEHY CUITY Ha IUIOILY S, OTPUMAEMO

Q/S=dF/S (2.2)
abo qs=P=d-9, (2.3)

1€ s — IOBEpXHEBa IIUIBHICTD 3apsiB, P — monsipu3zoBaHicTh, & — MEXaHIYHA HaIpy-

ra y nepepisi aieJeKTpuKa.
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IT’e3oMonynb d yucenbHO AOPIBHIOE 3apsiy, SKUW BUHUKAE HA OJUHMII TUTOIII
MOBEPXHI JIIeNIEKTPUKA TPU JOAATKY O HHOTO OJMHMII THUCKY. Bennuuna m’ezomo-
JyJIsl 3HAXOJIUTHCS B MEXKaX 101 - 10" KwH.

[Ipu 3BOpoTHOMY 1I1’€30€(peKTi 3MiHa po3MipiB aienekTpuka Al / 1 nponopuiitHa
HaIpPY>KEHOCTI eJIeKTpUuyHOro nojst E

Al/1=¢=dE, (2.4)

1ie € — BIIHOCHA aedopmartis.
IT’e3oMoyni d mpsAMoro 1 3BOPOTHBOTO 1’ €30€(HEKTY JII OJHOTO 1 TOTO X Ma-
Tepiany piBHI MK c000I0.

Cnig 3a3Ha4uTH, IO HaBEJECHI BUIIE PIBHAHHS B CHPOLICHOMY BHUl JAIOTh
ornuc 1’e3oedekry. PeanbHuil onuc n’e30eiaeKTpudHOro edekTy Habarato CKIaJHi-
muil. [loB's13aHo0 1€ 3 THM, 1110 MEeXaHIYHa HAINpyra € TEH30PHOI0 BETUYHHOIO, sIKa Mi-
CTHTP IIICTh HE3aJIC)KHUX KOMITIOHEHTIB, TO/1 SIK MOJIIPU3aIlis € BEKTOPHOIO BEITUYH-
HOIO0. Y 3B'SI3KY 3 IIUM I1"€30MOJYJb, SKUW BCTAHOBIIIOE 3B’ 30K MK BEKTOPOM TOJIS-
pu3arlii 1 MEXaHI4YHOIO HAIPYTrolo, € TEH30POM TPETHOTO PaHTY, 110 Mae 18 Hezanmex-
HUX KOMIIOHEHTIB. Y TEH30pHIi (opMi pPIBHSHHSA MNPSAMOro 1 3BOPOTHOrO TME30’-

e(eKTIB Ma€ HACTYITHUN BUIJISIA:

P =d, -o (2.5)

Ei = d&, . Ei , (26)
nei=1, 2,3 — KOMIOHEHTU BEKTOPY MOJIAPU30BAHOCTI; j = 1, 2...6 — KOMIIOHEHTHU

TEH30pa MEXaHIYHOI Hapyru ado aedopmariii.

BaxxmBoi0 XapaKTepUCTUKOIO I1"€30€JEKTPUKIB € TaK0X KOe()IIIEHT eNeKTpo-
MexaHiyHoro 3B'13ky K. Iy npsimoro m’e30eeKTy KBaJpaT IbOoro KoedirieHTa € Bi-
THOILIEHHSAM MEXaHIYHOI €Heprii, sika TeHEePUPYETHCS I’ €30€JIEMEHTOM 0 IOBHOI

€JICKTPUYHOT €HEePT1l, OTPUMAHOI BiJ] JpKepelia )KUBJICHHS.

k2= o/ 2.7)
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ne W, — elleKTpuYHa €Heprisi, TeHepOBaHa I’ €30€IeKTPIUKOM; W — €Hepris, 10 OTPH-
MaHa BiJ JDKepeJia )KUBJICHHsI 1 BUTpayaeThes Ha AedopmMallito 1 Ha MoJIIpu3allio.

[Tpu 3BOpOTHOMY IT’€30€(PEKTY CHEPTisl 30BHINIHBOTO JHKEpeia BUTPAYa€ThCs Ha
3apsIIKy EMHOCTI 11’ €30€JIeKTpUKa 1 Ha Horo Jedopmarriio.

W
kZ=""m
/w : (2.8)
ne W, — IUIbHICTh eHeprii MexaH1yHo1 nedopmartii
Wy = C X%y 2.9)

C — Monynb NPYKHOCTI; X — 3MILLEHHS.

YucenbHe 3HaueHHs k JUIs1 IpsIMOTO 1 3BOPOTHOTO M'€30€(PEKTIB PiBHI MIXK CO-
0or0.

[I’e30kepamiyHl Martepiajay MNPUHHATO PO3AUIATH Ha YOTUPU (PYHKI[IOHAIbHI
rpynu. Jlo nepuioi rpynu OHOCSATHCA MaTepiaiu, iKi BUKOPUCTOBYIOTHCS JJISI BUTO-
TOBJICHHSI BUCOKOUYTJIMBUX €JEMEHTIB, MPALIOIOYUX B PEXKUMI MPpUHOMY ab0 BUIIPO-
MIHIOBaHHSI MEXaHIYHUX KOJMBaHb. XapaKTEPHOIO OCOOJIMBICTIO TAKUX MaTEpialliB €
BHUCOKE 3HAUYEHHS 11’ €30MOTYJIS.

Martepianu apyroi rpynd BUKOPUCTOBYIOTHCS ISl BUTOTOBJIEHHSI T'€HEPATOPIB
CWIbHMX CHUTHAJIB, SIKI MPAIIOIOTh B YMOBAaX CWJIbHUX €JNEKTPUYHUX MOJIB 200 BHU-
cokoi MexaHiyHoi Hampyru. L{i maTepianu MalTh BUCOKHA MUTOMUN €NEKTPUUHUN
orip.

Martepianiu TpeThOi TpynH BUKOPUCTOBYIOTH J/JIi BHUTOTOBIICHHS I’ €30€le-
MEHTIB, 1110 MalOTh MIJBUIIEHY CTaOUTBHICTh PE30HAHCHUX YaCTOT 3aJE€XKHO BiJ] TEM-
nepaTypu 1 Jacy.

