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JTabopaTopHasa padoTta Ne4

CTPYKTYPA, CBOUCTBA U NPAKTUYECKOE MCNONb30OBAHMUE
METANNTUMECKUX NPOBOAHUKOBDLIX MATEPUANOB

Lens pabombi - W3YyuYUTb CTPYKTYpPY, COMNOCTaBUTb CBOMCTBA

Pa3HbIX MNPOBOAHUKOBbLIX MaTepuarsioB MU pPelnTb 3agayin uUx
NMPaKTU4eCKOoro ncnosib3oBaHunA AJsid KOHKPeTHOro nsaernvs.

-

[Tpubopb! u Mamepuanbi: N
1. MeTannorpacgpuiHmm MMKpOCKon.-’“‘- A ]

2. Habop wnundgoB Metannnyeckmx npoBOAHUKOBbIX

MaTepuanos.

3. TBepoomep PokBenna.

4. BOUHbIE anarpamMmMbl COCTOSIHUA CMaBoOB Meaun u
arnroMUHUA ¢ APYrMMMU KOMMNOHEHTaMM.

5. Onarpammbl M.C.KypHakoBa «cocTaB — CBOUCTBa»




TeopeTuyeckue ceepeHuUnA

B 3NEeKTPOTEeXHUKe yawie BCEro UCNOSb3YIOT TBepAble
NpoBOAHUKOBbLIE MaTepuanbl - MeTannbl U cnnaebl. [lo BenuyuHe
yAenbHOro 3NIeKTPOCONpPOTUBIIEHUA (p) MeTannuyeckue
NPOBOAHNKOBLIE MaTepuanbl pa3aensoT Ha ABe rpynnbl:

2 — MaTepuanbl NoBbI-
LUeHHOro 3rIeKTpPoOCo-
npoTuBrieHua (p He
MmeHee 0,3 MKOmem). C
NnoBbILLEHUEM  TeMmne-
paTypbl p NpPOBOOHM-
KOBbIX MaTepuanoB
yBeriuimBaeTcH.

1 - maTepuanbl
BbICOKOU MpPOBO-
aumocTn (p npwu
HOpMarnbHbIX YC-
noBusiXx He Oornee
0,05 MKOM-M);

MpoBOoAHUKOBbLIE MaTepuanbl 1-U rpynnbl (BbICOKOU NPOBOAUMOCTH)
NMPUMEHSAIOT B 3MIEKTPOTEXHUKE, MPUOOPOCTPOEHNN ANl U3rOTOBJIEHUSA
OOMOTOYHbLIX U MOHTaXHbIX MPOBOAOB, Pa3HOro poaa TOKOBeAyLUX
aeTanem.



TeopeTuvyeckue ceeneHUA

3T MaTtepuanbl AOMKHbI WMeTb CBOWUCTBA. Marioe yaenbHoe
3NeKTpUYecKoe COnpoTUBIIEHME, AOCTAaTOYHYH MPOYHOCTb, BbICOKYHO
NMacTUYHOCTb, KOTopas oOOycroBriMBaeT WX TEeXHONMOMMYHOCTb,
KOPPO3UMMHYID CTOUMKOCTb M B HEKOTOPbIX Criy4yasiX - BbICOKYHO
M3HOCOCTOMKOCTb.

Kpome TOro, metann
OOMMKEeH XOpowo CBa-
puBatbCA U  noapa-
BaTbCS navke ans
nosly4eHMs1 coeauHeHUMU
BbICOKOW HaOeXHOCTU WU
BbICOKOW ANeKTpU-
YeCKOW NPoOBOANMOCTM.

U3 MaTepuanos
BbICOKOW NMpoBOAM-
MOCTU Hanbornbluee
npakTn4yeckoe 3Ha-
YyeHne MMerT mMeadb
U anroMMHUMN.

Ecnu HeoOxoAuMO UMEeTb OYeHb marioe yAaerbHoe
3NIeKTPOCONPOTUBNEHUE, TO UCMONbL3YT MeTasrnfibl ¢ MUHUMaNbHbIM
cogepXxaHMemMm TnpuMeceM U B OTOXXKEHHOM COCTOSHUM, 4YTOObI
obecneynTb HaMMeHbluee Konun4yectBo AedeKTOB KpUCTansn4veckoro
CTPOEHMUS.



