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1. TIEPEYEHb IIVIAHUPYEMBIX  PE3YJIbTATOB OBYYEHHA  IIO
AACHUIIIMHE, COOTHECEHHBIX C IIJIAHUPYEMBIMH PE3YJbTATAMH
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 UCIIBITAHUS JIEKTPOTEXHUYECKHX U KOHCTPYK-
LIMOHHBIX MATEPUAJIOB

2. MECTO JUCHUILUIMHBI B CTPYKTYPE OBPA3OBATEJIBHOM
ITPOI'PAMMBI

Juctummmaa B1.5.13 DnekTpoTeXHUYecKoe M KOHCTPYKITMOHHOE MaTepPHAIOBEICHUE 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 TUCUUILJIMHBI IO (hpopMam 00ydeHUs

Tpyooemkocms oucyunaunvl ¢ uacax
Kypcosas
- g & & 3 paboma Buo
2 S & S z (npoexm), npome-
®Dopma o : § 3 S KoH- Hcymou-
o0yuenus § § = N § mpoavHan Holl am-
§ S g < § § < § s paboma, mecmayuu
) 3 N 3 $ &3 g 3 S § pegpepam,
S| S| 32| 8 /S§ &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 - 9K3aMeH
3aouynas 2 - | 144 | 16 8 4 4 119 - 9K3aMeH
3aouHas (ycko- 1 - 144 | 16 8 4 4 119 - 9K3aMeH
peHHOE 00yUYeHHE)
OyHo-3204Has - - - - - - - - - -

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

6 m.". 6 UHMEPAK- Pacnpedenenue
Tpyoo- | muenoi, akmugnou, | no 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)
[MoaroroBka 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
3ad. efl. 4 4




4. COAEP)KAHUE JUCIUITJINHBI

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

- 11t 04HOM GopMBbI 00yYeHUs:

Buowt yueonwvix 3anamuit, 6xio-
uas camocmoamenbHyo paoomy
odyuarowuxca u mpyooemKocmey;
JOV-;I: ::3”_ Haumenosanue Tpyooem- (uac.)
el pazoena u Kocmb, yueoOHble 3aHAMUA camocmos-
mema OuCyunIUHbL (uac.) menvhan
nabopa- | npakmu-| paboma
JleKyuu| mopmHvle | uecKue ooyuaio-
pabomul |3anamusn 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 - - -
1.5 | CocoOsl TepMOOOPAOOTKH METAILIOB 1,5 1 - - 0,5
U CIIABOB
1.6. | Kimaccudpukanusi BemecTB IO D3JIEK- 0,25 0,25 - - -
TPUYECKHM CBOMCTBaM
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 MOJIIPU3ALINN
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 215 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. | Jlpyrue npoBOJIHUKOBBIE MaTEPUAIbI 0,5 0,5 - - -
3.7. | [Ipumon u drockr 0,25 0,25 - - -
4 | lHosynmpoBOAHUKOBBIEC MATEPHAJIBI 45 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- 15 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 Kocmp, yueOHbvle 3aHAMUA camocmos-
memul mema OuCyuUnIUHbL (uac.) menbhan
naéopa- | npakmu-| paboma
JleKyuu| mopHvle | uecKkue ooyuaio-
pabomol |3anamus|  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. | Kmaccudukamnuss Bemects Mo 3JeK- 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  JUAJEKTpUYECKas 4 - - - 4
MIPOHUIIAEMOCTH
2.5. | DAeKTpONpPOBOAHOCTD AMAIEKTPUKOB | 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 7
2.9. ["a3000pa3Hble AUIICKTPUKU 2.25 0,25 2
2.10. | Xungkue TUAICKTPUKH. 4.5 0,5 4
2.11. | TBepaerouyie JUAICKTPUKU 4.25 0,25 4
2.12. | TBépabie TUINCKTPUKH 8.5 0,5 8
3. IIpoBOoAHUKOBBIE MaTEPHAJIbI 22.75 1,75 19
3.1. | Knaccudukanus MTPOBOTHUKOBBIX 2.25 0,25 2
MaTepHaoB
3.2. | [TapaMeTpsl, XapaKkTepU3YIOLIHE 4 - 2
CBOMCTBA MTPOBOJHUKOBBIX MaTepHa-
JIOB
3.3. | Marepuaisl BRICOKOH IIPOBOIUMO- 6.5 0,5 6
CTH
3.4. | CBepXnpOBOJHUKHA U KPUOIIPOBO/I- 2.25 0,25 2
HUKHA
3.5. CruiaBbl BBICOKOTO COIPOTUBIICHUS 4.5 0,5 4
3.6. | Jlpyrue mpoBOJTHUKOBBIE MAaTEPUAIIBI 2.25 0,25 2
3.7. | Ilpumoun u ¢rockr 1 - 1
4 IMoaynpoBonunkoBbie matepuananl | 11.75 | 0,75 11
4.1. OO6mue cBeieHus O MOTYTPOBOAHU- 2.25 0,25 2
Kax
4.2. | Knaccudukanus noaynpoBOTHUKOB 1 - 1
4.3. OneMeHTsl, 00JIaaloNIue CBOMCTBA- 4.25 0,25 4
MU TIOJTYITPOBOTHUKOB
4.4, | XUMHYECKHE COETUHEHUS CO CBOM- 4.25 0,25 4
CTBaMH TTOJTYITPOBOTHIKOB
5 MarHuTHbie MaTepuaJIbl 12.5 0,5 12
5.1. | IlapameTpsl, XapakTepusyroume 2 - 2
CBOMCTBA MarHUTHBIX MaTEPHAIIOB
5.2. | MarauToMsrkue MaTepuabl 6.25 0,25 6
5.3. | MarauToTBEpaBpIe MaTEpHUAITBI 4.25 0,25 4
6. KoHCcTpyKIIHOHHBIE MaTePHAJIbI 15 1 14
6.1. | [TapameTpsl, XapaKTepHU3yIOIINE 2.25 0,25 2
CBOMCTBAa KOHCTPYKIIMOHHBIX MaTe-
pHUaIoB
6.2. | Knaccudukarus KOHCTPYKIITHOHHBIX 1.25 0,25 1
MaTepHUaJIOB
6.3. | Meramueckue KOHCTPYKITMOHHbBIE 7.25 0,25 7
MaTeprabl
6.4. | Komno3unnroHHbIe MaTeprabl 4.25 0,25 4
UTOI'O 135 8 119




- 17151 32049HO# (hopMBbI 00yUeHHs (YCKOPEHHOE 00yUCHNHE):

Buowl yueonwvix 3anamuit, 6Kiro-
uas camocmoamenbHy paoomy
No odyuarowuxca u mpyooemKocmey;
pas- Haumenosanue Tpyooem- (uac.)
oena u paszoena u Kocmb, yuebOHbvle 3aHAMUA camocmos-
memol mema OucCyunIUHbL (uac.) menvhan
nabopa- | npakmu-| paboma
JleKyuu| mopHovle | 4ecKue ooyuaio-
pabomol |3anamusn|  WUXCA
1 2 3 4 5 6 7
1. OcHoBBI MaTepHaTOBeIeHUSA 18 1 - - 17
1.1. | Knaccudukanusi MmaTepuaaoB 2.25 0,25 - - 2
1.2 Buael XuMHYECKUX CBSI3EH 2.25 0,25 - - 2
1.3 | CrpoeHue TBepAbIX TeN 2 - - - 2
1.4 | JlepexTsl CTpOCHUS TBEPABIX TEI 2 - - - 2
1.5 | CoocoObl TepmooOpaboTku wmetan- | 7.25 0,25 - - 7
JIOB U CILIABOB
1.6. | Kimaccudukanusi BemecTs mo 3JieK- 2.25 0,25 - - 2
TPUYECKUM CBOKWCTBAM
2. JajeKTpryecKue MaTepuabl 55 3 4 2 46
2.1. | Tlonspuzanusi TUAIEKTPUKOB 2.25 0,25 - - 2
2.2. OCHOBHBIE BUIbI TTOJISIPU3AIIIN 4.25 0,25 - - 4
2.3. | Knaccudukamuss IHUIIEKTPUKOB 10 1 - - - 1
BHJTY MTOJIIPU3AIAN
2.4, OTHoCUTENbHAs  IUAJEKTpUYECKas 4 - - - 4
MTPOHUIIAEMOCTh
2.5. DIEKTPONPOBOIHOCTh AUDIIEKTPUKOB 4.25 0,25 - - 4
2.6. | JlusneKkTpuyecKue noTepu 6.25 0,25 - 2 4
2.7. | IIpoboii muanexTpuka 12.5 0,5 4 - 8
2.8. | Knaccudukamus AUdIEKTPUUECKUX 1 - - - 1
MaTepHUaJIOB
2.9. ["a3000pazHbIe TUINEKTPUKH 2.25 0,25 - - 2
2.10. | )Kungxue AWdIEKTPHKH. 4.5 0,5 - - 4
2.11. | TBepaerwmue AUIICKTPUKU 4.25 0,25 - - 4
2.12. | TBépaple TUIIEKTPUKH 8.5 0,5 - - 8
3. IIpoBoAHUKOBBIE MATEPHAJIbI 22.75 | 175 - 2 19
3.1. | Knaccuduxarmms MIPOBOJIHUKOBBIX 2.25 0,25 - - 2
MaTEpHUaJIOB
3.2. | [TapameTpsl, XapaKTepH3yIOIIe 4 - - 2 2
CBOWMCTBA MTPOBOHUKOBBIX MaTepHa-
JIOB
3.3. | Marepuasnsl BBICOKOH TIPOBOJMMOCTH 6.5 0,5 - - 6
3.4. | CBepXIpOBOJHUKHU U KPUOIIPOBOI- 2.25 0,25 - - 2
HHUKH
3.5. CruiaBbl BBICOKOTO CONPOTUBIIEHUS 45 0,5 - - 4
3.6. | Jlpyrue npoBOJIHUKOBBIE MaTEPUAIbI 2.25 0,25 - - 2
3.7. | Ilpumoun u ¢rockr 1 - - - 1
4 IloaynpoBoaunkoBbie matepuananl | 11.75 | 0,75 - - 11
4.1. OO6mmue cBeeHUS O MOTYIPOBOIHU- 2.25 0,25 - - 2
Kax




4.2. | Knaccudukanus noaynpoBOJHUKOB 1 - 1
4.3. OneMeHTsI, 00JIafaroue CBONCTBA- 4.25 0,25 4
MU TIOJTYTIPOBOTHUKOB
1 2 3 4 7
4.4. | XUMHYECKHE COEIUHEHUSI CO CBOIi- 4.25 0,25 4
CTBaMH IOJIYITPOBOJHUKOB
&) MarHuTHble MaTepUAaJIbI 125 0,5 12
5.1. | Ilapamerpsl, XapakTepusyrouue 2 - 2
CBOMCTBA MAarHUTHBIX MAaTEPHAIIOB
5.2. | MarauToMsrkue MaTepuabl 6.25 0,25 6
5.3. | MaruutoTBépaple MaTepUaIbI 4.25 0,25 4
6. KoOHCTPYKIIMOHHBIE MaTEPHAJIbI 15 1 14
6.1. | [TapameTpsl, XapaKTepU3yIOIIHE 2.25 0,25 2
CBOMCTBA KOHCTPYKIIMOHHBIX MaTe-
puagoB
6.2. | Knaccudukanus KOHCTPYKIITHOHHBIX 1.25 0,25 1
MaTEpHUaJIOB
6.3. | Meramuinueckue KOHCTPYKIIMOHHbBIE 7.25 0,25 7
MaTeprabl
6.4. | KoMno3unuoHHbIC MaTepUaIbl 4.25 0,25 4
HUTOI'O 135 8 119




4.2. Copeprxanue JMCHMILIMHBI, CTPDYKTYPHPOBAaHHOE 10 pa3jiesiaM U TeMaM

Pazgen 1. OcHOBBI MaTepHUaAJI0OBECICHUA

Tema 1.1. Knaccudukarus MaTepraioB

DJNEeKTPOTEXHUKA OTHOCHUTCS K OJHOW M3 Hambojee OBICTPO pa3BHBAIOLIMXCS 00JacTel, TpeOYyIommx
00IBIIOTO Pa3HOOOpPa3Hs HOBBIX JJIEKTPOTEXHUUECKUX W KOHCTPYKIIMOHHBIX MAaTE€PHAJIOB, MIPUMEHEHUE KO-
TOPBIX TO3BOJHT BHITYCKaTh 000PYAOBaHUE C BBICOKOW HAJIEKHOCTHIO, OBICTPOJCHCTBAEM, YCTOHIHBOCTHIO
K BO3JICUCTBUSIM OKPYKAIOIIEH Cpebl, arpeCCUBHBIX CPeJl, HOHU3UPYIOUIUX U3IIyYCHUM, MATHUTHBIX MOJICH
U T.J.

JuctumniHa «ONeKTPOTEXHHYECKOe U KOHCTPYKIIMOHHOE MaTepUaOBEACHIE)» 3HAKOMUT CTYACHTOB
C OCHOBHBIMHU MaTepHallaMy, TPUMEHIEMBIMH B 3JICKTPOTEXHUKE.

Bce maTepuansl MOXKHO pa3feuTh Ha ABE TPYIIIIBL:

-3JIEKTPOTEXHUYECKUE;

- KOHCTPYKITUOHHEIE.

DIEeKTPOTEXHUUCCKUMH HA3BIBAIOTCS MaTEPUAIIBI, XapaKTePU3yEMbIE ONPECIICHHBIMU CBONCTBAMU T10
OTHOLIEHUIO K 3JIEKTPOMATHUTHOMY IOJIIO U IPUMEHSIEMBIE B JIEKTPOTEXHUKE C YUETOM ITUX CBOMCTB.

B npakTuke pa3nuyHble MaTepUaibl UCIBITHIBAIOT BO3ACHCTBUE KaK OTACIBHBIX CTOPOH 3JEKTpOMAr-
HUTHOTO TIOJISI — AJIEKTPUUYECKOTO M MarHUTHOTO TOJEH, TaK U C UX COBOKYMHOCTH. [0 mOBeneHUIO B dJICK-
TPUUECKOM IOJI€ UX HNOAPA3ACISIOT Ha MPOBOJIHUKOBBIE, MOIYIPOBOIHUKOBBIE U TUANEKTPUUECKUE; MO IO-
BEJICHHUIO B MAaTHUTHOM II0JIC - HA CHIIbHOMATHUTHBIE U CITA00OMarHUTHBIE (HEMarHUTHBIE).

Kpome Toro, Hu 0JiHA 3JICKTPOTEXHUYECKAs YCTAHOBKA HE MOXKET OBITh BBINMOJIHEHA 0€3 MPUMCHEHUSI
KOHCTPYKITMOHHBIX MaTepHaioB. M3 HUX M3rOTABIMBAIOT HECYIIIHE DJIEMEHTHI U KOHCTPYKIIUU JIEKTPOYCTa-
HOBOK, OTIOPHBIE, KPEIEKHbBIE, BCIOMOTaTENIbHBIE Y3JIbI U IETAIH 3JIEKTPUUECCKUX aIlapaToB.

Tema 1.2. Buanl cBsizei

OCHOBHBIMH 3J€MEHTAPHBIMU YAaCTULIAMHU, U3 KOTOPBIX COCTOSIT BCE M3BECTHBIC HAM BEILECTBA, SIBJIS-
I0TCSI TPOTOHBI, HEUTPOHBI U 3NEKTPOHBL. [IpOTOH M HEUTPOH, CoeUHSACH BMECTe, 00pa3yrOT aTOMHOE SAPO,
a OTPHIIATENBbHBIE AIEKTPOHBI 3allOHIIOT BHEIIHUE OOOJIOYKH aTOMOB M KOMIICHCUPYIOT IMOJIOKHUTEITHHBIN
3apsn aapa.

Eciu aTom TepsieT 4acTh 3IEKTPOHOB, TO U3 HErO 00pa3yeTcs MOJIOKHUTENBHO 3apsSKeHHBIH HOH. Eciu
JKe, Ha00OpOT, aTOM MPHUCOCIUHACT K ceOe JOTMOIHUTEIbHBIC JIEKTPOHBI, TO M3 HEr0 00pa3yeTcs OTpHIla-
TEJILHBIN MOH.

ATOMBI ¥ HOHBI MOTYT COEIUHATHCS MEXAY cOOOW M 00pa30BBIBATH MOJEKYIbI. [Ipr 3TOM H3BECTHBI
YEThIPE BUJIa XUMUUYECKOM CBSA3U MEXKY YaCTUIIAMHU.

KoBaneHTHast ¢BsI3b MMeeT MECTO TOTJa, KOT/Ia JIBA aTOMa MMEIT o0Iue 3MeKTpoHsl (puc. 1.1).
Hampumep: H,, O,, HO .

C mOMOIIbIO KOBAJICHTHOH CBSI3U MOT'YT 00Pa30BbIBaThCS MOJIIPHBIC M HEMOJISIPHBIC MOJICKYJIbI.

Henonsapnas monexyna — Mosaexyna, B KOTOPOU LIEHTPHl OJUHAKOBBIX O BEIMYUHE MOJOKUTEIbHBIX U
OTPULIATETBHBIX 3aPS0B COBIAIAIOT.

@ o

Puc. 1.1. KoBanenTHas MoJiekyna

HOﬂ}lpHClﬂ MoJniekysia — MOJICKYJ1a, B KOTOpOﬁ HOCHTPBI OJUHAKOBLIX IO BCJIMYUHE, HO MPOTUBOIIOJIOXK-
HBIX I10 3HAKY 3apsAa0B HaXOOATCA Ha paCCTOAHHUU APYT OT ApyTa. Taxkwue MOJICKYJIBI Ha3bIBAOTCA JUIIOJIAMU.
Onn XapaKTCPpU3YIOTCA AUITOJIBHBIM MOMCHTOM!

rae | — HOJ'[S[pHLIfI MOMCHT, q — 3apAd 4aCTHUIbI; I — paCcCTOAHNE MEXKIAY HEHTpaMHU MOJOXKUTECIBHOTO U
oTpHIaTeaLHOTO 3apsaaa (puc. 1.2).
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Puc. 1.2. JTunons

KoBanentrnast CBSI3p MOXET CyHI€CTBOBATh KaK MEXKAY aTOMaMU OJHOI'O U TOI'O K€ DJIEMEHTa TaK U
MCKAY aTOMaMHU PAa3JIMYHBIX 3JICMCHTOB!

|
—(|3—$|—; H-H —0—0—,
| .
—C—H —Si—C-—
|
KoBaneHTHas cBs3b XapakTepHa JUIs BEIIECTB, HAXOSAIIUXCS B JIIOOOM arperaTHOM COCTOSTHHHM (Ta3o-
00pa3HOM, XKUAKOM, TBepoM). CyIeCTBYIOT TBEp/bIC Tejla C KOBAJCHTHON CBS3BIO, SBISIOIIUECS KPUCTAI-
JaMu (TIPUMeEp: aaMa3s, TepMaHHid, KPEMHHIA).
TBEpmpie Tena ¢ KOBAJICHTHOW CBS3BIO 00JIAAIOT OYEHb BHICOKOW MEXaHHYECKOH MPOYHOCTHIO M BHI-
COKOH TeMIIepaTypoOi IUIaBICHUS.
MouHast cBsI3b OIpeACIACTCA CUJIaMU MPUTSAIKCHUA MCKAY IMOJIOKUTCIbHBIMA U OTPUIATCIIbHBIMHA
HOHAMHU. DTOT BU CBA3U XAPAKTCPCH TOJIBKO MJIA TBECPABIX TCJI. Cutel MPUTSDKCHUA MCXKAY HMOHAMU Ha-
CTOJIBKO BEJIMKH, YTO TeJla C HOHHOW CBA3BIO MMEIOT BBICOKYIO MEXaHHYECKYIO IPOYHOCTh U BBICOKYIO TEM-

nepaTypy IIaBIeHUs (HO MEHBIIIE, YeM Y BEIIECTB ¢ KOBAJIEHTHOW CBSI3bI0). Pa3nnuaroT BemecTsa ¢ HeTIoT-
HOM yIaKOBKOM YacCTHII U BEIIECTBA C IJIOTHOM YIIaKOBKOW YaCTHII:

C HEIJIOTHOM YTAaKOBKOW Yac- C IUIOTHOM YIAaKOBKOH 4Yac-
i Na"Cl™ trr; Cs'CI
Na* Cl Cs'
Naoees” K
OGO

EOEO

MeTta/nueckast CBsI3b UMEET MECTO B MeTasuiax. OmnpenensieTcsi CUlaMy MPUTSHKSHUSI MEXKITY CBO-
60[IHBIMI/I QJICKTPOHAMU U MOJIOKHUTCIIbHBIMU HOHAMU, HAXOAAIIUMUCA B y3J1aX KpPICTaJ’IJ’IPI'—IeCKOFI PECHICTKH.
CHIIbl IPHUTSDKEHUSI IOCTaTOYHO BEIHKH, TI03TOMY JUTsl OOJIBIIMHCTBA METAJUIOB XapaKTepHa BBICOKAs
MeXaHH4eCKasi POYHOCTh M BBICOKAs TeMIleparypa IiaBieHus. Hannure cBOOOIHBIX AIIEKTPOHOB OIpeie-
JISIET BBICOKYIO 3JIEKTPOIIPOBOIHOCTD METAJIOB U BBICOKYIO TEILIONPOBOIHOCTb.
MornexkyssipHas cBsi3b (cBsi3b Ban-nep-Baanbca) ocymiecTBisieTcss MeXay MOJEKYJIaMH C KOBa-
JIEHTHON BHYTPHUMOJIEKYIISIPHOW CBA3BIO (pHcC. 1.3).
CHJIBI TIPUTSKECHHST ONPEICISIOTCS
S COTJIACOBAHHBIM JIBIDKCHHEM BAaJICHTHBIX
‘ MoneKyLZ"Ba”e“T“a" JIIEKTPOHOB: B JIFOOOH MOMEHT BpEMEHH
OJICKTPOHBI MaKCUMAJIbHO YAAJICHBI IPYyT
© OT JIpyra U MAaKCHUMAaJbHO TPHOIMKEHBI K
= MOJIOKUTEIBHOMY 3apsilly COCEIHEH Mo-
Il xoBaneHTHas JICKYJIBL.
‘ MoreKya Tak KaKk CHJIBI IPUTSHKEHHUS MEXKITY
ANEKTPOHAMHU U TIOJIOKUTEIBHBIMHU 3apsi-
JIAMH COCEJIHUX MOJICKYJl HE HaMHOTO
NPEBBILIAIOT CHJIBI OTTATKUBAHHS MEXIY
ANIEKTPOHAMH, TO y TeNl CO CBsA3bI0 Bau-
Puc. 1.3. Cessb Ban-nep-Baanbca nep-Baagpca  HEM3Kas ~— MeXaHHUYECKas

MIPOYHOCTH M HU3Kasl TeMIepaTypa MaBieHus. [[pumepom Takoro Tena siBisgercs mapaduH.

©
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Tema 1.3. CTpoeHnue TBepabIX Teja
Jlexmwst MpOBOANUTCS B MHTEPAKTUBHON (hopme: JieKnus-auciryT (1 gac).

B TBEpaBIX Temax yacTHLBl MOTYT PaclojaraThCsl yNOpsIOYEHHO WM XaOoTHYHO. B 3aBucuMocTH oT
PAcIIONIOKEHUS YaCTUL] PA3INYAOT KPUCTAIMYECKHE TBEPbIE Tena, aMopQHbIe 1 aMOP(HO- KpUCTaIInde-
CKUE.

Kpucrasimdeckme Tesia coaepkaT B CBOEH OCHOBE KPUCTAJUIMUECKYIO PELIETKY.

Kpucmannuueckas pewiemka — XxapakTepHoe 1711 1F000ro KpUCTAJUINYECKOTr0 COCTOSIHUS BELIECTBA pe-
TYJIIPHOE PAcIONOKEHHUE YacTHLl (ATOMOB, MOJIEKYJ, HIOHOB) B TPEX M3MEPEHUSX, XapaKTepu3yroleecs Ie-
PHUOJUYECKON MOBTOPSAEMOCTHIO.

CBoiicTBa KpUCTAJUIMYECKUX BELIECTB B PAa3HBIX HANIPABICHUAX KpUCTajUia OyIyT pa3auyuHsb! (Ipumep:
anMas, KpeMHHUI).

AMopdHbIe Tesra — 4aCTHIBI PacHOIOKEHbI Xa0THYHO. CBOMCTBA BEIIECTB B PA3HBIX HAIIPABICHUSIX
OJMHAKOBBL. B oTiiMuMe OT KPHCTAJUIMYECKUX BELIECTB, aMOp(HbIE HE UMEIOT SIPKO BBIPAXKEHHOH TemIepa-
Typsl miaBieHus. Ilepexon u3 TBEPAOro cCOCTOSIHUA B JKUAKOE Y aMOPGHBIX TeNl IPOUCXOIUT B HEKOTOPOM
MHTEpBaJie TEMIIEpaTyp, MO3TOMY aMOp(HBIE BEIIECTBA XapaKTEPU3YIOTCA TEMIIEPATYypOH pa3MArdeHHs
(IpuMep: cMOJIBI, CTEKIIA).

AMopdHO-KpucTasUIM4IecKye BelllecTBa MOTYT HaXOIUThCs Kak B aMOP(MHOM, TaK U B KPHCTaJ-
JMYECKOM COCTOSIHHHM, MPUYEM aMOpPPHOE COCTOSIHUE MEHEee yCTOWYMBO M MPHU OMpPENeNEHHBIX YCIOBHAX
(maBieHUH, TeMIEpaType) MOXKET CaMONPOU3BOJIBHO MEPEXOJUTh B KPUCTAUINYECKOE (IpuUMep: KBapl, CHU-
TaJUTBI).

1.3.1. Amomno-Kpucmaniuueckoe cmpoenue Memaniog

Bce MeTasl IMEIOT B CBOEH OCHOBE KPUCTAIUINYECKYIO PEIIETKY

Kpucmanauueckas pewemxa — ynopsiioueHHOE PaCIONOKECHUE YaCTHI B TPEX U3MEPEHHUSX, XapaKTe-
pH3yIoIIeecs: ONpeAeiIeHHON MePHOANYHOCTRIO. Ecii B y3/1aX pacnosioKeHbl aTOMBI, TaKasl pelleTKa Ha3bl-
BaeTCs aTOMHOM. PaccTosiHME MEXTy y3J1aMU KPUCTAJUIMUYECKOW PELIETKU Ha3bIBaeTCA ee napamempom. 1lpu
M3MEHEHNH TEMITEPATyphl TEJIO HIH PACIIHPSIETCS, WM C)KUMACTCS, 3HAYNT, U TapaMeTphl KPHUCTAJUTNUECKOH
pelIeTKy ToXke OyayT MeHAThCs. Kak ciieicTBUe MeTalibl B Pa3HbIX TEMIIEPaTYPHBIX MHTEpBaIax mpuoodpe-
TAlOT Pa3HyI KPHCTAJUTMYECKYIO PEIIETKY W B COOTBETCTBHU C STHM MEHSIOTCS MX (PU3MKO-XUMHYECKUE
CBOMCTBA.

CylecTBOBaHNE y METAIJIOB HECKOJIBKUX BUJOB KPUCTAIIMUECKUX PEUIETOK MPU Pa3HBIX TeMIlepa-
TYPHBIX WHTEPBAJIaX HA3bIBACTCS NOAUMOPGUIMOM WU arromponuell. [IpeobpazoBaHre KPUCTATLUTHUECKON
PELIeTKH NP U3MEHEHUH TeMIIEpaTyphl HAa3bIBACTCS NOAUMOPPHBIM npespaujeHuem, a 00pa30BaBILUICS B
pe3ysbTaTe 3TOr0 MaTepuall Ha3bIBACTCS NOAUMOPGHOU Modudurayueti. TlomumopdHast Mogudukaius 000-
3HAYaeTcs rpeyeckuMu OykBamu (o, B, ¥ ¥ T.J1.), KOTOPBIE B KAUECTBE WHICKCOB MPHUITUCHIBAIOTCS K CHMBOITY
OCHOBHOTO 3JIeMeHTa, HampuMmep: o-Fe. [lomuMopdHyto Moandukanuo mpu camoil HH3KOM TeMmeparype
0003Ha4ar0T OYKBOH 0., TpH OOJIee BRICOKOH — B | T.II.

1.3.2. @azoeo-cmpyxkmypHwlit cocmag cniagos

CrnaBsl — 3TO MaTepuabl, OMydeHHbIE ITyTeM CIUIABICHHS ABYX WJIH HECKOJBKUX JJIEMEHTOB, B Ka-
YeCTBE KOTOPBIX MOTYT BBICTYIIaTh METAJUTBI WU HeMeTaulbl. OCHOBHBIE 3JIEMEHTHI, BXOISIINE B COCTaB
CIUTaBa, HA3BIBAIOTCS KomnoneHmamu. KpoMe HUX B COCTaB CIIABOB MOTYT BXOJUTH PUMECH, KOTOPBIE OBI-
BaIOT BPEIHBIMU U MOJIE3HBIMU:

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

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

Kpowme Toro, nmprmecu OBIBAIOT ClTydaiiHbIe, CIyYaiiHO MOMAAA0IINE B CILIAB IPU €T0 IPUTOTOBJICHUH,
U CIIeIHaIbHBIC, BBOAUMBIC B CIUIAB JJIS IPUIAHUS €My ONIPEICIICHHBIX CBOWCTB.

CmutaBpl, KaKk ¥ YUCTHIE METAJIIBI, UIMEIOT B CBOSH OCHOBE KPHUCTAILUTMYECKYIO PEMIETKY, OJHAKO OHA
CJIOKHEE, YEM Y YUCTBHIX METAIOB. B 3aBHCHUMOCTH OT B3aMMOJIEUCTBUS OTAEIbHBIX KOMIIOHEHTOB CILIABHI
MOTYT UMETh Pa3HYI0 CTPYKTYPY:

* MEEéPObIl pacmeop — COSTUHSIOTCS B3aMMHO PacTBOPUMBIE KOMIOHEHTH. OOuH W3 KOMIIOHEHTOB
COXpAaHSET CBOIO KPUCTAUTMYECKYIO PELIETKY, @ ATOMBI IPYTUX PaCIpenessioTcs BHYTPU HEE;

* Xumuueckoe coeouHenue — KOMIIOHEHTBI BCTYMAIOT B XUMUYECKYIO PEaKLUIO, B PE3yJIbTaTe KOTOPOil
o0pa3zyeTcsi HOBasg KpUCTAJUTMYECKas pEHI€TKa, He MTOX0XKas Ha PEHIETKY COCTABIISIOMNX KOMITOHEHTOB;

12



* MexaHuueckas cmecb — COCIUHSIOTCS. B3aUMHO HEPACTBOPUMBIC KOMIIOHEHTHI, TPU ATOM KaxX bl U3
KOMIIOHEHTOB COXPAHSET CBOIO KPUCTAUTMYECKYIO PEeIETKY. B pesynbTare Takoil ciuiaB MpeACTABISIET CO-
00l cMech U3 Pa3IMYHBIX KPUCTAIIIOB.

CrmaB CTPYKTYpHI «MEXaHWYecKasi cMech» 00JaiaeT ONpeneneéHHoN TemnepaTypoi tiasneHus. [Ipu
3TOM TeMIiepaType MPOUCXOIUT MEPEXO] M3 TBEPIOTO COCTOSIHUS B KHMIKOe. Torja Kak y CIIaBOB THIA
«TBEPABIN PACTBOP» U «XHUMHUYECKOE COSAMHEHHUE MEePEX0/1 U3 TBEPAOTO COCTOSHIUS B KUAKOE MPOUCXOTUT
Ha HEKOTOPOM MHTEpBasie Temnepatyp. Ha sTom nHTepBane yka3aHHbBIE CIUIaBbI MPEACTABISAIOT COOOM cMech
JKHUJIKOTO PacilyiaBa U TBEPABIX KPUCTAIIIOB.

Tema 1.4. JledekTBI TBEPABIX TEJI

HedekT — moboe HapylIeHHE YHOPSAOYSHHOCTH 3IEKTPOCTATHYECKOTO IOJIsI KPUCTAJUTHYECKOH pe-
HICTKH.
JedexTsl TBEpIOTO TETa MOTYT OBITH BHI3BAHBIL:

1. HapymeHI/IeM CTCXHUOMCTPUUCCKOI'0 COCTaBa KpHCTaIIJ'IH‘lCCKOfI PCHICTKU:

Hopma Hedexrt
A
Ve A
Omcymcmeue lononnumenvhutit
— uacmuuul 6 ysie UOH 6 MeHcOoy3nuu

2. Hanmnumem npumeceit:

/ ‘Iacmuua OCHOBHO20 371emeHnma

Yacmuya npumecu

3. Hanmuriem MeXaHUYEeCKH HAIPSDKEHHBIX YYaCTKOB B Telle.

4. Hannamem TOTIOTHHUTEIBHBIX IDIOCKOCTEH Ha MaTepuare (ITOphI, TPEIIHHBI, CKOJIBI).

JedekTsl 1o cBoel nmpupojie ObIBAIOT:

— TEIUIOBBIE (CBA3aHHBIC C BBIJCJICHUEM HJIH MOTJIONICHUEM TEIUIOTHI);

— Obuorpaduieckre (CBI3aHHBIE C IPOLIECCOM U3TOTOBIICHUS ).
JledexTsl TBEPAOTO Tea IPUBOAIT K M3MCHEHUSIM CBOMCTB BEIIECTBA, B HEKOTOPBIX CIIyYasx YXY/IIIas UX, a
B HEKOTOPBIX — yiyuiias. Hanpumep, Il MArHUTHBIX BEIIESCTB ueM 0oJiblie Ae()EKTOB, TeM JIydlle Xapak-
TEePUCTUKH.

Tema.1.5. Cioco0bI TepMOOOPAOOTKH METAJLIOB U CILIABOB
Jlexumst IPOBOANTCS B MHTEPAKTUBHOU opme: JieKiusi-auciyT (1 gac).

IIpu n3MeHeHnU TemIepaTypbl MaTepralia MOKET MEHATHCS €ro KpUCTaUINYecKasi pemérka U CooT-
BETCTBEHHO €ro (hM3MKO-XMMHUYECKHE CBOMCTBa. IlodTOMy MIsi co3maHusa MaTepuana C ONpeleNEHHBIMU
CBOWCTBaMH HEOOXOIMMO MPAaBUIBHO BEIOMPATh HE TOJIBKO COCTaB CIUIABA, HO U PEXXHUM €ro TepMooOpaboT-
KH.

B o6mem ciyqae TepMooOpaboTKa CBOAUTCSA K TOMY, YTO MaTepHall HarpeBaroT A0 BBICOKOI TeMIiepa-
TYpPBI, BBLACPKUBAIOT IIPH 3TOW TEMIIEpaType, 3aTeM OXJIaKAaloT. B pesynbrare 00pasyroTcs pa3nuuHbIe M0-
nuMopdHbIe MOAN(DUKALIMK OJHOTO M TOTO K€ MaTepuaa.

K ocHOBHEIM omneparusmMm TepMooOpabOTKH OTHOCATCS:

* omoicue — HarpeB MaTepuaia 0 BBICOKHUX TEMIIEpaTyp C MOCIEAYIONINM MEIJICHHBIM OXJIaKICHHEM
BMECTE C IIeubl0. B pe3ynbpraTe CHIKAIOTCS BHYTPEHHEE HAIPSKEHUE, TBEPAOCTh M XPYNKOCTh MaTepHrana u
TTOBBIIIAETCS €TO MIIACTHYHOCTE;

* HOpManu3ayusi — HATPEB MaTepHaia JI0 OYeHb BHICOKUX TEMIIEPATYpP C MOCIEAYIONINM OBICTPBIM OX-
JaXJICHUEM Ha OTKPBITOM BO3JyXe. B pe3ynbpTaTe noBbIIaeTCd MEXaHWYECKasi MPOYHOCTH CILJIABa;

* 3aKanKa — HarpeB MaTeprana O OYE€Hb BBICOKUX TEMIEPATYP C MOCIEAYIOIUM OXJIaXKIEHUEM B BOJE
win Maciie. MI3MeHsIs CKOpOCTh OXJIaXI€HHsI, MOKHO M3MEHITh MEXaHWYECKue CBONCTBAa Marepuana. Ilpu
OBICTPOM OXJaXKJICHUH YBEJIMYUBACTCS €r0 TBEPAOCTH, HO MOSBISAECTCS BHYTPEHHEE HANPSDKEHUE, TIO3TOMY
YBEIMUMBACTCS XPYNKOCTh. [Ipu Oosiee MeIIEHHOM OXJIaXKIEHHH XPYNKOCTh CHW)KAETCSI IPH COXPAHEHUH
TBEPAOCTH;
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®* omnycK — HarpeB Marcpuajia 10 MCHBIIUX TCMIICPATYp, YCM B HNPCALIAYIIHUX OIICpalungx. OTHYCK
IMPUMCHSCTCA KaK JOMOJHUTCIIbHAA K 3aKaJIKC IMpoucaypa 111 TOBBIIICHUS MEXaHUYECKOH MMPOYHOCTH MaTe-
puaina 1 €ro IIaCTHYHOCTH.

Tema 1.6. Knaccudpukanusi BemecTs 10 3J1eKTPUIECKAM CBOCTBAM
Jlekiust IpOBOUTCS B UHTEPAKTUBHOM (hopMe: ekius-aucyT (1 yac).

Bce u3BecTHBIE BeliecTBa MOKHO Pa3IeUTh HAa MPOBOAHHUKH, TIOTYIPOBOIHUKA U TUAIEKTPUKH. Pa3z-
JTUYre X HanOoJiee HATJISTHO MOYKHO TPEACTABUTH C TIOMOIIBI0 YHEPTETUIECKHUX TUarpaMM Ha OCHOBAaHHUU
30HHOM TEOPHUH TBEPJOTrO TENA.

B cootBeTcTBHHM ¢ 3TOM Teopuel 00O aToM HMMEET OIPENCIICHHBIE SHEPTeTHUCCKUE COCTOSHUS
(ypoBHH). YacTs 3TUX ypOBHEW 3allOHEHA AJIEKTPOHAMH B HOPMaJIbHOM HEBO30YXKIACHHOM COCTOSHUH aTO-
Mma. Jlpyrast 4acTb ocTaeTcsi B HEBO30YKICHHOM COCTOSIHUHM CBOOOTHOM.

[Tocne BHEUIHErO SHEPreTHYECKOTO BO3ACHUCTBHS HAa aTOM JJIEKTPOHBI MOTYT HEPEHTH ¢ OCHOBHOTO
YpOBHS Ha CBOOOAHEIE. 3aTEM aTOM, MBITASICh TIEPEUTH B YCTOHYHMBOE COCTOSTHHE, UCITyCKaeT H30BITOK dHEP-
THH B BUJE OTOHA, a 3JCKTPOHBI NIEpEMEIaloTCs 00paTHO Ha YPOBHHM C HaUMEHbIeH 3Heprucii. [lepeme-
HIAIOLINECs C YPOBHS HAa YPOBEHB 3JIEKTPOHBI CO3JAIOT IIEKTPUIECKUHN TOK.

BemecTBo cocront m3 MHOXecTBa aToMOB. OTIeNbHBIE YPOBHH KaXXIOTO M3 aTOMOB COETUHSIOTCS
BMecCTe U 00pa3yroT 1enblie 3086 (prc. 1.4). [losToMy sHepreTndeckas AuarpaMMa BEIIeCTBa B 0OIIEM CITy-
Yae BBRITJISIUT CACAYIOMUM 00pazoM:

< 3oHa, cBOGOIHAS OT 371eKTpoHOB (1)

t 4 3oHa 3anpermennas (3)

° 4 30na, 3aM0JTHEHHAS SIIEKTPOHAMH (2)

Puc. 1.4. DHepreruyeckas quarpaMMa BeIecTBa

UToOb! IIepeiTi 13 30HBI 2 B 30HY 1, 3JIEKTPOH JOJDKEH MPeoIoNeTh 30HY 3. s atoro emy HeoOXo-
JUMO COOOIIUTH OMpEJETICHHYI0 YHEPTUI0, KOTOpas Ha3bIBAcTCS dHEprued akTuBanuu. Yem mmpe 3armpe-
IIIEHHAasl 30HA, TEM TPyAHEE €€ MPEeoJIoJIeTh U TeM OOJbIlle SHEPTUU HAN0 NMepenaTh AJIEKTPOHAM, HaxXos-
IIUMCH B 30HE 2.
HimeHHO 1o mMpuHe 3ampenieHHON 30Hbl M Pa3iudaloT MPOBOJHHUKH, TOIYIIPOBOJIHUKH U TUIJIEKTPHU-
KH.
Au31eKTpUK — MaTtepuan ¢ OOJBIION 3anpeleHHON 30HOH. DIeKTPONPOBOJHOCTh MPU OOBIYHBIX
YCIIOBHSIX HE HAOJIIOTaeTCA.
ITomynpoBOOHMK — Marepuall ¢ MEHbIIEH 3anpelieHHoN 30H0M. IIpy BHEIIHUX HEPreTHUECKUX
BO3/IEMCTBUAX 110 TIOJIYIIPOBOJHUKY MOXET NMPOTEKATh DIEKTPUUECKUI TOK.
ITpoBogHMK — MaTepuai MpakTHUECKU 0e3 3ampereHHOM 30Hbl. 30Ha 1 MOAXOMUT BIUIOTHYIO K 30HE
2 WIH Jake YaCTHYHO TMepeKphIBaeTcs eto. [[o3ToMy 31eKTpOHBI MOTYT CBOOOIHO MEPEXOAUTH U3 OJTHOH 30-
HBI B IPYTYIO K€ IPU HE3HAUNTEIbHBIX BHEITHUX BO3ACHCTBUIX.
BemecTBa MOTyT epexoAnuTh U3 OJTHOTO COCTOSHUS B APYTO€ B 3aBUCHUMOCTH OT UX CTPYKTYpPHI H ar-
pPETaTHOTO COCTOSTHHUS:
TBEPOE COCTOSHUE — NPOBOJHUK
MeTaul—
razoo0pa3zHoe — AMIJIEKTPUK
anMas — JTUAJIEKTPUK
yriepog—
rpauT — NPOBOJHUK
DJIeKTpOIIPOBOTHOCTD — 3TO CIIOCOOHOCTh MaTepHana MPOBOJAUTH AleKTpuueckuil Tok. OHa 3aBU-
CHT OT CIIEAYIOIUX (haKTOPOB:
— OT IIUPUHBI 3anpeiéHHON 30HBI (YeM MEHbINE IMUPHHA, TEM BBIIIE AJIEKTPONPOBOIUMOCTb, T.K.
3IIEKTPOHBI MPOIIE TPEOI0NEBAIOT 3aNPELICHHYIO 30HY);
— MCTOYHHUKA BHEIIHErO BO3ACHCTBHA (DJIEKTPUUECKOE I0JIe, MATHUTHOE T0JIe, IOTOKH 3apsDKEHHBIX
YaCTHIl, PEHTTEHOBCKHUE JTy4H, yIbTPadHOICTOBBIC JTydH, CHIBHBINA HarpeB);
— HaJIU4us MPUMECEH;
— arperaTHOro COCTOSIHMS BEILECTBA U OT BUAA XUMUUECKON CBSI3H;
— TeMIepaTypsl (pa3Hble MaTE€pUalIbl IO-PAa3HOMY PEarupyroT Ha U3MEHEHUE TEMIIEPATyphl):
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— €CIIM TUAJICKTPUK: MPHU YBEIUYEHUU TEMIIEPaTyphl YBEIUUUBACTCS MOABUKHOCTH 3apsOB U DIICK-
TPOMPOBOAUMOCTb BO3PACTACT;

— ©CJH TIOJYIPOBOIHUK: TPH YBEIMUYEHUH TEMIIEPATyphl yBEIUYHUBAETCS MOJIBHXHOCTH 3apsiioB U
AIIEKTPONPOBOANMOCTH Bo3pactaeT. Ecim t = 0 K, To KonmmdecTBo 3apsiioB paBHO HYJIO, U 3JIEKTPOMPOBOJI-
HOCTh paBHA HYJIIO, IaXE €CIIU Ha MOJIYIPOBOAHUK ITPOU3BOIUTCS BHEIITHEE IHEPTEeTUUECKOE BO3/ICHCTBHUE;

— ©CJIM TIPOBOJHHK: yBEITHYCHHE TEMIEpPaTyphl NMPUBOIUT K YMEHBIIECHHIO 3JIEKTPOMPOBOANMOCTH.
Ecmu t = 0 K, To 371€KTpOonpoBOIMMOCTE BO3pacTaeT 10 o,

— JIaBJICHUS;

— HayIM4usl IEKTOB B TBEPJIOM TeJIe.

Paznen 2. [IMJIEKTPUKH B DJIEKTPHYECKOM I10JI€

[Mon nelicTBHEM MPUIOKEHHOTO HAMPSDKEHHS B JUIJICKTPUKE HAYMHAIOT MPOTEKATh CIICIYIONIUE SIB-
JICHUS:
1) monsipu3anus (XapakKTepu3yeTcsi OTHOCHTEBLHOM AUAICKTPHUICCKON POHHIIAEMOCTBIO €r);
2) 3J1eKTPONIPOBOAHOCTD (XapaKTepU3yeTcs YACTbHBIM COMPOTUBICHUEM P M YICIbHOM MPOBOIUMOCTHIO ¥);
3) OWBNEeKTpUYECKHE MOTEPU (XapaKTePU3YIOTCS TAHTCHCOM yIiia TUAJICKTPHUECKUX MOTeph g0 U yaeIbHbI-
MH TOTEPSIMH MOIITHOCTH p);
4) mporecchl TEMIOBOTO M 3JIEKTPHUECKOTO CTAPEHHS (XapaKTEPU3YIOTCS CPOKOM CITY>KOBI JIMANEKTPHKA T U
paboueit Temrepatypoit Tpag);
5) mpo6oii AndIeKTpUKa (XapakTepusyeTcsl MPOOMBHBIM HampsbkeHueM Uy, U JIEKTpUYecKOoi MPOYHOCTBIO
E.p).

Ka)KI[OC 13 ICPCUNCIICHHBIX SIBJICHUHN MOKET IMPOTEKAaTh B OAHOM U TOM K€ OUBJICKTPUKE B 3aBUCUMO-
CTH OT ycioBHit. [IpudeM mosspu3ariysi, IEKTPOIPOBOIHOCTD, JUIICKTPUICCKHUE TOTEPH, TEIJIOBOE U JICK-
TPUYECKOE CTAPCHUE TECHBIM O0Opa30M B3aMMOCBSI3aHBI MEXIy COOOW M MOTYT MPOTEKATh B JUDIICKTPUKE
OJTHOBPEMEHHO TIOCJIC TIOAKITIOYCHUS HATIPSKCHUS.

Tema 2.1. Ilonsspusanus AUJIEKTPUKOB
Jlekuust IpOBOJUTCS B MHTEPAKTUBHOM opme: ¢ pa300opoM KOHKPETHBIX cuTyaruii (1yac).

OCHOBHOM Mporiecc Juis ANIEKTPUKOB, HAXOAAIINXCS B JIEKTPUUECKOM I10J1e, — MOoJIsIpu3anms, T.c.
OrpaHUYEHHOE CMEIICHUE CBA3aHHBIX 3apsAA0B WIN OPHEHTALUMs JUIOJIEH 110 HAIIPaBICHUIO JIEKTPUYECKOTO
TOJISL.

JIro60i TUIIEKTPUK C HAHECEHHBIMH Ha €T0 MOBEPXHOCTH DIIEKTPOJIAMH MOXKHO PAacCMaTpPHUBATh Kak
KOH/JIEHCATOp OIpeneaéHHON EMKOCTU. TO €CTh €Clli IUANEKTPUK IIOMECTUTh MEXY ABYMS JJIEKTPOJIAMH U
NoJaTh HaNpsDKEHHUE, TO 3apsbl B IUAJIEKTPUKE OyIyT CMEIaThesl Ha KaKyro-TO BeIHUuHY (puc. 1.5), a ecnu
JUIJICKTPUK COCTOUT U3 ﬂHHOHeﬁ, TO OUIIOJIN 6}/}1}7T HE TOJIBKO CMEIIATHCA, HO €IS U pa3BOpPavYUBATLCA 110
HaIPaBJICHUIO TOJIS: TTIOCOM K OTPUIIATEIFHOMY JICKTPOY, @ MUHYCOM — K TIOJIOKUTEIbHOMY (puc. 1.6).

JIMsneKkTpuK
— =+
— T +
= = +
—+

OrpaHnYeHHOE CMEIIEHUE 3apsiaa
TTO ATTEKTNUUECKOMV TTOTHY

Puc. 1.5. Ilonspuzanust HEMOJIIPHOTO TUAIEKTPUKA

+
S=—ca="
: -+

& -+

OnuerTATIUg TUIOTS MO ATEKTAUYECKOMY TTOTH

NTuanexTnuk

Puc. 1.6. [lonspuzanus NoaspHOro AUNEKTPUKA

[locne cHATHS 3TEKTPUUECKOTO TOJISI YACTHLBI BO3BPAILAIOTCS HA CBOM MECTa, a TUIIONH Pa3BOpavH-
BAlOTCS COTJIACHO XaOTHYHOMY TEIIOBOMY JBHIKEHHIO YACTHII.

s GONBIIMHCTBA AMAIEKTPUKOB CYIIECTBYET JIMHEHHAS 3aBUCHMOCTh BETMYMHBI CMEIICHUS 3apsiaa
Al OT HampsHKEHHOCTH ANEKTPUYECKOro mojis £ (dyeM Oolibllie HANPsHKEHHOCTh, TEM CHJIBHEE CMEIIAOTCS
3apsiabl) (xapaktepuctuka 1 Ha puc. 1.7).

OpHako ecTh Ipymia AUNIEKTPUKOB, Y KOTOPBIX NPH ONPEAEICHHONW HANPSHKEHHOCTH Epac (Hamps-
’KEHHOCTb HACBIIECHNA) 3apsi/ibl IPEKPaIIaoT CMEINAThCsA U IPU AajbHENIEM yBEJIMUCHUN HaIPSKEHHOCTH
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OCTAarOTCsA Ha CBOUX MECTax (XapaKTepI/ICTI/IKa 2) I[I/ISJ'ICKTI)I/IKI/I C TaKOM 3aBHCUMOCTBIO noJrsipu3anyu OT Ha-
MPAKCHHOCTU HA3BIBAKOTCA CE€cHen o2 1IeKmpUuKamu.

Al 1

E
Enac

Puc. 1.7. 3aBUCUMOCTE BEJIMYHUHBI CMEICHUS
OT HaINPSHKEHHOCTH DJIICKTPHICCKOTO IO

Tema 2.2. OcHOBHBbIE BH/IbI NOJISIPU3ALUHA
Jlexuust MpOBOJUTCS B MHTEPAKTUBHOM opme: ¢ pa300poM KOHKPETHBIX cuTyarwmii (19ac).

[Monsipu3zanus AeTUTCs Ha ABa OCHOBHBIX BHJIA!

1. Ionspw3anmsi MrHOBEHHAasi, yrpyras, O0e3 HarpeBa AHMANEKTpuKa (0€3 BBIJEICHHUS TEIUIOTHI).
BkitodaeT B ce0s DIEKTPOHHYIO U HOHHYIO MOJISIPU3AIUH.

a) dnexmponnas noaspuszayus (1) cBsI3aHa CO CMEUICHUEM 3JISKTPOHOB B 000109Kax aToMoB. I1po-
TekaeT oueHb ObICTPO: 3a 107 c.

C yBenuueHueM Temneparypbl D11 yMeHbLIaeTcsi. TO CBA3aHO C TEM, UTO MPU HArpeBE TEIO PaCIlH-
psieTcs M KOJIMYECTBO YaCTHII B €IUHHIIE 00beMa CHIKACTCS, CIIeIOBATEIbHO, MEHBIIIeE KOJHMYECTBO 3apsA0B
Yy4acTBYET B HOJISPH3ALUH.

OIl HabmogaeTcs y BceX BUIOB AUAIEKTPUKOB, HAXOIIIIUXCS B JIIOOOM arperaTHOM COCTOSIHHU.

0) Uonnas nonapusayus (VI1) xapakTepHa TONBKO U TBEPABIX TEJI C HOHHOW CTPYKTYPOH, CBSi3aHa
co cMelteHneM noHoB. [Tpotekaer 3a 10 c.

B orimame ot OII ¢ yBennuernnem temnepatypsl U1 ycunuBaetcs. D10 00BACHIETCS TEM, YTO MPHU
YBEJIMUEHHH TEMIIEPATyPhl TeJIa PACLIUPSIIOTCS, PACCTOSIHAE MEXIY 3apsiiaMH YBEJIIMIMBACTCS U CBA3U MEX-
Iy HUMH ociiabeBatoT. B pe3ysibrarte 3TOro 3apsijpl HAUMHAIOT JIeT4e CMEIaThes MOJT BO3CHCTBUEM TPHIIO-
JKEHHOT'O HaNpPsDKEHUS U OJIIPU3aLusl pacTeT.

2. lonsipuzanys 3aMeAsieHHast, TPOTEKAIOIIas 10 BO3PACTAIOLIeH U YObIBAIOILEH, C BBIEIICHUEM TETl-
JIOTBI ¥ pacceuBaHueM dHepruu (penakcanrnonHas). OHa BKIIOYAET B ce0sl CIEAYIONIHE TIOABH/IBL.

a) Junonvro-peraxcayuonnas noaspuzayus (JAPI1) xapaktepHa sl MONSIPHBIX AMAIEKTpUKOB. OHa
NPOTEKAET TOJIBKO B TOM CIIydae, €CIIM CHJIbI MEXMOJIEKYJIIPHOTO MPHUTHKEHUS TO3BOJISIOT AUIOISAM CMe-
HIATHCS U OPUEHTHPOBATHCS IO HAPABIICHHUIO JIEKTPUIECKOTO TTOJISI.

Ha nee BiusitoT TemioBsie ABmKeHHs YacTil. C yBeTMUCHHEM TeMIIEpaTyphl MOJIIpH3allis BHavYale
YBEJIMYUBAETCS, T.K. IIPH HaIPEeBE 3a CUET PACIIMPEHUS Teja CBA3M MEXKAY 3apsAAaMu 0clIabeBaroT U OHH JieT-
Yye CMELIAIOTCS U Pa3BOPAaYMBAIOTCS, a TIOTOM HauMHAET ocjadeBaTh, T.K. XAOTUYHOE TEIUIOBOE ABHKECHHE
NIPY BBICOKOH TeMIIepaType MEeIIaeT JUIOJISIM TTOJISIPH30BaThCSI.

Ilpu pa3BopaunBaHUU IUIOJNEH 110 HAIPABICHHUIO MOJSI MPOMCXOAUT UX TPEHHUE APYr o0 Ipyra u au-
3JIEKTPUK HarpeBaeTcs.

0) Dnexmpounno-penaxcayuonnas noaspuzayus (OPIT) nporexaer y TBEPABIX TEJ, MMEIOMIUX Ie(HEKThI
CTPOCHHUSI.

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

r) Muepayuonnasa nonapusayus (MII) nmporexaeT B TBEPABIX BEIIECTBAaX, NMEIONIMX MPUMECH. JTa
NOJISIPU3aLs BBI3BIBACT 3HAUNTENBHBIN HArpeB MaTepHaa.

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

e) Cnonmannas noaspuzayusi XapakTepHa AJisl CETHETORJIEKTPUKOB. B oTinuyme oT Apyrux BUIOB HO-
JSIPU3ALUK P HEKOTOPOM 3HAYCHUH HANPSHKEHHOCTH JIEKTPUUECKOTO TOJIE HACTYMAET €ro HACHIMICHUE
JaNbHeIee yCUIIeHHE TIOJIsl y)Ke HE BBI3BIBACT TIOBBIIICHUS MOJISIPH3ALIUH.

Tema 2.3. Knnaccuukanust 1M3JeKTPUKOB M0 BUAY MOJSIPU3ALNH

[Mo Buay MoNIIpH3aUU TUTICKTPUKH PA3ACISIOTCS Ha YETHIPE TPYIIIIbL:
1) AMAICKTPUKH, UMEIOIIUE TOJIKO 3JICKTPOHHYIO Tojspusanuto. K 3Toi rpymme oTHOCATCS HEmo-
JISIPHBIC U CITa0OMOJIIpHBIE TBEpbIe Teha (mapaduH), )KuakocTy (0eH3011) U ra3sl (BOI0OpON);
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2) OU3IEKTPHKH, UMEIOIIUE OJHOBPEMEHHO 3JIEKTPOHHYIO U JAWIOJIBHO-PENAKCAIIMOHHYIO TOJISIpHU3a-
ruto. K 310l rpynme oTHOCSATCS OpraHMYECKUE TBEPIbIE AMAIEKTPUKH, MOMYKUIKHAE TUIIEKTPUKH, BCE MO-
JSIpHBIE BELECTBA (COBOJI, CMOJIbI, KOMIIAyHbI, LEJUII0I03a U T.1.);

3) HeopraHW4eCKUe TBEPIbIC TUIICKTPUKH, B KOTOPBIX MOTYT OIHOBpeMeHHO mporekaTts OII, UII,
OPII, UPII. Oty rpymmy, B CBOIO 04epeab, ACTAT HA ABE MOATPYIIIHI:

a) mmextpuku ¢ Ol u UIl. Dto BemecTBa, UMEOMINEe HOHHYIO CTPYKTYPY C TUIOTHOW YIIaKOBKOW
gacrtuil (kBapi, ciarona, KCI);

0) muenextpuku ¢ IPII, UPII, OI1, UIl. Oto BemecTBa, y KOTOPBIX HOHHASA CTPYKTYpa C HETJIOTHON
YIaKOBKOW 4acTHIl (HEOpPraHMYECKOE CTEKIO0, hapdop);

4) cernerosnexTpuku. Ompenensromeld B JAHHOM ciiydae OyIeT CIIOHTaHHAs TMOJISIPHU3AIMs, OJHAKO
KpOME Hee B CErHEeTOAIeKTpUKax MoryT npotekats 11, UI1, OPII, UPII.

Tema 2.4. OTHOCHUTEIbHAS AUIIEKTPHYECKAS IPOHUIIAEMOCTH
Jlexuust MpOBOIUTCS B MHTEPAKTHUBHOM opme: ¢ pa3dopom KoHKpeTHbIX cutyanuid (0,54ac).

OCHOBHOI XapaKTEPUCTUKON JUBIEKTPHUKA, 10 KOTOPOH MOKHO CYAUTH O CTEIIEHU NOJSpU3a-
IIUM BELIECTBA, SIBJIACTCS € — OTHOCUTENbHAS AUIIEKTPUUECKas IPOHUI[AEMOCTh (U4eM BBILIE €, TEM
Jy4llle MOJIAPU3YETCS TUAIEKTPUK):

6= Q_ Q0 , OQu (1.2)

'y i)

Qo Qo QO

rae Qo — 3apsi1 KOHACHCATOPA, €CIIU MEXKTy OOKIaIKaMH BaKyyM;
Q— 3apsi KOHAEHCATOpa, €CIH MEKAY OOKIIaKaMH JHAIEKTPUK.
W3 npuBeaeHHOi Bhile POpMyIIbl BUTHO, UTO €, > 1; € = 1, ecnmu Mex 1y 0OKIaqKkaMu KOH-
JIeHCaTOpa HaXOUTCsl MMEHHO BaKyyM.

2.4.1. /luanexmpuueckas npoHuyaemocms 2a3oe

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

["a3000pa3Hble BEIIECTBA XapAKTEPHU3YIOTCS MAIBIMH IUIOTHOCTSIMH BCJIEACTBHE OOJBIINX PACCTOSIHUN
Mexay Mosekynamu. [loatomy €, Bcex ra3oB He3HaUMTeNbHA U OnM3Ka K eauHuue. [lonspusanus ra3oB Mo-
JKET OBITh YUCTO JEKTPOHHOW WJIM OJHOBPEMEHHO AJIEKTPOHHOM M JMIOJIBHO-PENAaKCAMOHHOHN (y MOoJsip-
HBIX Ta30B). OHaKO Jake AJIs MOJSPHBIX Ta30B OCHOBHOE 3HadeHune umeet OI1.