Martepianu 4eTBepTOi IPYNU BUKOPUCTOBYIOTHCA JIJIsi BUTOTOBJIEHHS! BUCOKOTE-
MIIepaTypHUX 11’ €30€JIEMEHTIB.

[T’ €30eneKTpuyHI BIACTUBOCTI MalOTh 0araTo pe4oBHH, Y TOMY YHCII1 — yCi Cer-

HCTOCJICKTPUKMU.
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VY 3BuUYaliHI cerHeToKepaMmilli, K 130TPOIMHOMY CEpEeAOBHINY I’ €30€PEKT He
crioctepiraerbes. st HaaHHs 1’ €30€TEeKTPUYHUX BJIACTUBOCTEH 11 MiIIat0Th MOJIS-
pu3aiii. JlJig HpOro cerHeTokepamMiky BUTPUMYIOTh Y CHIIBHOMY €JIEKTPUYHOMY MOJII
npu temreparypi 100 — 150 °C TpuBanuii gac. B pe3ysabraTi boro 1oMeHH puaoa-
BaIOTh MOJIIPU30BAHICTh OPIEHTOBAHY MEPEeBaXXHO y Hampsmi nosst. [licas 3HATTS 30-
BHILIHBOTO MOJISl B KepaMilll 30epiraeTbest CTIMKa 3ajJUIIKOBA MOJspU3allis. 3 130TOM-
HOTO Marepiajgy Kepamika NMepeTBOPIOEThCS Ha aH130TporHy. [lonspusoBany cerhe-
TOKEpaMIKy, Ha3UBalOTh I’ €30KEPAMHUKOIO, 3 SIKOI BUTOTOBJISIOTh AKTUBHI €JIEMEHTH
pi3HUX (HOpPM 1 pO3MIpIB.

OnuuM 3 mMaTepiaiiB JJisl BUTOTOBJIEHHS I1'€30KEpaMIdYHUX €JIEMEHTIB € TBEp/i
po3uunu PbZrO; — PbTi0O; (uupkoHaT — TTAaHAT CBUHITIO a00 ckopoueHo [[TC).

Hu3zbko1o co0iBapTICTIO BIAPIZHIETHCS I €30KepaMika Ha OCHOBI TUTaHaTy Oa-
pis. BaTiO; (Th-1). /lo A0CTOTHCTB 1IbOT0 MaTepiaiay CIiJl BIIHECTH MPOCTY TEXHO-
JIOT110 BUTOTOBJICHHS 1 BIACYTHICTh Y CKJIa1 JIETKUX MPHU BUIAJIECHHI KOMIIOHEHTIB.

Bucoky TemmnepaTypHy cTaOUIbHICTh XapaKTEPUCTHUK MalOTh TBEPl PO3UMHU
TUTaHATIB Oapii 1 Kajiblliio 3 1006aBkoro K0OanbTy (TBK— 3) 1 TuTanaTiB 6apito, Kajb-
ito 1 ceuHiio (TBKC).

Ha ocHOBI TBepAMX PO3YMHIB TUTAHATY — IIUPKOHATY CBHUHIIIO PO3POOIICHA cepis
I’ €30€JIEKTPUYHUX MaTepialiiB, 110 HOCATh yMoBHY Ha3By LITC. [Ins mominmmeHHs
XapaKTepUCTUK B OCHOBHUM PO3YMH BBOJASTHCS NOOABKM THTAHATY CTPOHIIIIO, a Ta-
KOXX OKCHJIM H100110, TaHTaJy, JJAHTaHY, HEOAIMY Ta 1H.

VY 1ux Marepiajax BiICYTHI HU3bKOTEMIIEpaTypH1 (a30Bi Mepexo/iu, M0 MPU3-
BOJMTH /10 BUCOKOT CTAOUIBHOCTI A1EJIEKTPUYHOI TPOHUKHOCTI 1 11’ €30MOYJIsl B MOPi-
BHSIHHI 3 XapaKTepUCTUKaMU KepaMiKi Ha OCHOBI TUTaHATy CBUHINO. Temneparypa
Kropi nmx marepiainis nepesumnrye 250 °C. TIpoTe TeXHOJIOTisE BATOTOBJIEHHS IIi€l Ke-
paMUKH OUTBII CKJIA/IHA Y 3B’ A3KY 3 TUM, 110 J0 ii CKJIaly BXOJUTh OKCHUJ CBUHIIIO,
SAKUN BUMIAPOBYETHCA MPU BUIAJICHHI.

BnacTuBOCTI AesSKUX I’ €30KEpaMIYHUX MaTepiaiiB npuBeAeH1 B Tabuuui 2.1.
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Tabnuus 2.1 — XapakTepuCTUKH I’ €30KEpaMidHUX MaTepiaiB.

Mapka ®yuk- | Hieanek- | Touka | KoediuieHt IIp30MOnyTIB
MaTepiany niona- | TpuyHa | Kropi, °C eneKTpome- (d)-10™"", Ki/H, e
JbHA | MPOHUK- XaHIYHOTO MEHbIIIEe
rpyna | JIMBICTb 3B’SI3KY s ds
1 2 3 4 5 6 7
Th-1 1 15004300 110 0,20 4,5 10
TBK -3 2 12004+200 95 0,2 4,3 8,3
TBKC 3 450£50 150 0,17 2 5
OTC 19 1 17254325 290 0,4 10,0 20,0
LTCHB-1 1 22504560 240 0,45 16,5 40,0
OTC-23 2 10754225 275 0,43 10,0 20,0
TC-24 2 10754225 270 0,45 10,0 20,0
HTBC-3 2 2300£500 180 0,45 12,5 32,0
OTCC-1 2 1150+150 260 0,43 7,5 18,0
OTC-22 3 800+200 300 0,20 2,0 5,0
OTC-35 3 1000+200 300 0,38 7,0 He HOpM.
OTC-21 4 550£150 400 0,2 2,7 6,7
HBC 1 2 1600+300 245 0,28 6,7 16,7
HBC-3 3 1800+400 250 0,20 4,5 10,0

Haii6u1b1 BIZOMUM TPUPOAHUM MaTepiaioM, 110 MA€ 11’ €30€JEeKTPUYHI BIaCTH-
BOCTI SIBJISIETHCSI MOHOKPHUCTAJIYHUN KBapll. Bemwki mpupogHi Mpo3opi KpHUCTAIH
KBaplly AICTaJId HA3BY rPCHKOr0 KPUILITAIIO.

