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1. TIEPEYEHb IIVIAHUPYEMBIX  PE3YJIbTATOB OBYYEHHA  IIO
AACHUIIIMHE, COOTHECEHHBIX C IIJIAHUPYEMBIMH PE3YJIbTATAMH
OCBOEHMHSA OBPA3OBATEJIbBHOMU ITPOI'PAMMBbI

Buj 1esiTeJIbHOCTH BBIITYCKHMKA

JucuumuHa — OXBaThlBaeT  KPYr  BOIPOCOB,  OTHOCSIIMXCA K  IPOU3BOJACTBEHHO-
TEXHOJIOTHYECKOMY BUAY MPO(PECCHOHATBHOMN 1EATENTbHOCTH BBITYCKHUKA B COOTBETCTBUU C KOM-
HNETEHUUSAMH U BUAAMU JIEATEIIbHOCTH, YKa3aHHBIMH B yU€OHOM IIJIaHE.

Meanb AMCHUNIMHBI

dopmupoBaHue 3HaHUI B 00JaCTH (PU3UUYECKUX OCHOB MaTEpPHAJIOBECHUS, COBPEMEHHBIX Me-
TOJIOB TOJYYCHHUS KOHCTPYKIIMOHHBIX MaTEpHAJIOB, CHOCOOOB IMATHOCTHKU W YIYYLICHHS HX
CBOMCTB.

3agaun AUCHMIIUHBI

[TproOperenue cTyeHTaMu MPAKTUYECKUX HABBIKOB B 00JIaCTH MaTepHaloBeieHus U dpdex-
TUBHOU 00pabOTKU M KOHTPOJISI KaUeCTBa MaTEPUAIIOB.

Kon Conep:xanue Ilepeyenb MIAHUPYEMBIX Pe3yJbTATOB 00y4YeHHS 110
KOMIIETeHIIUH|  KOMIeTeHIUil AUCHMILINHE
1 2 3
OIIK-2 CrocoOHOCTh MPU- | 3HATh:

MEHSITh COOTBETCT- -OCHOBBI MaTepUalIOBEICHUS M TEXHOJOTHH KOHCTPYKIIH-
BYIOIIHH (pU3UKO- OHHBIX MaTEepUaJIOB;

MaTeMaTUYECKUN -METOAMKHU MO HCIBITAHUIO DJIEKTPOTEXHUUECKUX U KOHCT-
arrmapar, METOAbL PYKOHUOHHBIX MAaTCPUAJIOB U aHaJIM3a X XapaKTCPHUCTUK;
aHaJIM3a U MOJIETIU- | -DJIEKTPOTEXHUUYECKHE MaTepHalibl B KaueCTBE KOMIIOHECH-
pOBaHUs, TEOPETH- TOB DJIEKTPOTEXHHUYECKOTO U  DJIEKTPOIHEPTETUUECKOTrO

YEeCKOro U IKCIepH- | 000pya0BaHUs.

MEHTaJIbHOI'O UCCIIE- | yMeTh:

JIOBAHMS MIPU pelIe- | - UCMOJIb30BAaTh 3HAHUS OCHOB MAaTEpPUAJIOBEICHHS U TEX-
HUM DKCIIEPUMEH- HOJIOTMM KOHCTPYKIIMOHHBIX MaT€pUaJIOB Ul IIOHUMAaHHUS
TaJbHBIX 337129 (bU3UYECKUX OCHOB (PYHKIIMOHUPOBAHUS DIICKTPUUECKUX
arrnaparos;

-OLIEHUTh COCTOSTHUE MaTEpUaOB MO PE3yJIbTaTaM HCHbITA-
HUM.

BJIAETh:

—METOJAMKAMH BBINIOJIHEHUS PACUETOB INPUMEHUTEIBHO K
HCMOJIb30BAHUIO JJIEKTPOTEXHUYECKUX W KOHCTPYKIIMOH-
HBIX MaTepUaJIOB;

- METOJIAMU UCIIBITAHHS JIEKTPOTEXHUYECKUX U KOHCTPYK-
LIMOHHBIX MATEPUAJIOB

2. MECTO JUCHUILUIMHBI B CTPYKTYPE OBPA3OBATEJIBHOM
ITPOI'PAMMBI

Juctummmaa B1.5.13 DnekTpoTeXHUYecKoe M KOHCTPYKITMOHHOE MaTePHAIOBEICHUE OTHO-
cuTCs K 6a30BOH.

JlucrumnamHa DIeKTPOTEXHUYECKOE M KOHCTPYKIITMOHHOE MaTepraJoBeACHIE Oa3upyeTcs Ha
3HAHMSX, MMOJTYYCHHBIX MPU M3YYEHUH TAKUX Y4eOHBIX NUCIUIUIMH, Kak: TeopeTHuecKue OCHOBBI
ANEKTPOTEXHUKHU, Pu3nka, XuMus.

OcCHOBBIBasiICh Ha U3YYEHUU TMEPEUUCIICHHBIX AUCIUILIINH, DJIEKTPOTEXHUYECKOE U KOHCT-
PYKIIMOHHOE MaTepHaJIOBEICHUE TPECTABIIICT OCHOBY IS U3YYCHUS AUCIHMILIAH: TEXHUKA BBICO-
KHUX HaMpsHKCHUU, DIIEKTPUUECKIE MAIIUHBI, DIEKTPUYECKHE U JICKTPOHHBIE anmnaparbl, MoHTax
000pyIOBaHUS CUCTEM DJIEKTPOCHAOKECHHS

Takoe cucTeMHOE MEXKIUCIUIUIMHAPHOE U3YUEHUE HAMPABICHO Ha JIOCTKEHUE Tpedyemo-
ro ®I'OC ypoBHs MOATOTOBKH 1O KBaTM(pUKauu Oakanasp.




3. PACIIPEAEJEHUE OBBEMA JUCHUIIVINHbI

3.1. Pacnipenesienne od0beMa TMCUUIJIMHBI IO (hpopMam 00ydeHUs

Tpyooemkocms oucyunaunvl ¢ uacax
Kypcosasn
) § & 3 3 paoboma Buo
< S o S z (npoexm), npome-
®Dopma o : § 3 S KoH- Hcymou-
00yueHus § § = S § mponbvHasn HOUl am-
§ S & < § § < § s paboma, mecmayuu
o 3| & | §| § |53 &3 g § | pedepam,
S| S| 32| 8 /S5 &5 | 8¢ | err
Lo Q A N 88| K= o ]
1 2 3 4 5 6 7 8 9 10 11
Ounas 2 4 | 144 | 72 | 36 | 18 18 45 - JK3aMeH
3aouynas 2 - | 144 | 16 8 4 4 119 Kp 9K3aMeH
3aouHas (ycko- 1 - 144 | 16 8 4 4 119 Kp 9K3aMeH
peHHOE 00yUeHHE)
O4Ho-3204Hast - - - - - - - - - -

3.2. PacnipenesieHue 00beMa JMCUMILUIMHBI 10 BUIAM Y4eOHBIX 3aHATHI U TPYI0EMKOCTH

6 m.". 6 UHMEPAK- Pacnpedenenue
Tpyoo- |muenoit, akmusnou, | po cemecmpam, uac
Buo yueonuvix 3anamuii eMKocmp UHHO8A-
(uac.) UUUOHHOIL (hopmax, 4
(uac.)
|. KonrakTHasi pa6oTa 00y4alomuxcsi ¢ npe-
nojaBareyeM (BCero) 72 20 2
Jlexmun (JIk) 36 20 36
JlabopaTopusie paboTsi (JIP) 18 - 18
[paxTuueckue 3ausatus (113) 18 - 18
I1.CamocTosiTesIbHAsA padoTa 00y4yaroLIUXCSI 45 ) 45
(CP)
[oaroroBka k nabopaTopHbIM paboTam 16 - 16
HOI{FOTOBKa K IPaKTU4YCCKUM 3aHATHUAM 16 - 16
IloaroTroBka K 3K3aMeHy B TEUEHUE CEMECTpa 13 - 13
1. IpomexkyToUYHAS aTTecTANMSA dK3aMEH 27 - 27
OO6m1ast Tpy10eMKOCTh JUCIIMIUIAHGI,  Yac. 144 144
3a4. el. 4 4




4. COAEP)KAHUE JUCIUITJINHBI

4.1. Pacnipenesienre pa3ie/ioB TUCUUIJIMHBI IO BUJAM YUeOHBIX 3aHATHI

- 11t 04HOM GopMBbI 00yYeHUs:

Buowt yueonvix 3anamuit, éxio-
uas camocmosamenbHy pabomy
odyuarowuxca u mpyooemKocmey;
JOV-;I: ::3”_ Haumenosanue Tpyooem- (uac.)
el pazoena u Kocmb, yueoOHble 3aHAMUA camocmos-
mema OuCyunIUHbL (uac.) menvhan
nabopa- | npakmu-| paboma
JleKuyuu| mopmHvle | uecKue ooyuaio-
pabomul |3anamus wuxca
1 2 3 4 5 6 7
1. OCcHOBBI MaTepHAaJIOBeIeHUs 4 3 - - 1
1.1. | Knaccudukanus MarepruaioB 0,5 0,5 - - -
1.2 | Buapl XUMHUYECKHUX CBA3EH 1 0,5 - - 0,5
1.3 | Ctpoenue TBEpABIX TE 0,25 | 0,25 - - -
1.4 | JlehexTsl cTpOCHUS TBEPABIX TEI 0,5 0,5 - - -
15 | CrocoObl TepMOOOPabOTKH METaJIIOB 1,5 1 - - 0,5
U CIIJIaBOB
1.6. | Kimaccudpukanmsi BemecTB 1O DJIEK- 0,25 0,25 - - -
TPUYECKUM CBOWCTBAM
2. | JIlmdjekTpuUecKue MaTepuaibl 62 15 16 6 25
2.1. | Tlonspuzamus TUIJICKTPUKOB 0,75 0,25 - - 0,5
2.2. | OCHOBHBIC BU/IbI OIS PU3ALNN 1 0,5 - - 0,5
2.3. | Kmaccudukamuss TUDIIEKTPUKOB  TI0 0,25 0,25 - - -
BUJTY MOJIIPU3ALIAN
2.4. | OTHOCUTENBHAA JUDIIEKTpUIeCKast 4 15 2 - 0,5
MTPOHUIIAEMOCTh
2.5. | DIeKTPONPOBOHOCTH TUIICKTPHUKOB 5,5 15 - 2 2
2.6. | JIudnekTpuyeckue noTepu 18,75 | 0,75 4 4 10
2.7. | Ilpo6Goit nusnexTpuka 21,5 15 10 - 10
2.8. | Knaccudukamnus TuaIeKTpUIECKUX 0,25 0,25 - - -
MaTepUasoB
2.9. | T'a3000pa3HbIe TUIITEKTPUKU 1 0,5 - - 0,5
2.10. | Kunkue AMDIEKTPUKH. 2,5 2 - - 0,5
2.11. | Teepueromue IUIICKTPUKU 2 2 - - -
2.12. | TBépaple TUINEKTPUKH 45 4 - - 0,5
3. IIpoBOAHUKOBBIE MATEPHAJIbI 15,5 6 - 4 55
3.1. | Knaccudukamus mpoBOJHUKOBBIX Ma- 0,25 0,25 - - -
TEepPHAIIOB
3.2. | [TapameTpsl, XapaKTEPHU3YIOIIHE CBO- 8,5 0,5 - 4 4
CTBa MPOBOJIHUKOBBIX MaTepUaJIOB
3.3. | Marepuaibl BRICOKOM ITPOBOIUMOCTH 3,5 3 - - 0,5
3.4. | CBepXMmpOBOJHUKU U KPUOMTPOBOIHH- 1 0,5 - - 0,5
KU1
3.5. | CnuaBbl BBICOKOTO CONIPOTUBIICHUS 15 1 - - 0,5
3.6. | JIpyrue npoBOJJHUKOBBIE MAaTEPUAIbI 0,5 0,5 - - -
3.7. | [Ipumon u durockr 0,25 0,25 - - -
4 | lHosynmpoBOAHUKOBBIEC MATEPHAJIBI 4,5 3 - - 1,5
4.1. | OOmue cBeeHUs 0 MOJYIPOBOTHUKAX 1,5 1 - - 0,5




4.2. | Knaccuukanus moxynpoBOJHHKOB 0,25 | 0,25 - - -
1 2 3 4 5 7
4.3. | DiemMeHTHI, 00JaJal0IIHe CBOMCTBAMU 1,25 0,75 - - 0,5
TMIOJIYIIPOBOTHUKOB
4.4, | Xumuyeckue COeqMHEHNS CO CBOUCT- 1,5 1 - - 0,5
BaMU MOJTYTIPOBOTHUKOB
5 MarHuTHble MaTepuaJbl 17 45 2 4 6,5
5.1. | [TapameTpsl, XapaKTEPU3YIOITUE CBOK- 5 1 - 4 4
CTBa MATHUTHBIX MAaTEPUAIOB
5.2. | MarHuTomsrkue MaTepuabl 6 2 2 - 2
5.3. | MarauToTBEépABIE MAaTEPUAITBI 2 15 - - 0,5
6. KoHCTpYKIIMOHHBIE MaTePHAJIbI 14 45 - 4 55
6.1. | [TapameTpsl, XapaKTepHU3YIOLIHE CBOM- 3) 1 - 4 4
CTBa KOHCTPYKITMOHHBIX MaTEPHAJIOB
6.2. | Knaccudukainus KOHCTPYKIIMOHHBIX 0,25 0,25 - - -
MaTEpHUaJIOB
6.3. | Meramnyeckue KOHCTPYKIIMOHHbBIE 3 2 - - 1
MaTepUabl
6.4. | KoMno3umoHHbIe MaTepraIbl 1,75 1,25 - - 0,5
HUTOI'O 117 36 18 18 45
- 1J11 32049HOI (pOpMBI 00yUeHHS:
Buowt yueonuvix zanamuit, exio-
uas camocmosamenbHy pabomy
Ne odyuarowuxca u mpyooemKocmey;
pasz- Haumenosanue Tpyooem- (uac.)
denau pazdena u Kocmep, yueOHble 3aHAMUA camocmos-
memul mema OuCyuUnIUHbL (uac.) menbhan
naéopa- | npakmu-| paboma
JleKyuu| mopHvle | uecKue ooyuaio-
pabomol |3anamusn|  WUXCA
1 2 3 4 5 6 7
1. OcHoBBI MaTepHATOBEICHHSA 18 1 - - 17
1.1. | Knaccudukarnus marepranoB 2.25 0,25 - - 2
1.2 Buael XuMH4ecKkux cBsI3el 2.25 0,25 - - 2
1.3 | CtpoeHue TBEpABIX Te 2 - - - 2
1.4 | NedexTsl cTpoeHuUs TBEPIX TEJ 2 - - - 2
1.5 | CnocoGsl TepmooOpabotku metan- | 7.25 | 0,25 - - 7
JIOB U CILUIABOB
1.6. | Kmaccudukamnus BelecTs Mo d3JeK- 2.25 0,25 - - 2
TPUYECKUM CBOKWCTBAM
2. JM3JieKTpuYecKne MaTepuaibl 55 3 4 2 46
2.1. | lonspuzarus TUIJIEKTPUKOB 2.25 0,25 - - 2
2.2. OCHOBHBIE BUIBI TTOJISIPU3AITIN 4.25 0,25 - - 4
2.3. | Knaccudukamusi IUAIEKTPUKOB TIO 1 - - - 1
BHJTY TTOJIIPU3AIAN
2.4, OTHocuTENbHAs  IUAJEKTpUUYECKas 4 - - - 4
MIPOHUIIAEMOCTH
2.5. | DAeKTpONpPOBOAHOCTD AMIIEKTPUKOB | 4.25 0,25 - - 4
2.6. | lupnextpudeckue moTepu 6.25 0,25 - 2 4
2.7. | TIpob6oii quaneKTprKa 12.5 0,5 4 - 8




2.8. | Knaccugukaus TudneKTpudecKux 1 - - - 1
MaTepHasoB
1 2 3 4 5 6 7
2.9. ["a3000pa3Hble AUIICKTPUKU 2.25 0,25 - - 2
2.10. | XKunkue AWAIEKTPHUKH. 4.5 0,5 - - 4
2.11. | TBepaerouyie JUAICKTPUKU 4.25 0,25 - - 4
2.12. | TBépabie TUINCKTPUKH 8.5 0,5 - - 8
3. IIpoBOAHUKOBBIEC MATEPHAJIBI 22.75 | 175 - 2 19
3.1. | Knaccudukanus MTPOBOTHUKOBBIX 2.25 0,25 - - 2
MaTepHajoB
3.2. | [TapameTpsl, XapaKTepU3YIOLINE 4 - - 2 2
CBOMCTBA MTPOBOJHUKOBBIX MaTepHa-
JIOB
3.3. | Marepuainsl BBICOKOH IPOBOJMMO- 6.5 0,5 - - 6
CTH
3.4. | CBepXnpOBOJHUKHA U KPUOIIPOBO/I- 2.25 0,25 - - 2
HUKHA
3.5. CruiaBbl BBICOKOTO COIPOTUBIICHUS 45 0,5 - - 4
3.6. | Jlpyrue mpoBOJTHUKOBBIE MAaTEPUAITBI 2.25 0,25 - - 2
3.7. | Ilpumoun u ¢rockr 1 - - - 1
4 IMoaynpoBoaunkoBbie matepuananl | 11.75 | 0,75 - - 11
4.1. OO01ue cBeieHUs O MOITYITPOBOIHH- 2.25 0,25 - - 2
Kax
4.2. | Knaccudukaius noayrnpoBOJHUKOB 1 - - - 1
4.3, OneMeHTsl, 00JIafaroIe CBOMCTBA- 4.25 0,25 - - 4
MU TIOJTYITPOBOTHUKOB
4.4, | XUMHYECKHE COETUHEHNS CO CBOM- 4.25 0,25 - - 4
CTBaMH TTOJTYITPOBOTHIUKOB
5 MarHuTHbie MaTepuaJIbl 12.5 0,5 - - 12
5.1. | IlapameTpsl, XapakTepusyroume 2 - - - 2
CBOMCTBA MarHUTHBIX MaTEPHUAIIOB
5.2. | MarauToMsrkue MaTepuahl 6.25 0,25 - - 6
5.3. | MaruuToTBEpABIE MaTEpPUAIIBI 4.25 0,25 - - 4
6. KoHCcTpyKIIHOHHBIE MaTePHAJIbI 15 1 - - 14
6.1. | [TapameTpsl, XapaKTepHU3yIOIIHIE 2.25 0,25 - - 2
CBOMCTBAa KOHCTPYKIIMOHHBIX MaTe-
pHuaoB
6.2. | Knaccudukarus KOHCTPYKIITHOHHBIX 1.25 0,25 - - 1
MaTepHUaJIOB
6.3. | Meramueckue KOHCTPYKITMOHHBIE 7.25 0,25 - - 7
MaTeprabl
6.4. | Komno3unnoHHbIe MaTepuabl 4.25 0,25 - - 4
HUTOI'O 135 8 4 4 119

17151 32049HOi (hopMbl 00yUeHHs (YCKOpPEHHOE 00ydYeHHe):

Ne
pas-
denau
memul

Haumenosanue
paszoena u
mema OuCUUnIUHbL

Tpyooem-
Kocmb,

(uac.)

Buow yueonwvix 3anamuit, 6Kino-
uas camocmoamenbHy papomy
o0yuarwuxca u mpyooemKocms;

(uac.)
ylleﬁH blé 3aHAmuUA camocmos-
naoopa- | npakmu-|  CMoA-
JIeKyuu| mopHole YyecKkue meibHan
pa60m bl | 3aHAMUA pa60ma




obyuato-

wuxcs
1 2 3 4 7
1. OcHOBBI MaTepHaIOBEACHHUS 18 1 17
1.1. | Knaccudukanus maTepuaaioB 2.25 0,25 2
1 2 3 4 7
1.2 Buasl XUMHYECKUX CBSI3EH 2.25 0,25 2
1.3 | CtpoeHue TBEPABIX TEI 2 - 2
1.4 | JledexTsl CTpOCHUS TBEPABIX TEI 2 - 2
15 | Conocobsl TepmMooOpaboTkn wmetan- | 7.25 0,25 7
JIOB U CILIABOB
1.6. | Kimaccudukamusi BemecTB mo dJeK- 2.25 0,25 2
TPUYECKHM CBOHCTBAM
2. JudjeKTpryecKue MaTepuasbl 55 3 46
2.1. | Tlonspuzanusi TUAIEKTPUKOB 2.25 0,25 2
2.2. OCHOBHBIE BUIbI TTOJISIPU3AIIIN 4.25 0,25 4
2.3. | Knaccudukamnus IHUIIEKTPUKOB 10 1 - 1
BHJTY MTOJIIPU3AIAN
2.4. OtHocuTeNnbHAs  JTUDJIEKTPUYECKAs 4 - 4
MIPOHHUIIAEMOCTh
2.5. DJIEKTPONPOBOIHOCTH AUIICKTPUKOB 4.25 0,25 4
2.6. | JludnexTpudeckue moTepu 6.25 0,25 4
2.7. | IIpoboii murnexTpuka 12.5 0,5 8
2.8. | Knaccudukamnus qudJIeKTpUIeCKUX 1 - 1
MaTEpHUaJIOB
2.9. ["a3000pa3HbIe AUIIICKTPUKU 2.25 0,25 2
2.10. | )Kunokue AudIEKTPHUKH. 4.5 0,5 4
2.11. | TBepaewmue AUIICKTPUKU 4.25 0,25 4
2.12. | Teépaple TUAIECKTPUKHU 8.5 0,5 8
3. IIpoBoaHUKOBBIE MaTEPHAJIbI 22.75 1,75 19
3.1. | Knaccuduxarnms MIPOBOJIHUKOBBIX 2.25 0,25 2
MaTepHUaJIOB
3.2. | [TapameTpsl, XapakTepHu3yrolIe 4 - 2
CBOWCTBA MTPOBOHUKOBBIX MaTepHa-
JIOB
3.3. | Marepuassl BBICOKOH TPOBOJHUMOCTH 6.5 0,5 6
3.4. | CBepXIIpOBOJAHUKHU U KPHUOIIPOBOI- 2.25 0,25 2
HUKHU
3.5. CruiaBbl BBICOKOTO CONPOTUBIICHUS 45 0,5 4
3.6. | JIpyrue npoBOJTHUKOBBIE MaTEPUAIbI 2.25 0,25 2
3.7. | [lpumon u ¢urrockr 1 - 1
4 IMoaynpoBoaunkoBbie Mmatepuananl | 11.75 | 0,75 11
4.1. OO6mmme cBeieHUS O MOTYTPOBOIHU- 2.25 0,25 2
Kax
4.2. | Knaccudukanus noaynpoBoIHUKOB 1 - 1
4.3. DneMeHTsI, 00JIagaroNIue CBOMCTBA- 4.25 0,25 4
MU TIOJTYITPOBOTHUKOB
4.4. | XUMHUYECKHAE COEINHEHUS CO CBOI- 4.25 0,25 4
CTBaMH MOJTYITPOBOTHIKOB
5 MarHuTHble MaTepuaJIbl 12.5 0,5 12
5.1. | IlapameTpsl, XapakTepu3yroLme 2 - 2
CBOMCTBA MarHUTHBIX MaTEPHAIIOB
5.2. | MarauTomsrkue MaTepuaibl 6.25 | 0,25 6
5.3. | MarautoTBépapie MaTepUaIbI 4,25 0,25 4




6. KoHcTpyKIIHOHHBIE MaTepHAJIbI 15 1 - - 14
6.1. | [TapameTpsl, XapakTepU3yIOIIHE 2.25 0,25 - - 2
CBOMCTBA KOHCTPYKIIMOHHBIX MaTe-
pHUaoB
1 2 3 4 5 6 7
6.2. | Knaccugukanus KOHCTPYKITHOHHBIX 1.25 0,25 - - 1
MaTepHUAaJIOB
6.3. | Meramumieckue KOHCTPYKITMOHHBIC 7.25 0,25 - - 7
MaTepuabl
6.4. | KoMno3unmoHHbIe MaTepraIbl 4.25 0,25 - - 4
HUTOI'O 135 8 4 4 119

4.2. Copepxanue JMCUMILIMHBI, CTPYKTYPHPOBaHHOE 10 pa3jiesiaM U TeMaM

Pazgen 1. OcHOBBI MaTepHaAJI0OBECICHUA

Tema 1.1. Knaccudukaius MaTepranoB

DNEeKTPOTEXHUKA OTHOCHTCS K OJHOW M3 Hambojee OBICTPO pa3BHBAIOLIMXCS 00JacTel, TpeOyIommx
0omp1Ioro pa3HooOpa3us HOBBIX 3JIEKTPOTEXHHUUYECKUX M KOHCTPYKLHMOHHBIX MAaTEpUalIOB, IPUMEHEHUE KO-
TOPBIX MO3BOJIUT BBHITYCKaTh O0OPYAOBaHHUE C BBICOKOH Ha/IEKHOCTBIO, OBICTPOJCHCTBHEM, YCTOMUHNBOCTHIO
K BO3JICUCTBHSM OKPY>KAIOLIEH Cpebl, arpECCUBHBIX CPEll, MIOHU3UPYIOLUX U3JIy4eHUH, MarHUTHBIX I0JIEH
U T.0.

JuctunnuHa «3NeKTPOTEXHUUYECKOE U KOHCTPYKIIMOHHOE MaTepHUAIOBEACHNE) 3HAKOMHT CTYACHTOB
C OCHOBHBIMHU MaTepHajlaMH, IPUMEHIEMbIMH B JJIEKTPOTEXHHUKE.

Bce MaTepransl MOXKHO pa3eluTh Ha 1BE TPYTIIbL:

-3JIEKTPOTEXHUYECKHE;

- KOHCTPYKIIUOHHBIE.

DNEeKTPOTEXHNUECKUMH Ha3bIBAIOTCS MaTepHallbl, XapaKTepU3yeMbIe OMpPEeIEHHBIMU CBOMCTBAMU MO
OTHOIIEHUIO K MJIEKTPOMAarHUTHOMY IIOJIIO M TPUMEHSEMBIE B WIEKTPOTEXHHUKE C YUYETOM 3THX CBOMCTB.

B mpaxTuke pa3innuHble MaTepHaibl UCIBITHIBAIOT BO3ACUCTBHE KaK OTACIBHBIX CTOPOH AJIEKTpOMAr-
HUTHOTO TIOJISI — 3JIEKTPUYECKOr0 ¥ MarHUTHOTO TIOJIeH, TaKk U C UX COBOKYIHOCTH. [1o moBeseHnIO B 3JeK-
TPUUYECKOM IIOJIE MX MOAPA3JEISAIOT Ha MPOBOJHUKOBEIE, MOIYNIPOBOAHUKOBBIE H AUANEKTPUUIECKHE; MO MO-
BEJCHHUIO B MArHUTHOM I10JI€ - HA CHJIbHOMAarHUTHBIE U CIIa0OMarHUTHbIEC (HEMarHUTHBIE).

Kpome Toro, HM OjiHa 3IEKTPOTEXHUUYECKAsl YCTAHOBKA HE MOXKET OBITh BBHITIOJIHEHA 0€3 PUMEHEHUS
KOHCTPYKIMOHHBIX MaTepuanoB. V3 HUX W3roTaBIMBAOT HECYIIHME 3JIEMEHTHI U KOHCTPYKIIMH 3JIEKTPOyCcTa-
HOBOK, OTIOPHBIE, KPEIEKHBIE, BCIIOMOTaTENBHBIE Y3IIbI M JETANN 2JIEKTPUUYECKUX allapaToB.

Tema 1.2. Buabl cBsizei

OCHOBHBIMH IEMEHTapHBIMH YaCTUIIAMH, U3 KOTOPBIX COCTOSIT BCE U3BECTHBIC HaM BEILECTBA, SBIIS-
FOTCSI TPOTOHBI, HEUTPOHBI U 3NIEKTPOHBL. [IpOTOH M HENUTPOH, COeTUHSACH BMECTE, 00pa3yr0T aTOMHOE SAPO,
a OTpHUUATCIIBHBIC 3JICKTPOHBI 3allOJIHAIOT BHCIIHUEC 000JIOUKH aTOMOB U KOMIICHCUPYIOT MMOJI0KUTEIbHBIN
3apsn saapa.

Ecnu atom TepsieT 4acTh 3JEKTPOHOB, TO U3 HETO 00pa3yeTcsi HOJI0KHUTEIbHO 3apsbKeHHbIN HoH. Ecin
&Ke, Ha000POT, aTOM MPUCOETUHSET K cebe MOMONHUTENbHBIE 3JIEKTPOHBI, TO U3 HETO 00pa3yercs OTpHhlla-
TEJbHBIN HOH.

ATOMBI M HOHBI MOTYT COEIUHATHCS MEXIy cO00i U 00pa3oBBIBaTH MOJEKYJBL. [Ipr 3TOM H3BECTHBI
YCTBIPE BUA XUMHUYECKOU CBSI3U MEXKAY YaCTULIAMU.

KoBasieHTHas1 cBsI3b MMEET MECTO TOTJa, KOTJIa B2 aTOMa MUMEIOT o0mmue »eKTponsl (puc. 1.1).
Hampumep: H,, O,, HO .

C moMOIIbIO KOBAJIEHTHOH CBSI3U MOTYT 00pa30BbIBAaThCA MOJISIPHBIE M HEMOJISIPHBIE MOJIEKYIIHI.

Henonapnas monexyna — MoiieKkyna, B KOTOPOH LIEHTPbI OJJMHAKOBBIX 110 BEIMYUHE MOJO0KUTEIBHBIX H
OTPULIATEIIBLHBIX 3PS I0B COBIIAIAOT.
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Puc. 1.1. KoBaneHnTHas Monexyia

Ho;mpﬂa}z MoJniekyia — MOJICKYJia, B KOTOpOfI HCHTPbI OJUHAKOBLIX IO BCJIMYMUHE, HO MPOTUBOIIOJIOXK-
HBIX I10 3HAKY 3apAa0B HAXOOATCA Ha paCCTOAHUU APYT OT ApyTra. Takue MOJICKYJIbI Ha3bIBAOTCA NUITIOJISIMU.
OHu XapaKTECpU3YOTCA JUITIOJIbHBIM MOMEHTOM:

p=q-l, (1.1)

IJIe |\ — MOJISPHBIA MOMEHT; ( — 3apsi 4acTHuIlbl; | — paccTosiHre MEeX Iy EHTPaMH MOJ0XKHUTEILHOTO U
OoTpHIIaTeILHOTO 3apsaa (puc. 1.2).

Puc. 1.2. Tunons

KoBanenTHas cBs3b MOXKET CyHIE€CTBOBATh KaK MEXAY aTOMaMMU OIHOI'O U TOI'O K€ DJIEMEHTA TaK U
MEXAY aTOMaMH pa3jIMYHBIX DJICMCHTOB!:

I
—?—%—; H-H —0—0—,
| .
—C—H —Si—C-—
I
KoBaneHTHas cBs3b XapakTepHa JUIs BEIIECTB, HAXOSAIIUXCS B JIIOOOM arperaTHOM COCTOSTHHHM (Ta3o-
00pa3HOM, XKUAKOM, TBepoM). CyIeCTBYIOT TBEp/bIC Tejla C KOBaJCHTHON CBS3BIO, SBISIOIINECS KPUCTAI-
naMu (IpUMep: ajiMa3, FTepMaHuid, KpEMHHI).
TBEpable Tena ¢ KOBAaJEHTHON CBA3BIO 00JIaJal0T OYEHBb BBICOKON MEXaHMUYECKOH IPOYHOCTHIO U BBI-
COKOH TeMIIepaTypoi ITUIaBJICHUS.
VoHHasA cBsA3b ONpeleNsieTcs CHIaMHU NPUTKEHNS MEXIY MOJOXKHUTEIbHBIMU M OTPULIATEIbHBIMU
HOHAMHU. DTOT BU CBA3U XAPAKTCPCH TOJIBKO MJIA TBEPABIX TCII. Cuibl MPUTSIKCHUA MCXKAY MOHAMH Ha-
CTOJIBKO BEJIMKH, YTO TeJla C MOHHOW CBA3BIO MMEIOT BBICOKYIO MEXaHHYECKYIO IPOYHOCTh U BBICOKYIO TEM-

nepaTypy IUIaBiIeHus (HO MEHBIIIE, YeM Y BEIIeCTB C KOBAJIEHTHOW CBsI3bI0). Pa3znnuaioT BemecTsa ¢ HeTIoT-
HOM yIaKOBKOM YacCTHIl U BEIIECTBA C IJIOTHOM YIIaKOBKOW YaCTHII:

C HEIJIOTHOM YINAaKOBKOW yac- C IUIOTHOM YIAaKOBKOHM 4Yac-
i Na"Cl™ trr; Cs'CI
Na* cl Cs"
Neoen” Y
OO®
OGO

MeTtasuindecKkasi CBA3b UMEET MECTO B MeTauiax. Omnpenensiercs CUIaMy MPUTHKEHUS] MEXKIY CBO-

0O0THBIMHU 3TIEKTPOHAMH M MOJIOKUTENFHBIMA HOHAMH, HAXOJIIIMMHUCS B y3JIaX KPUCTAIUTMYECKON PEeIIeTKH.
Cuibl IPUTSDKEHUS JOCTATOYHO BEJHKH, TIO3TOMY Uil OOJIBIIMHCTBAa METAIJIOB XapaKTepHa BbICOKas
MeXaHH4YecKasi MPOYHOCTh U BBICOKAsl TeMIeparypa IuiaBieHus. Hanudare cBOOOAHBIX 3JEKTPOHOB ONpese-

JISIET BBICOKYIO 3JIEKTPONPOBOJHOCTh METAJUIOB U BBICOKYIO TEILJIONPOBOJIHOCTD.
MonekysipHasi cBA3b (cBA3b Ban-znep-Baanbca) ocymiecTBisieTcss MeXIy MOJEKyJIaMU C KOBa-
S JIEHTHOM BHYTPUMOJIEKYJIIPHOU CBSI3bIO
| KOBaNeHTHAst (pI/IC. 1-3)-

. MoOJIeKyIa Cunbl IPUTSDKEHUS ONIPENEISIOTCS
O COTJIACOBAHHBIM JIBM)KEHUEM BaJIEHTHBIX
JJIEKTPOHOB: B JI000I1 MOMEHT BpeMEHHU
S, 3IEKTPOHBI MAKCUMAJIbHO YJAI€HBI APYT

Il xoBanenTHas OT Apyra U MakKCUMaJIbLHO HpI/I6J'II/I)KeHI:I K
MOJICKYJ1a
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MOJIOKUTEIIEHOMY 3apsily COCETHEN MOJICKYJIBL.

Tak kak CHIJIBI MPUTSDKEHUS MEKIY 3JIEKTPOHAMH M TIOJOKUTEIBLHBIMU 3apslaMi COCEIHHUX MOJICKYIT
HE HaMHOTO IPEBBIIIAIOT CHIIBI OTTAJKWBAHUS MEXIY 3JIEKTPOHAMH, TO y TEN cO CBsi3blo BaH-nep-Baanbca
HU3Kasi MEXaHU4ecKas IPOYHOCTh W HHU3Kas TeMIepaTypa miasieHus. [IpamMepoM Takoro Teia sSBIsIeTCS Ima-

padun.
Tema 1.3. CTpoeHnue TBepabIX Tej
Jlex1ust pOBOIUTCS B MHTEPAKTUBHOM (hopme: iekmus-aucyT (1 gac).

B TBEpABIX Temax yacTHLBl MOTYT paclojaraThCsl yNOpsIOYEHHO MM XaoTHUHO. B 3aBucuMocTH OT
PAcIIONIOKEHUS YaCTUL] PA3INYalOT KPUCTAIMYECKHE TBEPbIE Tena, aMOopQHbIe 1 aMOp(HO- KpUCTayIInde-
CKUeE.

Kpucrasimdeckme Tesia coaepkaT B CBOEH OCHOBE KPUCTAJUIMUECKYIO PELIETKY.

Kpucmannuueckas pewiemka — XxapakTepHoe 1715 1F000ro KpUCTAJUINYECKOTr0 COCTOSIHUS BELIECTBA pe-
TYJIIPHOE PAcIONOKEHHUE YacTHLl (ATOMOB, MOJIEKYJ, HIOHOB) B TPEX M3MEPEHUSX, XapaKTepu3yroleecs Ie-
PHUOANYECKON TOBTOPSEMOCTBIO.

CBoiicTBa KpUCTAJUIMYECKHUX BELIECTB B PA3HBIX HANPABICHUAX KpUCTaJUIa OyayT pa3nuyuHbl (Ipumep:
anmMas, KpeMHHUi).

AMopdHbIe TesIa — 4acTHUIIBI PACIONOXKEHBI Xa0THUHO. CBOMCTBA BEIECTB B pa3HbIX HAIIPABJICHUAX
OJJNHAKOBBI. B otnuume ot KPUCTAUIMYECKUX BCUICCTB, aMop(mee HE UMCIOT SAPKO BLIpa)KeHHOﬁ TEMIICpa-
Typsl miasieHus. Ilepexon u3 TBEPAOro cOCTOSIHUA B KUAKOE Y aMOPGHBIX TeNl IPOUCXOIUT B HEKOTOPOM
MHTEpBaJie TEMIIEpaTyp, MO3TOMY aMOp(HBIE BEIIECTBA XapaKTEPU3YIOTCA TEMIIEPATYypOH pa3MArdeHHs
(IpumMep: cMOJIBI, CTEKIIA).

AMopdHO-KpucTasUIM4IecKye BelllecTBa MOTYT HaXOIUThCsA Kak B aMOP(HOM, TaK U B KPHCTAJ-
JIMYECKOM COCTOSIHHHM, MPUYEM aMOPPHOE COCTOSIHUE MEHEeE yCTOWYMBO M MPHU OMpPEIeNEHHBIX YCIOBHAX
(maBieHuH, TeMIepaType) MOKET CaMONPOU3BOJIBHO MEPEXOIUTh B KPUCTAUINYECKOE (IpUMep: KBapl, CHU-
TaJUTBI).

1.3.1. Amomno-kpucmannuueckoe cmpoenue Memannoe

Bce Metanisl UIMEIOT B CBOEH OCHOBE KPUCTAJUIMYECKYIO PELLIETKY

Kpucmannuueckas peuwiemka — ynopsiioYeHHOE PACIIOJIOKEHUE YaCTHIl B TPEX U3MEPEHHSX, XapaKTe-
pH3yIoIIeecs: ONpe/ie]IeHHON MePHOJANYHOCTRIO. ECiin B y3/1aX pacrojioKeHbl aTOMbI, TaKasi pelieTka Ha3bl-
BaeTcsa aTOMHOH. PaccTosiHre MeXy y3maMy KpUCTAIIMUECKON PEIIeTKH Ha3bIBaeTcs ee napamempom. llpu
M3MEHEHUH TEMIIEPaTyphl TEJIO WM PACIIUPSIETCS, WIM CKUMAETCs, 3HAYHT, U ITapaMeTPpbl KPUCTAIITMYECKON
peleTKr Toxe OyAyT MeHAThCs. Kak cieacTBue MeTabl B pa3HBIX TeMIIEpaTypHBIX WHTepBaliax mpuobpe-
TAIOT PasHy KPUCTAJUTMYECKYIO PEIIETKY M B COOTBETCTBHU C 3TUM MEHSIOTCS MX (U3UKO-XMMHUYECKUE
CBOICTBA.

CylecTBOBaHNE y METAIJIOB HECKOJIBKUX BUJOB KPUCTAIIMUECKUX PEUIETOK MPHU Pa3HBIX TeMIlepa-
TYPHBIX MHTEpBalax Ha3bIBACTCS noaumop@usmom Win arromponueti. [Ipeobpa3oBaHne KpHCTaUINYECKOIl
PELIETKH IIPU W3MEHEHWH TEMIIEpaTypbl HAa3bIBACTCS HOIUMOPPHLIM npespawjenuem, a 00pa30BaBIIMICT B
pe3ynbTaTe 3TOT0 MaTepuall Ha3bIBAETCS HOAUMOPPHOU Modudurayueti. IlomumopdHas Mogudukanus o0o-
3HaYaeTcs rpeyeckuMu OykBamu (a, B, Y ¥ T.J.), KOTOpbIE B KAYeCTBE MHICKCOB TPUITHCHIBAIOTCS] K CUMBOITY
OCHOBHOTO 37ieMeHTa, Hanpumep: o-Fe. IloxumopdHyo Moaudukanuo mpu camMoil HU3KOM Temreparype
0003Ha4yaroT OYKBO# 0., Ipu OoJiee BEICOKOW — B U T.1.

1.3.2. @azoeo-cmpyxkmypHslit cocmae cniagos

CnnaBbl — 3TO MaTepUalbl, OMYyUYEHHbIE ITyTEM CIUIABJICHUS IBYX UM HECKOJBKUX DIIEMEHTOB, B Ka-
YeCTBE KOTOPBIX MOTYT BBICTYIIaTh METAJUTBI WM HeMeTaulbl. OCHOBHBIE 3JIEMEHTHI, BXOISIINE B COCTaB
CIUIaBa, HAa3bIBAIOTCS KoMnoHenmamu. KpoMe HUX B COCTaB CIIABOB MOTYT BXOJIUTH ITPUMECH, KOTOPhIEC ObI-
BaIOT BPEIHBIMU U MOJE3HBIMU:

* 8pedHble — IPUMECH, YXYIIIAIIINE XapaKTePUCTUKH CIuiaBa (30T, KUCIOPOJ, BOJAOPO, cepa, doc-
op);

* noJe3Hble — IPUMECH, YITYUIIAOINE ero XapaKTePUCTUKH (MapraHel], MarHuid, KpeMHUH | T.]11.).

Kpowme Toro, nmprmecu OBIBAIOT ClTydaiiHbIe, CIyYaitHO MOMAAA0IINE B CILIAB IPU €T0 IPUTOTOBJICHNUH,
Y CTIelHajJbHBIE, BBOJUMBIE B CIIIAB JJIS MPUAAHUS €MY ONPEIETICHHBIX CBOMCTB.

CrnaBel, KaK ¥ 9HCThIE METAJIBI, UMEIOT B CBOEH OCHOBE KPHUCTAILUTMUECKYIO PEmIETKY, OJHAKO OHA
CJIOKHEE, YEM Y YUCTBHIX METAIOB. B 3aBHCHUMOCTH OT B3aMMOJEUCTBUSI OTACIBbHBIX KOMIIOHEHTOB CILIABEI
MOTYT UMETH Pa3HYyIO CTPYKTYPY:
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* meEPObIIl pAcmeop — COCIUHSAIOTCS B3aUMHO PAaCTBOPUMBIC KOMITOHEHTHI. OIWH M3 KOMIIOHCHTOB
COXpaHSET CBOIO KPUCTALUTUYECKYIO PEIIETKY, @ ATOMBI IPYTUX pacIpelesioTcs BHYTPH Hee;

* XUMu4eckoe coeOuHenue — KOMIIOHEHTHI BCTYNAIOT B XUMHUECKYIO PEaKIHIO, B Pe3yIbTaTe KOTOPOit
o0pa3yeTcst HOBasg KpUCTAJUITMYECKas PEHIETKa, He MOX0XKast Ha PEHIETKY COCTABIISIFOIINX KOMITIOHEHTOB;

* Mexanuieckas cmecb — COENHSAIOTCS B3aUMHO HEPACTBOPHUMBIE KOMIIOHEHTHI, IIPH 3TOM KaXKIBIN U3
KOMIIOHEHTOB COXpaHs;IeT CBOIO KPHUCTAJUIMYECKYIO PemeéTKy. B pesympraTe Takoil CiuiaB MpeacTaBIsieT CO-
0ol cMech U3 Pa3IMYHBIX KPUCTAIIIOB.

CmaB CTPYKTYpPBI «MEXaHWYeCKasi CMeCh» 00JIa/laeT ONMpeNenEHHON TemnepaTypoii tiasieHus. [Ipu
9TOM TeMIepaType MPOUCXOIUT MEPEXOo] M3 TBEPIOTO COCTOSHUS B XKHAKoe. Torga Kak y CIUIaBOB THUIA
«TBEPABIN PACTBOP» U «XHUMHUYECKOE COSAMHEHHUE MEePEX0/1 U3 TBEPAOTO COCTOSHIUS B KUAKOE MPOUCXOTUT
Ha HEKOTOPOM WHTEpBase Temiepatyp. Ha 3Tom uHTEpBasie ykazaHHbIE CIUIABHI IIPEACTABIISAIOT COOOH CMeCh
JKUJIKOTO PacilyiaBa U TBEPABIX KPUCTAIIIOB.

Tema 1.4. JledekTBI TBEPABIX TEJI
HedekT — mo6oe HapylIeHHE YHOPSAOYSHHOCTH 3IEKTPOCTATHYECKOTO MOJIsI KPUCTAJUTHYECKOH pe-
IICTKH.

JedexTst TBEpIOTO TeNa MOTYT OBITH BHI3BAHBIL:

1. HapyiuieHneM CTEXMOMETPUUECKOr0 COCTaBa KPUCTAINIMYECKON PEILIETKU:

Hopma Hedexrt
Al
Ie A
Omcymcmeue Hononnumenshutii
—> uacmuubl 6 y3ie UOH 6 MexcOoy3nuu

2. Hanmuumem npumeceit:

/ ‘Iacmuua OCHOBHO20 31emMeHnma

‘Iacmmm npumecu

3. Hanmurem MeXaHWYEeCKH HAIPSDKEHHBIX YYaCTKOB B Telle.

4. HanuuueM JOMOHUTENBHBIX TJI0OCKOCTEH Ha MaTepuae (TIOpbl, TPECIUHBI, CKOJIBI).

JedekTrl 1o cBoel mpupojie ObIBAIOT:

— TETUIOBBIE (CBSA3aHHBIE C BBIJICIICHUEM HJIH TIOTIIONEHUEM TEIUIOTHI);

— Obuorpaduieckne (CBA3aHHBIE C IPOLIECCOM U3TOTOBIICHUS ).
JledexTsl TBEPAOTO TeIa IPUBOAIT K M3MCHEHUSM CBOMCTB BEILIECTBA, B HEKOTOPBIX CIIyYasx YXy/IIIas Ux, a
B HEKOTOPBIX — yiyuiias. Hanpumep, Il MArHUTHBIX BEIIECTB YeM OOJibIlIe JAe()EKTOB, TEM JIy4Ille Xapak-
TEePUCTHUKH.

Tema.1.5. Cnoco0bI TepMOOOPAOOTKH METAJLIOB U CIJIABOB
Jlexiust pOBOUTCSI B MHTEPAKTUBHOM (hopMme: siekius-auctyT (1 gac).

[Ipn m3MeHeHnn TemmepaTypsl MaTepuana MOKET MEHSThCA €r0 KPUCTAUITMYECKas: peméTka u cooT-
BETCTBEHHO €ro (pU3MKO-XMMHUYECKHE CBOWCTBa. lloaToMy Il co3maHusi MaTepHana C ONpeAcIEHHBIMH
CBOWCTBaMM HEOOXOIMMO MPAaBUIBHO BBIOMPATh HE TOJIBKO COCTaB CIUIABA, HO U PEXXHUM €ro TepMooOpaboT-
KH.

B o0mem cityuae TepmMooOpaboTKa CBOIUTCS K TOMY, YTO MaTe€puall HarpeBaroT 10 BHICOKOM TemIepa-
TYpBI, BBLACPKUBAIOT IIPH 3TOW TEMIIEpaType, 3aTeM OXJIaKAaloT. B pesynbTare 00pasyroTcs pa3iudHbIe 10-
nuMopdHbIE MOAU(MUKAIIMN OJJHOTO H TOTO YK€ MaTepuala.

K ocHOBHBIM omneparusmM TepMooOpabOTKH OTHOCATCS:

* omoicue — HarpeB Marepuaia 0 BBICOKUX TEMIIEpPATyp C MOCIEAYIOUIMM MEAJICHHBIM OXJIaXXICHHEM
BMECTE C IIeubl0. B pe3ynpraTe CHIKAIOTCS BHYTPEHHEE HAINPSKEHUE, TBEPAOCTh M XPYNKOCTh MaTepHraia u
MIOBBIIIAETCS €ro IUIACTUYHOCTD;

* HOpManu3ayusi — HarpeB MaTepHaja 10 OYeHb BBICOKHX TEMIIEPATYp ¢ MOCIEAYIOMNUM OBICTPBIM OX-
JaXJICHUEM Ha OTKPBITOM BO3ayXe. B pe3ynpTaTe noBbIIaeTCd MEXaHUYECKasi MPOYHOCTH CILJIABa;
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* 3aKa/Ka — HATPEB MaTepualla 0 0YeHb BBICOKUX TEMIIEPATYP € MOCIEAYIOUM OXJIaXKICHUEM B BOJE
unu macie. M3MeHss cKOpocTh OXNaKACHHSA, MOKHO M3MEHATh MEXaHWYEeCKHe CBOWCTBAa Marepuaina. lpu
OBICTPOM OXJIAXKJICHUU YBEJIMUYUBAETCS €ro TBEPAOCTh, HO HOSBJSETCS BHYTPEHHEE HAIPSIKEHUE, II03TOMY
YBEJIMUYUBAETCS XPYNKOCTh. [Ipu Oosee MeIIEHHOM OXJIaXXIE€HUH XPYNKOCTh CHM)KAETCSI IPU COXPAHEHUHU
TBEPAOCTH;

* OmnycKk — HarpeB Marepuaja 10 MEHbIIUX TEMIIEPaTyp, YeM B Mpeablaymux onepanuix. OTmyck
MIPUMEHSETCS KaK OTOIHHATENBHAA K 3aKaJKe MpoLieypa A NOBBIIICHNS MEXaHNIECKOW MPOYHOCTH MaTe-
puana ¥ ero IjaacTU4HOCTH.

Tema 1.6. Knaccupurkanust BemecTs 1m0 3J1eKTPUIECKUM CBOMCTBAM
Jlex1ust pOBOIUTCS B MHTEPAKTUBHOM (hopme: eknus-auctyT (1 gac).

Bce n3BecTHBIE BellecTBa MOYXKHO Pa3lIeITh HAa MMPOBOJHHUKH, MOTYIPOBOAHUKA U AUANEKTPUKH. Paz-
JIMYUe UX HanOosee HarsIHO MOXKHO MPEACTABUTH C MIOMOIIBIO SHEPTETHUECKUX JUarpaMM Ha OCHOBaHUHU
30HHOM TEOpUM TBEPJAOIO Tela.

B cooTBeTcTBUUM C 3TOH Teopueil JOOOH aTOM WMEET ONpelesieHHbIE YHEPreTHYECKHE COCTOSIHUS
(ypoBHH). YacTb 3THX ypOBHEH 3allOJHEHA JJIEKTPOHAMU B HOPMAaJIbHOM HEBO30YXKIEHHOM COCTOSIHUH aTO-
Ma. Jlpyras 4acTb OCTaeTcsl B HEBO30YKICHHOM COCTOSIHUM CBOOOTHOH.

Ilocne BHEUIHErO SHEPreTHYECKOIO BO3ACHUCTBHS HA aTOM 3JIEKTPOHBI MOTYT IEPEUTH ¢ OCHOBHOIO
YPOBHS Ha CBOOOHBIE. 3aT€M aTOM, MBITASCh IEPEHTH B YCTOMYMBOE COCTOSHHE, UCITyCKAaeT N30BITOK SHEP-
rud B BUzAe (OTOHA, a 3JIEKTPOHBI NEpeMeNIaoTcss 0OpaTHO Ha YPOBHHM ¢ HauMeHbLIeH sHeprueil. Ilepeme-
IIAIOLINECS C YPOBHS HAa YPOBEHb 3JEKTPOHBI CO3AI0T JIEKTPUIECKUH TOK.

BemiecTBO cOCTOMT M3 MHOKECTBa aToMOB. OTHAENbHBIE YPOBHH KaXKIOT'O M3 aTOMOB COCIHHSIOTCS
BMecTe U 00pa3yloT 1einble 30HbI (puc. 1.4). [loaToMy sHepreTuueckas AuarpaMMa BeliecTBa B o0IIeM Ciy-
yae BRIMJIAUT CIEAYIOIUM 00pa3oM:

<« 30Ha, cBOGOHAs OT 371eKTPOHOB (1)

t <4 3oHa 3anperuennas (3)

hd <& 30Ha, 3aT0THEHHAS DIEKTPOHAMH (2)

Puc. 1.4. DHepreTuueckas nuarpaMma BeIIeCTBA

YroObI mepelTH U3 30HBI 2 B 30HY 1, SJIEKTPOH JOJDKEH MpeoaoieTh 300y 3. [ aToro emy HeoOxo-
JIUMO COOOIIUTH OTpEeNIEHHYI0 YHEPTHI0, KOTOpas Ha3bIBAETCS DHEPruei akTuBaluu. Yem mmpe 3arpe-
IICHHAsT 30HA, TEM TPYAHEE €€ MPEOJOJIETh U TeM OOJIbIIIe SHEPTUU HAJA0 MepeaTh AIEKTPOHAM, HAXOJs-
IIUMCS B 30HE 2.
HmeHHO 110 mmpuHe 3ampeneHHON 30HbI M Pa3In4aloT MPOBOJHHUKH, TIOTYITPOBOJIHUKH H TUAJIEKTPH-
KH.
Hwn3sneKTpuK — Marepuan ¢ OOJBIIOW 3alpEeIleHHON 30HOH. DIEeKTPONpPOBOAHOCTH MPH OOBIYHBIX
YCIIOBUSIX HE HAaOIFO1aeTCs.
ITosynmpoBOOHMK — MaTepuall ¢ MEHBIIEH 3alpeIleHHON 30HOH. 1Ipy BHEIIHMX HEPreTHYECKUX
BO3JICHCTBHAX 110 TIOJTYITPOBOJIHUKY MOXET NMPOTEKATh IEKTPHUECKUH TOK.
ITpoBogHMK — MaTepuai MPakTHUECKU 0€3 3alpeleHHON 30Hbl. 30Ha 1 MOAXOMUT BILIOTHYIO K 30HE
2 WK JJaKe YaCTHYHO MEePEeKphIBaeTCs €t0. [103TOMy 37IeKTpOHBI MOTYT CBOOOIHO TIEPEXOUTh U3 OJTHOU 30-
HBI B JIPYTYIO JIaXKe NMPH HE3HAYMTEIbHBIX BHEITHUX BO3JICHCTBHUSAX.
BemecTBa MOTyT epeXxoAUTh U3 OJTHOTO COCTOSIHUS B JIPYTO€ B 3aBUCHMOCTH OT UX CTPYKTYpPHI H ar-
pEraTHOro COCTOSIHHUSL:
TBEP/IOE COCTOSIHUE —> TIPOBOJIHUK
MeTa—
razo00pa3Hoe — JTUAIEKTPHUK
aaMas — JTUAJICKTPHUK
yraepoa—
rpaduT — MPOBOAHHUK
DJIeKTPOIIPOBOITHOCTh — 3TO CIIOCOOHOCTh MaTepuasa MPOBOAUTH NIEKTpUuYeckuil Tok. OHa 3aBU-
CHUT OT CIICAYIONIMX (PaKTOPOB:
— OT UIMPUHBI 3aNpeiméHHON 30HBI (YeM MEHbIIE IMPHHA, TEM BBIIIE 3JICKTPONPOBOIUMOCTD, T.K.
3JIEKTPOHBI TPOIIE TPEOIONEBAIOT 3AMPELICHHYIO 30HY);
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— HWCTOYHHUKA BHEIIHETO BO3JEHCTBUS (DJICKTPUUYCCKOE IMOJIe, MATHUTHOE T0JIC, TIOTOKU 3apsKCHHBIX
YaCTHII, PEHTTCHOBCKUE JTy4YH, YIBTPAPHUOICTOBBIC JTYYH, CUIILHBIN HArPEB);

— HaJIU4us MPUMECEH;

— arperaTHOrO COCTOSIHHS BEIIECTBA U OT BUAA XMMHUECKOH CBSI3U;

— TeMIepaTypbl (pa3Hbie MAaTEPUAIIBI TO-PA3HOMY PEAarupyrOT Ha H3MEHEHHUE TEMIIePaTypPhl):

— €CJIM TURIIEKTPUK: TP YBEIHMYEHUH TEMIIEPAaTyphl YBEIMUHUBAETCS TIOJBHIKHOCTH 3apsIIOB U DIIEK-
TPOIIPOBOANMOCTH BO3PACTAET;

— €CIIM TMOJYMPOBOJHUK: MPU YBEITUUCHUH TEMIEPATyphbl YBEIUUYHMBACTCS IMOJBIKHOCTH 3apsiOB U
3JIEKTPONPOBOAUMOCTE Bo3pactaeT. Eciu t = 0 K, To xonuuecTBo 3apsiioB paBHO HYJIO, U 3JIEKTPOIPOBOI-
HOCTPH pPaBHA HYJTIO, Ta)Ke €CJIM Ha TIOIYIPOBOJIHUK ITPOMU3BOAMNTCS BHEIIHEE YHEPTETHIECKOE BO3ICHCTBHE;

— €CIIK TPOBOJHUK: YBEIMYCHUE TEMIIEPATyphl MPHUBOJUT K YMEHBIICHHUIO AJIEKTPOMPOBOIUMOCTH.
Ecau t =0 K, To 35eKTponpoBOIMMOCTE BO3pacTaeT JI0 o

— JaBIICHUS;

— Hanmn4us 1epeKTOB B TBEPIOM TeJIe.

Pa3nen 2. /IM3/1eKTPUKH B 3JIeKTPUUYECKOM T10JI€

[Ton meficTBHEM NPUIIOKEHHOTO HAIMPSHKEHHS B JUIICKTPHKE HAYMHAIOT MPOTEKATh CICAYIOLINE SIB-
JICHUS:
1) monsipu3zanus (XapakTepu3yeTcsi OTHOCHTENIBHOM AMAICKTPHYECKOM POHMIIAEMOCTBIO €;);
2) 3JIeKTPOIIPOBOAHOCTD (XapaKTepu3yeTcs YACIbHBIM COMPOTUBICHHEM P M YICIbHOM MPOBOIMMOCTBIO ¥);
3) IUANEKTPUYECKUE MOTEPH (XapaKTEPU3YIOTCSl TAHTEHCOM YIJIa TUAJICKTPUUECKUX TOTeph 100 M yAeabHBI-
MH TOTEPSIMH MOIIIHOCTH p);
4) mpolecchl TEMIOBOTO U 3JIEKTPHUECKOTO CTAPEHHS (XapaKTEPH3YIOTCSI CPOKOM CITY>KOBI AMANEKTPUKA T U
paboueit TemnepaTypoi Tpag);
5) npoGoii AMANEKTPHKA (XapakTepusyeTcs NpoOMBHBIM HanpsbkeHHeM Up, U 3JIEKTPUYECKON MPOYHOCTHIO
Ep).

Kaxoe 13 nepevncieHHbIX ABJICHUI MOXKET MPOTEKaTh B OJTHOM U TOM K€ JMAIICKTPUKE B 3aBHCUMO-
CTH OT ycnoBuid. [IpudeM nonsipusanys, 3IeKTPONPOBOTHOCTD, TUITCKTPHUCCKIE MOTEPH, TEIIIIOBOE U DIICK-
TPUYECKOE CTAPEHUE TECHBIM 00pa30oM B3aMMOCBSI3aHBI MEXIY COOOH M MOTYT MPOTEKATh B JUDIIECKTPUKE
OJTHOBPEMEHHO TIOCJIE TIOIKITIOYEHUS HATIPSHKCHUSI.

Tema 2.1. [lonsapuszanust 1M31eKTPUKOB
Jlexuust IpOBOJIUTCS B MHTEPAKTUBHOM (opmMe: ¢ pa300opoM KOHKpPETHbIX cuTyauui (14ac).

OcCHOBHO#H npolecc I AMIIEKTPUKOB, HAXOASALIMXCS B SJIEKTPUIECKOM I10JIe, — IIOJIIpU3anms, T.¢.
OTpaHUYEHHOE CMEIICHUE CBS3aHHBIX 3apsA0B WM OPHEHTAINS JUIOJIEH 110 HAIIPaBICHUIO AIIEKTPUIECKOTO
HOJIS.

JIro00# TUANEKTPUK C HAHECEHHBIMH Ha €ro IMOBEPXHOCTH 3JIEKTPOJaMHU MOXKHO PacCMaTpHBaTh Kak
KOHJICHCATOp onpenen€HHoN EMKOCTH. To ecTh eciy TUANEKTPUK MOMECTUTh MEKITY JIBYMS DIIEKTPOAAMH H
MOJaTh HANpPsDKEHHE, TO 3apsi/ibl B TUDIIEKTPUKE OyIyT CMEIAThCsl Ha KaKyro-To BeInuuHy (puc. 1.5), a ecnu
JMJIEKTPUK COCTOMT U3 JTUIOJIEH, TO JUIOIH OyIyT HE TOJBKO CMEIIAThCs, HO eIle M Pa3BOpayMBaThHCA 10
HaMpaBJICHUIO MOJIS: TITIFOCOM K OTPHLATEIEHOMY 3JIEKTPOLY, @ MUHYCOM — K TIOJIOKUTENbHOMY (pHC. 1.6).

JndnexTpuk
— =+
— = =+
= = —+
+

OrpaHHYeHHOE CMEIIIEHHE 3apsiaa
TTO ATTEKTNUUECKOMV TTOTTH)

Puc. 1.5. Ilonsgpusanust HENOJIAPHOTO TUIEKTPUKA

+

B e S ¢
\ -+

= +

OnueRTATIUS TUTIOTS TT0 ATeKTAUUECKOMYVY TTOTTHY

TTvanexTnuk

Puc. 1.6. [onspuzanmst MOISPHOTO JTUIICKTPUKA
[Mocne cHATHS 3NMEKTPUYECKOTO TOJISI YACTHIIBI BO3BPAINAIOTCS HA CBOM MECTa, & JIUTIONH Pa3BOpavm-
BalOTCS COTJIACHO XaOTUYHOMY TEILIOBOMY JIBUKCHHIO YACTHIL.
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s GONBIIMHCTBA AMAIEKTPUKOB CYIIECTBYET JIMHEHHAS 3aBUCUMOCTh BEJTMUMHBI CMEIICHUS 3apsiia
Al OT HanpsHKEHHOCTH 3JIEKTPHYECKOro moiisi £ (4em Oolblie HalmpsHKeHHOCTb, TEM CHIIbHEE CMELIAloTCs
3apsiabl) (xapaktepuctuka 1 Ha puc. 1.7).

OnHaKo ecTh TpyMIa AWAIEKTPHKOB, Y KOTOPBIX MPH ONPEICICHHOW HANpPSDKEHHOCTH Eyac (Hamps-
YKEHHOCTb HACBIIICHUS) 3apsabl IPEKPAIAIOT CMEIIAThCS M IPH JAbHEHIIEM YBEIMUCHNH HANPSHKEHHOCTH
OCTaIOTCSI HA CBOMX MECTax (XapaKTepHucTHKa 2). JIMdIeKTpUKH ¢ TaKOH 3aBUCHMOCTBIO MOJISIPU3AIMK OT Ha-
NPSHKEHHOCTH HAa3bIBAIOTCS CE2HeMOINeKMPUKAMU.

Al 1

E
Enac

Puc. 1.7. 3aBUCUMOCTD BEJIMYHUHBI CMEICHUS
OT HAIPSHKEHHOCTH DIICKTPHICCKOTO IO

Tema 2.2. OcHOBHBIE BHABI OIS PU3ALUH
Jlekuust MpOBOIUTCS B MHTEPAKTUBHOM opme: ¢ pa300poM KOHKPETHBIX cuTyanwmii (19ac).

[Monsipu3zanus AeTuTCs Ha ABa OCHOBHBIX BHJIA!

1. Ionspw3anmsi MrHOBEeHHasi, yrpyras, O0e3 HarpeBa AWANEKTpuKa (0€3 BBINEICHUS TEIIOTHI).
BkitouaeT B ce0s IEKTPOHHYIO U HOHHYIO MTOJISIPU3AIUH.

a) dnexmponnas noaspuszayus (A1) cBsI3aHa CO CMEUICHUEM 3JICKTPOHOB B 000109Kax aToMoB. I1po-
TekaeT oueHb ObICTPO: 3a 107 c.

C yBenuueHueM Temneparypbl 11 yMeHbLIaeTcsi. 9TO CBA3aHO C TEM, UTO MPHU HArpeBe TEJIO PACIIH-
psieTcs M KOJIMYECTBO YACTHII B €IUHHIIE 00beMa CHIKACTCS, CIIeIOBATEILHO, MEHBIIIeE KOJTHMYECTBO 3apsa0B
Yy4acTBYET B HOJISPH3ALUH.

