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lleﬂb paéombl: O3HAKOMUTBECA C MCTOJaMU MCTaHHOFpa(bI/I‘leCKOI‘O aHa-
Jn3a — MaKpOCKOITMYCCKUM U MUKPOCKOITMYCCKHM.

OCHOBHBIE ITOHATHUA

MerajioBejeHHe — HayKa O CTPOCHHM M CBOMCTBAaX METAIJIOB M CILIA-
BOB. [0 u3MeHeHuto cTpoeHus (CTPYKTYpbl) H3y4aloT IMPEBPAICHHs], TPOUCXO-
JSIIMe B CIUIaBaX MPH U3MEHEHUHU MX XMMHUYECKOTO COCTaBa M YCJIOBUS 00pa-
OOTKHU.

HccnenoBanuss METAJUIMYECKON JETajaM JlaXe HEBOOPYKEHHBIM TIJIa30M
(MakpoaHalii3) MO3BOJISIET YAaCTO OTBETUTh HA BOMPOC O TOM, Kak OblIa U3ro-
TOBJIEHA JI€TaJb (HAIPUMEDP, TUTHEM UIIH, KPOME TOT0, 00paObOTKON TaBICHUEM).
MakpoaHanu3 MOXET yCTaHOBUTb, UMEIOTCS JIM B METAJJIE TaKUE CEPbE3HBIC
nedeKThl, KaK TPEUIMHBI, MYCTOTHl M PAaKOBHHBI, KaK paclpeaesieHbl BpeaHbIE
IPUMECH 110 CEYEHUIO JETaNIH U T.1.

HccnepoBanre METaJUIMUECKUX CIUIABOB MPHU OONBIIMX YBEIUYEHUSX C
MOMOILIbI0 MUKPOCKONAa OOHApYKMBAET HOBbIE JeTanu ux crpoenus. Habmona-
emasi CTpyKTypa Ha3bIBa€TCI MUKPOCTPYKTYPOH.

N3ydyeHre MUKpOCTPYKTYphl (MUKPOAHAJIN3) MO3BOJSET KAUYECTBEHHO CY-
JTUTh O MHOTUX (PU3MYECKHX U MEXaHMYECKUX CBOMCTBax cIjIaBoB. MukpoaHa-
JU3 IIUPOKO HCIOJIB3YETCS JUIsl UCCIEOBAHUS U TEXHUYECKOIO KOHTPOJS Me-
TaJJIOB U CIIJIABOB B 3aBOJICKHX J1A00PaTOPUSIX.

Maxkpoanaius

MakpOoCKOITMYECKUI aHAJIN3 3aKIK0YAETCSl B ONPEACICHUH CTPOEHUS Me-
TaJjula HEBOOPYKEHHBIM TJIa30M WJIM 4epe3 JIyny. MakpoCTpOeHUE MOKHO U3Y-
YaTh HA MOBEPXHOCTH OTJIMBOK U MOKOBOK, B M3JIOME JI€Tadd WJIA Ha MakKpo-
nunax, T. €. Mocjie NpeABaApUTEIbHON MITU(OBKA U XUMHUYECKOTO TPABIICHUS
NOBEPXHOCTU PA3IMYHBIMU peakTUBaMH. Hamie Bcero uisl CTajJled M 4YyTryHOB
npumenstoT peaktuB coctana: 85 r CuCl, u 53 r NH4CI ma 1000 mut BofbI.

[lo Buay W3/I0Ma JIeTanu ONPENEISAIOT XapaKTep pas3pylICHHs - BSI3KOE
WK xpynkoe. ITpu XpylkoM pa3pylIeHHH U3JI0M UMEET 3€PHUCTOE CTPOEHUE U
MO>KHO OLIEHUTh pa3Mep 3€pHa METaILIA.

