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BBEOEHUE

[Tpu KOHCTPYHPOBAHWUU U MU3TOTOBJICHUU MAITUH U MPUOOPOB, UX IKCILTyaTAIHH
¥ PEMOHTE WHXKEHEP-TEXHOJIOT CTAJTKUBACTCSI ¢ KOHCTPYKITMOHHBIMU MaTepHUaiaMd |
UX HCIOJIb30BAHHUEM.

MarepuanoBenenrne — 00JacTh 3HaHUM, B KOTOPOW PacCMaTPUBAIOTCS 3aKOHO-
MEPHOCTH, CBSA3BIBAIOIINE COCTAB U CTPYKTYPY MATEpPUAIOB C UX AKCILTyaTal[MOHHBI-
MU XapaKTEPUCTHUKAMH, a TaK)KE€ BO3MOKHBIE M3MCHEHHS CBOMCTB MaTEpPHAIIOB B
npotiecce ux padbotsl. [loaToMy BaXKHO 3HATH HE TOJLKO KOHKPETHBIE CBOWMCTBA MaTe-
pHaIoB, HO U OCBOUTb METOIbI U MIPUHIUITBI UX PETYIUPOBAHUS.

OpHoil U3 BaKHEUIIUX MPOOJIEM B MPOMBIIUIEHHOCTH, OCOOEHHO XMMHYECKOM
sBysieTCs 00opb0a ¢ KOPpO3UEH ¢ 1eIpl0 obecreueHus oecriepe0oiHoN padoThI arma-
paTOB M MAlllMH B PEANbHBIX YCIOBHUSAX KCIUTyaTallMy. 3alllMTa METANIOB OT KOPPO-
3UM B 3HAUUTEIBLHON Mepe MpeJoTBpaIllaeT BBIBOJ M3 CTPOsi 000pyaoBaHus, Iprbo-
POB, COOPYKEHHUI.

TexHOmorus KOHCTPYKIIMOHHBIX MAaTE€pPUAJIOB SIBISETCS AUCITUTUTMHOM, BKITIO-
Yaromieil OCHOBHBIE CBEJACHUS O CIIOc00ax MPOU3BOJCTBA ATUX MAaTEPHAIIOB, METO1aX
X 00pabOTKH ¢ LETBI0 WX MCTIOIB30BaHUS B MAIIMHAX U PA3TUYHBIX KOHCTPYKITHSX.

JlanHoe yuebHOe mocobue COOTBETCTBYET IporpaMMme Kypca «Marepuaiosee-
HUEe. TeXHOJOTHUSI KOHCTPYKIIMOHHBIX MATEPHAIOBY» JUISI XHMHUKO-TEXHOJIOTHIECKUX
CHEIMAIbHOCTEHN U MpeIHa3HAYeHHs ISl CTYIEHTOB 3a04HOM (hopmbl oOyuenus. s
CBS3U C IMpernojaBaTessiMu KadelIpbl TEOPETUYECKUX OCHOB MaTepHalOBEICHUS
CII6I' TU(TY) no BompocaM CBSI3aHHBIM C PEIICHHEM KOHTPOJIbHBIX padoT | JIp.:

Ten. (812) 495-75-24

e-mail: tom-spbgti@narod.ru

JlonmomHuTENHHYIO MHGOPMAITUIO MOXXKHO HAaWTH Ha caite Kadeapsl Mo aapecy:
http://tom-spbgti.narod.ru/

1 MATEPUANOBEOEHUE

MarepuajioBeJleHHe — 3TO HayKa, YCTaHABIIMBAIOIIAsA CBS3b MEXIY COCTABOM,
CTPYKTYPOH M CBOWCTBAMHM MATEPHUAJIOB M M3YyYarollas 3aKOHOMEPHOCTH MX M3MEHE-
HUS TIPH TEIJIOBBIX, XUMUYECKUX, MEXaHUUECKHX, DJICKTPUICCKUX U APYTUX BO3JECH-
ctBusx. lleablo MarepuanoBeneHus SBISETCS CO3/IaHUE MATEPUAIOB C 3aJaHHBIMU
cBoricTBamu. OCHOBHEBIE 32/1a4M MAaTEPUATIOBEICHNUS:

- W3YYEHHWE CBSI3U XMMHUYECKOTO COCTaBa M CTPYKTYPhI MaTepuajia ¢ €ro CBOMCT-
Bamu ((pu3uka, XumMus, GU3NIECKas XUMU);

- pa3paboTKa METOAO0B HAIIPABICHHOTO U3MEHEHHS COCTaBa U CTPOCHUS MaTepua-
Ja C MEeNbI0 YIy4IIeHUsT KOMIUIEKCAa CITyKEOHBIX XapaKTEPUCTUK U3eus (TeX-
HOJIOTHS);

- peKOMeHJanus BbIOOpa MaTepHuaa i KOHKPETHOTO Ha3HA4YCHHS (KOHCTPYH-

pOBaHue).


mailto:tom-spbgti@narod.ru

1.1 Knaccudpukanuss MmaTepuajion

1 Metanisl ¥ CIJIaBbl, KOTOPBIE TTOAPA3ICIISIOTCS Ha:

1.1 Yepnble MeTaiuibl U cruiaBbl. K HUM OTHOCSITCS CIUIABBI JKeJie3a C - yIIIepo-
JIOM — CTaJIi ¥l YyTYHBI.

1.2 IIBeTHBIEC METAJUTBI M CIUIABHI (FOpaIIH, JIATYHU, OPOH3BI U JP.).

1.3 Tyromnakue metamisl (Ti, Nb, Mo, W, Ta u ap.)
2 HemeTanninyeckre HEOpraHu4eCK1ue MaTeprarbl:

2.1 Marepuainsl Ha ocHOBe okcuao0B (Al,O3, S10; u ap.).

2.2 CunukaTHble MaTepuaibl (KepaMuKa, CTeKIIO, BSKYIIHUE U Jp.).

2.3 TyromiaBkue coenuHeHus (KapOuIibl, HUTPHUIbI, OOPUIBI U JP.).

2.4 XanpkoreHuAb! (Cynb(uabl, CeeHU b, TEJUTYPUABL U Ap.).

2.5 DnemMeHTapHbIe MaTepualbl (KpeMHHUi, 00p, rpadut u ap.).
3 Hemeranmnndeckne OpraHUYECKHEe MaTepHasbl: IJIACTMACCHI, PE3MHA, JIAKOKPACcOU-
HbIe MaTepualbl. [loapa3aensiroTes Mo MPUHIIKITY MOTYYEHUs, METOIY U3TOTOBJICHHUSI,
TUITy HATNOJHUTENS, (PU3UKO-MEXaHUYECKHUM CBOMCTBAM CBS3YIOIIETO BEIIECTBA,
MIPUMEHEHUIO.
4 KoMmo3UIIMOHHBIE MaTEPUATIBI;

4.1 Ha ocHOBE HEOpPraHUYECKUX COEAUHEHHU (MEeTallsIoOKepaMuKa, CTEKIOKepa-
MUK U Jp.).

4.2 Ha ocHOBE OpraHMYeCKUX COCIUHEHUHN (XMMBOJIOKHO U CMOJIBI).

4.3 CmenianHble KOMITO3UIIMOHHBIE MaTEpUalibl (CTEKJIOMIACTHK).

1.2 Ilpupoaa xumMmn4ecKou CBSI3H, 00PA30BAHUE U CTPOEHHUE

TBepP/JbIX BelIeCTB

Kpucrammueckne TBepable Tena UMEIOT ONPEACIICHHBIN, 3aKOHOMEPHBIN ITOPS-
JIOK PACIIOJIOKEHHsI aTOMOB, 00pa3yIOIIMX B MPOCTPAHCTBE KPUCTAIMYECKYI) pe-
1IeTKY JaHHOTO BemlecTBa (pUCYHOK 1), B TO BpeMsi Kak amop(HbIE Tella UMEIOT
Xa0THUYECKOE, TPOU3BOIBHOE PACTIOIOKEHUE aTOMOB (CTEKJIa, HEKOTOPbIE OJIUMEDPHI,
aMOp(HBII KPEMHHU).

Kpucrannnueckas pemierka xapakTepu3yeTcs KOOPAUHAIUOHHBIM uncjiom K —
YHCIIOM aTOMOB, HAXOASIIMXCSl HA HanOoJiee OJIM3KOM U paBHOM PacCTOSTHUU OT JjaH-
HOT0, a TaK)K€ pacCTOSHUEM MExXIy Ommkalmumu atoMamu. KoopauHainuoHHOe
yucno K xapakTepusyeT IIOTHOCTh KPUCTANIMYECKONW pElIeTKH (INIOTHOCTh YIIaKOB-
KA aToMoB). HekoTopble TUNBI KPUCTAIUIMUECKHUX PEUIETOK: MpocTas KyOudeckas
(n.x., K=6, pucyHok 1 a), oObemolieHTprupoBaHHasi kKyouueckas (o.1.k., K= 8, pucy-
HOK 1 0), rpaHenieHTpupoBaHHas Kyoudeckas (r.1.k., K=12, pucyHok 1 B), rekcaro-
HaJbHAs MJIOTHOYMaKoBaHHas (r.1.y., K=12, pucynok 1 r). Paccrosinue mexmay Omu-
KalLIMMKM aTOMaMU Kak IpaBuio Haxoxutcs B npenenax 1...10 A (A — anrcrpem, pa-
BeH 107" m). ITpy COMIKEHMHE aTOMOB BO3HHKAIOT CHJIBI NIPUTSHKECHHS MEKITY TIOJIO-
KUTEIbHO 3apsSHKEHHBIMU SPAaMHU OJHUX aTOMOB U AJIEKTPOHAMHM JIPYTHX, a TaKxKe
CWJIBI OTTAJIKUBAHUSI MEXIY SIApamMH U MEXIy deKTpoHamu. CUibl OTTaTKUBAHHS
pactyT ObIcTpee, 4eM CHIIbI MPHUTSDKEHUS, U aTOMbl IpH 00pa30BaHUM KpHUCTalIa
pacmoiararoTcs Ha TaKOM PAacCTOSHUU APYT OT JAPYra Iy, KOI/Ia CUJIbl YPaBHOBEIIU-



BatoTca. [IoaTOMy, aTOMBI B KpUCTAIIJIE 3aHUMAIOT CTPOTO ONPEICTIECHHbBIE MTOJT0KEHUS
(TOyHEee COBEPIIAIOT BOKPYT HUX KOJeOaHus ), 00pa3ysi KPUCTALITUYECKYIO PEIIETKY.

a — nmpocras Kyondeckas; 6 — 00beMOIIeHTpUpOBaHHAsl KyOuUecKas; B — rpaHellCH-
TpUpOBaHHAs KyOWUecKas; T — rekcaroHajgbHasl INIOTHOYTTAKOBaHHAS

Pucynok — 1 Tumnsl KpUCTAINIMYECKUX PEIIETOK

B nepBom mpubnmkeHnn KpUCTAIIIBI 00pa3yrOTCs 32 CYET TPEX OCHOBHBIX TH-
IIOB XMMHUYECKOU CBS3M — MOHHOH, KOBAJCHTHON M METAJUIMYSCKOM, XOTS OOBIYHO
CYIIECTBYET HEKOTOPAsi KOMOWHAITUS ITHX THUIIOB.

HNonnbie kpuctamibl. Kpucraaisl ¢ HOHHOH CBSI3bIO 00pa3ylOT 3JEMEHTHI C
CUJIBHO Pa3IMYaAOIIUMUCS 3JEKTPOOTPULIATENBHOCTIMH (CIIOCOOHOCTh aToMa B MO-
JIeKyJie MPUTATUBATH K ce0e AJIEKTPOHBI). TUMHYHBIE TPEICTABUTENN — TaJIOT€HU/IbI
nienounbix MetaiyioB (NaCl, CsF). MonHbI KpUCTaJT B WCATM3UPOBAHHOM MPE/I-
CTaBJICHUU COCTOMUT W3 MOJIOKUTEIHHO U OTPUIIATENILHO 3apsHKEHHBIX HOHOB (HAIpH-
mep, Na' u CI'). YcToHuMBOCTS HOHHBIX KPUCTAIIIOB 00ECIIEYHBACTCS B OCHOBHOM 34
CYET DJIEKTPOCTATUYECKOTO (KYJIOHOBCKOIO) MPUTSIKEHUS MEXAY KaTHOHAMH H
annoHamu. MloHHas CBsI3b HEHAIpaBJieHHAs (BCE MOHBI B3aUMOJIEHCTBYIOT CO BCEMMU)
Y HEHACBIIIEHHAS, MO3TOMY Y HOHHBIX KPUCTAJUIOB BBICOKHE KOOPJIUHAIIMOHHBIC
YHUCJla, T.€. TUIOTHEHWIIEE PACIIOJI0XKEHHE aTOMOB. VMOHHBIE KpPUCTAIUIBI XPYIKHE.
DHeprus MOHHOTO KPUCTAILJIa PaBHA CYMME DHEPIHil JIEKTPOCTATUYECKOrO B3aUMO-
JEUCTBUSL BCEX COCTABJISIIONIMX €€ MOHOB JIPyT ¢ ApyroMm. OHa 3aBUCUT OT 3apsiAHO-
CTH MOHOB, MEKATOMHBIX PACCTOSIHUM M TUIIA KPUCTAJUIMYECKON pemeTku. B3aumuoe
pacIoNI0KEHNE UOHOB U KOOPAMHALMOHHOE YKMCJIO MOHHOM PELIETKU ONpEeseTCs
cooTHOIIeHHEM 3(P(HEKTUBHBIX PAANYCOB COCTABISIONIUX €€ HOHOB.

KoBanentnble kpuctawibl. KoBaneHTHas cBs3b GOPMHUPYETCS MEXAY aToMa-
MU TIpU 00OOIIECTBICHUH UMM 3JIEKTPOHOB C 00Opa3oBaHHEM OOMIEH 3JIEKTPOHHOMN
nappl. TUMTMYHBIMU NPEACTABUTEIAMU KPUCTAIIOB C KOBAJIEHTHOM CBS3bIO SIBIISIFOTCS
anmas u coequuennst A" BY u A"BY! (BN, ZnS). KoBaneHTHas cBs3b HApaBICHHAS,
HachlmaeMas. KoBajeHTHbIE KPUCTAUIbl UMEIOT KaK MPABWIO MAIYK IJIOTHOCTb,
XpYIIKHE ¥ B psijie CIIy4aeB OYCHb TBEPHAbIE (HUTPHUIBI, KapOwIbl). DHEPTUs KOBa-
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JIEHTHBIX KPUCTAJUIOB paBHa CyMME BCEX SHEPI'Hil pa3pbiBa CBSA3EH MEXKIy aTOMaMH,
COCTABJISIIOLIMMU KpUCTall. J[JIMHA KOBaJEHTHOM CBSI3U 3aBUCHUT OT €€ KpPaTHOCTH, a
THUI KPUCTAJUTMUECKON PEIIETKH U KOOPAUHAIIMOHHOE YHCIIO — OT THOpUTU3ALINH.

Meraniimyeckue KpuCTaLIbl. MeTaminueckas CBs3b BO3ZHUKAET MPU B3aUMO-
JNEUCTBUU aTOMOB AJIEKTPOIOIOKUTEIbHBIX 3JIEMEHTOB, BHEIIHUE BaJICHTHBIE AJICK-
TPOHBI KOTOPBIX OTHOCUTENBHO c1ab0 cBsi3aHbl ¢ siapoM. [Ipu oOpaszoBaHum Mertal-
JMYECKOTO KpUCTaJUIa BAJICHTHBIC A3JEKTPOHBI OTPHIBAIOTCS OT aTOMOB U METall
IpEeCTaBIsIeT COO0M OCTOB M3 MOJOKUTEIBHO 3aPSKEHHBIX HOHOB, MEX]y KOTOPBI-
MU JIBXKYTCS CBOOOJHBIE 3JEKTPOHBI (TaK HA3bIBA€MBIM ‘“‘3JIEKTPOHHBIN ra3”). Me-
TaJUIMYECKas CBSA3b HEHANPABJICHHAS M HEHACBIIIEHHAs, TO3TOMY METAJLJIbl KaK Ipa-
BUJIO UMEIOT MJIOTHOYNAKOBAHHbBIE PEIIETKH (T.I1.K, O.IL.K., I.1.Yy.). DHEPTrusi MeTaIu-
YEeCKOro KpHUCTaJljla paBHA dHEPIHMH HEOOXOAMMOM Ui TepEeMEICHUS BCEX KOJIICK-
TUBU3UPOBAHHBIX 3JIEKTPOHOB B KpUCTasie 0OPaTHO HAa YPOBHHU, COOTBETCTBYIOLIHNE
cBOOOJIHBIM aroMaM. OCOOEHHOCTH CTPOCHHSI METAJUIOB OMPENEISIIOT UX XapaKTep-
HbI€ CBOWCTBA: BBICOKAS 3JIEKTPONPOBOAHOCTh U TEIUIOMPOBOJHOCTH 32 CUET OOJIb-
[IOr0 KOJIMYECTBA CBOOOJIHBIX 3JIEKTPOHOB; IMJIACTUYHOCTH (TaK KaK AJIEKTPOHBI HE
MPUHAAJIEKAT KOHKPETHBIM aTOMaM, CJIBUT OJTHUX aTOMOB OTHOCHUTENIHO APYTHUX MPH
nedopmaliiu He BBI3BIBAET pa3pbiBa CBsI3el M pa3pylICHHUs MeTaia). Y HUKalbHOE
COUYETaHHE BBICOKOW MPOYHOCTU C XOPOIIEH IIACTUYHOCTHIO, BSI3KOCThIO U 00pada-
THIBAEMOCTBIO, HE BCTPEYAIOIIEECs y IPYTUX MATEPUANIOB SBIISIIOTCS MPUYMHON IIHU-
POKOr'0 MCMOJIb30BAHUS METAJJIOB U CIUIABOB B KAYECTBE OCHOBHOI'O KOHCTPYKLIMOH-
HOT'0 MaTepHaa.

Ioanmopgdubie npespamenns. [loanmopdusm — 3T0 cIOCOOHOCTH HEKOTO-
PBIX BEIIECTB B 3aBUCMMOCTH OT BHEUTHUX yCIIOBUH (HalpuMep, TEMIEpaTypbl) 0Opa-
30BBIBaTh PA3NMYHBIC KPUCTAJUIMYECKUE CTPYKTYpbl (Moauduxamumn). B pesynpraTe
noJUMOP(HOTO MPEBPAILIEHUSI aTOMbI KPUCTAJUNIMYECKOTO BELIECTBA NIEPECTPANBAIOT-
Csl U3 KPUCTAJUIMUECKON PEIIETKH OJHOTO THUIMA B KPUCTAIUIMYECKYIO PEIIETKY IpYyTro-
ro tumna. [Tomumopdubie Monudukamu 0003HAYAIOT TpeuyecKuMu OykBamMH o, P, v,
IPUYEM o COOTBETCTBYET CaMOil HU3KoTemmeparypHod moaudukaimu. Hampumep,
xene30 Hke Temmeparypsl 911°C umeer o.11.K. peneTky u o0o3nauaercs Fe,. Boie
911°C »kene30 mepecTpauBaercs B I.ILK. pemerky Fe,, koropas Bbire 1392°C BHOBB
nepecTpanBaeTcsi B O.I.K. pemieTky, obo3Hauaemyto Fes. Ilpu monumopdHbIx mnpe-
BpAILIEHUAX U3MEHSIOTCS 00BEM U CBOMCTBA BEIIECTRA.

1.3 Kpucramausanus MeTa/JIOB U CILVIAaBOB

[lepexon meTamia U3 KUJIKOTO WM MapoOOpa3HOTO COCTOSHHS B TBEPAOE C
o0pa3oBaHUEM KPUCTAIIMYECKON CTPYKTYPBI Ha3bIBACTCS NEPBUUHOU KPUCMALIU3A-
yueu. OOpa3oBaHME HOBBIX KPUCTAJJIOB B TBEPAOM KPHUCTAJUIMUECKOM BEIIECTBE Ha-
3bIBACTCS 6MOPUUHOU KPUCTNATIUZAYUEU.

[Ipouecc KpucCTaIIM3aMi COCTOUT U3 JBYX OJHOBPEMEHHO HMIYIIHUX MpPOIEC-
COB: 3apOXKACHHSI U POCTa KpUCTAILTOB. KpHCTamisl MOTYyT 3apoK1aThCs (CaMonpous-
BOJIbHAS KPUCTAJUTM3ALIMA) WIK PACTH HA UMEIOIIUXCS TOTOBBIX LIEHTPaxX KPUCTAILIH-
3a1uu (HECAaMONPOU3BOIbHAS KPUCTAIUTH3AIMA).



Camomnpoun3BoIbHAS KPUCTALIU3ANMS OOYCIOBJIEHA CTPEMJICHHEM BEIIECTBA
UMEeTh 00JIee YCTOMYMBOE COCTOSIHUE, XapaKTepU3yIolleecs yMEHbIIICHUEM TEPMOIH-
HaMHYECKOI0 MOTEHIIMaIa, Ha3bIBAEMOT0 c80000HOU sHepeuell F:

F=U-TS, (1)

rae U- BHyTpeHH:s dHeprus; T — remneparypa; S — SJHTPOIHS.

C moBbIIIIEHHEM TEMIIEpaTypbl CBOOOIHAS SHEPTUS BEIIECTBA, KAK B TBEPIIOM,
TaK U B dHUJKOM COCTOSIHUM YMEHbIIIAeTCs (PUCYHOK 2 a).

Temnepatypa, mpu KOTOpoil CBOOOIHASL SHEPTHUS B TBEPJOM U KUIKOM COCTOS-
HUSAX PaBHA, HA3bIBACTCH pasHogecHou. Kpuctammsanus MpOUCXOANUT B TOM ClIydae,
ecnu F;; B TBepaoM cocTtosinnu OyAeT MeHblie F, B )KUKOM COCTOSIHUH, TO €CTh IIPH
NEPEOXTKICHUH KUJKOTO METajuIa 10 TEMIEPATYpbl HUKe paBHOBecHOM AF = F,; —
Fx<0.

[InaBnenue — nporecc, 0OpaTHbIM KPUCTAIIIM3ALUN — IPOUCXOAUT IPHU Tepe-
I'PEBE BBILLIE PABHOBECHOM TeMIeparypbl. Pa3HuIa MexXJy peajbHbIMU TEMIEPATy-
paMU IUIABJICHUSI U KPUCTAJUIN3ALUM HA3BIBACTCS MEMNEPAMYPHbIM CUCTNEPESUCOM.
Temneparypa, Ipu KOTOPOU MPAKTUYECKN HAYMHACTCA KPUCTAIUIN3ALIMSL, HA3bIBACTCS
Gaxmuueckoli memnepamypou Kpucmaiiuzayuu.

by,
| L,
|
s | =
Eq F | TS
& TE
o] = |
& ;5;
: 1
S g
E | | | | r;."
IT5|To T | Ts
Termeparypa
AT
AT
a) 0)

a) Bniusinue Temnepatypsl Ha CBOOOAHYIO SHEPTHIO )KUJIKON U TBepaoH (as;
0) KpuBbie oxnaxaeHusi MeTajljia npu KpUCTaJUTU3aI|H:
V<V, < V3 (V —CKOpOCTbh OXJIaXKIEHUSA).
PucyHnok 2 — DHepreTnyeckue yCcaoBHsl MPoIecca KPUCTAIIN3ALUN

Benuuunoti unu cmenenvio nepeoxnazxcoeHusi Ha3bIBAIOT PA3HOCTh MEXKIY TEO-
peruueckoit (T,) u pakTuueckon remmneparypamu kpuctamumsanuu: AT (pucyHok 2).
OObIyHas CTETEHb NMEPEOXTKIACHNUS METAIIOB, MIPU KPUCTAJUIM3AMU B TPOU3BOICT-
BEHHBIX yCIIoBHX Koiebsercs oT 10 1o 30°C; mpu GONBLIIMX CKOPOCTIX OXJIAKIEHUS
OHa MOXET JOCTHYb COTEH IpaaycoB. CTeneHb neperpesa npu IiaBJIeHUH METAIOB
00BIYHO HEBEJIMKA (HECKOJIBKO IPayCoB).

VY HEKOTOpBIX METAJNIOB M3-3a OOJBIIOTO MEPEeOXaXKACHUS CKpPbITash TeIoTa
TUTABJICHUS BBIJEISETCS B MEPBBI MOMEHT KPUCTAJUIM3AIIMN HACTOJIBKO OypHO, 9TO
TEeMITepaTypa CKauK0OOPa3HO MOBBIIIAETCS, MPUOTIHKASICH K TEOPETUUECKON.
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Yem OoJiblIIe CKOPOCTh OXJIAXKACHHSI, TEM OOJIbIIIE BETUYMHA MTEPEOXITAKICHUSI.
J171st TOro 4TOOBI MOJHOCTBIO MEPEOXITATUTH METAJUT B AKHUIKOM COCTOSIHUU, TPEOYIOT-
csi OOJIBIIIME CKOPOCTH OXJaXACHHs (MWLUIMOH TPajycoB B CEKyHIy). Merasi, He
UMEIOIINNA KPUCTAIUTMYECKYIO CTPYKTYPY, MOKHO MOJIYYHUTh, IEPEOXIIAJIUB €T0 32 J10-
JM ceKyHbl. Takol MeTal Ha3bIBACTCS AMOPGHBIM WU MEMALIUYeCKUM CIMEKTIOM.

[Ipu kpucramiuzanuu BbiaeNseTCs Terora. Korga kpucramin3yercs: YuCThbiid
AJIIEMEHT, OTBOJ TeIUla, MPOUCXOMASIINA BCIAEACTBUE OXJIAXKICHUS, KOMIIEHCUPYETCS
BBIJICIISIIOLIEHCA CKPBITOM TEIUIOTOM KpucTayun3anuu. [loaTomy Ha KpuBOW OXJyiax-
JeHus1, 1300pakaeMoil B KOOpAUHATaX «TeMIlepaTypa-BpeMs», MPoIeccy KpUcTaliu-
3allii COOTBETCTBYET TOPU30OHTAJIBHBINA y4aCTOK (PUCYHOK 2 0).

B ’XUAKOM COCTOSIHUM aTOMBI BELIECTBA BCJIEICTBUE TEIIIOBOIO JBUKEHUS I1€-
pemematorcsa OecropsanouHo. B To ke BpeMs B KUAKOCTU MUMEIOTCS CPABHUTEIHHO
YCTOWYHBBIE TPYNIUPOBKH aTOMOB HEOOJBIIOrO o0beMa. DTH TPYIIUPOBKU HEyC-
TONYMBBI, PACHAJAIOTCS U BHOBB MOSBIISIIOTCS B Pa3HBIX MecTax *uAkocTu. [lpu ne-
PEOXTAXKACHUHN KUIKOCTH HEKOTOpbIE M3 HUX, HAMOOJEe KPYIHbIE, CTAHOBATCS YC-
TOMYMBBIMU U CIIOCOOHBIMHU K POCTY. DTH YCTOMYMBBIE IPYNIIUPOBKH aTOMOB Ha3bl-
BAIOTCS YEeHMPaAMU KPUCMALIU3AYUYU (3APOO0bILUAMU).

[Iporiecc kpucTalIM3allid HAYMHAETCS C 00pa30BaHUsl KPUCTAIMYECKUX 3a-
pOJBIIIEH, a 3aT€M pacTeT UX YUCIO U pa3Mepsbl. [Ipu nepeoxsnakieHnu CIijiaBa Huxe
TEeMIIepaTyphl IUIABJIEHUS BO MHOTHX Yy4YacTKaX JKHJKOTO CIUIaBa 0Opa3yroTcs Kpu-
CTAJJTMYECKHE 3apOAbIIIN, Ha3bIBaeMble kpumuyeckumu. [1oka odpazoBaBiIuecs Kpu-
CTaJIJIbl PacTyT CBOOOJHO, OHU UMEIOT 0oJiee WM MEHEe MPaBHIbHYIO TeOMETpUYe-
ckyto ¢opmy. OJIHAKO MPU CTOJIKHOBEHHM PACTYIIMX KPUCTAUIOB WX MPaBUIIbHAS
¢dopMma HapymaeTcs, Tak Kak Ha 3THX y4acTKaxX poCT rpaHell mpekpamiaercs, U mnocie
3aTBEpACBaHU 3e€pHA (KPUCTAJUIMTHI) MOJTy4alOT HEMPABIUIIbHYIO BHEIIHIOO (HOpMY.

[losiBnenne 3apoppliiieil u3mMeHsieT cBOOOAHYIO 3HEpruto. C OJHOM CTOPOHBI
OpU TEpPEXOJe MKUIKOCTH B KPUCTAUIMYECKOE COCTOSIHUE CBOOOAHAs SHEPTUs
YMEHBIIAETCS, C APYroi — OHA YBEJIUUYMBAETCS BCJIEICTBHUE MOSBICHUS TOBEPXHOCTH
pazzena MeXay >KHUIKOCTBIO U 3apO/IbIIIEM.

[IpeBparnienue npou3ouaeT TOrAa, KOrja BIMTPHINI B SHEPTHHU OT Nepexoja B
0osiee ycTOWYMBOE COCTOSIHME OyZeT OOJblle MOTepU SHEPTUH, UIYyIller Ha oOpa3o-
BaHUE MOBEPXHOCTHU pazzenia. CBOOOAHAS SHEPTHSI CUCTEMbI ONPEEISIETCS KaK CyM-
Ma JIBYX YJIEHOB, XapaKTEPU3YIOIIUX MOBEPXHOCTHYIO U OOBEMHYIO DHEPTUU COOT-
BETCTBEHHO:

A® = Sc — VAF, (2)

rae S — IUIoIalb MOBEPXHOCTH; G - MIOBEPXHOCTHOE HaTshkeHue; V - o0bem; AF —
pa3HOCTh CBOOOJHBIX SHEPTUM KUJKOTO U KPUCTAJUIMYECKOTO COCTOSHUN, MPUXOIs-
masicst Ha enuHuIy oobvema. [loacraBus B popmyiy (2) 3nauenust S u V, moiydaem,
4TO MO0 Mepe YBEJIMUCHUS 3apo/biiia (chepuueckoit hopmbl) cBoOoaHAs dHEprus AD
U3MEHSETCS CIeAYIOUUM 00pa3oM:

A® = 4nr’ne — 3/4 wrnAF, 3)

IJIe T — paJnyC YaCTUIIbl HOBOM (pa3bl; N — YKCIIO YACTHII.
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Oynkiusa AD umeeT MmakcuMyM (PUCYHOK 3). 3apobiil OyIeT pacTH, €CIIH €T0
pamuyc r = ry,, TaK KaK yBEIMYEHHME pasMepa 3apojiblllia NMPUBEAET K YMEHBIIECHHUIO
A®. TakuM 00pa3oM, IJid TAaHHOW CTETNEHU MEPEOXJIAKICHUSI UMEETCS HEKOTOPBIN
3apOABIII KPUTUYECKOTO pasMmepa I, Bee 3apoabimu Oosbliiero pasmMepa OyayT 1IeH-
TpaMy KPUCTAJUIM3ALIMH, a 3aPOIBIIIN MEHBIIIETO Pa3MepPa OKaXKyTCsl HEYCTOMUYNBBIMU
Y BHOBb PaccachbiBalOTCs B )KUJIKOCTH. KpuTtnueckuid pa3mep CBsI3aH C TEPMOAUHAMH-
YECKMMH IIapaMEeTPaMH 3aBUCUMOCTBIO: Iy, = 26/ AF.

AD Aq)xpl

| Py ]
0 Tips 1 Fpo Fpi
P P Kp AT,

Pucynoxk 3— 3aBucumocts AD OT r U1l pa3IMYHbIX CTENEHEN
nepeoxyaxaenusi: AT; > AT, > AT,

B peanpHBIX yCIOBUSX MPOIECCHl KPUCTAUIM3ANNKA B 3HAYUTEIILHON CTETICHH
3aBHUCST OT UMEIOIINXCSA TOTOBBIX IIEHTPOB KPUCTAITU3ANNN. TaKUMH [IECHTPaMU MO-
T'yT OBITh TBEPJBIC YAaCTHUIBI PA3HOOOPA3HBIX MPUMECEH, CTCHKH (OPMBI ISl JTUTHSI.
Oco6eHHo 3(pPEeKTUBHBI YACTHUIIBI TAKUX BEIIECTB, KOTOPHIE MO CBOEMY KPHUCTAILIH-
4ECKOMY CTPOCHHIO TIOXO0KH Ha 3aTBEPACBAIONINIA METaI. ITO CXOIACTBO MPOSBISET-
csl mpu OJM3KOM COOTBETCTBHH PACIIONIOXKEHHS aTOMOB Ha OMPEIESIICHHBIX TUIOCKO-
CTSX PEIIeTOK MeTajla U MpUMecH. PacTBOpEeHHBIE IPUMECH B METaIe CIIOCOOCT-
BYIOT YBEJIMUEHUIO KOJMYECTBA IEHTPOB KPUCTAJUTU3AIINN, €CIIA MIPUMECH OYIyT TIO-
BEPXHOCTHO-aKTUBHBIMH BEIIECTBAMH, MOHMKAIOIMIMMH TTOBEPXHOCTHOE HATSKEHUE.
B sTom ciiydyae ymeHBIIAeTCs KPUTHUYECKUN pa3sMep 3apoblilia, YTO SKBHUBAJICHTHO
YBEJIMYCHHUIO CTETIEHU TIEPEOXITAKICHUS.

PacrinaBneHHbIE METAIITBI, KaK TIPABUIIO, KPUCTATUIU3YIOTCS 0€3 3HAYUTEIHHO-
ro mepeoxyiaxkaeHus. sl kpucraum3anuyd U3 paciuiaBa HeoOXOJMMO BBITOTHUTH
JIBA YCIIOBHSI:

- OXJIAJNTh PACIUIaB HUKE TEMIIepaTypbl pABHOBECHOM KPHUCTALTU3AIINN;

- CO371aTh B pacIlIaBe OJMH WM HECKOJBKO IICHTPOB KPUCTAJIN3AIIHH.

CrnenyeT co3nath 0coObIe yCIIOBUS, YTOOBI )KUIKOCTh 3aTBEp/eia B OJUH MO-
HOKPHCTAJII C UICATBHON CTPYKTYPOM, Yallle pe3yIbTaTOM KPUCTAJUTU3AINH SIBIISTFOT-
Csl IOJTUKPUCTAILIIBL.

dopMma 3epeH, 00pa3yIMMXCsS MPU KPUCTAJUTH3AINN, 3aBUCUT OT yYCJIOBHMA HX
pocTa, TIIaBHBIM 00pa30M OT CKOPOCTH U HAIIPABJICHHUS OTBOJIA TEIJIa M TEMIIEPATYyPhI
XKUIKOTO METaJlla, a TaKXkKe MpuMeceid. B HampaBieHWH OTBOJA TEIJIOTHI KPHUCTAILT
pacteT ObICTpee, 4YeM B JpyroM HampasiieHuu. B pesynbrare oOpa3yercst JpeBOBU/I-
HBIM KPUCTAILI, TaK Ha3bIBAEMbIN OeHOpum (PUCYHOK 4 a).



JleHApUTHOE CTPOEHUE THIUYHO JJIsl JIMTOro MeTauia. Hanbosbias cKopocTh
poCTa KPUCTANIOB HAOIIOAAETCS IO TAKUM IJIOCKOCTSIM M HAIPaBJIEHUSIM PEUIETKH,
KOTOpbIE MMEIOT HauOOJbIIYI0 TJIOTHOCTh YIAKOBKM aTOMOB. B pe3ynbTare BbIpac-
TalOT JIJIMHHBIE BETBU, KOTOPBIE HA3bIBAIOTCS OCAMU NEP8020 NOpsAOKd. 3aTeM Ha dTUX
OCSIX MOSBIIAIOTCS, U HAYMHAIOT pACTU BETBU BTOPOTO MOPSAJKA U T. 1.

OHOBpPEMEHHO MJET KPUCTALIU3AIMS B YYaCTKaX MEXKIY OCSIMH JACHAPUTOB.
JleHapuThI pacTyT 10 TEX MOp, MOKa HE CONMPUKOCHYTCS Apyr ¢ Apyrom. [locne saToro
OKOHYATEJILHO 3aIOTHSIIOTCS MEXOCHBIC TIPOCTPAHCTBA, U JICHIPHUTHI TPEBPAIIAIOTCS
B TMIOJIHOBECHBIE KPUCTAJIBI C HEMPABUIBHOW BHEIIHEH orpankoil (3epHa). Ha rpanu-
11aX MEX]y 36pHAMHU B YYaCTKaX MEXIY OCSIMHU ACHAPUTOB HAKATUIMBAIOTCS IPUMECH,
MOSIBJISIFOTCSI TIOPBI M3-32 YCAAKU U TPYAHOCTEN MOAXO0a KUIKOTO MeTallia K PpoHTy
KPUCTaJUTH3AIINH.

JlenipuTo0Opa3oBaHNe XapakTEPHO AJIs BEUIECTB, MAJIO CKIOHHBIX K MEPeOx-
JaXICHUIO U UMEIOLUX OOJIBIIYI0 CKOPOCTh KpUCTAIU3aluu. B mpoTHBHOM cilydae
OT LIEHTPOB KPUCTAIU3AI[MU PABHOMEPHO 10 BCEM HAIPaBIEHUSAM PAcTyT KpUCTa-
JMYECKUE UTOJIKH, 00pa3ys Tak Ha3bIBaeMble CEPOTUTHI.

CrpykTtypa 11000r0 CIUTKA COCTOUT U3 TPEX OCHOBHBIX 30H (PUCYHOK 40).

1- ock mepBoro NMOpsiJIKa; 2 - 0Cb BTOPOTo MOPSIKA; 3 - OCh TPETHETO MOPSIKA;

Pucynok 4 — Cxema AEHAPUTHOTO POCTa KpUCTaa (a) u
CTPOCHUE CIUTKA CIOKOITHOM cTanu (0)

[lepBas 30Ha (I) — Hapy>KHasi MEIKO3EPHUCTAsT KOpKa, COCTOAIIAS U3 ACHIIPH-
TOB, OOpa3ymomIascs TAaKOBOW H3-3a CONMPHUKOCHOBEHHS CO CTEHKAMHU H3JIOKHUIIBI
(dbopmpbr).

Bropas 30na ciutka (II)— 30Ha cTonbd4aTeix kpuctauios. [locine o6pasoBanms
KOPKHU YCJIOBHS TEIUIOOTBOJIA MEHSIOTCS, TPAJUEHT TEMIIEpaTyphl B MPHIIETAIOIIEM
CJIO€ KUAKOTO METala Pe3KO YMEHBIIAeTCs M, CJIeJOBATeIbHO, YMEHBIIACTCS CTe-
NIEHb TIEPEOXJIAXKACHUS CIIaBa. B pe3ynbrare u3 HEOOJBIIOT0 YMCIa IEHTPOB KPH-



CTaJUIM3aLMU HAYMHAKOT PACTH HOPMAJIbHO OPUEHTUPOBAHHBIE K IIOBEPXHOCTU KOPKHU
(TO ecTh B HaIlpaBJIEHUHU OTBO/JIA TEIJIOTHI) CTOJIOYAThIE KPUCTAILIBI.

Tpetbs 30Ha ciutka (II1)— 30Ha PaBHOOCHBIX KpUCTAIIOB. B meHTpe cinuTka
yKE€ HET ONPEACIICHHOW HaIpaBIEHHOCTH OTAA4M TeIuia. B pe3ynbrate B cepeauHe
CJIUTKA, I7ie HaOJI01aeTCsl HAMMEHBIIAs CTENEeHb MePeOXJIaXKIeHUs, 00pa3yroTCs paB-
HOOCHBIE€ KPHUCTAJUIbl OOJBIIMX pa3MepoB. [Ipu HEKOTOPBIX YCIOBUSX TPEThsS 30HA
MOJIHOCTBIO Hcue3aeT. CTPyKTypa CIIUTKa MPAKTUYECKU COCTOUT U3 OAHUX CTOJI0Ya-
TBIX KPUCTAJUIOB ¥ HA3bIBAETCS TPAHCKPUCTAIUINYECKOM.

B BepxHel 4acTu CIMTKA, KOTOPAast 3aTBEPAEBAET B MOCIIEIHIOI0 O4YEPEb, KOH-
LIEHTPUPYETCA ycanoyHas pakoBuHa. Ilog Hel meramn mosydaercsl pbIXJbIM, B HEM
COAEPIKUTCS MHOTO yCaJOYHBIX MOp. YacTh CIUTKA C yCaJOYHOM PAKOBHUHOW U PBIX-
JBIM METAUIOM OTpe3atoT. CIIMTOK UMEET HEOJHOPOIHBIN COCTaB. XMMHUYECKAsI He-
OJHOPOJHOCTh IO OTIAEIBbHBIM 30HAM CIIMTKA HA3bIBACTCS 30HAJIBHOM JIMKBAIUEH.
OHa oTpUIATENBHO BIUSAET HA MEXaHUYECKUE CBOMCTBA.

1.4 luddy3nonnbie mpouecchbl B MeTaLIE

BHyTpeHHee cTpoeHHe TBEPAOIO Tella HE SIBISIETCS CTaTUYHBIM, aTOMBI HE 3a-
KPEIUICHbI HEMOABI)KHO HA CBOMX MECTaX B KPHUCTAJUIMYECKOM peleTKe, OHU Herpe-
PBIBHO KOJIEOJIIOTCSI M MOTYT IEPEMELAThCs U3 CBOMX I0JIOKEHUI paBHOBECHS B y3-
nax pemietkd. [Ipouecc mpenMMyIecTBEHHON OJHOHANPABICHHOCTU MepeMelIeHHs
aTOMOB, B UTOTE€ MPHUBOIAIINNA K MAaKpPOCKOITMYECKOMY IEPEHOCY BEIEeCTBa, Ha3bIBa-
ercs nuddyzuei.

JIroOble mporecchl 3apoKaeHHs U pocTa (a3, peKpUCTAILTU3AIMS, KOAryJIsaus
U cepouauzanys, (Ha3oBble MPEBpAIICHUs B TBEPIOM PACTBOpE, pacmaj TBEpAbIX
pPacTBOPOB U BbIAENIEHHE BTOPOH (ha3bl cBsi3aHbI ¢ AU Qy3rer aTOMOB.

Huddys3us B cruiaBax mpeacraBisieT co00il MEpPeHOC Pa3HOPOIHBIX aTOMOB,
KOTOPBIN COMPOBOXKIAETCS U3MEHEHUEM KOHIICHTPAIIMH KOMIIOHEHTOB B OTIEIbHBIX
30Hax. Camonugdysueil Ha3pIBaIOT NEPEMEIEHHE aTOMOB OJHOTO U TOT'O )K€ TUIIA B
YHUCTBIX METaJIax HJIM OCHOBHOTO KOMIIOHEHTA — B CIJIaBaX.

Huddy3us aToMOB BHEAPEHUS C MAJIbIM aTOMHBIM PaJInyCOM, HAllpUMep yTJe-
pojia B peLIeTKe Kejle3a, OCYLIECTBIIAETCS MEXY3€JIbHbIM IyTeM. DTOT Ipoliece A0-
BOJIBHO JIETKO peanusyercs Oiarojnaps TOMY, YTO YMCIIO BHEJIPEHHBIX aTOMOB B pe-
IIETKE MaJIO 110 CPAaBHEHMIO C YUCIIOM MEXI0Y3IHUil.

Jlnst aToMOB MeTaioB HanboJiee BEpOATEeH BAKAHCHOHHBIN MeXaHu3M Tuddy-
3Ud. ATOM 3aMEIIeHUs JIETKO MEHSET CBOE MOJIOKEHUE, €CIIU 110 COCEJCTBY UMEETCs
cBoOOIHas BakaHcUs. OHAKO B PETYISPHBIX Y3JIaX PEHIETKH YHCIO BaKaHCUN Majo
110 CPAaBHEHMIO C YHCJIOM aTOMOB, M3-3a 4ero nu¢dy3us aTOMOB 3aMeIICHUs 3aTPy /-
HeHa. [l BakaHCMOHHOTO MexaHu3Ma nuddys3un Oonee OraronpusTHas CUTyalus,
CKJIa/IBIBAETCS B HCKAKEHHBIX y3J1aX PEIIEeTKU: Ha TPaHULIAX 3epeH U (a3, a Takxke Ha
JUCIIOKALMSIX.

[Ipu nuddy3un mo obouM MexaHW3MaM MEPEeMEIAIONINecss aTOMBbI, YTOOBI
IPOTUCHYTHCA MEXKAY aTOMaMU OCHOBHOTO METajlla, pa3pyluTh CBS3U U Aehopmu-
pOBaTh PEILIETKY, NOJKHBI MPEOAO0TIETh MOTeHUUAIbHBIA Oapbep. st 3Toro aromsl
JOJDKHBI 00J1a/1aTh ONPEACICHHBIM YPOBHEM JHEPIHH aKTHBAIMH, KOTOPBIM 3aBUCUT
OT CHJI MEXATOMHOM CBSI3U U HaIN4us Je(EKTOB KPUCTANINIECKON PEIIETKH, 00JIer-
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yaromux nudQy3nonasie mporecchl. B gacTHOCTH, HEOOXOIUMBIN YPOBEHb YHEPTUU
aKTUBAIIMU TI0 TPaHUIIAM 3€PEH BJIBOE MEHbIIIE, 4YeM B 00beMe 3epHa.

Cornacuo 3akony ®uka (1855 r.), morox auddyHaupyromero BelecTBa B
CIWHUILY BPEMEHU Yepe3 €IUHUILy MOBEPXHOCTH MPOMOPHUOHAICH KOA(P(HUIIUEHTY
nudbysun D (cm’/c) u rpaguenty koHuentpauuu dC/dx:

I=-D-"=,
dx

(4)

dC [ amom }

CMZ'C

3HaK MUHYC B 9TOM YpaBHEHHUH O3HAYaeT, 4YTO MU Py3nOHHBIN MOTOK HAIPaB-
JICH TIO TPaJIMEHTy KOHIIEHTPAIMH, TO €CTh OT 30HBI C OOJBIICH KOHIIEHTPAINH K 30-
HE C MEHBIIIEH KOHIIEHTpaImen TudGyHIUPYIOMIEro JJIeMEeHTa.

Koadppunment nuddysuu, nHorma HazpiBaembiil 1uhPy3nOHHON TMOIBUKHO-
CTBIO, OTIpeNeTIsieT CKOPOCTh Auddy3un nmpu nepenaae KOHICHTPAIUN, paBHOM €T~
HUIIE, U 3aBUCUT OT XMMHYECKOTO COCTaBa CIUIaBa, CTPOCHUS KPUCTAILUTMYECKOU pe-
IIETKH, pa3MEPOB 3€pEH U TeMIepaTypsl npouecca. Hanbonee cunpHOE BIUsSHUE OKa-
3pIBaeT Temneparypa. C.AppeHHyC yCTaHOBUIJI SKCIIOHEHIIUATIbHYIO 3aBUCUMOCTD KO-
apdunuenta nuddy3un oT TeMIEpaTypsl:

D =D, ", (5)

rae Dy — 3KCIIEpUMEHTAIBHO HAWICHHBIM NPEAIKCIIOHEHIIUAIbHBI MHOKHTEIb, 3a-
BUCSIINI OT CHJI CBSI3U MEXKIYy aromamu; () — 3Heprus akTUBaluu mnpouecca 1udpdy-
3uM; R — yHUBEepcalibHas ra3oBas NOCTOsIHHAs, I — temreparypa, K.

[Ipouecc nuddy3un HEOTUHAKOB SISl Pa3HBIX 371eMEeHTOB. CpaBHUTEIBHO JIET-
kasg quddy3us yriaeposa B kene3e U 3aTpyAHEHHAs — XpOoMa MPUBOJIUT K TOMY, YTO B
npoiecc oopazoBanus kapoumoB Cr,;Cs Ha TrpaHUIAX 3€pEH BOBJIEKAOTCS TOJIBKO
IPUTPAHUYHBIE aTOMBI XpoMa. ['paHULbI 3€peH 00EIHSIOTCA XPOMOM, YTO MPUBOAUT
K MEKKPUCTAJITUTHOW KOPPO3UU XPOMOHHUKEIEBBIX ayCTEHUTHBIX CTaJeH.

CTaOuUIbHOCTH CTPYKTYPBI M CBOMCTB >KapOMPOYHBIX CIUIABOB JOCTUTAETCS IMY-
TeM TopMmokeHus mporecca aAuddysuu. Topmoxkenune nuddysuu, mogo6HO TOPMO-
KEHHUIO JIUCIIOKAIMU, CO3JAETCsi COOTBETCTBYIONIEH HEOJHOPOAHOCTHIO CTPYKTYPBHI.
Topmoxenue nud@Py3MOHHBIX MPOLIECCOB B JUTOM CTPYKTYpE HMHCTPYMEHTAIbHBIX
cTajneil coznaerca npu GOpMUPOBAaHUU PA3BUTOrO JIEHIPUTHOTO CKeJieTa ¢ TepMUYe-
CKU TPOYHON MEeXACHIPUTHON (pazoil kapOumoB. HeoqHOPOAHOCTH CTPYKTYpPBI MO-
KET 3aTPYAHATh PA3BUTHE TPEIIMH 332 CUET MX MHOTOKPATHOIO BETBIICHHS U U3MEHE-
HUS HampaBleHui Oiaronapsi OJOKUPOBKE Ha BBIIETICHUSIX BTOPOH (a3bl.

1.5 ledeKkThl KPUCTANINYCCKOUA PelIeTKH
JIrobo¥ peanbHBIA KPUCTAT UMEET HECOBEPILIEHCTBA CTPOCHUS, T.€. AE(PEKTHI.
[To reomerpuyeckum npusHakam Ae(eKTbl AENATCS Ha TOYEUHbIE, JIMHEHHbIE, I0-
BEPXHOCTHBIE, 00bEMHBIE.
To4eunsbie nedeKTbI — 3T0 BakaHCHHU (Y3JIbI PELIETKH, B KOTOPBIX OTCYTCTBYIOT
aTOMBI), aTOMBI B MEKJOY3/IMH, a TAK)KE aTOMBbI IIPUMECEN B y3JIaX MU MEXA0Y3JIH-
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sax. Toyeunpie neeKThl HAPYMIAIOT MEPUOIUIHOCTh PACTIONOKEHHUS aTOMOB B KpH-
CTaJUIMYECKOW PEHIETKE Ha OJTHO UJIM HECKOJIBKO MEXATOMHBIX PACCTOSHUI.

JInneiinbie nedeKTbl UMEIOT MaJible pa3MEpPHI B BYX U3MEPEHUSIX U OOJIbIIYIO
MPOTSKEHHOCTh B TPETbEM U HA3bIBAKOTCS MAUCIAOKANUAMM. Jluciokanuss MOMKET
OBITh MPsAMOM (KpaeBasi) WM U30THYTOU (BUHTOBAs) — pucyHok 5. OOpa3yroTcst auc-
JIOKAIMU B TpOLIecCe KPUCTAUIM3AIUU WK TlacTudecko nedopmanuu. ucioxa-
IIMK MOTYT NEpeMeIaThcsi, 00pa30BbIBATH CKOIUICHUS! U MCYE3aTh MPU B3aUMOJIECHCT-
BUU C TOYCUHBIMU JepeKTaMu U ApyT ¢ ApyroM. Bokpyr auciokanuy BO3HUKAET 30-
Ha yIPYTroro UCKaXEHHs PEeUIETKH. BaKHOM XapaKTepUCTUKON TUCIOKALNU SIBIISCT-
¢4 UX IUNIOTHOCTB p, T.€. CyMMapHas JJIMHA JUCIOKauui XL, mpuxoadmascs Ha eau-
HUIly 00beMa Kpucramia V:

E. “\en
= z— 3 (6)
Vv cM

3
Beanuuna P MOXKXCT JOCTUTI'aTb MUJJIMOHA KUJIOMCTPOB HAa CM .

p

FHCmPRI70CKOC T8

(T T T I >
|

\

a §)
a — KpaeBas; 0 — BUHTOBAsI TUCIIOKAIINS

Pucynok 5 - Jlucnokanuu B KpucTajuie

IToBepxHOCTHBIE Ae(eKThI — 3TO rPaHULBI 36PEH U MOBEPXHOCTh CAMOI'O KpH-
ctayuia. OHU TPEJCTABIAIOT CO00M TMepexoaHyr 30HY B 5...10 MeKaTOMHBIX pac-
CTOSIHUN MEX]ly 3e€pHaMH € pa3HO# KpUCTAIIOrpapuuecKol OpueHTalueN Wi MEexX-
Iy 3€PHOM U OKPY>KaOIIEH Cpeiou.

O0bemHbIe 1e(peKTbl — 3TO BKJIKOYEHHUS IPYyTOro BEUIECTBA, KPYIHbIE TPELIU-
HbI, MUKPOITYCTOTHI (KaBEpPHBI).

Teopernyeckass U TeXHHYECKAsA NMPOYHOCTH. [101 TeopeTHyecKoOd MPOYHO-
CTBIO IOHUMAETCSI COMPOTUBIIEHUE MaTepuala eopmManuy U pa3pylieHUIo B Mpe-
MOJIOKEHUH, UTO KPUCTAITMYECKAsI pEIIETKA HE UMEET Ae(EKTOB.

TexHnuyeckass NPOYHOCTb (PEATTLHO U3MEpsAEMasi) KakK MpaBUIIO, 3HAYUTEIBHO
HI)KE TEOPETHUYECKOM 3a cueT Hanuuus 1e(eKTOB — B OCHOBHOM nuciokamuid. [lox
JNEUCTBUEM CUJI CIIBUra JHMCIOKAalMKM crIOCOOHBI nepeMemaTtees. Ha pucynke 6 moka-
3aHO, KaK I0J] ICMCTBUEM CHJIBI CABUTA MPOUCXOIUT Pa3phiB CBI3U 6-3 u 0Opa3oBa-
HHE CBSI3H 6-2, 00eryaroiiee CIBUT MIOCKOCTH 1-2-3-4 0THOCUTEIBHO INIOCKOCTH 5-
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6-7 u npuBOAsAIIEE K JIBH)KCHHIO BaKaHCHM BHpaBo. llepemerieHne BakaHCHUU CIO-
COOCTBYET IUIACTUYECKOM AepopManuu KpUcCTaia, P KOTOPOM OJHA €ro 4acTb
CABHUIaeTCsl OTHOCUTEIBHO JIpyroi 0e3 paspymenus. Ha pucynke 7 mpencraBieHa
KAaueCTBEHHAs! 3aBUCHUMOCTb MEXAY IPOYHOCTBK) KPUCTAUIAa U IIOTHOCTHIO JUC-
nokauui. Kak BUIHO U3 pUCyHKa 7, IOBBILIEHHE IIPOYHOCTH BO3MOXKHO JIMOO co3/1a-
HUEM 0e31e()eKTHON CTPYKTYpbl, JUOO MOBBIINIEHUEM IUIOTHOCTH JUCIOKALUNA U
CTPYKTYPHBIX IPENATCTBUM, 3aTPyAHSIONIMX JBW)KCHHE IUCIOKALUN. Y4acTok 1 —
TEOpeTUUecKasi MPOYHOCTh KpucTamia 6e3 n1edeKToB. Y4acToK 2 - MPOYHOCTh HUTE-
BUJHBIX KPUCTANIOB (TaK Ha3bIBAEMBIX YCOB), MOYTH HE COAEpXKAIIUX IEPEKTOB.
[Ipy manpHENIIEM YBENMYEHUM IUIOTHOCTH JAMCIOKALMKA IPOYHOCTh NANAET 10 HEKO-
TOPOr0 MHHUMAJIBHOIO 3HAYEHUS HA Y4YacTKE 3, COOTBETCTBYIOUIETO TEXHUYECKHU
YUCTHIM HEYNPOYHEHHBIM METAJJIaM. 3aT€M Ha y4acTKe 4 NPOUCXOJUT YBEIUYEHUE
IPOYHOCTH CIUIaBa 3a CYET TOTO, YTO 0Opa3yIoUIrecs TUCIOKAlM OPUEHTUPOBAHbBI B
Pa3JIMYHBIX HAIIPABJICHUAX B IIPOCTPAHCTBE U MEIIAIOT APYT APYTY MEpEMEIIaThCs.

=

eppur 1 2 3 4 MITaf-1 5
A O-10—0—0

4
; 3
bt - .
5 =
i (%J 10° 107 1|::13 P, em-
Pucynox 6 — Cxema cIBUTOBOIA Pucynok 7 — KauecTBeHHas1 3aBUCUMOCTD
nedopMaiuu (CM. B TEKCTE) IPOYHOCTH MaTepHuaa G OT IUIOTHOCTH

JUCIIOKauu P

Ha sToMm siBIIeHMHM OCHOBAaHBI BCE OCHOBHBIE CIIOCOOBI YITPOUHEHHUS METAJIJIOB U
CIUIaBOB — JIETMPOBaHUE, TepMUUeckas o0paboTka, nedopmManmoHHOE YNPOUYHEHHE
(makien) u ap. Ilpu mioTHOCTH auciaokauuit Beime mpuMepro 107 cm™ (3a yuact-
KOM 4) MeTaJlJI CTAHOBUTCS XPYIIKUM U B HEM 00pa3yloTCs TPEIIHHBI.

1.6 MexaHn4eckue CBOCTBA METAJLJIOB

Ynpyras u miacrudeckasi negpopmanusi. 13 606111010 KOJIMYECTBA CBOUCTB,
KOTOPbIMHU 00JIaJJal0T MaTepUaibl, BAXKHEHIITUMU JJIsI KOHCTPYKIIMOHHBIX MaTepUasoB
ABJISIFOTCS MEXaHU4YECKre cBOMCTBA. [lo1 HUMU MOHUMAIOT XapaKTEPUCTUKH, OTIpeie-
JSOLIME TOBEICHUE MaTepuaia Moj JICUCTBUEM MPUIOKEHHBIX BHEIIHMX CHJI (CTa-
TUYECKHUX, JUHAMUYECKUX, 3HAKOIIEPEMEHHBIX). XapaKTEPUCTUKH MEXaHWYECKHX
CBOWCTB OIIPEAENAIOTCS NPU UCIBITAHUAX MAaTEPUAJIOB HA PACTSKEHUE, CKATUE, KPY-
YEHUE, yJapHYy BA3KOCTh U 1p., npeaycMorpeHHbIX ['OCTamu. Ilo moixydeHHbIM
XapaKkTEepUCTUKAM MOXHO CYIUTh O TaKMX CBOWCTBAaX MarepHala Kak MPOYHOCTb,
IIJJACTUYHOCTD, BSI3KOCTh, TBEPAOCTD U JIP.

[Ipo4HOCTH — CBOMCTBO MAaTEPHUANIOB CONPOTHUBIATHCS Pa3pyLIEHUIO WU ILIa-
CTUYECKOM nedopManuu moja JeHCTBUEM BHeEIIHEeW Harpy3ku. Hambosee mpocThiM U
pacrpoCTpaHEHHBIM METOJOM OINPEIEIICHHS] TPOYHOCTH MaTepuasa sBJISETCA HCIbI-
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TaHUE €ro Ha pacTsbkeHue (pucyHok 8). KoHipl 00pasna Metaia Kpyrjioro CeYeHHUs
3aKMMAaroT B Pa3pbIBHOM MAIlIMHE U IIOABEPraroT ICUCTBUIO PACTATUBAOIIECH HATPY3-
ku P.

10 al

r=a
————— - 1 P

o
————— -

L-d

| , - HauanbHas nuHa; F, - HayanbHas MIoNaab MOMEPEYHOro CEYEHUS;
Al- ynnunenue; | - KOHeUHas JyIMHA 00pa3iia B MOMEHT pa3pbiBa;
F« - miomanas nonepeyHoro ceuenusi oopasiia B MeCTe pa3phiBa.

Pucynok 8 — Meroa onpeneneHrs NPOYHOCTH Ha PACTSKEHHE

JluarpaMMy pacTsDKEHUSI MOKHO TIOCTPOUTHh B KOOpAMHATaX  «Harpyska P —
yIIMHEHUE A 1» Win B KOOpIMHATAX  «HAMPSDKEHUE G - OTHOCUTENbHAs aedopma-
ms e». 6=P/F, a e=A1/1,"100% (pucynok 9).

[Tox meiicTBMeM Harpy3kw B mMaTepuayie Bo3HUKaroT nedopmanuu. Jledopma-
IIMeil Ha3bIBACTCSl U3MEHEHHE pa3MepoB U (GOPMBI TeIa, OHA MOXKET OBITh YIPYTrol U
IUTACTUYECKON. YTIPYyroil Ha3bpIBalOT Aedopmaiuio, BIMSHHE KOTOpOH Ha ¢GopMmy,
CTPYKTYpY ¥ CBOMCTBA TeJa MOTHOCTHIO YCTPAHIETCS TOCIEe MPEKpaIeHUS ACHCTBHSI
BHemHel cunbl P. Ha pucynke 9 ynpyras gedopmaiusi XxapakTepu3yeTcs mpsiMOIIH-
HeitHpIM yuacTkoM OA. Tlpu ynpyroit nedopmMaiinu u3MEHSIETCS PACCTOSHUE MEXKTY
aTOMaMH B KpUCTAJUTHYECKOU perreTke. [Ipu CHATHH HArpy3Ku aTOMBI CTAHOBSATCS Ha
peKHUE MecTa U Aedopmarus ncuesaer.

0 == AL 1000,

T e

Pucynok 9 - JluarpamMmma pactsi>KeHUs
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O1neHuTh CBOWCTBAa Marepuaia B Ipeaenax ynpyrux aedopManuil MOXKHO C
NOMOIIbI0 KO3 (ULIMEeHTa, TOJYYUBIIMM Ha3zBaHue Moayis ynpyroctu E (I'yka).
DTO OTHOUIEHUE HANIPSHKEHUS K BBI3BAaHHOUW UM Jiehopmanuu:

E:%, [MITa]. (7)

3HaueHHe MOJYJISl YIPYTrOCTH OINpPEAENsieTCs] CUIIaMH MEXAaTOMHOIO B3aWMO-
NENUCTBUSL, OHO TIOCTOSIHHO U XapaKTEPU3YET dcecmrocmsy MaTeprana. Yem MeHbIIyIo
nedopMaInio BbI3bIBACT HANPSKEHUE, TEM BBIIIE KECTKOCTh. YTOM 0 Ha AHarpamMme
€CTh T€OMETPUYECKOE BBIPAKEHUE MKECTKOCTH M MOAYJIs yHnpyroctud. Yem yromn
OoJblle, TEM BBIIIE JKECTKOCTh MaTepHaa.

[Tnactuueckas nedopmainys HACTyHaeT, KOTJa HaNpsOKEHUE MPEBBIIIACT Mpe-
JieJl ynpyroctu (BbIIIE TOYKA A) U TOCIE CHSATUS HArpy3ku (opma, CTpyKTypa H
CBOMCTBa TeJla HE BOCCTAHABJIMBAIOTCS MOJHOCTBIO, T.€. UMEET MECTO OCTAaTOYHAs
nedopmarusi.

Ha mpaktuke HampspkeHUE, MpU KOTOPOM HAuyMHAETCs IutacThueckas aedopma-
1[Us1, OLICHUBAETCS npedeiom mekyyecmu G, Ero jerko omnpenenuTs, €Cau Ha Jua-
rpaMMe pPacTsDKEHUSI MUMEETCs IUIOMIaKa TeKy4ecTH (TOPU30HTAIbHBIM Y4YacTOK).
OpxHako, MHOTHE MaTepUalbl UMEIOT JUArpaMMy pacTsKEHUs 0€3 MIOMIaJAKU TeKyYe-
cTu (Meab, IJaTyHU, AIFOMUHUN U JAp.), TOrAa 3a Ipejesl TEeKy4eCcTH MPUHUMAIOT Ha-
NpsDKEHUE, KOTOPOE BbI3bIBA€T ocTaroyHoe yuyinHeHue 0,2 % u 0003HayvarT Gy ;. O
Ha3bIBAIOT (DU3UUECKHUM, a Gy, YCJIOBHBIM MpefesioM TekydecTu. llpenen tekydyectu
UCIIOJIB3YIOT B KAYECTBE OJHOTO U3 NOKa3aTesell MPOYHOCTH MaTeprara.

Hampspkenue, cooTBETCTBYIOIIEEe HAMOOJNBIIEH Harpyske, MpealecTBYIOIIEH
pa3pyILICHHIO, HA3bIBAETCS BpPEMEHHbIM conpomusienuem (G,) WIN Yallle npeoenrom
npounocmu, oHo uMepsercs B MIla. Ha pucynke 9 310 MakcumalibHasi TOUuka Ha
KPHUBOM G-€.

[Tpu mactuueckoi Aedopmali 4acTh KPUCTAJUIa CABUTAETCS OTHOCUTEIBHO
npyroit yactu. Eciu Harpy3Kky CHSITh, TO MEpEMEILIEHHAs 4aCcTh KpHUCTallja He BO3Bpa-
TUTCS Ha CTApO€ MECTO, JlepopMalvs COXpaHUTCA.

[lox nracmuunocmvlo MOHUMAIOT CBOMCTBO TBEPJBIX MAaTE€pUATIOB HU3MEHSThH
0e3 paspyuieHust GopMy U pa3Mephl MO BIUSHUEM BHEIIHEW HArpy3Kud WU BHYT-
PEHHUX HaIpsKEHUHM, YCTOMYMBO COXpaHsisi 00pa3oBaBiIytocs: GopmMy U pa3Mepsl Mo-
CJie MPEKPAILEHUS STOTO BIUSHUS.

[InacTHYHOCTH MaTepuana XapakTepu3yeTcs:

100%, (8)

lK _IO

-  OTHOCHUTCJIbHBIM YAJIMHCHUCM 0=
0

F,-F
- OTHOCHTEIIbHBIM CY>KCHHEM Y = %100%. 9)
0

CrnocoOHOCTh MeTaJlla IUIACTHYECKU J1e(POPMHUPOBATHCS SBISETCS €r0 BaXK-
HEWIIIMM M TOJIE3HEHIIIUM CBOMCTBOM. JTO CBOMCTBO MCIIOJB3YETCS MPU U3TOTOBJIE-
HMU JIeTaJIeli THOKOM, BBITSOKKOM, IITAMIIOBKOM M T.JI. bojbIoe 3HaYeHHEe 3TO CBOM-
CTBO MMEET W JUISl MOBBIICHHS HAJACKHOCTH METAUIMYECKUX KOHCTpYKUMi. Ecimu y
MaTepuaia CrioCOOHOCTh K IIACTUYECKOMY Me(OpPMUPOBAHUIO HU3KA, TO OH B M3e-
JIMSX CKIIOHEH K BHE3AITHBIM XPYIIKUM PA3PYyIIEHUSIM.
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ConpoTuBiieHHE MaTepHalla pa3pyLIEHUIO NPU JUHAMUYECKUX Harpyskax Xxa-
paKkTepusyeT yoapHas ésa3kocms. Ee onpenensior KaK yeabHyIo padoTy pa3pylieHus
IPU3MATUYECKOr0 00pasiia ¢ KOHIIEHTPATOPOM (HaJpe30M) MOCEPEIUHE OJHUM Y/ia-
poMm MasiTHUKOBoOro kompa: a,= A/F, (A - pabota paspyuienus; F, — rmiomaas nore-
pPEYHOro ceueHust oopasia B MECTe KOHLIEHTPATOPa).

HaunbGonee mpocThiM METOIOM HCIBITAaHUS MEXAHUYECKHX CBOMCTB SIBIISETCS
U3MEpPEeHHE TBEPAOCTU. T6epoochbio HA3bIBAIOT CBOMCTBO MaTepuaia OKa3blBaTh CO-
IPOTUBJICHHUE 1e(POPMHUPOBAHUIO WU PA3PYLICHUIO TP MECTHOM Bo3aelicTBuu. Pas-
JUYAIOT CJIEIYIOIIME METOAbI ONPEIETIEHUS TBEPAOCTH BIaBINBaHUEM: 110 bprHemo
HB (mo nmamerpy otmeuaTka mapuka — pucyHok 10); mo Poksemny (mo riyOune
BraBnuBanus anmazHoro konyca (HRC, HRA) wnu 3akanennoro mapuka (HRB)); o
Bukkepcy HV (o nuaronanu ormnedarka ajliMa3HOW mupamujibl). TBEpIOCTh Takke
U3MEPSETCS] METOAOM CKJIEPOMETPUH (LlaparaHbe MOBEPXHOCTH), YJIBTPA3BYKOBBIM
METOJ0M, JTUHAMUYECKUMHU METOJIaMH U JIp.

lP

d
i
Pucynok 10 — Cxema usmepenus TBepaocTH no bpunenmito

Hucmo tBepaocTh mo bpHHETI0 XapakTepu3yeTcsi OTHOLICHUEM Harpy3KH,
JEWCTBYIOLIEH HA IIAPUK, K TIONAN IOBEPXHOCTH OTIIEYATKA:

HBz%zP/{@(D—q/Dz—dz)}, [MITa] (10)

2
rie P- Harpyska Ha mapuk, H; F- Iiomaas MoOBepXHOCTH oTHedarka, M3 D — 1na-
METp BJABJIMBAEMOTO IIAPHKA, M’ d- TaMeTp OTIIeuaTKa, M.
JIns MHOTMX MaTepHuaioB BPEMEHHOE CONPOTHUBIIEHUE G, U YMCIIO TBEPAOCTH
no bpunemtio HB cBsa3ansl Mexay co0oil mpOnopiuOHATBEHOCTBIO, TOATOMY, U3Me-
peHue TBEPAOCTH MO3BOJISET CYIUTh O IIPOYHOCTU MaTepHuaa.

1.7 HakJien

Meramn B mporecce TUIacTUIecKoro JAeGOopMUPOBAHUS YIIPOUHSAETCS IO TaK
HA3bIBAEMOT'0 BPEMEHHOTO MpeJena MPOYHOCTU Gy, 3aTeM paspymiaercs. Takoe ym-
pOUYHEHUE HA3BIBACTCS HAKIeNoM WU Hazapmogkou. OHO MOXKET MPOUCXOAHUTD MPH
XOJIOAHOM IIacTUUeCKOM nedopmariuu (pacTsoKeHUH, CKathM, u3rubde u T1.1m.). Tak,
HaIpUMep, COTHYTh TBO3/Ib 3HAYMTEIHHO JIETYe, YeM BBIIPaBUTh. [locne m3ruba me-
TaJUT TBO3/IS1 YIIPOUYHSIETCSI, HO TMOCJI€ MHOTOKPATHOTO Mepernda HACTYyMmaeT pa3pyiiie-
HUE.

CreneHb XOJOMHOHM MIacTHUECKOW nedopManvy (CTENeHb HaKIena) MOXKHO
BBIPA3UTh Yepe3 KOdPPUIUeHT:
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fzuloo%, (11)

0
rae F, - mmomane cedenns qo negopmanuu; F - mmomians ceuenus mocie aegopma-
L[UH.

PaspyieHie

[

€EXAHITIEeCKHE CEOHCTEA

M

f, cremens geopmarpm

Pucynok 11 — KayecTBeHHast 3aBUCIMOCTb MEX]y CTEIIEHBIO JeopMaluu
Y CBOMCTBAMHU HHU3KOYIJIEPOAUCTOU CTaIU

[Tpu mnactuyeckom neOpMUPOBAHUM YBEIIMUMBAIOTCS MPOYHOCTHBIE XapaKTepH-
ctuku (HB, o, 6;) 1 noHmxkaercs mactuaHocTh O () % (pucyHok 11).

C yBenuueHueM creneHu AedopMmalvi Mpefaeia TEeKydecTH pacTeT ObicTpee
npenaena npoyHoctu. O0e XapakTEPUCTUKU Yy CHUIIBHO HAKJIEMAaHHOIO MeTajljia CpaB-
HUBAIOTCS, a yJIMHEHUE CTAHOBUTCS PaBHBIM HYIIO. Takoe COCTOSHHE HAKJICTIaHHO-
ro MeTajuia SBISETCS MPEASTbHBIM M METAII Pa3pyliaeTcs. DTO SBICHUE MOXKHO
OOBSCHUTH TEOPUEH TUCITOKAIIUMA.

[Tnactuaeckoe nepopmMupoBaHUE TPHUBOIUT K HMCKAKEHUIO KPHUCTALTUYECKOMN
penieTky, nedopMaIiiy 3epeH U K yBEIUYCHHUIO IIIOTHOCTH TUCIOKAIUA. ITO BHAYa-
Jie IPUBOJIAT K TOPMOKECHHUIO TUCIOKAITMN M TIOBBIMICHUIO TIPOYHOCTH W CHIDKCHHIO
TUTACTUYHOCTH, a KOTJIa TUIOTHOCTh JTUCIIOKAIUA BO3PACTET HA CTOJIBKO, YTO MHOTHE
U3 HUX HAYMHAIOT CJIIMBAThCA APYT C IPYroMm, o0pa3yst MUKPOTPEUIMHBI, MaTepual
paspymaercs (pucynku 7, 11). [lyrem Hakiena TBepIOCTh U BPEMEHHOE COMPOTHUB-
JIeHUE MaTepHalia yaercs nmoBbicuTh B 1,5-3 pasa, a pezaen TekydecT B 3-7 pas.

Haknen (HarapToBka) HaxoAsST IIMPOKOE NMPUMEHEHHE B MAIIMHOCTPOCHHH.
CoznaBast Hakjen Ha MOBEPXHOCTH MaTepuayia (001yBKOW ApOOBIO UM HAKATKOM)
MOBBIMIAIOT YCTAJIOCTHYIO MPOYHOCTh W3jAenuid. [IpoTsaruBasi mpoBOJIOKY yepe3 Ka-
auOpoBaHHOE OTBepcTHE ((Umbepy) U co3aaBasi HaKJeM MO0 BCEMY CEUCHHUIO, YIAeTCs
3HAYUTEIHHO TIOBBICUTH €€ MPOYHOCTh. DTOT CIMOCO0, MOJYIUBIITNN Ha3BaHUE BOJIO-
YEHUE, UCTIOIB30BANICS C JaBHUX BPEMEH NPU M3TOTOBJICHUHN MY3bIKAIBHBIX CTPYH.
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Biausinne HarpeBa Ha CTPYKTYPY M CBOHMCTBAa HAKJIEMAHHOTO MeTAaJLIA.
B pesynbrarte Hakiiena MOBBIIIACTCSA MJIOTHOCTh IUCIOKALMN 10 10°— IOIZCM'Z, ne-
dbopmupyroTcs 3epHa (Kak MpaBUIIO, BBITSITHBAIOTCS B HAIpPaBICHUHU JaedopMalin).
Haknen mpuBoauT MeTasl B CTPYKTYPHO HEYCTOMUYHMBOE COCTOSIHUE.

[Ipu HarpeBe B HaKJIEMAHHOM METaJlJIe POTEKAIOT MPOILIECChI 8038pAMA U PEK-
pucmaniuzayuu. 1lpu HarpeBe 10 CPaBHUTEIIBHO HU3KUX TEMIIEpaTyp, OOBIYHO 0
0,2-0,3 T, (T, - abconroTHas TemMIiepaTypa IUJIaBJICHUS MeTalljla) HAYMHAETCs Mpo-
ecc 8036pama, MO KOTOPHIM MOHUMAIOT MOBBIIIEHWE CTPYKTYPHOTO COBEPIIIEHCTBA
HAKJIEIAHHOT'O0 METaJlJIa: YMEHBIIEHWE BaKaHCUH, NepepacnpeesieHUe U yMEHbIIIe-
HUE NTUCIIOKAIUWA, CHITUE BHYTPEHHUX HAMPSXKEHUHN, YCTPAHEHUE UCKAKEHUS PeIleT-
KHU. 3aMETHBIX U3MEHEHH MOJI ONTUYECKUM MHUKPOCKOIIOM B CTPYKTYpE MeTalljia He
HaOmoaeTcs. [IpoYHOCTh U TIIACTUYHOCTHh M3MEHSIOTCS HE3HAYUTENHHO (PUCYHOK
12).

Ilpn nanpHEWIEM MOBBIEHUH TEMIIEPATYPBI, A0 Tpec, B 1€OPMHPOBAHHOM
MeTaJlie 00pa3yroTCsl U PacTyT 3apOJIBIIITN HOBBIX 3€PEH ¢ HEMCKAKEHHOMN PEIIeTKOM.
Crapoe 3epHO mpH 3TOM HE BOccTaHaBiuBaeTcs. OOpa3oBaHHE HOBBIX 3€PEH C IIO-
CJIEAYIOUTUM UX POCTOM IPU HArpeBe HA3BIBACTCS peKpUCmMaliu3ayuell.

HanMensinas Temreparypa Hadajla peKpucTaum3anuu T, Ha3bIBaeTCS mem-
nepamypHuiM HOPO2OM PeKpUCmaliu3ayuy. Ita TeMIepaTypa He SBISETCS MOCTOSH-
HOU (u3uueckor BeaudnHoN. OHa 3aBUCHUT OT CTEIICHU MpeBapUTEIIbHON Aedhopma-
IIUHY, BeJTUYUHBI 3epHA 70 AedopMaIiiuu, OT JJIUTETLHOCTH HarpeBa u ap. (hakTopos.

Pexpucrannmuzanus HacTynmaeT Jullb mocie aedopmariuu, CTENeHb KOTOpPOH
MPEBOCXOAUT OMPE/ICTICHHYI0 MUHUMAJIbHYIO BEIMUUHY, Ha3bIBAEMYIO KPUMUYECKOU
cmenenvio depopmayuu. Kputraeckast cteneHs neopmaiuy HEBEIUKa — IS JKeTe-
3a 1 Meau ~ 5%, mirs amroMuHuS ~ 2%.

TeMnepatypHblii TOPOT PEKPUCTAIUIM3ALUUA COCTABIISIET HEKOTOPYIO JIOIIO OT
TEMIIEPATypsl MIaBaeHud MeTana: Tpe = K Ty, TAE K = 0,5-0,6 171 cruiaBoB; K =
0,3-0,4 nag MeTanaoB TeXHUYECKOM YuCTOTHI; K = 0,1-0,2 11 YUCTHIX METAII0B. ITO
MO3BOJISIET B MEPBOM NPHUOIMKEHUN OMPEACIUTh TEMIEpaTypy Hadaja NepBUYHON
peKpUCTA/UIM3alMKM. 3aKaHUYMBAETCA TEPBUYHAS PEKPUCTAIIM3AIM O00pa3oBaHUEM
HOBBIX 3€pEH BO BceM 00bemMe MeTasuia. C MOBBIIICHUEM TeMIEPaTyphl U ¢ TEUCHUEM
BPEMEHHU MPOUCXOJUT CIUSHUE U POCT 3€peH. DTa CTaJAMs HA3BIBACTCS cobupamelv-
HOU pexpucmannuzayueti. YeM BbIIIE TeMmIepaTypa HarpeBa, TeM 0ojiee KpyImHbIMU
OKa)XyTCs 3€pHa.
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PenpuCaEmILIau s

Mexannueriie ceaficmead

Tpex t°r
1- Bo3BpaT; 2, 3 — nepBUYHAs PEKPUCTAILTU3AIIUS;
4 - cobuparenbHas peKpUCTaIA3aIUs

PucyHnok 12 — BausiHue HarpeBa Ha MEXaHUYECKHE CBOMCTBA U CTPYKTYPY
HAKJICTIAaHHOI'O0 METaJuIa

Pexpucrannusanus MONMHOCTBIO CHUMAET HAKJIEN, CO3JAHHBIA IIPU XOJIOAHOU
IIacTUYecKoi aegopmarun. Metamn npuodpeTaeT paBHOBECHYIO CTPYKTYpPY C MH-
HUMAJIbHBIM KOJMYECTBOM J1€(PEKTOB KPUCTAJUIMYECKOTO CTPOCHHsI, BOCCTaHABIMBA-
I0TCSl Bce (PM3MUYECKHUEe U MEXaHUYECKUE CBOMCTBA.

JUJ1s TIONHOTO CHATUS HaKJena METall HarpeBaroT A0 0ojee BBICOKUX TeMIIe-
paTyp, 4TOOBl 00ECHEUYUTh BBICOKYIO CKOPOCTh PEKPUCTALUIM3ALUU U IOJIHOTY €€
npoTtekaHus. Takas TepMuyecKkas 00padoTKa MOoJydynia Ha3BaHUE PEKPUCTAIIIIN3ALM-
OHHBIA OoTXuUT. Tak, AIst cTamu Temreparypa pekpuctammusaiun 450°C, a pekpu-
CTaJUIM3AMOHHEIN OTKUT TpoBoaaT mpu 600-700°C.

ITpu X0s0HOM JINCTOBOM HITAMIOBKE IIIYOOKHX COCYJOB (CTaKaHOB, T'MJIb3)
npuOeraroT K MHOTOKPATHBIM IITAaMIIOBKaM W PEKPHUCTAUIM3AIMOHHBIM OT)KHUTaM.
Tak, HanmpuMmep, MPU U3rOTOBJICHUN APTUIUIEPUMCKON TWIb3bl U3 JINCTOBOM JIATyHU
IIPOBOASAT OKOJIO JECATH MOCIJIEI0BATENIBHBIX IITAMIIOBOK U PEKPUCTAIIN3ALMOHHBIX
OT)KHIOB.

Xoaognass u ropsiyasa odpadorka. [lpu miactuueckom AepopMUPOBAHUU
BBIIIIE TEMIIEPATYPhl PEKPUCTAIUIM3ANHA XOTh U UIET YIPOYHEHUE MeTajia, HO ATO
YIPOUYHEHUE YCTPAHAETCS 3a JAO0JIH CEKYH]I MPOXOIALINM MPOLECCOM PEKPUCTAIIN3a-
nuu. Takas oOpaboTKa, Mpu KOTOPOH HET YIPOUYHEHUs (HaKIIena), Ha3bIBaeTCs 2opsi-
yeli oopabomrkoul oasnernuem. O0pabOTKa NaBICHUEM HIKE TEeMIEpaTypbl PEeKpH-
CTaJUTU3AIMH, IPU KOTOPOM 00pa3yeTcs HaKIJIEN, Ha3bIBACTCS X0I00HOU 00pabomKou
oasneHuem. TeMmrieparypa peKpHUCTAUTM3AIlMM CBHHIIA W OJIOBa MPUOIM3UTEITHHO
paBHA KOMHaTHON Temneparype. [loaTomy mpu nedopmarnyu cBHHIIA TP KOMHATHON
TEMIIEpaType He MpOoUcXoauT Hakiena. OOpaboTKy CBHHIIA MPU KOMHATHOW TeMIIe-
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paType cienyeT OTHECTH K ropsueil o0paboTke, a o0paboTka merajeil u3 cTaim mpu
400°C — OTHOCHUTCS K XOJIOAHOM 00paboTKe.

Pa3mep 3epHa. MeTtauibl U CIUIaBbl, UMEIOIIME MEJIKOE 3€pHO, 00JIAaa0T T0-
BBIILIEHHOM MPOYHOCTHIO, MJIACTUYHOCTBIO U BBICOKMMHM YIIPYTUMU cBoMcTBaMu. Pas-
MEp 3€pHa 3aBUCHUT, KPOME TOI'O OT XUMUYECKOTO COCTaBa CIUIaBa, pa3Mepa NCXOIHO-
ro 3€pHa, HaJM4Ms HEPACTBOPUMBIX MpHUMeced B CIulaBe U Apyrux Qaxropos. ITpu
JAHHOW CTENeHU AePopMaluM C TOBBIIIEHHUEM TEMIEpPaTypbl U NpPU YBEIUYEHUU
IPOJOJKATEIBHOCTH OTKUIa pa3Mep 3epHa Bo3pactaeT. [Ipn HU3KHX TemiepaTypax
o0pa3oBaHuE PEKPUCTAIUIM3ALMOHHOIO 3€pHA MPOUCXOAMUT HE Cpasy, a depe3 HEKo-
TOPBIM OTPE30K BPEMEHU — TaK Ha3bIBaeMbIl MHKyOannoHHbIN nepuos 01, 02 (pucy-
HOK 13).

a) 0) B)

Pasmep sepHa
Pasmep 3epHa
Pasnep 3epHa

=ty =< t; ti=ty

TenriepaTypa 0 1 2 Bpensa CerneHdr gedopmaria

Pucynok 13 — 3aBUCHUMOCTb BETMUUHEBI 3€pHA OT TEMIIEPATYPHI (a),
IPOJIOJDKATEITLHOCTH OTXUTa (0), cTenenn aedopmariiu (B).

Benmnunna pekpuctamin3annoHHOTO 3epHa TEM MEHBIIE, YeM OOJIbIIe CTETICHb
nedopmaruu. [Ipu BBICOKMX cTemeHsX AedopMaimy CKOPOCTh 0Opa3oBaHUsS 3apo-
JIBIIIICH 3€pHA BBIIIIE CKOPOCTH UX POCTa, YTO W MPEIOTpeesieT oOpa3oBaHUe Medl-
KOI'O 3€pHa.

Pa3mep 3epHa CylIECTBEHHO BJIMSIET HA MEXaHUUYECKHE CBOWCTBA MATEpUAJIOB.
DTU CBONCTBA, 0COOCHHO MPOYHOCTh U BSI3KOCTb, BBIIIE, €CJIM METAIIT UMEET MEJIKOe
3epHO. MexaHu3M miacTuueckon Aedopmaiii B OOJIBIIMHCTBE CIy4aeB UMEET JUC-
JIOKAIMOHHYIO Tpupony. DhHEKTUBHBIM OapbepoM JUIsl JIBHXKEHMS JUCIOKAlUui B
MeTajulax SIBJISAETCS MEX3EpeHHasi I'paHHIla — 3€PHOIPAHUYHOE YHPOYHEHHUE. ITO
00BSACHSIETCS TEM, YTO JUCIIOKAIMS HE MOYKET EPEUTH I'paHuIly 3epHa, TaK Kak B HO-
BOM 3€pHE IIOCKOCTH CKOJBKECHHS HE COBHAAAIOT C TJIOCKOCTHIO JABUKEHUS ITOU
nucnokaruu. JlanpHeidmas nedopmarys mpoaoinDKaeTes B pe3ysibTaTe BOZHUKHOBE-
HUSI HOBOHM JHCIIOKAIIMM B COCEHEM 3€pHE, MO3TOMY Ye€M Melbue 3epHO (OobIme
MPOTSHKEHHOCTh TPAHMIT), TEM BBIIIE MPOYHOCTh MeTaJUIa. BiusHue cpenHero pame-
pa 3epHa d Ha XapaKTEPUCTHKU IPOYHOCTH H YCTAIOCTH HPOMOPIUOHAIBHO ~ d /7
Tak, Tpenesl TeKy4yeCTH G, B3aUMOCBs3aH ¢ pa3mepoM 3epHa (opmynoit [lerua-
XoJa:

o, =0, +k/\d, (12)
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I7Ie G; — BHYTPEHHEE HAMPSIKCHNUE, YUYUTHIBAIOIIECE COMPOTUBIICHUE JIBIKCHHUIO
TUcIoKauit; k — koaPpuIMeHr.

1.8 /IByXKOMIIOHEHTHBbIE AUATPAMMBbI COCTOSHUSA

(ImarpamMmbl COCTOSTHUA JIJIS1 IBOMHBIX CILIABOB)

B xauecTBe KOHCTPYKIIMOHHBIX MaTEPHUAJIOB UCIIONIB3YIOT, KaK MIPaBUJIO, HE YHC-
ThI€ METAJIBI, a METAJUIMYECKHUE CIUIABbHI, T.K. OHU JICIICBJIC U UMEIOT 00JIee BHICOKHE
MEXaHUYECKUE U TEXHOJOTUYECKHUE CBOMCTRA.

CmiaB — 3TO BEIIECTBO, MOJYYECHHOE CIUIABICHHEM JBYX W 00Jiee KOMITOHEH-
TOB, U COCTOSIIEE U3 OJHOU MU HECKOJBKHX (ha3, 00pa3yronuxX pa3IndHbIe CTPYK-
TYPHI.

KoMnoHeHT — XUMHYECKH MHAUBHIyAILHOE BEIIECTBO, T.€. BEIIECTBO KOTOPOE
MOJKET OBITh BBIZICIIEHO W3 CUCTEMBI M CYIIECTBOBATH BHE ee. KoMImoHeHTaMu MoryT
OBITh YMCTHIC METAJIIBI MJIM HEMETAJIIBI, 8 TAKKE XUMUIECKUE COCTMHCHU.

@da3a — COBOKYITHOCTh TOMOTE€HHBIX YacTel CUCTEMbI, OJJMHAKOBBIX IO COCTa-
BY, XUMHUYECKUM U (U3NYECKUM CBOMCTBAM, U OTACICHHBIX OT APYTUX YacTel CHUC-
TEMBI TIOBEPXHOCTBIO pa3jiesia, pU Mepexojie Yepe3 KOTOPYIO CTPYKTypa M CBOIMCTBa
U3MEHSIOTCSI CKauK00Opa3Ho.

CTpyKTypa — CTpOCHHE CIUIaBa, BUIUMOE B MUKPOCKOII, T.€. B3aUMHOE PacIio-
noxenue (a3, ux Gpopma u pazmep (3epHa).

B cnmaBe moryt oOpa3oBwIBaThCS cheayromue ¢as3bl: paciiiaB (KUIKUA pac-
TBOP), TBEPAbIC PACTBOPHI, XUMHUUYECKUE COCIMHCHUS, WHIUBUIyaIbHBIC BEIIECTBA
(KOMITOHEHTBHI).

TBepaslii pacTBop — (aza, B KOTOPOH OAWH M3 KOMIIOHEHTOB CILJIaBa COXpaHsi-
€T CBOIO KPHUCTAJUIMYECKYIO PEIIETKY, a IPYToi OTAAeT CBOM aTOMBI B PEIIETKY Tep-
BOTO. B oTnM4me 0T XMMHUYECKOTO COSAMHEHHS TBEPBI PacTBOP CYIIECTBYET B WH-
TepBaJie KOHIIEHTPAINii KOMITOHEHTOB. O003HAYAIOT TBEPBIC PACTBOPHI TPEUCCKIUMHU

OyKkBamHu O, 3, Y, ... BEIBAIOT TBEp/IbIE PACTBOPHI BHEAPEHUS U 3aMELIEHUS.

TBepabie pacTBopbl 3aMenieHnsi 00Pa3yIOTCs, KOTJIa aTOMBI PACTBOPEHHOTO
KOMIIOHEHTa 3aMEIIal0T aTOMBI B y3J1aX KPUCTAJUTMUECKON PEHIeTKH PaCTBOPUTEIIS
(pucynok 14 B). IIpu 3TOM pa3mepbl pelIeTKH PACTBOPHUTENS M3MEHSIOTCS. Takue
TBEP/bIE PAaCTBOPHI O0OPa3yIOTCs, €CIM pa3Mepbl aTOMOB METaUIOB, O0pPa3yOIINUX
TBEP/BIN PacTBOp, OTIMYAIOTCS HE OYEHb CHIIbHO. TBepable pacTBOPbI BHeAPEHHs
00pa3yroTcs, KOr/ia aTOMBI PAaCTBOPEHHOTO KOMITOHEHTA BHEJPSFOTCS B MEXKI0Y3JTHSI
KPUCTAIIMYECKON PEIIeTKU pacTBopuTens (pucyHok 14 r). Takue TBepable pacTBOPHI
00pa3yroTcs, ecIu pacTBOPEHHOE BEIIECTBO MMEET HEOOMBIION pa3Mep aTOMOB (Ha-
npuMep, BOJOPO/I, a30T, YIIAEPOI).
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A B

a §) B r
a — perieTKa BemecTa A; 0 — pelrerka BemiecTsa B;
B — TBEPJBIH PACTBOP 3aMEICHUS; T — TBEP/IbIi paCTBOP BHEAPCHHUS

Pucynok 14 — Cxema oOpa3oBaHus TBEPABIX PACTBOPOB

XuMHYecKHe COeJUHEHUS] MMEIOT CJEAYIOIIMe XapaKTEepHbIE OCOOCHHOCTH:
KpUCTaJUTMUECKasl peIieTka, OTINYHAS OT PEIIETOK JIEMEHTOB, 00pa3yIOIUX COeIH-
HEHHE; KpAaTHOE€ BECOBOE COOTHOLIEHHE KOMIOHEHTOB (A,B,); pe3koe oriuuue
CBOICTB COEAMHEHMSI OT CBOMCTB 3JIEMEHTOB, 00pa3yIonnx coenuHeHue. B crimaBax
BCTPEUAIOTCA XUMUYECKUE COEAUHEHMS] METANIOB C HEMETaulaMu — YIJIEPOJIOM
(kapOubl), a30TOM (HUTPHBI), @ TAKKE METAJUIOB C METallJIaMU — MHHTEPMeTaJlJIu-
AbI.

[To cTpykType B TBEpJOM COCTOSIHUU CILJIaB MOKET COCTOSITh M3 TBEPAOIro pac-
TBOpa (oaHO(da3Has cucTeMa) WM U3 MEXaHWYECKOW cmecu AByX ¢da3. MexaHuue-
cKasi cMech o0Opa3yeTcsi, Korja HeT MOJHON B3aMMHOM PacTBOPUMOCTH KOMITOHEH-
TOB, U MOXKET COCTOSATh U3 JIBYX TBEPJIbIX pacCTBOPOB, TBEPJOT0 PACTBOPA U XUMHUYE-
CKOI'O COEMHEHUS, a TAKKE IBYX YHCTHIX KOMIIOHEHTOB.

[Iponecc KpucTaJIM3alMy CILUIABOB HATJISIHO OMUCHIBAETCS C MOMOIBIO JUa-
rpaMM cOCTOsIHUS. /{lMarpaMmbl COCTOSIHMSI TOKa3bIBAIOT B YCIOBUSIX PaBHOBECHS
¢$a30BbIN COCTaB CIIaBa (CUCTEMBI) B 3aBHCUMOCTH OT BHEIIHUX (haKTOPOB (Temrie-
paTypa) U COOTHOILIEHHSI KOMIIOHEHTOB (COCTaB) U MO3BOJISIET KAYECTBEHHO OXapak-
TEpPU30BaTh MHOTHE (PUBUKO-XUMUYECKHUE, MEXaHUIECKNE U TEXHOJIOTUYECKUE CBOM-
CTBa CIUIaBOB. MOXHO Tak»Ke ONpPEJeIuTh, KaK U3MEHSAETCS CTPYKTypa CILJIaBa, 4To
MO3BOJISIET HAMPABIEHHO PEryJMpOBaTh €ro CBOMCTBA. J[Jisi TEOpETUUECKOro aHaliu3a
JMarpaMM COCTOSIHUS UCTIOJIb3yeTcs paBuiio ¢a3 ['udoca.

IIpaBuio ¢a3 'm66ca — ocHOBHOM 3aK0H ()a30BOTO PaBHOBECHS — JACT KOJIH-
YECTBEHHYIO CBsSI3b MEXIy 4ucioM (a3 B cucreme @, unciom KoMIoHEeHTOB K u
YHUCIIOM cTeneHer cBo0oAbl C, OTpa)karoluM YHUCI0 BO3MOXKHBIX BAPUAHTOB U3MEHE-
HUW BHEIIHUX YCIOBUH (IaBjeHue, TeMiiepaTypa, coctaB (a3) 0e3 u3BMEeHeHHUs yucia
¢da3 B cucreme:

C=K-®+n, (13)
IJIE N — YUCJIO BHENTHUX (DaKTOPOB, BIUSIONINX Ha paBHOBecue B cucteme. [Ipu pac-
CMOTpPEHHH CILJIaBOB, HAXOJSIIMXCA B aTMOC(EPHBIX YCIOBUAX (TIpu aTMOChepHOM
TABJICHUH), TaKOW (PaKkToOp, KaK MPaBUIIO, TOJBKO OJHMH — TemIepaTrypa. Torma ypas-
HEHHE MPUHUMAET BUI:

C=K-0+1 (14)

[To cBoeit cytu C — 3TO YKCIO HE3aBUCHUMBIX MEPEMEHHbBIX, HEOOXOIUMBIX IS
OMMCaHUsl COCTOSIHUS CUCTeMbl. Hampumep, YUCTBIM MeTaul B MOMEHT ILJIaBJICHUS:
yuciio ¢a3 paBHO 2 (paciuiaB M KpUCTAILIbI MeTallla), YUCIO KOMIIOHEHTOB PaBHO 1,
CJIeIoBaTeNbHO, Yucio creneHeil cBo6oapl C=0. T.e. B ’TOT MOMEHT HEJb3sl U3Me-
HUTh BHELIHUE (aKkTOphl (B aHHOM cily4yae OAMH — Temmeparypy) 0e3 U3MeHEeHHUs
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gyucna (a3 B cucTeMe: eciau TemIepaTypy MOBBICUTh, OcTaHeTcs onHa (asza (pac-
TJ1aB), €CJIU MTOHU3UTh — TOXKE OfHa (KPUCTAJLIBI).