BenuunHa AMAIEKTPUYECKON MPOHUIIAEMOCTH, KaK M CaMOM AJIEKTPOHHOM MOJISIpU3allii, 3aBUCUT OT
CIEAYIOMHNX (HaKTOPOB:

— OT pa3Mepa MOJIEKYJI: C yBeJIHueHHeM paauyca Monekyisl (R1) & Bo3pacraer. Hampumep, npu HOp-
MalbHBIX ycnoBusx (H.y.) P=0,1 MIlau t=20 °C:

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

— OT YKCJIa YaCTHUIl B €JUHUIIE 00BeMa Ng.
no= P /KT, (1.3)

rae k — mocrostnuas Bonbimana; P — nasnenve; T — TeMieparypa.
W3 sT0ii (hopMyJibl, B CBOIO OYEPEb, CIEAYET, UTO €, TAKKE 3aBUCHUT:
— OT JIaBJICHUS: P 1T 001 &1;
— OT TEMIIEPATyPbI: t1 oIl el

TemneparypHas 3aBHCUMOCTb OOBIYHO XapaKTEpPHU3yeTCs TEMIIEPAaTYPHBIM KOI(D(PHUIIMEHTOM ANDIICK-
TpHuecKkoil mporumaeMocty, K

1 de,
o, =— .
" g, dT

(1.4)
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[l HeToNApHBIX Ta30B
g, -1

DU3NIECKHU CMBICI TeMIlepaTypHoro Ko3ddunrenTa o, B TOM, 9YTO OH TOKa3bIBAET, KaK M3MEHIETCS
€,Ta3a Ipu U3MEeHeHnH TeMrieparypsl Ha 1 K.

2.4.2. Jlusnekmpuueckas npoHUWAEMOCIb HCUOKOCHElL

JwydnexTprdeckas IpOHUIIAEMOCTD KHUJIKAX ITUAIEKTPUKOB 3aBUCHT OT UX MOJSPHOCTH, T.K. OHHU MO-
TYT OBITh TIOCTPOCHBI U3 MOJSIPHBIX W HEMOJISPHBIX MOJIEKYIL.

B HenonsipHBIX JKUIKOCTSAX MOKET MPOTEKATh TOJBKO AJICKTPOHHAS MOJSIPU3alUs, U T03TOMY 3Haue-
HUS €, HETIOJSIPHBIX >KUJKOCTEH HEBEIUKHU: HE MPEBBIMIAIOT 2,5. 3aBUCUMOCTH €, OT TEMIIepaTyphl 1° Takxke
OTIpeieTIsieTCs AMEKTPOHHON Tospu3anuei (Ha puc. 1.8 mpencTaBieHa 3aBUCUMOCTh €, UIS HETOJSPHBIX
JKUAKOCTEH, B TAHHOM ClTydae JijIs OeH30J1a):

&r

2,59
\ &

t > f

tl\‘l/m

Puc. 1.8. 3aBucumocts €, =f(t°)  Puc. 1.9. 3aBucumocts &, =f( f) mis
Ut OeH3oma HEMOJISPHOTO
KHIIKOTO JIAJICKTPUKA

OT 4acTOTBI IMPUJIIOKCHHOT'O 3JICKTPHUYCCKOT'O I10JIA f JUIJICKTPUUCCKas MPOHUIACMOCThL HE 3aBUCHUT
(puc. 1.9).

TemmnepaTypHasi 3aBUCUMOCTb & NOJSIPHBIX JKUAKOCTEN (HampuMep, coBoa) Ooiiee ClIoKHasl, YeM He-
noJsipHbIX (puc. 1.10). OOBsACHEHNE 3TOT0 — AUIOIBHO-PENaKCallMOHHAS MOISIPU3ALHsl, KOTOpask IPOTEKaeT
M0 BO3pacTarolleil u yObIBaroliel, 3aMe/ieHHo. JusnekTpudeckasl IPOHUIIAEMOCTh TOJSIPHBIX KHJIKOCTEH
koJrebaercs ot 3,5 10 5,5.

t()

Puc. 1.10. 3aBucumocTs &, = f(t") U TOMAPHBIX KUIKOCTEH

3HaYNUTENIbHOE BIMAHUE HA €, OIAPHBIX KUIKOCTEH OKa3bIBAET YACTOTA f MPUIIOKEHHOTO JIEKTpHYE-
ckoro nois. [Ipu HU3KKX YacToTaxX TUIONHM YCHEBAIOT Pa3BOPAUYMBATHCS MPHU CMEHE MOJSPHOCTH JJIEKTPO-
JIOB, M TIOATOMY €, BEJIMKA ¥ MPAKTHYECKH HeM3MeHHa. [Ipy BBICOKMX YacTOTaxX TUIOIHN HE YCIEBaIOT Pa3Bo-
pauuBaThCs U AUAIEKTPUUYECKas MPOHUIIAEMOCTh NajgaeT 10 3HadeHus €, ~ (puc. 1.11). Ilpu gactorax Gomnee
10° 'y urony BOOGIIE MEPECTAI0T PearHpoBaTh HA M3MEHEHHE TOJAPHOCTH MEKTPOJOB M OCTAKOTCA Ha
CBOMX IPEXKHUX MECTAX.

&r

€=
\ & =— HpI/I IIOCTOSIHHOM TOKC
&, ~ — IIp1 NIEPECMCHHOM TOKC

&~

N f,

10* 106

Puc. 1.11. 3aBHCHMOCTS €; OT YaCTOTHI JIEKTPHICCKOTO TIOTIS
JUTSI TIOJIIPHBIX KUAKOCTEH
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2.4.3. Jluranexmpuueckas npOHUUAEMOCHb MEEPObIX OUIIEKMPUKOB

JusnexkTpuueckasl TPOHUIIAEMOCTh TBEPABIX TEN 3aBHCUT OT CTPYKTYPHBIX OCOOEHHOCTEW TBEPIOIrO
IURIIEKTpUKa. B TBEpABIX Temax BO3MOXKHBI Bce BUIBI Momsipu3annid. OHA MOTYT UMETh KOBAJCHTHYIO MITH
MOJIEKYJIIPHYIO CBSI3M U TPH STOM OBITh HEMOJSPHBIMH WJIH TOJSPHBIMU. B HEMOJISIPHOM TBEPIOM TUAIIEK-
TpuKe OyAeT MPOTEeKaTh TONBKO DJIEKTPOHHAS TOJSPHU3AIM, KOTOpas W OINpeneisieT 3aBUCHMOCTH &
OT TEMIIEPaTypPhl U YaCTOTHI ANIEKTpUueckoro noss (puc. 1.12, a, 6).

Takum 00pa3om, sl TBEPABIX HETIOMSPHBIX AUIEKTPUKOB XapaKTEPHBI TE e 3aKOHOMEPHOCTH, YTO U ISt
HEMNOJISIPHBIX KUIKOCTEHN 1 ra3os.

B monspHBIX TBEpIBIX AMAIEKTPUKAX (HAOpUMep, LEUII0I03a, JIE) MPOTEKAIOT dIEKTPOHHAS U IH-
MOJIbHO-peNIakcallonHas nossipuzauuu. lpu stom onpenensiromeit ssusiercss APIL, u, cnegoBatensHo, €,
NpY YBEJIWYCHUH TEMIIEpaTypbl H3MEHSIETCS 10 Bo3pacTarolieid 1 yosiBaromeii (puc. 1.13).

p & 9) '
) 227 e

18

tnnan

a 0

Puc. 1.12. 3aBUCUMOCTS €; I HEMOJSAPHBIX TBEPBIX TUIIEKTPUKOB

&r €,

a 7]

Puc. 1.13. 3aBUCUMOCTH &; 1Sl TOJIAPHBIX TBEPABIX AUAIEKTPUKOB

Kpome Toro, TBepjple Tena MOryT 00J1ailaTh MOHHOW CBSI3bI0 M UMETH MPH 3TOM IUIOTHYIO U HEIUIOT-
HYIO YIIAaKOBKY YaCTHII.

B TBepabIX OUANEKTPHKAaxX C MOHHBIM BHAOM CBSI3M M IUIOTHOW YIAaKOBKOHM dacTHLl OyAyT OJHOBpE-
MEHHO MPOTEKATh JIEKTPOHHAS M MOHHAs moJisipu3anui. Onpeaersonieit Oyaer ssuarscs UI1, mostomy npu
YBEITMUEHUH TEMIIEPaTyphl 3aBUCUMOCTh €, OyAeT Bo3pactaTh (puc. 1.14). B cooTBeTcTBHU C 3TON 3aBUCH-
MOCTBIO TIPY YBEJIMYEHUH TEMIIEPATypPhl TEJIO PACHIUPAETCS, HOHBI YAAISAIOTCSA IPYT OT Apyra U CBsI3U Ocla-
0eBaroT, MO3TOMY YaCTHIIBI JIETYe CMELIAIOTCS U TEJO JIy4Ile HOISIPU3YETCsl.

~

Puc. 1.14. 3aBucumocTs g ot Temiepatypsl 1 KCl

&

to

B TBepabIX IURIEKTPHKAaX C MOHHBIM BHJIOM CBSI3M M HEIUIOTHOM yNaKOBKOW yacTUL OyAyT OJHOBpE-
MEHHO MPOTEKaTh IEKTPOHHAS, MOHHAS, 3JIEKTPOHHO-peNlaKCallMOHHAs U MOHHO-PEJIaKCallMOHHAs MOJISpH-
3a1uu (TeMIepaTypHas 3aBUCUMOCTS €, [TpeZicTaBieHa Ha puc. 1.15).

Tak KaK B TBEPJBIX JUIICKTPUKAX C HOHHOM CBSI3bIO OJJHOBPEMEHHO MPOTEKAET HECKOIBKO BUJIOB IMO-
TSIPU3AINH, CIIEA0BATEIbHO, KKIas U3 HUX Oy/IeT BHOCHTH CBOW BKJIQJl B OOIIYIO MOJSPU3AIMIO H TIO3TOMY
€, I3MEHSETCS B IIMPOKUX npenenax (ot 4,2 mo 200).

&

t°

Puc. 1.15. 3aBucumocTs &, = f(t°) amsa TBEpABIX TEn
C MOHHOM CTPYKTYpOH M HETJIOTHOM yHaKOBKOM YacTHI
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MakcumanbHble 3HA4EHHS € HMEIOT CETHETOMICKTPHUKU
& (manpumep, cernerona coub: (g, = 500+600). [Tpu 3TOM OHM Xapak-
TEPU3YIOTCS PE3KO BBIPAKEHHOW 3aBHCHMOCTBIO & OT {° (puc.
1.16). TemmnepaTypa, IpH KOTOPOl €, JOCTUracT MakCHMyMa, Ha-
3pIBaeTcsl TeMneparypoil Kropu — t%eps. IIpu TeMmepatype Bblme
t°kiopn CETHETOIIIEKTPUK TEPSAET CBOU CETHETONICKTPUUECKHE CBOM-
CTBa.

Puc. 1.16. 3aBucumocts
&, = f(t°) s Turanara 6apus ¢ g0-
6askamu (& =7000 +9000)

Tema 2.6. DJIEKTPONIPOBOIHOCTH ANIJICKTPUKOB

Jlexuust mpoBOUTCS B MHTEPaKTUBHOU (popme: nekuusi-0Oecena, JIEKIus ¢ pa300poM KOHKPETHBIX
cuTyanui (2,54ac).

Ju3/1eKTpUK — MaTepuai, y KOTOPOro 3alpeuiéHHasl 30Ha HACTOJBKO BEJIMKA, YTO AIIEKTPOIPOBOA-
HOCTh B OOBIYHBIX YCJIOBUSIX HE HabOmromaeTcs. st TOro 4ToObl IEKTPOHBI MPEO0JICBAM 3aMpelEHHbIC
30HBI, HA TUDJIEKTPHUK JTOJDKHO OBITH MPOU3BENECHO OYCHb CHIILHOE BHEIIHEE YHEPreTHUECKOE BO3JICHCTBYE.

Takum 00pa3oM, HECMOTPS HA TO YTO IUAJEKTPUKH (/) MMEIOT MMPOKYIO 3alpeLICHHYIO 30HY, MPH
OIMPEACIICHHBIX YCJIIOBUAX HCKOTOPBLIC 3JICKTPOHLI MOT'YT IPEOAOJICBAThL €€, CO3/1aBad TCM CaMbIM TOKH yTCU-
KH Yepe3 AUDIIEKTPUK. DIEKTPOIPOBOAHOCTE J| B OONBIIMHCTBE ciiydaeB 00yCJIOBJIE€HA ABYMsI OCHOBHBIMHU
NPUYMHAMH.

1. Ionsipu3anioHHbIE POLIECCHl CMEILEHHS CBA3aHHBIX 3apsiIOB 10 MOMEHTA YCTaHOBJICHUSI PABHOBE-
CHSl IPOTEKAIOT BO BPEMEHH, co3/1aBasi Toku cMerieHust (l.,). [Iporeccrl amekTpoHHO# M MOHHOH ToJspu3a-
LU TOYTH MTHOBEHHBI, IO3TOMY TOKH CMELICHHUS 3TUX BUIOB 3a(hUKCUpOBaTh HE yaaeTcs. TOKM CMEeIIeHus
Pa3INYHBIX BUJOB 3aMEUIEHHOH MOJISIpU3aliy, HaOtoqaeMble y OONbIIOro yncna TexHudeckux J, ¢puxcu-
pytoTcsi u HasbiBaroTCsl Tokamu abcopbyuu (l,s). TIpr MOCTOSIHHOM HANPSDKSHUH OHU TMPOTEKAIOT TOJBKO B
MOMCHT BKIIIOYCHUA U BBIKIIIOUCHUA HAIIPSAKCHUSA. HpI/I NMEPEMCHHOM HAIIPSAXKECHUMW OHU MNPOTCKAIOT B TCUC-
HHUE BCETr0 BPEMEHHU HaxoXIeHus [ moa JeiicTBHEM 3IIEKTPUIECKOro MOJIs.

2. Hanmnuue B I[ HEMHOTI'OYHUCJICHHBIX CBO6OI{HI)IX SJICKTPOHOB NPUBOJUT K BOBHUKHOBCHUIO CKBO3HBIX
TOKOB (ICKB).

ITosTOMy TOK yTeuku B TexHHYeckoM [l mpexacTtaBisieT co00il CyMMy CKBO3HBIX TOKOB M TOKOB a0-
coponuu:

Iyt = e + Xlas - (1.5)

[Ipu Bo3aeiicTBUM Ha [ TOCTOSIHHOTO HAINPSHKEHUS MOCJE 3aBEPILICHUS MPOILIECCOB MOJISIPU3ALINM Ye-
pe3 [ mpoTekaet ToIbKO CKBO3HOM TOK (puc. 1.17).
Takum o0Opa3oM, 4TOOBI HE BO3HHKIIO HETPABUIEHOTO
Iy MIPEACTABICHUS O BEIMYMHE dJeKTpompoBomHocTd [ (T.e.,
3aMepsisi TOK YTeUKH cpasy Iociie MoAKiIoueHus Jl K amek-
\ TPUUECKOMY IOJIIO:
IyT: IC](B+ IaG '
yauBIsIeMCsl OONBIION DIIEKTPONPOBOAHOCTH AMAIIEK-
TPHKA), TOK YTEUYKH 3aMEpPSIOT 4Yepe3 OAHY MHUHYTY IIOCIe
o ; HOAKIIIOYEHHs d1eKTpudecKkoro nomis. Toraa ly, = o .
0 T ¢ B pesynbTaTte uctuHHOE COnpoTUBIEHUE []
Puc. 1.17. U3menenue Iy, BO BpemeHH Rpy=__ Y U, (1.6)

Iy'r - z Iaﬁ ICKB
[Ipu nepeMeHHOM HaIpPsHKEHUH TOKH a0COPOIMU MPOTEKAIOT B TEUEHUE BCETO BPEMEHU JICHCTBHS Ha-
MMPAKCHUS, IO3TOMY COIIPOTHUBJICHUC II B OTOM CJ1y4ac
— U U
Ry . (1.7)

ICKB_'_::IaG IyT
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SHCKTPOHPOBOI[HOCTB HU30JAIUOHHBIX MATCpHUAJIOB O6YCJ'I3BJ'H/IB3.6TC$I arperaTHbIM COCTOAHUCM BCIIC-
CTBa ()KI/II[KOCTB, ra3, TBEpAOC TCJ'IO) 1 3aBUCUT TAKIKC OT HANPSKCHHOCTU JJICKTPUYICCKOT'O I0JId, TCMIICpa-
TYpPbI, BJIAXKHOCTH U T.1.

2.6.1. Dnekmponposoonocme 2azoe

I"a3bl ipu HEOOMBIIMX 3HAYCHUSX HANPSHKEHHOCTH 3JIEKTPHUUECKOTO MoJisl £ 001aialoT UCKITIOYHTENb-
HO MaJloll MPOBOAMMOCTBIO. TOK B ra3ax MOKET BOSHMKHYTH TOJIKO IPH HAJMYUHM B HUX MOHOB M CBOOOI-
HBIX 2JIEKTPOHOB, KOTOpHIE, B CBOKO OUEpPE/lb, MOTYT TIOSBHTBCS TONBKO B pe3y/bTaTe HOHM3aIMH rasa. Ho-
HHU3alMs HEUTPaIbHBIX MOJIEKYJ ra3a BO3HMKAET JMOO HOA ACHCTBHEM BHELIHMX (PaKTOPOB, OO BCIEACT-
BUE COYAApPEHUH 3apsHKEHHBIX YaCTHI C HEUTPAIbHBIMU MOJICKYJIaMH.

Bremnnmu axkropamu, BI3BIBAIOIIMMY HOHU3ALMIO T'a3a, SBISIOTCS PEHTI€HOBCKUE, YIbTpaduoie-
TOBbIE JTMOO KOCMHYECKHE JIy4d, PaAMOAKTUBHOE H3JIy4€HHE, CHIbHBII HarpeB. DTO HECAMOCTOSTEIbHAS
MOHU3AIHA. DIEeKTPONPOBOAHOCTh, OOYCIIOBICHHASI ICHCTBHEM BHEUIHUX MOHHU3AaTOPOB, TAK)KE HA3bIBAETCS
HECAMOCTOATE/ILHOM.

OJEeKTPOIIPOBOJHOCTD, BbI3BAHHASA yJAapHONW MOHM3AaLUEH (3apsyKCHHBIE YaCTUIBl YAAPSIOTCA O MOJIe-
KyJly, BRIOUBAIOT MOHBI), HOCUT Ha3BaHHE CaMOCTOsATeIbHON. OHa MPOTEKaeT MPU BHICOKUX HAMpPSDKEHUSX.
[Tpu cnabbIx 3JIEKTPUUYECKHX MOJISX OTCYTCTBYET.

Crnenyer 3aMeTHTh, YTO OJHOBPEMEHHO C MPOLIECCOM HOHHM3ALMU MPOUCXOOUT 00pa3oBaHUE HEH-
TPaJIbHBIX MOJIEKYJI IIyTeM COCIMHEHHS YacTH MOJIOKUTEIbHBIX HOHOB C OTPULATEIbHBIMU YaCTULAMU. DTOT
npoliecc Ha3bIBaeTcsl pekoMOuHauuei. Hammaue pexoMOMHAIMH MPETSTCTBYET OE3rpaHUIHOMY POCTY YHC-
Jla NOHOB B Tr'a3e U OOBACHSET YCTAHOBJICHHUE OIPEICICHHON KOHLIEHTPAlMU HOHOB.

IIpeamnonoxxum, YTO MOHU3UPOBAHHBIN BHEIIHUMH (pakTopamMu ra3 HaXOOUTCS MEXIY ABYMS Hapai-
JETBHBIMH 3JICKTPOJaMHU, K KOTOPBIM IPHIIOKEHO HampsbkeHne. VOHBI 1Mo BIMSHUEM HAIpPSKEHUsT OyayT
nepeMeIaTbesi, U B e BOSHUKHET TOK. YacTh HOHOB HEHTpAIN3yeTCs Ha DIIEKTPOJIaX, YaCTh — HCUE3aeT 3a
CYeT PeKOMOMHAIIHH.

BonbramnepHyio XapakTepHUCTUKY Tra3a, MPEICTaBIISIOLIYIO
co0OW 3aBUCHMOCTh TOKa OT NPWJIOKEHHOTO HAaMpsHKEHUs (pHcC.
1.18), MOXHO yCTIOBHO pa3OUTh Ha TpH 00IACTH:
1. Bemonnsiercsa 3akon Oma, 3amac MOJIOKUTEIbHBIX U OTPH-
[aTeJIbHBIX MOHOB TMOCTOSHHBIN. TOK MPONOpLHMOHANIEH HAIpsKe-
U mmo (1 =U).

2. 3oHa HacwlieHus. HanpsokeHne yBenMuMBaeTcsi, MOHBI
VHOCSITCSL K DJIEKTPO/IaM, He yCrieBas peKOMOMHHPOBATh B MEXKIJICK-
TPOJHOM TIPOMEXKYTKE, U TPU HEKOTOPOM HANpPsKEHUH BCE WOHBI

HPOMEXKYTKA OyayT pa3psKaThCsi Ha DIEKTpoJaxX. SICHO, YTO JaybHEHIee yBeIu-
YeHHE HaIPsDKeHUs He OyeT BBI3bIBATH BO3PACTAaHHS TOKA.

3. Ilpu CoNbIIMX HANPSDKEHUSIX MOXKET BO3HWUKHYTH yAapHas MOHH3AIHMs, a CJeJ0BaTeNbHO, CaMo-
CTOSITENIbHAsL BJIEKTPONPOBOJHOCTb, NPH O3TOM TOK HAuMHAET OITh YBeJWuMBaThes. Jnst Bo3myxa
EI/IOH: 0,11,0 MB/m.

123

UHac Ul/lOH
Puc. 1.18. BonsTammepHnas
XapaKTeprCcTHKa ra3000pa3HOro

2.6.2. Jnekmponpoeoonocmy HcUOKUX OUIIEKMPUKOE

DNEKTPONPOBOIHOCTD JKUAKOCTEH TECHO CBS3aHA CO CTPOEHHEM MX MOJIeKyJ. B HemomsipHOH XuaKo-
CTH OHa 3aBHCHT OT HAJIMYHA MPUMECEH, B TOM 4Hcie Biard. lloispHble )KUIKOCTH BCET/Ia UMEIOT MOBBI-
HIEHHYIO MPOBOJUMOCTH IO CPAaBHEHMIO C HEMOJSPHBIMHU (YBEJIMUYEHUE AMAIEKTPUIECKON MPOHMIAEMOCTH
NPUBOJIUT K TOBBIIEHUIO NMPOBOAUMOCTH). CHIBHOMNOJISIPHBIE KUAKOCTH 00JalaloT OYeHb BBICOKOH 3JIeK-
TPOIIPOBOAHOCTHIO, TIOATOMY paccMaTpuBaioTcsl He Kak /I, a xkak mpoBomHuKH. OYHCTKa OT MpHUMeEcei Mo-
BBIIIAET CONPOTHUBIICHUE KUAKOCTH M CHUXKAET €€ MMPOBOAUMOCTb.
I VYnenbHas MPOBOAMMOCTB JIIOOBIX >KMIKOCTEH CHIIBHO 3aBUCHT OT
TEMIIEPATYPHL: C YBEITHMUEHHEM TEMIIEPATypPhl YBETUIUBAETCS MOIBHKHOCTh
MOHOB M BO3pacTaeT MPOBOJUMOCTh. MaTeMaTHYeCKH TeMIlepaTypHas 3a-
BHCHUMOCTB OIHUCHIBAETCA BBIPAXKEHUEM

y=Aexp(-alT), (1.8)

rae A U a — NOCTOSIHHBIE, XapaKTepU3yIoIie JaHHYIO XKUIKOCTh; T —
TeMIIEpaTypa >KUIKOCTH.

U

Puc. 1.19. Bonprammepuas

Xap3KTCPICTHIKA JKAAKOIO 5 .
HOHMU3AIUA — TPOUECC pasACJICHUA HCUTPAIbHOU MOJICKYJIBI Ha IOJIOKHWUTCIIBHBIC W OTPUOATCIBHBIC HOHBI U

AIIEKTPOHEI.
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DIEKTPONPOBOTHOCTD KUIKUAX TUAIEKTPUKOB TAKXKE 3aBHUCHUT OT JTUTEILHOCTH BO3JICHCTBUS HATIPS-
skeHus. [lpy mIuTen-HOM MPOTEKAHWW TOKA HAOIOJACeTCs TMOBBIIICHUE CONMPOTUBIICHHS 3a CYET MepeHoca
CBOOOTHBIX AJIEKTPOHOB K MIEKTPOAaM (IJIEKTPUIECCKas OUHNCTKA).

2.6.3. Dnekmponpoeoonocms meepovix OuI1IeKMPUKO8

Jns tBepapix [l HEoOXOAMMO pa3muvaTh ABa BHIA DJIEKTPOMPOBOIHOCTHA: OOBEMHYIO M TIOBEPXHOCT-
HYIO.

Obvemuasn 31eKmponpo8oOHocms O0YCIOBIICHA JIBIKCHHEM 3apsHKCHHBIX YacTHil BHyTpu [I, B ero
oOweme. Ilpu 3TOM B cO3MaHMM TOKAa MOTYT Y4acTBOBATh MOHBI CaAMOTO JIMAJICKTPUKA, UOHBI MpHUMEceH, a
TaKk)ke CBOOOMHBIE DJIEKTPOHBI. B 3aBUCHMOCTH OT TOTO, KaKMe YacTHIIBI TepEeMEIaloTcsl, pa3indaloT HOH-
HYIO U JJICKTPOHHYIO 3JICKTPOIPOBOIHOCTD.

Honnan 3n1ekmponposoorHocns HabMOAACTCS B CIa0bIX AIEKTPUUICCKHUX TMOJIAX, COIPOBOMKIACTCS TIe-
PEHOCOM BEIIECTBA U XapaKTepU3yeTcs CIeAYIOIMINMA TapaMeTpaMu:

. o 1
— YACIbHOU 00BEMHOIT MIPpOBOAUMOCTBIO Yy =—

RS

— YACIbHBIM 00BEMHEIM COIMPOTHUBJIICHUEM py = ,

h

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

BennurHa MOHHOM MPOBOJMMOCTHU 3aBHCUT OT CTPOCHHUS TBEPJOTO Tella — aMOP(GHOTO MM KPUCTa-
JIMYECKOTO.

PaccMOTpHUM 371€KTPONPOBOJHOCTE TUAIEKTPUKOB, UMEIOIINX KPUCTATNTNIECKOE CTPOCHHE:!

— €ClIi B y371aX KPUCTAJUIMYECKOM PEIeTKH pacIoI0kKeHbl HOHBI, (MOHHAs KpUCTAJUIMYECKas perieT-
Ka), TO IPU HU3KUX TEMIlepaTypax B MEpeHOCe TOKAa y4acTBYIOT B OCHOBHOM HMOHBI mpumeceil. [lpu moBeI-
LIEHUM TeMIIEpaTypbl HAYWHAIOT OCBOOOXKIATHCS W3 Y3JIOB PELIETKH MOHBI OCHOBHOTO OU3JIEKTPHKA U 3a
CUYET 3TOr0 3JIEKTPOIIPOBOJHOCTh BO3PACTAET;

— €CJIM B y3J1aX PELIETKH HAXOAATCSI MOJIEKYJbI WM aTOMBbI (MOJIEKYJIApHAs UM aTOMapHas KpUCTa-
JIMYECKasl PeuieTka), TO B 3JIEKTPOIIPOBOJHOCTH OyAyT y4acTBOBATH TOJIBKO MOHBI MIPUMECEH, T.K. YACTUIIBI
OCHOBHOTO TUAJIEKTPHKA IMPOYHO CBA3AHBI C y3JIaMU KPUCTANTNIECKON PEIIeTKH.

B kpuctammnueckux BeIIeCTBaX 3JIEKTPONPOBOJHOCTh 3aBUCHUT OT €€ HaIlpaBJIEHUS] BHYTPU KpHCTaJI-
Jia, B pa3HBIX HANPaBJICHUIX OHA Pa3JIniHa.

OJEeKTPOIPOBOJHOCTD IUAJIEKTPUKOB, UMEIOIINX aMOp(HOE CTPOEHHE, 3aBUCUT TOJBKO OT XMMHYE-
CKOT'O COCTaBa BEIECTBA, B Pa3HBIX HAIMIPABIECHUSIX BHYTPH BEILIECTBA OHA OJMHAKOBA.

Dnekmpounan 31eKmMponpo8oOHOCHms BOSHUKACT NPH BO3ACHCTBUU Ha IUAJIEKTPUK CHIIBHBIX 3JIEK-
TPUYECKHX I0JIEH, KOr/la B MaTepualie BOZHUKAET yJaapHas noHu3anus. 1Ipu 3ToM mosBisitoTcs: cBOOOIHBIE
3JIEKTPOHBL, IEKTPOIIPOBOJHOCTD T€Ja PE3KO BO3pacTaeT, 3akoH OMa Hapylaercsl.

IIpu BBICOKHX HaNpsDKEHHOCTAX 3JieKTpruueckoro noist £ > 10 + 100 MB/m, korna 3akon Oma Hapy-
1raeTcst, sl pacyeToB npuMeHsiercs: popmyna [Ty

ve =y, (1.9)

r7ie Y — yJesibHas IPOBOJUMOCTD AUAIEKTPHUKA B 00JIaCTH, Tie coxpansiercs 3akoH OMa; vz — yenbHas
MPOBOJMMOCTh JIMAJIEKTPUKA TIPU CHIIBHBIX 3JICKTPUYECKUX NONSX; £ — HaNpsHKeHHOCTh AJIEKTPHYECKOTO
nonst; § — koapUIMeHT, XxapakTepu3yOUIUK TaHHBIH JUAIEKTPHK.

[Ipu 04YeHb BHICOKHX HANPSKEHHOCTSIX AJIEKTPHUYECKOTO MOJIs, OJU3KUX K MPOOMBHBIM 3HAUCHUSIM (£
= Enp), 60s1ee ToUHOM siBisieTcs: popmyna PpeHkens:
JE

:

v, =e" (1.10)

rae B1 — k03hHUIMEHT, XapakTepU3YIOLINKA JaHHBIN TU3JIEKTPHK.

SHCKTpOHHaH SJICKTPOIIPOBOAHOCTDH Ha6moz[aeTc51 TOJIBKO B CWJIBHBIX 3JICKTPUYCCKUX IIOJIIX, IICPECHO-
COM B€HIECTBA HE COIIPOBOXKIACTCA.

Ilosepxnocmuasn npogooumocmp 00yCIOBICHA OCEJaHNEM Ha MOBEPXHOCTH | pa3inuyHbIX 3arps3He-
HHﬁ, B TOM 4HucJie Biard. B stom ClIy4dac TOK 6yzneT MMPOTCKATh HC TOJILKO BHYTPU NUBJICKTPUKA, HO U 1TO €ro
IMOBEPXHOCTHU, a UMEHHO 110 IVICHKE 3arpsA3HCHUS.

TToBepXxHOCTHAS 3NEKTPONPOBOTHOCTh XapaKTeprU3yeTcs AByMs lapaMeTpaMu:

1

— BEJIMYMHON yJIEIIbHOM NOBEPXHOCTHOM IPOBOJMMOCTH Yy = —;
Ps
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Rd

— YACIBbHBIM IIOBEPXHOCTHBIM COIIPOTHUBICHUEM pg =— ;

I

rae R — conporuBnenue qanHoro oopasua, Om; d — mmpuHa NIEKTPOJOB, MM; | — ITMHA TUAIEKTpHKA,
MM.

Ha BenmrHy moBepXHOCTHOH ITPOBOANMOCTHY OKa3bIBAIOT BIIUSHHE:

1) rmagkocTh MOBEPXHOCTH, T.K. €CIIU €CTh MOPbI, TPEIINHBI, CKOJbI, TO B HUX OyIyT CKaIIMBaThCs 3a-
TPSI3HEHUSI U 3JIEKTPOIIPOBOJHOCTH OYAET BO3pacTaTh;

2) TONSAPHOCTH 3arpsA3HCHHs (4eM OOJIbINE MOJISIPHOCTH 3arps3HEHUS, TEM OOJIbIIE MOBEPXHOCTHAS
3NEKTPONPOBOAHOCTB).

st CHIKEHUS IOBEPXHOCTHOMN 3JIEKTPOIIPOBOJHOCTH UCTIONB3YIOT Pa3HOOOpa3HbIE PUEMBL:

1) monmupoBKy u NUIH(OBKY ITOBEPXHOCTH;

2) MPOMBIBKY TOBEPXHOCTH JMAJIEKTPHUKA BOAOH, CIIUPTOM HITH PACTBOPUTEIIEM;

3) HaHeceHre Ha TIOBEPXHOCTh AUAIIEKTPUKA THAPO(HOOHBIX (OTTATKHUBAIOIIMX BIATY) MOKPBITHIA;

4) IpoKaIMBaHKE MAIEKTPUKOB MpH Temmepatypax 700-800 °C;

5) KuTIsTYeHnEe B IUCTIILTUPOBAHHOHN BOJIE (TOMBKO JIJISl HETTOPUCTBIX TUAIIEKTPHKOB);

6) HaHeceHue pebep Ha MOBEPXHOCTh TBEPIOTO AUDIIEKTPUKA (IJIs1 YBETUUEHHs MYTH IS TOKa yTeu-
KH).

TakuM 00pa3oM, MoJTHAsE MPOBOAUMOCTD TBEPABIX | CKiIaapIiBaeTCs U3 00BEMHOM Yy ¥ MOBEPXHOCTHOM Yy
MIPOBOJUMOCTEH.

Tema 2.7. IndjiekTpruuecKue noTepu

Jlek1us IpOBOJMTCS B MHTEPAKTUBHOM (hopMe: JeKIusa-0ecea, JeKIHsA ¢ pa300poM KOHKPETHBIX
cutyaruit (1,54ac).

JHurnexmpuueckumu nomepamu (/[I1) Ha3pIBalOT MOIIHOCTh, paccenBaeMyo B /I mpu Bo3IeHCTBUU
Ha HETo 3JIEKTPUYECKOro 1o U Bei3biBarouryto Harpes [l. Ilorepu B /| HaGmonaroTes Kak mpy epeMeHHOM
HaNpsKeHUH, TaK U MPU IIOCTOSHHOM.

JI1 00ycoBaeHBI TPEMSI OCHOBHBIMH NPUYNHAMMU:

1) npoTexkaHreM 3aMeJICHHBIX BUIOB MOJISIPU3ALIUH;

2) npoTeKaHNEM CKBO3HBIX TOKOB;

3) HOHU3AIMOHHBIMH MIPOTIECCAMHU.

Bennuuny /11 Mo>kHO XapakTepru30BaTh ABYMsI IapaMeTpaMH:

1) yoenvnvimu nomepsimu (MOTEpH MOLIHOCTU Ha eIUHUIY 00beMma). Beipaxxenue s ynenbubix JI1
UMEET BU]

P
P= K/ﬂ-zmsoerthEz , (1.11)

rae P — ynenbHble NoTepy; Pa — akTUBHAsI MOILTHOCTb; () — YTJIOBas 4acTOTa; & — a0COMOTHAS AUINIEK-
TpUYecKas NPOHULAEMOCTh; & — OTHOCUTEJIbHAS TUAJICKTPHUUECKasi IPOHUIIAEMOCTh JaHHOro [; E — Hamps-
JKEHHOCTb 3JIEKTPUUECKOTO TIOJIS;

2) mawneencom yena ousnekmpudeckux nomeps (tgd).

Ha npaxruxe ans ouenku 11 yarie ucrons3yroT uMeHHO tg0.

Yenom JIT wuaspiBaercs yroi, gononastonmii 10 90° yron pasoBoro 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
yron JIT = 0. JIudnexTpuaeckux moTepb HeT. JAudIeKTpuK He HarpeBaeTcs.

Hns peansHOro | uem Gosbliie paccenBaeMasi MOIHOCTb, T1€-

- pexoJisiias B TEIUIOTY, TEM MEHBIIE YroJ ¢ U Oosblie yroi O u tgod.
| Henonycrumo 6onpiine Il B 37€KTPOM30IALMOHHOM MaTepuale
BBI3BIBAIOT €T0 CHJIBHBIM HarpeB M MOTYT NPUBECTH K €0 TEIJIOBO-

(I)ZQ)0 - MY pa3pyLICHUIO.
U
Puc. 1.20. BekTopHast auarpamMma Benuunny /11 Ha mpakTHKE ONMPENENSIOT IO BEIPAKEHUIO
U/I€AIBHOTO AUIJIEKTPUKA P=U%0 Ctgs, (1.12)

rac C — eMKOCTb JAaHHOT'O0 OAUIJICKTPUKA, O — YyIJioBad 4acCTO-
Ta, U- HaIIps’KCHUEC, TPUTIOKCHHOC K JUBJICKTPUKY t96 — TAaHTCHC yIJia JUDJICKTPUYCCKUX IMOTCPb.
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Ucxons uz popmyn (1.11), (1.12), Bugno, uto JI1 3aBucsr:

— OT & 1 g0, KOTOpBIE ABISIOTCS XapaKTEPUCTHKAMU KOHKPETHOTO MaTepraa;

— ® — YIJIOBOH 4aCTOTHI;

— U? (E?) — npiito)XeHHOTO HATPSDKEHHS (HAIIPSDKSHHOCTH SJIEKTPHUECKOrO TOJIs);

— arperaTHOro COCTOSIHHS BEIIECTBA.

JusnekTpuyeckre MOTepH B ra3ax MpH HAMPSHKCHHOCTSX MOJISI HUXKE TeX, KOTOPbIE HEOOXOUMBI s
PasBUTHS YAAPHON MOHM3AIMM MOJIEKYN Ta3a, OueHb Maibl. B 3TOM ciydae ra3 MOXXHO paccMaTpUBaTh Kak
UJICATBHBIN JIUDIIEKTPUK.

JupnexkTpuyeckre MoTepy HEMOMSPHBIX YUCTHIX )KUAKOCTEH Tarkke BechbMa He3HauuTedbHbI. [lomsap-
HBIE KUAKOCTH B 3aBHCHMOCTH OT ycioBuid (1°, f) MoryT o0iamaTe 3aMETHBIMH MOTEPSIMH, CBSI3aHHBIMHU C
JUIIOJIEHO-PENaKCAIMOHHON MOJSpU3alieH.

B TBepApIX AMANEKTPHUKAX OUAIEKTPHUECKHE MOTEPH 3aBHCAT OT CTPYKTYpHI: TBEpAbIE BElIeCTBa 00-
JaaloT Ppa3HOOOPA3HBIM COCTABOM U CTPOSHHUEM, B HUX BO3MOXKHBI Bce Bubl JIT1.

Tema 2.7. [Ipo0oii AudIeKTpUKa

2.7.1.06umaa xapakmepucmuka npooos ouzieKmpuka

Kaxnpiii IUAIEKTPHUK paccYrTaH Ha ONpeieieHHOe HanpsbkeHne. B 0003HaueHHBIX npeaenax OH A0J-
ro paboTaeT W XOpOUIO BHITOJHIET CBOM HM3OJISIMOHHBIE QyHKIWHU. ECim e MpeBBICUTH DOIMyCTUMOE Ha-
npspKEeHHE, TO TIPH HEKOTOPOM €r0 3HAYeHUH MOXKET MPOU30UTH IPO0O0ii THAIEKTPHKA.

Ilpoboii ournexkmpuxa — 3TO TOTEPsI TUDICKTPUKOM BCEX €ro JIMANEKTpHUYecKHX cBOUCTB. [locre
npo0ost 0 JUIJIEKTPUKY HAYMHAET MPOTEKATh OOJBIION SJIEKTPUUECKUI TOK; TUIIEKTPUK CTAHOBHUTCS MPO-
BOJTHUKOM.

Hanpsxenue, mpu KOTOPOM IPOU30IIEN MpoOoii, HasbIBaeTCs npodugnvim U obo3zHadaercst Uy, M3-
MepsieTCsl OHO yarie Bcero B [KB]. Dnexmpuueckas npounocms (HanpsHKeHHOCTH DIIEKTPUUYECKOTO TIOJIS,
IpU KOTOPOH MPOM30ILEN IPoOOii) ompeaenseTcs NpoOUBHbIM HanpsbkeHHeM U,,, OTHECEHHBIM K TONIIMHE
JIMJICKTPUKA B MECTE TIPOOOSL:

U
Ep=—2, (1.13)
h
rae h — ronmuna [,
. kB
CraHaapTHBIC UHUIIBI K3MEPEHHS 3JIEKTPUIECKON MPOYHOCTH | — | WU | — |.
M MM

XapakTepucTuku mpodos Ey, u Uy, 3aBUCAT OT TeMIepaTypsl, J1aBJIeHUs, BIKHOCTH, IpUMecei, ae-
(eKTOB B TBEPAOM TEJie, OT arperaTHOrO COCTOSHUS BEIIECTBA U T.1.

IIpoGoii ra3a o0ycioBIUBaeTCS yaapHoi U (OTOHHOW HMoHu3anued. [1po0oit KUIKUX THUIIEKTPUKOB
MPOUCXOJUT B Pe3yJIbTaTe MOHM3ANMOHHBIX M TEIUIOBBIX MpoIrieccoB. [NaBHBIN (GakTop, COCOOCTBYIOIIHUI
npo0oro, — HaTM4Ke npuMecH. [IpoOoii TBEpABIX Te BBI3BIBACTCS KaK DJICKTPUUCCKUMH, TaK U TEIIOBBIMU
mnmpoueccaMu, BOSBHUKAOIIUMHU 110 I[eﬁCTBHeM QJICKTPUYCCKOI'O ITOJIA.

2.7.2. Ilpobou 2azoe
Jlexiust IpOBOAUTCS B MHTEPAKTUBHOM (hopMe: ¢ pa300poM KOHKPETHBIX cuTyaruit (19ac).

BremrHei#t uzonsueil BO MHOTHX 3JIEKTPOTEXHUUSCKUX KOHCTPYKIMSX: B TpaHChOpMATOpax, KOH/ICH-
caTopax, Ha JIMHUSX 2JIEKTpoIrepeaay — CAYKHUT BO3IyX. DJICKTpUYECcKas IPOYHOCTh BO3yXa B HOPMaJIbHbIX
YCJIOBUAX HEBCJIIMKA IO CPAaBHCHUIO C 3HeKTpHLIeCKOI>'I IIPOYHOCTBIO OOJIBIIIMHCTBA KHUIAKUX U TBEPALIX OU-
AJIEKTPUKOB.

B mr000oM rase, B TOM 4HCIE U B BO3AYXE, COACPIKUTCS HEOOIBIIOE YUCIIO TOJIOKHUTEIHHBIX M OTPHIIA-
TCJIBbHBIX HOHOB U CBO6OJ1HBIX OJICKTPOHOB, KOTOPBIC, KaK 1 HefITpaHBHLIe MOJICKYIJIBI I'a3a, HaXO4ATCs B 66C-
MOPSAI0YHOM TETJIOBOM JIBMKCHUU. [IpH MOMKITIOYEHUN 3JIEKTPUYECKOTO IO 3apsSKEHHBIE YaCTUIIBI TIOTY-
YalOT HEKOTOPYIO I0OABOYHYIO CKOPOCTh M HAYMHAIOT TIEPEMEIIATHCS B HAMPABJICHUH TOJISL WM B TPOTHBO-
TIOJIO’KHOM HAaIPaBJIICHUH — B 3aBUCUMOCTH OT 3HaKa 3apsija. [Ipu 3ToM 3apsbKeHHas YacTHIIA Ta3a, IBUTAsCh,
MPUOOpPETACT MOTIOTHUTENbHYIO dSHEPTHIO Wy

Wy = qU;, (1.14)

rae q — 3apsa yacturpl; U; — mamenne HanpsDKeHHUs Ha JUTMHE CBOOOIHOTO IIpoOera YacTHITH A.
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Ecnu mone moctarodyHo OAHOPOAHO (OJHOPOTHOE IMOJIE 00pa3yeTcs MEXAY IBYMs TUIOCKUMH DJICK-
TPOJAMH C 3aKPYTJICHHBIMU KpasMHU WM MEXAY ABYMs moirycdepaMu), To MOKHO npuHiaTh U, = EA. OTcio-
na

Wy = qFEA, (1.15)

rae E — HanpsHKEHHOCTh OJTHOPOJHOTO 3JICKTPUYSCKOTO TOJIS.

JlobGaBouHast SHEPTHs 3apsHKCHHBIX YaCTHIl COOOIIASTCS HEUTPATBHBIM MOJIEKYJIaM, ¢ KOTOPBIMH OHHU
CTaNKUBarOTCsA. Eciii 9Ta 3HEprusi JOCTATOYHO BEJHMKA, TO MPOMCXOAUT BO30YKICHHE aTOMOB U MOJEKYI
WIH JTaXKe MOHM3AINS TOCICTHUX (paciaj] Ha MOJOKUTEIBHBIC U OTPHUIIATSIIBHBIC HOHBI). Y CIIOBUE, OIIpe/ie-
JISIOIIEEe BO3MOXKHOCTD yIapHON HOHU3AIUH,

Wy > Wy, (1.16)

u c yaerom (1.15)

gEA > Wy, (1.17)

rie Wu — sHeprus, HeoOXonumast JUisl yAapHOH HOHHU3AIUK JAHHOTO Tas3a.

Ecmu ycnosue (1.17) He BBITOMHSAETCS, TO TIPU COYAAPSHUN 3apSHKEHHOMN YaCTHIIBI C HEUTPaTLHOW MO-
JIeKyJ0H nocnenss OyIeT IpocTo MepexoJuTh B BO30YKAeHHOE cocTosHue. B cBor0 ovepens, BO30yKACH-
Hasi MOJIEKyJa OyJeT OT/aBaTh CBOIO M3OBITOYHYIO SHEPTHIO B popMe mi3nmydeHust — porora. DOTOH morio-
[IaeTCsl APYrod MOJICKYJION, KOTOpasi PU 3TOM MOXKET HOHH3HPOBAThCS. DTO SIBIICHHE Ha3bIBaeTCs (OTOH-
HoU MoHM3anueil. OHa MPUBOAUT K OBICTPOMY Pa3BUTHIO B Pa3psIHOM MPOMEXYTKE KaHAIOB C MOBHIIICHHOM
MIPOBOUMOCTBIO Ta3a (puc. 1.21).

I \5 /4I il — JlaBuHa

é‘ { % 9JIEKTPOHOB
| — [Iyth oTOHA
[ —
A B
L |
I 1
C D

Puc. 1.21. Pa3zBuTHe npo6os B Ta3000pa3HOM TUDIIEKTPHKE

[Toka cBOOOTHBIE AIEKTPOHBI JISTAT K aHO/Y, 00pa3ysi OCHOBHYIO JIaBHHY, ()OTOHBI OOTOHSIOT 3Ty JIaBH-
Hy M TJe-TO BIepeny He¢ HWOHM3UPYIOT HEHTpalbHBIE MOJEKYJbl Tra3a, o00pa3ys HOBBIC JIABUHEI
(puc. 1.21). Takum 00Opa3zoM, IMOKa OCHOBHAsI JIABWHA PacTeT Ha JUIMHY OTpe3ka A-B, kaHan ¢ MOBBIIICHHON
NPOBOIMMOCTBIO pacnpocTpansercs Ha auHy C-D. [lanee oTnenbHbIe JIaBUHBL, HATOHSS IPYyT Apyra, CIUBa-
I0TCSl BOSAMHO M 00pa3yroT CIUIONIHOM KaHal HOHU3HUPOBAHHOTO rasa.

OHOBPEMEHHO C 3TUM 00pa3yeTcsi aHAIOTUYHBIN JTABUHOOOPAa3HbI TOTOK MOJO0KUTENHHO 3apsKeH-
HBIX YaCTHII, HAMPaBIEHHBIH OT aHO/1a K KaToay. To ecTh, MOKHO CKa3aTh, YTO 00JIaCTh MEXKILy JIEKTPOAaMHU
IpeBpalaeTcss B MPOBOJSIIYIO TIa3My M BO3HHKAET NMPO00i ra3a. Mexay SJIeKTPOAaMH 10 JUIIEKTPUKY
HAaYMHAET MPOTEKATh MIEKTPHUECKUH TOK. JIMIIEKTPUK CTAHOBUTCS IPOBOTHHKOM.

PaccMoTpuM ¢akTOpBI, BIUSIONIHE HA XapaKTEePUCTHKHA MPo00si ra3os.

1.Paccmosnue meancoy a1eKmpooamu.

ITpu MasbIx paccTOSHUSX N MEXTy SIEKTpOgaMK HaOJFOIAeTCsl 3HAUYUTEIbHOE MOBBIIICHHE JIEKTPH-
YECKOM MPOYHOCTH Bo3ayxa (puc. 1.22).

OTo siBIeHHE OOBACHSETCS TPYAHOCTHIO (OpPMHUpPOBaHMS paspaga NPU MAIOM PACCTOSHUH MEXAY
3IIEKTPOJAMH, T.K. B 3TOM Cllyyae yMEHbIIAEeTCs JUIMHA CBOOOAHOTrO mpobera A W, CIeA0BaTEIbHO, YTOOBI
BBITOJTHSUIOCH yCioBHe HoHu3anmu (1.17), HeoOXOaMMO yBEIHMYUBATD HAPSHKEHHOCTD 3JIEKTPUYECKOTO TO-
T8,

2. Jlagnenue 6 zase.

DJeKkTpuyecKasi IPOYHOCTD ra3a B CHIILHON CTETeHH 3aBUcUT oT AasieHus P (puc. 1.23). Ilpu mansix
m3menenmsix P u t° npo6usroe Hanpsokerwe Upp MPOMOPIHOHANEHO OTHOCHTEIBHOM MIOTHOCTH Ta3a:

Unp = UnpO 61 (118)

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

h 0,1MII
Puc. 1.22. 3aBucumocts E,, Puc. 1.23. 3asncumocts
ot h mis razoo0pa3HOro JUAJICK- Eyp = f(P) s rasoobpasuoro
TIUDIICKTPHUKA

TpHKa

[Ipu GonmpIIMX MABIEHUSAX W, CIENOBATENFHO, BRICOKMX IUIOTHOCTSIX Ta3a PACCTOSHHAE MEXTY OTIENb-
HBIMH MOJICKYJIAMH CTaHOBHUTCS MEHBIIIE, YMEHBIIIACTCS JUTHHA CBOOOHOTrO Tpodera. OTCIoAa MO YCIOBUIO
(1.17), st TOro 4TO0BI IPOOOH MPOU3OIIIEIN, JODKHA OBITh YBEIMUCHA HANIPSHKEHHOCTh AJIEKTPUUECKOTO T10-
TSl

[Ipn ymeHbIIeHNN JaBiieHUs BHaYaje HAONIOMAETCs MaJleHhe dIeKTprUecKoi nmpouHocTu. Korma ke
JaBJICHHE JOXOAUT JI0 HEKOTOPOTO Tpenena (OMycKaeTcsi HIKe aTMOC(HEPHOTO) U pa3pesKeHHE CTaHOBHUTCS
CYIIIECTBEHHBIM, 3JIEKTPHUECKasi MPOYHOCTh CHOBA HAYMHAET YBEIHMUMUBATHCSI. ITO OOBICHIECTCS CHIKCHHEM
YHUClla MOJIEKYN Ta3a B eIWHHIE 00bEMa W, CIEeNOBATEeIhHO, YMEHBIIEHHEM BEPOSTHOCTH CTOJIKHOBEHUS
3JIEKTPOHOB C HEUTPAJIIbHBIMU MOJIEKYJIaMU M UX HOHHU3ALIUEH.

[Ipu naBiaeHun, OJU3KOM K HYJIIO, T'a3 TI0 CBOEMY COCTOSIHUIO MPUOJIMIKACTCS K BAKyyMY. 3apsHKEHHBIX
YaCTHII MPAKTUYECKH HET, OJHAKO Mpo00il BakyyMa TOK€ BO3MOKEH BCIIEICTBHE BHIPHIBAHUS AIIEKTPOHOB C
MOBEPXHOCTH JIEKTPOA0B. [Ipu 3TOM 35IeKTprUecKasi MPOYHOCTh ra3a JOCTUraeT OYCeHb BHICOKUX MPEICIIOB.

3. Cmenenb HeOOHOPOOHOCIU ANIEKMPUYECKO20 NOJIA.

HeonnoponHoe mone oOpa3yercs MeXAy DIIEKTPOJAMH CHCTEMBI «UTJIA-WIJIa», «UTIA-THIOCKOCTHY,
MeXITy ABYMs c(heprudaecKuMHU MOBEPXHOCTSAMH, PACIIONOKEHHBIMU Ha OOJBIIIOM PACCTOSIHAH JIPYT OT ApyTa.
CuJIOBBIC JIMHUM TIOJI B MEXKAJICKTPOIHOM MPOMEKYTKE pacipe/IesieHbl HEPaBHOMEPHO, U MO3TOMY Harps-
JKEHHOCTh JICKTPUUECKOTO TOJIS B Pa3HBIX TOYKAX pa3iinyHa. B CBA3M ¢ 3TUM MpoOOi HaUMHAST Pa3BUBATh-
Csl B T€X TOYKaX, TJIe HANPSHKEHHOCTDH JIOCTUTAeT MaKCHUMaIbHBIX 3HadYeHuH. TakuM o0pa3oM, 3aKOHOMEPHO-
CTH, KOTOPBIM IMOIYMHSETCS MPOOO ra30B B HEOJHOPOIHOM II0JIe, 3aMETHO OTJIMYAIOTCSA OT TE€X, YTO Ha-
OmroaroTest pu poboe B 0OTHOPOTHOM Tioiie. Pa3psHble mpoliecchl B HEOHOPOIHOM TI0JIe MTPOTEKatoT 00-
Jiee UHTEHCHUBHO, MPO0O0I IPOUCXOAUT TIPH MEHBIIIEM HAIMPSDKEHUH, a DIIEKTPUYECKas MPOYHOCTh JIUAIIEK-
TpPHUKa B HEOJHOPOIHOM II0JIe BCET/Ia MEHBIIIE, YeM B OJTHOPOAHOM (puc. 1.24).

Usp, kB Eup, B
l MM
Unni
/ Eupif----
Unno 2 ’ ! 1
Eupap--------2 \
; 2
h, Mm : h, mm
h1 - hl

Puc. 1.24. 3aBucumMocTH MPOOWBHOTO HATPSHKEHUS W JJIEKTPHUECKOH MPOYHOCTH OT PACCTOSHUS MEKITY
3IEKTpoAaMu: 1-0HOPOAHOE AMEeKTpUUECcKOe Moe; 2 — HEOJHOPOIHOE AIEKTPUIECKOE 110JIE

Kpome Toro, npu KoHGHUrypauuu 3JIEKTPOAOB «HUIIIA-TUIOCKOCTB» XapaKTEPUCTUKU MPOOOs 3aBHCAT
TaK)Ke OT MOJISIPHOCTH DIIEKTPOJOB.

B ciaydyae monmoXuTenbHOW HOJSPHOCTH UTJBI M OTPUIATEIFHONW — TUIOCKOCTH MPOOOH MPOUCXOAUT
NIpY MEHBIIIEM HaIPSKEHUH, YeM IIPU 0OpaTHOM MOJSIPHOCTH.

Puc. 1.25. Pa3zputne npo0osi B HEOTHOPOIHOM SJICKTPHICCKOM II0JIE

D10 00BICHICTCS ClIenyIonuM obpazoM. MoHu3anus ra3a mpu JIr000i MOSIPHOCTH 3JICKTPOAO0B HAUH-
HaeTcsi BOJNM3U UTJIBI, T.€. TaM, TJe MPUCYTCTBYET OOINbIIas HANPSHKEHHOCTh 3JIeKTpHUYecKoro nois. B pe-
3yJbTaTe MOHU3AIMK BOJU3U AJIEKTPo/a oOpasyercs «001aKo» 3apsHKCHHBIX HOHOB. [IpH MOJNOKUTEIHLHOM
MTOJISIPHOCTH UTIIBI 3TOT OOBEMHBIN 3apsi MMEET TOJOKUTEIBHYIO TTOJAPHOCTH (1.25) U CITy>kKUT Kak ObI TIpo-
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JTIOJKEHUEM HTJIbL, 32 CYET YEr0 COKPAIAETCS MPOTLKEHHOCTh MEXKANIEKTPOIHOTO TpoMexyTka. [loa mneitcT-
BHEM IMPIJIOKEHHOTO HAMIPSHKEHUS TIOJIOKUTEIBHBIA 00BEMHBIN 3apsi/l OTTAIKUBACTCS U YXOJUT OT ITOJIOKH-
TEJTBHHO 3apspkeHHON Uribl. OmHaKo Oosiee OABMKHBIE SIEKTPOHBI, 00YCITaBINBAIOIINE MPOLIECC HOHU3AIUH,
BCE BpEMSI YCIIEBAIOT €r0 BOCCTAHABINBATH, T.€. MTOyUaeTCs] HEMPEPBIBHOE «ITPOPACTAHUEY TTONOKHUTEIHHO-
ro 00bEMHOTO 3apsja, CBA3aHHOI'O C WIJIOW, B CTOPOHY OTPHIIATEIBHO 3apsSKEHHOHN TIocKocTH. [loaToMy
MPOoOOH IPOMCXOIUT MPU MEHBIIIEM HAIPSDKEHUH, HEXXEITH B clTydae 0OpaTHON MOJSIPHOCTH AIIEKTPOJIOB.

2.7.3. IIpoboit scudkux ousriekmpukos

Kunkue Ou3IEKTPUKH OTIIMYAIOTCS OoJiee BBICOKOM 3JIEKTPUYECKOM MPOYHOCTBIO, YEM ra3bl B HOP-
MaJIbHBIX YCIIOBHAX. [Ipo0oii )KUAKMX AMANEKTPUKOB OIpEeNsieTcss B OCHOBHOM HanmuueM npumMeceid. [Ipe-
JIENIbHO YMCThIE KUAKOCTH MOJYYUTh YPE3BBIYAIHO TPYAHO, @ B HEKOTOPBIX CIy4yasX MPaKTUYECKH HEBO3-
MOHO. [I0CTOSIHHBIMU IPUMECSIMU B )KUAKUX AUICKTPUKAX SBIISIOTCS BOAA, Ta3bl U TBEP.bIC YACTHLIBL.

Bopa B BUIe OTAENBHBIX MEIKUX KalleleK, HaXONAIIUXCs, HalpuMep, B TPAaHC(POPMATOPHOM Macie,
1P HOPMAaJbHOM TeMIIepaType 3HAUUTENILHO CHHMKAET JIEKTPUUECKYI0 NMPOYHOCTh FEy, (puc. 1.26). Ilox
BIIMSIHUEM 3JICKTPHUUECKOIO MOJISI KAIeJIbKU BOJBI — CHJIBHO JUITOJIBHOW KHUIKOCTH — IOJIAPU3YIOTCS, IIPUTS-
TUBAIOTCS APYT K IPYyTy, CO3/aBasi LEMOYKH C MOBBIILICHHOW MPOBOJUMOCTBIO, TI0 KOTOPBIM M MPOXOAUT MPO-

Goi. D> I

M

: S
0,01 0,02 0,03 0,04 CoznepxanueBozbl B Macie, %o

Puc. 1.26. 3aBucumocts E,, TpaHcHopMaTopHOro Macia OT BIaKHOCTU

OnekTpuyecKas MPOYHOCTh Fy, MOACYNIEHHOTO Macila He 3aBUCUT OT TEMIIEPATyphl, €CJIM OHA HE BbI-
me 80 °C (puc. 1.27, 3aBucumocts 1). IIpu Golee BHICOKO# TeMIIepaType Maciio HAUMHAET 3aKUIATh, IPOUC-
XOOUT 00pa3oBaHue OOJIBLIETO YUCIa MY3bIPHKOB ra3a BHYTPU HEro, B pe3yJIbTaTe Yero ero 3JeKTpUUecKast
MIPOYHOCTH HAYMHAET CHIKATHCSI.