Meab. MapkupoBka

Meaob umeeT nnotHocTb 8,93 ricm® Temnepartypy nnaBneHus 1083°C.
Ona 23neKTpoTeXHMYEeCKUX uenev ucnosnb3ywT mMeab Mapok MO00O6
(6eckncnopogHasn), MOOk (katogHas), MOk, M1k, M16, Mly (kaTtogHas

nepennaBsneHHasa) n M1.

Uundpbl 00,0 n 1
yKa3biBaKoT
NpoueHT Megu -
COOTBETCTBEHHO
99,99 - 999 %
Macc.

Hanbonbuwyro 3nekTpo-
NPOBOAHOCTb, KOTOpas
ycTynaeT TONbKO cepe-
Opy, umeer OecKucro-
poaHas 3NEeKTPOnun-
TU4YecKass  O4MLleHHas
MeAb nocrne BaKyyMHOM
nepensiaBkKu MapKu
MOOG, y KOTOpPOW
p=0,0172 MKOM-M.

Takas meab coaepXxut npumecen He bonee 0,01 %. Bce npuBeaeHHbIe
MapK1M Meau UCNONb3YIT B BUAe npokKkata: NpoBOAOB pa3HOro auva-
meTpa (0,02...9,5 MMm), LWUMH, NPYTKOB, MONOC, FIEHT.



Meab MmArkaa u teeppan

[ D

MpokaT M3 mMean nocrTtaBNAKT NNOO B OTOXOKEHHOM (MsiIrkas Mepnb
MM), nn6o B HaraptoBaHHoM (TBepgaa wmeab MT) cocTofHUM.
OTOoXKEHHaA MsIrkaa Meab MMeeT Ooriee BbICOKYH 3NIeKTPUYECKYHO
NPOBOAMMOCTb WM MNJIACTUYHOCTb, HarapToBaHHas TBeppas MeAb -
Oonblyd TBEpPAOCTb W MPOYHOCTb, MEHbLUYHD NPOBOAMMOCTbL W

NMacTU4YHOCTD.

TemnepaTypHbIN
koadpchumumeHT
3NEeKTPOCONpPoOTH
-BrieHns (o)) y
TBepaou n
MSArKou Meau
NpPaKTU4eCKu
OAVHaKOBbIM.

| ¢

a 6

Nutan (a) v oToxKEHHaA (6)
meab MM1

Hanbonblylo anekTponpo-
BOAHOCTD, KoTopas

yCTynaeT TONIbKO cepebpy,

numeet GeckucnopopgHas
ANEeKTPONIMTUYECKAsA  OuYMU-
LeHHas Meadb nocne
BaKyyMHOU nepensaBKu
mapkm MOO6, y KoTopowm
p=0,0172 MKOM-Mm.

Takaa meob coaepXut npumecen He 6onee 0,01 %. Bce oTMeYeHHbIe
Mapku MeAuM UCNONb3YHT B BuAEe MNpoKata. npoBOAOB pa3Horo
anametpa (0,02....9,5 MM), LUKNH, NPYTKOB, NOJIOC, JIEHT.



AneKTpuvyeckue u MexaHu4eckue CBOMCTBaA

meau M1

CocTtosiHue P, TKp 104 o, MMa 5, %
Megu MKOM-M o5

MM (oTox- 0,0172 43 260...290 20...35
XX€HHas Meab)

MT (HarapTo- 0,0182 42 360...450 0,5...4
BaHHaA meAb)

OToxKeHHasa meab ) 7 dedopmupo-

BaHHasA meab MT1

|

MeAaHble Xunbl

. KoHTakTHbIN npoBopg,
3epHa meau TekcTypa




MeAab - NpUMEeHeHue

CBouctBa onpenenarwT ob6r5acte NMPUMEHEHUA MATKOU U TBepAow
meau. Msarkyro mMeab UCNONbL3YHT [MNaBHbIM @ o6pa3oMm B Buge
NMPOBOJSIOKW pa3HoOro ceydyeHnss U ¢opmbl AONA OOMOTOYHLIX W
MOHTaXHbIX NPOBOAOB, TOKONPOBOAALLUX XWUJT Kabenen.

