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1. MAKPOCTPYKTYPHBII AHAJIN3 METAJLJIOB

Maxpocmpyxkmypa — cTpOSHHE METAJUIOB ¥ CIUIaBOB, BHIABIAEMOE
HEBOOPYKEHHBIM T11a30M WK Jynoil (x30) Ha nuinpoBaHHBIX W/WIH MPO-
TpaBJICHHBIX 00pasiax. MakpOCTPYKTYpHBIH METOJ| MO3BOJISET, YTO BaXK-
HO, OJIHOBPEMEHHO aHAJIM3UPOBATh BCIO MOBEPXHOCTH M3y4aeMOro 00b-
€KTa WM 3HAYUTENFHYIO €€ 4acTb. MaKpOCTPYKTYpy MOXKHO HaOIIOAaTh
Ha MOBEPXHOCTH JIETAIH, B M3JIOMaX, a TAKKE HA CHEIHAIBHO MTOITOTOB-
JICHHOW TIOBEPXHOCTH 00pa3iia — MakponuIkQe, KOTOPBIA MOIyJaroT IIy-
TeM NUTM(OBAHUS ¥ TPaBIEHHUs pa3UYHBIMU peakTHBaMu. B pesynbraTe
M30MpPaTENbHOr0 PacTBOPEHHs MeTala Ha TOBEPXHOCTH Makpouutuda
BBISIBIIIETCS. CTPYKTYpa, 10 KOTOPOH CYAAT O CTPOSHUH M IIOBEIACHHN
MeTaJuia B Iporecce o0paboTku u ero kadectBe. CocTaB peakTUBOB IS
TPaBJICHUS 3aBUCHUT OT MPHUPOABI METalIa M ONpPENeIeMbIX LENbI0 HC-
ciienoBaHMs 3a1a4. Hanpumep, JUis BBISBIEGHHS CTPYKTYPBI CIUTKOB H
NpOKaTa U3 CTAIM PA3IMYHBIX MapOK IIPUMEHSIOT PacTBOP COJISTHOM, cep-
HOM KHCJIOT ¥ BOJBI B COOTHOMIEHMH 1:2:3 npu Temmeparype 95-100°C.
[Ipu >TOM TpaBieHHE MPOBOIAT B TeueHHE 1,5—2 9 MOTpyKEHHEM Mak-
porwmidoB B pactBop. C HENBI0 COXpAaHEHUS CTPYKTYPHOH KapTHHEBI
MaKpOILTA(HI TIIATEIEHO MPOMEIBAIOT B MPOTOYHOH BOJE U IPOTHUPAIOT
BaTHBIM TaMIIOHOM, CMOYEHHBIM B criipre. Makpouund, nmpuroToBieH-
HBII1 Ha MOBEPXHOCTH CEUYCHUs JIeTalli, 4YaCTO Ha3bIBAIOT TeMIuteToM. J{is
BBISIBJICHHSI Pa3lIMYHBIX OCOOCHHOCTEH MAaKpPOCTPYKTYPBI MPUMEHSIOT
CHeIHANBHBIE PEaKTUBEIL.

1.1. MakpocTpyKTypa OTJIHBOK (CAMTKOB)

BriepBrle onmcaHue MPOIECCOB KPUCTAIUTU3AIMN U3 KHIKOTO CO-
CTOSIHHSI Ha OCHOBE MakpocTpykTypHoro ananm3a nan J[.K.Uepnos B
1878 r. Jlnst u3yueHus: CTPOEHUs CIUTKA JIEJA0T MPOJIOJIbHBIN U TIOTe-
PeYHBII pa3pessl, NIUQYIOT U TPOTpaBiIuBatoT. [Ipu nccieoBaHuN Mak-
pornumida CIUTKA MOXHO BBIIBUTH 30HBI KPUCTAILIM3ALUH, JIMKBAIHUIO,
yCaJ0YHbIC PAKOBHHBI, PBIXJIOCTD, Ta30BBIC ITy3BIPH.

HepaBHoMepHOE pacTBOpeHHE TTOBEPXHOCTH METAlIa TIPHBOAUT K
MOSIBJICHUIO Makpopelbeda, KOTOPhIA OTpakaeT pa3BUTHE MpoIiecca KpH-
cram3anuu cnutka. Hanbomnee 9acTo MOKHO HAOMI0AaTh TPH OCHOBHBIC
30HBI KpHUCTAJIJIN3allUH: l—Hapy)KHaﬂ 30Ha MCJIKUX KPUCTAJLUIMTOB,
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oOpazyromasicss B IIepBble MOMEHTHI KPUCTAJUIN3AIIH TIPH BBEICOKOH CKO-

POCTH OXJIAKIEHUS 32 CUET CONPUKOCHOBEHMS KHUIKOIO MeTajja ¢ Hu3-

JOXHULEH; 2 — 30Ha JUIMHHBIX CTOJ0YaThIX KPHUCTALIUTOB (30HA
TpaHCKPHUCTAIM3AHN), (HOPMHUPYIOIIAsCS

4 5 pe3yiabpTaTe MHTEHCHBHOIO HalpaBJleH-
HOI0 OTBOJA TeIUla — IEPHEeHIUKYIISPHO

5 CTEHKaM M3JIOKHHIBI; 3 — 30Ha PaBHOOC-
HBIX PAa3IM4HO OPHUEHTHUPOBAHHBIX KpH-
CTaJUTUTOB, 00pa3yloIascss B ICHTPaIb-
HOM YacTH CIUTKA MpU HaUMEHbBIIEW CTe-
MEHU IEPeoXTKACHUS U OTCYTCTBUH UH-
TEHCHBHOTO HAIIPaBJICHHOTO OTBOJA TeIlIa

2 (puc.l.l).

3 ®dopMa KpPUCTALIUTOB 3aBUCUT OT
YCIOBUH HMX POCTa: HHTEHCUBHOCTH U
HalpaBJIeHUs OTBOJA TeIla, TEMIIEpaTyphl
JKUAKOTO METajula, a TakXke OT HaJu4dus
npuMmecei, CIOCOOHBIX OBITH LEHTPAMU

Puc. 1.1. Cxema MaxpocTpykTypsl KpUCTayuin3auuu. PocT KpucTamioB mIpo-

CTAJIBHOrO CIMTKA: 1,2,3 —30HEl  MCXOMUT II0 AECHAPUTHOM (IPEBOBHMIHOMN)

KpuCTa/msamy; 4 — ycagounas  cxeme. J[.K.UepHOB moOKaszam, 4dTo C

PAKOBHHA; 5 — PIXTIOCTh, IOPEL  gapGoTbIIell CKOPOCTBIO PACTET OCh TIEp-
BOT'O TOpsAKA; MEPHEHANUKYISIPHO K HEM,

HO C MCHBIIIEH CKOPOCTHIO, — OCh BTOPOTO TOpsAKa u T.n. HamOombimas

CKOpPOCTh POCTa OCEH IEHAPUTOB NMPOUCXOJUT MO KpHCTaIorpadude-

CKUM IUIOCKOCTSIM W HaIlpPaBJICHHUAM PCUICTKH C HaWOOJIBIIEH IIJIOTHO-

CThIO YIAKOBKHM aTOMOB. JIGHAPUTHI PacCTyT IO CONPUKOCHOBEHMS APYT C

JIpYyroM, IOCIE€ 4Yero KPUCTAJUIM3YIOTCS MEXKOCHBIE NPOCTPAHCTBA H

JACHAPUTHI NPEBPAIIAOTCA B MOJHOBECHBIC KPUCTAJJIMTBI, UMCIOIINE HEC-

MPAaBWJIBHYIO BHEIIHIOK OTPaHKY (WX HA3bIBAIOT KPUCTAJUIUTAMU, WIH

3EpHAMH).

B MexocHBIX 00beMax U Ha TPAHUIAX KPHCTAIUIOB CKATUTHMBAIOTCS
IIPUMECH, a TaKkXke 00pa3yroTcs MopsI U3-3a ycaaku. JeHapuTtayro GpopMmy
KPpUCTAJUIOB BHUJHO Ha IMOBEPXHOCTHU yC&}quHOﬁ PaKOBHUHBI U B MECTax
HEJJOCTaTOYHOTO MOABOJA XKHUAKOTO MeTaJula, Korna o0pa3yloTcs TOJIBKO
ocu neaaputoB. J[.K.UepHoB Hamien B ycanounoi pakosue 100-ToHHOTO
CTaJIBHOIO CIUTKAa KPYIHBIA IEHIPUT, KOTOPHIM uMen AauHy 39 cM u
Mmaccy 3,45 xr.




[Tocne kpucTauIM3aliy METaJUT 3aHUMAeT MEHBIIHKA 00beM, YeM
JKUIKUH. YMeHbIIeHHe 00beMa TP Mepexojie MeTaia U3 XKHUIKOTO CO-
CTOSHHS B TBEPOC HA3BIBACTCS YCAIKOW, B pe3yibTaTe yCaJKH BHYTPH
CIUTKa 00pa3yroTCs ycaiouHble paKOBUHBI, PHIXJIOCTD, IIOPHL. Y CaJ0UHBIE
PaKOBUHBI 00Pa3yIOTCsl B TOM MECTE, TlIe METaILT KPUCTAIUTU3YETCS B MO-
cienHIo ouepenb. Pasmep, dopma U pacronokeHHe yCaaoYHBIX PaKo-
BUH 3aBHCHUT OT (DOPMEBI CIIUTKA, CTETIEHN PACKHUCIICHISI METaIa U APYTUX
(akTopoB. B ciutke, ymupeHHOM K BepXy, ycaJodHas paKOBHHA IOIY-
YaeTcs IUPOKON M HErIyOOKOW, a B YIIMPEHHOM K HU3Y — IIIyOOKOH U
Y3KOM.

YcanodyHas peIXJIOCTh M HOPBI PAcHoNaraloTcsi OOBIYHO IO yca-
JOYHOM PaKOBHHOM, a B TEX MECTaX, TIE CXOIITCS OCH NCHIPUTOB, pac-
TYHIMX HABCTpEUy APYT APYTY HIH TOJ YIJIOM, O0pa3ylOTCs MEXKKPH-
CTAJJTHYECKUE ITYCTOTHI.

l"a30BBIC Ty3BIpH BO3HHUKAIOT MPH KPHCTAIUIH3AINH B PE3yIbTaTe
BBIJICNICHHS TA30B M3 PACIUIABICHHOTO MeTauia. VX KOIM4ecTBO 3aBUCHT
OT COOTHOIIICHHSI MKy CKOPOCTSIMU KPUCTAJLTM3AIUHN U BBIICICHHS Ta-
3a. ['a30BBIC My3bIpU OOPa3yrOTCS 3a CUET BBHINCIICHHUS PACTBOPCHHBIX B
MeTaJljIe Ta30B ¥ 1Mo (opMe MPEICTABISIIOT HeOobIue cheponaaibHbIe
WIN DIUIMIICOUAANBHBIE TMOJOCTH. ECIH My3BIpH pacrioioKEeHBI BHYTPH
CJINTKA U CTEHKH UX HE OKUCIICHBI, TO TIPU KOBKE WM MPOKATKE OHH 3a-
BapuBaroTcs. ECIi ra30BbIe My3bIpH PACIIONIOKEHBI BOJIM3H MTOBEPXHOCTH
WM BBIXOIAT HAPYXKY, TO CTCHKH MX OKA3BIBAIOTCSI OKUCICHHBIMHA W OHU
HE 3aBapHBafOTCs. Takue Iy3bIpd MPEICTABIAIOT HEUCHPABUMEIA ITOPOK
CJINTKA, TAK KaK MPUBOIAT K 00Pa30BAHUIO TPEUIMH U IUICHOK, pacroia-
TarOIIMXCS Ha TIOBEPXHOCTH M BHYTPH HMOKOBOK HJIM IPOKATAHHOTO MeE-
Taa.

HHKBaHHeﬁ Ha3bIBA€TCA HEPABHOMCEPHOCTH CJIWTKAa MO XUMHUYC-
CKOMY cocTaBy. PasznuuaroT ciiefyroniye BBl JIMKBALIUU: BHYTPUKPH-
CTAJUTUTHYIO (IEHAPHUTHYIO), 30HATBHYIO U 110 YICIEHOMY BECY.

1. BHyTpuKpUCTaIUTUTHAS WIH ACHAPUTHAS JUKBALNUSI — HEPABHO-
MEpPHOCTh TI0 COCTaBY B Mpejaenax OgHoro neHmputa. OCH IEHIPHUTOB
(hopMHUPYIOTCS B TEPBYIO OYEpeNb W COACpXkKaT OOJbIlle TYTOIUIaBKHX
KOMITOHEHTOB U MCHBIIIE JICTKOIUIABKUX IIPUMECEH, 9eM MEXICHIPUTHBIC
yuacTku. CTeNeHb JIMKBALUK B MPEAeIaX KaXIoro ACHAPHUTA, HApUMED,
CTalld WIK YyTyHA, TEM BBIIIC, YeM OOJIbIIEe COAepIKaHUE YTIEpoaa, CePhI,
(dhocdopa u apyrux syeMeHTOB. FIMeeT MECTO TakKe MEXKPHUCTAITUTHAS
JUKBANWs — HEPABHOMEPHOCTH 10 COCTAaBY Ha TpaHHIE MEXAY ICHAPH-
tamu. [nuTenpHOE IpeObIBaHUE PACIUIABICHHOTO METAIDIa TPU BBICOKHIX
TEMIIepaTypax CIOCOOCTBYET BBIPABHMBAHMIO XHMHUYECKOTO COCTaBa MU
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YMEHBIIICHHUIO CTETICHH JIMKBaIuU. HepaBHOMEPHOCTH 0 COCTaBY BBISB-
JSIeTCS TPABJICHNUEM B BUJIE ICHIPUTHOMN CTPYKTYPHL

2. 3oHaNbHAS JIUKBAIUS — HEPABHOMEPHOCTh 110 COCTaBY MEXIY
OTICTBHBIMA 30HAMH KPUCTAJUIM3allMK CIWTKA. BHavane o0pa3yroTcs
KPHCTAJUTB OTHOCHTEIIFHO YHUCTHIE OT IpuMeceil. OHHM BHITECHSIOT B IICH-
TPaAILHYIO YacTh CIUTKA HamOoJiee JISTKOIUIABKYIO JXKUIKYH a3y, Oora-
TYI0 MpHUMECSIMH cepbl, Gochopa U JIETUPYIOMMMU dJieMeHTaMu. LleH-
TpaJbHAas YacTh CJIUTKA, KPHUCTAJUIU3YIOMIASCS TIOCIEAHEH, COICPKUT
TIOBBIIICHHOE KOJMYECTBO IIPUMECEi.

B >kene30yriepoAnCThIX CIUIaBaX CHIIBHO JIMKBHPYIOT cepa u (oc-
¢dop. Cepa, obpa3ys cynbdun FES, BXOAUT B COCTAB JICTKOIUIABKOW IB-
TEKTHKH, TuIaBsieiics mpu 985°C.

30HaNBHYIO TUKBAIHIO CYTb()UIHBIX BKITIOUYCHUH MOJKHO BBISIBUTH,
€CITU cIIeNaTh CEPHUCTHIN OTIeuaTok Ha GpoTodymare mo merony bayma-
Ha. JIns 3TOro 3acBeveHHy0 (oTOOYyMary cMaduBaroT 5 %-HBIM pPacTBO-
pom H2SOy4, crerka moAcyImmBaroT M MPUKUMAIOT K HEW MCCIETyeMbId
oOpaszerl MTU(POBaHHON MOBEPXHOCTHIO, BBIJICPKUBAS B TeUeHUE 2—3 MU-
HYT, 3aTeM (HoTOOyMary CHHMAIOT, IIPOMBIBAIOT B BOJE, 3aKPEIUIIIOT B
10%-H0OM pacTBOpe TUIOCYNIb(UTA B TeUeHHE 5—12 MHHYT U CHOBA IIPO-
MBIBAIOT B Boje. CyIIHOCTh METOJa COCTOHUT B TOM, UTO Ha TEX y4acTKax
MOBEPXHOCTH METaJlIa, B KOTOPBIX UMEIOTCS CKOIUICHHS CEPHUCTBIX CO-
eauHeHuit FeS u MnS, npu B3auMoJeCTBUN C CEPHOIN KUCIIOTOH BbIe-
JISIETCST CEPOBOJIOPOJI, KOTOPBIH COCIMHSETCS C OPOMHUCTBIM CcepeOpoM
(hoToOyMaru u o0Opasyet CepHUCTOE cepedpPO TEMHOTO IIBETA!

FeS+H2S04=FeSO4+H.S;
H>S+2AgBr=Ag.S+2HBr.

OO6pasyromuecss Ha QoToOyMare TEMHbBIE yYacTKH yKa3bIBalOT Ha
xapakTep u (GopMy pacmpeneneHus BKIIOYCHUH CyIb(QHIOB B KeJe30-
YIJIEPOANCTOM ciutaBe (puc. 1.2).

/n

Pb

Puc. 1.2. Oreyarok mo MeToy Puc. 1.3. CxemMa MakpoCTpyKTyphl
Baymana, CHATBIN ¢ MEKpOILTH(]A CIIMTKA CILIaBa cucTeMsl Pb-Zn
ITOIIEPEYHOT0O pa3pesa CIUTKa C JIMKBALUCH 110 YICIHLHOMY BECY



3. JlukBanus 1o yIeIpHOMY Becy HaOIIIOAaeTCsl B TOM cliydae, Ko-
r71a KOMIIOHEHTHI, COCTABIISIONINE CIUIAB, H 0Opa3yrommecs (a3bl IMEIOT
GOJIBIIYIO Pa3HUILY B YIACIBHBIX Becax, Hampumep, B ciwiaBax Pb-Zn, Cu-
Pb. ®a3a ¢ 6onblIIMM yASTbHBIM BECOM OCEIacT Ha IHO, a OoJee Jerkas
BCIUIBIBAET Ha MOBepXHOCTh (puc. 1.3). [lng ycrpaHeHus: JIMKBALMU IO
yIeIbHOMY BeCy CIUIaB JOJDKEH OBITh TIIATENBHO MepeMellaH U OBICTPO
3aKpUCTAIIIH30BaH.

1.2. MakpocTpykTypa ropsiueaeopMHpPOBAHHBIX MeTALIOB

B mporecce ropsueld oOpabOTKH CMTKA JaBiIcHHEM (IIPOKATKA,
KOBKa) MEHSIETCSl €0 MaKpOCTPYKTypa: ACHAPHUTHI U ILIACTHYHBIC BKITIO-
4yeHus (Cynb(UIbI, CHINKATHI) BHITATUBAIOTCS B HANPABICHUU TEUCHHSI
MeTasuia. BRITSHYTHIC ASHAPUTHBIC OCH U MEXKICHIAPUTHBIC YIACTKH 00b-
eMa 00pa3ylT COBOKYIHOCTb INapajuleNbHbIX BOJOKOH. OOpa3oBaHHbIE
TakuM 00pa30M BOJIOKHA SICHO BH/HBI HAa MPOTPABICHHOM MaKpouuiude

(puc. 1.4).

Puc. 1.4. Cxema MaKpOCTPYKTYPhI IIOKOBOK KOJIEHYATOTO BAJa C MPABUIBHBIM ()
Y HEeTIPAaBWIBHBIM () PacIoJIOKEHHEM BOJIOKOH B CTaJH

MexaHnuuecknue CBOIcTBa TopsdeneopMHPOBAHHOTO MeTalla,
0COOEHHO yzapHasi BA3KOCTb, Pa3IMYHBI B pa3sHbIX HampasieHUsx. Ecin
Harpy>keHue JeTaneil MPOM3BOAUTCS BJOJIb BOJOKOH, TO yJapHas Bs3-
KOCTb Pe3KO CHIKaeTcsl. OOBIYHO CTPEMSTCS TMONYYUTh TAKOE€ PacIoio-
’KCHHE BOJIOKOH, YTOOBI BOJOKHA CJICAOBAIN KOHMOUTYpAIMU WU3ICTHS H
HE IIePECEKATHCH.



1.3. MakpocTpyKTypa ieTaji Mocjie MecTHOI 3aKaIKu

Yacro o7Ha U Ta ke AeTallb JODKHA UMETh Pa3iIMuHyI0 CTPYKTYPY
U CBOICTBA IO CEYEHMIO, HANPUMEDP, MOBEPXHOCTHBIN CIION TOJIIIMHON
30HA 2-4 mMm JlobkeH OBITH 3aKajieH s
3AKAJIKH TIOJIy9€HHUSI BBICOKOW TBEPAOCTH H
MIPOYHOCTH, a CEePIALEBUHA — OCTATHCS
Msarko. Takas 3akajka Ha3bIBaeTCs
MecTHOH. C MOMOMIBIO MakpOCTPYK-
TYpPHOTO aHaJIN3a MOKHO OIPEAeITUTh
nIyOuHy 3aKajieHHOro cios. s aro-
ro JOCTaTOYHO OTILTH(OBATH MOBEPX-
HOCTh paspes3a JeTald U MpPOTPaBUTh
10%-HBIM PacTBOPOM a30THOWM KHCJIOTHI B BOJIC JIO MPOSIBICHUS 3aKaJICH-
HOH 30HBI, KOTOpas OKpalMBaeTcs B 0onee TeMHblil 1BeT (puc. 1.5). O10
CBS3aHO C HaJMYUEM B 30HE 3aKallkh OoJiee JMCIIEPCHON CTPYKTYPHI H,
KaK CIIeJICTBUE, — ¢ OOJBIICH MOBEPXHOCTHIO TPAHHUIL (has.

Puc. 1.5. Cxema MakpoCTpYKTypBI
JIeTaJIN ITOCIIe MECTHOM 3aKaIKKi

1.4. MakpocTpyKTypa U3/10MOB

Mertannsl UIMEIOT 3€pHUCTOE CTPOEHHUE, KOTOPOE XOPOILIO BUAHO B
uznoMax. Ilo BUy U3j10Ma MOXKHO OIPEAEIUTh XapakTep paspylleHus, B
YyTryHaxX — BHJI YyT'YHA, B TEPMHUECKH 00pabOTaHHBIX CTANISIX — MPHOIHU-
3UTENIBHO TeMIIEpaTypy HarpeBa Mpu TEPMHUYECKOH 00paboTKe, IIyOHHY
3aKaJI€HHOTO ¥ [EMEHTUPOBAHHOTO CJIOSI U JIP.

BONOKHHCTBI HM3]I0M COOTBETCTBYET BSA3KOMY pa3pyLICHHUIO, a
KPHCTAIUIMYECKUI H3]I0M — XPYIKOMY pa3pyLICHHUIO.

Benplif 4yryH nMeeT CBETNIO-CEpeOPHCTHIN XpYNKUil U3I0M, 00Yy-
CIIOBJICHHBIM HAJIMYMEM B CTPYKType OONBIIOr0 KOJMYecTBa KapOuia
JKele3a — LEMEHTHUTA; CEpbhlii Uyr'yH — MEIKOKPUCTAIIIMYECKHNA H3II0M
Ceporo IBeTa; KOBKUHA YYyryH ¢ (PEPPUTHON METaTHIECKOH OCHOBOH —
MEJIKOKPUCTAUTHYECKIIA YepHBIA OapXaTHBIA M3II0M, a KOBKUI YyTyH C
OCHOBOI1 INTACTUHYATOTO TIEPIINTA — CPEAHEKPUCTATUTMUCCKUN OJIeCTAIuit
U3JIOM; JINTENHBIN JOMEHHBIN UYyT'yH — MEJIKOKPUCTAJUINYECKUH CBETIIBINA
U3JIOM.



NuctpymentanpHas crtame Y10, 3akaneHHass OT ONTHMAaJIbHOM
temmepatypbl 760-780°C, uMeeT 04EHb MENKOKPUCTAILIMYECKUM Maro-
BB (papdhopOBUIHBIN H3IIOM.

Ileperperast cranb, 3akaneHHas ot temmeparyp 950°C u Bbile,
o0JagaeT KpymHOKPUCTALTHYCCKIM U3IOMOM. [lepecpes — MCTIPaBUMBII
Opak, 3aKJIIOYAIONIMHCSA B POCTE 3€peH, KOTOpble MOXKHO HM3MENbYUTh
MPAaBWIILHON TTOBTOPHON TEPMUYECKOI 00pabOTKOM.

[lepexokeHHas cTajdh UMEET IPyOOKPHCTAITMYCCKUN HM3]IOM TEM-
Horo msera. Ilpu Harpese 10 Temreparyp Hadana miasienus (1400°C)
TPaHUIBl 36PEH OKUCIAIOTCA Ha BCIO TIyOWHY Jeranu. Hamwmuwe Ha mmo-
BEPXHOCTH U3JIOMa [IBETOB IMOOEKAJIOCTH WJIH OKAaJIHHBI CBUACTEIbCTBYET
0 HEHCIIPaBUMOM Opake — nepeoicoze.

MHorue merany, OT KOTOPBIX TpPeOyeTcs MMETh BEICOKYIO TBEp-
JIOCTh TOJBKO TTOBEPXHOCTHOTO CIIOS M BSI3KYIO HE3aKAIICHHYIO CepAlie-
BUHY, IIOJIBEPTalOTCS IOBEPXHOCTHON 3aKkayke. [ MyOMHY 3aKaleHHOTO
CJIOS. MOKHO OIIPEAENIUTH 10 M3JIOMY. 3aKaJIeHHBIH cloil nmeet dapdo-
POBUIHBIH MAaTOBBI HM3JIOM, a CEpALEBHHA — KPUCTAJUIMYECKUI H3JIOM
OoJsiee cBeTJIOrO IiBeTa (HampHMep, TAKOW BHJ W3JIOMa XapaKTepeH IUIs
HAIMILHUKA)

1.5. MakpocTpyKTypa cBapHbIX cOeHHEeHHi

g MakpoCTpYKTypHOI'O aHajlM3a CBApHOIO COEIUHEHHUs pa3pes
JIENAr0T TaK, 4YTOOBI UCCIIeayeMast TOBEPXHOCTh BKIIIOUANIa B ce0sl MOTHOE
CEYEHHE CBAPHOTO IIBAa, 30HY TEPMHUYECKOTO BIUSHUSA U OCHOBHOM Me-
TaJul, HE U3MEHUBIINI CBOE CTPOEHHE T0] NEHCTBUEM TEIUIA MPU CBAPKE.
Iocne mumpoBKH U COOTBETCTBYIOWIETO TPABICHHS YETKO BBIIBIISIFOTCS
TPaHUIBI MEXKAY OCHOBHBIM U HAIlJIaBJIEHHBIM METAJJIOM, a TaKXKe 30HOU
TEPMHUYECKOTO BIMSHUA.

IIpu cBapke Bcerza MMEET MECTO HarpeB OKPY’KaIOLIEro IIOB OC-
HOBHOTO MeTajlla, B pe3yJbTaTe 4ero odpasyercs 30Ha TEPMHUUECCKOTO
BIIMSIHUSA, COCTOSIIIASI U3 CJI0S TIEPErPETOro METajia ¢ KPYMHO3EPHUCTHIM
CTPOEHHUEM, 32 KOTOPBIM UAET TOHKHH CIION C METKO3EPHUCTBIM CTPOCHH-
€M, a IOTOM — OCHOBHOM MeTail. IIoCKONIBKY KpYIHO3EpHHUCTAsI CTPYK-
Typa UMEET MOHMKEHHYIO IUIACTUYHOCTh M YIAPHYIO BA3KOCTh, TO MOCIE
CBAapKH YacCTO MPOU3BOJAT OTKUT JIJIs1 U3MEIbUCHHUSI 3EpHA.



Anamm3 Makponuiuda mo3BOJISET BBIIBUTH MIPOLECC KPUCTAIIIH3A-
UM CBapHOTO IIBa, MIyOMHY W (QopMy IpoBapa, 30HY TEPMUUECKOTO
BIUSHUS, a Takke BO3MOXHbIE Ne(eKThl CBapKU B BHIIE HEIPOBAPOB,
MaKpOTPELINH, TIOP, IIJIAKOBBIX BKJIIOUEHUH U Jp.

Brinosnenue pa6oTsl

1. VYscuwure 1ens paGoTsI.
2. VI3yunte METOMMYECKUE NPHEMBI MAKPOCTPYKTYPHOTO aHAIM3a
METaJLIOB.
3. M3yuure MakpoOCTPYKTYPY CIUTKOB, TopsAueae(GOpMUPOBAHHBIX
METAJIJIOB, ASTAJIeH IOCIIe MECTHOM 3aKaJIKi, U3JIOMOB.
4. M306pa3sure cXeMbl MAKPOCTPYKTYP CTAIBHOIO CIMTKA, CJAMTKA
C JMKBAILUEH O YISILHOMY BECY; CXEMbl MAKPOCTPYKTYp Tropsaencdop-
MHUPOBAHHOHM IETaNN C MPaBWILHBIM U HEIPABIIBHBEIM PACIIOIOKCHAEM
BOJIOKOH, CXEMBI MAKPOCTPYKTYP JACTAIN TOCIE MECTHON 3aKAJIKH.
4.1. UsrotoBbkTe Mo MeTOAy baymMaHa CepHHCTHIN OTIEYaTOK Ha
(hoToOYMare co CTAILHOTO CIIUTKA.
4.2. VIzyunte MakpOCTPYKTYpy H3JIOMOB PA3IMYHBIX METAJUIH-
YECKAX MATEPHAJIOB U CBAPHBIX COCTUHCHUIA.
4.3. CocraBbTe OTYET O pabore:

4.3.1. Ilens paboTHL.

4.3.2. OmpeneneHre MakpOCTPYKTYpPBI, METOAWIECKUE OC-
HOBBI U IPHEMbI MAKPOCTPYKTYPHOT'O aHAIN3a METAJLIOB:

— Cxema MakpOCTPYKTYPBhI CTaIbHOTO CIIUTKA C OMHCAHH-
€M OCHOBHBIX 30H KPHUCTAIDTM3ALUH, IPHYHHBI 00pa30BaHUS YCaJOTHOM
PaKOBUHBI, PHIXJIOCTU M Ta30BBIX ITy3BIPEH MPU KPUCTALTH3AIINH.

— OmnpeneneHre BceX BUIOB JIMKBAIMH, CXeMa TEMIUIETa C
JIMKBAIMEN 10 YJEIbHOMY BECY.

— CymHocth MeTona baymaHa, CepHUCTBIN OTIIEYaTOK Ha
(hoToOymare co CTabHOTO 00pasIa.

— IlpuumHa BOJNOKHUCTOTO CTPOCHHSI TopsaenedopMupo-
BaHHOTO MeETa/ula, CXeMa MaKpPOCTPYKTYPhI ropsueae(opMHpPOBAHHOM
ACTaJIk C IMPaBUJIbHBIM U HETIPABWIBHBIM PACIIOJIOKCHUEM BOJIOKOH.

— Cnoco0 BBISBIICHUS 30HBI MECTHON 3aKaJIKH, CXeMa MaK-
POCTPYKTYPBI IETAJH MOCIIe MECTHOH 3aKaJKH.

— Omnucanue MaKpOCTPYKTYPHI H3JIOMOB Pa3JIUYHBIX ME-
TaJUIMYCCKUX MAaTCPUAJIOB U CBAPHBIX COG)II/IHCHI/Iﬁ.
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KOHTpOJ’lBHLIe BOIIPOCHI

1. Yro Ha3BIBAETCA MAKPOCTPYKTYPOIA?

2. Kakue OCHOBHBIE 30HbI KPUCTATU3AINYA UMEET CIIUTOK?

3. Tlo xakoil mpuumMHe 00pa3ylOTCsA B CIUTKE yCaIouHas paKkOBHU-
HA, PBIXJIOCTh ¥ Ta30BBIC ITy3BIpH?

4. Yro Ha3bIBAETCS JIMKBALMEH M KAKWE BUIbI JIMKBAIMH CyIIe-
CTBYIOT?

5. Kakum crmocoGoM BBISBIISAETCS JIMKBAIMS CEPhI B JKENE30yTIIe-
POAUCTHIX CIlIaBax?

6. ITouemy mpu ropsueii 00pabOTKE AABIEHHEM CTalb MPHOOpE-
TaeT BOJOKHHUCTOE CTPOCHHE M KaK JIOJDKHBI PacIoiaraTbCcs BOJIOKHA B
TOTOBOM JeTanu?

7. Kakum crocoboM MOXKHO BBISBHTEH 30HBI MECTHOM 3aKAJIKH Jie-
Tammn?

8. UT0 MOKHO BBISIBUTB 10 BUY U3JI0Ma MeTajuia?

9. Kakue u3JIOMBI MMEIOT O€NbIA, Cephli, KOBKMA M JTOMEHHBIN
JTUTEWHBIA YyTYHBI, KAKUE M3JIOMBI UMEET MPaBWIBHO 3aKaJieHHas, Tepe-
TpeTas ¥ Mepex>KeHHasT CTab?

10. Yro moxHO HAOMIOAATH HA MaKpOULIA(E CBAPHOTO COEIHUHE-
Hus?

PexoMenayemasi imreparypa

1. Temnep F0.A. Marepuanosenenue / FO.A. I'emtep, A.I'. Pax-
mraar.— M.: Metamryprus, 1989. —C. 12-20.

2. Jlaboparopus meramnorpaduu / E.B. ITanuenko, I'.A. Ckakos,
B.U. Kpumep u ap.— M.: Meramnyprus, 1965.— C. 335-345.

3. MeramioBenenue u TepMudeckas odpabotrka crtaim. B 3-x T.
T.1. Meronp! uctibiTanus 1 uccienoanus / [Tox pen. M.JI. Bepuinreiina,
A.T'. Paxmrranra. — M.: Meranyprus, 1983. — C. 15-17.
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2. DPAKTOTPAOMYECKHUI METOI UCCJIETOBAHUSA
METAJIJIOU3JIEJIAI

Coznanue U MpUMEHEHHE HOBBIX BBICOKOIIPOYHBIX METAJIIMUECKUX
MaTepUaloB, YCIOXKHEHUE YCJIOBHM S3KCIUTyaTalluu jAeTaleil u y3iaoB B
COBPEMEHHBIX MAIIIMHAX, & TAKXKE MPOTHO3UPOBAHUE MIOBEACHUS MaTepU-
ana B JETaliX, KOHCTPYKIUSAX TPeOYIOT HOBBIX METONOB W3YUCHHS H
OILICHKH CBOWCTB ITHUX MAaTepHaliOB, HaMOOJIee OTBEYAIOIINX JKCILTyaTa-
I[IUOHHBLIM CBOMCTBAaM.

AKTyanbHOW IpoOaeMol B HacToslIee BpeMsl SIBIISICTCS CO3JaHUe
MaTepUaloB U PA3IUYHBIX BHUJIOB MX 00pabOTKH, 00ecIedMBaIOIINX
HapsAy C BBICOKOH MPOYHOCTHIO OOIBIIOE COMPOTHBICHUE Pa3pyILICHHUIO.
T'apanTust kauecTBa AeTanell onpenenseTcs uX HaleKHOCTbIO U B 3HAYU-
TEJILHON CTETEHU CIOCOOHOCTBIO AETATH MPOTUBOCTOSTH Pa3BUTUIO BO3-
HUKIIEH TPELIHHBL.

Cpenu pasiuyHbIX METOJOB M3YyHEHHUs Ipolecca paspylleHHs,
CBA3M COCTaBa M CTPYKTYpPbl MaTepHajioB C €r0 MEXaHHYECKOH MpOYHO-
CTBIO 0CO00€ MECTO OTBOAUTCS HCCIIEOBAHUIO NMOBEPXHOCTEH paspylie-
HUs (u310MOB) — (paxrorpaduu. M3moMm Hambosee 4YETKO OTpakaeT
CTpOCHHE U CBOWCTBA MaTepralia B JIOKATFHOM 00beMe, B KOTOPOM IIpo-
TEKaeT MPOLECC Pa3pyLICHUs, OITOMY Ha OCHOBAHHM H3y4YCHUS MAKpO-
U MHKPOCTPYKTYpBI M3JI0Ma IIOCJE€ TOTO WM HMHOTO BHJA HArpyKEHUS
MOXHO OLIEHUTb COIIPOTUBIIEHUE MaTeprajia paclpoCTPaHEHHUIO TPELIHUHBIL.

Crpoenne u3noma — HabOp SIEMEHTOB MTOBEPXHOCTU Pa3pyIICHUS,
UCTIOJIB3YEMBIX IS MACHTU(UKAINY M3JI0OMa M PA3THYUMBIX NIPHU BHU3Y-
AIBHOM PAaCCMOTPEHUH WIN NPH YBEIMYCHUSNX CBETOBOI U 3JIEKTPOHHOM
MUKPOCKOIIUH.

OpaxTorpadusi HAXOIUT MPAMEHEHNE HA PA3IMYHBIX CTaIUIX U3-
TOTOBJICHHUS] OTBETCTBEHHBIX JETajled MAIINH: IPU BXOJHOM KOHTPOJIE —
JUIS OIIGHKM Ka4ecTBa CIMTKOB, ITOKOBOK, NMPOKaTa M T.J.; aHAIMU3 M3JI0-
MOB O0pa3IOB IOCTE PA3THYHBIX HCIBITAHUN — HEOThEeMIIeMasl J4acTh at-
TECTAIlM MaTEepPHAJIOB IPH ONPEACICHUHN XapaKTEPHCTHK, oOecredrnBa-
IOIMX MX HAJSKHOCTh B JKCIUTyaTallld, HAa MPOMEXYTOUHBIX CTaAUSX
M3TOTOBJICHUS — JUIS OLICHKM KadecTBa M OTPAaOOTKM PEKMMOB TepMHUUe-
CKOHM, XUMHKO-TEPMHYECKOH U MEXaHNYeCKOH 00pabOTKH, MpH KOHTpOJIE
TOTOBOM METAJUIONPOTYKIUH.

Paznmuarot ciexyronme OCHOBHBIC BHJIBI U3JIOMOB: XPYIKHH, KBa-
3UXPYTKUH, BA3KUH, YCTATIOCTHBIM.
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2.1. OcHOBHBIE BUIBI U3JI0MOB

2.1.2. Bsizkoe 1 XpyIKOe pa3pyIieHue

B mpakTuke MeTamioBeqUeCKMX HCCICIOBaHMII HambOoiee 4acTo
UCIIOJIB3YIOT PasJInYKs B XapaKTepe U3JI0OMa IIPU BA3KOM U XPYIIKOM pas-
pymenusax. 1Ipu BA3KOM paspylIEHUU CTald 3KCIUTyaTal[MOHHAs HaJexk-
HOCTb MAaKCHMallbHAa. XPYIKOE pa3pyLICHUE HPOUCXOAUT C OOJIBIION
CKOPOCTBIO U MIO3TOMY IPEACTaBIISET COO0H HAUOOJIBIYIO ONACHOCTb.

OKCIEepUMEHTAIbHOE U3y4YEHUE MpoLiecca pa3pylICHUs BBIIBUIIO
CIEIYIOIUE OTIMYUTEIbHBIE IIPU3HAKKA BI3KOIO M XPYIIKOIO paspyllie-
HUM.

1. Bsizkoe ¥ XpyIKoe pa3pylI€HHE MOKHO CBA3aTh C SHEPrOEMKO-
CTBIO IIPU TOM WJIM UHOM BHJE HAarpy:keHus. BsskoMy paspyuieHuro co-
OTBETCTBYIOT OOBIYHO OOJIBINME 3HAYEHMS MOTJIOIEHHON 3HEepruw, T. €.
Oonplras paboTa U Majlasi CKOPOCTh PAaCIpPOCTPAaHEHUS! TPEUIUHBL. JHep-
TOEMKOCTb XPYIKOIO pPa3pylICHHs Majd, CKOPOCTb PacIpOCTpaHEHHs
XPYIKOH TPEIIMHBI BEIMKA, ONM3Ka K CKOPOCTH 3BYKA.

2. JInst OMUKPUCTAIIIMYECKUX TeJl, B TOM 4YHCie A1 OOJIbIINHCTBA
METAJJIOB U CIUIABOB, CYLIECTBYIOT [Ba BHJA pa3pylICHUS — BHYTpH3e-
peHHoe U Mexk3epeHHoe. [Ipu BHYTpU3EepeHHOM pa3pylleHHH TpPEIIMHA
pacIpocTpaHsAeTcs MO TEIly 36pHA, a IIPH MEK3EPEHHOM pa3pyLICHUH OHA
IPOXOJUT MO IpaHuLaM 3epeH. [Ipu pacrpocTpaHeHUH TPELUHEI 110 TEITy
3epHa MOXKET MPOMCXOAUTh KaK BS3KOE, TaK M XPYIKOE pa3pylleHHE,
MEX3EPEHHOE Pa3pyLIEHUE ABJISIETCS XPYIIKUM.

3. Bs3zkoe u Xpynkoe paspylIeHMs pa3iuyaroT 10 KpUCTa/Iorpa-
(udeckoMy mpusHaKy Bszkoe paspymieHre 0OBIYHO HE CBS3aHO C OIpe-
JENCHHOM KpUCTAIUTOrpaUueCcKOi MIIOCKOCThIO. XPYIIKOE BHYTPU3EPEH-
HO€ pa3pyLIEHUE PacIpOCTPAHAETCs BJIOJIb INIOCKOCTH CKOJIA BHYTPH OT-
JETBHBIX 3€peH IMOJIMKPHUCTAINIA. TakuMH IUIOCKOCTSIMH HEO00S3aTeTbHO
OBIBAIOT IUIOCKOCTH HauOoJee IUIOTHOH yIMaKOBKM aTOMOB, MEPIECHINKY-
JSIPHO KOTOPBIM JAECHCTBYIOT MUHHMMAJIBbHBIE CHIIBI cLieieHus. Hampumep,
cKoJ B o-F€ 1 HekoTophIx apyrux Metamiax ¢ OLK-pemerkoii mpomcxo-
mut Brons rockoctu (100), a ve (110), kak 3T0 HOMKHO OBLTO OBI OBITH
IIPY MUHUMAJIbHOM 3aTPaTe DHEPrHUM.

4. Bsizkoe W XpyIKOE pa3pyIlICHHs BBI3BIBAIOT 00pa3oBaHHUE pas-
JUYHBIX IOBEPXHOCTEH H3JI0Ma. BHeHmHMH BHJ NOBEPXHOCTH M3JIOMa
MIO3BOJIICT OOBIYHO CYIUTH O XapaKTepe pa3pylicHus. BOJOKHUCTHIN Ma-
TOBBIH M3JIOM SIBJISIETCA PE3YJbTaTOM BS3KOIO paspylleHUs, Kpu-
CTAJIIMYECKUI — XPYIIKOTO.
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2.1.2. Bsa3kuii AMOYHBIN U3JI0M

Jns Bs3KOTO M3/IOMa XapaKTepHO SMOYHOE CTpoeHHe. SAMKu —
MUKPOYTITYOJIeHUs] Ha TIOBEPXHOCTU Pa3pyIlleHUs], MpeACTaBIsAI0IMINe COo-
00l BCKPBITHIC IMOBEPXHOCTH MHKPOITYCTOT, OOpa3yIOIIUXCs B TpoIiecce
TUTACTUYECKOTO TEUCHHS MeTaluta. SIMOUYHBIA HM3JIOM XapaKTepeH s
OOJIBIIIMHCTBA TUIACTUYHBIX WK BA3KAX MATEPHAIIOB.

SIMOYHasT CTPYKTypa HM3JIIOMOB HAONIONACTCS Y YIVICPOAUCTHIX U
JIETUPOBAHHBIX CTaJlel, YYTyHOB MPHU Pa3pyIIEHUHU BBIIIE KPUTHUECKOM
TEMIIEPaTypbl XPYIIKOCTH, ayCTEHUTHBIX CTaJICH, aIFOMUHUEBBIX U MeE/I-
HBIX CIUTAaBOB, METAJJIOB C TEKCArOHAIBHOMN pENIeTKON, TAKUX KaK ITHHK,
MarHui u Jip.

Puc. 2.1. BOJOKHUCTBIN BI3KHIM M3JI0M CTaJIA

Ha matepuanax, monBeprHyTHIX TOPSUCH IUTACTHYECKOH nedopma-
IIUY, HAOIIONAIOTCS SIMKM BOJOKHHCTO-TIONOCYATOTO HM3JIOMa— MHKpPO-
yriIyOJieHnsl Ha TOBEPXHOCTH pa3pyLIeHHs, BO3ZHMKIINE B pe3yJbTaTe
00pa3oBaHMs M CIUSIHUS MUKPOITYCTOT OKOJIO BBITSIHYTBIX CTPYKTYPHBIX
HEOJHOPOIHOCTEH: HEMETAUINYCCKUX BKIIOUYCHUH M JIMKBAOHHBIX 30H
(puc. 2.1). Ins craneii ¢ GpeppUTHOH CTPYKTYpO# CpeaHuil pasmep sIMOK
COOTBETCTBYET pa3Mepam 3epeH ¢epputa. B cramix ¢ MapTeHCHTHOU
CTPYKTYpPOH AMCIIEPCHOCTH SMOYHOTO CTPOEHHS CBfA3aHA C BEJMYHMHOU
JEHCTBUTENBHOTO ayCTEHUTHOro 3epHa. UeMm Ooubllie BeIMUYMHA 3€pHA,
TeM KpynHee siMku. CpenHuil pasmep sIMOK KOPpENIUpPYeT U C MaKCH-
MaJIbHBIM Pa3MepOM I MAPTCHCUTA.
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2.1.3. Xpynkuil pyubUCTBIH U370M (CKOIM)

Ilpu XpymKkoM BHYTPU3EPEHHOM Ppa3pylIEHHH PACIPOCTPAHEHHE
TPEIIUHBI HIET JOCTATOYHO CTPOrO MO KPUCTALIOTPAQUIESCKHM IIOCKO-
CTAM. DTO BBI3BIBAET OOPa30OBaHHE YYACTKOB C TUIOCKAMH TPAHSIMHU —
(baceTok cKoma, pasMepbl KOTOPBIX MOTYT OBITh PA3MYHBI M 3aBUCST OT
CTPYKTYPHI U CBOMCTB Marepuana. [Ipu rpydboM uznome ¢aceTku CKoja
MOTYT HAOMIOJAThCS BHU3yalbHO KaK TJAJAKUAC OJECTAIINE YIaCTKU
(puc. 2.2).

Puc. 2.2. Xpymkuit uznom

IIpu yBenMueHHUAX ONTUYECKOTO MUKPOCKOIA Ha (haceTkax CKoia
00HapyXMBaeTCs ONpPENEeNCHHBIH PUCYHOK — PYYBHUCTHIN y30p. B cTpyk-
Typax pacraja MepeoXIaKICHHOTO ayCTeHWTa — MHEepIUTe W BEPXHEM
OciHUTEe — HAOFOTaeTCSl KOPPEIAIHS pa3MepoB (paceToK CKOJIa U UCXOJ-
HOTO 3¢pHa ayCTEHHUTa, a B UTOJBYATHIX CTPYKTypax (HIDKHUHA OeHHHT,
MapTEHCUT) — KOPPeJIAIHs (haceToK CKoJia ¢ pa3MepoM ML

2.1.4. KBasuxpynkuii usinom
KBazuxpynkum n31oMOM Ha3bIBAaETCs M3JIOM, B KOTOPOM Hapsiiy ¢

NpU3HAKAMH XPYIIKOTO Pa3pylicHUs OOHAPYKHUBAIOTCS MPH3HAKA HEKO-
TOPO# JIOKAJIBHOH MIacTHYECKOM aedopmanuu (puc. 2.3).
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Puc. 2.3. KamHeBUAHBII KBa3UXPYIIKHN H3TI0M

OH xapakTepu3yeTcsi OTHOCUTEIHHO POBHBIM (TNIOCKHUM) CTPOCHHU-
eM. HeBcerga cBsi3aH OpUEHTALMOHHO C IUIOCKOCTSIMH CKOJIa, XapaKTepu-
3yeTcsl TeM, 4TO HapsAgy ¢ NpHU3HAKaMHM XPYNKOrOpa3pylLEeHUS HMeEeT
MPU3HAKY [UTACTHYECKOH nedopmannu.

2.2. ®pakTorpadguyecKuii aHAIN3 METAJIOB

Cranu u crutaBsl ¢ OLK- u I'TTY -pemerkoit ob6nanaroT crnocoOHo-
CTBIO Pa3pylLIaThCsa XPYIKO WIM BA3KO B 3aBUCHUMOCTU OT TEMIIEpPaTyphl
HCTIBITAHUM.

TemmepaTypa, Ipr KOTOPOH HAOMIONASTCS CMEHA MEXaHHW3Ma pas-
PYIICHHS] METAIDTMYECKOTO MaTepuaia, Ha3pIBaeTCsl KPUTHUECKON TeMITe-
parypoii xpymkoctd (KTX). CocoOHOCTE METaJUIOB M CILIABOB 3HAYH-
TCJIBHO CHMKATh BA3KOCTH C IMOHMKCHUEM TEMIICPATYpPbl B PE3YJILTATC
M3MEHEeHUS] MeXaHW3Ma pa3pyIleHUs] Ha3bIBAETCS XJIAJHOJIOMKOCTBIO.
XJ1aJHOJIOMKOCTD SIBJISICTCS BKHOW XapaKTEPUCTUKOW KOHCTPYKIIMOH-
HOH MIPOYHOCTU MaTepHUaa.

s onpenenenns KTX ucnomnp3yror ¢ppakTorpapuueckuii MeTo/,
OCHOBaHHBIH HAa W3YYCHUH MAaKpO- WIH MUKPOCTPOCHHS H3IIOMOB TIPH
pa3IuuHBIX TEMIIEpaTypax yJapHbIX HUCIBITAHUM — BU3yaJbHBIA METOH
onpeaenenus KTX 1o npoueHTy BoJIOKHA B U3JIOME.

JJi1 MeTalioB M CIUTaBOB, UMEIONIMX B HM3JIOME BH3YAJIBHO pa3-
JUYHBIC JOKAIBHBIC 30HBI BS3KOH M XPYIKOH COCTABISIOIIUX, MPOLIEHT
BSI3KOH COCTABIISIONICH B M3IIOME ONpENeNsIeTcss KaK OTHOIICHHUE TIIOMIa-
JIM BSI3KOTO M3JI0Ma K NIepPBOHAYAJIBHOMY PAaCYeTHOMY CEUCHHUIO 00pasiia.
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Ha ocHoBe ompeneneHusi mpomeHTa BS3KOM COCTABISIOMIEH B H3-
JoMax 00pasIoB, MONYYSHHBIX MPHU PA3IUYHBIX TEMIIEpaTypax yIapHBIX
WCIIBITAaHUM, CTPOUTCS CepUajbHasi KpHUBasi B KOOPAMHATAX MPOLEHT BO-
JIOKHA — Temrepatypa ucnsitanuii [%B-f(t)].

Jlons BS3KOM CoOCTaBIIsIIOIIEH B
u3IoMe 00pasloB OMpeneseTcsl U3 Bbl-

paxKeHus 1 W 5
S—ab b
%B= ———— 100% X
S
OyTeM W3MEPEHUS IITAHTCHIUPKYIeM b
IUTOIIAI M3JIOMa S W IUIOIAAU YYacTKa
XpyIKoro paspyierus (a-b) cormacuo Puc. 2.4. Cxema usMepeHus
cxeme puc. 2.4. IJIOIAAH XPYHKOTO Pa3pyIleHus
B kauectBe mpumepa Ha puc. 2.5 B H37I0Me 00pasia

NpUBE/ICHA CepHajbHas KPUBas, IOCTPO-

€HHasl TI0 MPOIICHTY BSI3KOW COCTaBJsIONIeH B m3nmome cranu 40. Kpusast
UMEET pe3KHe MeperuObl, 0 KOTOPBIM JIETKO OINPEICIUTh TeMIICPaTyph
Havana (t;) u koHHa (t,) mepexoga OT BABKOTO COCTOSIHUS B XPYIIKOE CO-

CTOSHHE.
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Puc. 2.5. CepuasibHasi KpHUBast BA3KOH COCTaBIIAIOIICH
B m310Me ctanu 40

Jns MatepuanoB, XapaKTEPU3YIOIIUXCA 3HAYUTEIBHBIM TeMIepa-
TYPHBIM MHTEPBAJIOM BS3KO-XPYIKOTO MEPEX0/a, Pa3INyaloT TeMIepaTy-
pH! tio, tso U tgo, COOTBETCTBYIOIIME HAJIMYUIO B U3JIOME COOTBETCTBEHHO
10, 50 1 90 % Bs3KO#1 COCTaBISAIONICH.
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B kadecTBe KpUTHYIECKOH TeMITEpaTyphl XPYIKOCTH Hamboiee Ja-
CTO UCHOJB3YIOT TEMIIEPATypy, P KOTOPOI MOJIOBUHY IUIOIIAIN HU3JI0-
Ma 3aHMMaeT BA3Kasl cocTaBisiromas — tso.

2.2.1. ®pakTorpadus yCTalOCTHBIX H3TOMOB

ITpouecc ycTalIOCTHOTO Pa3pyLICHUs] COCTOUT B IOCTEIIEHHOM pa3-
BUTHH M HAKOIUICHHH MOBPEXICHUN B Marepuaie, MPU 3TOM UIHTENb-
HOCTb 00pa30BaHUs YCTAJIOCTHOTO H3JIOMa OINPEIENSeTCsS Pa3BUTHEM
TPEILMHBI O KPUTHYECKOTO pa3Mepa, Mocie 4ero HacTyrnaeT Makpopas-
pyuienue (puc. 2.6).

Cxema ycTaloCTHOrO M3JIOMa IpecTaBleHa Ha puc. 2.7. B coot-
BETCTBUH C THM MOBEPXHOCTH M3JOMa MOCIE YCTAIOCTHBIX HCIIBITAHUI
COCTOMT M3 JBYX 30H C PasiHYHBIM MaKpOPEIbedOM: «yCTATOCTHON»
30HBI MJIM 30HBI CTAOMIIBHOTO Pa3BUTHS TPELIMHBI, 30HBI gosoma. ITmo-
Ia1b, 3aHUMAaeMast KaKION U3 30H, 3aBHCHT OT CTPYKTYPHOTO COCTOSIHHS
CTalTK ¥ PSKHMA UCTIBITAHHUH.

Puc. 2.6. llleBpoHHBII ycTanmocTHEIA W310M, Puc. 2.7. Cxema ycTaqoCTHOTO H3JIOMA:

XapaKTepU3YIOUIMICS HaJIM4YMeM CHCTeMbl 1 — o4ar pa3pylieHus; 2 — CTYIEHBKH

CTYTCHEK («eJI0YeK» WIIH IIEBPOHA) U pyoupl; 3 — YCTAIOCTHBIE JIMHUH;
4 — 30Ha YCKOPEHHOTO Pa3BUTHS TPEILH-
HBI; 5 — 30Ha JI0JI0Ma

IIpu paspymienun netaneid, paboTarOMKX B CI0XKHO HANPSKEHHOM
COCTOSIHHM, YCTAJIOCTHBII M3J10M OBIBAET CIOXKHBIM C HECKOJIBKHMH 30-
HAMH 3apOXKJCHUS U PaCIIPOCTPAHEHUS TPEUIMHBI U 00JIaCTAMH Iepexoa
MEXIY HUMH.
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2.2.2. ®paxrorpaduveckuii METO
NPU AHATN3€ HEMETAUTMIECKIX BKITIOUCHHH

Hemertaninyeckie BKIIOYEHUS SIBISIFOTCS OJHAM U3 BaKHEHIIUX
(haKTOPOB METAILTYPTUIECKOTO Ka4eCTBa CTAJIH.

Meton ¢pakTorpaduu MO3BOISET HACHTHPHUIIMPOBATH BKIIOUE-
HHSI, BBIXOJAIINE B U3JIOM IIPU Pa3pyILCHUH.

BrusiHre HEMETATUYECKUX BKIFOUCHUH Pa3IMIHO MPH pas3pylie-
HUM B BSA3KOW M XPYIKOH 00JACTH TeMIIepaTypHOr0 HHTEpBaia: MpU
XPYIKOM Pa3pyIICHUH JUIS CTAH B BHICOKOIIPOYHOM COCTOSIHHU OITACHBI
JIUIIb KPYIHBIC HEMETATHUCCKIE BKITFOUCHHUS WIH IUICHBI, KOTOPHIC SIB-
JSIFOTCSI OYaraMu paspyiieHus. Bsizkoe paspylieHue npakTHYeCKH Beeraa
KOHTPOJIMPYETCS BKIFOYCHHAMH.