Ha makpouumdax u3y4aroT CTpOEHHUE JUTHIX JeTajiel, HEOJHOPOIHOCTh
CTPOCHHS AETajH, MOJTYyYEeHHBIX 00paOOTKON JaBieHUEM (HalpuMep, BOJIOKHHU-
CTOCTb), CTPYKTYPHYIO M XUMHUYECKYIO HEOJAHOPOJHOCTH JAETANIM, CO3JAAHHYIO
TEPMUYECKOH (HampuMep, MOBEPXHOCTHON 3aKAJIKOW) UM XUMUKOTEPMUYECKON
00paboTKoil (Hanmpumep, LIeMEeHTAaIUel, T.e. HayrIepOoKUBAaHUEM Ha OIpeIeleH-
HYIO TJIyOMHY CTaibHBIX AeTaneid). [IIupoko MCMOab3yI0T 3TOT METOJ Ha MpaK-
TUKE JIJI KOHTPOJISl KaueCTBA CBAPHOTO IBA.



YacTo MakpoaHanu3 SBISETCS HEOKOHYATENIbHBIM, a MpPEABaAPUTEIHHBIM
BUJIOM HCCIIEJIOBaHMsI, MOCIIE Yero JAeTalb IMOJBepraeTcs AajbHeuieMy OoJiee
MOAPOOHOMY MUKPOCKOTTUYECKOMY HCCIIEIOBAHMIO.

Muxkpoanayius

OnTuyeckre MUKPOCKOITBI TIO3BOJITIOT MCCIIEIOBATh CTPYKTYPHI TIPH YBE-
mmaerusx ot 50 mo 2000 pasz. Eme Gonpmne yBenmmuenus (o 500000 pa3) mo-
CTUTAETCS TMPU TOMOIIM SIECKTPOHHBIX MUKPOCKOMOB. BbiOOp yBenuueHus,
pemaeTcsi B 3aBUCHMOCTH OT CTPYKTYPHI CIIaBOB. Bo MHOruX ciydasx HET
HEO0OXOMMOCTU MPUMEHATH O0JbIKe yBenudeHusi. OOBIYHO MPOU3BOIAT MHK-
poaHanu3 cHavaia npu HeOombioMm yBeaudenuu (100-200 pa3), a 3atem, eciu
HE0OXOMMO, TIPH OONBIINX YBEITHUYCHHUSIX.

OcHOBHBIC 3a7]a4¥ MUKPOAHAJTN3a:

— OTpeJeTeHUE CTPYKTYPHI CIIJIAaBOB B YCIIOBUSX PABHOBECHS;

— OTpeJeTICHuE HEPABHOBECHBIX CTPYKTYD;

— OmpeeseHre XapakTepa 00paboTKH MeTauia (JJUMTOE€ COCTOSHUE WM TI0-
cie o0pabOTKHU JaBJIICHUEM, BUJT TEPMOOOPAOOTKH);

— ormpejereHue riyOuHbl 00e3yriaepoKUBaHUs CTAIbHON JeTaau, TJTyOHHbI
HACBIILICHUS JAETAIM YIJIepoJAoM (IPU LIEMEHTALMK), a30TOM (IIpU a30TUPOBa-
HUU) U T.1.;

— KOJHM4YECTBEHHasi Merayuiorpadust (pa3mepsl 3€peH, KOJUYECTBO CTPYK-
TYPHBIX COCTABJISIOIINX).

IIpurorosienue MuxkpouLiugpa

W3ydenne CTpyKTypbl METAJUIOB B ONTHYECKOM MHKPOCKOIE BO3MOKHO
JMIIb TIPU OTPAKEHUWHU CBETOBBIX JIy4ei OT McciieayeMoil moBepxHoctu. [1oaTo-
My TIOBEPXHOCTH 00pa3iia J0KHA OBITH CIIEMATbHO MOATOTOBICHA JIJISI MUKPO-
aHanu3a. Takoil oOpa3zen Ha3bIBAETCS MUKPOLLIU(POM.

OG6paszerr BbIpe3atoT B popMe HUIKMHJIPA WA Ky0a TMaMeTPOM U BBICOTOM
12 — 15 mm. Eciu ipy HarpeBe BO3MOKHO M3MEHEHHE CTPYKTYphI MeTasuia, 00-
pabOTKy pe3aHHeM MPOU3BOIAT C OXJaXJIeHUEM. Menkue oOpaslibl, TUIA MPO-
BOJIOKH WJIM TOHKOHM JICHTBI, 3aKPEIUISIOT B CIICIUATLHBIC 32)KUMbI WIIH 3aJIMBa-
10T B METATMYECKHE KOJIbI[a JISTKOIIABKUM CITJIAaBOM, CEPOH, IJIaCTMACCOH.

