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BCTYII

EnexTpoTexHiuHi MaTepiajd BiAIrpalOTh KIIOUYOBY pOJb Y PO3BUTKY
CydyaCHHUX TEXHOJIOTi, 30KpeMa Yy Taly3l eHEepreTHKH, eJEKTPOHIKH Ta
apToMaru3ailii. BoHu 3abe3neuyroTh nepeaady, MEPETBOPEHHS Ta 30epiraHHs
CJICKTPUYHOI E€Heprii, a TaKoXX CTBOPIOIOTh OCHOBY IS pOOOTH Oararbox
IHHOBAIIHHUX MPUCTPOIB. [ THOOKE pO3yMiHHS BIACTUBOCTEH Ta MPUHITUIIIB pOOOTH
CICKTPOTEXHIYHUX MaTepialdiB € BaXJIMBUM JJIS MIATOTOBKH KBali(hiKOBaHUX
1HXKEHEepIB, 3JaTHUX BUPIIIYBATH aKTyadbHI TEXHIYHI 3aBIAHHS.

VY mexax MaHOTO KypCy PO3TIISAIalOThCS OCHOBHI BHJIM €IEKTPOTEXHIYHUX
MaTepiaiiB, iX (i3uuHi, XIMIYHI Ta €JEKTPUYHI BIACTHBOCTI, a TaKOX 00JacTi
3actocyBaHHs. OcoOnuBa yBara MNPUAUIAETHCS TaKUM TpylaM MaTepiamiB, K
NPOBITHUKHK,  HANIBOPOBIAHUKM,  JICNEKTPUKHA, MAarHiTHI  Marepiaii  Ta
HaanpoBiAHUKK. Kpim Toro, y mporeci HaBYaHHS aHATI3YIHOThCA (PaKTOpH, SKI
BIUIMBAIOTH HA BUOIp MaTepialiiB JJis MEBHUX YMOB €KCIUTyaTarlii.

[le#t KOHCHEKT JIEKI[iil CTaHEe OCHOBOIO ISl 3aCBOEHHS TEOPETUYHUX 3HAHb,
HEOOX1MHUX A1 €(PEeKTUBHOTO BUKOPUCTAHHS EJIEKTPOTEXHIYHMX MaTepialliB y
npodeciiiHiil AisuIbHOCTI. MaTepianu Kypcy CIpsIMOBaHI Ha pO3BUTOK 1HXKEHEPHOTO
MUCJICHHS, @ TAKOX 3/IaTHOCTI JI0 aHAJIi3y Ta ONTHUMI3allii TEXHIYHUX PIIlIECHb.

VY pe3ynbTari BUBUCHHS JUCIHIUTIHU CTYICHTH:

1) 0BOIOIIFOTH TEOPETUYHUMU 3HAHHAMU PO (Di3UYHI, XIMIYHI, MEXaHIYHI Ta
€JICKTPUYHI BJIACTUBOCTI OCHOBHUX €JIEKTPOTEXHIYHUX MaTepialliB, TAKUX SIK:

2) HaBuaThCs pO3MI3HABaTH ¥ OOMpaTH MaTepiaiy, MO0 BiAMOBIIAIOTH
KOHKPETHHUM  TEXHIYHUM  3aBJaHHSIM, BpaxOBYIOUM iXHI  BJIACTHUBOCTI,
eKCIUTyaTaIliitHi YMOBH Ta €KOHOMIYHY JTOIITHHICTb.

3) 3acBOSIT METOJM OILIIHKHU SKOCTI MaTepialiB, IX TECTyBaHHS Ta KOHTPOJIIO
BIJIMOBIHO JI0 CTAHJAPTIB.

4) oTpuUMalOTh TMPAKTUYHI HABUYKA Yy BU3HAYEHHI XapaKTEPUCTHUK
CIIEKTPOTEXHIYHUX MaTepialliB Ta IXHHOIO BUKOPUCTAHHS B EIIEKTPOTEXHIYHHUX
IPUCTPOSIX 1 CUCTEMAX.

5) 3po3yMilOTh OCHOBHI TNPHUHIHUIHN BIOPOBAPKCHHS HOBUX MaTepiais,
BKJIIOYAIOYM 1HHOBALIMHI pIIIEHHS, Taki fK HaHOMaTepiajid, KOMIIO3UTH U
MaTepiaiy ISl BIAHOBIIOBAHOT eHEPTETUKH.

6) pO3BUHYTH IHXKCHEPHE MUCJIEHHS, HEOOXIHE NI PO3POOKH TEXHIUHHMX
plllIeHb, SIKI BPaXOBYIOTh BJIACTUBOCTI MaTepiaiiB Ta iXHiN BIUIMB HA €PEKTUBHICTh
€JIEKTPOTEXHIYHOTO 00JIaIHAHHS.

VYcnimHe  BUBYEHHS — JUCHMIUIIHM  JO3BOJUTH  CTyAGHTaM  OyTu
KOHKYPEHTOCIPOMOXKHUMH (axiBIsIMU y cdepl €NeKTPOTEXHIKH, 3AaTHUMHU J0
IHHOBAIIIHOT T4 HAYKOBO-TEXHIYHOI JIISITEHOCTI.






TEMA 1. IPEAMET KYPCY “EJIEKTPOTEXHIYHI MATEPIAJIN”

Merta: o3HaiioMuTH 37400yBauiB BHILOI OCBITHU 3 OCHOBHMMHM IOHSTTS Ta
BU3HAYEHHSIMU €JIEKTPOTEXHIYHUX MaTepiaiiB.

[Tman nexiui
1. OCHOBHI IIOHATT,
2. EnemenrapHna OynoBa peuoBHHH,
3. Kitacudikairist pe4oBUH 32 €JIEKTPUIHUMH BIACTHBOCTSIMU;
4. Knacudikarrisi pe40BHH 32 MAaTHITHUMH BJIACTUBOCTSIMH.

Xia MpoBeICHHS JCKIIHHOTO 3aHATTS
I. Oprasnizaiiis Tpymnu;
II. MoTuBaIis HaB4YaIbHOI TisTIbHOCTI. OroJIOmEHHST TEMH W METH,
III. Buknanensas Ta oOroBopeHHs HOBOTO MaTepiaiy;
IV. OrosnomieHHs 3aBlaHHS HA CAMOCTIITHE ONPAIIOBaHHS Ta MIATOTOBKY.

1.1. OcHOBHI TOHATTHA

IIpeameTrom kypcy “EnekTpoTexHiuHl Marepiaii” € BUBUYEHHSI OCHOBHUX
G13UYHUX, XIMIYHUX 1 MEXaHIYHUX BJIACTUBOCTEH MaTepiaiB, sIKI 3aCTOCOBYIOThHCS
B €JICKTPOTEXHIIll (TOOTO MpU T€HEepyBaHHI, Mepeaayl 1 BAKOPUCTAHHI €eKTPUIHOT
eHeprii), 3aKOHOMIPHOCTE! BIUIMBY €KCIUTyaTalllitHUX (aKkTOpiB (CTaH 30BHIIIHBOTO
CepeIOBHINA 1 TapaMeTPH €EKTPUYHOTO TOJIs), CKIIAAy 1 CTPYKTypU MaTepiajiiB Ha
Il BJACTHBOCTI, @ TAKOXK TEXHOJOT1M OJep>KaHHS EJEKTPOTEXHIYHUX MaTepialiB 1
oOracTeii iX 3aCTOCYyBaHHS.

OcHoBHa npodIeMaTHKA Cy4acHOTO €JIEKTPOTEXHIYHOTO
MaTepialo3HaBCTBA:

1) 3abesmedeHHs 3pOCTAOYMX IMOTYKHOCTEH 1 OHCTpoIii CydacHHX
€JIEKTPOTEXHIYHUX PUCTPOIB;

2) 3MEHILEHHS BTPAT €JIEKTPOCHEPTil NpHu 11 mepeayl Ha BEJIUK] BICTaHi;

3) migBuIIeHHS €(QEKTUBHOCTI  ENEKTPOTEXHIYHUX  MaTepiamiB; 4).
3a0e3neyeHHs 0e3MeKu Mpu poooTi.

EnexTporexniuHi Martepiajqu mOAUISIOTP HA TPU BEJIUKI TPyMHH, SsIKi
PO3PI3HAIOTHCA 32 CBOIMM  EJIEKTPUYHUMM  BJIACTMBOCTSAMH: TPOBIJIHUKH,
JieNneKTpUKH (a00 eIeKTPOI30IAIINHI MaTepiain) 1 HamiBOPOBiAHUKH (puc. 1.1).

IpoBinHukM — 1e MaTepiaad, IO NPOBOJATH EJIEKTPUUHHIA CTPYM.
XapakTepu3yloThCsl TMOPIBHSHO HHU3BKUM EJIEKTPUYHUM OMOPOM  (TIMTOMHUIA



CIEKTPUYHMI OIP NPOBiTHMKIB NEekHUTh B Mexax p=1,6-10%...1,5-10° Om-m).
[IpoBijiHMKaMK € BCl METaJI 1 METAJICB] CIIJIaBU, a TAKOX JICSIKI 1HIII MaTepiajiu.

JMienexkTpuxku (ejieKTpoi3oasimiiiHi Marepianm) — 11e martepianu, siKi B
3BUYAHUX YMOBaX HE MPOBOJATH EJICKTPUYHUNA CTpyM (IUTOMHUN 00’ €MHUMA
eJIEKTPMYHUMN OIIIp JieJEKTPHKIB JEXKUTH B Mexkax py=10°...10'> Om-m).

HaniBnpoBinnukm — Marepianu, Kl 3a TEBHUX 30BHIIIHIX €HEPreTUYHUX
BILJIMBIB CTAlOTh MIPOBIIHUKAMHU.

MarsiTHi MaTepiajam — 11e MaTepiaiu, 10 € HOCIIMH MarHiTHOTO TOJIs, a00
3MaTHI TIACUIIOBATH 30BHIIIHE €JIEKTPOMArHiTHE MoJjie. BUTOTOBISIOTHCS SK 3
MPOBITHUKOBUX, TaK 1 3 HAIIBIPOBIAHUKOBUX MaTepiamiB (puc. 1.1).

EnextpoTexHiuni

marepianu

JienexTpuku [TpoB imHUKH HamiB npoBigHuku

MaruitHi

Mmarepianu

Puc. 1.1 — Knacudikariis e1eKTpoMarHiTHUX MaTepiaiB

OTXe, 3 TOYKH 30py 3IaTHOCTI MPOBOJUTH EIEKTPHUUYHUN CTPYyM ICHYE TpHU
OPUHIIUIIOBO PI3HUX TUNM MaTepiamiB. DizuyHa NOpUpoJa LHUX BIACTUBOCTEH
MaTepialiiB KPUETHCS Y IXHIN eJIeMeHTapHiil Oy10Bi.

1.2. EnemenTapHa OyioBa pe40BHHH

[lepBuHH1 ysBIEHHS Mpo OyJO0BY PEUOBMHM Oyl OJep)kKaHI BaMH IpHU
BUBUYEHHI TIPUPOJIO3HABCTBA. Tak, HamNpWKIaJ, BU 3HA€Te, IO PEYOBHHU
CKJIaJIAlOThCA 13 JPIOHUX YACTUHOK - aTOMIB 1 MOJIEKYJ. ATOMH 1 MOJIEKYJIH
nepeOyBaioTh y Oe3lepepBHOMY XaOTHYHOMY PYyCl 1 B3a€EMOIIOTH MK COOOIO.
3anexHO BiJ pO3TallyBaHHs 1 B3a€EMO/IIi YaCTUHOK, PEYOBHHA MOXKeE mepeOyBaTH y
TBEPAOMY, PLAKOMY Ta ra30Mo10HOMY CTaHaXx.

OCHOBHMMH €JIEeMEHTAPHUMH YACTUHKAMHU, 3 SKUX CKJIAJIAf0THCS BC1 BiIOMI
HaM PEYOBHHU, € MPOTOHH, HEUTPOHH 1 ETICKTPOHH.

ATOMHE SApO CKJIANAEThCS 3 MPOTOHIB (ITO3UTUBHO 3apsKEHI YaCTHUHKH) 1
HEUTPOHIB (YACTUHKH, 110 HE MAIOTh 3aPsy).



VY Haiinpocrimii, njaHerapHiii moaeai aroma (puc. 1.2) enekTpoH
o0OepTaeTbesi MO OpOITI HABKOJIO Spa aTroMa, KOMIIEHCYIOUM MOTrO MO3UTHBHUN
3apsan. bymoBa aroMiB € OCHOBOIO TmepioawdHOi cuctemu enemeHTiB  JI.I.
Menneneesa.

Puc. 1.2 — [1maneTapHa Moiesib aToMa

Hampukiia, aroM BOJHIO CKJIAIAETHCS 3 OJTHOTO IMPOTOHA i OJTHOTO EJICKTPOHA
(puc. 1.3), aToM remiro — 13 IBOX 1 T.1I.
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Puc. 1.3 — [ltanerapua mozaens aroMa

YV KBaHTOBIM MeXaHiIll KPiM KOPIYCKYJISIPHUX BPaXOBYOTHCS TAKOXK 1 XBUIHOBI
BJIACTHBOCTI €JIEMEHTAPHHUX YaCTOK (KOPITYyCKYJISIPHO-XBIIIbOBUH yai3m).

I'a3u, piaki i TBepAi pe4yoBHMHM CKIIaJaIOTHCS 3 aTOMIB, MOJIEKYJ 200 10HIB.
Po3mipu atomiB — nopsaaky anarcrpemis (1A=10"1"v=0,1um).

MoJiekyaa — MIKpOYAaCTUHKA, IO YTBOPIOETHCS 3 JCKUIBKOX aTOMIB 1 Mae
MOCTIMHUM aTOMapHUI CKJIaJ JJ1s TIEBHOI peuoBUHHU (puc. 1.4).



@,

Puc. 1.4 — 300paxeHHs MOJIEKYJIH Teit0

ToHM — eJNeKTPUYHO 3apsKeHI YaCTUHKH, IO YTBOPIOIOTHCA 3 aToma abo
MOJIEKYJIM B pe3yJIbTaTi BTpATH a00 NMPUETHAHHS OHOTO 200 JEKUIBKOX €JIEKTPOHIB
(puc. 1.5).

HE;I&IPE:IBI—H FACTHHEH v h 0 e

97 e

HETATHEHHHA HOH

Puc. 1.5 — bynoBa iona

[To3uTtuBHO 3apsHKeH] 10HU HA3UBAIOTHCSI KATIOHAMM, HETATUBHO — AHIOHAMH
(ui Tepminm y 1834 pori 3ampornoHyBaB aHrmiicbkuil Gpizuk Maiikn ®apazeii).

Po3mipn mO3UTHBHUX 10HIB-aTOMIB, TMO30aBJICHHX YaCTHHU EJIIEKTPOHIB,
MEHIIIE, HI’K aTOMIB; PO3MIPH HETAaTUBHUX 10HIB-aTOMIB, 1110 MPUETHATN JOAATKOBI
€JIEKTPOHH, OUIBIIE, HIXK PO3MIPH BIJIMOBIAHUX aTOMIB.



Otxe, eneMeHTapHa OyZ10Ba pe4OBUHHU € (pyHIaMEHTAIbHOIO KOHLEIIIETO, SKa
noB'si3ye (Pi3uKy, XiMiI0 Ta MaTepialo3HABCTBO. PO3yMiHHSI CTPYKTypH aTOMIB,
MOJIEKYJI Ta 10HiIB, @ TAKOK 1X B3a€EMO/I11 1a€ 3MOTY TIIUOIIE TOCTITUTH BIACTUBOCTI
MartepiaiiB 1 po3po0JIATH HOB1 TEXHOJIOTII.

1.2.1. Buau 3B’A3KY aTOMIB y MOJIEKYJIaX

I. KoBasleHTHHI 3B'SI30K — 116 BUJ XIMIYHOTO 3B'SI3KY, LIO 31HCHIOETHCS
Mapor0 eJIEKTPOHIB, CIUIBHUX I aTOMIB, 110 YTBOPIOIOTH MOJIEKYyy (puc. 1.6).
ATOMH B MOJIEKYJI1 MOXKYTb 3'€IHYBAaTUCh OJJMHAPHUM, MOABIMHUM a00 MOTPIHUM
KOBAQJIEHTHUM 3B'SI3KOM.

Puc. 1.6 — CxemaTnune 300pax€HHs IBOXaTOMHOI MOJIEKYJIM 3 KOBaJICHTHUM
3B’ I3KOM

KoBasieHTHHI 3B’S130K MOXeE OyTHM SIK y MOJIEKyJax (y TpbOX arperaTHUX
CTaHaX PEYOBHHM), TaK 1 MDK aTOMaMH, III0 YTBOPIOIOTH TIpaTKU KpHUCTaia.
[lpuknanaMu TakMx KpHUCTaNiB € anma3, KpemHii, repmaniif. KoBaneHTHUM
3B’SI3KOM MOXYTh YTPUMYBATHCS HE TUIBKU OJJHAKOB1 aToMu (puc. 1.7):

| | ||
C1—Cl, ~(|I_C~ —C—H, -Si—C-

a il pizni | | |

Puc. 1.7 — IIpukian KOBaJIGHTHOTO 3B’ A3Ka

Kpucranu — tBepai Tu1a, aTOMH 1 MOJIEKYJIU SIKMX YTBOPIOIOTh BIIOPSIKOBAHY
NEepIOUYHY CTPYKTYpy (Kpucrtamiuny rpatky) (puc. 1.8). XapaktepusyroTbCs
aH130TPOMI€r0 (PI3UYHUX BIACTUBOCTEN. BUIBIIICTh MPUPOAHUX TBEPAUX MaTepialliB
€ TOoMKpUCTaIaMu (TOOTO CKJIaAaroThes 3 OaraThoxX KpucTamiB). OauHOYHI
KPHUCTAJIM HA3MBaIOTh MOHOKPUCTATAMH.

10



L

Puc. 1.8 — 300paxxeHHs1 MaTepiany KpUCTady Ta KpUCTAJIIYHOI IPaTKu

AHI30TpOIIE — HEOJHAKOBICTh (HEOAHOPIAHICTH) (I3UYHUX BIACTHBOCTEH
pedoBrHU a00 TiJIa B Pi3HUX HANPSIMKaX.

[30Tpomiss — ogHAKOBICTh (OAHOPIHICTE) (I3UYHUX BIACTUBOCTEH PEYOBUHU
abo0 Tima B PI3HUX HampsMKax. BiamoBiHO MaTepiaad MOXyTb OyTH abo
130TpONTHUMH, 200 aHI30TPOITHUMH.

OcHOBHI TUNU KpuCTaliyHUX Trparok: KybOiuna (K), 00’emHOIIEHTpOBaHa
kyOoiuna  (OLK), rpanenentpoBana ky6iuna (I'LIK), rekcaronanbpHa
HIiibHOYyMakoBaHa Ta 1H. Kpucramiudi, MIKpo- 1 MakpOCTPYKTYpH MarepialiB
MOXXYTh MaTu nedekTu (BakaHCii, MUCIOKalii, MIKpOTPIIIMHU, TPILUIMHH, TOPH,
BKJIIOUEHHSl 1HIIMX MaTepialiB), fAKI CyTT€BO BIUIMBAaIOTh Ha  (Pi3uyHi
XapaKTepUCTUKN MaTepialiB, 30KpeMa 1 Ha eJICKTPUYHI.

@ — Mepioa rpaTkn

a

a, ¢ — mepiojn rpatku, cla = 1,633

8

Puc. 1.9 — Tunu kpucraaiyHux IpaTok: a - KyoiuHa, 0 - 06’ €MHOIIEHTpOBaHa
KyOluHa, B -rpaHEIleHTpOBaHa KyOiuHa

11



AMopdHa CTpyKTypa — CTaH PEYOBHUHH, IO XaPaAKTEPU3YETHCS 130TPOIIEI0
(b13MYHUX BIACTUBOCTEH, 3yMOBJICHOIO HEBIIOPAIKOBAHUM PO3TAILIyBaHHIM aTOMIB
1 MOJIEKYJT (HaPUKIIal, CKJIIO).

KoBasieHTHHI 3B'SI30K CIIOCTEPITAETHCS TAKOXK Y MOJIEKYJIaX rasiB.

Monekynu rasiB MICTATh pi3HE 4YHCIO aroMiB. Hampukman, rasum 3
ogHOTOMHMMU MoJjekysamu — He, Ar, Ne; 3 nBoaroMHrMu MoJekysamu — Ha, No,
O3, Cly; 3 TpuatomaumMu MoJiekysiamu — CO,, H,O 1 T.1.

OO6'emHaHHS JAEKITBKOX aTOMIB Y MOJIGKYJy JIOCSTA€EThCS 3a PaxyHOK
€JIEKTPOHIB, IO CTAIOTh 3aTAJIbLHUMH 1 BCix aTroMiB. Ckaximo, y mosekydi Cl, aBa
aTOMH XJIOpPY, 110 MAIOTh HA 30BHIIIHBOMY IIapi MO CiM €JIEKTPOHIB, MPUIMAIOTh
CTIMKYy KOH]Irypalio HUIIXOM 00'€THaHHS JBOX 3arajibHUX €JIEKTPOHIB:

oo oo oo oo
es(Ce+s(C]ee = ee(C]os(C]ee
oo oo oo oo

Mosiekyid 3 KOBQJIEHTHUM 3B'S3KOM MOXYTh OyTH HEUTpaJlbHUMH a0o
MOJISIPHUMU (JUTTOTTBHUMH).

Monekynu, y SIKHX LEHTPHU MO3UTHUBHUX 1 HETATUBHUX 3apsiiB 301raloThcs, €
HeNTPaJbHUMMU.

Mosiekyid Ha3uBalOTh MNOJASPHUMH a00 JUNOJIBHUMH, SKIIO UEHTPH
MPOTHJICKHUX 32 3HAKOM 3apsi/iiB HE 301ral0ThCsl 1 3HAXOAATHCS Ha JesAKid BiJACTaH1
OJIMH B1J OJTHOTO.

[TonsipHa MoseKysa XapaKTEpU3y€eEThCsl BEIMUYMHOIO JAUNOJbHOT0 MOMEHTY,
10 BU3HAYAETHCS NOOYTKOM 3apsly Ha BIJCTaHb MK LEHTPaMU MO3UTHBHOTO 1
HETaTHUBHOTO 3apsiIiB.

I1. IonHmnii 3B'AI30Kk — BHU3HAUAETHCS CUJIAMU TPUTATAHHS MIK
MO3UTUBHUMHU 1 HETATUBHUMH 10HaMH (TOOTO MIXK KaTiOHAMH 1 aHIOHAMU).

TBepai Ti1a 10HHOT CTPYKTYPH XapaKTepU3yIOThCS MMiIBUIIICHOI MEXaHIYHOIO
MILIHICTIO 1 BUCOKOIO TEMIIEPATypOIO IJIaBJIEHHs. TUNOBUMHU MPUKIAIaMU 10HHUX
KPUCTAIB € TAJIOiHI COJIi JIY’)KHUX METAIB.

Ha puc. 1.10 noka3zaHi CTpyKTypH XJIOPUCTOTO HATPIIO 1 XJOPUCTOTO 1Ee3it0. 3
PHUCYHKA BUJIHO ILIIIbHE YIaKyBaHHS 10HIB MEPIIOT pEYOBHHHU 1 HEIIUIbHE — JPYTOi:

12



Puc. 1.10 — CtpykTypa 1 mJIbHE YITaKyBaHHS 10HIB XJIOPUCTOrO HATpito (a) 1
CTPYKTypa 1 HeIJIbHE YIIaKyBaHHs 10HIB XJIOPUCTOTO 113110 (0)

Jlo pedoBUH 3 10HHUM 3B'SA3KOM HaJieXKaTh OUIBIIICTH COJICH 1 JACSKI OKCHUAM
(Cu20, ZnO, CdO, Fe203, NiO 1 iH.). [oHHI cOJyKH 3a MEXaHIYHOIO MIIHICTIO 1
XIMIYHOKO CTIMKICTIO TOCTYIAKThCS PEYOBHMHAM, YTBOPEHHM 3a JOMOMOTOIO
KOBaJICHTHOTO 3B'S13KY, TOMY 10 iI0HHUH 3B’ 130K € MEHIII MiITHUA, HI>)K KOBaJICHTHHIA.

III. MeTaneBuii 3B's130K — BUBHAYAETHCS B3AEMOJIIEI0 (IPUTATAHHSAM ) MIXK
NO3UTUBHUMHU 10HAMHM 1 BUIBHUMH €JEKTPOHAMH 1 € MPUYUHOI0 MOHOJITHOCTI
meTaiy. Taka B3aeMOJIisl IPUBOAUTDH IO YTBOPEHHS TBEPIUX KPUCTATIUHUX TiJI.

MeTtanu MOKHa PO3TIISIIATH SK CHCTEMH, MOOYJOBaHI 3 pPO3TAIIOBAHUX Y
By3J1aX IPATOK JOJATHO 3apsKEHNX aTOMHUX OCEH, 110 3HAXOISTHCS B CEPEIOBHIIII
BUIBHUX €JIEKTpOHIB (puc. 1.11). HasBHICTh BIUIBHHUX €JIEKTPOHIB € MPUYUHOIO
BHUCOKOT €JICKTPONPOBIAHOCTI 1 TEIJIONPOBIAHOCTI METaYy.

EnexkTtpoH

® ® ® e @ e
@-@-@-E}.@

e @ @ e @

@ . B .@'
.@ * = = @
® ®

o e 5 -&)@
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Puc. 1.11 — Cxema Oy10BU METaJIEBOTO MPOBITHUKA

[IputsiranHss MK JOJATHAMH AaTOMHMMH OCTOBAaMH ¢ EJEKTpOHAMH €
MPUYMHOIO MOHOJIITHOCTI MeTally. HassBHICTh BUILHUX €JIEKTPOHIB BEJIE JO BUCOKOI
CJIEKTPOIIPOBIAHOCTI 1 TEIJIOMPOBITHOCTI METaly, a TaKOX € MPUYMHOI HOTO
onmucky. KOBKICTh MeTany MOSCHIOETHCA MEPEMILIEHHSIM 1 KOB3aHHSIM OKPEMHX
I1apiB aTOMHHUX OCEH.

IV. MoJaexkyasipuuii (3aJMiuKoBUii) 3B'si30Kk, a0o 3B'sa30k Bau-gep-
Baanbca, ciocTepiraeTbCst Mixk MOJIEKYJIAMH JISIKHX PEYOBUH IO MAOTh HU3BKY
TEMIIEPATy Py TUTABJICHHS 1 HEMIIIHY KPUCTAIIUYHY MOJIEKYJISIpHY TpaTKy (HampuKiaj,
napadin).

MixMoneKynsapHe TpPUTATAHHS B [bOMY BHUIAAKY OOYMOBIIOETHCS
MOTOJPKEHUM PyXOM BAJICHTHUX €JIEKTPOHIB y CYCIAHIX MoJieKynax (puc. 1.12).
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Puc. 1.12 — Cxematuune 300pa>keHHS IBOX B3a€MOJIIMHUX MOJIEKYJI (3B’ 30K
Ban-nep-Baanbca)

Maoneryna T

Manexyna I

Y Oyap-sKuii MOMEHT 4acy eJEeKTPOHM MaKCUMAaJbHO BiIJajeHl OJWH Bij

OJIHOTO 1 MaKCUMaJIbHO HaOJMXKeHl 10 AoJaTHUX 3apsaaiB. Ilpu upomy cuiu
NPUTATAHHS BAJICHTHUX €JICKTPOHIB JOJATHO 3aps/DKEHHUX OCTOBIB CYCIIHIX
MOJICKYJI BHUSBIISIOTHCS CHJIBHINII CHJI B3a€EMHOTO BIJIITOBXYBaHHS EJIEKTPOHIB

30BHIIIHIX 0pOiT. 3B’s130Kk Ban-gep-Baanbca cnoctepiraerscsi Mixk MOJIEKyJIaMu

JIeSIKUX PEYOBHH, HANIPpUKIIa napadiy, 0 Ma€ HU3bKY TeMIIepaTypy IJIaBICHHS 1

CBITYUTH TIPO HEMIITHICTh HOTO KPUCTATIYHOT MOJIEKYJISIPHOI IPaTKHU.

Ta6mung 1.1 — [HopiBHsUIBHUE aHa13

Temneparypa
Tun 38°s13ky | MinHicTh patyp Ipuxkaaam Oco0auBocTi
IJIABJICHHS
. Cl MiLHHUH 3B'130K, MOXKE
. 2, Clp
KoBanenTHmii| Bucoka Bucoka T OyTH MOJIIPHUM YU
aamMas .
HEUTpaJIbHUM
CTIHKICTB 1 BUCOKA
Tonnuii Cepenns Bucoka NaCl, CsCl |remnepaTypa
TJIABJICHHS
C Minp, B .
. epeaHs- ) JICKTPOIPOBIIHICTh
MeTtaneBui P Bucoka 3aJ1130, P p' : ’
BHCOKa . .. |[TETIONpPOBIIHICTH
aJIFOMIHIN
Cna0Oka B3aemMo/is,
Ban-gep- .
. || Hu3bka Hwuzbka [Tapadin HHU3bKa TEMIIEpaTypa
BaaJILCOBHIA
TJIABJICHHS

Pi3Hi TumnHM 3B'13K1B 320€311€UyI0Th OaraTOMaHITHICTh BJIACTUBOCTEN PEUOBHH,

TaKuX sIK MEXaHI4Ha MIIIHICTh, €JICKTPONPOBIAHICTb, TEIJIONPOBIAHICTD 1 CTIMKICTb.
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Po3ymiHHS 1IMX 3B’SI3KIB € OCHOBOIO JUISI MPOTHO3YyBaHHS (PI3MUHMX 1 XIMIYHHUX
BJIACTMBOCTEH MaTepiaiiB 1 CTBOPEHHSI HOBUX CIIOJIYK.

1.3. Knacugikanisa pe4oBUH 32 eJIeKTPUMYHUMHU BJIACTHBOCTAMH

JlocmipKeHHST CIIEKTPiB BUIPOMIHIOBaHHS PI3HUX PEUOBHH Y Ta30MOA1I0HOMY
CTaHi, KOJIM aTOMH PO3TaIIOBaHi OJIMH BiJl IPYTOro Ha BEMKHUX BiJICTAHX, TIOKA3ye,
110 JIJIs1 aTOMIB KOYKHOI PEYOBUHU XapaKTepHI IIJIKOM BU3HAUEHI CIIEKTPaJIbHI JIiHIi.
[le roBOpUTH MPO HASIBHICTH CHEPTETHYHUX CTaHIB (PIBHIB) JJIs PI3HUX aTOMIB.
YacTtuHa 1UX PIBHIB 3allOBHEHA €JIEKTPOHAMU B HOPMAJIbHOMY (HE30YyIKEHOMY)
CTaHl aToMa, Ha IHIIUX EHEPreTUYHHX DPIBHSIX €JIEKTPOHU MOXKYTh 3HAXOAMTUCA
TUIBKHU TICJISL TOTO, SIK aTOM M1JIJaCThCsl 30BHIIIHHOMY €HEPreTUYHOMY BIUIMBOBI 1
cra"e 30ymkeHuM. [lparHyuw mepeiTH 10 CTIHKOTO CTaHy, aTOM BHUIIPOMIHIOE
HAJIJTUIIIOK €Heprii B MOMEHT MOBEPHEHHS €JIEKTPOHIB Ha PiBHI, Ha SKUX EHEpPris
aToma MiHiMaibHa (puc. 1.13).
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Puc. 1.13 — Cxema po3TairyBaHHs €eHEPT€TUYHHUX PIBHIB BIJOKPEMIIEHOTO
aToMa (JIIBOpydY) 1 HEMETaJIEBOTrO TBEPIOTO Tina (mpaBopyy) (1 - HOpManbHUH
EHepreTUYHUH PIBEeHb aTOMa, 2 - 3alI0BHEHA €JIEKTPOHAMHU 30Ha, 3 - PiBHI
30yI’KEHOT'O CTaHy aToMa, 4 - BiJIbHA 30HA, 5 - 3a00pOHEHA 30HA)

[Ipu mepexosi ra3onoaiOHOI PEYOBHMHU B PIJIUHY, a MOTIM IPH YTBOPEHHI
KPUCTAIIYHHUX I'PATOK TBEPAOTO Tijla, BC1 HASIBHI B JAHOMY THIIl aTOMIB €JIEKTPOHHI
piBHI (SIK 3alOBHEHI €NEKTPOHAMH, TaK 1 HE3alOBHEHI) TPOXU 3MIMIAIOTHCA
BHACIIIOK Mii CYCiAHIX aTOMIB OJMH Ha OJHOro. TakuM UYHMHOM, 3 OKPEMHX
CHepreTUYHUX PIBHIB BIIOKPEMJICHUX aTOMIB Y TBEPAOMY TiJIl YTBOPIOETHCS IIijia
CMyTa — 30Ha EHEPTeTUYHUX PIBHIB.
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1.3.1. Tunu npoBigHoCTI

[TpoBigHicTe OyBa€ eJeKTPOHHOIO (METald, HAMIBOPOBIIHUKU), iOHHOIO
(enekTpodiTH) 1 3MINIAHOIO, KOJIM Ma€ MiCIle SK EJeKTPOHHA, TaK 1 10HHA
IIPOBITHICTD.

JIns TIOSICHEHHSI BJIACTMBOCTEH pI3HUX MaTepiajiB MpPOBOAUTH abo He
MPOBOJIUTH CJICKTPUYHHUIA CTPYM ICHY€ Tak 3BaHa 30HHA TEOPis TBEPAUX Till (pHC.
1.14). 3rigHo 3 1LI€I0 TEOPIEI0 €IEKTPOHU B aTOMI MOXYTh MepedyBaTu y CTPOro
BU3HAYCHUX CHEPreTUYHUX CcTaHaxX (piBHAX). SIKImIO 10 Tija TEBHUM YHHOM
MiBECTH €HEPrilo (HaMpHKiIal, HAMpPYry), TO YaCTUHA €JIEKTPOHIB, CIIPUIIMAIOUH
IO €HEPTit0, 30yKYIOTHCS 1 IEPEXOAATh 3 3BUUAHOTO eHepreTuyHoro piBHS (1)
Ha OLJIbIII BUCOKHM eHepreTHIHuM piBeHb (3). [Iparnyun npuiiTu 10 CTIMKOTO CTaHy,
aTOM BUIIPOMIHIOE HAJJIMIIOK €HEeprii B MOMEHT TMepeXOJy EJIEKTPOHIB 3i
30y/KEHUX PIBHIB Ha PiBHI, IPU SKUX HOTO eHepris MiHiMasiabHa. [IpomixkHI 30HH
(2) Mk eHepreTHYHUMH PIBHSIMH €JICKTPOHIB Ha3UBAIOTh 3a00POHEHUMH 30HAMHU
(ma puc. 1.14 mmpuna 3a00poHeHO] 30HH Mo3HaueHa OykBoro W). EnextpoH He
MO’KE MaTH SHEPrilo, IO JOPiBHIOE MIUPHHI 3a60poHeHoi 30Hu. Moro eHepris Mae
OyTu ab0 BUINOI0, a00 HIKYOTO ITI€T 30HU.

a) 6) ; 8}
e ———— /3 g prem——
———— N ——1
— = — PN N ———— T
S ———— //.\ — X
N Ny -——
5} i . ___X._ e e —
=
a8 srgtin I pisn +#4)
rigty 10050985 944
4084y 5
7% Hoy ¢ P
14509 |- | - ] & .

Puc. 1.14 — Enepreruuni giarpamMu JgieJeKTPUKIB (a), HAIiBIPOBITHUKIB (0) 1
MIPOBITHUKIB (B)

VYV MeTaneBux MPOBITHUKIB IIMPHUHA 3a00pOHEHOI 30Ha Ay>ke Mayia. BHacmimok
IILOTO JIOCTaTHBO CIAOKOi HAMpyTH, MPHUKIAIECHOI A0 MPOBIIHUKA, 00 eIEKTPOHU
B METaJIl JIETKO MPOXOIMIN Yepe3 3a00pOHEHY 30HY.

VY nienexTpukax 3a00poHEHa 30HA HACTIILKH BEJIMKA, 1110 TTOTPIOHUN 3HAYHHMA
CIEKTPUYHUNA TIOTEHIN AN, MO0 EJIEKTPOHU 3MOTJIM TOJ0JIATA 3a00POHEHY 30HY.
ToMmy B pnienekTpukax B 3BHYAWHAX YyMOBax €JCKTPOHHOI TPOBITHOCTI HE
CIIOCTEPITaETHCA.
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Po3mip 3a00poHEeHOT 30HM HAMIBIPOBITHUKIB 3HAYHO OUIBIINHI, HIXK Y METaJ1B,
ajyie MEHIINN, HIK y J1eJIeKTpUKiB. EneKkTpoHHA MpOBIAHICT Y HAMiIBOPOBIIHUKAX
MOke OyTH BHUKJIMKaHa 3a paXyHOK 3OBHIIIHIX €HEPreTUYHUX BIUIMBIB
(TemmepaTypa, €Heprisi CBITJIa, €HEprisi MOTOKY ENEKTPOHIB 1 SAEPHUX YACTOK,
EHEepris eJEKTPUYHUX 1 MAarHITHUX MOJI1B, MEXaHIYHA €HEePTis 1 T.11.).

JlieJIeKTPUKH - 116 MaTepiaiy 3 BETUKOIO MIMPUHOI 3a00POHEHOT 30HH, IO
YHEMOXJIUBITIOE €JIEKTPOHHY TMPOBIIHICT 3a 3BUYAMHUX yMOB. BOHU BimirparoTh
BaXKJIUBY POJIb B €JIEKTPOTEXHIlll, BHKOPUCTOBYIOUHCH SISl CTBOPECHHS EICKTPUIHOT
1307111111, STKa PO3AUISE CTPYMOITPOBIIHI €IEMEHTH, 1110 TepeOyBaOTh il PI3HUMHU
CJIEKTPUYHUMH  TOTEHLiaJaMu. JlieleKTpUKH TakoX  3aCTOCOBYIOTHCS B
KOHJIeHCaTopax s (GopMyBaHHS 3adaHoi €MHOCTI. Yepe3 Il BIIACTHBOCTI
JeeKTPUYHI MaTepiaau 4acTO Ha3UBAIOTh €JIEKTPOI30IAIIHHUMU.

Jlo Takux MaTepiamiB BHCYBAIOTBCS CYBOpi BHMOTH, BKJIIOYHO 3
MeXaHiYHUMH, TETUIOBUMH Ta iHIIUMH (Pi3HKO-XiMiYHUMU XapaKTepPUCTUKAMHU. [XH
BapTICTh 1 JOCTYIHICTh TaKOX MAalOTh BaXJIMBE 3HAUCHHS. 3aJIeXHO BiJ
arperaTHoro CTaHy, eJIEKTPOI30JIALIAHI MaTepiaiu NOIUISIOTECS HA TBEPIl, PLIKI i
ra3omnofioHi.

HaniBnpoBigHuKH - 11e MaTepiany, y IKUX 3a00pOHEHa 30Ha 3HAYHO BYXKYa,
TOMY €JIEKTPOHHA NPOBIIHICTh BHUHMKAE [T/ BIIMBOM 30BHIIIHBOI eHeprii. 3a
BIJICYTHOCTI BUIbHMX €JICKTPOHIB (HANpWKIad, Tpud aOCOTIOTHOMY HYJI
TEMIIEpaTypH) MPUKIIAJACHE SICKTPUIHE MOJIe He BUKJIMKAE cTpyMy. OHAK 32 YMOB
JI0JIaBaHHsI €Heprii (TemIoBOi, CBITIOBOI ab00 MeXaHIYHO1) EJIEKTPOHU MOXKYTh
MEePEXOUTH Yepe3 3a00POHEHY 30HY, YTBOPIOIOUH €JIEKTPOHHY MTPOBIAHICTS.

[Tpu ubOMy B MICIISIX, 3B1JIKH €IEKTPOHH "BUXOIATH", YTBOPIOIOTHCS "IipKuU",
AKI TEX CHOPUAOTh mNpoBimHOCTI. [lig [i€r0 eNeKTpUYHOTO MO  JIPKHU
NEPEMINIYIOTECSL Y HAPSIMKY TI0JIsI, CTBOPIOIOYM MO3UTUBHUH 3apsia. Lleit nporec
CYNIPOBOJDKYETHCSI PIBHOBArol MK IEPEXOJaMH EJICKTPOHIB y BUIbHY 30HY Ta
NOBEpHEHHSIM y 3amoBHEHY. TemmepaTypa BIUIMBAE Ha KiIBKICTh BUTBHUX
€JICKTPOHIB: NpH 11 MiJBUILECHHI MPOBIAHICTH 3POCTAa€, a MPH 3HIKEHHI 0
aOCOJIOTHOTO HYJIS 3HUKAE.

JI>xepeniom eHeprii [j1s eeKTPOHHOTO ePeXoly MOKe OyTH He JIUIIE TETUIo,
a ¥ CBITJIO, IOTOKM YaCTUHOK, MarHiTHI mois Ta iHmi (axktopu. Bractuocti
€JIEKTPOTPOBIAHOCTI 3aJIekaTh BiJl CTPYKTYpPH aTOMIB 1 B3a€EMOJIi MK HHUMH.
Hanpuxknan, Byriens y Gpopmi anmasy € JieIeKTPUKOM, TOA1 K TpadiT Mae BUCOKY
npoBiaHICT. JloMmilku Ta AeEeKTH KPUCTAIIUYHUX IPATOK CYTTEBO 3MIHIOIOTH
XapaKTePUCTUKU HAITIBIIPOBITHUKIB.

J10 OCHOBHUX HaIIBIPOBIAHUKIB HaJIEXKaTh KPEMHIN, TepMaHiii, CeleH, TeIyp
Ta cipka. IX MOAIIAIOTE HA IIPOCTI HAMIBOPOBIAHUKH, XiMiuHI 3’€IHAHHSA i

KOMILJICKCH.
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IpoBinnnkamMu OynyTh MaTepiaiu, y SKAX 3allOBHEHA €JIEKTPOHAMHU 30HA
BIPUTYJ TpPWISArae [0 30HU BUIBHUX €HEPreTUYHUX pIiBHIB ab0 HaBiTh
MEePEKPUBAETHCA HEIO. BHACTIIOK IIbOTO €EKTPOHH B METAJl MOXYTh IEPEXOIUTH
3 piBHIB 3alIOBHEHOI 30HM Ha HE3aWHSATI PiBHI BIJILHOI 30HU HABITH IiJ[ BIUIMBOM
CTa0KUX HAMpy>KEHOCTEeH MPUKIIAJACHOTO J0 MPOBiTHUKA eJIeKTpuyHOro mos. o
MPOBITHUKOBUX MaTepiaiiB BIIHOCITh MaTepiadd BUCOKOI MPOBITHOCTI, 3 SKHUX
BUTOTOBJISIFOTh CTPYMOTIPOBIIHI YaCTUHHU EJIEKTPUYHMX MAIIWH 1 amaparis,
OOMOTKH, KOHTaKTH, MpPOBOJM 1 Kabem Ta CIUIaBU BHCOKOTO OIOPY IS
BUTOTOBJICHHSI PE3UCTOPIB, €IEKTPOHATPIBATHHUX MIPUCTPOIB, PEOCTATIB, TEPMOTIAP
TOIIIO.

1.4. Knacudikanisa pe4oBMH 32 MATHITHUMH BJIACTUBOCTSIMH

Marepianu 3a MarHiTHUMH BJIACTUBOCTSIMU TOIUISIOTHCS Ha CIa0OMarHiTHI
Ta CuiIbHOMarHiTHi. Jlo cnaOOMarHITHUX  HaJleXaTh JlaMarHETUKU  Ta
napaMarHeTHKd, a J0 CUJIbHOMATHITHUX - MAarHITHI MaTrepiajii, $Ki IIHPOKO
BUKOPHCTOBYIOTHCS B TEXHIII 3aB/ASIKU iXHIM OCOOJIMBUM MarHiTHUM BIACTHBOCTSIM.

JliamarHeTMKM - 1€ PEUYOBMHHU 3 MArHITHOIO MPOHUKHICTIO U<l, sika He
3aJIEKUTh B1Jl HAIMPY>KEHOCT! 30BHIIIHBOTO MarHiTHOTO moJjisg. Jlo HUX HajlexaTtb
BOJICHb, 1HEPTHI ra3u, OpPTraHiuHi CIOJIYKH, KaM sSHa Clib, a TAKOXK JIESIKI MEeTasu:
MiJlb, IIMHK, CP10JI0, 30JI0TO, PTYTh, BICMYT, Tajliil 1 cypma.

IlapamarHeTHKH MaiOThb MAarHiTHY HPOHUKHICT W>1, sKa TaKoX He
3aJIKUTh B1Jl HANPYKEHOCTI 30BHIIIHHOIO MAar”iTHoro mnois. Jlo miei rpymu
BXOJISITh KHCEHb, OKCHJI a30Ty, COJII 3ajli3a, KOOAIbTy, HIKEIIO, JIYKHI METaH,
ATIOMIHIA 1 TmaTuHa. Yepe3 CBOi MarHiTHI BIACTUBOCTI JlaMarHETHKWA Ta
MapaMarHeTUKH MalOTh OOMEKEHE 3aCTOCYBaHHS B TEXHIIII.

MarniTHi MaTepiaJm xapakTepU3yIOTbCS MAarHiTHOIO MPOHUKHICTIO p>>1,
sKa 3aJeKUTh BiJ HAIMpPYXEHOCTI MarHiTHOro mojs. [lo HUX Hajexartb 3ami3o,
HIKeJb, KOOAIBT Ta IXHI CIUIaBH, CIUIABH XpOMY W MapraHIlio, raJofiHii, pepuTtu Ta
iHII11 cnosyku. 11 Marepianu MMpPOKO BUKOPUCTOBYIOTHCS Y BUTOTOBJICHHI OCEP/Ib
TpaHcpopMaTopiB, MATHITHUX CUCTEM EJICKTPUUYHUX MAIlIMH, armapariB 1 MpHUIIaJIiB.
ButblIicTe MarHiTHUX MatepiajlliB € MPOBITHUKAMU EJIEKTPUYHOIO CTPyMy, 1 iX
OCHOBOIO 3a3BHYail BUCTYIIA€ 3aJ1130 Ta HOTO CILJIaBH.

Jlns BupoOHULITBA enekTpoTexHiuHux marepianiB (ETM) 3acrocoByroTbes
pi3HI  TEXHOJIOTil, 30KpemMa: XIMIYHUH CHHTE3, INTy4HE BHUPOIIyBaHHS
MOHOKPHCTATIB, HAHECEHHS TOHKUX IUIIBOK HA IMiJIKJIAIKH, OYHINCHHS (30HHE
IUIaBJICHHS, BaKyyMHE IUJIaBJICHHSI W PO3MUJICHHS), BBEICHHS JOMIIIOK, 10HHO-
m1a3MoBa 00poOKa, a TAKOXK BIUTUB €J€KTPOMArHITHOTO TIOJIS YM BUIPOMIHIOBAHHS.
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3anuTaHHA IJI51 CAaMOIIePeBIpKM:

1. Slxkum uyMHOM KIacU(iKylOTh MaTepiajiu, [0 BUKOPHUCTOBYIOTHCS B
CJIIEKTPOTEXHIIT?

2. SIxi OyBalOTh BUJIU 3B 3Ky aTOMIB y MOJIeKyJax?
. SIxi BUAM IPOBIAHOCTI BU 3HA€ETE?
. SIx mpuHa 3a00pOHEHO1T 30HH BILJIMBAE HA MPOBIIHICTh MaTepialiB?
. Bunu 3B’s13Ky Ta iX XapaKTepucTHKa.
. KoBasieHTHU 3B’ 130K, MOJISIPHI Ta HEMOJIAPHI MOJIEKYJIH.
. lonHuit 3B’5130K.

R 3 N L AW

. MeraneBuii 3B’ S130K.

9. MonekyJsipHAl 3B’ S130K.

10. XapaxkTepucTrka npoBiHUKIB.

11. XapakTepucTrka HaIiBIPOBITHUKIB.

12. XapakTepucTrka JieJIeKTPHUKIB.

13. XapakTepucTruka MarHiTHUX MTPOBITHUKIB.

14. BriiuB 30BHIIIHBOTO cepenoBuiia Ha podoty ETM.

TEMA 2. TIPOBIIHUKOBI MATEPIAJIN BUJIU ITPOBIITHUKIB

Merta: o3HallOMUTH 3/100yBaviB BUIOT OCBITH 3 BUJaMHU Ta Kjacu]ikailiero
MPOBITHUKOBUX MaTepialliB.

[Tnan nexi
1. Buau npoBiTHUKIB;
2. ®13UyH1 NPOIECH B MPOBIAHUKAX Ta IX BIACTUBOCTI;
3. Knacudikaiist i OCHOBHI BIACTHBOCTI IIPOBITHUKOBUX MaTepiaiB.

Xi1 MpoBEICHHS JICKIIHHOTO 3aHATTS
I. Opranizariis rpynu;
II. MoTtuBallis HaBYaJIbHOI J1SIbHOCTI. OTONOIICHHS TEMU M METH;
II1. BuknagenHst Ta 0OroBOpeHHsI HOBOTO MaTepiay;
IV. OrosnomieHHs 3aBIaHHs HA CAMOCTIITHE OMPAIIOBaHHS Ta MIATOTOBKY.

2.1. Buau npoBiIHUKIB

[IpoBinHMKOBI MaTepianu (MPOBIAHUKHN) — PEYOBHHHU 3 BUCOKOIO MOPIBHSIHO 3
IHIIMMH ~ MaTeplajiaMd  €JIeKTPONpOBIAHICTIO. [IpOBITHUKKM MICTATH 3HAYHY
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KUIBKICTh BUIBHHUX HOCIIB 3apsiiy, SKIi B €JIEKTPUYHOMY T0Ji HaOyBaroTh
BIIOPSIKOBAHOTO PyXY.

[IpoBinHMKOBI MaTepiayii MOKHA KJIacu(iKyBaTH 3a Pi3HUMH O3HAKaMU: 3a
arperaTHUM CTaHOM, 32 OCHOBHUMHU BJIACTUBOCTSIMU Ta IHITUMH O3HAKaMH.

JIo OCHOBHUX TIPOBIJHUKIB HaJle)KaTh MeTanu (MeTajieBl CIUlaBH) 1
CJICKTPOIITH. 3 METaJeBUX IMPOBITHUKOBUX MaTepiaiaiB MOXHa BUIUIATA METaJIU
BHCOKOT TIPOBIJHOCTI HaANpUKIaa, cpidiio, 30JI0TO, Mib, altOMiHIM, CIUIaBU MIiJI
(J1atyHi, OpOH3H), CIIJIaBU AJIFOMIHIIO (AIOpaTtOMiHIN Ta 1H.).

Martepianu BUCOKOI IPOBITHOCTI 3aCTOCOBYIOTHCS:

- JJISI BATOTOBJIEHHSI OOMOTKOBUX Ta MOHTaXXHUX MPOBO/IIB, KAOCIB 3B’ SI3KY
Ta CHJIOBUX;

- B HaJIBUCOKOYACTOTHUX XBUJICBOJIaX MAJIOTO 3aracaHHs;

- 1711 BUTOTOBJICHHSI €JICKTPOMArHiTHUX €KPaHiB 1 T. 1H.

[IpoBiTHUKaMH €IIEKTPUYHOTO CTPYMY, KpiM TBEpPAHX TijJ, MOXYTh OyTH
piaMHM, a TP BIJIMOBIIHUX YMOBaxX 1 ra3u.

TBepauMu NPOBIAHMKAMM € METaANH 1 AesIKI MOIU(DIKAII] BYTJIELIO.

Jlo piakux mNpoBiIHMKIB HamexaThb pO3IUIABICHI METalM Ta pi3HI
enekrpoinitu. [lpm HOpManbHIA TemmepaTypl B SIKOCTI METaJIi4HOTO PiIKOTO
NPOBITHUKAa MOXKe OyTH BHUKOpPHUCTaHA TUIBKH PTYTh (TeMIiepaTrypa IUIaBICHHS -
39°C).

MexaHi3M MOpPOTIKaHHS CTPyMy B MeTajax B TBEPJAOMY 1 PIIKOMY CTaHax
0OYMOBJICHMI pPyXOM BUIBHMX €JIEKTPOHIB, BHACIIJIOK YOro iX Ha3WBalOTh
NOPOBITHUKAMU 3 EJIEKTPOHHOIO EJIEKTPONPOBIAHICTIO, a00 MNPOBiAHHUKAMHU
NepuIoro poay.

IIpoBinHnkaMu aApyroro poay, abo eIeKTpPOoJiTaMH, € PO3UMHU (B
OCHOBHOMY, BOJHI) KHUCJOT, JyriB Ta coyieil. [IpoxomxeHHs cTpymy uepe3 Taki
NIPOBITHUKHU TIOB'SI3aHE 3 IEPEHOCOM Pa30M 3 €JIEKTPUIHUMU 3apsaMH 10HiB.

Karon (-) Axon (+)

Po e e fp Fw P P T Tw Tw P W T T YW e T W YW YW - W

Puc. 2.1 — Po3unn xnopuny kambiito C,Cly

Kpucraniyni peuoBUHH 3 10HHOIO OyZ0BOIO B PO3IUIABICHOMY CTaHI TAaKOX €
NPOBIAHUKAMU JAPYTOTO POAY.
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VYcirasu i napu, B TOMy 4KCII 1 TapU METaIiB, IPH HU3bKUX HAIIPY>KEHOCTSIX
CJIEKTPUYHOTO TIOJISI HE € TIPOBIIHWKAMH, OJIHAK SIKIIO HAMPYXEHICTh TOJS
NEPEeBUILMIA IeIKe KPUTUYHE 3HAYCHHSI, sIKe 3a0e3Mevye MovaToK 10Hi3allli, To ras
MOJK€ CTaTH MPOBIIHUKOM, BUSBIISIOUU €JIIEKTPOHHY 1 10HHY €JIEKTPONPOBIAHICTb.
CuJIbHO 10HI30BaHMM ra3 MpU PIBHOCTI YMCIIa €IEKTPOHIB 1 MO3WTHBHUX 10HIB B
OJIMHUII 00'eMy SIBJISIE COO0I0 OCOOIMBE MPOBIIHE CEPEIOBUIIIE, SIKE HA3UBAETHCS
TUTa3MOIO.

2.2. ®@i3uyHi npouecH B NPOBIAHUKAX TA iX BJACTHBOCTI

3a MexaHI3MOM MPOTIKAHHS CTPYMY HPOBITHUKHU MOAUIAIOTh HA TPOBITHUKA
MIEPIIIOTO POAY, B IKMX CTPYM 00YMOBJICHUH JipelipoM BUTHHUX €JIEKTPOHIB (METAIN
B TBEPJIOMY 1 PIJIKOMY CTaH1), 1 TPOBITHUKH APYTOT0 POIY — CJIEKTPOJIITH, Y KOTPUX
CTPYM TOB’sI3aHUM 3 IEPEHOCOM 3apsAy 10HaMH (PO3YMHH KUCIIOT, JIYTiB, COJIeH).

OcHOBHa TNpUYMHA MPOBIAHOCTI METATIYHMX IPOBITHUKIB MOJIATAE B PyCl
BEJIUKOI KIJTbKOCTI BUTBHUX €JIEKTPOHIB (“CJEKTPOHHOTO rasy’), Mo MiITBEPIKYE
P eKCIIEPUMEHTATBHUX PE3YIIbTaTIB:

1) cnoocrepiraeTbCsi MPAMHA 3B’SI30K  MIDK  €JICKTPONPOBIIHICTIO Ta
TEIUIONPOBITHICTIO;

2) mpu TPUBAJIOMY MPOXO/KEHHI CTPyMy uepe3 KOJo, CKJIaJeHEe JUIIE 3
METaJIIYHUX MPOBITHUKIB, HE CIIOCTEPIra€ThCs MPOHUKHEHHS aTOMIB OJTHOT'O METaTy
B 1HIIINH;

3) npu HarpiBaHHI MeTajJy J0 BUCOKHX TEMIIEPATyp CIIOCTEPIra€TbCs eMicis
eJIEKTPOHIB 3 IOBEPXHI;

4) mossea EPC Ha KIHISX MPOBITHWKA, IO MIBUIKO PyXaBCs, 1 PI3KO
3yIUHEHOTO;

5) 3MiHAa MUTOMOTO OINOpPY MPOBIJHHUKA B MarHiTHOMY IOJI B pe3yJbTaTi
BUKPHUBJICHHS TPAEKTOPI1 €JIEKTPOHIB.
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Jl0 OCHOBHHUX BIIACTHBOCTEH I'lpOBiJ_lHHKOBHX Ma'l‘i'l‘piﬂ.JIiBZ

BiAHOCATLCH: XapaKkTepHIYHThCH:
EJICK’['pOI]pOBi;’JHiC'I‘I: _—r [THTOMHM OIIOPOM,

ITUTOMOIO [TPOBIAHICTIO,
TeMreparypHuM koeditieHTom

[MHTOMOI'0 OIopy

TEILIONPOBIIHICT E— IIUTOMOIO TEIUIONPOBIAHICTIO

Tepmo-EPC EE— BHMIpIOCTECA 0e3MocepeiHbO

MeXaHiYHa MILHICTD —_— MEHEI0 MiLHOCTI npH
pO3TATaHHI  Ta  BIJHOCHHM

[OJI0BKEHHAM IPH PO3PHBI
TEILIOBE —_— TEMIEPATYPHUM Koe(illieHTOM
PO3LIHPEHHS JiHIHHOTO PO3LIMpPEHHS

Puc. 2.2 — BractuBOCTI TBEpAUX MPOBITHUKIB

Ha puc. 2.2 HaBeileHO OCHOBHI BJIAaCTHBOCTI MPOBITHUKOBUX MaTepialiB Ta ix
XapakTepucTuku. OCh KOPOTKUN aHaTIi3:

1. EnexTponpoBiHICTh:

o XapaKkTepu3yeTbCsl NMUTOMUM OIOPOM, MUTOMOIO TPOBIAHICTIO, a
TaK0X TEMIIEPATypPHUM KOe(illiEHTOM MUTOMOTO OTIOPY.

o [li mnapamerpu BH3HAUAIOTh 3JATHICTH MaTepially MPOBOAUTU
SJIEKTPUYHHIA CTPYM, 110 € KJIFOYOBUM IMOKa3HUKOM JJIsl POBITHUKOBUX MaTepiaiB.

2.  TemnonpoBigHICTh:

o Bu3HayaeThcss TUTOMOIO TETIONPOBITHICTIO.

o BaxnmBa s marepianiB, SIKI BUKOPHUCTOBYIOTBCS B YMOBax
HiIBUILEHUX TEMIIEPATyp, aJUKe BOHA BIUIMBA€E HA TEIUIOBiABEICHHS.

3. Tepmo-EPC (TepmoenekTpopyiiiiiHa cuia):

o Bumiproetbcs 6e3mocepeHbo.

o Lle#t mapameTp BpaxoByeTbcA y MaTepiajiaX Uil TEPMOEIEKTPUIHHUX
reHepaTopiB ad0 JaTYUKIB, K1 EPETBOPIOIOTH TEIJIOBY €HEPril0 Ha €IEKTPUYHY .

4. MexaHiyHa MIIIHICTb:

o OILIIHIOETBCST MEXEK MIIHOCTI MPU PO3TATHEHHI Ta BiJHOCHUM
MOJIOBKEHHSIM TP PO3PUBI.

o Mae 3HaueHHs JIsI TOPOBIAHHUKIB, SAKI MJAJAIOTHCS MEXaHIYHUM
HaBaHTa)XCHHSAM, HAIIPUKJIAJ, B KaOesx.

S. TemnnoBe po3MMpPEHHs:

o XapakTepu3yeTbcsi  TeMIepaTypHUM  KOeQIIIEHTOM  JIHIHHOTO
PO3IIUPEHHS.
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o [{s1 BIaCTUBICTh BPaxOBYEThCS MPHU BUOOP1 MaTepialiB i poOOTH B
yMOBax 3MIHHUX TeMIIEpaTyp, 100 YHUKHYTHU Aeopmariiii.

[lepepaxoBaHi BJIACTUBOCTI € KJIIOYOBMMH NpHU BHUOOPI MPOBIAHMKOBHUX
MaTepiajiB Ui PI3HUX TEXHIYHUX 3a7ad, TaKUX SAK EJIeKTPUYHI JIaHIIOTH,
TEIUIONPOBOAX ab0 KOMIIOHEHTH, IO MiIJAIOTHCS MEXaHIYHUM Ta TEeIJIOBHM
HaBaHTaXCHHAM. Ko)kHa XapakTepucThKa BayKIMBa JUTsl 3a0e3MMeueHHsT HaliiHOCTI
Ta ePEeKTUBHOCTI POOOTH MaTepiaiy.

Takox 70 BJIACTUBOCTEM MPOBITHUKIB MOXXHA BIJHECTH B3aEMOJII0 3
IIUTBHICTIO CTPYyMY, Hampyror sKi BIUIMBAIOTh HA ONTHMI3AIlil0 T€OMETPUUHHX
XapaKTepUCTHKHU MPOBO/IIB Ta BAPTICTI MaTepialliB MPOBIIHUKA.

3aneXHO B MIUIBHOCTI CTPyMy B MPOBOJAX BTPATU MOXYThb CHIIBHO
piBHUTHCS. SICHO, 10 TNPW MPOMYIIEHHI TEeBHOI MOTYXHOCTI IO JIiHIl
eJIeKTponepeaay, Hanpukian s Tpudasnoi giii P = 3Ual, yum Ouibliie Hampyra
MepexXi, TUM OUIbIIE MOTYKHICTh MPU TOMY K 3HaUY€HH1 cTpyMy. OCKIJIBKH BTpaTU
BU3HAYAIOTHCSA CTPYMOM, a MepeiaHa MOTYKHICTh TOOYTKOM CTpyMy Ha Hampyry, TO
BUT1THIIIIE TIEPEXOUTH HA O1IBIIT BUCOKI KJIacH HAmpyru. ToMy epexoasTh Ha yce
O1JTBIII BUCOK1 HAMIPYTH, 1100 BITHOCHO MEHIIIA YacTKa EHEPTii IyOmIacs B mpoBOaaXx.
OpHak, sik Oyie po3Ka3aHo B JIEKIIi MO JIeIEKTPUYHUX XapaKTepUCTHUKAX MOBITPS,
HEMOJKJIMBO HECKIHUEHHO ITiJIBUIIyBaTH HAMpyTa.

SIcHO TakoX, 10 YMM O1IBIIE CTPYM, TUM OUIBIIE MOTYXKHICTh, MPUIOMY
3aJIeKHICTH JiHIWHA. OJJHAK 3 POCTOM CTPYMY BTPATH €HEPTii pOCTYTh KBaIPATHIHO,
TOOTO HabaraTo CWIbHIIIE, YUM PICT MEPeaaHO] MOTYKHOCTI. 30UIbIICHHS TLIOIII
NEepPEeTUHY TPOBEICHHS MOCiadise mpobiemMy, aje, 3 1HIIOro 00Ky, BiIOyBa€eThCs
301IbIIEHHsT BapTOCTI OyAIBHUIITBA JIiHIT €JleKTpolepeaay, TOMy IO BapTiCcTb
KOJLOPOBOTO METally MPOBOAIB 3HauHa. KpiMm TOro, 301IBIIEHHS Baru MpPOBOJIIB
TATHE 30UIBLICHHS MacH OIOp, YCKJIAJHEHHS MOHTaxy W T.I. Y pe3yibTari
KOMIIPOMICY MIDXK 301JIbIIEHHAM BTpaT 1 30UIBIICHHSM BapTOCTI OyAIBHMIITBA
JIOMOBUJIMCS PO3PaXxOBYBaTH MPOBEACHHS JIiHIT HA TIEBHY KOMIIPOMICHY IIIBHICTh
CTPYyMy, T.3B. €KOHOMIUHY IIIJIBHICTh CTpyMy. 3rifHo 13 [IpaBunamu mpuctporo
enekrpoyctanoBok (IIVE), mms mimi Boma cramosuth 2,5 A/MM? y BHIAAKY
BIIKPUTHX MPoBOiB npu ekciutyararii 1000-3000 rogus y pik, 1 3HIXKY€eTbCs 10 1.8
A/MM? nipu ekcityaranii monan 5000 roguuu B pik. [ amoMinio Bei mmdpu
npuOiaM3HO Yy JBa pasu Hiwkye. J[ns kalGemiB yce BHU3HAYAETHCS yMOBAMU
TEIJIOBIIBOIY Yepe3 130111110 i 000J10HKY KabemiB, y ITYE npunyctuma miiisHICTh
CTPyMY HOPMYETHCS JUIsI KOXKHOTO BUy KaOeJiB OKpeMo, SIK MPaBUIIO, IPUITyCTHMA
HIUTBHICTh CTPYMY 1€ HUXKYE.

2.3. Kinacudgikauisi H 0CHOBHI BJIACTHBOCTI IPOBITHMKOBUX MaTepiaJjiB
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[IpoBiTHUKaMK €IEKTPUYHOTO CTPYMY MOXKYTb OyTH TBEp/i Tijia (TOJIOBHUM
YUHOM METAaJM), a TAaKOXK PIIMHU 1 Ta3u MpHU NeBHUX yMoBax. HailOinpIe mmupoko
SK MPOBIIHUKY BUKOPUCTOBYIOTHCSI METAJIH.

3a 31aTHICTIO MPOBOUTH €JICKTPUYHUIN CTPYM METaJIeBl MPOBITHUKHA YMOBHO
PO3JIUIAIOTH HA MaTepiaJi BUCOKOI i HU3bKOI NMpoBiaHocTi (a00, BIAMOBIIHO, HA
MaTtepiajid 3 HU3bKUM 1 BUCOKHM OTIOPOM).

MeTaju 3 BHCOKOI0 NPOBIAHICTIO (B OCHOBHOMY Ii¢ Cpi0io, MiJp 1
aJFOMIHIN) BUKOPUCTOBYIOTHCS JIJIi BUTOTOBJICHHS IPOBOJIB, KabeliB, 0OMOTOK
TpaHcpOpMaTopiB, ENEKTPUUYHUX MAILIUH 1 T. 1.

Metanu i cruIaBH BUCOKOTO ONOPY (HANPUKIIAJ, HIXPOM) 3aCTOCOBYIOTHCS
B €JICKTPOHArpiBAJIbHUX MpUJIa/ax, JIaMIax HakKaJllOBaHHS, peocTaTax, 3pa3KOBHX
oTopax 1 T.II.

Jlo piankux NpPOBIAHUKIB BIIHOCATHCA PO3IUIABICHI METald 1 Pi3HI
enexkTpomiTi. [Ipu HOpMalnbHIN TemmepaTypl TUIBKH PTYTh € PIIKUM METaJIeBUM
MIPOBITHUKOM.

3a Gpi3UYHUM MEXaHI3MOM CTPYMY MPOBIIHUKH PO3IUISIOTH HA MPOBITHUKHU
MepuIoro i Ipyroro pomy.

IIpoBinHnkaMu nepmoro poay adbo NPOBIIHUKAMHU 3 EJIEKTPOHHOIO
MPOBITHICTIO HA3MBAIOTh MaTepiajid, B SAKHX MEXaHI3M IMPOTIKAHHA CTPyMy
3YMOBJICHUH HAsIBHICTIO BUIBHUX €JEKTPOHIB. [Ipu 1IbOMYy MeEXaHI3M NEepeHOCY
eHeprii (BHACIIJIOK pyXy €JIEKTPOHIB a0o mepejayl IMITyJbCy BijJ €JIEKTpOHa 0
€JICKTPOHA) € MUTAHHSAM BIJIKPUTHM.

IIpoBinHnkaMu aApyroro poay, abo €JIeKTpPoJiTaMHu, € pPO3UMHU (B
OCHOBHOMY BOJIH1) KHCJIOT, JIYTiB 1 COJI€H, BAHUKHEHHS CTPyMY B SIKHX IIOB'A3aHO 3
PYXOM 10HIB.

Buacnigok mnepemillieHHS MOJEKYJ-I0HIB PIAMHU CKJIaJ eJIEKTPOIITY
MOCTYIIOBO 3MIHIOETHCS BHACHIAOK BHUIIJIEHHS TMPOAYKTIB €JEKTPOJi3y Ha
enekrponax. Lle 3yMOBiIO€ MPUHIIMTIOBY PI3HHUIIO MK MPOBITHUKAMH TMEPIIOTO 1
JPYroro pojy: B IMEPIIOMY BHUIAJAKYy HE B1AOYBAEThCSA >KOJHUX 3MIH XIMIYHHX 1
(G13MYHUX BJIACTUBOCTEH MPOBIIHMKA BHACTIIOK MPOXOKEHHS EJIEeKTPUYHOTO
CTpyMY, B PYTOMY — TaKi 3MIHU MalOTh MicCII€.

I'a3m i mapa, y ToMy 4ucJai i mapa MeraJsiB, IpU HU3bKUX HANPYKEHHAX
CJIEKTPUYHOTO TOJIA HE € TpoBiAHUKaMU. OJHAK TpPH JEIKOMY KPUTHUYHOMY
3HAYEHH1 HAIIPY>KEHOCTI T0JIsI, 1110 3a0e3Meuye MovaToK yaapHoi 1 hoToioHi3allii, ras
CTa€ MPOBITHUKOM 3 €JIEKTPOHHHUM 1 10HHUM MEXaHi3MaMH MTPOBITHOCTI.

MertaneBi NPOBIIHUKA € OCHOBHHM THIIOM MPOBIAHUKOBUX MaTepiallis,
3aCTOCOBYBAHUX B €JICKTPOTEXHIITI.

OcHoBHI Qi3UYHI XapaKTepUCTHKHU NMPOBITHUKOBUX MaTepiajiB:

1) muToMuUil eNeKTPUIHHM omip abo MUTOMA MPOBIIHICT;
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2) TemnepaTypHHUil KOe(illieHT MUTOMOTO OIOPY;

3) muTOMa TETIONPOBIAHICTD;

4) KOHTaKTHA PI3HUI MOTEHIIATIB 1 TEPMOCICKTPOPYyIIiiHA criia (TepMO-
e.p.c).

OcCHOBHI MexXaHIYHi XapaKTePUCTUKH NMPOBIIHUKOBUX MaTepiaiB:

1) Mexxa MIIHOCTI,

2) TBEpAICTh, 3HOCOCTIUKICTB;

3) BiZHOCHE BUJIOBXKEHHS (3BY>KCHHS).

Onmnip npoBigHUKIB 009HCITIOETHCS 32 (HOPMYIIOIO

|
R = Pg,[OM]

ne p - nutoMuil omip matepiamy OMm-M, / - TOBXKHHA MPOBIAHMKA, M, S - IJIOMIA
TIONIEPEYHOTO MEPEPI3Y M.

IIpu nocainoBHOMYy 3’€aHanHi kiTbkox omopiB (Ri, Ry, ..., R,) 3aranpauit
orip O0YHUCIIIOETHCS SIK CyMa CKJIaJJOBUX

Rioes =Ri + Ry +..+ R, .

IIpu mnapanesbHOMY 3’€IHAHHiI KIJIBKOX OMNOPIB 3arajbHUM  OIIp

00YMCITIOETHCS HACTYITHUM YHHOM
] ] ] ]
Rnpn Rl RZ Rn.

IutoMuii omip Mmarepiany A MPOBIIHUKA 3 TOCTIHHUM TONEPEUYHUM

nepepizoM S 1 10BKKHOIO | 06UnCTIOETHCS 32 POPMYIIOF0

S
p= RT?
BUMIPIOEThCSI B OM'M 1 € HaWBaXJIMBINIOK EJIEKTPUYHOI XapaKTEPUCTUKOIO
Matepiary IpOBITHHUKIB.

Jliara3oH MUTOMHUX OIOPIB METaJIeBUX IMPOBITHUKIB JOCUTh BY3bKHM - BiJl
0,016-10° Om-m mis cpibma i npubmusuo go 1,5-10° Om-m mns  3amiso-
XPOMOAJIIOMIHIEBUX CILIaBiB (TOOTO OUIs TphOX MOPsAAKiB). [TuTOMI OMOpU YUCTHX
MeTaJliB BIAPI3HAIOThCS Habarato MeHie (Tabdin. 9.1). Hanpuknana, nutomi onopu
cpibna 1 pTyTi BiApi3HAOTHCS Y 60 pasis.

YucTi MeTai 3 MPaBUIILHUMH KPUCTATIYHUMU TPATKAMHU XapaKTePU3YIOThCS
HAaMEHIIMMU 3HAYEHHSIMH MUTOMOrO oropy. JIOMIIIKM IHIIUX MeTadiB abo
HEMETaIIYH1 JOMIIIKH, CIIOTBOPIOIOYM KPUCTANIUHI IPATKH, 3YMOBIIOIOTH HOTO
301IBIICHHS, OCKUTBKU Ha Je(eKTax KPUCTATIYHUX I'PaT B1I0OYBA€ThCS PO3CIFOBAHHS
CJICKTPOHHUX XBWJIb. 3POCTaHHS MHUTOMOTO OIOPY CIIOCTEPIra€Tbcs 1 TpH
CIUTaBJICHHI IBOX METAJiB, SKIO0 BOHU YTBOPIOIOTH CIJIaB TBEPAUN PO3UHH.
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Jlns  OUIbIIOCTI MeETajiB ICHY€ TpSMUNA 3B'S30K MK iX ITHUTOMOIO
TEIUIONPOBIAHICTIO 1 MHUTOMOIO TPOBITHICTIO: YHWM BHUIIOK € MUTOMA
TEIUIONPOBIIHICTH METAY, TUM HIDKYUM € HOTO MUTOMUH OIIIp.

Taomung 2.1 — @13uuH1 BIaCTUBOCTI AEIKHUX YACTHUX METAJIIB

[Tutomuit omip, Temmneparypa [{ipHICTS,
Metan

MKOM'M miasieHHs, °C Kr/Mm>
Cpib6so 0,016 961 10 500
Minp 0,017 1083 8 940
30710TO 0,024 1063 19 300
AnroMiHIi 0,028 657 2 700
Bonbdpam 0,055 3380 19 300
Momi6aen 0,057 2620 10 200
Hixenn 0,073 1455 8900
3anizo 0,098 1535 7 870
IInaTtuna 0,105 1770 21400
[Mammamin 0,110 1554 12 100
OnoBo 0,120 232 7310
CuHelb 0,210 321 11 400
Xpom 0,210 1850 7 100
Tutan 0,480 1725 4500
PtyTh 0,958 -39 13 600

2.3.1. TemnepaTypHa 3aJ1e5KHICTh OIIOPY MPOBITHUKIB

31 30UTbLICHHSIM TEMIIEPATypU B METAJIEBOMY IPOBIIHUKY MOCHUIIOIOTHCA
KOJIMBaHHS BY3JiB KPUCTAIIYHUX IpaT, TOMY 3'SBISIETbCA OLIbIIE MEPENIKOa Ha
[UIAXY CIPSMOBAHOTO PyXy €JNEKTPOHIB 1 IX PYXJIMBICTh 3HUXKYEThCS. BHacaimok
[bOTO MUTOMHH ONIP YMCTUX MeTAJIB 3 IIABUIICHHAM TEMIEPATYPHU 3pOCTAE.

TumnoBa kpuBa 3MIHU MUTOMOTO OMOPY Mijl B 3aJIEKHOCTI BiJl TeMIIepaTypu
MpeCTaBICHA Ha puUC. 2.3.
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MKOsm-m{ /o

7 4 L1
= {
0 400 860 1200 1600 °C
Puc. 2.3 — 3anexxHicTh MUTOMOTO OTIOPY

M1/ Bl TeMIIepaTypH

IIpu mepexomi 3 TBEpPAOro CTaHy B piAKe B OLIBIIOCTI MeETajiB
CIIOCTEPITa€eThCA Pi3Ke 30UIBIICHHS TUTOMOTO ONIOPY (SIK BUJIHO 3 pHUC. 2.3, I MiJii
el CKadoK Mae Miclie Mpu Temreparypl ii miuaBieHHs, TooTo mpu 1083°C).
[Tomanpiie cyTTeBE 3pOCTaHHS MUTOMOTO OIOPY 3YMOBJICHE TOCWJICHHSAM
TEIUIOBOTO PyXy aTOMiB METaly.

[Mutomuii omip OLIBIIOCTI MeETamiB MpPU HarpiBaHHl (PO3IUIABICHHI)
301TIBIIYETHCSI, OCKUIBKM 1X 00’€M Tpu IbOMY 30UIbIIyeTbCA (@ LIUIBHICTD,
BIJIMOBIAHO, 3MEHIIIY€ETHCS). AJie JesKl METaJIM TIPU HarpiBaHHI 3MEHIIYIOTh CBIM
00’eM (HampukiIazd, rajiid, cypbMa, BICMYT), TOMY iX NMUTOMHH OMIp MPU IBOMY
TaKO0X 3MEHIIYETHCS.

B niama3oHi HEBUCOKHMX TeMIIepaTyp MOXKHA MPHUHHSATH, 1110 MUTOMUHN OIip
3aJIeKUTD BiJl TEMIIEpATypH JIIHIMHO 1 MOXe OyTH MigpaxoBaHUil 3a PopMyJI0L0:

Pe= po(1+ apAt),
1€ po - 3HAYCHHS IMTOMOI'O ONOPY Ha MOYATKy Jiala3oHy; O, - TEeMIEpaTypHUil

KOe(]iIliEHT MUTOMOTO OMOPY B JAHOMY Jialla30Hi TeMIepaTypu At:
Pt— Po -1
ap = —— (rpan™)
P poAt P ’
3HAYEHHS O, YUCTHX METAJiB Yy TBEPJOMY CTaHI MOYKHa BH3HA4yaTH 3a
HaOIMKEeHO10 (POpMYIIOI0:

1
Up ™ oo ™ 0,0037(rpag™1)

BuxirodeHHs1 CKIaJaloTh METalH, M0 BiAHOCATHCSA 0 MarHETHKIB: 3aIi30,
HIKEJIb, KOOAIBT 1 XPOM.

2.3.2. HaanpoBigHicTh
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SIKIIO eKCTPamoIoBaTH 3aJICKHICTh MUTOMOTO OIOPY BiJ TEeMIepaTypy B
00J1aCTh HU3BKUX TEMIEPATyp, TO MPH TEeMIepaTypi, ONMHM3bKii 10 aOCOIOTHOTO
HyJis1, T00TO Tipu —273,16°C (abo 0 K), BiH Mae OyTu maiuM, aje HacmpaB.l Ipu
HAJHU3BKUX TeMIIepaTypax MUTOMUM orip 6araTb0X METalliB MPAKTUYHO 3HUKAE.

Enextpuunuii omip psjy MeTaliB 1 CIUIaBiB MOYMHAE PI3KO TaJaTH IpU
TEMIIEpaTypax BHIIE aOCOTIOTHOTO HYJIS, B Pe3yibTaTi YOr0 BOHU MEPEXOITH Y
HAAMPOBIIHHUIA CTaH.

HannpoBiaHicTs — siBHIIE Pi3KOT0 3MEHIIICHHS IPAKTUYHO 10 HYJISI TUTOMOTO
SJICKTPUYHOTO OTIOPY MaTepialliB P TeMIiepaTypax OJM3bKUX 10 aOCOIFOTHOTO HYJISA.
Temneparypa, mpu sKkiii mMaTepial NEpexXOAUTh B HAAINPOBITHUNA CTaH HA3WMBAETHCA
TEMIIEPATYPOK) HAANPOBIAHOTO Tmepexoay. Martepian, 10 TEPEXOIUTh B
HAJIIPOBIHUI CTaH cTac HAAMPOBITHUKOM. TemrepaTypa HaAMPOBIIHOTO MEPEXOTY
JUI ISSIKUX YUCTUX METaTB HaBeleHo y Tabi. 2.2. Cpibio, Mijab, 30JI0TO, IJIATUHY 1
JISSIK1 1HIII METaJIM TIEPEeBECTH Y HAJIPOBITHUN CTaH HE BJAJIOCS.

Tabmuns 2.2 — Temneparypa nepexoay ASSIKUX METATIB 1 CIUTaBIB y HAAMPOBITHUHN

CTaH
Metarm i crias TeMHepaTypa' MaFHiTHa.iHIIYKI_.Ii}I
HAJIIIPOBITHOCTI, HAJIIIPOBITHOCTI,
Yucri MeTaiu
Ipuaiit 0,14 0,002
Turtan 04 -
MoniOnen 1,0 -
AroMiH1i 1,2 0,010
OnoBo 3,7 0,031
PtyTh 4,2 0,046
CBuHeIb 7,2 0,080
Hio6iii 9,5 0,195
CnuaBu
50%Nb+50%T1 8,7 12,0
50%Nb+50%Zr 9,5 11,0
XimivHi 3’€qTHaHHSA
ViGa 14,0 50,0
Nbs;Sn 18,2 22,0

Jlesiki crmaBM METaMiB MarOTh OUTBIT BUCOKI TEMIEPATypH MEPEXOay y

HAJMIPOBITHUM CTaH, HDK YUCTI MeTanu (Tadu. 2.2). Ile BiAKpUBae MOXKJIUBOCTI
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BUTOTOBJICHHS MaJOra0apUTHUX MAarHiTiB, 0 CTBOPIOIOTh MATHITHI MOJISI BEJTUKOI
HaIpPY>KEHOCTI mpu poOoTi B pigkomy remii (4,2 K). OgHak BUSBWIOCH, IO MPHU
NEPEBUILIEHH] IEIKNX 3HAUCHHSX MArHiTHOI 1HIYKIIII, Ka XapaKTepu3ye MarHiTHe
10JIe Ha MOBEPXHI1 HANPOBITHUKA, HAAMPOBIAHICTh 3HUKAE. SIK BUIIHO 3 Ta0mI. 2.2,
3HAQYEHHS MATHITHOI 1HAYKIII HAAMPOBIAHOCTI ISl PI3HUX METaJiB 1 CIUIaBiB
BIJIPI3HSIOTHCS HA YOTUPH TOPSIIKH.

[lepcneKTUBHUM  HANpPSMKOM  €JIEKTPOTEXHIYHOIO  MaTepiajlo3HaBCTBA €
CTBOPEHHSI MaTepiaiiB 3 BUCOKOTEMIIEPATYPHOIO HAJIPOBITHICTIO. 30KpEMa, CILIaBU
HI001sI 1 TUTaHA, HIOOIA 1 UPKOHIS, & TAKOXK 3’€AHAHHS Hi00i0 3 oj10BoM (Nb3Sn),
MaloTh BIJJHOCHO BHCOKY TeMIeparypy nepexoay y HaamposigHuii ctan (18,2K),
OCKUIbKU HI1001# XapaKTepU3yeThCsl HAUBUIIOIO 3 YCIX YUCTUX METANIB TEMIIEPATypPOIO
nepexoy y Haanposigauii ctaH (9,5K).

Jlesiki peuOBHHM, Y TOMY YHCII TakKl HaWKpallll MPOBITHUKOBI MaTepiaju, siK
cpi0JI0 1 Midb, PU HAWOLIBII HU3BKUX, JOCATHYTUX Y JIaHWM 4yac TemIieparypax
NEePEeBECTH Y HAJMIPOBIAHUI CTaH He BlaeThca. HaampoBiiHUKaMu MOXKYTh OyTH HE
TIIBKM CIIOJIYKHA 1 CIUIaBH METalliB, SIKUM XapaKTepHa HaINpPOBIIHICTb, aie i
CIIOJIYKH, JTO CKJIay MOJICKYJI IKUX BXOJSTh BUHSITKOBO aTOMHU €JIEMEHTIB, IO HE €
HaanpoBimHukamMu. Ha puc. 2.4 mnokazaHo 3MiHYy ONOpPYy TMpPH TIMOOKOMY
OXOJIO/PKEHHI1 3pa3KiB PTYTI 1 INIATUHH, III0 HE HAJICXKUTH JI0 HAIMPOBIIHKUKIB (I10 OC1
abciuc BiakiazeHa aOcoitoTHaA TemmepaTypa B KenbBiHax, a mo oci opJUHAT —
BIJIHOIIEHHS OMOpY 3pa3ka MNpu AaHii TemmepaTypi Rt nmo omopy Riyz; mpu
temmnepatypi T =273 K= 0 °C).

0.02
0.01
Hg
0 10 20K
Puc. 2.4 — 3MmiHa onopy 3pa3KkiB pTyTi 1 IJIATUHU MIPU TIIMOOKOMY
OXOJIOKEHH]

SIBuIIe HAANPOBITHOCTI OB’ SI3aHE 3 THM, IO EIEKTPUIHHUM CTPYM, OJIMH pa3
HaBEJCHUI y HAANPOBIIHUKOBOMY KOHTYp1, OyJi€ TOBrOCTPOKOBO IIUPKYJIIOBATU Y
bOMY KOHTYpP1 0€3 MOMITHOrO 3MEHIICHHsS. Takuii HaampOBITHUKOBUN KOHTYP
CTBOPIOE B HABKOJHIIHBOMY MPOCTOpPI MAar”iTHE moJie, MOAIOHO MOCTIHHOMY

MarHiToBI, 1110 HE BUMAarae >KMBJICHHS BiJ JKepesia CTpyMy.
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Kpuorenna npoBiaHicThb (KpHOIPOBIAHICTb) — SIBUIIE JOCSITHEHHS HU3bKOTO
eJIEKTPUYHOTO OTIOPY Y MPOBIAHUKIB MPU KPUOTEHHHUX TeMIIepaTypax 06e3 nepexomy
y HagnpoBigHuii craH. Kpuorenni temmepaTypu (HU3bKI TeMIeparypu) -
temnepatypu Huwxde 120K. Temmneparypa pigkoro Boasto 20,3K, pigkoro KMcHIO -
54,6K, pinkoro azoty - 77,4K.

Marepianu, 1110 Mar0Th OCOOJIMBO CIIPUATIIMBI BJIACTUBOCTI JJI 3aCTOCYBaHHS
iX SK TPOBIAHMKIB B yMOBax KpIOT€HHUX TEMIIepaTyp, Ha3UBaIOThCA
KPIOMPOBITHUKAMH a00 TIEepIPOBiTHUKAMHU.

