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Oowan xapakmepucmuxka Memoooe CmpyKmypHo20 aHau3d.

CoBpeMeHHbIE OTPACIu HayKHd U IIPOMBINUICHHOCTH MPEABABISIOT K MaTepraiaM
(MHCTpYMEHTAJILHBIM U KOHCTPYKIIMOHHBIM), K MX CBOMCTBaM CaMble Pa3HOOOpa3HbIC
TpeOOBaHUs, 3aBUCSIINE OT YCIOBUN IKCIUTyaTal|H.

OcHoBHasl 3a/ladya COBPEMEHHOTO (PM3NYECKOTO0 M MPUKIIAJHOTO MATEPUAIOBEACHUS —
CO3/IaHHE€ MaTEepHAJIOB 00JIaJA0INX BHICOKUM YpPOBHEM (DU3MUECKHUX, MEXaHUUECKUX
U APYTHUX SKCIUTyaTallMOHHBIX CBOMCTB.

CymiecTBYIOT JBa TJIaBHBIX BOIpOca (PU3UUECKOTO U MPHUKIAJTHOTO MaTepuaIoBe-
JEHUS:

1) Kak Benét ceOst MaTepHal B TEX WIIM UHBIX YCIOBUSX?

2) Tlouemy oH ce0st Tak BeAET?

HawnOosiee nonHbIii OTBET HA 3TH BOIPOCHI, €CJIM TOBOPUTH O MPUPOAE PUZHUECKHUX U
MEXaHUYECKUX CBOMCTB MaTEpUajOB, NA€T aHAIW3, YCTAHABIMBAIOIINN CBS3b MEXIY
XHM. COCTaBOM, CTPYKTYpPOH M CBOMCTBaMHU MarepuanoB. Tpedyercs neraibHOE U3yde-
HUE CBOMCTB, CTPYKTYpBbI, €€ Ne(EeKTOB U U3MEHEHHUsSI HMX B IPOLECCE MOIY4YEHHUs], 00-
pabOTKHU U 3KCIUTyaTallud MaTepuara.

9Ty uHGOpMaLMIO TOIY4aroT, IPUMEHSS pa3jIMuHbIe, B3aUMOJONOJHSIOIUE U
YTOYHSIOIINE IPYT APYrd, METOJbI UCCIEIOBAaHUS CBOWCTB M CTPYKTYpBI, JarOlue Ka-
YECTBEHHBIE U KOJIMYECTBEHHBIE OLIEHKU CTPOEHUS U MOBEICHMSI MaTEPUAIIOB B ITPOLIEC-
c€ MPOMU3BOJICTBA, W 3KCIUTyaTauud. IMEHHO CTpyKTypa SBIISIETCS LIEHTPAJbHBIM 3BE-
HOM, KOTOPO€ B KOHEUHOM UTOT€ ONpPEIEIseT CBOMCTBA TOTOBBIX M3ENIHIA: U POYHOCTh
Y HAJIeKHOCTh. Pa3nuuaroT mpsiMble U KOCBEHHBIE METOJABI M3yY€HHUsI CTPYKTYphl. Be-
AYILIYIO POJIb IPU 3TOM HUTPAET HEMOCPEACTBEHHOE HAOIIOIEHUE CTPYKTYPHI

VIMEHHO CTPpYKTYPHBIN aHAJIM3 MOJIOKEH B OCHOBY OLIEHKHM Ka4yeCTBa.

Ho cBsA3p Mexay CTPYKTypOW M CBOMCTBAMHM HE BCEraa OAHO3HaudHA. M3-3a He-
PaBHOMEPHO pacCHpeeEHHBIX OCTAaTOYHBIX HANpPsKEHUHM, He3aBEpLIEHHBIX (Pa30BBIX
MIPEeBPALIEHUM, CErperalluii 1 BHYTPEHHUX PACCIOCHUM B TBEPIABIX pacTBOpax. B aTmx
cllydasx MNpuOerarT K KOCBEHHOMY aHAJU3y CTPYKTYpbl MO (U3MUECKUM , XUMUYe-
CKMM M MEXaHUYECKUM CBOWCTBAM..

B ocHOBe coBpeMEHHBIX METOJIOB aHaJIM3a JIeXKAT KIACCUYECKUE 3aKOHbI (PU3HKH,
XUMUU U PU3XUMUU.

BaxHoit 3amaueit siBsieTCsl TpaMOTHBIN BEIOOP MeTO/1a uccienoBanus. M3 Muoxe-
CTBa M3BECTHBIX METOAOB KOHTPOJISI HEOOXOJUMO BbIOpATh TOT (UM TE), KOTOPBIE IMO-
3BOJISIIOT OMNpPEAENIUTh CBOMCTBA, HanboJiee MHTEPECYIOIINE MOTpeduTens (KOHCTPYKTO-
pa).

B Mmeramnorpadguu (Hayke O CTpyKType METaIOB M CIJIABOB) BECh Pa3MEpPHBII
PAI CTPYKTYP U Je(DEKTOB TPAIUIIMOHHO MOAPA3AEIACTCA Ha TPYIIIbL:
-MAaKPOCTPYKTYpa (BUJ U3JIOMA, JEHAPUTHOE U TMOJUDIPUYECKOE CTPOEHHUE, pa3Mepbl
3€pEH U UX OPUEHTALINs);

-Me30CTPYKTYypa (CTpyKTypa BHYTPH 3€pE€H, AMCIOKAIMN U WX aHCaMOJu, JUCKIMHA-
LU, TYEHKU, TOJINTOHBI, UX Pa3MEPbl U OPUEHTALIHS);

-MUKPOCTPYKTYpa (MHAU€ - pEHTT€HOCTPYKTYypa, ToueyHble 1e(eKThl, pa3Mephl U THUII
KPHUCTAJUIMYECKUX PEIIETOK).
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Kak cnenyer u3 Tabn. 1, BbIOOp MeTOJa MCCIEIOBAaHUS CBSI3aH C MacIITaOHBIM
YPOBHEM CTPYKTYpPbl M3y4aeMOIo OOBEKTa, & KOHKPETHEE - C TUIUYHBIMH JI€TAISAMU
CTPYKTYpPBI, KOTOpbIE HEOOXOAMMO M3y4uTh. B 3TOH CBSI3M cledayeT OCTaHOBHUTHCA Ha
TaKOM HOHSITHH, KaK pa3penaronas cnocooHocts npubdopa. OHa xapakTepu3yeT MUHHU-
MaJIbHOE PACCTOSHHUE MEXY ABYMSI COCEAHUMH JETAISIMU CTPYKTYpPhl OOBEKTa, KOTO-

pbIC €IIC MOT'YT OBITh OTACJIbHO pa3jIn4YrMBbI.

Tabnuya 1 Knaccnduxanusi cTpyKTypHbIX YpoBHeii o J.B. KoziioBy u H.A. KoneBoii

Ne

HasBanue

Macriurad

Knaccudukarms

Baxkancwns, atom

2..3A

[Teperu6, mopor

5..50A

I[I/ICJ'IOKEII_II/IH, YCTYyIl Ha I'paHUIC 3€PHA, KPAyIHOH

100A

Bl W N[

I'pynma  nuciiokanuid, CIJIETEHHE MCIOKALWM,
I10JIOCA CKOJIBKEHUS, 30HA CIIBUTA, IHACIOKALIMOH-
Hasl CTE€HKa, OT/eJIbHbIE 00pa30BaHUs JUCIIOKAlU-
OHHOI'O THIIA, TpaHulla 3epHa. /JoMeHHbIE TpaHu-
ubl. BakaHCMOHHBIE, aTOMHBIE U CMEILIAHHBIE KJIa-

100...1000A

MukpoypoBeHb

Sl4eiika, TUCIOKALMOHHAS TETIIA U JUIIOJb, T10JI0-
ca B IOJOCOBOH CYyOCTPYKType, MHUKpPOIOIOCca
cOpoca, MUKPOABONHHUKH, TPYMIbI AUCKINHALINH.
IInacTuHbl M pelku MapreHcuTa. biiok Mo3auky,

0,1...1,0 MxMm

JucrnokanmoHHbIN aHCcaMOJIb. Y4acTOK 3€pHa WK
MOHOKpHUcTa/uia. Ilaker peek mapreHcura. 30Ha

1MM...20 MKM

Me3oypoBEHb

3epHo. Jlenapur. 3oHa caBUra, CHUCTeMa CKOJIb-

10...200 MM

YpoBeHb 3epHa

I'pynna 3epeH. BonokHo koMmo3ura

0,2...0,5 mm

VYyactok obOpasia

1 MM

10

OG6pa3err B 1ie10M

MM...CM

MakpoypoBeHb

JIx.Y. Paneem ObLIO TTOKA3aHO, YTO JBE TOUKU OOBEKTA OTNICIBHO PA3IUYUMBI, T.
€. MOTYT OBITh pa3pelieHbl, €CJIM MaKCUMYM MHTEHCUBHOCTH HM300pa)K€HUsI OJTHOM U3
TOYEK COBMAJACT C MEPBHIM MUHUMYMOM MHTEHCUBHOCTH APYroM TOYKH. | J1a3 yenoBeka
MO3BOJIICT pa3finyaTh JACTAIM WM300pakKeHUs pa3MepoOM B HECKOJBKO JECATHIX J0JIeH
MUJLTMMETpa. J[iMHa BOJIH, BOCIPUHUMAEMBIX IJIa30M YEJI0BEKA, HAXOAUTCS B IIPEeIIax




ot 0,4 1o 0,7 MKM (LIBETOBOI MHTEPBaJ OT TEMHO-KPACHOTO A0 (prosaeToBoro). Makcu-
MaJIbHYI0 4yBCTBUTEJILHOCTh TJIa3 YEIOBEKa MMEET K 3€JIEHOMY CBETY, JJIMHA BOJIHBI

KoToporo coctapiisieT 0,56 MKM.
Tabnuya 2 MacmiraGHble YPOBHH H MeTO/AbI H3yYeHHs CTPYKTYPbl, COOTBETCTBYIOIIME UM

Macmrab |MakpoypoBeHb |Me30ypoBeHb MukpoypoBeHb Hano - ypoBeHb
Tunuynoe| x| x10° x10* x10°
yBeJIHUYe-
Merton BuszyanbHblit OnTtuueckas MuK-|PactpoBas u mpo-|PentrenoBckas mudpak-
OCMOTp pockonus CBEUMBaroLIast s
PentrenoBckas |PacTtpoBas  3yeK-|MHKPOCKOIHUS Ckanupyroniass TYyHHEJIb-
panuorpadus TPOHHAasT  MHKpO-|ATOMHO-CUJIOBAs |Has MUKPOCKOIIMS
VYabTpa3BykoBas |CKONus MUKPOCKOIUS [IpocBeunBaromasi  3Jiek-
MHCIICKIUS TPOHHAsI MUKPOCKOTHS
Tummu-  |[IpomsBoacTBeH- |3epHa u 4yactuiel|CTpykTypa cy03e-|Kpucrammmueckas u mex-
Hble Je-|Hble AeeKThl. |apyrux ¢a3 Mop-|pen 3epeHHas CcTpykrypa To-
Taan [Topwl, Tpemunusl|donorus U aHu3o-|3epHa W TpaHUIBI|4euHble Ae(PEeKThl U Kia-
Y BKJIIOUCHUS Tporus a3 ¢a3 cTepsl AeeKkToB
Brimmanenune  kpu-
CTaJIJIOB

Paspemaronasi ciocoOOHOCTh pa3IUYHBIX TPUOOPOB CYIIECTBEHHO OTINYAETCS.
Paspemienue npubopa omnpenensieTcss AJIMHON BOJIHBI U3ITyYEHHUsI, a TaKKe OCOOEHHO-
CTSIMU B3aUMOJICUCTBUS U3NTyUYEHUS C UCCIIEAYEMbIM MaTEPHATIOM.