Hanuupe BOIBI B Macile CHWIKAET €r0 DJIEKTPUYECKYIO NPOYHOCTE £y IPY HOPMANbHOW TeMIEpaType
(3aBucumocTts 2). IToBpinenne £y, IpH yBeJIMYEHUH TEMIIEPATYPhI B IIPEAENax OT 0° 0 80 °C 00yCJIOBJIEHO
TIEPEX0I0M BOJIBI U3 COCTOSIHHS IMYIIECHH B COCTOSHHE MOJIEKYISpHOro pactsopa. Ipu t > 80 °C macio Ha-
YHHAET 3aKUIATh, 3aKUIAET U COJIepKalIascs B Maciie BOja, 3a CUET Yero raz000pa3zoBaHue MPOUCXOIUT 00-
Jlee UHTEHCHBHO, Y€M B CYXOM Macie, M 3JIeKTpHUUEcKasl IPOYHOCTh CHIXKaeTcs ObicTpee (CpaBHU ¢ rpadu-
KoM 1).

IToBbimenue Ey, npu t <0 °C ces3amo ¢ YBEIIMYECHHUEM BA3KOCTU MACJIa U CHIDKEHUEM IUAJIEKTpHUYE-
CKOH MPOHHULIAEMOCTH JIbJIa 110 CPAaBHEHUIO C JUDJIEKTPUYECKONW TPOHUIIAEMOCTHIO BOJIBI.

Eup, MB/MA\

22

>4, C
Puc. 1.27. 3aBucumocts E,, TpancopMaTOpHOro Macia OT TeMIepaTyphl

Caxca, O6pI>IBKI/I BOJIOKOH MCKAXAIOT JJICKTPUYCCKOC MOJIC BHYTPHU KUIAKOCTH, ACIAKOT €TI0 Oolee He-
OOHOPOAHBIM, YTO TAKKC NPUBOJAUT K CHHIKCHHUIO BHCKTpH‘{eCKOﬁ MPOYHOCTU KUIKUX JUIJICKTPUKOB.
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Tak, HanpuMep, HEOUHIIEHHOE TpaHC(HOopMaTOpHOE MaciIo uMeeT £y, * 4 MB/M, nocine TmarensHOi 04nuCT-
ki Eyp, = 20...25 MB/m.

2.7.4. Ilpo6oii meepovix OuINeKmpurKos
Jlexuusi MpOBOAMTCS B MHTEPAKTUBHOU (popme: ¢ pa30opoM KOHKpPETHBIX cuTyarui (1yac).

PaznuuatroT yetsipe Buaa mpo0ost TBEPIAbIX AUIICKTPUKOB:

1) anexTpuueckuii mpoOoil OMTHOPOAHBIX TUIIIECKTPHUKOB;

2) IEKTpUIEeCKUH TIPpoOOH HEOJHOPOIHBIX AMIIEKTPHUKOB;

3) TerIoBOM MPOOOii;

4) 3IEKTPOXUMUYCCKHIA TTPOOOH.

Kaxnplil 13 yka3aHHBIX BUAOB IIPOOOSI MOXKET UMETh MECTO B OJIHOM M TOM )K€ MaTepualie B 3aBUCH-
MOCTH OT XapakTepa NIEKTPUIECKOro 1moiisi (IIOCTOSIHHOE WM NEPEMEHHOE, UMITYJIbCHOE, BRICOKON MJIN HU3-
KOH 4acTOThI); HATMYUS B JUDJICKTPUKE NE(PEKTOB, B YACTHOCTHU 3aKPBITHIX IOP; OT YCIOBUH OXJIaXKACHUS;
BpEMEHH BO3ACUCTBHS HANPSKEHUS U T. 1.

DJIeKTpUYecKUil MPoGoH OTHOPOIHBIX AMIIEKTPUKOB. J[aHHBIA BHA MPOOOS XapaKTepusyeTcs
BechMa GBICTpIM pazuTHeM (10 '+107° ¢). TIpu 3TOM 3IIEKTpHUECKHii IPOGOI ABISETCS YHCTO SIEKTPOH-
HBIM TIPOIIECCOM: U3 HEMHOTHX HadallbHBIX CBOOOHBIX 3JIEKTPOHOB CO3JACTCs AIIEKTPOHHAsS JaBuHA. Takoi
npo0oif MeeT MecTo, KOrAa B AMIIEKTPUKE HE MOXKET OBITh AUAIEKTPUIECKUX MTOTEPh U OTCYTCTBYET HOHU-
3aLusl ra30BbIX BKIIOUECHHH.

JJis omHOPOAHBIX MaTepHajioB (HAmpUMep, CTeKiIa) HaONroMaeTcs 3aMeTHasl pa3HHIlA MEXIY 3Hade-

HUSIMU POOUBHOTO HAIPsDKEHUS B OAHOPOAHOM (1) 1 HeoqHOpOogHOM (2) 31eKTprudeckuX nojsix (puc.1.28).
Usp B
80 1

15% 2

0,3

h, MM

Puc. 1.28. 3aBucumocts Uy, OT OJHOPOJHOCTH SIIEKTPUYECKOTO TOJIS ULl HEOPTaHUYECKOTO CTEKIIA

DaekTpuyecKuii Mpodoii HeOAHOPOIHBIX AMIEKTPUKOB. Takoll Mpoboii xapakTepeH Uil TeXHUYe-
CKUX JUAJIEKTPUKOB, COJEPXAIMX I'a30Bble BKIIIOYEHUS (Iy3bIpbKH Bo3ayxa). I[IpumepoM HEOIHOPOAHOTO
Iu3JeKTpuKa seisercs dapgop. [Ipoboii B HEOOHOPOIHOM ANAIIEKTPUKE Pa3BUBAETCS TAKKe BECbMa OBICTPO
(3a 107'c). TTpoGHBHbBIE HATIPSHKEHHNS, KAK PAaBHIIO, HeBEICOKH (puc. 1.29), B oaHopoaHbX (1) B HEOTHOPOI-
HBIX IEKTPUUYECKUX MOJISX (2) MOYTH OJUHAKOBBI.

C yBenM4YeHHEM TONIIMHBI HEOAHOPOAHBIX AMIIEKTPUKOB BO3PACTAET KOJIMYECTBO NMPUMECEH U ra3o-
BBIX BKJIIOUEHHI HA eAMHUILy 00bEMA, YTO NIPUBOAUT K NMaAEHUIO Eyy, .

Unp ,kB

80 1

70

h, Mmm
Puc. 1.29. 3aBucumocts U, 0F 0AHOPOJHOCTH SIIEKTPUYECKOTO T10JIst [1st (hapdopa

TToHMXEHHOW TEKTPUIECKON MPOYHOCTHIO 00JIaMat0T HEOHOPOIHBIC JUAICKTPUKH C OTKPHITON TI0-
PUCTOCTBIO (HemponuTaHHas Oymara, nepeBo): Ey, ~ 3+7 MB/M. TBepable AUAIEKTPUKU C 3aKPBITBIMU T10-
paMu (IJIOTHAs KEpaMMKa, IUIACTMACCBI) MMEIOT OOJBLIYIO JIEKTPHYECKYIO MPOYHOCTH: Ey, =~ 100200
MB/m. Bennunna E,,, y nponuranHoit 6ymaru 10 300 MB/m.
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TennoBoii Mpoooii. DIEKTpUYECKas MPOYHOCTh TBEP/IBIX AUIICKTPUKOB HE 3aBUCHUT OT TEMIIEPaTypPhl

JI0 HEKOTOPOTO €€ 3HayeHHMs. Brlle 9Toro 3HaueHns HaONIOAAETCs 3aMETHOE CHUKEHHE Ey, 3a CUET TEIo-
Boro 1pobos (puc. 1.30).

Finp

Tpaﬁ

Puc. 1.30. 3aBucumocts E,, = f(t°) 11 TBEpABIX UANEKTPUKOB: A — 00J1aCTh IEKTPUUECKOrO mpodos; B —
0071aCcTh TEIIOBOTO MTPOOOS

Ilox nmeficTBHEM MPHIIOKEHHOTO HANPSDKEHUS B MUAIIEKTPUKE BOZHUKAIOT JAUAIEKTPUYECKHE TOTEPH,
MIPUBOJSAIIKE K €ro HarpeBy. B pe3ynbTaTe NOBBIIEHUS TEMIIEPATYpsl B HEM HaYMHAIOT MPOTEKATh XUMHUUE-
CKHe peaKIiuy, MPUBOAAIINE K N3MEHEHHIO CTPYKTYPHI X CBOWCTB MaTeprana. XapaKkTePUCTUKU TUIIEKTPH-
Ka MoCTeTeHHo yxyamaroTcs. [Ipolecc CHIDKEHUS XapaKTEPUCTHK MaTepralia Mo ASMCTBUEM TOBBIIIIEHHBIX
TEMIIEPATyp HA3bIBACTCS MENI08bIM CHIAPEHUEM TDIICKTPUKA.

TeMIIbl TETIOBOTO CTAPEHUS U30JSIIUN ONPEACTISIOT Mo hopMyIie

T, _(1n-T5)
L =2 ar (1.19)

T,

Tie Ty ¥ Tz — CPOKH CITY>KOBI COOTBETCTBEHHO Npu Temnepatype 7; u Tz; AT — MOBBIILIEHHE TEMIIepaTy-
PBI, BEI3BIBAIOIIEE COKPALICHUE CTYKObI M30JISIIUN B 2 pasa.

[Iporecc TemmoBoro crapeHus 3aBepIIaeTCs TEIIOBBIM MMPOOOEM JTUIIEKTPHKA.

TemmoBoii po0Ooi BOZHUKAET B TOM CJIydae, KOTrJa KOJIMYSCTBO TEILIOTHI, BBIACISIONMICHCS B AUAJICK-
TPHKE 3a CUET AUIJIEKTPUIECKUX NOTEPb, IPEBHIIIAET KOJIUYECTBO TEIIOTHI, KOTOPOE MOXKET PaccenBaThCs B
TMAHHBIX yciIoBusX. [Ipu 3TOM HapyIaeTcst TEII0BOe paBHOBECHE, a TIPOIlecC MPHOOpETaeT JTaBUHOOOPAa3HBIH
XapakxkTep.

SIBIIeHME TETIOBOTO MPOOOsSI CBOAMUTCS K pa3orpeBy MaTepHala B JIEKTPHUYECKOM I0JIe JI0 TeMIlepa-
TYp, COOTBETCTBYIOIIUX €r0 pacIIaBIeHuIO U 00yrimBanuio. Kak nokasano Ha puc. 1.30, E,, npyu TEmIoBoM
po0oe PE3KO MaaaeT C POCTOM TEMIIEPATYPHI.

Jiis orpaHMYeHUs] TEMIIOB TETUIOBOTO CTapeHHS H3OJSIIMOHHBIX KOHCTPYKIUA M oOecriedeHus: Tpe-
OyeMBIX CPOKOB WX CITY>KOBI JUIsl Pa3HBIX BHJIOB JTUDJICKTPUKOB YCTAHABIMBAIOT CBOM NPEAETHHO JIOMYCTH-
Mble pabo4ne TeMIepaTyphl 7 p.s.

DJIEKTPOXUMHYECKU MPO00il TBEPAOT0 THIIEKTPUKA. DJIEKTPOXUMHUYCSCKUH po00il MeeT cyiie-
CTBEHHOE 3HAau€HHE NPH MOBBIMIEHHBIX TEMIIEPATypax W BBHICOKOW BIQXKHOCTH BO3IyXa. DTOT BUJA MPoOOs
MIPOSIBIISIETCS TIPY TIOCTOSIHHOM M ITIEPEMEHHOM HaNpsHKEHHH HU3KOHM 4acTOTHI, KOTJ]a B MarepHualie MpoTeKa-
0T MIPOIIECCHI, BBI3BIBAIOIINE HEOOPATUMOE YMEHBIICHHE COTIPOTHBIICHUS M30JIAIUH (ITyTeM €€ OKUCIICHUS U
T.4.). JJI1 pa3BUTHUS SJIEKTPOXUMHUECKOTO MPOo00s TpeOyeTCs IIUTEIbHOE BPEMS — MECSIIbI, TOJbI. DJICK-
TPOXUMHUYECKUH TPoO0I BO MHOTOM 3aBUCHUT OT MaTepHaia 3JIeKTPOJIOB.

JIro6oit Bua mpo0OsI TBEPAOTO AMAIEKTPUKA MPHUBOIUT K HEOOPATHMOW TOTEpPE TUAICKTPHICCKHX
CBOIICTB.

Tema 2.8. Knnaccupuxanus 1n3JjieKTpUYeCKMX MaTepraJioB

Husnekmpuueckue mamepuanpl — 3TO IEKTPOU3OISILIMOHHBIE MaTepUallbl, MPEeIHA3HAYECHHBIE IS
W30JIALIMN TOKOBEAYIIMX YacTel, HaXOMAUIMXCS MOJ pa3HbIMU MOTEHIMATaMH JIpyr OT Apyra M OT OKpy-
xaromei cpenpl. OHM HE JIOMYCKAIOT MPOTEKAHUS DIIEKTPUIECKOTO0 TOKA MO KAKMM-JIMOO HEXENaTelIbHBIM
My TAM.

[loHATHO, YTO Jake caMoe MPOCTOE NEKTPUIECKOE YCTPOMCTBO HE MOXKET OBITH BBITIOJIHEHO 0€3 HC-
TOJIE30BAHUS IUANEKTpUKA. JMAIeKTpukyn o0pa3yloT caMblii MHOTOYHCIEHHBIA THIT 3JEKTPOTEXHUYECKUX
MaTepuanoB. Bece paccMoTpeTs mpakTHUecKH HEBO3MOXKHO. [loaTomy nanee OyayT paccMOTpPEHBI Wb HAH-
0oiee TUITMYHBIE U IIUPOKO PACIPOCTPAHEHHBIE BUIBI 3JEKTPOU3OISHUOHHBIX MaTepHalIOB, IPUBEICHBI UX
OCHOBHBIE MTApaMETPbI, XapaKTEPUCTUKH, 00IACTH MPUMEHEHHUS.

OJeKTPOU30JIALMOHHbIE MaTepPUaIbl IOPA3IEIIAIOTCS:

1) o arperaTHOMY COCTOSIHHUIO:

—xuzakue (HeTsIHbIe Macia — TpaHc(OopMaTOpHOE, KOHIEHCATOPHOE, KaOeIbHOe);
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— TBepbIe (CTEKNa, KepaMuKa, Oymara, KapTOH, CJIOUCTBIC TUTACTHKH);

— ra3000pa3Hbie (BO3IyX, BOJOPO/I, a30T);

— TBepetomIre (ocobas rpyra) — B HCXOJHOM COCTOSIHUH, KOTJIa BBOJSTCS B U3TOTOBISIEMYIO H30JIs-
[IUIO, SIBIISTFOTCS KHUJIKOCTSMHE, HO 3aTE€M OTBEP/ICBAIOT M B TOTOBOM M30JIAIIUY MPEICTABIISIFOT COOOU TBEpIbIe
Tena (CMOJIBL, JIAKU, KOMITAyHIbI);

2) 10 XUMHYECKOU TIPUPOJIE:

— opraHndeckue (COeTUHEHUS yTIIepoa);

— HeopraHuveckue (He CoJepIKaIlue yrieposa).

Opranndeckue 00IaJa0T IICHHBIMH MEXaHHYECKUMH CBOWCTBAMHU, MMOKOCTBIO, AJIACTHYHOCTHIO, HO
UMEIOT OTHOCUTEIIbHO HU3KYIO HArpeBOCTOWKOCTh. Heopranmueckue He 001aJal0T THOKOCTBIO, IACTHYHO-
CTBIO, YaCTO XPYIIKH; TEXHOJOTHS X 00pabOTKH CpaBHUTENBHO cloxHa. OHAKO Yy HUX OoJiee BRICOKAs Ha-
TPEBOCTOWKOCTD, UM y OPraHUYECKHUX.

CyIleCTBYIOT TAKXKe JTUDIIEKTPUKU CO CBOMCTBAMH, TPOMEXYTOUHBIMH MEXK/y CBOMCTBAMH OpTaHUYe-
CKUX W HEOPTaHWYECKUX MATEPUANIOB: 3TO 3JIEMEHTOOPTaHUYECKUE MaTephaibl. B WX cocTaB BXOIUT yriie-
pOJl, HO HE B KAYECTBE OCHOBHOTO 3JIEMEHTA, a TOJILKO B KA4eCTBE pajiKaa.

Tema 2.9. 'a3000pa3Hble AUIEKTPHKH

Jlexiust IpOBOAUTCS B MHTEPAKTUBHOMN hopMe: ¢ pa300poM KOHKPETHBIX cuTyanuit (19ac).

Bo3znyx. Cpenu ra3000pa3HbIX ITUIIEKTPUKOB MPEXKIE BCETO JOJDKEH OBITh YIIOMSIHYT BO3AYX, KOTO-
PBIH B CHITy CBOEH pacipoCTpaHEHHOCTH M JOCTYITHOCTH YacTO BXOJUT B COCTaB AJIEKTPHUUECKUX YCTPONUCTB
U UTPaeT B HUX POJb 3JIEKTPOU3OJISLUHY, TOTOJHUTENBHONW K TBEPABIM U KHUIKUM H30JSLHOHHBIM MaTepua-
JaM. A 171 IPOBOJOB BO3AYLIHBIX JIUHUM OH CIIYUT €AMHCTBEHHOU M30JsIUUEH. DIEKTpUUecKasi IpOYHOCTh
BO3JyXa IpPHU HOPMAJBHBIX YCJIOBHUSIX HEBEIHKA, MO3TOMY 3JIEKTPOYCTAaHOBKH, 3allOJHEHHBIE UM, UMEIOT
Oonpmve rabapuTHele pasMepbl. HegocTaTkoM BO3AyXa SBISETCS TaKXKe TO, YTO OH COJCPIKUT KUCIOPO/,
CJIEZIOBATENIbHO, OKUCIISIET U30JISILMIO U BCE, C YEM CONPUKACACTCS.

A30T UMeeT MPaKTHYECKU OJMHAKOBYIO C BO3AYXOM 3JIEKTPUUECKYIO MPOYHOCTh U TIO3TOMY HEPEIKO
MPUMEHSETCS BMECTO BO3AyXa JUIs 3allOJHEHMsS Ta30BBIX KOHJIEHCATOPOB W JJs JAPYTUX LejieH, T.K.
HE COJIEPKHUT KUCIIOpPOa.

Illecrudropucras cepa (SFs — 971e2a3). DnexTprdeckas IPOYHOCTH dJerasa B 2,5 pasa BbIlIe, YeM Y
BO3/lyXa, HO IIPH 3TOM 3JIera3 IIOUYTH B 5 pa3 TsDKEJee ero. DJleras HeTOKCUUeH, XMMUYECKU CTOEK, HE pasila-
raercst mpu Harpese 10 800 °C. TIpuMeHsieTcs B KOHIEHCATOpaX, KabemsaxX, a TAkKe B BHICOKOBONBTHBIX BbI-
KIIIOYaTeNsX, TAE UTPAeT POJib HE TOJIBKO M30JIALUH, HO ¥ JYTOracsiiel cpesl.

Bonopoa. 3HaunTensHBIN UHTEPEC AJSA AEKTPOTEXHUKU MPENCTABISIET BOJAOPOA. DTO OUYEHb JIETKH
ra3, o0JafaroIni BecbMa OJaronpHsITHBIMU CBOWCTBAMU JJIsSi MCTIONB30BAaHHS €r0 B KauecTBE OXJIaKAalo-
el cpesbl BMECTO BO3yXa (XapaKTepU3yeTcsl BHICOKOH TETIIONPOBOAHOCTHIO).

Bomopos ucronp3yroT B KadecTBe U300 U OJHOBPEMEHHO OXJIaXKIAIOIIEH Cpelbl B MOIIHBIX TYp-
OorenepaTopax, CHHXpPOHHBIX KOMIIEHcaTopax. Bogopos 3akaumBaroT B MOJIOCTh MEXIY POTOPOM M CTaTO-
pom. IIpenBapurenbHO Ha HOAIMITHUKAX YCTAHABIMBAIOT 3aII0Phl, YTOOBI BOAOPO HE CMELIMBAJICS C BHEII-
HUM BO3IYXOM U He 00pa30oBbIBajlach «rpeMydasi» cMech. [ 3TOro ke BHYTPH MAIIMHBI [OJIEPKUBAIOT
n30bITouHOe Aasienue 0,3-0,4 Mlla. [Ipu yreuke Bojopojia U3 IBUTATENS €r0 0ObEM BOCIIOJIHSETCS 110/1a-
yeii u3 O6asoHa.

Hcnonb3oBaHue BOJOPOAA MO3BOJSIET YMEHBIIUTH IMOTEPH HAa TPEHHE M BEHTWIALUIO. 3aMeassieTcs
OKHCIJIEHHE M30JISIIUN BBUAY OTCYTCTBUS KHCIIOPOJA M YCTPaHSETCS OMAcHOCTh MOXKapa MpH KOPOTKOM 3a-
MBIKAHWUHM BHYTPH MaIIUHBI (BOJIOPO/] HE TIOIEP)KUBAET TOPCHUS ).

Yroasusiii anruapua (CO; — cyxo# I€x) UCIoNb3yeTcs A CO3JaHus B IIEKTPOYCTaHOBKAX HU3KHX
TeMIeparyp.

Tema 2.10. Kuokue ournexmpuxu
Jlexuust IpOBOAUTCS B MHTEPAKTUBHOM (hopMe: ¢ pa300poM KOHKPETHBIX cuTyaluit (19ac).

2.10.1. Heghpmanwvie macna

TpancdopmaTopHoe Macao. M3 BceX KUIKUX IEKTPOU3OIAIMOHHBIX MaTepruaioB TpanchopmaTop-

HO€ MacJI0 HaXOAWUT HauOOJbIIIee MTPUMEHEHHE B ANeKTpoTexHuKe. OCHOBHAs 00JaCTh MPUMEHEHHS: 3aJBKa

CWIOBBIX TpaHc(opmaropoB. [Ipu 3TOM Macio BBITIONHSET ABOWHYIO POJIb: BO-TIEPBBIX, OHO 3HAYHTEIHHO

TOBBIIIAET HJIEKTPUYECKYIO IPOYHOCTh M30JALUK £, BO-BTOPBIX, YJIy4IIaeT OTBOJ| TEIIOTHI, BBIAEIAEMON

3a cuéT MOTeph B OOMOTKAX M MarHUTOIPOBOJAe TpaHchopmaropa (OTBOAMT TewoTy B 25-30 pa3 myuiie,
YeM BO3IIyX).
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Emé onna oOmacTh mpuMeHEHHs TpaHC()OPMATOPHOTO Macia — MAaCisSHbIe BBIKIIOUATEIH BBICOKOTO
HanpsDKeHUs. B 3Tux anmmapaTax OHO UTpaeT poib M30JILUH U Ayroracsiiei cpensl. Jlyra, ropsmas Mexmy
Pa3BOAAIIMMUCS KOHTAKTAMH BBIKIIOYATENS, MMEET BBICOKYIO TEMIIEpATypy, BCIEACTBHE YeTr0 MAaclio Ha4dH-
HAET pa3JaraThCs, BBIACISS Ta3bl, HE IMOAIEPIKUBAIOIINE TOPEHHSI, YTO CIIOCOOCTBYET TameHuo ayra. Kpome
TOTO, UHTEHCHBHOE ra3000pa3oBaHHE MPUBOIUT K YBEIWYCHHUIO NABJICHUS BHYTPH BBIKJIIOYATENs, YTO, B
CBOIO OYepellb, YCKOPSIET MPOIECC TallleHus TyTH.

TpanchopmaTopHOE Macio MOMKET HCIIOJNB30BAaTHCS ISl 3aJMBKH BBOJOB BBICOKOTO HAIPSDKEHUS,
TpaHc(hOPMATOPOB TOKA U HANPSDKEHHS, HEKOTOPBIX THIIOB PEAKTOPOB, PEOCTATOB U JPYTUX SIEKTPHUECKHX
anmapatoB. Ero npuMeHsIoT Taxke IJis MPOMUTKH MOPUCTBHIX MaTEepHANIOB C LIENBIO MOBBILICHHUS UX DJICK-
TPUYECKOM IPOUYHOCTH.

[Tony4aroT TpaHCOPMATOPHOE MACIO MyTEM IEPETOHKU HE(PTH, 3aTEM TLIATENFHO OYUIIAIOT OT MPH-
Mecel, IPOMBIBAIOT BOJOM U CyIlIaT.

TpanchopmaTopHOE MacIO — 3TO KUAKOCTh OT MOYTH OECIBETHOM O TEMHO-KEITOTO IBETa, 10 XU-
MHYECKOMY COCTaBY IMPEICTABIAIOMAs COO0M CMeCh Pa3NUYHBIX YIIIEBOAOPOAOB. Tak kKak Macio M3roTaB-
JMBaeTCs U3 HE(TH, CIENOBATENBHO, 3TO TOproyas KUAKOCTh. OJHa W3 OCHOBHBIX €TI0 XapaKTEPUCTHK —
Temreparypa BCIbIKH: tgey = 140 oC. TemmepaTypa 3acThIBaHHS Maciia A0 MHHYC 70° C. Dnekrpudeckast
npoyHocts Eyp, = 12...20 MB/m (I'OCT). Ha Hee cuinbHO BIUSIOT Blara U TBepAble BOJIOKHA. Bona nerko
MOJKET MOMNacTh B TpaHCc(HOPMATOPHOE MACllo TPHU €ro MepeBO3Ke, XpaHEHHH, MEPENUBKEe B HEIOCTATOYHO
NPOCYIIEHHYIO Tapy U T.1. [loaToMy mepe HaualoM SKCIUTyaTalluy €ro IMOABEPraroT CyIIKe U ouncTKe. Js
CYIIIKA TPaHC(HOPMATOPHOTO Maciia UCIIONB3YIOT HECKOIBKO CIIOCOOOB:

— TPOITyCKaHUE I0]1 IaBIeHUEM CKBO3b (PHIILTPOBANBHYIO Oymary;

— ueHtpudyrupoBanue. Boga uMeeT IOTHOCTH OoJibllIe, YeM y Macia, B CBSI3H C 3TUM Macjio Npu
BpallleHuH HeHTpU(pyTru ocTaéTcs B IEHTpPE, BOJIA OTTAIKHBAETCS K CTEHKaM H CIIMBAETCS;

— 00paboTka TpaHCPOPMATOPHOTO Macia aicopOeHTaMu. AICOPOSHTHI — 3TO BEIIECTBAa, KOTOPHIE 00-
Jaal0T MOPUCTON TOBEPXHOCTHIO M MPHU COMPUKOCHOBEHUH € TPaHC(HOPMATOPHBIM MAacCIIOM MOTJIOMIAIOT U3
HEro BOAY U pa3JINYHbIC NOJJAPHBIC IIPUMCECH. Qame BCETO C dTOH LCIbI0 MPUMCHACTCA I/ICKYCCTBCHHI)II\/'I an-
COpOEHT — CHIIMKAreb;

— pacnbUIEHUE B a30THOM KaMepe.

[Tocne cymku ¥ OYMCTKH XapaKTEPUCTHKH Macia BoccTaHaBnuBaroTcsa. OQHAKO B Mpoliecce dKCILTya-
Tanuu TpaHnchopMaTopHOE Maciio HEM30EKHO cTapeeT. B HeM 00pa3yroTcs 3arps3HSAIONINE €0 MPOIYKTHI —
KHCIIOTHI B CMOJTBL. YacTh U3 HUX pacTBOPUMBI, a 4acTh — HeT. HepacTBOprUMBIEe MPOYKTHI PA3IOKEHUS OCe-
Jar0T Ha JHE 6aKa 1 Ha pas3jIMYHbIX JCTaJIAX, 3HAUYUTCIBHO yXyauias OTBOMA TCIUIOThI OT HHUX. Kucnorsl pas-
PYLIAIOT U3O0ISAIUI0 OOMOTOK ¥ BBI3BIBAIOT KOPPO3UI0 MeTaia. OT 3TOr0 CKOPOCTh CTapeHHUsT Macjia BO3pac-
taeT. Kpome Toro, TeMIbl cTapeHus YBEIIMIUBAIOTCS B PE3yIbTATE:

— JIOCTyMa Bo3ayxa (T.K. BO3MYX COAepKUT Kuciopo Oy);

— yBesmueHus remneparypsl (77 ]T:g =95 °C);

— CONPUKOCHOBEHHS Maca ¢ HeKoTopsiMu Metautamu (Cu, Fe, Ph);

— BO3JICHCTBUS CBETA;

— BO3/ICUCTBUS AIIEKTPUUECKOTO TIOJIS.

Macia pa3In4HOro MPOUCXOXKACHUS 00J1aIal0T Pa3IUYHON CTOMKOCTBIO K CTAPEHHUIO.

Y aanenue u3 Maciia MpoaAyKTOB CTApEHHs M BOCCTAHOBJIICHUE €r0 MCXOJHBIX CBOMCTB HA3hIBACTCS pe-
eenepayuei. Jlocturaercs ona o6pabOTKO# TpaHCPOPMATOPHOTO Maciia aJCOPOCHTaMH.

[IpuMeHSIOT 1 Apyrue MEpONpHATHS JJIs 3aMeIJICHHs CTapeHHs Macia. Tak, BO3AyX Haj YpOBHEM
Maciia B TpaHcopMmaTopax COOOMIACTCS ¢ HapYKHBIM BO3yXOM uY€pe3 BO3AYXOOUHUCTHUTEIbHBIC (DUILTPHI.
OTU GUIBTPHI 3aMI0THEHBI CHIIMKArelleM U ITOTJIONIAl0T U3 BO3AyXa Biary, MblIb H XUMUYECKH aKTUBHbBIE 3a-
rpsi3HeHHs. YacTo BMECTO BO3AyXa MPOMEXYTOK HaJl MacjaoM B Oake 3arloHSIOT a30TOM.

[MomuMo TpaHCHOPMATOPHOTO Macia B ANEKTPOTEXHHUYESCKHX YCTAHOBKAX MPUMEHSIOTCS U JIpyTHe
BUJIBI HE(TSHBIX 3JIEKTPOU3OIISIIUOHHBIX Macedl.

KongeHncaTopHoe Macj10 CIy>XUT AJIsl IPOIMUTKH OyMakKHBIX KOHIEHCATOPOB, B OCOOCHHOCTH CHJIO-
BbIX. [Ipy nponuTke OyMa)KHOT'O JUAIEKTPHUKA MOBBIIIACTCS €0 JEKTPUIeCcKas POYHOCTS!

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

E,, =300 MB/M — nponuTaHHas MacioM Oymara.

YBenuueHne 3MeKTPHYSCKON MPOYHOCTH OyMard ImyTeM MPOMUTKH € KOHACHCATOPHBIM MacjioM JaeT
BO3MOXXHOCTh YMEHBIIIUTh rabapuTHBIE pa3Mephbl, MacCy M CTOMMOCTh KOHJEHCATOpa TpH 3aJaHHOM pado-
yeM 00bEMe, YacToTe ¥ EMKOCTH. Pa3nmudaioT ABa OCHOBHBIX BH/Ia KOHJICHCATOPHBIX Mace:

— HedrssHOEe KoHAEeHcaTopHOE Macio (HKM), kotopoe monay4aroT myteM o0paboTKu TpaHChopMaTop-
HOTO Macjia B BaKyyMe, B pe3yJIbTaTe 3TOTO CHIKAIOTCA ero amdiekrpudeckue notepu: tgd = 0,002 (f = 1
K1)} tpom = —45 °C; &, = 2,1...2,3;

— Ba3eJIMHOBOE KOHCHCATOPHOE Macio. MeeT tyyers = —5 OC, B ocTanbHOM 01u3k0 kK HKM.
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DnexTpuuecKasi MPOYHOCTh KOHACHCATOPHBIX Maceld He MeHee 20 MB/m.

Ka6eabHble Macjia HCIIONB3YIOTCS B MPOW3BOJACTBE CHUJIOBBIX JJIEKTpUYEeCKHX KaOeneid. [Ipomnurka
OyMa)XHON M30JIALINU STHX KaOeliel MOBBIIIAET €€ AIEKTPHIECKYIO IPOYHOCTD, a TAK)Ke CIIOCOOCTBYET OTBO-
Iy TerutoTel. KabenpHble Macia OBIBAIOT Pa3HBIX THIIOB.

JIist IpOTNUTKY M30JIAIUU CHIIOBBIX Kabenel Ha Uyoy 10 35 kKB BKIIIOUUTENLHO MPUMEHSIOT MAciio
MapKi KM-25 ¢ tyerns = —10 °C # tyomum 001EE +220 °C.

Jli1st 3a5TMBKH MacIOHAOHEHHBIX kKaoeneh Ha Uyoy = 110...220 kB nmpumensror Macio MH-4 ¢ tucps =
45 °C ¥ o 60EE +135 °C.

B kabensx BbICOKOTO maBjieHus npumeHsoTces Macia Mapku C-200 ¢ toep, = —30 OC ¥ty = 220
°C, tgd = 0,003.

Brimenepeunciienasie HeTsHbIC Macia (TpaHc(hOpMaTOpHbIC, KOHJCHCATOPHBIC, KaOeIbHbBIE) 00Ia-
JTAIOT MPEUMYIIESCTBAMH: OHU JENICBBI, MOTYT MPOU3BOJIUTHCS B OOJIBIINX KOJIUYECTBAX, IPU XOPOIICH 0UH-
cTke uX tgd ymeHbInaercs, a £y, 10CTaTOUHO BbICOKA. OJTHAKO B HEKOTOPBIX CIydasx TpeOyeTcs 00ecleynTh
emé 1 moKapHylo 0e30MacHOCTh, M B3pbIBOOe30macHOCTh. HedTsaHpie Macna — roprodne KUIKOCTH, U TOBO-
PUTH 0 0€30MAaCHOCTH CIOXHO. B TaKMX CUTyaIusaX TPUMEHSIOTCSI CHHTETHIECKHE YKUIKHAE TUIIEKTPUKH.

2.10.2. Cunmemuueckue yscuokue OurieKmpuKu

K cuHTeTHYeCKUM KUIKHM THIJIEKTPUKAM OTHOCST:

— XJIOpUPOBaHHBIE YTIIEBOJIOPOIbI;

— (propoopraHnUecKue JKUIKOCTH;

— KpeMHUHOpPraHMIeCKUE )KUIKOCTH.

CHHTeTHYECKUE KUIKUE AUDIIEKTPUKN 00JIaJaf0T TOBBIICHHBIMU CBOWCTBAMH 110 CPAaBHEHHUIO ¢ Hed-
TSHBIMU MacIJlaMu:

& = 39 (MONOKUTENBHBIN (AaKTOP AJIsI KOHAEHCATOPOB);

t9d = 0,0001 (mpu 6 = 1kI'm).

Onwu He roproun. O61a/1al0T BEICOKOH HarpeBOCTORKOCTHIO.

WX HemocTaTKH: BBICOKasi CTOMMOCTD U CII0)KHAsI TEXHOJIOTHSI H3TOTOBJICHHS.

Tema 2.11. TBepaeromue AM3JIEKTPUKH
2.11.1. Cmonwi

Cmonwl — OOIIMpHAs TpyMIla MaTepUalloB, CXOTHBIX 0 XUMHYECKOH M (U3MUECKOW NIpHUpone. ITo
CIIOYKHBIE CMECH OPTaHMYECKUX BEIIECTB, INIABHBIM 00pa3oM BBICOKOMOJIEKYJISpHBIX. [Ipu gocTaTouHO HU3-
KUX TeMIlepaTypax 3T0 aMopQHbIe, CTeKI000pa3Hble Macchl, Ooee WK MeHee xpynkue. [Ipu Harpese cmo-
JBl Pa3MArYaroTCs, CTAHOBATCS IUIACTHYHBIMH, & 3aTE€M IEPEXOIAT B XKHIAKOE cOCTOsiHME. CMOIbl OombIeit
Y4acThIO HEPACTBOPUMEI B BOJIE, HO PACTBOPUMEBI B OPraHUUECKHX PACTBOPUTEIISX.

CMOJTBI IIMPOKO TPUMEHSIOTCS B BUJIE COCTABHOM YacTH JIAKOB, KOMITAyHJIOB, TulacTMacc U T.7. [1o
CBOEMY MIPOHMCXOKICHHUIO CMOJIBI ITOJIPa3IeISIOTCS Ha IPUPOIHBIE, HICKYCCTBEHHBIE U CHHTETHUYECKHE.

IIpupoaubie cMoubl. [IprpoaHEIE CMOJIBI TPEICTABISIOT COOOI MPOIYKTHI KHU3HEASATEIBHOCTH JKH-
BOTHBIX OPTaHU3MOB WJIM PACTEHHH CMOJIOHOCOB. VX IOTy4aroT NMPakTUYECKH B TOTOBOM BHJIE, ITOJBEPTAIOT
JIUIIL OYHCTKE U TieperiaBke. K IpUpoTHBIM cMoJlaM OTHOCSITCS, HAIlpUMep, HIeJUIaK, KaHU(OIIb, KOTaJIbI.

Kanugons — cmona, noimyvyaemas U3 >KUBULBI (IPUPOTHON CMOJIBI COCHBI) MTOCJIE OTTOHKU U3 HEE CKU-
nuaapa. Xpymnkasi, [BETOM OT CBETJIO-KEITOr0 A0 TEMHO-KOPHYHEBOTO. PacTBoprMa B HETAHBIX U PacTH-
TEJNIbHBIX Macliax, cnupre, ckununape. EE anekrpuyeckas npounocts cocrasisiet 10...15 MB/m.

Kanudonb, pactBopeHHas: B HEQTIHBIX Maciiax, IPUMEHSETCS] TIPU U3TOTOBJICHUH MTPOTTUTOYHBIX U 3a-
JIMBOYHBIX KaOeIbHBIX KOMIIAYH/IOB.

lllennax — CMOJITHUCTBIC BBIZCTICHUST HEKOTOPHIX HACEKOMBIX. PacTBOpsieTcs B ATHIOBOM CHHPTE U
PUMEHSIETCS B KAYECTBE CIIMPTOBBIX PACTBOPOB B IPOM3BOICTBE CIOISHBIX H3CITHI; Ly = 80...85 °C.

Konanwl — ocTaTku JepeBbEB-CMOJIOHOCOB, CTHUBLIMX MOJ 3eMJIeld. DTO TYTrOILIaBKUE CMOJIBI ¢ 00JIb-
1I0H TBEPJOCTHIO U CPABHUTENILHO TPYJHOPACTBOPUMBIC. MCHONB3YIOTCS Kak JOOAaBKH K MACIISIHBIM JIaKaMm,
YBEITUYUBAIOIINE UX TBEPJIOCTb.

Haubonpiiee npuMeHeHNE B SIEKTPOTEXHUKE UMEIOT CHHTETHYECKHE CMOJIBI.

CuHTeTHYecKHe CMOJBI JICTSITCS Ha MOJISIPHBIC W HerolsipHbie. K mossipHeIM oTHOCsATCS (heHondop-

MaJIbACTUAHBIC, HOHI/Ia(i)I/IpHLIC, OIIOKCHIHBIC 1 erMHHﬁOpFaHquCKHC CMOJIBI, MMOJUMETHUIIMETAKpHUJIaT, o=
JIMBUHWJIXJIOPUA.
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Denongpopmanvoecuonvle cMobl TPOU3BOAATCS IyTEM HArpeBa B 3aKPHITOM KOTJIE BOJHOTO PAacTBOPa
¢deHona u Gopmanbaeruia B IpuCyTCTBUM KartanusaTopa. OJUH U3 MPEICTaBUTENICH 3TOr0 BHIA CMOI — Oa-
kenuT. Ero snekrpuyeckas npouHocth coctaniser 10...20 MB/m.

Bakenut umeeT psii OTpUllaTEIbHBIX CBOMCTB:

— 005aaeT HU3KOH AIIACTHYHOCTHIO;

— TIpH BBICOKHX HAIPSHKEHHOCTAX 3JIEKTPHUYECKOTO TOJIS Ha €ro MOBEPXHOCTH 00pa3yroTCsl TOKOMPO-
BOJISIIITUE TTYTH.

[TpumMeHstoT OaKkeIuT JIs MPOIMUTKY JICPEBa U APYTUX MOPUCTHIX MATEPUAIIOB, TIPYU U3TOTOBJICHHUH Te-
TUHAKCa, TCKCTOJIUTA, IJIACTMACC.

Honusguprvie cmonvl — IPOIYKTH OTUKOHIEHCAIIMA PA3IHMYHBIX CIUPTOB M KUCIOT. OUH U3 HUX —
rmdraneBas cmona. s ee 3acTeiBaHus TpeOyercs Ooiblnas Temneparypa. OHa uMeeT 0oJiee BBICOKYIO
3MaCTUYHOCTH U OOJIBIIYIO CTOMKOCTh K TEIJIOBOMY CTapSHHIO IO CpaBHEHUIO ¢ OakenuToM. Ee anekTpuye-
cKas IPOYHOCTH cocTaBisieT 25 MB/m.

Onoxcuonsie cMOIbL XapaKTEPUIYIOTCA HATMYNEM B X MOJIEKYJIE STIOKCHIHBIX «KOJICID):

(0]

H2C —— HCZ

MMeroT BBICOKYIO 3IEKTPHUYECKYIO IPOUHOCTD: £y = 20...80 MB/M.

SHOKCI/II[HI)IG CMOJIBI B YUCTOM BHUAC TCPMOILIACTUYHBI (C MOBBIICHUEM TEMIICPATYPHI pa3MATrdaroT-
cs1). [Ipu moGaBiIeHNU K HUM OTBEPIUTENSI CPABHUTEIBHO OBICTPO OTBEPCBAIOT M CTAHOBATCSI TEPMOpEakK-
TUBHBI (3aTBEpAEB OJUH pa3, 0OJblIEe HE Pa3MArdarOTCs IPHU MOBBILECHUM TeMmeparypsl). bonpmumm mpe-
MMYILIECTBOM 3IIOKCHIHBIX CMOJ ABJISIETCSI CPAaBHUTENBHO Mayias ycanka npu otsepaeBanuu (0,5-2,0 %), uro
H03BOJISIET TOJIyYUTh MOHOJIUTHYIO M30ia1ui0. O01agaoT BBICOKOW HarpeBOCTOMKOCThI0. OHAKO MHOTUE
SIIOKCHUAHBIC CMOJIBI TOKCHUYHBI U BBI3BIBAIOT KOXKHBIC 3a00JIEBAHUA. OTBCpZ[CBHH/Ie SMOKCHUJHBIC CMOJIbI YK€
HE TOKCUYHBI.

Kpemnuiiopeanuueckue cmonvi. B ux cocraB, KpoMe XapaKTE€pPHOI'O JJIsl OPraHUYECKUX COEAMHEHWH
yriaepoaa, BXOAUT KpCMHI/II‘/'I. anepo;[ BXOOUT TOJIBKO B BUJC paarKaja, IO3TOMY TaKUC CMOJIbI OTHOCATCA K
JIEMEHTOOPTaHUYECKUM AUNIEKTpUKaM. OCHOBY CTPOEHHS UX MOJIEKYJ COCTaBIISIET CBA3b MEXAY KPEMHUEM
Y KHCIJIOPOAOM.

R R
| |
Jluneitnast popmyna monekynsl: O — Si — O — Si —O
| |
R R

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

Cas3b — Si—O — Gosee npouHast, uem cBsizb — C—C —, 4To U onpeesnseT 6osiee BEICOKYIO HarpeBOCTOM-
KOCTh KPEMHHUHOPraHWIEeCKHUX MOJIMMepoB. VX anekTpudeckas mpoyHocTs — 25 MB/Mm.

KpemHuiiopranuyeckue mojauMephbl UCIONB3YIOTCS B Jlakax, KOMIIAyHAax, IiactMaccax. Hexoropsie
W3 HUX BecbMa 31acTU4YHbl. OHM MOTYT MPUMEHATHCS U B BUE KUAKOCTEH. DIEKTPOU3OISIIMOHHBIE CBOICT-
Ba KPEMHHHOPraHUYECKUX COEIMHEHNH JOCTaTOUYHO BBICOKHM M COXPAHSIOTCS JaXKe IPH MOBBIILIEHHBIX TEM-
nepatypax. OHM He CMauMBAIOTCA BOJAOH M OCTAIOTCSA DJACTUYHBIMU MPHU HU3KHX Temreparypax. OmHako
CpaBHHUTENBHO Jopord. K ToMy ke KpeMHHUHOpraHn9YecKre CMOJIBl MMEIOT, KaK MPaBHIIO, HEBBICOKYIO MeXa-
HUYECKYIO TPOYHOCTD.

Tonumemunmemaxpuiam (IIEKCUTIIAC, OPTCTEKIIO) — MPO3PAUYHBIA MaTepHall ¢ AIEKTPUIECKON Mpoy-
HOCTBIO 110 35MB/M, & = 3,5...4,5. OprcTekio He CMauyuBaeTCs BOJOW M He BuuThIBaeT e€. [Ipumensercs
KaK AMIJIEKTPUK M Kak Jyroracsimas cpena. Beicokas TeMmeparypa Oyrd IPHUBOAWT K PA3lOXKEHUIO MaTe-
puaa, BBIICIIEHUIO BOJIbI M Heroprounx ra3oB (H,, CO, CO,), 4To criocoOCTBYET ralieHuto TyTH.

[IpumensieTcst B BHICOKOBOJIBTHBIX BBIKITIOUATEIISAX, B 3AIIUTHBIX pa3psIHUKAaXx.

Honusununxaopuo — HeNpO3padHbIA OENBIA WIINM JKEITOBATBIA MaTepHall C dJIEKTPUIECKONH MPOUYHO-
cThi0 25 MB/M

H H H H

1 (hOpMYJIOH MOJICKYJIbI , , , ,
c—C—c—C
|

I!I Cl I!I Cl
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OTo ruOKuil MaTepuan, He BIUTHIBAIONINI BOAY U CTOMKUI K JEHCTBUIO OPTaHUYECKHX PacTBOPHUTE-
JIEH.

IIpumensieTcst A1t N30SI MPOBOIOB U TOKOBEAYIIINX JKIJT KaOemeit.

K HemonspHBIM CHHTETHYECCKHM CMOJaM OTHOCHTCS noiumempagmopsmunen (propormact-4, ted-
J0H). DTOT MaTepuan o0aJaeT O4eHb BBICOKOH HAarpeBOCTOMKOCTBIO: Ty = 240...250 0C, BBICOKOH »Ja-
CTHYHOCTBIO, KOTOPYIO COXpaHsIeT JNake NMpU HU3KUX Temmeparypax (mpu —80 0C). B ouens ToHKOM cll0€
coxpaHser odmacTuyHocts npu t = -100 °%C.  Wwmeer CIENyIOINe  XapaKTePUCTHKH:
p=1016 Om'm; tg & =0,001...0,003; Enp =30 MB/m.

Jluneitnas ¢hopMyna MOJEKYJIbI

F F F F

c—Cc—c—C

F F F F

[omuTeTpad TOPITUIICH HE CMAaYMBACTCS BOJIOW, HE BIIUTHIBACT €€, CTOCK K JICHCTBUIO arpeCCHUBHBIX
cpen (CMpTOB, KUCIIOT, IeJI0Yei).

CunTaeTcs OAHUM U3 CaMbIX BBICOKOKAUECTBEHHBIX AWAIEKTPUKOB, MIO3TOMY IPUMEHSAETCS B 0c000
OTBETCTBEHHBIX CIIy4asix, KOTJa Ha U30JSALUI0 OTHOBPEMEHHO BO3/IEHCTBYIOT BHICOKHE HANPSHKEHUS, Pe3Kue
nepenazsl TEMIIEPATyp, BIaXKHbIE U Pa3IMYHbIC arPECCUBHBIC CPEIIBL.

Ero negocratku:

— nipu cubHOM Harpese (> 400 °C) HaunHaeT BHIAEIATD STOBHTHI ra3 GTop;

— UMeeT BBICOKYIO0 CTOUMOCTh MaTepHaa.

2.11.2. Jlaku

Jlaku. JlakamMu Ha3bIBalOTCS JKUAKHE MaTEPHAJbl, KOTOPbIE SBISIOTCS PacTBOPaMHU IUIEHKOOOpa3yro-
HIMX BEUIECTB B JIETYYHX pacTBopuTelsix. [locie ucmapeHus: pacTBOpUTeNs MICHKOOOPa3yollee BEIeCTBO
3aCTBIBAET U CTAHOBUTCS TUIIEKTPUKOM.

ONEeKTPOU30IUOHHbIE JAKH KIaCCUPUIUPYIOTCS IO XUMHUUECKOMY COCTaBY M Ha3HAUYEHHIO.

[To xuMUYECKOMY COCTaBY OHH OBIBAIOT CMOJISIHBIE 1 MacCIIOCOIEpIKAIIHE.

Cmonsausie naku — pacTBOPHI CHHTETHYECKUX, UCKYCCTBEHHBIX MIJIM TPUPOIHBIX CMOJI B JIETYYHX pac-
TBOpHUTEISIX. K HUM OTHOCSTCS, HanpuMmep, OaKeIMTOBBIE JIaKK (pacTBOp OakenuTa B CIUPTE) —IPOIMUTOYHBIE
U KJIEAIUEe TEPMOPEaKTUBHBIE JIAKH, JAIOLINE MEXaHUYECKH MPOYHYIO, HO MAJIO3JIACTHUHYIO U CKIIOHHYIO K
TEIUIOBOMY CTapeHHIo MieHKY. OHU HCIONB3YIOTCS B MIPOM3BOJICTBE T€THHAKCA U TEKCTOJIHUTA, MIPH U3TOTOB-
JICHUH U30JILAN DJIEKTPUUECKUX allapaToB BBICOKOTO HANPSIKEHUS U T. 1.

Macnocodepocawgue naku. VIX 0CHOBY COCTaBISIIOT BhICHIXaroIye Macia. K gaHHOMy BHIy JIaKOB OT-
HOCSITCSI:

— MacisiHble JJaku. OCHOBa — pacTUTENbHBIE Macia. JTO Jaku MeyHou cymku. [IpuMenstor ans npo-
M3BOJICTBA JJAKOTKAHEW U JakoOymar, a TaKKe U IPOMUTKY OOMOTOK 3JIEKTPUUECKUX MALIHMH U allapaTos;

— MaclnsHO-OuTyMHbIe Taku. OCHOBa — pacTUTENbHBIE Macia U OUTyM. MIMeroT depHsbIii BeT. [Inenku
JIaKOB 00J1a/1a10T TIOBBIIIEHHOM BJIarocTOMKOCTBIO U CTOMKOCTBIO K JAEUCTBUIO pacTBopuTeneit. [Ipumenstor
JUTS IPOM3BOICTBA JIAKOTKAHEH, a TakKe AJISl MPOIUTKY KaTyIIeK TpaHC(POPMAaTOPOB;

— MacisgHO-KaHU(onbHbIe Jaku. OCHOBa — pacTUTENbHBIE Macia U KaHU(OIb. DTO JaKH XOJIOIHOU U
MIEYHOH CYIIKY (B 3aBUCUMOCTH OT KOJIMYecTBa KaHN(OIN);

— MAacJsIHO-CMOJISIHBIE JIaKH, PEACTaBIAIOLINE COO0H pacTBOPHI IPUPOAHBIX M CHHTETHUECKUX CMOJI B
pasIn4HbBIX pacTBOpuTessX. LLIMpoKo MpUMEHSIOT AJsl MPONMUTKH OOMOTOK MAacClIOHANIOJIHEHHBIX TpaHCc(op-
MaTopoB U T.J.

IIo Ha3HAaYeHUIO JJaKK JAENISATCS Ha IPONUTOYHbIE, IOKPBIBHBIE, KIIESIINE.

IIponumounvle naxy NperHa3HAYECHbI AJIS1 TPOIUTKHU IMOPUCTON M30JsIIUH (epeBo, Oymara, KapToH,
TKaHb, U30JIALUS OOMOTOK 3JEKTPUUECKUX MAIIUH U T.1.). [locie mMponuTKY Mopsl B H30JIALUN OKA3bIBAIOTCS
3aIOTHEHHBIMH YK€ HE BO3yXOM, a BBICOXIITUM JIAKOM, HMEIOLIIM 3HaYUTEIHHO 00Jiee BHICOKYIO JJIEKTPH-
YECKYI0 IPOYHOCTH U TEIUIONPOBOIHOCTD, YeM BO3yX. [I03TOMy B pe3ynpTaTe MPONMUTKH MOBBIILIAETCS MPO-
OMBHOE HaNpsDKEHHE, YBEJINYMBACTCA TEIJIONPOBOAHOCTh MaTepHalla, YMEHBIIAETCS TMIPOCKOIMYHOCTD M
YILYUIIAHOTCSI MEXAHUUYECKHUE CBOMCTBA U30JISLINH.

Iloxpuisnvle naku cIry’xat s 00pa3oBaHHMS MEXaHHUYECKH IPOYHOH, OJECTSIICH, BIArOCTOMKOM
TUIEHKH Ha MOBEPXHOCTH TBEPAOH M30Js1MH. Takas IUIEHKA MOBBIIAET €€ TTOBEPXHOCTHOE CONPOTUBIIEHHE,
CO37a€eT 3aIUTY OT IEHCTBUS BIIATH, PACTBOPUTENIEH U XUMUYECKH aKTUBHBIX BEIIECTB, & TAKXKE 3aTPyIHACT
IpUIKIIAHUE K M30JIALUH 3arps3HeHuil. HekoTopele MOKpBIBHBIE J1aKU (3Majb-I1aKH) HAHOCST HEIOCPEACT-
BEHHO Ha METaJlI, [IPU 3TOM Ha €ro MOBEPXHOCTH 00pa3yeTcs IIEKTPOU30ISIIUOHHBIN CIIOH.
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Kneswue naxu npuMeHSIIOTCS A7l CKIICMBAaHUS MEXIY cO00# TBEPABIX 3JEKTPOU3OIIAMOHHBIX MaTe-
puanoB (Hampumep, KJiIeWKa JIMCTOYKOB PACIIEIUICHHON CIIOABI MPHU W3rOTOBICHUH MUKAHUTOB) WIH JJIS
NPUKJICHBAHHUA UX K METaILTY.

Jlaku M JJaKOdMaJIH MOYKAPOOTIACHBI, MX XPAHAT B 3aKPBITOM Tape, 4TOOBI HCKIIOYUTH TOTAaIaHue COJI-
HEeuHBIX Jdyuel. VX anekrpudeckas npouyHocTh coctasisieT 70...80 MB/m.

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

KommayHpl OTIHYal0TCSl OT JIAKOB OTCYTCTBHEM B MX cOCTaBe pacTBoputesss. OHU COCTOAT W3 pas-
JIMYHBIX CMOJI, OUTYMOB, BOCKa, Macel. MoryT HCIOIbp30BaThCs KaK B TBEPAOM, TaK U B IOIYKUAKOM H BsI3-
KOM COCTOSIHUSIX.

[To Ha3HAYEHMIO KOMIIAYHABI JICJISATCS Ha IBE OCHOBHBIE TPYIIITHL:

1) nponuTOoYHbIe, HA3HAYCHNUE KOTOPHIX AaHATIOTHYHO HA3HAYCHUIO MIPOMUTOYHBIX JIAKOB;

2) 3aIMBOYHbIC, KOTOPBIE CIIyKaT AJISl 3aII0JTHEHUS! CPABHUTEIHHO OONBIINX IIOJIOCTEH, IPOMEKYTKOB
MCKAY pa3/IMUHBIMU JACTAJIAMU B JJICKTPUUCCKHUX MalllMHax W alliaparax, a TakKKe IJId IIOJYyUYCHHS CpaBHU-
TCJIBHO TOJICTOI'O IMOKPBITUA Ha JJICKTPOTECXHUYCCKUX Yy3JIaX U JACTAJIAX. 3aJuBOYHbBIE KOMIIayHAbI UCIIOJIb-
3YIOTCSI A7l 3aIUUTHl U30JIALUH OT YBIAXKHEHUN U OT ACHCTBHUS XUMHUYECKH aKTHBHBIX BEILECTB, JUIS YBEJIH-
YEeHHUS Pa3psIIHOrO HAMPSDKEHMS, YIIyUIIeHUs] OTBOAA TEIJIOTHL U T.J.

HauGonblee MPUMCHCHUC KOMITIayH/IbI ITOJTYYWJIN B KabeabpHON TexHuKe. B YaCTHOCTH, IJIA IMMPOIMUTKHU
OyMa)KHOW M30JILIMHU CHUIIOBBIX KaOenei MCHONb3YIOT B OCHOBHOM IIPONMTOYHBIE KOMIAYHIIbI, H3TOTOBIIsIC-
MBbIE€ U3 HE(TAHOrO Macia, K KOTOPOMY JJIsl IOBBILIEHUS BA3KOCTH HOOABISIIOT KaHU(OIb WM CUHTETUYC-
CKHE CMOJIBIL. 3IMBOYHBIE KOMIIAyH bl TPUMEHSIIOT JUIS 3aJUBKH KaOeTIbHBIX My(PT B MecTax COCTUHEHUH U
pa3BeTBIICHUH KaOeIbHBIX Tpacc. 3aIMBOYHbIC KaOeIbHbBIE MACChl COCTOSAT U3 OUTYMOB WM 1S O0jIee BBICO-
KOTO HanpsDKEeHUs — U3 He(TSIHBIX Maces U KaHudonu. BeckMma pacnpocTpaHeHb! SIIOKCUIHbIE 3aIMBOYHbBIE
KOMTayHJbI Oylarojaps CBOEH BBICOKOW MEXaHMYECKOW MPOYHOCTH. 3aimuTasi TaKMM KOMITAyHIIOM My(Ta
MOJKET BBIITOIHATECA 0€3 METANINYECKOrO KOXYyXa. BaxHoe 3HaueHHE HMEIOT TECPMOPCAKTUBHBIC IIOJIHN-
s¢upHble KOMNayHAbl. OJHAKO WX TJIABHBIM HEOCTAaTKOM SIBJISIETCS 3HAUMTENbHAsA (0KOIo 6 %) ycaaka npu
3aCTBIBAHUH.

Tema 2.12. TBepabie TMITEKTPUKH
2.12.1. 'u6kue nnénku

I'nOxue NJAEHKU — 0COOBIN BUI M3/ICIIHIA, U3TOTOBIISIEMBIX U3 TIOJIMMEPOB C JIOCTATOYHO BHICOKOW MO-
JMEKyIsIpHOH Maccoil, T.e. ¢ OOJBIION JUIMHOW MOJIEKYJ, U TPEACTaBISAIONINX COOOW TOHKHE
(Tommuuoii 0,02 MM 1 MeHee) ITpo3pavHble THOKHE TUIEHKH, BHIITyCKaeMbIe B PYJIOHAX.

OHU NPOM3BOJIATCS IBYMSI CIIOCO0aMHU:

— pa3IMBKON HA TTIAAKYIO0 METALTNYECKYIO TTOBEPXHOCTh PACTBOPA MOJIMMEDPA;

— pa3IuBKOM Ha IIaAKYH0, HOCTOSHHO OXJIAXKIAEMYIO IOBEPXHOCTh PACILIABICHHOTO OJIUMEpA.

I'nOkue TUIEHKU — 3TO OPraHWYECKUE MaTepUallbl, 00JIaIal0NINe BHICOKOW IJIEKTPUUSCKON U MEXaHH-
YeCKON MPOYHOCTHIO M THOKOCTHIO. | MOKOCTH TUIEHKU MOKET OBITH TIOBBIIIICHA JOOABIIEHHEM K € MaTepra-
ny miactudukaropa au00 BBITSHKKOW IDIEHKH MPU TEMIIEPaType, MPEBHIIANIEH TeMIIepaTypy pa3MsardieHus
Marepuana. DIeKTpUYecKasi IPOYHOCTh MPU YMEHBIICHUU TOJIIMHBI YBEIUYUBAETCS, OJTHAKO Y OYCHb TOH-
KUX TIEHOK, O1aroapst BIUSHUIO MECTHBIX HEOTHOPOTHOCTEH, OTISTh MAIaeT:

Enp~ 100 MB/wm.

IIpenen MexaHHMUYECKOW MPOYHOCTH TUICHKH MPH PACTSIKEHUH U €€ OTHOCUTEIhHOE YIUIMHEHHUE Mepes
pa3pbIBOM BBIIIE, YEM Y TEX K€ MAaTEPUANIOB B TOJICTOM clioe. [[OBBIIAIOT MEXaHNYECKYIO IPOYHOCTh IJIEH-
KM HaKJIEMBaHUEM €€ Ha KapTOH, BCJIEICTBUE YETO MOIYyUalOT 9/1eKMpPOKapmoH — MaTepHrall ¢ BEICOKOH 3JeK-
TpHUecKoil (Onarogaps HATMIHIO TJIEHKH) ¥ MEXaHUYECKOH (13-3a KapTOHA) MPOYHOCTHIO.