B HacTosiee BpeMsl YCTAHOBJICHO, YTO MPOOJeMa MOBBIIICHUS
BSI3KOCTH CTAJIM HE CBOJMTCS K JOCTHIKCHUIO BO3MOXKHO OOJIBIIICH YHUCTO-
Thl cTanu. Jus crameil Kaxaoro kiacca M YCJIOBHH HX AIKCILTyaTal[HH
HAO OINPENENIATh BEPXHHE TPAHUIBI PAa3MEPOB, KOJHUYECTBO, BBITSIHY-
TOCTh BKJIFOUCHHUH, KOTOPbIE TapaHTUPOBAIN Obl HY)XHbBIC CBOWCTBA CTa-
Jedd. DTO OCYIIECTBIISETCS ¢ OMOIIBIO KOJTMYECTBEHHBIX METO/IOB OICH-
KU IpU aHAJIN3€ HEMETAJUIMICCKUX BKJIFOUCHUM.

Boinosnenue pa6oTsl

1. C wucmonp3oBaHWEM OHWHOKYISIPHOTO MHKpockoma MMYVY-3
OTIPENIENTUTE XapaKkTep IOBEPXHOCTH pa3pymIeHns oOpasloB crayiedl u
qyryHOB. OTHINKUTE MPU3HAKU XPYIKOTO, BSI3KOTO, YCTAIOCTHOTO H3JI0-
MOB.

2. OneHuTEe METATYPrHYecKOe KadecTBO OOPas3loB Pa3IMIHBIX
MaTepuanoB. BeIsIBUTE B M3I0OMaX JUTEHHBIX MATEPUATIOB METAJUTypruve-
CKHe Ne(eKTHl (PBIXJIIOTHL, OPEI, TUICHBI, Topstaue TpemuHbl) [lepeuncn-
T€ MPUYUHEI, BBI3BIBAIONINE 00pa30BaHNE METAILTYPTUIECKUX Ae(DEKTOB 1
METO/IbI UX YCTPAHCHHUSL.

3. Ompenenute HAIMYHAE U TIIyOHHY 00€3yrIIEPOKEHHOTO CIIOS H
neperpeBa Ha oOpasnax craneld. BbisiBUTE BHU3YaJIbHO MEK3EPCHHBIN
KaMHEBHIHBIN H3JIOM, COIMPOBOYKIAIONIHI MMEPErpPeB KOHCTPYKIIMOHHBIX

CTaJIei, IO XapaKTepHOMY METAIUTMIECKOMY OJIeCKy M KPYITHOU KpHCTa-
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mugHOoCcTH. OTCHHTE TIeperpeB OBICTPOPEXKYIIeH CTAIA 10 HATUYHIO
Ha(TaMHUCTOTO M3JI0Ma, KOTOPBIH OOHapyXHBaeTcs 10 M30MpaTesbHO-
My OJIeCKy, XapaKTepHOMY IS KPYITHBIX 3€pPEH.

4. Omnpenenure hpakrorpad@uueckuM METOJOM IPaBUIEHOCTh BbI-
Oopa TemrepaTypsl 3aKaJKH ITyTeM CPAaBHEHHS U3JIOMOB, TIOJIy4E€HHBIX Ha
oOpasnax mociie TepMooOpabOTKH NIPH pa3IMYHBIX TeMIeparypax. Omnpe-
JIeTITEe BO3MOXKHOCTH HCIIPABJICHNS CTPYKTYpPBI IEPETPETHIX CTaNEH.

5. IIpoBeauTe KOHTPOJb KauecTBa 0Opa3LOB CTalel MMociae XUMHU-
KO-TePMHUECKOW 00padOTKH (a30THPOBAHHMS, [IEMEHTAIIMN W IHAHUPO-
BaHus). Ouennre QpakrorpaduueckuM MeTOAOM CTPOSHHE W TIIyOWHY
I y3MOHHOTO CIIOS  CTaNW TIOCAE Pa3iIMYHBIX BHJIOB XHMHKO-
TEPMHYECKOU 00PaOOTKH.

6. Ompenenure MECTONOJIOKEHUE U TIIyOMHY 30HBI IOBEPXHO-
CTHOH 3aKaJIKi PEXyILEero CerMeHTa Jialbl KyJIbTHBATOpa ITyTeM CpaBHe-
HUSI XapaKTepa H3JI0Ma U pa3Mepa 3epHa CepALEBUHBI M TOBEPXHOCTHOTO
CIIOSL.

7. Omnpenenute MOPOr XJIaAHOJIOMKOCTH CTAJIM IyTe€M OLEHKH JI0-
JIM BSI3KOHM COCTaBJIIONIEN ¢ TOYHOCTBIO 40 10% B HM3II0Max cTalbHBIX
00pasIloB, TOJBEPTHYTHIX HArpeBy B AJIEKTPHYECKHX Ieyax 10 TeMIlepa-
Typ 150-50°C, a Taxke oxnaxkaeHHIo 10 Temieparypsl -50°C B cmecH
TBCp}lOﬁ YIJTICKUCJIOTBI C 3STWIOBBIM CIMPTOM U MCHBbITAHUAM Ha y[[apHLIﬁ
u3ru6. (32 yCIOBHBIH MOPOT XJIaJHOJIOMKOCTH IPHHAMAETCS TEMITEpaTy-
pa, NPUBOASIIAS TIOCIE YIApHOTro M3riuba oOpasia CTaJli K MOSBICHHIO B
uznome 50% BOJIOKHA).

8. CocTaBbTe OTYET O padore:

8.1. Llens paboTs

8.2. Kpatkoe onucanue npuMepoB NpUMEHEHUs! (pakTorpadu-
YEeCKOT0 aHallN3a Ul KOHTPOJIS KauyeCcTBA METAJUTOM3ICITHH.

8.3. AHaim3 0COOEHHOCTEH CTPOCHUS BA3KOT0, XPYIKOI0, KBa-
3UXPYIKOTO0, YCTAIOCTHOT'O M3JIOMOB.

8.4. Onmcanne MeToauku Qpakrorpaduueckoro Merona onpe-
JIEJIEHUS] KPUTUYECKOM TeMIIEpaTypbl XPYIIKOCTH.

8.5. CXeMBl CTpOEHHUS M3YUEHHBIX HOBEPXHOCTEH pa3pylieHus
Y 3aKJIFOYEHHE O KaueCTBE METaJUION3AENHIL.
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KOHTpOJIbeIe BOIIPOCHI

1. KakoBbl OcHOBHBIE 3a/auu (pakTorpaduueckoro MeToja aHa-
JIM3a METAJUIOU3IEnii?

2. B 4eM 0COOEHHOCTH CTPOCHHUS BSI3KOTO, XPYIKOT0, KBa3UXPYII-
KOT0, YCTaJIOCTHOTO U3JIOMOB?

3. Kak ¢paxrorpaduaeckumM METOIOM OMPECIIeTC KPUTHUCCKAST
TeMIiepaTypa Xpyrnkoctu?

4. IlpuBenure mpuMeps! IPUMEHEHUs (paKkTorpaguIeckoro MeTo-
Ja Ui KOHTPOJISI KAauecTBa TEPMHUYECKOH, XMMHUKO-TEpMHUYECKO oOpa-
OOTKM ¥ I OLIEHKN METAJLTyPTUIECKOr0 KauecTBa MaTepraa.

PexoMenayemasi imreparypa

1. KonTponms kadecTBa TepMHUYECKOH OOpaOOTKH CTAIBHBIX IIO-
nyhabpukaroB u geraneii: cripas. / [lox pen. B.Jl. Kansaepa. — M.: Ma-
mmHocTpoenue, 1984. — 383 c.

2. T'opneesa T.A. AHanu3 W3IOMOB TIPH OIEHKE HAIEKHOCTH Ma-
tepuanos T.A. I'opneesa, W.I1. XKeruna. — M.: Mammnoctpoenue, 1978.
—200c.

3. ®punman S.b. CTpoeHne M aHalIU3 H3JIOMOB METALIOB [
S1.b. ®punman, T.A. T'opaeeBa, A.M. 3aiineB. — M.: Mamruz, 1960.
- 128 c.

4. MeTtayioBeJicHHE B TePMHYECKas 00pabOTKa CTAIN: CIIPaB. H3/I.
B 3-x T. T.1. Meronsl wucnbiTanus W wucciaenopanuid / Iloxm pen.
MLJIL. bepumreitHa, A.I'. Paxmranra. — M.: Merammyprus, 1983. — 120 c.
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3. MUKPOCTPYKTYPHBI AHAJIN3 METAJLJIOB

Muxpocmpyxmypa — CTpOCHHE METalja, BBIBIEMOE C TIOMOIIBIO

MUKpockona. s u3yueHuss MUKPOCTPYKTYpbl HEOOXOAUMO MOATOTOBUTD
MOBEPXHOCTh METallIa — cAeNlaTh MUKpOULIUQ.

[TockonmpKy MeTaIsl HEMPO3pPAdHBL, TO pac-

S GRS CMOTpPEHHE MUKPOCTPYKTYPHI IPOU3BOMIAT B MOTO-

/ Ke JIy4del, OTPaKeHHBIX OT HCCIEAYEMOU IMOBEpX-
HOoCcTH MuKponuuda. I[lydok nydelr oT HCKyc-
CTBCHHOTO MCTOYHHKA CBETA HANpPaBISETCS HA IO-
BEPXHOCTb MUKpOUUTH(A, OTpa)kaeTcsi OT Hee H,
MPOHAs Yepe3 ONTUYECKYI CUCTEMY MHUKPOCKOIA,
MIOTIA1aeT B I71a3 HaOIroMaTems.

YeMm Oomblie nydeil oTpaxaeT ydacTOK IO-
BEPXHOCTH, TEM CBeTjiee OH BhInAauT (puc. 3.1).
I'panuier Mexy 3epHaMu (Iociie TpaBJIeHHs) pac-

Prc. 3.1 Cxena CEHUBAIOT nznm, MO3TOMY OHM BUJHBI B BHJE TE€M-
orpaenns cpetoppx  FPIX JTHHHH. Ecnmu oTnmenbHBIE CTPYKTYpHBEIE CO-
Nydeit ot moBepxHo-  CTABIISIIOIIME OTIMYAIOTCS 1O LBETY, TO MX OKpacKa

cTi MuKpompa  BHJIHA B TOTOKE OTPAKEHHBIX JIYUCH.
BriepBbie  MHKpPOCKON ISl HCCIICIOBAHUS
MetautoB npuMmenmi B 1831 1. pycckwmii yaensrit [1.I1. ArocoB.

OBbEKTHUB

3.1. MeToauKa NpuroToBJeHHsI MHKPOLLIH (A

IIporiecc MPUTOTOBIEHUSI MUKPOILIH(A BKIOYACT ONECPAIMH BbI-
pe3ku oOpasiia ¥ MOJArOTOBKH €T0 MOBEPXHOCTH — NUTH(OBAHHUE, TOJIUPO-
BaHHWE, TpaBlieHHE. B HEKOTOPBIX Cilydasx, HalpUMep NpU H3yYCHUU He-
METAIMYECKUX BKIIOYCHHHA B CTaJSIX, MOJ, MHKPOCKOIOM HCCIEIYIOT
MOBEPXHOCTh MUKPONTH(a B HETPABJICHOM COCTOSIHUH.

ITnomane MOBEPXHOCTH 00pasiia, UCTONB3YEMOTO JJIs MPUTOTOB-
JIeHNsT MUKpoILTr(a, OOBIYHO COCTaBISIET 1—4 CM, a ero BBICOTA OIpee-
nsieTcs yA0OCTBAaMH MaHMITYJTUPOBAHMS NpU NUTH()OBAHUH M TOTUPOBA-
HuM U paBHa 10-15 cm.Bripesky 00pasmoB ciemyer npoBOJAUTh TaK, YTO-
OBI HE BBI3BATh U3MEHEHUS CTPYKTYpHI M3-3a HarpeBa win Hakiena. J{ms
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BBIPE3KU 00pAa3IoB UCIIONB3YIOT OTPE3HBIE CTAaHKU C aOpa3sMBHBEIMU KpPY-
TaMH ¥ OXJTXKIAIOITYIO YKAIKOCTb.

[TomyuuTh TUIOCKYIO IOBEPXHOCTh, HEOOXOAMMYIO JUIS TUIH(A,
MOYKHO TaKKe IyTeM TOKapHO# 00paboTky, (hpesepoBaHus, HUTH(OBaHMS
win onunuBaHua. O6pasipl HEOOIBIINX Pa3MEPOB WU CIIOKHON KOH(pU-
Typalyy MOMENIAloT B IIACTMACChl WM JIETKOIUIABKHE CIUIaBbl, HCIIOJb-
3ysl 3QIMBKY WIH 3allPECCOBKY B HMIIMHIpHUYIECKHUE 000iMbI. Bo MHOTHX
OTHOUICHUSX yIOOEH, MPOCT ¥ MPOM3BOAUTENCH METOJ XOJIOIHON 3a1e-
KA O0pasoB C TOMOIIBIO JIOKCHAHBIX, IMOMUI(DUPHBIX W AKPHUIOBBIX
cMmon. OOpa3lbl yCTaHABIMBAIOT B METAUIMYECKUE, IIACTMACCOBBIE MU
CTEKJITHHBIE KOJbLIA M 3aJHBAIOT CMECBHIO CMOJIBI C OTBEPIMTEINIEM.
Haubonee yacTo mst X0JI0IHOM 3aeKu IUIH(OB MPUMEHSIOT SIMOKCU-
HBIE CMOJIBI, KOTOPEIE 00J1aJaf0T JOCTAaTOYHON TBEPIOCTHIO, HAMEHBIICH
00BEeMHOHN yCaJIKOW TIPH OTBEPACHHUU M XOPOIIO COCTUHSIOTCS C 0OJb-
IIMHCTBOM METAJIIOB.

IIpu u3roroBneHUM HUTU(OB U3 TOHKOTO JHMCTOBOIO MaTrepuala
NPUMEHSIOT TaKKe 3a)KUMBI (CTPYOLMHBI) B BUJE JBYX CTaJbHBIX IUIa-
CTHH TONIIMHON 4-6 MM, KOTOpble CTATMBalOTCA Ooiaramu. B 3axume
MOYKHO MOHTHPOBATE Cpa3y IMaKeT U3 HECKOIBKUX 00pasIoB.

[lInudoBaHue INIOCKOW TOBEPXHOCTH O0Opasla MPOU3BOAAT Oy-
Ma)XHOH NITM(OBATBHON MIKYpKOH BPYyUYHYIO WJIM Ha LUIH(OBAIBHBIX
crankax (Tabm. 3.1).

Tab6muma 3.1
XapaKkTepuCTHKa 3epPHUCTOCTH OyMa)KHOU MITU(POBATHHOMN IKYPKH

Homep numdoBans-
HOH IIKYypKH 25 | 16 12 10 8 6 5 4 | M40
(T'OCT 6436-75)

Pasmep abpa3uBHBIX . . i . i
daACTHIL, MM :Z)% 21%% 112% 11%% 138 80-63|63-50 | 50-40 | 40-28
(TOCT 3647-80)

Ipu pyuroM nutHdOBaHUK MIKYPKY MOMEIIAIOT Ha IJIOCKOE TBEP-
Jloe ocHOBaHME (OOBIYHO TOJICTOE CTEeKo). OOpaser MPWKUMAIOT UTH-
(hyemoli MOBEpXHOCTBIO K MIKYPKE H PUTMHYHO ITEPEMENIAlOT BIEPE]] 110
npsiMoit inHUH. [Ipy MeXaHHYecKOM NUTH(OBAHUA IIKYPKY 3aKPEIUIIOT
Ha BpAaIIaONIEeMCsl KpPyre ¢ MOMOIIBI0 32)KUMHBIX KOJICIl HITH KIIEEBOTO
MOKPBITHSI HAa OOpaTHOW CTOPOHE MIKYPKH, a 0o0pasell NMPWKAMAIOT K
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MIKYpKE BPYYHYIO FJIM YCTAHABIMBAIOT B 3aKUMHOE MPUCIIOCOOICHHE
cranka. [Ipu sTOoM Taxoke oOpaser; He BpamaioT. B pesymnbrare 3T0ro Kak
[Py PyYHOM, TaK M MPU MEXaHHIECKOM IUTH(OBAHUH 00pazyercs psin
napajjielbHbIX PUCOK, INIyOMHA KOTOPBIX COOTBETCTBYET pazMepy abpa-
3MBHBIX YaCTHII.

InupoBanue MpOBOIAT, UCIONB3Ys MIKYPKY HECKOJBKAX HOMe-
POB C IOCTEOOBATEIBFHO YMEHBIIAIOMICHCS 3€PHUCTOCTHIO (IpeABapH-
TeJbHOE TPy0Oe — Ha MEePBBIX ISITH HOMEPaX, a OKOHYATEIFHOE YHCTOBOE —
Ha HoMepax 5-M40), npuueM BO BpeMs NUTH(GOBAHUSA CIISIyeT COXPAHITh
OJTHO M TO K€ TOJIOXKEeHHe 00pasa, 4TOObl BCe PHCKU Ha €ro MOBEpXHO-
¢t ObUIM mapayienbHel. [lpu nepexone k muMpoBaHUIO IIKYPKOH clie-
JYIOIIET0 HOMEepa HalpaBlieHHe NuidoBaHusS M3MEHSIOT Ha 90° U mpo-
BOJISIT €T0 JI0 MOJHOTO YAAIEHHUs BCEX PUCOK, 00pa30BaBIINXCSA BO BpeMsI
npeaptynied onepauuu. s OLEHKM KayecTBa IUTM(OBAHUS MOXKHO
HCCIIEIOBATh TIOBEPXHOCTH 00pas3ma IMpH Mepexone OT OTHOH CTyIeHH K
Ipyroit mox MuKpockoroM. llocie kKaxmoi cTyneHH TUTH(OBaHHS IO-
BEPXHOCTH JOJDKHA OBITH MOKPHITA PaBHOMEPHBIMH IO BETHYUHE M OT-
YeTJIMBO BUIUMBIMH IapalliHaMHU, HUKAKUX CJIEJIOB LIApalUH OT IMpeJlbl-
Jymiero nur$oBaHus HabII0IaThCs HE JOJIKHO.

ITocne xaxaoit cTyneHu HMUIM(OBAHUS TOBEPXHOCTh 00pasLa cie-
IyeT TIIATEIbHO OYMINATh BO M30eKaHUE IepeHoca CPaBHUTENBEHO KPYTI-
HBIX 4acTHI] abpa3uBa Ha 0oJiee MEJTKO3EPHUCTHIN aOpa3suBHBIA MaTepUall
Y Ha UCIOJIb3YEMBII B JaJbHEUIIEM MOJUPOBalIbHBIN MaTepuai. 11loaTo-
My C LeNbl0 yhajeHus aOpa3MBHBIX YAaCTHIl MOCJIE OKOHYAHUS KaKAOH
CTYNEHHU nuIn(OBaHMUs 00pasel] IPOMBIBACTCS BOHOI.

IlonupoBanue NpPOU3BOAUTCS A YHAIEHUS MEIKUX PHCOK,
OCTaBINUXCS TMOcTe NUIH(OBAHUSA, W TONYUCHHUS TIIAAKOH, 3epKalbHOM
MOBEPXHOCTH MHUKpouutuda. C 3TOH NEeTbI0 MPUMEHSIIOT MEXaHUICCKHUH,
ANEKTPOXUMHUYECCKUN H XUMHUKO-MEXaHUICCKUE METOIBI TTOJTHPOBAHMSL.

[Iupoxo pacnpocTpaHEHHOE MEXaHUYECKOE IOJIMPOBAHUE TPOU3-
BOJAT Ha BpallaromieMcs JUCKE C HATAHYTBIM IMOJIMPOBAJIbHBIM MaTepra-
oM (MSTKOe CYKHO, (eTp, Ipall Wi CIelHaibHas TKaHb). B kauectBe
abpa3uBHOTO BemecTBa 00BIYHO TprMenseTcs nacta 'O, cocrosmas n3
OKCHJ]a XpOMa CO CTEapHUHOM, OJIEHHOBOHM KHCIIOTOH, COmOHM M kepocu-
HOM, WJIKX BOJHBIC CYCIICH3UN OUCHb MCJIKUX OKCHUIOB XpoOMa, aJIlOMUHUA,
A&Kelle3a WU Jpyrux MeTauioB. IIpu 3ToM nonupoBanbHbI Kpyr JOJDKEH
OBITh BJIAXKHBIM, a HAKAaTHE Ha 00pasell ciadbIM.
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[TommpoBaHwe OCYIIECTBISIOT BPYYHYIO MIIM HA aBTOMATUYECKUX
crankax. [Ipu pyaHoM monmupoBanuu 00pasern HEIpephIBHO IIEPEMEIAI0T
OT LEHTpa K mepudepun Kpyra, 4To o0ecreunBaeT paBHOMEPHOE paclpe-
JieJieHre aOpa3sMBHOTO BEIECTBA M OJHOPOAHBIN M3HOC TIOJUPOBATHEHOTO
marepuaia. Kpome toro, obpaser neprouyecKyl BpalamT Wi HepeMe-
IIAIOT «BOCBMEPKOI», YTOOBI UCKITIOYUTH 00Pa30BaHUE «XBOCTOBY OKOJIO
HEMETAJUINIECKUX BKIIOUCHNH W YaCTHII BBIICTUBIINXCA (as3.

[TommpoBaHme cuuTaeTcs 3aKOHYCHHBIM, KOTJa ITOBEPXHOCTH 00-
pasiia nmpruodpeTaeT 3epKalbHBIA OJeCK U Ha MOBEPXHOCTH MHKpONLTH(DA
O] MUKPOCKOIIOM HE IPOCMATPHUBAIOTCS PUCKH W apanuHbl. [lommpo-
BaHHBIA 00pa3sell OYHMIIAIOT OT OCTaTKOB a0pa3uBa IIPOMBIBAHHEM IIO-
BEPXHOCTH MUKpoULIH(pa BOJOH, 3aTeM MPOTUPAIOT CITUPTOM JUIS ylalie-
HUS BJIATH, TIOCJIE YETO MPOCYIIMBAIOT (DUIBTPOBATLHON OyMarou.

11 BEISIBIICHUST CTPYKTYPHI MTOTUPOBAHHOTO MUKPOLILTH(A TIPOU3-
BOIUTCS TPABICHUE — XUMHUYECKUH BUA OOpaOOTKH NOBEPXHOCTH, 3a-
KJTFOYAIOIINIiCS BO B3aMMOACHCTBUH JJIEKTPOIUTOB (PAaCTBOPOB KHCIIOT U
coJiel, pacIUIaBbl IIeso4ei) ¢ MeTaJulaMH. [Ipu 5TOM Ha MOBEPXHOCTH
MuKponuinga obdpaszyercst penbed, U Npu HAOMIOJEHUU MOJ MHUKPOCKO-
IIOM CHIJIBHO PacTBOPHBIIHECS YIACTKH B CBSI3H C PACCEHBAHUEM CBETO-
BBIX JIy4eH MMPeCTaBIAIOTCS Ooiee TEMHBIMH, @ HEPACTBOPHUBIINECS BBHU-
Iy OoJiee MONHOTO OTPAKEHHUS CBETOBBIX JIydel B OOBEKTHB MHKPOCKOIIA —
Oonee ceetabiMU. Tak, HaIpUMep, MEPIUT, COCTOSIINN U3 (heppuTa u 11e-
MEHTHTa, IMeeT OoJiee TEMHBII I[BET, YeM OJTHOPOIHbIC 3epHa (Geppura.

TpaBieHre OCYIIECTBISIOT MOTPYKEHHEM TIOUPOBAHHON MOBEPX-
HOCTH IUM(pa B PEaKTUB WIM HAHECEHHEM PEaKTHUBA HA ITOBEPXHOCTDH
BATKOW, NMUIETKOM W T.O. TpaBleHHE CUUTACTCS 3aKOHYCHHBIM, KOTIa
MOJMPOBAaHHAS ITOBEPXHOCTh CTAHET CJIETKa MarToBOil. 3aTeM OBICTpO
CMBIBAIOT PEAKTHB C MOBEPXHOCTH HUIK(a BOAOH, MPOCYIIUBAIOT (HUIIb-
TPOBaJIbHON OyMaroii, MpOTHPAIOT CIIUPTOM JUIS YAAJICHHS BIIaTH U BHOBb
MPOCYNIMBAIOT (QUIBTPOBATHLHON OyMaroi.

JJis1 BBISBIICHUS CTPYKTYPHI MMOJMPOBAHHOTO MUKpOULTH(A TpaB-
JICHUE TMPOM3BOAMTCS PEAKTHBAMH, PA3IHYAIOIIUMHUCS MO CBOEMY BO3-
JCUCTBUIO Ha pa3Hble CTPYKTYpHBIE cocraBisitoniue. Haubonee mmupoko
IPUMEHSEMBIE B MeTalIorpaguu peakTHBHI, BHI3BIBAIOIINE U30MpaTEIb-
HOE PacTBOPEHHE METAUIMYECKHX WM Ipyrux (as, a Takxke HX morpa-
HUYHBIX YYaCTKOB BCJICACTBUE pa3iuuus (PU3UICCKUX U XUMHUECKHX
CBOWCTB, IPUBEICHEI B Ta0I. 3.2.
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Tabmuna 3.2
HexoTopbie peakTHUBBI ISt XUMHUYECKOTO TPABICHUS MUKPOILIH(OB

HaumeHnoBaHne

CocraB peaxkTuBa Hasnauyenue
peakTHBa
CnupToBoii pacTBOp 1-5, 06b14HO 4 MIT a30THOH KHC-
. Tpasrnenue cramu
a30THOM KMCIIOThI 710ThI, 100 MJI 3TUIOBOTO MIIH
U 4yTryHa
(peaxTHB PrkermoTapckoro) METHJIOBOTO CIIHPTa
N 3-5, 00bI4YHO 4 T MUKPUHOBOH
CnupToBO# pacTBOp N
. KUCJIOTHI (KPUCTAJTHYECKOH ),
MTUKPHUHOBOW KHCIIOTHI To xe

100 M1 5THIIOBOTO

(peaxtuB IxeBckoro)
WJI METHJIOBOTO CIIMPTA

ConsHas U a30THas Kuciota | TpaBieHHe HepXKaBero-

«Ilapckas Bonka» N
B COOTHOIIEHHH 3:1 IMX CTaJieh

5 T XJIOPHOTO Kene3a,
50 MJI CONHOM KUCIOTHI,
100 M1 BOJTBI

COJITHOKUCIIBII pacTBOP
XJIOPHOTO XKeJe3a

Tpasnenue menu,
JIATyHU, OPOH3BI

3.2. [IpuHuuN feiicTBUS M YCTPOICTBO
MeTaJL10rpaduuecKoro MHKpOCKoOINa

Mertamnorpaguueckuif  (CBETOBOM, ONTHUECKHH) MHMKPOCKON —
npubop A HaOroAeHUs U (oTorpadupoBaHus CTPYKTYPHl HEMpo3pad-
HBIX OOBEKTOB B OTPaKEHHOM CBETE.
MUKpOCKON MpecTaBiIsieT co00H KOM-
6I/IHaHI/II-O ABYX YyBCIWYUBAKONIUX CHU-
cTeM: 0OBEKTHBA U OKYJISIpa.

Mertamnorpaguueckuif  MHKpO-
CKOII COCTOUT M3 OCBETHUTENHHOH, MeXa-
HUYECKOM W ONTHYECKOM  CHCTEM
(puc. 3.2).

K ocerutenbHOl cucteme OTHO-
CATCA: UCTOYHHUK CBETAa — JIaMIla HaKaJIHu-
BaHUs 1, HAOOp JIMH3, CBETOPUIBTPOB U
muadparm. HaGop muH3 BBEIEH B OcBe-

Puc. 3.2. O6muit BUa MHKPOCKOIa
MWUM-7 TUTCIIBHYIO CHCTEMY JIA YMCHBIICHHA

paccerBaHUsA CBETOBBIX JIy4€d U IIOBBI-
IIEHUS] YEeTKOCTH H300pakeHMWs. JluadparMsl orpaHHYMBAIOT CEUCHUE
CBETOBOTO JIy4a U IIO3BOJIAIOT PETYIMPOBATh HHTCHCUBHOCTD OCBELICHMUS.
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MexaHnyeckasi cCHCTeMa COCTOUT U3 KopItyca 2, IPeMETHOrO CTO-
JrKa 3, Ha KOTOPBI YCTAHABIMBACTCS MUKPOLLIHG, U BH3YyaJbHOIO TY-
Oyca 4. Jlns HaOMOJACHHUS Pa3IUYHBIX YYACTKOB MOBEPXHOCTH MHKPO-
nutida MpeJMETHBIH CTONMK MOXHO TepeMeIlaTh B TOPU3OHTAIBHOMN
TUTOCKOCTH B JIBYX B3aMMHO TEPICHANKYIIAPHBIX HAIPABICHUSIX BUHTAMHU
5. [IpeaMeTHBIH CTOMMK ¢ MUKPOILTA(OM MOXKET MepeMenaThCs B Bep-
THKaJbHOM HAlpPaBJICHUU Ui MPEBAPUTENHLHOTO HaBeleHHs Ha (OKyc
MaKpOMETPUYECKHM BHHTOM 6, a Ui TOYHOH (POKYCHPOBKUA — MHKPO-
METPUIECKUM BUHTOM 7.

Habop cBeTOGUIBTPOB B BHUIE IBETHBIX M MATOBBIX CTEKJISTHHBIX
TUTACTHHOK TO3BOJIAET OTGWIBTPOBATH JIyUd TPEeOYeMO# IJIUHBI BOJHEI,
YMEHBIIUTh XPOMATHYECKYIO abeppaIfio U MOBBIIIATh YeTKOCTh U300pa-
xenust. Kpome Toro, mpu pabore Ha MHKPOCKOME CIeAyeT Y4HUTHIBATH,
YTO IJ1a3a 4YejIoBeKa 00Jaat0T MOBBIMICHHON YYBCTBUTEILHOCTBIO K JKell-
TO-3€JICHBIM L[BETaM.

OnTrdeckas cUCTeMa SABJISICTCSI OCHOBHOM CHCTEMOM MHKPOCKOIIA.
OHa COCTOUT U3 CHCTEMbl BMOHTUPOBAHHBIX B KOPITYC 2 MPHU3M U 3€pKal,
o0ecneynBaroNMX ONpeeeHHOe HalpaBleHue Jydeil B MHKpPOCKOIIE,
CMEHHBIX OOBEKTUBOB 8 M OKYJAPOB 9 JUIsi BU3YAIBHOTO HAOIONCHUS H
(dororpadupoBaHus CTPYKTYpbI, MPUITATaeMbIX B KOMIUIEKTE K MHUKpPO-
ckomny; ¢poroxamepsr 10.

Habop cMeHHBIX 00BEKTHBOB U OKYJISIPOB MO3BOJISICT MEHATH yBE-
JMYCHUE MUKPOCKOIIA, KOTOPOE OMPEACIICTCS MPOU3BECHUEM YBEIUYC-
HUS 00BEKTHBA Ha yBEIMYEeHHe OKyIrsipa (Tabdm. 3.3).

Tabmuua 3.3
XapakTepucTrka 00beKTHBOB U OKYJIIPOB MUKpockonia MM-7

OKVYIJISPhI
OBBEKTUBBI Ha maToBOM cTekie Ipu Bu3yasHOM HAOIIOICHUH
7X 10X 15% 7X 10X 15% 20%

F=232|A=0,17| (70) 120 160 (60) 90 130 | 170

F=13,9 | A=0,30| (115) 200 270 (100) 140 200 300

F=8,2 |A=0,37| 200 340 450 170 240 360 500

F=6.2 | A=0,65| (260) | 440 600 | (250) | 320 | 500 | (650)

F=2,8 |A=1,25| 575 1000 1350 500 720 1080 | (1440)

F=2,8 | A=1,0%| 575 1000 | (1350) 500 720 1080 | (1440)

Ilpumeuanus: 1. 3axkaroueHHbIe B CKOOKHA OOBEKTHBEI IPUMEHATH HE PEKOMEHTYETCSI.
2. OOBEKTHB, OTMEUCHHBII ¥, UCIIOJIB3YETCsI TOJIBKO IS CBETIIOTO IMOJISL.
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OCHOBHBIM JIEMEHTOM OITHYECKON CHCTEMEBI SIBIISIETCS] OOBEKTHUB,
JAIONIMKA JTEHCTBUTEIBHOE YBEIMYEHHOE OOpaTHOE H300paKeHHE pac-
cMaTpuBaeMoOil CTPYKTyphl. OKyJsp JWIIb YBETHYHUBACT H300paKeHHE,
noxy4aeMoe 0OBbeKTHBOM. IIpH 3TOM ¢ MOMOIIBIO OKYJsIpa IMOJIy4aeTcst
MHHMOE€ YBEIMYCHHOE TNPSIMOE H300paKCHUE CTPYKTYPHI, BBISIBICHHOE
00OBEKTUBOM.

OOBEKTHB COCTOUT W3 (PPOHTAIBHOM TUIOCKOBBIMTYKIIOW JIMH3HI,
JAIONIeH yBEIMUCHNE, W PAda KOPPEKINOHHBIX JIMH3, IpeIHA3HAYCHHBIX
JUTsl YMEHBIICHUS XpOMAaTHYeCKON 1 ceprudeckoi abeppariuii, BO3HUKA-
IOIIMX MIPU TPOXOKICHUH Jyded uepe3 GpOHTANBHYIO JIHH3Y.

XpomaTnueckas abeppaliysi BHI3bIBAETCS HEOJNHAKOBBIM IIPEIOM-
JICHUEM JIMH30M JIydel pa3IMn4HOro IBEeTa, B pe3yJbTaTe 4ero Jyd 0enoro
CBETa pasjlaractcsl JIMH30H Ha MOHOXPOMAaTHUYECKHE JIydH, KOTOpHIe He
(oxycupyroTcst B 0OqHOH Touke. B oOBekTHBE I yMEHBIICHHS XpOMa-
TUYeCKoU abeppanuu Oeoro CBETa yCTaHABIHMBAIOTCS KOPPEKIHMOHHBIC
JMH3BI U3 CICIMANBHBIX MaTEpUANIOB, HANPUMEp, IUIABUKOBOIO IIITATa
(dpmrooputa). XpoMaTHUECKyr0 abeppaiiio MOMXKHO TMOJHOCTBIO yCTpa-
HUTb TOJIEKO MPUMEHEHUEM MOHOXPOMATHYECKOTO CBETA.

IIpuunHa chepruyeckoit abeppaliu 3aKIF0YaeTCS B TOM, YTO JIYYH,
TpeIoMIIsieMbIe KpaeM JIMH3BL U €€ HEeHTPaJbHOW YacThlo, He CXOISTCS B
OJIHOM TOYKe, U M300pakeHHe Mojydaercst Hepe3kuM. sl yMeHbLICHHs
cthepuueckoil abeppanuu 0ObEKTUB cOOMpAeTCsl U3 BBIMYKIION M BOTHY-
TOM JINH3, UMEIOIIMX OJJMHAKOBYIO, HO pa3JIMyHO HalpaBJeHHYIO abeppa-
IHUIO.

B oObekTHBax, marommMx OOJBIIOE YyBEIWYCHHE, (pOHTATIbHAS
JIMH3a UMEET MOYIIapoByI0 (opMy, U cheprudecKyro abeppaliiio yaacT-
cst 30exaTh MyTeM NOMEIIEeHHUs nuinda B arylaHaTHIeCKUi (OKyc, T.€. B
0CcO0YI0 TOUKY Ha ONTHYECKOH OCH 00BbeKTHBa. Takue 0ObEKTUBbI HA3bI-
BAIOTCS aIlyIaHATaMH.

Bce 0OBEeKTHBBI B OTHOIICHHH ONTHYECKHX CBOWMCTB NEISATCS HA
aXxpoMarthl ¥ aroXpoMaTthl. ATTOXpOMATHl 0OJiee CIOXKHBI, YeM aXxpOMAaTEI,
HO 3aT0 Ae(eKTHl H300paXKeHUs OT abeppaliii Y HUX CBEICHBI 10 MUHU-
MyMa. AIIOXpoMaTbl OJJHOBPEMEHHO SIBJIAIOTCS arlaHaTtamu. M3-3a cBoe
KOHCTPYKIIMH OHH JIAIOT HE IUIOCKOE, 8 HECKOJIBKO MCKPHBICHHOE H300-
paXkeHue, BCJIEJCTBHE Yero He IMPEACTaBIsIeTCS BO3MOXHBIM IIOJNYYHTh
OIIMHAKOBYIO PE3KOCTh B IIEHTPE U 10 Kpasm n3o0paxenus. [lostomy mpu
paboTe ¢ amoxpoMaTamy TPHMEHSIOT KOMIICHCAIIMOHHBIE OKYJSPBI, HC-

HPaBIISIONINE 3TOT HEJOCTATOK OOBEKTHUBA.
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B TO ke BpeMs OOBEKTHBHI OBIBAIOT CyXHW€ M HWMMEPCHOHHBIC.
OOBEKTHB CUNTAETCSI HMMEPCHOHHBIM, KOTJa MEKIY HAM M MHUKPOILIH-
(oM HaxOoIUTCS CIIOM JXKUAKOCTH, YBEIWYMBAOIINN KodDdHUIIMEHT Tpe-
JOMIICHHSI JTyded (IIpU MCIOJIh30BaHUK KEAPOBOTO Macia KoddduiumeHt
paseH 1,51).

OKynspel, TpHIaracMble K MHKPOCKOITY, AEIATCS Ha IPOCTHIC
(TtolireHca), KOMIICHCAITMOHHBIC W TIPOCKIIMOHHBIC. [IpocThie OKYISIpBI
MPUMEHSIOTCS B COYCTaHNH C aXpOMAaTHUECKIMHU 00BEKTUBAMH, KOMIICH-
CaIlMOHHBIE C AaTIOXPOMATHIECKUMH, a MPOCKINOHHBIE — MPH (QoTorpadu-
pOBaHUH.

OO0BbeKTHUBBI OOBIYHO UMEIOT YBEeNMYeHUe OT 9 1o 95 pas, mpocTeie
OKyIsApbI — 0T 3 710 15, a KomneHcanuoHHble — 10 20 pas.

IIpu paboTre Ha MHKpPOCKOIIE MHUKPONUIA() MMOMEMAIOT Ha Ipe-
METHBIA CTOJNHK Tepel] 00bEKTHBOM, 3aT€M MaKpO- U MUKPOMETPHIECKHU-
MU BUHTaMH IIEPEMEIIAIOT B BEPTHKAIHLHOM HAIIPABICHUH TaK, YTOOBI OH
HAXOIUIICS HEMHOro aajibiie Gokyca oobektuBa. [Ipu 3TOM mocneaHuit
JIaeT YBEIMYCHHOE JCHCTBUTEIILHOE N300paKEHIE CTPYKTYPBI, KOTOPOE C
TIOMOIIBI0 CHENUANBLHON JIMH3BI MEPEHOCUTCS B IUIOCKOCTh, OJNM3KYIO K
¢doxycy okymsapa. OH, IeHcTBYS Ha Jy4, JaeT OKOHYATEIbHOE (YBEINICH-
HOE ¥l MHIMO€) H300paKeHNE CTPYKTYPHL

Pazpemaromnast ciocOOHOCTh MUKPOCKOIIA M €TI0 TOJIE3HOE YBEIH-
YCHUE UMEIOT BRXXHOE 3HAYCHHUE B MUKPOCTPYKTYPHOM aHAJIM3€ METall-
7oB. Paspemaromasi crmocoOHOCTH OINpeAesieT MHHUMAIbHBIC ICTalld
CTPYKTYPHI, KOTOPBIE MOXXHO YBHIETh C IOMOIIBI0O MHKpOocKoma. OHa
XapaKTepH3yeTCsl MUHUMAIBHBIM paccTossHieM 0 MEXay OByMs COCE[-
HUMH JIETaJSIMHA CTPYKTYpPBI, KOTOPBIE €IIe MOTYT OBITh Pa3IHIUMBI pa3-
JIENBHO, HE CNMBAsCh. Pa3pemaroniasi cCHoCOOHOCTh ONTHYECKOTO MHUKPO-
CKOTIa OTpPENeNAeTCs MUPPAKIMOHHBIMU SBJICHUSAMH M TPH IPSIMOM
OCBEIL[EHUH B OTPAXKEHHOM CBETE COOTBETCTBYET YCIIOBHIO

d=X/2n-sino=A/2A,

rae A — JUTMHA BONHBI Oenoro ceera, paBHas 0,55 MKM; N — mOKa3aTelb
MPEIOMIICHUS MEXKAY OOBEKTHBOM M MHUKPOIUTH(GOM (IS
Bo3myxa N=1, mist keapoBoro macna n=1,51); o — yriosas
amepTypa OObEKTHBA, paBHAsI TOJIOBHHE YTJIa, IO KOTOPBIM
BUJICH 3pa40K 0OBEKTHBA U3 TOYKU MUKPOILIH(A, JIexKalen
Ha ONTHYECKOH OCH (Omax=72°, SiNotmax=0,95); A — uucio-
Basi ariepTypa, paBHast N-Sina.
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IIpu ucronb30BaHNM IMMEPCHOHHOTO OOBEKTHBA CBETOBBIE JIy4H,
OTPA3UBILINCh OT MOBEPXHOCTU MUKPOLLIH(DA MOJ YIIOM O, NMPeIoMIIs-
I0TCSI B KEJPOBOM MacJie ¥ BXOJST B OOBEKTUB MOJ 3HAYUTEILHO MEHb-
wuM yrioM ¢ (puc. 3.3). TloaTomy, dem 0oJbIie N U O, TEM BBILIC pas-
pelaromasi CHoCOOHOCTh MUKPOCKOTIA.

MUKPOLJIN®D

BO3/IVX
n=1

KEAPOBOE
MACIJIO

n=1,51

| 1
OBBEKTHB

Puc. 3.3. Biusinue kod¢duipenta npesoMICHUsI CPEIbl
Ha XOJ1 CBETOBBIX JIy4eil B CyXOM M HMMEPCHOHHOM OOBCKTHBE

MakcuManibHasi paspelraronmas CrocoOOHOCTh MHKpOCKoma (TIpu
UCIIONIb30BAaHUM ~ HWMMEPCHOHHOTO  OOBEKTHBAa) MOXET COCTaBUTH
d=0,55/2-1,51-0,95~0,2 mMkm.

ITockonbky paspemniaromiasi CrtocOOHOCTh YEIOBEUECKOro rmasza di
cocrapnsier 0,3 MM, T.e. ABE TOYKH BHUIHBI UL IJIa3a pa3meibHO, €CIH
paccrostare Mexay Humu 0,3 mm = 300 MKM, TOrJja MakCUMaJbHOE IT10-
JIe3HOE yBENWYEHHE, TIPH KOTOPOM MOJHOCTBIO PEaln3yeTcsi ero paspe-
iaronas crnocoonocTs, pasao M=d1/d=300/0,2=1500. B cooTBeTcTBHUH C
STHM METaJUTOTpadUUECKIe MUKPOCKOIBI UMEIOT MaKCHMAIBEHOE YBEIH-
YeHue MPH BU3yallbHOM HabroeHnu He 6osee 1500 pas.

[Ipu uccnenoBaHum CTPYKTYPHI METaIa OOBEKTHB BHIOUPAIOT, HC-
X0/l M3 HEOOXOAUMOTO TOJIE3HOTO YBEJIMYCHHsI MUKPOCKOIIA, ONpeIels-
emoro u3 Beipaxkeruss M=300/d’, rae d' — MUHUMATIBHBIN pa3Mep UHTEpe-
CYIOIIMX JAeTalled CTPYKTYphI B MKM. 3Hast M, MoxHO 1o Tabun. 3.3 ompe-
JETUTHh COOTBETCTBYIONIYIO YHCIIOBYIO allepTypy M BbIOpaTh OOBEKTHB U
OKYJISIP.
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B mpakTuke MeramorpaduuecKiux MCCIeIOBaHUK MHOTIA MPHUXO-
IUTCS B ymiepd paspemaromeil CrtocOOHOCTH TOBHIIATh KOHTPACTHOCTh
n300paXeHUS W YBENWYHNBATh TIIyOHHY PE3KOCTH, XapaKTepU3yeMyIo Be-
JMYMHON BEPTHKAIFHOTO CMEMIEHUs JeTallell MUKPOCTPYKTYpBI, YTO HE
NPUBOAUT K MOTepe (OKYCHPOBKH; IpH Oojiee perbedHOH MOBEpXHOCTH
MHKpoIDIH(a 1eecoo0pa3HO UCIIOIb30BaTh 0OOBEKTHBEI C MaJoi amep-
Typo#t. KoHTpacTHOCTE M300pakeHUs pacTeT IO TeX Iop, Moka olrmiee
YBEIMUCHHE MUKPOCKOIA HE MPEBBICUT IMOJIE3HOTO yBennueHus. [loato-
My YBEIWYEHHUE OKYJIApa HE JODKHO OBITH OYE€HBb BBHICOKHM, TaK KakK 3TO
BBI30BET PA3JINUHOE U300paXkeHUe JeTaneit CTPyKTYpBL.

C moMomp MeTamuiorpaduueckoro MHUKpPOCKONA MOXKET ObITh
BBITIOJIHEH KaK KayeCTBEHHBIH, TaK M KOJHMYECTBEHHBIH MHKPOCTPYKTYp-
HBIH aHANN3, HapUMEpP, U3MEpeHHE BEIMYUHEI 3epHA, pa3Mepa BKITIOUe-
HU TpaduTa B YyTyHE, TIyOHMHBI IEMEHTHPOBAHHOTO CIIOS U JIp.

M3mepenne peraneit n3ydaeMoll CTPYKTYpPHI OCYIIECTBISIETCS C
MIOMOIIBI0 OKYJISIP-MUKPOMETPA — OKYJISIpa, B KOTOPBIH BCTABJICHO CTEKJIO
C HaHeCeHHOM mkasoi. LleHa feneHus OKyIsIp-MUKpOMETpa OIpeaesieT-
csl yBENIMYEHWEM MHUKpOCKOMa (IIPOM3BEICHHEM YBEJIHYCHUH OOBEKTHBa
W OKyJIsIpa), Ui TOYHOTO OMpEIETICHHS KOTOPOTO B KadecTBE OOBEKTa
WCIIONIB3YeTCS CIeNHaNbHas IUIACTUHKA ¢ MHUKPOMETPHUYCCKOM IMIKaoit
(0OBEKT-MUKPOMETp), Ha KOTOpOH HaHeceHbI yepe3 kaxsle 0,01 MM ne-
nenust Ha obuiel e 1 MM (puc. 3.4).

B

le »|
|‘ '|

1 2 3 4 5 6 7

A

< >
<€ >

Puc. 3.4. CoBMelieHUe Kbl 00BEKT-MUKpOMeTpa (A)
U OKyJsip-MuKpoMeTpa (B)
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[ ompeneneHus LEHBI NEJIEHUS OKYISIP-MHUKPOMETpa Ha Hpea-
METHBIH CTOJMK BMECTO MHKPOIDIH(a yCTaHABIMBAETCS OOBEKT-
MUKPOMETP W TIOCJIC HaBeJCHUS Ha (DOKYC IPOUCXOTUT COBMEIICHHUE
IKaJl 000MX MUKPOMETPOB

Iena nenenus okyisap-mukpomerpa paBaa Loxk=11os—A/B,
rae llop — meHa pgemeHuss oOBEKT-MUKpoMeTpa, paBHas 0,01 wmmM;

A uw B — 4HCcno COBMEIICHHBIX [elIeHuHl O0O0BeKT-
MHUKPOMETPa U OKYJISP-MUKPOMETPa COOTBETCTBEHHO.

[Toce onpeneneHust ICHBI IEICHUS OKYJLSIP-MHKPOMETPa, UM, KaK
OOBIYHOW JIMHEWKOH MOKHO HM3MEpPUTh JIFOOOW HCCIIEAYeMBbIH 3JIEMEHT
CTPYKTYPBl MUKpOILLTU(a, TOMEIIEHHOT0 Ha MPEeIMETHBII CTOIIMK BMECTO
00BEKT-MUKPOMETPA.

3.3. MUKpOCTPYKTYPHBIii aHAIN3
KOBKOT0 ()eppHTO-NEPJIUTHOTO YyTYHA

OnHUM U3 00BEKTOB MUKPOCTPYKTYPHOTO aHAIIU3a B padoTe SIBIIS-
eTCsl KOBKHIA (heppUTONIEPIUTHBIA IyTYH, COCTOSIIUN U3 METAJUTHYSCKON
OCHOBEHI B BHJIE 3e¢peH nepnuTa u peppura, 1 BKIOYeHUH rpadura. B He-
TPaBJIEHOM COCTOSHUH (puc. 3.5, @) 1Mol MHKPOCKOIIOM MOKHO HaOlIto-
JIaTh CBETJIOE TOJIE METaJUIMYECKOH OCHOBBI KOBKOTO YyI'yHa M TEMHBIE
(depHbIe) XJIOMBbEBUIHONW (OpMBI TpaduTHBIC BKIOYeHUA. Kpome Toro,
Ha CBETJIOM MOJIE METaJUTMUECKONW OCHOBHI MOYKHO YBHJIETH TPEIIUHEI,
PaKOBHUHBI, TBEPABIC U MATKUEC (CO CJIEAaMH1 OT HUX Ha I10JI€ METaJlJIN4C-
CKOM OCHOBLI) HeMeTaJlIndeckue BxiroueHus. [locie TpaBJICHHUS BBIABJIA-
eTCs CTPYKTYpa METALTHIECKOH OCHOBHI. [Ipy HaOMIOJeHUH B MIUKPOCKOII
MPOCMATPUBAIOTCS TeMHBIC (YepHble) rpadUTHBIC BKIIOYCHUS, CBETIIbIC
3epHa eppuTa 1 TeMHbIC (cepbie) 3epHa mepiuta (puc. 3.5, 6).

Puc. 3.5. Cxema MUKpOCTPYKTYpPBI KOBKOTO (hepPPHTONEPIUTHOTO Yyr'yHa B HETPaBIe-
HOM COCTOSIHUH (@ — MeTaJUTHIecKast OCHOBa U rpaduT) u mocie TpasieHus 4% crmp-
ToBbIM pactBopoM HNOs (6 — nepur, ¢hepput u rpadut) x250
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[Tpu GOJBIIMX YBEIMYEHUSX MHKPOCKOIA BBISBIISETCS ABYX(Daz-
HOE CTPOCHHE TepinTa B BUJE CBETJIBIX IUIACTHH (eppuTra U HEeMEeHTHTA,
KOTOpOE U ClielyeT M300paxaTh Ha CXeMaX MUKPOCTpyKTyp. Habmronae-
Masi KapTHHA CTPOEHHsI KOBKOT'O 4yryHa oOyCIIOBJICHA XapaKTepoM OTpa-
JKCHUsI CBETOBBIX JIyYel OT pa3lIMuHBIX YYaCTKOB CTPYKTYPBI MHKPO-
nutga.

Boinosinenne padoTsl

1. Vscuwure 1ens paGoTsI.

2. V3yunTe METOANYECKUE OCHOBBI M IIPHEMBI MUKPOCTPYKTYPHO-
TO aHaJIHM3a METAJIIOB.

3. U3yunre MHKPOCTPYKTYPY PasM4YHBIX METAUIMYECKHX Mare-
pHaoB.

4. ToarorossTe MHKpOLDIH( 00pasia KOBKOro (heppUTONEPIUT-
HOTO YyTyHa.

5. U300pasute cxeMy CTPYKTYpbl KOBKOrO (heppHTONEPIUTHOTO
YyryHa B HETPABJICHOM COCTOSHHM W TOCIe TpaBieHHs 4% CIHUPTOBBIM
pactBopom HMO3.

6. CocraBrTe oT4eT 0 paboTe:

6.1. Ilenb paboOTHI.

6.2. OmpeneneHre MHUKPOCTPYKTYPHI, OIMUCAHUE IPHHITHAIA
BUAMMOCTH O] METAJUIOTPAGHIECKIM MUKPOCKOTIOM.

6.3. Kpatkoe ommcanue ycTpoiicTBa METAIUIOTPaPUUECcKOro
MHKpPOCKOIIa, OMPEAEICHUE €r0 Pa3pelaroneil ClIoCOOHOCTH U MOJIE3HO-
rO YBEJIHMYCHUs, OIUCAHHE BO3MOXXHOCTEH KOJMYECTBEHHOIO MHUKPO-
CTPYKTYPHOT'O aHaJIN3a,

6.4. MeToauKa MPUTOTOBJICHUS MUKPOILIH)A.

6.5. CxemMa MHKPOCTPYKTYPHI KOBKOTO (DeppUTONEPIUTHOTO
YyTryHa B HETPABJICHOM COCTOSHHH, €r0 MUKPOCTPYKTYPHBIN aHAIIH3.

6.6. MeToauka TpaBIICHHUS MUKPOLILTU(A.

6.7. CxeMa MHKPOCTPYKTYPBI KOBKOTO (DEPPHUTOIEPIUTHOTO
YyryHa TOocie TpamieHus crnupToBbM pactBopoM HNOs, ero mwmkpo-
CTPYKTYPHBIH aHATHU3.
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KOHTpOJIbeIe BOIIPOCHI

1. UYro Ha3BIBaETCS MUKPOCTPYKTYPOU?

2. Ha 4eM OCHOBaH MpPUHIIMIT BUAUMOCTH IOJ MeTajutorpaduye-
CKUM MUKPOCKOIIOM?

3. Kakume onepanuu BKJIIOYaeT B ce0sl MPOIECC MPUTOTOBICHUSI
MUKponutiga?

4, KakoBa MeTOAMKA MPUTOTOBJICHUS MUKpOILIH(a?

5. Yto MOXHO HaOIIOAATH MIPH PACCMOTPEHUH B MUKPOCKOIT MHK-
ponutida B HETPABICHOM COCTOSIHUAU?

6. C kakoil 1eJbl0 MPOU3BOJUTCS TPaBJIEHHE TTOBEPXHOCTH MHUK-
pouutuga?

7. Kakoe u300pakeHHE IOJydaeTcss C IOMOIIbI0 OOBEKTHBA H
oKyIspa?

8. Urto moHWMaeTcs TOJ pa3periarmeil crocoOHOCTEI0 MHKpO-
CKOIIa, KaK ONPEeAeNIUTb er0 MaKCHMAIIbHOE TI0JIE3HOE YBeJInueHne?

9. Uro MOXHO HaOIIOAATh IPH PACCMOTPEHUH B MUKPOCKOI MHK-
pouutmda nocie TpapaeHUs?

10.Kak ompeznenuTs IeHY AEICHUS OKYISIP-MHUKPOMETpa, KaK H3-
MEPUTH BEIUYNHY OJHOTO U3 DJIEMEHTOB CTPYKTYPBI?

PexoMenayemasi imreparypa

1. I'emnep FO.A. Marepuanosenenue / 10.A. T'emnep, A.I. Pax-
mranT. — M.: Meramnyprus, 1989. — C. 26-76.

2. Jlaboparopus merammorpaguu / E.B. [Tanuenko, FO.A. Ckakos,
B.U. Kpumep u ap. — M.: Meramnyprus, 1965. — C. 11-171.

3. MetamioBeieHHe U TepMuyeckas o0paboTka cramu. B 3-x T. —
T.1. Merons! ucnisiTanus u uccienosanus / [lon pen. M.JL. Bepuiureiina,
A.T'. Paxmragra. — M.: Meramnyprus, 1983. — C. 17-47.
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4, KOJMYECTBEHHAS METANJIOT'PA®USA

OcHOBHOIl 3afaueil MetamaorpauUyeckoro aHaau3a SBISETCS
uneHTrdUKanys (pacrno3HaBaHUE) H300PKEHUN CTPYKTYPHI Ha TUIOCKOM
Mukponuige. B Hacrosiiee Bpemsl HAKOIUIEH OOJIBIION MpaKTUYeCKUAN
OTIBIT METAJUIOTPAPUUECKUX HCCIICIOBAHHUMN, TTO3BOJISIONIMA 0e301mn004-
HO MJCHTHU(HIUPOBATH HAONIOMAEMbIe M300paXKEHUST CTPYKTYPHI U Mpa-
BIWIBHO PAaCIO3HABATh T€ HJIM WHBIC DJIEMEHTHI CTPYKTYPHI METALIOB W
CILJIABOB.