Jlocute Maze, aje BCE-TaKM KIHIEBE 3HAUEHHS MUTOMOIO OMOpY
P Kp1OMPOBITHUKA MIPH HOro poOouiil Temneparypi 00MeKy€e MPUIYCTUMY T'yCTHUHY
CTpPyMy B HbOMY, X04a IIsl TYCTHHA MOKe OyTH Habarato BHUILOIO, HXK Y 3BUYATHUX
MPOBITHUKAX TPU HOpPMaJbHIM abo miABHUINEHIM Temmeparypi. Ilpupomno, 1o
TNepPIPOBITHUKH, Y AKUX MPH 3MIHI TEMIIEPATYPH B ITUPOKUX MEKaX MTUTOMHUM OITIp
P 3MIHIOEThCSl TUIABHO, 0€3 CTpUOKIB, HE MOXXYTh BUKOPHUCTOBYBATHCS B Psi
OPUCTPOIB, NI SIKMX 3aCHOBaHa Ha TPUTEPHOMY €(EKTI MOSIBU 1 pyHHYyBaHHS
HaAnpoBiAHOCTI. OJIHAK 3aCTOCYBaHHS KPIOMPOBITHUKIB B €ICKTPUUHUX MAalllMHAX,
amaparax, kabemnsix Mae 1 CBOi MepeBary, MpuuoMy JIOCUTh ICTOTHI. Y TOM Yac siK y
HAJIPOBITHUKOBUX MPUCTPOSX K OXOJOIHUN areHT 3aCTOCOBYETHCS PIAKUN TEIii,
poboua TemIiepaTypa KpIOMPOBIIHHUKIB JOCSATAETHCA 3aCTOCYBAHHSAM OUIBII
BUCOKOKUIUISIYMX 1 JACHIEBUX XOJIOJ0OAreHTIB: PIAKOro BOAHIO a00 HaBITh PIAKOIO
a30Ty, 11€ 3HAYHO CIPOIILY€ U 3/ICIIEBIII0O€ BUKOHAHHS Ta €KCIUTyaTallil0 IPUCTPOIO.
KpiM TOrOo, y HaANpOBIAHMKOBOMY MPHUCTPOI, HAMPHUKIAA EIEKTPOMArHiTi, MO
0OMOTIII SIKOTO MPOXOJAUTH CHIIBHUN CTPYM, HAKOIIUYY€ETHCS BEIMKA eHepris. Ko
yepe3 BUIAJKOBE MIABUIICHHA TEMIIEpaTypu ad0 Mar”iTHOI 1HAYKIII Xxoda O Ha
Maii JUISHII HAAMPOBIAHUKOBOTO KOHTYPY, HaAMPOBIIHICTh OyAe 3pyiHOBaHa, 1
paIToBO 3BUIBHUTHLCS BEJIMKA KUIBKICTh €HEPTii, IO MOXE€ BUKJIUKATH CEPHO3HY
aBapito. Y BHUIAJKy > KpIOMPOBIAHUKOBOIO KOJIa MiJABUIICHHS TeMIlepaTypu
BUKJIMYE JIMIIE TOCTYIOBE 3pOCTaHHA onopy 0e3 edexty BuOyxy. HanOinpmumii
1HTEepeC 11 BUKOPUCTAHHS K KPIOMPOBITHUKA, KPIM 3BUYAHHUX MPOBITHUKOBUX
MaTepialiB — aTIOMIHIIO 1 MiJi, BUKJIMKAE 3aCTOCYBaHHA Oepuiito. bepumiit 3HauyHO
JOPOKYMM 1 CKIAQAHIMNUNA y TEXHOJOTIYHOMY BIJHOIIEHHI. Psj crmomyk Oepuitiio
CHJIBHO TOKCUYHHM, asie Oepiliii Ipy OXOJIOKEHHI PIAKUM a30TOM Ma€ HaliMEHIIIe,
B TIOPIBHSIHHI 3 JIFOMIHIEM 1 M1J110, 3HadeHHs p. O4eBHIHO, 1110 poOOTa 3 TOCUTH
JIEMIEBUM PIIKUM a30TOM 3HAYHO IPOCTillia, HI’K poboTa 3 piAKuM BojgHeM. B ycix
BUMAJKaX JUIs OJCpP>KaHHS KpIOMPOBIIHMKOBUX MaTepialdiB IMOTpiOHA BHCOKa
YUCTOTAa METaldy 1 HEMOXJIUBICTh Hakiemnmy. LKiAnuBUN BIUIMB AOMIIIOK MpPH
KpPIOT€HHUX TeMIlepaTypax o3HayaeThbcst HabaraTto CUibHiIE, HIXK TPU HOPMaJIbHIN
TemriepaTypi. KpiompoBiIHUKH MOXYTh 3 YCIIXOM BHKOPHUCTOBYBATHUCS IS
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0OMOTOK €JEeKTPUUYHMX MAIIUH 1 TpaHCHOpMaTOpIB, ISl CTPYMOMPOBIIHUX KU
KabemB TOmIO0. Y Ppsii BUIAAKIB 3aCTOCYBaHHS KpIOMPOBIAHHUKIB JOCHUTH
NEPCTIEKTUBHO.

2.3.3. 3ajiexHicTHL MATOMOIO ONOPY Bix Aedopmanii

[Ipu npyxHOMY pO3TAraHHi ad0 CTUCKY MUTOMHUM OIip HAOJMKEHO MOXKHA

pO3paxoByBaTu 3a (HopMyII0I0:
pe = p(1 £ @o),

Jie G - MEXaHIYHEe HAMpPY>KEHHs; (¢ - KOePIIIEHT MEXaHIYHOTO HaMNpy>KEeHHs. 3HaK
witoc y hopMyti BiAmoBiAae aeopmaiiii po3TAry, a 3HaK MiHYC - CTUCKY.

3MiHa MUTOMOTO OTMOPY MPHU MPYNKHHUX AePOpMAIliX MOSCHIOETHCS 3MIHOIO
aMIUTITYAM KOJHMBAaHb BY3JIIB KPUCTAIIYHUX IpaT METaliB;, MPH PO3TATaHHI
301TIBIICHHSAM, IPU CTUCKY - 3MEHILIECHHSIM.

IMnactuuna negopmanis (To6To AePopmarlis, sKa 3aTUMIAECTHCS B T MiCIA
HOTro pO3BaHTaXKEHHs), SIK MPaBUJIO, MIJBUIIYE MUTOMHUM OMIp METajiB BHACIIIOK
CIIOTBOPEHHSI KPUCTAIIYHUX IPATOK, YTBOPEHHS TIOP, PO3PUXJICHHS MaTepiany. [Ipu
pekpucTamizaiii (BiIHOBJIICHHS MPaBWJIBHOI KPUCTAJIIYHOI CTPYKTYpPH) HUISIXOM
TEpMIUuHOT OOpPOOKHK (Biamai) MUTOMUNA OMIP MOXE MOBEPHYTHUCH O MOYATKOBOTO
3HAYCHHS.

OTxe, mpu MajMX CTYINEHSAX CTUCKAHHA MOXYTh CIOCTEpIraTUCs AesKl
3MeHIIeHHs p. Lle moB’a3aHo 3 TUM, IO BiI0YBA€ThCs PyHHYBaHHS TPaHUIlb 3€PEH,
ajie 31 3pOCTaHHAM CTyIeHs Jedopmarlii p 301IbITYEThCS.

p.ﬂ.

I
10% %5 CTYNiHB
CTHCKAaHHI

Puc. 2.5.

[TuToMMii e€NeKTPUYHHUI OMip HAKIIENIAHOTO METay 3aBXKIU OLIbIIE HIXK Y
BiNIaJICHOMY. 3BOPOTHIN MPOIEC 1€ BiAmal.
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PERD ST TRaIfT

p gidn

'rsfﬂu
Puc. 2.6 — 3anexHICTh MUTOMOTO €JIEKTPUYHOTO OTIOPY BiJl TEMIEpaTypy BiATaIy
nedopmoBaHoro MeTayty: 1 - Bignosigae crynento aedopmarii 80%; 5 -

BIJINOBIJIAa€ CTyMeHto Aedopmaiiii 20 %

Yum Oinbuie cryneHb aedopmaiiii, THM OLIbII PI3KO 3MIHIOETBCA p IPH
BiJIIaJI.

[Tpu meBHiii TemnepaTypi p HaKJIENaHOTO METAlIy = p BIANAJIEHOTO METamy.
[{s TemnepaTypa - € TemnepaTyporo pekpuctamisaiii. [Ipu 1it TemnepaTypi 3HATI
BCl HampyxeHHs. Pi3ki 3MiHM p BHUHHMKAIOTh 3aJ0Br0 J0 pPEKpUCTai3allii, o
MOKa3ye SK 3MEHIIYEThCS HAmpyKeHHs B Marepiami. lle sBumie HasuBaeTbes
BiJIMTOYHHKOM.

2.3.4. TepmiuHa esieKTpOpYyUIiiiHA CHJIa

IIpu KOHTAKTI ABOX PI3HUX METAJIIB MK HUMU BUHUKA€ KOHTAKTHA Pi3HUIIS
noreHuiadiB. [I[prurHa KOHTAKTHOT PI13HUIII TOTEHIIIAJIIB MOJISATA€ B TOMY, 1110 Pi3HI
MEeTaJld MalOTh Pi3HE 3HAYCHHSX POOOTH BUXOMAY EJICKTPOHIB, a, OTXKE, 1 PI3HUU
CJICKTPUYHMIA MTOTECHIIIA.

[Ipu cnatoBaHHI JBOX PI3HUX METAJEBHUX IMPOBIAHUKIB MI)K HUMH BUHUKAE
KOHTaKTHa pi3HULA ToTeHmianiB. [IpuunHa i mosBU moJsirae B PO3XOHKEHHI
3Ha4YeHb POOOTH BUXO/Ty €JIEKTPOHIB 3 PI3HUX METAIIB, @ TAKOXK PI13HOT KOHIEHTpAaLli
€JICKTPOHIB B MICTI KOHTAKTy. 3 €JIEKTPOHHOI T€Opii METaliB KOHTAKTHA PI3HUIIA
MOTEHITIAIIB MK MeTallaMH A 1 B BU3HauaeThcs 3a popmMyIioro:

Wl = i A
= HB
ne Ua, Ug - OTEHLIaMN 3’ €THAHUX METAIIB; M, 1B - KOHLIEHTpALlli €JIeKTPOHIB Yy
metanax A 1 B; k, e, - crana bonbpiiMaHa 1 3apsij €eKTpoHa.
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Skio teMmmepaTypu «CIaiB» OJHAKOBI, TO CyMa PI3HMIL TMOTEHILIATIB Yy
3aMKHYTOMY JIaHI[I031 T0piBHIOE HyJeBi. Komu onun 31 cnaiB Mae temneparypy T1
a 1HIMN — Temneparypy T2 , MiXK castMi BUHHKAE TEPMOETIEKTPOPYLIiiiHA cua:

k-5 -m“—-*+Ua—UB+k‘T3 s
e g ) e n,

U=U,p—Upy =Up-U, +

K s
c o

Tepmiuna enexkTpopyuwiiiHa cuia (TepMo-e.p.c.) 3yMOBJICHA PI3HULICIO
MOTEHIIIAIIB KOHTAKTYIOUUX METAIB, a ii BEJIMYMHA MPSMO MPOMOPIIiiiHA PI3HUII
MOTEHIIIAIIB 1 TEMITepaTypl KOHTAKTY.

KonTakTHa pi3HMIIS MOTEHIIaIiB MiX JBoMa Metalamu A 1 B (puc. 9.2)
npornopiiitHa pizHuIl Temnepatyp cmnaiB T, 1 T,. TepMoenekTpopyiiifHa cuia MixK
HUMHU BU3HAYAETHCS (POPMYIIOIO:

U= k(T T 2),
ne koediieHT K € MmocTiiHOI A KOXKHOI Mapy METaliB 1 € TUM OUIBIIUM, YUM
O1JTBIIIOIO € PI3HUILISI POOOTH BUXOAY €JIEKTPOHIB ISl JaHOT Mapu MeTalliB. B iHIoMy
KpailHbOMy  BHMAJIKy, TOOTO SKIIO [  PI3HUIM  JIOPIBHIOE  HYIIIO,
TEPMOEIEKTPOPYIIIHOI CHiIM He BUHUKae. KoOHTakTHa pI3HULA MOTEHINATIB IS
PI3HUX AP METaJiB KOJMBAETHCS B MEXax BiJl MUTIBOJIBT JI0 ACKUJIBKOX BOJIBTIB.

SBuie TepmMo-e.p.c. BUKOPUCTOBYETHCS JJISI BUMIPIOBAHHS TEMIIEPATypH 3a
JIOTIOMOT 010 Tepmonapu (puc. 2.7).

MeTann §

Puc. 2.7 — Cxema 6y10BH Te€pMoniapu

Tepmiuna enexTpopyuriiiHa cuia (TEpMO-€.p.C.) € BAKIUBUM SBHILEM, IO
BUHUKAE MTPU KOHTAKTI JIBOX PI3HUX METAJIIB 1 3yMOBJIEHA PI3HUIICIO IXHBOT POOOTH
BUXOJly €JIEKTPOHIB Ta KOHIIEHTpAIlll €JEeKTPOHIB y 30HI KOHTakTy. Bemuunna
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TEPMO-€.p.C. TIPSMO MPOMOPIIiHA PI3HUII TeMIEpaTyp MK TOYKAMH KOHTAKTY
(cmasiMm), a TaKOXK 3aJIEKUTH Bl (DI3MIHUX BIACTUBOCTEH METAITIB.

Lle siBUILIE MIMPOKO 3aCTOCOBYETHCS Yy TEXHII, 30KpeMa JUIsi BUMIPIOBAHHSA
TEMIIepaTyp 3a JOMOMOTOI0 TepMomap. 3aBISKH YYTIUBOCTI O TEMIEPATypHUX
3MiH, TEpMOTIApH BUKOPUCTOBYIOTHCS Y Pi3HUX Taly3siX HAYKHA i IPOMHUCIIOBOCTI, /1€
HEOOXiZIHO TOYHO BHW3HAYATH TeMIepaTypy. TakuM YWHOM, JOCITIKEHHS Ta
NIPAKTUYHE BUKOPUCTAHHS TEPMO-€.p.C. TO3BOJISTIFOTh PO3B'S3yBaTH BaXKIIUBI 3ajadi
B 00J1aCT1 BUMIPIOBaHb 1 EHEPIETUKH.

3anuTaHHA 119 caMoNepeBipKu:

1. 3a AKUM NPUHIMIIOM KJIACU(PIKYIOTh TPOBITHUKH ?

2. Ha3BiTh oCHOBHI (i3WuHI 1 MEXaHI4YHI BJIACTHUBOCTI MPOBIIHHUKOBHX
MaTtepiaiB.

3. IIlo Take HaAMPOBIAHICTH Ta KPUOIIPOBITHICTH?

4. Bin sikux (akTopiB 1 SKUM YHHOM 3QJICKUTh MUTOMUM OIip MeTasiB?

6. Ilo Take TepMOENEKTPOpPYIIidHA CHJIa 1 SIKAM YHHOM II€ SIBUIIEC
BUKOPUCTOBYETHCS?

7. Illo Ha3WBalOTh MUTOMHM E€JIEKTPUYHAM OMOPOM Ta IHUTOMOIO
€JICKTPUYHOIO MPOBIIHICTIO?

8. JlaliTe 03HaUYCHHS TEMIIEPATYPHOTO KOEPiIli€eHTa MUTOMOTO €JIEKTPHIHOTO
oTI0pY.

9. Ha3BiTh IpOB1IHUKOBI MaTepiaiH, siki BITHOCSTH 10 MIPOB1IHUKIB BUCOKOTO
orIopYy.

10. Hasenite dopmyny, 3a SKO MOXHA BHU3HAYUTH OMIp TPOBIIHUKIB
JTOBKHUHOIO | Ta mTomiero momnepevHoro nepepisy S.

11. Sk 3a1€KUTh MATOMUI OTIip METAJIEBUX MIPOBITHUKIB BiJl TEMIIEpaTypH Ta
JTOMIIIOK?

12. HaBenitb GopMydy 3alle)KHOCTI OINOPY TMPOBIJHUKA BiJ HOro
TEMIEPATYPH.

13. Ha3BiTh MPOBiIHUKOBI MaTepiaJid Ta €IEMEHTH i MPUCTPOT EIEKTPUIHUX
KUJI, 17151 BUTOTOBJICHHS SIKUX BUKOPUCTOBYIOTH JIaH1 MaTepiaju.

TEMA 3. AHAJII3 BJACTUBOCTEM MMPOBIJHUKIB B 3AJIEXKHOCTI
BIl CTYIIEHHSA IMTPOBIIHOCTI

Mera: po3riasHyTH OCHOBHI BJIACTUBOCTI MPOBIIHUKIB Ta 1XHIO 3aJICKHICTh

BiJl CTyMEHsI IPOBITHOCTI, MOSCHUTH (DI3UUHY MPHUPOAY MPOILECIB, 1110 BU3HAYAIOTH
CJIEKTPOIIPOBIAHICTh, Ta BHUSIBUTH KJIIOYOBI YHMHHHKH, SKI BIUIMBAIOTh HAa 3MIHY
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MIPOBITHOCTI MaTepialiB.

[Tnan nexi
1. MaTtepianyu BUCOKOI 1 TOCEPEAHBOT IPOBITHOCTI;
2. Metan# i CIu1aBu 3 BUCOKHM OTIOPOM.

X1 TPOBEJICHHS JIEKIIHOTO 3aHATTS
I. Opranizaiis rpymnu;
II. MoTtuBallis HaBYaJIbHOI JISIBHOCTI. OTONOIIEHHS TEMUA  METH;
II1. BuknagenHst Ta 0OroBOpeHHsI HOBOTO MaTepiaiy;
IV. OrosnomieHHs 3aBIaHHs HA CAMOCTIITHE ONPAIIOBaHHS Ta MIATOTOBKY.

3.1. Marepiajim BUCOKOI i MocepeIHbOI MPOBITHOCTI

[IpoBiHMKOBI Marepiajii YMOBHO TMOJUISIOTH Ha Marepialidi BHCOKOL
(p<0,03mMxOm-M), ocepenuboi (0,03< p<0,3MxOM-M) 1 HE3BKOI (p>0,3MKOM-M)
MIPOBITHOCTI.

BoHu BUKOPUCTOBYIOTHCS /17151 BATOTOBIICHHS OOMOTOK €JICKTPUYHUX MAIIIHH,
amapartiB, IpUIAAIB 1 JUIsl TIepeaayl eJeKTpUYHoi eHeprii. Jlo marepianiB 3 Maium
MTUTOMHUM OITOPOM BUCYBAIOThCS TaKi BUMOTH: HU3bKE 3HAYCHHS TUTOMOTO OTOpPY Ta
TEMIIEpaTypHOTO Koe(iIlieHTa MUTOMOTO OIOpPY; JIOCHTh BHCOKAa MEXaHidHa
MIIHICTh; 3JATHICTh JIETKO OOpOOIATHCS; 3HaTHICTh J00pe 3BaproBaTUCS 1
CTBOPIOBATH MPH [IOMY HAJIiH1 CIIOJTYKH 3 MAJIUM €JICKTPHYHUM OTIOPOM; IOCTATHS
KOpo3iiiHa CTiikicTh. HalOinbIl MIMPOKO 3aCTOCOBYIOTHCS SK IPOBITHUKOBI
MaTtepiajlaMH 3 BUCOKOIO MTPOBIIHICTIO MiJIb 1 AJIFOMIHIM.

3.1.1. MeTaJii 3 HU3bKHM ONIOPOM

J1o HaMOIIBII PO3MOBCIOKEHUX METaIiB BUCOKOI MPOBITHOCTI BITHOCATHCS
MiJib 1 amomiHii. Cpi6i0, HE3BaKaOUM HA HAMBHUIITY MTPOBIIHICTh, @ TAKOX 30JI0TO
HE MalOTh IIUPOKOTO BXKUTKY BHACIIIOK BIAIHOCHO BUCOKOI BaAPTOCTI.

Cpidao — cipyBaTo-OuIMii MeTaj, CTIMKUN 10 OKHCJICHHS MPU HOPMAJIbHIN
TeMIepaTypi, Ma€ 4yJIOBy BIJIJI3EpKao0dy 31aTHICTh. Cpibiio XapaKTepU3y€eThCs
HalIMEHIIIMM 3HAYE€HHSAM IIUTOMOTO OTIOPY CEpell IHIUX MeTaliB (quB. Tabi. 2.1, ane
HE TEpPEeXOauTh B HAJAMPOBITHUN CTaH TPU HAJHU3BKUX Temmeparypax. Mae
JIOCTaTHHO BUCOKY MIITHICTH (Mexka MirtHOCTi 01151 200 MI1a) 1 BUCOKY TUTACTHYHICTH
(BigHOCHE moONOBXkEeHHA 10 50%), ToMy 3 cpibna MOXKHA OJepKaTH JHUCTKU
TOBIIMHOIO YChOTO Jiuiie 0,25 MKM.
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Puc. 3.1 — 300paxxenns cpibdia

Cp16:10 3aCTOCOBYIOTH JJIsl BATOTOBJICHHSI TPOBO/TY 1 KOHTAKTIB, pO3PaXOBaHUX
Ha MaJll CTPYMH, a TAaKOX 111 6€3M0cepeTHhOTO HAHECSHHSI Ha JIEIEKTPUKHU B IKOCTI
CIEKTPOJIB, Yy BHUPOOHUIITBI KepaMIiYHUX 1 CIIOJSHUX KOHJCHCATOPIB,
aKyMyJISITOpiB. B enekTpoTexHi 10cuTh nommpene cpionenus. Haitronmry cpi6ny
IUTIBKY HAHOCSTh HE TUTBKH 3apaJid BUCOKOI BIIJI3EPKaJIIOI0Y01 31aTHOCTI, a 1 3apaiu
MIJBUINCHHS XIMIYHOT CTiMiKocTi (cpibsio Kpamie OaraThOX IHIIUX METaiB
MPOTUCTOITh i JIyTiB) 1 eleKTpomnpoBigHOCTI BUpoOiB. Ilepeara cpiOHOrO
MOKPUTTS 11I€ 1 B BUCOKIM 1 miiapHOCTI (Oe3nopucti). Hemomikom cpibna € iioro
CXHJIBHICTB JI0 MITpallii BCepeInHy JieNeKTpruKa Ipu 6€3mocepeIHbOMY KOHTAKTI, a
TaKOX OUIbII HU3bKA XIMIYHA CTIAKICTH Cpibjia B MOPIBHSAHHI 3 I1HIIMMH
OJIarOpOTHIMH METAJIAMH.

Miab — nutomuii onip unctoi miai (p=0,017MkOM-M ) HE3HAYHO MOCTYMAETHCS
OUTOMOMY OTOpPY Cpi0iia, ajie HaA3BUYAHO YyTIUBUHN 10 HAABHOCTI HoMimIoK. [1pu
BMicTi B Mifl 0,5% Zn, Cd abo Ag nurtoma npoBiAHICTH ii 3HIKYEThCS HA 5%. [pu
TiM ke BMicTi Ni, Sn a6o Al mutoma npoBiaHICTE M1l agae Ha 25-40%. Jlomimku
Be, Fe, Si a00 P 3HMKy10Th MUTOMY NMPOBIIHICT 10 55%.

Puc. 3.2 — 3o6paxenHs Mii
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Minp Mae BUCOKY TEIUIONPOBIAHICTh, IO 3a0e3reuy€e 1HTEeHCHUBHUM BiABIJ
TEIUIa BiJ EJEKTPUYHUX MPHUCTPOiB. 3aNEKHICTh MUTOMOTO OINOpPY MiAl BiA
TEMITepaTypy HaBEJICHA B JIEKIIIT 2.

Bwmict migi B 3emHii kopi HeBenukuii — 10 0,007%. Lle B 1000 pa3iB menie,
HDK amoMiHiio 1y 600 pa3iB meHmie, HDK 3aiiza. Mifb OJCPKYIOTh IUISIXOM
nepepoOku cynbdiguux pya. Ilicns psgy miaBok pyad Miab, TpU3HAUYEHA s
CIEKTPOTEXHIYHHX I[IJICH, TIPOXOAMUTH MPOLIEC SICKTPOTITUIHOTO OUUIIICHHS.

IIupoxke 3acToCyBaHHS Milli B €JIeKTPOTEXHIII 3yMOBJIEHE:

1) MaJIMM IUTOMHUM OIIOPOM;

2) JIOCUTH BUCOKOIO MEXAHIYHOKO MIIHICTIO 1 IIJIACTUYHICTIO;

3) 3aJI0BIJTLHOIO0 KOPO31HHOIO CTIHKICTIO;

4) XOPOIIOK MEXaHIYHOI 00pPOOIIIOBAHICTIO;

5) BIJIHOCHOIO JICTKICTIO TIaKW 1 3BAapIOBaHHS;6) MOPIBHAHO HHU3BKOIO

BapTICTIO OJICP>KAHHS.
OcHoBHi Mapku Migi — M1 i MO po3pi3HSIOTBCS 32 BMICTOM JIOMIIIIOK B
OCHOBHOMY METaJII.

[TuTomMa mpOBIAHICTH Mifl Ta 1i MEXaHIYHI XapaKTEPUCTHKHU Iy>K€ UyTJIHUBI JI0
HAsSBHOCTI oMinmKkoBux atomiB (puc. 3.3). Tak, 0,5 % muHKyY, KaaMmiro 49U cpibia
3HIKYIOTh TUTOMY MPOBIJIHICTh MiJil Ha 5 %, HIKEJI0, 0JI0Ba 200 altoMiHiiO Ha 25 -
40 %, a Gepuutito, MUIL'SIKY, 31132, Cipku Ta ¢pocdopy Ha 55 % 1 Oinblie.

OnHOYaCHO JOMIIIKK OJIOBAa, KaJaMil0, AJTIOMIHIIO MiABUIIYIOTh TBEPIICTH 1
MIIHICTh Mifl. Jlye MKiJIMBUMU JOMIIIIKAMH B MiJli € BICMYT, CBUHEI[h, KICCHBD,
docdop, cipka i BOACHb.
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Puc. 3.3 — BruiuB 1oMilok Ha eJIeKTPONPOBIIHICTE Mi/li
Minp mapku M1 mictuts 99,90% Cu, a B 3araipHIil KITBKOCTI JOMIIIOK (10

0,1%) xucHio mae 6ytu He O6ubie 0,08%. [IpucyTHICTh y MiAl KUCHIO MOTIpIIyE 11
MeXaHIuH1 BiacTUBOCTi. Kpami MexaHiuHl BJIACTUBOCTI Ma€ Miab Mapku MO —
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MicTuTh 99,95% Cu, 1 He Oubi 0,05% momimmok, y Tomy uucii a0 0,02% kucHro. 3
Mii Mapku MO BHTOTOBJISIETHCSI TOHKHI TIPOBIJT.

[lpy xonomHIA TPOTHKII OJCPKYIOTh TBepAy (TBEPAOTATHYTY) Midb
(Mapkipyerbcss MT), 110 3aBASKM HakKjIeNMy Mae BIAHOCHO BHCOKY MIIHICTh HpHU
PO3TATYBaHHI IPU MAJIOMY BIJITHOCHOMY BHJIOBKEHHI, @ TAKOX TBEPJIICTh 1 IPY>KHICTb.
TBepay Mijb BKHBaIOTh, KOJIM Tpeda 3a0e3MeUYuTH BHCOKY MEXaHIYHY MIIHICTb,
TBEPJICTh 1 OMip 3HOUIYBAHHIO: ISl BUTOTOBJICHHS KOHTAKTHUX MPOBOJIB, LIMH
PO3MOITLHUX MTPUCTPOIB, TVIACTUH KOJIEKTOPIB €JIEKTPUYHUX MAIIMH 1 1H.

SAxio K Mife BIANAIWTH, TO BUlIe M'Ka (BigmajgeHa) Miab (MapKipyeThCs
MM). BoHa € miiacTuuHOI0, Ma€ MaJTy TBEPICTh 1 HEBEITUKY MIIHICTh, aje JOCHUTH
3HaYHY BEJIMYMHY BIJIHOCHOTO BUIOBXKEHHS 1 OLIbII BUCOKY MUTOMY MPOBIIHICTb.
Jlesiki MexaHi4H1 XapaKTEPUCTUKH TBEPAOi 1 M’ K01 Miji HaBeleHo B Tab. 3.1.

Ta6muis 3.1 — MexaHiuHI XapaKTEePUCTUKH Mifl 1 aJTFOMiHIIO

Minp AJroMiH1#|
XapakTepucTruka
MT MM AT AM
Me>ka MIITHOCTI,
MlIla
BigHocHe 360-390 260-280 160-170 80
BUJIOBXKEHHS, %0 0,5-2,5 18-35 1,5-2,0 10-18

Bignan wmigi poOnsaTe y chemiaabHUX Teyax 0e3 JO0CTYIy MOBITps, 100
YHUKHYTH OKHCJIIOBaHHS (MiJIb OKHCITIOETHCSI Ha TMOBITP1 3HAYHO MOBUIBHIIIIE, HIXK
3aJ1130; 1HTEHCUBHE OKHCIIOBAHHS MiJll BIIOYBAE€THCS TIIBKU TPU ITABUIIICHUX
TeMIepaTypax). 3 M'aKoi MiJ{l BUTOTOBJISIOTh MiTHUHM JINCTOBHUI MPOKAT TOBIIMHOIO
JI0 COTUX MUTIMETpA 1 TPOBiJ IIaMETPOM JI0 TUCSIYHUX YACTOK MIJTIMETpa.

M'siky MiAb y BUIJISAI MPOBOIIB KPYIJIOrO 1 MPSMOKYTHOT'O IOMEPEYHOTO
MEePETHHY 3aCTOCOBYIOTh TOJJOBHMUM YHHOM SIK CTPYMOIIPOBIJIHI >KHJIM KaOeIiB 1
00MOTYBaJIbHUX MPOBOJIB, /i€ BaXKJIMBA THYYKICTh, @ MEXaHIYHA MII[HICTh HE Ma€
ICTOTHOTO 3HadyeHHA. MigHow (oJbror0 BKPUBAIOTH JIMCTOBUM TIE€TUHAKC 1
TEKCTOJIIT, OTPUMYIOUH  (POJIbIOBAHMN TeTHHAKC i  TeKCTOJIT, sKi
BUKOPHUCTOBYIOTH JUIsl BATOTOBJIEHHS IPYKOBAaHUX Iu1at (puc. 3.4).
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Puc. 3.4 — Bupo6u 3 (posbroBaHOTO T€TUHAKCY 1 TEKCTOMITY

CnuiaBu Mini — OpoH3Hu i J1aTyHi. BpoH3u — criiaBu Mifi 3 0JI0BOM, KPEMHIEM,
OepuitieM, alrOMIHIEM, XpOMOM, KaJaMieM 1 1H. Taki CIjiaBu MarOTh O1JIbIIT BUCOKI
MEXaHI4H1 BJACTUBOCTI (Mexka MiltHOCT1 OpoH3 aocsrae 800-1200 MITa), Hixk Mib,
aje OUIbII BHUCOKMH TMTOMHUN omip. BpoH3WM MMPOKO 3aCTOCOBYIOTH A
BUTOTOBJICHHS CTPYMOTIPOBIAHHUX TPy KHH.

KanmieBy OpoH3y 3aCTOCOBYIOTH JJIsl BUTOTOBJICHHSI KOHTAKTHUX TPOBOJIIB 1
KOJIEKTOPHHMX IIJIACTUH OCOOJHMBO BIAMOBIAAIBHOTO TMPU3HAYCHHS, OCKUIBKH, 3
onHOro OOKy, IOJaBaHHS KaJMII0 3HAYHO MIABHUINYE MEXaHIYHY MIIHICTD 1
TBEPJIICTh, a 3 APYroro, KajMmieBa OpOH3a € JOPOTUM CILJIABOM.

JlaTyHnb — criaB Mijl 3 TMHKOM. L{MHK moJininye MexaHiuHi BJIaCTUBOCTI MII1
(11 MIITHICTD, TJIACTUYHICTh, KOPO31MHY CTIWKICTB) 1 MPU I[bOMY 3CIICBIIIOE CILJIaB.
Tomy BUpoOHU 3 JIaTyH1 BUTOTOBJISIOTH IIITAMITYBaHHSM, IITHOOKOIO BUTSIKKOO 1 T.11.
CmnaB Mizi 1 IMHKY — JIaTyHb — OyB OTpUMaHui Ha0arato paHill, HXK METaJeBU
nuHK. HaiinpeBHimni naTyHHi npeaMeTu, 3pooneni npubdauzno B 1500 p. 1o H.e.

AmoMiHiH — Meran  cpiOaMCTO-OUIOTO  KOJNBOPY,  HABaKJIMBIIIUH
MPEACTaBHUK TaK 3BAHUX JIETKMX MeETAJiB (TOOTO METamiB 13 MIUIBHICTIO MEHII 5
r/cm?). 1L{iNBHICTE IMTOrO anroMiHiI0 6Iu3bK0 2,6 T/cM’, a mpokaTaHoro - 2,7 r/cm’.
Takum 4uHOM, alOMIHIM npubIM3HO B 3,5 pa3u jermie Miiai. TemmeparypHui
KOe(]iIlIeHT JIIHIHHOTO PO3IIMPEHHS, MUTOMA TEIJIOEMHICTh 1 TEIUIOTA TUIABJICHHS
QIIOMIHIIO OUIBIIE, HIXK Y MiJIl, @ TEMIIepaTypa IJIaBJICHHS — MEHIIIA.
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Puc. 3.5 — AnromiHii

[Tpubmuzno 8§,80% Macu 3eMHOI KOPH CKJIaJIal0ThCs 3 AIIOMIHIIO — TPETIM 3a
MONIMPEHHICTIO HA HAIIX MJIAHET1 €JIEMEHTOM.

CyvacHe BUPOOHHUIITBO AJIOMIHIIO MPUOIU3HO B 2,5 pa3u AeLIEBIIE, HIXK Mi/I.
CBiTOBE BUPOOHMIITBO AITFOMIHIIO MTOCTIHHO pocTe. 3apa3 BOHO CKiIaaae 0au3bpko 2%
BiJl BUPOOHMIITBA CTAJIH 10 Maci.

Bracnigok BUCOKMX 3HaY€Hb MUTOMOI TETNIOEMHOCTI 1 TETUIOTH TMPABJICHHS,
JUUISl HarpiBaHHS AJIFOMIHIIO 10 TEMIIEpaTypH TJIaBIEHHS 1 IEPEBOTY B PO3ILJIABIICHUIM
CTaH MOTPIOHO BUTPATUTH OLIBIIE €HEPrii, HIXK JIJIs1 HarpiBaHHS 1 pO3IUIABIOBaAHHS
TaKo1 K KUIBKOCTI Mifli, X0ua TeMIepaTypa IUIaBJIeHHS aTIOMIHII0 HUKYE, HIXK MiJi
(BimmosigHo 660 1 1083°C).

B nopiBHAHHI 3 M0 aIOMiHIM Ma€e HUXK41 SK MEXaHIYHI, TaK 1 €JIEKTPUYHI
BiacTuBocTl. [Iutomuiil enextpuynuii omnip uncroro amominio (p=0,028 MkOm M)
OinbIie, HDK Mimi, y 1,65 pa3u. ANOMIHIEBUM TIPOBIJ TAKOTO XK E€IEKTPUUYHOTO
Oropy, AK 1 MIJIHWIA, TOBUHEH MaTu aiameTp B 1,3 pa3u Oijblie aiaMerpa MiJHOTO
npoBoay. [Ipu npomy amromiHieBHil MpoOBiJ OyJe B ABa pa3u JETLIHN MiTHOTO
POBOY IPU OJTHAKOBIN JOBXKHUHI 1 €JIEKTPUIHOMY OIMOPOBI.

JloGaBKkH HiKeNI0, KpEMHII0, IMHKY a00 3ami3a 710 0,5% 3HUKYIOTh IPOBITHICTh
ATIOMIHIIO Y BIJMTAJICHOMY CTaH1 He OUIbIe HIXK Ha 2-3%; AOMIIIKK MiJl, cpidia 1
MarHiro 3HWXKYIOTh MPOBIIHICTh atoMiHIt0 Ha 5-10%. [lyke CHUIBbHO 3HUKYIOTh
MPOBIIHICTH ATFOMIHIIO JOOABKM TUTAHY 1 MapraHIfio.

AJNIOMIHIA IIHPOKO BUKOPHUCTOBYETHCS JUIS BUTOTOBJICHHS IPOBOJIB
MOBITPSHUX JIHIN eNeKTporepenad, s eJIESKTPUIHOI PO3BOJKH B IKUTIOBHUX
OPUMILIEHHSX, & TAKOK MPU BUPOOHUIITBI 13071bOBAHUX KAOEII1B.

Mapkn anwominito. Jlig  eneKTpOTEXHIYHUX i€ BUKOPHUCTOBYIOTh
antoMiHit Mmapku Al (mictuth He Oubin 0,5% nomimiok), antominii mapku ABOO
(ae Oubiie 0,03% nomimiok), antomMinid Mmapku AB000O HaiiBUIII01 YUCTOTH (BMICT
nomimok 10 0,004%). YUum ducTimie ajroMiHIi, TUM BiH JICTIIWMA, TUM BHIIA HOTO
CJIEKTPONPOBIHICTh,  TEIUIOMPOBIAHICTh,  IUIACTMYHICTh,  BiAJA3EpKaJIIOIOua
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3aaTHICTh. OCOOJIMBO TMOMITHUH PICT XIMIYHOI CTIMKOCTI BHACHIIOK OUIBIIOL
[IIJIBHOCTI 3aXUCHOT OKMCHOI IIJTIBKH.

AmoMmiHiE  100pe 0OpoONsiETbCS THUCKOM: TMPOKATKOIO, IPECYBaHHSM,
ITaMIyBaHHSAM, KyBaHHSM. 3 aimomiHiio ABOO MokHa mpokaTyBaTu TOHKY (110 6-7
MKM) (oJibry, sKa 3acTOCOBYETbCS B SKOCTI OOKJIAIUHOK Yy IalepoBHUX
KOHJICHCaTopax. 3 aJIOMIHIIO BHUTOTOBJISIOTH TaKOX €JIEKTPOAM 1 KOPITYyCH
CJICKTPOIITUYHUX KOHJEHCATOpIB. BHUrOTOBISAIOTH TBEpAl 1 M'sKki (BiJMaieHi)
alrOMiHIEBI MpoBoau. MexaHiuHi BiacTtuBocTi TBepAoro (AT) 1 m'axkoro (AM)
aJIFOMIHII0 HaBeAeHO B Ta0. 3.1.

AJTIOMiHIli OKHMCIIOETHCS 1 TIOKPUBAETHCS TOHKOIO OKCHUIHOIO TUTIBKOIO
(AlLO3) 3 BeNUMKHM €JIEKTpUYHUM oOmopoM. Ll miiBka Mae BHUCOKY MEXaHIUHY
MIIHICTh, BUCOKY Temreparypy mmiaBieHHs (2050°C) 1 3axumiae aqtoMiHIA Bij
MOAANBINOI KOPO3ii, aje CTBOPIOE BEIMKHM MEPEeXITHUNA OMip Yy MICHAX KOHTAKTY
QTIOMIHIEBUX TMPOBOJIB 1 YHEMOXJIMBIIIOE TMasHHS QJIIOMIHIIO 3BHYAMHUMU
MeTofaMu. [[7is maiiku afoMiHIIO0 3aCTOCOBYIOTHCS CIICIliabHI MAacTH-MPUIIOL abo
yJIBTPA3BYKOBI MAsTILHUKH.

Puc. 3.6 — 300pakeHHs NasyIbHOI CTAHIII1

VYV MicusSX KOHTAKTY aJIOMiHiI0 i Miai Mae wmiclie rajbBaHiuHa KOpPO3is.
["anbBaHiuHA (KOHTAKTHA) KOPO3isl CTOCYETHCS KOPO3IMHOTO TOIIKOKEHHS, KOJIN
JIBa PI3HOPIJIHI METaJl MAaloTh €JIEKTPOIPOBIAHE 3'€IHAHHSA Ta KOHTAKTYIOTH 13
CHUTBHUM KOPO31MHUM €JIEKTPOIITOM.
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Puc. 3.7 — 'anpBaHiuHa KOPO3is

k110 0067aCTh KOHTAKTY 3HAXOAUTHCS M1 J1€10 BOJIOTHU, TO BUHUKAE MiCIIeBa
rajibBaHiuHa mapa 3 JOCUTb BUCOKHUM 3HAUEHHSM 3.p.C., IPUUOMY IMOJISPHICTH LIi€i
mapy Taka, IO CTPYyM 1€ B aTIOMIHIIO JO Mifi, TOMy caMme altOMiHI€BUN
MPOBIIHUK PYWHYEThCS KOpo3i€r. [l momepemkeHHs LbOro SBUINA MICI
3'eIHAHHS MIJHUX MPOBIIHUKIB 3 AJIFOMIHIEBUMH TOBUHHI PETEIbHO 3aXHUIIATHCS
B1J1 3BOJIOKECHHS (TMTOKPUTTAM JIaKaMHU 1 TOMY MTOAIOHUMHU CTIOCO0aMH).

Jns  BUTOTOBJICHHS TIPOBOJAIB MOBITPAHMX JIiHIH eJiekTponepenaui,
BUKOPHUCTOBYIOTh aJIOMIHIEBI CIUIaBH 3 TMIJBUIICHOI0 MEXaHIYHOK MIIIHICTIO.
Haii6inpme mupoko 3 IUX CIJIaBIB BUKOPHUCTOBYETHCS ajbjApeill (MICTUTH
0,30,5%Mg, 0,4-0,7%S110,2-0,3%Fe). 3a MexaHIYHOO MIITHICTIO HAOIMKAETHCS 10
TBEPAOTATHYTOI Mi/Il.

Puc. 3.8 — Amrominisuii mposin mis [JIE
JIist  BUCOKOBOJIBTHUX JIHIN  eJeKTporepenad IMHPOKO 3aCTOCOBYIOTH

CTAJIeBOATIOMIHIEBMII MPOBi, 0 TPEACTABISIE COOOK0 CEpIACYHUK, 3BUTHM 31
CTaJIEeBHUX KUJI 1 OTIOBUTUM 30BHI aJIFOMIHIEBUM ITPOBOIOM.
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Puc. 3.9 — CraneBoantoMiHi€BUIT TTPOBIT

VY mpoBojax TakOro THUIy MEXaHIYHA MIIHICTb BHU3HAYAETHCA CTaJICBUM
CEpPICUYHUKOM, a EJEKTPOMPOBIAHICT, — aioMiHiEM. 30UIbIIEHHS JiamMeTpa
IpOBOAY, 110 Ma€ MiClle B LIbOMY BHIMAJKY, 3MEHIIYE€ MOKJIMBICTh BUHUKHEHHS
KOPOHH.

30J10T0 — MeTaJl KOBTOT'O KOJILOPY, MA€E MOCEPEAHIO MIIIHICTh (MeXa MIIIHOCTI
150 MIlIa), ane BHCOKY IIaCTUYHICTH (BiAHOCHE BHUJIOBXKEHHS 10 40%), MOCUTH
M’SIKMI, Ma€ BHUCOKY KOpPO3iiiHy cTiiikicTh (mpu HarpiBanHi Buiie 100°C Ha
MOBEPXHI 30J10Ta YTBOPUTHCS OKICHA IUTIBKA, SIKa HE 3HUKAE MPH OXOJOHKEHHI J0
20°C; ToBIMHA MTiBKH fopiBHIOE 30A.).

Puc. 3. 10 — 30J10To

Enextpuyna mpoBiAHICTH 30JI0Ta BUIA, HDK y ANIOMIHIIO, aje Tripiia, HiX y
Mmifi (muB. Tabmd. 3.1).

B enexTpoTexHill 30J0TO BUKOPUCTOBYETHCS SIK KOHTAKTHUM MaTepian s
3a0€3MEeUEeHHST KOPO31MHOT CTIMKOCTI TOKPUTh 1 CTAOUIBHOCTI TMEPEXiJTHOTrO
CIIEKTPUYHOTO OMOPY B MEXaHIYHMX KOHTaKTaX TOYHHX EJIEKTPUIHHUX
BUMIPIOBAJIbHUX MPWJIAIIB, KOMII IOTE€PIB, TOLIO. 3 30J0Ta BHUTOTOBISIOTH
eJNEeKTPOo U (POTOCTIEMEHTIB 1 1H.
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Puc. 3.11 — Bukopucranss 30510Ta B €1€KTPOTEXHIITI

31 cruiaBiB 30710Ta 31 ¢pi0IOM a00 MIJJIIO POOJIATH BOJOCKH TaIbBAHOMETPIB 1
IHIIIUX TOYHUX MPHUJIAIiB, @ TAKOXK MIHIATIOPHI €JIEKTPUYHI KOHTAKTH, 110 MalOTh
3a0e3MeuyBaT BEJIMKY YaCTOTY 3aMUKaHb 1 pO3MUKaHb O€3 3JIMMaHHs KOHTAKTIB. Y
CIUTaBax, IO 3a0e3Mevyl0Th HAMEHINe 3JIMITaHHS, 30JI0TY HAaJeKHTh 0COOJIMBA
poiib. be3BiIMOBHO MpaIlioOTh CIiaBu 307i0Ta 3 namagieM (30%) 1 miatuHOIO
(10%), mammamiem (35%) 1 Bombdpamom (5%), mupkoniem (3%), mapraniem (1%).
Kparmii xoHTakTHI CIjlaBU € AyXe JOPOTHM, OJHAK 0e3 HUX HEe MOXKe O0O0ifTHCS
cydacHa KOCMIYHa TEXHiKa, TeXHIKa 3B’ 513Ky, TOIIO.

3.1.2. MeTaJju nocepeaHboI NPOBiAHOCTI

3amizo, miIaTMHA 1 NaiaAid  BIIHOCATHCS 10 IIMPOKO BXKUBAaHUX B
SJIEKTPOTEXHIII METAIIB 3 MOCEPEIHBOIO MPOBITHICTIO.

3amizo i crani (cmmaB 3amiza 3 BYIVIEIEM) - JICHIEBUH 1 IHIMPOKO
PO3MOBCIO/IKEHUI METall, Ma€ BUCOKY MEXaHIUHY MIIHICTh, ajleé HU3bKY KOPO3iiiHy
cTiikicTh. [Tutomuit omip (p=0,098 MxOm-M) maiike B 6 pa3iB BUILIUM, HIXK Y MiIi.

OckiibkH cTajib € (pepoMarHiTHUM MaTepiajoM, OMip CTAJIEBUX MPOBITHUKIB
NEPEMIHHOMY CTPYMY € BUIIUM, HIXK IOCTIHHOMY.

Cranp sSK TPOBIIHUKOBHUN MaTepial BHUKOPUCTOBYETHCS ISl BUTOTOBJICHHS
KOJIIC TpaMBaiB, €JEKTPOIOI3AIB 3alli3HUIIL 1 METPO, PEHOK, CepIeYHHUKIB
CTaJIeBOAJIFOMIHIEBUX MOBITPSHUX ITPOBOIIB.

BimeTaa (mpoBiIHUKOBUIM O1METall, HE TUTYTAaTH 3 TEPMIYHUM OIMETAJIOM) — 11€
CTaJb, MOKPUTA 30BHI mapom mimi (puc. 3.11).
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Puc. 3.11 — 3o06pakeHHs Ta mpuKJIag O1MeTanvyHO1 IIJIACTHHH

MexaniuHa MilIHICTb OiMeTaty OlbIle, HIXK Mi/Jll, aJie eJIeKTpUYHa MPOBITHICTh
MeHIIe. 3aCTOCYBaHHA MiJl B 30BHIIIHbOMY IIapi 3a0e3mneuye OUIbLI BUCOKY
IPOBIHICTH OiMeTaTy IpU NEPEMIHHOMY CTPyMi 1 3aXUCT CTalU BiA Kopo3ii. Takuii
MPOBIJl 3aCTOCOBYIOTh JUISl JIIHIN 3B'SI3Ky, JIHIN eleKkTponepenadi, y MOTYKHHUX
MiJcuioBayax 1 T.I. [3 MPOBIAHMKOBOrO OIMETally BUTOTOBJISIOTHCS IIMHU JIJIs
PO3MOJIILHUX TPHUCTPOIB, KOHCTPYKTHUBHI €JIEMEHTH PYOWJIBHUKIB 1 PI3HI
CTPYMOIIPOBIIHI YACTHHU €JICKTPUYHUX arlaparis.

Po3paxyHok omopy 6imMeTaneBoro mpoBiHUKA (CTalb (C) — Migb (M)):

1 1,1 . R,R,
= — —_—; = =
1QM'l'C l{M 1QC Mre l:{M + l:{C
_ 4w, — Mpc,
Mo mdg-ap)’ ¢ mag’
4 d§+d5—d§ -
T \pe  pu

Hanpuknan, skmo qoBxkuHA MPOBIIHUKA [ =1M, JlaMeTpH BIAMOBIAHUX HOTO
cknanoBux dy=0,01M1id.= 0,005Mm, a muromi onopu mifi i crami py=0,017-10°Om-M,
pe = 0,098-10°0Om'M, TO Ry=2,728-10*0OmM, a R\,=2,886-10*Om, T0OTO oOmip
OimMeTany B JaHOMY BUIAJAKY Ha 6% HIDKYMA, HIXK CYLUIBHO MIJHOTO MIPOBITHUKA.

Ilnatuna — MeTan, M0 IPaKTUYHO HE pearye 3 KUCHEM 1 € JOCUTh CTIMKUM 10
xiMiuHMX peareHTiB. I[lnatnna mobpe MexaHIYHO OOpOONSAETHCS, BUTIATYETHCS B
Ty>Ke TOHKI HUTKH 1 CTpiukH (BigHOCHE BUAOBXKeHHS 30-35%). MexaHiuHa MILIHICTb
TakKa X, K y 30j0Ta (puc. 3.12).
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Puc. 3.12 — 3o00pakeHHsI IUIaTUHU

[InatuHy 3acTOCOBYIOTH AJIi BUTOTOBJIEHHS Tepmornap (puc. 3.13) Ha poboui
temriepatypu 10 1600° C (y mapi 3 TUIATHHOPOIIEM).

Puc. 3.13 — 3o6pakeHHs TepMonapu

Oco0anBo ToHKI HUTKH 3 IiaTUHH AiametpoM 0,001 MM BUKOPUCTOBYIOTH SISt
BUTOTOBJICHHS MiJIBICOK PYXJMBUX CHCTEM B CTPUIOYHHX 1 IHIIMX YYyTJIMBHX
npuiaaax.

Bracnigok Maoi TBepAOCTI TUTaTHHA P1AKO 3aCTOCOBYETHCS JIJIsl BATOTOBJICHHS
KOHTAKTIB Y YUCTOMY BHJIi, aJi¢ € OCHOBOIO Ps/ly KOHTAKTHUX CIuIaBiB. HailOuibI
MIOIIMPEHI CIUIABU IJIATHHH 3 ipuaieM. BOHM He OKHCIIOIOTHCS, MalOTh BHCOKY
TBEP/AICTh, MaJMil MEXaHIYHWUH 3HOC, JOMYCKalOTh BEJIHUKY YaCTOTy MEXaHIYHUX
KOHTaKTIB, OJHAK € JOPOTUMH 1 3aCTOCOBYIOTHCS TUTBKH JJIS BUTOTOBJICHHS
BIJIMOBITAJTbHUX TPUCTPOIB.

IMananpiii - 3a GararbMa BIIACTUBOCTSM OJIM3BKUN [0 IUIATUHU W Yy pAmIl
BUMAJIKIB CITYKHTh ii 3aMiHHUKOM. Mexka mittHocTi 200MI1a, BiHOCHE BUOBKEHHS
10 40%. Mae BHCOKY KOpPO3iiiHY CTIMKICTh: Ha NaJaAiil NMpu HOPMabHIN
TeMIepaTypi He Jii€ HaBiTh QTOP.
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[Tamanii BUKOPUCTOBYIOTH Y €JICKTPOBAKYYMHIN TEXHIIl JUIs TMOTJIMHAHHS
BOHIO. [Ipu KIMHATHI# TemIiepaTypi OJIMH OJMHUII 00’ €My Tajajis BOupae B cede
110 950 onuHMUIE 00’ €My BOJIHIO. [Tpu 11bOMY BiH PO3PUXITIOETHCS 1 PO3TPICKYETHCS.
[linBuimmena 3AaTHICTH A0 Ta30MOTJIMHAHHS XapaKTepHa [UIsi BCHOTO KJacy
MJIATUHOBUX METAJIIB.

[Tananiii 1 oro criaBu 31 CpiOIOM 1 MIJI0 3aCTOCOBYIOTHCSI SIK KOHTaKTHI
MaTrepialii.

3.2. MeTaJu i CIUIaBHM 3 BUCOKHM OIIOPOM

J1o MPOBIAHUKOBHUX MaTEPialiiB 3 BUCOKUM OTIOPOM YMOBHO BITHOCSITh METaNIN
1 CIUIaBU 3 MUTOMHUM €JIEKTPUYHUM 01opoM p=>0,3MKOM-M.

[Ipy BUKOpUCTAHHI MX CIUIABIB JUIS €JIEKTPOBUMIPIOBAIBLHUX MPUIIAJIB 1
3pa3KOBUX PE3UCTOPIB, KPIM BUCOKOTO TUTOMOT'O OIOPY P, MOTPIOHI TAKOX BUCOKA
cTabUIBHICTE pl |y Yaci, MaJIuil TeMrepaTypHUil KoeillieHT MUTOMOTO o1opy opl i
Majauil Koe(ilieHT TepMo-€.p.C. y mapi JaHoro cmiaBy 3 Migmioo. CruraBu s
eJIEKTPOHATPIBAIIbHUX €JIEMEHTIB MOBUHHI JOBFOCTPOKOBO IPAIIOBATH Ha MOBITP1
npu Bucokux temmeparypax (mo 1000 °C i HaBiTh Buie). Kpim toro, y 6aratbox
BUMAJKaxX MOTPiOHA TEXHOJOTTUYHICTh CIUJIaBIB — MOKJIMBICTh BUTOTOBJICHHS 3 HUX
THYYKOTO TIPOBOJIY, 1HO1 JOCUTh TOHKOTO, J1aMETPOM JI0 COTUX YaCTOK MUJIIMETpa.
baxxano, o6 cmiaBu, sIKI BUKOPUCTOBYIOTHCS JJIsi NPUJIAAiB, BUPOOJCHHUX Y
BEJIMKUX KUIBKOCTAX (PEOCTaTiB, EJIEKTPOIUIUTOK, EJIEKTPUYHUX YaHHUKIB,
NasILHUKIB TOMIO), OyJIM JIEMEBUMHU 1, 32 MOMJIMBICTIO HE MICTHIHM Je(IIUTHUX
KOMITOHEHTIB.

3.2.1. MeTajm BUCOKOIO OIIOPY

Turan — Mae BUCOKY MEXaHIYHY MIIHICTb, CIIBCTABHY 3 MIIHICTIO KpaIux
cTayied, 1 HaJI3BHYalHO BHCOKY B’SI3KICTh pyiHyBaHHA. [Ipu 1poMy UOIUIBHICTD
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TUTAHY Maike BJBIUl HMKYA, HDK HIUIBHICTH 3aiiza. KoposiiiHo crivikuii. Tomy
BUKOPHCTOBYETHCS JUIsI BATOTOBJICHHS! BIAMOBIJATBHHUX €JIEMEHTIB KOHCTPYKLIH.

Puc. 3.14 — 3o0paxeHHs TUTaHY

Jlumie Tpu TEXHIYHO BaXKJIMBUX Y CYy4aCHOMY CBITI METaJIM — aTIOMIHIN, 3a1130
1 MarHii — MOMIMpPEH1 B MPUPOA1 OUIbIIIE, HIXK TUTaH.

Cepen yuCTUX METaJiB TUTAH MAa€ HAMOUIBIIMKI €JIEKTPOOIIIp, TOCTYHAIOUHCh
autie pryTi. [lTutomuit omip Tutany y 28 pa3 OuUIbIINM, HIXK Y Mifi. JloMillIKu TUTaHY
CUJILHO 3HWKYIOTh TIPOBIJIHICTH allfOMiHII0. TUTaH € HEMAarHITHUM METaJIOM.

Hlupoke mpakTUYHE 3aCTOCYBAHHSA Ma€ CIOJyKa THTaHy 1 Oapito (THUTaHAT
Oapito BaTis) — onuH 3 HallBaXJIMBIIIUX CErHETOENEKTpUKiB. II’e30kpuctanu
TUTaHaTy Oapiro 3a OaraTbMa XapaKTEpPUCTHKAM IEPEBEPIIYIOTh  Taki
PO3IOBCIOJIKEHI T €30€JIEKTPUKH, SIK KBapIl 1 CETHETOBA CUIh I’ €30€JIeKTPUKHA —
MaTtepialid, Mpu MeXaHIYHOMY Je(opMyBaHHI SIKUX Ha iX MOBEPXHI YTBOPHOETHCA
eNeKTpuuHuid 3apsna) (puc. 3.15-3.16).

a 7]

Puc. 3.15 — EnemenrapHa koMipKka KpUCTaIIUYHOI CTPYKTYPH I1"€30€JIEKTPUKA
(a) 1 m'e30emeMeHT Ha OCHOBI KBapIty (0): 1 - kpuctai; 2 - eneKTpoau
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Puc. 3.16 — [lebopmariist ctucHeHHs (a) 1 po3TsaryBaHHs (0) mbe30eIeMeHTa
Y37I0BK €JIEKTPUYHOI OCi

PryTh — MeTan (puc. 3.17), 1110 3HaXOUTHCS B PIIKOMY CTaHi P HOPMaIbHIN
TeMIeparypi i HepeTBOPIOETHCA y TBEP/E Tilo MpU oXonomkeHHi 10 —38,9°C. Ti
n00yBalOTh 13 CIPpUMCTOrO 3'€IHAHHS YEPBOHOI KiHOBapi. PTyTh nerko
BUIMAPOBYETHCS 1 Ma€ 3HAYHUHN THUCK Tapu IIPU KiMHATHIN Temnepatypi. [lapu pryTi
OTPYTHI.

%" i A

Puc. 3.17 — 3o0paxeHHs! TATaHY

[Turomuit eNeKTpUYHUI OMip PTYTI € HAHOUIBIINM 3 BIIOMUX METaIB (IUB. TaOJI.
2.1) 1 mepeBuilye omip miml maibke y 60 pasiB. Ptyteh — meprmii 3 BIAKpHUTHX
HaanpoBiaHuKiB. Y 1911 p. rommanacekuii yuenumit [eiike Kamepninr-Onsec,
JOCTIJIKYIOUH €JIeKTPONPOBIIHICTh PTYTI, TOMITHB, IO MPH JAOCATHEHH] TEMIIepaTypu
4,12°K omip pTyTi NpakKTUYHO 3HUKAE. Tak OyJ0 BIAKPUTE SIBUILIEC HAIITPOBITHOCTI.
PTyTh XIMIYHO CTIMKMI MeTaja: BOHAa OKHCIIIOETHCS Ha TOBITPl JIUIIE TPHU
TeMIiepaTypax, OJu3bKUX A0 TeMiepaTypu ii kuminHg (357°C), 1 cnabko B3aeMojie
3 BOJHEM, OKHCOM BYIJIEIIO M a30TOM.
JlyxHi, JTy>KHO-3eMEJIbHI METaji, MarHiii, aJrfoMiHil, IMHK, OJIOBO, CBHHEIIb,
KaJIMiii, TJ1aTHHA, 30J10TO 1 CPi0JI0 PO3UUHSIOTHCS Y PTYTI, YTBOPIOIOYH TBEP/Ii a00 pizKi
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PO3UMHU — aMajbraMM (CruiaBm). J{eski 3 HUX, HapUKJIIa1 aMmalibraMu cpibiia 1 Kaamito,
XIMIYHO 1HEPTHI 1 TBEP/I [IPU TEMIIEPATypi JIFOJICHKOTO TiJIa, aJI€ JIETKO PO3M 'SIKIITYFOTHCS
NpU HarpiBaHHi. AManbramy Tajulis, 110 3aTBepaiBae juie npu — 60°C, 3acTOCOBYIOTh
B CIICIIIAJTBHUX KOHCTPYKIIISIX HIU3BKOTEMITEPATYPHUX TEPMOMETPIB.

PTyTh 3aCTOCOBYIOTH SIK PIIKUI KaTOM y MPOMHCIOBUX PTYTHUX BUTIPSIMIITYAX
eIIEKTPUIHOTO CTpyMy. JloTenep iX BUKOPUCTOBYIOTh Y 6araThOX eIeKTPOXiMITHIX
BUPOOHUIITBAX 1 HA TPAHCHOPTi 3 €NEKTPUYHOIO TATOI, XO0Ya OCTaHHIM YacoM iX
BUTICHSIFOTB O1IbIIT €EKOHOMIYHI 1 HEIIKI/IJIMB1 HAMliBIPOBITHUKOB1 BUTIPSMIISIYI.

Bunume cBiTIHHS mapiB pTyTi BUKOPUCTOBYIOTh B KOHCTPYKIISAX MOTY>KHUX
JaMIl OCBITJIEHHS, y JaMmmax JSHHOTO CBiTia (JaMIu JEHHOTO CBITIA — II€
ra3opo3psiiHi TPyOKH, y SKHX 3HaXOISATHCS IHEPTHI ra3u 1 mapu pryTi). PTyTh
BUKOPHUCTOBYIOTh TAaKOXX JJIi BUTOTOBJICHHS PTYTHUX KOHTAaKTiB y pelie, PTYTHHUX
€JICKTPOIB MPH BUMIPIOBaHH1 €JIEKTPUYHHUX BJIACTUBOCTEN TBEPJUX J1E€JIEKTPUKIB.

3.2.2. CiuiaBM BUCOKOT'0 OTIOPY

CmiiaBH  BHCOKOIO  ONOpPY  3aCTOCOBYIOTHCSI ~MpPH  BUTOTOBJICHHI
CIEKTPOBUMIPIOBAIBHUX  TPUJIaMAiB,  3pa3KOBUX  ONOpPIB,  peocTaTiB 1
eJIEKTpOHArpiBaJbHUX MpUIaAiB. B yciX mux Bumajakax Bij MIPOBITHHUKA TMOTPIOHO
MOJIMBO O1IBIITNN TUTOMUM OIIIP.

JInst  cIutaBiB  BHCOKOTO  OMOPY IHpH  IXHBOMY  BHUKOPHUCTaHHI B
eJIEKTPOBUMIPIOBAIFHUX MPUJIaax 1 3pa3KOBUX ONOpax BaXKIIMBa TaKOX ciadka
3aJIeKHICTh MUTOMOTO OIOPY BiJ TEMIEPATypH 1 Majla TEPMO-3.p.C. BIIHOCHO Mii.
CrnaBu Ui €EeKTPOHArpiBaJIbHUX NPUJIaAiB MOBUHHI OyTH JOBTOBIYHHUMH MU
poGoTi Ha moBiTpi mpu Temmeparypax nopsanky 1000°C, TeXHOJOTIYHMMH MpH
BUTOTOBJICHHI 3 HUX TOHKOTO MPOBOJY 1 BIIHOCHO HEAOPOTUMH.

Hait61y1p111 mommMpeHMHU € BUCOKOOMHI CIJIABH HA MiHiA OCHOBI (MaHTaHIH
1 KOHCTAaHTaH), a TAaKOX Ha XPOMO-HikejieBiii 1 3aJ1i30-XpOMOBili OCHOBI 3
OJaBaHHAM aJIFOMIHIO.

Mamnranin — criaB Ha ocHoB1 Mijii (Cu — 86%; Mn — 12%; Ni—2%). [Tutomuit
omp y 25 pasiB Buile, HDX Yy MiAl. Binpi3HseTbcs XapakTepHHM >KOBTYBATUM
BiATIHKOM. J[0Ope BUTATYeThCs B TOHKHM mpoBig aiamerpom a0 0,02 mm. Mae
BHUCOKY TEPMIUHY CTAOUTBHICTH 1 HE3HAYHY TEPMO-€.p.C. B TIapi 3 Mijaro (tadm. 3.2).

Haitbinpma gomyctuma poboua Temmepatypa s cmiaBy — 200°C.
BUKOPHUCTOBYEThCA y €IEKTPOBUMIPIOBATBHUX MPHIAAAX 1 Ui BUTOTOBIICHHS
3pa3KoBUX PE3UCTOPIB.

KoncranTan — crutaB Mifi 1 Hikemto (Cu — 55%; Ni — 45%). I[lutomuii omnip y
28 pasiB Bullle, HIX Y Mifl, 1 IPAKTUYHO HE 3aJICKUTH Bl TeMieparypu (tadm. 3.2).
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ToMy KOHCTaHTaH 3aCTOCOBYIOTh /IS BHUTOTOBJICHHS  PEOCTaTiB i
eJIEKTpOHArpiBalIbHUX eJeMeHTiB. PoOoua temmepatypa cruaBy no 450°C (mpu
HarpiBaHH1 A0 OUIBII BUCOKMX TEMIIEPATYP OKUCITIOETHCS).

KoHctantan y mapi 3 migaro abo 3ai30M 3yMOBIIOE BUHUKHEHHS 3HAYHOI
TEpMOENEKTpopyIniiHy  cuimy. Lle € npu  BUKOPHUCTAHHI

KOHCTAHTAHOBHUX Pe3MCTOPIB Y BUMIPIOBAIBHUX CXEMaX, OCKUIBKU 32 PaxyHOK

HETOJI1KOM

PI3HULII TEMIIEPATYP Y MICIIX KOHTAKTYy KOHCTAHTAHOBUX MPOBITHUKIB 3 MITHUMH
BUHUKAIOTh HEOa)KaHl TEPMOENEKTpOpYIIiHI cuid. KOHCTaHTaH 3acTOCOBYIOTH
TaKOX JJII BUTOTOBJICHHSI T€pMOTIAp, MPU3HAYCHUX JIJII BUMIPIOBAHHS HEBUCOKHUX
TeMIiepaTyp (IeKUTbKa COT TPaaycCiB), a TAKOXK TE€H30PE3UCTOPIB (MMPUCTPOIB IS
BUMIPIOBaHHS fedopmartiii).

Ciii1aBu Ha OCHOBI 3aJTi3a-HiKeJIsI-XpPOMa — BUKOPUCTOBYIOTHCA MEPEBAXKHO
JUIsl BUTOTOBJIEHHS €JICKTPOHArpiBajlbHUX MNPUCTPOIB. Bucoka HarpiBOCTIMKICTb
TaKuX CIUIaBiB 3yMOBJIEHA JIOJIaBaHHSAM HIKEJs, XpoMa 1 ajifoMiHito. YuM Ounbina
JyacTKa 3aj1i3a y CIJIaBl, TUI MEHII HAarpiBOCTIMKUM € CIJIaB.

Tabmums 3.2. — ®i3u9gHI BIACTUBOCTI METAIIB 1 CTUIaBIB BUCOKOTO OTIOPY

TemnepatypHuit Koedoimient
Mera, cas [Turomuii omip, KoedirmieHT TepMoe..p.c..an/I
MKOM-M €JIEKTPOOIIOPY, KOHTAKTi 3 MiJIo,

K! MkB/K
Manrasin 0,42-0,48 (5-30)-10¢ 1-2
KoncranTan 0,48-0,52 —(5-25)-10¢ 45-55
Turan 0,480 33-10* -
PTyTh 0,958 9-10* -
Hixpom 1,0-1,1 (100-200)-10° -
deppoHixpoM 1,1-1,2 (100-200)-10° -
Dexpars 1,2-135 (100-120)-10° i
Xpomaib 1,3-1,5 65-10° -

3asizo-xpomo-HikeJieBi cruiasu (pepponixpom: Ni— 60%; Cr — 18%; Fe —20,5%;
Mn — 1,5%; nixpom: Ni— 75%; Cr — 21%; Fe — 3,5%; Mn — 1,5%). [Tutomuii omip y 60
pasiB BUIlIe, HDK y Mifi. Y aianaszoni remmeparyp Bif 0 1o 1000°C muromuit orip Hixpoma
30UTBIIY€ThCst He Obie HbK Ha 10% (puc. 3.18). BUKOpHCTOBYIOTHCS [1J151 BATOTOBJICHHSI
HarpiBAILHUX €JIEMEHTIB, eJICKTPUIHNX TIeUeH, TUTMTOK, MAsUTHHUKIB 1 T.J. 3 IIMX CIUIABIB
BUTOTOBJISIIOTH MPOBi AiameTpoM Bif 0,02 MM 1 posery ToBumHO0 0,1 MM.
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Puc. 3.18 — TemniepatypHi 3aJIe:KHOCTI TUTOMOTO OIOPY

nast: 1 — umcroro 3amisza; 2 — crutaBy Fe™%Si; 3 — crunasy
Fe+Ni+Cr

MaroTh BHCOKY KapOCTIMKICTh. [lprumHa CTIMKOCTI 3aJ1130-XpPOMO-HIKEIEBHX
CILIAaBIB MPH BUCOKIM TeMMepaTypi Ha MOBITPI €, MO-TEpIIE, HEIETIOYICTh OKHUCIIB, MO
apyre, OJM3bKi 3HAYEHHS TEMIIEPATYPHUX KOSPILIEHTIB JIHIMHOTO PO3MIMPEHHS CILIABY
1 AOr0 OKCHIHOI IUTIBKU. TOMY OCTaHHI He PO3TPICKYIOTHCS i He BiICKaKyIOTh Bil
NMpPoBOAYy NPHU NoOCTiliHii Temneparypi. OqHak HpH PI3KUX 3MiHAX TeMIEpaTypH
BHACJIIJIOK HEBEJIMKO1 BIIMIHHOCTI TEMIIEpaTypHUX KOE(]IIIEHTIB PO3IIUPEHHS CILIaBY
W OKUCHIB XpOMY 1 HIKENIO0 BiAOYBA€ThCS PO3TPICKYBaHHsS Iapy oOKuciy. Ilpu
HACTYITHOMY HarpiBaHH1 KUCEHb MPOHUKAE B TPIIMHU 1 OKUCITIOE OUTBII TITMOOKI IIapH
crwaBy. Tomy mipu OGaratopa3oBoMy BMHUKAaHHIBUMHUKAHHI €JIEKTPOHArPiBATBHOTO
eJIeMEHTa 3 HIXpOMY BiH Ieperopse IMIBU/IIE, HUK y BHIAAKY O€3MEpEepBHOTO PEKUMY
HarpiBaHHs (TepMiH CiTyk0u BipizHsAeThCs B 20-30 pasib).

30UIbIIEHHS TEPMIHY CIY>KOM HarpiBajJlbHUX €JEMEHTIB JOCATAEThCS
3aKJIaJIEeHHsIM CIipajiel y i1HepTHE CEepeAOBUINE THUITy TJIMHHU-IIAMOTY abo B
repMeTuyH1 TpyOKH (T€HH), 110 3aXHUIIAE iX Bl MEXaHIYHUX BIUIMBIB 1 B1Jl JOCTYIY
KHCHIO.

3aiizo-xpomo-amominieBi cmiaBu  (pexpanb: 12-15%Cr;  3,5-5,5%Al; Fe;
xpomaiib: 23-27%Cr; 4,5-6,5%Al; Fe). [Turomuii omtip y 70 pasis Butiie, HiX y Mizi. Boru
€ OUTBII JIMICBUMH CIUIaBaMH, 3aCTOCOBYIOTHCS ISl TIOTY>KHUX EIIEKTPOHArPiBAILHUX
NPHUCTPOIB 1 MPOMUCIOBUX Teyel. Y TMOpIBHSHHI 3 XPOMOHIKENICBUMH CIUIABAMH Il
CIUIaBU OUTBIN TBEP/l 1 KPUXKI, BATOTOBJICHHS 3 HUX MPOBOJIIB 1 CTPIYOK YTPYTHEHE.

Po3paxyHOK MOTY:KHOCTI HArpiBajJbHOr0 NPWJIAAy NPU MNOCTIHOMY i
nepeMiHHOMY CTPYMOBI:

[Tocriitanii crpym: W= U-I = U*R.

[Tepeminnuii crpym: W = U-I-cos¢ (¢ — 3cyB ¢a3 Mk HAPYroro 1 CTPyMOM;
COS( — KOe(ILi€HT MOTYKHOCTI).
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- U L4l :
VY Bunazaky noctiitHoro ctpymy: R = T R=p i T[—Dpz (D — miameTp npoBoxy).

Toxmi nomxuHa mNpoOBiAHMKA, Ha SKOoMy Oyzae Buainarucs eneprii W Oyxe
00UYHCITIOBATHUCH 32 (POPMYJIOIO
niD?U?

= 4p—W

Hanpuknan, skmo W = 1000 Br, U = 220 B, D = 0,5 MM J0OBXHHA MiJTHOTO
npoBigHuka 1,=559,0 M, a ToBKMHA MPOBIAHUKA 3 HIXpomy ;= 8-9 M. [Tpu D = 0,1 mm
JIOBYKMHA M1THOTO TIPOBITHUKA 3MEHIITY€E€ThCS 110 [y = 25,4 M.

Po3paxyHok BTpaT eHeprii npu nepenadi mocTiifHOro CTpyMy Ha BeJIMKI
BijcTaHi.

]

AmroMiHieBUH (a) BUTHI MPOBIJ 3 N KW HA CTAICBOMY Ocep/i (S):

1 1 s 1 n R,R
= —at— > - ¢ ° .
R.:+s R, Ry’ S T nRg+R,’
41 (nd?2 a2\
Rats = _< 2 + _S> .
T\ Pa Ps

Hampuknan, skmo [ = 100 km = 10° m, n = 8, d,=0,003 M, d=0,005 M,
p.=0,028-10° Om-Mm, ps=0,098-10¢ Om-M, U=120 kB, To W=3,2-108 Br. IIpu U=500
kB, W=5,5-10° Br=5500 MBT.

3anuTaHHA 1S caMoNlepeBipKu:

1. Ha3BiTb OCHOBHI MeTalud HHU3BKOI MPOBIAHOCTI 1 iX XapakTepHi
0COOJIMBOCTI.

2. lllo Take amanbram# i ¢ BUHU BUKOPUCTOBYIOTHCS?

3. BnacTuBoOCTI Ta 3aCTOCYBaHHS CIUIaBiB BUCOKOT'O TUTOMOTO OIOpY.

4. Yomy B €IEKTPOBHMIPIOBAIBHUX TMpHIAgaXx 1 3pa3KOBUX OMOpax
HEOOX1THUWHU3BKUI TeMIlepaTypHHUM KOe(ili€eHT MUTOMOTO OMOpPY 1 Majia TepMO-
3.p.C. BITHOCHO MiIi?

5. Ha3BiTh MeTanu 3 HaWBUIIOIO MPOBIAHICTIO.

6. SIK JOMIIIKY BIUTMBAIOTHh HA MUTOMUUN OTIP MiJli 1 aTFOMIHIIO?

7. 1o Take GiMeTas 1 Ie BiIH BUKOPUCTOBYETHCS ?

8. B sikux BUMagKax B €JIEKTPOTEXHIIl 3aCTOCOBYIOTh Cpi0i0?

9. Ha3BiTh OCHOBHI I€pEBaru i 3aCTOCyBaHHS 30J10Ta, IUIATHHY 1 TTaJUIais.

10. Jlaiite oO3HayeHHS  TEMIEPATypHOTO  Koe(illleHTa MUTOMOIO
EJIEKTPUYHOTO OTIOPY.

11. Ha3BiTh NpOBIAHMKOBI Martepiaiu, SKi BIAHOCITH JO IPOBIIHUKIB
BHCOKOTO OTOpY.
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12. Hapenite dopmyny, 3a KO MOXXHa BH3HAUUTHU OIIpP MPOBITHUKIB
JTOBKHUHOIO | Ta 1Tomiero momnepevHoro nepepisy S.

13. Sk 3a71€KUTh MUTOMHI OMIp METAJIEBUX MIPOBITHUKIB B1Jl TEMIIEpaTypH Ta
JTOMIIIIOK?

14. Ha3BiTh IPOBITHUKOBI MaTEpiaJIk Ta €JIEMEHTH U MPUCTPOT €ICKTPUUHUX
K11, JI7I1 BUTOTOBJICHHS SIKUX BUKOPUCTOBYIOTH JIaH1 MaTepiajiu.

TEMA 4. ITPOBITHUKOBI MATEPIAJIA CIIEINNAJIBHOI'O
HNPU3HAYEHHA

Merta: o3HaiioMuTH 3100yBauiB BHINOI OCBITM 13 MPOBIIHUKOBUMHU
MaTepiaJiaMy CIIEeLialbHOTO TPHU3HAYEHHS, iX XapaKTepUCTUKaMH, OO0JACTsIMU
3aCTOCYBaHHSI Ta OCOOIMBOCTSIMHU BUOODPY /JIsi KOHKPETHUX TEXHIYHUX 3aBJaHb.

[Tman nexiui
1. CrinaBu creniaibHOTO MPU3HAYEHHS;
2. CnnaBu 1Jig TepMorap;
3. EnextpoTexHiuHe ByTiLIs.

Xia MpoBeICHHS JICKIIHHOTO 3aHATTS
I. Oprasnizaiiis Tpymnu;
II. MoTuBaIis HaB4YaIbHOI TisTIbHOCTI. OroJIOMIEHHST TEMH W METH,
I11. Buknagensst Ta 0OTOBOPEHHSI HOBOTO MaTepialy;
IV. OrosnomieHHs 3aBaHHs HAa CAMOCTIITHE ONPAIIOBaHHS Ta MIATOTOBKY.

4.1. CruiiaBM cnieniaibHOTO0 NPU3HAYCHHS
Boabdpam — Baxkkuii MeTasl Ciporo KoJbOpy, BMICT SIKOTO B 3€MHIN Kopi
omiHoeTbes B 0,0055%. Texniuno uuctuit Bosb(ppam mnaButbes mnpu 3410°C, a

kunuth 1pu 6690°C. Mae Bucoky tBepaicTb. LLlinbHicTs y 1,7 pa3u Oinblie, HIXK Y

CBHUHIIIO.
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Puc. 4.1 — 306paxkeHHs Boabppamy

CwibHO OKMCIIIOETHCA (H0Ope pearye 3 KUCHEM MpH HarpiBaHHi 1 0COOJIMBO
JIETKO — y MPUCYTHOCTI NapiB BOJM), TOMY BUKOPUCTOBYETHCS JIMIIIE B TJIMOOKOMY
BakyyMmi a00 B aTMocdepi iHepTHOro ra3y (a30T, aproH 1 T.I1.).

Bonsdpam 3acTOCOBYIOTH TaKOX I BUTOTOBJICHHS KOHTAKTIB U€pe3 Malluid
MEXaHIYHUH 3HOC BHACIIOK HOTO BUCOKOI TBepaocTi. [IceBaocmnasu Boashpamy 3
MIJIJTIO 1 CP10JIOM — UyIOBHI MaTepia JJisl BATOTOBIICHHS PyOMIHLHUKIB 1 BUMUKAYIB
CJIEKTPUYHOIO CTPYMY BHCOKOI HANpyTH: BOHU CIyXaTh Yy IIICTh pa3iB JIOBIIE
3BUYAHUX  MIJIHUX KOHTAaKTiB (I OTPUMAHHA LbOTO  ICEBJIOCIUIABY
BOJIb(D)paMOBUN TOPOIIOK NPECYIOTh 1 CIIKalOTh, & OTPUMAHy TaKHUM IUISIXOM
MOPHUCTY 3ar0TOBKY IMPOCOUYYIOTh PIAKUM PO3IIABOM Miji 1 cpibia).

Bonbppam € omHumM 3 HaWBaXIMBIIIMX MaTepiaiiB eJIeKTPOBAKYYMHOI
TEXHIKH, BUKOPUCTOBYETHCS [IJI1 BHUTOTOBJICHHS HHUTOK JIaMIl HaKaJIIOBaHHS
(3anponioHoBaHa Jlogurinum y 1872 porii; Bnockonanena Exiconom y 1879 porii).
HeszaminHicTh BoJibpaMy JUIsi BUTOTOBJICHHS €JIEKTPOJIAMIIOUOK PO3KapHOBAHHS
3yMOBJICHE HE€ TIJIbKM HOTO TYrOIUIaBKICTIO, aji€ 1 IUIACTHUYHICTIO. 3 OJIHOTO
KiJIorpaMa BOJib()paMy BUTATAETHCS JAPIT JTOBXKUHOIO 3,5 KM, a I[bOTO JOCHUTh JJIsi
BUTOTOBJICHHS] HUTOK HakantoBaHHs 23 Tuc. 60-BaTHUX JaMIIOYOK.

CruiaB Bostb(pamy, HIKETIO 1 Mifli (BaKKUI METal) CIIYXKUTh JIJIsl BATOTOBJICHHS
KOHTEHHEPIB, y AKUX 30epiraloTh panioakTHBHi pedosunH (puc. 4.2). Moro 3axucna
nist Ha 40% BuIIE, HK y CBUHITIO.
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Puc. 4.2 — 306paxeHHst KOHTEHHEPIB 7151 30epiraHs pagioaKTUBHI pEYOBUHU

MouiGen — 3a 30BHINIHIM BUTJISIO0M, @ TaKOX 3a TEXHOJOTIEID OOpOOKH
Onmu3bkuil 10 Bonbdpamy. [Ipu HarpiBanHi YMCTUN MOJIOACH MMOYMHAE pearyBaTH 3
KHUCHEM (OKHUCIIOEThCS: mpu Temreparypi 0im3bko 500°C mepeTBOprOEThCS Ha
OKHCEJ LIJIKOM), TOMY PO3KaproBaHi JieTanl 3 MOiO/ieHy MOBUHHI MPaIOBATH Y
BaKyyMi.

Puc. 4.3 — Momnibuen

MonibneH 3acCTOCOBY€EThCS K MaTepiall Uil €NeKTPUYHUX KOHTAakTiB (pHC.
4.4).

Puc. 4.4 — enekTpu4Hi1 KOHTAKTOPHU 3 MOJIIOJICHY
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Skio BmastTv BOJIb(PAMOBY HUTKY B CKJISSHHM CTEP>KEHb B IIEHTP1 JTaMIIOUYKH,
TO BiH He3a0apoM TpICHE uepe3 TEIJIOBE PO3IIMPEHHS HUTKU. ToMy BOJIb(GpaMoBi
HUTKH HaKaJTFOBAHHS IiJIBIIIYIOTh HA MOJIIOJIEHOBUX rayKax, BIAsSHUX Y CKJI0, TOMY
10 Y MOJII0A€HY Mi3epHO MaJIuii KOe(IIEHT TEIIOBOTO PO3IIUPEHHS.

MonibeH 3acTOCOBYIOTh Y €JIEKTPOBAKYYMHIA TEXHIIl, aje IpH MEHII
BHUCOKHX TeMIIEpaTypax, HiK Boibdpam. /[0 BakyyMHUX MPHUIAIiB €ICKTPUIHHIA
CTPYM MIABOAUTHLCS Yepe3 MOIIOACHOBI IPYTKH, BIIasiHI B CHEIIaJIbHE CKJIO, III0 Ma€
OJTHAKOBUHN 3 MOJIOACHOM KOEQIMIEHT TEIJIOBOTO PO3MIMPEHHS (MOJII0ICHOBE
ckJ10). Momni61eHOBU PIT MOXKE CIIY>KHUTH OOMOTKOIO B BUCOKOTEMITEpaTYpPHUX (710
2200°C) iHayKIiMHUX TTeYax, aje He B OKUCHOMY CEPEIOBHIIIL.

MonibaeH 1o0pe MpOKaTyeThbCsl B TOHKI JUCTH TOBIIMHOW 0,1...0,2 MM, sKi
3/1aTHI BATPUMATHU CWJIbHE HarpiBaHHs. ToMy BiH BUSIBUBCS TApHUM MaTepiajioM JJIsl
aHoMAIB pajionami. MomiOeHOM KOPUCTYIOThCS TaKOXK JJI OYHIIEHHS JOPOTHX
(3a3BUUal 1€ aproH 1 HEOH) Ta31B BiJl IOMIIIOK KUCHIO. [[71s1 11bOoro apron adbo HeoH
nporyckaroTs Haa Harpitoro g0 600...900°C MomibaeHOBOI0 MOBEPXHEI0, fKa 1
MOTJINHAE KUCCHb.

Benukuii BIIIMB Ha MIBUIKICTH OKUCITIOBAHHS METAJIB CIpPABIISE 3MaTHICTh
OKHCITY JIO JIETIOUOCTI.

JleTounii oKuMces BUIMAPOBYETHCS 3 TOBEPXHI METaTy, HE 3aXHUINAI0YN METal
B1JI MOJAJIBIIOTO OKUCtOBaHHSI. OKUCIM BOJb(Ppamy 1 MOJIOJAEHY JIETHOUl, TOMY
BOHHM HE MOXKYTh JIOBI'H Yac MPAaIfOBaTH B IPUCYTHOCTI KUCHIO.

Heneriouunii okmces1 yTBOpIOE CTIMKMIA IIap Ha MOBEPXHI METaly, SKUN
3axuIIa€e HOoro Bij] MOAAIBIIOT KOpO31i (HalIpUKIaa, OKHCEN aJloMiHII0 a00 HIXPOMY,
puc. 4.5).

Puc. 4.5 — Okucen airoMiHIFO

Hikeas — cpibmsicro-0inuit Metan (puc. 4.6), Jerko MiJAaeTbCsl BCIM BUAAM
MEXaHIYHOi OOpOOKHM: KyBaHHIO, MPECYBaHHIO, MPOKATIl, IITaMIIyBaHHIO,
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BOJIOYIHHIO 1 T.NM. 3 HIKEJIO MOXYTh OyTH BHUIOTOBJICHI PI3HI 3a poO3MipaMu 1
CKIaAHOCTI KoHirypamii BupoOu. KapocTiiikuii, XIMIYHO TACHBHHM mpu
HarpiBaHHI, CTIMKHI 1O OKHUCIIEHHS, TOMY 4YacTO BHKOPHUCTOBYETHCS B SIKOCTI
AHTUKOPO31MHUX (B TOMY YHCJII 1 I€KOPATUBHUX) 3aXUCHUX TTOKPUTH.

Puc. 4.6 — Hikenp

[Iupoko 3aCTOCOBYETHCA Yy  ENEKTPOBAKYYMHINM  TexHimi. 3  HBOTO
BUTOTOBJISIFOTH MPOBIAHUKOBI TPUMal, CITKU, aHOJU, €KPaHU 1 pAJl IHIINUX JIETaICH.
TyT Ba)JIMBO, 1110 TAPU HIKETIO HE BIUTMBAIOTh HA TTTMOOKHIA BaKyyM JIAMITH.

[lin fi€r0  30BHIIIHBOTO MArHITHOTO TOJISI  HIKEJIb  J1€(OPMYETHCS
(ckopouyeThes). Le siBute 0ysio Ha3BaHO MarHiToCTpuUKIi€ko (puc. 4.7).

MarHeTocTpyKIlisi - SBUINE, SKE IOJISITa€ B TOMY, IO NMPU 3MiHI CTaHy
HaMarHiuyeHoCTi TUIa HOro 00’ €M 1 JIiHIHHI po3MipH 3MiHIOIOThCS. Hanpukiiaz, 3mMina
dopmu abo po3MmipiB  TIT (3 HIKEIIO, JIETOBAHOTO  3allI30HIKEIIEBOTO,
3aJ1130K00aTTOBOTO 200 3aTi30aTIOMIHIEBOTO CIUIABY, HIKEIEBOTO (DEPUTY TOIIO)
MIpY HaMarHivyyBaHHI i po3MarHidyyBaHHi X, 1110 BUKJIMKaHA 3MIHOIO B3a€MO3B'SI3KIB
MDK aTOMaMH B KpUCTIIYHIMN IpaTIli.

MetanidHa l 1T’ es0eneKTpHIHHHA
IIaCTHHA eneMeHT

H“‘”“\-a-- = o e

r

L]

CTHCKaHHY, MO0 IPHIBOIATE I0
BHPODIeHHY eleKTPHKH

i

Puc. 4.7 — 300paxeHHs sIBUILIa MarHITOCKPUOLIis
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Tomy cTepxeHb 3 HIKEIII0 B IEpEMIHHOMY MarHiTHOMY MOJII BUCOKOi YaCTOTH
CTa€ JHKEPENIOM YIbTPa3ByKy. Jly’ke Ba)JIMBUM B €JIEKTPOTEXHIIl € MarHITHUN
cruiaB 3aii3a 1 Hikemo — nepmaiioit (FeNis). Cepaeunuku 3 nepMasuioro € B Oyab-
SIKOMY Tele)OHHOMY arapari, a TOHKI epMaJUIONHI TTIBKM — TOJIOBHUHN €JIEMEHT
3armaM'sTOBYIOYHX MPUCTPOIiB OOUNCITIOBATHPHIX MAIIIVH.

OKHMCHOHIKENEBl €JEKTPOJU BUKOPUCTOBYIOTh MPU BUTOTOBJICHHI JY>KHUX
aKyMYJIATOPIB, OCKUIBKU €JIEKTPOJIM Ha OCHOBI OKHCJIIB HIKEJI0 MalOTh BEJIMKUM
MO3UTUBHUM 3apsiji, CTIMKU B €JIEKTPOJITI, J00pe OOpoOJSIOTHCS, MOPIBHIHO
HEJOPOTi 1 IOBTO CITy>KaThb.

CrnaBu HIKeNTO, 30KkpeMa HiXpoM i ¢eppoHIXpoM, 3aCTOCOBYIOTH s
BUTOTOBJICHHS HarpiBaJbHUX €JIEMEHTIB (IUB. puC. 4.8).

A

Puc. 4.8 — 300paxeHHs HarpiBaJIbHUX €JIEMEHTIB

CBuHenb — METaJl CipyBaTOTO KOJbOPY, L0 JAa€ Ha CBIKOMY 3pi3i CHIILHUI
MeTaJIeBUi OJIUCK, ajie MOTIM IO IIBUJIKO TbMSIHIE BHACHIIJOK MOBEPXHEBOIO
OKUCIIIOBaHHS. M'sSIKul, TutacTUYHUH (BITHOCHE BUJIOBXKEHHS 55%) 1 JIETKOIJIABKUM
Mmetan (Temneparypa raieHHs 327°C). Mae BUCOKMN NMUTOMUNA €JIEKTPUYHUN
omip (y 12 pa3iB Bummii, HiXk y Mifi) 1 mineHICTh (Y 1,3 pasiB Ouiblie, HIX y Mifl).

Puc. 4.9 — 300pakeHHsT CBUHITIO
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CBuHelb OyB OJIHUM 3 MIEPIINX METAJIIB, IEPEBEACHUX Y CTaH HAAPOBIAHOCTI.
31 cBuHIIO Oyiia 3poOiieHa 0OMOTKa MEPIIOoTr0 HAAMPOBITHOTO TpaHcopMarTopa,
nobyaoBanoro y 1961 p.