Ol Habmoaercst y BceX BUIOB AUAIEKTPUKOB, HAXOIAIIMXCS B JIIOOOM arperaTHOM COCTOSIHHU.

0) Uonnas nonspuzayus (UI1) xapakrepHa TOIBKO I TBEPABIX TEJ ¢ HOHHOW CTPYKTYPOM, CBSI3aHA
co cMeleHneM noHoB. [Tpotekaer 3a 102 .

B ornuuue ot OII ¢ yBenuuenuem temmnepatypsl UII ycnnmuBaercs. 1o oOBsICHAETCS TE€M, YTO IPU
YBEITMYEHUH TEMITEPATyphl TeJla PACHIUPSIIOTCS, PACCTOSHUE MEXKY 3apsilaMy YBEJIIMUUBAETCS U CBS3U MEXK-
Iy HUMH 0ciia0beBaroT. B pe3ysibrare 3TOro 3apsijipl HAUMHAIOT JIerde CMEIaThes 1MOJ1 BO3CHCTBUEM TIPHIIO-
JKEHHOT'O HaNpPsDKEHUS U MOJIIpU3aLusl pacTeT.

2. lonsipuzanys 3aMeAsIeHHast, TPOTEKAIOIIas IO BO3pACTAIOLIeH U YObIBAIOILEH, C BBICIICHUEM TETl-
JIOTBI ¥ pacceuBaHueM dHepruu (penakcannonHas). OHa BKIIOUYaeT B ce0sl CIeAYIONIHE TIOABH/IBL.

a) Junonvro-peraxcayuonnas noaspuzayusi (JPII) xapakrepHa Ui MOJSPHBIX AUAIEKTPUKOB. OHa
NPOTEKAET TOJIBKO B TOM CIIydae, €CIIM CHJIbI MEXMOJIEKYJIIPHOTO MPHUTHKEHUS TO3BOJISIOT AUIOISAM CMe-
HIATHCS U OPUEHTHPOBATHLCS M0 HAMPABIICHHUIO AJIEKTPUIECKOTO TTOISI.

Ha nee BiusiioT TemioBbie ABmKeHHs YacTil. C yBeTMUCHHEM TeMIIEpaTyphl MOJIIpH3allis BHavYale
YBEIMYMBAETCS, T.K. TIPH HarpeBe 3a CYET PACHIMPEHUS Teja CBA3M MEKAY 3apsAAaMu 0clIabeBaroT U OHH JIeT-
Yye CMELIAIOTCS U Pa3BOPAaYMBAIOTCS, a IOTOM HauMHAeT ocjiabeBaTh, T.K. XAOTUYHOE TEIUIOBOE ABHKEHHE
NPY BBICOKOH TeMIIepaType MEeNIaeT JTUIMOJISIM TTOJISIPH30BaThCS.

[Ipu pazBopaurBaHNM AWIOJEH MO HANPABJICHUIO MOJS IPOUCXOJUT X TPEHUE ApPYyr o0 Apyra u au-
9IIEKTPUK HarpeBaeTcs.

0) Dnexmponno-penaxcayuonnas noaspusayus (APII) mpotexaeT y TBEPABIX TEN, UMEIOMNX AePEKTHI
CTPOCHUSI.

B) Honno-peraxcayuonnas noaspusayus (MUPII) nporekaer y TBEPABIX TeN C HEMOJHOW YHNaKOBKOM
YacTHII.

r) Muepayuonnasa nonapusayus (MII) nmporekaeT B TBEPABIX BEIIECTBAaX, UMEIOMIMX MPUMECH. JTa
NOJISIPU3aLs BBI3BIBACT 3HAUNTENBHBIN HarpeB MaTepHaa.

n) Pesonancuas nonspusayus npoTeKaeT MPU CBEPXBBICOKUX YACTOTAaX y ra3oB M TBEPIBIX AUDIICK-
TPHUKOB, UMEIOIINX JAe()EKT CTPOCHHSI.

e) Cnonmannas noaspuzayusi XapakTepHa AJisl CETHETORIEKTPUKOB. B oTiuyne oT Apyrux BHIOB MO-
JSPU3ALUM P HEKOTOPOM 3HAYCHUHU HANPSHKEHHOCTH JIEKTPUUECKOTO OIS HACTYIAeT ero HACBIIICHUE U
JalpHellIee yCuIeHHe OIS K€ HE BbI3bIBACT IOBBILICHUS MOJIIPU3ALIUYL.
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Tema 2.3. Knnaccuukanusi 1M3J1eKTPUKOB M0 BUAY MOJSIPU3ALMH

[lo Buay nosisipu3aliu JUBIEKTPUKH Pa3ACIIIOTCs Ha YEThIPE TPYIIIIbL:

1) IMPNEKTPUKH, UMEIOIINE TOJNBKO SNEKTPOHHYIO Mojspu3anuio. K 3Toi rpymme oTHOCATCS HEemo-
JSIpHBIE U CIa00NONISIpHBIE TBEpble Tena (mapaduH), ;kuakocT (0eH301) U ra3sl (BOAOPON);

2) OMAIEKTPUKH, UMEIOIIUE OZHOBPEMEHHO 3JIEKTPOHHYIO M AUIOIBHO-PENIAKCALIMOHHYIO IOJIIpHU3a-
uro. K 9To# rpymie oTHOCATCS OpraHnvecKue TBEpAbIe AUANCKTPUKH, MOMYKHUIKUE JUIIEKTPUKH, BCE MO-
JSIpHBIE BElecTBa (COBOJ, CMOJIbI, KOMITAYHBI, HEJUTI0N03a U T.1.);

3) HeopraHW4eCKUe TBEPIbIC TUIJICKTPUKH, B KOTOPBIX MOTYT OJHOBpeMeHHO mporekaTts JII, UII,
OPIIL, UPII. Oty rpymiy, B CBOIO 04epeb, AT HA ABE ITOATPYIIIHL:

a) nuanextpuku ¢ OI1 u UIl. Dto BemiecTBa, MMEIOLIME HOHHYIO CTPYKTYPY C IUIOTHOW YIaKOBKOM
gacruil (kBapi, ciarona, KCI);

6) mmnextpuku ¢ DPII, UPIL, 3I1, UII. Oto BemecTBa, y KOTOPBIX HOHHAS CTPYKTYpa C HETJIOTHOM
YIaKOBKOW 4acTHIl (HEOPraHUYECKOE CTEKIIO0, hapdop);

4) cerneroanekTpuku. Onpeaensomeil B JaHHOM ciydae OyJeT CIOHTaHHAas IMOJIIpU3aLusl, OJHAKO
KpOMeE Hee B CerHeTOdIeKTpuKax MoryT nporekats D11, UI1, OPIIL, UPII.

Tema 2.4, OTHOCHTEILHASA AUIJIEKTPUHYCCKaAdA NIPOHUITAEMOCTD
Jlexuust MpOBOIUTCSI B MHTEPAKTUBHOM opme: ¢ pazdopom KoHKpeTHbIX cutyarmid (0,54ac).

OCHOBHOM XapaKTEpUCTUKOHN TUAIIEKTPUKA, II0 KOTOPOIl MOXKHO CyIUTh O CTENIEHU MOJIsIpU3a-
IIUY BEIIECTBA, SIBJISIETCS € — OTHOCUTENIbHAS IUAIEKTpUYECKasi IPOHUIIAEMOCTh (YEM BBILIE €, TEM
Jy4Yllle MOJIAPU3YETCS TUAIEKTPUK):

6= Q_ 2t _, U (1.2)
Qo Qo QO

riae Qo — 3apsa/ KOHAEHCATOPa, ECIIN MEXy OOKIaJKaMH BaKyyM;
Q— 3apsa1 KOHJEHCaTOopa, €ClIM MEXKAY OOKIaJKaMH TUAJIEKTPHK.
W3 npuBeaeHHO BhIlle POpMYJIIbl BUHO, UTO €, > 1; € = 1, ecnu Mex 1y 0OKIagKaMU KOH-
JIEHCATOPa HaXOUTCSl NMEHHO BaKyyM.

2.4.1. lusnekmpuueckan npOHUUAEMOCHLb 24306

Jlexuust MpOBOUTCS B UHTEPAKTUBHOM (opMme: JeKIus-0ecena, JeKIus ¢ pa300poM KOHKPETHBIX
cutyauui (1gac).

["a3000pa3Hbie BemecTBa XapakTePU3YIOTCS MATBIMU ITIOTHOCTSIME BCJIEICTBUE OOJIBIIUX PACCTOSHUN
MeXIy Molnekyiaamu. [loaToMy €, Bcex ra3oB He3HAYNTENIbHA U Ou3Ka K eauHuIe. [lomspuzanus ra3oB Mo-
JKET OBITh YMCTO SJIEKTPOHHON WM OJHOBPEMEHHO 3JIEKTPOHHOW W JUIMOIBHO-pPEIaKCalMOHHON (Y MOIsp-
HBIX Ta30B). OfHaKO JaXke JJIs TOJSPHBIX Ta30B OCHOBHOE 3HadeHne umeet OI1.

BenuunHa AM3NIEKTPUYECKON MPOHUIIAEMOCTH, KaK M CaMOM AJIEKTPOHHOM MOJISIpU3alliu, 3aBUCUT OT
cieayromux GaKTopoB:

— OT pa3Mepa MOJIEKYJI: ¢ yBelImueHueM paamyca Mmoiekyisl (R1T) & Bo3pacraer. Hampumep, npu HOp-
MaJIbHBIX ycnoBusix (H.y.) P=0,1 MIlau t =20 °C:

I'asz R, am &
I'ennii, He 0,112 1,000072
Bonopon, H 0,135 1,00027
Kucnopon, O, 0,182 1,00055

— OT yHucCJjia 4aCTul B CINHUILIC O6’LeMa no:
no=P /KT, (1.3)

rae Kk — mocrostuuas Bonbimana; P — nasnenve; T — TeMieparypa.
U3 sTo0ii (hopMyITBI, B CBOIO OYEPEb, CIEIYET, UTO €, TAKKE 3aBHUCHT:
— OT JIaBJICHUS: Pt D111 &1;
— OT TEMIIEpATYpBhI: t1 oIl yogd.
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TemmnepaTypHas 3aBUCUMOCTb OOBIYHO XapaKTEpH3YyeTCs TeMIEepaTypHbIM KOI(PQHUIMEHTOM AUAIICK-
TpHuecKkoil mporumaeMocTy, K

1d
o, =t (L4)
rog, dT
JIns HEenoJIAPHBIX Ta30B
g, -1
o =TT, (1.5)
er T

OU3MUYECKUI CMBICIT TEMIIEPATYPHOTO KOAPQHUINEHTA O B TOM, YTO OH ITOKA3bIBACT, KAK U3MEHSETCS
€-Ta3a Ipu U3MEHEHUH TeMiepatypsl Ha 1 K.

2.4.2. Tusnexmpuueckas npoHUUAEMOCHb HCUOKOCHETL

JusnexTpuueckas IpOHULIAEMOCTD KHUJIKUX JUIIEKTPUKOB 3aBUCUT OT UX MOJSPHOCTH, T.K. OHU MO-
T'yT OBITh IIOCTPOEHBI U3 MOJISIPHBIX U HETIOJISIPHBIX MOJIEKYJI.

B HenmomsApHBIX XKUAKOCTSIX MOXKET MPOTEKATh TOJIBKO AJICKTPOHHAS MOJISIPU3ALUS, U IO3TOMY 3Hade-
HUS €, HEMOJSIPHBIX JKUIKOCTEH HEBEIMKU: HE MPEBBILAIOT 2,5. 3aBUCUMOCTh €, OT TEMIIepaTyphl 1° Takxke
OTIpeieTIsieTCs ANEKTPOHHOM mospu3anuei (Ha puc. 1.8 mpencTaBieHa 3aBUCUMOCTh €, JUIS HETOJSPHBIX
JKUAKOCTEH, B TAHHOM CITydae IS OeH30I1a):

€

2,54
\ &

b

Puc. 1.8. 3aBucumocts €, =f(t°)  Puc. 1.9. 3aBucumocts &, =f( f) mis
1uist 6eH3oa HETIOJIIPHOTO
MKHIIKOTO JTAJICKTPUKA

OT 4acTOTHI HPWIOKEHHOTO 3JEKTPUUECKOrO MOJs f OU3JIEKTpUUYECKasi IPOHULIAEMOCTh HE 3aBHCUT
(puc. 1.9).

TemnepaTypHast 3aBUCUMOCTD &, IOJSIPHBIX KUAKOCTEHN (Hampumep, coBoja) OoJiee CIoKHasd, YeM He-
noJsipHBIX (puc. 1.10). OOBsCHEHNE ATOTO — JAUIOIBHO-PENIaKCAIIMOHHAS TTOISIPU3AIHsL, KOTopasi IPOTEeKaeT
10 BO3pacTaroLeil u yOpIBarolIe, 3aMeIeHHO. J[uanekTpuueckasl IPOHUIAEMOCTh MOJSIPHBIX KHIKOCTEH
koJrebaercs ot 3,5 10 5,5.

tO

Puc. 1.10. 3aBucumocts €, =f(t") I MOJAPHBIX KHUIKOCTEH

3HAYNTEILHOE BIUSHUC HA €, MOJIIPHBIX )KI/I,Z[KOCTCﬁ OKa3bIBaACT 4aCcTOTa f MPWIOKCHHOI'O DJICKTPUYIC-
CKOTI'O IIOJIA. HpI/I HU3KUX YaCTOTax AUIIOJN YCIICBAIOT PA3BOPAYUBATHCA IPHU CMCHE MOJIIPHOCTU IJICKTPO-
J0B, U IIO3TOMY &, BCJIMKA U MPAKTHUYCCKN HEU3MCHHA. HpI/I BBICOKHX YaCTOTax AUIIOJIHN HE YCIICBAIOT Pa3BoO-
pauuBaTbCA U JUBJICKTPHUYCCKas IMPOHUIACMOCTD MaJacT 10 3HAYCHUA €, ~ (pI/IC 1.1 1) HpI/I yacToTax Oolee
106 F]_[ JUITOJIN BOO6I].[€ NEepeCTar0OT pearupoBaTb Ha M3MCHCHUC INOJJAPHOCTU SJICKTPOAOB U OCTAKOTCA Ha
CBOMX IMPEIKHUX MECTAX.

€r

e =
\ €, = — MPH MTOCTOSHHOM TOKE
€, ~ — TIPU TIEPEMEHHOM TOKE

€~
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Puc. 1.11. 3aBHCHMOCTS €, OT YaCTOTHI JIECKTPHUICCKOTO TIOTIS
JUTST TIOJISIPHBIX YKHUJKOCTEH

2.4.3. Juianekmpuueckana npoOHUUAEMOCHb MEePObIX OUITEKMPUKOG

Jusnexktpuueckasl TPOHUIIAEMOCTh TBEPABIX TEN 3aBHCUT OT CTPYKTYPHBIX OCOOCHHOCTEW TBEPIOrO
JIU3JICKTpUKa. B TBepAbIX Tenaax BO3MOXKHBI Bce BUABI Nossipu3anuyd. OHU MOTYT UMETh KOBAJCHTHYIO WIIU
MOJIEKYJISIPHYIO CBSI3M M IIPHU 3TOM OBbITH HETIOJSPHBIMU WJIM HOJSPHBIMHU. B HENoJIsIpHOM TBEpAOM AUAIICK-
TpuKe OyZeT NIpoTeKaTh TOJBKO 3IEKTPOHHAS IOJAPH3aLlUs, KOTOpas U OIpelenseT 3aBUCHUMOCTU €,
OT TEMIIEPaTypPhl U YaCTOTHI AIeKTpUueckoro nous (puc. 1.12, a, 6).

Takum 00pa3oMm, sl TBEPABIX HETIOMSPHBIX AUIEKTPUKOB XapaKTEPHBI TE e 3aKOHOMEPHOCTH, YTO U ISt
HEMNOJISIPHBIX KUIKOCTEHN 1 ra3os.

B nomnspHBIX TBEpIBIX AMANEKTPUKAX (HAIpUMeEp, LEIUII0JI03a, JE) NMPOTEKAOT 3JIEKTPOHHAs U AH-
MOJIbHO-peNIakcallionHas nonsipuzauuu. lpu stom onpenensiromeit sBusiercs APIL, u, cnegoBatensHo, €,
NIPY YBEJIWYCHUH TEMIIEPaTypbl H3MEHSIETCS 10 Bo3pacTatoield 1 yosiBaromeii (puc. 1.13).

B & 6) ]
) 227 ¢
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Puc. 1.12. 3aBUCUMOCTS €; I HEMOJSAPHBIX TBEPIBIX TUIIEKTPUKOB

€r 5%
) '1

t0 f
a 7]

Puc. 1.13. 3aBUCUMOCTB €, TSI TOJIAPHBIX TBEPABIX AUIIEKTPHUKOB

Kpome Toro, TBepble Tena MOryT 00JaiaTh MOHHOW CBSI3bI0 M UMETH MPH 3TOM IUIOTHYIO U HEIUIOT-
HYIO YIIAaKOBKY YaCTHII.

B TBepabIX OUANEKTPHKAaxX C MOHHBIM BHJIOM CBSI3M M IUIOTHOW YIAaKOBKOH YacTHLl OyAZyT OJHOBpE-
MEHHO MPOTEKATh JIEKTPOHHAS M MOHHAS moJisipu3anun. Onpeaersoneit Oyaer ssuarscs UI1, moatomy npu
YBEJIMUEHHH TEMIIEPaTypbl 3aBUCUMOCTh €, OyaeT Bo3pactath (puc. 1.14). B coorBeTrcTBHM C 3TOH 3aBHCH-
MOCTBIO TIPY YBEJIMYEHUH TEMIIEPATYPhI TENIO PACUIUPAETCS, HOHBI YAANISIOTCS JIPYT OT JpyTa U CBSI3U Oclia-
0eBaroT, MO3TOMY YaCTHIIBI JIETYe CMELIAIOTCS U TEJO JIy4Ile HOISIPU3YETCsl.

~

Puc. 1.14. 3aBucumocTs €, ot Temiepatypsl 1 KCl

€

t°

B TBepabIX IUAIEKTPHKAX C MOHHBIM BHJIOM CBSI3M M HEIUIOTHOHM yNAKOBKOW yacTUll OyayT OZHOBpe-
MEHHO MPOTEKaTh IEKTPOHHAS, MOHHAS, 3JIEKTPOHHO-peNlaKCallMOHHAs U MOHHO-PEJIaKCallMOHHAs MOJISpH-
3a1uu (TeMIlepaTypHas 3aBUCUMOCTb €, [TpeZicTaBieHa Ha puc. 1.15).

Tak xKaK B TBEpAbIX JUIJIEKTPHKAX C HOHHOM CBSI3bI0 OJHOBPEMEHHO MPOTEKAET HECKOIBKO BUAOB IO-
JSIPU3AIVH, CIIEA0BATEIbHO, KKIas U3 HUX OyJIeT BHOCHTH CBOW BKJIAJl B OOIIYIO MOJSPU3AIMIO H TI03TOMY
€, I3MEHSETCS B IIMPOKUX npenenax (ot 4,2 mo 200).

&

t°
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Puc. 1.15. 3aBucumocTs €, = f(t°) amsa TBEpABIX TEn
C HOHHOM CTPYKTYPOU U HETUIOTHOM YIAKOBKOW YaCTHIL

MakcuManbHbIE 3HAYCHUS €, WMEIOT CETHETOXJICKTPUKH
& (mampumep, cerretoBa cob: (€, = 500+600). [Tpu 3TOM OHM Xapak-
TEPU3YIOTCA PE3KO BBIPAKEHHOW 3aBUCHMOCTBIO €, OT 1° (puc.
1.16). TemmnepaTypa, IpH KOTOPO# €, JOCTUTaeT MaKCHMyMa, Ha-
3piBaeTca Temnepatypoil Kiopu — t%p,. IIpu Temneparype Bbiie
t°kiopn CETHETORIIEKTPUK TEPSAET CBOU CETHETONIEKTPUUECKUE CBOMA-
CTBa.

Puc. 1.16. 3aBucumocts
&, = f(t°) nna Turanara 6apus ¢ qo-
6aBkamu (& =7000 +9000)

Tema 2.6. DJIEKTPONPOBOJHOCTH AUIJIEKTPUKOB

JIeKIust TPOBOAUTCS B HHTEPAKTUBHOM (opMe: JeKIus-0ecea, JEKIHs ¢ pa300poM KOHKPETHBIX
cuTyanui (2,54ac).

JAu3J1eKTPpUK — MaTepuall, y KOTOPOro 3ampelléHHas 30Ha HACTOJBKO BEJIHKA, YTO 3JIEKTPONPOBOA-
HOCTb B OOBIYHBIX YCJIOBHSIX He HaOmomaercs. st Toro 4To0Bl 3IeKTPOHBI MPEOI0ICBAlN 3allpeiEHHbIE
30HBI, Ha TUAJICKTPUK JTOJIKHO OBITh MPOU3BEICHO OUYCHb CHIILHOE BHEIITHEE YHEPreTUICCKOE BO3ACHCTBYUE.

Takum 00pa3oM, HECMOTPS Ha TO YTO AMIICKTpUKH (/]) MMEIOT IIMPOKYIO 3alPelICHHYIO 30HY, MPH
ONpENIETICHHBIX YCIOBUAX HEKOTOPBIE AJIEKTPOHBI MOTYT MIPEOI0JIEBATh €€, CO34aBasi TEM CaMbIM TOKH yTEU-
KH 4epe3 JUAICKTPUK. DJICKTPONPOBOIHOCTh J| B OOJIBIIMHCTBE Cy4aeB OOYCIIOBJICHA IByMsI OCHOBHBIMHU
MIPUYIUHAMH.

1. Ionsipu3allOHHBIE MPOLIECCHl CMELEHUS CBSI3aHHBIX 3apsA/I0B JO MOMEHTA YCTAHOBJICHUS PAaBHOBE-
CHsl TIPOTEKAIOT BO BpEMEHH, co3niaBasi Toku cMenieHns (l.,). [Ipomeccrr 3neKTpoHHON M HOHHOW MOJIsIpr3a-
U TIOYTH MTHOBEHHBI, TIO3TOMY TOKH CMEIIEHHUS STUX BUIOB 3a()MKCUPOBATh HE yaaeTcsl. TOKH CMEIIeHUs
Pa3IMuYHBIX BUJIOB 3aMEJICHHOM MOJIIpU3aliy, HaO0aeMble y OOJIBIIOro uncia TexHuueckux Jl, pukcu-
pyroTcs ¥ HasbiBaroTCS TokaMu abcopoyuu (l,). TIpr MOCTOSIHHOM HAIPSKCHUH OHU TPOTEKAIOT TOJIBKO B
MOMEHT BKJIIOUCHHUS W BBIKIIOUCHUS Hampspkenus. [Ipu mepeMeHHOM HampsDKEHHHM OHU MPOTEKAIOT B TEUe-
HHE BCEr0 BPEMEHU HaxoXaeHus [l moj 1elCTBUEM 3IEKTPUUECKOTO OIS,

2. Hannuwme B J| HEMHOTOYHCIICHHBIX CBOOOHBIX JIEKTPOHOB MPUBOJUT K BOSHUKHOBEHHIO CKBO3ZHBIX
TOKOB (ICKB).

[TosTOMY TOK yTeukw B TexHHUYecKoM [l mpejcraBiisieT cOOOH CyMMY CKBO3HBIX TOKOB M TOKOB a0-
coponyu:

IYT: ICKB+ZI86 . (15)

[Ipu Bo3melicTBUM Ha [ MOCTOSIHHOTO HAIPSDKEHHMS TOCIIE 3aBEPIICHUs MIPOLECCOB MOJSIPU3ANN Ye-
pe3 ] mpoTekaeT ToJIbKO CKBO3HOM TOK (puc. 1.17).
Takum oOpa3oM, 9TOOBI HE BO3HHKIO HEMPAaBHUIHHOTO
lys NPEACTaBICHUs] O BEJIMYMHE 3JeKTponpoBonHocTH [ (T.e.,
3aMepsisi TOK YTEUKH cpasy Hocie Hoaxmodenus [l K anek-
\ TPUYECKOMY TIOJIO:
IyT: |c1<3+ IaG '
YAUBIAEMCS] OOJNBIION BIEKTPONPOBOAHOCTH JHIJIEK-
TPHKA), TOK YTEUKH 3aMEpsIOT 4epe3 OJHY MHHYTY Iocie
o ; HOJKIIOYEHHs dneKTprdeckoro noms. Torga Iy, & e .
0 T ¢ B pesynbrare uctuaHOE conpoTuBieHue
Puc. 1.17. U3menenue Iy, BO BpeMeHH Rpy=__ Y U (1.6)

Iy'r_zlaé ICKB

[Tpu nepeMeHHOM HAIPSHKEHUU TOKHM aOCOPOIMY MPOTEKAIOT B TEYCHUE BCETO BPEMEHHU JICUCTBUS Ha-
MPsDKEHUS, TIOATOMY COTpoTHBIIeHHE [l B 3TOM Ccitydae

lag
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Rp= U U . (1.7)

IcKB+:‘,Ia6 IYT

SHCKTPOHPOBOI[HOCTB HU30JAIUOHHBIX MAaTCpHUAJIOB O6YCJ'I3BJ'H/IB3.6TC$I arperaTHbIM COCTOAHUCM BCIIIC-
CTBa ()KI/II[KOCTI), ra3, TBEpaAOC TGHO) 1 3aBUCUT TAKIKE OT HANPSKCHHOCTU IJICKTPUYCCKOI'O IOJId, TCMIICpa-
TYPBI, BJIa)KHOCTHU U T.A.

2.6.1. Dnekmponposoonocmeo 2azoe

I"a3bl pu HEOOMBIIMX 3HAYCHUSX HANPSHKEHHOCTH 3JEKTPUUECKOTO Mol £ 00aialoT UCKITIOYHTENb-
HO MaJloll MPOBOAMMOCTBIO. TOK B ra3ax MOKET BOSHMKHYTH TOJIBKO MPH HAJMYUHM B HUX MOHOB M CBOOOI-
HBIX 2JIEKTPOHOB, KOTOpHIE, B CBOKO OUEpe/lb, MOTYT TIOSBHThCS TOJNBKO B pe3yJIbTaTe HOHM3aIMH rasa. Ho-
HU3aIsI HeUTPaATBbHBIX MOJIEKYJ ra3a BO3HUKAET MO0 MOJ ACHCTBHEM BHEIIHHUX (DaKTOPOB, OO BCIEICT-
BUE COYAApEHUH 3apsHKEHHBIX YaCTHI C HEUTPAIbHBIMU MOJICKYJIAMH.

Bremaumu (hakTopamu, BBI3BIBAIONIMMHI HOHU3ALMUIO T'a3a, SBISIOTCS PEHTICHOBCKHE, yIbTpaduoIe-
TOBBIE JINOO KOCMHYECKHE JIy4H, paJOaKTHBHOE M3Iy4eHHE, CHIIBHBIH HarpeB. JTO HECAMOCTOSATEIbHAs
MOHU3AIHA. DIEeKTPONPOBOAHOCTb, OOYCIOBICHHAsI ACHCTBHEM BHEUIHUX MOHHU3AaTOPOB, TAK)KE HA3bIBACTCS
HEeCaMOCTOATENbHOI.

DJeKTPONPOBOAHOCTD, BBHI3BAHHAS YAAPHOW MOHM3AIMEH (3apsyKEHHBIC YaCTHIBI YAAPSIOTCS O MOJIe-
KyJly, BRIOUBAIOT MOHBI), HOCUT Ha3BaHHE CaMOCTOsATeNIbHOH. OHa MPOTEKAaeT MPU BHICOKUX HANpPSDKEHUSX.
[Tpu cnadbIx 3JIEKTPUUECKHUX MOJISX OTCYTCTBYET.

Crnemyer 3aMeTHTh, YTO OJAHOBPEMEHHO C IIPOIECCOM HOHM3AIMM IMPOHMCXOMUT OOpa3oBaHWE HEH-
TPAJIBHBIX MOJICKYJT ITyTEM COSTMHEHHS YaCTH ITOJIOKHUTEIBHBIX HOHOB C OTPHLATEIFHBIMH YaCTUI[AMHU. JTOT
npoliecc Ha3bIBaeTcsl pekomOuHanuei. Hammaue pexoMOMHAIMH MPESTCTBYET OE3rpaHUIHOMY POCTY YHC-
JIa MIOHOB B T'a3e M OOBSCHSACT yCTAHOBJICHUE ONPEAEICHHON KOHIICHTPAIIMY HOHOB.

[IpennonoXuM, 9TO MOHM3UPOBAHHBIN BHEIIHMMHU (haKTOPaMHU Ta3 HAXOAWUTCS MEKTY IBYMS Iapai-
JENBHBIMH 3JICKTPOJaMHU, K KOTOPBIM NPHIIOKEHO HampsbkeHne. VOHBI Mo BIMSHUEM HAIpPSKEHUsT OyayT
nepeMeIaTbesi, U B e BOSHUKHET TOK. YacTh HOHOB HEHTpAIM3yeTCs Ha DIIEKTPOJIaX, YaCTh — HCUE3aeT 3a
CYeT PeKOMOMHAIIHH.

BonbTamnepHyro XapakTepUCTUKY Tra3a, MpeCTaBISIONLyI0
co0OW 3aBUCHMOCTh TOKa OT NPWJIOKEHHOTO HAaMpsHKEHUs (pHcC.
1.18), MOXHO yCIIOBHO pa3OUTh Ha TpH 00IACTH:

1. Bemomnnsiercs 3akon OMa, 3arac Mmoj0XUTEIbHBIX U OTPH-
[aTeJIbHBIX MOHOB TMOCTOSHHBIN. TOK MPONOpIHMOHANIEH HAIpsKe-
auto (I =U).

2. 3oHa HachlmeHUs. HampspkeHne yBeNTUUMBAETCS, HOHBI
VHOCSITCSL K DJIEKTPO/IaM, He yCIieBas peKOMOMHHPOBATh B MEXKIJICK-
TPOJHOM TIPOMEXYTKE, U TPU HEKOTOPOM HAmNpsDKEHHH BCE WOHBI

IIPOMEKYTKA OyIyT paspsuKaThCs Ha 3JIEKTpojax. SICHO, UTO NalbHENIIee YBEIH-
YeHHUe HaNpsHKeHHs He OyIeT BBI3BIBaTh BO3pACTaHUS TOKA.

3. Ilpu CoNpIIMX HANPSDKEHUSIX MOXKET BO3HWUKHYTH y/AapHas MOHH3AIMs, a CIeJ0BaTeNbHO, CaMo-
CTOSITENIbHAS JJIEKTPONPOBOJHOCTh, IMPHU STOM TOK HAYMHACT OINATh yBeNuuuBarthes. Jlms Bozmyxa
EI/IOH: 0,11,0 MB/m.

UH‘EIC UPIOH
Puc. 1.18. BonsTammepHnas
XapaKkTeprCTHKa ra3000pa3HOro

2.6.2. 2n1eKmponposooOHOCHIb HCUOKUX OUITIEKMPUKOE

DNEKTPONMPOBOIHOCTD JKUAKOCTEH TECHO CBS3aHA CO CTPOEHHEM MX MOJIeKyJ. B HemomsipHOH XuaKo-
CTH OHa 3aBHCHT OT HAJIMYHA NMPUMECEH, B TOM 4Hcie Biard. lIoisipHbIe KUAKOCTH BCEra WMEIOT MOBBI-
HIEHHYIO MPOBOJUMOCTH 110 CPAaBHEHMIO C HEMOJSPHBIMHU (YBEJIMUECHUE AMAIEKTPUIECKON MPOHMIAEMOCTH
NPUBOJIUT K TOBBIIEHUIO MPOBOAUMOCTH). CHIBHONOJISIPHBIE KUAKOCTH 00JaaloT OYeHb BBICOKOH 3JIeK-
TPOIIPOBOJAHOCTHIO, TIOATOMY paccMaTpuBaIOTCs He Kak /[, a kak mpoBomHuKHA. O4HCTKa OT MpUMeceH Io-
BBIIIAET CONPOTHUBIICHUE KUAKOCTH M CHUXKAET €€ MPOBOAUMOCTb.
I VYnenbHas MPOBOAMMOCTB JIIOOBIX >KMIKOCTEH CHIIBHO 3aBUCHT OT
TEMIIEPATYPHL: C YBEIHMUEHHEM TEMIIEPATypPhl YBEITUIUBAETCS MOIBHKHOCTh
MOHOB M BO3pacTaeT MPOBOJUMOCTh. MaTeMaTHYeCKH TeMIlepaTypHas 3a-
BHCHUMOCTB ONHCHIBAETCA BBIPAXKEHUEM

meu MIpoIIecC pa3/eeHus] HEWTPaIbHON MOJEKYJBl Ha TMOJOXHUTEIbHBIE W OTPHIATENBHBIE MOHBI U

PIEMOPY! BonsramnepHast
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y=Aexp(-alT), (1.8)

ryie A ¥ a — IOCTOSTHHBIE, XapaKTepU3yIOIUe TaHHYIO XKHUJKOCTh; T — TeMIeparypa >KUJIKOCTH.

DIEKTPONPOBOIHOCTD KUIKUAX TUAIEKTPUKOB TAKKE 3aBUCHUT OT JIUTSILHOCTH BO3ICHCTBUS HAIPS-
skeHus. [lpy IIUTETH,HOM MPOTEKAHUW TOKA HAOJIOJACTCS TOBBIIICHUE CONMPOTUBIICHHS 3a CYET MepeHoca
CBOOOIHBIX AJIEKTPOHOB K AIEKTPOAaM (JIEKTPUIECKas OUYHNCTKA).

2.6.3. Dnekmponpoeoonocms meepovix OUI1IeKMPUKOE

Jns tBepapix [l HEoOXOAMMO pa3NuvaTh ABa BHIA DJIEKTPOMPOBOIHOCTH: OOBEMHYIO M TIOBEPXHOCT-
HYIO.

Obvemuasn 31eKmMponpo8oOHocms O0YCIOBIICHA JIBIKCHHEM 3apsHKESHHBIX YacTHil BHyTpu [], B ero
obwveme. llpn 3TOM B co3maHMM TOKa MOTYT Y9acTBOBATh MOHBI CAMOTO JIHAJIEKTPHKA, MOHBI MpHUMeceH, a
TaKk)ke CBOOONHBIE DJIEKTPOHBI. B 3aBUCHMOCTH OT TOTO, KaKHMe YacCTHIIbI MEPEMEIaloTCs, Pa3IndaoT HOH-
HYIO U 3JIEKTPOHHYIO 3JIEKTPOIPOBOAHOCTb.

Honnan 3nekmponposoorHocns HabMOAACTCS B CIA0bIX AIEKTPUUICCKHUX TMOJISX, COIPOBOMKIACTCS TIe-
PEHOCOM BEIIECTBA U XapaKTepU3yeTCs CIAeIYIONIMMA TapaMeTpaMu:

. . 1
— YZACIIbHON 0GBEMHON IPOBOAMMOCTBIO y, = =

RS

h

rie R — conmpotuBienne ganHoro obpasia, OM; S — miomans monepednoro cedenns J, Mm% h — Tom-
muHa [, MM.

BennunHa MOHHON MPOBOIUMOCTH 3aBUCHUT OT CTPOCHHMS TBEPAOrO Tesia — aMOP(HOTO MIIM KpUCTaJ-
JIMYECKOTO.

PaccMOTpHuM 371€KTPONPOBOJHOCTE TUAIEKTPUKOB, UMEIOIINX KPUCTAINTNIECKOE CTPOCHHE:!

— €ClIi B y3J71aX KPUCTAJUIMYECKOM PEIeTKH pacIoIOkKeHbl HOHBI, (MOHHAs KpUCTAJUIMYECKas perieT-
Ka), TO IPU HU3KUX TEMIlepaTypax B MEpeHOCe TOKAa y4yacTBYIOT B OCHOBHOM HOHBI IpuMeceid. [Ipu moBeI-
HIEHUW TeMIIEpaTypbl HAYMHAIOT OCBOOOXKIATHCS M3 Y3JIOB PELIETKH MOHBI OCHOBHOTO IU3JIEKTPHKA U 3a
CYET ATOTO JIEKTPONPOBOIHOCTD BO3PACTAET;

— €CJIM B y3J1aX PEUIETKH HAXOAATCS MOJIEKYJbl WM aTOMBbI (MOJIEKYJIApHAs UM aTOMapHas KpUCTaJl-
JIMYECKasl PeuieTka), TO B 3JIEKTPOIIPOBOJHOCTH OyAyT y4acTBOBATH TOJIKO MOHBI IPUMECEH, T.K. YACTUIIBI
OCHOBHOTO TUAJIEKTPHKA IMMPOYHO CBA3AHBI C y3JIaMU KPUCTANTNIECKON PEIIeTKH.

B kpuctammnueckux BeIIeCTBaX 3JIEKTPONPOBOJHOCTh 3aBUCHUT OT €€ HaIlpaBJIEHUS] BHYTPU KpHCTaI-
Ja, B pa3HBIX HANPaBJICHUIX OHA Pa3JIndHa.

DIEeKTPOIPOBOHOCTD JIURJIEKTPUKOB, HMEIOMINX aMOp(HOE CTPOCHUE, 3aBUCHT TOJIBKO OT XMMHYE-
CKOT'0 COCTaBa BEIECTBA, B Pa3HBIX HAIMIPABIECHUSIX BHYTPH BEIIECTBA OHA OJMHAKOBA.

Dnekmpounan 31eKmMponpogooOHOCms BOSHUKACT NPH BO3ACHCTBUU HA TUDJIEKTPUK CHIIBHBIX BJIEK-
TPUYECKHX II0JIEH, KOr/la B MaTepualie BOZHUKAET yaapHas noHu3anus. IIpu 3ToM mosBisitoTcs: cBOOOIHBIE
3JIEKTPOHBI, JIEKTPOIPOBOJHOCTE TeJla pe3K0 Bo3pacTaeT, 3akoH Oma Hapylaercs.

[Tpy BBICOKMX HANpPsDKEHHOCTAX dJeKTpudeckoro nois £ > 10 + 100 MB/m, korna 3akoH Oma Hapy-
aeTcs, IS pacueToB npuMeHsercs Gopmyna [Tyms:

e =y, (1.9)

/e Y — yJeJibHas IPOBOJUMOCTD AUIIEKTPHUKA B 00JIaCTH, i€ coxpansiercs 3akoH OMa; Yz — yenbHas
MPOBOJMMOCTD JIMAJIEKTPUKA TIPU CHIIBHBIX 3JICKTPUUECKUX NONSX; £ — HaNpsHKeHHOCTh AJIEKTPHYECKOTO
nonst; 3 — koapUIMeHT, XapakTepu3yIOIUi TaHHBIH JUAIEKTPHK.

[Ipu 04YeHb BHICOKHX HANPSIKEHHOCTSIX AIEKTPHUYECKOTO MOJIs, OJU3KUX K MPOOMBHBIM 3HAUCHUSIM (£
= Enp), 60s1ee TouHOM siBisieTcs: popmyna OpeHkens:
JE

)

— YACIbHBIM 00BEMHEIM COIMPOTHUBJICHUEM py =

v, =e" (1.10)

rae Bi1 — k03hHUINEHT, XapakTepU3YIOLIHNA JaHHBIN TUJICKTPHK.

9HCKTpOHHa$[ QJICKTPOIIPOBOAHOCTH Ha6n1021aeTc;1 TOJIbKO B CHJIBHBIX JJICKTPUYCCKUX ITOJIAX, IIEPEHO-
COM B€IIECTBA HE COIIPOBOXKIACTCA.

Ilosepxnocmuasn npoeodoumocmp 00ycIOBICHA OCEJaHUEM Ha TMOBEPXHOCTH | pa3inuyHbBIX 3arps3He-
HHﬁ, B TOM 4YHCJIE BjIard. B sTom cJIydac TOK 6y,£[eT MMPOTCKATh HC TOJBLKO BHYTPU AUBJICKTPUKA, HO U IO €ro
IMOBEPXHOCTHU, a UMEHHO 110 IVICHKE 3arpsA3HCHUS.

HOBerHOCTHaH QJICKTPONPOBOAHOCTDL XapaKTCPU3YCTCA ABYMS ITapaMETpaMu:

21



— BEJIMYHMHON yJIEIIbHOM OBEPXHOCTHOM IPOBOJMMOCTH Yy = —

Rd

— YACJIbHBIM ITOBCPXHOCTHBIM COMPOTHUBIICHUEM P = |_ ;

rae R — conporuBienue qanHoro oopasua, Om; d — mmpuHa NIeKTPOJ0B, MM; | — yTMHA TUAJIeKTpHKa,
MM.

Ha BenmrHy moBepXHOCTHOH ITPOBOANMOCTHY OKa3bIBAIOT BIIUSHHE:

1) rmagKoCcTh MOBEPXHOCTH, T.K. €CIIH €CTh MOPHI, TPEIIUHBI, CKOJIBI, TO B HUX OyAyT CKaIInBaThCS 3a-
TPSI3HEHUSI U 3JIEKTPOIIPOBOJHOCTH OYAET BO3pacTaTh;

2) TONSAPHOCTH 3arpsA3HCHHs (4eM OOJIbINE MOJISIPHOCTH 3arps3HEHUS, TEM OOJIBINE MOBEPXHOCTHAS
AIIEKTPOIIPOBOTHOCTD ).

st CHIKEHUS IOBEPXHOCTHON 3JIEKTPOIIPOBOJHOCTH UCTIONIB3YIOT Pa3HOOOpa3HbIE IPUEMBI:

1) nonupoBKy 1 MUIH(OBKY MOBEPXHOCTH;

2) MPOMBIBKY TOBEPXHOCTH JMAJIEKTPHUKA BOAOH, CIIUPTOM HITH PACTBOPHUTEIIEM;

3) HaHeceHHe Ha TIOBEPXHOCTh AUAIIEKTPUKA THAPO(HOOHBIX (OTTATKUBAIOIIMX BIATY) MOKPBITHIA;

4) IpoKaTHBaHKE IMAIEKTPUKOB MpH TemmepaTypax 700-800 °C;

5) KuTITYeHne B TUCTUILTUPOBAHHOHN BOJIE (TONBKO JIJISl HETTOPUCTBIX TUAIIEKTPHUKOB);

6) HaHeceHue pedep Ha MOBEPXHOCTH TBEPIOTO AMIJICKTPUKA (M YBEIHUYEHHsS ITyTH JJIS TOKA yTed-
KH).

TakuM 00pa3oM, MOJTHAsE MPOBOAUMOCTh TBEPABIX | CKiIapIBaeTCsS U3 00BEMHOM Yy ¥ MOBEPXHOCTHOM s
MIPOBOANMOCTEN.

Tema 2.7. [IudjieKTpUUecKHe MOTEPH

Jlex1us IpOBOMUTCS B MHTEPAKTUBHON (hopMe: JIeKIusi-0ecea, JeKIus ¢ pa300poM KOHKPETHBIX
cutyanui (1,54ac).

JMusnekmpuueckumu nomepamu (/[11) Ha3pIBaIOT MOIIHOCTH, paccenBaeMyio B | mpu Bo3aeicTBun
Ha HETO 3JIEKTPUYECKOro 1mojisi ¥ Bh3biBarouyto Harpe [l. Ilotepu B /| HaGmonaroTes Kak py epeMeHHOM
HaNpPsKEHUH, TaK U IIPU MOCTOSHHOM.

JI1 00ycoBaeHbI TPEMSI OCHOBHBIMH NPUYNHAMMU:

1) npoTekaHneM 3aMeUIEHHBIX BHIOB MOJISIPU3ALINY;

2) npoTeKaHHEM CKBO3HBIX TOKOB;

3) HOHU3AIMOHHBIMH MIPOIIECCaMHU.

Bennuuny /111 MOXHO XapakTepu30BaTh AByMs NIapaMeTpaMu:

1) yoenvnvimu nomepsimu (MOTEpH MOLIHOCTU Ha eIUHUIY 00beMma). Beipaxxenue s ynenbHbix JII1
HUMEET BUJ

P= V"" = g g, 1gSE” | (1.11)

rae P — ynenbHble NOoTepy; Pa — akTUBHAsI MOILTHOCTb; () — YTJIOBas 4acTOTa; €— aOCOMOTHAS AUIIICK-
TpHUYeCcKasi MPOHHUIIAEMOCTD; € — OTHOCHTENbHAS AMAJIEKTPUUECKast MPOHUIIAeMOCTh AaHHOTO Jl; £ — Hamps-
JKEHHOCTB JIEKTPUUYECKOTO TOJIS;

2) marneencom yena ousnekmpudeckux nomeps (195).

Ha npakruke mist orienku /11 garie ucnoab3yr0T UMEHHO tgo.

Yenom JIIT wuaspiBaercs yroi, gononustonmii 10 90° yron pasosoro cisura @ mexay Tokom | i Ha-
MPsKEHUEM U B EMKOCTHOM LEnH
(8 + ¢ = 90°).

Jlnst upeansHoro JI BeKTOp Toka GyfeT onepexkars BekTop Hampsokenus Ha 90° (puc. 1.20), npu sTom
yrona JIT = 0. JIudnexTpuaeckux moTepb HeT. JAMdIeKTprK He HarpeBaeTcs.

s peanbHoro /1 yem Gosibliie paccerBaeMasi MOIIHOCTb, T1e-
- pexojisiias B TEIUIOTY, TEM MEHBIIE Yro ¢ U Oosbline yroi O u tgo.
| Hemonyctumo Gompmme JIII B 3IEKTPOW3OISITMOHHOM MaTepHaie
BBI3BIBAIOT €T0 CHJIBHBIM HarpeB M MOTYT NPUBECTH K €0 TEIMJIOBO-
(P:qj) - MY pa3pylIeHHIO.
U

Puc. 1.20. BekTopHast auarpamma Bennuuny /II1 Ha mpakTHKe ONMpPeENsIOT 110 BHIPAKEHHIO

UEaIBHOrO JUJIEKTPHUKA
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P=Uw Ctgd, (1.12)

rae C — eMKOCTh JaHHOTO IMAJIEKTPUKA; ® — yriioBas 4actoTa; U — HampspKeHue, MPUIIOKEHHOE K JIH-
JNIEKTPHKY; 10 — TaHTeHC yIiia TUAIIEKTPUIECKUX MOTEPh.

Ucxons uz popmyn (1.11), (1.12), BugHo, uro JI1 3aBucsT:

— OT & 1 190, KOTOpHIE SBIAIOTCS XapaKTEPUCTHKAMH KOHKPETHOTO MaTepHaa;

— (0 — YIJIOBOM 4acCTOTHI;

— U? (E%) — nmpiio)eHHOT0 HATPSDKEHHS (HATIPSHKEHHOCTH IEKTPHYCCKOrO TOJIs);

— arperaTHOro COCTOSIHHSI BEIIECTBA.

JluanexTpuueckue MOTepH B Ta3ax MPHU HANPSIKEHHOCTSIX MO HUKE TeX, KOTOPbIE HEOOXOIUMBI JIIS
pa3BUTHUS YAapHOW MOHM3ALMU MOJICKYJ ra3a, 04eHb Maybl. B 3TOM ciiyyae ra3 MOXHO paccMaTpUBaTh Kak
WAeaTbHBIA AUIICKTPHUK.

JydnexTprdeckre IOTEpH HEMOJSIPHBIX YUCTHIX JKUAKOCTEH Takke BecbMa He3HAauMTelnbHBI. [lomsp-
HBIC )KHUJKOCTH B 3aBUCHMOCTH OT YCJIOBHH (1°, f) MOryT o0najgath 3aMETHBIMH MOTEPSMU, CBSI3aHHBIMU C
JIUTIONLHO-PEIaKCAIlMOHHON TOJIspU3anuet.

B TBepabIX AMANCKTPHUKAX JUAICKTPUYCCKHUE TTOTEPH 3aBHCAT OT CTPYKTYPHI: TBEPIbIC BElIeCTBa 00-
Ja1at0T Pa3HOOOPa3HBIM COCTABOM U CTPOCHHEM, B HUX BO3MOXKHBI Bce BHIIBI JI11.

Tema 2.7. IIpo0oii AudIeKTpUKa

2.7.1.06umaa xapakmepucmuKka npooos ouzieKmpuka

Kaxnpiii IUAIEKTPHUK paccYrTaH Ha ONpeieieHHOe HanpsbkeHne. B 0003HaYeHHBIX Tpe/ienax OH JI0JI-
ro paboTaeT W XOPOIIO BBIMOIHIET CBOM H30JIAIUOHHBIC (YHKIUH. ECIN e MPEeBBICHTh JOMYCTHMOE Ha-
NPSHKCHUE, TO TP HEKOTOPOM €0 3HAYCHUH MOXKET MPOU30UTH MPOOOH JUINEKTPHKA.

Ilpoboii ournekmpuxa — 3TO TOTEPsI TUDIIEKTPUKOM BCEX €ro AMANEKTpryYeckux cBOHMCTB. [ocie
npo0ost IO TUIJIEKTPUKY HAYMHAET MPOTEKATh OOJBIION SJIEKTPUUECKUI TOK; TUIJIEKTPUK CTAHOBHUTCS MPO-
BOJTHHUKOM.

Hanpsxenue, mpu KOTOPOM IPOU30IIEN MpoOoid, HasbiBaeTCs npodugnvim U obo3zHavaercss Uy, M3-
MepsieTCsl OHO yare Bcero B [KB]. Dnexmpuueckas npounocms (HanpsHKeHHOCTH DIIEKTPUUYECKOTO OIS,
npy KOTOPO MpoH301Ien IpoOoit) ompenenseTcs MpOOUBHBIM HaNpskeHHeM U,,, OTHECEHHBIM K TOJIIHHE
JIUBJICKTPUKA B MeCTE MPOOOs:

Ep=—02, (1.13)

rae h — ronmuna [,

. M kB
CTaHZ[apTHLIe CANHULIBI U3MEPCHUA DJICKTPUICCKOU IIPOIYHOCTH | —— — |
M MM

XapakTepucTuku npo0os Ey, u Uy, 3aBUCAT OT TEMIEPATyphl, JaBIECHUS, BIaKHOCTH, IPUMECEH, Jie-
(heKTOB B TBEPIOM Telle, OT arperaTHOTO COCTOSIHUS BEIIECTBA U T.1.

IIpoGotii ra3a o0ycaoBIUBacTCS yaapHOi U (GOTOHHOW MoHM3anuen. [1poOoi KUIKHUX ITHUIIEKTPUKOB
MIPOUCXOANT B PE3yJIbTaTe MOHU3ANMOHHBIX M TEIJIOBBIX MPOIECCOB. [ JIaBHEIN (akTop, CLIOCOOCTBYIOIINI
mpo0oto, — Hanuuue rpuMecH. [1po0oit TBepABIX TeNl BBI3BIBACTCS KAK AJIEKTPUUECKUMU, TaK M TETUIOBBIMU
MPOLECCAMU, BO3HUKAIOIIUMHU TO]1 IEUCTBUEM BJIEKTPUUECKOTO OIS,

2.7.2. Ilpobou 2azoe
Jlexiust IPOBOAUTCS B MHTEPAKTUBHON (hopMe: ¢ pa300poM KOHKPETHBIX cuTyaruii (19ac).

Buemnel n3omsnyeil BO MHOTHX 3JIEKTPOTEXHUYECKHX KOHCTPYKIHAX: B TpaHC(POpPMaTOpax, KOHIACH-
caTopax, Ha JIMHUSX DJIEKTPOIepeaad — CIYKHUT BO3ILyX. DIEKTpHUIecKast IPOYHOCTh BO3yXa B HOPMAIIbHBIX
YCIIOBHUSIX HEBENMKA 10 CPABHEHUIO C 3JIEKTPUIECKON MPOYHOCTHIO OOJBIIMHCTBA KUIKUX M TBEPIBIX TH-
JIEKTPUKOB.

B mo6om rase, B TOM 4ncie U B BO3IYXE, COACPKUTCS HEOOIBIIOE YUCIIO MOJOKUTEIBHBIX U OTPHUIIA-
TEJIBHBIX MOHOB ¥ CBOOOAHBIX 3JIEKTPOHOB, KOTOPbIE, KaK U HEHTpalbHbIE MOJIEKYJIbI I'a3a, HaXoaaTcs B Oec-
MOPSAZ0YHOM TEIJIOBOM JBMKEHHU. [IpH MOIKIIOYEHNN 3JIEKTPUUYECKOTO MO 3apsKEHHbIE YaCTUIIBI TOTY-
YaroT HEKOTOPYIO J00AaBOYHYIO CKOPOCTh M HAYMHAIOT MIEPEMEIaThCsl B HANPABICHUH TI0JIS1 WM B TIPOTHBO-
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TMIOJIO’)KHOM HAIPaBJICHUH — B 3aBHCUMOCTH OT 3HaKa 3apsia. [Ipu aToM 3apshkeHHast 4acTHUIIa Ta3a, BUTasCh,
NpUOOpeTaeT TOMOTHUTEIbHYIO SHepruto Wy:
Wy = qU,, (1.14)

e q — 3apsn yactuipl; U, — majieHue HanpspKeHHsI Ha JUTMHE CBOOOTHOTO Tpodera 4acTUIH A.

Ecnu mose mocTaToyHO OJHOPOAHO (OAHOPOTHOE MoJie 00pa3yeTcss MEXIy ABYMsI TNIOCKMMH 3JIEK-
TPOAAaMU C 3aKPYTICHHBIMHU KPasMHU WM MEKAY AByMs moirycepaMu), To MOskHO mpuHATh Uy = EA. OTcro-
Ja

Wy = qEA, (1.15)

rie E — HanpsHkeHHOCTh OJTHOPOAHOTO AJIEKTPUIECKOTO TOISL.

JlobGaBouHast SHEPTHS 3apsHKCHHBIX YAaCTHIl COOOIIAETCS HEUTPaIbHBIM MOJIEKYJIaM, ¢ KOTOPHIMH OHU
CTAJIKMBAIOTCS. ECITU 3Ta 3HEprusi JOCTATOYHO BEJIMKA, TO MPOUCXOAMT BO30YKICHHE aTOMOB M MOJCKYI
WIH JTaXKe WOHMU3AINS TMOCICTHUX (paciaj] Ha MOJOKUTEIBHBIC U OTPHUIIATEIBHBIC HOHBI). Y CIIOBUE, OIpeie-
JTISIFOIIEe BO3MOXKHOCTb yJIapHOW HOHH3AIINH,

Wy > Wy, (1.16)

u ¢ yaerom (1.15)

gEA > Wy, (1.17)

rae Wu — sHeprus, HeoOxonumast Uil yaapHOH MOHU3aLUK JaHHOTO Ta3a.

Ecnu ycnosue (1.17) He BBIOTHAETCS, TO PU COYAAPEHUHN 3apsSKEHHOM YacTHIIbI C HEUTpaTbHOW MO-
JIeKyJI0H nocneHss OyIeT IpocTo MepexoauTh B BO30yKAEHHOE cocTosiHUE. B cBOIO ovepens, BO30yKICH-
Hasi MOJIEKyJa OyIeT OT/aBaTh CBOIO M3OBITOYHYIO SHEPTHIO B opMe minmydeHust — Gporora. DOTOH morio-
Hr1aeTcst Jpyrod MOJIEKYJION, KOTopasi IPU 3TOM MOXKET MOHM3HPOBAThCA. DTO sIBIICHHE Ha3bIBaeTcsi POTOH-
HoU MoHM3anueil. OHa MPUBOAUT K OBICTPOMY Pa3BUTHIO B Pa3psIHOM MPOMEXYTKE KaHAIOB C MOBBIIICHHOM
MPOBOAUMOCTHIO Ta3a (puc. 1.21).

\ﬁ il — JlaBuHa
3JIEKTPOHOB

| Karon
Anop +

N \\7 I[lyts poTona

Puc. 1.21. Pa3zBuTHe npo6os B Ta3000pa3HOM TUDIIEKTPHKE

[Toka cBOOOHBIE AIEKTPOHBI JISTAT K aHO/Y, 00pa3ys OCHOBHYIO JIaBHHY, (POTOHBI OOTOHSIOT 3TY JIaBH-
Hy ¥ TIe-TO BIepeaud He€ HWOHU3UPYIOT HEWTpalbHbIE MOJIEKYJIBl Ta3za, OOpa3ysi HOBbIE JIABUHBI
(puc. 1.21). Takum 00Opa3oM, IMOKa OCHOBHAsI JIABWHA PAacTeT Ha JUIMHY OTpe3ka A-B, kaHan ¢ MOBBIIICHHON
NPOBOIMMOCTBIO pactnpocTpansercs Ha muHy C-D. [lanee oTnenbHbIe JIaBUHBL, HATOHSS IpYyT Apyra, CIMBa-
I0TCSI BOSAMHO U 00pa3yroT CIUIONIHOM KaHal HOHU3UPOBAHHOTO ra3a.

OIHOBPEMEHHO € 3TUM 00pa3yeTcsi aHAIOTUYHBIN JJABUHOOOPAa3HbI TOTOK MOJIOKUTENHHO 3apsKeH-
HBIX YaCTHII, HAPaBJIECHHBIA OT aHO/a K KaToay. To ecTh, MOJKHO CKa3aTh, YTO 001aCTh MEXKLY IEKTPOAaMHU
npeBpanaeTcss B MPOBOJAIIYIO IJIa3My W BO3ZHHKAaeT MpoOoil raza. Mexmy 3JeKTpoJaMy MO IUAIIEKTPUKY
Ha4YMHACT MIPOTCKATh SHCKTpI/I‘IeCKI/H‘/'I TOK. JII/I3J'IGKTpI/IK CTaAaHOBHUTCA ITPOBOJHUKOM.

PaccMmoTpuM ¢akTOpBI, BIUSIONIHE HA XapaKTEPUCTHKH NP000si ra3oB.

1.Paccmostue medicoy 21ekmpooamu.

ITpu MasbIx paccTOSHUSAX N MEXTy dIEKTpOAaMH HaOIFOIAeTCsl 3HAUYUTEIbHOE MOBBIIICHHE JIEKTPH-
YeCcKOHM MPOYHOCTH Bo3ayXa (puc. 1.22).

OTo sBiIeHHE OOBACHSETCS TPYAHOCTHIO (POpPMHUpPOBaHHUS paspsala HPU MAIOM PACCTOSHHHA MEXIY
3NIEKTPOJAaMH, T.K. B 3TOM Cllydae yMEHbIIAETCs JUIMHA CBOOOAHOro mpodera A W, CIEAOBATEIbHO, YTOOBI
BBITIOTHSITIOCH ycnoBue noHn3anuu (1.17), Heo6X0anMO yBETHYHMBATh HAPSIKEHHOCTH IEKTPUIECKOTO T0-
TS,

2. Haenenue 6 easze.

DIeKTprudecKas MPOYHOCTh ra3a B CHIILHOM CTENeHU 3aBUCUT OT mAaBierHus P (puc. 1.23). [Ipu mamsix
m3menennsx P u t° npobusHoe Hanpsvkenue Upp MPOMOPIHOHATEHO OTHOCHTENBHOM IIOTHOCTH rasa:
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Unp = UHpO 81 (118)

rae U,y = IpoOHBHOE HanpshKeHUe NpH HOpMallbHBIX ycnoBusx (P = 0,1 MIla, t° = 20 °C); & — oTHo-
CHUTEJbHAS TNIOTHOCTH BO3AyXa NpH H.y. 6 = 1.

En 7

, P
b 0,1MIT
Puc. 1.22. 3aucumocts E,, Puc. 1.23.  3asucumocts
ot h js razoobpasmoro mmonex- Lw — f(P) Ans rasoodpasmoro
JMDTIEKTPUKA

TpUKa

[Tpu OonpIIMX AABICHUSX H, CIENOBATENBHO, BHICOKAX IIOTHOCTSIX Ta3a PacCTOSHUE MEKAY OTIENb-
HBIMH MOJICKYJIaMH CTaHOBHUTCSI MEHbIIIE, YMEHbIIAETCS JIMHA CBOOOAHOTO mpodera. OTCIOa 10 yCIOBHIO
(1.17), mast Toro 4TOOBI TPOOOH MPOU3OIIEIN, JODKHA OBITH YBETMYCHA HAMIPSHKEHHOCTh AIIEKTPHIECKOTO T10-
TISL.

[Tpu yMeHbIIEHUN AaBJIeHUsl BHauYalle HaOMIomaeTcs MaJeHue deKTpuieckoi mpounoctd. Korga sxe
JIaBJICHUE JTOXOJHT JI0 HEKOTOPOTO Tpefena (OmycKaeTcs HIKe aTMOC(EpPHOro) U pa3pekeHHe CTAaHOBUTCS
CYIIECTBEHHBIM, 3JIEKTPUYECKasi IPOYHOCTh CHOBA HAYMHAET YBEIINYUBATHCS. DTO OOBICHICTCS CHIKCHHEM
YHCIa MOJIEKYJ Ta3a B eIuHHIE 00bEMa M, CIIEHOBATENbHO, YMEHBIICHUEM BEPOSATHOCTH CTOJIKHOBEHUS
SIIEKTPOHOB ¢ HEUTPATHLHBIMU MOJIEKYJIaMU M UX HOHU3AINCH.

[Ipu naBneHny, OIM3KOM K HYIIIO, Ta3 IO CBOEMY COCTOSIHUIO IIPUOIMKACTCS K BAKyyMy. 3apsDKEHHBIX
YaCTHIl PAKTHYECKH HET, OJJHAKO MPOOOI BaKyyma TOKEe BO3MOXKEH BCIICACTBUE BHIPBIBAHMUS SIEKTPOHOB C
MOBEPXHOCTH AJIEKTPOA0B. [Ipu 3TOM 3reKTpHuiecKast MPOYHOCTh Ta3a JIOCTUTAET OUeHb BEICOKMX TPEIeTIOB.

3. CmeneHnv He0OHOPOOHOCMU INEKMPUYECKO2O NOJIAL.

Heonnoponnoe mose oOpasyeTcs MEXIy BIIEKTPOAaMH CHUCTEMBI «HUITIa-HITIa», «HIJIA-THIOCKOCTBY,
MEXIY IBYMS CHEPUIECKUMHE MTOBEPXHOCTSIMH, PACTIONIOKEHHBIMH Ha OOJBIIOM PACCTOSHUH JIPYT OT JIpyTa.
CuioBbIe JIMHUM TIOJIS B MEX3JIEKTPOJHOM MIPOMEKYTKE paclpeiesieHbl HEPaBHOMEPHO, U II03TOMY Hampsi-
YKEHHOCTB JJICKTPHYECKOTO MOJIS B Pa3HBIX TOYKaX pazinyHa. B cBs3m ¢ 3TUM mpoOoii HaYMHAeT pa3BUBATh-
csl B TEX TOYKaX, TJie HANPSDKEHHOCTh JOCTHTaeT MAaKCUMaIbHBIX 3HaUYeHUH. TakuM oOpa3oM, 3aKOHOMEPHO-
CTH, KOTOPBIM MOJYUHSETCS MPoOOH ra30B B HEOJHOPOJHOM IIOJIE, 3aMETHO OTIMYAIOTCS OT TeX, YTO Ha-
OJroaroTcs MpH Mpodoe B OJJHOPOJHOM IToJe. PaspsiiHble Mporiecchl B HEOJHOPOIHOM I10JI€ MTPOTEKAI0T 00-
Jlee MHTEHCHUBHO, MPOOO0H MPOUCXOMUT TPU MEHBILIEM HANPSHKCHUH, a 3JEKTPUYEcKasi MPOYHOCTh JHUAJIEK-
TPUKa B HEOAHOPOIHOM TIOJI€ BCETIa MEHBIIIE, YeM B OTHOPOTHOM (puc. 1.24).

Usp, kB Em
l M
Unni
/ Enpif----
UrmZ 2 p : 1
Enpaf--------2 :
: 2
h, MM ; b st
h1 hl

Puc. 1.24. 3aBucumocTy MpOOMBHOTO HANPSDKEHUS M 3JIEKTPUUECKONH MPOYHOCTH OT PACCTOSIHUS MEKAY
NIEKTPOJAMH: 1-0THOPOAHOE IEKTPUUECKOe ojIe; 2 — HEOJHOPOIHOE HIIEKTPUIECKOE T0JIe

Kpome Toro, npu KOHGUTypanuu SJIEKTPOAOB «HUIIIA-TUIOCKOCTH» XapaKTEPUCTUKU MPOOOs 3aBUCAT
TaKKe 0T MOJSIPHOCTH IEKTPOAOB.

