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2. 1Kaaccudurkanys ¥ OCHOBHbIE CBOMCTBA MPOBOTHUKOB

OCHOBHBIMH W3 IPUMEHSEMBIX B 3JICKTPOTEXHUKE TBEPJBIX MaTCPHAIIOB SIB-
JISTFOTCS. METAJUTBl M UX CIUIaBHIL. [0 yIeTbHOMY AJIEKTPUYECKOMY COTPOTUBIICHUIO
L METAJUTMYECKUE MPOBOJHUKOBBIC MATEPHAIBI MOXHO Pa3JCMTh Ha JIBE TPYI-
TIBI:

- MaTepHalibl BEICOKOH MPOBOAMMOCTH, Y KOTOPBIX MIPH HOPMAJIbHOM TeMIIe-
patype p <0,05 MkOmem;

- METAJUTBl M CIUIaBBI C BHICOKMM COTIPOTHUBIICHUEM, UMCIOIHUE TIPU TEX KE
ycioBusx p > 0,03 MkOmem.

Oco0Oyto Tpynmny COCTaBISAIOT KPUOTPOBOIHUKHA U CBEPXIPOBOJTHUKHU, KOTO-
pbie 00JIaal0T HUYTOXKHO MAajbIM YACIbHBIM JJIEKTPUUYECKUM CONPOTHUBICHUEM
MIPY TeMIIepaTypax, OJIM3KUX K HYIIIO.

K dNeKmpudecKum xapakmepucmuxkam 1mMpoBOJHUKOBBIX MATCPHUAJIOB MOKHO

OTHCCTH

- yoetbHoe conpomueiieHue p Wik 00paTHYIO BEJIMYHHY — YACTbHYIO TPO-
BOJMMOCTh 0 =1/ p;

o =QNb. (2.1)

3mech - 3apsia gacTuipl; N - 4UCIIO HAXOIAIINXCS B €UHHIIE 00beMa BEIIECTBA

HOCHTeleH 3apsiza [M°]; b - Kod(HUIMEHT TPOMOPIHOHATFHOCTH, HA3BIBAEMBIN
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MOJIBM>KHOCTBIO YAaCTHUILIBI M CBSA3BIBAIOIINI MEX 1y COO0H HAPaBIEHHYIO CKOPOCTh
yacTHLlbl U W HalpsSKEHHOCTH AJeKTpuueckoro noust E. M3Mepsierca maHHbId mo-
Ka3aTelpb Ha mpaxtuke B [MY/(B ¢)];

- KOHTAKTHYIO Pa3HOCTb ITOTEHLIUAJIOB

- TEPMOAJIEKTPOABMKYIIYIO cuiy (TepMoDJ1C);

- paboTy BBIXO/1a 3JIEKTPOHOB U3 METaIIA.

[lo cBOEMY CTPOEHHIO METAUIMYECKHE MPOBOJHUKH MPEICTABISIOT COOOM
BEILIECTBA NOJIMKPUCTAIUIMYECKOTO CTPOEHHSI, T.€. OHH COCTOST U3 MHOKECTBA MEJI-
KMX KPUCTAJUIOB. B CBSI3M € 3THM yZIelbHOE CONPOTUBIIEHHE NPOBOJHUKOB O 3a-
BHUCUT OT CONMPOTHUBIIECHUS, OOYCIOBJIEHHOIO TEIJIOBBIMU KOJIEOAHUSMH PELIETKU

Pmenn» B YACIBHOI'O COIPOTHUBICHUA, BbI3BAHHOI'O HaJINYHUCM IIe(l)GKTOB B KpHu-

CTAJUIMYECKON PELIETKE O, ., -

P = Pmens ¥ Pocm- (2.2)
XapakrepHas 3aBUCUMOCTh
YIEIBbHOIO COMPOTHUBJIEHUS OT TEM-
neparypsl NpHUBEIEHA Ha PHUCYH-
ke 2.1. [lpu temnepatypax, HpeBbI-