[lepeBaroto CBUHIIIO € HOTO BUCOKAa aHTUKOPO31iiHA 3AaTHICTh, BIH CTIHKUN 70
Jii BOAM, CIpYaHOi 1 COJISTHOT KMCJIOT (Ha XO0JIOM1) 1 psAy 1HIIUX peareHTiB (Tomy
IIUPOKO BUKOPHUCTOBYETHCS Yy CIPpYAHOKHUCIINA TpomuciaoBocTi). OaHaK a3o0THa,
MypalrHa 1 OlTOBa KMCJIOTH, OPTaHIYH1 PEYOBHUHHU, 1[0 THUIOTh, BAITHO 1 JISSIKI 1HIII
3'€JTHaHHS KOTO PYUHYIOTh.

CBuUHEIL IHTEHCHUBHO TOTJIMHAE DPANiOAKTHBHE BHUIIPOMiHIOBaHHS, 15 — 20
CAaHTUMETPOBOTO IIAPY CBHHIKO JOCHUTh, MO0 3aXUCTUTH JIIOAEH Bix i
PEHTI€HIBCHKOTO BUMPOMiHIOBaHHS. CBHHEIH 1 HOTO CTUIaBH Y BEIMKUX KITBKOCTSIX
3aCTOCOBYIOTH SIK 00OJIOHKH, 1110 3aXHUINAIOTh 130JIA11110 KaOeJIiB BiJl MPOHUKHEHHS B
Hel Bojioru (OCTaHHIM YacoM CBHMHIIEBA 000JOHKA 3aMIHIOETHCSI OUIBII JACIIEBOIO 3
MOTIBIHUIXJIOPUIHOTO IIacTUKaTy). barato cBuHIIO Hjae 1 Ha BUTOTOBJIEHHS
JIETKOIUJIABKUX CIUIaBIB (3 BICMYyTOM, OJIOBOM 1 KaaMIi€M) JJis €JIEKTPUYHHUX
3amO0DKHUKIB, @ TaKOX IUTACTMH CBUHIICBUX aKyMYJATOPIB (CIIaB CBUHIIO 3
BICMYTOM) 1 T.1I.

VY rajapBaHOTEXHIII XPOMOBI BaHHM 3 TapsuUM EJIEKTPOJIITOM 3CEepearHU
00JM1IbOBYI0TH CBUHIIEM. Okxucen cBuHItO (PbO) € ogHuM 3 Kpalmx CMKaTHBIB
(TIpuCKOpIOBaYiB BUCUXAHHS Macell).

CBuHenb 1 Horo 3'enHaHHs OTpyHHI. HeoOXximHO 3amobiraTu momagaHHIO
CBHUHIIIO B OPTaHi3M JIIOJIUHHU.

OJ10B0 — 0MH 3 METAaJIiB, BI/IOMUX JIFOJIMHI 1€ 3 JJOICTOpUYHUX yaciB. OI0BO
1 Migp OyJu BIOKPHUTI paHIlll 3aji3a, a ix CcIulaB, OpoH3a, — HAWNepIIuil CruiaB,
BUTOTOBJICHUH IO uHOI0. CpibaucTo-011nid MeTal, 110 Ma€ BUPAKEHY KPUCTAIIIYHY
cTpykTypy. [lpu 3ruHaHH1 NaJWYKW OJOBAa YYTHUW TPICK, BUKIMKAHUNA TEPTAM
KkpuctaiiB. OnoBo — M'IKUH, TATYYUN MeTal, 10 A03BOJISIE OJEPKYBAaTU HUISIXOM
poKaTku TOHKY doabry. Temneparypa minaBiaenns 232°C.

Puc. 4.10 — 3o06paxeHHs ojoBa
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[Ipy HU3BKIM TemmepaTypi Ha O1JI0OMYy OJIOBI 3'BJISIOTBCS Cipl IUISIMU
(BUAUTIEHHS CIPOTO OJI0BA), IO OJIep KAy Ha3By "0y0B'ssHOT uymMu" (mojgiMopdHe
nepeTBopeHHs 0yioBa). [Ipu HarpiBaHHI cipe 0JI0OBO 3HOBY MEPEXOAUTH y Olfe.

[Tpu 3BUyaiiHiil TeMIepaTypi 0JIOBO Ha MOBITP1 HE OKUCITIOETHCA, BOAA HA HHOTO
HE BIUIMBAE, a PO3BEJICHI KUCIIOTH JII0Th JIy»Ke MOBUIBHO.

On0BO BUKOPHUCTOBYIOTh SIK 3aXHCHI TMOKPUTTS MeTadiB (IynaiHHS). BoHo
BXOJUTh JIO CKJIay OpOH3 1 CIuIaBiB Jijis maiku. CTaH10Ib — TOHKA OJIOB'sTHA (poJibra
(6-8 MKM), 1110 3aCTOCOBY€EThCSI Y BUPOOHUIITBI JESIKUX TUITIB KOHIEHCATOPIB.

HuHK - cBITINI MeTal, IpU KIMHATHIN TeMIiepaTypl KpUXKUH, IPU HarpiBaHHI
o 100°C crae TaryuuMm 1 IJIaCTUYHUM, a MPH MOAAIBLUIOMY HarpiBaHHI (TMOHAA
200°C) 3HOBY OXpynuyeTbcsi. BHUKOPUCTOBYEThCS SAK 3aXHCHE MOKPUTTA (Ha
AHTUKOPO31MHUMN 3axucT cTamtl iae 40% cBITOBOro BUPOOHUIITBA IIMHKY ), CKJIaI0Ba
YaCTHHA JIATYHEH 1 €JICKTPO/IIB rajJbBaHIYHUX €JIEMEHTIB, a TAKOXK JJI1 MeTaji3ali
narnepa B MajorabapuTHUX METANONANepOBUX KOHJIEHCATOPAX.

Puc. 4.11 — 3o0pakeHHsI HTUHKY

XiMIYH1 CIIOJYKU LIUHKY (CeIeH1IU, TeJUTYPIId, aHTUMOTII 1 apCeHiT) — cepel
HaWOUIBII MIMPOKO 3aCTOCOBYBAHWX HAIMIBIPOBIAHUKOBUX MarepiaiiB. Cyiabdina
IIMHKY 3aCTOCOBYIOTH JIJISI TIOKPUTTSI CBITHUX €KpaHIB TEJIEBI30PIB, ocimiiorpadis,
PEHTTeHIBChKUX amapatiB. 3'IBHJIMCS aKyMYJSITOPH 3 eJeKTpojaMu 31 cpidna i
ITUHKY.

IIpumnoi — cremiagbHI CIUTaBH, IO 3aCTOCOBYIOThCA Tpw maii. [laiika
3MIUCHIOETHCS 200 3 METOI0 CTBOPEHHSI MEXaHIYHO MIIHOTO (1HOJI T€PMETUIHOTO)
mBa, ad0 3 METOK OJCpKAHHS EJIEKTPUYHOTO KOHTAKTy 3 MalluM IepeXiTHUM
OTIOPOM.

[Tpumiii 3Modye MeTan, PO3TIKAETHCA IO HBOMY 1 3alOBHIOE 3a30pU MiX
JeTalsiMu, 10 3'enHyroThcs. [Ipunoro mudyHIye B OCHOBHHMI METaNl 1 PO3YHHSIE
fioro, B pe3ylbTaTi YOTO YTBOPIOETHCS MPOMDKHUN NPOIIAPOK, SIKUK MiCIIs
3aCTUTAHHA 3'€THY€ JeTai.
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[Tpunoi nmoausIFOTE Ha ABI TPYIHU - M'sKi 1 TBepi. Jlo M'SIKUX BIAHOCSTH MPUIIOL 3
TemnepaTyporo riassieHHs 10 400°C. Jlo TBepAUX - 3 TEMIIEPATyPOIO TUIABJICHHS BUIIE
500°C.

M'sikumu nipunosiMu € oJioB'ssHo-cBrHIIEB] cruiaBu (IIOC) 3 BMicTOM 0J10Ba Bijt
18% (ITOC-18) 5o 90% (ITOC-90). ITuroma npoBiJHICTH KX MPUIIOIB CKIATAE BT 9 10
13% nuTomMoi TPOBIAHOCTI YMCTOI Mifi. [ICHYIOTh TakoX M'SKi TIPHUIOI 3 J00aBKaMHU
aImoMiHit0, cpibia. I1]e O1IbII TerKOIIaBKUMHU € TIPHIIOT, 10 CKJIa Ty SIKUX BXOSTh, KPIM
0JIOBA 1 CBUHITIO, BICMYT 1 kaaMii (criaB Byna: 50% Bi, 25% Pb, 12,5% Sn, 12,5% Cd
3 TeMIiepaTyporo mwiasieHHs 68°C; OyB BUHAWICHUI aHTTTIMCHKIM 1HXXKeHepoM Byaom y
1860). Bonu 3acTocoBYIOTBCS TaMm, Jie MOTPiOHA 3HMHKEHA TeMIlepaTypa MalKu.

Haii6inem BxxuBani cpibni npumnoi: [ICP-10, IICP-12, TICP-25. Iludpa Brazye
Ha MPOLIEHTHUM BMICT cpibna (iHme — Miab 1 1% 1nuHky). [lasauit HUMH 1I0B He
TUTBKH MIITHUMN 1 IIJIBHUM, aJI€ 1 KOpO31iMHO CTIMKKNA. YuM BHUIIIe BUMOTH JI0 MIITHOCTI
1 KOpO31MHOI CTIMKOCTI MAassHOTO IIIBa, TUM OubIe cpibjia Mae MICTUTH npuriii. B
OKpEMUX BHUIIaJIKaX BUKOPUCTOBYIOTH mpuroi 3 70% cpibna. J{ns maiiku TuTaHa
OpujaTHE Jumie 4yucte cpibno. M'skuil CBHUHIEBO-CPIOHMI NpuMii HEPIIKO
3aCTOCOBYIOTH SIK 3aMIHHHK OJIOBA.

d1r0cH — MaTepiaiy, 0 BUKOPUCTOBYIOTHCS 7S OFiepKaHH HaIHOT maiku
IUISIXOM BUJQJICHHSI OKUCIIIB METAJIIB 1 TAKUM YMHOM CIIPUSIOTH JTyIiHHIO. ByBaroTh
KUCJIOTHUMHU (TIPM MOHTQXHIN MaMIll eJeKTPOopaionpuiIagiB IXHE 3aCTOCYBaHHS
3a00poHEeHe), OC3KUCIOTHUMHU (HAa OCHOBI CIHPTY, TIIIEPHUHY), aKTMBOBaHI (Ha
OCHOBI KaH1(oJ11), aHTUKOPO3iitH1 (Ha OCHOBI (POCPOPHOT KUCTOTH).

4.2. CniiaBm U1 TepMonap

Jlsis BUTOTOBJIEHHSI TepMOMap 3aCTOCOBYIOTHCA MiJlb, TUIATHHA 1 HACTYIIHI
CIUTaBH:
1. komenb (56% Cu 144% Ni);
. amomensb (95% Ni, iHe - Al, Si1 Mg);
. xpomensb (90% Ni1 10% Cr);
. tatuHOopoaii (90% Pti1 10% Rh);
. Bonb(ppam-penii-1 (95% W, 5% Re);
. BobGpam-peniii-2 (80% W, 20% Re).
Ha puc. 4.12 HaBeieH1 KpUBI 3aJISKHOCTI TEPMO-€.p.C. BiJl pi3HUII TeMIIEpaTyp

AN 0 KW

raps4oro 1 X0JI0IHOTO CIaiB /sl HAUOUIbII Y)KUBaHUX TepMornap. CruiaB MoJIi6aeHy
3 BoJb(paMOM y mapi 3 YHUCTHM BOJb(OPAMOM MOKHA BHKOPUCTOBYBATH IS
BUMIpIoBaHHA Temneparypu 10 2900°C y iHepTHii aTMocdepi.
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Puc. 4.12 — 3anexxHocTi TepMO-€.p.C. BIJl PI3HMII TEMIIEpaTyp CraiB

TepMoIapu: 1 — mIaTHHOPOIN-TIJIaTHHA; 2 — XPOMEJb-aTIOMEIb; 3 — MiJlb-
KOHCTaHTaH; 4 — 3aj1130-KOHCTAHTaH; 5 — Mi/Ib-KOIIEJIb, 6 — 3aJ1130-KOIEb;
7 — XpOMEJIb-KOITEIIb

TemneparypHuii Aiania30H BUKOPHCTAHHS PI3HUX TepMonap:

— BoJib(ppam-peHiii-1 - Boabdpam-peniii-2 — 0-2500°C;

— matuHopoAii-miatunaa — 0-1600°C;

— xpoMenb-antomens — -200-1000°C;

— XpoMenb-KoHcTaHTaH — -200-700°C;

— xpoMmenb-konens — -200-600°C;

— Migb-koneib — -200-100°C;

— Migb-KoHcTaHTaH - -200-400°C;

— 3aim3o-koHcTantan- -200-700°C.

HaiiOinpmry Tepmo-e.p.C. 3a PIBHMX IHIIMX YMOB PO3BHUBAE TepMoOIlapa
xpomenbkornens (0,6 MB Ha 10°C).

3HaK TepMoO-€.p.C. y TpuUBEACHUX Ha puc. 4.12 TepMomap Takuii, 110 B
XOJIOJHOMY Crai CTpyM e BiJf IepIIOoro Ha3BaHOTO B Mapi Marepiaity 10 IPyroro
(TOOTO BiJ XpoMeni 10 KOMei, BiT MiJil O KOHCTaHTaHy 1 T.1.), a B rapsiuoMy crai
- Y 3BOPOTHHOMY HAIPSIMKY.

4.3. EjekTpoTexHiYHe BYTJLJIs

EnexkTpoTexHiyHe BYTiUIi BUKOPUCTOBYIOTH JIi CTBOPEHHS EIEKTPUYHOTO
KOHTaKTy MK PyXOMHMH YaCTHHAMH MpOBiIHUKIB. HeoOXigHI XapaKTepUCTUKU:
JOCTaTHBO HU3bKUH €NEKTPUYHUN OMip 1 KOSIIIEHT TEPTSL.
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Puc. 4.13 — [Ipukinaz eneKTpOTEXHIYHOTO BYT1JIIS

3 eNeKTPOTEXHIYHOrO BYT1UIA BUTOTOBISIOTH IIITKH E€JIEKTPUYHMX MAaIIUH,
KOHTAKTH JJISI TPOJICMOYCIB, TpaMBaiB 1 €JIEKTPONOI3IIB, €JIEeKTPOAN JJIA
MIPOXKEKTOPIB, €NEKTPOIU ISl MYTOBUX TeUed 1 eJIeKTPOJITHYHUX BaHH, aHOIU
rajbBaHIYHUX €JIeMeHTIB (puc. 4.14).

Puc. 4.14

ByrinbpHi HOPOIIKY BUKOPUCTOBYIOTH Y MiKpO(OHAX JIJIsl CTBOPEHHS OTOPY, 1110
3MIHIOETBCSI BiJl 3BYKOBOTO THCKY. 3 BYTUUIS BUTOTOBISAIOTH BHCOKOOMHI
pETyIbOBaHI PE3UCTOPH, PO3PSTHUKH TSl TeIehOHHUX MEpEeX; BYTUIbHI BUPOOU
3aCTOCOBYIOThH y €JIEKTPOBAKYYMHIN TEXHIII.
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[Tutomuii omip BYriibHUX i rpagiToBaHMX eJeKTPOAiB (IPU BHCOKUX
TEeMIEepaTypax Byrjelb HaOyBae CTPyKTypu rpadirta - rpadiTyBaHHs) BIANOBITHO
50 1 15 MxOm-M, ToOTO Yy 3000 1 880 pa3iB Ounblue, HIX y Mimi. Y [iamna3oHi
temmnepatyp Big 0 go 1750°C nuTomuii omip BYTIJIBHUX €IEKTPOIIB 3HUKYETHCS
auie Ha 30%.

Sk  cupoBHHY i1 BHUPOOHMIITBA  E€JIEKTPOBYTUIBHUX  BUPOOIB
BUKOPHUCTOBYEThCSI ca)ka, NMpUpoAHuil rpadit abo anTpauut. s onxepkaHHA
CTPWKHEBUX €JIEKTPOJiB 3/IpiOHEHa Maca 31 3B'I3yBaJbHOIO PEYOBHMHOIO, Y SKOCTI
AKOT ~BUKOPHUCTOBYETHCS KaM'SHOBYTUJIbHa cMoja (IHOJI  piAKE  CKJIO),
IPOJIABIIOETHCS Yepe3 MYyH/IITYK.

KoHTakTHMI1 efeMeHT 6ararbox eJIeKTPUYHUX MAIllMH — IIITKH - CIY>KaTh JJIs
YTBOPEHHSI KOB3HOTO KOHTAKTy MDK HEPyXOMOIO U OO0EpTOBOIO YacTHHAMHU
CJIEKTPUYHOT MAITUHU, TOOTO JJIs TiABeIeHHS (200 BiIBOIY) CTPYyMY JIO0 KOJIEKTOpa
a00 KOHTaKTHUX Kilelb. PO3pi3HAIOTH HIITKK BYTijibHO-rpadiTHi (mo3Hauenus T 1
VI'), rpadgitui (mo3mauenns ['), ejexrTporpadiroBani  (TepmiuHO
eneKkTpooOpobiieHi, mo3HaueHHs El'), migHo-TpadiTHI (3 BMICTOM METaleBO1 MiJi,
no3HaueHHss M 1 MI'). IIliTku 3 BMICTOM MOPOIIKOBOTO METally MarOTh 0COOJHBO
MaJuil eJIeKTPUYHUNA OMip 1 Jal0Th HE3HAYHE KOHTAKTHE CIAJaHHs Harpyrud (Mix
IITKOIO 1 KOJIEKTOPOM).

ByrinbHi mopomku s MIKpO(OHIB  BHUTOTOBJISIIOTBCS 3 AHTPALIUTY.
Mikpo¢oHHI TOPOIIKH BUITYCKAIOTh IBOX TUIIIB: IPIOHO3EPHUCTI 1 KPYITHOZEPHUCTI.
Onip MOPOIIKIB BUMIPIOIOTE y KyOHKY 00’emoM 1 cM®, omip apiGHO3EpPHHCTOrO
nopoiky nmopuHHUM 0yTH 400 OM-CcM.

HenpoBoaosi pesuctopu 3 mpupoaHoro rpadity (mpuponuuit rpadit sBise
co0010 07HY 3 MoAU(DIKAIIl YUCTOTO BYIJIEIIO IIAPYBATOi CTPYKTYPH, 3 BEIUKOIO
aHI30TPOMIEI0 SIK €IEKTPUYHUX, TaK 1 MEXaHIYHUX BIIACTUBOCTEMH), caxi (caxi €
JpiOHOAICTIEPCHUMHU PI3HOBHIAMH BYTJIEITIO), MIPOJITUYHOTO BYTJICIIO (OTPUMYIOTh
B pe3yJIbTaTi TEPMIUYHOI'O PO3KJIaTy 0€3 IOCTYIy KHCHIO - MipoJii3), O0OpOBYIJICIIEBI
IUTIBKK, a TaKOXX BHCOKOOMHI CIUTaBM METajiB, BIIPIZHSAIOTHCA BiJ MPOBOJIOBHUX
3HaYHO MEHIIUMU PO3MIpaMH 1 BUCOKOIO BEPXHBOIO MEXEI HOMIHAJIIBHOTO OMOpY.
3HaxoNATh IIUPOKE 3aCTOCYBaHHS B aBTOMATHIl, Y BHUMIpPIOBAJIbHIA 1
JIYUIBHOOOUNCITIOBATIBHIN TEXHIII 1 JESKUX 1HIIMX OOJACTSIX EIEKTPOTEXHIKH.
MaroTh Majy 3aJIeXKHICTh ONOPY B HAmpyrd 1 BIAPI3HSAIOTECA BHCOKOIO
CTaOIIBHICTIO MIPH 3MiHI TeMIEPaTypH 1 BOJIOTOCTI.

3anuTaHHA ISl caMoIepeBipKM:

1. Ha3BiTh xapakTepHi 0cOOJIUBOCTI BOIb(pamMy 1 MOJTIOACHY.
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2. Yomy Boabdpam 1 MOJIOAEH IIBHUIKO 3TOPSIOTH Ha IMOBITP1 MpHU
BUCOKIATEMIIEpATypi, @ HIXPOMHU — Hi?

3. SIxi MeTanu BUKOPUCTOBYIOTH JJISI BATOTOBJICHHSI TIPUTIOIB?

4. Slka xapakTepucTHKa 3yMOBIIO€ BHOIp MeTanmy abo crjaBy A
BUTOTOBJICHHATEPMOTIApH ?

5. Ilo Take HemeTaneBi mpoBiAHUKK? HaBeiTh NpuKIaan.

TEMA S. 3AT'AJIBHI BIJOMOCTI ITPO HAIIIBITPOBIJHUKH

Meta: Hamatu 06a30Bi 3HaHHS MPO HAMIBNPOBIAHUKH, iXHI (DI3UUHI
BJIACTUBOCTI, CTPYKTYpY, NPUHITUIN POOOTH Ta OCHOBHI 00OJACTi 3aCTOCYBaHHS B
CyYacHI! TEeXHIIII.

[Tman nexiui
1. 3aranpHe MOHSATTS PO HAIiBIPOBIIHHUK;
2. EnexTponpoBiHICTh HaIliBIPOBIAHUKIB;
3. BrimuB 30BHIIIHIX ()aKTOPIB HA €IEKTPONPOBIIHICTH HAMIBIPOBITHUKIB;
4. EnexTpoHHO-AIpPKOBHI MEepexi.

Xia MpoBeICHHS JICKIIHHOTO 3aHATTS
I. Oprasnizaiiis Tpymnu;
II. MoTuBaIis HaB4YaIbHOI TisTIbHOCTI. OroJIOMIEHHST TEMH W METH,
I11. Buknagensst Ta 0OTOBOPEHHSI HOBOTO MaTepialy;
IV. OrosnomnieHHs 3aBaHHs HA CAaMOCTIITHE ONPaIIOBaHHS Ta MIATOTOBKY.

5.1. 3arajibHe NOHATTA NP0 HANIBIPOBITHUK

Marepianu 3 €IeKTPOHHOI €IEKTPONPOBIAHICTIO, TUTOMUN OIIp SIKUX MPHU
HOpPMaJIbHIA TEMIeparypl JCKHUTh MIK HUTOMHMH OIOpaMd IPOBITHUKIB 1
JeJIEKTPUKIB, BITHOCATH /IO HAMIBIIPOBITHUKIB.

EnexTponpoBiHICT, HAMIBIPOBIIHUKIB  3aJIeKUTh BIJl HAIMPYKEHOCTI
eIEKTPUYHOTrO ToJiA. [Ipy HM3BKHX 3HAYEHHSX HAMpPYXEHOCTI 10 JEesSKOro
KPUTHYHOTO 3HaueHHs Eyx BUKOHyeThcs 3akoH Oma 1 mUTOMa MPOBIAHICTH HE
3aJIeKUTH BiJl HAMPYKEHOCTI TOJsI, a MPU OUIBII BUCOKHUX HAMPYKEHOCTSAX MOJIS
NOYMHAETHCS 1HTEHCUBHE 3POCTaHHS IMHUTOMOI MPOBIJHOCTI 32 EKCIIOHEHTHUM
3aKOHOM, III0 MPUBOJUTH O PYHHYBaHHS CTPYKTYypHU HaIiBIIPOBITHUKA. 3 POCTOM
TEMIEPATypu MUTOMA MPOBIIHICTH 30UTbIIyeThea. s psiiy HamiBOpPOBIIHHUKIB
3aJIe)KHICTh MMUTOMOI IPOBITHOCTI BiJl HAIIPY>KEHOCTI MOJISI OMUCY€ETHCS BUPA30M:
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ve=7-e"VE,

7ie Y - MATOMA MPOBIAHICTH HamiBIpoBigHUKa npu E<Ey; B - xoedimieHT, mo
XapaKTepU3y€e BIACTUBOCTI HAMIBIPOBIIHUKA. 3POCTaHHS MPOBIIHOCTI 3yMOBJICHE
POCTOM 4YHCIIa HOCIiB 3apsany. [Ipu nmomansiioMy 3poCTaHHI MO MOXKE 3’ IBUTHUCS
MEXaHi3M yJapHOi 10Hi3allli, M0 NPUBOAUTH JIO PYHHYBaHHS CTPYKTYpH
HamiBIpOBiIHKKA. HallOimp BaXKMB1 TEXHIUHI 3aCTOCYBAaHHS HaIiBIPOBIIHHUKIB
3aCHOBaH1 Ha CTBOPEHHI B OJTHOMY MaTepialll KOHTaKTyBaJIbHUX 00JIaCTeH 3 pI3HUMU
TUTIAMU €JIEKTPOMPOBITHOCTI — (P-N-MIEPEXO/iB), 3 OJHIEIO €JIEKTPOIPOBITHOCTIO,
asie pizHO1 Benu4nHU (n-n+ abo p-p+), a TAKOK KOHTAKTIB METaJ-HaIMiBIPOBIIHHUK,
MeTall-IIeeKTPUK-HAMIBOPOBIAHUK 1 T. aA. Jua  HalOmpIm  mMHMPOKO
BUKOPHCTOBYBAHMX HaIiBIPOBIAHUKIB IIMPHUHA 3a00pOHEHOT 30HU cKkJajae Bifg 0,5
1o 2,5 eB.

Takox eNeKTPONpPOBIAHICTS HAMIBIPOBITHUKIB 3aJICKUTh BiJl 30BHINIHIX
CHepreTUYHUX BIUIMBIB, & TAKOK BiJl HASIBHOCTI CIIEL1aTbHUX JOMIIIOK.

KepoBaHiCTh €J1EKTPONPOBITHICTIO HAMIBOPOBIAHUKIB 32 JIOIIOMOTOIO
TEMIEPATypH, CBITJIA, EJIEKTPUYHOTO IMOJIA, MEXaHIYHUX 3YCWIb IOKIaJCHA B
OCHOBY MPUHITUITY JIii 6araTb0X HAMiBIPOBIIHUKOBHUX IIPUCTPOIB: TEPMOPE3UCTOPIB
(TepmicTopiB),  (poTOpe3uCTOpiB,  HENIHIMHUX  PE3UCTOpiB  (BapUCTOPIB),
TEH30PE3UCTOPIB 1 T.I.

Hocisimu 3apsy B HaIiBIOPOBIJHUKAX € €JE€KTPOHU MPOBIAHOCTI i aipku
(HOCIT MO3UTUBHOTO 3apsay). B imeanpHUX KpHcTagaXx BOHHU 3aBXKAU 3'SBISIOTHCS
napamu, ToMy KOHIIEHTpaIlii 000X THITIB HOCIiB OJTHAKOBI. Y KpPHUCTaJIax, 110 MICTAThH
JOMIIIKH 1 1e(EKTH CTPYKTYpH, PIBHE CIIBBITHOIICHHS KOHIIEHTPALINA €IEeKTPOHIB
1 JIPOK MOPYIITYETHCS W OAWH 3 BUIIB MPOBITHOCTI CTA€E MEPEBAKHUM.

3'eHaHHS HAIIBOPOBIAHUKIB 3 €JIEKTPOHHOIO (N) 1 €JIEKTPOHHO-AiPKOBOIO
(p) TOPOBIAHOCTSAMU JO3BOJISE OJEpKAaTH HAIIBOPOBIAHUKOBI BHUPOOM 3 p-n
nepexogoM. Ilpu 1icHyBaHHI B HaIIBIOPOBITHUKY pP-h  MEPEXOAy BHUHUKAE
3aMHUKAIOUUN AP, SIKUM 00YMOBITIOETHCS] BUTTPSAMIISTIOUNH €(DEKT IS IEPEMIHHOTO
ctpymy. HasBHiCTP 1BOX 1 OLnbIlle B3a€EMHO 3B'I3aHUX MEPEXOMAIB JO3BOJIIE
OJICPKyBaTH KEPOBaHI CUCTEMU — TpaH3UCTOPH (puc. 5.1).

Ha BuxopucTaHHI MOXIJIMBOCTEH pP-n MEPEXOJiiB 3aCHOBAaHI HaWBaXJIMBIIII
3aCTOCYBaHHSI ~ HAIMIBIPOBIJIHUKIB B  €JIGKTPOTEXHIIl JJi1  BUTOTOBJICHHS
BUNPSIMJISTYIB, TT1JICUJIIOBAYiB 1 TEHEPATOPIB.
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Puc. 5.1 -300pa>keHHs TPaH3UCTOPIB

HaniBnpoBiAHUKOBI CUCTEMU BUKOPHUCTOBYIOTHCS AJIsl IEPETBOPEHHS Pi3HUX
BUJIB €HEPrii B EHEPril0 eNeKTPUYHOTO CTPYMy 3 BHCOKMMH 3HAYEHHSIMU
Koe(imieHTa TepeTBOpeHHs (HANMPHUKIAA, COHAYHI Oarapei 1 TepMOENeKTpUYHI
reHepaToOpu Ha OCHOBI HAIIBIPOBIAHUKOBUX TEPMOEIEMEHTIB).

BurotoBieni 3 HamiBIPOBIAHUKOBUX MaTepiajiiB MPHJIAI MAalOTh HACTYIIHI
nepeBaru:

1) BenMKUIA TEPMIH CITYKOU;

2) mauti rabapuTH 1 Bara,

3) mpocToTa 1 HaAIHHICTh KOHCTPYKIIi,

4) BenuKka AMHAMIYHA MIIHICTH (HE O0ATHCS TPSICKH U yAapiB);
5) mana crnokMBaHa MOTY>KHICTb 1 IHEPIIHHICTD;

6) EKOHOMIYH1 Y BUPOOHUIITBI.

5.2. EJieKTponpoBigHicTh HANIIBIPOBIIHUKIB

BinnosigHo 10 30HHOT Teopii TBEPAOro TuIa JJIs HAMBIPOBIIHUKIB XapaKTepHa
HAsBHICTh HE Jy)K€ IIMPOKOi 3a00pOHEHOi 30HU B eHepreTuyHii miarpami. [upuna
3a00pOHEHOT 30HH HAITIBIPOBITHUKOBUX €IIEMEHTIB y eIeKTpOHBOJIbTaX (eB) HaBemeHa
B Tabn. 5.1. Jlng HaiiOuiblle MIMPOKO BUKOPUCTOBYBAHMX HAIIBIPOBIIHMKIB BOHA
CKJIa/Ia€ BeIMUUHY nopsaky 1-3 eB.
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Tabmums 15.1 — XimivH1 eleMEeHTH-HAITBIPOBI THUKU

['pyna [IIupuna ['pyma [Iuprna
TadIuIll 3aboponeH | Enemen Tabnuil  |3a00pOHEHO
Enement . .
MenpeneeBa | oi 30HM, €B T MenpeneeB | 130HHU, €B
a
bop I 1,1 Cipka VI 2,5
Kpemniii 1A% 1,12 Cenen VI 1,7
I'epmaniit v 0,72 Tenyp VI 0,36
dochop V 1,5 Won VII 1,25
Ha puc. 5.2 (a) HaBegeHa eHepreTMYHA Jlarpama Ui  BJIACHOTO

HAMIBIPOBIIHUKA, Y SKOTO EJEKTPOHHM B 30HY BUIBHUX EHEPreTUYHUX PIBHIB
MOXXYTb TTOCTABJISTUCS TUIBKH 3 BaJICHTHOI 30HU. PO3IMOA1T €1EeKTPOHIB 32 €HEPTIEI0
BiAMoBigae Temreparypi T, mpu sikiii y 30HY TPOBITHOCTI TMEPEXOAUTh KUIbKa
€JICKTPOHIB, YTBOPIOIOYH y BaJCHTHIM 30H1 BIIMOBIAHE YUCIIO JIPOK.
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Puc. 5.2 — BruiuB 1OMIIIOK HAa €HEPreTHYHY JllarpaMy HamiBIPOBITHUKA: A -
BJIACHH HaIIBNPOBIAHUK; O - HAMIBOPOBIIHUK 3 JOHOPHUM JOMIIIKOM; B -
HAIIBIIPOBIIHUK 3 aKIENTOPHUM JIOMIIIKOM, JA1PKOBa €JIEKTPONPOBIIHICTS p -
TUILY

[Ipy 1ibOMy y BIACHOMY HAaIliBIIPOBIIHUKY OJHOYACHO CTBOPIOIOTHCS 1B
HOCIT 3apsiy TPOTWICKHUX 3HAKIB, TOMY 3arajibHa KUIBKICTh HOCIIB 3apsiy Oyje B

7Ba pa3u Ounbple 4YHuclia eNeKTpOHIB y 30HI mpoBigHocTi. [lpm Oynb-skiii
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TeMIepaTypi Tijia BCTAHOBIIOETHCS PIBHOBAXKHA KOHIICHTpAILlisl HOCIiB 000X 3apsi/iiB.
BracHa enekTponpoBigHICTh TAaKUX HAMIBIPOBIIHUKIB Mae ClIaOKO MepeBaKHUIA
€JIEKTPOHHUU XapaKTep.

5.3. BmiuuB  30BHiHIX  (QaKTOpPiB Ha  EJEKTPONPOBIAHICTH
HANIBIPOBIIHUKIB

TeMreparypHa 3aJIe’KHICTh KOHIIEHTpAIIli HOCIiB 3apsi/iB. B mupokomy
Jiana3oH1 TeMIlepaTyp 1 JuIsl pI3HOTO CKJIaay JAOMIIIOK Ma€ MiCIe TeMIepaTypHa
3aJIeKHICTh KOHIIEHTpAallli HOCIIB B HAMIBIPOBIAHUKAX n-TUIY (puc. 5.3).
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JpocTannA TemnepaTypa T
Puc. 5.3 — Tunosi 3aj1e:)KHOCTI KOHIIEHTpAIlli HOCIiB 3apsiay y
HaIIBIIPOBITHUKY B1J] TEMIIEPATYPH IPH Pi3HIM KOHIIEHTpPAIlll JOHOPHUX JTOMIIIOK
(NII1<N212 < NII3)

B ob6nacTi HU3pKUX TeMIepaTyp 4acTHHA HIKHBOT KPUBOI MK TOYKaMu a 1 0
XapaKTepu3ye TUIbKM KOHIIEHTpAII0 HOCIiB, 00yMOBIeHY aomimkamu. Haxwn
IpsIMOi BU3HAYAETHCA €HEpriero akTuBizamii oal. 3 30inbmenHsaM T pocTe KITbKICTh
HOCI1B, 110 MTOCTABISIOTHCS qomimkaMu. Ha mainsai (puc. 5.3. 0, B) JOMIIIIKH BXKe
BUCHAXKEHI, a TEPEeXoJy eJEKTPOHIB 4epe3 3a00poHEHy 30HY Ie Hemae. Jlami
3HAYEHHS TEMIIEPATyPH HACTUTBKH CTa€ BEIMKUM, 110 €JIEKTPOHU MEPEXOISITh Yepes
3a00poHeHy 30HY (puc. 5.3. B, 1) — KOHIIGHTpAIlisl HOCIiB 3apsiay IIBUJKO POCTE.
Haxwui wi€i quistHKy XapakTepu3ye MUpUHY 3a00pOHEHOT 30HU HaMIBIPOBIIHUKA —
Aw. 31 30UIbIIEHHSAM KOHIEHTpAllli JOMIIIOK y HAMBOPOBIIHUKY Mepexia Bil
ninsaku (puc. 5.3, a, 6) abo (puc. 5.3, r, a), HA AKIA KOHIICHTpAINs HOCIIB
00yMOBJICHA JIUIIIE JOMIMIKAMH, A0 MIJITHKY BUCHAKEHUX JOMINIOK (puc. 5.3, 0, B)
abo (puc. 5.3, 1, €) 3minryeThecs B 01Kk BUCOKUX TeMmrieparyp. Kpusa (k, 1) Mae aBi
JTisHKY: (puc. 5.3, %K, 3) — MOCTIAHA KOHIIEHTpAIlIS 3apsay 10 TEMIIEpATypH, IpH
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K1 HOCIT HE MepexoasITh yepe3 3a00poHEeHy 30HY; (puc. 5.3, 3, 1) — mepexij HOCIiB
yepe3 3a00poHeHy 30HY. Takuii HamBIPOBITHUK € BUPOHKCHIM.

TakuMm uMHOM, MOKHA CKa3aTH, 110 €JIEKTPOIPOBIIHICTH HAMIBIPOBITHHUKIB 3
MiBUIICHHAM  TeMIleparypu 30uiblnyeThcs. PicT  nmuTtomMoi  MpOBIAHOCTI
HaIIBIPOBITHUKIB 3yMOBJICHUN 3POCTAHHAM 3 TEMIIEPATypOIO KOHIICHTpAIlii HOCIiB

3apsny.

Iﬁoq

Jomimkosa

BrnacHa

n
-t -

4. fg £ A
a) 6) B)

Puc. 5.4 — 3anexxHiCTPIUTOMOI MIPOBIAHOCTI HAMBIPOBITHUKA: & — BiJT
TeMIiepaTypu (KOHIIEHTpAIlisl JOMIIIIOK 71, > 11); O — BIJ] HAIPYKEHOCTI
€JIEKTPUYHOTO oJis ipu pizHuX Temmeparypax (T>> Ti); B — Bl OCBITJIEHOCTI.

Kpusi 3amexHOCTI TUTOMOI MPOBITHOCTI BiJl TEMIEPATypH HaBEJEHI Ha PUC.
5.4 (a). Bigpizku npsMux B 001acTi HU3BKUX TEMIEPATyp XapaKTepU3yIOTb
JIOMIIIKOBY €JIEKTPONPOBIAHICTD (N 1 Ny XapaKTEPU3YIOTh KOHIICHTPAIIIO JOMIIIIOK)
IpH PI3HINA KOHIIEHTpaLlli HOCIiB, TOTIM Ma€ MicCIle MepexiJiHa AUITHKA (JOMIIIKOBI
piBHI "BHCHaxuiaMcsA") 1 gami, B 00JacTl BHUCOKHX TEMIIEpaTyp, IMPOSBISETHCS
BJIACHA €JICKTPOIPOBIIHICTh HAIIBIIPOBITHUKA.

[Ipu mmpuni 3aboponenoi 30Hu repmaniga 0,72 eB uucno BmacHUX HOCIIB
3apsLy B HbOMY IIPY KIMHATHil TeMIepaTypi ckiagae Benuauny nopsaky 10 em?,
y TOM Yac sIK JOMIIIKH, 110 CKJIaal0Th TUCAYHY YaCTKY B1JICOTKA, TP MaJliii eHeprii
aKTHBallli BHOCSATh Yy HBbOTO B JIECATKHA TUCAY Pa3iB OUIbIIY KIUIbKICTh BUIBHHX
3apsiaiB. Tomy, s KepyBaHHS €JIEKTPOMNPOBIAHICTIO HAIMIBIPOBIIHUKIB 3a
JOTIOMOTOF0  TOMIIIIOK, 110 BBOJATHCA B HBOTO CIEliajJbHO, OCHOBHHMA
HaIIBIPOBITHUK CIOYATKY TMOBUHEH OyTH PETEIHHO OYMIIECHUN BijJ BUIAIKOBHX
nomimok. Ha 108-10° aromiB 0CHOBHOT p€4OBMHHU MOBUHHO OyTH HE OiIIbII OJHOTO
qy>KOPIJTHOTO aToMa.

Temneparypuuii  Koe(illieHT TUTOMOTO  ONOPY  HAIMIBIPOBIIHHKIB
3MEHIIY€ETHCS 3 M1IBUILEHHSAM TEMIIEpaTypH 1 3HAXOIUTHCS B MPSAMIN 3aJI€KHOCTI
B1JI €Heprii aKTHBaIlli HaIMBIIPOBITHUKA.
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EnextpornpoBiHICT, HaMIBOPOBIAHUKIB 3aJIKUTh BiJ] HANPYKEHOCTI
ejekTpuuyHoro moJsi. Ha puc. 5.4 (0) mokaszaHi KpwBI 3aJ€XKHOCTI MHTOMOT
IPOBITHOCTI HAMIBIPOBITHUKA Bl HAIIPYKEHOCTI €NEKTPUYHOrO IMOJIS IPU Pi3HUX
Temmneparypax. Sk BHUIHO, NpU HU3bKUX 3HAYCHHSIX HANPYKEHOCTI Mojs (10
neskoro 3HaueHHs Ex) aie 3akon OMa 1 mUTOMa MPOBIAHICTh HE 3aJICKHUTH Bij
HaIpy>KeHOCT1 1oJIs. [Ipu G171 BUCOKUX HAIPY>KEHOCTSX TOJISI TOYUMHAETHCS PICT
MTUTOMOT MPOBITHOCTI 32 EKCITOHEHTOI0. 3POCTaHHS MPOBITHOCTI 3yMOBJIEHE POCTOM
yycjaa HOCIIB 3apsay, TOMYy IO IIiJI BIUIABOM IIOJS BOHM OLIBII JIETKO
BUBUIBHSAIOTHCA TEIUIOBUM 30y keHHsM. [Ipu mojanbmioMy pocTi Hampy>KeHOCTI
MOJISE MOKE 3'BUTHCS MEXaHI3M yAapHOI 10Hi3a1li1, 110 MPUBOIUTH A0 PyHHYBaHHS
CTPYKTYpH HamiBIPOBITHUKA.

OnpoMiHEHHS HAMIBIPOBIJIHUKIB CBITJIOBOIO €HEPri€l MPUBOAUTH, 5K
MpaBWiIo, /10 30LIblIeHHs MpoBiaAHOCTI (puc. 5.4, B). KBaHTM BUAMMOTO CBiTIIA
MaroTh eHeprito 1,5-3 eB, a ToMy 3/1aTHI EPEKUIaTU €IEKTPOHH 3 3aTIOBHEHOT 30HU
B 30HY MPOBITHOCTI. DOTOMPOBIAHICTh 3aJICKHUTh BiJl YaCTOTH BUIPOMIHIOBAHHS 1
TEMIEPATyPU HABKOJHUIIIHBOTO CEPEOBHILIA.

@DOTONPOBIAHICTIO HA3UBAIOTh 30UIBIICHHS EIEKTPUYHOI MPOBIAHOCTI
PEYOBUHU MiJ JI€I0 €IEKTPOMArHITHOTO BUIPOMIHIOBAHHSI.

Enepris y BiacHOMy HamiBIpPOBITHUKY BHTPAYa€ThCs Ha YTBOPEHHS
eJIEKTPOHHO-/TIIPKOBUX TIap 332 paXyHOK MEepEeKUIaHHS EJICKTPOHIB 3 BaJICHTHOI 30HU
B 30HY MPOBIIHOCTI. TOMY iCHY€ TpaHUYHA JIOBXKUHA XBWJI1, 3yMOBJICHA €HEPTIEI0
KBaHTA, JOCTAaTHHOIO IS MIEPEXOIy €IEKTPOHA 3 HAWBHUIIIOTO PiBHS BAJICHTHOT 30HU
Ha HaWHWKYUN PiBEHb 30HU MPOBIIHOCTI, TOOTO piBHA MIMPHUHI 3200POHEHOT 30HU
HAMIBIIPOBIIHUKA. 3a JOBrOXBUJIBOBUM Kpaem (ortompoBigHocTi (AK®D) moxHa
BU3HAYUTH IMIMPUHY 3a00pPOHEHOI 30HM HAmiBIOpPOBIAHUKA, puc. 5.5. [{ns mporo,
eKCTPATOIOIYH KPYTO Majarody AUISHKY KPHUBOI 0 MIEPETUHY 3 BiccClo abcuuc,
3HAXOJIATh TPAHWYHY JOBXHHY XBHJII Ar 1 €HEpril0 KBaHTIB, IO OOYMOBIIIOE
mo4aToK ()OTOMPOBITHOCTI.
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Puc. 5.5 — ®oTonpoBiHICTh FepMaHisl B 3aJIEKHOCTI BiJ] JOBXKUHHU XBUJI1

J

BunpomidtoBanHs (I - BuguMa 30Ha ciektpa, Il - uepBona, III - iHppavepBoHa,
JIK® - noBroxBuiboBHil Kpai (OTONPOBIIHOCTI, TX - «TEMIOBUIT XBICT» KPUBOI)

Ockinpku 3a00pOHEHA 30Ha pPI3HUX HAIIBIPOBIAHUKOBUX PEYOBUH Ma€
IMIMPUHY BiJ JECATHX YaCTOK €JIEKTPOH-BOJbTA 110 3 €B, To hoTonmpoBiaHicTh MOXKeE
BUABIATUCS B 1HGpadepBOHIN, BUAUMIM abo0 yiabTpadiofeToBi YacTHHAX
€JIEKTPOMArHITHOTO CIIEKTpa. 3 puC. 5.5 BUIHO, IO ONTHYHA IIIUPHUHA 3a00POHEHOT
30HM repmanis 0,72 eB, rpaHnyHa JOBXKUHA XBUJI1 JOPiBHIOE MPUOIU3HO 1,8 MKM,
TOOTO NEXHUTHh B 1H(pauepBOHIM 30HI cnekTpa. POTONPOBITHICTH, MPH XBUIISAX
KOpOTHIHX 1,8 MKM, BUBHAYAETHCSI IEPEXOAOM EIEKTPOHIB 3 OIbIII HU3bKUX PIBHIB
BaJICHTHOI 30HM Ha OLIbII BUCOKI PiBHI 30HH MpoBiAHOCTI. Ha kpuBiii mokazaHuii
«TEIUIOBHH XBiCT», IO TATHeTHes 10 1,9-2,0 Mxm. HasBricTe #Horo (To0TO
HEBEJIMKO1 (POTOMPOBIAHOCTI), BUKJIMKYBaHa KBAaHTaMHU CBITJA 3 €HEPri€l0, TPOXH
MEHIIIOK0 IMMUPHHA 3a00pPOHEHO] 30HM HAMiBIPOBITHUKA, MOJKHA MOSCHUTH JBOMA
bi3uynuMu  saBumaMu: 1. Okpemi €JIeKTPOHM MOXKYTh BUSIBUTHUCS MiJ] BIUTMBOM
eHeprii (OTOHIB 1 €Heprii TEIIOBUX KOJUBaHb KPUCTAIIYHUX IpaTtok. Tomi I
eJIEKTPOHH TEPeHIyTh y 30HY npoBiaHOCTi; 2. Illupruna 3a00poHEHOT 30HU HE €
aOCOJIIOTHO TOCTIHHOIO 1 migfaHa (IyKTyalisM, TOMY IO TEIJIOBI KOJWUBaHHS
I'PaTOK MPHUBOJATH A0 KOJIMBAHb MUTTEBOT JIOKAJIBHOI HIUIBHOCTI B 00’ €M KpUcCTana
1 10 3MIHM MHUTTEBHUX BIJCTaHEH MK aTOMaMH, Bl SIKUX BOHA 3aJIEKUTh. DOTOH 3
eHeprieroh-v<Aw , SIKUi TOTJIMHAETHCS Y TOMY MICIll 00’ €My KpHUCTaja, e MUTTEBA
mmpuHa 3a00pOHEHOI 30HM MEHIAa CepeaHbOi, 30y/KYy€e Mapu eIeKTPOH—IipKa.
Takum 9UHOM, «XBICT» KPUBO1 Ha pUC. 5.5 Mae TETUIOBY IPUPOY.

3HIDKEHHS TeMIeparypu 30UIbIIy€e YyTJIMBICTH HAMIBOPOBIIHUKIB 10
OCBITJICHHSI.
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[lutomMa TPOBITHICTh HAMIBIPOBIIHUKIB 3MIHIOEThCA BiJ  Jedopmarii
BHACHIOK 301IbIIeHHS a00 3MEHIIeHHs (ImpH pO3TAryBaHHI a00 CTHUCKaHHI)
BiJICTAaHEW MK aTOMamu, IO NPHUBOJUTH JO 3MIHM KOHIIEHTpAIi 1 PyXJIUBOCTI
HOCIiB. Y pI3HUX HAaMiBOPOBIIHUKIB OJHA W Ta X cama jaedopmariiss Moxe
CIIPUYUHUTH SIK 30UIBIIICHHS, TaK 1 3MEHIIICHHS MIUTOMOI IMPOBITHOCTI B 3aJIEKHOCTI
B1JI TOT'0, 3MEHIIYETHCS UM 30UIBIITY€EThCS MIHMPUHA 3a00POHEHOT 30HHU.

BenuunHoO, 1110 YMCEIBHO XapaKTepHu3ye 3MiHY MUTOMOI MPOBITHOCTI (abo
MATOMOTI'O OIOPY) HAMIBNPOBIIHKUKIB TIpHU AchopmMallii, € TeH304YTJIMBICTb, 1110 €
BITHOILIEHHSIM BIHOCHOI 3MIHM TUTOMOTO OINOPY HAMIBIPOBIAHUKA A0 HOrO
BiJTHOCHOT edopmartii.

5.4. EfIeKTpOHHO-TipKOBHM I Mepexi

[Ipy mpoTikaHHI CTPyMy 4Yepe3 KOHTAKTYH4l 00JacTi HamiBNPOBIAHUKA 3
TIPKOBOIO 1  €JIEKTPOHHOIO  EJIEKTPOINPOBITHOCTSAMH  IMPOSBISETBCS  €PEKT
0o1IHOO1YHOI TpoBigHOCTI cuctemu. Ha puc. 5.6 300pakeHa HamiBIPOBIIHUKOBA
IUTACTHHKA, OJHA TOJOBHHA SIKO1 € JIPKOBHM HAMiBIPOBITHUKOM P-THUITY, a 1HINIA
€JIEKTPOHHUM N-THUITY.
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Puc. 5.6 — Ilpunuun po60TH HaMiBOPOBITHUKOBOTO BUIPSAMIISYA 3 P-n
nepexoaoM

[Ipy poMy B LIJIOMY KOXKHA YacTMHA HEWTpalibHa, TOMY IO Ma€ Micle
piBHOBara pyxomMux 1 HepyxomMux 3apsaiB. Hepyxomi 3apsau Ha PUCYHKY HE
IIOKa3aHi.
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['panuIls Mi>xk 006JaCTSIMU p U n OJIeprKajia Ha3By p—n - MePeXoy.

Yepes Te, 1110 KOHLIEHTPALlis BUIbHUX €JIEKTPOHIB B 00J1aCTI n O1IbIIIe, HIK Y P,
a JIIPOK - HaBMAK{, YaCTUHA EJIEKTPOHIB MiJl BIUIMBOM TEIUIOBOI audysii mige B
00JacTh p, a Aesika KUIbKICTh JIIPOK - B 001acTh n. [Ipu oMy 06s1acts p mepexomy
3apsHPKeHa HETaTHMBHO, a 00JIacTh N - TMO3WTHUBHO. BHACHiIOK IBOTO BUHHKAE
nudy3iiine mosue (puc. 5.6 (a)), HaNPSAMOK SKOTO BU3HAYUTHCS 3HAKAMU HEPYXOMHX
3apsaiB. BoHO nmpumnuHse moganbpiie IepeMilieHHs] pyXOMHUX 3apsfiB, TOOTO Ie y
BIJICYTHOCTI 30BHIIIHBOI HAMpPYTH YTBOPIOETHCA 3aMHKAlO4YWil 1map. ko
NPUKIJIaeHa 330BHI HampyTa (puc. 5.6, 0) CTBOPIOE eNEKTPUIHE MOJIE, 110 301raeThes
3 mudysiiauM, TO mepexin Oyzae "3amkHeHuit" 1 ctpym He mige. [lpu 3miHi
HOJIIPHOCTI TMPUKIAACHOI Hampyrd 30BHIINIHE Tojie Oyne COpSAMOBaHO B
NPOTUJIKHY CTOPOHY BITHOCHO IUQY3iHHOTO, Mepexill BHUSIBUTHCS HACUYCHUM
HOCISIMH 3apsTy, OMip HOTO Pi3KO MOHU3UTKCS, TOOTO Yepe3 HhOTO MOTEYE BETUKUN
3a BEJIMYMHOIO TIpsMUM cTpyM (puc. 5.6, B). BUKkopucTaHHS BJIaCTUBOCTEH p-n -
Mepexo/1iB JI03BOJISIE BUTOTOBJISITH CHJIOB1 HAMiBIPOBIAHUKOBI BUIIPSAMIISAY1, J10/1H,
doToeneMeHTH, TPAaH3UCTOPH I 1HILI TPUIIAIH.

Tpan3ucrop (HamiBIPOBIIHUKOBUN TPIOJ) € MJIACTUHOIO HAMIBIPOBITHUKA, Y
SKIA MDK JBOMa OO0JIACTSIMH 3 OJHOTHITHOKO EJIEKTPOIPOBIAHICTIO 3HAXOIUTHCS
00J1acTh €IEKTPONPOBITHOCTI MPOTHIICKHOTO THITY. ENeKTpUYHI KOHTAKTH 3 [IUMHU
00J1acTsIMU HOCSTh Ha3BYy BXiJ (eMITTEp), BUXiJ (KOJEKTOpP) 1 3arajibHUN €IeKTPO.
(6aza). CtpymMOM y JaHIIO31 KOJIGKTOpa MOKHA KEpyBaTH 3a JOMOMOTOK 3MIH
HaIpyTH 1 CTPYMY B JIaHII031 eMITTepa. PO3pI3HAIOTH TPAH3UCTOPH 3 N-p-n 1 p-n-p
epexoIaMu.

@®oTOope3ucTOPU — HAMIBIPOBITHUKOBI MPUCTPOI, EICKTPUUHHUI OMip SIKUX
CYTTEBO 3aJIeKUTh BiJ PIBHSI OCBITIEHOCTI (pucC. 5.7). 3acCTOCOBYIOTBHCS st
HiApaxyHKy JeTaned Mpu KOHBEEPHOMY BUPOOHMIITBI, MPU KOHTPOJI PIBHS PIAKUX
1 cumy4yux TUI, Y (oTOKOoMmitOBaIbHUX BepcTarax sl OOpoOKHM jaeTaneil 3a
KPECJICHHSM, JJISI CBITJIOBOI CUTHAai3allli, [ CUTHAJi3aIli Mpo MOSBY UMY 1
KOHTPOJIIO CTYTICHS 3TOPSIHHS TaJlMBa, y BEPCTaTax i3 MporpaMHUM KEPYBaHHSIM, Y
MPUCTPOSX ABTOMATUYHOTO 3aXMCTY IMPECIB XOJOJHOTO INTAMITYBaHHS W I1HIIMX
BEPCTATIB.
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Puc. 5.7 — 3o06paxxenns doropesucropa
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Tepmope3ucTopu — HamiBIPOBIAHUKOBI MPHUCTPOI, CISKTPUUHUNA OMIP SKUX
CYTT€BO 3aJICKUTD Bl TEeMIepaTypu. BUTOTOBISIIOTHCS y BUJI1 CTEPKHIB, IJIACTHHOK
abo TabneTok MeroAaMM KepaMiyHOi TexHojorii. Omip 1 iHII BJIACTHBOCTI
TEPMOPE3UCTOPIB 3ajieXKaTh HE TUIBKK BiJl CKJIady, ajie 1 Bil BEIMYMHU 3€pHA, Bij
TEXHOJIOTIYHOTO TMPOIECYy BUTOTOBJICHHS: TUCKY IPH MpPECyBaHHI 1 TeMIEpaTypu
Bianany. [Ipukian TepMope3ncTopiB: MiJIHO-MapraHiieBi Tepmopesuctopu MMT-1
1 MMT-4 (puc. 5.8).

N

Puc. 5.8 — 3o06paxxenns tepmopesucropa MMT-1 1 MMT-4.

3 HamiBIPOBIJIHUKOBOI Kepamiku, Yy skoi Hu3bka Touka Kropi (125°C),
BUTOTOBJISIFOTHCSI TEPMOPE3UCTOPH, LIO BIAPI3HAIOTHCS BiJ BCIX IHIIUX THM, IO
BOHH MalOTh HE HEraTWBHUM, & JyXXE€ BEJIMKWUU IIO3UTUBHUM TEMIIEpATYpPHUU
koeditieHT onopy (nmonan +20%/rpan) y By3bKoMy iHTEpBai TeMneparyp (opsaKy
10°C). Taki TepMOpPE3UCTOPH 1HO1 HA3UBAIOThH MO3UCTOPaMu (puc. 5.9).

Puc. 5.9 — 300paxkeHHs mo3ucTopa

[To3ucTopr BUTOTOBJISAIOTHCS Y BUIJISAAlI JUCKIB HEBEJIMKOI TOBIIUHU 1
IPU3HAYAIOTHCS U1 KOHTPOJIIO 1 PEryJIlOBaHHSA TeMIepaTypu, BUKOPUCTAHHS B
CHUCTEMaX TMOXEXKHOI CHUrHami3allii, 3amo0iraHHs [ABUTYHIB B MEperpiBy,
0OMeXEeHHS CTPYMiB, BUMIpPY MOTOKIB Pi/IMH 1 Ta3iB.
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3anuTaHHA IJI51 CAMOIIEePeBIPKM:

1. SIxi maTepianu BIIHOCATH 10 HAMIBIPOBITHUKIB?

2. Sk 30BHIIHI (akTOpM BIUIMBAIOTH HA  EJIEKTPOINPOBIAHICTD
HaITiBIIPOBITHUKIB?

3. IIlo Take eneKkTpoOHHA 1 IIPKOBA MPOBITHICTh?

4. SIki mepeBaru MarOTh MPUCTPOT HA OCHOBI HAITIBITPOBITHUKIB?

5. SIxi HamiBNPOBIAHUKOBI MPUCTPOI BU 3HAETE 1 IKUM MPUHITUIT IXHBOT 177

6. lllo Take HaMIBOPOBIIHHUK, 1 sIKI MaTepiaay BIAHOCSITH JI0 ITi€T KaTeropii?

7. SIki OCHOBHI BJIACTMBOCTI HAIIBIPOBIIHUKIB BIJIPI3HIIOTh I1X BIJ
IPOBITHUKIB 1 I1€JIEKTPUKIB?

8. Sk 3MIHIOETBCS €JIEKTPOIPOBIIHICTh HAIIBIPOBIHUKIB 13 IMABUIIIEHHIM
Temmneparypu?

9. o BigOyBaeTbcs 13 CTPYKTYpPOIO HAIMIBIPOBIIHUKA TPH JTOCITHEHHI
KPUTUYHOTO 3HAYEHHS HAIIPY>KEHOCT] €JIEKTPUYHOTO T0JIsA?

10. Slkum YMHOM cCTemiaIbHI JOMIMIKH BIUTUBAIOTH HA €JIEKTPOIPOBIIHICTH
HaMIBIIPOBIIHUKIB?

11. Sxi OCHOBHI BHWAM €JIEKTPOMPOBIAHOCTI  3yCTPIYAIOTBHCS Y
HaITBIIPOBITHUKAX ?

12. Ilo Take p-n nepexin, 1 iK€ HOro TeXHIYHE 3HAUYCHHS ?

13. Sxi mepeBarn MawTh MOPUCTPOi, BUTOTOBJEHI HAa  OCHOBI
HaITBIPOBITHUKIB?

14. fxa mmpuHa 3a00pOHEHOI 30HM B HAWOUIBII MOMUPEHUX
HAMIBIIPOBIIHUKOBUX MaTepianax, TaKUX K KPeMHIN 1 TepMaHiii?

15. SIx 30BHINIHI €HEPTeTUYHI BIUIMBH, TaKi SIK CBITJIO YW MEXaHIYHA Jis,
3MIHIOIOTh €JIEKTPONPOBIAHICTH HAIIBIPOBIAHUKIB?

TEMA 6. HAIIIBITPOBIITHUKOBI MATEPIAJIN

Mera: o3HaiioMuTH 3700yBadiB BHUINOI OCBITM 3 13 KiIacudiKalli€ero,
BJIACTUBOCTSAMU Ta TMPUHIUIAMH pPOOOTH HAMiIBIPOBIIHUKOBUX MaTepiais,
PO3KPUTH X pOJIb y CyYacHIM E€JEKTPOHIIi, a TaKOX PO3TIISIHYTH TMEPCIEKTUBU
PO3BUTKY LIi€1 ramys3i.

[Tman nexiui
1. XiMIuHI €JIeMEHTH 3 BIIaCTUBOCTSIMH HaIliBIPOBITHUKIB;
2. JIomiIKoBI HaIIBIPOBITHUKHY;
3. JIoMiliku 3aMIIIeHHS;

4. Jlomitmky BIpOBaHKCHHS;
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5. HaniBnpoBiIHMKOB1 XIMI4H1 CITOJTYKH 1 MaTepiajid Ha iXH1i OCHOBI.

XiJ1 TpOBEACHHS JICKITIHHOTO 3aHATTS
I. Opranizaris rpynu;
II. MoTuHBaIiist HaB4YaabHOI AISUILHOCTI. OroJIOMIEHHS TEMH W METH,
I11. BuknaneHHst Ta 0OrOBOpPEHHSI HOBOT'O MaTepiay;
IV. OrosomeHHs 3aBaaHHs Ha CAaMOCTIHHE OIpaIfOBaHHS Ta MiJArTOTOBKY.

6.1. XimivHi eJ1leMeHTH 3 BJIACTHBOCTAMU HANIBIPOBITHUKIB

3 MpOoCTUX HAMIBIPOBIIHUKIB HAWOUIBII BXKUBAHUMH € T€pMaHiil, KpeMHiH 1
ceneH (auB. Tabm. 5.1).

I'epmaniii. KinbkicTh repmaHis B 3eMHIA KOpi HeBenuKa. Y pe3ysbTari
XIMIYHOI epepoOKU BUX1THOT CHPOBUHHU YTBOPUTHCS TETPAXIIOPHI F'epMaHis, STKHUM
nepeBosATh y JBookuc repmanis (GeO;) - mopomiok Ou10ro Koyibopy. JIBookuc
repMaHisi BIJHOBIIOETHCS Yy BOJHEBIM meui mpu Temrepatypi 650-700°C mo
€JIEMEHTAPHOTO TePMaHis, 10 MPEICTaBIIsIe€ COO0I0 CipUii TOPOIIIOK.

Puc. 6.1 — 306paxeHHs marepiany - repMaHii

3NMUTKA T€pMaHisi BUKOPUCTOBYIOTH SIK BUXITHHM Matepian Il OJlep:KaHHs
0COOJIMBO YHCTOTO TePMaHisi METOJIOM 30HHOT TJIaBKH a00 X JJis 0e3MoCcepeTHOTO
OJIep’)KaHHS MOHOKPHCTAJiB METOJOM BHUTATYBaHHA 3 pO3IUIaBy. Y TepMaHii B
HEBEJIMKUX KOHIIEHTparlisx 3Bu4aitHo npucytHi Ni, Ca, Cu, Mn, As, Fe, Si.

['epmaHiii 3aCTOCOBYETHCS IS BUTOTOBJICHHSI BUIIPSIMIISIYIB MEPEMIHHOTO
CTPYMY Ha Pi3HI MOTY>KHOCTI, TPAH3UCTOPH Pi3HUX THUITIB. 3 HHOTO BUTOTOBJISIFOTHCS
JaTYUKH €.p.C. XoJjla ¥ IHIIUX TaJbBaHOMArHITHUX €(EeKTiB, 3aCTOCOBYBaHI IS
BHUMIPIOBAHHS HANIPYKEHOCTI MarHiTHOTO MOJIsI, CTPYMIB 1 TOTYXHOCTI 1 T.1I.

OnTH4HI BJIACTHBOCTI TepMaHisl MO3BOJISIOTH BUKOPUCTOBYBATH HMOTO ISt
BUTOTOBJIEHHS (DOTOTPAH3UCTOPIB 1 (POTOPE3UCTOPIB, ONTUYHUX JIIH3 13 BEIUKOIO
cBITJIOCUJIO ([T iH(pauyepBOHUX MPOMEHIB), ONTUYHUX (PIIBTPIB,, MOAYJIATOPIB
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CBITJIa 1 KOPOTKHUX paJlioXBWIb. ['epMaHieBl mpuiiad MOBUHHI OyTH 3aXHUIIEHI Bl
BOJIOTH.

Kpewmmniii. Kpemniii, sik 1 repmaiii, BITHOCUTBCS 10 KOBAaJCHTHUX KPUCTAJIIB
4yeTBepTOol rpymnu Tadnuii MenaeneeBa 1 Mae KyOl1yH1 rpaTKu THUILy anMasa. Lle oqun
3 HAHUO1JIBII PO3MOBCIOKEHUX €JIEMEHTIB 36MHO1 KOPH.

Puc. 6.2 — 300paxxeHHs1 MaTepiany - KpEMHIIO

EnexTpornpoBiHICTh KPEMHIIO, K 1 TepMaHis, Ay>Xe CHUIIBHO 3aJIeKUTh BiJl
MPUCYTHOCTI JTOMIIIOK. BHUKOPHCTOBYETHCS 11 BUTOTOBJICHHS J10/iB, TPIOJIIB,
boTOCIEMEHTIB.

Cenen. Enement moctoi rpynu Tabmuii MenneneeBa. IcHye B IEKUTBKOX
pI3HOBUAAX - SIK aMOp(HUX, Tak 1 kpuctaniuHux. Cipuil KpUCTaIIYHUNA CEJIEH Ma€e
TeKCaroHAJIbHY CTPYKTYypy. [luTomuii omip ceneHa 3MIHIOETHCS B JAYXKE IMMUPOKUX
MeKax 13aJIe)KUTh BiJI POy 1 KOHIIEHTPAIIil JOMIIIOK, TeMIIEpaTypH 1 OCBITIICHOCTI.

Puc. 6.3 — 300pakeHHss MaTepiaiy - CEJIeH

JloMilku rajoiais (xjaopy, Opomy, oaa) 3MEHIIYIOTh TUTOMUM OIIip CeJeHa,
SKITO KOHIICHTpAIlis ITUX JOMIIIOK MEHIIe 5-10*%% 3a Baroro. [Ipn nopanemomy
30UTBIIIEHH] BMICTY IUX JOMIIIOK omip 3pocTtae. JIoMIIKU Tenypy, pTYTi 1 psaLy
IHIIIUX METaJIIB 301BIIYIOTh OIIP TEXHIYHO YUCTUX 3Pa3KiB CEJICHA.
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CeJleH 3aCTOCOBYETHCS /111 BUTOTOBJICHHS BUMPSAMIISYIB 1 POTOETIEMEHTIB 13
3aMuKarouuM 1mapom. [IpoGiif ceneHOBMX BHUIPSMIIAYIB BiAOYBAa€ThCA TNpU
nepeHarpysi 3 ammiTyao nopsaaky 80 B, mpuuomy B psal BUDAAKIB mpoOuTe
MICIIEC 3aIUIaBISEThCA MIapoM aMOp(HOTro cejeHa 3 JIyKe MaJlol MPOBIIHICTIO, 1
BUIIPSAMIISIY MOXE TMPOJOBXKYyBaTH poOoTy. TemmeparypHuii iHTepBal poOOTH
CEJICHOBUX BHUIPAMIIAUIB ckianae Big -60 mo +75° C. UyTiauBICTh CEIEHOBHUX
(dhoTOCIEMEHTIB 3aJICKUTh BiJ JIOBXKWHHU XBHJI TaJal040r0 CBITJIA 1 JOXOIUTH 0
500MkA/mM. KoedirieHT KOpUCHOT /111 CEJICHOBOTO (pOoTOEIEMEHTa MAJIHH - OJIU3BKO
0,2%.

XiMivHI eIeMEHTH-HAMIBIPOBITHUKY, TaKl K TepMaHild, KPEMHIN 1 CEJICH, €
KITFOYOBHMHM MaTepianaMy JJis CyYacHOi eNeKTPOHHOI TeXHIKH. IX 3aCTOCyBaHHS
0a3yeThCsl HA YHIKaJIbHHX BIACTHBOCTAX, TAKUX SIK IIMPUHA 3a00pOHEHOI 30HH,
CTPYKTypa KPHUCTaJIYHUX IpaTOK 1 B3aeMOis 3 JoMimkaMu. ['epmaHiii mae
nepeBarn y HHU3BKOTEMIIEpATYpHUX 3aCTOCYBaHHSAX, KPEMHIN 3aluIIaeThes
YHIBEpCAJIbHUM MaTepiajioM, a CeJieH Ma€ yHIKaJabH1 ONTUYHI BIACTUBOCTI.

JUis TIMOImIoro po3yMiHHS Ba)JIMBO BPaxoOBYBaTH OCOOJIMBOCTI KOXHOTO
MaTepiany y KOHTEKCTI KOHKPETHOTO 3aCTOCYyBaHHHI.

6.2. loMilmKoBi HANIBIPOBITHUKHI

JIOMIIIKOB1 ~ HAmNIBOPOBIAHUKK  BUKOPHUCTOBYIOTBCA Yy  OUIBIIOCTI
HaIBIPOBITHUKOBUX  TIpwiaagax. Y  poOoUyoMy IHTEpBal  TeMIepaTyp
NoCTayaJIbHUKaMH BUIBHUX HOCIIB 3apsA/iB y TAKUX HAMIBIPOBITHUKAX € JOMIIIKH.

[1in nomimkamMu B HamiBOPOBITHUKOBUX XIMIYHHUX CIOJIYKaX PO3YMIIOTh:

1) BKJIFOUEHHS aTOMIB CTOPOHHIX €JI€MEHTIB;

2) HaJUIMIIKOBI aTOMHU €JEMEHTIB, IO BXOIATh y XIMiuHy (opmyry
caMoro3'eJIHaHHS;

3) nedexTd KpUCTATIYHMX IpaT: MOPOXKHI BY3JIM, aTOMH ab0 10HU MIXK
BY3JIaMU TpaT, AUCIIOKaIlli abo 3CyBH, 1110 BUHUKAIOTH MPH MJIACTUYHIN aedopmartii
KpHUCTaJla, MIKPOTPIIIMHH.

SIKI10 TOMIMIKOBI aTOMH 3HAXOASATHCS Y By3JaX KPUCTATIUHUX I'PAT, TO BOHU
HA3WBAIOTHCS IOMILIKAMM 3aMillleHHs, a K0 MDK By3JaMd — TO AOMIllIKaMHU
BIIPOBA/I’KEHHS.
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Puc. 6.4 — Cxematnune 300pakeHHs KpUCTAIIYHOI IpaTKU TepMaHis: a) - 6e3
JIOMIIIOK; 0) - 3 aKIIENITOPHOIO TOMIIITKOIO 1HIIF0; B) - 3 IOHOPHOIO JOMIIIKOIO
MHUIII SIKa

Jlonopu it akuenTopu. J[OMIIIKH, 11O MOCTABISAIOTH E€JICKTPOHU B 30HY
MPOBITHOCTI HAIIBIIPOBIIHUKA Ha3UBaIOTh JOHOpaMu (puc. 6.4 (0)). Jlomimku, o
3aXOIUTIOIOTh  €JIEKTPOHM 3 BAJCHTHOI 30HU HAIMIBIPOBIJIHMKA, HA3UBaIOTh
aknenropamu (puc. 6.4 (8)).

Hocii 3apsimy, KOHLEHTpalisl SKUX y JaHOMY HAaIiBIPOBIAHUKY O1LIbIIE,
3BYTHCSI OCHOBHHUMM, a T1, KOHIICHTpAITisl IKMX MCHIIIC — HEOCHOBHUMH.

Tax, y HamiBIPOBIAHUKY N-TUITY €IEKTPOHU € OCHOBHUMH HOCISIMH, a JIIPKU
HEOCHOBHHMMHU. Y HAIBIIPOBIIHUKY P-TUIY OCHOBHI HOCIi - JIPKH, a HEOCHOBHI
CJIEKTPOHHU.

JlomilikoBa €NEKTPOMNPOBIIHICTh JJII CBOEI IMOSBM BHUMAara€ MEHILIUX
eneprernynux BmmBiB (0,01-0,1 eB), HixX BIacHa, TOMy BOHa Ma€ MiCIle NpHU
HIDKUMX TEMIIepaTypax, Hi’K BJIaCHA €JIEKTPOIIPOBIIHICTh HAMIBIPOBITHUKA.

6.3. Jlomimku 3amMineHHsI

KoBajieHTHI cTpyKTYypH THNY ajgma3a. ['epmaHiid i KpeMHill - eTeMEHTH
4eTBepTOi Irpynu Tabiuili MeHneneeBa - MalOTh CTPYKTYpPY aliMasa, Yy SKiid KOXXEeH
aTOM OTOYEHHM 4YOTHpMa HAWOMMKYMMHU cycigamu. Y OaHiil CTPYKTypl IIIOTh
KOBaJICHTHI 3B'SI3KU. BaJeHTHI €JIeKTpPOHM 3aKpiIlJieHI 3a CBOIMH aToMaMH 1 HE
MEPEMIITYIOTHCS 10 KpUCTATy. SIKIO HA MICIIE OJHOTO 3 aTOMIB HAMIBIPOBITHUKA
(Y maHOMY BHUIIQJIKy Te€pMaHisl) y SKU-HEOYb BY30J1 IpaTKU MOIAIA€ CTOPOHHIN
aTOM 1HIIIOT XIMIYHOT IPUPOJIU ¥ 1HIITIOT BAJICHTHOCTI, TO CUCTEMA BaJICHTHUX 3B'SI3K1B
y IIbOMY MICIli KpUCTaJla BUSBIISETHCS MOPYIICHOIO, 1 MOXKYTh OyTH JBa BUTIAJIKH,
110 MOSICHIOKOTHCS puc. 6.4 (6) 1 (B).
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Ha puc. 6.4 (6) HaBe1eHa KpUCTalliYHA IPpaTKa FreépMaHis 3 JOMIIIKO MUIII'IKY
(emeMeHT m'ATOI TPymHH), y SIKOTO Ha 3O0BHIMIHIA OpOITI PO3TAIIOBAHO II'ATh
eniekTpoHiB. [loTpanuBiiy y By30J51 rpaT repmadis 1 3B'S3aBUIM YOTHPU 31 CBOIX
CJICKTPOHIB, TaKa JOMIIIKA Ja€ HAJIUIITKOBUN CITA0KO 3B'I3aHUM €JIEKTPOH, IO ITi]T
BIUIMBOM TEIUIOBOI €HEPrii MOXKe MmodaTh 0e3jiaiHO OJyKaTH M0 KpUCTaly, a I
BILJTUBOM CIIEKTPUIHOTO oJIs oyne HaTpaBIeHO TepeMiIaTUCs
(€JIEKTPOTIPOBIAHICTD TUITY N). ATOM JOMIIIKH, III0 BTPATUB €JIEKTPOH, € ITO3UTUBHO
3apsAHKEHOI0 YaCTUHKOI, HEPYXOMO 3aKpiIUICHOI0 B JaHOMY MIiCIi IpaTKu
HAMIBIIPOBIIHUKA. Y IbOMY BUIIAJAKY JOMIIIKA €IEMEHTA I'ATO1 IPYIU MeP10AUYHOT
cucTemu OyJie JOHOPCHKOIO.

Ha puc. 6.4 (B) 300pakeHa KpuCTaJliyHA TpaTKa TepMaHis 3 JOMIMIKOO
€JIeMEeHTa TPEThOl IPynu — 1HJIII0, [0 MAa€ Ha 30BHINIHIA OpOITI TPU BaJIGHTHHUX
eNIeKTpOoHH. Taka JOMIIIKa B IpaTKaX Te€pPMaHis CTBOPIOE MIipKy, 3aMO3MYar0un
€JICKTPOH B OJHOTO 13 CYCIJIHIX aTOMIB TepMaHis. ATOM TOMIIIKH, IO TIPUETHAB
CJIEKTPOH, SBJSIE COO0I0 HETATUBHO 3apsHKEHY YaCTKy, HEPYXOMO 3aKpilieHy B
JaHOMY MICII I'paT HamiBOpoBigHMKA. Jlipka Moxe OmykaTu mo kpucramy. [lpu
HaKJIaIaHHI eJIEKTPUYHOTO TOJIs, SIK MMOKa3aHO HA PUCYHKY, €JIEKTPOH Oyjae y3saTuid
BiJI JIIBOTO aTOMa T€pMaHisi, 0 TPH IIbOMY OJIEPKY€ IMO3UTHBHUHN 3apsia 1, y CBOIO
4epry, 3aXOIUTh EIEKTPOH BiJ HACTYITHOTO aTOMa, TOOTO JlipKa OYHE HApaBIeHO
nepecyBaTHCs ClpaBa HaBO (€JIEKTPONPOBIAHICTh TUIY p). HacmpaBal B mpomy
BUMIAJKY PyXalOThCs TUTBKH €IEKTPOHH, ajie iXHE ecTapeTHE MepecKaKkyBaHHS 3
aToMa Ha aroM MoOXHa (QopMallbHO oOmHMcaTH SK PyX OJHIET JIpKH, IO
NEPEMILIAETHCS B HAMIPSIMKY, 3BOPOTHHOMY HANpPSIMKOBI pyXy €JIEKTPOHIB, TOOTO B
HanpsAMKy mousid. JloMilnka ejieMeHTa TPeThOi IpyHu MEepiOJAWYHOI CHUCTEMH €
aKIENTOPHOIO.

KoBajienTHi HamiBnpoBiTHMKOBI 3'€qHAHHS. Y  HAIIBIPOBIIHUKOBUX
3'ennannsx, Hanpukiag AMBY, 3a3suuaii mominikosi aromu 3aminienns 11 rpymu (Mg,
7Zn11H.), 10 MaIOTh MEHIIYy BaJICHTHICTb, € akientopamu. Jlomimkosi atomu VI rpymnu
(Se, Te), 1m0 MarOTh OUTBIITY BaJICHTHICTh, OyIyTh JOHOpamu. [{omiiikoBi atromu IV
Ipynu B HamiBopoBigHukoBux 3'enHandsx A"BY moxyrs Oyru i moHopamu, i
aKIIETITOPAMH, B 3aJIKHOCTI BiJI TOTO, SIKUW aTOM 3'€THAHHS 3aMIMIAETHCS TIOMIITTKOBUM
aToMoOM. SIKIII0, HANPUKIIAJ, JOMIIIKOBUN YOTUPUBAJICHTHUN aTOM 3aMillla€ B IpaTax
InAs TpuBanenTHuit aToM In, To BiH Oy/1e JOHOPOM, SIKIIIO I’ ITUBAJIEHTHUI aTOM AS, TO
aKIIETITOPOM.

6.4. loMilIKu BIPOBAIKEHHS

Crpykrypn THHOY ajaMa3a. Tum eneKTpPONpOBIIHOCTI BHU3HAYAETHCSA

po3MipaMy 1 BEJIMYMHOIO HETaTUBHOTO 3apsAay JAOMIIIKOBHUX aTOMIB, MIO
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BIIPOBA/KYIOTHCS MDK By3JIaMHM IpaT HamiBOPOBiAHUKIB IV rpynu mepioanyHoi
cuctemu. Skmo arom Ge abo Si miJg €HEPreTUYHHUM BIUIMBOM MOTPAIUISE€ MIXK
By3J1aMH, TO YTBOPATHCS JIBa JOMIIIKOBI PiBHI: JOHOPCHKUI BIIPOBAKEHOTO aTOMa
1 aKLIENTOPHUHN TOPOKHBOIO By3JIa.

IonHi crpykTypu. ATOMH MeTaliB MOXYTh BIPOBAIKyBaTHCS B TICHI
MPOMIXKKH MK By3JIaMH 10HHMX IpaT JIMIIE B TOMY BHUIIAJKY, SKIIO BOHH Pi3KO
3MEHIYIOTh CBOI PO3MipH, I11030aBUBIIUCH 30BHIIIHIX €JIEKTPOHIB, IO
00YMOBJIIOIOTH €JIEKTPONPOBIAHICTh N-TUMY. loHM O0araTb0X METaI0iAiB, III0 MAlOTh
BEJIMKI AlaMeTpH, HE MOXKYTh BIPOBAPKYBaTUCS MK By3JIaMU 10HHUX 3'€IHAHb.

6.5. HaniBnpoBiAHUKOBI XiMiYHi CIIOJIYyKH i MaTepiaau Ha IXHill OCHOBI

HamiBrpoBiIHUKOBI XIMi4H1 CHIOJYKH CKJIaal0ThCS 3 €IEMEHTIB PI3HUX T'PYII
Tabuuii Menaeneesa, o BianosigawTs 3aransauM Gopmynam AVB!Y (manpuxnan,
SiC), ABY (InSb, GaAs, Ga), A"BY! (Cd, ZnSe), a Takox 1esKi OKHCIH
(manpuxan, Cu,O) 1 pe4OBUHU CKIAAHOTO CKIIAY.

Kap6in kpemmniro. Le 3'eqnanns enemenTtiB [V rpynu Tabnumi Menaeneesa:
kpemuio i Byrremo (A™VB'Y), mo signosimae ¢opmyni SiC. Kap6in kpemHiro
mictuth 70,045% Si 1 29,955% C (3a Barow). Y mnpupoai ued matepiai
3yCTpivaeThbcs BKpai pifko. EnexTponpoBiaHicTs KpuctaiiB SiC npu HOpMaJIbHUX
TEMIIEpaTypax — JOMIIIKOBA, KOJMBAETHCS B IIMPOKUX MeXaxX 1 301IbIIyeEThCS 3
TeMnepaTyporo. EJeKTponpoBiHICTh MOPOIIKOMOAIOHOTO KapOigy KpeMHIIo
3aJIeKUTh BIJl €JIEKTPOMPOBIIHOCTI 3€pEH BHUXIJHOTO MaTepially, Harpy>KEHOCTI
SJIEKTPUYHOTO TIOJIS 1 TEMITEPaTyPH.

TemnepaTypHi 3al€XHOCTI €IEKTPONPOBITHOCTI €IEKTPOHHOTO 1 AIPKOBOTO
Si mokazani Ha puc. 6.5.
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Puc. 6.5 — 3anexxHicTh MUTOMOI TPOBIAHOCTI JEKUIBKOX 3pa3kiB n-Si (a) i p-Si (0)
BiJl TEMIIEpaTypHu
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EnextpornpoBiHICTh MOPOMIKONOAI0HOT0 KapOily KPEMHIKO 3aJeXHUTh BiJl
eJIEKTPOTPOBIAHOCTI BHUXIJHOTO MaTepially, pO3Mipy IOMOJY, CTYIEHS CTHUCKY
YaCTOK, HAMPYXEHOCTI EJIIEKTPUYHOTO TOJIs 1 TeMmrepaTypu. Hampukiazd, sKImo
IUTOMa MPOBIIHICTh MaTepiany npudmuzno 150 Cm/m, To npu Temnepartypi 20 °C,
po3mipi 3epeH 63—75 MkM 1 THCKY Ha nopormiok 60 MIla B 30H1 ciiabkoro moJs (10
5 B Ha caHTUMETp BHCOTH IOPOIIKY) IMUTOMA MPOBIJHICTH MOPOUIKY OyJe
npubiu3no 2-10-6 Cm/m. Ilpu 36unbiieHH] 3epHa a0 85-105 MKM 1 mpu BCiX
KOJIMIITHIX YMOBaX MATOMA MPOBIAHICTH MOPOMIKY 3pocTae a0 10-3 Cm/m.

Kap06ing kpemHil0 B €IEeKTPOTEXHIIl 3aCTOCOBYETHCS [JII BUTOTOBJICHHS
PE3UCTOPIB JIJIsl BEHTWIBHUX PO3PAIHUKIB, 110 3aXHUINAIOTh JIiHIT Iepeadi BUCOKOT
HAIMPYTH U amaparypy, 1yl BAPOOHHUIITBA HU3bKOBOJIBTHUX BAPUCTOPIB (BAPUCTOP
— IIe PE3UCTOp 3 HENIHINHOI BOJIBT-aMIEPHOI XapaKTEPUCTUKOIO), IS IIICH
aBTOMATHUKH, OOYHMCIIOBAIILHOT TEXHIKM 1 €JIeKTpOnpuiIanoOyayBaHHs, s
BUTOTOBJIEHHS ~ CUIITOBUX  CTEpPXKHIB  HArpiBadyiB  BHCOKOTEMIIEpaTypHHUX
CIIEKTPUYHMX TIeUeH 1 T.1I.

Apcenig rajiio — ue 3'eqganns ABY. [Ilupuna 3a60pOHEHOT 30HM €TI0
MEPEBUIIyE IHUPUHY 3a00pOHEHOI 30HM TepMaHis 1 KpemHio. [lpu mpomy
PYXJIMBICTh €JIEKTPOHIB Y HBOT'O BHINE, HIXK Y TepMaHisi 1 KPEMHII0, a PYXJIUBICTb
JIPOK MOPIBHAHHA 3 TaAKUM 1)1 KpeMH1t0. LIMHK, KaaMmiil, MiJib € aKllenTOpaMH, PiBHI
SAKUX JIeKaTh BUIINE Jiana3oHa BajeHTHOI 30HU Big 0,08 no 0,37 eB. loHopamu €
cipka, celieH, Telyp, a Takox ernementu [V rpynu tabnurii Meneneesa.

3 apceHifly Trajii0 BUTOTOBJISAIOTH (OTOENEMEHTH 3 K.K.J1. Hopsanaky 7%,
TO3UMETPU PEHTI€HIBCHKOTO BUIIPOMIHIOBaHHS, TyHEJbHI IIOOH,
HaMIBIIPOBIIHUKOBI Ja3epyu. HamiBnpoBiAHUKOBI IpUIaaAN 3 apCeHioy raiilo 37aTHi
npaioBatu 10 temmepatypu 450°C.

AHTUMOHI iHgi0. OnepKyroTh CIUIABKOIO BHCOKOYUCTHX I1HJIIO 1 CypbMH.
Marepian mpoXoauTh 30HHE OYMIIEHHS, & MOHOKPUCTAIM 3 HHOTO POOJISATH METOIOM
BUTATYBaHHs. PoTonpoBiHICTE InSb oxorumoe mupoky o007acTh, IO JIGKUTH B
1H(ppaYepBOHIM YaCTHHI CHEKTpa, J0XOIsT4u 0 8§ MK. MakcumyM (hOTOMPOBIIHOCTI
BIIMOBIAAE TOBXKHUHI XBUJII 6,7 MK.

AHTHMOHIJT 1HJIIO 3aCTOCOBYETHCS [IJII BUTOTOBJIEHHS (DOTOEIEMEHTIB
BUCOKOI YyTJIMBOCTI, a TakKOX i TEPMOEIEKTPUUYHUX TEHepaTopiB 1
XOJIOIUJILHUKIB.

P’ eqnanns A"BY! (cynbdinu). Cipuncruii ceunens (PbS), cipurctuii BicMyT
(B12S3) 1 cipunctuit kaamiid (CdS) BUKOPHUCTOBYIOTHCA JJIS BUTOTOBJICHHS
dboTope3ncTopiB 1 IIOMIHODOPIB.

doTope3ucTopyu 3 MOJIKPUCTATIYHOTO CIPYMCTOTO CBHUHIIO MArOTh KPUBY
CIEKTPaIbHOI YYTIUBOCTI, IO OXOILUTIOE BUAUMUN Ta 1H(padYepBOHMIA Jiana3oHu

eJIEKTPOMArHiTHOTO CHEKTpa, puc. 6.6. UyTinuBicTh (HOTOPE3UCTOPIB 13 CIPUUCTOTO
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BICMYTY JICKUTb Y BY3bKill YepBOHII 00J1aCTI CrieKTpa, a (hOTOPE3UCTOPIB HA OCHOBI
CIPUMCTOrO KaJMIIO 3aJIeKHO BiJ BMICTY JOMIIIOK 1 TEXHOJOTIi BUTOTOBJICHHS
3pa3KiB MOXKE MaTH MaKCUMYMHU MPHU PI3HUX JOBXKMHAX XBHWJIb BHJIMMOI YaCTUHU
CHEKTpA.

)
T
I : \\
/ i \ i e

50

25

N LA

05 o7 1 1.5 21 250 3 nawa

Puc. 6.6 — Cnektpanbha uyTiuicTs npu 200 °C ¢poTope3ucTopis 3
MOJTIKPUCTAIIYHOTO CipuncToro cBUHINO (1) 1 cipuncToro BicmyTy (2)

doTope3ucTopu TAKOXK 3aCTOCOBYIOTHCS JUIA MIAPAXyHKY JeTanel Yy
KOHBEEPHOMY BUPOOHHUIITBI JIsI KOHTPOJTFO PIBHS PIAKUX 1 CUITyYHX T1JI.