B ciiyuae mojoKHMTENBHON MOJISIPHOCTH UIJIBI U OTPULATENBHOM — IIOCKOCTH MPOOOH MPOMCXOAMUT
TIPY MEHBIIIEM HANPSHKEHUH, 9YeM TTpU 00paTHOM MOIAPHOCTH.
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Puc. 1.25. Pa3Butue npo6osi B HEOJHOPOAHOM JIEKTPUUECKOM TI0JIE

D10 00BICHICTCS ClemyIonuM obpazoM. Moru3anus raza npu o060 MoJIIpHOCTH JIEKTPOI0B HAUH-
HAaeTCsl BOJNU3U WIJIBI, T.€. TaMm, TAe¢ MPUCYTCTBYET OOJBINAs HAMPSHKEHHOCTh 3JICKTPUYECKOro moist. B pe-
3yJIbTaTe MOHM3AIMU BOJU3U BJIEKTposia 00pa3yercsi «00JIako» 3apsDKeHHBIX MOHOB. [Ipu monoxutensHON
TIOJISIPHOCTH HTJIBI 3TOT OOBEMHBIN 3aps/] UMEET MOJIOKUTENBHYIO TOISIPHOCTH (1.25) U CITy>KUT Kak OBI 1po-
JTIOJKCHUEM HIJIBI, 32 CUET Yero COKPAIAeTCsl MPOTHKEHHOCTh MEXKAJIEKTPOTHOTO poMexkyTka. [lon neiict-
BHEM IMPHJIOKEHHOT'O HAMIPSHKEHUS TIOJIOKHUTEIBHBIA 00BEMHBIN 3apsi/l OTTAIKUBACTCS U YXOJUT OT IOJIOKH-
TENBHO 3apsDKEHHOM UTIbl. OIHAKO OoJiee MOBUKHBIC SJICKTPOHBI, 00YCIIABIHBAIOIIHE TPOIIECC NOHU3AIHH,
BCE BpPEMsl YCIIEBAIOT €r0 BOCCTAHABIIMBATE, T.C. OJIYYaeTCs HEMIPEPHIBHOE «IIPOPACTAHHEY MOJIOKUTEITHHO-
ro 00BEMHOTO 3apsja, CBSI3aHHOIO C WIJIOW, B CTOPOHY OTPHIIATEIBHO 3apsKeHHOH TuiockocTh. [loaTomy
poOOo MPOUCXOAMUT MPH MEHBIIIEM HATIPSHKEHUH, HEXKEITH B CITydae OOpaTHOM NOISIPHOCTH DIICKTPOJIOB.

2.7.3. IIpoboit scudkux ousriekmpukos

JKunkue TUAIEKTPUKH OTIIMYAIOTCS OOJiee BBICOKOW DIIEKTPUYECKOW MPOYHOCTHIO, YeM Tra3bl B HOP-
MaJIbHBIX YCIOBUsX. [Ipo00ii KUAKUX TUIIESKTPUKOB ONPE/ICIIICTCS B OCHOBHOM HalmuueM npumecei. [1pe-
JICIIBHO YHMCTHIC JKUAKOCTH TOJYYUTh YPE3BBIYANHO TPYAHO, @ B HEKOTOPBIX CIIydasX MPaKTUYCCKH HEBO3-
MOXHO. [TOCTOSIHHBIMU MPUMECSIMH B KUJKHX JTUDIICKTPUKAX SBJISIOTCS BOJAA, Ta3bl U TBEP.BIC YACTHIIBL

Bopa B BHJie OT/IENBHBIX MEIKUX KalleleK, HaXOJAIINXCs, HAampuUMep, B TPAaHC(POPMATOPHOM Macie,
IpY HOPMAJIBHOW TEMIIEpaType 3HAUMTENBHO CHMXKAET DJIEKTPUYECKYI0 NPOYHOCTh FEy, (puc. 1.26). Ilox
BJIMSIHUEM 3JICKTPHYECKOTO MOJIS KANeIbKU BOJIBI — CUITLHO JTUMOIBHON MKHUIKOCTH — MOJIIPU3YIOTCS, TPUTS-
THBAIOTCS JIPYT K IPYTY, CO3/IaBasi [IEMOYKH C MOBBIIICHHON MPOBOJUMOCTBIO, TIO KOTOPHIM U MPOXOUT IPO-

Goi. D> I

Fop, MB
M

0,01 0,02 0,03 0,04 CozmepxanueBobI B Macie, %o

Puc. 1.26. 3aBucumocts E,;, TpaHcopMaTopHOro Macia OT BIaXKHOCTU

OnekTpuyecKas MPOYHOCTh Fy, MOACYNIEHHOTO Macila He 3aBUCUT OT TEMIIEPATyphl, €CJIM OHA HE BbI-
me 80 °C (puc. 1.27, 3aBucumocts 1). IIpu Gollee BHICOKO# TeMIIepaType MaciIo HAUMHAET 3aKUIATh, HPOUC-
XOOUT 00pa3oBaHue OOJIBLIETO YUCIa MY3bIPHKOB ra3a BHYTPU HETo, B Pe3yJIbTaTe Yero ero 3JeKTpUUecKast
MIPOYHOCTh HAYMHAET CHIKATHCSI.

Hanuupe BOJBI B Macile CHIKAET €r0 JNEKTPUYECKYIO TPOYHOCTE £y, IPY HOPMAIBbHOW TeMIEpaType
(3aBucumocts 2). IToBeinenne £y, IpH yBeJIMYEHUH TEMIIEPATYPhI B IPEAENax OT 0° 0 80 °C 00yCJIOBIIEHO
TIEPEX0I0M BOJIBI U3 COCTOSIHHS SMYIIECHH B COCTOSHHE MOJIEKYIISpHOro pactaopa. Ipu t > 80 °C macio Ha-
YUHAET 3aKUMAaTh, 3aKUIAET U COJEPKAIIAsACI B Macje BOJa, 3a CUET Yero ra3oo0pa3oBaHue MPOUCXOAHUT 00-
Jlee MHTEHCHBHO, Y€M B CyXOM Macie, M 3JIeKTpUUEcKas IPOYHOCTh CHMXKaeTcs ObicTpee (CcpaBHU ¢ rpadu-
KoM 1).

Iossimenne E,, nput <0 OC cBs3aHO C yBENMUEHHEM BSI3KOCTH MACIA M CHIDKCHHEM JHAICKTPHHe-
CKOH MPOHMIIAEMOCTH JIbJIa TI0 CPABHEHHIO C JUDIEKTPUYIECKON MTPOHUIIAEMOCTHIO BOJIBI.

Eup, MB/MA\
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Puc. 1.27. 3aBucumocts E,, TpancpopMaTOpHOro Macia OT TeMIEpaTyphl

Casxa, OOpBIBKU BOJIOKOH MCKaXKAIOT JJIEKTPHUECKOE 110JIE BHYTPH KUIKOCTH, JETAI0T ero bosee He-
OIHOPOAHBIM, YTO TAK)K€ HPUBOIUT K CHIDKCHMIO SJIEKTPHUUYECKONH MPOYHOCTH SKUAKHUX AMIIEKTPUKOB.
Tak, HanpuMep, HEOUHIIEHHOE TpaHC()OpPMATOpHOE MaciIo UMeeT £y, ~ 4 MB/M, nocie TmareibHol 04ucT-
ki Ey, = 20...25 MB/m.

2.7.4. IIpo6oii meepovix OuInNeKmpurKos
Jlexuusi MpOBOAMTCS B MHTEPAKTUBHOM (popMme: ¢ pa3dopoM KOHKPETHBIX cutyarui (14ac).

PaznnyaroT yeTsipe BUga IpoOOs TBEPIBIX TUIEKTPUKOB:

1) snexTpuueckuii mpoOoil OMTHOPOAHBIX TUIIIECKTPUKOB;

2) aneKTpuIecKuil mpoOoi HEOAHOPOTHBIX AUAIEKTPHKOB;

3) TermoBo# IPoOO;

4) 3IEKTPOXUMHUICCKHIA TTPOOOH.

Kaxxapiii 3 yka3zaHHBIX BUZOB IPO00S MOXKET MMETh MECTO B OJJHOM M TOM )K€ MaTepHaje B 3aBUCH-
MOCTH OT XapakTepa JMEeKTPHIECKOro mojst (MOCTOSIHHOE WIIH MEPEMEHHOE, UMITYIbCHOE, BHICOKON HITH HU3-
KOW YacTOTHI); HAIMYHUS B AMAIIICKTPHKE AS(PEKTOB, B YACTHOCTH 3AKPBITHIX MOP; OT YCIOBUI OXJIAXKICHUS;
BpEMCHU BO3[ICI7ICTBPI$[ HaIIps>KCHUA U T. 1.

DJeKkTpuyecKuii Mpodoii OJHOPOAHBIX AUIIEKTPUKOB. JlaHHBIA BHI Tpo0Os XapaKTepU3yeTcCs
BechMa GBICTpPHIM pasuTHeM (10 '=107° ¢). TIpi 5TOM 3IIEKTPHUECKHiA TIPOGOI SBISETCS YHCTO HIEKTPOH-
HBIM TIPOIIECCOM: U3 HEMHOTHX HadallbHBIX CBOOOIHBIX AJICKTPOHOB CO3JIA€TCsl AIEKTPOHHAS JaBuHA. Takoi
npo0oif NMeeT MecTo, KOTa B AMAIIEKTPUKE HE MOXKET OBITh AUAIIEKTPUIECKUX MOTEPh U OTCYTCTBYET HOHU-
3aIHsl Ta30BBIX BKJIIOYCHHH.

Jns OIHOPOAHBIX MaTEpPHANOB (HAIpPHMeEp, CTEKJIA) HAOIIOJAeTCs 3aMEeTHAs pa3HHIAa MEXTy 3Hade-

HUSIMH TIPOOUBHOTO HAIIPSHKEHUS B OTHOPOJHOM (1) 11 HEoqHOpOIHOM (2) 3IieKTpruiecKkux nojsx (puc.1.28).
Unp kB,
80 1

15K 2

0,3

h, MM

Puc. 1.28. 3aBucumocts Uy, OT OJHOPOJHOCTH SIIEKTPUYECKOTO T10JIS ULl HEOPTAHUYECKOTO CTEKJIA

DaekTpuyecKuii Mpodoii HeOAHOPOIHBIX AMINIEKTPUKOB. Takoil Mpoboii XxapakTepeH Uil TeXHUYe-
CKHX IUDJIEKTPUKOB, COAEPKAINX Ta30BbIe BKIIOUEHUS (Ty3bIpbKH Bo3ayxa). [Ipumepom HeogHOPOAHOTO
Iu3JIeKTpuKa spisercs Gpapdop. [Ipodoil B HEOOHOPOIHOM ANAIIEKTPUKE Pa3BUBAETCS TaKKe BECbMa OBICTPO
(3a 107'c). TTpoGHBHbBIE HATIPSHKEHHS, KAK MPAaBHIIO, HeBBICOKH (puc. 1.29), B oaHopoansix (1) i HEOTHOPOI-
HBIX 3JIEKTPHYECKUX MOJISAX (2) TOYTH OAUHAKOBBI.

C yBenM4YeHHEM TONIIMHBI HEOAHOPOAHBIX AUIJIEKTPUKOB BO3PACTAET KOJIMYECTBO NMPUMECEN U ra3o-
BBIX BKJIIOUEHUH HA €IMHUILY 00BEMA, YTO IPUBOAMT K NAJEHUIO Eyy, .

Usp B

80 1

70

h, MM
Puc. 1.29. 3aBucumocts U, 0F OXHOPOJHOCTH SJIEKTPUYECKOTO oISt 11st (hapdopa
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[ToHMXKEHHOW >NIEKTPUUECKON MPOYHOCTHIO 00Iaat0T HEOAHOPOJHBIE JUAIEKTPHKH C OTKPBITOH IO-
PUCTOCTBIO (HEemponuTaHHas Oymara, nepeBo): E,, ~ 3+7 MB/M. TBepable AUAIEKTPHKU C 3aKPBITBIMH II0-
paMu (IJIOTHAsE KEpPaMMKa, IUIACTMACCBI) MMEIOT OOJBLIYIO IIEKTPHYECKYIO MPOYHOCTB: Ey, ~ 100200
MB/m. Bennuuna E,,, y mponutanHoit 6ymaru 10 300 MB/m.

TensoBoii mpo6oii. DieKTpHUYECKask IPOYHOCTh TBEPBIX AUIICKTPHUKOB HE 3aBUCUT OT TEMITEPATYPhI

ZI0 HEKOTOPOTO ee 3Ha4deHHs. Bhlme 3Toro 3Ha4eHust HabIIIoJaeTCst 3aMEeTHOE CHIDKEHHe K, 3a c4eT Tero-
Boro mpobos (puc. 1.30).

Ep

T; pab

Puc. 1.30. 3aBucumocts E,, = f(t") 114 TBEPABIX AUIIEKTPUKOB: A — 00J1aCTh 2IEKTPHYECKOro mpobos; B —
007acTh TETUIOBOTO TTPOOOS

ITon meiicTBUEM HPUIIOKEHHOTO HANPSHKEHUS B AMAIIEKTPUKE BOZHHUKAIOT OUIIEKTPUUYECKHE MOTEPH,
NPUBOIIME K €r0 HarpeBy. B pe3ynbTare MOBBIICHNS TEMIIEPATYPHl B HEM HAYMHAIOT IPOTEKAaTh XUMHUYeE-
CKH€ peakluy, IPUBOAIIINE K U3MEHEHHUIO CTPYKTYPHI U CBONCTB MaTepuana. XapakTepUCTUKU JUIEKTPH-
Ka MOCTeneHHo yxyamatoTces. [Ipoliecc CHIKEHUS XapaKTepUCTUK MaTepralia MoJ AeCTBUEM MOBBIIIEHHBIX
TEMIIEpPaTyp Ha3bIBACTCS MEN108bIM CINAPEHUEM TNDTICKTPUKA.

TeMIIbI TEMIOBOrO CTapEHNs H3O0JIAIUH ONPEAEISIOT 1O hopMyJIe
T G-T,
T oar (1.19)
Ta

TJI€ T ¥ T — CPOKH CITYKOBI COOTBETCTBEHHO IIpH Temrieparype 11 u 15, AT — moBBIIIIeHHE TeMIepaTy-
PBI, BBI3BIBAIOLIEE COKPALICHUE CITYKObI M30JISIIUN B 2 pasa.

[Mporiecce TemmoBOro cTapeHus 3aBepiIaeTcs: TEIIOBBIM POOOEM IUAIEKTPUKA.

TennoBoii Tpo0Oo BOZHUKAET B TOM ClIy4ae, KOTZla KOJIWYECTBO TEIJIOTHI, BBIACISIOUICHCS B AUIIICK-
TPHKE 32 CUET AUDIEKTPUUECKUX MOTEPh, MPEBBIIAET KOIUIECTBO TEIIOTHI, KOTOPOE MOXKET PACCEUBATHCS B
JAHHBIX YCJIOBUsIX. [IpH 3TOM HapylaeTcs TemIoBOe paBHOBECHE, a IPOIIECC MPHOOpeTaeT TaBHHOOOPa3HbIH
XapakTep.

SIBiieHME TETIOBOTO MPOOOsSI CBOAUTCS K pa3orpeBy MaTepHala B JIEKTPHUUYECKOM II0JIe 10 TeMIlepa-
TYp, COOTBETCTBYIOIIUX €r0 pacIuiaBiaeHuio 1 o0yrnuBaHuio. Kak nokasano Ha puc. 1.30, E,, IpH TEMI0BOM
po0oe Pe3Ko MafaeT ¢ POCTOM TEMIIEPATYPBI.

s orpaHMYeHuUs] TEMIIOB TEIIOBOTO CTAPEHMS M30JIILMOHHBIX KOHCTPYKLHMH M oOecrmeyeHus: Tpe-
OyeMBbIX CPOKOB UX CIIy>KOBI JUISI Pa3sHbIX BHAOB IUAJIEKTPUKOB YCTAHABIMBAIOT CBOU NPEAEIbHO JIOMyCTHU-
MbIE paboune TemMrepaTypsl T ys.

DJIEKTPOXMMHUYECKHUIi MPo0oii TBePA0Oro AMJIEKTPUKA. DJIEKTPOXUMUYECKUH MPOOOH NMeeT cylie-
CTBEHHOE 3HAU€HHE NPH TOBBIIIEHHBIX TEMIIEPATypax M BBHICOKOW BIAKHOCTH BO3yXa. JTOT BUA Mpobos
IMPOABIIACTCA IMPU IMOCTOAHHOM U IIEPEMEHHOM HAIIPSH>KCHUU HU3KON YaCTOThI, KOT'ZIa B MaT€puraji€ npoTcKa-
IOT TIPOLIECCHI, BBI3BIBAIOLINE HEOOPATUMOE YMEHBIIEHHE COPOTHBICHHUS N30JISIUH (IIyTeM €€ OKUCIICHUS U
T.1.). s pasBUTHS dIEKTPOXUMUIECKOTO MPOO00ST TpeOYeTCs NITUTEIBHOE BPEMsSI — MECSIIBI, TOMbI. DJIeK-
TPOXUMHYECKHH TTPo0O0I BO MHOTOM 3aBHUCHUT OT MaTepHasa 3JIeKTPOI0B.

JIro6oif BuI mpoOOsi TBEPAOTO AMAIEKTPHUKA MPHUBOAUT K HEOOPATUMON MOTEpe IUAIEKTPHUECKHX
CBOIICTB.

Tema 2.8. Knnaccupukanus au3jieKTpH4eCKMX MaTepuaJioB

JHuanexmpuueckue mamepuanpl — 3T0 IEKTPOU3ZOISILUOHHBIE MAaTEPUAIIbI, NPEAHA3HAYEHHBIC IS
M30JISIUMM TOKOBEAYIIMX YaCTeH, HAXOMAUIMXCS I0J Pa3HbIMU NOTEHLIMAJIAMU JAPYr OT Apyra M OT OKpYy-
xaromeil cpensl. OHU HE JOMYCKAIOT MPOTEKAHUS AIIEKTPUIECKOTO TOKA MO KAKHUM-JINOO HEXKENaTelbHBIM
Ty TSAM.

[loHATHO, YTO Ja)ke caMoOe MPOCTOE WIEKTPUIECKOE YCTPOMCTBO HE MOXKET OBITh BBIIOJIHEHO 0€3 MC-
MOJIb30BaHUS TUAJICKTPUKA. JMANEKTPUKH 00pa3yloT caMblii MHOTOUYUCICHHBIM THI 3JIEKTPOTEXHUYECKUX
MaTepuajoB. Bce paccMOTpeTh mpakTuieckd HeBO3MOXkHO. [ToaTomy nanee OynyT paccCMOTpEHBI JIHIIbL HAaU-
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0oJee TUITMYHBIC U MTUPOKO PACIIPOCTPAHCHHBIC BUBI SICKTPOU3OJSIIUOHHBIX MAaTEPHAIOB, IPUBCIACHBI HX
OCHOBHBIC TTAPaMETPhI, XapaKTePUCTUKH, 00JIACTH IPUMECHEHUSL.

DNEKTPOU30IIALMOHHBIE MAaTePUAITBl TTOAPA3ISIIAIOTCS:

1) o arperaTHOMY COCTOSIHHIO:

— xuzakue (HeTsIHbIe Macia — Tpanc(OopMaTOpHOE, KOHIEHCATOPHOE, KaOeIbHOE);

— TBepJbIe (CTeKIa, KepaMuKa, Oymara, KapTOH, CIIOMCTBIE TUTACTHUKH);

— ra3o00pa3HbIe (BO3IyX, BOJOPO/I, a30T);

— TBepaetolme (ocobas TpyIa) — B UICXOHOM COCTOSIHUH, KOTJ[a BBOJISATCS B U3TOTOBJISICMYIO M30J15-
IIUI0, SIBJISIFOTCS JKUJKOCTSAMH, HO 3aT€M OTBEPJCBAIOT U B TOTOBOW M3OJISIIIMU MPECTABIIAIOT COO0M TBEpIbIe
Tena (CMOJIBI, JIAKH, KOMITAYHIBI);

2) M0 XUMHUUYECKOU TIPUPOJIE:

— opraHu4eckue (COSIUHECHUS YTIIepoia);

— Heopranu4deckue (He colepiKaIine yrieposa).

Opranudeckne 00Nagal0T EHHBIMA MEXaHHYEeCKHMMU CBOWCTBAMH, THMOKOCTBIO, DIACTUIHOCTBIO, HO
UMEIOT OTHOCUTEJIBHO HHM3KYI0 HAarpeBOCTONKOCTh. Heopranuueckue He 00JIaqar0T THOKOCTHIO, JaCTHYHO-
CTBIO, YaCTO XPYIIKH; TEXHOJIOTUS UX 00pabOTKM CpaBHUTENBHO cioxkHa. OMHAKO y HUX OoJjiee BBICOKAs Ha-
TPEBOCTOUKOCTH, YEM Y OPTaHUIECKHX.

Cy1ecTBYIOT TaKKe TUAIEKTPUKU CO CBOMCTBaMH, MPOMEXYTOUHBIMUA MEXy CBOMCTBaMHU OpraHUYe-
CKHUX U HCOPraHUYCCKUX MATCPUAJIOB: 3TO 3JICMCHTOOPTaHNMYCCKHUE MAaTCpUAJIbIL. B ux cocraB BXOOMUT YyTJIC-
pOIl, HO HE B KaUYECTBE OCHOBHOTO 3JIEMEHTA, a TOJIFKO B KA4eCTBE pafKala.

Tema 2.9. 'a3000pa3Hble TUIITEKTPUKH
Jlexuust MpOBOIUTCSI B MHTEPAKTUBHOM opme: ¢ pa300poM KOHKPETHBIX cuTyanwmii (19ac).

Bo3ayx. Cpeau ra3000pa3HbIX JUAIESKTPUKOB MPEXKIEC BCETO JODKEH OBITh YIOMSHYT BO3IyX, KOTO-
PBIF B CHITy CBOEH pacIpOCTPAHEHHOCTH U JOCTYITHOCTH YacTO BXOJUT B COCTAB DIIEKTPHUYECKUX YCTPOHUCTB
W WTPAeT B HUX POJIb JICKTPOU3OJISAILINY, JOMOIHUTESILHOW K TBEPABIM U JKUIKUM H30JISIIMOHHBIM MaTepua-
JaM. A I TPOBOJIOB BO3AYITHBIX JIMHHUM OH CIIYKUT €IMHCTBEHHOU M30JSAIIUEH. DIEKTpHIecKast IPOYHOCTh
BO3/lyXa NIPU HOPMAJBHBIX YCIIOBHSIX HEBEIHKA, MO3TOMY JJIEKTPOYCTAaHOBKH, 3aIllOJHEHHBIE UM, UMEIOT
Oonbime rabapuTHBIE pa3Mephl. HemocTaTkoMm Bo3ayXa SIBISIETCS TAK)KE TO, YTO OH COJIEPKHUT KUCIOPOJI,
CJIeI0BATEIHHO, OKUCTISIECT U3OJIAIHNIO M BCE, C YEM CONPUKACACTCS.

A30T UMeEeT MPaKTHYECKH OMHAKOBYIO C BO3AYXOM 3JIEKTPHUECKYIO MPOYHOCTh U TIO3TOMY HEPEIKO
MIPUMEHSIETCS. BMECTO BO3ZyXa JUIs 3allOJHEHHS Ta30BBIX KOHJIEHCATOPOB W ISl JAPYTUX IeJleH, T.K.
HE COJICPKUT KUCIOPO/Ia.

Ilectudgropucras cepa (SFs — 21e2az). Dnekrpuueckast IPOYHOCTH 3jIe€rasa B 2,5 pasa BEIIIE, YeM Y
BO3/yXa, HO TIPH 3TOM 3JIera3 OUTH B 5 pa3 TspKeliee ero. Jiera3 HeTOKCHYEH, XUMHYECKH CTOEK, He pasiia-
raercst pu Harpese 10 800 °C. TIpuMeHsieTcst B KOHIEHCATOPaX, Kabe/siX, a TAKKE B BHICOKOBOJIBTHBIX BbI-
KITFOYATENISX, TJI€ UTPAET POJIb HE TOJIBKO MU30JISIITHNH, HO U TyTOTacsIIed Cpepl.

Bonopon. 3HaunTenbHBI UHTEPEC IS IIEKTPOTEXHUKH MPENICTABISIET BOJAOPOA. DTO OYCHb JIETKHA
ra3, o0jamaronmii BechMa OIaronpusTHBIMA CBOMCTBAMHM IJISl UCTIOJIB30BAHHS €T0 B KaUECTBE OXJIAXKIAIO-
et cpeibl BMECTO BO3TyXa (XapaKTepU3yeTCsl BRICOKON TEIUIOMPOBOTHOCTHIO).

Boaopo/ ucrionb3yroT B KaueCTBE U3O0JISAIUN U OJTHOBPEMEHHO OXJIAXKIAIOIICH CPEIbl B MOIIHBIX Typ-
OoreHepaTopax, CHHXpPOHHBIX KOMIIEHCaTopax. Bojgopo/ 3akaunBaroT B MOJIOCTh MEXIY POTOPOM H CTaTO-
pom. IlpenBapuTenbHO HAa MOIIIUITHIKAX YCTAHABIMBAIOT 3aI0PhI, YTOOBI BOJAOPO HE CMEIINBAJICS ¢ BHEIII-
HUM BO3JyXOM U HE 00pa30BBIBANIACH «TpeMydasn cMech. st 3TOTrO K€ BHYTPH MAIIWHBI TOIEPKUBAIOT
n3oeirounoe fasienue 0,3—0,4 Mlla. [Ipu yreuke Bogopoja U3 ABUTaTeNs €ro 00beM BOCIOIHSAETCS MMO/Ia-
el u3 OayutoHa.

Hcmonp30BaHre BOJOPO/A TO3BOSACT YMEHBIIUTD MOTEPU HA TPEHUE W BEHTWIAIMIO. 3aMemJIsIeTCs
OKHCJICHUE M30JISIIUN BBUAY OTCYTCTBUS KHCIOPOJAa M YCTPaHSAETCS OMACHOCTh TOXapa MpH KOPOTKOM 3a-
MBIKaHUH BHYTPU MAIlIUHBI (BOJOPOJ] HE MTOIICPKUBACT TOPSHHS).

Yroabubiii anruapua (CO; — cyxoif 1€1) UCIIOMB3YETCS IS CO3MaHMS B DICKTPOYCTAHOBKAX HU3KHUX
TEMIIEPATYP.

Tema 2.10. JKuokue ousnexmpuxu
Jlexuust MpOBOJUTCS B MHTEPAKTUBHOM opme: ¢ pa300poM KOHKPETHBIX cuTyaruii (19ac).

2.10.1. Hegpmanovte macna
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TpauncpopmaTopHoe Maci0. M3 Bcex )KUIKUX AIIEKTPOU30JSIIUOHHBIX MaTepUaIOB TpaHc(opMaTop-
HOE Macjo HaXOJUT HauOoJblee MPUMEHEHHE B ANIEKTpOTeXHUKe. OCHOBHAs 00J1aCTh MPUMEHEHUS: 3aJIMBKa
CHJIOBBIX TpaHc(opMmaTopoB. [Ipu 3TOM Macio BBIOJHSACT JBOWHYIO POJIb: BO-NIEPBBIX, OHO 3HAYUTEIIHHO
HOBBIIIAET DJIEKTPUYECKYIO MPOYHOCTh M30JALUHUHN Eypy; BO-BTOPBIX, YIy4IIaeT OTBOJ TEIUIOTHI, BBIIEIAEMOM
3a c4€T MoTeph B OOMOTKAaX M MarHUTOIPOBoJe Tpanchopmaropa (OTBOAHUT TermioTy B 25-30 pa3 mywdie,
YeM BO3IyX).

Emé onna o0macTh mpUMEHEHHs TPaHC(hOPMATOPHOrO Macjia — MACISIHbIE BBIKIFOYATEIH BBICOKOI'O
HanpspKeHUs. B 3Tux ammapaTtax OHO UTpaeT posib M30JILUK U Ayroracsiiei cpensl. Jyra, ropsmas Mexmy
Pa3BOISAIIMMHUCS KOHTAKTAMH BBIKITIOUYATENsI, IMEET BBICOKYIO TeMIIEpaTypy, BCIEACTBUE YEr0 MACIO HA4H-
HaeT pasjaraTbCs, BBIACISS ra3bl, HE MOJAEPKUBAIOLIIE TOPEHUS, YTO CIIOCOOCTBYET rameHuo 1yru. Kpome
TOT0, UHTEHCHBHOE ra3000pa3oBaHHe MPUBOIUT K YBEIUYCHHUIO NABJICHUS BHYTPH BBIKIIOYATENs, YTO, B
CBOIO OUYepe/ib, YCKOPSIET MPOLIECC TraleHus AyTH.

TpancdopMaTOopHOE Macio MOXKET HCIONb30BaThCsA ISl 3aIMBKH BBOJOB BBICOKOI'O HANPSKCHUS,
TpaHchOPMATOPOB TOKA U HANPSDKEHUSI, HEKOTOPBIX THIIOB PEAKTOPOB, PEOCTATOB U JPYTUX IEKTPHUECKUX
anmapatoB. Ero npuMeHsIoT Taxke AJis MPOMUTKH MOPHUCTBHIX MaTepHaNIOB C LIENBIO MOBBILICHHUS UX DJICK-
TPUYECKOM IIPOYHOCTH.

[Tomy4aroT TpaHCPOPMATOPHOE MACIO MyTEM IEPETOHKU HEe(TH, 3aTEM TLIATEIbHO OYUIIAIOT OT MPH-
Meceill, IPOMBIBAIOT BOJIOM U CyIlIaT.

TpancdopmMaTopHOE MacIO — 3TO KUAKOCTh OT MOYTH OECIBETHON 10 TEMHO-KEITOTO I[BETA, MO XH-
MHUYECKOMY COCTaBY INPEICTABIIIOMIAsl COO0M CMeCh Pa3lWYHbIX YIJIEBOJOPOAOB. Tak Kak Maciio M3roTaB-
JMBAeTCs U3 HETH, CIENOBATENBHO, 3TO TOproyas KUAKOCTh. OJHa W3 OCHOBHBIX €r0 XapaKTEPUCTHK —
TeMmepatypa Berbimki: tgey = 140 °C. Temmeparypa 3acteiBanms Macia g0 muayc 70° C. DiaekTprdeckas
npoyHocTs Eyp, = 12...20 MB/M (I'OCT). Ha Hee cuinbHO BIUSIOT Biara U TBepible BOJIOKHA. Boxa serko
MOJET MONacTh B TpaHC(OPMATOPHOE MACIIO IPHU €ro MepeBO3KE, XPaHEHHH, MEPENUBKE B HEIOCTATOYHO
NPOCYIIEHHYIO Tapy U T.1. [lo3ToMy mepe HaualoM SKCIUTyaTalluy €ro MOABEPraroT CyIIKe U ounucTKe. Js
CYLIKH TPaHCPOPMATOPHOTO MacJia CIOIBb3YIOT HECKOJIBKO CIIOCOOOB:

— MPOITyCKaHUe I0]] IaBIEHUEM CKBO3b (PUIBTPOBANBHYIO Oymary;

— ueHtpudyrupoBanue. Boga uMeeT IOTHOCTH OoJIbIlIe, YeM y Macia, B CBSI3H C 3TUM MAacjio Mpu
BpAalICHUHU IEHTPU(YTH ocTaéTCs B LIEHTPE, BOJIA OTTAIKHBACTCS K CTEHKAM U CIIMBACTCS;

— 00paboTka TpaHCPOPMATOPHOTO Macia ajicopOeHTaMu. AJICOPOSHTHI — 3TO BEIIECTBAa, KOTOPBIE 00-
Jaal0T MOPUCTON MOBEPXHOCTHIO M MPHU CONPUKOCHOBEHUH C TPaHC(HOPMATOPHBIM MACIIOM HOTJIOLIAIOT U3
HETO BOJly M pa3jMyHble MOJISpHBIE puMecy. Yalie Bcero ¢ 3ToH LeNbI0 MPUMEHSETCS NCKYCCTBEHHBIN al-
COpOEHT — CHIINKareb;

— pacmbUieHHE B a30THOM KaMepe.

[Mocne cymku M OYMCTKH XapaKTEPUCTHKH Maciia BoccTaHaBnuBaroTcs. OHAKO B Mpoliecce dKCIUTya-
Tanuu TpanchopMaTopHoe Maciio Hen30eKHO crapeeT. B HeM 00pa3yloTcsl 3arps3HSIONINE €ro MPOAYKThl —
KHCJIOTBI U cMOJIbl. HacTh U3 HUX pacTBOPHUMEL, a 4acTh — HeT. HepacTBOpHMBIE POAYKTHI Pa3IOKEHUS Oce-
JIAIOT Ha JTHe 0aKa M Ha Pa3InYHBIX JCTANSAX, 3HAYUTEIBHO YXY/AIIas OTBOJ| TEIIOTH OT HUX. KUCIOTHI pas-
PYUIAIOT U3OJISIMI0O OOMOTOK M BBI3BIBAIOT KOPPO3HIO MeTayuia. OT 3TOro CKOPOCTh CTapeHUs Macia Bo3pac-
taeT. Kpome Toro, TeMIbl cTapeHusl yBeJIMUUBAIOTCS B pe3yJIbTaTe:

— J0CTyIa BO3/ayxa (T.K. BO3yX coeput kuciopon O,);

— yBenu4eHus Temnepatypsl (7' g;%x =95°C);

— CONPUKOCHOBEHUS Macia ¢ HekoTopeiMu Metayutamu (Cu, Fe, Pb);

— BO3JICHCTBUS CBETA;

— BO3JICUCTBUS JJIEKTPHUUECKOTO TOJIS.

Macna pa3nuyHoro NpoUCXOXKACHHUS 001aIal0T Pa3INIHON CTOMKOCTHIO K CTApEHHUIO.

Vnanenue U3 mMacjiia MpoOAyKTOB CTApEHUS W BOCCTAHOBJICHHE €r0 UCXOJIHBIX CBOHCTB HA3bIBACTCS pe-
eenepayuei. Jlocturaercst oHa 00padboTKOM TpaHCHOPMATOPHOIO Maciia aacopOSHTaMHU.

[IpuMeHSIOT 1 Apyrue MEpONpHUATHS JJIs 3aMeIJICHHs CTapeHUs Macia. Tak, BO3AyX Haj YpOBHEM
Maciia B TpaHcopMaTopax COOOMIAeTCsS C HAPYKHBIM BO3JTyXOM Yepe3 BO3AYXOOUHUCTUTEIbHBIC (DUIIBTPHL
Ot q)HHBTpBI 3aIll0JIHCHBI CUJIMKAreJeM M IOorjIomaroT U3 BO3yXa BJiary, lbljib U XUMHUYCCKN aKTUBHBIC 3a-
rpsi3HeHHs. YacTo BMECTO BO3/1yXa MPOMEXKYTOK HAJl MacjIoM B OaKe 3alOHSIOT a30TOM.

I[Tomumo TpaHcOpMAaTOPHOTO Macia B IIEKTPOTEXHUYECKHX YCTAHOBKAX MPUMEHSIOTCS U JPYTHE
BHUJIbI He(i)TSIHBIX QJICKTPOU3OJIITUOHHBIX MAaCECJI.

KonaeHcaTopHoe MacjI0 CIyKUT JJIs IPOIMUTKH OyMa)KHBIX KOHJCHCATOPOB, B OCOOCHHOCTH CHJIO-
BbIX. [Ipy nponuTke OyMa)KHOTO JUIICKTPHUKA MOBBIIIACTCS €0 SJICKTPUIECKas MPOYHOCTS!

E., = 3-7 MB/M — HenponuTaHHas Oymara;

E,,=300 MB/M — nponuTaHHast MacioM Oymara.
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YBenuueHne 3MeKTPUUSCKON MPOYHOCTH OyMard mMyTeM MPOIUTKH €€ KOHIACHCATOPHBIM MacjioM JIacT
BO3MOXKHOCTh YMCHBIIIUThH Ta0apUTHBIC Pa3Mephl, MacCy W CTOMMOCTh KOHJIEHCATOpa MPH 3aJaHHOM pado-
yeM 00bEMe, YacToTe U EMKOCTH. Pa3nmudaioT ABa OCHOBHBIX BH/Ia KOHACHCATOPHBIX MAace:

— "HedraHoe KoHAeHcaTopHOoe Macio (HKM), koropoe nmomy4aroT myteM 00paboTku TpaHchopmaTop-
HOTO Macja B BaKyyMe, B pe3yJIbTaTe 3TOT0 CHIKAIOTCS ero audiekrpudeckue motepu: tgé = 0,002 (f =1
KI'1); tper = —45 °C; &, = 2,1...2,3;

— Ba3eIMHOBOE KOHACHCATOPHOE Macio. MIMeeT tyepyp = —5 OC, B ocTasibHOM O30 kK HKM.

DJeKTpUYecKas IPOYHOCTh KOHICHCATOPHBIX Macel He MeHee 20 MB/m.

KaGenbHble Macia HCIIONB3YIOTCS B MPOW3BOACTBE CHJIOBBIX AJIEKTpudecknx KaOemeid. Ilpommrka
OyMaXHOW M30JIALNY THX KaOellel MOBBIIIAET €€ AIEKTPHIECKYIO IPOYHOCTb, a TAKXKE CIIOCOOCTBYET OTBO-
Iy TeruioTel. KabeabHble Macia ObIBAlOT pa3HbIX THIIOB.

JIist IpONMTKY U30JIAIUU CHIIOBBIX Kabenel Ha Upoy 10 35 kKB BKIIIOUUTENLHO MPUMEHSIOT MAciio
MapKi KM-25 ¢ tyerns = —10 °C H tyomum 00IEE +220 °C.

Jiis 3anvBKY MacloHaNoMHEHHbBIX kKabenei Ha Uyoy = 110...220 kB npumensirotr maciio MH-4 ¢ e, =
45 °C 4 tyeruunen 60TEC +135 °C.

B kabensx BbICOKOTO JaBieHus npumeHstoTces Macia Mapku C-200 ¢ tyep, = —30 °Cu toenmmun = 220
°C, tg = 0,003.

Brimenepeuncnennsie HeTsHbIE Macia (TpaHCPOpPMaTOPHBIE, KOHACHCATOpHBIE, KabeiabpHbIe) 00ma-
JTAIOT MIPEUMYIIECTBAMH: OHU NEMIEBHI, MOTYT MIPOU3BOAUTHCA B OOJIBIINX KOITUIECTBAX, IIPU XOPOIIECH 0TH-
cTKe uX tgd ymeHbaercs, a £y, 10CTaTOUHO BbICOKA. OJTHAKO B HEKOTOPBIX CIydasx TpeOyeTcs 00ecreynTh
emnié 1 MoXKapHylo 0€30MacHOCTh, M B3pBIBOOE30IIacHOCTh. HedTsiHbIe Macia — TOprovne KUIAKOCTH, U TOBO-
PUTHL O 6C3OH3CHOCTI/I cl1I0kHO. B Takux CUTyallUuAX MPUMCHAIOTCA CUHTCTUYCCKUC JXUAKNUEC TUIJICKTPUKU.

2.10.2. Cunmemuueckue scuoKkue OuIneKmpuKu

K cuHTeTHYECKUM KUIKHM THIJIEKTPUKAM OTHOCST:

— XJIOPUPOBAHHBIE YTIIEBOIOPOIHI;

— (¢TopoopraHnvIecKre JKUAKOCTH;

— KPEeMHUHOPTaHUYECKUE KHUTKOCTH.

CHHTETHYECKUE KHUJIKUE JUDIIEKTPUKN 00JIaJaf0T TTOBBIIICHHBIMU CBOWCTBAMH 10 CPAaBHEHUIO ¢ Hed-
TSHBIMH MacCJIaMU:

& = 39 (MONOXUTENBHBIN (aKTOp /IS KOHJEHCATOPOB);

tgd = 0,0001 (mpu 6 = 1k['m).

Onu He roproun. O61a1aI0T BEICOKOH HArPEBOCTOMKOCTBIO.

WX HemocTaTKK: BEICOKAsi CTOMMOCTD U CIIOYKHAsI TEXHOIOTHSI 3T OTOBJICHHSL.

Tema 2.11. TBepaeromme AUIEKTPUKH

2.11.1. Cmonwt

Cmonbl — OOMIMpHAS TPYTMIa MAaTEPUAIOB, CXOMHBIX 10 XUMHYECKOH M (DU3MUECKON mpupoje. ITO
CJIOXHBIE CMECH OPraHMYECKUX BEIIECTB, IJIaBHBIM 00pa30M BBICOKOMOJIEKYJIAPHBIX. [Ipy 10CTaTOuYHO HU3-
KHX TeMIIepaTypax 3T0 aMopdHbIE, CTEKI000pa3Hble MacChl, Oojiee WM MeHee xpynkue. [Ipu Harpese cMmo-
JIBI Pa3MSTUYAIOTCS, CTAHOBSTCS TUTACTUYHBIMH, a 3aTeM IEePEXOMIST B XKUAKOe cocTossHre. CMOIBI OOoMbIIeih
YaCThIO HEPACTBOPHUMEI B BOJIE, HO PACTBOPUMEBI B OPraHUYECKUX PACTBOPUTEISAX.

CMOITBI IMPOKO MPUMEHSIFOTCS B BHJEC COCTABHOM YacTH JIAKOB, KOMIIAYHZOB, IiactMacc U T.1. 1o
CBOEMY POMCXOKICHHUIO CMOJTBI TTOIPA3ACISIOTCS Ha MTPUPOJIHBIE, HICKYCCTBEHHBIC M CHHTETHYECKUE.

Ipuponnsie cmouabl. [IpupoaHBIe CMOJBI PEACTABISIOT COO0M MPOIYKTHI KU3HEACITSILHOCTH KH-
BOTHBIX OPraHU3MOB HJIM PACTEHUH CMOJIOHOCOB. X TOJIy4ar0T NPaKTUYECKH B TOTOBOM BH/IE, MOBEPrar0T
JIMIIIb OYMCTKE M NeperiaBke. K mpupoaHbIM cMOJIaM OTHOCSITCS, HapuMeD, IIejuiaK, KaHu(oJIb, KOaJbl.

Kanugons — cMona, nomyuaemast U3 KUBHIIBI (IPUPOJHON CMOJIBI COCHBI) TIOCIIE OTTOHKH U3 He€ CKU-
nuaapa. Xpyrkas, [[BETOM OT CBETJIO-XKEJITOTrO O TEMHO-KOpUYHEBOro. PacrBoprMa B HE(PTSIHBIX U pacTH-
TEJNBHBIX Macliax, cnupre, ckununape. EE anekrpuueckas npounocts cocrasisieT 10...15 MB/wm.

Kanudonb, pacTBOpeHHas: B HE(PTSIHBIX Maciax, IPUMEHSIETCS IIPU U3TOTOBICHUH MPOIUTOYHBIX U 3a-
JIUBOYHBIX KaOETbHBIX KOMIIAYH/IOB.

Llennax — CMOJSHUCTBIC BBIACICHUS HEKOTOPHIX HACEKOMBIX. PAacTBOPSAETCS B OTHIOBOM CIHPTE U
MIPUMEHSIETCS. B KAUECTBE CIIUPTOBBIX PACTBOPOB B MPOU3BOJICTBE CIIOSHBIX U3ACTUM; T 0, = 80...85 oC.
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Konanvl — octaTku ACPCBLCB-CMOJIOHOCOB, CTHUBIINX MOJ 3eMiIeii. 310 TYTOIIJIAaBKUC CMOJIBI C 00I1b-
oM TBCPAOCTBIO U CPABHUTCIILHO TPYAHOPACTBOPHUMBIC. I/ICHOJ'IB3YIOTC$I KaxK ,E[063.BKI/I K MacCJIIHBIM JIaKaM,
YBCINYUBAOMUE UX TBEPAOCTE.

HaunGomnbmee IIPUMCHCHUC B JJICKTPOTEXHUKE UMCHOT CHUHTCTHYCCKUE CMOJIBI.

CuHTeTHYecKHe CMOJBI JICISITCS Ha MOJIIPHBIC W HerosipHbie. K mossipHeiM oTHOCATCS (heHondop-
MaJIbJCTHIHBIE, TTOTHA(UPHBIC, SITOKCUIHBIE U KPEMHUHOPTaHNYECKHE CMOIIBI, TOJTUMETHIMETAKPUIIAT, TI0-
JTUBUHUIIXJIOPHUI.

Denongpopmanvoecuonvie cMobl TPOU3BOAATCS MyTEM HArpeBa B 3aKPHITOM KOTJIE BOJHOTO PacTBOPa
¢enona u popmanpaeruia B pucyTCTBUU Kartanu3aTopa. OnWH U3 MpeacTaBUTeNe 3TOro BUIa CMOIl — Oa-
kenut. Ero sanexkrpuueckast npouHocth coctasiseT 10...20 MB/m.

bakenmut uMeeT psi OTpUIaTeNIbHBIX CBOWCTB:

— 00Ja1aeT HU3KOM AIIACTHIHOCTHIO;

— TIPU BBICOKUX HAMPSDKEHHOCTSX 3JEKTPHUYECKOTO TOJIST Ha €ro MOBEPXHOCTH 00Pa3yIOTCsl TOKOMPO-
BOJISIIIKE TTYTH.

[TpuMeHSFOT OaKeUT A MPOITUTKH JIepeBa U APYTHX TOPHUCTHIX MAaTEPUATIOB, TIPU U3TOTOBJICHUU Te-
THUHAKCa, TEKCTOJINTA, MJIACTMACC.

THonusgpupruvle cmonvl — MPOLYKTHI TOIUKOHICHCAIIUH PA3IAYHBIX CIUPTOB U KUCIOT. OIMH U3 HUX —
ri@raneBas cMoia. s ee 3acTeiBaHus TpeOyeTcs Oonblias Temmeparypa. OHa uMmeeT 00Jiee BBICOKYHO
ANIACTHYHOCTH ¥ OOJBIIYIO CTOHKOCTh K TEIUIOBOMY CTAPEHUIO MO CpaBHEHUIO ¢ OakenutoM. Ee anmekTpude-
CKas MMPOYHOCTH cocTaBisieT 25 MB/m.

DnoxcuoHvle cMoabl XapaKTEPU3YIOTCS HATMUUEM B UX MOJIEKYJIE SITOKCHIHBIX «KOJIEI):

VAN

— HGC,

MIMeIoT BBICOKYIO ANIEKTPHYECKYIO IPOYHOCT: £y, = 20...80 MB/M.

DOMOKCHIHBIE CMOJIBI B YHCTOM BHJE TEPMOIUIACTUYHBI (C TOBBIIICHUEM TEMIIEPATyPhl pa3MsATryaroT-
cs1). IIpu 100aBICHUU K HUM OTBEPIUTENSI CPABHUTEIBHO OBICTPO OTBEP/ICBAIOT M CTAHOBATCS TEPMOpEaK-
TUBHBI (3aTBEPJICB OJMH pa3, OOJbIIE HE PA3MATYAIOTCS TPHU MOBBIIICHUH TeMIepaTtypsl). bombimmm mpe-
MMYIIECTBOM SITOKCHIHBIX CMOJI SBJISIETCS CPABHUTEIHLHO Masias ycaaka npu otepaeBanuu (0,5-2,0 %), uro
MO3BOJISIET TOTYYUTh MOHOJUTHYIO M30isiiu0. OOIamaloT BEICOKOH HAarpeBOCTOMKOCTHIO. OIHAKO MHOTHE
STOKCHIHBIE CMOJIBI TOKCHYHBI U BBI3BIBAIOT KOXHBIE 3a0oneBaHus. OTBEpAEBINNE STOKCHIHBIE CMOJIBI yKe
HE TOKCHYHBI.

Kpemnuiiopeanuueckue cmonvi. B ux cocraB, KpoMe XapaKTEPHOTO JUIsl OPraHMYECKUX COCAMHEHHN
yTIepo/ia, BXOJUT KPEeMHHUH. YTIIepol BXOIUT TOIBKO B BHJIE PaidKasa, IIO3TOMY TaKUE CMOIIbI OTHOCSATCS K
AIIEMEHTOOPTaHUYECKUM JINAIIEKTpUKaM. OCHOBY CTPOCHUS MX MOJIEKYJ COCTABIISIET CBSI3b MEX/TY KPEMHHEM
Y KUCIIOPOIOM.

R R
I |
Jluneitnas popmymna mojekynel: O — Si — O — Si —O
| |
R R

(R — opranuveckuii pajuKai: METHI, 3T, DEHUIT U T.11.)

Cas3b — Si—O — Oosee npounas, yem cBsizb — C—C —, 4To 1 onpeenseT 6osee BEICOKYI0 HarpeBOCTOM-
KOCTh KPEMHUHOPraHWYeCKUX MOJIMMEpOB. X anekTpudeckas IpoyHocTh — 25 MB/M.

Kpemuuitoprannieckrne moinuMepsl HCMONIB3YIOTCS B JakaxX, KOMIAyHJaX, IiactmMaccax. HekoTtopele
U3 HUX BeCbMa d1acTU4YHbl. OHM MOTYT IPUMEHSTHCS U B BUJIE KUAKOCTEH. DIEKTPOU3OISALMOHHBIE CBOICT-
Ba KPEMHMHOPTraHUYECKUX COCTUHEHUH JOCTATOYHO BBICOKH M COXPAHSIOTCS JIaXKe MPH MOBBIIMIEHHBIX TEM-
neparypax. OHM He CMa4MBalOTCA BOJOW M OCTAIOTCS 3JACTHYHBIMHU NPH HU3KHX Temmeparypax. OmHako
CpaBHHUTENBHO Joporu. K ToMy ke KpeMHHUHOpraHn4YecKrue CMOJIbI IMEIOT, KaK MPaBHIIO, HEBBICOKYIO MeXa-
HUYECKYIO IPOYHOCTb.

Honumemunmemaxpunram (IIEKCUTIAC, OPTCTEKIIO) — MPO3PAYHBIA MaTEpPHaJ C ANEKTPUIECKON MPOoU-
HOCTBIO 110 35MB/M, & = 3,5...4,5. OprcTekiio He CMayuBaeTCs BOJAOW WM He BoUThIBaeT €. [IpuMeHsercs
KaK AMAJIEKTPUK M Kak Jyroracsimas cpena. Belcokas Temmeparypa Iyrd OPHBOAUT K Pa3loKEHUIO MaTe-
puana, BBIIEICHUIO BOBI U Heroptouux ra3os (H,, CO, CO,), 4To criocOOCTBYET TrallieHUIO AYTH.

[IpumensieTcst B BHICOKOBOJIBTHBIX BBIKJIIOYATEIISIX, B 3AIUTHBIX pa3psIHUKAX.
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Tonueununxnopud — HENMPO3PAUHbIA OCIBIA WM KEITOBATHI MAaTEpUAN C ICKTPHUYSCKOW MPOYHO-
¢TI0 25 MB/M

H H H H

1 GOpMYIION MOJIEKYITBI | | , ,
c—C—c—C
H C H a4

OT1o rHOKMil MaTepuasn, He BOUTHIBAIONINI BOAY M CTOMKHI K JEWCTBUIO OPTaHUYECKUX PAacTBOPHUTE-
JIEH.

[MpumensieTcs I U30JSAIMU TIPOBOIOB M TOKOBETYIINX JKUJT KaOelei.

K HemonspHBIM CHHTETHYECCKHMM CMOJaM OTHOCHTCS noaumempagpmopsmunen (propormact-4, ted-
J0H). DTOT MaTepHal o0ONafaeT O4eHb BBHICOKOH HAarpeBOCTOMKOCTBIO: Ty = 240...250 %C, BBICOKOI 1a-

0

CTHYHOCTBIO, KOTOPYIO COXpaHseT Jake nmpu Hu3kux temmeparypax (mpu —80 "C). B oueHb TOHKOM cioe
coxpamsier  omactmumocth mpu  t = —100 °C. JVmeer  cruemyiomme  XapaKTEPHCTHKH:
p=1016 Om'm; tg & = 0,001...0,003; Enp =30 MB/m.

Jluneitnas hopMyna MOJIEKYITBI

F F F F

c—_c—c—C

F F F F

[MomuTeTpad TOPITUIICH HE CMAaYyMBACTCS BOJIOW, HE BIUTHIBACT €€, CTOCK K JCHCTBHIO arpecCHBHBIX
cpen (CIUPTOB, KUCIOT, IEIOYEH).

Cuutaercs OJHUM M3 CAMBIX BBICOKOKAYECTBEHHBIX IUAIIEKTPUKOB, TIOITOMY MPHUMEHSETCS B 0C000
OTBETCTBEHHBIX CITy4dasx, KOI/Aa Ha U30JSIUUI0 OJHOBPEMEHHO BO3IECUCTBYIOT BBICOKHE HANPSKECHUSA, PE3KUE
nepernajsl TeMIIepaTyp, BIaKHbIE U Pa3INYHbIE arPECCUBHBIE CPEIBI.

Ero negocrarku:

— nipu cunbHOM Harpese (> 400 °C) HaunHaeT BHIIENATH SATOBHTHI ra3 (Top;

— UMEET BBICOKYIO CTOUMOCTh MaTepuara.

2.11.2. /laku

Jlaku. JlakaMu Ha3bIBArOTCA XUAKHE MATEPHAIbI, KOTOPHIE SBISIOTCS pacTBOPaMH ILIEHKOOOpa3yro-
IIMX BEIIECTB B JIETY4YHX pactBoputensx. llocie ncnapeHus pacTBopuTeNs IJICHKOOOpa3yrolee BEIecTBO
3aCTBIBAET U CTAHOBUTCS TUAJICKTPHKOM.

DJIEKTPOU3OJIALIMOHHBIC JIAKU KITaCCUPHUITUPYIOTCS 110 XUMHUYECKOMY COCTaBY M Ha3HAYCHHMIO.

[To xuMHIYECKOMY COCTaBY OHHM OBIBAIOT CMOIISTHBIE U MaclIOCOAEpIKAIITHE.

Cmonsinvie 1aKu — PaCTBOPHI CHHTETUIECKUX, UCKYCCTBEHHBIX WJIM MPUPOIAHBIX CMOJ B JETYIHX pac-
TBOpUTENIX. K HUM OTHOCATCS, HallpuMep, 0aKeNUTOBBIE JTaKH (pacTBOp OakennTa B CIIMPTE) —IPOIUTOYHBIE
U KJIesINe TEPMOPEAKTUBHBIE JIaKH, JAIOIINEe MEXaHUYECKU MPOYHYI0, HO MAJO3IaCTUUHYIO U CKIOHHYIO K
TEIJIOBOMY CTapeHUIO MIIeHKY. OHU UCHOJB3YIOTCS B MPOU3BOACTBE FETUHAKCA U TEKCTOIUTA, IPU U3TOTOB-
JIEHUW W30JISIITHH SJICKTPUIECKUX aIllapaToOB BRICOKOTO HATIPSKEHUS U T.11.

Macnocooepocawue naxu. IX OCHOBY COCTaBIISIIOT BBICHIXatomue Maciia. K 1aHHOMY BUIY JTaKOB OT-
HOCSITCS:

— MacisHbie Jakd. OCHOBa — pacTUTENBHBIC Macia. JTO JIAKH MeYHOW Ccymku. [I[puMeHsIoT IS mpo-
M3BOICTBA JJAKOTKAHEH U JlakoOyMar, a TakyKe JiJIsl POITUTKYA 0OMOTOK 3JIEKTPUUSCKUX MAIIIMH U aliapaTos;

— MacisaHO-OuTyMHbIe Jlaku. OCHOBa — pacTUTENbHBIE Macia U OutyM. meroT yepHslii iBeT. [nenkn
JIAaKOB 00JIQIaf0T TIOBBIIIEHHOW BJIaroCTOMKOCTBIO U CTOMKOCTBIO K JIGUCTBUIO pacTBopuTenei. [Ipumensror
JUTSI IPOM3BO/ICTBA JIAKOTKAHEH, a TakyKe JIUIS POIUTKU KaTyIIeK TpaHC(hOpMaTOpOB;

— MacIsHO-KaHU(DOoNbHBIE J1aku. OCHOBa — PacTUTENbHBIC Maclia ¥ KaHU(OJIb. DTO JIAKW XOJIOAHOH H
TIEYHOH CYIIKY (B 3aBUCUMOCTH OT KOJIMYeCcTBa KaHU(DOIN);

— MacCJITHO-CMOJISIHBIC JIaKH, MPEACTABIIAIONINE COO0M pacTBOPHI IPUPOIHBIX M CUHTETHYECKUX CMOJT B
PasIUYIHBIX pacTBOpUTENAX. [IIHpOKO MPUMEHSIOT ISl MPOIUTKA 0OMOTOK MAcCJIOHAIIOJIHCHHBIX TpaHCHOp-
MaToOpoB U T.J1.

ITo Ha3HAYEHUIO JIAaKU JENATCS Ha MIPOIMMTOYHBIC, TOKPBIBHEIE, KIICSIIITC.

Ilponumounsie naxu MpeaHA3HAYEHBI IS MPONMUTKH MMOPUCTON H30JSAINU (IepeBo, Oymara, KapToH,
TKaHb, U30JIALIUS 0OMOTOK DIISKTPUYECKUAX MAIIUH | T.J.). [lociie MPOMUTKY MOPHI B U30JISIIUN OKa3bIBAOTCS
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3aIOJTHCHHBIMH YK€ HE BO3J[yXOM, & BHICOXIITUM JIAKOM, HMCIOIUM 3HAYUTEIHLHO 00Jiee BHICOKYIO JJIEKTPU-
YECKYIO0 MPOYHOCTh U TEILIONMPOBOJAHOCTD, YeM BO3ayX. [IoaTOMY B pe3yibpTaTe IPOMUTKHU MOBBIIIAETCS MPO-
OMBHOE HANpsHKEHHE, YBEIMYMUBACTCS TEIUIONPOBOIHOCTh MaTepHalla, YMEHBIAETCSl TUTPOCKOIUYHOCTh U
YILyYIIAFOTCSI MEXAHUYECKHE CBOMCTBA U30JISLIUH.

TlokpvisHvle naxu CIy)aT Juis o0Opa30oBaHUS MEXAHWYECKU IPOYHOM, OJECTAINCH, BIAroCTOMKON
IJICHKHA Ha MOBEPXHOCTU TBEPIOM M30JALMU. Takas IUIEHKA MOBBIIIAET €€ NOBEPXHOCTHOE CONPOTUBIICHUE,
CO3JaeT 3aLIUTy OT JEUCTBUS BIArW, PACTBOPUTEIEH U XMMHUYECKH aKTUBHBIX BELIECTB, a TAKXKE 3aTPYIHSIET
MPWINTIAHUE K U30JIAIUU 3arps3HeHu. HeKkoTopble TOKPBIBHBIC JIAKH (3MaIb-IAKH) HAHOCIT HEIOCPEACT-
BEHHO Ha METAJUI, TIPU 3TOM Ha €ro OBEPXHOCTH 00Pa3yeTCs ICKTPOU3OIISAIIUOHHBIN CIOH.

Kneswue naxu mpuMeHSIFOTCS UL CKIIEMBAHIS MEXIY cOOO0M TBEPABIX AIIEKTPOU3OIIALNMOHHBIX MaTe-
pHUAJIOB (HAIpPUMEp, KJICWKa JUCTOYKOB PACIICIUICHHOW CIIOABI MPU W3TOTOBJICHUM MHUKAHWTOB) WU JJIS
MIPUKJICUBAHUA UX K METAJLTY.

Jlaku n maKo3Mainy MOXKapOOIACHBI, UX XPAHT B 3aKPHITON Tape, YTOOBI HCKIIOYHUTD ITOMaaHne COJI-
HEYHBIX JTy4eid. X anektpudaeckas mpodHocTs coctapisieT 70...80 MB/m.

2.11.3. Dnexmpouzonayuonnslie KOMRAYHObL
Jlexiust IpOBOAUTCS B MHTEPAKTUBHOM (hopMe: ¢ pa300poM KOHKPETHBIX cuTyanuit (19ac).

KoMnayHIpl OTIMYAIOTCS OT JaKOB OTCYTCTBHEM B MX COCTaBe pacTBopuTeis. OHH COCTOAT M3 pas-
JUYHBIX CMOJI, OUTYMOB, BOCKa, Macel. MOryT HCIOIb30BaThCS KaK B TBEPAOM, TaK U B TOIYKUAKOM U BSI3-
KOM COCTOSIHUSIX.

ITo Ha3HAYECHNIO KOMITAYH/IBI ACJIATCS Ha JBE OCHOBHBIC TPYIIIIBL:

1) nponuTOYHbIE, HA3HAYECHNE KOTOPHIX aHAJOTMYHO HA3HAYEHHUIO MPOMUTOYHBIX JTAKOB;

2) 3aMBOYHBIC, KOTOPBIE CITyKaT AJISl 3alIOJTHEHUS] CPABHUTEIHHO OONBIIUX MOJIOCTEH, MPOMEKYTKOB
MEXK/Ty Pa3IMYHBIMH JCTASIMU B 3JICKTPHYECKUX MAIIMHAX M armaparax, a TakkKe JUIA OJydeHUs] CPaBHHU-
TEIBHO TOJICTOTO MOKPBITHS HA HIIEKTPOTEXHUYECKUX Y3/1aX M ACTalsuX. 3aJMBOYHBIC KOMITAyHIbI HCIOJb-
3YIOTCS JUIS 3aIUTHI N30JSIUN OT YBIAKHEHUH U OT NEHCTBUS XMMUYECKH aKTUBHBIX BEILECTB, JUIsl YBEIU-
YEHUsI Pa3psITHOTO HANIPSHKEHUSI, YITyUYIICHNS OTBOJIA TETUIOTH U T.JI.

HawuGomnbIiee npuMeHeHHEe KOMITayH/IbI OTYYHIIN B KaOEIbHOU TeXHUKe. B yacTHOCTH, 1UIst IPOTIUTKH
OyMa)KHOW M3OJISIIIMU CHUIJIOBBIX KaOelel MCIONB3YIOT B OCHOBHOM ITPONMTOYHBIE KOMIAYH/IbI, H3TOTOBIIsIC-
MBIE€ U3 HE(TAHOIO Macia, K KOTOPOMY JJIsi TIOBBILICHUS! BS3KOCTH JOOABISIOT KaHU(OIh WM CHHTETUYC-
CKHE CMOJIBL. 3JIMBOYHBIE KOMIIAyH bl IPUMEHSIOT JUIS 3aJIUBKM KaOeIbHBIX My(pT B MecTax COCIUHEHUH U
pa3BeTBIICHNH KaOeIbHBIX Tpacc. 3aIMBOYHbIC KaOeIbHBIE MACChl COCTOSAT U3 OMTYMOB MM 1S O0JIee BBICO-
KOTO HanpsDKeHUsI — U3 He(TSAHBIX Maces u kaHudonu. BeckMa pacnpocTpaHeHBI STIOKCUAHbIE 3JIMBOYHEIC
KOMITayHIbl Onarozaps cCBoed BBICOKONW MEXaHMYECKOH NMPOYHOCTH. 3anuTas TaKUM KOMIAyHIOM My(Ta
MOKET BBITIOJHATECS 0€3 METAUIMYEeCKOro KOXyXa. BakHoe 3HaYeHHE MMEIOT TepPMOPEaKTHBHBIC MOJIH-
a¢upHbIe KoMrayHpl. OJIHAKO MX TJIIABHBIM HEJIOCTATKOM SBIISIETCSl 3HAUMTENbHAs (0KOJI0 6 %) ycajka mpu
3aCTHIBAHUH.

Tema 2.12. TBepabie TMITeKTPUKH
2.12.1. 'uokue nnénku

I'u0kue naéHKH — 0cOOBIN BUA M3/IENNH, H3TOTOBIISIEMBIX U3 MTOJUMEPOB C JOCTATOYHO BHICOKON MO-
JEeKYJSIPHOH Maccod, T.e. C OONBIION JUIMHOH MOIIEKYN, W TMPEJCTABISIONMX CO0OH TOHKHE
(tommumuoii 0,02 MM U MeHee) Tpo3padHble THOKHE TUIEHKH, BBITYCKaeMbIe B PYJIOHAX.

OHH IPOU3BOIATCS ABYMsI CIIOCOOAMHU:

— Pa3NMBKOHN Ha TIAZKYI0 METAUTHIECKYIO TOBEPXHOCTh PACTBOPA MOJIUMEPA;

— Pa3NMBKOHN Ha TIAJKYT0, MOCTOSHHO OXJIAXKAAEMYI0 IIOBEPXHOCTD PACIIABIEHHOIO MOJINMEPA.

