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JlaGoparopunas padora Ne 1
MUKPOCTPYKTYPA N3HOCOCTOMKHNX JETUPOBAHHBIX CTAJIEM M1 YYT'YHOB

HEJIb PABOTDbI: conocrtaBieHre MUKPOCTPYKTYPhI JIETUPOBAHHBIX CTaJIed U YYT'YHOB; BBISIBIICHUE

CTPYKTYPHBIX OCOOCHHOCTEH, CIOCOOCTBYIOIUX UX BBICOKOM M3HOCOCTOMKOCTH.

1. OCHOBHBIE TEOPETHUYECKHUE INPEJICTABJIEHUA

JlerupoBaHHOW Ha3bIBA€TCA CTajlb, COJAEpIKallas CHCIUAIbHO BBEJACHHBIC JJIEMEHTHI A
MoydeHus: TpeOyeMbIX CBOMCTB WM  HMMEIOMIAs  TOBBIIICHHOE  COJEP)KAHHE  TOCTOSHHBIX,
TEXHOJIOTHYECKU HEU30EKHBIX MTPUMECEH.

Haubonee pacnpocTpaHeHHBIMHE JISTHPYIOIIIUMH JIEMEHTAMH SIBJISTFOTCSI XPOM, MapraHel, HUKEb,
KpEeMHUH, BOIbPpaM, BaHAAWA, MOJTUOICH, TUTAH U Apyrue. [I0CKOIbKY NIpH BBIMIABKE B CTAIb OOBIYHO
BBOJIATCS KPEMHHUI U MapraHell JUIsl PACKUCICHHUS U CBSI3BIBAHMS CEPBI, TO JISTUPOBAHHOM SBIISCTCS CTAJIb
MpU UX coaepkaHuu cooTBeTcTBeHHO >0,9 1 0,8%,

Jlerupyromue 3JE€MEHTHI, PACTBOPSSCH B KeJle3€, U3MEHSAIOT IMOJOKEHUE KPUTUYECKUX TOYEK,
pacimpsisi WM cykasi o0yiacth eppuTa M ayCTEHUTA, MOITOMY IOJIB30BATHCS AUATPAMMOM COCTOSHUS
KENe30-II[EMEHTUT TpPU aHadu3e CTPYKTYp JIETUPOBAHHBIX CTalled B psA€ CIIy4yaeB COBEPILEHHO
HEJIOMYCTUMO.

[Io oTHOmEHWI0O K yriaepoay JETUpYIOIMUe JJIEMEHThl JeNsITCS Ha JIB€ TPYIIbI -
HeKkapOu000pa3ytome: HUKelb, KPEMHUM, aTFOMAHUAN, MEJb, KOOAJIBT; - KapOUA000pa3yolIre: TUTaH,
BaHaJMil, Boiab(hpaMm, MOIHOIEH, XpPOM, MapraHel] M JApyrue (SJIEeMEHTHl MEPEeUUCICHBl B TMOPSIKE
YMEHBIIIEHUS] YCTOMUNBOCTH MX KapOUOB K paCTBOPEHHUIO B ayCTEHUTE IIPU HArpeBe).

HexapOumooOpa3zyromue »JI€eMEHThl pPAacTBOPAIOTCA B (eppuUTe M ayCTEHUTE, TOIr/a Kak
KapOu000pa3yrome B3aUMOJCHCTBYIOT C YIJEpPOJOM, W B 3aBUCUMOCTH OT HUX KOJWYECTBA H
KOHIIEHTPALIMU CIHOCOOHBI pacTBOPATHCS B (eppuTe, ayCTeHUTE, I[EMEHTUTE WM O0O0pPa30BHIBATH
cCrenanbHbIe KapOUIbIL.

Jlerupyroiue 351eMeHThl 0003HauarTes ciaeayomumu oyksamu: C - kpemuuid, [' - mapranen, X -
xpoMm, H - Hukens, M - monmubaeH, B - Bonsdpam, @ - Bananuii, T - tutan, 1O - amromunnii, K - kobanbt,
N - menp, P - 6op, 1] - nupkonwii, b - arnob6wuii, I1 - pochop, A - azort, U - penkozemMenbHbIE METAILIBL.

Kaxxnas mapka cranu coctaBisiercs u3 couetanus OykB u 1udp. [lepBeie n18e 1iudpbl 0603Ha4a0T
coJiepKaHue yTJIepoJia B COTHIX JIOJSAX MPOIIEHTA, a KOJIHMYECTBO JICTUPYIOITUX AJIEMEHTOB YKa3bIBACTCS B
MporeHTax mudpamu, CTOSIIIUMH TTOCJIE COOTBETCTBYIoMIEH OykBBl. Eciu merupyromero snemMeHTa 0Kojio
1% wnm menee, To mudpa nocne OykBel He ctaBuTcs. Hampumep, cranb 18XI'T conepxkut 0,17-0,23%C;
1,00-1,30%Cr; 0,80-1,10%Mn; 0,06-0,12%Ti.

B cransx WHCTpyMEHTAJIBHBIX M C OCOOBIMH CBOMCTBaMH TaKas MapKHpPOBKa COACpPKaHUS
yIJIepoJia 9acTO HE BBIACPKUBACTCI. Tak B MHCTPYMEHTAIBHBIX CTAISIX KOJMYECTBO YIiiepoaa OOBIYHO

o003HavaeTcs TOJBKO ONHOM HU(POW B NECATHIX IOJAX MpolieHTa, Hanpumep, SXHM, 7X3, 6XC u
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npyrue. Kpome TOoro, B HMHCTpYMEHTANbHBIX CTalsIX, UMeomux yriepona 1% wu Oorxee, mudpsl,
0003HAYAMOIINE €ro COJAEpIKAHHEe, IMOJHOCThIO omyckator. Hampumep, ctamp X12M conepxkur 1,45-
1,70%C; 11,0-12,5%Cr; 0,40-0,60%Mo.

bykBa A, crosias B KOHLE MapKH, YKa3blBaeT, YTO CTajlb BBICOKOKAYECTBEHHAs W HMEET
MTOHMKEHHOE cojepkanue cepbl U Gocdopa. Hanmpumep, ctans 1 azotupoBanus 35XMIOA coaepxut
cepel u (ochopa menee 0,025%, Torma kak B neMeHTyeMoil kadectBeHHOW ctamu I18XIT cepsl u
docdopa menee 0,035%.

HekoTopsie Mapku cTasiel BbIJIEIEHBI B 0COObIE TPYIIBI U 0003HaYal0TCa OyKBaMH, CTOSIIUMH B
Hayajie Mapku: OblcTpopexyiue - P, mapuxkonoamunuukoBeie - I, mis mocTtosHHbIX MarHuToB - E,
aneKkTpoTexHudeckue - D u apyrue. Hanpumep, P18, PO®S, I1IX15, EX3, 942 u T.4.

JlernpoBaHHbBIE CTAIM MOTYT OBITH KJIACCH(HUIIMPOBAHBI 1O CIEAYIOUIMM IPU3HAKAM: COCTaBY,
Ha3HAYEeHHUIO, MUKPOCTPYKTYPE B pABHOBECHOM COCTOSIHUHU U MOCJIE OXJIAXKICHUS HAa BO3AYXE.

1.1. Knaccudukanus 1erupoBaHHOMN CTallU MO COCTABY

B 3aBUCHMOCTH OT OCHOBHBIX JETHUPYIOLUIMX 3JEMEHTOB JIETUPOBAaHHBIE CTajld IO COCTaBY
KJIaCCUUUUPYIOTCS ~ KaK  XpPOMHCTbIE,  MapraHlOBUCTbIE,  KPEMHHUCTbIE, = XPOMOHHUKEJEBBIE,
XPOMOHHUKEIbMOIUOACHOBLIE U JPYTHE.

1.2. Knaccugukanus JIernpoBaHHON CTaJIM MO0 Ha3HAYEHUIO

[lo Ha3zHayeHMIO JIETUPOBAHHBIE CTAaNU pa3feNsAlOTCd HAa TPU OCHOBHBIE  TpYIIIbI:
KOHCTPYKLMOHHbIE, THCTPYMEHTAJIbHbIE, CTAJIU U CIIJIaBbl C 0COOBIMU CBOMCTBAMH.

1. KOHCTpYKLMOHHBIE CTadu MPUMEHSIIOTCS Ul W3TOTOBJIEHHA JeTaned MamuH. OHu
MIOIPA3JEIIAIOTCS HAa IEMEHTYEMBIE U yiIydlllaeMble. JIerupyromnye 3JeMEHThl B KOHCTPYKIIMOHHBIE CTalIN
BBOJISITCS, B OCHOBHOM, JIJI51 IOBBIIIIEHUSI TIPOKAJIMBAEMOCTH.

[lemeHTyeMble JE€TMPOBAHHbBIE CTAJIM MMEIOT HU3Koe cojepxanue yriaepoxaa (0,10-0,25%) nns
TOT0, YTOOBI MOCIIE IEMEHTAIUH, 3aKAJIKU U HU3KOTO OTIyCKa NETajal MMENIH TBEpblii OBEPXHOCTHBIN
CIION U BA3KYIO CepaleBUHY. TBEpIOCTh MOBEPXHOCTHOTO CJI0s Mocie Takoil 0opabotku okono 60HRC, a
cepaueBruHsl - HaxoauTcs B npenenax 15-30HRC. K uementyemeim otHocsTces cranmm 15X; 20X; 18XI'T;
12XH3A;20X2H4A u npyrue.

VYiydiraemsle jerupoBanHbie ctanu coaepxkat 0,30-0,45% yriaepona u 0OBIMHO HOJBEpPraroTCs
TEPMUYECKON 00paboTKe - YIY4YIIeHHI0, KOTOpas 3aKJII0YaeTCs B 3aKaJKe C MOCJIEAYIOIIMM BBICOKUM
oTryckoM. B kaudecTBe jerupyroummx 3J1€MEHTOB Hauboyiee 4acTO HPUMEHSIOTCS XpOM, Maprasell,
HUKEIb, BOJIbGpaM, MOINOIeH U KpeMHui. Yiyumaembimu sBisitoresa ctanu 40X, 30XI'T, 30XI'CA,
40XH, 40XM u npyrue.

2. VHcTpyMeHTalbHbIE JIETUPOBAHHBIE CTAlM MMEIOT IOBBIIMIEHHOE COJAEp)KAaHUE YIJIEpOJa,
KOTOPBIN 00€CTIeunBaeT MOJYYCHUE BBICOKOW TBEPAOCTU MyTEM TepMUUYECKON o0paboTku. Jlerupyromue
3JIEMEHTHI B MHCTPYMEHTAJIBHBIEC CTAJIM BBOAATCS ISl YBEIIMUEHHS TPOKATMBAEMOCTH, KPACHOCTOUKOCTH,

KAPOMPOUYHOCTH, a B PsIJIe CIIy4aeB JIIs MOBBIIIEHUS U3HOCOCTOMKOCTH 3a cYeT 00pa3oBaHus KapOUI0B.



4

B 3aBHUCMMOCTM OT Ha3HAa4Y€HUsS W XMMHUYECKOTO COCTaBa HMHCTPYMEHTAJbHbIC JIETUPOBAHHBIE
CTaJIM JIENATCS Ha TPU TPYIIbL CTAIH ISl PEXKYIIEro U U3MEPUTEILHOTO MHCTPyMEHTa (IMIOHMKEHHOMN
npokanuBaeMocty Mapok 7X®P, 8XD, 9XDB1 u apyrue, 00b1YHO 3aKaIMBacMbIe B BOJIC, M TIOBBIICHHOMN
npokanuBaeMoctu Mapok X, XI', XBI', XBCI', 9XBI', 9XC, 9X5B® u npyrue, 3akajliBacMbie B MacJe);
OBICTPOPEXKYIIME CTajdd, IMUPOKO TPUMEHSIEMBbIC [Ii M3TOTOBJICHUS PEXKYIIEr0o WHCTPYMEHTA,;
(HOopManpHOM mpousBoguTenbHOCTH Mapok P9, P12, P18, P6MS, PI18®2 u mnoBbllIeHHON
npousBoauTeNbHOCTH Mapok PO®S5, PIKS, PI9K10, P1OKS®S, P14d4, P18KS5®D2, conepxaiue
MOBBIIICHHOE KOJMYECTBO KoOajabTa M BaHAAWsA), CTald JUIA IITAaMIOBOTO WHCTpyMEHTa (Ijst
neOopMHUpPOBaHKUS B XOJOJAHOM cocTossHUM Mapok 9X, X, X6B®, X12, X12M, XI12®I1; nausa
nedopMupoBaHus ¢ OonplUMU yaapHbeiMu Harpy3kamu mapok 4XC, 6XC, 4XB2C, 5XB2C, 6XB2C,
6XBI' u ans nedopmMupoBaHus B TopsiaeM cocTossHUM Mapok 7X3, 8X3, 3X2B8®, 4X8B2, 4X2B5DM,
4X5B2C, 5XHM, 5XHB, 5XHI', 5XI'M, 5XHCB u npyrue).

3. Crayii u crutaBel ¢ 0cOObIMM cBoMcTBaMu. K HUM OTHOCATCS cTanu: HepkaBerorue 12X13,
20X13, O08X18HI10T; xaponpounbie 45X14H14B2M, 40X9C2; WU3HOCOCTOWKHE, C OCOOBIMH
MarHuTHBIMH H OSJEKTPUYECKUMHM CBOWCTBAMH M Jpyrue. YCIOBHO MPUHSATO, YTO €CJIHM CymMMa
JIETUPYIOLIMX 3JIEMEHTOB NpeBbIIaeT 55%, TO TaKOM CILIaB CTANbIO HE HA3BIBAIOT.

1.3.Knaccuduxarus IerupoBaHHON CTaJId IO PABHOBECHOH CTPYKTYype

Ompenenenue Kjacca CTajdd TMPOM3BOIUTCS IO CTPYKType, KOTOPYHO OHa HWMeEET TMOocie
MEJIJICHHOTO OXJIAKIEHUSI U3 ayCTEHUTHOTO COCTOSIHUS, TO €CTh B pe3yJbTaTe MOoJHOTO oTxura. [lo aToii
knaccudukanuu, npeanoxenHoi [1.00eproddepom, JerupoBaHHbIe CTalW JIEISATCS Ha IIECTh KIACCOB:
J03BTEKTOUAHBIN, IBTEKTOUIHBIN, 3a9BTEKTOUIHBIN, JIeAeOypPUTHBIH, ayCTEHUTHBIH U (eppUTHBIN.

PaccmarpuBaemas kimaccudukaius aHaJOTUYHA KIACCU(PUKAIIMKM YTIIEPOJAUCTHIX CTaleH, OJIHAKO
OOJIBIITMHCTBO JICTUPYIOIIUX DJIEMEHTOB CHJIBHO HCKQXAIOT JUArpaMMy KeJe30-IEMEHTHUT, CIBUTas
Touku S U E B CTOPOHY MEHBIIIETO COMepKaHusl yraepoaa. ITO OObSICHIETCS YMEHBIICHUEM MpeAebHOMN
pPacTBOPUMOCTH YTJEpOJa B ayCTEHUTE IMPU BBEICHUU JIETUPYIOUIUMX 3JIEMEHTOB, MO3TOMY TpaHHIA
MEXIy JOABTEKTOUJIHBIMHU, 3a9BTCKTOMJHBIMA U JIEACOYPUTHBIMH CTalsIMA MOXET JIeKATh TIPH

SHAYUTECIBHO MCHBIIEM COACPKAHUUN YTIJIEPOaAa, YEM B YITICPOAUCTHIX CTAIAX.

1.4. Knaccudukaius JETHPOBAHHON CTalKd MO CTPYKType TOCIEe OXJaXICHHS Ha BO3AyXe M3
QyCTEHUTHOI'O COCTOSIHUSA

Jns onpeneneHuss NPUHAUIEKHOCTH K TOMY WJIM HWHOMY KJIAcCy B COOTBETCTBHHM C ITOM
Kinaccuukanuer crtaib (B BuAe 00pasmoB TodmuHOW 15-20 MM) HarpeBarOT 10 ayCTEHHUTHOTO
COCTOSIHHMSI,  3aTEM OXJIaX/JIal0T Ha BO3AYXE, TO €CTh MOABEPratoT HOPMAJIU3ALIHH.

Ora kmaccudukanus, mpeiokKeHHas (QpaHmy3ckuM yueHeiM Jl.I'mife, OCHOBBIBaeTCs Ha
YMEHBUIEHUH KPUTHYECKOM CKOPOCTH 3aKAJIIKM U CHHKEHUM TEMIIEPATypPHOr0 MHTEPBala MAPTEHCUTHOIO

MpEeBpALICHUs] TPU YBEIWYEHUHM COJAEPKAHUS JIETUPYIOIIUMX 3JeMeHTOB B craiu. [lpum oauHakoBoii
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CKOPOCTH OXJIaXJCHUS (Ha BO3AYyX€) U3 ayCTEHUTHOTO COCTOSIHHS CTajll C Pa3jMYHbIM COJIECpKaHUEM
JIETUPYIOIIUX 3JIEMEHTOB MOTYT IPUOOpETaTh MEPIUTHYIO, MAPTEHCUTHYIO WJIM ayCTEHUTHYIO CTPYKTYPY.
B cBs13u ¢ 3THM, 110 CTPYKType IOCIE OXJIAKIACHUS Ha BO3AYXE pa3iMyaroT CIEAYIOLIME TPU OCHOBHBIX
KJlacca CTajei: MepAUTHBI, MAPTCHCUTHBINA U ayCTCHUTHBIM.

KpoMe Tpex yka3zaHHBIX OCHOBHBIX KJIACCOB, XapaKTEPU3YEMbIX IO CTPYKTYpe, IMOIydaeMoM
CTaJbI0 MPU OXJIAKICHUM Ha BO3IYyXEe, CYIIECTBYIOT KapOWAHBIM M (eppuTHBIA Kiaccel. s craneit
KapOUHOTO Kjlacca YCIOBHBIM MPHU3HAKOM SIBJISIETCS YK€ HE OCHOBHAs CTPYKTypa oOpasla JHaMeTpoM
15-20 MM, OXJaXIEHHOIO Ha BO3AYXE W3 AYCTEHUTHOT'O COCTOSIHMS, a MPUCYTCTBUE 3HAYUTEIHLHOTO
KOJIMUYeCTBa KapOuI0B, KOTOphIE 00pa3yloTcs MPU HAJIWYUK B CTald OOJIBIIOTO0 KOJUYECTBA yriepojaa u
KapOu000pa3yonmx Jerupyomux 3ieMeHToB. Ctanu (eppuTHOro kiacca 1Mo CTPYKType Iociie
OXJIKJCHHUS Ha BO3/yX€ M3 ayCTEHUTHOI'O COCTOSIHMSI COBIAJAIOT CO CTAIsIMU (PEPPUTHOrO Kjacca Mo

CTPYKTYPC B paBHOBECHOM COCTOSAHUH.

2. MUKPOCTPYKTYPHBIN AHAJIN3 JIETUPOBAHHBIX CTAJIEN

2.1. MukpoCTpyKTypa JISTUPOBAHHBIX CTajJeii B PABHOBECHOM COCTOSIHUU

1. JIoPBTEKTOMIHbIE CTAIM UMEIOT CTPYKTYpY depputa u nepauta (pucyHok 1,a). KommuecTBo
deppuTa U mepiAHTa B CTPYKTYpE OINpEAeNsieTcs COAep)KaHHEeM YIiiepoJia B CTalld M KOHIEHTparuei

yraepoaa B 3BTekTouzie. K 3ToMy Kjaccy OTHOCSATCS KOHCTPYKIIMOHHBIE CTalH, Hapumep, Mapok 15X,

18XI'T, 18X2H4BA, 30XI'CA, 40X u MHOTHE IpyTHE.
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Pucynox 1 - Cxembt MUKpoCmpyKmypbul 1e2Uupo8aHHol cmaiu 0038mekmoudnozo kiacca mapxku 3OXI'CA
0 .
nocne nonnozo omacuea om 8807 C (a- monkoniacmurnyamolil nepaum u gheppum) u nocie HopmMaiu3ayuu
0
om 8807 C (6- copoum u peppum) x600 (copoum npu y8eruueHusx cemoso2o MUKpOCKOna mak, Kaxk

NOKA3aH HA cxeme, He pa3pemaemc,q)
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Pucynok 2 - Cxema muxpocmpykmypol
JIe2UPOBAHHOU CMAU I8MEKMOUOHO20 KAACCA

mapxu 70C3A nocne nonnoeo omacuea om 860°C.

Inacmunuamoni nepaum. x600

XTI, comepxamas 1,30-1,50%C;

1,30-1,60%Cr u 0,45-0,70%Mn,

2. OBTEKTOUIHEIE cTalIn HMEIOT

HEPJIUTHYIO (pucynok  2). C

CTPYKTYpY

YBEJIIMUYEHUEM COJIep>KaHUs JETUPYIOLIUX
JIEMEHTOB KOHILIEHTpALUs YIJepoAa B IEpIuTe
CHWKAeTCd M CTAHOBUTCSA 3HAUYUTEIILHO MEHbIIE
0,8%. 70C3A,

conepxarias 0,66-0,74%C u 2,40-2,80%Si, umeer

Hampumep, cranp  mapku

B OTOXKKCHHOM COCTOSAHHNHU MCPINTHYIO

CTPYKTYpY.

3. 3a’PBTEKTOUIHBIE CTaJIA UMEIOT

CTPYKTYpY,

HM30BITOYHBIX BTOPHYHBIX Kap6I/II[OB .

COCTOSALIYH0 M3  Iepiaura H
K »stomy
KJaccy OTHOCATCS CTaJIH

mapok X, XI', XBI', XI'CB u apyrue. Tak cranb

HHCTPYMCHTAJIbHBIC

II0CJIC IIOJIHOIrO OTXKuUIra H3

O,Z[HO(i)aSHOFO AYCTCHUTHOT'O COCTOAHUSA UMCCT CTPYKTYPY, COCTOAIIYIO N3 TOHKOINUIACTUHYATOTO IICPJINTA

U CeTKH HM30BITOYHBIX BTOPUY-HBIX KapOuaoB (pucyHok 3,a). CrulomHas ceTka KapOWJOB CHHXKAeT

MEXaHUYEeCKHE CBOMCTBA 3a3BTCKTOHUIHBIX CTaﬂeﬁ, MMO3TOMY OHHU MOJABEPrarOTCAd OTKUTY Ha 36pHPICTBII>i

nepauT (pUcyHok 3,0).

Pucynox 3 - Cxema muxpocmpykmypul 1e2up0o8aHHOU CIMAnu 3a36mMeKmouono2o kiacca mapxu XI' nocne

0 .
noanoeo omoicuea om 10007 C (a - monkoniacmurHyamolil nepaum u cemrka 6MmopudHsvlX Kapouoos) u

omoicuea Ha 3epHUCmblil nepaum (6 - 3epHUCbLLL NePAUm U BMOPULHBLE KAPOUObL OKPY2oll hopmbl).

x600
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4. JleneOypuTHOTO KJlacca CTalId COACPIKAT B CTPYKTYpE MEPBUYHBIC KapOUIbl, BBIACIUBIINECS U3
KUAKOW (ha3pl MPU KPHUCTALTM3ANUKA M BXOMSIIUE B COCTaB IBTEKTUKH - JieaeOypura. Jlerupyroriue
AJIEMEHTHI MOTYT HACTOJBKO CHUJIBHO YMEHBIIUTH PACTBOPHUMOCTH YIIIEpOJa B ayCTEHUTE, YTO TpHU
KOHIIEHTpaluuu ero MmeHee 1% BO3MOXHO oOpa3oBaHue Jsenedyputra B cranu. Hampumep, B JHUTOM
obicTpopexymiei cramu Mapku P18, comepkameit 0,70-0,80%C; 17,5-19,0%0W; 1,0-1,4%V u 3,8-
4,4%Cr, mpucyTcTBYyeT JieaeOypHT, UMEIOIMKA B BOJb()PAMOBBIX CTAIAX 'CKEIETOOOpA3HBIH" BHI.
JleneOypuT COCTOUT U3 IUTACTUHOK KapOUIOB, YEPEAYIOIUXCS C AyCTEHUTOM.

[Tpu oxnaxkIeHUU B MPOLECCE KPUCTALTU3ANNN TEPUTEKTUISCKOE TpeBpamieHne (KUIKOCTh+0-
(beppUT—>ayCTEeHNUT) HE YCIIEBAET 3aBEPIIUTHCS, U B CTPYKTYPE COXPAHSIETCS HEKOTOPOE KOJIMYECTBO O-
deppuTa, KOTOPBIH B OBICTPOPSKYIIUX CTAIAX TPH JATBHEUIIEM OXJIAKICHHH IPETSPIICBACT
OBTEKTOMAHBIA pacmag ¢ o0pa3oBaHHWEM O-3BTEKTOHJIA, COCTOSIIEr0 M3 TOHKOAWCIEPCHOH CMecH
aycTeHUTa M KapOwumoB. M3-3a GONBIION HM3MEIBYCHHOCTH O-3BTEKTOWJ CHIBLHO TPABUTCS, UMEET BHJI

TEMHBIX KpPHUCTAJJIOB OprrJIOﬁ (I)OpMBI U IUIOXO OTJIMYMM B OIITHYCCKOM MHKPOCKOIIC OT MHCPJIUTa

(pucyHoK 4,a).
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a.
Pucynox 4 - Cxema muxpocmpykmypul 1e2upo8arHoll cmanu nededypumnozo kiacca mapku P18 6 iumom
cocmosiHuu (a- 1ededypum, aycmenum u 36mekmouo) u nocie 0opabomxku 0asienuem - KOBKU U Omaicued

(6- Kpynuble nepsuyHble U MeaKue 6Mmopuinblie Kapouovl, meakozeprucmoiil nepaum). x600

KapOunpl, oOpa3oBaBiiecs B Mpolecce KpHUCTAUIM3AMA M BXONAIIUE B COCTaB JleAeOypura,
HAa3bIBAOTCA IIEPBUYHBIMU.

