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BBenenune

MeTtoauyeckie peKOMEHIalKU 10 BBHIOJHEHHIO JTAOOPATOPHBIX paboOT Mo yueOHOW AUCIMILTUHE
OIl.04 MarepuanoBeneHue mpeaHA3HAYCHbl s oOyyaroumxcs Mo mpodeccusM CcpeaHero
poeCCUOHAITBHOTO 00Pa30BaHUs C yU€TOM IPO(IIIS MOATOTOBKH (TEXHUYSCKUN MPOPHITH).

B nanHOM MeTonnyecKoM MOCOOMH MPUBEAEHBI yKa3aHUs 1O BBIOJIHEHUIO JTaOOPaTOPHBIX paboT
[0 TeMaM JTUCIUILIMHBI, YKa3aHbl TEMbl U COJIEpP’KaHUE JIA0OpATOPHBIX PadoT, (HOPMBI KOHTPOJS TIO
KKJOW TEME B PEKOMEHIyeMasi INTeparypa.

JlaHHBIE PEKOMEHJAIMN CIIOCOOCTBYIOT pa3BUTHIO Bamux o0mmx u mpodecCHOHATHHBIX
KOMITETEHIIMI, TOCTENICHHOMY U IIEJICHANMPABICHHOMY pPAa3BUTHIO TI03HABATEIBHBIX CIIOCOOHOCTEH.
PexomeHn0BaHbI K UCIIOJIB30BAHUIO TIPH M3ydeHnH yueOHoi auciuminasl OI1.04 MatepuaioBenenue B
YUPEXKICHUSAX CPEIHEro MPopeCcCHOHATBHOIO 00pa30BaHus C YUeTOM Crelu(pUKU MPOdUs MOArOTOBKU
(TeXHUYECKHI PODUIIB).

B pesynmbrare ocBoeHMsT MaHHON y4eOHOW MUCHMIUIMHBI OOYYAIOLIMHCS JIOJDKEH yMeTh:

- BEIOMpATh MaTepHajbl HA OCHOBE aHAIM3a UX CBOMCTB, /ISl KOHKPETHOTO MPUMEHEHMUS,
- BBIOMpATh CIIOCOOBI COSAMHEHUS MATEPUAIIOB;

- O6pa6aTI>IBaTI> JACTAaJIM U3 OCHOBHBIX MAaTCPUAJIOB.

B pesynmbrare ocBoeHMs MaHHON Y4eOHOW UCHUIUIMHBI OOYYAIOIIMIACS JIOJDKEH 3HATH:

- CTPOEHHUE U CBOMCTBA MAaLITMHOCTPOUTEIBHBIX MAaTEPUAIIOB;

- METO/IbI OLIEHKU CBOMCTB MAallIUHOCTPOUTEIBHBIX MAaTEPUAJIOB;
- 00JacTH MPUMEHEHUsI MaTEPUAJIOB;

- KJ1accu(UKalHIo U MapKUPOBKY OCHOBHBIX MaTEpHUAJIOB;

- METO/IbI 3aLUThI OT KOPPO3HH;

- criocoObl 00pabOTKH MaTEepHAIIOB;

B coBpemeHHOIi cucteme cpeHero npodeccuoHanbHOro 00pa3oBaHus OOJbIIAs POJIb OTBOJUTCS
MIPAKTUKO-OPUEHTUPOBAHHOMY OOYYEHHIO, CJIEIOBaTeIbHO, B COJEP)KAHWU KakJIoW ydeOHOU
JUCIUIUIMHBI JOJKHO OBIThH OIpEeeIEHHOE KOJUYECTBO JIAOOPATOPHBIX U MPAKTUYECKUX PadOT.

JlaboparopHble U MpaKTUYECKHuEe padOTHl MO3BOMIAT Bam chopmupoBaTh MpaKTHUECKHUE HABBIKU
paboThl, mpodeccuoHanbHble KoMreTeHIuH. OHU BXOJAST B CTPYKTYPY M3YUeHHs Y4eOHOM TUCHUTIINHBI
OI1.04 MarepuanoBeneHue.

JlaGopaTopHble U TTpaKTUYECKUE PaOOTHI IPEACTABIISIOT COOOM IEMEHT YUeOHON TUCITUTUTMHBI U
OLICHUBAIOTCS 10 KPUTEPUSIM, ITPE/ICTABICHHBIM HUXKE!

OueHka «5» BbICTABJISIETCH CTY/AEHTY, €CJIU:

- TeMarhka pabOTBl  COOTBETCTBYET  3aJlaHHOM, CTYICHT  TOKAa3bIBaeT
CHCTEMHBIC H MTOJTHBIC 3HAHHUS U YMEHHS 110 JAHHOMY BOIIPOCY;

- pabota oopmIleHa B COOTBETCTBHHU C PEKOMEH IAIMSIMHU TIPETIOIaBaTElIs;
- 00beM pabOThI COOTBETCTBYET 3aJaHHOMY;

- paboTa BBINIOJIHEHA TOYHO B CPOKH, YKa3aHHBIC MTPETIOJaBATEIICM.



Ounenka «4» BbICTaBJISIETCH CTYACHTY, €CJIN:

- TeMaThuka pabOTbl  COOTBETCTBYET  3aJlaHHOM, CTYAEHT  JIOIyCKaeT
HEeOOJIbIIINE HETOYHOCTH MJIM HEKOTOPBIC OIIMOKU B IAHHOM BOIIPOCE;

- pabota ohopmIiIeHa C HETOYHOCTSIMH B O()OPMIICHUU;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY WJIN 4yTh MEHbIIIC;

- paboTa clilaHa B CPOKH, YKa3aHHBIC IIpErojaBaTesieM, Win T03Ke, HO He
Oosee uem Ha 1-2 qHS.

Onenka «3» BbICTaBJISIETCH CTYACHTY, €CJIN:

- TeMaTHKa pabOThl COOTBETCTBYET 3a/IaHHOM, HO B pabOTe OTCYTCTBYIOT 3HAUMTEIbHbIC
AJIEMEHTHI 110 COJICPKAHHUIO PaOOTHI HITM TEMaTHKA U3JI0KEHA

HEJIOTUYHO, HE YETKO MPEJICTaBICHO OCHOBHOE COJICPIKAHHE BOTIPOCA;

- pabota odopmiieHa ¢ omKMOKaMu B 0()OPMIICHUH;

- 00beM pabOoThI 3HAYUTEILHO MEHBIIIE 3aIaHHOTO;

- paboTa ciaHa ¢ Oro3JJaHueM B CPOKax Ha 5-6 JTHEH.

Ouenka «2» BbICTABJISIETCS CTYAEHTY, €CJIU:

- HE pacKpbITa OCHOBHAs TeMa padOThI;

- pabota odopmiieHa HE B COOTBETCTBUU C TPEOOBAHHUAMU MPEIIOAaBaTEIIS,
- 00beM pabOoTHI HE COOTBETCTBYET 33/1aHHOMY;

- paboTa c/1aHa ¢ Oro3aHUEM B CpOKax OOJIbIIe 7 JTHEH.

JIaGopatopHble pabOThI IO CBOEMY COAEP)KAHUIO UMEIOT ONPEACICHHYIO CTPYKTYpY, Npeiiaraem
paccMOTpeTh ee: X0 padoThl MPHUBEAEH B Hayalle KaxJ0il j1abopaTopHOil pabOThI; MpU BBINOJIHEHUU
IIPAKTUYECKUX Pa0OT OOYyYaroIMMCs BBINOJHAETCA 3aJaHHe, KOTOPOE YKa3aHO B KOHIE PabOThI; MpH
BBINOJIHEHUH J1Ja0OpaTOpHBIX paboT Bamu cocTaBisieTcst OTYET MO €€ BBIMOJIHEHUIO, CO/IEpKaHUe OTueTa
yKa3aHo B KOHIIE JJAOOPaTOPHOU pabOTHI.