['nbkue mnEHKM MUPOKO MPUMEHSIOT Ul U3OJIIMU JICKTPUUECKUX MAallnH, Kabeiaeld, 0OMOTOUYHBIX
MIPOBOJIOB, B KAUECTBE AUIICKTPUKOB JUIsl KOHJEHCATOPOB H T.JI.

B snexTpoycTaHOBKaX HU3KOTO HAMPSHKEHHS TPUMEHSIOTCS B OCHOBHOM Mpuayemammusie niéHKy s
M30JSIIMA OOMOTOK 3JIEKTPUYECKUX MAIIMH M aniaparoB, Uil W30JSLIMA OOMOTOYHBIX HPOBOAOB. Takue
TUIGHKKA HE MOTYT HMCIOJIb30BaThCA U M30JIALUN MAalIMH BHICOKOTO HANpsDKEHUs, T.K. 00JIaAaloT OTHOCHU-
TENILHO HU3KOW paboyeit TemnepaTypoid: Ty, = +90...100 oC.

W3 nomsipHBIX IUIEHOK HauOoJIblIee NPUMEHEHHUE NONYyYWIn Maiiiap U meaunexc. OHM UMEIOT XOpo-
HIMe HIIEKTPOU3OISLUOHHBIE U MEXaHUUECKHE CBOMCTBA, XMMUYECKH CTOHKH M HarpeBocToiiku. ObnanaroT
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HU3KAMU IudjekTpuaeckumu motepsmu: tgd = 0,007 (mpu 50 I'm); mMmeroT GoJtee MUPOKUN HHTEPBA pado-
YHUX TEMIIEPATyp 110 CPABHEHHUIO C TPHALETATHBIMH ILIEHKAMU: 7T, = —60...150 °C; mpemen mx MexaHude-
ckoii mpounoctu 10 180 MIla.

K manbonee HarpeBOCTOWKHAM TUIEHKAM OTHOCAT HOAUAMUOHblE U noaumempagdmopsmuieHogvie. x
Tu5 = 200...240 °C.

2.12.2. Bonokuucmole mamepuansl
Jlexuust MpOBOJIUTCS B MHTEPAKTUBHOM opme: ¢ pa300poM KOHKPETHBIX cuTyanwmii (19ac).

BosiokHuCTBIE MaTEPHAJIBI TTOIYYHIN IHPOKOE IPUMEHEHHE B DJIEKTPON3OISIIUNOHHON TEXHUKE H3-
3a CBOEH JTOCTYITHOCTH, ACIIEBU3HBI, JIETKOCTH MEXaHMIECKOH 00pabOTKH M JOCTATOYHO XOPOIINX JIHIJIEK-
TPUUECKHUX CBOMCTB.

Bonoknucmuie mamepuanvt (BM) cocTOST NPEUMYIIECTBEHHO WM IETUKOM M3 YaCTHUL] Y/UIMHEHHOU
¢dopmer (BoiokoH). K HUM oTHOCSAT OyMmary, KapToH, JepeBO, TKaHH, IIEPCTh U JAPYTHe KOMITO3UIIHOHHBIE
MaTepuanbl. bonbimas qacte BM — opraHmdecKre BeIIecTBa — MaTepHasbl PACTHTENBHOTO (IepeBo, XJIomda-
ToOyMa)kHasi TKaHb, Oymara) W >KUBOTHOTO (ILIEJIK, HIEPCTh) MPOUCXOKACHUS; HCKYCCTBEHHBIC MaTepHalIbl,
MOJTydaeMbIe IIyTEM XUMUIECKOH 00paOOTKH IEIITI0N03bl; CHHTETHUECKHE BOJIOKHA.

Henocratku BM:

— B YMCTOM BHJIE 00JIAZal0T HEBBICOKOH 3JICKTPUYECKON IPOYHOCTHIO;

— MMEIOT HU3KYIO TEIJIONPOBOAHOCTH (M3-3a HATWYMA MEKIY BOJIOKHAMHU MPOMEXYTKOB, 3alIOJTHEH-
HBIX BO3/IYXOM);

— TUTPOCKOTIMYHBI (JIETKO MOTJIOMIAOT Biary, KOTopasi IPOHUKAET B IPOMEKYTKH MEXIY BOJIOKHAMM);

— OonbIIIast KX YacTh — TOPIOYHE BEIIECTBA.

CaoiicTBa BM MOTYT OBITH CYIIECTBEHHO YIIYYIIEHBI ITyTEM WX MPOMUTKH KUIKAMHU U TBEPACIOIITIMH
TUDIIEKTPUKAM.

B Tex cmyuasix, korga ot BM tpeOyercs 0co00 BBICOKass HArpeBOCTOMKOCTh, KOTOPYIO OPraHUYECKHUE
MaTepuanbl 00eCeYnTs He MOTYT, MPUMEHSIOT HEOPTaHUIECKHE BOJIOKHHUCTHIE MaTEpPHAalbl HA OCHOBE CTEK-
JIOBOJIOKHA U acOecTa.

JlepeBo — OIMH U3 CaMbIX paclpOCTPAaHEHHBIX U JEIMIEBBIX PACTUTEIbHBIX BOJOKHUCTHIX MaTE€pPHUaJIOB.
OHo 00ja1aeT XOPOUIMMH MEXaHHMUYSCKUMH CBONCTBAMHM; JIETKO IMOJBEPraeTCs MEXaHHUECKOH oOpaboTke:
MIWINATCS, peXeTcs, cTporaercs. [I[poyHOCTh iepeBa B pa3HBIX HAMPABJICHUSAX pa3iMyHa — IMOTEPEK BOJIOKOH
OHAa MEHbIIIe, 4eM BJ0JIb. [Ipruem TspKenbie MOpoAbl MPOYHEE YeM JIETKHE.

Haubosnee mmpoko B 3JIEKTPOTEXHUKE MPUMEHSIOT TaKKE MOPOJIbI, KaK COCHa, Oepe3sa, Oyk, rpal.

JepeBo nMeeT psJ HeTOCTATKOB:

1) BbICOKAst TUTPOCKOMTMYHOCTD, YTO PE3KO CHMUKACT DIICKTPOU3OJISIIIUOHHBIE CBOMCTBA JIepeBa MPH €ro
yBIakHeHNH. KpoMe Toro, cHavyana yBIaKHSSCh, a 3aTeM, BBICHIXAsl, JIEPEBO KOPOOUTCSI M paCTPECKUBAETCS
Y MOHOIIUTHOCTH M30JISAIIUU HAPYIIAeTCs;

2) HeCTaHIapTHOCTh CBOWCTB JiepeBa Jake OJHOM M TOH e TOPOIbl; HEOTHOPOIHOCTh CBOHCTB — MO-
JKeT HaONroIaThes BHYTPHU OJHOTO U TOTO ke 00pasiia u3-3a HAIMYHKs CYYKOB, TPEUIHH U IPYyTruX Ae(eKToB;

3) HHU3Kas HarPEBOCTOMKOCTH U JIaXKe TOPIOYECTh.

CBoiicTBa epeBa YIy4IIAIOTCS TIPH MPOIMUTKE €ro JIFHIHBIM U TPaHC(HOPMATOPHBIM MAaciOM M CMO-
namu. [Ipu mporuTke Macca aepeBa Bo3pacrtaet Ha 6070 %.

[IpuMeHSIOT IepeBo A M3TOTOBJICHUS OTIOP BO3AYIIHBIX JIMHHUNA 3JIEKTpOIepenad, OMOPHBIX U Kpe-
NEKHBIX JeTanel B TpancopMaTopax, IPUBOIOB BBIKIIOUATENICH U pa3beqUHUATENCH U T. 1.

Bymara. [Tocne 06paboTku qpeBecHOil LeTono3sl, B pacTBope, coaepkameM NaOH, nmomyyarot Ha-
TPOHHYIO OyMary, KoTopast 00JiaJaeT MOBBIIIIEHHON MEXaHUYECKOW IPOYHOCTHIO U CTOMKOCTBIO K TETIJIOBOMY
CTapEHUIO TI0 CPABHEHHUIO C OOBIYHON OyMaroii.

Haubonpiiee npuMeHeHNE B 3IEKTPOTEXHUKE MOTy4HiIa KabelbHast 1 KOHAEHcaTopHas Oymara.

Kabenvnas 6ymaca npuMeHsIeTCsl JUIsl U30JSIIMK TOKOBEIYIIMX XU kabenel. MzroraBmuBaercs: pas-
JUYHBIX Mapok, obo3Hadaembix OykBamu (K, KM, KB, KBY, KBM, KBMY) u nudpamu:

K — xabenrHas;

M — MHOrocHoiHasi;

B — BBICOKOBOIBTHAS,

VY — ymnotaenHast (g, = 4,3).

HeymnotHennas Oymara uMeeT MEHBIIYIO INIOTHOCTh U COOTBETCTBEHHO MEHBIITYIO TUAJIEKTPHYECKYIO
MIPOHUIIAEMOCTb: & = 3,5.

Bymara mapok K 1 KM ucnonesyercst B u3omsiuuu kabeneit ¢ Hanpsbkenuem a0 35 kB; KB u KBY —
35 kB u Beiie; KBM u KBMYVY — 110 kB u Bbie.
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Hudpamu B mapke Oymaru o003HayaeTcs ee ToMmuHa. Y KaOenbpHbIX OyMar oHa KoneOsetcs ot 15 1o
240 MKM.

W3-3a Manoi ToImHb KabespHyI0 OyMary HaMaThIBalOT Ha TOKOBEIYIIYIO JKIITy KaOens B HECKOIBKO
CJIOEB, JIO OINPEEICHHOM TOJIIINHBI B 3aBUCUMOCTH OT Kjacca HanpspkeHus. CliadbIMU MECTaMHU B 3TOM CIIy-
Yae SBJSIIOTCS MPOMEKYTKU MEXKIY OTIEIbHBIMHU CIOSMH, KOTOPBIE MOTYT OBITH 3allOTHEHbI BO3MyxoM. [lox
JeHCTBUEM HAIIPSDKEHHS B HUX MOT'YT IPOTEKaTh COOCTBEHHBIE MPOOOH, YTO, B CBOIO OYEpeb, BEAET K pas-
PYIIEHUIO OyMaXXHOM N30JIALHH.

i MOBBIMIEHUS BIEKTPUUECKOW MPOYHOCTH U BIATOCTOMKOCTH OyMary MpONHTHIBAIOT KaOEelbHBIM
BSI3KMM MAacJiOM HJIM MaclIsSTHO-KaHU()OTBHBIMH KOMIIayHJaMH.

Konoencamopnas 6ymaza B NpONUTAaHHOM BUJE HCIOJIB3YETCS KaK AUNIEKTPUK OyMa>KHBIX KOHIICH-
caTopoB. BrImyckaeTcst 1ByX BUJOB:

* KOH — o0byHast koHicHCaTOpHAs Oymara;

* cunKOH — Oymara /i CHITOBBIX KOHJEHCATOPOB.

Maas tommuaa 6ymaru (0T 4 1o 30 MM) TIO3BOJISIET TTOIYYUTH BRICOKYIO eMKOCTh KOHAEHcaTopa (T.K.
TIPU HEBBICOKHX HANPSKEHHUSX eMKOCTh Mpornopiuonansha 1/d, rie d — Tommusa 1usneKTpuka).

Jusnexktpuueckasi MPOHULIAEMOCTh KOHJEHCATOPHOM Oymar g = 6.

Jis TOBBIIIEHUST XapaKTEPUCTUK KOHACHCATOPHYIO Oymary MpOIUTHIBAIOT KOHJICHCATOPHBIMH Mac-
JlaMHy JTMOO0 XJIOPUPOBAHHBIMU YIIIE€BOAOPOAAMH.

Kapton. KapToH n3rotaBnmBaroT u3 IpeBECHOI WM XJIOMKOBOH HeToa036l. OH oTiindaeTcs ot Oy-
Maru OoJibIlel TONIUHON (110 3 MM). BeIImycKaeTcst IBYX BHJIOB:

— BO3AYIIHBIA KapTOH — OoJiee TBEPABI W YNpyTWH, NMpeIHA3HAYCHHBIN Ui pabOThl HA OTKPHITOM
BO3ayxe. MOKeT MPUMEHSTHCA U U3TOTOBIICHUS 3JIEKTPOKAPTOHa;

— MacJISIHBIA KapToH — 0oJiee PBIXJION CTPYKTYPBI, XOPOIIO BIUTHIBAIOIIUI KHKOCTH; MPOUTAHHBIH
TpaHC(HOPMATOPHBIM MAaclIOM, OH UMEET BHICOKYIO Ey,. M3 HEro MOryT M3roTaBIMBATBCA AUIIEKTPHUYECKHE
Oapbephl, MOBBIIAIOIINE JICKTPHUECKYIO IPOUYHOCTD U30JISLHH.

®uodpa. Gubpy monydaroT U3 OyMmard, KOTOPYIO MPOMYCKAIOT Yepe3 TEIUIbli PacTBOP XJIOPHUCTOTO
nuHKa (ZnCl,), nanee HaMaTHIBAIOT HA CTAIbHOWM OapabaH 0 MOJYYEHHS CJIOS HY)KHOM TONIIMHBI, TPUYEM
OTIeNbHbIE CIION OyMaru NpUKIEHBAOTCS IPYT K IPYTY, 3aTe€M cpe3aroT ¢ 0apabaHa, MPEecCcyroT U IPOMbIBa-
10T BOJIOM AJIs ynaneHust octatkoB ZNCl,, T.K. BOOCIEACTBHU OHH MOTYT YXY/IIHTh €€ AJIEKTPOU3OJISLIHOH-
HbIE CBOMCTBA.

Oxpacka ¢puOpHI 3aBUCUT OT IBETA IpeccyeMoil Oymaru: uepHasi, cepasi, xKenTas, KpacHasl.

®udpa BITYCKAETCS ABYX BUAOB:

* JINCTOBAs — B BUJIE TUCTOB TommuHOH 0,6...3,0 MMm;

* KOHCTPYKIIMOHHAS — TONIIUHOM 10 35 MM.

OHa “MeeT HEBBICOKUE JJIEKTPOM3OISAILMOHHBIE CBONCTBA W 3HAYUTENBHYIO TMIPOCKOIMMYHOCTD, MPH
9TOM OJIHAKO OOJNBINYI0 MEXaHHYEeCKyI0 MpodHocTh. dubpa xopomo obpabaThiBaeTCs, PeXKeTCs, MIITUTCS,
CTporaeTcsi; pa3MOUYCHHAs B TOpsTYei BOJIe KOHCTPYKIMOHHAs Gubpa MoxkeT popMoBaThCs.

®ubpa ncnonb3yercs Uil TalleHus JIEKTPUYEeCKOM Tyr: MPH BO3AEHCTBUM IyTHM OHA pasjaraercs,
BBIJIEJISIS1 OOJBIIOE KOJIMYECTBO ra30B, COCOOCTBYIOIIMX TALIEHUIO.

TekcTHabHBIE MaTepHaJbl. TKaHH OTIUYAIOTCS OT OyMaru BIOJIHE ONPEeNICHHBIM CTPOCHUEM — TIe-
peryieTeHueM HUTel (B Oymare OT/AeNbHBbIC BOJIOKHA PACTIONOXKEHBI M0 OTHOIIEHWIO JPYT K JAPYry Hempa-
BUJIbHO, OecriopsouHo). biaarogaps ynopsaoueHHOMY CTPOCHHIO TEKCTHWIIbHBIE MaTepHaibl (TKaHU, JIEHTHI)
UMEIOT OOJBIIYI0 MEXaHHYECKYIO TIPOYHOCTh, 0COOEHHO MPH Mepernde U UCTUPAHUH, U HE CHIILHO CHIDKAIOT
MEXaHWYEeCKYIO0 MPOYHOCTh MPH yBIaXHEHHH. HO mpy 3TOM TKaHM HaMHOTO JOpOXe, yeM Oymara, u obna-
JTAI0T MEHBIIEH 3JIEKTPUIECKON IPOYHOCTHIO.

B snexkTpoTexHUKe MPUMEHSIOTCS TAKHE TKaHM, KaK IIeJK, 0513b, IH(OH, XJI0M4aToOyMasKHbIE, CHHTE-
THYECKHE U T.1. PazHble TKaHM UMEIOT pa3Hble CBOMCTBA. HarpeBOCTONKOCTh, TMIPOCKONMYHOCTD, 3JIEKTPO-
M30JIALIMOHHBIE XapaKTEPUCTUKHN U MEXaHWYECKHE CBOMCTBA U3MEHAIOTCS B IIUPOKUX Mpeesax.

TekcTuiIbHBIE MaTepUaibl HUCHOIB3YIOT B KAaUeCTBE 3aIIUTHBIX MOKPOBOB W M30JSILMM KaOemew, ams
W30JISIIIMA OOMOTOYHBIX TIPOBOJIOB TpaHC(HOPMATOPOB M JIBUTATENEH, KPOME TOTO, JUISI U3TOTOBICHHS JIAKOT-
KaHE U TEKCTOIUTOB.

JlakoTkanu. JIakoTKaHp — 3TO THOKHMH 3JIEKTPOU3OJIIMOHHBIN MaTepuai. [IponuranHas 1akom, oHa
o0ecrnevnBaeT BHICOKYI0 MEXaHHYECKYIO0 ITPOYHOCTb, a JIAKOBas MJIEHKA — BBICOKYIO AJIEKTPHUYECKYIO TPOU-
HOCTb Eyp.

JlakoTkaHb IPUMEHSIOT I MPOKIAIO0K, I U30JSALUH B ANEKTPUUECKHX MAIIMHAX, alnapaTax v Ka-
oensx (0OMOTKHM) H T.1I.

Jlis ee M3roTOBNIEHUS MCIONb3YIOT XJIONMYaToOyMaXkHyro TKaHb WiM WEnK. Ilo pogy nmponuTodHoro
JlaKa JaKOTKaHHU OBIBAIOT:

* CBETJIbIE (3KENIThIC) — HA MACIISHBIX JIaKax;

* yepHbIC — Ha MACISIHO-OUTYMHBIX JIaKaX.
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ITepBBIe CTOMKM K OPraHUMYECKUM PACTBOPUTENSIM, HO UMEIOT CKIIOHHOCTh K TEIJIOBOMY CTapEHHUIO;
Ey, = 35...50 MB/M (ecnu Ha OCHOBE XJIONMYaTOOyMaKHOW TKaHM); Ey, = 55...90 MB/M (ecnu Ha ocHOBe
TIIETKOBOW).

Bropble HMEOT Iydnine 31eKTPOU30IIALHOHHbIE CBOMCTBA; MEHBILE BIMTHIBAIOT Baary; E,, = 55...60
MB/Mm (ecnu nakoTKaHb Ha OCHOBE XJIOMYaTOOYMaXKHOM TkaHH). OHAKO UMEIOT MAJIyI0 CTOMKOCTh K JEHCT-
BHIO OPraHMYCCKUX PAaCTBOPUTEIICH.

2.12.3. Cnoucmeie naacmuku

Caoucrtele niacTukH. K clI0MCTHIM IIIACTHKAM OTHOCSIT TEKCTOJIUT, TETUHAKC U UX PA3HOBUIHOCTH.

Temunaxc MONY4arOT MyTeM TOpsiuei IPECCOBKM OyMaru, MpOIMTAaHHOW OakKeIUTOBOW cMoioi. [lis
ero Npou3BoACTBa Oepercs OyMmara nMpovHasi, HarpeBocToiKas. MiHoraa BMecTo 6aKeIMTOBOM CMOJIBI ITpUMe-
HSIOT 3MOKCHAHYI0. MexaHndeckas IPOYHOCTh TAKOTO MaTepHaa IoJIyq4aeTCs BBILIE.

Huanaszon pabouunx TeMIeparyp JUTST reTHHAaKca oT -60°
n0 +105 °C.

Tak Kak FeTHHAKC — CJIOUCTBIN MaTepHall, TO €r0 CBOMCTBA B Pa3HBIX HANPABJICHUAX Pa3INYHBL:

— 2JIeKTpHUYECKas MPOYHOCTh Ey, B HAIIPaBIECHHUH, NEPHEHIUKYIAPHOM ciosM, paBHa 20...40 MB/m;
BJIOJIb CITOEB — B 5—8 pa3 HIXKE;

— BJIATOCTOMKOCTB MOTIEPEK CIIOECB OOJbIIE, YeM BIOJB;

— MEXaHWYeCcKasl IPOYHOCTh Ha CKAaTHE MOMEPEK CIOEB OOIbIIE, YEM BIOJIb;

— MEXaHW4ecKasi IPOYHOCTh Ha PacTsuKEHHE, Ha000pOT, MOMEPEK CI0EB MEHbIIE, YeM BIOJIb.

Henocratkom 3TOro marepuaia gBisieTCsS TO, YTO OH UMEET HEBBICOKYIO AYroctorkocts. Iloa neicTt-
BUEM 3JICKTPUYECKOTO TOJIS1 OOIBIION HANPSHKEHHOCTH HA MOBEPXHOCTH T'€THHAKCA OCTACTCA HAYTJIEPOKEH-
HBIH Clie]l, 00JIaAaroIInii CYIIeCTBEHHOM MTPOBOIUMOCTEIO.

IIpuMeHSAI0T TeTUHAKC AJs U3TOTOBJIEHMS H30JIMPYIOLUINX MEePeropofoK B pacHpelesIUTEeNbHBIX YCT-
POMCTBAx, IIUTOB U3MEPUTEIHHBIX TPUOOPOB, OMOPHBIX M KPEMEKHBIX AeTallel B TpaHCPOpMaTOpax u T.1.

DonveuposaHHvlLll 2emuHaKce UCNOIAb3YETCS U1l U3TOTOBJICHHS IEYATHBIX CXEM (IUIAT) HU3KOBOJIBTHBIX
tenei anmaparypbl. OH MpecTaBiIseT co0O0M CIOUCTHIN TUTACTUK, OOIHMIIOBAaHHBIN C OJHON WX JBYX CTOPOH
3MEKTPOJINTUICCKON KPaCHO-MEAHOMN (OJIBIOM.

Texcmoaum aHAJIOTMYEH T€TUHAKCY, HO M3TOTOBIIAETCS W3 NMPONUTAHHON M MPECCOBAaHHOM TKaHU. B
pe3ysbTaTe 3TOro MMeeT 0osiee BHICOKYIO MEXaHMYECKYIO TPOYHOCTH (T.K. MEXaHWYeCKasi IPOYHOCTh TKAHU
BhIIIIE); OOJIee CTOEK K UCTUPAHUIO U PACKAIBIBAHUIO; UMEET 0oJiee BHICOKYIO pabouyro TeMneparypy: Tpas =
150 °C. OzHaxo 0671a/1aeT HECKOIBKO MEHBIIIEH HIEKTPHUECKOi IPOYHOCTHIO M IPUMEPHO B 5—6 pa3 I0posKe
reTHHaKca, T.K. CTOMMOCTb TKaHHU BBIIIE CTOMMOCTH OyMard.

Texcmozemunakc — KOMOMHUPOBAHHBIIN CIIOMCTHINM MJIACTHK C BHYTPEHHUMH CJIOSMH U3 MPOIUTAHHON
U MIPECCOBaHHON OyMaru M HapyXKHBIMH — C 00€HUX CTOPOH — U3 xJiomyaroOymaxHoi Tkanu. [To cBonM xa-
PaKTEPUCTUKAM 3aHUMAET IPOMEKYTOUHOE TIOJI0KEHHE MEXKTY TETHHAKCOM M TEKCTOJIUTOM.

B tex cimyuasix, Koraa oT TUDJIEKTPHKA TPeOyeTcs BBICOKAash HarpeBOCTOMKOCTh, TPUMEHSIOT CIIOMCThIE
IUTACTUKHM Ha HEOPTraHUYECKOM OCHOBE: acOocemunakc u acbomexcmoaum (Ha OCHOBE acOECTOBOM OyMmaru);
cmexnocemuHarkc u cmekaomexcmonum (Ha OCHOBE HEOPraHWYECKOH CTEKJIIHHOM TKaHW). DTo Haubolee
HarpeBOCTOMKHE
(Tpas = 200 °C), BarocToiikie ¥ MEXaHHYECKH MPOYHbIE MATEPUaIbl, [IpH 3TOM OHH ILIOXO TOABEPrarOTCs
MeXaHU4ecKol 00paboTke.

2.12.4. Heopzanuueckue cmexkna
Jlexuust IpOBOAUTCS B MHTEPAKTUBHON (hopMe: ¢ pa300poM KOHKPETHbIX cuTyauuit (14ac).

Crekna — 3TO HeopraHuveckne amMopdHBIC BEIIECTBa, MPEACTABISIONINE COO0M CIOXKHBIE CHCTEMBI
pa3INyYHBIX OKCHUJOB. [1o XMMHUECKOMY COCTaBy CTEKJIa MOAPA3ACIISIOTCS:

1) Ha miestouHbIe 0€3 TSDKEIBIX OKCHJIOB WM ¢ BEChMa MallbIM MX cojepikaHueM (OKOHHbIC, Oy ThLIOY-
HBIE);

2) mienoYHbIe C OONBIINM KOJIMYECTBOM TSDKEIIBIX OKCHIOB (ONMTHYECKUE U SJICKTPOU3OIISIIUOHHEIE);

3) GecuienoyHbie, HAPUMED, KBAPIIEBOE CTEKIIO (ONTHYECKHUE, N30JIALIUMOHHEIE).

CBoiicTBa CTEKOJ U3MEHSIOTCS B IIMPOKHX TIPEJieNiaX B 3aBUCUMOCTH OT UX COCTaBa U PEXKMMa TETUIO-
BO 00pabOTKH:

— ynensroe compotusierne p = 10°...10™ Om-um;

— TAHTCHC yTJIa AURJICKTPpUIeCcKUX motepsh tgo = 0,0002...0,01;

— OURJIEKTpHUYECKas MMPOHUIIAEMOCTh & = 3...16.
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Kak Bce amop¢HBIe Tena, cTeKIa He UMEIOT PE3KO BBIPAXKEHHOW TeMIIepaTyphl IUIaBJICHUS U XapaKTe-
PH3YIOTCS TEMIIEPATYPOH pasMAr4eHus ty,,, = 400...1600 oC.

BONBIIMHCTBO CTEKOI HE CMauMBAIOTCSl BOJOW M HE BHHUTHIBAIOT ee. Ecimu B cocTaB cTekia BXOAAT
IIEJIOYHBIE OKCHBI, TO YeM HX OOJbIIe, TEM MEHBIIE €ro BIaroCTOMKOCTh. A, HaIpUMep, HAaTPHEBOE CTEKIIO
(Na;0O-SiO,) mpu MOBBIMICHHBIX TEMIIEPATYPE M JABJICHHU IMOJHOCTHIO PAcTBOPSETCS B BOJAC W 00Opasyer
«OKHIIKOE CTEKJIO», KOTOPOE HUCIIONB3YETCSl B KAUeCTBE KIISSILETO ANDIICKTPHKA.

MexaHndeckas IPOYHOCTH CTEKOJI 3aBUCHT OT BU/IAa HATPY3KH:

— Ha CXAaTHE O, = 450 Mlla;

— Ha U3THO G, = 70 MIla;

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

[Tpu nuHAMHUYECKHUX HArpy3Kax (yaapbl) CTEKIO pa30UBaeTCH.

DneKkTpuyecKas IPOYHOCTh CTEKON Ey, MaJIo 3aBUCHUT OT X COCTaBa M ONPEJENAETCs HATMYMEM BHYT-
pH CTEKJIa BO3IYLIHBIX BKIFOUEHHH (4eM OOJblIe BO3IYNIHBIX BKIIIOYEHHH, TeM MeHblIe £yp). IIpu nocrosH-
HOM HaNpsKEHUU B OJHOPOJHOM 3JIEKTPUYECKOM mone Ey, ctpemutesa k 500 MB/M; npu nepeMeHHOM Ha-
npsoxerud (f = 50 T'n) E,, = 45 MB/m.

[To Ha3HAUEHMIO CTEKIIA TOPA3ACIAIOTCS Ha YETHIPE TPYIIIIBL:

1) KoHZIEHCAaTOpHBIE (U1 KOHIEHCATOPOB BBHIOMPAIOTCS CTEKJIA ¢ HauOoJblIeH € U C HAUMEHBITNMU
JIMJICKTPUYECKUMH OTEPSIMU );

2) yCTaHOBOYHBIE (JIs1 U3TOTOBIICHUS OTIOPHBIX M JIMHEHHBIX H30JIITOPOB);

3) namMmoBbIe (11 U3TOTOBICHUS OAJUIOHOB OCBETHTENBHBIX JIAMIT M AJIEKTPOHHBIX PHOOPOB);

4) ¢ HanoHAUTENEM (TUTacTMAacca TOpsiueli MPECCOBKH U3 CTEKJIA U CIIOJISTHOTO ITOPOIIKA).

Crexkinodmanu. CTEKIOIMATIMU Ha3bIBAIOT CTEKJIA, HAHOCHMbIE TOHKHUM CJIOEM Ha IIOBEPXHOCTh Me-
Ta/ula ¥ APYTUX MPEIMETOB C LENbIO 3alUThl OT KOPPO3HHU. B KauecTBe 31eKTPOH30IIAIIMOHHOTO MaTepuaia
OHHU WCIIONB3YIOTCS ISl THOKPBITUS TPYOUYaThIX PE3UCTOPOB: HAa HAPYKHYIO MOBEPXHOCTH KEPaMHUYECKOM
TpyOKH HaHOCHUTCS MPOBOJIOYHAsE OOMOTKA M3 HUXpOMa WIIM KOHCTaHTaHa, MOBEPX KOTOPOM HAILIaBISAECTCS
CIIOM 5Malii, CO3JAOlICH M3OMSUI0 MEXIYy BHUTKAMH OOMOTKH M OKPYKAIOMIMMHU TpeAMETaMd U 3alld-
IAIOIIeH OOMOTKY OT BJIarH, 3arps3HCHUS W OKUCIICHHS KHCIOPOJIOM BO3IyXa IMPHU BBICOKOI paboueil TeM-
nepatype Ty (puc. 1.31).

CTekioamap

Kepamuueckas TpyOka

] LIpoBomoka

Puc. 1.31.TpyOuartsrit pezuctop

CrekItoaMany MOTYT TaKXKe MPUMEHSITECSA B KaYECTBE JUIJIEKTPUKA B HEKOTOPBIX THIIAX KOHJICHCATOPOB.
2.12.5. Cumannnt

CuTanmuibl U3roTaBIMBAOT MYTEM KPUCTAIUIM3ALNN CHIMKATHBIX cTeKol. OHM OTHOCSTCA K aMOp(dHO-
KPHCTAIUIMYECKUM BelecTBaM. M3HayanbsHO MMEIOT aMOp(HOE CTpOCHHE, HO TIPH OIIPEEIICHHBIX YCIOBHAX
MEPEXO/IAT B KPUCTAIITMIECKOE COCTOSHUE.

[lo cBoiicTBaM CHUTaIBI 3aHUMAIOT IPOMEXYTOUHOE TOJIOKEHUE MEXIY OOBIYHBIMU CTEKJIaMU M Ke-
PaMHUKOI1, MO3TOMY UX MHOT/Ia Ha3bIBAIOT CTEKIOKEPaMHUKON. B oTnn4me 0T CTEKOI OHM MEHee XPYIKU U He-
MPO3pavHbl, HO B TOHKOM CJIO€ 3aMETHO IPOITYCKAIOT CBET.

Cutamisl XapaKTepHu3yI0TCs CIEIYIONINMH ITapaMeTPaMH:

— 3JIeKTpUUECKas MPOYHOCTh Ep= 80 MB/Mm;

—1tgd =0,0001...0,0008 (rpu f = 1 MI'm);

— MeXaHUYecKast IPOYHOCTh Ha CKATHE G, = 1200 MITa.

[IpuMeHSIOTCS CUTAIIIB I M3TOTOBJIEHHUS] OTBETCTBEHHBIX M30JIALIUOHHBIX W3ICIIHH.

2.12.6. Kepamuueckue mamepuainnt
Jlexuus IpoBOANUTCS B MHTEPAKTUBHOM (opMe: ¢ pa300poM KOHKPETHBIX cuTyauuit (14ac).
Kepamuka — 3T0 HeOpraHMYECKUii TMAICKTPHK. PaHee ee N3roTOBIISUIN U3 INIMHBL, ceifvac MOSBHINCE U

APYrue BUABI KCPAMUUYCCKUX MATCPUAJTIOB, B COCTAB KOTOPLIX I'NIMHA BXOJAUT JIMIIb B OYCHb MaJIOM KOJIHWYC-
CTBC HJIM )K€ COBCECM HC BXOIHT. HpI/IMeHHCMLIe B DJICKTPOTEXHHUKE KCPAMHUUCCKUEC MaTCpHralibl, COCTOAIINC
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U3 Pa3IMYHBIX OKCHJIOB, B TOM uHciie U okcuga KpemHus (Si0;), U3roTaBIMBAIOTCS CIEAYIOIUM 00pa3oM:
MX COCTaBHBIC YaCTH OYMIIAIOT OT MPHUMECEH, Pa3MajbIBAIOT B MOPOIIOK, IIEPEMEIINBAIOT C BOAOH, popMy-
0T, TIOKPBIBAIOT TJIa3YPHIO U MOJIBEPTAIOT O0XKHTY.

B 3aBHCHMOCTH OT XHMHUYECKOTO COCTaBa CBOMCTBA KEPAMHUECKHX MATEPHUAIOB U3MEHSIOTCS B OYCHb
HIMPOKUX Mpejeiax, HOATOMY U O0JIaCTH MX NMPHMEHEHHUs! BeCbMa PasHooOpa3Hbl. B anekTpoTexHHKe Kepa-
MHUKY UCTIOIB3YIOT B Ka4€CTBE MOIYIPOBOJIHUKOBBIX U MarHUTHBIX MaTepuaioB. Kepammdeckrne MaTepraibl
MOTYT OBITh TaK)Ke€ MUAIEKTPUKAMHU W CETHETOANIEKTPUKAMHU. BONBITMHCTBO KEPaMUYECKUX JUIIEKTPUKOB
MUMEIOT BBICOKYIO MEXaHHYECKYIO MPOYHOCTh, Majble MUIJICKTPUUECKUE MOTEPH, 3HAYUTEIBbHYIO HArpeBo-
CTOMKOCTB M JPYTHE IIeHHBIE cBolicTBa. KepaMuka 00nanaeT CTOMKOCTBIO K AJIEKTPUYECKOMY H TETJIOBOMY
CTapeHHuIo.

OmHUM H3 CaMBIX PAacIpOCTPAHEHHBIX KEPaMUUECKUX MaTEepUaNoB sBisieTca ¢apgop. N3-3a ero mo-
PHCTOCTH MOBEPXHOCTH (haphHOpOBHIX M3MENNH MOKPHIBAIOT [IA3yphl0, KOTOpas 3amumaet Gappop oT mpo-
HUKHOBEHWSI BIIaTH BHYTPH IOp. | 71a3ypoBaHHBIE W30JIATOPHI MOTYT MCIOIB30BATHCA B OTKPBITHIX 3JIEKTPO-
YCTaHOBKaX, MMOCTOSHHO MOABEPrasich AeicTBHIO aTMOc(hepHBIX ocankoB. K rimaakoif rma3yprpoBaHHON TO-
BEPXHOCTH MEHEE NPUCTAIOT Pa3IMYHBIE 3aIPA3HEHHUs U BJara; ria3sypb yMEHBIIAET TOK yTedkH |y, 1o mo-
BEPXHOCTH H30JSTOPOB. Kpome TOro, «3armakuBask» TPEIIUHBI U IpyTrHe Ae(eKThl Ha MOBepXHOCTH (hapdo-
pa, OHa CYIIECTBEHHO MOBHIIIIAET MEXaHNUECKYIO IIPOYHOCTH (hapPOpOBIX U3

OO0OXOKEHHBI W TIIa3ypoBaHHBIA (aphop MMeeT CIeAyIOIIHe XapaKkTepUCTHKH: & = 6...8; 190 =
0,015...0,025; E,, = 10...30 MB/Mm (nipu f = 50 I'n). OHaKko Npy NMOBBIIEHUH TEMIIEPATYPBI €r0 3IEKTPO-
W30JIAIIMOHHBIE CBOWCTBA YXYAIIAIOTCS.

Mexanunyeckas mpoyHOCTH (hapdopa 3aBUCHUT OT BUJa MEXaHUUECKOW HATPy3KH:

— Ha CXKaTHe O, = 400...700 Mlla;

— u3rud o,,. = 80 MIla;

— PACTSIKEHHUE Gpyer = 45 MITa.

[Tpu nuHAMHYEeCKHUX HArpy3Kax (yaapbl) OH pa30oHUBacTCs.

®Dapdop mpuMeHseTcss B NMEKTPOTEXHUKE IUIST U3TOTOBIICHUS M30JIATOPOB BO3MYIIHBIX JIMHUH, OTOP-
HBIX U TPOXOJHBIX W30JIATOPOB, KOPITYCOB BBOJOB BBICOKOTO HANPSHKEHHsS, TPAHCPOPMATOPOB TOKA M Ha-
NPsDKEHMS], KOPITYCOB 3allIUTHBIX Pa3psAHUKOB U T.J.

2.12.7. Cniooa u cnodsansvle mamepuansl

Cmo;[a SIBISAETCS BaXKHEHUIIIUM M3 MMPUPOJHBIX MUHEPAJIBHBIX JBJICKTPOU3OJIAIUOHHBIX MATCPUAIOB.
bnaronapst e€ 1eHHBIM KauecTBaM: BBICOKOH 3JIEKTPUYECKON W MEXaHWYECKOH MPOYHOCTH, HArPeBOCTOMKO-
CTH, BJIaroCTOMKOCTH M TMOKOCTH — CJIOJly NPUMEHSIOT B 0COOO OTBETCTBEHHBIX CIy4asiX, B YaCTHOCTU B
KAaueCTBE M3OJISIUH JICKTPUUSCKUX MAIIWH BBICOKOIO HANpsKeHHs OOJIBIION MOITHOCTH (TypOOreHepaTo-
POB, THAPOTEHEPATOPOB, TATOBBIX JABUTATEINICH), & TAK)KE B KAUECTBE JUIEKTPUKOB B HEKOTOPHIX KOHAEHCA-
TOpax.

Cirofia — 3TO XpYIIKOE CIIOUCTOE BEIIECTBO, CIIOCOOHOE PACIIEIUIAThCS Ha IUIACTHHKH, Ha3bIBaeMble
«renectkamm». TommuHa OTAEIBHOrO JienecTka MoxeT cocTaBisaTh 0,005 mm. B cBsi3u co ciioncToil cTpyk-
TYpOH CBOMCTBa CIIIO/IbI B Pa3HBIX HANIPABICHUAX OYAYT Pa3IndHBbL.

ITo XUMUYCCKOMY COCTaBy pas3jinyaroT iBa BUJa CIIIOJbl: MyYCKOBUT U (I)JIOFOHI/IT.

MyckoBHT ®noronur

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

t9d = 0,015(f = 50 I'm) tgd = 0,05

Thas = 200...600 °C Thas = 800...900 °C

MyckoBHT 00Jiee CTOECK K UCTUPAHUIO, YeM (JIOTONUT, 00J1a1aeT OOJIbIEH AIEKTPHUESCKON U MEXaHH-
YEeCKOH MPOYHOCTHIO, OOJbIIEH THOKOCTBIO H YIIPYTOCTHIO.

Crroia He BOMTHIBAET BOAY M HE CMAuMBAETCs BOJIOM, OJHAKO MPU MOBBIIIEHHBIX TEMIIEpaTypax, mpe-
BBIMIAOIIUX PA00YHe BEIMIUHBI, JICKTPOU30JISIIMOHHBIE CBOHCTBA CIIOJIBI YXYAIIAIOTCS, a U3 Hee HauMHAET
BBIJIENISATHCS Bozia. [Ipu 3TOM citofia BCIy4rBaeTcsi U KOpOOHUTCSI.

IlnaBuTCA CITFOMA UIIB TIPH TemmepaType 1145-1400 °C.

Ha ocHOBaHMH CITIOJ] TOMYYAIOT Pa3IYHbBIE AIEKTPOU30ISIIIMOHHBIC MATEPUAITBI:

— MHKaHUTHI;

— CIIOAMHUTEI;
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— CJIFOJTOTLIACTHI.

CIIOUHUTEI U CITFOIOTUIACTBI OTHOCST K CITFO/ISTHBIM OymMaram.

MuMKaHHUTBI — 3TO MaTepUAaIIbl, CKIICCHHBIC M3 OTMIENBHBIX JICTIECTKOB CITFOJBI C TIOMOIIBIO KIISSINETO
JIaKa WIH CYyXOH CMOJIBI, HHOT/Ia C MPHUMEHEHUEM BOJIOKHHCTOW TIOJJIOXKKH U3 OyMard Wi TKaHH, KOTopas
HAKJICUBACTCS C OJIHOM CTOPOHBI (MJIH ¢ 00€UX CTOPOH), TEM CaMbIM YBEIIMYUBAS MEXaHUYECCKYIO POYHOCTh
MaTepHaia u 3aTpyAHss OTCTaBaHUE JICTIECTKOB CITIOIBI MPH €ro H3ruoe.

Benencteue comepxanust 00IbIIOro KoiudecTBa cioasl (He meHee 50 %) MUKaHWUTBHI 001a/1al0T BbI-
COKOM 3JICKTPUYECKOHN MPOYHOCTHIO U HATPEBOCTOMKOCTHIO.

CAIOQMHUTHI M3TOTABJIMBAIOT U3 OTXOJOB CIFOJBI, OCTaBIIMXCS IOCIE M3TOTOBJICHUS MHKAHHUTOB.
[InacTuHKE M3MENBUAIOT, MOJBEPTalOT TepMooOpaboTke mpu Temmneparype 900 OC. Ilpu 3TOM KpHCTAIIIBL
CIIFOJIBI TEPSIOT BXOJAIIYIO B UX COCTaB BOAY. B monydeHHYIO Maccy M00aBJSIOT CBS3YOIIEE BEUICCTBO U
MOMEIIAIOT e¢ B OyMarojenaTebHyr0 Mammuby. OTIeNnbHbBIC THCTHI TOJYYSCHHON TaKUM 00pa3oM CIFOASHON
OyMaru CKICHBAIOT MEXIy COOOM C MOMOIIBIO MOKCHTHBIX U KPEMHHAOPTAHUYECKUX CMOIT.

DneKTpuyYecKasi IPOYHOCTDH CIIOINHUTOB B CYXOM COCTOSIHHH cocTaBisieT 15-20 MB/m.

I'maBHOE JOCTOMHCTBO ATOr0 MaTepuaia — PABHOMEPHOCTh CBOMCTB I10 BCEH IUIOIIAIHN, BEICOKAS Me-
XaHWYecKasl IPOYHOCTh U HATPEBOCTOWKOCTb.

K dunciy HEelmoCTATKOB CIEAYyeT OTHECTH MOHMKCHHYIO, TI0 CPABHEHUIO ¢ MHKAHWUTAMH, BIIArOCTOM-
KOCTh (pa3pyliatoTcsi Ipy COMPUKOCHOBEHUH C BOJIOW WM APYTUMH MOJSPHBIMU SKUIKOCTSIMH) U MaJloe y/I-
JIMHCHHE TIEpe]] Pa3PhIBOM.

Paznen 3. IIpoBogHUKOBBIE MATEPHAJIBI

1Ipo6o0oHuK06bIMYU HA3BIBAIOT MATEPUAIIbI, XOPOILIO MPOBOSIINE INEKTpHIecKuid ToK. K HUM oTHOCAT-
Cs1 METAJUIBI U CIIaBbI, XKHUIKOCTH, Ta3bl IIPH ONPEIEICHHBIX YCIOBUIX.

Tema 3.1. Knaccudukanusi npoBOJHUKOBBIX MATEPHAJIOB

OCHOBHOE HaIpaBleHHE KIACCH(PUKALUN MPOBOJHUKOBBIX MAaTEPUAIOB — TI0 arperaTHOMY COCTOS-
HUIO.

1. TBepabie NPOBOAHUKH.

OHu, B CBOIO OYEPEh, JENIATCS B 3aBUCUMOCTH OT BEJIMYMHBI POBOJMMOCTH Ha CJIEAYIONIUE TPYIIIHI:

— Memannvl U CHAAgbl GblcoKol npogooumocmu. K 310l rpynne oTHOCATCS IPOBOAHUKU, UMEIOLINE
yIeIbHOE COIIPOTHBIICHHUE
(Tpu HOpMasBbHOH Temreparype) Py, < 0,05 MkOM-M. IlockonbKy Takue MaTepHalibl UMEIOT HU3KOE COIpO-
TUBJICHHUE, CIIEJOBAaTEILHO, OYEHb XOPOIIO, C HAMMEHBIINMH HOTEPSIMH, IPOBOJAT 3JIEKTPUUECKUH TOK. Ma-
TEepHUaJbl BRICOKOM MPOBOJMMOCTH HCIIONB3YIOTCS JAJIsl M3TOTOBJIEHUS MPOBOJOB, IIWH, TOKOBEIYIIUX KU
Kabeneil, 0OMOTOK JIEKTPUUYECKUX MAIIMH M TpaHc()opMaTopoB, OOKIAZOK B KOHIAEHCATOPAxX, AJIEKTpUYe-
CKUX KOHTAKTOB U T.I1.;

— Cnaevl 6bICOK020 conpomusnenus: Py, = 0,3 MkOm-M. Tak Kak JaHHBIE MaTepHalbl 00JIaIal0T BbI-
COKHM 1715l TPOBOJHUKOB CONPOTHUBIIEHUEM, II03TOMY OHU NpEIHA3HAYCHBI IS CO3AaHUS B AIEKTPUIECKOM
LEenu OMNpeAeNIeHHOTO CONpOTHBIEHU. VX MCHOMB3YIOT Ui M3TOTOBJIEHHUS PE3UCTOPOB, PEOCTATOB, JJIEK-
TpOHarpeBaTeNbHBIX IPUOOPOB, HUTEH JIaMIl HAKaJUBaHU H T.IL.;

— C8epxXNPOBOOHUKU U KpUOnpoeooHuxu. 1IpeacTaBnsioT HHTEpeC, T.K. 001aJar0T YpE3BBIYAHO MaJIBIM
YJEJIBbHBIM CONPOTUBIIEHUEM (py, — 0) NpH BECbMa HU3KHX TEMIIEpaTypax.

2. /Kuakue npoBOIHNKH.

K >xuaxuM mpoBOIHUKAM OTHOCSTCS PacIUIaBICHHbIE METAJUIBI U PA3IUYHBIE AIIEKTPOIUTHI (BOAHBIE
PacTBOPHI PA3IMYHBIX KHCIOT, IEN0YeH, Coei).

s GonpIIMHCTBA METAUIOB TEeMIIEpaTypa IUIaBJIeHHs BbICOKAa. VCKIOYeHHE COCTaBisieT PTYTh,
MMEIOIIAsl TEMITepaTypy miaBienns okorno —39 °C. OHa MOXKET HCIIONB30BATECS B KAYECTBE KUIKOrO METAI-
JMYECKOT0 MPOBOJHUKA W MPH HOPMAJHHOW TeMIepaType, TOr[a Kak JPYTHe METaJUIbl TOJBKO MPH MOBBI-
IIEHHBIX TEMIIEpaTypax.

MexaHu3M TPOX0XKJICHHUS TOKOB B METaJlIe — KaK B TBEPJIOM, TaK U B KHJKOM COCTOSIHUH — 00YCIIOB-
JIeH ABM)KEHHUEM CBOOOHBIX 3JIEKTPOHOB MO ACHCTBHEM 3JIEKTPUIECKOro moist. B anekrponuTax — nBrxe-
HUEM DJIEKTPOHOB U MOHOB. BeniecTBHE ABMKEHUS] HOHOB COCTaB 3JIEKTPOJINTA OCTENIEHHO U3MEHAETCs, a
Ha 3JIEKTPOAAX BBIAEIAIOTCS IPOAYKTHI 3IEKTPOJIN3A.

3. I'a3pl 1 apkbl.

Bce rasel u mapel, B TOM 4KCie U MTapbl METAJIOB, IPU HU3KUX HANPSDKEHHOCTAX 3JIEKTPUUECKOrO T0-
7 HE ABISIOTCS MPOBOAHUKaMH. OHAKO €ClIM HaNpsKEHHOCTH IOJIS MPEB30HIET HEKOTOPOE KPUTHIECKOE
3Ha4yeHue, 00ecreunBarolee Hayaio yaapHoH 1 (POTOHHOI MOHM3ALUH, TO a3 MOXKET CTaTh IIPOBOJHUKOM C
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9JIEKTPOHHON ¥ MOHHOU MPOBOAUMOCTHI0. CUIILHO MOHU3UPOBAHHBIN I'a3 MPU PABEHCTBE YMCIA JICKTPOHOB
YUCITYy TIOJIOKUTEIHHBIX HOHOB B €IUHUIIC 00bEMA MIPENICTABISICT CO00I 0COOYIO MPOBOSIIYIO Cpey, HOCS-
IIyI0 Ha3BaHUE TIIa3MEbI.

Tema 3.2. [lapameTpbl, XapaKkTepU3YOIIIMe CBOICTBA MPOBOAHHUKOBBIX MATEPHAJIOB

K BaxkHe#mmM napameTpam, XapaKTepU3YIOIUM CBOHCTBA MPOBOJHUKOBBIX MAaTEPHUAIOB, OTHOCSTCS:

1. Yoenvuas npogooumocms y iy ee oOpaTHAs BEIHYNHA — YOelbHOe CONPOMUBIEHUE P.

B cootBercTBum ¢ 3akoHoM Oma (| = yE) yaenbHast IpOBOAMMOCTG Y METAIUTMYECKUX TPOBOTHUKOB HE
3aBHCHUT OT HANPSKECHHOCTH MICKTPUICCKOTO MO £ py U3MEHEHHUH €€ B BEChMa ITUPOKUX MPEJIeiax:

y=1p, (1.20)
p =RS/, (1.21)
e R — compoTHBiIeHHe JaHHOTO 06pasia, OM; S — [OMepeYHoe CeueH e IPOBOAHNKA, MM, | — -

Ha NpOBOJHUKA, M.

YeM MeHbIIIE Y OpOBOAHHKA YACIBHOC COIIPOTUBJICHUE, TEM OH JIYYIIEC, TEM BBILIC €0 IIPOBOANUMOCTD.

2. Temnepamypuuiil ko3 duyuenm y0eibHo20 conpomueieHus Oy.

Uwncno HocHTenel 3apsina (KOHIEHTpAIUs CBOOOTHBIX AIEKTPOHOB) B METAJUTMYECKOM IPOBOTHUKE
IIPpH TOBBIIIECHUHU TEMIIEPATYPhI NPAKTUIECKU OCTACTCSA HECU3MEHHBIM. O,I[HaKO BCJICACTBUEC YCHUIICHUA KOJIC-
0aHUH y3JI0B KPUCTAJUIMYECKON PEHIECTKH C POCTOM TeMIlepaTyphl MOSIBISICTCS BCe OOJbIIe M OOJNbIIe Tpe-
MSATCTBUH Ha IIYTH HAIIPaBJICHHOI'O ABUXXCHUA CB06OI[HI>IX 3JICKTPOHOB 1101 I[eﬁCTBPIeM SJICKTPUIECKOI'O I10-
Jid, T.€. YMCHBIIAIOTCA AJIMHA CBO6OILHOI‘O Hp06€ra 3JICKTpOHA 7\., MNOABUKHOCTD 3JICKTPOHOB M, KaK CJICIACT-
BHUE, YICIbHas MIPOBOJUMOCTD, CJIEA0BATCIIbHO, YBEJIMIUBACTCA YACIBHOE COIIPOTHUBIICHUE MaTCpHrajia:

1 dp
(04 —_ 1
P TS aT (1.22)

TemmnepaTypHbIii KOOQQHUIMEHT YIETFHOTO COMPOTHUBICHUS MMOKA3bIBACT, KAK YBEINYUBACTCS yIICIb-
HOE€ COTPOTHBIICHHE MTPOBOIHUKA TIPH YBENIMYCHUH TemriepaTypsl Ha 1 K.

HpI/I HN3MCHCHUHN TCMIICPATYPHI B Y3KHUX JHWAIIA30HAX HA INPAKTUKE IJId pACUCTa YACIBHOI'O COIIPOTUB-
JICHUs] IPUMEHSIOT PopMyITy

P, =py| 1+, (T, -T,)|, (1.23)

I7ie P1 U Pz — YAETIBHOE CONPOTUBIIEHUE IIPOBOJAHUKOBOTO MaTepuana mpu temmeparype 71 u 1, cooT-

BeTcTBeHHO (1Ipu 3T0oM Ty > T)); @, — cpeHuii TeMmepaTypHblii K03()(HIHEHT yIeTbHOTO CONPOTHBIEHHS B
Janasose temmeparyp ot 71 1o 71b.

[Tpy 3HAYUTENILHOM W3MEHEHUH TeMIIEPaTypPhl, KOT/Ia BEIIECTBO MEPEXOIUT M3 TBEPAOTO COCTOSHHS B
KHJIKOE, y GONBIIMHCTBA METAIIOB TEMIIEpaTypHAs 3aBHCHMOCTb coxpansercs (1°1, p1, vl). Mckmouenue
COCTABIISIIOT TAJUTHIA, BUCMYT M CypbMa, Y KOTOPBIX IIPH TUIABICHUH CONPOTHBIICHHE YMEHBIIAETCSI.

3. Koaghpuyuenm mennonposooHocmu yr.

3a nepeaavy TEMIOThl Yepe3 METall B OCHOBHOM OTBETCTBEHHBI T€ JK€ CaMble CBOOOTHBIE 3JIEKTPOHBI.
[Toatomy, Kak mpaBuio, KO3QHUIMEHT TEIJIONPOBOAHOCTH Y1 METaJlJla HAMHOI'O OOJIbIIIE, YeM JUIJICKTPUKA.
OTcroza Takxe SIBCTBYET, YTO 4eM OOJIbIIE AIIEKTPONPOBOJHOCTE Y MeTajia, TeM OOJbIlIe TOJDKHA OBITH U
€ro TEIUIONPOBOIHOCTD, Vr.

[Ipu yBenu4eHUH TeMIepaTypbl MOJBHKHOCTB JICKTPOHOB CHHKAETCS, TOTd OTHOLICHHUE Y1/Y JTOJIK-
HO BO3pacTarb. MaTeMaTH4YeCKH 3TO BhIpakaeTcs 3akoHOM Bunemana-®panuna—Jlopenua:

vrly = aoT, (1.24)

2 12

3e?

T

rae T — TepMmoauHamuyeckas temmneparypa, K; o, = — ancno Jloperna, paBHoe 2,45-10°° |

B’/K?; k — mocrostuHas BoiblMaHa; e — 3apsi/1 3IeKTPOHa.

DTOT 3aKOH BHIMOIHICTCS MPH TEMIIepaType, OJIM3KOM K HOPMAJIbHOM MIIM HECKOJIBKO TOBBIMICHHOMH,
JUUIs1 OOJTBIIMHCTBA METAJIIOB (32 UCKITFOUCHUEM MapraHIla U OCprIIus).

4. Konmakmuas pasHocms NOMeHYuaios gy—p;.

OTOT mapameTp NPUMEHSETCA B T€X CIydasx, KOT/la COeAMHSIOTCS J1Ba Pa3lUYHBIX MPOBOAHUKA. [Ipo-
BOJIHUKH UMEIOT Pa3HYI0 KOHIEHTPAIIUIO CBOOOIHBIX 3JIEKTPOHOB, M TIOATOMY Ha MECTE MX COeIWHEHUS 00-
pa3syercsi HeKOTopasi pa3HOCTb MTOTEHIIUAJIOB.
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5. Ilpeden mexanuueckoil npounocmu Ha pacmsidicerue op, Mlla.
6. Omnocumenvhoe yonunenue neped paspovieom Al/l.
DTOT mapameTp TOKa3bIBaeT, HACKOJBKO YJIUHSIETCS TMPOBOJHUK, MPEXKJE YeM OKOHYATEIHHO IO-

pBaTbCH.
7. TemnepamypHulil KO3 duyuenm 1uHelH020 pAcCuuperust o, -
1dl
Ol ==———. (1.25)
Y dT

Jannbiii k03 (GUIUEHT TTOKAa3bIBACT, KAK CHIBHO PACHIMPSACTCS MaTepUal PU MOBBIIICHUN TEMIepa-
Typbl Ha 1 K. IIpu HOpManpHOU TeMiepaType U HOPMaJbHOM JABJICHUU JIETKOIUIABKUE METAJUIbl UMEIOT
CPaBHHUTEIHHO BHICOKHE 3HAUYCHUS Oj; a TYTOIJIaBKHE — HU3KHE.

Tema 3.3. MaTepnaJibl BHICOKOI TPOBOANMOCTH
Jlexuust MpOBOJIUTCS B MHTEPAKTUBHOM opme: ¢ pa300poM KOHKPETHBIX cuTyanwmii (19ac).

K naunbosiee IIMPOKO pACIpOCTPaHEHHBIM MaTepHajiaM BBICOKOW MPOBOJUMOCTH CJIEAYET OTHECTH
MeNb U aJIIOMUHUMH.

3.3.1. Meow

K nocromrcTBaM Menu, 00ecTIednBarOIINM €€ IMUPOKOE TPUMEHEHNE, OTHOCSTCS:

— Mmanoe yaenbHoe conporuBierue: p = 0,0179 MmxOwm- M mipu H.y. (M3 BCEX MaTepHUaIOB TOJIBKO cepeod-
PO MUMEET HECKOJIBKO MEHbIIIEe YACIbHOE COMPOTUBIICHHE, YeM MEJIb);

— IOCTaTOYHO BBICOKAsI MEXaHUYECKAs IPOYHOCTE;

— YIOBJIETBOPUTEIbHAS CTOMKOCTh K KOPPO3UHU (MEb OKUCISIETCS HA BO3AYXE, MAXKE B YCIOBUAX BHI-
COKOH BIQXKHOCTH, 3HAUUTEIHLHO MEIJICHHEE, UeM XKEJIE30);

— BBICOKAs TEXHOJIOTUYHOCTH (ME/Ib JIETKO MPOKATHIBACTCSI B JIMCTHI U JICHTHI; IPOTATUBACTCS B POBO-
JIOKY, TOJIIIMHA KOTOPOM MOXKET OBITh TOBEJICHA JIO THICSYHBIX JTOJICH MIJIIMMETPA);

— JIETKOCTb NAHKU U CBAPKHU.

B xadecTBe mpoBOAHUKOBOrO MaTepuaia B Poccuu nCmonb3yloT Meab 1ByX Mapok: M1 u MO.

M1 conepxwur: 99,9 % memnu; 0,1 % npumeceit (0,08 % u3 HuX kucnopoxn). Kucnopon, Bxoasmimii B
COCTaB MEH, YXyAILIAeT €€ MEXaHUUYECKUE CBOUCTBA.

MO coumepxur: 99,95 % menu, npumeceit He 6onee 0,05 % (kucmopona e Gonee 0,02 %). U3 mean
MO MoxeT ObITh U3rOTOBJICHA TOHKAS ITPOBOJIOKA.

Ha cBoiicTBa Meau BIUsIHAE OKa3bIBAIOT HE TOJBKO MPHUMECH, HO U CHOcod ee TepMooOpaborkm. [lpn
XOJIOAHOM MPOTSHKKE MOIYJaroT TBEPAYIO Meab (MT), IMEIOIIy 0 BRICOKYIO MEXaHHIECKYIO MTPOYHOCTh. Ecim
MeIb TIOJIBEPTalOT OTXKUTY, T.C. HATPEBY /10 HECKOJIBKUX COT TPaJyCOB C TIOCIECIYIOIIUM OXJIKIEHHUEM, TO TI0-

Jy4aroT MATKyto Meab (MM).
WX xapaKTepuCTHKH:
MT MM
p=0,0179...0,0182 MmxOm'M p=0,0175 MmxOm'M
op=390 MllIa op=280 MIla

Ha Be/M4iHY CONPOTHBICHUS MEIH BIUsieT Temmeparypa (puc. 1.29). Ee Temneparypa miasnenns 1083 °C.