Oxucim. 3akuc Miai (CuyO) — HamBOPOBITHUK p—TUITy. [IpOBIIHICTE CHIILHO
3aJIKUTH BIJl JOMIIIOK, TEPMIYHOI OOpPOOKH 1 TeMIepaTypH. 3 OKUCICHUX MIJTHUX
IUIACTUH, Ha TIOBEPXHI1 SIKUX YTBOPHUBCS ILIap 3aKHCYy MiJi, Oy OTpUMaHi Mepii TUIH
HAITIBITPOBITHUKOBUX BHIIPSIMIISYIB 1 (DOTOETIEMEHTIB. 3 YacoM MiJHO3aKHUCHEBI
BUIMPSIMIISY1 CTAPIIOTh, IO MPU3BOUTH JI0 MAIHHS CTPYMY.

Cepen 1HImMMX HAMIBOPOBIAHUKIB-OKUCTIB - OKUC [HUHKY (ZnO) —
HaIBIPOBITHUK N—TUIY, 1 IBOOKKUC TUTaHy T10;.

HamiBrnpoBiTHUKOBI  OKHCITM  BUKOPHUCTOBYIOTHCSI NIl  BUTOTOBJICHHS
boTope3nucTOpiB, TEPMOPEIUCTOPIB, BUITPSAMIISAUIB 1 T.11.

Omxe:

e PizHomaniTTss MatepiajiB: HamiBopoBiIHMKOBI XIMIUHI CHOJYKH
OXOIUTIOIOTh HITUPOKUI CIIEKTP BIACTUBOCTEH, K1 TO3BOJIAIOTH iX BUKOPUCTOBYBATH
B PI3HUX MPHUCTPOSIX: BiJl (POTOPE3UCTOPIB A0 HAMIBIPOBITHUKOBUX JIA3€PiB.

e 3ajekHiCTL BJACTHMBOCTEH Bix ckiaany: Jlomimku, KpucTaaigyHa
CTPYKTypa 1 TEXHOJIOTii BHUTOTOBJICHHS 3HAYHO BIUIMBAIOTh HA XapaKTEPUCTUKU
MaTtepiaiB.

e 3acrocyBanHsi: LI marepianmu 3a0e3neuyrOTh PO3BUTOK CY4acHOI
CJIEKTPOHIKH, (DOTOETEKTPUKH, BHUCOKOTEMIIEpATYpHUX MPUCTPOIB Ta I1HIIMX
rajgy3em.
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3anuTaHHA 1JI51 CAMOIIEePeBIPKM:

1. SIx xnacudikyrOTh HaMIBOIPOBITHUKOBI MaTepiaau?

2. SIxi XiMi4HI €JIeMEHTH HaMIBIPOBITHUKA BU 3HA€ETE?

3. 3 Akux Trpyn  XIMIYHHX  €JIEMEHTIB  MeplogudyHOoi  TalmuIll
(bOopMYIOTBCSHAIIBIPOBITHUKU XIMIYHI CIIOTYKUA?

4. Slxum YUHOM JIOMIIIIKHA BILUIMBAIOTH Ha IIPOBITHICTH
HaIBIPOBITHUKOBUXXIMIYHUX CITOTYK?

5. lllo Take TepmicTop i Bapuctop?

6. /le BOHM 3aCTOCOBYIOThCS?

7. Ha3BiTh HamiBOPOBIJHUKOBI MaTepiaiu, $SKi BUKOPUCTOBYIOTh IIpU
BUTOTOBJICHHI €JIEMEHTHOT 0a31 eNIEKTPOHHO] armapaTypH.

8. BiracH1 HamiBIPOBITHUKH.

9. HameniTh ocHOBHI (Pi3MuHI BJIACTUBOCTI KPEMHIIO, Te€pMaHis, apCeHiny
raJio.

10. JloMimIKoB1 HaMiBIIPOBITHUKH.

11. AKuenTopHi TOMIIIKH.

12. JIoHOpH1 TOMIIIKH.

13. ®i3uyHe sBUIIE SICKTPOHHOI MPOBIAHOCTI.

14. Yum Bigpi3HAETHCS TEMIEpAaTypHa 3aJEKHICTh IMHTOMOTO OTOPY
BJIACHOT'O HAMIBIPOBIAHUKA B1J] JOMIIIIKOBOT'O?

15. HamiBnpoBiTHUKOB1 XIMI4H1 CIIOJIYKH 1 MaTepiajid Ha iX OCHOBI.

TEMA 7. JIEJEKTPUKHU. OCHOBHI IIOHATTS.

Merta: o3HaiiomuTy 3700yBayiB BUIIO1 OCBITH 3 3 OCHOBHUMH MOHATTSIMH IIPO
JIeNeKTPUKU, iXH1 (hI3WYHI BJIACTHUBOCTI, KiacHU(iKallilo, a TaKOX IOSCHUTH
MPOIIECH, 110 BiAOYBAIOTHCS B J1€IEKTPUKAX 1] 1€ €ISKTPUIHOTO TOJIS.

[Tnan nexi
1. OCHOBHI ITOHSTTS,
2. JlieneKTpuK B €JIEKTPUYHOMY TIOJI.

XiJ1 TpOBEACHHSI JIEKIITHOTO 3aHATTSA
I. Opranizaiis rpymnu;
II. MoTuBaIiist HaB4YaabHOI AISUILHOCTI. OroJIoOmEHHsT TEMH W METH;
I11. Buknagennst Ta 0OTOBOPEHHS HOBOTO MaTepialy;
IV. OromnomuieHHs 3aBIaHHs HA CAMOCTIITHE ONPAaIIOBaHHS Ta MIATOTOBKY.
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7.1. OcHOBHI NOHATTHA

JlienekTpukaMyd  HA3WBAaIOTh ~ MaTepiajid, OCHOBHOIO  €JIEKTPUYHOIO
BJIACTHUBICTIO SKUX € 3[JaTHICTh JO HOJSApH3allii W y SKUX MOXKJIMBE ICHYBaHHSA
eJIEKTPUYHOTO TIOJISL.

BianoBigHO 10 30HHOI Teopii TBEPAOTO Tija, — ICIEKTPUKH — 1€ PEUOBUHH,
B AKMX 3a00pOHEHa 30HAa € HACTUIBKM BENHKa, II0 B HOPMAaJbHHUX YyMOBax
eJIEKTPOTIPOBIAHICTD Y HUX BIJICYTHSI.

e o

]

Puc. 7.1 — Buau nianekTpukis

Tina BUrOTOBJICHI 3 JIICIEKTPUKA HA3UBAIOTh 130JIITOPAMHU.

Mornekyna JaieeKTpUKa CKIAIA€ThCs 3 TO3UTUBHUX 1 HETaTUBHUX MOHIB, a
TaKOXX €JICKTPOHIB. BUIbHUX €JIEKTPOHIB B I1CJIEKTPUKAX TyKE MaJjo.

Ha mnpaxkTuimi [OieIeKTpUKd HE BBaXA€TbCd aOCOMIOTHUM  130JISITOPOM.
3a3BuYail eaeMeHTapH1 3apsiid MOJIEKYJIH J1EIEKTPUKA 3HAXOIATHCSA B XaOTHUHOMY
TEIUIOBOMY KOJIMBAaJbHOMY pyCl Ol IIEHTPIB pIBHOBaru. SIKIO BKIIOYUTH
JIENEKTPUK B KOJO MOCTIHHOI HANpyTrd, TO MiJ AI€I0 CUJI €JIEKTPUYHOTO OIS
eJIEMEHTapHI 3apsId MOJICKYJI ieJIEeKTPUKA TIEPEMICTATHCS B HAMPSMKY JII0YMX Ha
HUX cWl. B pe3ynbpTari 3MillleHHS 3aps/IiB B Cepe/IMHI JAieJIEKTPUKa B KOJI1 BUHUKAE
KOPOTKOYACHUM CTpyM Tossipu3ariii. Uepes myxe KOPOTKUM Jac el CTpyM 3HUKAE.

CTpyM BHTOKY Il CTpyM MOXKE MPOTIKaTH depe3 MieJIeKTPHUK JOBTUH dac.
JlienekTpuk 3aBkaM Mae HOHM Ta BUIbHI €JIEKTPOHH, X04a X ayxe maino. [lix nieto
eJIEKTPUYHOTO TOJISI BOHMU TMOYHYTh MEPEMIIATHUCh. BenuunHa CTpyMy BHUTOKY
3HayHO OUIbIIa HIXK CTpyMy nojspusaiii. [Ipoxoasun uepes3 AieNeKTpUK CTPyM
BUTOKY BHILJISIE TETLJIO.

SIKIII0 BKJTFOUUTH JIEIEKTPUK B KOJIO 3MIHHOT HAITPYTH TO MPOLIEC MOJIIpU3allii
Oyze MPOXOANTH MEPIOAUYHO CIIOYATKy B OJTHOMY HAINpsIMKY, a TIOTIM B IHIIOMY
B KOJI BUHUKHE 3MiHHMM cTpyMm. [lporec sikuii Oe3nepepBHO MOBTOPHOETHCS
noTpeOye 3arpar eHeprii . [lepiomnune mepeMimieHHs B Martepiaji JieJIeKTpUKa
HOHIB Ta BITLHUX €JIEKTPOHIB MPOBOKYE BUHUKHEHHS CTPYMY BUTOKY.
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PeanbHuil (TEXHIYHUM) A1€IEKTPUK TUM O1IbII HAOJIMIKAETHCS JI0 1/1€aJIbHOTO,
YUM MEHIIa HOTro NUTOMa IMPOBIAHICTE 1 YUM Cia0Kille B HBOTO BHUPaXEHI
YHOBUIbHEH1 BUIW MOJSIpU3allii, MOB'sI3aH1 3 PO3CIIOBAaHHAM €IEKTPUYHOI €Heprii i
BUJIIJICHHSIM TerlIa.

[Ipy mpakTUYHOMY 3aCTOCYBaHHI JI€JIEKTPUKIB — OJHOTO 3 HaMOUIbII
BEJIMKUX KJIACIB EJICKTPOTEXHIYHMX MaTepiajiB — JIOBOJI YITKO BHU3HAYUJIUCS
NoTpeOu €NEKTPOTEXHIKM Y BUKOPUCTAHHI MACUBHUX YM aKTUBHHMX BJIACTUBOCTEU
IIUX MaTepiaiB.

Ha BukopucTaHHI TacHMBHUX BJIACTUBOCTEH MIENEKTPUYHUX MaTepialiB
TPYHTYETBCSl IXHE 3aCTOCYBAaHHS B €JEKTPOTEXHILI B SAKOCTI €IEKTPOI30JIALIHHUX
MaTepiagiB 1  JIENeKTPUKIB y  KOHJEHcaTopax  3BHUYAaWHUX  THIIIB.
EnextpoizonsmiiHuMu MaTepialaMu Ha3UBaIOTh JICJICKTPUKH, SIKI 3aCTOCOBYIOTH
JUIsl YCYHEHHSI BIUIMBY €JIEKTPUYHUX 3apAJIB B €JIEKTPOTEXHIYHUX MPUCTPOSX. Y
IUX BUNAJAKAaX BEJIMYMHA [IEJIEKTPUYHOI MPOHUKHOCTI Ma€ OyTH SK MOKHA
MEHIIIOK0, 100 HEe BHOCHUTH Yy CXE€MHU mapa3utHi eMmHOCTI. [Ipu BukopuctanHi
JIENEKTPUYHUX MaTepialiiB y SKOCTI JieJeKTPHKa KOHAEHCAaTOpa HEOOX1THO MaTH
MaTtepian 3 sKoMora OUIBIIO BEIUYHHOK ICTEKTPUYHOI MPOHUKHOCTI, M00
3a0€3MeYnTH 3HaAUHYy HOT0 EMHICTH 32 MaJTUX rabapuTiB.

B TexHiI BUKOPUCTOBYIOTH TBEP/I, PIJIKi Ta Ta30MOA10H1 A1€JIEKTPUKH.

TBepai nienexktpuku 1e Gapdop, ryma, CKIo i T.1.

B skxocTi pigkux JieJeKTPUKIB BUKOPHUCTOBYIOTh TpaHCHOpPMaTOpHE,
KOHJIEHCATOpHE, Ka0eIbHE MacCIIO.

Haituacrime B IKOCT1 Ta3010/110HOTO JI€IEKTPUKA BUKOPUCTOBYIOTh IOBITPAL.

Tima BUTOTOBIEHI 3 IENEKTPUKA HA3UBAIOThH 130JsTOpaMu. Momekyia
JEJIEKTPUKA CKJIAIA€ThCS 3 TTO3UTUBHUX 1 HETAaTUBHUX HOHIB, @ TAKOXK €JICKTPOHIB.
BinbHUX €EKTPOHIB B ICJIEKTPUKAX JTyKE Majo.

Ha mnpaktuimi JienekTpukd HE BBaXA€ThCA aOCOIIOTHUM  130JI9TOPOM.
3a3Buuail ej1eMeHTapHI 3apsiid MOJIEKYJIH J1EJIEKTPUKA 3HAXOAATHCS B XaOTUYHOMY
TEIUIOBOMY KOJIMBAJbHOMY pycCl OUISI IEHTpIB pIBHOBaru. KO BKIIOUUTH
JIENEeKTPUK B KOJO TOCTIHHOI HANpyTrd, TO MiJ AI€I0 CUJI €JIEKTPUYHOTO OIS
eJIEMEHTapHI 3aps/Id MOJIEKYJI 1eJIeKTPUKA EPEMICTATHCSA B HANPSAMKY JII0YMX Ha
HUX cuil. B pe3ynbTati 3MillleHHs 3aps/iB B CEpEAHI AieeKTPUKa B KOJII BUHUKAE
KOPOTKOYACHUM CTpyM mossipu3ariii. Uepes nyxe KOPOTKUM Jac el CTpyM 3HUKAE.

CtpyMm BUTOKY LIeH CTPYM MO’KE MPOTIKATU 4Yepe3 JIEJIEKTPUK JTIOBTUH Yac.
JlieneKkTpuK 3aBXKI1M Ma€ HOHU Ta BUIbHI €JIEKTPOHHM, X0ua iX ayxe majo. I1ig aiero
CJIEKTPUYHOIO TOJSi BOHU MOYHYTh NEpEeMIllaTUCh. BenuunHa CTpyMy BHUTOKY
3HayHO OLIbIIa HIXK cTpyMy mnoispusaiii. [Ipoxoasun uepe3 AieNeKTpUK CTPyM
BUTOKY BHJILJISIE TEILJIO.
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SIKIII0 BKJTFOUUTH JIEIEKTPUK B KOJIO 3MIHHO1T HAITPYTH TO MPOLIEC MOJIIpU3allii
OyzAe MpOXOAUTH MEPIOAUYHO CIIOYATKy B OJIHOMY HANpsIMKY, a MOTIM B IHIIOMY U
B KOJI BUHUKHE 3MiHHHM cTpyMm. [lpouec sxuii Oe3mepepBHO MOBTOPIOETHCS
noTpeOye 3arpaTr eHeprii . [lepiognuHe mepeMilieHHS B Martepiaji TieJeKTpUKa
HOHIB Ta BUILHUX €JIEKTPOHIB MPOBOKYE BUHUKHEHHS CTPYMY BHUTOKY.

XapaKkTepUCTUKHU JieIeKTPUKA:

-IIUTOMUM OTIP

-TieJIeKTpUYHA TPOHUKHICTD

-KyT MIEIEKTPUIHUX BTPAT

-€JICKTpUYHA MIITHICTh

Knacudikauis nie1ekTpuyHuX MaTepiaiB.

HagiTh HaiimpocrTima enekTpuyHa cxemMa He MOXKe OyTH BUKOHaHa 0e3
BUKOPHUCTAHHS TMPOBIIHUKOBHUX 1 JICJICKTPUYHUX MaTepiaiiB. Y IeIeKTPUIHHUX
MaTepialliB eJIeKTPOIPOBIIHICTh MPAKTUYHO BIJICYTHS, TOUHIIIE Ma€ JTykKe Mi3epHE
3HAYEHHS MMOPIBHSIHO 3 MPOBITHUKOBUMH MaTepiajaMHu.

3a mpU3HAUYEHHSM JEJEKTPUYHI MarTepiaid MOXKHA PO3MOAUIUTH Ha
eJIEKTPOI30JIALIIMHI MAaTEpialid Ta aKTUBHI J[1€JICKTPUKH.

OcHOBHE TPU3HAUEHHS €JIEKTPOI3OALINHUX MaTepialiiB — L€ MeperKoa
MPOXO/DKCHHIO CTPYMY NUIAXaMH, HeOQKaHUMH ISl pOOOTH JAaHOI €IeKTPUYIHOI
CXeMH. iX BUKOPUCTOBYIOTH IS CTBOPEHHS EJIEKTPUYHOI 130JISIii, [0 OTOYY€
CTPYMOTPOBIIHI YaCTUHH €JIEKTPUUYHHUX MIPUCTPOIB 1 BIIOKPEMIIIOE OJIHA BiJl OJIHOI
YACTHUHH, 1110 3HAXOATHCS M PI3HUMH €JICKTPUYHUMHU MMOTEHITIaIaMU.
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[Ipy3HayeHHs €JNeKTPUYHOI 130JIA11i - 1€ HEJONMYyIICHHS IPOXOKEHHS
SJIEKTPUYHOTO CTPYMY 3a Oyb-sIKUMH HeOaKaHUMU NIIIXaMH, KPiM Iepe10aueHIX
CJIEKTPUYHOIO CXEMOIO TIPUCTPOIB.

Puc. 7.3. — [Ipuxnan enexkTpudHOI 130511111

EnextpoizonamiitHi  mMaTepiaqd BUKOPUCTOBYIOTHCS, SIK JICJIEKTPUKA B
SIIEKTPUIHHUX KOHJIEHCATOPAX JJIsi CTBOPSHHS IEBHOTO 3HAYCHHS MOTO €IEKTPUIHOT
€MHOCTI, a B JICIKUX BUMAAKAX I 3a0€3MeYeHHS TIEBHOTO BUY 3aJIKHOCTI IIi€i
€MHOCTI BiJ TeMrepaTypu a0o 1HIuX GaxTopis.

AKTHBHI J1€JIEKTPUKH, TOOTO JIEIEKTPUKU 3 KEPOBAHUMU BIACTUBOCTSAMHU, HE
TUTBKU CTBOPIOIOTH €JICKTPUUHY 13011110 (TOOTO BUKOHYIOTh ITACUBHY» POJIb), aJie
B PI3HUX MPHUCTPOSX BUKOPHUCTOBYETHCS 3MIHA iX mapaMeTpiB IiJ JIEI0 Pi3HUX
dakTopiB. [0 aKTUBHMX  JICJCKTPUKIB  HajJekaTh  CETHETOCJIECKTPUKU,
'€30€JICKTPUKH 1 CJICKTPETH.

Puc. 7.4. — [Ipuknaa akTHBHUX J1QJICKTIKIB
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CerHeToe ek TpuKn CunuTnasopu AKYCTOONTHEN
~PERAKCOPN Bi Ge(Si),0,, Teldy, PhMoO,
PbsMgNb, 0o,
Naﬂl’]‘i;ﬂ‘;
NE Moropepaxtunni
l]liil]l AI€JIEKTPHKE MaT epinan
LA PEHHX 3ACTOCYBAND
Coaabkonoaspui P 4 \ Biy, Ge{Si)0y,
CErHETOLIERTPHEN ,./ BaTiO,, BiTeOg,
LI!{;E']'“”. l\hh(]}
CerneroeiekTpukn 3
ipoeckTpun HECTIBPOIMIPHMMI
dazamu
PheGe, 0y,
Rbi{K),ZnCl,

Puc. 7.5 — 3acTocyBaHHS aKTUBHUX JI1aJIEKTPUKIB

VY CerHeToeNeKTPUKIB 1eIEKTPUUHA MPOHUKHICTh CYTTEBO 3MIHIOETHCS TPU
3MiH1 HaMpY>KE€HOCTI eIEKTPUYHOTO 01 1 Tpu 3MiH1 Temnepatypu [1’e3oenekrpuku
TEeHEPYIOTh EJCKTPUYHI 3apsiau TiJ JI€0 MEXaHIYHUX HaIlpYy>KeHb 1, HaBIIaKH,
3MIHIOIOTH CBOi pO3MIpH TiJ MI€I0 EJIEKTPUYHOTO TMOJsl. EJeKTpetn MOXyThb
pO3MIISIIATUCS SIK €TIEKTPUYHI aHAJIOTU MOCTIMHUX MAarHiTiB, OCKUIBKYA BOHM 3/1aTHI
TpUBaJIO 30epiraTtu eIeKTPUIHHM 3apsi/l.

Enextpoizoniiiini Matepiayii 3a arperaTHUM CTAHOM PO3UISIOTBCS Ha
TBEpAl, piAki W razomofiOHi. OcobmuBYy Tpymy CTaHOBIATH MaTepiaiu, sKi
TBEPAHYTh. Y MpoLeci BAPOOHUIITBA BUPOOIB iX BBOJAATHCS B 130110 PIAKUMU 200
IJIACTUYHUMH, aJieé TOTIM BOHHM CTalOTh TBEPAMMH DPEUYOBUHAMH. 3a XIMIYHOIO
OCHOBOIO €JICKTPOI3OJIALINHI MaTepiayii MOAUISIIOTBCS Ha OpraHiuHi (CIOJyKd
BYTJICIIO 3 BOJHEM, a30TOM, KHCHEM 1 JESKMMH IHIIUMHU €JIEMEHTaMH) Ta
HEOpraHivHi.

Heopraniuyni matepiaiud TOPIBHSHO 3 OpraHIYHMUMH MAalOTh  BHIILY
HArpiBOCTIMKICTh. PO3pI3HAIOTP TakoXX MNPUPOAHI, INTYYHI 1 CHHTETHYHI
eJIEKTPOI30JALIMHI MaTepianu. [lpupoaHi eneKkTpoi3oisALiiHI Marepiany — Le
MaTepiaiy MPUPOJHOTO TOXOHKCHHS, SIKIi BHUKOPHCTOBYIOThCS 0€3 XiMIYHOI
nepepooku. IITydni eneKkTpoi3oisIiiHI MaTepiaiu OACPKYIOTh IUIIXOM XiMI9HOT
nepepoOku MpUpoAHOi CUpPOBUHU. CHHTETHYHI €JIEKTPOI3OJIALINHI MaTepiaiu
OJICP)KYIOTh METOJIOM XIMIYHOTO CHUHTE3Y. EJIeKTpoi3oJisiiiiHi MaTepiaan BakKHO
TaKOXX PO3JAUIMTH Ha MOJSPHI ¥ HEMOJSAPHI JJIsS OLIHIOBAHHS 1XHIX €JIEKTPUUYHUX,
alr€3WBHUX BJIACTUBOCTEH, TIMPOCKOIMIYHOCTI Ta 1H.
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Kpurepin knacudikauii

7.2. Jlie1eKTPHUK B eJIEKTPUYHOMY IOJIi

JInst Oyb-SIKOTO JIIeJIEKTPUKA XapaKTePHUM IIPOIIECOM, 10 BUHUKAE TIPHU JIii
Ha HHOT'O EJIEKTPUYHOIO TOJISL, € MOJISIpU3allisi — 0OMEKEHUM 3CYB 3B’ I3aHUX 3aps/IiB
a00 opieHTaIlisl IUMOJBHMX MOJIeKyJs. [Ipo sBuIa, 3yMOBJEHI MOJSPU3AILIEIO
JENeKTPUKA, MOXKHA CYJMTH 32 3HAUCHHSAM J1eJIEKTPUYHOT MPOHUKHOCTI, a TaKOX
KyTa TIeJIeKTPUYHUX BTPAT, SKIIO MOJSpU3AIlis JIEJIEKTPUKA CYyHpPOBOIKYETHCS
PO3CIIOBaHHSAM €HEprii, fka BUKIMKA€ HArpiBaHHS MdieJEKTpUKa. Y HarpiBaHHI
TEXHIYHOTO JieIEKTPHUKAa MOXKYTh OpaTH y4yacThb HEUMCIICHHI BUIbHI 3apsiiv, IO
3YMOBIIIOIOTh BUHUKHEHHS IIiJ] BIUIMBOM €JEKTPUYHOTO TIOJISI HE3HAYHOTO
HACKpPI3HOTO CTPYMY, SKHUA TMPOXOJUTH KpI3b TOBILY Mdi€JIEKTpUKa 1 IO HOro
noBepxHi.  HasiBHICTb ~ HACKpI3HOTO  CTPyMy  CBIQYUTH PO  SIBHILE
EJIEKTPOMIPOBITHOCTI TEXHIYHOTO MIETIEKTPHUKA, KA YHCEIbHO XapaKTEePHU3yeThCs
3HAYCHHSIMHU MTUTOMOI 00’ €MHOT 1 MUTOMOT TOBEPXHEBOI EIEKTPOIPOBITHOCTEH, 00
00epHEHHMH BIAMOBITHUMH M 3HAYEHHSMU MUTOMHUX 00’ €MHOTO 1 TIOBEPXHEBOTO
EJIEKTPUIHHX OTOPIiB. ByAb-IKuil 1€IeKTPUK MOKHA BUKOPUCTOBYBATH TIJIbKU TPU
Hampysi, 10 HE MEepeBHIy€ TI'PAaHUYHOTO 3HAUYEHHS B NEBHUX yMmoBax. [lpu
MEePEBUINICHHI IIbOTO 3HAYEHHS HAIIPYTH HAcTa€ MpoOiii TieIeKTprUKa — IOBHA BTpaTa
HUM EJIEKTPOI3OJIALiIMHNX BiacTuBocTed. L{10 TrpaHMuyHy Hampyry Ha3MBarOTh
NpOOMBHOIO HAMPYrol, a BIAMNOBIJHE 3HAYEHHS HAMPY>KEHOCTI OJIHOPIAHOTO
EJIEKTPUYHOTO MOJIA — EEKTPUYHOIO MIIHICTIO J1€JIEKTPHKA.

3anuTaHHA 11 caMOIlepeBipKu:
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1. 1o Take i€TEKTPHUK, 1 KA MOr0 OCHOBHA €JIEKTPUYHA BIACTUBICTH?

2. SIx 30HHA TEOpis MOSICHIOE BIACTUBOCTI JI1€JIEKTPUKIB?

3. YoMy mieNIeKTpUKHU HE € aOCOIFOTHUMHU 130JIsITOpaMu ?

4. 1o Take cTpyM MOJSPHU3ALIii 1 32 IKUX YMOB BiH BUHHUKAE?

5. SIK NOSICHUTH SIBUIIE CTPYMY BUTOKY B Jli€JIEKTpUKax?

6. UuM BiIPI3HAETHCS CTPYM MOJIApU3AIlii BiJl CTPYMY BUTOKY?

7. SIxi BUIU IieEeKTPUKIB BUKOPUCTOBYIOTHCS Y TEXHII (TBEpl, PiIKi,
ra3oro/ioHi)?

8. HaBeniTh mpuKiIaay TBEPAUX, PIAKUX 1 Ta30MOAIOHUX T1€TIEKTPUKIB.

9. SIxe ocHOBHE NMPU3HAYCHHSI €EKTPOI30AIHHUX MaTepiaiB?

10. Y yomy nosisirae pi3HUI MIDK TACUBHUMHU 1 aKTUBHUMH JT1CJICKTPUKAMU ?

11. Illo Take cerHeToeNeKTPUKH, I'€30€TEKTPUKH 1 EIICKTPETH?

12. Sxi xapaKTEepUCTUKH JI1CICKTPUKIB HAWBaXKJIMBIIII SIS 1X OLIIHKA?

13. SIx NOSICHIOETHCS SIBUILIE HACKPI3HOTO CTPYMY B Jli€JIEKTpUKax?

14. 1o Take mpoOiit nienextpuka? Ski GpakTopH BINIMBAaIOTh Ha TPOOUBHY
Harpyry?

15. I1lo Ha3uBarOTh ENEKTPUYHOIO MIITHICTIO AieNeKTpuKa?

16. Sk BiAPI3HSIOTHCS TUTOMUN 00'€MHUIN OITIP 1 MUTOMUM MOBEPXHEBUI
OTip JiCIEKTPUKIB?

17. SIxi oOOMeXeHHS ICHYIOTh JIJI1 BUKOPHUCTAHHS J1€JIEKTPUKIB B
CJIEKTPUYHUX TPUCTPOSIX?

18. SIki BIacCTUBOCTI JI€NEKTPUKIB € KIIFOUOBUMH JIJISl IX BUKOPUCTAHHSA Y
KOHJIeHcaTopax?

19. YoMy mienekTpuyHa IPOHUKHICTh Ma€ OyTH MaKCUMAaJIbHOIO Y MaTepiali
JUTSI KOHAEHCATOPiB?

20. Ak xiMiuHUHN CKJIa] JieIEeKTPUKIB (OpraHiyHi, HEOPraHiuHi) BIUTMBAE Ha
iX BJACTUBOCTI?

21. Y yoMy pi3HULA MK IPUPOJHUMHU, IITYYHUMU 1 CHHTETUYHUMHU
TieJeKTpUKaMu?

22. SIk akTHBHI JII€JICKTPUKH (CETHETOCIEKTPUKH, '€30€TIEKTPUKH )
BUKOPHCTOBYIOTHCS B TEXHILI1?

TEMA 8. HIOJIAPU3ALIA JIEJEKTPUKIB TA JIEJJEKTPUYHA
ITPOHUKHICTDb

Merta: mosicHuTH (13UUHY MPHUPOAY MOJSIpU3alii IEIEKTPUKIB, PO3KPUTH

BUJIM TIOJISIPU3AIIii, a TAKOK O3HAHOMUTH 3 MOHATTAM JIEICKTPUIHOI TIPOHUKHOCTI
Ta ii BILTMBOM Ha BJIACTUBOCTI JIICJICKTPHKIB.
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[Tnan nexi
1. [lonapu3aris gieNeKTPUKa;
2. OcHOBHI BUIM MOJIApU3aLlli J1€IEKTPHUKIB,;
3. Knacudixkairist AieI€KTPUKIB 3a BUIOM TOJISIPU3ALIIT;
4. JlienexTpuyHa MPOHUKHICTh T'a3iB;
5. ienekTpuyHa MPOHUKHICTh PIJIKUX J1CIEKTPHUKIB;
6. JlienekTpuyHa MPOHUKHICTh TBEPAUX JI1CJICKTPHUKIB.

XiJ1 TpOBEACHHS JICKITIHHOTO 3aHATTS
I. Opranizariis rpynu;
II. MoTuBaIiist HaB4YaabHOI TISUILHOCTI. OroJIoOmEHHsT TEMH W METH,
II1. BuknaneHHst Ta 0OroBOpEHHSI HOBOT'O MaTepiay;
IV. OrosonienHs 3aBIaHHS HA CAMOCTIMHE OIpaIFOBaHHS Ta IMiATOTOBKY.

8.1. IMoasipu3auis giesieKTpuKa

Ionsipu3ania giejiekTpuka — 11e 0OOMEXEHUN PyX 3B'S3aHUX 3apsAliB a0do
NEBHA OpIE€HTALlIS JUMOJbHUX MOJIEKYJ M1 JI1€10 30BHIIIHBOTO E€JIEKTPUUYHOTO TOJIS.

[Tix BIJIMBOM €JIEKTPUYHOTO IMOJIS 3B'13aH1 €JICKTPUYHI 3apsiIv JieJIeKTpUKa
3MIIYIOTHCS B HANPSAMKY JIF0OUUX HAa HUX cuil. Lle 3MileHHs] mpsiMOTIPOTIOpITiIiHE
HampyXeHocTi mons. [IpM 3HUKHEHHI eJEKTPUYHOTO TOJS 3apsiad 3HOBY
MOBEPTAIOTHCS B MOTMEPEAHIN CTaH.

Y JUNONBHUX MICNEKTPUKAX BIUIMB EJIEKTPUYHOTO TIOJS BUKIIHKAE
OpIEHTAIIIO TUNOJBHUX MOJIEKYN Yy HanmpsAMKY mojsi. [Ipu 3HUKHEHHI MO U0
OPIEHTYIOTHCS TOBIJTLHO BHACIIIOK TETIJIOBOTO PYXY.

[Tpu monsipu3amii Ha MOBEPXHSAX Mi€NEKTPUKA BUHUKAIOTH 3apsiiyd Pi3HUX
3HaKiB. Ha cTopoHi, 3BepHEHI#l 10 MO3UTUBHOTO €IEKTPO/Ia, BHHUKAE HETaTUBHUN

3apsan. Ha cTopoHi, 3BepHEHIN 10 HETaTUBHOIO €JIEKTpOAa — MO3UTUBHUM (pucC.
8.1).

[(EFFFFFF FFF FF F & £

Puc. 8.1 — Po3nofin 3apsa/aiB y 1€AEKTPUKY i 11€10 30BHIIIHBOTO
€JIEKTPUYHOTO TOJIS
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BinblIicTe  AIEIEKTPUKIB  XapaKTEPU3YEThCA  JIHIMHOI  3aJIeKHICTIO
CJIEKTPUYHOTO 3MIIICHHS BiJl BEJIMYMHU HAIMPYXKEHOCTI EJIEKTPUYHOTO TOJIS.
Oco0nMBYy rpymy CKIaJal0Th IIEICKTPUKH, Y SKUX 31 3MIHOIO HAMPY>KEHOCTI MOJIS
BEJIMYMHA 3MIIIEHHS 3MIHIOETHCS HENIHIIHO, HACHYYIOUUCH TP IIEBHOMY 3HAYEHHI1
HaMpy>KeHOCTI noJid. Taki 1eTeKTPUKHA Ha3UBaIOTh CETHETOEIEKTPUKAMHU.

CertHeroeIeKTPUKH — PEUYOBHHH, [0 MAKOTh CaMOBLIBHY (y BiJICYTHOCTI
CJIEKTPUYHOIO TOJIsI) EJNEKTPUYHY TMOJSApU3allil0, SKa CYTTEBO 3aJIEKUTh BiJl
30BHIIIHIX YMOB (HAmpHWKJaJ, TeMIepaTrypu), TOOTO II€ PEYOBUHM, Yy SKHUX
JeJIeKTPUYHA TMPOHUKHICTh HAOyBa€ aHOMAJIBHO BEJIWKHX 3HAYCHb BHACIIJIOK
BUCOKOI TEMIIEPATYPH.

— reHepaTopm

Mpuitmayi
YNBETPA3BYKOBUX XBUNb

PapioTexHiyHi
npucTpoi

BUKOPUCTOBYETbLCA

Puc. 8.2 — BukopucTaHHs CErHETOEIEKTPUKIB

[lepmnii  cerHeToenekTpuk (MOJBIMHA Kajdl€BO-HATpPlEBA CUIb BHUHHOL
KHCJIOTH) OyB CTBOpEHUM PppaHIty3pkuM antekapeM Cen’etom y 1655 p. Ane nuiie
B 1918 p. amepukaHchkuil (¢izuk AHAEPCOH 3BEpPHYB yBary Ha Te, L0 TMpH
temneparypi Big —15 go +22°C us ciib Mae HaA3BUYANHO BENHUKY A1ENEKTPHUUHY
NPOHUKHICTb. Tonal 1 HApOAWIIOCA TOHATTS MpPO HOBUH KIAaC PEUOBUH —
CETHETOCNIEKTPHUKH.

CerHeToeneKTpUKH € eJIEKTPUUYHUM aHaioroM (eppomarHeTukoB. Bimomo
KiJIbKa COT CETrHETOENEKTPHKIB, B TOMY YHCJIl CETHETOKEPaMIKH, PIAKI KPUCTAIH 1
noyiMepHi Matepianu. Jlo CerHeToerNeKTpUKiB BIIHOCATHCS CETHETOBA ClIb
(NaKC,H,0O¢*4H,0), Tita- Hat Oapito (BaTi03), Hiobar miTito (LiNy03).

CerHeToeneKTpUKH XapaKTepU3YIOThCSA HAsBHICTIO JOMEHIB - oOjacTei 3
MOHOHAIPABJICHHON TOJSAPHU3AIIEI0 B MeXax OIHOro JoMeHy. JlienekTpuuHa
MPOHHUKHICTh IIUX MaTepialliB JIOCSATAE JEKUIBKOX THUCAY 1 3aJeKHUTh BIJ
nepenicTopli. Y CerHETOENCK- TPUYHHUX J1eNIEKTPUKAX, MOMIIICHUX B €JIEKTPUYHE
HYJIl, BUHUKAE 3aJIMIIKOBA €JICKTpUYHA Mossipu3aiiis (ehekT mam'sari).
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[li maTtepianum MawTh €JIEKTpUUYHY TicTtepe3ucy (puc. 8.3), moaiOoHO 10
MarHiTHUX MarepiajiiB, 10 BOJOJIIOTh MAarHiTHOIO TiCTEPE3WCOM (3BiJICH ApyTa
HA3Ba CETHETOCJEKTPUKIB — (DEPOCTEKTPUKH).
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Puc. 8.3 —IleTns ricrepesu AJi CErHETOCNEKTPUKA

@da30Bi Mmepexoad MDK TMOJAPHUM Ta HEMNOJSPHUM CTaHAMU B
CErHETOCJICKTPUKaX MOXYTh OyTH JBOX BHAIB: (Da30Bi IMEpexXoau THUITY 3CYBY
(3cyBHOro xapakrtepy) Ta (a3oBi mepexoau TUIY MOPsAJIOK-Oe3naa. Y mepriomy
BUIMAJAKYy TMpU TeMmIeparypi (a3oBoro rmnepexoay BiIOyBAa€TbCS MHMOBLIbHE
3MIIIEHHS IpaT KpUCTaja, 10 3MIHIOE HOro cumeTpito. Lle ycyHeHHs] npu3BOAUTD
710 CTIOHTAHHOI1 MoJIsipu3aliii. TUITOBUM MPUKITAIOM CETHETOCTIEKTPUKIB TAKOTO POIY
€ PEYOBUHHU 31 CTPYKTYPOIO MEPOBCKITY — TUTAHAT OApir0 Ta MOTO aHAJIOTH.

[lepexin Tummy nopsiok-0e3naj MOB'I3aHUMA 3 TUM, 1110 CTPYKTYPHI €J1€MEHTH
Kpuctasia (MOJICKYJIM, 10HHW) MOXYTb TIepeOyBaTH B JCKIJIBKOX PIBHOBAKHHUX
MOJIOKEHHSIX, KOXKHE 3 SIKMX XapaKTepPU3YEThCS CBOIM JMUIOJILHUM MOMEHTOM. 3a
BUCOKHMX TEMIIEpaTyp EHEprisl TEIUIOBOTO PYyXy IEpPEBUILYE EHEPril0 JUIOIb-
JTUTIONIBHOT  B3aeMoii. [lumom copsiMOBaHI HEBHOPSAIKOBAHO, 1 CyMapHa
nossipuzarntist nopisHtoe Hymo (Pc=0). [Ipu Temneparypax Huk4Ye 3a TeMIeparypy
($a30BOTO MEPEXOoay POJIb TUMOIB-AUIONBHOT B3a€EMOIl 3pOCTAa€E HACTUIBKH, IO
B1IOYBA€ThCSl CIIOHTAHHE BIIOPSIKYBAHHS TMOJIIPHUX CTPYKTYPHHUX E€JIEMEHTIB 1
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BUHMKae crnoHTaHHa mnoJspusaiiis (Pc>0). Ilpuknamom cerHeToeneKkTpUKiB 3
MEPEeX0/IOM THUITy MOPSAO0K-Oe371al € CEerHeTOBa Ciib (Ha3Ba AKOi MOKJIAJECHO B
OCHOBY JIaHOTO KJIaCy J1€JIEKTPHKIB).

Bynp-sikuii AieNeKTpUK, OTOYEHUN EJEKTPOAHUMU IJIACTUHKAMH, O SIKUX
H1JBOJIUTHCS €JIEKTPUYHUN OTEHII1A, MOKE PO3IIISIIATUCS SIK KOHAEHCATOP, 3apsi]
SIKOT'O BU3HAYAETHCS 32 (OPMYJIIO0

0=CU,
ne C - eMHICTh KOHZIeHcaTopa; U - mpUKIIaaeHa 10 HbOro Hampyra.
3apsin Q mae Bl CKIJIQJI0BI:
Q:Q0+Qaa
ne Qo - 3apsil Ha €IEeKTPOAaxX, AKOU iX pOo3aLIsiB BakyyM; Oy - 3apsl, 3yMOBJIEHUN
MOJIIPU3ALIEIO T1eTEeKTPHUKA.

Opni€el 3 HANBAXKIIMBIIIMX XapAKTEPUCTHUK JIIETICKTPUKA € HOTO JieJIEeKTPUIHA
NPOHUKHICTh, Ky 3BHYAaHO BHUPAXKAIOTh BIJHOCHO aOCOJIOTHOTO 3HAYEHHS
Ji€NIEKTPUYHOT IIPOHUKHOCTI BaKyyMy, £=8,85-10712 ®@/m.

BigHocHa aiesieKTPMYHA NMPOHUKHICTH JieIeKTPUKA - 1€ BiJHOIIECHHIO
3apsAy KOHJIEHCATOpa, BUTOTOBJICHOTO 3 JAHOTO JIeNIeKTpUKa, [0 3apsay
KOHJICHCATOPa, €JIEKTPOJIU SKOTO PO3IUISIE BAKYyM:

B BT S TC
Qo Qo Qo

3 1bOTro BHUpa3y BUIUIMBAE, IO BIJHOCHA JIEJEKTPUYHA MPOHHUKHICTH OyIb-
SKOT PEYOBUHU O1JIbIIIE OJIUHMIII 1 JOPIBHIOE OJUHUII TUIBKHU JIJIs1 BAKyyMa.

Takum uMHOM, BITHOCHA JIIEJICKTPUYHA MPOHUKHICTH (71a11 Oy 1eMO TOBOPUTHU
MPOCTO JleJIEKTPUYHA TPOHUKHICTh) — 1€ BEJIMUMHA, 10 TTOKa3y€e, Y CKIJIbKU pa3iB
CWJIa B3a€EMOJIT ABOX EJIEKTPUYHUX 3apsi/iiB Y JAHOMY CEpEIOBHUII MEHIIE, HIXK Y
BaKyyMi. XapaKkTepu3ye 3JaTHICTh JIeTEKTPUKA 0 MOISPHU3allii 1 He 3aJeKHUTh BiJl
BUOOPY CUCTEMU OJUHUIIb.

€MHICTb TJIOCKOTO KOHJEHCATOPA 3aJICKHUTh BiJl N1€IEKTPHUUHOI TPOHUKHOCTI

€0€S
T d
ne S - mola MmIacTUHU KOHJEHCATOPa; d - B1ICTaHb MK IJIJACTUHAMH.
Taxox, mienekTpudHa TPOHUKHICTh 3aJIeKHA BiJl arperaTHOrO CTaHy

JI1eTIEKTPUKIB.
8.2. OcHOBHI BuaM nmoJisipu3amii gieJJeKTPUKIB

Po3pi3HAI0TH 1Ba OCHOBHUX BUAM MOJSPHU3ALIii.
I. llepmmii BuA nosasipu3auii — npy>xHa — BiA0yBa€TbCS B 1CICKTPUKY ITi]T
BIJTUBOM E€JICKTPUYHOTO TIOJIS TPAKTUYHO MUTTEBO 0O€3 pO3CIFOBaHHSI €HEPTii, TOOTO
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0e3 BuIeH s Teria. Jlo 11boro BUy MOISpHU3allii BIAHOCATHCS €IEKTPOHHA i 10HHA
MOJIIPU3ALLis.

EnexTponHa moasipusaunia sBisie co00r0 TPYXKHUU 3CyB 1 nedopmariito
eJICKTPOHHUX 00OJIOHOK aTOMIB 1 10HIB, MiJ A1€10 30BHIIIHBOTO €IEKTPUIHOTO OIS
(puc. 8.4), 3MilIEHHIO TPOTHU/IIE€ KYJIOHIBChKE IPUTATAHHS €JIEKTPOHIB JI0 sIApa.

|
I
\m.l.

g | Ao

Puc. 8.4 — CxematruuHe 300pakKeHHsI €JIEKTPOHHOT MOJIsIpU3allii: a -

HEMOJISIPHUNA aTOM MPHU BIICYTHOCTI €JIEKTPUYHOTO TOJISL; O - MOJISIPHUI aTOM MpU
I €JeKTPUYHOTO OIS

Yac BCTaHOBJIEHHS €IEKTPOHHOI MOJIApU3allli Mi3epHO Manuid (6im3bko 107
15¢). ToMy eneKTpOHHY MOJISPU3ALIiI0 YMOBHO HA3UBAIOTh MUTTEBOKO.

EnexTpoHHa monspu3aiiisi pPEYOBUHU 3MEHIIYETHCS 3  TiABHUINCHHSIM
TEMIEPATypUu B 3B'A3KY 3 TEIUIOBUM PO3MIMPEHHSIM JIEIEKTPUKA 1 3MEHIICHHSIM
YHClia YaCTOK B OAMHUIIL 00'eMy. EfexTpoHHa momisipu3aliisi CioCTepIraeTbes B yCixX
BUJIaX J1€JIEKTPUKIB.

Ionna mossipu3amia xapakTepHa A TBEPAUX TUT 3 10HHOIO OyAOBOIO M
00yMOBITIOETHCS 3MILLIEHHSIM TPY>KHO 3B'sI3aHUX 10HIB.

3 MiABUIIICHHSM TEMIIEPaTypPH BOHA MIJACHITIOETHCS B PE3YIbTATI OCIA0ICHHS
NPY>KHUX CHJI, 110 JIFOTh MK 10HaMHM, Yepe3 30UIbIICHHS BIJICTaHI MK HUMH MPHU
TEIIOBOMY PO3IMpPeHHi. Yac BCTaHOBIICHHS i0HHOI nomspusanii — 6ins 1071 cex.

—

£, :
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Puc. 8.5 — Cxematuune 300pakeHHs 10HHOI noJisipu3antii. l[onHa

KPUCTAJIIYHE PEIIITKA: a - IPU BIJICYyTHOCTI €IEKTPUUHOTO NOJs; O - mpu il
€JIEKTPUYHOTO TOJIS
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II. JApyrmii Bua moasipu3auili — pernakcaiiiiHa — HapocTae U yOyBae
NOBUIbHINIE, HIK TpPYyXHa, 1 CYNpPOBOKYETHCA PpO3CIIOBAHHAM €HEprii B
JEJEKTPUKY, TOOTO HOTr0 HarpiBaHHSIM.

Po3pi3HAI0Th HACTYTIHI BUIM pelaKCalliiHOl MOIsipr3allii.

JIunoJibHO-peJIaKkcaliifHa MoJApU3aliss 3yMOBJIEHA TEIUIOBUM PYXOM
JUIOJIBHUX MOJIEKYJI, 1110 3HAXOJATHCS B XAOTUYHOMY TEIUIOBOMY PYCl, 1 YACTKOBO
OPIEHTYIOTHCS Mif 1€ TIOJIS.

S Ty
D> "

a) &)

Puc. 8.6 — CxematruuHe 300pak€HHsI IUMOJbHO-pEIaKCcaIliiHO1 MOIsIpHU3allii.
Po3sranryBaHHS TUTIOIBHIX MOJIEKYJI: a - TIPHU BIJICYTHOCTI €JIEKTPHYHOTO TOJIS; O -
pH 111 eTEKTPUIHOTO TOJIS

JlunonapHO-penakcaliiia Mmospr3aiisi MOKINBA, SKIIO MOJICKYJISIPHI CHIIU
HE 3aBaXKAlOTh JUIIONISIM OPIEHTYBATHUCA B3IOBXK Moyst. [loBopor aumomiB y
HANpSIMKYy TIOJIsI BUMAarae TOJOJIaHHS JCSKOTO OIopy, a TOMY JTUIOJBHO-
penakcariifHa TOJsApHU3aIlisi CYNPOBOKYEThCSI BTpaTamMu eHeprii. Bractua
NOJIIPHUM ra3aM 1 pizuHaM. Lleit Bua nonspuzaiiii Moxke CriocTepiraThcs TakKox 1y
TBEPAUX MOJSPHUX OPraHIYHUX PEUOBUHAX.

IonHo - pesakcaniiiHa moasspu3aiis Ma€e MicIle i/l BILTUBOM 30BHIIIHBOTO
CJIEKTPUYHOTO TIOJISA, KOJM CJa0KO 3B'sI3aHI 10HW PEUOBHHU OJICPKYIOTh
HA/UTUIIKOBY €HEPTiI0 1 MOKYTh PyXaTHUCS B HAMPSMKY TOJIS.

lonno - penakcariiina noJjspuzaiiis oOyMOBJIEHa 3CYBOM CJIa0OKO 3B'sI3aHUX
10HIB 1] JII€EF0 30BHIMIHBOTO EJIEKTPUYHOI'O TOJISI Ha BIJICTaHb, IO TMEPEBUIIYE
NOCTIMHY KpucTaimiuHux rpaT. [Ipu npomy Bul momjsipusallii BUHHUKAIOTh BTpaTU
eHeprii 1 moJyisgpu3allisi TMOMITHO TMiJACHUIIOEThCA 3 TJIBUINECHHSM TEMIIEPaTypH.
[oHHO-penakcarliiiHa moJspU3allisi CHOCTEPIraeThCsl B HEOPTaHIYHUX KPUCTATIIHUX
JeNEKTPUKAX 10HHOT CTPYKTYPH 3 HEIIUIFHUM YIIaKyBaHHSM 10HIB.

Crnoctepiraerbcsi B HEOPraHiuHOMY CKJI1 1 B JCSKMX 10HHUX KPUCTAIIYHHUX
HEOPTraHIYHUX pPEUOBMHAX 3 HENIJIbHUM YIAKyBaHHSAM 10HIB. 3pocTae 3
TEMIIEPATYPOIO .
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EnexkTponHo - pejakcaniiiHa moJsipu3amisi BHHUKAE 32 PaxyHOK
30yKEHUX TEIUIOBOIO EHEPri€l0 HAAJHUIIKOBUX «IC(PEKTHUX» ENEKTPOHIB abo
«IIPOK».

EnexTpoHHO-penakcariifia nojsipu3aliisi XxapakrepHa rOJIOBHUM YHMHOM IS
TENEKTPUKIB 3 BUCOKAM TIOKa3HUKOM IE€PEIOMIICHHS, BEJIMKUM BHYTPIILITHIM ITOJIEM
1 €JICKTPOHHOIO EJIEKTPOIPOBIIHICTIO: IBOOKUCY TUTAaHA, 3a0PYTHEHOT IOMIIIIKaAMU,
pAny 3'€lHaHb Ha OCHOBI OKHCJIIB METaJIiB MEPEMIHHOI BaJCHTHOCTI — THUTaHa,
H100110, BICMYTY.

CTpyKTYpHA moJsspu3auisi MPOSIBISETHCS Y TBEPAUX TijdaX HEOIHOPITHOT
CTPYKTypU TMPU MAKPOCKOMIYHMX HEOAHOPIAHOCTSX 1 HAsABHOCTI JIOMIIIOK.
[TprunHamMu Takoi MoJsipU3allii € MPOBiIHI 1 HAMTIBOPOBIIHI BKJIIOUEHHS B TEXHIYHUX
JieJIeKTPUKaxX, HASBHICTD MIAPiB 3 PI3HOIO MPOBIAHICTIO 1 T.I.

E NF—— e = -
Byno: > 063NF---

SN IS
% SHE IS

a) 6)
Puc. 8.7 — CtpykTypHa nonspu3anis

[Ipouec monspu3ariii 3 yacom BiZOYBa€THCS MO €KCIOHEHTI, AUB. puc. 8.7, 0.
ne N - KUIbKICTh MOJISIPU30BaHUX MOJIEKYJI, T - Yac peaKcalii AieJIeKTPHUKa.

Le#t Bua momnsipu3arlii MpOsSBISETHCS MPU HU3BKUX YACTOTaxX 1 3B's3aHa 3i
3HAYHUM PO3CIIOBaHHIM €JIEKTPUYHOT CHEpPTii.

MumoBiibHA (CIIOHTAHHA) NOJSIPU3allisi ICHYE B CErHETOCJICKTPUKAX.
JlienekTpuyHa MPOHUKHICTh MPU CIIOHTAHHIN MOJISpU3aIlli HeJHIMHO 3aJIEKUTh BiJl
BEJIMYMHU HAMPYKEHOCTI CIICKTPUYHOTO TMOJS 1 XapaKTepU3ye€ThbCS SBHO
BUPaXEHUM MaKCMMyMOM NpU NEBHIH TemmepaTypi. MuUMOBUIbHA MOJIApU3aLIis
CYTIPOBOKYETHCS 3HAUHUM PO3CIFOBAHHSM €HEpTii.

Pe4yoBrHM 3 CIIOHTAHHOIO MOJIAPHU3AIIEI0 CKIAAIOTHCS 3 OKpEMUX olacTen
(TOMEHIB), 10 MAIOTh BJIACHUM €JICKTPUYHUN MOMEHT. Y BIJICYTHOCTI 30BHIIITHBOTO
CJICKTPUYHOTO TIOJS OpIEHTAIllSl EJIEKTPUYHUX MOMEHTIB pPI3HHUX JOMEHIB €
JTOBUIbHOIW. HakimalieHHs 30BHINIHBOTO TOJISI CHPHS€ TEepeBaXHIA oOpileHTallii
CJIEKTPUYHUX MOMEHTIB JIOMEHIB Y HAIMPSIMKY TOJIS, 0 CIPUYHHSE €PEeKT CHITbHOT
nosisipu3anii. [lpu gesikoMy 3Ha4eHHI HAMPYKEHOCTI 30BHIITHBOTO MOJISI HACTA€E TaK
3BaHE HAaCHUYEHHS, TOOTO MOJajbllle TIOCHICHHS MOJIs BXKE HE BUKIMKAE 3pOCTAHHS
IHTEHCUBHOCTI TOJISIpU3allii.
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8.3. Knacudikauist gieIeKTPUKIB 32 BUAOM NOJIAPHU3ALIL

Bei nmienexTpuku 3a BUIOM MOJSpU3allii YMOBHO MOJUISIOTH Ha YOTHPU
rpynu.

Ilepma rpyma — [dieleKTPUKU, L0 MalOTh B OCHOBHOMY €JIEKTPOHY
nojspu3zaiito. Hanpuknan, 1ie HeWTpalibHI 1 CJIa0OMOSApHI TBEPJl PEYOBUHU B
KpUCTATIYHOMY U amopdHOMy cTaHax (mapadiH, Cipka, MOJICTHPOJI), a TaKOX
HEeNTpasbHi 1 cnabonosapHi piauHH 1 ra3u (0€H301, BOACHD 1 1H.).

Jlpyra rpyma — JieIeKTPUKH, M0 MAalTh OJHOYACHO EJEKTPOHHY 1
TUTIOJIBHOPENTaKcaIiiny mosspu3aiio. Croau HajlexaTh IUMOJIbHI (TOJSPHI)
OpTraHiuHi PiJKi, HAMBPIAKI 1 TBEPAl peUOBHUHU (MacCsIHO-KaH1()OIbHI KOMIAyH/IH,
€MOKCHJIHI CMOJIH, LIeJIF0JI03a 1 T.11.).

Tpets rpyna - TBep/i HEOpraHiyH1 JI€JIEKTPUKHU 3 €JIECKTPOHHOIO, 10HHOIO 1
HOHHO-EJIEKTPOHHO-PEIaKCAIlIMHOI MOJIApU3aIliaMu. Y I TpyIi BUAUISIIOTH JBI
OIArpynyd  MaTepianiB  (depe3 ICTOTHE PO3XOMKEHHS IXHIX —EJeKTPUYHHUX
XapaKTEPHUCTHK):

— JIEJEKTPUKHU 3 €JIEKTPOHHOI W 10HHOK MOJISPU3AIlISMHU; 1€ KPUCTATIYHI
PEUYOBUHH 3 IIUTFHUM yIIaKyBaHHSM 10H1B (KBapll, CJIt0J1a, KaM'ssHa ClJIb, KOPYH/);

— JIEJIEKTPUKU 3 €JEKTPOHHOI, 10HHOIO 1 PeaKcaIliiiHO MOJsIpU3alisiMu
(HeopraHiuHe CKJIO, MaTepiaiau, IO MICTATh CKIONOAIOHY a3y (moprensiHa,
MIKaJIEKC), KPUCTaJIYHI JICJCKTPUKH 3 HEIIIJIbHUM YyIaKyBaHHAM 4YacTOK Y
rpaTkax).

YeTBepTy rpyny CKIaJal0Th CETHETOCNECKTPUKH, IO XapaKTePU3YIOTHCS
CIIOHTAaHHOIO, E€JIEKTPOHHOIO, 10HHOIO 1 EJIEKTPOHHO-HOHHOPEIAKCAIIHHOIO
MOJISIpU3AIlisSiMU (CETHETOBA CUTh, METATUTAHAT Oapis).

8.4. /lieieKTpr4YHA NPOHUKHICTH ra3iB

["a3zomoiOH1 PEYOBMHU XapaKTEPU3YIOTHCS MaJIOK TYCTUHOK BHACHIIOK
BEJIUKHX BIJCTAHEH MK MOJIEKYJIaMH. 3aBSKH IIbOMY TOJISIpU3AIlis Ta31B HE3HAUYHA
1 IleIeKTpUYHA POHUKHICTD YCiX Tra3iB OJu3bKa 10 OAUHUII (€X1).

VY razax OCHOBHHMU BUJ MOJIApU3AIlli — €IEKTPOHHUN a00 TUMOJBHUM (SKIIO
MOJICKYJIU Ta3y MOJISIPHI).

JlienekTpuyHa MPOHUKHICTh Ta3y THUM BUIIE, YUM OUIbIlE PajalyC MOJIEKYJIIH.
Opnaxk s 3anmexHICTh cnabka. Hampukian, giaMmeTp MOJIEKYJH BYTJIEKUCIIOTO Ta3y
BJIBI4l MEPEBUIIYE JiaMETP MOJICKYJH TEIiI0 (DCO/DHE=2,3A/ 1,12A=2,05), B TOU
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K€ Yac 3HAYCHHS iX JIeJICKTPUYHUX TMPOHUKHOCTEH Maibke Ha BiIPI3ZHAIOTHCS
(eco/ene=1,001/1,000072=1,0009).

JlienekTpu4yHa MPOHUKHICTH T'a31B MPSMONPONOPIIiiiHA THCKOBI 1 BOJIOTOCTI 1
obepHeHomponopitiitHa Temreparypi. lle mosSCHIOEThCS 3MIHOIO YKCia MOJIEKYJT B
OJIMHUII 00'€eMy razy 3 3MIHOIO TeMIIepaTypH 1 TUCKY. 3aJ€KHICTh J1eIeKTPUIHOI
MIPOHUKHOCTI T'a3iB BiJ TUCKY, BOJIOTOCTI 1 TeMIepaTypu HE3Ha4Ha 3 MPaKTUIHOL
TOYKH 30DYy.

Hanpuxknan, npu 36inbi1eHH] TUCKY MOBITPS B 40 pasiB Horo aieekTpruiHa
POHUKHICTD 30UTbIIYy€eThCS auie Ha 2%. [Ipu 3HImKeHH1 TeMneparypu Big +60 10
—60°C nienexTpuyHa MNPOHUKHICTH 301IbIIyeThest Ha 0,03%. Ilpu 30inbLICHHI
Bosiorocti noBiTps Bix 0 mo 100% npienexkTpuyHa MPOHUKHICTH 30UIBLIYETHCS HA
0,006%.

8.5. [liesieKTpr4YHAa NPOHUKHICTH PiAKUX JleJIeKTPUKIB

Pigki mieneKTpuKH MOXYTh CKJIAQJaTUCS 3 HEUTpanbHUX (HEMOJIAPHUX)
MOJIEKYJT 00 3 TUTIONHHUX (TTOJIIPHUX ) MOJIEKY .

He#itpanpHi MOJIEKYJTM YTBOPIOIOTH HeNOJspHi pigunu. Benuunna
J1EeNIEeKTPUYHOI TPOHUKHOCTI HETIOJISPHUX PIJIUH HEeBeJHKa (MpuOJIM3HO ¥ 2,5 pasu
BUIIIE, HDK y ra3iB) 1 OJu3bKa 0 3HAUEHHS KBajpaTa MOKa3HUKA IMepeoMIICHHS
cBiTna’. Bij B pimuHi e=n’.

JlienekTpuiHa TPOHUKHICTh HEUTPAIBHOT PIAMHU 3aJICKUTh Bl TEMIIEpaTypH
1 TPaKTHYHO HE 3aJIEKUTh BiJ YAaCTOTH EJIEKTPUIHOrOo CcTpyMy (puc. 8.8).
3aJIeKHICTh  JICCKTPUYHOI TPOHUKHOCTI BiJl TEeMIEpaTypu TOB's3aHa 31
3MEHIIICHHSIM YK CJIa MOJIEKYJ B OJAWHMIII ii 00'eMy, TOOTO 31 3SMEHIIICHHSIM TYCTUHU
piauHU.

_:1
thun ¢

e §

Puc. 8.8 — 3anexxHOCT1 AleNEKTPUYHOT TPOHUKHOCTI HEUTPAJIBHOT PIJIUHM BiJT
TeMnepaTtypu (a) 1 YUCTOTH CTPYMY (0) (txun - TEMIIEpATYpA KUTIIHHS PIAUHHI)

JIMMOJIBH1 MOJIEKYJIM YTBOPIOIOTH MOJIAPHI pinuHu. [lonspuzanis piaux, mio
MICTATh JUTOJIBHI ~MOJIEKYJIHM, BH3HAYAEThCS OJHOYACHO EJICKTPOHHUM 1
JUTIOJIBHOPETAKCAIIIMHAM MeXaHi3MaMu mojsipu3aitii. JliedexTpudaaa MpOHUKHICTh
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MOJISIPHUX P1IMH TPSIMO TPOTOPITIHHA BETUYUHI €IEKTPUYHOTO MOMEHTY JHUIIOMIB 1
KUTBKOCTI MOJIEKYJI B OZJMHMIII 00'eMy. [lieeKkTpuyHa MPOHUKHICTD MOJSPHUX PIAUH
y KUIbKa pa3iB BHILNE, HDK [ICJEKTpUYHA TNPOHUKHICTH HEUTPATbHUX PIAUH
(HampuKia, AleIeKTPUYHA TPOHUKHICTD COBOJY £€=5,0).

CuibHONOMSAPHI PiAuHM (XapakTepu3yIOThCs JAyKe BHUCOKUM 3HAUYCHHSIM
JeNIeKTPUYHOI TMPOHUKHOCTI, HAMpPUKIAA BOJA, €THJIOBHHA CIHPT), HE MOXYTh
3HAaWTH MPAKTUYHOTO 3aCTOCYBAaHHS SK JICJIEKTPUKH BHACHIJOK iXHBOI BEITUKOI
IIPOBITHOCTI.

TemmeparypHa 3alexHICTb Ji€NIEKTPUYHOI MPOHUKHOCTI Yy BHIAJIKY

JTUTIONBHUX PIIMH Ma€ OUTBIN CKJIQJHUN XapaKTep, HDK Y BUMAAKY HEUTpaIbHUX
(puc. 8.9).

6 Er A T
,/ l L
4_‘4__9/2 I
A

N

'"‘”"“'“‘\"T
SRS S AU e )
|
!

z
20 0t 20 40

Puc. 8.9 — 3anexHicTh M1€IEKTPUYHOI MPOHUKHOCTI BiJl TEMIEpaTypHu JJIs

coBona (mossgpHa piguHa): 1 - =50 I'; 2 - =400 I'y; 3 - =1000 T’y

]

Temmneparypa, npu skiid BiIOyBa€ThCs IIBUJKE 3POCTaHHS JIEJIECKTPUYHOI
MIPOHUKHOCTI, BIJIMIOBIIa€ TEMIIEpaTypi PI3KOTO 3MEHIIIEHHS B'sI3KOCTI piaunu. [Ipu
3HIDKCHHI B'SI3KOCTI JMTOJBHI MOJIEKYJM MAarOTh MOJKJIMBICTH OPIEHTYBATHUCA,
CTBOPIOIOYHM JIOJIATKOBY MOJISIpH3allio JiejexTpuka. [lpu nmoganeiioMy 3pocTaHH1
TEMIIepaTypu MJIENEKTPUYHA TMPOHUKHICTh 3MEHIIYETHCS BHACTIOK TOCHIJICHHS
TEIUIOBOTO PyXy MOJIEKYJI, 110 MEePEIIKOKA€E TXHIN Opl€HTAlll] B HAIPSMKY MOJIS.

3HauyHUN BIUIMB Ha BEJIWYMHY [I€JICKTPUYHOI MPOHUKHOCTI JHUIIOIBHOI
piavHu Mae yactota (puc. 8.10).
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Puc. 8.10 — 3aexHiCTh Ai€IEKTPUIHOI TPOHUKIUBOCTI BiJl YACTOTH
(TOJISIPHOT P1UHN)
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[Tokn wacToTa Mania, AWMOJI BCTUTAIOTh 3MIHIOBATH OPIEHTAIlIO Pa3oM 3
MOJIeM, JIEJCKTPUYHA MPOHHUKHICT € BEIMKOIO 1 OJM3BKOI0 10 ii 3HAYCHHS MpHU
nocTiiHiA Hanpy3i. Koau % gactoTa cTae HaCTUIBKH BUCOKOIO, IO MOJIEKYJIH BXKE
HE BCTUTalOTh CIIJIKYBaTH 3a 3MIHAMH MOJIA, JIEJIEKTpUYHA MPOHUKHICTH Pi3KO
3MEHIITY€ThCA.

8.6. [lieiekKTprYHA NPOHUKHICTH TBEPAUX JieJIEKTPUKIB

VY TBepaux Tijdax MOXJIMBI yCl BUIM TMOJsIpU3alii, 3a3HadeHi Buile. Tomy
JeJIeKTpUYHA MPOHUKHICTh TBEPAMX TUI MA€ IIUPOKUN Jiana30H 3HAUECHb.

HeiiTpaabHi TBep/i Aie1eKTPUKHU CKIATAIOTHCS 3 HEUTPAIBHUX MOJICKYJ 1
XapaKTepPU3yIOThCS HAWMEHIIMMHU 3HAYCHHSIMH JIeTIEKTPUYHOI MPOHUKHOCTI.
JIoMiHYyI04OI0 B HHMX € €JEKTpOHHA ToJisipu3aiis. JlielekTpuyHa MpPOHUKHICTD
HEUTpaTIbHUX TBEPAUX J1EJEKTPHUKIB MPUOIU3HO JOPIBHIOE KBAAPATOB1 MOKA3HUKA
TnepeoMiIeHHs cBiTa: e=n’ (mapadin - € =1,9-2,2; momictupoun - € =2,4-2,6; cipka -
€ =3,6-4,0; anmas € =5,6-5,8).

TemnepaTypHa 3aleXHICTh AICNEKTPUYHOT MPOHUKHOCTI HEHTPaTbHUX
TBEPAMX ICICKTPUKIB BU3HAYAETHCS IXHBOIO T'YCTUHOI a00 YUCIOM MOJICKYJ B
oauHUIl 00'emy (puc. 8.11).

[1pu nepexoi mapadiny 3 TBEpIOro CTaHy B piAKe (TemMiepaTypa IiaBIeHHS
om3bko 55°C) BigOyBaeTbCs pi3Ke 3MEHIICHHS BEIMYMHHU JI1CJICKTPUIHOL
MPOHUKHOCTI BHACIIIJIOK P13KOTO 3HM)KEHHS I'YCTUHU PEYOBHUHU.

TBepai AieNeKTPUKH, 110 MPEACTABISIIOTH COO0I0 10HHI KPUCTAJH 3 TIUTHHIUM
yHaKyBaHHSIM aTOMiB, MAalOTh €JIEKTPOHHY W 10HHY mojsipu3amii 1 ToMy
XapaKTepU3yIOThCS BEIMUYMHAMHU JI1EIEKTPUYHOT MPOHUKHOCTI, L0 JEXKHUTb Yy
IIMPOKUX MEXkKax.

0

{

18 Lt
0 20 40 t,,60 °C

Puc. 8.11 — 3anexHicTh N1€NEKTPUUHOT MPOHUKHOCTI apadina
(HeToNsIpHUH 1eNEeKTPHUK) B TEMIIEpaTypu

TBepai mieneKTpUku, IO MPEACTaBISIIOTH CO0OK0 10HHI KPHUCTadu 3

HEIUIbHUM YIaKyBaHHSIM YacTOK, Y SIKUX CIIOCTEPIraeThCsl, KPIM €IEeKTPOHHOI U
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10HHOT ~ ToJisipu3allif, TakoXX 1  HOHHO-pENaKCalliiiHy  MOJspHU3alliio,
XapaKTEPHU3yIOTHCA B OLIBIIIOCTI BUITAJIKIB MOPIBHSIHO HEBHUCOKUM 3HAYEHHSIM
TIEICKTPUYHOI TPOHUKHOCTI. [IpHKIamOoM MOXKE CIyKUTH BUCOKOBOJBTHHMA
dapdbop (e=5), nmieNeKTpuUHAa TMPOHUKHICTH SKOTO CYTTEBO 3aJICKUTh BiJ

o Er /

15

temneparypu (puc. 8.12).

10

/ [
5 ¢
0 100 200 300 ¢

Puc. 8.12. — TemneparypHa 3aJeXHICTh AieIEKTPUIHOT IPOHUKHOCTI
enexkTpoTexHigyHoro dhapdopa

JlieneKTpuYHa MPOHUKHICTh HEOPTraHIYHOIO CKJIA, 1110 HAOIMKAIOTHCS 10
aMop(HUX JI1eJIEKTPUKIB, JICKHUTH Y MOPIBHAHO BY3bKUX Mexax € =4...20.

TBep/i nonsipHi opraHiyHi AieJeKTPUKHU MAIOTh JUIOJIBHO-pEIaKCaIliitHy
NOJISIpHU3alliio y TBEpAoMY cTaHi. Jlo TakuxX JieeKTPUKIB BITHOCSATHCS IETH0JI03a 1
noJIsipHI  moJiiMepu.  JIMmoJibHO-penaKkcaliiina Mospu3allisi  CIOCTEPIracThes
TakoX y Jbomy. JliemeKkTpudHa NPOHWKHICTh 3a3HAYCHHX BHINE MaTepiaiB
BEJIMKOIO MIiPOIO 3aJIeXKHUTh Bijl TEMIIEPATypH 1 BiJl 9aCTOTH MPUKIIAACHOT HAPYTH
TaKUM K€ YUHOM, SIK 1 JTIsI TATIOBHUX PiUH.

JlieeKTpuYHa TPOHUKHICTh CeTrHETOeJEeKTPHKIB BelIMKa 1 Mae pIi3Ko
BHUPAXEHY 3aJICKHICTh BiJl HAIIPY>KEHOCTI TOJIS 1 BiJ] TeMIepaTypu. XapakTEPHOIO
PHCOI0 CETHETOCJICKTPUKIB € HAasABHICTh Y HHUX JICJIEKTPUYHOrO TicTepesnca
(BiicTaBaHHA 3MIH €JIEKTPUYHOI 1HAYKIIT B1J] 3MIH HANpPYyKEHOCTI €JIEKTPUUYHOTO
nosisi). JIo CEerHeToeNeKTPUKIB BIAHOCAThCA: cerHeroBa cutb (¢ =500-600),
metatuta”aT Oapito (¢ =1000-1500), kucnuii pochopHokucauit kamit (¢ =7000-
9000) 1 iH.

Temnepatypa, npu sKiil AieNeKTpUYHA IPOHUKHICTD JIOCSITa€ MAaKCUMYyMY,
Ha3uBaeTbess Toukor Kropi. B obmacti Temneparyp Bume Ttouku Kropi
BTPAUYalOThCS CETHETOCNEKTPUYHI BJIACTUBOCTI MaTepially, 30KpeMa 3HHKAa€
3JICKHICTD JI€EKTPUUHOI MPOHUKHOCTI B/l HANIPYKEHOCTI €JIEKTPUYHOTO MOJIS.

JlielekTpu4Ha TPOHUKHICTh TBEPAUX CKJIAJAHUX dieJIeKTPHUKIB, 110
MPEACTaBIAIOTh COOOK CyMIlll KOMIIOHEHTIB 3 PI3HUMH JICJICKTPUIHUMU
IPOHUKHOCTSIMH, MOKe OyTH B MeplIoMy HaOJIMKEeHHI (MPU HE 3aHAATO BEITMKOMY
PO3XOKEHH1 JIEJIEKTPUIHOI MPOHUKHOCTI KOMIIOHEHTIB) BU3HAYCHA HA MiACTaBi
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piBHsiHHs JlixTeHeKKkepa, 110 y 3arajbHOMY BHUIAJKy BpaxoBY€ pi3HI (i3UuHI
BJIACTHBOCTI ~ KOMIIOHEHTIB  (HampuKiajJ  TEIUIONPOBIIHICTh,  MOKAa3HUK
NepeoOMIICHHS Ta 1H.).
®opmyna JlixTeHekkepa:
e=Nig*+ Ny e ¥,

ne NjiN; - e 06’eMHI KOHIIEHTpaIlli KOMIIOHEHTIB, € - BITHOCHA Ji€JIEKTPUYHA
NPOHUKHICTB, X = - 1,0,1; N1 1N, - 00’eMH1 KOHIIEHTpaIlii BIHIIIIACTY 1 €OOHITY
BIJIIIOB1IHO.

3anuTaHHA IS caMOINepPeBipKHU:

1. Mo Take monsipu3ariis Ji€IeKTPUKIB?

2. SIki Buu nossipusailii BU 3Haere?

3. SlkuM 4YMHOM TeMIiepaTypa, BOJIOTICTh, YacTOTa Ta HAIpPY>KEHICTb
CTPYMYBIUIUBAIOTh Ha JI€JEKTPUYHY MPOHUKHICTh Ta30MOAIOHUX, PIAKUX Ta
TBEPAUX J1ETIEKTPUKIB?

4. Sk 3MIHIOETBCS PpO3TAlIyBaHHS 3apsiAiB Yy MdICNEKTPUKY T €0
€JIEKTPUYHOTO TOJIs1?

5. o Take cerHeTOeNeKTPUKH, 1 YOMY BOHU MAIOTh AHOMAJIbHO BHCOKY
J1eNIeKTPUYHY TPOHUKHICTB?

6. Y yomy noJisirae peHOMEH TICTEPE3UCY CETHETOCTIEKTPUKIB?

7. Sk wximacudikyroThCs MICICKTPUKH 3a BUIAOM Tossipu3aiii? HapediTs
PUKIIAIA.

8. UuMm BiApI3HIETHCA MPYXKHA MOJSIPU3allis BiJl peslakcaliiHo1?

9. 1o Take TUMONIBHO-pENAKCAIliifHA MOJIAPU3aLlid, 1 A SKUX PEYOBHH BOHA
XapakTepHa?

10. SIx Temneparypa BIUIMBAE Ha €JIEKTPOHHY MOJSPU3ALIIO T1€IEKTPUKIB?

11. Sk 3aneXuUTh AieJIEKTpUYHA MPOHUKHICTH Ta31B Bij TeMMEpaTypHu, TUCKY
Ta BOJIOIOCTi?

12. YuM nossipHi piIuHY BIAPI3HAIOTHCA Bl HEMOISPHUX 3a A1€IEeKTPUIHUMU
BJIACTUBOCTSIMU?

13. o xapaktepusye Touka Kiopi B cerneroenekrpukax?

14. Sx 3a ¢opmynoro JlixTeHeKKepa BU3HAYAETHCA JICJICKTPUIHA
MIPOHUKHICTh CKJIAIHUX J1€JIEKTPUKIB?

TEMA 9. EJIEKTPOITPOBIJHICTD JIEJTEKTPUKIB

MerTta: nosicCHUTH IPUPOAY €IEKTPOIPOBIIHOCTI JieIEKTPUKIB, paKTOpH, 1110

106



BIUIMBAIOTh HA MPOBIAHICTh, & TAKOXK OCHOBHI MEXaHI3MH, SIKI MOXKYTh MIPU3BECTH
JI0 TIPOBITHOCTI B AICIEKTPUYHUX MaTepiajiax.

[Tnan nexi
1. OCHOBHI MOHATTS €JIEKTPONPOBITHOCTI AI€IEKTPHUKIB;
2. ENeKTponpoBiAHICTh T'a3iB;
3. EnekTponpoBiIHICTh PiAUH;
4. ENEeKTpONpOBIIHICTh TBEPUX H1€IEKTPHUKIB;
5. [ToBepxHEBa €NEKTPOIIPOBIAHICTH TBEPAUX JIETEKTPHKIB.

XiJ1 TpOBEACHHSI JICKITIHHOTO 3aHATTS
I. Opranizaiis rpymnu;
II. MoTuBaIis HaB4YaabHOI TisJIbHOCTI. OroJIOMIEHHST TEMH W METH,
II1. BuknaneHHst Ta 0OrOBOpPEHHSI HOBOT'O MaTepiay;
IV. OrosomeHHs 3aBaaHHs Ha CAaMOCTIHHE OIpaIfOBaHHS Ta MiJArOTOBKY.

9.1. OCHOBHI OHATTS €JIEKTPONPOBIIHOCTI AieJIeKTPUKIB

EnextponpoBiHICTh N1€IEKTPUKIB 3yMOBJICHA!

— MOJIAPU3AIIAHUME CTpyMaMu (CTPYMH 3MiIIEeHHs, a0COpOILiiHI CTpyMu);

— CTpyMaMH HacCKpi3HOi MPOBITHOCTI (CTPYMHU BUTOKY ).

Hoasipuzaniiini cTpyMH BUKJIMKaHI TOJSPU3AMIMHUMHA  IIpoliecaMu
3MILIEHHS 3B'A3aHUX 3apsiiiB y pedoBuHi. Lli cTpyMu mpu eneKTpoHHIH 1 10HHIN
NOJIIPU3ALIAX HACTUIFKA KOPOTKOYACH], 110 1X 3BUYaHO HE BIA€ThCs 3a(ikcyBaTu
npunagoM. CHocTepiraloTbCs y BEJIMKOTO YMCia TEXHIYHUX AleNneKTpukiB. [lpu
NOCTIMHIA Hampy3i MPOTIKAIOTh TUIBKM B MOMEHTH BKJIIOYEHHS 1 BHUMHUKAHHSA
HanpyTd. [Ipu 3MiHHIN Hanpy31 MalOTh MICII€ POTIATOM YChOT'O Yacy nepeOyBaHHs
Marepiajly B IEpEeMiHHOMY €JICKTPUUYHOMY TOJII.

CTpyMHu HACKpi3HOI MPOBIAHOCTI € HA3BUYANHO MAJIUMH, OKPIM BUIAIKY
po0o10, 1 3yMOBJICHI HASBHICTIO B TEXHIYHHUX ICJICKTPUKAX HEBEIMKOTO YHCIIA
BUTBHUX 3apsi/IiB (QHAJIOTIS 31 CTPYMOM B METaJIax).

Takum 4yuHOM, CTpyM B HI€NEKTPUKY HPEICTaBiIsie COOOI0 CyMy CTPyMIB
3MINIEHHS (13y) 1 HACKPI3HOT TPOBIAHOCTI (1yp):

1= 1y

Ha puc. 9.1 nokazanuit xapaktep 3aJ1€KHOCTI CHIIA CTPYMY Yepe3 J11eJIEKTPUK
Bl 4Yacy (T) mpH HasBHOCTI JABOX THIIB eyeKTpomnpoigHocTi. Ilicimsa toro, sk
IPOLECH MOJSApU3allii 3aBEpIIAIOTHCA, CTPYM 3MIMICHHS MIBUIKO 3HUKAE 1 4epes
JENEKTPUK MPOTIKAE TIIBKU CTPYM HACKPI3HOI €JeKTPOMPOBITHOCTI.
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0 ' T

Puc. 9.1 — 3anexHICTh CUIIU CTPYMY Yepe3 AIEIEKTPUK BiJl Yacy

[TpoBigHicTh  AieNeKTpUKa TpU MOCTiHHIA Hampy3i Bu3HaYaeThCS
HAcKpi3HUM cTpymMoM. llpu mnepeminHiii Hampy3i akTuBHAa MPOBITHICTD
BU3HAYAETHCSH SIK HACKPI3HUM CTPYMOM, TaK 1 aKTUBHHUMH CKJIQJIOBUMH
MOJISIPU3AIIIHHUX CTPYMIB.

OcoOMBICTIO €IEKTPONPOBIIHOCTI MEPEBAKHOT OUIBIIOCTI IEIEKTPUKIB € 1T
HEeeJNeKTpOHHUM (10HHMIA) XapakTtep. [lificHMIl omip nOieleKTpuka, 10 BHU3HAYAE
BEJIMYMHY HACKPIZHOTO CTPYMY, OOUHCITIOETHCS 32 POPMYIIOLO:

ne i - ctpyM; U - IpuKiaieHa Harpyra.

Jng  TBepaux 130JMIMHUX — MaTepiaiiB  pO3pI3HAIOTH 00'e€eMHUH i
NOBEepPXHEeBHUil onip (MPOBIAHICTB).

YucenpHO MUTOMUI 00'€eMHUI omip AOPIBHIOE OomoOpy KyOa 3 pedpom y 1 M,
AKIIO CTPYM IMPOXOAUTH Yepe3 Bl MPOTUJICKHI TpaHl BOT0 KyOa. Y BUNAAKY
IUIOCKOTO 3pa3Ka B OJTHOPIAHOMY IOJIi MTUTOMHUIA 00'€MHHMIA OMip PO3PaXOBYETHCA 32
bopmyIior

p, =Ry %
ne Ry - ob6'emHmii omip 3pa3ka, S - mJioma enekTpoaa, h - ToBmMHA 3pa3Ka.
Bumiproerscsa B OM-M.

Ilutoma o0'eMHa mNpoOBiAHICTL — BelWuYWHA, OOEpPHEHA MHUTOMOMY
00'emHOMY 0110pOBi (Yy=1/py). ITuTOMa 06'eMHa IPOBIAHICTH BUMIPIOETHCS B OM ™M™
1

IInToMuii moBepxXHeBHil OMip pO3paxoBYeTHCA 32 (POPMYIIOO

ps = RS %9
ne R - moBepxHeBHii omip 3pa3ka Mk MapajelbHO PO3TAIIOBAHUMH €IEKTPOAAMU
mmmpuHoto d Ha BiacTaHi l. Bumiproersest B OMm.

ITuToMa NoBepXHEeBa MPOBIAHICTL Y=1/ps BuMiproeThest B OM™.

[ToBHa MPOBIJIHICTH TBEPAOIO Ji€JIEKTPUKA CKJIATAEThCA 3 00'eMHOT 1
MOBEPXHEBOI MPOBITHOCTEH

V==Yv Tt Vs.
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EnextpornpoBigHICTh 130JIAIIMHUX MaTepialliB B 3arajbHOMY BHUIIAJKY
3aJIeKUTH BiJI CTAHY PEYOBUHHU (Ta30MMOIIOHUH, PiAKUI a00 TBEPAUIA), BiJT BOJIOTOCTI,
TEeMIIepaTypu, aTMOC(HEpPHOTO THUCKY (Ta3d), HAMPYKEHOCTI E€JIEKTPUYHOTO OIS,
nerpanaiiii (pi3MYHUX BIACTUBOCTEHN JieTICKTpUKa (CTapiHHS).

9.2. EjiekTponpoBigHicTh rasis

["a3u mpu HEBENMMKUX 3HAUEHHSIX HAMPYXKEHOCTI EIEKTPUIHOTO OISl MAlOTh
HE3Ha4YHy NpOoBiAHICTh. CTPyM y ra3zax MO>XK€ BUHUKHYTH TIIbKU MPU HAsIBHOCTI B
HUX 10HIB 200 BUIbHUX €J1EKTPOHIB. [0H13a11isi HEUTpaTbHUX MOJIEKYJI Ta3y BUHUKAE
a00 mija Aiero 30BHIMIHIX (hakTOpiB, a00 BHACHTIIOK 3ITKHEHD 3aPSKCHUX YaCTOK 3
MOJICKYJTAMH.

30BHIIIHIMH (paKkTOpaMu, 0 BUKJIUKAIOTh 10HI3allII0 Ta3y, € PEHTTeHIBChKI,
yabTpadi0IeTOBl, KOCMIUHI MPOMEHI, pPaJioaKTUBHE BUIIPOMIHIOBAHHS, a TaKOX
TEPMIUYHMK BIUIUB (CUJIbHE HArpiBaHHS razy).

EnextponpoBigHicTe Ta3zy, 3yMOBJEHA €0 30BHINIHIX 10HI3AaTOPIB,
HA3MBAETHCS HECAMOCTIHHOIO.

YnaapHa ioHizaunisi — BUHHKAE B rasi B TUX BUMIAAKAX, KOJU KIHETUYHA EHEPTis
3apsAHKEHUX YacCTOK, SIKy BOHU OTPUMYIOTH IiJ Ji€I0 MOTYXHOTO €JIEKTPUYHOTO
TI0JISI, TOCSITa€ BETIMKUX 3HaU€Hb. ENEeKTpOoIpoBiIHICT Ta3y, 00yMOBIIeHa YIaPHOIO
10H13aI1i€10, 3BEThCS CAMOCTIHHOI0. B c1abkux mosisx yapHa 10H13a1list BICyTHSI.

[TouaTkoBa miMsTHKA 3ale)KHOCTI CHJIM CTPYMY BiJl HAmpyrd IS rasy
BiJIMOBI/Ia€ 00JacTi BUKOHAaHHS 3akoHy Owma no Hanpyru HacwdenHs (U,), ko
YHUCJIO TMTO3UTHUBHUX 1 HETAaTUBHUX 10HIB MOKHA BBaKATH MOCTIHHUM (pHC. 9.2).

g

b oy - —

U,

Puc. 9.2 — 3anexHicTh CHIIM CTPYMY BiJ
HaTpyTH JUIS Ta3iB

YacTHHAa HETaTUBHUX IOHIB 3’€IHY€ThCS 3 HETAaTUBHHUMHU YaCTOYKAMHU,
YTBOPIOIOUN HENTpaIbHI MOJEKYJH (Tpoliec peKoMOiHallii).
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[Ipm 3pocTaHHi BEIWMYMHUA TMPHUKIAACHOT HANPYrH 10HH JOCSTAlOTh
eJIEKTPO/IIB, HE BCTHTalOYU PEKOMOIHYBaTHCA, 1 MpU JAEAKid Hampy3i BCl 10HH,
YTBOPIOBAaHI B Ta30BOMY IMPOMIXKY, pO3pSIKalOThcs Ha enekrponax. [lomambiie
301IbIIEHHSI HANPYTH BXe He Oy/e BUKIMKATU 3pOCTaHHS CTPYMY, L0 BIJANOBIIA€
TOPU3OHTANBHIA JUISHII KpUBOi puc. 9.2 (s TOBITPS CTPYM HACHUYCHHS
JOCATAETHCSI B HOPMAJIBHUX yMOBAax IMpH BiJcTaHI MiX enekTpogamu 10 MM mpu
Harnpy:xeHocTi ot 6mauzsko 0,0006 B/mm).

ITpn pesxiit kputnuniil Hanpysi (Ug) BUHHMKAE ynapHa 10HI3awis, LIO
3yMOBIIIOE CAMOCTIIHY €NeKTporpoBiaHicTh. Cuila CTpyMy 3HOBY IOYHHAE
301JIbIIIYBATHUCS 31 3pOCTAHHSAM HAMPYTH.

9.3. EJIeKTpPONPOBIiAHICTH piguH

EnexTponpoBiHICTh PIIKUX MICJICKTPUKIB 3aJICKUTh BiJl IXHBOT CTPYKTYPH,
sKa BU3HAYAE, UM € PIAMHA HEUTpasbHa, MOJspHa a00 CUIIBHOMOJISPHA.

EnexTponpoBiaHicTh YMCTHX HEHTPAIBHUX PilMH € HU3bKOI. TOMY BOHU
IIMPOKO BUKOPHUCTOBYIOTHCS B SIKOCTI JieNeKTpuKiB. CTpyM y HEUTpanbHIi piinH1
MOSICHIOETHCSI MEPEMIIICHHSM 10HIB, a TAKOX IMEPEMIIIEHHSM BITHOCHO BEIMKHUX
3apSJIKEHUX KOJIOITHUX YACTUHOK.