JNleHTOYHOM MArKou
MeAbl 3KPaHUPYIOT
pagno4yacToTHbIe

ONSl KOHTAKTHbIX NPOBO-
OOB, LWKWH pacnpege-
NUTENbHbIX YCTPOMUCTB,

Kabenw. TeBepayro | NNacTMH  KOJJIEKTOPOB
Meab NPUMeHSIIoT 3MIeKTPUYECKUX MaLUUH,
Tam, rae Heobxoauma NnPoBOoAOB MNOABECHbIX
BbiCOKasi MPO4YHOCTb, BO34YLUHbIX NUHUN
TBEPAOCTE U U3HO- Nedopmuposannan  21EKTPONEpeaan n
COCTOMKOCTb: meab MT1 CBSAI3M.

Uspenua, oOT KOTOpbIX TpPeOyrT Oornee BbLICOKUX MeXaHU4YeCKuUx
CBOMCTB U3roTaBriMBaloT U3 CNfaBoB Ha OCHOBe MeaAu - OpPOH3 U
flaTyHen, Kak B OTOXOKEHHOM (MArkom), TakKk M B HarapToBaHHOM
(TBeppoM) cocToAAHUMN.



BpPOH3bI

U3 6epunnuneBoun bpb2 (1,8...2 % Be) n onoBsaHHO-UMHKOBOU BpOL] 4-3
(3,5...4% Sn % wn 2,5..3 % Zn) 6poOH3 M3rotaBrMMBaKOT TOKOBeAyLine
NMPYXWHblI, MeMOpaHbl, KOHTaKTbl, LUeTKoAepXaTenn, 3aXWUMbl,
LiTencenbHble pa3beMbl.

Ona cKonb3SWMUX KOH-
TaKTOB, KOJINIEKTOPHbIX :
NMactTmH OTBETCTBEeH- |

HOro Ha3Ha4YeHus, ﬁ

a TaKxe ansi TOKO- »*si .

npoBoAsALWUX AeTarneun,

KOTOopble paboTtaloT
B YCIOBUSIX U3HCa,
NCNonb3yrT
KagMueByr0 OpPOH3y
BpKal (0,9... 1,0 %
Cd).

OeHapuTbl - NepecbIlWeHHbIN

TBépALIN pacTeop Be B CU BepunnueBasa 6poH3a bpb2

Y natyHu anekTpu4yeckaas NpoBOAMMOCTb HUXe, YeM Yy OpPOH3bl, HO
OHa MmeeT Oornee BbICOKYH) KOPPO3UWMHYK) CTOMKOCTb, YMPYroctb U
Oornee TeXHONIONNYHbI, B INEKTPOTEXHMUKE Yallue NMPUMEHSAIT NMpocThbie
(koTopble copepxaTt nuwb Cu n Zn go 39 %) ogHodgasHbIe NnaTyHU co
CTPYKTYpPOM o-TBEpAOro pacteopa.



AneKTpu4eckme u MexaHM4eckue CBOMCTBa

OpPOH3bI
MaTepuan P, TKp 104 o, MMa S, %
MKOM-M °C-
bpb2 0,0476 370 1300 1

BepunnueBaa OpoH3a XopowoO cBapuBaeTcA, noanaéeTcs
oOpaboTke pe3aHueM u pasrneHuem. U3 Heé wu3roraBnuBaloT
NPYXUHALLME KOHTAKTbl U TOKOBeAyLLue NPYKUHbI.

bepunnueBas
OpoH3a bpb2

deHapuTbl — nepechbl-
LWEeHHbIN TBEPAbLIU
pactBop Be B Cu




OnoBaHHan OpoH3a bp06
(6% Sn, ocT. - Cu)

o — TB. p-p, 00eAHEHHbIN Sn

o — TB. p-p, o0orawéHHbIn Sn

U3rotaBnuBaroT NAaCcTUHLI KOJNJIeKTOpOB,
KOHTAKTbl.



NaTyHu

JlatyHn codetaloT AgocTaToOUvHYK NpoyvYHOCTb (o, = 260-300 MIa) c
BbICOKOM nflactTM4HOCTbL (6 = 38..55%). 9TM cnnaBbl XOpoOLUO
deghopmupyromcsi B XONIOOHOM COCTOSIHUM, YTO U NO3BONAET
OONbLLUUHCTBO AeTarien u3rotaBnuBaThb LUITAMMNOBKOM.