malIux Ttemneparypy Jebas O, Rer |

|
400..800 rpagycoB Llenbcusi, ynenb- 0 -0 T

KOoTOpasd i MCETAJJZIOB COCTAaBJIACT

HOC CONPOTHUBIICHUE BO3PACTACT JIM-  PucyHOK 2.1 — 3aBUCUMOCTbD YIAEIBHOIO

HEWHO M OO0YCJIOBJIEHO B OCHOBHOM CONPOTHBJICHIA O OT TEMIICpaTypbI

YCUJICHWEM TeIUIOBBIX KojeOaHui

pemietku. B 06macT HU3KUX (KPUOTEHHBIX) TEMIEPATYp YJeIbHOE COMPOTUBIIEC-

HUE MOYTHU HE 3aBUCHUT OT TEMIEPATYPhl U OMPEACIISETCS TOJIBKO CONPOTUBICHUEM,

00YCIIOBJICHHBIM HAJIMYKEM JE(PEKTOB B KPUCTAIIIMUECKON PELIETKE O, ., -
N3meHeHne ynenbHOrO0 COMPOTUBICHUS METAINTMYECKUX TMPOBOJHUKOB C

TEMIIEpaTypoil MPUHATO XapaKTEPU30BATb MeMNEPamypHuiM Kodgduuyuenmom

1
yoensnozo conpomusnenus TK p unu o, (K7). Ecin temnepatypa u3mMeHseTCs
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B Y3KHUX Tpejenax, TO MOJIb3YIOTCS CPEIHUM TeMMepaTypHbIM KodhuimeHToMm

YACIBbHOTO COMMPOTUBJIICHUA !

P1~ Po
P po(Ty —Tp)

Tle P - YAEIbHOE COINPOTHBIIEHUE NpU TeMmueparype T, IpUHATON 3a Hadallb-

HYI0; p7 - YACJIBHOE COIIPOTUBJIEHHE NIPU TeMIlepaType ;.

-1

Jlng MeTamioB o, COCTaBJISAET 4-107 K , a JUIS CIUIaBOB 3HAYUTEIILHO

yol

mensire 1074...1078 K™,
K MmeramanyeckuM NpOBOJHUKOBBIM MaTepualaM MpeabsBIsAIOTCA TpeboBa-
HUSA:
- BBICOKOU DJIEKTPOIIPOBOJHOCTH;
- MEXaHHUYECKOU MPOYHOCTH;
- IUIACTUYHOCTH (TOHKHE MpPOBOAA, PoJbra);
- CTOMKOCTH IIPOTUB OKUCIICHUS.
Mertanibl knaccuUUUPYIOTCS MO AIEKTPUUECKUM XapaKTepUCTUKaM, B Ka-
YECTBE KOTOPBIX UCIIOIB3YIOTCS YACIBHOE CONPOTUBIICHUE O U IPOBOAUMOCTD
OCHOBHOM XapaKTEPUCTUKOM, OMPEACIAIOIEH MEXaHUYECKYI MPOYHOCTh

IPOBOJIHHKOB, SBIAETCS npedes npounocmu npu pacmaxcenuu (o, ).

XapaKkTepUCTUKOH, ONpENeNsoeld MIaCTUYHOCTh, MOXKET OBbITh OMHOCU-
menbHoe YOIUHEHUEe MAmepuaia npu pacmaiceHuu.

IIpumecn, pacTBOpUMBIE B METAJIE, 3AMETHO YBEJIIMUMBAIOT €ro YIEIbHOE
CONMPOTHUBJICHHUE, T.€. YMEHBIIAIOT €ro AJIEKTPOIPOBOJIHOCTh (OYUIIAIOT OT CEPBI,
dbocdopa, azota, kuciaopoaa u APyrux NpuMecei 10 COThIX J10JEH MPOIICHTA).

JIns yBenuyeHus yneJbHOTO CONPOTHUBIIEHUS O NPOBOJHUKOB IMPUMEHSIOT

CIIJIaBbl HECKOJIBKHUX MCTAJIIIOB.