B meramnorpadguu (Hayke O CTpyKType METaUIOB U CIUIaBOB) BECh pa3MEPHBIN
PAI CTPYKTYP U e(DEKTOB TPATUIIMOHHO MOAPA3ACIISICTCS Ha TPYIIIIHL:
-MaKpPOCTPYKTypa (BUI HM3JIOMA, JCHAPUTHOE U TOJMIIPUIECKOE CTPOSHHUE, pa3Mephl
3€pEH U UX OPUEHTALIUs);

-Me30CTPYKTYypa (CTpYKTypa BHYTPH 3€pEH, ITUCIOKAIMA M WX aHCaMOJH, JUCKIMHA-
IIAH, TYCHKHU, TIOJIUTOHBI, UX Pa3Mephbl K OPUCHTAIHS);

-MHKPOCTPYKTYpa (MHAYE - pEHTICHOCTPYKTYpa, TOUCUHbIC Ne(hEKThI, pa3Mephl U THII
KPUCTAUTMYECKUX PEIIETOK).

I'ene3zuc u mopghonozusa cmpykmypor mamepuanos

JIro0ast cTpykTypa co3aeTcsi B Mpoleccax NMePpBUUHON UM BTOPUYHON KpPHUCTAJI-
nu3anud. [lepBudHas KpucTauM3anus - 3TO KPUCTAJUIM3ALMS U3 KUJKOTO COCTOSHUS,
IIpU KOTOPOM OOBIYHO (hopMUpPYETCsS ACHIAPUTHAS WIM TMOJUApUYEcKass CTPYKTypa C
MTOJTHBIM HAOOPOM MakKpo-, Me€30- MUKPOIe(DEKTOB CTpoeHMs. BTopuuHasi kpucTam3a-
LU - 3TO NEPEKPUCTATUIM3AIMS B TBEPIOM COCTOSHUU, IPU KOTOPOM TAKkKE€ BOSHUKAIOT
MakKpo-, M€30- 1 MUKPOJIe(heKThl U1 BHYTPEHHUE HANIPSKEHUS BCEX TPEX YPOBHEH.

Bropuunas kpucraimumsanus B MaTepuane BO3HUKAET MO TPEM OCHOBHBIM IpH-
YUHAM:

-pu (Pa30BBIX MPEBPAIICHUS], BEI3BAHHBIX CMEHOW MOAU(UKAIUNA B OJHOM M3 KOMIIO-
HEHTOB CIlIaBa (HampuMep, MpH MepexoJie a— ) B KeJe3e, YTO CBSI3aHO C MPEBPAILCHU-
eM (pepput — ayCTeHHT);



-IPU YACTUYHOM pacrajie TBEPIbIX PAaCTBOPOB 3a CUET YMEHBIICHHUS PACTBOPHUMOCTHU
KOMITOHEHTOB OJHOTO B JIDYTOM U BBIJICJICHUN BTOPUYHBIX U30BITOUHBIX (a3 (Hampumep,
BoiesieHne ¢daspl CUAL, B mypaaioMuHe Ipy €ro CTapeHU ),
-1py AeQopMalivi B XOJIOJHOM WJIU TOPSYEM COCTOSHUSX C MOCIEIYIOUUM pa3BUTHEM
(dbparMeHTaIu, MOJIUTOHU3AINH WA PEKPUCTAILTA3ZAIINH.
Biusinve nedeKTOB KPUCTA/UIMYECKON pellieTKH HA CBOMCTBAa MATEPHUAJIOB

HedexTsl 0€3 COMHEHHS! OKa3bIBAIOT CUIILHOE BO3/IEUCTBHE HA CBOWCTBA 3arOTOB-
k. Ho manexko He Bcernma 3TH HeXelnaTeIbHbIe BO3IEHCTBYS, CBSI3aHbI C MMOTEPEH MaTe-
puana Hy)XHBIX XapaKTepUCTUK. YacTo KPUCTALNTUYECKYIO PEIIETKY CIEHUATLHO TOJ-
BEPraroT H3MEHEHUSIM, YTOOBI TOOUTHCS HY)KHBIX CBOHCTB.
Jleghexmul, 603nuKarouiue npu oeghopmayuu meepoo2o mena

[Ipomecc oOpazoBanms AeGeKTOB MpH AchopManid HEOOIbITOW BEIMYNHBI UACT
HE WHTCHCUBHO. [locie CHATHS HamMpsOKEHHUS BBI3BIBAIONICTO ATy AehOpMAIUIO, TEJIO
MO>KET MPUHATH NMepBOHAYANIbHYIO Popmy. OmHAKO, €clii YpOBEeHb AehopMallii MPEeBbI-
CUTh IMOPOTOBOE 3HAYECHHE, TO KOJUYECTBO JACPEKTOB HAYHET PACTU OYEHBb OBICTPO, YTO
MPUBEAET K HEOOPAaTUMOMY MPOIECCY IIACTUYECKON AedopMaliiy MaTepurara.
Jlegpekmut 0opadomku nosepxnocmu. B mpoliecce CHATHUS CTPY>KKH WU IUTHGOBKH
MaTepualia BCer/ia BO3HUKAIOT MUKPOTPEIIMHBI Ha MOBEPXHOCTH 00BEKTA.
Jeghexmul numeiinozo npoucxoicoenun JlepeKkToB TOr0 TUIA CYIIECTBYET MHOTIO,
MpUBEEM Mapouky npumepoB. Korga pacmiaBieHHbI criiaB 3ayiuBatoT B GOPMbI, U OH
HAYMHACT OCTHIBATh TO HM3-3a HEPABHOMEPHOCTH OCTBHIBAHMSI HEKOTOPHIC YaCTH CJIMTKA
3aCTBHIBAIOT paHbllle, a IPYTUE MO3XKE, ITO CO3JACT CABUTHU CIOEB Mexay coboit. Kpome
TOTO, B CIUIAB MOTYT IOIACTh MEJIKUE ITy3bIPH BO3yXa, OTYETO 00pa3yroTcs mopsl. e-
¢exmul nnaenenusn, 3a1UGKU MEMANA 6 U3TOHCHUUDL, KDUCMALIUZAUUL U OX]IA)iC-
OeHus — 3TO 30HBI IMKBALIMH, 00I[ee HECOOTBETCTBHE 3aJaHHOMY XHMHUYECKOMY COCTa-
BY, YCaJIOYHBIC PAKOBUHBI, PHIXJIOCTh, TOPUCTOCTh, TA30BbIE PAKOBHHBI, MPOJIOILHBIC U
MOTIEPEYHBIC TOPSYHME W XOJOJHBIC TPEIIUHBI, My3bIPH, HEMETAUNINYECKUE BKIFOYCHUS
(3emus1, nutak) u np. Jluxeayus — 3To MECTHasi HEOJJHOPOJAHOCTh XUMHUECKOTO COCTaBa
CIUTaBa, BOHHUKAIOIIASA TIPH €r0 KPUCTATU3aluU. B 30He JTUKBAIIMK MOTYT OBITh TOHU-
KEHBI METAJTMYECKUE XaPAKTEPUCTUKHN METAILNIA.
Jlehekmuvt mexanuueckoii 06padomku BO3MOXKHBI B Mporiecce 00padOTKH METAIIOB
pe3aHueM: OTIeJIOYHbIE MUKPOTPEIIMHBI B TOBEPXHOCTHOM CJIOE JI€Taji, HaKJICTTAaHHOM
B pe3yJbTaTe BO3JICUCTBUS PEXKYIIETO MHCTPYMEHTA; NMUIM(OBOYHBIC TPEUTMHBI Ha 00-
pabaThIBaeMO MOBEPXHOCTH (YaIlle BCTPEUAIOTCS Ha ACTANISAX, U3TOTOBIICHHBIX M3 MeE-
TaJUIOB C BBICOKOHM TBEPIOCTHIO): OCTATOUHBIC PACTATHBAIONINE WU CKUMAFOIINE BHYT-
penHue HanpspkeHus. OHH CIIOCOOCTBYIOT TMOSBIICHUIO YCTaJIOCTHBIX TPEIIMH W 3TUM
MPENCTaBIISIOT OOJBIIYIO OMACHOCTh B MPOLECCE AKCIUIyaTaluuu uzaenui. /leghexmuot
npu o6padomke memannoe 0asieHuemM BO3HUKAIOT B MPOILIECCE MTPOKATKU, BOJIOUYECHUS,
MIPECCOBAHMSI, KOBKHA M IITAaMITOBKH METAJJIOB B BHJIC YCAJOYHBIX W Ta30BbIX PAaKOBHH,
PBIXJIOT, JIMKBAIIMH, TPEIINH, PACCIOCHUHN, BOJOCOBHH, (hJIOKCHOB, HEMETAUIMYECKHUX
BKJTFOUCHUH (SIBIISIOTCS CJICJCTBUEM HEKauYe€CTBEHHOT'O MCXOJHOTO MaTepuaia); 3ayCeH-
1I€B, CIBUTOB OJHOW YacTH MPO(MHIIA MO OTHOIIEHUIO K APYroi, pUCOK OT 3aJIUPOB Ha
BaJIKax MPOKATHOTO CTaHa, IJIEH, 3aKaTOB, 3Q)KMMOB, YTOHEHUI U pa3pbIiBOB (AePEKTHI
npon3BoACTBa). DrokeHbI — MeeKThl BHYyTPEHHETO CTPOSHHUS CTaIN B BUE CEPeOPUCTO-
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OeIbIX MATEH (B M3JI0ME) WM BOJOCOBHH (Ha MPOTPABICHHBIX MUTH(AX) — BCTPEYAOTCS
IJIaBHBIM 00pa3oM B KaTaHbIX WJIM KOBaHBIX M3JEIHSIX U OOYCIOBIICHBI MMOBBIIIEHHBIM
coJiepKaHUEM BOJIOPO/IA.

Jeghexmout npokamnozo npouszeoocmea JlepexTsl MPOKATHOIO MPOU3BOJICTBA 00pa3y-
I0TCS MPU HAPYIICHUH TE€XHOJIOTUU MPOKATKU U MPEBAPUTEIHLHOTO HArpeBa 3ar0OTOBKH.
HenpaBunbHblil K03QduiueHT 00KaTus WIK HEIOCTATOYHBIN HarpeB 3aroTOBKU Mepe/]
IPOKATKON MOKET MPHUBECTH K MOSIBICHUIO HA MOBEPXHOCTU CTAJM - YCOB, BOJOCOBHH,
(JIOKEHOB, TPEITUH, CKOJIOB, CMATHIX KOHIIOB U APYTHX 1e(EKTOB.