EnextpornpoBiHICTh HEUTPATBLHUX PIUH CYTTEBO 3aJICKUTh BiJl HASIBHOCTI
JUCOIIMOBAaHUX JIOMIIIOK, Y TOMY YMCJI BOJOTU. OUHUIIEHHS PIAKUX J1€JIEKTPUKIB
Bl JIOMINIOK TiJBUIYy€e iX TUTOMUM omip. [Ipu TpuBasoMy mpoIycKaHHI
CJIEKTPUYHOTO CTPYMY uYe€pe3 HEHUTpaNbHUN PIAKUN TIENEKTPUK BiJOYBa€ThCsS
3pOCTaHHS OTIOPY 3a PAXyHOK MEPEHOCY BUTBHUX 10HIB JI0 €IIEKTPOIIB (€ICKTPUIHE
OYMIIICHHS ).

Y noasipHuX PpiaMHax eJeKTPOIMpPOBIIHICTh BHU3HAYAETHCS HE TIIbKU
JOMIIIKaMH, ajie 1 JUcoIiaIi€er (po3nagoM MOJIEKYIM a0o 10Ha Ha OUIBII MPOCTI
CKJIaJIOB1) MoJieKya caMoi piauHHu. [lonspH1 piiMHM 3aBXKIU MalOTh I1JIBHUIICHY
MPOBIIHICT Y TOPIBHAHHI 3 HENOJSIPHUMH 1 3a CBOIMH JIICJIEKTPUYHUMU
BJIACTHBOCTSAMHU  3aliMalOThb  MPOMDKHE  MICHE MK  HEUTpalbHUMHU 1
CUJILHOTIONISIPHUMU P1TMHAMH.

CWIBLHONOJISIPHI PiMHU BIIPI3HAIOTHCA HACTIIBKA BUCOKOIO TPOBITHICTIO,
IO PO3TISAAIOTHCS BXKE HE K PIIKI AICNEKTPUKH, a SK MPOBIIHUKU 3 10HHOIO
€JIEKTPOIIPOBIHICTIO.

[Tutoma nMpoBIAHICTE OYAb-SIKOI PITUHUA CUJIBHO 3aJICKHUTh BiJl TEMIIEPATYPH.
31 30UIBIICHHSIM ~ TEMIIEpaTypyd  3MEHIINYETbCS  B'SI3KICTh, OTXKE, 3pOCTae
pPYXJIMBICTh 10HIB 1 mpoBiAHICTE. B iHTepBani temmepatyp Big 0 mo 100°C
3aJIeKHICTh MMUTOMOI MPOBITHOCTI PIAKUX TIE€JICKTPUKIB BiJ] TEMIIEPATYpH € TyKe

CYTT€BOIO 1 TOMY BHUPAXAEThCSI €KCIIOHEHIIIITHOIO (POPMYJIOL0:
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Y= Yoeat,
7€ Yo 1 0. — MOCTI¥HI A7 AaHO1 piauHy; t Temmnepatypa,’C.
Ha puc. 9.3 mnpencraBmeHa Taka B3aJeXKHICTh IS PIIKOTO MACJSHO-
KaH1(pOJIBHOrO KOMIayH 1a (CyMiIl Ha OCHOBI MEBHOT peyoBuHM) Tipu o = 9100.

Ongha] 10" /
100 /

/
L/
N4

/

L1o®
1 -
350 325 300 775 K ! y
13 35 60 91 1277

g

Puc. 9.3 — 3anexxHicTh TUTOMOT POBITHOCTI MACIISIHO-
KaH1(OJIHLHOTO KOMIIAyH/1a BiJl TEMIIEpaTypu

[IpoBiHICT, PpIAMH MOPSIMO MPOMOPIIiHA TaKOX 1 HaMPYXKEHOCTI
CIICKTPUYHOTO TIOJIS.

OpieHTOBHI 3HAYE€HHS MHUTOMHUX oOMOpiB pi3HUX piand 1pu  20°C:
TpaHcopmaropHe Macio (HeirpamsHa piguna) — p =10'°-10* Om-m; cosou,
KacTopoBe Macno (monspHi pimuan) — p =108-10'" Om-m; muctuinboBaHa Boxa
(cusnbHOMONsIpHA piguna) — p =10°-10* Om-m.

9.4. EJ1IeKTpONpoOBiAHICTh TBePANX AieJIeKTPUKIB

EnexTponpoBiAHICTh TBEPAUX A1€IEKTPUKIB 3yMOBIIOETHCS:

1) mepemileHHsIM 10HIB CaMOTO JIEICKTPHUKA;

2) mepeMileHHIM 10H1B BUIIAJKOBUX JIOMIIIOK;

3) HasBHICTIO BUIBHUX €JIEKTPOHIB (€JIEKTPOHHA IMPOBIIHICTS ).

Bun enekTponpoBiTHOCTI BCTaHOBIIOIOTH €KCIIEpUMEHTaNbHO. Hampukian,
10HHA €JIEKTPOTPOBIAHICTH CYTPOBOIKYETHCS IEPEHOCOM PEYOBUHU HA EIEKTPOJIH.
[Tpu enexTpoHHI eIeKTPOMPOBITHOCTI 1€ SBUILE HE CIMOCTEPIraeThCs, ajie BOHA
CTa€ TIOMITHOIO MPY CUIIBHUX €JIEKTPUYHUX TOJISX.

VY mporieci MpOXOHKEHHS EASKTPUIHOTO CTPYMY Uepe3 TBEPIUN TieICKTPUK
10HH JIOMIMIOK, IO yTPUMYIOTBCS B HBOMY, MOXXYTh YacCTKOBO BHUIAIIATHCH,
BUUISIFOYNCH HA €NIEKTPOJIaX; OCTaHHE MPHUBOIUTH J0 3MEHIICHHS MPOBIIHOCTI 3
4acoM 1 710 BIJMOBITHOTO CITaJIaHHS CTPYMY.
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Y TBepaux ieNEKTpUKaX IOHHOI CTPYKTYPHM €JICKTPONPOBIAHICTH
3YMOBIIIOETHCS TOJIOBHUM YWHOM TEPEMIIICHHSM 10HIB, 110 BUBLIBLHSIOTHCS ITiJT
BIUIMBOM MiJBUIICHOT TemrepaTypH. [Ipu HU3bKUX TemmepaTypax MepecyBaloThCs
cJ1a0KOo 3aKpiIJIeH] 10HU, 30KpeMa 10HU JTOMIIIOK.

Y KOXXHOMY OKpEMOMY BHIAJKy TMUTAHHS PO MEXaHI3M eJICKTPOMPOBITHOCTI
BUPIIIYEThCS Ha MIiJCTaBl JIaHUX MPO E€HEPrilo akTuBallii Hoclg 3apsamny. Bimomo,
HAIPUKIIAJ, 110 JUIsl KaM'sTHOT COJI1 €HEeprisl aKTUBAIlll 10HIB HATPIIO MPHU HOPMAJTbHIM
Temreparypi ckiagae o6auspko 0,85 eB. EHepris akTuBariii i0HIB XJIOpy B TP pas3u
Olbllie, a eHepris aKkTUBALlll eJIEeKTPOHIB JOpiBHIOE 6 €B, Tonl sk cepenHst eHepris
TEIJIOBOTO PyXy MpH KIMHATHIM Temmepartypi ckianae ycporo suiie 0,025 eB.

EJleKTPOHBOJIBT — 103aCUCTEMHA OJMHUIISL €HEPrii, 10 3aCTOCOBYETHCS LIS
BUMIpY eHeprii i Macu MikpodacTuHOK: 1 €B=1,6-10" Jlx.

3anexHICTh MUTOMOTO O0'€EMHOTrO OMOPY TBEPAUX JICNEKTPHUKIB Bl
TEMIEPATYPU € EKCIIOHEHLIHHOIO:

b
p, = BerT,

ae b 1 B — mocriitai ans gaHoro martepiany. Ha mpaktumi mpu posrisi
3aJIeKHOCT1 Py BIJ] TEMIIEpaTypy BHUKOPUCTOBYIOTH HAOMMkKeHY GopMyiy, y sKid
3aMicTh aOCONIOTHOI TeMriepaTypu T BUKOPHUCTOBYIOTH TEMIIEpATypy 3a IIKAIO0
Lennbcis:

P =pee™",

ne py — nutomMuit 06'emauit omip npu t=0°C; o — TeMneparypHuid KOeQilieHT.
TakuM YMHOM, OMIp TBEPAUX [ICJICKTPUKIB PI3KO MaJa€e 3 IJIBUIICHHSIM
TEMIIEPATYPH.

BiacHa eJIeKTPONPOBIAHICTL TBEPAMX TLI, a TAKOXK il 3aJEKHICTH BiJ
TeMIepaTypu BU3HAYAKTHCHA CTPYKTYPOIO PEYOBHHH i ii0T0 CKIaT0M.

VY Tinax KpUCTaJI4HOi OyJOBH 3 iOHHMMH IPAaTaMH €JIEKTPOIPOBIIHICTD
NOB'sI3aHl 3 BaJEHTHICTIO 10HIB. Kpucranu 3 OJHOBaJeHTHUMH 10HAMHU MAalOTh
OUTbIIY MPOBIAHICTh, HDK KpUCTAIM 3 OararoBaJieHTHUMHU 10Hamu. Tak, ams
kpuctana NaCl mpoBigHiCcTs 3HaYHO BUIIE, HIX 17151 KpuctaiaiB MgO abo Al,Os.

VY neskux KpHcTajgax MPOBIAHICTH HE OJHAKOBA MO PI3HUX OCSX KpHUCTala
(ani3oTpomis BiaacTuBocTer). Tak, y KBapIll NpOBIAHICTh Y HANPSIMKY T'OJIOBHOT OC1
npu6u3Ho B 1000 pasiB OuIbINe, HDK Yy HaNPSIMKY, TEPIEHIUKYIIIPHOMY II€T OCl.
Jnisa 6inbmrocti ioHHUX Kpuctanis b=10 000.

VY KpuCTaliyHUX TUIaX 3 MOJIEKYJIAPHUMH I'paTKaMu (CipKa, MOJIETHIIEH,
napadid) TUTOMA MPOBIIHICTH MaJa 1 BU3HAYAETHCS TUTBKH JOMIIIKAMHU.

EnexTponpoBigHiCTs amMOp(HUX Til TMOB'A3aHa HacaMmmepea 3 IXHIM
CKJIaJioM. BHCOKOMOJIEKyYJISIpHI OpraHiuHi MOJIMEPH MarOTh MUTOMY IMPOBIIHICTD,
10 3aJICKUTh 3HAYHOIO MIPOO BiJ PAAY (PakTOpiB: XIMIYHOTO CKJIaTy 1 HAsIBHOCTI
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JOMIIIOK, CTYIEHs TodiMepu3alli (Hanpukiaa, s  ¢enondopmanbaeriIHOL
CMOJM), CTymHeHs ByJKaHizamii (ms eOoHiTy). OpraHiuHi HeWTpaibHI amop(HI
TENEeKTPUKH, 5K, HAPUKIIAA, TOJICTUPOIL, BIAPI3HAIOTHCS AykKE MajOl0 MUTOMOIO
IIPOBIJIHICTIO.

KBaprioBe ckiio Mae Maixy MATOMY MPOBIAHICT, sIKA CUIIBHO 3aJICKUTH Bijl
temnepatypu (b=22000), mo Bka3dye Ha BEJIWKY EHEPril0 3BUIBHEHHS 10HIB.
BBeneHnHs 10 cKiIagy CKJIa OKHCIIIB BaXKHX MeTaiiB (0Oapito abo CBHUHINO)
IPUBOIUTH IO 3HAYHOT'O 3HMKEHHSI MMUTOMOI MPOBIAHOCTI cTekon. [lpu posrmsmi
1307sTOpHOTO (haphopy SK CUCTEMH, IO MICTHUTH CKJIO, BUSBHIOCS MOKIUBUAM
MOHU3UTH MTUTOMY MPOBIAHICTH I[LOTO JIEJIEKTPUKA BBEICHHIM Y MOTO CKJIa1 OKUCY
Oapiro.

Puc. 9.4 imocTpye 3aNeXHICTh MUTOMOTO O0'€MHOTO OIOPY 130JATOPHOL
nopieisHu 1 pagiodapdopa, 110 MICTUTh OKUC 0apiro, BiJ TEMIIEpATypH.

Jurml p }
1012 \
o N X
N \
\\ \\
08 N2 N
\ \
N,
10 L]
3 3 25 20K!

t I i i Jt
13 61 127 - 227°C

Puc. 9.4 — 3anexxHOCTI MUTOMOTO 00’ €MHOTO OMIOPY
pamiodapdopa (1) 1 bapdopa (2) Bix Temmepatypu

TBepal mopucTi Mi€NEKTPUKU IPU HASBHOCTI B HHUX BOJOTHM HaBITh Yy
HE3HAYHUX KUIBKOCTSX PIi3KO 30UIBIIYIOTH CBOK IUTOMY  ITPOBIJIHICTD.
BucymryBanus marepiajiiB IiJBHUIIYE€ TUTOMUN oOmip, ajge npu mepedyBaHHI
BUCYIIIEHUX MaTepialliB y BOJIOTOMY CEPEIOBUII BETUIMHA TUTOMOTO OIIOPY 3HOBY
3MEHIITY€ThCS.

Hepeso: p=10'1-10'2 Om-Mm (20°C; Bign. Bomoricts 0%); p = 10°-107 Om-m
(20°C; Bign. Bonoricts 70%); p = 10''-10' Om-M (100°C; Bign. Bomoricts 0%).

[Ipu BenmmMKMX HAMPYKEHOCTSX MO B KPUCTATIYHUX JIEICKTPUKAX BUHUKAE
CJICKTPOHHUN CTPyM, IO MIBHUAKO 3pOCTa€ 31 30UIbIICHHSIM HampyxeHocTi. [Ipu
HaIpy>KEHOCTAX 1o, 110 nepeBuiyoTh 10-100 kB/MM, 3a51eKHICTh €eKTPOHHOT
€JICKTPOIIPOBITHOCTI BiJl CUJIU TOJISI BUPAKETHCS EMITIPUUHOI0 (OPMYJIOIO:

Y= v0ePE,
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ne E - HanpyKeHICTb OIS ; Yo - MUTOMAa MPOBIAHICT B 00J1aCT1 HE3aIEKHOCTI B £
B - koedili€eHT, 0 XapakTepu3ye MaTepiad.

3acTocyBaHHsS KepaMIYHHMX JIEJIEKTPUKIB MPHU MIJBUIICHUX TeMIIepaTypax
BUKJIMKAJIO HEOOXITHICTh BUBYCHHSI IXHBOI €JIEKTPOMPOBITHOCTI B 3aJI€KHOCTI BiJl
TPUBAJIOCTI EKCIUTyaTalllii B yMOBaX pI3HUX TEMIEpaTyp 1 HaIpy>KEHOCTEH
eIEKTPUYHOTO 10J1s. [TuToMuUit 00'€eMHUI OIIp TUTAHOBOI KEPaMIKH 3MEHIITYE€ThCS 3
yacoMm. KepaMiuHi MaTepiaiu, Ha BIIMIHY BiJ] OpraHIYHO1 130711111, PU B1ICYTHOCTI
€JIEKTPUYHOIO TIOJIA HE CTapiloTh, TOOTO HE 3a3HAIOTh HEOOOPOTHUX 3MIH
BJIACTUBOCTEN TIPH il BUCOKHUX TEMIIEpaTyp y 3BHYAMHHX aTMOC(EpPHUX yMOBaX.
OpHak B JIEKTPUIHOMY I0JI1 CIIOCTEPIraeThCs ENEKTPOXIMIYHE CTapIHHS KEPaMiKH,
panToBa BTpaTa e€JIeKTPUYHOI MIIIHOCTI JII€JIeKTPUKa.

Heo6opoTHi 3MiHM B KepaMilli MOB’s13aHi 3 BUXOJOM KHCHIO 3 KPUCTATIYHUX
rpaTok. HaitOoinbp1n MOBIpHMI BHX1Jl KHUCHIO 3 TIOBEPXHI 3pa3Ka 1 M0OJIU3y BCSIKOTO
poxay aedekTiB - TpinuH, mop 1 iH. OOOB'I3KOBOIO YMOBOIO ISl €JIEKTPOXIMIYHOTO
CTapiHHS KEepaMiKh € y4acTh B €JIEKTPOINPOBIAHOCTI Xoua O OJHOTO BHUY 10HIB
JEeNEeKTpUKa. SIKIIO eJeKTPOIPOBIIHICTE YHUCTO €JIEKTPOHHA, EJIEKTPOXIMIUHE
CTapiHHA HE BiJOYBa€ThCSI.

9.5. IloBepxHeBa eJIEKTPONPOBIAHICTH TBEPAUX AieJTeKTPUKIB

IloBepxHeBa eJIeKTPONPOBIAHICTH 3yMOBJIEHA MPUCYTHICTIO BOJIOTH a00
Opyaly Ha IOBEpXHI JieeKTPHKa.

Bonga mae 3nHauHy mnpoBigHiCTh. JloCHTh HAMTOHIIOrO IIapy BOJIOTH Ha
MOBEPXHI JIIeJeKTpUKa, 00 Oysia BUSBICHA MOMITHA MPOBIIHICTH, 3yMOBJICHA B
OCHOBHOMY TOBIIIMHOIO 11bOTO TIapy. OHAK, OCKUIBKH OMIp aacopOOBaHO1 MUTIBKA
BOJIOTH TOB'SI3aHUN 3 PUPOJIOI0 MaTepiaily, Ha MOBEPXHI SKOTO BOHA 3HAXOAUTHCA,
MOBEPXHEBY €JIEKTPOIPOBIIHICTh 3BUYANHO PO3IIIAIAIOTh SIK BIACTUBICTH CAMOIO
JlleTIeKTPUKA.

AJcopOuisi BOJIOTH Ha TOBEPXHI Ji€JEKTPUKAa 3HAXOAUTHCA B TICHIU
3aJIe)KHOCTI B BIJHOCHOI BOJIOTOCTI HABKOJHIIHBOTO CEpeAoBHINA. Tomy
BEJIMYMHA BIJHOCHOT BOJIOTOCTI € BUPINIAIbHUM YUHHUKOM, 1110 BU3HAYAE 3HAYCHHS
MUTOMO1 TOBEPXHEBOI MPOBIAHOCTI AienekTpuka. OcoONMBO pi3Ke 3MEHIICHHS
OUTOMOTO TOBEPXHEBOTO OMOPY 3BUYANHO CIOCTEPIra€ThCsl MPH 3HAYCHHSIX
BIJIHOCHO{ BOJIOTOCTI, 1110 TiepeBUIy0Th 60-80%.

IIuToMuii moBepxXHeBUil OMIPp THM BHINWI, YUM MEHIIA NOJSAPHICTH
PEYOBHMHU, YMM YHCTIIA TOBEPXHH [ieJIeKTPUKA | YMM Kpaile BOHA
BimoJripoBana.

3a cTymeHeM MOBEpPXHEBOI MPOBIIHOCTI BCl MaTepiaid MOXKHA MiAPO3IUTUTH

Ha KUIbKa Tpyn (puc. 9.5):
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Puc. 9.5 — 3anexHOCTI MUTOMOTO MOBEPXHEBOTO OIMOPY Bi BIAHOCHOT
BOJIOTOCTI: 1 - 11Iepe3uH; 2 - Ty>KHEe CKJI0; 3 - (heHOoIIacT

1. Hepo3uuHHIi y BOJi A€ IEeKTPUKH.

a) HeiirpanbHi 1 c1abomossipHi - HEe 3MOYYIOThCS BOJI0I0 (TapadiH, epesuH,
MOJTICTHPOJI, STHTAP, CIpKa).

6) Ilonsipui — neski BUAM JIENEKTPUKIB, IO 3MOUYYIOTHCA (I€AKI BUIU
KepaMiku).

VYci  Marepianin  Li€i  TPyNU  XapaKTEpU3YIOTbCSd BUCOKMM ITUTOMHUM
INOBEPXHEBUM OIOPOM, IO MAaj0 3aJIeXKUTh BIJ BOJOIOCTI HABKOJUIIHBOIO
cepenoBuia. Jlo MOBEpXHI MOJSPHUX MICICKTPUKIB JIETKO NPWIMNAIOTH Pi3HI
3a0pyIHEHHsI, SIK1 3HIKYIOTh ITOBEPXHEBUH OMip Ha JeKUIbKa MopsakiB (Tadi. 9.1).
Tomy BUCOKHMI MUTOMMIA TOBEPXHEBUI OIIP Y BOJIOTOMY CEPETOBUIII TS OJIIPHUX
JIENEKTPUKIB MOXHA OJepXaTH TIIbKA IPU MOBHIN BIACYTHOCTI 3a0pyJHEHb Ha
iXHII OBEPXHI.

Tabmui 9.1 — [lutoMi MOBEPXHEB1 OMOPH JIICICKTPUKIB IIPU BITHOCHIM
Bosiorocti 70%

: ps 3a0pYTHEHOI MTOBEPXHI | Ps OUHUIIEHOT TOBEPXHI1
Jienexkrpux (Om) (Om)
JTy’KHE CKJIO 2-108 1-10M
IUIaBJIEHHMH KBapIl 2:108 1-101
MiKaJleKC 1-10° 1101

JUis  TiABUIIEHHS TUTOMOTO TIOBEPXHEBOTO  OMOpPY, 3aCTOCOBYIOTH
Pi3HOMaHITHI TPUIOMU OYHUIIICHHSI TOBEPXHI - IPOMUBAHHS BOOI0, PO3YMHHUKAMH,
nposkaproBaHHs npu Temreparypi 600-700°C. Haitbiabin epeKTUBHOIO € OUUIIICHHS
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MOBEPXHi BUPOOY, 110 HE BCMOKTY€E BOAY, TPUBAJIMM KHII'SITIHHSIM Y TUCTUIHOBAHIN
BOJII.

2. YacTKOBO PO3YMHHI y BOJI JieJIeKTPUKH.

binpuricTe BUAIB TEXHIYHOIO CKJIa, Ha TOBEPXHI SKOTO B pe3yibTari
YaCTKOBOTO PO3YMHEHHS CKJa YTBOPIOETHCA IUTIBKA EIEKTpodiTa. Takum
MaTrepiajiaM BJIACTMBO OlIbII HU3bKWNA TUTOMUN TOBEPXHEBHUM OIIp, 3HAYHOIO
MIpOIO 3aJICKHUHN BiJl BOJIOTOCTI.

3. JlieJieKTPUKH, 110 MAKOTh MOPUCTY CTPYKTYPY.

JIo TakuX M1eJIeKTPUKIB BITHOCITHCS BOJIOKHUCTI Marepiaiu (OpraHiuHuH 1
HEOpTraHiyHi), MapMyp, TAIBKOXJOPUT 1 OUIBIIICTh TUIACTUYHUX Mac. 3aBASKA
MOPUCTIA CTPYKTYpPl y BOJIOTOMY CEPEIOBHINI IIi MaTepiajy BUSBISIOTH BEIUKY
MATOMY TTIOBEPXHEBY MPOBIIHICTb.

[IpocodeHHs TOBEpXHEBUX MIapiB JAeTani napadiHoM abo Iepe3nHOM
MIJBUIIY€E TOBEPXHEBUU OMip, aje He 3a0e3nedye JOCTAaTHIO CTIHKICTh 3HA4YeHb
MTUTOMOTO OTIOPY NP BUCOKiH BOJIOTOCTI Yepe3 MOXJIUBICTh MPOHUKHEHHS BOJIOTH
B MIKpOIIOPH MOBEPXHI BUPOOY uepe3 3aXUCHI MOKPUTTH.

[TokpHUTTS KEepaMiKH 1 CKJIa KPEMHIMOPTraHIYHUMH JIaKaMH 3HAYHO IT1/IBUIIY€
BEJIMYMHY MUTOMOI'O MOBEPXHEBOIO OMOPY BUPOOIB 3 IIUX MaTepiajiB y BOJIOTOMY
CepeIOBHIIII.

3anuTaHHA 1JI51 CAMOIIePeBIpPKM:

1. Ha3BiTh Npu4MHU 1 XapaKTep MPOBIAHOCTI 1EIEKTPHUKIB.

2. SlkuMu BEIMYMHAMHM  XapaKTepU3YIOTbCA  EJIEKTPUYHHM omip 1
IPOBIIHICTHA1EIEKTPUKIB?

3. HasBiTh 0COOJMBOCTI €NEKTPOINPOBIIHOCTI Ta30MOAIOHUX, PIIKHX Ta
TBEPAUXT1€TIEKTPUKIB.

4. SlxuM yMHOM TeMmepaTypa BIUIMBA€ HA €JIEKTPUYHUNA OMip Ta30noJi0HNX
Ta PIIKUX1CICKTPUKIB?

5. OxapaxkTepu3yHWTe  MOBEPXHEBY  EJIEKTPONPOBIIHICTH  TBEPAUX
JIENEeKTPUKIB Ta Ti3B'SI30K 3 CTAaHOM TOBEPXHI JIEJEKTPUKA 1 BOJIOTICTIO
30BHIIIHBOTO CEPEOBUIIIA.

TEMA 10. JIEJIEKTPUYHI BTPATH B JIEJIEKTPUKAX

Mera: o3HalloMuTH 3700yBayiB BUIIOI OCBITH 3 OCHOBHHMHM TMOHSTTAMHU Ta
MeXaHI3MaMH JIeJIEKTPUUYHUX BTpAT Yy MICNEKTPUKAX, a TAKOX iX BIJIMBOM Ha
eJICKTPUYHI BIIACTUBOCTI MaTepialiiB B yMOBaX 3MIHHOTO €JIEKTPUYHOTO TOJISI.
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[Tman nexiui
1. OCHOBHI MOHATTS NPO AI€TEKTPUUHI BTPATH;
2. Buau nienekTpuyHUX BTPAT;
3. JlienekTpu4Hi BTpaTH B rasax;
4. JlieNeKTpu4H1 BTPATU B PIIKUX JiCICKTPUKAX;
5. ieneKkTpuyuHi BTpaTH y TBEPAUX J1CICKTPUKAX.

Xia MpoBeICHHS JICKIIHHOTO 3aHATTS
I. Opranizaris rpynu;
II. MoTtuBailis HaBYaJIbHOI JISABHOCTI. OTONOIIECHHS TEMU  METH;
I1I. Buknagennst Ta 0OTOBOPEHHSI HOBOTO MaTepialy;
IV. OrosonieHHst 3aB1aHHs Ha CAMOCTIMHE OMpAIfOBaHHS Ta IMiATOTOBKY.

10.1. OcHOBHI MOHATTS NMPO JieJeKTPUYHI BTPaTH

Jlie1IeKTPUYHMMH BTPATaMM HAa3MBAaIOTh EHEPrilo, IO PO3CIIETHCS 3a
OJIMHUII0 Yacy B JIENEKTPUKY MiJ BIUIMBOM EJIEKTPUYHOTO TOJSA 1 CIPUYMHAE
HarpiBaHHs gienekTpuka. [Ipu nmepeMiHHiN Hanpy31 BTpaTH €Heprii B AieJIeKTPUKaX
MarTh MICII€ BHACIIJIOK TMOJSpHU3aIli, a NMpU MOCTIMHIA Hampy3l — BHACIIIOK
BUHUKHEHHS HACKPI3HOTO CTPyMY.

Henpumyctumo BenuKi JIEJIEKTPUYHI BTpPaTH B  €JIEKTPOI3OJIIIIHHOMY
MaTepiaji BUKIWKAIOTh CHUJIbHE HArpiBaHHS, IO MOXKE NPHUBECTH 10 MOro
TEILUIOBOI'0 PyHHYBAaHHS.

[Tpupona nieneKTpUUHUX BTpAT B €NEKTPOI3OALINHUX MaTepianax pi3Ha B
3aJIe)KHOCTI BiJ] arperaTHOro CTaHy PEUOBUHHU.

JlieneKTpuyHi BTpAaTH MOXYTh OOYMOBIIOBATUCS HACKPIZHUM CTPyMOM a0bo
AKTUBHUMH  CKJIQJIOBUMH  TOJApU3alliiHUX  cTpymiB. [Ilpu  BuBUEHHI
TIENeKTPUYHUX  BTpaT, OE3MOCepeqHhO MOB’SI3aHUX 3 MOJIAPHU3AIlI€I0
JeIEeKTPUKA, MOYKHA [TOKA3aTH 1€ SBUILE Y BUTJISAI KPUBHUX, IO SBJISIIOTH COO0I0
3aJICKHICTh €JICKTPUIHOTO 3apsly Ha OOKIIaKax KOHACHCATOpa 3 JICICKTPUKOM
BiJl IPUKJIAACHOT 10 Hhoro HanpyTH (puc. 10.1).
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Puc. 10.1 — 3anexxHocTi 3apsijia KOHIEHCATOPpa B HANIPYTH IS

171€aIbHOTO JIISJIEKTPHKA - a 1 JJIs TIEJIeKTPUKa 3 BTpaTaMH €Heprii -
3

[Ipu BimcyTHOCTI BTpart, siKi Oyl BUKJIMKaHI SIBUIIEM MOJIApU3aLlii, 3apsj
JHINHO 3anexuTh Bia Hanpyru (puc. 10.1, a), 1 Takuil [1€JEKTPUK HA3UBAETHCS
JTiHIAHUM. K110 B TIHIMHOMY 1€JIEKTPUKY Ma€ Miclle yIOBUIbHEHA MO pHU3allis,
MOB’s13aHa 3 BTpaTaMU €HEprii, TO KpUBa 3aJICKHOCTI 3apsy BiJ HANPyTH Mae
Burjsin enirnca (puc. 10.1, 6). Ilnoma 1mporo emirnca npomopiiiiiHa KITbKOCTI
€HEprii, 110 MOTJIMHAETHCS T1eIEKTPUKOM 3a OJIMH MEpioJ] 3MiHU HAIIPYTH.

JlienekTpuuHi BTPATU XapaKTEPU3YIOThCA KyTOM JiEJIEKTPUUYHHUX BTpaT ado
TAHT€HCOM IIbOTO KyTa.

KyTom jiesieKTpU4HMX BTPAT HA3UBAETHCA KYT, IO JONOBHIOE 10 90° KyT 3CcyBY
(a3 ¢ MK CTPYMOM 1 HAIIPYTOIO B KOHJICHCATOPHOMY JIAHITIO3I.

VY BUNAQJKY 17€JTLHOTO JIEIEKTPUKA MK OOKJIaIMHKaMH KOHICHCATOpa BEKTOP
CTpyMy BHUIEpekae BekTop Hanpyru Ha KyT 90°. [Ipu npomy kyT 6=0, a 11e 03Hauae,
110 B 1/IeaJIbHOMY JIIEIEKTPUKY BTpaT eHeprii HeMae. YuM OuibIii [I1eJIeKTpUYH1 BTpaTH
B JIIETIEKTPUKY (TOOTO €HEPris, IO PO3CIFOETHCS Y BUTJISAL TEIUIA), TUM MEHIIIUM € KYT
3CcyBYy (a3 ¢ 1 THM OUTBIIIAM € KYT JieJIeKTpUIHUX BTpar o 1tg o (puc. 10.2).

@ ‘l N
‘ R
RV SIS
) wls 3 &/
1 ZI U ¢2 U
Oy cp

1
i

118



Puc. 10.2 — BektopHi giarpamu 1 €KBiBaJI€HTHI
CXEMHU JIeIeKTPUKa 3 BTpaTaMHU: a - MOCIII0BHA; O -
napajienbHa

Benuki gienexkTpuyHi BTpaTH B €JIEKTPOI30JIALIIHOMY MaTepialli BUKIMKAIOTh
CWJIbHE HArpiBaHHS BUTOTOBJICHOTO 3 HHOTO BHUPOOY 1 MOXKYTh MPUBECTH IO HOTO
TEIJIOBOTO PYHHYBaHHS.

SIkiio HampyrTa, MPHUKIIaIeHa 10 TieIeKTPHUKA, HEOCTAaTHRO BEJMKA IS TOTO, III00
3a PaxyHOK JIIeISKTPUYHUX BTPAT MIT OM CTBOPUTHCS HETIPUITY CTUMUI TIEPErpiB, TO M y
[bOMY BWIIQJIKy BEJIMKI JIETEKTPUYHI BTPATH MOXYTb HMPHUHECTH 1CTOTHOI IIKOH,
30UTBIIYIOYH, HAITPUKJIIA]], AKTHBHUI OITp KOJMBAJIBHOTO KOHTYPY, a TAKOX IepeayacHe
CTapiHHs MaTepiaty.

JlienekTpuyHi BTpaTH, OB’ sA3aH1 3 MOJAPU3AIIEI0 T1eJEKTPUKA, 3yMOBIIOIOThH
crietnQiyH1 3aJIeKHOCTI €JICKTPUYHOTO 3apsay Ha OOKJIaguHKaxX KOHJEHcaTopa 3
JaHUM J1eJIeKTPUKOM BiJl IPUKIIAIEHOI 10 KOHAeHcaTopa HanpyTH (puc. 10.1).

[Tpu BiACYTHOCTI BTpaT, BUKJIMKAHUX SIBUIIEM MOJSpHU3alii, 3apsja JIIHIHHO
3aNeXHUTh Bl HampyTd. SIKOI0 B JIENEKTPUKY Mae MiclLie MOJSpU3allis, TO KpUBa
3QJ1€KHOCTI 3apsdy BiJ Hampyrd Mae BMIUNIS[ HeTJ ricTepesuca. i mimomna
MPOMNOPITiHA KITBKOCTI €HEeprii, 0 MOTIMHAETHCS MieTEKTPUKOM 33 OJIUH Tepioj
3MIHU HaNpyTH.

IMutomi aienexkTpuyHi BTpaTH (MOTYXKHICTh, IIO PO3CIIOETHCS B OJMHUII
00'eMy JieNIeKTpHKa, BUMIPIOETECS B BT/M?) BU3HavaeThCa (GopMyIIon:

81010 ———¢f - tgd - E2,

ne € - aienexktpudHa nocriiiHa (£=8,85-10712 ®/m); o= 2xf - kyroBa uyacrora

p = wege - tgd - E2 =

(pan/c); E - nanpyxeHicTh enekTpuaHoro nosist (B/m).

3 opmynu BHILTHUBAE, MO PO3PAXYHOK MICIEKTPUIHUX BTPAT BAXIIUBHMA IS
MaTepialiB, IO eKCIUTyaTyIOThCsS B YMOBaxX BHCOKOI HANpPYTH, Y BUCOKOYACTOTHIM
amaparypi i1 0COOIMBO Y BUCOKOBOJBTHUX BUCOKOYACTOTHUX MPHUCTPOSX, OCKUITHKA
BEeITMYMHA JICJIEKTPUYHUX BTpPAT MPOIMOPIliiHA YacTOTI CTPyMy 1 KBaapary
MPUKIIAACHOT IO MieeKTPUKa HATPYTH.

10.2. Buau xieJIeKTpUYHUX BTPAT

JlienekTpuyHi BTpaTH 3a iX (G13UMIHOI0 MPUPOI0K0 MOXKHA PO3ILIIUTH HA YOTUPHU
OCHOBHUX BHJIU:

1) aienekTpu4Hi BTpaTH, 3yMOBJIEHI MOJIAPU3ALIIEIO;

2) nieneKTpUYHI BTPATH HACKPI3HOI €JeKTPOMPOBITHOCTI;

3) 1oHi3aliiHI JieJIeKTPUYHI BTPATH;
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4) nieJIeKTpUYH1 BTPATH, 3yMOBJICHI HEOAHOPIIHICTIO CTPYKTYPH.

JiejleKTpUYHI BTPaTH, 3yMOBJIEHI MNOJSIPU3ALI€I0, CIIOCTEPITalOThCI Y
TIEJIEKTPUKAX JUIOJIBHOI CTPYKTYpH 1 y JI€JEKTpUKaxX 10HHOI CTPYKTYpH 3
HEIIUIbHUM  yHaKyBaHHSAM  10HIB  (peiakcaiiiiHi  JieJIeKTpUYHI  BTPATH).
Penakcariiini BTpaTH 3pOCTalOTh 3 YACTOTOIO CTPYMY 1 TOMY CIIOCTEPIraroThCsl MPH
pazioyacToTax 1 HAJIBUCOKUX YacTOTaxX.

TemmneparypHa 3aJeXHICTh TaHI€HCAa KyTa pelaKcaliiHUX ieJTeKTPUYHUX
BTpAaT Ma€ MaKCHUMyM MpH JAedKiil TeMmepaTrypi, IO XapakKTepHa JUIsl JaHOi
pedoBuHu. [Ipu 111t TemMnepaTypi yac penakcalii 4acToK JieIeKTpUKa OJM3bKUi 10
Mepioy 3MiHH MPUKIIAIEHOTO IEPEMIHHOTO EIEKTPHYHOTO TOJIS.

JlieJIeKTPU4YHI BTPaTH, 3YMOBJICHI HACKPIi3HOK eJIEKTPONPOBIIHICTIO,
BUSIBIISIFOTHCS B JI€JIEKTPUKAX, [0 MAIOTh MOMITHY €JE€KTPOIPOBIIHICTh, 00'€MHY
a00 moBepxHeBy. JlieeKTpUUHI BTPATH IIbOTO BUAY HE 3aJIe)KaTh BiJ YACTOTH IOJIS

1 3pOCTal0Th 3 TEMIEPATYPOIO €KCITOHEHIIIIHO:

_b
Pt = Ae T,

ne A 1b - mocTiifHi Matepiany.

Tonizaniiini nie1eKTpUYHI BTPaTH BIACTUBI JIICJIEKTPUKAM Y ra30I010HOMY
ctaHi. loHi3alliitHl BTpaTH MalOTh MICIl€ B HEOJHOPITHUX €IEKTPUUHUX TMOJISX MMPU
HaNPYKEHOCTSX, [0 MEePEBUIIYIOTh 3HAYCHHS MMOYAaTKOBOI 10Hi3allii TaHOTO Tazy.
lonizariiini BTpaTv MOXKYTb OyTH 00UYHCIIeH] 3a (HOPMYIIOH0

pi=AfU-Uy),
ne Aj - moctiHui KoedimieHT; f - yactora monst; U - mpuknaaeHa Hanpyra; U -
Hamnpyra, 0 BINOBIIa€ MOYATKy 10H13aIli].

JiejeKTpr4Hi  BTpPaTH, 3yYMOBJIEHI HEOJHOPIAHICTIO CTPYKTYpPH.
HeonHopiaHICTE CTPYKTYpH AleJEKTpUKA Ma€ MICIEe 4Yepe3 BUIMAJKOBI JOMIIIKU
(BOJIOTH, OKHCIIIB 3aJ1i3a, BYTJIEI0) a00 yepe3 KOMIIOHEHTH, 1110 HABMUCHO J0/1al0Th
JI0 JIIeJIeKTpUKa JJ1s1 0a)kaHOi 3MIHU MOro BiiacTUBOCTEN. J[o unciia HeoHOPITHUX
JENEeKTPUKIB BITHOCATH MPOCOYCHMI Marip, TUIACTUYHI MacH 3 HAIOBHIOBAYEM,
MOPHUCTY 130JISAII110, 1110 MICTUTb MOBITPS 1 JOMIIIKH BOJIOTH, IOPUCTY KEPAMIKY.

10.3. lie1reKkTpu4Hi BTPaTH B razax

JlieneKkTpu4Hi BTpaTH B ra3ax MpH HANPY>KEHOCTSAX IOJISA, HIDKYMX 3HAYECHHS
yaapHoi 10H13aIli MOJIEKYJ ra3y, AY>Ke Majl 1 TOMYy ra3 MOXHa pO3TJIAaTd SK
171eaibHUM AieneKTpuK. JlKepenom AieeKTPUYHUX BTPAT B razax B OCHOBHOMY €
HACKpi3Ha MPOBIIHICT, OCKIIBKU OpPIEHTAIIIS AUMOIBHUX MOJIEKYJ Ta31B MPH IXHIN
NOJISIpU3allil HE CYIPOBOIKYEThCS JIE€IEKTPUIHUMH BTpAaTaMH.
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[Ipy BUCOKMX HANpPY>KEHOCTI 1 HEOJHOPITHOCTI MOJIsA, KOJIM HANpYXKEHICTh B
OKpPEeMHUX MICISIX TIEPEBUIYE JESKE KPUTUYHE 3HAYEHHS, MOJICKYJIU Ta3y
10HI3yIOThCSI, HACIII0K YOTO B ra3l BUHUKAIOTh BTPATH Ha 10H13awit0. [Ipu Bucokux
94acTOTax 10HI3AIlisA 1 BTpaTH B Tra3ax 3pOCTAOTh HACTUIBKH, IO 1€ SBUIIEC MOXE
IIPUBECTH JI0 PO3ITPIBY 1 pyHHYBaHHS BUPOOIB 3 Fa30BOIO 130JIALIETO.

BunukHeHHs 10H13a1ii ra3y, 110 3all0BHIOE 3aKPUTI TOPHU Y TBEPIIHA 130JISI111,
NPUBOJUTH 1O TAKOTO JX pyHHyBaHHs. [OHI3amisi MOBITPS CYHPOBOMKYETHCS
YTBOPEHHSIM O30HY W OKHCIIB a30Ty, IO BHUKJIMKAE XIMIYHE pO3KIaTaHHS
OpraHiuHO] 130JIA1111, 110 MICTUTH Ta30B1 BKIFOUEHHSI.

Ha puc. 10.3 naBenena 3anexHicts tgd = f (U) myst Ta30BO1 130711111,

gd I
|
|
|
|
|
|
|
1 L

|
1
-

o L U

Puc. 10.3 — Ionizamiiina XxapakTepucTuKa 1305111

[Ipu nanpy3i Uy BinOyBaeThCs MOYATOK 10HI3aIlT ra3y B rmopax i1 tgd nmoMiTHO
pocte, a nipu Hampy3i U; B MOBITPSHUX BKJIIOYEHHSX ra3 YK€ 10HI30BaHUH 1
SHEepTis Ha MpoIleC 10Hi3allll He BUTpavyaeThes, tgd 3MeHIyeTbes. [Ipu BUCOKUX
yacToTax 10H13allisl 1 BTpaTH B ra3axX 3pOCTalOTh HACTUIBKY, 1110 1€ SBUILE MOXKE
NPU3BECTH 0 PO3IrpiBYy MIENEKTPHUKIB Ta iX pyHHYBaHHs, SKIIO Hampyra Oyjae
BHIIE 3HaYeHHs U .

Ha BHCOKOBOJBTHUX JIHIAX €JIEKTpONepesad BTpATH Ha 10HI3AIlI0 MOBITPS

017151 TOBEPXHI1 APOTIB (IBUIIE KOPOHM) 3HIKYIOTh KO(DII[I€EHT KOPUCHOI 1T JIiHIi.

10.4. JlieieKTPUYHi BTPATH B PiAKUX JieJJeKTPHUKAX

VY 4yucTUX HEUTpadbHUX PIAMHAX IICJEKTPUYHI BTPATU 3YMOBJICHI TUIBKH
eIEKTPOIPOBIAHICTIO. OCKITBKH X MUTOMa MPOBIAHICTh HAI3BUYANHO Mayia, TO
Maui 1 JieIeKTpUYH1 BTpaTH.

[TonsipHi piAMHMU B 3aJ€KHOCTI BiJ yMOB (TeMmepaTypu, 4acTOTH) MOXYTh
MaTH MOMITHI BTPATH, MOB'SI3aHUMHU 3 TUTIOJIEHO-PETAKCAI[ITHOO MOJISIPU3ALII€IO.

3acTOCOBYBaHI B TEXHIIl PIAKI JIEIEKTPUKUA € CyMIlIaMUd HEUTpabHUX 1
JTUTIOJIBHUX PEYOBHH (HAMPUKIIA] MAaCIsTHO-KaHI(OIbHI KOMIAyHAM), abo €
MOJIAPHUMHU piAMHAMH (KacTOPOBa OJIisl, COBOJN).

JlienneKTpu4Hi BTpaTH B PIAKUX MAICNIEKTPUKAX 3 MOJSIPHUMHU MOJIEKYJIaMH
CYTTEBO 3aJIe)KaTh BiJl BETUYMHH B'SI3KOCTi. JIUTIOJNBHI MOJEKYIH ]l BILTUBOM
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eJIEKTPUYHOTO TIOJISI PO3BEPTAIOTHCS Y B’ SI3KOMY CepEeIOBUILI 1 BUKIMKAIOTh BTPaTH
eHeprii Ha TepTs 3 BUAUICHHSAM Teria. SIKIIo B'A3KICTh PITUHU BEIUKA, MOJIEKYIIN
HE BCTUTAIOTh CIIKYBaTH 3a 3MIHOIO TOJS 1 AMIOJIbHA MOJISPHU3aIlisl MPAaKTUYHO
3HUKA€; TIeNeKTPUYHI BTpaTU NpU bOMY OyayTh Maji. lunonsHi BTpatu OyayTh
TaKOXX MaJll, SKIIO B'S3KICTh PIAWHM JOCUTh Maja W OpIEHTAIlls MOJICKYI
B110yBa€ThCs O€3 TEPTHI.

*

1g &

40 60 3 100 tC
Puc. 10.4 — 3anexxHiCTh IieTEKTPUIHUX BTPAT BiJl TEMIIEPATYPH IS
MacCJISTHOKaH1(POJIBLHOTO KOMIIAyH/1a
[Ipu cepeaHix 3HaUEHHSX B'SA3KOCTI IUIOJBHI BTPATH MOXYTh € 3HAYHHUMHU 1
npu ekl B'A3KOCTI MatoTh MakcumyM (puc. 10.4). Ilonanbiie 3pocTanHs tgo 3
H1ABUIICHHAM TEMIIEPATYPU MOSICHIOETHCSI POCTOM E€JIEKTPOTPOBIAHOCTI.

Ha rpadikax (puc. 10.4) BuaiieHO 4OTUPH 00IaCTi, IO XapaKTEPU3YIOTh:

l - sKmo B’S3KICTh PEUYOBMHM BelWKa (MPU MaluxX t), TO MOJICKYJIH HE
BCTUTAIOTh 30PIEHTYBATUCS TMPU 3MIHHI TIOJS 1 JUIIOJBHO-peJlaKcalliifHa
nossipu3ariis 3HuKae ( tgd mae Mase 3HaueHHS (ITOYAaTOK KPUBHX));

2 - TIpU CepeHIX B’ SI3KOCTSAX AUIOJIBHI BTPATH MOXYTh OYTH CYTTEBI 1 U
JESIKOMY 3Ha4€HH1 B’ S3KOCTI MalOTh MAKCUMYM;

3 - naumonbHI BTpaTH OyAyTh MalMMH, KOJHM OPIEHTAIlS MOJIEKYI
BiI0yBa€eThCs 6€3 TepTs (MIHIMYM KPUBOI);

4 - mopanbie 3pocTaHHs tgd 3 MIABUILEHHSM t MOSICHIOETHCS POCTOM
€JIEKTPONPOBITHOCTI (32  paxyHOK  JIEJEKTPUYHUX  BTpAaT  HACKPI3ZHOL
€JICKTPOIIPOBITHOCTI).

XapakTep 3aJIe)KHOCTEH MOTY>KHOCTI Pa, 110 po3Cito€ThCsl MPU TUTOIBHO-
penakcaliiiHuX BTpaTax Yy pPIAKOMY dieJIeKTPUKYy, a TakoX tgd Bix yacTtoTu
nokazanuii Ha puc. 10.5:
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Puc. 10.5 — 3anexnicts Pa 1 tgd Bix yacToTH U151 AUTOJIBHOL P1IUHU

BTpaTu 3pocTaroTh 3 4aCTOTOO AOTH, TOKH MOJISPU3ALIiSl BCTUTAE CJTiTyBaTH
3a 3M1HOI0 1ot Koy % yacToTa cTa€ HaCTUIbKH BEJIHMKA, [0 TUTOJIbHI MOJIEKYJITH
BXK€ HE BCTUTAIOTh OPIEHTYBATHUCS B HampsAMKY mois 1 tgd mamgae, To BTpatu P,
CTalOTh MOCTIHHUMH 3T11HO 3 popmyioro P, = U,wCtgd. Takum unHOM, Xapaktep
3QJIEKHOCT] JIEJIEKTPUUYHUX BTpaT P, BiJ 4acTOTH HE BIANOBIIAE XapaKTEPOBI
4acTOTHOT1 3ajiexHocTi tgd. JlumonbHO-penakcaiiiiHi BTpaTH B MaJIOB’SI3KUX
pIIMHAX MPH HU3BKUX YaCTOTaX HE3HAYH1 1 MOKYTh OyTH MEHIIIE BTpAT HACKPI3HOI
€JICKTPOITPOBITHOCTI.

10.5. lienekTpu4Hi BTPaTH Y TBePAUX AieJIeKTPHKAX

3a CTPYKTYpOIO TBEP/I TiCACKTPUKH PO3AUISIOTH HA YOTUPU TPYTIH:

1) nieneKTpuKU MOJIEKYJIIPHOI CTPYKTYPH;

2) 10HHO1 CTPYKTYpH;

3) CErHETOENEKTPUKH;

4) nieneKTpUKU HEOTHOPITHOT CTPYKTYPH.

JlienekTpu4Hi BTpaTu B [JieJIeKTPHMKAX MOJIEKYJISIPHOI CTPYKTYPH,
3aJeXaTh BiJl MOJSPHOCTI (HETIOJSIPHOCTI) MOJIEKYJI. Y TBEpAUX MIEIEKTPUKaX 3
HETOJISIPHUX MOJIEKYN (0e3 TOMIIIOK), M1eJIEKTPUYHI BTpAaTU Mi3epHO Maji (Cipka,
napadid, HEMOISAPHI MOJIIMEPH - MOTIeTUIIEH, odiTeTpadTopeTrieH (hropormiact-
4), moJicTUpo 1 iH.). B 3B'A3Ky 3 MajauMu BTpaTamMu 3HAXOJSATh 3aCTOCYBaHHS SIK
BHCOKOYACTOTHI JII€JIEKTPUKH.

JlieJIeKTPUKH 3 MOJSAPHUX MOJIEKYJ — 1€ TOJOBHUM YMHOM OpraHiuHi
pPEUYOBMHU, IO IIUPOKO BUKOPHUCTOBYIOTHCS B TEXHIll (MaTepiaid Ha OCHOBI
LENI0JIO3U - Tamip, KapTOH 1 1H., MOJSPHI HOJIMEPH - MOJIMETHIMETaKpUIaT
(opraniuHe CKJIO), ToiaMiid (KampoH 1 1H.) 1 MoJilypeTaHu, KaydyKoBl MaTepiaiu
(e6oniT), (enondopmanpaeriini cmoau (Oakemt 1 1H.), edipu MENHOI03U
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(ameTunesuroa03a 1 iH.). JlienekTpuuHi BTpaTH B IIUX J1EJIEKTPUKAX 3aJIeXKaTh BiJl
temriepatypu (puc. 10.6). Makcumym BTpaT MOSICHIOETHCS 301IBIIIEHHSIM BTPAT BiJl
€JICKTPOITPOBIAHOCTI.

003

q02

001

2

TR R

Puc. 10.6 — 3anexHicTh J1eTEKTPUYHUX BTPAT BiJ TEMIIEPATYPH IS
CYXOro Tarepy

JlieJleKTPUYHI BTPATH TBepPANX PeYOBHH iOHHOI CTPYKTYPHM IIOB’s3aHi 3
0COOJIMBOCTSIMU yIIaKyBaHHS 10HIB y IpaTax. Y peuoBHHAX KPUCTAIIYHOI CTPYKTYpU
3 NIUIBHUM YMAaKyBaHHSM 10HIB MPU BIJACYTHOCTI JOMIIIOK, IO CIIOTBOPIOIOTH
KPUCTQIIYHI TPATKH, MICJICKTPUYHI BTpAaTH JOCUTh Maji. [lpu migBuieHnx
TEMIIEpAaTypax B TAaKUX PEYOBHHAX 3'SBISIOTHCS BTPATH Bifl €IEKTPOIPOBIIHOCTI
(KpUCTaIiuHI HEOPTaHiIvHI 3'€THAHHS, HAMPUKIIAJ, KOPYH]I, 10 BXOJUTH A0 CKIATy
ynbTpadapdopy, kam'ssHa ClTb, YUCTI KPUCTAIH SKOi MAIOTh HE3HAUHI A1€IEKTPUYHI
BTpatn). JJOMIIIKY, 110 CIIOTBOPIOIOTH I'PATKH, 30UTBIIYIOTH JIEIEKTPUYHI BTPATH.

Jlo AiejieKTPHUKIB KPHUCTAJIYHOI CTPYKTYPHM 3 HEIIUILHUM YINaKyBaHHAM
10HIB BIJIHOCUTHCSI KPUCTATIYHI PEYOBUHH, SIKI XapaKTEPU3YIOThCS PelaKcalliitHOO
MOJISIPU3AIIIETO, 10 BUKJIMKAE MABUIIEHI J1eIEKTPUYHI BTpaTH (MYJIIT, III0 BXOIUTh
JI0 CKJIay 130JATOpHOTO (papdopy; KOpIAIEPUT - KOMIOHEHT KEpaMiKH 3 MaJIUM
TEMIEPATYPHUM KOE(IIIEHTOM PO3IIMPEHHS; MiHEpal LUPKOH, IO BXOIUTH O
CKJIaJy BOTHETPUBKOT Kepamiku). [[7s1 O1IbIIOCTI BUIIB €EKTPOKEPAMIKU KITBKOCTI
10HIB, IO OepyThb Yy4yacThb Yy peJiakcaliiiHiii mnoispusailii, CyTTEBO 3pOCTa€e 3
TEMIEPATypoOI0, TOMY TEMIEpaTypHa 3alIekKHICTh BTPAT Ma€ EKCIIOHEHIIMHUIA
xapaktep (puc. 10.7).
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Puc. 10.7 — TeMneparypHa 3aJIe)KHICTh A1€ICKTPUUHUX
BTpaT KepamikH, 110 MicTuth TuTaH (=50 I'mr)

JiejJekTpu4Hi BTpaTH B aMOpP(HUX PeYOBMHAX I1OHHOI CTPYKTypHU
OB’ sI3aH1 3 SIBUIIEM HOJISpHU3ALii 1 HASIBHICTIO €IEKTPONPOBITHOCTI (TEXHIUHE CKIIO,
KBapIIOBE CKJIO). UnCTe KBapIOBe CKJIO Mae€ Maji BTpaTH. BBeleHHs B MIIaBICHUM
KBapI[ HEBEJIMKOT KIJILKOCTI OKUCJIIB BUKJIMKAE TIOMITHE, 3pOCTaHHSI JI1eIEKTPUIHUX
BTpAT uepe3 MOPYIICHHS BHYTPIIIHbOI CTPYKTYpH ckJia. TepMiuHa 00poOka (Biamal,
rapTyBaHHs) CyTTE€BO BIUIMBAE HAa BEIUYHMHY KyTa MieTIEKTPHUYHUX BTpPAT CKJa B
3B'SI3KY 31 3MIHOIO HOTO CTPYKTYPH.

JieJileKTPpUYHI BTPAaTH B CErHETOEJNEKTPUKAX € BIJHOCHO 3HAYHUMHU.
OcoONUBICTIO CETHETOCIICKTPUKIB € HASBHICTh B HUX BIIACHOI MOJSpH3aIlii, 110
XapaKTePU3YEThCSI PI3KO BHUPAKEHOIO 3aJICKHICTIO BiJ TeMIepaTypd 1 Mae
MaKCMMYyM TIpU BU3HaueHIN Temmepatypi (Touka Kropi). [Ipu TemnepaTtypax Buiie
Touku Kropi cerHeToenekTpuyiHi BJaCTUBOCTI BTPa4arOThCs.

TBepai maTepiajin HeOAHOPIAHOI CTPYKTYPHM — 1I€ MaTepiaiu, 10 CKJIaay
SIKUX BXOJUTh HE MEHII ABOX KOMIIOHEHTIB, MEXAHIYHO 3MIMIAHUX MDK CO000I0.
Hacamnepen e kepamika 1 cimofa. Y CKiajii Kepamiku po3pi3HAIOTh KPUCTAIYHY
dazy, cxnonoaibny a3y 1 razoBy ¢asy (ra3u B 3aKpuTHX mopax). JliemekrpuyHi
BTpaTH B KepaMill sIK MPaBUJIO BHCOKI 1 3aJ€KaTh BIJ XapakTepy 1 KUIbKICHOTO
CITIIBBIJIHOIIIEHHSI KPUCTAJIYHOI 1 ckionoAioHoi da3. ['azoBa ¢aza B kepawmill, a
TakoXX ajzicopOoBaHa Bojiora (IIPU HASIBHOCTI BIJIKPUTOI MOPUCTOCTI) BUKJIHKAIOTh
MiABUIIICHHS BTPAT MPU BUCOKUX HATIPYKEHOCTSIX €ICKTPHUYHOTO TIOJISI.

Ha pwuc. 10.8 nmokazana 3anexHicte tgd Bim tC s KOHIAEHCATOPHOTO
nanepy. BoHa mae aBa MakcMMyMu: mepmuid (MPU HU3BKUX TeMIEpaTypax)
XapaKTePHU3y€e TUTOJILHO-PAIMKAIBHI BTPATH CaMOT0 Tarnepy (IETI0I031), APYTHA
(mpu OinbLI BHUCOKIA TeMIepatrypi) OOYMOBJICHHMH IUIOJIbHO-pEIaKCcaIliiiHUMU
BTpaTaMu MPOCOUYBATHHOTO KOMIIAYH/IA.
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Puc. 10.8 — 3anexnicts tgd Bix t °C ns KOHAESHCATOPHOTO TaTepy,
npocodeHoro kommnayHnaom (80% kanidoii, 20% TpanchopMaTOpHOTO Maca)

B cyuacHiil e1exTpoi130sLiifHIi TeXHILI HEOAHOPIAHI A1€IEKTPUKUA MAIOTh
JOCUTH IIUPOKE BUKOPUCTAHHS.

3anuTaHHA 1JI51 CAMOIIEePeBIPKM:

1. [llo Take nieneKTpUYHI BTPATU B JIEIEKTPUKAX?

2. kUMM BETUYMHAMU XapaKTEePHU3YIOThCS JIENIEKTPUYHI BTpaTH B
TeNeKTpUKax?

3. SIx1 BUIM MIENEKTPUYHUX BTpPAT B €JIEKTPOI3OJSAIINHUX MaTepianax BU
3HaeTe?

4. SxuM 4YMHOM TemImeparypa 1 4acToTa €JNEeKTPUYHOIO CTPyMy BILIMBAE
HaJIeJIEKTPUYHI BTPATH B PIAKKUX 1 TBEPAUX J1CTCKTPUKaAX ?

5. JlienekTpuuHi BTpaTH MPH MOCTIIOBHIN CXeM1 3aMIIEHHS 1eTIEKTPHUKIB.

6. JlienekTpu4Hi BTpaTH MpH MapajiesbHId CXeMl 3aMIIeHHs J1eIEeKTPUKIB.

7. Bunu nienekTpuuHUX BTPAT B €IEKTPOI30JALINHUX MaTepiaiax.

8. JlieekTpuuHI BTpAaTH B Ta3ax.

9. JlienekTpu4Hi BTpaTH B PIIKUX JI1EJICKTPUKAX.

10. [HienekTpuuHi BTpaTH B TBEPJUX Jl€IEKTPUKAX.

11. 3anexwnictb tgd = f (U) ansa ra3oBoi 13051s11ii.

12. 3anexnicth tgd Bia t °C mpH pi3HUX YaCTOTAX.

13. 3anexwuictb Pa i1 tgd Big 9acToTH 17151 AUTIOIBHOT P1AWHH.

14. JlienexkTpuyHi BTpaTU TBEPAUX PEUOBHH 10HHOI CTPYKTYPH.

15. JlienekTpuuHi BTPATH B CETHETOEIEKTPUKAX.

16. JlienekTpuuHi BTpAaTH TBEPAUX PEUOBUH HEOJHOPITHOI CTPYKTYPH.

TEMA 11. IPOBIH JIEJEKTPUKIB
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Mera: o3HalloMuTH 3700yBayiB BHINOI OCBITU 3 TMOHATTSIM MPOOOIO
JENEeKTPUKIB, MEXaHI3MaMH BUHUKHEHHS MPOOOI0 B PI3HUX yMOBAaxX, a TaKOX
¢dakTopamu, 1110 BIUIMBAIOTH HA MPOOIHHI XapaKTEPUCTUKHN MaTepialiB.

[Tman nexui
1. OCHOBHI MOHATTS PO MPOOIH A1€IECKTPUKIB;
2. IIpo0Giii rasis;
3. IIpo6iii piaKuX M1eTEeKTPUKIB,;
4. EnextpuyHuii npoOii TBEPAUX M1ETEKTPUKIB.

XiJ1 TpOBEACHHSI JICKITIHHOTO 3aHATTS
I. Opranizaiis rpymnu;
II. MoTuBaIs HaB4YaabHOI TisJIbHOCTI. OroJIOMIEHHSI TEMH W METH,
II1. BuknaneHHst Ta 0OrOBOpPEHHSI HOBOT'O MaTepiay;
IV. OrosomeHHs 3aBaaHHs Ha CAaMOCTIHHE OIpaIfOBaHHS Ta MiJArOTOBKY.

11.1. OcHOBHI NOHATTS MPO NPOOIii AieTeKTPUKIB

SIBulEe eNeKTpUYHOro NMpoOOI0 MOB’sA3aHE 3 E€JEKTPOHHUMHM MpOlecaMu B
JIENeKTPUKY, [0 BUHUKAIOTh y CUJIBHOMY EJIEKTPUYHOMY IOJ1 1 TPU3BOAATH 10
panToBoro (pi3KOro) MiCIi€BOTO 3POCTAaHHS MIUIBHOCTI €JIEKTPUYHOTO CTPyMY O
MOMEHTY Mpo0010. SKIINO IeNIeKTPUK 3HAXOAUTHCA B €JIEKTPUUYHOMY TMOJI1 1 KOJHU
HOro Hampy>KeHICTh MEpEeBUILUTh KpUTH4HE 3HaueHHd E>E., To nienextpux
BTpayae BIACTUBOCTI €IEKTPOI30JIALIHHOTO MaTepiay.

KoyeH mienekTpuk 3/1aTeH BUTPUMATH TMEBHY HAINpPYTy, SKa 3aJCKHUTh Bif
1oro (pi3UYHUX BIIACTUBOCTEH.

Btpara pgienekTpukoM —eIEKTPOI3OJSIIIMHUX BJIACTUBOCTEH IMMija  JAIEIO
EJIEKTPUYHOIO TIOJII Ha3WBAETHCS MPO00EM aiesiekTpuka (abo BTpaTol MHOro
eleKTpuuHOoi MinHocTl). Hampyra, npu sikiii BigOyBaeTbcs TpoOiil JieeKTpUKa,
Ha3UBAETHCS HANPYIOK0 NMPOOOIO.

Hanpy:keHicTb npo60o10 (eJeKTpUYHA MIITHICTH JII€JIEKTPHUKA) — 1€ 3HAUECHHS
HAIPY>KEHOCTI TOJIsA, IO BIJMOBiIae Hampysi mpobor. HampykeHicTs mpoOoro
BU3HAYAETHCSI BEJIMYMHOIO Hanpyru npodoro Uy, BIJHECEHOI A0 TOBILIUHU

JieNIeKTpUKa B MicIll Tpo6oro h:

U
—__"P
Eyp ==L

EnextpuuHy MIIHICTh JIICJIEKTPUKIB 3pyYHO BUpakaTh B KB/MM. ¥V cuctemi
CI 1kB/mm=10° B/m.
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11.2. IIpo0iii rasis

VY GaraThoX BUAAX EIEKTPOTEXHIYHUX KOHCTPYKLiH (y TpaHCpopmaTopax,
KOHJIEHCATOpaXx, Ha JIIHISIX eJIEKTporepeaad) i30JA11€r0 € moBitTps, puc. 11.1.

Puc. 11.1 — I3osamis JIETT

Enextpuyna MIlHICTh TOBITPA B HOPMaJibHUX YMOBaxX HEBEIMKA B
MOPIBHSHHI 3 OUIBILIICTIO PIAKHUX 1 TBEPAUX HieNeKTpukiB. [Ipobiii moBiTps, K 1
IHIIUX Ta3iB, BapTO PO3TJIAJATH, SIK HACHIJIOK PO3BUTKY MPOLECIB yAapHOi 1
dhoToioHi3aIli.

3BUyaitHO MpoOii razy BiIOYBA€ThCS NPAKTUYHO MHUTTEBO: TPUBATICTh
i IrOTOBKK MPOOOIO ra3y NpH BimcTani Mix enxexkrpomamu 1 cM ckmamae 107-1078
CeK.

SBuie mpoOoI0 razy 3alIeKUTh Bl CTYNEHS OAHOPITHOCTI €IEKTPUYHOTO
MOJIsI, Y STKOMY 3IHCHIOETBCS TIPOOIi.

OnuHopinHe nmose. OTHOPITHE MOJIE MAE MICIIE MK TJIOCKUMH €JIEKTpOAaMu
3 3aKpYIVICHUMHU KpasMH, a TaKoXX MDK cepamMu BEIMKOIro JiaMeTpa Mpu Majii
BIJICTaHI MK HMMH. Y TakoMmy MOJdl NpoOiil HAacTae MPAKTUYHO MHUTTEBO IPHU
JIOCATHEHHI HAIIPYTH CTPOTO BU3HAYEHOT BEJTMYHHU, 110 3aJICKUTH BiJl TEeMIIEpaTypu
1 TUCKY razy. Mix eleKTpoAaMH BHHHUKA€E 1CKpa, IO MOTIM MEPEXOIUTh Y IyTY,
SKIIO JHKEPEII0 HAMPYTH MA€ JOCTATHIO TOTYKHICTb.

[Ipn wManmux BiACTAaHAX MDK €JIEKTPOJaMH CIIOCTEPIra€ThbCsl 3HAUHE
30UIBIICHHST €JIEKTPUYHOI MIITHOCTI 4Yepe3 CKJIQJHICTh JOCSATHEHHS €JIEKTPOHAMU
IIBUJIKOCTEH, HEOOX1THUX JIJIs1 10H13aI[1i MOJIEKY/IL.

- 4 -
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Puc. 11.2 — OgHopigHE eNEKTPUYHE T0JIe

Konu BekTopu Hanpy>kK€HOCTI B yCIX TOUKaX MOJIS MalOTh OJTHAKOBE 3HAUEHHS
1 HampsM, JiHII Hampy»XEHOCTI € TMPSMUMHU JIHISIMH, MapaliejbHl BEKTOPY
HaIpYy>KEHOCT1, 1 TYCTHHA JIHIA HaNpy>XEHOCTI y BCIX JAUISHKAX IOTO TOJIS
MOCTiiHA, TaKe T0JIC HA3UBAETHCS OTHOPITHUM.

HanpyxeHnicte mpo0oi0 razy B OJHOPIIHOMY IO MPSIMOIPOIIOPIIIHHA
HaIpy3i 1 MUJIBHOCTI a3y, 1 00epHEHOMPOIIOPIIIHHA BIJICTaHI MK €JIEKTPOIaMHU.

Ha puc. 11.3 mokazaHa 3aJie)KHICTb E€JIEKTPUYHOI MIITHOCTI TOBITPS BiX
BIJICTaH1 MK €JIEKTPOJAAMHU I OHOPITHOTO TIOJISL.

Y Eﬂp

h

I
L

Puc. 11.3 — 3anexHicTh EKTPUIHOT MIITHOCTI MOBITPS BiJ BIICTaHI MiX
SJICKTPOJAMU JJIS OJHOPITHOTO TIOJIS

3 rpadika BUAHO, 10 MPU HEBEIMKHUX BIJICTAHSIX MIXK €JIEKTPOJaMU 3HAYHO
30UTBIIY€ETHCS  €JIEKTpUYHA MIIHICTh. lle sBHUINE TOSCHIOETBCA BaXKKICTIO
dbopMyBaHHs pO3psiAy MPU MaJliid BIACTaHI MK €JIEKTPOIaAMH.

Benuky enekTpuuHy MIIHICTh BaKyyMy BHKOPHUCTOBYIOTh y TEXHIIll TpH
BUTOTOBJICHHI BaKYYMHHUX KOHACHCATOPIB JIJIsl BEJIMKUX HAPYT BUCOKOT YaCTOTH.

["a3u mpy BEMMKUX TUCKAX 3aCTOCOBYIOTHCS SIK 130JISIIIFO SISl BACOKOBOJIBTHOL
amapaTypH, a TAKOX y BUPOOHUIITBI KaOeIliB 1 KOHACHCATOPIB BUCOKOI HAMIPYTH.

MinimManbHe 3HaYeHHs MPOOUBHUX HANIPYT JJI PI3HUX T'a31B JIEKUTh y MEXKax
280-420B. Jlys moBiTps MiHIMaIbHA TPOOUBHA HampyTra ckiangae 6iu3bko 300 B.

Heoanopinne moJse. HeogHopinHe mojie Mae Miclie MK JIBOMa BICTPSIMH,
BICTPSIM 1 IJIOIIMHOKO, MK MPOBOJIAMH JIIHIN eleKTponepeaad, Mixk chepuuyHUMHU
MOBEPXHSIMH MPHU BIFICTAHI MK HUMH, 110 MEPEBUIILYE pajiyc chepu, 1 T.1.
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Puc. 11.4 — HeogHopiHe €JEKTpUYHE T0JIC

Ocob6nuBicTEO TIPo0OOI0 Ta3zy B HEOJHOPITHOMY TIOJI € BUHUKHEHHS
YaCTKOBOT'O PO3PSAY Y BUIJISAL KOPOHU B MICISIX, € HANPYKEHICTh MOJIS JOCSTae
KPUTUYHUX 3HAYCHD, 3 TIOJIAJIBIINM IIEPEX0I0M KOPOHHU B ICKPOBHIA PO3PAI 1 IyTy
IpU 3pOCTaHHI HAMIPYTH.

Ha puc. 11.5 mpuBeneni 3HaueHHS NPOOMBHOI 1 KOPOHHOI HANPYTH AJIs
MOBITPS, OTPUMaH1 MPH JOCTIKEHH] MPOOO0I0 MIXK JBOMA MapasieIbHUMU BiJl IBOMA
JIpOTaMu J1aMeTpOM 8 MM IPH Pi3HUX BIACTAHSIX MK HUMH. SIK BUIHO, IPU MAJIUX
BIJICTaHSX 3HAYCHHS MPOOMBHOI 1 KOPOHHOI HAmpyr OJIM3bKi,ajie MPU BEIMKUX
BIJICTaHSX MOsIBA KOPOHU Tepeye MpoOOoEBI.

kB U
120 np.Maxc
80
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Puc. 11.5 — 3anexuicts kopoHHOI (A) 1 mpobuBHoOi (B) Hanpyru
JUISL TIOBITPSI BIICTaH1 MK MapajeIbHUMH IPOBOaMHU

Hampyra mnpoGoto € TUM HIKYOW, YUM BHIOK € YacToTa CTPyMy.
301J1bIIIEHHST BIZIHOCHOT BOJIOT'OCT1 MOBITPS ICTOTHO 3HMXKY€E HAIMPYTY MPOOOIO.

Ha puc. 11.6 HaBeaeHa 3al€XKHICTh €JIEKTPUYHOT MIIIHOCTI Ta3y BiJ THUCKY.
[Ipy BenuMKUX 3HAYEHHSX THUCKY Ta, BIAMOBIAHO, MiJBUINCHIN IIUIBHOCTI rasy
BIJICTaHb M)XK MOJIEKYJIaMU MEHIIIa, TOMY 1 TOBXXHHA BUIBHOTO MPOOITy €lIeKTPOHIB
TE€X 3MEHILY€EThCA, 1 U1 TOTO, 1100 BiAOYBCs MpoOiii, HAPYKEHICTh MO Mae OyTu
301IBIICHOIO.
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Puc. 11.6 — 3anexHicTh €IEKTPUYHOI MIITHOCTI Ta3y BiJl TUCKY

[Ipn 3MeHIIEHHI TUCKY CHOYAaTKy CIIOCTEpIraeTbCs MaIiHHS ENEeKTPUYHOI
MIITHOCTI, SIK BUAHO 3 PUCYHKA, KOJIM TUCK JOXOJHTH JO TIEBHOI MEX1, HUKYIOI BT
aTMOC(hepHOTO TUCKY, PO3PIIKEHHS Ta3y JI0CSITrae BUCOKOIO CTYINEHS, eJIeKTpUYHa
MIIHICTB 3pocTae (1€ BUKOPUCTOBYIOTh Y MOBITPSIHUX BUMHKauax ). Take 3pocTaHHs
MOSICHIOETHCS 3MEHIICHHSIM KIUTBKOCTI MOJIEKYJ Ta3y B OJMHHII 00’eMy TIpH
CHUJILHOMY PpO3pIJDKEHHI Ta, BIJAMOBIJHO, 3HWKEHHSIM I1MOBIPHOCTI 31TKHEHHSI
CJIICKTPOHIB 3 MOJIEKyJaMH. Y IIbOMY BHUIAIKy EJIEKTpUYHA MIIHICTh JOCATaE
JOCTaTHBO BHCOKHMX 3Ha4yeHb. Lle siBUIllE BUKOPUCTOBYIOTH ISl KOHCTPYIOBaHHS
BaKyyMHHUX BUMHKAYiB.

Sk ieeKTpUK NOBITPS Ma€ TaKi MO3UTUBHI BIACTUBOCTI: IIBUKO BiTHOBIIIOE
CBOIO EJIGKTPUYHY MILHICTh MICIs MPOO0I0, HE3HAYHO 3MIHIOE J1ENEKTPUUHY
IIPOHUKHICTD, AIEJCKTPUYHI BTPATH MOBITPS MPAKTUYHO JOPIBHIOIOTH HYJIIO.

11.3. IIpo0iii pinkux aie/IeKTPUKIB

Pinki mienekTpuku BiIPi3HSIOTHCS 3HAYHO OIBIN BHCOKOK EJIEKTPUYHOIO
MIIHICTIO, HIK Ta3M.

Teopii MmexaHi3My Tpo0OOIO PiAVH:

1). TensoBa Teopiss 1MOB's3ye MPoOIM TEXHIYHUX PIAKUX IEIECKTPUKIB 3
YaCTKOBUM II€PErpiBOM PIIWHU 1 CKUIMAHHAM i1 B MICISX HAWO1IBIIOT KUIBKOCTI
JOMIIIIOK, 110 MMPUBOJAATH IO YTBOPEHHS Ta30BOTO MICTKa MK €IEKTPOIaMH.

2). Teopis ioHi3aniiHOr0 MP006010 (TSI PiTUH, MAKCUMAIIBHO OYUIIIEHUX Bl
JOMIIIIOK).

3). Teopisi YMCTO €JeKTPUYHOIO MPOOOI0 PITKUX AICNIEKTPUKIB IMOB'A3Yy€
sBUIIE MPOOOI0 3 BHUPWUBAHHIM EIEKTPOHIB 3 METAJIEBUX EIEKTpoAiB abo 3
pPYWHYBaHHSM CaMHUX MOJICKYJI PiHH.

JIOMIIIKKM ~ CyTTEBO BIUIMBAIOTh HA  EICKTPUYHY MIIHICTh  PIIKHX
nienekTpukiB. Tak, 301ablIeHHS 3MicTy Boau B HaproBomy macii Big 0 1o 0,05%

3HUKY€E HAMPY>KEHICTh IPO0O0I0 B 5 pasis.
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[TocTiitHUMU TOMINIKAaMU € BOJA, Ta3H, TBEP I yacTUHKU. [IpoOiii piauH, 110
MAalOTh T'a30B1 BKIIOYCHHSI, TOSICHIOETHCSI MICLIEBUM TME€PETPIBaHHSAM PiAWHU. Briius
BOAM, LIO0 HE 3MINIYEThCS 3 TPaHCPOPMATOPHUM MAaclioOM MpPU HOPMAaJbHIN
TEMIIEpaTypi, KOJU BOJAa TPUMAETHCA B Macil y BUIJISAAI OKPEMHX KaIlelbok,
noka3aHo Ha puc. 11.7.
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Puc. 11.7 — 3anexHicTh eIEKTPUYHOT MIITHOCTI BiJ] HASSBHOCTI BOJIH B
TpaHcpopMaTOPHOMY Macii

111 BISIMBOM €1EKTPUYHOTO TOJIsl KalleJIbKU BOU (CUIIbHO TOJISIPHOI P1IMHM )
MOJISIPU3YIOTBCA 1 CTBOPIOIOTH MDK €JIEKTPOAAMHU JIAHITIOKKH 3 II1JBHUIICHOIO
MPOBIJIHICTIO, TIO SIKKX BiIOYBA€THCS EIEKTPUIHUIM MTPOOIH.

Ha pucynky 11.8 nmoka3anuii BIiiuB TemMrepaTypu Ha €IEKTPUYHY MILHICTb
TpaHCHOPMATOPHOTO MacCa 3 JOMIIIKAMH BOJIH.
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Puc. 11.8 — 3anexHicTh eIeKTPUUHOI MIITHOCTI TpaHC(HOPMATOPHOTO Maciia Bij
temmnepatypu (1 - BUCyIieHe Macio; 2 - eKCIuTyaTalliiHe Maciio)

EnexTpuyna MIIIHICTh YMCTOTO Maciia Bl TEMIIEPATYPH HE 3aJISKUTh B MEXax
1o 80 °C. Ilpu 80 °C nmouymHaeTbCs KUMIHHS JIETKUX MACISHUX (Qpakiliil 1 mosiza
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BEJIMKOI KIJBKOCTI KYJBOK Mapy B PiAWHI, IO NPU3BOJUTH 1O 3HUIKCHHSI
€JIEKTPUYHOI MIITHOCTI. HasBHICTh BOAM 3HMXKYE E€IEKTPUUHY MIIHICTh Macja mpH
HU3BKI 1 HOpManpHIA Temmeparypi. 30uibmieHHs Enp npu migBuineHH1
TeMreparypu OOyMOBJIEHE TMEpPexXoJ0M BOAM 31 CTaHy €MyJbCii B CTaH
MOJIEKYJISIpHOTO po3unHy. [lomanbine 3HMWKeHHS Emnp MOSCHIOETHCS Tpoliecamu
KUITIHHS piAUHU. 301IbIIEHHS €JIEKTPUYHOI MIITHOCTI NpH HU3bKUX t °C 1oB’s13aHe
31 30UIBIICHHSM B’A3KOCTI Macja 1 MEHIIMM 3HA4YeHHSM JIIeJIeKTPUYHO1
IIPOHUKHOCTI JILOAY y MOPIBHAHHI 3 BOJI0I0. TBepal 3a0pynHeHHs (caka, OOpPUBKH
BOJIOKOH) CTIIOTBOPIOIOTH €JIEKTPUYHE T0JI€ BCEPEIMHI PIAMHM 1 TAKOXK MPU3BOIATh
70 3HWKEHHS eJIeKTpUYHOi MIIHOCTI. OUMINEHHS PIAKUX TIEIEKTPUKIB, 30KpeMa
MaceJl, BiJl IOMIIIOK MOMITHO MiJBUIILY€ €EKTPUUHY MIIHICTb.

11.4. EnexrpuyHuid npo0iii TBepAUX JAieJIEKTPUKIB

PO3pi3HAIOTE YOTUPH BUIU ITPOOOIO TBEPAUX T1CICKTPUKIB:

-eJIEKTPUYHUN TTPOOii OAHOPIAHUX NIETEKTPHKIB;

-eNIEKTPUYHUN TTPOOiil HEOAHOPIAHUX T1ETEKTPHKIB;

-eNIEKTPOXIMIYHHM MPOOI;

-TEIJIOBUH (€JEKTPOTEIIOBUI) TTPOOiil;

Koxnuii 3 3a3HaueHMX BHJIB NPOOOI0 MOXKE MaTH MICUE y TBEPAOMY
JENIEKTPUKY B 3aJICKHOCTI BiJI XapaKTepy €JIEKTPUYHOro Mol (MOoCTiiiHOI0 abo
MepEMIHHOIO0, IMITYJILCHOTO, 3 HU3BKOIO a00 BHCOKOIO YacTOTOI0), HAsSBHOCTI B
T1eJNEeKTPUKY 1e(PEKTIB, YMOB OXOJIOJKEHHSI, Yyacy Ail HampyTru TOLIO.

Enexrpuyunuii npo0iil 0JHOPIIHUX ieJJEKTPUKIB 32 CBOEIO NMPHUPOIOIO €
YHCTO €NEKTPOHHUM MPOIIECOM, KOJU Y TBEPAOMY TLJIl MPH MEBHIM HANPYKEHOCT1
€JIEKTPUYHOTO T0JI1 yTBOPIOETHCS €IEKTPOHHA JIaBUHA.

XapakTepu3yeThesl IIBUIKAM PO3BUTKOM, IpoTikae 3a vac 107-108¢ Ges
BUJIVICHHS TEIUIOBOI €HEeprii, Xo4ya BeJWYMHA EJEeKTPUYHOI MIIHOCTI TIpH
€JIEKTPUYHOMY TIPO0OO0i 10 JEAKOI MIPU 3aJICKHUTh B TemmepaTypu. Takuil Bui
MPO0OIO CIIOCTEPITAETHCS B JESIKHUX MOHOKpHCTaJaX (MOJIIOIEHOBE CKIIO) 1 B ICSIKUX
oprasHiyHux nosimMepax. B upomy Bunanky E,p nocarae 6uibm 300 kB/mwm.

EnexkTpnynuii npo0iii HeOJHOPIAHMX JieTIeKTPUKIB CIIOCTEPIra€ThCs Y
TeXHIYHUX JIENCKTPHUKIB, IO MICTATh Ta30BlI BKIIOYCHHS. XapaKTePU3YETHCS
IMIBUIKUM PO3BUTKOM.

Mae micuie B AeskuX BUJax ckia, gapdopy, kepamiku. [IpoduBHI Hanpyru
JUTISl HEOHOPITHUX JIeTIEKTPUKIB 3a3BUYal

Ep=10-30 xB/mMm.
EnexTpruyna MIIHICTh TBEpAUX HEOAHOPIAHUX HI€NIEKTPUKIB MPAKTUYHO HE

3aJIeKUTH Bl TEMIEpaTypu J0 JCSIKOTO 3HAYCHHS OCTaHHBOI. [Ipu mepeBuIieHHI
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[IbOT'O 3HAYEHHS CIIOCTEPIra€ThCs MOMITHE 3HMKEHHS €NEKTPUYHOI MIITHOCTI, IO
TOBOPUTH PO MOSIBY MEXaHI13My TeIIoBOro npoboto (puc. 11.9).

Hu3bko10 eeKTpUYHOI0 MIIIHICTIO BIAPI3HAIOTHCA HEOIHOPIHI A1€IEKTPUKU
3 BIJKPUTOIO MOPHUCTICTIO (MapMyp, HENPOCOYEHHH Namip, AEpeBO, IMOpUCTa
Kepamika). X enekTpudHa MilHICTb J1€kKUTh B Mexkax Bqy=1-10 kB/Mm.
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Puc. 11.9 — 3anexHicTh €IeKTPUYHOI MIITHOCTI €JIEKTPOTEXHIYHOTO
dapdopa Bix remmnepatypu (=50 I'my): A - obmacts enexTpuaroro nmpobdoro; B
- 001aCTh TEIUTIOBOTO TIPOOOTO

EnexrpoxiMiunmii npo6iii 13011iiHIX MaTepialiB MOB’sI3aHUI 31 3MIHOIO
iX XIMIYHMX BJIACTUBOCTEH. 3a3BWYall CIOCTEPITa€ThCs MPH  MiABUILEHUX
TeMrepaTypax 1 BUCOKIH BOJIOTOCTI MOBITPSI.

YacTo nmpu3BOAUTH 10 CTAPIHHS J1€JIEKTPUKA B €JIEKTPUYHOMY 10J11 (TOOTO 710
nerpagamii - Gi3MyHUX 1 MEXaHIYHWX BJIACTHBOCTEW), B pE3yJbTaTi dYOrO
BiIOYBA€THCS TOCTYIOBE 3HIDKEHHS EJIEKTPUYHOI MIIHOCTI. SIBuIe cTapiHHS
XapakTepHe ISl eJICKTPOIITIB, OpraHIYHUX JI1eJIEKTPUKIB (IPOCOYSHMI Namip, ryma
1 T.1.), 1 Ui JESIKUX HEOPTraHIYHUX [ICJCKTPUKAX, HAMPUKIA, IS TUTAHOBOI
KEepaMiKH.

Cpibno, nudpyHAYIOUM B KEpaMiKy, MOJETIIye eIeKTPOXIMIYHUM MpoOii, Ha
POTUBAry, HAMPUKJIIA, 30JI0TY.

TensioBuii mpo6iii TBepaAMX JieIeKTPUKIB BUHUKAE B PE3yJIbTaTi MaTepiaiy
B €JIEKTPUYHOMY IOJ1 A0 TEMIEPATyp, MPHU SAKUX Ma€ MiICLle HOTO PO3TPICKyBaHHS,
OIJIaBJICHHS, OOBYIJIIOBAaHHS 1 1HII BUAM TEPMIYHOTO pyHHYBaHHS. SIBHIIE
TEIUIOBOTO  MPOOOI0 TOB’s3aHE 3  HAAMIPHUM  3POCTaHHAM  HACKPI3HOI
€JIEKTPOIIPOBITHOCTI a00 MICJIEKTPUIHUX BTpaT.

Hanpyra, npu sikiif BiOyBa€eThCs TEIUIOBUM MPOOIN € XapaKTEPUCTUKOIO HE
CTUIBKA  CcamMOro  JI€JeKTPUKa,  CKUIBKM  BHUIOTOBJIEHOIO 3  HBOIO
EJIEKTPOI30JIALIIIHHOTO BHPOOY.

[IpoOuBHa Hampyra MpH TEIJIOBOMY MPOOO0i 3aJIeKUTh BiJ] YaCTOTH MOJS,
YMOB OXOJIO/IPKEHHS, TEMIIEPATypHu HaBKOJMIIHBOTO cepeaoBuia i iH. Kpim toro,
HaIpyra TEIIOBOro Mpo0oIo 3aIeKUTh Bl HArpiBOCTIMKOCTI MaTepiany. OpraniyHi
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JUENEKTPUKHY 3a THIIUX PIBHUX YMOB MalOTh O1JIbII HU3bKI 3HAYEHHSI NMMPOOMBHUX
Hampyr TpH TEIIOBOMY Mpo0oi, HDK HEOpraHiyHi, BHACIIIOK MEHIIOl
HaArpiBOCTINKOCTI.

Jli11 HopMasbHOT poOoTH 130JsTOpa Mae OyTu 3a0e3neueHuil BiABLA Termia. Y
O1IBIIIOCTI BUMAAKIB TEIIJIOBIIB1 3yMOBIIFOETHCS MPUPOIHBOIO KOHBEKIIIEIO MTOBITPS
(miaBiCHI 1 OMOpPHI 130JIATOPU, KEpaMiuHI KOHJEHCATOPH, KapKach KOTYIIOK
IHIYKTUBHOCT1). TEruIoBiABI 3a paxyHOK TEIJIOMPOBIAHOCTI HABKOJHUIIHBOTO
cepe/loBUIlla Mae Miclle ISl KabesiB, BMOHTOBAaHUX y CTiHH. B mnpunanax,
KOMIT'FOTEPaX BUKOPUCTOBYETHCS MTPUMYCOBE OXOJIOKEHHS CKIIaJ0BUX YaCTHH, SIKi
THTEHCUBHO PO3IrpiBalOTHCA.

3anuTaHHA 1JI51 CAMOIIePeBIpPKM:

1. Ilo Take mpoOiil AICIEKTPHUKIB 1 AKOIO BEIMUUHOIO BIH XapaKTePU3y€EThCS?

2. Oco61MBOCTI TPOOOIO ra30MoIIOHUX Ta PIAKUX JT1€TEKTPHUKIB.

3. Ha3BiTh BuaK mpoOOI0 TBEPAUX A1€IEKTPHUKIB.

4. Slkum 4MHOM Temmeparypa 1 4acToTa CTPYMY BIUIMBAE HA CJICKTPUUHY
MIIHICTHTBEPIUX J1CIICKTPUKIB?

5. Koy B €IEKTPOI30IAIIMHIX MaTepiaigax HacTae TEIIOBUH TTPo0iit?

6. Ko B eNeKTpoi30sLiHUX MaTepiajgax HacTae 10H13aiiHui npooii?

7. Koy B e1eKTPpOoi30JLIMHUX MaTepialiax HacTa€e eIeKTPOXIMIYHUN MpoOiii?

8. Bim dYoro 3anexuTh eJEKTPUYHA MIMHICTh EJIEKTPOI3O0JAIINHUX
maTepiaiiB?

9. HaBenith npukiaau BUKOPUCTAHHS 3aJIEKHOCT1 €JIEKTPUIHOT MIITHOCTI BijT
THUCKY B €JIEKTPOYCTAaHOBKAX.

TEMA 12. JIEJIEKTPUYHI MATEPIAJIH (I)

Mera: o3HailoMuTH 3700yBayiB BHUIIOI OCBITM 3 OCHOBHMMHU THIIAMH Ta
BJIACTUBOCTSIMU JIIENIEKTPUUYHUX MaTepiaiiB, IX 3aCTOCYBaHHSM B €JIEKTPOHIII],
CHEepreTUlll Ta THIINUX Traty3sX.