N3rotoBneHne MHUKpONUIM(OB COCTOUT M3 Omeparuii: rpydas U TOHKas
nun(oBKa, TIOJUPOBKA, TPAaBIEHUE MOBEPXHOCTH. [ pybast nutndoBKa mMpou3Bo-
nuTcsl Ha abpa3uBHOM Kpyre. TOHKy0 mUTM(OBKY BEAyT BPYUHYIO Ha IIITH(O-
BajibHOU Oymare 25 (¢ pazmepom aOpa3uBHbIX yacTuil 320-200 MKM), TOJIOKEH-
HOI Ha POBHYIO MOBEPXHOCTH (HampuMep, Ha CTEKIISTHHYIO TutacTuny). OOpaser
NEPEeMEIIAIOT C JIETKUM TMpIKaTheM K Oymare MNepreHIuKyJIIpHO pPHCKaM
npeapIayeid 00paboTku moKa He UcUe3HyT 3T pucku. [locae aToro numdyroT



Ha MeHee rpyOoit 6ymare 16; 10; 6. 3akaHunBaroT NUIMGOBKY Ha MUKPOHHOM
oymare M 28 unu M 20, o6pazerr mpoMbIBalOT BOJION U MOIBEPratoOT MOJUPOBKE.

[TonupoBaHue NPOU3BOJIUTCA Ha BpalIalOUIEMCsl TUCKE, OOTIHYTOM CYK-
HOM Wi geTpoM. J[MCK cMayMBalOT MOJHUPOBAILHON KUIAKOCTHIO, COCTOSIICH
U3 BOJBI M TIOPOIIKA TBEPABIX yacTull okucu xpoma Cr,O3 UM OKHCH alltoMU-
Hust A1,03 (10-15 r mopomka Ha 1 1 Boxbl.). MOXKHO MOJIB30BaThCS M MACTON
['OH, B cocTaBe KOTOpOU HAXOAUTCSI OKUCHh XpoMa. [lompoBanne 3akaHuYUBaET-
Csl TIOCJIE TOTO, KaK MUTHG IPHOOPETaeT 3epKaTbHYI0 TOBEPXHOCTD.

Kpome mexaHM4YecKoro mpUMEHSIOT AJIEKTPOJUTHUECKOE MOJHMPOBAHUE,
KOTOpOE 3aKJII0YaeTCs B aHOJHOM PACTBOPEHUH BBICTYNOB Ha NUTH(OBAHHON
MOBEPXHOCTU B 3JIEKTPOJIUTHYECKOW BaHHE. KaToloM ciyXaT MJIACTHUHBI U3
CBHUHIIA WJIA HEPIKABEIOILIEH CTAIN.

[Tocne monupoBaHus ¢ LEJIbIO BBISBICHUS MUKPOCTPYKTYPHI TPOBOJAUTCS
TpaBJIeHHEe MUKpONUIMda, I 4YeT0 UCIOJIb3YIOT Pa3InuHbIe PEaKTHUBbBI, B 3aBU-
CUMOCTHU OT COCTaBa HCIOJb3yeMOoro cruiaBa. J[Jis TpaBieHUs YIJIEPOIUCTHIX
cTajell U 4yryHOB OOBIYHO MCHOJIB3YIOT 3 — 5% pacTBOp a30THON KUCIOTHI B
criupte. [loMpoBaHHYIO MOBEPXHOCTh CMAUYUBAIOT PEAKTUBOM U BBIJICP>KUBAIOT
110 moJrydeHusi MatoBoi nmoBepxHocTHu (10 — 30 ¢), 3aTemM nMpoMBIBatOT B BOJIE U
BBICYIIIMBAIOT (DPUIBTPOBAIBHON Oymaroit wiu ropstauM Bo3ayxom. CTpyKTyp-
HbIE COCTABJIAIOUIME CILUIABOB PACTBOPSIOTCS B HEOJMHAKOBOW CTENEHU, MO3TO-
My BO3HHUKAET peiibe(d, KOTOPhIN M HAOIIOAAETCS B MUKPOCKOII B BUJIE CBETJIBIX
U TEMHBIX 3epeH. CTpyKTypa, TpaBsIIascs CUIbHEe, pacCEUBAET OOJIbIIIE CBETA U
KaKETCs TTIOATOMY 00Jiee TEMHOM.