N3 npaBuna (a3 ['m60ca BbITEKAeT, YTO B OJITHOKOMIIOHEHTHOM CHCTEME B paB-
HOBECUHU MOXET HaXOJIUThCs He OoJiee IByX (a3, a B IBYXKOMIIOHEHTHOU — He OoJiee
Tpex. Jluarpammbl COCTOSIHUSI COOTBETCTBYIOT PAaBHOBECHOMY (CTaOMIBLHOMY) CO-
CTOSIHUIO, KOTOPOE JOCTUTAETCSl MPU OYEHb MEAJIEHHOM H3MEHEHHH TEeMIIepaTyphl.
OaHuM U3 cocO0OB MOCTPOEHUS TUATPAMM COCTOSIHUS SIBJISIETCS CHSITHE KPHUBBIX
OXJIKJEHUS — 3aBUCUMOCTEI TeMIIepaTypbl CUCTEMBI OT BpPEMEHHU MpPU MEAJIEHHOM
oxJaxxaeHuu. ToukH nepernda Ha KPUBBIX OXJIAXKJEHHUS COOTBETCTBYIOT TOUKAM H3-
MeHeHus ($a30BOro cocraBa Ha aAuarpamme. CTpOsITCS IUarpaMMbl COCTOSIHHS B KO-
opauHaTax coctas (B mporeHTax A u B) — remneparypa (°C). Kaxnast Touka Ha aua-
rpaMMe MOKa3bIBaeT COCTOSHUE CILIaBa JAHHOTO COCTaBa MpH JaHHOU TemImepaType.
[Tpu paccMOoTpeHUU HIXKE OCHOBHBIX THIIOB JUArpaMM IMOAPA3yMEBAETCs, YTO KOM-
MOHEHTHI BCETJ]Ja HEOTPAHUYEHHO PACTBOPUMBI APYT B IPYTe B KUAKOM COCTOSHUU.

JIByXKOMIIOHEHTHAasl JUATPAMMA PABHOBECHOI'0 COCTOSIHUSI ¢ HEPACTBOPUMBIMH
APYT B Ipyre B TBEPAOM COCTOSIHUM KOMIIOHEHTaMH (00pa3yloniumMu
MEXaHM4YEeCKYI0 CMeCh)

B aTOM cityyae KOMIIOHEHTBI HE PACTBOPUMBI IPYT B APYre B TBEPAOM COCTOS-
HUU U HE 00pa3yroT XUMHUECKOTO coeauHenus, Harpumep Pb u Sb (pucynok 15). I1o
OoCH OpJIWHAT OTJIOXKEHA TeMIieparypa B rpagycax Llenbcus, a mo ocu abeuuce — co-
CTaB CIUIaBa, camas JieBasi TouKa COOTBETCTBYET uncTomy komrnoneHty A (0% B), a
camas mpaBasi TOuka COOTBETCTByeT uuctomy komnoneHty B (100% B). Jlunus AEB
— JIMHUS JJMKBHIYC — FT€OMETPUUECKOE MECTO TOUEK Hadasla 3aTBEPJECBAHUS CILJIaBa
npu oxynaxaeHuu. Jluaus CED — JIMHUA COJIMAYC — TEOMETPUUECKOE MECTO TOUEK
KOHIIa 3aTBEpACBaHuA CIulaBa. Touka A — Temrieparypa IUIaBJICHUsS KOMIIOHEHTa A,
T.B — TeMneparypa niuaBiieHUs KOMIIOHEHTa B. Brlllle TMHUM TUKBUIYC HaXOAUTCS
pacmnaB, @=1 (;kunkocts), K=2 (A u B), C=2, T.e. MOXHO U3MEHSTH JIBa NapaMeTpa
(coctaB u Temrepatypy) 0e3 u3MeHeHHsI (a30BOT0 COCTaBA CUCTEMBI.

B ob6nactu AEC crmuiaB coCTOMT M3 KPHUCTaUIOB A U JKMJIKOCTH, a B 00JIacTH
BED — u3 kpuctraioB B u xuakoctn; C=2-2+1=1 — 4uciio HE3aBUCUMBIX II€PEMEH-
HBIX HEOOXOJIMMBIX JJI OMMCAHUSI COCTOSIHUS CUCTEMBI. 3a1aB B 3TUX 00JIACTAX TEM-
neparypy, Mbl MOXEM OINPEACIUTh XUMHUUECKH COCTaB Kaxkaou u3 (a3 (cMm. nanee
IIPaBUIIO OTPE3KOB).

B Touke E cruiaB 3aTBepAeBaeT mpu OJHOM TEMIIEpAType, a HE B UHTEpBaJie. B
ITOM TOUKE HAXOASTCsS TpU (a3bl: )KuaKas U 1Be TBepbie (kpucTayisl A u B). Touka
B KOTOpOM HAUYMHAETCA W 3aKaHUYMBAETCS KPUCTAIM3AIMSA JBYX TBEpAbIX (a3 u3
KUKOTO paciljlaBa HA3bIBAETCS TOUKOM IBTEKTHKHU. B 3TOi Touke 0Opasyercst Med-
KOJIMCIIEpCHAsi MEXaHUUYECKas CMECh KpUCTaIOB A 1 B, koTopas Ha3pIBaeTCs IBTEK-
TUKOM. CIUlaBel JAHHOW KOHLIEHTPAIMU HA3bIBAKOTCS IBTEKTUYECKUMH, JIEBEE TOUKHU
E — nosBrekTuueckumu, a mpasee — 3aB3BTeKTHYeCKUMU. B Touke E @=3 (k, kp. A,
kp. B), C=2-3+1=0. CrimaB 3BTEKTHYECKOW KOHILIEHTPAIIUU HUMEET CAMYI0 HHU3KYIO
TEMIEPATYPY MIABICHUS.

[To ¢a3oBoMy cocTaBy CIUIaBbl HIKE JUHHHM JUKBHIYC MPEACTABISAIOT COOOM
cmech a3 A u B. Tlo cTpykType MOIBTEKTHUECKHUE CIIABBI COCTOST U3 Ooyiee KpyI-
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HBIX KPUCTANIOB A M 3BTEKTHKHU (MEJIKOJUCIIEPCHON cMecH KpucTamioB A u B), 3B-
TEKTHYECKHUE — U3 IBTEKTUKH, a 3a9BTEKTHUECKHUE U3 00Jiee KPYITHBIX KpUCTAIIOB B u
ABTEKTHUKH.

CnpaBa Ha pucyHke 15 mpencraBieHa KpuBas OXJaXACHUS IS CIUIaBa C KOH-
nentpanueit 25% B (coorBercTBeHHO 75% A). OT TOukM 1 10 TOYKH 2 UJIET OXJIAXK-
nenue pacriaa C=2-1+1=2. B T.2 HaunHaeTCs KpUCTALIU3ALMS KP. A U IPOJ0JHKa-
ercs 10 T.3. [Ipu 3TOM XMMUYECKHA COCTaB paciuiaBa u3MeHsiercs 1no kpusoi 2-E. B
sToM obOnactu C=2-2+1=1. Yyactok 2-3 Ha KpuBOil OXJIaXxAeHUs 0oJiee OJOTUH, T.K.
IIPU KPUCTAJUIM3ALNHN BBIIEISAETCS TEIUIO U OXJIAXKIEHUE UIeT MeieHHee. B Touke 3
pacIiaB MMEeT XMMHUYECKUH COCTaB, ONKCBIBAEMBIM TOYKOW E M u3 pacmnasa Kpu-
craymuzyeTtcs 3BTekTuka, C=0 (ha3bl — pacmias, Kpuctayisl A, kpuctawisl B). [Tpu
C=0 Ha KpUBBIX OXJIAXJACHUS BCET/Ia HA0II0Ial0TCA TOPU30HTAIIbHBIE YUaCTKH — IMOKA
BECh pacIlIlaB HE 3aTBEPACET, TeMmIeparypa He uzMensercs. Ha yuyactke 3-4 mpowuc-
XOJIUT OCThIBaHHME cMecu KpuctaioB A u B. C=2-2+1=1, T.e. npu mr0060i Temrepa-
Type B IaHHOW 00JIACTH XUMUYECKHUM cocTaB 00eux (a3 U3BECTEH — ITO UYHUCTHIE KOM-
NOHEHTHI A u B.

i
A+3ET BET  B+amT

o
0 — 4% . o0 .

iy E
a §)

Pucynok 15 — JIByXKOMIIOHEHTHas iuarpaMMa paBHOBECHOTO COCTOSIHUS
C HEpPacTBOPUMBIMHU APYT B IPYyre B TBEPAOM COCTOSSHUU
KOMIIOHEHTaMH (), KpuBasi oxJiaxieHus (0)

IIpaBuiio orpe3koB (mpaBuJI0 pbryara). IIpaBuio OTpe3KOB IO3BOJISIET IS
nByX(}a3HbIX 00JacTell AuarpaMm COCTOSIHUS OIMPENeIUTh XUMHUECKHU cocTaB (a3,
a TaK)ke BECOBOE COOTHOIIEHUE (a3, HAXOMALIUXCS B PABHOBECUU NIPU JAHHOU TEM-
neparype. [lycts gana Touka b npu temneparype Ty (pucyHok 15). IlpoBeaem uepes
TOUKy b ropuzoHTanbHyt0 MHHUIO ad 10 mepeceueHus ¢ TMHUSIMH Auarpammbl AC u
AE. Xumunueckunii coctaB xunkoit daszer (45% B, 55% A) onpenensiercss Toukon d —
nepeceyeHrue TOPU30HTAIBHON JIMHUU ad, mpoxozsiiei yepe3 T.b, U JIMHUM JINKBU-
nyc AE. CoctaB TBepao# (a3sl (kpuctaisl A) onpeneisieTcs T.a — NepeceuyeHue ro-
puzoHTanbHOM nrHMK ad u auHUKM AC. Ilo Mepe MOHMXKEHHs TeEMIIEpaTypbl XUMHYE-
CKUH cocTaB paciiaBa uzMensercs no junuu dE, a tBepaoi ¢asel — o nuHum aC
(T.e. He u3meHseTcs). KonmnuecTBEeHHOE COOTHOIIEHNE MEXKIY MAacCOM KpUCTAIIIOB A
Qa 1 Maccoil xuakoctu Q, 00paTHO MPONOPLHUOHAIBHO COOTBETCTBYIOIUM OTpPE3-
kam. B 1.b momyunm:
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QA/Qm:bd/aba QA/Q06m:bd/ad; Q)K/QO6H.I:ab/ad (15)

JIByXKOMIIOHEHTHAasi JUATPAMMA PABHOBECHOI'0 COCTOSIHNSI ¢ HEOTPAHNYEHHOM
PACTBOPHMMOCTHI) KOMIIOHEHTOB KaK B 'KUJKOM TAK U B TBEPIOM COCTOSIHUM

B sTOM ciydyae KOMIIOHEHTHI HEOTPAHMYEHHO PACTBOPUMBI JPYr B APYre B
TBEPJIOM COCTOSTHUU W HE 00pasyroT xuMuudeckoro coeaunenus, Hanmpumep Cu u Ni
(pucyHnok 16). A-2-B — nunus nukBuayc, A-3-B — nuaus comuayc. Touka A — Tem-
nepaTtypa IjiaBjieHHs] KOMIIOHeHTa A, T.B — TeMmneparypa miaBjieHUs KOMIIOHEHTa B.
Brimie nuann TMKBUAYC HaxoauTces paciuias, C=2-1+1=2.

B oOnactu Mexay JUHUSAMHU JIMKBUAYC M COJMIYC B PABHOBECUU HAXOMASTCS
KpHUCTaJUIbl TBEPJOrO pacTBopa o M paciuiaBa, C=2-2+1=1 — 3anaB B 3TOi oOnacTu
temriepatypy (Hanpumep Ty), MBI MOXKEM ONPEAEIUTh XMMUYECKHUI COCTaB paciuiaBa
Y TBEPAOrO pacTBOpa MPOBES MPU JTAHHOW TEMIIEPATYPE TOPU3OHTAIBHYIO JIMHUIO.
[lepeceuenue ¢ auHUEH TUKBUAYC (T.a) AACT XMMHUYECKUU COCTAB PACILIaBaA Cy, a C
JIMHUEH CONMUIyC (T.C) — XUMUYECKUI COCTaB TBEPJIOIO PACTBOPA Cy.
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PucyHok 16 - JIByXKOMIOHEHTHas1 JuarpaMma paBHOBECHOI'O COCTOSIHUS
C HEOTPaHUYEHHOW paCTBOPUMOCTHIO KOMIIOHEHTOB KakK
B KUJKOM TaK U B TBEPAOM COCTOSIHUM (@), KpuBast oxJiaxxaeHus (0)

[To mepe 3aTBeplIeBaHUsSI XUMUYECKHI COCTaB TBEPAOIO PACTBOpPA MU3MEHSETCS
no nquHuu B-3, 1 nocne 3atBepaeBaHus CIulaB OyJeT UMETh HEOAHOPOJHOCTD 110 XU-
MUYECKOMY COCTaBy — OH OyJeT pa3HbIM JUIsl KPUCTAJIOB, BBINABIIMX B Hayalle U B
KOHIIE KpHucTaun3anuu. M30aBUTbCA OT 3TOr0 MOXHO ITyTEM JUIMTEIBHOTO HarpeBa
IpU TemIepaType OJIM3KOM K JIUHUHU COJIUAYC, IPU 3TOM XMMHUYECKHUI COCTaB BbIpaB-
HUBaeTcs 3a cueT aupdy3nn KoMnoHeHTOB. Takas onepaunus Ha3blBaeTca AUPPy3H-
OHHBIN OTXUI. Huke IMHUM conMIyC CyIIECTBYET TOJIBKO OAHA (ha3a — TBEp.bIi
pactBop o, C=2-1+1=2. Kak BugHO u3 puc.10, Ha KpUBOW OXJAXIECHHS B JAHHOM
CJIy4yae HET TOPU30HTAIBHBIX YYACTKOB, T.K. HET Touek ¢ C = (.

JIByXKOMIIOHEHTHAasl JUArPAMMa PABHOBECHOI0 COCTOSIHMS JJIsl CIJIABOB €
OrPAHUYEHHOI PACTBOPUMOCTHI0 KOMIIOHEHTOB B TBEPA0OM COCTOSITHMHU
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B »TOoM ciywae cymecTByeT OrpaHMYEHHasi B3aUMHAsi PAaCTBOPUMOCTb KOMIIO-
HEHTOB JAPYT B Apyre B TBepaoM coctosiHuu (Hanpumep Fe u C), u obpaszyercs nBa
THUIIA TBEPABIX PACTBOPOB: 0. — TBEP/IBIA PACTBOP HA OCHOBE KOMIIOHEHTA A,

B — TBep bl pacTBOp Ha OCHOBE KoMrioHeHTa B (pucyHok 17).
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Pucynok 17 - JIByXKOMIIOHEHTHAs! AMAarpaMMa paBHOBECHOTO COCTOSIHUS
JUIS CIJTABOB C OTPAaHUYEHHON PACTBOPUMOCTBIO KOMIIOHEHTOB
B TBEPJIOM COCTOSIHUM (@), KpUBbIE OXJaxaeHus (0)

AEB — nunus nuksuayc, ACEDB — nunus conuayc. Touka A — temmneparypa
IUIaBJIEHUS] KOMIIOHEHTa A, T.B — Temneparypa miasieHus kommnoHeHnTa B. B obnac-
™1 AEC cmuiaB cOCTOMT U3 KPUCTAJIJIOB oo M paciuiaBa, a B obmactu BED — u3 kpu-
crauioB B u pacrmiaBa; C=2-2+1=1. 3agaB B 3TUX 00JACTAX TEMIEpPaTypy, Mbl MO-
KEM OMPENIETUTh XUMUUYECKUN COCTaB KaxA0W M3 (a3 MpoBeids Npu JaHHOU TemIie-
paType ropu3oHTalIbHYIO JInHUIO. CocTaB TBEpAOH (pa3bl OompenensieTcs TOYKOH Ie-
peceueHnsl TOPU3OHTAIIBHOW JIMHUU C JIMHUEN COJIMAYC, a )KUJIKOM — TOUKOM mepece-
YeHUs TOPU30HTAILHOMN JIUHUM ¢ JTuHUEeH nukBuayc. B oomactu nesee ACF cymect-
BYET TOJBKO TBEPIBIA PACTBOP ¢, B 3TOW 00JaCTH KOMIIOHEHT B pacTBOpuM B KOM-
nonente A. ACF — sTo nauHHs MakcuMallbHO# pactBopuMocTd B B A. B oGnactu
npasee BDG cymiectByeT TBepbIii pacTBOp 3, B 3TOM 00JaCcTH KOMIOHEHT A pac-
TBOpUM B KoMnioHeHTe B. BDG — 310 nuHust MakcuManbHOM pacTBopuMocTd A B B.

B ob6nactu FCEDG cymecTtByeT MexaHHYecKass CMeCh KPHCTAJUIOB TBEPIbIX
pactBopoB a u P. st Beewt obmactu C=2-2+1=1. 3amaB TemrepaTypy B 3Toi obiac-
TH MBI, BCETJja MOXEM y3HaTh cOCTaB o0eux (a3, mpoBes TOPU30HTAIBHYIO JTMHUIO
no mnepeceueHus ¢ auHusMu  CF w DG. XuMuueckuil COCTaB KpUCTAIOB
o orpenensierca nepeceueHueM ¢ auHuerd CF, a XMMUYeCKuil COCTaB KpUCTAILJIOB 3 -
nepeceueHuem ¢ JuHued DG. Touka E — 3BTekTHYeckasi, B 3TOM TOUKE BBINAJAET
TBEpasi IBTEKTHKA — MEJIKOANCTIEpCcHast cMech o ¥ B. B ob6nactu mox nuauneit CF
CYIIECTBYET CMECh KPHUCTAJUIOB OL U BTOPUYHBIX KPUCTALIOB . BTopruHbIMH OHU
Ha3bIBAIOTCSA T.K. 00pa30BajIiCh HE U3 paciliaBa, Kak MEepPBUYHbIE, a U3 TBEPAOIO pac-
TBOpa o.. AHaJOTMYHO B obOnacTu mox JuHued DG cyiecTByeT cMech KpUCTAILJIOB
B ¥ BTOPUYHBIX KpUCTAUIOB ay. B obnactu mox orpeskom CE cymiecTByeT cmech
KPHUCTANIOB o, IBTEKTHKHU U Py, a B obnactu noj orpeskoM ED cymectByer cmech
KPUCTAJIOB [3, 9BTEKTUKH U Olyy.
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[Ipu oxnaxaeHUH pacijiaBa oT T.5 10 T.6 OCThIBaeT paciuiaB. B T.6 HaunHaeT-
csl, @ B T.7 3aKaHYMBAETCS] KpUCTAJUIM3ALMs 0. B cucTteme npu 3TOM CyLIECTBYIOT JIBE

dazbr — o u x, C=1. 3anaB TemnepaTypy ¥ IpOBes TOPU3OHTAIBHYIO JUHHIO JI0 Tie-
peceuenus ¢ auHUAMUA AE n AC, y3HaeM XMMUYECKUN COCTAaB paciuiaBa U TBEPIOTO
pacTBopa O cooTBEeTCTBEHHO. OT T.7 10 T.8 OCThIBAa€T TBEPJbI pacTBOp O CUCTEMA
onaHodasnas, C=2. B T.8 gocturaercs MakcuMalibHasi paCTBOpUMOCTh B B A u u3 O-

TBEPIOrO PacTBOPa BCIIEACTBUE YMEHBIIEHUs PACTBOPUMOCTH BhiensAoTcs By kpu-
CTaJIJIbl, CUCTEMa U3 OAHO(]A3HON epexoauT B ABYX(a3HYI0, HA KPUBON OXJIAKICHUS
HaOmonaercs neperu6. T.k. Touek ¢ C=0 i1 JaHHOrO cocTaBa HET, TO HAa KPUBOM
OXJIQXKICHUS HET TOPU30OHTAIIBHBIX YYaCTKOB.

JIBYyXKOMIIOHEHTHASI IMArPaMMa PABHOBECHOI'0 COCTOSIHUA ISl CILIIABOB €
o0pa3oBaHNeM YCTOMYHBOr0 XMMUYECKOT0 COeTUHEHUS

B sTom cnyuae komnoHeHThl A u B 00pa3yroT ycToHYHMBOE XMMHUYECKOE CO-
equnenue A,B.,, Hanmpumep, Cu u Mg (pucynok 18). AE|BE,C — nunusa nuxksumyc.
DEF u GE,H — nunuu conunyc. Touka A — temnepaTypa IJaBJI€HUS KOMIIOHEHTA
A, T.B — Temneparypa miaBJIeHHs] XUMAYECKOro coequHenus A,B,,, 1.C — temmnepa-
Typa IJIaBJIE€HUs KOMIIOHEHTa B.

B ob6nactu mox nunuent DF cymiecTByeT MexaHnueckasi CMECh KPUCTaNIOB A U
A.Bn, a B obnactu nox nunueit GH cymiectByeT MexaHn4yeckasi CMeCh KPUCTAIIJIOB
A.Bn, 1 B. [Insg o6eux obmacreit C=2-2+1=1. Touka E; — nepBas 3BTEeKTHKA, B 3TON
TOUKe 00pa3yeTcs MEJIKOJUCIEpCHAas MeXaHWYecKas CMeCh KpUcTauioB A u A,B,,
Touka E, — Bropast 3BTeKTHKA, B 3TOM TOUKe 00pazyercs MEIKOAUCIEPCHAsT MEXaHu-
yeckasa cMech KpuctauioB A, B, u B.

[Ipu oxyaxkieHnH pacriaBa cocraBa A, By, B Touke B HauHeT KpucTanim3oBaTh-
cs BemecTBO A, B,,. B 310l Touke ®=2 (pacmnaB u kpuctawisl A,B,,), K=1 (A,By),
C=0 1 Ha KpUBOW OXJIAKJICHUS IPUCYTCTBYET TOPU30HTANIBHBIN YUaCTOK.

T,

T, MUH

a 0

Pucynok 18 — JIByXKOMIIOHEHTHAs AUarpaMma paBHOBECHOTO COCTOSIHUS
JUTSI CTUTABOB ¢ 00Pa30BaHUEM YCTOMYUBOTO XUMHUYECKOTO
coenuHeHwUs (a), KpuBas oxJaxacHus (0)
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1.9 IlmarpamMma paBHOBECHOT'0 COCTOSIHMSI JKeJ1e30-yYIJIepPo/]

Ota nuarpamma JaeT NpeACTaBICHUE O CTPYKTYpE MENICHHOOXIIAXICHHBIX XKe-
JI€30yTIAEPOJUCTBIX CIIABOB U SIBJISETCS TEOPETHYECKOM OCHOBOM TEPMHUYECKOU 00-
paboTku »THX cruiaBoB. CTpouTcst oHa (pUCYyHOK 19) mo KOHLIEHTpaluu yriepoja
6,67%, COOTBETCTBYIOIIEH cocTaBy KapOuma xkene3a (nementut Fe;C), Tak kak cria-
BbI ¢ OoJiee BRICOKUM cojiepskanneM C n3-3a XpynKOCTH HE IPUMEHSIOTCS.

KoMnonenTaMu sBisI0OTCS XKene30 U yraepos. Aesie3o — meTamn cepedpucTo-
Oenoro 1Bera, t,;;=1539 °C. B tBepaom cocrosuuu 10 911 °C naxoxurcs B Buze Fe,
(0.w.x. pemerka), a Beime 911 °C — B Buze Fe, (r..k.). C Metamiamu oOpasyeT TBep-
Iple pacTBOpHI 3amerenus, a ¢ Hemetawiamu (C, N, H) — TBepapie pacTBOphI BHE-
IpeHus. YTrjaepoa — HEMETaUIMYeCKUi 3JIEMEHT, CYHIECTBYIOUIUN B IByX OCHOBHBIX
nouMOpGHBIX MoaAU(UKAIUAX: rpadUT U aaMmas.

da3zamu Ha AUarpaMMe SIBJISIOTCS KEIe30-yIIIEpOAHbINA paciuiaB (3K), ayCTEHUT
(A), depput (@) u nuemeHTUT (Il). AycTeHUT — TBEpABIA PACTBOP BHEAPEHUS YTJe-
pona B y—xkeinese (Fe,), mnacTuueH, MMeeT BBICOKYIO BS3KOCTb M HU3KYIO IIPOYHOCTH
U TBEpAOCTh. MeppuT — TBEP/BI pacTBOp BHEApPEHHs yriepoaa B o—xenese (Fey),
IJIACTUYEH, UMEET OTHOCUTEIBHO HHU3KYIO MPOYHOCTh M TBEepAoCTh. LlemeHTHT —
kapoun xxenesa Fe;C, o6nanaer BRICOKOM TBEPIOCTHIO U XPYIKOCTHIO.

JIMHHUHU U TOYKH HA Auarpamme

ACD — nunusa nuksuayc, AECF — nunus comuayc. Touka A — Temmeparypa
IUTaBJIEHUS] YUCTOrO *kene3a, Touka D — Temneparypa miaBjieHHs eMEHTUTa. Touka
C — Touka 3BTeKkTUKH. JInnusa ECF — nunus sBTektuku. [lo nuanum AC u3 pacmiaBa
HAYMHAET KPUCTAIUIM30BATHCS ayCTEHUT, a 1o JMHUU CD — nepBUYHBIN 1IEMEHTHT.
AGSE — oGnacts ayctenuta. SEA ompenensieT 3aBUCHMOCTh MaKCHUMAaJIbHOM pac-
TBOPUMOCTH YTJIEPOJA B ayCTEHUTE OT TeMmIiiepaTypsl, Touka E ompenenser makcu-
MaJIbHYI0 PacTBOPUMOCTH yriiepoja B ayctenure (2,14% mpu 1147°C).
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Pucynox 19 - JluarpaMma paBHOBECHOT'O COCTOSIHHSI JK€JI€30-yTIEPOT

T. G (911°C) — Temmeparypa mOJIUMOP(GHOTrO MPEBPAIIEHUS YMCTOrO KEJe3a.
GS ompenensieT TemnepaTypy Hadaja BblAeJeHHS (eppuTa u3 aycreHuta, a SE —
TEeMIIepaTypy Hadajla BbIJEJIECHHUS BTOPUYHOTO LIEMEHTHUTA U3 aycTeHuTa. JleBee nu-
Hun GPQ — o6nacte peppura. GPQ onpenensier 3aBUCUIMOCTh PACTBOPUMOCTH yTJIe-
pona B (eppute OT TemiepaTypsl, T.P onpeaenser MakCUMallbHYI0 pacTBOPUMOCTh
yriepoaa B peppure (0,02 % mpu 727 °C). T.S Ha3bIBaeTCs S9BTEKTOUIHON TOYKOI: B
T.S ayctenut (0,8% C) pacnanaercs Ha Qepput ¢ coxepxkanuem yriepoaa 0,02%
(1.P) 1 BTOpUYHBINA IEMEHTUT C cojepxkaHueM yriaepoaa 6,67% (1.K). Takum oGpa-
30M B T.S BBINAJAET TBEPbIA IBTEKTOU/ (IT0 aHAJIOTUU C IBTEKTHKOI) MEePJUT — 3B-
TEKTOUIHASL MEJIKOAMCIEpCHAast cMech deppuTa U lleMeHTuTa, coaepxkamas 0,8% yr-
nepona. PSK Ha3bIBaeTcs JIMHUEW MEPIUTHOrO MPEBPALICHUS, HA 3TOM JIMHUHM BECh
ayCTEHHT NpPETEepHEeBAaET IBTEKTOUIHOE MpeBpalleHrne B nepaut. [lo mepe oxmaxzae-
HHS CIUTaBa HIDKe Temmeparypbl 727°C pacTBOPUMOCTD yriiepoja B Gpeppure magact
B coOoTBeTCcTBUU ¢ auHuen PQ u cocrtaBisieT npu komHatHOU Temnepatype 0,006 %
(1.Q). Ilpu 5ToM U3 heppuTa BHIICTAAETCS TPETUIHBIN IIEMEHTHT.

B Touke C u3 pacmiaBa OJHOBPEMEHHO BBINAJAIOT KPUCTAIIIBI ayCTEHUTA C CO-
nepxkanuem yraepoaa 2,14% (1.E) u kpucrtamibl IEMEHTHTA C COAEPKaHUEM YIJIepO-
na 6,67% (1.F). Takum oOpa3zom B T.C BbINagaeT Jieae0ypuT — SBTEKTUYECKas MeJl-
KOJMCIIEPCHAsl CMECh ayCTEHUTA U IIeMeHTuTa, coaepkamas 4,3% yriuepona. Ilo me-
pe OXJIaXIeHHs cIulaBa Hike TeMreparypbl 1147°C pacTBOpUMOCTD yIjiepoja B ay-
cTeHuTe najnaet B coorBercTBuM ¢ juHuei ES. Ilpu 3ToM U3 aycreHuTta BbIAEISIETCS
BTOPHYHEIA HeMeHTuT. IIpu TeMneparype Hike 727°C ayCTeHWT IEPEXOIUT B IEP-
JIUT, U JIeeOYPUT COCTOUT U3 NEPJIUTA U IEMEHTHUTA.
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KenezoyranepoaucTsie CuiaBel ¢ cojepxanuem yriaepoaa a0 0,02% nHa3bIBatoT-
Csl TEXHMYECKHUM »Kejie30M. JKene30yriepo/IuCThie CIIAaBbl C COACPKAHUEM YTIIEepo-
na or 0,02 no 2,14% HazpiBatoTcsi cragsamMu. JKene30yriiepoaucTsie CIIaBbl C CO-
nepxkanueMm yriaepoaa ot 2,14 no 6,67% HazpiBatroTca wyryHamu. OTCyTCTBHE B
CTPYKTYpE CTallel XpYNKOW ABTEKTHKHU JENaeT X KOBKHUMH M IJacTUYHbIMU. Hamu-
Yyhe B CTPYKTYpE UyT'YHOB JIETKOILJIABKOM 3BTEKTUKHU (Jie1e0ypUT) MOBBIILIAET UX JIU-
TeWHbIE CBOMCTBA, HO JIENAET YyTYH XPYIKUM.

Kputudeckue TOYKH. JTO TOUYKH HA JUArpamMMe COCTOSIHUS, COOTBETCTBYIO-
1Me TemMIepaTypam, Ipu KOTOPhIX B MPOIECCE HATPEBAHUS WU OXJIAKICHUS POUC-
x0T (pa3oBble M3MEHEHH B ciiaBe. O003HAUAIOTC KPUTUYECKUE TOUKH OYKBOU A
¢ WHIEKCOM. bykBa ¢ B MHJIEKCE CTABUTCS MPU HArpeBaHWU, a OYKBa I — MIPU OXJIAXK-
neHun. Aq — Haxonutest Ha nuHun PSK. A mpu HarpeBaHuu NepiauT NpeBpamiaeTcs
B ayCTEHUT, A, — IIPH OXJIAKJICHUN ayCTEHUT pacmagaetcs Ha GEepPpUT U MEMEHTUT
(mpeBparaercs B nepyaur). A, —3T1o Junus MO, Touka Kropu. A, — py HarpeBaHuu
CIUIaB TepSET MarHUTHbIE CBOMCTBA, A, —TIpHU OXJAXKJACHUU HAa000POT MPUOOpETAET.
Az — Haxonutcsa Ha TuHuM GOS. A ; — Ipy HarpeBaHUM 3aKAHUYMBAETCSI PACTBOPECHUU
dbepputa B aycTeHUTe, A3 — MPU OXJIAKACHUN U3 ayCTEHUTA BBIIACISAIOTCA 3€pHA dep-
puta. A, — JeXUT Ha JiuHuK SE. A, — IpY HarpeBaHUM 3aKaHUYUBAETCS PACTBOPEHUE
LIEMEHTUTA B AyCTEHUTE, A, — IIPU OXJIAKIECHUHU U3 ayCTEHUTA BBIJIEISETCS BTOPUY-
HBIA LIEMEHTHUT.

IIpeBpaieHus B ’eJIe30yrJIEPOAUCTHIX CIIABAX MPH MeJIEHHOM
OXJIAKIEHUH

PaccmoTpum npeBpaiienus B 103BTeKkTouiHOM ctanu ¢ 0,6% yriepoaa (kpuBas

I pucynok 19, pucynok 20). B T. 1 u3 pacmiaBa HauMHAeT KPUCTAIIIM30BATHCS ayCTe-
HUT, MIPOLIECC 3aKaHYMBaeTcA B T. 2. B MHTEepBasie TeMneparyp Mexay T. 2 U 3 OCThI-
BAET ayCTEHUT C UCXOJHOU KOoHLEeHTpauen yriepona 0,6%. B 1.3 u3 aycreHura Ha-
YUHAET KpUCTauIM30BaThes Gpepput. Ilo Mepe moHMKeHUs TeMiiepaTypbl COCTaB ay-
creHuTa uaMensiercs rno aunuu GS, a ¢peppura — no aunun GP.
B 1.4 deppur comepxur 0,02% yraepona (1.P), a aycrenur, conepxamuii 0,8% yr-
Jgepoja, pacnagaeTcs Ha nepiauT — cmech pepputa (0,02% C, 1.P) u BTOpHYHOrO I11€-
MeHTuTa. [Ipn nanpHelemM oxaaxaeHu pacTBOPUMOCTD yriiepoia B (peppute Oyaer
nazath 1o JuHuu PQ u u3 geppura BbIACIUTCA TPETUUHBINA IEMEHTUT (pucyHoK 20).

PaccmoTpum npeBpalieHus B 3a3BTeKTOMAHON ctanu ¢ 1,2% yraepona (kpuBas
11, pucynok 19). [lo 1.3 mpoiiecc aHanorudeH npeasiaynemMy. B 1.3 u3 aycrenura Ha-
YUHAET KPUCTAJNIM30BAThCSI BTOPUUHBIA IIeMEeHTUT. [lo Mepe moHmkeHus TeMmmepa-
Typbl COCTaB ayCTEHUTa U3MeHserca no auHuu ES. B T.4 nMeem neMeHTUT U aycre-
HUT, conepxkamuii 0,8% yriepona, pacnajaroIuics Ha TEPIUT, KaK ObLJIO pacCMOT-
pPEHO paHee.

PaccmotrpuM mpeBpanieHuss B OBTEKTHUYECKOM 4YyryHe, cojepkaiem 4,3%
yraepona. B touke C oOpasyercs 3BTEKTHUKa — JieneOypUT, COCTOSIIIMM U3 CMECH
KpucTauioB ayctenuta ¢ 2,14% yrnepona (1.E) u nepsuunoro nementuta (1.F). Ilo
Mepe OXJIAXKJECHUS PaCTBOPUMOCTH yIJepojia B ayCTEHUTE yMeHbluaercs oT 2,14%
(t. E) n10 0.8% (1. S) 1 U3 aycTeHUTa BBIAEISIETCS BTOPUYHBIN IIeMeHTUT. B T. S ay-
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CTEHUT MPEBpAIIAeTCs B EPIIUT, U JieneOyput OyJeT COCTOATh U3 MEPIUTa U TIEMEH-
TUTa (PUCYHOK 21).
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Pucynok 20 — Cxema npeBpallleHus B JO3BTEKTOUHON CTaIN
IIPU MEJIEHHOM OXJIKICHUU

Pucynok 21 — Cxema npeBpaliieHusi B 3BTEKTUUECKOM UyTyHE
IPU MEJIEHHOM OXJIXK]ICHUU

1.10 Buabl TepMudeckoii 00padoTKu
Tepmuueckasi 00padoTKa CILIABOB — 3TO COBOKYIHOCTbH OIE€pallMii HAarpena,
BBIIICPKKU TMPU 3aJaHHOM TEMIIEPATYPE U OXJIAKIACHUSA C ONPEICIEHHOU CKOPOCTHIO
MCTANNINYCCKUX CILUIABOB, HAXOAJAIMIUXCA B TBEPAOM COCTOAHHH, C LCIIbIO U3MCHCHUS
UX CTPYKTYPBI M MOJyYEHUS HEOOXOIUMBIX CBOMCTB (IIPOYHOCTH, TBEPJOCTH U JIP.), a
TaKKe CHSATUSI BHYTPEHHUX HamnpspkeHui. OCHOBHBIE BHABI TEPMUUYECKON 00padoT-
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KM — 3aKaJIKa, OTIYCK, OTKUT, HOpMau3alus, CTapeHue (3aKkajika U CTapeHUe LBET-
HBIX CIUIaBOB OYJyT pacCMOTPEHBI B pazjieiie «AJIOMUHUNA U CIUIaBbl HA €ro OCHO-
Be»), XTO. TeopeTudyeckoil OCHOBON TEPMHUECKOHM OOpaOOTKH CTajieil SBIISIETCS
JarpaMMa COCTOSIHUS JKEJIE€30-yTIIepOI.

3akainka

3akajiKka 3aKiIo4aeTcs B HarpeBe crainu g0 temmeparypsl Ha 30...50°C Bolie
KPUTUYECKHUX TOYEK. 3aTE€M CIIEAYET BBIAEPKKA IIPU 3TOM TEMIIepaType JUlsl Iporpesa
U3JIENHS TI0 BCEMY CEUEHHIO M OBICTPOE OXJIaXKIACHHE. 3aKalika BOZMOXKHA, €CIIA TpU
U3MEHEHUHU TEMIIEPaTyphl B CILIaBE MPOUCXOIAT (a30Bble U3MEHEHUS, U TIPU MOHH-
KEHUU TEMIIEpaTypbl MPOUCXOAUT YMEHBIIEHUE PACTBOPUMOCTH OJTHOIO KOMITOHEH-
Ta B ApyroM. llenbro 3aKanku sBISIETCS NOJyYEHHE MEPECHIIEHHOr0 TBEPAOIO pac-
TBOpa. IIpH 3TOM CIIaB NEpEXOIUT B HEPABHOBECHOE COCTOSIHUE: MPU HATPEBE BHILIE
KPUTUYECKUX TOUYEK MPOUCXOAAT (pa30Bble MPEBPAIIEHUS, a MPU OBICTPOM OXJIAXK/Ie-
HUU OOpaTHBIE MPOLECCH HE YCNEBAIOT MPOU3OUTH MOJHOCTHIO. B wacTHOCTH, TIpH
OXJIQXKICHUHM ayCTEHUTA CO CKOPOCTBIO BBIIIE HEKOTOPOW KPUTUUYECKOH MOJTydaeTcs
NEPECHIILIEHHBIN TBEPABIA PAacTBOP yrjepoa B o-Kele3e — MapTeHCUT, o0Jaaaro-
1 BBICOKOM TBEPJIOCTHIO, XPYNKOCTHIO M HU3KOM MJIACTUYHOCTHIO. YTIIEPOAUCTYIO
CTaJlb MOJBEPraroT 3aKaJIKe JJIs MOBBIIICHUS €€ MPOYHOCTU U TBEPAOCTH.

Kputnueckoii ckopoctbio oxJasxaenust (V) Ha3bIBalOT MUHUMAJIBHYIO CKO-
POCTh OXJIAXK/IEHUS, IPU KOTOPOH M30BITOUHBIN YIJIEpOI HE YCIIEBACT BBIACIUTHCS U3
ayCTEHHTAa, U BECh ayCTEHUT IpEBpaIlaeTcs B MapTeHCUT (pucyHok 22). Ilpu mamnoii
CKOPOCTH OXJaXJEHHUsS V| ayCTEHHMT paclajaercsd Ha KPYyHHOJIUCIIEPCHYI) CMECh
depputa 1 1ieMeHTHTa (MEPINT), a TPU OOJBIINX CKOPOCTAX V, pacmagaercs Ha 0o-
Jee MeJIKOJUCIepCHbIe cMecu (COpOUT, TpoocTHT). Eciin oxiaxkaaTe cTanb co CKOpo-
CTBIO, HE MEpEeCceKarolIell KpUBYIO Havasa pacrnaja aycteHuTa (JInHus A), T.€. CO CKO-
pocTbio V3, TO 00pa3zyeTcsi MapTeHCHT.

[IpeBpalienre aycTeHUTa B MapTEHCUT HAYMHAETCS NP OIPEACIICHHON TemIe-
paType, Ha3bIBAEMOU memnepamypol HAyala MAapmeHCUmHo20 npespaujenus M.
Jl1st Toro yToObl MapTEHCUTHOE MpPEBpAlllEHHE MPOTEKAI0, HEOOXOAUMO HEMpPEphIB-
HOE OXJIAXACHUE ayCTeHUTa HUXKe Touku My. [Ipu noctrkenun onpeneneHHON TeM-
nepaTtypsl JaibHelIIee MpeBpalieHue ayCTeHUTa B MapTeHCHUT MpeKpamaercs. JTa
TEeMIlepaTypa Ha3bIBACTCS KOHYOM MapmeHcumuozo npespawjeHus M, Ilonoxenue
temriepaTyp My U M, HE 3aBHCHUT OT CKOPOCTU OXJIQXICHHS U ONPENEsIeTCS XUMU-
YEeCKUM COCTaBOM cTajiu. YeM Oouibliie yriepoaa B ayCTEHUTE, TEM HUKE pacroJara-
I0TCSL 3TH TeMmIieparypbl. Bece nerupyromue sneMeHTsl, 3a uckimoyenuem Co u Al,
NOHMXKAT My, 1 M. MapreHcuTHOE NpeBpalieHue XapakTepU3yeTcs BBICOKOM CKO-
pocTthio pocta 3apoaeieit (1000-7000 m/c).

B 3aBucuMocCTH OT TeMIlepaTypbl HarpeBa CTaJIM Pa3IMYarOT MOJHYIO 3aKAJIKY U
HenosiHyto. [loTHasi 3aKajakKa COCTOMT B HarpeBe CTalM BbIIIE KPUTUUECKON TOUKH
Ag Ha 30...50°C, a HemoJIHAsI — BbILIE KPUTHYECKOM Touku A,y Ha 30...50°C. J{ooB-
TEKTOUJHBbIE CTaji TOJBEPraroT TOJBKO MOJHOM 3akanke. Eciu J03BTEKTOMAHYIO
CTaJlb HArpeTh J0 TEMIIEPaTyphl BbIE A.; HO HUXKE Az, TO MOIy4YUTCS (QeppUTO-
ayCTEHUTHAsl CMECh, KOTOpas MOCJE 3aKaJIKU JacT (GeppUTO-MapTEHCUTHYIO CMECH,
MMEIOIIYI0O MEHBIIIYIO TBEPJOCTh YeM MAapPTEHCUT (T.K. PEPpUT UMEET HUBKYIO TBEp-
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JOCTh). 3a3BTEKTOMAHBIE CTAJIA MOJBEPTalOT HEMOJIHOM 3aKaJIKe, IOC/Ie KOTOPOH IO-
JTy4YaeTcsi MApTEHCUTO-LIEMEHTUTHAsI CMECh, UMEIOIAsl BBICOKYIO TBEPAOCTh (LIEMEH-
TUT UMEET TBEPAOCTH JIaXKE BBILIE, YEM Y MAPTEHCHUTA).

T.C
—97 Al
ol
e p.IHT
1
copinr
TPpOOCTHT
_ AVCTEHHT + MAPTEeHCHT
M x *
MApPpTEeEHCHT
let

A — n1uHUS Hayaja IEPIUTHOIO IMPCBpPAILLICHUA

b — nuaus KOHIIA ICPJIUTHOIO IMPCBPALICHUSI;

MH— JIMHWA Hadalla MapTCHCUTHOT'O IIPEBPALICHUA;
MK — JIMHUS KOHIIAa MAPTCHCUTHOT'O IIPCBPAIICHHA

PucyHnoxk 22 — JIluarpamma npeBpalleHus ayCTEHUTa PU HEPEPHIBHOM
OXJIAKICHUH

3akaauBaeMOCTh — CIIOCOOHOCTh JAHHOW CTajdd K TOBBIMIEHUIO TBEPIOCTH B
pe3yibTare 3aKkaliku. Bo3pacTaeT ¢ yBeIuYeHUEM COJepKaHus yriiepoaa u (B MEHb-
1€ CTENEeHM) JIETUPYIOLIUX 3JIEMEHTOB B CTAJIU.

IIpokaauBaeMoCTh — CIIOCOOHOCTh CTAJIM TOJIyYaTh 3aKaJEHHBIM CIION Ha Ty
WK UHYI0 TiyOouHy. [IpokannBaeMOCTh MOBBIIIAETCS JIETUPOBAHUEM CTaJIM MapraH-
eM, XpOMOM, MOJUO/IEHOM, OOpOM, a TakKe IpH YBEIWUYEHUHU pa3Mmepa 3epHa. 3a
IIIyOMHY 3aKajJ€HHOTO CJIOS YCIIOBHO MPUHHMMAIOT PACCTOSHHUE OT MOBEPXHOCTH [0
nosymapteHcuTHOM 30HBI (50% MapteHcuTa+50% TpoocTuTa), KOTOPYIO JETKO OIl-
pEeaEenuThb 0 MUKPOCTPYKTYPE U 11O TBEPIOCTH.

OxJTaXJarouMy CpelaMi TIPU 3aKalike MOTYT OBbITh BO31YyX, BOJIa, PACTBOPHI
coJied wiM MUHEpasibHOe Macho. Ilocie 3akanku yriepoaucTas cTajib UMEET BBICO-
KYIO IPOYHOCTh, TBEPOCTH, N3HOCOCTOMKOCTH, HU3KYIO MNIACTUYHOCTH U MpUoOpeTa-
€T BHYTpPEHHHE HampsikeHUs. UTOObl YMEHBIINTH XPYNKOCTh U BHYTPEHHHUE HATIPSI-
JKEHUS, BBI3BAHHBIC 3aKAJIKOW, W TIONYyYHUTh TpeOyeMble MEXaHHYECKHE CBOMCTBA,
CTaJlb MOCJIE 3aKAJIKU BCEI/1a MOABEPTAIOT OTITYCKY.

OTnyck
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OTmyck 3akiro4aeTcs B HarpeBe 3aKAJICHHOW CTalIM JO TEMIIEpaTypbl HIKE
KPUTHYECKON TOYKH A.|, BBIIECPKKE IIPU 3TOM TEeMIEpPaType M OXJIAKICHUU C 3aJaH-
HOM CKOpPOCTBIO (OTIYCK LIBETHBIX CIUIABOB HA3bIBAIOT UCKYCCTBEHHBIM CTapEHUEM,
cM. paniee). UeM BbIlIe TeMIeparypa OTIIyCKa, TEM IMOJIHEe CHUMAIOTCS BHYTPEHHUE
HaIpsHKEHUS, PACcTeT IJIACTUYHOCTh U COMPOTUBIICHHUE YIAPHBIM BO3JIEUCTBUSIM, HO
CHMIKAETCSl IPOYHOCTh U TBEPAOCTh. OTMYCK SBJIAETCS OKOHYATEIBbHOM omepanuen
TEpMOOOPaOOTKH, a KAK CAMOCTOATENbHAs HE TPOBOIUTCS.

HuskoreMnepaTypHblii 0THycK mpoBoasT npu Harpese g0 120...250°C. Tlpu
TOM MapTEHCHUT 3aKaJKH 00eqHSeTCS M30BITOYHBIM YIJIEPOJOM U MPEBPAILACTCS B
MapTEHCUT OTIYCKa, YACTUYHO CHUMAIOTCS BHYTPEHHHE HANPSHKEHUS, MOBBIIIAECTCS
IPOYHOCTH CTaNIM (3a CYET yCTpaHEeHUs Ne(EeKTOB U BHYTPEHHUX HAIPSIKEHHI), He-
CKOJIbKO CHMKAETCS TBEPAOCTh. [IpUMEHSIOT 1Sl M3€1il, KOTOPBIE JOJIKHBI OTJIH-
4aTbCsl BBICOKOW TBEPAOCTHIO M M3HOCOCTOMKOCTBIO — PEKYILIMHA U W3MEPUTEIbHBIN
WHCTPYMEHT, MApUKONOAWMUIHUKA. CpeaHereMnepaTypHbId OTILYyCK IPOBOIST
npu Harpese 10 250...450°C. IIpy 5TOM MapTEHCUT 4aCTHYHO pacragaercs Ha ep-
PUTO-LIEMEHTUTHYIO CMECh, HA3bIBAEMYIO TPOOCTHUT, CUIIbHO CHHXKAKOTCSI BHYTPEHHUE
HaIpsKEHUS, MTOBBIILIAETCS YIPYTOCTh CTAIH. [I[pUMEHSIOT 11 PYKUHHBIX, pECCOp-
HbIX U IITaMIOBBIX CTaJIel. BbhICOKOTEeMIIEepaTyPHBbI OTIYCK ITPOBOASAT MPU HArpe-
Be 10 450...650°C. Ilpu 3TOM MapTEHCUT MOJIHOCTHLIO paclagaercss Ha (GeppuTo-
LEMEHTUTHYIO CMECh COPOUT, MPAKTUUYECKU MOJTHOCTHIO CHUMAIOTCA BHYTPEHHHE Ha-
NPSDKEHUS, MOHWKAETCS MPOYHOCTh M TBEPAOCTb, HO BO3PACTAET IUIACTUYHOCTD.
[IpuMeHsOT A1 NpUJaHus U3LENIHSIM OTBETCTBEHHOI'O HAa3HAYEHHUS! BBICOKOIO CO-
IPOTHUBJICHHS yIapHBIM BO3JEHCTBHSIM B COYETAHUU C JIOCTATOYHOM MPOYHOCTBHIO U
IUTACTUYHOCTHI0. TepMUUecKylo 00paboTKy, COCTOAIIYIO U3 3aKaJKU U BBICOKOTEM-
NEPaTypPHOro OTITYCKA, HAa3bIBAIOT YJIy4YILIEHHEM.

OTkur

OTKHMI 3aKIIFOYaeTCs B HarpeBe CIUIaBa 0 ONPEICICHHOW TeMIEpaTyphl, BbI-
JIEpKKE MPU ATON TEMIIepaType W MEAJECHHOM OXJIaXJAeHUHU (BMecTe ¢ neubto). [lpu-
MEHSIOT JUIs IEPEeBO/JIa CIlIaBa B YCTOMUMBOE PaBHOBECHOE COCTOSIHUE, 0€3 BHYTPEH-
HUX HanpspkeHud. OTXKUI, Kak NpaBWIO, SBISETCS MOATOTOBHUTEIBHOM OIEpalyen
TepMo00OpadboTku. IIpumensiercs oTxur uid ciaenyromux uenen. 1) s ycrpanenus
XUMHUYECKOM HEOJHOPOJHOCTH CILIABOB, HAIIPUMEP, KPYIHBIX CIMTKOB JIETUPOBAH-
HOW cTanu mpuMeHsoT Au¢@y3uoHHsblil oTxur. Harpes mpu 3ToM J0MKEH OBITH
BBICOKHM JJIs1 O0Jiee MOJHOTO MPOTEKaHUs MporieccoB Au(y3un, BRIPaBHUBAIOIINX
XUMHYECKHI cocTaB criaBa. JuQQy3uoHHbBIN OTXKUT TPUBOIUT K KPYTTHO3EPHUCTO-
CTH CTPYKTYpHI cTanu. 2) [{ns nomydeHus: 60mee MENKO3EpPHUCTON CTPYKTYpPHI CTajH,
9TO 00€CMEYNBAET MOBBIIMICHNUE €€ MPOUYHOCTH, MPUMEHSIOT MOJIHBIA MM HETOJIHBIHI
orkur. Ioaublit oTskur — HarpeB Ha 30...50°C BbIlIe TOYKH A3, IPUMEHSIOT IS
JIO’BTEKTOMIHBIX CTAlcH; HemOJHbIA oT:kUr — HarpeB Ha 10...30°C Bbllie TOUKH
A.|, IPUMEHSIOT Ui 3a3BTEKTOMAHBIX CTased. Uem MeHblIe pasMep 3epHa, TEM
OoJbllIe €ero NOBEPXHOCTh, KOTOpAs 3aJACPKUBACT ABMIKEHHUE NUCIOKAIUM, 3aTpyaHsI-
€T IJIACTHUUYECKYIO Ae(pOopMaIiIO U TOATOMY CIIOCOOCTBYET YBEIMUYEHUIO IMPOYHOCTH.
3) nsa ycrpaHneHus 1e(eKTOB U BHYTPEHHUX HAINPSKEHUM, BOSHUKILINX B PE3YJIbTaTe
XOJIOJHOW nedopmanyy cruiaBa (Harpumep, NMpU MTaMIOBKE, BOJIOYEHUN) TPUMEHSI-
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eTCS PEeKPUCTAIM3AUMOHHBIN OTXUT. TeMrepaTypa HarpeBa MpPU STOM OTKUTE
CTAJIM 3aBUCUT OT €€ COCTaBa MU HAXOJUTCS B Ipejesiax 650-700°C. VBenuuenue B
CTaJIM YIJIepO/ia U JIETUPYIOIIMX 3JIEMEHTOB MOBBIIIAIOT TEMIIEPATYpPy PEKPUCTAIIIH-
3anuu. [Ipu 3TOM B mponecce HarpeBa Ha MecTe AedOpMHUPOBAHHBIX 3€peH o0pa3y-
IOTCSl M PacTyT HOBBIE 0e3edeKTHBIE (TTPOIIeCC PEKPUCTATUTH3AIINN ).

Hopmanm3zanus

HopMmanu3amnus 3aKkii0vaeTcss B HarpeBe ctaiaum 10 Temmneparypbl Ha 50...60°C
BBIIIE KPUTHUYECKUX TOUEK A3 (U1l JOPBTEKTOUIHON CTalnu) WM Ay, (A1 3a3BTEK-
TOUJIHOM CTaJIM), HEMPOJOJKUTEILHON BBIAEPIKKE MPU 3TON TeMIepaType M OXJIax-
JIEHUHU Ha CIIOKOMHOM Bo3ayxe. Hopmanu3zanuei sBisieTcsl TOJIBKO Takasi TEpMOoOpa-
00TKa ¢ OXJIAKJEHUEM Ha BO3JlyX€, B PE3YJIbTaTe KOTOPOM ayCTEHUT paclagacTcs Ha
beppuTo-1ieMeHTUTHYI0 cMech. Ecinu B pe3ynbraTe 00pa3yercsi MapTEHCHUT, TO 3TO
3aKajka (caMo3aKalMBarOUIUECs CTalM), a He HopManu3auus. Hopmanu3zanusi BbI3bI-
BaeT MOJHYIO (Da30BYIO MEPEKPUCTAIUIM3ALIUIO CIUIaBa, YCTPAHSIET KPYMHO3EPHUCTYIO
CTPYKTYPY, MOJIYYEHHYIO TPU JIUThE WIM MEXaHUYECKOU 00paboTKe, CHUKAET BHYT-
peHHue HanpspkeHus. OXJIaxkIeHrue Npyu HOpMalM3aluu MPOUCXOAUT ObICTpee, YeM
IIPU OTXKHUTE, MOATOMY OHA 3KOHOMUYHEE OTkura. [[pUMEHSAIOT HOpMaIU3aluo KaK
MOATOTOBUTENIBHYIO OINEPALUI0 MEpEeNl 3aKAIKOH M OTILyCKOM; BMECTO OTXHUra IS
HU3KOYTJIEPOAUCTHIX CTAJICH; BMECTO 3aKajKH + OTIIyCKa ISl CPeAHEYTIECPOAUCTHIX
CTasei.

Xumnko—repmuyeckas oo0padorka (XTO) cranan
Xumuko—tepmuueckas oopadorka (XTO, moBEepXHOCTHOE JIETUPOBAHUE) —
3TO 00paboTKa, 3aKJIIOYAIOIIAsCA B COUETAHUU TEPMHUYECKOTO M XMMHUYECKOrO BO3-
JEUCTBUS HA CIUIABBI JJIT M3MEHEHUSI XUMHUYECKOTO COCTaBa, CTPYKTYPHI M CBOMCTB
UX MOBEPXHOCTHBIX c10€B. XTO cBonutcs k AMG HY3MOHHOMY HACBHIIIEHUIO MOBEPX-
HOCTH M3JeNHsl HeMeTallaMu (YrjiepoioM, a30TOM, KpeMHueM, 0OpoM U T.J.) WIH
MeTaulaMH (XpOMOM, aJIFOMUHHUEM U T.J.) B TIPOLIECCE BBIIEPKKHU MPU OMPEIeTEHHOM
TEeMIIepaType B ra30BOM WM KUJKOU CpeIe.
[Ipun XxUMHKO-TepMUUYECKOU 00pabOTKEe MapajyieIbHO MPOTEKAET HECKOJIBKO
IPOLIECCOB:
1 — oOpa3oBaHue B OKpY’KawIlell cpefe akTUBHOTO MudPyHIUPYIOIIETO 3e-
MEHTa (B aTOMapHOM WJIM HOHU3UPOBAHHOM COCTOSIHUM);
2 — aacopO1usi aTOMOB (MOHOB) TTOBEPXHOCTHIO 00pabaThIBaEMOro CrjiaBa ¢ 00-
pa3oBaHMEM XUMHUYECKHUX CBS3EH - XeMOCOpOLIHS;
3 — muddy3us aacopOUPOBaHHBIX ATOMOB BIITyObh 00pabaThIBAEMOTO U3ICTIHUS;
B pesynbrare XTO Ha moBepxHOCTH u3nenus oOpasyerca nuddy3uoHHBINA
CJIOH, OTJIMYAIOILIUICS OT OCHOBHOT'O MaTepHaia XUMUYECKUM COCTaBOM, CTPYKTYpOit
Y CBOMCTBaMH.
XUMUKO-TepMHUUECcKass 00paboTka 00aaeT PsAAOM MPEUMYIIECTB (HAIpH-
Mep, Tiepe] MOBEPXHOCTHOM 3aKaJIKOM ):
1 — moBbIIIEHME MEXAHUYECKUX CBOMCTB MOBEPXHOCTH U3JIETHUSl HE 3aBUCUT OT
dbopMBbI U3IENNS;
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2 — pa3nu4uie B CBOMCTBAX MEXIY MOBEPXHOCTHIO M CEPAIICBUHON OOJBIIE, YeM
IIPY MIOBEPXHOCTHOM 3aKajiKe, TaK KaK U3MEHSETCSl HE TOJIBKO CTPYKTYpa, HO U XUMHU-
YECKHUM COCTAaB;

3 — mocnencTBUs HarpeBa U3AeNus MOTYT ObITh YCTpaHEHbI MOCIEAYIOIIEeH Tep-
MHUYECKON 00pabOTKOM.

Crnenyer otMetutb, uTo XTO ycTynaer moBepXHOCTHON 3aKaJIKE B TIPOU3BO-
JTUTEIBHOCTH.

XUMHKO-TepMUYECKasi 00paboTKa MOAPA3ACIICTCS HA CISAYIONINE BUIBL: IIe-
MEHTaIMs, a30TUPOBAHUE, [IMAHUPOBAHUE, HUTPOIIEMEHTAIINsI, OOpPUPOBAHUE, ATTUTH-
pOBaHKE, XPOMUPOBAHUE, CUITUIIUPOBAHHUE.

Iemenmayusn. llemeHTanmen Ha3pIBACTCS MTPOLECC IMTOBEPXHOCTHOIO HACHIIIIE-
HUA cTanu yriepoaoM. OCHOBHAs LEIb [IEMEHTAI[UU — MOBBIIIEHUE TBEPJIOCTU U U3-
HOCOCTOWKOCTH TTOBEPXHOCTH, YTO OOBSCHSICTCS MOBBIIEHUEM KOHIICHTPAIIUU yTJie-
pona B moBepxHOCcTHOM ciioe 10 0,8 — 1,0%. ITocie nemeHTanuu NpoBOJUTCS 3aKall-
Ka U HU3KUW OTIYCK, YTO MPUBOJUT K MOBBIIICHUIO TIPEieNia BEIHOCIUBOCTH.

JI1sl leMeHTalMKU UCTIOJIb3YIOTCS HU3KOYTJIEPOAUCThIE CTalU C COJIEP)KaHUEM
yraepona 0,1 — 0,2% C, a ana kpynHorabaputHsix aetaneit — 0,2 — 0,3% C. Ilpu
TOM TBEpJasi, U3HOCOCTOMKAsI TTOBEPXHOCTH (MOCIe TepMOOOPAOOTKHI) COUYETACTCS C
BA3KOM cepaleBuHOM. YacTo eMeHTaluu noiBepraeTcsi TOJIbKO YacTh JETalH; TOrAa
Y4acTKH, HEe MOJJIeKalllle YIPOUYHEHHUIO, 3aIUIIAI0TCS clioeM Meau ToimuHon 0,02
— 0,04 MM, HAHECEHHOTO DJIEKTPOJIU30M, W CICITHATHPHBIMA OOMa3KaMHu.

JIst HaChIEHUS YTIIIEPOJOM OBEPXHOCTH CTaIM YIJIEPO JOJIKEH HAXOUThCS
B aTOMapHOM COCTOSIHUM. JTO OCYIIECTBISIETCS MPU JIUCCOLMAIIMU YIIIEPOI0COAEP-
xamux coenunenuit — CO, CHy u np. ATomapHbIil yriaepoa aacopOupyeTcst moBepx-
HOCTBIO cTanu v qudGyHaAupyeT BriIyOb MeTasia.

[lemeHTAIMIO TPOBOAAT MPH TeMIeparypax Beie Touku Az (930 — 950°C),
KOI'/Ia yTIepoJl pacTBopsieTcs: B aycTeHuTe. Ha mpakTuke IEMEHTUT Ha MOBEPXHOCTH
oOpazyercs peako, oObIYHO U] HY3UOHHBIN CIONH COCTOUT TOJIBKO U3 ayCTEHUTA, a
10CJIe MEJICHHOTO OXJaXJIECHUsI — U3 MPOIYKTOB ero pacnana. [{eMeHTupoBaHHBIM
CJIOW MMEET MEePEMEHHYIO KOHIIEHTPALIMIO YTIEpoa MO TOJIIINHE, KOTOpasi CHUXKAeT-
Csl OT MOBEPXHOCTH K cepaleBuHe aetanu. [locne MenneHHOro oxnaxaeHus B CTpyK-
Typ€ UEMEHTOBAHHOI'O CJIOS PA3JIMYaIOT TPU 30HBI: 3a3BTEKTOMAHYIO (PEIIKO), IBTEK-
TOUJHYIO U JIOABTEKTOUJIHYIO. 3a TOJIIMHY [IEMEHTOBAHHOTO CIIOSl IPUHUMAIOT CyM-
MY TOJIIUH 323BTEKTOMHOTO, 3BTEKTOUJHOTO U MOJIOBUHY JO3BTEKTOMAHOTO (Iiepe-
XOJTHOTO) CJI0sA, OHa cocTaBsieT 00baHO 0,5 — 2,0 MM, KoHIIeHTparus yraepoaa — 0,8
—1,0%.

CyuiecTByeT J1Ba BUJa IEMEHTAIUU:

- TBEPIBIMH YTIIEPOAOCOACPKANTUMHU KapOIOpU3aTOpamu;

- ra3000pa3HBIMU KapOropu3aTOpamu.

Teépoviii kapbropuzamop — akTUBUPOBAHHBIN JIPEBECHBIN YrojIb C aKTUBU3ATO-
pamu — BaCO; u Na,COj; (10 — 40%). U3penus 3arpyxarotcsi B CTaJbHOM SIIUK, MO-
CJIOMHO MepEeChINarTcs KapOrpu3aTopoM U yTpamMOOBbIBaeTcs. SAMMK MoOMenaT B
eub, TJ€ OH HArpEeBAeTCs M BBIAEPKUBAETCS Ipu Temmeparype 910 — 930°C 5 — 6
yacos. Ilocie sroro cnenyer oxnaxkaenue 10 400 — 500°C u sk BCKphIBaroT. B
Mpoliecce HarpeBa U BhIIEPKKU MPOUCXOAIT PEaAKIIUU:
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2CO — CO, + Cyron (16) BaCO;+C — BaO +2CO  (17)

l'azo6as yemenmayusi — OHA OCYIIECTBIIICTCS IPH HArPEBaHUH U3/IETUI B Ccpe-
JIe YTJIEBOAOPOIHBIX Ta30B.

CH; — 2H, + Cyron. (18) Cauron T Fe, = ayctenut Fey(C) (19)

DTOT METO UMEET P IPEUMYIIIECTB:

- TIpH Ta30BOM IIEMEHTAIIMHA MOYKHO PETYJINPOBATh KOHIICHTPAIMIO YTIJIEpO/ia B
MIOBEPXHOCTHOM CJIOE;

- COKpAIlaeTCsl JUIMTEIBHOCTh MPOIlecca, TaK KaK HEe HaJ0 MPOTrpeBaTh SAIIUK C
KapOIOpU3aTOpOM;

- TIPOLIECC JIETKO MEXAHU3UPYETCA U aBTOMATU3HPYETCS,;

- YIpoILaeTcs Mocienyomas TepMudeckas o0padoTka, Tak Kak 3aKallKy MOX-
HO MPOBOJUTH MPSMO U3 MEYH.

Tepmuueckas 06paboTKa MOCiIE LEMEHTALUU MPOBOAUTCS JJIsl UCIPABIICHUS
CTPYKTYpBhI M U3MEJIBYCHUS 3€pPHA CEPAIICBHHBI U [IEMEHTOBAHHOTO CJIOf, TaK KakK B
IpoIecce IEMEHTAINA Hen30€KHO MPOUCXOIUT POCT 3€pHA M3-32 BRICOKOW TeMIiepa-
TYpHl U JUTUTEILHOCTH TIpoIecca. JTa TepMudeckas 00paboTKka COCTOUT B 3aKajKe U
Hu3KkoM otnycke mnpu 160 — 180°C (must cHaTHs Hanpspkenuit) (pucyHok 23 a). [lpu
3TOM IIEMEHTOBAHHBIN CIIOW MPUOOPETaeT BHICOKYIO TBEPAOCTh M YCTpaHSAETCS Iie-
MEHTHUTHAs CE€TKa, BOSHHUKAIOIIAs MIPH MEPECHIIIICHUN TTOBEPXHOCTH U3IEIHHA yIiIepo-
JIOM, a TaK)K€ OCYIIECTBIIACTCS MEPEKPUCTAILTN3ANNS U U3METbUCHUE 3€pHA CepIlie-
BUHBI.

a — OIHOKpAaTHAas 3aKaJIKa;
0 — IByKpaTHas 3aKajka (/1711 OTBETCTBEHHBIX J€Taleil MaIlIiH)
I — nemenTanus; I — 3akanka; Il — ormyck; IV — noxacryxxuBanue

Pucynoxk 23 — Pexum TepMudeckoir 00padOTKU MOCHE IIEMEHTAIHH

bosee BbICOKHME MEXaHMYECKHUE CBOWMCTBA IIEMEHTOBaHHAsl CTajb MPUOOPETAET
pu ABYKpaTHOM 3akainke (pucyHok 23 0). [Ipu nepBoii 3akajike HarpeB OCyLIECTBIIS-
ercs 10 Temmepatypsl Ha 30 — 50°C Beimie Touku Aj. ITocie He€ cepaueBrHa npuoo-
peTaeT MENKO3epHUCTYIO CTPYKTYpy. [Ipu BTOpOIi 3akajike HarpeB OCYILIECTBISAETCA
no temueparypsl Ha 30 — 50°C Bolme Touku A;. ITocie 3aKaku MEJIKO3EPHHUCTOE
CTpPOEHHE NMPUOOPETAET HAYTIEPOKEHHBIHN CITOM.

MexaHnueckue CBOMCTBAa LIEMEHTOBAHHOTO CJIOSI 3HAUUTENIBHO IOBBIIIAECTCS
MpU KCIOJIb30BAHUU JIETUPOBAHHBIX CTAJICH, €CIU JIETUPYIOUIUE 3JIEMEHTHI — XOPO-
mme kapoumpooOpa3oBaTeny.
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A3omupoeanue. A30TUpOBaHUWEM Ha3bIBaeTCs mpouecc AUQPQGY3MOHHOTO Ha-
CBIILIEHUS] TIOBEPXHOCTHOTO CJIOSl CTalM a30TOM MPU BBICOKHX TemriiepaTypax. [lpu
TOM MOBBIIIAETCS TBEPAOCTD, H3HOCOCTOMKOCTD, MPE/IEN BHIHOCIMBOCTH U KOPPO3U-
OHHAsi CTOMKOCTh MOBEPXHOCTU CTANBbHBIX H3Aenuil. OOBIYHO a30TUPOBAHKE MPOBO-
IST B cpene ammuaka npu temmeparype 500 — 600°C. TBEPAOCTh a30THPOBAHHOIO
CJIOS BBIIIE, YeM IIEMEHTOBAHHOI'O M OHa coXpaHsieTcs npu Temieparype 600 —
650°C.

OO0pazoBanue MOJEKyJsIpHOTO a30Ta et mo peakiuu 2NH; — N, + 3H,. Ha
IIOBEPXHOCTH CTAJIM MOJIEKYJISIPHBIM a30T AUCCOLMUPYET HA aTOMAapHbIM, KOTOPBIN
mudyHaupyert Briyobs Metamia. B mpouecce a30THpoBaHUS B COOTBETCTBUHU C JIHa-
IpaMMOI COCTOSIHHS JK€JIe30 — a30T B MOBEPXHOCTHOM CJIO€ 00pa3yeTcsl CIIOXKHAsS
MHOro(a3Hasi CTPyKTypa. A30THpOBAaHUE — JUIMTEIbHAs omneparus. TONIHA CIos
00bI4HO cocTaBisieT He Oonee 0,5 MM, JIs1 3TOro Bpemsi 0OpabOTKU COCTaBIsAET 55
4acoB.

TBEPAOCTh U U3HOCOCTOMKOCTh a30THPOBAHHOIO CJIOSI 3HAYUTEIHHO MOBBIIIA-
€TCsl y CIelMaIbHO JIETMPOBAHHBIX CTaliel (HUTPOJIOEB), COACPKAUTUX HUTPUI000pa-
sytoue sneMeHTel — Cr, Mo, Al, V, Ti. [loaToMy a30TUpOBaHUIO MOJIBEPrarOTCs
CPEIHEYIJIEPOAKUCThIE JIETUPOBAHHBIE CTAIIH.

XOTsl a30TUPOBAHHASI MOBEPXHOCTh CTaieil (0COOEHHO JIErMpOBAaHHBIX) 00Ja-
naeT 6oJiee BBICOKOW TBEPIOCTHIO M M3HOCOCTOMKOCTBIO, YEM LIEMEHTOBAHHAs, a30-
TUPOBaHHE TPUMEHAETCS PekKe U3-3a OONbIIeH ATUTEIBHOCTH MPOLiecca U MEHbIIEH
TOJILMHBI YIIPOUHEHHOTO CJIOS.

TexHOomorus a30TUPOBAHUS COCTOUT U3 HECKOJIBKUX OIEPALUN:

1. [IpeaBapurenbHas Tepmudeckas 00padboTka — ynyumienue. [Ipu atom cepa-
[IEBMHA JIETaJIl MPUOOPETAET BHICOKYIO TPOYHOCTH U BA3KOCTb.

2. Mexannueckas o0paboTKa — JIsl MOTy4€HUs OKOHYATEIbHBIX Pa3MEPOB.

3. 3amura y4yacTKOB, HE MOJUIEKAIIMX a30THPOBaHUIO. JlJIsi 3TOro HAHOCAT
ANEKTPOTUTHYECKHUE OJTOBIHHBIC MOKPBITHS (10 — 15 MKMm).

4. A30TUpOBaHHUE.

5. HoBoaka uznenus (muindoBaHKe).

HNonHoe a30THpoBaHUe OCYIIECTBIAETCA B MIa3Me Tieroiero paspsaa. Craib-
HOM KOHTEIHEP, B KOTOPOM PACHOIOKEeHbl 00pabaThiBaeMble JAETaNIH, SBISETCS aHO-
noMm. Camu aetanu — kKaTooM. Yepe3 KOHTEHHEp MpHU HU3KOM JIABJICHUH MPOIYCKa-
€TCsl a30Tocojepkaias cpefa (aMMmuak, a3ot u T.1.). CHavyaia mpu KaTOAHOM pac-
NBUICHUH MPOUCXOJUT OYMCTKA MMOBEPXHOCTH, 3aTEM HOHBI a30Ta MOIVIOIAIOTCS I10-
BEPXHOCTBIO, Aaniee uAET nporecc nupdysuu. Temneparypa npu 3TOM JOXOAUT J0O
450 — 550°C. O6mee Bpems mporiecca cHKaercst B 2 — 3 pasa. Iporiecc KaTogHoro
pacmbUIeHHs] MOCTOSHHO OYHINAET MOBEPXHOCTh JAETaIN OT O0pa3yoIuXcsi OKCHI-
HBIX CJOEB, IPEMATCTBYIOIINUX a30TUPOBAHHUIO.

HMoHHoe a30THpOBaHME MHCTPYMEHTOB M3 OBICTPOPEKYIIECH CTalM MOBBIIIAIOT
MX CTOMKOCTbH B 2 — 5 pa3.

Humpouemenmayua — 310 coBmecTHoe AUG(Y3MOHHOE HACHIIIEHUE CTalU
a30TOM M yTaepoJioM. A30T CIOCOOCTBYET YBEIMUYEHUIO CKOpOCTH Auddy3un yrie-
pojIa, YTO MO3BOJISIET CHU3UTh TeMIieparypy mporiecca 1o 850°C. Cpenoit uist HUTPO-
[IEMEHTALIUU SIBJISIETCA CMECH YIJIEBOJIOPOAHBIX ra3oB ¢ ammuakoM (3 — 5%). Ilpo-
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JOJDKUTENBHOCTD mpouecca 2 — 10 4., TonmuHa ci1os oopasyromuxcst KapOOHUTpH-
noB 0,25 — 1,0 mm.

["a30By10 HUTPOLIEMEHTALMIO MPUMEHSIOT AJI1 00paOOTKU U3JIETUN CIIOXKHOM
(dbopMBbl, KOTOPBIE MIPU BBICOKUX TEMIIEpPATypax MOT'YT MOABEPTHYTHCS KOPOOJIEHUIO.

Huanupoeanue — 0THOBPEMEHHOE HACBILIEHUE CTAIM YIJIEPOJOM U a30TOM B
pacmiaBax cosied. Banna g upuanupoBanus coaepxut 20 — 25% NaCN, 25 — 50%
NaCl u 25 — 50% Na,COs. Temmneparypa mporecca 820 — 860°C. 3a 1 yac BbIIEPKKH
obpasyercs cnoit TommmaOoN 0,3 MM ¢ comepxkanueM yraepona — 0,7% u 1% azora.
[Tocne nuaHUpOBaHMS NPOBOJAT 3aKaJIKy M3 BaHHbI M HU3KUK OoTHyck npu 180 —
200°C.

[{naHupoOBaHHBIN CJIOW MO CPABHEHUIO C IIEMEHTOBAHHBIM 001a/1aeT O60jee BhI-
COKOM M3HOCOCTOMKOCTBIO.

Augppysuonnas memannuzayua - NOBEPXHOCTHOE HACBIIIEHUE CTAU aJlkO-
MUHHEM (QJIUTHUPOBAHKE), XPOMOM (XpOMHUPOBAHHE), KPEMHUEM (CHIIMIIUPOBAHUE),
o6opom (OopupoBaHue), MUHKOM (IIMHKOBaHME). [locie HachIlleHUsT MOBEPXHOCTh
NPUOOPETAET KAPOCTOMKOCTh, KOPPO3UOHHYIO CTOMKOCTH, IMOBBIINICHHYIO H3HOCO-
CTOMKOCTbh U TBEPHAOCTb.

[Ipoiiecc MOXKET OCYLIECTBISATHCA B KUIKOM Cpejie — paciulaBe MeTaula WM
ra30BbIM METOJIOM — C MOMOIIBIO JETYYUX COeAUHEeHUH (XIopuaoB). Auddy3us npo-
tekaer npu temmeparype 900 — 1050°C B Teuenue 6 — 12 yacos.

1.11 KoHCTPYKIIMOHHBIE CTAJIH

KOHCTpYKIIMOHHBIMY HA3bIBAIOT, CTAJIM, IPUMEHSEMbIE JJI U3TOTOBJICHUS Jie-
Tajgeil MalllH, KOHCTPYKUUNA U cOoOpyKeHHd. KOHCTpYKIIMOHHBIMU CTaJsIMU MOTYT
OBITh YIIEPOIUCThIE U JierTupoBaHHbIe cTtanu. Colep:kaHue yriiepojaa B 3TOW rpyre
cranei yanie He npesbiaet 0,5+0,6%.

JleTanu COBpeMEHHBIX MAIINH U KOHCTPYKIIUNA pabOTaIOT B YCIOBHSIX BHICOKHX
JTUHAMUAYECKUX HArpy30K, KOHIIEHTPALUWA HANpPSKEHUN U BBHICOKUX (HU3KHX) TeMIle-
patyp. Bce 310 MoOkeT mpuBeCTH K XpYINKOMY Pa3pyILIEHUIO U CHU3UTh HAJEKHOCTh
paboTbl MexaHu3MOB. [103TOMY KOHCTPYKIIMOHHBIE CTAIH TOMUMO BBICOKMX MEXaHHU-
YEeCKUX CBOWCTB, ONPEAEIAEMbIX IIPU CTAHIAAPTHBIX UCIIBITAHUSX (Gy, o2, Ay, 0, HB),
XapaKTEPUIYIONINX MEXAaHNYECKUE CBOMCTBA, TOJDKHBI 00J1a71aTh BEICOKON KOHCTPYK-
TUBHOU MTPOYHOCTBIO, T.€. MPOYHOCTHIO, KOTOPAsi MPOSBIISECTCS B YCIOBUSIX PEaTbHOTO
npuMeHeHus ctand. KoHCTpyKIIMOHHAs CTaylb JTODKHA 00J1aaTh U XOPOITUMHU TEX-
HOJIOTUYECKUMHU CBOWCTBaMHU: 00padaThIBA€MOCTHIO JaBJIEHHEM (IIPOKAaTKa, KOBKa,
HITAMIIOBKA U T.J.) U pE€3aHUEM, XOpOIIEeH CBapHUBAEMOCTBIO, BHICOKON MpOKaINBae-
MOCTBIO U MaJIOW CKJIOHHOCTBIO K JiehopMaliuu U TPEMIMHOOOpa30BaHUIO MIPHU MPOBeE-
JIEHUM TePMHUYECKONU 00pabOTKH.

Knaccudukauus crasei. [Io XuMuYeCcKOMY COCTABY CTalu JICJAT HA yTJIEpO-
JUCTBIE U JITUPOBaHHBIC. YTJIEPOAUCTHIE CTAIU MO KAYECTBY JENATCS Ha OOBIKHO-
BEHHOI'0 KauecTBa M KauecTBeHHBIE. [10 comep:xxaHuIo yriepoaa — Ha HU3KOYTJIEPO-
nucteie (< 0,3 % C), cpenneyraepoauctbie (0,3...0,6 % C) u BBICOKOYTIEPOIUCTHIC
(> 0,6 % C).
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Bausinue yriepoaa u npumeceil Ha cBoicTBa crajei. [locne omxura cTpyk-
Typa YIJIEpOJUCTON CTaJli MpEeACTaBiIsieT co00il cMech (eppuTa U LIEMEHTHUTA, B KO-
TOPOM KOJIMYECTBO LIEMEHTUTA YBEIIMUMUBACTCS C YBEIMYECHUEM COJIEPKAHUS YIIIepo-
na. OeppuT MIACTUYHBIA U MAIOIPOYHBIM, @ IEMEHTUT TBEPAbIM U Xpynkui. [ToaTo-
My, C YBEJIMYEHUEM COJEPKaHUs YIJIepoaa B CTAIM IPOYHOCTh BO3pacTaeT (10 Mmpu-
MmepHo 1,4%, T.K. 3aTeM CTallb CTAHOBUTCS XPYINKOW), TBEPAOCTh BO3pAcTaET, a IJja-
CTUYHOCTb M CONPOTHUBIICHUE yJIapHBIM Harpy3kam MaJlalT, CHUKAETCS CIIOCOOHOCTb
K nedopmanuu. Yriepoa U3MEHsAET U TeXHOJOorudeckue cBoiicTBa. C yBeqTndeHHEM
COJIEp’KaHUsl yIiepoJa CHIKAETCS CIOCOOHOCTh Ne(OpMUPOBATHCA B TOPSYEM U
O0COOCHHO XOJOJHOM COCTOSTHUSIX, YXYAIIAETCS CBapUBAEMOCTb CTajH, KOPPO3UOH-
Has cTOMKOCTh. CTanmy 001aMar0T HU3KUMU JINTEHHBIMU CBOMCTBAMM.

Bpeansbie npumecu. Cepa — HaxoauTcs B ctanu B Buje FeS u cnocobcTByer ee
XPYIIKOMY Pa3pyLUEHHUIO NMpU ropsyen o0paboTkKe, T.e. KpacHOIOMKOCTH. Docdop —
pacTBopsisich B (peppuTe, AeNaeT €ro XpyNnKkuM M MOBBIIIAET TEMIEPATYPY Mepexoa
CTaJIM B XPYIKO€E COCTOSIHUE (MOPOT XJIAJHOJOMKOCTH). A30T, BOAOPOA U KHUCJIOPOJ]
— CHIKAIOT INTACTUYHOCTh M YBEJIIMYMUBAKOT CKJIIOHHOCTh CTAJIM K XPYIIKOMY pa3pylie-
HUIO.

ITose3nbie mpuMecu. Maprasen — yIpouHseT CTajb, YCTPAHIET BPEAHYIO CEpy
(0oOpa3zyer MnS, BCIUIBIBAIOUIMNA U YJAJISIOIIMNCSA BMECTE CO IUIAKOM) U PACKUCIIAET
cranb (ynansetr FeO mo peakunu FeO + Mn — MnO + Fe). Kpemnunii — packucmser
cranp (ynanser FeO mo peaknuu 2FeO + Si — SiO, + 2Fe) u nossliinaer ee ynpy-
rOCTb.

Yriaepoaucroie CTAIU

[To cTpykType nenarca Ha nossrekrouansie (< 0,8% C, cocTost u3 dpepputa u
nepauta), 3BTekTouanbie (0,8% C, cocToSIT W3 NepiauTa) U 3a’BTEKTOUIHBIE (>
0,8% C, cocTOST U3 NMEpJIUTA U IEMEHTHUTA).

Yraepoaucrtoie cTajJn 00bIKHOBEHHOT0 Ka4eCcTBA. JTU CTANIU SBJISIOTCS HaU-
Oosee memeBbIMU. B HUX J0OIyCKaeTcsl BBICOKOE COJIEpKAHUE BPEIHbBIX NMPUMECEH U
HEMETAJUIMYECKUX BKIIOYEHUH. BhilmyckaioT B BUe NMpoKara — JUCTOB, OAlOK U T.II.
Mapxkupytorca OykBamu Ct u mudppamu 0...6, 0003HaAYaIOMIMMU HOMEP MapKu IO
['OCTy: C10...Ct6. Yem BbIlie mudpa, Te€M O0JIbIIIE B CTalU yriaepojaa. B 3aBucumo-
CTH OT FapaHTUPYEMbIX KA4E€CTB JEJSAT HA TPU IPYIIIbL: CTAJIU FPYNINbI A MTOCTaBIs-
IOTCSl C TAPAHTUPOBAHHBIMU MEXAHUYECKUMHU CBOMCTBAMHU, IPUMEHSIOTCS 0€3 TepMO-
o0OpaboTku. C yBelInYeHHEM COJIEpKaHUs YIiIepoJa B CTalU Mpeae MPOYHOCTH pac-
teT oT 300 o 700 MIla, a mnactuuHocTh noHuxkaercs ¢ 30% no 12%. Cranu rpyn-
nbl b mocTaBisIOTCS ¢ rapaHTHPOBAaHHBIM XMMHUYECKHM COCTaBOM, MEXaHHMYECKHE
CBOIICTBa He periaMmeHtupyercs, moasepratorcsa TepmooOpadoTtke (BCtl..BCTS).
Cranu rpynnbsl B moctaBisioTcst ¢ rapaHTHPOBAaHHBIMU XUMUYECKUM COCTAaBOM U
MEXaHUYECKUMH CBOMCTBAMU, IPUMEHSIOTCA JJII U3TOTOBJICHHS CBAPHBIX KOHCTPYK-
nuii (BCrl...BC15).

Yriaepoaucreie KauyecTBeHHbIEe cTajdu. KadyecTBEHHbIE YIIIEpOAUCTHIE CTAIU
UMEIOT MMOHMKEHHOE CO/IepKAHUE BPEAHBIX NMPUMECe U HEMETANTMYECKUX BKIIOUe-
HUM. 3HAUUTENbHO MEHbIIIE pa3dpoc Mo coaepkanuio yriepoaa. [locrapnstoTces ¢ ra-
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PaHTUPOBAHHBIM XUMUYECKAM COCTABOM M MEXaHWYECKHMH CBOWCTBaMHU. Mapkupy-
torcst nudpamu 08 ... 80, yka3bIBaIOIIMMU CpPEHEE COJAECpPIKAHUE YIJIEpOaa B COTHIX
nosax mpouenta (ctanb 45 conepxut 0,42 ... 0,48 % C). Cranu 08...20 — HU3KOYT-
JIEPOAUCThIE, UMEIOT CPAaBHUTEIHLHO HU3KYIO IpouHOCTh (320-420 MIla), BeICOKYIO
IIACTUYHOCTD (25-32%), X0opollyto cBapruBaeMOCTh U IITaMIyeMOCTh. [IpuMeHstoT-
Cs Ul MU3TOTOBJIEHUS MajloHarpyx eHHbIX aetaneit. Cranu 30...50 — cpeaneyrJiepo-
AUCTbIE, UMEIOT MOBBIICHHYIO MpoYHOCTh (450-650 MIla), mnactuunocts (14-20%).
[TpumeHsrOTCS 1Sl M3TOTOBIICHUS IETaNIel, HECYIINX 3HAYUTEIbHBIE Harpy3KH (Iec-
TepHH, Baibl Ap.). Ctamu 65...85 — BBICOKOYIJIepOAUCTHIE, UMEIOT 00JIee BHICOKYIO
npoyHocTh (550-650 MIIa), M3HOCOCTOMKOCTh M YHPYrOCTh, IMJIACTUYHOCTH (12-
14%). IIpumeHnstoTcs 115l U3TOTOBIECHUS MPYXKUH U PECCOP.

JlerupoBaHHbIE CTAJIH

JlernpoBaHHBIMU Ha3bIBAIOTCS CTalld, B KOTOPBIE JIs MOJY4YEHHUS TpeOyeMbIX
CBOMCTB CIELUANIbHO J00aBISETCA OMpPENENIEHHOE KOJIMYECTBO JIETUPYIOUIUX dJie-
MeHTOB (JID).

OCHOBHBIMU JIETUPYIOLUIUMU 3JI€MEHTAMU KOHCTPYKIMOHHBIX CTajeil SBISIOTCS
XpOM, HUKENb, KpeMHUI U MapraHell. Boiasdpam, MonubdaeH, BaHaauii, Tutad, 6op u
JPYTHUE 3IEMEHTHI HE IPUMEHSIOT B KAU€CTBE CAMOCTOATENbHBIX MPUCAIOK, a BBOASAT
B CTaJIb B COYETAHUU C XPOMOM, HUKEJIEM U Maprasiem JJis yiIydlleHus: CBOMcTB. B
3aBUCUMOCTH OT MPOLEHTHOTO COAEPKAHUS JIETUPYIOLIUX JIEMEHTOB CTANIH, MOAPA3-
JEJSIIOTCA:

1. HuzkonernpoBaHHbIE — 70 2,5 JETUPYIOIIUX FJIEMEHTOB.

2. CpennenerupoBaHHbie — OT 2,5 10 10% Jerupyrommx 31eMeHTOB.

3. BricokonerupoBannbie — cBbile 10% gernpyromux 3J€MeHTOB.

[To cTpykType mociie HOpMajau3alMu KOHCTPYKUMOHHBIE JIETUPOBAHHBIE CTaU
MOTYT ObITh OTHECEHBI K MEPIUTHOMY WM ayCTEHUTHOMY Kjaccy. Ctanu, coaepixa-
e 10 0,25% yrnepona u 6onee 10% nerupyroniux 3J€MEeHTOB, 00pa3yroT aycTe-
HUTHYIO CTPYKTYpPY IOCJI€ HOpMAIU3allUH, T.K. JISTUPYIOIIHUE IEMEHThI PaCIIUPSIOT
TEeMIIepaTypHbI UHTEPBAJl YCTOMYMBOCTH aycTeHuTa. ECu jke KOHIEeHTpalus JieTu-
pyromux 3nemeHToB meHee 10%, a conepxkanue yriuepona 1o 0,6%, To Takue cranu,
OTHOCATCSI K IEPJIUTHOMY KJIaccy.

MapxkupoBka. B Hamell ctpaHe npunsta OykBeHHO-LM(]poBas cucrema, 1o
KOTOPOM cozeprKalluecss B CTaIH JIETHPYIOIINE JIEMEHThI 0003HAaYaloTCs 3arjiaBHbI-
mu OykBamu pycckoro andasura: X — Cr, H-Ni,M —Mo, T - Ti, K- Co, B—-W, T’
—Mn, C-Si, ® -V, 10 - Al, ]I - Cu, P — B, A — N; konmu4ecTBEHHOE COJCp>KaHNE
UX U yriaepoaa obo3Havaercs nuudpamu.

[lepBrie aBe HU(PH B MapKUPOBKE JIETMPOBAHHOM CTaJd COOTBETCTBYIOT
CPEIHEMY COJIEPKAHUIO YIJIepoJa B COTBIX A0JdsAX mnporeHTta. ConaepaHue JIeru-
PYIOIIUX 3JIEMEHTOB, €ClIM OHO TpeBbIaer 1,5%, oTmevaeTcs ciaeayeMon 3a OyKBOH
ayieMeHTa UGPO, BEIMYMHA KOTOPOH YKa3bIBAET COJAEpPKAHUE AJIEMEHTa B CTaJIH B
npouentax. Eciu xe conepkanue snementa menee 1,5%, To nudpa He cTaBUTCS.
bykBa A B KOHIIE MapKHUPOBKH O3HAYaET, YTO CTaJIb BHICOKOKAUYECTBEHHAsI U COJIEp-
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JKAT TOHI)KEHHOE KOJIMYECTBO NPUMECEW M WMHOPOJHBIX BKIOUueHUW. Hampumep,
cranb 60C2XDA: 0,6%C, ~2%S1, Cr <1,5%, V<1,5%, BLICOKOTO KadecCTBa.
BBoauMmeblie B cTanb Jerupyronme 3IeMEeHTbl MOTYT PacTBOPAThCS B (eppute,
ayCTEHUTE U LIEMEHTUTE UM 00pa30BBIBATH KAPOUIbI, a MPU BBICOKOM COJICP>KaHUHU
JIETUPYIOIIUX 3JIEMEHTOB M MHTEPMETAIIJIMIHBIE COCIMHEHUS C JKEIE30M WIIM MEXKY
co0oii.
JlerupoBaHue MO3BOJIAET PEUIUTDH CICAYIOUINE 3a/1aUH:

1. MexaHnyeckre CBOMCTBA IMMOCIIE TEPMUUECKON 00pabOTKH BBILIE, YEM Y yTJe-
POJHUCTBIX CTAJIEH C TEM K€ COACPKAHUEM YIIePOa.
2. BonbIIMHCTBO JErHPYIOMIMX 3JIEMEHTOB YBEIMYUBAIOT 00JacTh YCTOWYMBOTO

aycteHura. [loaTomy npokannBaeMocTh (CIIOCOOHOCTH CTalU MPUOOpETaTh 3aKaJleH-
HBIN CIIOM Ha ONpENENCHHYIO IIyOHHY) JISTUPOBAHHBIX cTane Bbimie. [Ipu 3akanke
MO>XHO NPHUMEHSTh «MATKHE» OXJaJUTENn (Macio, BO3yX), YTO B 3HAYUTEIbHOU
CTENEHM CHUXKAET Opak IO 3aKaJIOUYHBIM TPEIIUHAM U KOPOOJIECHUIO.

3. [ToBeImaeTcs 3anac yaapHO# BSI3KOCTU U COTPOTUBIICHUS XJ1aJHOJIOMKOCTH.
4, YBenuuuBaeTcs KOPPO3UOHHAS CTOMKOCTb, JKAPOCTOMKOCTh M KapOMPOYHOCTh
CTaJen.

CKJIOHHOCTh CTQJId K XPYNKOMY pa3pylIEHUIO CBS3aHA C KOJIUYECTBOM MPUCYT-
CTBYIOILIMX JICTUPYIOHIMX 3JieMeHTOB. Hanbosee OnaronpusiTHO BIUSIHUE HUKES,
MeIu U KpeMmHus. JlelicTBue Xxpoma, Bosibppama U MonbieHa BecbMma ciadboe, a Map-
raHIa B OOJBIIIOM KOJUYECTBE OTPUIIATEIHLHOE.

Huszxoyenepooucmvie u Huskonecupoganuvie CTaTU COAEPHKAT TOBBIIICHHOE
KOJIMYECTBO MapraHiia U KPEMHUSI, a TAKKE XPOM, HUKEJb, MEJlb U HEKOTOPbIE JPYyTHe
AJIEMEHTHI. DTU CTAJIM B TOPAYEKATAHOM COCTOSIHUU WJIA MOCJIE HOPMaIU3aluu MpHU-
MEHSIOT JIJIsi CBAPHBIX KOHCTPYKITUH, MAaruCTPAIbHBIX HEPTE- U Ta30IIPOBOJIOB U pe-
JKe JUTsl I3TOTOBJICHUS JIeTajeH Ui MallMHOCTpoeHus (Tabdmuma 1). OTu cranu oObrd-
HO HE MOJBEPraroT TEPMUUECKON 00padoTKe.

Jlerupytoiue 3J1€eMEeHTbI, pacTBOPSACH B (PEppUTE, YMEHBIIAIOT pa3Mep 3epHa
Y, YBEJIMUMBAs CKJIOHHOCTh ayCTEHUTA K MEPEOXJIAKICHUIO, CIIOCOOCTBYIOT U3MENh-
yeHuto KapouaHo ¢asbl. [loaToMy HU3KOIETHPOBAaHHBIE CTATU UMEIOT O0Jee BBICO-
KO€ 3HAUEHUE MPEAENIOB MPOYHOCTU M TEKYyYeCTH MPU COXPAHEHUU XOpOIlIeH Iia-
CTUYHOCTH I10 CPABHEHUIO C YTIEPOJUCTON CTANbI0 OOBIKHOBEHHOTO KaYeCTBa.

Tabnuna 1 - Mexanndeckue CBOICTBA M Ha3HAUYEHUE HEKOTOPBIX HU3KOJIETUPOBaH-
HBIX CTaJIEH.