[Tpu BbIMOMHEHUU TAOOPATOPHBIX PAOOT OOYYAOMIMMCS BBITIONHSIOTCS OMpeeNieHHbIe MPaBHIIa,
pacCMOTpUTE UX HIDKE: JIA0OpaTOpHbIE pPAOOTHI BBHITIOJHSIOTCS BO BpeMs YUe€OHBIX 3aHSITHI;
JIOTTYCKaeTCsl OKOHYaTeNbHOE 0(opMIIeHHE 1a00paTOPHBIX pabOT B JOMAIIHUX YCIOBUSX; pa3pelaeTcs
WCIOJIb30BaHUE JIOTIOJIHUTEIBHONW JHUTEepaTypbl IpPH BBINOJIHEHUU J1abOpaTOpHBIX paboT; mepen
BBITIOJTHEHUEM J1a00PaTOpHON paboThl HEOOXOIUMO U3YYUTh OCHOBHBIE TEOPETUUYECKUE TTOTOKEHHUS 110
paccMaTpuBaeMoOMYy BOMPOCY.



Conep:xkanue.

Bsenenue

Jlaboparopnas padota Ne 1 «MakpoucciieJoBaHHEe METAJLIOB U CILJIABOBY.
JlaGopatopnas padota Ne 2 «M3ydueHue MUKpOCTPYKTYpPHBI CTaJIei, OETI0ro U CEpOro 4yryHOBY.

JlaGopatopnas pabora Ne 3 «M3ydueHne MUKpOCTPYKTYp IIBETHBIX METAJIJIOB U CILJIABOBY.



JIABOPATOPHAS PABOTA Ne 1

Maxponccneuonaﬂne METAJJIOB U CIIABOB.

Leab padorsl. O3HAKOMIICHHE C METOIMKON IPUTOTOBJICHUS MaKpOULIM()OB M OCBOCHHE METOIOB
BBISIBIICHUS] MAKPOCKOITMUECKOTO CTPOCHHUS U JIe()EKTOB CTAIIH.

OGopynoBanue: NUM(POBAIBHBIA CTAaHOK, (hapdopoBast Jarka, IUIbl, OMHOKYISIPHBI MHKPOCKOIL, JIYTIa,
peaktuB s TpaBieHus (xiopucras meas CUCH, 85 r + xmopuctsiii amonmii NH4Cl 53 r + Boga H,O 1000 mut —
peakTuB [ eitHe), 5%-Hblil pacTBOp CepHON KUCIOTHI, (UKcaTop (THOCYIb(AT HATPHUS), TTISIHIIEBas OpoMcepeOpsiHast
Oymara, GuIbTpOBaIbHAS Oymara, Bata, 00paslibl CIIJIaBOB.

Malcpoaﬂa.nm 10 BUY U3/10Ma

H3n0m — TIOBEpXHOCTh, 00Opa3yroIasics Mocie pa3pylieHus o0pasia Wik U3Jeiaus. Pa3nuyarorT n3noMbl
XPYIKUH (Hanpumep, y KEpaMUKH, 3aKaJICHHbIX CTaJIel); BSI3KUIL CO cilelaMy MECTHOM IIacTHYECKOM Aedopmaru
Ha IOBEPXHOCTH M3JI0Ma; YCTATIOCTHBIN — MOCJIE pa3pyLlIeHus B Pe3yIbTaTe MHOIOKPATHOTO HarpyKeHus.. AHaIU3 U
NPaBUJIBHOE — YTEHUE W3JIOMOB HIPAIOT BAKHYIO POJb IPU YCTAaHOBJIEHMM HPUYMH aBapuil U IIOJOMOK.
MaxkpocKonu4YecKHii aHaJIu3 CTPYKTYPhI U3JIOMOB Ha3bIBaeTCs ghpakmoepagueii.

o Buay M310Ma MOXHO CYJIUTh O BEJIWYMHE 3€pHA METaIa WM CILJIaBa, HATMYUU [IeperpeBa, MpuuruHe
pazpyiieHus (yCTaTOCTHBIN M3JI0M), O HAIMYUU PACCIOEHHUS, PHIXJIOCTH U Jip. 3710MbI OBIBAOT KPUCTAJUTMUECKHE
(3epHUCTHIE), BOJIOKHUCTBIE U CMEIIaHHbIE, TPOJIOIbHbIE U IONIEPEUHBIE.

Bssxuti (BOJIOKHUCTBIN) W3JI0M OOBIMHO HAOJFOMAETCS TOCE IUIACTHYECKOM Jedopmarmy odpasia ¢
NOSIBJIEHUEM IEHKHU 1epe]] pa3pylieHreM. BOoIOKHUCTBIN U310M MMEET MECTO B OTOMOKEHHBIX JO0IBTEKTOUIHBIX
CTaJISIX, a TAKXKE B CTAJLSIX, YAYUIIEHHBIX TepMUUECKOH 00pabOTKOM (3aKajika IoiHasi, OTIYCK BbICOKHIT). Bszkue
M3JIOMBI HE UIMEIOT KPUCTALTMUYECKOTO OJIecKa, XapaKTepH3yIOT T00POKaYeCTBEHHYIO CTPYKTYpY MeTaiuia (puc.1,a).

Xpynkue (KpUCTAUTMYECKME) WIIOMBL  XPYIIKOMY — PaspyILEHHIO  TOBEP/KEHBI 3aKaJIeHHbIE CTallH,
MOBEPXHOCTH H3JIOMOB COCTOSIT M3 MHOYKECTBA ONECTAIMX IUIOMIAJIOK. Pazmmyaror cnemyronme pasHOBUIHOCTU
XPYNKUX ~ W3JIOMOB.  TPAHCKPHCTALTMYECKU  (OPOXOAUT MO  Temy  3¢pHA),  MEKKPHCTALTHYSCKHUI
(MHTEPKPHUCTAUTMYECKHUI), KPYITHO3EPHUCTBIA  (IPYOO3EPHHUCTBIH, KPYTHOKPHCTAUTHYCCKHUIA), MEJIKO3EPHUCTHIN
(METKOKPUCTAJUTMYECKHH ), HA)TATMHUCTBIN, KAMHEBUIHBIN, IIM(EpHbIHA, YePHbIH, YCTATIOCTHBII.

Hagmanunucmoni - TpaHCKPUCTAUIMYECKUN HW3JIOM, MO BHEIIHEMY BHJIy HAIMIOMHHAIONIUN OJiecK
HaramHa, BcTpeyaeTcs: y ObICTPOPEXKYILMX CTaJIel TPY HAPYILIEHUH PEKIMa TEPMUUECKON 00padOTKH.

Kamnesuonwviti N310M - MEKKPUCTATUTMUECKHM, UMEIOIIUI KPYITHO3EPHUCTOE CTPOECHUE, MOSIBIISIETCS B
CTAJISIX B TOLIECCE MeperpeBa MpH Topsdeid MEeXaHW4ecKol o0paboTKe, MpU3HAK HEeT00pOKayeCTBEHHOCTU
CTPYKTYPHI.

1 Iugpepriii (CIOUCTBII) U3TIOM - XapaKTEPU3YETCsl APEBOBUTHBIM PACTIONOKEHHEM BOJIOKOH B TIPOAOJIBHBIX
M3JI0Max craiy. Berpeuaercs B cpeTHEYIIepOIUCTBIX CTANISX, 3arPSI3HEHHBIX HEMETAINTMYECKUMH BKITFOUEHUSIMU U
MEPEHACHIIIEHHBIX Ta3aMH.

YepHbiti N37I0M SIBIISETCS CIIEJICTBUEM BbIJIETICHUS TpauTa U3 CTalei C BBICOKUM COZIEpyKaHUEM YTIIeposia U
KPEMHHU [I0CIIE JUMTENBHOTO OTKUTA TIPY HU3KKMX TEMITEPATypax WK 3aKaIKU ¢ OTITycKoM Ipu Temneparype 700°C.