Meap NPUMEHSIOT JUIsi U3TOTOBJICHUS PA3JIMYHBIX MPOBOJIOB, B TOM YHKCIIE OOMOTOYHBIX HPOBOJIOB
TpaHcOpPMATOPOB, JBUTATENCH, TEHEPATOPOB; JIJIs M3TOTOBJICHHS TOKOBEIYIIUX KHJI KaOelel, MpoBOIOB
BO3/YIIHBIX JIMHUH 3JIEKTporepeaad HeOObIION MPOTSHKEHHOCTH, IHH B PaCHpPEISIUTEIbHBIX YCTPOHCT-
Bax, AMIEKTPUICCKHX KOHTAKTOB M T.JI.

P,
0,3- /
0,2
0,]]
l ] | | tO Cc
400 80  tome 1200 16000

Puc. 1.29. 3asucumocts p ot t °C st mean

43



[IpuMeHEeHE MeTM OrpaHUYMBAET €€ BBICOKAs CTOMMOCTh M AC(PHUIIMTHOCTh. B CBS3M ¢ 3TUM B HEKO-
TOPBIX CIyYasiX BMECTO YHCTOW MEJU B KaUECTBE IIPOBOJHUKOBOTO MaTepHalia UCTIONb3YIOTCS CIUIABBI HA €¢
OCHOBE — OPOH3bL.

CniaBbl Meau. B 2yIekTpoTeXHHUKE MPUMEHSIOTCS CIUIABBI MEIIU C OJIOBOM, KpeMHHEM, Pochopom,
MarfHueM, OepuJLTUEM, XPOMOM, KaaMueM. Takue CIuiaBel HOCAT Ha3BaHHe OpoH3. CIuiaB MeAu W IIMHKA —
3TO 1AMyHb.

[Ipu npaBHIBHO OJOOPAHHOM COCTaBE OPOH3BI U JIATYHb MMEIOT 3HAYUTEILHO 00Jiee BHICOKHE MeXa-
HUYECKHE CBOMCTBA, ueM uyucTas Meab. Hanpumep, OepuiniieBas OpoH3a MMEET MEXaHHUYECKYHO MMPOYHOCTh
op= 1350 MITa.

OIHAKO AIEKTPONPOBOTHOCTE OPOH3 HECKOIBKO XYKE, UM Y YHCTOH MEJTH.

B cBsI3u ¢ BBICOKOW MEXaHUYECKOW MPOYHOCTHIO OPOH3BI HCIIONIB3YIOT B TEX CIydasX, KOTAa MPOBOJI-
HUK HECET HE TOJBKO AJIEKTPUUECKYIO, HO U BBICOKYH) MEXaHHUYECKYIO Harpysky. Hampumep, OpoH3bl nipu-
MEHSIFOT JIJIsl H3TOTOBIICHHS TOKOTPOBOISIINX MPY>KUH, TIOJBIXKHBIX AJIEKTPHICCKAX KOHTAKTOB U T.I1.

3.3.2. Anromunuii

ANIOMUHUI SBISCTCS] BTOPHIM IO 3HaYSHHIO (ITOCIE MEIH) IPOBOIHUKOBBIM Matepuaiiom: p = 0,029
MKOM-M (TIpH H.Y.).

Ero ocHOBHBIE XapaKTEPUCTHKHU:

op=80...160 MIla;
truan = 675 °C;
Al/l =18 %.

ATIOMUHUHA — TIPEICTABUTENb JISTKUX METAIOB (puMepHO B 3,5 paza jerde menu). OH o0namaeT 1mo-
HI)KEHHBIMH T10 CPaBHEHMIO C MEJIbI0 CBOMCTBAMM — KaK MEXaHHYECKHMHM, TaK M 3JeKTpuieckumu. llpu
O/IMHAKOBOM CEYEHHWH M JUIMHE MPOBOJHUKA 3JIEKTPUUYECKOE COMNPOTHUBICHHE aTIOMHUHHEBOIO IPOBOJA
OombIe, YeM MeqHOTO, TIpakTrdeckd B 1,63 pasza. CrnenoBaTeNnbHO, YTOOBI MTOYYUTh ATFOMIUHHUEBEIH TIPOBOJT
TaKOro K€ AIEKTPUUYECKOrO COMPOTUBIICHUSA, KaK U MEAHBINA, HY’)KHO YBEJIUYUTh €ro ceucHue B 1,63 pasa.
OTcroa MOHATHO, YTO €CJIM B 3JIEKTPOTEXHUYECKOM YCTPOHUCTBE OrpaHUYeHbI rabapuThl, TO 3aMEHa MEAHOTO
MPOBOJHHKA aIFOMHUHUEBBIM 3aTpyAHeHa. OMHAKO MPH 3TOM aFOMHUHHEBBIN MPOBOJHUK MeHee AeUIUTEeH,
YeM MEIHBIN.

JIns 371eKTPOTEXHUYECKUX LIeJIEH UCITIONIB3YIOT AJIFOMUHHUNA TPEX MapoK:

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

ABO00 — 99,97 % amomunus u He 6oiee 0,03 % npumeceil. AIIFOMUHUHA 3TOH MapKu IPUMEHSIIOT B OC-
HOBHOM JJI51 U3TOTOBJICHUS (DOJIBTH, FIEKTPOAOB M KOPITYCOB OKCHIHBIX KOHJEHCATOPOB;

ABO0000 — aymroMuHU# HaWBBICIIIEH YUCTOTHI, TpuMeceit He 0osiee 0,004 %.

Pasnble mpumecH, BXOASIIME B COCTAB AJIOMHMHHSA, B Pa3IMYHON CTENEHU CHIKAIOT €ro YIEIBHYIO
npoBoauMOCTh. Tak, Hanpumep, Ao6asku: 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 BbIIE.

OCOOEHHOCTBIO AIIOMUHHMSA ABJSIETCS] TO, YTO OH OYECHb CHIIBHO OKHUCIISIETCS Ha BO3JyXe M IMOKPHIBACT-
Csl TOHKOW OKCHJIHOW IUIEHKOHM ¢ OOJIBIIMM DJIEKTPHUSCKUM COMPOTHBICHUEM. JTa IJIEHKA MPEIOXPaHseT
AITIOMUHUHA OT AajbHEHIIEH KOPPO3UH, HO OJTHOBPEMEHHO C 3THM CO3JaeT OOJbIIOE MEPEXOAHOE COIPOTUB-
JICHHE B MECTAaX COCAMHEHHS aJIOMUHHEBBIX IPOBOJOB M, KPOME TOTO, I€JacT HEBO3MOKHOH NaiKy aatoMu-
HUS OOBIYHBIMU MeTOaMu. J{Jis Malku allfOMUHHS IPUMEHSFOTCS CTICIIHATbHbIC MACTHI — MPHUITOHN W YJIbT-
Pa3BYKOBBIE MasNIbHUKH.

W3 anroMuHUS M3rOTaBIMBAIOT CTajlealOMHHUEBBIE poBoaa Bo3aywHoW JIDII (3T0 ocHOBHOE MpH-
MEHEHHE AITIOMHHHUA), [IOMIMO 3TOTO KHWJIbI KaOenel, UHBI B pacIpeeNINTENIbHBIX YCTPOICTBAX U APyTHE
TOKOBEIYIIINE YaCTH JJIEKTPOYCTAHOBOK. M3 amOMUHUS MMyTeM MPOKATKH IMOJyYaloT TOHKYIO (10 6—7 MKM)
(bonbry A U3TOTOBIIECHHS AIIEKTPOIOB B OYMa)KHBIX U MJICHOUHBIX KOHIEHCATOpaXx.

3.3.3. XKeneszo (cmans)

Y nenvHoe conporupnenue xeneza p = 0,1 MkOm-M (Tipu H.y.) — GOJIBIIIE, UEM Y ATIOMHUHHS U MEJIH.

Hepocratkamu xemnesa sBISIOTCS:

— BBICOKOE JJIsI IPOBOTHUKOB YACIBHOE CONMPOTHUBIICHNE (MIPOBOAMMOCTD JKeJe3a Yr, MPUMEPHO B 6—7
pa3 MeHbILE, YEM y MEN);

— Majoe yaauHenue mepen paspsisom: Al/l =5 %;

— Majas CTOMKOCTh K KOPpPO3HUM Jake MPU HOPMAJIbHOW TemIiieparype. B yclOBHSIX TOBBIIIEHHON
BJIaYKHOCTH JK€JIe30 ObICTPO prKaBeeT; MPH MOBBILICHUN TEMIIEPATYPhl CKOPOCTh KOPPO3UH PE3KO yBEIHUU-
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BaeTca. [103TOMy MOBEPXHOCTH CTaJbHBIX MPOBOJOB JOJDKHA OBITH 3allMILEHa clIoeM Oojiee CTOWKOTO K
OKHCIIeHHIO MaTepuana. OOBIYHO JJIs 3TOH LeNTH MPUMEHSIOT TOKPBITHE OJIOBOM WM LIHHKOM;

— TIpH IEPEMEHHOM TOKE B JKele3e Kak B peppOMarHUTHOM MaTepHalie 3aMETHO CKa3bIBAaeTCs IOBEPX-
HOCTHBIN 3()(EKT, TT03TOMY aKTHBHOE CONPOTHBIICHHE CTAIBHBIX MPOBOJHHKOB IEPEMEHHOMY TOKY BBIIIE,
yeM HOocTossHHOMY. Kpome Toro, mpu mepeMeHHOM TOKE B CTAJIBHBIX MPOBOJHHUKAX TOSBIAIOTCS MOTEPH
MOIIIHOCTH Ha TUCTEPE3HC;

— 3a CYEeT TOTO, YTO XKeJIe30 — MArHUTHBIH MaTepHal, IPH NEPeMEHHOM TOKE B HEM BO3HHUKAIOT JOIIOJI-
HUTEJIbHBIE IOTEPU HA HAMAarHUYMBaHHE.

HecmoTpst Ha nepeuncieHHble HEAOCTATKH, JKEJIe30 MIMPOKO MPUMEHSIETCS B AIICKTPOTEXHUKE Onaro-
Jlapst CIETYIONIMM CBOMM JIOCTOMHCTBAM:

— JIelIeBU3HA U JOCTYHOCTb;

— BBICOKAsi MexaHu4deckasi npouHocTh: 6p= 700...750 MIla;

— BBICOKAsl HAarPEBOCTOMKOCTE: trjap = 1535 oC.

B kadecTBe IPOBOTHUKOBOTO MaTepralia OOBIYHO MPUMEHSIOT MATKYIO CTajlb C COEPKaHHEM YTIIepo-
nma 0,10-0,15 %. Ee ucnonp3yroT B KauecTBe MaTepuana JUisl U3TOTOBJIEHUS MPOBOJOB BO3AYIIHBIX JTUHUM
IpH Tepenade HeOOJBIIMX MOIIHOCTEH HAa KOPOTKHE PAacCTOSHUSA. [y JUIMHHBIX BO3IYNIHBIX JIMHUN HC-
HOJIB3YIOT CTaJCAIOMUHUEBBIE TIPOBO/A, B KOTOPHIX aJIOMUHHI HeceT Ha ce0e INIEKTPUYECKYI0 HarpysKy,
a CTaJbHOM CepJcUHHK — MexaHn4deckyro. CTanb Kak MPOBOJHUKOBBIA MaTepHai MPUMEHSETCS TAKKE B BUIE
IIMH B PacIpeAeTUTENbHBIX YCTPOUCTBAX, PEILCOB ANEKTPH(DUIMPOBAHHOTO KEJIE3HOAO0POKHOTO TPAHCTIOP-
Ta U TpaMBaeB M T.1I.

3.3.4. Bumemann

B HEKOTOpBIX Cilydasx A YMEHBIIEHUS PACXOJ0B [BETHBIX METAJUIOB B MIPOBOJHUKOBBIX KOHCTPYK-
IUAX BBITOJHO NMPHUMEHATh TaK Ha3bIBa€MbIH MPOBOJHUKOBBIA OMMETaN. DTO CTallb, NOKPHITas CHapyXu
CJI0EM MEJH, MIPUUYEM METAJUIBI COETUHEHBI APYT € APYroM MPOYHO U HETIPEPHIBHO 10 BCEil MOBEPXHOCTH UX
CONPUKOCHOBEHUs. brMeTann nMeeT MeXaHW4eCKHe U DJIEKTPUYECKHE CBOMCTBA, IPOMEKYTOUHBIE MEXKIY
CBOMCTBaMHU CIUIOIIHOTO METHOTO M CIUIOIIHOTO CTaJbHOTO MPOBOJHHKA TOTO )K€ CEUYeHHUsA. MexaHuyecKas
MPOYHOCTH OMMeTaia OoJblle, YeM ME/IM, HO 3JIEKTPOIIPOBOJHOCTh MeHbIIe. B OuMeTarie Mens obecrnedn-
BaeT OOJIBILYIO MPOBOIUMOCTD IIPH IEPEMEHHOM TOKE, KOTa B JKeJIe3€¢ HaunHAeT NPOSIBISATHCS TOBEPXHOCT-
HBIH 3¢ dexT. [Ipr 3TOM TOK BBITECHSETCS HA MOBEPXHOCTH MPOBOAHMKA U MPOTEKAET IO CIIOI0 MeIu, oba-
JIAIOIIeH JIydIel mpoBOJMMOCTBIO, YyeM xene30. Kpome Toro, Meap, HaHECEHHas! Ha MOBEPXHOCTh CTalH,
3alUIIAET €€ OT KOPPO3UH.

buMerann npuMeHsIOT U1 U3rOTOBJIEHUS NTPOBOOB BO3AYIIHBIX JIMHUM, TUHUHA CBS3H, IPOBOJOB Ha
JKENE3HOJJOPOXKHOM TPAHCIIOPTE, KOHTAKTHOW CETH TPOJIEHOYCOB U TPaMBaeB, IMH B PaCHpeAeTHTEIbHBIX
YCTpPOMCTBAX, INEKTPUIECKUX KOHTAKTOB H TIP.

Tema 3.4. CBepXnpoBOAHUKH W KPHONPOBOAHUKHU
Jlexiust mpOBOAMUTCS B MHTEPAKTUBHON (hopMme: Jekius-auciyt (l1yac).

CrepxnpoBoguuku. [Ipu CHIDKCHHHM TeMIEpaTyphl yAEIbHOES COMPOTHUBICHHE METATUYECKUX TPO-
BOJIHUKOB YMeHbIaeTcsi. Hampumep, npu OXJIaXACHUU PTYTH J0 TEMIIEPATyphl, TPUOIU3UTEIBHO PaBHON
TEeMIIepaType CHKIDKCHUSI TeIUs, COMPOTUBIEHUE PTYTH BHE3AMMHO, PE3KUM CKAauKOM YMEHBIIAETCS 0 4pe3-
BBIYAITHO MaJIoro, HE IMOAAONIETOCS U3MEPEHUIO 3HAUSHUS, a, CJICIOBATEIBHO, TIPOBOAMMOCTD BO3PACTACT
MOYTH O OECKOHEYHOCTH. SIBJIEHNE YMEHbBILIEHUS! COMPOTUBJICHHS 0 BEChbMa HU3KUX BEJIMYMH IPH OXJIaXK-
JICHUH JI0 TeMIiepaTyp, OJU3KUX K aOCOJIOTHOMY HYIIIO, Ha3bIBACTCS C8epXnposodumocmopio. Temneparypa,
MIPU KOTOPOH BEIIECTBO MEPEXOAUT B CBEPXITPOBOISAINEE COCTOSHUE, HA3BIBACTCS MeMHEpamypotl C8epxXnpo-
sooumocmu T.. Ee BenmuimnHa 3aBUCUT OT KOHKPETHOTO MaTepuraa:

g amomubans T, = 1,2 K;

JIJISL CBUHIIA T.=72K;

JUIS. HIOOUS 7.=9,4 K.

Hewmernkue ¢usuku Maiiciep u OkceH]elb]] 3aMETHIIM, YTO CBEPXMPOBOAHHMKHM NPU MEPEXOJe H3
HOPMAJIBHOTO B CBEPXIIPOBOJISAINEE COCTOSTHAE CTAHOBSTCS HUJCAIBHBIMH JHaMarHeTUKaMHu (T.e. MX OTHOCH-
TeJIbHAsI MArHUTHAS TIPOHULIAEMOCTDh PE3KO0, CKAYKOM MaJaeT A0 HYJIs).

CrnexyeT OTMETUTH, YTO CBEPXIIPOBOIAIIEE COCTOSIHHE OOpAaTUMO: TPHU TOBBIIICHHH TEMIIEPATyPHI
CBEPXIIPOBOAUMOCTD HapyLIAETCSA M BELIECTBO MEPEXOJUT B HOPMAJIBHOE COCTOSIHUE C ONPEACIICHHBIM 3HA-
YEHUEM IIPOBOJUMOCTH 7.
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B Hacrosimiee BpemMst U3BECTHO OKOJIO 35 CBEPXITPOBOIHUKOBBIX METAJUIOB U 0OJIEE THICSYH CBEPXITPO-
BOJIHUKOBBIX CIUTABOB U XMMUYECKUX coenuHeHui. OIHAKO HEKOTOPBIC BEIIECTBA, O0JIaJaroIIue IpU HOP-
MaJLHOHM TeMIepaType BeChMa MajIbIM 3HAUCHHEM YJICIIHFHOTO COMPOTHBIICHUS (cepedpo, Meab, 30JI0TO, IIIa-
THHA | Jp.), IEPEBECTH B CBEPXIIPOBOISIIEE COCTOSIHUE O CHX TOP HE yIaeTcsl.

[IpumeHeHue CBEPXIPOBOTHUKOBBIX MATEPUATIOB B AJIEKTPOTEXHUKE OTKPBHIBACT IIMPOKUE MEPCIEKTU-
BBI IS TIEpeIavH dIEKTPOSHEPTUH: OIarogapsi CBOMM CBOHMCTBAM CBEPXITPOBOIHUKH ITO3BOJIAIOT ITepeaaBaTh
AIIEKTPUYECKYIO SHEPTHIO Ha PACCTOSHUS COBEPIICHHO 0e3 moTeps. OMHAKO CO3/IaHNe HU3KUX TEMIIEpaTyp U
TEM CaMbIM OOECIICYCHHE COCTOSIHUS CBEPXITPOBOJUMOCTH JIO CHX TIOP MPEICTAaBIACT COOOW CIIOXKHYIO, J10-
poroctosiityto 3anauy. [loaTomy B Hacrtosiiee BpeMsi CBEPXIPOBOAHUKU MPUMEHSIOTCS B OTPaHUYCHHOM
KOJIM4YeCcTBe. B 4aCTHOCTH, OHM MUCTIOIB3YIOTCS /ISl CO3aHUS CBEPXIPOBOIHUKOBEIX 3JIEKTPOMArHUTOB, IS
KaOeNbHBIX JTUHHI 3JIeKTporiepeiad OOJIBIINX MOIIHOCTEH Ha KOPOTKUE PACCTOSHUS; B yCTPONUCTBAX MaMSTH
B BBIYHCIIMTEIBLHON TEXHUKE; B MOANIUITHUKAX C «MAarHUTHOW CMa3Koii», pabOTarOIIMX COBEPIICHHO 03 Tpe-
HuUs, U T.7. C 3TOH HEeNpio B Ka4eCTBE CBEPXIIPOBOAHUKOBEIX MAaTEpPHAIIOB UCIIOIB3YIOTCS B OCHOBHOM allfo-
MHMHUM, HHOOUH M CIIJIaBbI HA MX OCHOBE.

Kpuonposoguuxku. Kpuonposooumocms — sIBIE€HHE 3HAYUTEIBHOTO CHIDKEHHS YAEIBHOTO COIPO-
TUBJICHUS MaTepHaja Ipyd yMEHbIIEHUH TeMIIepaTypbl 10 KpuoreHHoi BennuuHsl (7kp), HO Oe3 mepexona B
CBEPXITPOBO/IAIIEE COCTOSHUE:

Txr < Te.

Hanpuwmep, ansa anromunus Txp = 20 K. IIpu 3101 TEeMneparype anroMUHUN NEPEXOIUT B KPUOMIPOBO-
JUSIIee COCTOSIHHE U €ro COPOTHBICHHE yMeHbImaeTcst B 6 000 pa3 mo cpaBrenmuio ¢ H.y. (t = 20 °C).

IIpumMeHeHue KpUOIpPOBOJHUKOB BMECTO CBEPXIIPOBOJHMKOB B 3JIEKTPOMAIIMHAX U JPYIUMX YCTPOKCT-
BaxX MOXKET UMETh CBOU IpeuMyluecTBa. Hanpumep, ucrons30BaHue B KAYECTBE XJIaJareHTa )XHUIKOrO BOAO-
pola WM JKUAKOTO a30Ta 3HAYMTEIbHO YNPOLIAET M YJCIICBISCT BBHIIOJIHEHHE TEIUIOBOW HM30JISILUU yCT-
POMCTB U YMEHBIIIAET PacXo] MOIIHOCTH Ha OXJIaXKIEHHE.

B kadecTBe KpHOIIPOBOJHUKOB HCIIONB3YIOT ME/Ib, ATIOMUHHHA, cepeOpo, 30J10TO.

Tema 3.5. CnyiaBbI BBICOKOTO CONPOTHBJICHUS

K cmaBam BBICOKOTO CONPOTHBIIEHHS OTHOCST BCE CIUIABBI C YIENBHBIM conportusieHueM p > 0,35
MKOM " M.

OHM IPUMEHSIIOTCS ATl U3TOTOBJICHHUS 00PA3LIOBBIX PE3UCTOPOB (B AIIEKTPOM3MEPHUTENBHBIX MPHOO-
pax), peocTaToB, 3JIEKTPOILIUTOK, HarpeBaTEIBHBIX MPUOOPOB H TIP.

K 1aHHBIM criylaBaM NPEeIbBISIOTCS CIeAYIONIHe TPeOOBaHNS:

— BBICOKAsI CTA0MILHOCTD COMTPOTHBIICHHUS BO BPEMEHH;

— HU3KHUH TemnepaTypHblii KO3QOHULIUEHT yIeIbHOr0 CONPOTHBIEHHUS O, (T.€. CTAOMIBHOCTD XapaKTe-
PHCTHK IPU U3MEHEHHHU TEMIIEPaTYphI);

— TEXHOJIOTHYHOCTBH (BO3MOXXHOCTH M3TOTOBJICHUS U3 HUX THOKOH MPOBOJIOKH, OYEHb TOHKOH MPOBO-
JIOKH);

— JIeTIeBU3HA.

Kpome Toro, oHH HE JTOIDKHBI COJIepKaTh AS(PUINTHBIX KOMIIOHEHTOB.

BrimenepeuncieHHbIM TpeOOBaHUSIM B HAWOOJNBIIECH CTENEHW YJIOBIETBOPSIOT TaKHe CIUIABBI, Kak
MaHTaHWH, KOHCTaHTaH, CIUIaBbl HA OCHOBE JKelle3a.

3.5.1. Manzanun

MaHranuH — HanOoJiee TUIMYHBIA U MIMPOKO MPUMEHSEMBIN ISl U3TOTOBJICHUS 0Opa3lOBBIX pe3H-
CTOPOB CILJIaB.
Ero xumudeckuii cocraB: meabp Cu — 85 %, mapranery Mn — 12 %, uukens Ni — 3 %. Boabmmm co-
JIepIKaHUEM MeTH OOBSICHSIETCS YKEITOBATHIH I[BET.
OCHOBHBIE XapaKTEPUCTUKU MaHTaHUHA!
p=0,42...0,48 MxOM M (TIpu H.Y.);

Thas = 200 °C;
op= 600 MIla;
Al =30 %.

ManranuH 00Ja/1aeT BBICOKOW TEXHOJIOTHYHOCTHIO: MOXKET BBITATUBATHCS B TOHKYIO MPOBOJIOKY (J10
0,02 MM%); KOTOPYIO TIPH HEOOXOJUMOCTH TOKPHIBAIOT YMAIEBON H30ISIIHEH.
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3.5.2. Koncmanman
Koncranran — cruiaB, coaepxkamumii okosio 60 % memu u 40 % Hukens. Ha3zBaHne «koHCTaHTaH» 00b-
SICHSICTCS] 3HAYUTEILHBIM TIOCTOSTHCTBOM COIPOTHBIICHHSI IPY U3MEHEHHUH TEMITEPaTyPHI.
MexaHn4ecKre XapaKTepUCTUKA KOHCTaHTaHa:
p=0,48...0,52 MmxOM ™M (Tipu H.Y.);

Tus = 450 °C;
op =500 Mlla;
Al =30 %.

[To MexaHWYECKUM CBOWMCTBAM KOHCTAHTaH OJM30K K MAHTAaHUHY, HO HArPEBOCTOMKOCTh Y HETO BBIIIIE.
KoHcTaHTaH MOXXHO MPUMEHSITH JJIs1 M3TOTOBJICHHUS PEOCTATOB UM AJICKTPOHATPEBATEIILHBIX 3JICMCHTOB, JUTH-
TETHHO PabOTAIOIINX MPU TeMIIepaType, paBHoi 450 OC. KoHCTaHTaH, OXHAKO, HEe MOKET HCIIONb30BATBCS B
U3MEPUTENBHBIX CXeMaX, T.K. MPH HAIWYHM Pa3HOCTU TEMIIEPATyp B MECTaxX KOHTAaKTa KOHCTAHTAHOBBIX
MPOBOJIHUKOB C MEJIIbI0 BO3HUKAIOT TepMO-DJIC, KOTOpbIE MOTYT SIBIIATHCSA HCTOUHUKOM OIIUOOK MPU U3ME-
PpCHHUSIX.

3.5.3. CnaiaBbI HA OCHOBe KeJie3a

B cocrar Takux CIUTaBOB, KPOME JKeje3a, MOTYT BXoAuTh: XxpoM Cr, amomunwuii Al, Hukens Ni, Boinbd-
pam Wo, monubaer Mo, menp CU u T.1. VIX BBICOKas HarpeBOCTOWKOCTh OOBSCHSIETCS OOJBIINM COIEpKa-
HHEM METAJUIOB, 00Pa3yIONIMX Ha BO3/yXe CIUIOMIHYIO OKCHIHYIO TUIEHKY (4eM OOJbIIe CoIepKaHue jKele-
3a, TEM MEHEe HarpeBOCTOCK CILIaB).

[Ipu 0603HaUEHNN MapKH CIUTaBa HA OCHOBE XKelle3a UCTIONB3YI0TCS OYKBBI M IU(PHL.

bykBa nmokaspiBaeT HanboIee XapaKTepHbIe AIIEMEHTHI, BXOISIINE B COCTaB cIuiaBa: B — Bombdpam; [
—Menp; X — xpoM; O — amromunmii; H — HUKenb U T.71.; nudpa — npruOIM3UTENBHOE COIep)KaHue B HEM JIaH-
Horo komrnoneHTa (%). Hanpumep: mapka X2310S5 o3navaer, uro cruias cogepxxut Cr — 23 %, Al — 5 %, oc-
TaJIbHOE KEJe30.

[TpumeHstoTCSl TaHHBIE CIUIABBI JUISI U3TOTOBJICHUS PE3UCTOPOB, PEOCTATOB, HO B OCHOBHOM — JIJISI
3JIeKTpOHArpeBaTeNbHBIX dJIeMeHTOB. [Ipu BbIOOpEe cocTaBa cIutaBa M peKUMa €ro padoThl 00palIalOT BHH-
MaHHUEe Ha CJIEIYIOIHe OCOOCHHOCTH.

Bo-niepBbIX, 3TO JI€TY4eCTh OKCUAHOHU IUICHKU. bolpIoe 3HaueHne Ha CKOPOCTh CTApEHUS SJIEKTPOHA-
rpeBaTebHBIX MPHOOPOB, PadOTAIOIINX Ha BO3MyXe, OKAa3bIBAIOT CBOWCTBA OKCH/A, 00pa3yoIIerocs Ha To-
BEPXHOCTH CIuiaBa. Eciam okcna jaeTyqnit, To OH OBICTPO YJIETYYMBAETCS C TOBEPXHOCTH CIUIABA M HE MOKET
3aIIMTHTh OCTABIIHMICS METAIUT OT JaJbHEHIIEro OKUCICHUs (HanmpuMmep, OKCHJ BoJb(ppamMa U MOJIMOIEHA).
A TIOTOMY TaKHe METaJUlbl He MOTYT padoTaTh B HAKAJICHHOM COCTOSIHUW MPU J0CTYyNe Kuciopoaa. Eciu ke
OKCHJI HE JIETYY, TO OH 00pa3yeT P OKKCIICHUHU MPOYHBIN 3alIUTHBIN CII0M Ha TTOBEPXHOCTH METaIlIA.

Bo-BTOpPBIX, 3TO paBEHCTBO TEMIIEPATYPHBIX KOA(DPHUIMEHTOB OKCHIAHON IUIEHKH M crutasa: o™ """ =
o™, Ecri OHM He paBHBI, TO TP HArPEBE CIUIaB OyIET PACHIMPATHCS CUIIbHEE, YeM OKCHIHAsK IICHKA Ha
€ro MOBEPXHOCTH, MOATOMY OHa OyJIeT TPEeCKaThCsl, a B TPEIIMHAX OKHCIISITHCS 3aHOBO U T.J1. B pe3ynbrare oT
MHOT'OKPAaTHOTO KPAaTKOBPEMEHHOTO BKJIIOUYEHHS JJICKTPOHATPEBATEIIFHOTO JEMEHTa M3 TAaKOro CIUIaBa OH
MOXKET IePeropeTh 3HAYUTENHLHO OBICTPEE, YEM OT HENPEPHIBHON pabOTHI IPH TOH ke TemriepaType. B cBs3u
C 3THM MOJIOOHBIE CIUIABBI JJOJDKHBI paboTaTh B PeXHME UIUTENFHOTO HArpeBa, 0e3 pe3KHx MepenagoB TeM-
neparyp.

Ecimm o™ = ™™ 1o cruiaB OyaeT pacimpsaThCs OJHOBPEMEHHO ¢ OKCHIHOM IUIEHKOM, M TOTIa
€ro MOYKHO UCIIOJIb30BaTh MPH KPATKOBPEMEHHBIX PEKUMAaX Harpena.

[IpumMepamu cIuTaBoOB Ha OCHOBE JKeJie3a SIBIISTIOTCS HUXPOMBI, (PeppOHUXPOMBI, XpOMaIH U (PeXpatH.

Huxpomamu na3piBarotcs cruiaBbl cucteMsl Fe + Ni + Cr. @epponuxpomsl — 3T0 CIulaBbl € MOBBIILICH-
HBIM COJICP’KaHUEM JKelle3a.

Y nenpHoe conpoTusienne Huxpoma p = 1,0...1,2 MkOm-M (ipu H.y.); Te6 = 1 100 oC.

CTOWKOCTh XPOMOHHUKEIIEBBIX CIUIABOB MPU BBICOKOW TeMIIEpaType B BO3JYIIHOW cpejie 0ObsCHICTCS
OJMM3KMMH 3HAYCHHSMHU TEMIICPATypPHBIX KOIP(PUIIMEHTOB JTHHEHHOTO PACIIMPEHHs ITUX CIUIABOB M MX OK-
CHJTHBIX TIJICHOK.

CpOK >KM3HH 2JIEKTPOHArPEBaTEIbHBIX IEMEHTOB U3 HUXPOMA 3aBUCHT TaK)Ke OT PAaBHOMEPHOCTH Ce-
YeHUsI POBOJIHUKA 110 BCEH JUTHHE (B MECTaX C YMEHBIIICHHBIM CEYCHHEM HarpeBaTeIbHbIC JIEMEHTHI Tepe-
TPEBAIOTCS U JIerde MeperopaoT).

HenmocratkoM HUXPOMOB SIBJISIETCS COACPKAHUE B HUX HUKEIS — JIOPOTOro U JeUIIMTHOTO MeTaluia.

Xpomanu — 310 cruiaBbl cuctemsl Fe + Cr +Al. @expanu — 910 Te e CIUIaBbl, HO C TMOBBIIICHHBIM CO-
JieprKaHueM JKeesa.

VY nenpHOe conpoTtuBieHne xpomaneit p = 1,2...1,5 MkOM M (1ipu H.y.); Tps = 1 200 oC.

XpoMoaTIOMUHHEBBIE CIUIaBhI (Ppexpaib 1 XpoMalb) HAMHOTO JelieBie Huxpoma: xpom Cr u amromu-
Huii Al nemesie u nocrynnee Hukens Ni. OnHaKO OHM MEHEe TEXHOJOTWYHBI, O0Jiee TBEPIbI U XPYIIKH, H3
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HUX MOTYT OBITh IOJYYCHBI IPOBOJIOKH U JICHTHI OOJIBINEr0 CEYCHHMS, YeM U3 HUXPOMOB. [loTomy 3TH cruta-
BBl HCIIOJIB3YIOTCS B DJIEKTPOTEPMUYCCKON TEXHUKE JJIi M3TOTOBIICHUS 3JICKTPOHATPEBATEIBHBIX MPUOOPOB
OOJTBIITON MOIITHOCTH ¥ TIPOMBIIIIICHHBIX JJICKTPOIICUCH.

Tema 3.6. /Ipyrue npoBoAHUKOBbIE MeTALIbI

Boabdpam — upe3BbIYaHO TSHKENBIH METAII CEPOTO I[BETA; CPEAM BCEX METAIIOB MMEET Hambojee
BBICOKYIO TEMIIepaTypy IIaBICHHUS.

Ero ocHOBHBIE XapaKTEPUCTHKH:

p = 0,055 MxOm'M (T1pu H.Y.);

op=4 000 Mlla;

Alll =4 %;

tumas = 3 380 °C;

Tha6 = 2 000 °C, omHaxo mpu 3Tol Temmepatype Bomb(pam J0IKeH paboTaTh 6e3 J0CTyIa KHCIOpO/a,
B MPOTUBHOM CJIy4ae OH OYEHb OBICTPO OKUCIISETCS M €0 yIeNbHOE CONPOTUBICHUE PE3KO YBEINUHUBACTCS
10 0,7 MKkOM M.

[TpumeHsIOT BOJB(paM Il M3TOTOBJICHHMSI HUTEH JIaMII HaKaJMBaHMS, MOABUKHBIX 3JIEKTPHUECKHX
KOHTaKTOB.

Cepedpo — cepeOpUCThIN METaIlI, CTOMKHI TPOTHB OKUCIEHHUS IPU HOPMAaIbHOH TemIepaType, ooma-
JAIOIMKA  caMBIM MAaJCHBKMM yAENbHBIM compotuBieHueM: p = 0,016 mMxOm'M (mpu H.Y.);
op=200 MITa; Al/l =50 %.

CepeOpsiHy0 MTPOBOJIOKY MCIIONB3YIOT [UIsSl M3TOTOBJICHHS AJIEKTPHYECKUX KOHTAKTOB, PACCUUTAHHBIX
Ha HeOonbme Tokd. CepeOpo MOXKHO HAHOCUTD Ha JUIJICKTPUKH B KAYECTBE JICKTPOJIOB B KEPAMHUECKUX U
CITFO/ISTHBIX KOH/IEHCATOpaXx.

OpHaKo HECMOTPSI Ha CBOM BBICOKHE XapaKTEPUCTUKH, cepeOpo UMEET KpaiiHe OrpaHHYeHHOE MPHMeE-
HEHHE, T.K. 3TO JIOPOTOH U Ne(UIMTHBIH METallI, KpOME TOTO, OHO UMEET CKIIOHHOCTh K MUTPAli BHYTPb
JUDIIEKTPHUKA B YCIIOBUSIX BEICOKOH BIIaYKHOCTH.

On0BO — MATKUI MeTauT cepeOpucTo-0eoro 1BeTa, 00JIaaaronuil BBICOKOW CTOWKOCTBIO K OKHCIIe-
HUI0, HO HU3KOW MEXaHUYECKOU MPOYHOCThIO: Gp= 16...38 Mlla.

Ero ynensHoe conporusnernne p = 0,12 MxkOM M (Tipa H.Y.).

IIpumeHnseTcss B KauecTBE aHTUKOPPO3UIHBIX MOKPBITHI METAJIJIOB; BXOAUT B COCTaB OPOH3 M MPHUIIO-
eB. Tonkas onoBstHHAs (HOJIbra MPUMEHSIETCS B TIPOM3BOJICTBE KOHJIEHCATOPOB.

Tema 3.7. [Ipunou u ¢urocs

Ilpunou — 310 crieuUaNIbHBIE CIIABbI, IPUMEHsIEMble Npu naiike. [lalika ocyiecTBiasieTcs A co3aa-
HUS MEXAY COCIUHSEMBIMH JETAIsIMU MEXaHUYECKU MPOYHOro IiBa. [Ipunou JOMKHBL UMETh TEMIIEPATypy
TJIaBJICHUS MEHBIIIE, YeM Y CIUIABIISIEMBIX METANTNICCKUX YacTeil. Ha rpanmiie cOmpuKOCHOBEHUS PacIliaB-
JICHHOT'O IIPUIIOS U TBEPIOTO METalIa MPOUCXOAT CIIOKHbIE (PU3NKO-XUMHUECKUE nporiecchl. [Tpumoii cma-
YUBaeT METaJlJl, PACTEKAETCs MO HEMY M 3aIOJIHSET 3a30pbl MEXKIY COEIUHAEMbIMU aeTaisiMu. [lpu stom
npuroit TupGyHIUpyeT B OCHOBHOW METaJll M TOT PACTBOPSETCS B MPUIIOE, B pe3ylbTaTe 4ero oOpa3yercs
MIPOMEKYTOUYHAS ITPOCITIONKA, KOTOPAasi TIOCTIE 3aCTHIBAHUS COCIUHSCT ACTAI B OJTHO IIEJIOE.

[Tpurmon nonpaszenstorcs Ha mAekue (TemnepaTypa TuiaBneHus 10 400 0C) U meepovble (TeMreparypa
mwiasieHus Beiie 500 0C). K MSITKUM OTHOCSITCSI TIPEsKIe BCero osioBsHHO-cBUHIIOBBIE (ITOC-1810 ITOC-90).
Coneprxanue oj10Ba B HUX OT 18 110 90 %. CyllecTBYIOT TakyKe MATKHE MPHUIION ¢ J00aBKaMH aTFOMUHHS U
cepebpa. TBepapie mpunon MOTyT OBITh MeHO-ITMHKOBBIMU ([IMII) u cepedpsabmvu (ITCp).

@nrocvl — BCIOMOTaTeNNbHBIE MAaTEPHUAIIbI 17151 TOJIYYEeHUSI HAIeXKHOHM naiku. OHU OYMIIAIOT TOBEPXHO-
CTU COEJIMHSIEMBIX C MOMOIIBIO MAaWKKU JEeTajeil OT OKCUOB M 3arpA3HEHUI, 3alIMIIAl0T B IIpoliecce MalKu
MOBEPXHOCTh METAJIJIa ¥ IPUIION OT OKUCIIeHUs. B xauecTBe (birroca UCIONb3y0T KaHU(OJIb, OOPHYIO KHUCIIO-
Ty, BOJHBII PaCTBOP XJIOPUCTOTO IIUHKA, CITUPTOBOM PpacTBOP KAaHU(OJIH.

Pa3nea 4. IlonynpoBogHMKOBBIE MaTepPHAJIbI
Tema 4.1. O01mMe cBeieHUA O MOJTYNPOBOJHUKAX
Jlexuust MpOBOJIUTCS B MHTEPAKTUBHOM opme: ¢ pa300poM KOHKPETHBIX cuTyaruii (14ac).

THomynpogoonukogvie mamepuansi — OONbILAS TPYIIA BEMIECTB C 3JIEKTPOHHOH 3JEKTPOIPOBOIHO-
CTBIO, YIICIHHOE CONMPOTUBICHHE KOTOPHIX MPU HOPMAILHOU TeMIlepaTrype OOJIbIlIe, YeM y MPOBOTHUKOB, HO
MEHBIIIE, YeM Y TUDICKTPUKOB.
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DAEKTPOIPOBOJHOCTD TONYNIPOBOJIHUKOB B OOJBIICH CTENICHH 3aBUCUT OT BHELIHUX YHEPTETHYECKUX
BO3JICHCTBHH, a TaKXKe OT Pa3IMYHBIX MpUMeced, HHOTA B HUYTOXKHBIX KOJMYECTBAX MPUCYTCTBYIOIIUX B
TeJe «COOCTBEHHOTO» MOJYINPOBOJHUKA. YTPABIIEMOCTh BIIEKTPOINPOBOJUMOCTBIO TIONYIPOBOJIHUKA TO-
CPEJICTBOM TEMITEPATYPhI, CBETA, DIIEKTPUIECKOTO OIS, MEXaHUYECKUX YCUIIMH MOJI0KEeHa B OCHOBY TPUH-
[UIa AeHCTBHUS TEPMOPE3UCTOPOB, POTOPE3UCTOPOB, HEMMHEHHBIX PE3UCTOPOB U T.1.

Hannune y monmympoBOJHHKOB IBYX THIIOB 3JEKTPOIPOBOJHOCTH: 3JEKTPOHHOHW M 3JIEKTPOHHO-
JBIPOYHOM — MO3BOJISIET MOIYYUTH MOJYTIPOBOJTHUKOBEIE U3AeNus ¢ p-N-niepexonom. Croa OTHOCITCS pas-
JMYHBIE THITHI MOIIHBIX U MaJIOMOIITHBIX BBIMPSIMHTEIICH, YCHIUTENEH U reHepatopoB. [1oaynpoBoAHUKOBBIE
TeHepaTopbl C YCIEXOM MOTYT OBITh HCIIOJNB30BAaHbI JUIS MPeoOpa3oBaHUs Pa3IMYHBIX BUJIOB JHEPTHH B
DHEPTUIO DJICKTPHUECKOTO TOJIs (HampuMep, CONTHEUHBIC OaTapen M TepMORJIEKTpUUecKrue reHepaTopsl). C
MOMOIIBIO TTOJTYITPOBOTHIUKOB MOKHO MOHWKATH TEMIIEpaTypy Ha HECKOIBKO JIECATKOB IPaayCoB.

B HacTosiiee BpeMsi peKOMOMHAIIMIOHHOE CBEYCHHUE 3JIEKTPOHHO-IBIPOYHBIX MEPEXOI0B, POUCXOMISI-
11ee Ipu BBICOKOM HAaIpsDKEHUU U MIOCTOSIHHOM TOKE, UCTIONIB3YeTCs ISl CO3JaHNsl CUTHABHBIX HCTOYHUKOB
CBETa, a TAKXKE B YCTPOMCTBAX BBIBOJA HHPOPMAIIUYU M3 BHIYUCITUTEILHBIX MaliiH. [10TyIpOBOTHUKH MOTYT
CIIy’)KUTh HArpeBaTEIbHBIMU DIIEMCHTAMH, WHIUKATOPAMHU PAJIHOAKTHBHBIX HM3IyYCHHUH, C HUX IMOMOIIBIO
MOKHO U3MEPSTh HAPSHKEHHOCTh MATHUTHOTO TIOJISI U T.J1.

N3roToBieHHBIE U3 TOIYIPOBOAHUKOBBIX MaTepHaIOB MPUOOPHI 00IaAAI0T CIEAYIOIUMH ITPEUMyIIe-
CTBaMU:

— OOJTBILION CPOK CITYKOBI;

— Mautble TabapuTHl 1 Macca,

— MPOCTOTA U HAJISKHOCTh KOHCTPYKITUH;

— OorpIIas MEXaHW9IeCKast IPOYHOCTH (HE O0SITCS TPSCKH U YAApPOB);

— noTpe0JICHUE MaJIO MOIIHOCTH;

— 9KOHOMHUYHOCTH TPH MAaCCOBOM IPOU3BOJICTBE.

Tema 4.2. Knaccudgukanus noJrynnpoBoJHUKOB

Hcnonp3ytomuecs B MPakTHUKE MOTYITPOBOTHUKH Pa3IEIISIOTCS:

1) Mo XUMHYECKOMY COCTaBY:

* ipocThie (00pa3oBaHHBIC AaTOMaMH OJHOTO yeMenTa: Si, Se...);

* CJIOJKHBIC (B COCTaB BXOJISIT aTOMBI JIByX min Oojee ainementos: SiC, ZnSe);

2) 1o arperaTHOMy COCTOSIHHIO:

* CTEKJI000pa3HbIE;

* KHJIKHE;

3) 1o 3MEeKTPOIPOBOTHOCTH:

* cobcmeentble, HE COlEpXKallie MPUMEecel, KOTOphIe BIMAIOT Ha 3JEKTPONpoBoAHOCTS (puc. 1.30).
DOJNEeKTPOHBI B 30HY CBOOOAHBIX IHEPreTHYECKUX YPOBHEHW MOTYT IMOCTaBISTHCS TOJNBKO W3 3alOIHEHHOH
3JIEKTPOHAMH (BaJICHTHOW) 30HBI;

* npumecHsie, COIEPKaLINE YyKEPOTHbIE aTOMBl IPYroro 3JeMeHTa JTUOO M30BITOUHBIC 10 CTEXHO-
METPHUYECKOMY COCTABY aTOMBI TE€X CaMbIX JJIEMEHTOB, KOTOPbIE BXOIAT B (popMyiy coeauneHus. Pons npu-
Meceld MOTYT HWIrpaTh BCEBO3MOXKHBIE Je(EKThl KPHUCTAIUIMYECKON pENIETKH: MYCThIe VY3JIbl, aTOMBI
Y MOHBI B MEXJ0Y3JIUAX, MUKPOTPELUHEI U T.1. [IpruMecHbIe NOIyIpOBOAHNUKH, B CBOIO OUEpeb, ACTSTCA Ha
OdonopHvle U akyenmopuvie (puc. 1.31).

2
@
A....® —
= 1@ q 0
@ A 4 ~— A
- ® =} = _
= hd | L 4
= 3 ®
< S v ®
N h\
* * Puc. 1.30. DHepreTnueckas
L — L — JUarpaMma COOCTBEHHOTO
TOJTYIPOBOTHUKA
a o

Puc. 1.31. DHepreTudeckas nuarpaMmma IpUMECHOTO MOTYIPOBOIHHUKA: a — C IOHOPHOU MPUMECHIO;
0 — ¢ aKIenTOPHON MPUMECHIO

Tema 4.3. DiieMeHTbI, 00/1aJa1011[e CBOHCTBAMM MOJIYIIPOBOTHUKOB

Jlekuusi mpoBOJKUTCS B MHTEPAKTUBHOM hopme: nekuusi-Oecena (0,54ac).
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I'epmannii (Ge) — KOBaJICHTHBIH KpUCTaILT, TBEpAbI U Xpynkuid. CoJepikaHue ero B 3eMHOH Kope
HeBennKo U coctaisieT npuMepHo 0,001 %. [TomyyaroT ero B OCHOBHOM B Pe3yJIbTaTe CIOKHOTO TEXHOJIO-
THYECKOTro IIpoliecca U3 NPOIyKTOB CropaHus Oyporo yriisi. Beimyckaercs: repMaHuii pa3inudyHbIX MapokK, KO-
TOpBIE PA3JIMYAIOTC MEXKAY COOOH ColepKaHueM IpUMecel U, COOTBETCTBEHHO, 3HAUEHUEM YAEIBHOTO CO-
npoTuBieHUsA. B cpeanemM coOCTBEHHOE YAEIbHOE CONPOTHBICHUE IepMaHMs IpU TeMIeparype, paBHoi 20
°C, p = 0,47 Om-m. [Ipu TIABICHUN P PE3KO YMEHBIIACTCS IPUMEPHO B 13 pas. IIpu nanbHeiinem Harpese
CHAYANIA TIOYTH HE U3MeHseTcs, a HauuHas ¢ t = 1 140 °C, BO3pacTaer.

Hcnonb3yeTtcst TepMaHyii B IPOU3BOACTBE MOIYTIPOBOIHIUKOBBIX PUOOPOB, HAPHUMED BHIMPSIMHTENCH
MEPEMEHHOTO TOKAa Pa3IMYHON MOIIHOCTH, TpaH3ucTOpoB. M3 Hero menmaioT mpeoOpasoBaTenn Xoma A
M3MEPEHHs] HAIPSPKEHHOCTH MarHUTHOTO TIOJISA, TOKAa M MOIIHOCTH; IPeo0pa3oBaTein UIsl YMHOXKEHUS ABYX
BEJIMYMH B BBIYMCIUTENIBHON TEXHUKE U T.A4. ONTHYECKUE CBOMCTBA O3BOJISIOT UCIIOIb30BaTh FEPMaHUi IS
M3TOTOBJICHHUS! POTOTPAH3UCTOPOB U (HOTOPE3UCTOPOB, ONTUIECKUX JIMH3, GUIBTPOB U T.1. ['epmanuii MoxxeT
TaKe UCIIOJIb30BATHCS ISl U3TOTOBJICHHUS CYETYMKOB SIICPHBIX YACTHLI.

Pabounit auanazoH TemmepaTyp repMaHueBbIX nmpudopos ot —60 no +70 OC. JlanHBIEC IPHGOPBI TOIK-
HBI OBITH 3aIIMIICHBI OT IEHCTBHUS BIAXKHOTO BO3AYXa.

Kpemnnii (Si), kak ¥ repmManuii, OTHOCHTCSI K KOBQJCHTHBIM KpUCTaJUIaM. DTO OJMH W3 HamboJjee
pacnpoCTpaHEHHBIX IIEMEHTOB 3eMHO#t KopsI (= 30 %).

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

DNEeKTPONPOBOJHOCTh KPEMHHS OYEHBb CHIIBHO 3aBHUCUT OT KOHIEHTpAalWHU Npumecedd. B Hactosmiee
BpEMsl KPEMHUH SIBIISICTCS OCHOBHBIM MaTEpHAIOM AJISl U3TOTOBJICHHS ITOIYIIPOBOJHUKOBBIX IPHOOPOB: JHO-
JI0B, TPAH3UCTOPOB, (POTOIEMEHTOB U T.A. [ KpeMHHUEBBIX IPUOOPOB BEPXHUI Npeaen s MOXKET TOCTH-
ratb 120-200 °C, 4TO 3HAYMTEIHHO BHIIIE, YEM Y F€pMAHHL.

CeJleH MOMy4arOT MIPH IEKTPUUECKOr ouyncTke Meau. CeneH MOXeT ObITh U aMOP(HBIM TEJIOM, H
KpUCTaJUIMYECKUM, pa3Horo 1usera. He B3auMoaelcTBYET ¢ BOIOM. Y AEIbHOE COPOTUBRIICHUE CEIIEHA U3MeE-
HSIETCS B OYCHb MHMPOKUX mepenenax: 1-10™" OM M — 1 3aBHCHT OT pojia ¥ KOHLCHTPALHH TIPUMECEii, TeM-
TepaTyphl, OCBEIICHHOCTH. TeMIepaTypHblii HHTEpBa CeNeHOBBIX MPHGOPoB 0T —60 10 +75 °C.

U3 ceneHa U3roTaBauBaoT GOTOPE3UCTOPHI, POTOINTEMEHTHI, TUH3BI U BBIIPSIMUTEIH.

Tema 4.4. XuMmuueckue COCAUHCHMUA CO cBOMicTBAMH MOJYNNpoOBOAHUKOB

[TomynpoBOAHHKOBBEIMU CBOWCTBAMH OOJIAZaf0T MHOTHE XMMHYECKHE COeNuHEeHWs. B xumum moy-
MIPOBOJIHUKOBBIX COSJIMHEHUM NpuHATHI 0003HaueHus tuna AIIIBV, rae Alll — aneMeHT TpeTbel rpymibl, a
BV — snieMeHT niATO# rpymImeL.

Coenqnnenns Tuna AIVBIV.

OuuM U3 BaXKHEHIIHX TSI TEXHUKH coenuuenuid turia AIVBIV sBisiercst kapoun kpemawns. B3anmo-
JIEUCTBHE KPEMHUS C YIIIEPOAOM NPUBOJUT K YCUIICHUIO KOBAJEHTHOM CBSI3H, CIEI0OBATENbHO, TEMIIEpATypa
TUTaBIIEHUS KapOuia KpeMHUs OyJeT BEIIIE, YeM y YHCTOro KpemHus. Kpome toro, y xapOuma KpeMHHS T10-
BBIIIAETCS BEJIMYMHA 3aMpeIieHHoN 30HbI. [ToaToMy M3 KapOuga KpeMHHUS MOXKHO MU3rOTaBIMBATh HPUOOPHI,
paboTaromue npu 60iee BEICOKOU TeMIepaType, 4eM KpeMHHUEBBIE TPUOOPHI.

IHonynposoonuxoewie coeounenus muna AIIIBV.

o .. @
e

@ [

TO>T, <T,

OTU coeMHEHUs] 00pa3yloTcsi B pe3ybTaTe B3aMMOJEHCTBUS dJie-
MeHTOB [I[-0 moarpymniel nepuoguueckoil Tadaupl (6opa, aJfOMHUHUS, TajUINsl, HHAUS) C 3JeMeHTaMu V-0
noArpynnsl (azotom, gocdopom, MBIIIBSIKOM U cypbMoi). /s coeanHeH TaKOro TUIA XapakTepeH THUII
XUMHYECKOH CBSI3M Ha3bIBAEMOW JOHOPHO-AKIENTOPHOW. DTOT THII CBSI3U MPEJCTaBIICT cOO0M mepexo] OT
KOBAJIEHTHOM CBSI3U K MOHHOW. DU3NUECKHE CBONCTBA TaKUX MAaTEPUAIOB ONPENENAIOTCS HEPTrUueu CBsI3H,
KOTOpasi yMEHBIIAEeTCsS M0 MEpe POcTa MOPSAAKOBOIO HOMEpA 3JIEMEHTOB, BXOAIIMX B COCTaB MaTepHala.
[TonBr>XHOCTH HOCUTENEH 3aps/a B IOJIyIPOBOIHUKAX TAKOI'O THIIA OIPAaHUYMBAETCSI B OCHOBHOM PACCEsIHU-
€M 3JIEKTPOHOB Ha ONTUYECKUX TEIUIOBBIX KOJEOAHUAX PEIETKH, 0 KOTOPHIMU IOHUMAIOT IPOTHBO(a3HOE
cMmereHne coceqHux aroMoB. [lockonbky atombr Alll u BIV 061anatoT HEeKOTOPEIM HOHHBIM 3apsiioM, TO HX
NpOTHBO(A3HOE CMEIICHHE MPUBOAUT K IMOSIBICHHIO AMUMOIHLHOTO MOMEHTA, SIBISIOMIETOCs 3((EKTUBHBIM
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IEHTPOM paccesiHus HocuTelel 3apsaa. YeM Oouble pa3HOCTh AIIEKTPOOTPUIIATEIBHOCTEH AIEMEHTOB, 00-
pa3yIolUX COCIUHEHUE, TEM CHIIbHEE BBIPAXKCHA MOHHAS COCTABIISIIONIAS XUMUYECKOUM cBsi3u. COOTBETCT-
BEHHO BO3pACTaeT paccesHre DIICKTPOHOB U JBIPOK HA ONTUYECKUX KOJIEOAHWSIX W YMEHBIIAETCS TOABHK-
HOCTb HOCUTEJICH 3apsia.

MHuoroo6pasue cBOHCTB moiynpoBoaHukoB Tuna AIIIBV mpuBeno k ux mupokoMy NMPUMEHECHHUIO B
Pa3IMYHBIX TEXHUYECKUX yCcTporcTBaxX. Ha WX OCHOBE M3rOTaBIMBAIOT HHXXEKITMOHHBIE JIA3€Phl U CBETOINO-
Iel. Y apceHma Tajuiis [IFpUHA 3alpemieHHON 30HbI OJIM3Ka K IIMPHHE 3alpelIeHHON 30HBI KPeMHUS, a
MOJIBUYKHOCTh HOCUTENICH 3apsiaa OJu3Ka K MOJABMKHOCTH HOCHTENCH 3apsia repMmanus. [loatomy qaHHBIN
MaTepuan SBJISCTCS BEChMa MEPCIEKTUBHBIM JIJISl U3TOTOBJICHUS HHTETPAIBHBIX MHUKPOCXEM C BBICOKUM ObI-
CTpOAECHCTBHEM.

Ilonynposoonuxosvie coeounenus muna AIIBVI

K coemunennsm trma AIIBVI oTHOCAT XanmbKOT€HUABI IIWHKA, KaAMUSI U PTYTH. XUMHYECKask CBSI3b
HOCHUT CMEIIIaHHBIM KOBaJ€HTHO-MOHHBIN XapakTep. KoMIIOHEHTa HOHHOW CBSI3U B TaKUX COEAUHEHHUSIX BBbI-
paxeHa cuipHee o cpaBHeHuto ¢ coeauHeHusmu tuna AIIIBV. C poctom cpenHeit aToMHOM MacChl aTOM-
HOI Macchl COEIMHEHUI YMEHbBIIAETCS [IMPUHA 3alPELIICHHON 30HbI M CHUYKAETCSl TEMIIEpaTypa IUIaBICHUS,
OJIHOBPEMEHHO MOBBIIIAETCS MOJABMXKHOCTh Hocutened 3apsna. Coenunenusa tuna AlIBVI npumensroTcs
JUTSL ©3TOTOBJICHHS (DOTOPE3UCTOPOB, 0OJIAAIOIIMX BBICOKOW YYBCTBUTEIBHOCTHIO B BUIUMOM 00JIACTH CIICK-
Tpa, a TaKKe JJI1 U3rOTOBJICHUS JIIOMUHO(POPOB.

Paznen 5. MarHuTHbIE MATEPUAJIbI

MarauTHbIe CBOMCTBA BEIICCTB 3aBUCHT:

— OT UX CTPYKTYpBIL:

— (hOpMBI JBMKCHUS 3aPSDKEHHBIX YACTHIL,

— CBOMCTB MOJICKYJISIPHBIX YaCTHIL;

— BHJIA CBA3U MEX]y aTOMaMHU U MOJIEKYJIaMU;

— I'pyII aTOMOB U MOJIEKYJ;

— BHEIIHUX MEXaHUYECKUX BO3AECHCTBUH.

B 3aBucHMMOCTH OT MarHHMTHBLIX CBOMCTB BCE BEILECTBA ACIATCS HA CIAOOMASHUMHbIE U CUNbHOMAS-
Hummuwle (puc. 1.32).

Bemecrna
CnaboMarHuTHbIe CHIIbHOMATrHUTHBIE
JluaMarHeTHKY [TapamMarHeTUKK DeppoOMarHeTUKK Depputht
— /
A
Marauromsarkue MaruuroTBepsie

K cnaGomarHUTHBIM MaTepuaiaM OTHOCATCS AuamarHeTuku (L, < 1) u mapamaraeTuku (W > 1), npu-
YeM MX MarHWTHasl MPOHHUIIAEMOCTb |l HE 3aBUCHUT OT HAIPSHKEHHOCTH MarHuTHOro nosis. [Ipumepamu ama-
MarHeTHKOB SIBJISTIOTCS] BOJIOPO/I, ME/Ib, 30JI0TO | T.J1I. [I[prMepaMu mapamMarHeTHKOB — KHCIIOPOJI, AIFOMUHNH,
OUHK ¥ T.71. [lapaMarHeTHkyu 1 [uaMarHeTHKH 00J1aIal0T OYeHb HU3KUMH MarHUTHBIMH CBOWCTBAaMH, IOATO-
My KaK MarHUTHbIC MaTE€pUAIbI B DJIEKTPOTEXHUKE UCIIONB3YIOTCS KpaltHe PejIKo.

B kauecTBe MarHUTHBIX MPUMEHSIOTCS B OCHOBHOM CHJIbHOMArHUTHBIE MaTepHalibl: (peppoOMarHUTHbIE
BEIIECTBA U (peppUTHBIE XUMUYECKUE COCTUHEHUS ((PEPPHUTHI).

Deppomacnemuk — KPUCTAUITUUECKOE BELIECTBO, B KOTOPOM PE3YJIbTUPYIOIINE MAarHUTHBIE MOMEHTBI
Ka)XJI0TO U3 IOMEHOB OTIIMYHBI OT HYJISL.