[pyras BakHas 3a/1a4a aHAJIN3a — CTEPEOJIOTHYECKAsI, CYIITHOCTHIO
KOTOPOM SBIISICTCS COCTABJICHHUE IPEICTaBICHN 00 OpraHnu3aIiu CTPYK-
TYpBI B 00bEME 110 BUJIUMBIM TUIOCKHM H300pakeHUAM. JTa 3a1ada o00s-
3aTEeNIFHO PElIaeTCs] METOJIAaMH KOJTMYCCTBCHHOM MeTayutorpaduu, KOTo-
phIC TAIOT SIUHCTBEHHO MPABUIBHOE OMMCAHUE CTPYKTYPHI B OTIHYUE OT
Ka4eCTBCHHBIX METOJIOB, IPEIIOIATAONINX MPUOIMIKEHHOES OIMUCAHUE
TaKUMH TEPMHUHAMH, KaK KPYNHbLU, MeaKull, cpeonuti U T.11. Jerno B ToMm,
9TO Ayallli3M CMpPYKmMypa-ce0otcmed SBISETCS KOTHMYECTBEHHO CTPOTO
OTIPENIENICHHBIM, TO €CTh BCE CBOMCTBA METAJIOB U CILIABOB OJHO3HAYHO
OTIPENEIAIOTCS OCOOCHHOCTSMU OPTaHU3aIlMK UX CTPYKTYPHI U, B YACTHO-
CTH, pa3MepaMH CTPYKTYpPHBIX 3JIeMEHTOB. Hampumep, BakHeWInas xa-
PaKTCpUCTUKA MCTAJIJIOB — MNPEACT TECKYUCCTU — (l)yHKHI/IOHaJ'II:HO O4YCHb
TOYHO OTIpENeNsIeTCS Yepe3 pa3Mephl CTPYKTYPHBIX 3JIEMEHTOB YHHUBEP-
CallbHOM 3aBUCUMOCTHIO Xoua-Iletua

GT = GO +ky 'd_l/z,

rae oo U Ky — KOHCTaHTBI MaTeprana; d — pasMep CTPYKTYPHOTO 3JIEMEH-
Ta (HarpuMep, IuaMeTp 3epHa).

[[Inpoxomy pacrpocTpaHEHHIO BEChbMa TPYIOEMKHX METOJOB KO-
JUYECTBEHHONH MeTayuiorpapuu B 3HAYUTEIBHOH Mepe CIIOCOOCTBYET
MPUMEHEHHE CIEIUATBHBIX aBTOMATHYECKHX MPHOOPOB JIIS KOJIWYe-
CTBEHHOTO aHalin3a U300paKEHUH, pelIaroIInX 3a1a4y WICHTUDUKAIIH,
CTEPEOJIOTHUECKYIO M METpoJiorndeckyro 3agau. CylnIHOCTh MocienaHe —
ornpezeNieHne Hanbojee TOCTOBEPHOTO 3HAYCHUS H3MEPAEMON BETTMYNHBI
U MPEJETIOB €€ BapbUPOBAHUS MPHU 3aJaHHON JTOBEPUTEIHHOU BEPOSATHO-
CTH.

Jlis penieHns CTepeosIoTHIEeCKUX 3a7ad HauOoJIbIee MPUMEHEHUE
HaxoJIAT JUHEHHBIH U TOUEYHBIH METO/bI KOJIMYECTBEHHOW MeTajjiorpa-
(huu, KOTOpBIC UCIIONB3YIOTCS TIPU OIPEICIICHUN TaKUX MapaMeTPOB, KaK
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o0beMHast goysi (Ga3bl WIN CTPYKTYPHOH COCTAaBILIIONICH, yaeabHas IO-
BEPXHOCTb TPAHUII 3epeH WK (a3 B CIUIaBe, pa3Mep 3epHA H JIp.
CyIHOCTh JJMHEWHOTO METOoJa MoKasbiBaeT puc. 4.1, rie mokasaH
NPOCTEHINMI BapHAHT aHAIM3a C MPUMCHEHHEM B KayeCTBE OTCUETHOTO
ycTpoiictBa  OKyJsip-MukpoMmerpa. OceBas JIMHUS JIMHEHKH OKYJISIpP-
MHUKpoMeTpa pa3zaeneHa Ha 100 uacreil.
CyMMapHasi AJMHAa OTPE3KOB 3TOM
JUHUY, Jexamux Ha o-(asze (Ha puc. 4.1
3alITPUXOBAaHa), MPH TOKa3aHHOM TOJI0XKe-
HUW JIMHEHKH paBHO 42  JejeHus M
(12+2+9+9). O6bpeMuyI0 0TI i-TO¥ (a3bl B
JTHMHEHHOM METOJE OMPEAEISIIOT IO hopMyIe

V, = Sl /I,

Puc. 4.1. Cxema onpeneneHus
oOBpeMHOI 1omH oL-(hazbr

N e L/l
JIMHEHHBIM METOI0M A E '“/

— CyMMapHas UIMHA OTPE3KOB,

npoxomsamux mo o-¢pase; | — mmuHa 6a30Boit
JMHUY (B TaHHOM CIIydae JTHHEHKH OKYIAP-MUKPOMETPA).

Ipu 5TOM JJIs1 IOBBIIICHHS TOYHOCTU BBIYMCIICHUH CIICTyeT BHIOH-
pate TeM OoJjblice YBEIMYEHHE MHKPOCKOINA, YeM MEHbIIe OOBeMHAas
Jonst uckomoit asel. [lng paccmaTtpuBaemoro ciydas Vi COCTaBsieT
0,42 nnm 42%. TloBTOpSs U3MEPEHUS HA JJOCTATOYHO OOJIBIIOM (HE MEHEe
25) gucne moJiel 3peHwMs, MoJiydaeM pe3yiIbTaT TpeOyeMOol TOYHOCTH H
JOCTOBEPHOCTH. DTOT K€ METOIl MOXKET OBITh pealn30BaH HA CEpUH U3
10-15 cHUMKOB MHUKPOCTPYKTYPBI, HA KOTOPBIE HAHOCATCS MO0 CITydaki-
HBIE CeKyIue, aubo, elie Jydmie, KBaapatHas (YHOpSIOYeHHAs) CeTKa.
JUTMHBI OTPE3KOB, OTBEYAOIINE UCKOMOH (ha3e, U3MEPSIOTCS MEPHUTEIb-
HBIM IIUPKyJeM. TOYHOCTh NMHEHHOro MeToAa, OOYCIIOBIICHHAS! YHCIIOM
M3MEPEHHBIX B MPOLIECCe aHaIN3a OTPE3KOB, 3aBHCUT TaKXKe OT 00bEMHOM
JIONTK UccliemyeMoi (has3bl WM CTPYKTYPHOH COCTaBIISIIONICH, ee Tuctepce-
HOCTH, XapaKTepa CTPYKTYPHl M OIICHUBAETCS a0CONIOTHOH OIIHMOKOM,
KOTOpAasi BEIYUCIIACTCS IO PopMyIIe

e=K-tP,n-1) /Va— (1n—VJ :

rae N — 9HUCI0 M3MEPEHHBIX IPH aHanu3e oTpe3koB; K — koadduiuenrt,
3aBHUCSLIMA OT Xapaktepa cTpykTypbl; t(P,n—1) — kBaHTWIIB
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pacrpenencnust CTbIOJCHTa — HOPMHPOBAHHOE OTKIIOHEHHE,
3aBUCSIIEE OT JOBEPUTEIBHON BEpOATHOCTH P (7151 00bI4HO
NPUHIMAEMOTO TIPH KOJIWYECTBCHHBIX HCCICIOBAHUSIX 3HA-
yenus P=0,5, t=0,6745).

Koagppunument K B mobom cirydae MOKeT ObITh IPUHAT PAaBHBIM 1.
B cnyuae, ecnu ceueHUss MUKPOYACTHUI] aHATH3UPYEMOi (a3bl paBHOOCHBI
W pacrpeneneHbl paBHOMepHO, Kodddurment K MoxHOo cHu3uTh 10 0,65.
[Ipu momocyaroil cTpykType (HEMeTaUTMYeCKHe BKIFOUEHUS Ha TIpO-
JOJTBHOM MHKPOLUTH(]E, IMOJI0CYATOE PACIONOKEHHE (eppuTa WIn Iep-
nuTa | T.1.) KodhummeHT K oueHb CHIIBHO U3MEHSACTCS B 3aBUCHMOCTHU
OT HAIpaBJICHUS CEKYUINX JIMHUA OTHOCUTEIHFHO OCH OPUEHTAIIMH CTPYK-
Typsl. [IpH neprneHUKYIIPHOM PACIIONIOKESHUU CEKYIICH MO OTHOILICHUIO
K ocu opueHTanuu K Moxet ObITh cHIKEH 10 0,4.

CymHOoCTh ToueyHoTo MeToaa (Meton A.A.['nmaroyesa) WILTIOCTPH-
pyert puc. 4.2, Ha KOTOPOM IMOKa3aHa AByX(a3Has CTPYKTypa ¢ HaJIOKEH-
HOI Ha Hee KBaJpaTHOW CETKOH, nmeromien 25
Y3JIOBBIX TOUEK. M3 HUX BOCEMb TOUEK IOMATA
Ha YYaCTKH MUKpOILIH(a, 3aHATbIe o-(a3on
(1a puc. 4.2 3amTpuxoBansl). O6beMHas 107
OTIpEIeINACTCS COOTHOIICHHEM

rac Ng — 9MCJIO TOYCK, NMOMNABIIMX HA Yy4YaCTKH

noda, — 3aHATEIE  o-(a3oi;

N — oblIee YKMCIIO Y3IOBBIX TOYEK Puc. 4.2. Cxema orpee-
JIeHUs: 00BEMHOM J0JIU

CETKHU.

o-(pasbl TOUCIHBIM

B IIpuUMEPE, IpeaACTaBJICHHOM Ha METOIOM

puc. 4.2, oovemHas nons V,=8/25 umm 0,32.

[oBTOpHOE TONIOXKEHHE CETKU Ha JpyTrue Kajapsbl (ITOJs 3pEHNs) T03BOIS-
€T ONpeJeNUTh 00bEeMHYI0 JONI0 (Das3pl ¢ 000 HE0OXOAMMOM TOYHO-
CTBIO H JIOCTOBEPHOCTBIO.

ToYHOCTE TOYEYHOTO METO/1a, 0OYCIIOBICHHAs OOIIMM YHCIIOM HC-
MOJI30BAHHBIX TOUYEK, 3aBUCHT OT OOBEMHOW MOJHM HCCIELyeMOil (ha3bl
WM CTPYKTYPHOH COCTABIISAIONIEH U OIICHUBACTCS aOCOIFOTHON OIIMOKOM,
BBIYKCIIAEMOH 110 popmyie

e=tP,n-1) —Va(ln‘va) :
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Pacnionaras wHbopMarueir 06 00bEMHOMN JI0JIe CTPYKTYPHBIX CO-
CTaBJISIOIINX MOYKHO, HAIPUMeEp, OMPEAEIHTh COACpKaHWE YTIepoAa B
OTOXKEHHOW yIIepOANCTOMN CTAJIN.

B ciydae 103BTEKTOMAHOM CTanu (B CBSI3M C BeCbMa MajlbIM CO-
JIepKaHHeM yriepoaa B (eppure) MOKHO CUHTATh, YTO BECh YIIIEPO[
HAXOIUTCS B IIEPIUTE

C=Cn-Vr,
rae C u Cp — coaepkaHue yriepoja COOTBETCTBEHHO B CTAJIM U B MEPIu-
te (Cn=0,8%); Vi — 00beMHast 101l IEpIIHTa B CTAIH.

JI7st 3a3BTEKTOUTHOMN CTaIH

C=Cn Vir+Cu(1-Vn),
rae Ciy — coaep)kaHue yriepojaa BO BTOPUYHOM IIEMEHTHTE, PaBHOE
6,67% C.

YHHBepCaNbHBI MOKa3aTellb AWCHCPCHOCTH, NPHUMEHSICMBIH K
CTpYKTypaM ¢ Jr000i popMoil MUKpoUacTUll — ylenbHas MOBEPXHOCTD
(TuTomaab rpaHUYHON TOBEPXHOCTH paszeia (a3, OTHECEHHAs! K eIUHHIIC
o0beMa TeTEepOreHHOW CTPYKTYphl). JIJis ompenelieHus yIenbHOH I1o-
BepxHOCTH o-(asbl Y.S, (MM?/MM®) NPUMEHSIOT METOJ CIIydYaiHBIX Ce-

KylIuXx, a BECJINYUHY ZSQ OLICHUBAIOT OTHOWICHUEM YJIBOCHHOT'O 4HCJIa

TOYEK TePEeCEeUECHUs CAYUANHBIX CEKYIINX JHHUM C IIOBEPXHOCTSIMU COOT-
BETCTBYIOMIEH (a3l M K AyTMHE ceKylnel TuHuM 1

2m
S, —.
¥s. 5

OTO COOTHOIICHHE CHPABEUIUBO LIS JTIO00M CHCTEMBI IPOCTPaH-
CTBEHHBIX MOBEPXHOCTEH HE3aBUCHMO OT UX (POPMBI, PACIIOJIOKECHUS U
opueHTanuu. IIpy 3TOM IPUHUMAETCA, YTO HAIIPABJIEHUE CEKYIUX JTUHUN
CIIy4aifHO, BCIIECTBUE YEr0 PaBHOBEPOSITEH JIFOOOH yroyl BCTpedd B Ipo-
CTpaHCTBE CEKyIIeH C TPaHMYHBIMH IOBEPXHOCTSIMH. DTO TpeOOBaHHE
BBITIOJIHAETCS. 1711 IPOCTPAHCTBEHHO M30METPUYHBIX CTPYKTYp, JIMLIECH-
HBIX TPEHMYIICCTBCHHOM HampaBIeHHOCTH. OTHOCHUTEIBHYIO IOTpell-
HOCTb ONpEeJEeNeHUs YucIa M WIN yIeIbHOM MOBEPXHOCTH Y S, , BbIpa-

JKCHHYIO B IMMPOLCHTAX, HAXOAAT IO (bopMyne

fon, = [%j 100%,

riae K — koaddunuent, 3aBucamuii 0T Xxapakrepa CTpyKTypsl (paBHOMEp-
HOCTH PACIpENeNIeHHs] TPAHUYHBIX OBEPXHOCTEH, HATMYMSI
OopHeHTanuu), (Gopmbl cekymed IUHWH, PaBHOMEPHOCTH
pacnpeeNeHus JIMHAN Ha TUIOCKOCTH IIuda.
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Jnst muorux ciydaes ananmza K m3amensercs ot 0,5 go 1,2. Ilpu
WCIIOJIb30BAHNH CEKYIINX B BHJE KBaIpPaTHOW CETKM Ha BCEH IUTOMIamu
nuda Uit CTPYKTYp, ONM3KUX K H30METPHUYCCKHM, MOXKHO CUHTATh
K=1.

B nmByx(da3HbIX CTPYKTypax (TUIa SBTCKTUKUA WM 3BTCKTOWJA,
MapTEHCUT U OCTATOYHBIN ayCTEHHUT) BaXKHBIM ITapaMeTPOM SIBJIIETCS OT-
HOCHUTEJIbHAsl yIeNbHAs IMOBEPXHOCTh (has3bl, MOA KOTOPOH MOHHMAIOT
CyMMapHYIO IUIOIIAAb ITOBEPXHOCTH MUKPOYACTHIl JaHHOU (ha3bl, OTHE-
CCHHYI0O K €€ 00beMy. DTHM IMapaMeTpOM OIICHHBACTCS TUCIIEPCHOCTH
OTJIENBbHOM (ha3bl U ee TepMOANHAMHUYECKass YCTOHYUBOCTb. OTHOCUTEb-
HYIO YJICJIBHYIO MOBEPXHOCTb ONpPENENIIOT METOJAOM CIIyJalHBIX CEKy-
[IUX B KOMOHHAIMU ¢ ToueuHbIM MeToaoM (puc. 4.3). KBaaparHas ceTka
HaKJIaJbIBAETCS Ha (DOTOOTIIEYATOK CTPYKTYPHI U IMOICIUTHIBACTCS YHCIIO
TOYEK TIEepecedeHHs CeKYIIUX JHHUH C MOBEPXHOCTSIMH MHKPOYACTHUI]
(ha3pl, a TakKe YUCIIO Y3IOBBIX TOUEK CETKH, IOMABIINX HA IUIOMAIN Ce-
yeHud gactul] ¢a3pl. OTHOCUTEIBHYIO YIEIbHYIO TOBEPXHOCTh HAXOMAAT
U3 COOTHOIIICHHUS:

S :ZSu:E_Zm

“ V Il n

o o

A%

ﬁ a7
1%

Puc. 4.3. Cxema onpeneneHus
OTHOCHUTEIBHOM YIEIbHONW NOBEPXHOCTH

B IMPOHCCCC BBINMOJIHCHHUA aHalln3a CICAYCT YUUTBIBATH YBCINYC-
HUEC MHUKPOCKOIIA.
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Brinosnenue paéoTsl

1. VscHute nenb paboThl.

2. V3yuute METOAWYECKHE OCHOBBI W MPUEMBI KOJIHMYCCTBCHHOU
MeTaiiorpaduu.

3. Ompenenure TUHEHHBIM U TOYCYHBIM METOJIOM IO MUKPO(OTO-
rpadusIM WIA UX KOIHSAM O0BEMHYIO TOTIO CTPYKTYPHBIX COCTABIISIONINX
(nepnuta u QeppuTa) B OTONKKCHHON TOIBTEKTOMIHON YTIIECPOIMCTOM
CTaJIM; OLIEHUTE TOYHOCTH MOIYYCHHBIX PE3yIbTaTOB.

4. Bpluhcnoure ¢ HOMOUIBIO HHpOpManuu 00 oObeMHOU moine
CTPYKTYPHBIX COCTABIISIOUINX OTOXOKEHHOW HOABTEKTOWAHOHN YIIIepoau-
CTOIl cTanu cojiepKaHue yrieposa B Heil U OIpefenuTe ee MapKy.

5. Halimute, mMONB3ysCh JMAarpaMMOW  COCTOSIHHS  JKEJIe30-
[IEMEHTHT W IIPABHJIOM OTPE3KOB, KOMMIESCTBEHHOE COOTHOIICHHE CTPYK-
TYPHBIX COCTABIISIOIINX B JOIBTEKTOMIHOHN YTIEPOAMCTON CTaIH B PaB-
HOBECHBIX YCIIOBHUSIX.

6. Ompenenurte yAENbHYIO TOBEPXHOCTb M  OTHOCHTEIBHYIO
yIEIbHYIO IOBEPXHOCTH (peppuTa B OTOMNOKEHHON TOIBTEKTOMTHON yTJie-
POIMCTON CTaJIN; OLIEHUTE TOYHOCTH ITOMYIEHHBIX PE3yIbTAaTOB.

7. CocrtaBbTe OTYET O padore:

7.1. Lenb paboOTHI.

7.2. MeToan4uecKue OCHOBHI M MPUEMBI KOJIMYECTBEHHOW Me-
Tajutorpaduu.

7.3. Pe3ynprarhl onpeneneHus TMHSHHBIM H TOYSYHBIM METO-
JIOM 00BEMHOH JIOITM CTPYKTYPHBIX COCTABILIONINX B OTOMXOKEHHOH T09B-
TEKTOWIHOW YTIEPOAMCTON CTajM; OLEHKA TOYHOCTH IIONYYCHHBIX pPe-
3yJIBTAaTOB.

7.4. JlaHHBIE O COCP)KAHUM YIIIepo/ia B CTaJHM U €€ MapKe.

7.5. KonnuecTBeHHOE COOTHOIIEHHE CTPYKTYPHBIX COCTAaBIISi-
IOIIUX B 3TOW CTallM, ONPENCIICHHOE 110 AUArpaMMe COCTOSHHS Kele30-
LEMEHTHUT C MMOMOIIBIO MTPABHUJIIA OTPE3KOB.

7.6. Pesynprarhl ompeneneHus yICTbHON MOBEPXHOCTH M OT-
HOCHUTEIBHON YAETHHON MOBEPXHOCTH (DeppHTa B OTOXCKCHHOH JTO3BTEK-
TOUJTHOW YTIICPOUCTON CTAJH; OIEHKA TOYHOCTH MOJYYEHHBIX pe3yJibTa-
TOB.

7.7. BbIBOJIbI HA OCHOBAHUU MOJYYEHHBIX PE3YJIbTATOB.
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KOHTpOJIbeIe BOIIPOCHI

1. YkaxxuTe OCHOBHBIC 337]a4l METaLIOrpapuIecKoro aHaIu3a.

2. B uem 3akirodaeTcs CYIIHOCTh JHHEHHOTO METOAA KOJUYe-
CTBeHHOU MeTayutorpaduun?

3. Kakum 00pa3zom JIMHEHHBIH METOJ KOJUYECTBEHHOW METallio-
rpaduu peann3yercs Ha IpaKTUKe?

4. B 4eM 3aKIIO4aeTCs CYIIHOCTh TOYEYHOTO METOIa KOJIHYe-
CTBeHHOU MeTayutorpaduun?

5. Kakum 00pa3oM TOYEYHBIH METOJ| KOJIMYSCTBEHHON METalio-
rpaduu peanu3yercs Ha IpaKTHKe?

6. OT yero 3aBHCUT W KaK OLICHMBAETCS TOYHOCTH JIMHEWHOTO W
TOYEYHOTO METO/1a KOTMYEeCTBEHHOM MeTautorpadun?

7. Kax MOXXHO OTIpeJeNiTh CofepkaHue yriepoaa B OTOXIKCHHON
VIJIEPOANCTON CTaJH, MOJB3YACH PE3yNbTaTaMH BBIYHCICHUS 00bEMHOM
JIOJM CTPYKTYPHBIX COCTABJISIOIIHNX?

8. B dem 3akmovaeTcs CYIIHOCTh OMPEACICHUS YISIbHOW IIO-
BEpXHOCTH?

9. KakoBa pa3MepHOCTh YIEIBHOH MMOBEPXHOCTH (a3nl?

10.Kak ompenenseTcs OTHOCHTENbHAs YAEIbHAs IOBEPXHOCTH
(hazpr?

Pexomenayemas Jureparypa

1. Canteikoe C.A. Crepeomerpuueckass wetaiorpapust [
C.A. CantsikoB.— M.: Metamnyprus, 1976. — 272 c.

2. TlycroBoiiT B.H. MccnenoBanue cTpyKTyphl TEpMHUECKH 00pa-
6otannoii cranmu / B.H. Ilycrosoiit. — Poctos u/ll: PUCXM, 1981. —
26 c.
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5. CIIEHUAJIBHBIE METO/bI
MHUKPOCTPYKTYPHOI'O AHAJIM3A

[Tox MUKPOCKOIIMYECKHM HCCIIE0BaHUEM METaJlla B METauIorpa-
(UM TOHMMAIOT U3YyYeHNEe BHYTPEHHETO CTPOEHHS €ro ¢ MOMOIIBI0 MHK-
POCKOIIOB Ha CIICIHAJIbHO IOATOTOBICHHBIX IUIOCKUX ITOBEPXHOCTSIX —
nutgax.

[IpexnazHavaemasi UIE MHKPOCKOIMYECKOTO HCCIEIOBAaHHS TIO-
BEPXHOCTh — IUTH(] — IT0JDKHA OBITH TIIATENBHO 00paboTaHa 10 MoJyde-
HHUS 3€pKaIbHOTO Oiiecka. 3epKajbHO MOJMPOBAaHHBIE TeNa OTPaKaroT
CBET B COOTBETCTBHHU C 3aKOHOM OTPa)KEHHs, TaK YTO YroJjl MaJeHus pa-
BEH YIIIy OTPasKEHHSL.

B peanpHbIX MeTaymorpaduiueckux oOpas3iax Ha OTICIBHBIX dJIe-
MEHTax CTPYKTYpBI (3epHaX WM KPUCTAJUIUTAX) B pe3yNbTaTe TPABICHHS
co3JaeTcsl MUKpOpeibed) IOBEPXHOCTH.

Hanuune penbeda NpUBOAUT K TOMY, YTO B HEKOTOPHIX HAIpaBJe-
HISIX OTPa)KEHHsI BO3HUKAET Pa3sHOCTh (ha3 MEXKIY JIydaMH, OTpaKeHHBI-
MH OT BBICTYIIOB M BIAIWH peibeda, B pe3yabTaTe Yero STH YIACTKH
MIPEJICTABIIIOTCS Oosiee TeMHBIMU (puc. 5.1). Ecnu oTaenbHBIe CTPYKTYp-
Hble COCTaBIISIOIINE OTJINYAIOTCS IO IBETY, TO MX OKpacka BHIHA B IIO-
TOKE OTPAXKECHHBIX JIy4eH.

Puc. 5.1. Cxema oOpazoBanus H300paskeHUs peNbeHBIX TPAHUIL 3ePEH

OnHMM W3 CaMbIX COBPEMEHHBIX MeETaJIOrpadu4ecKux MHUKpPO-
ckoroB siBisiercsi METAM PB, mpennasHaueHHBIM ISl BU3YyaJlbHOTO
HAOJIOJICHUS MHKPOCTPYKTYPhl METAJUIOB, CIUIABOB W JPYTUX HEMpo-
3payHbIX OOBEKTOB B OTPAXKCHHOM CBETE IMPH MPSMOM OCBEIICHHH B
CBETJIOM M TEMHOM IIOJI€, a TAK)KE IS MCCIENOBaHUs OOBEKTOB B IIOJISA-
pusoBanHoMm ceete (5.2).
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Puc. 5.2. Cxema metamnorpaduueckoro mukpockorra METAM PB

i1 monmyd4eHuss paBHOMEPHOTO OCBEIIEHHST HCCIEAYEMOTo 00beK-
Ta B CBETJIOM TI0JIE B XOJ JIyuell BBOJAUTCS OCBETHTENbHAS JIMH3A S5 C Ma-
TUPOBAHHOW MOBEPXHOCTHIO, & JUIsl TMOBBIIICHUS KOHTPACTHOCTH HM300pa-
JKeHUs1 00beKTa BBOAUTCS cBeTounbTp 4. s monyueHus: paBHOMEPHO-
0 OCBEUIEHUS B TEMHOM MOJI€ B X0 Jdy4yer BBoAUTCs 3araymka TII. [Ipu
HaONIONICHUN B TIOJSIPU30BAHHOM CBETE B XOJ JIy4dell BBOMSATCS OTpaka-
Tenb 7, aHanmu3atop 16 u momspusarop 20. [Ipu HabmromeHHH METOIOM
IuddepeHnaTbHO-NHTEP(PEPEHIIMIOHHOT0 KOHTPACTa B X0 Jydel BBO-
JIATCS OTpaxareib 7, ananmuzarop 16, monspuzarop 20 u mpusma 12.

JIuneltHO MONSPU30BaHHBIN CBET, BBIXOIAIIMN W3 MOJIAPU3ATOPA,
OTpa)kaeTcsi OT OTpaxaTens [/, MONaJaeT Ha JBOSKONPEIOMIISIOLIYIO
npu3Mbl 12, OpHEHTHPOBAHHYIO B IMPOCTPAHCTBE TaKHM 0O0pa3oM, 4YTO
YToJl MEXIy TUIOCKOCTBIO TOJBIpH3anuy mojsipu3aropa 20 U OCbI0 MpU3-
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MbI 12 paBeH 45°, U, Ipoxos 4epes MPHU3MY, pacIIeIUIIeTCs Ha J1Ba JTy4a.
Jlydn, BBIXOnmAIMIME W3 MPHU3MBEI 12, MOJISIPU30BaHHBIE BO B3aUMHO IIEp-
NEHIUKYISPHBIX IJIOCKOCTSX M UMEIOIINE paBHbIC MHTEHCUBHOCTH, IIPO-
XOAT yepe3 00bekTHB 9 M nmonajgatoT Ha o0beKT 11, mpy oTpaXkeHUH OT
KOTOPOTO BO3HHMKAeT pa3sHOCTh (a3 3THX JIydeil M3-3a HEpOBHOCTEH IO-
BepXxHOCTH. OTpasUBIINCH OT 00BEKTA H BHOBB ITPOHAS Yepe3 OOBEKTUB U
TPU3MY, JTy9d COCOHHSIOTCS B IUIOCKOCTH JIOKAIM3AIIHMH TIPHU3MEI, KOTO-
past coBMelneHa ¢ 3aaHel pokanbHOH IIOCKOCThI0 00bekTHBA. [Ipu BBO-
ne aHamu3atopa 16 mocturaercs wHTepdepeHims nydeit. [lomyuaercs
JBOITHOE M300pakeHHe 00BbEeKTa, OHAKO, Pa3JBOCHNE HACTOJIIFKO HE3Ha-
YHUTEIBHO, YTO NMPAaKTHYECKH €ro He BUJIHO U OOBEKT BOCIIPUHHMAETCS
penbeHbIM.

Jis Metamnorpaguyeckoro HCCIEIOBaHUS B OTPaKEHHOM CBETE
MTONB3YIOTCS METAJUNTIOMUKPOCKOIIAMH C YCOBEPIICHCTBOBAHHOMN ONITHKOM,
JArOMIEe BO3MOYKHOCTh MPUMEHSTh Pa3IHMYHBIE CIIOCOOBI OCBEUICHUS HC-
crnenyeMoro oowsekra (puc. 5.3).

Puc. 5.3. O6mwmii Bug muxpockona METAM PB

B coBpeMeHHBIX METaJFIOMHKPOCKONAaX MPHUMEHSIOT CIEIYIOLINe
BUJIbl OCBEILEHUS: B CBETJIOM II0JI€ 3PEHUS, «KOCOT0 OCBELICHUA», B TEM-
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HOM [IOJIe 3pPEHUs, B IOJIIPU30BAHHOM CBeTe, OCBelleHHe ¢ (pa3oBBIM
KOHTPAcTOM, B YIbTPa(HOIETOBBIX 1 HHOPAKPACHBIX JTydax.

s mony4yeHust HauboJiee COBEPIICHHOTO N300payKEHUS UCCIIEy-
€MOro 00BEeKTa MPH BCEX ITHX CIMOCO0aX OCBEHICHUS HA METAaNIOMUKPO-
CKOIle HE0OXO/IMMO CO3/1aTh TaKHe YCIIOBUS BO BCEl CHCTEME OCBEIIECHHS
U ONTHYECKOH cucTeMe, 4TOOBl TONYYHUTh PaBHOMEPHO U ITOJIHOCTHIO
OCBEIIL[EHHOE TI0JIe 3PEHHUs; UCTOYHUK CBETa JOJDKEH OBITh MO BO3MOXKHO-
CTH CBOOOJICH OT BPEIIHBIX abeppaliiii 1 n300pakeHHe U UCTOYHHK CBETa
JIOJDKHBI HAXOIUTHCS B OTHOM U TOM e (DOKyCe OJTHOBPEMEHHO.

5.1. PaboTa B cBeT/IOM 10JI€ 3peHuUs

Ecam nccnenyemblii 00BEKT OCBEIIAETCS TaK, YTO €ro OTHOJIUPO-
BaHHas [MOBEPXHOCTh, PACIIONOKEHHAS MEPICHIUKYIIIPHO OCU 00BEKTHU-
Ba, OTpakaeT CBET 0OpaTHO B OOBEKTHB, M €CIIM TaKas 3epKajbHas Mo-
BEPXHOCTh TpeodiIaacT, T0O 00bEKT NpH HAOIIOJECHUH B OKYJISp Oymer
Ka3aThCs CBETJIBIM, & TIOTOMY TAKOW CIOCOO OCBEIIEHUSI HOCHT Ha3BaHHUE
OCBEILCHUS [IPU CBETIIOM IIOJIE 3PCHHUSL.
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Puc. 5.4. CxemMa oCBeLIECHHUSI C IIACTHHYATHIM HILTFOMHHATOPOM (a);
cXeMa OCBEIEHHs C MPH3MEHHBIM WILTIOMUHATOPOM (6) (METOZ «KOCOTO OCBEILICHHUS»)
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[TpuHIIUTT OCBEIICHUS B CBETIIOM TI0JIC 3pEHUS 3aKITF0YAETCS B TOM,
YTO JIy9d OT MCTOYHHKA CBETA, NMPEIOMHBIINCH B CHCTEME JIMH3, OTpa-
JKal0TCSI OT TOHKOHM TIIOCKOMAPAIIEIbHON CTEKIISTHHOM TUTACTUHKH WIIH
MpU3Mbl B OOBEKTUB, MaJal0T Ha MOJIMPOBAHHYIO MOBEPXHOCTb OOBEKTa
Y, OTPa3UBIIKCH OT Hee, CHOBA MOMNAJal0T B 0OBEKTHUB, a 3aTeM B TYOYyC U
okyusip (puc. 5.4).

5.2. MeToa «kocoro ocBenieHus» (B CBETJI0M MoJie)

[Ipy OCBellIeHHH MPH3MEHHBIM HJUTFOMHHATOPOM JIyd TIafaeT Ha
MIOBEPXHOCTh OOBEKTA T0J] HEKOTOPHIM HEGONBIIHM YTIIOM, HECKOIBKO
KOCO, & MOTOMY TaKOW CIocO0 OCBEIMIEHNsT HAa3BIBAETCS KOCHIM OCBEIIle-
HueM (cM. puc. 5.4).

Ipu kocoM criocobe OCBEIICHHUsI MOMYYAOTCS SPKHE H KOHTPACT-
HbIC U300paKEHUS, B 3TOM €r0 MPEUMYIIECTBO TEPEI MPSMBIM OCBEIIE-
HreM. HemocTtaTkoM ero siBIsieTCss yMEHBIIEHHE pa3perraroneil crnocob-
HOCTH 00BEKTHBA, 110 ITOM MPUYHHE TAKOE OCBEIIEHHE TIPHMEHSIOT TIIaB-
HBIM 00pa3oM TIpH HeGOJBIINX YBEIUUCHHUSX, IPH KOTOPHIX YKA3aHHBIH
HEJI0CTATOK HE MMeeT 0co00ro 3HaueHus. TakKe Mpu KOCOM OCBEIICHHH
U3-32 HEKOTOPBIX FEOMETPHUYECKUX UCKAKEHUN U300paXKEHHS HE CIEAyeT
TIPOM3BOIUTH M3MEPEHHS BEJUYHHBI 3€PEH, OTIEYATKOB MHKPOTBEPIO-
CTH.

Ipu wccneOBaHUM BKJIIOUESHUH TMPUXOMUTCS IMHPOKO MONB30-
BAThCS U TEM U JPYTUM CIIOCOOOM OCBEIICHHS.

5.3. MeToa TEeMHOIOJBLHOI0 OCBEICHHUS

Ecnu 3epkaibHO OTIOIMPOBAHHAS IOBEPXHOCTh OOBEKTA, PaCIo-
JIOXKCHHAsI TMEPIEHANKYISIPHO OCH OOBEKTHBA, OCBEIIACTCS] TAKMUM 00pa-
30M, 4TO CBET MaJaeT Ha Hee, MUHYS OOBEKTHB | I10J] HEKOTOPBIM J0CTa-
TOYHO OONBIINM YTIIOM (KOCO), a CJISIOBATENbHO, H OTPAXKASTCS O/ TEM
XK€ YIIIOM, TO OTPaKEHHBIH CBET HE TONaNaeT B 0OBEKTHB U 0OBEKT HC-
CIICIOBAHMS KKETCSI IPH HAOMIOACHNH B OKYJLSIP TEMHBIM (TEMHOE TI0JI€).

Ecnu xe Ha moBepxHOCTH 00BeKkTa (MITHda) OKaKyTCs MecTa, KO-
TOpBIE IO KaKOH-muOO mpuunHEe (HAmpUMEp, BCICIACTBUE IIEPOXOBATO-
CTH) MOTYT BBI3BaTh paccesHHE CBETa, TO YacTh PAcCESHHOTO CBETa IT0-
najgaer B 0ObEKTHB, a 3aTeM B OKYJIp, M TaKHe MecTa OyIyT YeTKO BH[-
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HBI Ha TeMHOM 11oJ1e. Takoif crmocod OCBEIIeHHsT Ha3bIBAIOT OCBEUIICHUEM
B TEMHOM II0JIC 3PEHHSL.

i ocBemIeHNsT B TEMHOM TIOJI€ 3PEHUS IPUMEHSIETCS KOJIBIIEBOM
KOHJIICHCOP C 3EpPKAIBbHO OTPAXKATEIBHOW MapabOIMYecKol MOBEPXHO-
CTBIO, PACIONIOXKEHHOH KOJBIIe00pa3Ho BOKPYT o0bekTHBa (puc. 5.5). Ha,
IyTH JTy4el OT MCTOYHMKA CBETA YCTAHABIMBACTCS KOJbLeBas muadpar-
Ma 1, 6nokupyromas eHTPAIBHBIN ITydoK Jydei. KpaeBbie mydku mydeit
MaJal0T Ha KOJBIEBOE 3epKajo 2, OKPYXKAroIlee OTPaKaTeIbHYIO IUia-
CTUHKY 3, KOTOpas OTPaKaeT JIydH Ha BOTHYTHIM 3epKABHBINA KOHIEHCOD 4,
coOUparIMil WX B IUIOCKOCTH HCCIEAyeMOro oO0bekTa. Tak Kak IIeH-
TpaJbHas YacTb JIydel OIIOKMpPOBaHA YKPaHOM KOJIBIIEBOU AuadparMel, TO
Jy4d TOMAJal0T Ha MOBEPXHOCTh OOBEKTa, MUHYS OOBEKTUB IO 0OJIb-
M YTJIOM, BCJIEACTBHE YETO pa3pelIaromias CIOCOOHOCTh OOBEKTHBA
OKAa3bIBACTCS OOJIBIIE, YeM IPH OCBEIICHUH B CBETIIOM TIOJIE 3PEHHUSL.
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Puc. 5.5. Cxema ocBeleHUS] B TEMHOM I10JI€ 3PEHHS:
1 — xomeueBas nuadparma; 2 — 3epkano; 3 — OTpakaTelbHas IUIACTHHKA;
4 — KOHAEHCATOP TEMHOTO TMOJISL; 5 — axpomaTHueckas nuH3a; 6 — mia3a Ne 3;
7 — muH3a Ne 2; 8 — muaza Ne 1; 9 — ameprypHas auadparma; 10 — oTkumHas
nuH3a; 11 — teruoBoii puibTp; 12 — koyutekTop; 13 — HCTOYHHMK CBeTa.

IIpu npeanbHO OTIOIMPOBAHHOM MOBEPXHOCTH OOBEKTA HCCIENO-
BaHIsI, HOPMAJIBHOM K OCH OOBEKTHBA, OTPAKEHHBIC OT HEE JIyYH COBCEM
He ToMNaaloT B 00BEKTHB, 1 TaKas IIOBEPXHOCTH NIPH HAOIIOICHUH B OKY-
JSIp KaXXeTCsl COBEPIIEHHO TeMHOW. HepoBHas ke MOBEPXHOCTH C Lapa-
MUHAMH, BBIOOMHAMH, IIEPOXOBATOCTAMHU (HANPUMEpP, MPOTPABIICHHAS)
paccenBaeT CBET, YaCTh KOTOPOT'O MOMasieT B 00beKTHB. Takue HepoBHbIE
YYacTKH TOBEPXHOCTH YETKO BHJIHBI B OKYJISp Ha TEMHOM (oHE (TeMHOoe
nosne). Takum oOpazoM, n300pakeHHE IMPU TEMHOM I0Jie 3peHUs OyneT
00paTHBIM (HETaTUBHBIM) H300pa’KEHHIO IIPH CBETJIOM II0JIE 3PEHHSL.

47



5.4. UccienoBanue B M0JSPH30BAHHOM CBeTe

[Ipn nccnenoBaHWM METAaUIOB M CIUIABOB IOJISIPH30BAHHBIA CBET
MOXET OBITh IIPUMEHEH JIJIsI CIISIYIOIIUX LIeIeH:

— OOHapyXeHHE 3epPHUCTON CTPYKTYPhl HEKOTOPBIX TPYIHO IMpPO-
TPABJIMBAIOIINXCS METAJUIOB He KyOM4ecKod cucTembl (Hampumep, Oe-
pwuins U ypaHa, a take cuiaBo Cu-Si; Cu-As; Ca-Si u ap.);

— OmpeJeNieHue MpPeNNOYTHTEIbHOH OPHEHTUPOBKH METAIOB H
CIUIaBOB (TEKCTYpHI);

— HCCIIeJOBaHNWE OKCH/IHBIX MIOBEPXHOCTHBIX IICHOK;

— obHapy)KeHHEe BHYTPEHHHX HANPSDKCHUH WM IUIACTUYECKOM je-
(hopmaruy;

— (pazoBbIii aHaTM3 MHOTO(A3HBIX CILUIABOB;

— oIpeieieHHe BKIIIOYEHNH B MeTaJllax U CIUIaBax.

B nonspuzoBaHHOM cBeTe KoyieOaHUSI MPOUCXOAAT TOJBKO B O-
HOM OINpEJETICHHOM HAMpPAaBICHHU IUIOCKOCTH, MEPIECHIUKYISPHO JIydy
CBeTa; KojebaHus 3TH yropsaovensr (puc. 5.6).

UCTOYHHUK
CBETA

NONIAPUSALUMOHHARA
PELUETKA

A

Puc. 5.6. Ynopsinouenue xoae0aHus YaCTHI MOJSIPH30BAHHOTO CBETa
B OJIHOI1 onpe/ieIeHHON IIIOCKOCTH

Takum o6pa3oM, monspu3alus cBeTa — MpoLece, B Pe3ynbTaTe Ko-
TOPOTO MBI MMeeM KoJieOaHWs B ONpPEAEeNCHHOW M30paHHOH IUIOCKOCTH.
HOJ’[S[pI/I?)OBaHHLIﬁ CBCT NPUMECHAOT JIA HCCICOOBAHUA KpUCTaJLIIM4YC-
CKUX Tell, TaK KaK BEKTOPUAIBHOCTb — OCHOBHOE CBOWCTBO aHM30TpOII-
HBIX KPHCTAJUIOB.

[Tonsipn30BaHHBIN CBET MOXKHO MOJYYUTh U OTIMYHUTH OT OOBIKHO-
BEHHOTO CBETAa TOJBKO MPH IIOMOIIN OCOOBIX MpuOopoB. B Mukpockomax
JJIsL 3TOM ek CIIy>KaT INpPU3MbI HI/IKOJ'IH, qamie Ha3bIBaCMbIC IMPOCTO HU-
KOJISIMH MM nojsipongaMu. HUKOIM M3rOTOBISIIOT U3 MPO3PAadyHbIX KPHU-
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CTaJUIOB MCIIAHACKOTO IIITaTa, KPHCTALIM3YIOIIETOCS B TPUTOHAIHHOM
CHUCTEME U 00JIQIA0IIET0 CBOMCTBOM JBOMHOIO JIydePETOMIICHHUS.

Huxkonp, momsapusyst cBeT, CIy)KUT Kak OBl Y3KOH IIeNbIo, depes
KOTOPYIO MOTYT HPOXOAUTH KOJNEOAaHUS TOJBKO OJHOTO HAIpPaBIECHHS.
Ecin Ha HUKONBb TamaeT OOBIKHOBEHHBIH CBET, B KOTOPOM KoJieOaHUs
COBEpIIAIOTCS B JIIOOOM HANpPaBICHUU, TO JIy4d C KOJIeOaHUAMU, COBIA-
JAIOIIMMH C TEMH, KOTOPbIE MPOIYCKAIOT HUKOJIb, IPOUAYT Yepe3 Hero.
CrnenoBaTenbHO, MPHU BPAIICHUH HUKOJIS BOKPYT HAIMIPABIICHHUS PacIIpo-
CTpaHEHUS NaJaroIIero Ha HerO CBETa C JPYroil CTOPOHBI HUKOIIS BCETaa
OyzmeT BuieH cBeT. JTO OOBICHSAETCA TE€M, YTO B OOBIKHOBEHHOM CBETE
BCEraa HallnyTcst KojaeOaHMs, KOTOPBlE HUKOJIb MPOIYyCKaeT MpH JHO0M
€ro MOJIOKECHUH.

Ecnu sxe HAa HUKOJNG 2 MAJaeT MOJSPH30BAHHBIA CBET, T. €. €CIIH
mepes HUM TIOCTaBUTh APYrodl HUKONG 1 B mapauieIbHOM K HEMY IHOJO-
JKeHHH (TaK, 9YTOOBI HAIIPABIICHHUS MPOITYCKAEMBIX TEM U IPYTUM HHUKOJISI-
MU KoJIeOaHUM ObUTH MapaisebHbl), TO CBETOBAsl BOJHA, KOJeOaHUs KO-
TOpO COBEpIIAIOTCA B HAIpaBIEHUH, NpOIyckaeMoM HHKoileM 1 (B
TUIOCKOCTH PUCYHKA), IPEIOMHUTCS B HUKOJIE 2 M IIPOHAET Yepe3 Hero Kak
661 o y3koi miean (puc. 5.7, a). Takum 0Opa3om, IpH MapaIeIbHOM
TIOJIO)KEHUH HHUKOJEH CO CTOPOHBI HHUKONSA 2 CHOBa OyJeT BUIEH CBET,
najaroImuil Ha HUKoIb 1 1 mpoxonsmuii uepe3 Hero. Ecim e nmoBepHYTh
HUKOJIb 2 Ha 90°, To Ha Hero OyJeT MaaaTh JIyd MOJISIPU30BaHHOTO CBETA C
KOJICOAHUSIMHU, COBEPINAIOIIUMUCS B HANpPaBICHUH, MEPHEHIUKYIIPHOM
TeM KoJiebaHHusIM, KOTOpBIE UM Tporryckatorest (puc. 5.7, 6). B aTom ciy-
Yae JIyd CBeTa NMPOUTH Yepe3 HUKOIh 2 HEe CMOXKET M, CMOTpPS Ha HETO C
MIPOTHUBOIIONIOKHON CTOPOHEI, MBI HE YBUIUM CBETA.

I/ITaK, €CJIM1 HUKOJIM MOBECPHYTHI OAWH OTHOCHUTCIIBHO APYroro Ha
90°, T. €. MPU CKPEIICHHBIX HUKOJISIX «CBET TACUTCS BTOPHIM HUKOJIEM).

OTcroza sICHO, UTO HUKOJIb 2 B CUCTeME JIByX HUKoJed 1 u 2 aBns-
eTcs aHATM3UPYIOIINM IPUOOPOM, TaK KaK C €ro IOMOIIBI0 MOXKHO OTpe-
JIETUTh, KAKOW CBET HA HETO MafaeT — OOBIKHOBEHHBIN WITH ITOJIIPH30BaH-
HBIA — ¥ B KaKO# MJIOCKOCTH OH TMOJIAPU30BAaH, MO3TOMY HHUKOJb 2 Ha3bI-
BalOT aHaymM3aTopoM. Hukoms sxe 1, KOTOpBI MONsIpU3yeT CBET, Ha3bIBa-
eTcs OJISIPH3aTOPOM.

AHanu3aTop 3amepXKuBaeT (TacHT) Jy4d TOJBKO IMPSIMOJIHHEHHO
MOJIIPU30BAHHOTO CBETA, JYUH K€ SJUTMITHYECKHU MOJISIPU30BAHHOTO CBE-
Ta (a cleoBaTeNIbHO, U MOJSPU30BAHHOTO MO KPYTY) aHAIM3aTop Mpo-
ITyCKAaeT.
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Puc. 5.7. Cxema xofa Jiydeit mpu mapauieNibHbIX (@) U CKPEIIECHHBIX (6)
HUKOJISIX

Eciiv M30TpOnHYyI0 MOBEPXHOCTH OCBETUTH MPSIMOJIMHEHHO MOJIsA-
PU30BaHHBIM CBETOM, MAJAIOLIMM HOPMAJIbHO K 3TOM MOBEPXHOCTH, TO
TaKOM CBET OTpa)kaeTcsi OT Hee HEM3MEHHBIM, T. €. MPSAMOJUHEHHO MOJIs-
PHU30BaHHBIM, & CJIEOBATEIBHO, MOXKET OBITH ITOJHOCTHIO MOTAIICH aHa-
JIM3aTOPOM IIPU OTPENIEICHHOM €T0 MOJIOKEHUH (TIPU TIOBOPOTE HA HEKO-
TOPBIH YToJl ISl CKPEIEHHSI HUKOJIEH).

Eciu nmyuy cBera majgaer Ha M3OTPOIIHYIO NOBEPXHOCTh HE HOp-
MaJIbHO, a IT0JI HEKOTOPBIM YTJIOM, TO OTPaXKEHHBIH JIyd Tmpeobpasyercs
U3 OPSMOJIMHEHHOro MOJSPHU30BAHHOIO B AJIMITHYECKH MOJSPU30BAH-
HBIH, KOTOPBIH MPOIYCKACTCSl aHATU3aTOPOM, ITOITOMY HEJB3s HOTYIUTh
MIOJTHOE 3aTeMHEHHE P CKPEUICHHBIX HUKOJISIX.

Ecnu xe npsMONMHEHHO MOISIPU30BaHHBIN Jyd MagaeT HOpMallb-
HO, HO Ha aHU30TPOIHYHK) MOBEPXHOCTb, TO IPU OTPAXKEHUU OT HEE OH
pasnaraeTcs Ha JBa KOMIIOHEHTA, MOISIPU30BaHHBIX MapalljeIbHO U Iep-
HNEHIUKYIIPHO K OINpPEAEICHHOMY KpUCTaUIOrpauuecKoMy HampaBiie-
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HUIO (OCH CHMMETPHH aHHW30TPOHHOTO Teia). Kakmaelii u3 3THX KOMIIO-
HEHTOB MOXKET IpeTepIeBaTh JBa W3MEHEHUS: 1) B aMIuuTyae Koneba-
HUS (B MIHTEHCHBHOCTH) W 2) OJTUH KOMIIOHEHT MOXET OTCTaBaTh OT APY-
roro, T. €. CO3/1aBaTh pa3HULy B (azax.

B pesynbTaTe mepBoro W3MEHEHHS HNPOUCXOAWT BpalieHHe II0C-
KOCTH TIOJIIPU3aLUY, a B Pe3yJbTaTe BTOPOTO — IPEBpalleHHe MpIMOIIH-
HEWHO MOJSIPU30BaHHOTO CBETA B AJUIMITHIECKH TTOJIIPU30BAHHBIN.

[TpakTHUeCKUM pe3yabTaTOM M3MEHEHHUS B aMIUIUTYIC KOJIeOaHI
(MHTEHCUBHOCTH) SIBIISIETCS TO, YTO IPH OTPAKCHHUH TOITydaeTCsl KOMIIO-
HEHT C IUIOCKOCTBIO MOJISIPU3aIAH, EPIeHIUKYIPHOH K TUIOCKOCTH T10-
JsipU3aMy najaromero ceera. CiegoBaTenbHO, €CJIM MOCTABUTh aHAIH-
3aTOp B CKpEIIEHHOE IOJIOKEHUE, NPH KOTOPOM CBET, OTPaKEHHBIH OT
M30TPOIHOM MMOBEPXHOCTH, TaCUTCS, TO STOT KOMIIOHEHT IPOWIET depes3
aHanmm3atop W Oyzmer HaOdrOmaTbes B OKyJsAp. VIHTEHCHBHOCTH 3TOTO
KOMITOHEHTA 3aBHCHUT OT yIJIa MEXIy OChI0 CHMMETPHH KpUCTaJUIa (aHu-
30TPOIHOM [TOBEPXHOCTH) U MJIOCKOCTBIO MOJISIPU3AIMU [1AJAI0IIET0 CBe-
Ta U U3MEHSETCS OT MHHIMYyMa JI0 MaKCUMyMa.

Ecnu Bpamats o0paser; BOKpYT OCH, HOPMaJIbHOM K €ro IOBEPXHO-
CTH TO BCSKAas aHU30TPOITHAS ITOBEPXHOCTH, NMEIOMIAsi CHMMETPHIO, TI0-
Ka)XET YETBIPE IOJIOKCHUSI MUHUMYyMa SIPKOCTH U MEKAY HUMH YETHIpE
TMIOJIOKEHUS] MAaKCUMYMa SIPKOCTH HJIM, KaK TOBOPST, YETBIPE IOJIOKEHHS
yracaHusi ¥ IpOCBETIICHHUSI.

TaxkuM o0pazoM, BpalieHueM HuTHda (WX CTOJUKAa MUKPOCKOIIA)
MIPU CKPEIICHHBIX HUKOJISIX MOKHO Pa3IMYIATh HA €ro MOBEPXHOCTH H30-
TPOTIHEIE U aHU30TPOIIHBIE 00JIACTH: IE(POPMUPOBAHHBIE HIH CIICIHATBEHO
00paboTaHHbIC 3epHA METAJlIA, OTACIbHBIC (ha3bl: HATIPUMED, BBIICTICHHS
rpaduTa, HEKOTOpbIE KapOHBI 1, HAKOHEL, aHU30TPOITHBIE BKIIOYCHHSI.

O dhexT SMIUNTHYHOCTH WM BPALICHUS IUIOCKOCTH HOJISPU3ALIUH
NpU OTPAXKEHHH OT aHM3OTPOIHBIX TOBEPXHOCTEH OOBIYHO OYEHb Mal,
MOATOMY IJIsl YBEIHYCHUS UYBCTBUTEIBHOCTH TJla3za K 3TOMYy 3PdeKty
HEOOXOIMMO: YCTaHOBHUTH IIUTN( U OCBETUTENBHYIO CHCTEMY MPABHILHO,
T. €. TaK, 4ToOBl CBET Majaj Ha MOBEPXHOCTh HIIH(a HOPMAIBHO, a He
KOCO; MOraCUTh OTPAKESHHBIC OT aHU30TPOITHOM MOBEPXHOCTH HOPMAJIbHO
NaJaouue JIy4d, YTO IOCTUTACTCS CKpPEIIMBaHHMEM HHKOJIeH; 10 BO3-
MOXXHOCTH YCTPaHUTh BCe OOKOBBIE JIy4H, JUIS 4YEro NPUMEHSIOT Iuia-
CTHHKH, W3TOTOBJICHHBIE M3 JBYNPEIOMIISAIONIET0 MaTepHana, HampuMep
KBapIa, emiopaHnoBod Oymard, Wi e NPUMEHSIOT IuadparMsl pas-
JIMYHBIX KOHCTPYKLIUI.
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Brinosnenue pa6oTsl

1. YscHuTe 11e)b paboThI

2. V3y4unTe OCHOBBI M NIPHEMBI MUKPOCTPYKTYPHOTO aHaJIN3a, Me-
TOJbI MOBBIIIEHUS] KOHTPACTa U300paXKeHUs IPU UCCIEAOBaHUU, YCTPOH-
cTBO Metaymorpaduyeckoro mukpockorna METAM PB, ero Texuudeckne
XapaKTEePHCTHKH U KOHCTPYKINOHHBIE OCOOEHHOCTH.

3. Uzyunte Muxpoctpykrypy craim 0912C B cBeTsIOM I10J1€, TEMHOM
T0JIC ¥ TIOJISIPU30BAaHHOM CBETE C MOMOIIbI0 Mukpockona METAM PB.

4. CocTaBbTe OTUET O paboTe:

4.1. Ilens paboTHI.

4.2. Haznauenue Mmukpockona METAM PB, ero ocHoBHbIE
TEeXHUYECKHE XapakTepUCcTUKU. OCHOBHBIE CHUCTEMBI M YCTpOIlCTBa CO-
CTABIAIOIIUE KOHCTPYKLNIO MUKPOCKOIIA.