Puc.1. Ctpoenue Bsi3koro (a), Xpyrmkoro (0) ¥ yCTaJIOCTHOTO (B) H37IOMOB



Yemanocmuwlii M3IOM BCTpeyaeTcs B IETANSX, PA0OTABIIMX TPH IUKIIMYECKUX HArpy3Kax (PebChl, OCH,
BaJIbl, IECTEPHH, IITOKHU, KJIAMaHHbIe NPYXUHBI U Jp.). Ha n310Me MOBEpXHOCTU pa3rpaHWYMBAIOTCS HA Oyar
pazpyieHus (pUCKu, 3a00UHBI, TPEIIMHBI, HEMETATMYECKUE, Ta30BOE BKJIIOYEHHSI), 30HY MOCTENIEHHOTO Pa3BUTHS
YCTaJIOCTHOM TPEUIMHBI U 30HY W3JI0Ma. Y CTaIOCTHAs TPEIIMHA, Pa3BUBAsICh, IOCTENIEHHO OCIA0IISeT MONepeyHOe
ceyeHue JeTanu. He mopakeHHOe TPEIIMHON CeueHHEe He MOXKET MPOTUBOJCHUCTBOBATH HArpy3Ke Ha JeTalb U
pazpyiaercs. 30Ha U3710Ma MOYKET MIMETh IPU3HAKK WM XPYIKOT0, WM BSI3KOTO paspyiieHus (puc.1,B).

Wznom ¢ 3akanounoti mpewuroii MMeeT JBa XapaKTEepHbIX y4acTKa: TEMHBINA - OKHCIICHHAs TOBEPXHOCTh
3aKaJIOYHOM TpPEIIMHBI U CBETJIBIA - MEIKO3EPHUCTBIA XPYNKHUNA H3JI0M. 3aKajiouyHas TpElIMHA BO3HHKAET IMpU
Ype3MEpHO BBICOKOM CKOpPOCTH oxJiaxkaeHus ctanud. OOpa3oBaHUE MOMEPEUHON 3aKaJOYHON TPELIMHBI B PEbCe
CBSI3aHO C MECTHBIM HAarpeBOM peJibC [0 3aKaJIOYHOM TemIepaTypbl Mpu OyKCOBaHHMM KoJeca JIOKOMOTHBA U
MOCIIEAYIOIIUM OYEHb OBICTPBIM OTBOJIOM TeILjA.

HarpeBanue Oykcbl BbI3bIBaCT M3JIOM HIEHKH ocH (puc.2). B ceueHnu u3noMa OTIOMHUBIIEHCS 4YacTH
BBIJIEJIAIOTCS CIEAYIOIINE CIIOU: 1 CIIOi — OCHOBHOM MeTasl, 2 CJIOW MMEET KPYIHO3EPHHUCTYIO CTPYKTYPY U SIBHBIE
CJIeJTbl CKPYYMBaHUS METaJJIa, 3 CIION — —Ccep/IieBrHa||, 6oyiee TeMHas 1Mo IBETY.

0)

Puc. 2. XapaktepHble MpuU3HAKN U37I0Ma IEHKH OCH B pe3yJIbTaTe
HarpeBaHust OyKChI @ — OTIIOMHUBIIASCS YaCTh; O — OCTABIIIASICS YaCTh

MaxkpoaHa/iu3 npu noMoum Makpouummdgos

HccenenoBanre Ha Makponumdax ¢ IPIMEHEHHEM PEAKTUBOB MPOBOAT C IEIbIO BBISBICHUS HAIIPaBICHUSI
BOJIOKOH B JI€TaJIM, OMpEJIENICHHs] MecTa HAIJIaBKH TOCIe PEMOHTa JieTaneld, paBHOMEPHOCTH PacHpe/IeieHus
yrlieposa, cepbl, ¢ocdopa B CEUSHUH, BBIABICHUS TOpP, PAKOBUH, TPEUIMH U APYTUX Ae(PEKTOB, a B CBAPHBIX
COCIMHEHUSIX - UCCIEAYIOTCI OCOOEHHOCTH CTPYKTYPhI CBAPHOTO IIIBA.

Maxpouwnug - 310 00pasel], 0Ha TOBEPXHOCTh KOTOPOTO CHEMAILHO MOITOTABIMBACTCS IS IPOBEICHUS
HUCCIeIOBaHUN.

Ha puc.3 mokazana makpocTpykTypa Oojira ¢ mpaBWwibHBIM (puc.3, 0) ¥ HenmpaBWIbHBIM (pHc.3, a)
PacroyIoKEHUEM BOJIOKOH B JieTayid. BonokHa Oorta, M3roTOBIEHHOIO KOBKOW € BBICAIKOM, COOTBETCTBYIOT €I0
KoH(uryparuu. Bosokna 6051Ta, BHITOYEHHOTO M3 3aTOTOBKH, PACHOIOKEHbI MapajyIebHO €r0 OCH, UTO BIICYET 3a
co00i1 pe3K0e CHIDKEHUE YIIaPHOU BSI3KOCTH B MECTE ITePexo/ia OT TOJIOBKU K CTEPIKHIO.

XuMudeckasi HEOHOPOJHOCTh CTald MOXET ObITh BBISBIEHA HaHOOJIee HATJISIHO TOJIBKO IPH TTOMOILIU
MaKpoaHalI3a, TaK Kak OOIINI XUMUYECKHUI COCTAaB CTAIM JaeT NPE/ICTaBICHHE JIUIIb O CPEAHEM KOJTMYECTBEHHOM
COJIEp>KaHMH 3JIEMEHTOB, BXOJSIIIMX B METALT, HO HE XapaKTEPU3YeT PACIIPEIEIICHUs] X 10 CEYEHHUIO.

Beissrnenue oOmeit nukBanuu yriaepona, Gpocdopa mpou3BOAAT TpaBjIeHHUEM HUTH(POBAHHON MOBEPXHOCTH
peaktuBoM ['eiine. Ha mpomonbHbIX Makponumdax HaOMIOJAI0TCs TEMHBIE MOJIOCHI B BHJAE BOJIOKOH - 3TO
JIMKBAITMOHHBIE 30HBI, 00OTaIleHHbIE yriiepooM 1 (pochopom (puc.4). Ha monepeynbix numdax BOJIOKOH HET.



Puc 3. Makpoctpykrypa 6051Ta, U3roTOBJICHHOTO PE3aHKEM () |
KOBKOM € BBICaIKOH (0)

Puc. 4. O6mas nukBarus B cTanu: 00T (a) ¢ HEOOIBIIM
1 6001t (0) ¢ OoNBILIMM coziepskaHreM yriiepoza U (hocdopa

JIMKBaIMroO cepbl ONPEISIISIOT METOIOM CEPHOTO OTIedaTka Ha (hotooymare (1o baymany). Io pe3ynbraram
UCCIIEIOBAaHUM OTMEYaeTcs, Kak pacripesiesnieHa (paBHOMEPHO WM HEPAaBHOMEPHO) cepa MO CEYCHUIO JCTaJM.
HepaBHomepHoe pacnpeiesieHue cepbl YCKOPSIET pa3pylIeHUE METAIUIA B TIPOLIECCE AKCILTYaTaA|H.

KauecTBO CBapHBIX COECIUHEHMI ONPEAENSETCS Pa3IMYHbIMM METOJIaMU MaKpoaHain3a. BusyalbHbIi
OCMOTp CBapHBIX IIIBOB TIO3BOJISIET BCKPBITh OTKJIIOHEHUS B pazMepax u (hopme CBapHOTro 11Ba. JIeHapuTHoe crpoeHue
CBApHOTO II1Ba, 30HY TEPMUYECKOTO BIIMSIHUS, MEJKHE TPEIIMHBI W MOPHI OOBIYHO BBIIBIISIIOT TMPH TPaBIICHUN
HCCIIEyEMBIX TTOBEPXHOCTEHN CBApHOIO 11Ba peakTuBOM I 'eline (puc.5).

Puc.5. MakpocTpykTypa CBapHOIO I11Ba:

1110B (a), yyacTok reperpena (0), y4acToK MeJIKOro 3epHa (B),
YUYaCTOK MEePEKPUCTAILTU3AIMH (T'), UCXOJTHASI CTaIb (1)



Iopsinok BbINOIHEHUsI pa0OTHI:

[logroroButes Makpouuidel. OpHa TOBEPXHOCTh oOpazua uUHM@yercs HakIayHOH Oymaroit
pa3IMYHBIX HOMEPOB B MOCIIEI0BATENILHOCTH OT 0oJjiee KpymHoro 10 6osnee Menkoro Ne 220 — 320. [Ipu
9TOM BOJT 1o gy Oymaroif, a He Hao00poT. [IoAroTOBIEHHYIO MOBEPXHOCTH MPOTUPAIOT BATOM,
CMOYEHHOH CIUPTOM sl OOEKUPHUBAHUS TIepe]] TpaBieHUEM. [paBieHHe Makpouumda TpPOH3BOIST
KPENKUMU U CHJIbHO/ICHCTBYIOIIMMY PEAKTUBAMH.