Deppum — KPUCTAIUTMYECKOE BEILIECTBO, MATHUTHYIO CTPYKTYPY KOTOPOTO MOKHO TPEACTaBUThH B BU-
Je IBYX WM Oojee MOAPEUIETOK, MPUYeM pe3yIbTUPYIOIIME MarHUTHbIE MOMEHTHI KaXJOrO U3 JOMEHOB
OTJINYHBI OT HYJIA.

CunbHOMAarHUTHBIE MaTepUalIbl 00J1a1al0T CIIOCOOHOCThI0 HAMarHUUUBAaThCA.
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Tema 5.1. [lapameTpbl, XapakTepu3yolue cBOCTBA MATHUTHBIX MATEPHAJIOB

XapakTepUCTUKAaMU MarHUTHBIX MaTEPUAIIOB CITyKaT:
1. OTHOCHTENbHAS MarHUTHASI IPOHUIIAEMOCTH Ll , OTIpeessieMas mo (opmyie

B
u, = , (1.26)
HoH

rae B — marautHas nHIykous, T, H — HanpshkKeHHOCTh MarHUTHOTO TOJISL, A/M; Lo — MarHWTHAs T0-
cTosHHAsA, Ho = 47-107 TH/m.

i CUIIbHOMarHUTHBIX MaTEpUaoB Pa3IHyaroT JBE BEITUUYWHBI MAarHUTHOW MPOHULIAEMOCTH: HAa4allb-
HYI0 U MakcuMaibHyto (puc. 1.33). B 0o0nacTi CHUIBHBIX MarHUTHBIX MOJEH MarHUTHas MPOHUIIAEMOCTD
YMEHBIIACTCS, MPUOIIKAACH K SANHHIIE.

i

Pmax

[T

Puc. 1.33. 3aBucumocts W, = f(H) 115 cHapHOMarHUTHRIX MaTePHAJIOB

>H

2. TemnepaTypHblii K03()GUIIMEHT MATHUTHON NIPOHULIAEMOCTH 0, , PABHbIH
1 du
o, =——". (1.27)
n
p, dT
TemmnepaTypHblii kK03()(UIMEHT MOKa3bIBAaeT, HA CKOJBKO HM3MEHSECTCS MAarHWTHAas MPOHUIAEMOCTh
Ipu U3MeHeHuu Temneparypsl Ha 1 K.
IIpu yBenmueHuu TemMrepaTypbl MarHUTHas [IPOHUIIaeMOCTh yBennunuBaercs (puc. 1.34). [Ipu npeBsl-
IIEHHUH tiopy M3-3a TEIUIOBOTO JIBUKEHUSI MArHUTHAS IIPOHMIIAEMOCTD PE3KO MAJAET JI0 HyJIs U MaTepuan Te-
pSET MarHUTHBIE CBOMCTBA.

u/

|
7 Kiopn

Puc. 1.34. 3aBucumocts W, = f(t°) A5t MAarHUTHBIX MaTePHAIIOB

3. Ocrato4yHas MarHuTHas UHAYKIUS By, To.
Ocmamoynas mazuumuas uHOykyus — 31o 3Hayenne B npu H = 0 B mponecce pa3MarHuIuBaHus 00-
pasiia, HAMarHMYEHHOTO JI0 HackImeHus (puc. 1.35).

B, TAf

Puc. 1.35. Iletnsa ructepesuca
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4. KospuurusHas cuna H,, A/M.

Jli1st TOTO 4TOOBI YMEHBIIIUTE OCTATOYHYI0 HHYKITUIO OT By 10 HYJSA, HEOOXOIUMO MPHIIOKUTE 00pat-
HO HAIpPaBIICHHYIO HAIPSHKCHHOCTh MAarHUTHOTO TOJs H., Ha3pIBaeMylo 3adepoicusaroujeli (KODPIUTUBHON)
CHUIIOM.

5. Ilorepu MOIHOCTY HAa HAMAarHUYUBAaHUE P, , onpeneisieMble 0 hopMyJie

P,= anmaML (128)

rae n — Koaqj(])HuHeHT, XapaKTepmonmI/Iﬁ JIaHHBIA MaTepual; Bmax — MakcuManbHas HHIYKIIASI Mar-
HUTHOI'O MOJIA; N — MOKAa3aTeJIb CTENCHU, f — 9acToTa NPpUII0KECHHOI'O MAaroHuTHOI'O I10JIA; V — 00bEM Mar"ur-
HOIr0 MaTcpuala.
6. Ilorepu MOIIHOCTH Ha BUXPEBBIE TOKHU P !
P; = EB% PV, (1.29)

rae & — ko3 PHUIHMeHT, 3aBUCSIINN 0T (JOPMBI IeTalld M MaTepHalia i3 KOTOPOro OHA U3TOTOBIICHA, & ~
Yo pT el Pl

[ToTepyn MOLIHOCTH HA HAMAarHMYMBAHUE M BUXPEBbIE TOKH NMPHUBOAST K HArPEBY MarHUTHOTO Mate-
puana. Uem notepu BbIIIE, TEM CUIbHEE HATPEBAETCS MaTepUal.

7. MakcumaibHast 9Heprist (Winax, KJDk/M®), 0T1aBaeMasi MArHHTOM BO BHEIIIHEE IPOCTPAHCTBO.

B 3aBucuMocTH 0T mapamMeTpoB CHIbHOMArHUTHBIE MaTepHabl NOAPA3AEIIIOTCS HA MarHUTOMSITKHE
(MM) u marautoTtBepabie (MT). MarHuTomsrkue HCIONB3YIOTCS KaK MPOBOJHUKA MAarHUTHOTO IOTOKA.
MarsuToTBepable — KaKk €ro HCTOYHUKH.

Tema 5.2. MarHuToMsiIrKre MaTepHaJIbl

Jlekuus MpOBOJUTCS B MHTEPAKTUBHON (opme: Jekiusi-0ecea, JeKIus ¢ pa360poM KOHKPETHBIX
curyaimii (luac).

MarHuToMsrKue MaTepruanbl 00J1aIal0T BEICOKOW MAarHUTHOM MPOHUIIAEMOCTBIO (L), HU3KOH KO3PIIH-
TUBHOM cuiiort (Hc), MaJbIMH ITOTEPSIMU Ha TUCTEpe3uc (HaMarHuIuBaHue, Py), n 6aronapst TaKUM CBOHCT-
BaM SIBIISIIOTCS. XOPOIIMMH HPOBOAHUKAMH MAarHUTHOTO nmotoka. OHM HCTIONB3YIOTCSl B KaYECTBE CEeplEUHU-
KOB TpaHCc()OpMaTOpOB, AIEKTPOMATHUTOB B M3MEPHUTENBHBIX MPHOOpax M B JIPYTUX CilIydasx, Tlie HeoOXo-
JUMO NPY HAaUMEHBILEH 3aTpaTe SHEPrUH JOCTUTHYTh HAUOOJIbLIeH HHIIyKIINH.

Hwke npuBeieHbl OCHOBHBIE MPEICTABUTENIN MATHUTOMATKHX MAaTEPUANIOB U MX XapaKTEPUCTHUKH.

Kese30 (HU3KOYIJIEPOAUCTAsl CTAJIb). TEXHUYECKH YUCTOE JKEJIe30 OOBIYHO COJCPIKUT HEOOJIBIIOE
KOJIMYECTBO TpHMecel yriepoja, cepbl, ochopa, BOJOPOAa, KHCIOPOIa, KPEMHUS U APYTHX AJIEMEHTOB,
YXyIIIAIOUIMX €r0 MarHUTHBIE CBOMCTBA. B pe3ynbTaTe 3TOro OHO PeAKO MUCIOJIB3YETCSl B KAYeCTBE MarHUT-
HOT'O MaTepuaya ¥ B OCHOBHOM JIJIsl K3TOTOBJICHHSI MArHUTOIIPOBOJIOB IMTOCTOSTHHOTO MarHUTHOTO TIOTOKA.

Huzkoyriaepoaucras 3/1eKTpPOTeXHUYECKasi JJUCTOBAsA CTaJb — 3TO OJHA U3 Pa3HOBHUIHOCTEH TeX-
HUYeCKH yucToro xenesza. Coxepxxut He O6onbuie 0,04 % yrinepona u He 6oinbire 0,6 % apyrux npumeceil.
MakcumMaabHOe 3HaUeHHeE [, [UI pasauuHbiX Mapok 3500-4500; He=65...100 A/m; P = 0,1 MxOm ™.

st MarHUTHBIX MaTepUANOB 3JIEKTPOTEXHUYECKas CTajlb UMEET HU3KOE YAEIbHOE COMpPOTHBIEHUE,
MO3TOMY BBIITyCKaeTCs OHa B BHAE JUCTOB ToimuHou 0,2—4,0 MM. /{151 yMeHbIIeHUs TOTEph Ha BUXPEBBIE
TOKH CEpACYHHMKH B TpaHC(POpMATOpax CKIEUBAIOT U3 OTIEIBHBIX TOHKUX JIMCTOB C MOMOILBIO KIICSIIErO
naka. Jlak sBIseTcs TUAIEKTPUKOM, TIOATOMY CONPOTHUBIEHHE BCETO CEPJCYHHKA YBEIUYMBAETCS U MOTEPH
Ha BUXPEBbIE TOKH CHU)KAIOTCSL.

KpemHucTas 3JieKTPOTeXHHYeCKas CTAJIb SBJISCTCS OCHOBHBIM MarHUTOMSTKAM MaTepUalloM Mac-
coBoro notpebienus. Beenennem B ee cocraB kpeMHus (Si) J0CTHraeTcs MOBHIIICHUE €€ YACIBHOTO COMpO-
TUBJICHUSI ¥ CHIDKCHHE TIOTEPh HA BUXPEBbIE TOKU. KpoMme 3Toro, HaIM4me B CTAIN KPEMHHS CIIOCOOCTBYET
BBIJICJICHUIO M3 Hee Yyriepoja B Buie rpadura M TPUBOOUT K TOJHOMY €€ PAacCKUCICHUIO,
a TaKk)Ke YBEJUUEHHIO [L U CHI)KEHHIO ITOTEPh Ha THCTEPE3uC.

Cranb, conepxamas 10 4 % kpemHus, 00JaaeT T0CTaTOYHO y/IOBIETBOPUTENBHBIMA MEXaHUYIECKH-
MU CBOWCTBaMH, a TP HAIMYHH €r0 BhIIIE 5 % OHA CTAHOBUTCS OY€HBb XPYTKOU.

IMepmaJsion — 370 kene3oHUKeNneBbie cruiaBbl (Fe+Ni), obnamaromnre BechbMa OOJBIION HAYabHON
MarHUTHOM MPOHHUIIAEMOCTHIO L. B 00JIacTH c1a0bIX MATHUTHBIX TTOJICH.

B 3aBucuMocTH OT copepkaHusl HUKEJIS IepMaljion ObIBaIOT:

* BBICOKOHHKEJIEBLIE —70...83 % NI, ocransuoe Fe;

* HU3KOHUKEJICBBIC —40...60 % Ni, ocransHoe Fe.
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OT 3TOro ke 3aBUCST OCHOBHBIE MAarHUTHBIC CBOMCTBA U YJEIBHOE COMPOTUBICHUE IMEPMaJUIOEB.
MarnuTHas OpOHUIIAEMOCTD |y BEICOKOHHUKENIEBBIX CIUIABOB B HECKOJBKO a3 BHIIIE, YEM HU3KOHHUKEIICBBIX,
¥ HAMHOTO TIPEBBIMIAET [L; IEKTPOTEXHUYECKUX CTaleH.

BEICOKOHUKETIEBBIE nep- Huskonukenesrie nep-
MaJlJIOn MaJlJion

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

He=1...5 Al Hc=10...30 A/M

OnTUManbHBIM CUUTAETCA CILIaB, coaepskaimil 78,5 % uukens. OH Ha3bIBaeTCa cynepmannoti: n o, =
1500 000; He= 0,3 A/m.
MarauTHbIe CBOWCTBA MIEPMAJUIOEB 3aBUCST OT HAJIMYWS MHOPOIHBIX MPUMECEH B CIUIABE U UX XUMH-
YEeCKOro COCTaBa, a TAKXKe OT PEKUMa TEPMOOOPAOOTKH.
Kpome Toro, |, mepManioeB CHIbHO 3aBHCUT OT YacTOTHI MPH-

uio? JIOKEHHOT0 MarHUTHOTO noist f (puc. 1.35), mpuuem 3aBUCUMOCTD TEM
20 pesde, 4yeM OoJiplle e€ TepBOHAYATRHOE 3HAUCHHE. ITO OOBSICHSICTCS
16 BO3HHKHOBCHHEM B MaTepHalie 3aMETHBIX BHUXPEBBIX IOTOKOB H3-3a
12 HEOOIBIIOr0 yIEIbHOTO COMPOTHUBIICHUSL.
8 i ynydiieHus: MarHUTHBIX M MEXaHWYECKHX XapPaKTEPHCTHUK
4 NepMaJIOeB, MPUIAHMS CIUIaBaM OIPEJICIICHHBIX CBOMCTB B UX COCTAB
2 S~/ I BBOJIAT CJIEYIOIINE J00ABKHU:
10 10° 10° 10° 10° 10° — moiubaer Mo u xpom Cr, moBBIIIaONME yACTHHOE COMpPO-
Puc. 1.36. 3aBucumocTtsn TUBJICHUE U HAYAJIBHYIO |y, 4 TAaKXKE yMEHBIIAOIIUE YyBCTBUTEIIb-
Wy = f(f) JUTSL TIEPMAJIOEB HOCTB TIEPMAJIIOCB K J1e(hOpMaIusim;

— menp Cu, KoTopasi yBETUUMBACT TIOCTOSHCTBO [Ly B Y3KUX HH-
TepBaJiaX HANPsHKEHHOCTH MAarHUTHOTO IOJIS, OBBIMIAET TEMITepaTyp-
HYIO0 CTaOMIIBHOCTH U YACTHHOE CONPOTUBIICHHUE, a TAKXKE JeNIAeT CIUIABHI JIETKO MOAIOMIMMHUCS MEXaHu4e-
CKOl 00paboTke;
— KpeMHuit Si u Mapraner; Mn, MOBBIIAIONIHE MEXaHHYECKYIO TPOYHOCT.
[TpuMeHSFOT epMalIoN JUTS U3TOTOBIICHUS CEPIICYHUKOB MaJIOrabapUTHBIX CHIIOBBIX TPaHC(HOpMATo-
POB, JIpoccenel, pene U aeTaneld MarHUTHBIX Iienel, padoTaromUX NP MOBBIMICHHBIX HHAYKIUIX 0€3 Moj-
MarHUYMBaHHS WIH ¢ HEOOIBIINM TOAMAarHHYMBaHUEM. TOHKHUE JICHTHI M3 MEPMAJIJIOEB UCTIONIB3YIOT B Kade-
CTBE MaTepHala JUIsl U3TOTOBICHHUS SYEEK NMaMITH B YCTPOMCTBAX BBIYMCIUTEIBHON TeXHHUKH. [IpumeHenue
NEepMaIIOEB OTPaHHYCHO M3-32 UX BBICOKOH CTOMMOCTH, KOTOpast OTNPE/ICIIETCS COIEPKAaHUEM B UX COCTaBe
HUKEJIIS — JIOPOroro U JIePUIMTHOTO MaTepuaa.
Aabcudepbl — CIuIaBbl JKele3a ¢ kpemMaueM u amromuaneM (Si+Al+Fe). Ero ontumanbHeiii coctas: Si
- 95 %; Al — 56 %; ocrampHoe Fe. DToT cmiaB OTIMYASTCS TBEPAOCTBIO W XPYIKOCTBIO;
u™ =120 000; He= 1,8 A/m; p=0,8 MKOM'M.
Anbcudepsl He coJiepKaT JOPOTUX U AeOUIUTHBIX COCTABIISIOMINX, TOITOMY WX ITMPOKO MPUMEHSIOT
JUTSL U3TOTOBJICHUSI KOPITYCOB MPUOOPOB, METAIUIMYECKUX SKpaHOB. braromapst xpynkoctu anbcudeps! pas-
MaJIbIBAlOT B MTOPOIIOK U MPECCYIOT M3 HUX BBICOKOYACTOTHBIE CEPACUHUKH.

MaruauToMsirkue (peppuThl — MaTepUANbl CICIIMAILHOIO Ha3HAUCHHUS — HE OTHOCATCS K METajljlaM U
MIPEJICTABISIOT COO0M METAIIOKEPAMUKY C HE3HAYUTEIBHOHN 3JIEKTPOHHOHN 3JIEKTPOIIPOBOIHOCTEIO.

[To xumMuyeckoMy cocTaBy (PeppUTBI — 3TO CILUIABBI U3 OKCHJIA Kelle3a U OKCHJIOB JABYXBAJIICHTHBIX HITH
onHOBaJIeHTHBIX MeTaiioB: MeO-Fe,03, rie MeO — cuMBOJI JIByXBaJICHTHOTO METaJljla.

[IporieHTHBIH COCTaB KOMIIOHEHTOB HUIPACT CYIICCTBEHHYIO POJIb B IMOJYYCHHHM TEXHHYECKHX HJIH
WHBIX MarHUTHBIX CBOHCTB Marepuana. Takke Ha CBOMCTBAa (DEPPUTOB OKa3bIBAET BIIMSHUE TEXHOJOTHS HX
M3roTORJICHUSA. TEXHOIOTHYECKUI TPOIIECC CBOIUTCS K TOMY, YTO CHadajia IOJIy4aroT IMOPOIIOK M3 IepeMe-
IIAHHBIX OKCH0B. B Hero mo0aBisioT IIaCTU(PUKATOP — OOBIYHO PACTBOP MOJMBUHUIIOBOTO CIIMPTA, a M3
MOJTy4YEHHONW MacChl MPECCYIOT MO OONBIIMM JaBICHHEM W3IeHs TpeOyeMoi (hOpMBI U TIOJBEPraloT HX
oGxury pu Temneparype 1400 °C.

Maruautomsrkue GeppuTbl UMEIOT OOJIBIIOE YCIBHOE CONPOTHBIICHUE (IPEBBIMIACT COIMPOTHUBICHUE
xenesa B 10°-10" pas), a cienoBaTeNbHO, HEOOJBIIUE IOTEPU SHEPTHH B O0JIACTH IMOBBIIEHHBIX M BRICOKHX
Y4acToT.

®DeppuThl — TBEPABIC U XPYITKHE MaTEPHAIIBI, HE MTO3BOJISIONIAE TIPOU3BOIUTE 00pabOTKY pe3aHueM U
JIOITYCKAIOIIME TOJIBKO IIIM(POBKY M HOIUPOBKY. [103TOMY (hopMy TOTOBOTO M3ICIIUS MM IPUIAIOT 3apaHee,
eIIIe MpY MPECCOBKE.

Marautomsarkue GepprThI ISIATCS Ha TPU TPYTIIIHL
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1. @eppumer ¢ monxou nemneu eucmepesuca (TII-pepputsr). [IpuMepoM SBISETCS MapraHIEBO-
muHKOBBIH pepput MnO-Zn0-Fe,03, nmeromuii cneayromume XapakTepUCTHKHU:
p =15 000;
u, ™ =35 000;
Hc=0,24 A/m;
p=1mMOM M.
WX HepoCTaTOK — CHIIbHAsI 3aBUCUMOCTD TaHHBIX XapaKTEPHCTUK OT YaCTOTHI MPHUIOKEHHOTO MarHHUT-
HOTO TI0JISA, TIO3TOMY OHH HCITOJIB3YIOTCS TOIBKO HA HU3KUX YacTOTaXx.
2. @eppumul ¢ npamoyzonvrou nemiei eucmepesuca (ITT-pepputer). [Ipu ux u3roToBIcHUH 3apa-
Hee TOOMBAIOTCS TOTr0, YTOOBI METIs THcTepe3nca Oblia MPSIMOYTOJILHOM.
st 3TOTO TIPECcCOBKY W OOXKHWT M3AENUS MPOU3BOAAT B CHIIBHOMArHUT-
B, Ta HOM IIOJIE.
VY IIII'-depputoB ocraTouHass uHIykKuus B, OymeT mpumepHO
paBHA MaKCUMAaIbHOW UHIYKIUH Bmay (Br & Bmax). Ylcxoms U3 3T0r0, Ka-
yectBo [III'-peppuroB xapakrepusyercss KOdIQPHUIHUEHTOM MPSMO-

H,A/m YTOIBHOCTH METITH:
B

Puc. 1.37. IlpsmoyronbHas
HeTyIs TUcTepe3uca

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

Kpowme storo, II1I-heppuTsl AOKHEI 00ecTIeYnBaTh Majaoe BpeMsl IepeMarHuniiBaHus, MUHAMAIb-
HBIE TIOTEPU PHEPTHU TPH IEPEMarHMIMBAaHUU M KaK MOXKHO OOJIBIIYIO TEMITEpaTypHYIO CTaOMIBHOCTD Mar-
HUTHBIX XapaKTEPUCTUK.

[Tpumenstores I -dpeppuThl B OCHOBHOM ISl M3TOTOBJICHHS STYEEK IMAMSATH B YCTPOHCTBaX BBIYHUC-
JIUTENbHOU TEXHUKU.

3. CneuunanbHble Mapku geppumog 0 ceepxevicokux wacmom (CBU-deppursr). B 310t obmacTu
YacTOT B MEPBYIO OYEpe/Ib UCTIONB3YIOTCS BO3MOKHOCTH YIPABJICHHS AJIEKTPUIECKUMHU U MarHUTHBIMH I1a-
pamerpamu depputoB. B kauectBe CBU-peppuroB npumensitorcst B ocHoBHOoM HukeneBbie (NiO-Fe,03) u
marnuesbie Geppursl (MgO-Fe;03). Boobmie uncio mapok CBU-deppuros mpesbimaet 60.

Tema 5.3. MarHuToTBepAbIe MaTePUAJIbI

B oTnnumne oT MarHUTOMSTKAX MaTepHajiOB MarHUTOTBEpble 00Iaat0T HU3KOW MarHUTHOW MPOHH-
LAaEMOCTBIO [l U OY€Hb BBICOKOM KOIPIUTHUBHOMN CHIION H(, TOATOMY HCIIOJB3YIOTCS B KAUECTBE HCTOYHUKOB
MarHUTHOTO MOTOKa (MarHuToB). OCHOBHOHM XapaKTEpPUCTHKOH MarHUTOTBEPIABIX MAaTEPUAJIOB SIBIISIETCS
MAKCHMANbHAS SHEPIHs, OTJaBaeMasi MACHHTOM BO BHEIIHee MpocTpatCcTBO (Winax , KIIK/MY).

ITo cocraBy, COCTOSHHIO U CLIOCOOY MOJTYYEHHUS] MArHUTOTBEPIbIE MaTEPUAIIBI ITOIPA3ACIISIOTCS Ha JIe-
TUPOBAHHBIE MApTEHCUTHBIE CTAJIM, JIMTHIE MAarHUTOTBEPABIE CIUIABBI, MATHUTHI U3 IOPOILIKOB, MarHUTOT-
Bep/Ibie PeppUTHI, IITACTHYECKH Je(OpMUpyEeMbIe CTIABbl I MATHUTHBIE JICHTHI.

JlerupoBaHHbIe MAaPTEHCUTHBIE CTAJTU SBISAIOTCS HanOoJiee MPOCTHIM M JOCTYIHBIM MaTepHaioM
1A U3rOTOBJICHUA ITIOCTOSSHHBIX MAarHHUTOB. KpOMe KeEJI€3a U yriiepoJa B uxX CoCTtaB BXOOAT HO6aBKI/I BOHBq)-
pama, KpeMHUsI, MOJIMOJIeHa, YIIIEKHUCIIOTO ra3a U T.J. MapTeHCUTHBIE CTald HA4YalHd MPUMEHSTH JUIS TPOU3-
BOJICTBA IIOCTOSIHHBIX MarHUTOB PaHBIIE BCEX IPYI'MX MAarHUTOB. B HacTosiee BpeMsi OHM UMEIOT OTpaHHU-
YEHHOE IIPUMEHEHNE BBUY X HEBBICOKMX MATHUTHBIX CBOMCTB:

Whax= 4 K}I)K/Ms;
H-=13,6 kA/™m.

OnHako MOJHOCTBIO OT HUX OTKa3aTbCsid HE MOTYT, T.K. OHHU JICIIEBHI M SBISIOTCS €IUHCTBEHHBIMH
MarHUTOTBEPABIMU MaTepHalaMH, OIYCKAIOIIIMI MEXaHWYECKYI0 00pabOTKy Ha METaJUIOPEXKYIIUX CTaH-
Kax.

JIuTble MarHuTOTBEpAble CILVIABBI. BOJNBIIYI0O MarHUTHYIO CIIOCOOHOCTH MMEIOT TPOMHBIE CILIaBbI
Al+Ni+Fe, xotopbie Ha3bBatOT anbHy. CIUTaB albHE ¢ KPEMHHEM Ha3bIBAIOT AIbHUCU, & CIUIAB ¢ KOOAILTOM
— anvruxo. Jlobapnenue B 911 ciuiaBel CO, Cu, Ti HOBBINIAET UX MarHUTHBIC CBOICTBA, 00JIEr4aeT TeXHOJIO-
TUIO HM3TOTOBJIEHHA M YIyYIIaeT MEXaHHYECKHE XapAKTEPUCTHKH. Y BCEX MArHUTOTBEPIBIX MaTEpUAJIOB
HaWIy4dlIlie MarHUTHBIE CBOWCTBA JOCTUTAIOTCA MIPH 3HAUYNUTEIHHOM UCKQ)KEHUN KPUCTAJUINYECKON PEIIETKU
1 00yCIIaBIMBAIOTCSL HE TOJIBKO COCTABOM M CTPOEHHEM MarHuTOB, HO U UX CHELUaIbHOM 00paboTKOil — 0X-
JaXKJICHUEM T10CIIE€ OTIMBKHU B CUJIbHOMAarHUTHOM IIOJIE.
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B cpenHeM uThIe MATHUTOTBEP/IBIC CIDIABBI UMEIOT CICIYIOIINE XapaKTePUCTHKY:
Winax= 40 KI[)K/M3;
Hc= 145 kA/m.

WX HemocTaTtok B TOM, YTO W3 HHUX TPYIHO M3TOTaBIMBATH MEJKHE W3AENUS C TOYHBIMH pa3MepaMu
BCJICJICTBHE XPYNKOCTH U TBEPAOCTH CIUIABOB, AOMYCKAIOIINX 00padOTKy TOJBKO MyTeM IIIH(OoBaHHS.

MaruuTsbl U3 NMOPOIIKOB. HeBO3MOXHOCTE MOTyYUTh OCOOEHHO MENKHE, CO CTPOTO BBIACPKAHHBIMH
pasMepamu M3JeHs U3 JUTBIX MarHUTOTBepbiX cruiaBoB (Fe+Ni+Al) oOycrmoBuia nmpuMeHeHne METOI0B
MOPOIIKOBOM METAJUTYPIHH U TIPOU3BOJCTBA MOCTOSHHBIX MarHuToB. B 3aBHcHMOCTH OT cmoco0a u3ro-
TOBJICHUS PA3JINYAI0T METATIOKEPAMUYESCKUE MAarHUTH U METAJUIOTLIACTHYSCKHUE,

Memannoxepamuueckue mMaeHumel N3TOTABINBAIOT IMTyTeM APOOJICHHS JTUTHIX MarHUTOTBEPBIX CILIa-
BOB JI0 TOHKOANCIIEPCHOTO cOocTOsIHUSA. [lomyueHHy 0 Maccy MpeccyloT, npuaasas popMy roToBOTO U3EIus,
Y TIOABEPTAIOT CIIEKAHHIO MPH BBICOKUX TeMIlepaTypax. Menkue AeTand Ipy TaKoi TEXHOJIOTHH UMEIOT JOC-
TATOYHO TOYHBIE Pa3MepHI U He TPeOyIOT ManbHen e o0paboTKu.

3anacenHas dHeprus W U OCTaTOYHAS MHIAYKIUS B, y METaJUIOKEpaMHUECKIX MarHuToB Ha 10—20
% HWXKE, YeM Y JIMTHIX CIUIABOB, U3 KOTOPHIX OHU M3TOTOBJICHBI, 3aTO MEXaHUYECKAs IPOYHOCTH BHIIIE JIH-
TBIX MarHuTOB B 3—6 pas3.

Memannoniacmuyeckue mMazHumsl U3TOTABIMBAIOT IO THITY MPECCOBKH TIacTMacc. JIuTbie MarHuToT-
BEp/IbIe CIUIABhI APOOSIT 10 3€pPeH KPYIMHOT'O pa3Mepa; B COCTaB IMOJyUYCHHON MacChl BBOJST CBS3yIOIIee Be-
IIECTBO U Jajiee MOMYyUYEHHYI0 MacCy MPecCyIoT Mo BRICOKUM naBieHueM (mo 500 MIla). Metamnomnactu-
YecKasi TEXHOJIOTH MO3BOJSET BBIMYCKATh MAarHUTHl C apMaTypol BHYTPH, YTO TOBBIMIAET WX MEXaHHUYe-
CKYIO ITPOYHOCTb.

MaruuTHbI€ CBOMCTBA METAJUIOILIACTUUYECKUX MAarHUTOB HE BBICOKH: Wmax HWIKEC JIMTBIX MalrHUTOTBECP-
IeIx cmiaBoB Ha 40—60 %, a B, — Ha 35-50 %, uTo 00BSICHAETCS HanU4KeM B X coctaBe 10 30 % HeMarHuT-
HOTO CBSI3YIOIIETO BEIIECTBA.

I[HSI BBIITYCKa METAJIJIOMMOPOMIKOBBIX MAarHUTOB 3KOHOMHUYECKU BBII'OAHO HMCIIOJIb30BaTh MAaCCOBOC aB-
TOMAaTH3UPOBaHHOE TIPOU3BO/ICTBO.

MaruauTtoTBepablie pepputhl. K ux unciay MoxxHo otHecTr OapueBblii Gpepput (BaO-6Fe,03). On 06-
JajaeT OYEeHb BBICOKOW KOAPUUTHBHOW cumimoit: He = 240 xA/M. Ero yneiapbHOE CONPOTHBIICHHE
p =10"+10" OM"M, T.e. BO MHOTO pa3 GoJIbIIe, YeM yAEIbHOE CONPOTHBICHNE INTHIX MArHHTOTBEP/IbIX CIIIa-
BOB; W= 12 K)l)K/Ms.

braromapst BEICOKOMY yAEITFHOMY COIPOTHBIICHHIO OapHeBbId (DeppUT UMEET OYEHb HHU3KUE MOTEPH
MOIIHOCTH HA BUXPEBBIE TOKH U IMO3TOMY XOPOIIIO paboTaeT Ha BHICOKHX YacTOTaX. DTO JIETKHH MaTepHal.
KpOMe TOT'0, OH IIOYTH B 10 pa3 ACHICBJIC MArHuTOB U3 JIMTBIX MAarHUTOTBEPbIX CILUIABOB.

K HenoctatkaM OapueBoro ¢eppura ClieyeT OTHECTH HHM3KYI0 MEXaHWYeCKYI0 MPOYHOCTh, XPYII-
KOCTbh, @ TAKXKE CHJIBHYIO 3aBUCHMOCTh MAarHUTHBIX CBOWCTB OT TeMIieparypsl. llpn oxnmaxaeHun 10 TemMiie-
patypst —60° i nanbHEHIIEM HATPEBAHHH 10 KOMHATHOM TEMIIEPATyphl GapHeBblii GeppuT HeoOPATHMO Te-
PA€T CBOM MarHuTHBIC CBOMCTBA

Pa3aen 6. TexH010rMsA KOHCTPYKIIMOHHBIX MaTePHAJIOB

ROHcmpyKMMOHHble mamepuaisl — 3TO MaTE€pUAJIbl, U3 KOTOPBIX M3TrOTABJIMBAIOT HECYIIUEC KOHCTPYK-
WA DJICKTPOYCTAHOBOK, OIMOPHBIC, KPCIICKHBIC, BCIIOMOT'AaTCIIbHBIC Y3JIbl U ACTAJIN JJICKTPUYCCKUX arlrapa-
TOB.

Tak kak u3 KOHCTPYKIIMOHHBIX MAaTC€pUaioB U3IrOTABJIMBAIOT HECYIINE KOHCTPYKIIUH, TO UX OCHOBHOM
XapaKTepI/ICTI/IKOﬁ SABJIACTCA MCXAHUYCCKAA NPOYHOCTD. KOHCprKL[I/IOHHBIMI/I SABJIAIOTCA TBEPAbIC MaTCpUa-
JIBI. Fa3006pa3HLIe, KHUAKUC, TBECPACIOUINEC MATCpHUAIbl MOTYT BXOAUTH B COCTAaB KOHCTPYKIIMOHHBIX TOJIBKO
B KQUeCTBE HAIOIHUTEIICH IJId IpyugaHus MaTe€puruajiaM ONpeaCIICHHBIX CBOMCTB.

Tema 6.1. [TapaMeTpsbl, XapaKTepHU3yOIHe CBOHCTBA KOHCTPYKIMOHHBIX MATEPHAJIOB

OCHOBHBEIE CBOWCTBAa KOHCTPYKITMOHHBIX MAaTEPHAIOB — MEXaHWUYECKHE, (PU3NUECKHE, XUMUUIECKUE,
TEXHOJIOTHUYECKUE U IKCIUTyaTallHOHHBIE.

Mexanndeckne cBoiicTBa. [lapamerpamu, XapakTepu3yrOINIMMA MEXaHUYECKHE CBOMCTBA, SBISIOTCS
MeXaHW9eCKask MPOYHOCTh, TNTACTHYHOCTH, TBEPJOCTh U yIapHas BI3KOCTb.

1. Mexanuuecxas npounocms o, MIla.

Jegpopmayus — 3T0 CIOCOOHOCTH MaTePUAIIOB U3MEHSATh CBOU pa3Mephl U (JOPMBI IPU BHEUTHUX BO3-
JIEHCTBUSX HArpy3KH MO0 B pe3yNibTaTe BHYTPEHHHUX (PU3UKO-XMMUYIECKHUX MTPOIIECCOB.

Hedopmariiu ObIBAOT:

— ynpyeue (TIOCE CHATHUS HATPY3KH TEJIO BOCCTAHABIMBACT CBOU pa3Mephl U CBOWICTBA);

— naacmuueckue (TIOCTe CHATHS HArPy3KH JeOopMaLusi OCTaeTCs).
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[Ipu yBenmueHnn BHEWIHEW HArpy3ku ympyras aedopmanus NepexoJuT B IUIACTHYECKYIO, a TUIACTH-
yecKas, pU YBEIMUEHUH HAarpy3KH, IPUBOIUT K pa3pyLICHUIO TENa.

Mexanuueckaa npounocms — CIOCOOHOCTH TBEPIOTO Tella MPOTHBOCTOATH PA3INYHBIM Ae(OpMaIHIM
U pa3pyLIEHHIO [IPU BO3IEHCTBUN CTATUIECKUX U IMHAMUYECKHUX Harpy3oK.

Cmamuueckumy Ha3bIBAIOTCS HArpy3Kd, ACHCTBYIOIIME PAaBHOMEPHO (pacTsDKEHHE, C)KaTHe, U3TrHo,
KpyueHue). C X MOMOILBIO ONPEIEISIIOT MIPEesl MEXaHUUIECKOH IPOYHOCTH:

oc=—, 131
= (1.31)

rae P — narpyska, aelictByrommas Ha Tteno, MH; F — momiane Tena, Ha KOTOPYIO IEHCTBYET HArpy3Ka,

MexaHNuecKyI0 IPOYHOCTh YCTAaHABIUBAIOT C MIOMOIIBIO CHEIUANBHBIX UCTIBITAHUI 00pa31oB, U3ro-
TOBJICHHBIX U3 MICCIIEAYeMOro MaTepuaia. VcreiTanne Tena Ha pacTsHKeHHE SBISETCS 0043aTeTbHBIM.
Jns onpeneneHnst MEXaHUIECKOW MPOYHOCTH MaTepuaia IMpH BO3AEHCTBHH AMHAMUYECKIX HATPY30K
WCIOJIB3YIOT TAKOM MapaMeTp, KakK yJapHas BI3KOCTb!
KC=A/F, (1.32)

rae A — paboTa, KOTOPYIO HaJ0 3aTpaTUTh JJIs pa3pylieHus Teepaoro tena (Jx); F — miomaas Tena,

2. Omnocumenvroe yonunenue neped paspeisom Alll, %, mokaspiBaeT, Ha CKOJBKO YIJIHHSICTCS MaTe-
puai, npexie 4eM nopsarbest. Yem AN/l Gonblire, Tem stydiiie MaTepual.

3. Teepdocmb — cIOCOOHOCTH TBEPJIOTO TeJa CONPOTUBIIATHCS BHEAPEHUIO B HETO Jpyroro Tena. Om-
penensieTcs mo AMIUpudYeckuM GopmyrnaM win TaOiauiaM; 4Yaile HCIIOJIb3YEeTCsl TBEPAOCTh MO bpuHemo
(HB, MIIa):

HB=P/Fyy, (1.31)

rae P — cuna ynapa mapuka, MH; F.; — Tutomans moBepXHOCTH IOTYYEHHOTO OTIeYaTKa, M.

Ha puc. 1.37 u3zo0paxkeHa cxema orbITa Ist onpenesneHus Teepaocty no bpunemnio. C onpezaeneHHON
BBICOTHI Ha TBEPJOE TEJO COPACHIBAIOT LIAPHK, ITOCIE YEro 3aMepsIoT IJIOMIAb OTIeYaTKa, OCTaBICHHOIO

HM. UeMm MEHBIIIE IUIOIA (b OTIEYaTKa, TEM BBILIIE TBEPIOCTH Tena,
1 Ha000POT.
[Tapux
Orneuatox
T | _—— Teepnoe teno

Puc. 1.37. Cxema ombITa 10 OTpeACIEHUIO TBEPAOCTH

du3nyecKue CBOWCTBA KOHCTPYKIIMOHHBIX MAaTEPUAIOB XapaKTEPU3YIOTCS WX TEMIepaTypou IiaB-
JIeHHUs1, TEMIEPATyPHBIM KO3 PHUIHIEHTOM, 3IIEKTPOIPOBOIHOCTHIO U TETIIONPOBOAHOCTHIO.

Xumnyeckue cBoiictBa. K XuMu4eckum cBOCTBaM OTHOCHUTCSI CHOCOOHOCTh K XHUMHUYECKOMY B3au-
MOJICHCTBUIO C arpeCCUBHBIMH CPEIAMHU.

TexHoJornyeckne cBOWCTBA MaTepHaia ONPEACISIIOT €ro CIIOCOOHOCTH TOJBEPTaThCs Pa3IHIHBIM
BUIaM TOpsUed 1 XonoaHoi 00paboTku. K TeXHOIOrnueckuM cBOMCTBaM OTHOCSTCSI:

1) aumeiinocms — CIOCOOHOCTH MaTepualla OTIUBATHCS B pa3aH4yHbIe (OopMBL. JINTEHHOCTD onpenes-
eTCs JKUJIKOTEKYYeCThI0 MaTepHaia, CTEIIeHbI0 yCaJKH TPU OTBEPJIEBAaHHUH, CIIOCOOHOCTHIO MaTepHana K ca-
MOJIMKBHIALAH;

2) oepopmupyemocnv — CIOCOOHOCTh MaTepHuaia 1oJ| BO3ICHCTBHEM BHEUIHEH HArpy3Ku NPUHUMATH
paznmuHble (GOpMBI 0€3 pa3pyIIeHHs M ¢ HAMMEHBIIUM COIIPOTUBIICHHEM Harpyske. Jledopmarmmu moasep-
raroTcs MaTepUallbl, KOTOPbIE HEJIb3sl OTJINBATh;

3) ceapusaemocms — CIOCOOHOCTh MaTepuala COSIUHATHCA C TAKHM K€ MaTepPUAIOM HIIH APYTUM C
CO3JlaHHEM MEXy HUMHU MEXaHHUYECKH [IPOUHBIX LIIBOB.

IKCIUIyaTAMOHHbIE CBOMCTBA 3aBUCAT OT YCIOBUH pabOThl JAHHOIO 3JIEKTPOOOOPY10BAHUS:
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® KOppO3UOHHAaA CMoUKOCmMb — CTOMKOCTh Marepuajlia K BO3JICHCTBHIO arp€CCUBHBIX CPCI (KI/ICJ]OT,

nienoueh);

* X1A00CMOUKOCHb — CTIOCOOHOCTh MaTepHajia COXPaHATh CBOM XapaKTEPUCTHKH MPH HU3KUX TEMIIe-

patypax;

® acaponpodHocms — CIIOCOOHOCTH Marcpuajia COXpaHATh XapaKTCPUCTUKU IIPU BLICOKUX TEMIICpATy-

pax;

* JICAPOCMOUKOCHb — CTORKOCTh MaTepHaia K OKHUCIEHHIO B Ta30BOM Cpesie PU BBICOKUX TEMITepaTy-

pax.

I(ﬂaccut]mxauuﬂ KOHCMPYKUUOHHbBIX Mamepuailos

KoHCTpYKIIHOHHBIC MATEPHAIIBI, IPUMEHSIEMBIC B JICKTPOTEXHHUKE, SIIATCS HA TPU TPYIIIIHL:
* HeMeTaunaeckue (crekio, ¢hapdop, 1epeBo u T.1.);

* MCTAJIJIMYCCKHUC,
¢ KOMITIO3UIITMOHHBIC.

Tema 6.2. MeTa/uInyecKue KOHCTPYKIIUOHHbIE MATEPHAJIbI

TexHUYecKN YHCThle METAIUIBl O0JIAJar0T HU3KOW MEXaHHMYeCKOH MpoyHOCThI0. [loaToMy B dmcToM
BUIC B KAaUCCTBC KOHCTPYKIUMOHHBIX HMCIIOJB3YIOTCA PEAKO, B OCHOBHOM HallJIM NPUMCHCHUEC CIUIABBI HA UX

OCHOBC.

CrutaBbl JensaTcs Ha JBE TPYIIIIBL:
* yépHble — CIUIaBbl Ha OCHOBE JKeje3a (CTaJli U YyTyHbI);
* ygemmble — CILIABbI HA OCHOBE ATIOMUHMUS, MY, K0OalIbTa, MarHus, TUTaHa U Ip.

6.2.4. Cmanu

CransmMu Ha3bIBarOTCS CILIaBbI Xkene3a ¢ yriepoaoM (Fe + C) npu coneprxanuu C < 2,14 %.
Hx MmexaHn4yeckasi IpOYHOCTh Ha pacTshkeHue B cpenHeM 6p= 750 Mlla.

Cranu xnaccupuIupyroTCs:

1. Ilo cmpyxkmype:

—aprekTouanas (C = 0,8 %);

— noastekTouaHast (C < 0,8 %);
— zasprekrounHas (C > 8 %).
2. Io xumuueckomy cocmagy:

Yraepoaucrtoie

/

l

Huskoyriepoaucrsie

CpenHeyriepoancThie

BricokoyriepoaucTeie

(C=0,09+0,25 %)

(C=0,25+0,45 %)

(C=0,45+0,75 %)

Ilocne 3akankm wu OTITyCKa
MIPUMCHAIOT IJIA U3TOTOBJICHUSA

Hcnonp3yroT 11 U3rOTOBIEHHSA
BaJIOB, POTOPOB M JPYruX Bpa-

I/ICHOJ'H)3YIOT JJIsA U3rOoTOBJIC-
HUA KOHTAKTHBIX KOJICL Typ-

POTOPOB OBICTPOXOJHBIX AJICK- | MIAFOIIUXCS JieTaleld TypOoreHe- | OOreHepaTopoB
TPUYECKHUX MAIINH paTopoB; KOpPIIYCOB MAllHH, MOJI-
BEp)KEHHBIX BHOpALUSM H TONY-
KaM
JlermpoBaHHbIC
(Fe + C + nerupyromue 106asku :Si, Mg, Mn u T.11.)
HuskonerupoBaHnsie CpenHenernpoBaHHbIe BricokonernpoBaHHbIe

nobasku = 2,5+5 %
( , )

(mo6aBku = 5+10 %)

(mobaBku > 10 %)

I[JI}I H3IroTOBJICHUA CBAPHBIX POTOPOB BBICOKOCKOPOCTHBIX JJICKTPUYCCKUX MAIIWH IIPUMEHAIOT CIIC-
UaJIbHBIC CIIOKHOJICTUPOBAHHEBIC CTAIH.
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3. Ilo xauecmgy — B 3aBUCHMOCTH OT COZEPKaHHsI B CTAJIM BPEIHBIX pUMeced U crocoda ee mpous-
BOJICTBA:

— rpynma A: ctab OOBIKHOBEHHOT'O KaueCcTBa.

Coneprkanue BpeaHbIx mpumMeceii: cepbl (S) — 0,06 %; docdopa (P) — 0,07 %. TIpousBoautcs B Map-
TEHOBCKUX IEYaX;

—rpymma b: kadecTBeHHas CTajb.

Conepxanne Bpennbix npumeceii: S u P < 0,035 %. [Ipou3BoanTCS B MApTCHOBCKHUX TIeYaXx;

— rpymnna B: BEICOKOKaYeCTBEHHAs CTab.

Copepxxanue BpenHbix npumeceii: S u P < 0,025 %. [Ipou3BoauTcs B 3J€KTponeyax;

— 0COOOBBICOKOKAYECTBEHHAS CTAJIb.

Conepxxanue Bpenubix npumeceii: S u P < 0,015 %. [IpousBoauTcs B 3eKTporeyax.

4. Ilo cnocoby npouzsoocmea:

— B MapTEHOBCKHX TeYax;

— B KUCJIOPOAHBIX KOHBEPTEPAX;

— B 3JIEKTPUUYECKUX MeYax (ICKTPOCTAIb).

5. Ilo naznayenuo:

* KOHCTPYKIIMOHHBIC CTAIH — IPUMEHSIOT JJIS1 H3TOTOBIIEHUS! HECYIITNX KOHCTPYKIIUH AIIEKTPOYCTaHO-
BOK, OTIOPHBIX M KPEMEXKHbBIX JeTaneid. Eciii cTtanb moaBeprHyTh 3aKallKe M OTKUTY, TO U3 HEE MOXKHO U3I0-
TaBJIMBAaTh BaJlbl, POTOPHI TEHEPATOPOB, a TAKXKe APYTHe JeTand, padoTaloIe B yCIOBUSIX MOCTOSHHOW BHO-
pauuu. Ilocne 3akanku MexaHuYecKkas NPOYHOCTH yBenuuusaetcs (6, = 1470 MIla). ITocne oTxkura craib
WCTIONIB3YIOT JJIsl M3TOTOBIICHHSI KOPIYCOB TPaHC(HOPMATOPOB, KOHACHCATOPOB U JAPYTHX DIEKTPUUCCKUX
anmnaparos;

* HHCTPYMEHTAJbHBIE CTAJIH;

* cTaj M 0COOOT0 HA3HAYEHUS — MPUMEHSIOT B KOMIIO3UIIMOHHBIX MaTepHalax.

6.2.5. Yyzynwi

OcHoga uyryHoB: Fe + C nipu conepxxanuu C > 2,14 %. Uem Oouibliie yriepoaa COISPKUTCS B CILIABE,
TEM BBIILIE €r0 XPYNKOCTh. B oTiMume oT cranedl 4yryHsl 00JaaloT MEHbBIIEH MEXaHNYeCKOH MPOYHOCTHIO
(6, 1o 400 MIIa), HO IOBBILIEHHON TBEPAOCTHIO.

UyryHbl TOTYYarOT B JOMEHHBIX IMedax. M3 HUX W3roTaBIMBAIOT KOpITyca MPHOOPOB, TEHEPATOPOB,
BBICOKOBOJIbTHBIX BBIKJIIOYATENIEH; KPBIIIKK TpaHC(HOPMATOPOB; KPEMEKHYIO apMaTypy Ha BO3AYIIHBIX JIH-
HUSIX; OTJICIbHBIC YACTH HA IPOXOAHBIX U OMOPHBIX U30JISATOpPAX U T.J.

6.2.6. Ilgemnoie memaiibl u CHIAGHL

K uBetHBIM MeTarmIaM, IpUMEHSIEMBIM B Ka4eCTBE KOHCTPYKIIMOHHBIX MAaTepUAIIOB, OTHOCSTCS alto-
MUHHH, Me/Ib, MArHUN, MOJIMOICH, BOJIb(PAM U T.1I.

LIBeTHBIE METAJTBI M CIUIABBI KIACCUPHUIUPYIOTCS:

1. Ilo nromnocmu:

— nerkue (Al, Mn, Ti u criaBel Ha MX OCHOBE);

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

2. [lo neekonnasxocmu:

— nerkoruiaBkue: amtomunanit Al, kagmuit Cd, Bucmyt Wi, cBunerr Pb, ooBo Sn, nuHK ZN ¥ CrijiaBbl Ha
ux ocHoBe. MIMeroT Temneparypy ruiaBieHust 7y,,,< 1800 °C;

— tyromiaBkue: mMonubaen Mo, uukenp Ni, Bombdppam W0, Bananuit Wa u crutaBel Ha UX OCHOBE.
UmeroT Temnepatypy miaBieHus 1yy,, > 1800 °C.

3. Ilo cnocoby obpabomku:

* TUTEHHBIE — CIUIABBI, KOTOPBIC TIPU BBICOKHUX TEMIIEpaTypax He UCTIAPSIFOTCS U TIO3TOMY MOTYT OTJIH-
BaTbCA B pasziIyHbIe (HOPMBI;

* neopMUpyeMble — MaTepHallbl, KOTOPBIE TIPH BHICOKUX TEMIIEpATypax MUCIApSIOTCs, CIe0BaTeNbHO,
OTJIMBATh WX HEJb3s. [103TOMY WX TOABEPTAIOT PA3IUYHBIM JeQOPMAISIM JIJTsl TIOYYEHHs HY)KHOW QOpPMBI
(TpeccoBKe, MITAMITOBKE, TIPOKATKE, MTPOTSIKKE).

AnoMunuii u cnaaevl HA €20 0cHoge
AJIIOMUHUIA B YUCTOM BUJE — JIETKUI METaI, XapaKTepU3YIOIIUHCI HU3KOW MEXaHUYECKON MPOYHO-
ctbto: 6p = 80...160 MIla. OTHOCHTENBHOE ymuHeHue nepen paspsiBoM Al/l < 18 %.
IIpOMBIIITIEHHOCTH BBITYCKAET AIFOMUHUHN CIEAYIOUINX MapoK:
ATTII — TBepAbIiA MOBBIILIEHHOW MPOYHOCTH;
AT — TBepbIii;
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AIIT — nomyTBepabIil;

AM — MATKUH.

N3-3a HU3KOM MEXaHWYECKOW MPOYHOCTH YUCTHIM aTlOMUHUN B Kau€CTBE KOHCTPYKIIMOHHOTO MaTe-
pHalia HCIIONB3YIOT KpaiHe penko. B OCHOBHOM NpHUMEHSIOT CIDIaBhl Ha €ro ocHOBe. CIIIaBBI aIFOMHUHUS
NoJpa3aensoTest Ha aAedopMupyeMble U JTUTelHble. JledopMupyemble MpeaHa3HAYEeHBl JUIS U3TOTOBIICHUS
W3IETTUH METOIOM TOopsidel Win XonomHou medopmanum. M3 ITHTEHHBIX CIDIABOB JETATHd W3TOTABIHBAIOT
JTUTHEM.

Hedhopmupyemvie cniaswi:

* Al + Si + Cu + Fe — arvdpeii — obnaaeT MOBBIIIEHHON MEXaHUUECKOU POYHOCTHIO (6p= 350 MITa),
CTOWKOCTBIO K BHOpAIUSAM, TIPH 3TOM COXpAHSET JIETKOCTh YMCTOTO AFOMHUHUA. BBICOKHE MexaHM4YecKre
CBOJCTBA MpHOGpETAET MOC/Ie 3aKAIKK: CIUIaB HarpesaroT 10 510-550 °C, namee ero oxmaxaaroT B Boje M
BBIIEPKHBAIOT pH Temneparype 150 °C.

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

* Al + Cu + Mg + Mn — dropaniomun — mocie TepMHYECKOH 00pabOTKH MMEET BBHICOKYIO MEXaHHYEC-
CKYIO MPOYHOCTH (32 CUET MEAM W MapraHua) u OOJIbIIOe yIJIMHEHHE Nepes pa3peiBoM. MapraHel, BXOs-
VA B COCTaB CIUIABa, YBEJIMUNBAET €TO TBEPIOCTh U KOPPOSHOHHYIO CTOUKOCTH;

* Al + Mn.

Jlumeiinvie cniagol:

* Al + Cu + Si +Mn — cunymun — obagaeT MOBHIIICHHON MEXaHHMYECKON MPOYHOCTRIO, MAlOH yca-
KOH, XOpouIeil KuaKoTeKydecTbo. [IpumensieTcst s U3roToBiICHUsI KPOHIITEHHOB, KOPIYCOB KOHACHCATO-
POB U TIp.;

* Al + Si (op= 240 MITa);

* Al + Mg (Mg =9,5...11,5 %) — obnagaeT xoporieii KOpPO3HUOHHOMH CTOMKOCTBIO; IPHUMEHSETCS IS
M3TOTOBJICHUS JI€Talel, padOTaIOINX BO BIAXKHOM aTtMocdepe.

Meow u ee cnnagut

MexaHnyeckass NPOYHOCTh 4UCTOH Meau op = 260...390 MIla. OTHOCUTENBHOE YIIMHEHUE NEPEN
paspbioM Al/l 10 35 %. JIyumnmuy MeXaHHUECKUMH XapaKTePUCTHKaMK 00JIaatoT CIJIaBBl HA OCHOBE MEJIH:
Opon3sl (Tabn. 1.1) u natyHs (cmaB Menu ¢ HUHKOM, ZNn + CuU). B paznuyHbIX Mapkax JaTyHU cOJepiKaHue
LUHKAa MOXET JOX0AUTh A0 43 %. JlaryHu, comepxamue 10 39 % LHMHKA, UMEIOT CTPYKTYpPY TBEPAOIO pac-
TBOpA M HA3bIBAIOTCS o-MaTyHsAMH. OHM 0071a1a10T BHICOKOM MIIaCTHYHOCTBIO, YTO MO3BOJISIET U3TOTABINBATh
U3 HUX JIETAIH CI0KHOW KOHQUTYpAIHH.

Job6aBka Kk JaTyHH OJ0Ba, HUKEJS M MapraHila MOBBIIAET MEXaHUYECKHUE CBOWCTBAa MaTepHaia, ero
AHTHKOPPO3HOHHYIO CTOMKOCTh. CBUHEI 3HAYMTEJILHO MOBBIILIACT JIUTEHHBIE CBOMCTBA JIaTyHEH U yiIydIiaeT
00paboTKy pe3aHueM.

JlaTyHu nyacTHUHEee M MpOYHEee YHCTOM MEIU: UX MeXaHu4yecKas mpo4HocTh Gp= 350...880 Mlla; ot-
HOCHTENbHOE YAIHHEeHue mepen paspbiBoM Al/l = 5...65 %.

Tabnuya 1.1
MexaHu4ecKre CBOMCTBA HEKOTOPBIX OPOH3
Kanmueras Bepunuesas ®dochopucras
ITapameTp ITocne Teépao- | Ilocne TBEpIOTAHY- ITocne TBEpnoTs-
OTXKUTA TAHYTas | OTXKUTa Tas OTXKHUTA | HyTas
[Ipenen nmpounoctu mpu
PEACT 1P P 310 730 | 700-790 | 1620-1750 400 970
pactsbxkeHuu 6p, Mlla
OTHOCHTENBHOE  yIUTH-
HEHHUE Tepes pa3pblBOM 50 4 20 9 50 3
Alll, %
Hns st U3roToBIIEHUS] TOKOBE- Tus
Ob6nacth HM3TOTOBJICHHS -
AYIUIX * TIPYIRHH, -~ WETKO™ | ropitenns TokoBe-
MIPUMEHEHUS KOJUIEKTOPHBIX JeprKaTelNel, MTerncenbHbIX
JYLUX TPYKUH
IJIACTHH Y CKOJIB3SIIIUX KOHTAKTOB

Maznuii u ezo cnnaent
Marnwii — JIeTKUH, MITKHA METaJII, 00JIAaroIIUi BEICOKON CTOHKOCTBIO K OKHCIIEHUIO. XOPOIIO MO/-
BEpraeTcsi MeXaHHu4eckoil 00paboTke. B kauecTBe KOHCTPYKIIMOHHBIX MAaTEPHAIOB MPUMEHSIOT HE YUCTBIH
Mg, a crIaBEI Ha €70 OCHOBE.
Hedhopmupyemvie cnnasvr: Mg + Al + Mn.
Jlumeiinvie cniasvr: Mg +Al + Zn.
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Tuman u ezo cnnagnl

Turan obmamgaet Ooyiee BRICOKOH MEXaHHMYECKOU MPOYHOCTRIO, deM cTanu (Op = 860 MIIa), moatomy B
HEKOTOPBIX CIy4asxX OH 3aMEHSET CTaJbHBIC YaCTH DJIEKTPOYCTaHOBOK. OTHOCHTENLHOE yIUIMHEHHE TEpe]T
paspbieom Al/l = 40 %.

Tutan — nerkuit MeTa, u f1eTany u3 Hero noiydarotcs Ha 40 % nerde, yem u3 craimu. CTOeK K KOp-
pO3HH, OJHAKO 00JagaeT HU3KOW JKapOCTOMKOCTBIO, OBICTPO OKHCIISIETCS ITPH BBICOKHMX TeMmeparypax. Tu-
TaH XOpOIIO 00padaThIBacTCs NAaBICHUEM, CBAPUBACTCS, U3 HETO U3TOTOBISIOT CIOXKHBIC OTIUBKH, HO 00pa-
00TKa ero pe3aHueM 3aTpyTHUTENbHA.

W3 TUTaHOBBIX CITABOB MPUMEHSET B OCHOBHOM cutaB Ti + Al + Mo. [lns monydeHus TpeOyeMbix
MEXaHUYECKUX CBOWCTB THUTAHOBBIC CIUIABBI MOJBEPralOT MEXaHUYECKOH 00paboTke (OTKHTY, 3aKalike) B
nevax ¢ 3al[UTHON aTMocdepoil. B oTiuyne 0T 4McTOro TMTaHa CIUIaBbI HA €0 OCHOBE Y/IOBJICTBOPUTEIHHO
00pabaTBIBAIOTCS pe3aHUEM.

Tema 6.3. Komno3uuuoHHbIe MATEPUATBI

Komnosuyuonnvimu Ha3pIBalOTCS MaTepHalibl, COCTOSIINE U3 ABYX U 00jiee KOMIIOHEHTOB, HMEIOIIUX
pasHbie (PM3UKO-XHMUYECKHE CBONCTBAa. B pe3ynpTaTe KOMIO3UIIMOHHBIA MaTeprall 001aaeT CBOHCTBAMH,
HEeXapaKTEPHBIMH HU JJIs1 OAHOTO U3 COCTABIISIONIUX €M0 KOMIIOHEHTOB.

Ero momy4aror myTeM BBEACHHA B OCHOBHOW MaTepHall ONPEIEIEHHOrO KOJMYECTBA JPYyroro Mare-
pHaina B IeJISIX MOJyYEHUs ONPEIEIEHHBIX CBONCTB.

PaccMoTpuM CTpyKTypy KOMIIO3ULIMOHHOI'O MaTeprasia Ha IPUMEpPE XOPOILIO BCEM 3HAKOMOI'O HEJJIEK-
TPUYECKOTO U3/CTHS — aBTOMOOMILHON MIMHBL. Ee OCHOBOH siBisieTcst pe3uHa. [ yinydlieHus: ee MexXaHH-
YECKHUX CBOICTB B Hee JOOABISIOT MOPOIIKOBBIE U BOJOKHUCTBIE HANIOJIHUTENH (B TOM YMCIIC TKAaHU U Me-
TAJJIMYECKYIO TIPOBOJIOKY), @ TAKXKE BEIIECTBA [UIS MOBBILICHUS THOKOCTH, MOPO30CTONKOCTH, H3HOCOCTOM-
KOCTH H T.JI.