Jlegpexkmvt mepmooopadomku Jlebektsl TEpMOOOPaOOTKH - 00pa3yloTcs MpU Herpa-
BUJIbHOM BBIOOpE TEPMHUECKOTO peKMMa WM ero Hecobmogaenuu. Hanbomnee yacto Ha
aTane TepMooOPadOTKH 00pa3yroTCs CieAyromme AePeKThI - IeperpeB (MOKHO UCTIPABUTh
MOBTOPHBIM HAarpeBOM), MEPEKOT, TEPMUIECKOE TpelrHooOpa3oBanue u npyrue. Jledek-
ThI, BOBHUKAIOIINE TIPU XPaHEHUH, TPAHCHOPTUPOBKE U CKIIaAupoBaHuu. /Jeghexmot mep-
MUYECKOU U XUMUKO-MEPMUUECKOT 00padomKu Memaniog TOSBIIOTCS B pe3yJIbTaTe
ropsiueit 00pabOTKH METAIIOB: KPYITHO3EPHUCTAs! CTPYKTYpPa, OKCUJIHBIE U CYIb(UIHbIE
BBIJICJICHHSI 110 TPAHUIIAaM 3€PEH B CTaJM, BBI3BAaHHBIC MEPETPEBOM; KPYITHO3EPHHUCTAs
CTPYKTypa U OKHCJIEHUE MO TpaHUIlaM 3€peH, 00YCIOBJICHHBIE MEPEKOrOM; TepMUYe-
CKH€ TpEIIUHbI, 00€3yTIepPOKUBAHUE, HAYTIECPOKUBAHUE, BOJOPOJHBIC TPEIIUHBI.
OxucneHue Mo rpaHullaM 3€peH BBI3BIBAET MEKKPUCTAJUIUTHYIO KOPPO3UIO, KOTOpasi B
JaJIbHEHIIIEM CIIOCOOCTBYET pa3pyIlICHUIO MEeTaIlIa.

Jleghekmut xpanenua B xoJie IEpeBO3KU WU XPaHEHUSI METAIIII MOXKET OBITh AedopMu-
pOBaH - MOTHYT, 3aMsAT. Tak)ke MpU JJIUTEIBHOM JIC)KaHUM METajlla MPOUCXOJUT €ro
CTapeHue, B pe3yJbTaTe Yero OH TePSAET MPOYHOCTHBIE U MIIACTUYECKHUE CBOMCTBA U JIp.
Jleghekmut ceéapku u naiitku METAJIJIOB ObIBAIOT BHEIIIHUMU U BHYTPEHHUMU. B cCBapHBIX
COCIMHEHUSAX K BHEIIHUM Je(peKTaM OTHOCAT HAIUIBIBBI, TIOJPE3bI, HAPYKHBIC HE TPO-
Baphbl M HE CIUIABJICHHUS, TOBEPXHOCTHBIC TPEIIUHBI M MOPHI; K BHYTPEHHUM — CKPBITBIC
TPEIIUHBI U TOpPbI, BHYTPEHHHWE HE MPOBApbl M HE CIUIABIICHUS, NUIAKOBBIE U JPYTHE
BKJIIOYEHUS. B masHbIX COeMHEHNAX BHEIIHUMHU Je(PEKTaMU SBJSIOTCS HAIUIBIBBI U HA-
TEKH MPUIIOs, HETIOJIHOE 3ar0JHEHHE I11Ba MPUIIOEM; K BHYTPEHHUM — TIOPBI, BKITFOUEHUS
(mroca, TpEIrHbI U JIp.

Ponb (hu3nueckux MeTof0B, OCHOBAHHBIX HA aHAJIM3€ B3aUMOJICHCTBUS BEIIECTB
Ha 3JICKTPOHHOM U SJIEPHOM YPOBH:X, B IOCIEAHEE BPEMS pe3KO Bo3pocia. IlocTossHHO
COBEPILIEHCTBYIOTCS KJIACCUUECKUE U Pa3padaThIBalOTCsI HOBbIE METOABI U TPUOOPHI, MO-
3BOJIAIONINE HAOMIOAATh KaK KPYIHBbIE CTPYKTYpPHBIE COCTAaBIISIOIINE, TaK U CTPOCHUE
TOHKOM KPUCTAUIMYECKOU CTPYKTYpHhI. MIcnionbp30BaHKne 3TUX METOAOB IO3BOJISET I10TY-
YUTh NOAPOOHYIO MH(DOpMAIMIO 00 U3MEHEHHUAX B MAKpO-, MUKPO- M TOHKOM KpUCTal-
JINYECKON CTPYKTYpPE MaTEpUAIIOB.

IIpsimbie MeToAbI: MeTaiorpaduueckuii (Makpo-u MUKPOCTPYKTYPHBIN) aHa-
T3, DJIEKTPOHHOMUKPOCKONMYECKUN aHAIN3, PEHTTE€HOCTPYKTYPHBIA U HEUTPOHOIpa-
¢budeckuil aHaIU3bl MO3BOJISIIOT OMPENEIUTh HEMOCPEACTBEHHO MapaMeTpbl CTPYKTYPhI
(bopmy u pazmep 3€peH, KOIUYECTBO (a3, MIOTHOCTH Ae()EKTOB, TUI U TIEPHOIBI KPH-
CTaJUTMYECKON PEIIETKU U T.1)



KocBeHHbIe MeTOAbI: MATHUTHBIN, 3JIEKTPUYECKUH, YIBbTPA3BYKOBOM, aKyCTHYE-
CKHI U Jp. TO3BOJISIOT CYJIUTh 00 M3MEHEHHH CTPYKTYPhl MAaTEPUAJIOB TI0 U3MEHEHHIO
(U3NYECKUX XapaKTePUCTHK ( DJIEKTPONPOBOIHOCTh, MAarHUTHAas IMPOHHUIIAEMOCTh U
J1p.)

JIro0o¥i aHAMMTUYECKUM TPOIIECC HAYMHAETCS C MOCTAHOBKH 3a7a4yd U BBIOOpaA
MeTO/la aHaju3a 00eCIEUUBAIONIET0 MAaKCUMAJIbHYI0 TOUYHOCTD, TTO3BOJISIFOIIETO YYECTh
YUCJIO U MPUPOY MEIIaronux (aKkTOpoB.

MeTOIlI)I MeXaHMYeCKHX NCNbITAHUH MAIIMHOCTPOUTEC/JIBHBIX MaTEPHUAJTIOB

B 3aBuCMMOCTH OT XapakTepa HANpsKEHHOTO COCTOSIHUS, CO34AaBAEMOI0 B UCIbI-
TYEMOM MaTepualie, U yCIOBUU €ro HarpyKeHUs pa3jIndaroT HECKOJIBKO BUJOB MEXAHHU-
YECKHUX UCIIBITAaHUH:
1.Cmamuueckue ucnsimanusa — Xorja Harpyska npujiaraemas K o0pasiyy MeIJICHHO U
TUIABHO BO3PACTAET:

- ucnelmanusi Ha pacmsxcerue. IIpr 7TOM UCTIBITYEMbI MaTepuall HaXOIUTCA MO JACH-
CTBHEM HOPMAJIbHBIX S U KacaTelIbHbIX 7 HANPSHKEHUN. 3aBUCUMOCTH MEX]y MaKCH-
MaJbHBIMH KacaTeJbHBIMU HAMPSHKEHUSIMHA U MAaKCUMAIbHBIMU HOPMAJIbHBIMH PACTSTH-

BalOIIUMU Hal'IpSDI(eHI/IHMI/I-
7 max! Smax =0,5;

- ucneimanus Ha corcamue -imax! Smax = 2;
~UCNBIMAHUS HA KPYYeHUE - 7 max| Smax =08;

- ucnoimanus Ha useu6. [Ipu 5TOM Matepuant B COOTBETCTBYIOIIUX 30HAX MOJBEPIraeTCs
JEUCTBUIO C)KUMAKOIIUX U PACTATUBAIOLINX HANPSKECHNUM;

- ucnvimauusi Ha meépoocms. Korma ucrplThiBaeMble 00bEMBI MaTepHaIa HaXOAATCS
B YCJIOBHUSIX BCECTOPOHHETO C)KAaTHS.

Uem Ooiibllie pacTATHBAIOIINAE HAMNPSHKECHUS M MEHBIIC OTHOIICHHUE 7 max /| Smax,
TeM 0oJiee «OKECTKUMY SIBJISETCS UCIIBITAHHUE. .

Jns BeIOOpa crocoba UCHBITaHUS HEOOXOJIUMO YYUTHIBATH CBOMCTBA HCIIBITHI-
BaE€MOro Marepuania
( UCTIBITAHUS HA PACTSDKEHUE SBIISIOTCS « KECTKUMI» JIJIs UyTYHA M 3aKaJ€eHHOW CTallu,
U «MATKHMM» JJI1 OTOXKEHHOM W BHICOKOOTITYIIICHHOH CTaJIN).

Meraanorpaguyeckue MeToAbI HCCIAEAOBAHUA CTPYKTYPbI
Mertannorpadust Bo3Hukia B Tpyaax €€ ocHoBomosnioxHukoB IL.II. Anocosa .
K.JI. YepHoBa Kak Hayka O KPUCTALIMYECKOW CTPYKTYypE METAJUIOB U CILUIABOB, BUIIU-

MOW HEBOOPYKEHHBIM IJ1a30M U C.IIOMOIBIO MUKPOCKOIIA.

MaxkpocmpykmypHulit ananu3



[Tox MakpOCTpYyKTypOil METAJJIOB, CIJIABOB M APYTHX MaTepUajoB MOHUMAIOT
UX CTpOEHHUE, KOTOPOE MOKHO HaOII0JaTh BU3YalbHO, WA MPU HEOOJBIIOM yBEIMYe-
HUUW TIPU MIOMOIIM JIynbl. MakpoaHanu3 Aa€T npejcTaBieHue o0 oOIIeM CTPOECHUU Me-
TaJula U MO3BOJISET OLICHUTh €ro KayeCTBO IMOCJE Pa3IuvHbIX BUIOB 00paboTku B mpo-
1ecce MpOBENEHUS MaKpoaHalIM3a MOKHO HAOJI0JIaTh OJIHOBPEMEHHO OOJIBIIYIO TO-
BEPXHOCTb U3/CJINA, YTO MO3BOJISIET CYJIUTh O KaueCTBEe MaTepualia U ONpeleuTh yCIIo-
BUS MPEIIECTBYIONIEH 00pabOTKH, OCOOCHHOCTH CTPOCHHS MaTepuaja Mocie 3aTBep-
JIeBaHMsI, U Ka4eCTBO 00pabOTKH, MPUMEHSABILIECHCS AJIsl MPUAAHUS JETald OKOHYATEb-
HOM popmbl 1 cBOKCTB( 00paboTKa TaBICHUEM, CBapKa, pe3aHue U T.1.)