ITone3noe YBCIUYCHUE U paspeiliaromas CIIOCOOHOCTDH MHUKPOCKOIIa

NMmeroTcst pa3inyHble KOHCTPYKIIMU METAIUIOrPapUYeCcKUX MUKPOCKOIIOB.
Tak, B BEpTUKAJIBHBIX MUKPOCKOIIaX MOKET OBbITh HUKHEE WIIM BEPXHEE pacIio-
JoXeHue mrda no OTHOIIEHUIO K 00beKTHBY. Ha prcyHKe moka3aH cxeMaTH4-
HO XOJI JIy4e! B BEpTHUKaIbHbIX MUKpockonax MUM 6, MUM 7, MM 8. B ps-
1€ IpyTUX MHKPOCKOIIOB HNUIH( pacnoiaraeTcsi BHU3Y, T.€. PUCYHOK HYXHO Iie-
peBepHyTh Ha 180°.

Bakneiimiel netanpio MUKpOcKomna sABJsieTcs 00beKTUB. OCHOBHBIMU Xa-
pakTepucTUKaMi OOBEKTUBA SIBIISIFOTCS: YUCIIOBas anepTypa, yBeJIudeHue. ¢o-
KyCHO€ PacCTOSIHUE, OTBEPCTHBIN yroi 0ObeKTHBa 20.

Yucnosas aneprypa:

A= n sinao,

rze N - moKasareidb CPebl, pa3aessioneld 00beKTHB U nud (koddduim-
€HT MPEJOMIICHHUS); o - MOJJOBUHA OTBEPCTHOIO yria OObEKTHUBA, T.€. YIJIa pac-
XOXKICHUSI KpaHUX JTydeH, UCXOIAIUX OT 0ObEKTHBA.



[IpakTdecku OTBEpPCTHBIN yroy ObiBaeT He Oosiee 144°. CrienoBaresbHO B
BO3AYIIHON cpene A, = 1-sin72° = 0,95. OObEKTUBBI MApPKUPYIOTCS JIBYMS
yucjaaMu - COOCTBEHHBIM yBEJIWYEHHEM M 4UCIIOBOM ameprypoit: 40 x 0,65;
21 x 40; 9 x 0,20.
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Xoa ny4eil B BEepTUKAILHOM METaIOrpaduaeckoM MUKPOCKOTIE (cXema)

VYBenuueHue oKysipa MEHbIIE, YeM OOBbEKTHBA, U TTOJAOUPAETCS TaK, YTO-
OBl MOXKHO OBLIO JOCTATOYHO YETKO PAaCCMOTPETh M300pa)K€HHE, CO3/1aBaeMOe
00bekTHBOM. OOBIYHO OKYJISIPBI YBEJIMUMBAIOT OT 5 110 20 pas.

Obwee ysenuuenue MUKpOCKOna PaBHO TPOU3BEACHUIO YBEIWYEHUUN
00beKTHBa U OKyJspa. OJHAKO HE BCEerja OHO ObIBaeT MoJie3HbIM. MOXHO J10-
OWTHCS YBENIWYEHHUS OMTHYECKOro MuKpockomna 6omnee 4000 pa3, HO TOJIE3HOE
yBEJIMYEHHE MOYTH B 3 pa3za MeHblue. [lone3Hoe yBenmyeHWe MHUKpPOCKONa
Haxoautcs B ipeAenax 5S00-1000 aneptyp oObekTHBA.

Hanpumep, eciiu B3sTh 00beKTUB 40 X 0,65, TO 110JIE3HOE YBEIUYECHHUE IS
Hero Oynet B npeaenax (500 + 1000)-0,65= 325 — 650. [Tosromy Takoii 00beK-
TUB JIOJDKEH KOMILUIEKTOBATHCS C OKYJSIpOM, MMEoUuM yBenuuenue 10X umm
15x. Ilpu okymnspax S5x wiM 7X HE UCIOJIb3YETCsl pa3peniaroniasi criocCoOHOCTh
MHUKPOCKOTIA, T.K. o0I1iee yBenuuenue gocturaetcs Toiabko 200 u 280. Ilpu oky-
asipe 20x yBenumueHne MUKpockomna ctaHoBUTCA 800, HO HOBBIE JAETald CTPYK-
Typbl (0 cpaBHEeHMIO ¢ OoKyjsipamu 10x u 15x) He BeIABIsIOTCS. Kpome Toro,
YXYAIIAeTCsl YeTKOCTh M300pakeHus. Tak 4To IJIaBHOE HE YBEJIMYEHHE MHUKPO-
CKOTIa, a pa3peraromiasi CriocOOHOCTb.