[To cTpykType cranu ienedypuTHOTO Kiacca ClIeoBaio Obl pacCMaTpPHUBATh KaK OeJble YyTyHBI.
OpnHako B pe3yibTaTe MOHMKEHHOTO COZIEp)KaHUS YIIepoJa OHM IO CBOMCTBAM 3HAYMTEIBHO OJIMKE K
CTaJIM, YeM K YyTr'yHaM, YTO MO3BOJISICT pacCMaTpHUBaTh UX Kak cTanu. JleneOyputHbie cTanu o0nagaroT
0oJiee BBICOKOW TUIACTUYHOCTBIO, YeM OeJlble YyTryHBI, TO3TOMY IyTeM ropsiueid oOpabOTKH JaBIeHUEM

yaaercs pazapoOuTh JeleOypUTHYIO 3BTEKTHKY M IMOBBICUTH CBOWCTBA CTalM 3a CUET PaBHOMEPHOTO
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pacrnpenenenus kapouaoB. CTpyKTypa KOBaHOW M OTOXOKEHHOM ObICTpopexymien ctamu P18 cocTout u3

KpPYIHBIX MEPBUYHBIX KapOHI0B, 00Jj€€ MEJIKUX BTOPUYHBIX U MEJIKO3EPHUCTOIO NEPIIUTA, COCTOSIIETO

U3 JIETUPOBAHHOTO (peppuTa U IBTEKTOMIHBIX KapOUI0B (PUCYHOK 4,0).

K nenebyputHOMy KilacCy OTHOCSATCS MHCTPYMEHTaJbHBIE CTAlU - OBICTpOpexylnue mMapok P9,

P12, P18, PO®S5, PIOKS®S u a1 mitaMnoB X0JIOAHOM MITaMIOBKUA Mapok X12, X12d1, X12M.

5. AyCTEeHHTHOro Kjacca CTadM COJAEpKaT OOJBIIOE KOJIUYECTBO JICTUPYIOUIUX 3JIEMEHTOB,

KOTOpBIE PACHIMPSIOT O0JAaCTh ayCTEHWTA, MOBBINIAS €r0 YCTOHYMBOCTb, W PE3KO CYXKAIOT O0JIACTh

CYLIECTBOBaHUs (PeppHTa.

DneMeHTaMHU, CTaOWIM3UPYIOIIUMUA ayCTEHUTHYIO CTPYKTYpY, SIBISIOTCS HUKENIb, Maprasell,

Meab, a3oT u yriepold. [lpum gocrarouHoM HX CcOAEpKAHMM CTallb HE IIpeTrepreBacT (ha30BbIX

IIPEBPAIIECHUN U COXPAHAET AYCTEHUTHYIO CTPYKTYPY IPH OXJIAKAECHUU JO KOMHATHOW TEMIIEPATYPBI.

N

Pucynox 5 - Cxema muxpocmpyxmypul
JIe2UpOBAHHOU CIMANU ayCmeHUmHo20 K1acca
maprku 12XHISHIT nocne 3axanku om 1 050°C ¢
6o0e. Aycmenum. x600. (Tpasnenue &
anekmpoaume, cooepaicaujem 10 e wasenesoii
kucaomsl u 100 ma 60061, npu NIOMHOCMU MOKA

0,1 A/em* 6 meuenue 35-45 ¢)

JIns ayCTEHUTHOU CTPYKTYpPbl XapaKTEPHO
HAJIMYUE BHYTPU 3€PEH NPSIMOJIMHEWHBIX TPaHMIL

JIBOWHMKOBaHMA. Ha pucynke S5 noka3aHa

cTaIu 12X18H9T  3akaneHHOM

CTPYKTypa
cocTosiHMU. [Ipy MeNIeHHOM OXJaKACHUH OT
1050°C u3 aycTeHHTa BBIACIAIOTCS 10 TPAHHIAM
3epeH KapOWIbl, CHIDKAIONIMEe MEXaHUYCCKUE
coiictBa. [loaTOMy cTamu ayCTEHHUTHOrO Kiacca

YaCTO MNPUMCHANOTCS B O)IHOCI)&SHOM COCTOSAHHH.

ayCTeHUTa, KOTOpO€e MoJIy4aercs yTeM
pacTBopeHHs  KapOWJOB  IpU  HAarpeBe U
nocineayomei  3akanku B Boxe.  Cramm
ayCTEHUTHOIO  Kjlacca B  3aBUCUMOCTH  OT
XUMHYECKOT0 cocraBa MOTYT OBITh
HEP>KABEIOMNMHA (12X18HIT, 08X18HI12T,
04X18H10),  xapompouneiMu  (08X18HIOT,

45X14H14B2M), uznococtoiikumu (I'13), a Taxxke

o0nagaTh APYrUMH OCOOBIMU CBOWCTBAMH.

)KapOHpO'-IHOCTB ONpeaACICTCA CUJIIaMHU MCKATOMHOI'O B331/IMO}161710TBH$[ IIpHU MMOBBIICHHBIX

TEMIICpAaTypax, a TaK KaK IINIOTHOCTb YIIAKOBKHM 4aTOMOB B QaYCTCHUTC MaKCUMaJlbHas, TO CTallnu

ayCTEeHHUTHOTO KJlacca 00J1a1aloT HauOOoJIbIIeH KapOPOYHOCTHIO. XPOM U HUKEINb SIBIISIOTCS OCHOBHBIMH

JETUPYIOIMMHA KOMIIOHEHTaMU JTHX cTajeid. XpoM OIpenessieT OKaJIWHOCTOHKOCTb, a HUKEIbh -

YCTOMYMBOCTh ayCTEHUTA.

B XpoMmoHUKeNneBbIX HEPHKABEIOIIMX CTAISIX M3-32 HAJIUYMs YIiepojla MOTyT 00pa3oBaThCs
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crelraibHble KapOuIbl, MpeuMyliecTBeHHO Tuna My3Ce. Bbinenenue kapOHIOB MPOUCXOTUT TIO
rpaHUIlaM 3€peH, 4YTO IMPH OINPEACICHHBIX YCIOBHUSAX TPUBOAWT K TOSIBICHUIO 0CO00OrO BHIA
KOPPO3UOHHOTO Pa3pylICHUs IO TPaHUIaM 3€peH, HA3bIBAEMOTO MEKKPUCTAJUTUTHOM KOpPO3UEH.

brnarogaps aycTeHUTHON CTPYKType 3THU CTajlyd HEMarHUTHBI, UMEIOT BBICOKYIO IUIACTUYHOCTH U
MHOTHE U3 HUX XOPOIIO HITAMITYIOTCS B XOJIOJHOM COCTOSIHUU.

6. @eppUTHOrO Kjacca CTald HMEIOT BBICOKYIO KOHIEHTPALMIO JIETUPYIOUIUMX 3JIEMEHTOB,
CyXXamIux 00JacTh ayCTeHHTAa M pacIIUpsommx obnacts (eppurta. K Takum sjgeMeHTaM OTHOCATCS:
XpOM, KPEMHHUH, allFOMUHUN, MOJTUO1eH, BoJb(paM, BaHaIUi, TUTAH U IPYyTHE.

Jljis mosryueHust MepiAUTHON CTPYKTYpPBI CTallb J0JDKHA UMeTh MuHUManbHoe (10 0,1-0,2%) conepxanue
yriaepoja, paclMpstounero oodynacte aycreHuta. CTpyKTypa 3THX CTaj€il COCTOMT, B OCHOBHOM, W3
JIETUPOBAHHOTO ()eppuTa, HE MPEBPAIIAOIICTOCS B ayCTEHUT MPU HATPEBE BIUIOTH IO TEMIIEPATYPHI
raBieHusa. Ha pucyHnke 6 mokasaHa MHUKPOCTPYKTypa TpaHC(HOpPMATOPHOM cTamu Mapku D42, koTtopas
BCJIE/ICTBUE HU3KOro conepkanus yriepona (menee 0,05%) u BbICOKOM KOHIEHTpauuu kpemHus (3,8-

4,8%) HEe UMeeT aITIOTPONIUYECKOTO MPEBPAILICHUS (<>Y U TIOITOMY OTHOCHTCS K (PEppPUTHOMY KIIaccy.

OnekrporexHuueckas craip umeer no I'OCTy
crienuanbHy0 MapkupoBky. [lepBas nudpa 3a OykBoit D
MOKa3bIBaeT MNPUMEPHOE COJAEp)KaHUE KpeMHus B %.
Bropas mudpa XapaKTepu3yer YPOBEHb
DIIEKTPOTEXHUYECKUX W MArHUTHBIX CBOWCTB (4eM
nugppa Oonbiie, TeM cBoiicTBa Bbille). KpemHui,
pacTBopsisick B (QeppuTe, pEe3KO  yBEIMYHUBACT
AJIEKTPOCOIIPOTUBIIEHUE M TEM CaMBbIM CHUXAET MOTEPH

Ha BUXPCBBIC TOKHU U TUCTCPECIUC.

[Ipu BBICOKOM coOAEpX)aHWUU XpOMa, KPEMHHS U
Pucynok 6 - Cxema muxpocmpyxkmypwi

. ATIOMUHUS  CTaIU  (EppUTHOrO Kjacca  SBJSIOTCS
JIe2UPOBAHHOU CMANU PeppumHo20 Kiacca

JKapOCTOMKUMHU  (OKaJUHOCTOMKUMH), TaK KakK 3TH
mapku 342. @eppum. x600
AIIEMEHTHI CIOCOOHBI 0Opa30BHIBATh HAa TOBEPXHOCTH
JETANM TUIOTHBIC TUICHKHM OKHCIJIOB, MPEMSTCTBYIONIME MPOHWKHOBEHHUIO KHCIOpOJa W 0Opa30BaHUIO
okanuHbl. K sxapocToiikum oTHOCcATCs ctanmu Mapok X17, OX17T, X25T, X28, 1X12CIO, X18CHO u
npyrue. Ctanu GeppUTHOTO Kiacca B KaueCTBE JKapOMPOYHBIX HE MPUMEHSIOTCS, TaK Kak (eppuT UMeeT

Ooslee HU3KYIO IUIOTHOCTh YMAKOBKM aTOMOB B peIlleTKe, 4eM aycTeHWUT. braromaps ¢eppHuTHOI

CTPYKTYpE, 3TU cTalii 00J1a1ai0T (heppOMarHUTHBIMH CBOHCTBaMHU.

2.2. MUKpOCTPYKTYypa JIETMPOBAHHBIX CTAJICH MOCJE OXJIAXIACHUS HAa BO3AYXE M3 ayCTEHUTHOTO
COCTOAHUA

1. HepJII/ITHOFO KJ1acCa CTaJIi UMCHOT CPABHUTCIIBHO MAJIOC COACPKAaHNC JICTUPYIOIIUX DJICMCHTOB,
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BCJIEJICTBHE YEr0 MX KPUTHUYECKAs CKOPOCTh 3AKAJIKU OKAa3bIBACTCS BBILIE CKOPOCTU OXJAXICHHUS Ha
Bo3ayxe. [loaToMy npu OXJTaKACHUU HA BO3AyXE MPOUCXOIUT pacnaja aycTeHuTa 1upy3HOHHBIM TyTeM
¢ 00pa3oBaHMEM NEPIUTHBIX CTPYKTYp (TIEPIIUT, COPOUT MIIM TPOOCTHUT), KOTOPHIE OTIUYAIOTCS APYT OT
Apyra pa3jIMyHON AUCHEPCHOCTHIO IIACTUH KapOUI0B U JIETUPOBAHHOIO (eppuTa.

K cramam  mepiuTHOro  kiacca  OTHOCUTCA — OOJNBIIMHCTBO — KOHCTPYKIMOHHBIX U
uHcTpyMeHTanbHbIX cranei: 20X, 40X, 30XI'CA, X, XI', XBI', 9XC u npyrue. Ha pucynke 1,0
nokazaHa MukpocTpykrypa crtanmu 30XI'CA B HopManu3oBaHHOM cocTosiHMM. Ilpu  yckopeHHOM
OXJIaX/IEHUH Ha BO3/yX€ BeCh (DEPPUT HE YCIIEBAET BBIJCIUTHCS U3 ayCTEHUTA, KOTOPBIH ITpeBpaliaeTcs B
copOut. IlosToMy mnocine HOpManu3auuu 3epeH (eppuTa 3HAYMTEIBHO MEHbILE, YEM I10CJIE ITOJHOTO
OTXKUra.

2. MapTeHCHUTHOTO KJacca CTalH COJAepXaT OOJbIIe JIETUPYIOMIUX 3JIEMEHTOB 10 CPABHEHUIO CO
CTAJSIMM TEPIMTHOTO Kiacca. Jlerupyrouiye 3J1eMEeHThI, MOBbIIIAs YCTOWYMBOCTh MEPEOXIIAKICHHOTO
ayCTeHHMTa K paclaay, HacTOJIbKO CHUXKAIOT KPUTUYECKYK0 CKOPOCTb 3aKaJKH, YTO OHAa OKa3bIBaeTCs

MCHBIIC CKOPOCTHU OXJIAXKICHUA HAa BO3AYyXC. HOBTOMy IIpH OXJIAKACHWHU HAa BO3AYXEC CTAJIb 3aKAJIMBACTCA

HAa MapTEHCUTHYI CTpyKTypy (pucyHok 7). K
MapTEHCUTHOMY KJIacCy OTHOCSITCS CTald Mapok
20X2H4A, 20X13, 30X13, 50X13, P9, P6MS5, P18 u
JpyTue.

3. AyCTeHHTHOro Kijacca CTajlll COJepXKaT

OoIbIIIOE KOJIMYECTBO JICTUPYIOIIHX 9JICMCHTOB,
KOTOPLIC CHMIXAIOT TEMIICPATYpPy Ha4dalia

MapTEHCUTHOTO IpEBpALICHUS B obnacth

OTPpULATCIIBHBIX TEMIICPATYP W HACTOJBKO IMOBBIIIAIOT

YCTOIZHHBOCTB AaYCTCHHUTA, YTO OH IIOCJIC OXJIAXKICHUIA

Pucynox 7 - Cxema mukpocmpyKkmypbl Ha BO3AyX€ COBEpLIEHHO HE pacmajgaercsa ImIpu

JIe2UPOBAHHOU CIMANU MAPMEHCUMHO20 KAACCA .
P P KOMHaTHOW Temmnepatype. K aycreHutHomy Kiaccy

mapku 20X 13 nocne nopmanuzayuu om
OTHOCATCS ~ CTald  Mapok 12X18HOT, TI'13,

45X14H14B2M u npyrue (CM. pUCYHOK 5).

0 .
1050 C: mapmencum u ocmamounwiii

aycmenum. x600 (mpaenenue 6 anekmponume,

cooepoicawem 5-10 2 wasenesoii KUCI0mol U 4. Jlnst craneil KapOMIHOrO Kiracca yCIOBHBIM

2
100 mn 60001, npu nromnocmu moxa 0,1 A/cm”™  npusHakoM SBISETCS YK€ HE OCHOBHAsS CTPYKTypa

¢ meuenue 60-80 c) obpasna amamerpoM 15-20 MM, OXNaXJIEHHOTO Ha
BO3/YyX€ OT ayCTEHUTHOT'O COCTOSIHUSI, a TPUCYTCTBHE
3HAYUTEIBHOTO KOJMYECTBa KapOHJ0B, KOTOpble OO0pa3yloTcs MNpH HAIMYUKM B CTAIM OOJBIIOTO
KOJIMYECTBA YIiiepoa u KapOona000pa3yronIux JETUPYIONINX 3JIEMEHTOB.

Jlerupyrolye 3JI€MEHThI, pacTBOPAACH B LIEMEHTHUTE, CIOCOOHBI 0Opa30BBIBATH JIETMPOBAHHBIN

nementut, Hampumep, (Fe,Mo)sC, (Fe,Cr)sC, (Fe,W)3;C. JlerupoBaHHBIH IIEMEHTUT W CIICIHATbHBIC



11
kapouael Thna MeC, M7Cs, M23Cs (rne M - xapOuaooOpasyromure 3JeMeHThl), Hanpumep, FesMosC,
Cr;Cs, Cry3Cs, mMemIMe CIOXHYIO KPUCTALIMYECKYIO PEIIETKY, MOCTPOCHHYIO U3 3aKOHOMEPHO
PaCTOI0KEHHBIX aTOMOB METAJUIA U YIIIEPOJIa, OTHOCITCS K KapOuaam mepBOi rPpyIIIbL.

Mertasuibl, 1J1s1 KOTOPBIX OTHOIIEHHE aTOMHOTO paauyca yriepoaa (0,079 HM) kK X COOCTBEHHOMY
panuycy menblie 0,59, crmocoOHbI 00pa30BBIBaTh CrienHaibHbie Kapouabl Tua M,C u MC (MO,C, W-C,
WC, VC, TiC u apyrue), sBustonmecs (a3zamu BHEIPCHUS. DTH KapOHWIbl UMEIOT CPaBHUTEIHHO
MPOCTYI0 KyOMYECKYI0 WM TeKCArOHAIBHYIO DPEIIETKY, MOCTPOCHHYIO M3 aTOMOB METalia, a aTOMBI
yriaepoza BHelpeHbl B Hee. KapOuabl, npeacrapistoniue ¢pa3bl BHEIPEHUS, OTHOCATCSA KO BTOPOM rpyriIe.

OpHako B YUCTOM BHJIE NEPEUYHUCICHHBIE KapOuAbl B CTalAX HE CYyIIeCTBYIOT. Bce onu
PacTBOPSIIOT JKeJe30, a MPU HATMYUU HECKOJIBKUX KapOMI000pa3yroIIUX 3JIEMEHTOB- U 3TH JJIEMEHTHI.
Tak, B XpOMOMapraHIlOBHCTOH CTadl BMECTO crenuaiabHoro kapOuma xpoma Crp3Cgs oOpasyercs
cnoxubIi kapoua (Cr,Mn,Fe),3Cq, comeprkanuii B TBEPIOM paCTBOPE JKEIIE30 U MapraHell.

CrnenyeT OTMETUTH, 4TO (ha3bl BHEIPEHUS 3HAYUTEILHO TPYAHEE PACTBOPSIOTCSA B ayCTEHUTE MPU
HarpeBaHWH, 4eM KapOupl NmepBOil Tpynmsl U TeMm Oosee, ueM npoctoil nemeHTut FesC. Ilosromy mms
pacTBOpeHHs KapOUIOB B AyCTECHUTE JISTHPOBAHHBIC CTAJM HArPEBAIOT MPU TEPMUUYECKON 00paboTKe 110
0oJ1ee BHICOKMX TEMIEPATyp, YeM YIIEPOAUCThIE CTAIH.

KapOuabl oBBIIAIOT H3HOCOCTOMKOCTD, TBEPAOCTh U PEIKYIIIUE CBOMCTBA JIETUPOBAHHBIX CTaJICH.
K xapObumHOMy Kiaccy OTHOCSTCSI HHCTPYMEHTAJIbHBIC CTaIM, HanpuMep, mapok P9, P18, X12, X12d1,
XBS5 u MHOTHE npyrHe (CM. PUCYHOK 4).

5. @eppuTHOrO Kiacca CTalld WUMEIOT MUHUMAIbHOE COJIEp)KaHUEe Yriepojaa Mpu OOIBIIOM
KOJIMYECTBE JIETUPYIOUIUX 3JEMEHTOB, pPAaCHIMPAIOMIUX obnacTh o-xkene3a (¢peppurta). Takue cranu
KPUCTAITU3YIOTCS ¢ 00pa30BaHUEM CTPYKTYPHI JIESTUPOBAHHOTO (eppuTa, KOTOPBIA HU MPH OXITKICHHUH,

HU NIpH HarpeBaHUM He MPEeBPAIlaeTCs B ayCTEHUT (CM. PUCYHOK 6).

W3 Bcex pacCMOTPEHHBIX BBILIE CTPYKTYPHBIX KJIACCOB JIESTUPOBAHHBIX CTAJIEH K UBHOCOCHIQOUKUM

OTHOCATCSI CTaJIdi MAapTEHCUTHOTO, KapOWJIHOTO M ayCTEHHUTHOTO KiaccoB. J[Ba MepBBIX 00€CIeunBarOT
CTOMKOCTh K MEXaHWYECKOMY HW3HOCY Oaromapsi BBICOKOW TBEPJOCTH, CTAIM ayCTEHHUTHOTO Kiacca
MPUOOPETAIOT HM3HOCOCTOMKOCTh TOBEPXHOCTHOTO CIJIOST B TMpoliecce OKCIUTyaTaluud Onaromaps
CIIOCOOHOCTH JIETKO HaKJIEMBIBAThCA (YIPOUHATHCS) IO MEXaHW3MY JIBOMHHKOBaHUA. Kpome ToroO,
MapaMarHUTHBIA ayCTEHUT CTOCK K OKHUCIUTEIbHOMY M3HOCY B YCIOBHUSIX KOPPO3MOHHO-MEXAHUYECKOTO
W3HaImMBaHus. Bce 3Tu TUmbl craneid MOryT OBITh HCHOJB30BAaHBI B KAueCTBE HAIJIABICHHBIX WU
HANBUIEHHBIX ITOKPBITUMN.

Cpenu 4yryHOB K H3HOCOCTOMKUM MIPUHSITO OTHOCHTH TOJIBKO OCJIbIE UYT'YHBI, KOTOpBIE Oaroaaps
MIPUCYTCTBUIO B CTPYKTYpe OOJBIIOr0 KOJWYECTBA IEMEHTUTA WMEIOT OYEHb BBICOKYIO TBEPIOCTD.
OpHako, OHU HE MOTYT OBITh HCIOJB30BAHBI MJIs JIeTalel, MOABEPralONINXCsA YAAPHBIM HIIH
LHUKJIMYECKUM Harpy3skam M3-3a BBICOKOM XPYNKOCTH. beJble 4yryHbl MMEIOT BBICOKYIO CTOMKOCTH B

YCIIOBUSIX KOHTAKTHBIX CTATUYECKUX HATPY30K, HAIPUMEp, IPU TPEHUH KaueHUs. JlernpoBaHHbIE YYT'yHbI
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CJIOKHOTO XMMHYECKOTO cocTaBa (C OOJBIIMM COJEpP)KaHUEM YIIIepoaa, XpoMa, Bosibdpama, Oopa u ap.)
MIPUMEHSIOT IS MOJYy4YEHUsI U3HOCOCTOMKUX IOKPBITUM METOJOM IOPOIIKOBOM JYrOBOM, JIA3€PHOU WIIU

WHAYKIIMOHHOM HaIUIaBKH.

2.3. MukpocTpyKTypa 0e10ro 4yryHa

B coorBercTBMM ¢ JauarpaMMOi COCTOSHHUSI JKEI€30-LEMEHTUT Oenblii 4yryH MOXeT ObITh
JIO3BTEKTUUYECKUM C cojepykaHueMm yriepona meHee 4,3%, sBrekruueckuM npu 4,3% yriaepoga u
3a9BTEKTHUYECKHUM C KOHIICHTpaIuen yriaepoaa 6oinee 4,3%.

IIpu oxnaxaeHWu IOIBTEKTHMUYECKOIO COCTAaBa M3 JKUAKOIO COCTOSIHMA 1O JMHMU JukBuayc BC
HUKaKUX IpeBpalieHuid He mpoucxoauT. Ot temmeparyp auHuu aukBuayc BC no nunum comuayc EC
KPUCTAINIM3YETCS AyCTEHUT IIEPEMEHHOr0 COCTaBa, 4TO MPUBOAMUT (Tpu 1147°C) x YBEIUYECHUIO
COJIep’KaHusl B JKMJIKOM 4yryHe yriepoja 10 4,3% u 3BTEKTHYECKOMY IPEBpALICHHIO, IPU KOTOPOM
IIPOUCXOJUT OJHOBPEMEHHAs KPHCTAIIM3ALMs U3 KUJIKOCTH JIBYX (a3 - ayCTEHHTa C KOHIEHTpauuein
2,14% C u uemeHTHTa, MpUBOAAIIAS K 00pa3oBaHMIO JeneOyputa. JlanbHellnee oxIaxIeHHUe, 3a cueT
BBIJICJICHUS] BTOPUYHOTO IIEMEHTUTa B COOTBETCTBMM C JuHHEeH ES compoBokmaercs cHuXeHHEM
comepkanusi yriepona B aycrerure a0 0,8% C, sBrekTomaHbIM TpeBparieHueM 1o JuHuu PSK, B
pe3yJIbTaTe 4ero MUKPOCTPYKTYPa JOIBTEKTHUECKOro 0enoro uyryHa Hiske 727°C, COCTOMT U3 TepiuTa
B BUJIC TEMHBIX y4YacTKOB, JieeOypuTa B BHUJE TEMHBIX TOUEUHBIX MEPJIMTHBIX BKJIIOUEHHUH Ha Oenom
(doHE TIEeMEHTUTa W BTOPUYHOTO IIEMEHTHTA, KOTOPBIA MOXET OBITh B BHJE CBETJIBIX OTIEIBHBIX
BKJIIOYEHUN W WIJI, U MOXET CIMBAThCA C IEMEHTUTOM JeneOypurta (pucyHok 8). C yBenuueHuem
COZIep KaHus YIiieposia B Uyr'yHe KOJIMYECTBO Jie1e0ypHuTa BO3pacTaeT, a NePIUTa yMEHbIASTCS.

MHUKpPOCTPYKTYypa 3BTEKTHUYECKOIO OEoro 4yryHa COCTOMT M3 JieAeOypHTa, MpeACTaBIISIONIEro
co6oii mpu Temmeparypax Boime muaEE PSK (727°C) cMech aycTeHHTa M IEMEHTHTA (3BTEKTHYECKOTO i

BTOPUYHOTO), @ HUKE - CMECh MEPJIUTA U IIEMEHTHUTA (PUCYHOK 9).

-‘:.; PO et
Sas el
.

o %

Pucynox 8 — Cxema muxkpocmpyxmypui Pucynox 9 — Cxema muxpocmpykmypoi
00268mexmuyecko2o benoeo uyeyna. Jleoeobypum u 98MeKmuyecKo20 benoeo uyeyna. Jleoeoypum.

nepaum. x350 x350
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MHUKpPOCTPYKTypa 3a3BTEKTUYECKOT0 Oenoro
YyryHa COCTOUT M3 KPYIIHBIX CBETJBIX IJIACTHH
NEPBUYHOIO IIEMEHTUTa U Jenedypura (puc. 10).

