I. I. BACWJIEHKO, B. B. HINPOKOB, 10. 1. BACUJIEHKO

KOHCTPYKUINHI
TA EAEKTPOTEXHIUHI
MATEPIAAU

HaB4yaabHuil NOCIOHUK

“ Marwno.1is-2006"
JIbBiB — 2025



VJIK 621.039.53 /315 Biomeopenns uiei kHuzu abo 6y0v-axoi it uacmunu

B 19

B19

3a60poneHo 6e3 nucomMo60i 3200u 6UOABHUUMEA.
Byov-siki cnpo6u nopyuients asmopcokux npae
nepecnioysamumymvcs y cy0080my nopsoxy.

T'pugh naoarno Minicmepcmeom oceimu i Hayku Ykpainu

Peuenzenmu:
Dedipro B. M. — 0oxkmop mexuiunux nayx, npogecop ( @izuxo-mexaniunuii
incmumym HAH Ykpainu);
Cemepax M. M. — dokmop mexniunux Hayk, npogecop (JIvsiecoruii oep-
JACABHUTI a2papHuli yHieepcumem) |
Cupomiwok B. M. —kanouoam mexuiunux nHayx, npogecop (JIvgiscoxuii Oep-
JACABHUTL az2papHuti yHigepcumen) .

Bacuienko 1. 1., Illupoxos B. B., Bacunenxo 10. 1.
KoncrpykiiiiHi Ta enekTpoTexHiuHi MmaTepianu: Hasu. moci6-
HUK. — JIpBiB: “ Marnomisn-2006" , 202025. — 241 c.

ISBN 966-2025-02-2 “Marnomis-2006”

BuxnazneHo (isnuHi OCHOBH elleKTpoMAaTepiaIO3HABCTBA Ta 3araibHi
BIZIOMOCTI ITPO OCHOBHI KJIACH €JIeKTPOTEXHIYHUX MaTepiaiB — JieTeKTpH-
KiB, IPOBITHUKIB, HAIMIBIPOBITHUKIB, MATHITHUX MATEPiaJliB Ta IX BIACTH-
BocTi. HaBeieHo OCHOBHI MApKH Ta XapaKTEPUCTUKU KOHCTPYKIIMHUX CTa-
TIeid 7151 eHePreTUYHOTO OOIa THAHHS.

[TociOHMK MTpU3HAYEHO 1715 CTYIEHTIB €eHEPreTHYHUX CIeliaTbHOCTeH
BUIIMX HaBYasTbHUX 3akiafiB [II -1V piBHIB akpeauTaltii, a TAKOX CTyIeH-
TiB KOJICKIB 1 TEXHIKYMIB.

YK 621.039.53/.315

ISBN 966-2025-02-2 © I. 1. Bacunenko, B. B. IIlupokos,

IO. 1. Bacunenxo, 2025
© “Marnomnig-2006", 2025



BOTYII et earre e 6
PO3I1JT 1. ATOMHO-MOJIEKYJISAPHE BUEHHS 1 ®I3NUYHI
OCHOBMU EJIEKTPOMATEPIAJIOSHABCTBA ....... 8
1.1. PO3BUTOK aTOMHO-MOJIEKYJISIPHOTO BUCHHS +vvvvvreeererrernrnnnnnnnns 8
1.2. BynoBa aToMma i mepioguyHa CHCTEMa €JICMCHTIB
D1 O LY (552 1 (o) (10 - Y- NN 14
1.3. MXKaTOMHI Ta MDKMOJICKYIISIPHI 3B SI3KH vvvvveeeersiiieivvveeneeaenns 18
1.4. 30HHA TEOPISA TBEPIAOTO TITA tvvvrrrreersssiirrrrrrereeeesseaiisrrrnneraaaeens 27
3anumants ONist CAMOKOHIIPOTIIO wuvvvuvuverererrnsnsssssssssssnsssssnmmsmmnmnnnes 30
PO3JILI 2. KOHCTPYKIIMHI MATEPIAJIU .......cccvvvrnee. 32
2.1, 3aTaITBHI BIIOMOCTI toeuuvteeeeiiiieeeesireeeessiteeeessnineeeesnnnneeesennees 32
2.2. OCOOIUBOCTI OYTOBU TBEPHAMX TIIT ceviveeerrrrnrereaeessisinnrnneneeaeens 33
2.3. MeXaHIUHI BITACTHUBOCTI «eeeviuvvreeeiirrieessirreesssineesssssnseeessnneens 39
2.4. KoHCTpYyKIIiHI MaTepialli eHePreTUYHOTo 00JaHaHHS ..... 44
2.5. Marepiallil SAAEPHOT CHEPTETHKHU oveeeeeeerrvrerereaeesssssnsnnereeaeens 45
2.6. MaTepiaiad TEIIOBOI CHEPTETHKH .ceeveuvrvverereeaessssnnrnnereeaeens 50
2.7. Marepianu ra3oBux TypOiH i Mapora3oBHX YCTAHOBOK ...... 54
2.8. Matepialyd TIAPOCHEPTCTUKHU tvvvvrereessseinrrerrereaeessssssnssnereeaees 58
3anumanus ONst CAMOKOHIIPOTIIO wuvvvvvuvrrururrnsnssssssssssssssnsmsmmmsmnmnnne 59
PO3 1T 3. ITIPOBIIHWUKOBI MATEPIAJIN ........oeveiviiieeeiiie, 60
3.1. di3zuyHA CyTh E€IEKTPOIPOBIAHOCTI (3arajbHi MOJIOXKEHHS) ... 60
3.2. ENeKTPONPOBIIHICTD METAIIIB tvvvveeeeesieiurrrerreeeeeesssssnsnnnneeaeens 61
3.3. TemmepatypHa 3aJIeKHICTH TUTOMOT'O OTIOPY METAJTIYHHUX
D1§010):3 0050709 0 : SRR 64
3.4, HAZIITPOBITHICTD «.uvvvvvrrreeeeesiiirrrerreseesssasnssnneesessesssssnsnnnsesaees 67
3.5. MaTepialli BUCOKOI MPOBIIHOCT vvvveeeeveiurvereereeeesssninsnnneeeens 76
3.6. CITABH BHCOKOTO OTIOPY «uveererrsssssssssssssssssssssssssssssssssssssnnns 80
3.7. CIUIaBH IS TEPMOIIAD oeeeeeeeeeeeesiseesaseessssssssssssssssssassssnsssnsnans 83
3.8. BIATOPOIHI METAIH vvvvveeeeesieirrirrreeeeessesitsnneeeeseessssnnsnnereeaees 84
3.9. TYTOITABKI METAIIH vvvvveeeessisurrrrrrreeaesssasinssnnseeeseessssssnssnnseeaees 86