MakpOoCTpyKTYpHBIN aHAJIN3 IPOBOIAT I KOHTPOJISI MAKPOCTPYKTYPBI IO BCEU
TEXHOJIOTHYECKOW LEMOYKE U3rOTOBJIEHUS U3/, HAUWHAsA C BXOJHOTO KOHTPOJISA A0
KOHTPOJISI OKOHYATEIHbHO 00paboTaHHBIX M3Aenuid. Llenb MakpoCcTpyKTypHOTO aHaIu3a -
BBISIBUTH HECIUIOIIHOCTH MaTepuaia (TpEeIlIMHbI, YCaJOUHble PAaKOBUHBI, IIOPUCTOCTh U
ap.), XMMHUYECKUE JINKBAIIMH, HEOJJHOPOIHOCTH CTPOCHUSI, HEMETAIIINYECKHE MUKPOBK-
JHOYEHMSI, U3YUUTh CTPYKTYPY HOCIIE JIUThS, IPOKATKU, TEPMUUECKONH 00pabOTKH U JIp.
MaxkpocTpyKTypHOMY aHalM3y MOJBEPraroT Kak JAETajH, TaK U CHELHUaIbHO OTOOpaH-
HBIE MPOOBI.

bonee 150 ner Tomy Haszaj MeTOJaMHM MaKpOCTPYKTYpPHOI'O aHaJIM3a IIUPOKO
nosib3oBaics [L.IILAHOCOB, onpeaessst o MakpoCTPYKType KauyecTBO METaJla U €ro
CITy>KeOHbIE CBOWCTRBA.

J.K.UepHOB uCIONB30BAI MAKPOCTPYKTYPHBIA aHAJINA3 JJIsSI ONPEIEIICHUS y3bl-
pel, TOPUCTOCTH M JIMKBALlUU B CTAJIbHBIX CIUTKaX.. [Io MakpoCTpykType OH cyAaus o
pe3ysibTaTaX TEPMHUSCKON 00pabOTKH CTaIH ( 3aKaJIKe).

B Hactosiliee BpeMsi MakKpOCTPYKTYPHOE MCCIIEJOBAHUE SIBISETCS OOBIYHBIM H
HEO0OXOAMMBIM METOJIOM 3aBOJCKOTO KOHTPOJIS.

OcCHOBaH MakpOaHaJiM3 Ha TOM, YTO CBET 10 PA3HOMY OTPAXKAETCS OT Pa3JIMYHBIX
Y4aCTKOB MOBEPXHOCTU CHENUAIBLHO MOJrOTOBJICHHBIX 00pa3loB Makpouuiugos (TeM-
MIJIETOB) WJIU U3JIOMOB.

JI71st M3roToBIEHUS U3JIOMa UK ITUTH(a HY>KHO BHIOMPATH B UCCIIENYEMOM O00BEK-
T€ HampaBJieHHE, [0 KOTOPOMY H3ydaemash OCOOCHHOCTb CTPYKTYpPbl WJIM €€ HEOJHO-
POJIHOCTD BBISBIISIIOTCS Jy4IIUM oOpazoM. Hanpumep, npu u3yuyeHun MakpoCTPYKTYpPbI
CJIIMTKA JEJNA0T OJIMH €ro OCEBOW pa3pe3 W JBa WM TPU MONEPEYHBIX , OJHUH INPSIMO
O] yCaJI0YHOM PAKOBUHOW , BTOPOU MOCEPENHE U TPETUM B JOHHOM YaCTH CIUTKA
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Yucno 00pa3uos, UX pa3Mepbl, MECTO BBIPE3KU U APYTrHUe yclIoBUs 0TOOpa mpod
yKa3aHbl B CTAHIAPTaX MU TEXHUYECKUX YCIOBHUSAX Ha KOHKPETHBIE BHJbI METAJIONPO-
AyKiuu. Beipezannbie 00pasipl MOABEPraloT TOPLEBAHNIO, CTPOTAHUIO U NITH(POBAHUIO
Yem TOHBLIE (MENbYE) AETANIH CTPYKTYPBI , KOTOPbIE JOJKHBI OBITh BBISBIEHBI, TEM
YUIIE OJDKHA OBITh 00pa00TKa TOBEPXHOCTH.

[Tocne Mexannyeckoil 0OpaOOTKH MOBEPXHOCTh HUTH(A TOJKHA OBITH POBHOW M
YUCTOM, 0€3 3HAYUTENBHOrO MOBEPXHOCTHOrO HAKJIENa M mprkora Meramia. [locne u3-
TOTOBJIEHUS NUIM( TPOMBIBAIOT BOJIOM, CHUPTOM WM CHELMATIBHBIMUA PaCTBOPaMH.

3areM nuM@ MpoTPaBIIMBAIOT, IIPU 3TOM pa3HbIE YYACTKH IMOBEPXHOCTH LUIHA(DA,
MUMEIOIINE pa3HbIil XMM. COCTAaB U CTPOEHHUE MPOTPABIUBAIOTCA MO pasHoMy. Ha mo-
BEPXHOCTH BO3HHMKAET MUKpopenbed. Pazinnuaror Tpu MeToa MakpoTpaBiIeHUs: Tiry0o-
KO€, IOBEPXHOCTHOE U oTneyaTok. llocne TpaBieHus moBepXHOCTh oOpa3lia rotoBa K
npocMoTpy. braromaps Mukpopensedy CBET, KOTOPBIA MPEACTABIAET COOON 3IEKTPO-
MarHUTHBIE BOJHBI, OTPAXKAETCSI WJIM PACCEMBAETCS OT Pa3HBIX YYACTKOB MOBEPXHOCTH
Y BUJIHBI CBETJIBIE M TEMHBIE YYACTKHU.

[Ipu mpoBeneHUH MaKpOaHalu3a AJis Pa3HbIX CIUIABOB MPUMEHSIOT MPU TpaBiie-
HUU CHEIUAIbHBIE PEAKTUBBI, COCTABbl KOTOPBIX M YCIOBHS TPABJIEHUS NPHUBEACHBI B
crpaBOoYHUKaxX. EcTecTBEHHO, MakpoaHaiau3 AA€T TOJBKO KaueCTBEHHYIO XapaKTepu-
CTUKY XHMHYECKOW HEOJHOPOJHOCTH, HO OH IO3BOJISIET BBIIBUTh YYaCTKH, MOJJIEkKa-
[I1e JalbHENUIIEMY HCCIIEJOBAHUIO U OLIEHUTh KaYE€CTBO METAILJIA B LIEJIOM.

B HeKOTOpBIX ciaydasx MaKpOCTPYKTYpy YA0OHO U3yuyaTh Ha u3aoMax. Jis aToro
TOTOBSIT IPOJOJIbHBIE WU MONIEpEUHbIE 00pa3Lbl C HAAPE30M U pa3pylIaloT UX MO Mec-
Ty HaJpe3a Ha Ipecce WIK Ha KOTpe ¢ OOJBIION CKOPOCThIO U ¢ OOMBILION cOCpenoTo-
YEeHHOM HArpy3KOH, YTOOBI U30€KaTh CMATHS TOBEPXHOCTH U3JIOMa U 00pa30BaHUS pac-
CIIOCHUH.

MeTooM MakpoaHaian3a U3JI0MOB OIPEAEIISIOT:

- BUJI M3JIOMA — BSI3KUU, XPYNKHA, HAQTATMHUCTBIN (B CTaN), KAMHEBUIHBINA (B CTAJIH)
U T.J.;

- HapyUIEHUS CIUIOIIHOCTU METaJlla — ycaJ04yHasl phIXJOCTh, [IEHTpalibHas OPUCTOCTbD,
CBUIIM, MOAKOPKOBBIE MY3bIPU, MEKKPUCTAJUIUTHBIE TPELIUHBI, (DIOKEHBI, AePEKThHI
CBapKH;

- IGHAPUTHOE CTPOEHHUE, 30Ha TPAHCKPUCTAIITU3ALMH JIMTOTO METAILIA;

- XUMHUYECKass HEOJHOPOJHOCTh JUTOr0 MeTajuia (JIMKBALMs) W MPUCYTCTBUE B HEM
rpyOBIX BKIIFOUCHMUIA;

- BOJIOKHHUCTasi CTPYKTypa Ne(OpMHUPOBAHHOTO MeETaula. BbIsBI€HHE BOJOKHUCTOU
CTPYKTYPHI ITO3BOJISIET YCTAHOBUT CIIOCO0 JedhopMaiiuu, Mpu U3rOTOBJICHUH JI€Tajlel;

- CTPYKTYPHYIO U XMMHUYECKYI) HEOJHOPOAHOCTh METalIa, CO3JIAHHYI0 TEPMHUYECKO,
TEPMOMEXAHUYECKOU UITU XUMHUKOTEPMHUUIECKOU 00pabOTKOM.

AHanu3 u3IoMa IMO3BOJSIET YCTAaHOBUTh MHOTME OCOOEHHOCTH CTPOEHUS MaTe-
pHUAJoOB, MIPUYUHBI XPYIKOTO WU BA3KOTO Pa3pyLICHUS.

N31mom poBHBIHN, OJIECTALIUN — XapaKTepeH AJIsi XPYIKOro pa3pyleHHs

W35mom ¢ BhICTyIaMU WJIM YallleYHbIN U3JIOM — pa3pylieHue Bs3Kkoe (CHavyaia Obl-
Ja TiacTuyeckas AedopMalu, KoTopas npuBeia K YIPOUYHEHUI0 HEKOTOPOro o0bEmMa

Marepualia, 3aTeM B YIPOUHEHHOM 00bEME MPOU30IIENT XPYNKUi n3jioM ( (haceTka).
9



OUKCUPYIOT MAaKPOCTPYKTYpY €€ (oTorpadupoBaHreM, 3apUCOBKOM, TYIIEBKOIA,
OTIIEYaTKaMH U JIp.

B HEKOTOpBIX ciaydasx MaKpOCTPYKTYpy YA0OHO U3ydyaTh Ha uziaomax. s aToro
TOTOBSIT IPOJOJIbHBIE UM MONIEPEUYHbIE 00pa3lbl C HAAPE30M U pa3pylIaloT UX 110 Mec-
Ty HaJpe3a Ha Ipecce WIN Ha KoIpe ¢ OOJIbIION CKOPOCTBIO U ¢ OOJBIION COCPENOTO-
YEeHHOM Harpy3Koil, yToObl U30€KaTh CMATHS IOBEPXHOCTH M3JI0Ma U 0Opa30BaHMs pac-
CJIOCHUM.

Makpoananu3 He onpeaensieT MoAPOOHOCTE CTPOEHHUS U YacTO SIBISETCS Tpe-
BapUTEIbHBIM BUAOM HCCIEIOBAaHUS, OJTHAKO OH MO3BOJIAET BHIOPATh T€ YYaCTKH, KOTO-
pbie TPEOYIOT JaIbHEHIIEr0 MUKPOCKOIMYECKOTO UCCIIEI0BAHNUS.