JlTatyHn npousBoaAaT B
BuAge npoBopa, JIUCTOB,
Norioc, neHT KaKk B
MSFKOM  (OTOXOKEHHOM),

U3 natyHen J169, J172 n
180 (undppa ykasbiBaeT
Ha NPOLIEHT Meaun) N3ro-

TaBnMBaloT KNneMMbl
Tak wn B  TBepAoMm BbICOKOro HanpshKeHus,
(HarapToBaHHOM) co- KOHTaKThbl, LUTEeKepbl,
CTOlHUM (o, NOBbIWA- HaKOHEYHUKM  MNPOBO-
etca po 450...600 MMa). [0B.

XopoLio nogpaeTca

OM/A.

Cneanyer NOMHUTb, YTO MeAb SBNSeTCA CpPaBHUTENIbHO [AOPOrMMm
MaTepuanom, MNO3TOMY pacxoAoBaTb €€ HYXXHO 3KOHOMHO W no
BO3MOXHOCTU 3aMeHATb APYrMMU MaTepuanamm.



ANeKTpuYeckue U mexaHuyeckume CBoOMCTBea

naTtyHu
MaTepuan P, TKp 104 cg, MMa o, %
MKOM-M °Ct
Natyne J159 | 0,06896 - 320 55
NNaTyHb J168

LLITekkep NnaTyHHbIN

a-cpasa - TBEpAbIN pacTBOpP ANA cTékon
LIMHKa B meau ;
= P\
0)O)
LLiTekkep noa N\ \

Kabenb flaTyHHbIN

A

K\

XpomupoBaHHas
KNneMmma-LTeKkKep

KabenbHble
HAaKOHEeYHUKM




ANIOMUHUM

Cpeau TBepAbIX NPOBOAHUKOBbLIX MaTepuarioB BTOpoe MecTo (nocre
Meaun) 3aHMmaet anomuHun. MNnoTHocTb ero - 2,78 r/lcm?, Temneparypa
nnaeneHuns - 660°C.

Mo CpaBHEHUIO c
MeAabio OH nnoxo

AnNMIOMUHUU CKITOHEH K

3MeKTPONUTNYECKOM g
nogpaeTca namke mus-sa
KOppoO3nn, U ero Mme- .
OKUCHOW TMNNEeHKU Ha
XaHunyeckas npou-

NOBEpPXHOCTMHU, nmelo-
Len BbICOKOE 3N1eKTPOo-
CONpPOTUBIIEHME.

HOCTb Ha 30 %
MeHbLlUe, YeM Yy Meau.

Mo copepxaHUO npuMecen, KOTOpPble KOHTPONMUPYKTCA, antOMUHUU
noapasaensaroT Ha arltoMUMHUN 0coboM YUCTOTbI Mapku A999 (He Gonee
0,001 % npumecen), BbICOKOU YMCTOTbI MapoK A995, A99, A97, A95 (He
6onee 0,005 % npumecen) n TexHnyeckom Ymctotbl A8, A7, A6, A5, A0
(He 6onee 0,1 % npumMmecen).



AnoMuHUK - Knaccudgukauus

B a3nekrpotexHuke rnaBHbIM OOpa3oM WUCMONbL3YHOT
antoMUHNUN OCOOOUN U BbICOKOU YUCTOTHI,

KOTOpPbIN  UMeeT NMpokaTt antoMUHUA

HanoornbLUYO (npoBOoA, nUCTHI,
3NIeKTPONnpoBOA- NPyTKMU, LUMHbI)
HOCTb W AocCTa- nocTaBnsAlOT nunobo
TOYHYHO KOPPO3U- B OTOXKEHHOM
OHHYIO cTom- (anroMnHnK
KOCTb. msarkun AM),

nmbo B HaraptoBaHoM (anroMuHuM TBepabin  AT)
COCTOSIHUMU, KOTOPOE pPe3KO OTSIM4YaeTcs N0 MeXaHU4YeCKUm
CBOMUCTBaM Npu OAMHAKOBOWU 3NIEKTPONPOBOAHOCTM!.



JAneKTpuveckue u mMexaHm4eckue CBOUCTBa

aNTOMUHUA
CocTosiHue antoMuUHUA p, MKOM:-M o, MMa o, %
AM (OTOXOKEHHDbIWN, 0,0295 40...90 15...40
MSATKUK)
AT (HarapToBaHHbIWN, 0,295 150...170 1,5...10
TBEpAbIN

U3 BbLICOKOMMACTUYHOrO, MSANKOro, OCOGEeHHO 4YUCTOro anrMUHUS
U3roTaBnMBalOT KOHAEHCATOPHYK ¢onbry TOMWMHON 6..7 MKM, a
TaKXXe NNacTUHbI KOHAEHCAaTOPOB.