B pe3ynbrare KpucTayuM3anuu NEpBUYHOTO
nemMeHTuTa Huwxke JuHuu DC nuarpaMMel sKUAKHUMA
YyTryH 00€3yIJIepOoXKHUBaeTCs U NPH TeMIepaType

1147°C (uaust ECF) ¢ comepkanuem yriepoja

4,3% 3aTBepaeBacT B DIBTCKTUKY - JIeAeOYpHT,

KOTOpas  NpUd  HOPMaJbHOW  TeMIleparype

IpeCTaBIseT co00M CMeCh NEPINTA U LIEMEHTHTA,; Pucynox 10 — Cxema murpocmpyxmypsi

C TIOBBINICHMEM CONepKaHHs yriepoja B JSAP6MEKMUYecKo20 benozo yyzayna. Jledebypum u
3a9BTEKTUYECKOM YyT'yYHE KOJIMYECTBO IIEPBUYHOTO nepeuunblil yemenmum. x350

LIEMEHTUTA BO3pacTaeT, KOJIMYEeCTBO Jenedypura

yMeHbIlaercs. Beicokoe conepikaHue 3BTEKTUYECKOI0, IEPBUYHOTO U BTOPUYHOIO I[EMEHTHUTA B OEIOM
YyryHe IPHUAAET EMY BBICOKYIO TBEPIOCTb, XPYIIKOCTh U M3HOCOCTOMKOCTb. benblii 4yryH O4€Hb IUIOXO
oOpabaTbIBaeTcsl PeXYLUIMM HUHCTPYMEHTOM. lIpumensiercs mpu JuThe TOJIbKO M3HOCOCTOMKHUX OTJIMBOK,
He TpeOyromux o0paboTkM (IIapbl Ui IIAPOBBIX MEIbHMII, MPOKAaTHbIE BaJKH, BarOHHbIE Kojeca C

OTOEJNIEHHBIM 000JIOM M HEKOTOpbIe JIpyrue). benblii uyryH cBoMM Ha3zBaHHMEM 00s3aH MaTOBO-OelomMy

[[BETY U3JIOMa.

3. METOJUKA BbBIIIOJIHEHUS PABOTBI
3.1. VsacHute 11ienp paboThI.
3.2. V3yuute CyIIHOCTH JIETUPOBAHUS CTalM, KIACCHU(PHUKAIUIO JIETUPYIOIMIMX 3JIEMEHTOB, OCOOCHHOCTH
MapKUPOBKHM U MPUHIUIBI KJIacCCU(UKALMU JETUPOBAHHOM CTalM MO COCTaBy, HA3HAYECHUIO, CTPYKTYpE B
PaBHOBECHOM COCTOSIHUH U MOCJIE OXJIaXKACHUS Ha BO3AYXE U3 AyCTEHUTHOTO COCTOSIHUS.
3.3. ConocTtaBbTe MUKPOCTPYKTYPY JETMPOBAHHBIX CTAJICH.
3.4. U300pa3ute cxeMbl MUKPOCTPYKTYP Pa3INUHbIX KJIACCOB JIESTMPOBAHHOW CTAIM U YyT'yHa.
3.5. BBIMOTHUTE MHUKPOCTPYKTYPHBIA aHalIM3 pPa3IMYHBIX KJIACCOB JIETMPOBAHHOM CTalld M YYTryHa,
BBIJICJIUTE U3 HUX U ONUIINTE U3HOCOCTOMKHNE MaTepHAJIb.

3.6. CocraBbTe OTUET O paboTe.

4. COAEP) KAHUE OTUETA
— Iens paboThI.
— OmnpezgeneHue JerupoBaHHON CTAJIHU.
— Kiaccuduxanus aerupyromux 3J1eMeHTOB.

—  Oco0eHHOCTH MapKUPOBKH JISTHPOBAHHBIX CTaJICH.
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— IlpuHUMIBI KMacCUpUKAIMU JIETHPOBAHHON CTallM MO CTPYKTYpE B PABHOBECHOM COCTOSIHUU U TIOCIIE
OXJIQXKICHUS Ha BO3yX€ U3 AyCTEHUTHOI'O COCTOSIHUS.
— (CxeMbl MUKPOCTPYKTYP PA3JIMYHbBIX KJIACCOB JIETUPOBAHHOM CTAJIN.

—  MUKpPOCTPYKTYPHBIN aHAJIU3 PA3JIMYHBIX KJIACCOB M3HOCOCTOMKHUX JIESTUPOBAHHBIX CTAJIEU U YyT'YHOB.

5. KOHTPOJIBHBIE BOITPOCBHI
. Kakue cranu Ha3bIBaloTCA J1ETMPOBAHHBIMU?
. Kakue nerupyromue 31eMeHTsI SBIIsIeTCA KapOU10- U HeKapOoua000pa3yonmmu?
. Kak mapkupyrorcs nerupoBanssie craiu?
. Ilo xakuM npu3HaKaM KIacCUPULMPYIOT JIETMPOBAHHYIO CTaJlb?
. Ha xakue rpynnsl noapa3aesnstorcs JeTMPOBAHHbIE CTAIM 110 HA3HAYEHUIO?
. Ha xakue kiaccol AensaTcs JIETMPOBAaHHBIE CTANIM 10 CTPYKTYPE B PABHOBECHOM COCTOSIHUU?

. Kakue JICTUPYIOLIUE 3JICMCHTBI COACPIKAT CTAJIN AYCTCHUTHOI'O U (beppI/ITHOl"O KJaccoB?

00 9 N N AW N =

. Ha kakue kiacchl JeNsATCsl JErMpoBaHHbIE CTAIM MO CTPYKType IMOCHe OXJAXICHHs Ha BO3AyXe M3
ayCTEHUTHOTO COCTOSTHUSA?
9. Kakue cranu OTHOCATCS K M3HOCOCTOMKHM U TIOYEMY?

10. Kakue 4yryHsl SBISIOTCS M3HOCOCTOMKUMHU, HA30BUTE X CTPYKTYpHBIE OCOOEHHOCTH?

PEKOMEHJIYEMbIA BUBJIUOT PAOUYECKHU CITMCOK
1. I'ynseB A.Il. Merannosenenue.- M.: Meramtyprus, 1986. - 544 c.
2. Jlaxtun FO.M. MetamioBeneHue u TepMuueckas oopaboTka MeTayuioB. - M.: Mertamnyprus, 1984. -

360 c.

JlaGopaTopHasi padora Ne2
MUKPOCTPYKTYPA AHTU®PUKIIMOHHBIX IBETHBIX CIIJIABOB

1. OCHOBHBIE TEOPETUYECKHUE INPEJICTABJIEHUSA

JluarpaMMbl COCTOSTHUSI ONpEAEsIoT (a30BBIi COCTaB M CTPYKTYPY CIIaBOB B YCIIOBHSX
paBHOBECHSI, 1al0OT BO3MOXKHOCTh peEIIaTh BOMPOCHI UX YIMPOUYHEHHUS MyTEeM TEPMHUYECKOW 0O0pabOTKU U
M03TOMY SIBJIIFOTCSI OCHOBOM KJlacCM(UKAllMU CIUIABOB IIBETHBIX MeTayyioB. [lo TeXHOJOrHYecKuM
CBOWCTBAM CIUIaBbl JENAT Ha JOeQOpMHpYEMble, HAaXOASIIUECS B COCTOSHHUU TBEPIBIX PACTBOPOB U
XOpoIIo o0pabaTeiBaeMble AaBICHUEM, M JTUTEHHBIC, HIMEIOLINE B CTPYKTYPE IBTEKTHKY M 00JIaaolue
HAWIy4IIed >KUIKOTeKydecTbio. [lo crmocoOHOCTH YIMPOYHATHCSA C MOMOIIBIO TEPMUUYECKOH 00paboTKH
I[BETHBIC CIUIABbl MOJPA3JEIAIOT HAa HEYNPOYHSEMbIE M YNPOYHSEMblE TEPMHUUECKOM 0OpabOTKOM -

3aKajgKon 0e3 MoJMMOP(GHOTO MPEBPAIICHHUS U CTAPCHUEM.
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YopouyHsieMbIMU TEPMHUYECKOH OOpaOOTKOW SBISIOTCS CIUIaBbl, JJISI KOTOPBIX XapaKTEpHO
YMEHBIIIEHUE PACTBOPUMOCTH KOMIIOHEHTOB B TBEPJIOM COCTOSIHUM IPU CHIXKEHUU TEMIEpaTyphl 10
HOpPMaJbHOW (KOMHATHOW). B IpPOMBIIIJIEHHOCTH IIUPOKOE IPUMEHEHHE HAXOAAT Kak JIBONHBIE,
TPOWHBIE, TaK U MOJMKOMIIOHEHTHBIE CIIJIaBbl IBETHBIX METAIJIOB, (Da30BbIi COCTaB U CTPYKTypa KOTOPBIX
B YCJOBHUSIX PaBHOBECHUS OIPEICISIIOTCS COOTBETCTBYIOLIMMHU JuUarpaMMaMu coctosinus. Hecmorps Ha
9TO, TMpU HEOOJIBIIOM COJEPNKAHUU JICTHUPYIOIIUX D3JIEMEHTOB B OOJBIIMHCTBE CIIy4aeB BIIOJHE
JOCTATOYHBIM JIJIi KA4eCTBEHHOTO OIHMCAHUS HM3MEHEHHH (ha30BOTO COCTaBa, CTPYKTYPBI SIBISICTCS
KCIMOJIb30BAaHUE HATJISIAHBIX JBOMHBIX JHArpaMM COCTOSHUS "I[BETHOM METaJll - OCHOBHOM JIETHPYIOIIHI
anemMeHT". B cooTBeTCTBHM C TOAOOHON quarpaMMoi "aTrlOMUHHK - JETHPYIONTUN 3JeMeHT" (pUCYHOK 1)
CIUIaBBI C COIEPKAHUEM JIETUPYIOIIETO 3JIEMEHTA JI0 IPOSKIIMU TOUYKH B Ha OCh KOHIICHTpALIUN SBIISIFOTCS
neopMUpYEMBbIMHU, a C OOJBIIMM COJEpKaHUEM - JHUTeHHbIMU. [Ipm 3TOM cCmiaBbl ¢ coaepKaHHUEeM
JIETUPYIOIIETO 3JeMeHTa 10 Touku D He ynpouHstoTes B pe3yabTaTe TEPMUUYECKONH 00pabOTKH, a CIJIaBbI
c OONBIINM COACpNKAHHEM SIBIISIOTCA YINPOUYHSEMBIMH TepMHUecKod oOpaboTkoil. Hambonee mmpoxo
pacrpoCTpaHEHbI IIBETHBIE CIJIaBbl HA OCHOBE AJIFOMUHUS, MEJIA, MarHus, 0JI0Ba.

AOMUHUEBBIE  CIUIaBbI B COOTBETCTBUU  C
JMarpaMMoOu COCTOSIHUA "aJFOMUHUN - JIETUPYIOIIUMA
arieMeHT"(CM.pUCYHOK 1) nensaT Ha nedopMHupyeMble
u nuteiiHbie. [IpoMbIlIEeHHOE NPUMEHEHUE HAaXOIST

KaK JIBOMHBIE 1e(OpMHUpyEeMbIe CIIJIaBbl ATFOMUHUS C

Mebl0, MarHueM, MapraHileM, KpeMHHEeM, TaK |
MOJMKOMITOHEHTHbIe crutaBbl  cucteM  Al-Cu-Mg

(mypamtomunsr),  Al-Cu-Si  (aBuanmm) wu  jp.

3HaUUTEITEHOE MECTO Cp€au 3TUX CIIJIABOB 3aHUMAIOT

D

& JypatOMUHBI, Mapkupyembie OykBoit [1 u mudpamu,
Al —_— .
Her‘“py[omﬂﬂ 3HeMeHT, % XapaKTepI/I?)y}OU_[I/IMI/I HOpﬂI[KOBBII/I HOMep CIIJlaBa I10

I'OCT 4784-74, nannpumep, A1, J16, A16.
Pucynox 1 - ®@paemenm ouazcpammvl cocmosiHus
Haubonee pacnpocTpaHeHHBIN U3 HUX CILIaB

cucmembl AnOMUHUU - 1e2UPYIOWULL d1eMeHm
Mapku JI1 comepkUT B KauyecTBE JIETUPYIOLIUX
anemenToB 3,8-4,8%Cu; 0,4-0,8%Mg; 0,4-0,8%Mn.
JlypaatoMHHBI OTHOCSITCS K CIIaBaM, YIPOYHSIEMBIM TEPMHUYECKON 00paboTkoi. K UTeHBIM OTHOCSTCS
CIUIaBbl QJIFOMUHUS C KpEMHHEM, MeJblo, MarHueM. JIuTeiiHble cruiaBbl MapkupyroTcs OykBamu AJl u
mudpamu, obo3HayaromMMU mnopsakoBbii Homep cruaBa (OCT 2685-75), mampumep, AJI2, AJI3.
HauOonpIiee pacpocTpaHeHUE MONTYYMIN CHITYMHHBI (CTIaBBlI AIIOMUHUS C KDEMHUEM ), COJEpKAIIUE OT
5 no 13% Si . ®a3oBblil coCTaB, CTPYKTYPY U CBOWCTBA CUIYMHMHOB MOXHO BapbHPOBATh U3MEHEHHEM

XHUMHUYECKOIo cocrana, MO,I[I/I(bI/IHI/IPOBaHI/IeM - BBCJACHUCM BCIICCTB, KOTOPBIC Y>KE€ B MAJIbIX KOJTMYCCTBAX

(oObruHO HE OoJsiee JeCATHIX IO TPOIEHTa) CHOCOOCTBYIOT KPHUCTAUIM3AIMU CTPYKTYPHBIX
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COCTAaBJSIIONIMX B M3MENBYCHHOW (QopMe, a TakkKe TepMHYECKOH o00padoTkoii. B kadecTBe
MOJIU(PHUIMPYIOMUX TO0O0ABOK HCIOIB3YIOTCS MapraHell, HUKeIb, XpOM, TUTaH, BaHAIUN, U HEKOTOPHIC
npyrue dmeMeHThl. CHIyMUHBI OOBIYHO MOJAU(DHUIMPYIOT HATPUEM, KOTOPBIA B JKUJKUN CIUIaB BBOJST B
BHJIe CMeCH (DTOPUCTHIX M XJIOPUCTHIX cojickt HaTpus B cooTHomeHun 2/3NaF+1/3NaCl.

Baxkneiiimmmu criyiaBaMy Ha OCHOBE MEU SIBJIIOTCS JaTyHH (CIUIaBBI MEU C LIMHKOM) M OpOH3BI
(crTaBBI MEIM CO BCEMH DJIEMEHTaMH, KpOMe IHHKA). [10 TEXHOIOTHYECKUM CBOHCTBAM MEIHBIC CILJIABBI
MOIPA3ICIIAIOT Ha JeOpPMUPYEMBIC U TUTEHHBIE, IT0 CIIOCOOHOCTH YIPOYHSTHCS - HA HEYIPOUHICMbIC U
YIPOUHSIEMbIE TEPMUUECKOH 00pabOTKOM.

JIBoitHbIC AedOpMHUpYEMBIC JTATYHH MapKUpyroTcs 0ykBo# JI u mudpoii, moka3bpIBaroOIIC cpeaHee
conepxkanue meau B mpouertax (OCT 15527-70), nanpumep, J196, J190, JI80, JI70, J162, JI59. Jlatynu ¢
conepkanueM mean 90% u Ooliee Ha3BIBAIOTCS TOMITAKOM (HampuMmep, cruiaB Mapku J196), npu 80-85% -
nonyromnakom (JI80). B wmapkax nerupoBaHHBIX JeOpMHUpPYEMBbIX JaTyHed Kpome UUPBL,
MOKAa3bIBAIOIIECH COJEp)KaHUE MENIW, YyKa3bIBalOTCsA OYKBbI M LU(DPBL, 0003HAYAIONIME JETHPYIOUINA
3JIEMEHT M €ro cojepanue B mporeHtax. Hanpumep, crutaB JIAHS59-3-2 comepxut 59%Cu, 3%Al,
2%Ni, octampHOe ZN. B Mapkax AWTEHHBIX JaTyHEH yKa3bIBaeTCs COACpIKAHHE LMHKA, a COACPIKaHUC
KKJOr0 JIETUPYIOWIETO JJIEMEHTAa CTaBUTCS HEMOCPEICTBEHHO 3a OyKBOH, ero o0o03Hauaromieil.
Hanpumep, crutas JILAOMu3 A comepxkut 40%2Zn, 3%Mn, 1%Al, octansroe Cu.

BpoH3BI 1O OCHOBHBIM JICTUPYIOIIMM  JJIEMEHTaM  TIOJPA3ACISAIOT Ha  OJIOBSHUCTHIC,
CBUHIIOBUCTBIC, KPEMHHCTBIE W Jp. B OpoH3ax B KadecTBe JETHPYIOIICH 100aBKH B HEOOJBIIHX
KOJIMYECTBAaX MOXKET MPHUCYTCTBOBaTh U LUHK. Jlehopmupyembie OpoH3sl MapkupyroT OykBamu bp, 3a
KOTOPBIMH CJHEeNyIOT OykBbI U Iu(pbl, O00O3HAUYaAIONIME HAa3BAaHUE U COJIEpP)KaHHWE B MPOIIEHTAX
nerupytomux siaemeHtoB (COCT 5017-74). Hanpumep, crimaB bpOLIC4-4-2,5 conepxut 4%Sn, 4%7Zn,
2,5%Pb, ocransroe Cu. B mapkax snuteitabix opons (I'OCT 613-73) coaeprkanue Kax10ro JETUPYIOIIEro
JJIEeMEHTa YyKa3blBaeTcs cpa3dy mocie OykBbl, oOo3Hauaromieil ero HasBaHue. Hampumep, cruas
BbpO6IL16C3 conepxur 6%Sn, 6%Zn, 3%Pb, ocransroe Cu .

MaraueBble CIUIaBBI, JICTHPYIOIIMMH JJIEMEHTaMH KOTOPBIX SBJISIOTCS QIFOMHHHMA, ITUHK,
KPEMHUH, a TaK)Ke PEJIKHE METAJUTBI - HEOJUM, TOPHIA M APYTHE, TOIPA3ACIIOTCS Ha TeOPMUPYEMBIC H
TUTEHHbIE, MapKUpyeMble cooTBeTcTBYIOmMME OykBaMu MA u MJI u nudpamu, cooTBETCTBYIOITUMHU
Homepy cmiaBa (I'OCT 14957-76 u 2856-79). MarnueBble cIUIaBbl, Kak JaedopMHpyeMble, Tak U
JTUTEHHBIE, TIOJIBEPTAIOT MOAU(PHUITUPOBAHUIO U YIIPOUHSIONIEH TEPMUIECKON 00paboTKe.

CnnaBel Ha OCHOBE 0JI0Ba (OJIOBIHHCThIE ©0aOOUTHI) SBISIOTCA BBICOKOKAYECTBEHHBIMU
AaHTU(QPUKIIMOHHBIMA ~ MaTepuajaMH, JUIS KOTOPHIX BaXKHBIM SBJSICTCS HalW4We TeTEepPOreHHON
(HEOTHOPOHOW) CTPYKTYPBI, COCTOAIIEH W3 MATKOH, I[IJIACTUYHOW OCHOBBI, OOECTICUMBAOIICH
npUpadaTbiIBa€MOCTh MOJANIMIIHUKA K Bajly, W TBEPIAbIX BKIIOYEHUH, YNPOUHSIOUIUX MaTepuaibl U
MPEMSITCTBYIOUINX CXBAaTBIBAHUIO TPYIIUXCs MNoBepxHocTed. OoBsHUCThIE 0aOOMTHI MPEACTABISAIOT

co00i TPEeXKOMIIOHEHTHBIE CIUIaBbl CHUCTEMBI OJIOBO-CypbMa-menb. Hambomee mmpokoe mnpuMeHEeHHUe
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umeeT ciuiaB mapku b83 (TOCT 1320-74), conepxaruit 83%Pb, 11%Sb u 6%Cu.

2. MUKPOCTPYKTYPHBIN AHAJIN3 IIBETHBIX CILJTABOB

MHUKpPOCTPYKTYypa LIBETHBIX CILIaBOB B YCJIOBUSAX PAaBHOBECUS WM ONM3KUX K HUM MOXET OBITh
OIpeJiesieHa ¢ MOMOILBIO UX JHAarpaMM COCTOSHUS.

2.1. MuKpOCTpyKTypa CIUIaBOB HAa OCHOBE aJIFOMUHMS

B kaudecTBe XapakTepHBIX NpeAcTaBuTeNed AehopMUPYEeMBIX M JIUTEHHBIX aTOMHHHEBBIX

CIUTABOB B PabOTE UCIOJIB3YIOTCSI COOTBETCTBEHHO JINTON AypaifoMuH Mapku [[1 u cumymun mapku AJI2.

OCHOBY CIUIaBOB THIA JypPaJIOMHH COCTaBJISAECT
cucrema Al-Cu-Mg. B cooTBeTcTBHU C HEH Melb |
MarHuii MMEIOT OrPaHMYEHHYI) PacTBOPHMOCTH B
TBEPJIOM COCTOSIHUU B aJFOMHHHH, a W30BITOYHBIMH
(bazamu, BBIIEISIOIMMHUCS TPH OXJIAKICHUH U3 O

TBEPAOro pacrsopa MCIM W Marbivd B aJllOMHHHU B

CBA3HU C YMCHBIICHHUEM PaCTBOPUMOCTU

KOMIIOHCHTOB ~ TIPH  CHIDKCHHHM  TEMIIEPaTyphl
Pucynox 2 - Cxema muxpocmpyxkmypul
spiusitorcss  coenuuenus  CuAl; u  Al,MgCu,
oypanomuna mapku /{1 6 numom cocmosanuu. o-

Gaza u G-¢paza. x340

Ha3bIBa€Mbl€ COOTBETCTBEHHO ® u S dazamu.

Ilockonbky MarHuii B cCIUlaBe HaxXOAMTCA B

HEeOOJIBIIIOM KOJIMYECTBE, TO (a3a S Mmpu UCHOIb3ye-
MBIX B pa0OTe YBEIMUEHHUSX MHUKPOCKOIA B CTPYKType He oOHapyxuBaercs. [loaTromy HaOmromaemas
MHUKPOCTPYKTYpa CIuiaBa Mapku /{1 B TMTOM COCTOSIHUM COCTOMT U3 CBETIBIX 3€PEH O-TBEPJOr0 PacTBOpa
ME/M U MarHus B aJJFOMUHUHU U TEMHBIX BKIOUeHU# ©-dasbl (coeaunenust CUAly), pacnonararomuxcs no
rpaHunaM 3epeH o-(asbl (pucyHOK 2). Takyro cTpyKTypy AypaidroMuHa Mapku JI1 MOXHO mpenckasars,
MCXOJIs U3 ABOMHOM auarpamMmMbl coctosiaust cucteMbl Al-Cu, momo0H0M n300pakeHHON Ha pUCYHKE 1.

Hypamtomunbl, kak ¥ aBuanu (cmiaBbl cucteMbl Al-CU-Si) mpuMEHSIOT A1 W3rOTOBJICHHUS
ropsiueii WM XoJoJHOW 0O0pabOTKOM JaBIeHHEM JUCTOB, TPYO, MPOBOJIOKH, IUIMT M Pa3IUYHBIX
npoduei.

MHuKpOCTpyKTypa CHIyMHHOB COOTBETCTBYET JIBOWHOW Iuarpamme coctosiHus cuctembl Al-Si
(pucyHOK 3), NOIBTEKTHUECKHE CIUIaBbI COCTOSIT M3 IMEPBUYHBIX KPHCTAIJIOB O-TBEPJOTO pPacTBOpa
KPEMHHUS B aIIOMUHUU U 3epeH 3BTeKTUKU (o+f3). B cBOO ouepenp, CTpyKTypa 3a3BTEKTHUYECKHX CIJIAaBOB
COCTOMT U3 KPYIHBIX MEPBUYHBIX KPUCTAJUIOB - TBEPJIOTO PacCTBOpa aJIOMUHUS B KDEMHUH B BUJE UTJ U
3epeH 9BTeKTHKH (0o+B). B coorBercTBum ¢ amarpammoii cocrostHust Al-Si crmaB mapkm  AJI2,

comepskamiuii 12-13%SIi, SBIsCTCS 3a9BTCKTHUECKUM.
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t,OC IToaTOMy €ro MUKPOCTPYKTYpa COCTOUT U3 Goiee
1400 TEMHBIX KDYHHBIX MWIJ [-TBEPIOro pacTBopa
1200 aJllOMUHMS B KPEMHUU U BTEKTHKU B BUJE Oojee
TEMHBIX HUIJ -TBEpAOro pacTBOpa allOMUHUS B

1000 KPEMHHUH Ha CBETJIOM II0JIE O.-TBEPJIOTO PACTBOPA
KpemHusi B amomMuHuu (pucyHok 4). Cmia B

300 TAKOM  CTPYKTYPHOM  COCTOSHMM  00OJajgaeTr
600 HU3KAM KOMIUIEKCOM MEXaHMYECKMX CBOMCTB
400 o | o+ n | 5640CI B/ ( (mpemen TMpOYHOCTH INpH pacTsukeHnn op=130-
0 20 40) 60 R0 100 140MlIla, orHocuTenbHoe yanunenue 8=1-2%).