MakpOoCTpyKTYpHBI aHAJIW3 B MPOLIECCE MPOU3BOJCTBA MO3BOJISIET KOPPEKTUPO-
BaTh M YTOUHATH TEXHOJOrnYeckuil mpouecc. C NOMOLIBI0 MaKpOAHAIIM3a MOKHO OIpe-
JIEJIHTh:

- HapyILICHHUs CILIOIIHOCTY METaIa;

- IOAYCaJO4YHYIO PBIXJIOCTb;

- LEHTPAJIbHYIO IOPUCTOCTh;- IIOJKOPKOBBIE Ia30BbIE ITy3bIPH;

- MEKKPHUCTAJUIUTHBIC TPEILNHBI;

- e(heKThI CBApKH;

- IEHAPUTHOE CTPOEHUE;

- XUMHUYECKYI0 HEOJHOPOJHOCTh (JIMKBALMIO) JUTOIO METalyla U MPUCYTCTBUE BOJOK-
HUCTOM CTPYKTYpbI A€(POPMHUPOBAHHOTO METAIIIA;

- HaJIn4ue B HEM TpyObIX HHOPOIHBIX BKIIOUYEHUM;

- BUJI U3JI0Ma (BSA3KUM, XpPYIKU, HA(QTATMHUCTBIN, KAMHEBUIHBIN ; U T.1I.

Jlns uccnenoBaHusl, Kak MakpouUIM(oOB, TAK U U3JIOMOB MPU HEOOIBIINX yBEIU-
YeHUsX U Uil ux ¢poTorpadupoBaHus YaCTO MPUMEHSIIOT CTEPEOCKONMYECKUN OHHOKY-
nspHbId Mukpockonn MbC-2 ¢ mukpodoronacaakoit M®H-5 ( B HacTosdiiee Bpems: —
nudpossie GoToarnmaparsl).

Crioco0bl MakpoaHalln3a pa3uyHbl B 3aBUCUMOCTH OT COCTaBa CILIaBa U 3ajad,
CTOSIIIUX NIEPEN UCCIEA0BATEIIEM.

@pakrorpaduio MOXKET MPOBOJUTHCS JIOOBIM U3 TOCTYIHBIX METOJIOB UCCIIEI0BA-
HUSI IOBEPXHOCTENW OT BU3YaJbHOI'O OCMOTpa J0 PaCTPOBOU WU AJIEKTPOHHOM MHKpPO-
CKOIINU.

®pakrorpaduyeckue UCCIeA0BaHUS Yallle BCETro MPOBOJAT AJIsl YCTAHOBJICHUS CBSI3U
MEXy BHEIIHMMHU W BHYTPEHHUMH (HaKTOpaMu, ONPEAEIUBIIMMHU HAOIIOJAEMBbIi
BU/JI pa3pyLIEHUS.

MeronoMm ¢paktorpaduu Mojab3yl0TCA IpH ONPEAEICHUH KauyecTBa MeTalljia, aHaIu-
3€ MUKPO- U MAaKpOCTPYKTYpPbI PEaJIbHbIX JI€TajeH.

JInst BU3yaIbHOTO MCCIIEIOBAHUS U3JIOMOB MCIIOJIB3YIOT JIYIbl, OMHOKYJISIPHBIE U
CTEPEOCKOITNYECKNE MUKPOCKONBI ¢ yBennueHneM 10200. DTo mo3BoiseT Kiaccu-
(GHUIMPOBATH M3JIOM TI0 00IEMY BUAY (XPYNKHM, BI3KAN MEXKPHCTAIIMTHBINA, Had-
TaJUHUCTBIA, KaMHEBHJIHBIN).HemocTaTok Merojma majas pasperiaromas Croco0-
HOCTB.
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DnexTpoHHas MUKpOodpakTorpadusi MO3BOISIET BBISIBUTH OCOOCHHOCTH TOHKOTO
CTPOCHHMS M3JI0Ma M YCTAaHOBHUTD XapaKTep pa3BUTHs TpeluH. [Ipu n3ydeHnn TOHKOM
CTPYKTYPBI U3IOMOB YaCTO UCCIICTYIOT:

- CKOJIbI. — BHJI M3JIOMa XapaKTEPHBIH IS XPYIKOTO pa3pymieHus: (pydbUCTBIA W3-
JIOM);

- YaIICYHBIA WU3JIOM W BOJOKHHCTBIN M3JIOMBI— BCTPEUAIOIIUECS TPH BI3KOM pa3py-
ICHUU;

- pacuieryieHUe MO TUIOCKOCTSIM CKOJIBKEHHUS — MPOMEKYTOUHBIN MEXIY BA3KUM U
XPYIKAM BUJ H3JI0MA;

- KBa3UOTPBIB- TUIOCKKE (PACETKH, BHYTPU KOTOPBIX HAOMIOAaeTCs OOBIYHO XPYIKUN
(py4bHCTBIIT) U3JIOM.;

- MEX3EpEHHBI M3JI0M — O0pa3yeTcs MpU OCIA0JIIEHUU COCTOSHUS TpaHUIl 3EpeH
Yarie BCEro U3-31 HAIUYUS BBIICICHUN, CHIDKAIOIINX CLETICHHE MEXKAY 3EpHaAMH.

Mukpodpakrorpadpuueckuii aHanU3 MIMPOKO MPUMEHSETCA MPU aHAJIU3E HEMe-
TaJVIMYECKUX BKIIOUECHUN KaK OYaroB pa3pyllieHUs MaTepualia MpU OINpeAesIEHHbBIX
Harpy3Kax.

Meton mukpodpakrorpaduu MO3BOJSET UACHTU(PUIIMPOBATH BKIIOUYECHHS, BXO-
JSIIIAE B U3JIOM MPU pa3pyIICHUN.

MukpocmpyKkmypHblii anaius

MUKpOCTpyKTypa — KapTHUHA BHYTPEHHETO CTPOCHUS MeTajuia (WM APYyroro ma-
Tepuana),KOTOpPyr HaOIIONAI0T C MOMOIIBIO MHUKPOCKONOB( ONTHYECKUX WM 3JEK-
TPOHHBIX).

MUKpOCKONMMYECKUN aHAIN3 3aKII0YAeTCsl B UCCIEAOBAHUM CTPYKTYPhl MaTepHa-
JIOB TIpU A0CTaTouHo Gombimmx (10 1500" ) yBeaWYeHHsX ¢ MOMOIIBI0 MHKPOCKOIIA.
HaGnrogaemass B MUKpPOCKON CTPYKTypa Ha3bIBa€TCS MHUKPOCTPYKTypoil. E€ MoxkHO
chotorpadupoBaTh U CpaBHUBATH TOCIE PA3IMYHBIX BUIOB 00paboTku( oHa 00s3a-
TEIbHO OYJET U3MEHSTHCS).

OcHoenvle 3a0auu, pewiaemvle MeEMOOAMU MUKPOCHPYKIMYPHO20 AHATU3A

- OnpeneneHue M OIEHKAa MUKPOCTPYKTYpBI CTajied ( OIpeneseHHe OCHOBHBIX
CTPYKTYPHBIX COCTaBISIOMUX — (eppuTa, mepanuTa, MapTeHCUTA, KapOUI0B U AP, UX
KOJIMYECTBA, MOP(OJIOTUU U PaCIPECIICHN);

- AHaM3 HEMETaUIMYECKUX BKIIOUEHUHN ( ompelesieHue XUMHUYECKOro COCTaBa
BKJIFOUEHHM, CTPYKTYpHhI, TUIA, KOJIUYECTBEHHAs OLICHKA 3arpsi3HEHHOCTH MeTaiia
pa3IMYHBIMK BKJITIOUEHUsAMH). [Ipyu aHanu3e BKIIOUEHUN 4acTO HCIHOJIb3YIOT KpOMeE
CBETJIONOJIBHOT0, TEMHOIIOJIBHOE OCBEILEHUE U TIOJIIPU30BAHHBIN CBET;

- Onpenenenne Bennuunbl 3epHa( mo 'OCT 5639-65;

- KOHTpOsb pa3nuyHbIX BUJOB TEPMUUECKON TEPMOMEXAHUYECKOM, MEXaHUYECKOM |,
XUMUKO- TEPMUUECKON U APYTHX BUIOB 00paOOTKH CTalIeH;

-OnpeneneHue Mapku U U3y4€HHE MUKPOCTPYKTYPbI UyTYHOB U APYTHX CILJIABOB.
OOBIYHO MUKPOCTPYKTYpa (pukcupyercs myTém doTorpadupoBaHus.
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OnTuueckue Metamuiorpadpuyeckiue MUKPOCKOIbI TO3BOJISIIOT HAOMIOAATh CTPYK-
Typy Ha CHelualbHO MOATOTOBJICHHBIX OOpa3lax - MUKpouUIudax. Npyu yBEIUUYSHUSIX
ot 30-50 10 1500 pas3..

MukpoaHanu3 MPOBOJAT C ILIEJIbIO ONMPENCTICHUS] MUKPOCTPYKTYPHI U (ha30BOIr0O
COCTaBa CILJIABOB OLIEHKU pa3MepoB M (OpMbI 3€peH, KOJWYECTBA M paclpe/ieiIeHUs
paznuyHbIX (a3. MUKPOCTPYKTYpHBIN aHaIu3 MO3BOJSET YCTAHOBUTH CBSA3b XHUMHUE-
CKOT'0 COCTaBa, YCJIOBHI MPOU3BOACTBA U 00OPaOOTKHU CILIaBa C €r0 MUKPOCTPYKTYPOMl U
CBOMCTBaMU.

B 3agauy mukpoananan3a 0ObIYHO BXOJUT, ONPEACICHUE OCHOBHBIX CTPYKTYPHBIX
COCTaBISIONMX CcTanu (depputa, IepauTa, MapTEHCUTA, KapOUIOB U Jp.) UX KOJIUYECT-
Ba, Mopdororun u pacrpeaencHus. [IlpuMenseMbie yBeTUUSHNUS METAIUIOTPa(UIECKOTO
MHUKPOCKOTIA 3aBUCST OT JUCHEPCHOCTH CTPYKTYPHBIX COCTABIISIONINX.

Jlns 6ornee IKCIPECCHOM OIEHKHM MHUKPOCTPYKTYPBI MPU METauIorpaduyecKux
MCCJICIOBAHUSIX U KOHTPOJIE PA3IMUHBIX CTajiel MCIONBb3YIOT ATAJIOHHbBIE IIKAIbl MHK-
POCTPYKTYp, KOTOPbIC MPUBEJEHBI B CTaHAAPTaX WM TEXHUYECKUX YCIOBUSX C yKa3a-
HUEM PEaKTHUBOB JIJISl TPABJICHUS U YBEJIUYCHHUSI.

[IpenHa3zHayeHHBIN /1711 MUKPOCKOITMYECKOTO aHaIM3a MUKPOLLIU( JOJIKEH OBITh
THIATEIBHO 00paboTaH /10 MOJYYEHUs! 3e€pPKaIbHOro OJiecKa, MOTOMY YTO MEeTauiorpa-
(dbuyeckre MUKPOCKOIIBI pabOTAIOT M0 MPUHIIUITY OTPAKEHUS.