3.10. EnexTpuyHi BIACTHBOCTI METAIYHHUX CIUIABIB .....vvveerenn.... 92



KoHcmpykuiliHi ma enekmpomexHiyHi Mamepianu

3.11. TIPUIIOT 1 DITIOCH ..ottt 92
3.12. HemeTalmiuHi OPOBIIHUKOBI MATEPIANTH ...coeeeeeeeenerrrrnennnnnnn. 97
3anumanus 05t CAMOKOHMPOTIO ........ccceeeeeieeeeeiaaaiaeeeeeeeeeeee 101
PO3JLT 4. HATTIBITPOBIJHUKOBI MATEPIAJIN ................. 102
4.1. 3aTQTBHI TIOTTOMKEHHS .vvvvveeerneieeeesniereeeaannneeeeesnseeessnsseeeeanes 102
4.2. MexaHi3M MPOBIAHOCTI HAIMIBIPOBIIHUKIB ......cccceeernnnnnnnen. 103
4.3. HAamiBOPOBITHUKH 7-THITY ...cceeeuvvrrrrrreeeeeeeeirrrreeraeeeesennnnnnness 106
4.4, HAamBIOPOBITHUKH P-THITY ...cceeeurrrrrrreeeeeeeeeinrrreeeeeeeeseennnnnness 108
4.5. HamiBOpOBIIHUKOBI BUIMMPOCTYBAUIL ....ceeveuverrvrreeeeeeeeenennnnnes. 109
4.6. MeTo BU3HAYCHHS THUITY €JIEKTPOIPOBIIHOCTI
HATIBIIPOBIIHUKIB ...eeeeeieiiiiiiirieeeeeeeeiitiareeeeeeeeeeeiessnneeeeeeeenns 113
4.7. BuuB CBITJIa Ha €IEKTPONPOBIAHICTh HAIIBIPOBIIHUKIB ... 113
4.8. HamiBIPOBITHUKOBI MATEPIAIIH ...vvvveeeeeeeeeeirreeeeeeeeeeeervvnnens. 115
3anumanus ONst CAMOKOHMPOTIO ...cccceeeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeeeeeenns 119
PO3IALIT 5. ®IBUKA JIEJEKTPUKIB ... 120
5.1. dienexTpuuHi (eIeKTPOI3ONIALINHI) MATEPIANH .................. 120
5.2. Tonsapu3amist JICTHEKTPUKIB ....eeereeeeereeeerrrreereeeeesannnreeeeeeens 122
5.3. JIieNeKTPUUHA TIPOHUKHICTD ..vvvvreeeeerenerrrrreereeeeessnnnnraeeeeeeens 124
5.4. 3a7eXKHICTh AI€IEKTPUYHOI MPOHUKHOCTI BiJ PI3HUX
DAKTOPIB 1eieeeeeiiiiiiieiee e e ettt e e e e et e e e e e e e e e aenaaeeeeeeens 127
5.5, JTIETIEKTPUUHI BTPATH ...cveevrvvrereeeeeeeennrrreeeeeeeesensnnnseeeeeeeens 129
5.6. BIUIUB PI3HUX YMHHHMKIB HA 10 ...vvvvieeiiiieeeiiieeeeiiiee e 131
5.7. TIPOOIH JICTEKTPHUKIB. ...cceeevvrrrerreeeeeeeierrrrreeeeeesessnnnreeeeeeeens 133
5.8. EnekTponpoBigHICTh 1 MpoOiii ra30moaioHux
JUCTICKTPHKIB ..veeiiiiiiiieeeeeieiiirrereeeeeeaeasnsssssreeeeeesssssnssseeeeeeens 135
5.9. ENekTponpoBiIHICTE 1 MPOOIii PiIKUX MiCJIEKTPUKIB.......... 140
5.10. EnekTponpoBinHICTh 1 MpoOiil TBEpAUX MIEIEKTPHKIB ..... 143
3anumanns 05t CAMOKOHMPOIIIO ......ccueveeeaaaiiiiaaaaiiieeeaaieeeeene 149
PO3JLJT 6. JIEJJEKTPUYHI MATEPIAJIU ..........oooeeevvi 150
LT U 1 0360 (53 o) % G SRR 150
6.2. Ilmactuuni Macu (IUIACTMACH, IUIACTUKH) .........ccceeeeeennnnn... 161
(ORI LV )4 04 4 (R 165
6.4. BOJIOKHUCTI MATEPIAIH ....ceeeeeeerrirrereeeeeeseiinreeeeeeeeesennnnnnnnens 167