Mapka G, Go.25 d, Hasnauenne
CTaJIH Mlla | MlIla | %
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19r 480 | 320 | 22 | CapHble HETEIPOBOIbI; CBAPHbIE KOHCTPYKIIUU
14172 470 340 21 | TOMEHHBIX MEeYeH, MbUICYJIOBUTEIEH, BO3yXOHAar-
peBarenen M T.1.

171°C 520 350 23 | I'azompoBojHbIe TpPYOBbI, KOpITyca almaparos,
JTHUII, (JIaHIIEB U IPYTUX CBAPHBIX KOHCTPYKIIHIA.

14XTC 500 350 22 | CBapsble TpyObl MAaruCTPaIbHBIX TA30MIPOBOJIOB.

I5SXCHJ | 500 | 350 | 21 |CrpourenbHbie ¢epMbl, MOCTBI, BATOHBI, paMbl U
T.JI.

HuzkonernpoBaHHble HU3KOYIVIEPOJIUCTHIE CTAIM XOPOILIO CBAPUBAIOTCA. DTO
03HAYaeT, YTO OHU HE 00Pa3yIOT IPU CBAPKE XOJOIHBIX U FOPAYUX TPELIUH, U CBOM-
CTBa CBAPHOI'O COEIMHEHUS U Y4YAaCTKOB, IPUIETAIOIINX K HEMY, OJIM3KH K CBOMCTBAM
OCHOBHOT'O MeTaJlia.

HuzkonernpoBaHHbIE HU3KOYIJIEPOJUCTBIE CTAIM MOTYT IOJBEPIaThCs LIEMEH-
taiuu. [Tocne neMeHTanuu, 3aKkajky ¥ HU3KOTO OTITYCKa MOBEPXHOCTHBIN CJIOW MpH-
o0OpeTaeT BBICOKYIO TBEPIOCTb U M3HOCOCTOMKOCTH, a CEPJIEBUHA MMEET BBICOKHIA
npenes TeKydyecTy. [Jemenmupyemvie CTaId HanboJiee IMHUPOKO UCIOIB3YIOT I W3-
TOTOBJICHUS IIECTEPEH, BTYJIOK, PACHPEACIUTENbHBIX BaJIUKOB M JJIA JAETAEH OT-
BETCTBEHHOI0 HA3HAYEHHUS, UCHBITHIBAIOIINX MPU SKCIUTyaTalluu 3HAYMTENIbHbIE JU-
HaMUYEeCKHe Harpy3ku. lleMeHTanuu moaBepraroT XpOMHCTBIE, XPOMOBaHAIUEBbIE,
XPOMOMApraHIIeBbIE 1 XPOMOHHUKEJEBbIE CTaNu (Tadnuma 2).

3aKasika ¥ OTIIYCK I10CJI€ LIEMEHTALlMU IPOBOASTCS C LENbI0 U3METIbUYECHUS 3€P-
Ha CEpALECBUHBI U YCTPAHEHUS CETKH LIEMEHTUTA B MOBEPXHOCTHOM CJO€, KOTOpPas
BBI3bIBAET XPYIIKOCTb.

Crammu, coaepxamue 0,5+0,7%C; 1,5+2,8%Si1; 0,6+1,2%Mn; 0,2+1,2%Cr;
0,1+0,25%V; 0,8+1,2%W u 1,4+1,7%Ni UCTIONB3YIOT ISl U3TOTOBICHUS HPYIHCUH U
peccop. OTU CTalIU JOJKHBI 00Ja4aTh BBICOKUM CONPOTHBICHUEM MajbIM IJIaCTH-
yeckuM JedopManusM, U IPeeIoM BEIHOCIMBOCTH (CONPOTUBICHUEM Pa3pyILIEHUIO
IIPU 3HAKOIIEPEMEHHBIX Harpy3Kax) IpH JOCTATOYHOW IIACTUYHOCTH U COIPOTHUBIIE-
HUM XpYNKOMY pa3pyiieHuto. Cranb 10oiKHa 001a1aTh XOPOUIEH 3aKaauBaeMOCThIO
U MPOKAIMBAEMOCTBIO, YTO JOCTUTAETCS BHIOOPOM COOTBETCTBYIOILIETO cocTaBa. [ls
MOJTyYEHHUsI BCEX ITHUX CBOICTB HEOOXOAMMO MPOBECTH 3aKANKy M CpeIHETeMIiepa-
TypHBIH oTIyck (Tabnuua 3). [loce 3akanku MapTeHCUTHAs! CTPYKTYpa JOJIKHA ObITh
0 BCeMY 00beMY, IPUUEM YEM MeJbyue 3€pPHO, TEM BBIIIE COMPOTUBICHUE CTAIH Ma-
JBIM TJIACTHYECKUM JedopManusaM. B ciydae mpuCyTCTBUS JETHPYIOMINX JIEMEHTOB
TEMIIEpaTypy OTIYCKa MOXHO MOBBICUTbH, YTO MO3BOJIAECT MOJYUYHUTh TAKKE XOPOLIYIO
IUIACTUYHOCTD U yJIAPHYIO BA3KOCTb.

Tabnuna 2 - MexaHn4ecKue CBOMCTBA IEMEHTUPYEMBIX CTaJlel MOcie 3aKalKu
Y OTIIYCKA.
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Mapka Gy, MIla | G5, Mlla 3, % HB,
cTallu MlIIa
15X 650 430 10 1830
20X 800 650 11 2280
20XD 900 800 17 2280
I18XT'T 1000 800 11 2280
20XT'HP 1160 1100 128 2280
12XH4A 1150 950 10 2280
18X2H4BA 1150 820 12 2280

Tabnuna 3 - PexxuMbl TepMUYECKOM 00pabOTKH U MEXaHUYECKHE CBOMCTBA
IPYKUHHBIX CTAJICH.

Mapka Temnepatypa, °C MexaHuyeckue CBOMCTBA
cTanu 1ocJjie TepMOOOPabOTKU
3aKajiKka OTITyCK o, MIla Go.2, MlIla 0, %

65I" 830 480 1050 850 7
50C2 870 460 1200 1100 6
55C2A 870 460 1600 1400 6
70C3A 860 460 1800 1600 6
60C2XDA 850 410 1900 1700 5
60C2BA 850 420 1900 1700 5
60C2H2A 880 420 1750 1600 6

HawuGonpiiee npuMeHeHNE B MPOMBIIIIICHHOCTH UMEIOT KPEMHHUCTbIE CTaju,
T.K. KpEMHUH MOBBIIIAET 3aKAJIMBAEMOCTb, 33/ICPKUBAET PACIa]l MAPTEHCUTA MPHU OT-
MyCKe, 3HAYUTENIbHO YIIPOUHAET GeppUT U 00ECIIeUMBAET BHICOKHE IIPEIEIbl TeKyYe-
ctu U ynpyroctd. OIHAKO CTalu, JISTHPOBAHHBIE XPOMOM M MapraHieM, UMEIOT
JTy4lIUe TEXHOJIOTUYECKHUE CBOMCTRA.

besyrnepoaucteie (< 0,03%C) BBICOKOIETHMPOBAHHBIE CTAJIM HA3bIBAIOTCS
MapTEHCUTHOCTAPCIOMUMHA. DTH CTIM 00JIaIal0T BBICOKOW MPOYHOCTHIO (TabiuIa
4).

Mapmencumnocmaperowue CTaau MPEACTaBISIOT COOOW CIUIaBBI KeJe3a ¢
HukeneM (8+20%), a yacto u ¢ kobanbToM. JIJIsi MpoTEeKaHUs Mpolecca CTapeHus B
MapTeHCUT nobasmsitot Takke Ti, Be, Al, Nb, W, Mo. Ynpounenne 3Tux cTayiei noc-
TUTAETCS B PE3yJIbTaTe TOMYyUYCHHS] MAPTEHCUTHON CTPYKTYPHI MOCTE 3aKAJIKH U CTa-
peHUSL.

Hukenb u k00anbsT, yMEHbBIIIasi pACTBOPUMOCTh TUTAHA, A TIOMUHUS, MOTHOICHA
U BoJIb(ppama B O-Kelie3e, CIOCOOCTBYIOT YIPOYHEHHUIO TPHU CTAPCHUH U OJTHOBpE-
MEHHO MOBBIIIAIOT COMPOTUBIIEHUE XPYNKOMY paspyiieHuto. KoGanbT 3HaAUUTENHHO
MOBBIIIAET TEMIIEPATYpPy MAapTEHCUTHOTO npeBpaiienust (MH), a 3To MO3BOJISET yBe-
JUYUTHh KOHIEHTPAIUIO APYTUX 3JIEMEHTOB, HEe u3MeHsa Touky MH. Kpome Toro BBe-
JeHne Ko0ambTa YMEHBIAET KOJIWYECTBO OCTATOYHOTO AayCTEHUTA IOCJE 3aKaJKHU.
Haubonee > dextuBHO ynpounstor cranb npu crapenuu Be, Ti u Al, obpa3ys un-
tepmetauuaabie coequaenus — NiBe, NiTi, Ni;Ti, NiAl u ap.
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Ta6muna 4 - CoctaB U CBOWCTBA MAPTEHCUTHOCTAPCIONTUX CTaJICH.

Mapxka CopepxaHue 371€MEHTOB, %o MexaHu4eckue CBOWCTBa
cranm Ni Co Mo Ti poyue | O 502, 5, % an,,
MlIla MlIla sz/Mz
HI18K8M3T 18 8 3 0,2 - 1450 1400 15 0,8
HI8K7MST 18 6-8 5-6 0,5 - 1800 1700 8 0,5
HI8K12M3T2 17-18 12-13 3,342 | 14-1,7 - 2400 2350 9 0,3
H17K11B10M2T 16-17 10-11 1,0-1,2 | 0,6-0,8 9-10 W 2350 2300 8,5 0,5
X11H10M2T 9-10,3 - 1,8-23 | 0,7-1,1 10-11,3 Cr 1550 1480 12 0,5
X12HOM2T 8-9 - 0,5-1,0 | 0,5-1,0 12-13 Cr 1550 1500 10 0,5
X14H4K14M3T 3,8-4,8 13-14 | 2,6-3,2 | 0,2-0,5 | 13-14,5Cr 1650 1500 20 0,8

[IIupokoe nmpUMEHEHHE B TEXHUKE MOJy4Hsia BBICOKOIPOUYHAS MApPTEHCUTHO-
craperoras cranb HI8KIMST, comepxkamas < 0,03%C; ~18%Ni; ~9%Co; ~5%Mo;
~0,7%Ti. Temneparypa Harpesa rpu ee 3akaike cocrasister 800-850°C, a oxmaxe-
HUE TIPOBOIAT Ha Bo3myxe. [locne 3akanku cTanb UMEET B CTPYKType Oe3yriaepoiu-
CTBI MApTEHCHUT, 000N HAPSAIY C BBICOKOM MPOYHOCTHIO, XOPOLIECH I1acTuy-
HOCTBIO U BSI3KOCTHIO. B 3aKaJIeHHOM COCTOSIHUU CTajlb CPABHUTEIBHO JIETKO 00pada-
TBIBAETCS JABJICHUEM, PE3aHUEM U XOPOILIO CBAPUBAETCHI. [locne 3akanku mOpo-
BOJAT UCKYCCTBEHHOE cTrapenue. Jlis sToro crans Harpesarot a0 480-520°C. Ipou-
HOCTb TOBBIIIAETCS, & IUNIACTUYHOCTh U BA3KOCTh CHUKAKOTCS. MeXxaHNYecKue CBOM-
cTBa nociue crapenus: 6, = 19002100 Mlla; oy, = 18002000 MIla; & = 8+12%.
YrpoyHeHHe 3TOM CTalu CBA3AHO C BBIJICICHUEM NPU CTAPEHUU MAPTEHCHUTA UHTEP-
metaumasabix ga3 tuna Ni;Ti, NiTi u Fe,Mo.

MapTeHCUTHOCTapeIoMe CTaIN MCIOIB3YIOT JJIsi U3TOTOBJICHUSI Y3JIOB U JIe-
Tajgeil KOHCTPYKIUH, OT KOTOPBIX TpeOyeTcsl BbICOKas yjelibHasi MPOYHOCTh B COYe-
TaHUU ¢ OOJBIION IKCITyaTallMOHHOM HAJIEKHOCTHIO.

K cransm ¢ 0coObIMH CBOWCTBAMHU OTHOCSITCS KOPPO3UOHHOCMOUKUE (Hepoacasero-
wue), AHcapocmouKue U Hcaponpodtoble.

Koppo3ueii Ha3pIBaIOT pa3pylI€HUE METAIUIOB B PE3YJIbTATE XUMUYECKOTO WU
AIEKTPOXUMHUYECKOTO B3aMMOJCHCTBUSL MX C BHEIIHEW (KOPPO3HMOHHOM) Cpeloi.
DJIEKTPOXUMHUYECKAS] KOPPO3USI BO3HUKAET NMPU JECUCTBUM HAa MAaTEPUANIBl KHUCIIOT,
HIeJI04Y€eH, BIaru WK BOAbI M MPEACTABIACT AJI JeTaleil MEXaHU3MOB U KOHCTPYK-
WA HAMOOJBIIYIO0 ONACHOCTb.

3HAUUTEIBHOE YBEJIMYEHUE KOPPO3MOHHOM CTOMKOCTH CTajedl TOCTUIAETCS
BBEJICHHEM B €€ COCTaB MOBBIMICHHOTO KoiaudecTBa Xxpoma. OOBICHSETCS 3TO TEM,
YTO MPU JIETUPOBAHUU CTAIH XPOMOM CBbIIIE 12,5% BennynHa 3IEKTPOXUMHUUECKOTO
NOTEHIMAJIA CTAIA CMEIIAETCS B MOJOKHUTEIBbHYI0 CTOPOHY. DTO NPOUCXOIUT BCIIEI-
CTBUE 0Opa3oBaHUsl TOHYAWIIEH IUIOTHOM TUIEHKHM OKCHIOB, KOTOpas 3allUIIacT
CTajb OT pa3pyILICHHUS.

Kpome xpoma, ns yBEJIWYEHHS] CTOMKOCTH NMPOTUB KOPPO3UU U YIIYULIEHUS
KauecTBa CTaJM JA00ABISAIOT U APYrUe JETHPYIOUIUE 3JIEMEHThl (0COOEHHO HUKED).
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Haunnyymmmu koppO3HOHHBIME CBOMCTBAMH 00JIaJIAl0T XPOMUCHIblE U XPOMOHUKEe-
éble cTanu (Tabnuia S).

Tabmnura 5 - XUMHUYECKUN COCTAaB U MEXaHUYECKHUE CBOMCTBA CTaJIed
¢ 0COOBIMH CBOICTBaMHU.

Mapka Conepxanue 3J1eMEHTOB, %o Mexannueckue
cTau CBOMCTBA
C Si Mn Cr Ni povme Css G0.2, 3, %
MlIla MIla
12X13 0,09-0,15 | <0,8 | <0,8 12,0-14,0 : - 600 420 20
20X13 0,16-0,25 | <0,8 | <0,8 12,0-14,0 4 - 660 450 16
12X17 0,08-0,12 | <0,8 | <0,8 16,0-18,0 . - 400 250 20
08X17T 0,04-0,08 | <08 | <0,8 16,0-18,0 - (5-C-0,8)Ti 500 300 20
15X25T 0,08-0,15 | <1,0 | 1,0-2,0 24,0-27,0 - (5-C-0,9)Ti 450 300 20
08X18H10 0,04-0,08 | <0,8 | 1,0-2,0 17,0-19,0 | 9,0-11,0 . 500 200 50
12X18H9 0,08-0,12 | <0,8 | 1,0-2,0 17,0-19,0 | 8,0-10,0 , 520 200 -
12X18HI2T 0,08-0,12 | <0,8 | <0,8 17,0-19,0 | 11,0-13,0 | (5.C-0,7)Ti 500 200 40
12X21H5T 0,09-0,14 | <0,8 |8,0-10,0 |20,0-22,0 |4,5-5,8 0.25-0.50Ti | 700 400 20
<0,08Al 250 40
20X13H4T9 0,15-0,30 | <0,8 | 13,0-15,0 | 12,0-14,0 | 3,7-4,7 B} 700 230 -
10X14T'14H4T | 0,08-0,10 | <0,8 13,0-15,0 | 2,8-4,5 (5.C-0.4) - 650
0,6Ti

Xpomucmole HepxkaBerolye ctanu oobruHo coaepkar ot 0,08 mo 0,45%C u ot
12,5 no 18% Cr. Cranu ¢ 13% Cr o01agatoT CTOUKOCTbIO MPOTUB KOPPO3UH TOJIBKO
IIPU YCIIOBUU, YTO BCE COJEPKAHME XpOMa B CTaJIM MPUXOJUTCS HA JIOIK TBEPAOTO
pacTBOpa. B aTOM ciydae oH 00pa3yeT Ha MOBEPXHOCTH U3METHUS IIOTHYIO 3aIllUT-
HYI0 OKCUAHYIO MeHKy tuna CryO;. YBeluueHue cojepxkaHus yrieposa, IpuBoIs-
mee K 00pa3oBaHUIO KapOWIOB, co3daeT NBYX(ha3HYH CTPYKTYPY, YMEHBIIAET KO-
JMYECTBO XpOMa B TBEPJIOM PACTBOPE U MOATOMY MOHUKAET KOPPO3UOHHYIO CTOM-
KOCTh CTaJIH.

C 1eNbl0 MOBBIIIEHUSI KOPPO3ZUOHHOM CTOMKOCTU 3TH CTAJIA MOJBEPraroT Tep-
MHUYECKON 00paboTke, cocrosmei u3 3akanku (1000-1100°C B mMaciie) ¥ BHICOKOTEM-
neparypuoro ormycka (700-750°C).

3HAUYUTENbHBIM HEJOCTATKOM XPOMMCTBIX CTaleil SBISETCS HMX MOBBIIICHHAS
XPYIKOCTh B 30HaX CBAPHBIX IIIBOB, I'/ie 00pazyercs OueHb KPYMHO3EPHUCTAs CTPYK-
Typa. OTU CTaJIM CKIIOHHBI K MENCKPUCMALIUMHOU KOPPO3uU OT 0O0ETHEHUS XPOMOM
rpaHuil 3epeH. i1 yMeHbIIEHUsI €€ B COCTaB CTajeil BBOAUTCS HEOOJIbILIOE KOJIUYe-
CTBO THTaHa Kak 0ojiee MHTEHCUBHOTO KapOUA000pa3ylolIero 3JIEMEeHTa, YEM XPOM.
MexkpucTauuTHas KOppo3usi oOyCJIOBIIEHa TEM, YTO MPU HArpeBe 4YacTh Xpoma
OKOJIO TPAHMI] 3€pHA B3aUMOJICHCTBYET C yTIEPOIOM U 00pa3yeT kapouabl. Bemenct-
BHE 3TOTr0 KOHIICHTpAIUsi XpoMa B TBEPJOM pPACTBOpPE y I'PaHUIl 3€pEH CTaHOBUTCS
meHbIne 13% u cTaip B 3THX y4acTKax MpUOOpEeTaeT OTPUIATENbHBIN 3JIEKTPOXUMHU-
YECKHUW NOTEHIINAT.

Cramu 12X13 n 20X13 npuMeHSIOT AJi KJIAIaHOB TUAPABIMYECKUX HACOCOB,
JIOMATOK THUAPOTYPOMH, TpeaMeToB jaoMaimiHero oouxonaa u T1.1. Cramum 30X13 u
40X13 ucnonb3yrorcs s KapOIOPaTOPHBIX UL, MPYKUH, XUPYPTrUUECKUX UHCTPY-
MEHTOB U T.JI. DTH CTaJM MOJIBEPraloT 3aKAIKE U HU3KOMY OTITYCKY.

46




bonee BbICOKOI KOPPO3MOHHON CTOMKOCTHIO OOJIANAIOT HU3KOYTJIEPOIUCTHIC
BbICOKOXpomucThie ctay 12X17, 15X25T u 15X28. OHu oTHOCATCS K (PeppUTHOMY
KJIAcCy, T.€. BBICOKAs KOHILEHTpAIUsi XpOMa IOBBIIIAET KPUTHUYECKYID TOUKY Aj,
paciupssi 06acTh o-Fe. T cranu ucnonb3yrT 0e3 TepMuiecKord 00padoTKH, T.K.
IIPU HarpeBe M OXJIAKJICHUU HUKAKUX U3MEHEHUN B CTPYKTYpPE HE MPOUCXOAUT U OHA
IpeCTaBIsieT co0Oi TBEPIbIM PAacTBOP JIETUPYIOLIUX 3JeMEHTOB B (eppute. Mc-
MOJIB3YIOT ATH CTAJH JJIi 00OPYAOBAaHMS 3aBOJIOB MHUIIEBON U JIETKOW MPOMBIIILICH-
HOCTH.

Xpomonuxkenegvie Hepaicagerowue CTaau UMEIOT B cBoeM cocTase 110 0,3%C; ot
18 10 25% Cr u ot 8 10 20% Ni. Bce xpomonukeneBbie cranu 01aroiaps BHICOKOMY
COJIEPAHUIO HUKEJSl OTHOCSTCS K aycmeHumuomy kiaccy. OHu obOnanaror Oonee
BBICOKMUMHU MEXaHUYECKUMU U XUMUYECKUMU CBOMCTBAMH.

Tepmuueckas 00pabOTKa ayCTEHUTHBIX CTallel 3aKIII0YaeTcs B 3aKaJIKE C TEM-
neparyp Harpesa 1000-1050°C B Boay. IIpu HarpeBe mPOUCXOAUT PACTBOPEHUE Kap-
OuI0B Xpoma B ayCTeHHUTE. BbifenieHne ux U3 ayCTeHUTa MpU 3aKaJIKe UCKIII0YaeTcs,
TaK KaK CKOPOCTh OXJI&XJECHMS BelMKa. B pe3ynbTare BeChb XpOM COXpaHSETCS B
TBEPJOM PAacTBOPE, BCIEICTBUE YEr0 KOPPO3MOHHAS CTOMKOCTH CTalU COXPAHSETCS
BbICOKOH. OOpabaThIBa€MOCTh PE3aHUEM 3THUX CTajiel IioXas, HO OHH XOpOIIO CBa-
PUBAIOTCS U IITAMITYIOTCS.

AYCTEHUTHBIE CTaIM UMEIOT OUYE€Hb HU3KHUUM MOPOT XJIAJTHOJIOMKOCTH U MO3TO-
MY C YCIIEXOM UCIOJIb3YIOTCS U KOHCTPYKIIUN, pabOTAIOMNUX P TeMIIEpaTypax 110
-200°C (crans 07X21T'7AHS).

Jl1st mosrydeHust 0co00 KOPPO3MOHHOCTOMKUX MaTepUaioB ayCTEHUTHbBIE CTaIH
JOTIOJTHUTENBHO JIETUPYIOT MEABI0 WIM MEAbI0 C MOJUOJACHOM, HAmpuMeEp, CTalb
06X23H28M/T.

Kapocmotikumu Ha3bIBAIOT CTaIM, CIIOCOOHBIE BBIAECPKUBATH JIUTEIbHbIEC HA-
IpeBbl B 00JIACTU BBICOKUX TeMIIepaTyp 0€3 3HAUUTETHbHOTO OKUCIIEeHHS, T.e. 6e3 00-
pa3oBaHus OKaJIUHBI (Tabnuia 6).

Tak kax oOpa3oBaHHME OKAIWHBI SBISIETCS PE3yJbTaTOM KOPPO3UOHHOTO BO3-
JEUCTBUSL Ta30B Ha MOBEPXHOCTb, TO KAPOCTOMKOCTh CIEAYET pacCMaTpUBaTh Kak
CONPOTHUBJIEHUE METAIIAa ra30Boi KOppo3uu. CONpOTUBIIEMOCTh Fa30BOM KOPPO3HH
MpU BBICOKUX TEMIIEpaTypax HarpeBa JOCTUTAETCA 3a cUeT 00pa30oBaHUs HA MOBEPX-
HOCTH CILIaBa 3aLUTHBIX IUIEHOK OKCHJIOB METAJIOB.

["a30Bast KOppO3Usl MPU BBHICOKUX TEMIIEpATypax MPeACTaBIsET MPOLIECC XUMHU-
YECKOT0 B3aUMOJICHCTBUSI METAJUIOB MPEUMYIIECTBEHHO C KHUCIOPOAOM BO3AyXa U C
OpyrumMu razamu. B pesynbpTare 3TOro Ha MOBEPXHOCTH METAJLUIOB MEPBOHAYAIBLHO
oOpasyercs TOHKas IJIEHKa OKCHAOB. Eciu miieHka oka)eTcsi JOCTaTOYHO IUIOTHOM,
TO OHa OyJET 3alUIIaTh METaUl OT JaJbHEHIIIEro XUMUYECKOTO BO3/ICUCTBUS OKPY-
JKaIoIel cpelibl U KOpPpo3usl mpeKpaTuTcs. Phixias ke MmieHKa He CrocoOHa 3alu-
IaTh METAJUT U IPOLIECC OKATMHOOOpa30BaHus Oy1eT MOCTENEHHO PAa3BUBATHCS.

[Ipn HarpeBaHuU YrIAEpOAUCTON CTanM 00Opazyercs HEIUIOTHAas TUIEHKA OKCH-
70B, cocTosmas rmaBHbIM oOpa3oM u3 FeO u Fe;0,4, xoTOpas He obnamaer 3amur-
HBIMH CBOWICTBAMMU.

Tabnuna 6- XuMuueckuil COCTaB HEKOTOPBIX KAPOCTOMKUX CTalei
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Temnepaty-
pa UHTEH-
Mapxka CHBHOT'O
ConeprxaHue 3JI€MEHTOB, % OKaJIMHOO0-
J— pasoBaHus B
BO3yITHOU
cpene
C Si Mn Cr Ni Al povue
40X9C2 0,35-0,45 | 2,0-3,0 | <0,8 8,0-10,0 - - - 850 °C
40X10C2M 0,35-0,45 1,9-2,6 | <0,8 9,0-10,5 - - 0,7-0,9 Mo | 850°C
30X13H7C2 0,25-0,34 | 2,0-3,0 | <0,8 12,0-14,0 6,0-7,5 - - 950°C
15X18CHO <0,15 1,0-1,5 | <0,8 17,0-20,0 - 0,7-1,2 | - 1050°c
15X28 <0,15 <1,0 <0,8 27,0-30,0 - - - 1100-1150°c
08X18H10T <0,08 <0,8 <2,0 17,0-19,0 9,0-11,0 - 5-C-0,7 850°C
12X18H12T <0,12 <0,8 <2,0 17,0-19,0 | 11,0-13,0 | - 5.C0.7 850°C
20X23H18 <0,12 <1,0 <2,0 22,0-25,0 17,0-20,0 | - - 1050°c
12X25H16I7AP | <0,12 <1,0 50-7,0 |23,0-26,0 | 15,0-18,0 | - B<0,005 1100°C

OCHOBHBIM JIETUPYIOLIUM 3JIEMEHTOM COBPEMEHHBIX KapPOCTOMKHUX CTaJeH sB-
JsieTCsl XpoM, 00pa3yromui TUIOTHYIO 3alIUTHYIO ITUIEHKY OKCHJIOB C TOBEPXHOCTH.
UewMm BbIIIIE COAEPKAHUE XpPOMa B CTAJIM, TEM BBIIIE €€ )KAPOCTOMKOCTh. Hampumep,
cranb comepxkamas 12-14% Cr, sxapocroiikas 1o temmeparypbl 750-800°C, xpomu-
cras craib ¢ 25% Cr — no 1000°C, a crans ¢ 30-35% Cr — go 1100°C (tabnumna 6).
Hukens cmocoOcTByeT 00pa3oBaHUIO ayCTEHHTHOW CTPYKTypbl. Ctamum ¢ Takou
CTPYKTYpOil Jierde oOpabaTbiBaTh, OHM OTJIMYAIOTCS XOPOIIMMHU MEXaHUYECKUMHU
cBoiicTBamMu. Ha moBbIlIEHHE KaPOCTOMKOCTU OKA3bIBAIOT BIMSIHUE U J00AaBKU Si U
Al, HO UX conep:kaHUE B CyMMe€ JOJKHO ObITh HE OoJiee 4%, Tak Kak MpHU yBelnye-
HUU TIPOLEHTHOTO COJEPKAHHUS 3TUX DBJEMEHTOB YXYIIIAIOTCA TEXHOJOTHYECKHE
cBoMcTBa cranied. TuTaH, HHOOUI M TaHTaJ CBSA3BIBAIOT YIiepo] B KapOuibl, MpeaoT-
Bpalias BbleJIeHHe KapOUA0B XpoMa, KOTOpble 00ETHSIOT OJIM3JekKAallyt0 30Hy CTa-
JM XpOMOM U NPUBOAUT K YMEHBILICHHIO >XKapocTolkocTu. MonubaeH u Boiabhpam
HECKOJIBKO MOBBIIIAOT KapPOCTOMKOCTh, YMEHBIIAIOT CKJIOHHOCTh CTAJIM K MOJI3yYe-
CTH TIpH BBICOKUX TemmepaTtypax (He 6onee 3-4%). Llepuit u 6epumuii (1o 1%) mo-
BBILIAIOT )KAPOCTOMKOCTb.

OTH CTaau KCIMOJB3YIOT JJIsi U3TOTOBJICHUS TPYO, TEIIOOOMEHHUKOB, KIlama-
HOB TPAKTOPHBIX U JU3EIbHBIX JBUTATENEH, JETalIe IEYHOM apMaTyphl U T.I.

Kaponpounvimu Ha3bIBAIOT CTalH, 00JAJAIONIME MEXaHUYECKOW MPOYHOCTHIO
IIPU BBICOKUX TEMIIepaTypax.

Cranp 1 Ipyrue CIUlaBbl, HArPETHIE 10 MOPEACICHHON TeMIepaTypbl, OOHapy-
KUBAIOT CIIOCOOHOCTH MOCTENEHHO TUIacTHYeCKH JepopmupoBaThes (“Iof3T’) MpU
JUTUTENIbHBIX MOCTOSHHBIX HArpy3kax, HECMOTpsS Ha TO, YTO 3TWM HArpy3KH 3Ha4u-
TEJIbHO HMKE TOKa3zaTelield COMpOTUBIIEHUS Ae)OPMHUPOBAHUIO MPU KPATKOBPEMEH-
HBIX UCIBITAaHUSX. DTO SBJIICHUE HA3bIBAETCS MOJI3YUYECTHIO METAILIIOB.
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Oco0eHHOCTH TIOBEIEHUSI METAJJIOB B OOJACTH BBICOKMX TEMIIEPATyp BbI3bI-
BaIOT HEOOXOAMMOCTh MPUMEHEHUS CIEIHAIbHBIX METOJO0B MCIBITAHUN U YCTaHOB-
JeHUs1 OCOOBIX KPUTEPUEB MEXAHUYECKOW MPOYHOCTH B HArpeToM COCTOSHHH. B
OOJIBIIIMHCTBE CIyYaeB KapOIMPOYHOCTh OIIEHUBAETCS C TIOMOIIBIO ONpeeIeHUs cle-
TYIOIINX XapaKTEPUCTHK:

1. Ilpenen momsyuectu (G, ) — HANpsKEHUE, IPU KOTOPOM Uepe3 onpe/esieH-

HBI MPOMEKYTOK BpeMEHHU JedopMalus MOJ3yYecTH MpU JaHHOW TeMIie-
patype MOJIy4HT 3apaHee 3aJaHHYIO BEIUUUHY.

2. InutenbHast POYHOCTD (G;) — HAMPSIKEHUS, BBI3BIBAIOIINE Pa3pyIICHUE Me-

TaJula Mpy 3aJ]aHHOM TeMIepaType 3a ONpeeIeHHbIA OTPE30K BPEMEHHU.

PaGoune TtemmepaTypsl COBPEMEHHBIX >KapONPOUYHBIX CIUIABOB COCTAaBISIOT
npumepHo 0,45-0,80T,,. TpeOyembie CpOKH CITy>KObI TAKUX MATEPUATOB U3MEHSIOTCS
OT OJTHOTO-JIBYX YacOB (PaKeThl) 10 COTEH (aBUAIIMOHHBIE Ta30BbIE TypPOUHBI) U1 MHO-
T'UX THICAY 4acOB (CTallMOHAPHBIE Ta30BbI€ U TAPOBbIE TYPOUHBI).

[ToBrbilIeHNE KAPOMPOUHOCTH JOCTUTAETCS JIETUPOBAHUEM U TEPMHUECKON 00-
paboTKOM, COCTOsIIIENH U3 3aKAJIKU U CTapeHHs], B pe3ylbTaTe KOTOPHIX MOTY4YaeTCs
crienuanbHas cTpyktypa. OHa COCTOUT M3 BKpAIUICHHBIX B OCHOBHOM TBepAbINA pac-
TBOP U MO TPaHULAM 3€pPEeH TUCIEPCHBIX KapOUTHBIX U OCOOCHHO MHTEPMETAJUIM/I-
HBIX (a3.

PaGoune TemmepaTyphl KaponpouHbIXx crayneil cocrtaBisror 500-750°C. Ipu
Temmeparypax 10 600°C garie MCIONB3YIOT CTald Ha OCHOBE OL-TBEPIOIO PacTBopa,
T.€. MEPIUTHOTO U MApPTEHCUTHOTO KJIAcCOB, a MpH Ooyiee BBICOKHX TeMIepaTypax
CTaJIi ayCTEHUTHOTO KJIacca.

Cranu mepauTHOrO Kiacca — HHU3KOYTJIEPOJIUCTHIEC, COAECpPIKAIINE XPOM, MO-
auOAeH U BaHaaui B koimdecTBe = 1,0% kaxmoro sneMeHTa (tabdnuua 7). DTu dJie-
MEHTBI YBEIMYHUBAIOT KAPOIMPOYHOCTh CTAJIM 3@ CUET MOBBIIICHUS TEMIIEPATYPhI PEK-
puctaumzanuu depputa U 3arpynHeHus nuddy3noHHbIX mporeccoB. [lepnutHbie
CTaJId Yallle BCETO MOJBEPraroT HOPMaJU3allii U BBICOKOTEMIIEPATYPHOMY OTITYCKY.
OCHOBHOE NMPUMEHEHHE UX B KOTJIOCTPOCHHH. XOPOIIO CBApUBAIOTCA U 00padaThl-
BAIOTCA JJaBJICHHUEM.

XKapornpouHnsie cTaqu MapTEHCUTHOTO Kilacca B cBoeM coctaBe umeroT Cr, W,
V, Mo, Nb, Ti, koTopble, TOBBIIIAs TEMIEPATYPy PEKPUCTAILTU3ALNN U 00pasys Kap-
OUIbI, YIYYIIAIOT XKapOMPOUYHOCTh (Tabnuia 7). DTU CTaau MOABEPraioT 3aKajiKe U
oTmycKy. Mcnonb3yroT uX JUisi U3TOTOBJIEHUS JE€Talel M y3JI0B T'a30BBIX TYpOUH U
NapOCHUIIOBBIX YCTAHOBOK.

Cranu ayCTEHUTHOTO Kiacca AJid TOJYy4YeHHs TaKOW CTPYKTYpbl COJEpKat
00JIBIIIOE KOJIMYECTBO XpOMa, HUKENS U MapraHua. Jljist JoCTUKeHUs BBICOKOM kapo-
MIPOYHOCTH MX JOMOJHUTENLHO JerupyoT W, V, Mo, Nb u B (Tabauna 7). 9ty cranu
IUIACTUYHBI U XOPOILIO CBAPUBAIOTCS, OJHAKO MO CPABHEHUIO C MEPIUTHBIMU U Map-
TEHCUTHBIMU 00paboTKa MX pe3aHueM 3aTpyAHeHa. (s JocTuKeHHs] BBICOKOU Ka-
POIIPOYHOCTH ayCTEHUTHBIEC CTAJU MOABEPTalOT 3aKajke U crapenuto. [locie Tepmu-
4ecKoil 00pabOTKH CTPYKTypa CTalld COCTOUT U3 Y-TBEPJOr0 pacTBOpa, KapOUIOB U
MHTEepMeTANTMIHBIX Pa3. M3 craneit 3Toro kiacca M3roTaBiuBalOT apoOHarpeBaTeIu
U TPyOONPOBObI CUIIOBBIX YCTAHOBOK.
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Ta6nuna 7 - XMMUYECKH COCTaB U MEXaHUYECKHE CBOMCTBA KapOIPOUHBIX

CTajeH.
Mapxka ConeprkaHue 3JeMEHTOB, % Mexaunnueckue
cTaju CBOMCTBa
C Cr Mo Vv Ni I[PYFI/Ie o 10600’ o 00700’
3JIEMEHTBHI Mlla MlIla

Cranu NEPIUTHOTO Kji1accCa

15XM 0,11-0,16 0,8-1,0 0,40-0,55 - - - 75 -
12XM® 0,08-0,15 0,9-1,2 0,25-0,35 0,15-0,30 - - 80 -
25XM®D 0,22-0,29 1,5-1,8 0,25-0,35 0,15-0,30 - - 85 -

Cranm MAapTCEHCHUTHOTIO Ki1acca

I5X11M®D 0,12-0,19 | 10,0-11,5 | 0,60-0,80 0,25-0,50 - 0,7-1,1 W 97 -
15X12BHM® 0,12-0,18 | 11,0-13,0 | 0,50-0,70 0,15-0,30 - 0,4-0,8 Ni 170 -

Crtanu ayCTEHUTHOTIO KJiacca

09X14H16b 0,07-0,12 | 13,0-15,0 - - 14,0- 0,9-1,3 Nb 250
09X14H19B2bP | 0,07-0,12 | 13,0-15,0 - - 17,0 0,9-1,3 Nb 260
18,0- 2,0-2,8 W
20,0 <0,005 B
<0,02 Ce

1. 12 UHCcTpYMEHTAIbHbIE MAaTePHUAJIbI
K nHCTpyMEHTaNbHBIM MaTepragaM OTHOCATCSI MaTePUAIIbl, IPUMEHSIEMbIE JIs
W3FOTOBJICHHSI U3MEPUTEIBHBIX, PEXKYIIUX HHCTPYMEHTOB U IITAMIIOB JIJIs1 XOJIOJHOM
Y TOPSAYEH IITAMIIOBKH.
Bce marepuanel, mpuMeHsieMble 711 U3TOTOBIIEHHS PEXYIIUX HMHCTPYMEHTOB
O0OBEAMHSIOT 1O CJIETYIOIIUM TPYTIIIaM:
1. Cramu:
- YIIepOoAUCTbIE (MTIOHMKEHHOM MPOKAIMBAEMOCTH);
- JIETUPOBaHHbIE (MIOBBIILIEHHON MPOKAINBAEMOCTH).
2. TBepaple CILIABBL:
- METAJUIOKEPAMUYECKHUE;
- MUHEPAJIOKEPaMUYECKHUE.
3. AGpa3uBHbBIC MaTEpUAIbI.
TpeboBanus1, NpeabABIsieMble K MHCTPYMEHTAIbHBIM MaTepUasam:
1 Bricokas TBEPAOCTH M M3HOCOCTOMKOCTh — JUI PEXKYILETO U H3MEpHU-
TEJIbHOTO UHCTPYMEHTA.
2) CoxpaHeHHe TBEPAOCTU MPHU JJIMTEILHOM HarpeBe (IO KpacHOro Kaje-
HUS) — KPACHOCTOUKOCTH (TEMIOCTOMKOCTH) — JIJIsl PEXKYIIEr0o HHCTPYMEHTA.
3. BbICOKas BSI3KOCTb IPU MOBBIIIEHHBIX TEMIIEPATYpax — ISl IITAMIOBOTO
WHCTPYMEHTA.
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Yriaepoaucrbie HHCTPYMEHTAIBHBIE CTAJU. B mpoliecce pe3anusi MeTanioB
pEeXyIlasi KpOMKA UCTIBITHIBAET rpoMajiHbie AaBiieHus, B 200-300 pa3 npeBsilaronme
yJAelbHbIE JaBJICHUS B AeTanax MmamuH. Pabota, 3aTpaueHHas Ha CHATHE CTPYKKHU
IIPEeBPAIAETCs B TEIUIO, YTO IPHBOIUT K HATPEBY pexylieil kpoMkn 10 500-1000°C.
Pexxymiuii MHCTpYMEHT MCIBITHIBAET BUOpalMU, yaapbl U TpeHue o0 oOpabaTtbiBae-
MYIO JI€Tallb U CXOJSIIYIO CTPYXKKY. DTH YCIOBHUSI pabOThl ONPEAEISIOT crenudpuye-
CKHe TpeOOBaHUSI K UHCTPYMEHTAJIbHBIM MaTepHaIaM.

YraepoaucTbie MHCTPYMEHTANIbHBIEC CTalld MOAPA3ACISAIOTCS HA KaY€CTBEHHBIE
(V7, ¥8, ¥9...Y13) u BeicokokauecTBeHHbIe (Y7A, Y8A, YI9A...VI13A). B mapku-
poBke OykBa Y 0003Ha4aeT, 4To CTajib yriaepoaucTas, a udpa — cpeaHee coaepiKa-
HUE YIJIEpOJia B JECATHIX JIOJISAX MpolieHTa. bykBa A yka3bIBaeT Ha TO, YTO B CTalu
MeHbIIe cephl, hochopa U HEMETAUTNYSCKUX BKIIFOYCHHH, T.€. OHA BHICOKOTO Kaue-
CTBa.

XapakTepHble 0COOEHHOCTH:

- "HernyOokas npokanuBaeMocTh (10-15 MM), 4TO OorpaHMYMBaeT MPUMEHEHHUE
JUTSl U3TOTOBJICHUS UHCTPYMEHTOB OOJIBIIINX CEYCHHI,

- MOHWYKEHHAs YCTOMYMBOCTH MEPEOXJIAXKIACHHOIO ayCTEHUTA, YTO BBI3BIBAET
HEOOXOJAMMOCTh OXJIAKJIATh UHCTPYMEHT NPH 3aKaJKe B BOJIE, YTO HEPEIKO MPHUBO-
JUT K TPEIIMHAM U KOPOOJICHUIO.

[Tocne 3akajnku M HU3KOrO OTHycKa TBepaocTh coctaiisier HRC 60-64. Orta
TBEPJOCTH COXPAHAETCS TOIBKO IIPH HArpese B mpomecce paboTsl 10 200-250°C, Te-
MJIOCTOMKOCTh (KpaCHOCTOMKOCTh) HEBbICOKasi. [103ToMy ckOopoCTh pe3aHus mpu 00-
paboTke MeTaisioB He npeBbiiiaet 10-15 m/muH.

YraepoaucTbie UHCTPYMEHTAIbHBIE CTAIU MOCTABIISIIOTCS B POKATE — KPYTJIO-
ro, KBaJPaTHOTO, MIECTUTPAHHOTO MPOQWISI U B BUJE TOJIOCHL. VCMONB3yIOTCS 3TH
CTaju Il U3rOTOBJIEHUS HANUJIbHUKOB, METUMKOB, CBEPJ U JIp. UHCTPYMEHTOB He-
0O0JIBIIOTO IUaMeTpa, padOTAIOUIUX MPU HEBBICOKUX HArpy3Kax.

HNHcTpyMeHTa/IbHBIE JIETHPOBAHHbIE CTAJM MOBBIIIEHHOH NPOKAJIUBae-
MOCTH COJIepKaT CPAaBHUTEIHLHO HEOOJBIIOE KOJIUYECTBO JIETUPYIOIIUX 3JIEMEHTOB —
1-3%. XpoM, KpeMHHI, Maprasel] - Jjisl MOBBIIIEHUS 3aKaJIMBAEMOCTU M IMPOKAIH-
BaeMocTu. Bananauii, Boiabdpam, MoaubaeH — Juisi 0OecrieueHrs] BHICOKUX MEXaHuYe-
ckux cBoiicTB. Conepkanue yriepoja yKa3blBaeTcs B IECATHIX JOJIAX MpoleHTa (Ha-
npumep, Mapka 9XC conepxut 0,9%C, 1%Cr, 1,4%S1). Eciu cranu conepxkaT OKOJIo
1% yrnepoaa, oH B MmapkupoBKe He yka3biBaeTcsa — XCB®, XIT', XBI', B1, XBS5, X.

TBepaoCcTh mociie 3aKajiku (B Macie) U HU3Koro otiycka cocrapisier HRC 58-
62, TeruIoCcTORKOCTh HeBbicokast — 200-250°C. CBoiicTBa 3THX CTaNCH [T03BOISIIOT H3-
TOTaBJIMBATh MHCTPYMEHTHI OOIBIINX Pa3MEPOB, UeM U3 YTIICPOJAUCTHIX CTAIICH.

HITamMnbl 11 XOJOMHON M TOPSIYEH IMITAMIOBKUA OBIBAIOT OOJIBIIIUX Pa3MEPOB
— 500x500x500mm u 6onee. [ToaTomMy cTamm AJis WX W3TOTOBJICHUS JTOJDKHBI 00Ja-
JaTh HE TOJBKO TIIyOOKOM MPOKATMBAEMOCTBIO, HO U BBICOKOM M3HOCOCTOMKOCTHIO
(7151 XOJIOJHOM ITAaMIIOBKH) U Pa3rapOCTOMKOCTBIO (IJ1s1 ropsiueid mraMmnoBku). [lox
pa3rapoCTOMKOCTbI0 MOHUMAETCSI CIIOCOOHOCTh METalljla BbIAEPKUBATh MHOTOKpAT-
HbI€ HarpeBbl U OXJIAXKJeHUs1 0e3 00pa30BaHUsl CETKU TPEUIMH Ha MOBEPXHOCTH, 3a
cyeT 0oJsiee BBICOKOW TPOYHOCTH.
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BrinmyckaroTcss ctanu Juisi XOJIOAHOW IITAaMIIOBKM C COJEPKAHHEM Xpoma 6-
12% (X12, X12BM, X6B®, 6X6B3M®C u np.), Asig ropsueit MITaMIIOBKU MpUMe-
HSIOT JIETUPOBAHHBIE CTANK ¢ coaepkanueM yriaepoaa 0,3-0,6%, koTopsle mocie 3a-
KAJIK{ IOJBEPrarT OTIycKy mpu 550-680°C Ha TPOOCTHT HIIM TPOOCTOCOPOHT
(5XHM, 5XI'M, 5XHT, 3X2B8, 4X5B2®C u ap.).

JI71s1 U3rOTOBJIEHUS YAAPHBIX MHCTPYMEHTOB HE0OXOAMMa CTajlb C MOBBIIIEH-
HOM BSI3KOCTBIO U M3HOCOCTOMKOCThIO(4XC, 6XBI" u np.).

BbicTpope:kymme cTrajM — 3TO BBICOKOJIETHPOBAHHBIE CTaJIM, 00JadaroIine
BBICOKOM TEIJIOCTOMKOCTBIO, KOTOpas oOecneunBaeTcs OONbIIUM KOJIUYECTBOM
BOJIb(ppaMa B COUETAHUU C JIPYTUMHU KapOUI000pa3yoUMMH dJIeMEHTaMH — MOJINO-
J€EHOM, XPOMOM, BaHaJIUEM.

Boasdpam u MonubaeH B MPUCYTCTBUU XpOMa CBS3BIBAIOT YTIEPO B KapOUIbI
Y 33J€pKUBAIOT pacnaj MapTeHcuTa. biiaromgaps KOMIUIEKCHOMY JIETUPOBAHUIO WH-
CTPYMEHTBI U3 OBICTPOPEKYIIMX CTAJIe COXPAaHSIOT BBICOKYIO TBEPAOCTH A0 560 —
640°C 1 yBEIMYMBAIOT [IPOU3BOIUTEILHOCT PE3aHUs B 2 — 4 pasa, 10 CPABHEHHIO C
YTIEPOJIUCTHIMU U HU3KOJETMPOBAHHBIMU CTAJISIMU.

MapkupoBka OBICTPOPEKYIIUX CTaJIel HaunHaeTcs: ¢ OykBbl P — panun (ObICT-
phbIi), cnenyromas 1udpa (dncio) o603HavaeT cpeaHee cojepxranue Boiabdpama. Bo
BCEX CTAJISIX 3TOW TpymnIbl comepkanue yriepoaa cocrasiseT 0,8 — 1%, Bananus ~
2%, xpoma ~ 4%. IloaToMy OHM B MAapKUpOBKE HE yKa3bIBaroTcsA. CTanu, coaepixa-
M€ JOMOJIHUTEIbHO MOJMOAEH, KOOANbT WM MOBBIIICHHOE COJEp)KaHWE BaHAAMS
COOTBETCTBEHHO UMEIOT B CBOEH MapkupoBke OykBbl M, K, @, ¢ ykazanuem ux mpo-
ueHtHoro cojaepxkanus. (P19, P18, P6M3, P6MS5, PO®S, P10KS®S5, POK15, POK10).

OcHoBHOM ynipouHstomiei ¢azoi OBICTPOPEKYIINX CTANICH SBISIOTCS KapOUabl
U B TIEPBYIO o4epeqb — KapOuasl Boiab(dpama (B Buae KapOumoB comepxkutcs 80 —
95% Bonb(dpama u Bananusa). Heobxonumo, 4To0b METKOAUCTIEPCHBIE KapOuIbl ObI-
JIM PaBHOMEPHO pacrpefiesieHbl B 00béMe cTaiid. B cBsi3u ¢ 3TUM OBICTpOpEXyLIUe
CTaJIM MOJBEPratoTCs JOBOJIBHO CIIOKHOW TepMUYECKON 00paboTKe.

CHauana npoBoauTcs 3akainka. HarpeB moj 3akaiky HpOBOJUTCS MEIJIEHHO
W3-3a MX HU3KOM TerumonpoBogHocTu. Temmeparypa Harpea gocturaer 1300°C mis
pacTBOpeHust KapouaoB. OXJIaKIeHUe MEIKUX UHCTPYMEHTOB MPOBOJST Ha BO3IyXe
(camo3akanuBaroNIMecs: CTaIM MapTEHCUTHOIO Kiacca), KpymHbIX — B Macie. [locne
3aKaJIKU B CTPYKType cranei coxpansercs 10 30 — 40% ocrtaTtounoro aycrenura. Oc-
TaTOYHBI ayCTEHUT MPEBPAILAETCS B MAPTEHCUT MPU TPEXKpaTHOM oTtmycke (550 —
570°C) wau 06paboTke X0100M. B mporiecce BbIIEPKKH PH OTITYCKE U3 MapTEHCH-
Ta U OCTATOYHOI'0 ayCTEHUTA BBIAEISIIOTCS KapOUIbl, U ayCTEHUT MPETEPIEBAET Map-
TEHCUTHOE IIPEBPAILICHHE.

3a OAMH LMK OTIYCKA BECh OCTAaTOYHBIA ayCTEHUT HE IPETEpPIIEBAET MAPTEH-
CUTHOTO MPEBPALIEHUS, TO3TOMY UCIOIb3YIOT TPEXKPATHBIN OTIYCK (PUCYHOK 24 a).
O6paboTka X0JI0A0M 3HAYUTEJIBHO COKpAIlaeT BpeMsl TepMUUECKO 00paboTKu (pu-
CyHOK 240). Ecniu MHCTpYMEHT M3rOTaBIMBATh U3 PACHBUIEHHBIX MOPOIIKOB, TO 3a
CYET CHIIBHOTO M3MENbUYEHUsI KapOUJ0B U PAaBHOMEPHOI'O MX pacIpesielieHus B CIie-
YEHHOM CTaj CTOMKOCTh MHCTPYMEHTA yBeluunBaercs B 1,5 — 2 pasa.
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Pucynok 24 - TepmooOpaboTka OLICTPOPEKYIIECH CTaIu
C TPEXKPATHBIM OTITYCKOM (@); C MCMOJIb30BaHuEM 00paboTKu X01040M (0)
(%A — KOJIMYECTBO OCTATOYHOI'O ayCTEHUTA)

Teépable crniaBbl. TBEPABIMU CIUIAaBaMM HA3bIBAIOTCS CIIEUYEHHBIE MaTepHa-
JIbI, COCTOSIIME U3 TYTOIUIABKUX KapOUIOB BoJb(ppama, TUTaHA, TaHTaja, COCIUHEH-
HBIX METALTUYECKOHN CBSI3KOU (B OCHOBHOM — KOOQJIBTOBOM). MIX TOJTy9aroT MEeTO0M
MOPOIIKOBOM METaJUTypruH, CMEIIMBAsi MOPOIIKH KapOHIOB C MOPOLIKOM KoOajabTa
(cBsa3ka) u crekas npu T = 1400 — 1550°C, nmojy4as Opu 3TOM IUIACTHHBI IPOCTOM
dbopmbl. Pexxylue miacTuHbl U3 3TUX CIUIABOB 00J1aJJal0T BHICOKOM TBEPAOCTHIO, U3-
HOCOCTOMKOCTBIO M TEIIOCTOMKOCTEIO (800 — 1000°C).

Mexanuyeckue CBOMCTBA M3AENHUA U3 TBEPABIX CIJIABOB BO MHOI'OM OIpe/e-
JISIFOTCSI COOTHOILIEHUEM CBSI3KM M KapOuaoB. C yBelMYEHUEM COACPKaHUS CBSI3KU
YMEHBIIAETCSl TBEPAOCTh, HO MOBBIIIAETCS MPOYHOCTh U BA3KOCTh. K HepgocTtaTkam
OTHOCHTCSI CIIO’KHOCTb U3TOTOBJIEHUS (PaCOHHBIX MU3JIEIHI U BHICOKAsI XPYIKOCTb.

B 3aBucumocTu OT cocTtaBa KapOMIHON OCHOBBI TBEPbIE CIUIABBI JCNIATCA Ha
Ha TPH TPYIIIHL:

1. Oonoxapbuonvie — goavghpamosas epynna WC — Co. MapkupoBka BK u
mudpa, MOKa3bIBaloOIIas cojepkanue kodanpta B nporentax — BK3—-BK25. Temo-
croiikocts — 800°C. TIpu 0MHAKOBOM COIEPKAHHH KOOAJIbTa 3TH CIUIABBI IO TPOY-
HOCTHU MIPEBOCXOJIAT APYTUE TBEPBIE CIUIABBI, HO YCTYMAIOT UM IO TBEPIOCTH.

2. Heyxxapouonvie — mumanogonvppamosas epynna TiC — WC — Co. Mapku-
poBka TK u uudpsl, mokaspiBaronie cojaepkaHue B MPOLIEHTaX KapOujaa TUTaHA U
koOanbTa. [Ipu crnekanue obpasyercst TBEpALIN pactBop (T1, W)C. DToT KapOua 00-
nagaer Gonee BHICOKOM TBEpHOCTHIO, ueM WC. Temrocroiikocts — 900-1000°C. C
yBEJIMYEHHUE CoJiepKaHusl KapOuja TuTaHa TersioctoikocTh mosbimaetcs. (T5K10,
T15K6, T30K4).

3. Tpéxxapouonsie — mumarnomanmanosoav@pamossie TiC — TaC — WC — Co.
Mapxkuposka — TT, cinenyromas mudpa o603HaUaeT CyMMapHOE COJIep)KaHUE B TPO-
[EHTaX KapOWJ0B TUTaHa M TaHTaja B MPOIEHTaX, a mocie OykBbl K — KommuecTBo
ko6anpToBoOM cBs3ku (TT7K12, TT10KS8, TT20K9). Kapbunnas ocHoBa mpeacTaBis-
et coboii TBEpabIi pacTBop (T1, Ta, W)C u n36siTok kapbuna Boiabppama. ITU CIuia-
BbI OTJIMYAIOTCS OT MPEAbLAYIINX 00Jiee BHICOKOW MPOYHOCTHIO, OHU JIydYIlle COMpO-
TUBJISIOTCS] BUOPAITUH.
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AOpa3suBHBII MaTepHaJl NIPUMEHSETCS B BUJE PEXKYLIUX 3€PEH, KOTOPbIE
MOTYT OBITh IPUTOTOBJICHBI KaK MOPOLIOK, TACTa, HAKJIECEHBI HA OyMary Wil CBS3aHbI
B BHUJIe OpPYCKOB MJIM KPYrOB K€PaMUYECKON WJIM OpraHMYecKOM CBs3KOU. Pexyriue
CBOMCTBa 00€CIEUNBAIOTCS BHICOKOW TBEPJOCTBIO M XPYIKOCThIO 3epHa. [ensTcs Ha
IPUPOIHBIE (a7IMa3, KOPYH]I M HAXKIAK) U UCKYCCTBEHHBIE.

K HcKycCTBEHHBIM OTHOCSITCS CIEAYIOLIHUE:

1. Cunrernueckuii anmas (AC), Temnocroikocts anmasa — 800°C. HeBbicokas Te-
IUIOCTOMKOCTh COYETAETCSl ¢ BBICOKOM TEIUIONPOBOJHOCTBIO anmasza. TBepaocTh IO
Buxkkepcy HV 100 000 MITa.

2. [Monukpucranmnyeckuii HUTpuA Oopa ¢ KyOMUecKol pemeéTKko — Kyonueckui
autpua 6opa (KHB, B-BN) umeer anmazonomo0Hy0 peméTky u OJU3KHE ¢ aiMa3oM
csorictea (HV 90 000 MIla), ogHako nmpeBoCXoauT ero 1o remiocroiikoctu (1200°C)
U 0oJiee XUMUYECKU MHEPTEH. B 3aBUCMMOCTH OT TEXHOJIOTUHU MOJTYUYEHHUS STOT MaTe-
pua BhITyCKaeTCs MOJ Ha3BaHUSIMU: 3600p, 3100p-P, 60pa3oH.

3. DIEKTPOKOPYHT — OKUCH amoMuHusa Al,Os, mostyyaemasi B 3JIEGKTPUUYECKHUX TIe-
yax.

4. Kapbun kpemuus (kapoopynn) — SiC. [lonyuaercs crnaBieHHeM KBapIleBOTO
necka c¢ yrieponom. O6manaer Oonbliel TBEPAOCTbIO U XPYIKOCTBIO, YEM AJIEKTPO-
KOPYH/I.

H3HococTolikne cruiaBbl. TUNMYHBIMEU CIIy4asiMH M3HOCA SIBJSIOTCS OOBIYHOE
TpPEHHE CKOJBbXKEHHS 1 aOpa3uBHBIN U3HOC. B mepBoM cilydae MeTaiia HaKJIenbIBalOT
¢ nmoBepxHocTU. Bo BTOpOM ciyuae, Korja 4acTHIlbl MeTajljla BBIPBHIBAIOTCS C IO-
BEPXHOCTU, UBHOCOCTOMKOCTH OIpPEAENSIETCS] TBEPIOCTHIO U COMPOTUBIEHUEM OTPbI-
BY. MI3HOCOCTOMKOCTh MOXKET ObITh MOBBIIIEHA XUMUKO-TEPMHUUECKOH 00pabOTKOM.

BricOKO# CTOMKOCTBIO K M3HOCY 00NafaeT epagumusuposannas cmaiv. I'pa-
GUT B CTPYKTYpE MOJIYYaAETCs 3a CYET YACTUUHOIO PA3JIOKEHUS IEMEHTUTA, TI03TOMY
rpa@UTH3MpPYIOMIKMECS CTAIM JOJKHBI UMETh BbICOKOE cojepskanue yrieponaa (1,5-
2%) n xpemuus (1-2%), mocnenHuii MOBHIIAET CIOCOOHOCTh CTANIU K TpaduTH3aUY.
[Tocne TepMo0OpabOTKU CTPYKTypa CTaIM COCTOUT U3 3€PHUCTOTO IMEPIUTa C HEKO-
TOPHIM KOJMYECTBOM MENKHUX OKPYTJBIX BKIOUeHHU rpadura. [Ipu HeaOpazuBHOM
U3HOCE rpaduT UrpaeT poiib CMa3KH, MPEAOTBpallas Cyxoe TPEHHUE U CXBAaThIBAaHUE.
Kpowme Toro, 3Tu ctanu 06agatoT aHTUBUOPAIIMIOHHBIMHI CBOWCTBAMHU.

Aycmenumnuas evicokomapeanyosucmas cmaiv (cmaiwv I aoguiboa) B yCIOBU-
X OOBIYHOTO TPEHUS, COMPOBOKAAEMOT0 OONBIINM y/IeIbHBIM JAaBICHUEM, TIPU He-
BbicoKkoi TBepaoctu (HB 2000-2500 MIla) o6mamaeT xopoiiei u3HOCOYCTOMYHUBO-
cTht0. JTa cranb coaepxkut 1,2% C u 13% Mn (I'13), o6nagaer THIMYHBIMUA JIJIS Y-
CTEHUTHBIX CTaleil BHICOKMMH BSI3KOCTBIO U MIACTUYHOCTBIO MIPU IOCTATOYHO XOPO-
1€l MPOYHOCTH, MOBBIIIEHHON CIIOCOOHOCTHIO K HAKJIEIY.

B uensix pe3koro moBbIIIEHUSI M3HOCOCTOMKOCTH, @ TaK)XK€ BOCCTAHOBJICHUS
pa3MepoB U3HOIICHHBIX JeTalleld UCMIOJb3YIOTCS Haniagouuvle mamepuanvl. B Bume
NPYTKOB (TpYOOK) M3rOTaBIMBAIOTCS HAIUIABKUA U3 TBEPABIX, NU3HOCOYCTOMUMBBIX, HO
He 00Jaal0IKX BHICOKOW MEXaHMYECKOH MPOYHOCTHIO M3-3a XPYNKOCTH, MaTepua-
noB. Hanpumep, sprektrueckoit cmechio W,o,C+WC HanomHSIOT JKeIe3HyI0 TPYOKy U
PaCIUIABIISIIOT A0 XUAKOTO (MOJYKUJIKOr0) COCTOSIHUS Ha TOM MOBEPXHOCTH JI€TAJIH,
KOTOpast MOJBEPraeTcs CILIOIMIHOMY HU3HOCY.
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1.13 AI'OMUHMH U CILUIABBI HA €r0 OCHOBE

B MupoBOii IPOMBIIIEHHOCTH aJIOMUHUEBBIE CILIABbl XapaKTEPU3YIOTCS HAU-
00aBIIM 00bEMOM TMPOU3BOJCTBA CPEAM I[BETHHIX METAIOB U YCTYIMAOT TOJBKO
ctanu. [IpakTudyecku HET HU OAHOW OTpPACIH, B KOTOPOH HE HCIIOJIb30BAIUCH OBI
AJTIOMUHUEBbBIC CIUIaBbl. AJIIOMUHUM M aJIFOMUHHUEBBIE CIUIaBbl — MEPBBIE KOHCTPYK-
[IMOHHBIE METAJUIbl, KOTOpPbIE OBUIM MCMOJIB30BaHbl B caMosieTocTpoeHuu. CBoe 3Ha-
YEeHUE B CaMOJIETOCTPOCHHUH aJFOMUHUN COXpAaHSET U cerdac — 10 75% macchl co-
BPEMEHHOTO CaMOJIETa COCTABIISIOT JIETAIIM HA €r0 OCHOBE. AJIFOMUHUEBBIE CILJIABbI
TaKXe MPUMEHSIOT B CTPOUTEIBHBIX KOHCTPYKIUSAX, CYAOCTPOCHUH, KEJIE3HOIOPOXK-
HOM U aBTOTPAHCHOPTE, ANEKTPOTEXHUKE U T.A. B XMMHUYECKOM MalIMHOCTPOEHUU
AJFOMMHUEBBIC CIUIAaBbl MCIOJIB3YIOT JJISI M3TOTOBJICHUS XPAHWJIWI JKUAKHAX Ta30B
(xucnopoza, a3oTa MPUPOAHOTO U Jp.), PEKTU(UKAIIMOHHBIX KOJOHH U TPyOOIpPOBO-
JIOB.

Ho xonna 80-x rogoB 19 Beka aJfOMUHUN MOYTHM HE MPOU3BOAWICS U €r0
CTOMMOCTH ObIJIa COTIOCTaBMMa CO CTOMMOCTHIO 30J10Ta. CHMIKEHUE IEHBl HAYajJoCh
TOJIBKO TIOCJIe pa3paboTku B 1886 Toqy 3JIEKTPOIU3HOTO CIOCO0a BHITUIABKH JTFOMU-
HUSL.

AJIIOMMHUNA — XUMUYEeCKHAN dneMeHT I rpynnel meprnoauyeckon CUCTEMBI dJ1e-
MeHTOB. CepeOpucTo-0enblii MeTall, Ipu OOBIYHBIX YCJIOBHSIX MOKPBITHIM TOHKOM
OKCUJHOM IUIEHKOM. BO BCeX yCTOWYMBBIX COCIMHEHHUSIX AJTOMUHUN TPEXBAJICHTEH,
HO TPU BBICOKUX TEMIIEpaTypax MOXKET ObITh OJTHOBAJICHTEH.

[To pacnpocTpaHEHHOCTH B HNPHUPOJE ATFOMUHUN 3aHUMAET [IEPBOE MECTO Cpe-
i MetaiioB. Ero conepikanue B 3eMHOM Kope cocTaBisieT 0kojo 8%. B cBobogHOM
COCTOSIHUHM B NPHUPOJE HE BCTPEYAETCS M3-3a2 BBICOKOW XUMHUYECKON aKTHMBHOCTH.
Hawubonee nenHoON amfOMUHUEBON PYI0H SBISIOTCS OOKCUTHI, TAE COAEPIKUTCS OKOJIO
50% ALO;. [Ipou3BoACTBO amrOMUHUS 3aKIr04YaeTcs B moydeHuu Al,O3 u3 amomu-
HUEBBIX PYJl HIEJIOYHBIM, KHCJIOTHBIM, 3JIEKTPOTEPMUUYECKUM HIIM KOMOWMHUPOBAH-
HBIM CIIOCOOaMH, a 3aTeM MPOBOIUTCSA deKTpoin3 Al,O; Ha moydeHue NEPBUIHOTO
Metaia. [IpousBosictBo sHeproemkoe, 10 30% CTOMMOCTH allOMUHHUSI COCTABJISIET
AJIEKTPOIHEPTHsI, TIOFTOMY MPOU3BOJICTBA PACIIOIATAIOT BOJIM3M MOIIHBIX JJIEKTPO-
CTaAHIINN.

AOMUHHNM 001a4aeT TPaHEIIECHTPUPOBAHHON KyOUUYECKOM pelieTKoi; HU3KOoH
IUIOTHOCTBIO y=2,7 T/CM’; HU3KO} TeMIIepaTypoil IiaBiIeHus t,,=660°C; BHICOKO Te-
IJIONPOBOAHOCTBIO A=0,57 Kai/cMm-cex-Tpajl; BBHICOKOH 3JIEKTPONPOBOAHOCTHIO, CO-
cTaBisoLen 65% 3JIEKTPUYECKON TPOBOIUMOCTH MEM.

OTOXOKEHHBIH aTIOMUHHUKA BBICOKOM YHCTOTHI mMmeeT o,=60MlIla; 6=40%;
25HB. Ilocne xomoaHOM MPOKATKM MEXAHUYECKUE CBOMCTBA MEHSAIOTCS: G,=180-240
MIla; 45-60 HB; 6=3-5%.

AmoMUHUN 00J1a7a€T BBHICOKOW KOPPO3MOHHOM CTOMKOCTBIO Ha BO3JyXE M B
KHCJIBIX Cpeflax 3a cYeT 00pa30BaHUs HA MOBEPXHOCTH OKCUAHOM miueHku Al,Os. Yem
YUIIE ATFOMUHUM, TEM BBILIE €r0 KOPPO3UOHHAS CTOMKOCTb.

AMOMHHHI XOpo1o 00pabaThIBaeTCsl AABICHUEM B TOPSYEM M XOJIOJHOM CO-
CTOSIHUSIX, HO TJIOXO 00pa0aThIBA€TCsl PE3aHUEM, XOPOILIO CBAPUBAETCSI.
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B 3aBucumocTH OT crnoco0a MoaydyeHus: U XMMUYECKOT0 COCTaBa pa3iinyaroT:
ATIOMUHUNA 0COOOM YUCTOTHI, ATFOMUHUNA BHICOKOM YUCTOTHI U QTIOMUHUNA TEXHUYE-
CKOM YUCTOTHI.

Amomuanii oco0oit ynctotsl Mmapku A999 coxepxut menee 0,001% npume-
cell. [Tomyyaror ero 30HHOM IMJIABKOW M MIPUMEHSIOT JIJIsi HAYYHO-UCCIEI0BATEIbCKUX
LIE€JIEM U B MOJIYIIPOBOAHUKOBOM U SIIEPHON TEXHUKE.

AJIIOMUHUN BBICOKON 4MCTOTHI Mapok A995, A99, A97, A95 conepxut 0,005-
0,05% npumeceit. Ucnonb3yl0oT HpU MPOU3BOJCTBE ANEKTPUUECKUX KOHIAEHCATOPOB
Y JPYTOM ammaparypsl.

AJIIOMUHHI TeXHUYECKOM YUCTOTHI Mapok A8S, A8, A7, A6, A5 u ap. coaep-
xuT 0,15-1,00% npumeceit. [IpumMeHsoT 1ist U3roToBIeHUs (ONBIU, TOKOIIPOBOIS-
IMX U3JETUNA U TOJTYyYEHUs aTIOMUHHUEBBIX CIUIABOB. TEXHUYECKUN AIFOMUHUM, MO-
CTYMAIOIUK B BUJAE JUCTOB, MpOoQuiIeH, IPYyTKOB U ApYrux nonyhadpukaToB, Map-
kupyerca AJl u AJL1.

Kak KOHCTpYKIIMOHHBI Marepuan aJlOMHUHHI MPUMEHSATh HEIelIeco00pa3Ho
U3-32 HU3KOM MPOYHOCTH, a BOT CIJIaBbl HA OCHOBE aJTIOMUHMS 00Jaat0T HEOOXO -
MBIMU MEXAaHUYECKUMHU CBONCTBAMHU.

CmiaBbl HA OCHOBe AJMKOMMHMSA. B KauecTBe OCHOBHBIX JIETHPYIOLIUX dJie-
MEHTOB IIPH MPOU3BOJICTBE ATIFOMUHHUEBBIX CIJIaBOB HMcob3yioT Cu, Mn, Mg, Si, Zn
u Jp.

BOoaBIMMHCTBO JETUPYIONUX 3JIEMEHTOB O0pa3yloT C AJTIOMHUHUEM TBEPJbIC
pPacTBOPHI OTPAHUYCHHOW PACTBOPUMOCTH M MHTEPMETAJUTHIHBIE (ha3bl C ATFOMHUHUEM
u mexay cooort (CuAl,, Mg,Si, Al;Mg; u np.).

Bce antoMuHueBbI€ CIIaBbl MOYKHO Pa3/IeNIUTh Ha TPU TPYIIIIbL:

a) nedopmupyemble, NMpeTHA3HAUYCHHBIC I TOJy4YeHUs TOoyhaOpuKaToB
MPOKATKOI ¥ BOJIOYEHUEM WM KOBKOM M IITAMIOBKOM (PUCYHOK 28, y4acTok A);

0) nuTelHbIE CIUIaBbl, MPEAHA3HAYEHHBIC IS TOJYUYEHHUS M3JEIUI METOJIOM
dbacoHHOTO0 JIUTHS (PUCYHOK 28, ydacTok b);

B) CIUIaBBI, MOJy4YaeMble MeTo/0M ToponikoBoi metamtypruu (CAIl — cre-
YyeHHbIe amtoMuHUEBbIe MOpolku, CAC — criedeHHbIE aTIOMUHHUEBBIE CIIIABHI).

B 3aBucHMMOCTH OT CHOCOOHOCTH CIUIABOB YIIPOUHATHCS TEPMUUYECKOW 00pa-
OOTKOMW KX MOJPa3JENSIOT Ha!

® YIPOYHSEMbIC TEPMHUUECKON 00paboTKOM (pucyHOK 28, yyacTok I)
® HE yIpOYHSAEMbIE TEPMHUUYECKOU 00pabOTKOM (puCyHOK 28, yyacTok B).

Hedopmupyemsbie aIlOMUHMEBbIE CILIABDI,
He YIIPOYHsieMble TEPMHUUYECKOH 00padoTKOM
K »5Tum crmaBam OTHOCSTCS CIUIaBbl aFOMUHHUSI C MApraHUEM WM MAarHUEM
KOHILIEHTPAalMi MEHEE TOUKH «a» Ha PUCYHKE 25.
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Pucynok 25 — J[luarpamma cocrosinust Al - JID

CTpyKTypa 3THX CIUTABOB IMOCJIE MEIJICHHOTO OXJIAKIEHUS COCTOUT TOJIBKO W3
O.-TBEPJIOTO pacTBOpa MapraHIla WIM MarHus B alFOMUHUU. HUKaKUX CTPYKTYpHBIX
U3MEHEHUH B ATUX CIUIaBaxX MPHU HAIPEBAaHUU U OXJIAKJECHUU HE MIPOUCXOAUT, MOITO-
My MPUMEHEHUE TePMUUYECKOW 00paOOTKU C EIbIO MOBBIIIEHUS MPOYHOCTH HEBO3-
MOXXHO. YTIPOYHEHHUE ITUX CIJIABOB BO3MOXHO TOJILKO 33 CUET XOJOJHOM MlacThye-
CKoU aedopmariiu, T.€. Hakjena (HarapToBKH).

MapkupyroTcss 3TH ciiaBbl OykBamMu AMIl (afOMUHUN ¢ Mapradiem) Wiu
AMTr (aroMuHUN ¢ MaraueM), a 1udpa, CTosImas mocjie OyKBbI JIETUPYIOMIETO dJie-
MEHTa, MMOKa3bIBaeT CPEIHEE €ro coAepkaHue B mpoueHTax. Ecnu xe uudpa orcyr-
CTBYET, TO COAEpPKAHUE JETUPYIOIIUX dJieMeHTOB MeHee 1,5%. Hampumep: AMr2 —
Mg — 2%, ocTaJlbHOE AITFOMUHU.

XUMHYECKUH COCTAB U MEXAHUYECKHUE CBOMCTBA HEKOTOPBIX MAapOK 3TUX CILIA-
BOB IPE/ICTABJICHBI B TaOwIIE 8.

CrpykTypa cmiaBa AMI nipeAcTaBisieT co00M o.-TBEPAbIM pacTBOpP MapraHiia
B QJTIOMUHHUH W HEOOJBIIIOE KOJIMYECTBO YacThIl coequHeHus AlgMn.

Crpykrypa cmaBoB AMr no coaepkanus maraus 1,4% mpencraBusier coOoi
OL.-TBEPJBIHA PACTBOP MAarHUs B aTtOMUHUM (pUCYyHOK 26). [Ipu Gonbiiem coaepkanuu
(Mg>3%) ynpouHeHune TepMOOOpPaOOTKON BO3ZMOXKHO (UTO ClEoyeT U3 KPUBOM pac-
TBOPUMOCTH B cucteMe Al-Mg), Ho 3¢ dexT ynpouHeHus: HeBeIuK. {11 Toro 4Toosl
MOBBICUTH MPOYHOCTh M M3MENBUUTh 3€PHO, B 3TH CILIABBI JIOOABIISIETCS MapraHell,
KOTOpbIN 00pa3yeT aucnepcHbie yacTuilbl AlgMn.

Cmnasel Al-Mn u Al-Mg npUMEHSIIOT B OTOKKEHHOM COCTOSTHHUH.

Tabnuna 8 - XuMuueckuil COCTaB 1 MEXAaHUYECKUE CBOMCTBA JePOPMUPYEMBIX
ATIOMHHHEBBIX CIJIABOB HE YIPOUYHIEMBIX TEPMUUECKON 00paboTKO
Mapka XUMUYECKUi cocTas, % Mexanudeckue cBoricTpa *

Al

Mn

Mg

O,, Mlla

Oo.0, MllIa

d, %
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AMir | ocHOBa 1,0-1,6 - 130(170) |50(130) 23(10)
AMr2 | ocHOoBa 0,2-0,6 1,8-2,8 200(250) | 100(200) | 23(10)
AMr3 | ocHOBa 0,3-0,6 3,2-3,8 220 110 20
AMr5 | ocHoBa 0,3-0,6 4,8-5,8 300 150 20
AMr6 | ocHona 0,5-0,8 5,8-6,8 340(400) | 170(300) | 18(10)

* be3 ckoOOK TPUBEIEHBI CBOIMCTBA CILUIABOB B OTOK)KEHHOM COCTOSIHUH, a B
CKOOKax — B IMOJTyHArapTOBAaHHOM COCTOSTHUH.
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a) d)

Pucynoxk 26 - Jluarpamma coctosiausa Al-Mg (a)
M 3aBUCUMOCTh MEXaHHUECKHUX CBOMCTB CIIJIABOB OT COJEpKaHusi MarHus (0)

OTH CIuTaBbl JIETKO 00pabaThIBAIOTCS NABJICHUEM, a Pe3aHreM 00paboTka 3a-
TpyJHEHa, XOpOIIO CBAPUBAIOTCSI U HMMEIOT BBICOKYI0 KOPPO3HOHHYIO CTOMKOCTb.
HMeroT CpaBHUTENBHO HEBBICOKYIO NMPOYHOCTh U TBEPAOCTH, XOPOIIYIO IUIaCTHUY-
HOCTb. MIX MPUMEHSIOT AJI U3TOTOBJIECHUS U3ENNNA, UCTIBITHIBAIONINX HEOObIINE Ha-
Tpy3KH, HaripuMep: Oaku 111 O€H3MHA, OKOHHBIE paMbl U IBEpH, TPyOHBIE Y3IIbI B XO-
JOIUIBHBIX YCTAHOBKAX U JIp.

Hedopmupyempbie allOMUHMEBBIE CILUIABbI, YIIPOUYHSAEMbIe TEPMHUYECKOMN
o0padoTKOM
K Takum cruiaBaM OTHOCATCS CIUIaBbl AIFOMUHUS ¢ MEJIbIO, MATHUEM U IPYTUMHU
JETUPYIOLIMMHU 3JI€MEHTAMU C KOHIIEHTpAILMel oT «a» 10 «0» (pucyHok 25). B sty
IPYIILY BXOJAT TaKUE CIUIABbl KaK JIOPATIFOMUH, aBUAJIb, BBICOKOIIPOUYHBIE, KOBOYHBIE
Y )KapOIMPOYHBIE.

ropanroMuHbl. /[ropadtoMMHaMU Ha3bIBAIOT CIUIABBI HA OCHOBE AIFOMHUHUS U
MEJIM, KOTOPBIE COAEPHKAT TAKKE MArHU U MapraHel], a B KaUeCTBE MPUMECEHN — xKe-
JI€30 U KPEMHHUU.
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Mapraner| mOBBIIIAET CTOMKOCTh JIOPATIOMHHA MMPOTUB KOPPO3HUHU, TOBBIIIAET
TEMIIEepaTypy PEKpUCTAIUIM3AIMY U YIy4IIaeT MEXaHHYECKUE CBOMCTBA 3a CUET IpH-
CYTCTBHS B CTPYKType aucrepcHbix yactull Alj;Mn,Cu. XKene3o sBasieTcs BpeaHOit
NPUMECHIO, T.K. CHIDKaeT 3 (EeKT yIpouHEHUs MPU CTApEeHUH BCIIEACTBHE 00pa3oBa-
HUSI HEpacTBOpUMOro B amoMuHuu coenuHenust Al,Cu,Fe. Kpemuuii, kak u xeneso,
CHOCOOCTBYET MOHMKEHUIO MPOYHOCTH, HO BBI3BAHO 3TO YMEHBIIEHUEM KOJIMYECTBA
ocHOBHBIX ynpouHswonmx a3 (CuAl, u ALCuMg).

Kpome sToro BpeaHoe BIMsSHUE jKeNle3a M KPEMHHUS CKa3bIBae€TCsA M HA TPELIH-
HocToiikocTH K., T.e. obneryaercss pacnpocTpaHeHHe TPEIIH MPU JEHCTBUU PacTsi-
TUBAKOIINX HanpsbkeHuil. JlomyctuMoe conepxkanue xenesa u kpeMuus 1o 0,5% co-
rimacHo ['OCTa 4784-74. Canxenue conepsxanus xxene3a U kpemuaus 0,1-0,3% u Hu-

JKC BHAYUTCIIbHO IMOBBIIACT BA3KOCTH PAa3pPYyIICHUSA ch, HE U3MCHSAA BECIINYUHBI O U

Oo.o.-

HauOonbliee npakTuyeckoe MpUMEHEHWE UMEIOT TaKue MapKH JIOpaTOMUHA
kak JI1 u 16 (Tabnuna 9). byksa JI o603Ha4aeT B MapKUPOBKE, UTO ATO JIOPATIO-
MUH (JIt0patib), a nudpa nocie 0ykBbl — nopsiakoBbiid Homep B 'OCTe.

Tabmuma 9 - XuMu4eckuii COCTaB M HEKOTOPhIE MEXaHUIECKHUE CBONCTBA
JIOPAJTIOMUHOB NOCJIE 3aKAJIKU U CTAPEHUS

Mapka XHUMHUYECKUH cOCTaB, % MexaHn4ecKre CBOMCTBA
Al Cu Mg Mn o Goo, S, %
MIlIa MIla
a1 ocHoa | 3,8-4,8 | 0,4-0,8 | 0,4-0,8 490 320 14
116 ocHoBa | 3,8-4,9 | 1,2-1,8 | 0,3-0,9 540 400 11

JIist ynIpOoYHEHHsl AXOPAIIOMUHOB MPOBOAT 3aKaJKy M CTapeHue. 3akajlka co-
CTOUT B HarpeBe CILIABOB 10 TEMIEPATYPHI, IPU KOTOPOH H30BITOYHBIE HHTEPMETAI-
aunasble (aszel (CuAly) TOJTHOCTBIO UM MOYTH MOJIHOCTHEO PACTBOPSAIOTCS B aIlOMU-
HUM (MUHUA a0c., pUCYHOK 27) U KOHLIEHTpaLMs MEAU B O-TBEPAOM PacTBOPE MOBBI-
mraerca. [locie BBIAEPKKU MPHU JAaHHON TeMIepaType MPOBOAST ObICTpOE OXJIaXKie-
Hue. [Ipu ObICTPOM OXJIaXKIECHHUEM MEIb HE YCIIEBAeT BBIICTUTHCS B BUAEC MUHTEpPME-
taiuaa CuAl, u oO6pasyeTcsi nepechIeHHbII TBEPIbIil paCTBOP MEAH B aTIOMUHUMU.
[Tocne 3akanky MIOPATIOMUHBI 00JAal0T BBICOKOW IUTACTHYHOCTHIO (& = 25%) m
MSTKOCTBIO. DTO HUCHOJB3YETCS NPU MPOBEACHUM PA3IUYHBIX (POPMOU3MEHSIOIINX
ornepanuii B X0J0AHOM COCTOSIHUU. OJHAKO MEPECHIIEHHbBIN O-TBEPABIA PacTBOP He-
YCTOMYMB, U U3 HETO CAMOIIPOM3BOJIBHO HAaUYMHAET BBIIENIATHCA M30BITOYHASI MEJIKO-
nucnepcHas uHTepMmetamueckas ¢aza CuAl, , yTo mpuaaeT JOpPaJIOMHUHY MOBBI-
LICHHYI0 TBEPIOCTh U MMPOYHOCTh. DTOT IIPOLIECC HA3bIBACTCS cTapeHueM. Eciu cra-
peHUE MPOBOIUTCS MPU KOMHATHOW TemImeparype, (ECTECTBEHHOE CTapeHue), TO YII-
pounsitonui 3pdexT nocruraercs Ha 5-6 cyTku. Ecnm ke mocie 3akajku CIUIaB Ha-
rpethb 10 150-200°C, To ynpounenue mpousoiaer yepes 10-20 yacos, U Takoe crape-
HUE Ha3bIBAIOT UCKYCCTBEHHBIM. OJHAKO, €CTECTBEHHOE CTApEHUE INPEIIOYTUTEIb-
Hee, T.K. 00eCIeynBaeT MoyiyueHue 0ojee BbICOKOM KOPPO3ZMOHHOM CTOUKOCTH.
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Pucynok 27 - [luarpamma coctosinus Al - Cu
(ITpuxoBas JIMHUS — TEMIIEpATypa 3aKaJIKU CILUIABOB)

JItopaTfoMUHBI YJIOBIETBOPUTEITHLHO 00pa0aThIBAIOTCS PE3aHUEM IMOCTE 3aKall-
KM, W TIOCI€ CTApEHUsl, XOPOIIO CBAPUBAIOTCA TOYEUHOM CBAPKOM, HO CBApHOM IIOB
obecmnieunBaeT ToiabKO 60-70% MPOYHOCTH OCHOBHOT'O METaJlJIa TO3TOMY COEIMHEHHE
JMCTOB JIIOPATIOMHHA OCYILECTBIISIETCS 3aKJenKkamu. YJenbHasi MPOYHOCTh JIopa-
JIOMHHA TOCTE 3aKalIKWd U CTapeHus Olu3Ka K yAEIbHOWU MPOYHOCTH JETUPOBAHHOM
CTaJH.

J1J1sl TOBBIIIEHHS] KOPPO3UOHHON CTOMKOCTH AHOPATIOMHUHBI TOABEPTatOT, TUO0
EKTPOXUMUIECKOMY OKCHIAUPOBAHUIO, TUOO MIAKHUPOBAHUIO (T.€. HAHOCST TOHKHMA
CJIOM aJTIOMHUHUS) WM MOKPBIBAIOT KPACKOW. DTU CIUIaBbI UCIOIB3YIOT B CAMOJIETO-
CTpOCHUHU (T.€. M3TOTOBIISIOT OOIIMBKH, MIMAHTOYTHI, CTPUHTEPHI U JIOHXEPOHBI Ca-
MOJIETOB), @ TAKXKE CUJIOBBIE KapKachl, CTPOUTENIbHBIE KOHCTPYKIIMH, Ky30Ba Ipy30-
BBIX aBTOMOOWJICH | T.1.

CniaBbl aBuAJIb. DTO aTIOMUHUEBBIC CIUIABBI, COJEPKAIIUE B KaUYECTBE OC-
HOBHBIX JIETUPYIOIIUX 3JeMeHTOoB MarHuil (10 1,2%) u kpemuuii (no 1,2%). Otu
cruiaBbl 00Ja7at0T OOJNbIIEH MIACTUYHOCTBIO B XOJIOAHOM M TOPSYEM COCTOSTHUM,
4YeM JIOPATFOMUHBI, HO MEHbBIIIEH MPOYHOCTHIO.

Kpome Mg u Si, koTopbie 00pa3yloT YHNPOUYHSIONIYI0 UHTEPMETAITMYECKYIO
dazy Mg,Si, B cocTaBe aBHaieil cojiepKaTcs Mapraselil, Xxpom u mejp (tadnuna 10).

VIpo4yHEHHUEe CILIABOB JOCTUTAETCS IyTEM MPOBEAEHUs 3aKkanku (t=515-525°C
U OXJIQXKIEHUE B BOJE) U IOCIEAYIOIEr0 UCKyCCTBEHHOro crapenus (t=160-170°C,
BbIZIepkKa 10-12 4.). ABHaib OTJIMYAETCS BHICOKOM IMIACTUYHOCTHIO (UTO AT BO3-
MO>XHOCTh KOBaTh M IITAMIIOBATh JCTAIH CIIOKHOU (DOPMBI), 3HAUUTEITHLHOU KOPPO-
3MOHHOM CTOWMKOCTBIO, YAOBJIETBOPUTEIBHON MEXAHUYECKOU ITPOYHOCTBIO M CBAPU-
BAaeMOCTBIO, XOPOIIIel TEXHOJIOTUIHOCThIO. Hanboee mupokoe npuMeHEeHHE NMEIOT
CILJIaBbl B TPAHCIIOPTHOM MAlIMHOCTPOCHUU, CTPOUTEIBCTBE U JIP. OTPACIAX AJIS U3-
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TOTOBJICHUSI KOHCTPYKIHM, HECYIINX YMEPECHHBIE HArPy3KH, KOBAHBIX JE€TAJIECH JBU-
raTeyied, pam, IBEPEN U T.J.

Tabmura 10 - XuMuueckuii coctaB aBUaJIEM 1 OCHOBHBIE MEXAHUYECKUE

CBOMCTBA IOCJIC 3aKAJIKH U HCKYCCTBCHHOI'O CTapCHU

ConeprkaHue 3JIeMEHTOB, %o MexaHnueckue

Mapxka CBOMCTBA
CcIIaBa Al Mg Si Mn Cr Cu O, G0.2, 3,
MIla | MIla | %
AB ocaona | 0,45-0,9 0,5-1,2 | 0,15-0,35 - 0,1-0,5 360 300 12
AJl31 ocaona | 0,4-0,9 0,3-0,7 - - - 250 200 12
AJI33 ocuoBa | 0,8-0,12 0,4-0,8 - 0,15- 0,15-0,4 | 340 280 11

0,35

BoicokonpouHble ajJlIOMUHHMEBbIE€ CIUIABbl. OTH aAJIOMUHUEBBIE CIUJIABbI
UMEIOT CJIOKHBIA XUMUYECKUN cOoCTaB. | TaBHBIMU JIETUPYIOLUIMMH 3JIEMEHTAMU SIB-
JISIFOTCSI MarHUid, Melib, MapraHel 1 iuHK. Hanbosbiiee pacnpocTpaHeHue cpeu Bbl-
COKOITPOYHBIX AJIFIOMUHHMEBBIX CIUIABOB UMeET Mapka B9S5. xumuueckuii coctaB 3TOro
CIJIaBa, KpOME aJIlOMUHMS, peacTasiser coooi 1,4-2,0% Cu; 1,8-2,8% Mg; 0,2-
0,6% Mn; 5-7% Znu 0,1-0,25% Cr. MexaHuueckue CBOMCTBA 3TOT'0 CILJIaBa: Gy =
560-600 Mlla, oy, = 530-550 MIla, & = 8% (mocne 3aKaJku U €CTECTBEHHOI'O CTape-
HUA).

B kauecTBe ynpouHstommx a3 B 3TUX CIUIaBaxX BBICTYIAIOT TaKWe MHTEpMeE-
TaJUTUAHBIE COeTMHEHUS Kak MgZn,, A,Mg;Zn;, Al,CuMg. Uem BhIIIE coqiepKaHue
LIMHKA U MarHusi, TEM BBIILIE TPOYHOCTh ITUX CILIABOB, HO IJIACTUYHOCTHh U KOPPO3H-
OHHasl CTOMKOCTh YMEHbIIAKOTCA. [[OBBICUT KOPPO3HUOHHYIO CTOMKOCTh MOYKHO ITy-
TeM 700aBlIeHHs B CIUIaB Maprafia u xpoma. C 1eIb0 MOBBIICHUS TPOYHOCTH ITH
cIuIaBbl mojBepraror 3akajike (t=460-470°C u oxyaxaeHue B BOJIE€) U HCKYCCTBEHHO-
My crapenuio npu temrepartype 135-145°C B teuenne 16 4. ITo cpaBHEHHIO ¢ ArOpa-
JIOMHHAMH BBICOKOIIPOYHBIE CIUIABBI 00JIAAl0T OOJBINEH YyBCTBUTEIHHOCTHIO K
KOHIICHTpPaTOpaM HaNpsH>KEHUM, MEHBIIMM MPEIeIOM BBIHOCIMBOCTU U BA3KOCTHIO
pa3pylIeHus.

CrnaBbl 0071aa10T XOPOILIEH MIACTUYHOCTHIO B TOPSYEM COCTOSIHUU U CPaBHU-
TEJIBHO JIETKO Ae(OPMHUPYIOTCS B XOJIOJHOM COCTOSIHUHU Tocie oTxkura. CrijiaB MapKu
B95 xopomio oOpabaThiBaeTcsl pe3aHHEM M CBapUBaeTCs TOYEHYHOM cBapkou. Ero
IPUMEHSIOT B CAMOJIETOCTPOCHUU JUIsl HAPYKHBIX KOHCTPYKIMU, pabOTaIOIUX U~
tensHoe BpeMs mpu t < 100-120°C, manpumep, oOIIMBKA, LIMAHIOYThI, CTPHUHIEPHI,
CUJIOBBIE KapKaChl CTPOUTENIbHBIX COOPYKEHUHN U T.I.

Kaponpounsle cruiaBbl. VX HCHOAB3YIOT 11 U3rOTOBIIEHUS JETaneu, pado-
Taroumx npu temmeparypax g0 300°C (mopiHu qBUraTesieii BHyTPEHHETO CropaHus,
JeTanu TypOOpEaKTUBHBIX JBUTATENEe, OOIIMBKAa CBEPX3BYKOBBIX JBUTraTeledl U
T.J.), AJ1s1 HOTy4YEeHHs] HEOOXOIMMBIX >KapOMPOYHBIX CBOMCTB UX JIETUPYIOT HE TOJIHKO
MEJIbI0 U MarHueM, HO U KEJIE30M, HUKEJIEM U TUTAHOM.

Ynpounstomumu pazamu KaponpouHbIx ciiaBoB sBisitorcst CuAl,, Al,CuMg,
AlgFeNi u Al¢CuNi. Tlocne 3akanku u crapeHus MpyU YaCTUYHOM paciajie TBEPI0ro
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pacTBOpa 3T (I)&BBI BBIACIIAAIOTCA B BUJAC JUCIICPCHBIX HaCTUL, KOTOPBIC 3HAYHUTCIIBHO
MOBBIIAKOT KAPOIIPOYHOCTH CILJIABOB. B Ta6J'II/IIIe 11 IMpEACTaBJICH XUMHUYECKHHU CO-
CTaB M MEXaHUYECKHE CBOMCTBA IIOCJE TepMOO6pa6OTKI/I HaunoOoJee IMPUMCHACMBIX
CIIIIaBOB.

Taomuna 11 - XuMuueckuii coCTaB U THIUYHBIE MEXAHUUECKHE CBOMCTBA
YKapOIPOYHBIX aJTFOMUHHUEBBIX CILIABOB

Mapxka XHUMHUYECKUH cOCTaB, %o MexaHU4YeCKHe CBOWCTBA
Al Cu Mg Mn Si Ipyrue Cs, Go.2, 0, %

oneMenThl | MIla | MIla

AK4-1 | ocnoma | 1,9- 1,4- - 0,35 0,8-1,4 Fe 430 280 13

2,5 1,8 0,8-1,4 Ni

0,02-0,1 Ti

1120 OCHOBA 6-7 - 0,4- - 0,1-0,2 Ti 400 250 12

0,8

Bricokast sxaponpounocTs criaBa J[20 mocturaercs 61arogapsi BBICOKOMY CO-
JIEPIKaHUIO MEU M MapraHIiia C TATAHOM

CniaBbl 1Ji KOBKHM H INTAMIOBKH. JlaHHBIE aJIOMHHHEBBIE CINIABHI 00J1a-
JAIOT BBICOKOW TUIACTUYHOCTBHIO B HArpPETOM COCTOSHUW U YJIOBJIETBOPHUTEIHLHBIMU
JUTEHHBIMU cBoMcTBaMU. OCHOBHBIMH JICTHPYIOIIUMHU JJIEMCHTAMH SIBIISIIOTCS ME/Ib,
MarHui, Maprasen 1 KpeMHuid. KoBKy B IITaMIIOBKY CIIABOB IIPOBOIAT MPU TEMIIE-
parype ~ 450°C. [y HOBBILIEHUS IIPOYHOCTH IPOBOAST TEMIIEPATYPHYIO 00pabOTKY,
COCTOSIIYIO U3 3aKAJKH U UCKYCCTBEHHOTO CTapeHUs. Y IPOUHSIONIUMU (pazaMu TpH
crapeHuu sBIsOTCs Mg,Si, CuAly, A[,MgsCuSi,. B Tabnurme 12 npencraBieH Xumu-
YyeCKHUI COCTaB U OCHOBHBIE MEXaHWYECKHE CBOMCTBA CIIJIABOB.