VY kpucrtanax KBapiy NpUHHSATO PO3PI3HATU TPHU TOJIOBHI Oci: X — BICh, IO MPO-
XOJUTh Yepe3 BEPILIMHU HNIECTUKYTHUKA MOMEpPEYHoro nepepizy (rakux oceit 3); Y —
BiCh, MEPIEHJUKYJSPHY OCAM HIECTUKYTHUKA IOMEPEYHOro mnepepizy (Takux ocen

TaKOX TpH); Z — BICh, 110 TPOXOJAUTH Yepe3 BepIIUHU KpHUcTana (puc.2.1).
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Pucynok 2.1 — Kpucrtan kBapity

Haii6unbimii 1’ €30e1eKTpuuHui epeKT MatoTh TUIACTUHM, SIK1 BUPI3aH1 MEepIeH-
IUKYJISpHO ocl X. Y IlacTUHaX, BUPI3aHUX MNEPHIEHIUKYISIPHO Oci Z 11’ €30€eleK-
TPUYHUMA ePEeKT BIACYTHIM.

[TonipoBaHa miockomnapaieibHa TUIACTUHKA KBAapIly 3 HAHECEHUMH Ha O14Hi Mo-
BEPXHI €JIEKTPOJaMU € I’ €30€JEKTPUYHUM PE30HATOPOM 3 IEBHOIO PE30HAHCHOIO Ya-
CTOTOIO KOJIUBaHb, SIKa 3aJI€KUTh BiJl TOBUIMHU IJIACTUHKH 1 Hanpsamy 3pizy. Taki pe-
30HATOPH BIIPIZHAIOTHCS HU3bKUM 3HAYEHHSAM tg€0 1 BUCOKOIO MEXaHIYHOIO JOOPOTHI-
ctio. [IpoTe, mpupoAH1 KpUCTAIU KBapIly, sIK MPABUIIO, MICTATh A€PEKTHU, SIKI 3HUKY-
I0Th 1X XapakTEePUCTHKU. Y 3B’SA3KY 3 LIUM BCE€ OUIbIIE 3aCTOCYBAHHS OTPUMYIOTh
HMITYYH1 KPUCTAIAMHU, SIK1 BUPOILYIOTh 3 HACUYEHUX KPEMHIEM JTY>KHUX PO3UMHIB.

VY kin1i 60 pokiB AEB'ATHAAISATOTO CTONITTS OyJin yriepIie oTpuMaHi BUCOKOE-
(eKTHBHI OJIMEPHI I’ €30€JIEKTPUKU Ha OCHOBI nodiBiHuIAeH(TOpiny (IIBAD), sxi
3a CBOIMU TEXHIYHUMU XapaKTepUCTUKAMU Oy OJM3bKI 10 11’ €30KePaMIKH.

IT’e3ommniBka 3 [IBJI® 1 koMno3uTiB Ha i1 OCHOBI IIBUAKO 3HAMIILIA 3aCTOCYBaH-
Hs1 y O€3KOHTaKTHUX NepeMuKadax kiasiatypax EOM, tenedonnux Homeponabepa-
TeJSAX 1 Tak Jal.

Martepianu 3 [IBJA®D matoTh Ou1bII BUCOKY CTAOUIBHICTD iX 1T’ €30BJIACTUBOCTEN
B MopiBHsHHI 13 3 kepamikoro L[TC. Tak, ocHoBHI mapameTpu kommo3uTis 3 L{TC
3MeHIyThes Ha 4% B pik Ha npoTs3i 10 pokis, a y [IBA® — Ha 1 % B pik Ha npo-

Ta31 10 poxis.

18



3acTOCOBYBAaTUCA TNOYMHAIOTH TAKOXX KOMIIO3UIIHHI TOJIMEpPHI II’€30€JIeK-
TPUKH, SIK1 OTPUMYIOTH 3MIIIEHHSIM TOJIMEpPIB 3 1’ €30aKTUBHUM HAIOBHIOBAYEM, SIK
MPaBUIIO, I’ €30KEPAMIKOIO.

OCBOEHO TIPOMHUCIOBE BUPOOHUIITBO MOJIMEPHUX II’€30MaTepialiiB Ha OCHOBI
MOJIIBIHUIACHPTOPUAY y BUTJISAAI METANI30BaHUX IUTIBOK 3aBTOBLIKH BiI 5 MKM J10
1-2 mm.

[ToniBiHUIAEHPTOPHUA 1 COMOTIMEPH BIHULACHPTOPUAY 3 IHIIMMH MOHOMEpPaMHU
MarOTh HACTYITHI BJIACTHUBOCTI: 3JJaTHICTIO JI0 Mepenojspu3allii, ricTepe3nCHUMH 3a-
JEKHOCTAMU TOJISIpU3allli BiJl HAIPYXEHOCTI €NEeKTPUYHOrO MOJs, TEeMIEPaTyporo
Kropi.

Martepianu, 0 MalOTh I’ €30€NEKTPUUHUN €(DEeKT TaKoK 3aCTOCOBYIOTHCS IS
CTBOPEHHS yJIbTPa3BYKOBUX BUIIPOMIHIOBAUIB, JATYMKIB THUCKY, AepopMalliid, mpuc-
KOpeHb 1 BIOpalliif, m’€30pe30HaHCHbX (UIBTPIB €NEeKTPUYHUX CUTHAIIB, JIHIN 3a-

TPUMKH, I’ €30TpaHcHOpMaTOpPiB 1 11’ €30IBUTYHIB 1 TaK Jal.