I'mbkue miI€HKKM — 3TO OpraHUYECcKUe MaTepHaibl, 00IagaroNne BEICOKON 3JIEKTPHYECKON U MEXaHH-
YEeCKOH MPOYHOCTHIO U THOKOCTBIO. | MOKOCTD MIEHKHM MOKET OBITH MOBBIIIEHA J00ABIEHUEM K €€ MaTepHa-
ny TuiactTudukaTopa 00 BRITSHKKOW TNIEHKH MPH TEMIIEPAType, MPEBLIIIAIOIIEH TeMIepaTypy pa3MsrdeHus
MaTepuana. JNeKTpudecKas MPOYHOCTh NPH YMEHBIICHUH TOJIIMHBI YBEJINYNBAETCS, OJHAKO Y OYEHb TOH-
KHX IUIEHOK, OJlarofapsi BIUSHUIO MECTHBIX HEOJTHOPOAHOCTEH, OMATh MaaaeT:

IIpenen MexaHHYECKOW MPOYHOCTH TUICHKH MPH PACTSIKEHUH M €€ OTHOCHTEIBHOE YIJIMHEHHUE Mepe
Pa3pbIBOM BBIIIE, YEM Y TeX K€ MAaTEpUAOB B TOJICTOM clioe. [[OBBIIAloT MEXaHNIEeCKYI0 TPOYHOCTH IJIeH-
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KM HaKJICHBAaHUEM €€ Ha KapTOH, BCJICJICTBUE YETO MOIYYAIOT 9/1eKMpPOKApmMOH — MaTepuall ¢ BEICOKOH dIIeK-
TpUUECKOH (ONarofaps HATMYHIO IJIEHKU) U MEXaHUYECKOH (M3-32 KapTOHA) MPOYHOCTHIO.

I'nOkve MNEHKN MUPOKO MPUMEHSIOT JJIS U3OJSAIUH JJIEKTPUIECKUX MAaIlliH, Kabenel, 0OMOTOYHBIX
MIPOBOJIOB, B KAYECTBE IUAIEKTPUKOB TSI KOHIEHCATOPOB H T.JI.

B anexTpoycTaHOBKaX HU3KOTO HANPSOKSHUS PUMEHSIOTCS B OCHOBHOM mMpuayemammubvie niéHKy s
M30JIAIANA OOMOTOK AJIEKTPUYECKHX MAIllMH M ammaparoB, IS W30JSIUN OOMOTOYHBIX MPOBOJOB. Takne
TUIGHKH HEe MOTYT MCIOJB30BAThCA ISl M3OJALMN MAIlH BBHICOKOTO HANPSDKEHUS, T.K. 00JNIaar0T OTHOCH-
TEJIbHO HU3KOM paboueii TeMnepatypoit: Tp,s = +90...100 oC.

W3 monspHBIX MIEHOK HAUOOJbIIEe TIPUMEHEHHUE MONYYMIN Matiiap U meaunexc. OHE UMEIOT XOpo-
€ 3IEKTPON3OISAIMOHHBIE U MEXaHUYECKHE CBONCTBA, XMMHUYECKH CTOWKHA W HarpeBocToiku. OOmamaroT
HU3KAMH IudjekTpuaeckumu motepsmu: tgd = 0,007 (mpu 50 I'm); mMmeroT GoJree MUPOKUE HHTEpBaATI pado-
YHUX TEMIIEPATyp 110 CPAaBHEHHUIO C TPHALETATHBIMHU IUIEHKAMU: 71,5 = —60...150 °C; mpemen mx MexaHude-
ckoii mpounoctu 10 180 Mlla.

K Hambosee HarpeBOCTONKUM TUIEHKAM OTHOCST HOAUAMUOHBLE U noaumempagmopsmuieHosgoie. Vx
Tus = 200...240 °C.

2.12.2. BonokHucmole mamepuanisl
Jlexuust MpOBOIUTCS B MHTEPAKTUBHOM opMe: ¢ pa300poM KOHKPETHBIX cuTyarwmii (19ac).

BosokHucThIe MaTepHaIbl TOTYYWIN IIUPOKOE MPUMEHEHUE B 3JICKTPOU3OISIIMOHHON TEXHUKE U3-
3a CBOEH JTOCTYITHOCTH, ACIIEBU3HBI, JIETKOCTH MEXaHHIECKOH 00paOOTKH M JOCTATOYHO XOPOIINX THUAIICK-
TPUYECKUX CBOKCTB.

Bonoknucmoie mamepuaner (BM) cocTOST NPEeUMYIIECTBEHHO WM IETUKOM M3 YaCTHUI] Y/UIMHEHHOU
¢dopMmel (BookoH). K HUM OTHOCSAT OyMmary, KapToH, JepeBO, TKaHH, IIEPCTh U JAPYTHe KOMITO3UIIMOHHBIE
MaTepuanbl. bonbinas acte BM — opraHmdecKre BEIecTBa — MaTepHalbl PACTHTENBHOTO (JepeBo, XJIomia-
ToOyMa)kHasi TKaHb, Oymara) W >KUBOTHOTO (ILIEJIK, HIEPCTh) MPOUCXOXKACHUS; HCKYCCTBEHHBIC MaTepHalIbl,
MOJTyJaeMble IIyTEM XUMUIECKOH 00paOOTKH IEIITION03bl; CHHTETHUECKHE BOJIOKHA.

Henocratku BM:

— B YHCTOM BHJIE 00JIAZaF0T HEBBICOKOH 3JICKTPUYCCKON IPOYHOCTHIO;

— UMEIOT HU3KYIO TEIJIONPOBOAHOCTh (M3-3a HAJWYMs MEXIy BOJOKHAMH MPOMEXYTKOB, 3aIl0JHEH-
HBIX BO3/IYXOM);

— TUTPOCKOMUYHBI (JIETKO TMOTJIOMIAIOT BIIATY, KOTOPasi POHUKAET B IPOMEXKYTKH MEX/Y BOJIOKHAMH);

— OonbIIIast KX YacTh — TOPIOYHE BEIIECTBA.

CaoticTBa BM MOTYT OBITH CYIIECTBEHHO YIIYYIIEHBI ITyTeM WX MPOMUTKH KUIKAMHU U TBEPSIONITIMHE
JIUDIIEKTPUKAMH.

B Tex cimyuasix, korjga ot BM tpeOyercs 0co00 BBICOKash HArpeBOCTOMKOCTh, KOTOPYIO OPraHUYECKHUE
MaTepuanbl 00eCIIeYnTh HE MOTYT, IPUMEHSIOT HEOPTaHUIECKHE BOJIOKHHUCTBIE MaTepHajbl HA OCHOBE CTEK-
JIOBOJIOKHA U acOecTa.

JlepeBo — OJIMH U3 CaMbIX PacIpOCTPaHEHHBIX U JEUIEBBIX PACTUTEIBHBIX BOJIOKHUCTBHIX MaTEpUAIIOB.
OHo 00ja1aeT XOPOIIMMH MEXaHHMUYECKUMH CBONCTBAMHM; JIETKO IMOJBEPraeTCs MEXaHHUECKOH o0paboTke:
MIWINATCS, pexeTcs, cTporaercs. [IpoyHOCTh /iepeBa B pa3HBIX HAMPABJICHUSAX pa3iiMyHa — MOTEPEK BOJIOKOH
OHa MEHBIIIe, 4eM BJOoJIb. [Ipruem Tspkenpie Mopoabl IPOYHEE YeM JIETKHUE.

Hawnbonee mmumpoko B AIEKTPOTEXHUKE IPUMEHSIOT TaKHe TOPOJIbI, Kak cocHa, Oepesa, Oyk, rpad.

JepeBo nMeeT psl HeTOCTaTKOB:

1) BBICOKasi THTPOCKOIIMYHOCTD, YTO PE3KO CHIKAET 3JIEKTPOU30JISILIMOHHBIE CBOMCTBA JiepeBa MPH €ro
yBIakHeHNH. KpoMe Toro, cHavana yBIaKHSSCH, a 3aTeM, BBICHIXAs, JIEPEBO KOPOOUTCSI 1 paCTPECKUBACTCS
Y MOHOJIUTHOCTH U3OJISIIIH HApyIIaeTCs;

2) HeCTaHAapPTHOCTh CBOMCTB JIepeBa Ja)ke OAHOM M TOW e MOPOJIbl; HEOTHOPOAHOCTH CBOWCTB — MO-
’KeT HaOJI0JaThCsl BHYTPH OJTHOTO U TOTO e 00pasiia u3-3a HATMYMsS CYYKOB, TPEUIMH U IPYTruX 1e(heKToB;

3) HU3Kas HarPEBOCTONKOCTH U JIaXKe TOPIOYECTh.

CBoiicTBa epeBa ynydIIaroTcs MPU NPOMUTKE €ro JBbHSHBIM M TPaHC(HOPMATOPHBIM MAaciIoM M CMO-
namu. [Ipu nmponutke Macca nepesa Bozpacraet Ha 60—70 %.

[TpuMeHSFOT JIepeBO Uil U3TOTOBJICHUS ONOP BO3IYIIHBIX JIMHUH AJIEKTpoIiepeiad, OMOPHBIX U Kpe-
NEKHBIX JeTanel B TpancopMaTopax, IPUBOIOB BBIKIIOUATENICH U pa3beqUHUATENCH U T. 1.

Bymara. [Tocne 00paboTku qpeBecHOil Leono3sl, B pacTBope, coaepxkameM NaOH, monyyatoT Ha-
TPOHHYIO Oymary, KOTopast 006J1aaeT MOBBIIIEHHOW MEXaHUYECKON MPOYHOCTHIO U CTOWKOCTBIO K TETITIOBOMY
CTapeHHIO TI0 CPABHEHUIO ¢ OOBIIHOM Oymaroii.

Haubonpiiee npruMeHeHNE B SIEKTPOTEXHHUKE MOMyYHiia KadenbHas U KOHACHCaTOpHas Oymara.

Kabenvnas 6ymaea nipuMeHsieTcs U 30U TOKOBEIYIITUX KW Kabenei. M3roraBnuBaercs pas-
JIMYHBIX Mapok, obo3Hauaembix OykBamu (K, KM, KB, KBY, KBM, KBMY) u iiudpamu:
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K — xabenrHas;

M — MHOrocHoHAasi;

B — BeICOKOBONBTHAS,

VY — ymnotHenHas (g, = 4,3).

HeymnotHennast Oymara uMeeT MEHBIIYIO IUIOTHOCTh M COOTBETCTBEHHO MEHBIITYIO TUAIIEKTPHYECKYIO
IIPOHHUIIAEMOCTb: & = 3,5.

bymara mapox K n KM ucnons3yercs B nzomsiinu xkabeneit ¢ Hanpspbkenuem 10 35 kB; KB u KBY —
35 xB u Beime; KBM u KBMY — 110 kB u BhIIIIC.

Hudpamu B mapke Oymaru o003HadaeTCs ee TONIIHA. Y KaOeIbHBIX OyMmar oHa Konebnercs ot 15 1o
240 MKM.

N3-3a masoit TonmuHbl Ka0eIbHYy0 OyMary HaMaThIBalOT Ha TOKOBEIYIIYHO KUITY KaOelsi B HECKOJIBKO
CJIOEB, JIO ONPE/ICICHHON TONIIUHBI B 3aBUCUMOCTH OT Ki1acca HanpspkeHusl. CllaObIMU MECTaMU B 3TOM CIIy-
yae SBJSIFOTCS IPOMEKYTKH MEXy OTACITBHBIMU CIOSMH, KOTOPBIE MOTYT OBITh 3alOJIHEHHBI BO3AyXxoM. [lox
JICHCTBUEM HANpPSHKCHUS B HUX MOTYT IPOTEKaTh COOCTBEHHBIC MPOOOU, UYTO, B CBOKO OYEPE]lb, BEJCT K pas-
PYLICHHIO OyMaXKHOM HU30JISAIINY.

st OBBIMIEHNST 3TIEKTPUIECKOW MPOYHOCTHA M BJIAroCTOMKOCTA Oymary TpONHUTHIBAIOT KaOeIhbHBIM
BSI3KUM MAaCIIOM WJIH MacJISTHO-KaHU(DOITHHBIMU KOMITAyHJaMH.

Konoencamopnas 6ymaca B IpONUTAHHOM BUJE WCIIONB3YETCS KaK AMAICKTPUK OYMaKHBIX KOHJICH-
caTopoB. BrimyckaeTcst 1ByX BUIOB:

* KOH — o0brunast koHaeHcaTopHas Oymara;

» cunKOH — O6ymara 1 CHI0BBIX KOHAEGHCATOPOB.

Mannas tommumna o6ymaru (ot 4 10 30 MM) TIO3BOJISIET MTOJYYUTh BRICOKYHO €MKOCTh KOHIeHCaTOpa (T.K.
TIPU HEeBBICOKHMX HATPSIKEHHSX EMKOCTB Mporopiuonansha 1/d%, e d — Tommuua nusnekTpuka).

JuanexTprdeckas IpOHUIIAEMOCTh KOHIEHCATOPHOH Oymaru g, = 6.

J1st TIOBBITIIEHUST XapaKTEPUCTHK KOHJEHCATOPHYIO Oymary MpOMUTHIBAIOT KOHIEHCATOPHBIMH Mac-
JIaMHy 00 XJIOPUPOBAHHBIMHU YTIICBOAOPOAAMH.

Kaprton. KapToH n3rotaBmmBaroT 13 JpeBECHOI WIN XJIOMKOBOW 1EUT0103bl. OH OTIHYaeTcs oT 0y-
Maru OoJbIel TONIUHON (110 3 MM). BeIImyckaeTcst IByX BHJIOB:

— BO3YLIHBIA KapTOH — Ooyiee TBEpABIH M YNPYTHid, MpeIHA3HAYCHHBIA JUIS paObOThl HA OTKPBITOM
BO3yxe. MOKeT MPUMEHSTHCA JJI1 U3TOTOBIIEHUS 3JIEKTPOKAPTOHA,

— MacISHBIA KapTOH — 00JIee PBIXJION CTPYKTYPHI, XOPOIIIO BIHUTHIBAIOIIHIA YKUIKOCTH;, TPOTTUTAHHBIH
TpaHC(POPMATOPHBIM MAaclOM, OH UMEET BHICOKYIO FEy,. M3 HEro MOryT M3roTaBaMBaThCS JUIJIEKTPHYECKUE
Oapbepbl, MOBBIIIAIOIINE AIEKTPHUECKYIO IIPOUYHOCTD W30JIALIUH.

®udpa. Oubpy nonydaroT u3 Oymaru, KOTOPYO MPOIYCKAIOT Yepe3 TEIUIBI PacTBOP XJIOPHCTOTO
muHKa (ZnCl,), manee HaMaTHIBAIOT HA CTAIBHOM OapabaH 0 MOJYYEHHs CJIOS HY)KHOH TOJIIMHBI, IPUYEM
OTJIeNBbHBIE CIION OyMaru NpUKIEUBAIOTCS JIPYT K JIPYTY, 3aTeM cpe3aroT ¢ OapabaHa, MPecCcyroT U MPOMbIBa-
10T BOJIOM st yaanenust octatkoB ZNCl,, T.K. BITOCIEACTBUN OHM MOTYT YXYIIIUTH €€ dJIEKTPOU3OJISIIHOH-
HbIE CBOMCTBA.

Oxkpacka ¢GpuOpsI 3aBUCUT OT IIBETA IPECCyeMOl Oymaru: yepHasi, cepas, JKeTas, KpacHasl.

®ubpa BBITTYCKACTCS ABYX BUJIOB:

¢ TUCTOBasA — B BHJE JIMCTOB ToamuHou 0,6...3,0 MM;

* KOHCTPYKLIMOHHAS — TONIIUHOMN 10 35 MM.

OHa MMeeT HEBBICOKHE DJICKTPOM3OJIAIMOHHBIC CBONCTBA M 3HAYNUTEIHHYIO TUTPOCKOIUIHOCTE, MPHU
9TOM OJIHAKO OOJBINYI0 MEXaHHYECKYIO MpovHocTh. dubpa xopomo oOpabaThiBaeTCs, PeXKeTCs, MIITUTCS,
CTpPOTaeTCs; pa3MOYCHHAs B TOpsTYeH BOJIe KOHCTPYKITMOHHAs prudpa MokeT (hopMOBATHCH.

®ubpa UCHONB3yeTCs JUIS TAlICHNS 3JEKTPUYECKOW MYTH: MPH BO3IEHCTBUH AYyTH OHA pasjiaraercs,
BbIZIETISIS OOJIBIIIOE KOJIMYECTBO ra30B, CIIOCOOCTBYIONINX TallICHHIO.

TekcTHWIBHBIE MAaTePHAJBI. TKaHN OTIIMYAOTCSI OT OyMaru BIIOJTHE OIPENIEIICHHBIM CTPOSHUEM — Tie-
peruieTeHreM HuUTel (B Oymare OTAENIbHBIE BOJIOKHA PACIIONIOXKEHBI IO OTHOIISHHUIO JIPYT K JPYTy Hempa-
BHJILHO, OECTIOPSIIOUHO). biarogaps ymopsgouyeHHOMY CTPOCHHIO TEKCTHIIHHBIC MaTepraibl (TKaHH, JICHTHI)
UMEIOT OOJIBIITYI0 MEXaHUYECKYIO IPOYHOCTh, 0COOCHHO MPH MEePErude ¥ UCTUPAHUU, H HE CUIIEHO CHUXKAIOT
MEXaHUYECKYIO0 MTPOYHOCTh MPH YBIAXKHEHUH. Ho mpu 3TOM TKaHM HAMHOTO JIOPOXKE, yeM Oymara, u o0ua-
JTAIOT MEHBILIEH AIEKTPUUECKON IPOYHOCTHIO.

B aiekTpoTeXHUKE IPUMEHSIOTCS TAKUE TKaHM, KaK IIeJK, 05135, IH(OH, XJI0M4aTo0yMaKHbIE, CHHTE-
TUYEeCKHE U T.1. Pa3Hble TKaHU UMEIOT pa3Hble cBoMcTBa. HarpeBoCTOMKOCTh, TUTPOCKOMUYHOCTD, 3JEKTPO-
M3OJIAIIMOHHBIE XapaKTEPUCTUKH U MEXaHWYECKHE CBOMCTBA M3MEHSIOTCS B IIUPOKHX Tpeesiax.

TexcTHIIbHBIE MaTepHabl MCIONB3YIOT B KAUECTBE 3aIlIUTHHIX MOKPOBOB M M3OJSAIMHN KaOeneu, s
W30JIAIIA OOMOTOYHBIX TPOBOJIOB TPaHC(HOPMATOPOB U IBUTATENCH, KpOME TOTO, JIJISl U3TOTOBIICHUS JaKOT-
KaHel U TeKCTOJIUTOB.
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JlakoTkanmu. JIakoTKaHp — 3TO THOKHH 3JIEKTPOU3OJIIHMOHHBIN MaTepuai. [IponuTanHas 1akom, oHa
o0ecreyrBaeT BHICOKYI0 MEXaHUYECKYIO MPOYHOCTH, a JIAKOBasl MJIEHKA — BBICOKYIO 3JIEKTPHUYECKYIO MpOU-
HOCTb Eyp.

JIakOTKaHb PUMEHSIOT ISl TIPOKJIAO0K, IS M30JISIHN B AJIEKTPUUECKUX MAIIWHAX, alllaparax v Ka-
oensx (0OMOTKHM) H T.1I.

Jns ee M3rOTOBICHUS MCHONB3YIOT XJIOMYaToOOyMa)KHYIO TKaHb MM MIENK. [1o pomy mpomuTodHOro
JlaKa JIAaKOTKaH! ObIBArOT:

* CBETJIbIC (3KENThIC) — HA MACIISHBIX JIaKax;

* YepHbIC — Ha MACISTHO-OMTYMHBIX JIaKaX.

[lepBBle CTOWKM K OpPraHMYECKHM PACTBOPHTEINSM, HO MMEIOT CKIOHHOCTh K TEIUIOBOMY CTapeHHIO;
Ey, = 35...50 MB/M (ecnu Ha OCHOBE XJIOMYaTOOyMaKHOW TkaHM); Ey, = 55...90 MB/M (ecnu Ha ocHOBe
HIEJIKOBOM).

Bropble MMEOT ITydmine 31eKTPOU30IALHOHHbIE CBOMCTBA; MEHBILE BIMTHIBAIOT Baary; E,, = 55...60
MB/m (ecnu makoTKaHh Ha OCHOBE XJIOMYaTOOyMakHOM TKaHM). OHAKO UMEIOT MAIyI0 CTOMKOCTh K JeHCT-
BUIO OPTaHMYECKHX PAaCTBOPUTEICH.

2.12.3. Cnoucmeuie naacmuxu

Caoncrsle niacTuki. K concTsiM miiacTukaM OTHOCST TEKCTOJUT, TETUHAKC U UX Pa3HOBUAHOCTH.

T'emunaxc MONY4arOT MyTeM TOpsideil TPECCOBKM OyMard, MpOIMTAaHHON OakenmnToBOW cMoioi. s
ero Mpou3BoCTBa Oepercs OyMara MpovHasi, HarpeBoCcTolKas. MIHorma BMecTo 6aKeIMTOBOM CMOJIBI ITpHMe-
HSIOT 3MOKCUHYI0. MexaHnueckas IPOYHOCTh TAaKOTO MaTepHaa IMoyqdaeTcs BhIIIe.

Huanazon pabounx TeMIIepaTyp JUTST TeTHHAKCa oT -60°
0 +105 °C.

Tak Kak TeTMHAKC — CJIOMCTBIN MaTEpUa, TO €Ero CBOMCTBA B pa3HbIX HAIIPABICHUAX Pa3JINYHBIL:

— JJIeKTpHYecKasi MPOYHOCTh Ey, B HAIPaBIECHHUH, NEPIEHIUKYIIPHOM caosM, paBHa 20...40 MB/wm;
BJIOJIb CJIOEB — B 5—8 pa3 HUXKE;

— BJIATOCTOMKOCTB MOTIEPEK CIIOCB OOJbIIE, YeM BIOJB;

— MEXaHWYecKasl IPOYHOCTh Ha C)KAaTHE MOTEPEK CIOEB OOJbIIE, YeM BIOJIb;

— MEXaHWYeCcKasi IPOYHOCTh Ha pacTshKEHUE, HA000pOT, MONEPEK CI0EB MEHbBILE, YEM BIOJIb.

Henocratkom 3T0oro marepuana sBiIseTcs TO, YTO OH UMEET HEBBICOKYIO AYrOCTOMKOCTb. Ilon meiicT-
BUEM JJIEKTPUYECKOTO TOJIsi OOIBIION HATPSHKEHHOCTH Ha MMOBEPXHOCTH TeTHHAKCA OCTAeTCS HAyTIIePOKEH-
HBIN criell, 00JIa1aonii CyILeCTBEHHON MPOBOIUMOCTBIO.

[IpUMEHSIOT TeTHHAKC JUISI U3TOTOBJIEHHUS M30JIMPYIOIIMX IEPErOPOAOK B paclpeleUTeIbHbIX YCT-
POMCTBAx, NIUTOB U3MEPUTEIHHBIX TPUOOPOB, OMTOPHBIX M KPEMEKHBIX JeTaleil B TpaHCPOpMaTOpax U T.1.

Donbeupo8aHmbili 2eMUHAKC UCTIONB3YETCS I U3TOTOBIIEHUS ITEYaTHBIX CXeM (IUIaT) HU3KOBOJIBTHBIX
nenei anmapatypsl. OH npeacTaBiseT co00H CIOUCTBIN MIACTHK, OOIUIIOBAHHBIN C OHOW WM ABYX CTOPOH
3IEKTPOJINTUICCKON KPACHO-MEAHOMN (hOJIBIOM.

Texcmonum aHAJIOTMYEH IN€TUHAKCY, HO MU3TOTOBJISAETCS W3 IPONUTAHHOM W NPECCOBAHHOW TKaHU. B
pe3ysbTaTe 3TOro MMeeT 0oiee BHICOKYIO MEXaHMYECKYIO IIPOYHOCTH (T.K. MEXaHW4eCKask MPOYHOCTh TKAHU
BBIIIIE); OOJIee CTOEK K MCTUPAHUIO U PACKAIBIBAHUIO; UMEET OoJiee BHICOKYIO pabouyro TeMueparypy: 1pas =
150 °C. OxHako 0671a1a€T HECKOIBKO MEHBIIE HIEKTPUYECKOI IPOYHOCTBIO M IPHMEPHO B 5—6 pa3 JOpoxKe
reTHHaKca, T.K. CTOMMOCTb TKaHHU BBIIIE CTOMMOCTH OyMard.

Texcmocemunaxc — KOMOMHUPOBAHHBINA CIIOMCTHIN MIACTHK C BHYTPEHHUMH CJIOSIMH M3 IPOITUTaHHON
Y TIPECCOBAHHOM OyMarw M Hapy»XHBIMH — C 00€UX CTOPOH — W3 XJIomyaTo0yMaxxHo# Tkanu. [lo cBoum xa-
paKTEpPUCTHUKAM 3aHUMAET IPOMEKYTOUHOE TOJI0KEHHE MEX Ty TETHHAKCOM H TEKCTOIHUTOM.

B tex ciydasix, Korga oT JU3JIEKTpHKa TpeOyeTcsl BBICOKAsi HArPEBOCTOMKOCTh, MPUMEHSIOT CIIOMCThIE
MJIACTUKY Ha HEOPTAaHUYECKOU OCHOBE: acbocemunakc u acoomexcmonum (Ha OCHOBE acOecTOBOM Oymarn);
cmexnocemuHarkc U cmekiomexcmonum (Ha OCHOBE HEOPraHMYECKOH CTEKIISTHHOM TkaHW). DTo Haubolee
HarpeBOCTOMKHE
(Tpas = 200 °C), BarocToiikie 1 MEXaHHYECKH IIPOUHbIE MATEPUaIbl. [IpH 3TOM OHH ILIOXO TOJBEPrarOTCs
MEXaHU4YeCKol 00paboTKe.

2.12.4. Heopeanuueckue cmexna
Jlexuust MpOBOJUTCS B MHTEPAKTUBHOM opme: ¢ pa300poM KOHKPETHBIX cuTyaruii (1yac).

Crekna — 3TO HeopraHudeckre aMop(HBIE BEMIECTBA, NMPEICTABIMIONINE COOOH CIIOXKHBIC CHCTEMBI
Pa3INYHBIX OKCUIOB. [0 XUMUYECKOMY COCTaBy CTEKJIa ITOIPA3IEIISIOTCS:
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1) Ha meno4HbIe 0€3 TSHKENBIX OKCHIOB MIIM C BECbMa MallbIM UX Cofiep:KaHHeM (OKOHHBIE, OyThIIOU-
HEIE);

2) MEN0OYHBIE ¢ OOIBITNM KOJTUIECTBOM TSDKEITBIX OKCHAOB (ONTHYECKHUE M DJICKTPOHU3OJISAIINOHHEIC);

3) GecrienovHbIe, HAIIPUMEP, KBAPIIEBOE CTEKIIO (ONITHYECKHE, U30IAITHOHHBIC).

CBoiicTBa CTEKOJ MU3MEHSIOTCS B IIMPOKHX TpeNeNax B 3aBHCUMOCTH OT MX COCTaBa U PEXHUMa TEIUI0-
BOH 00pabOTKH:

— ynensHoe conpotusierue p = 10°...10™ Om-m;

— TaHTeHC yTiia AudeKkTprudeckux nmoreps tgs = 0,0002...0,01;

— AUJIEKTpUYEcKas MPOHUIIAEMOCTb & = 3...16.

Kak Bce amopdHble Tema, cTek/1a He UMEIOT PE3KO BBIPAYKEHHON TeMIIEpaTyphl TUIABJICHUS U XapaKTe-
PH3YIOTCS TEMIIEPATYpPOM pasMArdeHus ty,., = 400...1600 oC.

BoNbIIMHCTBO CTEKON HE CMAayMBalOTCS BOJIOW M HE BIMTHIBaIOT ee. Eciu B cocTaB cTekia BXOIST
HIEJIOYHbIE OKCHIIBI, TO YeM UX OOJbIle, TEM MEHBILE €r0 BIaroCTOMKOCTh. A, HalpuMep, HATPUEBOE CTEKIIO
(Na,O-SiO,) mpu NOBBIMICHHBIX TEMIEPAaType W JABICHHH MOJHOCTBIO PACTBOPSETCS B BOJAE M OOpasyer
«OKHIIKOE CTEKJIO», KOTOPOE UCIOIb3YETCs B KAUECTBE KIIESILETO AUINEKTPHKA.

Mexannueckasi IPOYHOCTH CTEKOJI 3aBUCUT OT BUA HArpy3KU:

— Ha CXKATHE O, = 450 Mlla;

— Ha U3THO Oy, = 70 MIla;

— Ha PACTSIKEHHUE Gpyer = 30...40 MIla.

[Tpu nuHAMHUYECKHUX HATpy3Kax (yIapbl) CTEKIO pa30MBaeTCs.

OnekTpuyecKas NPOYHOCTh CTEKON Ey, Malo 3aBUCHT OT MX COCTaBa U ONPENEIAETCS HAINYUEM BHYT-
pY CTEKIa BO3IYIIHBIX BKIIOYCHUH (4eM OOJIbIIe BO3AYLIHBIX BKIIOYCHUH, TeM MeHbIIe E,,). [Ipn nocrosH-
HOM HalpsKEHUM B OJJHOPOJIHOM 3JIEKTpHYecKoM moine Ey, ctpemutca k 500 MB/M; npu nepeMeHHOM Ha-
npsokernd (f = 50 T'n) E,,= 45 MB/m.

ITo Ha3HAYEHHMIO CTEKJIA TOAPA3ACIISIOTCS HA YEThIPE TPYIIIIbL:

1) KoHOEHCATOpHBIE (I KOHJEHCATOPOB BHIOMPAIOTCA CTEKIA ¢ HAMOONBIIEH € U ¢ HAUMEHBIIUMHU
JURJICKTPUUECKUMHU OTEPSIMHU);

2) ycTaHOBOYHBIE ([JIs1 U3TOTOBJICHUS OTIOPHBIX U IMHEWHBIX U30JIATOPOB);

3) maMIToBBIE (JIUIsI I3TOTOBJICHUS OAIUIOHOB OCBETUTEIHHBIX JIAMII U AJIEKTPOHHBIX IPHOOPOB);

4) ¢ HanoJHMTEINEM (IUIacTMAacca ropsdYel IPECCOBKU U3 CTEKIIA U CIIOJITHOTO TIOPOLIKA).

Crexaodmainu. CTeKIIodMalsiMI Ha3bIBAIOT CTEKJIa, HAHOCUMBIE TOHKUM CJIOEM Ha MOBEPXHOCTH Me-
Taja ¥ IPyrux MPeIMETOB C IENbI0 3alMThl OT KOPPO3uH. B KauecTBe 3MEeKTPOU30JISIIIMOHHOTO MaTeprana
OHU HCHOJB3YIOTCS JJISl MOKPBITUS TPYyOUaTBIX PE3UCTOPOB: HA HAPYKHYIO TOBEPXHOCTh KepaMHYECKOM
TpyOKH HaHOCHUTCS MPOBOJIOYHAsE OOMOTKA M3 HUXpOMa WIIM KOHCTaHTaHa, MOBEPX KOTOPOM HAILIaBISETCS
CJION SMaJin, CO3JAIOMICH H3OIAIMI0 MEXIYy BUTKAMH OOMOTKH M OKPYXKAIOIIMMH MpEIMETaMU U 3allld-
Hiaronie 0OMOTKY OT BIIArH, 3arps3HEHUS U OKUCIICHHS KUCIIOPOJOM BO3JyXa MPH BBICOKOW paboyel TeM-
neparype Tp.s (puc. 1.31).

CTeka0aMath

F Kepamuyeckast TpyOKa
|

]_IpoBoJioka

Puc. 1.31.TpyOuartsrit pezuctop

Crekto3Maiy MOTYT TaKXKe MPUMEHSITECSA B KAYECTBE JUAJICKTPUKA B HEKOTOPBIX TUIIAaX KOHJICHCATOPOB.
2.12.5. Cumannnt

Curaibl U3rOTaBIMBAIOT IyTeM KPUCTAJUIM3AIMHA CHIIMKATHBIX CTeKOJ1. OHU OTHOCATCS K aMopdHO-
KPUCTaJUTMYECKUM BeIeCTBaM. V3HAYaIbHO UMEIOT aMOP(HOE CTPOSHUE, HO TIPH ONPEACIICHHBIX YCIOBUIX
MEPEXOAT B KPUCTAILIUYECKOE COCTOSTHUE.

ITo cBoiicTBaM CHTaIIBI 3aHUMAIOT TIPOMEKYTOYHOE MOJIOKECHHE MEXKy OOBIYHBIMH CTEKJIAMH H Ke-
pPaMUKOM, TTO3ATOMY X MHOT/Ia Ha3hIBAIOT CTEKJIOKEPAMHUKOM. B OT/IMuMe OT CTEKOJI OHU MEHEee XPYIKU U He-
MIPO3pavHbl, HO B TOHKOM CJIO€ 3aMETHO MPOITYCKAIOT CBET.

CuUTamibl XapaKTepUu3yloTCs CICAYIOIMUMHU TapaMeTPaMHu:

— 3JIeKTpHYEecKas Ipo4HocTh Erp= 80 MB/Mm;

—1g6=0,0001...0,0008 (mpu f = 1 MI'y);

— MEXaHU4YeCcKasi IPOYHOCTh Ha CXKATHE G = 1200 MITa.
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TTpUMEHSIFOTCS CUTAIIBI ISt U3TOTOBJICHHUS OTBETCTBCHHBIX U30JISAIIUOHHBIX U3JICITHIA.
2.12.6. Kepamuueckue mamepuaint
Jlexuust mpoBOAUTCS B MHTEPAKTUBHOU (popme: ¢ pa3bopoM KOHKpETHBIX cutTyarui (14ac).

Kepamuka — 3T0 HeopraHM4YecKHii AMAIEKTPUK. PaHee ee M3roTOBISUTN U3 TNIMHBI, ceiiuac MOSIBUINCH U
Jpyrue BUABI KEPAMUYECKUX MAaTEepHaloB, B COCTaB KOTOPBIX TJIMHA BXOIUT JIMIIb B OYEHb MaloM KOJIMYe-
CTBE WJIU JK€ COBCEM He BXOIuT. [IprMeHseMble B AIIEKTPOTEXHHUKE KepaMUYeCKHe MaTepHalIbl, COCTOSIINE
W3 pa3IMYHBIX OKCHOB, B TOM YHcIe U okcuaa kpeMHus (SiO,), H3roTaBINBalOTCS CIETYIOINAM 00pa3oM:
MX COCTaBHBIC YaCTH OYMIIAIOT OT MPHUMECEH, Pa3MajbIBaIOT B MOPOIIOK, IEPEMEIINBAIOT C BOAOH, hopMy-
0T, TIOKPBIBAIOT TJIa3YPHIO U MOJIBEPTAIOT O0XKHTY.

B 3aBHCHMOCTH OT XMMHUYECKOTO COCTaBa CBOMCTBA KEPAMUUECKHX MATEPHUAIOB U3MEHSIOTCS B OYCHb
HIMPOKUX Mpezaeiax, HOdTOMY U O0JIaCTH MX NMPHMEHEHHUs! BeCbMa PasHoOOpasHbl. B anekTpoTexHuKe Kepa-
MHUKY HCHOJB3YIOT B Ka4eCcTBE MOJTYIPOBOAHUKOBBIX M MarHUTHBIX MaTepuaioB. Kepamuueckue matepuasl
MOTYT OBITh TaKXKe€ MUAJIEKTPUKAMHU W CETHETOANIEKTPUKAMU. BONBITMHCTBO KEPaMUYECKUX JUIIEKTPUKOB
HMCIOT BBICOKYIO MEXAHHMYCCKYIO NPOYHOCTH, MaJIbIC JUIJICKTPHUUCCKUC IMOTCPH, 3HAUYUTCIbHYIO HArpeBoO-
CTOMKOCTB M JIpYTHE IIeHHBIE cBoiicTBa. Kepamuka obmamaeT CTOMKOCTBIO K AJIEKTPUIECKOMY M TETZIOBOMY
CTapeHHuIo.

OnHMM M3 CaMBIX PacHpOCTPAHEHHBIX KEPAMHUYECKHUX MaTEpHaJoB sBIseTCS gapgop. 3-3a ero mo-
PHCTOCTH MOBEPXHOCTH (haphHOpOBHIX M3MENNH MOKPHIBAIOT IIa3yphlo, KOTOpas 3amumaet Gappop ot mpo-
HUKHOBEHWSI BIIaTH BHYTPH IOp. | 7Ta3ypOBaHHBIE W30JIATOPHI MOTYT WCIOIB30BAThCS B OTKPBITHIX AIIEKTPO-
YCTaHOBKaX, MOCTOSHHO TOABEPrasich AecTBHIO aTMOc(hepHBIX ocankoB. K riaakoil rma3yprpoBaHHON TO-
BCPXHOCTHU MCHCC MPUCTAIOT PA3JIMYHBIC 3arpsA3HCHUA U BJlara; rjiasypb yMCHbBIIACT TOK YTCUKH I}’T 10 IIO-
BEPXHOCTH H30JTOPOB. KpoMme Toro, «3ariaxuBas» TPEIIUHBI U IpYyTrUe Ae(eKThl Ha MOBEPXHOCTH (apdo-
pa, OHa CYIIECTBEHHO MOBHIIIIAET MEXaHNUECKYIO IIPOYHOCTH (hapPOpOBhIX U3

OOOXOKCHHBIH U TJIa3ypoBaHHBIA (Gaphop MMEET CICAYIONIME XapaKTePUCTHKHU: & = 6...8; 190 =
0,015...0,025; E,, = 10...30 MB/Mm (npu f = 50 I'i). OHako npH NMOBBIIEHUH TEMIIEPATYPBI €r0 3IEKTPO-
W3O0JIAIIMOHHBIE CBOWCTBA YXYAIIAIOTCS.

Mexaanueckasi IpoYHOCTH dapdopa 3aBHCUT OT BHIa MEXAaHWIECKOW HATrPy3KH:

— Ha CXKaTHe o, = 400...700 MlIla;

— u3rud o,,. = 80 MIla;

— PACTHKEHHUE Cpyer = 45 MlTa.

[Mpu nuHAMHYECKHUX HArpy3Kax (yaapbl) OH pa3OoHUBaeTCs.

®dapdop npuMeHsieTcsi B 3JCKTPOTEXHUKE JUIS U3TOTOBJICHUS! H30JIATOPOB BO3AYIIHBIX JIHHUH, OMOP-
HBIX U TPOXOJHBIX W30JIATOPOB, KOPITYCOB BBOJIOB BBICOKOTO HANPSHKEHHsI, TPAHCPOPMATOPOB TOKA U Ha-
NPsDKEHMS], KOPITYCOB 3alllUTHBIX Pa3psAHUKOB U T.J.

2.12.7. Cniooa u cnrodsanvle mamepuansl

Cmo;[a SIBISAETCS BaXKHEHIIIUM M3 MMPUPOJHBIX MUHEPAJIBHBIX BJICKTPOU3OJIALUOHHBIX MATCPUAIOB.
bnaronapst e€ 1leHHBIM KauecTBaM: BBICOKOH 3JIEKTPUYECKON M MEXaHWYECKOH MPOYHOCTH, HArPeBOCTOMKO-
CTH, BJIaroCTOMKOCTH M TMOKOCTH — CIIOJly NPUMEHSIOT B 0CO0O OTBETCTBEHHBIX CIy4asiX, B YaCTHOCTU B
KaueCTBE M3OJIIUK JICKTPUISCKUX MAIIWH BBICOKOI'O HANpsKEHHs OOJIBIION MOIIHOCTH (TypOOreHepaTo-
POB, TUAPOTCHEPATOPOB, TATOBLIX HBHFaTeHeﬁ), a TaKXKE€ B Ka4C€CTBC JUDJICKTPUKOB B HEKOTOPBIX KOHJACHCA-
TOpax.

Cirona — 3T0 XpYIKOE CIIOMCTOE BELIECTBO, CIIOCOOHOE PACIIEIUIATHCS Ha IUIACTHUHKM, Ha3blBaeMble
«renectkamm». ToJmuHa OTAEIBHOTO JienecTka MoxeT cocTaBiaTh 0,005 mm. B cBsi3u co cioncToi cTpyk-
TYpOH CBOMCTBa CIIOJIBI B Pa3HBIX HANPABICHUSAX OYAYT Pa3IndHBL.

[To xuMHUYeCKOMY COCTaBYy pPa3JIMYaloT J1Ba BHJIA CIIOAbI: MyCKOBUT U (pJIOTOIIHUT.

MyckoBUT ®noronur

K,0-3Al,0 -6Si0, -2H,0 K,0-6MgO-AlL,0-6Si0; -2H,0
p=10"%...10"° Omm p=10"...10” Om M

tgd = 0,015(f = 50 ') tgd = 0,05

Tu5 = 200...600 °C Tha5 = 800...900 °C

39



MyckoBHT 0oJiee CTOCK K UCTUPAHUIO, YeM (IIOTONUT, 00IaJaeT OOJbIIeH 3JIEKTPUIECKON U MEXaHH-
YEeCKOH MPOYHOCTHIO, OOJbIIEH THOKOCTBIO H YIIPYTOCTHIO.

Criofia He BOUTHIBACT BOAY M HE CMAaYMBAETCS BOJIOH, OJHAKO MPH MOBBIIMIEHHBIX TEMIIEpaTypax, mpe-
BBIIIAIONINX paboure BeTHYUHBI, JIEKTPON3OISIIIMOHHBIE CBOMCTBA CIFOIBI YXYAIIAIOTCS, a U3 Hee HaYMHAeT
BBIIENIATHCS Boza. [Ipu aToM cimrofa BemmyynBaeTcsi 1 KOpOOHUTCSI.

TTaBHTCS CITFOIA NI TIpH Temmepatype 1145-1400 °C.

Ha ocHOBaHMH CirO/ TOMYYaIOT Pa3UYHbIE AIEKTPOU3OISIIIHOHHBIC MAaTEPHAIIBI:

— MUKaHUTEI;

— CIIOAMHUTEI;

— CITFOJTOTIIACTHI.

CHIOAWHUTHI U CIIOAOIIIACTHI OTHOCSAT K CIIOISHBIM OyMaram.

MuKaHHUTBI — 3TO MaTepHallbl, CKIICCHHBIC M3 OTIENBHBIX JICTIECTKOB CIIIOBI C TIOMOLIBIO KIIESIIETO
JlaKka WIIM CyXOW CMOJIBI, HHOT/IA C IPUMEHEHNEM BOJIOKHHCTOM MOAJIOKKHA W3 OyMard Wid TKaHH, KOTOpas
HAKJIEMBAETCS C OJHOM CTOPOHBI (WK ¢ 00€UX CTOPOH), TEM CaMBIM YBEIMINBAs MEXaHUYECKYIO POYHOCTh
MaTepHaia U 3aTpyAHss OTCTaBaHUE JICTIECTKOB CIIIOBI IPH €ro H3ruoe.

Benencteue conepxanust 00IbIIOro KoiudecTBa cioas! (He meHee 50 %) MUKaHWUTBHI 001aal0T BEI-
COKOH 3JIEKTPUYECKOI NPOYHOCTHIO U HArPEBOCTOMKOCTBIO.

CJ'[IO)II/IHI/ITI)I HU3roTaBJIMBAOT M3 OTXOJ0B CIIOJbI, OCTAaBHIMXCs ITIOCJIC HM3IOTOBJICHUSA MHKAaHHTOB.
[IIaCTHHKH M3MEIIBYAIOT, OABEPraloT TepMoodpaboTke mpu Temmeparype 900 °C. IIpy 9TOM KpHCTAIUIBI
CITFO/IBI TEPSIOT BXOJSIIYIO B UX COCTaB BOAYy. B momydeHHyI0 Maccy M0OaBISIOT CBSI3YIOIIEE BEIIECTBO U
MOMEIAIOT ee B OyMarozenaresibHyto MamuHy. OTAeTbHbIC JIMCTHI OTYYeHHOH TaKuM 00pa3oM CIIIOJISTHON
OyMaru CKIEHBAIOT MEXKAY COOOI C IOMOIIBIO AMOKCHIHBIX U KPEMHHHOPTAaHUUECKUX CMOIT.

DNeKTpUYecKasi IPOYHOCTD CIIOIMHUTOB B CYXOM COCTOSIHHH cocTaBisieT 15-20 MB/m.

I'maBHOE JOCTOMHCTBO ATOrO MaTephalia — PaBHOMEPHOCTh CBOMCTB I10 BCEW IUIOIIAIH, BEICOKAs Me-
XaHUYECKasi MPOYHOCTh M HAarPEBOCTOHKOCTb.

K 4yncny HemocTaTkoB cieayeT OTHECTH MOHMKEHHYIO, M0 CPaBHEHHUIO C MHUKAHUTaMH, BIarocToi-
KOCTh (pa3pyIIaroTcs Ipy COMPUKOCHOBEHUH C BOJIOW WM APYTUMHU TOJSIPHBIMHE JKHIKOCTSIMH) U Majoe y/I-
JMHEHUE MEPEe Pa3phIBOM.

Pa3znen 3. IIpoBoiHNKOBBIE MaTePHAIBI

1Ip0o600HUKOBbIMY HA3BIBAIOT MATEPHAIIBI, XOPOIIIO MPOBOIAIINE IEKTPUIECKUNA TOK. K HUM OTHOCST-
Csl METAJUTBI M CIUIABBI, JKUAKOCTH, Ta3bl IIPH ONPEIeNIEHHBIX YCIOBUSIX.

Tema 3.1. Knaccudpukanusi npoOBOJHUKOBBIX MAaTEPHAIOB

OCHOBHOE HaIpaBJeHHE KJIACCHU(HUKALMN NMPOBOJHUKOBBIX MAaTEPUAIOB — IO arperaTHOMy COCTOS-
HHUIO.

1. TBepabie NPOBOAHUKH.

OHu, B CBOIO OUYEPEb, JEIATCSA B 3aBUCUMOCTH OT BEJIMYMHBI IPOBOAUMOCTH Ha CIEAYIOIIUE TPYIIIbL:

— Memannvl U CHAAgbl GblcoKol npogooumocmu. K 310l rpynne oTHOCATCS IPOBOAHUKU, UMEIOLINE
yI€NbHOE COTIPOTHBIICHHE
(1pu HOpManbHOM TemrepaType) Py, < 0,05 MxOm-Mm. ITockonbKy Takne MaTepuabl UIMEIOT HU3KOE COIpPO-
TUBJIEHHE, CIIEI0BATEIBLHO, OYEHb XOPOIIO, ¢ HAMMEHBIINMH MOTEPSIMU, TIPOBOJAT IIEKTPHUUECKUN TOK. Ma-
TEepHUaIIbl BBICOKOM MPOBOJAMMOCTH HCIIOJIB3YIOTCS JJIsl M3TOTOBIEHHS MPOBOJOB, IIWH, TOKOBEAYIIUX KU
Ka0eneil, 0OMOTOK AJIEKTPUYECKUX MAIIMH W TpaHchopMaTopoB, OOKIJIOK B KOHJEHCATOPAX, dJEKTpHUE-
CKHMX KOHTaKTOB H T.IL.;

— CNaBbl 8bICOKO20 CONPOmMuUGneHus. Py, = 0,3 MkOM-M. Tak Kak JaHHbIE MaTepuaibl 00JIalal0T BbI-
COKHUM JUIsl IPOBOJIHUKOB COIIPOTHBIIEHHEM, ITI03TOMY OHHU MpPEJHA3HAUEHBI AJIS CO3JaHUs B NEKTPUYECKON
LENN ONPEAENICHHOTO CONpoTUBIEHUA. VX MCHONB3YIOT I M3TOTOBJIEHUS PE3UCTOPOB, PEOCTATOB, JJIEK-
TpOHArpeBaTebHBIX TPUOOPOB, HUTEH JTaMIT HAKAIMBAHUSA U T.11.;

— C8epxXNPOBOOHUKU U KpUONnpoeooHuxu. 1lpecTaBisioT HHTEpEC, T.K. 001aJar0T YpE3BBIYAHO MaJIbIM
YIEIbHBIM COIPOTUBIEHUEM (Py,; — 0) IPK BeCbMa HU3KUX TEMIIEPATYypaXx.

2. /Kuakue npoBOIHNKH.

K >XunkuM npoBOAHMKAM OTHOCSTCS PACIUIABICHHBIE METAJUIBI M PAa3JIMUHBIC HJIEKTPOJIUTHI (BOIHBIE
PacTBOPHI PA3TMIHBIX KHCIIOT, MEI0UYEH, COICH).

Jiis GoNpIIMHCTBA METAUIOB TEeMIIepaTypa IUIaBJICHHs BbICOKAa. VCKIOWeHHE cOCTaBisieT PTYTh,
MMEIOIIAs TeMIIePaTypy IIaBlieHns okono —39 °C. OHa MOXKET HCHONB30BaThCA B KAUECTBE HKUIKOTO METAI-
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JIUYECKOT0 MPOBOJHUKA U MPH HOPMAaJIbHOU TeMIepaType, TOrJa Kak JIPYrHe METaJUThl TOJLKO MPH MOBEI-
IICHHBIX TEMIIepaTypax.

MexaHu3M TPOX0XKJICHHUS TOKOB B METaJlIe — KaK B TBEPJIOM, TaK U B KHJKOM COCTOSIHUH — 00YCIIOB-
JICH JIBYKCHUEM CBOOOJIHBIX DIIEKTPOHOB TMOJ| ACHCTBHEM AJIEKTPHUYECKOTO TOJIsl. B anekTponurax — aBHxkKe-
HUEM DJICKTPOHOB ¥ MOHOB. BClle/cTBHE ABIKEHUS MOHOB COCTAaB 3JICKTPOJIMTA IMMOCTEIICHHO W3MEHSCTCS, a
Ha DJIEKTPOAAX BBIIEISIOTCS MIPOAYKTHI IICKTPOIIH3A.

3. I'a3pl ¥ apsbl.

Bce rasel 1 mapel, B TOM 4KCIIE W MTAPhl METAIIOB, IIPH HU3KUX HAMPSHKEHHOCTSAX 3JIEKTPUUECKOTO T10-
JIs HE SIBIISIOTCS MPOBOHUKAMH. OHAKO €CJIM HANPSKCHHOCTH IOJIS TPEB30HICT HEKOTOPOE KPUTHIESCKOE
3HaYCHUE, 00ECTICUMBAOIIee HAYaI0 yapHOH 1 (POTOHHOI HOHH3AIIUH, TO a3 MOXKET CTATh IPOBOJTHUKOM C
3JIEKTPOHHON W MOHHOW MPOBOAMMOCTHIO. CHIBHO HOHM3UPOBAHHBIN a3 MPH PABEHCTBE YHUCIIA JICKTPOHOB
YHCITy TOJ0KHUTENBFHBIX HOHOB B €AMHUIIE 00BEMA MpecTaBseT co00l 0cOOYI0 MPOBOASALIYIO Cpely, HOCS-
IIyIO Ha3BaHUE TLIa3MBl.

Tema 3.2. [lapameTpbl, XapaKkTepU3YHOIIIHe CBOICTBA MPOBOJHHUKOBBIX MATEPHAJIOB

K BakHeHmmm napamerpam, XapakTepU3yIOIIUM CBOWCTBA MPOBOTHIUKOBBIX MaTEPHATIOB, OTHOCSTCS:

1. Yoenvuas npogooumocms y UM €e 00paTHAS BEIUYNHA — YOelbHOe CONPOMUBIEHUE P.

B cootBerctBHu ¢ 3akoHOM OMa (I = YE) ynenpHas IpOBOAMMOCTD Y METALTMYECKUX IIPOBOJHUKOB HE
3aBUCHT OT HAINPSDKEHHOCTH JIEKTPUUECKOTO oIS £ MpY M3MEHEHHH €€ B BeChbMa MIMPOKUX Mpeaesax:

v =1lp, (1.20)
p=RS/I, (1.21)
rie R — conpoTueieHne naHHOro 06pasia, OM; S — MoIepedHoe cedeHne POBOIHNKA, MM, | — -

Ha IIPOBOJHUKA, M.

Uewm MeHBIIIE Y IPOBOJIHUKA YIETHHOE COPOTUBICHUE, TEM OH JIYUIIE, TEM BBIIIE €T0 IPOBOAUMOCTb.

2. Temnepamypuwiil ko3 @uyuenm y0eibHo20 COnpomueieHUs O,

Uwncno HOcHTenel 3apsina (KOHIEHTpAIUs CBOOOTHBIX AJIEKTPOHOB) B METAJLUTUIECKOM ITPOBOTHHUKE
TIPH TIOBBIIIICHUN TEMIIEPATYPhl MPAKTUIECKH OCTaeTCsl HeM3MeHHBIM. OTHAKO BCIIEACTBHE YCHUJICHHS KOJe-
OaHMii y3JI0B KPUCTAJUIMYECKOU PELISTKU ¢ POCTOM TEMIIEPATypPhl MOSBIIAETCSA BCE OOJIBIIE M OOJIbIIE TIpe-
MATCTBUM Ha MyTH HAINIPABJICHHOTO JIBUXKCHHUS CBOOOTHBIX AJICKTPOHOB IMOJ ICHCTBHEM 3JICKTPUUECKOTO T10-
JIsl, T.€. YMEHBIIIAKTCS JJIMHA CBOOOIHOTO Mpodera 3JeKTpoHa A, MOABKHOCTD 3JICKTPOHOB U, KaK CJICICT-
BUE, yAeNbHas IPOBOIUMOCTh, CIIENOBATENILHO, YBEITMINBACTCS YICIIbHOE COPOTUBRIICHHE MaTepraa:

_1ldp

. 1.22
%o p dT (1.22)

TemmepaTypHbIii KOOQQHUIUEHT YIeTFHOTO COMPOTHBICHUS MTOKA3hIBAET, KAK YBEJINYHBACTCS yIIENb-
HOE CONPOTHUBIICHHE TPOBOJHUKA MIPH yBEIMYEHUH TemrepaTypsl Ha 1 K.

IIpu n3MeHeHNH TeMIepaTypbl B y3KMX AHAlla30HaxX Ha MPaKTHKE AJA pacdeTa yAeIbHOIO CONPOTHUB-
JICHUs] IPUMEHSIOT PopMyITy

p, =p,|1+0, G -T, ], (1.23)

TAC P1 U P — YACJIBHOE CONPOTUBJICHUEC ITPOBOAHUKOBOI'O MaT€puaia Inmpu T€EMICparype T1 nu Tg COOT-

BeTcTBeHHO (1Ipu 3ToM Ty > T5); o, — CpeHmii TeMIepaTypHblii Ko3(D(HUIUEHT yeTbHOTO CONPOTHBIEHHS B
Janasone temmeparyp ot 71 1o 71b.

IIpu 3HaUNTEIHPHOM H3MEHEHUH TEMIIEPATYpPHI, KOTJa BEIMIECTBO NEPEXOAUT U3 TBEPJOTO COCTOSHUS B
XKHJIKOE, Y GONBIIMHCTBA METAIUIOB TEMIIEPATypHAs 3aBUCHMOCTH coxpansercsa (1°1, p1, vl). Mckmouenue
COCTABJISIOT TAJUTHI, BUCMYT U CYpbMa, Y KOTOPBIX TPH IUIABJICHUN COIIPOTHUBICHHE YMEHBIIIAETCS.

3. Koaghgpuyuenm mennonpogoornocmu yr.

3a nepegavy TEIIOTHl Yepe3 METall B OCHOBHOM OTBETCTBEHHBI T€ JK€ CaMble CBOOOTHBIE 3JIEKTPOHBI.
[Toatomy, Kak mpaBuio, KO3QHUIMEHT TEIJIONPOBOAHOCTH Y1 METaJlJla HAMHOI'O OOJIbIIIE, YeM JUIJICKTPUKA.
OTcroza Takxke SIBCTBYET, YTO YeM OOJIbIIE 3JIEKTPONPOBOJHOCTE Y MeTajjla, TeM OOJbIlIe TOJDKHA OBITH U
€ro TEIJIONIPOBOAHOCTD, V.

[Ipu yBenuveHHH TeMIepaTypbl MOJBHKHOCTD JICKTPOHOB CHHKACTCS, TOTJd OTHOLICHUE Y1/ JTOJIK-
HO Bo3pacTaTh. MaTeMaTH4YeCKH 3TO BhIpakaeTcs 3akoHoM Bunemana-®dpanna—Jlopenuna:

vrly = T, (1.24)
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2 2
rae T — TepMomuHamuyeckas temreparypa, K o, =_7t3-i( — uncno Jlopenua, paBHOe 2,45-10°%
€
B%/K? k — nocrosiazast Bonbimana; e — 3apsij SJIEKTPOHA.

DTOT 3aKOH BBINIOIHICTCS MIPU TEMIIEpaType, OJIM3KOW K HOPMAIbHON MM HECKOJBKO MOBBINICHHOM,
JUTsl OOJIBIIIMHCTBA METAJUIOB (32 UCKIIOYCHUEM MapraHiia U OepuILIvs).

4. Konmakmuas pasHocms NOMeHYUdIo8 Qy—p;.

DTOT mapameTp MPUMEHSETCS B T€X CITydasx, KOT/Ia COeNUHSAIOTCS BA PA3IHMYHBIX MPOBOgHIKA. [Ipo-
BOJIHUKH UMCIOT Pa3HYIO KOHIICHTPAIIUIO CBOOOIHBIX 3JICKTPOHOB, ¥ TIOATOMY Ha MECTE MX COCJMHEHUS 00-
pasyercs HEeKOTOpast pa3HOCTh OTEHITHAJIOB.

5. Ilpeden mexanuueckoil npounocmu Ha pacmsidicerue op, MIla.

6. Omnocumenvhoe yonunenue nepeo paspovieom Al/l.

OTOT mapamMeTp MOKa3bIBAET, HACKOJIBKO YAJIUHSAETCS MPOBOJHMK, MPEXKJEC YeM OKOHYATENBHO IO-
pBaTHCHL.

7. Temnepamypuwiti K0dhuyuenm nuneHo20 pacuupenus o,

1dl

_Lld 1.25
“OTaT (129

Jannpiii K03 PHUIKMEHT TOKa3bIBaET, KaK CHJIBHO PACHIMPSCTCS MaTephall IIPH MOBBIIICHUH TeMIIepa-
Typbl Ha 1 K. Ilpu HOpManbsHOM TeMIiepaType U HOPMaJIbHOM JABJICHUU JIETKOIUIABKUE METAJUIBI UMEIOT
CpaBHUTCIIBHO BBHICOKHC 3HAUCHUA (), 4 TYT'OIVIaBKHUE — HU3KUEC.

Tema 3.3. MatepuaJibl BbICOKO# POBOAMMOCTH
Jlexiusi IpOBOAUTCS B MHTEPAKTUBHOMN (hopMe: ¢ pa300poM KOHKPETHBIX cuTyanuit (19ac).

K naunbosiee IIMPOKO paCIpOCTPaHEHHBIM MaTepHajaM BBICOKOH MPOBOJMMOCTU CJICAYET OTHECTH
MeNb U aJIIOMUHUH.

3.3.1. Meow

K nocrouncrBam menu, oGecrieqnBarOIUM €€ IUPOKOE TPUMEHEHNE, OTHOCSATCS:

— Mmanoe yaensHoe conpotusienue: p = 0,0179 MmxOm M npu H.y. (M3 BCeX MaTepHaioB TOJIBKO cepeod-
PO UMEET HECKOJIbKO MEHbIIIEE YAENbHOE COMPOTUBIIEHHUE, YEM MEJIb);

— JIOCTaTOYHO BBICOKAsi MEXaHMYECKask IPOYHOCTD;

— YZOBJIETBOPUTENbHAS CTOMKOCTh K KOPPO3UH (Melb OKHCISETCS Ha BO3yXe, AK€ B YCIOBHIX BBI-
COKOM BJIQXKHOCTH, 3HAUUTEJIBHO MEJIICHHEE, YeM JKeJIe30);

— BBICOKAsl TEXHOJIOTMYHOCTD (ME[b JIETKO IPOKATHIBAETCA B JIUCTHI M JICHTHI; IPOTATHUBAETCS B IIPOBO-
JIOKY, TOJIILIMHA KOTOPO MOXET OBbITh AOBEIEHA JI0 THICSYHBIX A0JIEH MUJTUMETPA);

— JIETKOCTh MAKH U CBAPKH.

B xauyecTBe NpoOBOAHUKOBOr0O MaTepuaia B Poccun UCIonb3yoT Meab IByX Mapok: M1 u MO.

M1 comepxur: 99,9 % memnu; 0,1 % npumeceit (0,08 % u3 HUX kucnopoxn). Kucnopon, Bxoasmmii B
COCTaB MeJH, yXy/IIaeT ee MEXaHNYECKHE CBOWCTRA.

MO coumepxur: 99,95 % menu, npumeceit He 6onee 0,05 % (xucmopona e Gonee 0,02 %). U3z mean
MO moxeT ObITh U3rOTOBJIEHA TOHKAs POBOJIOKA.

Ha cBoiicTBa Mean BIMSIHWE OKa3bIBAIOT HE TOJBKO MPHUMECH, HO U cHocod ee Tepmoobpabdorkm. Ilpn
XOJIOIHOH MPOTSDKKE MOMy4aroT TBepAyro Meab (MT), nMerolyto BEICOKYIO MEXaHHUECKYI0 IPOoYHOCTh. Eciu
ME/Ib MTOJIBEPraloT OTKUTY, T.€. HArpeBy /10 HECKOJIBKHUX COT IPagyCcoB C MOCIEAYIOUINM OXJIaKAECHUEM, TO IO-
Jy4aroT MATKYyI0 Meap (MM).

X XapaKTepUCTUKHU:

MT MM
0 =20,0179...0,0182 MkOMM p=0,0175 MkOM'M
6p= 390 MIla op=280 MIla

Ha BeMunHy CONpPOTHBIEHHS MeIM BiIuseT Temmepatypa (puc. 1.29). Ee temneparypa mnasnenns 1083 °C.

Menp NMpUMEHSIOT JUISI U3TOTOBJIEHUS PA3JIMYHBIX MPOBOJIOB, B TOM YHCII€ OOMOTOYHBIX HPOBOJIOB
TpaHcpOpMaTOpOB, ABUTATENEH, TEHEPATOPOB; JJIS M3TOTOBJICHHUS TOKOBEIYIIUX KHIJI Kabemei, MpoBOIOB
BO3AYIIHBIX JIMHUH 3JEKTporiepeaad HeOONbIIoH NPOTSHKEHHOCTH, IIHH B PACHpPEACTUTENbHBIX YCTPOUCT-
BaX, 3JIEKTPUUECKUX KOHTAKTOB U T.JI.

P,
0,3-
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Puc. 1.29. 3aBucumoctb p oT t OC st meu

[IpuMeHeHne MeaU OTPaHHYUBACT €€ BHICOKAS CTOMMOCTh U Je(UIMTHOCTh. B CBS3U C 3TUM B HEKO-
TOPBIX CIyYasiX BMECTO YACTOW MEJU B KAUECTBE IIPOBOJJHUKOBOTO MaTEpHala UCIIONb3YIOTCS CILIABhI HA €€
OCHOBE — OPOH3bL.

CniaBbl Meau. B 2yeKTpoTeXHHUKE MPUMEHSIOTCS CIDIABBI MEIIU C OJIOBOM, KpeMHHEM, Gochopom,
MarHueM, OepuJLTUEM, XPOMOM, KaaMueM. Takue CIiaBel HOCAT Ha3BaHHe OpoH3. CIuiaB MeAu W IIMHKA —
9TO IAMYHb.

[Ipu npaBHIBHO OJOOPAHHOM COCTaBE OPOH3HI M JIATYHb MMEIOT 3HAYUTEILHO 0oJiee BHICOKHE MeXa-
HUYECKUE CBOWCTBA, YeM yucTas Meab. Hampumep, OepuiineBas OpoH3a MMeEET MEXaHUYECKYI0 POYHOCTh
op= 1350 MITa.

OIHAKO AIEKTPONPOBOTHOCTL OPOH3 HECKOIBKO XY)KE, UM y YHUCTOH MEJTH.

B cBs13u ¢ BBICOKOW MEXaHUYECKOW MPOYHOCTHIO OPOH3BI HCHOJB3YIOT B TE€X CIyYasx, KOTJa MPOBOJI-
HUK HECET HE TOJBKO 3JICKTPUYECKYIO, HO U BBICOKYHD MEXaHHYECKYIO Harpy3ky. Hampumep, OpoH3bI npH-
MEHSIFOT JIJIs1 K3TOTOBIICHHS TOKOTPOBOISIINX MPYKUH, TTOJBIXKHBIX SJIEKTPHISCKAX KOHTAKTOB U T.I1.

3.3.2. Anromunuii

AJNIOMHMHUI SIBJISIETCS] BTOPBIM 110 3HAYEHUIO (II0CIe MeIH) MPOBOAHUKOBBIM MaTepuanoMm: p = 0,029
MKOM M (TIpH H.Y.).

Ero ocHOBHBIE XapaKTEPUCTUKU:

op=80...160 Mlla;
tras = 675 °C;
Alll = 18 %.