[Tnan nexi
1. T'a3omo/110H1 €1eKTPOI30JISIIIHI MaTepiaiu;
2. HadToBi enexTpoi3osiiiiHi Macha;
3. CUHTETHYHI PiJIK1 J1€JIEeKTPUKH;
4. BucokoMoJIeKyJIsIpHI OpraHiuHi J1eIeKTPUKH;
5. Cmomnu;
6. PocnuuHi oii;
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7. bitymu;

8. JlieeKTpUKHU Ha OCHOB1 BOCKY;

9. Enextpoi3osisiiitHi JIaku 1 KOMTIAyH/IH;
10. T'HyuKi MIiBKH.

Xi1 MpoBEICHHS JICKIIMHOTO 3aHATTS
I. Opranizaiis rpymnu;
II. MoTuBaIiist HaB4YaIbHOI AISUILHOCTI. OroJIOmEHHST TEMH U METH,
I11. Buknagensst Ta 0OTOBOPEHHS HOBOTO MaTepialy;
IV. OromnomieHHs 3aBIaHHs HA CAMOCTIITHE ONPAIIOBAaHHS Ta MIATOTOBKY.

EnextpoizonsiiiiHi MaTepiaiu po3aAuIsSiOTh:

1) 3a arperaTHUM CTaHOM — Ha Ta30MOA10HI, piaKi 1 TBepAl (ocoOaMBa TpyIia
— Marepialiy, 110 TBEP/IIIOTh: y MOYATKOBOMY CTaH1 BOHM € P1AMHAMHU, aji€ B TOTOBIM
130J1A1111 CTalOTh TBEPAUMU T1JIaMU (HAMPUKIIa, JJAKU 1 KOMIIAYH/IN));

2) 3a XIMIYHOIO MIPUPOIOI0 — HA OPTraHIuHi 1 HEOPTaHIYHI.

12.1. I'a30moAiOHI esieKTPOI30IsILiliHI MaTepiaau

IloBiTpsi — OCHOBHUIA ra30MOIIOHUNA €JIEKTPOI30JIAIIHHUN MaTepial.

B okpemux yacTMHaxX €JEKTPUYHUX YCTAHOBOK, HA JUISHKAX IMOBITPSHUX
BHCOKOBOJIbTHUX JIIHIA €JICKTporepenad MOBITPS YTBOPIOE €JIMHY 130JIAIII0 MIXK
apoTaMu JiHIi. Y psiai BUNAAKIB 3aMICTh MOBITPS (HAPHKIAM, TSl 3alTOBHEHHS
ra3oBUX KOHJEHCATOPIB) 3aCTOCOBYETbCS a30T, OCKUIbKH, BIH OJU3bKHI 3a
eJICKTPUYHUMH BJIACTUBOCTSIMHU JIO TOBITPS, aje HE MICTUTh KHCHIO, 3aXHUIIAI0UN
MaTepiaid BiJ OKHCICHHS.

Enera3z (mectudropucra cipka, SF¢) Mae BHUCOKY €NEKTPUYHY MIIHICTh
(mpoOuBHa Hampyra B HopMaibHUX yMoBax U,,=20kB). He Toxcuunuii, ximiuHO
CTIMKUMN, HE po3KJagaeThes Nnpu HarpiBanHi 10 800°C; oro BUKOPUCTOBYIOTH Y
KOHJEHCaTopax, kabemsx 1 T.m. OcoOnMBO BeNWKI MepeBaru enerasa Mpu
MMIBULIEHUX TUCKAX.

®peon (muxnopaudropmera, CCLF,) Mae enekTpuuHy MIIHICTb, OJHU3bKY 10
eNIeKTPUYHOI MILTHOCTI enerasa. [Ipu HopmanbHii TeMmneparypl Moke OyTH CTUCHYTHIA
mame 10 6 arM. @DpeoH BHUKIMKAE KOPO3II0 JEAKMX TBEPAUX OPraHIYHUX
CNIEKTPOI3OJALIIMHUX MaTepiajiB, 1m0 Tpeda MaTh Ha yBa3l MPU KOHCTPYIOBAHHI
SJIEKTPUYHUX XOJIO/IMIIbHUKIB.

JIis 3aroBHEHHS €EeKTPOBAKYYMHUX MPHIIAIIB, JJaMIl BXKUBAIOTHCS iHEPTHI
ra3u: aproH, HEOH 1 1HIII, a TAKOXX APU PTYTI 1 HATPIIO. [HEPTHI Ta3u MarOTh HU3bKY

eJIEKTPUYHY MIlHICTh. HallHIKYy eeKTpUUHY MILHICTh CEpe]] YCiX Ta3iB Ma€ remii
136



npuOiau3Ho B 17 pas3iB MeHIE eJeKTPUYHOI MIIHOCTI TOoBiTps. Enexkrpuuna
MIIHICTh PI3HUX Ta3iB po3pi3HAeThes Maibke B 200 pa3is.

12.2. HadrTosi esqekTpoi3o/siliiiHi MacJja

TpanchopmaTopHe Macao. 3 pIAKUX EIEKTPOIZOJSLINHUX MaTepiaiB
HaWOLIbIlIe 3aCTOCYBAHHS B €JEKTPOTEXHII Mae TpaHchOpMaTOpPHE MACIIO, SKUM
3QJIMBAIOTh CUJIOBI TpaHchopmaTopu. BoHO migBHIly€e €IEeKTPUUHY MIIHICTD
13001111 1 BIABI Temja, IO BUAUIAETRCS B OOMOTKAaX 1 CEepACUYHHUKY
TpaHnchopmaropa. Maciao BimBOAUThH Termio mpuban3Ho B 30 pasiB kpaiie, HiX
HOBITPA.

Jlume nesxi cwiioBl 1 BUMIpIOBaJIbHI TpaHC(HOPMATOPU BUTOTOBJISIIOTHCS 3
3alUBaHHSAM TEPMOPEAKTUBHUMHU KOMIAyHAaMu (HANpuUKIaaA, Ha OCHOBI
CMOKCHUJIHUX CMOJI).

Komnmaynam — xommosuiii (Cywimnl) Ha OCHOBI pPI3HHUX TOJIMEPIB 1
MOHOMEDIB.

TpanchopmaropHe Maciao 3aCTOCOBYIOTh TaKOX y MACISHUX BUMHKadax
BHUCOKOI HAIMpyTH, JIe Ma€ MICIle BUHUKHEHHS €JICKTPUYHOI YT MK KOHTaKTaMHU

BUMUKada. Maciio cripusie 0X0JI0KEHHIO KaHaly TyTH 1 IIBUKOMY ii TaCiHHIO.
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Puc. 12.1 — 3acTocyBanHs Maciia B TpaHchopMaTopax

Tpanchopmaropue macino — roproua pinuna. [lokexxna HeOesnexka macina
OIIIHIOETKCSA 3a 11 TeMIiepaTyporo cnajaxy (mosuHHa 0ytu He Hwkue 135°C). binbi
B’sI3KE€ MAcJIo TipIle BiBOIUTH TEILJIO BiJ OOMOTOK 1 cep/ieuHrKa TpaHchopmaTopa.
TemmnepaTypa 3acTuranHs Macia TOBMHHa Oyt He HmWkue -45°C. Ia
XapaKTEPUCTUKA BAXJIWBA JUISI Maclia, 10 3aJIMBAEThCS B MAcCisHI BHMHKAaYi,
BCTAHOBJTIOBAaHI Ha BIJKPUTHUX ITiICTAHITISIX.

Enextpyyna MILHICTE TpaHCPOPMATOPHOIO Maciia HE BCTAHOBJIIOETHCA
CTaH/IapTaMH, OCKUTPKY BOHA HA/I3BUYAHO Yy TIIMBA J0 3BOJIOKEHHS. Pi3K0 3HIKY€ETHCS
CJIEKTPUYHA MIITHICTh Macjia B pe3yJibTaTi MOMNaJaHHs CTOPOHHIX JOMIIIOK. 3 4acoM
MAacJIO TOTIPIIYE CBOI XapaKTEPUCTUKH (CTapi€). 30BHIMIHSA O3HAKa CTApiHHI — Macyo
crae OUTBII TeMHMM. B HBbOMY YTBOPIOIOTHCS 3a0pyAHIOIOYI MPOAYKTH - KUCIOTH,
cMoui. HU3BbKOMOJIEKYIISIpHI KHCIIOTH, 110 YTBOPIOIOTHCS B MACIi, PYHHYIOTb 1307511110
0OMOTOK 1 BUKJIUKAIOTh KOPO31I0 TOTHYHUX 3 MAaCJIOM METAJIIB.

HIBuaKICTH CTApiHHSA Macja 3pOCTaE:

a) MpHU AOCTYMI MOBITPS (CTapiHHSA Macia B 3HAYHIM Mipl MOB'I3aHO 3 WOTO
OKHCJICHHSIM Ha IMOBITP1);

0) npu MiABUIIIEHHI TeMIIEPaTypu;

B) MPH KOHTAKTI Macia 3 JIeIKUMHU MeTajlaMH (MiJlb, 3aJ1130, CBUHEIIb 1 T.I1.) 1
IHIIIMMH PEUYOBUHAMHU, 1110 € KaTaai3aTopaMu CTapiHHS; T') MiJ J1€10 CBITIA;

1) TIpH A1l €IEKTPUIHOTO TTOJISI BUCOKOT HAPYKEHOCTI.

KonaeHcaTtopHe Macjo CIOyXdTh Uil  MPOCOYEHHS  IMarepoOBHX
KOH/ICHCATOPIB, PO3PAaXOBAHMUX Ha BEIHKY Hampyry. Ilpu mpocoueHHi mamepoBoi
130JI41111 KOHJIEHCATOpa IIJIBUINYETHCS SIK OMIp 130JsMii, Tak 1 i eJeKTpuyHa
MirHICTh. KoOHIeHcaTopHe Macio [TOCHTh OiM3bKe 3a BIACTHUBOCTAMHU JIO
TpaHc(pOopMaTOPHOTO.
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Puc. 12.2 — Hpm(naﬁ

& -

MaCJIIHOTO KOHJZACHCATOpa

Ka6esibHe MacJj10 BUKOPUCTOBYIOTHCS Y BAPOOHUIITBI CHIIOBUX EIEKTPUIHUX
kabemiB. [Ipocouyroun manepoBy 13011110 KaOeliB, BOHO MiJBUILYE ii IEKTPUUHY
MilHICTh. [ 3BHYAWHMX CHJIOBUX KaOemiB 13 B A3KUM MPOCOYCHHSM,
3aCTOCOBYBaHUX AJi poO0ounx HAnpyr a0 35 kB, BUKOPUCTOBYIOTHCA B’ sI3K1 HAPTOBI
Macia (Hampukiajg, Tumy "OpalTcToK"), y SKUX IS JOJATKOBOTO IiBUIICHHS
B'SI3KOCTI PO3UMHSIETHCS KaH1(POIb (MaCIsTHO-KaH1(OIBHUN KOMIIAYH]T).

Puc. 12.3 — BUCOKOBOJIbTHUN MACIIIHUUA KAO€EJIb

12. 3. CuHTEeTHYHI PiAKi AieJeKTPUKH

XJiopoBaHi ByrJjieBoHi. [loxosTh 3 pi3HUX BYIJIEBOAHIB IIJISIXOM 3aMiHU B
iXHIX MOJIEKyJiaX JeskuX (a0o ycix) aToMiB BOAHIO aToMamMu XJiopy. HaiOimbm
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IIMPOKE 3aCTOCYBaHHS MalwTh MNpoAaykTu xjopyBaHHsS audenury (CpHip). YV
MIPOMHUCIIOBOCTI 3aCTOCOBYIOTHCS MaTepialid, M0 MPEICTaBISIOTh COO0K0 CyMirri
pi3HUX 130MepiB AU(EHUTy 3 PI3HUM CTyINEHEM XJOpyBaHHsS. MaloTh 3arajibHe
HaliMeHyBaHHS "ackapenu" (30KpeMa, TipaHOJ, TipaJieH, apokiIop, KIo(deH,
crubaHoJI, COBOJI 1 1H.).

JlienekTpuuHa MPOHUKHICTh COBOJIA MPU HOPMAJIbHIN TeMIiepatypl 1 HU3bKIN
4acTOTI CTPyMy €=5, TOOTO OIJbII HIK y JBa pa3u NEPEBUILYE MPOHUKHICTDH
HapTOBOrOo Macia. 3amiHa COBOJIOM Ha(TOBOIO Macjia y BUPOOHMIITBI CHIJIOBHX
nanepoBUX KOHJAEHCATOPIB A03BOJIMIIA 3HU3UTH PO3MIpH KOHAEHCATOpa B IBa Pa3H.
Henomixom koHAEHCATOPIB, TPOCOYCHUX COBOJIOM, € CHJIbHE 3MEHIIICHHS €MHOCTI
npu crani temneparypu Huxk4de 0°C. CoBOJ 1 COBTOJ TOKCHYHI, TOMY HEOOX1THO
3a0e3MeuyBaTH 3aXUCT MIKIPH 1 BEHTUJIALIIO TTOBITPSI.

Kpemmniiiopraniuni i ¢gropopraniuni pigunu. KpemuiiiopraHiuti piauHH
MarTh MaIMi KyT JICJIEKTPUYHMX BTPAT, HU3bKY TITPOCKOIIYHICTH 1 MIIBUIICHY
HArpiBOCTIHKICTh. BHKOPHCTOBYIOTBCS, 30KpeMa, Ui MPOCOYEHHS 1 3aJMBaHHSA
KOHJICHCATOPIB 1 1HIIUX NpUCTpoiB. [lepeBaroio ¢TopopraHiyHuX piiuH y MOPIBHIHHI
3 KpEMHIMOPraHIYHUMH € IXHS [IOBHA HETOPIOYICTh 1 BHCOKA JIYTOCTIAKICTb.
XapakTepHUMH BJIACTHBOCTAMHU (PTOPOPraHIUHUX PIAWH € Maja B'S3KICTh, HU3BKHUIA
MOBEPXHEBUM HATAT, IO CIPHUSE TPOCOUYCHHIO TMOPHUCTOI 130111, BUCOKHM
TeMIEepaTypHU KoeiieHT 00'€eMHOTO PO3IIUPEHHS, TTOPIBHSIHO 3HAYHA JIETIOYICTh.
OcranHss oOOCTaBMHa BHMara€e TepMeTH3allli amapaTiB, 10 3aJMBaIOTHCA
(dbTOpOpraHIYHUMHU PiTUHAMHU.

12.4. BucoxkomMoJieKyJIsIpHi OpraHivHi AieTeKTPUKH

Opraniyni pe4yoBHHM - 116 HU3BKOMOJEKYJSPHI 1 BHCOKOMOJEKYJISPHI
3'enanHs Bymiento (C) 3 iHImMMU edeMeHTaMu. Bike BiakpuTo OUIbII MiJIbHOHA
OpraHiYHMX CIIOJIYK, B TOW 4ac sIK 3'€/lHaHb, III0 HE MICTATH BYIJICITIO, BIIOMO O1JIs
n'araecatd Tucad. KiabKICTh J1€NEeKTPUKIB 3 OpPraHiYHUX MaTrepialiiB HabaraTo
nepeBepIIye KITbKICTh A1€IEKTPUKIB 3 HEOPraHIYHUX MaTepiaiB .

Opranivyfi eIeKTpOoI30JALiiiHI MaTepianu OyBalOTh HU3bKOMOJIEKYJISAPHI i
BHCOKOMOJIEKYJISIPHI.

B Monekyiny HH3bKOMOJEKYJISIPHOIO MaTepiajdy BXOJIUTh MOPIBHSIHO
HEBEJIMKA KUJIbKICTh - OJMHHIN a00 ACCATKH, 1HOAI COTHI — aTOMIB (Hampukiaj,
dbpeoH, ByrJieBoIHI HA)TOBUX Macel, COBOJM).

BucokomousiekyasipHi 3'€IHaAHHA - [1€ PEYOBHHU 3 BEIIMKHUMH MOJICKYJIAMH,
IO CKJIAJAIOThCSA 3 THUCSY aTOMiB. MOJEKyJspHa Maca TaKUX PEUOBUH MOXKE
JOXOJIUTU MPHUOIU3HO 0 MUIBHOHA, a TEOMETPUYHI PO3MIPH MOJIEKYJ HACTUIBKH
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BEJIMKI, 1[0 PO3YMHU ITUX PEUOBHH, SKIIO BOHM B3arami 3/aTHI PO3YMHSTHCS, 32
CBOIMH BJIACTUBOCTSIMH HAOIIKAIOTHCA 710 KOJOITHUX CUCTEM.

BucokomonekyisipHi pEeYyOBHHH, HIO BXOJATh 10 CKJIAQy POCIUHHHUX 1
TBApWHHUX OPTaHi3MiB, IIMPOKO 3aCTOCOBYIOTHCS B TEXHIIll (I€F0JI03a, IIOBK,
Kay4yK 1 T.II.)

ITyuHi BHCOKOMOJICKYJISIPHI MaTepiaal 3a CBOIM IMOXOKEHHSIM MOXYTh
OyTH pO3JILJICHI Ha JIBa KJIACH:

1). HITy4Hi MaTepiajivi, BATOTOBJICH] IUISIXOM XIMI4HOT 0OpOOKH TIPUPOTHUX
BUCOKOMOJICKYJISIDHUX  PEYOBHH (HAMPUKIAM, TPH MEpepoOdIll  IeTroI031
YTBOPIOIOTHCS €(PipH 1IEITI0I031).

2). CuHTETHYHI BUCOKOMOJIEKYJISIPHI MaTepiain, BATOTOBIICHI 32 JIOIOMOT OO
CHUHTE3y 3 HHU3BKOMOJEKYJSPHHX PEYOBUH (TPUPOTHUN Ta3, Ha(Ta, BHUKOIHE
BYT1JUIS ¥ 1H.).

BucokxoMonekymspHi 3'€HaHHS 3a CBOE€I XIMIYHOK TMPHUPOJIOID €
nmojiMepamMu, TOOTO pPEYOBHMHAMH, MOJICKYJIH SKUX TPEICTaBISIIOTE CO0O0I0
MUKJIYHY CYKYIHICTh BEJIMKOI KUIBKOCTI TPYII, 1[0 MAlOTh OJJHAKOBY OYyJOBY IpyIl
atomiB (MoHoMepiB) IloJriMmepu3saitisi - peakiiiss yTBOpEHHS MOJIIMEPY 3 MOHOMEDA.

MoHnoMep — pedoBHHA, MOJEKYJIU SIKOi 3/IaTHI pearyBaThu MiX co0010 1 3
MOJIEKYyJIaM{ 1HIIMX PEYOBUH 3 YTBOPEHHSAM TojiMepa. HalOumpin Ba)iuBi
MOHOMEpPH: €TUJICH, MIPOTIJIEH, 130MPeH, BIHUIXJIOPUA, CTUPOJI, (eHOo, OyTai€eH.

[Ipu mnomimepu3zaiii BiIOyBa€ThCsl 3aKOHOMIpHA 3MiHA BJIACTUBOCTEH
PEYOBUHU: MOJICKYJISIpHA Maca 301IbIIY€EThCS, 3pOCTae TEMIIEpaTypa IJIaBICHHS i
KWIIHHS, TIABUIIYETHCS B'S3KICTh (B TpoIleCi MmojiMepu3aiii pedyoBHHA MOXKE
NEPEXOIUTH 3 Ta30MoI0HOr0 abo PIAKOro CTaHy B CTaH IyCTOl pIAUHM 1 Jali — B
CTaH TBEPOrO Tija), 3MEHIIY€EThCS POZYUHHICTb, 1 T.JI.

CTupoa - piaKkuii HeHaCMYEeHUHN BYTJIEBOJCHD, III0 MA€ €JIEMEHTAPHHUIA CKIIa[
CsHs, mae 3paTHICTh JIeTKO ToJiMepu3yBatucs. B pesynbTaTi mosmimepusarii 31
cTuposty (MOHOMEpa) YTBOPIOETHCS TOJIMEP CTHUPOJY (MOJICTHPOI), SIKUM €
TBEP/IOI0 PEUOBHHOIO.

3a meBHUX YMOB (BIUIMB BHCOKOI TeMIlepaTypHu, MexaHiuHa oOpoOka i iH.)
HOJIIMEP MOXKE PO3KJIAJaTUCS Ha PEUOBHMHH 3 MEHIIIUM CTYIIEHEM MOJIIMEpHU3allii 10
MOHOMEpa BKJIIOYHO. Takuil mpoiiec, MPOTUIICKHUN TPOILIECOBl MONIMEpHU3allii,
HA3WBAETHLCS JACTIONIMEPHU3AIIIETO.

3a 0y10BOI0 MOJIiMEpPH MOAILISAIOTH HA JIiHIIHI | IPOCTOPOBI.

Monekynu JiHIAHUX TOJIMEpPIB MaloTh BUIJISA[ JIAHIIOKKIB a00 HUTOK.
Monekynau npoctopoBux ("TpuBUMIpHUX'") TOJTIMEPIB PIBHOMIPHO (POPMYIOTHCA B
OpOCTOpPl B PI3HUX HAmpsIMKax, TOMY MaloTh OUIBII KOMIIAKTHY (QopMmy,
HAOIKAIYHCH 10 (POPMH KYJI.
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Sk mpaBuI10, TiHIKHI TOJTIMEPH MOPIBHSIHO THYYKI ¥ eJ1acTUYH1. 3a3BUYal pH
OiABUIICHHI TEMIIEpaTypyd pPO3M'SKIIYIOTbCA, a TMOTIM  PO3IUIABISIOTHCA.
[TpocTopoBi nmosiMepu MarOTh OUTBITY TBEpAICTh. Po3M'skiieHHs iX BinOyBaeTbcs
JIMILIE TIPU TOCUTh BUCOKHX TeMIIepaTypax, a JIesKi e 10 JOCSITHEHHS TeMIIepaTypu
PO3M'SIKIIIEHHST XIMIYHO PYHHYIOTBCS (3rOpsitOTh, OOBYIUIFOIOTHCS 1 T.I1.). JIiHIMHI
MOJIiIMEPH 3BUYAMHO 3/1aTHI PO3YMHATHCS B BIAMOBITHUX pO3UMHHUKAX. [IpocTOpoBi
TIOJIIMEPH PO3UMHSIOTHCS BAXKKO, 0araTo 3 HUX MPAaKTUYHO HEPO3UMHHI.

BinbmricTe AiHIKHUX MOJIIMEPIB 3 JTOCUTH JTIOBTUMH MOJICKYJIAaMH 37IaTHI MPpU
BUTATYBAHHI 3 pO3YMHY a00 pO3IUIaBy yTBOPIOBATH TOHKI, THYYKI 1 MilIHI BOJIOKHA,
MPUIATHI IJI BUTOTOBJICHHS TEKCTUJIBLHUX MaTepiaiiB, a TAKOX THYYKI TUTIBKH.
[TpocTopoBi momiMepu HE MOXKYTh YTBOPIOBAaTH Hi TEKCTHJIBHUX BOJIOKOH, HI
THYYKHUX TUTIBOK.

3a 3JaTHICTIO BiHOBJIIOBATH CTPYKTYPY MOJiMepU MNOALISAIOTH Ha
TEPMOILJIACTUYHI | TEPMOPEAKTUBHI.

TepmomacTuyHi moJiiMepu He 3a3HAIOTh HEOOOPOTHUX 3MIH IXHIX
BJIACTUBOCTEH TMpPU HarpiBaHHSA [0 TEMIIepaTypH, IO BIANOBIAAE IXHBOMY
IUIACTUYHOMY  CTaHOBL. Ilicist  OXONOMKEHHA TEpPMOIUIACTUYHI — MOJiMepu
BITHOBJIIOIOTh CBOi BracTuBOCTi. Lle miHiiHI moximepu, mo 30epiraioTh JiHINHY
CTPYKTYPY MOJICKYJI 1 TIPH TMIJABHUIICHUX TemIlepaTypax (MOoJiCTUPOI, TOJIETHIICH,
MOJIMPOIUICH, TOJIBIHUIXJIOpU, TojdikapOonatu). Ilpu HarpiBaHHI CTarOTh
M'SKUMH  (TJTACTUYHUMH) 1 JIETKO J1ePOpMYIOThCSI. MOXKYTh PO3UMHSITUCS Y
BIJIMOBITHUX PO3YMHHUKAX.

TepmopeakTuBHI mojiMepu Npu HAarpiBaHHI 3a3HAIOTh HEOOOPOTHUX 3MIH
BiactuBocTeil. [Ipu MiABUIIEHUX TeMIlepaTypax 3aIliKaroThCs (OTBEPIKYIOTHCS),
T0OTO 3100yBalOTh 3HAUHY MEXaHIYHY MILHICTb 1 TBEP/IICTh, BTPAYAIOUU MPHU LIbOMY
BJIACTMBOCTI PO3YMHHOCTI 1 miaBkocTi. [Ipu HarpiBanHi HaOyBarOTh CTPYKTYpH,
BJIACTUBOI TPOCTOPOBHUM TojdiMepaM (CTHpOJ 3 J00aBKOK JAUBEHLIOCH30I1).
BUKOPUCTOBYIOTBCS, SIKIIO EJEKTpUYHA 130JIIlis B eKCIUTyartalii TOBHHHA
BUTPUMYBAaTH BIUIMB MIJABUINEHUX TEMIIEpaTyp, HE pPO3M'SKIIYIOUHUCH, HE
nedhopMyrOUnch, 30€piraloud BHCOKY MEXaHIYHY MIIHICTh, SKIIO BOHA MOBHWHHA
OyTH CTIMKOIO JI0 Jli PO3UMHHUKIB.

TepMorutacTuuni  MaTepianu OUIbII  €JAaCTUYHI, HIK TEPMOPEAKTUBHI
MaTepiaiy, MEHIIE MiAal0ThCA TEIJIOBOMY CTapiHHIO, TEXHOJIOTiA iX oOpoOKu
npocTima. CTBOPIOIOTHCS HOB1 TEPMOIUIACTHYHI MaTepialiu, 0 MalOTh I1IBUIICHY
HArpiBOCTIUKICTh (MOiTeTpadTOPETUIICH, TMOJIMPOINUIeH 1 T.OI.) 1 MOXYTh
3aCTOCOBYBATHUCS JUTSI 130JIA1111, sTKa MIPAIFOE TIPU MOPIBHSIHO BUCOKHUX TEMIIEPATYPaAX.

I'irpockonivHicTh, MeXaHiYHa MIIIHICTb, eJIEKTPOi30JIANiliHi
BJIACTHBOCTI MOJIiMepPiB 3HAYHOIO MIPOIO 3aJeXaTh BiJ XIMIYHOTO CKIaay 1

CTPYKTYpPHU MOJEKYIH. PEYOBMHM 3 HECUMETPUYHO TMOOYIOBAaHUMH JIAHKAMU
142



MOJIIMEPHUX MOJIEKYJI € TIOJISIPHUMU 1 3BUYATHO MAKOTh MTOMITHY TTIPOCKOIIYHICTD,
alle  iX MexaHlyHa MIIHICTh BHINE, HDK Yy HENOJNSIPHHUX MOJIIMEPIB.
BucokomonekysipHi ByTJ€BOIHI TPAKTUYHO HETIOJSIPHI, TOMY X TIrPOCKOMIYHICTb
€ HE3HAUHOIO.

12.5. Cmosm

CMoam — 1€ CKJIagHI CyMIllli OpraHiyHUX PEYOBHH, TOJIOBHUM YHHOM
BHUCOKOMOJIEKYJIAPHUX, PI3HOTO CTymeHio mnojimepusamii. Ilpu  HU3bKHX
TEeMIEpaTypax cMOJU — e aMopdHi, ckiIonoai0H1 Kpuxki mMacu. Ilpu HarpiBanHi
(SIKIIIO TUTHKY BOHM HE 3a3HAIOTH XIMIYHHMX 3Mi1H) CMOJIHM PO3M'SIKITYIOTHCS, CTAIOTh
IJIACTUYHUMH, a TTOTIM — PIIKUMH.

3aCTOCOBYBaHI B EJIEKTPOIZOJALINHIA TEXHIII CMOJM 3A€OUIBIIOr0 HE
PO3UMHHI Yy BOJI 1 Majo TIrPOCKOMIYHI, ajlé BOHM PO3YHMHHI B OpraHIdYHUX
PO3YMHHUKAX. 3BUYAHO CMOJU € KJIEUKUMH 1 MPU MEePexojii 3 PIAKOTO CTaHy Y
TBEPUI MIITHO MPUCTAIOTh 0 TBEPAUX Ti71. CMOJIHU 3aCTOCOBYIOTHCS JIJIs CTBOPEHHS
CJIEKTPUYHOI 130JIA1I111, @ TAKOXX B SKOCTI CKJIQJ0BOi YacTWHU OaraThOX JIaKiB,
KOMITayH/IB, TUIACTUYHUX MacC, IUTIBOK, IMITYYHUX 1 CHHTETHYHUX BOJIOKHHCTHX
MartepiaiB 1 T.1.

3a MOXOHKEHHSAM CMOJIU MOJIISIOTh HA MPUPOIHI, INTY4YHi i CHHTeTHYHI.

3a XIMIYHOIO MPUPOIOK0 CHHTETUYHI CMOJIU MOAUISAIOTH Ha MoJIiiMepu3aliiHi
i kKoHaeHcaniHi. Monekyau KOHIEHCAIHUX CMOJI, SIK TPaBUJIO, MICTATD MOJISIPHI
TPy, 00 301IBIIYE iX T1€IEKTPUYHI BTPaATH 1 rirpockomiuHicTk. [TomimMepusamniiini
CMOJIM MOXKYTb OyTH 1 HENOJISIPHUMHU (IOJITETPA)TOPETUIICH).

Ipupoani cMoaHM € TPOAYKTOM IKUTTEMISUTBHOCTI JESKAX TBAPUHHUX
opraHi3miB (menak) abo pociauH-cMOJoHOCIB (KaHiposb). Croau K BITHOCATH
BUKOIIHI CMOJIM (KOTMajM), IO TMPEJACTaBJISIIOTh COOO0I BHUKOMHI 3aJIMIIKH
JI€PEBCMOJIOHOCIB.

Hlenak — 11e cMoJ1a, N0 BUJLISETHCSA HA TIKAX JEPEB AESIKMMH KOMaXaMH,
10 XUBYTHh y TpomiyHux kpainax IliBgennoi i IliBnenno-Cxinnoi Aszii. Illemak
30MparoTh BPYUHY, OUHINAIOTH Bl 3a0py/IHEHb 1 MEPEIUIaBIsAiOTh. BiH Mae BUTIIS
TOHKUX, TEHJITHUX JYCOYOK >XOBTYBAaTOTO a0O YEPBOHO-KOPUYHEBOTO KOJIHOPY.
OCHOBHY 4YacTHHY II€JaKy CKJIaJaioTh OPTaHidHI KUCJIOTH CKIAAHOTO CKIAmdy.
lenax nodpe pozunHseTbes B ciupTi. Enp=20-30 kB/mwM. IIpu 50-60°C menak ctae
THYYKHM, a TMpU NOJAIBIIOMY MIABUIICHHI TEMIIEpaTypyd pPO3M'SKIIYEThCSA 1
PO3IUIABISIETBCA. B eNeKTpOI30MAIIiHIM TEXHIIl IeTaK BUKOPUCTOBYETHCA Y
BUTJISIII KJICIOUMX JIAKIB.

Kanidoab — xpuxka cmoiia )KOBTO-KOPUYHEBOIO KOJIBOPY, OJEpP>KyBaHa 3

KUBULI (IPUPOIHOI CMOJM XBOMHHX J€pPEB, TOJIOBHUM YHUHOM — COCHH) 3a
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JIOTIOMOTOI0 BIATOHY ii PIAKUX CKJIaMoBUX dYacTuH (ckunumapy). Kanidonb B
OCHOBHOMY CKJIQJIA€ThCS 3 OPTaHIYHUX KHUCIIOT, PO3UMHHA B PIAKUX BYTJIEBOJTHSX,
POCIMHHMX ONisIX, COUPTi, ckunuaapl i iH. Kanidonb, pozunHena B HadTOBUX
Macliax, 3aCTOCOBYETbCS TMPU BHUTOTOBJIEHHI MPOCOYYBAJIbHMX 1 3aJIMBHHUX
KaOeJIbHUX KOMIIAyH/IiB.

Komnanu — TyrormiaBki CMOJIH, 3 XapaKTEPHUM OJINCKOM, BEJTUKOIO TBEPAICTIO
1 MOPIBHSHO BaXXKOPO34YMHHI. [{i cMOIM 4acTKOBO TOOYBAIOTh SIK BUKOIHI MPOIYKTH
PO3KJIaJlaHHs BUKOMHHUX JIE€PEB-CMOJIOHOCIB. 3aCTOCOBYIOTH SIK J00aBKY [0
MAaCJISTHUX JIaKiB, 10 301JIbIIYy€ TBEPAICTD IXHIX TUTIBOK. J{0 KOTas BITHOCATH 1 IHTAp,
KU 1HOJI1 3aCTOCOBY€ETHCA y MPUIIAaX, € BAKJIMBO MATH BUCOKHUH OIIpP 130JIALIII.

CuUHTeTHYHi CMOJIM Ha OCHOBI eTHJIeHA i iioro moxignmux. Haitnpocrimmit
HeHacuueHu# ByrieBoJieHb C,H4 Ha3uBaeThest eTusieHoM (MoHOoMep). [osieTnien
OTPUMYIOTh TMOJIIMepu3allielo eTuiaeHa. [lomieTuraeH Mae Hemarani MexaHIYHI
BJIACTUBOCTI, BHCOKY IPO30PICTh, CTIUKICTh M0 Jii KHUCIOT 1 JIYTiB, IIMPOKO
3aCTOCOBYETHCS ISl BUTOTOBJICHHS Pi3HOTO POAY MOOYTOBUX BUPOOiB, MOCYy, 5K
nakyBaibHMi Matepian 1 T.1m. [lonax 10% mosieTuneHy BUKOPUCTOBYETHCS IS
eJIEKTPUYHOI 130JIA1I11 - TOJIOBHUM YMHOM IS 130JIAIL1T PajiloyacTOTHUX KaOemiB 1
KabemiB 3B'A3Ky (1€ OCHOBHUM MaTepiai Ui 130wl MiJABOAHMX Tele()OHHUX
kabeniB). HarpiBocTIHKICTh MOTieTHIIEHA OOMEKEHA.

IMoainponiJien — 1e TOMOJIOTIYHUN HYI€H €TUJICHOBOTO DSy BYTJIEBOIHIB
H,C=CH-CHj;. IlominpornijieH - nojiMep boro MmoHomepa. Mae muibHIicTh 0,90-
0,91 r/cm®, enactnunmii (BigHocHe BuposxkeHHs 500-700%). Enexrpoizonsmiiini
BJIACTHBOCTI TOTO X MOPSAKY, IO 1 TOJIETHJIEHA, ajlé HArpiBOCTIMKICTh BUIIE
(Temneparypa po3M'skiieHHs - 10 170°C).

IMoaizo0yTHiien — KaydyKomojiOHa JIMMIKA pEUYOBHHA, CXWIbHA [0
XOJIOMHOTEKYYOCTI HaBITh TPH MajJuX MEXaHIYHUX HaBaHTAXEHHIX. €
XOJIOAOCTINKUM (30epirae enacTuuHicTh npu Temmneparypi g0 — 80°C). LinbHICTH
noiizo0yruneny 0,91-0,93 r/cm®. 3a XiMi4HOIO CTIHKICTIO 1 TirpOCKOIIYHICTIO
OJU3bKUN 70 TMOJIETUJICHY 1 MOJINpOIiIeHy. Mae HU3bKY BOJOTOINPOHUKHICTB.
[Tonii300yTrsIeH 3 HU3BKUM CTYTIEHEM MOJIIMEpH3allii € B’A3K0I0 PiIUHOIO.

IMosicTupos — YTBOPIOETHCS B pe3yibTaTi MOJIMEpHU3alii CTUPOIY.
Henonikamu #oro € moMiTHa KPUXKICTh MPU 3HWKEHUX TEMIEPATYypax, CXUIbHICTb
JI0 TIOCTYTIOBOTO YTBOPEHHS TOBEPXHEBHX TPIMIMH, Maja CTIAKICTh 10 i
PO3YMHHHUKIB (30KpeMa, PIAKUX BYIJIEBOAHIB), @ TAKOK HEBUCOKA HATPIBOCTINKICTb.

[ToniMepu BYIJIEIIEBO-BOJHEBOTO CKJany (MOJIETUNICH, TOJIIPOIUICH,
MOJ111300yTHIICH, TIOJIICTUPOJI) € TIPAKTUYHO HEMOJISIPHUMU J1eJIEKTPUKAMH, 3 YUM
MOB'sI3aH1 X HAA3BUYAIHO BUCOKI €JIEKTPOI30JISAIINHI BIaCTUBOCTI 1 BKpail HU3bKa
TIrPOCKOMIYHICTb.
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IHoaiBininxa0pua, MOJIiBiHUIOBHMH CHUPT, NMOJIaKPWJIATH — JUIOJBHI
MIOX1/THI €TUJICHA.

HMoaiBiHiiXJ0pua (IOMIXJIOPBIHUI) - TBEPAUNA MPOIYKT MOJIMEpHU3aLli
ra3zonoAioHoro MoHoMepa - BiHuxjopuay (xinopsinury) H,C=CH-CI. € nonspaum
JIEIEKTPUKOM 1 TOMY Ma€ 3aHM)KEH1 BJIACTUBOCTI B MOPIBHSHHI 3 HEMOJSIPHUMHU
nojiMepaMu. BoJioricTe TMOMITHIIIE BIJIMBAE HA MUTOMHUN TOBEPXHEBUM OIIIp
Matepiany. [lomixaopBiHII JOCUTH CTIMKHM 10 J111 BOJIU, JTYTIB, PO3BEACHUX KUCIIOT,
onmii, Oenszuny 1 cnupty. IIUpokOo BUKOPUCTOBYETHCS MJii BUTOTOBIICHHS
PI3HOMAaHITHHX IUIACTUYHUX Mac 1 PE3WHOMOMIOHWX MPOIYKTIB, 30KpeMa IS
130711111 APOTIB, JJIA 3aXUCHUX OOOJIOHOK KaOemiB, Il BUTOTOBJICHHS
aKyMyJIITOpHUX OakiB 1 T.m. JIJisi TOMIMIIEHHS €MacCTUYHOCTI 1 XOJOJOCTIHKOCTI
MOJTIXJIOPBIHUTY JIO HHOTO J0JIal0Th IJIacTU(IKATOPH.

IMoniBiHUIOBUHA CHMPT — € OCHOBOK IS CHHTE3y CMOJ THUITY
MoJiBIHUTAIIETaNCH, 10 3HAxXOMAsITh IIUPOKE 3aCTOCYBaHHS, 30Kpema, Jis
BUTOTOBJICHHS eMaJsieii-JIaKkiB. [30Jis1is eMallel-IpoTiB Ha 1HMX JlakKaX Mae OUIbII
BHUCOKY MEXaHIYHY MIIHICTh, HIXK 130JIS11is1 eMalei-ApoTiB Ha OCHOBI OJiH, IO
BHUCHUXAIOTh.

MoaiakpuaaTu — € nongiMepamu edipiB aKpUIOBOi 1 METAKPHIIOBOI KHUCIIOT.
Ile monspH1 AIENEKTPUKH, 10 MalOTh TApHY XOJO0J0-, MACiO- 1 JYTOCTIAKICTb.
Haii0inpimr  po3mOBCIO/KEHUM — TOJIiMEp 3 4YKCia  TOJiaKpWiaTiB — —
noJiiMeTuJMeTakpwiIar (opraniudHe ckjiao abo mjekcuriac). Lleit nmpozopuii
0e30apBHMI MaTepian MIMPOKO 3aCTOCYEThCS K KOHCTPYKLIMHUN Matepian. ITix
JIEI0 €JEKTPUYHOI AYTH BUAUISAE BeIUKY KUIbKICTh rasiB (CO, Hy), sxi cnpusioTsh
raciHHiO JOyru. ToMy OpraHiyHe CKJIO 3aCTOCOBYIOTH Yy PpO3PSIHHUKAaX BHUCOKOI
HANpyTH, A€ MOTPIOHE MIBUIKE FACIHHS BUHUKAIOYOi AYTH.

@TopopraHivyHi cMOJIM — OJIMEPH €TUIICHA 1 HOTO OX1AHUX. MOXKYTh OyTH
K HEUTpaJIbHUMH, TaK 1 MOJSpHUMH. [0 CKIagy BXOIUTH XIMIYHO AKTUBHUN
enemeHT rop (P).

IHoaiterpadTopeTnjied —  yTBOPIOETHCS  IUISIXOM  IMOJIMepU3aliii
tetpadroperunena. Hemomspuuit naienektpuk. Bupobnserscs mig  Ha3BOIO
dropornact-4 (abo dropnon-4, TeduioH, gaiduoH 1 iH.). [{udpa 4 Bkazye Ha ynciio
atoMiB P B MoHOMepi. Ma€ BUCOKY /17151 OpraHigyHOi peuOBHUHHU HArpiBOCTIHKICTH (10
250°C). BunsaTKkoBO XiMIYHO CTIHKHIA, IEPEBEPIIYIOYH B I[bOMY BIJIHOIICHHI 30JI0TO
1 I1aTMHY (Ha HOT'O HE A1I0TH COJIsSIHA, CipyaHa, a30THA 1 TUIABUKOBA KUCIIOTH, JTYTH;
JeSIKY /1110 Ha HbOTO CIIPABJISIOTH JIMILIE PO3IUIABIICHI JIYXKH1 METAIU, €JIEeMEHTapHUN
dbTop 1 ¢pTopuCcTUil XJIOp NpH MiABUIIEHIN TemmnepaTypi). Heroprouunii, mpakTH4HO
a0COJIFOTHO HETITPOCKOMIYHUMN 1 HE 3MOUYY€ETHCS BOAOIO W IHIIUMH PlAMHAMH.

®Toponnacrt-4 - 61mii abo cipyBatuii HamiBIpo3opuii Matepian. LL{inpHicTh

(2,1-2,3 r/cM’) BenMka B MOPIBHSAHHI 3 IIUIBHICTIO 3BHYAMHHMX OpPraHiYHHX
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nosiMepiB. Matepia MOPIBHSAHO M'SAKUN 1 Ma€ CXWIBHICTh IO XOJIOJHOTEKYYOCTI.
Hanexuts 10 Kpamux 3 BIIOMHUX JI€JIEKTPHUKIB, OCOOIUBO MpU pOoOOTI B MOJISAX
BHUCOKMX 1 HAQJBHCOKHMX 4acToT. J[oOpe mexaHIYHO oOpoOusieTbes. Mae HHU3bKY
panianiifHy CTIHKICTb, IIBUJIKO CTapi€ MiJ BINIMBOM KOpPOHHU. [loraHo CKiIeroeThCs.
[Ipu Ttemmneparypax Buie 375°C ¢roporact-4 TMOYMHAE pO3KIagaTUCT 3
BUJIUICHHSM (DTOPY, OTPYHHOTO 1 XIMIYHO aKTUBHOTO Tasy.

dT1opomact-3 —  CchOulbHUKA — mojJiiMep — TeTpadTopeTwieHa 3
rekcadropnponuiaeHoM. Mae  xapakTepUCTHKH, 110 HAOIMXKAIOThCS 10
XapaKTePUCTHK MOMITeTpaPTOpeTUIeHa, OJTHAK TEXHOJIOTIYHIIINNA P MEXaHIYHIH
00po61i. Yepe3 HeCUMETPUYHY CTPYKTYPY MOJIEKYJI € TOJSIPHUM J1€IEKTPUKOM.

12.5.1. TepMoImIacTU4YHi CHHTETHYHI CMOJIH

IMoniamigni cMoJM MalOTh BIJHOCHO BHCOKY MEXaHIYHY MIIHICTh 1
€acCTUYHICTh. PO3uMHHI juIle B 0OMEXKEHOMY YHCI1 PO3UYMHHHUKIB (30KpeMa, y
Kpe3071i 1 po3miaBiieHoMy ¢eHoui). [Tomiamiayu 3aCTOCOBYIOTHCS JIJIs1 BUTOTOBJICHHS
CUHTETHMYHUX BOJOKOH, THYYKHMX IUTIBOK 1 IJIACTMYHUX Mac. [IrpocKomiuHi 1
IUIaCTUYHI (MPU MiABUILEHUX TEeMIlepaTypax), OJHAK MaloTh HU3BKY pajialiiiHy
CTIMKICTh 1 CBITJIOCTIMKICTh. Jl0 4YMCla HMX CMOJ HaJICKHUTh KampoH (CHIIOH,
JIeJIEPOH ), HEUIIOH.

Ioaiyperanu — niHiiHI oMiMepH. Y JIESIKUX YMOBaxX MOXXYTh YTBOPIOBATH 1
MOJIEKYJIH TIPOCTOPOBOI CTPYKTYPH. BUKOPUCTOBYIOTHCS VISl EMaTIOBAHHS JIPOTIB.
[TomyperanoBi  emami-IpoTd  OUIbII ~ HArpiBOCTIMKI, HDK  JPOTH  Ha
MOJTIBIHITAIIETAICBUX ~ JlaKaX, ajie  TMOCTYMalThCsA  MOMiepipHUM  JaKaM.
[TomypeTaHoBi eMaii-ApOTH 3AaTHI JIYAUTHCS 0€3 TOMepeaHhOTO 3aYUIEHHS
emaneBoi 13omsrii. HemomikoM € moMiTHa TEPMOIIACTHYHICTh (CXHJIBHICTH 10
PO3M'SIKIIIEHHST €MajieBoi TUTIBKM TPH MiABUIICHUX TEMIEpaTypax, MOYWHAIOYH
npubiu3no 3 150°C), mo 3yMOBIIOE€ HEOE3NEeKy YIIKOKEHHS 130711 Mpu
KOPOTKUX 3aMHUKaHHSX.

denondopmanbaeriini ¢CMOJM — TONSAPHI BHACHIAOK HASBHOCTI B iXHIX
MOJIEKyJ1aX TIIPOKCHWILHUX Tpyl. byBalTh SIK TEPMOPEAKTMBHUMH, TaK 1
TEPMOIUTIACTUYHUMHU. SIKIIO B peakilii cMOJIOyTBOPEHHs Oepe yyacTh HE MEHII OJTHOTO
MoJIs (popMaTbIeTi Ty Ha MOJTb (DEHOITY, YTBOPIOETHCS TEPMOPEAKTUBHA CMOJIa HAKeJIIT
(abo pes3on, pe3onmbHA CMOJIAa — CHHTETHYHHMNA TEPMOPEAKTUBHHUMA TOJIMEp, IO
YTBOPHUTBCS Ha TOYATKOBIM cTamii cHMHTE3Yy (eHOI-(DOpMaIbICTiIHOI CMOJH; MOXKE
OTBEP/IXKYBATHCh 0€3 OTBEPIXKYBAUiB).

Ioniedipni cMosIu - TPOIYKTH MONIKOHAEHCAIT PI3HUX CITUPTIB 1 KUCAOT (abo
iXHIX aHTiApuIiB). Benrke npakTudHe 3HAYSHHST MAlOTh HEHACHUeH] TostiepipHi cMOH

- TIPOJTyKTH TOMIKOH/ICHCAIlT TITIKOJIeH abo 6ararToaTOMHUX CIUPTIB 3 HEHACHUCHUMU
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KuciaoTaMu a0o0 1X aHTiApUAaMu, Hanpukiaa (prajeBUM aHTiAPUIOM, MaJICTHOBUM
anrigpuaoM 1 1H. Lli cMomum mIMPOKO 3aCTOCOBYIOTBCS Uil  BUTOTOBJICHHS
TEPMOPEAKTUBHUX KOMMAYH[IB, JJISI 1301 €JEKTPUYHMX MAIlWH 1 amapariB, sK
3B’S3YIOYMH Yy BHPOOHHMITBI IIApyBaTWX IUIACTHKIB 1 T.aI. MaioTh Xopori
CJIEKTPO130JIALIIMHI BIIACTUBOCTI 1 BUCOKY HArpiBOCTIMKICTb.

Enoxcuani ¢cMoim (€MOKCHCMOJN) — XapaKTePU3YIOThCSl HASBHICTIO B IXHIX
mosiekynax ernokcuanux Tpyn H,C-CH-. V modarkoBomy cTaHi MarOTh JIHIAHY
CTPYKTYpy. € B’I3KUMU PIIUHAMH, 1110 POZYMHSIOTHCS B AlIETOHI 1 1HIIIUX PO3UMHHUKAX.
[Ticms nomaBaHHS 10 HUX OTBEPKYBAa4iB EMOKCHIHI CMOJH CTalOTh TBEPIAVMU
(MoMepU3yIOThCsI), 3A00yBalOYM MPOCTOPOBY CTPYKTYpy. Y SIKOCTI XOJOAHHUX
OTBEP/I’KYBaulB BUKOPHCTOBYIOTHCS a30TOBMICTKI pEUOBHUHHU (aMiHH ), 17151 OTBEPHKEHHS
IIPU HarpiBaHHI - QHTIAPUIN OPraHIYHUX KUCIOT (praneBuii, MajeiHOBUH 1 1H.). BuOip
OTBEp/’KyBaua BIUIMBAE€ HA BJIACTUBOCTI (€IaCTHUYHICTh, HArpiBOCTIMKICTH 1 1H.)
eMOKCUIHOI CMOJH. 3aCTOCOBYIOTHCS /ISl BUTOTOBJICHHSI KJIEIB, JIAKIB, 3AJIMBAJILHUX
KOMIayHIIB (ISl 3QJIMBaHHSI HEBEIMKHUX TpaHchopMaTopiB abo BY3/iB amaparypu).
HeotBeppkeHi  €mOKCHIHI CMOJIM IIIKIJUIMBO BIUIMBAIOTH HA OpPraHi3M JIFOIWHH,
BUKJIMKAIOUM, 30KpeMa, IIKipHI 3axBoproBaHHA. [licist 3akiHYEHHS MpOIeCy
NoJTiMepr3aliii eMOKCHIHIX CMOJI BOHH HE € TOKCHYHUMH.

Kpemuiiiopraniuai cmoam  (MOJIOPraHOCUIIOKCAHU,  CHUJIIKOHH) — —
CKJIAJIAIOThCS 3 BYTJIEIIO 1 KPEMHIIO, SIKHI € OAHIET 3 HAWBAKIIMBIIIUX CKJIaJ0BHUX
YacTHH 0aratbOX HEOPraHIYHUX JICJICKTPUKIB - CIIOJU, a30ecTy, NESIKUX BHUJIIB
CKJIa, KEpaMIYHUX MaTepiaiB.

Kpemuiiopraniuni nmojaiMepu MOXYyTb OyTH K TEPMOIUIACTUYHUMH 1 MaTU
JTIHIAHY CTPYKTYpY, Tak 1 TEPMOpPEAaKTUBHUMU W YTBOPIOBATH IPOCTOPOBI
CTPYKTypHu. € OLIbIII HArPIBOCTIMKMMH B TOPIBHSHHI 3 OUIBIICTIO OPraHIYHHUX
noJriMepiB. BUKOpHUCTOBYIOTHCS B Jlakax, KOMITAYH/aX, TJlacTMacax, B KOMITO3HUITISX
3 TEPMOCTIHKMMHU HEOPraHIYHUMH MaTepiajaMHu (CIIroa, CKISTHE BOJIOKHO, a30ecT i
1H.) y BUIJIS[II MIKaHITIB, CKJIOTKaHeH, miactmac. KpeMHiflopraHiuHi 3'eqHaHHS
MalTh Majy TIrTPOCKOMIYHICTh 1 MPAKTHYHO HE 3MOYYIOThCS BOJOI0. [loKpuTTS
IIUMU 3'€ THAHHSIMU IIEITFOJIO3HUX MaTepiajiB, IMIIACTUIHUX MacC, KEpaMiKi CTBOPIOE
rizpododizanito oOpoOioBaHNX MaTepiaiiB, TOOTO 3HUXKYE IX 3MOYYBaHICTb,
poOIisiun iX BOJMOBIAIITOBXYBaJbHUMH. KpemHilopraniddi marepiaiu MOPiBHSHO
JIOPOTi, 1110 OOMEXYE MOXIIUBICTD IXHBOTO HITUPOKOTO 3aCTOCYBAHHSI.

12.5.2. ITy4yHi mojiimepu

Edipu uenrono3u - 1e mTyyHi NOJIMEpH, OAEPKYyBaHI HUIAXOM XIMIYHOI
nepepoOKU MPUPOTHOTO MOTIMEPY - MENTFOJIO3H (KITITKOBUHN ). Hal611b111e 3HaUueHHS

B TEXHIlll MalOTh CKJIaJHI eipy 1EN0I03U (HITPOLIENI0I03a, alleTHIILEII0N03a).
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Hirpouenroso3a 1ocuTh roproya, a Ipy BEJIUKOMY BMICTI B HIH HITPOTpPYII
HaBITh BUOYXOHEOE3MeyHa, 110 € BEJIUKUM HEJ0IIKOM NMPU BUKOPUCTAHHI B TEXHIIII
CJIEKTPUYHOI 130JAL1i. ANETH/ILEJI0103a MEHII BOTHEHEOE3NeyHa, TOMY IO
IPAKTHUYHO HEropIoya.

12.6. Pocaunni oJrii

PocauHHi 0J1il - B’SI3K1 piAMHU, OJIEP>KYBaH1 3 HACIHHS POCJIHH.

Ouii, mo BUCUXAIOTh — 1€ OJIii, 37aTHI IiJl BIUIMBOM HAarpiBaHHs, CBITIA,
3ITKHEHHSI 3 KUCHEM MOBITPA ¥ 1HIMMX (DaKTOPIB MEPEXOAUTH Yy TBEPAMM CTaH.
Tonkuii map ouii, HATUTHI HA MOBEPXHIO SIKOTO-HEOYIb MaTepially, BUCHXAE€ 1
YTBOPIOE TBEPAY OJIMCKYUY €JIEKTPOI30AIIiHY IiBKY. [LTiBKYM 0k CTIMKK 10 Jii
po3unHHMKIB. [lpu HarpiBaHHi TIUTIBKA HE PO3M'SIKIIYETHCA, TOOTO €
TepMoOpeakTHUBHOI0. HallOunbIl po3MOBCIOKEH] OJ1ii, 10 BUCHUXAIOTh - JIJISHA 1
TYHTOBA.

Jinsina oJiis — piguHA 30JI0TaBO-)KOBTOTO KOJBOPY, IO OTPUMYETHCS 3
HaciHHs JboRY. Moro mineHicTs 0,93-0,94 r/cM?, TemiepaTypa 3aCTHraHHS - 611 -
20°C.

TyHrosa (1epeBHa) 0Jlisi OTPUMYETHCS 3 HACIHHS TYHIOBOTO JepeBa, IO
pocte Ha Jlamekomy Cxoni 1 KaBkasi. TyHroBa oJiis He € XapuoBO (SK JIISHE) 1
HaBiTh TokcnuHa. [{impHicTs 0,94 r/cm?, TeMneparypa 3acturanns Bix 0 1o -5°C. Y
MOPIBHSHHI 3 JUISHOIO OJII€I0 TYHIOBa BHUCHUXA€ IIBUIIIEC 1 OLIBII PIBHOMIPHO IO
TOBIIUHI 1 € ORI BOJIOHETPOHUKHOTO.

Omii, 1m0 BHCHXaIOTh, 3aCTOCOBYIOTHCSI B €JIEKTPONPOMHCIOBOCTI IS
BUTOTOBJICHHS €JICKTPOI30JIAMINHNX MACIISTHUX JIAKIB, JIJAKOTKAHEH, JIJISl POCOYEHHS
nepeBa 1 T.m. PocimHHI 0il, 10 HE BUCHUXAIOTh, 3aCTOCOBYIOTBHCS SIK PIIKI
JI1eTTEKTPUKHU.

KacTtopoBa oJ1ist — oTpuMy€ThCs 3 HACIHHS PULIMHU, 1HOJ11 BUKOPUCTOBYETHCS
JUIs1 TIPOCOYCHHS TIalepOBUX KOHAeHcaTopiB. Ha mpoTuBary juisHii 1 TYHTOBiM oJtii
KacTOpoBa OJIii HE PO3UMHSAETHCS B OCH3UHI, ajlé PO3UMHSAETHCS B ETHIOBOMY
cnupti. Ha BigmiHy Big HaTOBHX Maces KaCTOpOBa OJIisl HE BUKIIMKA€E HAOpSKaHHS
3BAYANHOI TYMU.

12.7. Bitymn

Bitymu - amopdHi mMaTepianu, 1O € CKJIAJHOK CYMIIIIIK BYTJIEBOJIHIB, a
TaKOX JESIKOI KUTBKOCTI KHCHIO 1 Cipku. MatoTh yopHuil (a00 TEMHO-KOPUIHEBHIN)
KOJIp, TpH HU3bKUX TEMIlepaTypax KpuxKi. PO3UMHSIOTBECS y BYIVIEBOAHSIX

(Oenzomi, Tomyomi, Oensuni). He € macnocriiikumu. Y coupti 1 BoAl OiTymu
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HEPO3YHHHI, MalOTh MaJly TIPOCKOMIYHICTD 1 MPAKTUYHO BOJOHEIIPOHUKHI. biTymMu
TEPMOTUIACTUYHI.

3a MOXOMKEHHSM PO3PI3HAIOTH OiTyMH MTYy4HI (HadTOBl) 1 HPHUPOIHI
(xomanuuu abo acdanbtu). bitymu - c1abonosipHi peuOBUHU 1 BUKOPUCTOBYIOTHCS
JUIsL BUTOTOBJIEHHSI JIaKiB 1 KoMnayHiB. Ep,=10-25 kB/MM.

12.8. JlieJieKTPUKHM HA OCHOBI BOCKY

Martepianu Ha OCHOBI BOCKY € TBEPAUMH JIETKOIJIABKUMH PEYOBHUHAMU O1710TO
ab0 KOBTOTO KOJBOPY, IO MAalOTh KPHUCTAJIIYHY CTPYKTYpPY, HU3bKY MEXaHIUHY
MIIHICTB 1 MaJly TIFPOCKOMIYHICTh. BOHM BXKMBAIOTHCS AJISl MPOCOYECHHS TOPUCTHX
MaTtepialiB 1 3aJMBaHHS IMYyCTOT. [CTOTHUM HEIOJIKOM iX IPU BUKOPUCTAHHI 5K
IPOCOYYBaJIbHI MAacH € 3Ha4YHA yCaJKa MpPU 3aCTUTaHHI, 10 10XOIUTh 10 15-20%.
Tomy yacThHa 00’€My MOp 130JIAIT 3aTUIIAETHCS 3alIOBHEHOIO TOBITPSM, IO
MIPUBOJIUTH JI0 3HIKEHHS €JIEKTPUYHOT MIITHOCTI 130711111,

IMapadin — HaiibUIbII AemeBa 1 MUPOKO BiJIOMa HEMOJSIpHA BOCKOMOIOHA
pedoBuHa. OpepxkyrloTh #oro 3 mapadiHucToi HapTH, IO MICTUTH MiABHILEHY
KUTBKICTh TBEPAMX BYIJIEBOJHIB METAaHOBOTrO psaxy. Ouniienudt mnapadin —
KpucTamiuHa 6Oinma pewosuHa 3 misbHicTiO 0,85-0,90 r/cm® 1 TemmepaTyporo
raBieHHs 50-55°C.

JlienekTpuyHa TPOHUKHICT, mapadiHy 3HWKYETbCS 3  IIJBUIICHHSIM
temneparypu. [lapadin He 3MouyeTbes Bo1010. E(y=20-25 kB/mMm. ITpu HOpMasbHIN
TeMriepaTypi mapadiH Mae BHCOKY XIMIUHY CTaOUIBHICTh, aje MPH MiABUIICHUX
TEeMIIepaTypax Ha TMOBITPI JIETKO OKHUCTIOEThesa. [lapadin 3acTOCOBYIOTH IJis
IPOCOYEHHS MaNepOBUX KOHJAEHCATOPIB HU3bKOI HANIPYTH, Ui IPOCOUYEHHS JepeBa
1 KapTOHY, JUIsl 3aJIMBaHHS KOTYIIIOK 3 HEBUCOKOIO poO0UYO0I0 TEMIIEPATypOIO.

Lepe3un — cyMmim TBepAUX BYIJIEBOAHIB METAHOBOTO PSIy. 3BUYANHO
IIEPEe3UH BHUTOTOBISIOTH IIIJISXOM OYHUIICHHS MiHepalry 030KepHuTy (''TipChKOTro
BOCKY"), II0 MPEICTABISIE COOOK0 MPOIYKT MPHUPOJHOTO MEPEPOKeHHS HAPTH B
yMOBax JocTymy mnoBiTps. IlepeBaramu 1iepe3nHy B MOPIBHSHHI 3 mapadiHOM €
Outbll BucOKa Temmeparypa miaaBieHHs (65-80°C) 1 CTIHKICTh 10 OKHCIICHHS.
[lepe3un, He3BaXkarOuu Ha HOTroO MIABUIIEHY BapTICTh y MOPIBHSAHHI 3 MapagiHoM,
MaibKe IIUUIKOM 3aMIHUB MOro, 30KpeMa MpHu MPOCOYEHHI ManepoBUX 1 CIHIOASHUX
KOHJICHCATOPIB.

CuHTEeTHYHMH napapin i CHMHTETMYHMH nepesuH — €
BHCOKOMOJIEKYJIIPHUMH BYTJICBOAHIMH, IO OJCPKYIOTHCS SK MOOIYHI MPOAYKTH
npu BUPOOJIECHHI CHHTETUYHOTO O€H3MHY U ouniid. EnexkTpoi3osnsiiiiHi BIaCTUBOCTI
IIUX MaTepialiB OM3bKI 10 BIACTHBOCTEH HATypaJTbHOTO TIapadiHy 1 HATypPaIbHOTO

LEpe3nHy, ajie MaloTh MiABUIIEHY Temrneparypy miasneHHs (100-130°C).
149



lasoBake — MPOAYKT XJIOPYBAHHSI apOMATUYHOTO BYTJIEBOJHIO Ha(TasiHYy.
TosApHuil KpUCTATIYHMI TieIEKTPUK CBITIO-KOBTO-3€IeHyBATOI0 KOJIbOpY. Voro
JENEeKTPUYHA MPOHHUKHICTh 3HAYHO BHILE, HIK Y HEMOJSAPHUX BOCKOIOAIOHUX
pPEYOBUH, TOMY IPHU MPOCOYEHHI MANepoOBUX KOHIEHCATOPIB TajJOBAKCOM MO>KHA
MIJBUIIUTH iX eMHIcTh Ha 25-30%. Ha BinMiHy BijJ HEMOJISIPHUX BOCKOMOA10HHMX
PEUOBHH, TaJIOBAKC MPAKTUYHO HE OKUCIIOETHCS MPU HATrpiBaHHI 1 € HETOPIOYNM.
["ajioBakc TOKCHYHMM, TApW MOro MIKIJUTMBO JIIOTh Ha CJIM30BI OOOJIOHKH 1
BUKJIMKAIOTh 3aXBOPIOBAaHHS WIKipu. ToMy B NMPUMILICHHAX, A€ BEAYyTh POOOTH 3
TaJIOBaKCOM, HEOOX1THO 3a0e31nedyBaT BEHTHIIALIIIO.

Bazesin — cywmim TBepauX 1 piAKUX BYTJIEBOJHIB, OJEP>KyBaHUX 3 Ha(TH.
[Ipu HOpMamnbHIN TemmepaTypl HamiBpigka (Ma3enoniOHa); 3aCTOCOBYETHCS IS
NPOCOYEHHS arepoBUX KOHJEHCATOPIB.

12.9. EnexTpoi3o/siniiiHi JJaku | KOMIayHIu

Jlakm i kKoMnayH/IM € eIeKTPOI30AINHIMHI MaTepiaiaMu, 10 TBEPIIIOTh.

Jlaku — KOJIOimHI pO3YMHU CMOJI, OITYMiB, OJiH, IO BUCUXAIOTh, 1 TOMY
oIIOHUX PEYOBHH, IO YTBOPIOIOTH TaK 3BaHy JIAKOBY OCHOBY B po3unMHHUKaX. [Ipn
CYIIIHHI JJAKY PO3YMHHHUK BUIIAPOBYETHCS, a JJAKOBA OCHOBA MEPEXOIUTh y TBEPAUN
CTaH, YTBOPIOIOYH JIAKOBY IUTIBKY.

EnextpoizonamiitHi jJaku po3AUIAIOTH 3a 3aCTOCYBaHHSM Ha TPU OCHOBHI
rpynu: NPOCOYyBaJIbHI, HOKPHUBHI i JIJAKH, 110 KJIESATh.

IIpocouyBaJibHi JIaku cily>XaTh JJIsI IPOCOYEHHSI NOPUCTOI, BOJIOKHUCTOL
130711111 (TMarmip, KapToH, MpsKa, TKAHWHA, 13011111 0OMOTOK €JIEKTPUYHUX MAIIUH
1 amapartiB). [licins mpocodeHHsI mOpU B 13071111 BUSBJISIOTHCS 3aIIOBHEHUMH HE
HOBITPAM, a JIAKOM, IO Ma€ 3HAYHO OUIBLI BUCOKY E€JEKTPUYHY MILHICTD 1
TEIUIONPOBIHICTh, HDK TOBITps. B pe3ynbrari NpoCcOYEeHHS II1JBHIINYETHCS
npoOWBHA  Hampyra,  30UIBIIYETbCS  TEIUIOMPOBIAHICTh,  3MEHIIYETHCSA
TITPOCKOMIYHICTh 1 BOJOTOMPOHUKHICTh, MOJIMIIYKOTHCS MEXaHI4HI BJIACTHUBOCTI
130J1S11111, MM1IBUITY€THCS HATPIBOCTIMKICTB.

IMoxkpuBHi Jaku ciyXaTb AJi1 YTBOPEHHS MEXAHIYHO MIIHOI, TJAAKOi,
OJMUCKY4O0i, BOJOTOCTIMKOI IUTIBKM HAa MOBEpxHI BHpoOiB. Hepinko mumu jgakamu
MOKPHUBAIOTh TBEP.Ly OPHUCTY 1301110, TOTIEPEAHBO BKE MiAaHy pocodeHH!o. e
MOJIMNIITYE BJIACTMBOCTI TBEPAOi 130JiIlli  (30Kpema, IMMABHUIILYE HAMPyTy
MOBEPXHEBOI'0 PO3PSAY 1 MOBEPXHEBOTO OIOPY, MOCHIIOE 3aXUCT 130JISIIIiT Bl Jii
BOJIOTH 200 XIMIYHO aKTUBHUX PEYOBHH), @ TAKOXK 30BHIIIHIN BUTJIS BUPOOY.

Jlesiki BUIM TOKPUBHUX JIAKIB (€MalTi-JIaki ) HAHOCATH HE Ha TBEP/IY 130JIAIIIIO,
a 0e3rmocepelHhO Ha METaj, YTBOPIOIOYHM HAa WOTO MOBEPXHI €NEKTPOi30IAIIHHAN
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map (130JIA118  eMali-ApOTy; 130JIA1lisl JINCTIB  €JEeKTPOTEXHIYHOI CTajal B
MarHiTONpoOBOAAX €JIEKTPUYHUX MAIIMH 1 anmapaTiB).

Jlaku, mo KJIesAThb, 3aCTOCOBYIOThCS IS CKJICIOBAHHS  TBEPIUX
eJIEKTPOI30JIALINHUX MaTepianiB (HANpPHUKIAJ, KICEHHS JHCTOYKIB PO3IIEIUICHOT
CJIIOJIA TIPU BUTOTOBJICHH1 MIKaHITIB) a00 JJIs MPUKJICIOBAHHS €JICKTPOI30IAIIMHIX
MaTtepialiB 10 METaly.

Komnaynam BiJIpi3HSAIOTBCA BiA JIaKiB BIJICYTHICTIO B iXHbOMY CKJIaJl
posunHHMKA. CKIIaJaloThCAd 3 PI3HUX CMOJ, OITYMiB, BOCKIB, OJii 1 iH. SIKmIo
KOMITayHJ| y TIOYaTKOBOMY CTaHI1 TBEPJIU, HOTO Mepe]] y)KUBAaHHSIM HArpiBarOTh 10
HEOOX1THOT TeMIepaTypH, mob oAepKaTh Macy HIU3KOIO B'SI3KOCTI.

Komnaynau 6yBaroTh MpocouyBaIbHUMH 1 3aJTUBHUMU.

IIpocouyyBajibHi KOMMIAyHIW TPU3HAYEHI s TPOCOYEHHS TOPHUCTOI 1
BOJIOKHHCTOT 130J11111.

3anuBHI KOMIAyHIW CIOYy)KaTh [UIsl 3allOBHEHHS TMOPIBHSIHO BEJIHMKHUX
MOPOXKHUH, MPOMDKKIB MK PI3HUMH JE€TAISIMH B E€JISKTPUYHMX MAaIllUHAX 1
amapatax, a TakKoX [UI OJepKaHHS TIOPIBHAHO TOBCTOIO TOKPUTTS Ha
eJIEKTPOTEXHIYHUX BHpOOax. 3aCTOCYBAaHHS 3aJMBHUX KOMIIayH/IB Ma€ Ha MeETI
3aXUCT 130JIAL11 Bi/I 3BOJIOKEHHS 1 BiJ i XIMIYHO aKTUBHUX PEYOBUH, 301IbIICHHS
PO3PAJIHOI HANIPYTH, TOJIMIICHHS YMOB BIABOAY Tera 1 T.I. Y TEXHIIl CIaOKuX
CTPYMIB JJIsl IPOCOYCHHS 1 3AJIMBAHHS 130JIA1111 3aCTOCOBYIOTH Pi3HI BOCKOMOAiOHI
PEeYOBUHH 1 IXHI CIJIaBU 3 IHITUMHU MaTepiajlamMHu.

12.9.1. HaiiBaskiuBilli TUNIN eJIEKTPOI30/IALiHHUX JIAKIB

CMouistHi JIaK¥ € pO3YMHAMYU CUHTETHYHHUX, IITYYHUX a00 TPUPOTHUX CMOJI.

BakeaitoBuii 1ak € po3unHoM OakeniTy B criupTi. [le mpocodyBanbHuMii 1aKk
1 Jak, mo kieith. Jlae MexaHi4yHO MIlHY, aje MaJloelacTUYHy 1 CXHJIBHY J0
TEIUIOBOTO CTapiHHA TUIiBKYy. [IIMpoKO BUKOPHCTOBYEThCS Yy BHPOOHHUIITBI
FeTUHAKCY 1 TEKCTOJITY, MpH BUTOTOBJICHHI 130JIA111 €JICKTPUYHUX amnapaTiB
BUCOKOI HAIpyTH 1 T.II.

Faigranesi Jakum — po3unHu TiiTaneBoi CMOJIM B CyMilIaX CHOUPTIB 1
PIAKUX BYTJIEBOJHIB 1 TOMY MOJIOHMX pO3UMHHUKAX. Lle TepMopeakTHBHI Jaku 3
BHCOKOIO KJICIOUOIO 3/IaTHICTIO, TOMY BUKOPHUCTOBYIOTHCS JJIsl KIICEHHS MIKAHITIB 1
T.J., THYYKICTh iXHIX IUIIBOK BHIIE, HIXK IUIIBKM OaKeJIITOBOTO JaKy, aje
BOJIOTOCTIMKICTh HUXKYE.

KpemHuiiiopraniudi Jakum BuMaraloTb CyUIIHHS [pU  MIABUIICHIN
TEeMITepaTypi, yTBOPIOIOTh HATPiBO- 1 BOJIOTOCTINKI IJTIBKU. 3aCTOCYBaHHSI ITUX JIAKIB
y KOJEKTOPHHX MAIlIMHAX 13 3aKPUTHUM IUKJIOM BEHTWJISII] TPUBOAUTH O
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MPUCKOPEHOI'0 3HOCY IIITOK 1 MOPYIIEHHAM KOMYyTallii (BHACIiOK MPUCYTHOCTI
KPEMHIIO).

IMoaixsopBiHiNoBiI naku € criikumu 10 nai1i OeH3MHYy, Macna, 0araTbox
XIMIYHO aKTHMBHUX PEYOBHMH 1 3aCTOCOBYIOTHCS SIK MOKPUBHI JIAKU JJISI 3aXUCTY
130J141111, 110 TIpaItoe B aTMOchepi 3 KUCIOTHUMHU Mapamu.

IonicTUPOJBLHUIA JIaK YTBOPIOE IUIIBKY 3 BUCOKHUMH €JIEKTPOI30JIALIIMHUMHU
BJIACTMBOCTSIMU 1 HE3HAYHOIO TIrPOCKOIIYHICTEI0. BUKOPHUCTOBYETHCS Y BUPOOHMIITBI
BHCOKOYACTOTHOI araparypH.

HlesayHnii JaK € PO3YUHOM IIENIAKy B CIIUPTI. 3aCTOCOBYETHCS SIK KICIOUUN
JaK MpH BUTOTOBJIEHHI MIKAHITIB, @ TAKOX MPHU PI3HUX MOHTAKHUX 1 PEMOHTHUX
poGoTtax. Jlyst ojepskaHHs TUTIBKK BUCOKOI SIKOCTI i1 MOTPIOHO 3amiKTH.

Hearono3ni Jgaku € pozunHamu edipiB  nemrono3u. IlmiBku  ix
TepMOIUIacTUYHI. Bennka yacTuHa 11eJ10JI03HUX JIaKiB — JIaKW XOJIOIHOTO CYIIIIHHS.
Haii0inpiiie 3HaueHHsS 3 HUX MarOTh HITPOIEIIOJIO3H] JIaku (HiTponaku). [1miBku
HITPOJIAKIB MEXaHIYHO MIIHI, BIAPI3HAIOTHCA OJIMCKOM, TOOpE MPOTUCTOSATH i
HOBITPS, BOJIOTH, OJIiH 1 1H. HiTposiaku moraHo npucTaioTh A0 METalliB, TOMY Mepe
HAaHECEHHSIM HITPOJIaKy Ha MeETaj 3BMYAaliHO TMOMEpPEeIHbO HAHOCATH IIap
"IpyHTOBOTO" JaKy, IO M0Ope MpUCTae A0 METaly, aje MEHII CTIHKOro mo il
MOBITPS, CBITJA 1 BoJory (Hampukiaa, riaidraneBoro abo macisHoro). Hirpomaku
3aCTOCOBYIOTH [UJII TIPOCOYEHHS OaBOBHSHUX OOIJIETEHbh ABTOMOOUIBHHMX 1
aBlallifHUX APOTIB (MOBEPX MIAPY T'YMOBOI 130JISI1I11), AJIS 3aXUCTy TYMHU BiJ] BIUTUBY
030HY, MacJja 1 OCH3HUHY.

MacasiHi JakM — OCHOBY ITMX JIaKIB CKJIQJAlOTh Macia, 110 BUCHXAIOTh,
TOJIOBHUM YMHOM JIJISTHE 1 TyHroBe. KpiM HHUX, MacisiHUM JJak MICTUTh CUKATHBH,
M0 CIYXXaTh JJIi TPHCKOPEHHSI MPOIECY CYIIIHHA, 1 JETy4Ydd PO3YMHHUK, IO
3MEHIITY€ B'SI3KICTH JIaKy (CHKATHBH — KaTali3aToOPH, 1[0 TPUCKOPIOIOTh BUCUXAHHS
nakodapOoBUX MaTepialiB, 0 MICTATh POCIMHHI Macha.).

MacasiHO-CMOJISIHI JIaKM — MacJIsiHI JIJAKU JI0 SIKUX JIOJAaI0Th NPUPOIHI a0o
CHUHTETHYHI cMoJid. Hampukiian, MaciasHo-TidTanaeBl Jaku: y TOPIBHAHHI 3 YUCTO
MacCJISIHUMH JIaKaMH BOHHM MAlOTh MIJBHILIEHY €JIaCTUYHICTh, HArpiBOCTIMKICTH 1
KJICIOYY 37aTHICTh, a B MOPIBHSHHI 3 YHCTO II(TAJEBUMU JIAKAMU - 3HUKCHY
rirpocKomiyHicTh. Taki Jaku MIMPOKO 3aCTOCOBYIOTH JJISi NMPOCOYEHHS OOMOTOK
MacCJIOHAIMIOBHEHUX TpaHcPopMaTopiB, 3a0e3Medyroun MAacCIOCTIUKICTh 1 BHCOKY
MEXaHIYHy MIIHICTh TMPOCOYEHUX OOMOTOK, HJii MPOCOYEHHS OOMOTOK, IO
3a3HAIOTH i KUCJIOTHUX BHUMAPIB 1 XJIOPY, IJIs MOKPHUTTS 130JIAIii, 0 MICTHUTH
dbenondopmambaeriIHl CMOJIH.

12.10. I'nyuki miaiBku
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Oco6nuBuii BUJ BUPOOIB 3 OpraHIYHUX MOJIIMEPIB - TOHKI (TOBIIHHOO 110 0,02
MM) TpO30pi THYYKI IUIIBKH, II0 BUIYCKAIOTHCS B PyJIOHAX. ['HyduKl IUTIBKH, SIK
IPaBUJIO, MAIOTh BUCOKY €JIEKTPUYHY 1 MEXaHIUYHY MIIHICTh 1 3HAXOAATh LIUPOKE
3aCTOCYBAHHSA B 130JIS1I11 €IEKTPUUHUX MaIINH, KaOediB 1 0OMOTYBaJIbHUX JIPOTIB,
K J1€JEKTPUK KOHJIEGHCATOPIB 1 B Pl 1HITUX BUIAJIKIB.

['HyuYKi TUTIBKM BUTOTOBJISIFOTHCS 3 JIIHIMHUX TOJIMEPIB 3 JIOCUTh BHCOKOIO
MOJIEKYJISIPHOIO Macot0, TOOTO 3 BEJIMKOIO JOBKUHOIO MOJIEKYL.

3 HEeMOJSAPHUX TUTIBOK HIMPOKE 3aCTOCYBAHHS MAIOTh IUTIBKH 3 MOJICTUJICHY,
MOJTITPOTICHY, TTOJIICTUPOITY, TOJIiTeTpad TOpeTUIICHA.

3anuTaHHA 119 caMoNepeBipKu:

1. Ha3BiTb OCHOBHI Ta30moAIOHI JIEJIEKTPUKH, iX BIJIACTUBOCTI Ta
3aCTOCYBaHHSI.

2. Ha3BiTh OCHOBHI PiJIKi JI€JIEKTPUKH, X BJIACTUBOCTI Ta 3aCTOCYBaHHS.

3. BnacTuBOCTI 1 3aCTOCYBaHHS MOJIMEPHUX 130JISILIIMHUX MaTepiaiiB.

4. 3 4oro BUTOTOBJISIOTH IITYYHI 1 MPUPOAHI JIAKK 1 KOMIAYHU?

5. Jle BUKOPUCTOBYIOTH A1€IEKTPUKHU 3 BOCKY?

6. Illo Take cMonM Ta SK1 iX OCHOBHI (pi3MYHI BJIACTUBOCTI MPH HU3BKHUX 1
BHUCOKHX TeMIlepaTypax?

7. SIk1 BIACTUBOCTI CMOJ pOOJIATH iX MPUJATHUMHU IJIsI BUKOPUCTAHHS B
CJIICKTPOI130JISALIMHIN TeXHII1?

8. Sk xmacudiKyrOTh CMOJIU 32 MMOXOKEHHSIM?

9. V doMy pi3HHUII MiX NOPUPOJHUMH, MTYYHUMHU Ta CHUHTCTHYHUMH
cMoJIaMH?

10. Ilo Take menak, kaHionb 1 konanu? Ik BOHU BUKOPHUCTOBYIOTHCS B
CJICKTPOTEXHIII?

11. Sxi BmacTUBOCTI SIHTaps pOOIATH HOro IIHHUM JJIsi BUKOPUCTAHHS B
130JIALIMHUX MaTepianax?

12. SIx mOinsAt0Th CHHTETHYHI CMOJIH 32 XIMIYHOO MPUPOJI00?

13. Yum BiApI3HIIOTHCS MOJIIMEpU3alliifHi Ta KOHACHCALIHHI CMOJTU?

14. SIki OCHOBHI BJACTHBOCTI TMoOJieTWIEHY? Y SKUX BUNAAKaX HOro
BUKOPHCTOBYIOTH SIK €JIEKTPO130JISILIHHMIA MaTepian?

15, 'V yomy pi3HUIE MDK TOJICTHJICHOM, TMOJIIPOMUICHOM 1
noJ1i1300yTHIIEHOM?

16. ki HEAOMIKHM MOJICTUPOIY K 130JISIIIIHHOTO MaTepiany?

17. SIxi BMacTUBOCTI XapaKTepHI JUIsl HEMOJSPHUX MIETIEKTPUKIB, TAKUX SIK
MOJTieTHIICH ?
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18. YoMy MOMIBIHIIXJIOPHUI MA€ HUXKY1 130JIS111MH1 BIACTUBOCTI B IMOPIBHIHHI
3 HETIOJISIPHUMH CMOJIaMu?

19. V sxux BupoOax BUKOPUCTOBYIOTh KPEMHIHOPIraHiuyH1 CMOJIHU?

20. o Take edipu MEMFON03M, 1 SKI 3 HUX HAUOUIBII 3aCTOCOBYIOTHCS B
TeXHII?

21. Yomy HiTpolLIe0I03a HeOe3neuHa /1JIsi BAKOPUCTAHHS ?

22. Y SKHUX MpOJyKTax Ta BUPOOaxX 3aCTOCOBYIOTHCS CMOJIU?

23. Slxi BIAcTMBOCTI CMOJI OCOOJMBO BaXKJWBI JIJIi BUKOPHCTaHHS B
nakohapOboBux Marepianax?

TEMA 13. JIEJIEKTPUYHI MATEPIAJIH (IT)

Merta: o3HaiioMuTH 3100yBayiB BWINOI OCBITH 3 OCHOBHMMH THIIAMH Ta
BJIACTUBOCTSIMU JIICJIEKTPUYHUX MaTepialiB, iX 3aCTOCYBaHHSIM B EJEKTPOHIII],
SHEPreTHIll Ta IHIIUX TaTy35X.

[Tnan nexui
. BOMIOKHHCTI 1 TEKCTHIIbHI MaTepiay;
. [Tmactnuni Macu;
. Enacromipu;
. Cxno;
. Kepamiuni enekTpoi30iiiitHi MaTepiaiiu;
. Cmrona 1 Matepianu Ha i OCHOBI;
. AzbecT 1 a30ecToBi MaTepiaiy;
. I'ipceki mopoau;

O 00 3 O i B W N —

. Okcuana 1 propuaHa 1301111

Xi1 MpoBeICHHS JIEKIIHHOTO 3aHATTS
I. Opranizaiiis Tpymnu;
II. MoTtuBallis HaBYaJIbHOI J1SbHOCTI. OTONOIIEHHS TEMU M METH;
II1. BuknagenHst Ta 00roBOpeHHsI HOBOTO MaTepiaiy;
IV. OrosnomieHHs 3aBaHHs HAa CAMOCTIITHE OIPAIIOBaHHS Ta MIATOTOBKY.

13.1. BOJIOKHHCTI i TEKCTWIbHI MaTepiaaun
BoJsiokHucTi mMartepianm — e Marepiaia, 10 YTBOPIOIOTHCA 3 YacTOK
1o/TI0BKeHO1 (hopmu (BOJIOKOH). B BOJIOKHHCTHX MaTepiajax THITY JepeBa, mamnepy,

KapTOHY BOJIOKHUCTA CTPYKTYpa PO3PI3HAETHCS 1T MIKPOCKOTIOM.
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[lepeBaramMy BOJIOKHHCTHX MaTepialiB € BiJHOCHA JCIIeBH3HA, TOCTATHS
MeXaHIYHa MIIHICTh 1 THYYKICTh, 3py4HICTh 00pOOKH. 3araJbHUMH HEIOJIKAMH €
HEBUCOKA €JIKTPUYHA MILHICTh 1 MUTOMA TEIUIONPOBIIHICTh (Yepe3 HasBHICTh
IPOMIXKKIB MK BOJIOKHAMH, 3allOBHEHHMH TOBITPSIM), 3HaUHA TIrPOCKOMIYHICTb.
BiacTuBOCTI BOJIOKHUCTUX MaTepiajiB iICTOTHO MOJIMIITYIOTHCS TPOCOYEHHSIM.

binbia yactTuHa BUpOOIEHUX BOJIOKOH — II€ MaTepiajyd OpraHiyHOIro CKIady.
Jlo HEX HajeXaTh Marepiald POCJHHHOIO MOXOJKeHHs (J1epeBo, OABOBHSHE
BOJIOKHO, TIAIip 1 1H., [0 CKJIAJIAIOThCSI B OCHOBHOMY 3 IIEJIFOJIO3H ), TBAPUHHOTO
NMOXO/I’KeHHs (IIOBK), MITY4YHi BOJIOKHA, OJIEPKYBaH1 ITUISIXOM XIMIYHOT TEpepoOKH
IPUPOTHOTO BOJIOKHUCTOI CUPOBUHHU, CHHTETUYHi BOJIOKHA, 110 BUTOTOBJISIOTHCS
3 CHHTETHUYHHUX MOJTIMEpIB.

TexcTunbHi  MaTepianm  BHpPOOJNSIOTH  METONAMH  TPSAIHHS 3
JIOBFOBOJIOKHUCTOI CHUPOBHMHM. 3a IHIIMX PIBHUX YMOB TEKCTHJIbHI MaTepiaiu
(TKaHWHH, CTPIYKH) MAIOTh OUIBIIT BUCOKY MEXaHIUHY MIIHICTh, HI’)K BOJIOKHHUCTI,
0COOJIMBO TIPU MEPETHHI 1 MPU CTUPAHHI, ajieé TPOCOUYCHI BUPOOHU 3 HUX JOPOXKUE 1
MalOTh HIKUY €JIEKTPUUHY MILHICTIO, HIXK MPOCOYEHUH martip.

Puc. 13.1 — TekcTuibH1 MaTepiaiu

B enexTpoizosiiiiHiil TeXHIM NpsoKy (TOOTO HUTKH, CKPYUYEHI 3 OKPEMHX
BOJIOKOH) 3aCTOCOBYIOTH JUIsl 130JiALii IPOTIB 1 HIHYpIB HUIAXOM OOMOTKH M
oOriereHHs. TkaHUHM 1 CTPIUKH 3BHYAHHO BUKOPUCTOBYIOTH JUISI 3aXUCTY OCHOBHOI
1307151011 €NEeKTPUYHUX MAaIllUH 1 amapariB BiJl 30BHINIHIX MEXaHIYHUX BILIUBIB.
TkaHUHU BHKOPUCTOBYIOTH TaKOXX Yy BHPOOHHUIITBI JIAKOTKaHEW 1 IIapyBaTHX
IUTACTHKIB TUITY TEKCTOJIITY.

baBoBHSIHI TKaHUHHM 1 CTPIYKH — B EJIEKTPOTEXHIIll 3aCTOCOBYIOTh
NEPEBAKHO TKAHUHU ITPOCTOTO MOJOTHSIHOTO MEPEIIETEHHS.

Hatrypanbuuii 1mOBK — eJEKTPOI30JSIIiHI IMMOBKOBI TKAHWHH MAalOTh
toBmuHy 0,07-0,08 MM, 3aBIsSKM 4YOMy IXHE 3aCTOCYBaHHS Ja€ MOXIIMBICTD
OJICpKYBaTH OUIBII TOHKY 130110, HDK 3 OaBOBHHM, OJHAK ITIOBK JOPOKYE
0aBOBHSHOT'O BOJIOKHA.
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Puc. 13.2 — HapaﬂLHHﬁ LIOBK

I Ty4yHuii MIOBK — OCHOBHI THUITH IITYYHOT'O MOBKY (BICKO3HUM 1 alleTaTHUM )
€ pe3ysbTaToM nepepooku edipiB 1emono3u. Ha BiAMiHy BiJl BUXITHOI IETIOI03U
(KTTKOBUHU) 11 eipy MarOTh TapHY PO3UYMHHICTH Y BIJMOBIIHUX PO3YMHHHUKAX 1
JI03BOJISIIOTh BUTOTOBJISITH 3 HUX TOHKI HUTKH MPH BHUIABIIOBaHHI PO3UMHIB Yepes
otBOpH ((pis1’epu) Mayoro miameTpa.