BbIBUTE B TEMIUIETAaX TPEIIMHBL, TOPbI, PAKOBHHBI [TyOOKUM TpaBJieHUEM Moforperbv 1o 60 — 70 °C
BOJHBIM DAacTBOPOM COISHON kucnorsl (mo 50 cv® HCl u H,0). Bpemst TpaBienms 10-45 MuH.
[ToBepXHOCTh TIOCNIE TpPABICHUSI TPOMBITh, 00paboTath 15% pacTBOpOM a30THOH KHCIOTHI U
NPOCYILINTh. BBIsSBIICHHBIE BUTUMBIE 1€(PEKThI 3apHCOBATh. DTUM METOJOM BBIABISIIOT M HAIIPABJICHUS B
PAacCTIONOKEHNH BOJIOKOH.

BbIsBUTE JMKBAIIMIO Ccepbl, TPUMEHssT MeTox baymana, Ha nByX oOpastax. JIucter ¢orodymarw,
3aMO4YeHHbIe B 5% pacTBOpEe CEpHOM KHCIIOTHI HAJIOXKHTh Ha MOATOTOBJICHHYIO ITOBEPXHOCTh
SMYJBCUOHHOM CTOPOHOHM (HE JOIMyCKaTh C/IBUIa W MOMIAKMBAHUEM YAAISATh BbLISISIIOLIMICS Tas3),
BBIZIEPXKATh 3-4 MUHYTBL. BymMary nmpomsITh, 3ahMKCHPOBATh OTIIEUATOK, BBIIepKaB B TedeHne 20-30 MuH B
20% pacTBOpe TUIOCYITB(HUTA, TTOCIIE Yer0 CHOBA IIPOMBITh M IIPOCYIIUTb.

BeisiBuTh nmkBanmio yriiepona, (ocdopa TpapieHHEM OTHUIM(OBAHHONW IOBEPXHOCTH B PEAKTHBE,
cocTosiIeM 13 85 T XJIopHOM Meru U 53 T xuopuctoro avmMonmst B 1000 oM’ BOZIBL O06pazelr NoAroTOBICHHOM
TIOBEPXHOCTBIO TIOTPY3UTh B PEAKTUB U BhIIAEPKaTh 1-2 MuH. OOpa3oBaBIIMIACS HA MOBEPXHOCTH CIION
MEIM CMBITh CTpyel BOJIbI, MAKpOLLIM( MPOTEPETh MOKPOM BaToOW M IMPOCYIIUTh. TeMHble (TTyOOKO
MPOTpaBJIEHHbIC) YYACTKH XapaKTePU3YIOT paciipeeieHue yriaepoaa, hocdopa.

PaccmoTtpers, 3apucoBaTh MOBEPXHOCTh M3JIOMOB OOPA3IOB M OXapaKTepU30BaTh UX MO pasMepy 3epHa
(MenKo3epHUCTas1, KPYMTHO3EPHUCTAs CTPYKTYpa) U IPYTUM OCHOBHBIM IPH3HAKAM.

Conepxxanue oTyera:

CJIb pa60TBI; KpaTKUC CBCACHWA H3 TCOPUU MaKpOaHAIM3a, 3apHCOBKH HM3JIOMOB; 3apUCOBKH

XapakTepa oOIIeil JIMKBAIMK 1 HAIPaBJICHHS BOJIOKOH; OTIIEYaTOK Ha (pOTOOYMAre Xapakrepa pactipeie/icHusI

Cepbl; JMKBAIMK yriiepofa, (ocdopa; 3apuCOBKHM Makpoluida CBAPHOTO COEAMHEHUs, MMOBEPXHOCTU

H3JIOMOB; BBIBOJBI 110 PE3YyJIbTaTaM aHAJIM30B.

© NS A WD

KOHTpOJ'lebIe BOIIPOCKBI:

MaxkpOCKOIUYECKUI aHATIU3 U €10 LIEIb.

Buel Mmakpoanamsa.

Kaxk rorosit makpomumd?

Kaxk BbIABIISIOT 1epeKThI, HapyIIAOIIHe CIUIONHOCTD JICTaTH?
Kak BBISBIISIIOT JIMKBALIMIO CEPbI?

Kaxk BeIsBIISsIFOT JTMKBatuto yrireposa, gpochopa?
MakpocTpyKTypa CBapHOTO COETUHEHHSI.

Bute1 n3110MoB.

IT HWYMHbBI, BbI3BIBAIOIINC BOBHUKHOBCHUC YCTAJIOCTHLIX U3JIOMOB.



JIABOPATOPHAS PABOTA Ne 2
N3y4yenne MUKPOCTPYKTYPHI cTaJIei, 0€JI0r0 U Ceporo 4yryHosB.

Leab padoThl: U3yUUTH MUKPOCTPYKTYPY CTalIei, O€JI0T0 1 CEeporo YyryHOB.

O6opynoBanme: MeTauIOrpaGpuUIecKiii MUKPOCKOIT, HA0OPBI MUKPOIUTA(OB YTIEPOIUCTHIX
CTaJICH: JOIBTEKTOUIHOM, IBTCKTOUIHOMN U 3a9BTEKTOUIHOM; HAOOP MUKPOILIU(OB YyT'YHOB —
Oerble YyryHbI (I03BTEKTHUECKUI, IBTCKTHUECKHUH, 3a9BTCKTHUECKHIT ), CEpbIC UyT'yHbI Ha OJTHON
W3 TIPUBOJIMMBIX OCHOB ((heppUTHOMU, (hePPUTHO-TICPIIUTHON).

3aganue:
1. UMByuute ycTpoiCTBO M NPUHLHUI PAaOOTHI METAIIOrpaUIECKOro MUKPOCKOIA.
2. Tlo puc.l u puc.2 U3y4ntTe MEKPOCTPYKTYPHI YIIIEPOIUCTHIX CTAJICH U YyTYHOB.
3. PaccmoTpute B MUKPOCKOI MUKPOILIU(BI YTIEPOAUCTHIX CTallel, OETIBIX U CepPbIX YYT'YHOB,
ONpelIeUTe CTPYKTYPBI cTaneil U uyryHoB. CrenaiTe 3apucoOBKH KaXI0W U3 3TUX CTPYKTYp B
OTUYETE C YKA3aHUEM CTPYKTYPHBIX COCTABJISIIOLIUX.

1.KpaTkue TeopeTuyeckue cBeJleHuUsI.

Cmanvio Ha3BIBAIOTCS JKENE30YTIEPOJIMCThIE CIUIaBbl C cojepkaHueMm yriepona a0 2%.
CBoiicTBa YyriaepoAUCTBIX CTajeil 3aBUCAT OT COACp)KaHUS B HUX Yriiepojaa. YTJIepoAd, BCTymas B
XUMHUYECKOE B3aUMOJICHCTBUE C Kele30M, o0pasyeT kapoun xeneza FesC, KOTOpbIii HOCUT Ha3BaHUE
yemenmum. B Hebonbmom koiuuectse (0,006%) yriepon pacTBopsieTcs: B jkese3e, 00pa3yst TBepIblid
pacTBOp, KOTOPBIN HOCUT Ha3BaHUE geppum. YTIECPOAUCTHIE CTATH COCTOAT U3 (peppuTa u IeMEeHTHUTA.

B cramax, comepxamux 0,8% yriaepona M Ha3bIBaeMbIX 96mekmoudHvimu (pHuc.2, a), Bech
[IEMEHTUT 2 HAXOJWTCS B IUIACTWHKAX, paBHOMEPHO paccesHHBbIX B (eppute 1. Takas cTpykTypa
HOCUT Ha3BaHUEe nepiauTa. B cramax, coxepkammx yriaepoga MeHee 0,8% u©  Ha3bIBaeMbIX
0ossmexmoudnvimu (puc.2, 0), CTpyKTypa COCTOUT YaCTUYHO M3 MEPIUTa 3 M YACTHYHO U3 YUCTOTO
depputa 1. B cramsix, conepxkamux yriaepoaa 6osnee 0,8% 1 Ha3bIBAEMBIX 3a26mekmoudnvimu (puc. 2,
B), CTPYKTypa COCTOMT U3 3€pEH NepinuTa 3, OKPYKEHHbIX CETKON [IEeMEHTHTA 2.