Taomuna 12 - XuMHU4YeCKrii COCTaB U MEXaHUYECKUE CBOMCTBA
AITFOMAHUEBBIX CIUIABOB I KOBKU U IITAMIIOBKUA

Mapka CoaepxaHue 2J1EMEHTOB, Yo MexaHn4YeCKHUe CBOKWCTBA
Cu Mg Mn Si G, MIla | 6g,, MIIa | 8, %

AK 6 1,8-2,6 0,4-0,8 |0,4-0,8|0,7-1,2 420 300 12

AK 8 3,9-4,8 0,4-0,8 |0,4-1,0| 0,6-1,2 480 380 10

OTHU cIiaBbl XOpoIIo 00padaThIBalOTCA PE3aHUEM M YJIOBJIETBOPUTENILHO CBa-
PHUBAIOTCA KOHTAKTHOM M aprOHOAYTOBOM CBapKoOM. JIMTEMHbIE CBOKWCTBA YJIYUIlIarOT-
cs 3a cuer mo6aBku kpemHUs. OHAKO ATH CIUTaBBI CKJIOHHBI K MEKKPUCTALTUTHOM
KOPPO3UHU U KOPPO3UU MOJ HANpPsLKEHUEM. VMConb3yroT uxX AJisi U3rOTOBJIEHUS NOA-
MOTOPHBIX PaM, KPENEKHBIX JETAJIEH, JIOMACTEW BUHTOB BEPTOJIETA U T.JI.

JluTeliHbIe AJJIOMUHHMEBBbIE CILIABbI

JluTeitHbie CIIaBbl JOHKHBI 00J1a7aTh BBHICOKOM JKHIIKOTEKYYECThIO, CPaBHU-
TEJIHLHO HEOOBIION YCaaKOW, MaJOW CKIIOHHOCTBIO K 00Pa30BaHUIO TOPSYMX TPEIIHH
Y 11O, XOPOIIMMHU MEXaHUYECKUMHU CBOMCTBAMHU U KOPPO3HMOHHON CTOMKOCTBIO.

JlydmiuMuy TUTEHHBIMU CBOMCTBAMH 00JIa[Jal0T CIUIaBbl, B CTPYKTYpPE KOTOPBIX
uMeercs 3BTekThKa. OOpa3oBaHUE SBTEKTUKU 3aBUCHUT OT KOHIIEHTPALMH JIETUPYIO-
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IIMX JIEMEHTOB, T.€. UX COJEpKaHUE JTOJKHO ObITh OOJIbIIE MPEAETbHON PacTBOPH-
MOCTH B AJIFOMUHUH.

B kaudecTBe IMTENHBIX CIUIABOB IPUMEHSIOT CIUIABBl AJIFOMUHUN-KPEMHUU,
AJIIOMUHUU-ME/Ib, aJIIOMUHUA-MarHuim.

Mapxkupytorcs 3t ciiaBbl OykBamu AJl u ganee crout uudpa. byksa «A»
0003HaYaeT YyTo 3TO AJTIOMHHHUEBBIN cIuiaB, OykBa «JI» - auTeiHbIA, a udpa cooT-
BETCTBYET nopsiakoBomy HoMepy u3 'OCTa, nanpumep, AJI2, AJI4 u T.1.

Cuaymunsl. [llupokoe npumeHeHne UMerOT cruiaBbl Al-Si, mody4yuBIre Ha-
3BaHME CHUIyMHUHBI. VX cocTaB OMU30K K 3BTEKTHUYECKOMY CIUIaBy (pPUCYHOK 28), Mmo-
TOMY OHH 00JIaJIaf0T BHICOKMMH JIUTEHHBIMU CBOMCTBAMU. XUMUYECKHA COCTAB H
CBOICTBa HEKOTOPBIX CHIIYMUHOB MPECTaBIEHBI B Tabiuue 13.

Haunbonbiee pacnpoctpanenue noiayuuii ciiaB AJI2, KOTOpbI COAEPKUT B
CTPYKType 3BTeKTUKY (0+f), B-Pa3a — kpuctamnsl kpemuus. [Ipu 3aTBepaeBaHIM 3B-
TEKTHUKW KPEMHHU BBIIENSAETCA B BUAEC KPYMHBIX KPUCTAIIOB MIOJbYATON (POPMBI,
KOTOpblE Kak Obl HaApe3aroT IUIACTUYHBIM o-TBepAblid pactBop. CmiiaB ¢ Takoil
CTPYKTYpOil 0051a7JaeT MIOXUMHU MEXaHUYECKUMHU CBOMCTBAMU.

JIns U3MeNnpUYeHHs] CTPYKTYpPbl 3BTEKTUKH U pPa3MEpPOB KPUCTAJUIOB KPEMHUS
CHJIYMHMHBI TIOJIBEpraroT MOAU(PUIIMPOBAHUIO, T.€. B JKUIKUM paciuiaB BBOAST
NaF(2/3) u NaCl (1/3) B xonuruectBe 2% 0T Macchl )kujkoro criasa. [locne monu-
(buUMpOBaHUs CTPYKTYypa COCTOUT U3 MEJIKOAMCIEPCHON ABTEKTUKUA U MEIKO3EPHU-
CTBIX KPUCTAJJIOB KpeMHUsA. V3MenbueHne CTpyKTypbl OOBSICHSIETCS TEM, YTO CHUJIU-
uug HaTpus Na,Si 00BOJAKMBAET TUICHKON KPUCTAJUIbI KPEMHUS U 3aTPYIHSET UX
poct. CrimaB AJI2 He moaBepraroT ynpouHsrolien Tepmudeckoir oopadoTke. CriaBsl
AJI4 n AJI9 nONOJHUTENBHO JIETUPYIOT MarHUEM U MOJBEPratoT YIPOYHEHUIO TEp-
MUYECKOW 00pabOTKOM, COCTOSIIENH U3 3aKalKd M HCKYCCTBEHHOTO CTapeHus, Ipu
3TOM B 2 pa3a MOBBIIIACTCS NpPEeT MPOYHOCTH. YIPOUHSIOmEH (a3oi CIyX HUT

CunyMHHBI JIETKO 00palaThIBAIOTCS PE3aHMEM, XOPOIIO CBAPUBAIOTCA. OJTU
CIUIaBBI UCIOJIB3YIOT JIJIsl U3TOTOBJICHHS KOPITYCOB KOMIIPECCOPOB, KapTEPOB, OJIOKOB
LUWJIMHIPOB JBUTATENEN U T. 1.
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Pucynox 28 -Jlmarpamma coctostaust Al — Si (a)

1 — MoauduIupoBaHHbIe CIIaBbl; 2 — 6€3 MoAUPUIIMPOBAHUS

Y BIUSTHAE KPEMHHS HA MEXaHUYECKHE CBOWCTBA CIIaBOB (0)

Tabmuna 13 - Xumuueckuii cocTaB 1 MEXaHMYECKHE CBOMCTBA CUITYMUHOB

Mapxka XHMHYECKUI cocTas, %o MexaHn4ecKkue CBONCTBA
Al Mg Si Mn IOpyTHe auie- | o, Mlla G0.2, 3, %
MEHTBHI MIla
A2 OCHOBA - 10-13 - - 180 90 5
AJl4 ocuosa | 0,17-0,3 8-10,5 0,25-0,5 < 0,15Ti 180 140 2
< 0,1 Be 260 200 4
AJI9 OCHOBa 0,2-0,4 6-8 - < 0,15Ti 200 140 5
< 0,1 Be 220 160 3

CniaBbl aJIOMUMHAH — MelIb. K JTUTEHHBIM TakXke OTHOCATCS CIUIaBbl aJIFOMU-
HUS C MEJIbI0, OTJIMYAIOIIHAECS OT JIOPATIOMUHOB 00Jie€ BBICOKHM COJCPKaHUEM Me-
mu. B tabnune 14 mpeacTtaBieHbl XUMHUYECKUA COCTAaB U MEXaHMUYECKHE CBOMCTBA
CaMbIX MPUMEHSIEMBIX CILJIABOB.
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Taomuna 14 - XuMH4YEeCKHil COCTaB U MEXaHUYECKHE CBOMCTBA JTUTEHHBIX
CILJIABOB aJIFOMHUHUN-MEb

Mapka CoJiepxkaHue 3JIEMEHTOB, %o MexaHnyecKkrue CBOMCTBA
Al Mn Cu JpyTHUe djie- G, 002, 3, %
MEHTBI MlIla | Mlla
AJl7 OCHOBa - 4-5 0,2 Ti 250 180 5

AJI'19 |ocnoBa | 0,6-1,0 | 45-58 | 0,15-0,35T1 340 220 7

OTH CIIaBbl MOJBEPraloTCs YIPOYHEHHUIO IMOCHE 3aKAJIKH M HCKYCCTBEHHOI'O
crapeHus. OHU COXPAHSIIOT BBICOKME MEXaHWYECKHE CBOMCTBA IMPU IMOBBIIICHHBIX
TEeMITepaTypax W XOpoIIo o0padbaTeiBatOTCs pe3anueM. JInTeiiHbie CBONWCTBA CIIABOB
HEBBICOKHE, MTO3TOMY WX HCIOJB3YIOT I OTIMBOK HEOONBIIMX JETANCH MPOCTOM
¢dopmbl. Kpome 3T0ro OHM UMEIOT CKJIOHHOCTD K XPYIIKOMY pa3pyLIEHUIO BCIEICTBHE
BBIJICJICHUS 10 TpaHuIlaM 3epeH rpyosix BkiatoueHnit CuAl, u Al,Cu,Fe. B crnnase
AJI19 obpasyrores emie Takue coeauHenus kak Al ,Mn,Cu u Al;Ti. [IpucyrcTBue B
TBEpPJIOM PAaCTBOpE MapraHiia 1 oOpa30BaHME WHTEPMETAUIMIHBIX (a3 Mo rpaHuIiam
3€pEeH MOBBIMIAET )KAPOIMPOYHOCTH ATOTO CIJIaBa, @ T1 CIMOCOOCTBYET U3MENIbYEHUIO
3epHa. DTHU CIIaBbl MPUMEHSIIOT JJIsl U3TOTOBJICHUS apMaTypbl, KPOHIITEHHOB U T.1.

CmaBbl aJIOMUHHI — MarHuii. Takke Kak ¥ MpeAblaylIue CIUIaBbl UMEIOT
HU3KHE JINTEIHBIE CBOMCTBA U3-32 OTCYTCTBUSI B CTPYKTYpE 3BTEKTUKHU. OIHAKO 3TU
CIUIaBbl OOJIAJIAl0T XOPOIIeH KOPPO3UOHHOW CTOMKOCTBIO, MOBBIIIEHHBIMH MEXaHU-
YEeCKUMH CBoOMcTBaMu (Tabnuia 15) n obpabaTeiBatoTcs pe3anueM. XOpoIiue Mexa-
HUYECKUE CBOMCTBA OHM MPUOOPETAIOT BCIICACTBUE BBEACHUS TUTAHA U LIMPKOHUS.
JloGaBka OepusuIHs yMEHbBIIIAET OKUCIISIEMOCTh pacIuiaBa MpH TUIaBKe.

Taomuma 15 - XuMuueckuii COCTaB U MEXaHUYECKUE CBOMCTBA
HEKOTOPBIX JINTEUHBIX CILIABOB AJIFOMUHUN-MarHui

Mapka ConepxaHue 271€MEHTOB, %o MexaHuuyeckue CBOUCT-
Ba
Al Mg IPYTUE SJIEMEHTBI Os, G025 3, %
Mlla Mlla
AJL 8 ocHoBa | 9,5-11,5 <0,07 Ti 350 170 10
<0,07 Be
AJI27 |ocuoBa | 9,5-11,5 0,05-0,15Ti 360 180 18
0,05 -0,22 Zr
0,05 - 0,15 Be

CTpyKTypa 3TUX CIUIaBOB IMPEACTABISIET COOOM O-TBEPABIA PacTBOp U MHTEP-
Metaumaayo $aszy Al;Mg,, koTopas B BUAE KPYIMHBIX YAaCTHI[ PACIIOJIATAETCS IO
I'PaHUIIAM 3€PEH U BBI3BIBAET OXpyMuuBaHue. YTOOBI N30€KaTh 3TOTO, CIIABHI M1OCIE
3akajku ot 430°C BeigepskuBarot B Maciie (40-50°C) B teuenue 12-20 yacos jist pac-
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TBOpeHus yactul, AlsMg, B a-TBeprom pactBope. M3 3TUX CIIaBOB M3TOTOBIISIIOT
JETaJIH ISl CyTOCTPOEHUS U aBHALIUH.

/KaponpouyHble cniiaBbl. DTH CIUIABBI UCHOJIB3YIOT ISl M3TOTOBJICHHS MTOPILI-
HEl, TOJIOBOK LIUJIMHAPOB U JAPYTHUX JAeTajiel, padoTamomux npu temmeparypax 250-
350°C. XapormpouHsle CBOMCTBA 3THX CIUIaBOB obecreunBaroT npobasku Mn, Ti, Ni,
Ge, Zr (Tabnuua 16), koTopbie 00pa3yrOT HEPACTBOPUMBIE HHTEPMETATUAHBIE (Da3bl
AlgCuz, AlL,Ge, AlL,Zr, Al,CuMg, AlsCu;Ni. {5 MOBBIMICHUS TMPOYHOCTH CILJIABBI
MOJIBEPraroT 3aKaJIKE U NCKYCCTBEHHOMY CTapEHHUIO.

Tabnuna 16 - XUMUYECKHI COCTaB U CBOMCTBA KapOMPOYHBIX
AJFOMUHUEBBIX JIMTENHBIX CIIABOB

Mapka XUMHUYECKUH cocTaB, % Mexanuueckne cBOHCTBA
Al Mg Mn Cu apyrue sne- | c,, Mlla gj;)looo , 190,%
MCHTBI MIIa
AJl'l OCHOBa 1,25-1,75 - 3,75-4,5 1,75-2,25Ti 240 45 1,0
AJl 21 OCHOBa 0,8-1,3 0,15-0,25 4,6-6,0 0,1-0,2Cr 220 50 1,5
2,6-3,6 Ni
AJI 33 OCHOBa - 0,6-1,0 5,5-6,2 0,8-1,2 Ni 280 90 2,0
0,05-0,2 Zr
0,15-0,3 Ge

CniaBbl, mosryyaeMblie METOI0M MOPOIIKOBOM METAJIyPrUu

Ha ocHoOBe antoMuHMA NPOU3BOIAT JBE rpynmnsl Takux ciuiaBos: CAII — cre-
YeHHbIE aTrOMUHUEBBIE TOPOIIKU U CAC — crie4eHHbIE aJIFOMUHHUEBBIE CILIABHI.

CrneyeHHbIe aTIOMHMHHEBbIE OPOMIKH. /{151 N3rOTOBIECHUS U3ACIIUNA UCIIOJIb-
3yI0T QJIIOMHUHHEBYIO NyApy U MenkoaucnepcHyro AlLO; (tabmuua 17), koTopble
TIIATEIHHO MEPEMEINBAIOT, 3aCHINAIOT B IIpecc-(hOPMBI U MPECCYIOT MO/ 1aBICHUEM,
a 3ateM TpoBoIAT criekanue rpu Temmneparype 600°C. TIOCKOIbKY OKCHUIT aTFOMUHHUS
HE pacTBOPSETCS B AIFOMUHUEBON OCHOBE U HE YKPYITHSETCS, TO 3TH CILJIaBbl UMEIOT
XOPOILLYIO KapOIMPOYHOCTh, TPOYHOCTh, BBICOKYIO KOPPO3UOHHYIO CTOMKOCTh, XOPO-
LIYIO TEIJIO- U 3JIEKTPOIPOBOJHOCTD, BBICOKOE CONPOTUBICHUE UCTUPAHHUIO.

CaoiictBa u3nenuit u3 CAII 3aBUCIT B OCHOBHOM OT COJIEpKAHHUS OKCHIA
AIIFOMUHMSI U CTENIEHU JUCHIEPCHOCTH AJIFOMUHUEBOM My ApbI (PUCYHOK 29).

CAII npumMeHsIOT BMECTO HEPXKABEIOIIMX CILIABOB JUI U3TOTOBIICHUS JETalei
Y Y3JI0B B B MAJIOHArPY>KEHHBIX KOHCTPYKLHUAX, IKCILTYaTUPYEMBIX IIPOJOJIKATEIBHO
npu temneparype 300-500°C u s kparkoBpeMerHoi padotsl 10 1000°C. CruiaBbl
JIETKO 00pa0aThIBAIOTCS PE3aHUEM.

Cneuennblie anroMuHueBble ciuiaBbl (CAC). CmiaBbl COCTOSIT U3 CIIEUEHHO-
r'0 JErMPOBAHHOIO aJTIOMUHUEBOT0 nopoiuka win rpanyd. Jius CAC xapakTepHbl niau
BBICOKAs MPOYHOCTb, UM XOPOILas KapOMPOUYHOCTh, WM HU3KHIM KOA(D(ULIUEHT JH-
HEIHOTO pacIIMpPEHus], WM HU3KUI KO3PPUIMeHT TpeHus. MI3meHeHne cBOMCTB 3a-
BUCHUT OT JIETHUPYIOIIMX 3JIEMEHTOB, KOTOPBIE MPUCYTCTBYIOT B ciuiaBe. CorjiacHo
knaccupukanun B.M.Jlo6aTkuHa B 3aBHCHUMOCTH OT JIETHMPYIOIMIMX KOMIIOHEHTOB
CAC nonpaznenstorcs Ha TpH rpynnsl. IlepBas rpynmna conepXKUT Maprasen, Xpom,

66




LUPKOHMM, TUTAaH. B pe3ynbpTare TEXHOJOTMYECKUX HATPEBOB IOJ IOpsiYee Mpecco-
BaHUE M JKCTPy3uIo (00paboTKa aBIE€HUEM) OHM pacHaiatoTcs ¢ BbIIECICHUEM JUC-
NEPCHBIX NHTEPMETAUIUIAHBIX (a3, 4TO MPUBOJAUT K MOBBIIIEHUIO IPOYHOCTH.

Tabmura 17 - XuMHUYECKUI COCTAB U CBOMCTBA CIIEUEHHBIX AJIFOMUHUEBBIX 110-

pPOILIKOB
Mapxka | Ilomy- T°C, ConeprxaHue 2JIEMEHTOB, %o MexaHndeckue CBOMCTBA
¢dabpu- | ucmbl- Al AlL,Os; | Fe | Kup | o, MIla 60,2, 5,% | HB,
KaT TaHUs MIla MlITIa
CAII-1 | IIpyTku, 20 ocHoBa | 6-9 0,2 0,2 | 260-300 | 200-240 | 8-12
TOJIOCHI 300 160-180 | 120-140 | 3-7 850
500 50-70 50-60 2-6
JIuctel 20 320-340 | 280-300 | 3-4
TOJIIH- 300 90-120 - 10-14 -
HOHI 500 30-40 - 6-8
1,5 MM
CAII-2 | IIpyTkn, 20 ocHoBa | 9-13 0,2 | 0,25 | 320-360 | 210-250 | 6-8
MOJIOCHI 300 170-180 | 150-160 | 4-6 | 1000
500 80-90 80-90 2-3
CAII-3 | [IpyTku, 20 ocHona | 13-18 | 0,25 | 0,25 | 380-450 | 320-360 | 3-6 | 1200
TOJIOCHI 300 190-210 | 140-160 | 4-7
[Iram- 20 370-390 | 320-330 6
ITOBKa 350 120-130 | 100-110 8
500 70-80 50-60 6 1000
HE
GB
0
I
0100 —d, MEM 500 — %, Al 200 25
a) 6)

Pucynok 29 — BausiHue cteneHu UCIepCHOCTH alFOMUHUEBOM MyAPHI (a) U
konuyectBa Al,O; (0) Ha Mexannueckue cBoiictBa CAII

Bropas rpynna CAC nerupoBana jxeje30M, HUKeleM U KobanbToM. bosbmas
CKOpPOCTh OXJaXKIACHUS YaCTHUIl OPOLIKA 00ecIieynBaeT 0Opa3oBaHue IeTepOreHHON
(HEOTHOPOJIHOM) CTPYKTYpBI, T.€. MHTEPMETAIIIUAHBIE (a3bl HAXOAATCS B TUCIEPC-
HOM COCTOSIHUU M pAaBHOMEPHO pacrpeesieHbI.

Tpetsto rpynny CAC coCTaBisIOT IPpaHyJIHPOBAHHBIE CILIABBI, MOJYyYEHHBIC
U3 ATIOMUHHUEBBIX CILIaBOB, COAEPIKAIIMX CBUHEL, 0J0BO, kaamuil. [lomydabpukarel
n3 CAC nonyyaroT, HarpeBasl CHayajia NOPOIIKM U TPaHyJbl B aIFOMHUHHEBOU 000-
JOYKe, a 3aTeM IOoJBepras ropsyeMy NPecCOBAaHUIO U IKCTPYy3uH. JJis CIuIaBoB mep-
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BOW M BTOPO# TPy 3TOT Mporecc npoBoautes mpu temmeparype 400-500°C, urto
o0ecreurBaeT CO3/laHue U COXpPaHEHHE HEOOXOAMMOUN CTPYKTYPHI U MOJIyYeHUE Tpe-
oyembix cBoicTB. [Ipumenstor CAC nnst neraneit, paboTarolux B Mape co CTalblo
npu temneparype 20-200°C, koTtopsle TpeOYyIOT cOUYeTaHHs HU3KOro Koddduimenra
JIMHEHHOTO PacHIMPEeHUs] U MaJIOW TEIUIONPOBOHOCTH, a TAK)KE B MPUOOPOCTPOCHUH,
KOI'/Ia TIyTEeM JIUThsI U 00paOOTKU J1aBIICHUEM TPYJHO MOJYYHUTh COOTBETCTBYIOIIMMA
CIUIaB.

HeobOxonumMo Taxxe OTMETHTb, YTO B HACTOSIIEE BpeMsi OJHOBPEMEHHO C Tpa-
TUITMOHHOW OYKBEHHO-IIM(PPOBOM CyIIECTBYET HOBasl Iu(ppoBas MapKUPOBKA aro-
MUHHUEBBIX CIUIaBOB, IPUMEPHI MIPUBEACHHI B Ta0uie 18.

Tabauma 18 - Ilpumepsl 0603HaYEHHI ¢ TOMOIIHI0 HOBOM MapKHUPOBKH

Jlerupyromue MapkupoBka
AJIEMEHTBI
TpamuunoHHas HoBas
Al (qucTbIif) AJ100 1010
Mg-Mn AMrl 1510
Cu-Mg J[16 1160
Zn-Mg-Cu B95 1950

1.14 Meapb u cru1aBbI HA €€ OCHOBE

Menbs — 3TO METa/ll KpacHOro, a B M3JIOME pO30BOro IBeTa. TemiepaTrypa
mnasnerns 1083°C. TInotHocTs Meym 8,94 r/cM’. MiMeeT rpaHelieHTPUPOBAHHYIO Ky-
ondeckyro perneTky. Menps o0amgaeT HanOosbiei (mocie cepedpa) dMEeKTpo- U Tet-
JIOMPOBOAHOCTBIO, MIO3TOMY B 3JIEKTPOTEXHHUKE AJIEKTPOIPOBOJAHOCTh MEIU MPUHSATA
3a 100%. YnensHoe anekTpoconpoTtuBieHue meau cocrasigeT 0,017 MxkOwm-Mm. Io-
Jy4aroT Mellb U3 CyIb(UIHBIX Py, coaepxkamux Meaublil komuenan CuFeS,.

MexaHHUeCcKHE CBOMCTBA MEAW. B JIUHTOM cocTogHun — o,=160 MIla;
G0,=35 MIla; 6=25%; B ropsuenepopMupoBaHHOM cocTosiHUM G,=240 MIla;
G0,=95 MIla; &=45% . Ilyrem xomomHoro nehOpMUPOBAHMS MpEAEN MPOYHOCTU
MOHO MOBbICUTH 110 450 MIIa (mpoBosioKa), HO OTHOCUTENIBHOE YUIMHEHUE MpPH
9TOM cHU3UTCA 10 3%.

Mapxkupyercs Menb OykBoii M, mocie KoTopoit cTaBsATCs IUMPHI MOPSIKOBOTO
Homepa o 'OCTy, xapakTepusyroliye crenenb YuctoTsl, Hanpumep: MOO (99,99%
Cu), MO (99,95% Cu), M1 (99,9% Cu) u T.1. [IpucyTcTBYyIOIIME B MEAU MPUMECH
OKa3bIBAIOT PA3JIMYHOE BIUSHUE HA €€ CBOMCTBA.

B 3aBucMMOCTH OT XapakTepa B3aUMOJIEUCTBUE MTPUMECEN ¢ MEABIO UX MOKHO
pa3enuTh Ha TPU TPYIIIIbL:

1) [Ipumecu 06pa3yoT ¢ Menpio TBepasie pacTBophl: Ni, Zn, Sn, Sb, Al, As,
Fe, P u np. OHu noBBIIIAIOT MPOYHOCTH, HO PE3KO CHIKAIOT (0COOEHHO Sb u  As)
AIEKTPO- U TEIUIONPOBOJHOCTh MeAu. [1o3TOMY 1151 U3rOTOBJIEHUSI POBOIHUKOB TO-
Ka ucnonb3yoT Mmapku MO u M1, kotopsie conepxar < 0,002% Sb u < 0,002% As.
Kpome Toro, cyppMma 3aTpyIHsET ropsiayo o0padoTKy JaBICHUEM.
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2) Ilpumecu nmpakTUYECKH HEPACTBOPHUMBI B MEIH U OOPa3yIOT JIETKOIUIABKUE
»BTeKTUKU: Pb, Bi u ap. JlerkonnaBkue 3BTEKTHKH BBIIEISIIOTCS 110 TPaHULAM 3€pEH
U 3aTpyIHAIOT 00padoTKy nasienueM. Eciu mens comepxut 0,005% Bi, To npu ro-
psiueil 00paboTKe 1aBICHUEM IIPOUCXOIUT ee paspylueHue. IIpu 6onee BbICOKOM co-
JIEp’KaHUU BUCMYyTa HaOJII0JaeTCsl XJIaAHOIOMKOCTh Meau. Ha anexktponpoBoasiue
CBOICTBA 3TU IPUMECH HE OKA3BIBAIOT 3aMETHOI'O BIUSHUS.

3) Kucnopon u cepa 00pa3yroT ¢ MEJbI0 XPYNKHUE XUMUYECKUE COEIUHEHUS
Cu,0 u Cu,S, Bxoasmue B cocTaB 3BTEKTUKU. Ha 31€KTpONpOBOJHOCTE MEIU 3TH
IpUMECH OKa3bIBaloT HeOobIoe BiausHue. Cepa yiayuiiaer oOpabaThiBaeMOCTh Me-
au pe3zanueM. Kuciopon, oOpa3yromumii 3aKUCh MEIH, BBI3BIBAET «BOJOPOAHYIO 0O-
ne3uby. [lpu HarpeBaHuu mMenu B BOJOPOAOCOIEpKalle aTMocdepe HaOIIOgaeTCs
mud¢y3us Bogopona B rmy0b menu. Ecnu B Meaun mpucyTcTByroT BKItoueHus: Cu,0,
To mpoucxomuT peakiuss Cu,O + H, - 2Cu + H,O u nHaOnromaercs yBenuueHUeE
o0bema u3-3a 00pa30BaHus MApPOB BOJbL. DTO CO3JAET B OTJENbHBIX YUacTKax MeTaj-
Ja BBICOKO€ JIaBJICHUE U BBI3BIBAET MOSIBJIEHHE MUKPOTPELLMH, KOTOPbIE B OTAEIbHBIX
CIIy4asix IPUBOJAT K Pa3pyLICHUIO AETAICH.

Menp o6magaeT XopoIiei KOppO3HOHHOM CTOMKOCTBIO B aTMOC(EpPHBIX yCIIO-
BUSIX, B IPECHOM M MOPCKOU BOJIE, HO HE YCTOMYMBA B CEPHUCTHIX ra3aXx U aMMHAKE.
Ona nerko oOpabaTbiBaeTCsl JaBJICHHEM, HO IJIOXO pe3aHueM. JlureiiHpie cBOMCTBa
u3-3a 0OJIBLION ycaaKu HU3KHE. Meb TI0X0 CBapUBAETCS, HO JIETKO IMOJBEpPraeTcs
IIarKe.

M3roTtoBasioT Meb B BUJIE JUCTOB, NPYTKOB, TPyO M mpoBoiokH. Kak xoHCT-
PYKLMOHHBIN MaTepuall U3-3a HU3KOW NPOYHOCTH, HE IPUMEHsieTcs. Bbicokue amek-
TPOIPOBOSAIINE CBOMCTBA MEH MO3BOJISIOT UCIIOJIB30BATh €€ B KAUYECTBE OCHOBHOTO
IPOBOJAHMKOBOI'O MaTepHaa JJisl JJIEKTPOTEXHUYECKONW TPOMBIIITIEHHOCTH. Takxke u3
MEAM U3rOTaBIMBAIOT PA3JIMYHBIE TEIJIOOOMEHHUKH — HarpeBaTeNd, XOJI0JUIbHUKH,
paauaropsl aBurareneil. Pa3nnyaroT 1Be OCHOBHBIE TPYIIIBI MEAHBIX CIUIABOB: JaTy-
HU 1 OpPOH3HI.

Jlatynu

JlaTyHsIMM Ha3BIBAIOTCS JBOWHBIC WJIM MHOTOKOMITOHEHTHBIC CILJIaBBI HA OCHO-
BE ME/IH, B KOTOPBIX OCHOBHBIM JICTUPYIOIINM KOMIIOHCHTOM SIBIII€TCS IMHK. Ha pu-
cyHnke 30 mpeacTaBiieHa quarpamma coctosinusi Cu-Zn.

W3 amarpamMmbl COCTOSTHUSL BHJHO, YTO MeAb 00pa3yeT ¢ IIMHKOM KpOME OC-
HOBHOT'O O.-PacTBOpa MHTEPMETAILIUIBL 3, Y, €.

[IpakTrueckoe MpUMEHEHHE UMEIOT JIaTYHH, CTPYKTypa KOTOPBIX COCTOUT W3
o- wm o+P’ ¢a3. a-daza mnpencraBiseT coOOW TBEPIbIN pacTBOP ITMHKA B MEIM,
npeenbHas paCTBOPUMOCTH KOTOporo coctaBisier 39%. Dta dasza obnamaer rpaHe-
IIEHTPUPOBAHHOW KyOMYeckoi pemieTkoil. ['-daza mpeacrtasiser coOor ymopsiao-
YeHHBIH TBEPAbIH pacTBOp Ha 0a3ze 31MeKTpOHHOTO coenuHeHus CuZn ¢ 0ObEMHO-
LEHTPUPOBAHHON KyOUYECKOM PEIIETKOM.
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Pucynoxk 30 — Jluarpamma cocrosinusg Cu-Zn (a) u rpaduk M3MEHEHHUSI
MEXaHUYECKHX CBOMICTB JIaTyHEH B 3aBUCUMOCTH OT CoJiepKaHusl MHKa (0)

[Ipu BbIcOKMX TemmepaTypax [-(pa3za uMeeT HeYNOPSI0UCHHOE PACTIONOKEHHUE
aTOMOB M 00JIa/IaeT BBHICOKOU IIACTHYHOCTRIO. IIpu Temmeparypax Huxke 454-468°C
pacrojoKeHue aTOMOB CTaHOBUTCSl YHOPSAOYEHHBIM, U 0003HayatoT ee 3'. B'-da3za

obnagaer Oonbluel TBepAOCThIO ueM B-asa m xpymnkas. Y-¢asa mpeacraBisieT co-
0ol snexktpoHHoe coenuHeHue CusZng. Ha pucynke 30, 6 mnpexncraBieHa 3aBUCH-
MOCTbh MEXaHWYECKUX CBOMCTB JIATyHH OT cojepxaHus nuHka. Kak BunHO u3 rpadu-
KOB, IIPOYHOCTh U IUIACTUYHOCTh BO3PACTAIOT, a MpPHU MOSBICHUM B CTpyKType P’ -
(da3pl MIACTUYHOCTH MAJAET, & IPOYHOCTH MPOAOKAET pacTu MpuMepHo 10 45% Zn.
[Tpu Oomnblieil KOHIIEHTpAIMM LIKMHKA CTPYKTypa Oyner coctosith u3 [B'-da3el u
IPOYHOCTh U3-3a BBICOKOM XPYNKOCTH CUJIBHO YMEHBLIUTCS.

[To xuMHUYECKOMY COCTaBY pa3jinyaroT MPOCThIE JIATYHU U cnenuaibHble. [Ipo-
CThI€ JIATYHH JIETUPYIOT TOJIBKO ITMHKOM, @ CIIEHUAIbHbIC JATYHU COAEpPKAT KpOoMe
[IMHKA €€ U APYTHe dJIEMEHThI, TaKue KaK aJlOMUHUHN, 0JI0BO, CBUHEII, KeJIe30 U T.1.

[lo cTpykType naTyHu MOApPA3AENSAIOTCA Ha JBE€ TPYyMHNbl: OJHO(A3HBIE O-
JaTyHU U AByX(da3Heie o + B’ - maryHu.

[To TexHONOrMYECKOMY MPHU3HAKY O-TATYHU OTHOCATCA K Je(OPMHUPYEMBIM,
TaK KakK IUIACTUYHBI B XOJIOJHOM U TOPSIYEM COCTOSIHUM. O+’ - TaTyHH OTHOCSTCS K
JUTEHHBIM CIUIaBaM, MpeAHa3HAuYE€HHBIM [ (PaCOHHOTO JUThs. OHM 00/aJatoT XOo-
pOIIEH JKUIKOTEKYUECThIO U MAJIO CKJIOHHBI K TUKBALIHH.

Mapkupyrorcs natynu OykBou «JI», mocie KoTopoi cieayroT OyKBbI OCHOB-
HBIX 3JIEMEHTOB, BXOSIIMX B cocTaB ciiaBa. Hanpumep, O — onoBo, 1] — uunk, Mg —
mapranen, A — amomunanii, XX — xenezo. K — kpemunii, @ — pochop, b — 6epunnuii u
T.JI.

B mapkax negopmupyembix gaTyHel nepsble Hugpsl nociae 0yksel «JI» moka-
3bIBAIOT COJEPIKAHUE MEMM, @ B CIIydae JIESTUPOBAaHHBIX J1e()OpMHUPOBAHHBIX JIATyHEN
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YKa3bIBAIOT emie OyKBBI W MHUQPHI, 0003HAYAIONINE HA3BaHUE M KOJUYECTBO JICTH-
pytomero anementa. Hanpumep, JI70 — marynp comepxut npumepno 70% menw,
JIAXK60-1-1 — comepxut 60% meau, 1% amomunus (A) u 1% xenesa (2K), a oc-
TaJbHOE — IIUHK.

B mapkax nuteitHbIX JlaTtyHeu mocie OykBwl «JI» crout OykBa «L», 0603Ha-
yaromasi UHK ¥ HUQPhI, TOoKa3bpIBaroIue ero coaepxxanue. Hanpumep, JIL30A3 —
conepxut 30% uunka (L), 3% amtomunus (A) 1 ocTaabHOE MEb.

IIpocThbie TaTYyHH ¢ HU3KUM cojiepxkaHueM nuHka JI96 (tomnak), JIS0O (mosy-
TOMIIAK), 00J1a/1al0T MEHBIIEH TIACTUYHOCTHIO, yeM JI68 u JI70, HO anekTpo- U Term-
J01poBOAHOCTH BbImIe. [Ipounocts mpocTsix naryHeit 300-350 MlIla npu ogHodas-
HOU cTpykType. [IpodunocTs omHOGA3HON TaTyHU MOXET OBITh 3HAYUTEIHHO TMOBHI-
IIeHa XOJOIHOM TJIACTUYECKON AedopMarieil. o-TaTyHU C BBICOKUM COJIEpP KaHHEM
MEJIM HE UMEIOT CKJIOHHOCTU K KOPPO3HMOHHOMY PACTPECKMBAHUIO M JOCTATOYHO YC-
TOMYMBBEI B aTMOC(epe BOJbI U mapa (IIPU YCIOBUU CHSTHUS HAIPSKEHUM, co3aBae-
MBIX XOJIOJHOW aedopmarident). o+f'-nmpocTeie JaTyHU C OOJBIIUM COJACPKAHHUEM
rmHKa (J162, JI60, JI59) obnamatot Gosiee BEICOKOI MPOYHOCTHIO, KOTOPAsi COCTABIISIET
400-450 MlIIa. Onu nyudiie 0o6pabaThIBAIOTCS pe3aHUEM, JICIICBIIE, HO UX KOPPO3H-
OHHAsi CTOMKOCTh HM)KE M3-32 HEOJHOPOJHOCTU CTPYKTYphl. Camoil BBICOKOW ILja-
CTUYHOCTBbIO oOnamaer JI68, KOTOpYIO MCHONB3YIOT IJIsi WU3TOTOBJIEHUS JeTanei
IITaMIIOBKOM.

ABTOMATHAA JIATyHb — CIUIaB MM, [IMHKA U CBUHIIA, PEITHA3HAYCHA JIJISl U3-
TOTOBJICHUS JIeTajeil MacCOBOTO MPOU3BOJICTBA HAa cTaHKax aBToMarax. C moBblle-
HUEM COJIepKaHUsl CBUHIIA TUIACTUYHOCTh HEMHOTO CHMIKAETCSI, HO YJIYYIIatOTCs aH-
TU()PUKITMOHHBIC CBOMCTBA 3a CYET MSTKHUX YACTHI] CBHMHIIA, KOTOPHIE CITYXKaT CBOE-
o0pa3HOW CMa3KoW, W yiydmiaeTcss o0pabaThIBaeMOCTh pe3aHUEM, T.K. 0Opazyercs
MeJiKasi U JIErKO OTAENSIONIAsCA CTPYXKKa, YTO MO3BOJIIET MOJIYy4YaTh MOBEPXHOCTh
BBICOKOW YacTOThl U MOBBICUTH MPOU3BOJUTEIIBHOCTh CTAaHKOB. CTpyKTypa JaTyHU
IpeCTaBIsIeT COOON O— TBEP/IBIM pacTBOp IIMHKA B MEJIM U YaCcTUIIbI CBUHIIA. BBene-
HUE B 9THU JIATYHU >KeJie3a MOBBIIIAECT TEMIEPATYPY PEKPUCTALIU3ALMNKN U TPOYHOCTh
(tabmuua 19). ABToMaTHas JaTyHb OTJIMYAETCS TaKXXe XOpOIIedl KOppO3MOHHOU
CTOMKOCTBIO Ha BO3/yX€, B IPECHOM U coJeHOM Bojie. OHA JIerko MoJaeTCsl HaKaTKe,
rubke u mrammnoBanuio. Jlatyap mapok JIDKC58-1-1, JIC58-1 u JIC60-1 oOpabaTsi-
BAIOT JIaBJIEHUEM, KOBKOMW, IPOKATKOM, BOJJOUEHUEM B XOJOAHOM U TOPSIYEM COCTOS-
uuu, a JIC63-3, JIC64-2 u JIC74-3 — TOIBKO B XOJIOJHOM COCTOSIHUH.

Cwmsirdarommuii oTKur BeayT npu temmeparype 600-650°C, ropsayto medopma-
uro pu Temreparype 640-780°C. JlonmycTrMbie CyMMapHBIE 00KATHs MEKIY OTKHU-
ramu — He Ooinee 70%.

W3 aBTOMATHBIX JATyHEW M3rOTOBISAIOT OONTHI, FallKU, BUHTHI, TUIIOTpadCcKue
MaTpHIbl, IIECTEPEHKH, 3yOUaThie KoJieca, MOAIUITHUKY U IPyTUe AeTallu.

Ta6nuna 19 - XuMu4eckuii COCTaB M CBOMCTBA HEKOTOPBIX MapPOK
ABTOMATHBIX JIATYHEN

Xumuueckuii coctan, % MexaHU4ecKue CBOMCTBA
Mapka | Cu | Pb Fe Zn o5, MIla Go., Mlla 3, %
OTOXK. | HarapT* OTOXXK. | Harapr. OTOXXK. | Harapr.
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JIC59-1 | 57- | 0,8- - |ocramenoe | 400 | 650 | 140 | 450 | 45 16

60 | 09

JIC60-1 | 59- | 0,6- - | ocramenoe | 370 | 670 | 130 | 560 45 4
61 1,0

JC63-3 | 62- | 24- - | ocramenoe | 350 | 600 | 120 | 500 55 5
64 | 3,0

JOKC 56- | 0,7- | 0,7- | ocrambroe | 420 | 750 A - - -
58-1-1 58 1,3 | 1,3

* xoappunment naraprosku 30-50%.

AJIIOMMHHeEBasl JJaTyHb — CIUIAB MEJU C LIMHKOM U aJIIOMMHHUEM. AJTFOMUHUM
HOBBILIIAET KOPPO3HUOHHYIO CTOMKOCTH JaTYHU U OCOOEHHO B MOPCKOH Boje. Brene-
HUE K€ JOIOJIHUTENbHBIX JIETUPYIOUIUX 3JIEMEHTOB: JK€Jle3a, HUKENs, MapraHia,
KPEMHHUS MO3BOJISIET NOBBICUTH IPOYHOCTh U KOPPO3UOHHYIO CTOMKOCTD B ILIE€JI0UYaX U
pa3baBieHHbIX KucaoTax (tabmuna 20). AOMHHHEBBIE JIATYHH IMOABEPraroTCcs OT-
xury npu temmeparype 600-650°C myst yMEHbIIEHHsI TBEPIOCTH Tepes] 00paboTKO
JTaBJICHUEM.

W3 anmoMHUHHEBOM JTaTyHH M3TOTOBIISIIOT KOHAEHCATOPHBIE TPYOBI, JETaNIU CY-
JIOBBIX arperaToB, CWIb(OHBI U IPyTHe JeTalu.

Tadomuma 20 - XuMHUUYEeCKHil COCTAaB U MEXaHUYECKUE CBOMCTBA
AJTFOMUHUEBBIX JIaTyHEH

Xumnueckuii cocta, % MexaHnueckue

Mapka CBOMCTBA

Cu Al Fe Ni Mn As Si Zn Gs | Co02, | O,

MIla | MII | %

a

JIAT7-2 76- 1,75- - - - 0,025 - ocTanb 380 140 | 50
79 2,5 HOE

JIAJK60-1-1 | 58- 0,75- | 0,75- - 0,1- - - ocTanb 420 200 | 50
61 1,5 1,5 0,6 HOE

JIAH59-3-2 57- |2,5-3,5 - 2,0-3,0 - - - ocTanb 500 300 | 42
60 HOE

JJAHKM1 73- | 1,6-2,2 - 2,0-3,0 | 0,3- - 0,3- | ocranp 900 - 8
75-2-2,5- 76 0,7 0,7 HOE

0,5-0,5

MapraHuoBucrTas JaTyHb — CIUIaB MEJIH, LIMHKA U Mapradmna. OHa Xapakre-
pU3yEeTCs XOPOLIMMH MEXaHUYECKUMH CBOWCTBaMU MPHU MOBBILICHHONW TEMIIEpaType,
JIETKO MOJAaeTcsa 00paboTKe JaBICHUEM M UMEET MOBBIIICHHYIO TEIUIOMPOBOAHOCTS.
BrimyckatoTcst ABe MapKy MapraHIOBUCTOM JaTyHu (Tabnuna 21).

Tabnuna 21- X¥uMu4eckuil COCTaB U CBOMCTBA MAapTaHIIOBUCTHIX JIATyHEH

Xumuueckuii coctas, % MexaHnnueckre CBONCTBa
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Mapxka Cu Mn Al Zn oy, MIIa | 8, % HB,
MIla

JIM1 58-2 57,0-60,0 1,2 - ocrasibHOoe | 360-440 | 24-36 1000
JIMuAS7-3-1 55,5-58.,5 0,5-3,5 | 0,5-1,5 | ocranpHOE 520 30 1200

JloGaBKM Maprasia 1 aJllOMUHMSI OBBIIIAIOT HE TOJIBKO IPOYHOCTH JIATYHH, HO
U KOPPO3UOHHYIO CTOMKOCTb K XJIOpUJaM U MOpcKoi Boze. OJIHaKO MapraHIOBUCTAsI
JaTyHb CKJIOHHA K CaMOPACTPECKUBAHUIO, YTO MOXKHO YCTPAaHUTh MyTEM MPOBEACHUS
HHU3KOTeMIeparypaoro omkura (250-300°C).

[IpuMeHSIOT NaHHYIO JIATyHb B MOPCKOM CYAOCTPOEHUH, SJEKTPOTEXHUKE, B
Ka4yeCTBE 3aMEHUTEIIS OJIOBSIHUCTHIX OPOH3.

Mopckast JaTyHb — CIIJIaB MeH, [IMHKA U oyioBa. CojepxaHue 0J0Ba B KOJIH-
yectBe 0,5-1,5% mnoBbIIaeT MPOYHOCTh U TBEPAOCTh JATYHH, HO CHUXKAET IJIaCTHY-
HOCTb U BSI3KOCTb, T.K. YMEHBIIIAET PACTBOPUMOCTb HMHKA B Meu. OJIOBO MOBBIIIAET
KOPPO3UMOHHYIO CTOMKOCTB JIATYHH B MOPCKOM BOJI€ M3-3a U3MEHEHUS NpUpois! [3-
¢a3pl. C 1enpi0 MOBBIMIEHUS MPOYHOCTH JAaTyHb MOJBEPraloT Hakjemy. B cBs3u ¢
3TUM JIaTyHb MOJpAa3AeseTcs Ha TBEpAYyI0 (MoABepruyTa nehopMUpOBaHHIO Ha 25-
50%) u Msarkyo (mocne omxura mpu temmneparype 600-650°C). B tabnurie 23 gaHbi
XUMHWYECKHUN COCTAaB U CBOMCTBA TBEPIABIX MOPCKUX JIaTyHEW. Mopckas JaTyHb NpH-
MEHSETCS B CyJOCTPOCHUMU.

Tabnuna 22 - XuMUYEeCKUM COCTaB M CBOMCTBA MOPCKHUX JIaTyHEH

Mapka XHUMUYECKUH COCTaB, % MexaHnueckue CBOWCTBA
Cu Sn Zn o, MIIa | 3, % | HB, Mlla
JIO 90-1 80,0-91,0 | 0,25-0,75 | ocrambHoe | 480-560 | 3-6 | 1400-1500
JIO 70-1 | 69,0-71,0 1,0-1,5 ocrambHoe | 680-750 | 3-5 | 1450-1550
JIO 62-1 61,0-63,0 0,7-1,1 octanbHoe | 680-750 | 3-5 | 1400-1500
JIO 60-1 59,0-61,0 1,0-1,5 octanbHoe | 540-600 | 5-12 | 1450-1550

KpemHucras jgaTtyHb — cljiaB MeIu, LHMHKAa M KpeMHus. Jlepopmupyemsble
KPEMHUCTBIE JIATYHHU XapaKTEpU3YIOTCS BBICOKOM KOPPO3MOHHOW CTOMKOCTBIO Ha
BO3/yX€ U B MOPCKOH BOJE, O0ee CTOMKHU MPOTUB KOPPO3UOHHOI'O PACTPECKUBAHUSL.
OTHU NaTyHU XOPOUIO CBAPUBAIOTCS U MASIFOTCS OOBIYHBIMU MPUIIOSIMH, XOPOILIO 00pa-
0aThIBAIOTCS TABJICHUEM B XOJIOAHOM M ropsiueM cOoCTosHMHU (Tabmuua 23). Jluteit-
Hbl€ KPEMHHUCTBIE JAaTyHU OTJIMYAIOTCS BBICOKOM JKUIKOTEKYUYECThIO, HO MPHU OX-
JaXKJIECHUU JTal0T 3HAYUTENIbHYI0 O0OBEMHYIO YCa/IKy, BBI3BIBAIOILYIO IIPU KPUCTAJIIU-
3alMK 00pa30BaHME YCAaJOYHBIX PAKOBUH M MEXKPUCTAJUIUTHON MOPUCTOCTH. YBe-
JMYEHUE CONEP KaHUSI KPEMHHUS CTIOCOOCTBYET MOBBIIIEHUIO TNIOTHOCTH JIUThS U KOP-
PO3HOHHOM cToliKocTH. JloGaBKa CBMHIIA HE TOJBKO yJydliaeT o0padaThIBa€MOCTb,
HO Y TIOBBIIIAET aHTU(PUKIIMOHHBIE CBOMCTBA.
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Tabmuna 23 - XuMUYECKHI COCTaB U CBOMCTBA KPEMHHCTBIX JIaTyHEH

XumMudeckut coctaB, % MexaHn4deckue CBOMCTBA
Mapka
Cu Si Pb Zn oy, MITa | 3,% | HB,
MlIla
Hedopmupyembie
JIK80-3 79,0-81,0 2,5-4,0 - OCTaJIbHOE 300-460 | 15-40 | 950-
1100
JIKC65-1,5-3 63,5-66,5 1,0-2,0 2,5-3,5 OCTaJIbHOE 300 15-20 | 800
JIuteitnpie
JIKC80-3-3 79,0-81,0 2,5-4,5 2,0-4,0 octansHoe | 300-400 | 15-20 | 900-
1000
JIK80-3J1 79,0-81,0 2,5-4,5 - OCTajJbHOE 300 15-20 | 950-
1100

KpeMHucTble TaTyHU HAXOJAT MPUMEHEHUE B CYJ0- U MAIIMHOCTPOEHUH, IS
W3TOTOBJICHHSI BTYJIOK, MOIIAITHUKOB U APYTUX aHTU(PDPUKITMOHHBIX JCTAICH BMECTO
OJIOBSTHUCTBIX OpPOH3.

bponsbl

Bbponzamu Ha3bpIBaOTCS CILIaBbl MEJIU C PA3TIUYHBIMU JIETUPYIOUTUMH 3JIEMEH-
TaMH, B YUCJI€ KOTOPBIX M TOJIBKO HAPSAY C APYTUMHU MOXKET MPUCYTCTBOBATH U IHHK.
[To xumMuyeckomMy coctaBy OpOH3BI MOJAPA3AEIAIOTCS HA OJOBSIHHbIE M 0€30JI0BSH-
Hble. BpOH3BI OTIWMYAIOTCA BBHICOKUMH KOPPO3HMOHHBIMA U aHTH(MPUKIIHOHHBIMU
CBOMCTBaMHM, OOJIBILION MPOYHOCTHIO U TBEPIOCTHIO.

Ecnu koHLeHTpalus BBOAUMBIX B OpOH3Y 3JIEMEHTOB MPEBBILIAET MPEALIT pac-
TBOPUMOCTH MX B ME€JIM B TBEPAOM COCTOSIHHMHU, B CTPYKTYpE CIUIaBa MOSBISIOTCS
KpUCTaJUIbl HOBBIX (a3. DT (a3bl MpeacTaBisitoT cOO0M TBEp/ble pacTBOPHI HA OC-
HOBE MHTEPMETAJIUIOB, HanpuMmep O-aza — Cuz;Sng B 0710BIHHBIX OpoH3ax; 3-¢haza
— CusAl B alfOMHUHHEBBIX.

Mapxupytorcs 6pon3sl OykBamu «bpy», mocie dero cieaytor OykBbl, 0003Ha-
Yaromue JIerupylone sneMeHTol. B mapkax nedopmupyembix OpoH3 mocie OyKB
«bp» craBarcst OykBbl U UG PHI, 0003HAYAIONIME HA3BAHUE U KOJIUYECTBO JIETUPYIO-
X sneMenToB, Hanpumep bpOLl 4-3 — conepsxur onoo (O) — 4%, nunka (1) — 3%
U octanbHOe Medb (1o pazHocTH oT 100%). B Mapkax nuTelHbIX OpOH3 coJep KaHue
JIETUPYIOLIUX 3JE€MEHTOB CTaBUTCS cpasy moclie OyKBbI, KOTOpPOH €ro 0003HavarorT,
Hanpumep, bpA10K3Mu2 umeer B cBoeM coctae: anmomunuil (A) — 10%, xene3o
(K) — 3%, mapranen (Mi1) — 2% u ocTaiabHOE Me/lb.

OnoBsiHHBIE OPOH3bI — TIPEJICTABIAIOT CO00 crutaB Meau ¢ oioBoM. Ha pu-
cynke 31 nmpuBenena quarpamma coctossHust Cu-Sn. Kpome OCHOBHOro o-TBEPAOTO
pacTBopa OJi0OBa B MEJH, B CIUIaBaxX MPUCYTCTBYIOT AJIEKTPOHHbIE COCAMHEHUS: [3-
daza (CusSn); 6-daza (Cuz;Sng); e-daza (CuzSn) u y-paza — TBepabIii pacTBOp Ha Oa-
3¢ XMMHUYECKOT'0 COeTMHEHUSI, MPUPOa KOTOPOTO HE BBISICHEHA.
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Pucynok 31 [quarpamma cocrosinust Cu-Sn (a)
Y BIUSHUE 0JIOBA Ha MEXaHUYECKHE CBOWCTBA OpoH3 (0)

ITpu Temneparype ~ 350°C u o4eHb MEUICHHOM OXJIaXICHUU O-(hasza pacma-
JIaeTCsl Ha O-TBEPBIN pacTBOp U &-(azy. B pealbHbIX yCIOBUAX OXJIAXICHUS OpOH3a
COCTOUT M3 a-TBepAoro pactBopa u O-haszel (CuzSng). [IpakTrueckoe mpuMeHEHHE
UMEIOT OJIOBSIHHBIE OpOH3BI, coaepkaimue 10 10-12% osoBa, T.K. MOBBIIIIEHHOE CO-
JIep)KaHUE 0JI0BAa MPUBOAUT K XPYNKOCTH CIIaBOB. [Ipu yBeTWYEHHH COAEpIKAHHS
oJIoBa B OpOH3ax BO3pAcTaeT Mpeaesl MPOYHOCTA M OTHOCHUTEIBHOE YUTMHEHHUE, HO
npu 00pa3oBaHUU B CTPYKType 3BTekTou A (4-6% Sn) oHO majaer.

[To MeToxy 00pabOTKH OJIOBIHHBIC OPOH3BI TTOAPA3ACISIOTCS Ha nedopmupye-
MblI€ U IUTEeHHbIC (Tabauia 24).

Bbpownssl, conepxammue 10 4-5% onoBa, mocie aeGopMaiuy U OTXKATA UMEIOT B
CTPYKTYpE O - TBEPABIA PAacTBOpP, a MOCJE JUThS B PE3yNbTaTe CUIHHOU JIMKBAIIHH
MOTYT UMETh BKJIIOUeHHe 3BTekTonaa (o + Cus;Sng). [Ipu 6onee BricokoM copepxa-
HUU OJIOBA CTPYKTypa COCTOMT M3 O, - TBEPJIOTO PAacTBOpa W 3BTEKTOMAA (O +
Cll3lsl'lg).

Jleopmupyembie 0JIOBSHHBIE OPOH3BI 00Jaa0T XOPOIIeH TIACTUYHOCTRIO U
nojaroTcs 00paboTke naBieHueM. JIuTeitHbIe OPOH3BI UMEIOT XOPOIIYIO JKUIKOTE-
Ky4eCTh, MBI KOA(DPUITUEHT yCaaKu, BEICOKHE aHTU(PUKIIMOHHBIE M aHTUKOPPO-
3UOHHBIE CBOMCTBA.

OnoBsiHHBIE OPOH3BI C TENBIO YIYUIIICHUSI CBONCTB JIETUPYIOT IIMHKOM, CBUH-
110M, (hochopoM, HUKEJIEM U APYTUMU deMeHTaMu. [[MHK BBOIUTCS ISl yITydIICHUS
TEXHOJIOTHUYECKUX CBOMCTB M CHIDKCHHS €€ CTOMMOCTH. CBHWHEI[ MOBBHIIIACT TUIOT-
HOCTD JINThA, YIy4lllaeT aHTU(PUKIIMOHHBIE CBOMCTBA U o0serdaer oOpaboTKy pesa-
HHUEM, HO CHIKAET MIacTHIHOCTh. Docdop yimydlraer TuTeliHbIe CBOWCTBA, OBBIIIA-
eT Tpeen IPOYHOCTH, TBEPAOCTh, YIIPYTrOCTh M aHTU(PHUKIIMOHHBIE CBOicTBa. Hu-
KeJb N3MeIbUaeT 3€PHO, MOBHIIIAET MPEIeNT MPOYHOCTU U KOPPO3SHOHHYIO CTOWKOCTD.

Tabnuna 24 - XUMUYECKHI COCTaB U CBOMCTBA HEKOTOPBIX MapOK
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OJIOBSIHHBIX OpOH3

ConeprxaHue 3JIEMEHTOB, %o MexaHnnueckue
Mapka CBOMCTBA
Cu [ Sn | P [ Zn | Pb cp MITa | 8, %
JlehopMHUpyeMbIe GPOH3HI |
bpO®6,5-0,4 ocHoBa | 6,0-7,0 0,3-0,4 - - 400(750) | 65(10)
bpOlL14-3 ocHoBa | 3,5-4,0 - 2,7-3,3 - 330(550) | 40(4)
bpOIlC4-4-2,5 | ocnoBa | 3,0-5,0 - 3,0-5,0 1,5-3,5 | 350(650) | 35(2)
JIuteitHbie GPOH3BI -

bpO31112C5 ocHoBa | 2,0-4,0 - 8,0-15,0 | 3,0-6,0 | 200(170) | 5(8)

bpO4114C17 ocHoBa | 3,5-5,5 - 2,0-6,0 14,0-20 | 150(150) | 4(6)

bpO3117C5H ocHoBa | 2,5-4,5 | Ni-0,5-1,5 | 6,0-9,5 3,0-6,0 | 180(210) | 8(5)

'~ B ckobKax IpUBECHBI CBOMCTBA OpOH3 MOCie Hakiena, a 0e3 CKoOOK — CBOICTBa mocIe
OTXHUTra.

% _ B cKOOKaxX yKa3aHbI CBOJCTBA GPOH3 [P JINTHE B IecUanyto GopMy, a 6e3 CKOGOK — CBOii-
CTBA IIPH JIUTHE B KOKHIIb.

Jlns obsieruenust oOpabOTKK TaBJICHUEM OJIOBSIHHBIE OPOH3BI MMOJIBEPrarOT T'O-
morenusanuu npu 700-750°C ¢ mociexyronmmM ObICTPBIM OXJIaX ICHHEM.

U3 nedpopmupyembix OpOH3 M3TOTOBISIOT BKJIAJBIININ MOAIIUITHUKOB, IPYKH-
HbI, MeMOpaHbl U ap. JIuteinpie OPOH3BI MPUMEHSIIOT JIs1 U3TOTOBJICHUS TEPMETHUY-
HOM MapOBOASIHONW apMaTyphl, pabOTaroNe Mo JaBJIeHUEM, BKIIABIINICH MO IIITUTI-
HUKOB CKOJIbXKEHUS, BTYJIOK U IPYTHX AeTajei.

AsroMuHMeBble OpOH3bl. OCHOBHOM JIETUPYIOUIUI 3JIEMEHT B 3TOi OpoH3e
amomuHui. CriaBbl, copepxaniue 10 9% amoMmunus, ogHo¢a3Hble, T.€. UX CTPYKTY-
pa mpeacTaBisieT co00W a-TBEPJbI pacTBOpP amtoMUHUS B MeAu (pucyHok 32). Ilpu
NOBBIIICHUH COJAEPKAHUS ATIOMUHUS B CTPYKTYpe OpOH3bI MOABIAIOTCS (a3bl: fB -
TBEpAbIl pacTBop Ha 0Oase coenuHeHuss CuszAl, y' - 2J€KTpOHHOE COEAMHEHHE

CusAly.  Y'-daza moxer HaOMIONATBCSA B CIUIABaX, coAepxkamux 6-8% anromMuHus
IIPU YCKOPEHHOM OXJIAKICHHUH.

BBenenue B amoMHUHUEBYIO OPOH3Y JOTOJHUTEIBHBIX JITUPYIOMINX JIEMEH-
TOB, HaIIpUMEP MapraHla, HUKEJs, )Kelle3a, yIydlllaeT MEXaHUYECKUE, TEXHOJIOIYe-
CKHE€ W aHTH(PHUKIMOHHBIE CBOWCTBA, a TaKXKE >KAPOCTOMKOCTh, KOPPO3UOHHYIO
CTOMKOCTb.

AmtoMuHUEBBIE OPOH3BI ¢ OTHO(GA3HOW CTPYKTYpOH 00JIaar0T BHICOKOM Tiia-
CTUYHOCTHIO, HO HEBBICOKOW MPOYHOCTHIO. B aByxX(daszHbIX OpoH3aX B CTPYKType
KpOME OL-TBEPJIOTO PacTBOpa MPUCYTCTBYET AMEKTpoHHOE coenuHeHue CuszAly (Tabd-
auna 25). 3t 6poH3bl UMEIOT MOBBIIIEHHYIO TPOYHOCTh, HO MJIACTUYHOCTD UX HUXKE.
[TpakTHueckoe npuMeHeHHe HaxXoAsIT OpoH3sbl, coaepxaiue 10 11% Al. Beenenue B
ATIOMUHUEBYIO OpOH3Y TOTIOJHUTEIHHBIX JICTUPYIOMINX 3JEMEHTOB IO3BOJISIET
YIy4IIUTh €€ cBOMcTBa. Hanmpumep, Kene30 n3MenbyaeT 36pHO U TEM CaMbIM IOBBI-
IaeT MEXaHWYeCKue, aHTU(PUKIIMOHHBIE W TEXHOJIOTHYECKNE CBOWCTBA, a HUKENb
yJIy4dlIaeT MEXaHUYECKHE CBONCTBA M M3HOCOCTOMKOCTH. JloOaBiieHNE B altOMUHUE-
BYIO OpOH3Y JIETUPYIOLIUX 3JIEMEHTOB IMO3BOJISIET MOBBICUTH €€ KOPPO3UOHHYIO CTOM-
KOCTh, JKapOCTOMKOCTb M TeMIlepaTypy Hayaia pekpuctamumzanuu. OnHodasHble
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OpOH3bI, UMEIOIINE BHICOKYIO INIACTUYHOCTH, UCTIONB3YIOT JJIsl TIIyOOKOH IITaMIIOB-
K4, a AByX(a3Hble MOJABEpraroT ropsyeil nepopmanuu Wik NpUMEHSIOT B Buie ¢a-
COHHOTO JIUTHS.

2) 6)

Pucynok 32 Quarpamma cocrosinusi Cu-Al (a) 1 BIUsSHUE aIFOMAHUS
Ha MEXaHUYECKHEe CBOMCTBA OpoH3 (0).

Ta6muna 25 - XuMUYEeCKHU COCTaB M CBOMCTBA aTFOMHUHHUEBBIX OPOH3

Coneprkanue 3JIeMEHTOB, %o MexaHnYecKHe CBOMCTBA
Mapxka
Oponsb! Cu Al Fe Mn Ni | o, |0 % | HB, Mlla
MlIla
Hedbopmupyemblie 6p0H3H1
BpA7 ocuoBa | 4,0-6,0 - - - 370 | 60-70 | 600-700
bpA7 ocuoBa | 6,0-8,0 - - - 420 | 65-75 | 650-750
bpAXK9-4 ocroBa | 80-10,0 | 2,0-4,0 - - 600 | 35-45 1000-
1200
BbpAX10-4-4 ocHosa | 95-11,0 | 3,5-5,5 - 3,5-5,5 | 650 | 35-45 1300-
1500
JIuteitsbie GpPOH3BI”
BpA7XK1,5C1,5 ocuoBa | 6,0-8,0 1,0-1,5 1,0-1,5 Pb 300 18 -
BpAT112K6H6 OCHOBa 10,5- 5,0-6,5 - 5,0-6,5 | 400 10 1000
11,5
bpA10X3Mml,5 | ocmosa | 9,0-11,0 | 2,0-4,0 | 1,0-2,0 - 500 20 1200
BpA10Mi2 ocroBa | 9.0-11,0 - 1,5-2,5 - 500 12 1100

! _ CcBoJiCTBA [TOC/IE CMATYAIOIIETO OTKHTA,
2 _ CBOJCTBA IOCIIE JINTHS B TIECUAHYIO (OPMY.

JluTelinbie CBOMCTBA AIIOMUHUEBBIX OpOH3 HUXKE, YEM OJIOBSHHBIX, HO BBIIIIE
IUIOTHOCTh OTJIMBOK. [10 MPOYHOCTH M KOPPO3HMOHHOM CTOMKOCTH OHH IMPEBOCXOASAT
OJIOBSIHHBIE OpPOH3bI, HO XyXke mnastoTcs. TemrepaTypa ropsaueid o0paboTKu alroMu-
HMEBLIX Opon3 cocrasisieT 750-850°C, a cmsaryaromiero oxura — 600-750°C. Bpon-
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3bl, conepxamue 9-11% anoMUHUS U JOMOJHUTENIBHO JIETUPOBAHHBIE HUKEJEM,
MapraHileM U JKeJIe30M, MOTYT ObITh YIIPOUYHEHbI 3aKAIKON U CTAPEHUEM.

AmoMuHUEBbIE OPOH3bI TPUMEHSIOT JIJI1 U3TOTOBJIEHUS 000WM MOIITUITHUKOB,
HaIpPaBJISIONIMX BTYJIOK, MaCIOYINIOTHUTENIBHBIX KOJIELl, 3y0UaThIiX KoJjec, (piiaHieB u
JIPYTUX MEJIKMX, HO OTBETCTBEHHBIX AETallel B CyJ0- U aBUACTPOCHUH, DIEKTPOTEX-
HUKE, XUMUYECKOM almnapaToCTPOCHUH.

Kpemnuctbie OpoH3bl — OpOH3bI, MPEACTABISIONME COOOM CIUIaB Meau C
kpemuueMm (pucyHok 33). IlpakTnueckoe mpruMeHEeHHE HaXOAsIT OpOH3bI, COAepKa-
e 10 4% kpemuus (tabmmima 26). [lo TeXHOIOTHYECKUM CBOWCTBAM KPEMHUCTHIC
OpOH3BI MOAPA3ALISIOTCS Ha Je(hOPMUPYEMBIE U JTUTEHHBIE.

Hedbopmupyembie OpoH3bI 00pabdaTHIBAIOTCS B XOJOIHOM H TOPSYEM COCTOS-
HUH, 00J1a/1al0T XOpOIlleld KOPPO3ZUOHHOW CTOMKOCTHIO, JIETKO 00padaThIBaoOTCs pe3a-
HUEM U cBapuBaioTcs. Jlo6aBka IMHKA B COCTAB JIMTEHHBIX OpOH3 00JeryaeT miaBJe-
HUE, YIy4IlaeT UX MEXaHUYECKHe U aHTUKOPPO3UOHHBIE CBOMCTBA.

[lepea mpokaTKoOW WM IITAMIIOBKOW OTJIMBKM HAarpeBalOT N0 TEMIEpPaTypbl
890-910°C.
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Pucynok 33 - Jluarpamma cocrosiaust Cu-Si.

Kpemunctoie 6poH3sl, coaepxkaniue 10 1,5% Si, ynpounstoTcs 3akankoit (850-
870°C) u crapenuem (npu temmeparype 450-500°C) ¢ Beiaepskkamu 0,5-3 yaca u 0x-
JaXIeHHeM Ha Bo3ayxe. Ecnu ke comepikanue kpemHus 6omnee 1,5%, To OpoH3a He
YIPOYHSETCS TEPMHUUECKON 00pabOTKOM, TaK KaK UMEeT OHO(PA3HYIO CTPYKTYPY.

Tabnuma 26 - XUMUYECKHI COCTaB U MEXaHUYECKHE CBOMCTBA KPEMHHUCTBIX
OpoH3
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Mapka Conaeprxanue 31€MEHTOB, %o Mexanndeckue CBONCTBA
OpOH3BI
Cu Si Mn Ni Zn O, 3, % HB,
MlIla Mlla
Hedbopmupyempie OpOH3BI
bpKMu3-1 OCHOBa 3 1 - - 380-900 1-2 900
bpK3 OCHOBA 3 - - - 250 10-12 -
Jlutelinpie OPOH3BI
BbpK3I19 OCHOBa 3 - - 9 250 10-20 -
bpK4114 OCHOBa 4 - - 4 300 10 -
BbpK1H3 ocuoBa | 0,6-1,1 | 0,1-04 | 2,4-34 | - 600 12 1750

BcenencrBrue BBICOKMX MEXAHMYECKHX CBOMCTB, YNPYTOCTH, KOPPO3MOHHOMU
CTOWKOCTH 3TU OPOH3bI UCHOMB3YIOT JUIsl U3TOTOBJICHUS MPYKUH U MPYXKUHAIIMNX Jie-
Talei, METAINIMYECKUX CETOK, PELIETOK U TPyO, CMapHuTeNnei, TbIMOBBIX (DUIBTPOB,
JIeTaNel B CBAPHBIX KOHCTPYKIIMUSX.

BepuianeBbie OpoH3bI — OPOH3bI, IPECTABIAIONIME CO0OM crIaB Meau ¢ Oe-
pHILIHEM, pUYeM OPOH3BI OJHUX U TEX e MapOK MPUMEHSIOT KaK JeopMupyeMble
U Kak JuTeliHble OpoH3bl. B KauecTBe MOMOJHUTENBHBIX JETUPYIOMIUX 3JIEMEHTOB
OHHM MOTYT COJEp>KaTh HUKEIb, KOOAIbT, XKeJle30, MapraHel], MarH|uil U apyrue 3Jje-
MEHTBI, KOTOPBIMH YaCTUYHO 3aMEHSIOT Ioporocrosuuii Oepwuii (tabnuua 27).

Tabnuna 27 - XUMHUYECKHIM COCTaB U MEXaHUYECKHEe CBOMCTBA OCPHILITHEBBIX

OpoH3
ConeprkaHue 3JIeMEHTOB, %o MexaHn4JecKHe

Mapxka CBOMCTBA
Oponsb! Cu Be Ni Ti | pumecn | o, | o6, | HB,
MIla | % | Mlla
bpb2 OCHOBa 1,9-2,2 0,2-0,5 - 0,5 450 | 40 | 900
bpb2,5 OCHOBa 2,3-2,6 0,2-0,5 - 0,5 500 | 30 | 1150
BbpbHT1,9 | ocHoBa 1,8-2,15 0,2-0,5 | 0,1-0,25 0,5 450 | 40 | 900
bpbHT1,7 | ocHoBa 1,65-1,85 0,2-0,5 | 1,0-0,25 0,5 440 | 50 | 850

Menp ¢ Gepusiem oOpasyeT psa TBEpAbIX pacTBOpoB. IIpenenbHas pacTBo-
PUMOCTB OEpUILIHS B MEIH cocTaBiseT 2,7% npu temmeparype 864°C. C mOHMWKEHH-
eM TeMIlepaTypsl paCTBOPUMOCTD magaeT u npu temieparype 300°C cocraBiseT ot
0,2%. CnenoBarenbHO, OEPUILTHEBYIO OPOH3Y MOKHO YIIPOUYHSATH C TIOMOIIBIO 3aKaJ-
KU W cTapenus. Harpes moj 3akaiiky OCyIIECTBISIOT Ipu Temreparype 750-790°C ¢
OXJIAKJEHUEM B BOJIE JUIsl TIOJYYEHHUS MEPECHIIIEHHOTO O-TBEPAOTO pacTBOpa. 3aTeM
poBoAT ctaperue npu temmeparype 300-350°C u mpu 3TOM U3 MEPEHACHIIIIEHHOTO

O-TBEPAOTO0 pacTBOPA BBIACIIIIOTCA NUCIICPCHBIC YaCTUIIBI Y-TBEPAOIO pacTBOPA Ha
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0aze uatepmeraumaa CuBe. DToT TBepabIii pacTBOp 0071a1aeT BHICOKUMHU TBEPIO-
CTBIO ¥l IPOYHOCTHIO.

Hapsimy ¢ BBICOKUMHU TPOYHOCTHIO, KUAKOTEKYUECThIO, TBEPIOCTHIO, YIIPYTO-
CTBIO U KOPPO3HOHHOW CTOHKOCTBIO, OEpHIIMEBbIE OPOH3BI OTIMYAIOTCS BBICOKOM
AIIEKTPOTIPOBOTHOCTHIO, TETJIOMPOBOTHOCTHIO, BBICOKUM COTIPOTHBJICHHEM IOJI3yYe-
CTH, XOPOIIIO CBAPUBAIOTCA U 00pabaThIBAIOTCS pe3aHUEM.

OTu OpOH3BI MPUMEHSIOT JIJISI W3TOTOBJICHUS BBICOKOHATPY)KEHHBIX TOJIIITHII-
HUKOB, Pa3IMYHBIX MEMOpaH, BTYJIOK, IPYXKWH, 3yOUaThIX KOJIEC, MIECTEPEH U APYTUX
neraneii. Kpome toro, 0epmiuineByto OpOH3Y MOXHO MPUMEHATH KaK O€3bICKPOBOM
WHCTPYMEHT, TaK KaK MpH yJape O METaul Wi KaMEHb HEe BO3HHKAET UCKPHI, KaK y
CTaJIH.

CBUHIIOBBIE OPOH3BI — OpPOH3BI, MPEICTABIAIONINE COOOW CIUIAB MEIu |
cBuHIa. CBUHEI HE PacTBOPSETCS B MEIU M 00pa3yeT MEXaHWYECKYI0 cMecCh (pucy-
HOK 34). DBTEKTHKA MO COCTaBYy MOYTHU COBIAJAET C YUCThIM CBUHIIOM (99,98% Pb).
[Tocne oxnakIeHUsI CTPYKTYpa CINIABOB COCTOUT U3 KPUCTAIJIOB MU U BKITIOUCHHIA
CBHUHIIA, KOTOPBIC PACTIONATralOTCsl IO TPAHUIIAM 3€PEH WJIH 3aIlOJIHAIOT MEKICHIPHUT-
HbIE TIpOCTpaHCTBA. Takas CTpyKTypa oOecrneunBaeT BHICOKHE aHTHU(QPHUKIIMOHHBIC
CBOICTBa OpOH3, MO3TOMY MX HCIIONB3YIOT B MOJIIMITHUKAX CKOJbkKeHHs. CBHUHIIO-
BbIe OPOH3BI OTHOCATCS K JIMTEHHBIM OpoH3aM (Tabinuiia 28). 9T OpOoH3BI JOTOJIHHU-
TEJBHO JIETUPYIOT HUKEJIEM WM OJIOBOM, KOTOPBIE, paCTBOPSISICH B ME/IH, YIyUIIafOT
MEXAHUYECKNE CBOMCTBA U KOPPO3UOHHYIO CTOMKOCTD.

Tabnuma 28 - XumMu4eckuii cocTaB 1 MEXaHMUECKHE CBOMCTBA CBUHIIOBBIX OpPOH3

Mapka ConepxaHue 3JIEMEHTOB, %o Mexanunueckue
OpOH3bI CBOMCTBa
Cu Pb Ni Gs, o, | HB,
MIla % | Mlla
bpC30 OCHOBa 27-33 - 60 4 250
bpC60H2,5 | 34,25-40,75 57-63 2,25-2,75 30 5 140

CBuHIIOBBIE OPOH3BI XOPOILIO 00pabdaTHIBAIOTCA PE3AHUEM U 00JIaJIal0T BHICOKOM
TerioctorkocThio. TemnmonpoBogHocts bpC30 B 4 paza Bblilie, 4eM Yy OJIOBIHHBIX
OpOH3, TO3TOMY OHA OTIMYHO OTBOJAMT TEIUJIO, BO3HUKAIOIIEe nMpu TpeHuu. Ho u3-3a
HU3KOW TPOYHOCTH CBUHIIOBBIE OpPOH3bI HAIUTABIISIIOT TOHKUM CJIOEM Ha CTaJbHBIC
JICHTBI, T.€. IOJIYYat0T OMMETaUTHYECKUE TIOIITUITHUKH, KOTOPBIE MPOCTHI B U3TOTOB-
JICHUU U JIETKO 3aMEHSIOTCS Tpu u3Hoce. [[puMeHsI0T CBUHITOBBIE OPOH3BI TAKXKE JJIS
W3TOTOBJICHHS HATPYKEHHBIX MMOIIUITHUKOB, CATbHUKOB U aHTH(PPHUKITMOHHBIX JIETa-
aeil.
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Pucynoxk 34 - Jluarpamma cocrostausi Cu-Pb

1.15 Cnuii1aBbl HA OCHOBE TUTAHA

TuTan — MeTau1 cepeGpHUCTO-6eNoro 1BeTa, IOTHOCTh 4,5 T/cM’, TeMIepary-
pa miasnenus 1668°C, 6, = 450-600 MIIa, & > 25%. CymiecTByeT B ABYX IOJIH-
MOpbHBIX Moaupukanusax: o-tuta”, umeroniui ['TIY-pemerky npu TemmepaTypax
moke 885°C, u B-turtan ¢ OIK-perierkoii, yCTOMYMBLINM IPU TEMIEPATYPaX BEIIIE
885°C.

MexaHudeckue CBOWMCTBA TUTAaHA XAPAKTEPU3YIOTCS XOPOLIMM COYETAHUEM
IPOYHOCTHU U IIACTUYHOCTH. TUTaH 001a1aeT BHICOKOM MPOYHOCTHIO HE TOJIBKO MPH
KOMHATHOW TemIepaType, HO U B YCIOBHIX TiyOokoro xonona. [Ipu atom, eciu co-
JEp’KaHKue BOJIOPOJA MaJIO, OH COXPAHSET BBICOKYIO IJITACTUYHOCTb.

[Inactuueckas aegopmaiusi 3HaAUUTEIHLHO MOBBIIIAET MPOYHOCTh TUTaHA. [Ipu
crenenu aegopmanuu 60-70% npodyHOCTh yBenUuuBaeTcs B 2 pasa. g cHATUA Ha-
KJIETA IPOBOIAT PEKPUCTAIIU3AMOHHEIN OTXHUT ITpH TeMiepaType 650-750°C.

Tutan o0nagaeT BHICOKON KOPPO3MOHHOW U XMMHUYECKOM CTOMKOCTHIO Oiaro-
napsi 00pa30BaHMIO 3AIUTHOM OKCHUHOM TUIEHKM Ha ero moBepXHOCTH. OH HE Kop-
POAMPYET B MPECHON U MOPCKOM BOJI€, HE PACTBOPSETCS BO MHOTMX OPTaHUYECKUX U
MHUHEPAJIBHBIX KUCJIOTaxX, B LAPCKON BOAKE U APYTUX arpECCUBHBIX CPEAax.

Texnuueckuit TUTaH Xopouio oOpadaThIBaeTCs JaBJICHUEM MPU KOMHATHOU U
NOBBILICHHBIX TeMIepaTypax. 13 Hero n3roraBauBarOT BCE€ BUABI MPECCOBAHHOIO H
KaTaHHOro Tmoiydadpukara. XOpOIIO CBApUBAETCA APrOHOAYTOBOM U TOYEUHOM
cBapkoil. Tutan mioxo oOpadaTeiBaeTCs pe3aHUeM, HAIUIAET HA UHCTPYMEHT U OblI-
CTpO ero u3HamuBaeT. J{ns 06paboTku THTaHa TPEOYIOTCSI HHCTPYMEHTHI U3 OBICTPO-
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PEXYIIUX CTAJICd U TBEPABIX CIUIABOB, MAJIbIE CKOPOCTH PE3aHUs MPHU OOJBIION TO0-
Jave v riryOuHe pe3aHusi, MTHTEHCUBHOE OXJIaXKICHHE.

Takue snementsl, kak Al, N, O, moBbllIalOT TeMIepaTypy HOIUMOPHHOTO
npeBpalleHus o<, pacmupsisi 00JacTh TBEPABIX PACTBOPOB HA OCHOBE OI-THTAHA U
TaKUM 00pa3oM SIBJISIIOTCS O-CTAOMJIM3aTOpaMH. YUUTBIBAs OXpyHMUHUBarollee JeHCT-
BHE a30Ta U KHUCJIOPOAA, MPAKTUYECKOE 3HAYEHHUE ISl JIETMPOBAHUS TUTAHA MUMEET
TOJIBKO AIFOMUHUI. AJTIOMUHUI SIBJISIETCS OCHOBHBIM yIpouHstomuM JI3, Kk ToMy ke
UMEIOIIUM Majyl MJIOTHOCTh, TIO3TOMY OH MPHUCYTCTBYET B OONBIIMHCTBE TUTAHO-
BBIX CIIJIaBOB.

BoabImMHCTBO APYTHUX JETUPYIOMUX JIEMEHTOB, HA000POT, TOHIKAIOT TEMIIE-
patypy moiaumMopdHOro mepexona o<«>f W pacmupsioT 00JaCTh CYIIECTBOBAHMUS
TBEPBIX PACTBOPOB HAa OCHOBE [-THTaHa, ABISACH P-crabunmusaropamu. HekoTopeie
-cTabunm3aTopsl MOTYT 00pa30BBIBATh C TUTAHOM WHTEPMETAJUIMYECKHUE COCIMHE-
Hus tuna TiX. B aTom cnydae npu oxJaxaeHuu B-¢aza npereprneBaeT 3BTEKTOUTHOE
npespaienue B — o + TiX. YopouHstomas TepMudeckas o0paboTka, COCTOsIIas U3
3aKaJKd U CTapeHUs, IPUMEHUMA TOIBKO JUIs cIiaBoB ¢ (o+f)-cTpykrypoit. CriiaBbl
C YCTOMYMBOM O-CTPYKTYpPOH HEIb3sl YIPOUYHUTh TEPMUUECKON 00pabOTKOM.

Heiirpanbnsie snementsl Sn, Zr, Hf, Th He oka3biBaloT CyIeCTBEHHOTO BJIUS-
HUS Ha TeMIIepaTypy MOIMMOP(HOro MpeBpalieHus 1 He MEHSIOT (a30BOro cocTraBa
TUTAHOBBIX CILIABOB.

IIpoMbllLIeHHBbIE TUTAHOBBIE CILUIABbI. [[perMyIlleCTBOM TUTAHOBBIX CILIA-
BOB 10 CPABHEHHIO C TEXHUYECKMM TUTAHOM SIBJISIFOTCS 00Jiee BBICOKAs MIPOYHOCT,
KApPOMPOUYHOCTh, KAPOCTOMKOCTh MPU JTOCTATOYHO XOPOIIECH MIACTUYHOCTH, BBICO-
KOW KOPPO3UOHHOM CTOMKOCTH M MAJIOW IUIOTHOCTH. [103TOMY THTaHOBBIE CILIaBBI
MOJIYYUJIM IIUPOKOE NPUMEHEHHE B aBHAIlMU, PAKETHOW TEXHUKE, CYJIOCTPOECHUU,
XUMHUUYECKON U APYTUX OTPACISAX MPOMBIILIIEHHOCTH.

[To xapakTepy 00pabOTKM MeTajjla CIUIaBbl TUTAHA JAENATCA HAa aepopMupye-
MbI€ U JuTelHble. [0 MEXaHNYeCKUM CBOMCTBAM — HA CILIaBbl HOPMAJIBHOM MTPOYHO-
CTH, BBICOKOIIPOYHBIE, >KapOMPOYHbIE, MOBBIIIEHHON Tu1acTUUHOCTH. [lo crocoOHo-
CTH YNPOUHSITHCS C MOMOUIBI0 TEPMOOOPAOOTKH TUTAHOBBIE CIIABBI ACNISATCS HA YII-
POUYHSIEMBIE U HE YIIPOUHsSIEMbIE TEPMOOOPAOOTKOM.

MapkupytoTcs TUTAaHOBBIE CIUIaBbl OYKBEHHO-LIM(PPOBON MHAECKCALIMEH, IPUYEM
OyKBbI ¥ LM(DpHI HE JAI0T UH(POPMALIMK O KJIAcCe CIUIaBa U COJAEPKAHHUM JIETUPYIO-
IIUX 3JEMEHTOB. MeXaHUueCKrne CBOMCTBA HEKOTOPHIX TUTAHOBBIX CIUIABOB MPUBE-
neHsl B Tabnuite 29.

Hegopmupyemwie cnnaswvt. Cnaasel ¢ o-cmpykmypou (BTS, BT5-1) xapakre-
PU3YIOTCS CpEHENW MPOYHOCTHIO MPHU KOMHATHOW TeMMepaType, BHICOKUMU MEXaHHU-
YECKMMHU CBOMCTBAMU MPU KPUOTEHHBIX TEMIIEPATYPAX, XOPOIIIEH KapONnpOYHOCThIO,
CONPOTHUBJIEHUEM MOJ3YUYECTH U KAPOCTONMKOCTHIO. CILJIaBbl UMEIOT BBICOKYIO TEPMHU-
YECKYI0 CTaOMJIBHOCTh M 00JIaJJal0T OTIMYHOM CBAPUMBAEMOCTHIO U KOPPO3HOHHOM
CTOMKOCTBI0. OOpabaThIBAEMOCTh PE3aHUEM YA0BIETBOPUTEIbHAS.

Henoctatku 3TUX CIUIABOB: OTCYTCTBUE CIIOCOOHOCTU YIPOUYHSATHCS TEPMOOO-
paboOTKOM U HU3KAsg TEXHOJOTMYECKas MIacTUYHOCTh. CIUIaBbl ¢ OJIOBOM OoJjiee TeX-
HOJIOTMYHBI U 5KapOCTOMKH, 001a1at0T BHICOKUM COMPOTUBJIEHUEM MOJI3YUYECTH. ITO
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CaMbIC IOPOIrnec U3 O-CIijIaBOB. B Tropsa4emM COCTOSSHHU CILIABBI KYROT, ITPOKATBIBAIOT U
IOTaMITYIOT.

Tabmuua 29 - Mexannyeckue CBOMCTBA TUTAHOBLIX CILIABOB

Mapka Kiacc Cpennuit OsMmma | O, % | Tepmo- | OOGnactb nmpumeHe-
CIUIaBa | TO CTPYKTY- XHMM.COCTaB, % o0pa- HUS
pe (macc.) 00TKa
Texuu- o Heneruposannbiii | 390-540 | >20 | Omxur | XuM.NPOMBILUIEHH
YECKHUU TUTaH OCTh, KPHOTECHHBIC
TUTaH YCTaHOBKH
BT1-0
BTS5 o Ti-5Al 750-950 | >10 | Omxur | [eramu nys paGoTel
BT5-1 o Ti-5A1-2,5Sn 750-950 | >10 | Omxkur | IpU KPUOTECHHBIX U
OT4 IIceBno-a- Ti-3,5A1-1,5Mn 700-900 | =12 | Omxur MOBBIIICHHBIX
CIUIaB TeMreparypax 10
450°C
BT6 (ot B)- Ti-6Al1-4,5V 1100- >14 | Orxwur, CBapHble KOHCT-
CILJIaB Map- 1150 3aKalIKa, | PYKUHH I UJIU-
TEHCUTHOTO crape- TEIHLHOUN pabOThI
KJ1acca HIEE pu 400°C, kpart-
KOBPEMEHHOU 10
750°C
BT16 (ot B)- Ti-2,5A1-5Mo-5V 1150- >4 O1xur, Heranu nyst qm-
CILJIaB Map- 1250 3aKajka, | TeJIbHOU paboTHI A0
TEHCHUTHOT'O crape- 350°C
KJiacca HUE
BT22 (ot B)- Ti-5A1-5Mo-5V- 1100- >9 | Omxur, | Heramu, pabotaro-
CILJIaB mepe- 1Fe-1Cr 1500 3aKaJika, mue npu 500 °C
XOJTHOTO cTape-
KJiacca HUE
BT15 [ceBno-f- Ti-3Al-7Mo-11Cr 1300- >4 OTxur, Jeramu ns niu-
CILIaBEI 1800 3aKajka, | TeIbHOU paboTHI A0
crape- 350°C, kpatko-
HUE BPEMEHHOU 10
750°C
BT5J o Ti-5A1 700-900 | 6-8 bes ®dacoHHOE JTUTHE
OTXKHUTA

K rpymme o-criaBoB OTHOCSTCS YMCTBIM THUTaH, a TaKXe ICEB/I0-0-CIIaBbI
(pucynox 35), umeromue HeOobIoe KoaudecTBo B-daswr (1-5%) BcrmencTBue mo-
noJHUTENLHOTO JierupoBanusi mapranueM (OT4, BT4 u ap.) Coxpansis JOCTOUHCTBA
0-CIIJIaBOB, MOCJeAHUE Onaroaaps Hanu4uuio -¢pasbl 00JaAaI0T BBICOKON TEXHOIOTH-
YECKOM IUIACTUYHOCTHIO.

CmnaBel OT4-1, OT4, conepkamue menbine amomunus (2-3%), oopadbaTeiBa-
10T JIaBJICHHEM B XOJIOJJHOM COCTOSIHMH M TOJIHKO TIPH M3TOTOBJICHUHU CIIOKHBIX JIeTa-
nert ux moporpesaror 10 500-700°C. CmiaBbl ¢ OONBIIMM COAEPKAHUEM aTFOMHHUS
(BT4 u OT4-2) upu obpabotke naBienreM TpeOyroT nogorpesa 10 600-800°C. He-
JIOCTATKOM CIUTABOB 3TOW T'PYMIIbI SIBJISETCS CKJIOHHOCTh K BOJAOPOJHOM XPYIKOCTH,
MOATOMY JIOIYCTUMOE COIep KaHue Bojopoa kojebnercs B npeaenax 0,02-0,05%.
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Jeyxgpaznvie (a+p)-cnraser (BT3-1, BT6, BTS, BT14 u ap.) obmanarmT 1yd-
MM COYCTAHHEM TEXHOJOTHYECKUX U MEXaHUYECKHX CBOMCTB (pucyHok 35). Ux yn-
POYHSIIOT TEPMOOOPAOOTKOM — 3aKAJIKOW U CTapeHUEM. B OTOMOKEHHOM U 3aKayieH-
HOM COCTOSIHMM OHHM UMEIOT XOPOIIYIO IJIACTUYHOCTb, & MOCIIC 3aKaJIKU U CTAPCHUS —
BBICOKYIO MPOYHOCTh. [Ipu 3TOM uYeM Oosbine B-¢assl COMEPKUTCS B CTPYKTYpPE
CIUIaBa, TEM OH CHJIbHEE YIPOUHSIETCS MPU TEPMOOOPaOOTKE.

1 — nepexoaHblii Ki1acc; 2 — MAPTEHCUTHBIN Ki1acc
PucyHnok 35 — CTpyKkTypa TUTAHOBBIX CILJIAaBOB B OTOKKEHHOM M 3aKAJIEHHOM
COCTOSIHUU

Cmael BT14, BT15, BT16 sBasiorcs 0co00 BBICOKOMPOYHBIMU. Bolbinoe
KOJIM4eCTBO B-(a3bl B 3TUX CIUIaBaX OOBSICHSIETCS BHICOKUM COJEp KaHUEM BaHaus,
monuoaeHa, xpoma. Crasel BT3-1, BT8 u BT9 sBasitoTcs sxaponpounsiM. B atux
CIUlaBax MPHUCYTCTBYET aTIOMHHHUI. AJIOMUHUNA 3HAYUTENBHO CHMXKAET IUIOTHOCTD
(at+p)-ciaBoB, HECMOTpsI Ha NPHUCYTCTBHE B OTUX CIUIaBaX TSKENbIX [-
ctabunuzatopoB. JByxda3Hbie CIaBbl yIOBIECTBOPUTEIHHO 00pabaThIBAIOTCS pe3a-
HUEM U cBapuBaioTcs. [locie cBapku TpeOyeTcs OTKUT IS MOBBIIICHUS TIACTHYHO-
cti mBa. Crutasbl (0+f) KYHOTCs, IITAMITYIOTCSL M POKATBHIBAIOTCS JIer4ye, YeM CIijia-
BEI C O- WIH B-CTPpYyKTypoid. X MOCTaBISIOT B BUE MOKOBOK, IITAMIIOBOK, MTPYTKOB,
JIUCTOB, JICHT.

Oonogasnvie [-cniagvl HE UMEIOT MPOMBINILIEHHOTO puMeHeHus1. OHU T0po-
I'l, 00JIaJ1al0T MOHWKEHHOMN YI€IbHON MPOYHOCTHIO.

B Hactosiiiee BpeMsi TPUMEHSIIOTCS TaK Ha3blBa€Mble ICEBIO0-P-CIUIaBbI
(BT15). B paBHOoBecHoM cocrosiHnu ciuiaB BT1S5 umeer npeumyiiecTBeHHO [-
CTPYKTYpPY C HEOOJIbIIUM KOJMYECTBOM 0-(a3zbl. ITOT CIUIAB UMEET HEOOJBIIYIO
IIIOTHOCTD (4,8 T/CM’) M BBICOKYIO Y/IEIbHYIO IIPOYHOCTD, YIOBICTBOPHTEILHO 00pa-
OarbiBaeTcst pe3aHueM. HemoctaTku 3TOro cruiaBa — IMOHUKEHHAs IUJIACTUYHOCTD
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CBapHBIX IBOB M HU3KAas TEPMOCTAOMIBHOCTh. [1OCTaBISAIOT B BUJE JUCTOB, TOJIOC,
NPYTKOB, MMOKOBOK. PEKOMeHIyeTCsl Il AJIMTEIbHON paboThl MpU TeMmIeparype 10
350°C.

Jlumeiinvte cnnaepl. TUTAHOBBIE CILIABBI UMEIOT XOPOIINUE JTUTEUHBIE CBOWUCT-
Ba. bonbioi TemneparypHblii MHTEPBaA KPUCTAUIM3AlUMU O00ECreYyMBaeT UM BBICO-
KYI0 XUIKOTEKYYECTh U XOpOIIYyI0 IJIOTHOCTh OTJIMBKU. OHHM 00y1alal0oT Maloii
CKJIOHHOCTBIO K OOpa30BaHMIO TOPSIYMX TPEIIMH M HEOONBIIONW JIMHEHHOW ycaakoi
(1%). O6BpemHas ycanka coctaBisieT okoJio 3%.

HemoctaTkom TUTEHHBIX TUTAHOBBIX CILIABOB SBISIOTCS OOJIBINAS CKJIOHHOCTD
K TOTJIONIEHUIO Ta30B M BBICOKAs aKTMBHOCTH MPU B3aUMOJCHCTBUU CO BceMu (op-
MOBOYHBIMU MaTepuanamu. [I03ToMy UX IMJIaBKy W pa3iuBKYy BEIyT B BaKyyMe WU
cpelle HEUTPaJbHbBIX T'a30B.

Jlist pacoHHOTO JUTHS MPUMEHSIOT CIIAaBbI, aHAJIOTUYHBIE M0 XUMHYECKOMY
coctaBy HekoTopbiM AehopmupyembiM (BTSJI, BT6JI, BT9JI, BT14JI), a Takxe crie-
nuanbHble auTelnbie cruasel (BT20J1, BT21J1, BT35).

Jlutelinpie craBbl 00Jaal0T 00Jiee HU3KUMU MEXaHUYECKMMHU CBOMCTBAMH,
4YeM COOTBETCTBYIOIIME JAePpopMUpyeMble. YTNPOUHSIOUas TEpMOOOpadOoTKa pe3Ko
CHIWKAET IUIACTUYHOCTh JIMTEHMHBIX CIUIABOB M NO3TOMY He mnpumensercsa. Cruia
BTS5JI — cambIii fmemieBblif M1 paclipoCTpaHEHHBIN, 001aaeT XOPOUTUMHU JIUTECHHBIMU
CBOWMCTBAaMH, JI0CTaTOYHO BSI30K M IJIACTUYEH, HO MPOYHOCTh €ro HeBbIcOKa. CruiaB
BT35J1 — nHaubonee mpoyHBIA U3 MPOMBIIUIEHHBIX CIIaBOB. JIUTEHHbIE TUTAHOBBIC
CIUIaBBI MPUMEHSIIOT JJIs1 U3TOTOBJICHUS TPYOHBIX 3arOTOBOK M PA3IMYHBIX (DaCOHHBIX
OTJIMBOK.