4.3. ITocnenoBaTensHOCTD 1 IPOIIEAYpa MIPOBEACHHUS OCHOBHBIX
omeparuii mpu padore ¢ Mukpockornom METAM PB.

4.4. Pe3ynbTaThl TNPaKTUYECKUX 3aHATHH C MHUKPOCKOIIOM
METAM PB.

KouTtposbHbie BOpocskl

1. KakoBo HazHaueHue muxkpockona METAM PB?

2. OnumuTe OCHOBHI M IPUEMBI MUKPOCTPYKTYPHOTO aHAIH3A.

3. Ha3oBuTe MeTonpl MOBBHIIEHUS KOHTpPAcTa W300pa)kKeHUs IIPH
HCCIICIOBAHUH.

4. KakoBo ycTpoHCTBO MeTaIOrpauueckoro MHUKPOCKOIA
METAM PB, ero Texaudeckne XapaKTEPUCTHKHA W KOHCTPYKIIMOHHBIC
ocobeHHOCTH?

5. OnumnTe MeTonuKky paboTsl ¢ Mukpockonom METAM PB B
CBETJIOM II0JIE, B TEMHOM II0JI€, B IOJSIPH30BAHHOM CBETE.
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6. ”HTEP®EPEHIIMOHHBIA MUKPOCKOII
JJIA UBSMEPEHUA MUKPOPEJIBE®A TIOBEPXHOCTH

OOBIYHBII CBETOBOM MHKPOCKOI IO3BOJISICT HAOIIONATh yBEIH-
YEHHOE BO MHOTO pa3 U300paXkeHUe MOBEPXHOCTH HCCIEAYEMOro 00bEK-
ta. CXema npocTeHIero cBeToBOro MUKpOCKoIia Jiana Ha puc. 6.1.

B sr10if cxeme 00BeKT HaOmrO-
nenust Obj pacmonaraercs B (oKaib-
HOM TTOCKOCTH MUKpooObekTHBa MO,
KOTOPBIA (hOPMHUPYET MPOMEKYTOUHOE
n3o0paxkeHne o0beKTa B OECKOHEYHO-
CTH.

YroObl HaOJIFOJATENh MOT YBH-
JIeTh DTO H300pakeHue, TpedyeTcs
JIOMOJHUTENbHAs TyOycHas ymH3a L2
u okymsip O. OcselieHue 00BEKTa B
MHUKPOCKOIIE MOXKET OCYIIECTBIISITHCS
pa3IMYHBIMU  CHOCO0AMH, OIUH U3
HUX, TIPIMEHEHHBIX B CXeMe Ha
puc.6.1, 3aKkirroyaercs B TOM, 4TO 00b-
eKT OCBEIIACTCS HEMOCPEICTBEHHO
yepe3 MHKpooOsekTHB MO, mocpen-
CTBOM KOTOpOTO HaOmoJaeTcs Hu300-
paxkeHHe 00BEKTa (TaK Ha3bIBAEMBIH
omak-wuntoMuHaTop). ns 3Ttoro B
ONITHYECKUIA TPaKT MHKPOCKOIIA BBO-
IUTCS CBETOJACNUTENbHAS IDIACTHHA
i Kyouk BS.

ITonynpo3spaynas rpaHb 3TOrO
KyOHWKa OpHEHTHpOBaHAa TaKHUM o0Opa-
30M, YTO OTpPaKaeT 4acTh CBETa, UIIY-
IET0 OT UCTOYHUKA S, B HAIIPABICHUU
MHUKPOOOBEKTHBA, a CBET, OTPAXKCH-
HBIH Ha3aJ OT 00BEKTa, MPOMYCKaeT B
HalpaBlICHUH TyOyca MHKPOCKOIIA.

S[HT= Obi

LA
A‘”

Puc. 6.1. IlpuHimnuanbHas cxema MUK-
POCKOTIA C OCBEIIEHIeM OOBEKTa uepe3
MHKPOOOBEKTHB: S — WCTOYHHK CBETa;
L1, L2 — jgumse;; BS — nemurensHas
miactuHa; MO —  MHKpOOOBEKTHB;
Obj — obwekt; O — okymsap; E — a3
HaOmromarens

I[pyraﬂ YaCTb U3JIYy4YCHHUs MCTOYHHKA, IMpomeamas 4€pe3 CBETOACIINTEIIb

HAImpsaMyro, HEC UCIIOJIb3YCTCA.
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CrnemyeT OTMETUTB, YTO CXeMa Ha puc. 6.1 TUITs OIUH M3 MHOXKE-
CTBa BO3MOKHBIX BapHAHTOB KOHCTPYKIINHA MHUKPOCKOIIA ¥ B TAHHOM CITy-
yae MHTEpecHa TeM, 4TO ObUIA ION0KEHAa B OCHOBY MHUKPOHHTEp(Epo-
MeTpa, U3y4aeMoro B HacTosmiel pabore. Pa3muuHble yyacTKH MOBEpX-
HOCTH O0BEKTa MMEIOT PA3IMYHYI0 OTPAXKAIOIIYI0 CIIOCOOHOCTh, YeMy
MOTYT OBITh pa3IM4HbIC TPHYUHEL. HamprumMep, paccenBaromye u morio-
IIAOIINE CBOMCTBA BEIECTB, U3 KOTOPBHIX COCTOHT OOBEKT, M MX CIICK-
TpaJbHas 3aBHCUMOCTD IPUBOJNT K IOSBICHUIO HE TOJIHKO TEMHBIX U
CBETJIBIX YYaCTKOB Ha MHKPOCKOIHYECKOM H300pa’keHHH, HO M K OKpa-
IIMBaHUIO TOBEPXHOCTH, HAMUYUE penbeda MOBEPXHOCTH, MPH OTpPaKe-
HUHM OT KOTOPOTO H3JIyYCHHE BBIXOAWT 3a MPEACNbI YIIIOBOH amepTyphl
MUKPOOOBEKTHBA M HE BO3BPAIACTCS B MHUKPOCKOII, B PE3YJILTATE YETO
YYaCTOK ITOBEPXHOCTH BEITIIIAUT TEMHBIM.

3a9acTyio M0 MHKPOCKOITMYECKOMY H300pa’KEHHIO CIIOXKHO pasle-
JUTH BIMSHUE TE€X WM WHBIX MPUYMH, MPUBEIIINX K (OPMUPOBAHUIO
HaOJII01aeMOro B HEM pacIpesieNieHHsl OCBEeIlleHHOCTH. bosee Toro, Tak
Ha3blBaeMble (pazoBble HEOJAHOPOJHOCTH OOBEKTa, U3MEHSOLIHE TOJIBKO
(ha3y cBETOBOrO IOJA B M300paKEHHUH, HE U3MEHSIOT €ro OCBEIIEHHOCT.
OTO MOCTYXWIO OXHOW W3 NMPUYMH UL pa3pabOTKU psga METOIOB KOH-
TPAaCTHPOBAHKST MHUKPOCKONMYECKUX HM300paKEHHH, TaKMX KaK METO[
(hazoBoro KoHTpacTa, (UIyOpeCIleHTHas MUKPOCKOIHS, METOJ TEMHOTO
HOJIST ¥ METOJ] UHTEPPEPEHIIMOHHON MUKPOCKOIIHH.

MuKpocKonu4YecKkoe H300pakeHHe, IOJy4acMoe IOCPEICTBOM
CBETOBOT'0 MUKPOCKOIIA, IIPEICTABIACT cOOO0M ABYMEPHOE pacIpeeicHue
OTpa)Karole CIOCOOHOCTH TIO MOBEPXHOCTH 0Opasma (WM MpoITycKa-
HUSI, €CIIH HCIIONB3YeTCsl CXeMa B MPOXOISIIEM CBETE W IPO3PAuHBIN
00BEKT), IPU STOM TepseTCs CYIIECTBEHHAsI YacTh UH(pOpMAIMK 00 STOH
MOBEPXHOCTH — UH(DOpMAIHs 0 penbede.

ITo MHKpPOCKOMUYECKOMY H300PAKEHHIO MOXKHO CIENaTh JIHIIb
o0ImIre KaueCTBEHHBIE BEIBOABI O XapaKTepe penbeda, HO CKa3aTh, KaKOBa
BBICOTAa KAaKOro-IMOO YYacTKa IOBEPXHOCTH OTHOCHUTEIBHO JPYTOTo
Henmb3s. [IprdmHa ATOTO 3aKII0YaeTCs B TOM, YTO MHKPOCKOIIHYECKOE
n300pakeHue B OCHOBHOM HeceT MH(GOPMAIIMIO O TOM, Kakast J10JIs SHep-
'"ur OTpasujiiaChb OT TOI'O UJIM MHOTO Y4aCTKa IMOBEPXHOCTU O6’beKTa u n00-
CTaTOYHO Tpy0O TMO3BONSET ONPEACIUTh pelibed) TMOBEPXHOCTH —
HACKOJIBKO JTAJIEKO, WUTH OJIN3KO ATOT YYACTOK PACIIONaracTcsl.

Wnes, momoxeHHast B OCHOBY MHTEP()EPEHIIMOHHOTO MHKPOCKOIIA,
3aKJII0YAaeTCS B TOM, YTOOBI MPH MOMOIIHM CBETOBOI'O MHKPOCKOIA HE
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TOJIBKO TIOJTyYHTh YBETHUEHHOE M300pakeHHEe MMOBEPXHOCTH O0BEKTa, HO
U BOCCTaHOBHTH pelbed 3Toi moBepxHOCTH. MHBEIMHU clioBaMu, HEOOXO-
IUMO OOECTIEYNTh B MHKPOCKOIE PETHCTPAIIO HE TOJBKO AMIUTATYIBI
OTPaXXCHHOU OT OOBEKTa CBETOBOI BOJIHBI, HO U €€ (a3bl.

Puc. 6.2. Ontuueckas cxema MHKporHTephepomeTpa JInHHUKA:
S — npoTsKeHHbIH ncTouHUK cBeTa; L1, L2, L3 — nmun3br; AF — nuadparmsr;
MO16 MO2 — mukpoobsektuBsl, BS — cBeronenurens; Obj — 06bexT;
M —3epkano; O — okynsp; E — rma3 mabmomatens

OTy onepanuo MOXKHO OCYIIECTBUTh, BOCIIOJIB30BABIINCH SBICHU-
€M HMHTEpP(EpeHIMH CBETOBBIX monei. [l 3Toro HeobxommMo obecrie-
YUTh HAJIMYME OMOPHOM BOJHBI, ¢ KOTOPOH OyAeT CpaBHHBATHCS BOJHA,
OoTpakeHHasi OT oObekTa. s co3maHus OMOPHOW BOJHBI MOHAIOOHUTCS
ele OJJMH MUKPOOOBEKTHB MACHTHYHBIH MUKpOoOObekTHBY MO 1 3epKa-
710, KOTOpBIE CIEyeT PaclojOXUTh Tak, Kak Moka3aHo Ha puc. 6.2. [o
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CyTH, 3TO JIBa MUKpoOcKona ¢ obmum tyoycom. OnuH dopMHupyeT U300-
pakeHHEe TOBEPXHOCTH OOBEKTa, BTOPOH — M300pa’keHHE TOBEPXHOCTH
omnopHoro 3epkana M. BaxxHo#l getanpio SBISIETCS TO, YTO y 3THUX ABYX
MUKpPOCKOIIOB OJMH MCTOYHHK HM3IYy4eHUS S U, CIEIOBATENBHO, (HOPMH-
pyeMble B HUX W300pakeHUsI MOTYT OBITh B3aMMHO KOT€PEHTHBIMU U MIPH
OTIPEICNICHHBIX YCIOBHAX (POpMUPOBATH MHTEPHEPEHIIMOHHYIO KApPTUHY.
Bun 310l mHTEpdEepeHIIMOHHON KapTHHBI HEceT MH(OPMAIHIO O pa3iiu-
49IsIX B penbede W CTPYKTYpe KOHTPOIUPYEMOW M OIOPHOHN IOBEPXHO-
CTEH.

6.1. YcrpoiicTBo HHTEpepeHIIHOHHOT0 MUKPOCKOIIA

Pa3zpaboTaHO HECKONBKO CXEMHBIX pELIeHUil A MHTephepeHIH-
OHHOT'O MHKpockomna. OnTudeckasi cxeMa MHTePPEPeHIIHOHHOTO MUKPO-
ckona JInHHMKa npecTaBieHa Ha puc. 6.2. B kadecTBe MCTOYHUKA H3ITY-
YEeHUsI UCTIONB3YETCs MPOTSKEHHBIM NCTOYHMK Oeoro csera S — JaMia
HAaKaJMBaHUSA WIM CBETOM3Iydarommid nwon. OcBeTuTenbHas cHUcTeMa
MHKpOHHTEp(epoMeTpa, cocTosmias W3 Koiuiekropa L1, amepryproit
muadparmel A, noseBoit quagparmel F u xoHnencopa L2 ycrpoena ta-
KHUM 00pa3zoM, 4To GopMupyeT n300pakeHne HCTOYHUKA B NepeanHue ¢o-
KaJbHBIE TUTOCKOCTH MHKpooObekTHBOB MO1 m MO2 Tak, 4To OOBEKT
Obj n onopHoe 3epkasio M ocBemIaloTcs MapajuleIbHBIMU ITydKaMH JIy-
Yel, ICXOIAIIMMH OT Pa3HBIX TOYEK HCTOYHMKA M MMEIONIUX Pa3JINIHbIA
HAaKJIOH OTHOCHTEJIFHO ONTHYECKOM OCH, IOCKOJBKY HCTOYHHK CBETa
MMeET KOHEUHBIE pa3MepBl.

B obpatHoMm xozxe mydeit MukpoobsekTuBbl MO1 u MO2 ctpost
n300pakeHus], COOTBETCTBEHHO, 00BekTa Obj m 3epkana M B GeckoHeU-
Hoctu. [IpeaMeTHOE M OMOpHOE ONTHYECKHE IO HHTEP(EpUpyIoT, 00-
pa3ys B OECKOHEYHOCTH W300pakeHue ¢ HHTeP()EPEHIIMOHHBIMH TI0JI0Ca-
mu. [Ipu momomu TyOycHOM nuH3b! L3 3T0 M300pakeHNe NepeHoCUTCS B
¢oxanpHYIO TIOCKOCTH OKyIsipa O. IIpu 3TOM H300paskeHHS MOBEPXHO-
CTH 00BEKTA, TOBEPXHOCTH OTIOPHOTO 3epKaia U IMIIOCKOCTh JOKATU3aI[IH
MHTEPHEPEHIIMOHHBIX IT0JIOC COBMENIEHBI B OJJHOH IJIOCKOCTH.

Cxema Ha puc. 6.2 10 cBOeH CyTH NpeACTaBiIgeT co00i Moandu-
IIUPOBAHHBIN ABYXJIydeBOU HHTeppepoMeTp MalikenbcoHa, 0COOCHHOCTh
KOTOPOTO 3aKJII0YaeTcs B HAJHMYMHM HACHTHYHBIX MHKPOOOBEKTHBOB B
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000MX IIeYax, KOTOPhIE COBMECTHO C TYOYCHOW JTMH30M M OKYJIAPOM 00-
Pa3yroT JIBa YaCTHYHO COBMEIIEHHBIX MHUKPOCKOIIA.

6.2. ®opmupoBanue HHTep(hepeHIHOHHOI KAPTHHDI

HuTtepdepenmonHas KapTHHA, BO3HUKAIOIIAS Ha BBIXOJE MHKPO-
UHTephepoMeTpa, MOXKET OBITh PACCMOTpPEHA Kak pe3yjbTaT HHTepde-
PEHLIUH BOJH, PACHPOCTPAHSIOIUXCSA OT JBYX BTOPUYHBIX UCTOYHUKOB,
SBIISTIOLINXCST U300PKEHUSAMH TPOTSHKEHHOTO MCTOYHUKA S (puc. 6.3).
B3anmHoe pacrnonoxeHHe TUX HCTOYHHKOB OIpeesseT BUA HHTepde-
PEHLIMOHHBIX IOJIOC — UX NEPHOJ U OPUEHTALIHIO.

Puc. 6.3. K mpomeccy dopmupoanus uHTEp(HEPEHIMOHHOW KapPTHHBI
Ha BBIXOJle MHUKpouHTeppepomerpa: S’, S” — BTOPHYHBIE HCTOYHHKH,
CMEIEHHbIE IPYr OTHOCHTENBbHO jpyra; dS’, dS” — cooTBeTCTBEHHBIE
9JIEMEHTApHbIE TOYEYHbIE HMCTOYHUKM Ha ITOBEPXHOCTH BTOPUYHBIX
UCTOYHUKOB S’ u S” ; I — paccTosHHE, HAa KOTOPOE OJMH HMCTOYHHK
CMEILIEH OTHOCUTENBHO Apyroro; L3 — tyOycHas nuu3a; FP — doxkanbHas
TUIOCKOCTh TYOYCHO# JnH3bI L3, coBMeleHHas ¢ (OKaIbHON MIOCKOCTBIO
OKyJIsIpa

UYroOBl MOHATH MEXaHH3M (POPMHUPOBAHUS HHTEPHEPECHIMOHHON

KapTUHBI B JAaHHOU CXeMe cilexyeT oOpaTUThCs K puc. 6.3, Ha KOTOpOM
n300paXkeHbl 1Ba BTOPUYHBIX ncTouHuka S' u S". Ilpu 3ToM ycrmoBmMcH,
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YTO B KadecTBe OOBEKTa HMCHOIB3YEeTCS 3epKajo, YTO HECKOIBKO YIIPO-
CTHT aHAJIN3.

Tak xak B MHUKpPOMHTEp(HEPOMETPE HCIIONB3YeTCs] MPOTSHKEHHBIH
UCTOYHHK CBETa S, TO BTOPUYHBIC UCTOYHHKH TaK kK€ OyIyT MpPOTSKEH-
HeIMU. O0a BTOPHYHBIX HCTOYHUKA MPH 3TOM MOXKHO pa30OHTh Ha OECKO-
HEYHO OOJIBIIIOE YHUCIIO Tap B3aMMHOKOTEPEHTHBIX COOTBETCTBEHHBIX
3JIEMEHTAPHBIX TOYEYHBIX HCTOYHHUKOB dS' 1 dS". DTH HCTOYHHKH OymyT
JlaBaTh B (DOKAIBHOM TUIOCKOCTH TYOYCHOM NMUH3BI L3 mHTEpdepeHIoH-
HYI0 KapTHHY, KaK IT0OKa3aHo Ha puc. 6.3, meproa KoTopoit A ompenens-
etcs yrioM 0 , A = Ao/0= Aofa/r, rae Ao — UeHTpabHAS JAJIMHA BOJHBI HC-
TOYHHKa u3ny4eHus, a f3_ hokycnoe paccrosaue nun3er L3.

VYrou 6, B CBOIO 04epeb, ONpeeNseTcs PACCTOSHUEM I MEKIY HC-
tounukamu S' u S", 0= r/ f3 , a opueHTanKsA HHTEPPEPESHIIMOHHBIX MTOJIOC
OTIPENENACTCSI OPUCHTANNEH 3TOTO OTPE3Ka — MOJIOCH! MIEPICHINKYIISIPHEI
HAIPaBIICHUIO B3aUMHOTO C/IBUTA UCTOYHHUKOB. VIHBIMH ClIOBaMH, BU] WH-
TeppepeHIIMOHHON KapTHHBI MOJHOCTHIO OMperessieTcs B3aWMHBIM TO-
JoxeHueM uctouHukoB dS' u dS".

CrnenyeT 3aMeTUTh, YTO B TaKON cxeme AT JIF0OO0 mapsl COOTBET-
CTBEHHBIX TOYCYHBIX HCTOYHHKOB dS' m dS" Oymyr ¢opmupoBatbes
HICHTHYHBIC HHTEPPEPCHINOHHBIE KAPTHHBI C ONMHAKOBBIM MIEPHOIOM H
opueHTanuei. B 3ToM MOXXHO yOeaHuThCs, BBITIOTHUB HEOOXOAUMBIE T€O-
METPHUECKHE TIOCTPOCHHUS.

B ¢okanbHOI mimockocTH IMH3EL L3 MpouCcXOANUT TOYHOE HAJIOXKe-
HHUE UHTEP(HEPEHIIMOHHBIX KapTHH OT BCEX Iap AJIEMEHTAPHBIX HCTOYHU-
KOB, YTO TPHUBOIUT K (POPMHUPOBAHUIO KOHTPACTHOH Pe3yNbTHUPYIOUICH
uHTEp(PEPECHIIIOHHON KApTHHBI B 3TOH IDIOCKOCTH OT IEIBIX HCTOYHUKOB
S'u S". BHe 3Toil III0CKOCTH MEXITY HHTEP(PEPEHIIMOHHBIMU KapTHHAMHU
OT 3JJIEMEHTAPHBIX COOTBETCTBCHHBIX MCTOYHHMKOB BO3HUKAET IOIEpCY-
HBIH CIIBHT, TMPUBOSIIIA K CHIDKCHHIO KOHTPAcTa M, B KOHIIE KOHIIOB,
MOJTHOMY MCYE3HOBEHUIO 001Iel MHTepepEeHINOHHON KapTHHBL.

Iockonbky okanpHast IOCKOCTH JHH3BI L3 omTmdecku compsi-
JKeHa ¢ TUIOCKOCTEIO 3epKaiia M, nHTep(epeHIIHOHHAas KapTHHA B MHKPO-
uHTEepdEepoMeTpe JTOKAIN30BaHa B MJIOCKOCTH M300pa)KeHus 3epkana M.
Oxymsip O ciyut i HaOIroIeHUsT HHTEP(PEPECHITMOHHOM KapTHHBI TJia-
30M. Ilpu 3TOM yBenMUYEHHOE YeTKOE M300paKEHHE MTOBEPXHOCTH O0BEK-
Ta ¥ UHTEP(EPEHIIMOHHBIC TI0JIOCHI HAOIIOJAI0TCST OAHOBPEMEHHO.

Ilepron u opueHTanuss MHTEP(HEPEHIIMOHHBIX TIOJIOC 3aBHCAT OT

B3aMMHOTO PacIOIOKEHHUSI BTOPHUHBIX HCTOUHHUKOB S' n S". KakuMm ob6pa-
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30M B HHTEPHEPCHINOHHOM MHKPOCKOIIE pean3yeTcsi BO3MOXKHOCTB
U3MEHEHUS B3aHMHOTO PACHOJIOKEHHS STHX HCTOYHHKOB? Tpamumnon-
HBIM CIIOCOOOM CO37aHMs Ha BBIXOJe HHTepdepoMerpa MaiikenbcoHa
UHTep(EePEHIIMOHHON KapTHHBI B MOJIOCAX KOHEYHOH IMIMPUHBI CITyXKHT
HaKJIOH 3€pKajla B OJHOM M3 IUled MHTepdepoMeTpa Ha Majblil yroi, B
pe3ynbTaTe 4ero pasHOCTbh XOAAa MEXIY UHTEeP(PEpPUPYIOLUIMMU IONSIMU
U3MEHSETCSI B HANPaBICHHUH, MEPICHINKYIIPHOM OCH HAKIOHA OJHOTO
3epKaJjla OTHOCHTEIBHO IPYTOrO.

OTOT cnoco0 MOXHO MPHUMEHHUTH W B MHTEP(HEPEHINOHHOM MHK-
pockone. OHaKO HaKJIOH 3epkana M B OIOpHOM Iulede MUKpOHHTep(e-
pomeTpa OyneT NPUBOAUTH HE TOJIBKO K CMEIICHUIO M300pa)XeHUs BTO-
PUYHOTO MCTOYHHKA, JaBaeMOro MUKpooObekTuBoM MO2, HO U K pacTs-
JKEHHUIO 3TOr0 HM300paKCHHS B HANPABICHHUH, NMEPHIEHAMKYISIPHOM OCH
HaKJIOHA 3epKajia M, 4TO IIPHBOAUT K €ro AEKOPPEISIIUH 10 OTHOIICHHUIO
KO BTOPHYHOMY HCTOUYHFHKY, (hopmupyeMomy MukpoodsekTnBoM MO1 B
IpeMETHOM Iulede uHTepdepomerpa. ITOT MPOIECC MOXKHO HMPOUILIIO-
CTPUPOBATH MPH NTOMOIIM CXEMBI Ha puC. 4a, U3 KOTOPOI BUIHO, YTO pac-
CTOSHHE MEXKAY N300paKEHUSIMHU dJIEMEHTapHbBIX UCTOYHUKOB dS1' 1 dSy'
B (poxanbHOM MIIOCKOCTH MHUKpOOOBekTHBa MO2 yBETHUMIIOCH TI0 CPaB-
HEHHIO C PACCTOSHUEM MEXKIY dJIeMEeHTapHBIMH HcTouHuKaMu dS1 u dS».

B cooTBercTBUU CO cxeMoOi Ha pHc. 6.3 3TO NMPUBOIUT K U3MEHE-
HUIO yTJIa 0, ONpeaessIonero Neproa HHTephepeHINOHHON KapTUHEL. B
pe3ynbpTare B (POKATLHOU TUIOCKOCTH JIMH3BI L3 MPOUCXOAUT HAOKEHHE
uHTEp(PEPECHIINOHHBIX KapTHH, UMEIOIINX Pa3IUIHBIA NEPHOA U Pe3yib-
TUpYIomas HHTep(EepEeHIIMOHHAs KapTUHAa, Ha0MogaeMas Ha BBIXO/IC HH-
Tepdepomerpa, OyJaeT UMeTh BUI, H300paXKeHHBIH Ha puc. 6.4,a. 13 Hero
BUHO, YTO MHTEP(EPEHIIMOHHbIC TOJIOCHI HAOMIOAAIOTCS HE BO BCEM IIO-
Jie 3peHUs] MUKPOCKOIIA, a JIMIIb B LIEHTPAIBHOI €ro 4acT, MpU CHUXKE-
HHUM KOHTPACTA MOJIOC Ha Nepu(epuu Mot 3peHHUS.

UToOBI HCKITIOYHTH TPOSIBIICHHE 3TOro 3ddekra ObUT TpeatokeH
MHOH croco0 (opMHUpOBaHUS HHTEPHEPEHIIMOHHBIX IOJIOC KOHEYHOH
MINPUHBL, TIPHHIAI KOTOPOTO MPOWILTIOCTPHPOBaH Ha puc. 6.4,6.

[Ipenmonoxxum, 4T0 OOUH U3 MUKPOOOBEKTHUBOB, HANPHMEP MHUK-
poodrexTrB MO2 B OmopHOM IUIede MHTEp(EpOMeTpa, CMEIIEH ¢ ONTH-
9YeCKOHM ocH Ha BeNW4MHY 2 T, Kak [I0Ka3aHo Ha puc. 6.4,06. D10 npuBOAUT
K TOMY, 4TO H300pakeHHEe UCTOYHUKA S" B mepenHeil GokampHOH Imioc-
KOCTU MHUKpooObekTuBa MO2 cMelaercsl Ha BEIUUUHY [ OTHOCUTEIBHO

M300pakeHusl UCTOYHHUKA S', TaBaeMOT0 HECMEIEHHBIM MHUKPOOOBEKTH-
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BoM MO1 B npenMeTHOM Iutede HHTephepoMeTpa. ITO CIPaBEIITUBO KaK
UL UCTOYHHUKOB B ILIEJIOM, TaK WM UL DJIEMEHTAPHBIX MCTOYHHUKOB, KaXK-
IBIH U3 KOTOPBIX CMEMIAETCSI OTHOCUTEIHHO COOTBETCTBEHHOTO €My dJIe-
MEHTAapHOI'0 MCTOYHUKA HA OJHY W Ty K€ BENUYMHY I. B 3TOM ciyuae,
€CJIH HUCHOJb3YeTCs] KBAa3UMOHOXPOMATHUYECKUH HCTOYHUK H3IYYEHHUS,
UHTEp(EPECHIIMOHHBIC TIOJIOCHI HAOIOIAI0TCS BO BCEM TI0JIC 3PCHUS MUK-
pocKkora.

A

a) 0)

Puc. 6.4. /IBa cnoco6a hopMupOBaHHS MOJIOC KOHEYHOH ITUPHUHBI B MUKPOHH-
TepdepomMeTpe: @ — HAKIOH 3epKaja B OMOPHOM Iulede HHTepdepomerpa;
dS1, dS2 — Ba 3MEMEHTAPHBIX HCTOYHUKA HA TOBEPXHOCTH TIPOMEKYTOUHOTO
MCTOYHUKA S Ha paccTOsHUU ApYr oT apyra: dSi’, dS2” — uzobOpakeHust die-
MEHTapHBIX MCTOYHUKOB 0S1, dS2 COOTBETCTBEHHO, NaBaeMble MUKPOOOBEK-
tuBoM MO2 nipu HakJI0HE 3epkana M B ONOpHOM Iuieue uHTEepdepomerpa Ha
paccrosiHuH r1>r npyr ot apyra; 6 — cMenieHHe MUKPOOOBEKTHBA B OTIOPHOM
miede MUKpOHHTEp(hEepoOMeTpa ¢ ONTHIECKOH OCH: S — IPOMEKYTOYHOE H300-
pakeHHe NCTOYHHKA, TaBaeMOE OCBETHUTEIBHON CHCTEMOIT; S’ — m300pakeHne
BTOPUYHOTO MCTOYHMKA, hopmupyemoe MIUKpooObexkTHBoM MO1 npenmerHo-
ro mieda uHTEepdhepomerpa; S” — cMeleHHOe N300paKeHne BTOPUYHOTO HC-
TOYHHUKA, ()OPMUPYEMOE CMEIIECHHBIM C ONTHYECKOH OCH MHKPOOOBEKTHBOM
MO?2 omophoro mneda uHTephepomerpa; M — 3epkano; A — Bux uaTepde-
PEHLIMOHHBIX MOJIOC KOHEUHON IIMPHUHBI, HAOMI0AaeMbIX B 000MX Cllydyasx Ha
BBIXOJIE HHTEp(epomMeTpa

W3 puc. 6.4,6 cnemyer, 4To Mpu CMEIIECHUH 3epkaia M BJIOJIb OII-
THYECKOW OCH, HAIPUMeEp, Ha BETHYHHY A Z M, H300paKeHHE BTOPUIHOTO

60



ucToYHMKa S" He CMeIaeTcs, HO KojeOaHus B TOYKE S" HMCHBITHIBAIOT
BPEMEHHYIO 33JIepXKKYy A t = 2Azwm/c, CBA3aHHYIO C JOTIOJHHUTEIBHOMN pas-
HOCTBIO X072 A = 2Azym. DTO BBI3BIBAET COOTBETCTBYIOIIEE CMEIICHUE
UHTEeP(EPECHIIMOHHBIX TIOJIOC B TMOJE 3peHHs MHKpockoma. CmemeHue
3epKalia Ha BEIUYMHY Ao/ 2 BBI30BET CMEICHHE HHTEPPEPEHIUOHHOM
KapTUHBI Ha BBIXOJIC HHTEpPEepOMETpa Ha OHY IIETYIO ITOJIOCY.

Eciin BMecTo 3epkana B NpeIMETHOM IUIe4Ye HHTEpepoMeTpa
HAXOAHUTCA OOBEKT, UMCIOIMIUN HEPOBHYIO IOBEPXHOCTh, 3TO BBHI30OBET
JIOKAJTbHOE W3MEHEHHE Pa3HOCTH X0J1a WHTEp(EepUPYIOIUX MOJIeH, B pe-
3yJIbTaTe YETO MOJIOCHl CMECTATCS HE BO BCEM T10JIE 3PEHHUS, a JIUIIb B TOM
MeCTe, IIe €CTh HEPOBHOCTD IMOBEPXHOCTH. B 3TOM MecTe BOSHHKHET JIO-
KaJIbHO€ MCKPHBIIEHUE TI0JI0C, TI0 BHy KOTOPOTO MOXHO CYJUTh O BBICO-
T€, HITU TTyOWHE HEPOBHOCTH.

6.3. Texuuueckoe ycTpoiicTBO, BHELIHUIT BU U OPTaHbl yIPaBIeHUS
nHTepdepeHnnoHHOro Mukpockona Jununka MUHU-4

B pabote ucnons3yercs CepHHO BBITYCKAaeMbIi HHTEphepeHIH-
OHHBII MuKpockona Jlmaanka MUM-4, o6muii BUI KOTOPOTo H300pakeH
Ha puc. 6.5. K BepxaeMy Topiy ocHOBaHUS 1 MpUBHHYEHA [TOJIasl IIAIHH-
JpuYecKasl KOJIOHKA 2, Ha KOTOPOil YCTaHOBJEH MPEAMETHBIN CTONHK 3.
IIpu momMomy NBYX MHUKPOMETPUYECKHUX BUHTOB 4 CTONMK MOXHO Tepe-
MeIaTh B JBYX B3aUMHO MNEPICHIUKYIAPHBIX HampaBieHUsX. CTOIHK
TaKke MOXKHO ITOBOPAaYHBATh BOKPYT BEPTHKAIBHOH OCH M CTOIIOPHUTH
BUHTOM 5.

B xomnoHKe 2 mMoJ YTIOM K BEPTHKAIBHOW OCH PACIIONIOXKEH BU3Y-
anbHBINA TyOyc, B KOTOPBIM MOKHO yCTaHaBJIMBATh OKYJSP WIH OKYIAp-
MHUKPOMETP 6 JUIS BU3YAIbHBIX HAOIOIEHUH, WA OKYJISIPHYIO IU(POBYIO
BUJCOKaMepY Ul PErUCTpaliy H300paXKeHNUI.

®DoKyCHpOBKa MHKPOCKOINIAa Ha OOBEKT, a TakkKe IepecTpoiKa
Ha4yaJbHOW Pa3HOCTH XOAa B MHTEP(EpPOMETpPe OCYIIECTBIIACTCS MepeMe-
IeHHeM HHTep(epeHIMOHHON TOJIOBKH TP BPAllEeHMH MHKpPOMETpHUe-
ckoro BuHTa /. MHTepdepeHMoHHas TOJ0BKa YKpeIUleHa Ha BHYTpPEH-
HEM CTaKaHe MUKpOHHTEp(hepoMeTpa.

JleBast 4acTh roJIOBKHM BKIIOYAET B ceOs OCBETUTENH 8 U TPYOKy 9,
B KOTOpPOi coOpaHa onTHdecKas 4acTb ocBeTuTeNs. B TpyOke ycTaHoBIIe-
Ha TOPU3OHTAIBHO BEIIBUTaroMmasics miactuHa 10 ¢ Tpems oTBepCTHAMH,
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B JIBYX U3 KOTOPBIX 3aKpEIUICHbI CBETOQHIBTPHI Ui MOITYyYSHUS] MOHO-
xpomaruueckoro cera. CpesiHee, cBOOOJAHOE OTBEPCTHE HCIONB3YeTCs
npu padote B OenoM cBeTe. Bpamiernem kombia 11 ¢ HakaTKOW U3MEHS-
eTCs TUaMeTp OTBEPCTHUS alepTypHOUM JuadparMbl OCBETHTEIEHON YaCTH
MUKpPOCKOTIA.

Puc. 6.5. BHemHMiA BUI ¥ SJIEMEHTHI YIPABICHUS
MuKponHTephepomerpa MUN-4

B cpennroro 9acTb HHTEPPEPSHIIMOHHOM TOTOBKH BBHHYEH 00BEK-
tuB MO (MO Ha puc. 6.2). B kopmyce cpeaneit yactu codpaHa UHTEp-
(hepeHIIMOHHAS YacTh MUKpOcKona. PykosTka 12 CIyHUT JUIsl TIEPEKITIO-
YEeHUS U3 pekuMa HHTepdepoMeTpa B peKUM MHUKpocKomna. B nocnennem
Cllyyae ONOpHOE IJIeYo MHTEp(hepoMeTpa MEPEKPHIBACTCS MOCPEICTBOM
mropkd. B mpaBodl wactH HHTEpHEpCHIMOHHONH TOJOBKH HMEIOTCS
yCTpOHCTBA I M3MEHEHHUs TepHoja M OpHeHTalWH MHTepdepeHInoH-
HBIX oJtoc. [lepron monmoc n3MenseTcs BpanieHneM BUHTa 13 BOKpYT ero
ocu. V3MeHeHHe HamnpaBlIeHUS MOJNOC MPOU3BOJUTCS ATUM K€ BUHTOM
IyTeM BpalIeHUS €ro BOKPYI OCH HUHTEP(EPCHIIMOHHON TONOBKH.
Bunt 14 ciyxuT g cMeuleHus MHTePQEPEHIIMOHHBIX TOJ0C B TIOJE
3pEHHS MUKPOCKOTIA.
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Brinosnenue paéoTsl

Ipubopwt u npunadnesicnocmu. MHTEPHEPESHITMOHHBIA MUKPOCKOIT
MUU-4, oxynsp-MuKpoMeTp, IudpoBas OKyIIpHAs BHICOKamepa, 00b-
eKT-MHKPOMETp, Habop 0Opa31oB.

1. Hacmpoiika muxpounmepghepomempa u Kamubposxa OKVIAp-
MUKpOMempa U OKVIAPHOU 6UOeOKaAMepbl C UCHONb308aAHUEeM O00beKm
MUKpomMempa

[lepen BBIIOTHEHWEM 3aJaHUS CIIEAYET ITOJIOKHUTH HCCICTYESMbIH
oOpasel] Ha MPEIMETHBIA CTOJIHMK pabodell MOBEPXHOCTHEO BHHU3, BKITIO-
YHUTH JIAMITY ¥ BBIIOJHUTH MEPBOHAYATBHYIO PETYIHPOBKY TOJIOKEHHSI
WCTOYHMKA, KOHTPOJIUPYS Ka4eCTBO OCBEIIEHH MO0 KapTUHE, Haboaae-
MO B OKYISIp MHUKpockoma. CTpenka Ha pykosiTke 12 mpu 9TOM IODKHA
CTOSITh BEPTHUKAITBHO. C IMIOMOIIBI0 MUKPOMETPHIECKOTO BHHTA / CHOKY-
CHPOBATHCSI HA HCCIIEAYEMYIO TOBEPXHOCTb.

IToBopoTOM pyKOsTKH 12 BKIIIOYHMTH OMOPHOE ILIEUO HHTEPGhEepo-
METpa; MOCIe 3TOTO B MOJIE 3pEHHs] MUKPOCKOIIA JTOJIKHBI MOSIBUTHCS HH-
TepepeHIIMOHHbIe TONOCH. Ecian n3obpaxeHue uHTEp(EPEHIIMOHHBIX
MOJIOC HEJOCTATOYHO KOHTPACTHOE, TOBOPOTOM Kojbla 11 cremyer
YMEHBIIUTh OTBEPCTHE alepTypHOIl auadparMbl OCBETHTENLHOW YacTH.
ITpu HE0OXOAMMOCTH BBIIOJIHUTH TOTIOIHUTENLHYIO HACTPOUKY OCBelle-
HUSL TS TIOJTyICHUS] MAKCUMAIIBHO SIPKON U paBHOMEPHOM 3aCBETKHU MOJISI
3peHusl.

Bpamennem BuHTa 13 BOKpYT €ro OCH M3MEHUTH IIEPHUOJ MHTEp-
(hepeHIMOHHBIX TIOJIOC, TIOBOPOTOM 3TOTO K€ BHHTA BOKPYT OCH HHTEp-
(hepeHIIMOHHO TOJOBKM W3MEHHTH HAKIOH MHTEP(EPESHIIMOHHBIX MOJIOC,
MOCJIe Yer0 MOXKHO MPHCTYMaTh K KalHOPOBKE OKYJSP-MHKPOMETpa H
OKYJIIPHOM BUI€OKAMEPBI.

Jlyis BBITIOJNHEHHST TPOLIEAYPHl KATHOPOBKU HA TMPEIMETHBIA CTO-
JTUK MHKpOMHTEpdepoMeTpa CleAyeT MONOXKUTh OOBEKT-MHUKPOMETD,
MPEACTABILIIOMINN cOO0W CTEKIISIHHYIO TUIACTUHKY C HAHECEHHBIMU Ha Hee
IITPUXaMU C U3BECTHOW TOJIIUHOM ¥ mepuomoM. PaccmaTpuBas yBemu-
YEeHHOE M300pakeHUH OOBEKT-MHUKPOMETPA Yepe3 OKYISAP-MHUKPOMETP H
UCIIOJIB3YS MACHOPTHBIE AaHHBIE 00BEKT-MUKPOMETPA OMPEACIUTh IICHY
JICNICHUST BHYTPEHHEH IIKAIbl OKY/ISIP-MUKPOMETPA U IIKAJIbl MHUKPOMET-
PHYECKOTO BHHTA.

He y6upast 00beKT-MUKPOMETp, CHATH OKYJISIP-MHKPOMETP H yCTa-
HOBUTh Ha TyOyC MHKpPOCKOIA OKYJSPHYIO BuUacokamepy. Mcmonb3ys
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IITaTHOE MPOTPaMMHOE 0OecIieuyeHrne KaMephl, BEIBECTH MUKPOCKOITHYE-
CKoe M300pakeHHe Ha SKpaH MOHHTOpa KoMmmbioTepa. Vcmomb3ys mac-
MIOPTHBIC JaHHBIE O0BEKT-MUKPOMETPA, PACCUUTATH [IEHY JCICHUS OTHO-
T0 MUKCEN U300paskeHus, MOIy4aeMoro ¢ OKyJISPHON KaMepoid.

2. Onpeoenenue nepuooa uHmMep@epeHyUoOHHbIX NOJLOC

3Has [eHy JeEHUs IIKaJIbl OKYJSIP-MUKPOMETPA U IIEHY JICICHHUSI
OJTHOTO THKCENsI N300pakeHUs, JaBaeMOTO OKYIISIPHOH KaMepoW, orpe-
JISJIATH TepHO HHTeP(EPESHIIMOHHBIX TTOJIOC, HAOII0aeMbIX B HHTEpQe-
PEHIIMOHHOM MHUKPOCKOIIE TPH ITOMOIIHN OKYJIAP-MHUKPOMETpa M KaMepHl,
00BSICHUTD PUYUHY OTIUYHH.

H3mepeHust IOBTOPUTH HECKOJIBKO Pa3, MEHsIS IPY MOMOIIH BUHTA 13
HepUO]] UHTEPPEPECHITMOHHBIX TT0JIOC.

3. Onpeoenenue gvicomuvl MuKpopenvepa nosepxHocmu oopazya

B pexxume uHTEepdhepoMeTpa HAWTH HA MMOBEPXHOCTH 00pasla yda-
CTOK, COAEp’KaIlfil HEPOBHOCTH, BBI3BIBAIOIINE PA3IMINMOE TIIa30M HC-
KpHBIICHHE HHTEP()EPEHIIMOHHBIX MOJIOC, BHIICIUTh OJHY U3 HUX U BhIBE-
CTH TP TIOMOIIY MHUKPOMETPUYECCKAX BHHTOB 4 B CEpeIuHy OIS 3pe-
HUSL.

OrmpenenuTh, ¢ TOMOIIBIO OKYJIP-MUKPOMETPA W OKYJISIPHOU Ka-
MEpBI, BEINYNHY CMEIICHUS HHTEP(EPEHIIMOHHBIX TI0JIOC HA HEPOBHOCTH
U, 3Hasd OCHTPAJIbHYIO NJIMHY BOJIHbI UCTOYHHKA U3JTYUCHUS }\,0, paccuun-
TaTh BBICOTY MUKpoOpenbeda.

W3mepenust mpoBeCTH Kak B OEJIOM CBETe, TaK M B MOHOXPOMATH-
YEeCKOM, BOCITOIH30BABIINCH IBETHBIMU (PHIIBTPAMH.

4. Onpedenenue svlcomvl Makpopenveqha nogepxHocmu 0opasya

W3mepars penbed MOBEPXHOCTH MPH IOMOIINA MUKPOHHTEP(HEPO-
MeTpa MOXKHO HE TOJBKO MO M3rH0y MHTEP(EPECHIIMOHHBIX MOJOC, HO U
M0 MX CMEUICHHIO TPH NepecTpoiike MUKPOCKOIA C OJJHOTO Y4acTKa I10-
BEPXHOCTU Ha APYroil. JIJist 3TOro Ha MHKPOCKOIMYIECKOM HU300paXKCHUH
HEOOXOJMMO BBEIIEITUTh HEKOTOPHIH yYacTOK Ha MMOBEPXHOCTH HCCIEye-
MOr0 OOBEKTa ¥ BBIBECTH, HCIONB3YSI MHUKPOMETPHUYCCKHE BHUHTHI 4
MPEAMETHOTO CTOJHKA, 3TOT yYacTOK Ha MEPEKPECTHE IIKANBI OKYJISIp-
MHUKPOMETpA.

3aTeM, MOJIB3YACh MUKPOMETPHUUCCKUM BHUHTOM 7, BBIBECCTU IICH-
TPAJBbHYIO aXPOMATUYECKYIO MOJOCY TOYHO B IIEHTP IMOJIS 3PEHHSI TAKKE
JI0 TIOJIHOTO COBHAJCHUS C IEPEKPECTHEM IIKAIBI OKYJISIP-MHKPOMETpA.
IIpu 3TOM ymoOGHO, YTOOHI MOJOCH OBUTH OPUEHTHPOBAHBI TOPH30HTAb-

HO, WM BePTUKAIBHO. CHATH TIOKa3aHUSI MUKPOMETPHUUYECKUX BUHTOB 4 1 7.
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Hcmone3yss MEUKpOMETPHUYECKHE BHHTHI MPEIMETHOTO CTONMKa 1
CMECTHTb H300pakeHHe 00BEKTA TaK, YTOOBI B MIEPEKPECTHH IIKAJIBI OKY-
JSIP-MUAKPOMETpa OKazajcs IPYrod y4acTOK IOBEPXHOCTH OOBEKTa, MO-
CJIe 4ero BUHTOM / CHOBa YCTAaHOBUTH aXpOMATHUUYECKYIO MOJOCY Ha Ie-
pEKpecTHe HIKAIbl OKYJISIp-MUKpOMeTpa. CHATh HOBbIE MOKA3aHUS MUK-
POMETPHUECKUX BUHTOB 4 1 7.

Pa3HOCTB mepBOro ¥ BTOPOTO MMOKa3aHUI BUHTA 7 YKa3bIBAIOT T'€0-
METPHUYECKYIO Pa3HOCTh BBICOT IIOBEPXHOCTH 00pa3ia B BEIOPAHHBIX TOY-
KaxX, a pa3sHOCTh IOKAa3aHW{ BUHTA 4 — IONEPEYHOE PACCTOSHUE MEKIY
STUMU TOUKAMH.

OnucaHHyl0 Ipoueaypy MOBTOPUTH A 15-20 Touek MmoBepxHO-
cTH 00pasia, JekKaluxX Ha OJHON HpsAMOH, M MO MOTY4YEHHBIM JaHHBIM
MOCTPOUTH MPOQIITH TIOBEPXHOCTH 00HEKTA BIOIH STOH MPSIMO.

5. Onpedenenue onmuyeckoii moauuHbl NPO3PAYHO20 CLOS

CroucThIid TIPO3pavHbIil 00pasen (HarpuMep, TOKPOBHOE CTEKIIO,
CJIOH CKOTYa Ha CTEKJIE) MOJOKUTh Ha MPEAMETHBIM CTONMK MUKPOCKOMA.
CoxycupoBaThCsl Ha BEpXHIOIO TOBEPXHOCTh 00pa3lia, OTMETHTH I0JI0-
JKEHHE MHTep(EpEeHIMOHHBIX MOJOC, CHATH MOKAa3aHUE BHHTa 7. 3aTeM
PO TIOMOIIY BUHTA / CMECTUTh MHTEP(EPEHIIMOHHYIO TOJOBKY MHUKPO-
CKOTIa 10 TeX MOp, OKa He MOSBUTCS N300pakeHHe HIDKHEH MOBEPXHO-
CTH CJIOS M HHTep(EPEeHINOHHBIE IOJOCH], COOTBETCTBYIOUIHE 3TOMY
CIIO0I0.

IIpomomxas Bpamiate BUHT [/, YCTAaHOBUTh HHTEP(EPEHINOHHBIE
MOJIOCHl B TIOJIOKEHHE, B KOTOPOM OHH OBUIH TIpH (POKYCHPOBKE Ha
MIEPBYIO TPAHHUILY CIIOS, CHATH ITOKAa3aHUs HOBOE ITOKa3aHUE BUHTA 7.

PazHOCTh HAYaNBEHOIO W KOHEYHOTO IOKA3aHWH MHUKPOMETpUIC-
CKOT'0 BUHTA 7 1aCT 3HAUY€HHE ONTUYECKOM TONIIHHBI IPO3PAYHOTO CIIOS.

OmnucaHHy0 Hpoueaypy MOBTOPUTH At 15-20 Touek MmoBepxHO-
cTH 00pasia, JekKaluxX Ha OJHOH HpsAMOH, M MO MOTY4YEHHBIM JaHHBIM
MOCTPOUTH MPOQIITH IOBEPXHOCTH 00BEKTA BIIOTH STOH MPSIMOH.

6. Onpedenenue onmuueckoli MOIWUHbL RPO3PAYHOLO CJIOSL

CroucTslii Ipo3pauHblii oOpaser (HarmpuMmep, MOKPOBHOE CTEKIIO,
CIIOH CKOTYa Ha CTEKJIE) MOJOKUTh HA MPEAMETHBIM CTOIMK MUKPOCKOIIA.
CdokycupoBaTbcsi Ha BEPXHIOK MOBEPXHOCTh 00pasiia, OTMETHTh TOJIO-
’KCHHUE HMHTepEPCHLIMOHHBIX MOJOC, CHATH MOKa3aHHe BHHTA 7. 3aTeMm
IpH TIOMOIIY BHUHTA / CMECTHTh MHTEP(EPEHINOHHYIO T'OJIOBKY MHKpPO-
CKOIIa JI0 TeX TI0p, IIOKa He MOSIBUTCA M300pakKeHHe HIKHEHW MOBEpXHO-
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CTH CJIOS W WHTep(EPEHINOHHBIE IOJOCH, COOTBETCTBYIOUINE 3TOMY
CIIO0I0.

[Tpomomkast BpamaTh BUHT / YCTaHOBHTH HHTEP(EpPEHIIHOHHBIC
MOJIOCHl B TIOJIOXKCHUE, B KOTOPOM OHH OBUIM NpH (POKYCHPOBKE HA
MIEPBYIO TPaHHUILY CJI0s, CHATh NTOKa3aHHsI HOBOE TIOKa3aHUe BUHTA 7.

Pa3HOCTh HA4ambHOTO M KOHEYHOTO MOKa3aHW MHKPOMETpHUe-
CKOTO BUHTA / aCT 3HAUYEHHE ONTHIECKOH TONIIHHEI IPO3PAYHOTO CIIOS.

Ornrcannyro mporeaypy moBTOpUTh Ay 15—20 Todek MmOBEpXHO-
cTu 00pasia, JeKalX Ha OJHOH HpSMOH, M MO MOTYYEHHBIM JaHHBIM
MOCTPOUTH MPOGUITH TOJIIUHEI CJI0S BIOJb STOMN MPSIMOIA.

KonTpoJbHbIe BOIPOCHI

1. Hapucyiite cxeMy MHKPOCKOIIA C ONAK-WITIOMUHATOPOM H CH-
cTeMol ocBelIeHus oobekTa o Kemnepy.

2. OOBsICHATE MMPHHIUTI PAOOTHI HHTEPPEPESHIIMOHHOTO MUKPOCKO-
T1a 1 HapUCyITe ONTHYECKYIO CXeMa MUKpoUHTepdhepomeTpa JInHHMKA.

3. OObscHUTE NPUUYNHY (HOPMUPOBAHUS B MHUKPOUHTEpHEpOMETpe
UHTep(EPECHIIMOHHON KapTHUHBI B M0J0caX KOHEYHOH mupuHbI? OT uero
3aBUCAT TIEPHOJ] ¥ HAKJIOH HHTep(depeHIHOHHBIX rojoc? Bo3MoXxHO 11 B
uHTephepomerpe JINHHNKA MOTYyYUTH ITOJIOCH OECKOHEYHOH IUPUHEI?

4. Kakue CyIIECTBYIOT CIIOCOOBI MOJTYy4YECHHS HHTEP(EPEHIIMOHHBIX
TI0JIOC KOHEYHOH MIMPHHBI B MUKpouHTephepomeTpe? B ueM nx ornnune?

5. YUeM OTIMYAIOTCA PEKUAM HaAOMIOACHUS HMHTEP(HEPESHIIMOHHOM
KapTUHBI B KBa3UMOHOXPOMAaTHYECKOM U OentoM cBeTe? B Kakux ciydasx
CJICAYCT NPUMCHATH TOT UJIU HHOU BapUaHT OCBe]J_[eHI/IH?

PexoMenayemasi imreparypa

1. 3axapseBckuit A.H. Uuateppepomerprr / A.H. 3axapreBckuif. —
M.: O6oponrms, 1952. — 296 c.

2. KonomuiinoB 10.B. UuTepdepomerprl. OCHOBBI HWHKEHEPHOM
teopun, npumenenue / 10.B. KomomuiinoB. — M.: MammHOoCTpoeHHE,
1976. - 296 c.

3. Yypunosckuii B.H. Teopus ontuyeckux mpubopos / B.H. Uy-
pwiioBckuil. — M.: Mammnoctpoenue, 1966. — 564 c.

4. Tpuknaguas ontuka / A.C. ly6osuk, M.U. Anenko, I'.B. [ly-
petiko u 1p. — M.: Henpa, 1982. — 612 c.

5. Bopu M. Ocuosrl ontuku / M. bops, 3. Boibd; nep. ¢ anrr. —
M.: Hayka, 1973. - 720 c.
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7. OCHOBHBIE IPUHLMUIIBI 1 IPUEMBI
BBICOKOTEMITIEPATYPHOI METAJJIOT PAOUH
MATEPHAJIOB

7.1. OcHoBHbI€ TeoOpeTHYECKHE NPeACTABICHUS
00 ycranoske UMAIII-20-75

7.1.1. OOme cBegeHus

VYcranoBka MMAII-20-75 mnpenHazHavyeHa IS HCCIICIOBaHUS
MHUKPOCTPYKTYPBI C OJJHOBPEMEHHBIM H3MEPEHHEM 3JIEKTPUYECKOTO CO-
[IPOTUBIICHHUS B TPOLIECCE UCTIBITAHUS HA YCTAIOCTh METAIIIOB U CILIABOB
NP 3HAKOIEpEeMEHHOM M3rube ¢ yacrotamu Harpyxenus 3 u 3000 muk-
0B B MuHyTY M Harpese 10 1200°C B Bakyyme ot 1-10° + 5-10° mm pr.
CT ¥ B 3allUTHBIX Ta30BbIX CPEIax.

Puc. 7.1. Ycranoska UMAIII-20-75
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Texauueckne naHHBIE:

1. Harpes uccienyemoro obpasna mporu3BOIUTCS pagralldOHHBIM
CHOCO0OM TpH M3IYyYSHHH OT MOJHOAEHOBOTO HArpeBaTels, a TaKke, C
MOMOIIBI0 HEMOCPEICTBEHHOT O MPOIYCKaHUs TOKa uepe3 oopasell.

2. YcraHoBKa o0OecrieurnBaeT BO3MOXKHOCTH MPOBEICHUS NPSIMOTO
HAOIIOJIEHU MUKPOCTPYKTYPHI MOBEPXHOCTH M H3MEPEHHs dJeKTpHuye-
CKOTO COIPOTHUBJICHUs 00pa31oB, HarpeThiX 10 1200 °C (1o e Bbimre 0,8
TEMIIepaTyphl IDIABJICHUS M3y4aeMOT0 MaTepHaia) MpH YBEIWYCHUH IO
200 kpat (MOKHO U 60JIee ONMITUOHAIBHO).