AnoMnHmnm TOKONpoBOAS-
BbICOKOW YUCTOThI LWMX KU OOMO-
npeAHa3Ha4veH TOYHOrO U MOH-

TaXXHOro npo-
BOJOB.

AnNs  npou3BOAC-
TBa Kabenewu,

ANOMUHUUN ANIOMUHUA
INTOMU OTOXK)XKEHHbIN




JAneKTpuveckue u MexaHm4eckue CBOUCTBa

CUNyMUHA

B Tex cny4yasx, korga HyXHa nosbllleHHasA Npo4yHocThb (o, > 300 MIla),
MCNONb3YKT rMaBHbIM oOOpa3om cnnaBbl antomMuHua Tuna Al-Mg-Si
(cunymuHbl), Al-Mg-Si-Fe-Zn, Al-Cu-Mn-Mg (aypantoMuHbl). [Onsa
¢haCoHHbIX U3[ENMN UCNOMNb3YKT ChnfaBbl arllOMUHUA U KPEeMHUA —
CUITYMUHBI.

JABTEeKTUKA (0 +Si) Mapka | p, TKp o. 15, | HB
MKOM. | 10%°C- | MMa | %
M 1
Cuvunymun | 0,0468 - 180 [ 7| 50

MukpocTpyKTypa INNTbIX AO03BTEK-
TUYECKUX CUNTYMUHOB COCTOMT U3
CBeTNnbIX AeHAPUTOB o - TBepaoro
pactBopa KpeMHMs B antoOMUHUM U
o - TBepAabiu pacTBop ABOMHOU 3BTEKTUKU o+Si uUronb4yartoro
KPeMHUA B aNilOMMHUN  TUNA.

U3rotaBnuBaloT: cunoBbie getanu npubopoB u paguoannapaTypbl.



U3penua us cunymuHa

NMakeTHbIN BbiknoYaTenb MB3-40
TpexnontcHbInN (40A)
repmeTn4HbIn IP56 (cnnymun)

Kopnyc Kk k
aBTOMaTU4YeCKOMY
BbiknroyaTtento All-50
(cunymun)

NMocT kHonoYHbIN NMKY15-
21-111 cunymuH




JAneKTpu4eckue 1 MexaHm4eckue CBOUCTBa

AypantoMuHa

OypantomuH A1

Mapka | p, MKOM:-M

a1 0,035

UsrotasnuBarot
CUIOBbIle geTanu
o-TBEPAbLIU npuGopos u
pactBop Cu B Al paguoannapaTtypbl

MukpocTpykTypa aecopmMnpoBaHHOIo "
oTOXCKeHHoro gypantomuHa A1, x150.
3epHa TBepAoro pacrteopa U Kpuctannbl
CuAl, no nx rpaHuuam
Cucrtema cnnaBoB Al - Cu — Mn — Mg

LLikadbi
TerIieKOMMYTaLMOHHOIO "
3NEeKTPOTEXHNYECKOro
Ha3Ha4YeHwusl.



ANeKTpuYecknue u mexaHu4eckue CBOMCTBa
HU3KOYrnepoauCcToOn crtanu

Ctanb 10
Mapka p, TKp 10* | o, |9, HB
MKOM-m | °C! MMa | %
Crtanb 10 0,1 - 400 | - -

U3 Hu3KoyrnepooMctouM CTanu MU3rortaB-

NMpoBoa (AC) ansa NIMBaAlOT NpoBoAa BO3AYLWHbLIX NIMHUWU 3MEKT-
BO3AYLUHbLIX NIMHMI Nepeday  pornepeaay npu nepeaave He6onbLWUX MOLL-
) HOCTEW, Korga OCHOBHYK poOnb wUrpaetr
I = : ~——  MPOYHOCTD, a He npoBOAUMOCTbD,

: _ﬁ
— e OMMeTannuyeckue nposopaa.