Tepmuueckasa oo0padomka mumanoevix cniagog. TUTAHOBBIE CILIABBI IMOA-
BEPraroT TEPMUYECKON 00pabOTKE — PEKPUCTALIU3AIMOHHOMY OTXKHUTY, 3aKallKe U
CTapeHMIO, a TAKKE XUMHUKO-TEPMUYECKON 00paboTKe.

OTXUT TUTAHOBBIX CIUIABOB MPOBOASAT MOCJE XOJIOAHOU Aedopmaruu. Temrie-
parypa MX peKpUCTaIM3alK cocTaBisieT B cpeareM 500°C, u OTXKUT MPH TeMIIepa-
type 700-800°C BmoiHe mocTaTOYeH A ycTpaHeHus Hakiena. CTpyKTypa IOCIeE
OT>KMTI'a OKa3aHa Ha pUCyHKe 35.

[IpeBpaiienuss mpu 3aKajKe M CTAPEHWHU B TUTAHOBBIX CIUIABaX B MPHUHIUIIE
MOXO0KH Ha COOTBETCTBYIOLIME MPEBpalleHus B ctanu. OIHAKO U3-3a TOro, 4TO Mepe-
CBIIIEHHBIN 0-TBEP/bII PACTBOP B TUTAHOBBIX CILJIABAX MAJO OTIMYAETCA MO MPOYHO-
CTH OT PAaBHOBECHOMU 0-(pa3bl, CTOJIb CYIIECTBEHHOTO YIPOYHEHUS, KaK B CTAJSAX, B
TUTAHOBBIX CIUIaBaX HE MPOUCXOAWT. B pe3ynbrare (ha30Boil MEepeKpUCTALIAZAIUH
MPOUCXOJIUT U3MEITBYEHUE 3€PHA, YTO MOJOKUTEIIBHO CKa3bIBAETCS HA MX IJIACTUYE-
CKHUX CBOMCTBAaX.

TutaHoBbIe cIUIaBel 00JAMAIOT HU3KUMH AHTH(QPUKIIMOHHBIMH CBONCTBAMU.
J1y1s1 TIOBBITIIEHUST N3HOCOCTOMKOCTH MX TOJBEPraroT a30TUPOBAHUIO B Cpelie Ta3000-
pasznoro azora npu 900°C, 4TO MOBBIIIAET TOBEPXHOCTHYIO TBEPIOCTD.

JI71s1 NOBBILIEHUS )KapOCTOMKOCTH TUTAHOBBIE CIUIABBI IMOJBEPTaOT CHIIULIUPO-
BaHUIO U IPYTUM BUAaM TU(DPYy3nOHHON METAIUTH3ALIUU.

1.16 DneKkTpoTeXHUYECKHE MATEPHAJIbI
ITo cBOMM QJICKTPHUICCKHUM CBOMCTBaM MaTCpualibl Pa3aACIAOTCA Ha:
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1. IIpoBoguuku (Py = 10® — 10” OM*M; ¢ POCTOM TeMIepaTyphl yBeIMunBa-
eTcs).

2. IlonmynpoBoaHuku (Py = 10” — 10® OMXM; ¢ pOCTOM TEMIIEPATYPhI YMEHb-
1aeTcs).

3. Jmsnektpuku (Py = 10° — 10" OmxM; ¢ pocTOM TeMITepaTyphl yMEHbIIACT-
cA).

MatepuaJjbl BLICOKOH JIEKTPUYECKOUW MPOBOAUMOCTH

Bricokasi mpoBOMMOCTh METAJIOB O0YCJIOBJIEHA CTPOEHUEM HMX KPHUCTAILIOB.
Meramnunueckasi CBsi3b 00pa3yeTcs 3a cueT OOJBIIOr0 KOJIUYECTBA CBOOOHBIX AJICK-
TPOHOB. DTO «3JEKTPOHHOE 00JaK0» BHYTPH KPUCTAIIIMYECKON PEHIETKH PEIIETKH
JIETKO MPUBECTU B ABWKEHHE C MOMOLIBIO AJIEKTPUUYECKOTO IOJS; CIIEI0OBATENBHO,
METAJJI — XOPOILIMM MPOBOJHUK 3JIEKTpUUeCcTBA. CaMyl0 BBICOKYIO MPOBOAUMOCTH
uMerT Henepexoanbie Metamuibl Cu, Au, Ag, Al, Na, MEeHbIITyI0 — MEpEeX0IHbIE Me-
tautel Fe, Cr, Ni 1 T.71. DIEKTpUYECKOE COMPOTUBICHUE METAIa CKIIABIBAETCS U3
CONPOTHUBJIEHHUS, BI3BAHHOTO TEIUIOBBIM PACCEMBAHHEM U MPUMECHBIM PaCCEUBAHU-
eM. B MeHbImIel cTeneHn COMpOTUBIICHNE YBEIHMYUBAIOT AePOpMaIsi U OCTATOYHBIC
HaIpsKeHUSL.

BiausiHue Jernpyrommx 3J1eMeHTOB HA POBOAUMOCTD CILIABOB 3aBUCHUT OT
BUJIa oOpasyrommuxcs Pas:

- TIpM 00pa30BaHUU TBEPJBIX PACTBOPOB JJIEKTPUUECKOE COMPOTUBIECHUE Me-
HsAeTcs B cooTBeTcTBUM ¢ npaBuiamMu H.C. KypHakoBa — HENMMHENHO, IPOXOI Yepe3
noJioruit MakcumyM B obsactu 50%;

- Ipu 00pa30BaHUU MTPOMEXKYTOUHBIX (pa3 IEKTPUUECKOE CONTPOTUBIICHUE PE3-
KO HM3MEHSETCs, 3T (Pa3bl MUMEIOT MOITYNPOBOJAHUKOBBIMA XapaKTep MPOBOJUMOCTH
(anexTponHbIe (a3bl, (ha3wl JIaBeca, (ha3bl BHeApeHUs, G-(a3bl).

[Tpu oOpazoBanuy cMecelt u3 pa3nuuHbIX (ha3 MEKTPUUECKOE COMPOTHUBIICHHE
noguunsiercs npaswity H. C. Kypnakona. CiuiaBel yCTynaroT YACTHIM METaJIaM 10
JIEKTPOIPOBOTHOCTH, HO 00J1a71at0T 00Jiee BHICOKOW TBEPAOCTHIO M M3HOCOCTOMKO-
CThIO, a TeMmImepaTypa UX IUIaBJIEHUS HMXKE, (B ClIydae HalU4uus 3BTEKTHUKH B HUX
CTPYKTYp€). DTO MO3BOJISIET MOJYYUTh MaTEPUAbl, YAOBIETBOPSIONINE PA3IUYHBIM
TPEOOBAHUAM DIICKTPOTEXHUIECKOUN MPOMBIIIIICHHOCTH.

Jledopmariust 1 OCTaTOYHBIC HAMPSDHKEHUS HE3HAYUTEIHHO BIHSIOT HA TPOBO-
JUMOCTh YUCTBIX METAJIJIOB, MOATOMY I HUX MOHO HCIIOJIb30BaTh HAKJIEI C Iie-
JbI0 YBEJIMUEHHUS MPOYHOCTHU. Y CIUIABOB HAKIIEN CWIBHO (110 25%) CHUXKAET AJeK-
TPONPOBOJAUMOCTh, IO3TOMY YIPOUYHEHHUE JTOCTUTaeTCs 3a CUET CHUIKEHUS IPOBOJIHM-
MOCTH.

B 3aBucuMocTy OT NpUMEHEHUS POBOJHUKOBBIE MAaTEPUAIIBI TOAPA3AEISAIOTCS
Ha!

1. MeTanmel u CIu1aBbl BBICOKOW TPOBOAUMOCTH

2. Ilpumnion

3. CBepXNnpOBOAHUKHU

4. KoHTaKTHbBIE MaTEpHUAIIBI

5. CriaBbl € TOBBIIEHHBIM AJIEKTPUUYECKUM CONTPOTUBICHUEM.
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MeTtanibl ¥ CIiaBbl ¢ BBICOKOW MPOBOAMMOCTBIO KPOME HHM3KOIO 3JIEKTpUYe-
CKOT'O COITPOTUBIICHUS JTOJKHBI OBITh:

- IPOYHBIMU

- IJTACTUYHBIMU

- KOPPO3MOHHO-CTOMKUMH B aTMOC(HEPHBIX YCIOBUAX

- 00;1a/1aTh BHICOKOM CBAPUBAEMOCTBIO U XOPOIIIO MasAThCS

- U3HOCOCTOMKHUMHU (B OCOOBIX CITy4asx)

Ipunon

IIpunou — 3T0 cruIaBel, UCIIOJIB3YEMBIE IIPU MTAWKE METAJUIOB BBICOKOW IIPOBO-
nuMocTH. [Ipumon MOKHBI codeTaTth B ce0e HU3KOE MEPexoaHoe (KOHTAKTHOE) CO-
MPOTUBJICHUE W JIOCTATOYHYIO MPOYHOCTH. J[JIT 3TOTO OHM JOHKHBI XOPOIIO CMavyH-
BaTh TOBEPXHOCTh COEAMHSEMBIX METAUIOB, MMETh OOJiee HU3KYI0 TEeMIEpaTypy
IUTaBJICHUS M BBICOKYIO JKHAKOTEKY4eCTb, a TeMmIeparypHble KOd((HUIMEHTh UX
pacIIUupeHust 1OJKHBI ObITh OJIU3KHU.

[Tpunou ObIBaIOT IBYX THUIIOB:

- st Hu3KoTeMmepartyproii naiku (T, < 400°C);

- 1151 BBICOKOTEeMIeparypHoii naiiku (T, > 400°C);

HaunGonee mmpoko ucnosib3yroTcsi npunou Ha ocHoBe Sn, Pb, Zn, Ag. Ouu
UMEIOT BBICOKYIO AJIEKTPONPOBOAHOCTDh U 00Pa3yIOT IBTEKTUKH, COTIPOTUBIIEHUE KO-
TOPBIX MAJIO OTIIMYAETCS OT COMPOTUBIICHUS CAMHUX METaJIOB.

/N HU3KOTEeMIIEpATYPHOM NMAMKHM B OCHOBHOM IIPUMEHSIIOTCS OJIOBSIHHO-
CBUHIIOBBIC U OJIOBSHHO-ITMHKOBBIE CIUIaBbl. CTUTaB 0JIOBA M CBHHIIA ABTEKTHYECKOTO
tuma cogaepxkut 61% omosa u 39% ceunna (ITOC-61, T, = 183°C). IIpumensirorcs
takxke godBrektndeckue (II0C-18, I[TOC-30, ITOC-40, ITOC-50) u 3a3BTEKTUUECKHUE
(ITOC-90) crinaBsl.

OJOBSIHHO-LIMHKOBBIE CIUIABBI ATOT'O KJIACCa MPUMEHSIOTCS JJIsl MaKU aTlOMHU-
HUS U €r0 CIUIaBOB. DTO 3BTeKTHUEeCKUM cruiaB — 90% onoBa u 10% 1nmuka (ITOLI-90,
T = 199°C) u apyrue (ITOL[-70, ITIOL[-60, TIOI1-40). Ecinu TpeOyercst oueHs HU3Kas
temmeparypa naiiku (T < 100°C), To ucnons3yrores cmias Byna (T, = 60°C) wiu
Poze (T, = 110°C). D10 cruiaBsl Ha OCHOBE BUCMYTa CO CBUHIIOM, OJIOBOM U KaJMH-
eM, 001a1atonIe HU3KOH MPOYHOCTHIO.

[Tpunon 17151 BbICOKOTeMIEPAaTYPHOIl maiiku o0pa3yroT 0ojiee MPOYHOE CO-
eIMHEHUE TPOBOJHUKOB, TaK KaK MPH BBICOKUX TeMIIepaTypax B3auMHas auddy3us
MeTauioB UAET O6ojee MHTEHCUBHO. [0 3TOM ke MpUYMHE U MEePEXOTHOE COMPOTHUB-
JICHUE PTHUX MPUIIOEB HIDKE. B KauecTBe BHICOKOTEMIIEPATYPHBIX MPHUIIOEB HCIIOIb-
3yeTCsl M€llb, MEIHO-IIMHKOBBIC (HMI_I—36,1 [IMII-48, IIMII-54, T, = 825 +
880°C) n memuo-dpocdopuctsie (ITM®P-7%) crmarel. MenHo-GocdopucTbie MPUION
MO3BOJISIIOT OCYIIECTBISATD MalKy 0€3 MpuMEHEHHUs! (IIFOCOB.

'[Mudpa yka3siBaeT NPOLEHTHOE COACPKAHNE MEITH.
?[Tudpa yxaspIBaeT NMpomeHTHOE coaeprkanue (ocdopa.
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JlJis BBICOKOTEMIEPATypHON Malku JII0OOBIX METAJUIOB M CIUIABOB OCOOCHHO
IPUTOJIHBI NIPUIION HAa OCHOBE cepedpa. Kpome cepebpa B MX cOCTaB BXOAAT MeEAb
mimn Mep ¢ uuakoM (IICp-72,° TICp-61, IICp-45, TICp-10, Ty, = 780 + 920°C).

KoHTakTHBIE MaTEepHAJIbI

KoHTakThI mensTcs Ha: pa3pbiBHBIC (MOIPA3ACISIFOTCS HA cIaboHArpyKeH-
HBIE U BBICOKOHArPY)KEHHBIC), CKOJB3AIINE U HENOABMKHEIE. [lJI BceX BUIOB KOH-
TaKTOB OCHOBHBIM TPEOOBAHUEM SIBIISIETCSI HU3KOE MEPEXOTHOE COMPOTUBIICHUE IIEK-
TPUYECKOMY TOKY.

Pa3pbIBHBIE KOHTAKTHl — MEPUOAMYECKH 3aMBIKAIOT U PAa3MBIKAIOT dJIEKTpHUYe-
CKH€ IIeTH, IO3TOMY OHU paboTaroT B Haubosee TSHKENBIX yesoBUsaX. B mpouecce pa-
OOTBI ATHX KOHTAKTOB BO3HUKACT MCKPA M IJeKTpHYecKas Ayra, 4ro MpUBOJIUT K
X KOPpO3uM (OKUCJICHHIO) U IPO3MOHHOMY H3Hocy. [Ipu 3ToM moBbIIaeTcs KOH-
TaKTHOE CONPOTHUBIIEHHUE, MPOUCXOAUT HArPEeB KOHTAKTOB U WX CBapuBaHUE (3auIia-
Hue). M3-3a KOppo3uM W 3pO3UHM METAI KOHTAKTa IUIABUTCS, UCHAPSETCS, B Mape
KOHTAKTOB TOSIBIISIETCS KpaTep U UrJa.

ComnpoTuBJICHHE SIEKTPOIPOZHOHHOMY H3HAIIUBAHUIO YBEIMYHBACTCS C POC-
TOM TEMIIEpPaTYPHhI IJIaBJICHUS, TBEPIOCTH U IPOYHOCTH.

CnaboHarpy:keHHble pa3pbIBHbIe KOHTAKTHI H3TOTABIMBAIOTCS U3 OJaro-
POIHBIX METAJUIOB M CIUTABOB: 30JI0Ta, cepedpa, IUIaTHHBI, Majulafns. JTH MaTepua-
b1 00J1aTAI0T HU3KUM MEPEXOIHBIM CONPOTHBICHUEM H IOBBIIIEHHON CTOHKOCTBIO K
OKHCIICHHIO. DIIEKTPO3PO3UOHHON CTOHKOCTHIO OHU HE 00J1a/1a10T.

OCHOBHBIM METAJIJIOM IS IPOU3BOJCTBA TAKMX KOHTAKTOB SIBJISIETCS cepedpo,
Kak camoe jeuiéBoe u3 0J1aropoJHbIX METAIJIOB, JIETKO 00padaThIBaeTCs JaBlIEHUEM
U 00J1ajaeT BBICOKOM 3JIEKTPONPOBOAHOCTHIO, HO MO BO3IEHCTBHEM AIIEKTPHUUECKOM
IYTH OHO OKHCIISIETCSI M IOJIBEPraeTcs 3JIEKTPOIPO3MOHHOMY H3HOCy. OKuciieHue He
BeAET K 3HAYUTEIHHOMY POCTY MEPEXOJIHOTO COMPOTUBIICHHUS, TaK KaK OKCHUJ cepedpa
AIIEKTPOMPOBOJICH, a TIPHU HArpeBaHHH JIETKO BOCCTAaHABIMBAeTCA. B CBs3HM ¢ ATHM
YICTOE cepedpo MCMOIb3yeTCs B CIabOHArpyKeHHbIX KOHTaKTax ¢ HEOOJBIION yac-
TOTOU MEPEKITFOYEHH.

Jliist ciraboHarpyKeHHBIX KOHTAKTOB MIUPOKO MPUMEHSIOTCS CIUIaBhI cepedpa C
MebI0 — OHU JelIeBye, 001a1at0T OObIIe TBEPIOCTHIO (ITO3TOMY O0jiee yCTOWYH-
BBI K QJICKTPOU3HOCY), HO ME/Ib CHUYKAET CTOMKOCTH CIUIaBa MPOTUB OKHCIICHHUS.

BbICOKOHATPY:KeHHbIEe Pa3pbIBHbIe KOHTAKTHI W3TOTABIMBAIOT M3 BOJB(-
pama, MoiIuOZeHa M UX CIUIAaBOB. DTW METaJUIbl M UX CIUIABbI OJlarogapsi BHICOKON
TeMIepaType IJIABICHUS XOPOIIO COMPOTHUBIISIOTCS AIEKTPOIPPO3UNOHHOMY M3HAIIIHU-
BaHMI0. Bonbdpam 1 MOIMOIEH JETKO OKUCIAIOTCS, UX OKCUIBI JIETKO UCIAPSIOTCS,
MO3TOMY HX HCIOJIB3YIOT B Cpele MHEPTHBIX ra30B WU B Bakyyme. BonbhpamoBsie
KOHTaKThl UCIOJB3YIOT U Ha BO3IyXe, TaK Kak OH 00JIaJaeT JOCTaTOYHO BBICOKOM
IPOBOJUMOCTBIO, HE CBAPUBAIOTCS, a €r0 OKCUABI MPU paboOTe pa3pyIIatoTCs.

CrmnaBel Bosibpama u mosubeHa (40 — 50 % Mo) o6imanaroT BBICOKOH YCTOM-
YHBOCTBHIO K 9PO3HMOHHOMY HM3HAIIMBAHHIO, HO HM3-32 00pa30BaHUsS TBEPIBIX PACTBO-
POB Yy HHX MOHWXEHA MPOBOJUMOCTh U BEJIUKO MEPEXOAHOE DIEKTPUIECKOE COIPO-

* Hudpa ykas3piBaeT IpOLEHTHOE CoJiep kaHue cepedpa.
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TUBJIEHHE. [[1s1 MOIIHBIX KOHTAaKTOB HCIOJB3YIOT CIIEYEHHBIE KOMIIO3HMIMU U3 IO-
pOIIKOB BoJib(hpama u cepebpa mwim Meau. Takke METO0OM CIEKaHUsI MOJIyqaroT To-
pPUCTBIN Boib(GpaMm, KOTOPbIA 3aT€M B BaKyyMe€ MPOMUTHIBAIOT JKUIKUM cepedpoM
WA MeIbIo.”

B nHacTtosiiiee Bpemsi UCIONB3YIOTCS cepeOpsiIHO-MEIHbIE KOHTAKThI, MOTy4YeH-
HblE€ METOJIOM BHYTpeHHero okuciienus. Cmias cepedpa u meau (COM-10, 10%Cu)
HOABEPraroT UIMTEIbHOMY OkucaeHuto (50 4., 700°C) Ha Bo3ayxe. Meapb oKucIseTcs
Y TOJy4aeTCsl KOMIO3UIUS — cepeOpsiHasi MaTpula C PABHOMEPHO paclpeieIEHHbIM
MEJIKOAUCIEPCHBIM OKCHAOM Meau. OKCHUI MEIX MOBBIIIAET CTOMKOCTh KOHTAKTa K
CBApUBAEMOCTH 3JIEKTPO3PO3MOHHOMY H3HaAmMBaHUO. [loaTomMy 3TOT Marepuan
MO>KHO HMCIOJIb30BaTh U B TSDKEJIO HAarPYXEHHBIX KOHTAKTaXx M B CKOJIb3SALIUX KOH-
TaKTax.

Ckoab3sillue KOHTAKTBI JOJKHBI OTBEYATh TEM K€ TpeOOBaHUSAM, UTO U pa3-
PBIBHBIE, HO TJIABHBIM U3 HUX SIBJISIETCS BBICOKOE CONPOTHUBJIEHUE CBApUBaHUIO. J{Jid
ATOr0 KPOME OKHUCJIEHHBIX CEPEOPSIHO-MEHBIX CIUIABOB MPUMEHSIOT KOMITO3UIUHU U3
nopomkos Meas-rpadpur (MI'3, MI'5), cepe6po-rpadut (CI'3, CI'5)’

HenoaBukHble KOHTAKTBI — I0JKHBI UIMETh HU3KOE NIEPEXOTHOE DIIEKTpUYE-
CKOE€ COIPOTHUBJIEHUE, KOTOPOE JIOJKHO OBbITh CTAOMIIBHBIM IMPU HEOOIBIIMX KOH-
TaKTHBIX YCUIIUAX. JIJIs 3TOTO UCTOIB3YIOT KOPPO3MOHHOCTOMKHUE MaTepualibl, HE 00-
pa3yrOIIMX OKCHUJIHBIX INIEHOK HA KOHTAKTHOM MTOBEPXHOCTU — MEb, JIATYHb, LINHK.

CniaBbl ¢ BBICOKUM CONPOTHBJIEHHEM

CIIaBBl C BHICOKMM COIIPOTHBIICHHEM JIENATCS HA PeocTaTHbIe (I H3rOTOB-
JICHUS AJIEMEHTOB comnpoTuBiaeHus (Tadnuma 30)) u cnjiaBbl 1Jis HATPeBaTEIbHBIX
3eMeHTOB (Tabnuna 31). B mepByto ouepenb 3TH CIUIaBbl TOJDKHBI 001a/1aTh BBICO-
KHM COIPOTUBJIEHUEM DJIIEKTPHUUYECKOMY TOKY, CIIEIOBATEIbHO HMETh CTPYKTYpPY
TBEPIBIX PACTBOPOB. TaKke 3TH CIUIaBbl JOJDKHBI UMETh MaJIbI TEMIIEPATYPHBIN KO-
3¢ QUIIMEHT COMPOTUBIIEHHUS, BEICOKYIO IIACTUYHOCTD (TaK KaK MCIOJb3YIOTCS B BU-
JIe TIPOBOJIOKHU W 1IKH). PeocTaTHble CriaBbl TOHKHBI Takke o0nanate Huzkon TOJC
B [1ap€ C MEJIbIO, a CIIABHI ISl HAarpeBaTeIel — )KapOCTOMKOCTHIO.

B 3aBucumocTu ot paboueit TeMiepaTypbl BCe CIUIaBbl C BBICOKHM AJIEKTPOCO-
MPOTUBJIEHUEM JIEJIATCS HA TPU TPYTIIbIL:

1. Crunassl a1 pabotel pu Temmeparype 10 500°C — peocTaTHble CIIIaBhI;

2. Crnassl it pabotel mpu Temmeparype 10 1200°C — peocTaTHbIE CILIaBbI U
CIUIaBbI JIJIs1 HarpeBaTelel;

3. CmutaBel asst paboTsl mipu Temmeparype mo 1500°C — crutaBsl it HarpeBa-
TEJIEH.

Peocrarnsie cruaBsl — konctantan (MHMu40-1,5"), manranus (MHMI3-12),
xorens (MHM143-0,5%).

* CruraB Bosibpama ¢ 45% Mo ucnonb3yroT Juisi HUTEH HaKaJuBaHUS Jisi HUTEU
AIEKTPUUYECKUX JTAMITOYEK U KATOJIOB 3JIEKTPOHHBIX JIAMIT KAK CILIABBI OBBIIIEHHOTO
CONPOTHUBIIEHUS.

> [ugpa B Mapke yKa3bIBaeT COAepKaHue rpaduTa B IPOLEHTAX.

* K HUM MHOT1a OTHOCAT U CIUIaBbl JIs1 TEPMOIIAp.

7 Ludps! ykazpiBaroT coaepxanne Ni u Mn, ocransHoe - Cu.
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CriaBbl JJ1 HarpeBaTeeii:

- Ha OCHOBe HUKes — Huxpomsl (X20H&0, X15H60);

- Ha ocHoBe xene3a — crtaB Ne 1 (1X17H05), crimas Ne 2 (1X25105).

HarpeBaTenu Ha OCHOBE METAINTMYECKUX CIUIABOB pabOTAIOT MpU TEMIEpaTy-
pax go 1100°C (xparkoBpemenso no 1300°C). Ius mocTmxkeHus 0ojiee BHICOKUX
TEeMIIepaTyp B BaKyyMHOM WJIM MHEPTHOM cpejie UCIOJIb3YIOTCS Bojbhpam, MOJIUO-
JIeH, TaHTaJ, IIaTUHA U CIUIaBbl HA WX OcHOBE. [Ipu paboTe B OKHCIUTENHLHON aTMO-
chepe HUCMONB3YIOTCS KEPAMUYECKHE MaTepuaibl: CHINT — KapOuj KpeMHHUs (10
1500°C), mucumuimn mosmbaena (mo 1700°C), xpomut aanrtana (o 1700°C).

Taomuma 30 - PeocraTHbie CIUIaBbI

Cmas Ni Mn Cu Tpas, C
MHMu 40-1,5 (koHCTaHTaH) 39 -41 1-2 OcranpHoe 500
MHMi 3-12 (maHTaHWH) 2,5-3,5 11,6 — 13,5 OcTtanbHOE 200
MHMi 43-0,5 (komenb) 42,5 -44,0 0,1-1,0 OcTanbHOE 500

Tabnuma 31 - CriaBsl 1t HarpeBaTEIbHBIX 3JIEMEHTOB

Cmias Cr Al Fe Ni Tpas, C
X23105 (xpomarn) 21,5-24,5 4,6-—-5,3 OCTaJIbHOE He 6omnee 0,6 1200
X20H80 (Huxpom) 20 -23 0,2 He 6oiee 1,5 75-178 1100
X15H80 (aHuxpom) 15-18 0,2 He 6oxee 1,5 55-61 1050
X 13104 (dexpaib) 12-15 3,5-5,5 - 0,6 1000

1X17H0A (crmaB Ne 1) 16 -19 4,6 -6,0 - 0,6 1000
1X25HK05 (cruzaB Ne 2) 23 -27 4,5-6,5 - 0,6 1150

Amomens 2% Al, octansHOe Ni.
Xpomens 10% Cr, octanbHoe Ni.

1.17 KoMno3unmoHHbIE MATEPHAJIbI

Komno3unuonnbiMu Matepuajamu (KM) Ha3bIBaloTCs CIOXKHBIE MaTepHa-
JIbI, COCTOSIIIME W3 CUIILHO OTIUYAIONINXCS IO COCTABY U CTPYKTYpE, a, CICI0BATEIb-
HO, ¥ TI0 CBOWCTBAM HEPACTBOPHUMBIX MJIM MAJOPACTBOPUMBIX APYT B APyre KOMIIO-
HEHTOB, Pa3JeNIEHHbBIX B MATEPHUAJIE SIPKO BBIPAKEHHOU rpaHuie. KoMnosunnonHsie
MaTepHuaibl MOTYT OBITh €CTECTBEHHOTO MPOUCXOXKICHUS (CTBOJBI U CTEOIM pacTe-
HUM, KOCTHU )KUBOTHBIX M YEJIOBEKA) U UCKYCCTBEHHOTO.

CBolicTBa KOMITO3UITMOHHBIX MAaTEPUAJTIOB 3aBUCAT OT (HU3UKO-MEXaHHMUECKUX
CBOWCTB KOMIIOHEHTOB M TIPOYHOCTH CBSI3M MEXKIY HUMH, MPUIEM B KOMITO3UIIMOH-
HBIX MaTepuajax MpOSBIIIIOTCS JOCTOMHCTBA KOMIIOHEHTOB, a HE UX HeJAoCTaTKu. B
CBSI3U C 3TUM KOMITO3UIIMOHHBIE MaTepualibl 00J1aIal0T TAKUMHU CBOMCTBaMH, KOTO-
pbIMU HE 00JIaal0T KOMIIOHEHTHI, UX cocTapistomue. Haubonpmuii 3¢dext naér
coYeTaHWe KOMIIOHEHTOB, O0JaJalolUX PE3KO OTIMYAIOIIUMHCS CBOWMCTBAMH, JI0-
MOJTHSIOIIMMU JPYT JIpyTa. B CBS3M ¢ 3TUM KOMITO3UIITMOHHBIE MaTEpHaIbl PEBOCXO-

¥ Takyxe OTHOCHUTCS K TEPMONIAPHBIM CIIJIABAM.
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JISIT OOBIYHBIE MAaTEPUAIIBI TIO YISTLHON MPOYHOCTH U MPOYHOCTH MPU BBICOKUX TEM-
nepaTypax, 1o >kECTKOCTH, IO COMPOTUBIICHUIO YCTAIOCTHBIM Pa3PYIICHHSIM.

[To cTpyKTYpHBIM MpH3HAKaM KOMITO3UTBI MOKHO pa3/IeIUTh HA TPH TPYIIIHL:
1) BOJIOKHUCTBIE; 2) CIOUCTHIC; 3) TUCTIEPCHOYITPOUYHEHHBIE (PUCYHOK 36).

a) TMCTIEPCHOYNPOYHEHHBIE; 0) BOJOKHUCTHIE; B) ciioucThie KM

Pucynok 36 — CxeMbl CTpOEHUsI KOMITO3UIIMOHHBIX MATEPUAJIOB

JU1s1 apMUPOBaHUs KOMIIO3UIIMOHHBIX MaTEPUAJIOB MOTYT HCIIOJIb30BATHCS:

- MEJKOAMCIIEPCHBIE TYIOIJIAaBKME YacTHULbl (KapOWIbl, OKCHABI, HUTPUABI U
ap.);

- MPOBOJIOKA (CTaJIbHAsI, TATAHOBAsI, OEpUIUIHEBAS U JIp.);

- BOJIOKHO (YIJIEpOJHOE, CTEKIOBOJIOKHO, U3 OKCH/1a AIFOMUHMS U 1p.);

- HUTEBUHbIE KPUCTAIUIHI (M3 OKCHIa aTIOMUHMS, KapOuaa KpeMHUS U 1Ip.).

OCHOBOI1 KOMIIO3ULIHOHHOTO MaTepHaIa SABJISIETCS MATPUILA, B COOTBETCTBHE C
KOTOPOU OHHM JIEJIATCS Ha:

1. KoMno3unuoHHbIE MaTeprasbl HAa MeTAVINYECKOM OCHOBE;

2. KomMno3uunoHHbIE MaTeprasbl HA HeMeTAJNJIMYEeCKOH 0CHOBE — IOJIMMeEp-

HBIE, YTJIEPOIHBIC, KEPAMUYECKHE.

Matpuna cBA3bIBAET KOMIO3ULUIO, IPUIAET €l (POopMy, OT CBOMCTB MaTpPHULIbI
3aBUCAT TEXHOJOTMYECKHUE PEKHUMBI IOJYYECHHs] KOMIIO3UI[MOHHOIO MaTrepuanta u
BaKHEHIINE SKCIUTyaTallUOHHBIE XapaKTEpUCTHKU: pabodas Temmeparypa, CONpo-
TUBJICHHE YCTaJOCTHOMY pa3pyLICHUIO, KOPPO3HMOHHAS CTOMKOCTb, IUIOTHOCTH U
YACIbHASI IPOYHOCTb.

VY BOJIOKHHUCTBIX M CJIIOMCTBIX MATEPUAJIOB HECYLIUM IEMEHTOM SBJISIETCS ap-
MUPYIOLUH KOMIIOHEHT (IIPOBOJIOKA, BOJOKHO, HUTEBUJHBIE KpUCTaibl). MaTpuia
SIBJISICTCS CPENOU, MEPENAIONIEN HArpy3Ky Ha BOJIOKHA, a B ClIy4yae pa3pyLICHHUs OT-
JEIBHBIX BOJIOKOH MaTpuLa NEPEPACHPEACISIET HANPSLDKEHU MEXAy BOJOKHAMu. B
JTVCIIEPCHOYIIPOYHEHHBIX MaTepuajax, HECyIIUM DJJEMEHTOM SBIIETCA MaTpULa, B
KOTOPOU MEJIKOJIHUCTIIEPCHBIE YACTHULIBI CO31aI0T TOPMOKEHUE PACITPOCTPAHEHUIO JINC-
JIOKaLH.

IHonyyenue KOMIIO3UIMOHHBIX MATePUAJIOB. [/ /[ponumka 8010KOH pacniagom
mampuysl. ITOT crocod noayueHuss KM 3akitouaeTcsi B IPONMUTKE PaCIUIaBICHHBIM
MaTepUaJIOM MATPULBl YIPOYHUTENEH B BHJE BOJIOKOH, HUTEBHUJHBIX KPUCTAJLIOB,
YJIO)KEHHBIX B JIUTEHHYI0 (POpMY B OIIPEIEIEHHOM NOPSIKE WK IPOU3BOJIBHO.

K nmpeumymiecTBaM 3TOro MeToZa MOXKHO OTHECTH BO3MOXKHOCTH ITOTYYEHUS
TOTOBOTO H3J€Hs, HE TPeOYyIOIIEero JOMOJHUTEIbHON MEXaHMYECKOH 00paboTKH.
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[IpuMeHsSTh 3TOT METOJ MOXKHO TOJIBKO TMPHU XOPOIIEH CMaurBaeMOCTH BOJIOKOH
JKUIKOU MAaTPULIECH.

CylIiecTBEHHBIM HEIOCTATKOM TaKOTO METOJla MPOIMUTKHU SBISIETCS HAM4YUeE
MOCJI€ 3aJIMBKU MYCTOT, CUJIBHO CHIKaIMUX npoyHocTh KM. OOpa3oBaHue Takux
MYyCTOT CBSI3aHO C TE€M, UTO MPHU OOJIBILIOM COJIEPKAHUU YIPOUHSIOMIMX BOJIOKOH (40-
80% 1o 00BeEMY), PaCCTOSHHS MEXYy BOJIOKHAMHM HACTOJBKO MaJbl, YTO PACIIaB-
JIEHHBIM METaJlJI I0J1 COOCTBEHHBIM BECOM HE MOKET 3aJIUTh BCE MOPHI.

Kak pa3sHOBHIHOCTb 3TOTO CHoco0a SIBISIETCS HenpepvléHas Nponumka mydka
BOJIOKOH, TMPOXO/AIIET0 Yepe3 paciIaBICHHbII METal TP HOPMAILHOM JIaBJICHUH.

Jlist m3roronennst KM, npuMensieMsix mipu temmeparypax Hmke 200°C wmc-
NOJIB3YIOT noaumepHvle mampuysl. K TakKuM KOMIIO3UTaM OTHOCATCS CMEKIONIA-
cmuKu, apMUPOBAaHHbIE KOPOTKMMHU CTEKJIIHHBIMH BOJIOKHaMu. B kauecTBe Marpwil
UCTIONIB3YIOT TEPMOPEAKTUBHBIEC MOJUMEPHI (SMOKCUAHBIE CMOJBI), KOTOpbIe Ojaro-
Japsi IONIEPEUHBIM CBSI3IM MMEIOT BBICOKYIO TepMmocToikocTh. Ha pucynke 37 cxe-
MAaTUYECKH MOKa3aH CMOCO0 M3rOTOBJICHUS] TAKOrO KOMMO3UTA. ['0TOBBIE JIEHTHI CO-
OMpalOT B CIOUCTBIA JUCTOBOM MaTepual (aHajor (paHepbl) WM K€ HAMaThIBAIOT B
OoJiee ciokHbIE (POPMBI U OTBEPIKIAIOT TEPMOOOPAOOTKOIA.

HERDEDLISHEE
Cogonmg

FTOTEOXHPEIHCT
OOPTEEITIRE

SIDIRAREG G HTT
SyMees

Pucynok 37 — CxemMa U3roToByeHHAs] KOMIIO3UIMOHHOTO MaTepuaia

Huppyszuonnas ceapka noo oagnrenuem. SIBnsercss NPOMBIIIIEHHBIM CIIOCOOOM
COEIMHEHUS] OJTHOPOJHBIX U Pa3HOPOJIHBIX MeTAJIOB. IIponecc cBapku MpOUCXOIUT
0e3 pacruiaBiieHUsI OCHOBHOTO MeTaia. B Mecte cBapku Jetaneid mpoOUCXOAUT AU]-
¢by3ust oIHOTO MeTalIa B APyroi. Marpuiry yaiie BCero NpUMEHSIOT B BUE (OJIbIH.
B kauecTBe ynpouHMTENEH NMPUMEHSIOT BOJIOKHA, IIPOBOJIOKY M3 Pa3JIMYHBIX METAJ-
JOB U HUTEBUAHBIX KpHucTauibl. [[puHnunuansHas cxema nonyuyenuss KM nud¢ysu-
OHHOM CBapKoM MO/ JaBJICHUEM [T0OKa3aHa Ha pUCYHKE 38.

OCHOBHBIMU TEXHOJOTMYECKMMM MapaMeTpaMy 3TOT0 Ipolecca SBISIOTCA
JIaBJICHUE TIPECCOBAHMsSI, TEMIIEpaTypa M BpPEMs BBIIEPKKH. YIPOUHUTEIN MOTYT
IPUMEHATHCS B BUJE KIyTOB, TKaHEH, CETOK, BOJOKOH M 1p. IIpeccoBaHue moxer
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IpOBOAMTCA B Ipecc-hopMax, 00ecrednBaIOINX MOJyUYeHUEe TOTOBOM JIETalu CIOXK-
HOM (QopMbI MM MeXAy 00OrpeBaeMbIMH IJIUTAMU. TakuM CrnocoOOM MOJTydaroT
muctel KM amomunuii — cranpHas npoBojioka. CoOupaercs MakeT, COCTOSIIMA U3
YepeIyoLUXCsl CJI0EB aIOMUHUEBOW (QOJIbrU M MPOBOJIOKH nauameTrpom 0,2mm. Pe-
»XuM mpouecca: temmeparypa 480°C, naBnenune 10000MIIa u Bbraepkka 20 MHH.

P

(pomera IUIHTA 0GorpeBaeMast

L 1
T 1
L

BOJIOERHA

Pucynok 38 — Cxema nonyuenuss KM nuddy3nonHoi cBapkoit

Haxonar mpumeHeHue U Jpyrue crnocoObl U3TOTOBJIEHHUS KOMIO3UIIMOHHBIX
MaTepHuaioB — CBAPKON B3PHIBOM, HAHECEHHE CII0S1 METaJlJIa HAa BOJIOKHA HAIbUICHUEM
u Jp.

K KOMMNO3MIIMOHHBIM MaTepuanaM OTHOCITCS W MaTepuasbl, YHnpouHeHHble
oucnepcHuiMu ¢hazamu. YucTble MeTauibl He 001a1al0T JOCTATOYHOM MPOYHOCTHIO,
T.€. CIOCOOHBI 1ePOPMUPOBATHCS IPU OTHOCUTEIHLHO HU3KUX HANpsDKEHUsX. J{7s mo-
BEIIIICHUS TIPeJieia TEKYIeCTH B METATHIECKYIO MAaTPHUILYy BBOAST MEJIKOIUCIICPCHBIC
YaCTHIIBI, KaK MpaBmio, 3To okcuasl (Al,O;, Si0,) wim apyrue coeauHeHUs! (HUTPH-
TIbI, KapOubl, OOPUIBI U T.1.), KOTOpPBIE CO37al0T A ()EKTUBHOE TOPMOKEHHUE pac-
MPOCTPAHEHUIO AUCIOKaNuil. HecymmM 35eMeHTOM B TaKOM MaTepuaye SBISCTCS
MaTpuIa. J(ucrmepcHOYNpOYHEHHBIE MaTepUaibl UCIOJB3YIOTCS TJIABHBIM 00pa3oM
1151 paboThl Tipu Beicokux Temmneparypax (CAIL, CAC).

Apmupyromue koMnoneHTbl. Co3nanre KM crano Bo3MOXXHBIM Oiiaronaps
pa3paboTKe apMUPYIOUIUX KOMIIOHEHTOB, 00JIaIalOIIMX BBICOKOW MPOYHOCTHIO, TaK
KaK HalpsbKEeHUs, BO3HUKAIONIME B MaTepHalie, BOCIPUHUMAIOTCS B OCHOBHOM MUMEH-
HO UMH.

Bonokna uz memannos u ux CIjaaBoB — CTajH, BoJib(pama, OCpUILIUs, MOITHO-
JIeHa, TUTaHa U Jp. TOJy4aroT pa3auyHbiMu MeToaamu. Hanbombiiee pacnpocTpaHe-
HUE TOJYYWJ METOJ BOJIOYEHHS, T.C. MPOTITHBAHUS TMPOBOJIOKH dYepe3 (uiibepy
MEHBIIIET0 CEUYCHHS M0 TUAMETPy, YeM MCXOJAIIasi MpoBoJioKa. B pe3ynbrare Hakie-
1a BOJIOKHA MPUOOPETAIOT BHICOKYIO MMPOYHOCTh. TaK, HApUMeEDp, Mpe/ea MPOIYHOCTH
ctanbHO cTpyHBI 2400-3600 MIla, BonmbdpamoBoit 4200 Mlla, turanosoit 1500-
2000 MIla, 6epmmnueBoit 1000-1300 MIla. Ha mpo4HOCTH BOJOKOH OKa3bIBaeT
BIUSIHUE MacImTaOHBIA (DakTop. UeM MEHbIIe AWMAMETpP BOJOKHA, TEM BBINIE MPOY-
HOCTh. Tak, HarpuMmep, Mnpeaes TPOYHOCTH BOJb(MPAMOBOM MPOBOJIOKH JUAMETPOM
0,5mm pasen 2000 MIIa, a nuamerpom 0,05mMm nossitaercs a0 3270 MITa.

Jist apmMupoBanus xkaponpouHblx KM BOJOKHA M3rOTaBIMBAIOT U3 TYTrOIJIaB-
KHX MaTepHuajioB — BoJib(ppama u MOIUOIeHa.
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Yenepoomnvie 6onoxna moiy4aroT Ha OCHOBE HEPTSAHBIX cMOJ. VX MOXHO pas-
JEUTh Ha JIBE TPYIIIBI:

- BBICOKOIIPOYHBIE BOJIOKHA ¢ mpeaenoM npoynoctu 2500-3200 MIIa u cpas-
HUTEJILHO HEBBICOKUM MOJysieM yrpyroctu — 180-2201T]1a,

- BBICOKOMOJYJIbHBIE BOJIOKHA ¢ mpeaenom npoudHoctu 1400-2200 MlIla u mo-
nyneM ynpyroctu 350-550 I'Tla.

[LI0THOCTB YIIEPOAHBIX BOJOKOH HHU3Kast — 1,6-2,0 r/cM’. JluamMerp BOIOKOH 5-
12 MKMm.

Bonoxna 6opa, xapouoa kpemuus, okcuoa antomMurus u Op. UIMEIOT TPOIHOCTh
B npenenax 2500-4000 MIla. IlpumeHsr0TCA B KaueCTBE apMUPYIOIINX KOMIOHEHTOB
C aJIFOMUHUEBOM, MATHUEBOM U TUTAHOBOW MaTPULIAMMU.

Humesuonvle kpucmannol (ycovl) B MPOMBIIUIEHHOCTH MOJIYYalOTCS JOCTATOYHO
cnoxHO. [{nsg KM ucnonp3yroTcsi HUTEBUAHBIE KPUCTAIIBI OKCUAA aJTFOMUHUS, HUT-
puaa amoMHUHUS, KapOuaa KpeMHUS, HUTPUJA KpeMHUS U Ap. JuameTp HUTEBUIHBIX
KpPHUCTAJUIOB (YCOB) COCTABIISIET OT JI0J€H MUKPOHA IO HECKOIBKUX JAECATKOB MUKPOH

u ey 10 60-80MM. YCbl 0051a/1al0T YHUKAJIbHO BBICOKON MPOYHOCTHIO (TabiuIa
32).

Ta6numa 32 — MexaHuueckue CBOMCTBAa HUTEBUIHBIX KPUCTAIIOB,
MOJTYYEHHBIX B JJA0OPATOPHBIX YCIOBUAX

Marepunan [Ipenen IImoTHOCTB, | VY nOenpHasd npou-
POYHOCTH, olem’ nocrs, MiHa
Mlla " olem®
Oxcup aroOMUHUS 2800 3,9 710
Kapb6un kpemuus 3700 3,2 1150

B nrore koMno3uMoHHbIM MaTeprai 001a1aeT COYETAHUEM CBOMCTB:

- MsArkas marpuna oOecreduBaeT MaTepualy BBICOKOE CONPOTHUBIIEHUE pac-
IIPOCTPAHEHUIO TPEIIMH, T.€. BBICOKHE IIOKA3aTeNId IUIACTUYHOCTH, YAApPHOU BS3KO-
CTH,

- IPOYHBIE BOJOKHA O0ECMEUYMBAIOT MaTEpHUaly BBICOKOE CONMPOTHBICHHE Ha-
YaJIbHOMY TE€YEHUIO, T.€. BBICOKHE ITOKA3aTEIN IPOYHOCTH.

JpyruM BHJIOM KOMIIO3MLMOHHBIX MAaTE€pPUAJIOB C METAUIMYECKOM MaTpULEH
SABJAIOTCA IBTEKTHYECKHEe KOMIIO3UIMOHHBbIE MaTepHaabl. B 3Tnx Kommnosurax
yOpouHsIomed (a3oil SBISIOTCS OPUEHTUPOBAHHBIE KPHUCTAUIbI, 00pa3yromuecs B
IIPOLIECCE HANPABICHHOM KpUCTAUIM3auud. [Ipy oXiakaeHuH KUAKOCTEH OIpeje-
JIEHHOT'O COCTaBa MOXET MATH KpHUCTauIn3alus ¢ oopa3oBanueM AByx ¢a3. Ecnu npu
3TOM yAAeTCs CO3JaTh IVIOCKUNA (PPOHT KPUCTAJUIM3ALMH, TO BOZHUKAET YIOPSA0UYECH-
Hasi OPUEHTUPOBAHHAS MUKPOCTPYKTYpa.

[IpakTyecku 3TO OAMH M3 IyTed (OPMHUPOBAHUS HUTEBUIHBIX KPUCTAIJIOB
HEIOCPEICTBEHHO B Marpuue. HanpasieHHas OpUEHTUPOBAHHAS CTPYKTypa MOXKET
OBITh MOJTyUYEeHa Ha ye TOTOBbIX u3aenusx. [Ipouecc pa3pyuieHus: B TaKUX KOMIIO3H-
Tax HAYMHAECTCS C PA3PYLICHUS «yCOB», YTO CBUIETEIBCTBYET O BHICOKOW MPOYHOCTH
CBS3U Ha IIOBEPXHOCTU PA3ZECIIa.
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K npenmy1inecTBaM Takux KOMIIO3UTOB CIEAYET OTHECTH MPOCTOTY UX MOJTyde-
HUS W BO3MOXHOCTh JUIMTEIBHOM palOOThl MpPHU TOBBIIIEHHBIX TEMIIEpaTypax.

HanoxomnosuunonnsiMu matepuaiamu (HKM) HasbiBaroTcs Matepuasibl,
UMeEIoIMe cpeHrid pasmep oaHou u3 a3 meree 100 uM u conepkannem ee B KM ot
JOJIeH 10 HECKOJbKUX MpOIEeHTOB. Ho 3TOro AoctaroyHo, yToObl CYIIECTBEHHO H3-
MEHUTb BaKHbIE (PU3HUECKUE CBOMCTBA METAIJIOB.

OCHOBHBIMU MapaMeTpamMHl HAaHOYACTHUII SBJISIOTCS UX GopMa, pa3Mmep, a TaAKKe
pacnpeneneHre 4acTull o pa3MepaM. B HAaHOMETPOBBIX KPUCTAIIIMKAX OTCYTCTBYIOT
JVCIIOKAIIMK. Y HUKAJIbHBIE CBOWCTBA HAHOYACTHUIL ONPEIECISAIOTCS MX YPE3BBIYAWHO
BBICOKOH yE€IbHOW MOBEPXHOCTHIO (OTHOLIEHUE MTOBEPXHOCTH K OOBEMY) U CYILECT-
BEHHO OTJIMYAIOTCA KaK OT CBOMCTB OJIOYHOTO MaTepuaia, Tak U OT CBONCTB MHAUBH-
QyaJIbHOTO aroMa. JlJiss HAHOCTPYKTYpP J0JI MOBEPXHOCTHBIX aTOMOB COM3MEpPHMa C
YHICIIOM aTOMOB B 00bEME YacCTHUIbl. DHEPreTHKa TaKoBa, YTO OHU CIIOCOOHBI B3au-
MOJICCTBOBATH C JIIOOBIMA XMUMUYECKUMH COEAMHEHUSIMHU, BKIIIOYAsi HHEPTHBIE Ta3bl.

Hpyrumu BakHeWmmuMu ¢akTopamu, ONpeNesiolMMUA CBOMCTBA KOHEYHOTO
MaTepuana, siBJISIOTCS MPUpoJa B3aUMOACHCTBUSL MEXay (pazaMu U CTPOCHHE MEXK-
¢da3Hbix obOnacTel, oObeMHas OISl KOTOPBIX Ype3BblyaiiHO Benuka. Ho u3-3a oueHb
MaJibIX pa3MepOB HAHOCTPYKTYPHI SBJISIOTCS JOCTATOYHO HEPABHOBECHBIMU CHUCTE-
MamHu. [lake mpu KOMHATHOM TemIlepaType MPOUCXOAUT POCT 3€pHA U MaTepUall Te-
pSAET HAHOKPUCTAIIIMYECKHUE CBOMCTBA.

3HAUYMUTENbHBIA UHTEPEC K HAHOCTPYKTYpaM CBSI3aH C MEPCIEKTUBAMU UX ILIH-
POKOr0 NPUMEHEHUS B MUKPOIEKTPOHUKE, ONITUKE, aKyCTOAIEKTPOHUKE.

1.18 HemeTa/uinuecKkue MaTepuaJibl
ILnacTuyeckune Maccobl

IInacmmaccol — 3TO CHHTETUYECKHE MATEPHUAIIbI, MOJyYa€Mble HA OCHOBE Op-
TaHUYECKUX U 3JIEMEHTOOpPraHuYecKkux noauMmepoB. CBOICTBa miacTMacc ompeje-
JISIFOTCSL CBOMCTBAMU MOJUMEPOB, COCTABISIOMINX UX OCHOBY. COCTOAT MIacTMAacChl
U3 HECKOJBKMX KOMITOHEHTOB — CBSI3YIOIIETO BEIIECTBA, HATIOJHUTES, UIacTU(HKa-
TOpa U JIp.

OO0s3aTenTbHBIM KOMIIOHEHTOM SIBIISICTCS Césa3youjee gewecmao. Takue Tmpo-
CTBIE TUTACTMACCHI, KaK TIOJIMATUIICH, BOOOIIE COCTOSIT U3 OJTHOTO CBSI3YIOIIETO Bellle-
cTtBa. Hanonnumensamu Ciy’at TBEpJble MaTE€pUaJibl OPraHUYE€CKOro U HeEOpraHuye-
CKOTO MpoucxoxaeHud. OHU NPUAAIOT IUIACTMACCaM MPOYHOCTh, TBEPJIOCTh, TEILIO-
CTOMKOCTh, a TAK)KE HEKOTOPbIC CIIeIIMAIbHBIE CBOMCTBA, HAIIPUMEP aHTU(PPUKIIMOH-
HbIE, WIK, HA000pOT, (PpUKIMOHHBIE. KpoMe TOTO, HAMOJIHUTEIN CHUMAIOT yCaaKy
npu npeccoBaHuu. I lnacmugpuxamopsl IPEACTABISIIOT COOOM HEETYUHE KUJIKOCTH C
HU3KOM TeMIlepaTypor 3amep3aHus. VX BBOIAT Uil pacCIIMpPEHUs] TEMIIEPATypHOU
0071aCTH BBICOKODYJIACTUYECKOTO COCTOSIHHS, OHM CHM)KAIOT KECTKOCTBH IIJIACTMAacC U
TeMIepaTypy XpynkocTu. B cocTaB miuacTtMacc MOTYT BXOJIUTh TAKKe cmabuiu3zamo-
pbl, IPAUMEHSAEMBIE JIJIS1 TPEIOTBPAIIEHUS CTAPEHUS], KPACUTENN U JPYTUE BEIIECTBA.

Jl7is miiacTMace XapakTepHBI CleAyomye cBoicTBa. Mamasi mioTHOCTh (00bIY-
vo 1,0-1,8 F/CM3, B HEeKOTOphIX ciyydasx o 0,02-0,04 oM’ ). IllmacTmaccel He mojJBep-
YKEHBI DJIEKTPOXUMHUIECKON KOPPO3HUH, Ha HUX HE MEUCTBYIOT ClIa0ble KUCIOTHI U IIe-
noun. EcTh mmactmaccel, CTOMKUE K JIEMCTBUIO KOHIIEHTPUPOBAHHBIX KUCJIOT U IIIe-
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Jo4ei. BpICOKHE DIEKTPOHU30JSIMMOHHBIE CBOMCTBA. XOpomas OKpalluBacMOCTb B
mto0bie 1BeTa. HekoTopsle miacTMacchl MOTYT M3TOTaBIMBATHCS MPO3PAUYHBIMU, HE
YCTYHAKIIUMU [0 CBOUM ONTUYECKUM CBOMCTBAM CTEKJIaM. B 3aBUCHMMOCTH OT mpH-
POJibl BEIOPAHHBIX MOJIMMEPOB M HAMOJIHUTENEH MIAaCTMACChl MOTYT OBbITh TBEPABIMU
Y IPOYHBIMH WJIH K€ THOKMMHU U YIIPYTUMH. PsiJT IJIACTUKOB MO CBOEH MEXaHUYECKOM
MPOYHOCTH MPEBOCXOAUT YYTyH U OpoH3y. [lmacTMacchl MOTYT CIyKUTh MOJHOIIEH-
HBIMHU 3aMEHUTENISIMU aHTU(PUKIMOHHBIX CIIaBoB. Hampumep, noauamMuaHbie mo/1-
IIUITHUKA CKOJIBKEHUS JUTUTEIIbHOE BpeMs MOTYT paboTtaTh 6e3 cmaszku. Bee mmact-
Macchbl, Kak MpaBUIIO0, IJIOXO MTPOBOMAST TEIJIO, a TEMJIONPOBOIHOCTh TAKUX TEILIOU30-
JSTOPOB, KaK MEHO- W MOPOIIAcThl, Mo4YTu B 10 pa3 MeHbllle TEMIONPOBOIHOCTU
OOBIYHBIX TUTaCTMAcC. BrICOKME aAre3noHHBIE CBOWCTBA. XOPOIITHNE TEXHOIOTUIECKHE
cBoiicTBa. M3aenusi u3 miacTMacc M3rOTOBISIOT CIOcO0aMu OE30TXOIHON TEXHOJIO-
TUHU — JIUTHEM, MPECCOBaHUEM, (JOPMOBAHHEM C IPUMEHECHUEM HEBBICOKUX JaBICHUI
B BaKyyMe.

Henoctatkom OONBIIMHCTBA MJIACTMACC SBIISIETCS MX HEBBICOKASI TEIJIOCTOM-
kocth (10 100-120°C). B mHacrosinee BpeMs TEMIIEPATYPHBIN IIOTOJIOK IS HEKOTO-
peix BuaoB nogusuics a0 300-400°C. IlmacTtMaccel MOryT paboTaTh HpPU YMEPEHHO
HH3KHMX Temneparypax (1o -70°C), a B OTJEIBHBIX CITydasx — MPH KPUOTEHHBIX TEM-
nepatypax. HemocrarkamMu mnacTMacc TakXe SBIAIOTCA WX HU3Kas TBEPIOCTb,
CKJIOHHOCTb K CTApEHHUIO, MOJI3y4eCTb, HECTOMKOCTh K OOJBIIMM CTAaTUYECKUM U JU-
HaMH4YE€CKUM Harpy3kam. OIHAKO MOJOKUTEIBHO CBOMCTBA 3HAUYUTENIBHO MPEBBIIIA-
10T UX OTPULIATENIbHBIE CBOWCTBA, YTO O0YCIABIMBAET UX IIMPOKOE MPUMEHEHHE.

[To xapakTepy CBS3YIOLIErO BEIIECTBA IUIACTMACCHI Pa3JIESAIOTCS Ha TEPMO-
MJIACTUYHBIE (TEPMOILIACTHI), MOJy4Ya€Mble HA OCHOBE TEPMOIUIACTHUYHBIX IMOJIUME-
POB, U TEPMOPEAKTUBHBIE (PEAKTOIIACTHI), T.€. HEPA3MITYAIOIIHUECS.

bonpnioe nmpuMeHeHHE HAaXOASAT TEPMOIUIACTUYHBIE IIACTMACCHl HA OCHOBE
MOJIUATUJIEHA, POMNUJIEHA, TTOJUCTUPOJIA, TOJIMBUHWIXJIOPUIA, (TOPOILIACTOB, MOJIH-
aMUJIOB U JPYTUX NOJIMMEPOB.

OCHOBY BCSIKOI'O PEaKTOIUIACTA COCTABJISET XMMUYECKHU 3aTBEPICBAIOIIAS TEP-
MOPEAKTUBHASI CMOJIA — CBSA3YIOLIEE BElIeCTBO. KpoMe TOro, B COCTaB peaKTOIIIACTOB
BXOJISIT HANIOJIHUTEIH, TUIACTU(UKATOPBI, OTBEPAUTENN, YCKOPUTEIH WIH 3aMeITuTe-
I U pacTtBopuTend. HamomHutensMu MOryT OBITh MOPOIIKOBBIE, BOJIOKHUCTHIE U
ruOkue JMcToBble Marepuainbl. K miactMaccam ¢ MOPOIIKOBBIMHU HAMOIHUTEISIMU
OTHOCATCS (DEHOTIIACTHl M AMHHOILIACTHL. PeaKTOoImIacThl ¢ BOJOKHUCTHIMU HAIOJ-
HUTEIIIMUA TPEJCTaBISIIOT COO0M KOMITO3UIIUU, COCTOSAIIUE U3 CBSI3YIOIIETO M BOJOK-
HUCTOT'O HAIlOJHUTENS B BUJIE OUECOB XJIOMKA (BOJOKHUTHI), acOecTa (acOOBOIOKHU-
ThI), CTEKJIOBOJIOKHA (CTEKIOBOJIOKHUTHI). C JIMCTOBBIMU HAMOJIHUTESAMU - T€TUHAKC,
TEKCTOJIUT, ApeBecHO-caoucThie mactuku (JCIT). Csazyronmmu npu n0pou3BOJCTBE
CJIIOUCTHIX TUTACTHKOB CITyKaT (eHO0JI0-(hOpPMaIIbIECTHIHBIC, STIOKCHIHBIE KPEeMHHOP-
FaHUYECKHUE U APYTUE CMOJIBL.

Ta6Jmua 33 — ®u3NKO-MEXaHUYECKHUE CBOMCTBA HCKOTOPLIX IJIACTMACC

[Tnactuk [TnotHOCTS p, E (20°C), o, MIla | OtHOCHTEIBHOE Y-
r/em’ I'Tla nuHenue o, %

TepMongmacTUYHBE
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[MonusTnnen 0,910-0,935 0,15-0,24 12-16 150-600
(HM3KOM TJIOTHOCTH)
[MonusTnnen 0,955-0,960 0,55-0,80 22-32 300-800
(BBICOKOM TJIOTHOCTH)
[Monumnponunen 0,890-0,910 0,67-1,19 28-40 150-600
[TomuBununxmopun  (kect- | 1,38-1,40 2,6-3,0 35-63 10-50
KU)
[Tonuctupon 1,05-1,06 2,8-3.5 35-40 1-2
[Tonmamua-6 (kanpon) 1,13 0,54 66-80 80-150

TepMopeakTUBHBIE
®enorutactel  (obmerexuu- | 1,40-1,85 7,0-31,7 28-30 0,3-0,7
YECKOr0 Ha3HAYCHUS)
[Tommadupnsie cmomer (ue- | 1,10-1,40 2,2-3,9 25-65 0,5-8,0
HACBIIICHHBIE  OTBEPIKICH-
HBIC)
Onokcuanesie  cmonbl  (o1- | 1,20-1,25 2,1-4,5 43-75 1,0-4,0
BEPKICHHBIC)

Pe3unbl

Pe3nHoTexHUYeCKHe U3ENUs MOIyYaroT MPU CIEHHATBHON TEPMUYECKOH 00-
paboTke (BYJKAaHHW3AIMW) MPECCOBAHHBIX JIETAJCH M3 CHIPOW PE3WHBI, SBIISIFOIICHCS
CMECBIO KaydyKa C CEpOil U IpyruMH 100aBKaMH.

I'1aBHBIM MCXOJHBIM KOMIIOHEHTOM PE3UHBI sBIIsAeTCA Kayuyk. Kayuyku sBis-
I0TCS ITOJIMMEPAMH C JIMHEWHOW CTPYKTYpOu. IIpu BylkaHW3anuy OHH IIPEBpaILArOT-
Csl B BBICOKO?JIaCTHYHBIE PEIKOCETYATHIE MaTEpUaIIbl — PE3UHBI, 32 CUET OOPA30BaHMS
IIOTIEPEYHBIX XMMHUYECKUX CBS3€H MEXIy MOJIUMEPHBIMU Mosiekyiaamu. C yBennue-
HUEM COJIep>KaHUs BYJKaHU3AaTOpa (Cepbl) ceTyaras CTPYKTypa pE3UHbI CTAHOBUTCS
OoJiee yacTol U MeHee 3nacTudHoi. [Ipu MakcuManbHOM HachilieHuH cepbl (10 30-
50%) mosy4aroT TBepAyO0 pe3uny (300HUT), pu HackIieHnu cepoit 10 10-15% - mo-
ayTBEepayto pesuny. OObdHOE conepkaHue cepbl B pesune — 5-8%. Kpome cepsi, B
COCTaB PE3MH BXOMAST HAMOJIHUTENH, IIACTU(PUKATOPHI, MPOTHUBOCTAPUTENN U KpacH-
Tenu. Pe3snHOBbBIE N31€NHs 4aCTO ApMUPYIOT TKAHBIO MM METAJUIMYECKON CETKOM.

Pe3nHa MmeeT BBICOKME 3JJAaCTUYECKHE CBOMCTBA, BBICOKYIO YIPYTOCTh U CO-
IPOTUBIIAEMOCTh pa3pbiBy. Kpome Toro, pesuHa o0igagaeT Maiol IIOTHOCTHIO, BbI-
COKOM CTOMKOCTBIO IIPOTUB UCTUPAHUS, XUMHUECKOW CTOMKOCTBIO, XOPOIUUMH HJICK-
TPOU3O0JIALIMOHHBIMU CBOMCTBAMU.

CoOBOKYNHOCTh XUMUYECKUX, PU3NUECKUX U MEXAHUYECKUX CBOMCTB MO3BOJIS-
€T MCIOJIb30BaTh PE3MHOBBIE MaTepuajbl JJI1 aMOpPTHU3alUM, AeMI(UPOBAHUS, YII-
JIOTHEHMSI, TEPMETHU3AaLU1, XUMUYECKOU 3aUThI I€Tajei MAIlUH, IIPU IIPOU3BOACTBE
Tapbl JUIsl XpaHEHMsI Macjla U FOPIOYEro, pa3InyHbIX TPyOOIIPOBOJOB, JUIsl U3rOTOB-
JIEHUS TOKPBIIIEK U KaMep KOJIEC aBTOTPAHCIOPTA, IEKOPATUBHBIX U3JEIHM U T. 1.

B 3aBuCcHMOCTH OT yCIIOBUH SKCITyaTalldy Pa3iIMyaloT PE3UHbI OOIIETO U CIe-
[IMAJIBHOTO Ha3HaueHUs. Pe3uHbI crenuanbHOro Ha3HAYeHHs AENATCsS Ha OeH3omac-
JIOCTOMKHE, MOPO30CTOMKHE, TEIJIOCTOMKHE, CTOWKHE K JEHCTBUIO arpeCCHBHBIX
cpen. Huwxkueil rpanuieit pabounx TemmnepaTyp pe3uH CHEIUalIbHOTO Ha3HAYCHHUSI SIB-
nsieTcst temneparypa g0 -80°C, pesun obmiero HasHauenus 10 -30 ... -50°C.

Kiesimune maTtepuajbl
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Krnesmu Ha3bpIBalOT CIIOKHBIE BEIIECTBA HA OCHOBE TOJMMEPOB, CIIOCOOHBIC
IIPU 3aTBEPEBAaHUU 00pPA30BBIBATH MIPOUYHBIE MJIEHKH, XOPOLIO MPHUIKIAIOIINE K pa3-
JUYHBIM Matepuanam. [1o cpaBHEHUIO ¢ IPYTUMH BUIAMH COEAMHEHUMN KieeBble CO-
eAMHEHUS] UMEIOT psll peumyiecTB. Kiien mo3BosSItOT COeIUHITh Pa3HOPOIHBIE Ma-
Tepuaybl B pa3IMyHbIX coueTaHusax. KieeBbie mBbI aTMOC(HEPOCTONKH, HE MOJBEP-
KEHBbI KOPPO3UH, TO3BOJISIOT 00ECIIEYUBATh T€PMETUYHOCTh COEAMHEHUI, MOTYT BblI-
JEP’)KUBaTh BBICOKME U HU3KHE TemmepaTypbl. Macca KOHCTPYKLIMHM TMpHU KJIEEBON
cOOpKe MOYTH HE YBEIWYUBACTCS, OTCYTCTBYIOT CHIDKAIOIIUE MPOYHOCTH M SIBJISEO-
IMecs: KOHIIEHTPaTOpaMy HANIPSHKEHU OTBEPCTHS MO OOJITHI, 3aKJICTIKH, TBO3/IH.

HenoctatkamMu KieeBbIX COCTMHEHHN SBIISFOTCS CPABHUTEIIBHO HEBBICOKAS TE-
MJIOCTONKOCTh MPH JJIUTEITLHON SKCIUTyaTallud M HU3Kask TPOYHOCTh NMPU HECUMMET-
PUYHOM Harpy>KeHUH U HEPABHOMEPHOM OTPHIBE.

PaGoToCcmmocoOHOCTh KJIEEBBIX COCMMHEHHWA 3aBHCHUT OT IPOIIECCOB aAre3WH U
KOre3uu. Are3ust XapakTepu3yeT MPOYHOCTh CUEIJIEHUS KIEeBOM MJIEHKU CO CKIIEH-
BaeMOM MOBEPXHOCTHIO, KOTE3Hs — MPOUYHOCTH COOCTBEHHO KJIEEBOTO CIIOSL.

JIJisi IpUrOoTOBJIEHUS KJIEEB MCIOJIb3YIOT TEPMOIUIACTUYHBIE MM TepMOpeak-
TUBHbIE MoJuMephl. Kien Ha OCHOBE TEPMOILUIACTUYHBIX IMOJIUMEPOB JAIOT MEHEe
IIPOYHBIE COCUHEHHUS U MCIOJIb3YIOTCS OrPaHUYEHHO, OOBIYHO JJI CKJICHBAHUS Ma-
TEpPHUAJIOB, HE MOBEPTaAIOIINXCS TEIIOBOMY BO31€UCTBUIO. C MOBBILIEHUEM TEMIIEpa-
Typbl KJIEEBOW CJIOW pa3MArdyaercsi, U CKJIEEHHbIE MOBEPXHOCTU Pa3beIUHSIOTCA.
Kiten Ha OCHOBE TEPMOPEAKTHBHBIX MOJUMEPOB, COJIEPKAIINE TAKKE OTBEPIAUTEIH U
YCKOPHUTEIH MPOIIECCOB OTBEPKIACHUS, HATTOJHUTENN U TIACTU(UKATOPHI, al0T 00-
Jee mpouHble coenuHeHus. Kien 3Toil rpynmbl MOTYT OBITh XOJOJHOTO U TOPSIYETO
oTBepkIeHus. Kienm XOJ0MHOTO OTBEPIKIACHUS CMEIIMBAIOTCS C OTBEPAUTCISIMU H
YCKOPHUTEIISIMU HETIOCPEJCTBEHHO TIepe]] MPOIecCOM ckiienBaHus. Kieu ropsaero oT-
BEPKICHUS IPUTOTOBIISIOT HA 3aBOJIC-U3TOTOBUTETIE.

K rpymnme kieeB Ha OCHOBE TEPMOPEAKTUBHBIX CMOJ OTHOCATCA (HEHOI0-
dbopmanbreruansie kieu (b-3, @-9), ke Ha 0OCHOBE BOJHBIX PACTBOPOB MOYEBUHO-
dbopmanbreruanbix cmon (KM-12), a Takxke Kjed Ha OCHOBE SIOKCHIHBIX CMOJ.
VYuusepcanbhbie kien: b® (penono-popmanpaeruanas cMona MoAUPUIIMPOBAHHAS
oytBapom), BK-32-OM (nmpoaykT B3auMojeicTBus (eHos10-hopMaIbIeTruIHON |
smokcuaHou cmoit), BK-32-200 (penono-popmanbaeruinas cMoia 1 CHHTETUYECKUN
kayuyk), BC-350 (dbenono-popmanbaeruanas cMosa, mojmareTaib, TOJUCUIOKCaH)
¥ MHOTHE JIPyTHE.

[To BHETHEMY BUY KJIEW OBIBAIOT KUIKUMH, TACTOOOPA3HBIMHU, INICHOYHBIMH.
[IIupokoe pacmpocTpaHEHUE TMOTYUYWIN TIJICHOYHBIE KJIEW Ha SMOKCHUIHON OCHOBE,
WCIIOJIb30BAHNE KOTOPBIX MO3BOJISET MOMYy9aTh HE TOJBKO MPOYHBIE KIEEBBIE COSIH-
HEHUs, HO M JTa€T CYIIECTBEHHBIC TEXHOJIOTHYECKUE mpenmymiectna. [Ipu mpumene-
HUY TJICHOYHBIX KJIEEB YAacTO MCIOJIB3YIOT apMHPYIONINE MaTepUabl — MOJTUAMU/I-
HbI€, CTEKJISIHHBIC U APYTHEe CUHTETUYECKHE TKaHU.

[Iupoko HCMOIB3YIOT KPEMHUHOPraHUYECKUE KIIEEBbIE KOMITO3UILIUU, MOJIU-
ypetanoBbie (ITY-2, BK-20), a Takyke pe3uHOBbIE M HEKOTOPBIEC IPYTHUE KIICH.

CkiierBaeMble MOBEPXHOCTH JIOJDKHBI ObITh MEXAHWYECKH OYMILEHBI (HAmpu-
Mep, MEeCKOCTPYHUHOM 00pabOTKOM, HaX1auHOM OyMaroit) u 00€3KUpPEHbl (CIIUPTOM,
areroHoMm). TonmuHa MJISHKH Kjes JojkHa cocTtaBisaTh 0,1-0,6mMMm. MenbIinas ToJ-
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IMHA I'PO3UT HAPYHICHUEM CINIOIIHOCTHU INICHKH, OoJbIIIas — YMCHbLIIACT IPOYHOCTDH
COCOAUHCHMUA.

JlakokpacoyHble MATEPHAJIBI

Jlakokpaco4yHble MaTepuaibl MPEACTABIAIOT COO0H MHOTOKOMITIOHEHTHBIE CO-
CTaBbl, HAHOCUMBIE B JKUJKOM COCTOSITHMHM HaHOCSIIUECS Ha TTOBEPXHOCTh M3/ICIUHN U
BBICHIXAIOIINE C 00pa30BaHUEM IUICHOK, YACPKUBAEMBIX CHIION aare3nu. Beicoxiime
IUICHKH HA3bIBAIOT JTAKOKPACOYHBIMU MOKPBITHSIMH.

OcHOBHBIE KOMITOHEHTHI: IJIEHKOOOpPa30BaTeI, PACTBOPUTEIN M MUTMEHTHI.
[TnenkoobOpa3zoBaTeny MPUAAIOT JTAKOKPACOYHBIM MaTepuaiaM CIocOOHOCTh K o0Opa-
30BaHUIO TUICHKH U OMPECINAIOT €€ OCHOBHBIE CBOicTBa. [1neHkoobpasyromumu Be-
[IECTBAMH MOTYT OBITh BBICHIXAIOIIUE PACTUTEIBHBIE MACia, CHHTETHUYECKUE CMOJIBI
U >GupHbIE LEIUTI0N03bl. Pa3nuyaroT HeoTBep)K1aeMble TEPMOIUIACTUYHBIE U OTBEP-
KTaeMble TePMOPEaKTHBHBIE TNIEHKOOOpa30BaTely.

PacTBoputensiMu ciry)xat CKUMHUAAp, YaWT-CIIUPUT, alleTOH, CIIUPTHI U apoMa-
TUYECKUE YTIIEBOJOPO/IbI THIA OEH30/Ia W TONyOJia B 3aBUCUMOCTH OT TUIEHKOOOpa-
3YIOIIEro BemiecTBa. [[si yCKOpeHus BBICHIXaHUS MOKPBITUN MPUMEHSIOT KaTaIUTH-
YEeCKH JIEHCTBYIOIINE CUKKATHBBI, MPEACTABIAIONINE COO0M PacTBOPBHI OKCHIOB KO-
OanpTa, IMHKA, CBUHIIA, MApTaHIla B PACTUTEILHOM Maciie.

[TurMeHThl TPUMEHSIIOT IS TIOJTYUYSHUS 1[BETa, YIydIIeHUS alre3uu, aHTUKOP-
PO3HOHHBIX CBOMCTB U BOAOCTOMKOCTU. ITO OKCUABI WIIA COJIM METAIJIOB, TOPOILIKH
ATFOMHUHMSI WM 3JIEMEHTApHOTO yriepoaa. [I[puMeHstoT Takke MUrMEHThl OpraHuye-
CKOTO TIPOUCXOKICHUSI.

HanonuutensiMu ciayxaT MeJ, KaOJlHH, TaJlbK, CIII0/a, acOecT U apyrue Belle-
cTBa. B 3aBUCHMMOCTH OT cOCcTaBa M Ha3HAUEHUS JAKOKPACOYHBIE MaTEPUaJIbl JEISTCS
Ha JIAKU, KPAaCKH (B TOM YHCJIE AIMAJIH), TPYHTHI U NINAKJIEBKU.

KonTpoabsnas padora Nel.

Homep Bamiero BapuanTta onpenensercs neppoil Oykpoit Bamel dhamunmiu, cM. miep-
BYIO M BTOPYIO KOJIOHKHU B Tabsuiie 34.

Tabnuna 34 - Bapuantsl 3aaHuil KOHTPOJIbHON paboThl Ne 1

B-T 1. 1. I1.1.3. I1.1.4. I.1.5. I1.1.6. I1.1.10. IL.1.11.
Howmep Xum. Crpykrypa* Kpusas Yucmo Kpusas ITpasuio
ava- COCTaB OXJIAXKACHUA CTeHeHeﬁ OXJIAXICHUA OTPE3KOB
TpaMMBI cBobonbl | Fe-C Fe-C

1 A 20%B Quas=75% 10%B 20%B 0,5%C 1000°C

1 T=250°C | QA=25% T=150°C 750°C
T=100°C
2 | BB 1 40%B Qs=70% 50%B 20%B 0,75%C 1450°C
T=50°C Q.= 30% T=300°C 650°C
T=350"C
3 |1rno 2 10%B Qx=20% 50%B 90%B 1%C 1000°C
T=350°C | Q;=80% T=250°C 650°C
T=300"C
4 | EE 2 15%B Q=30% 90%B 50%B 1,5%C 850°C
T=300°C | Q,=70% T=300"C 650°C
T=100"C
5 |x3 3 20%B Q,=50% 70%B 50%B 2%C 1000°C
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T=600"C | Q,=50% T=300"C 650°C
T=500°C
6 | Wi 3 80%B Q,=20% 60%B 80%B 2,5%C 1100°C
T=400"C | Q,=80% T=600"C 700°C
T=600°C
7 | K 4 10%B Qp=60% 50%B 30%B 3%C 900°C
T=300"C | Q,=40% T=200"C 650°C
T=400°C
8 | MH 4 50%B Qp=33% 30%B 20%B 3,5%C 850°C
T=400°C | Q(anbm:5)= 67% T=450"C 650°C
T=100°C
9 |om 5 10%B Qa+8=67% 80%B 20%B 4%C 1000°C
T=400°C | Q,=33% 700°C
T=100°C
10 | PT 5 80%B Qa+5=90% 20%B 70%B 4,5%C 1000°C
T=400°C | Qp=10% T=150°C 650°C
T=100°C
11 | cC 6 30%B Q=20% 5%B 90%B 5%C 1000°C
T=250"C | Q,=80% T=250"C 650°C
T=300°C
12 | vo 6 75%B Q=60% 5%B 95%B 5,5%C 1000°C
X T=100°C | Q=40% T=250°C 650°C
T=100°C
13 | 9 7 50%B Q,=10% 20%B 80%B 6%C 1000°C
T=350"C | Q,=90% T=300"C 650°C
T=500°C
14 | 11111 8 15%B Qua+anm =33% | 90%B 50%B 3%C 1200°C
T=450°C | Quupm=20% T=600"C 800°C
T=100°C
15 | 310 8 35%B Q,=10% 20%B 10%B 5,5%C 1200°C
q T=200°C | Qaupm=90% T=150"C 850°C
T=400°C

*Qa+B) QaranBm) Qa+p) > Q(anBm+B) — 03HAUAET MACCY COOTBETCTBYIOIINX IBTEKTHK.

1. 1. Haueptuth auarpammy noxa Ne, cooTBeTcTBYIOIINM Bamemy Bapuanty (Tabmu-
na 34, [1.1.1), tuarpammsbl U300pakeHbl Ha pUcyHKe 39.

1.2. Onucatp npeBpallleHus Mo Auarpamme, T.€. AaTh €€ Ha3BaHME, ONUCaTh BCE TOY-
KU, JTUHUH, (a3bl, CTPYKTYPbl UMEIOIIMECS Ha TUarpamMme.

1.3. Omnpenenutb npu MOMOIIM IpaBUia OTPE3KOB MAacCOBOE COOTHouIeHHE (a3 B
touke (Tabiuna 34, I1.1.3.), xumuueckuii cocrap ¢as.

1.4. OnpenenuTh IpHU MOMOIIM MPaBHJIa OTPE3KOB XMMHUYECKUN COCTaB CIUIaBa IO
cTpykType (Tabdnuua 34, I1.1.4).

1.5. ITocTpouTh KpUBYIO OXJIAXKIEHUs )i ciuiaBa (Tabnuma 34, I1.1.5.)

1.6. Haiitm unciio creneneit cBo6o b1 B Touke (Tadmuma 34, I1.1.6.).

1.7. Haueptuth quarpammy Fe-C.

1.8. Onucate TMHUU, TOYKH, (a3bl U CTPYKTYPHI.

1.9. IlocTpouTh KpHUBYIO OXJIXKJIEHHUS Ul CIUIaBA C COJAEPKAHUEM YIiepoja, yKa-
3aHHBIM B Tabmuie 34 (I1.1.9.).

1.10. JIna panHoro cruiaBa (tabnuma 34, 11.1.10.) HailTH MaccoBO€ COOTHOIICHHUE
da3 mpu IBYyX Temmeparypax, ykazaHHbiX B Tabiuie 34 (I1.1.11.), xumuyeckuit co-
cTaB (as3.

100



Harpanmia Ne 1

600

10 20 30 40 50 60 70 s0 90
- =l
"B
Huarpannia No2
| I i
u | | :
| | |
L ! | |
I I I
I I I
10 20 30 40 50 60 70 80 90

101



Harpannia Nad

L]
L
o

30 40 50 60 70 80 90 B
- -
"Z"-"ﬁB

HduarpaMma Ne 4

650

102



Huarpamna Ne 5

700

600f

500 a
400

300

|
|
200f :
|
100 :
|
| 1 1 1 1 1 1 1 1 1
A 10 20 30 40 350 60 70 80 90
K -
%B
Huarpamma N2 6
T, C
700
600

F
g
=

400

103



Huarpamma Ne 7

600

—

=

=
1

Huarpamna Ne §

e

=

=
T

ja—
=
=
1

] ] ] ]
A 10 20 30 40 50 60 70 80 9 B
- =23
”;"ﬁB

Pucynok 39 — JIByXKOMIIOHEHTHBIE TUATPAMMBI COCTOSTHHSI
(3amaHust K KOHTPOJIbHOM padoTte Nel)
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IIpumep pemieHnsi KOHTPOJIbLHOM PadoThHI Ne 1
[TycTh nana nuarpamma, npejcTaBieHHas Ha pucyHke 40 — 3apuCcOBBIBaeM €€ U
JanbHeIIee peneHrue NpoBOAUM C TOMOIIbIO ATOTO PUCYHKA.

T,"C Tuarpania Ne 4 T.°C
700 1

B K — — — |- —— — 4

G00%,

500

_101(:)) ®+B
1
3 H
300 1 300 - —
1 }'EZ
A+31 S1tAnBm AnBmt 37 I 34,18
2000y ,
P : . ;!
| | 10 e i
00f 1 B A
L | [ o
- 1 1 1 1 1 1
A 10 20 30 40 50 60 70 §0 90 B T

Pucynok 40 — Jluarpamma cOCTOSIHUS JJIsI CTUTABOB ¢ 00pa30BaHUEM YCTOHYUBO-
ro XMMHUYECKOI0 COEIMHEHUS U KpuBasi oxyiaxkaeHus crasa 90%B+10%A.

1.2. Onucams npespawienus no ouazpamme.
HazBanue: nuarpamma cOCTOSIHUSA IS CILUIABOB ¢ 00pa30BaHUEM YCTOMUMBOIO XUMHU-
YECKOT'O COCTMHECHMUS.
Touku: ()A — TeMriepaTypa IIaBjieHus KoMIIOHEHTa A; (-)C — TemmepaTypa IJiaBJe-
HUsl KoMIloHeHTa B; (1)B — TemmepaTypa IUIaBI€HHMS XUMUYECKOI'O COEIWHEHHS
A.Bn; (1)E; — nepBast Touka 3BTeKTUKH; (-)E, — BTOpast TOUKa 3BTEKTUKH.
Jlunun: AE,BE,C — nunus nuksunyc; DF u GH — nuauu conunyc.
®a3bl ¥ CTPpYKTYpbL: K — paciuiaB KOMIOHEHTOB A U B; A — KpucTaimibl KOMIIOHEHTa
A; B — kpuctamibl komnonenta B; A, By, — kpucrtamisl A, B,,; 3; — nepBasi 3BTEKTHKA
— MEJKOIUCIEPCHAs] MEXaHUYECKasi CMech KpuctauioB A u A,B,; 9, — BTOpas 3B-
TEKTHKa — MEJIKOJIUCIIEPCHAs MEXaHU4eCKasi CMeCh KpUCTAIIOB A, B, u B.

1.3. Onpeodenums npu nomowju npasuia ompe3Kos CmpyKmypy chiaed 6 mouxe.
Jano: 10%B, T=500"C.
OTUM JaHHBIM COOTBETCTBYET TOUKA € Ha auarpaMmme (cM. pucyHok 40). B atoii Tou-
Ke ABe (a3bl, paciyiaB U KpUCTaUIbl KOMIIOHEHTA A, T.€. IPAaBUJIO OTPE3KOB NpUMeE-
HUMO. Yepes TOUKy ¢ IPOBOAUM IOPU30HTAJIBHBIN OTPE30K ab 10 repecedeHus ¢ Jn-
HUSAMH auarpammbl. CocTaBisieM NPONOPLMIO U PEHIAEM €€ U3MEPUB JJIMHY BCEX OT-
pe3koB (OykBoi @ ob6o3Hauaem maccy). [Ipu pemennn HEOOXOAUMO MMOMHUTH, UTO
IIPU COCTAaBJICHUU MPOIMOPLUU OTPE30K, COOTBETCTBYIOIIUN JaHHOU (ha3e, 3TO Jaib-
HUU OT HEE OTPE30K, T.€. paCIUIaBy COOTBETCTBYET OTPE30K ac¢, a Kpuctaymam A — cb.
O6mas macca — 310 100%, 1 eif COOTBETCTBYET 001N OTpe3oK ab.

Qs cb, Qs 5 5

== == Qa=—-100%=333%, Qx=100% —33,3% = 66,7%
Q.. ab’ 100% 15 15
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XUMUYECKUI COCTaB paciuiaBa onucbiBaeTcs Toukor b (15%B +85%A), a TBepaoi
(da3bl — TOUKOH a.

Ortser: Qa=33,3%; Qx=66,7%; Co=100% A; Cx=15%B +85%A.

1.4. Onpeodenumov npu nomowu npasuia Ompe3Ko8 XUMU4eCKuli Cocmae Cniasa

no cmpykmype. [lano: Qupm =10%, Qunsm+s) = 90%, T=1 00°C.,
Orta 3amaya sBIsAEeTCS 00paTHOU 3amadue 1.3, T.e. HAM TaHO BECOBOE COOTHOIICHHE U
HAJI0 HANTU TOYKY HA AUarpaMme, KOTOPOM OHO COOTBETCTBYET. M3 maHHBIX 3amaun
CJIeMyeT, 9TO B UCKOMOM 00JaCTH MPUCYTCTBYIOT KpucTauibl A B, 1 BTOpas SBTEK-
THKa — 3T0 obsacte nmox orpeskoM GE, Ha amarpamme. B 3Toii obmactu mpoBognm
rOpu30HTaNbHBIN 0Tpe3ok de mpu Temmeparype 100°C. Ha 3ToM oTpesKe CymecTByeT
HeKkoTopas Touyka f, KOTOpass COOTBETCTBYET YCJIOBHUSIM 3aJadyd, COOTBETCTBEHHO
MO>KHO COCTaBUTb MPOIOPIIUIO U PELIUTH €€:

M:E; 10% :E, fe=3

O, de 100% 30

T.x. nmuHa oTpe3ka fe HaiieHa, MOXKHO ONpEAEIUTh XUMHUYECKHH COCTaB
craBa B Touke f: 67%B u 33%A
OrTBer: Ceunasa = 67%B+33%A.

1.5.1locmpoums kpusyro oxnasxcoenus onsa cniasa. /lano: 90%B.

[IpoBoMM BEpPTUKAIBHYIO JUHUIO JIS JAHHOTO XMMHYECKOTO COCTaBa U BCE
TOYKH TIEPECEUCHHUSI ITON JIMHUU C JIMHUSAM JIMarpaMMbl IMOCIE0BATEILHO HYMEpPYEM,
nepBasi TOYKa JOJDKHA OBITh B paciuiaBe — cM. pucyHok 40. [Ipu mocTpoenun Hamo
MOMHHUTb, 4TO: 1) €ciu B JaHHOW TOYKE HAUMHAETCA KPUCTAJUIU3ALIMS, TO BBIACISETCS
TEIJI0O W OXJAXKJICHHWE HIET MemjieHHee (Oojiee MOJIOTHI ydacToK); 2) €CIM YHCIIO
cTeneHei cBoOOAbl PAaBHO HYIIIO, TO HA KPUBOU OXJTAXKICHUS OyJET TOPU30HTATBHBIN
y4dacTok. Pemienne npuseneHo Ha puc. 23 crpasa:

()1.C,=2-2+1=2, 1x. 2 xomnoreHTa u 1 ¢a3za.

oT ()1 10 (*)2 ocThIBaeT pacIuiaB.

(*)2. HauuHaercst Kpuctaqin3alys KOMIIOHEHTa B, oxnaxaeHue mouaeT MeasieH-
Hee. C,=2-2+1=1, T.k. 2 KoMnoHeHTa u 2 ¢a3spl.

ot (*)2 10 (*)3 KpUCTALIU3yETCS KOMIOHEHT B.

(*)3. JIuHus >BTEKTUKU. 3AE€CHh OJHOBPEMEHHO KPUCTAIIM3YIOTCS KOMIOHEHT B u
XUMHUYECKOe coenHenne A,By,, T.e. BTopasi 3BTEKTHKA, IO3TOMY B paBHOBECUU Ha-
xonsarcs 3 ¢asel — XK u kpuctauisl B u A, B,

C;=2 -3+ 1 = 0. Ha xpuBOii OXJIa)KA€HUSI TOPU3OHTAIBHBIN ydacTok 3 3°, T.e.
TeMIrepaTypa HE MEHSETCS, ITIOKAa BECh PACIIaB HE MPEBPATUTCS] BO BTOPYIO IBTEKTH-
KY.

ot (+)3 1o (+)4 ocTeiBacT MexaHnueckas cmech da3z A,B,, u B.

()4.C=2-2+1=1.

1.6. Hatimu uucno cmeneneti c60600b1 6 mouxe. ano 50%B, T =500"C,
Ha pucysnke 40 sto (+)z. [To dopmyne I'n66ca C=K - ® + 1. ¥V Hac 2 koMIIOHEHTA,
2 ¢assl (A,B, u X), nostomy C=2-2+1=1.
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1.7.. 3apucosvisaem ouazpammy dncene30-yeaepoo — CM. pUCyHoK 41.

1.8. Onucams nunuu, mouxu, aswvl u CMPYKMypbi.
3amanue 2.1 BBIMOMHAETCS aHAJIOTUYHO 3agaHuro 1.1.

1.9. Ilocmpoumw kpusyro oxaaxcoenus oasa cnaasa. [lano: 2%C.

Pemenue nokazano Ha pucyHke 41, cnpasa.
()1.C,=2-2+1=2: 2 xomnonenta (Fe u C), 1 ¢aza (0K),
oT ()1 10 (+)2 ocThIBAET KeJ1€30-YIIEPOIHbIN pacIias.
(+)2. TlosBnsitoTCA TEpBbIE KPUCTAJUIBI ayCTEHHTA, HA KPUBOM Oyaer meperuO, T.K.
UET NPOLECC KPUCTAIIA3ALUY.
C,=2-2+1=1:2 xomnonenta, 2 ¢a3sl K u A).
oT (+)2 10 (*)3 uaet KpucTauIM3alus ayCTEHUTA.
(*)3. Jlunus conuayc, MOCAEAHUIA MOMEHT KpPUCTAJUIM3AallMU aycTeHuTa. T.K. KpH-
CTaJUIM3alUs 3aKOHYMJIACh, TAJIbIIE OXJIAXKICHUE UIET ObICTpEe.
C3=2-2+1=1:2 xomnoHenTa, 2 pazer 0K u A).
Ot ()3 110 ()4 OoCTBIBAET ayCTCHUT.
()4. U3 aycreHuTa HauyMHAET BBIACIATHCS BTOPUYHBIA LIEMEHTUT M OXJIAXICHHE
OMSTh OMIET MEJIJICHHEE.
Cy=2-2+1=1:2 da3sl (A u LI).
Ot (1)4 no (-)5 nmo nuuum ES mamaer pacTBOPUMOCTH yriiepoja B ayCTCHHUTE, KpH-
CTAJUTU3YETCSI BTOPUYHBINA IEMEHTHT, OXJIAKICHUE HICT ME/IJICHHEE.
(*)5. JIunus 3BTEKTOMAHOrO NpeBpaleHus (nepautHoro) PSK. Aycrenut pacnagaer-
csl Ha (DeppUTO-LIEMEHTUTHYIO CMECh, T.€. B paBHOBECHH 3 (pa3bl, HA KPUBOM OXJIaX-
JICHUSI TOPU3OHTAIBHBIM YYaCTOK 5 5°, 10 Te€X Mop, MOKa HE 3aKOHYHUTCS MpeBpallie-
HUE.
Cs=2-3+1=0:3 dazsr (A, D, 1I).
Ot (-)5 mo ()6 ocThIBaeT MexaHW4ecKasi cMech epputa M IeMEHTUTa (CTPYKTypa
IIEMEHTHUT + MEPIINT).
Ce=2-2+1=1: 2 da3ml.
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Pucynok 41 — JIluarpamma Fe-C u kpuBas oxnaxaeHus i cruiasa ¢ 2%C.

1.10. /[na oannoco cniasa Hatimu 6eco8oe cOOmMHouleHue (haz, Xumudeckuil co-
cmas ¢pas. [Jano: 2%C, T = 1350°C.
VYcnoBusiM 3a71aHus COOTBETCTBYET To4uka b Ha auarpamme (cM. pucyHok 41). B stoit
TOYKE HUMEIOTCSA ayCTEHUT, XMMHUYECKUM COCTaB KOTOPOT'O OIHUCHIBACTCS TOYKOW a
(0,87%C) u pacmiaB, XMMHUYECKUN COCTaB KOTOPOIO ONMUCKIBAETCs TOUukoi ¢ (2,7%C)

CocraBisieM U pelaeM MponopIuIo:

Qv _be, Qo 10,00 10 6004 2379%; Qu=63%

Qoo ac  100% 27 27
OtBet: Qa=37%; Qx=63%; Co=0,87%C; Cy=2,7%C.
AHaNOrMYHO MPOUCXOAUT PEILIEHUE MPU BTOPOM TeMIeparype, HO MpHU 3TOM HE00Xo-
JTUMO TIPABUWJIBHO ONpPENeNuTh Kakue 1Be ¢a3bl UMEIOTCS B JJAHHOM TOYKE W TJ€ Ha
JMarpaMMe clieBa U CIipaBa OT JIaHHOM TOYKH PACIIOJIOAKEHBI TPaHUIlbl CYyIIECTBOBA-

HUS ATUX JIBYX (as3.

2 KOPPO3UA METAINOB

Koppo3usi — pa3pylieHue MeTauioB B pe3ysibTaTe XUMHUECKOTO WM 3JIEKTPO-
XUMHUYECKOTO B3aMMOJIEUCTBUSI C OKpy»karomieil cpemoil. Kopposusi mpunocut or-
POMHBIN Bpe, 3aKII0YAIOLIUICS KaK B MPSIMOM YIlepOe, CBI3aHHOM C pa3pylLIEHUEM
METaJUIOKOHCTPYKIMNA, TaK U KOCBEHHOM, OOYCIIOBJIEHHOM IONaJaHUEM MPOAYKTOB
KOPPO3HH (MOHOB TSDKEJIBIX METAJIIIOB) B OKPYKAOLIYIO CPELY.

2.1 Buabl KOPPO3MOHHBIX PA3PyIICHU A
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1 Ilo xapakrtepy paspyll€HHs IOBEPXHOCTH KOPPO3HUIO IOAPA3ACIAIOT Ha
CIUIOIIHYIO PaBHOMEPHYIO, CIUIOIIHYIO HEPAaBHOMEPHYIO U MECTHYIO (TOYeuHas, f3-
BaMU, ISTHAMM, MEKKPUCTAJUIUTHAS U JIp.).

2 Tlo Tuny KOppO3MOHHOM Cpeibl KOPPO3UIO MOAPA3AEIAIOT Ha aTMOCHEPHYIO,
IOYBEHHYI0, MOPCKYI0, KUCIIOTHYIO, IIEJIOUYHYH0, MUKPOOHOJIOTHYECKYIO U JP.

3 Ilo MexaHu3My IpOTEKaHUs KOPPO3HMOHHOIO IIpoliecca KOPPO3UIO JENAT Ha
XMMHMYECKYI0 (Tra30oBasi U KOPPO3Msl B JKMJKOCTSAX HEIIEKTPOIUTAX) U IIEKTPOXH-
MHYecKYI0 (KOppo3usi B AJIEKTPOIUTaX: arMmochepHas, MoA3eMHasi, MOpCKas, MOJ
JNEeUCTBUEM OJTYKJIatOIIUX TOKOB).