2.2 MeTa/lIbl BLICOKOM IIPOBOAMMOCTH. Ci1aBbl BBLICOKOIO COIIPOTHUB-

JICHUA
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MeTamibl ¥ CIUIaBbl BBICOKOW TPOBOAMMOCTH JOJDKHBI HUMETh BBICOKYIO
MPOYHOCTh, MJIACTHYHOCTh, KOPPO3UOHHYIO CTOWKOCTh, XOPOIIO CBapHUBATHCS U
noJIBepraThes naiike. B paanosnekTpoHuke 0O0bIIoe MpUMEHEHNE HAaXOST 1IBET-
HBIC MCTAJIJIBI:

— QJIIOMHWHHA U €T0 CIUIaBHI (B OCHOBHOM KaK KOHCTPYKITMOHHBIEC MaTe-
puabl);

— Meab U e€ CIUIaBbl (JJaTyHb — CIUIaB C ITUHKOM; OpPOH3BI — CIUIaBBI C
antoMuHueM, oepuwiueMm, ¢ropom). Mcnonb3yroTcs U Kak KOHCTPYK-
IIUOHHBIE MaTEepUaNIbl U KaK MaTepUasbl JJIsl CO3/IaHUsl DIEKTPOPATUO-
AIIEMEHTOB,

— IUHK — CaMOCTOSITENIbHO HE MPUMEHSAETCS, a UCIIOJIb3yeTCsl KaK OCHOB-
HOW KOMIIOHEHT WJIU KaK MOKPBITUE JIJIS CTATBHBIX U3/CITHH;

— OJlaropojJiHbie MeTaJuIbl 30JI0TO, Cepedpo, IUlaTMHA, MaUIaavil — Huc-
MOJIB3YIOTCS B OCHOBHOM JIJIsl TIOKPBITHSI KOHTAaKTHBIX YCTPOWCTB, TJIE
TpeOyeTCsl BEICOKAsI MPOBOIUMOCTD U HaIC)KHOCTh KOHTAKTA;

— OJIOBO U CBHHEIl — COCTaBHBIE 4acTH mpuioeB. OIOBO HCIONIB3YyeTCs
JUTSL TOKPBITHSI METAJIIOB, CBUHEI] — B KAYECTBE 000JIOUKH KaOese;

— PTYTh — JJIS CO3/IaHUS KaTOJIOB, U PTYTHBIX KOHTAKTOB;

— BCE€ OCTaJbHBIE METAJUIBI, KaK MPAaBUIIO, UCTIONB3YIOTCS B BHJIE KOMIIO-
HEHTOB PA3JIMYHBIX CIJIABOB, MIPHUIAIOIINX UM OCOOBIE CBOMCTBA.

Paccmotpum Gosiee mopoOHO UCIMOIB3yEeMbI€ I[BETHBIE METANIbI U UX CO-
CTaB.

Meow — TemniepaTypa IJIaBJICHUS paBHA 1083°C. Xapaktepuzyercs

- BBICOKOH INIACTUYHOCTBIO;

- BBICOKOM DJIEKTPOIIPOBOJHOCTHIO;

- BBICOKOW MEXaHUYECKOW MPOYHOCTHIO.
Ipumensemcs:

JI1s1 M3roToBIEHUS MPOBOAHUKOBBIX U3/1EIINI IPUMEHAIOT Meb Mapok MO u M1.
MO — kucnopona ve 6osee 0,02%; npumecu — 6osee 0,05%;
M1 — kucnopona ve 6onee 0,05%; npumecu — 6onee 0,1%;

TK p=0,004 1/C° — st Bcex MapoK Mei.



S)

Jlns mpoBosioB odeHb Manioro auametpa (0,01Mm), npenHa3sHAYEHHBIX s
paboThI PU BBICOKUX TEMIEpATypax NPUMEHSIOT MPOBOJIOKY U3 OECKUCIOPOAHON
Menu (Mapka M00), cogepxxanue npumeceit 6omee 0,01%.