K KOMIO3MIIMOHHBIM MaTepHaliaM, IPUMEHIEMBIM B 3JIEKTPOTEXHUKE, CIEAYET OTHECTH IIACTMACCHI
Y PE3HHBI.

6.3.1. Ilnacmmaccor

IInacTmMaccamMu Ha3BIBaIOT Marepualibl, OCHOBY KOTOPBIX COCTABJIAIOT NPUPOAHBIC, CUHTCTHYCCKUE U

HCKYCCTBEHHBIE CMOJIBI. MOJIEKYJIBI CMOJI MOTYT MUMETh Pa3BETBICHHYIO WIHM JHHEHHYIO CTPYKTYpYy (pHC.
1.38).

T

a) 6)

Puc. 1.38. CxeMbI cTpoeHUs] MOJIEKYJ MMOIMMEPOB (CMOI): a — JIMHEHHas; O — pa3BeTBICHHAS

Jluneiinbie Mosekyisl (puc. 1.38, @) umeroT ¢popMy Lenel, B KOTOPBIX aTOMbI COEIMHEHbI MEXKAY CO-
0oif  KOBaJeHTHBIMH  CBs3siMH.  OTHENbHBIE [ENMH CBS3aHBI MEXIYy COOOH  MOIEKYJISIPHBIMH
(Ban-nep-BaanscoBckumu) csizsimu. Hanuuune B mersix passersieHuit (puc. 1.38, 6) npuBoauT K ociadie-
HUIO MEKMOJIEKYJISIPHBIX CHJI U, KaK CJIEJICTBUE, K HEKOTOPOMY CHUKEHHMIO MEXaHUUYECKOW TPOYHOCTH.

[lonmumeps! B 3aBUCMMOCTH OT PACIIONIOKEHUS M B3aUMOCBSI3M MOJIEKYJl MOTYT HaXOAUTHCS B aMOpd-
HOM (C HEYTIOPSIOUEHHBIM PACTIONIOKEHNEM MOJIEKYJT) M KPUCTAUTHIECKOM (C YIIOPAI0UYEHHBIM PaCTIOIOKe-
HUEM MOJIEKYyJ) cocTosiHUH. [Ipu mepexoge u3 aMOp(HOr0 COCTOSHUS B KPHUCTAJUIMYECKOE MOBBIIIACTCS
MIPOYHOCTh MaTepHaja H €ro HarpeBOCTOMKOCTb.

CaoiicTBa CMOT WU3MEHSIOTCS oT BO37IEHCTBHA Ha HUX TEIUTIOTHI.
B 3aBrcuMoOCTH OT OBEJEHHS P MOBBIIICHHBIX TEMIIEPATypax CMOJBI PAa3ACISIIOT HAa TEPMOPEAKTUBHBIE U
TEPMOIUTACTUYHBIE:

TepMopeakTUBHBIE TepMornacTUYHbIE

3acThIBAIOT OJMH pPa3 M OOJbIIe HE pa3MsArdaroTcs. | PasMsryaroTcs mpu KaxJIOM HarpeBe, MpH OC-
CTpykTypa MEHseTCs M3 JIMHEHHOW Ha MPOCTPAHCTBEH- | THIBAHUM 3aTBEPACBAIOT
Hyto (puc. 1.39)
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Puc. 1.39. IlpocTpancTBeHHAs CTPYKTYpa IIaCTMACCHI

[TnacTmaccsl B 3aBUCUMOCTH OT BXOAAIINX B UX COCTaB KOMIIOHEHTOB OBIBAIOT:

1) npocmoie — cocTOAT U3 cMOJ (TOJUCTUPOII, TOIUBHHUIIXIIOPU/, OPI'CTEKIIO);

2) KOMNO3UYUOHHbIe — OCHOBY COCTABIISIIOT MPUPOTHBIC WIIM CUHTETUYECKUE CMOJIBI, KOTOPbIC B JIaH-
HOM CIIy4yae UrparoT poJib CBA3YIOLIETO BEIIECTBA MEXIY APYTHUMHU KOMIOHeHTamMu. CBOHCTBA CMOJ BO MHO-
TOM OMPEIENSIOT (U3UKO-MEXaHWYECKHE M TEXHOJIOTHUECKHE CBOMCTBA IIacTMacc, T.K. COJEpXkarcsi B
6ompirom xKosmaectBe (cMoiel — 30...70 %).

Kpome cMoi1 B cOCTaB KOMITIO3UIIMOHHBIX IUIACTMACC MOTYT BXOJIUTH CIEAYIOIINE KOMIOHEHTHI:

* HanoaHumenu, NpeaHa3HaueHHbIE JJIS TOBBIIIEHUS] MEXaHUUECKOM MPOYHOCTH MaTepuaia, ero Tep-
MOCTOMKOCTH, JUIl YMEHBIICHUS YCaIKH IIPHU OTBEPACBAaHNM M CHIDKCHUSA CTOMMOCTH. B KauecTBe HalOIHH-
TeJIE MOTYT NPHUMEHSThCA ApPEBECHas MyKa, LIEJUTI0JI03a, TKaHb, OyMara, CTEKJIOBOJIOKHO, METAJUIMYECKasi
CeTKa WJIM TIPOBOJIOKA, acOecT, KBapil;

* Kpacumenu — U NPUJAHUS OTpeIeIEHHON OKPacKH (CYpHK);

* Kamanuzamopsl — Ui YCKOPEHHUs TIpoLiecca OTBEPACBAaHUS IJIaCTMAcChl U €€ MPOU3BOACTBE (U3-
BECTh);

* nIacmMuU@UKamopsbl, TOBBIIIAIOUINE TNIACTUYHOCTD, THOKOCTH TIACTMACCHI (KACTOPOBOE MAacio);

* CMA30YHblE geujecmsd, B YaCTHOCTH CTEAPHH, CITy>Kallui JUId MOBBIIEHHS CTOUKOCTH K HCTUPAHUIO.

B pesynbpraTe KOMIIO3UIMOHHBIE MaTEpHAIIBl XapaKTEPU3YIOTCA BEICOKOM MEXaHUUYECKOH MPOYHOCTBIO,
a TaK)K€ XMMUYECKONW U KOPPO3UOHHOU CTOMKOCTBIO.

6.3.2. Pesunwnt

Pe3uHbl M3roTaBiIMBalOT Ha OCHOBE HATYPAILHOTO WM CHHTETHUECKOTO KaydyKa.

HarypanbHbIii KaydyK — 3TO JOpOTOH, Ae(UIMTHBIA MaTepraj, NOITydyaeMblii U3 COKa JIePEeBBEB, MO-
3TOMY B DJJIEKTPOTEXHHMKE HCIOJIB3YEeTCSl pEeaKko. B OCHOBHOM IPUMEHSIOT CHHTETHYECKHH Kaydyk,
KOTOPBIH TOJYYalOT U3 OTXO/0B HedTenepepadoTKH, U3 caMoi HeTH WM M3 MPUPOJHOTO ra3a. B uncrom
BUJE€ OH HCIOJb3yeTcss KpaiHe peako. OOBMHO KaydyK MOJBEPraioT BYJIKaHHM3aLWH, B Ppe3yJbTare
KOTOpOH ToirydaeTcs pe3uHa. s ByJlKaHM3aliKu OOBIYHO HCIIONB3YIOT cepy. Ee xoimdecTBo ompexpesnser
ANAaCTUYHOCTH PE3UHBI: YeM Cepbl OOJIbIIe, TEM TBEPAOCTh Pe3HHBI BhIle. Eciu cepol cogepxkutes 30 %, To
MaTepuai — Y00HHUT — XapaKTePH3yeTCsl OUYCHb BBICOKOH TBEPIOCTHIO H HETMOKOCTEHIO.

Jns ynmydmenns GU3MKO-MEXaHHYECKUX M IKCIUTyaTallMOHHBIX CBOMCTB PE3UHBI B €€ COCTaB MOTYT
BBOJIUTH CJIEYIONINE KOMIIOHEHTHI:

a) HanoaHumenu.

— TIOPOIIKOO0pa3HbIe (Mel, caxka, TallbK);

— BOJIOKHUCTBIE (IIEJIKOBAsI, KAIPOHOBAS HJIH XJIOMYaTOOyMaXKHasi TKaHb, CTEKIOTKAHb);

— MeTaJT4YecKas IPOBOJIOKA HITH CETKa;

0) kpacumenu (no0 10 %);

B) MsAeyumeny — IOBBIIAIOT MATKOCTh © MOPO30YCTOHUMBOCTH (MapaduH, creapuH, KaHU(OIIb);

T) NPOMUBOCMAapumeny — 3aMeJIISIFOT TIPOLIECC OKHUCIICHUS] PE3HHBI, MOBBIIIAIOT CPOK €€ CIyKObI (Ba-
3€JIMH).

B pesynbraTe pe3uHbl 001aJar0T BBICOKOH MEXaHWYECKOH MPOYHOCTBIO, 3IACTHYHOCTHIO, BBICOKOH
BJIaro- M ra3oCTOMKOCTBHIO, CTOMKOCTBIO K BO3ACWCTBHIO arpeCCHBHBIX Cpell, MOPO30CTOHKOCTBIO, THOKO-
CTHIO, TUTACTHYHOCTBHIO.
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4.3. JlabopaTopHble padoThI

Buo
3aHAMUA 6 UHMe-
N Homep Oov- PAKMUBHOoil, ax-
" pazoena Haumenosanue naéopamopnoii pabomot em muenoil,
OUCHUUNTIUHDL (uac.) UHHOBAUUOHHOUL
dopmax,
(uac.)
OcoOeHHOCTH BBINIOJIHEHUSI J1aDOPATOPHBIX pa-
1 2. 00T, CBA3aHHBIX C BBICOKMM HalpspkeHueM. MH- 2 -
CTPYKTaX 10 TEXHUKE OE30MacCHOCTH
9 5 OnpeneneHne  3JIEKTPUYECKOM  IPOYHOCTH 2 -
KUJKHUX JUICKTPUKOB
M3MepeHne AMAIEKTPUYECKON IPOHHLAEMOCTH U -
3 2. TaHTeHCa yIJIa AUIJIEKTPUIECKUX TOTEPD 4
TBEPABIX JHIICKTPHUKOB
4 5 OrmpeziesieHne SMEKTPUYECKOH NPOYHOCTH Tra3000- 4 -
Pa3HbBIX JUBJICKTPHUKOB
DKCHepUMEHTAIbHOE ONPE/IeNICHNE BIUSHUS AUAIICK- -
5 5 TPUYECKOTO Oapbepa Ha AIEKTPHUYECKYIO IPOYHOCTD 4
BO3IYLIHOIO IIPOMEXYTKAa B PE3KOHEOJHOPOIHOM
nose
6 5 HccnenoBanne HEKOTOPBIX XapaKTEPHCTHK (eppo- 2 -
MAarouTHBIX MaTCpUajloB
HUTOIO 18 -
4.4. llpakTU4ecKHue 3aHATUSA
Buo
3aHAmMUA 6 UHMe-
N Homep Obvem paxmuenotz, aK-
" pazdena Tema npakmuuecko2o 3aHamus (wac.) musnol,
OUCYUNTUHBL UHHOBAYUOHHOUL
¢popmax,
(uac.)
1 2. Pacuer nuanekTpUYEeCKUX MOTEPh B HU3OJALHUH 4 -
CHJIOBOT'O Kabenst
2 2. Pacuer noBepxHOCTHOM M 00BEMHON 3JIEKTPO- 2
IIPOBOJTHOCTH TBEPABIX IUIJIEKTPUKOB
3 3. Pacuer ¢usmueckux napameTpoB MPOBOAHHUKO- 4 -
BBIX MAaT€pHUAJIOB
4 5. OrnpeneneHne XapakTepUCTUK MArHUTHBIX Ma- 4 -
tepuanos. [letis rucrepesuca.
5 6. Onpenenenne TBEpAOCTH pa3IMYHbIX MATEPHAIIOB 4 -
UTOIo 18 -

4.5. KoHTpO/1bHBIEC MEPONIPUATHSA: KYPCOBOIl IPOEKT (KypcoBasi padboTa), KOHTPOJIbHAS

pabora, PI'P, pedepar

Y4eOHBIM IIaHOM HE TIPEyCMOTPEHO.
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5. MATPAIIA COOTHECEHUS PA3JIEJIOB YUEFHOU JJUCIATILIIMHBI K
®OPMUPYEMbBIM 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€
bazoenos OucUunIuUHbl 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 I
CAMOCTOATEJUBHOU PABOTHI OBYYAIOIIIUXCHA ITO AUCHUIIJIMHE

1. Kozecos, ¢. H. MarepuanoBecHIE U TEXHOJOTHS KOHCTPYKIIMOHHBIX MaTEPHAJIOB : ydueO-
Huk A By30oB / c. H. Konecos, u. C. Konecos. - 2-e u3z., nepepad. 1 gom. - M. : BeIcias mIKoJja,
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. Boponay-
muH, A.C. BopoOses, B.M. MartonuH u np.; [Tog pea. B.A. ®unukosa. - 2-¢ U3J1., CTEpEOTHIL. - M.:
Axanemus, 2005. - 280 c. - (CpenHee nmpodeccuoHaibHOEe 00pa3oBaHue. DIEKTPOTEXHUKA).

7. NEPEYEHDb OCHOBHOM ¥ JONOJHUTEJBHOW JHUTEPATYPBHI,
HEOBXOIANMOMU 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. MaTtepuanoBeneHre 1 TEXHOIOTHS KOHCTPYK- | JIK, 50 1
LUOHHBIX MaTepuainos : yueOnuk st By3os / C. H. Konecos, U. | JIP,
C. Komnecos. - 2-e u3n., nepepad. u goi. - M. : Beicmas mkomna, | 113
2008. - 535 c.
JdomosHuTeIbHAS 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'aBpmiiok, A. M. JIMutpues 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=3&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BE%D0%BB%D0%B5%D1%81%D0%BE%D0%B2%2C%20%D0%A1%2E%20%D0%9D%2E
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 ais 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 mocodmue / T. H. SIkoBkuHa. - JIP
bpatck : bpl'VY, 2007. - 144 c.

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

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

7. | KoHcTpykunoHHbIe MaTepuaibl. [10IHbIH Kypc: yueOHOE 1T0Co- Jk, 10 0,4
oue / M. Dmown, /1. Ixouc; [lep. ¢ aarn. - Jonronpynnsrii : Ua- JIP
temekt, 2010. - 672 c.

8. | DNEKTPOTEXHUYECKHE MaTepHAaIbl U U3JCH: Y4eOHOe Iocodue JIx, 1+DP 1
/ U. A. Tumodees. - Cankr-IletepOypr : Jlans, 2012. - 272 c. - JIP
(Yuebuuku muis By30B. CrienpanbpHas JUTEpaTypa)
https://e.lanbook.com/reader/book/3733/#1

8. IHHEPEYEHD PECYPCOB NHPOPMAIIMOHHO -
TEJEKOMMYHUKAIIMOHHOM CETH «AHTEPHET», HEOBXOJIUMBbIX
JJIsA OCBOEHUSA AUCHUITJIMHBI

1.D1eKTPOHHBII KaTaJjor OoubmoTeKu bpl'Y
http://irbis.brstu.ru/CGl/irbis64r_13/cgiirbis_64.exe?C21COM=F&I21DBN=BOOK&P
21DBN=BOOK&LNG=

2. DnektponHas oubnmoreka bpI'Y http://ecat.brstu.ru/catalog

3. DnexkTpoHHO-OMONMHMOTeYHast cucTeMa «YHHUBEpCUTEeTCKas Oubimoreka online» OToBOp
Ne 0663 ot 18.04.2016 http://biblioclub.ru

4. DnexktpoHHO-OMOnMHMoTeyHass cucrema «M3matensctBo «Jlanb» moroBop Ne 0083 ot
09.02.2016 http://e.lanbook.com

5. Undopmannonnas cucrema "EnnHoe okHO Joctynma K oOpa3oBarenbHBIM pecypcam”
http://window.edu.ru

6. Hayunas snexktponnas 6ubimmoreka eLIBRARY.RU http://elibrary.ru 7. YHusepcurer-
ckas uHopmarmonHnas cuctema POCCUSA (YUC POCCU ) http://budgetrf.ru/welcome

9. METOAUYECKHUE YKA3AHUSI JJI1 OBYYAIOLUIUXCS MO OCBOEHHUIO
JUCHUTINHBI

9.1. MeTonnueckne yKazanus 1Jis1 00y4aloMXcsl 10 BbINOJTHEHHUIO JIA00PATOPHBIX padoT

JlaGoparopHnas padora Nel
Orlpezle.ﬂe}me 3J'IeKTDI/l'-leCKOﬁ IIPOYHOCTH KUAKHUX ANIJICKTPUKOB

[{enb paGoThI:

O3HaKOMJIEHHE C METOJIaMH MCIIBITAHUS KUJKUX TUAIEKTPUKOB, OTPEAETICHIE TPUTOTHOCTH HCTIBITHI-
BAaE€MOM KUAKOCTH JUIsl IPUMEHEHUSI B BBICOKOBOJIBTHBIX aIlllaparax IyTEM CPaBHEHUS ONBITHBIX JaHHBIX C
XapaKTePUCTUKAMH KHUJIKUX TUIIEKTPUKOB, puBeaeHHBIX B ' OCTe.

3amanue:
1. O3HaKOMUTBCS C TPUOOPOM U M3YUHUTH MPHHIUI pa0OTHI AIEKTPOYCTAHOBKH;

2.ITpousBectu 1ecth mpoOOEB TpaHCHOPMATOPHOTO Macia;

3. 3anmcats oKka3aHus Mpuoopa,;

4. PaccunTaTh 3JEKTPHUYECKYIO MPOYHOCTH TPAHC(HOPMATOPHOTO Maca,

5. Ha ocHOBaHMM pe3yJbTaTOB M3MEPEHUN U PACUETOB CHAEJATh BBIBOJBI O MPUTOJHOCTH HCCIETyEeMOTO
TpaHchOpMaTOPHOTO Macia K JATbHEHINEH IKCIUTyaTaIliH.
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%96%D1%83%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%B2%D0%B0%2C%20%D0%9B%2E%20%D0%92%2E
https://e.lanbook.com/reader/book/3733/#1
http://ecat.brstu.ru/catalog
http://biblioclub.ru/
http://e.lanbook.com/
http://window.edu.ru/
http://budgetrf.ru/welcome

HopsaoK BHINOTHEHUS:

Bce paboThl ¢ BEICOKOBOIBTHBIM arapaTom AVM-901] npou3BoauTh, CTOS Ha pe3MHOBOM KOBpHKeE!

Ucneiranus anmapatom AVIM-90L] ocymecTBISIOTCS B CIIEIyIOIIEH TOCIeI0BAaTeTFHOCTH:

1) IIIOTHO 3aKPBITH KPBIIKY OaKa;

2) moakmrounTh anmapat AUM-90L] x certu;

3) BKIIFOUNTH ITUTAHKE allliapaTa CeTEBBIM BHIKIIIOUATENIEM Ha JIMIEBOW maHenu. Yepes 5 ¢ Ha guciiee
otobOpazurcst nHpopManys 00 UCXOJHOM PEKUME HUCIBITAHUS, YTO COOTBETCTBYET FOTOBHOCTH ammapaTa K
pabote (puc.1.3).

I'oCTt

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

0.0 kv 5:00

Ne00055

Puc.1.3. Ucxonnsiii pexum ammapara (U - cpentnee apudmerndeckoe 3HAYCHHE H3MEPECHHbBIX Ha-

npspkeHuid pobost; Oy - cpeaHss KBaapaThdeckas omuoka; V,% - kodbouuuent Bapuanuu; 0.0 KV —
IUQPOBBIE MMOKa3aHUsl UCTIBITATeNbHOrO HanpspkeHus; 5:00 — mpoAomKUTENBHOCTS HHTEPBAIA MEKAY MPO-
60s1Mn)

4) BKJIIOUUTH KHOIIKY BBICOKOTO HANpPsDKEHHs, IOC/IE 3TOKO Ha JAUCIUIEE MOSIBUTCS 3HaYOK BBICOKOTO
HanpsHKEHUs , @ Ha JIMIEBOM MaHeJH ammapaTta BKIIOYUTCS KPAaCHbBIM MHIUKATOP BBICOKOIO HarpsbKe-
HUS,

5) yBenuueHHe HAMPSHKEHUS HA UCTBITYeMOM O0BbeKTe OyJeT MPOUCXOAUTh aBTOMATHYECKU JI0 MO-
MeHTa Tpo0Oos KUAKOTO JudjekTpuka. [locie mpobost mpou3oiieT 3amuch HampspKeHUs Mpodosi B rpade
«[TIEPBUYHOE» u B ctpoke «Cpennee apupmernieckoe 3HadeHne npodusHoro Hanpspkenus» U . Bl
COKO€ HalpsDKeHUE OTKIIIOYMTCS. KpacHblii HHIUKATOp MOTracHeT.

6) OTKpBITH KpbILIKY anmnapara. OTcyeT BpeMeHH MHTEepBaJla MEXIy IOCIIeA0BaTeIbHBIMI IPOOOSIMHU
Macina octaHoBUTCA. [Ipy momoy 4ucTol cyxol CTEKISHHON MaJIOUKU MepeMelaTh Macio, yIalIuTh TBEp-

JIbIe TIPOIYKTHI PA3NIOKEHUST MEXIY MeKTpoaaMu. [Ipu aTom criepyet u3beraTh BOSHUKHOBEHUS MTy3BIPHKOB
BO3/lyXa B UCIBITBIBAEMOM JUAIIEKTPHUKE.

7) 3aKpbITh KPBIIIKY ammapara. OTcueT BpeMEHH MHTEpBajia MEXIy CpadaThiBaHUSIMH BO30OHOBHUTCS.
ITo ucreyeHnn 5 MUH aBTOMATHYECKH TIPOU3OMIIET CIeAyIONIHA TpoOoii Macna. [lepememuBanue KUAKOTO
JUDIIEKTPUKA HEOOXOIUMO TPOU3BOIUTH TIOCIIE KXKIOT0 po0ost!

8) 00 OKOHYAaHUH MCIIBITAHUS aNapar U3BECTUT 3BYKOBBIM CHTHAJIOM, a IPOrpaMMa ONpeAesHT pe-
3yJIbTAT UCTIBITAHUS KUJIKOTO TUAJICKTPHUKA. J[J1s1 BRIKITFOUSHHS 3ByKa TPeOyeTcs MPUOTKPBITH KPBIIIKY Oaka.

9) mocne 3aBepIIeHNs UCIIBITAHUH 3aMKucaTh MOKa3aHu MpUoopa;

10) cOpoc pe3ynbpTaToB UCHBITAHHS MPOW3BECTH HAXKATHEM HA KHOIKY BBIKIIOYCHHS BBICOKOTO Ha-
MIPSDKEHUS; 3aTEM OTKJIFOUUTH aliapar CETeBBIM BRIKIIFOUATEIIEM Ha JIUIICBOW TTAHEIIH;

11) OTKIIOYHUTE YCTaHOBKY OT CETH.

Ha ocnoBanum mecrtu HpO60€B BBIYUCIACTCA CPCAHECC apH(bMCTH‘ICCKOG 3HA4YCHHUC Hp06I/IBHOFO Ha-
MIPSAKECHUSA, KOTOPOC IMPUHUMAIOT 3a HeﬁCTBHTeHBHOC 3HadYeHHEe. B COOTBETCTBHU C ITOJIy4Y€HHBIM HpOGI/IB-

HbIM HanpspkerneM, U, , ncnons3ys dopmyiy (1.1), paccunTars 31eKTPHYECKYIO TIPOYHOCTD Efpp.

PopmMa OTYETHOCTH:
Pe3ysbTaThl H3MEpEHHU U BRIYUCIICHUH 0)OpMIISIOTCS B (popMe oTueTa.
B oTdere no mabopaTopHOi paboTe MOIKHBI COACPKATHCS CIEYIOIINE TYHKTHI:
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ens paGoThL.

TexHUYeCKHe XapaKTEPUCTUKU IPUOOPOB U UCTIHITYEMBIX MaTEPHAIIOB.

CxeMy yCTaHOBKH JJIsl ONIPEICIICHHUS SJICKTPHUSCKON TIPOYHOCTH JKUAKHUX TUIIICKTPUKOB.
Pe3ynbTarhl 5KCIIEPUMEHTOB ¥ BBIBOIBI 110 paboTe O MPUTOTHOCTH UCTIBITYEMOTO TUJICKTPHKA.
[NonmucanHbIi penoaBaTesieM IPOTOKOJ SKCIEPUMEHTATLHBIX H3MEPEHUH.

3ajaHus JUId CaMOCTOSITEJIbHOW PabOThI:
N3yuuTh TeopeTHuecKuii MaTepuain no temam 2.7, 2,10 paznena 2.

OcuoBHas nuteparypa : [1]

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

KoHTpoJIbHBIE BOMPOCHI ISl CAMOIIPOBEPKHU

1. B Kakux 3JeKTpUUIECKUX aImapaTax MPUMEHSIOT TpaHCchOopMaTOpHOe Maciao?

2. Kak BamseT Ha 3JeKTPHUUECKYIO MPOYHOCTH Macia OONbIIOE YHCIIO CIEAYIOMUX APYT 3a APYroM mpobo-
eB?

3. Tlouemy mpu CTaHIApPTHOM HCIIBITAHWW Maclia OepyT cpeiHee U3 IIECTH 3HaYeHHH MPOOMBHOTO HAmps-
JKCHHA, @ HC YAOBJICTBOPAIOTCA OAHUM-IBYMS 3Ha4YEHUAMU?

4. TloyeMy M Kak M3MEHsETCS DJIEKTPUYECKas MPOYHOCTh Maciia MpHU IMOSIBICHUA B HEM BOJBI U JIPYTUX

npumecei?

Kak 3aBucHT smekTpudeckas IpOYHOCTbD KUAKUX JUAIEKTPUKOB OT UX TOJISPHOCTH?

Kak 3aBucHT 35IeKTprUecKas IPOYHOCTD KUJKUX JUIICKTPUKOB OT TEMIIEPATypPhI?

oo

JlaGoparopHasi pa6ora Ne2
I/I3Mepe1me gPlZ)JIEKTDPl‘IECKOﬁ INPOHUIAEMOCTH 1 TAHI'CHCA VIVIA JHIJCKTPHUYCCKHUX NOTEPh TBEPAbIX

AMIJICKTPUKOB

[{enb paGoTHI:

N3ydeHne HEKOTOPBIX 3JEKTPUYECKUX XaPAKTEPUCTHK IMAIEKTPUKOB M O3HAKOMIIEHHE C Haubojee
pacrpoCcTpaHeHHBIMH CIIOCOO0aMU OTpE/eNiCHHS JTUAICKTPUUECKOW MPOHUIIAEMOCTH M TaHTEHCa yria JH-
3NIEKTPUYECKUX MOTEPh AUIICKTPUKOB.

3amanue:

1. O3nakomuTBCS ¢ TPUOOPAMH M H3YYHTh PUHIHMIT PA0OTHI 3JIEKTPOYCTAHOBKH;

2. TIpou3BecTH U3MEPEHUs JUAIIEKTPUUYECKOM TPOHULAEMOCTH M TAHI'€HCA YIila JUIIIEKTPUYECKUX TIOTEPh
JUJIS 3aJaHHBIX npenoz[aBaTeneM MaTepI/IaHOB;

3. [lonydeHHble pe3ynbTaThl OTPa3UTh Ha TpaduKax;

4. CrenaTh BBIBOIBI 110 pe3yibTaTaM BBHIITOJTHEHHON PaOOTHL.

[Tops 10K BBITIOJIHEHNUS:
1. Bxurounts aBTOMAT.

2. TloepHyTh pykosTKy JIATPa mpoTHB 4acoBO# CTPENKH JIO Mpejena.

3. BKIIIOUMTH CTEH]I EPEKITI0YATENIeM, PACIIONOKEHHBIM Ha BEPTUKAILHON ITaHEen CTEH .

4. YCTaHOBUTH B HYJIEBOE MOJIOKEHNE PYKOSTKH COIIPOTUBICHNN MOcTa R3 M mepexiouaTeslb TyBCTBUTENb-
HOCTHU TajJbBaHOMETpa. PyKOsSTKy moJjio’KeHHs! IIyHTOB MmocTaBuTh B monoxkeHue 0,01. Ilepexmogarens
MOJIIPHOCTH NTOCTABUTH B MOJIOXKEHHE “+.

5. IlpousBectu u3MepeHus:

5.1. Bpamas pykosarky JIATPa mo yacoBoii cTpenke, BRICTABUTH 110 BOJIBTMETPY HAMPSDKEHUE, TSI KOTOPOTO
HEO0XOIUMO MPOBECTH U3MepeHHs &, U tgo.

5.2. BKiIrounTh BBIKITIOYATENEM HA MAHEIM MOCTa OCBETUTENb TalbBaHOMETPa U yOeAUTHCs B MOSBICHUU Ha
TaHEeJIM Y3KON CBETOBOM MOJIOCKH BO3JIE HYJIEBOTO JACJICHUSI.

5.3. IlepeBecTu PyKOSTKY 4yBCTBUTEIBHOCTH IaJIbBaHOMETpa U3 HYJEBOI'O IOJIOKEHHS 0 TeX IOop, IOoKa
CBETOBAs 110JI0CA, PACIIHPAACH, HE 3aiiMeT Y5 U /3 Beel mIKabL.
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5.4. MeaneHHO BBOJS CONpOTHBICHUE R3, M0o100paTh TaKylo €ro BEIHMYUHY, IIPH KOTOPOI 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 YMEHBIICHHE IIUPUHBI JTyda raasBaHomerpa. [Ipu nomyueHnn mMu-
HUMAJIBHOH IUPYHBI JTy4a 3aMACaTh BEIMYHHY MOIy4eHHOTo {gd B Tabxd. 3.1.

OIHOBPEMEHHO C YpaBHOBEIIMBAHHEM MOCTa C IMOMOIIBIO IIYHTA MOXXHO YBEJIWYHMBATh UyBCTBUTECIHHOCTD
rajJpBaHOMETpa 0 MAKCUMAaIbHON BEJIMYMHBI.

6. YCTaHOBHTH MeEpeKiIouaTe]b YyBCTBUTEILHOCTH TAIbBAaHOMETpA Ha HyJb M IEPEBECTH MEPEeKIIoYaTeNb
MOJISIPHOCTH B JIPyroe KpaliHee IMOJIOKEHUE, CHU3UB Ha BPEeMsl UyBCTBUTECIBHOCTH rajbBAHOMETPA C I1O-
MOIIBIO €I0 IIyHTA.

7. IloBblIas YyBCTBUTEIBHOCTD TraJIbBAHOMETPA, IPOU3BECTH U3MEPEHHUS NIPH ABYX NMPOTHBOIOJIOXKHBIX I10-
JSIPHOCTSIX TaTbBaHOMETDA.

8. 3anucaTh NOJyYEHHBIE PE3yIbTaThl BTOPOrO H3MEPEHUS.

9. Pe3ynpTaT OKOHYATEIBHOIO H3MEPEHHSI OJYIHUTh Kak cpeiHee apu(MEeTHIECKOe IBYX U3MEPEHUH.

10. OkOHYHMB BCE U3MEPEHUS, IEPEBECTH MEPEKII0UaTeNh IIIyHTa raIbBAHOMETPA Ha HYJIb, a IEPEKII0UaTeb
MOJIIPHOCTH — B CpefiHee nosiokeHne. CHU3UTh PETYIUPOBOUYHBIM YCTPONCTBOM HCHBITATENbHOE HAMps-
JKEHHE 10 HYJIS.

11. PaccuuTars BenmunHy Cx 10 popmye:

R
CX=CN—4, (3.11)
Ry +7r
r7ie I — COMPOTHUBIICHHE ICHCTBYIONICH yacTu peoxopaa, Om.

12. PaccumTaTh BeIMUMHY &, B COOTBETCTBHH ¢ (opMymnoii (3.2). puusts Co=10" Mx®; C\=50-10"° Mx®.
PesynbTatel pacueroB 3anectu B Tabm. 3.1.
13. YBennuuth HanpsokeHue Ha 1 KB 1 moBTOpUTh N3MEpeHus.

Tabmuma 3.1
W3MepsieMble BETHIHHEI BeI4ncisieMble BEIUYUHBI
HOHBOZ[I/IMOG HaI/IMeHOBaHI/Ie HUCIIbI- R r tgé‘ C
3 ) X1
Hanpsoxenne,U, kB TYEMOI'0 MaTepHaja ' !
p et y P Om Om % o &
2
7

14. TToctpouts 3aBucumoct tgo = f(U) (kpuBas nonuzaunun) 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 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 TOCTOAHHOM HaHp)DKGHI/II/I?

OT 4ero 3aBUCAT MOTEPU MOIIHOCTH B U3OJISIUU U KAKOE COCTOSHUE U30JISIIIUY YBETUIUBACT UX?

JaTp onpesenenne TaHTeHca yria JUAIEKTPUIECKUX TTOTEPh

O 4eM CBUACTEIbCTBYET yBeNMUeHUE {0 N30SI SICKTPHUSCKON YCTAHOBKU?

[lepeuncnuTh BUIBI TUINEKTPUUECKUX MOTEPD.

[IpuBecTy 3aBUCUMOCTH TaHT€HCA yria JUAICKTPUUCCKUX MOTEPh MOJISPHBIX AUIICKTPUKOB OT TEMIIepa-

Typsl. Jloka3aTh 3aBUCUMOCTb.

8. IlpuBecTH 3aBHCUMOCTh TAHTEHCA YTIIa JUANCKTPHUYECKHX TIOTEPh MOJSPHBIX JUAICKTPHKOB OT YaCTOTHI.
JlokazaTh 3aBUCHMOCTb.

9. IlpuBecTH mMpUMeEpHBIC 3HAUCHHS TAHTEHCA YA JMAJICKTPUUYCCKUX MOTEPh TUIICKTPHUKOB PA3IUIHBIX

THIIOB.

No o k~wh e

JlabopaTopnasi paGora Ne3
Onpeaesenye dJeKTPUYECKOH MPOYHOCTH ra3000Pa3ZHLIX IHIJIEKTPUKOB

[{eap paboThI:

W3yunts sBneHne npoOos ra3oB, a TAKKE ONPENeNIUTh 3JIEKTPHUUECKYIO IIPOYHOCTH BO3AyXa B DIIEK-
TPOAHBIX CUCTEMAX PA3TUYHON KOHOUTYPALHH.

3amanue:

N3y4uTh TEOPETUUECKUI MaTEpHAIT,

O3HAaKOMHUTBCS C TPUOOPAMH U M3YyUYHUTh MPUHIIMI PAaOOTHI TEKTPOYCTAHOBKH;

H3mepuTh nNpoOHUBHOE HAMPSKEHHUE B SIEKTPOIHBIX CHCTEMAaX Pa3IndHONW KOHPHUTYPAINH;
PaccunTatrh 371€KTpUYECKYIO IPOYHOCTH BO3AyXa B AIEKTPOIHBIX CHCTEMAaX Pa3InYHON KOH(PHUTYpaIHy;
[Moctpouts rpadpuxu U,,=f(h) u E,,=f(h) mwia snexrpuueckoro monst pasHoit koHdurypamuum (mo Tpu
rpaduka Ha IByX KOOPAHHATHBIX TIIOCKOCTSIX);

CpaBHHTB pe3yNbTaThl IKCIIEPUMEHTA, MTOJTYYSHHBIE JUISl Pa3HbIX JIEKTPOTHBIX 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), m1st snexTpruueckoro nois pa3inuyHOi KOHGUTYpAIMK: OHOPOAHOE, HEOJHOPOIHOE,
PE3KOHCOAHOPOAHOEC. Hpenenbl HU3MCHCHUA BCIIMYMHBI pa3psAJHOIO HNPOMEKYTKA 3aal0TCA IIperogaBa-
TCJICM.

2. PaccuMTarh 3JEKTPUYECKYIO IPOYHOCTH BO3IYIIHOTO NMPOMEKYTKA, Ey, NPU pa3IMyHON CTENEHU OJHO-
POJTHOCTH AIIEKTPHUUECKOTO MO DIEKTPUUECKYIO MPOYHOCTH BO3AYIIHOTO IPOMEXKYTKA OMPEIENIUTh IO

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.,, kKB/cm

—_ - U, kB

E.,, kB/cm

— Uy, KB
E.,, KB/cm

69



3. Tocrpouts rpadpuku U,,=f(h) u E,,=f(h) misa snexrpudueckoro momns pasHoit koHdurypamuu (o Tpu
rpaduka Ha IBYyX KOOPIMHATHBIX TIOCKOCTSIX).

4. CpaBHUTb pe3yJIbTaThl SKCIIEPUMEHTA, TOJYIECHHbIE ISl 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 ONPECITICHUS UCCIIEYEMbIX XapaKTePUCTHK.
Paboune GpopmyIIsl ¢ 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 npoOHBHOE HATIPSHKEHHUE AUAICKTPUKA 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 3aBucur npo6usHoe Hanpskenue Uy, (anexTpryeckas npoyHocTs Ey,) razo oT napienusa? Jloka-

3aTh 3aBHCHUMOCTb.

Kak 3aBucur Uy, uan Eyp ra3oB oT TeMnepaTypbl? JlokazaTh 3aBUCHMOCTH.

9. Kak 3aBucur Uy, u Eyp ra30B OT CTENEHH OJJHOPOJHOCTH JIEKTpUYecKoro nonsa? JlokasaTh 3aBHCHMO-
CTH.

NogakrwnhE

©

JlabopaTopHas padora Ned
3Kc1’leDI/IMeHTa.]'II)H06 onpeacJcHue BANAHUA ANIJICKTPUIECCKOI0 ﬁapbepa Ha 3JICKTPHYECCKVIO ITPOY4-
HOCTH BO3AVIIHOI'O IIPOMEKYTKA B PE3KOHCOJHOPOAHOM I10J1€

[{enb pabOTHI:

HccnenoBanne mpoO0si YUCTOTO BO3AYNTHOTO MPOMEKYTKA B PE3KOHEOIHOPOTHOM TOJe. DKCIEPH-
MEHTAIBHOE OTIPEJIeNICHIE BIHSHUS TUAICKTPUIECKOTO Oaphepa Ha dJEKTPHUECKYIO IPOYHOCTH BO3YIIHOTO
MIPOMEKYTKA.

3ajanue:

1. O3HaKOMUTHCS C IKCIEPUMEHTAILHOW YCTAHOBKOM, ¢ TIOPSAKOM pabOThl Ha HEH U MpaBWIIaAMU TEXHUKH
Oe3omacHOCTH.

2. TlpoBecTu cepuio ONBITOB IO ONPEACICHHUIO IPOOUBHOIO HAMPSHKEHUS U DJIEKTPUUECKON POYHOCTH YK C-
TOTO BO3YIIHOTO MPOMEXKYTKA ""MIIIA-IJIOCKOCTE" B 3aBUCHUMOCTH OT MEXAIEKTpoaHOoro paccTosHus (h).

3. [IpoBecTu cepuio OIMBITOB MO ONPEACICHHUIO JIEKTPUISCKON IPOYHOCTH MTPOMEKYTKA "UIIIa-TIOCKOCTE" ¢
JUDJIEKTPHUECKUM OapbepoM MpH Hen3MeHHOM h =30 MM B 3aBHCHMOCTH OT MECTA PACIIOIOKEHUS Oaph-
epa (h;) puc.5.1.

4. CocTaBUTh OTYET.

[TopsiAoK BBITOTHEHUS:
1.B mepBoM oOIbITeé OOBEKTOM HWCCIICIOBAHHS SIBISICTCS YUCTBIA BO3IYIIHBIA MPOMEXKYTOK '"WTria-
IOCKOCTR". VI3MeHstst paccrosuue Mexkay smekrpoaamu h ot 10 o 60 MM (uepe3 10 MM), HEOOXOIUMO TIO-
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BBIIIATh HANPSDKCHUE IO BOSHUKHOBEHUS 1po0ost. [ToydeHHbIe pe3yabTaThl 3aHeCTH B TaduILy. [locTpouTh
zaBucumocts U,,=f(h) n E,,=f(h).

2. JInst IpOBEICHHS OTIBITOB C OaphepHOM M30JSIMEH BBHICTABHTH PACCTOSIHUE MEXKIY dJIEKTpoaamMu h
=30 mM. YcraHoBUTh Oapbep. Paccrostnue mexy "urioi" u 6apbepom, h | MeHsieTcst mepeMereHneM dapbe-
pa ot 0 10 30 MM yepe3 Smm. [loBblmaTe HanpsbkeHHe A0 TpoOos. [lonydeHHbIe pe3yabTaThl 3aHECTH B Tab-
muuy. [Toctpouts 3aBucumocts U,,,=f(h;) Ha ogHOI KoopauHATHOI MIOCKOCTH ¢ XapakrepucTukoi U,,=f(h).
U3onamoHHbli MaTepual 0apbepa MEHSTD IMOCIIe KAXJIOTo Mpodosl.

3. CpaBHHB pe3yJIbTaThl JIBYX 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 HATH ONTHMAIBHOE MECTO pacroyioxenus Oapbeepa (h; ontu-
MaJlbHOE), IPU KOTOPOM 3HAaUY€HHE MPOOUBHOTO HAMPSHKCHUS OyIeT HAHOOJIBIINM.

PopMa OTYETHOCTH:
PesynbTaTsel paboThl 0popMIIIOTCS B (hOpME OTUETA.

OrtyeT o mabopatopHoOl paboTe MOIDKEH ComepKaTh:

1. Ilenb paboOTHI.

2. Kpartkue TeopeTHdecKue CBEJCHUS.

3. DCKH3 HCTBITYeMOro 00bhekTa. KapTHHBI IeKTPHUECKOro Mo I YUCTOTO BO3AYIIHOTO IPOMEXKYTKA
"UIIa-TUIOCKOCTE" U JIJISl BO3AYIIHOTO MPOMEXKYTKA C IUAICKTPUICCKUM 0aphepoM.

4. Tabmuipl ¢ pe3yabTaTaMM HCHBITAHUH, copepKallie BeIMYUHbI MpoOMBHOro HampsbkeHus (U,,), sek-
Tpu4ecKoi npouHocT (Epp), MexanekTpoaHoro paccrosiaus (h), mecropacmonoxenus 6apbepa (h 1).

5. I'padux 3aBucumoct E,,=f(h) a1 uncroro Bo3ayImHoro mpoMexyTKa.

6. I'pacduxu 3aBucumocreit U,,=f(h) u U,,=f(h,) mpu h =30 MM (Ha ogHOI KOOPAMHATHOHN MIIOCKOCTH).

7. AHanu3 MOJYyYSHHBIX PE3yJIbTaTOB H BHIBOJIBI.

3aaHus 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 DJIEKTPOTaMH.

4. OxapakTepwu30BaTh BIUSHUE CTENEHU HEOJHOPOTHOCTH AIEKTPUIECKOTO MO Ha ANEKTPUIECKYIO TIPOY-

HOCTb YHCTOTO BO3/YIITHOTO MTPOMEXKYTKA.

[osicuuTs BaMsiHUE 6aphepa Ha IJIEKTPUIECKYIO TPOYHOCTH U30ISIMOHHOTO MTPOMEXKYTKA.

IlosicHUTH BIUSHUE MOJAPHOCTH SIEKTPOJIOB HA JIEKTPUUYECKYIO ITPOYHOCTh YUCTOTO 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 MaTCepHraJIoB, a4 TAKXKXC O3HAKOMJICHUE C MCTOAaMU U
CpeaCTBaAMU ITOJIYYCHUSA OTUX XapPaAKTCPUCTHUK.

3ajaHue:
1. WByuuth TeopeTndeckuil Matepuan no temam 5.1, 5.2, 5.3;
2. TIpomsBecTH M3MEpEeHHs OCHOBHBIX XapaKTEPUCTHK 3aJaHHBIX ()eppOMArHUTHBIX MaTEPHAIIOB;
3. Tloctpouts rpaduku;
4. CpenaTb BBIBOABI 1O pe3ynbTaTaM paboTHI.
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IopsiioK BBIDOJIHEHUS:
1. O3HAaKOMUTKCS C OCHOBHBIMH XapaKTePUCTHKAMU (DeppOMarHUTHBIX MaTEPHAJIOB.
2. YCTaHOBI/ITB HCpCKJII—O‘-IaTeJII) Ha HHHCBOﬁ ITaHCIHN CTCHAA B ITOJIOXKCHUC, YKa3aHHOG HpenonaBaTeneM.

3. Usmenss JIATPom nanpsbxenue mo PV1 ot 50 mo 150 B wepes 10 B, 3anucars nokazanus npubopos
PA u PV2 B Tabn.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
N2-1,-W,
m '
lcp
rae |;-Tox B HamarHu4MBaromen ooMoTke, A; Wi- 4uCciio BUTKOB HAMarHUYHMBAOIEeH 0OMOTKH; |gp —
CpemHsIs ITMHA MAarHUTOIIPOBOA, M.

(6.4)

0) MarHWTHYIO HHAYKIIHIO
U,
Bm — L , (6.5)
4 . f : W2 ' S06p
rae f — gacrora, I'; W, — 9HCIIO BUTKOB U3MEPUTEIBHON OOMOTKH; S5, — IIIOMA/h CEYCHUS HCCIIe-
JlyeMoro o0pasia, M
Urop = (UatU’2)/2; e U, = Up Ky, = Uy -(Wo/Wy)
3Hauenus |, ,Sosp W, IS pa3THYHBIX MATHUTONIPOBOIOB IIPUBEICHHI B TA01.6.2.

B) MarHUTHYIO TPOHUIIAEMOCTb

B
o= (6.6)
IUO ’ Hm
IMony4yeHHbIe TaHHBIC 3aHECTH B Ta01.6.1 u mocTpouts 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
2 036 | 17,6-10* 400 22
3 0,44 9,110 730 40

5. IlyHKTHI 2 - 4 TOBTOPUTH €IIIe IS ABYX 00pa3IioB, IMEIONINXCS B JaOopaTopHOM cTeHme. JlJist aToro me-
peKITIoYaTenh Ha CTSHIE TIOOYEPETHO 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 0popMIIAIOTCS B (hOpME OTUETA.
OrtyeT o mabopatopHoi paboTe TOIDKEH ComepKaTh:
1. Llens paGoTHI.
2. TexHnuyecKkue XapaKTEPUCTUKH MPUOOPOB U HCIBITYEMbIX MAaTEPUAJIOB.
3. Cxema 3KCIIEpUMEHTA.
4. Paboure GopMyIibl C MOSCHEHHEM BCEX BXOJSIIMX MapaMeTPOB.
5. TaGnuup! U rpadMKe ¢ pe3yIbTaTaMU SKCIICPUMEHTOB, U3MEPEHUI U BHIYUCIICHUIA.
6. BriBogiwI 110 paborTe.

3a/iaHus AJi CaMOCTOSITeNIbHON 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 CAMOIIPOBEPKH

Knaccudukanms BemecTs o NoBeACHUIO B MATHUTHOM ITOJI€.

Knaccudukanys MarHuTHBIX MaTEpPHAaJIOB.

OcHOBHBIE TAPAMETPHI, XapaKTEPU3YIOLIIE CBOWCTBA (DEPPOMArHUTHBIX MATEPUAIIOB.
MarauToMsrkue MaTepHaibl.

MarauToTBep/able MaTepHaIbL.

MerToap! onpeneneHus XapakTepUCTUK (PeppOMarHUTHBIX MaTepHUaIoB.

Sk wdE

IpakTuyeckoe 3anaTue Nel
Pacuer AM3/1eKTPUYECKUX NIOTEPh B W30JISMH CHJI0BOI0 KaldeJ/s

[{enb pabOTHI:

O3HakoOMIICHHE C MCETOJUKAMH OINPCACICHUA MUIICKTPUICCKUX MOTEPh B U30JIAIMHA BBICOKOBOJIBTHBIX
Ka0enel u cnocobaMu MX CHIDKEHHs. Pacuer IMMOTEPb B KOHKPETHBIX KaOensx.

3ajiaHue:
1. O3HakoMuTCs ¢ KOHCTpPYKIMeH kabenei. Mapka kabesst ¥ ero JUIMHA 33aeTCs TPEero/laBaTesIeM.

2. Paccuntarh AMANEKTPUYECKHE MTOTEPH B U30JISIIIUA KaOells.
3. Cnenarb BBIBOBI.

ITopsI0K BBIMOJIHEHUS:
1. O3HaKOMUTCS ¢ KOHCTPYKITHEH KaOee.
2. PaccunraTh AMANEKTPUYCCKHE TIOTEPH B U3OJISIHN Kabes
Jusnexkrpuueckure noTepy B u30sun, BT/M, ogHO# (asel paccuntriBatoTcs o Gopmyse:

P, =Uj o-C-tg3,

rine Uy — dhasHoe HanpsbkeHue, B;
® — YIJI0Bast 4acTOTa MePEMEHHOr0 Toka, w=27f;
C — émkocTh (a3sl HA SIUHUILY IIUHBI, D/M.
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Tabmuna

XapaKkTepUCTHKH U3OJISAIHN
Tun xaGens € ‘ tgo
KABEJIH C ITIPOITHTAHHOH BYMAKHOH H30IALIUEH
C 6s13K01 RPONUMKOU 4 0,01
Macnonanonnennvle HU3K020 0adieHUsA 3,3-3,75 0,004 — 0,0045
Macnonanoanennvie 8b1coK020 0a6aIeHUs 3,7 0,0045
KABEJIH C PIS’OJUII[HEﬁ H3 JIPYTHX MATEPHAJIOB
U3 pezunvl Ha ocHoge OymunKayuyka 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

EmMkocTh omHOI ¢a3pl Ha enuHUIYY UIHHBI, O/M JUIS KPYTIBIX KW W HETPagIupOBAaHHOW H3OJISIIUU
MOJKET OBITh paccuuTaHa mo Gopmylie:

-9
e-10
C= —I[ ,
18In —
XK
rJie € - TUAJIEKTPUYECKast MMPOHUIIAEMOCTh H30Jsinu; J| — nuamerp kabens mo ¢azHoi usossuuu; d, — aua-

METP JKHIIBI.
3.Crenarb BBIBOBI.

Popma OTYETHOCTH:

Kpatkue TeopeTndeckue CBeAeHHUS.

Ocku3 kabessi, MPUHITOTO K pacyery.

(DOpMYJ'IBI, C MMOACHCHUEM BXOJAIIHNX ITapaMETPOB.
Pesynprarsl pacuera.

BbIBO/ M aHAIH3 TIOJTyYEHHBIX PE3yJIbTaToB.

grwbdE

3a/laHus JAJI CaMOCTOSITENIbHON paboThI:
N3yunTs TEOpEeTHYECKHil MaTepuan o Teme 2.6 pazaena 2.

OcHoBHas nuteparypa : [1]

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

KoHTpoJbHBIE BOMIPOCHI JIJIsI CAaMOIIPOBEPKHU

1. B 4éM coCTOUT CYTh MOJISIPU3AIMOHHBIX MTPOIIECCOB?

2. Kakum napameTrpoM KOJIMYeCTBEHHO MOXKHO OIEHUTH TOTEPH MOIIHOCTU B IUAJIEKTPUKE?

3. OOBsICHHUTE CBS3b MEXKAY AMIICKTPUISCKON MTPOHUIIAEMOCTHIO U TIOTEPSIMHA MOIITHOCTH B M30JISIHH Kabe-
ns?

4. Kak 3aBUCST TUAIIEKTPUYECKUE TIOTEPH OT YaCTOTHI?

IIpakTyeckoe 3ansaTue Ne2
Pacuer HOBeDXHOCTHOﬁ H 00LEMHOM IJECKTPOIPOBOJAHOCTHU TBEPABLIX JUIJICKTPUKOB

[lenb paGoTHI:

O3HAaKOMJICHHE C METOJMKAMH OIpe/ielieHus] TOBEPXHOCTHON U OOBEMHOM AIEKTPONPOBOTHOCTH
TBEPJIBIX TUIICKTPUKOB

3amaHue:
1. O3HaKOMUTCSI ¢ METOJJUKAMU OIPE/IeNICHNs] TOBEPXHOCTHOM AIEKTPOIPOBOAHOCTH TBEPABIX JIUIIICK-

TPHUKOB.
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2. O3HaKOMHTCSI C METOIMKAMHU OTpe/ie/icHUst 00bEMHON AJIEKTPOPOBOJHOCTH TBEPBIX JUIICKTPUKOB
3. PaccunTaTh IOBEPXHOCTHYIO U OOBEMHYIO AJIEKTPONPOBOAHOCTh 33JaHHBIX MPEToAaBaTelieM JI1-
3JIEKTPUKOB

4. CnenaTh BBIBOIEI.

ITopsiI0K BBIMOJIHEHUS:
1. g 3amaHHOTO TIperno/iaBaTesieM AUIIEKTPUKA ONPENEIUTh Mo (hopMyIiam:

— YAETbHYI0 00BEMHYIO IPOBOAMUMOCT 7y, = 1
p

R
— YACJIBbHOC 00beMHOE COIIPOTHUBJICHUE py = S y

h
. 2.
rae R — conmporusnenue ganHoro oopasiia, Om; S — mromiaas nonepednoro ceuenus [, mm*; h — tommuna J1,
MM.

2. OnpenenuTs 3MEKTPOHHYIO AIEKTPOIPOBOTHOCTE IO opmyne [lyrms:
— BE
YE=Ye

rIie Y — yaelbHasi MPOBOJUMOCTD TUAJICKTPUKA B 00JIACTH, TJe coxXpaHseTcs 3akoH OMa; Yy — yAenbHas Mmpo-
BOJMMOCTH JMAJICKTPHKA IPH CHIIBHBIX JIEKTPUYECKHX MOJAX; £ — HaNpsHKEHHOCTH DIIEKTPHYECKOTO OIS
B — xoaddunKeHT, XapaKTepU3yIOIUI JaHHBIA AUIIIEKTPHUK.

[Ipy 04YeHB BBICOKHMX HAIPSHKEHHOCTSX JIEKTPUYECKOTO MOJIS, OMM3KUX K MPOOMBHBIM 3HaYeHUSIM (£
~ FEmp), 00see TouHoOM siBsieTcs Gpopmyna Openkens:

Ye = et '

rae B; — ko3 unmeHT, XapakTepu3yOIni TaHHBINA AMAIEKTPUK.

DNeKTpOHHAs! 3JIEKTPOIIPOBOJHOCTD HAOMIOAAETCS TOJBKO B CHIIBHBIX AJIEKTPHUYECKHUX TTOJISAX, IEPEHO-
COM BeEIIIECTBA HE COMPOBOXKIACTCS.

3. JIy1s1 3a1TaHHOTO TIPENOaBaTeNeM IUAIEKTPUKA ONPEICTUTh TOBEPXHOCTHYIO TPOBOANMOCTB!

1

— BEJIMYMHY YJEIbHON MOBEPXHOCTHOM MPOBOIUMOCTH Y4 = —,
Ps

Rd

— YACIIBbHOC MMOBEPXHOCTHOC COIMMPOTUBJIICHUC pg = |_ ;

riae R — conporuBienne qaHHoro obpasna, OMm; d — mmprHa 31eKTPOaoB, MM; | — THHA TUATIEKTPHKA, MM.

Popma OTYETHOCTH:

1. Kpartkue TeopeTndecKie CBEACHHS.

2. ®opMyIIBl, C MOSCHEHNEM BXOISAIINX apaMeTPOB.
3. PesynbraThl pacuera.

4. BeIBOJl 1 aHAJIA3 TIOTYUYEHHBIX 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 sIBIEHUE OOBEMHOM JIEKTPOIPOBOTHOCTH TBEP/IBIX JUIIICKTPUKOB

2. [TosicHUTH 0COOEHHOCTH 00BEMHOM JICKTPOHHOH 3JICKTPOIPOBOIHOCTH TBEPIBIX TUIIEKTPHUKOB

3. [losicHuTh 0COOEHHOCTH 00BEMHON HOHHOMN 3JIEKTPOIIPOBOTHOCTU TBEPIBIX TUAIIEKTPHUKOB

4. [lepeuuciuTh (GaKTOPHI, BIUSIONUE HA 00BEMHYIO 3JIEKTPOITPOBOJIHOCTD TBEP/IBIX JUAICKTPUKOB

5. TlosicHUTE sIBIEHUE TTOBEPXHOCTHOU AJIEKTPOITPOBOTHOCTH TBEPIBIX AUICKTPHUKOB

6. [lepeuncnuTh GakTOPHI, BIUSIONINE HA TTOBEPXHOCTHYIO ICKTPOIPOBOHOCT TBEPABIX TUAICKTPUKOB
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IpakTnyeckoe 3ansitue Ne3
Pacuer ¢pu3nyeckux NapaMeTpoOB MPOBOJIHUKOBBIX MATEPHAJIOB

[{enb paboOTHI:

I/I3y‘IeHI/IC (1)I/I3I/I‘leCKI/IX napaMeTpoOB IIPOBOAHHUKOBLIX MAaTCPUAIOB U MECTOJAUK UX ONPCACICHUSA

3amanue:
1. O3HaKOMHTCS ¢ METOAMKAMHU OIPEICTICHHS (PHU3UIECKUX TTapaMeTPOB ITPOBOAHUKOBBIX MaTEPHAIIOB

2. Paccunrars TeMIepaTypHbIA KOI(PPUIMEHT YICIBHOTO CONMPOTHBIICHHUS, YACILHOE COMPOTUBIIC-
HUE U KO (PUIIMEHT TETUIONPOBOIHOCTH /IS 33/IaHHBIX TPEToIaBaTesieM IMTPOBOIHUKOB
3. CuenaTth BBIBOJBI.

I1OpsAOK BBINOJIHEHUS:
JI1s1 3a1aHHBIX IPEnoiaBaTesieM MaTepUaIoB U BHEIIHUX YCIOBHIA:
1. Onpenenuts yAEIbHYIO TPOBOAMMOCTE Y M €€ 00paTHYIO BEIHYHHY — YAEIBHOE COIPOTHBIICHHE p.
B cootBerctBuu ¢ 3akonom Oma (| = YE) yaenbpHas TPOBOAUMOCTD Y METATMUECKUX POBOJIHUKOB HE
3aBHCHUT OT HANpPSKEHHOCTH JIEKTPUUECKOT0 Mo £ Ipy U3MEHEHHH €€ B BeChbMa UIUPOKUX MpeJIeNax:

Y =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 JIyHIlle, TEM BBIIIE €r0 MPOBOIUMOCTD.

2. OnpenennTs TeMIepaTypHbli KOOQQUINEHT yeTBHOIO0 CONPOTUBIICHUS Oy

Yucno Hocuteneil 3apsina (KOHIEHTpalus CBOOOAHBIX SJIEKTPOHOB) B METAJUIMYECKOM MPOBOIHUKE
TIpY MOBBIIIEHUH TeMIIEpaTypbl MPaKTUUYECKU OCTaeTCsl HeM3MEeHHBIM. O/THAaKO BCIIEACTBHE YCUJICHHS KOJe-
0aHUl y3/10B KPUCTAJUIMYECKOM PELIETKH C POCTOM TeMIIepaTyphl MOsIBJIsETCS Bce OoJbie M Oonblie mpe-
NSATCTBUI Ha IMyTH HAIIPABICHHOIO JBM)KEHHS CBOOOAHBIX 3JIEKTPOHOB MO ACHCTBHEM JIEKTPUYECKOrO IO-
JIs1, T.€. YMEHBILAIOTCS JAJIMHA CBOOOIHOTrO Mpobera 3JeKTPOHa A, OABHXHOCTD 3JIEKTPOHOB U, KaK CJIEACT-
BUE, yJIeJIbHAs! IPOBOJIUMOCTD, CJIE0BATENbHO, YBEIUUNBAETCS YI€IbHOE COIIPOTUBICHUE MaTepuala;

o —1dp
P pdT

TemmnepaTypHblii KO3QPUIHEHT YyIeTbHOIO CONPOTHUBICHHUS TOKA3bIBAET, KAK YBEJINYUBACTCS yIIENIb-
HOE€ CONPOTHBJICHUE ITPOBOJHMKA MIPH YBEIUYSHNH Temneparypsl Ha 1 K.

