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Ilenv pabompl: 03HAKOMUTBECS ¢ METOJIAMH MeTaJUIOrpapUuecKoro aHa-
732 — MAaKPOCKOITMYECKUM U MUKPOCKOITUYECKHM.

OCHOBHBIE IOHATHUA

MeTtajuioBejeHre — HaAyKa O CTPOCHUM M CBOMCTBAX METAJJIOB U CIUIa-
BOB. 1o M3MeHeHUI0 cTpoeHus (CTPYKTYpbl) U3y4alOT MPEeBpAIEHNUs, TPOUCXO-
JSIIIME B CIUIaBaX MPU U3MEHEHWU MX XMMHUYECKOI0 COCTaBa M yCIOBHS oOpa-
OOTKH.

WccnepoBanuss METaUTMYECKON JETaUd JaXKe HEBOOPY>KEHHBIM TJ1a30M
(MakpoaHalu3) MO3BOJISIET YaCTO OTBETUTHh Ha BOIPOC O TOM, Kak ObLla U3ro-
TOBJICHA JIeTaJIb (HAPUMED, JIUTHEM HIIH, KPOME TOTO, 00paOOTKON JTaBJICHUEM ).
MaxkpoaHaian3 MOXXET YCTaHOBUTh, UMEIOTCS JTU B METajllie TaKhe CEpPhE3HBIC
nedeKThl, KaKk TPEUIMHBI, MYCTOTHl M PAaKOBHUHBI, KaK PacIpeneleHbl BPEIHbIC
MPUMECH TI0 CEYCHHIO IE€TaIH U T.J.

HccnepoBanre METaUIMUECKUX CIUIABOB MPU OOJBIIUX YBEJIUYEHUSX C
MOMOIIBI0 MHUKPOCKOIAa OOHApy>KMBAaeT HOBBIC AETanu ux crpoeHus. Habmomna-
eMasi CTpYKTypa Ha3bIBA€TCs MUKPOCTPYKTYPO.

N3ydyeHne MUKPOCTPYKTYphl (MUKPOAHAJIN3) MO3BOJSET KAUECTBEHHO CY-
JUTh O MHOTUX (PU3NYECKUX U MEXaHMYECKUX CBOMCTBAaX CIIaBOB. MukpoaHa-
JU3 IIUPOKO KCIOJIB3YETCS JUIsl UCCIEOBAHUSI U TEXHUUYECKOTO KOHTPOJS Me-
TaJUIOB U CILJIAaBOB B 3aBOJICKMX JTA0OPATOPHSIX.

Maxkpoanaiu3s

MakpOoCKONMYECKUI aHAJIU3 3aKII0YAETCS B ONPEACICHUH CTPOEHUSI Me-
Tajula HEBOOPY>KEHHBIM TJIa30M WJIM 4epe3 JIynmy. MakpoCTpoeHHe MOKHO U3Y-
YaTh Ha MOBEPXHOCTH OTJIMBOK M TMOKOBOK, B M3JIOME€ J€Tall WJIM Ha MakKpo-
nudax, T. €. Iocie IpeaBapUTENbHON NUTM()OBKH U XUMUYECKOTO TPABJICHHUS
MOBEPXHOCTH PA3IUYHBIMU peakTUBaMu. Yarmie Bcero A cTajeid U 4yryHOB
npumensitoT peaktus coctaBa: 85 r CuCly u 53 r NH4Cl na 1000 mit BofbI.

[To Buay W30OMa JeTaind ONPENEISIOT XapakTep pa3pyLICHHs - BSI3KOE
WM xpynkoe. IIpu XpynkoM pa3pylIeHnH U3J0M UMEET 36pHUCTOE CTPOCHUE U
MO>KHO OLICHUTh pa3Mep 3€pHA MeTallIa.