ANIOMUHUH — TIPEICTABUTENb JISTKUX METAIOB (puMepHO B 3,5 pa3za serdye meau). OH obmamaer mo-
HIOKCHHBIMH T10 CPaBHEHHIO C MEIBI0 CBOHCTBAMH — KaK MEXaHHYECKHMH, TaK W AJEeKTpuieckuMu. [lpu
OJIMHAKOBOM CEUEHWH W JJINHE MPOBOJHUKA 3JICKTPUUIECKOE COIMPOTUBICHUE ATIOMHUHUEBOTO IPOBOJA
OombIe, YeM MeqHOTO, pakTHdeckd B 1,63 pasza. CrenoBaTenbHO, YTOOBI MOYYHUThH aTFOMUHHUEBBIN TIPOBOT
TaKOTO e AIIEKTPHUUECKOTO COMPOTUBIICHHS, KaK U MEIHBIN, HY)KHO YBEJIIMYUTh €ro ceueHue B 1,63 pasa.
Ortcro1a MOHSATHO, YTO €CJH B JEKTPOTEXHUYECKOM YCTPOMCTBE OrpaHHYEHBI Ta0apUThI, TO 3aMEHA METHOTO
MIPOBOJIHMKA AJIFOMMHUEBBIM 3aTpyAHeHA. OHAKO MPYU 3TOM AJTIOMHUHHUEBBINA MPOBOJHUK MEHEE Ne(PUIIUTEH,
YeM MEIHBIN.

JIJ1st DIEeKTPOTEXHIMUECKUX TeNIel NCTIONB3YIOT ATFOMHUHHN TPEX MapOK:

Al -99,5 % amomunus u ue 6osee 0,5 % npumeceii;

ABO00 — 99,97 % amomunus u He 6osee 0,03 % npumeceil. AIIFOMUHHUNA 3TOH MapKU IPUMEHSIOT B OC-
HOBHOM JIJIs1 U3TOTOBJIEHUS (POJIBIH, 3JEKTPOIOB M KOPITYCOB OKCUAHBIX KOHICHCATOPOB;

ABO0000 — amroMuHU# HauBBICIIEH YUCTOTHI, TpuMeceit He 0osiee 0,004 %.

Paznbie mpumecH, BXOAIIME B COCTaB alIOMHUHUS, B Pa3IUYHON CTENICHH CHIDKAIOT €r0 yACTbHYIO
npoBoauMocTh. Tak, Hanpumep, no6asku: Ni, Si, Zn, Fe (0,5 %) cHmkaroT IpOBOAMMOCTE YA Ha 2—3 %; Cu,
Ag, Mg (0,5 %) — na 5-10 %; Ti, Mn (0,5 %) — na 10 % u BbIIIE.

Oco00EHHOCTHIO aTFOMUHUS SBJISETCS TO, YTO OH OYEHb CHIIEHO OKHCIISICTCSI Ha BO3JIyXEe U MOKPHIBALT-
Csl TOHKOW OKCHIHOW IUIEHKOW ¢ OOJBINMM DIEKTPUYECKUM COMPOTHUBICHUEM. DTa IIEHKA MPEIOXpaHsIeT
ATFOMHUHHNA OT JJAJBHEHIIIeH KOPPO3UHU, HO OJTHOBPEMEHHO C 3TUM CO37aeT OOJBIIOe MEPEXOHOE COMPOTHUB-
JIEHUE B MECTaX COCAMHEHUS aTIOMUHUEBHIX MPOBOJOB U, KPOME TOT'O, JeIaeT HEBO3MOKHOM MalKy aatoMHU-
HUSl OOBIYHBIMHM MeTOAaMU. JIJis Maliky aJrOMUHHUS TPUMEHSIOTCS CIICIHAIbHBIC MACThI — IIPUITION WIIH YJIBT-
Pa3BYKOBBIC TASITLHUKH.

W3 amoMHHUS M3rOTaBIMBAIOT CTAJICATFOMUHHAEBBIE TpoBoja Bo3aymiHo# JIDII (3T0 ocHOBHOE TpH-
MEHEHHE ATFOMUHHSA), [IOMUMO 3TOTO Wbl KaOenei, UHBI B pacIpeelINTENIHBIX YCTPOUCTBAX U JPyTHE
TOKOBEIYIIINE YaCTH JJIEKTPOYCTAHOBOK. M3 amOMUHUS MyTeM MPOKATKH IMOJIyYaloT TOHKYIO (10 6—7 MKM)
(oJBTY /11 U3TOTOBIICHUS ICKTPOIOB B OYMaKHBIX U IJICHOYHBIX KOHACHCATOpAX.

3.3.3. ZKeneszo (cmans)

43



YnensHoe conpoTtuBieHue xenesa p = 0,1 MKkOM-M (TIpu H.y.) — OOJIBITIE, YeM y aTIOMHHHAS U MEITH.

Henocratkamu sxenesa siBISIFOTCS:

— BBICOKOE JIJIsl POBOAHUKOB yJEebHOE COMPOTHBICHHUE (IPOBOJMMOCTD JKele3a Yr IPUMEPHO B 6—7
pa3 MeHbIIIE, YeM Y MeJN);

— Masioe yanuHeHue nepe paspeiom: Al/l =5 %;

— MaJlag CTOMKOCTh K KOPPO3HHM AK€ NPU HOPMAJIBHOM TeMmIiiepaType. B ycnoBHUSX HOBBIIIEHHOU
BJII&KHOCTH JKeJIe30 OBICTPO prKaBeeT; MPH MOBHIILICHUN TEMIIEPATYPbl CKOPOCTh KOPPO3UH PE3KO YBEIHUH-
BaeTcs. [loATOMy MOBEpXHOCTH CTANBHBIX MPOBOMOB JOJDKHA OBITH 3aIIHINEHA CI0EeM 00Jee CTOMKOro K
OKHUCIeHNIO MaTepuaia. OOBITHO JUTA 3TON IeNTH MPUMEHSIOT IIOKPBHITHE OJIOBOM HJIH IIHHKOM;

— IIpY IEPEMEHHOM TOKE B elle3e Kak B heppOMarHuTHOM MaTepualie 3aMETHO CKa3bIBaeTCs TIOBEPX-
HOCTHBIH 3()(EKT, MO3TOMY aKTUBHOE COMPOTHBICHUE CTAILHBIX MPOBOJHUKOB IIEPEMEHHOMY TOKY BBHIIIIE,
YeM TOCTOSHHOMY. Kpome Toro, mpu MmepeMEeHHOM TOKE B CTANbHBIX MPOBOJHUKAX TOSBISIOTCS TOTEPU
MOIIIHOCTH Ha TUCTEPE3UC;

— 3a CYeT TOro, YTO JKEJI€30 — MarHUTHBIA MaTepual, pHU MEPEMEHHOM TOKE B HEM BO3HUKAIOT JIOMOJ-
HUTENbHBIE TOTEPH HA HAMarHUYWBaHUE.

HecMmotps Ha mepedynciieHHbIE HEIOCTATKH, JKEIe30 IMHUPOKO MPUMEHSIETCS B DIIEKTPOTEXHHUKE Olaro-
Jlapst CIeIyIOIUM CBOMM JOCTOMHCTBAM:

— JIeMeBU3HA U JOCTYITHOCTE;

— BBICOKAsl MexaHuueckasi npo4HocTh: 6p= 700...750 MIla;

— BBICOKasI HAarPeBOCTOMKOCTH: trjap = 1535 oC.

B kauecTBe MPOBOAHUKOBOTO MaTepralia OOBIYHO MPUMEHSIOT MATKYIO CTallb C COJICPKaHUEM YTIIEpO-
na 0,10-0,15 %. Ee ucnonp3yroT B KadecTBe Marepuana il U3rOTOBJICHUS] MPOBOAOB BO3MYLIHBIX JTHHUN
npy nepenade HeOONBLIMX MOIIHOCTEH Ha KOPOTKHE paccTOstHUS. il NJIMHHBIX BO3AYIIHBIX JHHUH HC-
MOJIB3YIOT CTaJICaJIOMUHUEBBIE TPOBO/IA, B KOTOPBIX aTIOMHHHUI HECET Ha ce0e IIEeKTPUUECKYIO0 HArpys3Ky,
a CTaIbHOM CeplIeYHHK — MeXaHn4ecKyto. CTanp Kak MPOBOIHUKOBBIA MaTepral MPUMEHSIETCS TAKKe B BHJIE
IIFH B PacIpeIeIUTENbHBIX YCTPOUCTBAX, PEbCOB AMEKTPUPHUIIMPOBAHHOTO JKEIE3HOJOPOKHOTO TPAHCIIOP-
Ta ¥ TpaMBaeB U T.J.

3.3.4. Bumemann

B HexoTOpbIX ciyyasx A7 yMEHbUIEHHS PacXOJ0B I[BETHBIX METAJUIOB B MPOBOJHUKOBBIX KOHCTPYK-
LUSIX BBITOJHO NPUMEHATh TAaK Ha3bIBAEMbI MPOBOAHMKOBBIN OMMeTayul. DTO CTallb, MOKPHITAsl CHapy>KU
CJI0EM MEAH, IPUYEM METAIbl COEUHEHBI APYT C APYTOM MPOYHO M HEMPEPHIBHO MO BCEH MOBEPXHOCTH HX
COTIPUKOCHOBEHUS. brMeTania nMeeT MeXaHW4YecKHe M AJIEKTPUYECKHE CBOWCTBA, MPOMEKYTOUHBIE MEXKITY
CBOWCTBaMHM CIUIOLIHOTO MEIHOTO U CIIOLIHOTO CTaJbHOTO NMPOBOJHHMKA TOIO )K€ CEUCHMs. MexaHHuuecKas
NPOYHOCTH OMMeTana OoJblIe, YeM MM, HO 3JIEKTPOIIPOBOAHOCTh MeHblIe. B OumMeTarie Mens obecneun-
BaeT OOJBIIYIO MPOBOUMOCTD IIPH NIEPEMEHHOM TOKE, KOT/Ia B JKeJIe3¢ HAaunHAeT TPOSIBIISITHCS TOBEPXHOCT-
HBIH 3 dexT. [Ipr 3TOM TOK BBITECHSIETCSI HA MOBEPXHOCTh MPOBOJAHUKA M MPOTEKAET 10 CIOK0 Meau, o0a-
Jaroleil ydmield mpoBOJUMOCTBIO, YeM skene3o. Kpome Toro, Meab, HaHECEHHass Ha TOBEPXHOCTH CTaJH,
3alIMIIAET €€ OT KOPPO3UH.

bumMerann npuMeHSIOT 111 U3rOTOBJIEHUS ITPOBOAOB BO3AYIIHBIX JIMHUM, TUHUNA CBSI3U, IPOBOJOB Ha
JKEJIE3HOJOPOXKHOM TPAHCIIOPTE, KOHTAKTHOM CeTH TPOJJIEHOyCcOB M TpaMBaeB, IIMH B PACHPEACTUTEIbHBIX
YCTPOMCTBAX, MMEKTPUIECKUX KOHTAKTOB H IIp.

Tema 3.4. CBepXnIpOBOHUKH ¥ KPHONIPOBOTHUKH
Jlexumst mpoBOAUTCS B MHTEPAKTUBHOU (popme: jekuus-auciyT (19ac).

CepxnpoBoaHuKH. [Ipy CHWKEHUN TeMIepaTyphl YAEIbHOE COMPOTUBICHHE METALTUYCCKUX TPO-
BOJIHUKOB YMeHbIaeTcsi. Hampumep, npu OXJIaXACHUU PTYTH J0 TEMIIEPATyphl, TPUOIU3UTEIBHO PaBHON
TEMIIEPATypPE CIKMKCHHS T€JIUsl, CONPOTHBICHHUE PTYTH BHE3AITHO, PE3KMM CKAYKOM YMEHBILIACTCS JI0 Ype3-
BBIYAalfHO Majoro, He IMOJJAIOIIerocs U3MEPSHHIO 3HAUSHHUS, a, CIIeJ0BaTEIbHO, TPOBOJAMMOCTh BO3pAcTaeT
MOYTH IO OECKOHEYHOCTH. SIBIIEHNE YMEHBIIICHUS! COMPOTHUBIICHHS 0 BEChbMa HU3KUX BEJIMYWH IIPH OXJIaXK-
JICHUH JI0 TeMIiepaTyp, OJU3KUX K aOCOJIOTHOMY HYIIIO, Ha3bIBACTCS C8epXnposodumocmoio. Temmeparypa,
IIPH KOTOPOH BEIIECTBO MEPEXOAUT B CBEPXIPOBOIAIICE COCTOSHUE, HA3BIBACTCS MEMIEPAMYPOl CEEPXNPO-
sooumocmu T.. Ee BenmnunHa 3aBUCUT OT KOHKPETHOTO MaTepuaa;

g amomunns T, = 1,2 K;

JIJISI CBHHIIA T.=72K;

I HUOOUS T.=9,4 K.
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Hemenkue ¢usukun Maticiep u OkceH(ENb]] 3aMETWIN, YTO CBEPXIPOBOJHHMKH TPH TEPEXOJC W3
HOPMAJIBHOTO B CBEPXIIPOBOJISAINEE COCTOSIHAE CTAHOBSTCS UCAILHBIMH JUaMarHeTUKaMHu (T.. X OTHOCH-
TeTbHAas MarHUTHAS IIPOHUIIAEMOCTh PE3K0, CKAYKOM TafacT 10 HyJIs).

CrnemxyeT OTMETHTH, YTO CBEPXIIPOBOIAIIEE COCTOSIHHE OOpaTUMO: TPH TOBBIIICHHH TEMIIEPATyphI
CBEPXIIPOBOAUMOCTD HapyILIAETCSA U BELIECTBO MEPEXOJUT B HOPMAJIBHOE COCTOSIHUE C ONPEACIICHHBIM 3HA-
YEHHUEM NPOBOJUMOCTH Y.

B Hacrosmiee BpeMs U3BECTHO OKOJIO 35 CBEPXIPOBOJHUKOBBIX METAJUIOB U 00JI€E THICSYU CBEPXITPO-
BOJHUKOBBIX CINIABOB W XUMHYECKUX coennHeHnH. OgHaKo HEKOTOphIE BEIIECTBA, 00JIaaonIue Mmpu HOp-
MaJIbHOH TeMIIepaType BeCbMa MajlbiM 3HAYCHHEM YICIbHOTO COMPOTUBIICHHUS (CepeOpo, Mellb, 30JI0TO, TUIa-
THHA U Jp.), IEPEBECTU B CBEPXIIPOBOIAIIEE COCTOSHUE O CUX TOpP HE yAaeTcCsl.

TIpumeHeHne CBEpXIIPOBOIHUKOBBIX MAaTEPHUAJIOB B 3JICKTPOTEXHUKE OTKPHIBAET IIUPOKHUE MEPCIIEKTH-
BBI IS TIEpeIavH dIEKTPOIHEPTUH: O1arogapsi CBOMM CBOHMCTBAM CBEPXITPOBOIHUKH ITO3BOJISAIOT MTepeaaBaTh
ANEKTPUYECKYIO SHEPTHUIO Ha PACCTOSIHUS COBEPIICHHO O0e3 moTepb. OMHAKO CO3/IaHue HU3KUX TEMIIepaTyp u
TEM CaMbIM OOCCIICYCHHE COCTOSIHUS CBEPXITPOBOJAUMOCTHU JI0 CHX TOP MPEICTaBIACT COOOW CIIOXKHYIO, J10-
porocrosiiyto 3anady. [loaTomy B Hacrosimiee BpeMsl CBEPXIPOBOAHHUKU MPUMEHSIOTCS B OTPaHUYECHHOM
KOJINYECTBE. B 4aCTHOCTH, OHM MCMOJB3YIOTCA AJISI CO3[IaHHs CBEPXIPOBOJHUKOBBIX JIEKTPOMArHUTOB, IS
KaOeNbHBIX JTUHHI 3JIEKTporiepeiad O0JIBIINX MOIIHOCTEH Ha KOPOTKUE PACCTOSHUS; B yCTPOHUCTBAX MaMSATH
B BBIYHCIUTEIHHON TEXHUKE; B MOANIUITHUKAX C «MATHATHOW CMa3Koil», paboOTaIOMINX COBEPIIEHHO 0€3 Tpe-
Hus, U T.4. C 3TOH LEeNbl0 B KAU€CTBE CBEPXIPOBOJIHUKOBBIX MATEPUAIOB UCIIONb3YIOTCSI B OCHOBHOM ajll0-
MHUHHUK, HHOOWH U CIUIaBbI HA UX OCHOBE.

Kpuonposoguuxku. Kpuonposooumocms — siBIEHHE 3HAYUTEIBHOTO CHIDKEHHS YAEIBHOTO COIPO-
TUBJICHUS MaTepHaia Ipu yMEHBIIEHUH TeMIepaTypbl 10 KpuoreHHoi BenuuuHbl (Tp), HO 6e3 mepexoaa B
CBEPXIIPOBOJAIIECE COCTOSHUE:

TKp < Tc.

Hanpuwmep, nis amomunus Ty = 20 K. [Ipu 3101 Temnepatype aqtoMUHUIN EPEeXOAUT B KPHOIIPOBO-
JUSIIee COCTOSIHHE U €ro COPOTHBICHHE yMeHbImaeTcst B 6 000 pa3 mo cpaBrenmio ¢ H.y. (t = 20 °C).

[TpuMeHeHne KPUOTIPOBOTHUKOB BMECTO CBEPXIIPOBOTHIUKOB B IIEKTPOMAIIUHAX U IPYTUX YCTPOUCT-
BaX MOXKET UMETh CBOU MpeuMyliecTBa. Hanpumep, UCIonb30BaHNE B KAYECTBE XJIaJareHTa dHUJIKOTO BOIO-
pOJia WIIM KWJAKOTO a30Ta 3HAYMTEIHHO YNPOIIAeT W YJCHICBIISET BBHIMOJHEHHE TEIUIOBOW HM30JIALUHN yCT-
POMCTB M YMEHBIIIAET PACX0]] MOIIHOCTH Ha OXJIAXKICHHE.

B kauecTBe KpUONPOBOHUKOB UCIONIB3YIOT ME/Ib, ATFOMHUHUH, cepedpo, 30J10TO.

Tema 3.5. CniiaBbI BBICOKOTO CONPOTHBJICHUS

K cmaBamM BBICOKOTO CONMPOTHBIIEHUS OTHOCSIT BCE CIUIABBI C YJEIBHBIM CONpOTHBRIeHHEM p > 0,35
MKOM-M.

OHM IPUMEHSIIOTCS TSl U3TOTOBJICHUS 00PA3LOBBIX PE3UCTOPOB (B AIIEKTPOM3MEPHUTENBHBIX MPHOO-
pax), peocTaToB, NEKTPOILTUTOK, HArPEBATEIBHBIX MPUOOPOB U TIP.

K maHHBIM criIaBaM NpenbBISIOTCS ClIeayoUIe TpeOOBaHuUs:

— BBICOKasl CTA0OMJIBHOCTD COIIPOTHUBIICHHUS BO BPEMEHH;

— HU3KUH TeMnepaTypHbIi KO3()(UIUEHT yIeIbHOIO COPOTHBIECHHS O, (T.€. CTAOMIBHOCTD XapaKTe-
PHUCTHK IIPY U3MEHEHHU TEMIIEpaTyphbl);

— TEXHOJIOTNYHOCTH (BO3MO)KHOCTI) W3rOTOBJICHUS U3 HUX TMOKOM IIPOBOJIOKH, OYCHb TOHKOM IIpoOBO-
JIOKH);

— JIeIIeBU3HA.

KpOMe TOro, OHU HE JOJIXKHBI COACPIKATH ,Zle(i)I/IHI/ITHBIX KOMITOHEHTOB.

BBIIHeHepe‘H/IC.HeHHBIM Tpe6OBaHI/I$IM B HaWOOJIBIIEH CTEIECHU YAOBJICTBOPAIOT TaKHE CILIAaBbI, KaK
MaHraHWH, KOHCTaHTaH, CIUIaBbl HA OCHOBE KeJe3a.

3.5.1. Manzanun

MaHranuH — HanOojee TUIMWYHBIA U IUPOKO MPUMEHSEMBIH I M3TOTOBICHHS 00pPAa3IOBBIX PE3H-
CTOPOB CILJIaB.
Ero xumuyeckuii cocta: meap Cu — 85 %, mapranenr Mn — 12 %, aukens Ni — 3 %. Bosbmuim co-
JIepKaHUEM MEIH OOBSCHSACTCS JKENTOBATHIN I[BET.
OCHOBHBIC XapaKTEPUCTHKN MaHTaHWHA:
p=10,42...0,48 MkOM'M (TIpu H.Y.);
T = 200 °C;
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op =600 MIla;
Alll =30 %.

ManranuH 00J1a7iaeT BBICOKOH TEXHOJIOTUYHOCTHIO: MOXKET BBITSTHBATHCS B TOHKYIO TIPOBOJIOKY (10
0,02 Mm?); KOTOPYIO ITPH HEOOXOJMMOCTH IMTOKPHIBAIOT IMAJIEBO N30JISAIIACH.

3.5.2. Koncmanman
Koncranran — crias, conepxkamuii okosio 60 % menu u 40 % nukens. HazBaHue «kKOHCTaHTaH» 00b-
SICHSICTCS] 3HAYUTEIbHBIM TTOCTOSIHCTBOM COTIPOTHUBJICHUSI IPYU U3MEHEHUU TEMIIEPaTyPhI.
MexaHn4YecKre XapaKTepUCTUKA KOHCTaHTaHa:
p=0,48...0,52 MmxOMM (TIpH H.Y.);

T = 450 °C;
op =500 Mlla;
Al =30 %.

ITo MexaHMYeCKHM CBOMCTBaM KOHCTAHTaH OJM30K K MAaHTaHWHY, HO HATPEBOCTOMKOCTH y HETO BEIIIIE.
KoncranTan MOXKHO MNPUMCHATH JJI1 U3TrOTOBJICHUA PCOCTATOB U SJICKTPOHArpeBATCIIbHBLIX 3JIECMCHTOB, IJIH-
TEJIBHO PabOTAIOIIUX MPHU TeMIIepaType, paBHoi 450 OC. KoHCTaHTaH, OXHAKO, HE MOJKET HCIIONB30BATHCS B
W3MEPHUTENBHBIX CXeMaX, T.K. MPH HaJNYW{ Pa3HOCTH TEMIIEPATyp B MECTaX KOHTAKTa KOHCTAHTAHOBBIX
MIPOBOJHUKOB C MENbI0 BOZHHUKAIOT TepMO-2/]C, KOTOpbIe MOTYT SIBIATHCSA HCTOYHUKOM OIMHOOK TPH H3MeE-
pEeHHSAX.

3.5.3. Cni1aBbI Ha OCHOBe KeJie3a

B cocrar Takux CIUTaBOB, KPOME JKejie3a, MOTYT BXOAuTh: XxpoM Cr, amomunmuii Al, Hukens Ni, Boibd-
pam Wo, monubnern Mo, menp Cu u T.1. MIX BBICOKasi HArPEBOCTOMKOCTh OOBACHICTCS OOJIBIINM COZICpHKa-
HHEM METAJUIOB, 00Pa3yIONMX Ha BO3/AyXe CIUIOMIHYIO OKCHIHYIO TUIEHKY (4eM OOJIbIIe COIepKaHue jKele-
3a, TEM MEHEee HarpeBOCTOCK CILIaB).

[Tpu 00o3HAUYEHNH MapKH CIIJIaBa Ha OCHOBE KeJie3a MCIONIb3YIOTCs OYKBBI U LIU(PHI.

bykBa nmokaspiBaeT Hanboee XapakTepHbIe YJIEMEHTHI, BXOISIINE B cOCTaB cIuiaBa: B — Bombdpam; 1
—menp; X — xpom; HO — amomunmii; H — Hukens u 1.1.; mudpa — npubImM3uTensHOe colepKaHue B HEM JIaH-
Horo komrmoneHTa (%). Harpumep: mapka X2310S5 o3nauaer, 4ro cruias conepxut Cr — 23 %, Al — 5 %, oc-
TaJIbHOE KeJe30.

[IpuMeHSFOTCS TaHHBIE CIUIABBI JUIS M3TOTOBJICHHS PE3UCTOPOB, PEOCTaTOB, HO B OCHOBHOM — JUIS
AJIeKTpOHArpeBaTeNbHBIX 3JIeMeHTOB. [Ipu BbIOOpE cocTaBa cIuiaBa M PeKUMa €ro padoThl 00paIalOT BHH-
MaHHe Ha CIEAYIONINE OCOOCHHOCTH.

Bo-niepBbIX, 3TO JIeTy4ecTh OKCHIHOMU IUICHKU. Boupiioe 3HaueHne Ha CKOPOCTh CTApeHUS AJIEKTPOHA-
rpeBaTebHBIX MPHOOPOB, PadOTAIOIINX Ha BO3/IyXe, OKAa3bIBAIOT CBOWCTBA OKCHA, 00pa3ylollerocs Ha mo-
BEPXHOCTH CIUTaBa. Eciy OKCHUII JeTyuHid, TO OH OBICTPO YJIETyYHBAETCS C TIOBEPXHOCTH CIUIABA U HE MOXKET
3aIIMTHTh OCTABIIHMICSI METAIUT OT JaJbHEHIIEro OKUCIeHUs (HanmpuMmep, OKCHJ BoJb(ppamMa U MOJIMOIEHA).
A TIOTOMY Takue MeTaJulbl He MOTYT paboTaTh B HAKAJICHHOM COCTOSIHUM TIPH JOCTyTe Kuciopona. Ecmu ke
OKCHJI HE JIETYY, TO OH 00pa3yeT NMpH OKUCIICHUHU MPOYHBIN 3alIUTHBIN CI0M Ha TTOBEPXHOCTH METaJlIA.

Bo-BTOpBIX, 3TO PaBEHCTBO TEMIIEPATYPHBIX KOIDPUIIMECHTOB OKCUIHOM TUICHKH U CIuIaBa: o’ o =
o™, Eciii OHHM HE PaBHBI, TO [IPH HArPEBE CIUIAB OY/IET PaCUIUPATHCS CHIIbHEE, YeM OKCHJIHAS IUICHKA Ha
€ro MOBEPXHOCTH, MOATOMY OHA OYyJIET TPECKaThCsl, a B TPEIIMHAX OKHCIISITHCS 32aHOBO U T.JI. B pe3ynbrare oT
MHOTOKPAaTHOT'O KPaTKOBPEMEHHOTO BKJIFOUEHHS 3JIEKTPOHArPEBATENFHOTO AJIEMEHTA U3 TAKOTO CIIaBa OH
MOJKET MEPEropeTh 3HAYUTEIBbHO OBICTpEe, YeM OT HETIPEPHIBHON PabOTHI IPHU TOH ke Temneparype. B cBsizu
C OTUM TOJI00HBIE CIUIaBBI JOJDKHBI PadOTaTh B PEKUME JUIMTEIBHOTO HarpeBa, 0e3 pe3kux MepenagoB TeM-
neparyp.

Ecmm o™ "™ = o™, 10 criaB OyaeT pacimpsaThCs OJHOBPEMEHHO C OKCHIHOM TUICHKOM, U TOTAa
€ro MOYKHO UCIIOJIb30BaTh IIPH KPATKOBPEMEHHBIX PEKUMAX Harpena.

[IpumMepamu cIuTaBoB Ha OCHOBE JKeJie3a SBIISTIOTCS HUXPOMBI, (PeppOHUXPOMBI, XpOMaIH U (eXpaH.

Huxpomamu HaspiBatotes cruiaBbl cuctemsl Fe + Ni + Cr. @epponuxpomst — 3T0 CIUIaBbI € MOBBIIICH-
HBIM COZICp’KaHHEM >KeJle3a.

Y nenpHoe conpoTusienne Huxpoma p = 1,0...1,2 MkOm'Mm (npu H.y.); T = 1 100 oC.

CTOWKOCTh XPOMOHHUKEIIEBBIX CIUIABOB IPU BBICOKOM TeMIIEpaType B BO3IYIIHOW cpeie O0OBsCHIETCS
ONM3KMMH 3HAYEHHSAMH TEMIICpaTypHbBIX KOA()(UIIMEHTOB JTMHEHHOTO pacIIMPEeHHs TUX CIIABOB U MX OK-
CHIHBIX IIJICHOK.

CpOK >KH3HH 2JIEKTPOHArPEBaTEIbHBIX IEMEHTOB 3 HUXPOMA 3aBUCHT TaK)KEe OT PaBHOMEPHOCTH Ce-
YeHUsI IPOBOJHMUKA 10 BCEH JUTHHE (B MECTax C YMEHBIICHHBIM CEYEHHEM HarpeBaTelbHbIEC HICMEHTHI Iepe-
TPEBAIOTCS U JIETYe MePeroparoT).
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HenocraTkom HUXpOMOB SIBISICTCS COJICPIKAHUE B HUX HUKEIS — JIOPOTOro U ISHUITUTHOTO METalIa.

Xpomanu — 310 crunaBel cucteMbl Fe + Cr +Al. @expanu — 310 Te e CIUIaBbl, HO C MOBBIIICHHBIM CO-
JiepKaHUEeM XKelie3a.

VnensHoe conporuBieHne xpomanei p = 1,2...1,5 MkOM-M (mpu H.y.); Tps = 1 200 oC.

XpoMoalllOMHHHEBBIE CILIaBhl ((hexpajib U XpOMajlb) HAMHOIO JelieBiie Huxpoma: Xxpom Cr u anromu-
uuit Al gemesine n goctynHee Hukens Ni. OnHako OHH MEHEe TEXHOJOTHYHBI, O0Jiee TBEPbl U XPYIKH, U3
HUX MOTYT OBITh IOJY4YCHbI IPOBOJIOKH U JICHTHI OOJIBIIET0 CEYCHUS, YeM U3 HUXPOMOB. [loToMy 3TH cruta-
BbI UCTIOJIB3YIOTCS B DIICKTPOTEPMUYECKON TEXHHUKE ISl M3TOTOBJICHHSI DJICKTPOHATPEBATEIbHBIX MPHOOPOB
0OJIBIIION MOIITHOCTH W TIPOMBIIILICHHBIX JICKTPOIICUCH.

Tema 3.6. [Ipyrue npoBoIHHKOBbIE MeTAJLIIbI

BoabdpamM — upe3BbIYaHO TSHKENBIH METAJII CEPOTo I[BETA; CPEAM BCEX METAIOB MMEET Hambojee
BBICOKYIO TEMIIEPATYpPy MJIaBICHHS.

Ero ocHOBHBIE XapaKTEPUCTHKH:

p =0,055 MmxOMm'M (TIpH H.Y.);

op=4 000 MIla;

Alll = 4 %;

tusas = 3 380 °C;

T,.s = 2 000 °C, omHAKO IpH TOH TemmepaType Bomb(paM I0IDKEeH paboTaTh 6e3 0CTyIIa KHCIOpO/Ia,
B MPOTUBHOM CJIy4ae OH OYCHb OBICTPO OKUCIISETCS M €ro yIENbHOE CONPOTHUBICHUE PE3KO YBEINUUBACTCS
10 0,7 MkOM-M.

HpI/IMCHHIOT BOJII)(i)paM JJIs1 U3TOTOBJICHUA HUTEH JaMi HaKaJIMBaHW, MOABUIKXHBIX 3JICKTPUYCCKUX
KOHTaKTOB.

Cepedpo — cepeOpHCTBIN MeTalll, CTOMKHIA TPOTHB OKUCIICHHSI IPH HOPMAIILHOW TeMIlepaType, o0ia-
JMAIOMIMA CaMbIM MaJleHPKUM yAeNbHBIM compoTuBieHueM: p = 0,016 mMxOmMm (mpum  H.Y.);
op= 200 MIIa; Al/l =50 %.

CepeOpsiHyt0 MTPOBOJIOKY MCIIONB3YIOT Il M3TOTOBJICHHS AJIEKTPHYECKUX KOHTAKTOB, PACCUATAHHBIX
Ha HeOonbme Tokd. CepeOpo MOXKHO HAHOCUTD Ha JU3JICKTPUKH B KAUECTBE 3JIEKTPOJOB B KEPAMUUECKUX U
CITIOJISTHBIX KOHJIEHCATOPAaX.

OjHaKO HECMOTPSI Ha CBOM BBICOKHE XapaKTEPUCTUKH, cepeOpo UMeeT KpaiiHe OrpaHHYeHHOE MPHMeE-
HEHHE, T.K. 3TO JOPOrod U Ie(UIMTHBIA METall, KPOME TOT0, OHO UMEET CKJIOHHOCTh K MUIPally BHYTPb
JIU3JICKTPHKA B YCIOBUSIX BBICOKOH BIIQXKHOCTH.

OJ10BO — MATKHI MeTajll cepeOpucTo-0esoro 1seTa, 00JaIatonuil BBICOKOW CTOWKOCTBIO K OKHCIIC-
HUIO, HO HU3KOH MEXaHUYECKOU MPOYHOCThIO: Gp= 16...38 MI]a.

Ero ynensnoe conportusnenue p = 0,12 MxOm-M (Tiput H.y.).

IIpumensieTcsi B KauecTBE aHTUKOPPO3UUHBIX TOKPBITHH METAJUIOB; BXOAUT B COCTAB OPOH3 U IMPUIIO-
eB. ToHkas onoBsiHHAA (OJIbIra IPUMEHSETCS B IIPOU3BOICTBE KOHIEHCATOPOB.

Tema 3.7. IIpuniou u ¢irocbl

IIpunou — 370 crienMaNbHbIE CIUIaBbl, IpUMeEHseMble IpH naiike. [laiika ocymiecTisiercs: i co3aa-
HUS MEXAY COEAMHAEMBIMU JI€TAISIMA MEXaHUYECKH IMPOYHOTo IIBa. [Ipunon KoIKHBI UIMETh TeMIIepaTypy
TUTaBJIEHUS] MEHBIIIE, YEM y CIUIaBIISIEMBIX METAJUIMYECKUX yacTeil. Ha rpanuiie conprKOCHOBEHHS pacIuIaB-
JICHHOTO TIPHIIOSI ¥ TBEPJOTO METajula MPOUCXOASAT CIOXKHBIE (PrU3NKO-XuMUYeckue mpoueccsl. [lpunoit cma-
YUBAET METAJUI, PACTEKAETCS 10 HEMY W 3aIOJHSIET 3a30pbl MEXKAY COeAWHSEMBIMU aeTamsiMu. [Ipu sTom
npuroil 7udGyHIUpyeT B OCHOBHONH METaT M TOT PACTBOPSETCS B MPHUIIOE, B PE3ybTaTe 4e€ro 00pa3yeTcs
MIPOMEXKYTOUYHAs MPOCIIONKA, KOTOPas MOCIIE 3aCTHIBAHUS COSANHAET ACTAIH B OJTHO LIEJIOE.

[puron mojpaseNsoTes Ha msekue (TemepaTypa mnasinenns 10 400 °C) u meeposie (Temnepatypa
ru1aBieHns Boime 500 0C). K MsrKuM oTHOCATCS TIpeXxie Bcero ooBsaHo-cBuHIoBbIe (ITOC-1810 TTOC-90).
Conepxanue osoBa B HuX oT 18 10 90 %. CymiecTByIOT Takke MsTKUe MPUIION ¢ 100aBKaMH aJIFOMUHHS U
cepebpa. TBepabie npunon MoryT ObITh MeaHO-HMHKOBBIMU (IIMLI) u cepedpsabmvu (I1CD).

@niocebl — BCTIOMOTATENIbHBIE MaTepHaiIbl IS OTYUYeHHUS HAAeKHOM maifku. OHU OYHIIAIOT ITOBEPXHO-
CTU COEJIUHSIEMBIX C MOMOIIBIO MAaWKK JEeTajell OT OKCUJOB U 3arpsi3HEHUH, 3alllMIIal0T B MPOIECCE MalKu
MOBEPXHOCTH METaJlIa ¥ TIPHUIION OT OKKCcIeHus. B kauecTBe ¢uroca Hconb3yroT KaHU(OIb, OOPHYIO KHCIIO-
Ty, BOJHBII PacTBOP XJIOPUCTOTO LIWHKA, CHUPTOBOW PACTBOP KaHU(OJIH.

Pasznea 4. [1o1ynpoBOAHNKOBbIE MATEPUAJIBI

Tema 4.1. O01He cBeieHHS 0 MOJTYNTPOBOAHUKAX
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Jlexumsi mMpOBOAMTCS B MHTEPAKTUBHOU (popme: ¢ pa3dopoM KOHKpETHBIX cutyarui (14ac).

Ilonynposoonuxogvie mamepuansl — OOJIbIIAST TPYIA BEIIECTB C IEKTPOHHOH 3IIEKTPONPOBOIHO-
CTBIO, YAETHHOE CONMPOTUBICHNE KOTOPHIX IPH HOPMAJIBHOU TeMmeparype OoJbliie, 4eM Y IPOBOIHUKOB, HO
MEHBIIIE, YeM Y THIIICKTPHKOB.

DIEKTPONPOBOJHOCTD TONYNIPOBOJIHUKOB B OOJBIICH CTENEHH 3aBUCUT OT BHELIHUX YHEPTETHYECKUX
BO3/ICHCTBHH, a TaKXKe OT Pa3IMYHBIX MPUMecel, HHOTAA B HUYTOKHBIX KOJIWYECTBAX MPUCYTCTBYIOIIUX B
TeJe «COOCTBEHHOT0» MOJYNPOBOAHMKA. YTPABIIEMOCTh AIIEKTPONPOBOAUMOCTBIO TOIYIPOBOAHUKA MO-
CPE/ICTBOM TEMIIEPATYPhI, CBETA, HIEKTPHUUECKOTO TT0JIS, MEXaHMYECKUX YCHIIMH MOJI0KEHAa B OCHOBY ITPHH-
IUIa JeWCTBHS TEPMOPE3NCTOPOB, POTOPE3NCTOPOB, HETMHEHHBIX PE3UCTOPOB H T.1I.

Hanmume y modynmpoBOJHHKOB JABYX THIIOB 3JEKTPOIPOBOIHOCTH: DIEKTPOHHOW W 3JICKTPOHHO-
JBIPOYHOM — MO3BOJISIET MOIYYUTh MOJYTIPOBOJTHUKOBEIE U3AeNus ¢ p-N-niepexonom. Croa OTHOCSITCS pas-
JIMYHBIE THITBI MOIIHBIX U MaJIOMOIIHBIX BHINPSIMUTENEH, yeuianuTeneil 1 renepatopos. [loaynpoBoaHUKOBBIE
TeHepaTopbl C yCIEXOM MOTYT OBITh HCIOIB30BaHBI Ui MPeoOpa3oBaHMs Pa3liUYHbIX BUAOB DHEPTUH B
DHEPTUIO DJIEKTPHUECKOTO TOJIs (HampuMep, COTHEUHBIC OaTapen M TepMORJIEKTpUUIecKrue reHepaTopsl). C
HOMOIIIBIO TTOIYIPOBOTHUKOB MOXKHO MOHIDKATh TEMIIEPATypy Ha HECKOJIBKO JIECSTKOB I'PalyCOB.

B Hacrosimee BpeMsi peKOMOMHALIMOHHOE CBEYCHUE HIICKTPOHHO-IABIPOYHBIX IEPEX0JI0B, IPOUCXO/IS-
1ec Mpr BBICOKOM HAIIPSHKECHUN U IMTOCTOSAHHOM TOKE, UCITOJIB3YCTCA IJIA CO3JaHUA CUTHAJIbHBIX HCTOYHUKOB
CB€Ta, a TaKXKEC B YCTpOI\/'ICTBaX BbIBOJ1a I/IH(bOpMa]_[I/II/I N3 BBIYHUCIIUTCIIBHBIX MAlllUH. HOHynpOBO}IHI/IKI/I MOT'yT
CIIY’KUTb HArpe€BaTCIbHbBIMU DJJICMCHTAMU, HWHAHUKATOPAMHU PAAWOAKTHBHBIX I/I3Hy‘-ICHI/II\/'I, C HUX IIOMOIIBIO
MO’KHO U3MEPSTh HAPSKCHHOCTh MArHUTHOTO TIOJIS | T.I.

N3rotoBieHHbIE U3 TOITYIPOBOAHUKOBBIX MAaTEPHAIOB IMTPUOOPHI 00JIAIAIOT CIIEAYIONIMMH ITPEUMYyIIe-
CTBaMH:

— OOJIBILION CPOK CITYKOBI;

— Manble rabapuThl 1 Macca;

— IIPOCTOTA U HAJIKHOCTh KOHCTPYKIIUH;

— OonpIIasi MEXaHW9IeCKast IPOYHOCTH (HE OOSITCS TPSCKH U YAApPOB);

— ToTpe0IeHre MaJIO MOIITHOCTH;

— 9KOHOMHYHOCTbH TIPH MacCOBOM IIPOU3BOJICTBE.

Tema 4.2. Knaccupukanus norynpoBoIHUKOB

Hcnonp3ytomuecst B MPaKTHKE MOTYTPOBOTHUKH PA3JIEIISIOTCS:

1) IO XUMHUYECKOMY COCTaBY:

* npocThie (00pa30BaHHBIC AaTOMAMH OJIHOTO eMeHTa: Si, Se...);

* CJIOKHBIE (B COCTaB BXOJISIT aTOMBI JIByX Win OoJiee anementos: SiC, ZnSe);

2) 1O arperaTHOMY COCTOSTHHIO:

* CTEKJIOOOpa3HEIE;

* KHUJIKHE,;

3) MO 31EeKTPONPOBOHOCTH:

* cobcmeenHble, HE CONEPIKAIIMe MTPUMECeH, KOTOPhIC BIMSIOT HA 3JIEKTPONPOBOAHOCTE (puc. 1.30).
OJIEKTPOHBI B 30HY CBOOOJHBIX 3HEPreTUUYECKUX YPOBHEW MOTYT IOCTABIATHCS TOJIBKO M3 3alOJHECHHOH
AIIEKTPOHAMU (BaJICHTHOMN ) 30HBI,

* npumechHvie, COIEPKAIIUE YYKEPOIHBIE aTOMBI JPYrOro
JJIeMEHTa JIM0O0 H30BITOYHBIE IO CTEXHOMETPHUUECKOMY COCTaBY
aTOMBI T€X CaMbIX 3JEMEHTOB, KOTOPHIE BXOIAT B (hOPMYIy COE/IH-
HeHUs. Poib mpumeceil MOTYT UrpaTh BCEBO3MOXKHBIE Te(DEKTHI KPH-
CTAJJTMYECKOM PEIIeTKH: MyCThIC Y3JIBI, aTOMBI
1 MOHBI B MEXKJIOY3JIUAX, MUKPOTPELIUHBI U T.A. [IpuMecHbIe mOJTy- °
MIPOBOJIHUKH, B CBOIO OYEPE/ib, JACIATCS HA OOHOPHbIE U AKYENMOp- °
note (puc. 1.31). Puc. 1.30. DuepreTudeckas

JuarpaMma COOCTBEHHOTO
TOJTYIPOBOTHUKA

1+39B

W=

o

0,01- 0,1 5B

0,01- 0,1 5B
[ ]

[ ]
o—>
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a o
Puc. 1.31. DHepreTuueckas fuarpaMMa NpUMECHOTO MOJYIPOBOJHUKA: & — C JOHOPHOW MTPUMECHIO;
0 — ¢ aKIENTOPHOM MPUMECKIO

Tema 4.3. DjieMeHTbI, 00/1aJa1011[e CBOHCTBAMM MOJIYIIPOBOIHUKOB

Jlekuust IpOBOIUTCS B MHTEPAKTUBHOM (opme: nekuus-o6ecena (0,54ac).

I'epmannii (Ge) — KOBaJICHTHBII KpUCTAILL, TBEPAbId U Xpynkuil. CoaepkaHue ero B 3eMHOI Kope
HeBennKo U coctaBisieT mpuMepHo 0,001 %. [lomy4yaroT ero B OCHOBHOM B Pe3yJIbTaTe CIOKHOTO TEXHOJIO-
THUYECKOTr'0 IIpoliecca U3 NPOIyKTOB CropaHus Oyporo yriisi. Belmyckaercs: repMaHuii pa3inudIHbIX MapoK, KO-
TOpBIE PA3IMYAIOTC MEXKAY COOOH colepKaHuEeM IpUMecel U, COOTBETCTBEHHO, 3HAYEHUEM YACIBHOTO CO-
npoTuBieHusA. B cpeanemM coOCTBEHHOE YAEIbHOE CONPOTHBICHUE IepMaHMs IpU TeMmIeparype, paBHou 20
°C, p = 0,47 Omm. IIpy MIaBIEHHH P PE3KO YMEHbIIACTCA MPUMEpPHO B 13 pas. IIpu nanbHeiiniem Harpese
CHAYANA TIOYTH HE U3MeHseTcs, a HaunHas ¢ t = 1 140 °C, BO3pacTaer.

Hcnonp3yeTtcst TepMaHuii B IPOU3BOACTBE TOIYIIPOBOJIHUKOBBIX MPUOOPOB, HATIPUMED BBIIPSMHUTEICH
MEPEMEHHOTO TOKAa Pa3IMYHOW MOIIHOCTH, TpaH3uCcTOpoB. M3 Hero genaioT mpeoOpaszoBaTenn Xoia ais
U3MEPEHHsI HAIIPSDPKEHHOCTH MarHUTHOTO TIOJIS, TOKAa M MOIIHOCTH; Peo0pa3oBaTein UIsl YMHOXKEHUS ABYX
BEJIMYMH B BBIYMCIUTENIEHON TEXHUKE U T.A4. ONTHYECKUE CBOMCTBA MO3BOJISIOT UCIIOIb30BaTh FEPMaHUi IS
W3TOTOBJICHUS! OTOTPAH3UCTOPOB H (HOTOPE3UCTOPOB, ONTHUECKUX JIMH3, PUIBTPOB U T.A. [ 'epMaHuii MOKET
TaKe UCIIOJIb30BATHCS ISl U3TOTOBJICHHUS CUETYMKOB SIICPHBIX YACTHII.

Pabounit quanazoH TemmepaTyp repMaHueBbIX mpudopos ot —60 no +70 °C. Jlauusie IPUOOPHI TOJIK-
HBI OBITH 3aIIMIICHBI OT IEHCTBHUS BIAXKHOTO BO3AYyXa.

Kpemnnii (Si), kak ¥ repMaHuii, OTHOCHTCS K KOBAJICHTHBIM KpUCTAJUIaM. DTO OJMH M3 HambOoliee
pacnpoCTpaHEHHBIX IIEMEHTOB 3eMHO#t Kopsl (~ 30 %).

Ero yznenbHoe conporusienue p = 2 000 Om-M (mpu t = 20 °C).

DNEeKTPONPOBOJHOCTh KPEMHHS OYEHBb CHIIBHO 3aBHUCHUT OT KOHIEHTpalWU npuMeced. B HacTosee
BpEMs1 KPEMHUH SIBIISICTCS OCHOBHBIM MaTEpHAIOM AJISl U3TOTOBJICHHS MTOIYIIPOBOJHUKOBBIX IPUOOPOB: IHO-
JI0B, TPAH3UCTOPOB, (POTOIEMEHTOB U T.1. 1 KpEMHUEBBIX MPUOOPOB BEPXHUH Mpesel Tp,s MOKET JOCTH-
ratb 120-200 °C, 4T0 3HAYMTEIHHO BHIIIE, YEM Y FepMAHH.

CeJleH 1OMy4arOT TP AIIEKTPUUYECKOH ouncTke Meau. CeneH MOXeT ObITh M aMOP(HBIM TEJIOM, U
KPHCTAIUIMYECKUM, Pa3HOTO 1BeTa. He B3auMomencTByeT ¢ BOJOU. Y IeIbHOE CONMPOTUBIIEHHE CEJIEHA U3Me-
HSIETCS B OYEHb IMHPOKHX mepeenax: 1—10™ OM'M — ¥ 3aBHCHT OT PoJa M KOHIEHTPAIMH IpUMeceii, TeMrTe-
paTypsl, ocBemeHHoCTH. TeMIepaTypHbIii HHTEpBa CeNeHOBBIX MPHGOPOB 0T —60 10 +75 °C.

W3 ceneHa U3roTaBauBaioT GOTOPE3UCTOPHI, POTOINEMEHTHI, TUH3BI M BBIIPSIMHUTEIH.

Tema 4.4. Xumuueckue COCAUHCHMUA CO CBOMCTBaAMMH MOJYNNpOBOAHUKOB

[TomynpOoBOAHIKOBEIMU CBOWCTBAMH OO0JIAZIAF0T MHOTHE XHMHYECKHE COeNWHEeHHs. B xumum moiy-
MIPOBOJIHUKOBBIX COSIMHEHHUM MpUHATHI 0003HaueHus tuna AIIIBV, rae Alll — aneMeHT TpeTbel rpymibl, a
BV — sneMeHT niATO# rpymImeL.

Coennnenns Tuna AIVBIV.

OmauM 13 BaKHEHIHX TSI TEXHUKH coenuuennit tTunia AIVBIV sBisiercst kapoun kpemawns. B3anmo-
JIEUCTBHUE KPEMHUS C YIIIEPOJAOM MPUBOIUT K YCUIICHUIO KOBAaJCHTHOU CBSI3H, CIIEIOBATEIbHO, TEMIIEpaTypa
TUTaBIICHUS KapOuia KpeMHUs OyJIeT BEIIIE, YeM y YHCTOro KpemHus. Kpome toro, y xapOuaa KpeMHHS T10-
BBIIIAETCS BEJMUMHA 3aMpeliieHHoN 30HbI. [ToaToMy M3 KapOuaa KpeMHHS MOYKHO M3rOTaBIMBATh HPUOOPHI,
paboTaromue npu 60iee BEICOKOU TeMIepaType, 4eM KPEeMHHUEBBIC TPUOOPHI.

IHlonynposoonuxoewie coeounenus muna AIIIBYV.

OTH coenuHEHHs 00pa3yloTcs B pe3yibTaTe B3aHMMOJCHCTBHS dJIe-
MeHTOB [I[-0 moarpymnmel nepuoguueckoi Tadaumpl (6opa, aJfOMHUHUS, TaJUINsl, MHAUS) C 3JIeMEeHTaMu V-0
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noArpynmsl (a30ToM, Gochopom, MEIIIEIKOM U CypbMoii). [l COeMHEHNN TaKOTO THIIA XapaKTEPEeH THUI
XUMHYECKOHN CBSI3M Ha3bIBAEMOW JOHOPHO-AKIICITOPHONW. DTOT THIT CBSA3H MPEJCTABISAET COOON MEepexoa OT
KOBAJIEHTHOM CBSI3U K MOHHOW. DU3MUECKHE CBOMCTBA TaKUX MaTEPHUAIOB OMNPENENAIOTCS HEPTUen CBS3H,
KOTOpasi yMEHbIIAeTcs 0 Mepe POCcTa MOPSAKOBOTO HOMEpa AJIEMEHTOB, BXOSIIUX B COCTaB MaTepHaa.
[ToaBM>XHOCTH HOCUTENEH 3apsiia B MOIYIPOBOAHUKAX TAKOTO TUIA OTPAHUYMBACTCS B OCHOBHOM PACCESIHHU-
€M 3JIEKTPOHOB Ha ONITUYECKUX TETUIOBBIX KOJIEOAHUIX PEIIETKH, IO KOTOPHIMHA MTOHUMAIOT TPOTHBO(a3HOE
cMmernieHne cocerHux atoMoB. Ilockonbky atombr Alll u BIV o6magaroT HEKOTOPHIM HOHHBIM 3apsIOM, TO MX
MpOTUBO(A3HOE CMEIICHNUE MPHUBOAMUT K TOSBICHUIO JUIMOILHOTO MOMEHTA, SIBIISIOMIETOCH 3()()EKTHUBHBIM
LHEHTPOM paccesiHusl HocuTenel 3apsaa. Yem Oouibliie pa3HOCTh AMEKTPOOTPULIATEIBHOCTEH JIEMEHTOB, 00-
pasymoInX COeIWHEHNE, TeM CHIIbHEe BBIpaKeHa MOHHAS COCTABILIONIAS XUMHUYECKOHW cBsi3u. COOTBETCT-
BEHHO BO3pACTacT PacCesHUE HICKTPOHOB U JBIPOK HA ONTUYCCKUX KOJCOAHUSIX U YMCHBIIACTCS MOIBHK-
HOCTb HOCHUTEJIEH 3apsija.

MHuoroo0pasue cBoicTB monynpoBogHukoB Truma AIIIBV mpuBeno k ux mmpoxoMy NMPUMEHEHHUIO B
Pa3IMYHBIX TEXHUYECKUX yCcTporcTBaxX. Ha WX OCHOBE M3rOTaBIMBAIOT HHXKEKIIMOHHBIE JIa3ePhl U CBETOINO-
Ibl. Y apceHHUIa rajuius NIMpUHA 3alpelleHHON 30HbI OJIM3Ka K IMPUHE 3alpelICHHON 30HBI KPEMHUS, a
MTOJIBIKHOCTh HOCHTENEH 3apsiaa Onu3ka K MOJABMKHOCTH HOCHTENEH 3apsna repMmanus. [loaTomy naHHBIH
MaTepuan SBJsIeTCS BeChMa MePCIEeKTUBHBIM /ISl H3TOTOBJICHUS HHTETPATBHBIX MHUKPOCXEM C BBICOKUM OBI-
CTPOAEHCTBUEM.

Ilonynpoeoonukosvie coeounenus muna AIIBVI

K coenunenusim tuna AIIBVI oTHOCAT XanbKOT€HHIBI ITUHKA, KaAMUS U PTYTH. XUMUYECKAs CBS3h
HOCHUT CMCIIIAHHBIN KOBAJICHTHO-MOHHBIN XapakTep. KoMIIOHeHTa MOHHOW CBSI3U B TAKUX COCAMHEHUSIX BBI-
paxeHa cuiibHee no cpaBHeHUto ¢ coeauHeHussMu tuna AIIIBV. C poctoMm cpenHeil aTOMHON Macchl aTOM-
HOI Macchl COEIMHEHUI YMEHbBIIAETCS [IUPUHA 3alPELICHHON 30HbI M CHUXKAETCSI TEMIIEpaTypa IJIaBICHUS,
OJTHOBPEMEHHO TOBBIMIAETCS MOJABMKHOCTh Hocutenel 3apsina. Coenuuenus tuma AlIBVI npumensroTcs
JUTSL ©3TOTOBJICHHS (DOTOPE3UCTOPOB, 0OJIAAIOIINX BBICOKOW YYBCTBUTEIBHOCTHIO B BUIUMOM 00JIACTH CIICK-
Tpa, a TaKKe I U3TOTOBIIEHUS TIIOMHUHO(OPOB.

Pa3gen 5. MarHuTHble MaTepUAaJIbl

MarHuTHbIC CBOWCTBA BEIICCTB 3aBHCAT:

— OT UX CTPYKTYPBHI:

— (hOpMBI JBMKECHUS 3aPSDKEHHBIX YACTHIL,

— CBOMCTB MOJICKYJISIPHBIX YACTHIL;

— BUJIa CBS3M MEXJIy aTOMaMHM U MOJICKYJIaMU;

— TPYIIIT aTOMOB M MOJIEKYJT;

— BHEITHUX MEXaHUUECKUX BO3JICHCTBUI.

B 3aBHCHMOCTH OT MarHUTHBIX CBOMCTB BCE BEIIECTBA JACATCA HAa Cl1abOOMacHumHbvle U CUTbHOMAZ-
numnote (puc. 1.32).

Bermecta
CnaboMarHuTHbIE CHWIBHOMATHUTHBIE
JInaMargeTUKH [MapamMaraeTuku DeppoOMarHeTUKK Depputhl
— _/
A
Marauromsarkue MaruuroTBepabie

K cmaGoMarHUTHBEIM MaTepHaniaM OTHOCSTCS muaMarHeTwku (L < 1) m mapamarmeTuku (W, > 1), mpu-
YeM WX MarHuTHas MPOHUIAEMOCTh |l HE 3aBUCHUT OT HAINPSHKEHHOCTH MAarHUTHOTO mous. [Ipumepamu nua-
MarHeTUKOB SIBJISIOTCS BOJOPO, ME/Ib, 30J10TO U T.1. [IpMepaMu mapaMarHETUKOB — KUCIOPOJ, aTFOMUHUIA,
[UHK ¥ T.J. [lapaMarHeTvku U TUaMarHeTHKH 00JIaIal0T OYeHb HU3KMMHU MarHUTHBIMU CBOWCTBaMH, TIO3TO-

My KaKk MarHUTHBIE MaTE€PHAaJIbI B DIIEKTPOTEXHUKE UCTIOIB3YIOTCS KpaiHE PEKO.
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B kauecTBe MarHUTHBIX IPUMEHSIOTCA B OCHOBHOM CHJIbHOMArHUTHBIE MaTepHalbl: (eppoMarHUTHBIC
BEIIECTBA U (peppUTHBIC XUMUYECKUE COCTUHEHUS ((DEPPHUTHI).

Deppomaznemux — KPUCTANIMIECKOE BEIIECTBO, B KOTOPOM PE3yJIbTHPYIONINE MAarHUTHBIE MOMEHTHI
Ka)KJI0TO U3 IOMEHOB OTIIMYHBI OT HYJISL.

Deppum — KPUCTAUTMYECKOE BEIIECTBO, MATHUTHYIO CTPYKTYPY KOTOPOTO MOKHO TPEACTaBUThH B BU-
Jie IByX WM OoJiee TOAPEIIETOK, IPHYeM pe3yIbTHPYIOIINEe MarHUTHBIE MOMEHTHI KaXKJOTO U3 JJOMEHOB
OTJINYHBI OT HYJIA.

CubHOMarHUTHBIE MaTepUalibl 00J1aAal0T CIOCOOHOCTHIO HAMAarHUUMBATHCS.

Tema 5.1. IlapameTpsbl, XapakTepu3ylolue CBOCTBA MATHUTHBIX MATEPHAJIOB

XapakTepruCTHKaMU MarHUTHBIX MaTepHAIIOB CITyKaT:
1. OTHOCHUTENIbHAS MAarHUTHASI IPOHUIIAEMOCTH Ll , OTIpeessieMas mo Gopmyiie

B
n, = , (1.26)
HoH

rae B — marauTHas uHAyKys, Ti; H — HalpsDKeHHOCTh MarHUTHOTO MOJIsA, A/M; [l — MarHUTHAS T10-
crosuHas, o =471 107 T'r/M.

I[HSI CUJIBHOMArouTHBIX MaTCpUajioB pa3jinyaroT IBC BCIIMYNHBI MarHuTHOM IMPOHMUIIACMOCTH: HaYaJIb-
HyI0 u MakcuMmanbHyto (puc. 1.33). B o0macTi CHIBHBIX MAarHUTHBIX TMOJIEH MAarHUTHAs MPOHHUIAEMOCTh
YMEHBIIIAETCSI, IPUOIMKAsICh K €ANHULIE.

A

Hmax

[T

Puc. 1.33. 3aBucumocts W, = f(H) 11 cHIbHOMarHUTHBIX MaTEpUAIOB

2. TemnepaTypHblii K03()UIMEHT MATHUTHON IIPOHULIAEMOCTH 0, , PABHbIH
1 du
o, =——". (1.27)
I
e dr
TemmnepaTypHblii K03(Q(UIMEHT MOKa3bIBAaeT, HA CKOJBKO HM3MEHSETCS MarHWTHAas MPOHUIAEMOCTh
TIpHU U3MEeHEeHUN TeMieparypsl Ha 1 K.
IIpu yBenmueHun TemMrepaTypbl MarHUTHas [IPOHUIIaeMOCTh yBennunuBaercs (puc. 1.34). [Ipu npeBsl-
IEHUH tiiopy M3-3a TEIIOBOTO JBUKEHUS MarHWTHAs IPOHMIIAEMOCTh PE3KO MAJaeT [0 HyJlsd U MaTepHal Te-
psieT MarHUTHBIE CBOMCTBA.

v

|
7 Kiopn

Puc. 1.34. 3aBucumocts [, = f(t") A5t MArHUTHBIX MaTEPHAIIOB

3. OcraTtouHas MarHuTHast UHAyKuus By, Ti.
Ocmamounas masuumuas uHOykyus — 31o 3Hayenne B npu H = 0 B mponecce pasMarHuIuBaHus 00-
pasiia, HAMarHMYeHHOTo 10 HachimeHus (puc. 1.35).
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Puc. 1.35. IleTns ructepesuca

4. KosprutuBHas cuna H,, A/m.

st Toro 9T00bI YMEHBIIATH OCTATOYHYIO HHIYKIIHIO OT By 10 HYJs, HEOOXOIUMO MPHIIOKUATE 00pat-
HO HAITPaBJICHHYIO HAMPSDKEHHOCTh MarHUTHOTO ToJis H, Ha3bIBaeMyI0 3adepaicusaroujeti (KOIPIUTUBHOMN)
CHUJIOMN.

5. llorepu MOIIHOCTH HAa HAMAarHUYUBAHUE P, , onpenessieMble o popmyJie

P, = anmaxN1 (1.28)

rae 1 — Ko3(QOUIMEHT, XapaKTepU3yIOInil JaHHBIA MaTepual;, By, — MakcumanbHast HHIYKLIUS Mar-
HUTHOTO TOJIsA; N — [MOKAa3aTellb CTENeHH; [ — 4acToTa MPUI0KEHHOIO MAarHUTHOTO MoJIst; V — 00bEM MarHuT-
HOT'0 MaTepuana.
6. [loTepu MOIIHOCTH HA BUXPEBBIE TOKU P !
P; = EB% PV, (1.29)

rie & — k03 HUIHeHT, 3aBUCAIINE OT POPMBI JeTaNN M MaTepralia U3 KOTOPOTO OHa U3TOTOBJICHA, & =
1.
1 o1 e P,

[lotepn MOUTHOCTH HAa HAMAarHWYMBAHWE W BUXPEBBIE TOKU MPHUBOIAT K HATPEBY MAarHUTHOTO Mare-
puana. Uem motepu BBIIIE, TEM CHIIbHEE HATPEBASTCS MaTepHal.

7. MakcumainbHas 3Heprus (Winax, KI[)K/MS), OTJaBacMasi MarHUTOM BO BHEIIIHEE ITPOCTPAHCTBO.

B 3aBUCHMOCTH OT mapaMeTpoB CHILHOMATHUTHBIE MaTepUANbl TOAPA3IEIAIOTCS HA MAarHUTOMATKAE
(MM) u maraurorBepabie (MT). MarHuTOMSTKHE HCMONB3YIOTCS KaK IMPOBOAHUKH MAarHUTHOTO TMOTOKA.
MaI‘HI/ITOTBCpIH)Ie — KaK €ro UICTOYHUKH.

Tema 5.2. MarHuTOMSITKHE MATePHAJIbI

Jlex1ust IPOBOMTCS B MHTEPAKTHBHOMN (popme: Jieknus-Oeceia, JEeKIHs ¢ pa300poM KOHKPETHBIX
curyaruii (luac).

MarHuToMsrkue Matepuaibl 00J1afaloT BEICOKOW MarHUTHOM IMPOHUIIAEMOCTHIO (L), HU3KOH KO3PIH-
TUBHOU cuiiot (Hc), MaJbIMH MTOTEPSIMU Ha TUCTepe3nc (HaMarHuIuBaHue, Py), u Onaronaps TakuM CBOWCT-
BaM SIBIISIIOTCS. XOPOIIMMH HPOBOAHUKAMH MAarHUTHOTO nmotoka. OHM UCIONIB3YIOTCS B KaU€CTBE CEPACUYHU-
KOB TpaHC()OpMAaTOPOB, JIEKTPOMArHUTOB B U3MEPUTENIBHBIX MPHOOpax M B IPYTUX CilIydasx, rle HeoOxo-
JUMO TIPY HAaUMEHBIIEH 3aTpaTe SHEPTUHN JOCTUTHYTh HaUOOIbIIEH HHTYKIUH.

Hwxe npuBeieHB OCHOBHBIE MPECTABUTENN MATHUTOMSTKUX MaTepHaiOB U HX XapaKTePUCTUKH.

Kene3o (HMU3KOYIJIepOANCTAasl CTAJIB). TEXHUYECKH YUCTOE JKeNe30 OOBIYHO COJEPKUT HEOOIBIIOe
KOJINYECTBO MpHMeceH yriepona, cepsl, hocdopa, BoOoOpoaa, KHUCIOPOAa, KPEMHUS U APYTHX 3JIEMEHTOB,
YXYALIAIONINX €r0 MarHATHBIE CBOMCTBA. B pe3ynprare 3TOro OHO peAKO MCIIONB3YEeTCsS B Ka4eCTBE MarHUT-
HOT'O MaTepuaia 1 B OCHOBHOM JJIsl H3TOTOBJICHHSI MarHUTOIPOBOIOB ITOCTOSTHHOTO MarHUTHOTO TIOTOKA.