Al S_i,‘% Si  Tlostomy st MOBBILEHHUsST CBOWCTB IPOU3BOJSAT
Pucynox 3 - JQuazpamma cocmosnus cucmemvl MonuQuIMpoBanye. IIpumennrensHo K

AMIOMUHULL — KpeMHU CHJIyMHHAaM OHO 3aKJII04YaeTcs B 00paboTKe nepen
Pa3MBKON CIIaBa CMEChIO ()TOPHCTHIX M XJIO-

pucThiX couneit Hatpus B cootHornenun 2/3NaF+1/3NaCl. Dto obecneunBaer BBeaenue B cruias 0,1%Na,
KOTOPBIH OCYIIECTBIIIET MOAWGDUIMpYIONIee JeHCTBUE, 3aTPYAHAS KPHUCTALIM3AIMIO [3-TBEpHOro
pacTBopa amOMHUHUS B KpeMHUU. MoauduuupoBaHHe BbBI3BIBAET CMEIIECHHE IUHUM HAa JUarpaMmme

cocrosinus Al-Si (cM. pucyHok 3). DBrextryeckas Touka (11,6%Si) nepemenaercs BrpaBo, npuodperas

KOHIleHTpanuio Kpemaust 14,6%, B pesyinbrare dYero CIUlaB CTAHOBUTCS JOIBTEKTHUECKHAM, YTO

Pucynox 4 - Cxema mukpocmpykmypul cunymuna Pucynox 5 - Cxema mukpocmpykmypul
mapku AJ12 0o moougpuyuposanus, [-gpaza u cunymuna mapku AJI2 nocne
aemexmuka (a+f3). x250 Moouduyuposanus. o-ghaza u 26mexkmuxa
(at+p). x250

UCKJIIOYAET U3 CTPYKTYPHI KPYITHBIE IEPBUYHBIE UIJIBI 3-TBEPIOTO PACTBOPA ATFOMHHHUS B KPEMHHHU M TEM
o)
caMbIM NOBBILIAET IJIACTUYHOCTb. JIMHMS 3BTEKTUUYECKOrO MpeBpalleHus cHuxaercsa ¢ 577 no 564°C, B

CBSA3U C 4YeM HBTEKTHKa (o+f) BMECTO TpyOOMTroJIbUaTON CTAHOBUTCS MeENKO3epHUCTOH. [loaTomy
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MHUKpPOCTPYKTYpa ciiaBa Mapku AJI2 mocne MOAUpUIIMPOBAaHUS COCTOUT U3 CBETJIBIX MEPBUYHBIX 3€pEH
O-TBEPJIOTO pacTBOpa KPEeMHHsS B QIIOMMHHUUA W MEJIKO3EPHUCTOM SBTEKTHKH B BHUAE 00Jiee TEMHBIX
BKJIIOUEHUH [-TBepAOro pacTtBopa allOMHHHS B KPEMHHH Ha CBETJIOM IIOJie O-TBEPAOrO pacTBOpa
KpeMHUsi B amtoMuUHUM (pucyHOK 5). CHIyMHHBI HPUMEHSIOTCS JJIi M3TOTOBJIEHHUS KOPITYCOB

KOMIIPECCOPOB, KAPTEPOB M OJIOKOB LMWJIMHAPOB JIBUTATEIICH U JIp.

2.2. MUKpOCTpYKTYpa CIUIAaBOB HAa OCHOBE MEU

B kauecTBe XapakTepHbIX MPEACTABUTENEH CIUIABOB HAa MEJIHON OCHOBE B padOTE UCHOJIb3YIOTCS
crutaBel Mapok JI68 u JIS9 (matynu) u bpO10 u bpC30 (6pon3br).

MukpocTpyKTypa IBOMHBIX HU3KOJIETUPOBAHHBIX JaTyHEH B yCIOBUSAX PAaBHOBECHUS ONPEIEIIAETCS
auarpammont cocrostaus cuctembl Cu-Zn. Ha pucynke 6 mpuBeneH (GparMeHT 3TOH AHarpamMMbl,
oTpaxariield ¢a3oBble paBHOBECHS B CIUIaBaxX C cojaepkaHueM ImHKa a0 50%, MOCKONBKY
MIPOMBILJIEHHOE TMPUMEHEHHE HAXOAAT JIaTyHH, coaepxkamue 10 45%Zn. B cooTBeTcTBUM C 3TOM
IUarpaMMol COCTOSTHUS JIATYHH IO CTPYKTYpe HensTcs Ha ofHodasHble (0-JaTyHH), COAEpKallie 0
39%Zn u cocTosIIME W3 3€PEH O-TBEPIOr0 pacTBOpa IUHKA B Meau, W JaByxdasubie (o+f)-1aryHu,
comepkamue ot 39 10 45%7Zn u cocTosiue U3 3epeH C-TBEPJOr0 pacTBOpa IIMHKA B MEIU U 3epeH -

TBEPAOTO pacTBOpa Ha OCHOBE COCAUHCHUS CuZzn.

t.C
1000 F

OnHodaszHble  o-TaTyHH  OONajgaroT  BBICOKOM

X

ITACTUYHOCTBIO npu HOpMaJIbHOU (KOMHaTHOI)

temriepatype. [loaToMy onHo(a3HbIe TaTyHH BBITYCKAIOT B

800

BUJIE 10TY(HadpUKaTOB, MOJYYEHHBIX XOJO0IHON 00paboTKOM

JaBlieHHeM (IITaMIOBKOM, NPOKAaTKOW WM MPOTSHKKOM)

600 [

B JIMCTOB, TPYO,
400+ @ B oo
- JICHT, TIPOBOJIOKH, U3 KOTOPBIX METOJIOM TTyOOKOW BBITSIIKKH
200 F OH'B] W3TOTABJIMBAIOT PaJaTOPHBIE TPYOBI, CHAPSIAHBIC THIIB3BI,
- L cuIIb(OHBI, TPYOONPOBOJBI, a TAKXKE INPOU3BOIAT JIETaIH
oL 1 111 1
(maitobl, BTYJIKH, YIUIOTHUTENBHBIE KOJbIIA), HE TPeOyIoIIHe
0 10 20 30 40 50
Cu —0> 7H BBICOKOW TBepAocTu. XosoAHas oOpaOOoTKa BBI3BIBAET
/n, %

HaKJICII.

Pucynok 6 - pazcmenm ouazpammol
B HaknenaHHOM COCTOSIHUU JaTyHb C COJIEPAaHHMEM ILIMHKA

COCMOANUSL CUCTEMbI MEOb-YUHK
20% u BbIIIE TOABEPKEHA PACTPECKUBAHUIO IO TpaHULAM
3€peH, UMEET HU3KYI0 KOPPO3UOHHYIO CTOMKOCTh. [loaTomy
ee MO/BEepraloT PeKPUCTAIUIM3AIMOHHOMY OTXKHTY, B pe3yJibTaTe yero ogHodasHas JaTyHb npuodpeTaer
3€pEHHYIO CTPYKTYPY C XapaKTE€pHBIMM JUIsl IIJIACTUYHBIX CIIaBOB ABOMHMKaMu. Ha pucynke 7 nmokaszana

MHUKPOCTPYKTYypa ogHodazHoi gaTynn Mapku JI68. [Tockonbky 3epHa oi-¢ha3bl BEIXOIAT Ha MOBEPXHOCTH

MUKpOLUTH(a pa3IMYHBIMU KPUCTAIUIOTPapUUECKUMH IFIOCKOCTSIMU, CTETICHb UX TPAaBUMOCTH PEaKTHUBOM
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pa3avYHa ¥ OHU UMEIOT HEOJUHAKOBYIO OKPACKY.

MuxkpocTpykrypa AByx(das3Hoit naTyHu Mapku JIS9 B naMTOM CcOCTOSIHMHM, TpeACTaBiIeHHas Ha
PHUCYHKE 8, COCTOMT U3 CBETJIBIX 3€pEH O-TBEPJOr0 pacTBOpa LIMHKA B MEIU U TEeMHbIX (Oojiee GoraTbix
LIUHKOM U TPABSIIUXCS CUIIbHEE) 3epeH [3-TBEpIOro pacTBopa Ha 0a3ze XuMHUecKoro coeauHenus Cuzn.
ITpucyrctBue B cTpykType - pas3sl, UMeroed HU3KYH0 IIACTUYHOCTh U BBICOKYIO TBEPAOCTb, TOBBIIIAET
XapaKTepUCTHKH MPOYHOCTU JaTyHel. JIByxdasHble JaTyHH SBISIOTCS OoJjiee IIACTUYHBIMH IPH
TEMIIEpaTypax BbIIIE 500°C. [TosTOMY 3TH JNaTyHH BBITYCKAIOT B BUE MOIYy(paOpHKaTOB, MOTYYEHHBIX
ropsiueii 00paOOTKOI NaBiI€HUEM, - JIUCTOB, NMPYTKOB, TPYO, IITAMIIOBOK, U3 KOTOPBIX H3rOTaBIMBAIOT

BTYJIKH, raﬁKH, TpOfIHPIKPI, TYOEpbl, TOKOMIPOBOJANINEC ACTAIN 3J'IeKTp0060py,I[OBaHI/I${ H 1p.

Pucynox 7 - Cxema muxpocmpyxmypol Pucynox 8 - Cxema muxpocmpyxmypul
oonogaszHnol amynu mapku J168 nocne osyxgaznot namynu mapku JI159 6 aumom
X0N00HOU nAacmu4eckoul deghopmayuu u cocmoanuu. a-gaza u f-¢pasa. x440

PEKPUCMANIU3AYUOHHO20 Omdcu2d, a-ghaasa.
x440

JlerupoBaHHbIE JJATyHU NMPUMEHSIOT B KayecTBe AedopmupyeMbix U auTeHbIX. [locneqnue, kak
MPaBUJIO, COZIEPKAT OOJBIIOE KOJIMYECTBO IIMHKA U JIETUPYIOIINUX 3JIEMEHTOB.

B npoMBINUIEHHOCTH HAaXOAST MPUMEHEHUE KaK JBONHBIE — OJIOBSHHBIE, CBUHIIOBHCTBIE U JIp.
OpOH3bI, TAaK 1 MHOTOKOMIIOHEHTHBIE, COZIepKalllie KPOME OCHOBHBIX JIETHPYIOIIUX 3JIEMEHTOB JOOABKH
CBUHIIA, IIUHKA, pocdopa U HUKEIIS.

MHUKpPOCTPYKTYpa JABOHHBIX OJIOBSHHBIX OpOH3 OMpeAessieTcss AUarpaMMOi COCTOSIHUS CUCTEMBI
Cu-Sn. Ha pucynke 9 npuBesneH (gparMeHT 3TOW AuMarpamMMbl Ui CIUIABOB C COJIEp)KaHMEM OJI0Ba JI0
30%, MOCKOJIbKY MPOMBINICHHOE MPUMEHEHHUE UMEIOT CILIaBbl, coaepxamue 10 20%Sn. CIutomHbIME
JUHUSAMH MOKa3aHbl TpaHUIIbI ()a30BbIX 00JaCTel PaBHOBECHON CHCTEMBI.

B cooTBeTcTBHM C 3TOI AMAarpaMMoi COCTOSIHUSL OPOH3BI IO CTPYKTYype AENATCS Ha oHO(]a3HbIE,
COCTOSIIIME M3 3€PEeH O-TBEPAOr0 pacTBOpa OJOBa B MEIU, U JABYX(a3Hble, COCTOSIINE U3 3€peH O-
TBEPJIOTO PacTBOpa 0OJIOBAa B MEIU W 3epeH IBTeKToMaa (a+d) , B KOTOpOM O-(haza mpeacTaBisieT coOoi

coennnennie CusiSng.
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Pucynok 9 - @paemenm ouazpammel cocmosanus

cucmemvi Meob-0J1080

Pucynox 10 - Cxema muxpocmpykmypol
osyxgaznotl 6ponsvl mapxu bpO10 6 rumom

cocmosnuu. a-gaza u 36mexkmoud (a+0o). x600
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IIpy  oueHb MEAJICHHOM  OXJIAXICHHU
IIPOTEKAET paBHOBECHAs! KPUCTAJUIM3ALUS U TPAaHULIA
MEXIy OAHO(A3HBIMH M JBYX(a3HBIMH OpOH3aMHU
cootBeTcTBYET 14% onoBa. B peanbHBIX 3aBOACKUX
YCIOBHSX IPH JINThE B METAIIIMUECKUE U 3eMJISTHbIE
GopMBI  TIPOMCXOJUT YCKOPEHHOE OXJIAXICHUE
CIUIaBOB, B CBs3U C 4eM Auddy3us aToMOB 0J0Ba B
MEJU 3aTpYAHSAETCS U CIUIaBbl BeIyT cedsl Tak, Kak
eciu Obl pacTBOPUMOCTb 0JOBa B Meau Oblia
IIOCTOSIHHOM, paBHOM 6-8%, W He MeHsIach ¢
TeMIeparypoil (IyHKTHUpPHbIE JUHUM HA PUCYHOK 9).
Hcxons u3 3Toro, oaHO(pa3HbIMU SBISIOTCS OpOH3BI
C coaepxaHueMm osioBa He Ooznee 5-6%. Takue
CIUIaBbl MMEIOT  BBICOKYIO  IUIACTUYHOCTh U
ABIIAIOTCS 1€(DOPMUPYEMBIMHU.
bponsbl, coxepxaigue  0l0BO B OOJblEeM
KOJINYECTBE, o CTPYKTYpe SIBIIIOTCS
nByx(da3HeiMU.  MuKpocTpykTypa  IByX(asHoOU
Opon3bl Mapku bpO10 cocTOUT U3 TEMHBIX 3€peH O
TBEPAOrO pacTBOpa O0JIOBa B MEIU U 3€peH
sBTekTouAa (o+0) (pucynok 10).  OcHoBoit
IBTEKTOMAA  sBIsAeTcs  O-(pasa  (XMMHMUECKOE
coenquaenue CusSng), Ha OeoM IMoJie KOTOPOW
pacrosoKeHbl MEJIKHEe TEMHbIE BbIIEICHUS O-(asbl.
Hanuune tBepmoil m xpynkoi O-(as3sl HCKIIOYaeT
BO3MOXXHOCTh O0Opa0OOTKH JIaBJICHHEM, IO3TOMY
Takue OpOH3bl MPHUMEHSIOT TOJBKO B JIUTOM

COCTOsIHHH.

I[J'IH MOBHIIIEHUSI CBOMCTB B OJIOBSHHUCTHIC 6pOH3BI BBOJAT Pa3IMYHBIC I[O6aBKI/II OWUHK I

YIydlI€HUA XUIAKOTCKYUYCCTH W IOBBIMICHUSA IIJIOTHOCTH OTJIMWBOK; (1)00(1)013 KaK PpacCKUCIIUTECIb OJId

YCTpaHEHUs] HeXeJaTelnbHOH okucu onoBa SNO;, MPHUCYTCTBYMOMEH B OpoH3aX B BUAE TBEPIBIX WU

XPYIKHUX BKJIIOYEHHUN; CBHHEI JUIA YIYyYIICHHS 00padaThlBAEMOCTH pPE3aHUEM M TOBBIIICHUS YPOBHS

aHTU(PHUKIIMOHHBIX CBOUCTB. OIOBSHHCTBIE OpOH3bI C NEPEUYUCICHHBIMU J00aBKaMU HAXOAAT B

MIPOMBIIIJIEHHOCTH OoJiee IUPOKOe MPUMEHEHHE, YeM JBOWHbIE CIUIaBbl. B KauecTBe mpumepa MOXKHO

Ha3BaTh JMTEHHBIE OpoH3bI Mapok bpOSISCS, bpO10®1 u ap., nebopmupyembie OpPOH3BI MapoOK

bpO®6,5-0,4, bpOLl4-3 u np. OnOBSAHUCTBIE OPOH3BI UCIOJIB3YIOTCS JUISI W3TOTOBJICHHS MAapOBOH U
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BOJSIHOM apMaTyphbl, MOAIIMHUKOB CKOJIbKEHUS, BTYJIOK, 3y0OUaThIX KoJjec, eTaneil npubopos.
MUuKpOCTPYKTYpY CBHHLOBHUCTBIX OpPOH3 MOXHO OXapaKTEpU30BaTh C MOMOUIbI ABOWHOM JHarpaMMbl
cocrosiausi cucteMbl CU-Pb (pucynok 11). Kak BUIHO U3 AuarpaMMbl COCTOSIHUSI, CBUHIIOBHCTast OpoH3a
Mapku bpC30 ¢ conepxkanuem cuHua 30% sBIISIETCS TOIBTEKTUYECKUM CIUIABOM U €r0 CTPYKTypa IpHU
HOpMaJbHOW (KOMHATHOW) TEMIEpaType JOJIKHA COCTOSTh U3 3€pEH O-TBEPIOI0 pacTBOpa CBHHLA B
ME/IM ¥ 3BTEKTUKH, COCTOSIIEH U3 O-TBEPJOr0 PacTBOpa CBUHIIA B MEAH U B-TBEPAOTO pacTBOpA.

OpHako IBTEKTUKA 1O COCTaBY COBMAAAeT ¢ YHCTHIM CBHHIIOM (99,98%), a a-daza - ¢ yucrton
MeZIbl0, TO3TOMY MOXXHO CKa3aTb, YTO (PAKTUYECKH MHKPOCTPYKTypa CIIJIaBa COCTOMT M3 3€peH ABYX

MCTaJIOB - CBMHIIA U MCIU.

0
LOL ok, KK,
1000 S
953°C
800 [
600 F OL+}K2
400k e
p— \ h. 4
0 i L1 1 11111 Pucynox 12 - Cxema mukpocmpykmypul
O 2 40 60 80 ]OO ceunyosucmotl oponsvl mapxu bpC30 6 numom
Cu Pb. % Pb cocmosnuu. a-pasa u semexmuxa (o+f). x340

Pucynox 11 - Juaecpamma cocmoanus cucmembl

MeOdb-ceuney

Ha pucynke 12 mnpencraBieHa MHKpPOCTPYKTypa CBHMHLOBHCTOM Opon3sl Mapku bpC30,
COCTOSIIIIasl U3 CBETIBIX 3epeH o-(pa3bl ((haKTUYECKH MEAM) U TEeMHBIX 3€peH ABTEKTUKH ((haKTHUUECKH
cBUHIA). CBUHIIOBHCTBIE OPOH3BI SIBJISIIOTCS BHICOKOKAUECTBEHHBIMHU aHTH(PPUKIIMOHHBIMU MaTepualaMu
U TPUMEHSIOTCS JUISl W3TOTOBJEHMS] ONOPHBIX M LIATYHHBIX MOAIIMIHUKOB MOIIHBIX TYypOUH,

ABHALIMOHHBIX MOTOPOB, AU3€JIEH U APYTMX MAIIUH.

2.3. MuKpOCTpYKTypa CIUIaBOB HA OCHOBE MarHus
MUKpPOCTpYKTypa  MAarHMEBBIX  CIJIABOB B PAaBHOBECHOM  COCTOSHMM  OIPEHEISETCS
COOTBETCTBYIOIIMMH JHarpaMMaMH COCTOSHUSA. B KkauecTBe mpumepa Ha pucyHke 13 mnpuBeneHa
MHKpOCTpyKTypa cruiaBa MJIS, conepikariero momumo maraust 8%Al; 0,8%2Zn u 0,3%Mn. AntoMuH#A 1

IIMHK BBCJCHBI B CILJIaB JIA YIIPOUHCHUA, 4 MApPraHCI - IJIsI TOBBIICHUS KOppO3HOHHOﬁ CTOMKOCTH.
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[TockonbKy pacCTBOPUMOCTb LIMHKA B MAarHUM B TBEPAOM COCTOSIHUM COCTaBIIsIET HE MeHee 1,7% u,
CJIEJIOBATEIbHO, BCE KOJUYECTBO LIMHKA BXOJIUT B TBEPJbIM pacTBOp, HE NMPUCYTCTBYS B CIUIaBE Kak
CaMOCTOSITeNIbHAsE CTPYKTYPHAsE COCTABIAIONIAsA, a MapraHioBHcTas (a3a MpU UCHOJIb3yeMBbIX B paboTe
YBEJIMUEHUSAX BBHUJY MAaJOTO €€ KOJIMYECTBA HE BBISBIISIETCS, TO MHUKPOCTPYKTypa cruiaBa mMapku MJIS

MOXeET OBbITh ONpe/Ie/ieHa B COOTBETCTBUH C IBOMHOW qrarpaMMoit coctosiHus cucteMbl Mg-Al (prucyHok

14).

t,°C
600

400

200

Pucynox 13 - Cxema muxpocmpykmypol 0

cnaasa mapku MJI5 ¢ aumom cocmosanuu, o-
paza u ypaza (MgsAls). x600 Mg Al, 0%
Pucynox 14 - dpaemenm ouacpammul cocmosnus

cucmemvbl Ma2HUll — AOMUHUL

MukpocTpykrypa criaBa Mapku MJIS (cMm. pucyHok 13) COCTOUT M3 CBETIBIX 3€peH O-TBEPIOTrO
pacTBopa AIOMHHHsS B MarHud # Oojee TeMHbIX BKIOYeHHH Y-(asel (coemunenus MgsAls),

pacnojrararommxcs 1mo rpaHuiam 3€peH (1'(1)8.3]31.

2.4. MUKpOCTpPYKTYpa CIJIABOB Ha OCHOBE 0JIOBA
MHUKpPOCTpYKTypa CIUTABOB Ha OCHOBE OJIOBA B PAaBHOBECHOM COCTOSHHUHM TaKXe MOXXET OBITh
ompesielieHa C MOMOIIBI0O COOTBETCTBYOIIUX AHArpaMM COCTOSIHHS, HAIIPUMEP, OJIOBSHUCTOro 0ad0uTa
mapku b83 - ¢ momorpo TpoHHOH quarpaMMel cOCTOsIHUSL cucteMbl SN-Sh-Cu. MukpocTpykTypa 3Toro
CIUlaBa B JIUTOM COCTOSIHUM COCTOMT W3 TPOHHON JBTEKTHKH B BHJE OCHOBHOTO TEMHOTO TIIOJS Ol-
TBEPJIOTO PAaCTBOpa CYpbMbl B OJIOBE M PABHOMEPHO PACHPEAETICHHBIX CBETJIBIX MEIKHUX BKIIOYEHUH
coenuHeHus: SNSb u CugSns, cBETNBIX KPYMHBIX KPUCTAIIOB COSTUHEHUS SNSD M CBETNIBIX MeENKuX

KpuctaiioB coequnenust CUgSNs B BUJIE UTJT WK 3BE37109€K (PUCYHOK 15).
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Coemunenne CuUgSNs KpUCTATU3YETCS B
MEPBYIO OYepelb U PABHOMEPHO pacCHpeieiseTCs B
o0BeME KHUAKOCTH, 00paszysi CBOCOOpa3HYIO CETKY,
NPENSTCTBYIOIIYIO JIMKBAIIMM IO YIEIBHOMY BeECy
nerkux kpucrtawioB SnShb. Ilpu 3TOoM Bes Menb,
HaxojsImasics B  CIUIaBe,  PacXojyeTcs  Ha
obpasoBanue coequHeHus SNSh.

Msirkas, njacTUYHasi OCHOBA B BUJI€ TPOMHOM

IBTEKTUKH U TBEP/IbIC BKIIOYCHUS COSTUHEHUI SNSh
Pucynox 15 - Cxema mukpocmpykmypbi 5
n CugSns o00ecreunBarOT  @bICOKUI __YPOBEHb

b6abouma mapxu 583 6 numom cocmosinuu. SnSh, 5
AHMUGPUKYUOHHBIX C80UCHE VI TIPUMEHSIOTCS JIIS

CueSns u mpotinas semexmuxa

(a+SnSb+CusSns). x200

3aJINBKH IIOAUIMITHHUKOB I'a30BbIX Typ6I/IH,

TypOOKOMITPECCOPOB, TYpOOHACOCOB U JP.

3. METOAMKA BBIIIOJITHEHUS PABOTbI
3.1. Vacuute 1ienp paboThl.
3.2. 3yunte knaccuuKaiuio, XapakTepUCTUKy U O0COOEHHOCTH (POPMHUPOBAHMSI CTPYKTYPBI LIBETHBIX
CIUIaBOB B yCJIOBHUSX PaBHOBECHSI.
3.3. 3yunTe MUKPOCTPYKTYpY LIBETHBIX CILIABOB.
3.4. N300pa3ute cxeMbl MUKPOCTPYKTYP M3YUEHHBIX LIBETHBIX CILIABOB.
3.5. BolnosiHUTE MUKPOCTPYKTYPHBIHM aHaIN3 BETHBIX CIJIABOB.
3.6. Ilpocneaurte, ucnonb3ys Auarpammy, 3a (OpMHUpOBAHHEM CTPYKTYphl OJHOTO M3 CIUIaBOB IPHU
OXJIQKJECHUH U3 KUJKOTO COCTOSHHUS.

3.7. CocraBbTe OTUET O padoTe.

4. COIEP) KAHUE OTUETA
— llenb pabGoThL.
— Krnaccuduxkarus u kpaTtkas XapaKTepUCTHKA H3yUYEHHBIX CTJIABOB.
— (Cxembl MUKPOCTPYKTYP LIBETHBIX CILIaBOB.
—  MUKpOCTPYKTYpPHBII aHAaTU3 I[BETHBIX CILIABOB.

— CxeMbl BEpOATHBIX MHUKPOCTPYKTYP B IPOLIECCE OXJIAXKACHUS W3 JKHJIKOTO COCTOSIHUS OJHOTO W3

IIBE€THBIX CIIJIaBOB.

5. KOHTPOJIBHBIE BOITPOCHI

— 1. Ilo kakoMy NPUHIIMITY IIBETHBIE CIUIABBI JEJIAT Ha JIUTCHHBIE U 1eOpMHUpyEMBbIe?

2. Kakue cruiaBel Ha3bIBAKOTCS IYPATIOMUHAMH, KAKUE - CUITyMUHAMM ?

— 3. B uem 3akmovaercs MOAMGUIMPOBAHUE CHIIyMHHA, KAKO€ U3MEHEHHUE B CTPYKTYpe M CBOMCTBaX
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OHO BbI3bIBACT?

— 4. Kakue cruiaBbl Ha3bIBatOTCA JIATyHAMH, Kakue OpoH3amu?

— 5. B yem paznuume 1o coctaBy, CTPYKType M CBOCTBaM 0JHO(A3HBIX U ABYX(a3HBIX JaTyHEH?

— 6. KakoBo BiusiHME 0JI0Ba HA CTPYKTYPY U CBOKWCTBA OJIOBSTHUCTHIX OpOH3?

— 7. Kako#i cocTaB, CTpyKTYypy U CBOMCTBA UMEET CBUHIIOBUCTasi OpoH3a mapku bpC30?