Menap noay4aroT myTeM nepepadoTku cyabGUTHBIX pyad. [Ipu u3roroBnennu
npoBosoku O6onBaHku (80-90 kr) moaBepraroT ropsueil MpoKaTKe B KaTaHKY JHa-
MeTpoMm 6,5-7,2 MM, KOTOPYIO 3aT€M MPOTATHUBAIOT 0€3 MOJAOrpeBa JI0 HYXKHOTO
auameTpa.

Antomunuii — reMneparypa miasinenns pasua 658° C. Xapakrepusyercs

- BBICOKOM DJIEKTPOIIPOBOJHOCTHIO;
- JIOCTYIHOCTBIO;
- CTOMKOCTBIO K aTMOC(HEpPHON KOPPO3UHU.
IIpOBOHMKOBBIN ATOMUHUM BBIITYCKAETCS TPUHAALATA MapOK C pa3iInyHON

CTCIICHBIO YHUCTOTHI.

IIpumensemcsa.

[TpoBOJIOKY 711 TIPOBOJOB M3TOTABIMBAIOT M3 ATFOMUHUS C MPUMECIMH 00-
nee 0,05% (mapka AE). U3 amtomunus ¢ npumecsmu 6omnee 0,005-0,05% usroras-
JUBAIOT BJICKTPOJIBI JICKTPOMArHUTHBIX KOHACHCATOPOB, (OJIBTY.

[TpoBonoky BeimyckaroT guameTpom 0,08-10 mm;
TK p s Bcex Mapok anfomuans pasHo 0,00423 1/C°.

Cepebpo — TeMriepaTypa MIaBJICHUS pPaBHA 960°C.
Oxkwcnenne cepedpa HaunHaercs ¢ Temneparypst 200°C. Xapakrepusyercs

- HaWBBICIIEHN DJIEKTPONPOBOJHOCTHIO;
BBICOKOM TEIUIOIPOBOIHOCTBIO;

- CTOHMKOCTBIO K OKMCJICHHIO;

- MEXaHMYECKUE XapaKTePUCTUKU OJU3KU K MEJIH.
Ipumensemcs:

Jlnist BBIMONHEHUs €1a00 HApyIMIaeMBIX KOHTAKTOB, OOKIAIOK KOHJEHCATO-
POB, TPUIIOS, 3aITUTHBIX CIIOEB Ha MEIHBIX JKUJIaX.

Paznuuaror nBe mapku cepedpa no uncrore. Cp999,9 u Cp999 (mdpsr 060-
3HAYAIOT KOJMYECTBO YUCTHIX J10Jel cepedpa Ha 1000 oObema.

3010mo — TeMnepaTypa MiIaBJICHUs] paBHA 1063°. XapakTepu3yercsi TEM, U4TO

- HE OKHUCJSETCS J1aKe MPU BBICOKUX TEMIEpaTypax;
- HMMEET BBICOKYIO INIACTUYHOCTb;
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- MO3BOJISIET MOJy4YaTh NPOBONOKY auamerpom 10 0,01mMm, donbry
tommuHoM 0 0,005 mM.
Beimyckaercst 1Byx Mapok: 31 999,9, 31 999.

IIpumensemcsa:

- 1151 BBITIOJTHEHUSI KOHTAKTHBIX MTOKPBITUI;
- 11 KOMMYTAaIlM¥ MaJIbIX TOKOB B MUKPOCXEMAX;
- JIIS1 IOKPBITUSL CTEHOK BOJIHOBOJIOB M pe3ucrtopoB CBY.

[lo »1eKTpo- U TEMIONPOBOJHOCTH YCTyHaeT cepedpy U Meau, M0 MEeXaHH-
YECKUM U TEXHOJOTUYECKHUM CBOMCTBaM OJM3KO K antoMuHUI0. He pacTBopsieTcs B
CEpHOM, a30THOM KHUCJIOTAX U LIET0Yax.

Xpom — TemniepaTypa miaBienns pasua 1903°C.

IIpumensemcsa.

- TOHKOIUICHOYHBIE MUKPOXJIEKTPOHHBIE CXEMBI. XOpolias aJre3us;
- TOHKOIUICHOYHBIE PE3UCTOPHI.