3 EJIEKTPETH
EnexktpeTamu Ha3WBalOTh MICNEKTPUKH, SKI MOXKYTh TPUBaIMil 4ac 30epiraTu
€JIEKTPU30BAaHUM CTaH, MICHs 3aKIHUEHHS 30BHIIIHBOIL /11, [0 BUKJIMKaNa €JIeKTpU3a-
1110 1 SIKI CTBOPIOIOTH B HABKOJIMIIIHBOMY MPOCTOP1 €IEKTPOCTATUUHE TOJI€ Y BIACYT-
HICTh 30BHIINIHBOT €HEPreTUYHO1 Ali. AHAJOTIYHO MOCTIHHUM MAarHiTam eJIeKTPETH
CTBOPIOIOTh HABKOJIO ceOe eNleKTpuyHe MoJje. Brepiie enekrpetu Oyiau oTpuMaHi B
1922 pomi AmoHCHKUM BYeHHM ETydi, SIKHiI OXOJIIOAWB B CHJIIBHOMY EICKTPUYHOMY
oJT1 po3IUIaB KapHayOCKOTo BOCKY 1 KaHidoumi. [lin BrumBOM moJis cTajgacs opieHTa-
ISl TOJIIPHUX MOJIEKYJ 1 MICHS MaTepial 3aJUIIUBCS B MOJISIPU30BAHOMY CTaHI. 3ro-
7I0M OyJai po3poOJIeHi 1 1HIII TEXHOJIOT1l OTpUMAaHHS €JEeKTPETIB.
3aJIe’)KHO BiJI CIOCOOY CTBOPEHHS €JIEKTPETHOTO CTaHY B JIIEJIEKTPUKAX PO3PI3-
HSIOTh TaKi BUAH €IEKTPETOB:
— ENEKTPOCIICKTPETH, SIKi OTPUMYIOTh MPU BUTPHUMIII MaTepialliB y CHJIBHUX €JCKT-

PUYHMX TMOJSAX NpH KIMHATHIN TemnepaTypi. [Ipu nboMy mijJ Ji€0 eJIeKTPUYHOTO IO-
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751 BIIOYBA€ETHCS MEPEPO3NOLT eIeKTpoHIB. OTHAa MOBEPXHS MaTepiady MICTUTh Ha-
JIUIIOK €JIEKTPOHIB, a 1HIIA — 1X HEJOMTIK;

— TpUOOENIEKTPETH, SIKI OTPUMYIOTh, BIUIMBAIOYM Ha Matepian TepTsaM. [Ipu npomy
BIIOYBAETHCS PYMHYBAHHS MOJIEKYJI, 1[0 MPOBOAUTH 1O HECUMETPUYHOI'O PO3TaIly-
BaHHS 3aps/iB;

— (hoToeNeKTpeTH OTPUMYIOTh OJIHOYACHOIO JI€I0 HA MaTepiajl eIeKTPUUYHOIO MO 1
CBITJIOBOTO BHUIIPOMiHIOBaHHs. ONpOMiHEHHS Marepiany MepeBOAUTh aTOMHU y 30Y-
JDKEHHM CTaH 1 3MEHIIIYe pOOOTY BUXOY €JIEKTPOHIB;

— KOPOHOEJIEKTPETH yYTBOPIOIOTHCS MpH JIii HA MaTepial KOpoHHOro po3psay. [Ipu
MPUMIIICHH] JIeJeKTPUKA B 30HY JAli KOPOHHOTO PO3psiAy BiIOYBA€ThCS HACHUUYEHHS
HOro NoBepXOHb 10HAMH MPOTHIICKHUX 3HAKIB;

— padloeNeKTPeTH OTPUMYIOTh JI€I0 HAa Martepian MydyKamH 3apsIKEHUX 4YacTOK
BHCOKOi €Heprii;

— MarHeToeJIeKTPETH YTBOPIOIOTHCS B pe3yibTaTl /il HA MaTepiaid MarHiTHOTO MO-
Tst;

— MEXaHOEJIEKTPETH OTPUMYIOTh IIPH i1 Ha MaTepial MEXaHIYHUX HaBAaHTAXEHb.

3Hak 3apsay eJeKTPEeTy MOXKe CITiBIagaTu ado He ChiBhagaTH 31 3HaKoM Gopmy-

BaJIbHOT HANPYTH. SIKIO 3HAK 3apsiiy €NEeKTPETY 1 3HaK 3apsaay popmyBanbHOI Ha-
MPYrU CHIBMNAJAI0Th, TO TAKUHM 3apsi] HA3UBAEThCs ToMo3apsiaoM. [Ipu HecniBnaanHi
3HAKIB 3aps/iB — FeTepO3apsIoM.

['oMo3apsii yTBOPIOETHCS B PE3YJIbTATI 1HKEKIIIT 3apsAKEHUX YACTOK B JI1€JIEKT-
pUK 330BHI. ['eTepo3apsa popMyeThCs 32 paXyHOK 3MIIIEHHS 10 IPOTUIICKHUX CTO-
pIH BIaCHUX 3aps/iiB JieJIEKTPUKA.

VY opraHiyHUX MOJISIPHUX €JEKTPETIB, SIK MPABUIIO, IEPEBAXKAIOTH T€TepO3apsan,
y HEOpraHiuHux (KepaMiuHUX)MaTepiajiax 1 OpraHiyHUX HEMOJSPHUX JICIEKTPUKAX —
rOMO3apsIu.

['omo3zapsinu 30epiratoThesi BIPOAOBXK TPUBAJIIIOTO Yacy B MOPIBHAHHI 3 reTe-
po3apsiiamH.

SIk mpaBUIIO TPOLIEC OTPUMAHHS €JIEKTPETHOTO CTaHy MOJIATAE B OXOJOMKEHHI

Marepiany B eeKTpUYHOMY TOJII 13 3a/1aHor0 HanpyxkeHicTio E Big temneparypu T,
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MIPU SKIA AUTIOJ BUIBHO 00€pTaIOThCSA, 10 TeMIiepaTypu T, KOJIU MO 3aMOpOXKe-
HI B MIEBHUX TOJIOKEHHSIX.
OUIHUTH BEJIMUUHY TOJIApU3allii MOXKHA BUKOPUCTOBYIOUM popmyny Jlebas mis
JTUTIONIBHOT Opi€HTAIllT
_np’E

P——
3kT; ’ 3.1)

JIe N — KOHIIEHTpaLlis MOJSIPHUX MOJIEKYJT;
W — TUTIOJIBHUM MOMEHT MOJIEKYJIH;
T;— temneparypa mixx T; 1 T, npu sikiii BigOyBaeThCsl 3aMOPOKYBAHHS JTUIIOJIB.
[IpuBenena dopmyna € HaOIMKEHOIO 1 CIpaBeAMBa TUIbKU JJII CUCTEMH Xao-

TUYHO OPIEHTOBAHUX BUILHUX JTUIIONIB.