posoaa
mapku AC

1 — cepae4YHUK U3 cTanu, 2 —
npoBoaa n3 antoMUHUA BbumeTannuyeckue npoBoaa




BuMmeTannuyeckuu cnnas

L_ anioMUHUN

Cranb

bumertannunyeckun cnnas
Crtanb + antoMmumHum



Pe3nuctuBHbIC CNNaBbl

NMMpyn wncnonb3oBaHMU pPe3UCTUBHbLIX CMNflaBOB B MNape C MeAbl0 B
3NeKTponaMepuTtesibHbIX Npubopax HeobxoaAMMO obecnevynTb Manyro
Tepmoanektpoasuxywyro cuny (T3AC). B GonbwuHCTBE crny4vaes
cnnaBbl NPUMEHAIT B Buae neHt tonwuHou 0,01...2,0 mm unm npoBona
AnameTtpom 0,02...5,0 MM M NO3TOMY Takue cnnaBbl OOMKHbl UMETb

BbICOKYHO NMNMAaCTUYHOCTDb.

Hanbonee wupokoe
npuMeHeHne HaxoaaT
pe3nCTUBHbLIE MaTe-
puanbl Ha  OCHOBe
MeaAun CO CTPYKTypou
TBepabiX pacTBOPOB.

ANEeKTPOCONpPoOTUB-
NleHue 3TUX CnnaBoB
Bbllle, 4eM conpo-
TUBNEHNe MeTansos,
KOTOpble SABIAITCA
COCTaBJNAOLWNMHU
cnnasa.

K Takmm cnnaBamMm OTHOCATCA MaHraHuMH, KOHCTAHTAH, Hen3unboep.
XuMuyeckum coctaB M CBOMCTBA 3TUX MaTepuanoB npuBedeHbl B

Tabnuue.



XuMmnyeckKkmm cocrtaB m CBOMCTBaA
PEe3UCTUBHLIX MaTepuanos

MaTepwu- Xumunyeckum coctaB B % P, o, MMa 5, % | Pabo-
an, ero : MKOmMm- Has
Mapka Ni+Co | Mn Zn | Cu o TeMmne-
paTypa
B °C
MaHraHuvH | 2,5... 115 |- Octanb | 0,43 400...500 | 10...30 | Ao
MHMu 3- | 35 HOE 0,46 700...850 | He 200
12 13,5 Gonee
7
KoHcTaH- 139..41 11...2 |- OcTanb 390...500 | 10...25 | Ao
TaH Hoe 700...840 | 2...4 |500
MHMuy 40-
1,5

B 4YucinuntTeine npuBeneHbl AOaHHbIe AO5NnA MArKoro OTOXOKEHHOro
COCTOAHUA, B 3HaMeHaTesNne - AOnsd TBepAaoro HarapToBaHHOro
COCTOAHMUA.




TeopeTuvyeckKkue ceeneHuUA

CnenyeT noAYepKHYTb, YTO MaHraHUH SAABNSIETCA OCHOBHbLIM CM/1aBOM
ONA  WU3roToBJfIEHNS NPEUU3MOHHbIX pe3ucTtopoB (obpa3uoBoro
COMPOTUBIIEHUSA], 3JINIEMEHTOB 3JfIeKTpousmMepuTernbHbIX NPUOOPOB,
LUYHTOB, OOMOTOK NOTEHLMOMETPOB).

Ha NPOTAXXEeHUN
BpeMeHn Temnepa-
TYPHbIK  KO3phu-
LUEHT INeKTPOCOo-
NPOTUBNEHUS,
Manyr  BeNUYUNHY
TOAC B nape c¢
MeAablo.

JTOT ChnjfaB uMeeT
AOCTAaTO4YHO BbICKOE
yaeribHOe 3NeKTpPo-
COnpoTUBNeHue,
O4eHb ManbIu M
CTaOUNbHbLIN

Pe3ucropbl

KoHcTaHTaH umeeT Bbicokoe 3HavyeHue TIOOC B nape ¢ Meabro, 4TO
WUCKITI0OYaeT ero UCnonb3oBaHUE B 3NIEKTPO-U3MepUTEeNbHbIX Npubopax
BbICOKOW TOYHOCTM.



TeopeTuvyeckKkue ceeneHuUA

KoHCTaHKTaH C ycnexoM NpPUMEHAKT AJfiId TeXHUYECKUX pe3ncToposB
(perynupyowive M nyckoBble peocTaTbl), a TaKkXe Ans Tepmonap.
KoHCcTaHTaH MmeeT npeuMyLlecTBO B CPpaBHEHUU C MAHFaHMHOM 1O
HarpeBOCTOMNKOCTM.