CuHTeTHYHi BOJIOKHUCTI MaTepiaju — nojieTuieHTepeTaiaTHi (JiaBcaH,
TepUJIeH, TEPUH, JAKPOH 1 1H.), moJiaMigHI (KampoH, AeAePOH, HAWIOH, aHiT i
1H.), TIOJIETWJICHOBI, TOJICTUPOJIbHI, TMOJIBIHIIXJIOPUAHI (XJOPHMH 1 1H.) 1
noiTeTpad TOPETUIICHOBI.

JIakoTKaHMHA — THYUYKHUH eJEKTPOI30JIAINHNNA MaTepiall, 10 MPEICTABIISIE
00010 TKAaHUHY, MPOCOYEHY €JICKTPOI30IAIIHHUM JIAKOM.

|

Puc. 13.3 — [Ipuknaz JakOTKaHUHA

Tkanuna 3a0e3nedyye 3HAUYHY MeEXaHIYHY MIIHICTh, a JIaKOBa IUTIBKa -
CIIEKTPUYHY MIIHICTh MaTepiamy. Sk OCHOBY ISl BUTOTOBICHHS JIAKOTKaHWH
HalyacTille 3aCTOCOBYIOTh OABOBHSIHY TKaHUHY (MEePKAaJIb) a00 K TOHKY IIIOBKOBY
TKaHUHY (eKcueabciop).

13.2. [lnacTuunHi Mmacu
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IlnacTuuni macu (TutacTMacu, IJIACTUKKA) — MaTepiayid, MO CKIAAalThes 3
HAIMOBHIOBAYA 1 3B’SI3YIOUOTO.

3B’fA3yl04ue — OpraHiyHe, 3a3BU4ail BUCOKOMOJIEKYJISIpHE 3'€qHAHHS (CMOJIa),
10 Ma€ 3[aTHICTh J0 IJIACTUYHOI AedopMallii mijJ BIUTMBOM MPUKIIAIEHOTO 330BHI
TUCKY. B okpeMux BHUIaJKax 3aCTOCOBYIOTHCS 1 HEOpPraHiuHE 3B’A3yroye (CKIO B
MIKaJIeKCl, IIEMEHT B acOOILIEMEHTI).

HanoBHioBau Moxe OyTH MOPOUIKONOAIOHUM, BOJIOKHHCTHM, JIMCTOBUM
(kam'stHe OOPOIIIHO, IepeBHE OOPOIIIHO, 0aBOBHSHE, a30€CTOBE a00 CKIISTHE BOJIOKHO,
CNI0/1a, TMarip, TKaHUHA 1 T.11.). HamoBHIOBaY 3/1€MIEBIIOE TIaCTMACy 1 TOJIMIIYE ii
MEXaHIYH1 XapaKTePUCTUKH.

["irpoCKOMIYHICTD 1 €MEeKTPOI30JIALINHI BIACTUBOCTI IJIACTMAC B PE3yJbTaTi
BBEJICHHS  HAlOBHIOBAauYa, SK MPAaBWIO, MOTIPIIYIOTbCS, TOMY  BHCOKI
€JICKTPO130JIALIMHI BIACTUBOCTI MarOTh IJJacTMacu 0e3 HamoBHIOBava. Jlo ckiamy
MJIacTMac BBOJATH 1HOAI MJacTU(IKaTOpH, 10 30UIBIIYIOTh IJIACTUYHICTH 1
3MEHIIYIOTh KPUXKICTh MaTepialy, OapBHUKH, 1110 JOAAIOThH IJIacTMacl BU3SHAUEHE
dapOyBanns, 1 iHmi go6aBku. [lmactmMacu OyBarOTh TEPMOIIACTUYHUMH 1
TEPMOpEakTUBHUMHU. Jlo TepMOIUIacTiB HalexaThb IJJaCTMAcH Ha OCHOBI
MOJIIBIHUJIOBHUX 1 MOJIIaMiTHUX CMOJI, e(ipiB 1eM0N03H 1 1H., @ JO PEaKTOIUIACTIB —
jjacTMackl Ha OCHOBI (eHosodhopMaIbJeTiIHUX, KapOaMiIHUX 1 1HIIMX
TEPMOPEAKTUBHUX CMOJL.

Bininsact — miactmaca 3 MOJIIBIHUIXJIOPUY, BUTOTOBIISIETBCS Y BHIJISAII
OpPIEHTOBAHUX aPKYIIIB TOBIIMHOO /10 1 MM. KpiM TOro 3 BiHIIIJIACTY BUTOTOBIISIFOTh
TpyOHU, cTepkHi 1 pi3HiI paconHi Bupodbu. E,,=15-35 kB/mm. TerocTiiikicTh He
Hxde 65°C. BiHIIacT 3aCTOCOBYETHCS IJIsi CTBOPEHHS 130JISIII1, IO MPAIIO€ B
YMOBAaxX BUCOKOI BOJIOTOCTI 1 BIUIMBY XIMIYHO aKTUBHUX PEUOBHH, aJie MPU BIAHOCHO
HEBHCOKI poOoUiil TeMIiepaTypi.

13.4 — Binimnacrt
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IlapyBati nyiactTukm (reTUHAKC, TEKCTOJIT 1 1H.) - KOMITIO3UTHI MaTepiaiu, y
SIKUX HATIOBHIOBAYEM € TOW a0o 1HIINN BOJIOKHUCTUHN MaTepiall.

I'eTmHake BUPOONSIOTH 3a JOMOMOTOIO0 TapsSvyoro OINPECyBaHHs Marepa,
npocoueHoro OakemitoMm. [l BUPOOHMIITBA TeTHHAKCY OepeThCcsl MIMHUN 1
HArpiBOCTIMKUN MPOCOYYBaTBHUMN MAIp.

o
- T

13.5' _ I'etnnakc

I'etuHake mMapku A Mae TMIJABMINECHI 130JBIIIMHI BIACTHBOCTI: €JIEKTPUYHA
MILHICTb (CKpi3b mapu Marepiany) En,=20-25 kB/MM. EnekTpuuHi BIacTUBOCTI B3IOBX
IIapiB MaTepiary HIDK41 (aHI30TpornHuNA Matepian). [Tutomuii 06'eMHui omip TeTUHAKCY
B370BX 1apiB y 50-100 pa3i, a eneKTpuuHa MIIHICTh — y 5-8 pa3iB HIKYE, HIK CKPI3b
mapu. [ eTuHakc Moxke 00pOOIATHCS PI3aIBHAM 1HCTPYMEHTOM 13 TBEP/IUX CIUIaBIB.

TekcToiT - BUTOTOBISETHCS 3 MPOCOYEHOI TKAaHWHHM. BiacTuBoCTI
TEKCTOJIITY Ha OaBOBHSIHIA TKaHWHI OJM3BKI 10 BJIACTUBOCTEM reThHakcy. Mae
NIJBUILIEHY YAapHY B'SI3KICTb, CTIMKICTh O CTUpAHHS 1 po3KoJitoBaHHSA. OpHaK
TEKCTOJIT Y M'ATHIIICTh Pa3iB JOPOKYE TETUHAKCY.

13.6 — Tekcroumit
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Oco0muBUM BHJIOM TEKCTOJITY € CKJIOTEKCTOJIT, SKUH BUTOTOBJISIETHCS HA
OCHOBI  CKJISIHOI TKaHMHU. Mae TIOpIBHAHO BHCOKY  HarpiBOCTIHKICTb,
BOJIOTOCTIMKICTh, MEXaHIYHY MILHICTB 1 €IEKTPO130JIALIHHI BIACTUBOCTI.

HlapyBaTi TIJIaCTMKA  3aCTOCOBYIOTH Y BHCOKO- 1  HHU3BbKOBOJIBTHOMY
arapaTonpuiao0yIyBaHHi sIK OCHOBY JUISl BATOTOBJICHHS JPYKOBAHHX ILIAT.

13.3. Enxacromipu

Enacromipu - marepianim Ha OCHOBI KaydyKy 1 OJNM3BKHX 1O HBOTO 3a
BJIACTUBOCTSIMU peYoBHH. Kaydyk XapakTepU3yeThCS BHUCOKOK €IACTUYHICTIO 1
MaJIOr0 TIPOHUKHICTIO JJII BOJIOTH 1 Ta3iB.

HartypaiabHuii kaydyk 100yBarOTh 3 pOCIUH-KaydyKOHOCIB. KaydykoHocH
MICTSITh IPUPOJIHUM CiK — JIATEKC.

Puc. 13.7 — HarypaybHuii Koy4dyr

Kaydyk BUIIISE€THCS MpU KOAryJssiii JaTeKCy 1 BHIAJICHHI JOMIIIOK. 3a
XIMIYHMM CKJIJIOM HaTypajbHUH KaydyK sBJsi€ COOOI0 MOJTIMEpHUIN BYTJIEBOJCHB,
mo wmae ckinan (CsHg). Yxe mpu HarpiBanni ao temmneparypu S50°C kayuyk
PO3M'SIKIITY€THCS 1 CTAa€ JIUIKUM, a TIPU HU3BKUX TeMIepaTypax — Kpuxkum. Kaydyk
PO3UMHSETHCS y BYTJIEBOIHSAX 1 CIpKOBYTJIeli. Po3unH kayuyky B OeH3uH1 (TyMOBH
KJIei) 3aCTOCOBY€THCS IS CKIICIOBAHHS KaydyKy 1 TyMH.

Yepes Mamy CTIMKICTb 0 Mii MIJBUIICHUX 1 HU3BKUX TEMIIEPATyp, a TAaKOX
PO3UMHHUKIB UYHUCTUH KaydyK Ui BHUTOTOBJIEHHS €JIEKTPUYHOI 13011l He
BXXKMBalOTh. Kayuyk BYJKaHi3yl0Th, TOOTO HarpiBarOTh MICJs JOJaBaHHS CIpKH.
Bynkanizaris moJimnirye sSK HarpiBOCTIMKICTh, TaK 1 MOPO3OCTIMKICTh KaydyKy,
MI1JIBUIIY€ HOT0 MEXaHIYHY MIIHICTb 1 CTIMKICTh 1O PO3YNHHHUKIB.

I'ymu. B 3anexHOCTI BiJl KIJIBKOCTI CIPKH, IO JOAAETHCSA 10 KaydyKy, MpU
ByJIKaHi3alli OJepKyloTh: M'AIKy rymy (1-3% cipku, Mae BUCOKY MPYXHICTb),

TBepay rymy (30-35% cipku, e0OHIT — TBEpAMI MaTepia, 0 Ma€ BUCOKY CTIHKICTb
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70 yJapHUX HaBaHTAXKEHb). BilIHOCHE BWIOBXKEHHS 10 PO3PHUBY IS PI3HUX
TeXHIYHUX TyM ckinagae Big 150 mo 500%, a mist ebonity — Big 2 g0 6%. Kpim
Kay4yKy 1 CIPKM MPH BUTOTOBJICHHI T'YMU ¥ €0OHITY J0 CKJIaay T'yMOBOI CyMilii
BBOJSTH PI3HI HAmoOBHIOBaul (Kpeina, TajabK 1 1H.), IO ICTOTHO BIUIMBAIOTh Ha
BJIACTUBOCTI T'yMH, a TaKOX OapBHUKH, KaTamizatopu ("mpuckoproBadi') mporiecy
BYJIKaHI3aIlll ¥ 1HIIUX PEUYOBHH.

['yMy MmIUpOKO 3aCTOCOBYIOTH JIs 130JIAIIii MOHTaXXHHUX IPOTiB, THYYKHX
NIEPEHOCHUX TPOBOMAIB 1 KabeniB. BoHa BXXHBAEThCS TAaKOX IJIsI BUTOTOBJICHHS
3aXUCHUX PYyKaBUYOK, TaJioll, KOBPHUKIB 1 130JALIHHUX TpyOOoK. Hemomiku rymu sik
eJIEKTPOI30JIALINHOTO MaTepialy — HU3bKa HarpiBOCTIMKICTH (IIPH HarpiBaHHI ryMa
cTapie, OXpYMUyeEThCS 1 TPICKAETHCS), MaJla CTIAKICTh 110 11i HA)TOBUX Macel, Y
AKUX TyMa HaOyxae, 1 IHIIUX HeNOoJISIpHUX piauH (0eH3071, OCH3UH 1 1H.), a TAKOXK 10
i1 cBiTJIa, 0COOIUBO YIbTpadiosieTOBOro, il BILTMBOM SIKOTO I'yMa IIBUIKO CTapie.

3aaMuKM BUIBHOI CIPKH, III0 € B TyMi, IIKIIJIUBO JIIF0 HA MiJb, 0COOJIHBO
NIpU MABUIIEHIN TeMIiepatypi (Mib 3'€IHY€EThCS 13 CIPKOIO, YTBOPIOIOUU CIPUHCTY
MIJIb ).

Tomy HempumycTuMO 6€3n0cepeIHbO HaKJIaJaTH 3BUUaiHy TYMOBY 130JISIII1EO
Ha MIJHY KWy KabenpHoro BupoOy. Ilonepeanbo Migp MOKPHUBAIOTh TaK 3BaHUM
po3IUIMTENIeM — IIapoM oJioBa abo marepoM. Ha amromiHIEB] KU TymMa MOXKE
HaKJIaJaTuCs Oe3MocepeIHbO, 0€3 PO3ILITUTEIIS.

CazkeBi r'yMH MiCTATh y SKOCTI HallOBHIOBa4Ya Caky, TOMYy MalOTh YOPHUH
KoJiip. EnexkTpoi3oisiiiiii BIacCTUBOCTI HU3bKI. Taki 'yMH BUKOPUCTOBYIOTH JIUIIIC
B THX BHUIIQJIKaX, KOJM BUCOKI EJICKTPUYHI BIACTUBOCTI 130JISIii HE MOTPiOHI
(HampuKIIam, 30BHINIHI 3aXWCHI OOOJOHKM (IIJIaHTH) TyYMOBUX KabOemiB). Jlms
3BUYAMHUX eneKTpoizoiauiitnux rym E,, =20-30xB/Mm.

EOoHiT 115 11171€# €eKTPOTEXHIKU BUITYCKA€THCSA y BUTIISIL JIUCTIB (JOIIOK),
cTepkHIB 1 TpyOoK. Bin go0Ope mignaeTbes MexaHidHii 00poOIll 1 3aCTOCOBYEThCS
MEePEBAXKHO B TEXHIIl CIIAOKUX CTPYMIB, JUIsl aKyMyJIATOpHUX 0akiB 1 T.1. OcTaHHIM
yacoM €0OHIT 3HAYHOIO MIpPOI0 BUTICHAETHCS IJIACTMACAMHU.

CuHTeTHYHI Kay4YyKM — CHHTETHYHI Marepiajlid, CHpPOBHUHOIO s
BUTOTOBIICHHS SIKUX CITy>KaTh CIIUPT, HadTa 1 IPUPOIHUI Ta3.

ByranieHoBuii kaydyyk — HaiOUIbII pPO3MOBCIOPKEHUNH CHHTETUYHUN
Kay4yK, CUHTE3YEThCS B pPe3yJbTaTi MOJIMEpH3alii ra3onoai0HOro BYTJIEBOIHIO
oyrtanieny. [lIupoko 3acTOCOBY€ETHCS 3aMICTh HAaTYpaIbHOTO Kaydyka ado B CyMIIIIi
3 HUM JJIsl BUTOTOBJIEHHS SIK M'SIKOT T'yMHU, Tak 1 €00HITy. Kayuyku (HaTypayibHUM 1
CHUHTETHYHI) € TEPMOPEAKTUBHUMH MaTepiaIaMHu.

13.4. Ckio
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Cku10 - HeopraniyHa aMop(Ha peuoBHHA, IO € CKJIAIHOI0 CUCTEMOIO PI3HUX
okuciiB. KpiM CKIIOCTBOPIOIOUUX OKHUCIIIB, TOOTO TaKHMX, KOXKEH 3 IKUX 3/IaTHUHN caM
o cobi yrBoproBaTu ckiio (Si;O 1 iH.), O CKIaAy CKJa BXOASTH 1 1HII OKUCIH:
JTyXH1, Ty*KHO3EMEJbHI i 1H. 31e01IbIIOro OCHOBA CKJIa — KpeMHiH (Siz). Ckiio Ha
OCHOBI KPEMHIisl Ha3UBalOTh CHJIIKATHUM.

BiacTuBOCTI CKJ1a 3MIHIOETHCS B IIIMPOKUX MEkKaX B 3aJIEKHOCTI BiJl CKIaay 1
pexumMy TernoBoi 06pobku. I{ineHIiCTE cKIa MOXke cTaHOBUTH Bix 2 10 8,1 r/cm’.
OG'eMHHUI OITip IPH HOPMAJIBHUX YMOBAX MOXke OyTu B Mexkax py=10°...101°0Om-m.
EnextpruuHa MIITHICTh HPH €ICKTPUUHOMY ITPOOO0i MaJIo 3aJI€XKHUTh BiJl CKIIaTy CKJIa
1 gocsirae Ep=500xB/MM. OcHOBHUI BILIMB Ha E,, MatOTh MOBITPSIHI BKJIIOUEHHS B
TOBIII CKJIa. SIK mpaBuiio, mpooiil ckia Mae eIeKTPOTEINIOBUIA XapaKTep.

Bazkke cKJI0 —CKJIO 3 BUCOKUM BMICTOM CBHHITIO (KPHUIIITAJ, (OJIIHTH).

MIiIHICTh CKJIa TPH CTUCKAIOUOMY HaBAaHTa)KEHHI MOPIBHAHA 3 MIIHICTIO
CTajiei, a MIIHICTh MPU PO3TATYBAHHI — Maike HA TOPSAIOK MEHIIE. Y 3BUYANHHUX
YMOBAaX CKJIO Kpuxke. SIK 1 iHII1 aMOp(HI pEHOBUHU, CKJIIO HE M€ Pi3KO BUPAKEHOT
TeMIiepaTypu IuiaBieHHs. Temmeparypa po3M'aKIIEHHS JJis PI3HUX THUIIB CKJIa
3HaxoauThesa B Mexax B1x 400 no 1600°C.

[Ipy mBUAKOMY HarpiBaHHi a00 OXOJIOJUKEHHI CKJa BHUHHUKAIOTH
TEMIIEpaTypHI HAMpyTH, MO0 € TPUYUHOI HOTO PO3TPICKYBaHHS. TOHKOCTIHHI
CKJISTH1 BUPOOH OLIBII CTIHKI IO PI3KOI 3MIHHM TEMIIEPaTyp, HI’K TOBCTOCTIHHI.

TemnepaTypHuii koedilieHT PO3MKUPEHHS CKJIa MPHU BIIAIOBaHHI METAJIIEBOTO
IpoTy a00 CTPIYKH B CKJIO (HATPUKIIAJ, Y €JIEKTPOBAKYYMHHX MPUIIaiax ) HEOOX1THO
nig0upaTd TaKUM YHUHOM, 1100 HOro 3HaueHHs Oynu OJM3bKUMM JI0 3HA4YeHb
TeMIepaTypHOro KoedilieHTy MaTepiaiiB, 110 3'€JHYIOThCS 3 CKIIOM.

TIinpoaiTuyna cTilikicTh (CTIHKICTB 710 1T BOJIOTH) OIIIHIOETHCS 32 KIJIBKICTIO
CKJIAJIOBUX YaCTHH CKJIA, 10 MEPEXOASITh Y PO3YUH 3 OJMHULII TOBEPXHI CKJIa MpU
TPUBAJIOMY 31TKHEHHI 3 BOJOI0. PO3UMHHICTH CKJIa 301IBIIYETHCS MPH 3POCTAHHI
Temneparypu. HaliBully riipoiiTHUHy CTIMKICTh Ma€ KBapLOBE CKIIO.

Citan — HOBUW mNEepCHNEKTUBHUN BHUJ CKJIOMOAIOHMX MaTepiaiiB, IO
OTPUMYIOTh IIIIXOM MaiXe IMOBHOI KpHCTami3allii CKJia CIeliaJbHOro CKJIaay
(Ha3Ba "citan" ckopodeHHs ciiB "cuimikatr' 1 "kpucrtan'"). BoHu 3aiiMaroTh IPpOMIXKHE
MOJIOKEHHS M1 3BHYaWHUM CKJIOM 1 KepaMikKow (TOMY 1HOJI iX Ha3MBaIOThCS
CKJIOKEPaMIKOI0).

MatoTh BITHOCHO BUCOKY MIIIHICTh 1 XIMIYHY CTIHKICTb.

3a npu3HaYeHHAM PO3PI3HAITH WIICTHh THIIB €JIEKTPOTEXHIYHOIO CKJIA:

1. Kongencaropne — BUKOPUCTOBYIOTHCS SIK JIIEJICKTPUK KOHICHCATOPIB,
3aCTOCOBYBAaHUX Y BHCOKOBOJBTHUX (UIbTpax, B IMIYJIbCHUX T€HEpaTropax, y
KOJIMBAJbHUX KOHTYpPaX BUCOKOYACTOTHUX MPUCTPOIB.
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2. MoHTaxkHe — CIyXaThb s BUTOTOBJICHHA KpIMUJIBHUX JETalIeH,
13071TOPIB (TenerpadHuX, aHTEHHUX, OMOPHUX, MPOXIAHUX 1 1H.).

3. JlammoBe — 3aCTOCOBYIOTHCS JIJIsI OAJIOHIB 1 HXKOK OCBITJIFOBATHHUX JIAMII,
PI3HUX EJNEeKTPOHHHUX MpuiaiiB. [lo HUX Mpen'saBiseThCsS BUMOTa 3’ €IHYBAaHOCTI 3
MeTasioM (Bob(pamMoM, MOJIIOIEHOM 1 1H.)

4. CkJjoemaJjii — JICTKOIUIABKI HEMPO30pl eMaji, 10 MPU3HAYAIOTHCS IS
MTOKPUTTSI TOBEPXOHDb PI3HUX BUPOOIB.

5. CkJi0 3 HamoBHIOBa4YeM — IJJacTMaca Trapsyoro MpecyBaHHA 31 CKia i
CITIOITHOTO TIOPOTIIKY (MIKaJIEKCy).

6. CKJIOBOJIOKHO — CKJIO, III0 BHUTATYETHCS B JIOBTI THYYKI HHUTKH, IO
BUKOPHUCTOBYIOTHCS JUISI BATOTOBJIEHHS TEKCTUIIBHUX CKIIOMATEpiaiiB 1 CBITIOBO/IIB.

13.5. KepamiuHi eseKkTpoi3ossiniiiHi MmaTepiaau

EnexTporexniuna kepamika — HEOpra"iyHi wmarepiaiu, OJepKyBaH1
CHIKaHHSAM TJIMHH 3 MiHEpaJbHUMH JO0OaBKaMHU, a TAKOK OKCHUJIIB METAJIIB 1 1HIINX
HEOpraHiuyHux 3'eqHaHb (KapOiniB, OOpUIIB, HITPUAIB). Y pe3yNbTaTi CIIKaHHS B
KepaMiuHiii Macl BiJOYBa€ThCS YTBOPEHHS MIIHUX 3 BSI3KIB MK CKJIaJOBUMHU
CyMIiIII, 0 Ha/Ia€ KepaMilll 3HaYHOT MIITHOCT1 1 TEPMOCTIHKOCTI.

Puc. 13.8 — EnexTpoTexHiuHa KepaMika

B enekTporexHili KepamiuHi MaTepiail BUKOPUCTOBYIOTH B SAKOCTI
HaITBIPOBITHUKOBUX, MAarHITHUX ((hepUTH) 1 €JIEKTPOI30JIAIIINHUX.

Kepamiuni enekTpoi3oisiiiHI MaTepiaii MalTh BHCOKY MEXaHIYHY
MIIHICTh, MAJIMH KYyT AI€JEKTPUYHUX BTPAT, BUCOKY J1C€JIEKTPUYHY MPOHUKHICTD,
3HAYHY HarpiBOCTIHKICTh. Y TMOPIBHSAHHI 3 OPTraHIYHUMHU €JIEeKTPOI30JISIIIHHUMHU
MaTepiajlaMi Kepamika OLIbII CTIHKa 0 eJIEKTPUYHOTO 1 TEIUIOBOTO CTAapiHHS, HE
Jla€ 3aJIMIIKOBUX JAedopMalliil Ipu TpUBAIIN A1 MEXaHIYHOTO HAaBaHTAKCHHS.
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MeTtagni3zaiisi kepaMikm — HAaHECCHHS Ha TOBEPXHIO KEpaMiKHU SKOTOCH
MeTany (Hampukian, cpibia) TEepMIYHHUM METOAOM. 3abe3rnedye MOXKIUBICTh
3M1ACHEHHST M'SIKOT 1 TBEpAOi CHAaMKU KEpaMmiKd 3 METajoM, IO Ma€ OCOOJIMBE
3HAYEHHS JIJIsl CTBOPEHHS TePMETHU30BAHUX KOHCTPYKIIIH.

dapdop € 0lHUM 3 OCHOBHUX MaTepiaiiB 130JATOPHOTO BUPOOHUIITBA. J{Jist
BUTOTOBJIEHHS (dapdopy 3aCTOCOBYIOTh CHEIllalibHI COPTH TJWHM (KaojiH) 1
MIHEpaJId KBapIl 1 mojboBHi mmar. OCHOBHI BJIACTUBOCTI obmnanieHoro (apdopy:
wineHicTs 2,3-2,5 1/cM’; TemmneparypHuii Koeil[i€HT JIHIHHOTO pPO3MMPEHHS
MeHIIe, Hik y ctani. @apdop MEHI KPUXKHM, HIX CKJIO, XIMIYHO CTIMKHUI (TOMY
HOro 3aCTOCOBYIOTH JIJIsl BUTOTOBJICHHS XIMIYHOTO MOCy1y). EnekTpruuHa MilHICTh
npu  HopMmaubHiM  Temmeparypi  Ep,=10-30 kB/mm;  00’emHuMit  omip
py=10'2...1030M-m. Tlpum miABMINEGHUX TeMIEpaTypax  EIEKTPOi3OJIAIiiHi
BJIACTUBOCTI TIOPIEIISTHU TOTIPITYIOThCS.

I'na3yp — cknonoaiOHa mMaca, 110 HAHOCUTHCS TOHKUM IIAPOM Ha MOBEPXHIO
dapdopoBoro i3omaropa. [lpm Bumam THazyp pO3IUIABISETHCS 1 IOKPUBAE
MOBEPXHIO 130JIATOpa TOHKUM miapoM. ['naszyp 3axuimae gapdop Bif MpOHUKHEHHS
BOJIOTH B TIOPU 1 TUM CAaMHUM 3MEHIIYE 11 TIIPOCKOMIYHICTb.

3 TrexHiuHOTO (hapdHopy BUTOTOBIISIIOTH:

— JIiHiHHI i30J5TOPU — MiJBICHI 17151 OB BUCOKUX HanpyT (Oinbiie 35kB)
1 IITUPBHOBI JI7Is1 OTBIIT HU3HKUX;

— CTAHIiMHI i3019TOPU: ONOPHI 1 MPOXIJIHI;

— amaparHi i30JI9TOPH, 1[0 BXOJAATH y KOHCTPYKIIIO PI3HOMaHITHUX
amapariB: TpaHchOpMaTOPiB, MACISIHUX BUMHKAYiB, PO3'€IHYBaUiB, PO3PSTHHKIB,;

— MOHTAa:kHi (papdopoBi BUPOOU: poJuKH, ACTall MaTPpOHIB, BUMHKAYIB,
HITENCENIbHUX 3'€/THaHb, 3aMI001KHUKIB, BIITSOKHI aHTEHHI 130J1sITOpH, TenerpadHi 1
Tene(OoHHI 130JITOPH .

Paniodpapdop i iioro cydacma moaudikaris - yiabTpadapdop - me B
ocHOoBHOMY ¢apdop 3 pizHUMEH go0aBkamu, 30KpeMa, okuc Oapito (BaO).
VYnabrpadapdop Mae nigBUIICHY B MOPIBHAHHI 31 3BHUaHUM (papPopoM MeXaHIuHY
MIIHICTb.

CreaTuT — BUJ KepaMiKW, BUTOTOBJICHHN Ha OCHOBI MiHEpaldy TalbKy
(3aBAsIKM MOTO HAJA3BHYAMHIN M'SIKOCTI PO3MEIIOEThCSA B MOpoIIoK). CreriaabHi
COPTH CT€ATUTY BUKOPUCTOBYIOTHCS JJIsi BUCOKOYACTOTHOT 130is1ii. He moTpebye B
TJIa3ypyBaHHS 3aBISKHA HAI3BUYANHO MIIIBHINA CTPYKTYPI.

Kongencaropna kepamika — Marepial 3 BHCOKHUM  3HAYCHHSIM
JIENEKTPUYHOI MPOHUKHOCTI, 10 JO3BOJISIE HOTO BUKOPUCTOBYBATH SIK J1€JIIEKTPUK
JUIS KOMITAKTHUX KOHJIEHCATOPiB. [[esKi 3 BUIB KOHJIEHCATOPHOI KEpaMIKH MalOTh
B SIKOCT1 OCHOBHOI CKJIaJIOBO1 YaCTUHH PYTHJI (JIBOOKHC TUTAHY, TUTAHOB1 OLINIIA).
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Cernerokepamika — Mae BHCOKY MJi€TICKTPUYHY MPOHUKHICTH, IO CHIBHO
3MIHIOETHCS 3 TEMIIEPATYPOIO, & TAKOXK HEMHIMHY 3aJICKHICTh €EMHOCTI BiJl BETMYUHH
OPUKIAJCHOT Hampyru, M0 Ja€ MOXJIMBICTH 11 BHUKOPHUCTOBYBAaTHM B PI3HHUX
SJICKTPOTEXHIYHUX 1 PaAlOTEeXHIYHUX MpUCTposax. Halnmommpenimmid mnpeacTaBHUK
CETHETOCNIEKTPUKIB — THUTaHaT Oapito (Tubap, BaO-TiO;). 3 cerHeToeneKTpHKiB
BUTOTOBJISIIOTh BAPUKOHAM — OCOOJIMBUN THUIT KOHJIEHCATOPIB, €MHICTh SKHX
HEJTIHIAHO 3aJIeKUTh BiJl IPUKJIAICHOT HATIPYTH.

13.6. Cirona i matepiaiim Ha 1i OCHOBI

Ciaroaa € HaBOKIIUBIIIUM 13 IPUPOTHUX MIHEPATBHUX €JIEKTPOI30JISIIIIHHUX
MaTepiaiiB 3aBASKA 11 BUCOKIA €IEKTPUYHIA MIIHOCTI, HarpiBOCTIMKOCTI,
BOJIOTOCTIMKOCTI, MEXaHI4HId MIIHOCTI 1 THY4YKOCTi. CIIoIy 3acTOCOBYIOTH Y
BIJIMOBIIATIGHIN €JIEKTPUYHIN 13011111, 30KpeMa, B 130JIA11li SJICKTPUIHUX MAIIUH
BUCOKMX Hampyr 1 BEJIMKUX TOTYXHOCTeH (y TOMY YHCII BEIHUKHX
TypOOreHepaTopiB 1 TiApOreHepaTopiB, TITOBUX EJICKTPOABUTYHIB 1 T.IL.), 1 SK
JIETEKTPUK y JACSIKUX KOHCTPYKIIISIX KOHJICHCATOPIB.

Puc. 13.9 — Cirona

Crrozia 3ycTpl4a€eThesi B MPUPO/Il Y BUTIISI KPUCTAJIB, XapaKTEPHOIO PUCOIO
SKUX € 3IaTHICTb JIETKO PO3IIAPOBYBATUCH [0 MapasieIbHUM ILIOMKUHAM (ILJIOIUHA
craifHocTi). 3a XIMIYHMM  CKJIQJOM PI3HI BUAM CIIOAM €  BOJAHUMU
amoMocuiikatamMu. HaiiBaxnusinn 3 HHUX: MYCKOBIT i ¢uoromit. Crmrona
BITHOCUTBHCA JI0 €ICKTPOI30JIALIMHUX MaTepiaiiB BUIIOTO Kjacy HarpiBOCTIMKOCTI.

MikaniTn — e auctoBi abo pyJlOHHI MaTepiaii, CKICEHI 3 OKPEeMHX
MJIACTUHOK CJIIOJIM 3a JIOTIOMOTOI0 KJICKHOUOro Jiaky abo cyxoi CMOJH, 1HOMI 3
3aCTOCYBaHHSIM BOJIOKHUCTOI "MKIaAKK" 3 anepy abo TKaHWHU.
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13.10 — Mikanit

Braciniiok HasgBHOCTI B MIKaHITaX BEJMKOi KiIbKOCTI (He meHIn 50% Barn)
CJIIOJIA BOHM MalOTh MOPIBHSHO BUCOKOIO HarpiBOCTIMKICTb.

13.7. A30ect i a30ecToBi MaTepianu
A30ecT — Ha3Ba rpynu MiHepajiB, [0 MalOTh YITKO BHUPAXEHY BOJIOKHUCTY

CTPYKTYpy. HalOiapn po3MOBCIOKEHUM THUI a30ecTy — XPU3OTHIIOBBIM — €
BOJIOKHHCTHUM PI3HOBHIOM MiHEpaTy XpU30TUIY (3MIHOBHKA).

13.11 —.A36eCT

A3bect 3ansrae B Kam'siH1# TpChKii MOPOI1 Y BUTJISAI JKUJI, IO CKIaal0ThCS
3 My4KiB BOJIOKOH. OCHOBHOIO MepeBarol0 az0ecTy B MOPIBHSAHHI 3 OpraHIYHUMU
BOJIOKHHCTHUMH MaTepiajaMu € BUCOKA HAIPIBOCTIHKICTh. A30€CT € NrpOCKOIIYHUM,
TOMY 4acTO MPOCOYYEThCSI OITyMaMu, CMOJIaMH 1 T.I. 3BHYAHHUI XPU30THIIOBBIHA
a30eCT PO3UMHSETHCA B KHUCJIOTaX, OJHAK JACSAKl MOPIBHSHO PiAKI BUAM a30€CTiB
MalOTh BHCOKY KHCJIOTOCTIHKICTh. EneKkTpoi3ondiiiiHi BIaCTHUBOCTI a30ecTy
MOPIBHAHO HEBUCOKI, TOMY BIH HE 3aCTOCOBYETHCS B 130JSIii MPH BUCOKHX
Hampyrax 1 4actorax cTpyMy. € HaJA3BUYAMHO MIKIIJIMBUM, TOMY IpH poOOTI 3
a30ecToM HEeOOX1/THO 3aXUIIATH JUXATbHI IIJISTXH.

A30ecToleMeHT (a300lIeMEHT) — 3aCTOCOBYBaHa B  EJICKTPOTEXHIIIl
IUTACTUYHA Maca XOJOJHOTO MPECyBaHHS YHUCTO HEOPTaHIYHOTO CKJIamy, y SKii

HAIIOBHIOBAYEM € a30eCcTOBE BOJIOKHO, a 3B'HSYB3.J'IBHOIO PE€HOBHUHOKO — HCMCHT.
165



A3001IEMEHT BUITYCKAETHCS Yy BUTIISIIL JIOMIOK, TPYO 1 (hacoHHMX BUpOOiB. BiH Mae
HENoraHl MeXaHIYHi, BIaCTUBOCTI 1 BUCOKY HArpiBOCTIHKICTb, JOOpE MPOTUCTOITH
BIUIMBOBI ICKOp 1 €JIEKTPUYHOI Jyrd, TOMY HOro BUKOPHUCTOBYIOTH IS
BUTOTOBJICHHS PO3MOJAUIBHUX JIOMIOK 1 IMUTIB, CTIHOK ICKPOTAaCHMJIBHUX Kamep 1
TIEPETOPOJIOK.

13.8. I'ipcbki mopoau

EnexTpoizonAiiiiHi BIACTUBOCTI TIPCHKHUX TMOPIiJ, SK MPABUIIO, HEBUCOKI,
TOMY BOHHM 3a3BHYali BHKOPUCTOBYIOTHCS JIUIIIE TIPU HU3bKUX HAMPYTrax 1 4acTOTax.

Mapmyp — ripcbka MOpoja 3€pHUCTO-KPUCTAIIYHOI CTPYKTYpH, IO Mae
3MATHICTh TIOMIPYBaTHCS /O I3€PKaIbHOTO OIMCKY. MapMyp 3aCTOCOBYETHCS SIK
JIEKOPAaTUBHUN (JIUILIOBAIbHMI) MaTepiai. B enekTpoTexHill 3 HOro BUTOTOBIISIOTh
PO3MOJUILHI IIUTH 1 JIOIIKH, OCHOBU PYOWJIBHUKIB 1 MEPEMHKAYiB MpHU poOOYMX
Hanpyrax 1o 500 B. Bin Mae kpacuBuii 30BHIIIHIN BUTJISA y MOJIPOBAHOMY CTaHi,
JIOCUTh BHCOKY MEXaHIYHY MIITHICTh TIPU CTATUYHMX HABAHTA)KCHHSX, HETOPIOUHH,
CTIMKMI 10 A1 BOAM, JIyTiB, OPraHIYHUX POZYNHHHMKIB 1 OJTIH.

IIudep (cnanerp, acmin) — pO3MOBCIOPKEHA TIPChKa MOPO/Ia, M€ 3BHYAHO TEMHO-
cipuii Kouip 1 mapysaty cTpykTypy. LlIndep 3HauHO mocTynaeTbes MapMypy 3a 30BHIIIHIM
BUTJIIJIOM, HOro HE MOXHa TodipyBatu. BiH ripiie 3a  eIeKTpoi3ossiiHIMU
BJIACTUBOCTSIMU, OUTBIII TITPOCKOMIYHUM, aJjie 1 OUTHII KACIOTOCTIMKUI 1 HarpiBOCTINKHA,
HDK MapMyp.

Tanbk (MIIbHUI KaMiHb, )KUPOBUK) — BOJHUN MarHe3iaabHui cumikart. Lle
KaMiHb CBITJIOIO KOJIbOPY, JIyCKaToi OyIOBH, *UPHUN a00 MHUIBHUN Ha JOTHUK
(3BimcM 1 Ha3Ba), JOCUTh M'AKUH, HOTO MOXKHA pi3aTh HOXKeM. TallbK JIETKO
PO3MEIIOETHCS B TOHKHM MOPOIIOK, 1110 ITMPOKO 3aCTOCOBYETHCS B PI3HUX Taly3siX
MPOMUCIIOBOCTI. Y TEXHIIll €JIEKTPUYHOI 130111 TadbK BUKOPUCTOBYETHCS SK
CHpPOBHMHA y BUPOOHMIITBI KEpaMidYHUX MaTepiaiiB, SK HAIMOBHIOBAY y T'YMOBHX
CyMmimiax, sK TPHCHUIIKA JJIs TOMEpEePKEHHS 3JIMIMaHHS APOTIB 3 TyMOBOIO W
a30€CTOBOIO 130JISII€I0  1H.

I'arat (cuGipcbKuii raraT) — ripchbka Mmopojaa OpraHiqyHoro moxokeHHs. Bin
Ma€ TEeMHO-KOPUYHEBUH KOJIIp, 10Ope MOJiPYy€eTHCS 1 MEXaHIYHO 00poOseThes. [Ipu
100°C Bin crae rHyukum, npu 250°C mnoumnae poskmagatucs, mpu 400°C
3aropse€ThCsl.

13.9. Oxcuana i gropuana izoasauii

[Ipn okucIIOBaHHI JOESKUX METANiB Ha iXHIM MOBEPXHI YTBOPIOETHCS IIap

OKHUCITY (OKCHIY) METally, 1[0 Ma€ eNEeKTPOI30IAIiiHI BIracTuBOCTI. HaltuacTimie Ha
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MPAKTHIl 3aCTOCOBYETHCSI OKCHIHHUH 130JIALIMHUYN 11ap Ha aTtoMiHIi, 0JepKyBaHUN
NUIIXOM CHeIianbHOI 00pOoOKM (3a JOMOMOTOIO0 eJIeKTPOXiMiuHO1 "aHOomHOT"
00poOku). OKCua amOMiHII0 Ma€ JOCUTh BUCOKY I MPAKTUYHUX II1JIeH IPOOUBHY
Hanpyry (Enp=1,2...4,3 kB/MM). Hegomnikamu okcuaHoi 1305151i{ € Maja FrHyYKIiCTb 1
3Ha4YHAa IrPOCKOMIYHICTD (TOMY 3a3BHUYal 11 MOKPUBAIOTH JJaKOM). OKCHTHA 1301115
QIIOMIHIIO BIIHOCUTBCS JO HAWBHUIIOTO KJacy HarpiBOCTIMKOCTI, OCKUIBKH i
TeMreparypa riaBjieHHs 6au3bko 2050°C.

dTopuaHA 130JIAIis CTBOPIOETHCS MPH B3aeMoJlli MeTana 3 (GTOpPOM Ipu
HiABUIICHINA TeMrieparypi. Takum unHOM yTBOpIO€ThCs GTopua amominiio (AlF;) 1
¢dropua miai (CuF,).

3anuTaHHA 1JI51 CAMOIIePeBIpPKM:

1. [Ilo Take BOJIOKHKUCTI MaTepiaiu, 1 Kl IXHI OCHOBHI IlepeBaru Ta HeJAOJMIKHU ?

2. SIx TOMIMNIIYIOTHCS BJIACTUBOCTI BOJIOKHHUCTHUX MarepiajiB y IMpoIeci
IPOCOYEHHS?

3. Sxi ocobmuBocTi OaBOBHAHMX TKAaHWH 1 HATypaJbHOTO IIOBKY SIK
eJIEKTPOI30JIALINHUX MaTepiaiiB?

4. Illo Take TaKOTKaHWHA, 1 1711 YOTO BOHA BUKOPUCTOBYETHCS?

5. YV YoMy OCHOBHI BIJIMIHHOCTI MDK HaTypaJlbHUMH, IITYYHUMU Ta
CUHTETUYHUMU BOJIOKHAMU?

6. Ilo Take muacTu4Hi MacH, 1 sIKl KOMIIOHEHTH BXOJATh JI0 IXHBOT'O CKIIaTy?

7. SIxi BIacTMBOCTI MIAPYyBAaTHX IUIACTHKIB (T€TUHAKCY 1 TEKCTOMNITY), 1 A€
BOHHU 3aCTOCOBYIOTHCS?

8. SIk1 BITMIHHOCTI MK TEPMOILJIACTAMH Ta TEPMOPEAKTUBHUMMU IJIACTUKAMHU?
Hagenite npuknaam.

9. SIki OCHOBH1 HEJIOJIIKUA T'YMHU SIK €JIEKTPOI30IAIIMHOTO MaTepiany?

10. Ilo Take ByiKkaHi3allisl Kay4dyKy, 1 SIK BOHA BIUIMBA€ Ha BJIACTHUBOCTI
Marepiaiy?

11. [lo Take cuiaikaTHE CKIIO, 1 sIKI HOTO BIACTUBOCTI SIK JII€JIEKTPUKA?

12. o Take ciTtai, 1 IKi HOTO MepeBark MOPiBHAHO 31 3BUYAHUM CKIIOM?

13. Yum dapdop Biapi3HAETHCS Bif CTEATUTY 32 CBOIMH BJIACTHBOCTSIMH Ta
3aCTOCYBaHHSM?

14. Sxi BUAM CIIOAM BUKOPUCTOBYIOTHCS B TEXHIlll, 1 SKI 1X OCHOBHI
XapaKTEPUCTUKH ?

15. Illo Take okcuIHA 13011115, 1 YOMY 11 3a3BUYAl MOKPUBAIOTH JTJaKOM?

TEMA 14. PI3UKO-MEXAHIYHI TA XIMIYHI BJIACTUBOCTI
167



EJIEKTPOTEXHIYHUX MATEPIAJIIB

Merta: o3HaitomuTH 37100yBadiB BHINOI OCBITU 3 (PI3UKO-MEXAaHIYHUMHU Ta
XIMIYHMMH BJIACTUBOCTSIMU €JIEKTPOTEXHIUHUX MaTepialiB, SIKI BIUIMBAIOTh Ha iX
e()eKTUBHICTb Ta HAJIIMHICTh y MPOILIEC] EKCIUTyaTallii.

[Tman nexiui
1. 3aranbpH1 OHATTS;
2. BonorocTidkicTh €IeKTPOI30AIINHIX MaTepialiB;
3. TernioB1 BIaCTUBOCTI A1€IEKTPHUKIB;
4. MexaHiuH1 BJaCTUBOCTI MaTepiaiB;
5. XiMi4H1 BIaCTUBOCTI €JIEKTPOTEXHIYHUX MaTepialiB;
6. BracTuBOCTI J1€IEKTPUKIB 1111 BIUTMBOM BUIIPOMIHIOBaHb BUCOKOI €HEPTii.

XiJT TPOBEICHHS JICKIITHOTO 3aHATTS
I. Opranizaris rpynu;
II. MoTtuBallis HaBYaJIbHOI J1SAbHOCTI. OTONOIIEHHS TEMUA 1 METH;
I1I. Buknagensst Ta 0OTOBOPEHHSI HOBOTO MaTepiay;
IV. OrosomeHHs 3aBaaHHs Ha CAaMOCTIHHE OIpaIfOBaHHS Ta MiJArTOTOBKY.

14.1. 3arajbpHi NIOHATTHA

[Ipn BHOOPI €NEKTPOI3OJALINHOIO MaTrepialy B 3aJI€KHOCTI BiJl yMOB
eKCIUTyaTallii MOXyTh OyTH BaKJIMBUMHU HE TUIHKU MOTO €JIEKTPUYHI BIACTHBOCTI,
ayie 1 i1 (i3u9HI, a TAKOK MEXaHI4HI 1 XIMIYHI BIACTUBOCTI.

@izuyHi BJACTHUBOCTI (3yMOBIIEHI OCOOJIMBOCTAMH MIKPOCTPYKTYPH):
BOJIOTOCTIMKICTh, TEPMOCTIMKICTh (3aTHICTh MPOTUCTOSTH BUCOKHM 1 HHU3BKUM
TeMmrepaTrypamM), paaialiiiHa CTIMKICTh (3AaTHICTh MPOTUCTOSTH PIZHUM BHUIAM
BUMNPOMIHIOBaHb), TEMIIEpATypHI KOE(ILUIEHTH JIHIHHOTO PpO3IMIMUPEHHS (s
JeTanel, y IKUX KOHTaKTYIOTh Pi3HI MaTepiajn).

Mexaniuni BJACTUBOCTI (3yMOBJICHI OCOOJHMBOCTSIMH MAaKPOCTPYKTYpH):
CTaTUYHA 1 JUHAMIYHA MIIHICTh, TBEPIICTh, TMPYXKHICTh, TUIACTUYHICTD,
3HOCOCTIMKICTh TOLIO. Y PsiAl BUMAAKIB 0 BHUPOOIB Mpena'sBIsAIOTHCS BUMOTHU
CTIMKOCTI 70 BiOpaIliii pi3HUX aMILTITY/I 1 4aCTOT.

XimMiyHi  BJACTHBOCTI:  OKHCIIIOBAHICTh  IOBEpPXHI,  PO3YMHHICTD,
CKJICIOBAHICTh (KOTe€31s 1 ajresis) MarepiaiiB, XIMIKO-010JIOT1YHA CTIMKICTh B
yMOBaxX arpecMBHOTO HABKOJHMIIHBOTO CEpeAOBUINA (HANPUKIAT, y TPOMIYHUX
YMOBAaX 3aXHCT B1Jl THUJIBHUX OakTepiil, KOMax 1 yTBOPEHHS 1IBLJI1) TOLIO.
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14.2. Boy10roCTiHKICTDH €JIEKTPOI30JIALiHHINX MaTepiaJiiB

BoJjorocriiikicTb — 34aTHICTh MaTepialy MPOTUCTOSITH HPOHUKHEHHIO
BOJIOTH 3 HABKOJIMIIHBOTO cepeaoBuia. besnocepeHboO 3a1€KUTh Bl TaKoi HOTro
BJIACTUBOCTI, SIK TIFPOCKOMIYHICTD.

IirpockomiuHicTh — 37aTHICT, MaTepiady BCOTyBaTH BOJIOTY 3
HABKOJIMIITHBOTO CEPEIOBUIIA.

BosioronpoHukHicTh — 371aTHICTh MaTepially MPOMYCKaTU Kpi3hb cebe mapu
BOJIU.

ATMoOchepHe TOBITPS 3aBXKAU MICTUTh ACSKY KUIbKICTh BOJASIHOI MapH.
AOCOJIIOTHY BOJIOTIiCTH MOBITPSl OIIHIOIOTH Macol0 m (T) BOASIHOI MapH, IO
MICTHTBCS B OJMHUILI 00'eMy TOBiTps (M3).

Ha puc. 14.1 naBeneHa temriepaTypHa 3aJI€KHICTh a0COJIFOTHOI BOJIOTOCTI
MOBITPS TPU HACUYECHHI (Myac), TOOTO OUIBINOI KIIBKOCTI BOAUM MPHU BCIX

3a3HAYCHHUX TEeMIIepaTypax IMOBITPS MICTUTH HE MOXE, TOMY HA/JIUIIOK BOJIOTH
BUIIAJA€ y BUTJIS/1 POCH.

2
3 H
M Viimarc

g &
<]
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Puc. 14.1 — 3anexuicts aOCONIOTHOT BOJIOTOCTI MOBITPS
IIpU HACHYEHHI BiJl TEMIEpaTypu

3 pucynka 14.1 BuaHO, 1O aOCOJIOTHA BOJIOTICTH pPI3KO 3pOCTa€E 31
30UIBIIICHHSIM TeMIIEPaTypH.

BinHocHa BoJioricTh MOBIiTPSI JOPIBHIOE BIAHOIIEHHIO MaCH BOJISTHOI TIApH B
OJIMHUIII 00’ €My JI0 HOTO MacH MpHU HACUYCHHI1

100%.

¢, =

max
Bona € cuiabHOMONMSPHUM JIEJIEKTPUKOM 3 HU3BKUM MUTOMUM OIMOPOM (p

=10°10* OM-M), a ToMy il IPOHUKHEHHS B IIOPH TBEPAMX IEJIEKTPUKIB BEIE 0
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PI3KOTO 3HUXKEHHS IX E€JIeKTPUYHMX BiacTHUBOCTeW. OcOOJMBO MOMITHHI BIUIUB
BOJIOTOCTI TpH miaBuineHux Temneparypax (30-40°C) 1 BigHOCHIN Bojorocti 98-
100%. IlomibHi yMOBM CHOCTEpIralOThbCsi B KpaiHaX 3 BOJIOTUM TPOIIYHUM
KJIIMaTOM, MPUYOMY B IMEpioJl AOUIIB BOHM MOXYTb 30epiratucs MpOTATOM
TPUBAJIOrO0 TEPIONy Yacy, L0 HETaTUBHO IO3HAYAETHCS Ha EKCILTyaTalliiiHuX
XapaKTEPUCTUKAX €JIEKTPUYHUX MAIIMH 1 arapaTiB.

B nepury yepry nijiBuiieHa BOJIOTICTh MOBITPS BIUTMBAE HA TOBEPXHEBUH OIIP
nienekTpukiB. [lpu HasgBHOCTI B JI€JIGKTPUKY BIAKPUTOI TOPHUCTOCTI BOJOTa
NoTparuiie BcepeauHy Mmatepiany. s 3aXucTy TBEpAMX MAICNEKTPUKIB BiA il
BOJIOTOCTI 1X MOKPHUBAIOTH JIAKAMH, 10 HE 3MOUYIOTHCS BOJIOIO.

BoJioricTs MaTepiagiB — e neskuil "piBHOBaXHMIA" CTaH BOJIOTOCTI, SIKOTO
JIOCSITA€E  €JICKTPOI3OJALIMHUN MaTepiall TpU JaHId BOJOTOCTI 1 TeMmmepaTypi
HABKOJIMIITHBOTO CEPEIOBHUIIA Yepe3 IOCTATHHO TPUBAIIUHI Yac.

Ha rirpockomiuHicTh MaTepiady 1ICTOTHO BIUIMBA€E MOT0 CTPYKTypa 1 XiMIUHA
npupoja. Benuky posib rpaloTh HasBHICTH 1 PO3MIp KamUISIPHUX MPOMIKKIB
ycepeanHi MaTepialy, B Kl IPpOHUKae BoJiora. KpynmHomopucTi Matepianu, 30KpeMa
BOJIOKHHUCTI, OLTBII TIFPOCKOMIYHI, HIK MaTepiajiv MUIbHOI CTPYKTYPH.

OpieHTOBaH1 PO3MIPH MOP, IO 3YCTPIYAIOTHCS B PI3HUX €JIEKTPOI30AIINHIX
MaTepianax (juisi HOpiBHSAHHS JiaMeTp MoJeKyiu Boau D,~2,7 A):

- Makpornopu B kepamiri — 103-10° A;

- KAITiIspH y BOJIOKHAX Hemonosu — 10° A;

- Mi’KMOJIEKYJIIpHA IOPUCTICTh Pi3HKUX MaTepianis — 10-50 A.

XapakTepucTUKa BOJIOTONPOHMKHOCTI BaXJIMBAa MJsl OLIHKA MaTepiais,
3aCTOCOBYBAaHUX JJIsi 3aXMCHMX NOKPHUTTIB (LIUTAaHTH KaOeniB, OINpecyBaHHSA
KOHJICHCATOPIB, KOMIMAYH/IHI 3aJIMBaHHS, JIAKOBI TOKPUTTS JAeTasieil). 3aBasKu
HAsIBHOCT1 JIpiOHOT MOPHUCTOCTI OUIBLIICTh MaTepiayliB Ma€ BOJOTOMPOHUKHICTb.
Tineku myist ckia, goOpe obOmajeHol KepamiKh 1 METaldiB BOJIOTONMPOHUKHICTH
MPAKTUYHO JIOPIBHIOE HYJICBI.

Jis  3MEHIIEHHS TIrPOCKOMYHOCTI 1  BOJIOTONPOHUKHOCTI  MOPUCTUX
130JIIIIMHMX MaTepiaiiB IIMPOKO 3aCTOCOBYETHCS iXHE MpocodyBaHHsA. OpjHak
MPOCOYEHHSI IETFOJIO3HUX BOJIOKHUCTHX MaTepiajiB 1 IHIIMX MOPUCTHX OpPraHIYHUX
JIENIeKTPUKIB J1a€ JIMILE YIOBUIBHEHHS 3BOJIOKEHHS MaTepiaily, OCKLIbKH MOJICKYJIH
NPOCOYYBAJIbHUX PEYOBHH OUIbIIE MOJEKYJI BOJM 1 HE B 3MO31 CTBOPUTU IOBHY
HEMPOHUKHICTh TIOP MaTepiaty Jjisl BOJIOTH.

Bucoka Bonoricth cripusic po3BUTKy I11BUTI. [losiBa 1BLIl MOTIpIITye MTATOMMIA
MOBEPXHEBUH OIMIP JIEJICKTPUKIB, MOXE IMOTIPIIUTH MEXaHIYHY MIIHICTh 130JIA111 1
BUKJIMKATH KOPO31I0 TOTHUYHHUX 3 HEI0 METAIEBUX YacTHH. HailOuibn ypaszmuBi 1yis
PO3BHUTKY IIBLII IIETFOJIO3H] MaTepiaiiv (TeTUHAKC, TEKCTOJIIT, KaH1(OJIh, MACIISIHI JTaKH
¥ 11.). HaitOub1 cTiKUMU 1O YTBOPEHHS LIBUTI € HEOPTaHIYHI 1EIEKTPUKU Kepamika,
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CKJIO, CIII0JIa, KPEMHIMOpraHiuyHi marepiaid 1 JiesKki 3 OpraHiYHMX, HaINpPHUKIIaa
eTOKCHUIHI CMOJIH, GTOPOIIACT-4, MOJIETUIIEH, TOTICTUPOIL.

14.3. TenJioBi BJacTUBOCTI JieJIeKTPHUKIB

Jlo HaWBaXMMBIIMIMX TEIUIOBUX BJIACTUBOCTEHM 1E€JIEKTPUKIB BIIHOCITHCS:
HarpiBOCTIUKICTh (TETUIOCTIMKICTH), MOPO30CTIMKICTh, TETUIONPOBIIHICTh 1 TEIJIOBE
PO3IIMPEHHS.

HarpiBocTiiikicTb — 34aTHICTD €JIEKTPOI30JIALINHUX MaTepialiB 1 BUPOOiB
0e3 MKOAM NJisi HUX BUTPUMYBATH BIUIUB BHCOKOI TEMIEpPATypH, a TaKOX Pi3Ki
3MIHHU TEMIEPATYPH.

HarpiBocTiiiKicTh HEOpPraHIYHUX JICJICKTPUKIB BU3HAYAIOTH 3a IMOYATKOM
ICTOTHOT 3MiHH €JIEKTPUYHHUX BJIIACTUBOCTEH, HAMPUKIIA] 332 3HUKCHHSIM MTUTOMOTO
CJICKTPUYHOTO OMopy. BenuuuHy HarpiBoCTIHKOCTI OIIIHIOIOTH BIJMOBIAHUMU
3HaYeHHAMH TemmnepaTypu (°C), mpu skii 3'sBwHcs i 3MiHA. HarpiBoCTiIMKICTh
OpraHiYHUX JIEJEKTPUKIB YaCTO BHU3HAYAIOTh 3a T[MOYaTKOM MEXaHIYHHUX
nedopmariiii  po3TATyBaHHS a00 3THUHY, 3aHYPEHHIO TOJKH IiJ THCKOM TIPH
HarpiBaHHI1 JleJIeKTpuKa (BU3HaYEHHS "TETIOCTiiKOCTI").

IIpu oriHIl SKOCTI, TpaHC(POPMATOPHOTO Macia, a TaKOX PO3YHMHHHUKIB,
3aCTOCOBYBAHUX Yy BHUPOOHHIITBI €JIEKTPOI3OJMLIMHUX JIAaKIB BHUKOPUCTOBYIOThH TaKi
XapaKTePUCTHUKH, K TeMIIepaTypa Crajiaxy i 3amaieHHs.

Temnepatypa cnanaxy — 1ie TeMIieparypa piJIiHH, IIPU HarpiBaHH1 J10 SIKOi
CyMIIlI ii BUNIApiB 3 MOBITPSIM CHajlaXye NP MIAHECEHH] BIIKPUTOTO MOIyM's.

Temneparypa 3anajieHHsi — 1€ TeMmIeparypa, Ipu SKIA 3aropseTbes
BUTIPOOYBaHa pifrHa (OUTBIT BICOKA, HIXK TEMIIEpaTypa Craiaxy).

TensioBe crapinHs i30as1il — TOTIPIIEHAS AKOCTI 130JIA111T PY TPUBATIOMY
BILUIMBOBI IIJIBUIIICHOT TEMIIEpATypH uepe3 iHTeHCU (KAl XIMIYHUX TPOILIECIB.

CrapiHHs MOXe BUSBISTHUCS, HAPUKIIAA, y JJAKOBUX TUTIBOK 1 HETFOIO03HUX
MaTtepiaiiB y BUTJIS1 T1IBUIICHHS TBEPJOCTI 1 KPUXKOCTI, yTBOPEHHS TPIIIUH 1 T.1.
CrapiHHsS J1eIeKTPUYHUX MaTepialiiB MPUCKOPIOETHCS B OMPOMIHEHHS 3pa3Ka
yJIbTpa(ioNeTOBUMH MPOMEHSIMH, BIUIMBY €JIEKTPUYHOTO TIOJS, MEXaHIYHUX
HABAaHTA)XEHb 1 arPECUBHOTO CEPEIOBHUIIIA.

BiamoBimHo m0 pexomeHmamiii MiKHApOMHOI €IEKTPOTEXHIYHOI KOMICii
(MEK), enekTpoi30s11iiH1 MaTepialii 1JIs €JIeKTPUYHUX MaIlliH, TpaHCc(hopMaTopiB
1 amapaTiB pO3/lJIeH] Ha 7 KJ1aciB HarpiBOCTIMKOCTI.

['pannuHe 3HAYEHHS TeMIeEpaTyp HarpiBOCTIHKOCTI XapaKTepU3YIOThCA
OCHOBHUMHU TpynamMH 130JSIIHHUX MaTepialiB, 10 HaJIekKaTh J0 MEBHOTO KJIacy Ta

BCTaHOBIIOIOTHCS BianmoBigHo 10 JICTY. Knacu i3ossiiit HaBeaeHi y tadmn. 14.1.
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Tabmuns 14.1 — Knacu 13omsmiiiHuX MaTepiaiiB

Kiac v A E B F H C

Tpusano gomyctuma
temneparypa, 0C 180

90 |105 |120 [130 |155 |180 |"OMeA

[TpumiTka:

Knac Y

— BOJIOKOHH1 MaTepiajiy 3 IeI0J1031, 0ABOBHH 1 HATYPAJIBLHOIO IIIOBKY, HE
MIPOCOYCHI 1 HE 3aHyPEHI B PIIKUH 130JIAIIHHUN MaTepial.

Knac A

— BOJIOKOHHI MartepiaJid 3 LEe0i03u, 0aBOBHHM a00 HATYpaJbHOTO 1
MITYYHOTO IIOBKY, B pOOOYOMY CTaHI MPOCOYEH1 a00 3aHypeHl B PIAKUI
130JISIIHUN PO3YHH.

Knac E

— CHHTETHYHI OpraHiyH1 Matepiayy (IJ11BKU, BOJIOKHA, CMOJIY Ta 1H.)

Knac B

— MaTepiaJii Ha OCHOBHI CJIOJU, a30€CTy 1 CKJIOBOJIOKHA, BXKMBaHI 3
OpraHiYHUMU 3B’ I3yBaJbHUMU Ta MPOCOUYBATLHUMH CKJIaJOBUMH.

Knac F

— Marepiajd Ha OCHOBI CIIIOJIM, a30ecTy 1 CKJIIOBOJIOKHA, B MOEJHAHHI 3
CHHTETUYHUMH 3B’SI3yBAJILHIMH Ta MMPOCOYYBATLHUMHE CKIIQJIOBUMH.

Knac H

— MaTepiaa Ha OCHOBI CJIFOJIU, a30€CTY 1 CKJIOBOJIOKHA, BXKUBAHI1 1 TOETHAH1
3 KPEMHIHOPTaHIYHUMH 3B’ I3YIOBATBHUMU Ta IPOCOYYBAIbHUMHU
CKJIaJIOBUMHU.

Knac C

— CIIF0/1a, KepaMiuHI MaTepiaiu, CKII0, KBapIl, ado ix koMOiHaIlii, BXKUBaHi
oe3 3B’ s13yBaJIbHUMH abo 3 HEOPTaHIYHUMU
1 €JIEMEHTOOPTraHI3alIHHUMHU CKJIaJI0OBUMHU.

TemsoBi iMmyjabcm — pidka (3a KOPOTKMH NPOMDKOK Yacy) 3MiHa
TEMIEPATypU EKCILTyaTallii eeKTPOTEXHIYHOTO MPHIIATY.

Oco06MBO YYTJIMBI O TEIJIOBUX IMITYJIbCIB KPMXKI HEMETaJeBl MaTepiaiu:

CKJIO, KepaMiyHi MaTtepiaiu i iH. Pe3ynpTaToM MIBUIKOIUIMHHOTO HArpiBaHHS 4d

OXOJIO/IXKEHHSI MOXKYTh OYTH YTBOPEHHS TPILINH YU KPUXKE PYHHYBaHHSA 130J1ITOpA.

Mopo3ocTiiikicTh — 37aTHICTh 130711 TpaloBaTH 0€3 MOTIPIICHHS

eKCIUTyaTalifHuX BIIACTUBOCTEH MPH HHU3BKUX KIIMATHUYHUX TeMmmeparypax (1o

70°C).
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[Ipy HHU3BKHX TemIiepaTypax, SK TMpaBWIO, EJIEKTPUYHI BIACTHBOCTI
130JISMIMHUX MaTepiaiiB MOMIMIIYIOTHCS, OJHAK 0arato MarepiajiB MpHU HU3BKHX
TEMIIEpaTypax CTAKOTh KPUXKUMH (OKPUXUYIOTHCH).

TenonpoBiaHicTh — BIACTUBICTh MaTepialy MPOBOJUTH TEILIO.

[IpakTyHe 3HaYeHHsI TEIJIOMPOBIIHOCTI BU3HAYAETHCS THM, IO TEILIO, SKE
BUJIUISIETHCSL BHACHIZOK BTpPAT €HEPrii B OTOYCHUX 130JIAIIEI0 TMPOBIIHHUKAX 1
MarHiTonpoBoJax TpaHCHOPMATOPIB, a TAKOXK BHACIIJAOK JICIEKTPUUYHUX BTpaT B
130J141111, IEPEXOAUTh Y HABKOJIMIITHE CEPEIOBUILIEC Yepe3 pi3HI MaTepianu. Bucoka
TEIJIONPOBITHICTH JTO3BOJISE BIBOJAWTH 3aiiBE TEILIO 1 3amo0iraTu meperpiBaHHIO
eJIEKTPOTEXHIYHUX BUPOOIB.

TensioBe  po3mMpeHHs  MarepialdiB  OIIHIOIOTH  TEMIEPAaTypHUM
Koe(]iIieHTOM JITHIMHOTO PO3IIUPEHHS.

Marepianiu, 1o MalwTh Majll 3HAYCHHS TEMIIEPATypHOTO KoedillieHTa
JIHIMHOTO PO3IIMPEHHS, MalOTh, K MPABWIO, 1 OUILIIT BUCOKY HarpiBOCTIMKICTB.
TemneparypHi Koe(illieHTH JIHIHHOTO PO3MIUPEHHS JESIKUX J1eJICKTPUKIB:
KBAapIOBE CKJIO (Heopramiuumii wmarepian) — 0=0,55-10° rpag!; momiermnen
(opraniunmii marepian) — a=100-10° rpax'. Buxogsum 3 HpOro OYEBHAHO, IIO
po3Mipu JeTaniel, BUTOTOBJIEHUX 3 HEOPraHIYHHUX MaTepianiB, Habarato OUIbII
CTallIbHI MPU KOJIMBAHHSIX TEMIEPaTypPH.

BaxinBo BpaxoByBaTH PI3HUIIIO TeMIEpPaTypHUX KOE(QIIIEHTIB JIHIHHOIO
PO3IIMPEHHS MaTepiaiB, 3 SKMX BUTOTOBIISETHCS TOW UM 1HIIHIA IEKTPOTEXHIYHUHI
BUPIO, KU MPU EKCIUTyaTallii CyTTEBO PO3IrpIBAETHCA (BaKyyMHI JIAMITH 1 TII).

14.4. MexaHi4HI BJaCTHBOCTI MaTepiaiiB

OckinpkH JeTalli 3 eNEKTPOI30MALIMHUX MaTepialiB 3a3HAIOTh BIUIUBY
CTAaTHYHUX 1 JMHAMIYHUX HABaHTa)XCHb, BEIHMKE MPAKTUYHE 3HAYEHHS Mae
MEeXaHI4uHa MIITHICTh IIUX MaTepiaiB.

CraruyHa MiUHiCTh BHU3HAYa€THhCS B PE3ysbTaTl ICIIMTIB MaTepiajiB Ha
PO3TST 1 CTUCK. XapaKTEPU3y€EThC MEKEIO MIITHOCTI

o,= P/F,

ae P - cuna, F' - TUIoIIa MOMEPEYHOTO MEpeTHHY 3pa3ka). BumiproeTrbes B
[Mackanax (ITa = H/m?).

JIns  aHI3OTPONHMUX  €JEKTPOI3OJSIIIIHHUX ~ MatepiamiB  (IIapyBaTHX,
BOJIOKHHUCTHX 1 T.I1.) 3HAYEHHSI MEXaHIYHOI MIITHOCTI CyTTEBO 3QJICKUTh BIJl 3HAKA
HaBaHTaxeHHs. Hanpuknan, 1uis ckia, KepaMidHUX MaTepiajiB, OaraThoX IjiacTMac
1 1H. MeXa MIITHOCTI MPU CTUCKY 3HAYHO OUTbIIE, HIXK MPU PO3TATYBAHHI.
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MexaHiuHa MIIHICTh TOJIMEPHUX MaTepiajiB CYTTEBO 3MEHIIYETHCS 3
NiABUIICHHAM TemrepaTypu. MILHICTh TIFPOCKOMIYHUX MaTepialliB 3HUKY€EThCS
npu 301IbIIEHH] BOJIOTOCTI.

[InacTuyHi BIACTUBOCTI  MarTepialy  XapakTEpU3YIOTbCd  BiTHOCHHM
MO/I0BKEHHAM 200 3BY:KEHHSIM

5=Alk/l, \|I=AFk/F,

ne [ 1 F - nqoBkWHA 1 IUIOIA TONEPEYHOTO TMepeTuHy 3paska; Al 1 AFy -
MaKCUMajbHE BHJIOBXKCHHS 1 MaKCHMajlbHE 3MEHIICHHS IUIOMNI IONEePEeYyHOro
NEPETUHY 3pa3Ka Micls pyHHyBaHHS.

IlnacTuuna (3ajauuikoBa) aedgopmaisa — gedopmailis, MO 3aTUIIAETHCS B
MaTepiaji MicJis 3HIATTS HAaBaHTAXKCHHS.

Ipy:xkna pedopmanmis — gedopmarlris, 10 3HUKAE TICIAS 3HATTSA
HaBaHTa)KCHHSI.

IlnacTuyna (X0J10HA) TEKYUicTh Marepiajny - 37aTHICTh MPU TPUBATIOMY
NPUKJIaJaHH] TTOPIBHAHO MaJIUX HaBaHTAXECHb IIACTHYHO J1e(hOpPMYBaTHUCH.

BpaxyBaHHS MOXJIMBOCTI TJIACTUYHOI TEKYUYOCTI HEOOX1THUMH, SIKIIO BUPIO B
eKCIUTyaTallll 3HaXOJUThCS MiJ AI€I0 TPUBAJIOrO CTATHYHOTO HABAHTAXKEHHS 1 MpHU
bOMY TOBHHEH 30epiratu He3MiHHUMU (opmy 1 posmipu. [lpu miaBHUILEHH]
TEeMIIEpaTypu 1 HAOIMKEHHI 11 10 TemIepaTypu pO3M'SKIIEHHS JaHOTO MaTepialy
MJIACTUYHA TEKY4YiCTh MaTepiaay CYTTEBO 301IBIIY€EThCS.

B'sizkicTh pyiiHyBaHHsl (IMHAMiYHA MIIHICTh) XapaKTEPU3Y€E 3AaTHICTH
MaTtepiary IPOTUCTOSITH JUHAMIYHUM (PaIrTOBO MPUKIIAJICHUMU) 3YCUIIIIMU.

JUJ1s OIIIHKY B'AI3KOCTI PyWHYBaHHS IPOBOJAATH ICIIUT Ha 3rMHANBHUN yJaap Ha
MasiTHUKOBUX KoIlpaX. Bu3HauaeThbcs K BIAHOIICHHS BUTPAu€HOI Ha 3J1aM 3pa3Kka
eHeprii 10 MonepevyHoro nepepisy 3paska (Bumiproerscs B Jx/m?). Hanpuknan
yaapHa B's3kicte nomietwsiena 100 xJ[k/M?, a JuIs KepaMidyHUX MaTepiaiiB BOHa
CKJIaJIa€ BCHOTO 2-5 KI[}K/Mz.

VY psani BUMaaKiB HEOOX1HO BH3HAYATH 3JATHICTH EJIEKTPOI30AIIMHUX
MatepialliB BUTpUMYyBaTH Oe€3 pyHHYBaHHS TPUBAJIMK BIUIMB BiOpariii, TOOTO
NOBTOPIOBAHMX KOJHMBaHb BH3HAYEHOI 4YacTOTH ¥ aMrunTyau. BusHauenHs
BIOpaliifHOT CTIMKOCTI BaXJIMBO JJISl €EKTPOYCTaTKyBaHHs, 110 3a3HA€ BiOpariii
IpU eKCIUTyaTarii.

TBepaicTsb - 37aTHICT MaTepialy IPOTUCTOSTH MEXaHIYHOMY POHUKHEHHIO
B HOro IMOBEPXHIO I1HIIOrO, OUTHII TBepaoro Tuia (iHAeHTopa). Bu3HayaeThcs
meTtonamu bpunens, Poksenna, Bikepca i iH. 3a 3yCHIUISIM, 1110 TTPUKIAIAETHCS 10
1HJIEHTOpA, 1 32 pO3MipaMH BiIOMTKA B JOCJIKYBaHIN MOBepxHI. BuMiproeTsbcs B
K[/Mm>.

B'sizkicTh pinuu i rasiB. [l piakux 1 HamBPIAKUX €IEKTPOI3OIAIIHHAX
MaTepiaiB (Macen, JaKiB, 3aJUBAJIbHHUX 1 MPOCOYYBaJbHUX KOMOAYH[IB 1 T.IL.) 1
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rasiB BaXJIMBOIO MEXaHIYHOIO XapaKTEPUCTHKOIO € B'SI3KICTh, SIKa XapaKTePU3YEThCA
BEJIMYMHOIO JUHAMIYHOI B'SI3KOCTI.

JluHamiyHa B'A3KicTh (200 Koe(ili€HT BHYTPIIIHBOTO TEPTS PIIUHH)
XapaKTepU3ye OMip MEePEeMIllIeHHIO OJHUX IIapiB PiIMHU (Ta3y) 010 1HILIUX.

14.5. XimMi4yHi BJACTUBOCTI eJIEKTPOTEXHIYHUX MaTepiaJiiB

XiMiuHI BJIaCTHBOCTI MaTepiaJiB:

- XiMiuHe pyHHYBaHHS (pO3KJIagaHHs) OpH PoOOTI 3 BUAUICHHSIM
NOOIYHUXITPOTYKTIB;

- KOpO3isi MeTajiB (OKHUCICHHS TTOBEPXHI);

- XiMIYHA CTIMKICTh MPU KOHTAKTI 3 PI3HUMHU PEUOBHUHAMU (HAIIPUKIIAI,
ra3aMu,BOJI0F0, KUCJIIOTaMH, JTyraMH, PO3YMHAMU COJIeH 1 T.11.);

- 3IaTHICTh CKJICIOBAaTHUCh (KOre3iss 1 ajaresis) 1 PO3YMHHICTD Y
PO3YMHHUKAX 3yTBOPEHHSM JIaKiB.

AJre3isi — 31aTHICTh PI3HOPITHUX MaTepianiB (PEYOBHH) YTBOPIOBATU MIILIHE
3’enHanHsa (ckietoBatuch). Koresisi — 31aTHICTE OAHOTO Martepiany (peYyOBHHH)
yTBOPIOBATHU MIIHE 3’ €THAHHSI.

Po34uHHiCTH TBEpIUX MaTEepialiB MOKE OYTH OIlIHEHA KUJIBKICTIO MaTepiay,
10 TIEPEXOJIUTh y PO3YHMH 32 OJUHUINIO Yacy 3 OJMHHII MMOBEPXHI MaTepiaiy, 1o
CTUKAETHCS 3 POZUYMHHUKOM. PO3UMHHICTH 3MEHIIYETHCS 3 MiABUIICHHAM CTYIICHS
nojiMepu3arlii. BUCOKOMOJIEKYISIpHI pEUOBUHHM 3 JIIHIHHOIO CTPYKTYPOIO MOJICKYJT
PO3UMHSAIOTHCS MOPIBHSHO JIETKO, @ 3 MPOCTOPOBOIO CTPYKTYPOIO - Bakko. [lpu
HiABUIICHHI TEMIIEPATypy POZUUHHICTh 3BUYAIHO 301IbIIYETHCH.

14.6. BracTuBocTi Aie/IeKTPUKIB i BIVIMBOM BUIIPOMIHIOBAHb BHCOKOI
eHeprii

VY cyyacHiii TeXHIII MOXJIMBI TaKi yMOBH BUKOPUCTAHHSI €JIEKTpoanapaTypu,
OpU SKUX BOHA 3HAXOJUTHCS T KOPOTKOYAaCHHUM a00 TpPUBAJIMM BIUIMBOM
paiioaKTUBHUX BUIIPOMIHIOBAHb BHCOKOI eHeprii. [Ipu mpoMy Ba)JMBO 3HATH iX
pamiariiHy CTIMKICTb.

Pagianiiina crilikicTh — CTymiHb CTIHKOCTI MaTepiajiB (30epeKeHHs] HUMU
CBOIX €JICKTPUYHUX 1 MEXaHIYHUX BIIACTUBOCTEH) IO BIUIMBY BUCOKOCHEPTETUIHNX
BUIPOMIHIOBAHb.

VY nedxkux BUMaAKax €JIEKTPOTEXHIYHI MaTepiaii OKPIM CBOiX OCHOBHHX
GyHKII ~ MalTh BUKOHYBAaTH (YHKIII MOTJIMHAYIB-€KPAHIB BHUIPOMIHIOBAHb.
BrnuB BUNIPOMiHIOBaHHSI MOXE MPUBECTHU 10 Py MOJEKYJISPHUX NEPETBOPEHbD 1

XIMIYHUX peakiiii. [oHi3aIiitHl mpoIecu BUKINKAIOTh MUTTEBHMA TIOTIK €JIICKTPOHIB
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3 yTBOPEHHSM BUIBHUX pagukaiiB. B opraHiyHux mnojiMepax mig i€l
IHTEHCUBHOTO OMpPOMIHEHHS BiA0OYBAaIOTbCSl BUAUIEHHS Ta3y, MOJIMEpHU3allis,
ByJIKaHi3awis i iH.

[Ipn TpuBamomy abo ayX e IHTCHCUBHOMY OIPOMIHEHHI BiJ0YBa€ThCSA
py#HYBaHHSI Oy/b-sIKOTO TOJiMEpPYy. 3 4acoM Tij BIUIMBOM BHCOKOCHEPTETUYHOTO
OTNIPOMIHIOBAHHS MaTepiajiB BiIOYBA€ThCS CYTTEBA Aerpajailis (MOTIpIIeHHs) K 1X
CJICKTPUYHUX BJIACTUBOCTEH, TaK 1 XIMIYHHX 1 PI3UKO-MEXaHIYHHUX.

3anuTaHHA 118 caMolnepeBipKu:

1. SIki OCHOBHI BJIIaCTUBOCTI €IEKTPOI30JSAINHIX MaTepialiiB BaXIIUBI PH 1X
BUOOPI1 [Tl €KCIUTyaTallii B pi3HUX yMoBax?

2. lllo Take BOJIOTOCTIMKICTH 1 TIIPOCKOIMYHICT, MarepiaiiB? Sk BOHU
BIUIMBAIOTh Ha €JICKTPOI30JIAIINHI BIACTUBOCTI?

3. Sk BU3HAYA€ETHCS a0COJIFOTHA 1 BITHOCHA BOJIOTICTh MOBITPS?

4. YoMy miABHILEHA BOJOTICTh MOBITPS 3HMXKYE EJIEKTPUYHI BIACTHBOCTI
TBEPAUX 1ETEKTPUKIB?

5. SIki martepianu HaO1IBILI CTIHMKI 10 YTBOPEHHS LBLI, 1 YoMy?

6. I1{o Take HarpiBOCTIMKICTh A1EICKTPHUKIB, 1 K 1i BU3HAYAIOTh?

7. SIk TeMmeparypa crmajaxy i TeMIeparypa 3alajeHHs XapaKTepU3YIOTh
PIJIMHHU, 1110 BUKOPUCTOBYIOTHCS B 130JIS11117

8. IIlo Take TerioBe CTapiHHA 130711111, 1 IK BOHO BIUTMBAE Ha i BJACTUBOCTI?

9. Sxi marepianu HaleXaTh 110 KiaciB HarpiBoctiikocTi Y, A, E, B, F, H, C?
SIki TemnepaTypu BiIOBIIAIOTh LIUM KJlacam?

10. Ilo Take TemIOBI IMITyJIbCH, 1 SK BOHU BIUIUBAIOTh HA 130JIAIIHHI
maTepianu?

11. Sk omiHrOETHCS cTaTU4YHA MilTHICTE MaTepiany? Illo Take Mexxa MiITHOCTI?

12. Y yomy noJisirae pizHUI MK MPYKHOIO Ta IJIACTUYHOIO J1ehopmMaIii€ro?

13. o Take anre3is 1 koresis? Sk 11 BIACTUBOCTI BUKOPHUCTOBYKOTHCS Y
BUPOOHUIITBI €JIEKTPOI30ALIHHUX MaTepiaiiB?

14. Sxi 3MmiHM BiAOYBalOTHCSA 3 E€JICKTPOIZOJALIMHUMHE MaTepiajlaMu IIi[
BIUIMBOM BUIIPOMIHIOBaHb BUCOKOI €HEPTii?

15. lllo Take pamiamiiiHa CTIHKICTB, 1 SKI MaTepiaay HAWOUIBII CTIMKI 10
BIUTMBY Pa/i0aKTHBHOTO BUTIPOMIHIOBAHHS?

TEMA 15. BUKOPUCTAHHA AIEJIEKTPUKIB B KOHIEHCATOPAX

Meta: o3HailoMuTH 3700yBauyiB BHUINOI OCBITH 3 BUKOPHCTAHHSAM

JIEJNEKTPUKIB y KOHCTPYKIIISIX KOHJIEHCATOPIB, iX BIACTUBOCTSIMH Ta BIUIMBOM Ha
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€(hEeKTUBHICTh POOOTH IUX €IEKTPUUYHUX KOMIIOHEHTIB.

[Tnan nexi
1. OcHOBHI B1JJOMOCTI;
2. [TapameTpu KOHIEHCATOPIB;
3. CucremMa yMOBHUX MO3HAYEHb KOHACHCATOPIB;
4. MapkyBaHHsI KOHJICHCATOPIB;
5. KoHCcTpyKIIii KOHAEHCATOPIB MOCTIHHOT EMHOCTI;
6. XapakTepucTUKa Ta BAKOPUCTAHHS KOHJIEHCATOPI1B MOCTIMHOT EMHOCTI.

XiJ1 TpOBEACHHSI JICKITIHHOTO 3aHATTS
I. Opranizaiis rpymnu;
II. MoTuBaIs HaB4YaabHOI TisJIbHOCTI. OroJIOMIEHHSI TEMH W METH,
II1. BuknaneHHst Ta 0OrOBOpPEHHSI HOBOT'O MaTepiay;
IV. OrosomeHHs 3aBaaHHs Ha CAaMOCTIHHE OIpaIfOBaHHS Ta MiJArOTOBKY.

15.1. OcHoBHi BizoMocTi
B ocHoBy kitacudikariiii KOHAEHCATOPIB MOKJIAIEHO MO iX HA TPYIH 3T1THO

3 THUIIOM BHKOPHCTOBYBAaHOTO [IieJISKTPUKA Ta 3 MOro KOHCTPYKIIHHUMHU
ocobnuBocTsamu. Kitacudikaliiro KOHIeHCaTOpiB HaBeIeHO Ha puc. 15.1.

KOHIEHCATOPH
|
MocT1HHOT aMIHHOI Hi:[Hac]:'poBaHi .. ROHICHCATOPHL
EMHOCT1 EMHOCTI 301pKH
\| BAKYYMHI 31733011031031111 " * =
TICTECKTPHEOM HEIIHIHHL
Bt ' .
! IMOB1TPAH1 i
3 TBEPIHM
33 BHIOM , - BAPHKOHITH
: J1eIEKTPHKOM
JICIEKTPHEA
TePMOKOHICHCATOPH

Puc. 15.1 — Knacudikariis koHneHCaTOpIB

B 3anexHocTi BiA NpU3HAYEHHS KOHACHCATOPUM YMOBHO MOJUISIOTH Ha
KOHJIGHCATOpU 3arajbHOTO Ta CHeliadpHOro mnpusHaueHHs. KonpeHcatopu
3araJibHOr0 MPU3HAYEHHS BUKOPUCTOBYIOTH B OCHOBHOMY B IIpUJIa/iax, /i€ 1O HUX He
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npe’ IBJSIOTh CHEIlialbHUX BUMOT. Jlo crerianhbHUX KOHACHCATOPIB BiAHOCATS:
BHCOKOBOJIBTHI, IMITYJIbCHI, 3aBaJI03aXHUCHI, ITyCKOBI TOIIIO.

€MHICTh MOCTIHHUX KOHACHCATOPIB (PIKCYeEThCS B MpOIleCi eKciuTyaramii i
YKOJTHUM YMHOM HE peryitoeThesa. KoHaeHcaTopu 3MiHHOT €MHOCTI TMPUITYCKAIOTh
3MIHY €EMHOCTI B Tpo1ieci (DYHKI[IOHYBaHHS anapaTypu. €MHICTb IM1JHACTPOIOBAHUX
KOHJICHCATOpPIB MO’KHA 3MIHIOBAaTU TIPU OJHOPA30BOMY UM TEPIOAUIHOMY
peryJiroBaHHi.

15.2. ITapamMeTpH KOHIEHCATOPIB

1. HominanbHa €MHICTD — 1€ EMHICTb, SIKY TOBHHEH MaTH KOHJIEHCATOP 3T1AHO
3 JOKyMEHTAIli€l0. 3HAY€HHsSI HOMIHAJIBbHOI €MHOCTI YCTaHOBJIIOETHCS 3T1AHO 31
criemansauMu psigamu: E3, E6, E12, E24, E48, E96, E192. Yucna BKka3yloTh Ha
KUTBKICTh HOMIHAJIBHUX 3HA4Y€Hb Yy KOXKHIM nekasl. Tak, psax E6 Mae miicTh 3HaYeHb
emHocri: 1,0; 1,5; 2,2; 3,3; 4,7; 6,8, a pan E24 — 24 3nauenns: 1,0; 1,1; 1,3; 1,5; 1,6;
1,8;2,0;2,2;2.4;2,7;3,0; 3,3; 3,6;3,9;4,3;,4,7; 5,1, 5,6, 6,2; 6,8; 7,5; 8,2;9,1.

HominanbHa €MHICTH KOHJIEHCATOPA 3aBXKIM BHOCHUTHCS y MapKyBaHHS
KOHJIEHCATOPA.

2. [IpunycTumMe BIAXUICHHS BiJl HOMIHAIBHOI €MHOCTI (JIOIYCK).

3HayeHHs [UX BIIXWICHb BCTAHOBJIEHO Yy BIJICOTKAaX MJisg KOHACHCATOPIB
eMHicTiO Outbie 3a 10 md Tta y mikodapamgax s KOHASHCATOPIB 3 MEHIIOIO
€MHICTIO.

Jlommyck Moske OyTH KOJIOBAHO JITEPOIO:

F 1% M +£20%
J £5% N +30%
K +10% D -10...+100 %.

3. HominanpHa Hampyra — L€ 3HAa4eHHsS Halpyrd, 3a sIKOi BIH MOXe
IPALOBaTH BIPOJOBK TEPMIHY CITY>KOH.
3HaueHHs! HOMIHAJIbHOI HAIIPYTH BCTAHOBJICHO I KOJIOBAHO JITEPOIO:

G-25B D - 100B T - 350B
H-32B F - 160B Y — 400
C-63B W-—- 250B U - 450B

4. TanreHc KyTa A1€JEKTPUYHUX BTpaT.
5. Enextpuunuii omip 130Jis11ii KOHJEHCATOpa — 1€ HOro Omip MOCTIHHOMY
CTPYMY, SIKHI1 BU3HAYAETHCS 32 (POPMYJIOIO:
RI3 = U/]BI/IT)
ne U — nanpyra, Iy — CTPyM BUTOKY.
6. Temmeparypuuii koedimient emocti (TKC). Jlns koHaeHcaTopiB 3
JIHIMHOIO 3aJIe)KHICTIO BIJl TEMIIEpATypu — 1€ BITHOCHA 3MiHA €MHOCTI 3a 3MIHU

temnepatypu Ha 1 oK. Taki konaencaropu noauisiroth Ha rpynu TKC. KoxHa Taka
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rpymna no3HavaeThes, Hanpukiaa, sk: [T 100, ge IT (um M) —3unak TKC; 100
— HomiHaneHe 3HayeHHs TKC x 10-6 K-1. Taki rpynu mMoxyTh OyTH KOAOBaHI
mitepamu (tabm. 15.1).