Yac )KHUTTS eNIEKTPETOB B HOPMAaJbHUX YMOBaX MOXKE JOCATATH JIECATKIB POKiB.
[IpoTe, BiH MIBUAKO 3MEHIIYETHCS 3 MiIBHUIEHHSIM TEMIIEPaTypH i BOJIOTOCTI HABKO-
JIAIIHBOI CEPE/IN.

OnHi€l0 3 OCHOBHUX XapaKTEPHUCTUK ENEKTPETOB € MOBEPXHEBA HIUIBHICTD 3a-
psany o. HanmpyskeHicTh 30BHIITHBOTO €IEKTPHYHOTO TIOJISI, 1[0 CTBOPIOETHCS EIEKTPE-
TaMu, MPOMOpPIIiHA MTOBEPXHEBIH MIUTBHOCTI 3apsay. Y 3B’SA3KYy 3 THM, II0 3HAYCHHS
0 1 MOro 3HaK MOJKE 3MIHIOBATHCS CIIOYATKY ITICJII BUTOTOBIICHHS €IEKTPETY, Ha
MPAKTHIII BUKOPUCTOBYIOTh HE MOYAaTKOBE 3HAYCHHS O, a [0 BCTAHOBWJIOCS, SIKE Ha-
3UBAaIOTh MMOBEPXHEBOIO MIUIBHICTIO CTaO1I130BaHOrO 3apsiaAy . Benuunna 1iporo napa-
METpPY y Pi3HHX eleKTpeTiB 3HaxoauThcst B Mexkax Bix 10 o 107 Ki/m? (puc. 3.1).

Yacom XKHUTTs €NEKTpeTa Ha3UBAIOTh 4Yac, Ha MPOTs3i SKOTO 3HAYCHHS MOBEPX-
HEBOI MIUTLHOCTI CTa0UTI30BAHOTO 3apsAy 3MEHIIYETHCS Y «€» pasiB.

Y HOpMalIbHUX YMOBaX 9ac JKUTTS €JIEKTPETIB MOXKE JOCATATH JECATKIB POKIB.
[IpoTe, BOHO IMIBHIKO 3MEHIIYETHCS 3 MIABUIICHHSIM TEMIEpaTypu 1 BOJOTOCTI JIO-

BKLLJIA.
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Pucynok 3.1 — 3anexHicTh 3apsiay €JIEKTPETY Bij 4acy
1 — cTopoHa eneKkTpeTa, 3BepHEHa JJ0 MIHYyCca MOJISPU3YI0U0i HANIPYTH;

2 — CTOpOHA €JIEKTPETY, 3BEPHEHA J10 IUII0CA NOJISPU3YIOUO0] HaNpyru

S0 eneKkTpeT MOMICTUTH MIX OOKIaJaHHSIMHU KoHAeHcaTopa (puc. 3.2), To

HaIpy>KeHICThb 1ot E B MOBITpsSiHOMY MPOMIKKY 3aBTOBIIKH h, Oyze nopiBHIOBATH

E _ ':F/Ecl
_1+m#
& 3.2)
a MUIBHICTD 3apsiay
& U,
G _
h, (3.3)

9

ne h, — ToBmuHa enextpety; U, — pi3HULS MOTEHIIATIB MK TOBEPXHSAMHU €JIEKTPETY.
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PucyHnok 3.2 — EnekTpeT y 1maockoMy KOHJIeHCcaTopi
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VY naHuil 4Yac eNeKTpeTHUW CTaH BUSIBJICHUNU OUIBINI HDK Y CIMIECITH Jlie-

JEKTpUYHUX MatepiamiB [5]. Jlo edexkTpeTHUX MaTepiaiiB HaJleKaTh:

— IPUPOJIHI JTIEJIEKTPUKH — BICK, napadin, kaHipoJib, OypUITHH, CIIIO/IA Ta 1H.;

— HEOpraHiuHi MaTepiaiu — cipKa, ciTajau, CKJIo, CyJb(ia IMHKY Ta 1H.;

— OpraHivHi CIIOTYKH apOMaTUYHOTrO pAny, Hanpukias, HadramiH CioHg Ta 1H.;

— CUHTETHYHI MOJIIMEPU — NOJITeTpad TOPETUIIEH, TIOTICTUPOII, TIOJIMPOIIiJIEH, MOJIi-
BIHUTXJIOPUJ, MOTIKapOOHATH Ta 1H.;

— kepamiuni matepianu — T- 80 Ha ocHoBi TiO,, T-150 Ha ocnoBi CaTiO; Ta 1H.

VY HeopraHiyHuX (KepaMIYyHUX) 1 OpraHIYHUX HEMOJISIPHUX MaTepiaiax nepe-

BaYKalOTh TOMO3apsi/ibl, Y OpraHIYHUX MOJISIPHUX — FeTepo3apsiibl.
Jlesiki XapakTEpUCTUKHU €IEKTPETHUX MaTepiaiiB nmpuBeAeH1 B Tabauui 3.1.

Tabnuus 3.1-XapakTepucTHKU €JIEeKTPETHUX MaTepiaiB.