Paspewarowgan cnocoonocmv muxpockona (d) — 370 BO3MOXKHOCTD BH-
JeTh TPEAMETHI C pa3MepaMy He MEHBIIIE ONPEICICHHON BETUYHMHEI, a 3TO 3aBU-
CUT OT YHCJIOBOM amepTypbl OObEKTHBA W JUTMHBI BOJHBI CBETA, PUMEHSIEMOTO
JUIS OCBELIEHUS O0OBEKTA:

d=1/A

B naunbonee sipkoii s riaza yactu cnekrpa (ckenroro msera) A = 0,589
miM. [Ipu aneprype A = 0,40 paspermraromas criocoorocts d = 0,589/0,40 = 1,45
mkM. [Ipu aneprype 4 = 0,95 d = 0,62 mkm.

Paspermaroniast crtocoOHOCTH 3JIEKTPOHHBIX MHKPOCKOTIOB jocTturaet 0,2 -
1 uM, T.e. (2 - 5)*10™ MKM. DTO 0OBSICHSIETCS] TEM, YTO MIMHA BOJHBI YIIEKTPO-
HOB B 100 — 150 ThICcSI4 pa3 MEHbIIE CBETOBBIX BOJIH.

3AJAHME K COCTABJIEHAIO OTYETA

1. I3yuuTh M KpaTKo ONMcaTh CYIIHOCTh U Ha3HAUYEHUE MAKPO— U MHUKpO-
aHaJIM3a METAJIOB.

2. 3apucoBaTh CXeMy XOJa JIy4ell B METAJUIOMUKPOCKOIIE.

3. Kpatko onucaTh TEXHOJIOTHIO PUTOTOBIEHUSI MUKpOLLIU(DA.

4. Onpenenuth 00IEE U MOJE3HOE YBEITUUYEHHUE, a TAKKE Pa3pelIatollyro
crocoOHOCTh MUKpockora ¢ 0obekTrBoM 21 x 0,40 u okymnsipom 5x. Kakue oky-
JSIpbl HY>)KHO UCHOJIb30BaTh C JAHHBIM 0ObEKTUBOM?

BOIIPOCHI IJ1s1 CAMOITPOBEPKH

1. Kakoe pa3nuune MexXAy MaKpo- U MUKPOaHAIU30M?

2. Kakue 3amaun pemaer MakpoaHanus?

3. Kakue 3aaun pemiaeT MUKpOaHAINA3?

4. I3 kakux omnepamuid  COCTOUT  TEXHOJIOTHUS  IPUTOTOBJICHUS
MUKpouuida?

5. Jly1g yero npou3BOAAT TpaBJieHUE MUKpoUUIHQa?

6. Kak moacuurate o0l1iiee yBeIM4eHHEe MUKPOCKOMa?

7. Kak moicunTath MoJIE3HOE YBEIUYEHUE MUKPOCKOTA?

8. Kak onpenenuts pa3pelaroiryo crnocoOHOCTbh MUKpOCKona?

9. Yto GosiblIe — MOTHOE WM MTOJIE3HOE YBETMUEHHE MUKpPOCKOTa?

10. Ilouemy yBenuueHue M paspelaronias CoCOOHOCTh 3JIEKTPOHHOTO
MHUKpPOCKOIIa OOJIbIIIE, YEM Y ONTHYECKOT0 MUKpOCKoNa?

MATEPHUAJIbI U OBOPYOBAHUE

1. O6pa31sr U3IO0MOB, MAKPOILTA()OB U MUKPOILTH(OB METAILIOB.
2. ®otorpaduut MUKPOCTPYKTYP.
3. Metamnorpaduueckre MUKPOCKOIIBI.
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