Tabmuis 15.1 — TemneparypHa cTaOUIbHICTh KOHJIEHCATOPIB

[To3HaueHHs Hominanbiie sua-ichis KonyBanbha nitepa
TKCx 10°,K !
I1100 + 100 A
I133 + 33 G
MIIO 0 C
M33 —-33 M
M47 —47 N
M75 - 75 L
M330 - 330 S
M1500 — 1500 \Y
M3300 — 3300 Y

Jlsiss KOHJEHCATOPiB 3 HEJIHINHOIO 3MIHOK €MHOCTI Bix Temmeparypu TKC
HOPMYIOTh BIJIOBIAHO IO 3MIHM €MHOCTI 3a 3MiHu Temmeparypu Big 20 oC mo
rpaHu4HOi poOouoi Temmeparypu. TKC Takux KOHIEHCATOPiB TEX MOXYTh
KOJTyBaTHUCS JIITEporo (Tadi. 15.2).

Tabmuig 15.2 — 3MiHa €eMHOCTI KOHJIeHCcaTopiB 3 HeHopMoBaHuM TKC

[Tpunyctuma 3miHa emHOCTI %, B Mexax | KoayBaabHa
[To3HaueHHs , .
temreparypu Big —60 go +85 oC JiTepa
HI10 + 10 B
H20 + 20 Z
H30 + 30 D
H50 + 50 X
H70 +70 E
H90 +90 F

AHai3 napamMeTpiB KOHJICHCATOPIB JIEMOHCTPYE, 110 iX BUOIP 3aJEKUTh BiJl
Oaratbox (pakTOpiB, TAKKX SK TOUHICTH (JOIMYCK), HAIIPyra, CTa0LIbHICTh IIPU 3MiHI
temnepatypu (TKC), Brpatu eHeprii (tg d) 1 omip 13oJsiii. HasBHICTb cTaHIapTIB
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(pssmn E3—-E192, xoayBanbHI MO3HAYEHHs) 3HAYHO CHPOIIYE IpoIec BUOOPY 1
3a0e3reyye B3a€MO3aMIHHICTh KOMITIOHEHTIB Yy pi3HuX cxemax. [IpaBunbauii migdip
nmapamMeTpiB KOHJEHcaTopa 3a0esneuye CTaOUIbHICTh 1 HAJIWHICTE poOOTH
CJICKTPOHHUX IIPUCTPOIB.

15.3. CucTteMa yMOBHMX MO3HAYEHb KOHAECHCATOPIB

[To3HaueHHS KOHACHCATOPIB MICTATH TpHU eneMeHTH. [lepmmii enemeHT (oaHa
YW JIB1 JIITEpU) MO3HAYa€ miAkiac KouaeHcartopa: K —moctiitHa emHicTh, KT
—migHactporoBanuii; KII  —3miara emuicte; KH  — memimiiiamii; KC
— KOHJieHCaTopHa 30ipka. [[pyruii eneMeHT — 4ucio, sSKe MO3Hada€ THUTl 1301111
(Tabu. 2.3). TpeTiit e1eMeHT — 11e MOPSJIKOBUN HOMEP PO3POOKH.

Tabmuis 15.3 — YMOBHI ITO3Ha4YE€HHS TPYIT KOHJICHCATOPIB

ITigknac KOH- I'pymia KOHIEHCATOPIB ITozHa4ueHHA
JIeHCaTOPIB TPyl
IMTocrTiitHa KepamidHi 3 HarIpyT OO HIDKYE 3a

EMHICTB 1600 B 10
Crsni 21
TOHKOILTIBKOBI 26
CrrozaHi 31
ITanepoBi 3 HAIIPYTOXO HIDKYE 38
2000 B 40
[TanepoBo-MeTali20BaH1 42
OKCHIHOATIOMIHIER] 50
OKCIIHO-TaHTANl0B1 51
OKCIIIHO-HAIIBIIPOBIIHIIKOBI 53
IoHicTOpH 58
IToBiTpsaHI 60
[TomicTHponsHL 71
DTOpOIIacTOBL 72
IomieTinenTepedTanaTHi 73
Kom0iHOBaHI 75
TToninponiieHoBi 78

[ToBHE yMOBHE MO3HAUYECHHS KOHAEHCATOPA MAa€ BUTIISAL;

K75-10-250B - 0,47 Mmx® 15 % —B ... TY. lle o3Hauae: KoHAEHCATOP
MOCTIHOT EMHOCTI 3 KOMOTHOBAHOIO 130JISIIII€I0 3 TIOPSAKOBUM HOMEPOM PO3POOKH
10 nHa HOMiHanbHY Hampyry 250 B, Hominaneny emHicTh 0,47 Mk®, nomyckom + 5
%, BCEKIIIMATHYHOTO BUKOHAHHS, BUTOTOBIIOBAHUH 3T1JIHO 3 ... TY.

15.4. MapKkyBaHHSI KOH/IEHCATOPiB
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MapkyBaHHS KOHJIEHCATOPIB MOXKE OYTH JIITEPHO-LIUPPOBUM, SKE BKIIOUAE
YMOBHE TO3HAYCHHS KOHAeHcaTopa (HOTo THIl), HOMIHAJIBHY HANpPYyTy, €MHICTb,
BiaxuieHHs eMHOCTI, rpyny TKC, micsib Ta pik BUTOTOBJICHHS.

KomoBane 3HaueHHs €éMHOCTI MicTuTh 3—4 3Hakw. JliTepa Komy IMO3Ha4Yae
necaTkoBy Kparnky. HowminaneHy emHicTh Big 0 1o 999 nd BupaxaioTh B
nikodapaaax, 3 Mo3Ha4eHHsM JiTeporo p (Hanpukiaa, 150p); Big 1000 10 999999
n® — B HaHodapaax 3 MO3HAYCHHSIM JIITEporo n (Hampukiaa, n150); Big 1 1o 999
MK®D — B Mikpodapagax 3 mo3HadeHHsIM JiiTeporo | (Hanpukiam, 1 p 5); Big 1000 go
999999 mx® — B mimidapamax 3 MO3HAYCHHSIM JiTeporo m (Hampukiaag, m100);
OlnIbIIIe IbOTO 3HAaYeHHs — y ¢apajax 3 Mo3HaYeHHsIM JiTeporo F.

[Ticnss HOMIHANBHOI €MHOCTI KOHAEHCATOpa CIIJIy€e KOJOBa JIiTepa
BIIXUJICHHSI EMHOCTI, 3a Heto — kojioBa jitepa rpynu TKC. Tak, 33pKL o3nauae, 1o
KoHJeHcaTop Mae eMHicTh 33 nd 3 gomyckom *10 % Ta TemmepaTypHOIO
HecTaOupHICTIO —75:10-6 K-1 . Tperiii enemMeHT — e MOPSIKOBUNA HOMEP
po3podku. ITicist nporo mo3HaueHHs MOXKE CIiAYBaTH KOJIOBA JiTepa HOMIHAIBHOI
HaIpYTH.

15.5. KoHcTpyKIii KOHAEHCATOPIB MOCTIMHOI €EMHOCTI

PosrnsHemMo HaWmommMpeHinn KOHCTPYKLII KOHAEHCATOPIB  IMOCTIMHOI
€MHOCTI.

1. Pyronna. Y 1upoMy pa3i TOHKA IUTIBKA Ji€JIGKTpUKA 3 JBOX OOKiB
NPOKJIAAAETHCA METANIETAEThCS y pyJioH (puc. 15.2, a). Taky KOHCTPYKIIIIO MalOTh
narepoBi (K41, K42)), mnomictuponbai (K71), ¢ropomnacrosi (K72),
nomietunentepedranatui (K73) ta iHi koHaeHcaTopu. SIk MeTalieBl OOKJIaIMHKU
BUKOPHUCTOBYIOTh TOHKY (DOJIBI'Y 3 0OJIOBAa 4YM aJIIOMiHIIO ab00 HaNWIIOIOTh Ha
JIEeNeKTPUK TOHKHHM Imap npoBiaHuKa. Hemomikamu 1i€i KOHCTPYKIi € BeIuKa
1HIYKTUBHICTH Ta BITHOCHO MaJjia MMUTOMAa €EMHICTh. Taki KOHJIEHCATOPH HE MOKHA
BUKOPHCTOBYBATH SIK 3aBaJI03aXHCHI.

2 Ilakemna. Y upoMy pa3l TOHKI IJIACTHHH Ji€JEKTPUKA MEPeKIalaloTh
METAJIEBUMH OOKJIaTUHKAMHU TOCIIOBHO, MICJIA YOTO TaKy CUCTEMY CTHUCKYIOTh Y
MakKeT, a MeTaJieBl OOKIaAMHKH TIEPEMUKAIOTh yepe3 oaHy (puc. 15.2, 6). MeTanesi
OOKJIQIUHKH TEX MOXKYTbh OyTH 5K 3 (DOJIBIH, TaK 1 HANMUJIEHUMH. Taka KOHCTPYKIIis
Ma€ HEBEJIUKY 1HJIYKTUBHICTh, ajie MaJly IUTOMY €MHICTh. B makeTHi# KOHCTPYKITii
BUTOTOBIIAIOTH cmiofsiHi (31), ckmsui (21), makormiBkoBi (76) KOHAEHCATOPH, a
TaKOX JIeAKI KepaMiyHi.
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Puc. 15.2 — KoHcTpykuii KOHAEHCATOPIB MOCTIHHOT EMHOCTI: a - pyJIOHHI; 0 -
MAKeTHI; B - IWJIIHIPUYHI; T - OKCUJIHI; 1T - JINT1 CeKIIHHI; | - MieTeKTpuK; 2 -
MeTajeBa OOKIaInHKa; 3 - BUBOIU; 4 - €EKTPOIIIT

3 Huninopuuni. JIieNeKTPUK BUTOTOBJISIIOTH SIK IMYCTOTLTY TPYOKY, 30BHIIITHIO
Ta BHYTPIIIHIO TIOBEPXHI SIKOi MeTai3ytoTh (puc. 15.2, ). Taka KOHCTPYKIlisg Ma€e
Ty’Ke Maly iHAYKTHBHICTb, ajie i MaJly MTUTOMY €MHICTb. TOMY Taki KOHJEHCATOPH
BUKOPHCTOBYIOTh SIK BUCOKOYACTOTHI. IX BHTOTOBJIAIOTH TEPII 33 BCE 3 KepaMiKu
(K10, K15).

4 Okcuoni. Y 11boMy pa3si 3a JIENeKTPUK CIyrye OKcua metany. Hampuknan,
Ui KoHAeHcaTopiB  okcugHo-amoMmiHieBux  (K50) me ALO;, a musa
okcupHoTtantaioBux (K51) — TayOs;. OnHiero OOKIAJIUHKOIO CIYI'yE MeETajeBa
domnwra (aHom), a Apyroro (KaTod) — €IEKTPOIIT, SKUM MPOCOUYYIOTh ManepoBUN Un
TKaHUHHUHN Tiporrapok (puc. 15.2, 2). Taki KOHACHCATOPU MAaOTh BEJHKY IMHUTOMY
€MHICTb, ajie BIIHOCHO HU3bK1 HAMPYTH 1 BEJIMKI T1€JIEKTPUYH] BTPATH.

5 Jlumi cexyitini. Taky KOHCTPYKIIIIO MarOTh KepaMidHI KOHACHCATOPHU. 3
KepaMiKi BIUIMBAIOTh “TPeOIHKY’ 3 TOHKUMHU CTiHKaMu. [IpocTip MK CTiHKaMu
MeTai3ytoTh (puc. 15.2, 0). Taki KOHIEHCATOPH MAIOTh BEJIMKY MUTOMY €MHICTB 1
Maiy iHayKTUBHICTB. Ile kepamiuni konaeHcaTopu K10, KM-4, KM-5 Ta ixmi.

Pi3HOMaHITTSI KOHCTPYKIIIM JTO3BOJISIE ONTUMAIBLHO MMOEHYBATH €JIEKTPUYHI,
MEXaHIYHI Ta TEXHOJOT14HI BJIACTHBOCTI KOHACHCATOPIB IS PI3HMX 3aBJaHb.
Hampuknan, pynoHHI KOHIAEHCATOpW WIAXOIATH JJIS 3arajlbHUX 3aCTOCYBaHb,
MUTHAPAYHI — JIJIT BACOKOYACTOTHUX CXEM, @ OKCUIHI — JJIsI CTBOPEHHS TIPUCTPOIB
13 BUCOKOIO TTMTOMOIO €EMHICTIO. JINTI CEeKITiiTHI KOHJACHCATOPH € ONTUMATLHUMU JIJIS
BUKOPHUCTAHHS Y BUCOKOTEXHOJIOTTUHUX 1 MPEIU3IAHUX MIPUCTPOSIX.
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15.6. XapakTepucTHKa Ta BHUKOPUCTAHHS KOHJIEHCATOPIB MOCTIiHOI
€MHOCTI

Tun pienekTpuka Ta KOHCTPYKIIS BIIITPAlOTh BAXKIUBY poOjib MpU
BUKOPHUCTaHHI KOHJICHCATOPIB.

[TonieTunentepedranaTHi KOHAEHCATOPU MalOTh AY>Ke Mairy copOIlito i Mali
CTpyMH BHUTOKY. ToMy iX BHUTIJHO BUKOPHUCTOBYBaTH sK iHTerpyroui y I[AII,
TaliMepax, reHepaTopax MaJlux 4acToT.

[TomictupoapHi Ta GTOPOIMIACTOBI KOHIEHCATOPU TEX MAIOTh Mallli CTPYMHU
BUTOKY. KpiM TOro, iXHI BIACTUBOCTI HAJATO MaJl0 3MIHIOIOTHCS 3 4acToTO. OCh
YoMy Taki KOHIEHCATOPU BUKOPHUCTOBYIOTh Y KOHTYpax, J€ BaXKJIMBY POJIb BiAIrpae
CTallIBHICTh TapaMeTpiB.

[TariepoBi KOHJEHCATOPU MAIOTh BEJIHMKY PEAKTUBHY MOTYXHICTh. Tomy ix
IIUPOKO BUKOPUCTOBYIOTH JUISl 3aXUCTY BiJl IHAYCTPIaJIbHUX 3aBaJl, SIK iICKporacsyi.

Komb6iHOBaHI [i€JIEKTPUKA MalOTh BEJIUKY MPOOWBHY HAMPYTy 1 IIMPOKO
BUKOPHCTOBYIOTHCS B KOJIaX 3 BUCOKOIO HaIlPYTOI0.

OxcuaHl KOHIEHCATOPU MAIOTh BEJIHKY MHUTOMY €MHICTh, TOMY iX IyXKe
BUT1IHO BUKOPUCTOBYBATH Y 3IJIa/KYBaJIbHUX (DLIBTPAX.

Kepamiuni KoHJEHCATOPU MarOTh Majly IHAYKTHBHICTH. Lle B mepiry uepry
OJIOKyBaJlbHI ¥ BHCOKOYACTOTHI KOHJeHcaTopu. B ocranHboMy pasi ix
BUKOPUCTOBYIOTH JUIsl TEpMOKOMIEHcalii mnpu (IKCOBAaHOMY HACTPOIOBaHHI
KOHTYPIB.

Koxen Tunm KoHAEHCAaTOpa Ma€ CBOi YHIKQJbHI BJIACTUBOCTI, SIKI
00yMOBITIOIOTh HOTO crieli(iuHe BUKOPUCTAHHS:

. Tounicth i cradiibHicTh: [lonieTunentepedranarti, MOMICTUPOIBHI
Ta GTOPOIIACTOBI KOHJEHCATOPH.

. 3axucr i Bucoka Hampyra: IlamepoBi Ta KOHIEHCAaToOpu 3
KOMOIHOBAaHHUMH J11€JICKTPUKAMHU.

. 3raamkyBanua QinbTpiB: OKCHUIHI KOHACHCATOPH.

. BucoxouacToTHi kosa: Kepamiuni KoHAEHCATOPH.

[IpaBunpHU BUOIp TUITY KOHACHCATOPA JIO3BOJISAE 3a0€3MEUNTH HAINHICTB,
TOYHICTh 1 €(EKTHBHICTH POOOTH EJIEKTPOHHUX CXEM Y PpI3HUX YMOBax
eKCIUTyaTarii.

3anuTaHHA 1JI51 CAMOIIePeBIpKM:

1. Ha sixi rpynu knacuikyroTh KOHAEHCATOPH 3a TUIIOM JIi€JIEeKTpHUKa?
2. SIxa OCHOBHA BIJIMIHHICTh M1 KOHJEHCAaTOpaMH IMOCTIMHOI, 3MIHHOI Ta

1HACTPOIOBAHOI EMHOCTI?
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3. SIKi T KOHJEHCATOPIB HAJIEKATh J0 CIELI1AIbHOTO MPU3HAYEHHS?

4. lllo Take HOMIHAJIbHA EMHICTh KOHACHCATOPA, 1 SIK BOHA MMO3HAYAETHCSA?

5. Ske nmpumycTUME BIIXWICHHS Bil HOMIHAIBHOI €MHOCTI IS
KOH/ICHCATOPIB, 1 IK BOHO KOJY€THCA?

6. SIx BU3HAYAETHCS €NEKTPUYHUMN OMIp 130JIAL111 KOHAeHcaTopa?

7. o Take Ttemmneparypuuii koedimieHT emHocTi (TKC), 1 sk BiH
MIO3HAYAETHCS ?

8. Ski Tpu eneMeHTH BXOAATh JIO0 CHUCTEMH YMOBHHMX IO3HAYE€Hb
KOHJIEHCATOPIB?

9. Illo o3nauyae ymoBHe no3HaueHHs "K75-10-250B — 0,47 Mx® £5 %"?

10. SIx BU3HAYA€ETHCA MMIIKJIAC KOHIEHCATOPA Yy TIO3HAYCHH]?

11. SIxkuii BUrSq Mae MPUKIIaa MapKyBaHHs KOHAeHcaTopa 3 €eMHICTIO 33 D,
nomyckoM +10% 1 TeMiiepaTypHOIO HecTabIbHICTIO -75¢1076 K17

12. SIxi OCHOBHI TUIIM KOHCTPYKIIIH KOHJICHCATOPIB MOCTIHHOT €EMHOCTI?

13. VYV yomy 0COOJMBICTD OKCHUJIHHUX KOHIEHCATOPIB, 1 fAKI 1X OCHOBHI
nepeBaru?

14. Jlna aKuX 3aCTOCYBaHb IMAXOASTH MIIIHIPUYIHI KOHICHCATOPH?

15. SIxi ocHOBHI epeBaru MnoJiieTUiIeHTepePTaIaTHUX KOHACHCATOPIB, 1 Je TX
BUKOPUCTOBYIOTH?

16. YoMy moJiicTUpoIbHI Ta (PTOPOIJIACTOBI KOHACHCATOPU MIAXOASThH JJIs
CTa0lIbHUX PE30HAHCHUX KOHTYPiB?

17. SIxi KOHIEHCATOPU BUKOPUCTOBYIOTH IS 3aXMUCTY BiJ 1HAYCTplaJbHUX
3aBaj, 1 Yomy?

18. V axux BUMagKax JOIIBHO BUKOPUCTOBYBATH OKCUIHI KOHJIEHCATOPH?

TEMA 16. 3ATAJIBHI BIIOMOCTI ITIPO MATHETU3M

Mera: o3HalloMUTH 3700yBayiB BUIIOI OCBITH 3 OCHOBHHMHM TMOHSTTAMHU Ta
NPUHIUIIAMA MarHeTU3My, BKIIFOYAI0YM MEXaHi13MU BUHUKHEHHS MarHiTHUX TOJIB,
BJIACTMBOCTI MarHiTHUX MaTepiaiiB Ta 3aKOHH, 1110 OMUCYIOTh MAarHiTHI SBULIA.

[Tnan nexi
1. OcHOBHI XapaKTEepPUCTUKHA MAarHITHOTO TOJIS;
2. MarsiTH1 BJIaCTUBOCTI MaTepiaiB,;
3. Brutu nedopmaiiii Ha MarHiTHI BJaCTUBOCTI METAIB;
4. Brpatu eHeprii B peppoMarHeTukax.

XiJ1 TPOBEICHHSI JICKITIHHOTO 3aHATTS
I. Opranizaris rpynu;
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II. MoTuBaIiist HaB4YaabHOI TISUILHOCTI. OroJIOmIEHHS TEMH W METH,
I1I. Buknagensst Ta 0OTOBOPEHHS HOBOTO MaTepialy;
IV. OromnomieHHs 3aBaHHs HAa CAMOCTIITHE OIPAIIOBaHHS Ta MIATOTOBKY.

16.1. OcHOBHI XapaKTePUCTUKH MATHITHOIO MOJIsI

[IpoBiTHUKY 31 CTPYMOM, IPOBITHUKH 31 CTPYMOM 1 MarHiTH a TaKO>K MarHiTu
B3a€EMOJIIIOTH MK c00010. 151 B3aeMo11s1 3IMCHIOETHCS 32 JJOIIOMOI'0I0 MarHiTHOTO
noJisi. BennuuHa cunu, 10 i€ Ha MPOBIAHUK OJUHUYHOI JOBXKUHU 31 CTPYMOM Y
Mar"iTHOMY I10JIi, BU3HAYAETHCS 3aKOHOM AMIiepa

AF =1i-Al-B-sinp,
ne 1 - cuna cTpymy, Al - oqMHWYHA JOBXKHWHA TTPOBIAHUKA (€ BEKTOPOM, HAIMIPSIMOK
SKOTO 301ra€Thes 3 HAPSIMKOM CTPyMY), B - IHAYKIIisI MAarHITHOTO MOJIA, 3 - KYyT MIXK
BEKTOPOM B 1 HalPSIMKOM CTPyMYy.

Inayxkuiss MardiTHoro nmojst B uncensHO MOPIBHIOE CHUITI, 3 SIKOIO MarHiTHE
MoJjie B3aEMOJIE 3 OJIMHUYHHM €JEeMEHTOM CcTpyMy (i-Al=I), po3TanioBaHUM
NEPIEHIUKYISIPHO BeKTOpoBl iHAyKuli. Bumiproetscs B Tin. Omun Tecna - me
IHOYKISA TOJs, IO /i€ Ha OAWHWUYHHK eneMeHT crpymy (i-Al=1 A-m),
pO3TaIIOBaHMK MEPIICHANKYJISIPHO BEKTOPOBI 1HAYKIIIT, 13 cruioro B 1 H. 3anexuts
BiJl BIACTUBOCTEN CEPEIOBHUIIIA.

Hanpy:kenictrb marniTHoro moJsi H uyucenbHO [NOpIBHIOE 1HIYKINT
MarHiTHOTO MoJig y Bakyymi. He 3aiexuTh BiJl BIACTHUBOCTEH CEpelOBHINA, a
BU3HAYAETHCS CIIOK0 CTPYMY 1 (POPMOIO MpOBIAHUKA.

Bignomenns B/H=|, Ha3UBa€THCS A0COTOTHOK MATHITHOK MPOHUKHICTIO
CEpEeIOBUIIIA.

Hanpy:kenicTs MmarnitHoro moJisi H - BekropHa BenuuuHa, 110 30ira€Tbes B
OJIHOPITHOMY CEPEIOBHIII 3a HAMPSMKOM 3 BEKTOPOM MAarHiTHOI 1HIYKIIi, aje 3a
BEJIMUMHOIO B L, pa3 MeHiue ioro. Y cucrtemi Cl BuMiproeTscst B A/M.

BigHocHa MarHiTHa NPOHMKHICTH JOPIBHIOE U=, /W, A€ Lo - MarHiTHa
IPOHMKHICTB BakyyMy (po=1,26-10" Ti-m/A).

Hanpsimok cuiu, 110 Ji€ Ha MPOBIAHMK 31 CTPYMOM Y MAarHiTHOMY IO,
BU3HAYAETHCS MPABUIIOM JIIBOI PYKH: SIKIO PO3TAIIyBaTH JIOJIOHS JIIBOi PYKH Tak,
1100 CHJIOBI JIiHIT MarHiTHOTO IOJISI BXOJWIN B HEl, a BUTATHYTI Najiblll BKa3zyBalu
HaNpSIMOK CTPYMY, TO BiJICTaBIICHWI BEIHMKWH Majelb YKake HaMpsAMOK il CHIH
(puc. 16.1).
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Puc. 16.1 — [IpaBwio mniBoi
pYyKH

JIBa mapaneiabHuX MPOBIJHUKU 31 CTPYMOM MPUTATAIOTHCSA, SKIO HAMPIMOK
iXHIX CTpyMiB 30Iira€rbcs, 1 BIAIUITOBXYIOTHCS, SKIIO CTPYMH CIPSIMOBaHI B
IPOTHUIIEKH1 CTOPOHHU.

[IpaBmino Bektop HamarHiuyBaHHs / € MiIpOI0 HaMarHiuyBaHHS JIIBOi pyKd
MarHeTvka 1 JOPIBHIOE BEKTOPHIA CyMi BCIX MAarHITHUX MOMEHTIB MOJIEKYJ, IIO
3HaXOAATHCA B OJUHUIIL 00'eMy pedoBUHU. BexkTop HaMarHidvyBaHHs NPONOPLIAHUAN
BEKTOPOBI HAIIPY>KEHOCT1 MarHiTHOTO MOJIS:

I=xH,
JIe K - MarHiTHa COPUUHATIUBICTD (0€3po3MipHa BeandyuHa), | =1+ K.

Kpuga, 1o Bupaxkae 3anexxHictb Mixk H 1 B a6o H 1 I, Ha3UBa€eThCsI KPUBOIO
HaMardiuyBaHHs. PedoBunHm, s skux k>0 (ajse HE3HAYHO), HA3UBAIOTHCS
napamarieTukamu, k<0 - giaMmartetukamu, K>>1 - gpepoMarHeTHKaMHu.

16.2. MarsiTHi BJacTHBOCTI MaTepiaJiiB

Haiibinpi1  Ba)KJIMBUMHU B €JEKTPOTEXHIII MarHiTHUMHU MaTepiajaMu €
dbepoMarHiTHI peuoBHUHHM 1 (PepUMarHiTHI XIMI4H1 CIIOTYKH - (DEPUTH.

SABumie ¢epoMarHeTusMy TIOB'sI3aHE 3 YTBOPEHHAM B MaTepianax
MIKpoOOIacTel CIIOHTAaHHOI HaMarHi4eHOCTI JO0 HACWYEHHsS, $KI Ha3UBaIOTh
MATHITHMMH JIOMeHaMH. XapaKTepHOIO BIACTUBICTIO (JepOMArHiTHUX MaTepiajiB
€ HAsSBHICTh y HUX MHUMOBLIHHOI (CIIOHTAHHOI) HAMarHIY€HOCTI y BIJICYTHOCTI
30BHIITHBOTO MAarHiTHOTO MoJsl. HampsiMKky MarHiTHUX MOMEHTIB OKpPEMHUX JOMEHIB
NPy BIJICYTHOCTI 30BHIIIHBOTO MAarHiTHOTO TOJisi JOBUIbHI. [lig BIIMBOM
30BHINIHBOIO MArHITHOTO TIOJS JIOMEHHM OPIEHTYIOTHCS B3J0BX MOro JIiHIM,
OaraTopazoBo MiJACKIIOIOYM MarHiTHUN MOTIK.
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MoHokpucTanu (GepoMarHiTHUX PEUOBHH XapaKTEPU3YIOThCS MAarHiTHOIO
aHI30TPOMI€I0, TOOTO CTYIIHb HAaMarHiyyBaHHS Y3/J0BX PI3HHUX OCEH CyTTEBO
BIJIPI3HSIETHCS.

i1/ 1

Y

"
) f)

Puc. 16.2 — AHI30TpoOIIi MarHiTHUX BIACTUBOCTEH B MOHOKpHCTaIax 3aji3a
(a), Hikemo (0) 1 kobanbTa (B)

Ha puc. 16.2 noka3zani jerki, cepeaHi 1 BaXkKKi HapsIMKA HaMarHidyBaHHS B
MOHOKpHCTAJIaX TPhOX OCHOBHHUX (DEpOMArHiTHUX €JIEMEHTIB: 3ajli3a, HIKEIIo 1
KoOanbTa.

JlerkuM HampsIMKOM HaMarHidyBaHHS JUIsi MOHOKpHCTana 3aii3a € pedpo
Ky0a, a HallOUTbII BAXKKUM J11arOHANb; 1JI KPUCTAIIYHOI IPAaTKH HIKEII0 HAPSMOK
B3JIOBXK pebpa KyOa BiIOBIa€ HAMPSIMKOBI BaKKOTO HAMAarHIYyBaHHS.

Y Tux BUMaaKax, KOJU aHI30TPOMis B MOJIKPUCTAIIYHUX MAarHeTHKax
BUpaXXEHA JIOCUTH PI3KO, MPUHHATO TOBOPUTH, IO (HEPOMAarHETHK Ma€e MArHiTHY
TekcTypy. OnepkaHHs 3aJaHOi MarHiTHOI TEKCTYPH BHKOPHUCTOBYETHCS IS
CTBOPEHHSI TMIJIBUIIICHUX MATrHITHUX XapaKTepUCTHK MaTepiaay B MOTPIOHOMY
HaANPSMKY.

IIpouec Hamar"iyyBaHHsi (EpOMArHiTHOTO Marepiajy ]l BIUIMBOM
30BHIIIHBOTO MATHITHOTO TOJS 3yMOBIEHHWil: 1) pocToM [OMEHIB, MarHiTHI
MOMEHTH SKHX CKJIQJal0Th HalMEHIIMN KYT 3 HaIlpsIMKOM HOJs; 2) MOBOPOTOM
BEKTOPIB MarHITHUX MOMEHTIB Y HalPSMKY 30BHIITHBOTO MOJIS.

MarniTHe HACHYeHHsl — II¢ HANOLUIbIIE MOXIIMBE ISl TaHOTO MaTepiaiy
HaMarHiuyBaHHS, SIKE JIOCATAETHCS, KOJIM PICT JOMEHIB JOCATAE MAKCUMYMY 1 iXHI
MarHiTHI MOMEHTH OPIEHTYIOTHCS B HAMPSMKY TOJIS.

MarnitocTpukuiss — sBuIIe 3MIHU (EpPOMArHeTUKOM CBOIX JIHIMHHUX
po3MipiB (medopmyBaHHS) T Ti€0 30BHINTHROTO MAarHITHOTO mojs. BenmnuwHa 1
HanpsIMOK Jedopmariii 3a1eKuTh BiJ MPUPOAU (pepomMarHeTHuka i Harpy>KEHOCTI
MarHiTHOTO TIOJISI.
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BenuunHa MarHiTOCTPUKIIINHOTO e(DEeKTy HE 3alle)KUTh Bl HAIPSAMKY IOJIS:
HIKEJIb ITi]T JII€I0 MAarHiTHOTO TIOJISI KOPOTIIIAE, a 3aJ1130 — MOJOBXKYEThCA (Y CIIa0KUX
OJISIX, aJie TP ICTOTHIM 3MiHI BEJTMUMHU HAMPY>KEHOCTI MOJISI MOXKE KOPOTILIATH).

Binnapi-egekr — sBuie, 3B0poTHE MarHiTOCTPUKIIII: 3MiHa HAMArHiY€HOCTI
npu gedopMyBaHHI (epoMarHeTuka (SBUINE BIIAKPUTE I1TATIHCBKUM (P13UKOM
Bimnapi y 1865p.).

Puc. 16.3 — Binmnapi-edexr

BenuunHa MAarHiTOCTPUKINI MOHOKpHCTana 3aji3a pi3Ha A  Pi3HUX
HampsMKiB. MOHOKpHCTan 3aii3a, HAMarHiY€HWH Yy HampsMKy peOpa KyOa,
MIOJTIOBKYETHCS B HAMIPSIMKY J1iarOHaJli 1 CTUCKAETHCS B HAMIPSIMKY HAMArHiqyBaHHS.
MarHiTOCTpUKIliA Ma€ MICIIE ¥ y MOJIKPUCTATIYHUX MaTepianax. 3 TPhOX OCHOBHHX
dbepomarniTHux MetaiiB (Fe; Ni; Co) HaltO1IbIITy MarHiTOCTPUKIIIFO MA€ HIKEb.

[IporikanHs TmpoleciB HaMarHiuyBaHHS (EpOMArHiTHOro marepiaiy
XapakTepu3yoTh KpuBuMU HamaraiayBanus B=f(H). Ha puc. 16.4 naBeneni kpusi
HaMarHivyyBaHHs psIy MarHITHUX MaTepiaiiB.

S 10 }L,—',O-‘

f"rmm: \4
Ao
/ / -2
34 . ~N S
| / 5 § }‘mb T H
, - 0 16 32 48 64 80 36 A/m

Puc. 16.4 — 3anexxHoCTi MarHiTHO1 1HYKIII1 1 MarHiTHOI MPOHUKHOCTI BiJl
Harnpy>keHocTi maraiTHoro mojsi: 1 - 100%Fe; 2 - 99,98%Fe; 3 - 99,92%Fe; 4 -
nepMaon; 5 - Hikenb; 6 - Fe+26%Ni

ni8

\\N \‘
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BinHocHa Mar”iTHa mNPOHMKHICTH HA TIPAKTUIIl BHU3HAYAETHCS 5K
BIJTHOIICHHS 1HIYKIII{ B 10 HANIPY>KEHOCTI MAarHITHOTO MOJIs H B TaHiil TOYIN KPUBOi

HaMarHivyyBaHHS:
B

: ol

MarsiTHy NpOHUKHICTH | Tipu H~( Ha3UBaIOTh MOYATKOBOIO NPOHUKHICTIO,
BU3HAYAIOYH 11 BEIMYUHY TIPH AyXKe cla0bkuXx nojsix (oauseko 0,1 A/m).

Haiibinpiie 3Ha4YeHHS MArHITHOI TPOHUKHOCTI HOCUTh HalWMEHYyBaHHS
MAKCUMAJIbHOI POHUKHOCTI 1 MO3HAYAETHCA [max. B CHIIBHUX TOJIAX B 001acTi
HAaCHYEHHS MarHiTHa MPOHUKHICTh HAOJIMKAETHCS 1O OJAMHHIIL.

XapakTepucTUKor (EepOMAarHeTUKIB y TEPEMIHHUX MAarHITHUX TOJSAX €
BEJTMYMHA TMHAMIYHOI MarHiTHOT IPOHUKHOCTI.

JIluHaMiyHA MATHITHA NPOHMKHICTH [l; — 1€ BIAHONICHHS aMILIITYIHOTO
3HAYEHHS IHAYKINT 0 aMIUTITY THOTO 3Ha4Y€HHS HaNPYy>KEHOCT1 MardHiTHOTO MoJs. 31
30UIBIIEHHSAM YacTOTH TEPEMIHHOTO TOJisi JMHAMIYHA MAar”iTHa MPOHUKHICTh
3MEHIIYEThCS Yepe3 IHEPIIIHICTh MarHITHUX MPOIIECIB.

MarsiTHa TPOHHUKHICTH (PEPOMATHITHUX MaTepialliB CyTTEBO 3AJIEKUTH Bl
TEMIIEpaTypH, MOCATAIOYM MAKCUMyMy TIPH TeMIlepaTypax, ONM3bKHX 0 TOYKU
Kropi (myst uncroro 3amiza — 768°C, mis nikenro — 358°C, ms kobanety — 1131°C).
[TIpu temmeparypax Buie Toukd Kropi 0651acTi CIOHTAaHHOTO HAaMarHI4yBaHHS
PYHHYIOTBCS TEIJIOBUM PYXOM 1 MaTepiaj nepectae OyTH MarHiTHUM.

JUisi  XapakTepuCTUKH 3MIHM MAarHiTHOI MPOHUKHOCTI 3 TEMIEepaTyporo

BUKOPHCTOBYETHCS TEMIIEPATYPHUI KOe(PilliEeHT MATHITHOI MPOHUKHOCTI:
ISR
He dy
Jie |\ - IOCTIMHA MaTepiamy.
[Ipu 3MiHI HAPY’>KEHOCT1 MArHiTHOTO IOJIsl BEJIMUMHA 1HAYKIII MarHiTHOTO
MOJISI TAKOK 3MIHIOETHCS, ajle 3 JICSIKUM BiJICTaBaHHAM 3a (a301o.

3aJIe)KHICTh MIDK HUMH Ma€ BUTJISA] TIETH1 TicTepesucy (puc. 16.5).
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Puc. 16.5 — IlouaTkoBa KprBa HaMarHiuyBaHHS T€ METJIsI TUCTEpesica s
(dbepoMartiTHOro MaTepiany

3MiHa 3HaKa HaMpy>KeHOCT1 MarHiTHOTO IMOJI BUKIIMKA€E NepeMarHiuyBaHHs
MarepiaJy.

MakcuMalibHa BeJIMYMHA 1HAYKIT Mar"diTHOTO MOJIs JJIs JAHOTO MaTepiaity
Bmax JOCSATAETHCS MPU HOTO HAMarHidyBaHH1 10 HacCW4YeHHs. 3HaueHHs B nipu H =0
y Mpolieci po3MarHiuyBaHHs 3pa3Ka, HAMArHIYE€HOTO JI0 HACUYEHHS, Ha3UBAETHCA
3aJIMIIKOBOIO 1HAYKII€O B;. /{7151 Toro o6 3MeHIINTH 1HTyKII0 B1J 3HaAUYEHHS B, 10
HyJls1 (TOOTO pO3MAarHiTUTA Marepiayi), HEOOX1IHO MPUKIACTH 3BOPOTHIO
HATMPY>KEHICTh MOJs H,, 10 HA3UBAETHCS KOEPIMTHUBHOIO (200 3aTPUMYIOYOIO)
CHUJIOIO.

Marepiasin 3 MaJIuM 3Ha4YeHHSIM H. 1 BEJIUKOI BEJIMYMHOK MAarHiTHOI
MIPOHUKHOCT1 HA3UBAIOTHCSI MarHITOM SIKUMH MaTepiajgaMu.

Marepiany 3 BEJIHMKOI KOEPUUTUBHOIO CHUJIO0 1 TMOPIBHAHO Moo
MarHiTHOIO TIPOHUKHICTIO HAa3WBAIOTHCS MArHITOTBEpAUMHU MaTepiamamu (3
MarHiTOTBEPIUX MaTePialliB BUTOTOBJISIOTHCS MOCTIWHI MAarHITH).

16.3. BnuiuB negopmanii Ha MarHiTHi BJaCTHBOCTI MeTaJliB

JledbopMyBaHHS (pepOMarHETHKIB ITi1 JI€I0 30BHINTHLOTO 200 BHYTPIITHBOTO
HABAHTA)KEHHA BIUIMBA€E HA TXHI MarHiTHI BIACTUBOCTI.

Tax npukiageHHs po3TATYI0UO01 CHIIM BUKIIMKAE PI3KEe 3MEHILIEHHS! MAarHiTHOT
NPOHUKHOCTI B Marepiajax 3 HEraTUBHOI MAarHITOCTPUKLIE (HIKENb). Y
MaTepiajiax 3 MO3UTUBHOIO MAarHITOCTPUKIIEIO i AIEI0 PO3TATYIOUNX HANpyKEHb
IPOHUKHICTH 3POCTAE.

BuyTpimHi HanpyxkeHHst y (epoMarHeTHKIB BHUHHKAIOTH B PE3yJbTaTi
IUTACTUYHOTO Je(OpPMYBaHHS, HANPUKIAA, MPU MPOKATIl, KyBaHHI, MPOTDKIN ©
IHIIUX BHJIAaX MeXaHi4yHO1 00poOku. [Ipu HamarHiuyBaHHI BOHU IEPEIIKOKAIOTh
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pOCTYy JOMEHIB 1 OpI€HTaIlll MAarHiTHUX MOMEHTIB y HampsMKy moJs. 3i
301IbIIEHHSM BHYTPIIIHIX HamNpyXeHb MarHiTHAa MPOHUKHICTh 3MEHIIYETHCS, a
KOEPLIUTHUBHA CUJIA 3POCTAE.

BHyTpimiHi HampyXeHHS BUHUKAIOTh TaKOXX IMPU HASBHOCTI B Marepiai
PI3HUX JIOMIIIIOK a00 MPHCaIOK, HAIIPUKIIaa KOOaJIbTy, Xpomy, Boabdpamy, abo pu
rapTyBaHHI MaTepiaay. BUKOPUCTOBYIOUM JOMIIIKKA a00 TEXHOJOTIYHY OIEparlito
rapTyBaHHs, MOXHa IITYYHO 30iMBIIMTA BHYTPIIIHI HANpY>KEHHS W OAepkKaTh
MarHiTOTBepAuii  Marepian. s  BIJHOBJIEHHS MArHITHUX  BJIACTUBOCTEH
Mar”iToM’siki Matepiaid BIAUNATIOI0Th, IO 3HIMA€E BHYTPILNIHI HAMpyXEHHS 1
BUKJIMKA€ peKpHUCTAJi3alilo (BITHOBICHHS) 3€pEH.

MarsiTHi BJacTuBOCTI ()epOMArHETHKIB 3aJ1€5KATh BiJl BeJJMYMHH 3€PHA:
y Ip10HO3EPHUCTUX MaTepialiB KOEPIIMTUBHA CHUJIAa OUIbIIE, HIK Y TPyOO3EPHUCTHUX.
[{e mosICHIOETHCS OUIBIIO TOBEPXHEIO 371e(hOPMOBAHKX 3€PEH Y JIPIOHO3EPHUCTHX
MaTepiaiB, 1110 MIPUBOIUTH /10 301JIBIISHHS] KOSPIIUTUBHOI CHIIH.

16.4. BrpaTu eHeprii B (pepoMarHeTukax
[Ipn nmepemarniuyBanHi (pepoMarHeTHKIB MalOTh MICIE BTpaTH €HEPrii, sKi
BUKJIMKAIOTh PO3IrpiB Marepiany. BTpatu eneprii 3ymoBieHi: 1) ricrepe3ucHoo

3QJICKHICTIO MK HaNPYXEHICTIO ¥ 1HAYKII€I0 MAarHiTHOTO TOJIS; 2) TMHAMIYHUMH
BTparamu. J[MHaMiuHi BTpaTH 3yMOBJICHI BUXPOBUMH CTPYMaMHM.
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Puc. 16.6 — Buxposi ctpymu, ctpymu « DyKo»

Brpatn Ha BHXpOBI CTpyMH 3aiexarb B €JIEKTPUYHOTO OMOpPY
(epomarHeTuka: YuM BHIIE MUTOMUHN OMip (pepOMarHeTHKa, TUM MEHIIIEe BTPATH Ha
BUXPOBI CTPYMHU.

Btpatu eneprii Ha nepemMarHiuyBaHHs ¢hepoMarHeTiKa IpOMOPIIIHHI TUIOIII
HeTyi ricTepe3nca 1 4YacToTi cTpymy. licTepe3sucHe po3CilOBaHHSA €Heprii
BU3HAYAETHCS 32 (HOPMYJIOIO:

Wh= T]'Bnmax f V,
7ie 1 - Koe(iIieHT, Mo 3aJIeKUTh Bl MaTepiany; Byg, - MAaKCUMaIbHA IHIYKIIIS; A -
NoKa3HUK ctynens (n = 1,6...2,2); f - wactora ctpymy; V- 00’em pepomMaraeTuka.

Po3citoBaHHs eHeprii Ha BUXPOBI CTPYMHU BU3HAYA€THCA 32 (POPMYIIOIO:

We= E,\'Bzmaxfz' Va
ne & - xoedilieHT, U0 3aJeXKUTh Bl TUNY (pepomarHeTuka (30Kpema, BiJ HOTO
MUTOMOTO 0mopy) 1 hopMu. OcKiTbKH Wr3aneXuTh BiI YaCTOTH Y IPYTOMY CTYTIEHI,
a BenmnuuHa Wy, - y Iepiomy, TO pH BUCOKUX YaCTOTaX HEOOXITHO BPaxOBYBaTH B
HepIIy Yepry BTpaT Ha BUXPOBi CTPYMHU.

3anuTaHHA 1JI51 CAMOIIePeBIpPKM:

1. Ha3BiTh OCHOBHI XapaKTepUCTUKHA MArHiTHOTO TOJISI.
2. Yum 3yMoBIeHe siBUILE (EepOMArHETU3MY ?
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3. o Take pepomarueTusm, JiaMarHeTHU3M 1 mapamMarHeTu3m?

4. B yomy noJssirae pi3HUI MK MarHiTOCTpHUKIi€ro 1 Binapi-epextom?

5. Slka BenMYMHA XapaKTepU3ye 31aTHICTh (hepOMarHeTuKa
nepeMarHiayBatucs’?

TEMA 17. MATHITHI MATEPIAJIN

Mera: o3HailomuTd 37100yBadiB BHIIOi OCBITM 3 OCHOBHMMHU THUIIAMH
MarHiTHUX MaTepialiiB, iX BIACTUBOCTSIMHU Ta 3aCTOCYBAaHHSM B €JIEKTPOTEXHIYHUX
raimyssx.

[Tman nexiui
1. MaruiTom’siki MaTepiaiy;
2. MarsiToTBepi MaTepiau;
3. Marepianu creriaaizoBaHOTO NMPU3HAYCHHS.

XiJ1 TpOBEICHHSI JICKITIHHOTO 3aHATTS
I. Opranizaris rpynu;
II. MoTuBaIiist HaB4aIbHOI AISUILHOCTI. OroJIOmEHHS TEMH W METH,
III. Bukianenas Ta oOroBopeHHs HOBOTO MaTepiaiy;
IV. OrosnomnieHHs 3aBIaHHs HA CAMOCTIMHE OIMpaIFOBaHHS Ta IMiATOTOBKY.

17.1. Marnitom’siki MaTepiajn

Marnitom’siki marepiaam — Marepiajid, II0 MalTh BHCOKY MAarHiTHY
IPOHUKHICTh, HEBEIUKY KOEPIMTUBHY CHUIy 1 Majl BTpaTH Ha TiCTepe3Hc.
BUKOPUCTOBYIOTBCS SIK CEpJCYHHKH TpaHCPOPMATOPiB, EIEKTPOMATHITIB, Y
BUMIPIOBILHUX MpWIaJax 1 B IHIIUX BUMAJKaX, KOJU HEOOXITHO 3a HAaWMEHIINX
BTpAT €HEprii JHOCATTH HaWOUIbIIOl 1HAYKII. [l 3MEHIleHHs BTpaT Ha BUXPOBI
CTpyMH B TpaHc(hopMaTopax BUKOPUCTOBYIOTh MAarHITOM IKi MaTepiaJid 3 BEJIMKUM
CJICKTPUYHUM OTIOPOM, 3a3BHYail 3aCTOCOBYIOYM MAarHITONPOBOIM, 3i0paHi 3
OKpEMUX 130JIbOBAHUX TOHKHUX JIUCTIB.

3ami30 — TEXHIYHO YKCTE 31130 (ApPMKO-3aJ1130) 3BUMaHO MICTUTh HEBEIIUKY
KUTBKICTh JIOMIIIIOK BYTJICITIO, CIPKHM, MAapTraHIll0, KPEMHII0 i 1HIIUX €JIEMEHTIB (10
0,1%), siK1 TOTIpUIYIOTh WOrO MarHiTHI, BJIACTUBOCTI. Yepe3 MOpIBHSIHO HU3bKUUN
CJIIEKTPUYHMIA OTIP BHKOPHUCTOBYETHCS PiIKO, B OCHOBHOMY VI MarHiTOIIPOBOJIIB
MOCTITHOTO MarHiTHOTO MOTOKY.

HusbkoByrJienesa ejleKTPOTeXHIYHA JUCTOBA cTaJb — MicTUTh 710 0,04%

Byraeto 1 10 0,6% iHmmx nomimok. BumyckaeTbest y BUIIISAL JUCTIB TOBIIMHOIO
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Binx 0,2 10 4 mMm. BigHocHa MarHiTHa TPOHUKHICTH - He MeHmie 3500-4500,
KOepLUUTUBHA cuia - 10 100 A/m.

KpeMHieBa e1ekTpoTexXHiUHA CTaJIb — HAHOUIBII BXKMBAHUN MarHiTOM SIKUIA
MaTepiaj. BBeIeHHAM KPeMHII0 JTOCSITa€ThCsl MiBUIICHHS MUTOMOIO OMOpY CTaIl,
10 JIa€ 3HM)KEHHS BTPAT HAa BUXPOBI CTPYMHU 1 TiCTEpe3uc, 301IbIICHHS MarHiTHO1
MIPOHUKHOCTI, 3MEHIICHHS KOCPIUTHUBHOI crin. KpemHiil HECTIpUATINBO BIUIUBAE
Ha MEXaHIYHI BJIACTMBOCTI 3aJli3a, 301IBIIYIOYM HOTO KPHUXKICTh 1 yTPYIHIOIOUU
NpOKaTKy B UCTU. [Ipu BMicTi KpeMHito moHaM 5% CTajb CTae AykKe KPUXKOIO.

JIuctoBa enekTpoTexHiuHa cTtanb Mapkyerbes OykBoro E (E11, E12, E13).
[epia udpa BKkazye BMICT KPEMHIIO Y BIICOTKaX, APyra — XapakTepu3ye CTallb 3a
il eJIeKTPUYHUMH 1 MArHITHUMH BJIIACTUBOCTSIMH.

Ilepmajioi — 3amizo-HiKeneBl CIUTaBH. XapaKTePU3YIOThCS BEITUKUM
3HAQYEHHSM TMOYaTKOBOI MAarHiTHOI MPOHUKHOCTI B 00JacTi ClIaOKuUX IOJIB, IIO
MOB'SI3aHO 3 TMPAKTUYHOI BIJICYTHICTIO B HUX aHI3OTPOIi 1 MarHiTOCTPHUKIIII.
Po3pi3HAIOTh BHCOKOHIKENEBI 1 HU3BKOHIKEIEBI TiepMmajoi. BucokoHikenesi
nepmainoi MictaTe 7083% Ni, HuzpkoHikeneni — 40-50% Ni. BBenenuns 1o ckiany
nepmanos aomimok Mo, Cr, Si, Mn migBuitye #oro muromuii omip. Jlomimka
MOJIIOICHY CHpHs€ TAKOK 3MEHIIEHHIO Yy TJIMBOCTI IIepMasios 10 AehopMyBaHHS.

Bucoxonikenesuit nepmanoit (79HM, 80HXC) 3acTtocoByeThcsi s
BUTOTOBJICHHSI CEPJCUYHHMKIB MajorabapuTHUX JAPOCENiB, CJIa0KOCTPYMOBHX
MajiorabapuTHuX TpaHC)OPMATOPIB 3BYKOBOTO JIialla30HYy ¥ IMITYJbCHHUX
TpaHcopMaTopiB, a TAKOXK Y MarHITHUX MiJACUIIOBaYax.

Husbkonikenesuit mepmanoit (45H, S0HCX)) mae iHIyKIiF0O HACHYCHHS
Maike BJIIBIYl BUINY, HDK BHCOKOHIKEJIEBUH, IO JI03BOJISIE 3aCTOCOBYBATH
HU3bKOHIKENIEBl CIUIaBU B CHUJIOBHX TpaHcpopmaTopax, ApOCeNsax 1 IHIINX
npuiagax, A€ MoTpidHa BHCOKa KOHIEHTpallis MarHiTHoro motoky. [lepmainoi 3
IPSIMOKYTHOFO TIETJICIO TiCTEPE3UCY MOXKYTh BUKOPHCTOBYBATHUCS ISl CEPICUHHKIB
MarHiTHHUX IiJICUJIIOBAYiB, 10 MEPEKIIOYAI0Th MPUCTPOI, BUMPSIMHUX YCTAaHOBOK i
JJISl €7IEMEHTIB KOMIT FOTEPIB.

Auabcidepu — TmMOTpiKHI CIJIaBM 3aji3a 3 KPEMHIEM 1 aIIOMIHIEM.
OnTtumaneHuit cknan anscidepa: 9,5% Si, 5,6% Al, inme — Fe. Takuii crnas
BIJIPI3HAETHCS TBEPJIICTIO 1 KPUXKICTIO, TOMY BUTOTOBJISIETHCA Y BUTIIAI (DACOHHHUX
BUJIMBOK. BupoOu 3 ambcidepa: MarHiTHI €KpaHH, KOPIyCHM OpWiadiB 1 T.OI. -
BUTOTOBJISIFOTHCS METOJAMH JIUTTS 3 TOBIIMHOIO CTIHOK HE MEHII 2-3 MM dYepes
KpUXKICTh crutaBy. L{s ocoOmuBICTE OOMEXy€ 3aCTOCYBaHHs JAaHOTO MaTepiaiy.
3aBIOsSKHM KPUXKOCTI aibcidepa HMOTo MOKHA pPO3METIOBATH B TOPOIIOK 1
BUKOPDHCTOBYBAaTH TMOPsiA 3 KapOOHUTBHHUM  3aji30M  JJIsl  BUTOTOBJICHHS
BHCOKOYACTOTHUX MPECOBAHUX CEPJCUHUKIB.
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17.2. MarniToTBepai MaTepiaiu

MarsiToTBep/ii MaTepiaau po3aUISIIOTh Ha:

1) neroBaHi craii, 10 TapTyIOTHCSA HA MAPTEHCHT;

2) IUT1 Mar”iTOTBEP/i CIIJIaBH;

3) MarHiTH 3 MOPOIIIKiB;

4) mar"iToTBepAl hepuTH.

Marepianu 111 IOCTIMHUX MAarHiTiB XapaKTEPU3YIOThCS 32 KOSPIUTUBHOIO
CWJIOIO, 3aJIUIIKOBOIO 1HIYKIIEI0 1 MaKCHUMAaJbHOIO E€HEPri€ro, M0 PO3CII0ETHCS
Mar"iToM (MarHiTHa MPOHHMKHICTh MaTepianiB AJs MOCTIHHUX MarHiTiB NMOBHHHA
OyTH Malia, a KOepPIUTUBHA CUJIa BEJIUKA).

JleroBani craji, 10 TapTylOThCsi HA MAPTEHCHUT — Il CTaJll € HAUOUIBII
JOCTYITHUM MatepiajgoM JJis MOCTIMHUX MarHiTiB. BoHU JeryroThcs Jg00aBKaMH
BoJb(pamy, xpomy, momioaeny, kobanety (EX, EXS5KS5). KoepuutuBHa cuia
nocsrae 14 kA/Mm. MapTeHCHT — MepeCUYeHU TBEPAUA PO3YHH BYTJICIIO B 3ai3i,
Ma€ TOJ4aCTy CTPYKTYpY ¥ YTBOPIOETHCS B Pe3yJIbTaTi rapTyBaHHS JIETOBAHOI CTAaJII.

[lepeBaru mMOCTIHHMX MAarHiTIB 3 JIETOBAHOI CTali — BIAHOCHA JEIHICBH3HA 1
MOJKJIMBICTh MEXaHIYHOi O00poOku. B ngaHmii yac BUTICHAIOTBCS MOCTIMHUMU
MarHiTaMu 3 IHIIKUX MaTepiaiB 3 OUIbII BUCOKUMH MAarHITHUMH BJIACTUBOCTSAMH.

JIuti marnitorBepai cmiiaBu — notpiiiHi crutaBu Al-Ni-Fe (crutaBu anbHi).
MarTe BIJHOCHO BEJIHMKY MarHiTHy eHepriio. I[lpu nmomaBanHi KoOanbTy abo
KPEMHII0 MarHiTHi BJIaCTUBOCTI CIUIAaBiB MiABUINYIOThCA. CIUIaB ajgbHI 3 100aBKOIO
KPEMHII0 Ha3WBaIOTh aJIbHicCi, a CruiaB aibHI 3 KOOAIhTOM — ajibHiko. CriiaB
TBHIKO 3 HAHOUIBIIIMM BMICTOM KOOQAITBTY (24%) onepkaB Ha3By MarHiko.

Heponikom cmiaBiB Tumy ajibHI, albHIKO 1 MAarHikO € TPYIHOIII
BUTOTOBJICHHS 3 HUX BUPOOIB TOUHHUX PO3MIPIB BHACTIAOK KPUXKOCTI 1 TBEPAOCTI
CIJIaBiB, IO JOIMYCKalOTh OOpOOKY TUIbKM mHUIsixoM mnuiipyBanHsa. CyuacHe
MapkipyBaHHs ciiaBiB cuctemu Al-Ni-Fe mommprororbest Ha 11 ckiaaiB. Y Mapkax
CILJIaB1B MPUMHATI HACTYNHI nmo3HadeHHs: O — amominiit, H — nikens, 1 — migp, K
— kobanpt, T — THTan, b — HIOOIH, A — KpuctamuyHa TekcTypa. Haitbinpiie
3actocyBaHHa MawoTh craBu FOHJ/(4, FOHJIK24, IOHJIK15. Cona FOHJI4
HAMOUTBII JIEMIEBHH 13 YCIX MAarHITOTBEPAUX 3aji30-HIKEIb-aIIOMIHIEBUX CIIJIaBIB.
CrmnaB FOHZIK24 3acTOCOBYIOTH TO/1, KOJIM BaXJIMBO OJEPKATH OCOOIMBO BHUCOKI
MAarHiTHI BJIaCTUBOCTI B OHOMY HampsMKy, a criaB FOHJIK15 — y Tomy Bunazaky,
KOJI TTOTP10H1 MOPIBHSAHO BUCOKI MarHiTHI BJIACTUBOCTI 0€3 MarHiTHO1 aH130TPOITii.
CmutaBu 31 cipsimoBaHoro kpucranizariero FOH131K25BA, FOHJIK35TSBA matoth
HANOUTBIINI 3amac MarHITHOI €Heprii, TOMy 3 HUX BUTOTOBJISIIOTh MaJorabapuTHI
MarHiTH.
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MarHiTHi  BJIaCTUBOCTI ~ MAarHITOTBEPJAMX MarepiajiB  3ajekaTb  BiJl
KpucTasnorpagidyHoi 1 MarHiTHOI TEKCTyp. Y BCIX MAarHiTOTBEpIUX MaTepiajiB
HallKpallll MAar”iTHI BJIACTHUBOCTI JOCATAIOTHCA NPHU 3HAYHUX CIOTBOPEHHSIX
KpUCTaIIYHUX Ipat. [loJimIIeHHs MarHiTHUX BJIACTUBOCTEW MAarHiTHHUX CILIaBiB
00YMOBJICHI HE TUIbKH CKJIaJIOM, ajie 1 CIeIiaJbHOK 00pPOOKOIO - 0XOJOMKEHHSIM
MarHiTiB TICJI BUIUIABKA B CHUJIBHOMY MAarHITHOMY MOJii. SKIIO BUIUIaBICHUN
MarHiT € aHi30TPONHUM, TO HaWKpaIll MarHiTHI BJIACTUBOCTI BiH BUSIBJISIE B TOMY
HaMpsMKY, B SIKOMY IIPH OXOJIOJPKEHHI Ha HbOTO JIIS1JI0 MarHiTHE TOJIE.

MarsiTu 3 NOpolIKiB BUTOTOBJISIFOTHECS METOJaMHU TTOPOIITKOBOT METaTyprii.
Po3pizHAIOTE MeTajloKepaMiuHi MarHiTH 1 Mar”iTu 3 3epeH NOPOUIKY,
CKPITJICHUX 3B'S3yI0Y0I0 PEYOBHUHOIO (METAIOIJIACTHYHI MarHiTH). BUuroroBneHHs
NEePIIUX 3BOAUTHCS 10 MPECyBaHHA MOPONIKY, IO CKIANAETHCS 3 MOAPIOHEHHMX
TOHKOAMCIIEPCHUX MArHITOTBEPAMX CIUIABIB, 1 10 MOAAJIBIIOTO HOT0 CIIKaHHA MpU
BHCOKHUX TEMIIepaTypax 3a aHaJIOTI€I0 3 MpoIlecaMt BiNaly kepamiku. Jlerani npu
Takiil TEXHOJIOTI MOXHAa BUTOTOBJISIOTECA JOCUTh TOYHO 1 HE BUMAraroTh
noJlaibinoi 0OpoOKU. BUTOTOBIEHHS OpyruX aHAJOTIuHE MPECyBaHHIO JeTalel 13
IUIacTMac, aje B TMOPOLIOK JOAA€TbCA HAIMOBHIOBAY 3 3€PEH MOAPIOHEHOTO
MarHiTOTBEPIOTO CILIABY.

Meranokepamiunai mardita (MMK1... MMK11) 3BuuaiiHo MatoTh TOPUCTICTh
35%, a MaruiTHa eHepris 1 3aJuIIKoBa 1HAYKLIS B HUX Ha 10-20% HuKye, HIXK Y
JUTHUX MAarHiTiB 3 BIJMOBIAHOTO CILIaBy, 3aT€ 3a MEXaHIYHOK MIIHICTIO BOHH
nepeBakaroTh JIUTI MarHiTH B 3-6 pa3iB. KoeprutupHa cuia 24-128 kA/M.

MarsiTHi BIaCTUBOCTI METAJOIJIACTUYHMX MAarHiTiB HU3bKi. KoeprutuHa
cuia Hiwkya Ha 10-15%, 3anumkoBa iHayKuis — Ha 35-50%, a MarHiTHA eHepris —
Ha 4060% y MOPiBHSHHI 3 TUTUMU MarHiTaMu. 3HWKEHHS MarHiTHUX BJIACTUBOCTEN
MOSICHIOETbCSI BENUKUM BMicTOM (10 30%) HeMarHiTHOI CHOJY4YHOi pPEYOBHHHU.
MeTanonnacTuyHi MarHiTM MarOTh BUCOKMN €JIEKTPUYHUN OIp, L0 J03BOJISE
3aCTOCOBYBAaTH IiX B amaparypi 3 HAasBHICTIO MEPEMIHHOTO MAarHiTHOrO TMOJIS
M1JBUILIEHOT YaCTOTH.

MarnitorBepai ¢peputu — HaiiOUTBII BitoMuit OapieBuit peput BaO-6Fe,03
(pepoxcarop). Ha BigMiHy Bijg Mar”iTom’sikux (epuTiB, BIH Ma€ He KyOiuHy, a
reKCaroHaJIbHy KPUCTAIIYHY IPaTKy 3 OJHOOCHOIO aHizorpomieto. [IpoMucioBicTs
BUITYCKa€ JiBa BUIU OapieBuX MarHiTiB: Mmapku bW (OapieBi 130TporiHi) 1 Mapok bA
(OapieBi anizoTpomHi). TexHomoriss BupoOHmnTBa bW monmiOna TtexHoMOTIT
MarHiTom’sikux (epuTiB, y TEXHOJOTIYHOMY Ipoleci BUpoOHuLTBa BA omnepartis
IpecyBaHHS BEJEThCSl B MAarHiTHOMY IOJII TIEBHOT Opi€HTallli HampyskeHicTio 650-
800 xkA/M.
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Marnitu 3 depura 0apil0 MalTh KOESPUUTHUBHY cuity g0 240 xA/M, 110
NEPEBUIyE KOCPLUUTUBHY CHIIy MarHiTiB cucrtemu anbHi (145 kA/M), omHak 3a
3aJIMIIKOBOIO 1HAYKIII€I0 1 MATHITHOIO €HEPTri€l0 BOHU MOCTYHAIOTHCS LIUM CIJIABAM.

bapieBi MarHiTé# JOMUIBPHO BUTOTOBJISATH y BUTJISAL MIai0 1 TOHKUX JTUCKIB,
BOHH BIJIPI3HAIOTHCS BUCOKOIO CTA01IBLHICTIO 110 BIJTHOIIIEHHIO J0 BIJIMBY 30BHIIIHIX
MarHiTHUX TIOJIIB 1 HE OOSIThCA TPACKU M ymapiB. MarHitu 3 GapieBoro ¢epura
MOHA BUKOPHCTOBYBATU MPU BUCOKUX YacToTax. Hemomiku G6apieBuX MarHiTiB —
HU3bKAa MEXaHIYHa MIIHICTh, 3HAYHA KPUXKICTh, CHJIbHA 3aJIEXKHICTh MarHiTHUX
BJIACTUBOCTEH Bij TemrepaTypu. KpiM TOro, BOHM BHUSBISAIOTH HEOOOPOTHY 3MiHY
Mar"iTHUX BJIACTUBOCTEN MICIA OXOJOHKEHHS BIJ KIMHATHOI [0 HHU3BKOI
temriepatypu (—60°C) 1 HarpiBaHHS 70 MOYATKOBOT TEMIIEPATYPH.

Marepianu s 3Byko3amucy. /[l 3amucy 3BYyKYy BHKOPHUCTOBYIOTH
MarHiTOTBEP/Il CTaJi 1 CIIJIaBH, 10 JO3BOJISIIOTH BUTOTOBJISITH 3 HUX JIPIT 200 JIBHSHI,
a TAKOX IEJFOJIO3H1 CTPIYKHU 3 MOKPUTTSAM 3 TTOPOUTKONOIOHUX (hEePHUTIB.

Bikasoii BiTHOCUTBCS O KOBKUX MarHiTOTBEPIWX CIUIABIB, 3 SKHX MOXKHA
BUTOTOBJISITU CTpiuky 1 apit. Ckman Bikanos: 34% Fe; 52% Co; 14% V.
KoepuutnpHa cuna ioro 68 kA/m.

Sx Mar"iTHU MaTepial BUKOPHUCTOBYETbCS MAarHiTHa CTpiuka 3
AIICTUIIIIEITIONIO3H 3 TIOKPHUTTSM 3 MarHeTHTy (okcup 3amiza Fe;Oy).

17.3. Marepiajau cneniajizoBaHOr0 NPpU3HAYECHHSA

CoeniagbHi Mar”iroM’siki ¢gepoMarHeTukm — 1€ MaTepiaid 3
0COOJIMBOCTSIMU MAarHiTHUX BJIACTUBOCTEH, 00YMOBIEHUX CTPYKTYPOIO 1 CKIIaI0M:

1. CnaaBu, mO BiIPI3HAKTLCA HE3HAYHOK 3MIiHOW MATHITHOI
NPOHUKHOCTI NPU3MiHi HATIPY’KEHOCTI MOJIA.

IlepminBap — motpiitnuii craB Fe-Ni-Co 3 BMICTOM IIMX KOMITOHEHTIB
BinoBiIHO 30, 45 125%. IlepminBap Mae HeBEJIUKY KOepUUTUBHY cuity. [louaTkoBa
MarHiTHa MPOHUKHICTb NepMiHBapy aopiBHIOE 300 B iHTEpBasIi HANIPY>KEHOCTI MOJIS
10 250A/m npu inaykuii 0,1 Ta. OnHak Mar"iTHI BIACTUBOCTI IEPMIHBApPY Yy TIUBI
710 BILUTUBY TEMIIEPATYPH 1 MEXaHIUHUX HAIPY>KEHb.

binbm cTtabuibHUM € CIUTaB i30mepm, 10 CKIanay skoro BxoasaTh Fe, Nii Al
a60 Cu. [3omepm Mae maruiTHy TpOHUKHICTE 30-80, 110 MaIO 3MIHIOETHCS B TIOJISIX
JI0 HAIIPY>KEHOCTI1 K1JIbKa COTEHb A/M.

2. CnjaBu 3 Pi3Ko0 3aJI€KHICTIO MATHITHOI TPOHMKHOCTI Bij
TeMIepaTypH.

Tepmomarnitni cniaBu Ha ocHOBi: Ni-Cu, Fe-Ni, Fe-Ni-Cr, Fe-Ni-Co. Ili
CIUIaBH 3aCTOCOBYIOTBHCSI JJIsi KOMIIEHCAIlll TeMIepaTypHOi MOTPINIHOCTI B

YCTaHOBKAaX, 3yMOBJICHOT 3MIHOIO 1HAYKIII{ MOCTIHHUX MarHiTiB a00 OMOpy MPOBO/IIB
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y MAarHiTOCJIEKTPUYHUX MPUIaJaxX Yy MOPIBHSIHHI 3 TUM 3HAYEHHSIM, MPHU SIKOMY
BUKOHYBAJIOCh TpaaytoBaHHs. JJis ofepskaHHs Pi3KOi TeMIepaTypHOi 3aJeXHOCTI
Mar"iTHOI MPOHUKHOCTI ~BHUKOPUCTOBYETHCS  BIACTHBICTh  (DEPOMArHETHKIB
3HIKYBaTH 1HAYKIIIO 3 pOCTOM TemrepaTypu mnobnuszy touku Kropi. s
3a3HaueHUX (epomarHeTukiB Touka Kropi nexuts Mixk 0 1 100°C B 3a1€KHOCTI Bij
no6aBok Jeryrounx enemeHTiB. CmmaB Ni-Cu npu Bwmicti 30% Cu moxe
KOMIIEHCYBATH MOTPIIIHOCTI B TemneparypHux Mexax Big —20 go 80°C, npu 40%
Cu - Big —50 o +10°C.

3. Ciu1aBH 3 BUCOKOK MATHITOCTPUKUIIEIO.

e cniiaBu Fe-Pt, Fe-Co i Fe-Al. Taxki crutaBu 3HaX0AATh 3aCTOCYBAaHHS B
SAKOCTI CEpJICYHHKIB TE€HEpaTOpiB AaKyCTHUYHUX KOJUBAaHb MPU 3BYKOBHUX 1
yIbTPA3BYKOBUX YacToTax. I[l0o370BXKHS MAarHiTOCTPUKINS 1MX CIUIaBIB Mae
TIO3UTUBHUI 3HAK, a BiHOCHA AedopMallis KoJauBacThesi B Mexkax (40-120)-10%.
Haityacrime B 1iii SIKOCTI BUKOPUCTOBYETHCS YHUCTUH HIKEb, L0 Ma€ 3HAYHY
MarHiTOCTPHUKIIIIO.

4. Cni1aBu 3 000/ 1MBO BUCOKOIO IHAYKIIEI0 HACUYEHHS.

3aj1i30-k00a/1bTOBI CIVIABM — MalOThb OCOOJIMBO BHUCOKY 1HIYKIIIIO
HacuueHHs (110 2,4 Ti). Enextpuynuii omip Takux CruiaBiB HeBenukui. CriiaBu, 110
MICTSATH BiJ

50 ngo 70% Co, Ha3uBawThCS NepMeHApaMu. l[lepMeHIIOpU MOXYThH
3aCTOCOBYBATHUCSl 4epe3 iX BHUCOKY BapTIiCTh TUIbKH B CIELIajbHIN amaparypi,
30KpeMa B IMHAMIYHHUX PENpOIyKTopax, ocuuiorpadax, TeneGoHHIX MeMOpaHax 1
T.I1.

®epumarneTtuxku (pepuTH) — 11e CKJIAJHI OKCHJHI MaTepiaiu, 10 MarTh
JIOMEHHY CTPYKTypy. DepuMarHeTWKd BIJAPI3HAIOTHCS BiJ (HEpOMarHeTUKIB
MEHIIIOI0 BEJIMYMHOK 1HAYKIIIT, MaIOTh OUTBII CKJIAJIHY TEMIIEPATYPHY 3aJICKHICTh
THIYKIT 1 M aBUIIeHE a00 Ty»Ke BUCOKE 3HAYCHHS MUTOMOTO oropy. deputu tBEpi
1 KpHXKI Marepiajid, TOMY iX HE MOXHa pi3aTdh, MOXHa JHIle UUTidyBaTH 1
HOJIIPYBAaTH.

depuTH € MarHITHOIO KEPaMiKOIO 3 HE3HAYHOIO €JIEKTPOHHOIO MPOBITHICTIO,
BHACIIZIOK 4YOTO BOHM MOXYTh OyTH BIJHECEHI [0 eJeKTPOHHHX
HAnmiBOPOBiAHNKIB. Benrka BelMunHA MUTOMOTO OIOPY, 1110 MEPEBUILYE P 3aii3a
B 10%-10"" pasiB, a oTke, i BiJHOCHO HEBEJIMKi BTpaTH €HEPrii B Jiama3oHi
MMIBUANIEHNX 1 BHCOKMX YacTOT 1 JOCHATH BHCOKI MAar”iTHI BJIACTHBOCTI
3a0e3MeuyoTh (pepuTam MUPOKE 3aCTOCYBAHHS Y BUCOKOYACTOTHUX MPUCTPOSIX.

@epuUTH € CHCTEMOK 3 OKHCIIB 3ai3a W OKHCIIB JABOBAJICHTHUX, PIIIIIE
OJIHOBAJICHTHUX METAIB, 1110 BIAMOBIAAI0TH 3arayibHii hopmyn MeO-Fe,Os, ne Me
CHUMBOJI JBOBAJIEHTHOTO MeTany. depuTu MaroTh KyOidHI KPHUCTaJII4yHI IPATKH.
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butbmricTe 3'€1HaHP 3a3HAYEHOTO THMY, SK 1 MPUPOJHUN MArHITHUM 3ali3HSIK
(maruetut) FeO-Fe,O3, MatoTh MarHiTHI BIIaCTUBOCTI.

Texniuni ¢epuTn € TBEepAUMHU pPO3UYMHAMHU JIEKUIBKOX HANUMPOCTIIINX
3'elHaHb, Y TOMY 4HuCIl 1 HedepoMarHiTHUX. B jgaHul 4ac BUKOPHUCTOBYIOTHCS
HACTYIIHI TPYNH 3MIIIaHuX (EepuTiB: MapraHeb-IIMHKOBUH, HIKEIb-IUHKOBI 1 JIITIH
[UHKOBHU:

m-MnO-Fe203 + n-ZnO-Fe203 + p-FeO-Fe203 - £=10°...10°;
m-NiO-Fe203 + n-ZnO-Fe203 + p-FeO-Fe203 - £=10°...108;
m-Li20-Fe203 + n-ZnO-Fe203 + p-FeO-Fe203 - £=10°...10°%;
7€ m, n, p - BU3HAYAIOTh KIJBKICHI CITIBBIJHOIICHHS KOMITOHEHTIB. [IporneHTHui
CKJIa/1 KOMITIOHEHTIB BIUIMBA€ HA MAarHiTHI BIACTUBOCTI MaTepiaiy.

TexHosoriyHuil mporiec BUPOOHUIITBA (PEPUTOBUX BUPOOIB 3BOJUTHCS O
TOTO, IO TMOMEPEAHBO OJACPKYIOTh (PEPUTHHM MOPOLIOK, IO CKIANAETHCA 3
noApiOHEHUX 1 MONEPEAHBO BiNIAJIEHUX OKUCIIIB BIIMOBIAHUX METATIB. Y MOPOIIOK
JOJAI0Th IJIACTU(IKATOP - 3BUYANHO PO3YMH MOJIIBIHIJIOBOTO CITUPTY, 1 3 OTPUMAHO1
Macu TMpPECYIOTh MiJ BEIUKUM THCKOM BHUpoOUM HeoOXxigHoi ¢opmu. Bupid
BignamooTs npu temneparypi 1100-1400°C. Ilpu upomy BiiOyBa€eTbCsl CHIKAHHSA
MOPOIIIKY 1 YTBOPEHHSI TBEpAUX PO3uMHIB (epuTiB. BiamamoBaHHS MpOBOASTH B
OKHCHOMY CepeJIOBHII (3BUYalHO B TTOBITP1). Hemomik TexXHoIor1i mojsrae B Tomy,
110 ycajka ¢hepuTiB IpH BiANad0BaHHI Moxe nocsratu 20%.

Marnitom’siki ¢epuTH — 10 TaKUMX BIAHOCATH MapraHelb-IUHKOBHI,
HiKeJb-UMHKOBHI 1 JiTid-nmuHKkoBUIl ¢deputn. XapakTepu3yHOThCS BY3bKOIO
METJICI0 TICTEPE3UCY, BUCOKOI0 MATHITHOIO MPOHUKHICTIO 1 MaJIOi KOEPIUTUBHOIO
cuior. Y ¢deputax CroCTepIiraeTbes SBUINE MAarHITOCTPUKINT. Deputu 3 HU3BKOIO
Temnepatyporo Kiopi MaroTh MEHIINI MarHiTOCTPUKIIIHUN eeKT.

Haiibinpir  po3MoBCIO/KEHE  MapKipyBaHHS  MarHiTOM SKUX — (PEpHTIB:
CIOYATKy MPUBOJSATH 3HAUEHHS TOYATKOBOI MarHiTHOI MPOHUKHOCTI, MOTIM OYKBH,
110 IMO3HAYaIOTh YAaCTOTHUM Jlama3oH 3aCTOCYBaHHS, IO OOMEXKYETbCS 3BEPXY
3HAQUYEHHSIM TPaHUYHOI YacToTH. [1il rPAHMYHOI0 YACTOTO PO3YMIIOTh YacTOTY,
Y K MOYMHAETHCS MIBUAKANA PICT TaHTEHCA KyTa BTpar (gepura. Deputu mms
3BYKOBHX, yJIbTPa3ByKOBUX 1 HHU3BKUX PaJl04acTOT AJI CTHUCIOCTI MO3HAYAIOTh
oykBoto H (am3pkouactotri, 2000HM). I'pannyHa wactoTa iX IjIsl pi3HUX MapoK
Moke sexatd B Mexax Big 0,1 go 50 MI'm. ¥V mapkipyBaHHI BHCOKOYaCTOTHHX
dbepuTiB BUKOPUCTOBYIOThbCS OykBH BY, rpannuna vactora — Big 50 1o 600 Mrix
(100BY). [lani B MmapKipyBaHH1 HAyTh OYKBH, 1110 MO3HAYAIOTh CKJIA] MaTepiany: M
MapraHelb-IIMHKOBHM, H — HIKeb-IIMHKOBUM 1 T.1I.

MarsiTHa IPOHUKHICTh HIKEIb-IIMHKOBUX (PEPUTIB MiBUIIYETHCS 3 POCTOM
TeMIiepaTypu a0 Touku Kropi i moTiM pi3ko magae. Yum Buliie 3Hau€HHS TOYaTKOBOT

NPOHUKHOCTI, TUM HIK4Ye Touka Kropi ¢epury. @eputu MaroTh BiTHOCHO BEIHUKY
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JIEeIEKTPUYHY TTPOHUKHICTD, 110 3aJICKHUTh BIJl YaCTOTH MOJIA 1 ckiaay depuris. 3
MiABUIICHHAM YacTOTH JlI€JIEKTPUYHA MPOHUKHICTH QepuTiB magae. TaHreHc KyTa
BTpat ¢eputis — Bix 0,005 mo 0,1.

@eputn 3 NPAMOKYTHOK ¢opmorw nerai rucrepesucy (IIIITN) —
BUKOPHUCTOBYIOTHCS JIJISl 3allaM'ITOBYIOUUX MPHUCTPOIB OOUYMCIIIOBAILHOT TEXHIKH.
Marepianu 3 IIIII" moBuHHI 3a0e3medyBaTH MajMii Yac mMepeMarHidyyBaHHS,
MO>KJIBO BEJIMKY TEMIIEpaTypHY CTaOUIbHICTh MarHITHUX XapaKTEPUCTHUK, a OTKE,
MaTH BUCOKY TouKy Kropi.

Marnitocrpukuiiini deputn — 1e MaTepianid 3 BHCOKUM pIBHEM
MarHiTocTpukiii  (pepur  3amiza, mepmasiol, KoOambTOBUU  (epur).
BukopucToByIOThCS SIK BUCOKOYACTOTHI MEPETBOPIOBAY] €IEKTPOMArHITHOI €Heprii
B IHIIN BUJU eHEeprii (MEeXaHIuHY), a TAKOX K JTaTUUKH THUCKY.

MarniToaieJIeKTPUKH — XapaKTepU3YIOThCS BEIUKUM IMMHTOMHUM OIOPOM i
MaJIMMH MarHITHUMH BTpaTaMH, OCKUTBKHM TMPHU3HAYCHI IJIsI BUKOPUCTAHHS TIpH
MIJBUIIICHUX YaCTOTaX K CEPJACUYHUKU KOTYIIOK 1HAYKTUBHOCTI, MarHiTONPOBO/IIB
(MarHiTONpPoOBiA — €JIEMEHT MArHITHOTO JIAHINIOTA, IO CIYXKUTh JJIs JIOKaJIi3allii
TMOTOKY MAarHiTHOI iHAyKIIii). [XHS MarHiTHA IPOHUKHICTL MPAKTUYHO HE 3aJIEKUTh
BiJl 30BHINIHHOTO MArHITHOTO TOJIA. MAarHiTOMieNeKTPUKH OJEPKYIOTh MUISTXOM
MpECyBaHHs MOPOIIKOMOAIOHOTO (hepoMarHeTuka 3 130JI0I0YUM OPTraHidHUM abo
HEOPTraHiYHUM 3B'S3YIOUMM. SIK OCHOBY 3aCTOCOBYIOTh KapOOHIJIBHE 3aii30,
nepmanoi, ambcudep Ta  iH.  [30mI0M0YMM  3B'S3YHOUMM  CIIY)KaTh
dbenondopManIpaeriHl CMOJIM, TOJICTUPOS, CKJIO 1 T.I. Big OCHOBH BUMaraeThcs
HAsSBHICTh BHUCOKHWX MAarHiTHHUX BJIACTUBOCTEH, BiJl 3B'SA3YHOUOTO — 3JaTHICTh
YTBOPIOBATU M1 3€pHAMU CYILIJIbHY 130JII0I0UY IUTIBKY.

KoHncTpykuiiini yaBynm i crami — 4yaByHu 1 crami OyBalOTh MarfiTHi 1
HeMarHiTHi. [lo mepmmx BiIHOCSATHCS CIpHil YaByH, BYTJIEIEBI 1 IETOBaHI CTajl; 0
JIPYTUX - HEMarHiTHUM CTasl 1 HEMarHiTHUM YaByH.

Cipwmii yaByH Mictuth 3,2-3,5% Byrieio, KpeMHiid, Maprasenb, docdop,
cipky. Cipuii 9aBYH 3aCTOCOBY€THCS JJIs1 BUJTUBKIB KOPITYCIiB €ICKTPUIHUX MAIIIHH,
KPIMWIbHUX AeTanel, uT 1 1H. YaByHHI1 BUIMBKUA OCOOJIHMBO BETUKUX PO3MIpIB HE
BUMArarTh MOJAIBIIOI TEPMIYHOT 0OPOOKH.

ByriieneBa crajib 3 MiABUIIICHUMU MEXaHIYHUMU BJIACTUBOCTSIMU 3 BMICTOM
Byrueto Bix 0,08 mo 0,2% (Bupib Bignamoots mpu 850-900°C) BUKOPHUCTOBYETHCS
JUIST BUTOTOBJICHHS BiJMOBIMAIbHUX JeTallel eNeKTpUYHUX MarnuH. [ligBumieHHs
MIITHOCTI JOCSATAETHCS JIETYBAaHHAM CTaJll HIKEJIEM, BaHAI1EM, XPOMOM, MOJTIOJICHOM.
Mesxa minHocTi JeroBanux ctainei 500-950 MI1a.

HemarHniTHMii 4YaByH — 3aCTOCOBYETHCA B THX BHIIAJIKaX, KOJH HAasSBHICTb
MarHiTHUX BJIACTUBOCTEH Yy KOHCTPYKLIHHOMY Matepiaii He motpiona. Illupoxo

3aCTOCOBYETHCSI HEMAarHiTHUM YaByH, IO MICTHUTh Yy CBOEMY CKJIaJl HIKEIb 1
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Maprasnelb. HemarnitHi yaByHu 100pe MexaHigyHO o0OpooiistoThes. [Ipu HarpiBaHH1
10 400°C BoHu 30epiratoTh CBOT apaMarHiTH1 BIACTUBOCTI. Benukuii enexTpuyHmii
OIp HEMAarHiTHOTO YaByHAa 3HUXKY€ BTPATU HAa BUXPOBI CTPyMH B MOPIBHSHHI 3
KOJLOPOBMMH CIJIaBaMU. MarHiTHa MPOHUKHICTh HEMAarHiTHOTO 4YaByHy | = 1,03,
nutoMuit omip p = 1,4 MkOm-M. Mexa mirtHocTi 250-350 MITa. HemarniTHuil yaByH
BUKOPHUCTOBYIOTh TPU BHUIOTOBJCHHI KPHUIIOK, KOXYXIB, BTYJOK MAacCsSHHX
BUMHUKAUiB, OOOWM CHJIOBHX TpaHCHOpPMATOpIB, KOXYXIB 3BaprOBaJIbHHUX
TpaHcpopmaTopis i T.11.

HemarniTHi cTaJi — BUTOTOBIISIIOTH IUISIXOM BBEICHHS HIKEIIO 1 MAPraHIIto, 1110
CHpUsi€ 3HMKEHHIO TEMITEPATypH MEPEX0oTy Y — 3aii3a B o — 3ami30 10 20°C 1 Huxkue.
[Ipukiaa HEMarHiTHOI CTaJll: HIKeJIeBa CTallb, 1o Mae ckiaid: 0,25-0,35% C; 22-25%
Ni; 2-3% Cr. Mexa minHocTi Takoi cram 700-800 MIla, marHiTHa TPOHHUKHICTb
p=1,05-1,2.

3anuTaHHA 118 caMoNepeBipKu:

1. Ha sxi Tpu Beauki Tpynu MNOAUISAIOTH MarHiTHI MaTepiaad 1 YuM
BOHUBIAPIZHIIOTHCS ?

2. HaBeniTh npuKiIau MarHiToM IKUX MaTepiaiB.

3. HaBeniTh npukiiaan MarHiTOTBEPAUX MaTepiaiiB.

4. o Take TexHI4YHI (PEpUTH 1 SIK BOHH BUTOTOBJISIOTHCS?

5. HuM BiApi3HAIOTHCS MarHiTHI MaTepiajiyu 0COOIUBOTO MPU3HAYCHHS?

201



BUMOTH IO O®OPMJIEHHS KOHCHEKTY JEKIIHA
3 IMCHUILIIHH
«EJekTpoTexHiYHi MaTepiaJmw» AJsl MiATOTOBKH 10 JEKIiHHUX 3aHATH
3100yBayaMu 3a nepmmM(0axkaIaBpCcbKUM) PiBHEM BHILOI OCBITH
cneniaabHOCTI 141 «EjiekTpoeHepreTnka, eJIeKTPOTeXHiKa Ta
eJIEKTPOMEXaHIKa»

1. KoHcrniekTH JIeKI11i MOBUHHI OYTH HaMMCaH1 B OJJHOMY JICKI[IHHOMY 30IIUTI
3 TUCHMIUTIHU «EJIeKTpOTeXHIYH1 MaTepianmy.

2. O6csr CTOPIHOK IS JEKIIHOTO 30MIHTY CiIif oOupaTH B aianazoHi 60-90
CTOPIHOK.

JlekiiiHuii 30MMUT MOBUHHUN OyTH MiANUCAHUM HA TUTYJBHOMY apKyIIll 4H
Ha noyaTtky — Ha3Ba gucturmninam, I1.LIL., kypc, rpyna cryaeHra.

3. KiabKicTh JeKIiit Ta iX 3MICT MOBUHHI BIANOBIIATH TEMAaTUYHOMY ILJIaHY.

4. KinbKiCTh PYKONMUCHUX CTOpiHOK — 10-15, B 3ajeXHOCTI BIJ CTHIIIO
MUCaHHA CTyACHTA.

5. KOHCTIEKT MUIIEThCS KOKHUM CTYJIEHTOM BJIACHOPYY (OJHUM KOJSPOM
MacTu) Ta BMINIy€E: HA3By TEMH, IUTaH, TEKCTOBE BUKJIAJaHHS TEMH, TEMHU Ha
CaMOCTIITHE OTpaIfoBaHHSI.

6. Ilicnsa o3HAMOMIIEHHS 3 TEKCTOBHM 3MICTOM JIEKIIlT, HEOOXITHO JOJaTKOBO
OTPALIOBATH TEMHU HA CAMOCIIHY MiJITOTOBKY.

7. Y pasi npomycKy JEKIIHHOTO 3aHATTS, TEKCTOBUN MaTepiall MPOIyIEeHO1
TEMHU HEOOXI1THO 3amrcaTy a00 BKJICITH B 30IIIHT.

8. Jlms mepeBipkM KOHCHEKTH HAJal0Thes Ha Kadeapy BiANOBITATbHUM
IPEICTABHUKOM BiJl TPYIH, a00 B €JIEKTPOHHOMY BUTJIAMI (Tamka 3 ()OTO CTOPIHOK
KOHCIICKTY Yy BUMAJKy IUCTAHIIMHOTO HAaBYaHHS) BHKJIAQNady, SKHA MPOBOJWB
MPaKTUYHI 3aHATTS y TPYMi.

9. KoHCcnekTu MpoBIpsSIOTHCS HA MPOMDKHHMX aTeCTalllsX Ta 3aJiIKOBOMY
THXKHI.

10. Bci KOHCTIEKTH JEKITIN MOBUHHI OyTH Ha/laHi 10 MiAMUCAHHS JTOMYCKY 10
cecii.
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