— 8. Kakue nerupyromue 3JeMEeHThI UCTIONB3YIOTCS B MArHUEBBIX CIUIaBax?

— 9. KakoBbl TpeOoBaHUS, MpeabsBIseMble K aHTH(QPUKIMOHHBIM MaTepuanam? KakoBa crpykrypa
0a06muTa mapku b83?

— 10. KakoBbl IPpUHIUIIEI MAPKUPOBKHU LIBETHBIX CILIABOB?

PEKOMEH/JIYEMbINA BUBJIUOTPAOUYECKHUN CIIMCOK
. I'ynseB A. I1. Meramnosenenue.- M.: Metamnyprus, 1986. - 544 c.

—

2. Jlaxtun KO.M. MerannoBenenue u TepMudeckas oopadorka metamios.- M.: Metamnyprus, 1984. 360
C.

3. Marepuanosenenue/ ApzamacoB b.H., Cunopun N.H., Koconanos I'.®. u ap.- M.: MammHocTpoeHue,
1986. - 384 c.

4. T'ennep FO.A., Paxmirant A. I'. Marepuanosenenue.- M.: Meramtyprus, 1986. - 456 c.
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JlabopaTopHo-nnpakTH4yeckoe 3ansitue Ne 3, 4
PACYET KOMITIO3UIIMOHHOT'O METAJUIOITOJIMUMEPHOT O NIOKPLITUA JI51
CAMOCMASBIBAIOHIUXCSA NOAIUITHUKOB CKOJIb)KEHUSA

HEJIb PABOTbI: npuoOpereHne HAaBBIKOB pacdeTa IMOAMIUITHUKOB CKOJIBKECHHS ¢ KOMITO3HIIHOHHBIM

MMOJIMMEPHBIM CaMOCMAa3bIBAIOIIUMCS IMOKPBITUCM; BBIITOJJHCHUC NHAWBUAYAJIbHOT'O paCYCTHOI'O 3aJaHH .

OCHOBHBIE ITOJIOXKEHUA

MeraionoiuMepHble MOJUMITHUKY CKOJbAKEHUA ¢ KOMITO3MIIMOHHBIM
CaMOCMA3bIBAKOLLMMCA [TOKPBITHEM IIPCAHA3HAYEHBI /1St OTHOCHTEIBHO HU3KUX
ckopocteit cronbikernst (10 0,4 /) ¥ BLICOKHX KONTAKTHBIX HalpsokeHuit (no 250
MlTa).

IokpeiTHe npeacTaBaseT coboi KOMIO3UT TomuuHoM 0,2-0,8 MM, cocTOALIMH H3
apMUPYIOLIEH KOMIIOHEHTH! B BHIE CICUUANbHON TEXHUUYECKOH TKaHU U3 TIOJIKMEPHBIX
BOJIOKOH M HempephIBHOH (askl-MaTpuLibl, NpejacTapisoneil coboil penonkayuykoBoe
CBsI3yIOLIEee. 3aKperUIeHue MOKPLITHS Ha cybeTparte (MOUT0XKKE ) IPOH3BOAUTCS
MaTPHYHBIM CBSI3YIOLIHM.

ApMupyIo1Las KOMIIOHeHTa MOKPBITHS (CM. pUC.) IpeAcTaBisieT co0o
[OJTY TOPOCIOHHYIO TKaHb aTACHOIO NEPEIUICTeH!s], Y KOTOPOi Ha pabouylo JIHLEBYIO
MOBEPXHOCTL BBIBeAeHO 100% (TopoInIacTOBBIX BOJOKOH «IOTHU(EH» a Ha U3HAHKY,
MPUKJIEHBAEMYIO K cyOcTpaty - 10 80% HOTMUMHIHBIX BOJIOKOH «apuMUIT.
droporutacT BLIMOTHIET TPHOODYHKIIMH, TIOJIUMUT ~ TPOYHOCTHLIE.

[TommepHble MaTepHasbl BeCbMa 4yBCTBHTE/BHBI K TEMITEPATYPHOMY

BO3LCHCTBHIO, [I03TOMY pacyeT HaUHHACTCS C OpEaeeHs TeMIIepaTypel.

a. 0. B.

PucyHOK 1- ApMUpleM/ﬂlZZ KapKkac KOMNno3suyuORHO20 NOKPblmus NOOUWUNHUKA: d — OOHOCIOUHAS MKAHb,

6 — noLYmMopacnounas MKans, 8 — KYIUPHBIL MPUKOMANC

JIis_cripaBoK: MOJMAMMJ — BBICOKOMPOYHbIH cuHTeTHyeckuii momumep [-CO-NH-], ; ¢ropormact —
. N 3
AJACTUYHBIA JIMHEWHBIH TMOJIUMEP C IOTHOCThIO p = 2,2 r/em™; IITOE — momuterpadropaTrieH

(momuden) [-CF,—CF,—]n; denon — CgHsOH; kayuyk — [-CH,CH(CH3)=CHCH2—],,.
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1. OCBOEHHUE METOJAUKHU PACYETA

Metonuka pacdera U INpUMEpPbl €€ BBINOJIHEHHUS HMEITCS B OTIEIBHOM METOAUYECKOM
pykoBoJicTBe. B HacTosiieM cOOpHUKE UCXOHbBIE JTaHHBIE, pacyeTHbIE (POPMYIIBI, TPUMEPHI pacueTa u X
WLTFOCTPAIMK B BHJIE rpauKOB MpeacTaBieHbl B Buie okoH mporpammbl MathCAD. [Iporpamma moxxeT
OBITh HCHOJB30BAaHA IPETOAABATEIIEM JJIsl MPOBEPKH PACUCTHBIX 3aJaHUN CTYJCHTOB WM CaMHUMH

CTYIEHTaMH (C BeZ0Ma IPENOAABATENs) B Cllyyae 3aTpYAHEHUN IIpU pacyeTax.

1. UcX00HbIEe OaHHbIE.

-

5:=04-10 ° - TONLUHA NOKPLITMA, M

tc =20 - DKpysKaww as Temnepartypa, °C

h=0410 ° - AONYCTMMbIii N3HOC NOALINNHMKE, M

Kt =075 - Ko3(phuyneHT HepaBHOMEPHOCTW Harpeea
o=17 - CpeaHUil KoadhmumeHT Tennootaaun, Br/(m2K)

ﬂapameprl Mmarepuana CTankLHoI BTYNKW W Bana:

pl:=7850 - MNOTHOCTb, Kr/m>
Cl1:=400 - yAaenbHaAa TennoemkocTb, Lx/(krK)
1l =50 - ko3t huuneHT TennonposogHocTn, Br/(mK)

MapameTpbl MaTepuana noKpbITUA:

p =1350 - NNOTHOCTb, Kr/M3

C = 1500 - yAenbHaa TennoemkocTs, [x/(kr-K)

L =020 - KoathuuneHT TennonposogHocTn, Br/(mK)
A2 = 00410 ° - MOHT2XHbINA 3330p B NOALUMMHUKE, M

HudueudyanuHele ucxodHble 0aHHbIe (3adaxue 0na pacuyema):

d=3510 ° - BHYTPEHHWI1 AWaMeTp BTYNKW NOALUNNHKUKE, M

- LUMPWHA BTYNKW NOALLMMHUKE, M

b:=40-10
P:=20000 - Harpy3ka Ha nogwwunHuk, H

120 - YacToTa BpaLleHuAa NoALWNNHKUKE, 1/MUH.

=
"W
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| Q Mathcad Professional - [f1la6_Pa6 no MKMull_MNMogwwnrux]

p=1-
\f}.-C-p + \{}.l-Cl-pl noToKa, nayLlero yepea nonumMep)

MpuruMaem KO3 MUUUEHM MPeHus: f = 003
Q:=p-fP-V - KONWYECTBO reHepupyemoro Tenna, Br
1 (.8 1 D 1
0= tc+ Q[__( = D + } - TeMneparypa B 30He
@314b) | M \d+25)) aKtF e o6
D = 0.046 F=5715x10° V=02 B = 0.048 Q=637

A - ecnu t0 npeebiwaem 2500C, mo HEOEX0OUMO yeenuyume
S WUPUHY NOOWUNHUKE "b"

UccnedosaHue npedenos UsMeHeHus UcxodHbix 0aHHbX d.b.P.n 08

IONyYEeHUS 3HaYeHUs memnepamyps! t,<2500C (0pu pacyeTax 3Ty
YaCcTb MOXHO NPONYCTUTB!)

1 g . D 1
d.b,P.n) = £.P- 1d—.—lz-_ S
o R (J ’ )[(23 Kb\ 2d il hkd - 20/) . a-Kt-[3.14-(l.3-d)-b]J

=3010 ° b:=13010 ° P := 20000 n =100

dl=20-10 °.21-10 ~.60-10° °  bl1:=20-10 ~,21-10° ~.60-10° ~ P1 = 10000.. 65000 nl = 50 300
t01(d1,b,P.n) = t00(d1,b,P,n)
t02(d,b1,P.n) = t00(d, bl1,P.n)
t03(d, b,P1,n) = t00(d, b,P1,n)

t04(d,b,P.nl) = t00(d, b.P,nl)

@ ®Qaitn [lpaska Bua Bcraska ®opmar Martematnka CumeonbHas matematuka Okna  [lMomows B|E!]}ﬂ
D-wE | SRAY|4{BB|ve " (D= |2 @ A |[ox ~]| &8
| [Normal | [aial ~wo B rul===|i=i=
2. Pacyem.
D= 13d - HApYKHbIN AMaMeTp NOALUNMHUKOBOI BTYNKW, M
F:=314D-b - Nnowasb Hapy>kHON NOBEPXHOCTM NOALUMNHMKOBOI BTYNKKM (NNoWasbr
TopuoB npeHebperaem), m2
V= 3.14-d--:3 - CKOPOCTb CKONbXKeHua, Mm/c
Jicrpl 3
- KO3t huUMeHT pacnpeseneHna TENNOBLIX NOTOKOB (4nA

'

™

Press F1 for help.

AUTO | | Pagel

4
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Q Mathcad Professional - [/1a6_Pa6 no MKMull_Moawwnruk] [E‘".ﬂu

|5] ®aiin Mpaeka Bua Bcraska Qopmar Matematika CumsonsHas matematika Oxkva [omows [-]=]lx]
[D-BHISRY [ $BE|o o [T (o= (8K <87
| [Nomal || avial Cyr ~fie ~Bru|l=E= ‘

2000 259.6

= 4
—
3

=

t0314,20.107 P1,/ 2594 <
if 3 ) t01(d1,b.P.n)
103ld.40.10% P1.0) 1500 :

. P 2592
103l4,60.107% P1,0) \

s _ ) i -
t03ld,40.10 P1,50) Pl o 0 002 004 006
B = . 1000 = o ',,~/ . a
t031d,40-10% P1,200) o
t0314,40-10~3 1, 300/ w |l 7 400
..... i G -~ i ’
[ \ - L e R ool T
t031d,60-107,P1,200) 500 |——l— -2l S
— : .r/ L il S | * 300
wild, 0107 pr100) | ] L g T t02(4,b1,P,0) \
L s . P Sl 200
Zea
9 4 4 4 4 4 4 4
110° 210° 320 210° 520 610" 710 100
Pt 0 002 004 006

bl

800
600

/
ﬂd,b,?,nl) 400 / 3

200 e

nl

BbIBOM no uccnenoBadnam: d NpakTMYECKN HE BIMAET Ha t0; 3Ha4eHWa b AOMKHbI
ObITe B Npeaenax 20-60 MM; BENWYKMHBI d M D HE JOMKHBI CHIBHO OTAMYATHCA
(BonkHb! ObITb ONK3KK, COM3MEPHUMBI); HAarpy3ka P fOMKHA COYETATHCA CO CKOPOCTHIO
N (4eM BbiLE P. TEM HIKE N), OCHOBHAA Macca 3HaveHuin P=10-15 kH n=50-100
1/MuH_; npegensl: P=35 kH, n=200 1/MWH.

lpodonxeHue pacyema:

—6
. - CPeAHee HOPMaNLHOE KOHTAKTHOE HanpAKEHME (N0 NPOSKLWM LWeiiki
b-d gana), MMa
-2
T = (10 + 273)-10 .
[l »

Press F1 for help. auto [ | Pagel
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Q Mathcad Professional - [J1a6_Pa6 no MKMull_Togwwunsux]
@ ®ann [lpaseka

OxkHa

Bua Bcraska ®@opmar Marematnka CumeonbHas matemaTmka

MNMomows
[= [=][x]
i me = @& xS 8

D -2H|SRAY| 2B o

“Normal || avial ~ljio ~|| B £ H% = = | = i= ’
(a2 00‘.-
81 = 0.024- l - —W - abconwoTHaa gedopMaumAa non3yyectn B
2) AvameTpansHOM CeYyeHun Bana. Mm
{ 05-A2
= s! - NONYyron AYrn KOHTaKTa ean-nogLwunnHuK
k 5-A2+ %
P10~ °
G = - CpeAHWe HOPManbHble KOHTaKTHbIE HanpaxeHua (no gyre
b-d-$0

koHTakTa), Mla

- 2—0.02-
E = 10.57-1.003 T-c?.l'o N

- YCTaHOBUBLUWIICA paguanbHblil Mogyne nokpeitua, Mlla

cbb = 11374 — 217.16- T

- Hecyuian cnocobHocTe NOKPBITUA, T.e. HanpAaxXeHua,

Bbl3blBAKOLLLME NPU 4aHHOI TEMMNEepaType BbiHYKA EHHYH
BLICOKO3NACTMYHOCTE NokpeituA, Mla

2-(cbb — 62)-3

wrad =
b-E - 40NYCTUMBII Yron Nepekoca Bana B NoOALUMNHUKAX, B
180-yrad pagnaHax u rpagycax
d=——
Ees 3.14

-0722 _-2. -
fl = 1227-c2 % -T o - ko3thduumneHT TpeHna (peansHblin); ecnu f1 otnuuaercs
oT paHee npuHAToro f Gonee. yem Ha 50%. To cneagyer

nepecunTate BCe BennunHel (Kpome 1), Hauuuasa c t0 (1)

f1 = 0.023 f = 0.03 oI A

ff =24084%
—14 2. . i
J:=936-10 14-02 61-\"1'41-e1‘79 C - MHTEHCMBHOCTb W3HALLWBAaHWA (pasmepHoCTL??7?)

-25 36- 2)-2.75 —188. = ;
o 91955.6-106-02 JI'VO.IJ6 log(a2) 3_e 1.88.T pecypc BCero NoKpbITUA, UWKMOB

Press F1 for help.

Harpy»eHuAa
h-R
Rp = - pecypc NoALUMNHUKA, YacoB
60-6-n
cl =22222 T = 5.085 81 = 0.248 $0 =157 c2 = 14.148
_ (4
E = 118616 cbb = 33.178 yrad = 4278 x 10 3 ygrad = 0245 [
fl = 0.023 T=9994x 10 B R=4267x 103 Rp = 71.124
+
Bbieod: nogwvnHuK obecneunsaer NpK NPUHATLIX SKCNNyaTauWOHHBIX pexnmax
HenpepbIBHYKD paﬁory B TeyeHwe R LUWKNOB Harpy:eHuAa 1 Rp 4yacoB.
< [

AUTO | ‘

B
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2. BBINOJIHEHUE CAMOCTOSITEJIBHOI'O PACUETA 11O UHJAUBUIY AJIbHBIM
3AJAHUSIM

BapuaHThl HHIUBUTyaJIbHBIX 3aJaHUN

Ne | lmametp MIupuna Harpyska Yacrora
/n | d, MM b, MM P, xH BpaueHus 0(\
“Hag [ man }
1 100 {56) "
25 200 (30)
2 300 {400 ,
25 120 (€0 )
3 50 220 (20 )
320 (410)
4 20 100 { 50)
30 200 [ %0)
5 300 (429)
30 120 (100 )
6 55 220 (420 )
320 (150)
7 70 . {50)
8 30 150 /8%0)
9 230 [loo)
110 80 [20)
11 30 55 170 (90)
2 250 (120)
13 70 ‘ft,\,“.
14 30 35 150 {=20)
15 30 230 (M)
16 80 (R0)
17 60 170 (190),
18 250 (150
19 S0 ISp )
20 35 100 {%0)
21 150 [100)
22 40 60 [ Ro
93 60 110 (190
24 160. [ {z0) %
25 40 50 50 )
6 40 100 (60 )
27 45 150 (}e)
28 60 D0 1
129 65 110 {I50)
30 160 {200
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JlaGopaTopHas padora Ne5
TEXHOJIOTUYECKHWH IMMPOIECC MOJIYYEHUS N3HOCOCTOMKNUX NOHHO-
TIIJIASMEHHBIX IOKPBITHM (ITPU MAT'HETPOHHOM W CITAPEHUH)

HEJNU PABOTDI: 3HakOMCTBO C YCTPOWCTBOM M pabOTONW HOHHO-TUIA3MEHHON YCTAHOBKH IS
HaHeceHus okpbITHii B Bakyyme TINA 900; mpoBeneHne TECTOBOTO MPoIiecca M0 HAHECEHUIO TTOKPBITHS

Ha SKCIICPUMCHTAJIbHLBIC 06pa3L[BI.

OCHOBHBIE ITOJIOXKEHUA

BakyymHOe HambUleHHE TMPEACTaBIsSeT TPYIIy CHOCOOOB TOJIY4YEHUS TOHKHX IUICHOK U
MTOKPBITUH, B KOTOPHIX aTOMAPHBIA IMOTOK OCAYKIAEMOTO BEIIECTBA CO3/ACTCS C IMOMOIILI0 (PU3NICCKUX
MPOLECCOB HMCHApPEHUs MaTEpUajJOB B BAKyyME€ WM PACHBUICHUS aTOMOB IOBEPXHOCTH HMCXOIHOIO
MaTepuaiga B pe3yiabTaTe OOMOApIUPOBKH YCKOPEHHBIMH HOHAMHM WM HEHUTPaJbHBIMU aTOMaMH.
Hamnbuienue ocyiecTBisieTcss B BAKYYMHOM Kamepe, B KOTOPOMl ¢ IMOMOIIbIO CPEJICTB BaKyyMUPOBaHUs
JIOCTUTAETCS M HEMPEPHIBHO IMOJACPKUBACTCS HEOOXOAMMOE JaBjieHHE. BenuuynHa ycTaHaBIMBAEMOTO
JABJICHUS onpenenseTcs GU3NKON U TEXHUKOHN Mpoliecca U HaXOUTCS B UHTEPBAJIE OT 10%+1 IMa.

[ToTok WCnapeHHbBIX WM PACIbUIEHHBIX aTOMOB, CTAJIKHUBAsCh C MOBEPXHOCTHIO TBEPAOTO TENa,
azcopOupyeTcss W KOHJIGHCHUPYETCS Ha HeW, 00pa3ys, B 3aBUCHUMOCTH OT YCJIOBHH, MOKpPBITHE C
ONPEACIIEHHBIMU CBOMCTBAMU U CTPYKTYPOU.

BakyymHOe HambUIeHHE MOXHO pPa30WTh Ha TPHU TOCIEAOBATENBHO MPOTEKAIOIINE CTaIuu:
npeoOpa3oBaHWe HCXOJHOTO HAMBUIIEMOr0 MaTepuajga B MMapooOpa3HbIi TMOTOK HCIAapEeHHBIX
(pacmbUICHHBIX) aTOMOB; PacIpOCTpaHEHHWE TMOTOKAa Tapa B HAMPAaBICHWU TMOBEPXHOCTH HAIbUICHHUS;
B3aMMOJICIICTBIE aTOMApHOTO IOTOKa C TBEPIOH MOBEPXHOCTHbIO, KOHIEHcanus U (OpMUPOBAHUE

IOKPBITHA.

Xapaxkmepucmuxa ycmanosku TINA 900 ona nanecenus nokpoimuii ¢ éaxyyme. Ilo cnoco0y
HAIBUICHUS! OHAa OTHOCUTCS K YCTAaHOBKAM TEPMO-HOHHOTO OC@KACHUS C JJIEKTPOIYTOBBIM WIIH
MarHeTpoOHHbIM HcmapureneM. Haunbonee nepcrneKTUBHOM W MPOU3BOAMTENBLHOW — SBISIETCS CUCTEMA
pacrlbUIeHHs], COCTOsIIas M3 HECKOJIbKUX MarHeTpoHoB. PaccmaTpuBaemas B Hacrosimed pabote
ycranoBka TINA 900 mmeer AByXMarHeTpOHHBIH pACIBUIATENh MCXOJHOTO MaTepHalia W TO3BOJISIET
HAHOCHUTH TIOKPBITHS U3 HUTPUIOB, KAPOUJOB M KapOOHUTPHUIOB PA3TMYHBIX HCXOJHBIX METAJJIOB, TAKHUX

KaK: TUTaH, I.IPIpKOHPIfI, XpOoM H Jp.
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PM2 PT3

Baxyymuaa
Kavepa

PT2

D [»z

VEI1

—<O NL

Pucynok 1 - Bakyymuas cxema ycmano6xu 015 HAHeCeHus NOKPLLMULL:
NL - ¢popsaxyymnwiii nacoc, NZ - 0gyxpomopusiii hacoc; ND -oughgysuonnwiit nacoc; VM1VM3 -
anekmpomexaruueckue 3ameopwvt, VELVES — anexmpomae-numnsvie knanana, BW - soodooxnasxcoaemasn
nosyuwka; VF1-VF3 - namexamenu; PM1,PM2 - macnumopa3spsonvie damuuxu oasnenus,; PT1PT6 -

mepMonapHvle 0amyuKy 0ae1eHus

B coctaB ycraHOBKM BXOJAT: BakyyMHas kamepa auamerpoM 900 MM u BbicoTol 880 MMm;
HACOCHBII CTEHJ C TPEMsS BAKyyMHBIMHM HacOCaMHU; MarHeTpOHHAs paclbLIMTENbHAs; CHCTEMa HAaIlyCKa
ra3os; ympasistomas OBM S 2000R ¢ OnoxkaMu aBTOMAaTUKM M CHUCTEMa BOISIHOTO OXJIAKICHHS.
Bakyymnas cxema ycTaHOBKM TIOKa3aHa Ha pucyHke 1. Ha pucynke 2 wu3oOpakeHa cuctema
MarHeTpoOHHOI'O PACIIbUICHUS.

BakyyMHBI TOCT yCTaHOBKHM, COCTOALIMM U3  (OPBAKyyMHOTO, JIBYXPOTOPHOTO U
1bBy3HOHHOTO HACOCOB, 0OECTIEUNBACT OCTATOYHOE ABICHHE B BAaKyyMHO# Kamepe menee 107 ITa.
PaGouee naBnenue npu HambUleHHH cocTaBisieT npumepHo 0.2 [la. Mznenust kpensTcsi B BaKyyMHOM
KaMepe K BpallalolleMycs I[UIaHETapHOMY MEXaHH3MY, YTO OOecleuyMBaeT pPaBHOMEpPHOE HaHECEHUE
MOKpBITUH. MakcumanpHass Macca pa3oBOM 3arpy3ku Kamepsl cocrasiaseT 50 kr. MoiHocTs
AJIEKTPOAYTOBOIO MCIIAPUTEINSl YCTAHOBKU MOKET M3MeHAThCA oT 4.5 no 12.3 kBr. [Ipu atom, BenuunHa

TOKa AYTH, CO3/1aBa€MOM B Cpelie aproHa, MoxkeT usmensiercs ot 115 qo 300 A.
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Pucynox 2 - Cxema macnempouHoll pacnvliumenbHOU CUCEMbL.
1-sakyymuas cucmema, 2- 8akyymuas kamepa, 3- oxaaoumenb MUuleHu MazeHmpona, 4-
UOHUBAYUOHHBLU OAMYUK OABIeHUs, J- NOBEPXHOCHb KOHOEHcayuu, 6- MacHempoH (Pacnuvlisiemas
Muuiens), 7- akpan, 8- Hame-kamenu 2asa, 9- kpennenue ceemosooa; 10- cucmema oxnaxcoeHus;
11- ceéemo-nposooawuii kabenw, BIIM- 6a10x numanus macnemponos,; BIIC- 610k numanus

cmewenus; CYPI- cucmema ynpasnenus pacxooom 2a3os

MaxkcrnMarnbHasi MOITHOCTb MarHETPOHHOM pacnbuIMTENbHON cuctemsl 30 kBT.

YcTaHOBKa MMEET JIB€ HE3aBUCUMbIE JIMHUU MOJIa4M PEaKLMOHHBIX T'a30B B BaKYyMHYIO Kamepy
(Hampumep, a30T MW AaleTUIeH), YTO IMO3BOJIIET B OJHOM IIpPOLIECCe HambUIEHUs (QOpPMHUPOBATh
MHOTOCJIOIHBIE, PA3JINYAIOIIHAECS [0 XUMUYECKOMY COCTaBY U TOJIIIMHE TOKPBITHS.

Becw npouecc popMupoBaHus MOKPBITUS B YCTAHOBKE MOXKHO Pa3/IeIUTh HAa TPU CTa UM (Tabauia
1): mpenBapuTENbHBI HarpeB W3AeNud, HOHHAS OYUCTKAa TIOBEPXHOCTH M  HEMOCPEICTBEHHO
(hopMHUPOBAHKE TTOKPHITHSI.

IIpy npenBapuTENbHOM HAarpeBe MPOMCXOAMT PABHOMEPHBIM MPOTPEB  BpalllaloOLIErocs
IUIAHETapHOIO0 MEXaHW3Ma U M3JEJIMH, CTEHOK BaKyyMHOM KaMephl, YTO IPHUBOJIUT K YAAJIEHHUIO C HX
MOBEPXHOCTEN aJCcOPOUPOBAHHBIX (CKOHICHCHUPOBAHHBIX) MOJIEKYJ OCTAaTOYHBIX Ta30B (B IEpPBYIO
ouepeib MapoB BOIBI).

Craguss MOHHOM OYMCTKM IOBEPXHOCTH NPOXOAMT IPH IOJA4Ye€ HAa H3JAEIHUS OTPHULATEIBLHOTO
HanpspkeHus 10 1200 V, uyTo BBI3BIBAET MHTEHCUBHOE DACIBUIEHHE WU YAAJIEHUE C IOBEPXHOCTH
Pas3IUYHBIX 3arpsA3HEHU, KOTOPbIE HE YAAETCs OYMCTUTh NPH MIPEIBAPUTEIBHON OATOTOBKE U3EIHI.