4 Tlo xapakTepy HOINOJHHUTEIBHOIO BO3AEHCTBUS KOPPO3UIO MOAPA3AEISIOT Ha
KOPPO3MOHHOE PACTPECKUBAHUE, KOPPO3ZUOHHYIO YCTAJIOCTh, KOPPO3HIO IIPU TPEHUU,
KaBUTALIMOHHYIO 3PO3HI0, CTPYHHYIO 3PO3HIO.

2.2 Tloka3arejy KOPPO3MOHHON CTOMKOCTH
Koppo3noHnHasi ¢cTOMKOCTB — CITOCOOHOCTh MeTajljla CONMPOTUBIATHCS KOPPO-
3uM. Ilokazarenn KOpPpO3MOHHOW CTOMKOCTH IO3BOJISIIOT CPaBHHUTH PA3JIUYHBIE MeE-
TaJUTBl ¥ CIJIABHI TT0 CITIOCOOHOCTH COMPOTHUBIATLCSA KOppo3uu. BecoBoii moka3arteinb
K, xapakrtepusyeTr noTepro Macchl MeTauia B Pe3yJbTaTe KOPPO3UHU C €IWHHUIIBI I10-
BCPXHOCTH B CIMHUILY BPCMCHU:

K. = % . [/vleu] (20)

rae Am — norepsi MacChl MeTajuia, I'; S — HOBEPXHOCTh METalIa, OJBEPrHyTas Kop-
po3uu, M*; T — BpeMst koppo3un, 4. I my6unnbIii mokaszatens I1 xapakrepusyer riy-
OMHY KOPPO3MOHHOIO pa3pyILICHHs METAJLJIa B €IMHUI]Y BDEMEHH:

IT =K, 8,76 , [Mm/rox] (21)
p

r7ie p — INIOTHOCTh METaJlia, r/em’. OObeMHBI MoKazaTen K, XapakTepu3yeT 00b-

€M BBIJICJIMBIIIETOCS B pe3yJibTaTe KOPPO3UU BOJAOpOAA (MM IOTJIOIICHHOTO KHCIIO-

pOJIa) ¢ SAMHUIILI IOBEPXHOCTH B €IMHUILY BPEMECHHU:

K, =ovH2
v S-t

riae AVH, (AV0;) 00beM BBIJICTMBIIETOCS BOJIOPOia (ITOTJIONMIEHHOTO KHUCIOpOJa) B

MUJUTHJIATPaX, MPUBEICHHBIN K HOPMAJIbHBIM YCIIOBHUSM I10 (hopMYyJIe:

AVips = AVHm3M - p-273 . [na] (23)
760-(273+1)

rJie p — JaBJIE€HUE, MM.PT.CT.; t — Temmeparypa, ‘C; AVHu3M (AVO,13M) — 00BEM BBI-
JIEJUBILETOCs BOAopoAa (IMOIJIOUIEHHOIO KHUCIOPO/a), U3MEPEHHBI B OIBITE MpU

JaHHBIX p U t. 3Hast AVH; (AV0,), MOKHO HAUTH OTEPIO MACCHI:

M - AVH:2 M- -AVO2
Am=MAVER o Am = MAVO: g 24)
n-11,2-1000 n-5,6-1000
M - MOJISIpHAs MacCa MmeTajuia, F/MOHB; N — BAJIEHTHOCTh. B ciiydac BHCKTPOXI/IMI/II'IC-
CKOM KOppo3uu HOTepIO MAacChl MOYKHO TaK)X€ HAWUTH C IIOMOIIIBIO 3daKOHAa CDapaI[e}I 110

CHUJIC KOPPO3HOHHOI'O TOKA:

, [Mi/cm eu] (22)
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M-60 ¢
=—— | I(x)d 25
m=——— j (#)dz, [r] (25)
rae | — cuna xopposnonHoro toka, MA; F = 96500 Kn/mMons — uucino dapanes; t—

BpCMs1, MHUH.

2.3 BHyTpeHHuHe (paKTOPBHI, BJUAIOIIAE HA KOPPO3UIO

Tepmoaunamuyeckass yCTOHYMBOCTh MeTasliIa. Koppo3us BO3MOKHA TOJIBKO
B cllydae, KOIJla IpU €€ NPOTEKaHWW HU3MEHEHHe 3Hepruu I'mbbca oTpuLaTENbHO
(AG<0). 3HaK onpenenser TOIbKO BO3MOXHOCTbh KOPPO3UH, HO HE ee ckopocTk. Ilo-
JIOKeHue MeTaJl1a B Taduaune MenaeineeBa. AKTUBHOCTh METAJIOB YBEIIMYHUBACTCS
CIpaBa HAJIEBO B psAJax M CBEPXY BHMU3 B noArpynmnax. HanMmeHnee ycTol4uBbI K KOp-
po3uu (HanboJiee aKTUBHBI) METAJLIBI TIepBoi TiaBHOU moarpynmsl (Li, Na, K). Tak-
K€ MaJI0 YCTOMYMBBI MeTaulbl BTOpO# rimaBHoi moarpynnsl (Mg, Ca). Meramibl
BTOpOil mobounoi nmoarpynsl (Zn, Cd) Oonee ycroitunBbl. MeTanisl mepBoil mo-
0ounoit moarpymisl (Cu, Ag, Au) OTHOCATCS K YCTOMYMBBIM. XHMHYECKHUH COCTaB.
Mertaiuibl BBICOKOW CTENEHU YUCTOTHI MMEIOT MOBBIIMIEHHYI0 KOPPO3WOHHYIO CTOW-
KOCTb. 3arpsi3HEHMsI HEMETAJZIaMU CHM)KAKOT KOPPO3MOHHYIO CTOMKOCTh. BBenenue
IPYTUX METAJUIOB MOXKET KAK YBEJIMYMBATh, TAK U YMEHBIIATh KOPPO3UOHHOK CTOM-
KOCTh B 3aBUCHMOCTH OT TOTO, 00Jiee WJIM MEHEe CTOMKHUM SIBJIIETCS BBOAMMBIN Me-
tajl. CTpykTypa cuiaBa. Koppo3snoHHas CTOMKOCTh 01HO(A3HBIX CILNIABOB OOBIUYHO
3HAYUTENBHO BhIlIEe MHOrO(a3HbIX. lIlepoXxoBaTOCTh MOBEPXHOCTH CHUXXAET KOPPO-
3MOHHYI0 CTOMKOCTb, T.K. 00JI€ryaeTcsi CMauyMBaHUE METajllla U IIPU 3TOM Ha €ro Io-
BEPXHOCTH OOJIbII€ aKTUBHBIX MECT. BHyTpeHHUe HANpPSI)KeHUsl B U3JEIHUIX, CBS-
3aHHBIE C TEPMOOOPAOOTKON MM MEXaHUYECKOW HATrPy3KOU, MPUBOASAT K CHIDKEHUIO
KOPPO3MOHHON CTOMKOCTH.

2.4 BHemHue (paKTOPHI, BJUAOIIHE HA KOPPO3UIO

pH cpensl. pH paBHO oTpunatenbHoMy jorapu@my KOHLUEHTPALUU HOHOB BO-
nopona: pH=-1g[H']. IIpu pH=7 cpena ueiitpansuas, pH<7 — kucnas, pH>7 — wme-
nouyHasd. CTOMKOCTh METajlla B cpelie ¢ JaHHbIM pH omnpenensieTcss pacTBOPUMOCTBIO
IPOIYKTOB €ro KOpPPO3WH, 3aUIUIIAIONIMX I[MOBEPXHOCTh METajlla OT JalbHEHIIeH
koppo3uu. 1o 3aBucumoctu ckopoctu koppo3uu K ot pH cpeasl meTamibl aensT Ha
nsaTh Tpynn (pucyHok 42). Jluarpamma (a) xapakTepHa AJisg 0JIarOpOIHBIX METAaJJIOB
(Au, Pt), 115t KOTOpBIX CKOPOCTh KOPPO3UU Masia u He 3aBucuT oT pH. uarpamma (6)
xapakrepHa a1 Fe, Cu— ManocTOMKUX B KHUCIBIX cpeAax U YyCTOMYMBBIX B IIEIO0Y-
HbIX. J[narpamma (B) xapaktepHa g Al, Sn, Zn — yCTONYMBBIX B HEUTPAJIBHBIX Cpe-
JlaX ¥ CWJIBHO KOPPOAUPYIOUINX B KUCIBIX U IIEIOYHBIX. Jlnarpamma (T) xapakTepHa
i Ni, Cr — MaJIOCTOMKHUX B KUCJBIX CPEAAX, YMEPEHHO CTOMKUX B HEUTPAJIbHBIX U
CTOMKHMX B IenouHbIX. Jlmarpamma (a) xapakrtepHa mist W, Mo — MaJloCTOMKUX B
ICJIOYHBIX CPENaxX, YMEPEHHO CTOMKUX B HEUTPAJIBbHBIX U CTOMKUX B KUCJIBIX.
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Pucynox 42 - Bujibl 3aBUCUMOCTEN CKOPOCTU KOPPO3UHU MeTaioB oT pH cpenbl

Temneparypa. C MNOBBIIIEHHUEM TEMIIEpaTypbl CKOPOCTb KOPPO3HH, KaK Mpa-
BUJIO, BO3PACTAET, T.K. BO3PACTAET CKOPOCTh XMMHUYECKHX PEaKIuil, CKOPOCTh AU(]-
¢by3uu 1 pacTBOPUMOCTH MPOAYKTOB KOPPO3UH, 3AIIUIIAIONINX MTOBEPXHOCTh. OHa-
KO, C TIOBBILICHUEM TeMIIepaTyphl MaJaeT paCTBOPUMOCTh Kuciaopoaa B Boje. [1oaro-
My, €CJIM KOPPO3Hs MPOTEKAET B 3aKPBITOM CUCTEME, TO €€ CKOPOCTh PACTET C MOBHI-
[IEHUEM TeMIEPATYypbl — pUCYHOK 43 a, kpuBas 1. Eciiu cuctema OTKpbITas, TO CKO-
pPOCTh KOppO3uu HavyHeT mafgarh npu npumepro 70...80°C Bcrencteue yaanenus O,
U3 pacTBopa — KpuBas 2. Kpome Toro, ¢ moBbIlIIEeHHEM TeMIIEPaTypbl MOTYT CO31aTh-
Cs1 yCJIOBUS JUIsl BOSHUKHOBEHUS 3aIIUTHON OKCUIAHOM IIJIEHKU Ha MOBEPXHOCTU U TO-
I71a CKOPOCTh KOPPO3UH TAK)KE YMEHBILIUTCS.

K . K S
II II1
) / 1 2
t, °C V)K Q, ND]/H
a 0 B

Pucynok 43 - 3aBUCUMOCTb CKOPOCTH KOPPO3HUU KeJie3a B BOAE
OT TEMIEPATYpPHI (a); OT CKOPOCTH JABIIKEHUS KUIKOCTH (0);
OT KOHIIEHTPAILIMM PACTBOPEHHOI'O KUCIOPO/ia (B)

CkopocTb ABU:KeHHs dJieKTpoanTa. Kak BumHO U3 pucyHka 43 0, BHavase ¢
MOBBIIEHUEM CKOPOCTH JIBUKEHUS JJIEKTPOJIUTA CKOPOCTh KOPPO3UH YBEINUNBAETCS
B CJIEACTBUE YBEJIMYEHHUS IMOJBOAA KUCIOpoaa K moBepxHocTH Mmetaina (I). 3arem
CKOPOCTb KOPPO3HHM yYMEHbIIIAeTCsl, T.K. Ha TOBEPXHOCTU 00pa3yercs 3allluTHas OK-
cunHas menka (II). Ha ygactke (III) ckopocTs KOppo3un BO3pacTaeT M3-3a MEXaHU-
YECKOI'0 yAAJICHHS 3TOM MIIEHKU NOTOKOM KHUAKOCTH U 3pO3UU METaIA.
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Konuentpauus kuciaopoaa. Ha pucynke 43 B mpencTaBieHa 3aBUCHUMOCTh
CKOPOCTH KOppo3uu oT coaepxanusi O, B ajiekTpoaute. Eciy KUciopoa urpaet poiib
JIETIoSIpU3aTopa, TO CKOPOCTh KOPPO3UHU PaCTET M0 JIMHEHHOH 3aBucuMocTH (1). Ec-
JIM KACJIOPOJ] BHICTYNAET B POJIM MMACCUBATOPA, TO MPU MAJIBIX U CPEIHUX KOHIIEHTpa-
usax O, CKOPOCTh KOPPO3UHU BO3PACTAET BCJEJACTBHE MOTEPh MeTaia Ha 0Opa3oBa-
HUE OKHCJa, a TIPU OOJIBIIMX — TaJIaeT TaK KaK BCS MOBEPXHOCTh MeTajljia MOKPhITa
3aIIUTHON OKCUIHOM IIJICHKOM.

JaByenne. C MOBBIIIEHUEM JABJICHHS CKOPOCTh KOPPO3UU BO3PACTAET, YTO CBS-
3aHO C YBEJIMYEHHUEM PACTBOPHMMOCTH I'a30B B KOPPO3MOHHOW CpElE M MOSIBICHUEM
BHYTPEHHHUX MEXAHUYECKUX HAMPSKECHUN B METAJLIE.

2.5 Xumnueckasi KOppo3us
XuMHUYecKass KOPPO3us — 3TO pa3pyllICHUE METAIIA B PE3YIbTaTE XUMUYECKO-
r0 B3aUMOJICHCTBHS C OKpY»Karoieh cpeoil. OKUCIUTENbHBIA U BOCCTAHOBUTEIbHBIN
IIPOLIECCHI ITPY XMMHUYECKOM KOPPO3UH ITPOTEKAIOT B OAHOM akTe. [1o ycnoBusM npo-
TEKaHUs XHMHUYECKYIO KOPPO3HMIO JENIAT HAa Ta30BYI0 M KOPPO3HIO B KUIKOCTSIX-
HEDJIEKTPOJIUTAX.

I'azoBas Koppo3us

I'azoBasi KOppo3usi — XUMHUYECKasi KOPPO3Hs B ra30BOM CpeJie IPU MOBBIIICH-
HBIX TEMIIEPATYypax B OTCYTCTBUE Biaru. ['a30Boil KOppo3uM MOJABEPraeTcsi apmMarypa
nedel, AeTanu JBUraresnedl BHYTPEHHErO CropaHusi, ra3zoBblX TypOuH. TepmooOpa-
00TKa M ropsiuas MexaHudeckas oOpabOTKa METayuIOB TAaKKE BBI3BIBAIOT Ta30BYIO
KOPPO3HUIO.

Kucsoponnasi koppo3usi. OTO caMblii pacIpOCTPAaHEHHBIN BHJT Fa30BOM KOPPO-
3UM, T.K. CAMOM PacIpOCTPAaHEHHOU Ia30BOM CpPENOM sBISAETCS BO3AyX. B mponecce
OKHCJICHHS Ha TIOBEPXHOCTH MeTaiia o0pa3yeTcsl OKCHIHAsS IJIeHKa. JTa MiieHKa Oy-
JeT o0nagaTh 3alUTHBIMA CBOMCTBAMH NPU COOJIIOJICHUU CIEAYIOIIUX YCIOBHIL:
TJICHKA JTOJDKHA OBITH CIUIONTHOM, OECIIOPUCTOM, IPOYHOM, HE pa3pylIaThCs B arpec-
CUBHOH CpeJie, MMETh XOPOIIYIO aAre3uto (CLEIUIEHHE) K MOBEPXHOCTU METalia, a
TakKe ONMM3KUN K MeTaITy KO3()PHUIIMEHT TEPMUUECKOTO paCIIMPEHUsi, YTOOBI HE OT-
CJIauBaThCs MPU HArpeBaHUU. XOPOLIMMH 3AIIUTHHIMU CBOMCTBAMH 00JIAJAOT OK-
cuasble wieHku Cr, Al, Si. Ilpu HarpeBe cTanu ¥ 4yryHa Ha BO3JyXe IMPOUCXOAUT HE
TOJIBKO OKHUCJIEHHE KeJle3a KUCIOPOI0M, HO U IpoLiecc 00e3yriepoKuBAHUA:

Fe;C + O, —» 3Fe + CO, (26) Fe;C+ CO, » 3Fe +2CO  (27)
Fe;C+ H,O - 3Fe+ CO+H, (28) Fe;C + 2H, —» 3Fe + CH,4 (29)

B pesynbTare nporcxoaut pazpyLieHUE LIEMEHTUTA, U CHUKEHHUE IIOBEPXHOCT-
HOW MTPOYHOCTHU, TBEPJIOCTU U U3HOCOCTOMKOCTH.

Bopopoanasi koppo3us BKIIIOYAET ciieayroniue npoueccol. 1. [I[poHnkHOBEHNE
BOJOPO/Ia B CTAJIb IPUBOAUT K 00Pa30BaHUIO XPYNKOTO TBEPAOIO PACTBOPA BOJIOPOJA
B (eppute. 2. BeineneHue mo rpaHuiiaM 3epeH MOJEKYJISIPHOTO BOAOPOJA M3 MPO-
G GyHAUPOBABIIETO aTOMAPHOTO0, a TAK)KE METaHa U MapOB BOJBI MO peakuusam (29)
u (30) pazpymiaet cBsi3u

FeO + Hz — Fe + Hzo (30)
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MEXy 3€pHAMH U MPHUBOJIUT K oOpa3oBaHuto Mukporpemut. 3. [Ipomnecc obesyrie-

poxkuBaHus (29) NpUBOJUT K CHMXKEHHIO NMOBEPXHOCTHOW MPOYHOCTH, TBEPJIOCTH U

M3HOCOCTOMKOCTH cTanu. 4. B MecTax TpeHus: NpOayKThl BOJOPOAHOM KOPPO3UU Be-
IyT ce0st ToA00HO MeCKY — BOJAOPOAHBIH H3HOC.

Koppo3usi noa neiictBueM cepuuctbix coequHenuii (H,S, SO,) xapakrepna

JUISl XUMUYECKOW M HEe(PTEeXMMUYECKOW MPOMBIIUIEHHOCTU. [IpUBOAUT K MOTYCKHE-

HUIO MEJIU:
3Cu + 2H,S + O, —» Cu,S + CuS + 2H,0 (31)
6Cu + SO, - Cu,S + 2Cu,O (32)

B npowmpbiniienHoit atmocdepe Ha Meau 00pa3yeTcs 3aluTHAas TIIEHKA 3eJIEHOTO 1IBe-
Ta coctaBa CuSO4e3Cu(OH),. Oco0eHHO 4yBCTBUTEIBHBI K CEPHUCTON KOppo3uu Ni
U ero criaBbl. Ni M CepHUCTHIN HUKENb Ni3S; 00pa3yioT Mo KpasiM 3epeH JeTrKOIIaB-
KYIO 3BTEKTHKY, UTO MPUBOJUT K Pa3pyLICHUIO METAIIa (MeHCKpUCMALIUMHASL KOp-
po3us).

3amuTa 0T ra3oBoi KOpPpo3uu. /(s 3a11uThl cTaged OT ra30BOM KOPPO3UU UX
aerupyroT Cr, Al, Si, o6pasyromumu 3amutHbie mwieHku Cr,O;, Al,O;, S10; (orcapo-
cmotuxue cmanu). Kpome TOoro, Ha MeTajibl HAHOCAT 3alIMTHbIE METAJUIMYECKUE U
HEMETaJUIMYECKUE MOKPbITUA. [IpuMEHsIOT Takke 3aiuTHbie aTMochepsl 01aropo/i-
HBIX U UHEPTHBIX T'a30B — Ar, No.

2.6 DJeKTPOXHMHUYECKasi KOPPO3Us

DJIEKTPOXUMHUYECKAsl KOPPO3HUsl — 3TO pa3pylLIeHHE MeTajlla B pe3yJibTaTe
B3aMMOJIEICTBUS C pacTBOPOM AJIEKTPOJINTA, IPU KOTOPOM OKHUCIIUTENbHBIA U BOC-
CTAaHOBUTEJIbHBIN MPOLIECCHI IPOTEKAIOT HE B OJTHOM aKTE€ U HA Pa3HbIX YYacTKax Me-
TaJljla — AQHOJHOM M KaTOAHOM. OJEKTPOXMMHMUYECKash KOPPO3Hs COMPOBOMKAAETCS
NPOTEKaHUEM DJIEKTpUdYeckoro Toka. K 3ToMy BHIy KOPpO3MM OTHOCSTCA amMmo-
cpepnas, noozemnas, MOpCKast U ap.

JIeKTPOJMTBI — 3T0 XUMHUYECKUE COEJUHEHHUs, KOTOPblE B PacTBOPE IOJIHO-
CTBIO MJIM YAaCTMYHO JMCCOLMHUPYIOT Ha KaTuoHbl ¥ aHuoHbI(NaCl — Na'+ CI). Ha-
JUYUE TIOJO0XKHUTEIbHO M OTPHULATENbHO 3apsyKEHHBIX HMOHOB IPHUJAET pacTBOpam
3JIEKTPOJIUTOB 3JIEKTPONPOBOAHOCTD. JlHcconnanuss MOXKET MPOUCXOJUTh TOJBKO B
PacTBOPUTEISAX, MOJIEKYJIbI KOTOPBIX MOJISIPHBI, HAIPUMEP B Boje. MoJIeKyJbl BO/bI
SBIISIIOTCS JUIIOJIIMU U 3JIEKTPOCTATUUECKH B3aUMOJIEUCTBYIOT C MOHAMM PAaCTBOPEH-
HOTO BEILECTBa, 00pa3ys IMApaTUPOBAHHBIE KATUOHBI M AHHOHBI.

[Ipu ruapatanuu MOHA BBIAEISIETCS dHEprus rugaparauuu. llpu nmorpyxeHuu
MeTaJljla B pacTBOP 3JIEKTPOJIUTA €ro MOBEPXHOCTh 3apskaercs. Ecinu sHeprus ruj-
paTanuu HOHOB MeTalia OOJIbLIE SHEPTUN XUMUYECKON CBS3U aTOMOB B PEILIETKE Me-
TaJlja, TO MOHBI METAJLIa NIEPEXOJSAT B PACTBOP, @ HA IIOBEPXHOCTU METaJJIa OCTAETCS
HKBUBAJIEHTHOE KOJHMUYECTBO 3JIEKTPOHOB. IloBepXHOCTh MeTasia 3apspKaercsi OTpH-
[IaTeJIbHO U K HEeW NMPUTATMBAIOTCS MOJOXKHUTEIbHO 3apsKEHHBbIE HOHBI U3 pacTBOpPa
(pucyHok 44 a). Ecnu sHepruM XMMHYECKOW CBSA3M aTOMOB B PELIETKE MeTajlla
OoJibllle SHEPrUM I'MIpaTaliyd MOHOB, TO KAaTHOHBI pacTBOpa  MOIYT 3a0upartb
3JIEKTPOHBI C MOBEPXHOCTH MeTaiia. [loBepXHOCTh MeTama 3apspKaeTcsl MOJI0KH-
TEJNbHO U K HEW MPUTATHUBAIOTCS OTPULIATEIBHO 3apsKEHHbIE HOHBI U3 pacTBOpa (pu-
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cyHOK 44 0). B pesynpTaTe Ha TpaHuUIle pa3ena METAI-3JIEKTPOIUT 00pa3yercs
JNBOWMHOMU 2ekTpudeckuit cioit (DC), KOTophIil XapaKTepu3yeTcs: JIEKTPOIHBIM T0-
TEHLIMAJIOM.

00000
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=
©0 000
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a) 0)
Pucynok 44 — Cxema crpoenus J12C

DJIEKTPOAHBII MOTEHIMAJ — PAa3HOCTh NOoTeHIIMaI0B B [IDC Mexmy MeTamiom
u pactBopoM. C TeueHHEM BPEMEHH MPOIIECCHI Mepexoa HOHOB METajlia B pacTBOP U
aJIcOpOIIMM MOHOB PACTBOPa HA TIOBEPXHOCTH YPABHOBEIIMBAIOTCS U 3HAYEHUE DJICK-
TPOJHOTO TOTEHIMAa METajyla CTAHOBUTCS MOCTOSHHBIM. AOCOJIIOTHOE 3HAYCHHE
IEKTPOHBIX TIOTCHIIMAJIOB OMPEACIIUTh HEBO3MOXKHO, TTO3TOMY UX M3MEPSIIOT OTHO-
CUTENBHO SJEKTPOAOB cpaBHEeHMs. OCHOBHBIM 3JIEKTPOJOM CPaBHEHHUS, MMOTEHITAAT
KOTOPOTO YCIIOBHO MPUHSAT 32 HOJb, SBJISICTCS CTAHIAPTHBIM BOJOPOAHBIN IJIEKTPOI,
TOTEHIMAT KOTOPOro Xapakrepusyer npouecc /,H, —e — H'. Uem oTpunatenbHee
MOTEHITMA METAJIJIa, TEM BBIIIE €T0 BOCCTAHOBUTEJIHHBIE CBOMCTBA U CKJIOHHOCTH K
KOppOo3uu — cM. Tabnuna 35. MeTaiisl, IMEIOIIHe MOTSHIINAT MEHBIIIE YeM BOJIOPOI,
OyAyT OKHCISATHCS BOJOPOAOM M KHCIOPOAOM. MeTamibl, Yy KOTOPBIX MOTEHITHAI
Oospile, 4eM y BOJOPOa, HO MEHBIIE YeM Y KHUCIOPOaa, OyIyT OKUCIATHCS TOJBKO
KucIopoioM. Te MeTaibl, y KOTOPBIX MOTEHIMAI OOJIbIIe, YeM Y KHCIOpOaa, KOp-
poaupoBaTh He OynyT (Au, Pt).

Tabnuna 35 - CtangapTHbIe 3JEKTPOAHBIE TOTEHIIUABI

DNeKTpoI Ey, B DIEeKTpOJT Ey, B
AVAP* -1.66 U, H,/HY 0.00
Zn/Zn* -0.74 Cu/Cu** +0.34
Fe/Fe** -0.44 Au/Au’ +1.69

MexaHu3M 3JIEKTPOXHMHYECKOH KOPPO3UH. DIECKTPOXUMHUYECKAsT KOPPO3MUs BO3-
HUKaeT B pe3yJibTaTe pabOThl MHOXKECTBA KOPOTKO3aMKHYTHIX TaIbBAHHMUYECKUX dJIe-
MEHTOB, 00Pa3yIONINXCs BCIECACTBUE XUMUIECKON M SHEPTeTHUECKOW HEOHOPOTHO-
ctu Mmeraiia (cmiaBa). Ha pucynke 45 mpeicTtaBiieHa cxeMa KOPPO3UHU CTald CO
CTPYKTYpO# (peppUT-IIEMEHTHUT B PACTBOPE KUCIOTH. Ha aHoAe — ydyacTke MOBEpXHO-
CTHU ¢ OoJiee OTpUIATEIHPHBIM TOTCHIIMAIOM ((PEpPHUT) MPOUCXOIUT OKUCIICHUE JKeTle-
3a U TepeX0]l MOHOB B PACTBOP, TJI€ OHHU THAPATUPYIOTCS:

Fe—2¢ — Fe* e nH,0 (33)
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AHOJ mpu 3TOM 3apspKaercs oTpuuarenbHo. Ha karome — yyacTke MOBEPXHOCTH C
0oJiee MOJIOKUTENBHBIM MTOTEHIIMAIOM (IEMEHTHUT) MMPOUCXOIUT BOCCTAHOBIEHUE HO-
HOB M MOJIEKYJI pacTBOpa, HalpuMep:

2H +2¢ —» H, (34)
O, +4H" +4e — 2H,0 (35)
O, + 2H,0 + 4¢” — 40H" (36)

KaTOI[ IIPpX 3TOM 3apsiKaCTCA IMOJIOKUTCIIBHO. KaTOI[aMI/I MOT'YyT OBITH HE TOJIBKO 3Cp-
Ha NEMCHTHUTA, HO WU BKIIIOUYCHHUA MCTAJIJIOB C 0oJiee MOIOKUTENBLHBIM IIOoTCHIOHAaJIOM
WJIN Pa3JIMYHbIX HCMCTAJIJIOB. Hanuuue BHGKTpOHHOﬁ IMPpOBOJUMOCTH Y MCTAJllIa U
HOHHOM Y pacTBOpPA SJICKTPOJINTA MMO3BOJISICT AHOAHBIM M KaTOAHBIM IIPOLIECCaM IIpO-
TEKAaTb Ha Pa3/IMYHBIX Y4aCTKaxX IMOBCPXHOCTH MCTAJllIa. MG)KI[y AHOJIOM M KaTOAOM
IIpoOTCKacT E)JICKTpI/I‘IeCKI/Iﬁ TOK — o6pa3yeTc;1 BaMKHYTBIﬁ raJlbBAaHU4YECKUU DJIEMEHT.
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Pucynok 45 - Cxema anektpoxumuueckod  PucyHok 46 - Cxema u3MeHeHUs
KOPPO3HH CTAJIM B PACTBOPE KUCIIOTHI MOTEHI[MAJIOB KaTO/1a U aHOJIa MOCIIe
3aMbIKaHUs LEMU

IHonsipu3anmeil Ha3bIBACTCS U3MEHECHUE MTOTCHIIUAIOB 3JIEKTPOJAOB MIPU MPOTE-
KaHWUM DJICKTPUUECKOTO TOKA, a TAKXKE MPOLECChI, TPUBOAANINE K YMEHBIICHUIO CKO-
POCTH KOPPO3UM 32 CUET U3MEHEHHUS MOTEHIIMAJIOB, a, CIEA0BATEIbHO, U CHUKEHUIO
KOppo3uoHHOTro Toka. Korna menb mMexay KatoJoM M aHOJOM Pa3OMKHyTa (10 MO-
MEHTa BPEMEHH T;, PUCYHOK 46), KaToJ U aHOJ MMEIOT 3HAYEHUS MOTEHIMAJIOB (pKO
u (pao COOTBETCTBEHHO — 3TO PAaBHOBECHbIC WM CTallMOHapHble noteHiuansl. [locie
3aMbIKaHUS LenH (T0CJIE T;) MEXKJy aHOJOM U KaTOJOM HAauYWHAET MPOTEKATh K-
TPUYECKUN TOK U MOTEHUHAJIBI KATOJAAa W aHOJA M3MEHSIOTCS JI0 3HAYCHUU @y U O,.
Pa3zHoCTh mOTEHIMANOB PU 3TOM U3MEHSETCS OT E’ no E. CMelenus moTeHnranon
aHoja u karoga coctaBisitoT AE, u AE, — aHogHas u karojaHas nojspusanus. B pe-
3yJIbTaTe MOJAPU3ALMU CKOPOCTh KOPPO3UM TAIAET, MOTEHLMAI aHOAA CTAaHOBUTCS
MEHEE OTPHULATEJILHBIM, @ TOTEHIIMAJ KaTo/la MEHEE MOJI0KUTEIbHBIM, PA3HOCTh MO-
TEHIIMAJIOB MaJaeT U TOK KOPPO3UU YMEHBIIAETCS.
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[IpyuuuHOli MmonspU3alUU SIBISETCS TOPMOXKEHUE (MaJIEHbKAsi CKOPOCTh) OJHOM
WM HECKOJBKUX COCTABIIAIOLIMX IMPOLECCa IEKTPOXUMHUYECKOM KOppo3uu. B pe-
3yJIbTaTE CKOPOCTh HAKOIUICHHS] OTPULATEIBHBIX 3apsOB HAa AHOJE WM IOJOXKH-
TEJIbHBIX HA KAaTOJE CTAHOBUTCS MEHBIIIE CKOPOCTH MEPEX0/1A IIEKTPOHOB OT aHOJA K
KAaTOJly M MOTEHIMaJbl aHOAA M Karoda M3MeHsAIoTCA. [lockonbKy CKOpOCTh BCETO
npoliecca ONpeesieTcsl CKOPOCThI0 CaMOW MEIJIEHHON (JIMMUTHPYIOLIEH) cTaaueH,
TO B PE3yJbTATE MOJAPU3ALUNA CKOPOCTh KOPPO3UHU B LIEIOM 3aMEJIAETCS. AHOAHASA
NnoJsipu3anusa (TOPMOXKEHHE aHOJHOTO IMPOIECCa) MOXKET OBITh BBI3BAHA MEJJICH-
HBIM BBIXOJOM MOHOB METajljla B pacTBOp (JIUMUTUPYET XUMHUYECKAs peakiius), oopa-
30BaHHEM Ha MOBEPXHOCTH METAJIA 3AIIUTHOM OKCHUJIHOW IJICHKHA WM MEIJIEHHBIM
OTBOJOM MOHOB METajsIa OT MOBEPXHOCTH, YTO 3aTPYAHSET BBIXOJ CIAEAYIONIUX (JIU-
mutupyet nuddysus). Katoanas mojasapusanus (TOPMOKEHHE KATOJTHOTO MPOIIEC-
ca) MOXKET OBITh BBI3BaHA MAJICHHKON CKOPOCTHIO OKUCIICHUS KATHOHOB WJIM MOJIEKYJT
pacTBOpa Ha MOBEPXHOCTU MeTaiia (JUMUTHUPYET XUMHUYECKas PEaKius) WIH Me[-
JIEHHBIM [MOJIBOJIOM KaTUOHOB WJIM MOJIEKYJI PaCTBOpa K MOBEPXHOCTH KAaTO/1a U OTBO-
JIOM MPOAYKTOB BOCCTAHOBJIEHHUS OT KaTo/a B pacTBOp (IuMutupyet auddysus).

Jenossipu3anmen Ha3bIBAIOTCS SIBJICHUS, CIIOCOOCTBYIONINE YBEIMUYEHHUIO CKO-
POCTH KOPPO3HOHHBIX IMPOLECCOB M COOTBETCTBEHHO YMEHBIICHUIO MNOJIAPU3ALNAN
ANEKTPOAOB. BeniecTsa, yMEHbIIAIONIUE MOISPU3ALUIO Ha3bIBAOTCS AeMOJIsIPU3aTO-
pamu. HaubGonee pacnpocTpaHEHHBIMU KaTOAHBIMU JECHOJSAPU3ATOPAMU SIBISIOTCS
BOJIOPOJ Y KHCIIOPOJ — OCHOBHBIE OKHCIMTENU B pacTBopax. Koppo3us ¢ ydyactuem
MOHOB BOJIOpPOJa BO3MOXHA B ClIy4yae, KOT/1a PAaBHOBECHBIM MOTEHIMA MeTauia OT-
pULIaTEIbHEE PABHOBECHOIO IMOTEHIMANIA BOJOPOJHOIO JJIEKTPOJAA B AAHHBIX YCJO-
Busx. Jlenmonmspusyromiee nelicTBue OyIeT OKa3bIBaTh YBEIWYEHUE COJEPXKAHUS B
pactBope Boaopoaa. Koppo3usi ¢ yuactuem MojieKyn Kucjiaopojaa — Haubosee pac-
IPOCTpaHEHHBIN ciaydaid. Jlenonspusytromiee neiicTBUe OYIeT OKa3bIBaTh YBEITUUCHHUE
coJiepaHusl B pacTBOpe Kuciopoja. [enonspusyroiiee AeiicTBue OyayT Takxke OKa-
3bIBaTh PACTBOPEHUE 3ALIUTHON OKCUIHOW TJIEHKU U Bce (DaKTOphl, obieryaromiue
JOCTYT OKUCIIUTENEN K MOBEPXHOCTH METAJIA, HAIIPUMED, IEPEMENTUBAHUE.

ATMoc(epHas koppo3us

DT0 caMblii pacIpOCTPaHEHHbBIN BUA KOppo3un. OIHUM U3 OCHOBHBIX (haKTOPOB,
ONPEACIIAIOMNX MEXaHU3M U CKOPOCTh aTMOC(HEpPHOH KOPPO3HUH, SBISCTCS CTCICHD
yBJIQKHEHUS MOBEPXHOCTH. [10 cTEneH YBIaXXHEHHOCTH IIOBEPXHOCTH MeTajlia pas-
JTMYALOT:

- MOKPYI0 aTMOC(EpPHYI0 KOPPO3HI0, IIPOTEKAIONIYIO NMPU HATUIHH (Ha30BOM
IUICHKH BOJbI M HEIOCPEJICTBEHHOM IOTAJaHuW BJIATM HA METaUT (OTHOCHUTEIIbHAS
BIaxHOCTH 100%.);

- BJAKHYI0 aTMOC(epHYI0 KOPPO3HUI0, MPOTEKAIOIIYIO NMPU HAIHYUHU aJacopO-

LIMOHHOM IIJIEHKH BOJBI (OTHOCUTENBHAs BIaxHOCTh 70<\/<100%.);

- CYXyH0 aTMOC(pepHYI0 KOPPO3HUI0, MIPOTEKAIOUIYIO0 MPU OTCYTCTBUU TMICHKU
BJIary Ha MMOBEPXHOCTHU MeTalia.

DTO0 JeneHue yCeaoBHO, T.K. IPU U3MEHEHUU BIIAXKHOCTU BO3/yXa MOKpasi KOppo-
3Us1 MOKET MEPEUTH BO BIAXKHYIO, a BIIaXKHAS B CYXYIO M HA000pOoT. MexaHu3m cyxou
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aTMOC(EpHON KOPPO3WU AHAJOTUYEH XUMHUYECKON 2a3060iul KOoppo3uu. Braxuas u
MOKpasi aTMOC(hEepHbIe KOPPO3UU M0 MEXAHUBMY SIBIISIFOTCS 2/IeKMPOXUMULECKUMU.

Jlnst atMocepHOil KOPPO3UM XapaKTEPEH JETKU JOCTYI KUCI0opoa K OBEPX-
HOCTM METaJllIa BCJIEACTBUE MaJOW TOJIIMHBI IJIEHKW Biard. [losToMy, KaToaHbIN
MPOIIECC MPOTEKAET B OCHOBHOM C KUCIOPOOHOU Oenoaspuzayueli (OKUCITUTEIEM SIB-
asieTcst kucnopon). [Ipu yMeHbIIeHuU TOJIIIMHBI TJIEHKU BJIard Ha MOBEPXHOCTU Me-
Tajuia obyierdaeTcsi AOCTYN KUCIOpoAa M KaTOAHBIM Mpoliecc yckopsiercsa. B Toxe
BpeMs 00JierdaeTcsi 00pa3oBaHUE 3alMUTHON OKCHIHOW TUICHKU Ha aHojne. [loatomy,
3aBUCUMOCTh CKOPOCTH aTMOC(HEpPHON KOPpPO3UM OT TOJIIUHBI MJEHKH BJAru Ha
MOBEPXHOCTU METaJJIa HOCUT CIIOXKHBIA XapakTep — pucyHoK 47 a. [Ipu Manbix TOJ-
mHaxX, B obnactu A, Habmomaercs cyxas armocdepnast koppo3ust. C pocTom ToJ-
mHBI B 00sact b HacTtynaeT BnaxHasi, a B obmactu B — mokpast atmocdepHast Kop-
posusi. Obnacte [ xapakTepusyeTr KOppO3UIO MPHU MOTPY>KEHUU METalsia B PacTBOP
AIEKTPOJIUTA.

A A A .

Ab| B

I |
4 80 100X z
a 0 B
[—gucTeIil BO3nyX; 2 — BO3ayX, coaepxkammuii 0,01% SO,

PucyHok 47 - 3aBHCHMOCTH CKOPOCTH aTMOC(EPHOI KOPPO3UU OT TOJIIHHBI
IJICHKH (a), OT BJIAXXHOCTH Bo3ayxa (0) U OT BpEMEHH M YHCTOTHI BO3ayxa (B)

TonmuHa NIeHKK BJIArv 3aBUCUT OT OTHOCHTEJBbHOM BJIA’KHOCTH, II03TOMY C
€€ YBEJIMYEHUEM CKOPOCTh aTMOC(EpHONl Koppo3uu Bo3pacTaeT. OCOOEHHO pe3Ko
CKOPOCTb KOPPO3HH BO3pAcTET IPU HEKOTOPOM KPUTHUYECKOM 3HAYEHHM BIAKHOCTH,
P KOTOPOM IPOUCXOJUT MEPEXOJ OT CyXOHM K BIAXKHOU KOppo3uu (pucyHok 47 0).
CkopocTh atMoc(hepHOi KOpPpO3UU CO BpPeMEHeM YBEIUYHBACTCS W 3HAYUTEIHHO
BO3pacTaeT MpH 3arpsa3HEHUH aTMoc(hepbl KOPPO3HOHHO-AKTHUBHBIMH ATr€HTAMHU
CO,, Cl,, HCI1, NH;, H,S, SO, u 1.1., a Takke 4acTUIAMU TIBUTH, YTJIS U 307161 (pH-
cyHOK 47 B). IloBbllIeHHE TeMIepaTypbl IPUBOJNUT K YMEHBIIEHUIO OTHOCUTEIBHOM
BJIQXKHOCTH, KOHJIEHCAIIHs Bard Ha MOBEPXHOCTU METalljia 3aTPYAHIETCS U CKOPOCTh
aTMOoc(hepHOU KOPpO3UH Maiaer.

3amuTa or atMocepHOi KOPPO3MH METAIJIOB U CIUIABOB OCYIIECTBIISETCS C
INOMOUIbI0 METANIMYECKUX, IMOJMMEPHBIX M JIAKOKPACOUHBIX IMOKPBITUH, a TaKxke
BPEMEHHBIX CPEJICTB 3aIUThl — CMA30K, OCYIIUTENIEH, HHEPTHBIX aTMochep, HHIMOu-
TOPOB.
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IHoasemHast koppo3us

B nopaBmstoniemM OONBIIMHCTBE CIIy4aeB MOJA3€MHAas KOPPO3Hs MPOTEKAET IO
neKmpoxumuyeckomy MexaHusmy. 11oa3eMHy0 KOppO3UI0 MPUHATO MOAPa3AEisITh
Ha TPYHTOBYIO U KOPPO3HIO MOJ JIEUCTBHEM Oy AAIOIIUX TOKOB, MMEIOIIHUXCS B
IPYHTE B CJIEICTBUE YTEUKH TOKA C PEIbCOB AJIEKTPOTPAHCIOPTA, padOTAIOIIET0 Ha
MOCTOSIHHOM TOKE, a TAKXKE 3a3€MJIEHUS PA3JIMYHBIX POMBIIIJIEHHBIX YCTAHOBOK.

IlouBa — BepXHUU CIIOM 3€MJIM, COAECPKAIIMN OPraHUYECKUE W MHUHEPAIbHBIE
BeuiecTBa. I'pyHT — CIIOM mOJ MOYBOM, HE COAECPMKAIIMKA OPraHUYECKHUX BELIECTB.
[TouBa U TPYHT COCTOST U3 TBEPABIX (IpaBUH, MECOK, MEPETHOM), )KUIKUX U ra30BbIX
KOMIIOHEHTOB.

VYBenuueHue BJIAKHOCTH TPYyHTA 00JIeTYaeT aHOoOHbIl TIpoliece (3aTpyaHseT 00-
pa3oBaHKe 3alIUTHOW IJICHKHU), HO 3aTPYIHSET KamooOHslil Tpoliecc (YMEHbIIAETCs
CKOPOCTb MOJIBOJIa KUCIOpoa K kaToay). [IoaToMy, Ha 3aBUCUMOCTH CKOPOCTH KOp-
pPO3UU CTaIM OT BIAXKHOCTU UMEETCS MakCUMyM (pUCyHOK 48). B mecuaHbIx moyBax
CKOPOCTh KOPPO3HUH BBIIIE, YEM B INIMHUCTHIX, T.K. B OHU 00JI€€ BO3AYXOMPOHUIIAEMBI
U KHCJOpPOAY BO3[yXa JIErye JOCTUTHYTh IOBEPXHOCTH METAJLIA.

K 10
[ECOK :

IIECOE TIIHHR

TJITHA

Braraocte, %6

Pucynok 48 - 3aBUCUMOCTb Pucynoxk 49 — Cxema cCKOpoCcTH
KOpPPO3UH OT BJIAXKHOCTHU KOpPPO3UU B HEOJTHOPOJHOM
Y THUIIA TIOYBbI TPYHTE

HeoaHopoaHOCTH IpyHTa MO CTPYKTYpE, INIOTHOCTH, BJIAXKHOCTH U T.J. IPUBOJIUT K
HEPAaBHOMEPHOCTH a’palui (IMOABOAA BO31yXa) Pa3IMYHBIX YYAaCTKOB MOBEPXHOCTH
METAJUIMYECKUX COOPYKEHUHN MOJ 3€MJIEN U K MOSBICHUIO MaKPOKOPPO3UOHHBIX Nap
3HAYUTEIBHOTIO Pa3Mepa M YBEJIMYEHUIO CKOPOCTH Kopposuu. [Ipu HEepaBHOMEpHOU
a’pallii y4acTKu TpyObl B TpyHTE, €1a00 HACBHIIIEHHOM KHCIOPOJOM (B IJIMHE), SB-
JSIOTCSL AHOJJAMU IO OTHOIIEHUIO K y4acTKaM, 00Jiee HACBIIIEHHBIM KHCIOPOJIOM (B
necke) u ObICTPO pa3pymaroTes (pUcyHokK 49).

KuciaorHoctb. BoblIMHCTBO MOYB OOHAPYKUBAET PEAKIMIO OMU3KYI0 K HEH-
TpanbHOl (pH=5...8). [IoBBIIIEHHON arpeCCUBHOCTBIO OTINYAIOTCS TTOUBBI, UMEIOIINE
Kuciyto peakuuto ¢ pH=3...4 (BciexncrtBue NpUCYTCTBUS YTOJIbHOM WM OpraHuye-
CKHMX KHCJIOT) WIH IenouHyro peakuuio ¢ pH=10...12 (BcieacTBue npuCcyTCTBUS W3-
BECTHSKA).

JIEKTPONPOBOHOCTb IPYHTOB 3aBHCHUT OT BIAXKHOCTHU, CTPYKTYPBI U COCTaBA.
UeMm BbIIIE 3JEKTPONPOBOJHOCTh IPYHTA, TEM BBIIIE €0 KOPPO3UOHHAsI AKTUBHOCTb.
[Ipy yaenpHOM 3JEKTPOCONPOTUBIECHUH TpyHTa A0 5 OMeM €ro KOppO3HMOHHAs aK-
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TUBHOCTH OIICHMBAETCS KaK 0CO0O BBICOKAasA, a MPHU YIECIBHOM 3JIEKTPOCONPOTUBIIE-
Huu 6onee 100 OmeM — Kak HU3Kasl.

Mukpoopranusmsl. [IpoyKTel KU3HEAESITEIBHOCTH MUKPOOPraHU3MOB 3Ha-
YUTEJIBHO YCKOPSAIOT KOppo3Hi0. B 0COOEHHOCTH 3TO KacaeTcs aHadpOOHbBIX OaKTepHil
(>kuByImMX B OECKHMCIOPOIHON cpene), BoipabaTeiBatomux H,S, yrnekucnory, yrie-
Boael C,,H,,O, u T.1.

3ammuTa OT NMOA3eMHOIl KOPPO3HM OCYIIECTBISETCS C MOMOILBIO U30JUPYIO-
IIMX TOJUMEPHBIX MOKPBITHH, AMEKTPOXUMUYECKON 3aIUThI, CO3aHUS UCKYCCTBEH-
HbIX atMocep. [Ipumensiercs Takxke 00pabOTKa rPpyHTA C LEIbI0 €r0 HEUTpaIU3aliu
(KUCHBIA TPYHT HEUTPAIU3YIOT H3BECTHIO).

Touyeunast koppo3us

ToueuyHast KOppo3us - OAUH U3 BUJOB MECTHOM KOPpPO3UM. XapaKTepHa JJIsl Me-
TaJJIOB U CIUIABOB, HA MIOBEPXHOCTH KOTOPBIX 00pa3yeTcs 3allluTHas OKCUIHAs IJICH-
Ka (XpoM, aJIlOMMHMIA, KOPPO3UOHHOCTOMKHE CTaJIM) U BO3HUKAET B pE3ysbTaTe IO-
BPEXKJICHUS OTAEIbHBIX YUYaCTKOB 3TOM MmiieHKU. COCTOUT U3 ABYX CTaauil: oOpa3oBa-
HUE fA3B B CJIa0BIX MECTaxX 3alIUTHOMN IJIEHKU; POCT 3THUX S3B 10 00pa30BaHUs CKBO3-
HOT'0 OTBEPCTHUS WM 10 MOMEHTA MPEKpallleHusl MpoIecca BCIEACTBUE 00pa30BaHMs
HOBOM 3alIIUTHOM IJIEHKU. MecToM 00pa3oBaHMsl 3Bkl MOT'YT ObITh MHTEPMETAIIN/-
Hbl€ U HEMETAJUINYECKUE BKIFOUYEHHSI, HECOBEPIIEHCTBA KPUCTAIIIMUECKON PEIIETKH,
MUKPOIIOPHl B 3alUTHOW IUIeHKe M T.h. [locie oOpa3oBaHus SA3BbI MOBEPXHOCTH
BHYTPH $13Bbl CTAHOBUTCSI aHOJIOM, Ha KOTOPOM IMPOTEKAET PEaKkiusi OKUCICHHS Me-
Taia pucyHok 50. Ha maccuBHBIX yyacTkax MOBEPXHOCTH MPOTEKAET KaToAHAas pe-
aKIusl.

Oco0eHHOCTh TOYEYHON KOPPO3UHM 3AKIIOYAECTCA B TOM, YTO OHAa MPOTEKAeT NpHU
OONBIIMX TUIOHIAASX Kamooa W MalbX IUIOMIAnix anooa. I1o3ToMy, IUIOTHOCTH
aHOJTHOTO TOKA BEJIMKA U A3Ba pa3BUBAETCS BIIyOb, a HE B LIMPHUHY METaslIa.

JUis CHUXKEHUS] CKOPOCTH TOYEYHOW KOPPO3UU HEOOXOAUMO YBEJIMYUBATBH CO-
JIEp’KaHUE B CTAJIU XpOMa, HUKENSI U MOJINOJCHA U CHUXKATh COJEp)KaHUE YIJIEpOJa.
Takxke NMOHMKAET CKOPOCTh TOUYEYHOW KOPpPO3UM TEpMOOOpabOTKa, MOBBILIAOIIAS
OJIHOPOAHOCTh CTaJIX (OTKHUT). IIpy MOBBIILIEHNN TEMIIEPATYPbI BO3PAcTaE€T CKOPOCTh
TOUYEYHONW KOPPO3UU U KOJUYECTBO KOPPO3UMOHHBIX SI3B HAa €MHUILY IOBEPXHOCTH

| izz, 4.&
i XA W
_7251_:%i_6?’_ o5~ —

73, |
/ |ﬁi7/4§72?/
neé- e
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Pucynok 50 - Cxema pa3BUTHS S3BbI (IUTTHHTA)
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MeKKpHCTALIUTHAA KOPPO3Us

MeKKPUCTANJIMTHAS KOPPO3US — 3TO Pa3pyILICHUs FPAHUL] 3€PEH BCIEACTBUE
AIEKTPOXUMUYECKON KOPPO3UMH METAIUIOB. BBI3BIBA€T MOTEPIO MPOYHOCTH W ILIA-
CTUYHOCTH METAJUIOB, MPUBOAUT K MPEKIACBPEMEHHOMY Pa3pyLICHUIO U3eani. SB-
JSI€TCSl OJTHUM M3 HauOoJiee OMacHbIX BUIOB KOPPO3UH, T.K. B PSJE CIydaeB pa3py-
IICHUE W3JENHs MPOUCXOIUT BHE3AMHO, 0€3 BUAMMBIX M3MEHEHHI BHEIIHETO BUAA
MeTauia. MexXKpUCTAINIMTHOW KOPPO3UH MOABEPKEHBI XPOMHUCTHIE U XPOMOHUKEIIE-
BBIE KOPPO3UOHHOCMOUKUE CMANU, & TAKXKE CIIaBbl HA OCHOBE HUKENS U AIIOMUHUAL.

[IprunHON MEXKPUCTAJUIMTHON KOPPO3UHU SIBISETCS NMOHUKEHHAsI KOPPO3UOH-
Hasl CTOMKOCTh TPaHUIL 3€PEH BCJIEICTBUE UX 00CIHEHUS JIETUPYIOIIMMHU 3JIEMEHTAMU
Y BBIJEJIICHU 10 TPaHULAM 3€pPEH Npumeceid. B yacTHOCTH, B KOPPO3MOHHOCTOMKHAX
CTaJIsIX TI0 TPAaHUIIAM 3€peH MOXeT o0pazoBaThes kapoua xpoma Cry;Ce. [Ipu 3TOM B
NPUTPAHUYHBIX 00JIACTAX 3€peH 00pa3yrTCs YYaCTKU C KOHIIEHTpalMeW Xpoma me-
Hee 12,5% u ux Koppo3uoHHasi CTOMKOCTh nanaet. IllpenorBpamenne MexXKpUCTAII-
JIUTHOM KOPPO3UU CTAJIEN JOCTUTAETCS JISTUPOBAHUEM XPOMOM U MOJIMOJAEHOM, CHH-
JKEHUEM COAECPHKAHUS YIJIIEPOAA, MOBBIMIAIOIIMM OJHOPOJHOCTh CTAIM OTKUTOM, a
TaK)Ke BBEJCHUEM CHIIBHO KapOMI000pa3yroNInuX dJIEMEHTOB, HAIIPUMED TUTAHA.

2.7 Metoabl 3alIUTHI METAJJIOB OT KOPPO3UM

Metoapl 3aIlUTHl METAJUIOB OT KOPPO3UH MOKHO Pa3JeauTh HA TPU IPYIIIbI.

1 MeToabl BO3AEHUCTBUS HA KOPPOZUOHHYIO CPENly — YIAIEHUE U3 CPEAbl arpec-
CUBHBIX KOMIIOHEHTOB, BBEJICHUE HHTHOUTOPOB (3aMeIUTENEH) KOPPO3UHU, TepMETH-
3aLMs U3JEIHS.

2 Metoapl BO3ACMCTBUS HA METAJUI — JIETUPOBAHUE C LENbI0 CO3JaHUs 3AIUTHO-
ro CJIOS Ha MOBEPXHOCTH, JEKTPOXMMHUYECKas 3alluTa (CHUKEHHWE KAaTOIHOM WU
aHOJIHOM aKTHUBHOCTH), MPEJOTBPAILEHUE CTPYKTYpPHOH KOpPPO3UH, HAaHECEHUE 3a-
LIUTHBIX HOKPBITUH.

3 KoMOMHHUpOBaHHBIE METOJIbI, COUYETAIOIIME CIIOCOOBI 3aIUThl MEPBBIX JIBYX
IPYII U YYET KOHCTPYKTUBHBIX (PaKTOPOB, BIUSIOIIMX HA KOPPOIUOHHYIO CTOUKOCTD
METAJTIOKOHCTPYKIIUH.

MeToabl BO31eHCTBHS HA KOPPO3HMOHHYIO Cpeay

Yaanenue arpecCMBHBIX KOMIIOHEeHTOB. HanOoiiee arpecCuBHBIMU KOMITOHEH-
TaMU KOPPO3HOHHOM Cpeibl SIBJISIOTCS KUCIOPOJ U BOJIOPOJ — TJIABHBIE Oenoisapu3a-
mopvl. OCHOBHBIM OKHCJIUTEJIEM NP KOPPO3UHU OOJIBIIMHCTBA METAJUIOB B BOJE U
BOJHBIX PAacCTBOpaXxX COJIEH SABISIETCS KUCIOPOJ (KUciopoaHas nenosspuzanus). [lo-
TOMY, B MPOLECC MOJATOTOBKM BOJBI [JISl CUCTEM OXJIXKIEHUS, TEIIOCHA0KEHUS,
AJIEKTPOCTAHLIMM 0053aTeNIbHO BKJIIOYAETCS yaaleHue kuciopona. Kucnopon uz Bo-
bl MOKHO YAQJIUTh TEPMUYECKH M XUMHUYeCcKU. TepMmuueckmii crioco0 yaaneHus
KHCJIOPOJA U3 BOAbI (KUISUEHHE) OCHOBAH HAa YMEHBLIEHUU €r0 PACTBOPUMOCTH C
NOBBILIEHHEM TeMIlepaTypbl. Eciyu JOBECTH BOLY 1O KUIEHUS, TO U3 HEE BBLACIHUTCS
IPAaKTHUYECKH BECh KUCIOPOJ. XHMHUYECK0e 00ECKHUCIOPOKUBAHNE BOJBI IMPOBOIST
nocine tepmuueckoro. [Ipoiuecc ocHoBaH Ha BBEACHUH B BOJY BEIIECTB, HEOOPATUMO
cBs3biBaouX O,, HampuMmep, TUApa3uHa WM cyiabpuTta HaTpus. Mcmoaw3yercs
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Takke (PrIbTpOBaHUE YEPE3 BEIIECTBA, KOTOPHIC SHEPTHUHO OKUCISIOTCS, HATIPUMED,
CBEXKHE CTaJbHbIE CTPYKKHU WM CYIbPUT jKele3a:

BBenenue HHrHOMTOPOB KOPPO3MH — BEUIECTB, NMPUCYTCTBUE KOTOPHIX B Ma-
JIBIX KOJMYECTBaX B arpeCCUBHON Cpejie MPeA0TBpallaeT Ui 3HAYUTEIbHO CHUXKAET
CKOpOCTbh KOppo3uu. MHruOuTOpHl BBOASTCS B Macia, CMa3KH, TOIUIMBO, TOPMO3HBIE
KUAKOCTU U T.A. Ilo yClnoBHsM MpPUMEHEHUsI UHTUOUTOPHI JENAT Ha MpeJHa3HAYCH-
HbI€ JJI1 paCTBOPOB U HA JIETY4YHE BEIIECTBA, TOPMO3SIINE aTMOCHEPHYIO KOPPO3HIO.
WHruOUTOpHI NENATCS Ha KaTOAHBIC, aHOAHBIC M CMENIAHHOTO JCHCTBUSA. AHOIHbIE
HHTHOMTOPbI YMEHBIIIAIOT CKOPOCTh KOPPO3WU 3a CUET OOpa30OBaHUS 3alIUTHHIX
IJICHOK (OKCHIHBIX U 0OJiee CIIOKHOTO COCTaBa) HAa AHOMHBIX yYacTKax MeTallia
(autpatel (NaNOs), xpomatel (K,CrO,4), docdatsl, cunukar Hatpus). VX uHrnom-
pyroIee elCTBHUE MPOSBISECTCS TOJHKO B MPUCYTCTBUHM PACTBOPEHHOTO KHCJIOPOIA.
KaToaHble HHTHOMTOPBI YMEHBINAIOT CKOPOCTH KOPPO3WHU 3a CYET 3aTPyIHCHHUS
JOCTyTa Jenospu3aTopa (OKUCIUTENSA) K IIOBEPXHOCTH MeTalia (OukapOoHAT Kallb-
nus Ca(HCOs),, nexctpunbl (C¢H ¢Os),, yporponua C¢H,Ny). UHruouTOpHI c™Me-
IIAHHOTO JAelcTBUs HanOosee F(p(PEKTUBHBI U YMEHBIIAIOT CKOPOCTH KaK aHOHOM
TaKk U KaToJHOU peakuuil (neSi0eMe,O u nmonudocdarsl (MeesPO;),, obpasyromiue
Ha MOBEPXHOCTU METAJIJIa 3alUTHBIE IJICHKH).

3amuTHbIE MOKPBITUA

Meraiinyeckue 3alMTHBIE MOKPBITHA JEJSTCS HAa KaTOAHbIe (PUCYHOK 51
a), MOTEHLMAJl KOTOPBIX B JIaHHOM Cpele MOJIOKUTEIbHEE, YEM IMOTEHLIHAJ 3allu-
I1aEMOr0 MeTasuia (s CTalu 3TO HUKEIb, ME/lb, 0JI0BO U Jp.). KaTonHbIe MOKpHITHS
3aIIMAIIAI0T METAJUI TOJBKO MEXaHUYECKH, U30JUPYs €ro OT CPElbl, U OCHOBHOE Tpe-
OoBaHUE K HUM — OECIIOPUCTOCTh. AHOAHbIE — METAJUINYECKUE MTOKPBITUS, IOTECHIH-
aJI KOTOPBIX B JAHHOM Cpejie OTpULATENIbHEE, YEM ITOTEHIMAN 3aIMINaeMOro MeTal-
Ja, OHM 3allMINAI0T METAI HE TOJbKO MEXAaHWYECKH, HO M DJIEKTPOXHUMHUYECKH,
CTaHOBSICh aHOJIOM M PacTBOPSSACH B CiIydyae HapyLIEeHUsS MOKPHITHUS (pUCYHOK 51 0).
3aluIaeMbpli METaul TP 3TOM CTaHOBUTCS KaToxoM. i1 cranu aHOIHBIMU TO-
KPBITUSIMU SIBJIIFOTCS. IMHK, AJIFOMUHUN U Ap. HaHOcAT MeTamandeckue NOKPBITHS
raJlbBaHUYECKH, MOTPYKEHUEM B PACIUIABICHHBIA METasUl, PAaCIbUICHUEM pacIliaB-
JICHHOTO METAJlJIa; IJIAKUPOBAHUEM — COBMECTHOM TOpPSAYEH MPOKATKOW JMCTOB 3a-
LIMIIAOMIETO U 3aIIHIIAEMOr0 METAJIIOB.

Pucynok 51 - Katonnslie (a) 1 aHoaHBIC (0) MOKPBITHS
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3amuTHBIC MOKPBITHA HA OPraHMYecKoil ocHoBe. JIakOKpacoYHble MOKPbI-
THA. VIX OCHOBY COCTaBIISIIOT IUNIEHKOOOPA30BaTENIN — OPraHUYECKHE BEILIECTBA, CIIO-
coOHbIe 00Pa30BbIBATH IJIEHKY. JIaKM — MOKPBITHUS, COCTOSIINE TOJIBKO U3 IIIEHKOOO-
pazoBatens. Kpacku — MokpeITHs, COJEpKallie KpoMe IIIEHKOooOpa3oBaTelis HanoJl-
HUTEJIM U TUTMEHTHI. J[OMOIHUTENbHBIN 3PPEKT TOCTUTAETCsl, €CJIU HAIlOJIHUTEIEM
ABJIIETCSI METAJIJI C MEHBIIIMM 3HAYEHHEM IMOTEHLHAJA, YEM Y 3alIMINAEMOr0 MeTall-
na. K 1ocTonHCTBaM JTaKOKPACOYHBIX NOKPBITHA OTHOCUTCS MPOCTOTA TEXHOJIOTHUH U
BO3MOXKHOCTh 3alUIIATh W3JETIHs CIOXKHONW (OPMBI; K HEIOCTaTKaM — IMOPHUCTOCTD,
HEJOJIOBEYHOCTh M HU3Kasl TEMIIEPAaTypOCTOMKOCTh. HaHOCAT JaKOKpaco4YHbIE MO-
KPBITHSI KHUCThIO, KPACKOPACIIBUIUTEIEM, OKYHAaHUEM, MTOJIMBOM, 3JIEKTPOCTATHYECKHU.
Pe3nHoOBBIC (T'yMMHUPOBOYHBIE) NOKPHITUA. [I[pUMEHSIOT 11 3alMTHl METAJIOB, pa-
OOTaroUIMX B arpecCUBHBIX XKUAKOCTIX. HanocsaT nubo, oOkmaapiBast M3aenue JucTa-
MU CBIPOW PE3UHBI U BYJIKAHU3UPYS €€ (CILIMBKA IMOJIUMEPHBIX MOJIEKYJ MEXIY CO-
0o11); 1100 MpUKJIenBas BYJIKaHU3UPOBAHHbIE pe3uHOBBIC JUCTHL. IlmacTMaccoBble
HOKPBITUS — MOJIMATUIIEH, TOJIMBUHUIIXIIOPU, TTOJUIIPONUIIEH, (PTOPOIIACTBI, TOK-
cuHbIe U (eHOIPOPMaIbIETUIHBIE CMOJIbI YCTONUMBBI K JEMCTBUIO MHOTUX KHCIIOT
U pacTBOpoB coieil. HaHocATed makupoBaHUEM, HANBUICHUEM, NIPUKICHBAHUEM, B
BH/JIE TIOPOLIKOB C IOCIEAYIOIINM CIUIABJIEHUEM, B BUJIE PACTBOPOB.

3amMTHBIC OKPBITHA HA HEOPTaHUYeCKOM 0CHOBe. OKCHIHBIE MOKPBITHS.
EcTtecTBeHHbIE OKCUHBIE IVIEHKM Ha MOBEPXHOCTH METAJJIOB HE Bceraa o0JaiaroT
3aIUTHBIM JIEUCTBUEM BCIIEICTBUE UX PHIXJIOCTH. OKCUAUPOBAHUIO IMOJBEPratOT yrI-
JIEPOAUCTHIE CTaJM, CIUIABbl AIFOMUHUSA U MarHus JJis 3allUThl OT aTMoc(epHOit Kop-
po3un. PochaTHble MOKPHITUS TMOTYUYAIOT 00pabOTKOW CTaNbHBIX JIE€Talei B pac-
TBOpax (ochopHOIi KUCTOTHI 1 ee coseil. CoxpaHstoT 3ammTHbIe cBolicTBa 10 500°C.
docdarnyro mIeHKy 0O0bIYHO MPOMUTHIBAIOT MACIAMU WU MOKPBIBAIOT JAKOKPacod-
HBIMU TOKPBITHAMH. CHJIMKATHBIE 3MAJIU — CTEKI000pa3HbIe JIETKOIUIABKUE CIIjia-
Bbl. Mcnonb3yroT 1uis anmnapaTypsl, paOoTaroliel Mpyu MOBBIIEHHBIX TEMIEpATypax,
JABJICHUSIX, B CUJIbHO arpecCUBHBIX cpefax. O01aaaroT H3HOCOCTOMKOCTBIO U Kapo-
CTOMKOCTBIO, OTHAKO, XPYIKHUE IIPH yAAPaxX U PACTPECKUBAIOTCS IIPHU PE3KOM Iepemna-
1€ TEMIIEPATYP.

DJIeKTPOXUMHUYECKAS 3alUTA

OcHOBaHa Ha SIBJICHUH MOJSPU3ALMHA — U3MEHEHHUH 3JIEKTPOJHOrO MOTEHUMaa
MeTaula. JIEKTPOXUMHUYECKYIO 3alIUTy MOAPa3JeisaloT Ha IPOTEKTOPHYIO, KaTOx-
HYI0 ¥ aHOJHYIO. [Ipy MpOTEKTOPHOM M KATOAHOM 3alMTE ITPOUCXOAUT KATOIHAS
noyspusanus. IIporekTopHas oCHOBaHa Ha IIPUCOCIMHEHHUH 3aALIUILAEMOrO U3ZICIIHS
K MeTajly ¢ 0oJjiee OTPULATENBHBIM 3JIEKTPOJIHBIM MOTEHIMAIOM (IIPOTEKTOPY), a
KaTOJHas — Ha IPUCOCIMHEHUH K OTPULATEIBHOMY 3JIEKTPOLY BHEIIHETO UCTOYHHUKA
IIOCTOSIHHOTO TOKa. [Ipy 3TOM 3amuuiaeMelii METajul CTAHOBUTCS KaTOAOM M Iepe-
CTaeT KOPpPOAMPOBaTh, a pa3pylIaeTcs B MEpBOM ciiydyae nporekrop (Mg, Zn), a BO
BTOPOM — METAJIJI, IPUCOCANHEHHBIA K MOJIOKUTEIBHOMY 3JIEKTPOJY BHELIHErO MC-
TOYHHMKA TOKa (aHOI). AHOJHAA 3aIMTA OCHOBaHA HA aHOJAHOM mojspusauuu. [Ipu
AHOJHOM 3aIlMTE OTPULATEIBHBIN ITOJIOC NCTOYHUKA IUTAHUS IPUCOEAUHSIOT K J10-
IIOJIHUTEIBHOMY JJIEKTPOAY — KaTOAY, a MOJOKUTEIBHBIM - K 3aIHAIIAeMON KOHCT-
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pykuuu. [Ipy 3TOM 37€KTPOAHBINA MOTEHUMAN 3AIUIIAEMOT0 METajljla CMEUIAETCs B
o0JacTh MOTEHIMAIOB, B KOTOPOM Ha €ro MOBEPXHOCTH MPOMCXOAUT OOpa3oBaHHE
3aIUTHOW IJIEHKU. DTOT BUJI 3AIUTHI IPUMEHSETCS TOJIBKO AJIi METAJUIOB, KOTOPBIE
CIIOCOOHBI TACCUBUPOBATHCS B JAHHON arpecCUBHOM Cpefe.

3amuTa OT KOPpPO3UM HA CTATUM MPOEKTUPOBAHUS

Bb10op MaTepuasioB JOJKEH YYUTHIBATH CBOMCTBA CPEbl U OCHOBHBIE Iapa-
METpPbl XUMHUKO-TEXHOJIOTMYECKOr0 MpoLecca — TEMIEpaTypy, J1aBJIEHHE, MEXaHUYe-
CKHe Harpys3ku u 1p. HeoOxonumo n30eratb KOHTAKTa METAJLUIOB C Pa3JIM4YHOM Be-
JUYMHOM 3JIEKTPOHOT0O MOTEHIMAa, T.K. P 3TOM 00pa3yroTCsl Hapbl aHOA-KATOA U
CKOPOCTb KOPpO3UM BO3pacraeT. Pa3HOpPOIHBIE METauIbl HYXKHO M30JMPOBATh APYr
oT pyra. B anmaparax He JOKHO OBITh 3aCTOMHBIX 30H, B KOTOPBIX CKaIJIMBAIOTCS
KOPPO3MOHHO-aKTHUBHBIE KUAKOCTH. [I0BEpXHOCTH METAJUIOB HE AOJKHA UMETh OCT-
PbIX YIJIOB, T.K. B TAKHUX MECTaX KOHUEHTPUPYIOTCS BHYTPECHHUE MEXAaHUYECKHE Ha-
OpSDKEHUsS, YTO YBEIHMYMBAET CKOPOCTh Koppos3uu. B TpyOorpoBomax »kenareabHO
nu3beratb TypOyJeHTHOro (BUXPEBOT0) pexuma TedeHus xunkocteil. Heodxomumo
TaK)K€ MCKJII0YaTh HEPABHOMEPHOCTb HarpeBa OTAEJbHBIX YACTEH KOHCTPYKLMH U
MECTHOTO ITEPETPEBA.

KonTposabnas padora Ne2

1.1. PacundpoBarh MapKy U XMMHUYECKHI cOCTaB ABYyX crajeil (tabmuua 36,
I1.1.1)

1.2. BeiGpatp pexxuM TepMooOpabOTKH.

1.3. Onwmcarh CTPYKTypy MOCie TepMOOOPAOOTKH, MEXaHUUYECKHE U TEXHOJIOTHU-
YeCKHe CBOMCTBA, 00JaCTh MPUMEHEHHUS.

2.1. PacumdpoBaTh MapKy aJtOMHUHHUEBOTO CIJIaBa JaHHOTO B Tabmuie (Tadiu-
na 36, [1.2.1.). IlpuBecTy XUMHUYECKUN COCTaB, OMPEAEIUTh OCHOBHOM JID. Onucath
BJIMSIHUE JIETUPYIOUIUX 2JIEMEHTOB Ha CBOMCTBA CIUIABA.

2.2. Beriueptuth quarpamMmmy Al — ocHoBHOM JID 1151 3TOTO CI1aBa.

2.3. BriOpatpb pexxuM TepMO0OpaOOTKH.

2.4. OnucaTh CTPYKTYpy MOcie TepMOOOpPaOOTKH, MEXAaHUUECKUE U TEXHOJIOTHU-
YecKre CBOMCTBA, 00JIACTh TPUMEHEHUS.

3.1. PacmmdpoBaTh MapKy MEIHOTO CIjlaBa JaHHOro B Tabmuie (Tabmuna 36,
[1.3.1.). [IpuBectu xumuueckuii cocra. Onpeaenutb ocHoBHOM JID. Onucate Baus-
HUE JIETHPYIOIINUX 3JIEMEHTOB Ha CBOMCTBA CILIaBa.

3.2. Berueptuth quarpammy Cu — ocHOBHO# JID 1151 3TOrO CIiiaBa.

3.3. Bribpath pexxum TepMOOOpPaOOTKH.

3.4. Onucath CTPYKTYpy MOCi€ TEPMOOOPAOOTKH, MEXAHUYECKUE U TEXHOJIOTH-
4YeCKUE CBOWCTBA, 001aCTh NIPUMEHEHHUS.

4. Pemnth 3a1ayy Ha KOPPO3MOHHYIO CTOMKOCThb. BapuaHT 3amauu B Tabnuue
36.
Ta6nuna 36 — BapuaHTsl 3aaHuid K KOHTPOJIbHOM paboTe Ne 2
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ITepBas Bapuant I.1.1. Crammu I1.2.1. AmmomuHHEBBIE I1.3.1. MenHsie cruTaBbl

OykBa CIUTaBBI

(haMun

A 1 14XTC AMil J196
12X13 AJll bpOILIC5-5-5

BB 2 15X25T AMrS5 JIC59-1
15X11M®D pigl bpA7

I‘I[ 3 18XT'T AK6 JIAXK60-1-1
08X18H10T AJI2 bpKMii3-1

EE 4 12X18H12T 120 JIM158-2
H18K8M3T AJI9 Bpb2

K3 5 X11H10M2T AMTr3 JIO 62-1
I15X11MOD AJl7 BpC30

%0 6 50C2 AM13 JIK80-3
40X13 J16 bpO0®6,5-0,4

K 7 60C2BA AKS JIC60-1
12XM® AJl4 BpAXK9-4

MH 8 HI18KIMST AJI19 JIAH59-3-2
09X14H16b AMI2 BpK3

OI1 9 12XM®D AJI8 JIMnAS7-3-1
20X D AJI21 bpb2,5

PT 10 20X13 AMil JIO 70-1
20X23H18 pigl bpC60H2,5

C 11 18XT'T AK6 JIKC80-3-3
08X18H10T AJl4 bpOILIC4-3

VOX 12 15X12BHM® 120 JDKC58-1-1
12X17 AMrS5 BpA11K6H6

]_ILI 13 14XTC AJll JIA77-2
40X9C2 AM13 bpK1H3

]_H]_]_[ 14 15X25T AJI9 JI060-1
09X14H19B2BP | JI18 bpbHT1,7

€)'} 15 1917 AK4-1 JI80
09X14H16b AMr6 BpA10Mm2

Bapuantl

Onpenenutbh BeCOBbIE MOTEPU UM OOBEMHBIN IMOKa3aTedb KOPPO3UHU CIUIAaBa, €CIH IMPOLEecC

MPOTEKA C BOJLOPOJAHOM JETOJISIPU3ALMEN U U3BECTHBIL:

TeMneparypa — 18°C;

BaJIEHTHOCTD — 3;

JaByieHue — 757 MM PT CT;

MoJIsipHas macca — 26,98 r/Mob;

KOJIMYECTBO BBIACIMBIIETOCS BOJOpoa 3a 1,5 yaca coctaBuio 69 oM’
pa3mepsl uznenus — nuametp 30Mm, iuHa 65 MM

Bapuanr 2
Onpenenuth BECOBbIE NMOTEPH CIUIABA MO CHUJIE KOPPO3MOHHOIO TOKA U INIyOWHHBIN MOKa3a-

TCJIb KOPpO31HU, €CJIN U3BCCTHDI:

temnepatypa — 21 oC;

BaJICHTHOCTb — 2;

IJIOTHOCTL — 7,14 r/em’;

MoJsipHas Macca — 65,4 T/MoJb;

BpEMs UCIIBITaHMS — 2,3 yaca;

pa3mepsl getanu 35x30x5 mm;

CHJIa TOKa B HAYaJIbHBIM MOMEHT BpeMeHH — 150 MA; uepe3 2 MunyThl — 100 MA; uepe3 4 mu-

HYTHI — 98 MA; uepe3 6 MuHyT — 96 MA; yepe3 8 MuHyT — 94 MA; yepe3 10 munyT — 90 MA u nanee
OHa HE MEHSIACh.
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Bapuant 3
Onpenenutb BpeMs KOHTaKTa CIjlaBa ¢ KOPPO3UOHHOM CpeIoid, €CJI U3BECTHBI:
IUIOTHOCTD — 7,8 T/eM’;
TeMneparypa — 25°C;
JaBiieHue — 754 MM pT CT;
BAJIEHTHOCTH — 2
MoJIsIpHas macca — 26,98 r/MoIb;
00BEM TTOTTIOMEHHOr0 KHCIOPOIa — 8 CM;
riyOuHHBIN MoKazaTenb koppozuu — 0,56 mm/rox;
pa3Mepsbl u3enus — IuameTp S6MMm, niaruHa 81 MM.

Bapuant 4

OnpenenuTth MIOMAAL U3CIUs, TTOIBEPKECHHOTO KOPPO3UH, U TIyOUHHBIN MOKa3aTelh KOp-
pO3UH, €CIIU U3BECTHBI:

MoJIsIpHas macca — 26,98 1/MoIb;

IJIOTHOCTE — 2,75 r/em’;

BaJIECHTHOCTD — 3;

TeMneparypa — 21°c;

JaBlieHue — 758 MM pT CT;

00beM BBIZICTUBIIETOCS Bogopoaa — 158 o’ :

BECOBOH MOKa3aTeNb KOPPO3HH — 31,3 r/m™u;

BpeMs KOppo3uu — 2,5 yaca.

Bapwuant 5

Onpenenuth MOTEPU MACChl CIJIaBa, BECOBON WM IIYOMHHBIN MOKa3aTeNld KOPPO3UH, €CIH U3-
BECTHBI:

TeMIlepaTypa — 22°C;
JapieHue — 754 MM pT CT;
BaJICHTHOCTb — 2;
IJIOTHOCTE — 7,8 r/em’;
MoJIsIpHas Macca — 55,8 r/Mob;
BpeMs KOHTAKTa C KOPPO3UOHHOM cpenoit — 2,2 Jaca;
KOJIMYECTBO BBIJIETUBIIErocs Bojgopoaa — 200 oM
pa3mepsl uznenus 100x250x18mm.

BapuanT 6
Onpenenutb BpeMsi KOHTaKTa CIjlaBa ¢ KOPPO3MOHHOM CpeJioH, €ClIi U3BECTHBI:
TeMneparypa — 23°C;
naBieHue — 749 Mm pT CT;
MoJIsipHast Macca — 26,98 r/Mob;
BaJICHTHOCTD — 3;
IJIOTHOCTH — 8,89 F/CM3;
rITyOMHHBIN MOKa3aTellb KOPPO3uu — 5,2 MM/TOZ;
pa3Mepsl u3nenus — nuameTp 89mm, nnuHa 185 mm;
KOJIMYECTBO BBIJICIUBIIETOCA Bogopoaa 185 oM.

Bapuanr 7
Onpenenuth 00bEMHBIN MOKa3aTeNlb KOPPO3UH CIUIaBa U MOCTPOUTH TpadUuecKylo 3aBHCH-
MocTh K, OT BpeMeHH, eCiIi U3BECTHBI:
TeMneparypa — 21°C;
JaBiieHue — 765 MM pT CT;
pa3Mmepsl uznenus — 541x382x75 mw;
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3aMephbl BBIAECINBIIETOCS BOAOPOIA IPOBOANINCH Kaxable 10 MuHyT n coctaBmiu: 15 oM, 28
em’, 39 em’, 57 eM’, 69 em’, 75 enr’.

BapwuanT 8

Onpenenuth BECOBbIE MOTEPH CIUIaBA, BECOBOM M TIIyOMHHBIN MMOKa3aTely KOPPO3HH, €CIU
U3BECTHBI:

BaJICHTHOCTb -2;

IJIOTHOCTL — 7,14 r/em’;

MoJsipHas Macca — 65,4 T/Mob;

pa3mepsl uznenus — 300x450x30 mwm;

CUJIa TOKa B HayaJIbHBI MOMEHT BpeMeHH — 120 MA; yepe3 2 MUHYTHI — 98 MA;

yepes 4 MUHYTHI — 94 MA; yepe3 6 MUHYT — 86 MA; yepe3 8 MUHYT — 84 MA;

yepe3 10 MunyT — 80 MA 1 1anee oHa HE MEHsUIach B TeueHue 1,8 yacos.

BapuanTt 9
Onpenenutb BpeMsa KOHTaKTa CIjlaBa ¢ KOPPO3UOHHOM CpeIoid, €CJI U3BECTHBI:
Temneparypa — 18°C;
JaBjieHue — 758 MM pT CT;
BaJICHTHOCTD — 2;
IJIOTHOCTH — 8,6 r/em’;
MoJsipHas macca — 63,54 r/Monb;
00BeM IMOTJIONIEHHOTO Kuciaopoaa — 12 CM3;
riIyOMHHBIN 1OoKa3aTenb Koppo3uu — 1,8 Mm/roz;
pa3Mepsl u3nenust — nuameTp 569 mm, qmHa 980 M.

Bapwuant 10

Onpenenuth BECOBBIE MOTEPH CIUIABA, 00BEMHBIN MTOKA3aTeIh KOPPO3HH U TOCTPOUTH rpaduk
K, oT BpeMeHH, eciiu U3BECTHBI:

Temmeparypa — 20°C;

JlaBjieHue 762 MM pT CT;

BaJIEHTHOCTD — 3;

MoJIsipHast Mmacca — 26,98 r/Mob;

pa3mMepsl uznenus — 250x250x50;

3aMephl MOTJIONEHHOTO KUCIOpOJa MPOBOAWINCH Kaxasie 10 Munyt u cocraBunu: 0,5 CM3,

1,8 em’, 2,9 e, 5,7 e, 6,9 e, 7,5 ev’.

Bapuant 11
Onpenenuts BECOBbIE MOTEPH CIUIABA MO CUJIE KOPPO3UOHHOTO TOKA, €CJIM U3BECTHBI:
BaJICHTHOCTb — 2;
MoJsipHast Mmacca — 55,84 r/Mob;
BpeMs ucnbiTanus — 1,8 daca;
CHJIa TOKA B HaYaJIbHbIA MOMEHT BpeMeHH — 150 MA; uepe3 2 MunyThl — 108 MA;
yepes 4 MuHyThl — 104 MA uepe3 6 MunyT — 100 MA; yepe3 8 MUHYT — 98 MA;
yepe3 10 MuHyT — 96 MA U fanee oHa HE MEHSUIACh.
Bapuant12
Onpenenutb BpeMs KOHTaKTa CIjlaBa ¢ KOPPO3UOHHOM CpeIoid, eI U3BECTHBI:
IIOTHOCTD — 7,8 T/eM’;
JaBiieHue — 754 MM pT CT;
Temneparypa — 19°C;
BaJIEHTHOCTH — 2
MoJsipHas macca — 55,84 r/Mob;
MTyOMHHBIN TIOKa3aTesb Koppo3uu — 18,7 Mmm/rox;
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pa3mepsl uznenus — nuametp 105 mm, aymna 780 Mm;
00beM BBIZICTUBIIIETOCS Bogopoaa — 138 oM.

Bapwuant 13

OnpenenuTtsh MIOMEAAb KOPPOAUPYIOIIETO CIIaBa M TTyOMHHBINA MOKAa3aTebh KOPPO3UH, €CIIU
W3BECTHBI:

TeMIlepaTypa — 22°C;

JaBjieHue — 758 MM pT CT;

BaJICHTHOCTD — 3;

MoJIsipHast Macca — 26,98 r/Mob;

IUIOTHOCTB — 2,75 T/eM’;

BECOBOI MOKa3aTesb KOppo3uu — 45,8 /Mg

BpeMs ucnbiTanus — 1,8 daca;

00BeM IMOTJIONIEHHOTO KHucaopoaa — 25 oM.

Bapuant 14
Onpenenuth BpeMsi KOHTAKTa CIIaBa C KOPPO3HOHHOM Cpeioi, €M U3BECTHBI:
BaJIEHTHOCTH — 3;
IUIOTHOCT — 2,7 T/eM’;
TeMneparypa — 2We:
naBieHue — 760 MM pT CT;
MoJIsipHast Macca — 63,55 r/Mob;
TIyOWHHBIN MOKa3aTenb Koppo3uu — 30 MM/TO;
00BeM MOTJIONIEHHOTO Kuciaopoaa — 540 oM’ ;
pa3zmepsl nznenust — 250x180x30Mm.

Bapuant 15

Onpenenuth BECOBbIE MOTEPU CIUIaBa MO CHJIE KOPPO3MOHHOTO TOKAa M CKOPOCTh KOPPO3UU
Kg, ecnu u3BECTHEL:

MoJIsIpHast Mmacca — 65,38 r/Mob;

BaJICHTHOCTb — 2;

IJIOTHOCTL — 7,14 r/em’;

pazmepsl 600x350x120 Mm;

BpeMs ucnblTanus — 1,5 yaca;

CUJIa TOKa B HauaJIbHbI MOMEHT BpeMeHH — 170 MA; uepe3 2 MuHyThl — 128 MA;

yepes 4 MuHyThl — 108 MA; uepe3 6 munyT — 100 MA; yepe3 8 MUHYT — 98 MA;

yepe3 10 MuHyT — 96 MA 1 J1asiee OHa HE MEHSLIACh.

IIpumep BbINOJHEHUS KOHTPOJIbHOU PpadoThI Ne2

1.1. Pacwughposamov mapxy cmaiu (mabauya 36 n.1)

Hano: 60C2XDA

Conepxanue yriepoaa ~ 0,6%.

Jlerupyromue 3neMeHTbl: KpeMHui ~ 2%, xpom < 1,5%, Banamuii < 1,5%.
[To cogepxaHnuto yriepoja cTajib - CPeIHEYTIEPOAUCTAs;

1o cojaepxkanuio JID — cpeaHenernpoBaHHas:

110 KaueCTBY — BBICOKOTO KayeCTBa,

IO CTPYKTYpE TMOCIIe HOPMATH3AIUH — IEPIUTHOTO Kilacca.

110 Ha3HAYEHUIO — KOHCTPYKIIMOHHAS (TMPY>KUHHAS).
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1.2. Buibpamuw pesicum mepmoobpabomxu.

J11s TIOBBIIIEHUS] IPOYHOCTH CTaJlb MOJBEPraloT 3aKajKe, a 3aTeM ISl HEKOTO-
POTr0 CHIDKEHHSI TBEPJOCTH U YIIYUIICHHsI YIIPYTHX CBOMCTB - CpPeIHETEMIIEPATypHO-
My OTmycky. T.K. cTaib JITMpOBaHHAs, TEMIIEPATypy OTIYCKa HEOOXOAUMO TOBBI-
CHTb.

1.3. Onucamov cmpykmypy nocie mepmooopabomru, MexaHuiecKue u mexHoao-
eudeckue ceolcmed, 001acmos NPUMeHEeHUsl.

[Tocne 3akanku 0Opa3yeTcss MapTEHCUTHAsI CTPYKTypa MO BCeMy O0beMy u3Jie-
aus. [lpm oTmycke MapTEHCUT YaCTUYHO pachagaeTrcs Ha (eppUTO-LIEMEHTUTHYIO
cMech — TpoocTuT. CTanb HCMOIB3YIOT JJISI U3TOTOBJIEHUS MPYXUH U peccop. OHa
00J1a71aeT BBICOKMM COIPOTHBICHHEM MaJIbIM IUIACTHYECKUM JeQOopMaIusiM, BBICO-
KUM IPEIEIIOM BBIHOCIUBOCTHU MPHU JNOCTATOYHOM IJIACTUYHOCTH, YAAPHOU BSI3KOCTHU
Y CONPOTHUBIIEHUU XPYNKOMY pa3pyLICHUIO, XOPOILIEH 3aKAIMBAEMOCTBIO U ITPOKAJIU-
BAEMOCTBIO, XOPOLIUMH TEXHOJIOTHUYECKUMH CBONCTBAMM.

3.1. Pacuugpposamev mapky cniasa oannoeo 6 maoauye: Jlano: JI80.
3amanna 2 ¥ 3 BBIIOJIHAIOTCS OJHOTHUITHO.

JI — natynb; 80 — nmpumepHoe cojepxkanue Meau B %; octanbHoe (20%) — IIUHK.

[Tpocras natynb, geopMupyemasl.

B cmaBax, conepxammx meHnee 30% LHMHKA, YBEJIMYEHHUE €r0 KOHLIEHTpPALUU
MOBBIIIAET U TPOYHOCTH, U MJIACTUYHOCTb. LIMHK CHM)KAeT CTOMMOCTH JIATYHH.

3.2. Boruepmums ouacpammy Cu-JI9 ons smozo cniasa.

L,
°C

i o
Cu iﬂﬂ(} 3946 % “Zn

Pucynok 52 — ®parmeHT quarpammsel coctosiuust Cu-Zn

3.3. Bvibpams pesxcum mepmooopabomxiu.

Yopounstomieit TepMooOpaboTKkn He MPUMEHSIOT. [IpOYHOCTh JTaTyHU MOXKET
OBITh MOBBIIIEHA XOJIOJHON TIacTU4YECKOl nedopmanuet. [ cHATUS HanpsDKEHUN
WIH TIOJIYY€HUS MEJIKOTO 3€pHA MIPUMEHSIOT OT)KHUT.

3.4. Onucamv cmpykmypy nocie mepmooopabomku, mexaHuyeckue u mexHo-
Jlo2uyecKue ceolicmea, 001acmv NPUMeHeHUs.
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ITo ctpykrype JI80 — o—TBepablil pacTBOp LMHKA B MeAH (0-1aTyHb). [IpouyHOCTH
B npeaenax 300-350 MIla, BeicoKkas IJIACTUYHOCTD, SJIEKTPO- U TEMJIOMPOBOIHOCTD,
HE UMEET CKJIOHHOCTU K KOPPO3MOHHOMY PACTPECKUBAHUIO U JIOCTATOYHO yCTOWYH-
Ba B arMoc(epe BObI U napa.

4. Onpedenumsv gecosvle nomepu Cniaéa no cujie KOppo3UOHHO20 MOKA, eClu
U3BECMHbL:
8aneHmuHocms -2,
monsapHas macca — 55,84,
cuna moka 8 momenm nozpyxcerust 98 mA; uepes 10 munym — 50 mA; uepes 20 mu-
Hym — 45 mA u Oanee 6 meuenue uaca ona He MEHAIACH.

Becossie notepu Haxoaum mo popmye 25:
M- 60

LN eV
" F n-1000 ! (n)dr

B sroit popmyne BennunHa j I(r)dr mpencTaBiseT cOOOW MHTErpai 3aBUCHUMO-
0

CTH KOPPO3UOHHOTO TOKAa OT BpeMeHH. [ TOro ytoObl HANTH ATOT MHTErpaj Io-

CTpOUM rpaduuecKku 3aBUCUMOCTh TOKa OT BPEMEHHU B COOTBETCTBUU C JAHHBIMU 3a-

naun — pucyHok 53. Torga 3HaueHHe WHTErpaia paBHO IJIOLIAAH MO KpUBOH (HA pH-

CyHKe 46 3Ta MIOIa s 3aTEMHEHA), €€ JIETKO HAaWTH pa3OuB IUIOUIaAb Ha 3 ydacTka

(2 Tpameuuu U MPAMOYTOJIBHUK) U CIIOXKMB MX momanau. [lomyyaem, uro miomanb
1oJ, KpuBou coctasiget 3915MA -MuH.
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Pucynoxk 53 — 3aBUCUMOCTH CHJIbI KOPPO3UOHHOTO TOKA OT BPEMEHU

M- 60 3915 55,8460

m=—""—_.3915= 915=0,07 , [r]
F-n-1000 96500 -2 - 1000

Otsetr: Am=0,07r.
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3 TEXHONOIMNMA KOHCTPYKUUOHHbLIX MATEPUA-
noB

[TpeameTom m3yuyenus kypca « TeXHOIOrus KOHCTPYKLIMOHHBIX MAaTEpUaJIOB SIB-
JSIETCSl COBPEMEHHBIE TEXHOJIOTMYECKHE METOAbl (POpMOOOpa3oBaHUSI 3arOTOBOK U
JeTanei: InThbeM, 00pabOTKON aBleHUEM, CBAPKOH, Malkoi 1 00pabOTKOM pe3aHu-
EM.

3.1 IMTEMHOE NPOMU3BOACTBO

JIuTeiiHoe MPOM3BOACTBO — 3TO OTPACIb MAIIMHOCTPOEHUS], 3AHNMAIOIIASI CS
U3roToBJIeHUEeM (ACOHHBIX AeTajeil U 3ar0TOBOK MYTEM 3aJMBKHU pacliaBJieH-
HOI'0 MeTajliia B (popMy, OJIOCTH KOTOPOH MMeeT KOHpurypauuio aeraau. [1o-
CJie 3aTBEepJIeBaHUs MeTaljla MOJy4YaeTcsl OTJIMBKA (JIeTalb UM 3ar0TOBKa), KOTOPYIO,
npu HEOoOXOJUMOCTH, MOABEPraloT MOCIEeRyIoNlel MexaHuueckoi obpaborke. OT-
JuBKa Mo (Gopme u pazMepam J0JKHA OBITh MaKCUMAJIbHO MPUOIIKEeHa K (hopMe |
pa3mMepaM roToBOTO U3AEIusl.

B MamuHax v mpoMBIIUIEHHOM 000pyAoBaHuU 0Koj10 50% netaieid M3roToBIIs-
10T JUTHEM. J{JI1 3TOTO MCHONB3YIOTCS JTUTEHHBIE CIUIaBbl, KOTOPbIE JOJKHBI 00Ja-
JaTh BBICOKUMH JHMTEHHBIMU, MEXaHWYECKHMMU M APYTUMH (aHTUKOPPO3HOHHBIMHU,
aHTU(PUKIIMOHHBIMYU, AEKOPATUBHBIMH U T.JA.) CBOiicTBaMU. B kauecTBe NUTEHHBIX
CIUIABOB B OCHOBHOM HCIIOJIB3YIOTCS: CE€pble UYT'YHBI (JTUTEHHBIA, KOBKUU, BBICOKO-
IPOYHBIi), YIJIEPOAUCTHIE U JIETHPOBAHHbIE CTANH, JIATYHU, OPOH3bI, aJTIOMHUHHEBHIE
¥ MarHueBble CIUIaBbl. B 3aBUCHMOCTH OT YCJIOBHM, B KOTOPBIX OTJIMBaeMas AETajb
OyeT SKCITyaTHPOBAThCsI, BEIOMPAIOT TOT MJIM MHOM JIMTEHHBIH CIUIaB.

3.1.1 Knaccudgukanus MeTo10B JUThS

B nHacrosmee BpeMst CyIIEeCTBYET TOBOJIBHO MHOIO PA3JIMYHBIX METOAOB JIUTHS,
OTJIMYAIOLIMXCS KAK TEXHOJOTMEH, TAK U MapaMeTpaMHy IIOJIy4aeMbIX OTIUBOK. Kax-
JbIi METOJ JINThSI MOYKET OBITh 0XAPAaKTEPU30BaH CIECIYIOUIMMU KPUTEPUIMMU:

1. ITo kpaTHOCTH MCTHOIB30BAHUS JIUTEHHOU (HOPMBI pa3TUYAIOT OJHOPA30BHIE
(GbopMbI — pa3pylIaloTCss IPU U3BJICUCHUU OTIUBKU; MOTYMIOCTOSHHBIE (POPMBI — UC-
IIOJIB3YIOTCSL JUISL M3TOTOBJIEHUS HECKOJIBKMX JECSATKOB OTJIMBOK, MHOTIOPa30OBBIC
(OpMBI — UCTIOIB3YIOTCS 1Sl IOJIYUYEHUS] COTEH, THICSIY U AECSTKOB THICSIY OTJIMBOK.