Ha makpoumgax u3yyaroT CTpOEHHUE JIUTHIX JeTayiel, HEOJHOPOIHOCTh
CTPOCHHMSI I€TalIM, MMOJYyYCHHbIX 00pabOTKOM AaBieHrneM (Hampumep, BOJOKHU-
CTOCTb), CTPYKTYPHYIO U XUMHUYECKYI0 HEOJHOPOJHOCTH JE€TalH, CO3JIaHHYIO
TEpMUYECKOH (Hampumep, MOBEPXHOCTHOM 3aKaJKOM) MM XUMUKOTEPMHUYECKOM
00paboTKol (Hampumep, IIeMEeHTaIMe, T.€. HayTJIepO)KMBAaHUEM Ha OMpeIe/ICH-
HYI0 TJIyOMHY CTajbHBIX AeTaniei). [IIupoko UCMOIb3yIOT 3TOT METOJ Ha Mpak-
TUKE JIJIs KOHTPOJISl KaueCTBa CBAPHOT'O 1IBA.



YacTto MakpoaHanu3 SIBISETCS HEOKOHYATENbHBIM, a MpPEIABaAPUTEIbHBIM
BUJIOM HCCIIEJIOBaHMS, TIOCTE YEro JIeTalb MOJBEpraeTcs najbHeimeMy Oolee
0JIPOOHOMY MUKPOCKOITUYECKOMY HCCIIEIOBAHUIO.

Muxpoanayius

OnTuyeckre MUKPOCKOIBI MO3BOJISIIOT UCCIEA0BAaTh CTPYKTYPhI MPU yBE-
audgenusx oT 50 go 2000 pas. Emie 6onbimue yBenuuenus (1o 500000 pas) mo-
CTUTAeTCs TMpU MOMOIIU BJICKTPOHHBIX MUKPOCKOMOB. BbiOOp yBenuueHus,
pemaeTcss B 3aBUCHUMOCTH OT CTPYKTYpHI CIIaBOB. Bo MHOrmx ciydasx HET
HEO0OXOIMMOCTH MPUMEHATH OoJiblline yBeaudeHus. OObBIYHO MPOU3BOISAT MHUK-
poaHanu3 cHavayia npu HeOousbinoM yennuenuu (100-200 paz), a 3arem, eciu
HEOO0XO0MMO, TIPU OOJIBIINUX YBETUICHUSIX.

OcHOBHBIE 331a91 MUKpOaHaIHN3a:

— OTpeJeJIeHUE CTPYKTYPHI CIIAaBOB B YCIOBUSX PABHOBECHS;

— OTpeJIeJICHUE HEPABHOBECHBIX CTPYKTYD;

— ompejeeHue xapakrepa 00paboTku MeTaiia (JIMTO€ COCTOSHUE WU T0-
cie o0pabOTKHU JaBJICHUEM, BUJ TEPMOOOPAOOTKHU);

— ormpezeneHue riryOuHbl 00€3yTriIepOoKUBAHUS CTAIbHOM JeTalu, TJIyOHUHbI
HACBIIICHUS JIETAIM yIiIepoaoM (IpU LEMEHTaluu), a30ToM (Ipu a30TUpPOBa-
HUH) U T.1.;

— KOJHM4YECTBEHHasi Merayuiorpadusi (pa3Mepsl 3€peH, KOJIUYECTBO CTPYK-
TYpPHBIX COCTaBIISIOIINX ).

IIpurorosienue MuxkpouLiuga

N3yueHnne CTPYKTYphl METAJIOB B ONTHYECKOM MHKPOCKOIIE BO3MOYKHO
JIUIIH TIPU OTPAKCHUH CBETOBBIX JIydel OT MCClemyeMoi moBepxHocTu. [loaTo-
My TTOBEPXHOCThH 00pa3siia 0KHA OBITh CIEUaIbHO TOATOTOBICHA ISl MUKPO-
aHanu3a. Takoil oOpasel] Ha3bIBAETCsI MUKPOILITU(OM.

OG6paszelnr BbIpe3aroT B popMe MUIUHIpA WK KyOa TUaMeTpOM U BBICOTOM
12 — 15 mm. Ecnin mpu HarpeBe BO3MOYKHO M3MEHEHUE CTPYKTYpPhI MeTaia, 00-
paboOTKy pe3aHreM MPOU3BOJAT C OXJAKIeHHEeM. Menkue o0pasiibl, THIA MPOo-
BOJIOKM WJIM TOHKOM JIEHTHI, 3aKPETUISIIOT B CHCIIUATIbHBIC 32)KUMbI WIIA 3aJIMBa-
10T B METAJUTMYECKHUE KOJIbIIA JIETKOIJIABKUM CILIABOM, CEPOM, TUTACTMACCOM.