Huzkoyriepogucras 3/1eKTpOTeXHUYECKast JJMCTOBASA CTAJIb — 3TO OJHA U3 Pa3HOBHJHOCTEH TeX-
HUYecKH yrctoro xene3a. Comepxxut He Oomnpmre 0,04 % yrimepona u mHe 6ombie 0,6 % mpyrux mpuMeceit.
MakcuMaibHOE 3HaUYCHHUE |y A1 pa3indHbiX Mapok 3500-4500; He=65...100 A/m; P = 0,1 MxOMm-M.

i1 MarHUTHBIX MaTEpUANIOB JIEKTPOTEXHUYECKAs! CTajlb MMEET HU3KOE YJEeNIbHOE CONMPOTHUBIICHHE,
MO3TOMY BBIITyCKAaeTCs OHA B BHUJAE JUCTOB ToimuHON 0,2—4,0 MM. /{151 yMeHbIIeHUS TOTEph Ha BUXPEBBIE
TOKH CEpACYHHKH B TpaHC(HOPMATOpax CKICHBAIOT U3 OTIENIBHBIX TOHKUX JIMCTOB C IOMOIIBIO KIIESIIErO
naka. Jlak sBIseTCsl TUAJIEKTPUKOM, [TI03TOMY COIIPOTHBIICHHE BCETO CEPACYHUKA YBEJINYMBACTCA U IMOTEPU
Ha BUXPEBBIE TOKH CHU)KAIOTCSL.

KpeMHucTas 3/1eKTpOTeXHUYECKasl CTANb SBISIETCS OCHOBHBIM MarHUTOMATKAM MaTepHajioM Mac-
coBoro notpebieHus. Beenennem B ee coctaB kpeMHuUs (Si) T0CTHraeTcs MOBBIIICHUE €€ YACIBHOTO COMPO-
TUBJICHUS ¥ CHIDKCHHE TIOTEPh HA BUXPEBBIE TOKU. Kpome 3TOro, Hanu4ue B CTaNd KPEMHHS CIIOCOOCTBYET
BBIICJIEHUIO M3 Hee Yyrjepola B Buie TIpadura ¥ NPUBOOUT K IOJHOMY €€ PAacCKUCIICHUIO,
a TaKk)Ke YBEJIUUEHHIO [L U CHI)KEHUIO IIOTEPh Ha TUCTEPE3HUC.
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Cranb, conepxkarniast 10 4 % kpemMHUS, 007a1aeT TOCTATOYHO yIOBJICTBOPUTEIEHBIMA MEXaHHUCCKH-
MU CBOWCTBaMHU, a TIPHU HAIMYHH €T0 BhIIIE 5 % OHA CTAHOBUTCS OYCHb XPYIKOU.

IMepmaJiiion — 310 kene3oHuKeneBbie cruiaBel (Fe+Ni), obmamarome BechbMa OOINBIION HaYaIbHOM
MarHUTHOM MPOHHUIIAEMOCTHIO L. B 00JaCTH CIa0bIX MATHUTHBIX TTOJICH.

B 3aBUCHMOCTH OT CO/IepIKaHUsT HUKEIIS IEPMallION ObIBAIOT:

* BLICOKOHHKEIJICBBIC —70...83 % Ni, ocransHoe Fe;

* HI3KOHHUKEJICBBIC —40...60 % Ni, ocransnoe Fe.

OT 3TOro XK€ 3aBUCSAT OCHOBHBIC MAarHWUTHBIC CBOWCTBA U YACIHHOC CONPOTHBIICHUE IEPMALIOEB.
MarauTtHasi MPOHUIIAEMOCTh |1y BEICOKOHHUKEIIEBBIX CIIABOB B HECKOJIBKO Pa3 BHIIIC, YeM HU3KOHUKEIICBBIX,
W HAMHOT'O TIPEBBIIIACT |l SIEKTPOTEXHUUECKUX CTAICH.

BEICOKOHUKEIIEBBIE nep- Huskonukenesrie nep-
MaJJi0on MaJIJION

u™ = (50...220) - 10° u™ = (16...35) - 10°

He=1...5 Al He=10...30 A/m

OnTHManbHBIM CUUTAETCA CIUIaB, colepskaiuii 78,5 % uukens. OH Ha3bIBaeTCA cynepmannoti: W™, =

1500 000; He= 0,3 A/m.
MarHuTHbIC CBOMCTBA MEPMAIUIOEB 3aBUCST OT HAJMYMS HHOPOAHBIX MIPUMECEH B CIIaBE M MX XHMH-
YEeCKOro COCTaBa, a TAKXKE OT PEKUMA TEPMOOOPAOOTKH.
Kpome Toro, |, mepManioeB CHIbHO 3aBUCUT OT YacTOTHI MPH-

wio? JIOKEHHOTO MarHUTHOTO noist f (puc. 1.35), mpuuem 3aBUCUMOCTD TEM
20 pesde, yeM Ooble e€ mepBOHAYAIBHOE 3HAYCHHE. JTO OOBICHACTCS
16 BO3HMKHOBEHHEM B MaTepuaje 3aMETHBIX BHUXPEBBIX IOTOKOB M3-3a
12 HEOOIBIIOrO yIEIbHOTO CONPOTHUBIICHUSL.
8 i ynydIieHus: MarHUTHBIX M MEXaHUYECKHX XapaKTEPHCTUK
4 MepMaJuIoeB, IPUaHKs CIJIaBaM ONpeeeHHbIX CBOWCTB B UX COCTaB
2 .,/  BBOT Cleayomue 100aBKH:
10 10° 10° 10° 10° 10° — moiubaer Mo u xpom Cr, moBBIIIaONME yACTHHOE COMPO-
Puc. 1.36. 3aBucumocTtsn TUBJICHUE U HAYAJIBHYIO |y, 4 TAKXKE YMEHBIIAOIIUE YyBCTBUTEIIb-
W= f(f) JUTSL TIEpMAJIIIOEB HOCTB NIEPMAJIIOEB K J1ehopMaIusim;

— menp Cu, KoTopasi yBeTMYMBAET TIOCTOSHCTBO [Ly B Y3KUX WH-
TepBaJiaX HANPsHKEHHOCTH MAarHUTHOTO IOJIS, OBBIMIAET TEMITEpaTyp-
HYIO CTaOWIIBHOCTH U YETbHOE CONPOTUBIICHHUE, a TAKXKE JIEJIAeT CIUIAaBhI JIETKO MOJIAIOIIUMICS MEeXaHn4e-
CKOl 00paboTke;
— kpeMmHuit Si u Mapraner; Mn, MoBbIIAIONIME MEXaHHYECKYIO TPOYHOCT.
[TpuMeHSFOT IepMalIoN JUTS U3TOTOBIICHUS CEPIICYHUKOB MaJIOrabapuTHBIX CHIIOBBIX TPaHC(HOpMATO-
POB, JIpoccenel, pene U aeTaneld MarHUTHBIX Iienel, padoTaroIUX MPH MOBBIIEHHBIX WHAYKIHUIAX 0e3 MMoJ-
MarHM4YMBaHMs WM ¢ HEOOJIBIIMM MOAMarHMYMBaHUEM. TOHKHE JIEHTHI M3 NIEPMaJIOeB MCIOIb3YIOT B Kaye-
CTBE MaTepHala Ul U3TOTOBICHHUS SYEEK NMaMATH B YCTPOMCTBAX BBIYUCIUTEIBHON TeXHHUKH. [Ipumenenue
NEepMaIIOEB OTPaHHYECHO M3-32 UX BBICOKOH CTOMMOCTH, KOTOPAast OTPEIEIACTCS COJIEPKAaHUEM B UX COCTaBe
HUKEJISl — JIOPOroro U JIeUIMTHOTO MaTepuaa.
Aabcudepbl — cruiaBbl Kenesa ¢ KpeMaueM u anromuaueM (Si+Al+Fe). Ero ontumanbHelii coctas: Si
- 95 %; Al — 5,6 %, ocragpHOe Fe. DTOT CIjIaB OTIWYAETCS TBEPAOCTBIO M XPYIMKOCTHIO;
u™ =120 000; He= 1,8 A/M; p = 0,8 MKOM'M.
Anbcudepsl He coJiepKaT JIOPOTUX U AeOUIUTHBIX COCTABIISIONINX, TOATOMY WX ITMPOKO MPUMEHSIOT
JUTSL U3TOTOBJICHUST KOPITYCOB MPUOOPOB, METAIUIMYECKUX KpaHOB. braromapst Xxpynkoctu anmbcudepsbl pas-
MaJIBIBAIOT B MOPOILIOK U MPECCYIOT U3 HUX BBICOKOYACTOTHBIE CEPIICUHUKH.

MaruauTomMsirkue (peppuThl — MaTepUaNbl CICIUAILHOIO Ha3HAUCHHUS — HE OTHOCATCS K METajljlaM U
MIPEJICTABIISIOT COO0M METAIIOKEPAMUKY C HE3HAYUTEIIBHOHN 3JIEKTPOHHOHN 3JIEKTPOIIPOBOIHOCTEIO.

ITo xumMuyeckoMy cocTaBy (DeppUTHI — 3TO CIUIABBI U3 OKCHJIA Kelle3a U OKCHJIOB JABYXBAJIICHTHBIX HITH
onHoBaJIeHTHBIX MeTaiioB: MeO-Fe,03, rne MeO — cuMBOJI JBYXBaJICHTHOTO MeTaJljla.

[IpouieHTHBIN COCTaB KOMIIOHEHTOB WTPAaeT CYIIECTBEHHYIO) POJb B TMOJNYYCHHH TEXHUYECKHX WU
WHBIX MarHUTHBIX CBOHCTB Marepuana. Takke Ha CBOWCTBa (DePPUTOB OKA3hIBACT BIUSHUE TEXHOJOTHS HX
U3rOTOBJICHUA. TEXHOIOTHYECKHI TPOIIECC CBOIUTCS K TOMY, YTO CHadajla IOJIy4aroT IMOPOIIOK M3 IepeMe-
IIAHHBIX OKCHI0B. B Hero mo0aBisioT IIACTU(PHUKATOP — OOBIYHO PACcTBOP MOJMBUHUIOBOTO CIIMPTa, a M3
MOJTyYEHHON MacChl MPECCYIOT MO OONBIIMM JaBICHUEM W3eius TpeOyeMoi (hOpMBI U TIOJBEPrarOT HX
06xwury mpu temmeparype 1400 °C.
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Marnutomsrkue ¢GeppuTsl UMEIOT 0ONbLIOE YASTbHOE CONPOTUBIICHUE (IIPEBBIIAECT COMPOTHBIICHNE
xenesa B 10°~10" pas), a ceoBaTenbHO, HEGOMBIINE IOTEPH SHEPTHU B OONACTH TIOBBIIICHHBIX H BHICOKHX
Y4acToT.

®DeppuThl — TBEPIBIE U XPYNKHE MaTepHaNbl, He TTO3BOJISIONINE TTPOU3BOAUTE 00pabOTKY pEe3aHHeM H
JIOITyCKAaOUIMe TOJIBKO NUTH(OBKY M MOIUPOBKY. [103TOMY opMy TOTOBOTO M3/IENUsl UM NPUAAIOT 3apaHee,
eIIIe TPH IIPECCOBKE.

Maruautomsrkue GeppuThl AETATCSH Ha TPH TPYTIIIHL.

1. @eppumer ¢ monxou nemneu eucmepesuca (TII-pepputer). [IpuMepoM SBISETCS MapraHIEBO-
nuHKOBBIH Gpepput MnO-Zn0O-Fe,0O3, nmeromuii ciaenyonme XapakKTepUCTHKH:

p =15 000;
™ = 35 000;
Hc=0,24 A/m;
p=1mMOM M.

Hx HemocTaTok — cuiabHasi 3aBUCUMOCTD JaHHBIX XapaKTEPUCTUK OT YaCTOThI IMPUI0KEHHOTO MarHuT-
HOTO TI0JISA, TIO3TOMY OHH HCITOIB3YIOTCS TOIBKO HA HA3KUX YacTOTAaXx.

2. @eppumul ¢ npamoyzonvrou nemiei eucmepesuca (ITT-pepputer). [Ipu ux u3roToBiacHUH 3apa-
Hee TOOMBAIOTCS TOTO, YTOOBI METIIs THCTepe3nca Oblia MPSIMOYTOJILHOH.
J1st 3TOTO TIPECCOBKY M OOXKUT M3AENHUS MMPOU3BOAAT B CHIIBHOMAarHUT-
HOM TIOJIE.

Y MII'-gepputoB ocraToyHas WHAYKOHsS B, OymeT mpumepHO
paBHAa MaKCUMAIIbHONU UHAYKIMU Bmay (Br & Bmax). ICX0s1 U3 3TOTO, Ka-
yectBo [III-peppuroB xapakrepusyercss KOI(PPHUIUEHTOM MPIMO-

B, Ta

H,A/m YTOJNBHOCTHU HETIIH:
B
iy = 2 (1.30)

Puc. 1.37. IlpsmoyronbHas
HeTyIs TUcTepe3uca

B uneansroM ciydae Ky = 1, mis peanbubix hepputos kg — 0,9.

Kpome sroro, IIII-¢hepputsl 10DKHBI 0OecTieunBaTh Majgoe BpeMs IepeMarHiYiBaHus, MUHAMAIIb-
HBIE MTOTEPU SHEPTUU TIPU TIepeMarHMYMBAHUU U KaK MOKHO OOJBIIYIO TEMIIEPaTypHYIO CTaOMIILHOCTh Mar-
HUTHBIX XapaKTEPUCTUK.

[Tpumensirorcst IIT-¢peppuThl B OCHOBHOM JJIsl U3TOTOBJICHUS STYEEK MaMITH B YCTPOHCTBAX BBIYMC-
JHUTENTHHON TEXHUKH.

3. CneuunanbHble Mapku geppumog 0st ceepxevicokux wacmom (CBU-depputs). B 3toit obmacTu
4acToT B MEPBYIO OYepe/lb UCIOIb3YIOTCS BO3MOXKHOCTH YIPABJICHUS IEKTPHUSCKIMU U MAarHUTHBIMH T1a-
pamerpamu ¢epputoB. B kauectee CBU-¢peppuros npumensitorcs B ocHoBHOM HukeneBbie (NiO-Fe,03) u
marnuesbie Geppursl (MgO-Fe;03). Boobmie uncio mapok CBU-deppuros mpesbimaet 60.

Tema 5.3. MarHuToTBepAble MaTEePUAJIbI

B oTiinyrie oT MarHUTOMSTKHX MaTepHUalIOB MarHUTOTBEp/Able 00JIaAal0T HU3KOW MarHUTHOW MPOHU-
L[AEMOCTBIO [ U OYEHb BBICOKOI KO3PIUTUBHOMN CUIION H, TOITOMY HCIIOJIB3YIOTCS B KAUECTBE UCTOYHHUKOB
MarHUTHOTO TOTOKa (MarHUTOB). OCHOBHOHM XapakTepHUCTHKOM MarHUTOTBEPIBIX MaTEPHUAIOB SBIISETCS
MAKCHMAaNbHAS SHEPIHs, OTJaBAeMasi MACHHTOM BO BHEIIHee mpocTpatCcTBO (Winax , KIIK/MY).

Io coctaBy, COCTOSIHUIO B CLIOCOOY MOTYYEHUS] MArHUTOTBEPAbIE MaTEPUAIBI TOIPA3ACIIIOTCS Ha JIe-
TUPOBAHHBIE MApPTEHCUTHBIE CTAJIM, JIUTHIE MArHAUTOTBEPIABIE CIUIABBI, MATHUTHI U3 IOPOILIKOB, MarHUTOT-
Bep/ibie PeppUTHI, IITACTHYECKH JeGOpPMUpPYEMbIE CTUIABbl 1 MATHUTHBIE JICHTHI.

JlerupoBaHHBIe MAPTEHCHTHBIE CTAJM SBISIOTCS Hanboyiee MPOCTHIM H JOCTYIMHBIM MaTEpUAIOM
JUTSI U3TOTOBJICHHUS IIOCTOSIHHBIX MarHUTOB. KpoMe Jkelie3a u yriiepoja B UX COCTaB BXOIST J00aBKH BOJIb(]-
pama, KpeMHHs, MOJIMOIeHa, YIVIEKKCIOro ra3a u T.J. MapTeHCUTHBIE CTaJIM HAaYald MPUMEHSTh JUIS TPOH3-
BOJICTBa TIOCTOSIHHBIX MarHUTOB PaHBIIE BCEX JPYTMX MAarHUTOB. B HacTosiee BpeMsi OHU UMEIOT OTPaHH-
YEHHOE IPUMEHEHHE BBUYy X HEBBICOKMX MAarHUTHBIX CBOMCTB:
Whax= 4 K}I)K/MS;
H-=13,6 kA/Mm.
OHaKO TOJHOCTRIO OT HUX OTKa3aThCs HE MOTYT, T.K. OHU JICIICBBI W SBISIOTCS €IUHCTBCHHBIMH
MarHMTOTBEPABIMU MaTepHallaMH, IOMYCKAIOIIUMH MEXaHMYECKYI0 00pa0dOTKy Ha METaJUIOPSKYIIUX CTaH-
Kax.
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JInThle MATHUTOTBEPABbIE CILUIABBL. BOJIBITYI0O MarHUTHYIO CIIOCOOHOCTh MMEIOT TPOWHBIC CIUTABHI
Al+Ni+Fe, kotopsie Ha3bIBaIOT arbHu. CIIaB albHU C KPEMHUEM HA3BIBAIOT AIbHUCHU, & CTIIAB ¢ KOOATBTOM
— anvruko. Jlobanenue B 3t crutaBel CO, CU, Ti MOBBIIIAET UX MAarHUTHBIC CBOWCTBA, 00JIET4aeT TEXHOIIO-
THIO W3TOTOBJICHHUA W YIy4IIaeT MEXaHWYECKHE XapaKTePUCTHKH. Y BCEX MAarHUTOTBEPIBIX MaTepHajoB
HAWIY4IINe MarHUTHBIC CBOWCTBA JOCTUTAIOTCS MPY 3HAYNUTEIIBHOM UCKAXKEHUU KPUCTAJUIMYSCKON PEIIESTKU
1 00yCIIaBIMBAIOTCS HE TOJIHKO COCTABOM M CTPOCHHEM MAarHMWTOB, HO U X CHENHAIbHON 00paboTKON — 0X-
JaXIEHNUEM IT0CIie OTIIMBKHU B CHIIbHOMAarHUTHOM IIOJIE.

B cpenHeM uThIe MATHUTOTBEP/IBIC CILIABBI UMEIOT CIICIYIOIINE XapaKTePUCTHKY:

Wiax= 40 KI[)K/M3;
Hc= 145 kA/m.

Wx HEemocTaTok B TOM, YTO U3 HUX TPYJHO M3TOTABIMBATH MEJIKHE M3ICTHSI C TOYHBIMH pa3Mepamu
BCJICJICTBUE XPYITKOCTH U TBEPJOCTH CILIABOB, JOITyCKAOIIMX 00pa00TKY TOJBKO MyTEM IILIHU(OBAHUS.

MaruuTbl U3 NMOPOIIKOB. HeBO3MOXHOCTE MOTyYUTh OCOOEHHO MENKHE, CO CTPOTO BBIACPKAHHBIMH
pasMepamu M3JeHs U3 JUTBIX MarHuToTBepbiX cruiaBoB (Fe+Ni+Al) oOycrmoBuia nmpuMeHeHne METOI0B
MOPOIIKOBOM METAJUTYPrUH Il MPOU3BOJICTBA MOCTOSIHHBIX MarHUTOB. B 3aBUCHMOCTH OT crocoba u3ro-
TOBJICHUS PA3INYAI0T METAIDIOKEpAMHUIECKHE MAarHUTH M METAJUTOTUIACTHYECKHE.

Memannoxepamuueckue masHumel N3TOTABINBAIOT ITyTeM APOOJICHHS JTUTHIX MarHUTOTBEPbIX CILIa-
BOB JI0 TOHKOJMCIIEPCHOTO cocTosiHus. [1oiTyueHHy0 MacCy MpeccyroT, npuaaBas GopMy TOTOBOTO H3JEIHS,
Y TIOJIBEPTalOT CICKAHHUIO NIPU BBHICOKHUX TeMIIepaTtypax. MejKue IeTanu MpH TaKoi TEXHOJOIHH HMEIOT JI0C-
TATOYHO TOYHBIC Pa3MepHI U He TPeOyIOT ManbHel el o0paboTKy.

3amacenHas sHeprust W, U ocTaTouHas UHAYKIMSA By y METaJZIOKepaMU4eCKux MarHutoB Ha 10—20
% HIKE, YeM Y JIMTHIX CIIABOB, M3 KOTOPHIX OHU M3TOTOBJICHBI, 3aTO MEXaHUYECKAsl IPOYHOCTH BHIIIE JIH-
TBIX MAarHuToB B 3—6 pas3.

Memannoniacmuyeckue maeHumsl U3TOTABIMBAIOT IO THITY IIPECCOBKH TIacTMacc. JInTbie MarHUTOT-
BEpJbIC CIUIaBBI IPOOSIT 0 3epeH KPYIMHOTO pa3Mepa; B COCTAaB MOJIYYCHHOM MacChl BBOJST CBS3YIOIICE Be-
IIECTBO U Jajiee MOMYyUYEeHHYI0 MacCy MpecCyIoT Mo BRICOKUM naBieHueM (mo 500 MIla). Metamnomnactu-
YecKasi TEXHOJOTH MO3BOJSET BBIMYCKATh MAarHUTHl C apMaTypOl BHYTPH, YTO TOBBIIIAET WX MEXaHUYe-
CKYIO TIPOYHOCTb.

MarHuTHbIE CBOMCTBa METAJLIOIIACTHYECKUX MAarHUTOB HEe BBICOKU: Wy HUXKE JINTHIX MarHUTOTBEP-
npIx ciaBoB Ha 40—60 %, a B, — Ha 35-50 %, 4T0 00OBSICHAETCS HAIMYMEM B UX cocTaBe 10 30 % HeMarHut-
HOTO CBSI3YIOIIETO BEIIECTBA.

Jly1st BBIIIyCKa METAJJIONOPOIIKOBBIX MAarHUTOB DKOHOMHUYECKH BBITOJIHO HMCIIOJIb30BAaTh MacCOBOE aB-
TOMATH3UPOBAHHOE IPOU3BOICTRO.

MaruauTtoTBepable pepputhl. K ux unciay MoxxHo otHectr OapueBbiit Gpepput (BaO-6Fe,03). On 00-
JaJaeT OYeHb BBICOKOW KOAPUUTHBHOW cuioit: Hce = 240 xA/m. Ero yneiapHOE CONPOTHBIICHHE
p=10"10" OmM, T.c. BO MHOTO pa3 GOIIbIIIe, YeM y/IeTbHOE CONPOTHBICHNE INTHIX MATHHTOTBEP/BIX CILIA-
BOB; W= 12 K)l)K/Ms.

braromapst BEICOKOMY yAEIFHOMY CONPOTHBIICHHIO OapHeBBId (DeppUT UMEET OYeHb HHU3KUE MOTEpH
MOIIHOCTH HA BUXPEBBIE TOKH U MMO3TOMY XOPOIIIO paboTaeT Ha BHICOKHX YacTOTaX. DTO JIETKUA MaTepHal.
Kpowme Toro, o moutu B 10 pa3 zerieBiic MAarHUTOB U3 JIMTHIX MAarHUTOTBEPJIbIX CILIABOR.

K Hemocratkam OapuieBoro geppura ciaelyeT OTHECTH HHM3KYH) MEXaHMYECKYI0 MPOYHOCTh, XPYII-
KOCTbh, @ TAaKXKe CHJIBHYIO 3aBUCHMOCTh MarHUTHBIX CBOMCTB OT TeMIieparypsl. llpn oxmaxkneHun 10 Temrie-
patypsl —60° i nanbHeileM HAarpeBaHHH 10 KOMHATHON TEMIIEPaTyphl GapHeBblil (heppHT HEOOPATHMO Te-
PSAET CBOM MarHUTHBIC CBOMCTBA

Pa3nen 6. TexHO10rusl KOHCTPYKIMOHHBIX MATEPHAJIOB

Koncmpyxyuonnvie mamepuanvl — 3TO MaTepualibl, U3 KOTOPBIX M3TOTABIMBAIOT HECYIINE KOHCTPYK-
LU 2JIEKTPOYCTAHOBOK, OMOPHBIE, KPETEHKHBIE, BCIIOMOTraTeIbHbIE Y3IIbl U IE€TAIN JIEKTPUUECKUX aImnapa-
TOB.

Tak Kak U3 KOHCTPYKIIMOHHBIX MAaTE€PHAIOB U3rOTABIMBAIOT HECYIINE KOHCTPYKIIMHU, TO HX OCHOBHOM
XapaKTEPUCTUKOMN SBJISETCA MEXaHWUYeCcKass MPOYHOCTh. KOHCTPYKIMOHHBIMU SIBIIIIOTCS TBEPABIE MaTepHUa-
ne1. ['a3000pasHele, )KUaKKE, TBEPACIOINE MAaTepHAIbl MOTYT BXOAHUTH B COCTaB KOHCTPYKIIMOHHBIX TOJIBKO
B Ka4yeCTBE HAIOJHUTENEH IS MPUAAHUS MaTepraiaM ONPEIeIEHHBIX CBOWCTB.

Tema 6.1. [TapaMeTpsbl, XapaKTepHu3y0OIIHe CBOHCTBA KOHCTPYKIMOHHBIX MATEPHAJIOB

OCHOBHBIE CBOMCTBa KOHCTPYKIIMOHHBIX MaTEpHajOB — MEXaHWYECKHE, (PU3NIECKHE, XUMHUYECKHE,
TEXHOJIOTUUECKHE U DKCILTyaTallUOHHBIE.
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Mexanuueckue cBoiicTBa. [lapamerpaMu, XapakTepU3yIOIIUMI MEXaHUUECKUE CBOWCTBA, SIBISIOTCS
MeXaHHUYeCKasl IPOYHOCTh, TNIACTHYHOCTD, TBEPAOCTD U YIapHAs BSI3KOCTb.

1. Mexanuuecxas npounocms o, MIla.

Hegopmayus — 310 cCIOCOOHOCTH MaTEpPUAIIOB U3MEHSATH CBOW pa3Mephl U (JOPMBI PU BHEUTHHX BO3-
JNEHCTBUSX Harpy3Ku MO0 B pe3yNibTaTe BHYTPEHHHUX (PU3UKO-XUMUYECKHUX MPOLIECCOB.

Jedopmariin ObIBAIOT:

— ynpyeue (TIOCJE CHATHS HarPy3KH TEJIO BOCCTAHABIMBAET CBOM pa3Mephl U CBOWCTBA);

— naacmuyeckue (TIOCTE CHATUS HATPY3KH JieOopMaLus OCTaeTCs).

[Tpu yBenuyeHWM BHEUIHEH HArpy3Kd ympyras nedopManus MepexouT B INIACTUYECKYIO, a TUIACTH-
YyecKasi, IPU YBEITHUEHIH HATPy3KH, IPUBOJIUT K pa3pyLICHHUIO Tela.

Mexanuueckass npouHoCcmMs — CIIOCOOHOCTH TBEPAOTO Tella MPOTUBOCTOSTH Pa3IMUHBIM JePOpMaIUsIM
Y pa3pyLIeHHIO MTPU BO3IEHCTBUHU CTATHYECKUX U IUHAMUYECKUX HArpy30K.

Cmamuyeckumu HA3BIBAIOTCS HArpy3KH, NEHCTBYIOIIHE PaBHOMEPHO (pacTsKeHHE, CKaThe, WU3THO,
kpydeHne). C MX MOMOIIBIO OMPEAEISIOT Ipeesl MEXaHUIeCKOH MPOYHOCTH:

o = E, (131)

rae P — Harpyska, aelictByromas Ha Teno, MH; F — miomane Tena, Ha KOTOPYIO IeHCTBYeT Harpyska,

MexaHNYeCcKy0 IPOYHOCTh YCTAHABIMBAIOT C MIOMOIIBIO CHELUAIBHBIX HCHBITAHUN 00pa3LoB, U3ro-
TOBJICHHBIX M3 UCCIIEAYEeMOro MaTepuaia. McnplTanue Tena Ha pacTsHKEHUE SIBISICTCS 00s13aTeIbHbIM.
Jns onpenenenuss MexaHU4ecKol MPOYHOCTH MaTepHaja MpH BO3AEHCTBUM AMHAMUYECKHX HATPY30K
WCIIOJIB3YIOT TAaKOM MapaMeTp, KaK yJapHas BI3KOCTb:
KC=A/F, (1.32)

rae A — paboTa, KOTOPYIO HaJ0 3aTpaTuTh IS paszpyiienus teepaoro tena ([x); F — mromans Tena,

2. Omnocumenvroe yonunerue neped paspviéom Alll, %, mokaspiBaet, Ha CKOJBKO YIUTHHSACTCS MaTe-
pua, npexne yem nopsarbes. Yem Al/l Gosbiiie, TeM Jiydiiie MaTepua.

3. Teepdocmb — cIOCOOHOCTH TBEPJOTO TEJIa CONPOTUBIIATHCS BHEIPEHUIO B HETO JIpyroro Tena. Om-
penensieTcss Mo SMIUPUYECKHM (popMmyrnaM win TabiuIaM; Yamie MCIOoiIb3yeTcsl TBepIocTh o bpunemo
(HB, MIla):

HB =P/ Fyy, (1.31)

2
rie P — cuna ynapa mapuka, MH; F,, — miomaas mToBepXHOCTH MOIYYEHHOTO OTIIEYaTKa, M”.

Ha puc. 1.37 uzobpaxkeHa cxema orblTa JIst onpenesneHus Teepaocty no bpunemnio. C onpezaenaeHHON
BBICOTHI Ha TBEP/OE TEJIO COPAchIBAIOT IIAPHK, [TOCIIE YEro 3aMepsIoT IUIONaAb OTIeYaTKa, OCTaBICHHOIO

M. Yem MEHBIIIE IUIOIAb OTICYATKA, TEM BEIIIIE TBEPAOCTh TeJa;
¥ Ha00OPOT.
[Tapux
OTmeuaTok
] | — Tsepnoe Teno

Puc. 1.37. Cxema ombITa 10 OTpeAeIEHUIO TBEPAOCTH

Du3nyecKue CBOMCTBA KOHCTPYKIIMOHHBIX MATEPHUAJIOB XapaKTEpU3YIOTCS UX TeMIEepaTypou IJiaB-
JICHUSI, TEMIEPATYPHBIM K03 (PHUIIMEHTOM, IEKTPOIPOBOIHOCTHIO U TEILIONPOBOAHOCTHIO.

XumMnuyeckue cBoiictBa. K XuMU9IeCcKUM CBOHCTBAM OTHOCHTCS CITOCOOHOCTh K XUMHUYECKOMY B3aH-
MOJIEHCTBHIO C arpeCCUBHBIMU CpeaMH.

TexHoIOrM4YecKHe CBOWCTBA MaTepuaia OMNPEACIIIOT €ro CIOCOOHOCTH MOABEPTraThCs Pa3TUIHBIM
BHJIaM TOpsUCH 1 X0JI0aHON 00paboTku. K TeXHOIOTHUECKIM CBOMCTBAM OTHOCSITCS:
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1) aumeiinocms — CIOCOOHOCTH MaTepualla OTIUBATHCS B pa3aH4YHbIe (OpMBL. JINTEHHOCTD onpenes-
eTcs JKUAKOTEKYUYeCThI0 MaTepHaia, CTETIeHbIO yCaaKH PH OTBEPACBAHNH, CIIOCOOHOCTHIO MaTepHaia K ca-
MOJIMKBHIAIINH;

2) deghopmupyemocms — cIOCOOHOCTH MaTepuaia Moj BO3ICHCTBUEM BHEIIHEW HArpy3KH NMPUHUMATh
pasnuuHbie (opMBbl Oe3 paspyllieHHs W ¢ HAUMEHBLINM COMPOTHBICHUEM Harpyske. [ledopmarnuu moasep-
raroTcs MaTepUallbl, KOTOPbIE HEJIb35l OTJINBATh;

3) ceapusaemocms — cioCOOHOCTh MaTepHalia COSTUHITHCS C TAKUM K€ MATEPHATIOM HJIM IPYTHM C
CO31aHHEM MEXJYy HUMH MEXaHUUYECKU MPOYHBIX I1IBOB.

IKCILUTyaTAMOHHbIE CBOHCTBA 3aBHUCAT OT YCIOBUH pabOThl JAHHOTO AJIEKTPOOOOPYI10BaHUS:

* KOpPO3UOHHASA CMOUKOCMb — CTOMKOCTh MaTepralla K BO3ICHCTBUIO arpecCHBHBIX cpen (KHCIOT,

niesoueh);

* X1A00CMOUKOCMb — CTIOCOOHOCTh MaTepHajia COXPaHSATh CBOU XapaKTEPUCTHKH MPHU HU3KUX TEMIIe-
parypax;

* JICAPONPOYHOCMb — CIIOCOOHOCTh MaTepualia COXPAHATh XapaKTEePUCTUKHU MPU BBICOKUX TeMIepaTy-
pax;

* JICapoCcmMoUKoCcmy — CTOMKOCTh MaTepualia K OKMCIICHUIO B Ta30BOM cpelie TIPU BBICOKHUX TeMIIepaTy-
pax.

K'ﬂaccud)ukauuﬂ KOHCMPYKUUOHHbBIX Mamepuaios

KOHCTpYKIIHOHHBIE MATEPHAIIBI, IPUMEHSIEMBIC B 3JIEKTPOTEXHHKE, IENIATCS Ha TPH TPYIIIILL:
* HeMeTaunieckue (crekio, dhapdop, AepeBo u T.1.);

* METAJTNYECKHE;

* KOMITO3HITHOHHBIE.

Tema 6.2. MeTaminyeckne KOHCTPYKIMOHHBIE MATEPHAJIbI

TexHUYecKr YHCThle METAIUIBl O0JIAJar0T HU3KOW MEXaHWYeCKOH MpoyHOCThI0. [loaToMy B dncToM
BUJI€ B Ka4eCTBE KOHCTPYKLHMOHHBIX MCHOJB3YIOTCS PEIKO, B OCHOBHOM HAIIIM NPUMEHEHHUE CIUIaBbl HA UX
OCHOBE.

CrnnaBsl JeNATCS Ha JBE TPYIIIBL:

* yépHble — CIUIaBBl HA OCHOBE XKeJe3a (CTany M YyTr'yHbl);

* ygemHule — CIUIaBbl HA OCHOBE JIFOMUHUS, MU, K0OaIbTa, MarHus, TUTaHa U IIp.

6.2.4. Cmanu

CrayissMu Ha3bIBAIOTCS CIIIaBhI Xkene3a ¢ yriepoaom (Fe + C) mpu comepxannu C < 2,14 %.
Nx mexaHnuyeckasi pOYHOCTh Ha pacTskeHue B cpenHeM 6p= 750 Mlla.

Cranu KIacCUPHUIIPYIOTCA:

1. Ilo cmpyxkmype:

—aprekTouanas (C = 0,8 %);

— noaBtekTouaHast (C < 0,8 %);

— zasprekronunHas (C > 8 %).

2. Ilo xumuuecxomy cocmagy:

Yraepoaucrsie
Huskoyrneponucteie CpenHeyriaepoucThie BricokoyriiepoaucThie
(C =10,09+0,25 %) (C=0,25+0,45 %) (C=10,45+0,75 %)

[locne 3akankum u ormycka | Mcnoip3yloT Ui M3roToBieHus | McHnonb3yloT Ans U3roToBIIe-
MPUMEHSIIOT JJIs1 U3TOTOBJICHUSI | BAJIOB, POTOPOB M JPYIUWX Bpa- | HUSI KOHTaKTHBIX KOJEL Typ-
POTOPOB OBICTPOXOJHBIX AJIEK- | MIAFOIIUXCS JieTaleld TypOOoreHe- | OOreHepaTopoB
TPUUCCKUX MAIlINH paTopoB; KOpIyCoB MallvH, IMOA-
BEp)KEHHBIX BHOpaLUsIM M TONY-
KaMm

JlerupoBaHHbIe
(Fe + C + nerupyromue 106asku :Si, Mg, Mn u T.11.)




HwuskonerupoBaHHbIe CpenHenerupoBaHHbIe BbICOKOIETHPOBaHHBIC
(mo6aBku = 2,5+5 %) (mo6aBku = 5+10 %) (mo6aBku > 10 %)

JIJis M3rOTOBJICHUSI CBAPHBIX POTOPOB BBICOKOCKOPOCTHBIX DJICKTPUYECKUX MAIIWH MPUMEHSIOT CIie-
[UAJTbHBIC CII0KHOJIETUPOBAHHBIC CTAIH.

3. Ilo xauecmgy — B 3aBUCHMOCTH OT COZEPKaHUs B CTAIN BPEIHBIX MpUMeECed U crocoba ee mpou3-
BOJICTBA:

— rpynma A: ctais OOBIKHOBEHHOT'O KauecTBa.

Coneprxanne BpeaHbix npumeceii: cepsl (S) — 0,06 %; docdopa (P) — 0,07 %. IIpoussoautcs B Map-
TCHOBCKHUX TIeYax;

— rpynmna b: kauecTBeHHasl CTallb.

Conepxxanue Bpenubix npumeceii: S u P < 0,035 %. [Ipou3BoauTcst B MAPTEHOBCKUX IEYaX;

— rpynmna B: BeICOKOKaueCTBEHHAs! CTalb.

Copnepxanune Bpeanslx npumeceit: S u P < 0,025 %. IIpousBoaurcs B aneKTpomneyax;

— 0COOOBBICOKOKAYECTBEHHAS CTAIb.

Conepxxanue Bpenubix npumeceii: S u P < 0,015 %. [Ipou3BoauTcs B AeKTporicyax.

4. [1o cnocoby npoussodcmea:

— B MapTECHOBCKHX TeYax;

— B KHCJIOPO/HBIX KOHBEPTEPax;

— B QJICKTPUUECKUX Tedax (MEKTPOCTAIIb).

5. Ilo naznayenuo:

¢ KOHCTPYKIHMOHHBIC CTAaJIM — HNPUMCHAIOT JIA U3TrOTOBJICHUA HECYIINX KOHCprKHI/II\/'I DJICKTPOYCTaHO-
BOK, OIIOPHBIX U KPEINEKHBIX JAeTaneil. Ecin cTanb MOABEPTHYTh 3aKANKE U OTXKUTY, TO U3 HEE MOKHO M3T0-
TaBJIMBATh BaJIbl, POTOPBI TEHEPATOPOB, & TAKXKE JAPYTHe NETaIH, pAa0OTAIONIHE B YCIOBUSIX MOCTOSHHOW BUO-
pauuu. Ilocne 3akanku MexaHudeckas NPOYHOCTH yBenuuusaetcs (6, = 1470 MIla). Ilocne oTxkura craib
WCTIONIB3YIOT JJIsl M3TOTOBIICHHSI KOPIYCOB TPaHC(HOPMATOPOB, KOHACHCATOPOB U JAPYTHX DIEKTPUUCCKUX
anmaparos;

* HHCTPYMEHTAJIbHBIC CTAJIH;

¢ CTalIu OCO6OFO Ha3HAUYCHHA — MPUMCHAIOT B KOMIIO3MIIMOHHBIX MaTC€pUuajiax.

6.2.5. Yyzynuni

OcHoga uyryHoB: Fe + C nipu conepxxanuu C > 2,14 %. Uem Oouibliie yriiepoaa COJIEPKUTCS B CILIABE,
TEM BBIIIIE €r0 XPYNKOCTh. B OTiMuKe OT cTaneil 4yryHbl 00JIaIal0T MEHBIICH MEXaHUYECKOH MPOYHOCTHIO
(6, 1o 400 MIIa), HO IOBBIIEHHON TBEPIOCTHIO.

UyryHsl HOJIy4arOT B JOMEHHBIX Medax. V3 HUX M3roTaBJIMBAIOT KOpIyca MPHOOPOB, T€HEPATOPOB,
BBICOKOBOJIBTHBIX BBIKJIFOUATENICH; KPBIIIKH TPAaHCPOPMATOPOB; KPEISIKHYIO apMaTypy Ha BO3IYIIHBIX JIH-
HUSIX; OT/ICTBHBIC YaCTH Ha MMPOXOIHBIX U OMOPHBIX U30JSATOPaX U T.JI.

6.2.6. Ilgemnole Mmemainbl u CHIAGHL

K nBeTHBIM MeTannaMm, IpUMEHSEMBIM B Ka4eCTBE KOHCTPYKLIMOHHBIX MaT€pHaIoOB, OTHOCSATCS ajro-
MUHUN, M€Ib, MATHUN, MOJTUO/ICH, BOILGpaM | T.1.

L{BeTHBIE METAUIBI U CILIABbI KJIACCU(UIUPYIOTCS:

1. Ilo nromnocmu:

— nerkue (Al, Mn, Ti u crtaBsl Ha HX OCHOBE);

— msokensie (W0, Mo, Cu, Cd, Co, Ni u criaBbl Ha UX OCHOBE).

2. I1o neexonnaskocmu:

— nmerkoruiaBkue: amomunanit Al, kagmuit Cd, Bucmyt Wi, ceurer Pb, omoBo Sn, nuHK ZN ¥ CIIaBsl Ha
ux ocHoBe. MIMeroT Temnepatypy miasieHus 7,,,,< 1800 °C;

— TyromiaBkue: MoimoaeHn Mo, uukens Ni, Bombdpam W0, Banaauit Wa u crutaBel Ha UX OCHOBE.
UmeroT Temnepatypy miaaBieHus 1yy,, > 1800 °C.

3. Ilo cnocoby obpabomku:

* TUTEHHBIE — CIUIABBI, KOTOPBIC NIPU BBICOKHMX TEMIIEpaTypax HE UCTIAPSIIOTCS U IIO3TOMY MOTYT OTJIH-
BaThbCA B pazIHyHbIC (POPMBI;
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* nehopMUpyEMBbIC — MaTEPHAIIbl, KOTOPHIC MPU BBICOKUX TEMIIEPaTypaxX UCHAPSIOTCS, CIICIOBATEIBHO,
OTIIUBATh WX HelNb3s. [103TOMy UX TOABEPraroOT pa3auyHbIM JIehopMaIUsaM IS TOTYYCHUS HYKHOH (opMbl
(TIpeccoBKe, MTaMITOBKE, TIPOKATKE, MPOTSHKKE).

AnomMunuIl u CnAGL HA €20 OCHOBE

AFOMUHUI B YUCTOM BHJIE€ — JIETKUN METaI, XapaKTEPU3YIOLIUICS HU3KOH MEXaHUYECKOW MPOYHO-
ctbio: 6p = 80...160 MITa. OtHocuTeNnbHOE yamuHeHue nepen paspsiom Al/l < 18 %.

[TpOMBIIIIIIEHHOCTH BBITYCKAaeT AIFOMUHHN CIIEIYIOIIUX MapOK:

ATII — TBep 11 MOBBIIIEHHOW TPOYHOCTH;

AT — TBepbIii;

AIIT — nonmyTBepabIil;

AM — MATKUH.

M3-3a HU3KOM MEXaHUYECKOM MPOYHOCTH YMCTHIA aJIOMUHHNA B Kau€CTBE KOHCTPYKLMOHHOTO Mare-
pHualia HCIONB3YIOT KpaiHe penko. B OCHOBHOM NpHUMEHSIOT CIDIaBbl Ha €ro ocHOBe. CIIIaBBI aIFOMHUHUS
noJpasaensioTcest Ha aedopMupyemble U nuTeiHble. Jedopmupyemble npeaHa3HauYeHbl IS U3TOTOBIICHUS
M3IETTUH METOIOM Topsdel Wiu XonomHow medopmamnum. M3 ITHTEHHBIX CIDIABOB JETATHd W3TOTABIHBAIOT
JTUTHEM.

Hedhopmupyemvie cniaswl:

* Al + Si + Cu + Fe — anvdpeii — obnamaeT MOBBIIIEHHON MEXaHUYECKOU POYHOCTHIO (6p= 350 MITa),
CTOWKOCTBIO K BHOpAIMAM, TIPH 3TOM COXpaHSET JETKOCTh YHUCTOTO allFOMHHUS. BBICOKME MeXaHMYecKhe
CBOJiCTBA MPHOGPETAET MOCITE 3aKAIKK: CIUIaB HarpesaroT 10 510-550 °C, namee ero oxmaxaaioT B BOJC U
BBIIEPKHBAIOT pH Temmeparype 150 °C.

* Al + Mg (Mg < 5,8 %) — maznanuii (o= 350 MIla);

* Al + Cu + Mg + Mn — dropaniomun — mocjie TepMHUYECKOH 00pabOTKH UMEET BBHICOKYIO MEXaHHYE-
CKYIO MPOYHOCTH (32 CUET MEAM W MapraHia) u OOJIbIIOe yIJIMHEHHE Nepes pa3phiBoM. MapraHel, BXOs-
MK B COCTaB CILJIaBa, YBEINYHBACT €TI0 TBEPIOCTh M KOPPO3HOHHYIO CTOHKOCTH;

« Al + Mn.

Jlumeiinvie cniagol:

* Al + Cu + Si +Mn — cunymun — obnagaeT MOBHIIICHHON MEXaHHMYECKON MPOYHOCTHIO, MAlOW yca-
KOH, XOPOIIeH XUIKOTeKy4decThr0. [IpruMeHnseTcs 11 H3roTOBIEHHs KPOHIITEHHOB, KOPITYCOB KOH/IEHCATO-
pOB U TIp.;

* Al + Si (op= 240 MITa);

* Al + Mg (Mg =9,5...11,5 %) — obnagaet xopotieii KOppO3MOHHOMH CTOMKOCTBIO; IPHUMEHSIETCS IS
W3TOTOBJICHUS JIeTalel, padOTaIONINX BO BIAXKHOM atMocdepe.

Meob u ee cniagnl

MexaHunyeckass NpOYHOCTh 4UCTOH Meau op = 260...390 MIla. OTHOCUTENBHOE YIIUHEHUE NEPEN
paspeioM Al/l 10 35 %. JIyumumu MeXaHHUECKUMH XapaKTEPUCTUKaMK 00JIaIaf0T CIIJIaBBI Ha OCHOBE MEJIH:
OpoH3bl (Tabn. 1.1) u natyHs (crmaB Menu ¢ HUHKOM, ZNn + Cu). B paznuyHbIX Mapkax JaTyHU coJiepKaHue
LMHKAa MOXET JOX0AUTh A0 43 %. JlaryHu, comepxamue 10 39 % LHMHKA, UMEIOT CTPYKTYpPY TBEPIOTO pac-
TBOpPa U HA3bIBAIOTCS o-1aTyHsAMH. OHU 00J1a/1al0T BEICOKOH TUTACTHYHOCTBIO, YTO MTO3BOJISIET U3rOTaBINBATh
U3 HUX JICTAJU CJIOXKHOU KOH(PUTYpPAITUH.

JloGaBka K JaTyHH 0JI0Ba, HUKEJS W MapraHIla IMOBBIIIACT MEXaHUYECKHE CBONCTBA MarepHalia, ero
AHTUKOPPO3UOHHYIO CTOMKOCTh. CBHHEI] 3HAYUTEIHHO MOBBIIIACT JTUTEHHBIC CBOMCTBA JIATYHEH U yIydIiaeTr
00paboTKy pe3aHueM.

JlaTyHu nmacTHYHEee M MPOYHEe YHCTOW MEIU: UX MeXaHW4decKasi Ipo4HOCTh Gp= 350...880 Mlla; ot-
HOCHTEIIbHOE y/UTMHEHHE Tiepes pa3pbiBoM Al/l =5...65 %.

Tabauya 1.1
MexaHu4ecKre CBOMCTBA HEKOTOPBIX OPOH3

Kanvmepas bepunnmesas ®dochopucras
ITapameTp ITocne Teépno- | Ilocne TBEpIOTAHY- ITocne TBEpOTS-

OTXKUTA TAHYTas | OTXKHUTa Tas OTXKUTA | HyTas
Tlpenes mpouHOCTH mpu. | - 394 730 | 700-790 | 1620-1750 400 970
pactsbxkeHuu cp, Mlla
OTHOCHUTENFHOE  YIUTH-
HEHHUE Tepes pa3pblBOM 50 4 20 9 50 3
Alll, %
O6nacThb Host Jnst m3roroBienns Tokose- | J{is
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IIPUMCHCHUSA HU3TrOTOBJICHUA AymunuX TPYXHWH, IMETKO- | U3rOTOBJICHUSA TOKOBC-
KOJUICKTOPHBIX z[epmaTeneﬁ, MTCTICCIIBHBIX | AYIIUX IIPYKUH
IJIaCTUH 1 CKOJIB3AIINX KOHTAKTOB

Maznuit u e2o cnnaewt
Marnuii — JISTKUH, MITKHA METaJIJI, 00JIaaroIIUil BEICOKOH CTOHKOCTBIO K OKHCIICHUIO. XOPOIIIO MO/-
BEpraeTcsi MexaHn4eckoil o0paboTke. B kadecTBe KOHCTPYKIIMOHHBIX MAaTEPHAJIOB MPUMEHSIOT HE YUCTHII
Mg, a crIaBEI Ha €T0 OCHOBE.
Hedhopmupyemvie cnnasor: Mg + Al + Mn.,
Jlumetinoie cnnaswi: Mg +Al + Zn.

Tuman u ezo cnnaevl

Turtan obnanaeT Oojiee BEICOKOH MEXaHMYECKOH MPOYHOCTHI0, YeM cTaiu (dp = 860 Mlla), moatomy B
HEKOTOPBIX CIy4asX OH 3aMEHSET CTaJbHbIE YAaCTH IEKTPOYCTAHOBOK. OTHOCHUTENFHOE YIUIMHEHHE Iepen
paspbieom Al/l = 40 %.

Turtan — Jlerkuil MeTasul, U JeTanu U3 Hero nonyvarorcs Ha 40 % nerde, yeM u3 ctanu. CTOEK K KOp-
po3uu, OAHAKO 00JaJaeT HU3KON JKapOCTOMKOCTBIO, OBICTPO OKUCISETCS MPU BBICOKHX TeMmeparypax. Tu-
TaH XOpouIo oOpadaTbIBaeTCs AaBJICHUEM, CBAPUBACTCS, U3 HEIO M3TOTOBJISIOT CJIOXKHbIE OTJIMBKH, HO 00pa-
00TKa ero pe3aHueM 3aTpyAHUTENIbHA.

3 TUTaHOBBIX CIUIABOB MPUMEHSACT B OCHOBHOM ciutaB Ti + Al + Mo. Jlns monydeHus TpeOyeMbIx
MEXaHUYECKUX CBOWCTB THUTAHOBBIE CIUIABBI MOJBEPrarOT MEXaHHUYECKO o0paboTke (OTKHTy, 3aKalke) B
neyax ¢ 3aluTHON aTMocdepoil. B oTiHnyme oT 4iCcTOro TUTaHa CIIaBbl HA €T0 OCHOBE YAOBJIETBOPUTEIBEHO
00pabaThIBalOTCsl pe3aHHEM.

Tema 6.3. Komno3uuuoHHbIEe MATEPHATBI

Komnosuyuonnvimu Ha3pIBalOTCS MaTEPUAIIbl, COCTOSIIME U3 ABYX U 0ojee KOMIIOHEHTOB, HMEIOLINX
pasHbie (PM3UKO-XHMHUYECKHE CBONCTBAa. B pe3ynmpTaTe KOMIMO3UIIMOHHBIA MaTepral 001aJaeT CBOHCTBAMH,
HEXapaKTEPHBIMH HU 751 OOHOTO U3 COCTABIISIIOIINX €r0 KOMIIOHEHTOB.

Ero momy4aror myTteM BBEJIEHHS B OCHOBHOM MaTepHall ONPEACIIEHHOTO KOJUYECTBA JPYroro Mare-
pHaia B IEeJISIX MOJyYEHUs ONPEICIEHHBIX CBONCTB.

PaccMoTpuM CTpyKTYypy KOMIIO3ULIMOHHOTO MaTepHalla Ha IpUMepPe XOPOIIO BCEM 3HAKOMOT'O HEDJIEK-
TPUYECKOTO U3/ICHS — aBTOMOOMILHON MIMHBL. Ee OCHOBOH siBisieTcst pe3uHa. [ yirydlieHus ee MeXaHH-
YECKHX CBOMCTB B Hee JJOOABISIOT MOPOIIKOBBIC W BOJOKHUCTBIC HANIOJIHUTENW (B TOM YWCIIE TKAHU U Me-
TAJIMYECKYIO TIPOBOJIOKY), @ TAKXKE BEIIECTBA Ul MOBBILICHUS! THOKOCTH, MOPO30CTOWKOCTH, H3HOCOCTOM-
KOCTH H T.JI.

K KOMMO3UIMOHHBIM MaTepHasiaM, MPUMEHSIEMbBIM B 3JIEKTPOTEXHUKE, CIIEAYyeT OTHECTH IIaCTMAcChl
Y PE3HHBI.

6.3.1. Ilnacmmaccor

[InacTmMaccamMu Ha3bIBAalOT MaTepUajibl, OCHOBY KOTOPBIX COCTABIISIOT IPUPOAHBIE, CHHTETUUYECKUE U
HMCKYCCTBEHHBIE CMOJIBI. MOJIEKYJIBI CMOJI MOTYT MMETh Pa3BETBIICHHYIO WM JHHEHHYIO CTPYKTYpy (pHC.
1.38).

T

a) 6)

Puc. 1.38. CxeMbl cTpoeHHs MOJIEKYJI OJTMMEPOB (CMOI): a — IMHEeHHast; O — pa3BeTBICHHAS

Jluneiinbie Mosekyisl (puc. 1.38, a) umeroT ¢popMy Lenel, B KOTOPBIX aTOMbI COEANHEHBI MEKAY CO-
0oif KOBaJIeHTHBIMH  CBs3sIMH.  OTHENbHBIE LENHM  CBSI3aHBI MEXAYy CO00H  MOJNEKYJISPHBIMH
(Ban-gep-BaanbcoBckumu) cBsi3siMu. Hanwaue B 1iemsax pasBersieHuit (puc. 1.38, 6) nmpuBoauT K ocnabiie-
HHUIO MEXMOJIEKYJISIPHBIX CHJI U, KaK CJIEICTBUE, K HEKOTOPOMY CHIKCHHIO MEXaHUYECKOM MPOYHOCTH.

[Tonumeps! B 3aBUCMMOCTH OT PACIIONIOKEHUS M B3AaUMOCBSI3M MOJIEKYJT MOTYT HaXOIAUTHCS B aMOpd-
HOM (C HEyNOpsA0YEHHBIM PACIIOIOKEHHEM MOJIEKYII) U KPUCTAJUINIECKOM (C YIOPSA0UYEHHBIM PacIioyIoxKe-
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HHUEM MOJ'IGKyJ'I) COCTOSHHU. HpI/I nepexoac us aMOp(l)HOFO COCTOSAHHUSA B KPUCTAJUIMYCCKOC IMOBBIIIACTCA
MMPOYHOCTh MaTCpUaia u €ro Hal"peBOCTOﬁKOCTB.

CsolicTBa CMOJI HU3MCHAIOTCA oT BO3ICUCTBHS Ha HUX TCIIJIOTHI.
B 3aBucumocTH OT moBeaeHUS ITPpY NMOBBIMICHHBIX TEMIIEpATypax CMOJIbI Pa3ACIA0T Ha TCPMOPCAKTUBHBIC U
TCPMOIIACTUYHBIC:

TepMopeakTUBHBIE TepMonacTUYHbIE

3acThIBAIOT OJMH Pa3 M OONbIIe HE pa3MArdaroTcs. | PasMsrdaroTcs mpH KaXJIOM HarpeBe, MpH OC-
CTpykTypa MEHSETCS M3 JIMHEHHOW Ha MPOCTPAHCTBEH- | THIBAHUH 3aTBEPACBAIOT
Hymo (puc. 1.39)

Puc. 1.39. IIpocTparcTBeHHas CTPYKTYpa IIACTMACCHI

ITiracTMacchl B 3aBUCHMOCTH OT BXOIAIIMX B UX COCTaB KOMIIOHEHTOB OBIBAIOT:

1) npocmoie — coCTOAT U3 ¢MOJ (TIOTUCTHPOJ, TOTUBUHUIXIOPHI, OPTCTEKIIO);

2) KOMNO3UYUOHHbIe — OCHOBY COCTABIISIOT MPUPOIHBIC MU CHHTETHUECKHE CMOJIBI, KOTOPBIC B JIaH-
HOM CITy4yae HTPar0T POJIb CBA3YIOIIETO BEIIECTBA MEXIY IPYTMMU KoMoHeHTaMu. CBOWCTBA CMOJ BO MHO-
TOM ONPEACIAIOT (HU3UKO-MEXaHUYCCKHE M TEXHOJIOTMYCCKUE CBOWCTBA IUTACTMAcC, T.K. COJEpIKATCs B
0ombioM kosmuectBe (cMoitbl — 30...70 %).

Kpome cMo1 B cOCTaB KOMITO3UITMOHHBIX IIACTMACC MOTYT BXOIHTH CIEIYIOIIE KOMIIOHEHTHI:

* HanoHumenu, MpeaHa3HauYeHHBIE /ISl TIOBBIMIEHUSI MEXaHIHIECKOW MMPOYHOCTH MaTepuaia, ero Tep-
MOCTOMKOCTH, JJIsi YMEHBIICHUS YCAJIKU MPU OTBEPACBAHUU U CHIDKCHHSI CTOMMOCTH. B KadecTBe HamolHU-
TeJsl MOTYT TPUMEHSTHCS JIPeBeCHas MyKa, IIeJUTI0NI03a, TKaHb, OyMara, CTEKJIOBOJIOKHO, METaJLTHIecKas
CEeTKa WK TIPOBOJIOKA, acOecT, KBapII;

* kpacumenu — 7S IPUIAHUS OTIPEICTICHHON OKPACKH (CYPHK);

* xamanuzamopvl — A1 YCKOPEHUS MPoIiecca OTBEPACBAHMS IIACTMACCHI MPU €€ MPOU3BOJICTBE (W3-
BECTh);

* niacmugukamopsl, MOBBIMIAIOIINE MIACTUYHOCTh, THOKOCTH IJIACTMACCHI (KACTOPOBOE MAaCJI0);

* CMA30YHbIE Belecmed, B YaCTHOCTH CTEAPHH, CITY>KaIUi IJIs MOBBIIIEHUS CTOMKOCTH K UCTHPAHUIO.

B pesynbTaTe KOMITO3UIMOHHBIE MaTepUAITbl XapaKTePU3YIOTCS BEICOKOH MEXaHMYECKOH MPOYHOCTHIO,
a TAKXK€ XMMUYECKOW U KOPPO3UOHHOU CTOMKOCTBIO.

6.3.2. Pezunnt

Pe3uHbI M3roTaBIMBaIOT HA OCHOBE HATYPAJIBHOI'O MIIM CHHTETHYECKOTO KaydyKa.

HarypanbHbiil kKaydyk — 3TO JOPOTOH, NeQHUIMTHBIN MaTepHal, Mojly4aeMblii U3 COKa JEepPEeBbEB, MO-
3TOMY B DJJIEKTPOTEXHHMKE HCHOJNb3YyeTCd pelnko. B OCHOBHOM NpPHMEHSIOT CHUHTETHYECKHH Kaydyk,
KOTOPBIM HOJIY4YalOT U3 OTXOA0B HedTenepepadoTKU, N3 caMoi He(TH MM M3 MPUPOJHOro rasa. B uncrom
BUJIE OH HCIIONB3yeTcs KpaiiHe penko. OOBYHO KaydyK MOJBEPralOT BYJIKAHU3AIMH, B peE3yibTare
KOTOPOH moutyyaercsi pe3uHa. Jjisi BylkaHu3auu OOBIYHO MCHOJB3YIOT cepy. Ee kommuecTBo ompenenser
3IIACTHYHOCTD PE3UHBI: UM Cephl 0OJIbILE, TEM TBEPAOCTH pe3uHbl Bhime. Eciu ceprr comepxkurcs 30 %, To
MaTepurai — 300HUT — XapaKTepU3yeTcs 09€Hb BHICOKOM TBEPIOCTHIO U HETHOKOCTHIO.

Juns ynydiieHuss GU3HKO-MEXaHUYEeCKUX M KCIUTYaTaIl[MOHHBIX CBOWCTB PE3HHBI B €€ COCTAB MOTYT
BBOJIUTH CJIEAYIOLINE KOMIIOHEHTHI:

a) HanoaHumenu.

— HOPOIIKOOOpa3HbIe (MeI, CaXka, TalbK);

— BOJIOKHHUCTBHIE (ILIEJIKOBAsl, KAPOHOBAs WIIM XJI0MYaTOOyMaKHasi TKaHb, CTEKJIOTKAHB);

— METaJUTMYecKas IPOBOJIOKA HIIH CETKa;

6) kpacumenu (10 10 %);

B) MsAeyumeny — IOBBIIAIOT MATKOCTh M MOPO30YCTOHUMBOCTH (NapaduH, creapuH, KaHU(OIIb);

T) npomusocmapumeny — 3aMeIJISIFOT POLIECC OKUCIEHUS PE3HUHBI, TOBBIIAIOT CPOK €€ CIIyKObI (Ba-
3CJIHH).

B pesynmprare pe3uwHBI 001a/1al0T BBICOKOH MEXaHHMYECKOW MPOYHOCTHIO, DIIACTHIHOCTHIO, BHICOKOM
BJIaro- M ra3oCTOMKOCTBIO, CTOMKOCTBIO K BO3ACWUCTBHIO arpeCCHUBHBIX Cpell, MOPO30CTOHKOCTBIO, THOKO-
CTbI0, IUIACTUYHOCTBHIO.
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4.3. JlabopaTopHble padoThI

Buo
3aHAMUA 6 UHMe-
N Homep Oov- PAKMUBHOoil, ax-
" pasoena Haumenoseanue nabopamopnoit pabomot em MugHoil,
OUCHUUNTIUHDL (uac.) UHHOBAUUOHHOUL
dopmax,
(uac.)
OcoOeHHOCTH BBINIOJIHEHUSI J1aDOPATOPHBIX pa-
1 2. 00T, CBA3aHHBIX C BBICOKMM HalpspkeHueM. MH- 2 -
CTPYKTaX 110 TEXHUKE O€3011aCHOCTH
9 9 OnpeneneHue  3JIEKTPUYECKOM  IPOYHOCTH 2 -
KUJKHUX JUICKTPUKOB
M3MepeHne AMAIEKTPUYECKONH IMPOHULIAEMOCTH U -
3 2 TaHTeHCa yIJIa AUIJIEKTPUIECKUX TOTEPD 4
TBEP/bIX IUIICKTPUKOB
4 9 OrmpeziesieHne SMEKTPUYECKOH NPOYHOCTH Tra3000- 4 -
Pa3HbBIX JUBJICKTPHUKOB
DKCIIepHUMEHTAIBHOE ONPECTICHUE BIUSIHUSA JUIICK- -
5 9 TPUUYECKOTO Oapbepa Ha IEKTPUUECKYIO MPOYHOCTD 4
BO3IYLIHOIO IIPOMEXYTKAa B PE3KOHEOJHOPOIHOM
nose
6 5 HccnenoBaHne HEKOTOPBIX XapaKTePHCTUK (eppo- 2 -
MAarouTHBIX MaTCpUajloB
HUTOIo 18 -
4.4. llpakTU4ecKHue 3aHATUSA
Buo
3AHAMUA 6 UHMe-
N Homep Obvem paKmueHotz, aK-
" pasoena Tema npakmuueckozo 3aHaAmMuA (wac.) musnol,
oucyunIuHbl UHHOGAUUOHHOIL
¢popmax,
(uac.)
1 2. Pacuer nuanekTpUYEeCKUX MOTEPh B HU3OJALHUH 4 -
CHJIOBOT'O Kabenst
2 2 Pacuer noBepxHOCTHOM M 00BEMHON 3JIEKTPO- 5
IIPOBOTHOCTH TBEPABIX IUIJICKTPUKOB
3 3 Pacuer ¢usmueckux napameTpoB MPOBOAHHUKO- 4 -
BBIX MAaTE€pUAJIOB
4 5 OrnpeneneHne XapakTepUCTUK MArHUTHBIX Ma- 4 -
tepuanos. [letis rucrepesuca.
5 6 OrnpesiesieHne TBEPAOCTH Pa3IMYHBIX MATEPHUAIOB 4 -
UTOIo 18 -

4.5. KoHTpO/IbHBIEC MEPONIPUATHSA: KYPCOBOIM NPOEKT (KypcoBasi padoTa), KOHTPOJIbHAS

pabora, PI'P, pedepar

Y4eOHBIM IMJIAaHOM TMPEAYCMOTpPEHA KOHTPOIBHAS padoTa TONBKO JI 3a0YHOTO M 3a04YHO-
yckopeHHoro oOyuenus. Brinaua 3aganus, mpueM Kp MPOBOJUTCS B COOTBETCTBUM C KaJleHIAPHBIM

y4eOHBIM IpauKOM
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5. MATPAIIA COOTHECEHUS PA3JIEJIOB YUEFHOU JJUCIATILIIMHBI K
®OPMUPYEMBIM B HUX KOMIIETEHIIMAM U OHEHKE PE3YJIbTATOB

OCBOEHMA JUCIUATIIINHBI
Komnemenyuu Komnemenuyuu Buo
Vo, Haumenosanue 1221;8: Otk Koin. EZ:- ylleﬁﬂbl)f pe3)O)J?I;e;’;:lno€
bazoenoe OucUuUnIUHbB sanamun
1 2 3 5 6 7 8
1. OcHoOBBI MaTepuaIoBe- 4 + 1 4 Tk SK3AMCH
JeHUS
2. JlmonexTpueckue mate- 62 + 1 62 | JIk, JIP,II3 | »x3amen
purabl
3. lIpoBONIHHKOBbIE MaTe- 15,5 + 1 15,5 JIK, I13 3K3aM€EH
purabl
4. TTonynpoBOAHMKOBEIE 45 + 1 45 Tk SK3AMEH
MaTepHaJIbl
5.MarnuTHbIe MaTepHUaIIbI 17 + 1 17 | Jk, JIP, II3| »ok3amen
6. KoncrpykuuonHeIe Ma- 14 + 1 14 JIk, 113 IK3aMeH
TEPUAIIBI
Bcezo uacoe | 117 117 1 117

6. HEPEYEHD YYEBHO-METOAHYECKOI'O OBECIIEYEHUA AJIA
CAMOCTOATEJUBHOU PABOTHI OBYYAIOIIIUXCHA ITO AUCHUIIJIMHE

1. Kozecos, ¢. H. MarepuanoBecHIE U TEXHOJOTHS KOHCTPYKIIMOHHBIX MaTEPHAJIOB : ydueO-
Huk A By3oB / c. H. Konecos, u. C. Konecos. - 2-e u3z., nepepad. 1 gorm. - M. : BeIcIIas 1IKOJa,
2008. - 535 c.