PacTBOpHMOCTh (IPOTPaBIMBAEMOCTb) IIEMEHTUTa W (Qeppura B KHCIOTE paziuyHa. YToObl
paccMOTpeTh MOJ MHUKPOCKOIIOM CTPYKTYpY MeETajula, 3€pKalbHO OTIOJUPOBAHHYIO MOBEPXHOCTH
CTaJIbHBIX O00pa3loB 00pabaThIBalOT CHIBHOW KHCIOTOW. M3-3a OONBIION HPOTPaBIMBAEMOCTH
deppuTa B MecTax €ro BbIXOJa Ha IIOJMPOBAHHYIO TIOBEPXHOCTh OOpPa3yIOTCS YIiyOJeHus.
OO6paboranHasi TakMM OOpa30M 3epKalibHAs MOBEPXHOCTh MONY4YUT MHUKpopenbed. Takue oOpasiibl
HOCSIT Ha3BaHUE MUKPOULTUPDOE.

Yyzynamu Ha3bIBAIOT KEJIE30YTIEPOAUCTHIE CIIJIAaBhI C COJEpKaHueM yriepoja 6omee 2%.

UyryHbl, B COCTaBe KOTOPBIX BECh YIJIEPOJl CBS3aH, HA3BIBAIOT Oenbimu. Takue UyTyHBI JEISITCS
Ha Oossmexmuyeckue (puc.l, a), ssmexmuueckue, conepxamme 4,3% yrnepona (puc. 1, 0),
3adBTeKTHUECKUE (puc. 1, B), comepikaiue yrieposa 6omnee 4,3%.

B TexHHMKE M CTPOMTENBCTBE NMPUMEHSIOT CEPBIE, CEPHIE BBICOKONPOUYHBIE U KOBKHE YYT'YHBI, B
KOTOPBIX YIJIEPOJl YaCTUYHO WJIM MOYTH TMOJHOCTHIO HAaXOJUTCS B HECBSI3aHHOM COCTOSIHUM B BHUJIE
rpadura. X CTpyKTypa COCTOMT U3 METaNINYECKOM OCHOBBI: (eppuUTHOU (puc. 1, T, €), nepauTHON
(puc. 1, 1) 1 TpadUTOBBIX BKIIOUEHUHN PA3TIMYHON KOH(MUTYpAIIUH, 3aBUCAIIEH OT CIIoco0a MOTydeHHs
CEpOoro uyryHa.

Cepvle yyeyHbl TIOAY4alOT BBEIEHHEM B Tpolecce IulaBku KpeMmHus. OOpa3oBaBiinecs
rpadUTOBbIC BKIIOYECHHUS B CEPBIX YYI'yHaX UMEIOT (hopMy JIeTIeCTKOB (CM. puc. 1, ).

BBICOKOHpO‘IHBIG CCPBIC YYTI'YHBI, IMOJIy4aCMBIC IPpU BBCACHHUU MArnusi Wi OCpUst, UMCIOT
apoBHIHBIE BKIIIOUEHMs rpaduTa (puc. 1, e).



Kosxkue uyeynsl IONYy4alOT MyTEM JJIUTENBHOTO BBIAEPKUBAHUS TIPU BBICOKUX TEMIIEpaTypax
(Tomynenun) OenbIX YYryHOB. B CTpyKType KOBKHMX YYI'YHOB HPUCYTCTBYIOT XJIONBEBUIHbBIC
BKJItOUeHUs rpadurta (cM. puc.l, x).

Ilepen paboToil 03HaKOMBTECH ¢ MeTauIorpaduyeckuM MHUKpockonoM (puc. 3). Obpaszen 1
YCTaHABJIMBAIOT HA CTOJIHMK 2 MUKpOCKomna. OT UCTOYHMKA CBETa 3 JIy4 MPesIOMIIsieTCsS pU3Moi 4 Ha
3epKaJIbHYIO0 IOBEPXHOCTh 00pasia noj yriom o. OTpakeHHBIM OT 3€pKajbHON MOBEPXHOCTH JIy4
BTOPOI MPU3MOI MPEIOMIISIETCS B OKYJIAP O.

Tak xak TOBEpXHOCTh UMEET MHUKpOpebed, TO IpU MaJCHUH Jiydya Ha MOBEPXHOCTh 00pasia
IOJl YIJIOM 0 OT BBICTYMAIOIIUX KOMIIOHEHTOB CIlJIJaBa Ha TMOBEPXHOCTh OyAyT NajaTh TEHH,
KOTOpbIE MOKHO HaOJIOJaTh B MOJ€ 3peHUs MUKpockoma. Tak Kak TeHH OyIyT pacrojararbcs Mo
IPAaHMLAM CTPYKTYPHBIX COCTABJIIOLIUX CILIABA, TO II0 HUM MOXHO CYIUTh O CTPYKType MeTajuIa.

PaccmoTpeB B MHKpOCKON HUIM(BI YIIEPOAUCTON CTalu, MOJIb3YSICh pUC. 2, CTYIEHTHI
ONPEIENAOT CTPYKTYpPy CTald M JENAl0T 3apUCOBKM KaXKIOW M3 ITHUX CTPYKTYp B OT4YETE C
YKa3aHUEM CTPYKTYPHBIX COCTABIISIOLIUX.

Mukpouuiudsl 4yryHOB HEOOXOIMMO HAUYMHATH PaccMaTpUBaTh C OENbIX YYT'YHOB, 3aT€M —
MUKpOLUTH(BI CepbIX 4yryHOB. Bce paccMoTpeHHble MUKpOULIU(B HEOOXOIUMO 3apUCOBATH B
OTYET C HA3BAaHUEM CTPYKTYPHBIX COCTABIISIOLIUX.

Puc. 1 - CtpyKTypbI 4yryHOB:

a — Oenblil TOIBTEKTUUHBIH, O — O€Jblii IBTEKTUYECKUH (J1e1e0ypuT), B — Oesblil 3a9BTEKTUYECKUH,

I — cepblii  Ha (eppUTHON OCHOBE, /T — KOBKHI Ha MEPIUTHON OCHOBE, € — MOAU(DUIIMPOBAHHBIH,
BBICOKOTIPOYHBIN Ha (PeppUTHOM OCHOBE; | — MepiuT, 2 — 1eaeOypuT, 3 — HEMEHTHT, 4 — GpeppurT, S -

rpadur.



Puc. 2 - MuUKpOCTpYKTYpa YIJIEpOJAUCTHIX CTAJICH: a — YBTCKTOM/IHAS, O — JOIBTCKTOUIHAS, B
— 3a3BTeKTOMAHAS; 1 — heppuT, 2 — IEMEHTUT, 3 — NEPIUT

Puc. 3 - Cxema meTtamiorpaguaeckoro MUKpOCKOIa:
1 — oOpaser, 2 — cTOJIMK, 3 — UCTOUYHUK CBETA, 4 — MPU3MBI, 5 — OKYJISP.



JIABOPATOPHAS PABOTA Ne 3

N3yuyenne MUKPOCTPYKTYP LBETHBIX MeTAJIJIOB M CILJIABOB.

Heap padoThbl: U3yYHUTh KiIacCUPUKALINIO, MUKPOCTPYKTYPY, CBOWCTBA U Ha3aHAUYEHUE
TUIIOBBIX IIBETHBIX CIIJIABOB MAITUHOCTPOCHUS.