IIpu u3MeHeHUM TemrepaTypbl B y3KMX JAMaria30HaxX Ha MPaKTHUKE JJIS pacdeTa yAeIbHOrO CONMpPOTHB-
JIeHUs] IPUMEHSIOT GpopMyITy

(1.22)

P2 =P 1+&P(T2 _Tl) '

T/€ Py U Pz — YAEIBHOE CONPOTUBIICHNE MPOBOAHUKOBOTO MaTepuaa nmpu temmeparype 71 u T, coot-

BeTCcTBEHHO (1pH 9ToM T3 > Tb); @, — CpeIHUI TeMIepaTypHbIi Kod(G(HIHEHT YIeNbHOTO COMPOTUBIECHHS B
Jirana3zoHe temneparyp ot 11 1o Ts.

[Ipu 3HaYNTENEHOM M3MEHEHUH TEMIIEPATYPhl, KOT/Ia BEMIECTBO MEPEXOJNUT U3 TBEPIOTO COCTOSHUS B
JKIIKOE, y GOJBIIMHCTBA METAIOB TEMIIEpATypHAs 3aBHCHMOCTb coxpansiercs (11, p?, v]). MckmodeHne
COCTABJISIIOT TAJUIMH, BUCMYT M CypbMa, Y KOTOPBIX IIPH IJIABICHUH CONIPOTHBIICHHE YMEHbBLIAETCSI.

3. Onpenenuts KO3(PPUIMEHT TEIJIONPOBOAHOCTH Y.

3a mepeaayy TEMJIOTH Y€pe3 METaJI B OCHOBHOM OTBETCTBEHHBI T€ JK€ CaMble CBOOOJHBIE 3JIEKTPOHBI.
[Toatomy, Kak mpaBuiio, KO3OHUIMEHT TEIJIONPOBOAHOCTH Y1 METaJlJla HAMHOI'O OOJIbIIIE, YeM JUIJICKTPUKA.
OTcrozia TakxKe SIBCTBYET, YTO 4eM OOJIbIIE BIIEKTPONPOBOJIHOCT Y MeTaia, TeM OOJbIle JTOJDKHA OBITh U
€ro TEIUIONPOBOIHOCTD, Vr.

IIpu yBenuYeHHH TEMITEPATyphl MOJBIKHOCTD JICKTPOHOB CHHXKAETCS, TOTd OTHOIICHUE Y1/ JTOJIK-
HO BO3pacTaTh. MaTeMaTU4eCKH 3TO BhIpaxkaeTcs 3akoHoM Bunemana-Opanna—Jlopenna:

vily = oo,
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TCZ 'k2

>— — 4ucio Jlopenria, pasHoe 2,45-10°%
3e

rae T — TepMoauHammyeckas temmeparypa, K; o, =

B%/K? k — mocrosiaHast Bonbimana; e — 3apsij SJIEKTPOHA.
DTOT 3aKOH BBINIOIHICTCS MIPU TEMIIEpaType, OJIM3KOW K HOPMAIBHON WM HECKOJIBKO MOBBIIICHHOM,
JUTsl OOJIBIIIMHCTBA METAJUIOB (32 UCKIIOYCHUEM MapraHiia U OepuILIvs).

PopMa OTYETHOCTH:

1. Kpartkue TeopeTndecKre CBEACHHS.

2. ®opMyIIBl, C TOSCHEHNEM BXOISAIINX TapaMeTPOB.
3. Pe3ynbraThl pacuerta.

4. BBIBOZ M aHAJM3 MOJTYYCHHBIX PE3yJIbTATOB.

3aanus 18 CaMOCTOSITEIbHOW PAOOTHI:
W3yunth TeopeTruecKknii Matepuai o teme 3.2 paznmena 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 PU3UYECKYIO CYIIHOCTh YACIBHOTO COMPOTUBIICHHS MPOBOHUKA, IPUBECTU (HOPMYIIBI
JUISL €T0 ONpeeNICHUs

3. [osicHuth (pu3HUECKYIO CYIIHOCTh TEMIEPATYPHOTr0 KOAPPUIIUEHTA YIETbHOTO COPOTUBICHUS
POBOTHHUKA, TPUBECTH (POPMYIIBI ISl €T0 ONPEACTICHHS

4. TosichuTh (U3UYECKYIO CYIIHOCTh KOA(h(UIIMEHTa TEIUIONPOBOAHOCTH MPOBOJAHUKA, PUBECTH
(bopMyIIbI sl €70 ONPEEIIECHUS

IpakTuyeckoe 3ansiTue Ned
OmnpenejieHHe XapaKTePUCTHK MATHUTHBIX MaTepuaaoB. Ileras 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 NMpPOHMIIAaE-
MOCTH, KOOPLUUTUBHYIO CUILY, TIOTEPU MOIIHOCTH Ha HAMATHUYMBAHKUE U MIOTEPU MOLIHOCTH HA BUX-
PEBBIE TOKH /I 3aJaHHBIX IIPETNOJAaBATEIEM MarHUTHBIX MaT€pPHaIOB.

3. I3yunTh BAMSHUE PA3TUYHBIX (AKTOPOB HAa XapaKTEPUCTUKH MAarHUTHBIX MaTEPUAIIOB.

4. Cnenatb BBIBOJIBL.

[TopsiAoK BBITOTHEHUSI:
1. OnpenenuTh OTHOCUTENIBHYIO MAarHUTHYIO TIPOHUIIAEMOCTH Ly 110 (hOpMYyIIe

M_B
rHoH,

rae B — MaruutHas uHAyKnus, Ti; H — Hanps»KEeHHOCTh MArHUTHOTO TOJIs, A/M; Ly — MarHUTHAS MOCTOSH-
Hast, o = 41- 107 T'r/m.

ﬂﬂﬁ CUJIbHOMArnUTHBIX MAaTCPUAJIOB pAa3JINYarOT IBC BCIINYMUHBI MarHUTHOM MPOHNUIACMOCTH: HaYaJIb-

HYI0 U MaKCUMaJbHYIO (pHUC.). B 00MacTH CHIBHBIX MarHUTHBIX TOJICH MarHWTHAs MPOHHUIIAEMOCTh YMEHb-
aeTCs, MPUOTIKASCH K CIUHUIIE.
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L

imax

T

>H

Puc. 3aBucumocts U, = f(H) 11 cunbHOMarHUTHBIX MaTepraIoB

2. OnpenenuTs TeMIepaTypHbIi K03(QdUIUEHT MarHUTHOM IPOHUIIAEMOCTH 0, , PABHBII
o o Ldm
M, dT
M

TemmnepaTypHblii kK03()(UIMEHT MOKa3bIBACT, HA CKOJBKO M3MEHSETCS MAarHWTHAas MPOHUIAEMOCTh
Ipu u3MeHeHuu Temneparypsl Ha 1 K.

Ilpu yBenuueHHM 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.

u/

T 2
 Kiopu

Puc. 3aBucumocTs W, = f(t°) 1 MAarHUTHBIX MaTEPUAJIOB

3. Onpenenuth OCTaTOYHYIO0 MATHUTHYIO HHIYKIHUIO By, Ti.
Ocmamounas macHumuas uHoykyusi — 370 3Hauenne B npu H = 0 B mporiecce pa3sMarHuIuBaHus 00-
pasiia, HAMarHMYeHHOTO JI0 HachlmeHus (puc. 1.35).

B, T
Br

—He \H, A/m

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 HANPSDKEHHOCTh MarHWTHOTO ToJisl H, Ha3pIBaeMyro 3adepowcusaioujeti (KOIPIUTUBHON)
CHUJION.

5. Onpenenuts MOTEpH MOLIHOCTH Ha HAMAarHWYMBaHue P, , onpeaessieMble o popmylie

P, = anmavav

rae M — K03 UIHEHT, XapaKTePU3YIOLIUHM JaHHbIA MaTepHall; Bnax — MaKCUMallbHAs MHAYKIIMS Mar-
HUTHOT'O IOJIA; N — MOKAa3aTeJib CTENCHU, f — HacToTa NPUJII0KECHHOI'O MAaroHuTHOI'O I10JIA, V — 00BEM Mar"ur-
HOro Marcpuala.
6. OHpe,I[eJ'II/ITL NMOTCpU MOIITHOCTHU HAa BUXPCBLIC TOKH Pf .
Pf = aBzmaxFZV,
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rae & — ko3 pHUIMEHT, 3aBUCAIINN 0T (JOPMBI ICTalId U MaTepHajia U3 KOTOPOro OHA U3rOTORIICHA, & ~
1.
/p, pT <:~L Pf\l/

IToTepu MomHOCTH HAa HaMarHWYMBAHHUE W BUXPEBBIE TOKH MPHUBOIAT K HAarpeBy MarHWTHOTO MaTe-
puania. Uem moTepu BhIIIE, TEM CUIBHEE HATPEBACTCS MaTSPUAIL.

Popma OTYETHOCTH:

1. Kpatkue TeopeTuiecKre CBEACHHS.

2. ®opMyIIbl, C OSICHEHHEM BXOJISIIHX APaMETPOB.
3. PesynbTathl pacuerta.

4. BbIBOJ M aHAIM3 MOJTYYCHHBIX PE3yJIbTaTOB.

3aanus I CaMOCTOSITEIbHOW PAOOTHI.
M3yuuTh TEOpeTHUECKUI MaTepual 1o Teme 5.1 pasaena S.

OcuoBHas nuteparypa : [1]

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

KoHTpoibHbIE BONIPOCHI /i1l CAMOIPOBEPKHU

1. I[lepeuncnuth napameTpspl, XapaKTEpU3yIOIIUE CBOICTBA MArHUTHBIX MAaTEPUAJIOB

2. [TosicHUTh PU3NYECKYIO CYIIIHOCTh MATHUTHOW MPOHUIIAEMOCTH, IPUBECTU (HOPMYIIBI TSI €€ OTI-
peneneHus

3. [MosicHuTh (hU3HUECKYIO CYITHOCTh TEMIEPATYPHOTO KOIPPUIIEHTa MATHUTHON TIPOHUIIAEMO-
CTH, IPUBECTH (POPMYJIBI AJISl €TO OTPEACTCHUS

4. IosicHUTh (HU3UUECKYIO CYIIHOCTh KOIPIUTUBHOW CHIIBI, TpUBECTU (GOPMYIIBI sl €€ Oorpeese-
HUS

5. IlosicHuTh (hU3MYECKYIO CYIIHOCTh MOTEPh MOLTHOCTH Ha HAMAarHUYMBAaHUE, IPUBECTH (HOPMYIIbI
JUISL UX OTIpeIeTIeHUS

3. ITosAcHUTH PU3MUECKYIO CYIIHOCTh MOTEPh MOIIHOCTU Ha BUXPEBBIE TOKU, IPUBECTH (HOPMYIIbI
JUISL UX OTIpeIeTICHUS

IIpakTu4yeckoe 3ansiTue NeS
Onpenenenne TBEPAOCTH Pa3IHYHbIX MATEPHAIOB

[{enb pabOTHI:

M3ydeHne pa3indHbIX METOMK OMPENAEIEHUS TBEPAOCTH PA3IUYHBIX MaTEPUATIOB

3amanue:
1. O3HaKOMI/ITC$I C METOANKaMHU onpe,ueneHI/m TBep,Z[OCTI/I pa3J'II/I‘IHI)IX MaTepI/IaJIOB

2. Cnenarb BBIBOJIBI.

ITopsiI0K BBIMOJIHEHUS:
1. M3yunTh MeTOA ompezesieH s TBEpAOCTH 1o bpunenio.

CyILHOCTh METO/1a 3aKJIF0YAETCsl BO BAABIMBAHUY LIapHKa (CTAJIBHOIO MJIM U3 TBEPJOIO CIUIaBa) B 0Opasel
(13menue) moja ACWCTBHEM CHIIBI, IPHIIOKEHHON NepHeHIUKYIISIPHO MTOBEPXHOCTH 00pa3la B TeUCHHUE Ompe-
JICJIEHHOTO BPEMEHH, U UI3MEPEHUH TNAMETPa OTIIEYaTKa MOCIIE CHATHUS CHUJIBL.

Teepmocts mo bpunem o o6o3nayaroT cumBosioM HB mn HBW:

HB — IpUu MIPUMCHCHUUN CTAJIbHOI'O IIapUKa (,Z[HSI MCTAJIJIOB U CIIJIaBOB TBEPAOCTBIO MCHCC 450 C,Z[I/IHI/II_I);

HBW — npu npuMeHeHnH mapuka u3 TBEpAOro CIulaBa (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 LIApHKa, 3HAYCHUE MPHIOKECHHONW CHIIBI (B KI'C), TPOJOKUTEILHOCTD BBIICPIKKH,
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 10 15 ¢;

575 HBW 2,5/187,5/30 — tBepaocTh mo Bpunemtto 575, onpeneneHHas npyu MpUMEHEHNH IApHUKa U3 TBEP-
JIoTo criaBa auameTpoM 2,5 mum mipu cuiie 187.5 kre (1839 H) u npogomkutensHocTH Beigepkku 30 c.

[Ipu onpeneneHuu TBEPAOCTH CTAJIBHBIM IIAPUKOM WJIM LIAPUKOM W3 TBEPAOIO cijiaBa auamerpoM 10 mMm
npu cuiie 3000 kre (29420 H) u npomomkutensHoCcTH Beiaepkku oT 10 1o 15 ¢ TBepmocts no bpunemnio
0003HAaYal0T TOJBKO YHCIOBBIM 3HAYEHHEM TBEpIOCTH U cuMBoiioM HB nni HBW.

[Tpumep obo3rauenus: 185 HB, 600 HBW.
2. MI3yunTh METOA OmpeeNieHus TBEpAOCTH 10 Bukkepcy.

MeTo u3MepeHus TBEPAOCTH YePHBIX U I[BETHBIX METAJUIOB M CIUIABOB Ipu 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 BAABIMBAHUM aJIMa3HOTO HAKOHEYHMKA B ()OpMe MPABUIBHOM YETHIpEX-
TpaHHOM MupaMuIIBl B oOpasel (M3aeine) moj ASHCTBUEM CHIIBI, MPWIOKEHHOH B TEUEHHE OMpPEeIEHHOTO
BpPEMEHH, U W3MEPEHUH UaroHajiell oTIedaTKa, OCTABLIMXCS Ha MMOBEPXHOCTH OOpaslia MOCie CHATHS Ha-
TPY3KH.

TBepaocts mo Bukkepcy mpu yCIOBHUSIX HCIBITAHUS — CHIIOBOE BozfelcTBre 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 KIrc 1 BpeMEHHU BBI-
nepxku 10 ... 15 c.

[Tpu apyrux ycnoBusix ucmbITanus mociie 0ykB HV yka3biBatoT Harpy3Ky U BpeMsl BBIIEPHKKH.

[Tpumep o6o3rauenus: 220 HV 10/40 — tBeprocts mo Bukkepcy, monyuennas npu cuire 98,07 H (10 xrc) u
BpeMeHH Bblepkku 40 c.

OO61ero TOYHOTO MEpPeBoia YMCEN TBEPIOCTH, U3MEPEHHBIX alIMa3HOl nupamMunoi (mo Bukkepcy), Ha uncna
TBEPAOCTH O APYTUM IIKalaM WIM Ha MPOYHOCTH MPH PACTKEHUH HE cymecTByeT. [loatomy cnenyer ns-
OeraTb TakMX MEPEBOOB, 32 UCKIIOUYEHHEM YaCTHBIX ClydaeB, KOraa Onaronaps CpaBHUTEIbHBIM UCIIBITAHMU-
sIM UIMEIOTCSI OCHOBAHMSI JUIsl IEPEBOJA.

3. I/I3y‘II/ITB MCTOJ ONIpCACICHUA TBEPAOCTH 11O POKBCJIJ'Iy.

MeTtoa u3MepeHusl TBEpIOCTH METAIJIOB U ciiaBoB 1o Poxeeity permamentupyer I'OCT 9013 — 59* (B
penaknuu 1989 r.).

CymHOCTh METO/1a 3aHUMAETCs BO BHEIPEHUH B TIOBEPXHOCTH 00pa3na (WM N3/ENHs) aIMa3sHOTO KOHYCHOTO
(mkansr A. C, D) win cransHOro chepuyeckoro Hakoneunuka (mkaisl B, E, F, G. H, K) nox neiicrBuem
MOCJIeIOBATENFHO MPHUJIaraeéMbIX MPEABAPUTEIBHON H OCHOBHON CHII M B ONPE/Ie]ICHUH TIyOHHBI BHEJPEHUS
HAKOHEYHHWKA ITOCIIE CHATHS OCHOBHOW CHIIBI.

TBCp,I[OCTL 3(] POKBCJ’IJ’Iy 0003Ha4arT cuMBojioM HR ¢ YKa3aHUCM MIKaJIbl TBEPAOCTU, KOTOPOMY IIPCAIICCT-
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 U3MEPCHHN BBEICH TOCYapCTBEHHBIN CIICIUATBHBIN ATAIOH I BOCIIPO-
u3BeneHus mmkan TeBepuoctu Pokeemra m Cymep-PokBemia m mepenayw uxX TpU MTOMOIIM O0pPa3IOBBIX
CpEICTB M3MepeHUl (pabounx ATATIOHOB) PabovMM CpencTBaM U3MepeHui, nmpumeHseMbM B ctpade (I'OCT

8.064 — 94).
[Hunanaszons! mkan tBepaoctu no Poksemty u Cynep-Poxsemnty, Bocipon3BouMsbIx 3TanoHoM mo ['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 Poksemnn 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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Ta6n. [Ipogomkenue

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. npuBonsaTCs npuONIMKEHHBIE COOTHOILCHHUS MEXy YUCIaMH TBEPIOCTH, OIPEAETICHHBIC PA3IUIHbI-
mu MeTogaMu. C 10CTaTOYHOM CTETIEHBIO TOUHOCTH [Vl KOHCTPYKIMOHHBIX YITIEPOAUCTHIX U JIETUPOBAHHBIX
cTajeil mepIuTHOrO Kiacca, Juist kKotopeix 150 HB, moxuo mpussats 60,2 = 0.367 HB, ms ctamun 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 MeTop onpenenenus Teepaocty no llopy (Merox BaaBnuBaHus).

TBEpaocTs ompenensercs mo riayOMHE NPOHUKHOBEHHsSI B MaTepuall CIELHUAIbHOM 3aKajIeHHOU
CTAJIGHOM Wribl (MHIEHTOpA) TOA JCUCTBHEM KadrOpOBaHHOW MPYKWHBL. B maHHOM MeTome W3MepeHUus
npubop umenyercsi aropomerpoM. O0bruHO Meton llopa ncnonb3yercs Asst onpeaeNeHns TBEpAOCTH HU3-
KOMOJyJIbHBIX MaTepuaioB (moaumepo). Merox Lllopa, onucanssiii cranmaprom ASTM D2240, orosapu-
BaeT 12 mkan u3MepeHus. Yaie BCero UCMONB3YIOTCS BapHAHTHI A (711 MATKUX MaTepuaioB) wiu D (mms
0onee TBepabix). TBEPIOCTD, ONMpenenéHHas 0 ATOMY METOY, 0003HaYaeTCsl OYKBOW MCIOIb3yeMOM IIKa-
JIBI, 3allMCBIBAEMOI MOCIe YKcia ¢ SIBHBIM yKa3aHHEM MeToja. B xadecTBe mpumepa, pe3uHa B MOKPHIIIKE
KoJIeca JIETKOBOTO aBTOMOOMIISI IMEET TBEPIOCTh NMpuMepHO 70A, MIKOJIBbHBIN JTaCTHK — NMpUMepHO S0A;

5. Nzyunth Metox onpenenenus 1eepaoctH o [llopy (Meron oTckoka)

Merton onpeneneHust TBEPIOCTH OYCHB TBEP/IBIX MATEPHAIIOB, MPEUMYIIIECTBCHHO METAILIOB, 110 BbI-
COTe, Ha KOTOPYIO TIOCJIE yapa OTCKAKUBAET CHENUATbHBINA 00EK (OCHOBHASI YacTh CKIIEPOCKONA — H3MEPHU-
TEJILHOTO MPHOOPA YISl JAHHOTO METOa), MAJIalOIUi ¢ OTpeIeIEHHON BBICOTHL. TBEPAOCTD 10 3TOMY METO-
ny llopa orieHnBaeTCsl B YCIOBHBIX €UHHIIAX, TPONOPIIMOHAIBHEIX BRICOTE OTCKaKnBaHUs 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 KOMIAHHMH, IPOU3BOMAAIIEH U3MEPUTENN TBEP-
JIOCTH — JYPOMETPBI) — TBEPJOCTH ONpeAesIeTCs 10 TIIyOuHE BBEIEHHSI CTAILHON Toycdepsl Mo IeHcT-
BHEM TIpyKHUHBI. Vcrionb3yeTcst uist Mrkux pe3uH. [lo mpuHImMMy n3mepenus coorserctsyet metony Lllopa,
HO oTiIM4aeTcs popmoii moBepxHocTH miymna. Ackep C ucmonb3yer noiaychepy auaMmerpom 2.54 M.

Meton KysnenoBa — I'epOepra — PeOunnepa — TBEPAOCTH ompenensercs BpeMeHEM 3aTyXaHus
KoJie0aHMI MasgiTHUKA, ONTOPOX KOTOPOTO SBISETCA UCCIIEyEMbI METaILT,

Merton [lonpau (IBOMHOTO OTIEYaTKa MIapUKa) — TBEPAOCTH OIEHHBAETCA B CPAaBHEHHH C TBEPIO-
CTBIO ATAJIOHA, UCTIBITAHKUE ITPOU3BOAUTCS ITyTEM YIaPHOTO BJABIMBAHUS CTAIBHOTO IIAPHKA OJJHOBPEMEHHO
B 00pazerl 1 dTaJOH;

[IIxana Mooca — onpenensiercs o TOMY, KaKOW U3 JIECSITH CTaHJIaPTHBIX MUHEPAJIOB LlaparaeT Tec-
TUPYEMbI MaTepHall, 1 Kakod MaTepuall U3 JECSATU CTaHAAPTHBIX MUHEPANIOB I[apamaercs TeCTUPYEMbIM
MaTepHaioM.

B Poccuu craHnapTHU3UpOBaHbl YETHIPE MIEPBBIEC Kbl TBEPIOCTH.

®opma OTYETHOCTH:

1. KpaTkue TeOpeTHUECKUE CBEACHUS.

2. DopMyJIBI, C TIOACHEHHUEM BXOISIINX TaPaMETPOB.
3. Pesynbratel pacueTa.

4. BbIBOJI ¥ 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] .

KoHTpobHbIE BONIPOCHI /U1 CAMOIPOBEPKU

1. laTb onpe/enenre TBEPIOCTH MaTepuana

2. OxapakTepHu30BaTh COCO0 ONpeeNeHHs TBEPIOCTH MaTeprana no Poksemny

3. OxapakTepHu30BaTh CrI0co0 OIpeaeeHHs TBEepOCTH MaTepuaa rno Bukkepcy

4. OxapakTepu30BaTh cioco0 OIpeaesieHus TBEPIOCTH MaTepuana no bpuneniro
5. OxapakTepHu30BaTh CrIoco0 ornpeaeneHus TBepaocTu Matepuaia no 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 ITporpaMMmHoe obecnieueHue Kaspersky Security.

11. OMUCAHUE MATEPHUAJIBHO-TEXHUYECKOM BA3bI, HEOBXOJIUMOM
JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA ITO AMCIUIIJIMHE

Buo Haumenosanue Ne JIP , NoJIk
Ilepeuensv ocrnosnozo odbopyoosanusn
3aHaAmMuUA ayoumopuu
1 3 4 &)
JIk Texuuka BbICO- JIEMOHCTPALIMOHHBIM CTEHJ MO DJIEKTPOTEX- NoNel-18
KHX HaNpsHKEeHUH | HUYeCKUM MaTepuaiam, HarjsiTHbIe TOCOOHs
Texnuka BbicO- | jabopaTopHbiii cTeH ¢ armmapatom AWJI-90L] NoNe 1
KHX HanpspDKeHu# | nabopatopHslii crens ¢ anmaparom AB-70-05 NeNe 3.4
JIp 71a00paTOPHBIN CTEH]] C MOCTOM IIOCTOSTHHOTO Ne 2
toka C-7100
J1a00paTOpHBI CTEH C oOpasimamu deppo- Ne 5
MarHMTHBIX MaTepHaJioB
CP YuransHbIi 321 Ob6opynosanue 15 I1K- -
Ne3 CPU 5000/RAM 2Gb/HDD
(Monutop TFT 19 LG 1953S-SF);npuntep
HP LaserJet P3005
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IIpunoxenne 1

®OHJ OHEHOYHBIX CPEACTB AJI5s1 MPOBEJTEHU S
INPOMEKYTOYHOU ATTECTAIIUU OBYYAIOIIUXCA IO JUCIUITTIMHE

1. Onucanue ¢GoH/Ia OLIEHOYHBIX CPEACTB (MACHOPT)

Ne
KoM= DJ1eMeHT P0C
nereH Pasznen Tema
KOMIIETCHIIM U
nun
OIIK-2 | CrocoOHOCTh IpUMeE- 1. OcuoBsl Mmate- | 1.1. Knaccudurkanus marepua- | DK3aMCHAIIMOHHBIN OWIET
HSTh COOTBETCTBYIO- pHUaNOBEICHUS JIOB
M PU3UKO- 1.2. Buasl XUMUYECKUX CBS- | DK3aMEHAILMOHHBINA OHJIeT
MaTeMaTHYECKHH all- 3ei
rnapar, METO/Ibl aHaJIu- 1.3. Ctpoenue TBEpABIX TEI DK3aMeHaLlHOHHBIN OMJIET
3a X MOAEIUPOBAHUS, 1.5. MedekTsl cTpoeHHs TBEp- | DK3aMECHALUOHHBIN OHIET
TEOPETHIECKOTO H IKC- JIBIX TeJ
MCPUMCHTAIIBHOT'O 1C- 1.6. Kiraccudukanus Bermects | DK3aMEHAIMOHHBINA OUJICT
CJICIOBaHMA IIpU pe- 10 JIEKTPUYECKHUM CBOMCTBaAM
EHUN SKCIICPUMEH- 2. [wnextpuue- | 2.1.Ilongpusanus IHANEKTPH- | DK3aMEHAIIMOHHBIA OMIIeT
TalbHBIX 331249 CKHE MaTepuabl KOB
2.2. OcHOBHBIC BUIBI IOMSIPH- | DK3aMEHAIIMOHHEIA OMIIeT
3aIiH

2.3. Knaccudukarus qudiek-
TPUKOB TI0 BUJY MTOJISIPU3ALINN

DK3aMeHalMOHHBIN OMIIET

2.4. OTHOCUTENbHAS TUDJIEK-
TpHUdecKas MPOHUIIAEMOCTh

DK3aMeHaIMOHHBIN OMJIeET

2.5. DAEKTpONpPOBOAHOCTD U~
AJEKTPHUKOB

DK3aMeHaIMOHHBIN OMJIeET

2.6. [IudaeKTpUYeCcKUe NOTEPH

DK3aMeHaIlMOHHBII OMJIeT

2.7. IIpo6o¥t muANIeKTpUKa

DK3aMeHaIlMOHHBII OMJIeT

2.8. Kimaccuduxanus auaiek-
TPUYECKUX MATEPUATIOB

DK3aMeHaIlMOHHBII OMJIeT

2.9.I'a3000pa3Hble AUIIEKTPH-
KU

DK3aMeHALIHOHHBIN OMJIET

2.10. Xugkue TUdICKTPUKH

DK3aMeHALIHOHHBII OMJIET

2.11TBepreromue AUINEKTPH-

DK3aMeHALIHOHHBII OMJIET

K1

2.12.TBépaple TUIIEKTPUKU OK3aMeHAI[MOHHBIH OmieT
3. IlpoBoHUKO- 3.1. Knaccudukamuss mpoBoj- | DK3aMEHAIMOHHBIA OHUIIET
BbIE MaTepHAJIbI HHUKOBBIX MaTE€pPHAaJIOB

3.2. Tlapamerpbl, XapakTepu-
3YIOLUE CBOWCTBAa IPOBOJHHU-
KOBBIX MaTepHalioB

DK3aMeHALMOHHBIN OMIIET

3.3.  Marepuanbl  BBICOKOH
IIPOBOAUMOCTH

DK3aMeHAIMOHHBIA OHIIET

3.4. CBepXIpOBOJHUKH U KpHU-
ONIPOBOIHUKU

DK3aMeHAIMOHHBIA OHIIET

3.5.CmaBbl  BRICOKOTO COTIPO-
TUBJICHUS

DK3aMeHAMOHHBIA OHIIET

3.6.[Ipyrne  1pOBOJHUKOBBIE
MaTepHaIbI

DK3aMeHAMOHHBIA OHIIET

3.7. Ilpumnon u ¢utrocs

DK3aMeHAIMOHHBIA OHIIET

4. Tlonynposoa- | 4.1. OOmme cBeneHUs O MOITY-

DK3aMeHAMOHHBIA OHIIET

HHUKOBBIE MaTe- MIPOBOJTHUKAX
pHUaTBI 4.2. Knaccudukanus mony- | DK3aMEHAIIMOHHEIA OMIICT
MTPOBOTHUKOB

4.3 .D5emMenThI, 00JIamaroNIIKe
CBOWCTBAMM  IIOJTYIIPOBOIHHU-
KOB

DK3aMeHALMOHHBII OMJIET
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4.4 XUMHUYECKAE COEIUHEHUS
CO CBOMCTBaMHU MOJYIPOBOJI-

DK3aMeHALMOHHBIN OMIIET

HUKOB
5. MaruurtHsle 5.1. Tlapamerpbl, XapakTepu- | DK3aMeHALMOHHBIH OnieT
MaTepHuabl 3YIOIME CBOICTBA MarHUTHBIX
MaTepHaoB
5.2. MarHutoMsarkue wmare- | DK3aMeHAIMOHHBIA OMJICT
pHaBI
5.3 MarauTtoTBEpAble Mare- | DK3aMEHAIMOHHBIA OMJICT
pHasl

JIbI

6. Koncrpykuu-
OHHBIC MaTepHa-

6.1.ITapaMeTpsl, XapakTepu-
3yIOIIME CBONCTBA KOHCTPYK-
LIMOHHBIX MaTEPHAJIOB

DK3aMeHAIMOHHBIA OWIIET

6.2. Knaccugukariist KOHCT-
PYKIMOHHBIX MaTepHAaJIOB

DK3aMeHaIMOHHBII OMIIET

6.3.MeTaminyecKue KOHCT-
PYKIMOHHBIE MaTepHAIIBI

DK3aMeHaIlMOHHBII OMIIET

6.4. KoMNO3UIIMOHHBIE MaTe-
pHaIBI

DK3aMeHalMOHHBIN OMIIET

2. IK3aMeHalMOHHbIEe BOII

0CbI

Ne Komnerenuun IK3AMEHAIIMOHHBIE BOITPOCHI | Ne u HauMeHOBaHM e
/1
/ Kon Onpejenenne pasaena
1 2 3 4 5
OIIK- | CnocobHocts mpume- | 1, KoHCTpyKLIMOHHBIE ¥ 3JIEKTPOTEXHUYECKHE 1. OcnoBpl Marepuano-
2 HATh COOTBETCTBYIO- MaTepHaJlbl: OCHOBHEIC CBOMCTBA, HA3HAYCHHE. BCIICHHS

i Gpusnko- 2. OOwye cBeeHHs O CTPOEHHMH BELIECTBA: BHUIbI

MaTEeMaTHYECKUH all- | cpg3eii.

apat, MCTO/IBI aHa- 3. Crpoenue u aedeKThl TBEPABIX TEI.

J3a ¥ MOJICITUPOBa-
4. ATOMHO-KPUCTAUIMYECKOE CTPOEHHE TBEPABIX

HUSI, TCOPETUIECKOTO
TelL

U 9KCIIEPUMEHTAJIb- -

HOTO HCCIIeIOBAHMS 5. ®a30B0-CTPYKTYPHBIN COCTaB CILIABOB.

pH pemeHny skcne- | 0. THIOBBIE AMArpaMMbl COCTOSIHUS BEIECTBA.

PUMEHTAJILHBIX 33189 | 7, PagualoHHas CTOMKOCTh MATEPHAIIOB
8. TemionpoBoJHOCTh MATEPUAIIOB
9. Knaccuukamus BEIIECTB IO DIEKTPHIECKAM
CBOWCTBaM. DHEPreTHUECKUE AMArpaMMbl JH3JICK-
TPHUKOB, IPOBOJTHUKOB H MOTYIIPOBOIHUKOB
10. OOmwue NOHATHSA 0 HOIAPU3AIUN JUDJIEKTpHKa | 2. JIudIeKTpudecKue
B QJIEKTPHYECKOM TIOJIE MaTepHabl

11. Tlonspuzauus AWSIEKTPUKA W AUDJIEKTPUYE-
CKasl MPOHUIIAEMOCTD

12. OcHoBHBIE BUJIBI TIOJSPU3ALAN

13. I[I/ISJ'ICKTpI/ILIeCKaﬂ MPOHUIIAEMOCTb I'a30B

14. JIuonexTpuueckas NPOHHMIAEMOCTL IKMIAKHX
JIMDIIEKTPUKOB

JusnexTpuyeckas MPOHUIIAEMOCTh TBEPABIX
JIUAJIEKTPUKOB

16. OO6wwme cBemeHus 00 3NEKTPONPOBOAHOCTH
rasoB, XHIKUX W TBEPIBIX IUDIEKTPUKOB. TOKH
a0copOIMHU U CKBO3HBIC TOKU

17. DnexTponpoBOIHOCTH Ta3000pa3HBIX AUIIEK-
TPHUKOB

18. DnexTponpoBOAHOCTE KUAKUX JUAIECKTPHKOB

19. DnektponpoBoaHOCTs TBEpABIX Ted. OObeM-
HAasi U NOBEPXHOCTHAsI ANEKTPOIPOBOIHOCTb

20. OOwmmue cBemeHUs O AMDIEKTPUYECKHX IOTE-
psIx

21. JIvonexTpudecKHe MOTEPH B Ta3ax
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22. JlWpnexTpHuecKUe TIOTEPH B KUAKUX IUDJICK-
TpUKaX

23. JIupnexTpuyecKue MOTEPU B TBEPABIX JUDIIEK-
TpUKax

24. Temnosoe crapenue wuszonsuuu. Kmaccel Ha-
TPEBOCTOMKOCTH

25. OOmas XapaKTepUCTHKA SBJICHHSA HPOBOsL.
[TapameTpsl, XapakTepHu3yIonre npoooi

26. @akTophl, BIUAIOMHE HA XAPAKTCPUCTHKH
po0os

27. TIpo6oii ra3006pasHbIX JUAIEKTPUKOB

28. TIpo6oii XUIKHX IUIIEKTPHKOB

29. TIpo6Goii TBEPABIX AUINEKTPUKOB. DIEKTpHUUE-
CKHI 1poOOoi OIHOPOIHBIX W HEOJHOPOJAHBIX IH-
IIEKTPUKOB

30. IIpo6oii TBepHBIX AMIIEKTPHKOB. TeIIOBOH
mpoboil M ANEKTPOXUMUYECKHH TPoOOH IHIIeK-
TpHUKa

31. Knaccudukamus AUSIEKTPHUECKUX MaTepHa-
JIOB.

32. Taz006pasusie auanekTpukd. OCHOBHBIE Xa-
PAKTEPUCTHUKH U 00J1aCTh IPUMEHECHUS

33. XKunkue nmonextpuku. OCHOBHBIE XapaKTe-
PUCTHKY M 00J1aCTh IPUMEHEHHUS]

34. TpancdopmaropHoe Macio

35. Konnmencatopuble W KaGenbHBIE Macia: OC-
HOBHBIC XapaKTCPUCTHUKU, 06ﬂaCTH IIPUMCHCHMUS.

36. CuHTeTHYeCKHE >XMIKHE IUBJIEKTPUKH: OC-
HOBHBIE XapaKTEPUCTHKH, OOJIACTH IPUMEHEHHS

37. O6mwue ceeneHus 0 cMojax (KIaccHpUKaIus
W Ha3HAYCHHE)

38. Tlpupoausie cmoibl. OCHOBHBIE XapaKTepu-
CTHKH M 00J1aCTh IPUMEHEHHS

39. Cunternueckue cmonbsl. OCHOBHEIE XapakTe-
PUCTHUKHU U 001acTh IIPUMCHCHUSA

40. OG6mmue cBegeHus o Jakax ¥ 3Manax. Kimaccu-
(uKanus JaKoB

41, OOmue cBeneHUs 06 SIEKTPOMU3OJIAIHMOHHBIX
KOMIayHIax (cocTaB, KilaccU(pHKanusg, Ha3Hade-
HUE)

42. Tubkue IIECHKH B KAYECTBE JAUBJICKTPUICCKUX
MaTepuaioB

43. Knaccudurauus u o0NacTu NPUMEHEHHS BO-
JIOKHUCTBIX MaTepuasoB

44, p ACTUTCIIbHBIC BOJIOKHUCTBIC MAaTCPpUAJIbL

45, TexcTHIbHBIE BOJOKHHCTBIE MarepuaJibl

46. CnoucTele NIACTUKM (TETUHAKC, TEKCTOJINT,
KOMOWHHUPOBAHHBIC CIIONCTHIC TTACTUKH)

47. Heoprauuueckue crexia (cocras, Kiaccudu-
Kallusi, OCHOBHBIE CBOMCTBA, 00JIaCTh IPUMEHEHHs)

48. CreknosMaly U CUTAIUIBI

49. KepaMHUYECKHE TUINEKTPHKH.

50. Curona u cimonsiHble MaTEpHUAIBL.

51. Tlapamerpsbl, XapakTepusyroLIMe CBOWUCTBA
OPOBOIHUKOBBIX MaTePUAJIOB.

52. Knaccuukanus ¥ OCHOBHBIE CBOWCTBA MPO-
BOJHUKOBBIX MaTEpPHAJIOB

53. Meﬂb B Ka4C€CTBC MaTepuraja BBICOKOH IpoOBO-
JUMOCTH.

54, AmoMuHnii B KauecTBe MaTepuaga BBICOKON
HPOBOJNMOCTH.

3. IIpoBOTHUKOBBIE Ma-
TepHUabl
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55. XKenezo B xauecTBe Marepuana BEICOKON MPO-
BOJUMOCTH.

56. Bumeramn B KayeCcTBE Marepuana BBICOKOU
IIPOBOJIUMOCTH.

57. Cepebpo, Bonb(hpam, MarHuii B Ka4eCTBE MPO-
BOJHHKOBBIX MaTepHaioB

58. CmiaBel BBICOKOrO CONPOTHBICHUSA (MaHTIa-
HUH, KOHCTAHTaH )

59. CmiaBel BEICOKOrO CONPOTHBIEHHUS (CILTABBI
Ha OCHOBE KeJie3a)

60. CeepXIpOBOAHUKY U KPUOTIPOBOJHUKU

61. Ilpumou u durocsr

62. TloaynpoBOOHHKHA: OCHOBHBIE CBOMCTBA, KIAC-
cudukanys, 06JIacTH IPUMCHEHHSI.

63. Xumuueckne COEOUHEHHS CO CBOHCTBAMU
HOIYIPOBOJHUKOB

64. DnemeHTHI CO CBOMCTBAMHU MONYIIPOBOIHUKOB

4. TlomympOoBOJHUKOBEIE
MaTepHasl

65. MarnutHsle cBolicTBa BemiecTB. Kiaccudu-
KaIlysl BEIIECTB [10 MArHUTHEIM CBOMCTBaM

66. IlapameTpbl, XapakTepH3YIONIME CBOWCTBA
MarHUTHBIX MaTepHaJIOB

67. MarsuToTBEpABIE MATEPUATIBI

68. MaruuroMsarkue Marepuabl

5. MarnutHble MaTepHa-
TIBI

69. IlapameTpbl, XapakTepU3YIOIIUE CBOHCTBA

6.KoHCTpyKIIMOHHEIE

KOHCTPYKIMOHHBIX MaTepHajIoB MaTepualbl
70. CnocoGbl TepMUYECKOH 00pabOTKH METAIIOB
U CIUIaBOB
71. YépHble METANIBI U CIUIABBI B KAYECTBE KOH-
CTPYKLMOHHBIX MaTepHaJIOB (CTayn)
72. YépHble METANNIBI U CIUIABBI B KAYECTBE KOH-
CTPYKIIHOHHBIX MATEPHUAIIOB (IyTYHbI)
73. lLlBeTHBIE METAIIBI M CIUIABEI B KAYECTBE KOH-
CTPYKIIMOHHBIX MaTE€pUaJIOB
74. KOMIIO3MIMOHHBIE IUIACTMACCHI B KAa4yecTBeE
KOHCTPYKIMOHHBIX MaTepHajIoB
75. KOMIO3UIMOHHBIE PE3UHBI B KAYECTBE KOHCT-
PYKIMOHHBIX MaTepHaIoB
3. Onucanne nNokasareseid ¥ KpUTepUeB OLEHMBAHUS KOMIIEeTeHIHI
Ilokazarenu Ouenka Kpurepun
EY— OleHKa «OTJIMYHOY BBICTABJIAETCS B CIIy4dae, €CIIu
OIIK-2): o6yqalomflﬁcsl IyOOKO M POYHO YCBOWII TIPO-
~OCHOBHI MATEPHATIOBEICHHA H rpaMMHBII MaTepuall ¥ AEMOHCTPHPYET:
TeXHOJIOTHH KOHCTPYKITHOHHBIX OTJINYHO - BCECTOPOHHEE 3HaHHE NIPOrpaMMHOI0 MaTepHaa;
MaTepHAIIOB; * YMEHHE TIPaBHILHOTO HpI/IMeHeHI/IH.OCHOBHI)IX To-
METOMKH 110 HCIBITAHUIO JI0)KEHUH TIPOrpaMMHOTO MaTepHaa,
SIIEKTPOTEXHHUECKHX H KOHCT- - BJIaJICeT BCEMH HABBIKAMH, OJIYUYCHHBIMH B X0J1€
PYKIMOHHEX MATCDHANOR M M3y4YEHHs IPOrpaMMHOT0 MaTepuala.
AHATN3A HX XAPAKTEPHCTHK; OueHka «XOpOLLIO» BBICTABIACTCA B CIIyHae, eCln
-3JIEKTPOTEXHUYECKHE  Mare- O0yHaroIKIiCS IEMOHCTPHPYET:
pHATEL B KaueCTBE KOMIIOHEH- XopoI1o -HCJIOCTAaTOYHO ITOJIHOC 3HAHUE IIPOTPAMMHOI0 Ma-
TOB 3JIGKTPOTEXHUYECKOTO U Tepnana,
BIIEKTPOIHEPTETHIECKOTO 000- - IPHMEHEHHE C HECYIECTBEHHBIMH omMbKaMu oc-
PYIOBAHHS] HOBHBIX MOJIOXKEHHH MMPOrPaAMMHOr0 Marepuaa
Ymerb O1neHKa «yA0BIETBOPUTEIHHOY BBICTABIISIETCS B
OIIK-2): YAOBJIECTBOPUTEIBHO | ciyuae, eciiu 00ydaroluiics IEMOHCTPUPYET Yac-
- HCHOJIB30BAaTh 3HAHUS OCHOB THYHOE 3HAaHHE NIPOrPaAMMHOT0 MaTepuasa; HeO HO-
MaTepuagoBEACHUS U TEXHOJO- KpaTHO JI0IyCKasl OLIMOKH B OTBETE
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TUU KOHCTPYKITMOHHBIX MaTe-
pHaNoB U1 MOHUMAaHUs (U3U-
YECKHX OCHOB (DYHKIMOHUPO-
BaHUs JJICKTPUYCCKHUX arrapa-
TOB;

-OLIGHUTh COCTOSIHHE MaTrepua-
JIOB TIO pe3yNbTaTaM HCIIBITa-

HUI; OueHKa «HEYJOBIETBOPUTEIHHOY BBICTABIISETCA B

Baagers HEYAOBJICTBOPUTEC/IBbHO | 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, HABBIKOB H OIIBITA J€ATECJIBbHOCTHU

JucuumiuHa DJIEKTPOTEXHUYECKOE U KOHCTPYKIIMOHHOE MaTepHUajiOBE/ICHUE HarpaBicHa
Ha 03HAKOMJICHHE C OCHOBHBIMM MaTepHallaMH, IPUMEHSAEMbIMU B 3JEKTPOTEXHUKE, U UX CBOMCT-
BaMH,; Ha IMMOJIYYCHHEC TCOPCTUUCCKHUX 3HAHUHN U MPAKTUYCCKUX HABBIKOB IIO UCIHBITAHUIO JJICKTPO-
TEXHUYECKUX U KOHCTPYKIIMOHHBIX MaTepUAJIOB U aHAJIU3Y UX XapaKTEPUCTHUK; HABBIKOB BBIIIOJIHE-
HUA paCLIéTOB MNPUMCHHUTCIIBHO K HCIOJB30BAHUIO JJICKTPOTCXHUUYCCKUX U KOHCTPYKIIMOHHBIX Ma-
TEpUaIoB B KayeCTBE KOMIIOHEHTOB 3JIEKTPOTEXHUUYECKOTO M 3JIEKTPOIHEPIeTUUECKOro 000pya0-
BaHU. I/I3y‘~I€HI/I€ JUCITUITIINHBI SHGKTpOTCXHI/I‘{GCKOG N KOHCTPYKIHMOHHOC MATCPUAIOBECACHUC
peycMaTpUBaeT:

— JIEKIIMH,

— J1abopaToOpHBIC 3aHATHS,

— MPAKTUYCCKHEC 3aHATHA,

— DJK3aMeH.

B xone ocBoenus pasznena 1 «OCHOBBI MaTepHaOBEACHUS» CTYIAEHTHI JOJKHBI YACHUTH!

- Ha KaKHME€ I'PYHIIbI ACTIATCA BCC H3BCCTHLIC MaTepI/IaJ'II)I;

- KaKue BUIbl XMMHUYECKUX CBSI3€H CYHIECTBYIOT B Pa3JIMYHbIX BELIECTBAX ;

- KaKO€ CTPOCHHUEC MOT'YT UMCTb TBEPJbIC MaTepI/IaJ'II)I;

- Kakue crnoco0bl TepMOOOPaOOTKH METAJUIOB U CIUIABOB MPUMEHSIOTCS JUIsl YIYUIIeHHUs Xa-
PaKTEpPUCTUK MAaTEPHAJIOB;

- KaK KJIaCCU(PULUPYIOTCS BELIECTBA MO MIEKTPUUECKUM CBOICTBaM.

B xozxe ocBoenHwust pazzuena 2 «/uanekTpruuecKue MaTepruatbl) CTYACHTHI JODKHBI YSICHUTD!

- KaKue SIBJICHMsSI IPOTEKAIOT B TUIEKTPUKAX, BHECEHHBIX B AJIEKTPUYECKOE I10JIE;

- KAaKUMU TTapaMeTpaMU XapaKTepU3YIOTCsl CBOMCTBA JUAJIEKTPUUYECKUX MaTepUasoB;

- KaKu€ OCHOBHBIE JUAJIEKTPUUECKHE MaTEPUAIIBI IPUMEHSIIOTCS B DJIEKTPOTEXHHUKE;

- KaKu€ METOJUKHN U HpI/I60pBI HCIIOJIB3YIOTCA AJId ONIPCACIICHHUSA OCHOBHBIX IMapaMETPOB JU-
IEKTPUYECKUX MATEPHUAIIOB..

B xone ocBoenns paznena 3 «IIpoBoiHHKOBBIE MaTeprabl) CTYIEHTHI JOJKHBI YSICHUTD:

- Ha KaKue rPpyIIbl NOApa3aelIsIoTCs IPOBOJHUKOBBIE MaTEPUAIIbL;

- KAaKUMH IMapaMEeTpaMu XapaKTCPU3YIOTCA CBOMCTBA IMPOBOAHUKOBBIX MAaTCPUAJIOB;

- KaKue€ OCHOBHBIE ITPOBOJAHUKOBBIE MAaTEPUAIIbI IPUMEHSIOTCS B 3JIEKTPOTEXHUKE;

- KaKu€¢ METOJHUKHU HUCIOJB3YIOTCA I ONPEACTICHUSA OCHOBHBIX IMApaMETPOB IMPOBOAHHUKO-
BBIX MaTEpHAJIOB.

B xone ocBoenus pasznena 4 «[lonynpoBOJHUKOBBIE MaTepUaNbl» CTYIEHTHI JOJKHBI ysC-
HUTB:

- Ha KaKue rPpyMIbl MOoApa3AesoTCs 0JIyIPOBOAHUKOBBIE MaTEPHAIIbL;

- KaKUC OCHOBHBIC IMMOJIYITPOBOAHHUKOBBIC MAaTCPUAJIbI IPUMCHATOTCA B 3JICKTPOTCXHUKE.

B xozne ocBoenust pasnena 5 «MarHuTHble MaTepUAIIbD) CTYIEHTBI 1OJIKHBI YICHUTD:
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- Ha KaKue rPpyNIbl MOApa3AesoTCs MArHUTHBIE MaTEpUabl;

- KAKMMHU TTapaMeTpaMH XapaKTepU3yIOTCS CBOMCTBA MArHUTHBIX MaT€pPHUajIoOB;

- KaK1e OCHOBHbIE MarHUTHBIE MaT€pPHUAJIbl IPUMEHSIOTCS B JIEKTPOTEXHHUKE;

- KaKue METOJIMKHU UCTIONB3YIOTCS JUIsl ONPEeNICHHsI OCHOBHBIX ITAPaMETPOB MarHUTHBIX Ma-
TEpUaoB.

B xoze ocBoenust pazznena 6 «KOHCTpYKIMOHHBIE MAaTEPHAIIbD» CTYIEHTHI JIOJKHBI YSICHUTD:

- KaKyI0 pOJIb UTPatOT KOHCTPYKLIMOHHbBIE MaTepHalIbl B SJIEKTPOTEXHUKE;

- Ha KaKue TPYIIIbI MOAPa3ACISIOTCS KOHCTPYKIIMOHHBIE MaTEePUaIbI;

- KAKMMHU [TapaMeTpaMM XapaKTepU3yroTcs CBOMCTBA KOHCTPYKLIMOHHBIX MaTE€PUAJIOB;

- KaKle OCHOBHBIE KOHCTPYKIIMOHHBIE MaTepPHUaJIbl MPUMEHSIOTCS B JIEKTPOTEXHHKE;

- Kakue METOAMKHM M NpHOOpBI UCHOJB3YIOTCSA Ul ONpPEESICHHs] OCHOBHBIX NapaMeTpoB
KOHCTPYKLIMOHHBIX MaTepHajoB.

Heo6xoanMo oBl1aieTh HABBIKAMHM U YMEHHMSMHU NPUMEHEHUS U3YYEHHBIX METOJOB JIs OIl-
pelesieHus] OCHOBHBIX XapaKTEPUCTUK AIICKTPOTEXHUUECKUX U KOHCTPYKIIHOHHBIX MAaTepHAIIOB.

B npouecce nzyueHust AMCUUIUIMHBI PEKOMEH/YeTCsl Ha IEPBOM 3Tarle 00paTUTh BHUMAHUE
Ha BOTPOCHI, CBSI3aHHBIE C OCHOBAaMHM XMMHYECKOTO CTPOCHHUS BEIECTB, a TaKKe Ha (PU3MUECKUE
IPOLIECCHl, MPOTEKAIOIINE B 3JIEKTPOTEXHUUYECKHX MaTepuayiaXx IOoJ AECHCTBHEM 3JEKTPUYECKOrO
OJISL.

IIpu moAroTOBKE K 3K3aMEHY PEKOMEHAYeTCs 0c000€ BHUMAHUE YAEIUThH CIEAYIOIUM BO-
npocam:

1. OO6ume cBefeHUs O CTPOCHUU BEILECTBA: BUJIbI CBA3EH;

2. Crpoenue u 1e(peKThI TBEPIBIX TE,

3. ATOMHO-KpUCTAJUINYECKOE CTPOCHHUE TBEP/BIX TEI;

4. ®a30BO-CTPYKTYpHBII COCTAB CIIJIaBOB,;

5. Krnaccudukanus BeniecTs 1o 3JMeKTPUYECKUM CBOMHCTBaM. DHEPreTUYeCcKHe uarpamMMsbl J1H-
AJIEKTPUKOB, TIPOBOJHUKOB U IOJIYIIPOBOIHUKOB,;
[onspu3anus AUANEKTPUKA U AUAJIEKTPUUECKask IPOHULIAEMOCTb;

7. OOume cBeaeHUs 00 NEKTPONPOBOJAHOCTH T'a30B, KUIAKUX U TBEPIBIX ITUAIEKTPUKOB. TOKH

abcopOIIMK U CKBO3HBIE TOKH;

8. DNeKTpompOBOIHOCTH ra3000pa3HBIX JUAIEKTPUKOB,;

9. DneKTponpoBOJHOCTH KHUAKHUX TUIIEKTPUKOB;

10. DnexTponpoBOAHOCTD TBEPABIX Tel. OOBEMHAs U TOBEPXHOCTHAS AIIEKTPOIPOBOTHOCTH;

11. JIusnexkTpuyeckue noTepy B ra3ax;

12. JIusnekTpudecKue moTepy B KHUIKUX TUIICKTPHUKAX,

13. JIusnekTpuueckue noTepu B TBEPBIX TUIIEKTPUKAX;

14. TenioBoe crapenue u3ousiuu. Kiaccel HarpeBOCTOUKOCTH;

15. O6uras xapakTepucTHKa sBiIeHHs pobos. [TapameTpsl, xapakTepusyromue npo0oii;

16. ®akTOpHI, BAUSIOMINE HA XaPaKTEPUCTHKH MTPOOOS;

17. ITpo6oii ra30006pa3HbIX TUAIEKTPUKOB,;

18. ITpo06oit KUIKUX TUIIEKTPUKOB;

19. ITpo6oii TBEpABIX AUIIEKTPUKOB.

B mporecce npoBeneHust 1a00paTOPHBIX padOT M MPAKTUIECKUX 3aHSATHUA MPOUCXOAUT 3a-
KpeIyieHHe 3HaHU| 10 OCHOBHBIM CBOMCTBAM 3JIEKTPOTEXHHUUECKUX M KOHCTPYKIIMOHHBIX MaTepHa-
JIOB U crioco0aM UX OLIEHKHU

CamocrodaTenbHyI0 paboTy HEOOX0IMMO HAUMHATDH C U3YyYEHHUsI TEOPETUUECKOT0 MaTepuaia.

B mpomecce koHCymbTalMKM C TIpemnojaBaTeieM HeOOXOIMMO BBIICHUTH BCE HETIOHSTHBIE
MOMEHTBHI.

Pabora ¢ nuteparypoii sBIIsIeTCSI BAKHEHIITUM 3JIEMEHTOM B ITOJTYUYE€HUH 3HAHUN IO TUCIIHTI-
mune. [Ipexae Bcero, HE0OXOAUMO BOCIIONB30BAThCS CIIMCKOM PEKOMEHyeMOM 10 JaHHOM JUCIH-
TUTHHE JTUTEPaTYPHI.

[IpenycMoTpeHO MpoBeJeHUE ayAUTOPHBIX 3aHATUN B MHTEPAKTUBHON (Gopme (B BUIE JICK-
LUU-JUCKYCCUH, JIEKIUHU-TUCIIYTa, JIEKIUN C Pa300poM KOHKPETHBIX CUTyalUi) B COYETAaHHUU C
BHEAYJAUTOPHOU PabOTOMH.

o
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Ipunoxenne 2

AHHOTAIIUA

padoueii mporpaMMbl JUCHHUILIHHBI

DJIEKTPOTEXHUYECKOE M KOHCTPYKIIMOHHOE MaTepHAIOBeIeHUe

1. Ileab m 327291 TUCHHILIMHBI

Hesbi0 M3yYeHUs TUCHUILUIMHBI siBJsieTcsi: (OPMHUPOBAHUE 3HAHUNA B 0071aCTH (PU3UUECKUX
OCHOB MaTepHaJIOBEACHUS, COBPEMEHHBIX METOJIOB TOIYYCHHS KOHCTPYKIMOHHBIX MaTepHajoB,
CHOCO0OB TUArHOCTUKY M YIYUIICHUS HX CBOUCTB.

3amayaMu M3y4yeHHUs AMCHMIUIMHBI ABJIAOTCA: [IproOpereHne cTyIeHTaMH MPAaKTHYECKUX
HaBBIKOB B 00JIACTH MarepuanoBeieHuss U 3(¢GeKkTuBHOW 00pabOTKH M KOHTPOJSI KauecTBa Mare-
pHaIoB.

2. CTpyKTypa IHCHHUIIHHBI

2.1 Pacnipenenenue TPyJOEMKOCTH IO OTACIBHBIM BUAAM YYeOHBIX 3aHATHH, BKIIOYAs CaMo-
croarenbHyto padoty: JIk 36 u; JIP 18 u; I13 18 u; CP 45 u.
OO0mias TpyA0€MKOCTh AUCHUIUIMHBL cocTaBiisieT 144 yaca, 4 3a4eTHBIX €IMHUIL

2.2 OCHOBHBIC pa3Ieibl TUCIUIUIHHBL

1. OcHoBBI MaTepuaIoOBEICHUS;

2. JlupnexTpuyeckue MaTepHabl;

3. TIpoBOAHMKOBBEIE MaTEPHAIIBL;

4. TTomympOBOIHUKOBBIE MaTE€PUAIbI;
5. MarautHble MaTepHasl;

6. KoHCTpyKIIMOHHBIE MaTepHaIbl.

3. Illlanupyemble pe3ybTaThbl 00y4eHUs! (epeyeHb KOMIeTeH M)
[Tponecc n3yueHus JUCUUIUIMHBI HAllpaBjeH Ha (popMUpOBaHUE CIEAYIOUIeH KOMIIETEHIINH!
OIIK-2 - CrtocoOHOCTh MPUMEHATh COOTBETCTBYIOIINN (PM3UKO-MAaTEMaTHUECKUI 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 0ononnenusax u usmeHeHusx 6 padouei 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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[IporpaMma cocTaBieHa B COOTBETCTBUU C (heepajbHBIM T'OCYIapCTBEHHBIM 00pa30BaTEIbHBIM
CTaHJApTOM BBICIIEr0 00pa3oBaHus 10 HampasieHuio noarotoBku 13.03.02 DnekTposHepreTuka u
3JIEKTPOTeXHUKA (YpOBeHb OakanmaBpuara) OT «3» ceHTsOopst 2015 r. Ne955 u ydeOHBIM TUIaHOM
OI'BOY BO «bpl'Y» s ounoii popmel 00yueHust ot «12» HostOpst 2015r. Ne701, 3a0unH0# popmbl
o0ydeHus ot «12» Hos6pst 2015r. Ne701; yueonsim mmanom @I'BOY BO «bpl'V» mns ounoit dop-
MBI 00y4eHus: oT «6» urons 2016r. Ned29, 3ao0unoit popmbl 0OyueHust 0T «6» uroHs 2016r. Ne429
JUIs 3a049HOM (YCKOpEeHHOW) (opmbl 00ydeHUs: oT «6» utoHs 2016r. Ned29, y4eOHBIM IJIAaHOM
OI'bOY BO «bpl'V» mnst ounoit popmer o0ydenus ot «12» mapra 2018r. Nel130, 3a0unoii popmbl

o0ydenus ot «12» mapra 2018r. Nel130
IIporpammy cocraBui:

SxoBkuna T.H.

Pabouas nporpamma paccMoTpeHa U yTBEpKACHA Ha 3aceaHuu Kadeapsl Dud

OoT « __ » pnekabpsa 2018 r., mporokos Ne

3aBenytouiuii kadeapoit ud bynaros FO.H.
COT'JTACOBAHO:

3aBeyrolLMii BhITyCKarouen kadeapoit bynaros 10.H.
Hupexrop OUOIMOTEKH T.®. CotHuK

Pabouyas nporpamma ogo6peHa MeToAMUecKo KoMuccuen dakynprera JuA

OT «___ » _ jJexadps 2018 r., mpoTokon No

[Ipencenarens MeToaNYECKONH KOMUCCHH (aKyIbTETa A.Jl. YibsHOB
(noonucw)

COI'ZTACOBAHO:

HavaneHuk

y4eO0HO-METOIMUECKOTO YIIpaBICHUS I'.I1. Hexesen

Perucrpanmonnsiii Ne

92