3. N3MepeHue TeMmepaTypbl 00pa3loB OCYILECTBISETCS C IOMO-
b0 TUIATUHOPOAMEBBIX TepMomap auameTpom 0,3 MM, cran KOTOPBIX
MPUKPEIUIIOT TOYEYHOH 3JIEKTPOCBAPKOM K MOBEPXHOCTH 00pa3slia B «ro-
psaeit» 30oHe. TouHOCTH TOANEpPIKAHUS TEMIEpaTypsl HarpeBa oOpasma
IIpY TIPOBENEHUH HCIbITaHuit coctaBisiet 0,5% (mpu rpy0oit perymupos-
ke) 1 nopsaka £ 1°C (mpu TOYHOM aBTOMAaTHYECKOM PETYJIHUPOBAHUH).

4. JledbopmupoBaHHe 00Opa3IOB OCYIIECTBIIACTCS IO CXEME, MPH-
OJIMKCHHOM K YMCTOMY HM3THOy, ¢ YacTtoTaMu HarpyxeHus 1 wmu 3000
UUKJIOB/MUH TP MakCUMaJIbHOW aMIUTUTyAe Aedopmainnu, ooecrnednBa-
€MO# mepeMeleHNEM TIOJIBUKHOTO 3axBaTa Ha 15 MM OT ero HeWrtpanb-
HOTO TOJIOKEHHUS MTPU MAJIOLUKIOBOM HArpyXeHUd 6 MM IPU MHOTOIIHK-
JIOBOM.

5. IlpemycMoTpeHa BO3MOXKHOCTh aBTOMATHYECKOW 3allACH W3-
MEHEHUS YIEKTPHICCKOTO COTPOTHBIICHUS 00Pa3IOB B MPOLIECCE OIIBITA C
TouHOCTHIO 710 0,02% TpH KOMHATHOH TeMIeparype; MpH MOBBILICHHBIX
TeMIepaTypax TOYHOCTh U3MEPEHHS TOHNKACTCS.

6. CterneHb pa3pexeHus B paboueil kamepe J0JKHa ObITh B IpeJie-
nax 1-10° + 5.10° mMm pr. cr. mpu xomomHom obpasue. Jlomyckaemoe
HaTeKaHWe B pabovyro kamepy He 6onee 5-10°° mm pr. cr. 1/c.

7. IlpenycMOTpeHa BO3MOXKHOCTb IIPOBEAEHUS UCIBITAHUN B 3a-
HIMTHBIX Ta30BBIX cpeax Mpu U30bITOUHOM faBieHuu 1o 0,2 atM.

8. Jlnst mpoBeAeHMsI NCIIBITAHUI MPUMEHSIOTCS TUIOCKHE 00pasIIbl
IPSIMOYTOJIFHOTO CEUCHHUS; OJTHA M3 TMOBEPXHOCTEH 00pasiia MOATOTaBIIH-
BAaeTCs JUIsl MeTaIutorpauIeckoro uccieaoBanus (puc. 7.2).

9. dnsa mabmonenus u (GororpadupoBaHUs] MHKPOCTPYKTYPHI 00-
pasIoB UCMOJIB3YETCS] BEPTUKAIBHBIA MeTaIOrpaduIecKuii MHUKPOCKOTT
tuna MBT (puc. 7.3) cnabxennstii oobektuBoM MUM-13-CO0, dpoTooky-
nspamu 7%, 10%, 17%, a Taxxe mukpodoronacaakamu MPH-8 u MOH-12
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JUIS Cb€MKH Ha IUTaCTUHKHU 9x12 cM M KUHOIUIEHKY IIMPHUHOM 35 MM co-
OTBETCTBEHHO.

Puc. 7.2. ®opma u pazmeps! o0pasia s MPOBEACHUS
ucnelTanuii Ha ycranoske UM AII-20-75

Puc. 7.3. Meramorpadudeckuii Mukpockomn tiuna MBT

10. CucremMa BOJSHOTO OXJIAXKAEHHUsI YCTAHOBKU COCTOHUT U3 ABYX
uenei: 1-1 nenb — NapocTpyHHbIH HACOC U TEPMOBIIEKTPHUECKAsl JIOBYIL-
Ka; 2-4 LIeNb — KPBIIIKA, KOPIYC U JPYrHe BOJOOXJIAXKIAEMbIE 3JIEMEHTEI
pabodyeili kamepbl. YCTaHOBKa YKOMIUIEKTOBaHa ITyJbTOM BOJSHOTO
OXJIXKJIEHUSI, MOHTHPYEMBIM Ha CTEHE M COCIUHEHHBIM PE3UHOBBIMHU
HIJJAHTAMU ¢ CUCTEMaMU MOAA4YU U 0TBOJA BOABL. JlaBleHUE MOIBOIUMOMN
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BOJIBI JTOJDKHO OBITH B Tipenenax 1-2 atm. OOmuUi pacxoa BOJBI COCTaB-
JISeT 10 5 J1/MUH.

11. TlutaHue YCTaHOBKH OCYILIECTBISIETCA OT Tpex(a3HOW CeTH
HarpsbxeHueM 220 wm 380 B u wacroroit 50 I'n. ITotpebnsemas momr-
HOCTb IIPU MaKCHUMAJIbHOW Harpy3ke cocTaBiseT okoso 5 kBT, a npu xo-
JOCTOM X07ie — (TIpH paboTaroIIel CHCTeMe OTKAaYKH) — OKOJIO 2 KBT.

12. T'abaputHble pasmeps! ycraHoBku: 1140 x 790 MM, BbIcOTa
1220 mM; TabapuTHBIE pazMepbl TpUOOpHOTO OsIoka 1250 x 445 MM, BEI-
cora 1935 mm; opBakyymHBIil poTanuoHHbIi Hacoc PBH-20 ¢ rinymmre-
nem uMeeT rabaputHeie pazmepsl 700 x 430 MM, BbicoTa 630 MM.

13. Bec ycranoBku coctaBisieT okoio 600 kr, mprubopHOTro 0j10Ka
npumepHo 150 xr u popsakyymHoro Hacoca 30 Kr.

7.1.2. KoHCTpYKIUSl yCTaHOBKH

Bremnnii Buj mynbra ymnpaeieHus ycraHoBku MMAI-20-75
MpeJcTaBlieH Ha puc. 7.4.

a) 0)

Puc. 7.4. Buemnuii Bua nmynbTa ynpasieHus ycranopkun UMAII-20-75 :
a — Bakyymmerp BUT-2-I1; 6 — mukpockon MBT; ¢ — cucrema ympasieHHs
CTPOOOCKONIMUECKUM OCBEIICHHEM 00pasiia; ¢ — IMyNbT YIpaBIeHHUs HaTrpyKe-
HHUEM, HarpeBOM, 3aCJIOHKAMH M HAacocaMH; O — peie IyibTa YIpaBICHHUS;
e — mpeobpa3oBaTens MaHOMETPHUYECKUH TEPMONApHBIH M MOHU3AIMOHHBII
(oxoHuaHue cM. Ha ¢. 71)
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0) e)

Puc. 7.4. Oxonuanue

Ha nanenu mysnbTa yrnpaBlieHUs] HAXOJATCS PYKOSTKH yIPaBICHUS
BakyymMmeTpoM tuna BUT-2I1, 610ka cTpoOOCKOMUYECKOTO OCBEIICHHS,
CYETYHK YMCJIa CMEH IUTACTUH U CIEAYIOUTNE KHOIKH:

— Certsb — 3aKpbITh 3aTBOP

— Harpes obpasma — Orkauka Kamepsl

— PoranmonssIi Hacoc — OrTkauka CUCTEMbI

— CrTomn KpBIIKK KaMepbl — Harpy»xeHune BBepX JIEBBIHA
— BBepX KpBIIIKY KaMepBI — HarpyxeHune BBepX IpaBbIi
— BHU3 kppIIKH Kamepbl — HarpyxeHue BHH3 JIEBBII

— OTKpBITH 3aTBOP — Harpyxenue BHU3 npaBbIi
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7.1.3. BaxyyMHO-KOMIIPECCHOHHASI CUCTEMA YCTAHOBKU

OTkauka BO3Iyxa M Ta30B U3 KaMepbl OCYLIECTBIIsETCA Ia-
pocTpyiiHbIM MacisgHbIM HacocoM Tuna LIBJI-100, cHaGxeHHBIM paaua-
IIMOHHBIM HarpeBaTeleM (AJIeKTpOIUInTKOM). Hacoc coemmuen depes
3JIEKTPOMAarHUTHBIN BaKyyMHBIHN kiamnaH tuna OKMY ¢ macnsiapIM poTa-
UOHHBIM HacocoM Tuna PBH-20. [lns npenoTBpalueHus MonajaHus mna-
POB Maclia M3 Hacoca B pabovyro Kamepy IpeIycCMOTpeHa TepMOdJIeKTPH-
Yeckas BakyyMHas JoBymika Trna TBJI-100.

Bryck Bo3myxa B kamepy (Tipu 3arpy3ke W U3BICUESHUHN 00pasiia) u
B Hacoc (IIOCIIe €r0 OCTAaHOBKH) HMPOHU3BOAUTCS C TIOMOIIBIO 3JIEKTpOMar-
HUTHOTI'O KJIanaHa IUTyHXEepHOro Hacoca.

JUi1  mpenoTBpaleHUs HaTEKaHUs BO3AyXa B MHapoOCTPyHHBII
HAacoC, OH CHAa0XEH BaKyyMHBIM BEHTHJIEM C OJHOHW CTOPOHBI U BaKyyM-
HBIM KJIallaHOM — C JAPYyTOH.

Ocrato4ynoe naBicHHE B paboueil kamepe M3MepseTcs MaHOMET-
PUYECKUMU JIaMITaMU: TepMotniapHon ammoi tuama JIT-2 (ms onpenene-
HHUSI OCTATOYHOTO JAaBieHus 10 10 MM PT. CT.) M MOHM3AIMOHHON JIaM-
noit tuna JIM-2 (npu paspexennn B npepenax 10°- 106 mm pr. cr.).
O6e nmammbl coeuHEHsl ¢ BakyyMMeTpoM tuna BUT-1A-11. BakyymHast
CHCTEMa YCTAaHOBKM OOECIICUMBACT pa3pekeHHEe B pabouell Kamepe
1-10° + 5-10 mm pr. cT.

7.1.4. Cuctema HarpeBa uccieayemMoro oopasiia

B ycranoBke UMAIII-20-75 HarpeB oOpasia ocyliecTBIsieTcs 3a
CUeT TeIlIa, M3Iy9aeMoro HarpeBaTeneM. HarpeBaTens BBHIIIOTHEH U3 JTH-
CTOBOTO MOJIMOJIEHA MM TaHTAaJIa TOJIMHUHOW 0,3 MM M ¢ ITOMOIINBIO KOH-
TaKTHBIX KOJIOZOK COSAWHEH BOJOOXJIAKIACMBIMHU 3JIEKTPOAAMH, MPOXO-
JUIIMMU 4Yepe3 YIUIOTHEHUs B JHE BaKyyMHOH kamepsl. IIpu mpomycka-
HUU Yepe3 HarpeBaTellb IEKTPHIECKOTO TOKa MPOMBIIIIICHHONH YaCTOTHI
HU3KOTO HAmpsDKeHUs, O0ecIeYnBaeTCs BO3MOXKHOCTh HarpeBa 1o
1200 °C o0pa3ua, moMeIaeMoro BHyTpy HarpeBaTes.

Jna usmepenus Temieparypsl o0paslia UCHOJIb3YIOTCA TPU POBO-
JIOYHBIE MJIATUHOPOJIMHN — IUIATUHOBBIE TepMonaphl auamerpom 0,3 M.
Crau TepMonap ¢ moMOIIbI0 TOUYEYHOH AIIEKTPOCBAPKH MPUCOCTUHEHBI K
BepXHEH rpaHu oOpaslia B CpeIHEH ero 4acTy.
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BriBogsl Tepmomap yepe3 6-TMO3WIHOHHBIA TEpPEKITIOYaTeNb I0-
OYEepeHO MOTKIIOYAIOTCS K AIIEKTPOHHOMY aBTOMATHYECKOMY ITOTEH-
uunometpy tumna [ICP1-03, ¢ momomipio KOTOPOro MPOU3BOAUTCS BKITIO-
YEHHE U BBIKIIOUEHHUE HAIPSHKEHUs, MOJABOAMMOTO K MEpBUYHON 0OMOT-
K€, YCTAHOBJICHHOTO B LIEIIM Harpesa oopasiia CHJIOBOro Tpanchopmaropa.

7.1.5. YcTpoiicTBO JUIsl M3y9EHHS UCCIeTyeMOoro oopasia

Jnsa Habmonenus u GoTtorpadupoBaHus MUKPOCTPYKTYpPhI 00pa3-
II0B HETIOCPEJICTBEHHO B IIPOLIECCE MCIIBITAHUS Ha YCTAIOCTh IPHUMEHEH Me-
tayutorpaduaecknid Mukpockon tama MBT ¢ o6bsektuBom MHNM-13-CO,
uMernmM pabouee paccrosiaue 59,22 MM u aneptypy 0,27.

B kppImke kamepsl HAXOOHUTCS CMOTPOBOE ILTOCKOIIAPaLICIEHOE
cTekIo quamerpoM 50 MM U TOJIIMHOHN 2 MM.

Jliist 3ammThl CMOTPOBOTO CTEKJIa OT IeperpeBa B MOMEHTBHI, KOTra
HE TMPOW3BOAATCS HAOJIOJCHUS 3a MUKPOCTPYKTYpOW oOpasma, mpeny-
CMOTpEHa TOIBIKHAS INTOPKA, YIIPAaBIECHHE KOTOPOH OCYIIECTBISIETCS
Yyepe3 PeIYakKHOE YCTPOUCTBO AJIEKTPOMArHUTHBIM TOJIKATEJIeM.

3ammra CMOTPOBOTO CTEKJIA OT OCAXICHHWS HA HEM KOHIEHcaTa
UCTIAPSIIOLINXCSL ¢ ITOBEPXHOCTH 00pa3lia YacTHIl B IPOIECCe MUKPO-
CTPYKTYPHBIX I/ICCJIGI[OB&HI/Iﬁ MMPpOU3BOAUTCA IJIOCKOIIapaJICJIbHbIMU
KBapIIEBBIMHU CTEKJIAMH, TIEPEMEIIAEMBIMH TI0 JIOTKY, B KOTOPOM UMEETCSI
cMOTpoBOe oTBepcTHe. CTeKa MOCTYNaoT Ha JOTOK M IEepPeMEIIaloTCs
1o HeMy (110 Mepe 3albUICHHS) C TIOMOIIBIO YCTPOICTBA, TPUBOAMMOTO B
JeiCTBUE BpAIICHUEM Bajia C MMOMOIIBI0 MaXOBUYKA, HAXOJSIIETOCS BHE
BaKyyMHOM KkamMmepbl. Ban mpoxoauT yepe3 BaKyyMHbIE YIUIOTHEHHS B
CTeHKe paboueil KaMepbl M UMEET YePBIUHYI0 pe3b0y, 1o KOTOpOl mepe-
MeIaeTcs ranka uMeromas mosogok. Ilocinequii KHHEMAaTHYECKH CBSI3aH
C PaMKOH, Cily)Kalleil [uisl 3axBaTa CTEKOJI, IOAABAEMBIX IPYKUHOH U3
MarasuHHOTO ycTpoiicTBa. ByHkep ciykut mis cOopa oTpabOTaHHBIX
cTekon. B marasmHHOM ycTpoiicTBe pasmerieHsl 40 IIocKomapasuienb-
HBIX cTekou pazmepoM 40 x 20 MM u TonmuHOoM 0,8 MM.

B ycranoBke UMAIII-20-75 npexycMoTpeHa BO3MOXHOCTE H3ME-
PEHUS DNEKTPUYECKOTr0 CONPOTHBIICHHS 00paslia B MPOLECCe UCIBITAHUS
Ha ycTtanocTs. C 3TOH IeNbIo K KOHIAM 00pasiia ¢ MOMOIIBI0 KOHTAaKTHON
ANIEKTPOCBAPKU MPUCOCSIMHEHBI JIBa TOKOMPOBO/IA; W3MEPEHHE JJIEKTPH-
YECKOT0 COIIPOTUBIICHHUS [TPOU3BOUTCS B paboueli yacti o0pasia Mex 1y
JIBYMS IIOTCHIHATBHBIMI BEIBOJAMH.
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7.1.6. DnexTpuyeckas cxema yCTaHOBKH

OCHOBHBIMHM  3JIEMEHTaMH JJIEKTPHYECKOH CXEMBl YCTaHOBKH
NMAIII-20-75 sBnseTcst neny HarpeBa oOpasiia, CTaOMIN3allul TeMIIe-
paTypbl, CTPOOOCKOITMYECKOTO OCBENIeHHs 00pasiia, H3MEPEHUs U 3aIHCH
IEKTPHYECKOTO CONPOTUBIEHUS 00pasia, MUTAaHHWS POTALHOHHOIO H
MIapOMACIITHOTO HACOCOB.

[Torpebnsiemass yCTaHOBKOW MOIMHOCTh OT Tpex(a3oBOH CeTH
HanpspkeHueM 220/380B u yactoToit 50 'y He npeBbimaer 5 kBA.

7.2. IIpakTHKA BHICOKOTEMIIEPATYPHOT0 AHAIN32 MEeTALIIOB

7.2.1. IlonroroBka oOpasiia st HCTIBITAHUI

IToaroroBka paboueill MOBEPXHOCTH HCCIEAYEMBIX 00pa3IioB (CM.
puc. 7.1) mpou3BOAUTCS IMyTeM HUIM(OBAHUS U MOCIETYIOUIEr0 MEXaHU-
YECKOr0 M D3JIEKTPOJIMTUUECKOro nojupoBaHusa. IlocnenHee sBisercs
Hanbojee paroOHATBHBIM JUIS IIeJIe BEICOKOTEMITEPAaTYPHOU METalIo-
rpa¢uy, Tak Kak o0ecreynBaeT yIajJeHHe MOBEPXHOCTHOTO CJOS, MCKa-
JKEHHOTO B pe3yJIbTaTe MpeaBapUTEeIbHON MEXaHHYECKOW 00paboTKu 00-
pasma. [ry0nHa ynanseMoro 3JIeKTPOIIOIUPOBKOM CI0s1 OOBITHO COCTaB-
jser 0,10-0,15 mM.

B psame ciaydaeB moimMpoBaHHBIE 0Opa3lbl MOABEPraroT XHUMHYE-
CKOMY WM 3JIEKTPOJIUTUYECKOMY TPABJICHUIO I BBIABIEHUS MHUKPO-
CTPYKTYpPBI; KPOME TOTO, IPEABAPUTEIILHOE TPABJICHHE 00JIerdaeT BEIOOp
Ha TOBEPXHOCTH 00Opaslia 30HBI HAOMIOJECHUS 332 MUKPOCTPOCHHEM IIpH
MOHWKEHHBIX TEMIIEpaTypax UCIbITaHUS.

Ha «cBapouHOM 3JeKTpoje», pa3MelIeHHOM B pabodued kamepe
YCTAHOBKH, K 00pasily NPHUKPEIUISIOTCA C MOMOIIBI0 TOUCUHON 3JIEKTPO-
CBapKy TOKOBBIE U MOTEHUHUAJIBHBIE JIEKTPOIIPOBOBI U, B 3aBUCUMOCTHU
OT YCJIOBHM OIBITa, ClIall OTHOW WJIW ABYX T€pMOMap.

Tlocne nmpoBepku MEXaHUYECKON MPOYHOCTH M3TOTOBJIEHHBIX Ca-
eB o0pasell YKpemysIeTcsl B 3aXKHMaX HarpyXarwlero ycrpoicTsa. IIpu
5TOM TOABMXHBIM 3aXBaT CHCTEMbl HArpYXEHUS YCTAHABIMUBAIOT B
HEUTpaJIbHOE TOJNOKEHHE H, TIOCIIC IPOBEPKU MEXaHHUECKOH MPOYHOCTH
M3TOTOBJICHHBIX CIAaeB, 00pa3el] YKPEIUITIOT B 3a)KUMaxX HarpyXaromiero
YCTPOMCTBA.

Ilepen HauamoM OTKauku pabodell KaMepbl HEOOXOIUMO yOCTUTh-
CSl B IIETIOCTH KaXXAOTO 3JIEKTPONPOBOAA, IUIS YEro BKIIOYAIOT CHCTEMY
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WU3MEPEHHS SIEKTPUIECKOTO COTPOTHBIICHUS; MOCIE 3TOTO TPOU3BOISAT
BaKyyMHpOBaHHe paboueil kKaMephl 1 HarpeB oOpasiia.

[ mpenoTBpanieHns HabUICHUS. HA CMOTPOBOE CTEKJIO HCTIapsi-
IOIIUXCSA TIPU BBICOKHAX TEMIIEPaTypax ¢ MOBEPXHOCTH 0Opasla YacTHIl
CIIyKaT 3alUTHBIC CTEKIa, epeMeIaeMble MO JOTKY U3 >KapOIpOUYHOTO
CIUIaBa; B JIOTKE IPEIyCMOTPEHO CMOTPOBOE OTBEPCTHE IHAMETPOM
7 mm. CTekiia moCTymaroT Ha JTOTOK U3 Mara3uHHOTO YCTPOWCTBA U Tepe-
MEIAITCA 10 HeMy (II0 Mepe UX 3albUICHHs) ¢ IOMOUIBIO ITOKA, BHIBE-
JICHHOTO U3 paboueil kaMepsl uepe3 MOABUKHOE BaKyyMHOE YILIOTHEHUE
U COBEPINAIOIIECT0 BO3BPATHO-TIOCTYIIATENFHOE IBIDKEHHE C pabodum
xo10M 40 MMm.

B marasuHHOM yCTpoOiicTBe MOTYT OBITH pa3mMelneHsl 40 MI0CKo-
napajuleNbHbIX cTeKod pazMepoM 40 x 20 MM u Tommuao#i 0,8 mMm. Ko-
JIMYECTBO OCTAIOLIMXCS B MarasMHe CTEKOJ (II0 Mepe UX MCHOIb30BAHMUS)
OTIpeNeNsieTcsl M0 TOKa3aHMAM MeXaHHUecKoro cuerdnmka tuma CE-65.
Hcnonp30BaHHBIE CTEKIIA TTOMEMIAIOTCS B CIICIMANBHBIN COOPHHK, HAXO-
Jsumiics B paboyeii kamepe.

st 3aKphIBaHUS CMOTPOBOTO OTBEPCTHSI B JIOTKE (B T¢ MOMEHTHI,
KOTIa He MpOou3BOAUTCA (PoTorpagupoBaHHE MUKPOCTPYKTYPHI WIH H3-
MepeHue Aedopmanuy odpasia) CIyxuT MoiauOaeHoBas mTopka. Ilepe-
MEIIEHHE IITOPKU OCYIIECTBISACTCS NMPH HOMOIIM 3JIEKTpOMarHura, oo-
MOTKa KOTOPOT'O PACIOJIOKEHa CHApy)KW BaKyyMHOW Kamepbl. PaGouwmii
XO/J1 3NIeKTpoMaruura coctapisier 10—12 mm.

7.2.2. TlpoBesieHNE OTKAYKK

ITocrme ycraHOBKM oOpasiia B 3aKHMaxX HarpyXarollero ycTpou-
CTBa 3aKpPBHIBAIOT KPBIMIKY padodell KaMephl, 3aTATUBAIOT KpPEHEKHEBIC
OONTHI ¥ MPHUCTYTAIOT K OTKAYKE.

OTkayka BO3JlyxXa M ra3oB M3 paboyeil kaMepbl MPOM3BOIUTCS B
CIIEAYIOIIEM MOPSIIKE:

1. IlepekpbiBalOT BaKyyMHbIE KpaHbl YCTaHOBKH, IIOCJIE 4YEro
BKIIIOYAIOT POTAIMOHHBIA HACOC, NP 3TOM Ha WHJIWKATOPHOW IMaHeIn
JIOJDKHBI TOPETh CUTHAJIbHBIC JamIibl: CeTh, KpacHble Jammbl Ne 1, 2, 3, 4.

2. [locne 1-2 muH pabOTHI POTAIMOHHOTO HAcoca «Ha ceds» OT-
KPBIBAIOT BaKYyMHBIM KJIallaH «OTKa4Ka CHCTEMBI», MOCIE YEeTo JIOJKCH
3aropeThCs 3eNEHBIN 1IBET HAa MHIUKATOPHOM naHenu Ned yepes 5—10 mun
OTKpBIBAIOT BAaKyyMHBIM BEHTHJIb (3aTBOp), MOCJE 4Yero JOJDKHA 3aro-
peTbes 3enéHas amna Ne3, yepes 20-30 MuH paboThl Hacoca B paboueit
Kamepe JIOJKHO ObITh OCTATOYHOE JABJICHHE HE BhIe 5%X102 MM pT. CT.
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3. OTKpBIBAIOT BOJSHON BEHTWJIb B Ileny TU(GY3HOHHOTO Hacoca
«OXJIaXKJIeHHe Hacocay (JaBieHWEe BOABI JOJDKHO OBITH B mpenenax
1-2 at™.) (KpaH yCTaHOBJICH Ha CTCHE).

4. Tlocne 5 muH. BKIovaroT Hacoc YBJI-100 (mepexittouaTenn
«IMapoCTPYHHBIA Hacocy), 3aroperbcsi KpacHas jamma NeS; mpuUMepHO
gepe3 1 gac paboTHI HacOCa JOJHKEH OBITH JOCTUTHYT BakyyM 5%10° MM
pT. cT., a yepe3 1,5-2 yaca paspexeHue B pabodeli kamepe JTOKHO CO-
craBnath 1x10°5 — 5x10°6 mm pr. cT.

7.2.3. Harpes o0pasia

[ocne co3manns HEOOXOAUMOTO pa3peKeHUs B BAKyyMHOU KaMepe
OTKPBIBAIOT BOISIHONM BEHTINIb «OXJaKICHUE KaMEphl», YCTAHABIUBAIOT
JaBJICHUE BOJBI B IIpefienax 1—2 aTM. U, UCTIONb3Yys PYKOSTKY TpaHC(Op-
MaTopa OCYIIECTBISIIOT HarpeB oOpasma IO 3aJaHHOM TeMIIepaTyphL.
HeoOxomnmo yOenuThes B MPaBUIIBHOM OXJIaXKICHUH KaMephl U OTCYT-
CTBHUHU IOTEKOB BOBI.

7.2.4. OnpenieneHue CTENEHN pa3pskeHus

Jlis mpaBuibHOM paboThl BakyymMmeTpa BUT HeoOXxomumo BKITIO-
YHTH €T0 0 Hadaya paboThHl U AaTh eMy ImporpeThesi. CripaBa HaXOIUTHCS
MyJbT MOHU3AIMOHHOTO MpeoOpa3oBaTelis, €ro Helb3s BKIIOYATh MOKa
cTeneHs paspstkeHust He Oymer B mpenmenax 5-0,1 Ila. CmeBa mynbT
yIIpaBIIeHHUS TEPMOIIAPHBIM IpeoOpa3oBarteneM. [locie BKITIOYEHUS JIEBO-
ro mpeoOpa3oBarest eMy He0OXOAMMO TPOrpeThes B TeueHue 1 yaca, mpu
9TOM PYKOATKA «TOKA HArpeBaTess» JOHKHA OBITh B KpailHEM JIEBOM I1O-
JOXECHUH (Ha MUHAMYM). {7 M3MepeHnst DaBJeHUsT HEOOXOIUMO ycTa-
HOBHUTPH phIYar B MOJOKEHUE «TOK HarpeBaTellsh Ha MaclopTHOE 3Haye-
Hue (112), mocne nepexounTs Ha u3Mepenne. Koraa crpenka 3amkaiut
Wi OyzieT Ha oTMeTKe 8—9 MOXKHO BKIIFOYAaTh HOHU3AIIMOHHBIN TIpeodpa-
3oBatenb. [lepen MCmonab30BaHMEM HEOOXOAMMO O3HAKOMHUTBLCS C WH-
crpykuueil k BUT.

7.2.5. BbIkIItoUeHNE YCTaHOBKU

ITocne oxkOHYAaHUS OMBITAa BBIKIIOYAIOT CHCTEMY W3MEPEHHS JJICK-
TPUYECKOT0 COIIPOTHUBIIEHUS, 3aTEM CUCTEMY PETYIMPOBAHUS TEMIIEPATY-
PBI U, HAKOHEII, HarpeB obpasia.
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BrIKiTIOUeHHE CHCTEMBI OTKAYKH MIPOU3BOANUTCS B CIICAYIOIIEM II0-
psnke:

1. ITocne oxnaxaeHus obpasla 10 AOCTaTOUYHO HM3KOW TemIepa-
TYpBI, 00ecIeunBaoLIeil OTCYyTCTBUE HAOIIOIAEMOTO B MUKPOCKOIT OKHC-
nenwust ero moBepxHocTH (100-200 °C B crutaBax Ha OCHOBE Xelle3a U HU-
KeJls) BBIKITFOYAIOT IMapOCTPYHHBIN HACOC M 3aKPBIBAIOT BOJSHOW BEHTHIIb
«OXIaxICHUE KAMEPhD».

2. IlpumepHo yepe3 1 yac mociie OTKIIOYEHHs MApOCTPYHHOTO
Hacoca (T.e. TOCIIE OCTHIBAHHSI €r0 HarpeBaTelis]) BBIKIIOYAIOT TEpMO-
AIIEKTPUYECKYIO JIOBYILIKY, IEPEKPBIBAIOT BOISHON BEHTWIH «OXIaXKae-
HHUE HACOCa» M BaKyYMHBIN BEHTIIb «OTKauKa CHCTEMBI» W 3aKPBIBAIOT
BaKyyMHBI 3aTBOD;

3. BBIKITIOYAIOT POTAIMOHHBIM HACOC W OTKPBHIBAIOT BaKyyMHBIHN
BEHTWIb «OTKaYKa KAMEPhD».

Hu B koeMm citydae He clenyeT OTKpPhIBaTh BEHTWIb «OTKauKay 10
pasrpy3Ku pabovei KaMepshl.

Ilepen pasrpyskoii paboueld kamepsl sl COOOIIEHUsT BaKyyMHOM
CHUCTEMBI ¢ aTMOc(hepoil OTKPHIBAIOT BaKYYMHBIH BeHTHIIb «OTKadkay,
0CBOOOX/IAI0T MPUKUMHOW BUHT M C TTIOMOIIBIO JJOMKpaTa MOJAHUMAIOT U
OTBOJAIT B CTOPOHY KPBIMIKY KaMEPHI C MEKPOCKOIIOM.

C menpro yMEHBIIEHHS aJCOPOLUH BOISHBIX TTApOB M3 arMocdep-
HOT'O BO3/yXa CTEHKaMH KaMmephl (YTO 3HAYMTEILHO 3aMeJIsIeT CKOPOCTh
MOCTIENYIOIIEH OTKauKH) HE CIIEJyeT OCTaBJISTh pabouyro KaMepy OTKpHI-
TOW B TEUEHHE JJTUTEIHLHOIO BpeMeHH. B 3Tol cBs3M HeoOXoauMo odpa-
TUTh 0CO00€ BHUMaHUE Ha CBOEBPEMEHHOE OTKIIIOYSHHE BOJSHOTO OXJia-
JKICHHSI KaMepHl (10 ee pasrpy3KH).

Heo0xomumo mepuoamdecku MPOU3BOIUTE OTKAYKy BO3IyXa U Ta-
30B W3 pabodeil KaMephl C TIOMOIIBI0 POTAIIMOHHOTO Hacoca (a MHOTIa
Tak)Ke U MapOoCTPYHHOTO HACOCA M TEPMOAICKTPHUUECKOM JIOBYIIIKH) JaxKe
BO BpeMs MEPEPHIBOB B PabOTe YCTAHOBKH. B 3THX ciydasx mocie mpe-
KpamieHns: paboThl HACOCOB BaKyyMHBIH BeHTWIb «OTKauka» IOIDKEH
OBIThH TIEPEKPBHIT.

7.2.6. IIpoBepka pabOThI CUCTEMBI OTKAUKH
be3orka3nas pa60Ta CHUCTCMbI OTKA4YKHU SABJIACTCA OJHHUM M3 OCHOB-

HBIX yC.]'IOBI/II‘/‘I YCeUrHoro mnpoBEACHUSA SKCIECPUMCHTOB Ha YCTaHOBKE
NMAII-20-75. C 370 1enbo NepuoInYecku MPOBEPSIOT paboTy Baky-
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YMHBIX HACOCOB TEPMODJICKTPHUCCKON JIOBYIIKH W BEHTHJICH, a TaKKe
TEePMETUYHOCTh BAKYYMHBIX COSTMHEHHH paboueii KaMephl.

IIpu HOpMaIBbHON PabOTE CUCTEMBI OTKAYKH OCTATOYHOE JABICHUE
IpU XOJIOAHOM 00pasle, JOCTUTaeMOe ¢ MOMOIIBIO POTALHOHHOTO Hacoca
PBH-20, nomkHo ObITh He Bbime 5%102 MM pr. cT. yepes 20-30 muH., a
npu paborte mapocTtpyiiHoro Hacoca L[BJI-100 u TepmosneKkTpruecKoi
nosymku TBJI-100 — B mpenenax 5%10 MM pr. cr. npumephno gepes 3
yaca Hocie Haudaja oTKaukd. OJHAKO HU3KOE OCTaTOYHOE AABJICHUE B
paboueil kamepe, HOIydacMoOe BCIEICTBHE MPUMEHEHHS CPaBHUTEIBHO
MOIITHOM CHCTEMBI OTKaYKH, HE CBHICTEILCTBYET 00 OTCYTCTBUH HaTeKa-
HUSI BO3lyXa B BaKyyYMHYIO CUCTeMY. Jlolmyckaemast BeNU4rHa HaTCKAHUs,
oOecrnieurBaromas B OOJBIIMHCTBE CIIy4aeB MPEIOTBPALICHUE OKUCIICHHS
MOBEPXHOCTH METAJUIMYECKUX OOpa3loB IIPH HAarpeBe, COCTaBILICT
5%10° MM pr. cT. 0/c.

IIpoBepky HaTeKaHUS OCYIIECTBISIOT IOCIEe MPOOHOr0 Harpesa
o0pasna, OXJIaXKOCHUS MapOCTPYHHOTO HAcOoCa WM BBIKIIOUEHHS TEpPMO-
3JIEKTPUYECKOM JIOBYIIKH, T.€. IpH paspexenun (1+2)-102 MM pr. cT.

Harexanue Bozayxa B padouyro kamepy yctaHoBku UMAIII-20-75
(c o6peMoM BakyyMHoI# cucteMbl 10 1) onpenenstoT mo popmyie:

AQ = ]-OAAtP’ MM PT. CT. - JI/C,
riae AP = Pyxow — Puay — U3BMEHEHHE OCTATOYHOIO JABJIEHUS B BaKyyMHOMH
Kamepe, MM pT. CT.; Al — HHTepBaJ BPEMEHU MEXAy OTcue-
TaMHU Pyaq ¥ Pxon, C.

Otcuerbl Puay ¥ Pron MPOM3BOAAT 1O NOKa3aHMUAM BaKyyMMETpa
BUT-1A ¢ npumeHeHneM TepMonapHoit gamiisl JIT-2.

Ecnu BenuumHa HaTECKaHUSA NPEBLIIACT AOIMYCTUMOC 3HAYCHHUC,
MPUCTYTIAIOT K OTIpEeNeNICHAI0 30H HaTeKaHus. B kadecTBe Hambomee mpo-
CTOTO W HAJIC)KHOTO METOJa BBIBICHUS YYACTKOB HATEKAHWS BO3IyXa B
pabouyro kamepy ycraHoBku MMAIII-20-75 moxeT ObITh peKOMEHI0Ba-
HO HAaHECEHHE C MOMOIIBI0 MAapJIEBOI0 TaMIIOHA M IMyJIbBEpH3aTopa Ha
UCCIIeJyeMbI€ YUACTKH BaKYyMHOM CHCTEMBI JIETKO MCTIApAIOMNXCS KU~
KocTei (Hampumep, atetona). O NPOHUKHOBEHUH Yepe3 HErepMETUUHYIO
30Hy MapoB JTHX JKUAKOCTEM CyIaT IO IOKa3aHWsIM BaKyyMMeTpa
BUT-1A ¢ npumenennem nammnsl JIM-2 (mpeaBapUTENbHO TPOU3BOIUTCS
OTKauKa BO3/IyXa M ra30B U3 pabodeii KaMepsl ¢ IMOMOLIEI0 MTapoCTPyHHOTO
Hacoca).
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3HauuTeNbHO OOJiee COBEPIICHHBIM SIBIISIETCS OOHApY)KEHHE HaTe-
KaHHs B BaKyyMHbIE CHCTEMbI C IIOMOIIBIO TEIHEBBIX TeYeHUCKaTenen
(JITK-4A, ITITU-6 u np.).

Becbma 3 dexkTuBHBIM crocoO0M OOHapyKeHHsS 30H HATCKaHUS
BO3[yXa B pabouylo KaMmepy YCTAHOBKH SIBJISETCS NPUMEHEHHE BaKyyM-
HBIX 3ariylieK, [OCJIeN0oBaTeNbHas YCTaHOBKA KOTOPBIX IO3BOJISET
HAJISKHO JIOKAIN30BATh HCTOYHUK TCUH.

Paznuunble crmocoOBI ONpeeNieHus 30H HATCKaHUs BO3yXa B Ba-
KyYMHbIE CUCTEMBI JOCTATOYHO MOJPOOHO ONMUCAHBI B TEXHUYECKOH JIU-

Teparype.
Boinosinenue padoTsl

1. YsacHute 11esb paboThL.

2. O3HakoMbTeCh C HazHaueHHeM ycraHoBku MMAILI-20-75, eé
TEXHUUECKUMH XapaKTEPUCTUKAMH M KOHCTPYKIIMOHHBIMU OCOOEHHOCTSIMHL.

3. U3yuute nocnenoBaTeNbHOCTb U MIPOLIEAYPY HPOBEICHUS Olle-
paruii mpu paboTe ¢ yCTaHOBKOW: yCTaHOBKa 00pa3Iia, OTKayKa BO3AyXa,
HarpeB, KOHTPOJIb BaKyyMa, BBIKIIOUCHHE.

4. IlpoBeaure BHEMIHUII ocMOTp ycTaHOBKM. Haiinure KHONKM U
Y3IIBI, OTUCAaHHbIE B METOJHIECKOM ITOCOOHH.

5. Ilox pykoBOACTBOM MpenoAaBates (JadopaHTa) NPUCTyHalTe K
MPAaKTHYECKUM 3aHITUSAM € YCTaHOBKOH. CTporo ciemyiTe N3iI0KeHHBIM
paHee MHCTPYKLUSIM.

6. CocraBbTe OTUET O paboTeE.

KOHTpOJII)HI)Ie BOIIPOCHI

1. KakoBo HazHauenue yctaHoBku UMAIII-20-75?

2. Kakue 0CHOBHBIE XapaKTEpUCTUKN YCTAaHOBKHU BBI 3HaeTe?

3. Ha30BUTE€ OCHOBHBIE CHCTEMBI U YCTPOWCTBA COCTABJIIOLINE
HUMAIII-20-757

4. Tlepeuncnure MOCIEAOBATEIFHOCT OCHOBHBIX ONEpanuii mpu
paboTe ¢ ycTaHOBKOW?

5. Kak mpou3BOAUTECS MOJATOTOBKA 00pasna sl yCTAHOBKHU?

6. HazoBute onepanuu ajst OTKa4Ky Bo3ayxa?

7. Kaxk ocymiecTBisieTcst HarpeB oopasima?

8. Kak omnpezensior creneHp pa3pexeHus Bakyyma?

9. Ilepeunciaute onepanyy Ipy BbIKJIIOYEHUN YCTaHOBKU?

10. Kak mpoBecTH ITpOBEpKy pabOTHI CHCTEMBI OTKAYKH?
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8. ONPEJIEJEHUE IJIOTHOCTH JUCJTOKAIIMIA
C IOMOIbIO JEKTPOHHOI'O MUKPOCKOIIA

8.1. YerpoiicTBo M npuHIMI AHCTBHS 3JeKTPOHHOT0 MHKP 0CKOIA

Ilo cBOEeMy NPUHIMIIMATEHOMY YCTPOWCTBY ONTHYECKUU U DIIEK-
TPOHHBIH MHUKPOCKOIBI MMEIOT MHOTO 00Iero. CTEKISIHHBIM JTUH3aM,
HCIIONIb3YEMbIM B ONTHYECKOM MHKPOCKOIE, B 3JEKTPOHHOM COOTBET-
CTBYIOT DJICKTPUYECKUE I MArHUTHBIC JINH3BI, MATOBOW IJIACTHHKE CO-
OTBETCTBYET (PIIOOPECIUPYIONTIIA YKpaH.

Ha puc. 8.1 npencranena dororpadus KOIOHHBI IPOCBEYHBAIO-
IIETO HIIEKTPOHHOTO MHKPOCKOIIA, Ha pHC. 8.2 CXeMaTHIeCKH IPEICTaB-
JIEHO YCTPOMCTBO AMIEKTPOHHOTO U ONITHYECKOT'O MUKPOCKOIIOB.

Puc. 8.1. BHenHuii BU/] MPOCBEYHBAIOIIETO IEKTPOHHOTO MUKPOCKOTIA
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Puc. 8.2 Onruueckas cxema IpOCBEYHBAOIIEr0Cs 3JIEKTPOHHOTO (@)
¥ ONTHYECKOTO (6) MUKPOCKOTIA

OcHOBHasi 4acTh 3JEKTPOHHOTO MHKPOCKONA — KOJIOHHA IMpel-
CTaBJIIeT COOOW BaKyyMHBIH METAUIMYCCKHHA IWINHAP, B KOTOPOM TIO-
CJIEZIOBATEIBHO PACHOIOKEHBI BOIBb(PaMoBasi HUTh (KaTOM), METaJLTHye-
CKasl TUTIACTHHA C OTBEPCTHEM TOCpeAnHe (aHOM), PSI MAarHUTHBIX JIHH3,
JIOMUHECIICHTHBIN 9KpaH u (oTorpaduueckas riacTHHKA .

Tok, npoxoasnmmii yepe3 BOIb()PAMOBYIO HHTh, HArpeBaeT e€ u
BBI3BIBAET SMHUCCHUIO 3JIEKTPOHOB. BhICOKOE OTpHIIATENFHOE HANIPSDKEHUE,
TMPUWIOKEHHOE K HUTH, CO3JaeT OONBIIYI0 Pa3HOCTh MOTCHIIUAIIOB MEXITY
HUTBIO M 3a3€MJICHHOW IJIACTMHON aHoAa. Pa3HOCTh MOTEHIMAIIOB YCKO-
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psieT OBIDKEHHE JIEKTPOHOB B HANPABICHHH K aHOAY. YacTh 3IIeKTPOHOB
MPOXOIUT Yepe3 OTBEPCTHE B LIEHTPE aHOAA (LEHTPAIBHYIO alepTypy) U
00pasyeT AIIEKTPOHHBIN JTyd, HANPaBISIOMIUICS 10 KOJIOHHE MHKPOCKO-
na. DJIEeKTPOHHBIN JIyd, COKYCHPOBAHHBIN IMEPBOM MarHWTHOW JIMH30M
(xOoHAEHCOPHOI), ocBemaeT 00beKT. bonblas yacTh 3JIEKTPOHOB MPOXO-
JUT uepe3 00BEKT 0e3 OTKIIOHEHUs, OJTHAKO HEKOTOpasi 4acTh UX Pacceu-
BaeTCs TSHKEIBIMHA aTOMaMU | jJedekTaMu oObeKTa 1 BIOUpaeTCs U3 00-
IIET0 3IEKTPOHHOTO JIy4da. B pesynbrare GopMupyercst Takas CTpyKTypa
BBIXOSIIIETO JIy4a, KOTOpasi pU MOBTOPHOH (hOKyCHpOBKE Mpeodpasyer-
cs B M300paxeHne 00beKTa. DIEKTPOHBI, MPOLIEAIINE Yepe3 00beKT, (o-
KyCHPYIOTCS BTOPOIl MarHUTHOM JMH30M (0OOBEKTHUBHOI) B yBEJINYEHHOE
n3zo0paxeHue oObekTa. Jlajee OH CHOBA YBEIHMUUBACTCSl TpeTbeil mar-
HUTHOH JTMH30M (MPOEKIIMOHHOM) U MPOSIUPYETCs HA JIIOMHHECIICHTHBIH
DKpaH.

N3obpaxeHne MOXHO cdororpadupoBaTh, €y MOJHATH JIFOMH-
HECLIEHTHBIN 3KpaH, 4ToO0bI Jyd Honaia Ha ¢poTorpapuuecKyro IIacTUHY.
Hanpspkenue 1i1st yCKOPEHHS ITOTOKA AJICKTPOHOB B OONBUIMHCTBE MPO-
CBEUYMBAIOIIUX MUKpockoroB nocturaer 50 kB. Mcnoms3yemble mist nc-
CIIeIOBaHMs OOBEKTH OUYEHb TOHKUE, IPUIEM TOJIIUHA 3aBUCUT OT IpPHU-
POIBI MCCIEIyeMOTO MaTepHiia M YCKOPSIOIIETO HAIPSDKCHUS B MHKPO-
ckore. B mpakTuueckoi 3JIEKTPOHHOI MUKPOCKOIHM HPH HAMPSKEHUH
100 kB Tomuuna 06pasuoB coctasiger FO'MO"® MM, pabouee pasperne-
HUE OTEYECTBEHHBIX MHKpPOCKOMmoB 0,3—1,0 HM. DIeKTpoHHBIE MHKPO-
CKOTIBI 00JIaIal0T HECPABHUMO OOJIBIIAM YBEIMUCHHEM II0 CPABHEHHUIO C
OOBIYHBIMA ONITHYECKIMH MHKPOCKOIIAMH M SIBJISIOTCS 3HAYUTENHHO 0O0-
Jiee CIIOKHBIMH M TOPOTOCTOSIIMMU TIPHOOPAMH.

OCHOBHBIMHM XapaKTEPUCTUKAMH 3JICKTPOHHOI'O MHKpPOCKOIA SB-
JSIFOTCS YBEIMYECHUE M paspelaromasi crnocooHocts. [lon amekTpoHHO-
OINNTUYCCKUM YBCINYCHUCM IOHMMAKOT OTHOIICHHEC JIMHEHHOT'O pasMepa
n300pakeHus, IOIYYSHHOTO HETIOCPEICTBEHHO B MUKPOCKOIIE, K JIMHEH-
HOMY pa3Mepy COOTBETCTBYIOIIErO 3JIeMeHTa oOBeKTa. Paspemmaromias
CIIOCOOHOCTB OITpE/IeNIAeTCS HAMMEHBIINM PAacCTOSHUEM MEXIy ABYMs
JeTasIMU 00BEKTa, pasieNbHO H300paKaeMbIMU B JIEKTPOHHOM MHKPO-
ckore. B kauecTBe MHUKPOOOBEKTa-3TaJOHA HCIOJIB3YIOT KpHUCTaJUINYC-
CKYIO PELIeTKy (pa3pearomasi ClloCOOHOCTh IO KPUCTAUTMUECKOH pe-
HIETKE) UM MUKPOUYACTULBI Ha PEIUIMKe (pa3peliaromias CocoOHOCTb 110
TOYKaM).
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OCOOEHHOCTH TPOCBEYMBAIOMICTO AIEKTPOHHOTO MHKPOCKOIA
(ITSM) — BBICOKasl pa3pemniarolas cnocoOHOCTh U pa3HOOOpa3ne pabounx
PEXHUMOB, HE3aMEHUMBIX JJISl CTPYKTYPHOTO aHaln3a. JTH IperuMyle-
CTBa OCOOEHHO BaXXHBI MPH U3YUYEHHUH CIIOKHOU CTPYKTYPBI KOMIO3UIHH
OCHOBHOW MeTayl — TOKphITHE. [IpuMenss pasnudHble W300paKeHUs
00BEKTa, MOKHO BBIACTHTH M U3YyYHTh BKJIAJ, BHOCHUMEIH B (hopMupoBa-
HUE KOHTpAcTa KaKIOH OTIEIbHON MUKPOCTPYKTYpO.

8.2. MeTonnka npenapupoBanus (osibr

Hambosnee mpocTeIM M pacHpOCTPAaHCHHBIM METOIOM MOTYyUEHHS
TOHKHX METAJUTMYCCKUX (DOJBI SBJSICTCS YTOHCHHE MAaCCHUBHBIX 00pa3-
110B. VcXOHbIE 3aTOTOBKH — METAJUIMYECKUE TUCKH AUAMETPOM 3 MM H
tommuaoi 0,5-0,6 MM — OTpe3aloT Ha OTPE3HOM CTAaHKE OT MpEeABapH-
TEJIFHO TEPMOOOPAOOTAHHOTO MPYTKA. 3aTEM MPOU3BOIAT MEXaHHUYECKYIO
uioBKy 00pas3loB Ha abpazuBHOU Oymare n0 Tommuubl 0,1-0,12 MM,
HIOCJIe Yero 3arOTOBKH TOJIUPYIOT JJIEKTPOIUTHYECKH. DIEKTPOIUTHYE-
CKyIO0 TOJHMPOBKY MPOU3BOIAT B CIEHUAIHHOM IHHIETE W3 HEp)KaBero-
Iieil cTajay B 3JIEKTPOJIMTE, UMEIOIEeM TUIOTHOCTE 1,7-1,8 U cocrosiem
u3 90% HzPO4 u 10% CrOa.

DJeKTpoNnuTHYEeCKas TTOIMPOBKA OCHOBaHA HA aHOTHOM PacTBOpeE-
HUM MeETaUIOB. [IWHIIET, B KOTOPOM ITOMEIIAIOT 3arOTOBKHU-IHMCKH, CO-
CAUHACTCA C IJIIOCOM HMCTOYHHKA IMUTAHUA WU OJHOBPEMEHHO IPEAOXpa-
HJET Kpas oOpaslia OT pacTBOpEHHUs. DJEKTPONUT, KaK IPaBHIIO, HAaXO-
IUTCS B BONOOXJIAXKIAEMOM COCYHIE C IBOHHBIMH CTCHKAMH, B KOTOPBIi
MOMEIIAIOTCS Ha HEOOIBIIOM PACCTOSIHAU APYT OT APYTa JBE Iapajuieiib-
HBIC TUTACTHHBI, SBJISIONIMECS KaToAaMu. Mexay IUIaCTHHAMH pacroia-
raeTcsi MMHLET C 3aroToBKOMW. [Ipoliecc yToHeHHs! OCyLIeCTBIsETCs B Ta-
KOM PEXHUMe, YTOOBI IOBEPXHOCTh 00pasiia coXpaHsuiach OyecTsimei, 6e3
3aMETHBIX CJICJIOB TPaBJICHUS (MaTOBas TOBEPXHOCTH). DIIEKTPOIIOTUPOB-
Ky BEIyT JIO T€X IOp, MOKa B IIEHTPAILHON YacTU YTOHSEMOro obpasiia
He 00pa3yeTcsi OJHO WIIM HECKONBKO oTBepcTHid. [1o Kpasm Takux oTBep-
CTHI M HAaXOJMSATCS 30HBI, OOJIee WM MEHee MPO3pavHbIe ISl JICKTPOHOB
Y TIPUTOIHBIC JJIs IPOCMOTPA B IJEKTPOHHOM MUKpocKore. [Tocite moss-
JICHUSA OTBCPCTHUA B (1)0.]'[1)1“6 (S 6BICTpO BBIHUMAKOT U3 MUHIETA U IIPOMBI-
BaIOT CHaYajia B BOJIC, a 3aTE€M B CITUPTE U THIATEIFHO BHICYIIHBAIOT MPH
noMon (prIbTPOBANEHONH Oymaru. [IpurotoBieHHas TakuM 00pa3zoM
MeTauTnueckast (posibra mpuromHa Uit MpoCMOTPa B IJIEKTPOHHOM MHK-
pockorie.
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8.3. Onpenesienne MJIOTHOCTH TUCIOKALUI
110 3JeKTPOHHBIM (hoTorpadusam

IlepBoHa4YanbHO NpeACTaBICHUS O AMCIOKALUAX ObLIM BBEIEHBI B
¢usuky tBepaoro tena (Oposad, Ilomsuu, Teitnop, 1934r.) ans Toro,
4TOOBl OOBACHUTH HECOOTBETCTBUE MEXIy HaOIr0aeMOil M TeopeTHye-
CKOI IIPOYHOCTBIO, M OIIUCATh MEXAHU3M CKOJIBKEHHS NPH IJIaCTUYECKON
neopmarmy. BrocienctBum Teopms OUCIOKAIMK MOMyYHiIa ITHPOKOE
pa3BUTHE U CTajla IPUMCHSTHCS TSI AaHAIHM3a CaMBIX Pa3HOOOPA3HBIX SIB-
JIEHWI B METaJUIaX U CIUIaBaXx.

Jucnokanuu OTHOCATCS K JMHEHHOMY THUITY A€(QEKTOB KpUCTAIIIH-
94eCKOro CTpoeHus. Jlucnokanueil Has3bIBaeTCsl NHHEHHOE HECOBEpIICH-
CTBO, OOpasyromiee BHYTPH KpHCTaIa TPaHUIy 30HBI cOBUTra. Bokpyr
IUCTIOKAIlA B HEKOTOpPOM 00BEME KpHCTaia MCKakeHa KPHCTaJUTHde-
CKas peleéTKa U CyILIECTBYET I0JI€ MOBBIIICHHBIX BHYTPEHHUX MHUKPOHa-
npsbkeHuit. [IpunoskeHue Harpy3ky MPUBOJUT K TIEPEMEIIEHUI0 JUCIOKa-
LU, B pe3yiabTaTe OCYIIECTBISACTCS IUIacTHYecKas aehopManust Kpu-
cTaja.

B nponecce nepemMerienus OUCIOKalMM Pa3MHOXKAIOTCS, B3aUMO-
IEHCTBYIOT, B HEKOTOPBIX CIIydasX aHHUTWIAPYIOT (B3aMMHO YHHUTOXKA-
10TCsT), JlMCTIOKaIiK CYIIECTBYIOT BO BCEX KPHCTAIMYECKUX MaTepHaIax
Y BO MHOTOM OTIPENIEISIIOT COBOKYITHOCTh MX MEXAHHUECKUX CBOMCTB.

BaxHol XapakTepUCTUKOW TUCIOKAIIMOHHON CTPYKTYpBI, BIUSIO-
el Ha CBOMCTBA MAaTEpPHATIOB U XapaKTep CTPYKTYPHBIX MPEBPALCHUM,
SBJIIETCS TUIOTHOCTh JUCIIOKAIMi — 3TO OTHOLIEHHE CyMMAapHOU JUIMHBI
BCEX JIMHUM JTUCIOKAIMA K 00béMy Kpuctayia. OHa ompenensercs 1o

hopmyne:
1y
p=>—, (8.1)
i1V
7€ p — IUIOTHOCTH JAUCIIOKAIMI B €IMHULIE 00BbEMA, CM2; N — KOJIUYECTBO
JIUCIOKAIMK B equHune o0béMa; i — mmuHa i-Toi qucioka-

uun, cM; V- 00bEM KpHcTaiia, cMP,

[I10THOCTE OHCIOKAIMI 3aBUCHT OT CIIOCOOOB M PEKUMOB 00pa-
0oTkM MaTepuaia. B uaeanbHbIX KpUCTAIIaX TUCIOKAIMA OTCYTCTBYIOT.
B cBs131 ¢ 3THM MPOYHOCTH HJICATBHBIX KPUCTAIIOB OJIM3Ka K TeOpeTHYe-
CKOM ¥ 00yCIIOBJIEHA B3aUMOCHCTBHEM aTOMOB.
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B OTOXXKEHHBIX TOJUKPUCTALIUYCCKAX MeTallaXx H  CIUIaBax
IUIOTHOCTH IUCIOKaMi Haxomutcs B npemenax 109-10% em?. Dtu me-
TaJuIbl 00JIagal0T BBICOKOHM IIACTHYHOCTHIO. JIMCIIOKAMKH B HUX JOCTa-
TOYHO CBOOOJHO IMEPEMEIAIOTCS TP MPHIOKEHUH Harpy3ku. [Ipu yBe-
JUYCHUN HArpy3KH W IEPEeMEICHUH JUCIOKAUU pa3MHOXKATCsA. B
CHIIFHO Je(hOPMHUPOBAHHBIX METAIIAX IJIOTHOCTh AUCIOKAINN JOCTUTACT
snagennii 10— 10% ¢cM, OHM MEIIAIOT TEPEMEIIEHUIO APYT APYTY HpH
BO3JICHCTBUN HAarpy3ku. [Ipu 3TOM IMIaCTUYHOCTHh MeTaJlIa YMEHBIIASTCS,
a TBEPIOCTh M XPYIKOCTh BO3pacTaroT. KaxXIoMy COCTOSHHIO MaTepraia
COOTBETCTBYET ONpeACIEHHAs UCIOKAIIMOHHAS CTPYKTYpa.