Ha Tperbeit cramum ¢ momompio OmokoB mutanuss bIIM1 u BIIM2 mpoumcxoaut momada

orpunarensHoro HampspkeHus (400+500 V) Ha MUIIEHHM MarHeTpOHOB BBI3BIBAsT TEM CaMbIM HX
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MHTEHCUBHOE pacnbuieHHe. OJHOBPEMEHHO C OSTUM B BaKyyMHYIO KaMepy MOXKET I[10/1aBaTbCs
PEaKIMOHHBIN ra3 WM CMECh ra3oB, U MPOUCXOIUT (HOPMHUPOBAHKE TOKPBITUS ONPEACICHHOTO COCTABA.

Mo1HOCTb, IT0J1aBaeMasi Ha MarHETPOHBI, MOKET BapbUpoBaThCs OT 4 10 15 kBT.

Tabnuya 1 — Ilapamempor cmaoutl popmuposanusi NROKpbLLmMuil

MoHOCTh Hanpsioxenue na JlaBiieHue B kamepe,
Craaus nporiecca
MarHeTpoHa, kBt n3gennu, V ITa
[IpenBapuTensHbIN HArpeB 0 0 0.1+0.5
WNonnast ounctka 0.3+0.5 1200 0.15+0.3
®opmMupoBaHHUE MTOKPHITHS 4+15 50+70 0.15+0.2

COJIEP)KAHUE SKCITEPUMEHTAJIbHON YACTHU PABOTBI

1. O3HakOMUTbCA ¢ OOLIMMU NMPUHLUMIAMHU (OPMUPOBAHUS MOKPBITUI B BaKyyme, 000pyAOBaHUEM JUIS
MIOJIy4EHUsI HOKPBITUI U KOHCTPYKLIMEH €r0 OCHOBHBIX Y3JIOB.

2. [loaroroButk 00pa3ups! (M31e01us) A1 (GOPMUPOBAHUS TOKPBITUH.

3. Ilox pyKOBOJACTBOM IPENOIaBATENsl BBIOJIHUTD TEXHOJIOTMYECKHUH MPOLIECC MOJIy4YEHUs TOKPBITUA. Bo
BpEMs IIPOBENEHHUS IPOLECCA HAHECEHWS IOKPBITUS KOHTPOJMPOBATH M 3alMChIBaTh B IIPOTOKOJI
AKCIIEPUMEHTA CIEAYIOLUE TapaMeTphl: BpeMs Mpoliecca, MOKa3aHus JaTYNKOB TEMIIEpaTyphl, JaBICHHUE
B BAKYYMHOH Kamepe.

4. IlpencTaBuTh MPOTOKOJI C DKCIIEPUMEHTAIBHBIMU TaHHBIMH IIPETIOAABATENI0 U MOJYUUTh 3aJaHNE IS

BBITTIOJTHCHUA pacquHoﬁ qaCcTHu pa6OTLI.

METO/IUKA BBINOJIHEHUSI PACYETHOM YACTHU

B yclioBUSX BBICOKOTO BaKyyMma TEIIOBOW MOTOK Q, TOIBOJAMMEIN (OTBOJUMBIN) K KaKOMY-JTHOO

MPEAMETY BKITFOYAET B CEOS CIICTYIONTNE COCTABIISIIONITHE:
Q = an + Qor + QKOH}I + QTel'U'Iv (1)

rae Qusy — PE3yABTUPYIONINI TEIUIOBOM MOTOK U3NMy4deHHs; Q. — TEIIOBOW MOTOK, 00YCIOBIEHHBIH
TEIIONPOBOHOCTRIO  OCTATOYHOTO Ta3a; Qyoux PE3YABTUPYIOMUA TEIMJIOBOM TMOTOK TIPOIECCOB
KOHJICHCAMK (CyOnmManmu) ancopomuu (IecopOmun), MPOUCXOASINX Ha TOBEPXHOCTH; Qren
TEIJIOBOM TMOTOK, BBI3BAHHBIN TEIUIONPOBOJAHOCTHIO DJIEMEHTOB KperyieHus. [Ipu BBIMOTHEHUH pacyeToB
BennauHaMU Qor ¥ Qreny MOXKHO TIpEHEOPEYD.

Onpenenenne BeMUYMH Qusy U Qgony MpEUIaraercs NMPOBECTH HMCXOMAS U3 PACYETHOM CXEMBI,
n300pakeHHOM Ha PUCYHKE 3.

PaCCManI/IBaeTCH 3aMKHYTasd CHUCTEMa TCI C HU3BCCTHBIMU TI'COMCTPUYCCKHUMU pasMEpaMu U

XapaKTepUCTUKAaMU MIOBEPXHOCTEH:




1- Macuempon — ucmoyHux MOIEKYAIPHO20 U MENni08020 NOMOKA.

MUIIEHb MarHeTpoHa - AjnuHa 640 MM, mmpuna 100 mvm;

KO2(pPUITMEHT Tydenoromenust (CTereHb YepHOTHI) - £1=1;

TeMIiepaTypa nosepxaoctu T1 npunumaetcs pasHoit 400 K;

paccTosHuEe MeX1y MaruetpoHamu — 300 mm.

2 — Dxcnepumenmanibislil 0opasey, uiu Kakou-iubo opy2ou obvexkm.:

reoOMCTPHUICCKUC Pa3MEPbl, MaTCPUAJl, MAaCCa, PACIIOJIOKCHUC B BaKYYMHOfI KaMCpe 3a1at0TCAa

npenoaaBaTejiCM,

KO3 (QUIIMEHT JTyYenorIonIeHHs (CTENeHb YePHOTHI) - £2=1,;

temriepatypa oowekta Ty [K] u3mepsieTcss B mpoliecce BBIMOIHEHUS SKCIEPUMEHTAIBHOU

4aCTu pa6OTBI U SIBJISIETCS HCKOMOM BEJIMYHMHOM SaBI/ICHHIeﬁ OT BpCMCHHU.

3 - BGKVVMHCI}I Kamepa.

waAp & 900 MM, h=880 mmM;

K03 (HULIMEHT Ty4enoriouieH s (CTeneHb YePHOTHI) - £3=1;

TEeMIIepaTypy BHYTPEHHHUX CTEHOK Kamepbl T3 mpunate paBHoi 320 K (mpeamnonaraercs, 4To

OHA HE U3MEHSETCS B IIPOLIECCE IKCIIEPUMEHTA).

Bakyymnas xamepa - T;, €;

O6pazern - T,(1), &

300

Y

A

MarHeTpoH-ICTOYHNK MOJIEKYIIPHOTO 1T
TEITOBOIO MOTOKa - T, &;

PucyHOK 3 - Pacuemnas cxema 05 onpedeﬂeHuﬂ menjioesvlx noONoKos

8 8aKYYMHOU cucmeme
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Onpeoenenue senuuunvl Qyono

B o0meMm cnyyae HCKOMBIN TEIUIOBOW TOTOK, OOYCJIOBJIECHHBIH NpOIECcCaMH KOHACHCAIUU
(cyOnumanuu) pacmpUIsieMOT0 C MHIICHM MarHeTpoHa BemlecTBa (TUTaHAa) MOXKET OBITh pacCUMTaH
CIIEAYIOIINUM 00pa3zoMm:

QKOH;{ = GTi -r- 012, (2)
rze I — rermnora ¢ga3zoBoro nepexoxaa, JHK/Kr; @12 — yriioBoi KO3QQHUIUEHT, ONpeAessieMblil U3 B3aUMHOTO
PacIoJIOKEHUsT U TeOMETPUUYECKUX pasmepoB Ten 1 u 2. Ilpennonaraercs, 4To pacnblICHHE MaTepualla
MHUILIEHU NofuuHseTca tudpdy3Homy 3akoHy. Bennunna Gri [Kr/c] — cKOpocTh pacnbuleHUS] MUILEHH —
3aBUCHUT OT MOIIIHOCTH, [10/1aBA€MOI Ha MarHETPOH.

B pamkax Hactosimiel paboThI Ut OnpeAeeHus BETHIUHBI Qo MIPEUIAraeTCsl BOCIOIB30BAThCS
CJIELYIOIUM COOTHOLIEHUEM:

QKOH}J = VTi/ PTi * r- an (3)
3necb Vi — yaenbHas CKOPOCTb pocTa MOKPBITUSA, M/C; Pr1j — IUIOTHOCTh MaTepuana MULIEHU

. 2
(TuTaHa), KF/Ms, Fusy — TUtomaas uzaenus, m°. 3aderue Vi 3a1aeTcs mpernoaBaTesiem.

Pacuem nyuucmozo mennoobmena 6 8axyymnou kamepe

W3yueHune MeTOJI0B pacyeTa JIy4uCTOro TeII000MeHa B CJIOXKHBIX BAKYYMHBIX CUCTEMax sIBISETCA
OCHOBHOH 3ajiaueit nabopaTopHoil paboThl. B maHHON paboTe pacyeT TEemIOBBIX MOTOKOB H3JIy4YE€HUEM
11e71€c000pa3HO BBHINOJHUTH C MOMOUIbIO 30HAJLHOTO METO/a, MPUMEHSEMOro B TEX ciyyasX, Korjaa
HEKOTOpas 3aMKHyTas CHUCTEMa MOXKET OBITh YCIIOBHO pa3jielieHa Ha HECKOJbKO Y4YacTKOB (30H) C
OJIMHAKOBOI1, B Iipeiesiax KaxJ10i 30HbI, TeMIepaTypoil 1 KO3 PHUIIHEHTaMHU JTy4enOrJIOIEHHS.

Kaxplii oTIenbHbIM y4acTOK CHUCTEMbI XapaKTepHU3yeTCsl HECKOJIbKMMHU TEIIOBBIMH IOTOKAMHU
U3Iy4yeHus (pUCYHOK 4):

1 - CoGctBenHBIM (Qco5, BT), 3aBUCAIIUM OT TemnepaTypsl T [K] moBepxHocTH;

2 - IapatomuM (Quay, BT), TEIIOBBIM MOTOKOM, MOCTYHAIOIIMM Ha MOBEPXHOCTh CO CTOPOHBI
JPYTUX MOBEPXHOCTEH CUCTEMBI,

3 - OrpaxkeHHBIM (Qorp, BT), CBA3aHHBIM € OTpaXKaTeNbHOM CIIOCOOHOCTBHIO NOBEPXHOCTH;

4 - TTornomeHHBIM (Qpory, BT), 3aBHCAIIIIM OT MOTJIOMIATENIb-HON CITOCOOHOCTH TTOBEPXHOCTH.

/\

Pucynox 4 — Cxema pacnpeoeneruis

QO'rp

Qcos(T)
>

menjioesblX NOMOKO8 U3TYyYEeHUEM
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[ToToK Ny4HCTON PHEPrHH, UCXOAAMIUN ¢ MOBEPXHOCTH (Quey , Bm/mz), COTJIACHO PHUCYHKY 4

OIPEACITUTCS CIEAYIOIINM 00pa3oM:

anx = Qco6 + Qorp ’ (4)
WJIN, IpUHUMAasi BO BHUMaHHUEC CBOMCTBaA IIOBEPXHOCTHU:
Quex = Qeos +(1-€)-Qrax - (%)
Hapsmy C TCPMHUHOM «HCXOIAIICE» B JIUTCPATYPE MHOI'IA BCTPEYACTCA TCPMUH ((3(1)(1)6KTI/IBHOC»

(Qadﬂb)-

Ecnu teneppb nepeiTu K cucteme Tell, TO MOTOK, MaAI0IIUil Ha IIOBEPXHOCTH |, COCTOUT U3 CYMMBI

IIOTOKOB, UCXOAAIIHNX C OCTAJIbHBIX TCJI CUCTEMBI, TO €CTh.
N
Qnaz[,i = z :anx, : ¢ji (6)
=1

FAC Qji TaKXC, KaK M pPaHbIIC, er'IOBOfI K03(1)(1)I/II_II/ICHT, OHpC,Z[eHHIOH_IHﬁ JOJIFO TCIIJIOBOI'O ITIOTOKA,

MaJIAIOIIET0 C MOBEPXHOCTH | HA MOBEPXHOCTH 1. Takum 00pa3oM, ¢ ydetoM (6) mist Qyex, i MOTYUHM:
N
Quexi = Qeosi +(1-&)- Zanx,j " ;i (7
i=1

JlJ1s 3aMKHYTON CUCTEMBI TeJl, COCTOSIIIENH U3 N MOBEPXHOCTEN, Ha OCHOBE (5.7) MOXKHO MOJIYYUTh
N anreOpanyecKux ypaBHEHUI, COBMECTHOE PELIEHHE KOTOPHIX MO3BOJSET ONpPEAEIUTh BCE 3HAYCHUS
Quexi- Toraa pe3ynbTHPYIONIHMA TEIUIOBOH MOTOK HM3IyueHHeM Ha MOBepXHOCTh | (Quexi, BT) MOXKHO

OIIPCACIINUTD KaK:

N
Qpe3,i — & ZQI/ICX,j ¢jl - QcoG,i (8)
j=1

3aganue HA PACYETHYIO YacTh PadoThI

1. CocTaBUTH pPaCYCTHYHO CXCMY UM OIIPCACIHNTL BCC HCO6XO,Z[I/IMLIC FCOMCTPHUYCCKUC PasMEpbl IJIA

MIPOBEJICHUS PACYETOB TEIUIOBBIX TOTOKOB U3TyYCHUEM.
CornacHo pacueTHOU CXeMe 3amucaTh CUCTEMY YpaBHEHUH JIy4UCTOTO TEIJI000MEHa B 0Ouem guoe.

3. 3anmcaTh cucTeMy ypaBHEHHMii JIy4HCTOrO TEMIOOOMEHAa C y4eTOM HPUHATBIX AOMyIIeHHi. PermmTs
CHCTEMY.

4. CocraBuTh ypaBHEHHME [/ PE3YIbTHPYIOIIErO TEIUIOBOTO IIOTOKA W3IYYEHHEM JUIS H3JeNus
(o6pasma). OnpenenuTh Bce HEOOXOIUMBIE YTIIOBBIE KO PHUITUEHTHI.

5. Ompenenuth BeMUIUHY Qyony.

6. Pemmts HecTanmoHapHOEe ypaBHeHHE (1) OTHOCHTENBHO TEMIEPATYphl M3IEIHMS — IOCTPOMTH

TEOPETUYECKYI0 3aBUCHMOCTh H3MEHEHHUS TEMIEpaTypbl OT BpPEMEHH, IPOBECTU CpaBHEHHE C
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pe3ylbTaTaMu SKCIepuMeHTOB. Caenarh BHIBOABI O CIPABEIMBOCTH PACUETHOM MOJIENN U MPUHATHIX

JONYIIECHUSAX.

Jist  ompeneneHus: yriaoBbIX KOI((UIMEHTOB MOXXHO BOCIOJIB30BAThCS WX OCHOBHBIMHU
CBOMCTBaMHU, paCUETHBIMU BBIpAKEHUSAMU MK Tpadukamu (Tabaunamu), mpuBeIeHHbIMH B pabote: biox
A.T'., KXypasnes [0.A., PerxkoB JI.H. Tenooomen uznydenueM. CripaBo4HUK. - M.: DHeproaroMu3aar,

1991. - 431 c. (paznensl 7.1-7.3, npunoxeHus).

JlaGopaTopnasi paGora Ne6
MUKPOCTPYKTYPA U CBOMCTBA HOHHO-IIJIASMEHHBIX METAJUIMYECKHUX U
KOMITO3UIITMOHHBIX U3HOCOCTOMKHUX MOKPHITUM

HEJMX PABOTDBI: wu3yueHue MHUKPOCTPYKTYpPbl IOKPBITHH, MOJYYEHHbIX CHOCOOOM MOHHO-
IIJJA3MEHHOT'O HaIbUICHUS; 3HAKOMCTBO C KOHCTPYKLIIMEN M IPUHLMUIIOM JCUCTBUS aBTOMATHU3UPOBAHHOU
YCTAaHOBKH JUIsl NPOBEACHUS WMCIBITAHUM MEXAHWYECKHUX CBOMCTB IOKPBITUM METOJOM HENPEPBIBHOTO
BJABJIMBAaHUS MHACHTOpPA, OCBOCHHE METOAMKM M OIpPEAEICHHE TPEIIUMHOCTOUKOCTH IOKPBITHH

IKCIICPUMCHTAJIbHBIX O6p213L[OB.

OCHOBHBIE ITOJIO)KEHUA

OnmHOM W3 caMbIX pacIpOCTPAaHEHHBIX KOJIWYECTBEHHBIX XapaKTEPHCTHUK TPEUIMHOCTOHKOCTH
MaTepHaJioB SIBJIAETCS KPUTHUYECKHH Kod(huimeHT uHTeHcuBHOCTH HanpsbkeHui K. Cormacno 'OCT
25506-85 mns ompenenenus K. TpeOyroTcs crenuaibHble 00pasibl ¢ MPEIBAPUTENILHO BBIPALICHHOM
ycTanocTHOM TpeniuHou. Tommmaa 00pa3noB A0MKHA 00eceunBaTh YCJIOBHE TUIOCKOM AedopManvu B
BEPIIMHE TPEIIUHBI IPU HArpyXKeHUU o0pa3ma. OMHAKO U3 TOHKUX MOKPBITHIA OYE€HB CI0KHO M3TOTOBUTH
Takue OOpaslpl, W TIOITOMY CTaJM pa3pabaTeiBaThcs CHocoObl  ompeneneHuss Ki, wmetomom
WHJICHTUPOBaHUA. B HacTosiee BpeMs CYIIECTBYIOT pa3iMuHble METOAMKH U (HOpMYJbl st
ompenenenuss K. uHIeHTHpoBaHWMeM mnupamuaoi Bukkepca. Yamie Bcero HCIoib3yeTcs METOAMKA

DBaHca, coriiacHo KoTopou K. paccuntbiBaeTCs Mo CAEAYIOMENH 3aBUCUMOCTH
1/2 1/2 -B
K,.=A-HV-a"“(E/HV)"(c/a) 1)

rne HV — tBépmocts no Bukkepey; a — monynuaroHainb oTrnevarka; C — JUIMHA paJdalibHOW TPELUHBI;
E — Moxyns HOpMmanbsHOM ynpyrocty; A u B —sMmnupuyeckue ko3 pUineHTsl.

Craenyer OTMETHTh, 4YTO METOMKA DBaHCa IPUMEHUMA JUIsl ciydas 0Opa30BaHUs HA IOBEPXHOCTH
paZvanbHBIX TPEIIMH B yIiax oTIeyaTka, OJydEeHHOro BAaBIMBaHUEM NupaMubl. OHAKO, UCIIBITAHUS
HAaHOKOMIIO3ULIMOHHBI3 HMOHHO-IIJIa3MEHHBIX MOKPBITUI IOKa3bIBalOT, YTO MpPU HHIACHTUPOBAHUU
nupamMuiol o0pasyroTcss He paauaibHble, a KOJbleBble TpeuluHbl. IlepBas kosbleBas TpeUvHa,

PACIoIOAKEHHAs: BOKPYT OTIIeuaTka, 00pa3yeTcs Ipu HEKOTOPOil KpUTHUECKON Harpyske Fp.
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Ha pucynke 1 npeacrasiens! ¢hoTorpaduu, WUTFOCTPUPYIONHE 00pa30BaHUE KONBIEBBIX TPEIIUH
B HAHOKOMITO3UIIMOHHOM TIOKPBITUU HUTpUaHOU cucteMbl TIN/Zr(Nb)N.
WSROI S LS CATE O N Ul > e
b “.‘ ,‘\‘ .‘\":‘. ::: ., : Q\““oe’ ), '-.-3.
o . VL o 00

_—
XA

0.

Pucynox 1 — Muxpogomoepaghus omneuamroé na nokpoimuu cucmemst TIN/Zr(ND)N npu paznvix

a.

Haepyskax undenmuposanus (x500): a— 1001, 6 — 200 I

B 3aBHCHMMOCTH OT PEKMMOB HAHECEHMs NOKPHITHMH M MX TBEPAOCTH KpUTHYECKas Harpyska F,
paznuyaercs. [Jna  onpenenenus F, HeoOXoauMo BAaBIMBaTh MUPAMUAY C  IHOCTEINEHHO
YBEITUYUBAIOIICHCS HArPY3KOM W HAONIOJACHUEM 32 OTIEYATKOM MPH MOMOIIM MHUKPOCKOIA Ha KaxJaou
CTyIIEHM HarpyKeHus M pasrpysku. Pacnonmaras 3HaueHueM F,, MOXHO HCIIOIB30BaTh €ro s
KAueCTBEHHON OLIEHKM TPEIMHOCTOMKOCTH MOKPBITUH; 4eM Bblle Fy,, TeM BBbIlIE TPEIMHOCTOHKOCTS.
I[Ipu Takoii OLleHKE JaHHbIE HOKPHITUS MOKHO PacIOI0KUTh B OJUH PsJ 110 CTENIeHH yMeHbIeHus Fp, a
CJIEIOBATENIbHO, U TPEUIMHOCTOMKOCTH.

OnHako, METOJMKA OLEHKH TPEHMHOCTOMKOCTH 1O F, TpynoéMKa, u He Bceraa yaaércs TOUHO
3a(MKCUPOBaTh 00pa30BaHKUE MEPBOM KOJbLEBOH TPEHMIMHBI M COOTBETCTBYIOIIYIO HArpysky F.,. B cBsa3u
C 9TUM, NpeAsiaraeTcs UCIHOIb30BaTh JJIS OLEHKU TPEUIMHOCTOMKOCTH pajuycC KOJIbLIEBOM TpPEHIMHBI I,
KoTOpasi oOpasyeTcs Ipu Harpyske F’, = CONst, rapanTupyromeil 00pa3oBaHHe KOJIBIEBOH TPEIIMHBI IS
JAHHOTO Knacca HOKpbiTuil. Harpysky F’., MOXHO YCTaHOBMTH NpEIBapUTENIbHBIMU HCIIBITAHUSIMHU
MOKPBITUI WHAEHTUpOBaHWEM. OCHOBHBIM MEpEMEHHBIM MapaMeTpoM B JTOM clydyae SBJsIeTCs [, MpH
3TOM, 4eM OoJibllie I, TEM MEHbIIEe TPEIIMHOCTOUKOCTh MOKPHITHS. OHAKO, MOXKET CIIYUYUTHCS TaK, YTO
npu F’, = CONSt 1St ABYX MOKPHITHI OKa)XeTcsl OIMHAKOBAsI IHaroHalIb OTIIedarka d, a cliejoBaTeIbHO, U
tBépaocTs HV. U B 3TOM citydae ripu OoubiieM I' TPEIMHOCTORKOCTh MOKPBITUS OYIET HIKE.

Ha PUCYHKC 2 MMPEACTaBJICHA CXEMa OIPCACIICHUA paanycCa KOJIBIIEBOM TPCIINHBI.
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[ el
d = 57 My

a. 0.

Pucynox 2 — Cxema onpedenenus paouyca Konioyegol mpeujuHbol

KonnuectBennas OLICHKa TpGIIII/IHOCTOI\/JIKOCTI/I HOKpI:ITI/Iﬁ HHIACHTUPOBAHUECM BO3MOXHa IIOCJIC
IMPOBCACHUA IIPCABAPUTCIIbHBIX HUCITBITAHUH Ha TpeIHHHOCTOﬁKOCTB CTaHAApTHU30BaHHBIM METOAOM M Ha

TBépI[OCTB C OomIpeaciicHuemM HV B HCKOTOPOM HHTCPBAJIC HAIrpy30K. ITocne uyero HCO6XO,I[I/IMO

. (K, /(HV-a")]-(HV/E)"?
MOCTpoeHUe rpaduka «HOPMAIU30BAHHAS  TPEHIMHOCTOMKOCTH ¢

HOpMaJ'II/I3OBaHHBII‘/’I paguyc KOJIBIIEBOM TPCIIHUHBI rlax. I[JIH 9TOro Inpu HpaKTquCKOﬁ peajm3annun
MCTOJHUKHU HeO6XO,[[I/IMBI HCCKOJBKO 06pasu0B C OAHOTUIIHBIM IIOKPBITUEM W PA3JIMYHBIM YPOBHCM

TBEPJAOCTHU U TPEUIUHOCTOMKOCTH.

XAPAKTEPUCTHUKA OBOPYJIOBAHUSA

VcniplTanns HETIPEPHIBHOTO WHIIEHTUPOBAHUSI MOTYT OBITH MTPOBEACHKI HA JIFOOOM 000pYIOBaHHH,
IpeJHa3HAuYeHHOM I 3TOM LeNHM U MMEIOUIeM JIOCTaTOYHO OOJbIIoi MHTepBanl Harpysok. [locnennee
ycloBHe HEOOXOAMMO AJisi o0ecreyeHns Mpolecca UHASHTUPOBAHUS Ha pa3HBIX MacIITaOHBIX YPOBHSX
(Makpo-, Me30-, MHKpOMHIEHTHpOBaHUE). 1T HAaHOKOMITO3UIIMOHHBIX TOKPBITHH, HECMOTpS Ha WX
Ha3BaHWE, yPOBEHb HAHOWHJICHTUPOBAHUS JUISI MPHUMEHSEMOTO TPH pean3alliil JaHHOH METOIUKH
o0opyZ0BaHus, HeoOs3aTeNeH, TaKk KaKk HAaHOMETPUYECKHUH MaciiTa®d MMEIOT TOJBKO OTAENbHBIE CIIOH
HAaHOKOMIIO3UTA, @ METOJMKA OMpeAessieT TPEINHOCTOMKOCTh BCETO MOKPHITHS, KOTOPOE OOBIYHO UMEET
TOJIIIMHY HECKOJIBKUX MUKPOMETPOB.