OO0paser BbIpE3ar0T U3 TOM YacTU U3JIETHs, KOTOpasi MpeJCTaBIseT HauOOIbIIINM UHTE-
pec. OGBIMHO 06Pa3IBI KPYITIOH HIIM MPSIMOYTOIBbHON (GOPMBI IUIOMAAb0 1-2¢M” U BbI-
cotoit 10-20 mm. OOGmiee yuciao oOpasloB OT OJHOTO0 OOBEKTa JOJKHO OBITh MUHMU-
MaJbHBIM, HO JIOCTATOYHBIM ISl TIOJIy4YeHHUsI HaJEKHBIX pe3ynbTaTtoB. [locne BbIpe3kn
o0Opasipl 3a4MINA0T, NUTHQYIOT, TOTUPYIOT U MpoTpaBinuBaioT. [lociae MexaHUYECKOi
00pabOTKH Ha TTOBEPXHOCTHU JIOJDKEH OCTaThCsI MUHUMAIBHBIN CIIOM AeOpPMUPOBAHHO-
ro MeTaJljia, He JOJKHO OBITh SIMOK U I[aparivH.

JIJist IpUTOTOBIEHUS NITM(OB YaCTO MCIOJIB3YIOT NUTH(OBATLHO-pa3pe3Hbie U MUTU(O-
BaJIbHO-TIONIUPOBaJIbHBIE CcTaHkU. [Ipm mexanmdeckoit oOpaboTke o00pasia IOKHBI
OBITH TIPEAYCMOTPEHBI MEPhI, MCKIIIOYAIONINE ero HarpeB . HawmOoniee kadyecTBeHHas
MOBEPXHOCTh MUKpONLIH(DA TMOIydaeTcss TMOCJE AJICKTPOIUTUYECKOTO TOJIUPOBAHUSI.
[Tocne monupoBaHus oOpasell MPOMBIBAETCS BOJOW WM CIUPTOM, BBICYIIMBACTCS U
MPOTPABIUBACTCS, JUISI MMOTYyYEHUS Ha TOBEPXHOCTU MUKpopenbeda.

Hanuune mukpopenbseda 1 mo3BoJIIeT YBUETh U300paKEHIUE MUKPOCTPYKTYPHI C
MOMOIIBI0 METAIIOTPapUIECKOTO MUKPOCKOTIA.

OcHoebl c6emo60ii onmuuecKoil MUKpPOCKORUU.

CBeTOBOI MUKPOCKOI JOJKEH /1aBaTh YBEIMUEHHBIC, YETKME U KOHTPACTHBIE M300pa-
KEHHSI MUKPOCTPYKTYPBI OOBEKTOB. DTO OMPEILISIECTCS CBOMCTBAMU CBETA (SIBICHHUSIMU
audpakiui, UHTEPPEPEHIIMU U MOJISIpU3AIMN) U ONTHYECKUMU CBOMCTBAMHU UCCIEIye-
MOT0 00BbEKTa
(oTpakaTenbHasi ClIOCOOHOCTD, MOTJIOIICHUE)
MuUKpOCKOI IPEACTABIIAET COO0M KOMOMHAIIMIO JBYX YBETUYMBAIOIIUX OMTHUYECKUX
CUCTEM — OOBEKTHUB U OKYJISP, PA3CICHHBIX 3HAYUTEIBHBIM PACCTOSTHHEM.

HpI/IHHI/IHI/IaJ'II)HaH CXeMa OIITHYCCKOIO MUKPOCKOIIA.
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CBeTOBBIC JIy4H, OTPAXKAIOIIMUECS OT YYAaCTKOB IOBEPXHOCTH HutUda, TpUOInN3u-
TEITHHO MEPICHANKYIISIPHBIX OCH MHUKPOCKOIIA TIOMAIal0T B OOBEKTUB, a T€ JIY4H, KO-
TOpBIE PACCEMBAIOTCS OT HEPOBHOCTEH , B ToJIe 00BEKTHBA He momagarT. Ha xo-
HEYHOM H300pKCHUHM TIOBEPXHOCTH, CO3JaBAEMOM OKYJSIPOM BCE OTPaKAOIIHE
CBET YYaCTKHU OKa3bIBAIOTCS CBETIILIMH, PACCEHBAIOIITNE CBET — TEMHBIMH. biarogaps
ATOMY BBISBJISIIOTCS Pa3IMYHBIC DJIEMEHTHI CTPYKTYPBI, HAIIPUMEP: TPAHUIILI 3EPEH,
JaCTHIII BBIJICIICHHUM, BKITFOUCHUS U TIOPHI.

YBenuueHue MUKPOCKOIA PaBHO MPOU3BEICHUIO YBEIIMYEHUN OOBEKTHUBA U OKY-
nsipa. OCHOBHOE YBEJIMUYEHHUE O0ECIEUMBACTCS OOBEKTUBOM, OHO MOXKET JIOCTUTATh
100.YBenuueHnue okyisipa 00bIYHO HE npeBbImiaet 20).

OOBekTHB co3MaéT O0OpaTHOE JIEUCTBUTEIBLHOE YBEIMYCHHOE H300pakeHHe 00-
pasiia B nepeaHen GoKaabHOM TIOCKOCTH OKYyIsipa S;. OKyJsp TOMOJHUTEIBEHO yBe-
JTUYUBAET ATO M300pakeHUe U AaET OKOHYATEIHbHOE MHUMOE YBEIMYEHHOE H300pa-
XKeHue Sy Ha pacCcTOTHUU~250 MM OT Ti1a3a HaOIIoAaTels.

Pa3pemarommas cnocoOHOCTh MHUKPOCKOIIA, XapaKTePU3YETCs MUHUMAILHBIM pac-

cTosiHieM 0 MEXIy IBYMs COCCIHHMH JCTAIIMU CTPYKTYPBI 00BEKTa, KOTOPBIC

MOTYT OBITh paznmuuuMbl. OHa orpaHuYeHa MU(PPAKITMOHHBIMU SIBJICHUSAMU U a0-

OeparusiMu JIEMEHTOB ONTUYECKUX CUCTEM. MakcumaibHas pa3peniaronasl cro-

COOHOCTH MHUKPOCKOTIA OTIPEACISICTCS YCIOBUEM

d =1/2n sin6,= 1/24
r7ie A — JUTMHA BOJIHBI CBETA, N — MOKAa3aTelNb MPEIOMJICHHS CPEIbl MEXKIY 00bEKTOM
1 00beKTHBOM (1711 Bo3ayxa N = 1), @ — yriioBas aneprypa 00beKTHBA.

Benmuuuna A =n sinf — uucnoBas aneptypa oObekTuBa. E€ MOXHO yBETUYHTH,

3aMoJHssE TPOCTPAHCTBO MEXKIY OOBEKTHBOM UM MITU(OM HMMEPCHOHHBIM

(0OBIYHO KeAPOBBIM) MaciioM. JIJIs ATOM 1eIM UCTIONB3YIOTCS CIeUaTbHbBIC M-

MEpPCHOHHBIE 00bEKTHBHI.

B cBs3M ¢ MCMOIB30BaHMEM JOCTATOYHO OOJIBIINX YBEIMYCHUH W MHUKpOdOTOTpa-
dbupoBaHUA BO BCEX MUKPOCKOIIAX JJIS OCBEIICHUS 00BEKTa MPUMEHSIOT CIICIHATb-
HYI0 OCBETHUTEIBHYIO CHCTEMY, B OOIIEM CiIydae COCTOSIIYIO M3 MCTOYHUKA CBETa(
namma) A~0,60 . U CHCTEMBI JIMH3- KOHJIECHCOPA, KOTOPBIA COOMpPAET U HANPABIISET
CBET Ha OOBEKT.
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JInst co3manusi HaWITydInero M300pakeHHsl MPUMEHSIOT CIeIuanbHbie auadpar-
MBI, OTPAaHUYUBAIOIINE CBETOBBIC JIYUH.

OOBEKTUB MUKPOCKOMA COCTOUT M3 HECKOJbKHUX JIMH3, YCTAHOBIIEHHBIX KOAKCH-
albHO. DTa cUCcTeMa JIMH3 00€CTeurBaeT YAOBJIETBOPUTEIbHOE YCTpaHeHue Aedek-
TOB H300pakeHus (abeppaiuii), K HUIM OTHOCUTCS XpoMaTudeckas adepparus (00y-
CJIOBJIEHA TEM, YTO MpPH HMCIOJIb30BAaHUM HEMOHOXPOMATHYECKOrO CBETa, JYy4Yd C
MEHBIIEH JIMHON BOJIHBI MPETOMIISIOTCS CHJIbHEE U M300paKeHHE MCKa)KaeTcs),
chepudeckas(CBsi3aHa C Pa3IMYHBIM TIPEITOMIICHHEM MOHOXPOMATHYECKUX JTydeH,
MIPOXOJISIIIINX YePe3 Pa3InYHbIC YIACTKU JIMH3bI) , ACTUTMATU3M
(pa3nBoeHKEe N300paKeHUs), KOMa, KpUBU3HA U300paKeHUs, AUCTOPCHS ( pa3IuyHOe
yYBEJIMUEHHE JeTaneil 00beKTa HAXOAIIUXCA HA PA3HOM PACCTOSTHUU OT ONTHUYECKOMN
OCH, TIPH 3TOM N300pKEHHE MPSMBIX JIMHUN OKa3bIBAIOTCSI UCKPUBIEHHBIMHU ).

Oxymnspbl MEKPOCKOIIOB, KaK ¥ OOBEKTHUBBI, IMEIOT COOCTBEHHOE YBEIMYEHUE U
COOCTBEHHYIO KOPPEKINIO N300pakeHHU.

Paznnyaror:

1 -oxynsips [roiirenca(pocThie) UX UCTOIB3YIOT MPU BU3YaAIbHOM padoTe;

2 — KOMIIEHCAIIMOHHBIEC OKYJISIPBI JIJIsL UCIIPABJICHUSI OCTATOYHBIX XPOMATHYECKUX
abepparuii;

3- poTo OKyJNSApBEI U roMaNM, KOTOPbIE MPeAHa3HAYECHBI JIsi MUKpOopoTOorpadgupoBa-

HUS U IPOCKTUPOBAHUS U300paKEHUS Ha DKPaH.

Jlnst 9€TKoro HAOIOACHHUS MHKPOCTPYKTYPhl BaXKHO CO37aTh ONTHUMAJIbHBIC yC-
noBust ocBenieHus nuuda. C yBeIWYeHUEM OCBEIICHUSI BO3PACTAeT KOHTPACTHOCTD
M300paKEeHUs.

N3o0pakeHrne MUKPOCTPYKTYPhI MOKHO HAOJIIOAaTh BU3YaIbHO (OKYJISIp) U (PUK-
cupoBath Ha (oTOIUIaCTUHKY. B HacTosIee BpeMss B OCHOBHOM HCIOJIb3YIOTCSI MUK-
POCKOIIBI C BEPTUKAIBHBIM XOJIOM OcBeTUTeNbHOro myudka (MHUM-7).JloctouncTBa
ATUX MPUOOPOB — KOMIAKTHOCTH M MPOCTOTA 0OCITYKUBAHUS.

Memoout MUKDOCKORUUECKO20 ARAIU3A Memallo8 U Cnjiaeoe6

[Ipn MUKPOCKONMYECKUX HCCIETOBAHUAX OOJBINOE 3HAYCHHE HWMEET KOHTPACT-
HOCTh U300paKeHUsI.