Keneszo:
- BBICOKasi MEXaHUYECKasl MPOYHOCTh;
- BBICOKOC Y/ICJIbHOE COMPOTHBICHHUE (IaKe JIJIS YUCTOrO Keye3a O
coctanisier nopsiaka 0,1 MmkOm m);
- Majas KOppO3UKHAas CTOUKOCTb.
bponsa:
- M€Jib U OJIOBO - OJIOBSIHHAsi OpOH3a;
- Meb U AJTIOMUHUMN — aJTtOMHUHUEBass OpOH3a;
- MeJb ¥ Oepwiuii —  OepuiiueBast OpoH3a

Mapku OpOH3BbI:

bp 010 - 10% omnoBa;

bpO® 6,5 -0,15 - 6-7% onosa u 0,15% docdopa;

bp A7 - 6-8% anromMuHuS;

bpb2 — 2-2,2% o6epwinus u 0,2-0,5% Hukens.
Ipumensemcs:

TOKOIMPOBOJAIINC ITPYKUHBI, IIPOBOJIOKA, KOHTAKTHBLIC YaCTH.

B oTHOLIEHNH 371EKTPONPOBOAHOCTH, OPOH3a YCTYNAET MEHU, HO IIPEBOCXO-
IUT €€ 110 MEXaHUYECKOU IPOYHOCTH, YIIPYTOCTH, KOPPOZUNHOU CTOMKOCTH.

Jlamyns: Menp U LUHK (HauOoJblIee COAEpKAHME LIUHKA MOXKET COCTAaBIISThH
45%.



Mapku natyHu:
J162 - 60-63% menu + 40-37% nuHKa;
JI80 - 79-81% menu + 21-19% nunHka.

IIpumenenue:

3aKUMBI, KOHTAKThI, TPKUMHBIC JIETAIIH.
Cnnagwl 6b1C0K020 conpomuenenus
1. Manzanun : Cu=85%, Mn=12%, Ni=3%:;
p = 0,42 +0,48MkOm - M;
TKp =6-50-10"°k 2.
MOoKeT BBITATUBATHCS B MPOBOJIOKY auameTpom a0 0,02 mm.

IIpumensemcsa.

JI1s1 M3roTOBIICHUS NATYUKOB THApPOCTATUUYECKOTO AaBieHus (R manranue-
BOM MPOBOJIOKHU JTMHEHHO BO3pacTaeT ¢ poctoM gasienus ot 0 go 1 I'Tla).

2. Koncmanman: Cu=60%, Ni=40%.
p =0,48+0,52 axOwm;

- 3TUM OOBSACHIETCS HAa3BaHUE.

TKp =5+25-10°K*

IIpumensemcsa.

I[JISI HU3TOTOBJICHUS PCOCTATOB, JICKTPOHATI'PCBATCIbHLIX 3JICMCHTOB.

Cr1aBel BBICOKOTO COIIPOTHUBJICHUS Ha OCHOBE Fe MMPpUMCHAIOT, B OCHOBHOM,

11 SIIEKTPOHArpeBaTEIbHBIX IPUOOPOB.

KonTakTHbIE MaTepuasibl MOAPA3ACISIOTCS Ha Pa3pbIBHBIC, CKOIB3SIIUE U
HemnoABWKHbIE. [IoCKOIbKY KauecTBO 3aKMMHOTO (HEMOJABUIKHOTO) KOHTAKTa OIl-
peaensercsi CoCOOHOCThIO MaTepHuallia K IUIacTUYeCKOW nedopmaiuu, TO KOH-
TaKTHBIE MMOBEPXHOCTU MOKPBHIBAIOTCS MSTKUM KOPPO3UOHHO-CTOMKHM METAJJIOM:
0JIOBOM, cepeOpoMm, KaIMHEM U JIp.