1. Kparkue Teoperndyeckue CBeJAeHHUS.

K 1BeTHBIM OTHOCUTCS OOIIMpPHAs TPYIINa METAIJIOB CIAEAYIOUINX KJIACCOB:

-necKue MeTaJlIbl ABIIAIOTCA OCHOBOI1 CIUIaBOB JUIs  MalIMHOCTPOEHMS,
CYIOCTPOCHHUS, CAMOJIETOCTPOCHUS. ITO MPEUMYIIIECTBEHHO AIFOMUHUI U TUTAH, PEKE MarHui;

- JlecKonnaskue METaulbl IMPEUMYLIECTBEHHO HCIOJB3YIOTCS Il  U3TOTOBJIECHUS
AHTU(PUKIIMOHHBIX CIUIABOB: 3TO CBUHEI], OJIOBO, IMHK. Takue CIUIaBbl YacTO B BHUJE TOHKOIO
CJIOSI HAHOCSITCS Ha pabouyt0 MOBEPXHOCTh CTAIbHOW OCHOBBI MOAIIHITHUKOB CKOJIBKECHUSI MAIINH
1 MEXaHU3MOB;

- peodKko3emelbHble METAIUTBl MPUMEHSIOTCS B KayecTBE J00aBOK K Pa3IMYHBIM CILIaBaM
(cTamsm | [Ip.) C LENbI0 yIyULIeHUS HX CBOMCTB;

- 61a2opoonble MeETaIbl  (30JI0TO, cepedpo, IUIaTUHA W Jp.) WCIONB3YIOTCS B
ANEKTPOTEXHUKE, DIEKTPOHUKE, PATUOTEXHUKE;

- ypanogevle METAIIbI MOTYYUSIM IPUMEHEHNE B aTOMHOM dHEPreTHKE;

- myeonnaskue MeTaubl (HUOOWH, TaHTall, MOJUOIEH, BOJb(pam) MIPUMEHSIOTCS IS
M3rOTOBJIEHUS U3/ETUi, paboTarouX Ipu 0co00 BhICOKUX Temneparypax 1o 1500...2000 °C.

M3 1BeTHBIX METaUIOB HauOOJbIlee HCIOIb30BAHUE UMEET @IIOMUHUI, COJEpKaHUE
KOTOpPOro B 36MHOW Kope paBHO 8,8 %. AJIIOMUHHEBBIE CILJIaBbl PUMEHSIOT JUISI KY30BOB, PaM,
AJIEMEHTOB JBEPEH, pajnaTopoB, KOJEeC aBTOMOOWIIEH, OIIOKOB IWJIMHIPOB, T'OJOBOK OJIOKOB,
MIOPIIHEN JBUraTeIe BHYTPEHHETO CTOPAHUS U IPYTUX JAeTaIel MallluH.

AJIOMUHUEBBIE CIUIaBBl OCTAIOTCS OJHUM M3 OCHOBHBIX KOHCTPYKIIMOHHBIX MaTE€pPHAJIOB B
MIPOM3BOJICTBE JIETATENbHBIX anmapaToB. W3 HUX H3TOTOBISIOT AJIEMEHTHl KOHCTPYKLMM
CaMOJIETOB, BOCIIPUHUMAIOIIUE IEHCTBUE MEXAaHNYECKUX CHJI: IIAHTOYTHI, IOH)KEPOHBI, HEPBIOPBI
n gap. CruaBbl B BHJAE JIMCTOB NPUMEHSIOT JJs OOIIMBKM KOPIIYCOB pAaKkeT U CaMOJIETOB,
W3TOTOBJICHHUS] TOIUIMBHBIX M MAaclsfHbBIX 0akoB (CIUIaB aJIIOMUHUN-MarHuid, IypajlOMUH,
QIIOMUHHM - TUTHEBBIE CIIIaBbl U Jp.). [IOKOBKM M MITaMIIOBKU MOJIY4YarOT U3 KOBOYHBIX CIJIABOB
Mapok 1360 (AK6) u 1380 (AKS). B cepuitHoM mpou3BOJCTBE OCBOCHBI HOBHIE aTIOMHUHUEBBIC
CIUIaBbl, MMEIOIME B JBa pa3a MEHbLIEE COAEpkKAaHHE BPEAHBIX INPUMECEH U MOBBILICHHOE
COIIPOTHBIIEHUE K 00pa30BaHUIO TpeUIHH. M3 3TUX CIIJIaBOB MPOMBIIIIIEHHOCTH TPOU3BOAMT JIUCTHI
JUTMHOU 710 9 METPOB M IUIATHI IJIMHOM 10 25 METPOB.

Pacmmpsiercss mpuMeHEHHE THUTAHOBBIX CIIaBOB INPEUMYLIECTBEHHO B CYAOCTPOEHUU U
aBMAIMOHHON TexHuKe. CruiaBbl OOBIYHO IMOJIYHalOT CIIOCOOOM BaKyyMHO-IYrOBOW IIJIaBKHU C
pacxoayeMbIM JIEKTpoaOoM. BelmuiaBisseMble TUTaHOBBIE CIUTKUA UMEOT auametp 500...800 mwm,
Maccy 5...8 TOHH U Jlajnee MoJBeprarTcs 00padoTKe JaBlIeHUEM: KOBKE Ha MOJIOTax, IPOKAaTKe Ha
craHax U Jp. OCHOBHBIMH BHUJaMHU J1e(HOPMUPYEMBIX THUTAHOBBIX MOIY(PaOpPUKATOB SBISIOTCS
MTOKOBKH, IITAMIIOBKHU, IPYTKH, TPOPHIIH, TPYOBI.

Onucanue MUKPOCTPYKTYP IIBETHBIX CILJIABOB JIAOOPATOPHON KOJUIEKLIUH HITU(OB JaHO B
Tabsn. 17, a cxemMbl MUKpPOCTPYKTYp NIpuBelneHbl Ha puc. 14. IlpumeHseMble B COBpPEMEHHOI
TEXHUKE IIBETHBIE MaTepHalbl Ha OCHOBE QJIIOMHHMS, MEIW, TUTaHA MU JPYTHX METAIUIOB
nojpasendiorces Ha aedopmupyemble U sutTeiHble. U3 degopmupyemvix cniasoe momydyaroT
Pa3IUYHBIMHU CITIOCOOAMU TOpSTUEH U XOJIO0IHON 00pabOTKH JaBJICHHUEM KOBAHBIC U IITAMIIOBAHHBIC
3arOTOBKHM, NPYTKH, JIUCTHI W Tpoure mnoiypadpukaTsl. OCHOBY HX CTPYKTYpPbl COCTAaBIISIOT
TBEp/bIE PACTBOPHI.

Hertanu w3 aumetinbix Ccn1a6o8 He 00padaTHIBAIOTCS [aBIEHUEM U CTaBITCA B
KOHCTPYKLHIO MAlllMH B IUTOM COCTOSIHUU B BHJI€ (DACOHHBIX OTIMBOK. J[JIs1 M3TOTOBIEHUS U3 HUX
OTJIMBOK OHM JOJDKHBI 00JagaTh XOPOIIMMHU JIMTEHHBIMH TEXHOJIOTUYECKUMHU CBOWCTBAMHU:
BBICOKOH CIOCOOHOCTh JKHUJKHX CIUIAaBOB K 3allOJHEHUIO TIOJOCTeH JUTEeHHON (GOpMBI
(’KUIKOTEKYUYEeCThIO), MaJIOH yCaIKOH, HEOOJIBIIION CKIIOHHOCTRIO K 00pa30BaHUIO TPELTUH H JIP.



Tabmuua 17. [lepedens 1ab0paTopHON KOIIEKIIMA MUKPOILIN(OB [[BETHHIX CIJIABOB.

Ne Hammerosarne | Mapka | TOCT XI/IMI/I‘IGCIEI/II/I Oo6pabotka | CTpyKTypHBIE
numda cocTaB, % CIUIaBA COCTABJISFOIIINE
Al-ocHoBa; o
> -pacTBOp U
42 | Jlypamowun | 1160 | 4784-74 3.8...4.8Cu; Orgeur | e
P 1,2...1,8Mg; HHTEpMeTaI
0,3...0,9Mn. /108
3epHa
MenHo- o-pacTBopa
. XosoHas C TBOHHIKO-
IIUHKOBBIN A
43 JI68 15527-70 Cu — ocrosa 30-33 Zn  |mechopMmarius BBIMH
cras u OTKUr KpucTajuiaM
(J1laTyHb) ¥ (CBETIIBIE U
TEMHBIC)
Ti-ocHOBA;
) 5,5...7Al; 0-pacTBOp
44 TuTaHoBbBII BT3-1 19807-91 2.. .3M0,-1 ; OTKUr (cBeTnbIil) U
CILIaB 2...5Cr; B-pactBOp
0,15...0,4 Si; (TeMHBIi)
0,2...0,7 Fe.
DBTEKTHKA
i ) JIuteé 6e3 (a+Si) u
45 CunymuH AK12 1583-89E Al\:) OC?; BSEE’ Mo T UTIN KPYTIHBIE
o pOBaHHS KPHCTAJIIBI
Si.
. HucnepcHas
Al-ocHoBa: JIntee C HBTEKTHKA
46 CuymuH AK12 1583-89E 0. 13 Si’ Momuum | (a+Si)u o-
o pOBaHHEM pacTsopa
(cBeTIbIit)
Mg — ocHoBa ITepenachiri
47 MarHueBbli TS 2856-79 7,5...9 Al . JIuteé n EHHBII O
CILIaB 0,2...0.8 Zn; 3aKajika pacTsop u
0,15...0,5 Mn. MgaAls
Jenaputsl
Bpomsa Cu — ocHoBa O-pacTeopa
48 . BpO10d1 - 9...11n; TTnTné (remmbie),
OJIOBsSIHHAas ABTEKTOU]T
08...1,2P (cBeTubIil) 1
CusP
OL-pacTBop,
Sn — ocHoBa; CBELIBIC
© | moowr | B | 1307 | lolSh | me | R
5,5...6,5Cu .