JIMCIIOKAIIMOHHYI0 KApTHHY METAJUIOB MOXKHO M3y4aTh MPU DJICK-
TPOHHO-MUKPOCKOITMYECKOM HcciienoBanuu (onabru. donbra — yToHEH-
HBIH JI0 ITOJTy4eHHUS] OTBEPCTHS METAIUTHYECKUM nuck. TommuHa uecnemy-
eMbIX cioeB Bo3zie orBepctust 0,1—
0,2 mxm. Ilpm wuccnemoBanum B
JJIEKTPOHHOM MPOCBEYHBAIOIIEM
MHUKpPOCKOIIE TaKuX O00pas3IoB yia-
€Tcs  yBHICTh  JHCIOKAI[MOHHBIC
JIMHWH B BUJIC HUTEH C IMMONIEPEYHBIM
ceuenueM 10 — 20 HM.

Ha puc. 8.3 mnpencrasicna
dororpaus, — momyueHHas  UPH  pyc 83, IucnokawmonHas CIpyKTYpa
QJICKTPOHHO-CKOIMMYECKOM ITPOCBEC- HU3KOYTJIEPOTUCTOMN CTaIM Mocie
YUBaHUHM (OJILIM W3 HHU3KOYTJIEPO-  XOJOJHOI MIACTHUYECKOH Aehopmaryun
OUACTOM CTalld TOCJHE XOJOTHOU
TIACTUYECKOH JiehopMaliuu co cTernenbto obxarus 5—10%.

Beinosinenue padoTsl

Jlns onpeneneHus IWIOTHOCTH JMCIIOKAIMH MO «TOYKAaM BBIXOZA»
CHauasa BeAETCs MOACYET KONUYECTBA BUAUMBIX JUIMH MPOEKIUN JUCIO-
KaIuii Ha IIOCKOCTh (DOIbIy Ha Beell mronaau kaapa Ni, 3aTeM ompere-
JSIETCSl KOJIMYECTBO TOYEK BBIXOAA AWCIOKAWH HAa IJIOCKOCTH (POINBIH,
JUI KOTOPBIX YTOJI MEXIYy HaIpaBlICHHEM ANCIOKAINU M IUIOCKOCTHIO
¢doneru 6mm3ok k N/2. TTomydeHHOE YHCIEHHOE 3HAYCHHE TOYCK BBIXOJA
N2 cooTBeTCTBYeT B /iBa pa3a MEHbIIEMY KOJMYECTBY auciokanuii. O0-
1Iee YMCI0 BUAUMBIX AUCIOKALUHI N HA KaJpe ONpeAenseTcs Kak cyMMa
N1 u No.
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Ecnu ymncno BUIMMBIX Ha KaJpe AUCIOKAIHMHA N, TO C y4ETOM HX
«YTEUKN»:

n
n=-—=, (8.2)

P
rne P — cpemnss BeposATHOCTH BUOMMOCTH JMCIOKALMI B JaHHOM pe-

(nexce.

3nauenre P 3aBucur or ycnoBuil 1udpaKkIMOHHOIO KOHTPACTa,
OTIPENIENAEMbIX ~KPUCTAIUIOTPAUUECKIMI  HHICKCAMH  OTPasKaroIei
IUTIOCKOCTH M BeKTopoM broprepca mucnmokarmuu. /it o6beMHO IIEHTpH-
POBaHHOH W TpaHe-IICHTPUPOBAHHOW KYOWYIECKHX KPUCTALTHUECKUX pPe-

51 9

mérok P paBHO cooTBeTCTBEHHO — N E

IInoTHOCTH IlI/ICJ'IOKaIlI/Iﬁ OIIPEACIIACTCA U3 BhIPpAXKCHUA:

P= (8.3)

rae F- mromans xanpa (C y4eToM yBeIM4IeHHUs) B CM2.

OmnpejienieHe MIOTHOCTH TUCIOKALUA MO «TOYKaM BBIXOJa» Ha
MOBEPXHOCTD SIBJISIETCS] HAUOOJIEe TOUHBIM METOJIOM, OJIHAKO OH HEJI0CTa-
TOYHO OG'I)CKTI/IBBH IpHU OLCHKC BBICOKUX 3HAYCHMH TIJIOTHOCTH JAHUCIIOKa-
umit (p > 10%%Mm?). D10 CBA3aHO ¢ TEM, YTO NP TAKMX 3HAYCHHAX P HE
BCE€ TOYKH BBIXOJa ,Z[I/ICJ'IOKaHI/Iﬁ OTYETIIMBO BUIHBI Ha TMOBEPXHOCTU
(onbru. B Takux ciydasix MiIOTHOCTH JAUCIOKAIMK ymoOHee OnpenensTh
«METOJIOM CEKYIIUXY.

st ompesieneHus: MIOTHOCTH TUCIOKAUM «METOJOM CEKYIL[HX»
HEOOXOMUMO OIPEIENIUTh IIar KBaJApAaTHOW CceTkH cekymmx h= 2t
rae t — tommuna Gonsru (2x10°° cm). Iar ceTku onpenensercs ¢ y4eTom
yBenuueHus. CeTka ¢ TaKMM [IArOM HAHOCHUTCS HAa MOBEPXHOCTh Kajpa
puc. 8.3. 3arem ompenenseTcss KOJIWYIECTBO MECT MEPECEUCHUS JIMHUHN
CCTKHU C JUCJIOKaAIUsIMHU q

HpI/IHI/IMaH BO BHUMAHHUE, YTO [JJIMHA CCKYHIMX Ha IJIOIIaAn Kajpa
HaXOJUTCA U3 BbIPAXKCHUA:

_2F
h

IUIOTHOCTh AUCIIOKAIIUA METOJ0M CCKYIIUX OMPEACTIACTCA TAK:

| , (8.4)
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tl
CpaBHUBas TOJydCHHBIE PE3yIbTaThl 000MX METOIOB, HEOOXOaH-
MO CIIeNaTh BEIBOA 00 MX CXOAUMOCTH.

p (8.5)

BoinosiHenne padoTsl

1. VscHute nenb paboTbl, CXeMy ¥ IPUHIUI pabOThI 3JIEKTPOHHO-
0 MUKPOCKOTIA.

2. Onummre CXeMy U MPUHIMI PabOTHI HJIEKTPOHHOT'O MAKPOCKOTIA.

3. KpaTko onmumuTte METOAMKY MpenapupoBaHus (oiIbrH.

4. Ha momydyeHHOM y mpemnofaBaTens (MHAMBUAYaIbHO) Kaape
OUYeHb BHUMATEIFHO MOCUYUTANTE YUCIIO BCEX BUAUMBIX AUCIOKAIUN Ny U
no Qopmyne (8.3) mocuMTaiiTe KOITUYSCTBO JUCIOKANUN N B CIUHHIEC

— 51
00béMma, yuntsiBas, uto 11 OLIK pemérkn P = i .
5. Beruucnure miomane kaapa F C ygéToM yBeTUYEeHHS MHKpPO-
ckoma V.

b
\Y

rJe a — JJIMHHAs CTOpOHA Kazapa; b — KopoTkast cTopoHa Kamapa (yBenu-
YeHNEe MUKPOCKOIIA YKa3aHO HA BBIIAHHOM CHUMKE).

6. Tlo ¢opmyne (8.3) onpeaenuTe IUIOTHOCTh JHUCIOKAIUH 10
«TOYKaM BBIXOJIa».

7. Haueptute Ha cBO&M Kazape ceTKy ¢ marom h=2t, (t= 2x10°° cm).

8. IlomcunTaiiTe oueHbh BHUMATEIEHO YUCIIO TIEPECEUCHUA CETKHU C
JUCIIOKALMSIMU 110 BEPTUKAISIM U TOPU30HTAIISIM U IPOCYMMHUPYITE UX.

9. IMocuuTaiite IMHY cekymux 7 Ha TUIOIIAAM Kanpa 1o ¢popmysie

_2F
h

10. Onpenenure IOTHOCTh AUCIOKAUMI METOAOM CEKYILHUX, IpH-
HUMas 3HaueHUe TOMIIUHBI (HONbrH t =2,16x10° cm.

11. CpaBHuTe pe3ynbTaThl 3HAUEHUH TJIIOTHOCTH AMCIIOKAIUH, 110-
JydeHHbIE METOAOM MOJCUETA «II0 TOYKAM BBIXOJa» U «METOAOM CEeKy-
mux». Eciu mopsigkn 00enx BENWYHH PaBHBI, TO CXOJIMMOCTB PE3yiIbTa-
TOB MOKHO CUMTATh yJOBJIETBOPUTEIHHOM.
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12. TIpuOau3UTENHHO OLEHUTE CTENEHb IUacTUYecKor nedopma-
IIIH METAJUTMIECKOT0 MaTepralia 1o HOIyYeHHBIM 3HAYEHISIM [UIOTHOCTH
TUACIIOKAIHM.
13. CocraBbTe OTUET O padoTe:
13.1. Llens paGoTHL.
13.2. Onwucanue cxXeMmbl W NMpPUHIOUNA PabOTHl SIEKTPOHHOTO
MHUKPOCKOTIA.
13.3. Meroauka npenapupoBaHust Goybru.
13.4. Omnpenenenne MIOTHOCTU JUCIOKAIIUN «II0 TOYKAM BbI-
X0Ja» C OMHCAaHUEM METOJIa.
13.5. OmnpeneneHre MIOTHOCTH JMCIOKAIMH «METOIOM CEKy-
IIUX» C OITUCAHUEM METOJIA.
13.6. CpaBHeHHE NAaHHBIX IBYX METOIOB U BHIBOJI O CXOIUMO-
CTH TOJTYYEHHBIX 3HAUCHUH.

KouTposabHble BOnpocskl

1. Yro Takoe mucnokanwus? (1aiTe onpeseincHue).

2. Yro Takoe MIOTHOCTH auciokaruii? KakoBa pasMepHOCTh 3TOM
BEITUYHHBI?

3. B 4dem 3akitovaercss yCTPOHCTBO M NPUHIMI JIEHCTBHS DJEK-
TPOHHOT'O MUKPOCKOTa?

4. Kakx wsroraBimBaercs (Goiibra JUisl 3JICKTPOHHO-MHKPOCKO-
[THYECKOTO UCCAEAOBAHMA?

5. KakoBa m0THOCTh IHCIOKAIMI B OTOXOKEHHBIX MOJHMKPHUCTAI-
JIMYECKUX METAJIJIaX U CIUIaBax?

6. OOBSICHUTE CYIIHOCTh OMpE/IeNICHHs TNIOTHOCTU JUCIOKAIIUN 1O
«TOYKaM BBIXOIOa» UX Ha HOBerHOCTL (I[OCTOI/IHCTBO 1 HESJOCTATOK ME-
TOQ).

7. OOBSICHATE METOAMKY OIPEACICHUS TUIOTHOCTH JUCIIOKAIHHA
«METOJIOM CEKYIIUX» (JOCTOMHCTBO U HEIOCTATOK METO/IA).

Pexomenayemasi imreparypa

1. HoBukoB M.U. JleeKTh KPHCTAIUIMIECKOTO CTPOCHUS METAll-
noB / .. HoBukos. — M.: Metamryprus, 1983. —232 c.

2. lItpemens M.A. IIpouHocTs ciutaBoB. JlabopaTopHBIil ITpakTH-
kym / M.A. Lltpemens, JI.B. Kapabacosa, ®@.®. CarmapoBa. — M.:
MUCHUC, 2002. - 110 c.

88



9. OCHOBBI IPAKTUUYECKOM PEHTTEHOBCKOM
TUOPAKTOMETPUU

Jis  M3ydeHuss aTOMHO-KPHCTANTUYECKOTO CTPOSHHUS (TOHKOH
CTPYKTYpPBbI) MaTepHAIIOB MOJB3YIOTCA AU(DPAKIUOHHBIMU METOJaMH HC-
cienoBaHus. OHU OCHOBAHBI Ha TOM, UYTO KOPOTKOBOJIHOBBIE U3Ty4EHHUS
(peHTreHoBCKOE, ANIEKTPOHHO-ITy4eBOE, HEHTPOHHOE), B3aUMOJIEHCTBYS C
KPUCTAJUIMIECKON PEMETKON, pacCeHBarOTCs, TU(PPArupyroT U uHTEpdE-
PHPYIOT TaK e, KaK BOJHBI BUIUMOTO CBETa, Ha ITyTH KOTOPBIX HAXOIHUT-
cs1 oObryHAST mUQpaknuoHHAs pemérka. CaMBIMH PacIpOCTpaHEHHBIMHU
IU(QPaKIIMOHHBIMA METONAMH H3YUEHHS KPUCTAUTHUECKOH CTPYKTYPHI
SBIISIIOTCS METOJbI PEHTTEHOCTPYKTYpHOTO aHamnu3a. llpumeHss wux,
UACHTU(DUIUPYIOT MaTepualbl, ONPEACIAIOT TUIl KPUCTAJUIMYECKON pe-
METKU U e€ mapaMeTpsl, paclpeielIeHue aTOMOB B IPOCTPAHCTBE, KOH-
[EHTPALUH TBEPIBIX PACTBOPOB, IUNIOTHOCTH NEPEKTOB KPUCTAILTHIECKO-
TO CTPOSHHS M MHOTHE APYTHEe XapaKTEPHCTUKH TOHKOH KPHCTAJUIAYE-
CKOU CTPYKTYpBI

Ilocnenane 70 met B mpakTHKE PEHTTEHOCTPYKTYPHOTO aHAIW3a
YCIEUTHO MPUMEHSIOTCS PEHTTEHOBCKUE AU(PPAKTOMETPBI, B KOTOPBIX IS
PETUCTPALIMN PEHTTCHOBCKON AU(PAKIMOHHOW KapTHHBI MPUMEHSIOTCS
CYETUYHMKHU KBAHTOB H3JIyUCHHUA (FaSOBI:Ie, CIHUHTHUIIJIAIIUOHHBIC, TTPOMOP-
[UOHANBHEIC). B pe3ynbrare MoNMydaroT 3amuch 3aBUCHMOCTH HHTCHCHB-
HOCTH PaCCesSHHOTO W3IyYeHHs OT yriia AU(PaKIUU, HA3BIBAEMYIO IH-
(paxrorpammoii (puc. 9.1).

[Ipumenenne auppPakTOMETPOB 3HAYUTEILHO COKpAIIAeT BpeMs
Hcclie/IoBaHus (110 CpaBHEHMIO ¢ (POTOMETOAAMH) 32 CUET aBTOMATHU3AIIUU
OKCIICPUMEHTA, AAKOT BO3MOXXHOCTH MPOBOAWUTHL HCIIOCPEACTBCHHLIC U
TOYHBIC U3MEPCHUL a0COJIIOTHOH U HHTBFpaJIBHOﬁ UHTCHCHUBHOCTH, IIU-
PHHY U YTIOBOE TOJOKEHIE TUPPAKIUOHHBIX JIMHHH.

HenoctatkoM aupakTOMETPUYECKUX METONOB, B CPAaBHCHHH C
(dororpadhuuecKUMH, SBISIETCS HEBO3MOXXHOCTh, B CHIy TE€OMETPHH
CBHEMKH, PETUCTPHPOBATH MPOCTPAHCTBEHHOE pacIpeaeieHue HHTCHCHB-
HOCTH «OTPaKEHHOTO» H3JIydeHHs (TIOMYUCHUS TOJHOW PEHTITCHOTPaM-
MBI) U 3aTPYAHUTEIBHOCTD PETUCTPAIIMU IMHUN OYE€Hb MAJIOH HHTEHCHB-
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Puc. 9.1. Yuactok qudpakrorpaMmMsl Mesiu,
nmosTydeHHo# B m3nydennu kobaiabra (Coke)

HOCTH, KOTOPBEIE Ha ()OTOPEHTTEHOTPaMME MOYKHO OOHAPYXHUTH BH3Yallb-
HO. OJIHaKO 3TH HEJOCTATKH UMEIOT CYLIECTBEHHOE 3HaYSHHE NPH pelie-
HUH Y3KHX CIIELUAIbHBIX 33/1a4 CTPYKTYPHOTO aHAJIM3A.

9.1. lpunnunuaabHas 0J10K-cxema JudpakTomeTpa

OCHOBHBIMH KPYTIHBIMH y3JIJaMH COBPEMEHHBIX PEHTTEHOBCKUX
IU(PPAKTOMETPOB SIBIISIOTCS:

1. BBICOKOBONBTHBIM UCTOYHUK MUTAHHSA, TPEAHA3HAYCHHBIN IS
MOJIBOJIA K aHOJIy PEHTICHOBCKOM TPYOKH CTaOWIIM3HPOBAHHOTO BBICOKO-
ro HanpspkeHus (o 75 kB) u HampsbKeHUs Hakajla KaToja, odecrevrBa-

IOLLEro TOK TpyOKku 10 60 MA.
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2. JludpakToMEeTpHUYECKUI y3€l, COCTOANINA W3 PEHTTCHOBCKOMN
TPYOKH B 3aIUTHOM KOXYXE M TOHHOMETpa C OJIOKOM JIETCKTHPOBAHHS
(caérankom).

PeHTreHOBCKUI TOHHOMETP — YCTPOMCTBO I OTCYETA YIJIOB IIO-
BOpOTa 00pasia 1 AETEKTOpa 110 OTHOIICHHIO K IEPBUYHOMY IYYKY PEHT-
reHoBCKUX Jydeit (puc. 9.2). I'oHmomerp obecnedynBaeT CHHXPOHHBIH
IMOBOPOT 00pasiia U CYETYMKA BOKPYT 0OIIel ocu ¢ TpeOyeMbIMH YIIIO-
BBEIMH CKOPOCTSMH (CKOPOCTH BPAIIEHHUS CYETUIMKA B B pa3a OOINBIIYIO
CKOpOCTH BpaIeHns1 00pasia) U UX pas3IesbHBIN IOBOPOT BOKPYT TOH XKe
ocd (BpY4HYIO WJIHM OT 3JIEKTPOMOTOPOB). JIETEKTOp U3Iy4eHHUs — CLUH-
TUJUISILIMOHHBIN WM TIPONOPIUOHAIBHBIN CUETUHK.

Puc. 9.2. BHemHul BUI 1 OCHOBHBIE YaCTH PEHTT€HOBCKOW YCTAHOBKH

3. CUYéTHO-perucTpupyrolee U yIpaBJsONIee YCTPOHCTBO, B KO-
TOPOM PErUCTPUPYIOTCS UMIIYJIbChl HAPSKEHMS, [10JIydyaeMble CO CUET-
YyyKa IIpU MONAaJaHUM B HETO KaXKI0Or0 KBaHTa PEHTI€HOBCKOI'O M3Jyye-
HUSL

B cdeTHO-perucTprpyromeM yCTpOHCTBE MMITYJIbCHl YCHIIMBAIOT-
Csl, TUCKPAMHUHUPYIOTCS (BBIACILIFOTCS. UMITYIIBCHI ONIPEICIEHHON aMILTH-
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TYIBl), HOPMAJIH3YIOTCS W HANPABISIOTCA JTHOO B U3MEPUTENHh CKOPOCTH
cuéra (aHAIOTOBEIA BBIBOI, CUTHAJ C KOTOPOTO MOAETCSI HA CaMOTIHIITY-
WA TOTEHIIMOMETD), INOO0 B YCTPOHCTBO BBIBOJIA IH(POBOH MHPOpMa-
uu Ha L{ITY, nepdopaTtop, 9BM miu komnsrorep

9.2. YcTpoiicTBO peHTIeHOBCKOM TPYOKH

PentrenoBckas TpyOKa CIy>KUT MCTOUHUKOM PEHTI'C€HOBCKUX JIy-
yeil. JInsg BO30YXAE€HHS PEHTT€HOBCKOTO H3JIyUYeHHUS] B PEHTI€HOBCKOM
TpYOKe TOJKHO OBITh 00ecrieueHo:

a) TIONydeHHEe CBOOOIHBIX 3JICKTPOHOB;

0) cooOmmeHre CBOOOJHBIM 3JIEKTPOHAM OOJBIION KHHETHYECKOM
9HEPruH (0T HECKOJBKHUX ThICSY 3B 10 2 MaB);

B) BO30Y’KJI€HUE OBICTPO JETALMMHU 3JIEKTPOHAMU aTOMOB aHOJA.

B mudpakroMerpuyeckoM PEHTICHOCTPYKTYPHOM aHaju3e MpHU-
MEHSFOTCSl Oe30IacHble 3alasHHbIe BAaKyyMHBIE JIIEKTPOHHBIE TPYOKH,
MIPEJICTABIIAIONINE COO0M CTEKIITHHBIA OaJllIOH, B KOTOPBIM BBEICHHI J1Ba
AIIEKTPOJIA: KaTOA — B BHJIE HAKAIIMBAEMOW IIPOBOJIOYHON BOIB()PAMOBOI
CIIUPAJIU U aHOJ] — B BHJIE MaCCUBHOM MeTHOM TpyOKu (puc. 9.3).

Puc. 9.3. Cxema 3anasiHHO# BJIEKTPOHHOM peHTreHoBcKoi TpyOku BCB
IUTSL CTPYKTYPHOTO aHanmm3a: 1 — kato; 2 — GOKYCHPYIOLINIA KOJITAaY0K;
3 — OKHa JIJIs BBITyCKa PEHTTEHOBCKUX JIydeil; 4 — aHo., 5 — 3aIUTHBIN UITHHID

Baxyym (10~2-10°I1a) B TpyOKe co31aeTCs B IPOLIECCE TTPOU3BOI-
CTBa M 00ECIEUMBAET CBOOOIHOE MEPEMEIIEHHE DIEKTPOHOB OT KaTo/a K
aHOJ1y, TEIJIOBYIO ¥ XMMHYECKYIO M30JISIHMIO KaToIa M MPEIOTBPAIEHIE
ra30BOr0O pa3psjia MEKILY DIEKTPOIAMH.
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TpyOKku It CTPYKTYpHOTO aHajM3a MCIYCKAIOT OTHOCHTEIBHO
MSTKHE JTy9H, KOTOPBIE OUYeHb CHJIBHO IOTIJIOMIAIOTCS CTEKIOM. [loaTomy
B OQJUIOHBI 3TUX TPYOOK NIl BBITyCKA PEHTTCHOBCKUX JIy4eH BIIAsSHBI
CHeNnUabHbIC OKHA, U3TOTOBIICHHBIC TUOO M3 CIUIaBa TETaH, CoJepIKallie-
ro JIETKUe 3JIeMeHTHI (Oepusutuil, TuTui, 60p), MO0 U3 METAIITMYECKOTO
Oepuuust.

Karom B 31meKTpoHHBIX TpyOKax NpeNCTaBIseT co00i OOBIYHO
BOJB(PAMOBYIO CIIHPajb, YaCTHYHO IOKPHIBAEMYIO CIIOE€M TOPHSL, IS
MIOBBIIICHAST YMUCCHOHHBIX XapakTepucTuK. CImpaib IMOMENIeHa B CIie-
UATIBHBIN (POKYCUPYIONIHIA KONIMAYOK, TPSIHAZHAYCHHBIN IS CY)KECHHSI
JJIEKTPOHHOTO IIyYKa W YMEHbIICHHS (okyca TpyOku. COBpeMEHHBIC
PEHTTEeHOBCKHUE TPYyOKH MMEIOT JuHeWdatbii okyc. Uem yxe (ocTpee)
(hokyc TpyOKH, TEM JydIlle €€ pa3peniaroias CrioCOOHOCTh

AHOJ — MaCCUBHBINA MOJBIA IUTUHAP, U3TOTOBIEHHBINA YaIlle BCETO
u3 Meau B TopueBylo cTeHKy aHOga BMasHA IUIACTHHKA — aHTHKATOI
(3epkano aHoja), KOTOpas TOPMO3UT JICTAIIME OT KaTOAa AJIEKTPOHEL. B
TpyOKax Aas CTPYKTYPHOTO aHaIM3a 3ePKal0 aHOAa M3TOTABJIMBAIOT M3
TOT0 METa/lIa, W3AY4YCHHE KOTOPOTO HCIONB3YIOT S MOJIYYCHHS M-
(pakuMOHHON KapTHHBI OT PA3NMYHBIX MaTepHalioB. BakHO BHIOpaTh
TPYOKY ¢ TaKMM MaTepUaJIOM aHOMAa, YTOOBI NP OOIyUYECHUH HCCIEeaye-
MOro 00pasiia He BO3HUKAJIO BTOPUYHOE (€r0 COOCTBEHHOE) CYIIECTBEHHO
yXyamaercs, ciadble TUPPaKIIHOHHbIE MAKCUMYMBI MOTYT OBITH BOOOIIE
HC BBISIBJICHBI.

Haubonee pacmipocTpaneHsI TPYOKH ¢ aHOJAMHU U3 XpOMa, JKele3a,
BaHaIMs, KOOAIbTa, HUKEIS, MU, MOJTUOIcHa, BOJb(pama.

Bo n3bexxaHue meperpeBa aHoA B Ipoliecce padoThl HEOOXOAHMO
HETPEPBIBHO OXJIAXKIATH.

Baxkueiimias xapakTepHCTHKa TPYyOKH €€ MpeeibHas MOIIHOCTh:
P —UJ, tne U — MakcuManbHO BBICOKOE HAIpsDKEHHE, J — TOK TPYOKH.
OOBIYHO 3TH XapaKTEPUCTUKH YKa3aHbI B TACIIOPTE TPYOKH.

[IpeBbimenne mpeAeIbHOW MOIMHOCTH HEIOIMYCTUMO, T. K. 3TO
MPUBEIET K MIEPErPEBY aHOA U BBIXOIY TPYOKHU H3 CTPOSL

B peHTreHoBcko# quQpPaKTOMETpUN B HACTOSINEE BPEMs HCIONb-
3ytoTcst TpyOku Mapok ot bCB-6 no BCB-30 ¢ momHOoCcTRION0 2,5 KBT €
SJIEKTPOHHOW CTAOMIM3AIMEH MUTAIOMICTO HAMPSDKEHHUS W TOKa Hakajia
TpyOKH, 4T0 oOecreurBaeT KojeOaHne HHTEHCHBHOCTH IIEPBHYHOTO ITy4-
ka He 6oiee 0,5%.
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9.3. OnTnyeckas cxema Judpakromerpa

B GonpmmHCTBe MudpakTomMerpoB obmiero HazHauenus (JJPOH) B
HACTOSIIECE BPeMsI UCIIONB3YIOT KBa3H(POKYCHPYIOUTYI0 ONTUIECKYIO CXe-
My Bparra-bpenTano, npemycMaTpuBaroiyto BpalieHue oopasiia BOKpYT
OCH TOHHOMETpa ¥ OIHOBPEMEHHO B COOCTBEHHOH IIJIOCKOCTH.
Ha puc. 9.4 nokazan xoj nydedd B qudpakToMeTpe OT UCTOYHHKA C JIH-
HeHuaTeiM (OKyCcOM.

Puc. 9.4. Xox nyueit B IIIOCKOCTH
mudpakTomMerpa ¢ (OKYCHPOBKOM
no Bparry-bpenrano: F — ¢okyc
TpyOku; P — obOpasem; R— pamuyc
TOHHOMETpA; Ty — PATUYC OKPYXK-
HOCTH (DOKYCHPOBKH, S — mpueM-
Has 1IeJIb CUéTYnKa

B ronmomerpax, paboTaromux mo cxeme bparra-bpenrano, mioc-
K obOpazernr (P) NMOMEIIAloT B JepKaTellb TAKUM 00pa3oM, 4TOOBI ero
MOBEPXHOCTh HAaXOIWIIACh HAa OCH BPAICHHS TOHHOMETpa W ObLTa Kaca-
TENLHOM K OKPYKHOCTH (POKYCHPOBKH.

Uem MmeHble oOmydaeMas IUIONIaas 00pasiia, 4eM JIydine CoKy-
CUpPOBaH IEPBUYHBIM Iy4OK, TEM MEHBILE OTPULIATENBHOE BIUSHHUE pac-
XOIUMOCTH (BEPTHKAITBHON M TOPH30HTAIBHOW) PEHTTEHOBCKOTO IyYKa
Ha KaueCTBO ITU(PPAKTOrPaMMEL, a, CJICJOBATEIHHO, U HA PE3yNIbTATHl aHa-
nm3a.

YroOBl yMEHBIIUTH TOPU3OHTANBHYIO PACXOAMMOCTH ITyYKa, BBI-
Ouparot Oonee y3KHe BXOIHBIC HICTH (JIydIle, eclH IIMpHHA MEPBOH H
BTOPOW 1IeTTH OyTyT OJTUHAKOBBHI).

YroOBl yMEHBIINTh BEPTHKATHHYIO PACXOJUMOCTh ITyYKa, TpUME-
ustrot menun Coseppa (puc. 9.5).
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Puc. 9.5. Xon nydeit B qudpakromeTpe pH UCTONb30BaHuH nienei Comneppa:
1 — nuueituatelit Gpoxyc TpyOKM; 2,7 — IMIETH, OrpaHUIHNBAOIINE TOPU3OHTAIBHYIO
PacxoIMMOCTh PEeHTTeHOBCKOTo myuka; 3,6 — memn Comreppa; 4,8 — menu, orpa-
HUYHBAIOIIME BEPTUKAIBHYIO PAcXOIMMOCTh (CTaBATCA B TOM Clydyae, €Cid He
ucrnonb3yrorest menu Coiuteppa); 5 — obpasent (Sosn — 00ITydaemMas HOBEPXHOCTh
obpasma)

YMEHbIIEHUE BEPTUKAIBHOM M TOPU30HTAIBHOM PacxoJUMOCTU
yIydiraeT (POKyCHPOBKY U ITOBBIIIAET Ka4eCTBO ChEMKH.

JudpakTomeTp cuuTaeTcst TOTOBBIM K paboTe TOIBKO TOT/a, KOTaa
OH TIPaBHIIBHO OTBHIOCTHPOBaH. OTBIOCTHPOBAHHBIM TH()PAKTOMETpP CUH-
TaeTcs B TOM Cly4yae, €ClM JMHHUA (OKyca, IIEHTPHI BCeX IIesied U oCh
TOHHOMETpA JISKAT B OAHONW BEPTHKAIBHOM ITIOCKOCTH, KOTOpasi SBJISIET-
Cs1 KacaTeNIbHOH K IIockocTH oOpasia. IIpoBoanTCs I0CTHPOBKA B COOT-
BETCTBHH C MHCTPYKIHEH K mpubopy. KagecTBo rocTHpOBKH mpoBepsieTcs
myTéM CBhEMKH ATAJOHHOTO oOpa3ia (00bIYHO KBapIia) C HM3BECTHBIMHU
napamMeTpaMy KpUCTAIIMYECKOH PEIIETKY.

Marepuan a"ona TpyOkH, pexuM e¢ paboThl, IIUPUHA M BBICOTA
BXOJHBIX U BBIXOJTHOH IIIeNei, CKOPOCTh BPAIICHUS CUETUNKA U TPOTSIK-
KU JIEHTBI caMomnucua (IpH HEMPEPhIBHON 3aIKCU) BBIOUPAIOTCS B 3aBH-
CHUMOCTH OT 33Ja4 UCCIIEOBAHUSL.
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9.4. IIpuroros.ienne 00pa3noB

OOmme TpeGOBaHMSA K HMPUTOTOBICHUIO OOpPAsIOB IS PEHTT€HO-
CTPYKTYpPHOT'O aHaIIU3a:

— T'€OMETpPHUs ChEMKH;

— CWJIBHOE TIOTJIONIEHUE PEHTI€HOBCKHX JIydel HCCIelyeMbIMU
BEIIECTBAMH H MTOTOMY MaJIOW TONIIMHOW MapaUIeTbHBIX TTOBEPXHOCTH
CIIOEB HCCIIEyeMBIX 00pa3LoB, O CTPYKTYPE KOTOPBIX AacT HHPOPMAIHIO
PEHTI€HOBCKHM aHAJH3.

Ilepen chémKoON ¢ MOBEPXHOCTH O0Opasiia HEOOXOIUMO YAAIUThH
CJIOW, HapyIIeHHBIE TPEIIIeCTBYOMEH 00paboTkol (pe3koi, MUTH(OB-
KOH ¥ 1p.), KpOMe TeX CIydaeB, KOTAa NIMEHHO STH CIIOU SBIISIOTCS 00b-
€KTOM HCCIIEI0BaHUS.

IMonukpucraminyeckue oOpasibl Ul UCCICAOBAHUS MOTYT OBITh
MOPOIIKOBBIMH MJIA MOHOJIUTHBIMH.

THopowxkosvle 0bpasywi. Vccnenyemplii MaTeprai TIIATEIBHO pac-
TUpaeTcs B cTymnke. [opolok cMemuBaroT co c1abo MOTNoMamei u
c1abo pacceuBarolleil CBsI3KOW (BazelIMH W JAp.) U MOMEUIAl0T CMeCh B
CTaHIAapTHBIC KIOBETHl. ECITN YacTHIIBI MOPOIIKA PaBHOOCHEI M TIOPOIIOK
HE CKJIOHEH K 00pa30BaHHUIO TEKCTYPHI, TIOBEPXHOCTH 00pa3iia BEIPABHU-
BalOT HAa IUIOCKOM CTEKIJIe, Ha KOTOpOe HaHECEH CJOi CyXoro mcciemye-
MOro mopoinka. Eciii pu M3roToBJIEHWH 00pasiia BO3MOXKHO 00pa3oBa-
HHUE TEKCTYpHI (HEPaBHOOCHEIC BOJIOKHUCTHIE WM UTJI000pa3HBIC YacTH-
IB1), 9TO 00s13aTETHFHO MPHUBEIET K MCKAKCHUIO HHTCHCUBHOCTH JIMHUNA Ha
JuQpakTorpaMMe, TO M3JIMIIKK MOPOIIKAa M3 KIOBETHl HYXHO YOHpaTh
ne3BueM. B psie ciiygaeB BO3MOXKHO B KauecTBE 0Opas3LoB MPUMEHSATh
MIPECCOBaHHBIE U3 MOPOIIKA TAOIETKH.

Mononumnsie obpasywt. Ilpn U3roTOBICHUN MOHOIHUTHOTO 00pas3-
11a ero TMOBEPXHOCTh NUIN(YIOT, TOJUPYIOT (XUMHYECKU WUITH DIIEKTPOITH-
THYECKH), 3aTEM KpemsaT o0pasel Ha IUIACTHIMHE B KIOBETE WJIM B CTaH-
JAPTHOM KBapIIeBOM KOJbIe-Iepkatene. HyXHO criemuTs 3a TeM, 9TO0bI
PEHTT€HOBCKUH IyYOK HE Iomnajgal Ha IUIACTHIIMH, KOTOPBIH Na€T CBOIO
COOCTBEHHYIO AU(DPAKIUOHHYIO KapTHHY, OCOOCHHO B OOJIACTH MAIBIX
VTJIOB.
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Brinosnenue paéoTsl

1. Cvémxa oughpaxmoepammol

IonroroBieHHbI 00pa3el] B IepKaTele KPEIsT Ha CHEHUATEHOM
CTONMKE (TOHUOMETPHUYECCKOM MPUCTAaBKE), YCTAHOBICHHOM B LIEHTPE TO-
HUOMETpa. BpydHYI0 BBICTaBIAIOT HEOOXOIUMBIH yroJl Havyaia BPalleHUs
CUETYHKA, BHICTABIISIFOT CKOPOCTh €r0 BPAIICHHS U CLEIUICHUE aBTOMATH-
YEeCKOIr'0 CHHXPOHHOTO BpallleHus CUéTdnKa u obpasia (puc. 9.6).

Puc. 9.6. T'ornoMeTpuyecKkast mprcTaBka UG pakToMeTpa

IMocne 3Toro, yoeIHBIINCE, YTO OONACTh OOJYUEHHS 3aKphITa 3a-
[IMTHBIMH IITOPKAMH, BKIIOYAIOT mudpaktomerp. [lopsmaok BKIOUYCHUS
OMHKCaH B MHCTPYKIIUHU IO IKCIUTyaTallUU K KaKIOMY pUOOpyY, HO CyIie-
CTBYIOT U 00IIUE TpeOOBAHNUS:

1) mpubop Briroyaercs B cethb (220 B);

2) BKIIIOYAeTCs CHCTEMa OXJIAKIEHHs aHoma. IIpu 3ToM HeoOxo-
JUMO YOCIUTHCS B TOM, YTO 3aropeiach CUTHaJIbHAs JaMrmouka «I'0ToB Kk
mycky» (cm. puc. 9.6);
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3) (Ipu OTKIIIOYECHNH OXJIAXKACHHS JODKHA CpaboTaTh OJOKHPOBKA
¥ JIAMITOYKA JOJKHA OTKJIFOYHTECS) (prc. 9.7);

Puc. 9.7. TTanens ynpasnenus auppakromMeTpa

4) nomaetcs Beicokoe Hampsokerue (600-1200 B) Ha cuérunk;

5) mogaeTcs BBICOKOE HANpPsDKEHUE Ha TPYOKY M YCTAHABIHUBACTCSI
pexum e€ paboTsr;

6) BKJIIOYAETCS CHHXPOHHOE BpalleHHe cuéTumka W o0pasia, OT-
METUYHK YTJIOB MOBOPOTA CUETYMKA M yOHMpaeTcsl IITOpPKA, IMEePeKpPBIBAIO-
11asi MEPBUYHBIA MYYOK.

Ilpu HenmpephIBHON 3alKMCH HA JUATPAMMHYIO JICHTY, C [TOMOIIBIO
NOTEHIMOMETPa, BKJIIOYUTH €ro, BKIIOYHUTH OTMETYHK YIjia HOBOPOTa
CUETYMKA M OTMETUTh HAYAIBHBIN YO ChEMKH AU(DPAKTOTPAMMBI.

2. [lopsaodok nepsuunoeo pacuéma ougpaxmozpammol

OKcrepuMeHTanbHas Au(pakTorpaMma, 3alicaHHas ¢ MOMOIIBIO
UIEKTPOHHOTO MOTEHIIMOMETpPa, MPECTaBIsAeT co00i Tpaduyeckoe pac-
npe/eliecHe WHTEHCUBHOCTH «OTPaXXEHHOTO» OT 00paslia M3JIydeHHs B
3aBHCHUMOCTHU OT yTJia MOBOpOTa cuéTumka 20 (oOpaser] mpu 3TOM MOBO-
paunBaercst Ha yroa 0). Ecnu obpasel] He HaXOMUTCS B OTPaKAIOIIEM
MIOJIOXKECHUY, Ha TU(paKkTorpaMMe HadmonaeTes TupPy3noHHBIH QOH OT
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paccessHHOTO (AHMdparupoBaHHOr0) 0OpasioM u3nydenus. [lpu ompene-
NEHHBIX yTiIaxX MMOBOPOTa CYETYMKA UL IUIOCKOCTEH MapaiielbHBIX I0-
BEPXHOCTH O0pa3la BEHIIOIHACTCS YCIOBHE «OTpakeHWs» Bymbpa —
Bparros
n i =2dsino, (9.1)
rae N — MOPSIOK OTPaXKEHHs; A — JJIMHA BOJHBI U3TydeHus;, d — Mex-
IUIOCKOCTHOE pacCTOsIHUE; O — IIOJIOBMHA yriia ITOBOPOTA
CYETYHKa.

[Tpu BBIMONTHEHUN ycnoBus Bynbsga-bparros Ha nugpakrorpamme
TOSIBILIIOTCS. MHTEP()EPEHIIMOHHBIE MAKCUMYMBI OTPaKEHHS OT OIpee-
NEHHBIX IIOCKOCTEH (cM. puc. 9.1).

JJis BBIMOTHEHUST PA3IUYHBIX 3a71a4 PEHTICHOCTPYKTYPHOTO aHa-
JM3a B II000M cIydae He00XOIUMO 3HATh:

— BO3MOXHO OoJiee TOUHBIC 3HaYCHHS yIIIOB 20 mis wHTepdepeH-
IIUOHHBIX MAKCUMYMOB;

— abCONIOTHYIO ¥ MHTETPATbHYI0 HHTCHCUBHOCTH KaXKIOH JTMHUH.

CMerieHre yriioB OTPaKeHUS, U3MCHEHHS IMUPUHBI U BBICOTHI
PEHTI€HOBCKUX JTMHHUN Tal0T WHPOPMAIHIO 00 M3MEHESHHN KPHCTAILIHIC-
CKOM CTPYKTYPBI HCCIIEAYEMOTO MaTepuaia. B CBsI3M ¢ 3TUM CyIIeCTByeT
00N MOPSIOK MEPBUIHOTO pacyeTa JU(GPaKTOrPaMMBL:

1) B COOTBETCTBUH CO MITPUXAaMH OTMETYMKA 0003HAYUTD BCE YTIIbI
Ha JuQpaKTorpaMMe;

2) TpOBECTH YCPENHEHHYIO JHHUIO (poHa. VIHTEeHCHBHOCTH (oHA
HEBBICOKasl M [0 Mepe yBeIUUeHHs yria 20, oObIYHO CKJIOHHA K YMEHbB-
HICHUIO;

3) mo jgudpakTorpaMMe ¢ TOMOIIBIO JIMHEWKH ONPEACISIOT
yroi 26, COOTBETCTBYIOIIMN KaKAOMY IU(PPAKIIMOHHOMY MaKCHMYyMY.
[ y3KuX CHMMETPHYHBIX HEPACIICIUICHHBIX JIMHUHA YTOJN C TOCTaTOY-
HOU TOYHOCTBHIO MOXKHO OTIPENEIITh MO MOJOKEHHI0O MaKCUMyMa WHTEH-
CHUBHOCTH; JUTSI Pa3MBITHIX, HECHMMETPHUIHBIX JIMHAHN CICIYET OTPEICIITh
HEHTP TSHKECTH JTUHUU. [ paduueckuii MEeTo]] OnpeieieHns IEHTpa TskKe-
CTH «METOJI CEKYIX» IMOoKa3aH Ha puc. 9.8.

HJ’[H HaXOXXICHUS IMOJIOKCHHUA MaKCMMyMa MWHTCHCHUBHOCTHU OIIpE-
JEITSTIOT TTOJIOKEHUST CEPEIUHBI OTPE3KOB, COSTUHSIONINX TOUKH PO
JMHUY, JSKAIUE IO Pa3HbIe CTOPOHBI OT MaKCUMyMa W UMCIOIIHE PaB-
HBIC HHTCHCUBHOCTH. VIHTCHCUBHOCTD JIMHUH OMPEAEIIIOT KaK Pa3HOCTh
MCXKIY H3MepeHHOI>i HMHTCHCUBHOCTHIO U MHTCHCHUBHOCTBIO (1)0Ha, U3Me-
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HEHHE KOTOPOIo B IIpefeliax JIMHUU cUuTaeTcs JMHEeUHbIM. [losyueHHble
TOYKU COCOUHSIOT KPUBOH, KOTOPask SKCTPATIOIHUPYETCS 10 MPOQHIS JTH-
Hun. [Ipn HEOOXOAMMOCTH LEHTP THKECTH JTUHUU PACCUUTHIBAIOT Mare-
MaTHYECKH, YTO SABJISIETCSA JOCTATOUHO TPYAOEMKOH Oomeparuei;

{(8)
X ¢
—“——_ [}
ST ¥ S
2y 262 29

Puc. 9.8. CxeMma k onpeiesieHHI0 NON0KEHHS IEHTPa TAXKECTH
JUGPaKIHOHHON IMHUI METOIOM «CEKYIINX»

4) npunss 3a equauiy (wim 100 %) HHTEHCHBHOCTH CaMO# BBICO-
KOM JINHHUHM, ONpPENeNstoT OTHOCUTENbHBIE HHTEHCUBHOCTH BCEX OCTallb-
HBIX JINHAH IH(PPaKTOTPaMMBI;

5) 3Has MIMHY BOJHBI HM3JIYYCHHUS, HOJb3YSCh CICHUATbHBIMH
crnpaBoyHHKamMHu (Wau 1o Gopmyne Bynsda-bperros), onpenensror mex-
IUIOCKOCTHOE PACCTOSIHHE, COOTBETCTBYIONIEE KXKIOH JIMHUH.

Ha »ToM nepBuuHBI pacueT an¢pakTorpaMMbl B 0o0IIeM ciydae
MOYKHO CUMTAaTh 3aBEPIICHHBIM.

3. Ilpasuna mexnuku 6e3onachocmu npu pabome ¢ UCHOYHUKAMU
PEeHM2eHOBCKO20 U3TYUEeHUs

IIpu paboTe ¢ MCTOYHMKAMH PEHTI'CHOBCKOTO M3JIyUYCHHUS CYIle-
CTBYET OIIaCHOCTh IOPAKEHMs IEepCcoHajia HICKTPUUYECKUM TOKOM U
HOHU3UPYIOUIUM H3JTy4CHUEM.

3ammuTa OT MOPAXEHHS DIEKTPUYECKHM TOKOM OOecreunBaeTcs
3aITHBIM OTpaXKIEHHEM M CHCTeMOil OiokmpoBok. Heobxomammo yuu-
ThIBaTh, YTO OJIOKMPOBOUHBIE YCTPOUCTBA Pa3pbIBAIOT TOILKO LIEIb BBI-
COKOBOJIFTHOTO TUTaHUS (10 75 kB), HO TpHu 3TOM HE 00ECTOUMBAIOTCS
ey Hu3Koro Hanpsbkenus (220 — 380 B).

PenTreHoBCcKue TydH, MOTJIONICHHBIE OPTaHU3MOM YeJIOBEKa, '0Ka-
3BIBAIOT Ha HErO OTpHIATeNbHOE OHonormdeckoe BosacicTaue. CTeneHsb
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ATOTO BO3ICUCTBHS ONPENCIICTCS IIMHOW BOJHBI M3IYYECHUS W KOJIMIe-
CTBOM TOTJIOMEHHBIX (POTOHOB.

BesonacHble 0T meiicTBHS U3ITy4eHHs] YCIOBUS PaOOTHI obecreyn-
BAIOTCS CICIUATBHBIMY 3aIUTHBIMH YCTPOHCTBAMH U CTPOTHUM BHIIOJI-
HEHHEM pabOTAIONIUMHU MTPABHJI TEXHUKH 0€30TIaCHOCTH.

B kauecTBe 3aIIUTHBIX CPEICTB MPHMEHSIOT: SKPAaHBI U3 CBUHIIO-
BOT'O CTEKJIa, INTOPKH M3 MPOCBHHIIOBAHHON PE3WHBI MM JIUCTOBOTO JKe-
nesa.

Crporo 3ampeniaercs paboTa Ha amnmapatax C OTKIIOYEHHBIMH
OJIOKMPOBKAMHU WJIM CHSATBHIMHE 3allIUTHBIMH YCTPOUCTBAMH.

Kontyp 3asemieHuss B 1a0opaTopuu JOMKEH OBITH HCIIPABEH.
Kopnyc npubopa o0s13aTenbHO JOmKeH OBITh 3a3eMiieH JlocTyn K TOKO-
BEIYIIMM YacTsM IpUOOpa JOIKEH ObITh 3aKPBIT.

MaxkcuManbHas 0CTOPOKHOCTh JOJDKHA COOMIONATHCS TPH FOCTH-
pOBKe ammapata (BBIONHSAETCS orepaTopoM). [Ipu ycTraHoBke u cMeHe
00pasoB PEHTICHOBCKUI ITy4OK HEOOXOIUMO II€PEKPHIBATH IITOPKOM
(MM OTKITIOYATH ammapar).

Tak kak pEeHTreHOBCKHE JIy4YH HOHU3UPYIOT aTOMBI BO3JyXa U IPH
9TOM 00pa3yloTCs BpeaHbIe Ui YesioBeKa Ta3bl (3aKHCh a30Ta, O30H),
HE00X0AMMO, 4TOOBI MpH paboTe ObLT oOecriedeH yCTaHOBJICHHBIH HMH-
CTPYKLHEH K MpHOOpYy 0OMEH BO3IyXa B HMOMENICHUH (BEHTWIANHUA). Bo
BpeMsi pabOTHl HEOOXOIMMO H30eraTh IMOMAaJaHus MO MPSIMOM IydOK U
HAXOJTUTHCS MHHUMYM BPEMEHHU B TIOMEIICHHH, TI€ PadOTaeT peHTTCHOB-
ckas ycraHoBka. Ha paboumx mecrax 00s3aTETBHO OIOWH Pa3 B MECHII
MPOBOJUTH JO3UMETPHUYECKUIT KOHTPOJIb.

4. Cocmasbme omyem o pabome:

4.1. 3anucath Ha3BaHUE U 1IETb PaOOTHI.

4.2. O3HaKOMUTBCSI C YCTPOHCTBOM OCHOBHBIX COCTaBHBIX Ya-
cTell nudpakToMeTpa, KPaTKo OMUCATh M 3apHCOBATh CXeMy IIpHoOopa.

4.3. V3y4nTh MOPSIOK BKITIOYCHHUS M BBIKITIOUCHUS amlliapara.

4.4. TlogroroButs 00pa3zer s MCCICAOBAHHS (TIOPOIIKOBBIN
WIIM MOHOJIUTHEIH, B 3aBHCUMOCTH OT MHAWBUIYATBHOTO 3a[aHMs), OIH-
caTh METOIUKY IIPUTOTOBJICHHUSL.

4.5. BeibpaTh U 000CHOBaTh PEXHUM padOTHI aAudpakToMeTpa,
3amucaTh ero.
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4.6. 3akpenuTh 0Opa3zel] B CICIHUAIbHOM KBapIIEBOM KOJIbIIE
WM B KIOBETE M YCTAHOBUTH €TO B JISPXKATENb 00pa3I[0B HA TOHHOMETPE.

4.7. BBICTaBUTH MO IIKaJIE MPUOOpPa HEOOXOIUMBIH YroJI TTOBO-
poTta cuérunka 26.

4.8. 3aKkpbITh 3aIIUTHBIE MTOPKH.

4.9. BKIIOYUTH CUETHO-YIIPABJISAIONIEE YCTPOHCTBO M MTUTAHUE
(BBICOKOE HATIPSHKCHHE) CUETUHKA.

4.10. BximrounTs TUGPaKTOMETP B COOTBETCTBUH C UHCTPYKIIH-
el k mpubopy W YCTAaHOBUTH pPabOUYUil PEKUM PEHTICHOBCKOH TPYOKH
(BBITIOJTHSETCS OMEPATOPOM).

4.11. BIroYuTh CaMONUIIYIINN NPHOOP, OTMETUHK YIJIOB I1O-
BOpOTa CUETUMKA M CHHXPOHHOE BpalleHne o0pa3ia U cuéTyrka (BBIMOJI-
HAETCSI OTIEPATOPOM).

4.12. 3ammcath audpakTorpammy (BBITOJHSETCS IOA HAOIO-
JICHUEM OTIepaTopa).

4.13. Tlociie 3aBepIieHUs] ChEMKHU BBIKJIIOUUTH amiapar, B I0-
psiiKe 0OpaTHOM BKIIFOUESHHIO (BBITOJIHSETCS C IOMOILBIO OIlepaTopa).

4.14. TIpou3BecTH B COOTBETCTBUU C METOAUKOH, U3TIOKEHHON
B HACTOSIIIMX METOJMUYCCKHUX YKA3aHHSX, MEPBUYHBIA pacuéT mudppakTo-
IrPaMMBbI:

— OTpENeNUTh YIIIOBOE IOJIOKCHUE U OTHOCUTEIHHYIO WH-
TEHCUBHOCTH KaXXIOW JIMHWM;

— o Gopmyiie Bynwda-bperrop paccuutath MEKIUIOCKOCT-
HOE PACCTOSIHHE, COOTBETCTBYIOIIEE KAKIOMY ITU(PPAKIHOHHOMY MaKCH-
MyMy.

4.15. Yka3are AJIMHY BOJIHBI M3JTy4€HMS, 3aIIHCAaTh PacUCTHBIC
(hopMyITBI U BBIYUCIICHHS.

4.16. PezynpTathl pacuéra 3aHECTH B TaOJIUILY

Ne OTHOCHTeNbHAS VYron VYron sind MeXI10cKkoCTHOE
/ WHTEHCUBHOCTH 20, 0, paccrosiaue d, HM
TMHAA lomn rpaj. rpaj
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KOHTpOJIbeIe BOIIPOCHI

1. KakoBbl mpenmyIiecTBa U HEAOCTATKA METOAa PEHTTEHOBCKOM
JU(PPaKTOMETPUU 110 CPABHEHUIO ¢ (poTOMETO10M?

2. HazoBuTeE OCHOBHBIE OJIOKH PEHTT€HOBCKOTO TU(PPaKTOMETPA.

3. Kakas reoMeTpusi CheMKH B CXeMa FOCTHPOBKH IPUMEHSIIOTCS B
COBPEMEHHBIX TU(paKTOMETpax?

4, Kakue BuaBI 00pa3loB MPUMEHSIOTCS MPU CheMKe Ha audpak-
tomerpax? Kak roToBsarcst o0pasibi?

5. KakoB o0muii mopsoK BKIFOYCHHUS U BHIKITIOYCHUS PEHTTCHOB-
cKoro nudpaxkromerpa?

6. Uto takoe ycnosue Bynbsda — Bparros?

7. Uto mpencrapiuseT coboit qudpakrorpamma? Hapucyiite cxemy.

8. Ilepeunciinte OCHOBHBIC OTEpaIK TIEPBUYHOTO pacdyéra mudpa
KTOTPaMMBEL.

9. Kakue CymecTBYIOT METOABI ONpPEESICHUs YIIOBOTO IOJIOXKe-
HUSI JTMHUE Ha qudpakTorpamme?

10. Kaxk ompenensiercss abCONOTHAS M OTHOCUTENbHAs WHTEHCUB-
HOCTb AH(DPaKITUOHHON JIMHUH?

11. Kak MOXXHO OmpeAenuTh MEXIUIOCKOCTHOE PACCTOSIHUE, COOT-
BETCTBYIOIIEE KAKION IMHUK TUDPAKTOTPAMMBbI?

PexoMenayemasi imreparypa

1. I'opemuk C.C. PeHTreHorpaduyecknii U 2IEKTPOHHO-OIITHYEC-
KAi aHanmm3: ydveO. mocobHe I By30B. — 3-€ M3. JOm W mepepab. /
C.C. T'openmuk, 10.A. Ckaxos, JI.LH Pactopryes. — M.: MUCHUC, 1994. —
326 c.

2. Mupkun JL.U. PeHTreHOCTpYKTypHBIN aHaau3 MallUHOCTPOU-
TENBHBIX MaTepuaioB. cnpas. / JL.W. Mupkua — M.: ManmmHOCTpoeHue,
1979. - 134 c.

3. Mupxkus JL.U. CipaBOYHUK IO PEHTIT€HOCTPYKTYPHOMY aHAIU3y
nojukpuctawion / JLU. Mupkun. — M,: ®uzmatrus, 1961.

4. Xetikep [1.M. Pentrenosckas audpaxromerpus / JI.M. Xeiikep,
JI.C. 3eBun. — M.: ®usmarrus, 1963.

5. Ymanckuit M.M. AnnapaTypa AJjii peHTT€HOCTPYKTYPHBIX HC-
caenoBanuii / M.M. Ymanckuii. — M.: ®usmarrus, 1960.
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10. KAYECTBEHHBI ®A30BbII
PEHTTEHOCTPYKTYPHBIN AHAJIN3

Pentrenorpadudeckue METOBI SBISIFOTCS OJHAUMU U3 BAKHEHIITNX
(yHIaMEHTAIBHBIX METOIOB YCTAaHOBJICHUS U MCCIICIOBAHUS KPUCTAIUIN-
YECKOW CTPYKTYPHI Pa3IHYHbIX MaTepHasioB. [IefiCTBUTENIEHO MAaCCOBBIMU
OHHM cTasy OJaroaps UCIOIb30BAHUIO AU(PPAKTOMETPOB.