Yame Bcero metaymorpaduyecKkue MCCIE0BaHUs MPOBOAST C MPUMEHEHHUEM CBET-
JIOTIOJIBHOTO BEPTUKAIBHOTO OcBemieHusi. Ho mpu 3TOM 9acTo BO3HMKAET paccesH-
HBIN CBET MPU OTPAKEHUU OT 0OBEKTA, OT TOBEPXHOCTH ONTHUYECKHUX ACTAICH MHUK-
pOCKOTIa, BHYTPEHHUX CTEHOK TyOyca, MeX0OB (oToKamepshl. U T.1. [Ipu aToM KadecT-
BO M300paK€HUs YXyAIIAeTCs.

J1J1s1 IOBBITIIEHUST KOHTPACTHOCTH TMTPUMEHSIOT JIPYTHUE BUJIBI OCBEIICHUS.

Memoo kocoeo ocsewyenust (8epxHuULl KOCOU C8em 6 C8eMmIOM NoJie)

[Tpu »TOM MeTO/I€ UCTIONB3YIOTCS MPEUMYIIECTBEHHO KOChIE, HE MapaliesIbHbIe OCH
MHKpocKona Jiydd. OCHOBHOE JOCTOMHCTBO METOJIa — PE3KOE MOBBIIICHHE KOHTpa-
CTHOCTH.
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Kocoe BepxHee ocBemieHue 1enecoo0pa3sHO MPUMEHSATh MPU MaJIbIX YBEITWUYCHUSIX
JUISL OCBEIIEHUS HEMPO3PauyHbIX OOBEKTOB MPH JIOCTATOYHO PE3KOM penbede Io-
BepxHOCTH 1urda. [Ipu 3TOM, BhICTyHaroMKUe y4acTK OyIyT OTOpackiBaTh TCHb HA
OCTaJIbHYIO TIOBEPXHOCTh, KOTOpas 1a€T MEHbIIee OTpakeHue Jiydeil. Takoit crmocod
OCBEIIICHUS MPUMEHACTCS B Jynax bpuHENIs U B HEKOTOPBIX MEPEHOCHBIX MHUKPO-
CKOIax.

Kocoe ocgernienne mocturaercs BKIHOYECHUEM MEXAY OOBEKTHBOM M IOIYNPO3pay-
HOW IUIACTUHKOM MPHU3MBI KOCOTO OCBELICHUS WIM IJIACTUHKHA beka, Wim cmenieHu-
€M, [0 OTHOIIEHUIO K ONTUYECKON OCH CHUCTEMbI alnepTypHOU nuadparmsl, Bpaiias
KOTOPYIO U3MEHSIOT MIJIOCKOCTD MaJICHHs CBETa HA OOBEKT.

Croco6 KOcoro OCBEUICHHsI MO3BOJISIET XOPOLIO BBISIBUTH peibed MOBEPXHOCTU
00BEKTa, OMPENCTUTh KaKnue U3 JeTaliel CTPYKTYPHI MPEICTABISIOT COOOM «BO3BHI-
MICHUSD HAJl IFIOCKOCTHIO T (a , KaKne —«BIaHHBD.

[Ipr KOCOM OCBEIIEHUH XOPOIIO BBISBISAIOTCS JeheKThl MeTaorpadguieckoin
MOATOTOBKH IUTH(A.

Memoo memHOnoIbHO2O OCBeujeHUs

[Ipy TeMHOTIOJILHOM OCBEILIEHUU TPSMbIE Jy4d B (DOPMUPOBAHUM N300paKEeHUs
HE Y4YaCTBYIOT.
OOBEKTUB HE BXOJUT B 3TOM CJIy4ae B CUCTEMY OCBEILICHUS.

J{nst ocBenieHus: 00bEeKTa MPUMEHSETCS CIICIIMATbHBIN KOHICHCOP TEMHOIO MO,
KOTOPBIN yCTAaHABJIMBAETCS HA OOBEKTUB WJIM MOHTHUPYETCS BMECTE C HUM (3MHO0B-
exktuB). B mukpockorie MUM- 7 ecTb crieniMalibHBINA pbhluar BBOASIIUN KOHIAECHCOD B

OCBCTUTCIIbHYIO CUCTEMY MUKPOCKOIIA.

[Ipoiins yepe3 konbleBYIO nuadparmy 1, CBET OTpakaeTcs OT KOJBIIEBOrO 3epKaja 2, ycTa-
HOBJICHHOTO Ha MECT€ MOJYNPO3PauHON IIACTUHKH, U MOMNaJaeT Ha 3epPKaJbHYI0 OTPAKAIOIIYIO
apaboJIMYECKY0 MTOBEPXHOCTH CIIEIUATHFHOTO KOHACHCOPA TEMHOTO OISl 3 WJIA Ha SIMTHOOBEKTHB.

Cxema TeMHOMOJILHOTO OCBEIICHUS

limil

CBer majaer Tak, 4To IpH 3epKaTbHOM OTPAKCHUH HE TONagacT B 00hCKTHB.
Takasi cucteMa co31a€T KOCO€ OCBEIICHHE 00BEKTa, MPU KOTOPOM OCBEIIAOITUN
My4OK UMeeT OOJIBIIYIO aepTypy, YEM B CIydae CBETIONOIBHOIO OCBEIICHUS.
15



B meramnorpadudeckoii pabote crnocod TEMHOTO MOJsT OOBIYHO WCITOJIB3YETCS IS
YBEIMYCHUS ONTHYECKOTO KOHTPACTA.

TeMmHOMNONBHOE M300paKEHUE SIBIIACTCS OOpPATHBIM IO OTHOIICHUIO K CBETJIO-
HOJbHOMY (YIJTyOJICHUS ¥ BBICTYIIBI CTAHOBSTCS CBETJIBIMU HA OJIHOPOJTHOM TEMHOM
(OoHE) TOCKOJIBKY B OOBEKTHB TOMAJAIOT JIyYH, OTPAKEHHBIC HEPOBHOCTSIMH II0O-
BEPXHOCTH.

Taxoli T ocBeneH st 1aéT BRICOKOKOHTPACTHBIC N300pasKeHUs, YETKO BBISIBIIICT
CTPYKTYpy MeTaljla, TPaHUIbI MEXK]Ty OTJICIbHBIMU (pa3aMu, HATypaJIbHBIN I[BET HE-
METANTHYCCKUX BKIIIOUECHUH M JIe(heKThl Ha OTHOJUPOBAHHOW MOBEPXHOCTH MHUKPO-
nuda (apanuHel, OPBI, TPEIIMHB) B TEMHOM TT0JIe pa3ndre MeXIy OTACIIbHbI-
MU KOJIOHUSIMU TIEPJIUTA BBISABIIICTCS HE TOJIBKO 10 OPHEHTAIMH TUTACTUHOK, HO U TI0
PE3KOMY OTJIMYHIO OCBEHMIEHHOCTH HM300paKeHUs yYaCTKOB, COOTBETCTBYIOLIUX
pa3HbIM KOJIOHHUSIM.

Bropoii o4yeHb BaKHBIM ciydail, Korja IIeJIecoOO0pa3HO WCIOIh30BaTh TEMHO-
MOJIbHOE OCBEIICHHE — BBISBICHHE OTACIBHBIX MEJIKHX pelbe(HBIX YacTHIl Ha
ragkoM mosie. [Ipu TeMHONOJFHOM OCBEIIEHUW pelbeHBIC YIaCTKH BHUIHBI Kak
SPKHAE TOYKUA HA TEMHOM TIOJIE.

OcoOpIii ciTyJail 1menecooOpa3sHOCTH MPUMEHEHHsI METOJa TEMHOTO TOJS MPe-
CTaBJISICT UCCIICIOBAaHNE HEMETaUNTMICCKUX BKIFOUYCHUU. [Ipu 3TOM JIeTKO OlleHHMBa-
€TCsl TIPO3PAYHOCTh BKJIFOUCHHUN (MIPO3pavHO, cIabOIMpo3padHo, HEMPO3payHo) pac-
CMOTPETh BHYTPCHHEE CTPOCHUE BKIIIOYCHHM, BEIICHUTh HX COOCTBECHHBIMN IBET.

Hccneoosanus Mmukpocmpykmypul 8 NoJIsAPU3I08AHHOM ceeme

[TockoJIbKy MHOTHE METAJUIbI, a TaKXKe HeMeTaTndeckue (asbl SABISIIOTCS ONTH-
YECKU aHU30TPOMHBIMH, MPU METAIOTpaQUUIECKUX HCCIEAOBAHUAX YaCTO IEJeCo-
00pa3HO UCIOIB30BaTh MOJMSAPU30BAHHBIN CBET. C 3TOH 1ENbI0 TIepe1 KOJUIEKTOPHOM
JUH30M MHUKpPOCKOIAa TMOMeNarT mnossipuzatop (mpusmy Hwukons wim momispoun)
Co3zpatoiuiicsi B MOJISIPU3ATOPE TIOCKOTOIAPU30BAHHbBINA CBET MOCJE OTPAKEHUS OT
00BEKTa MPOXOJUT Yepe3 aHAIU3ATOP, PACTIOJIOKEHHBIA MEXIY OOBEKTHBOM U OKY-
JIIPOM WJIM HaJl OKYJIIPOM.

Ecnu 00beKT onTHYeCcKH M30TPOIEH, TO MPH ONMpEeIEHHOW HACTPONKE MHUKPO-
CKOIa MOYHO JOOUTHCA MPAKTUYECKU TMOJTHOTO TMOTJIOIICHUsS cBeTa. Ecnu xe Kpu-
CTaJUTUThI OJTHOM WJIM HECKOJBKUX (pa3 OMTHUYECKH aHU3OTPOIHBI, TO MOJHOTO IO-
[JIOIICHUS HE MPOUCXOAMT, U OTAEIbHBIC KPUCTAIUIBI OKa3bIBAKOTCS CBETJIBIMU, MO-
Jy4aeTcs BUIUMOE KOHTPACTHOE U300pakeHHeE.

CTpyKTypHBIE COCTaBIISIONINE, KOTOPbIE UMEIOT KYOMYECKYIO PEIIeTKY, H30TPOII-
HBI, TOATOMY UX JIETKO OTJIMYUTH OT APYTUX COCTABIAOMNX. C MOMOIIBIO MOJSAPHU-
30BaHHOI'O CBETa HAa HETPABJICHBIX 00pa3liax aHWU30TPOMHBIX MAaTEpUAIOB MOXKHO
M3y4yaTh UX MUKPOCTPYKTYPY M ONPEACISTh pa3Mep 3epHa. ITOT METOJ MO3BOJISIET
Ha0II0AaTh HHTEPMETAJUTHYECKUE (ha3bl B IETUPOBAHHBIX CTAJISX.

Haubonee dacto wuccneoBaHus B TOJSIPU30BAHHOM CBETE€ NPUMEHSIOT IS
UIECHTU(DUKAIIMN HEMETAUTMYECKUX BKIIOYCHHM B CTaISIX, T.K. 3TH BKIIOUYCHUS
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MMEIOT XapaKTepHBIC 1BETA WU M3MEHSIOT IIBET MPU BPAIEHUU MPEIMETHOTO CTO-
nuka. J{ns unenTeukanuu UMEIOTCs CIIeIIHAIbHBIC TAOJINIIB.