JI71s1 pa3MBbIKArOIIUX KOHTAKTOB MPEAbSIBISIOTCS TPEOOBaHUSI YCTONYMBOCTH
K KOPPO3HUH, CTOMKOCTH K CBAPUBAHUIO U IEUCTBUIO IEKTPUUECKOU IPO3UHU, CTOMU-
KOCTU K JICUCTBUIO CXKUMAIOIIUX U yIAPHBIX Harpy30K, BEICOKHE MPOBOJUMOCTD U

Teruiopu3nYeCKre cBoiicTBa. Bee 3To omnpeenser BBIOOp MaTepUaioB: YUCThIE TY-
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roljiaBKue MeTajuibl (BosibpaM, MOJUOJEH), a TakKe OJIaropoJIHbIe METaJUIbl
(rutatuHa, 3070TO, CepedpPo) U UX CIUIABHI.

JIJ1s1 CKOMB3SIIIIMX KOHTAKTOB BBIJABUTAIOTCS TPEOOBAHUSI BLICOKOW CTOMKOCTH

K UCTHUPAIOUIUM Harpy3kam. B cBsI3u ¢ 3TUM NpUMEHSIOTCS OpOH3a U JaTYyHb.

2.3 HemMeTasimuyecKue MPOBOTHUKOBbLIE MATEPHAJIbI

Teepdue Hemema liuduecKue Mamepua.llbl — 9TO MaTepI/IaJIBI Ha OCHOBC yF—
nepona, Ha3bIBACMBLBIC 3JI€K’Ip0y1“OJIBHBIG N3 ACIIHNA.
Coipbe 11 MX M3TOTOBJIEHUS — Caxka, rpaduT wiM aHTpauuT. B xadecTBe
CBiA3KHU I/ICHOJIBSYIOT KaMeHHOYFOJIBHYIO CMOJIy NN ) KUJIKOC CTCKIIO.
VYTroapHbBIE 3aroTOBKHM MPOXOAST MpolecC OOXHUIa MpU TeMIepaTrype 10
2200°C.
Yeonvrvle anexkmpoost — st pabOThl IPHU BBICOKUX TeMIepaTrypax (Temmepary-

pa obOxwura 10 3OOOOC);

TK p - OTpULIATENIbHBIMN.

[llemxu - nyist 0Opa30BaHUs CKOJIB3AIIET0 KOHTAKTA.
Pazmepst ot 4x4 1o 35x35 MM’, BbIcOTa 12-70 MM.
Paznuyaror merku:

- Tu YT - yronbHo-TpadUTHBIE;

- I' — rpadurhsie;

- OI - anekrporpaduTUPOBAHHBIE;
- M u MI' — menHorpagurHsle.

Veonvhvie nopowku (A3roTaBIMBAIOT U3 aHTpAKTa). [[pUMEHSIOT A MUK-

poQOHOB. YeabHOE 3JIEKTPUUECKOE COMPOTUBJIEHUE O 3aBUCUT OT KPYMHOCTHU

3epeH, PeKUMa 00KHUTra, MIOTHOCTH 3aCHINKH.

BBIHYCKaIOT ABYX THUIIOB!
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- MEJIKO3CPHHUCTHIC (TIPOXOASIINE Yepe3 CUTO ¢ 52 OTBEPCTHUSMHU Ha
1 CMZ);

- KPYIHO3EPHHUCTHIC (MPOXOIAIIUE Yepe3 CUTO ¢ 45 OTBEPCTUSMH Ha
1 eMd).

p Menko3zepHucroro nopoimika 0,4 Om m.

HOpOI_HKI/I HC JTOJIKHBI CJICKHBATLCA C TCUCHUCM BPCMCHU U CIKHUMATLCA C

pPOCTOM TEMIEPATYPHI.

Henposonounvle pezucmopsl — NpUPOJHBIA IpaUT, caka, KHPOMUYECKHI

yraepos, 00poyriiepoUCThIE TUICHKH.

2.4 OcHOBHBIE METAJLJIbI H CILIaBbl, MCIIOJIB3YVEMbIC B HMHTCIPAJIBHBIX

MHKPOCXEMaXx.