B.5. BITYMHE ..ovvviiiiieeeiiiiiieiie et e e e e e e 169
6.6. ENeKTPOI3OIALIMHI JIAKH 1 KOMIAYHIIH «..vvvvvreeeeeeeeseennenennens 170
B.7. CMOIIH ..vveiiiiee e ettt e e 173
6.8. HaToBI eNEKTPOIZONSAIINAHI OJTUBH ..cceeeeevivveereeeeesseennennnness 176
ORI ©45070)18: 3 (BB V1 <) o) F: 130 R 181
6.10. HEOPTAHIUHI CKITA ..vvvrrrrreeeiiiierriireeeeeeessassnsnnnreesessssnnnnsnnees 185
6.11. KepaMidHi MATECPIAM ..eeeeeeiieiriiiereeeeeeeseirnrrneeeeeesseeennnnnnes 189
6.12. HeMHIMHI TICTCKTPHKH oeeeiieevvrrrerereeeessassnsnnereeesssssnnsnsnnens 193
6.13. di3uKo-XiMiUHI 1 MEXaHIYHI BJACTUBOCTI JICIEKTPHUKIB ... 199
3anumanus ONst CAMOKOHMIPOTIIO ©uvvuvvvvrvvvvnrernnnnnrnrsnssnnessnsnnmnnnnnns 209
PO3ILJT 7. MATHITHI MATEPIAJIU ......oooviviiiiiiieeeee e 210
7.1. DIZUTHI OCHOBH «..vvvveeeenitieeeesiieeeessnssseessssnseessssseeesssssneessns 210
7.2. depoMarHeTky, aHTU(GEPOMATHETHKH 1 (hepiMarHeTUKH ... 215
7.3. MArHiTHO-M'SIKI MATEPIAIIH ....vvvrvrrereeeeessisnnrrnneeseeessssnnnnnnens 222
7.4. CrietialTbHl (DEPOMATHETHKH ..uvvvvvvrerrreeessiinnrrnereeeasssssnnnnnnens 228
7.5. MAarHITHO-TBEPl MATEPIATIH .vvvvvrrrrrreeessiaurrrnreeeeaessssnnnnnnens 231
7.6. MeTamoKePaAMIUHI MATEPIAITH ..vvvvvvrrreeessieirrreereeeesssesnnnnnnnns 234
3anumanus 05 CAMOKOHMPOTIIO ...uvveeiriueeeeasiiireeaesinneeesninneeenns 235
Cnucok BUKOPHCTAHOI Ta PEKOMEHJAO0BAHOI JITEPATYPH ................ 236
TIpeAMETHUN HMOKAMKUME ......covvverervernuenenensnenenenenenenenennnenenenenenenenenens 238




Hapuanbue BUJaHHA

Bacunenko Irop IBanoBuu
[ITupokoB Bomoaumup BosoaumupoBuy
Bacunenko HOpiii Iroposud

KOHCTPYKIIMHI TA EJEKTPOTEXHIUHI
MATEPIAJIN

HaBuajibHuUii mocionnK

KepiBauk BugaBHuU4Oro npoexty B. M. Iliua

dopmar 60 x 84/16. YMoBH. apyk. apk. 13,8.
I'apuirypa Taiimc Heio Poman

IIIT “Marnomis 2006”
M. JIpBiB-53, 79053, Ykpaina, Ten.+380503701957
E-mail:magnolO6@ukr.net
CBiIOIITBO PO BHECEHHS CY0’ €KTa BUAABHUYOT CIIPaBU
Iio JIepkaBHOTO peeCTpy BUIABIIIB, BATOTIBHUKIB 1 pO3MOBCIOKYBAYiB BUIABHUIO1
npomykiii: cepist JIK Ne 2534 Bin 21.06.2006 poxy,
BHUaaHe J[ep:kaBHUM KOMITETOM iHPOPMAITIHHOT O TUKH,
TeneOaueHHs Ta pagioOMOBICHHS YKpaiH!

HanpyxoBano y npyxapHi BugaBHuITBa “Marsomis 2006”