Tak, Hampumep, UIS BBIIOJIHEHUS pPa0OT MOTYT OBITh PEKOMEHIOBAaHBI HMEIOIINECS
pacnopspkernn HOLL «Marepuans»y JAI'TY: aBromatusupoBanusbiii npudop «Buehler MicroMet 5124»
(mpomsBogutens «Buehler», IlIBeiinapusi), TpeACTaBICHHBIH HAa PHCYHKE 3, WIM H3MEPHTEIIbHAS
mrarpopma «NanoTest 600» (nmpousBoautens «Micro Materials»y, BenmukoOpuranus), mokasaHHas Ha

pucyHke 4.
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Pucynox 4 — obwuti 6uo usmepumenvrou niamgopmol «NanoTest 600»

Muxkpotsepaomep «Buehler MicroMet 5124y npeanasHaueH 1t H3MEPEHUS MHUKPOTBEPIAOCTH C
BO3MOYXHOCTBIO aHAJIM3a MUKPOCTPYKTYpBI METalllIa B AMana3one Harpy3ok ot 0,5 r 1o 2 Kr.

VYHuBepcaneHbIi  TIpuOOp Uit mHAeHTHpoBaHWS «NanoTest 600» mpemaHazHadeH ISt
UCCIIeIOBaHMs (PU3NKO-MEXaHUYECKUX CBONCTB MaTepHaAIOB B HaHO- U MHKpomaciitade. Pabotaer mo
MPUHIUITY WHICHTHPOBAHUS METOJaMHU BIABIMBAHMSA, IapanaHus, yaapa (MUKINYECKOEe HArpyXeHHeE).
Omnpenensier MOIYyJdb YIOPYrOCTH; TBEPAOCTh, KOAPGUIMEHT TPEHHS, IIEPOXOBATOCTh MMOBEPXHOCTH,
paboTy, 3aTpaueHHYI0 Ha YIPYrOIUIACTHYECKYIO ae(opMaIHio; MOJATIMBOCTh KOHTAaKTy W Jpyrue

XapaKTePUCTHKU C pa3peimieHueM B rnyouny - 0.04 HM, pa3pelieHreM B TOPU30HTAIBLHOW TUIOCKOCTH -
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0.02 mxM mpu nuanazone Harpysku - (0.1...500) mH. ITpubop ucmons3yer nBa THIA WHICHTOPOB —
nupamuibl Bukkepca (MUKpo- U ME30MHACHTHPOBAaHKE) U bepkoBuua (J1s1 HAHOMHACHTUPOBAHMUS).

Jns  Gornee KOHKPETHOIO pasrpaHMUYCHMs] MacIITaOHbIX YpPOBHEH NpU HHAECHTUPOBaHUU
cocraBieHa Tabiuua 1. B Hell mpuBeneHbl 3HaueHHWs TIyOuWHBI t,;, nuaroHanu orneudarka d, npu
MH/IEHTUPOBAHUHU MUPAMUIOHN, IO KOTOPHIM pacCUUTaHbl 00bEMBI 0TIIEYaTKoOB V,,. MaciitaObHble ypOBHU

MH/ICHTUPOBAHUS HUpaMHI0i BUKKepca yKka3aHbIB 3aBHCUMOCTH OT V.

Tabruya 1 — MacuwmabHvle yposHUu UHOEHMUPOBAHUSL NPU UCNONb308AHUU NUpamMudsbl Bukkepca

I'mybuna ormeyarka ty, Jlnaronanap oTmeyaTka O0BéMm otnieuarka V,

- 0., cw I MacmtaOHbIi YPOBEHB
0.01 0.07 8.17-10° HAHO

0.1 0.7 8.17-10° MHKPO

1.0 7.0 8.17-10° MHKPO

10 70 8.17-10° Me30

20 140 6.53-10" Me30

50 350 1.02-10° MaKpO

METO/IUKA ITPOBEJAEHWS N3MEPEHUM

W3mepenust mpoBOASATCS Ha HECKOJIBKMX CTalbHBIX OOpa3ljaXx ¢ HAHECEHHBIMHM Ha HUX HOHHO-
I1a3MeHHbIMU  2D-HaHOKOMIO3UIIMOHHBIMU  (CJIIOMCTBIMU) TOKpbITUsIMHU. KosiuuecTBo 00pa3lnoB mpu

MPOBCACHUH IPAKTUKYMA ONPCACIIACT IIPLCIIOAaBaTClIb.

SEM HV: 5.0 kV WD: 5.89 mm
Det: InBeam 200 nm

SEM HV: 5.0 kV WD: 5.89 mm
View field: 6.91 pym Det: InBeam
SEM MAG: 83.7 kx

a. 0.
Pucynok 5 — Ilonepeunoe ceuenue oopasya co cLouCmviM HAHOKOMNOZUYUOHHBIM NOKDbIIMUEM
numpuonot cucmemot TINIZr(ND)N: pacmposas snexkmponnas mukpockonus npu paziuunsix

veenuuenusx (a) u (6)
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B pabore MOryr wHCHONB30BaThCS pPA3IUYHBIC THIBI HAHOKOMITO3MIIMOHHBI3X ITOKPBITHI:
METaJUIMYEeCKHe, MeTallJIOKepaMHuyeckne, Kepamuueckue. Ha pucyHke 5 mpencraBieHO CTpoeHue
CJIOMCTOTO0 HAHOKOMIIO3UIIMOHHOTO MOKPBITHS HUTpHUIHOU (Kepamuueckoit) cuctembl TIN/Zr(Nb)N.

W3mepennss  BBIMOJHAIOTCS ~ NMpHOOpPaMH  aBTOMATHYECKM IO  IporpamMme,  3aJaHHOM
npernoaaBaTeseM WM HaydHbIM coTpyaHukoM HOLl. 3agaya CTYAEHTOB MOHSATH LEMM W MPUHIMIIBI
BBITIOJIHEHUS] MPAKTUKYMa, TOJYYUTh pPE3yJIbTaThl M3MEpPEHHH O0O0pas3lioB, HA WX OCHOBE 3arOJIHUThH
TabMUIBl U3MepeHuil 2 u 3, cAenaTth BBIBOJBI 00 YpOBHE TPEIIMHOCTOWKOCTH HAaHOKOMIIO3MIIMOHHBIX
HNOKPBITHA W OXapaKTepu3oBaTh (HAKTOPHI, BIMSIONME HA pa3IM4Yhe YPOBHS TPEIIMHOCTONKOCTH

HCCICIOBAHHBIX HOKpBITPIfI.

Tabnuya 2 — Pe3ynemamul usmepenuti Kpumuueckou Haepysku F,, obpasosanus xonvyesol mpewjunvl 6

NOKPbIMUAX
Ne XapakTepucTuKa Feo ) KauectBennas™* onenka
HV, xI'/mm tip, MKM
oOpasma | oOpasia v MOKPBITUS r H TPEIINHOCTONKOCTH
1
2
n

Tabnuya 3 — Pezynomamol usmepenuti ouazonaneu d u enyoun t omnewamros, meépoocmu HV u

Dpaouycoe Konvyegvlx mpewjun I, noayyennvix npu F', = 500 I" 015 pasnuunsix 06pasyos ¢ nokpbimusmu

[TokpsiTHE d, MkMm {, MKM HV, K[/ MM I, MKM TpemuHoCTONKOCTE*

1

2

* - B mocneaHed rpade 1Mmocie BBIMOJHEHUS BCEro IHUKJIAa W3MEPEHH MPOCTaBIAETCS CpaBHUTEIbHAS
OTHOCHUTEJIbHAS XapaKTePUCTHUKA TPEUIMHOCTOMKOCTH BCEX HM3MEPEHHBIX 00pa3ioB (Hampumep:

BBICOKAas, CpCAHAA, HI/I3K3.SI)
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JlaGopaTopHo-npakTHYecKoe 3aHsaTHe Ne/
ONPEJAEJEHUE MTPOYHOCTH SJEKTPOMETAJUIN3AIIMOHHBIX IOKPBITHIA HA
NJIOCKUX U HUJINHAPUYECKUX OBPA3LIAX

. HEJIb PABOTDI
OcBONTL METOMKY NPEABAPHTCABHOA OUCHKH NPOYHOCTH METALIHYECKOIO
NOKPLITHA € UETLIO ONPEILICHHA €0 ONTHMATLHON TOAMHBL

Il OBUHE NOJTIOACHIA

OcnoBHOR NPHYHHON HU3KOH NPOYHOCTH NOKPLITHIT NAILCTICH HATHYHE B HHX
OOABIMX PRAIPYIIAIOUINX OCTATOYHBIX HANPRAACHHIL. BO3HHKHOBEHME OCTATOYHBIX
HAIPAACHHA  CBA3AHO C  PaliMMHEM TEMICPATYPLl HACTML M OCHOBHL, X
KOMpOUUHCHTAMI  TEPMHHECKONO  PACHIPCHIA, YCAIKOR NPH  KPUCTATIHIALMM,
COOTHOWCHNCM TOMUMH HOKPLITHA M OCHOBWL. beccicrentmil {HeOOOCHOBAHHMIA)
BbIOOP TONWHMH NOKPHITHIl Y4ACTO UPHBOIMT K MX Pa3pPYUICHHIO B mpouecce
HANBLICHUA, TIPH MEXAHHYECKOIl 00padoTxe, a2 TaKA€ B8 NEPHOT IKCILAYATAUMH
uacamii. Tlostomy 8 padore MitaraeTed MeTOIMKA, NO3BOIKIOWIAN HAIHAYATE
TOIUMHY NOKPHITHA C YHETOM €€ BIHAHUSA H3 VPOBCHL OCTATOMHLIX HANDAACHHIL

Cpasumrensumii  anams  Jeiicteviomx cia s MOKPHITHH HA  ILIOCKOH
noBCpxHOCTH (puc.l) nokasan: a) sandoiiluee papyuIAIOILCe JeciiCTBHE HA Ma-

TCPHAT NOKPLITHR OKA3LIBAIOT PACTANHBAOUHC OCTATONHLIC HaNPIACHHUN O'p ocT y

0) BEIHYHHA 11Pe1eIa NPOHHOCTH MaTEPHATA NMOKPHITHR Og THMHTHPYET MPOYHOCTL
HOKPLITHA. BCe OCTAILHLIE TEXHOIOrHYECKHe napaMeTpsl (GopmMa HanNLIIREMOil
NOBCPXHOCTH, CNIOCOON €€ NOIroTOBRM M 1p.) OynyT OKa3niBaTh BIMAHHE 4Yepe3 ITa

Gaktopu. Jlag  maitexmoit  npownocTH GOKPHTHE Ha MNIOCKOH NOBEPXHOCTH
HCOOXOIHMO O0CCNeYNnTL COOTHOWICHMHC

o’ <o, (1)

[TpaxTiKa HanmaeHus nokaswmsaer, yro KPHTHYCCKA TOUMHA NOKPHITHA Ha
BBINYK10ii 3aMKHYTONl nosepxsocty B 1.5-3 pasa Ooasuie, YeM Ha miockoii
nosepxHocTH.  [Ipnunna  nossiuieus cocrout B Golee Onaronpusmon aas
IOKPLITHA NEPCPACNPLEICICHIH COCTARIMOMHX OCTATOYHBIX Hanpsaenui (puc.2). B
JTOM  CYHAE MPEBATHPYIOUIHMH  PA3PVILAIOUIMMHE  CH 1AM Oyayr xacarennume
OCTATOMHBIC HANPAKEHHR O g, Hpuuenm conporunnense aefictaino 3TIX Cua Oyaer
VCHANBATLCS € POCTOM BHICOTH! pebeda HA NOBEPXHOCTH OCHOBLL Taxn o0pazom
Ha BLHNYKIOH 3AMKHYTON NOBEPXHOCTH KACATENBHME OCTATOMHLE HANPAACHHS
OYA)T BCTPCHATE MPOTHBOJNEHCTBHME UETONO KOMILICKCA Cil, KOTOpLIC MOKHO
OXAPAKTCPH30BATL KAK NPOYHOCTL CLEIUICHIS TIOKPBITHH C OCHOBOI -0, , 3anac

NPOYHOCTH NOKPHITHIT HA HAPYAHMX UMAMHIDHYECKHX [OBEPXHOCTEX Oyaer
QOCCNEYEH 1IPH YCIOBHM, €CTH

Ceu< O’ ocr 2)
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Mer_{ A J160

Puc.2. Pacnpenenenne
COCTARASIOUHX OCTATOYHBLIX

HANPSCKEHHH B NOKPHITUH HA HAPYAKHOM
UMAHHAPHYECKOH TIOBEPXHOCTH: Py
NpHAHMAIOUIE CHIL; O ocr —
xacarensunie Hanpmkenns; D(H)-

TNpumesanne: Ycaosnoe 0do3Havenue AMEXTPOMETALIHIAUHOHHOIO NOKPLITHA:
MeT - OKPHTHE, HAHECCHROE MCTOA0M 3AEXTPOAYroBOH MeTa/H3aLMH; A -
MaTCPUAT BOKPHTIS; A - XOMHHIK, X —crans, 1] - unnx, M - uem.; undpa
ob03RI4sET TOMIRHHY TOKPHITHS B MKM.

PacTaruBaoNMe O ooy WAH KACATEALHBIC O oy OCTATOMHBIC HANPOKEHHS B
NOXPLITAEN MOXNKRO PACCHHTATH BO CACAYIOLICH dopmyne:

E*a-o) (I2T)
= . , HAd ©

1+E,*H/E,*h 1-p

Oucr

E,.F; - Moy ynpyrocTH MaTcpHaia OCHOBM H noxpuTus (1ab1.2);

Qy, Q> - K03)GUUNEHTE TEPMIPICCKOTO PACIIMPEHHS MaTEPHAIOB OCHOBE! H
pospaTus (vaba2)

T,.T> -rexmeparypsi ocnoss (T= 20°C) # nAaBneHUA MATCPHANE TIOKPLITHA
(3t 2k
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H(D),h - ToaunHa (anameTp) OCHOBL H NOKPLITHA (Taba.1);
U= 0,25 - 0600uieHnbiit k03PPHunenT [Nyaccona (1abn.2).

3aBHCHMOCTB NPOYHOCTH CLUENACHHN CAOR C UHAHHAPHHCCKONR NOBEPXHOCTHIO
OT PAAA TEXHONOMHYECKHX GAKTOPOB MOKHO OLEHHTH C MOMOILBIO GOPMYbI:

E;*a,*(T2-T1)* D
Ocy ® =rmmmsmssmsooscoones cmmemmceceeea- -*A*H,, , H/n? (4)
n*h

rae D - napyaumit anametp sana, M (1abn.l);

A - xoxdpduument (tabn.s),

h - Toawmnna nokpeiTus, M (taba.l);

E2 - Moayas ynpyroctu matepiana noxpuitus, H/mM* (12621.2);

Q) - KOOXPPHUMEHT TEPM. PacUIMPEHHA MATEPHANA NOKPLITHA , 1/rpaa (Taba.2);
T,. Ty Temueparypa ocuosst (T,= 20°C) u nnasaenus Matep. nokp.(tabn.2),
Hio - cpeanss BbicOTa HEPOBHOCTEH HAa NOBEPXHOCTH OCHOBBI MKM.

I11. TIOPAJOK BBIITIOJIHEHUSA PABOTbI

1. C noMompblO MITAHTCHIUPKYJS BBIMOTHUTHE HEOOXOAMMBIE HM3MEPEHUS HAIBUICHHBIX 00pasIoB
IUIOCKOM M IMIMHAPUYECKON (opMbl. OOpa3iibl U3rOTOBJIEHBI U3 CTAIU U aIlOMUHUEBOTO ciijiaBa. B
KaueCcTBEe MCXOJHOT0 MaTepHuayia sl MOKPHITHI HCIIOIh30BaHa AFOMUHUEBAs, CTajbHas, MEIHAS U
IIMHKOBAs TPOBOJIOKU AUAMETpoM 1,6 MM.

2. BBIMONMHUTH pacyeT TPOYHOCTH TMOKPBHITUH Ha 3aJaHHBIX o0Opa3lax B COOTBETCTBHH C
WHIUBUAYAIBHBIM 33/IaHMEM, TPEJCTaBICHHbIX B Ta0nume 1. mpu pacueTax MCHOIb30BaTh
CIpaBOYHbIE JaHHBIE, TNpUBEACHHBbIE B Tabmuuax 2-5. TunmuyHoe YyciIoBHE: Ha CTalIbHYIO
(aTIOMUHHEBYIO) TUIOCKYH (IMJIMHJIPHUYECKYIO) JIeTalh HEOOXOIUMO HAHECTH aTIOMHUHUEBBIN
(cTanbHO¥) 3aIUTHBIN cioi; TonmmHaa (quamerp) netanu H (D), tommmua nmokpeitus h; onpenenuts

3arac MpoOYHOCTHU IMOKPBITUSA IIPU 3aJaHHBIX pa3dMEpax U COUCTAHUAX MATCPHUAJIOB.

IV. COAIEP’)KAHUE OTYETA

1. Iens paGoThIL.

2. Dcku3bl 00pa3loB [yl HANBIJICHUS C YCIOBHBIM 0003HAYEHHEM MOKPBITHS, C Pa3MepaMHU MOKPHITHS U
OCHOBBI, @ TAKXE C PACIPEEICHUEM COCTABIISIIOLUIUX OCTATOYHBIX HANPsLKEHUM (pUCyHKH 1, 2).

3. Pacder ocTaTOYHBIX HANPSHKEHUH U CHIT CLIETUICHUS TIOKPBITHS ¢ OCHOBOM.

4, Tlo pe3yibTaTaM BBIIIOJHCHHOI'O pacdyeTa CACIAaTh BBIBOJALI O IPOYHOCTH HOKpBITHﬁ.
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V. UHAUBU Y AJIBHBIE 3ATAHUSA

Tabanua |
_Hn,_mauma,uuuc 3a0aMms. .
H_S—\sc; | Marepnai llnocxan noacp\uocn | Linaunapuyeckas }
| 3A21AHHA | OCHOBbI ‘ R ______! NOBEPXHOCTE B
| ' Tonwmma Buwm Jnamerp Buicota [
i | OCHOBHI, ' caos, OCHOBHI, cnon.’ ‘
| H*10°m  |h®10’,mM D®10°,m h*10°,m
O G ] 0T 0 3.0 02 |
12 Cra LNt 02 3.5 04
N 7 TSNS SN T NN S 0 o6
{4__ | Crann | }d b4 4.5 ' 0.8 ]
s Craw | 201 05 3 0|
6 [ Craas 22 e a9 12
7 T TCmw 1 2s T 0r T s b4
(8 Craan 27 [ o8 I s 1,6
{9 Cran 30 1 09 1 53 1,8
10 Craw 32 0 10 L ss T 20
1"1_| IAmNmmﬂ L_ 3.5 | 1) 6.0 1 2.
(12 [Avowmwnh_| 37 T 12 6.5 24
13 VAvoMmnmi_ 40 113 70 2.6
4 A lwsssconin_._ 42 ' 14 73 | 2.8 :
1S | AoMIIR | 4.5 ! 1.5 7.5 T 3-()“_‘."
06 T Avowmwd 7 [T he w0 32
7 [Awewmwd [ S0 T ks A
18 _______{ Avosmwnwt 1 §3 I__.,, 1.8 %0 v 36 &_"
119 ATtoMuIi _i___5_5__ 4 19 1 95 | 38
1 20 jAlmxmmm [ 6.0 20 | 9% 40

[Npumeyanus: Matepuan nokpuitus (craib, Meas, ALOMUHKH, UHHK) K cNOCOD
M10,1rOTOBKH 11OBCPXHOCTH (0018 KBAPUCHBLIM 1ICCKOM, HAHECCHHE PBAHOR peIbbul,
XHMHYECKOE TPABICHUC )~ COTIACOBLIBANOTCH O NIPCNOAABATEICM

3HaueHn TENIOGIIMNCCKIX KOIDDHIHEHTOB METAIN0B

Tabanua 2
OCHOBLI H NOKPHITHA

Meraan | Kodpduumenr [ Mo; 1) as ynpyroctd, | Temncepa- | Koagdu-
TEN:108010 H/M? Typa naa- | umeur
acumpenns, Vrpan BACHMA [lyaccona
Ocuossr | Hoxpuiua | OcHosw | Ioxputs | metanna, H
| @®10®  [w10® [E*10"  [E*10° (T2, °C
Lnux 39,0 124 78,0 12,5 420
Anovuuui 1260 12.] 65,0 6.2 660 0,25
Meas 17,0 11,8 115,0 6.6 1083
' Crats 13,5 11,0 206,0 13,2 1530
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TalGnuua 3.
TIlpeen npoyHOCTH METaJIA NOKPBITHS HA PacTAKEHHE
Marepuan [penen npoOYHOCTH HANBUICHHOTO
matepnana, G, H/M?
ManoyriepoaucTas crTalib 1,2* 10%... 1,96* 10°
AmoMuHui A2 0,29*10°...0,49*10°
1 inx 0,34*10° -~
Mexs 0,25*10°
Tabauua 4.
XapakTepHCTHKH 111€POXOBATOCTH 00pabOTaHHOMN NOBEPXHOCTH
i Cnocod noaroToBKM NOBEPXHOCTH | Cpenuss BbicOTa MHKpOHEPOBHOCTEIH,
Hp, MKM
0O0.ayB KBapUEBBIM 1ECKOM 16...18
(necxocTpyiinas obpaborka)
Hanecenue panoit pe3nObt (Ha 70...100
| TOKaPHOM M (pe3epHOM CTAHKAX)
| XHMHYECKOC TPaBIeHHE S.s0l 20
Tabauua 5.
Koa¢pdruueHTs U8 pacyeTa Npo4HOCTH
MeTann nokpbiThs Kospduunent A |
1{nux 9,6*10~ B
AJIOMUHUIA 53510 !
Crans 3,79*10° 4‘
TG -3 !
Jlatyub 1,89*10 ]

VI. KOHTPOJIBHBIE BOITPOCHI

Kakue nocnencTBus BbI3bIBAIOT OCTATOYHBIE HAPSYKEHUS B TIOKPHITUH?

B ueMm n koraa nposiBisieTcs pa3pyumaroiee 1eiCTBUE OCTaTOYHBIX HAIPSHKEHUN?

UYro sABIISIETCS] NPUYNHOM MOSIBJIEHUS OCTATOYHBIX HAIIPSKEHUN B TOKPBITUH?

Kak Bausier ¢opma M crnocoObl MOATOTOBKHM HANbUIIEMOW IOBEPXHOCTH Ha pacHpeieieHHue
OCTaTOYHBIX HANPSKEHUI B OKPHITHN?

KakumMu  TEXHOJIOTMUECKMMH  METOJAaMHU  MOXXHO  YINPAaBIATh  IPOYHOCTBIO  BJIIEKTPO-

METAJJTN3alMOHHBIX (HAbIJICHHBIX ) TOKPBITHI?

VIIl. MIPUMEPBI PACUETA ITPOYHOCTHU METAJUIN3AIIMOHHBIX IOKPLITUI

[TpuMepbl pacueTa MPOYHOCTH MOKPBHITHH MpeacTaBieHbl B Buae okoH mporpamvbl MathCAD.