Marepian € p c
OmM'M MKKi/m°
1 2 3 4
[lomerunentepadranar 3,2 1014 30
[TonixkapOoHaTH 3,5 1014 50
[lonmimeTiiMeTakpuiat 4 1012 30-80
[loniterpadToperuiien 2 1016 80
Kepamika MgTiO3 15 1011 60
KepamnkaCaTiO3 150 1011 80-250

Haii6inbIie mpakTuyHe 3aCTOCYBaHHS 3HAXOJATH €JIEKTPETH Ha OCHOBI IMOJi-
MEpHUX ILJTIBOK MOMITeTpadTOpeTHIIeHY, NOJIiIKapOOHAaTy Ta 1H.
BuKOpUCTOBYIOTBCS €1EKTPETH JJIsl BUTOTOBJICHHS YyTJIUBHX MIKpO(OHIB, pO-

o o - 3 8 . . .
O0ouuit yacToTHMI Aiana3oH sikux ckianae 10~ — 10° ', Tenedonis, rinpodoHis, 10-
3UMETPIB, CEHCOPHUX BUMHUKAUIB, 1aTYUKIB aTMOC(EPHOTrO TUCKY 1 BOJOTOCTI, €JIEeK-

TPOMETPIB Ta IH.

4 MMIPOEJIEKTPUKHA
[TipoenekTpukaMu Ha3WBAIOTHCS KPUCTATIYHI J1€IEKTPUKH, HAa MOBEPXHI SIKUX
IpHU 3MIHI TEMIIEpaTypyu BUHUKAIOTh €JIEKTPUYHI 3apsa/id, B PE3yJbTaTi MPOSBH, TaK

3BaHOTO TipoenekTpuyHoro edekrty. Lleit edekT 0OymoBIeHUN 3MIHOKO CIIOHTAHHOT
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noJiApu3allii B MOJSIPHUX KpHUCTalax, KOJU TeMIlepaTypa 3MIHIOETHCS OJHOPIIHO B
ix 00'eMi.

Brnepme mipoenexktpuunuii edext croctepiraB rpeubkuit ¢inocod Ilminiit
2000 pokiB TOMY NpHW HarpiBi MiHepaidy TypMaliHy. Pe3yiapTaTi AoCHiKeHb ToKa3a-
JIH, 110 TIPH 3MiHI TEMIEpaTypH IUIACTHHHU TypMajiny ToBuiHow 1 MM Ha 10 °C BH-
HUKa€ pI3HUI NoTeHmianiB 6iu3pko 10 B. 3adikcyBatu mipoenekTpuuHuil epexT
MO>KJIMBO MIPU BUMIpI CTPYMY B 3aKOpOYEHOMY JIaHI[I031 a00 MpU BUMIp1 HAMPYTH B
PO3IMKHEHOMY JIaHIt031. BUMIpsiHUE CTpyM BiANOBIJA€ TEMIEPATypHUM 3MIHAM I1O-

asipu30BaHocCTi Py, TO6TO

(4.1)

[Ipy He3MiHHIA TeMmIepaTypl CHOHTAHHA MOJISIPU30BAHICTh MiPOEIEKTPUKA
KOMIIEHCYEThCSI BUIBHUMHU 3apsijaMu MPOTHICKHOTO 3HAKy 3a paxXyHOK IpOIIECIB
€JIEKTPOIPOBIIHOCTI 1 acopO1LIii 3apsA/KEHUX YACTOK 3 HABKOJIMIIHBOI aTMOCQEpPH.
3mina temneparypu AT cynmpoBOIUTHCS 3MIHOIO MOJdSpU3allii, 0 NPUBOAUTH IO
3BUIBHEHHSI JESKOro 3apsily Ha IOBEpPXHI MipoenekTpuka. PIBHSIHHS, sike 3B’ s3y€

P, 1T, mae Bursi:
AP, = p,;AT , (4.2)

1€ p; — MIPOENEKTPUYHI KOSDIIIEHTH, SIKI MOYKHA PO3TJIAIATH SIK KOMIIOHEHTH BEKTO-
pa p (p1, P2, p3).- ByTu mipoenekTpruKoM MOXKYTh JIMIIE TIOJIIPHI KPUCTAJIIYHI TICIEKT-
PUKH, B SIKMX € HE 3MIHHUM MPHU BCIX MEPETBOPEHHSIX CHUMETPIl MOJSPHUN HAMPSIM,
y37I0BXK SIKOTO PO3TAIIOBYETHCSI BEKTOP P, Tak 3BaHy MOJIIPHY BICh.

VY BCiX IEHTPOCUMETPUUHHUX KpHUCTAJIaX CIOHTaHHA mojsipusallis Ps mopis-
Ho€ 0.

3 20 kJaciB KpUCTAIIIB, IO BOJOAIIOTH M’ €30€JEKTPUUYHUMH BIACTUBOCTSIMH, TIi-
poeJIEKTpUKaMu € kpucTanu Tuibku 10 kimaciB cumerpii. BoHn MaroTh Take mo3Ha-
yeHHs: 1, 2, 3, 4, 6, m, 2m, 3m, 4m 1 6m (uudpu — TOPSAOK MOJISIPHOT Oci, OykBa m —
IUIOIIMHA CUMETPIi, 110 IPOXOJAUTh Yepe3 MOISAPHY BiCh). IM BiAMOBiNAIOTH KpUCTAIM
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cucTeM: PoMOI4HOI, TPUKIMHHOI, MOHOK/IIHHOT, TPMIOHANBHOI, TETPArOHANBHOI i Te-
KCaroHaJbHOI.

3MiHa mosisipu3aliii B MIPOCTIEKTPUKAX MOXKE BIAOYBATHCA 1 M II€I0 MEXaHI4-
HUX HaIpyT, TOOTO BC1 MIPOETEKTPUKH € T’ €30eNIeKTprukaMu. OHaK 1’ €30€IeKTPUKHI
HE € MIPOEIEKTPUKAMHU.

TemioBe po3mupeHHs a0 CTUCHEHHS MIPOENEKTPUKIB MPU 3MiHI TeMIIepaTypu
BUKJIUKA€E JTOJATKOBY €JIEKTPUUHY MOJSPHU3alliio B KpucTtaii. B pe3ynbTaTi 1boro cy-
MapHa MoJIsIpu3allis KpUCTaia 3MIHIOETHCS.

Jlesiki MipOeNeKTPUKU MalOTh CETHETOEJIEKTPUYHI BIACTUBOCTI, ajleé HAa BIAMIHY
BiJl CETHETOCJIEKTPUKIB HAMPAMOK iX MOJIgpU3allii He MOKe OyTH 3MIHEHO 30BHILIHIM
CJIEKTPUYHUM T0JIEM.