2 MakcuManpHas Macca OTJIMBKH.

3 MuHHMaJIbHAS TOJIIHAHA CTEHKHU OTJIMBKHU.

4 IllepoxoBaTOCTh MOBEPXHOCTU OTJIMBKHU.

5 Xapakrep Npou3BOJACTBA, B KOTOPOM HCIIOIb3YETCS NAHHBIA METOJ JIUThS —
€AVMHUYHOE, CEPUMHOE, CPEIHE- U KPYITHOCEPUINHOE, MACCOBOE IIPOU3BOLICTBO.

3.1.2 JIutbé B ogHOpa3oBbie popMbI
K meTonam nauthst B 0oAHOpa30Bbie POPMBI OTHOCSTCS CIEAYIONIUE: TUTHE B MeEC-
yaHble (OPMBI, TUTHE B 000JI0YKOBBIE (POPMBI, IUTHE IO BHIMIABISEMBIM MOACIISM.

JTumué 6 necuansvte popmol. Texnonozus numos 6 necuanvie hopmol.
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C moMoMuIbIo IUTHS B necyanbie (YOPMBI MOTYHaroT 10 75 % BceX OTIMBOK. DTUM
METOI0M MOKHO MOJY4YUTh u3aenus maccoit 6osiee 100 TOHH, ¢ MUHUMAJILHOM TOJI-
IIMHOW CTEHOK 3 — 5 MM, C IIEPOXOBATOCTHIO MoBepxHOCTH Ra = 20-80 MKM B eau-
HUYHOM, CEPUIHOM U CPEJHECEPUINHOM MPOU3BOACTBE.

OTIMBKM MOJIy4alOT B JIMTEHHON (PopMe, MOJIOCTH KOTOPOMl COOTBETCTBYET
KoH(purypauuu otnuBku. [Ipu nurbe B mecyannlie GoOpMbI MX H3rOTABIUBAIOT U3
(popmMoBOUYHOI cMecH, COCTOSIIIEN U3 (POPMOBOUYHBIX MaTepUaI0B. DOPMOBOYHYIO
CMECh 3aChINAIOT B JIMTEHHbIE ONMOKHU U BHITIOIHSAIOT B HUX OTIEYaTOK Moaeau. (JIu-
TeiiHasi OMOKA — MPHUCIIOCOOICHUE IS yAep)aHUs (POPMOBOYHON CMECH MPHU U3TO-
TOBJICHUU JINTEHHON (POPMBI, €€ TPAaHCTIOPTUPOBKE U 3aJIUBKE JKUIKUM PACILIIABOM).
Mopenb nmeeT KOHPUTYpaIuio BHENIHEH MOBEPXHOCTH OTIMBKHU, OOBIYHO €€ M3TO-
TaBJIMBAIOT U3 JIEPEBA, METAJIA, IJIACTMACCHl. BHYTPEeHHssI MOBEPXHOCTh OTJIUBKU
(oTBepCTHSA, MOJOCTH U T.I.) 00pa3yeTcs MpW MOMOIIU JUTEHHOTO CTEPIKHS, KOTO-
phIii ycTaHaBIUBAIOT B (popMy. JIUTeiHbIE CTEPKHU M3rOTaBIMBAIOT U3 CTEPKHEBOM
CMeCH B CTepP:KHeBbIX AIIMKaX. CTepKHEBBIC AIINKNA U3rOTaBIMBAIOT U3 TEX K€ Ma-
TEpPUAJIOB, YTO U MOJENH. Mexy TOJIOCThI0O (POPMBI U CTEpAKHEM 00pazyercs mpo-
CTPAHCTBO, 3aMojHsieMoe KuIkuM MetamioM. [locne ero 3arBepaeBanus oopasyercs
OTJINBKA.

Yepmérc omnuexu.

Pa3paboTka TEXHOIOrHUECKOro MpoIiecca JIUThs B MecyaHble (POpMbI HAUMHAET-
cs ¢ pa3padoTKH YepTexa OTIUBKH. VICXOHBIM TOKYMEHTOM Uil pa3pabOTKH yep-
TeXa OTJIIMBKU SIBIISICTCS 4epPTE:X AeTaau. UepTéx OTIMBKUA OyIET OTIMYATHCS OT
yepTeka JeTalu CIEAYIOIMMMH NapaMeTpaMu:

1. Ilpunyck na mexanuueckyio 00padomkKy — 3T0 10NOJHUTEIbHBIN CJIOH Me-
Ta/uIa (HA CTOPOHY), KOTOPBI OyaeT yAaJéH B mpouecce mocjeAyoumeil mexa-
HU4YeCKOH 00pado0TKH OTJHMBKH, ¢ 1eJbI0 o0ecnevyeHnus1 He00X0AUMOIl TOUYHOCTH
U YHMCTOTHI (IIEPOXOBATOCTH) MOBEPXHOCTH. BenuunHa npurnycka Ha MeXaHUYe-
cKkyto o0pabotky pernamentupyercss [[OCTamu u 3aBUCUT OT MaTepuaia OTIUBKH,
OT €€ pa3MepoB M OT PACMOJIOKEHUsI OTJIMBKU B (hopme. Uem Ooblie ycaaka u pas-
Mephbl U3/eNns, TeM OoJibllie MPUMYCK. Tak Kak KayecTBO OTIMBKU B HUKHEH YaCTH
dbopMbl BbIIIE, YEM B BEpXHEH, MOCKOJIBKY B BEPXHEW YACTH CKAIIMBAIOTCS MHOTHE
auTeiiHbie nedeKThl (IIUIAaKOBbIe BKIIIOYEHMS, Ta30Bble MYy3bIpU U T. 1.), MO3ITOMY
NPUITYCK UL BEpXHEH YacTH OTJIMBKHU OyAeT OoJiblie, yeM Al HUKHEH U OOKOBBIX
YaCTeH.

2. Texnonozuueckuii npunyck — CJIYKUT JJIs1 YNPOUIeHUS U 00JIer4eHus
npouecca u3roToBJeHUs OTJIMBKH. K TEXHOJOTMYECKUM MPUITYCKaM OTHOCSITCS:

a) JIATeHHbIe YKJIOHbI — BCE HAPY)KHbIE BEPTUKAJIBHBIE TOBEPXHOCTU OTIUBKHU
M3rOTaBIMBAIOTCS C YKIOHOM B HECKOJIBKO IpaaycoB (B 3aBUCUMOCTH OT BBICOTBI MO-
nenu u B coorBeTcTBUU ¢ ['OCTamu) nnst ynoOCcTBa U3BJI€UEHUS MOJACIU U3 (POPMBI
0e3 e€ pa3pylieHus. YKIOHBI BBITIOJHSIOTCS B HAMPABJICHUH WU3BJICUCHUS] MOJACIIH U3
bopMBI.

0) HAMYCKM — CITY>KaT JJ1sl yIPOIIEHUS! U3TOTOBJIEHUs OTIUBKU. Hebosbiue oT-
BEpPCTHUSL B OTJIMBKE MOXHO HE JIeNaTh, TaK Kak MX IieecooOpa3Hee MPOCBEPIUThH B
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polecce MeXxaHnueckoil 00paboTku. Tak ke MOCTYyMarT ¢ pa3IuYHbIMU MEJIKHUMHU
KaHABKAMM, YCTYIIaMH, BBITOYKAMU U T.II.

B) NPUJIMBBI — [IPEyCMAaTPUBAIOT JJIs1 y100CTBA KPEIJIEHUS! OTJIMBKU B IIPUCIIO-
coOJIeHMsI IpU MEXaHUYECKOM 00paloTKe, NI 3axBaTa M3ZENUs MPU TPaHCIOPTH-
poBke. VX ynansior npu MexaHU4ecKoi o0paboTKe.

I') FaJTeJH — 3aKPYIJICHUS] BHYTPEHHET O yIila OTIUBKH JIJIS [TOJIy4YEHHUs IIJIaBHO-
ro nepexoja B COIpsSTraeMbIX CTeHKaX. ['anrenyu mpensaTcTBYIOT OCBINAHUIO (HOpPMO-
BOYHOM CMECH B yrjax MOJENIU MpH €€ U3BJICUCHUU U3 (POPMBI U MO3BOJSIOT U30e-
JKaTh KOHLEHTPALMHU HAIIPSDKEHUM B yIVIaX OTJIMBKHU MPH €€ 3aTBEPACBAHUM U OXJIAK-
JEHUH.

Mooenvnutiit Komnaexkm

MopgeJbHbIH KOMILIEKT — 3T0 KOMIUIEKT (JOPMOBOYHBIX NMPHUCIIOCO0ICHM,
He00XO0AUMBIX JJIsl M3rOTOBJICHHUA JINTeHHON (popmbl. OH BKIIOYAET, KPOME JIU-
TEUHOU MOAeJM (CM. BBIIIE), CTEP:KHEBOI SIIUK, MOAEJb JUTHUKOBOH CHCTEMBI,
MOAMOJEIbHYIO ILINTY, ()OPMOBOYHbIC, KOHTPOJIbHbIE U COOPOYHbIE IIA0JIOHBI
ISl KOHKPETHOM OTJIMBKH.

Crep:KHeBOil AAIUK — [IPUCIIOCOOIEHUE, UMEIOLIEE padOUyI0 MOJIOCTh AJIS I0-
JIy4EHUs B HEW CTEPKHs HY)KHBIX Pa3MEpPOB U OYEPTAHMU U3 cTepKHEeBOU cMmecu. OH
M3rOTaBIMBAETCS U3 JepeBa WIM METala, OH MOXKET ObITh Pa3bEMHBIM U HEPA3BEM-
HBIM, & TAK)K€ UIMETh OTHEMHBIEC YAaCTH — BKJIaAbIIIN.

JInTHUKOBAs cUCcTeMa — CUCTeMa KaHAJIOB U 3JIEMEHTOB JIUTEHHOM (HOpMBI AJis
NoJIBOJa B €€ MOJIOCTh paciljiaBlIeHHOro Metamia. OHa oOecrieurnBaeT 3anojHEHUE U
IIUTAaHUE OTJMBKU IIPU 3aTBEPACBAHUHU, & TAKXKE CIYKUT JUIA YJIABIMBAHMSA IIUIAKA,
MOTA/IAIOIETO BMECTE C METAJJIOM B TUTHUKOBYIO Yairy. B 3aBUCHMOCTH OT ()OpMBI
Y TOJIIMHBI CTEHOK ¥ OT 3aJIMBA€MOr0 METAJUIa IUTATENI MOTYT OABOAUTHCSA K OT-
JIMBKE CBEPXY, CHU3Y HJIU COOKY.

IHoamoaeabHas IJIMTA — IUIMTA, HA KOTOPOW OCYIIECTBIISIETCS W3TOTOBICHUE
NecYaHou JUTEHHOU (HOPMBI.

Dopmoeounvie u cmepiHcHesvle cmecu

N3 hopMOBOUHBIX cMecel M3TOTaBIMBAIOT MECYaHbIe (DOPMBI, a U3 CTEPIKHEBBIX
— cTepkHU. B cocTaB (hOPMOBOYHBIX M CTEPIKHEBBIX CMECEH BXOIST: KBapIIEBhIN Tie-
COK, TJIMHA, BOJA, CBSI3YIOIINE MaTEpHUalbl M CHEIHAbHbIC JOOaBKHA (CHHTETUYECKHUE
U €CTECTBEHHBIE CMOJIbI). DT CMECH JOJKHBI OTBEYATh ONMpeAeNEHHBIM TpeOOBaHU-
SIM:;

- OTHEYNOPHOCTh — CIOCOOHOCTh (DOPMOBOYHOM CMECH HE OIUIABISATHCS, HE
pa3MsArdaTbCs WM CIEKAaThCsl TOJ JEHCTBUEM BBICOKOM TeMIepaTypbl MeTallia, 3a-
JUBAEMOro B popmy;

- Ta30MPOHMIIAEMOCTh — CIIOCOOHOCTh (DOPMBI U CTEP>KHEH MPOIYCKaTh rasbl
Onmaromapsi CBoeil MOPUCTOCTH. ['a3bl BBIACIAIOTCS M3 (OPMOBOYHOM M CTEPKHEBOU
CMECH MpH 3alIMBKe paciuiaBa B Gopmy. [Ipu HU3KOM ra30MpoOHUIIAEMOCTH BOSHUKACT
Opak nmo ra3oBbIM pakoBuHaMm. Uem kpynHee (opma, TeM OOJblle AO0JKHA OBITH
ra30MpPOHUIIAEMOCTb;

- MJACTHYHOCTH — OOECIEYMBACT IMOJyYCHHE B (OpME XOPOIIETO OTIeYaTKa
MO/IEIIH;
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- NIPOYHOCTHh — CIIOCOOHOCTH cMeCH U (HOPMBI BBIIEP’KUBATH BHEUTHUE HArpy3-
ku. PopMa He A0KHA JeOPMUPOBATHCS U pa3pyILIaThCs IPU U3TOTOBIEHUH, TPAHC-
IIOPTUPOBKE U 3AJIMBKE PACILIABA;

- IPOTHBONPHUIAPHOCTh — CIIOCOOHOCTh CMECH U (POPMBI HE CIIEKAThCSl U HE
CIUIaBJISATBHCS C PACIUIABICHHBIM METaJIOM.

@OpMOBOYHBIE U CTEPKHEBBIE CMECU M3TOTaBIMBAIOT 10 ONPEAEIEHHOMY pe-
nenty. Kak nmpaBuio, cMecu UCIOJIB3YHOTCS MHOTOKPAaTHO — 000POTHBIE CMECH, a K
HUM J100aBJISIOT CBEKUE MOPIIHH.

Paznuune mMexay GopMOBOUHOM U CTEPKHEBOM CMeChi0 00YCIOBICHO TEM, YTO
CTepKEeHb paboTaeT B Oosiee KECTKUX YCIOBUAX, TAK KAK OH CO BCEX CTOPOH OKPYKEH
paciiaBIeHHBIM METAIJIOM. B CBSA3M ¢ 3TUM, CTEPKEHb JOJKEH 00Ja7aTh OOJbIIei
IPOYHOCTBIO, FA30MPOHHUIIAEMOCTHIO U MPOTUBOIPUTAPHOCTHIO. DTOr0 JOOMBAKOTCH,
BBOJISI CTIELIMATIbHBIE TOOABKH.

H320moenenue tumeiinoi gopmul

®opMy M3roTaBIUBAIOT B CIEAYIOLIEH MOCIEN0BATEIbHOCTH (PUCYHOK 54): Ha
HOJIMOJIETIbHYIO IUIUTY YCTAHABIMBAIOT MOIYONOKY M HUXKHIOIO MOJyMOJENb (B CIIy-
4yae pa3bEMHON MOJENHN), 3aTEM 3aChINAlOT (OPMOBOYHYIO CMECH B OIIOKY M YIUIOT-
Ht0T e€. [lomyonoky ¢ yrpamOOBaHHOHN (h)OPMOBOYHOM CMECHIO MIEPEBOPAYNBAIOT HA
180° 1 Ha HMXKHIOKO TIOJIOBUHY MOJICTIH YCTAHABIMBAIOT BEPXHIOKO MOJOBHHY MOJIEIH
U MOJEJIb JINTHUKOBOM CHUCTEMBI. 3aTEM MOBEPXHOCTh pazbéMa HUKHEH MOy (pOopMbI
MOCHINAIOT TOHKUM CJIOEM Pa3IeIUTENIbHOTO MeCKa, A TOro, YToObl MOcie yTpam-
OOBKH MOHO OBLITO OBl pa3ieauTh MoxyGopMbl 6€3 UX pa3pylieHus. 3aTeM yCTaHaB-
JUBAIOT BTOPYIO Moiyornoky. [locie yero HaceimaroT (pOPpMOBOYHYIO CMECh U OTMSThH
yTpaMmOoBbIBatoT. Jlanee, u3 ymoTHEHHOW (POPMOBOYHON CMECH YIAISIOT MOJENb
CTOSIKa C JINTHUKOBOW YalleW U MOJeb Beinopa. [IoToM mosryonoku pa3peauHsIOT,
U3BJICKAIOT MOJIYMOJIEIH, UCIIPABIIAIOT A€(EKThI, €CJIM OHU BO3HUKIIM, U yCTaHABIIU-
BalOT cTepkHU. Ha HIKHIOW NOy(popMy yCTaHABIMBAIOT BEPXHIOK, UX CKPEIISIOT
Mmexay coboit. CobpanHas popma nojBepraercs Cyuike. 3aTeM B HE€ 3aIMBalOT pac-
IUTABJICHHBIA METAJLI.

Kuaxuii Metann noctynaer B necuyanyro (opMmy IO JIUTHUKOBOM CUCTEME, KO-
TOopasi 00eCeunBaeT ero HEMpPepbIBHYIO MojAavy, MUTAET OTIMBKY B MOMEHT €€ 3a-
TBEP/AEBAHMS U YCAJKHU U 3aJ€pKUBAET IPOHUKHOBEHNUE 1U1aka B ¢popMmy. IIpu HEOoO-
XOJUMOCTHU B (popMe I OTBOJA Ta30B MPEAYCMATPUBAIOTCS TOMOJHUTENIbHbBIC KaHa-
JIbI — BBITIOPBI.

[Tocne 3aTBepAeBaHMs CIUIaBa U €r0 OXJAKICHUS OTIMBKY U3 (POPMBI yAAJSIOT
(BBIOMBAIOT), a (popMy paspymiaroT. 3aTeM BHIOMBAIOT CTEPXKHU, OOBIYHO 3TO JENAIOT

Ha BUOPALIMOHHBIX YCTAHOBKAxX WM CTPYEH BOABI MOJ BHICOKMM AaBieHueM (250 —
1000 xH/m).

134



a — 4epTEx OTIIMBKU; O — IEpEBSIHHASI MOJIENb; B — MOJIEJIb OTIMBKH, 3a)OpMOBaHHAS
B HWKHIOIO TIOJIYOIOKY (YCTaHOBJIEHA MOEIb TUTHUKOBON CUCTEMBI);
I — pa3bEMHBIN CTEPKHEBOU SIIUK; I — U3TOTOBJICHHBIN CTEPKEHb;
€ — JIB€ Moy (pOpMbI ¢ U3BICUEHHBIMU MOJYMOICISIMU U YCTAHOBIIEHHBIM CTEP)KHEM;
XK — coOpaHHas ¢opma; 3 — OTJIMBKA

Pucynok 54 — IlociaeqoBaTenbHOCTh U3TOTOBIICHUS OTJIUBKH.

JINTHUKOBYIO CHCTEMY OTOMBAIOT (UYTyH), OTIHJIMBAIOT WM YJAISIOT Ta30BOU
pe3Kol (cTallb, IBETHBIEC CIUIABBI). 3aT€M UJIET CTAUs OUYMCTKH OTJIHBOK OT IIPUTO-
peBiIei (OPMOBOYHOM CMECH U 3ayCEHIIEB.

[Tocnenneir oneparueit mepe BHIXOAHBIM KOHTPOJIEM SIBJISIETCS TEPMOOOPaOOT-
Ka ToTOBBIX m3Aenuil. OHa OOBIYHO HEOOXOIMMa, TaK KaK OTJIMBKM YacCTO HUMEIOT
KPYITHO3EPHUCTOE CTPOCHUE, JIMKBALMOHHBIE 30HBI, HEOJHOPOIHOE PaCIpPENECICHUE
JIETUPYIOLIUX JIEMEHTOB U HEMETAJNIMYECKUX BKJIFOUEHUH, UTO CHUYKAET MEXaHUYE-
ckue cBoicTBa. (Buasl TepMooOpabOTKK paccMaTpuBalIUCh BhIlIe B pa3aene «Marte-
pHATIOBEICHUEY ).

JTumué 6 000104K08bIX hopmax
JTumuvé 6 000104K068bIX popmax — npolecC MOTYYEHUSI OTIIMBOK IYyTEM CBO-
00AHOM 3aJTMBKU paciijiaBa B 000JI04KOBBbIE ()OPMBI U3 TEPMOPEAKTUBHBIX CMECEIA.
Oobon0uxosasn hopma — onHOPA30BaAsE TOHKOCTEHHAS XUMUYECKU TBEPACIOIAs
auTeiiHas ¢popMa, KOTOPYIO U3TOTABIMBAIOT U3 CMECH KBAapLIEBOTO MECKa M MOPOIIKa
dbenondopmanbaeruaHoN cMoJbl (6 — 7%). DTa cMOJa TepMOPEaKTUBHAS — OHA pa3-
msirgaercst ipu 70 °C, a Bermie 120 °C mumaBurcs. C 3TOr0 MOMEHTA HAYWHAETCS ITPO-
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[eCC MOJIMMEPHU3ali, KOTOPhIM UAET TeM ObicTpee, 4eM Bbllle TemrepaTypa. [Ipu
3TOM CMOJIa HEOOPATHMO TBEPIEET, a pH TemIeparype 6omee 450°C — HaYMHAET BbI-
roparb.

N3roroBneHne 0007104KOBOM (HOPMBI OCYIIECTBISIETCS CIEAYIOLIUM OOPa30M.
CHavasia (pOpMOBOUYHYIO CMECH 3aChINalOT B OyHKEp, KOTOPBIM HAKPBIBAIOT MOJIOTPE-
BACMOM METAJUINYECKOM MOJEIBHOU IUIMTOM. Ha Hel 3akperuieHbl MeTaInYeCKue
nonymozenu. Jlanee 6ynkep nepeBopaunBaior Ha 180°, hopMoBoUHas cMeCh 3achima-
€T HArpeTyr MOJEIbHYIO IUIMTY C nojymonenssMu. CMoja HaYMHAET IJIABUTHCS U
BMECTE C KBapIeBhIM MECKOM OOBOJIAKMBAET HarpeThie moixymonaenu. 3a 30 cexkyHA
oOpa3zyeTtcst 0007104YKa TOMIIMHON 6 — 8 MM. 3aTeM OyHKep BO3BpaIIaeTCsl B UCXOTHOE
MOJIO’KEHUE, N30BITOK CMECH OChINaeTcs BHU3. MOAENbHYIO IUIUTY € MOTy(hopMaMu u
000JI0YKaMU CHUMAIOT ¢ OyHKEpa U OMEIIAIOT B NI€Yb JIsl TOJUMEIU3AIMH CMOJIBI U
MOJTHOTO 3aTBEepJEBaHUs 000JI0YKHU (4 — 5 MUH), TUNIUTY BEIHUMAIOT U3 ME€YH C TIOMO-
b0 CHEIHAJIBHBIX MPECNOCOOIEHUUI CHUMAIOT O0OJOYKU. 3aTeM JIBE IOJIOBUHBI
000JIOUKH CKJIEUBAIOT U COEAMHSAIOT CKOOAMM — IOJTy4aeTcsl rOToBas JIUTelHas Qop-
Ma; (opMy 3aIMBAIOT PACILIABOM U IOCIIE €r0 3aTBEPJAEBAHUS pa3pyIIalOT, U3BJIEKAs
OTJIUBKY.

K nocromHcTBaM MeTOAAa OTHOCUTCSI BBICOKAs TOYHOCTh Pa3MEpOB U BBICOKOE
KayeCcTBO MOBEPXHOCTH OTJIMBKU. K HegocTtaTkaM — OrpaHMYEHHOCTh MaccChl OTJIMB-
KH. DTUM METOJIOM MOXHO TOJIYYUTh OTJIUBKHU Maccoi He Oosee 100 kr.

JTumué no evinnasnaemvim mooenam

OTO OJMH W3 CTapeHIINX METOJOB JUThS, C €r0 MOMOIIBI0 B APEBHOCTH M3IrO-
TaBJIMBAIM CKYJBITYPbI, KOJIOKOIA U JpyTrUe U3Aenus clokHou Gopmbl. B MammHo-
CTPOEHHUH OH Havasl npuMeHsATheA ¢ 40-x rono 20-ro Beka.

[Ipouecc m3roroBnenus GOpMbl AL ITOTO METOJA JIUThS COCTOUT B CIEAYIO-
ieMm:

- M3rOTaBJIMBAIOT METAUIMYECKYI0 WM IJJACTMACCOBYIO Pa3bEMHYIO Mpecc-
dbopmy, ¢ mOMOIIbIO pecc-(HOpMBbI U3 MPEABAPUTEIHHO PACIIIIABIEHHOTO JIETKOTJIaB-
koro marepuaina (00siuHO cmecu 50% creapuna u 50% mnapaduHa) OTIMBAIOT He-
CKOJIBKO MOJEJICH;

- JIETKOIUIABKHUE MOJENIM COOMparoT B OJIOKU ¢ OOIIEH JTUTHUKOBOW CUCTEMOIA;
3aTeM UX MOrPYXKalT B OTHEYMOPHYIO CYCIeH3HI0, cocTosiyto u3 30% Kuakoro
ces3ytomiero u 70% kBapiieBoii Myku. BeIHYB OJIOK M3 CYCIEH3HH, €ro MOCHITAI0T
CyXUM KBaplEeBBbIM IMECKOM U CyIIaT Ha BO3AyXe. DTy OMNEpalri0 MOBTOPSIOT He-
CKOJIBKO pa3, MoKa He Mmoyiydar (opMy CO CTEHKOHM TONIMHON 6 — 8 MM, nanee Mo-
JIeJIb BBITJIABIISIIOT U3 (POPMBI TOPSIYMM BO3JLyXOM, apoM WiH ropstueit Bogou (100 —
150°C);

- roToBYy0 opmy mpokanuBaroT npu Temmneparype 850 — 900°C. IIpu 3TOM BBI-
roparoT OCTaTKH JIETKOILJIABKOT'O COCTaBa M OHa MPUOOPETAET MPOYHOCTh. B roToBY10
dbopMy 3aIMBAIOT pacIliaB, MOCJE 3aTBEPJEBAHUS KOTOPOro €€ pa3OMBaIOT U U3BIIE-
KaloT OTJIMBKY. OTJIMBKA MOXET UMETh OUYEHb CIOKHYIO (POpMY C OOJBIIUM KOJIUYe-
CTBOM MEJIKMX JIeTajiel, KAaHAaBOK, OTBEPCTUHN U T.J., B KOTOPBIX MOTYT OCTaThCs dJie-
MEHTBI OTHEYIOpHON KOopku. VX ymansror BeimenaunBanuem npu 120°C ¢ mocie-
JIYFOLLEN ITPOMBIBKOW B TOPSTYEN BOJIE.
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OTOT METOJ JIUThSI OUYEHBb TPYAOEMOK U JOPOT, HO C €r0 NOMOIIBIO MOKHO TOJTY-
4YaTh OTJIMBKU OYEHb CJIOKHOM (POPMBI, C BHICOKOM TOYHOCTHIO M HU3KOM HIEPOXOBa-
TOCTBIO MOBEPXHOCTHU, YTO UCKIIIOYAET MOCIEAYIONIYI0 MEXaHUYECKYI0 00paboTKy. B
HACTOSIIIEe BPEMsI HAUMHAIOT BHEJPATHCS HOBBIE METO/IbI JIUThSI, TAKUE KaK JUTHE MO
BBDKUTAEMBIM MOJIETISIM, JIUTHE MO PACTBOPSIEMBIM MOJEISAM, JIUTHE MO pa3MOpaKU-
BaeMbIM MOJIENSIM, JINThE MO razuduuupyembiM Mojensim. Hanbonee nepcnexkTuBeH
nocyieHud MeToJl. Mojenb M3roTaBlIMBaeTCsl U3 MEeHoIUIacTa (MEeHOMOJIUCTUPOIIA),
KOTOPBIi JIETKO 00pabaThiBaeTCsl BpyUHYIO M Ha cTaHkax. (B kpymHocepuitHoM mpo-
U3BOJICTBE MOJENTU MOXKHO IOJIy4aThb METOJOM BCIEHUBAHUS B METATMYECKHX U
MIaCTMAacCOBBIX (opmax). OObuHO PopMa nenmaeTcss Hepa3bEMHOM, MOJIETh U3 HEE
HE M3BJIEKAETCs, a Ta3uuIuUpyeTcs 3a CU€T TeIjia pacIulaBIeHHOro MeTaia (IeHo-
noucTrpoa  pasnaraercs mpu 300 — 350°C). DToT METOI UCIIONIB3YETCS JUISL MOy~
YEeHHsI OTJIMBOK U3 PA3IUYHBIX CIIaBOB Maccoil oT 0,2 KT 10 HECKOIBKUX TOHH.

Ionynocrosinabie (POPMBI U3rOTABIMBAIOTCA W3 1IAMOTA, METAJIIOKEPAMUKH,
rpadura. X MOXKHO MCIIOJIb30BaTh JIs MOJTYYEHUS HECKOJIBKUX JIECSITKOB UM COTEH
OTJIUBOK. DTOT METOJi 3aHUMAET MPOMEXYTOUHOE IMOJ0KEHUE MEXKY JIUThEM B OfI-
HOPA30BbIE€ U MHOTOPa30Bble (MeTauIMueckue) GopMbl U MOAPOOHO paccMaTpUBATh-
cs He OyeT.

3.1.3 JIuThé B MeTa/uInYecKue GOpMbI

JIuth€ B MeTammnyeckre GopMbI BKITIOUAET B Ce0s CIEMYIONTNE METOIbI:

1 JIuTh€ B KOKMIE.

2 JInTh€ moja NaBICHHUEM.

3 lleHTpoOEKHOE JIUTHE.

Paznuunbie METOMBI JUTHS B METAUIMYECKHE (MHOTOPA30BBIE) (DOPMBI UMEIOT
cBOM crienuduyeckue 0COOEHHOCTH, OJTHAKO TOT (pakT, UTO BO BCEX ciaydasx (opma
W3TOTaBJIMBACTCS U3 MeTaJlIa, MPUAAET ITUM METOJaM HEKOTOPhIE OOIINE YEPThI:

1 ®opmbl Ta30HENTPOHUIIAEMBI;

2 ®opMbl HE TIOAATIMBEI (HE MEHSIOT CBOMX Pa3MEpOB IO TaBJICHUEM 3aTBEP-
JIEBAIOIIEr0 METasIA);

3 Bricokas TeIIONpOBOAHOCTh ()OPMBI MMPUBOJUT K BHICOKOH CKOPOCTH OXJIAXK-
JICHUSI W 3aTBEPACBAHUSI METAJLJIa, YTO UMEET CBOM IOJIOKUTEIbHBIE U OTPULIATEIIb-
HBIE€ CTOPOHBI:

a) [Ipu ObICTpOM OXJIAXICHUM BO3HHUKAET OOJIBIIIOE KOJUYECTBO IICHTPOB KPH-
CTaJUTM3AlMU U OTJMBKA MPUOOPETAET MEIKO3EPHUCTYIO CTPYKTYPY C MOBBIIIEHHON
MJIOTHOCTh ¥ TPOYHOCTHIO.

0) IloBepxHOCTh OTIMBKHU, OXJIAXAASCh C OONBIION CKOPOCTHIO, MOJABEPraeTcs
3aKanke (y YyTYHHBIX OTJIMBOK IOSIBIISIETCS] TIOBEPXHOCTHBIM CIION OEJIOro 4yryHa —
otOenbHas KOpKa). DTO SBJICHUE MOXKET OBITh HCTIOIB30BaHO, KOT/Ia M3/CIINE WU €TO0
4acTh JOJKHO 00Ja7aTh TBEPOM, N3HOCOCTOMKON MOBEPXHOCTHIO. ECiiM B 3TOM HET
HEOOXOJIUMOCTH WM TpelyeTcs Moclienyrolas MeXaHudeckas o0paboTka, TO e
JOJDKHA TPEIIIeCTBOBATh TEPMOOOpaOOTKa (OTITYCK, OTXKUT, HOPMAJTM3ALIHS ).

B) BbIcOKasi CKOpOCTh OXJIQXIEHUSI MPUBOJAUT K BO3HUKHOBEHHIO OOJIBIITUX
BHYTPEHHHMX HaIPSHKEHUH, MO3TOMY B OTJIMBKE HEJOJKHO OBITh OCTPBIX YTJIOB, PE3-
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KHMX IIEPEXOJI0B OT TOJICTBIX CTEHOK K TOHKHUM, PAaJIAyChl TalTeIeH YBEIUYUBAIOTCS B
1,5 paza 1o cpaBHEHUIO C JIUTHEM B IIeCUaHble (DOPMBI.

r) IIpy MTHTEHCUBHOM OXJIQX/IEHUU PACIUIaB OBICTPO TEPSAET KUAKOTEKYUECTh, B
CBSA3U C 3TUM YBEJIMYMBACTCI MUHUMAJIbHASI TOJIIIMHA CTEHOK OTJIMBKHU.

4 Mertamnueckue (Gopmbl MO3BOJISIIOT IOJIY4YaTh OTIMBKHM C BBICOKOM TOYHO-
CTBIO U BBICOKOM YMCTOTOM IIOBEPXHOCTHU B CEPUMHOM, KPYITHOCEPUIHOM U MacCOBOM
npousBoAcTBe. Mckitouaercss mpuMeHeHue (pOPMOBOYHONW CMECH, YJIyYILAKOTCS ca-
HUTApHO-TUTUEHUYECKHUE YCIOBUS TPYAA.

5 Metannudeckue (popMbl OTINYAIOTCS BEICOKOW CTOMMOCTBIO.

6 [Iporecc JIUThs JIETKO MEXAHU3UPYETCSI U AaBTOMATU3UPYETCH.

JTumué ¢ Kokuno
JTumbé 6 KoKunb — TpoIecC MOTYYEHUs OTIUBOK MyTEM CBOOOIHOW 3alTMBKHU
pacIUIaBIEHHOTO METajula B METANIMYECKUE popmbl — KoKuau, (pucyHok 55). Ko-
Kuab — Metajuindeckas GopMa, KOTopast 3amoIHIeTCs KUAKUM pacIiaBoOM MO/ J1eH-
CTBUEM CHJI TSKECTH. B KOKMsIx momy4atoT 45% OTIMBOK U3 aTlOMUHUEBBIX M Mar-
HUEBBIX CIUIaBOB, 5% cTanbHbIX U 10% YyryHHBIX OTJIMBOK.

a — KOKWJIb C BEpTUKAJIbHOW JUHHUEH pazbéMa; O — Hepa3bEMHbBIN KOKUIIb; B — KOKUIIb
C TOPU3OHTAIBLHOM JIMHUEN pa3bEéMa
1,4 — n1Be MONOBUHBI KOKHWJISA; 2 — BBINIOP; 3, 6, 15 — IEeHTpHUpYyIONIUE IITHIPU U BTYJI-
KH; 5 — CTepXeHb; 7 — NPWINUBBI JUIsl KPEIICHUSI KOKUJIS K CTaHKY; 8 — IUTHUK; 9 —
OTBEPCTHS JJIsl TOJIKATENEH, BRITAIKUBAIOIINUX OTIMBKY U3 KoKW, 10 — pabouas mo-
nocth Kokuist; 11 — nandel 1is nepeBopoTa KOkmiist; 12 — necyanbie cTepxHH; 13 —
dhopmoBoUHas cMech (hyTepoBaHHBIN KOKWIIB); 14 — cTepkHEBast cMeCh — 00JIUII0-
BAHHBIN KOKWJIb

Pucynok 55 - KoHCTpyKIMM KOKUJIEH
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Kokunu MoryT ObITh HEpa3bEMHBIMH (BBITPSIXHBIMH) (pUCYHOK 55, 6). BHyTpen-
HSISl 4aCTh OTJIMBKU 00pa3zyeTcsl NECYAHbIM CTEPKHEM, CTEPIKHEM K€ MEPEKPBIBAECTCS
U BEpXHsA yacTh. MeTal 3anuBaeTcs 4yepe3 JUTHUKOBYIO CUCTEMY M IOCIIE 3aTBEp-
JIEBaHUS, C IOMOILBIO LA}, KOKUIb IEPEBOPAUNBAETCS U OTIMBKA BHITAIIKUBACTCS.

Yaie KOKWIN U3roTaBIMBAIOTCA U3 JIBYX MOJIOBUH, €r0 paboyasi MojaocTh COOT-
BETCTBYET BHEIIHEH KOHPUIypaluu OTIMBKU. BHyTpeHHHE MOI0CTH 00pa3yroTcs ¢
INOMOUIbIO MECYAHBIX WIM METANIMYECKUX (LEIbHBIX WM Pa3bEMHBIX) CTEPHKHEM.
KoncTpykuus pazbEMHOr0 KOKHIIA TakKe MpeIyCcMaTpUBaeT HAJIWYHE JIMTHUKOBOU
cuctemsl. [locre 3aTBepeBaHus CIUIaBa KOKHIb PACKPHIBAETCS M U3 HETO BBITAJIKH-
BAETCs TOTOBAsi OTJIMBKA. B 3aBUCUMOCTH OT KOH(UTYpallMH OTJIMBKH, KOKHIIb MOXKET
UMETh OJIHY WJIM HECKOJBKO IIIOCKOCTEN pazbéMa. OHU MOTYT OBITh BEPTUKAIbHBIMH
(pucyHok 55, a), TOpU30HTAIBHBIME (PUCYHOK 55, B) WM KOMOMHUPOBAHHBIMU. J1Jis
yAaJeHus Ta30B U3 ra30HENpOHUIaeMoi (GOPMbI — KOKUJISL TIPEIYCMOTPEH BBHITIOP, a
Takke razoBbie kaHasbl (d = 0,2 — 0,5 MM) 110 JTUHUU ero pa3bEma.

Jlumuvé noo oasenenuem
JTumué noo oasnenuem — 310 NMPOIECC MOTYICHUS OTIIMBOK B METANTUYECKUX

dbopmax, Ipu KOTOPBIX UX 3aMOJHEHHE CIUIaBOM U (POPMHUPOBAHUE OTIIMBOK OCYIIE-
CTBIISICTCS 1MOJ naBieHueM. [Ipu nuThe moja napieHueM npecc-GhopmMma BEITTOJIHIETCS
U3 CTaJIM. DTO CI0XKHOE npucnocodiaenue, cocrosiee u3 30 — 100 neraneit. E€ pado-
Yasi 4acTh BBITIOJNHACTCS U3 BKianbimei. [y hopmMupoBannsi BHyTPEHHUX TOJIOCTEH
OTJIMBKM TPUMEHSIOTCS HEpa3bEMHBIE METaIMYecKue cTepkHu. Ha pucynke 56
NpPUBEAEH NPUMEP MOJYUYEHHs] OTJIMBOK HAa MAallMHE C TOPU3OHTAJIBHOW KaMepou
Cc)KaTusl.

[Ipomecc MUThS OCYIIECTBISCTCS CAEAYIOIMAM 00pa3oM:

1. Metann 3anuBaeTcsl B 3AJIMBOYHOE OKHO KaMephl CHKaTusl.

2. Tlox mamneHueM MOPIIHS CILJIAB 3aIOIHSAET pecc-hopMy U 3aTBEPICBAET.

3. W3Bnekaercs METAILIMYECKUM CTEPKEHb U OTKphIBaeTCs mpecc-popma.

4. OtnuBKa yAasieTcs BhITAJIKUBATENIEM, 3aTEM MPOIECC MTOBTOPSETCS.

a — 3aJMBKa MeTajlla B 3aJJMBOYHOE OKHO; O — 3amoJHeHHe mpecc-(hopMbl O
JaBJICHUEM; B — YJAJICHUE OTIUBKH.
1 — mpecc-popma; 2 — MeTaNIMYECKU CTEPKEHb; 3 — 3aTMBOYHOE OKHO;
4 — pacmnas; 5 — MOpIIEHB; 6 — BBITAJIKUBATEINb

Pucynok 56 - ITpouecc nuThs 1o JaBIEHUEM
[TpousBoautenbHoCTh nocturaet 200 — 400 uukinoB B yac. [Tpu autee mox gas-
JIEHHE CTPYsl )KUJIKOTO MeTajia ¢ OOJIbIION CKOPOCTBIO 3aI0JIHAET pabouyo MOJIOCTb
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U Ta3bl, HAXOUBIINECS B HEH, HE YCIEBAIOT yAATUThCSI. DTO MPUBOAUT K 00Opa3oBa-
HUIO B TOJICTOCTEHHBIX OTJIMBKAaxX ra30BOM MOPUCTOCTU. METO INThs O 1aBICHUEM
o0ecreurBaeT BBICOKYI0 TOYHOCTh U YHUCTOTY MOBEPXHOCTH, YTO OCBOOOXIAET OT
nocJierytonen Mexanudeckoi o0padotku. OH BBICOKOMPOU3BOIUTEEH U JIETKO aB-
tomaTusupyetcs. CranbHble npecc-hopMbl 0071a1al0T BBICOKON cTOMKOCThIO. K He-
JIOCTaTKaM METOJIa MOKHO OTHECTH YPE3BbIYaliHO BBICOKYIO CTOMMOCTD Mpecc-(popm,
MIOATOMY METOJ] SKOHOMHUYEH TOJIBKO B KPYITHOCEPUMHOM U MAaCCOBOM ITPOU3BOJICTBE.
JI71s1 OTAIMBOK XapakTepHa ra3oBasi HOPUCTOCTb.

Henmpooesicnoe numupé

Henmpoobercnoe numpé — criocoO, MPU KOTOPOM OTIMBKHU TOTY4YalOT CBOOO/I-
HOW 3ayIMBKOM BO Bpamawomuecs Gopmbl. OTauBKa GopMupyercss Mo AeHCTBHEM
HEHTPOOEIKHBIX CHJI, KOTOPhIE OTOPACHIBAIOT 3AJIMBAEMbIN METAII K CTEHKaM (hOpPMBI,
I7ie OH 3aTBepAeBaeT, o0pa3ys mycrorenoe uznenaue. @opMbl IPUBOJAT BO BpallleHHUE
HEHTPOOEkKHbIEe MaIMHbI. OHU MOTYT UMETh TOPU30HTAIBHYIO U BEPTUKAIBHYIO OCh
BpanieHusi. Ha MammHax ¢ ropu30HTaIbHOM OChIO BpAlIEHUS MOJYyYar0T OTJIIMBKU CO
CTEHKAMH PaBHOMEPHOM TOJIIUHBI IO JJIMHE U B MONEpeYHOM ceueHuu. [Ipu BepTu-
KaJIbHOM OcH BpanieHus: (POpMbl OTIMBKH UMEIOT MapadOoJINYECKy0 BHYTPEHHIOKO TO-
BEPXHOCTb, U TOJIIIMHA BEPXHEHN YaCTH OTIMBKU MEHBIIE, YEM HIDKHEH.

KopoTkue TpyObl MoaydaroT cleayomuM oopa3oM (PUCYHOK 57): KUIKUN Me-
TaJJT KOBIIOM 4epe3 kE100 3aiIuBaioT BO Bpamarouryocs gopmy. LlenTpodbexxubimu
CHJIaMH OH OTOpachIBaeTcs K €€ CTEeHKaM U 3aTBEPAEBACT, MOCIE Yero IMINHIpUYe-
CKYIO OTJIUBKY M3BJIEKAIOT U3 (POPMBI.

[Ipu mpon3BOACTBE JUIMHHBIX TPYO Ha TPYOOIUTEHHBIX MAIIMHAX HCIIOJIB3YETCS
MOJIBUKHBIN 5k€7100, KOTOPBII B MPOIECCE JIUThS EPEMEIIAETCs] BIOJIb OCH (OPMBI,
KOTOpast uMeeT YKJIOH B 5°. [Ipy 3TOM MeTal HaBMBaeTCsA Ha €€ BHYTPEHHIOK ITO-
BEepXHOCTh. 151 0OpazoBaHust pacTpyOa TpyObl UCHOJIB3YETCS MECUaHbIA CTEPKEHb.
MaumHbl ¢ TOPU30HTAIBHOM OCHIO BpAIllEHUs UCIIOJIB3YIOTCS TaKXKe IJIsl MOJIyYeHUS
(bacoHHBIX OTIMBOK. MalIMHbl ¢ BEPTUKAIBLHON OChIO BpPAILEHUS UCIOJIb3YIOTCS IS
MOJIyYeHUS] KOPOTKUX TPYOHBIX 3aTOTOBOK M (PaCOHHBIX U3JIETUH.

LlenTpoOexkHOE JIUTHE UMEET CBOM OCOOEHHOCTH, IOCTOMHCTBA U HEJIOCTATKHU:

1 UcknroyaeTcsi npUMEHEHUE CTeP>KHEN AJ1 U3TOTOBJIEHUS MOJOCTH B OTIUBKE.
2 OTJIMBKM OTJIMYAIOTCS OOJIBIION MJIOTHOCTHIO U BBICOKMMH MEXaHUYECKUMU

CBOWCTBaMH.

3 ObecnieunBaeTcsi BBICOKass TOUHOCTh HAPY:KHBIX Pa3MEepPOB U BBICOKAsl YUCTOTA
MOBEPXHOCTH.

4 3TUM METOJOM MOXKHO IMOJIy4aTh TOHKOCTEHHbIE U3JIEHS U3 CIJIAaBOB C HU3KOM
KHUJKOTEKYUYECThIO.

S IIpouecc aBTOMAaTU3UPYETCHL.
K HenmocTaTkam MeToAa MOKHO OTHECTH CIEAYIOIIEE:

1 DTUM METO10M MOXKHO IOJIy4aTh B OCHOBHOM TOJIBKO TeJla BPACHUS.

2 Hu3zkoe KauecTBO OTJIMBOK U3 CILJIABOB, CKJIIOHHBIX K JTMKBAIUH.

3 BuyTpeHHHEe pa3Mepbl OTIMBKHM 3aBUCIT OT KOJIMYECTBA 3aJIMTOrO0 METalljia, B
CBSI3U C 3THM TPYAHO 00€CTIEUUTh UX TOUYHOCTbD.
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1 — sanexTpoaBurarTens; 2 — popma; 3 — 3aIMBOYHBIN KET00; 4 — KOBIIL, 5 — OTJIMBKA

Pucynok 57 — lleHTpoOekxHass MallliHa ¢ TOPU3OHTAILHON OCHIO BpaIlleHUS
JUTSL JIAThSI KOPOTKUX TPYO

3.3 CBAPOYHOE NPOMN3BOACTBO

CBapka — TeXHOJIOTHYeCKUH NMpouecc MoJyyeHusi Hepa3bEeMHBIX COeIH-
HEHUIl pa3jIMYHbIX MaTepuaaoB (OJHOPOJHBIX U PA3HOPOJHBIX METAJIOB U CILjIa-
BOB, METAJUIOB U HEMETAJJIOB, IIACTMACC) 32 CYET OOpa30BaHUs IMPOUYHBIX CBS3EH
MEXIy aTOMaMH WM MOJIEKYJIaMH Ha MOBEPXHOCTH COEIUHSEMBIX 3aroToBOK. Jljis
MOJTyYEHHUsI CBAPHOTO COCTUHEHHS] HEOOX0IMMO COMU3UTH COCAMHSIEMbIE TIOBEPXHO-
CTH Ha pacCTOsSIHUE, HA KOTOPOM HAYMHAIOT JIEWCTBOBATH CHJIBI MEKATOMHOI'O CLEI-
JeHUs, U €O3AaTh YCJIOBHS, HEOOXOAMMBIE A BO3HUKHOBEHHUS MEXKATOMHBIX H
MEXMOJIEKYJIAPHBIX CBSI3€l — TeMIIepaTypy, BpeMsi KOHTAKTa, Ka4eCTBO MOBepX-
HocTH. {7151 3TOrOo Tpebyercss BBEACHHWE SHEPTUU ISl aKTUBALUU MOBEPXHOCTHBIX
aTOMHBIX CJIOEB. DHEPTUs COOOIIAETCS B BUAE TEIJIOThI, YIPYTrOMJIacTHYEeCKOM /ie-
(popmanmu, 3JIEKTPOHHOI0, MOHHOT0, JIA3¢PHOI0 U APYTUX BUI0B 00, Iy4eHM.

3.2.1 Knaccudpukanust MeToA0B CBAPKU

Jlist cONMMKeHrs MOBEPXHOCTEN COENMHSIEMBIX 3arOTOBOK U CO3/aHHS yCIIO-
BU ISl 00pa30BaHusl COSAMHEHUS CYIIECTBYIOIIME CIIOCOOBI CBAPKU MpeayCcMaTpu-
BAIOT TeNJIOBOE, MEXaHMYECKOe MJM UX COBMECTHOE BO3/eliCTBHE B 30HE COEIU-
HEHUSL.

Croco0Opl CBapku KIAaCCUPUIIUPYIOTCS WM IO METOAY O0beIUuHEeHUs: Mo-
BEPXHOCTell COCNMHSIEMBIX 3arOTOBOK (CBapKa IUIABIICHUEM, CBapKa JaBICHUEM),
WM 0 BUAY NPUMEHsieMOH JHeprum (JICKTpUUECKas, XMMHUYECKas, MEeXaHW4e-
cKas).

3.2.2 Cpapka mjiaBjieHHEM
[Ipu cBapke miaBJIeHHEeM MPOUCXOAUT PACIIABICHHE KPOMOK CBapHUBAEMBbIX
MaTepuaia, a B ciaydae HeoOXOAMMOCTH U MPHUCAJ0YHOr0 MaTepuaia /i JOMOJHU-
TEJILHOTO 3aIIOJHEHUS 3a30pa MEXIY HUMHU. DHEPruM JAOCTATOYHO JJIsl CaMOIPOU3-
BOJILHOTO OOBEIMHEHMs] PaCIUIaBICHHBIX YacTei 3arotoBok. OOpasyercs oOmias
CBapOYHasi BAHHA, a TI0CJIe €€ 3aTBEP/ICBAHNUS — COEMHEHNE — CBAPOYHbII 1I0B.

Inekmpodyzosan ceapka
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[Tpu 31€KTpOAYrOBOM CBAPKE MCTOYHUKOM 3HEPIUU SIBISETCS JIEKTpUYECKast
nyra, 0ObIYHO OJIMH U3 3JIEKTPOJIOB — CBAPUBAEMbIEC METAILIIB.

JIeKTpUYecKast Ayra — MOIIHbIN CTAOMIIBHBIN pa3ps]l 3JEKTPUUECTBA B HO-
HU3MPOBAHHOM aTMocdepe ra3oB M mapoB MeTaia. MoHuzauus TyroBoro mnpome-
KYTKa IIPOUCXOJMUT BO BpPEMsl 3aKUTI'aHUs NYI'M U HENPEPBIBHO MOIACPKUBACTCS B
nporecce €€ rOpeHusl.

3a)KUraHue TyTH HAYUHAETCS C KOPOTKOTO 3aMBIKAHMS JIEKTPOJIA HA 3arOTOBKY,
IIPU 3TOM IPOUCXOJMUT Pa30rpeB TOPIA JIEKTPoAa. 3aTEM IEKTPOJ OTBOJAT Ha 3-6
MM. [lon neicTBHEM AIEKTPUYECKOTO MOJS C KaTO/Aa HAYMHAETCS 3MHUCCHUS JIEKTPO-
HOB, BO3HUKAET yCTOMYMBBIA TYroBOW paspsj (CTOJIKHOBEHHE OBICTPOJETSIIMX OT
KaToJa K aHOJY 3JIEKTPOHOB C MOJIEKYJaMH I'a30B M MapOB METaula MPUBOAUT K UX
WOHU3ALIUH, YTOBOM MPOMEXKYTOK CTAHOBUTCS AJIEKTPOIPOBOIAILMM) — PUCYHOK 58.
[Ipu cBapke HEmIaBAIKUMCS 3JIEKTPOJAOM AYyra 3a’KUraeTcsl ¢ MOMOIIBIO BBICOKOYAC-
TOTHOTO JIEKTPUYECKOTO paspsia.

i / \68 +O* ™ / z
%
S @ 6 H® -®

a) KOPOTKOE 3aMbIKaHHE JIEKTPOJIOB; 0) SIMHUCCHS JIEKTPOHOB C MOBEPXHOCTH
KaToja; B) YCTOMYMBOE rOpPEHUE TyTU
1 — snexTpon; 2 — cBapUBaeMbIil METAILT; 3 — AJIEKTPOHBI;, 4 — MOHBI T'a3a U Me-
Tajuia; 5 — KaTOIHOE TSATHO; 6 — CTONO MyTH; 7 — aHOJTHOE TISITHO

Pucynok 58 — Cxema mpoliecca 3aKUraiusi 1yru

Jlyra — KOHIEHTPUPOBAHHBIN MCTOYHHUK TeIJIA, CTOJIO Tyrd UMEET TeMIIe-
parypy 6000-7000°C, karoaHoe nsTHO uMmeeT Temueparypy 2400°C, aHOIHOE TISTHO -
2600°C. ICTOYHMKOM IUTaHKs IIPH CBAPKE HA IEPEMEHHOM TOKE SIBIISIOTCS CBAPOY-
Hble (MOHWXAalolKe) TPaHcopMaTOpPbl ¢ HampsikeHueM xosoctoro xoaa U = 60-
80B. OHM NpUMEHSIOTCS Yallle, TaK KaK MpOLIE B dKCILTyaTalluu, 1OJATOBEYHEE, NUME-
10T Oosiee Boicokui KIIJI. TIpu cBapke Ha MOCTOSHHOM TOKE HCIMOJB3yIOT CBapOyY-
HbI€ TeHePATOPbI MOCTOSAHHOTO TOKA M BHINIPSIMHUTEJIH.

Pyunasn anekmpooyzoean ceapka
Py4Has snekTpoayroBas cBapka OCYLIECTBISETCS CBAPOYHBIMHU JJIEKTPO-
AaMM, KOTOpbIE MOJAKOTCS B JAYry M INMEPEMENIAlOTCA BJOJb 3arOTOBKM BPYUYHYIO
cBapuIMkoM. [ yaepkaHus 3J€KTpoJia U MOJABOJIa K HEMY TOKa CBApPIIUK HUCIIOJb-
3yeT 3JIeKTpoAepKaTeb. [l 3a1IUThl OT CBETOBOTO U yJIbTPa(pUOJIETOBOTO H3ITY-
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YEHUS WCIOJIB3YETCS 3AIUTHBIH HIMTOK UM MACKa C TEMHBIM CTEKJIOM, a TEJO U
PYKH 3alIUIIeHbl Ope3eHTOBOM crienoaex10il. Pabodee mecTo cBapumka crenraib-
Hasl CBapoyYHas KaOuHa.

PaccmoTpum cxemy mponecca CBapKM METANIMYECKHMM IMOKPBITHIM 3JIeK-
TPOAOM. /[yra roput Mexay cTep;KHeM JIeKTPOAAa U OCHOBHBIM MeTa/LioM. Ctep-
YKEHb DJIEKTPOJAa IUIABUTCS, U KUJAKUN METal MO KalUIAM CTEKAET B MeTaJluye-
CKYI0 BaHHY. OJJHOBPEMEHHO TUIABUTCS U MOKPBHITHE 3JIEKTPOJa, 00pa3ysi ra3oByIo
3alIUTHYI0 aTMocdepy BOKPYT OYyTH U KUAKYI HIJAKOBYH) BaHHY Ha IOBEPXHO-
CTH JKHJKOTO MeTaijia. Merajuinyeckas U IIJIaKOBas BaHHBI BMECTe 00pa3yloT cBa-
pouHyI0 BaHHy. Kujkuii mak, ocThIB, 00pa3yeT Ha MOBEPXHOCTH IIBA 3AIMTHYIO
IUIAKOBYI0 KOPKY.

B cBapouHOl BaHHE NPOTEKAET PsAJ MPOLECCOB: HCHAPEHHE U OKUCIEHUE
(BBIrOpaHKe) psaa JETUPYIOLIUX 3JEMEHTOB (Yriepoja, KpEMHHUs, MapraHia, Xpoma),
CBAPHOM OB HACHIIAETCS KUCIOPOIOM, BOAOPOJAOM, a30TOM, YTO CHHIKAET €r0 Me-
XaHUYECKUe CBOMCTBA. /{151 mpenoTBpalleHusi 3TUX MPOIECCOB MPUMEHSIOT 00Ma3Ky
AIEKTPOIOB.

Oo0ma3ka BBHITIOTHSET Cleayronre PyHKIUN:

1 Co3ganue 3amuTHON aTMOCc(epbl BOKPYT 30HbI CBapKH.

OOpa3oBaHue MOHOB, CTAOMIM3UPYIOIIUX MTPOLIECC TOPEHUS TYTH.
Packucnenue (BoccraHoBiIeHHE 00pa30BABIIUXCS OKCHUJIOB) MaTepHasa IIBa.
JlernpoBaHue CBapOYHOIO IIBA.
3ammra SKUJIKOW METAJUNIMYECKONM BaHHBI PACIUIABICHHBIMHM IIJAKAMH OT
OKHCJIEHUS.

CBapo4HbIil 3JIEKTPOJ — NMPOBOJIOYHBIA CTEPKEHb U3 CBAPOYHON IPOBOJIOKH C
nokpeiTeM (oOMaskoit). Jlmamerp mpoBonoku 0,3 - 12 mm. Bece mapku cBapodHOM
IIPOBOJIOKU B 3aBUCUMOCTH OT COCTaBa AEJIATCS Ha: YIJIEPOAMCTYI0, JerTHPOBAHHYIO
U BBICOKOJIETMPOBAHHYI0. MapKupoBKa Ta e, 4TO U y cTajieil ¢ qo0aBieHneM OyKB
«CB-».

Py4HOI1 3JIEKTPOAYyrOoBOi CBApKOM CBAPUBAIOT 3arOTOBKH TOJIIMHOMN 2 - 30 MM.
Ona ynoOHa sl BBIOJHEHUS KOPOTKUX M KPUBOJMHEWHBIX HIBOB B JIOOBIX IPO-
CTPAHCTBEHHBIX MOJIOKEHUAX (HIXKHEM, BEPTUKAIbLHOM, TOPU30HTAIBHOM, TIOTOJI0Y-
HOM), JIJIsl HAJIO>KEHHUS IIIBOB B TPYAHOJOCTYITHBIX MECTaX, MPU MOHTaXHBIX paboTax,
npu cOOpPKE CIOXKHBIX KOHCTPYKIMH. DTOT BHJ CBapku AAET XOpOIIee KaYeCTBO
CBapHOro ImBa (IIpU YCIOBHHM BBICOKOW KBalu(UKAIMM CBapIlMKa), HO OH MEHee
POU3BOJUTENIEH MO CPAaBHEHUIO C aBTOMATUYECKOW CBApKOW MoA ciioeM (uiroca.
CBapouHblii TOK HENb3s NMOJHMMATh BBIIIE HEKOTOPOIrO MIpenesa M3-3a pa3orpena
AJIEKTPOJIa U OTCIAUBAHMS MOKPBHITHUS, Pa3OpbI3TUBAHUS METalsia U ero OOJIBIIOTro

yrapa.

Ohn kW

Aemomamuueckan 0yzoean ceapka noo cioem ghaioca
[Ipu sToM cnocobe (pucyHok 59a) CBapKy OCYLIECTBISIOT HEMOKPBITOM 3JIeK-
TPOAHOM MPOBOJIOKOM, a AYT'Y U CBAPOYHYI0 BAHHY 3aluIIaT (piarocoM. [Tlogayua
daroca, mojaya U nepeMenieHue 3JIEKTPOIHON MPOBOJIOKH, 3aKUTaHue AYTH, U 3a-
BapKa KpaTepa B KOHIIE IIBA OCYIIECTBISETCS aBTOMAaTUYECKU. Jlyra roput Mexay
AJEKTPOJHON MPOBOJIOKOW M OCHOBHBIM MeTaysioM. CTOJIO AYrM M MeTauInyecKast
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BaHHA 3aKpbITHI cioeM Quiroca ToimuHoi 30-50 mm. YacTe (iroca pacmiiasisiercs,
0o0pa3ys Ha MOBEPXHOCTH PACIUIABIICHHOTO MeTajlla BaHHY KUAKOro nuiaka. Caa-
pouHbie TOKU BenukH, 10 2000 A), yto oOecrneunBaeT yBeIWYE€HHUE TTyOUHBI TPO-
IUTaBJICHUS — MOXHO CBapHUBaTh TOJIIMHBI 0 20 MM 32 OJIUH MPoXoA 0e3 pa3ienKu
kpomok. [Ipu cBapke merania TonmuHoN Oosiee 20 MM KpPOMKH Pa3fesbIBAIOT MO/
yrioM B 30°. Dtor MeToxa cBapku B 15-20 pa3 mpou3BOAMTEILHEE PYUHOM AyrOBOM
cBapku. KadecTBo 1miBa BbllIe Oiarogaps aBTOMaTE€3MPOBAHHOCTH M HEMPEPHIBHOCTH
mpoiiecca, mioTHas (hJIrocoBas 3alUTa BaHHBI MPEIOTBpAIIacT pa3OphI3TUBAHUE W
yrap merasia, MHTEHCUBHOE PAaCKHUCJICHUE U JIETUPOBAHUE OCYIIECTBIISIETCS 3a CUET
yBEIUYCHUS 00BhEMA KUIKOTO MUTaKa M 00Jiee MEIJICHHOTO OCTBHIBAHUS IIIBA TIOJ
¢barocoM U TBEPAOHN IITAKOBOM KOPKOM.

JlaHHBIN METOA MPUMEHSAIOT B CEPUMHOM U MacCOBOM MPOU3BOJICTBE JISI BbI-
MOJIHEHUS JIJTMHHBIX MPSIMOJIUHEWHBIX WM KOJBLEBBIX IIBOB B HUKHEM IOJO0KEHUU
Ha Metayuie Toiammaon 2-100 mMm. K HenocTaTkaM MeTO1a MOYKHO OTHECTH BO3MOXK-
HOCTh IMOJy4YaTh TOJIbKO FOPU3OHTAJIbHBIE HIBHI (C HEOONBIIMMHU OTKIOHEHUSIMU) U
CJI0’)KHOCTBH 000PYAOBaHMUS.

Ceapka ¢ ammocghepe 3aujumnulx 2a306
Caapka B aTMoc(epe 3alllUTHBIX Ta30B WIH ra303JeKTpUYecKasi cCBapKa, 3TO
CBapKa, MpU KOTOPOW 3JIEKTPOJI, 30HA IyI'M U CBAPOYHAS BaHHA 3alIUMUIEHBI CTPYEN
3allUTHOrO rasa. ['a3 mogaroT ¢ MOMOIIBIO CBAPOYHOM FOPENIKU Yepe3 COIIO0 U3 Ke-
PaMHKH WA MEIH, B LUEHTPE KOTOPOTO MOMEIIEH 3JIEKTPOA. MeaHoe COmIo OXJiax-
JTAETCsl BOAOW M OHO M30JIMPOBAHO OT JPYTUX YAaCTEH ropesku U TOKOMOIBOJA (pUcy-
HOK 59 0). 3amuTHbIe ra3bl, KaKk MpaBUiIo, JErKO HOHU3UPYIOTCS, MO3TOMY JIyTa ro-
PUT CTAaOMIIBHO, B TOM YHCJIE U HA MaJIbIX TOKaX. B kauecTBe 3alIUTHBIX Ta30B Y HAC B
CTpaHe MPUMEHSIOT aprOH U YTJIEKUCIbIN ra3.
[IpenmymiecTBa cBapku B aTMOC(EpPe 3aUTUTHBIX Ta30B:
1 BrIcokas cTeneHb 3alIUThl PACIUIABICHHOTO METaJlIa OT BO3AEHCTBHS BO3AYXa.
2 Jlist aproHOBOM CBapKH — OTCYTCTBHE HA OBEPXHOCTH IIBA OKCUJIOB U
LIJTAKOBBIX BKJIIOUYCHUMU.
3 Caapka OCyLIECTBISETCS BO BCEX MPOCTPAHCTBEHHBIX MOJIOKEHUSAX.
4 BusyanbHOe HaOIOIEHUE U PErYJIUPOBAHUE.
S boJiee BbICOKAs MPOU3BOAUTEIBHOCTD, YEM TP PYUYHOM JyTOBOW CBAapKe.
6 Hwuskas cTOMMOCTB IIpU CBApKE B YIIJIEKUCIIOM Ta3e.

AproHoBas cBapka OObBIYHO MPHUMEHSETCS JJIs JETKUX U TYTOIUIaBKUX Me-
TaJIJIOB U CIUIABOB, @ TAKXKE ISl KOHCTPYKIIMOHHBIX JIETUPOBAHHBIX U BBICOKOJIETUPO-
BAHHBIX CTajied. B yrinekucnom rase BapAT yIJIEpOAUCTYIO U HU3KOJIETUPOBAHHYIO
CTaJb.
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a) aBTOMaTH4YeCKas AyroBasi o ciaoem ¢uiroca:
1 — TOKOMOBOABI; 2 — MEXAHU3M IOAYH JICKTPOIHON MPOBOJIOKH; 3 — AJIEKTPOHAS
MPOBOJIOKA; 4 — BAaHHA JKUJIKOTO MUTaKa; 5 — (itoc; 6 — nmutakoBasi KOpKa;
7 — cBapHO 1I0B; 8 — OCHOBHOM MeTalu1; 9 — xuakuil metami; 10 — ayra.
0) B atMoc(epe 3amuTHBIX Ta30B: | — ayra; 2 — 3JIeKTpoI; 3 — TOKOTOIBOT,
4 — como; 5 — 3alIUTHBIN Ta3; 6 — cBapoyYHas BaHHA

Pucynok 59 — Buzsl cBapku

IThazmennan ceapka

Ilna3mMeHHas cTPYA 3TO MOTOK MOHU3UPOBAHHBIX YACTHI] I'a3a, UMEIOIIUX TEM-
neparypy 10 000-20 000°K. Ilimazmy moJyd4arT, HpPOIMycKasi IMOTOK ra3a 4epes
CTOJI0 IJIEKTPUYECKON YW, TOPSALIEH MEXAY AJIEKTPOJOM M BOAOOXJIAXKIAEMbIM
corioM. [IpoayBaeMblil ra3 mo4TH MOJHOCTHIO HOHU3UPYETCS, MMPOXOAs Yepe3 CTOI0
nyru. [lnmasmMeHHy1o cTpyro, Kak BBICOKOTEMIIEPATypPHbIA U KOHLIEHTPUPOBAHHBINA UC-
TOYHMK TEIUIA, UCIIOJIBb3YIOT JUIsl CBAPKHU, HAIUIABKU, PE3KH U PA3IUYHBIX BUIOB TEIl-
J0BOM 00paOOTKM MOBEPXHOCTH MaTEpHAaJIOB.

JIyroBele mj1a3MEHHbIE TOPETIKH — MJIA3MOTPOHBI - OBIBAIOT JBYX BHUJIOB:

1 Il.1a3MOTPOHBI € BbIICJICHHON IIa3MEeHHOM cTpyéil. B HuX myra roput
MEXIY HEIUIaBSIIMMCS BOJIb(PAMOBBIM AJIEKTPOJOM M COIUIOM, K KOTOPOMY IO/I-
KJIFOUEH TOJIOKUTENIbHBIN TMOJI0C UCTOYHUKA Toka. [1maszmooOpasyromuii ra3 mpo-
MyCKaeTcs Mo KaHay uepe3 ctojo nayru. M3 coma BHIXOIUT MIa3MEHHAs CTPYSl, KOH-
Typbl KOTOPOH 3aBUCST OT (hOPMBI COIUIA, PA3MEPOB KaHAJIA U BEJIMUUHBI TOKA.

['openku mUTalOTCd MOCTOSHHBIM TOKOM MpPSMOW MOJSPHOCTH. BblneneHHas
CTpYA SIBIISIETCA HE3aBUCUMBIM HCTOYHMKOM TEILIa, KOTOPBIM MOKHO HMCHOJb30BaTh
U1t 00OpaOOTKHU 3MEKTPONPOBOISIINUX M HEAIEKTPOIPOBOAAIIMX MATEPUAIOB (PHUCY-
HOK 60 a).

2 T1.1a3MOTPOHBI ¢ COBMENIEHHOM CO CTOJ00M ayru crpyéi. B Hux gyra
TOPUT MEXY 3JEKTPOJOM M 3arOTOBKOW. MEXy 3JEKTPOJIOM U COIUIOM MOCTOSIHHO
TOPUT BCIIOMOTaTelbHAs MaJOMOINHas ayra. B atom ciydae 3¢exTuBHas MoII-
HOCTh TUTa3MEHHOM CTpyH Bo3pacTaeT (pucyHok 60 0).

B kauectBe miiazmoo0pa3ymomiero ra3a oObIYHO HCIIOJIb3YETCSI aproH, KO-
TOpbIA OOecleynBaeT yCTOMYUBBIN MPOIECC O0pa3oBaHUs IUIa3Mbl, MPEJOXpaHsIET
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3IIEKTPOJI, KaHaJ U COIUIO OT OBICTPOTO M3HOCA, CIYKUT 3alIUTHON cpenoil nist oOpa-
0aTbIBAEMOro MaTepuaa.

a — C INIA3MEHHOM CTPYEM, BBIIICIICHHON U3 AyTH;
0 — ¢ MIa3MeHHOM CTPYEHN, COBMEIIEHHOMN C JTyTOM.
1 — cton6 myru; 2 — 3eKTpo; 3 — Kepamudeckasi IpokKiIaaKa; 4 — BOJOOXJIaK/1aeMbIi
KaHaJ COIUIa; 5 — comio; 6 — cTpys M1a3mbl; 7 — 3arOTOBKa

Pucynoxk 60 — [1ma3MoTpoHbI

VY mna3mMeHHON CTpyd OOJBIIME TEXHOJOTHYECKHE BO3MOXKHOCTH: BBICOKAs
TeMIeparypa, O0blias MOIIHOCTh U BBICOKAs MPOU3BOIUTEIBHOCTh (MOKHO CBapH-
BaTh MaTEPHUAJIbI TONIUHON 10 15 MM 0e3 pa3fenku KpOMOK), BO3SMOKHOCTb PeryJiu-
pOBaTh MOIIHOCTh CTPYH B IIUPOKHUX Mpenenax (mpu toke 0,5 A MOXKHO cBapuUBaTh
MeETasul TOJIIUHON B HECKOJIBKO JIECATKOB MUKPOH), IPU MOBBILIEHHOM TOKE U pac-
X0/JIe TUIa3MO00Pa3yIOIIEro ra3a MOXKHO MPOIJIABISATh METaUl HACKBO3b U BBIAYBATh
€ro U3 30HbI HArpeBa, OCYIIECTRIISASL, TAKUM 00pa3oM, €ro pe3Ky, Mpu UCIOIb30BAHUN
BBIJICJICHHONW YT MOXHO 0OpadaThiBaTh HERJIEKTPOMpPOBOJAIME Marepuaibl. [lo-
ATOMY IUIa3MEHHAsA CTPYs HMCHOJIb3YETCS IJIA CBAPKH, B TOM YHCIE U HEMETAIIOB
(cTexna, KepaMUKH, METAJUIOKEPAMUKH ), METAIIOB C HEMETaJUIaMH, PEe3KU BCEX Ma-
TEepUaJOB (TYrOMJIaBKUX, C BBICOKOM TEIUIONPOBOJHOCTHIO), HAMIABKU, HAIMbBUICHUS,
NalKu U TePMUYECKON 00pabOTKHU.

TI'azoean ceapka

I'azocBapka — 3T0 mponecc CBapKu IUIABIEHUEM, MPU KOTOPOM MECTO CO-
€OUHECHUS HATrPEeBAlOT JO PACIUIABICHUS BBICOKOTEMIIEPATYPHBIM T'a30BBIM ILIaMe-
HeM. [lpu HarpeBaHuM ra3oCBapOYHBIM IJIAMEHEM KPOMKHU CBAapHMBAEMBIX 3arOTOBOK
PaCILIABIISAIOTCS, & 3a30p MEXKIY HUMM 3arOJIHIETCS MPUCATOYHBIM MaTepHUaIoM, KO-
TOpPBIA BBOJAMUTCS B IJIaMsl ra30BOM ropesiku u3BHe (pucyHok 61 a). ['azoBoe rutams
MOJIy4YarOT MPU CTOPAaHUU TOPIOYETO ra3a B TEXHUYECKOM KuciIopoje. B kauecTse ro-
PIOUMX Ta30B MPUMEHSAIOT NPUPOAHBIN ra3, BOJOPO, Mapbl OCH3WHA UM KEPOCHHA,
He(TsHbIE Ta3bl, alleTUiIeH 1 Ap. OCHOBHAsI Macca ra30B IPUMEHSETCA ISl PE3KU Me-
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TaJIJIOB, & JUIsl CBAPKU MPUMEHSIIOT alleTUJIEH, TaK KaK OH Aa€T TEMIEepaTypy MIaMeHU
3200°C.

["a3ocBapouHas ropeyika UCHOJIb3YeTCs AJisi 00pa3oBaHUsl ra30CBAPOYHOIO IJia-
MeHU. boJiee mupoko pacnpocTpaHeHbl HHKEKIIMOHHBIE TOPEJIKHU, TaK KaKk OHU Oosee
Oe3omnacHbl U pabOTaIOT HA HU3KUX CpeAHMX AaBieHusx. Kuciaopoa mox nasienuem
0,1 - 0,4 MIla nocTymaeT B TOpejiKy U Uepe3 peryJMpOBOYHBI BEHTUIIb U TPYOKY
noAa€Tcsl K MHKEKTOPY. Bbixonst ¢ 00bII0N CKOPOCTHIO U3 MHKEKIIMOHHOTO KOHYCa,
KHCJIOPOJ CO3AAET 3HAYMTEIBHOE Pa3psHKEHUE B KAMEPE U 3aCACHIBAET FTOPIOYHIA a3 B
KaMepy CMelIeHus, rae o0pa3yercsi roprodas cMech. ['oprodas cMech MOCTymaer mo
HAKOHEYHUKY K MYyHAIITYKY, Ha BBIX0JIe KOTOPOTO MPH TOPEHUU 00pazyercs cBapoy-
HOE TIIaMs.

1 2 3
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/ / 300
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a — IPOLIECC Ta30BOi CBapKU
1 — 3aroToBky; 2 — NpUcagOYHbI MaTepuai; 3 — ra3oBasi TOpeJKa;
4 — ra3zoBoe 1aMs
0 — CTpOEHHE ra30CBAPOYHOIO MIJIaMEHU
1 — simpo mnamenwu; 2 — cpenHss (CBapoyHasi) 30Ha; 3 — Qaken miaMeHu

Pucynok 61 — I'a3ocBapka

IIpeumymiecTBa ra3oBOi CBapKu 3akKio4yaeTcsi B 6ojee IaBHOM HarpeBe, BO3-
MO>XHOCTH CBapUBaTh TOHKHE 3aroToBKU (0 = 0,2 - 3) MM U JIETKOTUIAaBKHE IIBETHHIC
CIUIaBbl, TPOU3BOAUTH MANKY, OCYIIECTBIISATh HAIJIABKY TOKPBITUMN, TIOJIBAPUBATH Je-
¢exThl B oTiMBKaX. ['a30cBapKy y100HO HCIIOJIB30BATh B MOJIEBBIX YCIOBUSX.

HenocraTkom criocoba siBisieTcs — pe3koe MajieHue MPOU3BOAUTEILHOCTH MpU
YBEJIMYEHUU TOJUIMHBI CBApUBAEMOI'0 METajla, a MEIJIEHHBIA HAarpeB 3aroTOBKH
IPUBOIUT K Aeopmariuu (KOpoOIEHUIO) U3ACTUH.

3.2.3 CBapka naBJjieHHUeM

[Ipu cBapke aaBJjieHMeM 3arOTOBKH COEOUHSIIOTCS MYTEM COBMECTHOM IJIACTH-
yeckoil aedopmManmu coeauHsIeMbIX ToBepxHocTed. [lmactudeckas nedopmarius
OCYIIECTBJISICTCS 3a CUET BHEIIHUX YCWIMH, a Marepual B 30HE COCIUHEHHUS, Kak
MPaBUJIO, HArPEBAIOT ISl CHIDKEHMS compoTuBieHus aedopmanuu. [Ipu nedpopma-
UM TPOUCXOJAUT CMATHE MOBEPXHOCTEN, TEUCHUE METaJlla, pa3pylICHUE U yAaJIeHUE
OKCHUJIHBIX IUIEHOK, B PE3yJIbTaTe Yero 00ecrneunBaeTcs MIOTHBIM KOHTAKT U yC-

JIOBHSA 11 BOSHUKHOBECHHUS MEKAaTOMHBIX CBSI3CH.
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3Jlel<mpuuec1<aﬂ KOHmaKmHas ceapka
9JI€KTp0KOHTaKTHa}I CBApKa OTHOCHUTCA K crocodam CBapKn AABJICHUCM C Ha-
I'p€BOM MECTA COCAMHCHUA 0e3 OIUIaBJICHUS WJIH C OILIABJICHUEM. Pa30rpeB OCyHICCT-
BJIACTCA MPOXOAAIIKUM IO MCETAITY JJICKTPHUYCCKHM TOKOM, HpI/I‘IéM MAaKCHUMaJIBbHOC
KOJIMYECTBO TEIJIOBOM 9HCPIruu BBIACIIACTCA B MCCTC KOHTAKTA. ITocne IMPUITOKCHUA
JaBJICHHUA B MCCTC KOHTAKTa UMCCT MCCTO IIIIaCTHUYCCKas ,ZIC(bOpMaHI/I}I 141 06p8,3yeTC$[
CBApHOC COCIAMHCHUC. ITo THUITY 3TOI0 COCAWMHCHUSA PA3JINYAIOT BUJBI KOHTaKTHOM

CBapKH:
1 CrbiKOBas cBapka 2 ToueuHas cBapka
3 IlloBHas (posinKoBas) cBapka 4 T'azompeccoBasi cBapka

Cmuikosasn ceapka

[Ipy KOHTAKTHOI CTHIKOBOW CBapKe METOJA0M CONPOTHBJIEHUs (PUCYHOK
62 a) 3aroTOBKM CBAapHUBAIOTCS IO BCEH MOBEPXHOCTU KOHTaKTa. [ hopmMupoBaHus
MIPOYHOTO COEIMHEHUS MPOLECC AOJDKEH IMPOTEKATh B OMPENEIIEHHOW IMOCIEA0Ba-
TeabHOCTH. L{MKI CTHIKOBOM cBapKu (ITOCIIEI0BATEILHOCTh H3MEHEHHSI TOKA U JIaBJie-
HUs1) TIPEJICTABIIEH HA PUCYHOK 62 0). 3aroToBKa 3aKpeIuiIeTcs B 3a)KUMax, CAaBIIu-
BaeTCs HEOOJNBIIIUM YCUIIUEM, 3aTE€M BKJIFOYAETCS TOK, METaJl pa3orpeBaeTcs /0 Iia-
CTUYECKOTO COCTOSIHUS WJIM OIUIABJIIEHUS, U MPUKJIIAIbIBAETCSI OCHOBHOE ycuiue. Ila-
paMeTpaMH PeXMMa CBAPKH SIBISIOTCS: IUIOTHOCTh TOKA, TABJICHUE — YCUJIUE CHKATHS
¥ BpeMsl MIPOXOXKJICHUS TOKAa. TakuM CIOCOOOM CBapHWBAIOT 3aTOTOBKH OJIMHAKOBOM
pocToii hopMbl HEGOIBIIOro ceueHns — a0 100 MM U3 HHU3KOYTJIEPOIUCTHIX, HH3-
KOJIETHPOBAHHBIX KOHCTPYKIIMOHHBIX CTaJIEW, AIIFOMUHUEBBIX U MEJIHBIX CILJIABOB.
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a - CXema KOHTaKTHOﬁ CBapKI/I; 6 — IMHUKJI KOHTaKTHOfI CTBIKOBOﬁ CBapKI/I
COHpOTI/IBJ'IeHI/IeM

PucyHnok 62 - KoHTakTHas cBapka

ToueuyHass cBapka — Pa3HOBHUIHOCTh KOHTAKTHOM CBapKu, NPU KOTOPOM 3aro-
TOBKH COCJIMHSIFOTCS B OTAEIBHOW TOYKE WM B HECKOJbKUX TOoukax. [Ipu aTom 3aro-
TOBKH COOMPAIOTCSA B HAXJIECTKY M 3KUMAIOTCSI C YCHIINEM MEXIYy MEIHBIMU DJICK-
TpOJaMu, NOABOASIIIIMMU TOK. OCHOBHOE TEIUIO BBIJIETSAETCS B MECTE KOHTAKTa 3aro-
TOBOK, TaK KaK TaM MaKCHUMAaJIbHOE 3JIEKTPUUECKOE COMPOTUBIICHUE, 4 MEAHBIE KOH-
TaKThl HArPEBAKOTCS MEHEE MHTEHCHUBHO 3a CYET CBOEH BBICOKOW TEIJIOMPOBOIHOCTH.
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B mecTe pa3zorpeBa MeTa1 CTaHOBUTCS TUIACTUYHBIM, BHYTPEHHHE CJIOW OTUTABJISIFOT-
cs, M oOpaszyercsi cBapHasi Touka. [locie 3TOro BBIKIIIOYAIOT TOK M CHUMAIOT JIaBJie-
HUE.

Toueunass cBapka B 3aBHCHMOCTH OT B3aHMHOTO PaCIOJIOKEHHUS JIEKTPOJIOB
MOXET OBITh IBYCTOPOHHEH (PUCYHOK 63 a) U olHOCTOpOHHEH (prCyHOK 63 0). Pery-
JIMPYeMBIMH TTapaMeTpaMH Tpoliecca SBISIOTCS: ycumue cxkatus (mo 150 MH/M),
IUIOTHOCTH TOKa (10 360 A/MM®) u Bpems mportekanus Toka (0,001-0,5 ¢). Tonumaa
cBapuBaeMoro Merayuia cocrasiser 0,5 — Smm.

Toueunasn ceapka

[{ukiiorpaMma TOYEYHOW CBApKHU (PUCYHOK 63 B) COCTOMT M3 YETBIPEX y4acT-
KOB — CTaJIUil:

1 Cxatue 3neKTpoJaMU CBApUBAEMBIX 3arOTOBOK.

2 BxJrOYEHHE TOKa M pa3orpeB MECTAa KOHTAKTA 10 TEMIIEPATYPHI IIJIABJICHUS.

3 BrIKIIOUEHHE TOKA U YBEIUYEHUE YCUIIUS CKATHUSA.

4 CHsiTHE YCUIIUSA C DJIEKTPOOB.

B maccoBoM IpoOM3BOJICTBE UCIIONIB3YETCS MHOIOTOYEYHASI CBAPKA, KOT/Ia 3a
oauH 1uKI cozaaétcs o 100 map (mo 200) Touek.
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a — IByCTOPOHHSISI; 6 — OTHOCTOPOHHSIS; B - ITUKJI KOHTAKTHOM TOYEYHOM CBAPKH
1, 2 —3arotoBk#; 3, 4 — HUOKHUM ¥ BEPXHUM JINCTHI; 5 — MEHAS OAKIIAIKA

Pucynok 63 - KonTakTHas ToueuHasi cBapka

Illognas (ponuxosasn) ceapka

ITpu 110BHOM CBapKe OJAMH MM 00a JIEKTPOAA BBIIOJIHAIOTCS B BUIE POJIUKOB.
Ponuky BpamaroTcs 1 MEX1y HUMU IIPOITYCKAOTCS CBAPUBAEMBIEC 3aTrOTOBKH, KOTO-
pble coennHeHbl BHaXIECTKY. [Ipu mpormyckanum Toka o0paszyeTcsl BBITSAHYyTasl cBap-
Has TOYKa 1Mo ¢opme ponuka. Tak Kak POIMKH BPALIAIOTCS, TO TOUYKH MEPEKPHIBAIOT
JpyT Apyra, U o0pa3yercs CIUIOMIHON repmMeTnyHsblii moB. [1loBHYIO CBapKy MOKHO
BBIIIOJIHATH IIPU ABYCTOPOHHEM (PUCYHOK 64 a) 1 OAHOCTOPOHHEM NOJIOKEHUH HJICK-
Tpos10B (pucyHoK 64 0). [{uximorpamma moOBHON CBApKU COCTOUT U3 TEX XK€ CTaIUH,
YTO U y ToueuHOH cBapku. [LIoBHYIO CBapKy NPUMEHSIOT MPU U3TOTOBIEHUH COCYOB
B MacCOBOM ITpou3BoACTBE. ToMNIIMHA cBapuBaeMbIX 3aroToBok 0,3 — 3 mm.
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a — ABYCTOPOHHSIS1; O — OJTHOCTOPOHHSS
1 — 3aroToBKa; 2 — NEKTPObI; 3 — MEIHAs MOAKIAAKA

Pucynoxk 64 - llloBHas cBapka

3.2.4 Ilaijika

IMajika — npoiiecc coeMHEHMsI 3aTOTOBOK 0€3 UX pacIUIaBJICHUS ITyTEM BBEIe-
HUS B 3a30p M€Ky HUMHU JIETKOIJIABKOIO CIUIABA — MPUIIOS, KOTOPHIM B PaCIlIaBIICH-
HOM COCTOSIHUHM XOpOIIO CMA4YMBAET MOBEPXHOCTU AETANEN W MPU 3aCTHIBAHUHU CO-
€MHSET UX 32 CUET B3aUMHOI'0 PAacTBOPEHUs U NU(Py3un NpUIos 1 OCHOBHOTO Ma-
tepuana. [Ipunoil umeer TemrepaTypy IUIaBICHUS MEHBILIE TEMIIEPATYPHI ILIABICHUS
OCHOBHBIX METAJJIOB. KauecTBO MasHOTO 1IBa 3aBUCHUT OT IPOYHOCTH CBA3KH IPUIIOS
C OCHOBHBIMHM METaJllaMH. DTa CBA3b 0Opaszyercs JMOO MyTeM pacTBOPEHUS METall-
JIOB B KUAKOM Tpunoe, audo 3a cuer aud@ys3uu srneMeHToB npumnos (cMm. Paznen
«DNEeKTPOTEXHUUYECKUE MaTepuaibl») B METAII M1 00pa30BaHUsl TBEPAOTO pPacTBOpa,
an0o oOpa3oBaHUS MHTEPMETAIIMYECKUX COEIWHEHUH, MO0 B pe3yibTare Mex-
aTOMHBIX B3aUMOJCUCTBUN. [ladTh MOXHO yIrJI€pOAUCTYIO U JIETHPOBAHHYIO CTallb,
YyTYHBI, IBETHBIE METAJIJIBI U CIUIABBHI.

[Ipu maiike UCTIONB3YIOT (IIIOCHI JIJISl OUYMCTKHU MOBEPXHOCTEH, CHMXKEHUS TO0-
BEPXHOCTHOI'O HATSDKEHMS, YJIYyYLIECHUs PACTEKAHUA U cMadnBaHusA. DIIOCHI — Ka-
Hudoib, creapun, 0ypa (Na,B,0,), 6opnas kucinora (H;BOs) u npyrue.

[IpenmyiiecTBa Malku B TOM, YTO OCHOBHOW METaJlJl HE PACIUIABISAETCS U T.O.
COXPAHSIET CBOU CTPYKTYPY U MEX CBOMCTBA.

3.3 OBPABOTKA METAINIOB AABJNIEHUEM

O0paboTka METaIOB JaBJICHHUEM OCHOBAaHA Ha UX CIIOCOOHOCTH IUIACTUYECKU
ne(pOpMUPOBATHCA B PE3YJILTATE BO3AEUCTBUS HA 3ar0OTOBKY BHEIIHUX cHIL. [Tpu aTom
3HAYUTEJIBHO CHUXKAETCS KOJIMYECTBO OTXOJI0B IO CPABHEHUIO ¢ 00pabOTKON pe3aHu-
em. /It nanHOTO METOa 00PabOTKHM XapaKTEpHa BbICOKAsi MPOUM3BOAUTEIBLHOCTD, TaK
KaK IpU OJHOKPATHOM IMPWIOKEHUH YCUIINS MOYKHO 3HAUYUTEIBHO U3MEHUTH (opMy
U pasmepsl uznenus. Kpome toro, npu mniaacTuueckod aegopmanuu MeTalia MeHs-
IOTCS €ro (PU3MKO-MEXaHMYECKHE CBOMCTBA: YBEJIMYUBAETCS IMPOYHOCTh, HU3HOCO-
CTOMKOCTb, YIPYTOCTb U T.A. BCE 3TO NPUBOAUT K TOMY, YTO YJEJIbHBIA BEC HTOTO
METO/Ia B METAITIO00PAOOTKE MOCTOSIHHO MOBBIIIACTCS.
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Bce mporieccl 00pab0oTKM METAIIOB TABJICHUEM ACIATCS 10 Ha3HAYEHUIO Ha
JIBa BUJIA:

1 [TosydeHue 3aroTOBOK MOCTOSIHHOTO MOTIEPEYHOTO CEUCHHMSI MO JITTHHE — TPY-
TOK, TMPOBOJIOKA, JICHTA, JIUCT, U3 KOTOPBIX 3aTE€M H3JENIMs M3rOTABIUBAIOTCS 00pa-
0oTKOI pe3aHreM. K HUM OTHOCATCS MPOKATKAa, MPecCOBAHNE W BOJIOYEHHE.

2 Tlony4yeHnue neTaneil WM 3aroToBOK — moiryadpukaroB mo ¢popme u pasme-
pam, IpUOJIMKEHHBIM K TOTOBBIM M3iesusM. [Ipu 3ToM mocneayromas o0padboTka pe-
3aHWEM TPUMEHSETCS IS MPHJIAHUS UM OKOHYATEIbHBIX Pa3MEPOB M HEOOXO0IUMO
YUCTOTHI MOBEPXHOCTH. K HUM OTHOCSTCS KOBKA M IITAMIIOBKA.

3.3.1 IIpoxkaTHOe MPOU3BOACTBO
IIpokaTtka — o1MH U3 BUAOB 00paOOTKM METAJIOB JaBJIEHUEM, MPU KOTOPOM
METaJIT TUIACTUYECKHU Ae(OopMHUpyeTCs BpalalOUMMUCs BalkaMu. B3anMHoe pacrio-
JIOKEHHE BAJIKOB U 3aTOTOBKH, (hOpMa M YUCIIO BAJIKOB MOXKET ObITh pa3HbiMu. Cy1ie-
CTBYET TPH OCHOBHBIX BH/a MPOKAaTKH — MPOA0JbHasI, NMONepeYHasi, MoNnepeYHo-
BHHTOBAasA (PUCYHOK - 65).
IIponoabHas npokaTka (PUCYHOK - 65 a) — 3aroToBKa aAeopMupyeTcs: Mex-
Iy ABYMS BaJKaMH, BPAIAIOIMIMMUCS B pa3Hble CTOPOHBI, U TepeMeIaeTcs epreH-
JUKYJISIPHO OCSIM BaJIKOB.

a

a — IpoAOJbHAs MPOKaTKa; O — MornepeyHas NpoKaTKa; B — MOMEPEUYHO-BUHTOBAsS
IpokaTka. | — Bajnku; 2 — 3aroToBKa; 3 — onpaBKa

PucyHok 65 - OcHOBHBIE BUbI TPOKATKH

Ilonepeunas npokatka (pUCYHOK - 65 0) — BaJKu BpaIlalOTCs B OJHOM Ha-
MIPaBJICHUH, MPUAIOT BpaIleHUE 3arOTOBKE, KOTOpasi, MepEeMeIasch BIOIb OCH Ball-
KOB, 1e(opMUpyeTCs.

IlonepeuHo — BUHTOBAsI MpOKaTKa (PUCYHOK - 65 B) — BaJIKU PACIIOI0KECHBI
Mo/l YIJIOM U MPHUJIAIOT 3arOTOBKE MpHU Ae(HOPMUPOBAHUH BpAIIATEIFHOE U MOCTYIIA-
TEJIHLHOE JIBM)KCHHUE.

[Ipokarke moasepraercs 10 90% BrimuiaBnsieMont ctanu. Haubosee pacrpo-
CTpaHEHa MpooJbHas npokaTka. [Ipu 1ro6om Buje npokaTku aedopMaiiu mojiBep-
raeTcsi HEOOJBIION YYaCTOK 3arOTOBKH, KOTOPBIH TOCTENEHHO IMEPEMENIaeTCs 0
Bcemy Metaiuny. [Ipy 3TOM yMeHbIIaeTcs TOJIIMHA 3arOTOBKU U YBEIIMYUBACTCS €&
JUTMHA ¥ TupuHA. [nomaas monepeyHoro ce4eHus 3aroTOBKH MPU MPOKATKE BCETa
ymenbimaercsa. Bemmunna p=1/1,=F,/F,rne I, F u 1,, F, — nnmuna u ceuenue 3aro-
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TOBKH IOCJI€ MPOKATKH U JI0 MPOKATKHA COOTBETCTBEHHO, HA3bIBACTCS BBITAKKOM —
3TO OCHOBHAs KOJIMYECTBEHHAsI XapaKTEPUCTUKA PA3JIMYHBIX BUIOB 00paOOTKHU Iija-
ctuueckont nedopmarueit. [Ipu mpokarke p= 1,1 — 1,6.

Hucmpymenm u ob6opyoosanue 011 npoKamku
HMHCTpyMEHTOM MpHU MPOKATKE SIBISIETCS BAJOK, KOTOPBIA MOXKET OBITh: IJ1a/-
KMM (PUCYHOK 66 a) — 1JIs IPOKATKH JINCTOB, JIEHT; CTYNEHYaThIM — JUISl IPOKATKH
10JIOC; Py4beBbIM (pUCYHOK 66 0) — /i npokaTku pacoHHoro npoduist. Pyubém
Ha3bIBAETCs BbIPE3 Ha OOKOBOM MOBEPXHOCTH Basika. COBOKYITHOCTb JIBYX Py4bEB Ia-
PBI BAJIKOB 00pa3yroT KaJuop.

=% © ==

a 0

a) rmagkuii Bajok: 1 — 6ouka; 2 — mieiika (uamnda); 3— tpeda; 6) pydbeBoii Balok
Pucynok 66 — Banku

Banku ycraHaBnuBarOTCS B NOAIIMITHUKAX HA CTAHMHE, HA KOTOPOW €CTh Me-
XaHU3MBI PETYJIUPOBKH UX MOJOKEHHUS. KoMIUIEKT BaJKOB CO CTAaHMHOW OOpa3yroT
padouy kiethb. [IpuBoj, mecrepéHHas KiaeTh U pabouue KJIETH 00pa3yloT Mpo-
KATHBIN CTaH.

IlpodyKkuus npokamnozo npou3eoocmea

HcxoaHoil 3aroTOBKOW MPHU MPOKATKE SBJSIOTCS CIUTKU METajula — CTAJIbHBIC
10 60 T, u3 BeTHBIX MeTaIoB — 10 10 T. dopma monepeyHoro ceYeHusi NpoKaTaH-
HOTO Mu3JIeusi Ha3zbiBaeTcs mpopuiieM. COBOKYIHOCTh Pa3IMYHbIX Mpoduie pas-
JIMYHBIX Pa3MEpPOB HA3bIBAECTCS COPTaAaMeHTOM. COpTaMEHT M3rOTaBIMBAEMBIX IIPO-
dbuneit genutcs Ha 4YeThIpe TPYMIbL: COPTOBOM MPOKAT, JUCTOBOM MpPOKAT, TPYOHI,
CIIELIMAJIbHBIN TIPOKAT.

1. CoproBoii mpokart. [IpokaTka OCyHIECTBIISETCS B TOpPAYEM COCTOSHUHU
CTaJIbHBIX cIUTKOB 70 12 T. [Ipodunu coproBOoro mpokara IeisT Ha ABE TPYIIIHL:
NpocToii opMbI — Kpyr, KBaApaT, IIECTUTPAHHUK, NPSMOYIOJBHUK; U CJI0KHOM
¢opmbI ((hacoHHBII) — MIBEILJIEP, PETILC, TABP, IBYTaBp, YTOJIOK H T.1.

2. JIucToBoii mpokart. JINCTOBOW MPOKAT JEIAT: IO 00J1ACTH NPUMEHEHHUS —
DIEKTPOTEXHUYECKUHN, CYAOCTPOUTENbHBIA, KOTEIbHBIM, aBTOJUCT, KOHCEpPBHAs
KECTh U T.JI.; MO TOJIIMHE — OpoHEeBbIe IUTHI (10 550 MM), ToJCThIN HCT (4 — 160
MM), TOHKHH JHUCT (4 — 0,2 MM), orabra (menee 0,2 Mm).