Hy>XHo n AepUUUTHOro
OTMETUTb, u4TO HUKens orpaHu-
Harnuyue B ero YynBaeT MUCNOJb-

cocTaBe 30BaHUe KOHCTaH-
oonbLioro TaHa Ans getaneu
KonunyecrtBa MacCcoBOro
LIeHHOro npon3BoacTBa.

Pe3suctopbl

AnemMeHTbl COMpPOTUBIIEHUA U HarpeBaTelibHble 3fIeMeHTbl, KOTopble
nmMmerT pabouyro temnepartypy < 1200 °C, nsroraBnmBaloT U3 CrnnaBoB
Ha OCHOBe XeJie3a U HUKens.



TeopeTuvyeckKkue ceeneHuUA

JTO XapocTonkue cnnasebl hexpanb U HUXPOM, XUMUYECKUN COCTaB U
CBOMUCTBA KOTOPbLIX NpuBeAeHbl B Tabnuue.

Huxpom umeer
BbICOKYIO Xapo-
CTOMKOCTb U TEXHO-
JIOTMYHOCTb, NerKko
nporaArnBaeTcsd B
TOHKMN npoBoA W
nonocy.

|

Xy

v

3HauYuTenbHoe
KOJNINYeCTBO HU-
Kernsa orpaHu4u-
BaeT MWCMNonb30-
BaHue 3TOro
cnnasa.

Pexpanb - 3TO Oonee AeweBbiU CnjflaB B CPaBHEHUM C HUXPOMOM,
MMeeT XopoLume MexaHU4Yeckue CBOUCTBA, HO OH OYEeHb XPYMNKUA U3-3a
HanM4YuAa anroMUHUA, YTO OYEHb 3aTpPyaAHSAET U3roToBfieHUe NPOBOSIOKMU

MaJioro cevdyeHwus.



XuMmuvyeckKkuum cocrtaB n CBOUCTBA
BbICOKOOMHbIX XXapOCTOUKUX

cnnaBoB

Xumunyeckuun coctaB B % | p, O S, Up | Padoan

MaTepu- mMkOM-m | MMa remre-
patypa

2ih e Cr Al Fe |Ni B °C
Mapka
®expanb |12...15 | 3,5... | ocHo- | 0,6 1,2...1,35 | ~700 | ~15 Ao 900
X13104 35 |
Huxpom |20...23 <1,5 |ocHoBa |1,0...1,1 |650... |25...30 | Ao 1100
X20H80 700




NMopaaok BbinonHeHMA pabdoThl

. U3yuntb MUKPOCTPYKTYPY pa3HbIX NPOBOAHNKOBbIX
MaTepuarnos.

. Onucatb BIUAHUE XMMUYECKOro coctaBa U o00paboTKu
(omxur, xonogHaa nnactuyeckaa pedcdopmauma - XIMO) Ha
CTPYKTYpYy CnsiaBoB. :

. AsamepnTb TBEpAOCTb M 3NEKTPOCONpPOTUBNEHNe oOpa3uoB
NPOBOAHMKOBbLIX MaTepuarioB B pPa3HOM COCTOSIHUM (OTXWT,
XnAa).

OueHUTb BNUAHWE CTPYKTYpPbl Ha CBOMUCTBA (3NeKTpoO-
conpoTuBIrieHMe, TBEpAOCTb) MaTepuana.
Bocnonb3oBaBlWKUCL AuarpamMmMaMu COCTOSSHUSI U 3aKOHO-
mepHocTaMun M.C.KypHakoBa, BbiOpaTb MmaTepuan (u3
U3YYeHHbIX) ANA W3roToBJIEHUA KOHKPETHOro, usgenusa ¢
HeoOXxoANMMbIMU cBoMcTBaMM (cornmacHoO C 3agaHuem
npenogaBsartens).

Odopmntb oTHET 0 NabopaTopHoOM paborTe.



OdopmneHue oTuyera

OT4yeT 0 paboTe OOMKeH BKMO4YaTb B cedA:

1. Uenb paboThbl.

2. CxaToe n3noxeHue TeoOpeTU4eCKMX OCHOB pPadoThI.
3. CxemaTtunyeckoe n3obpaxeHne U ONMUCaHUE MUKPO-
CTPYKTYpbI BCeX obpa3uoB NPOBOAHUKOBbIX
MaTepuanoB BbICOKOU NMPOBOAUMOCTU U NMOBbLILWEHHOro
3NeKTPOCONPOTUBIIEHUSA, KOTOPbIEe UCCNeaoBariuCh.