JIo TUNOBUX JIHIMHUX MIPOENEKTPUKIB BIIIHOCUTHCS NPUPOJAHHM TypMalliH
(amomoOopocutikar). BennunHa mosisipu30BaHOCTI y IBOrO MaTepially CTaHOBUTH
Ps= 17mxKn / cM’. Y CHHTe30BaHHX KpHCTAIiB HioGaty mitito LiNbO; momspusosa-
HOCTI Hocsirae Bemmunan Pg = 100 MKt / em?. [4]

Bci nipoenekTpukyu MO>KHA pO3UTUTH Ha TPU TPYIH.

Jlo mepuioi rpynu HajlekaTh CETHETOCNEKTPHUKH, K1 BOJIOIIIOTh HENIHINHOIO 3a-
JISKHICTIO MOJIIPU30BAHOCTI BiJl TeMIiepaTypu, a Buule temneparypu Kiopi ix Pg = 0.

1106 mepeTBOPUTH CETHETOCNEKTPUK B MIPOETIEKTPUK, HOro MOTPIOHO TEPMOIIO-
nspu3oBaTu. [lpakThuHuM 1HTEpeC MPEACTAaBISAIOTh HACTYIHI MIPOENEKTPUKU IIET
TpyInu: TPIrJIIUHCYIb(AT 1 HOro 130MepH, HIo0aT 1 TaHTaJaT JIiTii0, TOHKI IJIIBKU Hi-
TpaTy Kallito, KepaMika TUTaHATy CBHHI[IO 1 IUPKOHAT-TUTAHATY CBUHIIO 3 PI3HUMHU
nobaskamu. [1o6nu3y touku Kropi mipokoedillieHT nHux mMaTepiaiiB A0CATa€ MaKCH-
MaJbHOTO 3HAYEHHSI.

Jlo npyroi rpynu MipoeNIEKTPUYHUX KPHUCTAJIB CIiJ BIIHECTH JIIHINHI Tipoe-
JEKTPUKU, B SKHX, HAa BUIMIHY BiJ] CETHETOENEKTPHUKIB, HampsAMoK Pg onHakoB 1o
BChOMY 00'eMy KpHCTayia, 1 BIH HE 3MIHIOETbCS 31 3MIHOIO HAIPSIMKY 30BHIIIHHOTO
EJIEKTPUYHOTO TOJIS.

Jlo 1i€i rpynu mipoeNneKTpuKiB BigHOCATHCS MoHOKpucTanu CdS 1 ZnO, typma-

JiH, cynbdart JiTio 1 1H.
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Jlo TpeThoi rpymnu MipoeICKTPUKIB MOXKHA BIAHECTH TMOJISPHI TJIIBKOBI MOJIMe-
pu — MUIBKY noiBiHUTIAEHGTOpUY. [lipoenexkTpuyuHi BIACTUBOCTI 11l TUTIBKH Ha0y-
BAIOTh MiCJIs mospu3anii ix npu migsuinenii remueparypi (130 °C) i mpu ogHouac-
HOMY PO3TATyBaHH1 y 4 pa3u. BiAMiHHOIO OCOOJIMBICTIO JaHUX MIPOEJIEKTPUKIB € BH-
COK1 MEXaHIYHI XapaKTePUCTHKH, 10 3a0e3neuye iM MEeBHI NEPCIEKTUBU MPU BUKO-
PUCTaHHI B peIbHUX MPUCTPOSIX.

VY nipoeneKkTpuYHUX KpUcTajgax CloCTePIraeTbes TaKOK 3BOPOTHUH €JIeKTPO-
KaJIOpUYHUHN e(PeKT — 3MIHa TeMIEePaTypH MIPOETEKTPUKA, BUKIIMKAaHE 3MIHOIO 3Ha-
YEHHS €JIEKTPUYHOTO TOJIS.

[TipoenekTpruyHi KoeDIlIEHTH EIKUX KPUCTATIYHUX MaTepiajiiB HaBe/ICH] B

tabauui 4.1.

Tabnuus 4.1 — IlipoenekTpuuHi KOeIIEHTH KPUCTATIYHUX MaTepialliB

Marepian D,
1K / (em’K)

Typmanin 0,4
CerneroeneKTpUyH1 MOHOKPHUCTAJIU:
LiTaO; 21
LiNiO; 4
Pb3GC30]1 5
KepaMiuHi CerHeTOENEeKTPUKHU

— BaTiO; 23
— TUTaHaT-UUPKOHAT CBUHIIO PZT-5 650
[Tomimepu:

— nomiBiHuigTopuza (PVF)
— nomniBiHuneHgTopua (PVFED)

o=

[upoke 3acTOCYBaHHS MIPOENEKTPUKUA OTPUMAJH B Mpuiaano0ynyBanHi. [Ipun-
LU 111 AETEeKTOPIB 1 MpUilMadiB BUIIPOMIHIOBAHHS, BUTOTOBJIEHUX 3 MIPOEIEKTPUKIB
3aCHOBAHMI HA TMOTJIMHAHHI BUIIPOMIHIOBAHHS 1 EPETBOPEHHS Horo B Temio. B pe-

3yJbTATI LILOTO 3MIHIOETHCS TEMIIEPATypa MIPOEIEKTPHKA.
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[TipoenekTpuyHi npuiimMayi, siKi BAKOPUCTOBYIOThCS JJISl peecTpallii TemIoBOro i
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBaHb MPAIIOIOTh B HIMPOKOMY Jialla30H1 4acTOT Bijl
10° 10 10%° 't i MaIOTh BHCOKY 4yTIHBICTS.

[TipoenekTpruyHi mpuiiMadl BUKOPUCTOBYIOThCS JJIS PEECTPallii TUIBKK MIHJIUBOI B
Yaci YaCTUHH MOTYXHOCT1 TOTOKY BUIIPOMIHIOBAaHHS, SIKa IPU3BOAUTH 0 3MIHU TEM-
nepaTypu mipoeaekTprka. IIIBHaKiCTs 3MiHH IIHOT0 MOTOKY MOXe gocsrati 10° ¢, a
niarmason BuMipioBauoi motyxuocti 10” — 10° Br.