PeHTreHOCTPYKTYpHBIA TU(PPAKTOMETPHUCCKUN aHAU3 SBISCTCS
TPSMBIM aHATTU30M U XapaKTePH3YeTCs BBICOKOW JOCTOBEPHOCTHIO pe-
3yJIbTATOB, SKCIIPECCHOCTHIO M OTHOCUTENILHON NiemeBu3Hoil. He Tpebyer
0OJIBIIOr0 KOJIMYECTBA MaTepuana IJis UcciefoBaHus, oOpasell (1eTaib)
B IIPOLIECCE MCCIEIOBAHMS HE Pa3pyIIaeTCs.

Ilenpro pEeHTTEHOBCKOTO (ha30BOTO aHAJM3a SBISACTCS HIACHTH(DH-
Kalys BelecTBa (OTACIBHO WM B CMECH) 10 HA0OPY ero MEKILIOCKOCT-
HbIX paccrostHuit . OGnacTH TpPHUMEHEHHsS KadyeCTBEHHOTO (a30BOTo
aHaJIM3a pa3HoOOpasHbl U I HAYYHO-UCCIIEOBATENbCKUX PAdOT U Ui
KOHTPOJISl KaYeCTBA MaTePHUAaJIOB.

JIOCTOMHCTBOM PEHTTEHOBCKHX METONOB SIBIISICTCS BO3MOXKHOCTH
OTIpENIENICHHST B 00pa3le MPaKTHYECKH 000N KPUCTAJUTHUECKON (a3bl.
YyBCTBUTENBFHOCTE METO/IA OTIPEEIISICTCS, MHIUBHYAILHBIMH OCOOCHHO-
cTsiMu (a3sl. OOBIYHO OHA YIOBJIECTBOPUTENBHA M cocTaBisieT 1-3, WHO-
raa gocturaet 0,1 %.

@®a30BbIil COCTaB MaTEPHUATIOB MOKHO MPOBEPATH B IMPOLIECCE €T0
MOJTyYeHHsI, SKCIUTyaTalllu, TIOCje pa3IMYHBIX BUAOB 00paboTKH (Mexa-
HUYECKOM, TEPMUIECKOU, XHMUKO-TEPMHUIECKON U T.II.).

PenTrenonn¢pakinoHHbIE METOIBI KAUECTBEHHOTO aHamu3a o0a-
JAIOT, TI0 CPAaBHEHUIO C JPYTUMH, OOIBIINMH BO3MOKHOCTSIMHA aBTOMATH-
3anuu. B TO ke Bpems, UL COBPEMEHHOTO PEHTreHOAU(PAKIHOHHOTO
aHaJIM3a HY)XHA CJIOXKHAs ammaparypa, TpeOyercs mnpodeccHoHanbHas
MOJITOTOBKA OOCITY>KMBAIOIIETO TIEPCOHANIa U CIelnuaibHoe 000pymoBa-
HHUEC ITOMCUICHHUA.
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10.1. UnenTndukanus oAH0¢a3HbIX BelIeCTB
110 IAHHBIM 0 MEKIJIOCKOCTHBIX PACCTOSTHHSIX

Omnpenenenne $assl (MaeHTH(GUKANUSA MaTepHana) — OHA U3 OC-
HOBHBIX 33J]a4 PEHTT€HOCTPYKTYPHOI'O aHAJIN3a.

Kaxmoe kpucTauimyeckoe BEIIEeCTBO 00JIaaeT MPUCYIIeH TOIBKO
eMy KPUCTAIUIMYECKOH PEIIeTKON U XapaKTepU3yeTCs MPHCYIIHM TOJIBKO
eMy HabopoM Tu(paKIIMOHHBIX JHHUHM HA TU(PPAKTOTpaMME.

Kaxnoil nudpakiMoHHOM JIMHUKM COOTBETCTBYET OIpeAeiIEHHOE
3uagenune d/n, rae d — MEXIIIOCKOCTHOE PACCTOSHUE CEPHU OTPAXKAIOIINX
TUTOCKOCTEH, N — MOPAIOK oTpaxeHus. ONpenenuB MeCTOIIONIOKEHUE JIN-
HUI Ha peHTreHorpamMme (yroj 20) u 3Has UIMHY BOJIHBI H3yYEHHS A, TI0
¢opmyne Bynbda—bparros

d/n = A/2sin6 (10.1)
MOYKHO OIPEJESIUTh 3HAaYCHUS] MEKIUIOCKOCTHBIX paccTosHuil. C 1emnbto
COKpAIlleHHs] BpEMEHH Ha pacyéThl AJst onpeseseHus d/n, B 3aBUCUMOCTH

oT yriia 6, MO>KHO BOCIIOJIB30BAThCA CeUaIbHbBIMK Tabmuamu [2,3].
3Hasi MEKIUIOCKOCTHBIE PACCTOSIHUS, MOXKHO OIIPENeNUTh Iapa-
METPbl KPUCTAJUIMYECKOW pemeTku. Ui 3TOro, NpoaHalU3UpOBaB pac-
MOJIOKEHHUE JIMHUI Ha TU(PpaKTOrpaMMe, ONPEAEISIIOT KPHCTATHYECKYTO
crpykrypy u muAekchl (hkl) xaxmoit muHuu. IToTOM IO KBaapaTHYHBIM
dhopmam (tadn. 10.1) onpenesssroT mapaMeTpbl KPUCTALTUISCKON pemeT-
ku. [Ipu unentndukanuu Bemectsa (¢passl), KpoMe 3HAUCHUH MEXKILIOC-
KOCTHBIX PACCTOSIHUM, OONBIIOC 3HAUCHHE UMEIOT OTHOCHUTEIHHBIC HH-
TEHCHBHOCTH JTUHHUH, KOTOPHIE B MEPBYIO OYEPEIb 3aBHCAT OT KPHCTAI-
TUYecKoi cTpykTyphl (hazel. Hanbonee MHTEHCUBHBIMU OyIyT JTUHUH OT

CEMENCTB TUIOTHOYNNAKOBAHHBIX aTOMHBIX TJIOCKOCTEH.
Ta6muua 10.1
Kanpatuunsie ¢GopMbl UIs OnpeaeIeHus mapaMeTpoB
KPUCTAJUINYECKOHN PEIIETKU

CuHroHus Kganparuunas popma
1 2
Ky6uueckas 2 1 h2 + k2 + |2
sin26= — (h?+k?+1?) — =
4a’ d? a’
TerparonanbHas - /12 (h2 +k2 .\ |2) 1 h2 +k2 .\ |2
sin‘o=—\(——+— - = 4
4° a* ¢ d? a®  c
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3HavYeHUs MEXIUIOCKOCTHBIX PACCTOSHHUN, OTHOCHUTEIBHBIX WHTCH-
cuBHoctedl ¥ mHACKCH (hKI) muHMit (MHOEKCH KpUCTALTOrpadHUecKuX
IUTOCKOCTEH) IS M3yYCHHBIX BEUICCTB M COCTUHEHUH €CTh B CHENHAIb-
HBIX CIpaBOYHUKAX [2,3]. DKCHIepuMEHTaNbHBIE PE3yJIbTaThl CPABHUBAIOT
CO CIIPaBOYHBIMH U OTIPEAEISIOT UCCIIEAYyEeMOe BEIIECTBO.

[IpoBons (ha3oBwIli aHaMU3, 00S3aTENBLHO CPABHUBAIOT JKCIIEPH-
MEHTANbHBIE W TEOPETHYECKHe (CIPaBOYHBIC) 3HAUEHUS KaK YIIIOBOTO
TIOJIOKEHUS, TAK ¥ MHTCHCUBHOCTH JTMHUH. [103TOMY BIHSIHUE Pa3IMIHBIX
(haxTopoB (HampuMep, TEKCTYpa) Ha UHTEHCHUBHOCTH TP MPUTOTOBICHUH
00pa3loB HYXHO 110 BO3MOXKHOCTH MCKITFOUUTH WU YIUTHIBATH IPU pac-
MU ()POBKE PEHTTEHOTPAMMBEL.

[lomydeHHBIE HKCIEPUMEHTAIBHO 3HAUCHHS MEKIDIOCKOCTHBIX
PacCTOSHUIA U MapaMeTPOB AOJDKHEL, ¢ TOYHOCTHIO HE MEHEE UeM J0 BTO-
pOTro 3HaKa, COBMAaTh CO CIIPaBOYHBIMH JaHHBIMI.

10.2. KayecTBeHHBIH 1 MOJIYKOJHYeCTBEHHbIH aHAJIN3
ABYX(pa3HBIX CHCTEM

Judpaxrorpamma mMHorodazHol (IByxQa3HOil) CHCTEMBI, B YacT-
HOCTH HEKOTOPBIX CIUIABOB, IPEACTABIACT COOON Pe3ybTaT HAJOKECHUS
JU(pakTorpaMM KaxIo# U3 NpUCYTCTBYOUMX (pa3. HTEHCUBHOCTH NH-
HUH B 00IIeM cilydae IpONOPIHOHATBHBI KOIHUECTBY (ha3pl. CooTHOIIIE-
HUE WHTEHCUBHOCTEH JTMHHUN KaxIoi (as3pl mpu 3ToM coxpansiercs. daza,
cofiepXKaHne KOTOPOil HEBEIMKO, Ha pEHTTeHOrpaMMe OyJIeT IpecTaBlie-
Ha OTpaHNUYCHHBIM YMCIIOM HanOoJiee MHTEHCHUBHBIX JIHHHUN. 13-3a Hanm-
YU Ha TaKUX AUQPPAKTOrpamMMax OOJBIIOTO KOJMYECTBA JIMHUH W BO3-
MOKHOCTU HAJOXKEHHsI JIMHUH pas3HBIX (ha3, peHTreHorpaMMy MHorodgas-
HBIX CHCTEM HYXHO CHUMATh B «MATKOM)» OT(HIBTPOBAHHOM H3ITydICHUH.

B Merajulmueckux CHCTEMax dalle BCEro BCTpedaroTcs ¢assl,
UMeIole NPUMUTHBHYIO KyOudeckyio (K), 06bEMHO-IIEHTpUPOBAHHYIO
kyouueckyto (OLIK), rpanenienTpupoBannyto Kyonueckyro (I'LIK) u rexk-
caroHaipHyto 1iotHoynakoBanHyto (I'TI) pemérku. Pacnonoxenue iu-
HUI Ha PEHTTEHOTPAMME, UX OTHOCUTEIIbHBIE HHTEHCUBHOCTU U MHJEKCHI
JMHUH U1 TAKHX KPUCTAJUIMYECKUX CTPYKTYP U3BECTHBI.

IIpexne yem pa3menits a3l aHATUTHYECKH, HY)KHO BHAMATEIb-
HO paccMOTpeTh IU(PaKTOrpaMMy U IOMBITATHCS BH3YAJIbHO BBIICIUTH
oTAeNbHBIE (a3bl, YYUTHIBAs XapaKkTep PacloNOKEeHUs JINHAHN, UX HHTEH-
CHBHOCTb, NMPOQWIb, MUPUHY U YIIIOBOE IIOJIOXKeHHe. Bce MakcHMyMBI
OJTHOTO BHEIITHETO BUAA (HAIlpUMeEp, YIIHPECHHBIC 3aMBIThIC HIIH aCCUMET-
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pUYHBIC) OYAYyT MPUHAMJICKATH OJHON (hasze, 4TO MO3BOJIUT Cpa3y BhIC-
JUTH UX U3 O0IIEro psijia JTUHUH.

YroOBl yCTaHOBHUTH HPUPOLY (a3, IPUCYTCTBYIOMINX B HUCCIEIye-
MOM MaTtepuae, Hy)KHO:

— 13 00LIero psiga MONYYEHHBIX PAacuéTHBIM MyTEM 3HaueHwmit d/n
BBIJICTUTE PSIOBI, CBOMCTBEHHBIE KAKIOH M3 KpHCTALIMIeCKUX (a3 (Imo
(hop™me U BHITy THHAN),

npouHaunupoBath aunun (omnpeaenuts hkl) u ompenenuts kpu-
CTAJUTMYECKYIO CTPYKTYpPY (hasbl;

—comnocTtaButh ¢ TabmuunsivMu 3Hadenust d/n u (hkl) 1 unenTndu-
LUPOBATH (Pazy;

—PpaccuuTaTh IO KBaJpaTUYHOM (opMe 3HAueHHs NEPUOJOB pe-
IIeTKH.

s onpenenenust $a3oBOro cocraBa Marepuana MpHu ChbEMKE Ha
JudpakToMeTpe HEOOX0UMO TOJ00paTh TaKOW PEeKUM paboThl ammapa-
Ta, YTOOBI 00ECIICYNTE:

— BBICOKHE TOYHOCTh W TyBCTBUTEIHHOCTH B ONPEICIICHAN MHTCH-
CHUBHOCTH JINHUH (IIMPOKHE IIETH, OOJIbIIAs TOCTOSHHAS BpeMEHH, MaJas
CKOpOCTH IBIDKCHHS CUETUHKA);

— IOCTAaTOYHYIO (IO TPETHETo 3HAKA) TOYHOCTH B OTIPENEIICHIN MEXK-
TUIOCKOCTHBIX PACCTOSHUH (Y3KHE IYYKH, MaJIbIC IIOCTOSIHHBIC BPEMCHH);

— 3KCIIPECCHOCTh aHANN3a (3HAUUTEIBHBIC CKOPOCTH CHEMKH).

[pu pacmmdpoBke auppakTorpaMMbl HY)KHO ITOMHHUTB, YTO JasKe
B CIy4ae YAOBIECTBOPUTEIHFHOTO COBMAICHUS SKCIECPHUMEHTAIBHO MOIY-
YEHHBIX M TEOPETHUECKUX 3HaueHUi 0/N OKOHYATEIBHBINA BBIBOA O IMPH-
CYTCTBHH (ha3bl B UCCIEIYEMOM MaTepualie MOKHO CIeNaTh TOJIBKO IO-
CJie CpAaBHEHUS TAOJMYHBIX U IKCIICPUMEHTAIbHBIX HHTCHCUBHOCTEH OT-
pakeHui.

IIpu cpaBHEHNM WHTEHCHBHOCTEH BO3MOKHO BIIMSHHE HATHIUS
TEKCTYPHI B CTPYKTYpe HccaeayeMoro Marepuana. TekcTypa (mpeuMyte-
CTBEHHAsl OPUEHTHPOBKA 3E€PEH) MOXKET BO3HUKHYTh MpH 00paboTKe Ma-
Tepuala M B MpOIecce MPUTOTOBIECHMs oOpasna aist chéMku [lpu Hamm-
YUH TEKCTYPHl OTHOCHTEIbHbIC HHTCHCUBHOCTH IJIMHHH Ha PEHTTEHO-
rpaMMe H3MECHSIOTCA.

IIpu npoBeeHNN PEHTIEHOCTPYKTYPHOTO aHAIN3a 0YE€HB OOJIBIIOE
3HAYCHUE UMEIOT JIFOOBIE anpUOpHEIE (IIpeaBapUTEIbHBIC) CBEACHUSI 00
oOpa3siie: ero XUMHUYECKUH COCTaB, MPEANIECTBYIONIAass 00paboTKa, mpe-
nosaraeMbie (a3l U T.JI. DTO CYIIECTBEHHO OO0JerdaeT W COKpaiiaer
BpEeMs HHIUIUPOBAHUS JIMHUHN U PACIIU(PPOBKH PEHTTEHOTPAMMBL.
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Brinosnenue paéoTsl

1. Hoenmupurayus 00noaznvix mamepuanos
1. V3 npemmoxXeHHOTo Marepuaia IOArOTOBUTH oOpaser s
cbéMKu Ha audpakromeTpe trma JJPOH.
2. BpiOpaTh yclOBUS CBEMKH U TOIYYHUTH TUPPAKTOrpAMMY
(BBIMOJTHAETCSI ¢ TIOMOIIBIO OIIEPATOPA).
3. Paccunrats audpakrorpammy, onpeaenuts yriasl 6 u d/n s
BCEX JINHUM.
i TOBBIIEHUS] TOYHOCTH OMIPEAEICHHs YIIIOBOTO ITOJIOKCHUS
JIMHUIA BOCIOJIb30BATHCS METOOM «CeKyiux». Pacuér 3nauenuit d/n
MIPOBOJUTCS 10 ypaBHEeHUIO Byibda—bperros (1), B KOTOpoM 3a JITHHY

20+ Ay

BOJHBI (A) MPUHUMAIOT 3HAYEHHE Acp= ——————— HCIOJIB3yEMOT0 H3ITy-

yeHMs(3HAYECHHS JJIMH BOJIH PasIMYHBIX U3JTyYEHHUH NPHBEICHBI B CIpa-
BOYHHKAX).

4. Ilo MOIyYeHHBIM IKCIIEPUMEHTAIBHBIM PE3yIbTaTaM IIOCTPO-
UTH IITPUXTUATPAMMY U IPOUHANUIINPOBATE JTMHAN TUPPAKTOTPAMMBL.

5. BoCIoJIb30BaBIIUCH CITPABOYHUKOM — OIPEICIUTEIEM HICHTHU-
(buUIMPOBaTh MCCIEAYSMBIl MaTepUal, T.¢. YCTAHOBHUTH BEIIECTBO, OT KO-
TOpPOTro Obljia MmosydeHa JudpakTorpaMma.

6. Vcxonable naHHBIE, pe3yiIbTaThl U3MEPEHUN W PACcUETOB 3aHO-
cuTe nocienosarenbHo B Taon. 10.2.

Ta6muua 10.2
Pacuért mudpaxTorpaMMsl sl IPOBENCHHS Ka4eCTBEHHOTO (Pa30BOro
aHaJIM3a MPOCTHIX BEIIECTB U OAHO(A3HBIX COCTMHEHUN

Ne 20,rpax. | O,rpan. sind d/n hkl aA | CA taza

1 2 3 4 5 6 7 8 9

2. Hoenmuguxayus gpazosoeo cocmasa 08yxghasuwvix cucmem

1. W3roroBuTh 00pazer U3 MpeyIoKESHHOIO MaTeprana, BEIOpaTh
YCIOBUS CHEMKU U MONYYHUTH AH(pakTorpammy (BBIOTHAETCS C IIOMO-
IIBIO OTIEpaTopa).
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2. Paccunrars auppakTorpammy, ompeneauts yrasl 0 u d/n mus
BCEX JINHUM.

3. BHUMATENbHO BU3yalbHO MPOAHATU3UPOBATH MPOQIIH JTHHUMA
(cuMMeTpHYHBIEe, OCTPHIC WA Pa3MBITHIC, YIIUPCHHBIE) U UX HHTCHCHB-
HOCTH. BBIIETUTh psbI TMHUA IPHHAIISKAITIX OJTHOU (ase.

4. HauepTuth MTpUXAHarpaMmMy Kaxxaoi ¢assl.

5. C moMOIIbI0 TEOPETHUYESCKOHN IITPUXIUATPAMMEI ITPOHHIUIIAPO-
BaTh JIMHUM SKCHCPHUMEHTATBHOW TU(PPAKTOrpPAMMBL. Y CTaHOBUTH KPH-
CTaJUTHIECKYIO CTPYKTYPY (a3bl.

6. [To cripaBOYHHKY-OTIPEISITATENIO HAUTH TIpeInonaraemMyto dasy.
[Ipu ycranoBneHnu ¢a3pl SKCIEPUMEHTAIBHBIC M TaOIUYHBIE 3HAYCHUS
d/n u (hKl) momkHBI COBIagaTh He MEHEE YeM I TPEX CaMbIX CHIIBHBIX
TUHUA uaeHTuguuupyemoii ¢aspl. [lpu cobmogeHun Bcex TpeOoBaHMIA
MOYKHO TOBOPHUTH O HAJIMUUH (ha3bl B UCCIEAYEMOM CHCTEME.

7. OcraBmmecs THHUM Ha TU(PpaKTOrpaMMe, IPHHAIICKAIIIE
JpyToil (ase, MpoaHATU3UPOBATh TaK e, KaK U JIMHUW TIepBOH (a3bl
OTIpEeCTUTH BTOPYIO (azy.

8. [To UHTEHCUBHOCTAM JIMHUNA KaxAoi (a3sl mpuMepHO (Oosnbliie —
MEHbIIIE) ONPEJeTUTh KOJIMYECTBO (a3 B aHATU3UPYEMOM MaTepHale.

9. Pesynprartel 3anucarts B Taba. 10.3, 10.4 u 10.55.

Ta6muua 10.3
[TepBuuHbIi pacyéT AUGpPaKTOrpaMMBbI
Ne n/nn 20, rpag. 0, rpan. sin@ d/n
1 2 3 4 5
Ta6muua 10.4
OmnpeneneHue mepBou ¢assl
Ne /it ke loke hkl d/MNoke d/Nragn lra6n (1)8.33
1 2 3 4 5 6 7 8

Ta6muma 10.5
Omnpenenenue BTOpOi ¢a3sl

No H/H eakc |3|<c hkl d/n3xc d/n-[a6ﬂ I'[a6ﬂ (1)333

1 2 3 4 5 6 7 8
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KOHTpOJIbeIe BOIIPOCHI

1. Yro Takoe kpucTayumueckas gasza?
2. Ha 4éM OCHOBaH pEeHTTEHOBCKHU METO]l KaueCTBEHHOTO (ha3o-
BOT'O aHa/IM3a, B 4€M OH 3aKJIF0YaeTCs?
3. Uro Takoe yrox 0, B KakuxX eIWHUIIAX U3MEPESHHUS ero onpee-
TS10T?
4. Yro os3pauyaer BennuumHa O/N M Kak OHA MOXeET OBITH
onpexaeneHa?
5. Yrto Takoe mITpUXJUarpaMMa U Kak ero MoJb3yTcs MpU IpoBe-
JIEHUH KauyeCTBEHHOTo (pa3oBoro aHanuza?
6. IlocnenoBaTenbHOCTh BBITOIHEHUS KauyeCTBEHHOTO (ha30oBOTO
aHanmu3a’?
7. OT 4ero 3aBUCHUT YyBCTBUTEIILHOCTh KAUECTBEHHOTO (ha30BOTO
aHanmu3a’?
8. Kakoe uunciio audpakiMOHHBIX JTHHUAN SBISAETCS JOCTATOYHBIM
JUIS IOCTOBEPHOH uaeHTH(UKauu ¢aspr?

PexoMenayemasi imreparypa

1. I'opemuk C.C. PeHTreHorpaduyecknii U 2IEeKTPOHHO-OIITHYEC-
KAA aHanu3. y4eb. mocobue aias By30B. — 3-€ W34, mom W mepepad. /
C.C. T'openuk, 10.A. Ckaxos, JI.LH Pactopryes. — M.: MUCHC, 1994. —
328 c.

2. Mupkun JL.U. PeHTreHOCTpYKTypHBIN aHalIu3 MallUuHOCTPOU-
TEJIBHBIX MaTepHuajioB: cnpas. / JLU. Mupkusn. — M: MamumHoCTpoeHHe,
1979. - 134 c.

3 Kaganos H.H. PeHTreHoCTpyKTYypHBIH aHamu3 (HOJUKpHUCTAI-
noB) / H.H. Kauanos, JI.U. Mupkun. — M.: Mamrus, 1960. — 250 c.

5. Koeba JL.M. Penrtrenogazoperii anamu3 / JIL.M. Koso0a,
B.K. Tpynos. — M.: Uzn-Bo Mock. yH-Ta, 1969. — 190 c.
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11. OCHOBbBI KOJIMYECTBEHHOI'O
PEHTTEHOCTPYKTYPHOI'O AHAJIM3A

KonuuecTBeHHBIN PEHTTEHOCTPYKTYPHBIN (ha30BbI aHAIM3 OCHO-
BaH Ha 3aBUCUMOCTU WHTECHCUBHOCTH TU(PPAKIIMOHHBIX JIMHUN OMPEIeIIs-
emoit dassl i oT €€ 06beMHOrO comepxkanus B obpasiie (. [I0CKoNbKy UH-
TEHCUBHOCTh JTU(PAKIIMOHHBIX MAaKCUMYMOB 3aBHCHUT OT LEJIOTO psaa
(axTopoB (3apsiia ¥ Macchl ANEKTPOHA, CKOPOCTH CBETA, YCIOBHI DKCIIe-
pHMEHTa, UHTEHCUBHOCTH MEPBUYHOIO IyYKa, FEOMETPHU CHEMKH), TO
YCTAaHOBJIEHHE TOYHON aHAINTHYECKOH 3aBHCHMOCTH WHTEHCHBHOCTH OT
KOHIIEHTpauuu (a3sl B OONBIIMHCTBE CIIy4aeB IIPEICTABISIET OUYCHD
CIIOXKHYIO 3a7auy.

IIpu omHOM U TOM XK€ COIEpPMAHUU ONpeaesIeMoi (ha3bl, HHTCH-
CHUBHOCTB €€ JINHUI U3MEHICTCS B 3aBUCHMOCTH OT CPEAHETr0 KO3 dHIm-
€HTa IOTJIONICHUSI PEHTTEHOBCKUX Jydueill B oOpasme. [loaTomy HyXHO
HAWTH 3Ty 3aBUCHMOCTH H OIPEINESITUTh CPEOHUH KOX(PQUIUESHT IOTII0-
IIeHHs 00pasiia, JIN00 YCTPAHUTh BIMSIHUE (PAKTOPOB TOTIIOMICHHS.

Ecmn s xagecTBeHHOTO (Da30BOTO aHaM3a TIABHBIM YCIIOBHEM
SIBJISICTCS. TOYHOCTh OIIPENENICHHUS MEXIUIOCKOCTHBIX PACCTOSHHMA, TO B
Cllydae KOJIMYECTBEHHOTO aHallu3a CMECH, TIOCJIe PEIeHHs 3a/laui Kade-
CTBCHHOIO aHan3a, TPEOYIOTCS BO3MOXKHO 0oOJiee TOYHBIC HM3MEPEHHSI
WHTCHCUBHOCTEW JIMHUIA, 0COOCHHO TS (pa3bl, KOJIMUECTBO KOTOPOH MaJIo.

WuTerpanpHas WHTEHCHBHOCTh JU(PPAKIUOHHOTO MaKCHMyMa
onpeaensieMol (a3bl, HAXOAIIEHCS B coe TOMIUHOW At Ha rryOuHe t
(puc. 11.1), B o0mmem Bue paBHA

li = (Qo)i Uo gi &2 S, (11.1)

rae (Qo)i — MHTEHCHBHOCTh OTPAXKEHUS OT «00pa3lia — ATAIOHA», COCTO-

AIIETO TOJNBKO W3 ATOW (hasbl, 0e3 yu€Ta MOTJIOUICHHUS;

Uo — mmomanp o6ay4aeMoi, yuacTByromeil B audpakiun

MOBEPXHOCTH; (j — 00bEMHOE cofiepxkanue (as3pl B oOpasliie;

W — JIMHEHHBIA Ko3(h(UIMEHT ocnabiieHus; S — riryOuHa

NPOHUKHOBEHHUS PEHTTCHOBCKHMX JIyueii B oOpasern B
HanpasJieHuu yria Bynbsga-bparros.

IIpu TonmumHe uccnemyemMoro oOpasila, CYIIECTBEHHO OOJbIIeH
TITyOMHBI CJIOSI TIOJTYTIOTIIOMIEHHSI, YTO OOBIYHO M OBIBAET MPH ChEMKE HA
Iu(paKTOMeTpe:

1
li = (Qo)i Uo Qi Z (11.2)
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B AT

Puc. 11.1. K BeiBoay opmyssr (11.1)

Eciim 0003HaYHTL MOCTOSHHYIO JUIS NAHHOW T'€OMETPHUH CHhEMKH
Benuunny 1/2 Uy =«, 3aMeHUTh 00BEMHBIE MPOIEHTHI (i BECOBBIMH U BbI-
pasuTh JMHEHHBIH KOA(PPUIMEHT MorIomeHus: obpasia | yepe3 mMacco-
Bble KOA(GUIIMESHTHI MOTJIOIIEHUS OTACTBHBIX (ha3 CMECH i1, TO TMOIyYUM

(Qo )i
1
PLPi
rie Pi— IIOTHOCTS i-TO# (hasel cMecH.
CylIecTBYIOT pa3iuYHBIE METOIBI KOJHUYECTBEHHOTO (Da30BOTO

li=k (11.3)

aHau3a:

a) METOJI ITOJAMCIINBAHNS;

0) MeTo[ rpaAyHpOBOYHOMN KPUBOH;

B) METOJ HE3aBUCHUMOTO 3TAJIOHA;

I) METOJ TOMOJIOIMYECKUX Hap.

ITpuMeHeHne KOHKPETHOTO METO/a aHAIN3a 3aBUCUT OT Ipe/IBapHu-
TenbHOU MH(popMaIuu 06 uccienyemoM odpasiie U BO3MOKHOCTH TOTY-
4yeHus a3bl CMECH B YUCTOM BHUJIC.

Ecnu cTpykTypbl (a3 H3BECTHBI, TO BO3MOXKCH TEOPECTHUCCKHUM
pac4éT MHTEHCUBHOCTH JIMHUM JUT Kax10i (asbl

Eciu cTpykTypsl (ha3 HEU3BECTHBI, HO UMEIOTCS STATOHBI (IIOPOIII-
KOBbIE 00pa3Ilbl M3 YUCTHIX (a3) U U3BECTHO, YTO (a3bl UMEIOT MPHUOITH-
3UTENFHO OJMHAKOBBIE KOX(P(PUIIMCHTH TOTJIOMIEHHS, TO JKCICPUMEH-
TaJbHbIE HHTEHCUBHOCTH MPONOPLMOHAIBHBI TEOPETUUECKHM.
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B otnenpHO# 1aboparopuu, eciii €CTh BO3MOXKHOCTh, OYeHb YI00-
HO TOJB30BaThCS METOMIOM TPAlyUPOBOYHOMN KPHBOH. [IJisi 3TOTO HYKHO
M3TOTOBUTH U CHSTH CEPHIO 00PA3IOB C N3BECTHBIM (OIpeAeIEHHBIM IPY-
THMH METOJIaMH) KOJIMYECTBOM ()a3 M MOCTPOUTH Il HECKOJIBKUX JTMHUHN
Ka)XIToi (ha3bl 3aBHCUMOCTh X WHTEHCHBHOCTH OT cojepkaHus. JIuHuu,
UCITIONIb3yEeMBIE JJIsl TIOCTPOCHUS TPAaTyHPOBOYHOW KPHUBOH, HOJKHEI
UMETh MHTCHCUBHOCTb, OJM3KYIO K TAOJMMYHBIM 3HAYCHUSM,  HE HAKJIa-
JIBIBATHCS HA JIMHUM APYTuX (das.

Memoo zomonozuueckux nap TPUMEHSETCS NIPH aHAIM3E IBYX-
(a3HBIX CHCTEM C TPHOJHM3HTENIBHO OJIMHAKOBBIMU Ko3(DduimeHTamMu
HOTJIOIEHUSL.

YcnmoBue [ = Lz peannu3yercs B TOM Ciiydae, KOTJa aHATH3HPYIOT
CcMech OMUMOPQHBIX MOANGMUKAINN FITH HCCIEAYIOT IPOIYKTH PEaKIUi
B TBepAoH (haze, HampuMmep, NMPH aHATU3E TEPMOOOPaOOTAHHBIX CTAJICH,
IBYX(a3HBIX JTATYHEH U OKHCIIOB JKele3a.

ITocne Tepmuueckold 00pabOTKM (3aKalKh) B CTalsX OOBIYHO
HabmoarTes ABe (asbl:

— ayCTeHHT — TBEPABIA PaCTBOp BHEIPEHHUS yrieposa B rpaHelleH-
tpupoBanHoil (I'LIK) momumMopdhHOIl Monudpukanuu (KpUCTALIHIECKON)
pemérke xenesa (y-¢paza);

— MapTEHCUT — MEPECHILIECHHBIN TBEPABIA pacTBOP BHEAPEHHS YyT-
nepoja B 00BEMHO-IICHTPUPOBAHHON peméTke jkenesa (o -¢aza), umeer
UCKaXEHHYIO O00BEMHO-IIEHTPUPOBaHHYI TeTparoHanbHyto (OLIT) pe-
ETKY.

O6e (a3el UMEIOT ONWHAKOBBIH XWMHUYCCKHH COCTaB, CIIEHOBA-
TENFHO, MPAKTHYECKH ONUHAKOBBIE KOA(P(UIMEHTH IOTJIOMECHHS, HO
pa3HbIe KPHCTAJUTHYECKUE PEIIETKH.

Kaxnas xpucramnmdeckas pemérka Aaét cBoil Habop audpakiu-
OHHBIX MaKCUMYMOB Ha ONpENENEHHBIX yriiax oTpaxkeHus. Onpesenenne
KOJIMYECTBA Aocr OUEHB BOKHBIA ATAIl MPHU Pa3paOd0TKe TEXHOJOTHH Tep-
MHUYECKON 00pabOTKU CTAIN U AUATHOCTUKE MIPHYHH e€ Opaka.

PeHTreHOBCKIE METOIBI ONPEICIICHIS KOTMUECTBA Ager HE MIMEIOT
KOHKYPEHTOB KaK B OTHOIICHHU TOYHOCTH (IPEIIe3HOHHOCTH), TaK U B
caMoii OpraHu3allK SKCIEPUMEHTA.
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Omnpenenenne konudecTBa (a3, UMEIOMNX pa3Hble KPHCTAIIHYE-
ckue pemérkn oo (LK) u B (OLIK) B nByxda3HbIX naTyHsX, qaéT ymno-
BJIETBOPUTENBHBIE, HO MEHee TOUHBIE Pe3YJIbTAThI, TaK KaK 3TH (asbl co-
JepkaT pa3Hoe KOJMYECTBO MEIH U UX KO3 (HUIUESHTHI ITOTJIOIEHHS He-
CKOJIBKO Pa3IMyaroTCcs.

WntencuBHOCTh | Kaxkmol JIMHUK IH(PAKTOrPaMMBI IIPOIIOPLIHO-
HaJlbHA OTPAXAIOIIEH CIOCOOHOCTH COOTBETCTBYIOLIMX IUIOCKOCTEH, a
TaKoKe MIPOLIEHTHOMY COAEPKAHUIO COOTBETCTBYIOIIEH (hasbl p:

I =cQp, (11.4)
rie ¢ — ko3 QUIMEHT IPONOPLUHOHANBHOCTH; Q — oTpakaromas crocoo-
HOCTb.

Ecnmu nns xakoii-mu6o mapsl auHuil 06enx (a3 oOHapyKHUBarOTCS

OJIMHAKOBBIE MHTEHCUBHOCTH, TO

Q1p1 = Qzpa. (11.5)

Juns npyxdasnoii cmecu pp=100%—p1, oTkyna p1= L 100%.
1 T

ITo pacdy€THBIM WIIH OMBITHBIM JAHHBIM COCTABIISFOTCS TaOIHIIBI
TOMOJIOTHYECKHX I1ap. B Tabnmmax ykasslBaeTcsl JMIMHA BOJHBI U3IIyde-
HHS, B KOTOPOM IPOM3BOAMIACE ChEMKA, WHICKCHI JIMHUH, MHTCHCHB-
HOCTb KOTOPBIX OIMHAKOBA TIPH ONPEACIEHHBIX COOTHOIICHUSIX (a3.

Ecu MHTEHCHBHOCTH CpaBHUBAEMBIX JIMHUN OJNU3KH, HO HE PABHBI
MeXIy OO0, TO KOJIMYECTBO OMNpeesisieMon (a3bl COCTaBUT

X=p L , (11.6)
2
T7ie p — KOMUYECTBO (Pasbl B MPOLEHTAX VIS CITydast, €CJIH HMHTEHCHBHOCTH
CpPaBHMBAaEMBIX JIMHUWA OBUIM OBl PaBHBI MEXIy COOOMH;
11, |2 — 9KcIIepuMeHTaIbHBIC HHTEHCHBHOCTH.

MeTo1 TOMOJIOTHYECKUX TIap 3aKJIF0YaeTcs B moadope Ha audpak-
TOTrpaMMe Hapsl JIMHUH, MPUHALICKAIINX pasHBIM (hazaM, HO MMEIOIINM
OJIMHAKOBBIE (MJIM O4YeHb OJM3KHE MO BEIMYMHE) MHTEHCUBHOCTU. Takas
napa JIMHUM Ha3bIBAaCTCsl «TOMOJOTMYECKOW». 3aTeM, ¢ MOMOLIbIO Mpes-
BapUTEIFHO COCTABICHHBIX Ta0JUI] HAXOAT KOJIUIECTBO (Dasbl.
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Brinosnenue paéoTsl

1. Ilo mudpakTorpamMme OMPENEeIUTh METOJOM «CEKYIIUX» YTIIBI
20,xen VTSI BCEX JIMHUM BBIYUCIUTD Oyen ¥ SINO.

2. TTo dopmyne A = 2d SiNO win MO CIIPaBOYHHUKY ONPEICITUTH
MEXIUIOCKOCTHOE paccTossHue d JuTsl KaXKI0H JIMHUH.

3. OmpenenuTb OTHOCHTEIbHBIE HHTEHCHBHOCTH BCEX JIMHUI PEHT-
reHorpammsl, npuHuMasi 3a 1 unn 100% camyr0 MHTEHCUBHYIO JIMHHUIO.
Ecnu nuHUE CHMMETPHYHbIE W OCTPBIE, TO HHTCHCHBHOCTH OILICHUBAETCSA
110 MAaKCHUMYMY BBICOTHI JTHHUH. EciM TMHNM acCHUMETPHYHEI, HO HE pa3-
MBITBI, TO THTCHCUBHOCTH PACCUHUTHIBAIOT IO (hopMyIIe:

X, +x,
2h

rae h — opaunaTa muka Mmakcumyma (puc. 11.2).

limax = Ig , 11.7)

-

B

Puc. 11.2. Cxema pacuéra HHTCHCUBHOCTH
JUISL aCCUMETPUYHBIX JIMHUN

Ecnu nuHAM pa3MBITHL, TO ONPEAENISIeTCs UHTErpaibHas HHTEHCHB-
HOCTb, MPOMOPIMOHAEHAS TUIOIIAIN 0] COOTBETCTBYIOIIIMMHU TU(pPaK-
LIMOHHBIMA KPHUBBIMH METOJAMU: TJIAHUMETPUPOBAHUS, B3BEIIMBAHUS
WM TOoJcuéTa KJIETOYEK Ha IUarpaMMHOM JIEHTE MOJl KPUBON MHTEHCHB-
HoctH (puc. 11.3).
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Puc. 11.3. CxemMa onpeieNicHusI HHTETPATbHOI HHTEHCHUBHOCTH
UTSL 3aMBITBIX WA aCCUMETPUYHBIX JIMHUMA

4. TlpoBecTH Ka4YeCTBCHHBIH PEHTICHOCTPYKTYPHBIA aHAIIU3.
OmnpenenuTh MO CXeMaM CTPYKTYpHl ()a3 M NPOMHIWIHMPOBATH JIHMHUM
kaxmorr (aszer (puc. 11.4). Tlomb3ysich CIPaBOYHHKAMU OIPEACIUTH
(mmeHTHPUIMPOBATL) (a3bl HCCIIeayeMoro oOpasna. Pe3ynbrarsl 3amm-
catb B Tabm. 11.1.

Tabmuma 11.1

Ne n/nn 2631«:11, eaxcu, sin® d, A IoTH ®daza 1 daza 2
rpan. | rpan. (k) | (hki)
1 2 3 4 5 6 7 8

5. BHuMaTenbHO NPOAHATM3UPOBAB IH(PpakTOrpaMmy, BHIOpATh
HECKOJIBKO TMap JIMHHUI pa3HbIX (pa3 oIMHAKOBOW (MIIM NMPHOIM3HTEIHHO
OJMHaKOBOW) MHTEHCHBHOCTH. JKenmarensHO, 4TOOBI BBIOpaHHBIE JTHHHUH
UMEITH OJIM3KUE YTIIBI OTPaXKeHHUS.

6. Tlomp3ysick TabnmuiiamMmu roMonorudeckux map [2,3,4], ompene-
JIUTH KOJMYECTBO (a3 B aHATM3UPYEMOM 00pasIie U yCPEIHUTh pe3yibTa-
THI, TIOJTyYCHHBIC 110 Pa3HBIM NapaM JIMHUH.
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hxy
10.0

g0.2

i

102

203

210

211

K6 X8 K12
[ J
28:0°

s hxl
1 100
2 10
3 m

4 290
5 210
6 21

8 220
9 300,221
10 310
" Ji
2 222
13 320
% 31
16 400
7 41032
18 41,330
19 33
20 w20

28180

ta

14

Puc. 11.4. Cxema pacrionoxxeHus: TUPPaKIHOHHBIX MAKCHMYMOB
u ux kpucratorpaduueckue nuaexcs (hkI)
JuIst HanboJlee pacrpoCTPAHEHHBIX PELIETOK METAJLIOB U CIIABOB

7. Bce moydeHHbIC pe3ynbTaThl 3aHeCTH B Tabm. 11.2.

Tabmuma 11.2
Ne n/nn lomn da3za 1 ®da3za 2 CopepxaHue ornpe-
(hk) (hkI) nensieMoit passl, %
1 2 3 4 5
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KOHTpOJIbeIe BOIIPOCHI

1. ®usnyeckre OCHOBBI KOJWUYECTBEHHOTO (ha30BOIO PEHTI'CHO-
CTPYKTYPHOTO aHaJu3a.

2. KakoBa mocnenoBaTeIbHOCTh BBIMOJIHEHUS KOJIMYECTBEHHOTO
(hazoBoro ananmmza?

3. Kakue ocHOBHBIE METO/IbI KOJHMUYECTBEHHOTO ()a30BOT0 aHAIH-
3a U 00JIACTH UX IPUMEHEHUSI.

4. Kakue cymecTByIOT METO/BI pacdera audpakTorpamm (ormpe-
JIeJIeHue yria OTPaKeHUS U MHTEHCUBHOCTH TU(PPAKLIUOHHBIX JIMHUI)
MIPH BBHIMIOJIHEHUH KOJIMUECTBEHHOTO aHanmu3a?

5. CymHOCTH MeTOoAa roMonorrnueckux map. [Ipu ananmse xakumx
CTPYKTYPHBIX CUCTEM OH MPUMEHSETCS?

6. Kakue nudpakivoHHbIE JHHUU Pa3IUYHBIX (a3 xkemateabHO
paccMaTpuBaTh IIPH aHAJIH3€ METOIOM TOMOJIOTHUECKHX T1ap?

7. OT 4ero 3aBUCHT TOYHOCTh KOJMYECTBEHHOTO (pa30BOTO aHa-
nmu3a? Kak MOXHO ee MOBBICUTH?

PexoMenayemasi imreparypa

1. I'opemuk C.C. PeHTreHorpaduyecknii U 2IeKTPOHHO-OIITHYEC-
KAl aHanm3. y4eb. mocobue s By30B. — 3-¢ u3a. Jom. u mepepab. /
C.C. T'openmuk, 10.A. Ckaxos, JI.LH Pactopryes. — M.: MUCHC, 1994. —
328 c.

2. Mupkun JL.U. PeHTreHOCTpYKTYypHBI aHalIu3 MalluHOCTPOU-
TeNBHBIX MaTepuaiioB: crpas. / JI.LU. Mupkun. — M.: MamuHoOCTpoeHue,
1979. - 134 c.

3. Mupkus JL.U. CripaBOYHUK IO PEHTT€HOCTPYKTYPHOMY aHATU3y
nosukpuctaios / J.LU. Mupkun. — M.: ®usmatrus, 1961. — 450 c.

4. KauanoB H.H. PentreHoctpykTypHbIii aHanu3 (IOIMKPHCTANI-
noB) / H.H. Kauanos, JI.U. Mupkus. — M.: Mamrus, 1960. — 252 c.

5. 3esun JI.C. KonnyecTBeHHBIN peHTreHOTpadUIECKUi (Ha30BEIi
anayms / JI.C. 3eBuH, JI.JI. 3aBbsiioBa. — M.: Henpa, 1974. — 184 c.

118



12. ONPEJEJIEHUE IIEPUOJA PEIHIETKH
PEHTTEHOBCKHUM METOJA10M

Kpucrammyeckasi penretka MpeacTaBiIseT cCOOOW COBOKYITHOCTb
ATOMHBIX KPUCTALIOrpapUUECKUX TUIOCKOCTEH, UTPAIONIMX ISl PEHTIe-
HOBCKHX JIy4el pojb cBoeoOpasHoro 3epkana. [lostomy, HampaBisis
PEHTI€HOBCKUE JTYYH HA KPUCTALTHYCCKYIO PEHICTKY IOJ Pa3HBIMHU yT-
namMu O M PEerHCTPUpPYS JETEKTOPOM OTPAKECHHBIC PEHTICHOBCKUE JTyYH,
MOXXHO TIOCTPOUTH PEHTTEHOTpaMMy — TIpadUK YTIOBOW 3aBUCHMOCTH
WHTEHCUBHOCTH PEHTTCHOBCKHX Jydell OT MAaHHOM CHUCTEMBI aTOMHBIX
iockocted (puc. 12.1) 1 1o yrioBoMy MOJIOKEHHIO COOTBETCTBYIOITUX
pedIIeKCOB PEHTTCHOBCKUX MU pakironHbIX uaui (P/1J1) Ha peHTreHo-
rpamme (puc. 12.2) onpenennth MEKIUIOCKOCTHOE paccrosHue d u mepu-
0J1 KPUCTAJUINYECKOM PEUIETKH a.

PEHIEHOBCKMI O I

JIYY
JIETEKTOP
O 20
\(D
KPUCTAJLI @
Puc. 12.1. Cxema oTpakeHus Puc. 12.2. Cxema peHTI€HOTpaMMBI
PEHTTEeHOBCKHX JTy4ei KpUCTaIa

OT aTOMHBIX IJIOCKOCTEH KpucTajiia

B coBpeMEHHBIX YCIOBHSIX PEHTTEHOTPaMMa CTPOUTCS € IOMOILBIO
CTIEIMAIBEHOTO PEHTICHOBCKOTO amMapaTa — PeHTTCHOBCKOTO AU(PPAKTO-
MeTpa M HasbIBaeTcs JudpaxTorpaMMoil. Bo BpeMs CheMKH PEHTTCHOB-
cKkast TpyOKa qudpakTomMeTpa — HCTOUHUK PEHTTEHOBCKHX JIyuei — HEmo-
JIBIDKHA, & KPUCTAUT M JETEKTOP CHHXPOHM3MPOBAHHO BPAIAIOTCS BO-
KPYT OCH, MEpIEHINKYISIPHOI TocKocTH puc. 12.1 co ckopocTsiMu ® U
2@, T.e. TIPH TIOBOPOTE KPHUCTAIIA HAa YTod ® IeTeKTOp ITOBOpadyHBaeTCs
Ha yroi 20. OTo NOCTOSHHO MOAJECPKUBAET PABEHCTBO YIJIOB MaACHUSI U
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OTpaXEHUS ISl U3y9aeMOW CHCTEMBI TUIOCKOCTEH W JieJaeT BO3MOXKHOM
HETIPEPBIBHYIO CHEMKY.

Pedriekc B COOTBETCTBYIOIIEM YTIIOBOM TIOJNIOKEHHH PEHTTEHO-
TpaMMBI MTOSIBUTCS. B TOM CIIydae, €CIIH OTPAXKCHHBIC OT PAa3HBIX IIOCKO-
CTell PEHTIeHOBCKUE YU YCHJIMBAIOT APYT Ipyra. DTO UMEET MECTO B
cilydyae, €CITM pa3HOCTh XOJa PEHTIEHOBCKUX Jiyueil 1 U 2 Mexay aToM-
HBIMH TUIOCKOCTSMH C MEXKIUIOCKOCTHBIM pacctosiiiem ( paBHa LeloMy
YHCy JAIUH BONH, T.c. CB+B/I=nA (puc. 12.3), rae N — mopsmaok oTpaxe-
HUS, B JAHHOM CJIydae PaBHBIN equHUIle. B CBOIO ouepenp M3 reoMeTpH-
yeckux coodpaxennii CB=BJI=d-sin®. Orciooaa ycioBHE YCHUICHUS
PEHTTEHOBCKHUX JIyueH, MalaloliX Ha CUCTEMY IJIOCKOCTEeH B KpHUCTaILIE,
nuMeeT BUI: 2d-sSin® =nA.

1
3
NN
2 2
SN2
B

Puc. 12.3. K BriBony dopmynsl Bynbsga-bparra

JanHoe ypaBHEHHE BIIEpBEIC OBLIO BBIBEAEHO PYCCKHM YUCHBIM
Bynepom u anrmumiickum yueHeiM bparrom. B ciyuae, ecnm mexamy
ATOMHBIMU IJIOCKOCTAMU C MEKITTIOCKOCTHBIM PACCTOSITHUEM d IIOMECTUTH
JOTIONTHUTENTPHYIO ATOMHYIO TIOCKOCTh Ha paccTosiHud (/2 OT mpeabiay-
nMX miockoctel (cm. puc. 12.3), To ycrnorue Bynwda-bparra Oyaer cie-
IYIOIIHAM:

d . .
Zi-sm@):nk uinn 2d-sin® = 2n\.
DTO yKa3bIBae€T Ha TO, YTO PA3HOCTh XOJa PEHTTEHOBCKUX JIydeu

MCXKAY aTOMHBIMH ITIJIOCKOCTAMHA lu?2 YMCHBIIACTCA B [IBa pasa (B nep-

2d-sin© )
BOM Clly4ae X:T, BO BTOpOM k:2d~5|n%) U CTaHOBHUTCS HE

paBHoOI1 11e510My yucity BosH. [loaToOMy oTpaskeHHbIe OT miockocten 1 u 3
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PEHTTEHOBCKHUE JIy4H HE COBIANAIOT MO (ha3e U MOIHOCTHIO MOTacsTCsl.
Takas cuTyanus UMeeT MECTO IpH Iepexo/ie OT NPUMUTHUBHOI K 00beM-
HOIIEHTPUPOBAHHOM KyOHUECKON KPUCTAUTMYECKOH pemietke (puc. 12.4).

i /

, //47
M

'/

0)

Puc. 12.4. K onpeenenuto pa3HOCTH X0/1a PEHTTEHOBCKHX JIydueii B IPUMHTHBHOH (a)
1 00bEMHOLIEHTPUPOBAHHON KYOHUECKOH KPUCTAJUTMYECKOM penteTke (6)

IToatomy Ha mudpakTorpamme MetamuioB ¢ perretkoit OIIK orcyT-
cTByIOT peduiekchl oT miockoctedd (100). Bmecte ¢ Tem Ha audpakro-
rpamMme Oymer mpucytctBoBath pediekc (200) BToporo mopsjaka oTpa-
JKEHUsI, TIOCKOJIbKY JIJIsi HEro BBIMONHSETCA ycinoBue Bynbda-bparra.
MoskHO TIOKa3aTh, uTo Ha nudpakTorpamme ¢ pemrerkoid OLIK duxcupy-
I0TCSI pe(IEKChl TONBKO OT aTOMHBIX IIOCKOCTEH, y KOTOPBIX CyMMa
Kkpuctamiorpaduueckux uHaekcoB h, K u | — gucino gernoe, Hampumep
(110).

B cinyuqae mudpaxrorpammsl ¢ pemerkoit I'IIK ¢ukcupyrorcs pe-
(bITEKCHI OT IUIOCKOCTEH, y KOTOPBIX BCE MHIACKCHI — YHCIIA TOJIBKO YETHBIC
WIN TOJIBKO HedeTHble, Hampumep (111), (200). B cny4yae npuMHTHBHOI
KyOHMYecKOU pemIeTKN B OTPaKEHUH YYacTBYIOT Bee Tuiockoctu. Cremyer
TaK)Xe OTMETHTh, YTO KOJIHYECTBO PEICKCOB Ha AU(PAKTOrpaMMe 3aBH-
CHUT TaloKe OT JJIMHBI BOJHBI A HUCIIOIB3yEeMOTr0 PEHTICHOBCKOTO M3Iyde-
HyA. JKenesHoe M3NMydeHHe Ha JUQPaKTOrpaMMe METAJIIOB C PEIIeTKON
OLIK ¢ukcupyer pedmexcs (110), (200), (211) u (220). [Ipn ucmons3o-
BaHWHM PA3IMYHBIX METAJUIOB (XpOM, JKene30, KoOalbT, Me/lb, MOJIMOIEH)
B Ka4eCTBE MCTOYHHKOB PEHTITCHOBCKOTO M3Iy4YeHUs (popMupyercs He-
ckonbKo criekrpanbubix JuHui (Ko, , Ka,, Kg), Xapakrepusyrommuxcs

CBOMMH JTHHaMH BoJH. IloaToMy Ha mudpakrorpamMMe MOSIBISIOTCS TPH
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CHCTEMBI pe(IeKCOB OT OJHHX W TeX K€ aTOMHBIX IUTOcKocTeil. Jlis
ycrpanenus K p-usnydeHus NPUMEHSIOT CHENMATbHBIE (QUIBTPBI MPH
PEHTTEHOBCKOHM cheMKe. PEHTTeHOBCKHI aHAIN3 TIPOBOJAT MO Oojiee WH-
TeHCUBHOMY K -M3IIyueHuto, eciu MoMyYeHHbII peduieke pas3pellieH, T.€.
MOJKHO BBIJICJISITh 9acTh peduiekca oT Kal -uKg 5 -H3JIydeHui, 1100 1o

cymmaproMy (Ko, +K o, )-usinydenuto, ecnu pediekc He paspereH. B
IEpBOM CIy4ae HWCHONB3YIOT IIuHy BOmHBL AKa,, a BO BTOpOM

20K, + 2K,

AK
acp 3

. Jmner BomH AKo,, AKa, # AK,, XenesHoro

U3IydeHus paBHbI cooTBeTcTBeHHO 0,193597; 0,193091 1 0,193728 HM™.
Jlnst onpeniesieHUs IEPUOIOB PELIeTKH a, b, C HeoGXoauMo ycTa-
HOBHUTH CBSI3b ¢ MEKIUIOCKOCTHBIM paccTosiuneM d u kpucTamuiorpaduye-
CKMMM HHIEKCAaMH aTOMHBIX IUIOCKO-
creii h, k, I. M306pasum B cucreme Ko-
opauHAT XY Z IIIOCKOCTh ¢ UHICKCAMHU
(hkl) (puc. 12.5). InuHa mepreHanuKy-
nsipa U3 Havyana koopauHat 0 Ha Iioc-
kocth (hkl) paBHa MEXIUTOCKOCTHOMY
paccrosiauio d. Hanpagsssrorne Kocu-
HYCBI, ONpEJEICHHBIC Yepe3 HHICKCHI
IUIOCKOCTH, BBIPAXKAIOTCS 3aBHCHMO-

ctamu  cos(Ny ) = dg , cos(Ny)= d% :

X
Puc. 12.5. K onpeznenenuro 3aBucuMo-

CTH MEXIUIOCKOCTHOT'O paCCTOSTHUA d d
OT MEPUOJIOB KPUCTAILTHYECKOH nokaszano Ha puc. 12.5, cos(Ny)=—,
PpeleTKu a

cos(Nz):dé (B 4acTHOM ciydae, Kak

cos(Ny)=—, cos(N,)==, Te Ha

ola
nla

puc.12.5 uzobpaxena miockocts (111)).

g OpsAMOYroapHOW — CHUCTEMBI  CIIPaBEUIMBO  BbIpaXKCHUE
cos?(Ny ) + cos?(Ny )+ cos?(N, ) =1.