4. YKasaTb coctosiHume martepuana (omxur, XIO), ero
3NeKTPOCONpPOTUBNIEHUE U TBepAoCTb MNOoA4 CXemMoun
MUKPOCTPYKTYPbI.

5. ObocHoBaHMe BbiIOOpa mMaTtepuana AN KOHKPEeTHOMU
AeTanun, KoTopaa npensioxXeHa npenogaBsaTerieMm.
YKazaHMe MapkKu, XMMUYECKOro cocrtaBa, OnNucaHue
CTPYKTYpPbl 1 CBOMCTB 3TOro martepuana.



KoHTponbHbIe BONpPOChHI

1. Kak knaccudumumpyrotcsa npoBoAHMKOBbLIE MaTepuarnbl?

2. Kakne ocHoBHble TpeOOBaHUA NPeABABAAIOTCA K MaTepuanam
BbICOKOW 35IeKTPONpPOBOAHOCTUN?

3. Fae npumMeHAT MaTepuarbl BbICOKON MPOBOAUMOCTU?

4. Kak mapkupyetcs 23nekTpoTtexHu4yeckaa wmeab? Kakon
XUMUYECKMN coCcTaB U cBoUCTBa umetrot mapkm M006, MO6, M16?

5. Oe vcnonb3yrT MACKYO U TBEpPAYHO MeAb M KaK OHMU
OTNINYAKTCA NO CBOUCTBaM?

6. Kakme cnnaBbl Ha OCHOBe MeAU WUCMNONbL3YHT B
3NEeKTPOTEeXHUKe? X CBOMCTBa U 00NacTN NPUMeHeHnnA?

7. MNpuBegnte MapKU, XMMUYECKMN COCTaB U CBOUCTBA
3NEeKTPOTEXHUYECKOro anntoMUHMUAL.

8. Kakne Bbl 3HaeTe obnactu npMMeHeHUs1 MArKoro asiloMMHUA?



KoHTpOnbHbLIE BOMNPOCHI

9. Kakue cnnaBbl Ha OCHOBE arllOMMHUA UCNONb3YHOT B 3NIeKTPO-
TexHukKe? Nx mapku n ceoncrtea?

10.Kakne oCHOBHbIe TpedOBaHMA K MaTepuanam C NoBbIilWEeHHbIM
aneKkTpoconpoTuBneHneMm (pe3nCTuBHble MaTepuanbl) MO  UX
NMPUMEHEHN0?

11. A3 kakoro matepuana u3rotaBrimBaroT Npeun3noHHbIe pe3uc-
TOopbl? Ero mapka, xXuMmyecknuu coctaB, OCHOBHblIe CBOMCTBA?

12.Kakme wmMatepuanbl UCMNONbL3YWT ANA  NpoU3BOACTBa
TeXHU4YecKknx pesucropoB? WX mMapkum, XuMUYEeCKUM COCTaB,
OCHOBHbIe CBOUCTBa?

13. Kakme matepuanbl Mcnonb3yrT AN BbICOKOTEMMEepPaTypPHbIX
3NIeMEeHTOB COMpPOTUBJIEHNA W HarpeBaTeNbHbIX 3remMeHToB? WX
MapKu, XMMU4Y€CKUMN COCTaB, OCHOBHblIe CBOUCTBA?



3agaHuA AnNA CaMOCTOATEeNbHOU padoThl

1. A3yunTb CTPYKTYpPYy M CBOMUCTBA NaTyHEW, KOTOpble
MCNONb3YKT AN U3rOTOBNEHUA 3NeKTPOTEXHUYECKUX
n3genun.

2. A3yuntb CTPYKTYpYy M CBOUCTBA OpPOH3, KOTOpbLIE
UCNONMb3YOT AON&I9 WU3roTOBNIEHUA 3NIeKTPOTEeXHUYECKUX
n3nenvu.

3. CnnaBbl anwMUHUSA, KOTOpble UCNONbL3YHT B
3NeKTPOTEXHUKe.

4. ObnacT NnpMMeHeHUs pe3NCTUBHbIX CMNaBOB.
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