Bucoka mBuaKoais MipoeNeKTPUKIB J03BOJSE BUMIPIOBATH MapamMeTpu MOTYXK-
HUX IMITyJIbCiB BUMpOMiHIOBaHb TpHBaiicTio 10° — 107 ¢.

Jlo mepeBar mipoAeTeKTOPIB CIiJ BIAHECTH T€, 0 BOHU HE MOTPEOYIOTh JIXKEpe
KUBJICHHS.

Takox MipoeneKTPUKU BUKOPUCTOBYIOTHCS AJII CTBOPEHHS JKEpeN eIeKTPUYHO1
€HEprii pI3HUX TUIIB TAKUX SIK:

— (hoTorayibBaHIYHUX HAIIBIPOBITHUKOBUX, KK 10 30 %0;

— MIPOCJICKTPUYHUX KacKaTHUX, KK 10 20 %o;

[lepeTBOpIOBaYi B SIKKX BUKOPUCTOBYIOTHCS MIPOETEKTPUKH 3aCTOCOBYIOTHCS B
TEIUIOMETPUYHUX MPUIaJax JJid BUMIPIOBaHHS TEMIIEpaTypH, TEIUIOEMHOCTI, TETLIO-
MPOBIIHOCTI, TEMJI00OOMIHY Ta 1H. ['paHMYHA YYTIWBICTH TaKUX MNPUJIAAIB CKIAaNa€
107K.

[lepcieKTUBHUM HANpPSMKOM € BUKOPUCTAHHS MIPOEIEKTPUKIB B XOJOAMIBHO-
My oOnaaHaHHI. B pe3ynbrari enekTpoKasopuyHoro epekTy BilOyBaETHCS MEPETBO-

PCHHA eJIeKTpI/ILIHO.l. eHepri'l' B TCIJIOBY, IO IPUBOAUTDL 1O OXOJIOKYBAHHS KPUCTATY.

KoHTponbHI MUTaHHA
1. Tlepeuncnure MaTepiaiu, siki BUTHOCSATHCS 10 aKTUBHUX J1EJICKTPHUKIB.
2. BkaxiTh 0COOJIMBOCTI CETHETOECIEKTPHKIB.
3. SIxa TemmiepaTypa Ha3UBa€EThCs «TeMiiepaTyporo Kiopin?
4. IlepepaxyiiTe 00J1acTi 3aCTOCYBaHHSI CETHETOCICKTPHUKIB.
5. BkaxiTh 0COOJIMBOCT1 €JIEKTPETIB.

6. [TosicHITh BIIMIHY IIPSIMOTO 11’ €30€JIEKTPUUHOTO €(EKTY BiJl 3BOPOTHOTO.
27



7. [losicHITh YMM BIAPI3HAIOTHCS MIPOETEKTPUKH BiJl CETHETOCIEKTPUKIB.
8. [lepeniuiTh 00J1aCTI 3aCTOCYBaHHS MIPOEIIEKTPUKIB.
9. BkaxiTh Ha K1 TPyNU MOXKHA PO3AUTUTH MIPOETEKTPUKH.

10. HaBeniTh mpukiIaan MaTepiaiiB, Kl € MPOEIEKTPUKAMHU.

28



CIIMCOK PEKOMEHJTOBAHUX /’KEPEJI

1. boropomauuxuit H. II. DnexrtporexHuyeckue marepuanbl : Yy4eOHUK /
H. II. boropoauukuii, B. B. ITaceinkoB, b. M. Tapees. — JI. : DHeproaromMmusar,
1985. -304 c.

2. Jlaitnc M. CerHeTodseKTPHKHA M POJICTBCHHBIC UM MaTEpHAJIbl : ydeOHOE
nocobue / M. Jlaitue, A. I'macc. — M.: Mup, 1981. — 735 c.

3. bopucoa M.D.AKTUBHBIE TUAJIEKTPUKHU: yueOHOe mocooue / M. D. bopuco-
Ba. — CII6., 2012. — 82 c.

4. Nuonexktpuku. KoHCHEKT JeKIMil Mo Kypcy «DIEeKTPOTEXHUUECKOE MaTe-
puanoseaenuey» / B. H. bopoxynun. — M.: MDH, 1993. — 60 c.

5. KonecoB C. H. DaeKTpOTEXHMYECKHUE M KOHCTPYKLMOHHBIE MaTEpUAIIbl. :
ninpyunuk / C. H. Konecos, U. C. Konecos. — Kui : Tpaucnopt Ykpaunsl, 2002. —
384 c.

29



Hasuanvne suoanns

JAbAKOB €Bren /IMurpoBuu

EJIEKTPOTEXHIYHI MATEPIAJIN

Po3nin « AKTUBHI J1€TEKTPUKK»

KOHCIIEKT JIEKI{II

(011 cmyoenmis 2 Kypcy 0ennoi, 3 Kypcy 3a04HOL | NPUCKOPEHOI hopM HABYAHHS
0CBIMHbO-KBANIPIKAYIUHO20 PIBHA «OAKANABD» 34 CNEYIATbHICNIO
141 — Enexmpoenepeemuxa, enekKmpomexHika ma e1eKkmpomMexaHika)

BinnoBigansHuii 3a Bunyck Poorckos I1. 11.
3a aemopcwvkoro pedaxyiero

Komm’rotepue Bepctanns €. /. [vsaxos

IInan 2019, 1mo3.100J1

[Tign. no apyky 25.03.2019. ®opmar 60 x 84/16

Hpyk Ha puzorpadi. YM. apyk apk. 1,1.
Tupax 50 np. 3am. Ne

Bunagens 1 BATOTOBIIIOBAY:
XapKiBChbKUW HalllOHAJIBHUN YHIBEPCUTET
Micbkoro rocnonapctsa iMmeHi O. M. bekeTona,
ByJ1. Mapmana baxxanosa 17, Xapkis, 61002
EnexrponHa agpeca: rectorat@kname.edu.ua
CainourBo cy0’€KTa BUIaBHUYOI CIIPaBU:
JK Ne 5328 Big 11.04.2017.