CusSn
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Puc. 14. Cxembl MUKPOCTPYKTYp LBETHBIX CILIABOB.

[IInpokoe HCHOJIB30BAHUE TOJYUYUIIM MATEPUAIIBl  ATFOMUHUM MeEIb Mar”um,
JOTIOJIHUTEIBHO JIETUPOBAHHBIE MapraHueM (Oypantomuusl). B OTOXIKEHHOM COCTOSSHUM IIPH
conepxanun 3,8...4,8 % Menum MHUKpPOCTPYKTypa AYpPaTOMHHOB COCTOMT W3 O - TBEPIAOTO
pacTBopa MeIM B QAIIOMHUHUM W BTOPUYHBIX AUCHEPCHBIX BKIFOYEHHM HWHTEPMETAIUIMYECKUX
coemuuenuit CuAl,, Al,CuMg (S-da3zsr).

Hanbonee pacrpoCcTpaHEHHBIMU nepopMupyeMbIMU MEJHBIMU CIIaBaMHU
SIBIAIOTCS  MEOHO-YUHKOGble chaaevl (1aTyHW). JIByXKOMIIOHEHTHBIE CIUIaBBl  MEIb-
LUHK IIpU CoJepKaHuM 10 39 % LIMHKA MMEIOT MUKPOCTPYKTYPY U3 OJJHOTO o-
TBEPAOr0 pacTBopa HMHKAa B Meau (JatyHs JI68). Mukpoctpykrypa oOpasna, MOABEPTHYTOTO
XOJNOAHON NedopMalud U PEKPUCTAIIU3ALUOHHOMY OTKUTY, COCTOUT M3 PAaBHOBECHBIX 3€peH
TBEPAOrO pacTBopa ¢, HUMEIIIUX BCIEACTBUE aHU30TPONUHU (3aBUCHUMOCTH CBOMCTB OT
HAIIpPaBJICHUS) pPa3JIMYHBIM LBET OT CBETJIOrO0 [0 pPa3HbIX OTTEHKOB TEMHOIO. OTH JaTyHH
IPUMEHSIOTCS ISl TOJTYy4EeHHUsI JIEHTBI, TPYOOK.



VYV naryneit ¢ coxpepxkanueM 39...46 % uUMHKAa MUKpPOCTPYKTYpa COCTOUT M3 3€pEeH o -
TBEpJIOTO pacTBopa U (a3wl ' (YmOpsI0ueHHBINH TBEPbIM pacTBOpP Ha OCHOBE coenuuenust CuZn).
Taxue nByx(dasHbie IaTyHH UMEIOT MOBBIIICHHYIO POYHOCTh MPU MOHWKEHHOW TUIACTUYHOCTH U
M3TOTOBJISIIOTCS B BUJIE IPYTKOB U APYTUX MOIy(hadpUKaToB.

BonbumHCTBO AePOPMUPYEMBIX MPOMBIIIIICHHBIX MUMAHOBLIX CHIAB08 TIONY4al0T MOCIe
OTXKHra MUKPOCTPYKTYPBI U3 O - PacTBOpa MM O+[3 - pacTBOPOB HAa OCHOBE THUTaHA. TBepbIii
pacTBop o Ha ocHOBe Tio. MMEET IeKCaroHaJbHYI0 KPHUCTaNIMYECKYI0 pElIeTKy, [3- pacTBOp Ha
ocuose Tif} - pemeTky 00beMHO-IICHTPHUPOBAHHOTO KyOa. TUTaHOBBIE CIIJIaBBlI XaPaKTEPU3YIOTCS
BBICOKOH yJI€JIbHOM IPOYHOCTBIO, XOPOLIEH COIPOTUBIIIEMOCTHIO KOPPO3UHU.

[[lupokoe mMpUMEHEHHE WMEIOT JUTEHHBIC CIIAaBbl ATIOMUHUN-KPEMHUU (cunymunvl). Y
3a9BTEKTHUYECKOTO CIJIaBa MUKPOCTPYKTYpa COCTOUT U3 IBTEKTHKU U MEPBUYHBIX 00Jiee KPYIHBIX
KPUCTAJNIOB KpEeMHHUs, HanpuMep, y cuurymuHa AK12. DBTeKkTHKa rnpencTaBiseT coOoi cMech o -
TBEPJIOTO pPAcTBOpa KPEMHHUS B aTIOMHHMM M TPYObIX HTrOJIbYAaThIX KPHUCTAJUIOB KPEMHUS,
UTPAIOIIMX POJIb BHYTPEHHUX HA/IPe30B (KOHIIEHTPATOPOB HanpspkeHwust ). [lpun MoaudummupoBanum
XKUAKoro cuiiymMuHa HatpueM B konudectse 0,05...0,08 % 3BTeKTHKA N3MEIBYAETCS U COCTOUT U3
O pacTBOpa M  MEIKHX 3€epeH KpeMHHUs. MHUKPOCTPYKTypa  MOAUPHUIHMPOBAHHOTO
JIOOBTEKTUYECKOTO CUJIyMHHA HUMEET IEPBUYHbBIEC CBETJIbIE JEHAPUTHI TBEPIOTO pacTBOpa o U
MEJIKO3EPHHUCTYIO 3BTEKTHUKY. V3MenpueHne 3BTEKTUKHA H OTCYTCTBHE B MUKPOCTPYKTYpPE TPYOBIX
KPUCTAJUIOB TMEPBHUYHOTO XPYIKOTO KPEMHHUS IO3BOJIIET HECKOJIBKO IOBBICUTH MPOYHOCTH H
IJIACTUYHOCTh cuiyMuHa. CHIYMHHBI NPUMEHSIOT JUIS HM3TOTOBJICHUS (DACOHHBIX OTIMBOK
CJIOKHOH (hOPMBI.

W3 nuTeiHBIX CTJIaBOB MEIH UCIOIB3YIOTCS Hanboiee MUpoOKo 6porssl. JluTtas onoBsiHHAS
OpoH3a C coaep:kaHueM oJioBa 70 5...6 % uMeeT CTpyKTypy 0L - TBEPJIOTO pacTBOpa
ojloBa B MeIUM C pa3BUTOW JEHIAPUTHOM JuKBanueil. MHKpOCTpyKTypa JUTOW OpOH3BI,
cojepxaiieit 6omee 6 % 0JI0Ba, COCTOMT W3 JACHIPUTOB TBEPJOTO PACTBOPA O M U3BUIIMCTHIX
CBETJIBIX BKJIIOUEHHUH XPYIKOTO HBTEKTOMJA (IUCIEPCHOM cMmecH ABYX ¢a3: o - pacTBOpa M
Cuz;1Sng (8-ha3ser)).

OnoBsiHHast OpoH3a, packucieHHas pochopoMm, TOMOTHUTEIEHO UMEET B MUKPOCTPYKTYpe
HeOoJIbIINe BKJIIOYEHHMsST XUMHuYeckoro coenuHeHus CuzP cmerno-romyOoro 1Bera, Hampumep,
oponsa mapku bpO10dD1. OnoBsHHBIE OPOH3BI MPUMEHSIOTCS JJIi U3TOTOBJICHUS CIOKHBIX TIO
(dbopme OTIUBOK, MOMIIMITHUKOB CKOJIBKEHHS, apMaTYpHI.