N3rorosnenre MUKpOULIudOB COCTOUT M3 OMEpaluii: Tpydast ¥ TOHKas
nuQoBKa, MOJUPOBKA, TPaBIEHWE TOBEPXHOCTH. ['pybas numdoBka mpousBo-
nuTCs Ha abpa3uBHOM Kpyre. TOHKYIO NUTM(OBKY BEIyT BPYUHYIO HA MLIU(O-
BaJibHOM Oymare 25 (c pazmepom abpa3uBHbIX yactull 320-200 MKkM), OJIOKEH-
HOM Ha POBHYIO TIOBEPXHOCTh (HampuMmep, Ha CTEKISIHHYIO iacTuHy). Obpasern
MEePEMEIIAOT C JIETKUM TMpHKaTHEM K OyMmare NEepIeHIUKYJISIPHO PHCKAM
npeapIayel 00paboTKY MoKa He UCUE3HYT 3TH pucku. [Tocie atoro nummdyror



Ha MeHee rpy6oii 6ymare 16; 10; 6. 3akaHunBaOT NUIM(OBKY Ha MUKPOHHOI
oymare M 28 win M 20, oOpa3er npoMbIBatOT BOJOM U MOABEPrarOT MOJUPOBKE.

[TonupoBaHre NPOU3BOIUTCSA HAa BpalaloUIEMCS TUCKE, OOTAHYTOM CYyK-
HOM Wi (peTpoM. J[MCK cMauMBarOT MOJUPOBAIBHOM >KHJIKOCTBIO, COCTOSIIEH
U3 BOJBI U TIOPOIIIKA TBEPABIX yacTHll okucu xpoma CryOz Wiu OKHCH aliOMHU-
uust A1,03 (10-15 r mopomka Ha 1 1 Boabl.). MOKHO MOJIb30BaThCS U IACTOMN
['OU, B cocTaBe KOTOpOW HAXOAUTCA OKUCh XpoMa. [lomupoBaHue 3akaHUMBACT-
Csl TIOCJIe TOTO, KaK NUTH( MPUOOPETAET 3epKaTbHYI0 TOBEPXHOCTD.

KpoMme MexaHM4ecKoro MpUMEHSIOT JJIEKTPOJUTHYECKOE MOJIMPOBAHMUE,
KOTOpOE 3aKJII0YaeTCsi B aHOJHOM PACTBOPEHUM BBICTYNOB Ha HUIM(POBAHHOMN
MIOBEPXHOCTH B JJIEKTPOJMTHYECKONW BaHHE. Karogom cilykaT IUIAaCTHHBI M3
CBHHIIA WM HEP/KABEIOIIEH CTAIHN.

[Tocne moaupoBaHUs C LENBIO BBIABICHHUS MUKPOCTPYKTYPbI IPOBOIUTCS
TpaBJ€HUE MUKPOLLUIH(A, IS YErOo UCHOJIb3YIOT Pa3IMYHbIE PEAKTUBBI, B 3aBU-
CUMOCTH OT COCTaBa MCHOJb3yeMOro cruiaBa. Jlisi TpaBieHHUsS YIJIEPOIHMCTHIX
cTajell U 4yryHOB OOBIYHO HUCHOJB3YIOT 3 — 5% pacTBOp a30THON KUCIOTHI B
cnupre. [loMpoBaHHYI0 MOBEPXHOCTh CMAYMBAOT PEAKTUBOM U BBIIECPKUBAIOT
10 nojrydeHusi MatoBoi moBepxHocTH (10 — 30 ¢), 3aTemM nMpoMBIBaIOT B BOJAE U
BBICYLIMBAIOT (PUIBTPOBAIBHON Oymaroil wiu ropstauM Bo3ayXxoM. CTpyKTyp-
HBIE COCTAaBJIAIOIINE CIUIABOB PAaCTBOPSIOTCS B HEOJMHAKOBOW CTENEHM, IO3TO-
MY BO3HHUKAET pejibed, KOTOPBIM U HaOII0AaeTCss B MUKPOCKON B BUJE CBETJIbIX
U TeMHBIX 3epeH. CTpyKTypa, TpaBsILascs CUIbHEE, PACCENBAET OOJIbILIE CBETA U
Ka)KeTCsl MOATOMY 00Jiee TEMHOM.