B nHacTodiiee BpemMs MIMPOKOE NPUMEHEHUE HAIIM WHTErPajbHbIE CXEMBbI,
BBITIOJIHSIEMbIE HA OCHOBE MOJYNPOBOJIHUKOB U TUICHOK.

['uOpuansie unterpanbHbie cTpyKTYphbl (I'MC) mmpoko mpuMeHsOTCs B BbI-
COKOYACTOTHBIX M CBEPXBBICOKOYACTOTHBIX M3IEIMIX JIEKTPOHHON TEXHUKHU; IS
CO37aHUsl BBICOKOIMPELU3HUOHHBIX TOHKOIUIEHOYHBIX PE3UCTOPOB (B TOM 4YHUCIE
TEPMOPE3UCTOPOB C BHICOKUM TEMIEPATYPHBIM KO3(PPUIIMEHTOM CONPOTUBICHU);
B KauyecTBE MOJJIOKEK C TOKOMPOBOMASIIUMH JOPOKKAMH JJII TUOPHUIHBIX UHTE-
rpajbHBIX cXeM. JlaHHbIe CXeMbl MOT'YT BKJIIOUATh B C€0s1 KOMOMHAILIMU Pa3IuYHbIX
AJIEMEHTOB: OMUYeCcKUe (MPOBOJAHUKHU, CONMPOTHUBIICHUS, KOHTAKTHBIEC TUIOLIATKH);
peaKkTUBHbIE (MHAYKTUBHOCTH, MOJOCKOBBIE (DHIIBTPHI, COTIacOBaTENH ); KOMOUHHU-
pOBaHHbIE aTTEHIOATOPbI; PE30HATOPHI; METAINIM3UPOBAHHBIE MEPEXOHBIE OTBEP-
CTHSL.

Texnonmoruss mpousBojacTBa ['MIC ocHOBaHa Ha NMPUMEHEHUM BAKYYMHOTO
(MarHeTpOHHOIr0) HAMNbUICHUS PA3JIMYHBIX METAJUIOB Ha JAUDJIEKTPUYECKYIO MOJ-
JIOKKY C MOCieAyoIHUM (GOpMHUpPOBaHHEM MeTojamMu (oronutorpaduu, raabpa-
HUYECKOTO OCAKJEHUS U XUMUYECKOTO TPaBJICHUS MPOBOASAIINX CTPYKTYp 3aJaH-

HOM KoH(purypauuu. [Ipu 3ToM yduThIBatoTCS TpeOGOBaHUS COOPOUYHBIX TEXHOJO-
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THi, TAKHUX KaK MMOCaJKa KPUCTAIOB HAa IBTEKTHKY, TEPMOKOMITPECCUOHHAS CBap-
Ka, MaiKa pa3JIMYHbIMH MPUTIOSMH, 3aIIATa OT BHEIIHEH CPEJIbI U IPYTHE.

B kadectBe maTepuanoB npogodawux ciroeg ucnonnzyercs menb (Cu), Hu-
kenb (Ni), amromunmuii (Al), 301010 (Au), utatuna (Pt).

B kadectBe pesucmusnuvix croes npumenstorcs Hukenb / xpoM (Ni / Cr), a
Taxke pesucTuBHbIe cruiaBbl: PC 3710 kpemuuii / xpom / Hukens (Si—53% / Cr —
37% / Ni — 10%); PC 2005 kpemuutii / Tutan / nepuii (Si— 75% / Ti— 20% / Ce -
5%); PC 1004 xkpemuuii / aukens / xene3o (Si— 85% / Ni—10% / Fe — 5%).

Jliist co3aanust 6apvepuvix croee npuMmenstorcs Tuta (T1); aHukenb (Ni).

Aoeezuonnvie crou o6pasyrorcs nytem npumenenus xpoma (Cr); tutana
(Ti); Banaaus (V); aukens / xpoma (Ni / Cr).