TonCTBI TUCT MPOKATHIBAIOT U3 CTAIBHBIX CIUTKOB /10 45 T B rOpsSiYEM CO-
CTOSIHUU. TOHKHMI JUCT MPOKATHIBAIOT B TOPSYEM U XOJOJIHOM (TOHBIIE 2 MM) CO-
cTosHuU. Bc€ yaliie ucnosib3yercs 0eCCaAMTKOBasA NMPOKATKA, IPU KOTOPOU KUJIKUN
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METaJT 4Yepe3 IIejdb B paclpeleNUTeIbHON KopoOke momaércss Ha BaJKu-
KPUCTAILITN3aTOPHI.

3. Tpyownl. Cranbubie TpyObl aensaT Ha OecmioBHbie (D = 30 — 650 MM) u
ceapubie (D = 10— 1420 mm).

[Tpu mpokaTke GecHIOBHBIX TPYO CHavaIa OCYIIECTBIISACTCS U3TOTOBICHUE OT-
BEpPCTHsI B 3arOoTOBKE — NMPOIIMBKA THJIb3bl. DJTa OMepalusi OCYIIEeCTBISETCS Ha
NPOIIMBHBIX CTAHAX. 3aTEM Ha PaCKATHBIX CTAHAX THJIb3Yy PAaCKaThIBAIOT B TPYOy
TpeOyeMbIX THaMeTPOB.

CBapHbie TpyOBbl MOIYYAIOT U3 CTAJBHOM JIEHTHI — IUTPUIICHI, KOTOPYIO CBO-
payvMBaIOT MO CIUPATU WU M3 JUCTOB, IIUPUHA KOTOPHIX COOTBETCTBYET JIMHE OK-
pyxHoctu TpyO. B 00oux ciayuasx cHauana ocylecTBisieTcss (GOpMOBKa 3arOTOBKHU B
TpyOy, CBapkKa, OTJIEJIKa U IPABKA.

4. CnenuajbHbIi MPOKAT — KOJIbLIA, 3yOuaThie Kojiéca, MEPUOINUECKHE MPO-
bunu u T.1.

3.3.2 KoBka
KoBka — Bun ropsiueii 00pab0OTKM METAJIOB AABICHUEM, IIPU KOTOPOM Je-
dbopmarus OCyIIECTBISETCS C MOMOIIBI0 YHHUBEPCAJIbHBIX HHCTPYMEHTOB — 0OIii-
KOB. 3aroTOBKY IMOMELIAIOT HA HMKHMHA 00K 1 BepXHUM 00HMKOM I10OCIIE10BATENb-
HO Je(OpPMUPYIOT Ha OTACIBHBIX ydacTKax. MeTraa Te4€T B T€ CTOPOHBI, KOTOPHIE
HE OrpaHUYEeHBbI PabOYMMH MOBEPXHOCTSIMU MHCTPYMEHTA. BOWKH MOTYT OBITH IJIO-
CKMMHU WK (UTYPHBIMHM (BBIPE3HBIMH), TAK)KE MOXKET MPUMEHSATHCS Pa3TUYHBIN
NMOAKJIAAHOM MHCTPYMeHT. KOBKOM, KaK MpaBWIO, MOJIY4YarOT 3arOTOBKH — MOKOB-
KM, JIUIS TIOCJICTYIOIIEeH MEXaHUYECKOU 00paboTKH.
HMcxoaHou 3aroToBKOM JIJIsI KOBKH SIBJIISCTCS METAIJIMUYECKUM CIUTOK Maccou
10 320 T, a MOKOBKA MOXET JIOCTUTaTh Beca Oomee 250 T, TakuM 00pa3omM, KOBKA —
€JIMHCTBEHHBI METO]I M3TOTOBJICHHUS 3arOTOBOK TaKOM MaccChl. [[JIsI MOKOBOK He-
OOJIBIIION MAacChl UCTOB3YETCSI COPTOBOM MpoOKaT. B mporiecce KOBKU CIMTKOB MPO-
UCXOJUT YHUUTOXXEHUE UX JIMTOW IEHIPUTHOU CTPYKTYpPbI U YJIYUIIEHUE MEXaHUYe-
CKHX CBOMCTB M3JCIHUS.

OcHoeHnble onepayuu KoeKu

Jlyis momydeHus IOKOBKH B TIPOIIECCE KOBKU MPOUCXOIUT YEPEIOBAHUE B OII-
penenéHHoM MoCIeIOBaTeIbHOCTA OCHOBHBIX M BCTIOMOTAaTEIbHBIX OTMEPAIIHIA.

Ocanka — omepainusi YMEHBIIEHUSI BBICOTHI 3arOTOBKH 3a CUET yBEIMUYCHUS
Iomaay e€ monepevyHoro ceueHus (pucyHok 67). Crenenp nedopMaliiy Ipu 0caike
— YKOBKA — ONPEIEISIETCS] OTHOLIEHUEM IUIOMIAACH MOTIEPEYHOT0 CEYSHHUS 10 OCAIKH
(Fo) u mocne ocanku (Fy): y=F,/Fy. Ilpu ocanke oTHOIIEHUE BHICOTHI 3aTOTOBKHU K €&
TUaMeTpy HE JIOJDKHO MPEeBHIMATh 2,5. Pa3HOBUAHOCTHIO OCAJKU SBISETCS BbICA/-
Ka — OCQ)XMBAHKE METaJlIa Ha YaCTH 3aTOTOBKH.
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Pucynox 67 - ocanka (a); Beicagka (0) Pucynok 68 - [IpoTsixkka

IIpoTsizkka — omepanus yJIMHCHHUS 3arOTOBKH WM €€ 4acTH 3a CYET yMEHb-
IICHHUS TUTOIIAIU TOMepeyHoro cedeHus (pucyHok 68). IIpu mpoTshKke 3aroTOBKY
MOJIBEPTAIOT MOCJIEIOBATENILHBIM yIapaM ¢ T0Ja4eid BIOJIb OCH MIPOTSKKU U MOBOPO-
TaMU BOKpYT cBoeil ocu. CTemneHb nedopManuy Mpy MPOTSHKKE TAKKe OICHUBACTCS
YKOBKOH.

IIpommuBKa — omepaiys MOJyYeHHUsT TOJoCTU (TIayxasi MpOIIHUBKa) (PHUCYHOK
69 a,0) unu orBepcTUs (PUCYHOK 69 B) B 3arOTOBKE 3a CYET BBITECHEHHUS MeETallja.
NHCTpYMEHTOM SIBIISIFOTCSI MPOIIUBHHU.

3 U
o

S
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a 0 B
a, 0 — IBYXCTOPOHHSIS POIIKBKA; B — OJHOCTOPOHHSIS ITPOIIMBKA
C MOJKJIAIHBIM KOJIBIIOM

Pucynoxk 69 — ITpomuBka

OTtpy0Oka — onepaiys OTJEICHUSI 3arOTOBKM M0 HE3aMKHYTOMY KOHTYpY (pH-
cyHok 70, a). OTpyOKa OCyIIeCTBISCTCSI HHCTPYMEHTOM — TOMOPOM (PUCYHOK 63 0).

I'mbka — omepanusi MpuAaHUsl 3aroTOBKE HU30THYTOM (OPMBI MO 3aJlaHHOMY
KOHTYpY (pucyHok 70 B). Ilpu rubke B 30He M3ruba yMeHbIIAETCS ILIONIAAb TOIe-
PEYHOTO CEUEHHUSI — ITO HA3bIBACTCS YTHMKKOM.

CkpyyuBaHue — onepamnus, TP KOTOPOU YacTh 3arOTOBKH MTOBOPAYHUBACTCS
BOKPYT CBOEH IPOJOJIBHOU OCH.
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a — oTpyOka; O — Tomops! A1 OTpyOKH; B — THOKa

Pucynok 70 — OtpyOka u rudka

IHItTaMnoBka B MOAKJAAHBIX IITAMNAX — OMeEpalys MOJyYeHUS MOKOBOK
CJIOKHOW KOH(HTypalliy MpH 3al0JTHEHUN METaJJIOM MOJIOCTH HHCTPYMEHTa — TIOJI-
KJIaJIHOTO mITamna (pucyHok 71).

L ]

Pucynok 71 — IllTaMnoBka B MOJKIaAHOM LITAMIIE

Onepanuy KOBKH OCYIIECTBIBIIOT HA KOBOYHBIX MOJIOTAX U KOBOYHBIX Ipec-
cax. MoJIoTbl — MeXaHU3MBbl yAapHOro aeiicTBusA. Bpems aegopmarnum Ha HUX —
TBICSIYHBIE TOJIU CEKyH Ibl. OHU OBIBAIOT MHEBMATHYECKMMHM 1 MAPOBO31YIIHbIMH.

I'mapaBinyeckue npeccbl — MAIIMHBI CTATHYECKOI0 AeCTBUSA, BpEMs Jie-
dbopMaluu y HUX MOXKET COCTABIIATH JI0 ACCSITKOB CEKYH/I.

Yep1éx MOKOBKHM pa3pabaTbIBacTCsl HA OCHOBE uepTeka OyayIie aerai.
Kak u B ciiyyae pa3paOoTKu yepTeka OTIMBKH, B YEPTEKE MOKOBKU MPHUCYTCTBYIOT
NPHUILYCKU U HATYCKH.

Tak Kak Mpu KOBKE HCMOJb3YETCS YHUBEPCATIbHBIN HHCTPYMEHT, TO, HE CMOTPS
Ha €€ HEBBICOKYIO MPOU3BOJAUTEIBLHOCTD (IO CPABHEHMIO CO LITAMITOBKOI), OHA IIU-
POKO MPUMEHSIETCS B €IUHUYHOM U MEJIKOCEPUIHOM MPOU3BOACTBE, TJIe TPUMEHEHNE
IITAMIIOBKHA HE SKOHOMUYHO K3-3a BBICOKOW CTOMMOCTH UHCTPYMEHTA.

3.3.3 HlTamnoBka

IITamnoBka — 3T0 BUJI 00pabOTKH METaJUIOB JaBJICHUEM, ITPU KOTOPOM (op-
MOOOpa30BaHNE MOKOBKU OCYIIECTBIISIETCS C IIOMOIIBHIO CHEeNHATIbHOIr0 HHCTPYMEH-
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Ta — mramna. TedeHne MeTaia OTPAaHUIMBAETCS TTOBEPXHOCTSMHU TTOJIOCTEN U BhI-
CTymoB ImTamia. Ero ennHas 3aMKHYTas MOJIOCTh Ha3bIBACTCS PYUbEM, a caMo U3JIe-
Je — NOKOBKOM.

3aroToBKamM# IS MITAMIIOBKH SIBJIIETCS TMPOKAT, pa3pe3aHHbI HAa MEpHbBIS
Kyckd. B OCHOBHOM mITaMIyrOT OKOBKH Maccoit 20 — 30 Kr, Tak Kak JyIsi ’TOTO Me-
ToAa TpeOyrTCsl OueHb OoJblue ycuius aedopmaiuu (ropa3fao OoJbIINE, YeM MpU
KOBKe). B OTIepHBIX clydasx MTaMITyIOT MOKOBKH 70 3 T.

T'opauaa 06vémnan wumamnoeka

[Tpu ropsiueit 0OBEMHON MITAMIIOBKE 3arOTOBKY NMPEABAPUTEIHHO HArpeBaIOT
JUISl yBEIWYEHNs €€ IUIACTUYHOCTH M CHIKEHMS NPHUKIIAJIBIBAEMOIO JaBJieHUsA. Xa-
paKTep TEYEHUs METAJUIA B IPOLECCE IITAMIIOBKY ONPEAEIISIETCS TUIIOM IITAMIIA, I10-
TOMY €€ MOAPA3AEISIIOT Ha IITAMIIOBKY B OTKPBITBIX U B 3aKpPBITHIX IITAMIAX.

IlITaMnoBKka B OTKPBITHIX MITaMNax (pucyHok 72 a). [Ipu sToM Buje mram-
MIOBKM 3a30p MEXKy MOABWKHOW M HETIOJBM>KHOM YaCTSIMHU LITAMIIa MEHSETCS B MPO-
1[eCCe€ M3TrOTOBJICHUS MTOKOBKU. B 3a30p BbhITEKaeT 3ayceHel — 00J10M, KOTOPBIA 3a-
KPBIBAET BBIXOJ U3 MOJOCTU IITAMIIa, U METAJUI 3alOJIHIET €€ MOJHOCThIO. B KOHIIE
mpoliecca B 3ayCEHEll BbIIABIMBAIOTCS H3JIMILKU METaila, 03TOMY TpeOoBaHUsS K
TOYHOCTH 3arOTOBKH 10 MAacce HE BBICOKU. B IMOCIEACTBUM 3ayCEeHEll yAAISIETCS B
CIIELIMAJIBHBIX [TAMITAX.

a
a — OTKPBITBHIN MITaMIT; O — 3aKpBITHIHN IITaMI; | — 3ayceHeyHasi KaHaBKa

Pucynok 72 — Cxema mITaMnoBKu

IlITaMnoBka B 3aKpBITHIX ITaMNax (pucyHok 72 6). IIpu sToMm Buje mram-
MOBKH TOJIOCTh IITaMIa OCTa€TCsl 3aKPBITOM, a 3a30p MEXAY MOJBUKHON M HEMOJ-
BIDKHOM 4YacTAMM MOCTOSIHHBIA M HeOoubInol. Ilpu 3TOM 3ayceHen He oOpasyercs,
4TO TpeOyeT BHICOKOM TOYHOCTU 3arOTOBKU IO Macce, HO 3aTO CHIXKAET pacxoj Me-
taia. [lonyyaemble MOKOBKM MMEIOT 0ojiee pallMOHAIBHYI0 MHUKPOCTPYKTYPY, TaK
KaK BOJIOKHA MeTajljla 00TeKaroT KOHTYp MOKOBKH, a He nepepe3arotcs. Jedopmarms
3arOTOBKH IMPOUCXOJUT B YCJOBHSIX BCECTOPOHHETO HEPABHOMEPHOTO CXKaTHUsl, UTO
MO3BOJIET MITAMIIOBATh MAJIOTUIACTUYHBIE MATEPUAIIBI.

[ToxoBKM TPOCTON KOH(UTYpaluH IITAMIYIOTCS B IITaMIax ¢ OJHOM MOjo-
CThIO — OJHOPYYbeBble ITaMnbl. [IOKOBKH CI0XKHOM (OPMBI ITAMITYIOT B MHOI'O-
PYYbeBbIX IITAMIAX, MOCTENEHHO NMpUOIMKas GopMy 3aroToBKU K (opme KoHeu-
HOT'O U3JIEIHSI.
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[Ipu mpoexkTHpoBaHNY MOKOBKHU €€ 4epTEX pa3padaThIBAIOT IO YEPTEXKY JeTa-
au. [lpy mraMnoBke B OTKPHITOM IITaMII€ CHadaja BHIOMPAIOT IUIOCKOCTh pa3zbéMa,
3aTeM ONPEACIISIIOT MPUITYCKH HAa MEXaHWYeCKyr0 00paboTKy, IITaMIIOBOYHBIE YKJIO-
HbI, PaJMyChl 3aKpPYIJIEHUS B MeCTax IepecedyeHusl nmoBepxHocTerd. Ha ornenbHbIX
y4acTKaX MOKOBKH MOTYT OBITh CJEJIaHbl HAyCKU (IUaMeTphl oTBepcTHil MeHee 30
MM He jenarorcs). Bece pasMepsl CipoeKTUPOBAHHOM MOKOBKHU yBEJTWYUBAIOT HA Be-
JUYUHY ycaaku. Tenepb Mo 3TOMy YEPTEXKY M3TOTABIMBAIOT MOJOCTh mTamna. [Ipu
IITAMIOBKE B OTKPBITHIX IITAMIMAaX BJOJIb BHEIIHETO KOHTYPA IMOJOCTH BBIMOJHSIOT
3ayCEHEUHYIO KaHABKY.

Jlist Topsiueit 00BEMHOM ITAMIOBKYA MPUMEHSIOTCS. MOJIOTHI, KOBOYHBIE Ma-
IIVMHBI U PECCHI PA3JIMYHBIX KOHCTPYKIUU.

Xonoonaa wumamnogka
XonogHas MTaMIIOBKA OCYIIECTBIAETCS MPH KOMHATHOW Temmeparype, 0e3
MIPEeIBAPUTEILHOTO HArpeBa U MOJApa3essieTcsa Ha 00BEMHYIO U IUCTOBYIO. [Ipu xo-
JIOTHOM 00pabOoTKe JaBIECHUEM IMOTy4YaeMble U3Ieiusl 0ojiee TOYHBI MO pa3MepaM H
MMEIOT MEHBIIIYI0 IEPOXOBATOCTH MOBEPXHOCTHU, YTO MO3BOJSIET CBECTU K MUHUMYMY
VI JTa)K€ UCKITFOUUTH TTOCIIEIYIONTYI0 00pab0TKY pe3aHreM.

Xonoonasn 00vémuan wimamnosKka

XoJ10AHOe BbIAABJIMBaHUe. B 3TOM MeTOJi€ 3aroToBKa ITIOMEMIAETCS B IIO-
JIOCTh, U3 KOTOPOM METAJIJT BBIIABIMBAETCS B OTBEPCTHE B paboueM MHCTpyMeHTe. B
Ka4eCTBE 3arOTOBKM MCIIOJIB3YETCSd MEPHO HApE3aHHBIM NPYTOK. BhimaBnvuBaHue mo-
’KeT ObITh MPAMBIM, KOTJ/Ia HaIllpaBJICHHE TEUYCHUs MeTajla COBIIaJIaeT C HaIlpaBiie-
HUEM JBHM)KEHUS ITyaHCOHA, 00PATHBIM, KOIJla HAIIPaBJICHUE TEUCHUS METajja Mpo-
THUBOIIOJIOKHO HAIpPABJICHUIO TyaHCOHA, 0OKOBBIM 1 KOMOMHHUPOBAHHBIM (CMOTpHU
IIPECCOBAHUE).

X0101HOE BBIJIABIIMBAHKE MO3BOJISET MOJYy4aTh 3aTOTOBKH MPHU OOJIBIINX CTe-
neHsx aedopmaiuu, Kkoropast xapakrepusyercs Benuuunoit k = F/F,, rne F, — mo-
[aJb MOMEePEYHOro CEUYCHUS] UCXOAHOM 3aroToBkM; F| — miomaas monepeyHoro ce-
YeHUs BbIIaBIeHHOW yactn. Hampuwmep, mist amromunus k >100. Tak momyqaroT Tpy-
Obl1 ¢ TommuHoM ctenku 0,1 — 0,2 MM 1 quamerpom 20 — 40 mMm.

Jonyctumasi crenedb aegopMaiiuu orpaHuYe€Ha BBICOKMMU YJIETbHBIMU yCH-
JUSIMU BbIIABIMBAHUS, KOTOPbIE MOTYT NPEBBICUTH MPOYHOCTh HHCTPYMEHTA.

Xo0J10aHAA BBICAAKA. DTy ONEPAIMI0 OCYILIECTBIISIOT Ha XOJI0HOBBICA0UYHBIX
aBTOMAaTax M3 MPYyTKa WIA MPOBOJOKHU. TakuM 00pa3oM MoTydaroT 3arOTOBKH U JeTa-
o guametpom 0,5 — 40 mwm: 3akn€nku, OONTHI, BUHTHI, TBO3MU, IIAPUKHU, POJIUKH,
raiiku u T.1. Ha pucynke 73 npuBel€H npuUMep NMOCIEI0BATEIbHOCTH U3TOTOBICHUS
BHUHTA.

XonoaHasi BbICAJKa OTIIMYAETCS BHICOKOM MPOU3BOANTENBHOCTHIO: 20 — 400
JIeTaJIel B MUHYTY U U€M MEHbIIIE JIeTajlb, TEM NPOU3BOAUTEIBHOCTS BbIlIE. J[J1s1 3TO-
ro METOJ1a XapaKTePEeH BBICOKUN KO3 GUIIMEHT UCIIOIb30BaHuUs MeTaIa — 10 95%.

XosomHast GopMoOBKAa — 3TO XOJIOJIHAS IITAMIIOBKA B OTKPBITHIX IITaMIax.
DTOT METOJI aHAJOTUYEH Topsue OOBEMHON IITAaMIIOBKE, HO B OTJIMYHME OT HeE,
3/1eCh TpeOyIOTCS Topas3ao OOJbIINE YICIbHBIC YCHIINS, TaK KaK B XOJOJHOM COCTOSI-
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HHUHW MCTAJJIbI MCHCC INNIACTUYHBI U YHHPOYHAKOTCA B ITPOLICCCE I[erOpMaHI/II/I BCICACT-
BHEC HAKJIEMA. J_—[J'ISI CHATHUS HaKJIENa IMPUXOAUTCS ITPOBOJUTE PEKPUCTAIIIIN3AIIMOHHBIC

OTIKUTI'U.

PI/ICYHOK 73 — HOCJ’I@I[OB&TeJII)HOCTB HN3TOTOBJICHUA BUHTA
Ha XOJIOJHOBBICAAOYHBIX aBTOMATax

X0100Haa TUCMO6aA WIMAMNOBKA

[Ipr XOMOAHOM JMCTOBOM IITAMIIOBKE B KAaYECTBE 3arOTOBKHU HCITOJIb3YETCA
JMCTOBOM MPOKAT: JIUCT, MOJOCHI, JIEHThl. VX TonmmHa 0ObIYHO HEe mpeBbimaeT 10
MM. [lepeuenp n3nenui, NoJy4aeMbIX 3TUM METOJIOM, YPE3BBIYAWHO BEJIUK — OT JI0-
Jeil TpaMMOB (1 J10JIE MUJUIMMETPA) — CEKYH/IHbIE CTPEJIKU PYUYHBIX YacOB; 0 U3/e-
JMI Maccoy B IECATKU KWJIOTPAaMMOB (M pa3MepaMH B HECKOJIBKO METPOB) — KOpITyca
aBTOMOOMUJIEH, CAMOJIETOB, PaKET.

Jlia monmydeHus aetasneil pa3audHoil popmbl TpeOyeTcs mocaeaoBaTeIbHO Jie-
(opMHUpPOBATh pa3IMYHbIE YACTH 3aroTOBKU. Bech mpouecc JIMCTOBOM IITAMIIOBKU
COCTOMT M3 HaOOpa omepanmii — MpoueccoB MmjiaacTuyeckoi aepopmaunnu, odecre-
YHMBAKOIIUX XaPAKTEPHOEe M3MeHeHHe (POPMBI ONPeENeTEHHOI0 YYaCTKA 3aroToB-
k. Paznnyaror popmooOpa3zyroniye onepannu, B KOTOPBIX A€Talb HE pa3pylIaeTcs B
npouecce aepopmanui, U pas3leiaUTeNbHbIE ONEPALNU, B KOTOPHIX IJIACTHYECKAs
nedopMalnus 3aBepuiaeTcs pa3pyLieHUEM JETalu.

Pazoenumenvuvie onepayuu 1ucmogou WimamnogKu

OT1pe3ka — oT/eIeHUE YaCTH 3arOTOBKH MO HE3aMKHYTOMY KOHTYpY. JTa orie-
palys BBIMOJIHAETCS B HOKHUIAX U mTamnax. Kak mpaBuiio, oHa sIBIISIETCSL 3ar0TO-
BUTEJIBHOW ONEpalMen — pa3IeJICHUE JINCTAa HA MEPHBIE 3ar0TOBKU. Yaiie 3Ta onepa-
1S OCYILECTBIISIETCS C MOMOIIBIO HOXKHUIL IByX TUMOB: TMJIbOTUHHBIE — C MTOCTYyIIa-
TEJIbHBIM JIBIKEHUEM HOXA, U IUCKOBbIE — C BPAIlaTEIbHBIM JIBUKEHUEM HOXKEM.

BoipyOka u mpoOuBka. BeipyOka — omnepairuss oQopMIICHHS HAPYKHOIO
KoHTypa neranu. [lpoduBka — onepaiust ohopmiieHUs] BHYTPEHHEr0 KOHTypa Je-
TaJ — U3rOTOBJIEHUE OTBEPCTHH. DTH OINEPALNH OCYIIECTBISIOTCS C TOMOIIBIO Iy-
AHCOHA U MaTPHUUBbI — IIyaHCOH BBIJIABIMBAET YaCTh 3arOTOBKU B OTBEPCTUE MaTpH-
1pl. KauecTBO MOBEPXHOCTH pe3a ONpeaesieTcsi BHIOOPOM 3a30pa MEXKAY HUMH — Z =
(0,05 =+ 0,1)s.
Kpome paccCMOTpEeHHBIX BBIIIE Pa3ACIUTEIbHBIX ONEPAlXi B JUCTOBOM IITAMIIOBKE
MIPUMEHSIIOTCS] TAKHE ONEPALNH, KaK HAAPe3Ka — YACTUYHOE OTAEIEHUE YaCTU
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3arOoTOBKHU IO HE3aMKHYTOMY KOHTYpPY; 00pe3Ka — OT/IEJICHUE KPAaeBOW 4acTH
3arOTOBKH.

Dopmoobpasyroujue onepayuu 1UCMOBOU WIMAMNOGKU

I'mOka — omepanusi 10 U3MEHEHUIO KPUBHU3HBI 3arOTOBKH 0€3 U3MEHEHUS e
JMHENHBIX pa3mepoB (pucyHok 74). B mpouecce rubku miactuyeckas aedopMarivs
IPOUCXONUT HA Y3KOM y4YacTKE MOJl MyaHCOHOM. MUHUMAaNbHBIA pajnyc, IpU KOTO-
POM 3aroToBKa HE pa3pylIaeTcs Iy, =(0,1 + 2)s.

Omnepartusi THOKM MOXKET OCYHIECTBIATHCSA B IITaMIIaX, P ’TOM MOKHO HU3Me-
HSTh KPUBU3HY Cpa3y Ha HECKOJIbKUX y4acTKax 3aroToBKU. JleTanu, u30rHyThie B He-
CKOJIBKMX IUIOCKOCTSIX, TOJIyYarOT MOCIEN0BaTENbHBIM JIe()OpMUPOBAHUEM B He-
CKOJIBKMX IITamIax.

O &S
N
a4

| — HelTpasIbHBIA CIIOM; 2 — MyaHCOH; 3 — MaTpuLa
Pucynok 74 — Cxema ruOku

BoiTsi:kKa 0e3 yTOHEeHHUs CTEHOK — orepalusi mpeoOpa3oBaHusl INIOCKOM 3aro-
TOBKH B TI0JIO€ TIPOCTPAHCTBEHHOE M3JIENHE 3a CYET YMEHbIICHUS MEPUMETPa BbITS-
ruBaeMoi 3arotoBku. Ha pucyHnke 3 npuBezeHa cxeMa MepBoro nepexoaa BhITSIHKKY.

JInst mpoBeieHHs ONepalliid BBITSDKKU MPEABAPUTENIBHO BBIPYOAIOT KPYTIIYIO
3aroTOBKY, KOTOPYIO YKJIAJbIBAIOT HA TUIOCKOCTHh MaTpuilbl. [IyaHCOH MaBHUT Ha IieH-
TPAJIBHYIO YaCTh 3arOTOBKU M TIEPEMEIIAET €€ B OTBEPCTHUE MATPHUIIBI, TPU ITOM IIEH-
TpaJIbHAsl 4acTh TSAHET 3a coOol (pianen — nepudepuitnyro dyacte. Dnanern, cMeria-
SCh B MaTpHILy, 00pa3yeT CTeHKU U3/ENHUA.

[Tpu HenpaBunbHOM BBIOOpE Auamerpa 3arotoBku (D — d > (18 + 20)s) BO3-
MO>XHO 00pa3oBaHue CKJIAAOK. JIJisi mpe1oTBpalieH s OSIBICHUS CKIAJ0K TPUMEHSI-
€TCsl IPUKUM, KOTOPBIN MPYKUMAET (JIaHel] 3arOTOBKHU K MaTpHIIE.

Ecnau pacTaruBaromye HampsKeHHs G, JEHCTBYIOIIUE HA BXOJAE B MATpPHILY,
CPaBHSIIOTCSI C MPEAENIOM MPOYHOCTH 3arOTOBKH, TO 3aroTOBKA Y JOHBIIIKA MOXKET
pa3pymuthesi. Takum 00pa3oM, MOXKHO BBITATHBATH 3arOTOBKY TOJIBKO C OTPaHUYCH-
HOU mupuHOM (Quanna. CteneHp jaedopmaliuu OllEHUBAECTCS KOI(PEPUIIMEHTOM BbI-
Tsokku K, = D/d. B 3aBucumocTy oT Metaiia u ycioBui BeITskkU K, = 1,8 + 2,1.
Ecnu 3a onue nmepexon mpu A0IMyCTUMOM KO3 PHUITUEHTE BBITSIKKH HEBO3MOXKHO TIO-
JYyYUTh TOTOBYIO JI€Tallb, TO BBHITSKKY OCYIIECTBIISIIOT 32 HECKOJbKO MepPexo/0B
(pucynok 76a). B mocienyronux nepexoaax 3aroTOBKOM SBISETCS MOJbIN 1oy dad-
pUKaT, IOJIYICHHBINA HA TIPEABIIYIIEM MTEPEX0IE BBITKKU.
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[Tpu xonomHo# AedopManuu METAI YINPOUYHSETCS M3-32 HAKIEMNA, TOSTOMY
JOMYCTUMBIH KOA(D(PHUIIMEHT BBITSDKKA Ha MOCIEAYIONIUX IMepexofax CHIKAETCS 0
K; = 1,2 + 1,4. Eciu 3aroToBKY NOJABEPTrHYTh PEKPUCTALIU3ALMOHHOMY OTXKHUTY, TO
JOMYCTUMBINA KOA(P(GUIIUEHT BBITSKKHA MOXKHO MOBBICUTH 110 K, = 1,4 + 1,6.

Yceunue BoITsKKU P = tne,(D-d)b, rne b = 1,1 + 1,2 — s nepBoro nepexoja
BBITSOKKH;, b = 1,6 + 1,9 — st mocneayromux mepexo10B BEITSHKKHA OTOXOKEHHON 3a-
rotoBku; b = 2,3 + 2,7 — 115t NOCIEAYIOMIMX MEPEX0I0B 0€3 MEKOTEPAIMOHHOTO OT-
JKUTra.

7 3 4 5 6
I
1 W _
‘ix; / -~ ' /J ! : . //] \ Hu!/
op @1 YN ‘o i %/ ok s e
a—
\ & S &5

1 — 3aroToBKa; 2 — uznenue; 3 — OpuxuM; 4 — MyaHCoH; 5 — MaTpUIIa;
6 — u3AeNre co CKiIaaKkaMu (0e3 MprKuma)

Pucynok 75 — BeITskKa 6€3 yTOHEHHUS CTEHOK

JUtsl yMEHbIIEHUS] KOHUEHTPAUUU HApsHKEHUH U MPEAOTBPALEHUS pa3pyliie-
HUS 3arOTOBKHM KPOMKH IIYaHCOHA M MaTpULbl CKPYIIISIIOTCA Iy, Iy = (5 + 10)s, 1
ATOTO K€ IPUMEHSIOT CMa3Ky.

ITpu BbITSKKE 0€3 YTOHEHHUS CTEHOK IUIOLIa/b MOBEPXHOCTH 3arOTOBKH M3MeE-
HSETCSA HE3HAYUTEIIBHO, II03TOMY pa3Mep 3arOTOBKM MOXHO OIIPENEIINUTD U3 YCIAOBHH
PABEHCTBA M ILUIOLIAJAM NMOBEPXHOCTH AETAJHM IO CPeAHell JMHHH U IIOIAIH
IJIOCKOM 3aroToBKHU. [[1s1 0OCECHMMETPUYHBIX J€Taled 3aroToBKa OOBIYHO MMEET
dopmy kpyra. J{s MOBBIIEHNS CTOMKOCTH HHCTPYMEHTA MEX]y ITyaHCOHOM U MaT-
puteit nenatot 3a3op z = (1,1 + 1,3)s.

BeIT2KKa ¢ YTOHEHHEM CTEHOK — OIEpalys M0 YBEJINYEHUIO JUIMHBI MOJIOU
3aroTOBKM B OCHOBHOM 3a CUET YMEHBILIEHHs TOJIIMHBI €€ CTEHOK (PUCYHOK 76 0).
ITpu »TOM omepanuu 3a30p MEXIy IMyaHCOHOM M MaTpHILEH JOIKEH ObITh MEHbIIIE
TOJIIMHBI CTEHKHU, KOTOpPas B IPOLECCE BBITSDKKU YTOHSAETCS U yMJIUHACTCS. OTUM
METOJIOM IOJIyYalOT JETaIM, Y KOTOPBIX TOJIILMHA JOHBIIIKA OOJIbIIE TONIUHBI CTE-
HOK (TMJIb3bl JUISl TATPOHOB M CHAPSJOB). Y IE€JbHBIE YCWINS IPU TAKOM BBITSKKE
3HAYUTENbHO OOJIbIIe, TOMYCTUMAasl CTENEeHb Ae(opMaliu BO3pacTaeT, TOJIIMHA 3a-
TOTOBKHU 3a OJJUH MPOXO0J MOXKET OBbITh CHIDKEHA B 1,5 — 2 pa3za. Pa3mepsl 3arotoBku
JUISL TIOJIyYEHUS! U3/EJIUNA BBITSDKKOM C YTOHEHHEM CTEHKH ONPENENSIOT U3 YCIOBHS
paBeHCTBa 0OBEMOB 3arOTOBKH U JI€TAJIU.
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a) 5)
1 —3aroroBka; 2 — uzgenue; 3 — myaHcoH; 4 —maTpuna

Pucynok 76 — Cxema nocienyromei BeITSDKKY (2);
BBITSDKKA C YTOHEHHEM CTEHOK (0)

3.3.4 IIpeccoBanmue
IIpeccoBanue — npouecc 00padOTKH METAJIIOB JAABJIEHUEM, IIPH KOTOPOM Me-
TaJUl BBIJABJIMBACTCS U3 3aMKHYTOHM IIOJIOCTH 4€pe3 OTBEPCTHE, COOTBETCTBYIOIIEE
CEUEHHUIO TMpeccyeMoro npoduist. Takum METoA0M MOTY4YaroT Kak CIUIOUIHbIE, TaK U
nonsie mpodunu. Ha pucynke 77 mpuBea€H BapuaHT MPsIMOTO MPECCOBAaHUS — Ha-
IIPABJICHUE JBHKCHUSA ITyaHCOHA COBIIANACT C HANPABICHUEM JBMIKEHHS T'OTOBOTO
npodus.
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a 0
1 — myaHcoH; 2 — 3arotoBKa; 3 — maTpuua; 4 — uria; 5 — npecc-mraiida

Pucynox 77 — TlpeccoBanmue mosnoro npoduis (a); mpeccoBanublie mpoduiu (0)

[IpeccoBanue, Kak U BbIAABIMBAHUE, MOXKET OCYIIECTBIISITHCS U MO OOpaTHOM
cXeMme, Korja MyaHCOH W MpeccyeMblil Mpopuib MepeMeniaTcs B IPOTUBOIOIOXK-
HBIX HampaBiieHUsX. MIcXoqHOM 3aroToBKOM 71l MPECCOBAHUS SIBIISETCA CJAMTOK WIH
npokar. /[ns cHuKeHUs: HeoOXOIUMBIX Uil epopMaluyd Harpy30K M MOBBIIICHUS
CTOMKOCTM MHCTPYMEHTA 3aroTOBKY OOBIYHO HArpeBaroT, a TakKe MpeaBapUTEIbHO
oOTauynBatoT Ha ctaHke. C 3TOM ke LENbI0 UCTIONIB3YIOT Pa3InYHbIe CMa3KH.
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ACCOPTUMEHT NOJy4yaeMbIX Mpoduiell oueHb BENUK: MPYTKU AUAMETPOM 3 —
250 MM, TpyOs! quamerpoM 20 — 400 MM co cTeHKOM TodmuHOM 1,5 — 12 MM U T.1.
Koaddumment, onpenenseMblii Kak OTHOIICHHUE IUIOLIAIU CEUEHUsSI 3arOTOBKH K
IUIOLIAM CEYEHUs TpeccyeMoro npoduis, U onpeaessionni cTeneds aedopmanum,
nocturaet npu npeccoBanuu 10 — 50. DTUM METOAOM MOJTYyYAOT MPOPUIH CIOKHOM
(GbopMbl, KOTOpBIE APYTUMH CIIOCOOAMH TMOJTYYUTh HENb3sl. TOYHOCTh M3rOTOBIICHUS
MIPECCOBAHHBIX U3JIETNI BBIIIE, YEM MPOKATAHHBIX.

K Hemoctatkam mpeccoBaHHs MOYXHO OTHECTH OOJIBIIME OTXOJbI MeTajia —
pecc-0cTaToK MokeT aocturath 40% OT Macchl HCXOIHOM 3aroTOBKH. HCTpyMEHT
JUIS TIPECCOBAHUS UCIBITHIBACT OOJIbIIKE HArPy3KH B COUETAHUHU C BBICOKUMU TEMIIE-
paTypaMu, IO3TOMY €r0 M3rOTaBIMBAIOT U3 BBICOKOKAYECTBEHHBIX MHCTPYMEHTAJIb-
HBIX CTaJIeil, U OH OYEHb JOPOT.

3.3.5 Borouenue

BoJsiouenue — mpoiiecc, Mpu KOTOPOM 3aroTOBKY MPOTSATHUBAIOT Yepe3 MocTe-
MIEHHO CY’Kalollleecsi OTBEPCTUE B MHCTpYMEHTe. HCTpYMEHT Ha3bIBalOT BOJIOKOM
(pucyHnok 78). VcxogHbIMHM 3arOTOBKaMU CJIY’KaT MPOKATaHHbIE WJIM MPECCOBAHHBIE
NpPYTKU U TpyObl. Bosodenue, B OOJIBIIMHCTBE CIIy4YaeB, OCYIIECTBIISIETCS B XOJOI-
HOM COCTOSIHUU.

[Ipu BOJOYEHMHU IUIONMIA/Ib MOMEPEYHOrO CEYEHUS 3arOTOBKH YMEHbIIIAETCS, a
JUIMHA yBEJIMYUBAETCS, IIOATOMY KOJIMYECTBEHHO JehOpMaIlMi0O MOKHO OXapaKTepu-
30BaTh BBITSKKOW |L — OTHOIIEHUEM IMOJIYYEHHOM JIMHBI K UCXOJHOM. 3a OJUH Mpo-
xoa i = 1,25 + 1,45. 3aroroBKy ONpoTATUBAIOT Y€pPE3 UHCTPYMEHT, a yCUJIUE, TIPUIIO-
KEHHOE K 3ar0TOBKE, HEOOXOIMMO KakK Ui €€ IUIaCTUYECKOM edopMaliuu, Tak v st
IIPEOJIOJIEHHS TPEHHSI. B CBSI3M ¢ 3TUM, JUIsl YMEHBUIEHUS CUJI TPEHHSI, UCIIOJIb3YIOT
CMa3KH, a BHYTPEHHIOIO MMOBEPXHOCTH BOJIOKHU ((UIBEPHI) MOIUPYIOT.

Kak mpaBumno, mjs momxydeHus HeoOxoauMoro npoduis Tpedyercs nedopma-
151, IPEBBIIAIONIAS BETUYMHY JOIYCTUMYIO 32 OJUH MpoxoA. B cBs3u ¢ 3TUM BoJIO-
YEHUE OCYILECTBISIIOT Y€pe3 psAJ BOJOK C MOCTENEHHO YMEHBLIAIOIUMUCA OTBEp-
ctusiMu. [Ipy BOJOYEHUM METaNI MCHBITHIBAET 3HAUYUTENbHBIM HAKIEN, KOTOPHIM
CHUMAETCS MPOMEKYTOUHBIMU PEKPUCTATIIMZAIIMOHHBIMUA OTKUTAMH.

N\ //// P~

NNAN

‘Qﬂ\h‘
AR

0
1 —3aroToBka (Tpy0a); 2 — BOJOKa; 3 — ompaBka

Pucynok 78 — Bonouenue TpyOsI (a) 1 mpoduin, noydeHHbIe BoiodeHneM (0)
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CopTaMeHT u3/enuil, MOJy4YeHHbIX BOJIOUYEHHUEM, BECbMa Pa3HOOOpa3eH: 3TO U
npoBosioka auamerpom 0,002 — 10 MM, 1 acorHsie npodri; BOJIOUYSHHEM KalnuO-
PYIOT TpyObl TMaMETPOM OT JoJied MusutuMeTpa (Kamuuisipel) 10 S00 MM U IpyTKU
muamerpoM 3 — 150 mm. MeTonr obGecrieurBaeT BHICOKYIO TOYHOCTh pa3MeEpOB, HU3-
KYI0 IIEPOXOBATOCTh MOBEPXHOCTH, a TaK)KE MO3BOJISIET IMOJY4YaTh OYE€Hb TOHKHE
npoduu.

3.4 OBPABOTKA METAINOB PESAHUEM

O0padoTka MeTaIJIOB Pe3aHueM — 3TO IIPOIECC CPE3aHMsI C TIOBEPXHOCTH 3a-
TOTOBKHM CJIOSI METallJla PeKYIIUM HHCTPYMEHTOM I TOoJdy4deHus: Tpedyemoi ¢op-
MBI, TOYHOCTH Pa3MepOB M MIEPOXOBATOCTH MOBEPXHOCTH AeTanu (pucyHok 79). s
OCYIIIECTBIICHHUS MPOIIecca pe3aHusi HEOOXOUMO OTHOCUTEIbHOE JIBUKEHHE 3aro-
TOBKHU U PEKYIIEro HHCTPYMEHTA, JIJIsl YeTO UCIOIb3YIOTCS CTAHKH, OCHAIEHHBIC
padoYnMMu OpraHaMM.

[TapameTpamu mporiecca pe3anusi SBISIOTCS: CKOPOCTh pe3aHusl, MoAava u
rjayonna pe3anusi. COBOKYNMHOCTb ITHX BeJIUYUH HA3LIBAETCS — PEKUM pe3aHus.

CkopocTh pe3aHusi V — 3TO MyTh TOYKH PEXYIIEH KPOMKHU (PEXKYIIETO Jie3-
BUSI) MTHCTPYMEHTA OTHOCUTEIHHO 3aTOTOBKM B HAINPABJICHUH TJIABHOTO JIBUKEHUS B
enuHUIy BpeMeHH. OOBIYHO CKOPOCTh PE3aHMs U3MEPSAETCS B M/MHH, HO MPHU IUTH-
(GhoBaHNU U TTOJIMPOBAHUH — B M/C.

[Tpu BpamaTeIbHOM TTIABHOM JIBI)KEHUHU

v = 71D,,n/1000 M/MuH. (37)

D, — HAaMOOIBIIMI TramMeTp 00pabaThIBAEMO MOBEPXHOCTH 3arOTOBKH, MM.

N — 4aCTOTa BPAIEHHUS 3arOTOBKH, 00/MHH.
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Pucynok 79 — Cxema 06pabOTKH METAIIOB pe3aHUEM

IMogaya s — 3TO MyTh TOYKHU PEXKYILIETO JE€3BUSI MHCTPYMEHTA OTHOCHUTEIHHO
3aroTOBKU B HAIlPaBJIEHUU JBUXKEHUS TI0JIa4U 32 OJIMH 00OPOT MJIM 33 OJIMH IBOMHOMN
XOJl 3arOTOBKM WJIM MHCTpyMEHTa. B 3aBuCHMMOCTH OT MeToaa oO0paboTKH mojaya
MOYKET OBITh ITPOMOJIBHON — Syp; ONEPEUYHON — S;; BEPTHUKAIBHOM — Sy; HAKIIOHHOM —
Su; KPYroBas — Sy, U T.J. U U3MEPATHCA B MM/00 (TOYEHHE, CBEPIICHHUE), MM/IB. XOJ
(ctporanue, nondnexHue), MM/MUH ((ppe3epoBaHue).

IayOouna pe3anus t MM — 3TO PacCTOSTHUE MEXIy 0OpabaThiBaeMol M 00pa-
O0O0TaHHOW MOBEPXHOCTSIMU 3arOTOBKH, U3MEPEHHOE MEPIEHAUKYISPHO K MOCIETHEH,
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3a ouH pabouyuii X0J WHCTPYMEHTA OTHOCUTEIHHO 00padaThIBaeMO TTOBEPXHOCTH.
['myOuHa pe3aHus Bcera MepreHauKyJIsIpHa HalTPaBJICHUIO MTOAA4H.

[Ipu ToueHuu mIMHAPUIECKON MoBepXHOCTH t = (D, — d)/2, rae D, — nua-
METp 3aroToBKH, MM; d — IMaMeTp 00pabOTaHHOU MOBEPXHOCTH, MM.

3.4.1 Toxkapubie padoTHI

ToxapHble padoThbl — IPeIyCMaTPUBAIOT U3TOTOBJICHHUE JIeTajleil Mpu Bpalia-
TEIbHOM JBHKEHUH 3arOTOBKU (TJIABHOE JABM)KCHHE) U MOCTYINATEIHHOM JBUKCHUH
UHCTPYMEHTA (IBUKEHUE TIOJIaUH).

Ha tokapHbIx cTaHkax 00pabaThIBalOTCS HApYKHbIE U BHYTPEHHUE MTOBEPXHO-
CTH ¢ (QOpMOIi Ten BpalleHHs], TUIOCKWE — Hapy>KHbIE M BHYTPEHHUE TOPLEBHIE MO-
BEPXHOCTH U HAPE3AIOT PE3hOBHI.

Pese kmaccupunupyroTes:

1. I[lo marepuany pexylieil 4acTu — Ha yriaepoaUCThbIe, OBICTPOPEXKYIIHE,
TBEPIOCIIIABHbIE, MUHEPATIOKEPAMHYECKHE, alIMa3HbIE.

2. Ilo pacnoJio:KeHUI0 TJIABHOM peskyuledl KpOMKHU (TJIaBHOTO JIE3BUs) — HA
npaBeie U JieBble. [IpaBblii pesel B mpolecce pe3aHus MepeMeniaeTcs NpoaoibHO
CIIpaBa HaJIeBO; JIEBBIM — CJIeBa HAIMPABO.

MHuoroo6pasue 00pabaThIBa€MbIX TOBEPXHOCTEHN MPUBENIO K CO3/IAHUIO Pa3HO-
00pa3HbIX TOKAPHBIX PE3IIOB:

- NPOXOAHBIX — JJsi 00TaYMBaHUS HAPYKHBIX LUIUHAPUYECKUX MOBEPXHO-
CTEH;

- MOAPe3HBIX — JIsI 00padOTKU MIOCKUX TOPLEBBIX TOBEPXHOCTENH;

- PACTOYHBIX — I pacTayMBaHUS CKBO3HBIX U TIYyXUX OTBEPCTHH, U 00pa-
OOTKM BHYTPEHHUX LWIMHAPUYECKUX U TUIOCKUX TOPLIEBBIX MMOBEPXHOCTEH;

- OTPe3HbIX — JIJIS pa3pe3aHusi 3ar0TOBOK U OT/EJICHHUSI TOTOBOM JETaly;

- pe3b00BBIX — JIJIs1 HApe3aHusl HApY>KHOM U BHYTPEHHEN pe3bObl;

- ¢pacoHHBIX — 7151 00pabOTKK (PACOHHBIX MOBEPXHOCTEHN U KaHABOK.

B nactosiiiem nocobuu 0yyT pacCMOTPEHBI TOJIBKO OCHOBHBIE THIIBI TOKap-
HBIX PE3L0B, HanboJee MUPOKO MPUMEHSIOLIUXCS IPU TOKAPHOI 00padoTKe.

a) IIpoxoaHsbie pe3ubl

- MpPsSIMO# NpoxoaHoi pe3en (pucyHok 80 a) — 11t 00pabOTKK HAPYKHOU ITH-
JUHAPUYECKON MOBEPXHOCTH;

- NMPOXOJHON pe3ell ¢ 0TOrHYTOi roJ10BKo# (pucyHok 80 6) — st 06paboTKu
Hapy>KHOU LIWIMHIPUYECKON TOBEPXHOCTH;

- MIPOXOJHOM YNOPHBIii pe3en — Ay 00pabOTKK HAPYKHOM MUIHMHIPUYECKON
MOBEPXHOCTU. YTIOPHBIE PE3Lbl MPUMEHSIOTCS B TEX CIIy4asiX, KOrja HEOO0XOANMO,
9TOOBl MEXAY 00pabOoTaHHOW HMWIMHIPHUYECKOW M TOPIEBOM MOBEPXHOCTHIO MOIY-
uuyicst yroi 90° (pucyHok 81 a).
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Pucynok 81 — IIpoxoaHo#t ynopHbIi peser (a), moape3Hnou peser (0), MpoxXoaHOM
pacTo4Hoil peselr (B)

[Ipy ToueHNM HapyKHOW MWIMHAPUYECKON ITOBEPXHOCTH UCIIOIb3YIOTCH:

0) Pe3ubl 1u1s 00paboTKHM TOPLHEBHIX MOBEPXHOCTEN:

- moape3Hoii pe3sen (pucyHok 81 6);

- MPOXOJHOM pe3ell ¢ OTOrHYTOM roaoBKoii (pucyHok 80 6). brarogapst cBo-
el KOHCTPYKIIMH 3TOT pe3el] MOKET ObITh MCIONb30BaH Kak A 00paboTKU Hapyxk-
HOM LIMJIMHJIPUYECKON MOBEPXHOCTH, TaK U JIJISl MOJPE3KH TOPIIOB.

B) Pe3ubl misi 00padoTkm BHYTPeHHeH HWJIMHAPUYECKOH IMOBEPXHOCTH
(pacTouHbIe pe3libl):

- pacTo4HO MpoxoaHoi pe3el (pucyHoOK 81 B);

- pacTo4HOM YNopHbIii pe3en (pucyHOK 82 a).

PactouHoOiIi ynOpHBIiA pe3el] pacTauyMBaeT OTBEPCTHE O HYKHOTO THUaMEeTpa 3a
HECKOJIBKO pabo4ymnX X0JI0B MpH NpoAoIbHON nmogaye. Ha Topue npu 3Tom oOpa3zyer-
Csl CTyneHdYaras MOBEPXHOCTh. 3aTeM MpU HCIOJIb30BAaHUU MOMEPEYHON MOAauu
OCYIECTBIETCS 00paboTKa Topia 1 o6pasyercs yron 90° Mex Iy UHIHHIPHIECKOI
Y TOPLIEBOM ITOBEPXHOCTBIO.

r) OTpe3Hoii pe3en (pucyHok 82 0)

[lepeuncnennbie pe3lbl SIBISIFOTCS OCHOBHBIMU, HAPSAIY ¢ KOTOPBIMU HCIOJIb-
3yIOTCSl pPe3b00BbIC, KAHABOYHbIE U Pa3INYHbIC (PACOHHBIE PE3IIbI.
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Pucynok 82 — PacrouHoii ynopHbIi pesell (a) u oTpe3Hoi peselr (0)

3.4.2 CBepanJibHbIe Pa0OThHI
CaepJieHne — cnoco0 00paOOTKKM OTBEPCTUHM, MPU KOTOPOM HHCTPYMEHT CO-

BEpIIAET IJIaBHOE JIBM)KEHHE (BpallleHWE) U IBM)KEHHE MoJadyu (HepepbIBHOE Mepe-
MEIIEHUE BJ0JIb OCH UHCTPyMEHTA). PexuMbl pe3aHusi Ipu CBEPIECHUU — T€ XKE, YTO
Ipu TOKapHOM 00padoTKe.

B cootBeTcTBUU ¢ Kiaccudukanmein MapKUpPOBKa CBEPIMUILHOTO CTaHKAa pac-
(PPOBBIBACTCS CIAEAYIOIIIM 00pa3oM:

- mepBas nudpa (2) ykasplBaeT Ha MPUHAIICKHOCTh CTAHKA K CBEPJIHJIbHOM
rpymnie;

- OykBa mociie Pl Tpu € HATMYUH, YKa3bIBAET HA MOJAEPHU3AIMIO CTaH-
Ka;

- cnenytonias udpa onpeaenseT THII CTAHKA;

- cnenyronias uudpa onpeaenseT XapakTepHblid pa3Mep CTaHKa — HAN00JIb-
LMW JUaMeTpP CBepJIeHUs] OTBEPCTHUN.

Hanpumep, 2A150 — BepTHUKaIbHO-CBEPIUIBHBIA CTAHOK, MOAEPHU3UPOBAH-
HBIN, HAaMOOJBIINK AUamMeTp oOpabaTeiBaeMoro otBepcTus — S0mm; 2B56 - paguans-
HO-CBEPJIMJIbHBIN CTaHOK, MOJIEPHU3UPOBAHHBIA, MAaKCUMAabHBIM JHaMeTp 0Opada-
TBIBAEMOT'0 OTBepCcTUs — 60MM

[Tpu paGoTe Ha CBEPNMIIBHBIX CTAHKAX TJABHOE ABMXKEHUE (BpallaTelbHOE) U
JBH>KEHUE TToAauM (MOCTYNATENbHOE) COBEPIIAET MHCTPYMEHT.

Ha cBepmunbHBIX cTaHKax 00pa0aThIBAIOT OTBEPCTUS C MOMOIIBIO CIICIIHAIIb-
HOTO MHCTpYMEHTa (pUCyHOK 83): a,0 — CHupaIbHBIMU CBEPIIAMU CBEPJISIT U PaccBep-
JIMBAIOT OTBEPCTHS; B, K, 3 — C MOMOIIbIO 3€HKEPOB 3€HKYIOT (Il YBEJIMUYECHUSI UX
TOYHOCTH M3TOTOBJICHUS U YMEHBIIEHUS IIEPOXOBATOCTU MOBEPXHOCTH) LWIUHAPH-
yeckue (B) OTBEPCTUSI U YrayOJieHus (K), a TaKKe KOHUYECKUE OTBEPCTHUS U YIiIyO-
JeHus (3); T, 1 — C TOMOILBIO pa3BEPTOK pa3BEPTHIBAIOT LHUIUHAPUYECKHE (T) U KOHU-
yeckue (1) OTBEpPCTHsi, YTOObI U3rOTOBUTH OTBEPCTHUE C €€ OO0JbIled TOYHOCTHIO U
MEHbIIIEH EPOXOBATOCTHIO; € — C MTOMOIIBIO IIEKOBOK 00padaThIBalOT TOPLEBYIO MO-
BEPXHOCTb OTBEPCTHS; U — C TIOMOIIBIO METYUKOB Hape3at0T BHYTPEHHUE PE3bObI; K —
00pabaThIBaIOT CI0KHBIE OTBEPCTHUS C TOMOIIbI0 KOMOMHUPOBAHHOTO MHCTPYMEHTA.
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Pucynok 83 - Buasl 00pab0OTKM 3aroTOBOK Ha BEPTUKATBHO-CBEPIMIBHBIX CTAaHKAX

3.4.3 ®pesepHble padoTHI

®pe3epoBanne — mporecc 00padbOTKH 3ar0OTOBOK C MOMOIIBIO MHOTOJIC3BUMHO-
ro UHCTpyMeHTa — (ppe3bl. [ maBHOE ABMkKEHHE (BpalleHHEe) coBeplIaeT (pesa, IBU-
KEHUE MojauM (MmocTynaresibHOe) — 3aroToBka. [Ipomecc BBICOKONMPOM3BOIUTENIEH,
TaK Kak paboTaeT Kak ObI MHOXKECTBO PE3IIOB.

Pexxumpl pezanus mpu Qpe3epoBaHUN OMPENEISIIOTCS CIEAYIOMIMMH MapaMmeT-
pamu:
- CKOpOCTb pe3anus V=nDgyyng,/1000, M/MuH. (Dgp — auamerp Gpessl, MM; Ngp —
yacToTa BpaiieHus (Gppe3nl, 00/MUH. )
- Suus — MUHYTHas Mojja4ya, MM/MUH,
- riyOuHa pe3aHus t, MM.
- mmpuHa ¢ppe3epoBanus B (mmpuna pessr), Mm.

[Tpu o603HaueHun mMojenu Gpe3epHOro CTaHka mneppas nudpa yka3blBaeT HO-

Mep rpynmbl — 6 (ppe3epHasi), OykBa 0003HAYAET MOJCPHU3AIMIO CTaHKA, CIEIYIO-
mast nudpa — TUI CTaHKa, NOCIeAHs Mdpa — HoMep cToiia (pasMep CToJa yBEINYH-
BaeTCsl IpH yBeauueHuu Homepa oT 0 1o 5), OykBa, KOTOpass MOXKET CTOSITh MOCHE
HOMepa cToJjia obo3HauaeT moaudukanuro cranka (6H81I'; 6P82; 6H11; 6H13). Ha-
npumep, 6H82I" — ropuzoHTaIbHO-(Ppe3epHBI CTAHOK KOHCOJIBHOTO TUIIA, MOJIEPHU-
3UPOBAHHBIA, HOMEp cTona — 2, MoauduiupoBanHbiii; 6H12 — BepTukanbHO-
(pe3epHbI CTAHOK KOHCOJBHOT'O THIIA, MOJU(PULMPOBAHHBIN, HOMEp cTOja — 2.
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Ha pucynke 84 mpuBeAcHBI BUIIBI OTIEpAIHii, KOTOPHIE BHITIOIHSIIOTCS HA TOPHU-

30HTAJIBHO- M BEPTUKAIBHO-(hPE3EPHBIX CTaHKAX: a — (hpe3epoBaHUE TOPUZOHTAIBLHOM
TUIOCKOCTH Ha TOPU30HTAIBHO-(DpEe3epHOM CTaHKE IWIMHIPHYECKOW ¢pe3oii; 6 —
¢dpe3epoBaHre TOPU3OHTAIBHON IJIOCKOCTH Ha BEPTHKAIBHO-(PPE3EPHOM CTaHKE
TOpIEBOH (ppe3oii; B — ppe3epoBaHre BEPTUKATHLHONW TUIOCKOCTH Ha TOPU30HTAIBHO-
dpe3epHOM CTaHKE TOPIEBOM (hpe3oil; T — Ppe3epoBaHUE BEPTUKAIBHON IIIOCKOCTH
Ha BEPTHKAIBHO-PPE3EpPHOM CTaHKE KOHIIEBOW (pe3oit; 1 — Ppe3epoBaHNE HAKIOH-
HOM TJIOCKOCTH TOPIIEBOM (hpe3oii Ha BEPTHKAILHO-(Ppe3epHOM CTaHKe; € — (ppe3epo-
BaHME HAKJIOHHOM TUIOCKOCTH KOHIIEBOU (Ppe3oif;
K — (pe3epoBaHUE CKOCAa HA TOPH30HTAILHO-()PE3EPHOM CTaHKE OJHOYTIIOBOU (pe-
3011; 3 — (ppezepoBaHrie KOMOMHUPOBAHHOM MOBEPXHOCTH HAOOpOM (hpe3 Ha TOPU30H-
TaJIbHO-(DPE3EPHOM CTaHKE; U — (Ppe3epoBaHUE MPSMOYTOJIBHBIX MAa30B M YCTYIIOB
JTMCKOBOW (hpe30il Ha TOPU30HTAIBHO-(QPE3EPHOM CTaHKE; K — (ppe3epoBaHHe yCTYy-
TIOB U MPSIMOYTOJILHBIX TT1a30B KOHIIEBOH (pe30il Ha BEPTHKAIBHO-PPE3epHOM CTAHKE;
1 — ¢pe3epoBanue GacOHHOTO Ma3za PacoOHHOW TUCKOBOH (Ppe30ii Ha TOPU30HTATHHO-
dpe3epHOM cTaHKke; M — (hpe3epoBaHKEe YIIIOBOTO Ia3a OJHOYIJIOBOM U IBYXYTJIOBOU
¢dpe3amu Ha TOPU3OHTATIBHO- PPE3EPHOM CTaHKE; H — pe3epoBaHuUE TMa3a THMA «JIac-
TOYKHH XBOCT» KOHIIEBOW OJHOYTJIOBOH (ppe30ii Ha BEPTUKAIBHO-PPE3epPHOM CTAHKE,
0 — ¢pe3epoBanue T-o0pa3HOro ma3za Ha BEPTUKAIBHO-PpPE3EpPHOM CTaHKE; M —
¢dpe3epoBaHre 3aKPHITHIX MITIOHOYHBIX Ma30B KOHIIEBOM MIMOHOYHOU (pe30ii Ha Bep-
TUKAITBHO-(PpE3epHOM CTaHKe; p — Ppe3epOBaHUE OTKPBHITOTO MITTOHOYHOTO Ia3a KOH-
LIEBOM MJIM HITTOHOYHOM (pe30il Ha BEPTUKAILHO-(Dpe3epHOM CTaHKe; ¢ — (pe3epoBa-
HHUE IMIMOHOYHOTO Ia3a IMOJl CETMEHTHYIO IIMOHKY TUCKOBOW (h)pe3oi Ha TOPU30H-
TaabHO-(PpEe3epHOM CTaHKe; T — Ppe3epoBaHre (PAaCOHHBIX MOBEPXHOCTEH HE3aAMKHY-
TOTO KOHTYpa C KPHUBOJIMHEWHOI 0Opa3yrolieil Ha TOpU30HTAIbHO- U BEPTHUKAIHHO-
(dbpe3epHbIX CTaHKaX.
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Pucynok 84 — O0paboTka 3aroTOBOK Ha TOPU30HTAILHO- M BEPTHKAIBHO-
(bpe3epHBIX CTaHKaX

KonTpoJubHas padora Ne3.

B nannoit pabore HEOOXOUMO MPOBECTU PACUETHI JIJISl MOTYUEHUS U3JIETUS TH-
a «KOJIMAY0K» U3 IJIOCKON 3arOTOBKHU METOJIOM BBITSKKU 0€3 YTOHEHHS CTEHOK (CM.
paznen «llltamnoBka» U pUCyHOK 75), HEOOX0auMBbIe (HOPMYJIIbI U TOSICHEHUS TaHbl
Jlajee 1o TEKCTY.

3.1. PacumdpoBbiBaTh MapKy cruiaBa (Tabmuia 37).

3.2. Paccuurars nuametp 3arotoBku D.

3.3. PaccunTaTh HEOOXOIUMOE KOJIMYECTBO IMKJIOB BBITSDKKHU (TIEPEXOJIOB) IS
MOJTyY€HHUsI KOHEYHOTO U3/IENIHUA.

3.4. OnpenenuTh yCWIHE BBITSDKKU Py, U1 KaXk0ro U3 mepexoaoB mpolecca.

3.5. Onpenenuts HEOOXOIUMOCTh HCIIOJNIB30BAHMS MPHKUMA JJIST KKIOTO W3
NIEPEX0JI0B TpoIiecca.

3.6. PesynbTarel paboTel 0opopMHUTH B BUAE OTU€Ta, B KOTOPOM TPUBECTH BCE
(GOpMyYIIBI B pacdeThl, SCKU3 U3ACITHUS THIA «KOJIIMAY0K» CO BCEMHU pa3MepaMu U ICKU3
€ro 3arOTOBKH.

3.7. OTBETUTH HAa TEOPETUUYECKHE BOIIPOCHI COTJIACHO BapraHTaM B Tabmulie 38.
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Tabmuma 37 — UaauBuyanbHbIe 3a0aHUs TSI BBITOTHEHUS
KOHTPOJILHON paboThl No 3

. < | Mapka crasa G, Kei, | Ken, d, H, n, r, MM | OTxur
—f; < % MIla | mep- | mociae- | MM | MM | MM
O = /M
E % TSAXK- | BbI-
Ka TSAXKKU
A 1 JIC63-3 350 | 1,8 1,25 70 90 6 10 -
bB 2 bpb2 450 | 1,6 1,2 90 110 |7 20 -
'] 3 12X14H14B2M 570 | 1,8 1,4 70 90 1 15 +
EE 4 Cranp 15K 380 | 1,6 1,18 20 40 1 5 +
K3 5 AMr2 200 | 1,8 1,34 100 |40 1 30 -
NJI 6 JIC63-3 350 | 1,8 1,25 50 70 |4 10 +
K 7 bpb2 450 | 1,6 1,2 100 |40 8 30 +
MH 8 12X18HI2T 560 | 1,7 1,3 40 60 6 5 +
OlIl 9 Cranp 10I2C1 520 | 1,6 1,18 40 60 |3 5 -
PT 10 | AMr2 200 | 1,8 1,34 40 60 3 10 +
C 11 | JIC63-3 350 | 1,8 1,25 80 100 |7 15 -
YOX 12 | bpb2 450 | 1,6 1,2 110 {90 |9 30 -
14 13 | 12X14H14B2M 570 | 1,8 1,4 60 80 |2 5 +
11011 14 | Crans 20 480 | 1,5 1,2 50 70 | 4 ) -
6)I0)| 15 | JTIAXK 60-1-1 420 | 1,7 1,5 40 40 5 5 +
Tabnuna 38 — BapuaHThl BOpoCcoB K KOHTPOJIbHOM padoTte No 3

2]

cElpg | T :

& g| BT eopeTH4YeCKUe BOMPOCHI:

= 3

— A

A 1 1. Kakue nutelinpie criaBbl Bol 3HaeTe?

2. JIns xakoit 00pabOTKH MpeaHa3HAYEH TIPSMOM POXOIHOM pe3err?

3. Pacimdpyiite mapky cmiaBa T15K6.

4. Kak Ha3bpIBaeTCsi MHCTPYMEHT JIJIs1 MPOKATKH, JIJIs1 BOJIOYEHUSA?

5. IloueMy npu py4HOU AYroBOM CBapKe Ul YBEIWYECHHS TOJIUHBI CBApUBAC-
MBIX 3aTrOTOBOK HEJIb3sl IPOU3BOJBHO YBEJINUNBATH CBAPOUYHBIN TOK?

BB |2 1. Kakumu cBOMCTBaAMHU TOKHBI 001a1aTh JTUTEHHEIE CILIABEI?

2. JIns xakoit 00pabOTKH MpeaHa3HAuYeH MTPOXOHON YIOPHBIN pe3err?

3. Pacumdpyiite mapky criaBa T30K4.

4. Kakue nmpenMyniecTBa UMeeT X0JIoHas 00paboTKa 1aBIeHHEM?

5. UTO OTHOCHUTCS K HEIOCTATKaM aBTOMATUYECKOM CBapKU MO ciioeM ¢urroca?
' 3 1. YUto Takoe onoka M [Ji 4ero oHa npeaHa3HadyeHa?

2. J1nst oOpabOTKM KaKUX MOBEPXHOCTEH MpeHa3HAYEH MPOXOIHOM pe3el] C 0To-
THYTOM TOJIOBKOM?

3. Pacumpyiite mapky crasa T14KS.

4. Kak Ha3bIBaeTCs BBIPEe3 HA OOKOBOM IMOBEPXHOCTH BAJIKa, JIJIS1 YETO OH HYXKEH?
5. I[Touemy mpu TOYEUHOI CBapKe CBapO4Hasi TOUKa 00pa3yercsi B MECTe KOHTaK-
Ta JIBYX 3arOTOBOK?

EE |4 1. {151 uero npeaHa3HAYEHBI JIMTEUHBIE CTEPKHU?
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2. B kakux ciayyasix UCIONB3YIOT Uit 00paObOTKU MOIPE3HOM pe3err?

3. Pacumudpyiite mapky crutaBa BK20.

4. Yro Takoe kamuodp?

5. Ilouemy mpu ponMKOBOH (IITOBHO) CBapKe CBAPHOU IIOB 00pa3yeTcsi B MECTe
KOHTAKTa JIBYX 3arOTOBOK?

K3

1. ITpu pa3paboTke yepTeka MOACIHU IS JIUThS B ecyaHbie (hOPMBI ITpeaycMaT-
pHUBAIOT JUTEHHbBIEC YKIOHBI. 3aueM? Kak onpeaenuTs UxX BEIUYUHY ISl TAaHHOTO
uznenus’?

. B xakux ciaydasx ucnoyib3yroT AJisk 00paOOTKU MOAPE3HOM pesert?

. Pacimpyiite mapky crmasa T5K10.

. Ha yeM mpommBaroT 3aroToBKy Jij1sl TPOKATKKA OECIIOBHBIX TPYO (THUIIB3Y)?

. Kakue meroapl oTHOCHTCS K cBapke AaBiieHueM? CpaBHUTE HX.

N

. Hnst wero ciyxar ranrenu?

. Kakue moBepxHoCTH 00pabaThIBAIOT PACTOYHBIM MPOXOIHBIM PE3IoM?
. Pacmupyiite mapky crutaBa BK10.

. Yro Takoe mpoTsHKKa?

. Kakne MeTonpl OTHOCHTCS K CBAapKe IJIaBJICHUEM?

. UTo Takoe HAIyCKH U JUIS YeTO OHU TIPeTHA3HAYCHBI?

. st kakoii 00paboTKU MpeAHa3HAYEH PACTOYHOM YIIOPHBIN pe3err?

. Pacim¢pyiite mapky craBa BKS.

. Kak Ha3bIBaeTcs omnepaiusi yMEHbILIEHUS BHICOTHI 3arOTOBKHU 3a CUET yBeIUYe-
HUS IJI0IAU €€ CeUeHUs ?

. UeMy paBHa TemniepaTypa JIEKTPUUECKON TyTu P AIEKTPOAYTrOBOM CBapKe?

R WN—~[O0RAWND~[OVNWLND

MH

. Jlyig 9ero ciyskaTt npuUInuBbl?

. Uto Takoe pexuM pe3aHus?

. Pacim¢pyiite mapky craBa BK6.

. Kak Has3pIiBaeTcs equHasi 3aMKHYTasl MOJIOCTh OTKPBITOTO IITaMa’?

. Kak nosiyyaroT mia3MeHHyI0 CTpYyIO B IUIa3MOTPOHE, KAKOBa €€ TeMIepaTtypa?

OIlI

. UTo Takoe BBINOP U JJIsl YETO OH CITY>KUT?

. Kak coBepmiatorcsi BpalatenbHOE U MOCTYNATEIbHOE ABUKEHUS B CBEPIUIIb-
HBIX CTaHKax?

3. Pacumpyiite mapky crasa POKS.

4. Tlpu momomM Kakoro MHCTPYMEHTa OCYIIECTBISIETCS XOJIOAHAS JIUCTOBAs
HITaMIOBKAa?

5.Kakyro cBapky He0OX0IMMO MPUMEHHUTDH ISl U3TOTOBJICHUS TEPMETUUHBIX EM-
KOCTeH (MOPO3HIBHBIX KaMep) U3 TOHKOTUCTOBOrO amromMuuus (d = 1,5 mm) u
noyemy?

N —|h B WK —|Wn

PT

10

1. ITocne popmupoBanus 000109KOBOK (OPMBI, €€ HArpeBatoT B MeUH. 3auem?

2. Kak coBepmiaroTcsi BpalaTreiabHOE U MOCTYNATENbHOE JBU)KEHUS B CBEPIIUIIb-
HBIX CTaHKax?

3. Pacumudpyiite mapky crutaBa P10K5S®3.

4. Yro Takoe BBIpyOKa 1 mpoOuBKa?

5. UTo OTHOCHUTCS K MPEUMYIIECTBAM I'a30BOM CBapKU?

L

1. lnst 9ero npoKanuBarOT GopMy MPH JTUTHE 1O BIILIABISIEMBIM MOJIEISIM?

2. Kakyio 006paboTKy OCYyIIECTBISIOT Ha CBEPIWJIBHOM CTaHKE, B YEM OHa 3a-
KJIIO4aeTcs?

3. Pacmmudpyiite mapky crutaBa POM4KS.

4. UYro sBisieTCs 3arOTOBKOM MPU U3TOTOBJICHUH COPTOBOTO MPOKATA.

5. Kakue ¢yHkimm BeimoHseT oOMa3ka 3eKkrpoaa?

YO

12

1. Kakoii oneparuu moaBepraioT OTIMBKY JJs yIAJEHUS OCTaTKOB (hOPMOBOU-
HOM CMECH C OBEPXHOCTH MPHU JIUTHE N0 BBIILJIABISEMBIM MOAEIIAM?
2. Kaky1o 00paboTKy OCYIIECTBIISIOT HAa TOKAPHBIX CTaHKaX, B YeM OHA 3aKII0-
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yaetcs?

3. Pacmmupyiite mapky crutaBa POMSKS.

4. Kak Ha3pIBaeTCs MpoIecC ropsueii 00paboTKU METAIIOB IaBIeHUEM, TIPH KO-
TOPOM METaJll BbIJIaBIIUBAETCS M3 3aMKHYTOW IMOJIOCTH 4epe3 OTBEPCTHE, COOT-
BETCTBYIOIIIEE CEUCHHIO MOJIy4aeMOro mpoduis?

5. Kak nostyyaroT riia3Mmy Mpu Iia3MeHHOU cBapke?

4 |13 1. Yto sBiIgE€TCS HEAOCTATKOM JIUThS 110 BEICOKUM JaBJICHUEM?

2. B uem 3akmrogaercs 00paboTka pe3aHuem?

3. Pacumudpyiite mapky cruiaa P6MS.

4. Yto oTHOCHUTCA K HEOCTATKaM IIPECCOBaHUs?

5. Kakue 3aimmTHbIe ra3bl UCMOIB3YIOTCS MPU Fa303JIEKTPUIYECKON CBapKe?

14 1. Kak ypgansrorcst Ta3pl U3 MOJIOCTH KOKHIIS M M3 MOJOCTH (DOPMBI TIPH JIUTHE
M0J1 BBICOKUM JaBjieHueM?

2. Yro sBisieTcs XapaKTepHBIM Pa3MEPOM CBEPJIMIIBHOIO CTaHKa?

3. Pacmmudpyiite mapky cruraBa P12.

4. Yto siBNsIeTCS HHCTPYMEHTOM JUIsl 00pabOTKH METAJIIOB KOBKOW?

5. Kakue meToasl cBapKu UCHOJIb3YIOTCS B CEPUMHOM U MAacCCOBOM IIPOM3BOJICT-
Be?

EE

D10 | 15 1. Kakue MeToIbl OTHOCSITCS K JIUTHIO B METAIITUYeCKue popmbl?

q 2. B yem 3akimouaercs (pe3epoBaHne, KaKue MOBEPXHOCTH MOYKHO 00pabathI-
BaTh (ppe3oii? [IpuBeauTe HECKOIBKO IPUMEPOB.

3. Pacmu¢pyiite mapky cruraBa P9.

4. C xakuM HexenaTeIbHBIM 3(P(PEKTOM MPUXOAUTHCS OOPOTHCS MpHU 00padoTKe
METAJIJIOB BOJIOYEHUEM?

5. Kakue BUJIbI 2JIEKTPUUECKO KOHTAaKTHOM cBapku Brl 3Haere? CpaBHUTE HX.

IosicHeHHe K pelIeHuIo 3a1aHus K.p. Ne3

Onpeoenenue pazmepa 3a20mo6Ku NPU GbIMANCKE

TeopeTnyeckn NpaBUWIBHBIM YCIOBHEM I ONPEACIICHHS AUAMETPA 3arOTOBKHU
SBJIETCS PABEHCTBO 0OBEMOB J€Talnu U 3aroTOBKU. [Ipu BeITSKKE O€3 yTOHEHUs cTe-
HOK TOJIIIMHA 3arOTOBKU MPAKTUYECKU HE U3MEHSETCS, I03TOMY JIUAMETP 3arOTOBKU
MOJKET OBITh ONpPEAENEH U3 YCIOBHS PABEHCTBA IJIOMIAACH MOBEPXHOCTH 3arOTOBKH U
U3JIETUA.

[Tomans MOBEPXHOCTH AETANIM TUIIA TEja BpaIleHUs 000 (GOopMbI orpese-
nsiercs ypasHeHueMm: F = 2mrl, rae r — paccTositHue LEHTpa TSKECTU Tesla A0 OCH
BpauieHus; |1 — mmna obpaszyroieit sToro tena. Jleranb, KOTOpyro HEOOXOIUMO TO-
JYYUTh METOJIOM BBITSDKKM 0€3 YTOHEHMsI CTEHOK U3 KPYIJION 3aroTOBKH (PUCYHOK
85), nenum Ha TPU YacTH.

1. IlepBas yacth (mycTOTENBIA LWMJIMHIP) 0Opa3zyeTcs NpHU BpAIEHUH BOKPYT
OCH CUMMETPHUH y4acTKa ¢ JIuHOM oOpazyrowei 1y = H — (r + n); paguyc BpalieHus
(paccTosiHuE OT OCH CHMMETpPHH 10 0Opasyromieit) r; = d/2 + n/2, rae n — TonmuHa
CTEHKH U3/EIIHS.

2. Bropas dactb o0Opa3yercs Mpu BpalllEHUU BOKPYT OCH Y4yacTKa C JJIUHOU oOpa-
syroteit 1 = 2n(r + n/2)/4 (4eTBepTh AJIMHBI OKPYKHOCTH paguyca r + n/2).
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JIist HaXOKIEHUsS paauyca BpamieHus I, He0OXO0AMMO ONPEISTUTh MOJI0OKEHUE
LEHTpa TSHKECTH IYT'H, COOTBETCTBYIOIEH YTy OL OKPY>KHOCTH paauyca r+n/2 (pu-
cyHOk 850). Paccrossuue AD = (r + n/2) sina / o, r1e yron o NIpuBeIEH B pajna-
Hax. B namewm ciayuae oo = 90° = n/2. [lnuna orpeska ED = sin 45° X (r + n/2) sina /
oa. KE=d/2-r.

Takum o6pazom r, = KE + EJ[ = (d/2 —r) + sin 45° X (r + n/2) sina./ a.

3. Tpetbs yacTh (IOHBIIIKO) 0Opa3yeTcsi MpHU BpAIICHUH BOKPYT OCH ydacTKa
¢ mHOM oOpasytomieit I3 = d/2 — r. Paguyc Bpamenus rz = (d/2 — r)/2.

O6mast uromnaape nosepxuoctu usnenus F = 2w (rql; + r,l, + r;3l;), a tuamerp

sarorosxu D = V4F/ 7

@2 + 7

-

\\
L1
T

N

_E

||
L]
. [i""’":T-s_ 1

~

-
'-‘-- A —
(ﬂ
J/r
i

a - pa3Mepsl AeTany; O - onpeesieHne pajuyca BpalleHUs I,
PucyHnok 85 — Bua u napameTpbl H3roTaBIMBaeMOM J1€Taau

Onpeoenenue ycunusa blmaxicKu

Ha nepBom 3Tamne pacuéToB HEOOXOAMMO OMPENETUTh MOXKHO JIM JJAHHOE W3-
JIeJIMe MOJYYUTh C TOMOIIBIO OJJHOM BBITSDKKU WJIM HEOOXOJUMO MPUMEHSTH Ii1y0o-
KYIO BBITSDKKY, T.€. MPOBOAUTH HECKOJIBKO IOCIEAOBATEIbHBIX LUKIOB BBITSIKKU.
Hns sToro ompenenstoT 6e3pazmepHbii koddduiuent BuiTskkn K, = D/d, rne D —
auameTp 3arotoBkd, d — quametp uzgenusa. KoapuiueHt BHITSHKKE — 3TO Mepa Be-
An4uHbl Aegopmaiuu, uem oonbiie K, Tem cunbHee nu3mensiercst opMa 3aroToBKH,
TeM OOJbIINE HANPSDKEHUS B HEW BO3HUKAIOT. [TyOOKYIO BBITSDKKY (T.€. HECKOJIBKO
NIOCJIEIOBATEIbHBIX UKIIOB BBITSKKH) MIPUMEHSIOT, Korga K, 0omibiie pekoMeHaye-
Moro 3HadeHust BenuuuHbl Ky (K03 duiimenTa BHITSKKY AJIs IEPBOTO NEPEX0/1a BbI-
TSDKKH) JUTsl TaHHOTO MaTtepuana (tabmuima 37), TOCKOJIBKY B MPOTUBHOM CiTydae 3a-
TOTOBKA Pa3pyLIUTCS B IPOLIECCE BBITSKKHU.

Ecnu ycTaHOBIE€HO, YTO JIsl MOTYUYEHUs KOHEYHOTO M3/enus TpeOyeTcs npo-
BOJAUTH HECKOJIbKO ITUKIIOB BBITSDKKH, HEOOXOAMMO OMNPENCIUTh KOJUYECTBO ITHUX
HUKIIOB. J[J1s1 3TOro cHayana onpenesnstoT guameTp noiydadbpukara, KOTOpbIA OyaeT
NOJIy4YeH rnocie nepou BeITsDKKK: Dy = D/ K. OTa onepanus nmoBropsercs A0 TeX
nop, NMOoKa JUaMeTp U3/eNIUs HE CTAaHET PaBHBIM HJIU MEHbILIE TPEOYeMOTO:
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Dz = Dl/ Knn ....... Dn = Dn-l/ KBn°

K;n — K039QGULMEHT BBITSKKH ISl TOCIIEAYIONINX BBITSDKEK, OH 3HAUUTEIBHO
Menble Kg, T.K. mociie nepBoi BBITSKKA MaTepuall TEPSAET MUIACTUYHOCTh U COOT-
BETCTBEHHO CIOCOOHOCTH K nedopmanuu (cMm. Hakiemn). Takum oOpazoM, onpenens-
eTCsl HEOOX0IMMOE€ KOJTMYECTBO LIUKIIOB BBITSKKH.

Jlanee onpenenstoT HEOOXOIUMOCTh NMPUKUMA (PUCYHOK 75) ISl KaXI0T0 U3
LUKIJIOB BBITSOKKU. [IpHokuM MPUMEHSIOT JUIs MpeloTBpalleHus] 00pa3oBaHusl CKJia-
oK B mporiecce nedopmaruu. CKIagku MOTYT 0Opa30BBIBaTHCS HA OO0 CTaguu
BBITSDKKH, ecd (D, — D,) > (18 + 20) n.

3artem JJIsl KaXI0r0 U3 LIUKJIOB BBITSKKU OMPEACNIAIOT HEOOX0IMMOE YCUITUE
BRITSDKKU P, =1t X o, X n X (D, — D,) X b, (H); rne 6, — npenen npoynocty, I1a; n
— TOJIIIIMHA 3aTOTOBKH, M; b — K03 PUIMEeHT, KOTOPHII AJIs MEPBOTO MEPEX0/1a BbI-
TsokKU paBeH 1,2. [lpu xonogHoi nedopmannu MeTamn ynpouHsSeTcs u3-3a HaKIENa,
MOATOMY €CJIM PEeKPUCTAUIM3AMOHHBIA OTXKUT HE MCHOJIb3YETCS, TO Ha MOCIETYIO-
mux nepexonax b moseimaeTcs 1o 2,5 (TpedyeTcs Oonbpliiee yCHime mpyu MTaMITOB-
ke). Eciii 3aroToBKy mOJIBEPrHYTh PEKPUCTATUIM3ALMOHHOMY OTKUTY, TO Ha MOCIIe-
ayrommx nepexogax b =1,5.

Crnenyer OTMETUTb, UTO ISl IOCIEAHErO IIUKJIA BBITSKKH, B PE3YJIbTATE KO-
TOPOTr0 HEOOXOAMMO MOITYYUTh KOHEUHOe u3aenue, D, = d.

NPUMEP BbINONHEHNA PACHETOB

Jlano:
Gp» K., Ku, | d, H, tnyy i OTxur
Mapka cruitaBa | MIla | mepBasg | II0- | MM | MM | MM | MM | IIpH IJy-
= BbI- cie- OoKoM
S TSKKA | OYHO- BBITSKKE
3 mue
A BbI-
TSK-
KU
17 | JIAHS59-3-2 500 1,8 1,3 | 100 ] 40 | 1 | 30 +
18 | bpAXK9-4 600 2,0 1,5 | 40 | 100 | 4 | 5 -
Bapuant Nel7

1. CiniaB — cnenuanbHas JIaTyHb, cojaepxkaias <~ 59% menau, = 3% amomunus, <= 2%
HUKEJIS, OCTATBHOE — ITHHK.
2. 1,=40-(30+1)=9(mm) 1 =100/2+1/2=50,5 (Mm)

T 271(3O4+ 2) _ 476w

5= KE+EJl= (10072 —30) + 2160 2/2) 1 33,8 ()
T

13 =100/2 -30=20 (Mm) 13= 1()()/#: 10 (mm)

F = 21(9%50,5 + 47,9%33,8 + 20x10) = 14 277,7 (Mm?)
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D= /M =134,9 (Mm)
/4

3. Ky = 134,9/100 = 1,35. Tak kak K, < K, (1,35 < 1,8), TO TpeOyeTCs TOJIBKO OJ{HA BHITSK-
Ka.
4. Heo6xo1uMoe yCuIIie BBITSDKKH:

P =7 x500x 10°x 1x 107 (134,9 — 100) x 10°x 1,2 = 65751,6 H ~ 65,8 kH
5.D-d=134,9 - 100 =34,9mm; 20n = 20mm. T.K. D —d > 20n, TO HEOOXO UM PHIKUM.

Bapuant Ne 18
1. CrutaB — 6poH3a, coaeprkarias amroMuaus ~ 9%, xene3a =~ 4%, oCTaaIbHOE — MEIb.
2. 1, =100—(5+4)=91 (mm) 1= 40/2 +4/2 =22 (Mm)

fy= KB+ Bl = (402 - 5) + 2O+ DX 109 1)
T
ls= 402-5=15(MM) 13= L22—5:7,5 (MM)

F=2m(22 x 91 + 18,2 x 11 + 7,5 x 15) = 13971,1 (mm)

p= |29 133 4 ()
T

3. K, = 133,4/40 = 3,34 > K,: 32 oquH UK BBITSHKKHA TOTOBOE U3JIETUE TIOTYYHTh
HEJb35, CJAEAOBATEIIEHO HA0 TPUMEHSATH TITYOOKYIO BBITSIKKY.
D= D/K; =133,4/2=66,7 (Mmm); D, =D /Ky, = 66,7/1,5 = 44,5 (mm).
D 3 =D o/Kyn = 44,5/1,5 = 29,7 (Mm) - IS TIOJIYYECHUSI TOTOBOI'O U3JICIIUS Tpe6yeTc>1
TPHU BBITSKKHU.
415. P =nx600x10°x 4x107 x (133,4 — 66,7)x107 x 1,2 = 60318 1H ~ 603,2 xH.
D-D;=133,4-66,7=66,7mMm; 20n=80mm 66,7 <80, IPMIKUM HE HY>KCH.
P, =7 x 600x10° x 4x107 x (66,7 — 44,5)x10~ x 2,5 = 418248 H ~ 4182 kH.
D —-D,=66,7—-44,5=222mm; 22,2 <80, CIeA0BATCIILHO, IIPUKUM HEC HYKCH.
P; =7 x 600x10° x 4x107 x (44,5 — 40)x10~ x 2,5 = 84780 H ~ 84,8 xH.
D,—d=44,5-40=4,5mm. 5,3 <80, ciieJ0BaTEIbHO, IIPYKUM HE HYKCH.
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Bonpocsl 1J1 NOATOTOBKHU K 3K3aMEHY

1. MarepuanoBeneHue — onpezeienne u o0beKT n3ydenust Hayku. Kimaccuduka-
U1 MaTepUaoB.

2. Tlpupona XMMHUYECKOM CBA3U U CBOICTBA KPUCTAIIIOB.

3. Tunbl KPUCTAUTUYECKUX PEIIETOK, KOOPAUHAIIMOHHBIE YUCIIA, CBA3B C TUIOTHO-
CTBIO U IPYTUMU CBOWCTBAMHU KPUCTAILJIOB.

4. Tunel neeKkToB B KpucTayiax. BausHue ne)ekToB Ha IPOYHOCTb.

5. Kpucrannuzanus MeTajaoB U CILUIaBOB.

6. Ynopyras u mactuueckas aepopmanus. Hakiern.

7. BnusHue HarpeBa Ha CTPYKTYPY ¥ CBOMCTBA METasuia.

8. MexaHnyeckue CBOMCTBa MAaTEPUAJIOB U CIIOCOOBI X U3MEPEHUSI.

9. TlpaBumno ¢a3 'nd6ca. [TpaBuno otpeskos. [Ipumep nprumMeHeHHUS.

10.HauepTuTh IByXKOMIIOHEHTHYIO IHAarpaMMy COCTOSIHUS JJISl CIIJIAaBOB C OTCYT-
CTBHEM PACTBOPUMOCTH KOMIIOHEHTOB B TBEPAOM cOCTOsiHUU. OnHcaTh TOUYKH,
auHUH, (Ha3bl ¥ 00JIaCTH HA JUarpamme.

11.HauepTuTh ABYXKOMIIOHEHTHYIO AHAarpaMMmy COCTOSIHUS ISl CIUIaBOB C HEOT-
pPaHHUYEHHON PacTBOPUMOCTHIO KOMIIOHEHTOB B TBEPJIOM cOCTOssHUU. OnHcaThb
TOYKH, JTUHHUH, (pa3bl U 00JIACTH HA TUarpaMMe.

12.HayepTuTh ABYXKOMIIOHEHTHYIO JUarpaMmy COCTOSIHUS JUJISl CIUIABOB C Orpa-
HUYEHHON pacTBOPUMOCTHIO KOMIIOHEHTOB B TBEPIOM COCTOsSHUU. OmnucaTh
TOYKH, JTUHUH, (pa3bl U 00JIaCTH Ha TUarpaMMe.

13.HauepTuTh ABYXKOMIOHEHTHYIO JAMarpaMMy COCTOSIHUS JJis CILJIaBOB C 00pa-
30BaHUEM KOMIIOHEHTAMHM B TBEPAOM COCTOSHUH XMMHYECKOI'O COEAMHEHHS.
Omnwucarb TOUYKH, TUHUH, (Pa3bl U 00JIACTH HA IUArpaMMe.

14.latb onpeneneHus U onucath CBOMCTBA (peppuTa, aycTeHuTa, iemenTura. Kax
Ha MX CBOICTBA BIIUAET JICTUPOBAHUE.

15.Tepmuueckue oOpabOTKU: 3aKkanka U oTmyck. OmpenenaeHue, 3aueM IpPUMEHS-
1orcs. Kak 1 mouemy npu 3T0M U3MEHSIIOTCS] CBOMCTBA.

16.Tepmuueckas oOpaboTka: orxur. OnpeneneHue, BUAbI, 3a4eM MPUMEHSIETCH.
Kak 1 mouemy npu 3TOM U3MEHSIOTCSI CBOWCTBA.

17.Xumuko-Tepmuyeckas oopadotka. Llemenrtanus. A3otTupoBaHue.

18.Yrnepoaucteie cranu. BnusiHue yriepoaa u npuMeceid Ha CBOKWCTBA CTajel.

19.KOHCTpyKIIMOHHBIE JIETMPOBaHHbIE CTadu. MapKUpOBKa, BIMSHHUE JIETUPYIO-
IIMX 3JIEMEHTOB Ha CBOMCTBA.

20.HeprxaBeromue, xKapoCcTONKHE, )KAPOIPOUHBIE CTAIIH.

21.MHcTpyMEeHTaNnbHbIE MaTepuaibl. YTIEPOAUCTBIE U JIETUPOBAHHHBIE MHCTPY-
MEHTAJIbHbIE CTaJIH.

22 .MHcTpyMeHTanbHblE MaTepuaibl. TBepable ciiaBbl. AOpa3uBHBIN MaTepHall.

23.3aKajika ¥ CTapeHHE ATIOMUHHUEBBIX CIUIaBOB. OmpeaeneHue, 3a4eM MpUMEHs-
101cs. Kak u mouemy npu 3T0M U3MEHSIIOTCS] CBOMCTBA.

24.lebopMupyeMble allOMMHHUEBBIEC CIUIaBbl HEYNPOUHSEMbIE M YIPOUYHSEMBIC
TepMo0oOpadboTKON. MapKupoBKa, COCTaB, CTPYKTypa, CBOMCTBA, TPUMEHEHUE.

25.CrnieyeHHbIe aIFOMUHUEBBIE TOPOIIKH. MapKupoBKa, CTPYKTypa, COCTaB, CBOM-
CTBa, IPUMEHEHHE.
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26.JIuteiinble aTIOMUHUEBBIE CIUIaBbl. Mapku, CTPyKTypa, COCTaB, CBOWCTBA,
IIPUMEHEHUE.

27.Jlatrynu. MapkupoBKa, COCTaB, CBOMCTBA, IPUMEHEHHUE.

28.bpon3bl. MapkupoBKa, COCTaB, CBOMCTBA, MPUMEHEHHE.

29.TurtaHoBbI€ cr1aBbl. MapKUpOBKa, COCTaB, CTPYKTYpa, CBOMCTBA, IPUMEHECHHE.

30.271eKTPOTEXHUYECKUE MATEPHUATIBI.

31.KoMIo3UIIMOHHBIE MATEPUAIIBI.

32.Ilnactuyeckue Macchl. Pe3uHBbI.

33.Kueun. Jlakokpaco4yHble MaTepHaIbI.

34 Iloka3zaTenu KOPPO3MOHHON CTOMKOCTH.

35.BuyTpenHue (HakTopbl, BIUAIONIME HA KOPPO3HUIO.

36.Buenrnue GpakTopsbl, BAUSIOLINE HA KOPPO3UIO.

37.BogoponHas Koppo3usi, KOppo3us MO JIEUCTBUEM CEPHUCTBIX COCIMHEHUHU.
MeToab! 3aUTEL.

38.I'a30Bass KOppo3Hus CTaly M 4YyryHa IMOJ JEUCTBHEM Kuciaopona. Meroasl 3a-
LIUTHI.

39.MexaHu3M 3IEKTPOXUMHUUYECKON KOppo3uH. DaKTOPbl YCKOPSIOUIME U 3aMEl-
JISFOIIHUE JJIEKTPOXUMUYECKYIO KOPPO3HIO.

40.At™mocdepHast Koppo3us. MeTo bl 3aIUTHI.

41.1lon3zemHas Koppo3usi. MeTOIbl 3aILUTBHI.

42.MeTofbl 3alUThl OT KOPPO3HUH.

43.TouyeuyHast 1 MEXKPUCTAIIUTHAS KOPPO3Us. METObI 3aILHTBHI.

44.OcHOBHBIE TUTEIHBIE CIIaBbI U TPEOOBAHUS K HUM.

45 Tlonyuyenue uzaenuit mutbeM. JIuthe B mecuanbie GOpMBI.

46.Buabl 1 0COOEHHOCTH JIUThSI B METAJUIMYECKUE (POPMBI.

47.0nepanuiu 1o U3roTOBJICHUIO OTIUBKHU.

48.Ilonyuenue uznenuii TuTheM. JInTbe B 000710UKOBBIE (DOPMBI.

49.1lonyuyeHne u3enni TUTheM. JINThe MO BBILIABIIEMBIM MOEIISM.

50.0OcHoBbI 00pabOTKH MeTaJIOB AaBieHueM. [IpokaTka, copTaMeHT mpokara.

51.006paboTka METAJJIOB 1aBJICHUEM: IPECCOBAHUE, BOJIOYEHUE.

52.00paboTka METAIJIOB IaBJICHUEM: KOBKA, ITAMITOBKA.

53.Buzabl 1 0COOEHHOCTH CBapKU TUIABICHUEM.

54.Buzabl 1 0COOEHHOCTH CBapKH JaBICHUEM.

55.I1ajika — onpeneneHue, JOCTOMHCTBA U HEOCTATKH, BUJIbI PUTIOEB, (DITFOCHI.

56.[Ipunumner 00paboTku MeTauioB pe3anueM. OCHOBHbIE NBHKeHUs. MHCTpY-
MEHTAJIbHBIE MaTepUalibl U TPEOOBAHUS K HUM.

57.TokapHble paboOThI, cBepieHHE, (hpe3epOBaHUE — TSI YETO MPUMEHSIOTCA, Pe-
YKUMBI pe3aHusl, ”THCTPYMEHTHI.
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