IMosie3H0€ yBeTHUEHNE U Pa3pemialmasi CHoCOOHOCTh MEUKPOCKOMA

NmeroTcst pa3inyHble KOHCTPYKIMU METAJUIOrpapuYecKuXx MUKPOCKOIIOB.
Tak, B BEpTUKAIbHBIX MUKPOCKOIAX MOKET ObITh HUKHEE WJIM BEPXHEE pacro-
JoeHue nuirda rno OTHOWEHUIO0 K 00beKTUBY. Ha prcyHKe moka3zaH cxeMaTuy-
HO XOJI JIy4el B BEPTUKAIbHBIX MUKpockonax MM 6, MM 7, MUM 8. B ps-
Jie IpYyTruX MHKPOCKOIOB HUIM( pacroiaraeTcsi BHU3Y, T.€. PUCYHOK HYKHO Te-
peBepHyTh Ha 180°.

Baxkneiimer neranpio MUKpocKomna sBJseTcsl 00beKTUB. OCHOBHBIMHU Xa-
paKTEepUCTUKAMU OOBEKTHBA SBIIAIOTCS: YMCIOBAs aneprypa, yBeaudeHue. ¢o-
KyCHO€ PacCTOsTHUE, OTBEPCTHBIN yTroy 00beKTHBA 20,

Hucnosas aneprypa:

A= n sina,

rje N - mokasarenb Cpeibl, pazfenstoneid 00beKTuB U nuid (ko3 dunu-
€HT MPEJOMIICHHUS); o - TIOJJOBUHA OTBEPCTHOTO yria 00ObEKTHBA, T.€. YIJa pac-
XOXKJIEHUSI KpalHUX JIy4eil, UICXOASIINUX OT 0ObEKTUBA.



[IpakTryecku OTBEpCTHBIN yroi ObiBaeT He 6onee 144°. CnenoBaTtensHO B
BO3IYITHOU cpefe Ayqe = 1:sin72° = 0,95. OOBEKTUBBI MAPKUPYIOTCS IBYMS
YuCIaMH - COOCTBEHHBIM YBEIMYCHHEM M 4HucjIoBou amepTypoit: 40 x 0,65;
21 x 40; 9 x 0,20.
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Xox nyyeil B BEepTUKAIBHOM METalIorpaduueckoM MUKPOCKOIIE (CXxeMa)

VYBenuueHue oKyJsipa MEHbLIE, YeM OOBEKTHBA, U MOAOUpaeTCs TakK, YTO-
Obl MOXKHO OBLIO JOCTATOYHO YETKO PacCMOTPETh M300pakeHHE, CO3aBaeMoe
00BbeKTUBOM. OOBIYHO OKYJISPBI yBEIMUUBAIOT OT 5 110 20 pas.

Oouee ysenuuenue MUKpOCKOna PaBHO TPOU3BEACHUIO YBEIUYECHUI
oOBbeKkTHBa U OKyJiApa. OqHAKO HE Bcerga OHO ObIBaeT MOJE3HbIM. MOXKHO J10-
OUTBCS yBeJIMYEHUsl onTHueckoro mukpockona Oosnee 4000 pa3, HO MoJie3HOE
yBeIu4eHue nouytu B 3 pa3za MeHblue. [lone3Hoe yBennyeHHWE MHUKPOCKOMa
HaxoauTcs B npenenax 500-1000 aneptyp oObekTHBA.

Hamnpumep, eciu B35 00beKTHB 40 x 0,65, TO MOJ€3HOE yBEIMUYECHHUE IS
Hero Oyxaet B mpeaenax (500 + 1000)-0,65= 325 — 650. [Tosromy Takoit 00BEK-
TUB JIOJDKEH KOMIUIEKTOBATBCS C OKYJISIPOM, MMEHUMM yBenuueHne 10X wim
15x. Ilpu okymnsipax 5x WM 7X HE UCIOJIb3YETCsl pa3periaronias CrocoOOHOCTh
MHUKPOCKOIIa, T.K. 0011ee yBenudeHue gocruraercs Tobko 200 u 280. [Tpu oxy-
nsipe 20X yBennmdueHue MUKpockorna ctaHOBUTCS 800, HO HOBBIE JETAIH CTPYK-
Typbl (10 cpaBHEHUIO ¢ oKyysipamu 10x u 15x) He BeIABIstoTCS. Kpome Toro,
YXYALIAETCs] YeTKOCTh N300pakeHus. Tak 4To ri1aBHOE HE YBEIHMUEHUE MHUKPO-
CKOIIa, a pa3peliaronas crnocoOHOCTb.