OpnHako MpU YMEHBIICHUH Pa3MEPOB BO3HUKIHU MPOOJIEMBI TEPMOIUHAMHU-
YECKOM HECOBMECTUMOCTH JIAaHHOTO METajlia ¢ JIBYyOKHUChIO KpeMHus. TpebGoBaics
MeTa ¢ 0oJiee BEICOKOH MPOBOUMOCTHIO.

Jlist popMUpoBaHUS B MHTETPATBHBIX CXeMaX MPOBOJSIINX CJIOEB, IPUTO/-
HBIX B TEXHOJIOTHH TIPUOOPOB BHICOKOTO YPOBHS MHTETPAIIUU TI0 METOY HAHOTEX-
HOJIOTHH, TIPUMCHSIOTCS Pa3IMYHbIE BAPUAHTHI METOJAa XUMUYECKOTO OCAXKICHUS
W3 Ta30BOM (pa3bl C HCIOJIH30BAHUEM JICTYUUX METALNIOOPTAaHUYECKUX COCIHHE-
Huii: umnyiascHbeii MOCVD, CVD ¢ YO ctuMmynsiuue 1 aTOMHOE MOCIOMHOE Ha-
Hecenne (ALD). B Hacrosiiiee Bpemsi MOJy4eHbl KaK METAJUNIMYECKUE TJICHKU U
nokpeITUst U3 upuaus Ir, pyreauss Ru, meau Cu, 3o1m0ta Au, Tak U HAHOYACTHUIIBI
3o00ta AU 1 Menu Cu. B xauecTBe UCXOIHBIX COSTUHEHUN JIJIST OCAKICHUS METaII-
JUYECKUX CJIOCB PYTEHUS, UPUAUS W MEAW OBLIM HCIIOJIB30BAHBI JICTYYHE KOM-
TJICKCHI METAJNIOB ¢ O€Ta-TUKETOHATHBIMU MPOU3BOIHBIMH, JJISI OCAKICHUS TIIC-
HOK ¥ HAaHOYACTHI] 30JI0Ta — KapOOKCHUJIATHI U CATUITUIATBINMUHATHI TUMETHII30-
nora. KpoMme TOro, KaHaJCKUMH YYEHBIMHU MPEIIOKEH Tporecc GOpMHPOBAHUS
HAaHOHUTEW W UX TJIa3MEHHON 00paboTKH, MOKa3aHHBIN Ha pucyHke 2.2. Ha kpem-
HUEBYIO TIOJIJIOKKY HAHOCHTCS P TOHKUX (70 15 HAHOMETPOB B MOTIEPEUYHOM Ce-
yeHun) TuHUN u3 noaumepa PS-P2VP, kotopsie 00pa3oBaiuch B MPOIECCe CaMo-

cOopku (pucyHku 2.2,a-c). Jlanee myTeM XUMMHUYECKOM METaIM3allui JOMEHOB I0-
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noaumepa aazepom
Pucynok 2.1 — ®opMupoBaHre HAHOHUTEN U TUIa3MeHHas 00paboTKa

JauMepa mocie 100aBleHusT KUCIOThl (POPMUPYIOTCS JOMEHBI HAHOHHUTEH, KaK Io-
Ka3aHo Ha pucynke 2.2,r. [locre ymaneHus ¢ moMomiplo MmiIa3MeHHON 00paboTku
noJIuMepa HAHOHUTH C(HPOPMHUPOBAHBI LIETHHOW HAHOCTPYKTYPOW Ha MOBEPXHOCTU
KpeMHHs. MaTpulla HaHOMPOBOJAHHUKOB MPH TAaKOHW TEXHOJOTHUH HWMEET IINPHHY
Bcero 10 HaHOMETPOB, YTO AENAET €€ MPUTOJHOM ISl MUKPOAIJIEKTPOHHBIX JIe-
MEHTOB. B HacTos1iee BpeMs MOTy4eHbl MaTPUIbl HAHOHUTEW U3 TUIaTHHBI, 30J10Ta
U nannaans. Bo3sMOXHO pacnpocTpaHeHue JaHHOW TEXHOJOTMH M Ha MarHUTHBIC

CIIJIaBBI.