2. MartepuanoBeeHIE U TeXHOJOTHsS MaTepuanoB [Tekct] : yuebnuk nmns 6akanaspos / [lox
pen. I'. I1. detucosa. - 7-e uza., nepepad. u goi. - M. : FOpaiir, 2015. - 767 c.

3. DIeKTpOTeXHUYECKHe U KOHCTPYKIIMOHHBIE MaTepualibl: yuebHoe mocobue / B.H. Bopoay-
muH, A.C. BopoOses, B.M. MartonuH u np.; [Tog pea. B.A. ®unukosa. - 2-¢ U3J1., CTEpEOTHIL. - M.:
Axanemus, 2005. - 280 c. - (Cpennee nmpodeccuoHabHOEe 00pa3oBaHue. DIEKTPOTEXHUKA).

7. NEPEYEHDb OCHOBHOM ¥ JONOJHUTEJBHOW JHUTEPATYPBHI,
HEOBXOANMOMU J1JIs1 OCBOEHUA JUCHUITJINHBI

Buo Konuuecmeso | o5, cneouen-
Ne Haumenosanue uzoanus 3aHA- | IK3EMNAAPOE 6 i
mus | Oubnuomexe, ’
T (3k3./ ye.)
1 2 3 4 5
OcHOBHas JuTepaTypa
1 Konecor, C. H. MaTtepuanoBeneHne 1 TEXHOIOTHS KOHCTPYK- | JIK, 50 1
LUOHHBIX MaTepuainos : yueOHuk s By3os / C. H. Konecos, U. | JIP,
C. Komnecos. - 2-e u3n., nepepad. u goi. - M. : Beicmas mkomna, | 113
2008. - 535 c.
JomosiHuTeIbHAS JIUTEpATypa
2. | boropomuukwii, H. TI. DiieKTpOTeXHUYECKHE MaTEpHAIIBL: yIeO- JIK, 117 1
auk s By3oB / H. I1. boropomunkwuii, B. B. Ilaceiakos, b.M. JIP,
Tapees. - 7 u3., nepepad. u gomn. - JIeHMHrpa : DHEProaTroMus3- 113
nar, 1985.-304 c. : mi.
3. | TexHoMOTHS! KOHCTPYKIIMOHHBIX MATEPUANIOB : YIYCOHUK JIs BY- JIx, 25 1
308/ T. M. Bapcykosa, B. C. T'aBpmitok, A. M. J/IMutpues u ap.; JIP
Iox pen. A. M. [lanbckoro. - 6-¢ u3., ucnp. u goi. - M. : Ma-
muHOCcTpoeHue, 2005. - 592 c.
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%91%D0%BE%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D1%86%D0%BA%D0%B8%D0%B9%2C%20%D0%9D%2E%20%D0%9F%2E

1 2 3 4 5

4. | Tapacos, B. JI. MarepuanoBeeHIE U TEXHOJIOTHS KOHCTPYKIIH- JIx, 20 0,8
OHHBIX MaTepHajoB : yueOHuk 1 By30B / B. JI. Tapacos. - 2-¢ JIP
u3g. - M. : MI'VJI, 2005. - 272 c.

5. | Sxoekuna, T. H. MarepuanoBencuue. TeXHOIOTHS KOHCTPYK- JIK, 148 1
[IHOHHBIX MaTepuajioB: ydeOHoe mocobme / T. H. SkoBkuna. - JIP
bpatck : bpl'VY, 2007. - 144 c.

6. | Xypasnesa, JI.  B.Dnextpomatepuanosegenune  [Text]: | Jlk, 20 0,8

yueb.mmocodue / JI.B.XKypasneBa. - 5-¢ u3md.,crepeornmn. - M.: JIP
Axanemus, 2008. - 352 c. - (HaganpHOe podeccronambHOe 00-
pa3oBaHue).

7. | KoHcTpykunoHHbIe MaTepuaibl. [10aHbIH Kypc: yueOHOe 10Co- Jk, 10 0,4
oue / M. Dmown, /1. Ixouc; [lep. ¢ aarn. - Jonronpynnsrii : Ua- JIP
temekt, 2010. - 672 c.

8. | DNEKTPOTEXHUYECKHE MaTepHaIbl U U3JCTH: Y4eOHOe ITocodue JIx, 1+DP 1
/ U. A. Tumodees. - Cankr-IletepOypr : Jlans, 2012. - 272 c. - JIP
(Yuebuuku i By30B. CriennaibHast TUTEpaTypa)
https://e.lanbook.com/reader/book/3733/#1

8. NEPEYEHbDb PECYPCOB NHO®OPMAIIUOHHO -
TEJEKOMMYHUKAIIMOHHOM CETH «<MHTEPHET», HEOBXOJUMBbIX
AJIst OCBOEHUSA JUCHUITIJIMHBI
1.Dnexktponnslil kaTanor 6ubanorexku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cqgiirbis_64.exe?LNG=&C21COM=F&I121DBN=BOOK&P21
DBN=BOOK&S21CNR=&7211D=.
2. DnextponHas 6ubnmoreka bpl'Y http://ecat.brstu.ru/catalog .
3. DnexTpoHHO-0MbIMOoTEeYHas cucTeMa «Y HUBepcuTeTckas Oubnuoreka online»
http://biblioclub.ru .
4. DnekTpoHHO-OMOIMOTeUHas cuctema «M3natenbcTBo «Jlanpy http://e.lanbook.com .
5. Uudpopmanmonnas cucrema "EnnHoe okHO JocTyma K 00pa3oBaTelIbHBIM pecypcam”
http://window.edu.ru .
6. Hayunas snextponnas 6ubnuoreka eLIBRARY.RU http://elibrary.ru .
7. YauBepcurerckas nHpopmaimontas cucrema POCCUSA (YUC POCCHA)
https://uisrussia.msu.ru/ .
8. HanmonanbHas anextpoHHas 6ubmmoreka HOb http://xn--90ax2c¢.xn--plai/how-to-search /.

9. METOJUYECKHUE YKA3AHMS JUISI OBYYAIOIIMXCS MO OCBOEHHUIO
T CHUTIIMHBI

9.1. Meroanuyeckue yKa3aHus i1 00y4alOMIMXCS 10 BBINOJHEHUIO J1a00paTOPHBIX padoT

JlabopaTopnasi paGora Nel
Onpez(eJIeHne BHeKTDH‘leCKOﬁ NMPOYHOCTH KHAKHUX NTHIICKTPUKOB

[leab paGoThI:

O3HakOMJIEHHE C METOJIaMU HMCIBITAHUSA KUJKHUX JUAIEKTPUKOB, ONPEAEICHUE TPUTOJHOCTH HCTIBITHI-
BaE€MOM MKHUAKOCTH JUIsl IPUMEHEHHUS B BBICOKOBOJBTHBIX allapaTax IyTEM CPaBHEHMs ONBITHBIX JaHHBIX C
XapaKTePUCTUKAMH KHUJKHX TUIIEKTPUKOB, TpuBeaeHHBIX B 'OCTe.

3ajaHue:
1. O3nHakoMHTBCA ¢ IPUOOPOM M M3YUIHTH MPUHLIUI PaOOTHI ANEKTPOYCTAHOBKH;

2.Ilpou3sBecty 1ecth MpoOOEB TpaHCHOPMATOPHOTO Macia;

3. 3anucare noKa3zaHus npudopa,;

4. PaccuutaTh IEKTPHYECKYIO IIPOYHOCTH TPAHC(HOPMATOPHOTO Maca;

5. Ha ocHOBaHMH pe3ylbTaTOB W3MEPEHUH M PAcueTOB CHEIATh BBHIBOABI O MPHIOAHOCTH HCCIELYeMOTO
TpaHcHOPMATOPHOTO Maciia K JaTbHEHIIIEH SKCILTyaTally.
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https://e.lanbook.com/reader/book/3733/#1
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://ecat.brstu.ru/catalog
http://biblioclub.ru/
http://e.lanbook.com/
http://window.edu.ru/
http://elibrary.ru/
https://uisrussia.msu.ru/
http://нэб.рф/how-to-search%20/

HopsaoK BHINOAHEHUSL:

Bce paboTs! ¢ BEICOKOBONBTHBIM anmnapatroM AUM-90L] npon3BoauTh, CTOSI HA pE3UHOBOM KOBpHKeE!

Hcnpitanus ammapatrom AVM-90L] ocyIecTBISIFOTCS B CISAYIOMIEH TOCIEA0BATEIEHOCTH:

1) TIOTHO 3aKPBITH KPBIIIKY Oaka;

2) noxnkmounts annapat AUM-90L] k cetu;

3) BKIIIOYXTH IMTAHKUE alIapaTa CeTeBbIM BBHIKIIOUATEIEM Ha JIMLEBON naHenu. Yepes 5 ¢ Ha auciuiee
oroOpa3urcs nHpopmanys 00 UCXOJHOM PEKUME HUCIBITAHUS, YTO COOTBETCTBYET FOTOBHOCTH ammapara K
pabote (puc.1.3).

IocCt

6581-75
6....... V = %

0.0 kv 5:00

Ne00055

Puc.1.3. Ucxonnslit pexum ammapara (U, ,- cpennee apudMeTnyeckoe 3HaUCHHE N3MEPEHHBIX Ha-

npspKkeHui npo6osi; Oy - cpeansis KBajgpatuueckas ommbka; V,% - kodhdunuent Bapuanuu; 0.0 KV —

(pOBbIe NMOKa3aHUS UCHBITATEIBHOr0 HanpspkeHus; 5:00 — mpofoKUTEIBHOCTh MHTEPBAIa MEXIY MPO-
60s1Mn)

4) BKJIIOUUTH KHOIIKY BBICOKOTO HANPSKEHHs, MOCIEe 3TOKO Ha JUCIUIeE TOSBUTCS 3HAYOK BHICOKOTO
HaIPsOKEHUS g , 4 Ha JIMLEBON IIaHENU alapara BKIOYNATCS KPacHbIM MHAUKATOP BBICOKOTO HAIPsKE-
HUS;

2

5) yBenuueHHE HANPSHKEHUS! HA UCHBITYeMOM O0BbeKTe OyIeT MPOHUCXOAUTh aBTOMATHYECKU 10 MO-
MeHTa Npo0os XuAKoro nudiekrtpuka. Ilocie nmpobos mpouzoiineT 3amuch HampspKeHUs: mMpodosi B rpade

«ITIEPBUYHOE» u B ctpoke «Cpennee apudmerndeckoe 3HaueHHue mpoduBHOro Hampsokenus» U, ,. Bei-
COKO€ HalpsDKeHUE OTKIIIOYMTCS. KpacHblii HHIUKATOp MOTracHeT.

6) OTKpBITH KPBINIKY anmapaTta. OTCUeT BpEMEHH MHTEpBaa MKy IOCIICI0BATSIbHBIMU IPOOOSIMH
Maciia octaHOBUTCS. [Ipy momoIM YMCTOM CyXO0il CTEKISTHHON MaJOYKH MepeMeNIaTh Macio, YJIaluTh TBEp-
JIbIC TIPOJIYKTHI Pa3jiokKeHH MEXIY ekTpoaaMu. [Ipu 3ToM ciieyet u3deraTh BOSHUKHOBEHUS MTy3bIPhKOB
BO3]lyXa B UCIBITHIBAEMOM JUAJIEKTPHUKE.

7) 3aKpbITh KPHIMIKY armapara. OTcueT BpeMEeHH HHTepBajia MEXy cpabaThIBAaHUSIMU BO30OHOBUTCS.
Ilo ncTedyeHnn 5 MUH aBTOMAaTHYECKH MPOHM3OUIET ClenyroImui mpoboit Macia. [lepemernmBanne XKuIKOTO
JURJIEKTPUKA HEO0XO0IMMO TPOU3BOJIUTH MOCTE KaxIoro npodost!

8) 00 OKOHYAaHWH HCTIBITAHUS amliapaT U3BECTUT 3BYKOBBIM CHUTHAJIOM, a IporpamMma ONpeIesuT pe-
3yJIbTAT UCTIBITAHUS KUJIKOTO TUAJICKTPHUKA. J[J1s1 BEIKITFOUSHHS 3ByKa TPeOyeTcs MPUOTKPBITH KPBIIKY Oaka.

9) IMOCJIC 3aBCPLIICHU HCIBITAHUM 3aIIMCaTh ITOKa3aHHUs an/I60pa;

10) C6p0C PE3YJIbTATOB HCIIBITAHUSA MPOU3BECCTU HAKATHEM HA KHOIIKY BBIKJIFOYCHUSA BBICOKOI'O Ha-
MPAKCHUS; 3aTCM OTKIIFOUUTD allllapaT CETCBbIM BBIKJIFOYATCIICM Ha J'II/IL[@BOI\/'I ITaHCIN,

11) OTKIIOYNUTH YCTAHOBKY OT CETH.

Ha ocHoBanuu miectd nmpo0OOeB BBIYUCISAETCS CpejiHee apupMeTnyeckoe 3HaueHHe MPOOMBHOTO Ha-
MPSDKEHUS, KOTOPOe MPUHUMAIOT 32 JIEHCTBUTEIbHOE 3HaYEHHE. B COOTBETCTBUM C MONy4YEHHBIM MPOOWB-

HbiM HanpsokeHueM, U ., ucrionb3ys popmyay (1.1), paccuuTtars 3J1€KTPUYECKYIO IPOYHOCTD Epp.

1p»

®opmMa OTYETHOCTH:
Pe3ysbTaThl H3MEpEHHI U BRIYUCIICHUH 0)OpMIISIOTCS B (popMe oTUeTa.

B oTdere no mabopatopHoii paboTe TOHKHBI COAEPIKATHCS CIEAYIONINE TyHKTHI:
1. Ienb paboTsl.
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2. TexHHYECKUE XapaKTCPUCTUKU MPUOOPOB U UCTIHITYEMBIX MaTCPHAIIOB.

3. CxeMy yCTaHOBKH JJIsl OTIPEACICHHUS AICKTPUICCKON POYHOCTHU KHUIKUX TUDIICKTPHKOB.

4. Pe3ynpTaThl 3KCTIEPUMEHTOB M BBIBOJIBI IO paboTe 0 MPUTOAHOCTH UCIBITYEMOTO IUIIEKTPHKA.
5. TlommucaHHBIN MpemoaaBaTesieM MPOTOKOT SKCIIEPUMEHTATBHBIX H3MEPEHUH.

3aiaHus AJIs8 CaMOCTOSITEILHON paOoTHI:
N3yuuTh TeOpeTnueckuii Mmarepuai mo remam 2.7, 2,10 pasnena 2.

OcuoBHas nuteparypa : [1]

JononuurenpHas aureparypa: [2, 5, 6, 8] .

KoHTpoJIbHBIE BOMPOCHI ISl CAMOIIPOBEPKHU

1. B Kakux 3JeKTpUUIECKUX aIapaTax MPUMEHSIOT TpaHCHOpMAaTOpHOE Maciao?

2. Kak BimseT Ha 3NMEKTPUYECKYIO MPOYHOCTh MACJa OONBIIOE YHCIIO CICAYIOMNX JAPYT 32 APYroM mpobo-
eB?

3. TloyeMy mpu cTaHIAPTHOM HCIIBITAHUH Macia OepyT cpellHee U3 MIECTH 3HaYCHHWH POOUBHOTO HAIps-
JKCHHUS, & HE YIOBIECTBOPSIOTCS OJTHUM-TIBYMS 3HAUCHHSIMU?

4. TloueMy M Kak M3MEHsETCS DJIEKTPUYECKas MPOYHOCTh Maciia MpHU MOSIBICHHHA B HEM BOJBI U JIPYTUX

npumecei?

Kak 3aBUCHT 3IIEKTpUYECKast MPOYHOCTD JKUAKUX TUIICKTPUKOB OT UX TIONSAPHOCTU?

6. Kak 3aBuCHT 3eKTpHYeCcKas TPOYHOCTD KUKUX JUIICKTPUKOB OT TEMIIEPATyphI?

o

JlabopaTopHas padora Ne2

HN3MepeHne TUIJIEKTPUYECKOI MPOHUIIAEMOCTH H_TAHI€HCA YIJIA JHAJIEKTPHYECKHX NOTEePh TBEPABLIX
AMIJICKTPUKOB

[{eap paboThI:

N3ydeHne HEKOTOPBIX 3JEKTPUUYECKUX XaPAKTEPUCTHK MUAJIEKTPUKOB M O3HAKOMIIEHHE C HamOolee
pacipoCTPaHEHHBIMH CIIOCO0AMU OTPEACICHHS AUIICKTPUISCKON MPOHUIIAEMOCTH W TaHTeHCA yrja Ju-
3JIEKTPUIECKUX MMOTEPH TUIICKTPHUKOB.

3ajaHue:

1. O3HakoMUTHCs C IPUOOPAMH U U3YYHTh TIPUHIMHI PAOOTHI SJIEKTPOYCTAHOBKH;

2. TIpou3BecTH U3MEPEHUs JUAIIEKTPUUYECKOM TIPOHUIAEMOCTH M TAHI€HCA YIila JUIJIEKTPHIECKUX MOTEPh
AJId 3aJaHHBIX MMPEIIOJAaBaTCIICM MaTCPUAJIOB;

3. Ilomy4yeHHbIe pe3yNbTaThl OTPA3UTh Ha rpaduKax;

4. Crenathb BbIBOJIbI 10 PE3yJIbTATaM BBITIOIHEHHOM PabOTHI.

[Iops10K BEIIOJHEHUS
1. BkIIIOYHTEL aBTOMAT.

2. TloBepHyTh pykosTKy JIATPa mpoTHB 4acoBO CTPEINIKH JIO MpeJiena.

3. BKIIIOYHTH CTEH]T IEPEKITI0YAaTENIeM, PACTIONOKECHHBIM Ha BEPTUKAILHON ITAHENN CTEH IA.

4. YcTaHOBUTH B HYJIEBOE MOJIOKEHUE PYKOSTKH CONPOTUBIICHU MOcTa R3 M mepeKitovaTeib 4yBCTBUTENb-
HOCTH TajJbBaHOMETpa. PyKOSTKy MOJIOKEHHs IMIYHTOB MocTaBuTh B nosokenue 0,01. [lepekmouarens
MOJIIPHOCTH TTOCTABHUTH B TIOJIOKEHHE “1.

5. IlpousBectu u3MepeHus:

5.1. Bpamas pykoarky JIATPa o yacoBoii cTpenke, BEICTABUTH 110 BOJBTMETPY HAIPSKEHUE, JUIsI KOTOPOTo

HEO0XOTUMO MPOBECTH U3MepeHHs &, 1 tgo.

5.2. BKIrouuTh BBIKITIOUATENIEM HA MAHETIH MOCTa OCBETUTENb TaJbBAaHOMETPA U YOCAUTHCS B MOSBICHUN Ha
TIAHEJIN Y3KOW CBETOBOM MOJIOCKH BO3JIE€ HYJIEBOTO JEIICHUS.

5.3. IlepeBecTH PYKOSATKY UYBCTBUTEIBHOCTH TajJbBAaHOMETPA M3 HYJIEBOTO IOJIOKEHHS O TeX IOp, MOKa
CBETOBAs I10JIOCA, PACHINPSACEH, HE 3aiMeT Y2 U /5 Beeit Kb,
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5.4. MeaneHHoO BBOJS CONMPOTHBICHUE Rj, M0o100paTh TaKylo €ro BEIHMYUHY, IIPH KOTOPOM CBETOBAas MOJIOCa
Ha LIKaJle UMEeT MUHUMAIIbHYIO IIMPHUHY (TIOJIHOE OTCYTCTBHE TOKA B rajlbBAHOMETpE), 3amucaTh NOIy-
YeHHYIO BETMIHUHY R3 B Tabmmiry.

5.5. Bpamas pykostku tgd, MpoAoKUTh YMEHBIIEHHE IIUPUHBI JTyda raasBaHoMerpa. [Ipu momydennn Mu-
HUMAJIBHOH IIUPYHBI JTy4a 3alACaTh BEIMYHHY MOIy4eHHoro (gd B Tabmd. 3.1.

OOHOBPEMEHHO C YpaBHOBEUIMBAHHEM MOCTA C IMOMOIIBIO IIYHTa MOXHO YBEJIWYHBATh UyBCTBUTEIBHOCTH
TaJlbBAHOMETpPA 10 MAaKCHUMAaTbHON BEIIMIHHEI.

6. YCTaHOBUTDH MEpEKIIOYaTeNIb YyBCTBUTEIPHOCTH TaJIbBAHOMETpPA HA HYJb M NEPEBECTH MEPEKIIoYaTeb
MOJIIPHOCTH B JIpyroe KpaifHee MOJIOKEHUE, CHU3UB Ha BPEMsI UyBCTBUTEIBHOCTH FalbBaHOMETPA C IO-
MOIIIBIO €ro IIYHTA.

7. lloBbImas 9yBCTBUTEIHHOCTH TATEBAHOMETPA, MTPOMU3BECTH MU3MEPEHUS MIPH ABYX MPOTHBOIIOIOKHBIX T10-
JSIPHOCTSIX TaJbBAHOMETPA.

8. 3ammcaTh MoTydeHHBIE PEe3yIbTaThl BTOPOTO M3MEPEHUSI.

9. Pe3ynpTaT OKOHYATEIHHOTO N3MEPEHNS TOTYUIHUTh KaK cpeiHee apu(hMETHIEeCKOe IBYX U3MEPEHUH.

10. OxoHUYMB BCE U3MEPEHUS, TIEPEBECTH MEPEKITIOYATENh IITYHTA FAThbBAHOMETPA Ha HYJIb, a MIEPEKIII0YATETh
MOJIIPHOCTH — B CpefiHee nosiokeHne. CHU3UTh PETYIUPOBOUYHBIM YCTPONCTBOM HCHBITATENbHOE HAMps-
JKEHUE JI0 HYJIS.

11. PaccuuTars Benmunny Cx 10 popmye:

R
C,=C,—*, (3.11)
R, +7
r7ie I — COMPOTHUBIICHHUE JICHCTBYIOIICH yacTu peoxopaa, OM.

12. Paccunrars BenMuuHy £, B COOTBETCTBHE ¢ (opmyioit (3.2). Mpumste Co=10° Mr®; C\=50-10° mk®.
PesynbTatel pacueroB 3anectu B Tabm. 3.1.
13. YBennuuth HanpsokeHue Ha 1 KB 1 moBTOpUThE N3MepeHus.

Tabmuma 3.1
W3MepsieMble BETHIIHEI BeI4ncisieMble BEIUYUHBI
HOJIBOZ[I/IMOG HaI/IMeHOBaHHe HUCIIbI- R r tgé‘ C
3 ) X1
Hanpsoxenne,U, kB TYEMOI'0 MaTepHaja ' !
p U, y p OM OM % d &,
2
7

14. TToctpouts 3aBucumoctu tgd = f(U) (kpuBas nonuzanun) u &, = f(U).

PopMa OTYETHOCTH:

PesynbTarel u3MepeHuii U BEIYUCICHUNH 0POPMITSIFOTCS B JOPME OTUETA.
B otuer no nabopaTopHoii paboTe BHOCHTCS:

Lens paGoThLI.

TeXHUUECKHE XapaKTePUCTUKH MPUOOPOB U UCTIHITYEMbIX MaTEPHUANIOR.

CxeMy yCTaHOBKH JJIsl ONPEACTICHUS UCCIIEAYEMbIX XapaKTePHUCTHK (MIEPEBEPHYTAs CXeMa).
Pabourie popMyITbl C MOSICHEHHEM BXOSAIIMX MAapaMeTPOB.

Tabnuirel ¥ rpaduKu ¢ pe3yabTaTaMHi SKCIICPUMEHTOB, H3MEPCHUHN W BBIYMCICHHH.
BriBoab! o pabore.

ook

3aaHus JUISL CAaMOCTOSTEILHOM PA0OTEL:
W3yunth TeopeTudeckuii Matepuan no temam 2.4, 2.6, 2,12 paznena 2.

OcHoBHasl TUTEpaTypa. [1]

JononuurennHas aureparypa. [2, 5, 6, 8].
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KOHTDOJ'IBHBIC BOITPOCHI AJId CaMOIIPOBEPKHU
YTo Ha3LIBAIOT JAUIJICKTPUICCKUMU HOTepHMI/I?
Kak YUYUTBIBAOTCA IOTCPU B JUBJICKTPHUKE HA MOCTOAHHOM HaHpH)KGHI/II/I?

OT 4ero 3aBUCAT MOTEPU MOIIIHOCTH B U3OJISIIUN U KAKOE COCTOSHUE U30JISIIIUY YBETUIUBACT UX?

JaTp onpesenenne TaHTeHca yriia JUAIEKTPUIECKUX TTOTEPh

O 4eM CBUACTEIbCTBYET yBeNHUeHUE tgS N30IIAINY SICKTPHUSCKON YCTAHOBKU?

[lepeuncnuTh BUIBI TUINEKTPUUECKUX MTOTEPD.

[IpuBecTy 3aBUCUMOCTH TaHT€HCA yria JUAICKTPUUCCKUX MOTEPh MOIAPHBIX TUAICKTPUKOB OT TEMIIEpa-

Typsl. Jloka3aTh 3aBUCUMOCTb.

8. IlpuBecTH 3aBHCUMOCTh TAHTEHCA YTIIa JUANCKTPHUYECKHX TIOTEPh MOJSPHBIX JUAICKTPHKOB OT YaCTOTHI.
JlokazaTh 3aBUCHMOCTb.

9. IlpuBecTH mMpUMeEpHBIC 3HAUCHHS TAHTEHCA YA JHMAJICKTPUYCCKUX MOTEPh TUIICKTPHKOB PAa3IUYHBIX

THIIOB.

No o k~wh e

JlabopaTopnasi paGora Ne3
Onpeaesenye dJeKTPUYECKOH MPOYHOCTH ra3000Pa3ZHLIX IHIJIEKTPUKOB

[{eap paboThI:

W3yunts sBneHne npoOos ra3oB, a TAKKE ONPENEIUTh 3JICKTPHUUECKYIO MPOYHOCTh BO3AYXA B JJIEK-
TPOAHBIX CUCTEMAX PA3TUYHON KOHOUTYPALHH.

3amanue:

N3y4uTh TEOPETUUECKUI MaTEpHAIT,

O3HAaKOMHUTBCS C TPUOOPAMH U M3YyUYHUTh MPUHIIMI PAaOOTHI TEKTPOYCTAHOBKH;

H3mepuTh NpoOUBHOE HAMPSKEHHUE B IEKTPOIHBIX CHCTEMAaX Pa3IndHONW KOHPHUTYPAINH;
PaccunTath 371€KTpUYECKYIO IPOYHOCTH BO3AyXa B AIEKTPOIHBIX CHCTEMAaX Pa3InYHON KOHPHUTYpaIHy;
[Moctpouts rpadpuxu U,,=f(h) u E,,=f(h) mma snextpuueckoro monst pasHoit koHdurypamum (mo Tpu
rpaduka Ha IByX KOOPAHHATHBIX TIIOCKOCTSIX);

CpaBHHTB pe3yNbTaThl IKCIIEPUMEHTA, MTOJTYYSHHBIE JUISl Pa3HbIX JIEKTPOIHBIX CUCTEM;

7. Cnaenath BEIBOJBI IO paboTe.

arDdE

S

ITopsiioK BBIIOJIHEHUS:

1. 9KCHepI/IMeHTaJ'IBHO OHpe)Z[eJ'II/ITB 3aBUCUMOCTHb HpOGI/IBHOFO HaHpH)KeHI/ISI oT paCCTOSIHI/ISI Menc;[y 2JICK-
tponamu, Uy,=f(h), m1s1 snexTpuueckoro nois pa3inuyHO#i KOHGUTYpAIMH: OHOPOAHOE, HEOTHOPOIHOE,
PE3KOHCOAHOPOAHOEC. Hpenenbl HU3MCHCHUA BCIIMYMHBI pa3psAJHOIO HNPOMEKYTKA 3aaat0TCd IMperiogaBa-
TCJICM.

2. PaccuMTarh 3JEKTPUYECKYIO IPOYHOCTH BO3IYIIHOTO NMPOMEKYTKA, Ey, NPU pa3IMyHON CTENEHU OJHO-
POJTHOCTH AIIEKTPHUUECKOTO MO DIEKTPUUECKYIO MPOYHOCTH BO3AYIIHOTO IIPOMEKYTKA OMPENIENUTH 1O

dbopmyie:

—
Enp - 1

h
rie Uy, — HanpsikeHnue 1npo6os, kB;
h — paccTosiHEe MEXTY IIEKTPOIAMH, CM.
3arogHUTh TaOIULy.
Tabmmma
CBoniHast Tabamua pe3yabTaToB padoThI

h, cm

—_ |— Unp, kB
E.,, kB/cm

—_ - U, kB

E.,, kB/cm

— Uy, kKB
E.,, kKB/cm

68



3. Tocrpouts rpadpuku U,,=f(h) u E,,=f(h) misa snexrpudueckoro momns pasHoit koHdurypamuu (o Tpu
rpaduka Ha IBYyX KOOPIMHATHBIX IIOCKOCTSIX ).

4. CpaBHUTb pe3yJIbTaThl SKCIIEPUMEHTA, TOJYIECHHbIE IS PA3HBIX 3JIEKTPOIHBIX CHCTEM.

5. Caenatp BBIBOABI IO padoTe.

dopma OTYETHOCTH:
PesynbTarel paboThl oopmiisitores B Gopme oTueTa.
Otuet no 1a00paTopHOH paboTe AOJKEH COACPKATh:
Lenb paboThl.
CxeMy yCTaHOBKH JJIsl ONPEACITICHUS UCCIEYEMbIX XapaKTePUCTHK.
Paboune GpopmyIsl ¢ MOsSICHEHHEM BXOSIINX TapaMeTPOB.
. Tabnuupl u TpaduKy ¢ pe3ysibTaTaMu SKCIICPUMEHTOB, U3MEPEHUIN U BHIYUCIICHUI.
BriBob! o pabote

el NS

3aj1aHus JUIs CAMOCTOSTENIbHOM PabOTHI:
N3yuuTh TeopeTHuecKuii MaTepuai o temam 2.7,2.9 paznena 2.

OcHoBHas nuteparypa: [1]

JononnurtenbHas aureparypa: [2, 5, 6, 8].

KOHTpOJIbHBIE BONPOCHI ISl CAMOIIPOBEPKH

UYro o3HauaeT NOHATHE «IPOOOH AMINEKTPHKA»?

YeM npoOMBHOE HATIPSHKEHHUE AUAIEKTPUKA OTIIMYAETCS OT €ro 3JIEKTPHYECKON MPOYHOCTH?

B uem 3akmroyaeTcs npouecc yaapHOH HOHU3ALUU B ra3ax?

Kaxoit pa3psn Ha3bIBa€TCSl CAMOCTOATEIBHBIM?

Kaxumu mapamerpamu onpeaensieTcss BO3MOKHOCTh HOHU3ALUN?

Kaxoil pa3psan Ha3bIBaeTCsl CTPUMEPHBIM?

Kak 3aBucutr npo6usHoe Hanpskenue Uy, (anexTpryeckas npoyHocTs Ey,) razo oT papnenusa? Jloka-

3aTh 3aBHCHUMOCTb.

Kak 3aBucur Uy, unn Eyp ra3oB oT TemnepaTypbl? JlokazaTh 3aBUCHMOCTH.

9. Kak 3aBucur Uy, u Eyp ra30B OT CTENEHH OJJHOPOJHOCTH dJIEKTpUyYeckoro nomisa? JlokasaThk 3aBHCHMO-
CTH.

NogakrwnhE

©

JlabopaTopHas padora Ned
3Kc1’leDI/IMeHTa.]'II)H06 onpeacJcHue BJIAMAHUA ANIJIECKTPUICCKOTI0 Gapbepa Ha JJECKTPHUYECCKYIO TPOY-
HOCTH BO3AVIIHOI'O IIPOMEKYTKA B PE3KOHCOJHOPOAHOM I10J1€

[{enb pabOTHI:

HccnenoBanne mpoO0si YUCTOTO BO3AYNTHOTO MPOMEKYTKA B PE3KOHEOIHOPOTHOM TOJe. DKCIEPH-
MEHTAJIbHOE OTpeieNIeHNe BIUSHUS IUAIEKTPUIECKOTO Oaphepa Ha SJEKTPHUYECKYIO TPOYHOCTH BO3AYIITHOTO
MIPOMEKYTKA.

3ajanue:

1. O3HaKOMUTHCS C HKCIEPUMEHTAILHOW YCTAHOBKOM, ¢ TIOPSAKOM pabOThl Ha HEH U MpaBWIIAMU TEXHUKH
Oe3omacHOCTH.

2. TlpoBecTu cepuio ONBITOB IO ONPEACICHHUIO IPOOUBHOIO HAMPSHKEHUS U DJIEKTPUUECKON POYHOCTH YHUC-
TOTO BO3YIIHOTO MPOMEXKYTKA "MIIIA-MIIOCKOCTE" B 3aBUCHUMOCTH OT MEXAIEKTpoaHOr0 pacctosHus (h).

3. [IpoBecTu cepuio OIMBITOB MO ONPEACICHHUIO JIEKTPUISCKON IPOYHOCTH MTPOMEKYTKA "UIIIa-TIOCKOCTE" ¢
JUDJIEKTPHUECKUM OapbepoM MpH Hen3MeHHOM h =30 MM B 3aBHCHMOCTH OT MECTa PaCITOIOXKEHUS Oaph-
epa (h;) puc.5.1.

4. CocTaBUTh OTYET.

[TopsiAoK BBITOTHEHUSI:
1.B mepBoM oOIbITeé OOBEKTOM HWCCIICIOBAHHS SIBISICTCS YUCTBIA BO3IYIIHBIA MPOMEXKYTOK '"WTria-
IOCKOCTR". MI3MeHstst paccrosuue Mexkay simekrpoaamu h ot 10 o 60 mm (uepe3 10 MM), HeOOXOIMMO TIO-
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BBIIIATh HANPSDKCHUE IO BOSHUKHOBEHU 1po0ost. [ToydeHHbIe pe3ynbTaThl 3aHecTd B Tadiuiry. [loctpouTs
zaBucumocts U,,=f(h) n E,,=f(h).

2. JInst IpOBEICHHS OTIBITOB C OaphepHOM M30JSIMEH BBHICTABHTH PACCTOSIHUE MEXKIY dJIEKTpoaamMu h
=30 mM. YcraHoBuTh Oapbep. Paccrosiue mexay "urnoit" u 6aprepom, h | MeHsieTcst mepeMereHnem oapbe-
pa ot 0 10 30 MM yepe3 Smm. [loBblIaTe HampsoKeHHE A0 MpoOos. [lonydeHHbIe pe3yabTaThl 3aHECTH B Tab-
muuy. [Toctpouts 3aBucumocts U,,,=f(h;) Ha ogHOI KoopauHATHOI MIOCKOCTH ¢ XapakrepucTukoi U,,=f(h).
U3onamoHHbli MaTepual 0apbepa MEHSTD IMOciie KaXJIOro mpodosl.

3. CpaBHHB pe3yJIbTaThl JBYX OIBITOB, YKa3aTh KOHKPETHBIC YYaCTKH, HA KOTOPHIX Oapbep MOBBIIIACT
NpOOMBHOE HANPSHKCHUE 110 CPABHEHUIO C YUCTBIM BO3IYIIHBIM MPOMEKYTKOM, @ Ha KaKUX, HA00OPOT, CHHU-
JKaer.

4. B mporecce KCIIEpUMEHTa CIIeAyeT HAiiTH ONTHMAlIbHOE MECTO pacronioxenus Oapbepa (h; ontu-
MaJlbHOE), IPU KOTOPOM 3HAa4Y€HHE MPOOUBHOTO HAMPSHKCHUS OyIeT HAHOOJIBIINM.

PopMa OTYETHOCTH:
PesynbTaTsel paboThl 0popMIIIOTCS B (hOpME OTUETA.

OrtyeT o mabopatopHoOl paboTe MOIDKEH ComepKaTh:

1. Ilenb paboTHI.

2. Kpartkue TeopeTHdecKue CBEJCHUS.

3. DCKH3 HCTBITYeMOro 00bekTa. KapTHHBI JIeKTPHUECKOro MO IS YUCTOrO BO3AYIIHOTO MPOMEXKYTKa
"UIIa-TUIOCKOCTE" U JIJISl BO3AYIIHOTO MPOMEXKYTKA C IUAICKTPUICCKUM 0aphepoM.

4. Tabmuipl ¢ pe3yabTaTaMM HCHBITAHUH, copepKallie BeIMYMHbI NpoOuBHOro HampsbkeHus (U,,), sek-
Tpu4ecKoi npouHocT (Epp), MexanekTpoaHoro paccrosiaus (h), mecropacmonoxerus 6apsepa (h 1).

5. I'padux 3aBucumoct E,,=f(h) a1 uncroro Bo3mayImHoro mpoMexyTKa.

6. I'pacduxu 3aBucumocreit U,,=f(h) u U,,=f(h,) mpu h =30 Mm (Ha ogHOI KOOPIMHATHOH MIIOCKOCTH).

7. AHanu3 MOJYyYSHHBIX PE3yJIbTaTOB H BHIBOJIBI.

3ajaHus JUIs CaMOCTOSITeJIbHOW PabOThI:
W3yuuTh TEOpETHUECKUIT MaTepual o Teme 2.7 pasziena 2.

OcHoBHas nuteparypa: [1]

JononuurtenbHas aureparypa: [2, 5, 6, 8].

KoHTpoJBHBIE BOMIPOCHI /I CaMOIIPOBEPKHU

1. JlaTh onpeneaeHue JIEKTPHUUECKOM MPOYHOCTH M TPOOMBHOTO HATIPSKCHHMS.

2. IlepeuncnuThb GaKTOPHI, BIUSIONUE HA HIEKTPUIECKYIO IPOYHOCTH YHCTOTO BO3IYITHOTO MTPOMEXKYTKA.

3. OxapakTepu30BaTh 3aBUCUMOCTh SJICKTPUYECCKON MPOYHOCTH YMCTOTO BO3IYIIHOTO MPOMEKYTKA OT pac-
CTOSTHUSI MEXKTY DJIEKTPOIaMH.

4. OxapakTepwu30BaTh BIUSHUE CTENEHU HEOJHOPOTHOCTH AIEKTPUIECKOTO OIS Ha AJIEKTPUIECKYIO IPOY-

HOCTb YHCTOTO BO3/YIITHOTO MTPOMEXKYTKA.

[osicuuTs BaMsiHUE 6aphepa Ha IJIEKTPUIECKYIO TPOYHOCTH U30ISIMOHHOTO MTPOMEXKYTKA.

IlosicHUTH BIUSHUE MOJAPHOCTH SJEKTPOIOB HA 3JIEKTPUUYECKYIO IPOYHOCTh YUCTOrO BO3AYLIHOTO MPO-

MEXYTKa U IIPOMEKYTKA C OaphepoM.

7. OxapakTepu30oBaTh 3aBHCHMOCTh TPOOMBHOTO HAIIPSDKCHUS OT MECTa PACIOJIOKEHIS Oaphepa.

o o

JlabopaTopHas padora NeS

HcciienoBaHue HEKOTOPBIX XaPAKTEPUCTHK d_)eDDOMal"HI/ITHLIX MaTepuaJaoB

[{enb paboTHI:

I/I3yquI/Ie OCHOBHBIX XapaKTCPUCTUK q)eppOMaFHI/ITHI)IX MaTepualioB, a TAKXXC O3HAKOMJICHUEC C MCTOAaMHU U
CpeaCTBaAMU ITOJIYYCHUSA OTUX XapPaAKTCPUCTHUK.

3ajaHue:
1. Wsyuuth TeopeTndeckuil Marepuan no temam 5.1, 5.2, 5.3;
2. TIpomsBecTH M3MEpEHHs OCHOBHBIX XapaKTEPUCTHK 3aJaHHBIX ()eppOMArHUTHBIX MaTEPHAIIOB;
3. Tloctpouts rpaduku;
4. CpenaTb BBIBOABI 11O pe3ynbTaTaM paboTHI.
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ITopsAOK BBINOJHEHUS:
1. O3HaKOMUTBCSI C OCHOBHBIMH XapaKTEPUCTHKAMU (eppOMArHUTHBIX MaTEPHAJIOB.
2. YCTaHOBUTH MEPEKITIOYaTelh Ha JIMIICBOH MaHEeIN CTeH 1A B MOJIOKCHUE, YKa3aHHOE TIPETIOIaBaTeNIeM.
3. Usmenss JIATPom nanpspkenue o PV ot 50 no 150 B ywepes 10 B, 3anucars nmokaszanus npuOOpoB
PA u PV2 B Tab61n.6.1.

Tab6muma 6.1

PeSyj'II:»TaTI)I I/IBMCpeHI/Iﬁ napamMeTpoB, HCO6XOILI/IMI)IX AT IOJIYUCHHU A KpHBOﬁ HaMarHm-

YUBAHUS
Ne | U I1 U, U, | Yacr | Hn | Bm | p | TTomoxenne

w/n |B |A|gen | B | nen| B B |AM | Tn | I'a/m MEPEKIIFOYATEIIS
1

2 1

1

2 2

1

2 3

4. PaccunTars:
a) HampspkeHHOCTH MATHUTHOTO TIOJIS
V2.1, W,
m T
L,
rae |;-Tox B HamarHu4MBaromen ooMoTke, A; Wi- 4MCciio BUTKOB HAMarHUYMBAOIEeH 0OMOTKH; |gp —

H (6.4)

CpCaHAa JJIMHAa MarHuTOIIpoBO/J1a, M.

0) MarHWTHYIO HHAYKIIHIO
U
2 .
B, = —_ (6.5)
4 ' f ’ VVZ ’ S06p
rae f — gacrora, I'; W, — 4HCIIO BUTKOB U3MEPUTEIBHON OOMOTKH; S5, — IIIOMA/b CEYCHUS HCCIIe-
JlyeMoro o0pasia, M
Usrop = (UatU’2)/2; e U= Up Ky, = Uy -(Wo/Wy)
3Hauenus |, ,Sosp W, IS pa3THYIHBIX MATHUTONIPOBOIOB IIPUBEICHHI B TA01.0.2.

B) MarHUTHYIO TPOHUIIAEMOCTb

B
M= (6.6)
IIJO ) Hm
Iony4yeHHbIe TaHHBIC 3aHECTH B Ta0J1.6.1 u mocTpouTth 3aBucumoctu B = f(H) u p = f(H).
Tabmmma 6.2
ITonoxenne 2
TepeKIoyaTens lop, M Soops M W, W,
1 0,34 7,510 880 20
2 0,36 17,6-10* 400 22
3 0,44 9,1-10* 730 40

5. IIyHKTHI 2 - 4 TOBTOPUTH €IIIe IS ABYX 00pa3IloB, IMEIONTUXCS B JaOopaTOpHOM cTeHae. Jliis aToro me-
peKITIoYaTenh Ha CTSHIE TIO0YEPETHO YCTAHOBUTH B MOJIOKEHUE 2 U 3.
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6. Ilo CIIPAaBOYHUKY OMNPCACINUTH MAapKHU BHGK’I‘I_)OTGXHI/IHGCKOIﬁ CcTajid, U3 KOTOpOﬁ HU3TrOTOBJICHBI HC-
IMOJIB3YEMBIC MarHuTOIIPOBOABI.

Popma OTYETHOCTH:
PesynbTaTsl paboThl 0opMIIAIOTCS B (hOpMe OoTUeTa.
OrtyeT o mabopatopHoi paboTe TOIDKEH ComepKaTh:
1. llenp paboTHL.
2. TexHnuyecKkue XapaKTEPUCTUKH MPUOOPOB U HCIBITYEMbIX MAaTEPUAJIOB.
3. Cxema 3KCIIEpUMEHTA.
4. Paboure GopMyIibl C MOSCHEHHEM BCEX BXOJSIIMX MapaMeTPOB.
5. TaGnuup! U rpadvKe ¢ pe3yIbTaTaMu SKCIICPUMEHTOB, U3MEPEHUI U BHIYUCIICHUIA.
6. BriBogiwI 110 paborTe.

3a/iaHus AJI CaMOCTOSTENIbHON paboThI:
N3yunth TeopeTruueckuii Mmatepuan mo temam 5.1, 5.2, 5.3 paznena 5.

OcHoBHas suteparypa: [1]

HononuurtenbHas aureparypa: [2, 5, 6, 8].

KOoHTpOJIbHBIE BONPOCHI ISl CAMOIIPOBEPKHU

Knaccudukanms BemecTs o NoBeACHUIO B MATHUTHOM ITOJI€.

Knaccudukanys MarHuTHBIX MaTepPHAaJIOB.

OcHOBHBIE TAPAMETPHI, XapaKTEPU3YIOLINE CBOWCTBA (DEPPOMArHUTHBIX MATEPUAIIOB.
MarauToMsrkue MaTepHaibl.

MarauToTBep/able MaTepHaIbL.

MerToap! onpeneneHus XapakTepUCTUK peppoOMarHUTHBIX MaTepHaIoB.

Sk wdE

IpakTuyeckoe 3anaTue Nel
Pacuer aM3/1eKTPUYECKUX NOTEPh B M30JMH CHI0BOI0 KaleJ/s

[{enb pabOTHI:

O3HakoOMIICHHE C MCETOJUKAMH OINPCACICHUA MUIICKTPUICCKUX MOTEPh B U30JIAIMHA BBICOKOBOJIBTHBIX
Ka0enel u cnocobaMu MX CHIDKEHHs. Pacuer MMOTEPb B KOHKPETHBIX KaOesX.

3ajiaHue:
1. O3HakOMUTCS C KOHCTPYKIIMEH Kabemneil. Mapka ka0elist ¥ eTro JUIMHA 33]1aeTCsl TIPETo/1aBaTeNIeM.

2. Paccuntarh AMANEKTPUYECKHE MTOTEPH B U30JISIIIUA KaOells.
3. Cnenarb BBIBOBI.

ITopsI0K BBIMOJIHEHUS:
1. O3HaKOMUTCS ¢ KOHCTPYKITHEH KaOee.
2. PaccunraTh AMANEKTPUYCCKHE TIOTEPH B U3OJISIHN Kabes
Jusnexkrpuueckue NoTepy B M30s0uK, BT/M, oHO# (hasbl paccunTtriBatoTcs o Gopmyse:

P, =U: 0-C-tg3,

rine Uy — dhasHoe HanpsbkeHue, B;
® — YTJI0OBas 4aCcTOTa NEPEMEHHOT0 ToKa, =27f;
C — émkocTh (a3sl HA SIUHUILY IIUHBI, D/M.
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XapaKkTepUCTHKH U3OJISIMN
Tun kabenst € ‘ tgd
KABEJIH C ITIPOITHTAHHOH BYMAKHOH H30IALIUEH
C 6s13K01 RPONUMKOU 4 0,01
Macnonanonnennvle HU3K020 0adieHUsA 3,3-3,75 0,004 — 0,0045
Macnonanoanennvie 8b1coK020 0aGIeHUA 3,7 0,0045
KABEJIH C PIS’OJUII[HEﬁ H3 JIPYTHX MATEPHAJIOB
U3 pezunvl Ha ocHoge OYMUIKAY4yKa 4,5 0,05
U3 smunennponunenosoii pe3urvl 3 0,04
U3 nonusununxiopuoa 8 0,1
U3 mepmoniacmuunoeo nonusmuieHa 2,3 0,01
U3 cuuumozo noausmunena 2,5 0,0008

Tabmuna

EmMkocTh oHOI ¢a3pl Ha enuHUIYY IUIHHBI, O/M JUIS KPYTIIBIX KW W HETPaIUPOBAHHOW M3OJISAIIUU

MOJKET OBITh paccuuTaHa o Gopmyie:

C— £-107° |

18In£
d

X

rJie € - TUAJIEKTPUYECKast MMPOHUIIAEMOCTh H30Jsimu; J| — nuameTp kabens mo ¢asHoi usossuuu; d, — aua-

METP JKHIIBI.
3.Crenarb BBIBOBI.

Popma OTYETHOCTH:
Kpatkue TeopeTndeckue CBeIeHH.
Ocku3 kabessi, MPUHITOTO K pacyery.

Pesynbratel pacyera.
BrIBoJ 1 aHANN3 MOMyYEHHBIX PE3YIbTATOB.

grwbdE

BaI[aHI/Ifl JUISL CAaMOCTOSITCILHOMN Da6OTI)I:

(DOpMYJ'IBI, C MMOACHCHUEM BXOJAIIHNX ITapaMETPOB.

N3yunTs TEOpEeTHYECKHil MaTepuan o Teme 2.6 pazaena 2.

OcHoBHas nuteparypa : [1]

JononuurenbHas aureparypa: [2, 5, 6, 8].

KOHTDOJ'II)HI)IC BOITPOCHI AJId CaMOIIPOBEPKHU

1. B 4éM coCTOUT CYTh MOJISIPU3AIMOHHBIX MTPOIIECCOB?

2. Kakum napamMeTpoM KOJUYCCTBCHHO MOXXHO OLICHUTD IMOTCPU MOITHOCTU B ):[I/ISJ'IGKTpI/IKC?

3. OOBsACHUTE CBA3b MCKOY ,Z[I/IZ)HGKTpI/I‘{eCKOﬁ MOPOHULACMOCTBIO U MMOTCPAMHU MOIIHOCTU B U30JIALIUA Kabe-

s?

4. Kak 3aBUCST AUBJICKTPUICCKHUEC TIOTCPU OT YacTOThI?

IIpakTyeckoe 3ansaTue Ne2
Pacuer HOBeDXHOCTHOﬁ H 00LEMHOM IJECKTPOINPOBOAHOCTHU TBEPAbIX TUIJICKTPUKOB

[lenb paGoTHI:

O3HAaKOMJICHHE C METOJMKAMH OIpe/ielieHus] TOBEPXHOCTHON U OOBbEMHOM AIEKTPONPOBOJTHOCTH

TBEPABIX JUIJICKTPHUKOB

3amaHue:

1. O3HaKOMUTCSI ¢ METOJJUKAMU OIPE/IeNICHNs] TOBEPXHOCTHOM AIEKTPOIPOBOAHOCTH TBEPABIX JIUIIICK-

TPHUKOB.
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2. O3HaKOMHTCSI C METOIMKAMHU OTpe/iclicHUst 00bEMHON AJIEKTPOIPOBOAHOCTH TBEPBIX JUIICKTPUKOB
3. PaccunTaTh IOBEPXHOCTHYIO U OOBEMHYIO AJIEKTPONPOBOAHOCTh 33JaHHBIX MPEToAaBaTelieM JI1-
3JIEKTPUKOB

4. CnenaTh BBIBOIEI.

ITopsiI0K BBIMOJIHEHUS:
1. g 3amaHHOTO TIperno/iaBaTesieM AUIIEKTPUKA OIIPENeIUTh Mo (hopMyIiam:

— YACIBHYI0 00BEMHYIO IPOBOAUMOCTD vy, = E
P
RS

— yIenbHOE 00bEMHOE CONPOTUBIICHUE p,, = o

2.
rae R — conmporusnenue ganHoro oopasiia, Om; S — mromiaas nonepednoro ceuenus [, mm*; h — tommuna J1,
MM.
2. OnpenenuTs 3MEKTPOHHYIO AIEKTPOIPOBOTHOCTE IO opmyne [lyrms:

e =y,

rIie Y — yaelbHasi MPOBOJUMOCTD TUAJICKTPUKA B 00JIACTH, TJe coXpaHseTcs 3akoH OMa; Yy — yAenbHas Mmpo-
BOJMMOCTH JMAJICKTPHKA IPH CHIIBHBIX JIEKTPUYECKHX MOJAX; £ — HaNpsHKEHHOCTH DIIEKTPHYECKOTO OIS
B — KO3QPUIKEHT, XapaKTEPU3YIOIIUHI JaHHBINA AUIIIEKTPHUK.

[Ipy 04YeHB BBICOKHMX HAIPSHKEHHOCTSX JIEKTPUYECKOTO MOJIS, OMM3KUX K MPOOMBHBIM 3HaYCHUSAM (£
~ FEmp), 00see TouHoOM siBsieTcs Gpopmyna Openkens:

Ye=¢€ Pl '

rae i — ko3 unmeHT, XapaKTepu3yOMni TaHHBINA AUAICKTPHUK.

DNeKTpOHHAs! 3JIEKTPOIIPOBOJHOCTD HAOMIOAAETCS TOJBKO B CHIIBHBIX AJIEKTPUYECKUX TOJISIX, MEPEHO-
COM BeEIIIECTBA HE COMPOBOXKIACTCS.

3. JIy1s1 3a1aHHOTO TIPENOaBaTeNeM TUAIEKTPUKA ONIPEICTUTh MOBEPXHOCTHYIO TPOBOAUMOCTS!

1

— BEJIMYMHY YJEIbHON MOBEPXHOCTHOM MPOBOIUMOCTH Y4 = —,
Ps

Rd

— YACIBHOC ITOBCPXHOCTHOC COIIPOTUBJIICHUC Py = |_ ;

riae R — conporuBienne qaHHoro obpasna, OMm; d — mmprHa 31eKTPOaoB, MM; | — THHA TUATIEKTPHKA, MM.

Popma OTYETHOCTH:

1. Kpartkue TeopeTndecKie CBEACHHS.

2. ®opMyIIBl, C MOSCHEHNEM BXOASAIINX apaMeTpOB.
3. PesynbraThl pacuera.

4. BeIBOJl 1 aHAJIN3 TIOJYYEHHBIX PE3yJILTATOB.

3aiaHus A CaMOCTOSTENILHON paboThI:
W3yunts TeOpeTHUECKNI MaTepHual 1o Teme 2.5 paszena 2.

OcHoBHas nuteparypa : [1]

JononuurenbHas aurepartypa: [2, 5, 6, 8].

KoHTpoaBHBIE BOMPOCHL /IS CAaMOIIPOBEPKH

1.TTosicHUTE sIBICHUE OOBEMHOM JIEKTPOIPOBOTHOCTH TBEPIBIX JUIICKTPUKOB

2. [TosicHUTH 0COOEHHOCTH 00OBEMHOM TEKTPOHHOH 3JICKTPOIPOBOIHOCTH TBEPBIX TUIIEKTPUKOB

3. [losicHuTh 0COOEHHOCTH 00BEMHON HOHHOMN 3JIEKTPOIPOBOIHOCTH TBEP/IBIX TUAIIEKTPUKOB

4. [lepeuuciuTh (GaKTOPHI, BIUSIONUE HA 00BEMHYIO 3JICKTPOIPOBOIHOCTH TBEP/IBIX TUAICKTPHUKOB

5. TlosicHUTE sIBIEHUE TTOBEPXHOCTHOU AJIEKTPOITPOBOTHOCTH TBEPIBIX AUICKTPHUKOB

6. [lepeuncnuTh GakTOPHI, BIUSIONINE HA TTOBEPXHOCTHYIO JICKTPOIPOBOHOCTE TBEPIBIX TUIICKTPUKOB
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IpakTnyeckoe 3ansitue Ne3
Pacuer ¢pu3nyecknx NapaMeTpoOB MPOBOJHNKOBBIX MATEPHAJIOB

[{enb paboOTHI:

I/I3y‘IeHI/IC (1)I/I3I/I‘leCKI/IX napaMeTpoOB IIPOBOAHHUKOBLIX MAaTCPUAIOB U MECTOJAUK UX ONPCACICHUSA

3amanue:
1. O3HaKOMHTCS ¢ METOAMKAMHU OIIPEJICICHHS (PHU3UIECKHUX TTapaMeTPOB IMTPOBOIHUKOBBIX MAaTEPHUAIOB

2. Paccunrars TeMIepaTypHbIA KOI(DPUIMEHT YACILHOTO COMPOTHBIICHUS, YAEIHLHOE COMPOTUBIIEC-
HUE U KO (PUIIMEHT TETUIONPOBOIHOCTH /IS 33/IaHHBIX TPEToIaBaTesieM IMTPOBOIHUKOB
3. CuenaTth BBIBOJBI.

I1OpsAOK BBINOJIHEHUS:
JI1s1 3a1aHHBIX IPEnoiaBaTelIeM MaTepUaIoB U BHEITHUX YCIOBHIA:
1. Onpenenuts yAEIbHYIO HMPOBOAMMOCTE Y M €€ 00paTHYIO BEIUYHHY — YAEIBHOE COIPOTHBIICHHE .
B cootBerctBuu ¢ 3akonom Oma (| = YE) yaenbHas IPOBOAUMOCTS Y METATMUECKUX IPOBOJHUKOB HE
3aBHCHUT OT HaNpPSKEHHOCTH JIEKTPUUECKOT0 Mo £ Ipy U3MEHEHHH €€ B BeChbMa UTMPOKUX MpeJienax:

v =1/p,
p = RS/,
rie R — comporueienue qaHHOro 06pasia, OM; S — momnepedHoe cedeHne IpoBOAHMKa, MM, | — tu-

Ha MIPOBOJHUKA, M.

YeM MeHbIIE Y IPOBOAHUKA YAEIHHOE CONPOTHBICHHUE, TEM OH JIyHIlIe, TEM BBIIIE €r0 IPOBOAUMOCTD.

2. OnpenennTs TeMIepaTypHbli KO3QQUINEHT yIeIbHOIO0 CONPOTUBIICHUS Oy,

Yucno Hocuteneil 3apsina (KOHIEHTpalus CBOOOAHBIX SJIEKTPOHOB) B METAJUIMYECKOM MPOBOIHUKE
TIPY MOBBIIIEHUH TeMIIEpaTypbl MPaKTUUYECKU OCTaeTCsl HeM3MEeHHBIM. O/THAKO BCIIEACTBHE YCHUJICHUS KOJle-
0aHui y3710B KPUCTAJUIMYECKOM PELIETKH C POCTOM TeMIIepaTypbl MOSIBISETCS Bce OoJblie M OOJbLIe mpe-
NSATCTBUI Ha IMyTH HAIIPABICHHOIO JBM)KEHHS CBOOOAHBIX 3JIEKTPOHOB MO ACHCTBHEM JIEKTPUYECKOrO IO-
JIs1, T.€. YMEHBILAIOTCS JJIMHA CBOOOIHOTrO Mpodera 3eKTPOoHa A, MOABHXHOCTD 3JIEKTPOHOB U, KaK CJIEACT-
BUE, yJIeJIbHAs! IPOBOJIUMOCTD, CJIE0BATENbHO, YBEIMYUBAETCS yI€IbHOE COIIPOTUBICHUE MaTepuala;

o —19p
" pdT

TemmnepaTypHblii KO3QPUIHEHT YyIeTbHOIO CONPOTHUBICHHUS TOKA3bIBAET, KAK YBEJINYUBACTCS yIIENIb-
HOE€ CONPOTHBJICHUE ITPOBOJHMKA MIPH YBEIUYCHNH Temneparypsl Ha 1 K.

IIpu u3MeHeHUH TemIepaTypbl B y3KUX JAHMalla30HaxX Ha MPaKTHUKE JJIS pacdeTa yAeIbHOro CONMpPOTHB-
JIeHUs] IPUMEHSIOT GpopMyITy

(1.22)

Py =Py 1+ (2 -T, },

T/€ P1 U Pz — YACIBHOE CONPOTUBIICHNE MPOBOAHUKOBOTO MaTepuaa mpu temneparype 71 u T, coot-

BeTcTBeHHO (1Ipu 3ToM Ty > T)); o, — CPE/IHUIT TeMIIEpaTypHbIii K0(D(HIMEHT yIeTbHOTO CONPOTHBICHHS B
Jirana3zoHe temneparyp ot 73 10 Ts.

[Ipu 3HAYMTEIHLHOM U3MEHEHUH TeMIIepaTypPhbl, KOT/a BEIIECTBO MIEPEXOIUT U3 TBEPOTO COCTOSIHHS B
JKIIKOE, y GOJBIIMHCTBA METAIOB TEMIIEpATypHas 3aBHCHMOCTb coxpansiercs (11, p?, v]). MckmodeHne
COCTABIISIIOT TaJUTUH, BUCMYT U CYpbMa, Y KOTOPBIX TIPH IUIABJICHUU COIIPOTUBIICHUE YMEHBIIIACTCS.

3. Onpenenuts KO3(PPUIMEHT TEIJIONPOBOIHOCTH Y.

3a mepenavy TEIUIOTHI Yepe3 METAII B OCHOBHOM OTBETCTBEHHBI TE K€ CaMble CBOOOIHEIE 3JICKTPOHBI.
[Toatomy, Kak mpaBuiio, KO3QHUIMEHT TEIJIONPOBOAHOCTH Y1 METaJlJla HAMHOI'O OOJIbIIIE, YeM JUIJICKTPUKA.
OTtciofia TakKe SBCTBYET, YTO YeM OO0JIbIIE DJICKTPOIIPOBOJAHOCTh Y METallia, TeM OOJIbIIE J0JIKHA ObITh U
€ro TEIUIONPOBOAHOCTb, Y.

IIpy yBEIMYEHUHN TEMITEPATYPHI MOBIKHOCTE DIIEKTPOHOB CHIDKAETCS, TOTIa OTHOIIEHHE Y1/ JTOIIK-
HO BO3pacTaTh. MaTeMaTU4eCKH 3TO BhIpaxkaeTcs 3akoHoM Bunemana-Opanna—Jlopenna:

Yily = 00T,
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2 2
-k -
rae T — TepMomuHamuyeckas temreparypa, K o, =——— — 4ucio Jlopenria, pasHoe 2,45-10°%
3e
B%/K? k — nocrosiazast Bonbimana; e — 3apsij SJIEKTPOHA.
OTOT 3aKOH BHIMOIHACTCS MPH TeMIIepaType, OMU3K0M K HOPMAJIbHOM MIIM HECKOJIBKO MOBBIIICHHOH,

JUTsE OOJIBIIIMHCTBA METAJUIOB (32 UCKITIOYCHHEM MapraHiia U Oepuiuins).

PopMa OTYETHOCTH:

1. Kpartkue TeopeTndecKre CBEACHHS.

2. ®opMyIIBI, C TOSCHEHNEM BXOIAIINX TapaMeTPOB.
3. Pe3ynbraThl pacuerta.

4. BBIBOZ M aHAJM3 MOJTYYCHHBIX PE3yJIbTATOB.

3aanus 18 CaMOCTOSITEIbHOW PAOOTHI:
M3yunth TeopeTruecKknii Matepuai o teme 3.2 pazmena 3.

OcHoBHas uteparypa : [1]

HononuurtenbHas aureparypa: [2, 5, 6, 8].