Pazpewmarowan cnocoonocme mukpockona (d) — 370 BO3MOKHOCTh BH-
JIETh TIPEAMETHI C pa3MepaMH HE MEHBIIIEC ONPECICHHON BEIMYNHBI, a 3TO 3aBHU-
CUT OT YUCJIOBOW amepTyphl OOBEKTHUBA U JUTMHBI BOJIHBI CBETA, IPUMEHSIEMOTO
JUTSL OCBEIIEHUS 00BEKTA:

d=MA

B nauGoinee sipkoit i riaza yactu cnekrpa (kenroro 1nseta) A = 0,589
mkM. [Tpu aneprype 4 = 0,40 paspemaromas cnocoonocts d = 0,589/0,40 = 1,45
MmkM. [Tpu aneprype 4 = 0,95 d = 0,62 mMxm.

Paspermmaroniast crocoOHOCTH 3JIEKTPOHHBIX MUKPOCKOTIOB gocTuraet 0,2 -
1 aM, T.e. (2 - 5)°10* MKkM. DTO 00OBACHIETCSA TEM, YTO AJIMHA BOIHBI JIEKTPO-
HOB B 100 — 150 ThICSIY pa3 MEHbIIIE CBETOBBIX BOJIH.

3AJJAHUE K COCTABJIEHUIO OTYETA

1. I3yunTh U KpaTKO ONMUCATH CYIIHOCTh U Ha3HAYEHHE MAKpPO— U MHKPO-
aHaJIM3a METAJJIOB.

2. 3apucoBaTh CXeMy X0/ JIydyel B METAJUIOMHKPOCKOIIE.

3. Kpatko onucaTh TEXHOJIOTHIO PUTOTOBIEHUSI MUKpOLLTHA(DA.

4. Onpenenuth 001IEe U MOJIE3HOE YBEIMUYECHUE, a TAKXKE Pa3pellarouyro
CIIOCOOHOCTH MUKpOcKona ¢ 00bekTuBoM 21 x 0,40 u okymnspom S5x. Kakue oky-
JSIpbl HY>KHO UCHOJIb30BaTh C JAHHBIM OOBEKTUBOM?

BOITIPOCHI AJ15s1 CAMOIIPOBEPKH

1. Kakoe paznuumne Mexay Makpo- 1 MUKPOAHATU30M?

2. Kakue 3a1aum pemaer MakpoaHain3?

3. Kakue 3a1auu pemaetr MuKkpoaHanus?

4. I3 Kakux oOmnepaurii  COCTOMT  TEXHOJOTHS  NPUTOTOBJIICHHS
MUKpouuida?

5. 1y yero npou3BOAAT TpaBiieHWEe MUKpouutnda?

6. Kak nmogcuurtath o0111ee yBeIn4eHue MUKpOCcKomna?

7. Kak moacuuTarh MOJIE3HOE YBEINUYCHUE MUKPOCKOMa?

8. Kak onpeaenuTs pa3pemnaroinyo criocOOHOCTh MUKPOCKOIIa?

9. Yrto Gobliie — MOJHOE WM MOJIE3HOE YBEIMUYEHNE MUKPOCKOTa?

10. Tlouemy yBenmuyeHHE U pa3pelIaroiiasi CrOoCOOHOCTh DJIEKTPOHHOTO
MUKPOCKOIIA OOJIBIIIE, YeM y ONITUYECKOT0 MUKPOCKOTIa?

MATEPHUAJIBI 1 OBOPYJIOBAHHUE

1. OGpa3ipl U310MOB, MAKPOIILUTU(POB U MUKPOLLIU(OB METAIIIOB.
2. ®oTtorpaduu MUKPOCTPYKTYP.
3. Meramorpadguueckue MUKPOCKOTIBI.
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