U3 macnuesvix NTUTEHHBIX CIUIABOB HauOoJiee MIMPOKO MCHOJIB3YIOTCS CIUIaBbl MarHUil —
ATIOMUHUNA — IUHK, HanpuMep, Mapku MJIS. B nmutom coctossHMM MUKpOCTpyKTypa crmaBa MJIS
COCTOMT W3 O, -TBEpPAOTO pPACTBOpa ATOMUHHUS M IIMHKA B MAarHUM WM BKJIIOYEHHH XPYIKOTO
xumudeckoro coenuuenus MgsAls. Ilpumenenne mamurensHOoro HarpeBa oTiauBOK mpu 400 °C
MIPUBOJNT K PACTBOPEHHIO YaCTH BKITIOYCHUH XUMHUYECKOTO COSTMHEHHSI B TBEPJIOM PAcTBOPE, U4TO
MO3BOJISIET TOBBICUTH IUIaCTHYECKHE cBoiicTBa. OXJaxkJeHHWE B BOJE J1a€T IEPEHACHIIIEHHBIH
o -pacTBOp ¢ yacturamu MgyAl; (3akanka). MaraueBbie CIIaBbl XapaKTEPU3YIOTCS HEOONIbIION
I0THOCTHIO (1,7 F/CM3).

JIist 3aMMBKY BKJIABINIEH MOIIMITHAKOB CKOJIBKEHUS MIMPOKOE MPUMEHEHUE MONTYYIUITN
CIUTaBBI OJIOBO — CypbMa — Me/Ib, HAPUMEP, 0108aHHbIU Oaboum b83. MukpocTpykTypa 6ab6uTa
COCTOUT M3 MSATKOI'O O -TBEPJOTO PACTBOpPA CYpPbMBI B OJIOBE M KPYMHBIX CBETJIBIX KPHCTAIJIOB
yrnopsigoueHHON [3'-(ha3bl Ha OCHOBE XMMHUYECKOro coelrHEeHusi SnSb ¢ BBICOKOH TBEPIOCTHIO.
BBenenne HeOONBIIOT0 KOJIMYECTBA MEIU OOECIEUMBAET KPHUCTAJUIM3AIMIO B KUIAKOM PAcTBOPE
0JIOBa C CypbMOI pa3BETBIIEHHBIX JEHAPUTOB paHEe 3aTBEP/ACBAIOIIETO0 XUMUYECKOTO COSAMHEHUS
Cuz1Sng, KkoTOphIe TMPENATCTBYIOT JIMKBAIlMM B CIUIaBE MO IUIOTHOCTH ("BCIUIBIBAHHIO"
KpuctamioB f3'- ¢azbl.



Hannune B MUKpOCTpyKType 06a00uTa MATKOM, IUIACTHYHOW OCHOBBI M3 PacTBOpa O |
BKJIFOUEHUH KPUCTAUIOB XUMHUYECKUX COCIUHEHUN C BBICOKOW TBEPAOCTHIO OOecrnevynBaeT
COUETaHHWE NPHUPAOATHIBAEMOCTH TIOJIIMITHUKA K Bally C H3HOCOCTOWKOCTBIO W HEOOIBIION
KO3 (QUIIMEHT TPEHUS MKy BaJIOM U TOIITUITHAKOM ITPU HAJTUYHH KUJIKOCTHOTO TPEHHUS.

1. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYHEHUE PABOTbI

B pabore wucnonb3yroTcs MeTauIorpaguuecKue MHUKPOCKOITBI U KOJUICKIHH
MuKponutrdoB. Onucanne MUKPOCKOIIOB JaHO B JlabopaTtopHoi padote Ne 1.

2. NOCJIEAOBATEJIBHOCTD BBITIOJIHEHUA U OBPABOTKA
IKCIIEPUMEHTAJIBHBIX TAHHBIX

[TpakTryeckas 4acTh pabOTHI 3aKIIOYACTCS B M3YUEHUN MUKPOCTPYKTYPBI TUIIOBBIX IIBETHBIX
CIJIABOB MAIIMHOCTPOCHUS: aTFOMUHHUEBBIX, METHBIX, TATAHOBBIX, MATHUEBHIX, 0a00UTA.
MukpoaHanu3 NpoBOAUTCSA, KaK IPaBUIIo, IpHU yBeanueHun Mukpockona x 100. Crygentam
MPEIOCTABIISACTCS JIabopaTOpHAs KOJJIEKIMS MUKPOUUTU(OB, TOJATOTOBICHHBIX I aHATH3A.

[Tpu u3ydeHrr MUKPOCTPYKTYPHI C TOMOIIBIO ONMKCaHUs B Tab. 17 U cXeM MUKPOCTPYKTYP
(puc. 14) ycraHaBnuBaloT, Kakie CTPYKTYPHBIE COCTABIISIFOIINE UMEET KaXKIbIil oOpasell,
HAaMMEHOBAHME U MapKy CIUIaBa, XUMHUECKUN COCTaB U 00paboTKYy.

4. COIEP)KAHUE OTYHETA

Htoru npoBefeHHON paboThl 0(hOPMIISIOT B OTUETE, KOTOPBIH TOKEH COACPKATh CICAYIOIIIE

pas3fensl:
1. Ienb paGoThI.
2. O6opynoBanue, MpuOOPHI U MaTePUAIIbI, UCTIOIB30BAHHBIC TTPH BHITIOJHEHUN PAaOOTHI.
3. Teopernueckue MonoKeH!s: NepeyeHb KJIACCOB I[BETHBIX METAJIJIOB; KPATKUE CBEJCHUS

O TUIOBBIX JINTEHHBIX U J€POPMUPYEMBIX [[BETHBIX CIJIABaX MAIIUHOCTPOEHHUSI.

4. Metonuka mpoBeneHUs pabdOThl M MOJIyYEHHBIE pe3yJbTaThl. 3apUCOBKa CXEM
MHUKPOCTPYKTYP BCEX I[BETHBIX CIUIABOB KOJUICKIMM NUIM(OB; HAaMMEHOBAaHME CIUIaBa, Mapka,
XUMHUYECKHH cocTaB, 00paboTKa, CTPYKTYpHBIE COCTABJISIOIIHUE.

B KoHIE 3aHATHS NpenojaBareiab IYTEM YCTHOIO OIpOca IPOBEPSIET YCBOEHUE 3HAHUMN
CTYA€HTaMM IO BompocaMm [uid caMmonpoBepkd. OQOopMIIeHHbIE OTYEThl MPOBEPAIOTCA MU
MIO/INMCHIBAIOTCS MPEINO0/IaBaTENIEM.

BOITPOCHI IJISA TIOATI'OTOBKU K PABOTE U CAMOIIPOBEPKHA

1. Kak knaccuuuupyrorcst IBETHbIE METaIIbI?

2. I'ne mpUMEHSIIOTCS peIKo3eMelbHbIe, OJaropoJHble, YpaHOBbIE, TYTOIIaBKUE, JIETKHE,
JIETKOIIJIaBKUE METaJIIIbI?

3. Kakue TUnuYHbIE IBETHBIE METAJUIbI UCIIOIb3YIOTCS B KAUECTBE OCHOBBI JIJISl CO3/1aHuUs
KOHCTPYKLIMOHHBIX MaT€PHAJIOB MAlIMHOCTPOECHUS?

4. Kakue 1BETHbIE METaUIbl MPUMEHSIOTCS B KAaueCTBE OCHOBBI IS aHTU(PUKIIMOHHBIX
CIUIaBOB MOJIIIUITHUKOB CKOJIbKEHUSI?

5. Kakoe npumeHeHne HaxOuT AIFOMUHUMN U €ro CIUIaBbl B MAIIMHOCTPOEHUU ?

6. Kakue TpeOoBaHus IPEIbIBISIIOTCS K MUKPOCTPYKTYpE APOPMUPYEMBIX U TUTEHHBIX
[IBETHBIX CIIJIABOB?

7. Kakyto MUKPOCTPYKTYPY OJIKHBI UMETh aHTU(PUKIIMOHHBIE CIUIaBbI?

8. Uto mpencraBiseT coO0W TBEPBIA PACTBOP O B TypaTFOMUHAX?