Iozacrapmsis B 3TO BbhIpaKCHUE HAIPaBIISIONIME KOCHHYCOB, OIpe-
JIeTICHHbIE Yepe3 TEepHOIbl PEHIeTKH M WHISKCHI IUIOCKOCTH, IOJydaeM
TaK HA3bIBAEMYIO KBaJPAaTHYHYIO (OpMY Ul TPSAMOYTOJIBHBIX CHCTEM —
pomGHueckoii (ab=C), TerparonansHoii (a=b=c), kyGrueckoii (a=b=c):
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w1
a2 b? & d

B uactHOM ciyuae, Uil KyOHMUecKOM CHCTEMBbl KBaJpaTU4HAs
(hopMa UMeeT CIIeAyIOIHA BU/I;:

h? +k? +12 1
d? d?

[TonmcTapiisieM BbIpaXeHUE KBaIPATUIHON (OPMBI JIs KyOHMUECKOM
cucTeMbl B ypaBHeHHEe Bymbda-bparra, momyunmM pacueTHyio 3aBHCH-
MOCTb ISl OIpeJIeNIeHHs IepHoia & KPUCTANIMUECKUX PELIeTOK KyOuue-
ckoit cuctemsl (K, OLIK, I'LIK):

— 7\‘ —
~ 2sin®

ITomy4yeHHast 3aBUCUMOCTB YKa3bIBA€T Ha TO, YTO JUISl ONPEACICHUS
NEepUOJa a PEelIeTKH KyOU4eCcKOH CHCTEMBI JOCTATOYHO OMpPEICIUTh yT-
JIOBOE TOJIOKEHHE OJHOTO pediekca 3TUX PEIIeTOK Ha JudpaKTorpaMMme
(s TeTparoHaNBHOM — J1Ba, a YIS pOMOHYECKOM — TpH pediiekca).

TouHOCTE pacuera mepuoa KPUCTANIHIESCKON PEIIeTKH IO MOTy-
YeHHBIM pediiekcaM Ha JudpakTorpaMme 3aBUCHT OT TOYHOCTH OIpPEIe-
JICHUS YTJIOBOTO TOJIOXKEHHUS pediieKca U MpU NMPOYUX PABHBIX YCIOBHUIX
TEM BEIIIE, 9YeM OOIbIle Yroil oTpakeHus ®. B 3aBucHMOCTH OT e U
3a[a4d HUCCIICMOBAHUS YIJIOBOE TOJIOKEHHE peduiekca ONpeNesioT Kak
MOJIOKEHHE €ro IEHTPa TSDKECTH WM Kak IMOJOKEHHE ero MakCumyMma,
IpeArnoaras, YTo OH COBIAAET C LIEHTPOM TSKECTH.

YrinoBoe MOMOXKEHHE MaKCUMyMa M IICHTPa TSDKECTH TPOQIILL
PJIJT MoxxeT OBITH OIpeelIeHo Kak Tpapudecku (METOa CPeIUHHBIX TO-
YeK), TaK U aHAJMTHICCKH (METOJI TPEXTOUYCUHOH MapadoIbl, METOI MO-
MeHTOB). [IepBbIif 0OBIYHO NMPUMEHSIOT Ipyu aHanu3se npoduist PIUJI, mo-
Jy4EHHOTO HETNPEpPHIBHOM CHEMKOH, a BTOPOH — IMpU aHaIu3e MPOQUIIsL
P/1J1, mosrydeHHOTO AUCKPETHOH (¢ HAOOPOM MMITYIbCOB B KaXKAOM TOUKe
3a ONpeJeNIEHHOE BpeMsl) CheMKOH — TaK Ha3bIBAeMON ChEMKOH 1O TOY-
KaM.

h? +k? + PP

IIpu onpenenennu monoxeHus: MakcumyMma tpoduis PJIJT mero-
JIOM CPEIUHHBIX TOUEK B €ro BEpXHEW 4YacTH MpoBOAAT 3—4 cekyuiue,
napavieTIbHbIe THHUU (OoHA. 3aTeM OMPEACISIOT TOYKH CEKYIIIX, PaBHO-
OTCTOSIIUX OT JIMHUH MPOQUISL, U Yepe3 HUX IMPOBOIAT MPSIMYIO TI0 Tepe-
CCUCHMA €€ C BepXHEH yacThio Hmpodmist. YToa oTpaxkeHus ®, cooTBeT-
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CTBYIOIIUH 3TOH TOYKE, M ONpPENesieT HOI0KEHIHEe MaKCUMyMa TIpOQHIIsL
PIUL

[Ipu ompeneneHWM TOJOKEHUS IeHTpa Tshkectd npoduns PJJT
METO/IOM CPEJUHHBIX TOUEK CUMTAIOT, YTO paclpeielicHue HHTCHCUBHO-
creil PJIJI momumnHsAercs 3akoHy TpeyrojapHuka. Ha 3ToM ocHOBaHuUM 3a
HEHTP TSHKECTH IMPUHHMAIOT Yroj OTPakKeHHs, COOTBETCTBYrommi 1/3

JUTUHBI TIPSIMOM, MTPOBEICHHON Yepe3 paBHO-
I OTCTOSIIIME OT JHMHUU TNPOGWIL TOYKH IO
MIEPECEUCHNUS €€ C BEPXHEN YacThIO PO
u muHueH Qona.

ITonoxeHne MakcuMymMa HWHTCHCUB-
HOCTH B METOJIe TPEXTOYECUHOH mapabobl
PaCCUHUTHIBAIOT, IONB3YSICH YPaBHEHHUEM
0,5-20(I; -1;)

21, -1, -1,
Puc. 12.6. Cxema skcriepn- T I1, I2, |3 — HHTECHCHBHOCTH PEHTTCHOB-
MEHTATBHO ToNMydenHoro |~ CKOTO H3IIyYEHHs, W3MEPEHHBIE B TOYKaX
W aHATU3UPYEMOTO 2 O1=0-A0, O, O3=Er,+AB.
npocpuns PIUT IIpu sToM uHTeHcHBHOCTH 11 m Ip
JIOJDKHBI cOCTaBIATh He MeHee 80% ot L.

IIpoduns PJIJI, monyueHHbIH HENpPephIBHOW CHEMKOM, HEOOXOAH-

MO MIPUBECTH K BUAY, YI0OHOMY jist aHanu3a (puc. 12.6).

®M:®2+

Boinosnenue pa6oTsl

1. Vsachute uenb paboTHL.

2. V3yunTe METOJUYECKHE OCHOBBI M TMPHUEMBI PEHTTC€HOBCKOTO
METO/JIa ONpeICNICHHsI KPUCTATUINYECKON PElIeTKH.

3. Paccunraiite mo mudpakTorpaMMaMm WIH €€ KOIHSIM MEepHOI
KPHUCTAIUIMIECKON PEIIeTK! psiia METAIUIOB, ONPENelsisi YIIoBOE MOJ0-
skerre PJIJI mo ero MakCUMyMy U HEHTPY TAKECTH.

4. N300pa3zuTe cXeMBl KPHCTAJUIMYECKUX PEIIETOK H3ydaeMbIX
METaJJIOB.

5. Hzobpa3ute kpucramiorpaguyeckiue IUIOCKOCTH, MO OTpake-
HUSAM OT KOTOPBIX PACCUUTAH MEPHUOJ PELLIETKH.

6. Paccumntaiite K03(pPUIUECHT YKIAIKN KPUCTALITMYECKUX pelle-
TOK MU3y4aeMbIX METAIIJIOB.
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7. CocrtaBbTe OT4ET O padore:

7.1. Ilenb paboOTHI.

7.2. MeToan4uecKue OCHOBBI M TIPUEMBI PEHTICHOBCKOTO METO-
Jla OTIpeIeNICHHs TIEPHO/Ia KPUCTATUTUYECKON PEIICTKH.

7.3. Pe3ynbrathl pacuera nepruoja pemeTky psiaa MeTaJLIoB.

7.4. CxeMbl KPHCTAJUTMYECKUX PELIETOK H3y4aeMbIX METAILIOB.

7.5. Kpucramrorpaduueckue IUIOCKOCTH, TIO OTPaXKCHUSM OT
KOTOPBIX PAaCCUUTaH MEPHOJI PEIIETKH.

7.6. KospdunueHt yKIaaku KpUCTALUTUUECKUX PEIICTOK H3Y-
YaeMBIX METAJIIIOB.

7.7. BBIBOJIBI HA OCHOBAHUH TIOTYYEHHBIX PE3yJIbTATOB.

KoHTposbHBIE BONIPOCHI

1. Kak pEeHTreHOBCKHM METOJIOM MOXKHO OIPENEIHTh IePUO
KPHUCTALTMYECKON PeLIeTKH?

2. Yro npencrapiser co00i peHTreHorpaMma (mudpakrorpamma)?

3. Hammmmure ycioBue yCHICHHS PEHTTEHOBCKUX Jydell IpH OT-
PaXEHUH OT Pa3IUYHBIX ATOMHBIX TIJIOCKOCTEN?

4. Tloyemy Ha mudpakrorpamme Mmeramia ¢ OLIK pemerkoil He
BBISIBILSIIOTCS peduiekcsl oT miockocTd (100)?

5. H3obpaszute mmockocth (100) Ha cxeMe MPUMUTHBHON KyOnde-
CKOU KPUCTAIITNIECKON PEIISTKH.

6. KaxoBo MUHHManbHOE KOIHYECTBO pelIeKCOB Ul ONpesesne-
HUSI IEPUOJIOB a U C TETPArOHAIBHON KPUCTAIIIMYECKOH pereTku?

7. B Kakux egUHHIAX M3MEPSIETCS MEPUO] KPUCTAUIMUECKOH pe-
IeTKU?

8. Or 4ero 3aBHCHT TOYHOCTH pacueTa Iepruoja KPUCTALTHYCCKOMN
pemeTkn?

9. Kak onpenensieTcs yriioBoe nojoxxeHue pediuexca?

10.Kaxkoif U3 CymIeCTBYIOIIMX CIHOCOOOB OMNpEACICHHs YTIIOBOTO
nostoxkeHust npoduist PIJI sensercs 6onee TOYHBIM?

Pexomenayemas Jureparypa

1. Kpucramtorpadusi, peHTreHOrpadusi M 3IEKTPOHHAS MHKPO-
ckonust / S1.C. Ymanckuid, FO.A. Ckakos, A.W. MBanoB u ap. — M.: Me-
tamyprus, 1982. — 632 c.

2. PycakoB A,A. Pentrenorpadus merammioB / A.A. Pycakos. —
M.: Atomuszaar, 1977. — 480 c.

3. Topemuk C.C. Pentrenorpaduveckuii M 37I€KTPOHHOONTHYC-
ckuit anamms / C.C. IN'openuk, JL.H. Pactopryes, 10.A. Ckakos. — M.: Me-
tamryprus, 1970. — 366 c.
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13. METOAUKU KAYECTBEHHOI'O
N NOJNYKOJIHNYECTBEHHOTI'O ITPUKJIAJHOTI'O
PEHTTEHOCTPYKTYPHOI'O AHAJIM3A

OKCIUTyaTal[MOHHBIE CBOWCTBA JETalled MallliH, KOHCTPYKIUH H
HHCTPYMEHTa U3 cTajied (QOpMHPYIOTCS B IIpoIiecce TePMUIECKON oOpa-
O0otku. YacTto cranu moaBepraroT TepMooOpaboTKe, 3aKitoyaromierics B
3aKaJKe U MOCIEIYIONIeM OTITYCK». B OCHOBE 3aKalKH JIKHUT ayCTCHHT-
HO-MapTEHCUTHOE TPEBPAIllCHHE.

AYCTEHUT — OTpaHUYCHHBIN TBEPABIA PaCTBOP BHEIPEHUS YTISpPO-
Ja ¥ JISTHPYIOIINX 3JEMEHTOB (4alle BCETro 3TO TBEPIBIE PACTBOPHI 3a-
MerieHus1) B rpaneneHTpupoBanHoi (I'TIK) BbICOKOTeMIIepaTypHOH MoO-
mudukanun xeesa (y— Fe).

AYCTEHUT — CTPYKTYpPHOE COCTOSIHUE CTaIX IMPU HArpeBe MOJ 3a-
kanky. OnHako npu goctatouHoM yerupoBanuu (Ni, Cr, Mn) aycteHut
MOJET OBITh CTAOMIBLHON (WJIH MeTacTaOMIbHON) (ha30i CTaau MpH KOM-
HATHOH TeMIieparype (CTalli ayCTCHHTHOTO KJlacca).

B mponecce 3akanky ayCTEeHHT IpeBpalacTcs B MapTeHCHT. 1Ipu
BBICOKOM COJIepXaHUM yriepona (WKW JIETUPYIOIIUX DIIEMEHTOB) B
CTPYKTYpE 3aKAIIEHHOW CTali MOXKET COXPAHHTHCS 3HAYUTEIBHOE KOJIU-
YECTBO HEMPEBPAICHHOTO (0CTATOYHOr0) aycreHura (Aocr). B HHCTPY-
MEHTANBHBIX CTANISIX KOIWYECTBO JOCTHTAET HECKONBKUX IECATKOB IIPO-
IICHTOB.

OpHOI W3 TIABHBIX 3aJad CIEIYIOMIETO TOCIe 3aKATKH OTITyCKa
cTaneil sBysieTcsl OoJiee MOJTHOE TPEBpallleHHe OCTATOYHOTO ayCTEHHUTa B
MapTEHCUT (TOM ke I[eNTN CIYXKHUT «00pabOoTKa CTaIH XOJIOOM).

OmnpejienieHre KOJIMYECTBa OCTATOYHOTO ayCTEHUTA — CYIIECTBEH-
HBIA 3Tan B pa3pabOTKe TEXHOJOTHH TEPMHUCCKOW 00paOOTKH M METOJ
IUAarHOCTHKU MPHYMH Opaka mpu oO0paboTke crameil. DTO MpaKTUIeCKU
HEOCYIIECTBIMO METaUIOrpadMIecKUMH METOAaMH aHau3a. Bo3mMokHO
OTIpEICNICHUE KOJIMYECTBA Ager IIyTEM H3MEPEHHsS MarHUTHBIX CBOWMCTB
TepMOOOPaOOTaHHON CTallM, OJJHAKO Hauboyee MPEeANOYTUTEIBHBIM SIB-
JISIeTCS METOJl PEHTI€HOCTPYKTYPHOTO aHan3a.

MapTeHCUT — TepPECHIIICHHBINA TBEPABIH PacTBOP BHEAPEHHS YT-
Jeposia B pemeTKe a-)Kele3a, UMeeT UCKaKEHHYI0 O0BEMHO IEHTPUPO-
BaHHyl0 TerparoHansHylo (OLT) pemérky. CopepikaHue yriepoja B
MapTEHCHUTE SIBIICTCS €TO TIIABHOW XapaKTEPUCTUKOW, OMPENEISIETCS CO-
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JIepKaHUeM YTJIepola B CTAIH, YCIOBUSAMH 3aKAJKHA, U YMEHBIIACTCS B
IpoIiecce OTITyCKa.

[Tpy HU3KHX TeMIIepaTypax OTIyCKa MAET «IBYX(a3HEBII» pacran
MapTeHCHTa, KorJla Hapsay ¢ «MapTeHCUTOM 3aKaJIKn» 00pa3yeTcsi HeKo-
TOpOE KOJIMYECTBO «MapTEHCHUTA OTITYCKa» («KyOHUECKOTO MapTEHCHTAa»)
C TIOHIDKEHHBIM cofiepskanueM yraepoje (oxono 0,2%). [Ipu noeieHun
TEMIIepPaTypsl OTIIYCKa MPOHUCXOANUT HENPEPHIBHOEC YMCHBIICHUE CONEp-
JKaHWS yTiieposia B MapTeHCHTE M BBIACICHUE KapOumHOH (asel 1o pac-
maja MapTeHcuTa Ha (eppuTO-IIEeMEHTUTHYIO ((QeppHUTO-KapOHIHYIO)
CMECh.

TaxuM 00pa3oM, oNpenescHue COAepKaHuUs yriiepoja B MapTeH-
cute (Kak ¥ OMPEACICHHE KOMHYECTBA Agcr) — TOKE OUCHb BAKHBIN dTall
pH pa3paboTKe TEXHOJIOTHH TEPMHUYECKOW OOpabOTKH CTaad M METOJ
IUarHOCTHKH TPHYHH e€ Opaka.

PeHTreHOBCKIE METOIBI ONPECICHIS KOMTUIECTBA Agcr, COZIEPKA-
HHA yriepoja B MapTeHCHTE W ayCTEHHUTE IPAKTHYECKH He UMEIOT KOH-
KypPEHTOB KaK B OTHOIIECHUH TOYHOCTH (IIPELM3HOHHOCTH), TaK U B CAaMO
OpraHu3alny SKCIIEPUMEHTA.

PeHTreHoCTPYKTYPHBIH aHAJIM3 METALIOB

3anmava onpesienieHus] KOMUYeCTBA Aocr — YACTHBIN CTydaid KoJrue-
CTBEHHOTO (ha30BOTO PEHTICHOBCKOTO aHaln3a. BakHbIM uis BbIOOpa
METOJUKA ¥ BBIOJIHEHHUS HEOOXOOMMBIX ADKCIIEPHMEHTOB H PACcUCTOB
SIBJIIETCS] TOYHOE 3HAHHWE TEOPETHYECKOTO MOJI0KEHUSI Ha pEHTTeHOrpaM-
Me TUQPaKIIMOHHBIX MAaKCUMYyMOB 1 uX uHHACKCOB (HKL).

Kpome Toro, cyiiecTBEHHbIM OOCTOSITENTLCTBOM SIBJISETCS OJMHA-
KOBBIM XMMUYECKHI COCTAB aHATTU3UPYEMBIX (ha3.

IIpu mpoBeneHHM UCCIEAOBAHUS HEOOXOJUMO TPUMEHSTH METOJ
COIOCTABJIEHUS] TEOPETHUYECKUX WHTEHCUBHOCTEH [UIs ONpenenEHHbIX
TUHAR KaXIOH U3 (a3 M MHTCHCUBHOCTEH, IONYYCHHBIX JKCIICPUMEH-
TabHO. [ JTaBHBIM YCITOBHEM IpPU BEIOOpPE CPaBHUBAEMBIX JIHHHH SBISICT-
Csl OTCYTCTBHE WX IEPEKPHITHSA WM HAJOKCHUS HA JPYTHE JIMHWUU pac-
CMaTpHUBaeMbIX (a3.

Jns ompeneneHrss KOTUYECTBA OCTATOYHOTO AYCTCHHTa OOBIYHO
HCIOJIB3YIOT CIEAYIOLIUE Mapbl JINHUM:

a) munuio (111)k, aycrenura u nunuro (110)K,, MapTeHcuTa;

6) munuio (311)k, aycrennra u munuro (211)Ky MapTeHcHTa.
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Haubosee npeamnovTuTeIbHO NCIIOIB30BAHUE BTOPOU TIaphl JIMHUH,
TaK Kak JIMHUM TIePBOM Maphl OYEHBb OJU3KO PACIONIOKEHBI APYT K IPYTY
U, CIIEIOBATEIbHO, CYIIECTBYIOT OIPEICIICHHBIC CIOKHOCTH IIPH UX pas-
JENCHNUH, a TAaK)KE BEIMKA BEPOSITHOCTh HAJIOXKEHUSI CHIIBHBIX JTMHAN Kap-
OuIHBIX (a3 Ha AT JTUHUU.
Wurerpanpuyto uHTeHCHMBHOCTH JinHMM (HKL) ananusupyemoit
(hasbl onpenenstoT 1o popmysie
JHKLG=KV 1. FA KL LP(0)PrL X ¢ (13.1)

rae K — ko3 punmeHT onuHaKOBBIA Il BCEX JHHUH PEHTTCHOTPAMMBI
(Ko i Kp); Viaugp — 00bEM drieMeHTapHOM sueiiku (asbi;
LP(0)=1+c0s%20/(sin*0cosd) — mpomsseneHue (HaxKTOpOB
Jlopennia u yraoBoro; PukL — ¢axTtop moBTOpsieMOCTH;
X ¢ —noins ¢assl B 001yyaeMoM o0beMe.

IIpu Hamuumu naByx(da3HoW cMecH (ayCTeHHWTa M MapTeHCHUTA) KO-
JMYECTBO OCTATOYHOTO ayCTCHUTA ONPEICIISIOT MO OTHOIICHUIO MHTCH-
CHUBHOCTEH JMHUN 00eux (a3, UCXOJs U3 TEOPETHICCKOTO COOTHOIICHUS
uaTeHcuBHOCTEH (13.1), MONMb3ysch HEOOXOMUMBIMU CIPABOYHBIMH JIaH-
HBIMH.

B pesynbTate BRIYHCIICHUIA

Xa=1/(1+kB), (13.2)
rae K —xoaddurpenT, pacCYMTaHHbBIA It JaHHOH KOMOMHaruu ¢a3 u
muHui; B=lu/l..

Boinosnenue pa6oTsl

1. Onpedenenue konuyecmea ocmamouHo20 aycmenuma

1. To mudpaxrorpaMme H3MEPUTH YTIOBBIC TONOKEHHS JTHHUMH,
OTIPENEIUTD Os¢cn, CPABHUTH CO CIIPABOYHBIME 3HaueHUsMH. [IponmHaumn-
pOBATh MO CIPABOYHUKY JIMHUU TU(PPAKTOTPAMMBI, BHIOPATh JTUHUH IS
MPOBENICHUS aHAIH3A.

2. Jlis BHIOpaHHBIX JIMHUH W3MEPHUTh WHTETPATHHYIO HHTCHCHUB-
HOCTbh. Bee momydeHHbIe pe3ysibTaThl 3aHECTH B TaOIHILy

3. Tlonp3ysick CIpaBOYHBIMH JaHHBIMU OIPEIEIUTh (PAKTOPHI UH-
TEHCUBHOCTH U MX npowusBeneHus [1 ansg nunuii aycrenura (311) u map-
tercuta (112,211-121), momydeHHBIe pe3yIbTaThl 3aHecTd B Tabm. 13.1.
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Tabmuna 13.1
OmnpeneneHre KOJHYECTBA OCTATOYHOTO ayCTEHUTA B CTATN

Ne obp. | ®aza | HKL 0, k (6) A Aocr V, % I
rpag.
1 M
A
2 M
A

4. Tlo dopmyne (13.2) ompenenuTts comepKaHUE OCTATOYHOTO

ayCTE€HUTa B IPOLICHTAX.
5. TlpuBectu Bce HCIONB3yeMbIe pacueTHbIe (HOPMYIBl U TPOBe-

JACHHBIC paCUCThI.

2. Onpedenerue cooepicanus yenepooa 8 MapmeHcume

M3menenune nepronioB penietkn mapteHcuta (¢ m ’a') crerneHu
TETPAaroHATBHOCTH (C/a) €ro pelIeTKH OT COJCPYKaHHs YIiiepojaa MpHUBe-
neHo Ha rpadukax (puc. 13.1).

1,06F
104 b
|
77
Fd
(/ e
5% 4 I,m A 1
G 84 88 12C% . O G Q8 12 C%
a) 6)

Puc. 13.1. 3aBrucuMoCTb NEPHOJIOB (@) M CTENIEHN TETParOHATEHOCTH PEIISTKH
MapTeHCUTa (6) OT COACPIKAHUA YTriepo/ia B CTaIH

AHaIUTUYECKH OTH 3aBUCHUMOCTH BBIpAXKAKOTCA CICAYIOUNIUMU
YPaBHCHUAMMU:
a=2,866-0,015p;
¢=2,866+0,118p;
¢/a=0,0467p, (13.3)
TJIe p — cozepKaHue yriepona, % (mo macce).
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ITo cpaBHEHHMIO ¢ PEHTTCHOTPaMMOH OT KyOWdYeckoro Qeppwra,
peHTreHorpaMMa OT TEeTParoHaJbHOIO MapTEHCHTA UMeeT OoJbliee YKc-
JI0 JIMHU, B Pe3y/bTaTe UX Pa3fABOCHHS U yTPAUBaHHS.

JluHuYM, A0S KOTOPBIX BCE TPU WHAEKCA OJWHAKOBBI, HAIpUMEp

n.n

(222), TOJIBKO MEHSIOT CBOE MOJIOKEHHE B 3aBUCUMOCTH OT 3HaueHui "c",
"a" u c/a (puc. 13.2).

7o

- 200}

217 k

220 b

- et

2

a) 0) 6)
Puc. 13.2. M3MeHeHNe BUIa PEHTTCHOrPaMMBbI [IPH H3MEHEHHH CHMMETPHH PELIETKA
0T KyOHuueckoi (a) K TeTparoHainsHOH (6) U pOMOHYECKOI (8)
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CopnepxaHue yriaepoia ONPENeIsIIoT 0 MEeKAyOIeTHOMY paccTo-
SIHUIO, KOTOpOE 00YCIOBJIEHO TOJNBKO COACpP)KaHHEM YITIepOoAa B MapTeH-
CHUTE 1 HE 3aBHCHUT OT COICPKAHMS B HEM JICTHPYIOIIUX IEMEHTOB.

Hna MIPOBEICHUSA aHaJn3a UCTIOJIB3YIOT JTyOJeThI
(110)—(101)+(011), (200)—(002)+(020), (211)—(112)+(121). TIpe-
MMYIIECTBO UCIOJIb30BaHUS JIMHUHN ceMelcTB tiockocteit {200} u {211}
COCTOUT B TOM, YTO W3MEpPEHHAs] BETUYMHA MEKIYOIETHOTO PACCTOSHUS
(A20) mist 3TUX JTUHWIA CYIIECTBEHHO OOJIBIIE, YeM JIIS TUHUA CEMEHCTB
{110} (puc. 13.3). Kpome TOrO, NMp HATHYHUM OCTATOYHOI'O AyCTCHHTA
ero nuHus (111) 6imzka no yrnam k auauu (110) mapTeHcura, 9To MpH-
BOJUT K CHI)KEHHIO TOUHOCTH U3MEPEHU.

a) 0)

Puc. 13.3. 3aBucuMocTh MEXTyOJIETHBIX PaCCTOSHUN
JUISL JTHHUN TETParoHaIbHBIX TYOJIETOB OT CO/IEPIKAHUS yriepoaa B CTalIH

Heo0xoauMo MOMHHTBH, YTO TaKyl0 METOAWKY ONPEACNeHHS CO-
JIepKaHUs yriaepola B MapTCHCHTE MOXKHO MPUMEHSATH TONBKO JJIS CBE-
JKE3aKAJICHHBIX BBICOKOYTIIEPOIUCTHIX CTallel C OTHOCHTENBHO HH3KOH
TEMIIEpaTypol Hadaja MapTeHCUTHOTO npeBpamienus (Mu). [Ipu conxep-
skaHuu yraepoaa menee 0,6% ykazaHHble AyOJeThl He pasperiaroTcs. B
TOM city4ae, korna MH Beie 150°C, naxe npu 6onbmmx % coaepKaHus
yriiepoja, Ha TI0JIOKEHHE OHOM U3 JIMHMI ay0iieTa MapTeHCHTa «3aKajl-
KW» BJIMSIET NMPUCYTCTBHE JIMHUM MapTEHCHUTAa «OTIyCKay, TeTparoHaib-
HOCTb KpPUCTAIIMUYECKOH PEeLIEeTKH MapTEHCUTA «OTIIYCKay, COAEPIKAILETO
oxono 0,2% yrnepona mMana u ero ay0ser Ha paspemaercs. Hanpumep,
i pyonera muaun {211}, cusaroit B Fek, m3mydenun, mexmyOnerHoe
paccrosine A20 coctasister 20'. CremoBaTenbHO, a 3TOM CiIydae pedb
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UJIET yKe He 0 AyblieTe, a O TPHUIUIETE: BE JIHHUM MapTEHCUTA 3aKaIKH 1
0JlHA — MapTeHCUTa oTIycKa (puc. 13.4).

'_4?)7) 2}'!)
127 om”\f.é’l_mﬂ
YT (778 oy (172) sornc

ot i
P 493 8%
L9°s57"

49°55°

Puc. 13.4. Cxema pacrosioskeHus JHHAM MapTeHcuTa 3akanka (211,121-112)
U MapTeHcuTa otirycka (211, 121-112) nsst BBICOKOYTIIEPOUCTBIX CTajIeH

JIunus MAapTEHCUTAa OTIIYCKa HAKJIaAbIBACTCsA Ha OJHY W3 JIMHUI
TETPAroHaJIBLHOIO JIy0JieTa, YTO CYIIECTBEHHO OCIIOXKHSIET M3MEPCHUE U
pacyér. YOenuThCs B OTCYTCTBHU 3HAYUTEIHHOTO KOINIESCTBA MAPTECHCH-
Ta OTIyCKa MOXKHO OIpEHEIHB COOTHOIICHHWE WHTEHCUBHOCTECH IMHUI
nyonera.

TeopeTruecku il CBEXKE3aKaIEHHOTO MaPTEHCUTa COOTHOIIICHUE
WHTEHCHUBHOCTEH IMHUI 1yOniera

JHLH,Laa/JanL=2.

OO6pa3oBaHre MapTEHCUTA OTITyCKa MPUBOIUT K YBEIWYCHHUIO CO-
OTHOIIEHUS M3MEPEHHBIX MHTEHCHBHOCTEH st myomeroB (211,121-112)
wiu (200,020-002).

B nanHoil pabote mpeamnonaraeTcs UCMOIb30BAHHUE MPSAMBIX H3Me-
peHuit MexryoaeTHOro paccrosiaus (puc. 13.5):

1. TIposectu 3akanKky oOpasiia BLICOKOYTIIEPOIUCTOM CTAN (Map-
Ky YKa3athb).

2. Tlonyuuts audpakTorpamMmy oT 00pasia.
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3. Tlonb3ysiCh CIPABOYHUKAMH MPOUHIMIMPOBATH JIMHAH JIA-
(bpakTOrpaMMBI ¥ ONIPEICIUTh UX YTIOBOE paccTosHUE 20.

) a AL, é
¥ 5
s r =
Q = g g - =
~ ~dle g a b 3
gl e =
MR 8
M :
ﬂ 1 T ) 1 1 1 1 e L 1 L 1 ) ]
5 58 62 287 60 & 03 107 1 28

Puc. 5. IndpaxrorpamMma 3aKkajaeHHOH ctanu, copepxarmeit 1,7%C, nomydeHnas B
n3nydeHnn Fekq

4. PaccuMrarh 3HaYEHHs [APAMETPOB «a» M «C» [0 YPABHEHHAM
(1) 1 (2) m yroet O o opmyne: Sin0=(A%/4d?)(H?*+K?+L?) nna nunwii
aHAJTM3UPYEMOro Ay0sieTa IPU Pa3HBIX CONCPIKAHUAX yriiepoaa. PacueTs
BBIYKCIIEHUI 3aHecTH B Tabi. 13.2.
Tabmuua 13.2
Ompenenenne copepKaHus yriaepoaa B MapTEHCHTE 3aKaIEHHOM CTaIn
10 U3MEPEHUAM MEXKTYOJETHOTO PACCTOSIHUS

C, % |a alc 01° 02° sinBl | sinB2 | ABreop | ABsken | C,%

o
Macce

o

0,6

0,8

1,0

1,2

1,4

5. OmnpenenuTs MPU pa3HbIX MPOLECHTHBIX COMCPKAHUSX YIiIepoa
Y TTIOCTPOUTB TPaAynPOBOYHEIH rpaduk 3aBucumoctu O=(f).

6. V3meputh Yriibl OHLH,LHH-OHHL U ONIPENENUTh COlepIKaHUEe Yr-
Jeposia B MapTEHCUTE.
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7. Tlo rpaduKy ONpenennTh COIEepKAHUE YIIEpoIa B MAPTEHCHUTE.

8. Paccunrarh (paKTHYECKHE 3HAYEHHUS TEPHOIOB PEIIETKH Map-
TEHCHUTA «a» U «C». OLEHUTh OIINOKHU SKCIIEPUMEHTA.

9. Bce pe3ysnbTaThl H3MEPEHUIA 3ammucarh B Tad. 13.2.

KOHTpOJIbeIe BOIIPOCHI

1. HasBatp a3bl, oOpasyronme CTPyKTypy KOHCTPYKIIMOHHBIX U
MHCTPYMEHTAJBHBIX CTalICH TOCIE 3aKalKH, HU3KOTO OTIYCKA, BBICOKOTO
OTITYyCKa, OTXKHTA.

2. IlpencraBUTh CXEMATHYECKH BH/ MOPOLIKOBBIX PEHTIEHOIPAMM
(mTpUXIHarpaMMbl) BBICOKOYTJICPOJMCTON OTOMXOKEHHON M 3aKaleHHOU
cTany.

3. Or 4ero 3aBUCHUT CTEINEHb TETPArOHAIBHOCTH PEIIETKH Map-
TeHcuTa?

4. Tlo xakoMy MpPU3HAKY MOXHO CYIUTh O MPOTCKaHUH IBYyX(Da3-
HOT'O pacraja MapTeHCUTA U O HAIMYUH «MAPTEHCUTA OTITyCKa»?

5. Touemy B 3aKaJeHHBIX CTAlSIX BCEr[a MPUCYTCTBYET Aocr, OT-
9ero 3aBHUCUT €r0 KOJIMYECTBO, KaK OT HET0 MOYKHO M30aBUTHCS?

6. Kakue ¢akropsl MHTCHCHBHOCTH MOXHO HE HPHUHHMATh BO
BHUMaHUE IIpU CPAaBHEHMU TEOPETUYECKUX WHTEHCUBHOCTEH JIMHMN
ayCTEHHTA U MapTeHcuTa?

7. Kakue HapylIeHUs MPaBHJILHOTO PEXMMa TEPMHUYECKOW oOpa-
OOTKH ¥ KaK BIMSIOT HA U3MEHEHUE BUIA TH(PPAKTOrPaMMBbI?

PexoMenayemasi imreparypa

1. Topemuk C.C. Pentrenorpadm4eckuii ¥ 3IIEKTPOHHO-OIITH-
YecKMi aHanm3: yued. mocodue Ui By30B. — 3-€ U37., JOI. U mepepad. /
C.C. T'openuk, FO.A. Ckakos, JI.H. Pactopryes. — M.: MUCuC, 1994. —
328 c.

2. Mupkun JL.M. PeHTreHOCTpYKTYpHBII aHANIN3 MalIMHOCTPOH-

TEJIBHBIX MaTepuanoB: cupas. / JLU. Mupkusa. — M.: MamumHOCTpoeHHe,
1979. - 134 c.

134



14. MPAKTUYECKASA DJIEKTPOHOI'PA®USA

JBIKyImpecs: 31eKTPOHBI 00JamaloT BOJHOBBEIMU CBOWCTBaMH,
OHH CIIOCOOHBI Au(parupoBaTh U UHTEPHEPUPOBATH TaK Ke, KaK U JIIO-
ObIe ATEKTPOMArHUTHEIC BOJHEL.

DnekTpoHorpaduIecKuii aHaIW3 OCHOBAaH Ha TOM, YTO Mapal-
JETBHBIA MyYO0K DJICKTPOHOB, JICTAIIUX C MOCTOSHHON CKOPOCTBIO, B3aH-
MOJICHCTBYET C BEIIECTBOM KaK IUIOCKAs MOHOXPOMATHYECKas BOJHA.
JmHa BONHBI 3JCKTPOHHOTO Jy4a A 3aBHCHT OT CKOPOCTH JIETSIIMX
AIIEKTPOHOB U OMPEAEISIETCS] ypaBHEHUEM:

h v?
A= > 1+ 0
mv C
rae h — mocrosinast [anka; M — Macca 3J1€KTpOHa; V — CKOPOCTh AJIeK-
TPOHA; C — CKOPOCTB CBETA.
Jns yCKOpPEeHUs 3IIEKTPOHOB HCIIOJB3YIOT 3JIEKTPUYECKHE IO
Ecan ckopocTh 2JIEKTPOHOB Malla MO CPaBHEHHIO CO CKOPOCTBIO CBETa,
TO, B 3aBHCHMOCTH OT pa3HocTH noTteHuuaioB (U), 6e3 ydera pensaru-
BUCTCKOM TOIIPaBKH, [NINHA BOJIHEBI OIPEICISICTCS ypaBHEHHEM

12,225
\/U ]
0

rae A BelpaxkeHo B aurctpemax ( A), a U — B BoibTax (B).

[Ipn m3menennn pazHoctr moteHImanoB ot 30 B mo 100 kB,

0

JUTMHA BOJTHBI M3MeHsieTcs oT 2 10 0,05 A.

B3anMopeicTBys ¢ KpUCTAJUIMUECKUM BEIIECTBOM, 3JIEKTPOHHBIE
BOJTHBI HCIBITHIBAIOT AU(PAKINOHHOE paccemBaHue (MOJOOHO pPEHTTe-
HOBCKHUM JTy4am).

Yame Bcero 3amaud SICKTPOHOTpadHH aHATOTHYHBI 3a1adam
PEHTTEHOCTPYKTYPHOTO aHalu3a. MeTolbl 3IEeKTpOHOTpaduu OOBIYHO
MPUMEHSIOT A1 CTPYKTYpHOTO aHajin3a O4YeHb TOHKUX IuieHoK (0,01
MKM) M TIOPOIIKOB, a TaKXe MOBEPXHOCTHBIX CIIOEB MAaCCHBHBIX 00pa3-
IIOB. DJEKTPOHOTpagHUIECKUAN aHATIH3 IPOBOIAT C ITOMOIIBIO CHEIHAb-
HOTO Tipudopa — AnmekTpororpada. s momydeHus TuppaKkIMOHHON Kap-
TUHBI MOXET OBITh HCIOJNB30BaH TOYTH JIOOOW IIEKTPOHHBIA MHKPO-
CKOII, OHAKO 3JEKTPOHOrpadbl UMEIOT OCOOEHHOCTH KOHCTPYKTHBHOTO
CTPOCHHS, COOOIIAIONINE UCCIICYEMOMY OOBEKTY JOMOJHUTEIHHYIO I10-
JIBUKHOCTH. ITO UMEET OOJIbIIIOE 3HAYCHHE TIPU UCCIIETOBAHUIX.
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Ipunuun pa6oTsl 3j1eKTpoHOrpada

DnekTpoHorpad — BIIEKTPOHHO-ONTHYCSCKUN BaKyyMHBIH TPHOOD
(puc. 14.1). ICTOYHUKOM 3JICKTPOHOB SIBISIETCS AJIEKTPOHHAst myka D11,
DNEeKTPOHBI, UCITYCKaeMble pAaCKaJICHHOW HUTBHIO, POUS uepe3 pal aua-
(parMm, yckopsawTcs BbIcOkMM HampsbkeHueM a0 100 kB. YckopeHHbie
AIIEKTPOHBI OMAAIOT B CHCTEMY DJIEKTPOMArHUTHBIX JIMH3, KOTOpAast CO-
CcTOWT U3 ABYX KoHAeHcopoB JI1 u JI> 1 AByX 10cTHpOBOYHBIX Karyiiek Ki
u K. KoHzieHCOpBI TPEICTaBIISAIOT COOOH AIIEKTPOMArHUTHI C KATYIIKaAMH,
HAMOTaHHBIMU Ha OOIIMKA KOpIyC. MarHUTHBIE TIOJISI KOHACHCOPOB, Ieii-
CTBYA Ha 3JIEKTPOHBI, POKYCHPYIOT UX B Y3KUH My4OK.

Radlie)il

- . aea’
— /1y K
- | <__ I

|

|

|

|

Puc. 14.1. IlpyHnmnuaneHas ONTHYECKas CXeMa
anextpororpada -100M

CdokycupoBaHHBIM My4YOK 3JIEKTPOHOB MOMaAaeT Ha o0pasell, u3-
TOTOBIICHHBIA B BHJIE TOHKOTO TMOJUKPHCTAILIIMYECKOTO CJIOs HCCIemye-
MOT0 BELIECTBa, HAHECEHHOT0 Ha OPraHUYECKYIO TUICHKY.

Ipoiins ckBo3b 00pa3el U HCHBITAB B HEM OTKJIOHEHUS, dJICKTPO-
HBl [ONAJAl0T Ha JKpaH, IIe paclojoXeHa Kamepa, NpeaHa3HaueHHas
JUTSL BU3yallbHOTO HaOMoaeHus U poTorpadupoBaHus JIEKTPOHOTPAMMBI
oOBeKTa.
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ledl"OTOBJ'lel-ll/le 06pa3u03 AJIAA UCCJICIOBAHUSA «HA ITPOCBET»

[Ipu mpoBeneHNM SIEKTPOHOTPAPUISCKUAX HCCICIOBAHUN OOJb-
mue TpeOOBaHUS MPEABSBISIIOTCS K YHUCTOTE UCCIIETyeMO IIOBEPXHOCTH,
MOATOMY 00pasIbl OOBIYHO MPEABAPUTENIHFHO MOABEPralOT MEXaHMYECKON
WK DJICKTPOMEXaHMYECKOH MOTUPOBKE, 3aTEM TPABICHUIO XUMUICCKUMHU
pearenTamu. TpaBieHHe crmocoOCTBYET co3aanuto Ooliee Tpyooi MmoBepx-
HOCTH C MaJ€HBKHUMH BBICTYIIAMH, IPOHUKAS Yepe3 KOTOPHIE AIIEKTPOHEI
U CO3/IaI0T JU(PPAKIIUOHHYIO KapTHHY (IU(PPaKINs «HA IPOCBET» TOHKUX
BBICTYIIOB).

OueHb yacTo HccienyeMble 00pasibl N3rOTABIMBAIOT B BHJE TOH-
KUX IJICHOK, KOTOpBIE HCCIEAYIOTCS Ha IPOCBET. DJIEKTPOHOTPaMMBI B
3TOM Cllydae IOJydaroTcsl OoJjiee YeTKHMMH W pacimupoBka uxX Ooee
npocras. Miccneayemble MIeHKH JOIKHBI OBITh 04eHb ToHKHMHE (1077 cMm).

CymiecTByeT HECKOIBKO METOOB TOTYUCHHS TAKUX TUICHOK:

— TpaBJIeHHE METAIUTMYECKOH (DOJIBIH;

— HaHeceHWe BellecTBa B Mapoo0pa3HOM COCTOSHHM Ha
KaKyl-JTH00 TOAKIAKY, KOTOPYIO MOXKHO YIAIUTh TOCIEIYIOINM pac-
TBOPCHUEM.

B kadecTBe MOOKIAIKU NMPUMEHSIOT Yallle BCETO IUICHKY KOJIIO-
IS, KOTOPYIO TOTOBSIT M3 PacTBOpa LEJUTyIOH a.

Merajuinueckre IUIEHKH, MMoJyYacMble KOHJCHCAalMed M3 mapa B
BaKyyMe€, MOTYT OBITh IO COCTaBYy IPOCTBIMH (YHCTHIE METAJUIbI) WM
CJI0KHBIMU (c1uiaBbl). CTPYKTYpa IUIEHOK (THIT PELIETKH U €€ UCKAKEHHUS,
pa3Mepsl YacTHIl M HECIUIONIHOCTEH) CyNIECTBEHHO 3aBHCHT OT HX TOJ-
IIMHBI, CKOPOCTH HCIIAPEHNS, MaTepPHata U TEMIIEPATYPhI ITOIOKKH.

HpHFOTOBJ’leHI/Ie 06pa3u03 AJIS1 HCCJICN0OBAHUSA «HA OTPAKCHUE»

Meramiorpaduieckne UDTHQPHI I UCCIACIOBAHHS «HAa OTpaXke-
HHE» TOTOBSIT OOBIYHBIM CITIOCOOOM, HO C COOJIIOJICHHEM OCOOBIX IMpe/Io-
CTOPOXKHOCTEH, HE JOIMYCKAIOIUX 3arps3HEHUS] TTOBEPXHOCTH WITH MCKa-
KEHHS CTPYKTYPBI MIOBEPXHOCTHOTO cJOsA. JIJisi CHATHS KUPOBBIX, OKHUC-
HBIX IUICHOK M TIPOYUX 3arps3HEHUH NPUMEHSIOT SJIEKTPOIHTHYCCKYIO
MOJIUPOBKY U IPOMBIBKY B Pa3JIUYHBIX CpeIax.

Pasmep oOpasiia npu pabote «Ha OTpaKEHHE» JOJDKEH OBITh Ta-
KHM, YTOOBI MYYOK 3JIEKTPOHOB CKOJIL3WJI MO MOBEPXHOCTH OOpasiia Ha
mmHe 5-10 Mm.
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ITanoHHbIE 00pa31bI

Kak u Bcskuii ontudeckuiit mpubop, 3ekTpoHorpad mnepen pado-
TOW JOJKEH OBITh TIATENBHO OTBHIOCTHPOBaH. HOCTHpOBKa MPHOOPOB
TAKOT0 KJlacca MpPOLECcC CIIOXKHBIA, TpeOyeT CleluanbHON MOArOTOBKH
MIEPCOHAJIA U BBIMIOJIHSCTCS OMEPATOPOM, KOTOPHIH 00CITyKUBAET PHOOP.

1 mpoBepKH KauecTBa IOCTHPOBKY M HOBBIIICHUS] TOYHOCTH pPac-
4YeTa JNEeKTPOHOTPaMM OOBIMHO MPOM3BOAMTCS ChEMKa ITATOHHBIX 00-
pa3moB. B kauecTBe 3TAIIOHOB MCIIONB3YIOT BEIIECTBA, KOTOPHIE XapaKTe-
PHU3YIOTCS MOCTOSIHHBIM COCTaBOM U YCTOHYMBBIM PSIIOM MEKILUTOCKOCT-
HBIX paccTosiHUil. OOBIYHO HCIOJIB3YIOT B KAYECTBE ITAOHOB KAMCHHYIO
conb (NaCl) win oxcun maraus (MgO).

YcerpoiicTBo KoMnapaTtopa

Komnaparop sBnsieTcs mpuOOpoM, H3MEPSIONIMM PACCTOSHHS C
TouHOCTHIO 10 107 MM (puc. 14.2). KoMnapatop uMeeT JiBa MUKPOCKOIIa,
JKECTKO CBSI3aHHBIX MEXIy co0oif. Heratus paccMaTpuBaercst uepes Jje-
BBIIl MUKpOCKON 1, Ha3bIBAEMBIH BU3HUPHBIM.

Puc. 14.2. YcrpoiicTBo KOMIapaTopa

C momomip0 MpaBoOro MHUKPOCKOMA 2, HA3bIBAEMOTO OTCUETHBIM,
onpeaenseTcs MOJIOKESHUE TIEPEABIIKHOTO CTOJIMKA 3 ¢ (POTOMIIACTUHKOM,
M0 3aKPEIUICHHONW B HEM CTEKJISHHOW MWJUIMMETpPOBOMW Imikaie 4, pac-
cMaTpUBaeMol depe3 oKyysap Mukpockomna. [llkama mpubopa u usmepsie-
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MbIil 00BEKT IOJDKHBI OBITh PABHOMEPHO OCBELICHBI, YTO JOCTUTACTCS C
MOMOIIIBIO 3epKaJl, 3aKPEIUICHHBIX B 33 JHEH YacTu npudopa.

B mporiecce u3MepeHusi He cieAyeT MEHSATh MOJIOKCHHE H OCBe-
MIEHHOCTH 3epKasl. OTKPEeNnuB BUHT 5, MOJBIKHON CTOIUK HEPEMEIIAIOT
JI0 TeX TOp, MOKa B IIEHTPE MO 3pPSHUST BUBUPHOTO MHKPOCKOIA He 0y-
JIET BUIHA JIEBasl YacTh MCCIEIyeMOro AU(PAKIIMOHHOTO KOJBIA, TOCIIE
4yero BUHT 5 3akperuisitor. [locne TOYHOW HABOAKM Ha IITPHX OOBEKTA
(myry mudpakimOHHOTO KOJbIA) MPOU3BOAAT OTCUET 10 CHHUPATBHOMY
OKYJSIPHOMY MHKPOMETPY, HOMEIIEHHOMY BHYTPH OTCYETHOI'O MHKPO-
CKOTIa.

Puc. 14.3. CiupanbHbIii OKYJSPHBI MUKPOMETP

B none 3penus orcueTHOro MuKpockona (puc. 14.3) oqHOBpeMeH-
HO BHIHBI: JIBa-TPU HITPHXa MUJIMMETPOBOM IIKaJIbl, 00O3HAUYECHHBIC
KkpymHbIMH HGpamu («83», «84», «85»); HenoaBmxkHas mkaga 1 mecs-
TBHIX J0Jei MUTUMeTpa ¢ neneHusMu ot 0 1o 10; kpyrosas mkana 2 Jis
OTCYETa COTBIX M THICAYHBIX J10JIEH MUJUTUMETPA U JECSITh IBOMHBIX BUT-
KOB criupanu 3.

YUT00BI MPOU3BECTH OTCUET, HEOOXOIUMO MPEABAPUTEIHLHO Maxo-
BUYKOM 6 HOABECTH JBOWHOI BUTOK CIIHpANU TaK, YTOOBI MIJUIUMETPO-
BbII IITPUX, HAXOJAAIIUNCS B 30HE ABOWHBIX BUTKOB, OKa3aJCsi TOYHO I10-
CepeliHe MEXy JHHUSMHU JABOWHOro Butka (cM. puc. 14.2). Mumexcom
JUIsL OTCUeTa MUJUIMMETPOBBIX JIENEHUH ILKaJbl KOMIapaTopa SBISETCS
HYJIEBOH IITPUX HEMOIBW)XHOW (TOPU30HTANBHON) IMIKAJIBl JECSTBHIX T0-
nel mwuinMerpa. Eciu IUTpUX MWUIMMETPOBOM IIKaNbl PacHoOIOXKeH
BIIPAaBO OT MHIEKCA, TO 3TO O3HAYAET, YTO JAHHBIA MUJUIMMETPOBBIN
MITPUX YXKE TPOIIENT WHIEKC, a OMmKalmmi, OONbIIHNA MUJUTUMETPOBBIH
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MITPUX, €lle He Jomen 1o WHaekca. Ha pwuc. 14.3 MMIIIMMeTpOBBIid
mTpUX «84» yxe mpoien uHaAeKe (0TMETKy «0»), a OKalIIui mTpux
«85» eme He momren mo Hero. Ortcuer OymeT 84 MM ILTIOC OTPE30K OT
MITPUXA IIKAIBI ACCATHIX JOJEH MIJUIMMETPa. DTOT OTPE30K COICPIKUT
JIECATBIC, COTBIC, THICSYHBIC U JECATUTHICSYHBIC IOIH MHIJUIMMETPOB.
Yucno JecAThIX JONIEH MIUUIMMETpa TOKa3blBaeT Idpa MOCIeTHEro
npoiaeHHoro mrpuxa mkansl 1 (Ha puc. 14.3 — «3»). CoTble U THICSYHBIC
JOJHM MHJUTUMETPa OTCUUTHIBAIOTCS MO IIKAJE 2, MHACKCOM CITYXKHUT yKa-
3arens mkainel 1 Ha puc. 14.3; meHa JgejeHHS KPYroBOH INKadbl —
0,001 mM. JlecATHTBICAYHBIC JOTU MIJUTUMETPA OLCHHUBAIOTCS HA IJIas3;
HHJIEKC TOYHO COBIAJAET CO IITPUXOM «99» KPYroBOW MIKANBI, IIO3TOMY
OKOHYaTeNbHbIN oTcueT Oyaet 84,3990 mm. Ilocie Toro, kak MpoU3BEACH
OTCYET, IMEePEMEIICHHEM CTOJIa BBOAST YTy IIPABOM IOJOBHHBEI TOTO XK€
IU(QPaKIIMOHHOTO MAKCHMyMa B LIEHTP BH3UPHOTO MHKPOCKOIIA U BHOBB
MPOM3BOAAT OTCUET IO MPAaBOMY (OTCUETHOMY) MHKPOCKOITY. PazHOCTB
JIBYX OTCYETOB JAeT TUAMETP TUPPAKIIHOHHOTO KOJIbIIA.

Boinosinenue padoTsl

1. 3MepuTh Ha KOMIIapaTope TUAaMETPhI TPEX HEHTPAIbHBIX IH-
(hpakIMOHHBIX KOJEIl Ha 3JIeKTpOoHOTpamMmax okucu marHus (MgO) u
30710Ta (Au), MOTYYEHHBIX NPH HaNpPsDKCHUU Ha 3nekTpoHorpade 60 xB.
Omnpenenuts paauycel I koserr (puc. 14.4).

- Yo

Puc. 14.4. DnekTpoHOrpaMMa KpHCTaUTHYECKOTO BEIIECTBA.
Unpexcsl Mumiepa: 1 — (111); 2 — (200); 3 — (220)

2. Vcmonn3yst pe3ynbTaThl U3MEPEHUH 3IEKTPOHOTPAMM, BBIYHC-
JIUTH AJUHY BOJHBI Ae-bpoiins snekTpoHoB. Iyt Tpex yKa3aHHBIX KOJIEIl
nopsaaok N = 1. Tlepuon uaentnunoctu it Au pased 0=0,406 um, s
MgO d= 0,447 um. J{ns snekrpororpada II'-100M, Ha KoTOpoM GBLIH
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MOJy4eHBl H c(oTorpagupoBaHbl HCCIEAYEMBIE 3JIEKTPOHOTPAMMEI
L=755 mm. Manekcel Musutepa Iuisl IpocToi KyOH4ecKol pemeTk Au u
MgO yka3zansbl Ha puc. 14.4.

3. IloBTopuTh TyHKTH 1 1 2 s sanexrporHorpamm MgO u Au, mo-
JTydeHHbIX Ipu HanpsbxeHusx 80 u 100 kB.

4. CpaBHUTH TIOJNy4E€HHBIE SKCIIEPUMEHTAIBHO [UIMHBI BOJH Jie-
Bpoiins ¢ BeranciaeHabME 1o Gopmyite (14.2) u mo Gonee TouHOM (op-
myne (14.3), yauThIBaromeld peiaTUBUCTCKYIO 3aBUCMOCTh MacChl AJIeK-
TPOHA OT CKOPOCTH:

)= 12225 (1-0,489010°°) Hm. (14.3)

Ju
5. CoctaBHTb OTYET O pabore:

5.1. Hanmucatp Ha3BaHUE U 1eTb pabOTHL.

5.2. KpaTko H310XUTh (prU3ndecKue OCHOBBI 3JIEKTpOHOTrpadu-
YEeCKOT0 aHaJu3a, ero 3a1a4u U 00JacTH IPUMEHEHUS.

5.3. Kpartko ommcaTh yCTPOHCTBO M MPUHIUI PabOTHI AJIEKTPO-
HOTpada, HApHCOBATH €TO IPHHINIHATEHYIO ONITHYECKYIO CXEMY.

5.4. V3)10XHUTh OCHOBHBIC TPEOOBaHWs, PEIbSBIIIEMbIC K 00-
pasiaM Uil 3JIEKTPOHOTpaHUECKOro aHalu3a, OMUCATh METOAMKH HX
HPUTOTOBJICHHSI.

5.5. BHIMONHUTE NEPBUYHBINA pacdeT MPEeAsIoKEHHON IEKTPO-
HOTPaMMEI.

PesynmpTaTel M3MepeHHt W pacCUMTAaHHBIE IO HAM JUTMHBI BOJIH
JIOJDKHBI OBITH TIPEICTABIICHB! B BUJIE CIEAYIOIIEH TaOIHIIbL:

Homep [Tonoxxenue KoH- Panuyc JlnHa BOJHEL A, HM
KOJbIIa 1[0B THaMeTpa KOITbIIA
JIEBOTO | TIPaBOTO 9KCII. TEOP. peT.

KoHTpoJibHbIe BOPOCHI

1. ®u3uveckre OCHOBBI JEKTPOHOTPAPUISCKOTO aHAIH3A.

2. [fpuHIMNIMaTBEHAS ONTHYECKAs cxeMa dJIeKTpoHorpada.

3. TpebGoBaHus K MOATOTOBKE OOpa3LOB AJIS IEKTPOHOTpadude-
CKOTr'0 aHaJu3a.
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4. Kak roToBsTCS 00pasIlbl Uil ChEeMKH «Ha TIPOCBET»?
5. Kak roToBsiTcst 00pa3ipl IUisi CheMKHU «Ha OTPaKCHHE)?
6. ITopsimoK MHAUITUPOBAHUS AIEKTPOHOTPAMMBIL.
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