[IporpamMmMa MoXeT OBITH HCIIONB30BaHA MPENoAaBaTeeM Uil IPOBEPKU pacueTHBIX 3aJaHUN CTYJACHTOB

WM CaMHUMU CTYJEHTaMH (C BeioMa MperoiaBarTessi) B ciayyae 3aTpyAHSHUN IPH pacuerax.
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Q Mathcad Professional - [/1a6_Pa6 no MKMull_Tokpeitve] E@u

Iﬂ ®Qaiin [lpaska Bua Bcraska @opmar Marematnka CumeoneHas matematmka Oxna [Momows \f_}e Hxl

[D-BEISRY |+ 2@|o«|": (e =6 A& -8

| [Nomal ~adal = Bz u|E=E=E|EE|
Onpeneneﬂue MPOYHOCTU INEeKTPpOoOMeTaNnMN3auMoOHHbIX nOKprTMﬁ |:|
1. Ha nnockux Gemansax:
gost < cb - YCROBWE NPOYHOCTH NOKPLITUA,
rae cost - 0CTaTOUYHbIE PACTArMBAKILLME HANPAXKEHWA B NOKPLITUN,
H/m2Z, b - npegen npoyHocTh nokpeiTnA, H/m2
obl = 1 5_103 - Npejen NPOYHOCTH HaMbINEHHOro NOKPLITUA U3 ManoyrnepoanucTon
o cranu, H/m2
cb2 = 0.4-10S - NpeAen NPOYHOCTH HanbINEHHOMO NOKPLITUA U3 anoMuHua A2, Him2

ob3 = 0.34- 108 - NpeAen NPOYHOCTH HAMNLINEHHOTD NOKPLITHA U3 WMHKa, Him2

cbd = 0.25~108 - Npegen NPOYHOCTH HanbINEeHHOro NOKPLITUA U3 Mmegu, Him2

CmansHoe nokobimue (UHOeKC - 2D). HambiIeHHOe Ha anoMUKHUesYr0 0cHo8Y (UHOeKC - 1m):

< .9 -6 - mogynu ynpyroctu E (H/m2) n
Elm = 65-10 alm = 26-10 Tim = 20 Komgnwiﬂl Uil )
pacwmpenua o (1/rpag) nokpeITuA 1
E2p = 13.2-109 olp = 11-10_6 T2p = 1530 OCHOBbLI; TeMNepaTypa 0CHOBLI T1m
1 TemMnepaTtypa nnasnexHus

matepuana nokpeitna T2p (°C)
p=025 -«koadduumnent [lyaccoHa gna metannos

i=0.1.9
H(i) = 0.035 + 0.0025-i - TONLLMHA OCHOBHOrO MeTanna (antomMuHuin), m
h(i) = 0.0011 + 0.0001-1 - TONLLMHA HaNbINeHHOro NOKPLITUA (CTank), M

E2p-(alm — o2p)-(T2p — T1m)

gost; = T wucn
l1+ p_(l))“_ n
\_  Elmh()
H(i) = h(i) = gost; = 5
0.035 1.1-10-2 5.343-107
0.038 1.2-10-2 5.427-107
0.04 13102 55107 gost < gb - YCMOBME NPOYHOCTH NOKPLITUA
0.043 1.4-10-3 5.564-107
0.045 15102 5.621-107 ob2 = 15-10° - npeaen npouHoCcTH MoKpLITHA
0.048 1.6-10-2 5.671-107 (cTans)
0.05 1.7-10-2 5717-107
— O Yenosue npoyHocmu
U954 +8-10 : MOKPLIMUS €bIMOHIEMCS -
0.055 1.9-10-2 5.795-107 nokpeimue ebldepxum
0.058 2-10-2 5.829-107 HanpsxeHus ons nobbiX Nap.
3HayeHud (H.h) !
< [l »

Wects AuTO | | Pagel
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Q Mathcad Professional - [/1a6_Pa6 no MKMull_Tokpeitue] @M

|@) ®aiin Mpaska Bua Bcraska ®opmar Matematuka CumBonbHas matematka OkHa  [Momolus |- [|&] %]
|D-FH|@RY| s D@|o|[": (WD =B84
| [Nomal | [aial ~wo B rul==

2. Ha yunuxdpuyeckux demansx:

gost < Gez - YCNoBWe NPOYHOCTU NOKPLITUA,
rae cost - 0CTaToOYHbIe PACTArMBAKOLLME HANPAXKEHUA B NOKpbITUN, H/MZ;

GCZ - NPOYHOCTL CLUENMNeHUsA NOKPLITUA ¢ ocHosol, Him2

AnroMuHueeoe NoKpsImue (UHOEKC - 2p). HanblIeHHOe Ha cmalbHYK) 0CHoeY (uHdekc - 1Tm):

9

o - 2
Eilm = 206-10 olm = 13510"%  Tim =20 MOLYER yIDYIOCIN E (HLINE)

KO3 UUMEeHTEl TENNOBOTO
pacwupenna o. (1/rpaa) nokpeiTua u

E2p =62 109 olp = 12.1-10—6 T2p = 660 OCHOBbI; TeMnepartypa ocHoBbl T1m
1 TemMnepaTtypa nnaeneHus

matepuana nokpeita T2p (°C)
u=025 -«xoaddhuumeHt [yaccoHa gna metannos

i=0,1.9
D(i) = 0.03 + 0.0025-i - TONWMHa (4MameTp) OCHOBHOMO MeTanna (ctank), m
h(i) = 0.0002 + 0.0002-i - TONLLMHA HaNbINeHHOro NOKPLITUA (aNKMWUHWIT), M

E2p-(ciim — o2p)-(T2p — Tim)

cost; = =
E2p- X
1+ Ep-D@) {1-p)
Eim-h(i)
A =379-10 - - 3MNMpHUYecKnil KoadhUyMeHT OCHOBHOro MeTanna (ctank) AnA pacuera
NPOYHOCTH NOKPLITUA, 1/MKM
Hep =17 - CPeAHAA BbICOTA MMKPOHEPOBHOCTEI OCHOBHOMO MeTanna npu

neckocTpyiiHoi obpaboTtke, MKm

E2p-02p-(T2p — T1im)-D(1)-A-Hcp

oCcZy = ==
= 3.14-h(i) L4
D(i) = h(i) = costj = oezg =
0.03 2-10-4 1.343-108 1.478-108
3 -108 107
0.033 410+ 21510 8.005-10 YcnoBeue NpoYHOCTU NOKPLITHA:
0.035 6-10 4 2.688-108 5.747-107
0.038 8-10 -4 3.072-108 4.618-107 Gost < Gez
8:04 4-16-2 3.361-408 3.841107
0.043 1.2-10-2 3.585-10¢8 3.489-107 Ans yunuHépuyeckou
0.045 14-10-2 3.765-108 3.167-107 nosepxHocmd yc/io6ue
0.048 1.6-10-2 3.912-108 2.925-107 NpodHoCMY NOKPEIMUA
- i . . ELINONHASMCA C 3aNacoM _
0.05 18-10-2 4.034-108 2.737-107 ons no6bix Nap 3HaYeHUL
0.053 2-10 -2 4.138-108 2.586-107 (H.h) !
< [l »

Press F1 for help. AUTO | | Pagel
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JlaGopaTopHas padora Ne8
HAHECEHME TAJIBBAHUYECKHUX MOKPBITU HA METAJINIMYECKUE MATEPHUAJIBI

HEJIb PABOTBI: o3HakomJIeHHE C OCOOCHHOCTSIMH M MPAKTHUYCCKUMHU HAaBbIKAMU HAHECEHUS |

HUCCiIca0BaHUs IraJIbBAHUYCCKUX HOKpBITHfI Ha MOBCPXHOCTAX METATTIMUCCKUEC U3ACIINA.

1. OCHOBHBIE TEOPETUYECKHUE NNPE/ICTABJEHUSA

[IprumeHeHne 3alUTHBIX, 3aIUTHO-IEKOPATUBHBIX U CIIELIMAIBHBIX TOKPHITUHM MMO3BOJISIET PELIATh
MHOTHME 3a/1au, CPEeAu KOTOPBIX BaXKHOE MECTO 3aHMMAET 3allluTa METALIOB OT Koppo3uu. Kopposuei
Ha3bIBAECTCS] IOBEPXHOCTHOE Pa3pyLIEHUE METANIOB BCJIEICTBHE XUMHUUECKOTO MM 3JIEKTPOXUMUYECKOrO
BO3JCHCTBUSI HAa HUX OKPYXaIIEH cpenbl. BcimeactBue KOpPpO3WH BBIXOJHWT M3 CTPOS OIPOMHOE
KOJIMYECTBO JIETAICH U KOHCTPYKIIMH, CIIOXKHBIX IIPUOOPOB U MAIIIHH.

l"anpBaHnMYeCKUE MOKPBITUS SABJSIOTCS OAHUM U3 3P(GEKTUBHBIX CIIOCOOOB 3aIIUTHI OT KOPPO3HUHU.
['anibBaHMYeCKHUd METOJ HAHECEHUS! NMOKPBITUS MMEET pAJl MPEUMYIIECTB 10 CPaBHEHUIO C JIPYTrUMU
MeTosiaMu. [TOKpBITHS MOTyJaroTCsl OJIECTSIUMU B MIPOLIECCE IEKTPOoau3a. | aTbBaHUYECKUE TOKPBITHS
XapaKTePU3YIOTCS XOPOIIMMH (DU3UKO-XUMUYCCKIMH M MEXaHHWYECKUMHU CBOWCTBAMH: ITOBBIIICHHOM
TBEPJAOCThIO U HU3HOCOCTOMKOCTHIO, MAJIOM MOPHUCTOCTHIO, BBICOKON KOPPO3MOHHOW CTOMKOCTBIO. Ilpn
TraJIbBAaHUYECKOM METOJ€ HMEETCS BO3MOXHOCTb TOYHO PETyJIUpPOBaTh TOJIIMHY IOKPBITUSA. ITO
0COOEHHO BaXXHO B IENSAX SKOHOMHUHU IIBETHBIX, JPArollEHHBIX W PEeIKuX MeTauioB. Hakower, npu
3JIEKTPOJIU3€ BOJHBIX PACTBOPOB MOXKHO HAHECTH MOKPBITHE TAKHWX METAUIOB U CIUIABOB, KOTOPbBIE
JIPYTUMHU CIIOCOOAMHU MOTYYHUTh HE yIaeTCsl.

Kpome ToOro, ranbBaHWYECKHE MOKPBHITHS LIMPOKO MPUMEHSAIOTCS AJsl MPUJIaHUSI MTOBEPXHOCTH
JeTanen psaa EHHBIX CHEHaTbHbIX CBOMCTB: MOBBIIEHHOW TBEPJOCTH M M3HOCOCTOMKOCTH, BBICOKOU
OTpaXaTeIbHOW  CHOCOOHOCTH,  YJIYYIIEHHBIX  AHTU(PPUKIHMOHHBIX  CBOWCTB, IMOBEPXHOCTHOM

SJICKTPOIMPOBOAHOCTH, o0yeryeHus Massi€MOCTH, a TAKXKEC JJIA YIYUIHICHUA BHCIIHETO BUJA I/I3l]eJ'II/II\/'I.

1. TanibBaHMYECKHE MPOLIECCH] PU HATTMYUU MOCTOSHHOTO UCTOYHUKA TOKA

OnHuM M3 MpeAcTaBUTENeH ralbBaHUYECKUX IPOLECCOB SBJSIETCS HaHECEHHE Ha IMOBEPXHOCTh
W3JIENNST METHOTO TOKPBITHS — MEIHEHHE. DJEKTPOJIUTHI MEIHEHUS eNSATCS Ha JBa OCHOBHBIX THIIA:
KHCIblE W ImenovHble. K KHCIBIM  3JEKTPOJUTaM OTHOCSTCS CEpPHOKHUCIbIe, (ropOopaTHbIe,
KpemHedTOpuaHble U cyinb(amMuHOBbe. K IIETOYHBIM 3JEKTPOJIUTAM OTHOCATCS IMAHUIHBIE,
nupodochaTHbIE.

Kucnoe meonenue. Hanbomee mHMpPOKOEe UCIONB30BAHUE U3 KHUCIBIX DJICKTPOJIUTOB B
INPOMBIIUICHHOCTH HMEIOT CEPHOKHCIBIE JIICKTPOJMTHI, KOTOPHIE JEIIEBBI, MPOCTHI IO COCTaBY,
YCTOMUYUBEI IPU PabOTE U JOMYCKAIOT BBICOKME IJIOTHOCTH TOKa. HepocTaTkaMu KUCIBIX 3JEKTPOIUTOB
ABIISIIOTCSL MX HE3HAUMTENIbHAS PAcCeMBAIONIAsi CIIOCOOHOCTh, HEBO3MOXKHOCTh HEMOCPEACTBEHHOIO

IMOKPLITHA B HUX KEJIE3a, IMHKA UX CIIJIaBOB BCIICACTBUC KOHTAKTHOI'O BBIACIICHUA MCIU.
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[Ipu KUCIIOM MeTHEHUU MPUMEHSIOT BaHHY C AJIEKTPOJIUTOM CIEAYIOLIEr0 COCTaBa:

Cynbdar mequ CuSO4-5H,0 ..

Cepnas xucnora H,SO4 ..

B OJICKTPOJUT IMOMEIIAIOT JABa JJICKTpOoda, HAIpPUMEP ABC MCEIHBIC IIJIACTUHBI, KOTOPBIC

COEUHSIOTCA C HCTOYHUKOM TOKa (pucyHok 1). Baxneimell cocTaBHOW YacTbi0 BaHHBI SIBISIETCS

cynbdar menu. OH AUCCOLMUPYET B BOJIE IO PEaKLUU

CuS0, — Cu™ + S04 .

- = |+ -—e—
1

==

N T el

N Sclle = ¢ )

Pucynox 1 - Cxema npoyecca, npomexarowezo 6
2aIbBAHUYECKOU 8AHHE C UCOYHUKOM MOKA

(MeOHble 271eKmpoObl NOSPYIHCEHbL 8 PACBOD

CuS04)

CepHast KuCIIOTa HPEHSTCTBYET OOpa30BaHUIO
Cu0 Ha kaToze, MOBBIMIAET 3JIEKTPOIPOBOAHOCTH
ANIEKTPOJIMTa W YMEHBIIACT CTENEHb JAMCCOLUALUH
CuSQ,, 9TO CIOCOOCTBYET HOJYYECHHUIO
MEJIKO3EPHHCTOrO  IMOKPBITHS. B crokoitHOM
COCTOSIHMM, T.6. TIOKA B BaHHY HE IOJaHO
HarpspKeHHne, 002 MEIHBIX 3JIEKTPOJa MOKPHIBAIOTCS
MeJbIo, BBIICIIAIONICHCS W3 DIIEKTPOJINTA,
BCJIC/ICTBHE€ BBICOKOTO OCMOTHYECKOTO JIABJICHHUSL.
D10 OyAer NpoOUCXOAUTh JO TEeX TMop, IoKa
NOTEHIIAN HANpPSHKCHUII aTOMOB W MOHOB MEIU HE

BBIPOBHACTCHA.

Ecnu Bxirouaercs TOK, TO 3TOT IMOTCHIHAJI ITOKOS CMEIIACTCA: T10 BO3}1€I\/'ICTBI/IGM HAIpsKCHUA OT

IMOCTOPOHHETO HMCTOYHHUKA TOKAa OAWH OJICKTPOL 3apsaKacTCsd OTPULATCIBHO M CTAHOBUTCSA KaTOAOM.

Bnarozlapﬂ 9TOMY IMOBBIIIACTCA OCMOTHYCCKOC

AABJICHUC BAHHBI, TaK KAK Ha IMOBCPXHOCTH KaToda

o6pasyeTcsl HU30BITOK OJICKTPOHOB. On AOJIDKCH KOMIICHCUPOBATBHCA BCJICACTBUEC TOTO, UTO MOHBI MEJIU U3

pacTBOpa BAaHHBI, OCAXKJAjACh Ha IMOBCPXHOCTU KaToAdd, OTHUMAIOT Yy HEro J3JICKTPOHBI U TaKHUM ITYTEM

JIOTIONHSIIOTCS 10 HeHTpambHEIX atoMoB Mequ Cu'' + 2e — Cu-aToM. (pHCYHOK 2).

Pucynox 2 - Cxema uonnoeo oomena
(dicenesnas nAACmuHa NOSpPYlHCeHd 8 pacmeop

MeOHOIL conu).

ITon BO3AEHCTBMEM TOKA OT MOCTOPOHHETO MCTOYHUKA
BTOpasi MeHas TUIACTHHA 3apsiKaeTcsl MOJ0XKUTENIBHO U
CTAHOBUTCSA AHOJOM, €€ DJIEKTPOHBI OTHUMAIOTCS U
MePEAAOTCS BO BHEIIHIOKO 11€T1h. TOK OT TOCTOPOHHETO
WCTOYHHMKA JEHCTBYeT TakK, 4YTO MeETa/ul aHoJa
CTAaHOBHUTCA JJIEKTPUYECKH HeOmaropogHsiM. Ero
OCMOTHYECKOE JIaBJICHHME YMEHBILAETCA HACTOJBKO,
YTO JAaBJICHHE PACTBOPAa BaHHBI OKA3bIBACTCS OOJIBIIIC.
OtpuuarenbHbiii HOH BaHHBI SO4 ~ BBIHYXKIEH H3-3a
3TOTrO OT/IaTh CBOM U30BITOYHBIC DIICKTPOHBI AaHOTY

SO, - 28 —> S0,°
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++ - -

Wrtak, o6a xommoneHta BaHHbI Cu u SOj ~ BBIHYXICHBI ypaBHATH CBOM 3apsabl. OHU
CTaHOBSITCA JIEKTPUUECKH HEUTPATbHBIMH, 0JIaro1apsi YeMy B BaHHE OMSTh YCTAHABIIUBACTCS COCTOSHUE
paBHoBecus. HeliTpanbhblii SO4 oTHMUMaeT y Meramia aHoja oguH Cu-atoMm, JOmojiHseTcs Onaropaps

++ - -
3TOMY OomsTh 10 Mosiekyabl CuSOy, KoTOpas auccounuupyeT 3ateM Ha Cu u SOy . DTUM JOCTUTraeTCA
HUCXOJIHOE COCTOSIHME, M Ipouecc HauumHaercss cHoBa. CojepkaHue MeTajyla B BaHHE OCTAaeTcs
TEOPETUYECKH IOCTOAHHbIM. Ha mnpakTuke OHO HU3MEHSAETCs M3-3a OJHOBPEMEHHO IPOTEKAIOIIETO
BTOPUYHOTO IpOLIECcCa.

[Ipouiecc MenHEHHs MIMPOKO HUCIIOJIB3YETCS B IPOMBIIUIEHHOCTH KakK IMPEABAPUTENIbHBIA A3Tall
dbopMupoBanus 0osiee CIOKHBIX MOKPHITHI. DTO CBSI3aHO € T€M, YTO (POPMUPYIOMIUNCA MPU MEAHEHUU
MOBEPXHOCTHBIA CJIOH 00JIafaeT BBICOKOW aJre3MOHHON CIIOCOOHOCTBIO M SIBIISIETCSI CBOEOOPA3HOM

IIO/IJIOKKOM /7151 00JIerYeHHs] HAHECEHUS TOCIEAYIOUINX METAITTNYECKUX TOKPBITUH.

2. TIOPAAOK BbBIIIOJIHEHUSI PABOTBI
2.1 HaneceHue raibBaHU4eCKOI0 MOKPBITHSL.

['asibBaHMYeCKass yCTaHOBKA COCTOMUT W3
BaHHbl C D3JIEKTPOJUTOM, AHOJHON IUIACTUHBI,
KaTOJHOW LITaHTH, UCTOYHUKA [TOCTOSTHHOI'O TOKA
Ha ©6-12 Bosbpr, ammepMerpa U peocTara
(pucynok  3). T'anpBaHuMyeckoe  oOcaxaeHUE
MeTajula Ha MOBEPXHOCTH IIpeAMETa BO3MOKHO

TOJIBKO TIIpU YCIIOBUH, HYTO BCA HOBCPXHOCTb

nmpeameTa nIn BCCh npeamMeT SABIIAIOTCA

Pucynok 3 - Cxema eanveanuueckoui ycmanoexu: 1 —
MIPOBOJHUKAMU 3JIEKTPHUUECKOT0 TOKa.

"natoc” ucmounuka moxa (nodcoeounsiemcs K
Ilpucomosnenue 9NIeKMpoaUma. B

eocmanty), 2 — "munyc" ucmounuxa mokKa, 3 - o
p 3 Ly
TaJIbBAHUYCECKOU yCTaHOBKEC IpoOruCXoauT

OMmMemKa yposHs dlieKmpoauma, 4 —noosec, 5 — .
3JEKTPOJIU3  PacTBOpA  CEPHOKHUCIOW  MeAu

KamooHas wimauea, 6 — aHoOHas NAACMUHNA.

(MemHOTO Kymopoca) B pe3ylbTaTe Ha Karoje

ocaxkaerca yucras meap. IIpocToit sanmekTponut
MEIHEHUsA, KaK YKa3bIBAJIOCh BBINIE, COCTOMT U3 220 I' CEpHOKHUCION Meau, 27 M CEpHOW KHCIIOTHI.
PactBop monuBaercs Bojoi 10 oovema 1 mutp. KoHIleHTpalus BhIpakaeTcsi B rpaMMax Ha OJUH JIUTP
pactBopa. CHauana Oepercss 2/3 HOPMBI BOJIbI, MPHU TOBBIIICHHON TeMIepaType pacTBOPSIOT B HeEH
pacueTHOe KOJMYECTBO COJU Meu. PacTBOp OCTyXatoT ¥ PUIBTPYIOT. 3aT€M OCTOPOKHO, TOHKOH CTpyei
IIpY MOMELIMBAHUM TPUIUBAIOT CEPHYIO KHUCIOTY. PacTBOp CHIIBHO pa3orpeBaercs, U €ro Ccleayer
OXJIAX/1aTh.

Buumanue! Henb3s nauTh BOLy B KHUCJIOTY — KHCIOTa TPU 3TOM pa3OpBI3TUBACTCS U MOXKET

BBI3BATh TSDKENBIC 03KOTH KOXKHU M T71a3. B ocThIBIIHI SJICKTPOJIUT JOJHUBAIOT BOAY A0 3aaHHOI'O o0neMma.
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Texnonocuyeckas ocnacmka. OTBETCTBEHHOW ONEpaIMEil SIBIASETCSA AIEKTPUUYECKOE COCAUHEHUE
TOKOIIPOBOJISILIETO CJIO0SI ¢ MUHYCOM MCTOYHMKA TOKa. JIJisi coeAMHEHUsI UCIOJIBb3YeTCS OTOXKEHHBIN U
OYMILEHHBIN MenHbIN 1poBoa quamerpoM 0,2—0,5 MM WIIM OIMHKA — MOJIOCKA MATKOM (OJIBIU, K KOTOPOI
MPUIIAsH KOHELl KOHTAKTHOTO IIPOBO/JIA.

Ecnu HyHO METaJIIIM3UpPOBaTh HE BECH IIPEMET, TO YACTH €r0, Ha KOTOPBIX OCaXIEHHOIO
MeTayia ObITh HE JOJDKHO, 3aIIMIIAI0T CJI0eM napadrHa Wik BOCKa (M30JIUPYIOT).

Pacuem monwunvt noxpoimus. YToObl MOJYYIUT CIION MEIH 3aIaHHOW TOJIIIMHBI, HY>)KHO B I[EITU
BAHHBI YCTAHOBUTH ONPEJEICHHBIM TOK U 3HATh BpEMs, B TEUEHHE KOTOPOrO TOJIIMHA MEAU JOCTUTHET
&KeJlaeMoU BeMYHUHBL. J{J151 3TOro He0OX0AMMO MOJCUUTATH IUIOMIA/lb TOBEPXHOCTH MIPEeIMETa.

3Has TUIOMIAJh TOBEPXHOCTH MPEAMETa, MOXKHO BBIYMCIHTH MAaCCy OCAKIECHHONM Meau MpH
3aJJaHHOM TOJIITMHE CJI0S 110 PopMyIIe:

M =S.0,9-c
rie M —wmacca Meau B rpaMMax,

S — wIomags B CMZ,

C — TOJIIMHA B MM.

Bpemsi, HeoOXoquMoe TSl OTJIOXKEHHUS TaKOTO KOJWYECTBA MEIU, M BEIMYMHA TOKA B BaHHE
00paTHO 3aBUCHMBI: BpeMs COKPAIAETCs, €CTIM YBETUYUBATh TOK.

BennunHy TOKa, KOTOpYHO HYKHO YCTAaHOBUTH PEOCTAaTOM B IIEMHM BAaHHBI TPU BBIOPAHHOM
IUIOTHOCTH TOKa, ompenessitoT mo ¢popmyie | = D - S, roe | — Tok B ammepax, D — muioTHOCTE TOKa B
Alem?, S — mromwazns MMOBEPXHOCTH B cM?. Takke MOXHO IMOACYUTATH, CKOJIBKO BpEMEHU 3aliMeT

metamm3anus: 7' =M/ (1,2 - 1), rne T — Bpems B yacax, M — macca Me/id B rpaMmax, | — Tok B ammepax.

2.2 Onpenenenne TBEPAOCTH U TOJIIINHBI FAJIbBAHUUYECKOTO TTOKPBITHS.

s onpenenenyst TBEPAOCTU U TOJIIUHBI IIOTYYEHHOTO TAIbBAHUYECKOTO TIOKPBITHS
He00X0IMMO MPUTOTOBUTH MONEPEYHBIN MaKpouuiid oOpasiia, Ha KOTOPbI HAHECEHO MOKPBITHE.
YcTanoBUTH 00pa3el Ha MpeAMETHBIN cTouk MukpoTBepaomepa [IMT-3 u onpenenuts MUKpOTBEPIOCTh
IIOKPBITHS, a TAKXKE C UCIIOJIB30BAHUEM MUKPOMETPUUECKUX BUHTOB IIEPEMEIIEHUS CTOJIMKA ONPEIEIUTh

TOJIIUHY IMOKPBITUA. HOJ’Iy‘-ICHHBIC JaHHBIC 3aHOCATCA B Ta6J'II/II_[y2

Ne Pexxnm HaHeceHMs TonmmHa NOKpHITHS,
Mukpotsepaocts, Mlla
oOpasua MOKPBITUS MM
1.

2
3
4.
5
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3. HOPAJOK O®OPMJIEHUS OTUETA
3.1 Lenpb paboTHI.
3.1 Kparkas XapakTepUCTHUKa IPOIECCOB, IPOUCXOMSAIIMX B BaHHE NPU HAIMYUH MOCTOSHHOTO
HCTOYHUKA TOKA, IPH MOJTYYCHUH I'aIbBAHHYECKOTO TOKPBITHSI.
3.2 AHanu3 pe3yJabTaToB MPAKTHYECKOTO ONPEICICHHs TOIIIUHBI 1 MUKPOTBEPAOCTH 00Pa3IIoB.
3.3 3anonHUTH TAONHUIly PE3YIHTATOB SKCIEPUMEHTOB.

3.4 Cpenarb BBIBOABI HA OCHOBAHUU TOJTYYEHHBIX PE3YyIbTATOB.

4 KOHTPOJIBHBIE BOITPOCHI

4.1 C xakoi LeJpI0 MPUMEHSIOT TaJIbBAHUYECKUE TOKPBITHS?

4.2 OnuiuTe MpoLECcChl MPOUCXOJAIIME B TalbBaHUYECKONW BaHHE IPU HAJIMYUU IIOCTOSHHOI'O
HMCTOYHHKA TOKA?

4.3 B 4eM coCTOUT NOJArOTOBKA MOBEPXHOCTH Tepe]] HAHECEHUEM ralbBaHUUYECKOTO MOKPBITUS?

4.4  OOBICHHUTE POJIb CEPHOM KHUCIOTHI B AJICKTPOJIUTE?

4.5 Ilpu KaKoM yCIIOBUU BO3MOKHO rajlbBaHUUECKOE OCAXJACHUE MeTaJla?

4.6 OnumwuTe 3aBUCUMOCTH TOJIIUHBI IOKPBITHS OT BPEMEHH U TDIOTHOCTH TOKA?

4.8 Kakum 06p330M BBIITOJIHAKOTCA U3SMCPCHHA TOJIIIUWHBI U MUKPOTBEPAOCTH HOKpLITI/IH?

PEKOMEHJIYEMOM BUBJINOT PA®UYECKUN CIIUCOK
1 TexHOJOrUs KOHCTPYKLMOHHBIX MaTepUaioB. YUEOHUK JUIsl MAIIMHOCTPOUTENbHBIX CIIeUaIbHOCTEN
By30B. / ITog obu1. penakuueit A.M. [lansckoro - M. Mammnoctpoenue. 1992
2 MarepuanoBeneHue M TexHosoruss MetayuioB/ YueOHuk ans BY3oB mon pen I'.Il.derucosa.-
M.:Bricmas mikoia, 2001. —638 c.
3 Hpun M.E., MockaneB M.A. TexHonOTHs KOHCTPYKIIMOHHBIX MaTEPHAIOB U MaTepuaioBeneHne. M.:
Bricmras mkoma, 1990. - 447 c.
4 TexHoIOTHsS KOMIIO3UIIMOHHBIX MaTepuanoB: Yueb. mocobue/ Pybano B.B., Komoruenko C.H.,
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