KoHTposbHbIE BONIPOCHI /i1l CAMOIPOBEPKU

1. [Tepeuncnuth mapameTpsbl, XapakTepu3yroiine Gu3nIecKue CBOMCTBa MPOBOAHUKOBBIX MaTepHa-
JIOB

2. [losicHUTh PU3NYECKYIO CYIIHOCTh YAECIBHOTO COMPOTUBIICHUS MPOBOIHUKA, TPUBECTU (HOPMYIIbI
JUISL €T0 ONpeeNICHUs

3. [osicHuTh (pU3HUECKYIO CYITHOCTh TEMIIEPATYPHOTO KO3PPUIIEHTA YIeTbHOTO COPOTHUBICHUS
POBOTHHUKA, TPUBECTH (POPMYIIBI ISl €T0 ONPEACTICHHS

4. TosicHuTh (U3UYECKYIO CYIIHOCTh KOA(h(UIIMEHTa TEIUIONPOBOAHOCTH MPOBOAHUKA, IPUBECTH
(bopMyIIbI sl €70 ONPEEIIECHUS

IpakTuyeckoe 3ansiTue Ned
OmnpenejieHHe XapaKTePUCTHK MATHUTHBIX MaTepuaoB. [leras rucrepesuca

[{enb pabOTHI:

I/I:syquI/Ie XAPAKTCPUCTUK MATrHUTHBIX MAaTCPUAJIOB U METOJAUK UX ONPCACIICHUS

3amanue:
1. OSHaKOMI/ITCﬂ C MCTOAUKaAaMU OHpeﬂeHeHI/IH MArdiuTHBIX MaTepI/IaJ'IOB

2. PaccunTaTh MarHUTHYIO NMPOHUIIAEMOCTb, TEMIIEPATYPHBIN KO3()PUIIMEHT MarHUTHON NMpPOHMIIAE-
MOCTH, KOOPLUMUTUBHYIO CUILY, TIOTEPU MOIIHOCTH Ha HAMATHUYMBAHKUE U MIOTEPU MOLIHOCTH HA BUX-
PEBBIE TOKH JUUIA 3a/IaHHBIX IPENOJAaBaTEIeM MarHUTHBIX MaTEPUAIIOB.

3. I3yunTh BIAMSHHUE PA3TUYHBIX (PAKTOPOB HAa XapaKTEPUCTUKH MAarHUTHBIX MAaTepHAJIOB.

4. Cnenatb BBIBOJIBL.

[TopsiAoK BBITOTHEHUSI:
1. OnpenenuTh OTHOCUTENIBHYIO MAarHUTHYIO TIPOHUIIAEMOCTH LIy TT0 (hOpMYyIIe

e =—17
HoH

rae B — MaruutHas uHAyKnus, Ti; H — Hanps»KeHHOCTh MArHUTHOTO TOJIsi, A/M; [l — MarHUTHAs MOCTOSH-
Hast, o = 41107 Tr/m.

JJis CHIIBHOMarHUTHBIX MaTepUaoB PazIHMyaroT JBE BEITUUYWHBI MAarHUTHOW MPOHULIAEMOCTH: Hadallb-
HYI0 ¥ MakCUMaJlbHYIO (pHc.). B o0nacTu CUIBHBIX MarHUTHBIX MOJIEH MarHUTHAs MMPOHUIAEMOCTh YMEHb-
1aeTcsl, IPUOIIKasICh K €ANHULIE.
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e

max

[T

>H

Puc. 3aBucumocTs L, = f(H) mi1s cHIbHOMarHUTHBIX MaTEPHATIOB

2. OnpenenuTs TeMIepaTypHbIi K03(QdUIUEHT MarHUTHOM IPOHUIIAEMOCTH 0, , PABHBII

TemmnepaTypHblii kK03()(UIMEHT MOKa3bIBAaeT, HA CKOJBKO HM3MEHSETCS MarHUTHAas MPOHWUIAEMOCTh
Ipu u3MeHeHuu Temneparypsl Ha 1 K.

Ilpu yBenuueHHH TeMIepaTypbl MarHUTHas MPOHHMLAEMOCTb yBeanuuBaeTcs (puc.). Ilpu mpessimie-
HHUHN thpn H3-3a TCIIJIOBOT'O ABMIKCHHA MAarHUTHAA MPOHUIACMOCTh PE3KO MaAacT A0 HYJIA U MaTCpUuall TCPIACT
MarHUTHBIE CBOMCTBA.

1/

T 2
# Kiopu

Puc. 3aBucumocts L, = f(t°) 115t MArHUTHBIX MaTEPUAIIOB

3. Onpenenuth OCTaTOYHYIO MATHUTHYIO HHIYKIHUIO By, To.
Ocmamounas macHumuas uHoykyusi — 370 3Hauenne B npu H = 0 B mporiecce pa3sMarHuIuBaHus 00-
pasiia, HAMarHMYeHHOTO JI0 HachlmeHus (puc. 1.35).

B, T
Br

—

Puc. 1.35. Iletnsa ructepesuca

4. OnpenenuTts KOSPUUTHBHYIO cuity H., A/M.

it Toro 4ro0Bl yMEHBIINTH OCTATOYHYIO MHAYKLHUIO OT By 10 HYJIs, HE0O0X0IMMO NPUIIOKUTE 00paT-
HO HAIPaBIIEHHYIO HAMPSDKEHHOCTh MarHWTHOTO ToJisl H, Ha3bIBaeMyro 3adeparcusaioujeti (KOIPUUTUBHON)
CHUJION.

5. Onpenenuts MOTEpH MOLIHOCTH HA HAMAarHWYMBaHue P, , onpeaessieMble o popMylie

PH = anmaXN1

rae N — KOS(i)(bI/IL[I/IeHT, xapaKTepmonmm"I JTAaHHBIN MaTepua, Bmax — MaKCUMaJibHasA MHAYKIWA Mar-
HUTHOT'O IOJIA; N — MOKAa3aTeJib CTENCHU, f — YJacToTa IMPUII0KCHHOI'0O MArHUTHOT'O I1I0JIA; V — 00BEM Mar"ur-
HOT'0 MaT€puaia.
6. OHpe,I[eJ‘II/ITI: IOTEPU MOUTHOCTHU HAa BUXPEBBIC TOKU Pf .
Pf = é;BzmaszV,
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rae & — Ko3QPHUIMEHT, 3aBUCAIINN 0T (JOPMBI ICTalId U MaTepHala U3 KOTOPOro OHA U3rOTORIICHA, & ~
1.
/p, pT ai« Pf‘l’

[Morepn MOITHOCTH HAa HAMAarHWYMBAHWE W BUXPEBbIC TOKU TPHUBOJSIT K HATPEBY MAarHUTHOTO MaTe-
puana. Yem motepu BBIIIE, TEM CHIbHEE HArPEBACTCSA MaTEpHAIL.

Popma OTYETHOCTH:

1. Kpatkue TeopeTuiecKre CBEACHHS.

2. ®opMyIIbl, C OSICHEHHEM BXOJISIIHX APaMETPOB.
3. PesynbTathl pacuerta.

4. BbIBOJ M aHAJIM3 MOJTYYCHHBIX PE3yJIbTaTOB.

3aanus I CaMOCTOSITEIbHOW PAOOTHI.
M3yuuTh TEOpEeTMUECKUI MaTepual 1o Teme 5.1 pasnena S.

OcuoBHas nuteparypa : [1]

JononuurenpHas aureparypa: [2, 5, 6, 8].

KoHTpoibHbIE BONIPOCHI /i1l CAMOIPOBEPKHU

1. I[lepeuncnuth napameTpspl, XapaKTEpU3yIOIIUE CBOMCTBA MATHUTHBIX MaTepHaAJIOB

2. [TosicHUTh PU3NUECKYIO CYIIHOCTh MATHUTHOW IPOHUIIAEMOCTH, PUBECTU (GOPMYIIBI IS €€ OTI-
peneneHus

3. [MosicHuTh (hU3HUECKYIO CYITHOCTh TEMIEPATYPHOTO KOIPPUIIEHTa MATHUTHON TIPOHUIIAEMO-
CTH, IPUBECTH (POPMYJIBI AJISl €TO OTPEACTICHUS

4. IosicHuTh (HU3UUECKYIO CYIIHOCTh KOIPIUTUBHOW CHIIBI, TpUBECTU (HOPMYIIBI I €€ Ompeere-
HUS

5. IlosicHuTh (hU3MYECKYIO CYIIHOCTh MOTEPh MOLTHOCTH Ha HAMAarHUYMBAaHUE, IPUBECTH (HOPMYIIbI
JUISL UX OTIpeIeTIeHUS

3. ITosAcHUTH U3NUECKYIO CYIIHOCTh MOTEPh MOIIHOCTH HA BUXPEBBIE TOKH, IPUBECTH (HOPMYIIBI
JUISL UX OTIpeIeTICHUS

IIpakTu4yeckoe 3ansiTue NeS
Onpenenenue TBEPAOCTH Pa3INYHbIX MATEPHAIOB

[{enb pabOTHI:

M3ydeHne pa3indHbIX METOMK OMPENEICHUS TBEPAOCTH PA3IUYHBIX MaTEPUAIOB

3amanue:
1. O3HaKOMI/ITC$I C METOANKaMHU onpe,ueneHI/m TBep,Z[OCTI/I pa3J'II/I‘IHI)IX MaTepI/IaJ'IOB

2. Cnenarb BBIBOJIBI.

ITopsiI0K BBIMOJIHEHUS:
1. M3yunTh MeTOA OompezesieH s TBepAOCTH 1o bpuneio.

CyILHOCTh METO/1a 3aKJIF0YAETCsl BO BAABIMBAHUY LIapHKa (CTAJIBHOIO MJIM U3 TBEPJOIO CIUIaBa) B 0Opasel
(13menue) moj ACWCTBUEM CHIIBI, IPHIIOKEHHOHN NMEpIeHIUKYIISIPHO MOBEPXHOCTH 00pasna B TeUeHHE Onpe-
JICJIEHHOTO BPEMEHH, U UI3MEPEHUH TUAMETPa OTIIEYATKA MIOCIIE CHATHUS CHJIBL.

Teepmocts mo bpunem o o6o3nayaroT cumBosioM HB mn HBW:

HB — npu nprMeHeHu# cTaabHOTo mapuKa (17151 MeTaJUIOB M CIUIaBOB TBEPAOCThI0 MeHee 450 equHun);

HBW — npu npuMeHeHnH mapuka u3 TBEpAOro CIuiaBa (A7 METaJUIOB U CIUIABOB TBEPAOCTHIO Oonee 450
SITUHUIT).
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CumBony HB (HBW) npeamectByet unciioBoe 3HaueHHE TBEPAOCTH U3 TPEX 3HAYAIIUX LU, a IIOCIIe CUM-
BOJIa YKa3bIBAIOT JUAMETP MIapHKa, 3HAUEHUE MPHUIIOKESHHONW CHIIBI (B KI'C), IPOJOKUTEILHOCTD BBIIEPHKKH,
ecyiu oHa otiuuaercs ot 10 go 15 c.

Ipumepwvi 0b6031nauenull:

250 H B 5/750 — tBepnocts no bpunemmo 250, onpeneneHHas npu NPpUMEHEHUH CTAIBHOTO LIapuKa JAnua-
MeTpoM 5 MM nipu cue 750 kre

(7355 H) n npoaomKuTeIbHOCTH BRIASPKKH oT 10 o 15 ¢;

575 HBW 2,5/187,5/30 — tBepaocTh mo Bpunemtio 575, onpeneneHHas mpyu MpUMEHEHUH IAPUKa U3 TBEP-
JIoTo criaBa auameTpoM 2,5 mum mipu cuiie 187.5 kre (1839 H) u npogomkutensHocTH Beigepkku 30 c.

[Ipu onpeneneHuu TBEPAOCTH CTAJIBHBIM INAPUKOM WJIM LIAPUKOM W3 TBEPAOIo cijiaBa nuamerpoM 10 Mm
npu cuie 3000 kre (29420 H) u npomomkutensHOCTH BeiAepkku oT 10 10 15 ¢ tBeprocts mo bpunemnnio
0003HAaYal0T TOJBKO YHCIOBBIM 3HAYEHHEM TBEpIOCTH U cuMBoiioM HB nni HBW.

[Tpumep obo3rauenus: 185 HB, 600 HBW.
2. MI3yunTh METOM OmpeeNieHIs TBEpAOCTH 1o Bukkepcy.

MeTton u3MepeHusl TBEPAOCTH YEPHBIX U IIBETHBIX METAJUIOB M CIUIaBOB Mpu Harpyskax oT 9,807 H (1 krc)
mo 980,7 H (100 krc) mo Bukkepcy permamentupyetr ['OCT 2999 — 75* (B pegaxmum 1987 1.).

H3mepeHne TBEpAOCTH OCHOBAHO HA BAABIMBAHUH aJIMa3HOTO HAKOHEYHMKA B ()OpMe MTPABUIBHON YEThIpEX-
TpaHHOM MupaMuIIBl B 0Opasel (M3aeine) moj ASHCTBUEM CHIIBI, TPUIOKEHHOH B TEUEHHE OIPEICIICHHOTO
BpPEMEHH, U W3MEPEHUH UaroHajiell oTIedaTKa, OCTABLIMXCS Ha MMOBEPXHOCTH OOpaslia MOCie CHATHS Ha-
TPY3KH.

TBepaocts mo Bukkepcy npu yCIOBHUSIX HCIBITAHUS — CHIIOBOE BozfeicTBre 294,2 H (30 krc) u BpeMs BBI-
JepKKH moja Harpyskoit 10 ... 15 ¢, o6o3HaudaroT nudpamu, XapakTepH3yIOIUME BEITHYUHY TBEPAOCTH, U
oykBamu HV.

[Tpumep o6o3nauenns: 500 HV — tBepmocTs mo Bukkepcy, momydenHas npu cuie 30 Krc 1 BpeMEHHU BBI-
nepxku 10 ... 15 c.

[Tpu apyrux ycnoBusix ucnbITanus mociie 0ykB HV yka3biBaloT Harpy3Ky U BpeMsl BBIICPIKKH.

[Tpumep o6o3rauenus: 220 HV 10/40 — tBeprocts mo Bukkepcy, monyuennas npu cuire 98,07 H (10 xrc) u
BpeMeHH Bblepkku 40 c.

OO611ero TOYHOTO MEPEeBOia YUCEN TBEPIOCTH, U3MEPEHHBIX alIMa3HOM nupamMunoi (rmo Bukkepcy), Ha yncna
TBEPAOCTH O APYTUM IIKalaM WIM Ha MPOYHOCTH MPH PACTKEHUH HE cymecTByeT. [loatomy cnenyer ns-
OeraTb TakMX MEPEBOOB, 32 UCKIIOUYEHHEM YaCTHBIX ClydaeB, KOraa Onaronaps CpaBHUTEIbHBIM HCITBITAHU-
sIM UIMEIOTCSI OCHOBAHMSI JUIsl IEPEBOJA.

3. I/I3y‘II/ITB MCTOJ OIIPCACIICHUA TBEPAOCTH 11O POKBCJIJ'Iy.

MeTtoa u3MepeHusl TBEpIOCTH METAIJIOB U ciiaBoB 1o Poxeeity permamentupyer I'OCT 9013 — 59* (B
penaknuu 1989 r.).

CyIIHOCTh METO/1a 3aHUMAETCsI BO BHEIPECHUHU B TIOBEPXHOCTH 00pa3iia (M U3IeNHs) aIMa3HOTO KOHYCHOTO
(mkaner A. C, D) mmm cransHoro cepuueckoro Hakoneunuka (mkansl B, E, F, G. H, K) nox nelictBuem
MOCJICA0OBATEIIHO IPUIaracMbIX IIPEABAPUTEIBHON U OCHOBHOM CHJI U B ONPEJICICHUN TITyOMHBI BHEAPEHUS
HAKOHEYHWKA M0CJIE CHITHSI OCHOBHOM CHJIBL.

TBCp,I[OCTL 3(] POKBCJ’IJ’Iy 0003Ha4arT cuMBojioM HR ¢ YKa3aHUCM HIKaJIbl TBEPAOCTHU, KOTOPOMY MNPCANICCT-
BYCT YUCJIOBOC 3HAUYCHUC TBECPAOCTU U3 TPCX 3HAYAIIIUX I_II/I(i)p

IIpumep obo3nagenus: 61,5 HRC — tBepaocts mo Poxsemry 61,5 equnui no mkane C.
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C nenpro 00ecrieveHus eIMHCTBA U3MEPCHHI BBECH TOCYapPCTBEHHBIN CIICIIUATBHBIN ATAJIOH JJIT BOCIIPO-
u3BeneHus mmkan TeBepuoctu Pokeemra m Cymep-PokBemia m mepenayw uxX TpU MTOMOIIM O0pPa3IOBBIX
CpEICTB M3MepeHUH (pabounx ITATIOHOB) pabodMM cpencTBaM u3MepeHuit, mpumMeHseMbM B ctpade (ITOCT

8.064 — 94).
[Huanaszons! mkan tBepaoctu no Pokeemty u Cynep-Poxsemnty, Bocipon3BoaumsbIx 3tanoHoM o ['OCT
8.064 — 94

[Ixanbr /{rama3zoHbl U3MEpEeHUI
Poxsemna A 70 — 93 HRA

B 25 — 100 HRB

C 20 — 67 HRC
Cynep-Poxsenna N 15 70 — 94 HRN 15

N 30 40 — 86 HRN 30

N 45 20 — 78 HRN 45

T 15 62 — 93 HRT 15

T 30 15— 82 HRT 30

T 45 10 — 72 HRT 45

CpaBHeHHE YHceN TBEPAOCTH METAIJIOB U CIUIABOB I10 PA3JIMYHBIM IIKaIaM

Bukkepc bpunenib Poksemn OB, Buxkkepc bpunenis Poksemn OB,
HV HB HRB MIla HV HB HRC MIla
100 100 52,4 333 245 245 21,2 815
105 105 57,5 350 250 250 22,1 835
110 110 60,9 362 255 255 23,0 855
115 115 64,1 382 260 260 23,9 865
120 120 67,0 402 265 265 24,8 880
125 125 69,8 410 270 270 25,6 900
130 130 72,4 430 275 275 26.4 910
135 135 74,7 450 280 280 27,2 930
140 140 76,6 470 285 285 28.0 950
145 145 78,3 480 290 290 28,8 970
150 150 79,9 500 295 295 29,5 980
155 155 81,4 520 300 300 30,2 1000
160 160 82,8 530 310 310 31,6 1030
165 165 84,2 550 320 319 33,0 1060
170 170 85,6 565 330 328 34,2 1090
175 175 87,0 580 340 336 35,3 1120
180 180 88,3 600 350 344 36.3 1150
185 185 89,5 620 360 352 37,2 1180
190 190 90,6 640 370 360 38,1 1200
195 195 91,7 650 380 368 38,9 1230
200 200 92,8 665 390 376 39,7 1260
205 205 93,8 685 400 384 40.5 1290
210 210 94,8 695 410 392 41,3 1305
215 215 95,7 715 420 400 42,1 1335
220 220 96,6 735 430 408 42,9 1365
225 225 97,5 745 440 416 43,7 1385
230 230 98,4 765 450 425 44,5 1410
235 235 99,2 785 460 434 45,3 1440
240 240 100,0 795 470 443 46,1 1480
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Tabn. [Ipogomxenue

Buxkepc Poxsemnn Buxkepc Poxsenn Buxkepc Poxsenn Buxkepc Poksenn
HV HRC HV HRC HV HRC HV HRC
490 47,5 600 54,2 720 60,2 840 65,1

500 48,2 620 55,4 740 61,1 860 65,8
520 49,6 640 56,5 760 62,0 880 66,4
540 50,8 660 57,5 780 62,8 900 67,0
560 52 680 58,4 800 63,6 1114 69

580 53,1 700 59,3 820 64,3 1220 72

IIpumeuanue. llorpemHocTh mepeBoa YMcen TBepAOCTH 1Mo Bukkepcy B enunuisl bpunemts = 20 HB; B
ennnauibl Pokeemia — 1o + 3 HRC (HRB); 3nauenus oB 1o + 10 %.

B 1abi1. npuBonaTCcs npuOIMKEHHBIE COOTHOILCHHUS MEXy YUCIaMH TBEPIOCTH, ONPEAEICHHbIC PA3INIHbI-
MH MeTogaMu. C 10CTaTOYHOM CTETIEHBbIO TOUHOCTH [Vl KOHCTPYKIIMOHHBIX YITIEPOAUCTHIX U JIETUPOBAHHBIX
cTaJiel IepJIMTHOTO Kiacca, Uil KoTopsix 150 HB, moxHo npunsats 60,2 = 0.367 HB, mist cranmu HB < 150
00,2 ~ 0,2 HB. /I KOHCTPYKUMOHHBIX CTalell HU3KO-TETMPOBAHHBIX U yriepoaucteix (HB > 150) oB *
~ 0,345 HB. [Ins 6onee Tounoro nepecuera HB Ha HRC pexomennyercs monp3oBarbes [[OCT 22761-77.

4. Uzyunts MeToq onpenenenus Teepaocty o llopy (Merox BaaBnuBaHus).

TBEpaocTs ompenensercs mo rayOMHE NPOHUKHOBEHHS B MaTepHall CIELHUaIbHOM 3aKaJeHHON
CTAJIGHOM Wribl (MHIEHTOpA) TOA JCUCTBHEM KadrOpOBaHHOW MPYKWHBL. B maHHOM MeTome W3MepeHUus
npubop umenyercsi aropomerpoM. O0bruHO Meton llopa ncnonb3yercs Ass onpeaeNeHns TBepAOCTH HU3-
KOMOJyJIbHBIX MaTepuaioB (moaumepon). Metox Lllopa, onucanssiii crannaprom ASTM D2240, oroBapu-
BaeT 12 mkan u3MepeHus. Yaie BCero UCMONB3YIOTCS BapHAHTHI A (711 MATKUX MaTepuaioB) wiu D (mms
0onee TBepabix). TBEPIOCTD, ONMpenenéHHas 0 ATOMY METOY, 0003HaYaeTCs OyKBOW MCIOIB3yeMOH IIKa-
JIBI, 3allMCBIBAEMOI! MOCIe YKcia C SIBHBIM yKa3zaHHEM MeTojaa. B kauecTBe mpumepa, pe3suHa B IMOKPBILIKE
KoJIeca JIETKOBOTO aBTOMOOMIISI IMEET TBEPIOCTh MpuMepHO 70A, MIKOJIBbHBIN JTACTHK — MpUMEpHO S0A;

5. Nzyuuth Metox onpenenenus 1epaoctH o [llopy (Merox oTckoka)

Merton onpeneneHust TBEPIOCTH OYCHB TBEP/IBIX MATEPHATIOB, PEUMYIIIECTBEHHO METAIUIOR, 1O BbI-
COTe, Ha KOTOPYIO TIOCJIE yapa OTCKAKUBAET CHENUATbHBINA 00EK (OCHOBHASI YacTh CKIIEPOCKONA — H3MEPHU-
TEJILHOTO MPHOOpPA YISl JAHHOTO METOa), MAJIAlOIIUi ¢ OpeIeIEHHON BBICOTHL. TBEPAOCTH 1O 3TOMY METO-
ny llopa orieHrBaeTCsl B YCIOBHBIX €UHHIIAX, TPOTOPIIMOHAILHBIX BEICOTE OTCKaKuBaHUS Ooiika. O003Ha-
yaetcs HSx, rme H — Hardness, S — Shore u x — narturckas OykBa, 0003Ha4aroIas THIT HCIOJIb30BaHHON
MPY U3MEPCHUH IIKAJBI.

6. V3yunTh mpoune METOAbI

Meton Ackep («Ackep» — 3TO Ha3BaHHUE STMOHCKOW KOMIAHHUH, IPOU3BOAAIIEH HU3MEPUTENN TBEp-
JIOCTH — JYPOMETPBI) — TBEPJOCTH ONpeAesIeTCs 10 TIIyOuHE BBEIEHHSI CTAILHON Toycdepsl Mo IeHcT-
BHEM TIpyKHUHBI. Vcrionb3yeTcst uist Markux pe3uH. [lo mpuHIMTy n3mepenus coorserctsyet metony Lllopa,
HO oTiIM4aeTcs popmoii moBepxHoCcTH miymna. Ackep C ucmonb3yer noiaychepy auameTpom 2.54 M.

Metoa KysnenoBa — I'epOepra — PeOunnepa — TBEPAOCTH ompenensercs BpeMEHEM 3aTyXaHus
KoJie0aHMI MasgiTHUKA, ONTOPOX KOTOPOTO SBISETCA UCCIIEyEMbI METaILT,

Merton [lonpau (IBOMHOTO OTIEYaTKa MIApUKa) — TBEPAOCTH OIEHHBAETCA B CPAaBHEHHUH C TBEPIO-
CTBIO ATAJIOHA, UCTIBITAHKUE ITPOU3BOAUTCS ITyTEM YIaPHOTO BJABIMBAHUS CTAIBHOTO IIAPHKA OJJHOBPEMEHHO
B 00pazerl 1 dTaJOH;

[IIxana Mooca — onpenensiercst 0 TOMY, KaKOW U3 JIECSITH CTaHJIapTHBIX MUHEPAJIOB llaparaeTr Tec-
TUPYEMbI MaTepHall, U Kakod MaTepuall U3 JECSATU CTAaHAAPTHBIX MUHEPAJIOB Iapanaercs TeCTUPYEMbIM
MaTepHaioM.

B Poccuu craHnapTHU3UpOBaHbl YETHIPE MIEPBBIEC Kbl TBEPIOCTH.

®opma OTYETHOCTH:

1. KpaTkue TeOpeTHUECKUE CBEACHUS.

2. ®opMyJIBI, C TIOACHEHHUEM BXOISIINX TaPaMETPOB.
3. Pesynbratel pacueTa.

4. BbIBOJI M aHAJIM3 MOJYYCHHBIX PE3yJIbTATOB.
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3aaHus A1 CaMOCTOSITEIbHON paOoTHI:
M3yunts TeopeTnuecknii Mmarepuain no teme 6.1 pasnena 6.

OcHoBHas uteparypa : [1]

JononnutenbHas qureparypa: [3, 4, 7] .

KoHTpoIbHBIE BONPOCHI /715l CaMONIPOBEPKHU

1. laTb onpeenenre TBEPIOCTH MaTepuana

2. OxapakTepHu30BaTh COCO0 ONpeeNeHHs TBEPIOCTH MaTeprana no Poksemny

3. OxapakTepHu30BaTh CrI0co0 OIpeaeeHHs TBEepOCTH MaTepuaa rno Bukkepcy

4. OxapakTepu30BaTh CIIOCO0 OMpeaesIeHUs TBEPIOCTH MaTepuaia mo bpuneniro
5. OxapakTepu30BaTh cr1oco0 orpeaenaeHus TBepAocTy Matepuana o lopy

10. MIEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT M, UCITOJIb3YEMBIX ITPH
OCYHECTBJIEHUA OBPA30OBATEJIBHOI'O TIPOLECCA 11O JUCHUIIVIMHE

- OC Windows 7 Professional
- Microsoft Office 2007 Russian Academic OPEN No Level
- AHTUBHpYCHOE nporpaMmmHoe obecnieueHue Kaspersky Security.

11. OMUCAHUE MATEPHUAJIBHO-TEXHUYECKOM BA3bI, HEOBXOJIUMOM
JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA ITO AMCIUIIJIMHE

Buo Haumenosanue Ne JIP , NoJlk
Ilepeuens ocnoenozo 060opyoosanusn
3aHaAmuUA ayoumopuu
1 2 3 4
JIx TexHuKa BBICO- | AEMOHCTPALMOHHBIA CTEHHA IO AJIEKTPOTEX- NeNol1-18
KHX HampsoKe- HUYCCKUM MaT€puajiaM, Harjis1i;IHbIC mocoous
HUH
TexHuka BeICO- | 1abopaTopHbIii cTeH ] ¢ armapatom AWJI-90L] NoNe 1
KUX Harpsbke- | J:abopatopHslii cren[ ¢ annaparoM AB-70-05 NeNe 3.4
TP HUM nabopaTopHBIN CTEH]] C MOCTOM TIOCTOSTHHOTO Neo 2
toka C-7100
nmabopaTopHBIid cTeHA C oOpasmamu (eppo- Ne 5
MarHUTHBIX MaTepHAIIOB
CP 433 o0bopynoBaHue 15-CPU 5000/RAM -
2Gb/HDD (Mouutop TFT 19 LG 1953S-
SF);npuntep HP LaserJet P3005
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IMpunoxenne 1

®OHJ OHEHOYHBIX CPEACTB AJIs1 MPOBEJEHUS
IMNPOME/XKYTOYHOU ATTECTAIIMHN OBYUYAIOIINUXCHA IO JUCIUIITIMHE

1. Onucanue ¢GoHJa OLEHOYHBIX CPEACTB (MACIOPT)

Ne
oM DJIeMeHT ®OC
neTeH Paznen Tema
KOMIIETCHIIMHU
1107041
OIIK-2 | CrmocobHocTs IprMe- 1. OcuoBsl mate- | 1.1. Kmaccuduranus marepua- | DK3aMEeHAIIMOHHBIH OmieT

HSTh COOTBETCTBYIO- pHAaNTOBENCHUS JIOB

i GU3UKO- 1.2. Bwuapl XUMUYECKUX CBS- | DK3aMCHAIIMOHHBIN OWIIET

MaTeMaTHYEeCKUil am- 3ei

napar, METO/bI aHaJIH- 1.3. CrpoeHue TBEpAbIX TEI OK3aMeHAIIMOHHBINA OmIeT

3a U MOJCIMPOBAHUA, 1.5. edexTs! cTpoeHHst TBEp- | DK3aMEHAMOHHBINA OmeT

TCOPETUYCCKOI'0O U IKC- OBIX TEI

NCPUMCHTAIBLHOT'O HC- 1.6. Kimaccudukanus BemecTs | DK3aMEHAIMOHHBINA OHJIET

CIeI0BaHu: TIpy pe- T10 2JIEKTPUUYECKUM CBOMCTBAM

HMICHHH SKCIICPUMEH- 2. Jluwsnekrpuue- | 2.1.ITonsipuszanust qUAIEKTpU- | DK3aMEHALMOHHBIH OHiIeT

TalBHBIX 3a11a9 CKHE MaTepHabl KOB
2.2. OCHOBHBIE BUAIBI IOJIAPHU- | DK3aMEHAIlMOHHBIN OHIIeT
3alUH
2.3. Knaccudukaius usiek- DK3aMeHaIlMOHHBIN OujeT
TPUKOB MO BHJY TOJISIPU3AIIH
2.4. OTHOCUTEIbHAS AUITIEK- OK3aMeHaIMOHHBIHN Oner

TpUYeCcKas MPOHUIIAEMOCTh
2.5. DAEKTpONPOBOJAHOCTD IU- | DK3aMEHAIMOHHBIN OujeT

JJICKTPUKOB
2.6. JIudaexTpuyecKue moTepu | DK3aMeHAIMOHHBIN OujeT
2.7. Illpoboii AuAIeKTpUKa DK3aMeHaIMOHHBIN OujeT
2.8. Knaccudukanus auaiek- | DK3aMeHaIUMOHHBINA OHUJIET

TPUIECKUX MaTEPUAIOB
2.9.T'a3000pa3Hble AMAIIEKTPH- | DK3aMEHAIIMOHHEIA OMIIeT
KH
2.10. Xugkue TUIICKTPUKA DK3aMeHaIlMOHHBII OMJIeT
2.11TBepreromue AUAIESKTPH- | DK3aMEHAIIMOHHEIA OMIIET

KH

2.12.TBépaple AUINEKTPUKU DK3aMeHaIlMOHHBIN OMJIeT
3. [IpoBogHUKO- 3.1. Knaccudpukanusi mpoBon- | DK3aMeHAIIMOHHBIA OHJIET
BEIC MaTepHAIIBI HUKOBBIX MaTEpPHAIIOB

3.2. Tlapamerpsl, XapakTepu- | DK3aMeHAIlMOHHBIA OHJIET
3YIOLINE CBOWMCTBa IMPOBOJHHU-
KOBBIX MaTepHalioB

3.3.  Marepuansl  BBICOKOH | DK3aMEHAIMOHHBINA OHJIET

MIPOBOAUMOCTH
3.4. CBepXmpoOBOJAHUKHN U KpU- | DK3aMEHAITMOHHBIA OMIeT
OITPOBOIHUKH
3.5.CriaBbl BBICOKOTO COMpPO- | DK3aMEHAIMOHHBINA OHJIET
THBJICHUS
3.6.[Ipyrue  1pOBOJHHMKOBBIE | DK3aMEHAIMOHHBIN OnIeT
MaTepHabl
3.7. Ilpumnou u ¢utrocsl OK3aMeHAIINOHHBIHN OmIeT
4. TlomynpoBon- | 4.1. OGmwme cBeaeHUS O MONy- | DK3aMEHAIIMOHHBIA OMIIET
HHUKOBBIE MaTe- MIPOBOIHUKAX
pUaBI 4.2. Knaccudukanus moiy- | DK3aMEHAIIMOHHBIA OmIeT
IIPOBOIHUKOB

4.3.Onementel, obOnagarone | JK3aMEHALIMOHHEINA OHIIET
CBOWCTBAMH  TOJIYIIPOBOJIHU-
KOB

4.4 XuMu4ecKkue COEAUHEHUS | DK3aMEHALMOHHEINA OHIIeT
CO CBOMCTBaMHU IOJYIIPOBOJI-
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HHKOB

5. MaruurtHsle 5.1. Tlapamerpbl, XapakTepu- | DK3aMeHALMOHHBIH OnieT
MaTepHuabl 3YIOILUE CBOICTBA MarHUTHBIX
MaTepHaioB
5.2. MarHutoMsarkue wmare- | DK3aMeHAIMOHHBIA OMJICT
pHaBl
5.3 MarauTtoTBEpable Mare- | DK3aMEHAIMOHHBIA OMJICT
pHabI

JIbI

6. Koncrpykuu-
OHHBIC MaTepHa-

6.1.ITapaMeTpsl, XapakTepu-
3yIOIIME CBOMCTBA KOHCTPYK-
LIMOHHBIX MaTEpPHAJIOB

DK3aMeHAMOHHBIA OWIIET

6.2. Knaccugukariust KOHCT-
PYKIIMOHHBIX MaTePHAaJIOB

DK3aMeHAMOHHBIA OWIIET

6.3 . MeTamanuecKue KOHCT-
PYKIMOHHBIE MaTepHAIIbI

DK3aMeHAMOHHBIA OWIIET

6.4 KoMIo3ummoHHele MaTe-
pHabl

DK3aMeHaIMOHHBIN OMIIET

2. 3K3aMeHaHHOHH])Ie BOIIPOCHI
Ne Kommnerenuun IK3AMEHALIMOHHBIE BOITPOCHI | Ne u HaumeHOBaHMe
[ peon Onpejenaenne pasaena
1 2 3 4 5
OIIK- | Cnoco6nocts npume- | 1. KouctpykuuoHHsle u  snekTporexundeckue | 1. OCHOBBI Matepuaino-
2 HSTh COOTBETCTBYIO- MaTepHalibl: OCHOBHBIE CBONCTBA, HA3HAYCHHE. BEJICHUS
uwi Gpusnko- 2. OOwye cBeIeHHs O CTPOEHHH BEILIECTBA: BHUIbI
MaTeMaTUYeCKUi all- | cpsseii.
I1apat, MCTO/LBI aHa-~ 3. Crpoenue u aedeKThl TBEPABIX TEIL.
733 ¥ MOJICITMPOBa-
4. ATOMHO-KPUCTAJUIMYECKOE CTPOEHHE TBEPIBIX
HISL, TEOPETHIECKOrO |
Y OKCIIEPUMEHTAITb- . —
HOTO HCCIIENOBAHHA 5. ®a30B0-CTPYKTYpPHBIN COCTaB CILIABOB.
pH pemeHny skcne- | 0. THIOBBIE AMArpaMMbl COCTOSIHUS BEILECTBA.
PUMEHTAJILHBIX 33189 | 7, PagualOHHas CTOMKOCTh MATEPHAIIOB
8. TemmonpoBogHOCTL MATEPHUAIIOB
9. Knaccuukamus BEIIECTB IO DIEKTPUIECKAM
CBOMCTBaM. DHEPreTHYECKUE JUArPAMMBI JHDJIEK-
TPUKOB, MPOBOHUKOB U MOJIYIPOBOIHUKOB
10. OOGmue noHATHS 0 HONAPU3ALUN JUdJIEKTpUKa | 2. JudnekTpuueckue
B DJICKTPHYECKOM TI0JIE MaTepuabl
1 11. Tlonspuzauus AUSIEKTPUKA W AUDJIEKTPUYE-

CKasi IPpOHUIIACMOCTb

12. OcHoBHBIE BUIBI TIOJISAPU3ALMN

JluanekTpudeckasi MpOHUIIAEMOCTh Ta30B

14. [uonextpuueckas IPOHHLAEMOCTD KHIKHX
JIUDIIEKTPUKOB

JusnexkTpudeckas NPOHULIIAEMOCTh TBEPIBIX
JURJIEKTPUKOB

16. OOmwme cBemeHHs 00 3IEKTPONPOBOAHOCTH
ra3oB, JXHIKHX ¥ TBEPIBIX IUDIICKTPHUKOB. TokH
abcopOIMHU U CKBO3HBIC TOKU

17. DnexTponpoBOIHOCTH Ta3000pa3HBIX IUIIEK-
TPUKOB

18. QHCKTPOHPOBOHHOCTL KUIKUX OUDJICKTPUKOB

19. DnekTponpoBoaHOCTE TBepABIX Ted. OObeM-
HAasi ¥ IOBEPXHOCTHAsI AEKTPOIPOBOIHOCTb

20. OOmmue cBemeHUS O AUDIEKTPUYECKHX IOTE-
pax

21. JludnexTpuuecKUe MOTEPHU B rasax

22. JIupnexTpudecKue TMOTEPH B KUIKHUX JUDJIEK-
TpUKax
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23. JlupnexTpHuecKUe MOTEPH B TBEPABIX IUDJIEK-
TpUKaX

24. Temnosoe crapenue u30auuMu. Kiaccel Ha-
TPEBOCTOMKOCTH

25. OGmas XapakTepucTUKA SBIECHUS MPOOOsL.
[TapameTpsl, XapaKTepHU3yIOIe TpoOoi

26. @akTophl, BIUAIOMKE HA XAPaKTCPUCTHKH
po6ost

27. TIpo6oii ra3000pa3HBIX IUAIEKTPUKOB

28. TIpo6oii }KUIKUX TUINEKTPUKOB

29. TIpo6oii TBEPABIX AUINEKTPUKOB. DIEKTpHUUE-
CKHI 1poOOoi OIHOPOIHBIX W HEOJHOPOJAHBIX TH-
JNEKTPUKOB

30. TIpoGoii TBepABIX MAIEKTPHKOB. TeILIOBOM
mpoboil W ANEKTPOXUMUYECKUH TPOOOH AHMIICK-
TpUKA

31. Knaccupukanus AMDIEKTPHYECKHX MATEPHA-
JIOB.

32. Ta3zoo6pasusie auanekTpukd. OCHOBHBIE Xa-
PaKTEepUCTUKU U 00J1aCTh NPUMEHEHUS

33. XKunkue nmonextpuku. OCHOBHBIE XapaKTe-
PUCTHKY M 00J1aCTh IPUMEHEHHUS]

34. TpancdopmaropHOE Macio

35. KOHI[GHCEITOPHBI@ U KabeabHBIE Maclla: OcC-
HOBHBIC XapaKTCPUCTHUKU, obnactu IIPUMCHCHMUS.

36. CuHTeTHYeCKHE >XMIKHME AUBJIEKTPUKH: OC-
HOBHBIE XapaKTEPUCTHKH, OOJIACTH IPUMEHEHHS

37. O6mwue ceeneHus 0 cMojax (KIaccHpUKaIus
1 Ha3HAYEHHE)

38. Ilpupomusie cmoibl. OCHOBHBIE XapaKTepH-
CTHKH M 00JIACTh IPUMEHEHUS

39. Cunternueckue cmonbsl. OCHOBHEIE XapakTe-
PUCTHUKHU 1 00J1acTh IIPUMCHCHMUS

40. OO6mme cBeneHus o Jakax u sMaisix. Kinaccu-
(uKaIst JaKoB

41, OOwmme cBeneHUs 06 SIEKTPOMU3OJIAIHMOHHBIX
KOMIayHaax (CocTaB, Kinaccu(UKauus, Ha3Hade-
HHE)

42. TuOKue IIEHKU B KAYECTBE AUDJIEKTPUUECKHX
MaTepHAIIOB

43. Knaccudurauus 1 o0NacTu NPUMEHEHHS BO-
JIOKHUCTBIX MaTepuaoB

44, PacturenbHBIE BOJOKHUCTHIE MaTepuaJibl

45. TeKCTHIBHBIE BOJIOKHHUCTBIE MATEPUAIIBI

46. CnoucTele TIACTUKM (TETUHAKC, TEKCTOJWT,
KOMOWHHUPOBAHHBIC CIIOUCTHIE TUTACTUKH)

47. Heoprauuueckue crexia (cocras, Kiaccudu-
KaIlusi, OCHOBHBIE CBOMCTBA, 00JIACTh TPUMEHEHHS)

48. CreknosMaly U CUTAILIBI

49. KepaMHUYECKHE TUIIEKTPHKH.

50. Crona u cionsiHble MaTEpUAIBL.

51. Tlapamerpbl, XapakTepU3YKOIIUe CBOUCTBA
[POBOIHUKOBBIX MaTEPUAJIOB.

52. Knaccudukamus ¥ OCHOBHBIE CBOWCTBA MPO-
BOJHHUKOBBIX MATEpUAJIOB

53. Menp B KauecTBe MaTepHaia BLICOKOM NPOBO-
JMMOCTH.

54. AmoOMUHHMI B KauecTBE MarTepHhalia BBICOKOU
MIPOBOANMOCTH.

55. XKenezo B kauecTBe Marepuana BEICOKOW MPO-
BOJIMMOCTH.

3. IIpoBOIHUKOBBIE Ma-
TepUabl
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56. BumeTamn B KadecTBe MaTepuala BBICOKOM
MIPOBOJUMOCTH.

57. Cepebpo, Bonb(hpam, MarHuii B KaUeCTBE Npo-
BOJIHMKOBBIX MaTepuaoB

58. CnnaBel BBICOKOrO cOnpoTUBIEHHS (MaHra-
HUH, KOHCTAHTaH )

59. CmiaBel BBICOKOrO CONPOTHBICHHS (CILIABBI
Ha OCHOBE JKeJie3a)

60. CpepXIpOBOAHHKM H KPHONIPOBOIHUKH

61. TIlpumou u drocst

62. TloaynpoBOOHHKHA: OCHOBHBIE CBOMCTBA, KIAC-
cudukanys, 06JIacTH IPUMCHEHUSI.

63. Xumuueckne COEOUHEHHS CO CBOWCTBAMH
H0JIyIPOBOIHUKOB

64. DnemeHTHI CO CBOMCTBAMY TIONYTIPOBOIHUKOB

4. TlomympOoBOJHUKOBEIE
MaTepHasl

65. MaruutHbIE CBOWCTBA BEIICCTB. Knaccugu-
KaIlMsl BEIIECTB [10 MArHUTHEIM CBOMCTBaM

66. IlapameTpbl, XapakTepH3YIONIME CBOWCTBA
MarHUTHBIX MaTepHaIoB

67. MarnuroTBepABIE MaTEPUAIBI

68. MaruuroMsarkue Marepuabl

5. MarautHeIe MaTepHa-
JIBI

69. IlapameTpsl, XapakTepU3yIOLIME CBOWCTBA

6.KoHCcTpyKIIMOHHBIE

KOHCTPYKIIMOHHBIX MaT€PUAJIOB MaTepuabl
70. Cnocobbl TepMUdeCKOil 00pabOTKH METAIIOB
U CIUTABOB
71. UYépuble METAWIbl M CIUIABBI B KAY€CTBE KOH-
CTPYKIMOHHBIX MaTepHaioB (CTaju)
72. UYépHble METAWIbI M CIUIABHI B KAYE€CTBE KOH-
CTPYKIMOHHBIX MaTEPHAIOB (4yTyHbI)
73. lLlBeTHBIE METAIIBI M CIUIABEI B KAYECTBE KOH-
CTPYKIIHOHHBIX MaTEPUAJIOB
74. KOMIO3WIMOHHBIE IIJTACTMACCHI B Ka4eCTBE
KOHCTPYKIIMOHHBIX MaTEPUAJIOB
75. KOMIIO3MIMOHHBIE PE3UHBI B KAYECTBE KOHCT-
PYKLMOHHBIX MaTEPUAJIOB
3. Onucanue nokasaresieid  KpuTepHUeB OLIEHMBAHUS KOMIIETEH it
Ilokazarenu Ouenka Kpurepun
Y— OleHKa «OTJIMYHOY» BBICTABJISETCS B CIIydYae, eCiu
OIK-2): o6yqalomflﬁcsl IyOOKO M MPOYHO YCBOWII TIPO-
IPaMMHBIA MaTepra U IEMOHCTPUPYET:
"OCHOBEL MaTepHaTloBCICHILL H OTJIMYHO -I;ieCTOpOHHZCeEH:I;IHe i[[i)ocr)p:Mrl)pro};eo marepuala,
TEXHOJOTUHM KOHCTPYKIIMOHHBIX ’
MaTepHAIIOB; ~ YMEHHE NIPaBHILHOTO NPUMEHEHNS OCHOBHBIX 10-
METOMMKH 10  HCHIBITAHHIO JIO’KEHUI TIPOTPAMMHOTO MaTepHaa;
SIEKTPOTEXHNMECKHX H KOHCT- - BJIAJICET BCEMU HABBIKAMH, TTOJYUYEHHBIMU B XOJI€
DYKIMOHEHIX MATEDHAIOB H W3yYEeHHs IPOrPAMMHOTO MaTepHaa.
AHATH3A HX XAPAKTEPUCTHK; Ouenka (XOPOIIIO» BBICTABIIACTCA B CITyHae, ecin
-DJIEKTPOTEXHUYECKHE  Mare- oby4atomuics IEMOHCTPHPYET:
DHATH B KAYECTBE KOMIIOHEH- X0po1Io -HEJIOCTATOYHO IMOJIHOE 3HAHNE IPOTPAMMHOI0 Ma-
TOB BJEKTPOTEXHHUYECKOTO U Tepnana,
3IeKTPOIHEPTETHIECKOTO 000- - MPUMEHEHHE C HECYIECTBEHHBIMI OmubKaMu oc-
T — HOBHBIX [OJIOYEHHU POrPAMMHOTO MaTepHala
Ymerb OrnieHKa «yI0BIETBOPUTEIBHOY BBICTABIISIETCS B
OIIK-2): YAOBJIETBOPUTENbHO | crydae, ecii 06ydalomuiics JEMOHCTPUPYET dac-
- HCIOJIb30BaTh 3HAHUS OCHOB THYHOE 3HAHHE MPOrPAMMHOI0 MaTepHaa; HEOTHO-
MaTepHaNOBEICHAS U TEXHOJIO- KPAaTHO JIOIYCKaJI OIIMOKH B OTBETE
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TUU KOHCTPYKITMOHHBIX MaTe-
pHaNoB Ui MOHUMAaHUs (U3HU-
YECKHX OCHOB (DYHKIMOHUPO-
BaHUs JJICKTPUYCCKHUX arrapa-
TOB;

-OLICHUTh COCTOSIHHE MaTrepua-
JIOB TIO pe3yNbTaTaM HCIIBITa-

HUI; OueHKa «HEYJOBIETBOPUTEIHHO) BBICTABIISETCA B

Baagers HEYAOBJICTBOPUTECIBbHO | ciy4yae, €CIM YPOBEHb BJIAJCHUS IPOTPaMMHBIM Ma-
OIIK-2): TEpUaIOM He OTBEYaeT TPeOOBAaHUIM; BCE BBIIICYKa-
- METOIMKAMH  BBIIOJHEHMS 3aHHBIE pa3JIelibl HE YCBOEHEI.

pacdéToB IIPUMEHHUTEIBHO K
UCIIOJIB30BAaHUIO  DJIEKTPOTEX-
HUYECKUX U KOHCTPYKIIMOHHBIX
MaTepualios;

- METOAaMU UCTIBITAHUS JIEK-
TPOTEXHUUYECKUX M KOHCTPYK-
IIMOHHBIX MaTEPUaJIOB.

4, MeToauueckue MaTepualibl, oNpeacJadlomue nmpoucaypbl OCHUBAHUA 3]—[31—[1/[171,
yMeHHﬁ, HABBbIKOB H OIIBITA J€ATECJIBHOCTH

JucuumiuHa DJIEKTPOTEXHUYECKOE U KOHCTPYKIMOHHOE MaTepHUajOBE/IEHUE HarpaBicHa
Ha 03HAKOMJICHHE C OCHOBHBIMM MaTepHallaMH, IPUMEHSAEMbIMU B 3JEKTPOTEXHUKE, U UX CBOMCT-
BaMH,; Ha IMMOJIYYCHHEC TCOPCTUUCCKHUX 3HAHUHN U MPAKTUYCCKUX HABBIKOB IIO UCHBITAHHUIO 3JICKTPO-
TEXHUYECKUX U KOHCTPYKLIMOHHBIX MaTepUaJIOB U aHAJIU3Y UX XapaKTEPUCTHUK; HABBIKOB BBIIOJIHE-
HUA paCLIéTOB MNPUMCHHUTCIIBHO K HCIOJB30BAHUIO JJICKTPOTCXHUUYCCKUX U KOHCTPYKIIMOHHBIX Ma-
TEpUaIoB B KayeCTBE KOMIIOHEHTOB 3JIEKTPOTEXHUUYECKOTO M JIEKTPOIHEPIeTUUECKOro 00opyro-
BaHU. I/I3y‘~I€HI/I€ JUCITUITIINHBI SHGKTpOTCXHI/I‘{GCKOG N KOHCTPYKIHMOHHOC MATCPUAIOBECACHUC
peycMaTpUBaeT:

— JIEKIIUH,

— J1abopaToOpHbBIC 3aHATHS,

— MPAKTUYCCKHEC 3aHATHA,

— KOHTpOJIbHas padoTa,

— DJK3aMeH.

B xone ocBoenus pasnena 1 «OCHOBBI MaTepHaIOBEACHUS CTYJAEHTHI JOJKHBI YACHUTH!

- Ha KaKHUE€ I'PpYHIIbI ACTIATCA BCC H3BCCTHBIC MaTepI/IaJ'II)I;

- KaKue BUJbl XMMHUYECKUX CBSI3€H CYHIECTBYIOT B Pa3JIMYHbIX BELIECTBAX ;

- KaKO€ CTPOCHUEC MOT'YT UMCTb TBCPJAbIC MaTepI/IaJ'II)I;

- Kakue crnoco0bl TepMOOOPaOOTKH METAJUIOB U CIUIABOB MPUMEHSIOTCS JUIsl YIYUIIeHUs Xa-
PaKTEPUCTUK MaTEpPHAJIOB;

- KaK KJIaCCU(PULUPYIOTCS BELIECTBA MO AJIEKTPUUECKHM CBOMCTBaM.

B xozxe ocBoeHwmst pazzuena 2 «/{uaneKTpruuecKue MaTepruatbl) CTYACHTHI JODKHBI YSICHUTD!

- KaKue SIBJICHUsI IPOTEKAIOT B TUIEKTPUKAX, BHECEHHBIX B AJIEKTPUYECKOE I10JIE;

- KaKUMH IHapaMEeTpaMu XapaKTCPU3YIOTCA CBOMCTBa JUIJICKTPUICCKUX MAaTCPHUAJIOB,

- KaKu€ OCHOBHBIE JUAJIEKTPUYECKHE MaTEPUAIIBI IPUMEHSIOTCS B DJIEKTPOTEXHHUKE;

- KaKu€ METOJUKHN U HpI/I60pBI HCIIOJIB3YIOTCA AJId ONIPCACIICHHUA OCHOBHBIX IMapaMETPOB JU-
IEKTPUYECKUX MAaTEPHUAIIOB..

B xone ocBoenns paznena 3 «IIpoBoTHHKOBBIE MaTeprabl) CTYIEHTHI JOJKHBI YSICHUTD:

- Ha KaKue rpyINIbl NOApa3aelsioTCs IPOBOJHUKOBBIE MaTEPUAIIbL;

- KaKUMH IMapaMEeTpaMu XapaKTCPU3YIOTCA CBOMCTBA IMPOBOAHUKOBBIX MAaTCPUAJIOB;

- KaK1u€ OCHOBHBIE ITPOBOJAHUKOBBIE MAaTEPUAIIbI IPUMEHSIOTCS B 3JIEKTPOTEXHUKE;

- KaKu€¢ METOAHUKU HCIOJB3YIOTCA IJId ONPEACTICHUSA OCHOBHBIX IAapaMETPOB IMPOBOIHUKO-
BbIX MaTCpHaJIOB.

B xone ocBoenus pasznena 4 «[lonynpoBOJHUKOBBIE MaTe€pUaNbl» CTYIEHTHI JOJKHBI ysC-
HUTB:

- Ha KaKue rpyMIbl MoApa3AesssoTCs 0JIyIPOBOAHUKOBBIE MaTEPHAIIbL;

- KaKUC OCHOBHBIC MMOJIYITPOBOAHHUKOBBIC MATCPHUAJIBI IPUMCHAIOTCA B 3JICKTPOTCXHUKCE.
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B xozne ocBoenust pasznena 5 «MarHuTHbIe MaTepUaIbl) CTYIEHTBI 1OJIKHBI YSICHUTD:

- Ha KaKue TPYMIbI MOAPa3AeSIOTCS MArHUTHBIE MaTEPUAIbI;

- KAKMMHM [TapaMeTpaMM XapaKTepU3yroTcs CBOMCTBa MArHUTHBIX MaT€pHUasIoOB;

- KaKfie OCHOBHBIE MAarHUTHBIE MaTEPHAJIbl IPUMEHSIOTCS B DJIEKTPOTEXHHKE;

- KaKue METOJIMKHU UCIIOJIb3YIOTCS JUIsl ONPEEeNICHHUsI OCHOBHBIX ITapaMeTPOB MarHUTHBIX Ma-
TEpUANIOB.

B xoze ocBoenust paszaena 6 «KOHCTpYKLIMOHHbBIE MaTepHAIIbD» CTYAEHTBI 10JIKHBI YSICHUTD:

- KaKyIO POJIb UTPAIOT KOHCTPYKIIMOHHBIE MAaTEPUAIIBI B AJIEKTPOTEXHUKE;

- Ha KaKue rPYyMIbI MOApa3AesoTCs KOHCTPYKIIMOHHBIE MaTepUabl;

- KAKMMH TapaMeTpaMH XapaKTepU3yIOTCs CBOMCTBA KOHCTPYKIIMOHHBIX MaTEPUAJIOB;

- KaK1e OCHOBHbIE KOHCTPYKI[MOHHBIE MaTepHUasIbl IPUMEHSIOTCS B JIEKTPOTEXHHUKE;

- KaKkue METOAMKH WU MPHOOPHI MCIONB3YIOTCSA U ONpPEIeSICHHs] OCHOBHBIX MapaMeTpPOB
KOHCTPYKLIMOHHBIX MaTepHasoB.

Heo6xoauMo oBlIaieTh HABBIKAMH U YMEHHSMHU MPUMEHEHUSI M3YYEHHBIX METOJOB JISl OIl-
pellesIeHUs] OCHOBHBIX XapaKTEPUCTHUK HIIEKTPOTEXHUUECKUX U KOHCTPYKIIMOHHBIX MaTepUaJIOB.

B nmpouecce nzyueHus JUCHUIUTMHBI PEKOMEHIyeTCSl Ha MIEPBOM dTare 00paTUTh BHUMAaHUE
Ha BOINPOCHI, CBSI3aHHbIE C OCHOBAMHM XMMHYECKOTO CTPOEHHUS BEILIECTB, a TaKKe Ha (pU3MUECcCKue
MPOIIECCHI, MPOTEKAIOMINE B 3JCKTPOTEXHUYECKHX MaTephaliaX TOJ JACHCTBHEM SJIEKTPUYECKOTO
HOJISL.

[Tpu mOArOTOBKE K SK3aMEHY PEKOMEHAYETCS 0C000€ BHHUMAHHUE YACTHUTH CICTYIOUINM BO-
npocam:

1. OO6mue cBeneHus O CTPOCHUHM BEIIECTBA: BUbI CBSI3EH;

2. Crpoenue u aeeKTbl TBEPIBIX TEN,

3. ATOMHO-KPUCTAJUIMYECKOE CTPOCHHE TBEP/BIX TEI;

4. ®a30BO-CTPYKTYPHBIH COCTaB CILIABOB,;

5. Kraccudukanus BeniecTs 1o 3MeKTPUYECKIM CBOHCTBAM. DHEPreTHUECKUE AUarpaMMBbl JTH-
3JIEKTPUKOB, IIPOBOJHUKOB U MOJIYTIPOBOAHUKOB,;
[Monsipru3anus AUANEKTPUKA U AUIICKTPHUIECKast IPOHUIIAEMOCTh;

7. OO6mue cBeeHUs: 00 IEKTPOIPOBOTHOCTH T'a30B, )KUJKUX U TBEPABIX JUIIEKTPUKOB. TOKH

a0bcopOIMu U CKBO3HBIEC TOKH;

8. DneKTponpoBOJHOCTH ra3000pa3HbIX JUIIEKTPUKOB,;

9. DneKTpONpPOBOIHOCTH KHUAKHX TUIIIEKTPUKOB;

10. DnexTponpoBOAHOCTD TBEPABIX Tesl. OOBEMHas U TOBEPXHOCTHAS AJIEKTPOIPOBOTHOCTH;

11. IudnexkTpudeckue noTepu B razax;

12. JIusnekTpuyuecKue MoTepH B KHUIKUX TUIIEKTPUKAX;

13. JIusnekTpudecKue moTepu B TBEPIBIX TUIICKTPHUKAX;

14. TennoBoe crapenue n3omnsauuu. Kiaccsl HarpeBocToikocTy,;

15. OGuiast xapakTepucTuka siBjaeHus npodos. [lapameTpsl, xapakrepusyrouie npo0oii;

16. ®axTOpbl, BAUAIOIINE HA XapaKTEPUCTUKH TPOOOS;

17. IIpo0Goii ra3000pa3HbIX AUIITEKTPUKOB;

18. IIpo06oit )KUIKUX TUIIEKTPUKOB;

19. ITpo6oit TBEPIBIX AUIIIEKTPHUKOB.

B nporuecce npoBenenus nabopaTOpHBIX pabOT M MPAKTUUYECKUX 3aHATHHA MPOUCXOAUT 3a-
KpeTUIeHHe 3HAHWH 10 OCHOBHBIM CBOWCTBAM JJIEKTPOTEXHHUECKUX M KOHCTPYKIIMOHHBIX MaTepHa-
JIOB ¥ CIIOCOOAaM UX OLIEHKU

CamocTosaTenbHYI0 paboTy HEOOXOIMMO HAUMHATH C U3YYSHHS TEOPETUIECKOTO MaTepHaa.

B mpouecce xoHcynpTalMM ¢ MpenojaBareneM HeoOXOIMMO BBIICHUTh BCE HEMOHSTHBIE
MOMEHTHI.

Pabota ¢ nuteparypoii sSBiseTCs BAXKHEHIIUM 3JIEMEHTOM B IOJIyY€HUH 3HAHUN MO TUCHUTI-
mure. [Ipexae Bcero, HEOOXOAUMO BOCIIONB30BATHCS CITUCKOM PEKOMEHIYEMOH 110 TaHHOH JHCITU-
IUIMHE JTUTePaTyphI.

IIpenycMoTpeHo npoBeJieHHE ayAUTOPHBIX 3aHATUN B MHTEPAKTUBHOM (GopMe (B BUIE JIEK-
[IUHU-TUCKYCCHH, JIEKIUU-TUCIIYTa, JIEKIUH C Pa300poM KOHKPETHBIX CHTyalWi) B COYETAHHUU C
BHEAYJIUTOPHOHN pabOTOM.

o
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Ipunoxenne 2

AHHOTAIIUA

padoueii mporpaMMbl JUCHHUILIHHBI

DJIEKTPOTEXHUYECKOE M KOHCTPYKIIMOHHOE MaTepHaJioBeleHue

1. Ileab m 327291 TUCHHILIMHBI

Hesbi0 M3yYeHUs TUCHUILUIMHBI siBJsieTcsi: GOPMHUPOBAHUE 3HAHUN B 0071aCTH (PU3UUECKUX
OCHOB MaTepHaJIOBEACHUS, COBPEMEHHBIX METOJIOB IOIYYCHHS KOHCTPYKIMOHHBIX MAaTepUalioB,
CHOCO0OB TUArHOCTUKHU M YAYUIIEHUS UX CBOHCTB.

3amayaMu M3y4yeHHUs AMCHMIUIMHBI ABJIAOTCA: [IproOpereHne cTyIeHTaMH MPAaKTHYECKUX
HaBBIKOB B 00JIACTH MarepuanoBeieHuss U 3(¢GeKkTuBHOW 00pabOTKH M KOHTPOJSI KauecTBa Mare-
pHaIoB.

2. CTpyKTypa IHCHUIIHHBI

2.1 Pacnipenenenue TPyJOEMKOCTH IO OTICIBHBIM BUAAM YYE€OHBIX 3aHATHH, BKIIOYAs CaMo-
croarenbHyto padoty: JIk 36 u; JIP 18 u; 13 18 u; CP 45 u.
OO0m1as TpyA0EMKOCTh AUCHUIUIMHBL cocTaBiisieT 144 vaca, 4 3a4eTHBIX €IMHUIL

2.2 OCHOBHBIC pa3Ieibl TUCIUIUIHHBL

1. OcHoBBI MaTepuaIOBEICHUS;

2. JlupnexTpuyeckue MaTepHabl;

3. TIpoBOAHMKOBBIE MaTEPHAIIBL;

4. TTomympOBOIHUKOBBIE MaTE€PUAIbI;
5. MarautHble MaTepHasl;

6. KoHCTpyKIIMOHHBIE MaTepHaIbl.

3. Illlanupyemble pe3ybTaThbl 00y4eHUs! (epeyeHb KOMIeTeH M)
[Tponecc n3yueHus JUCUUIUIMHBI HAallpaBjeH Ha (popMUpOBaHHE CIEAYONEH KOMIIETEeHIIH!
OIIK-2 - CriocoOHOCTh MPUMEHATh COOTBETCTBYIOIINI (PM3UKO-MAaTEMaTHYECKUH ammapar,
METO/]Ibl aHaJIN3a U MOJEJIMPOBAHUSI, TEOPETUUECKOT0 ¥ SKCIIEPUMEHTAIIBHOTO HCCIeA0Ba-

HUSA TP PCILICHUU SKCIICPUMCHTAJIbHBIX 3a1a4

4. BuJa npoMe:KyTOYHOI aTTeCTallMu  SK3aMeH
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IMpunoxenne 3

IIpomoxon 0 0ononnenusX u usMeHeHuAX 6 padoueil npozpamme
na 20 __ -20 YueoHwlit 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[Tporoxon 3acemanus kadenpsl Ne OT «__ » 20 r.,
(paspabomyux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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[TporpammMa cocTaBieHa B COOTBETCTBUHU C (helepalbHBIM T'OCYAAPCTBEHHBIM O00pa30BaTEIbHBIM
CTaHJApTOM BBICIIEr0 00pa30BaHus M0 HampasieHuio noarotoBku 13.03.02 DnekTposHepreTrka u
AJIEKTPOTEXHUKA (YPOBEHB OakanaBpuata) oT «3» ceHTs10ps 2015 1. Ne955

st Haoopa 2017 roaa: u yueOHbM ianom ®I'BOY BO «bpl'Y» ais ounoit popmbl 00ydeHus ot
«6» mapta 2017r. Nel125 , 3a0unoii popmer 00yueHus oT «6» mapta 2017r. Nel25  1st 3a04HOiMA
(yckopenHo#t) ¢popmbl oOydenus ot «4» anpeins 2017r. No203

IIporpammy cocraBuiI:

SxoBkuna T.H.

Pabouas mporpamma paccMOTpeHa M YTBEPKICHA Ha 3aceaHuu Kadeapsl Dud

oT« _» pnekabps 2018 r., mporokosa Ne

3aBenyromnuii kageapoit Dud Bymnaros 10.H.
COI'JTACOBAHO:

3aBenyIONIHI BBITyCKAIOMICH Kadeapoit Bymnaros 1O.H.
Hupextop OubImoTeKn T.®. CotHuk

Pabouas mporpamma ogo0peHa MeToIn4eckoil KoMuccuel gakynprera JuA

OT «___» _ Jekabps 2018 r., mpoTokoia Ne

[Ipencenarens METOAMYECKON KOMUCCHH (PaKyIbTETa VnabsiHoB A /L.
COI''TACOBAHO:

HavanpHuk

y4eOHO-METOIUUECKOr0 YIPaBICHUs I'.II. Hexesen

Peructpanmonssiii Ne
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