Jlyis u3y4deHus: CTPYKTYPHI B TMOJISIPU30BAHHOM CBETE TPEOYeTCsl BBHICOKOE Kaue-
CTBO TMOBEPXHOCTH HUTH(]A, OTCYTCTBHE 3aMETHOTO peibeda M CIEOB MEXaHUYeC-
CKOM 00paboOTKH..

Memoo ¢hazosozco konmpacma

KonTpactHOCTh M300paxkeHus pebe(HBIX CTPYKTYP MOKET ObITh JOTIOTHUTEIb-
HO TMOBBIIIEHA MPU UCHOJIB30BAHUU CUCTEMBI (DA30BOr0 KOHTPACTA, UMEIOLIEHCS B
HEKOTOPBIX MUKPOCKOIIAX.
[Ipu wucmonb30BaHUM ATOW CHUCTEMBI HEPOBHOCTU (peibed) MOBEpXHOCTH HuIH(Da
CO3/1aI0T Pa3HOCTh (Pa3 OTPaKEHHBIX CBETOBBIX Jy4ei, KOTOpas YCHJIMBACTCS. JIO-
MOJIHUTENBHON onTHYeCKOoN cucteMoil. [l BBeneHus (pa3oBoro KOHTpacTa B ONTH-
YECKYI0 CUCTEMY MUKPOCKOIIA BKJIIOYaeTcs JmH3a beprpana,

C nomotpio (azoBOro KOHTPACTHOIO METO/A YAAeTcs OOHApyKUTh Pa3HOCTh B
ypOBHSIX penbeda nosepxHoctu 40~500 HM .
OTOT METOJ 0OCOOEHHO XOpOILIO UCIOJIb30BaTh ISl U3yUEHUs PaHULl 3EPEH, JBOM-
HUKOB, JINHUM CKOJIBXEHHUs U TUCIEPCHBIX YaCTULL.

Memoo unmepgepenyuonno2o noayuenus uz00paxceHus

CBeT MMEeT DJIEKTPOMArHWTHYIO BOJHOBYIO Tpupojay. Ilpw majgeHuu jyda Ha
TpaHUIly pasjieia ABYX CPell MMCIOT MECTO SIBJICHHS MPEIOMIICHHS U OTPAKCHHS
CBeTa.

Ecin nBa ny4a OT OJIHOTO M TOTO K€ MCTOYHHMKA BCTPEYAIOTCS B OJTHOM TOYKE
MIPOCTPAHCTBA, TO MPOUCXOIUT HHTEPGepPeHIus CBETa, TO €CTh B3AUMHOC YCHUJICHHE
WM OCJTa0JICHHE WHTCHCUBHOCTH JIyUCH.

[Tpu MpOXOKICHHHM CBETa Yepe3 HeOOJBIIOE OTBEPCTHE HaOMIOAacTCsS AH(pPaK-
Msl, TO €CTh OTKJIOHEHHE CBETa OT IepBOHAYAIBHOIO HanpasieHus. [Ipu 3Tom cBe-
TOBBIC BOJIHBI, IPUXOSIINE U3 Pa3HBIX TOUYCK B OJIHY TOUKY Ha 3KpaHe, HHTepPepu-
PYIOT MEX]Ty COOOH.

17



Seprano 1
3epxano 2

Spau

Ap

WuTtepdepentus creta: S, S, Sy — ucrou- Judpakius cBeTa mpy MpoxX0kK-
HHKH cBeTa; | - MHTEHCHUBHOCTD JICHUH €ro Yepe3 y3KYIo mieib: b
— mMpuHa menu; | — *HTeHCHUB-

HOCTB

Muxkpockonudeckoe n300pakeHne, moy4aeMoe MoCcpeICTBOM CBETOBOTO MHK-
POCKOIIa, MpeACTaBIsieT co00N JBYMEpHOE pacmlpeiesieHne OTpaKarolel Cro-
COOHOCTM MO TOBEPXHOCTH 0Opasla (MM NPOIMYCKAaHMs, €CIIA HCHOJIb3YEeTCs
cXxeMa B TPOXOJAIIEM CBETE W MPO3pAadyHBbI OOBEKT), MPHU ITOM TEPSETCS Cyllle-
CTBEHHAs 4acTh MH(pOpMAIUU 00 3TOM MOBEPXHOCTH — HHMOpMALHs O peiabede.

[To MuKpOCKOTHMYECKOMY M300pa)KEHUIO MOXKHO CJENATh JIUIIL OOIINE KauecT-
BEHHBIE BBIBOJIBI O XapakTepe penbeda, HO cKazaTh, KaKOBa BHICOTA KaKOr0-JIUOO
y4acTKa MOBEPXHOCTH OTHOCHUTEILHO JIPYroro Henb3s. [IpudmHa 3TOro 3aKkimoyaet-
Csl B TOM, YTO MUKPOCKOTTMYECKOE N300paKeHHE B OCHOBHOM HEceT MH(GOPMAIIHIO O
TOM, Kakas JOJii SHEPTUU OTpas3uiach OT TOTO WJIU MHOTO Yy4acTKa TMOBEPXHOCTH
00BEKTa M JOCTaTOYHO TpyOO TMO3BOJIAECT OMNPEACTUTh peibed MOBEPXHOCTH -
HACKOJIBKO JalieKo, WM OJM3KO 3TOT YYacTOK pacrojaraercs.

Wnes, monoxeHHass B OCHOBY MHTEp(EPEHIIMOHHOTO MUKPOCKOTIA, 3aKTF0YaeT-
Csl B TOM, YTOOBI TIPHU TIOMOIIIA CBETOBOTO MUKPOCKOITA HE TOJIBKO IMOJIYYUThH YBEIIH-
YeHHOE M300pakeHHEe MOBEPXHOCTH 00BEKTa, HO U BOCCTAHOBUTH pelibed) ITOH To-
BepXHOCTU. HBIMU clTOBaMHU HEOOXOIMMO 00ECTICUUTHh B MUKPOCKOIIE PETUCTPAITUIO
HE TOJIbKO aMIIJIMTYbI OTpa>KeHHOI71 OT 06bekTa CBETOBOW BOSHbI, HO U €€ (ba3LI.

DTy omepanuio MOXHO OCYIIECTBUTh, BOCIIOJIb30BABIIUCH SIBICHUEM WH-
TepdepeHIuu  CBETOBBIX mojei. Jljist 3Toro HeoOXoauMo OOeCrnedYuTh HaTudue
OTIOPHOM BOJIHBI, C KOTOPOU OYyJeT CpaBHUBATHCS BOJHA, OTPaKEHHAs OT OOBEKTA.
JIyist co3manusi OMOPHOM BOJIHBI TTOHAIOOUTCS €Ile OJIMH MUKPOOOBEKTHUB UECHTHY-
HBII MUKpooOBekTHBY MO 1 3epKkaiio, KOTOphIE CIeNyeT PaCIONIOXHUTh TaK, KaK IMo-
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kazaHo Ha puc. 2. [lo cyTtH, 310 1Ba MUKpOCcKorma ¢ ooummM Tyoycom. Oaun popmu-
pyeT HU300pakeHUE MOBEPXHOCTU O0BEKTA, BTOPOM — M300pakeHHE MOBEPXHOCTH
onopHoro 3epkaia M. BaxHoill neTanplo ABISETCSA TO, YTO Y 3TUX JBYX MUKPOCKO-
OB OJINH MCTOYHMK H3JIydyeHUs S U, clIeA0BaTeIbHO, (OpMUPYEMBIE B HUX U300pa-
KEHHSI MOTYT OBITh B3aMMHO KOT€PEHTHBIMU U MPU ONPEIEIICHHBIX YCIOBUIX (op-
MHUpPOBaTh MHTEP(PEPEHIMOHHYIO KapTUHY. Bun sToll nHTEpepeHIMOHHON KapTH-
Hbl HECET MH(OPMALUIO O pa3InyusIX B penbede U CTPYKTYpe KOHTPOIUPYEMOH U
OIIOPHOM ITOBEPXHOCTEMN.

Jlst HCCJICIOBAHMS
T o CTPYKTyPHOTO  MEXaHM3Ma
[, mor TUTACTUYECKON AepopMaIiu

NPUMEHSAIOT WHTEp(epeHIu-
OHHBIM  MMKPOCKOIl  WJIH

A
Ptk : l\ ,,,,,,,,,,,,,, MUKpPOUHTEPHEPOMETP.
i //[ N- MukpouHTEphEpOMETP TI0-
L1 2 3BOJISIET KOJHNYECTBEHHO
OIIEHUBATH M3y4aeMbId

penbed. CylecTByroT Me-
TOABI JBYJIYyYE€BOW U MHOTIO-
JTy4eBOU MHTEPPEPOMETPUH.
[IpyHIMIIMATBEHO 3TH METO-
Jbl PAa3JIU4alOTCsl CBETOBBI-

w\rﬁk w/E

Puc. 2. Ontrueckas cxema MHKpoHHTepdepomeTpa JIHHEHKA: S = NPOTAKeHHbIH HCTOY-

HUK cBeTa, L1, L2, L3 — nuu3el, A, F = quadparmsr, MO1, MO2 = mukpoodbexTussl, BS -
- ceeronennTens, Obj — 0dnekt, M = 3epkano, O — okyasp, E - a3 nabmogarens. MH HOTOKaMH’ KOTOpBIe 1o
nagaroT Ha HCCICAYCMbIN
O0OBEKT.

CxeMa Ha puc. 2 1O CBOEH CyTH TPEACTABISIET CO00M MOAMPHUITUPOBAHHBIN
IBYXJTydeBoi nuHTEpPepomerp MalikelbcoHa, O0COOEHHOCTh KOTOPOIO 3aKIHYaeT-
C B HAJIMYUM HUICHTUYHBIX MUKPOOOBEKTHBOB B OOOMX TIUI€YaX, KOTOpBIE CO-
BMECTHO C TYOYCHOW JHMH30M M OKYJISIpOM OO0pa3yloT JABa YaCTUYHO COBMEUIECH-
HBIX MUKPOCKOIIA.
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WNuTtepdepennimonnas KapTHHA,
BO3HMKAIOIIAsE  HAa  BBIXOJE
MHUKpOUHTEppEepoMeTpa,  MO-
KeT OBITh paCCMOTpPEHa Kak pe-
3yJnbTaT WHTEP(EPEeHIIUN BOJH,
PacIpoCTPaHSIOUIMXCS OT JIBYX
BTOPHYHBIX HCTOYHUKOB,  SIB-
JSFOLIUXCS U300paKCHUSIMU
OPOTSHKEHHOTO  MCTOYHHMKA S
(puc.3). BzaumHoe pacmolo-

KCHUEC JOTHUX HMCTOYHHMKOB OII-
Puc. 3. K npoueccy dopmupoBanns HHTep(epeHLIMOHHON KapTHHEI _
Ha BbIX0Je MUKpouHTepdepomerpa: 8" u S" — BTOPHUHBIC HCTOYHHU- PEaCICT  BUN I/IHTequepeHL[I/I

KM, CMELLEHHbIe APYT OTHOCHTENLHO Apyra, dS' u dS" - cooTBeTCT- OHHBIX IIOJIOC — HX IIEpHUOA H
BEHHBLIE JJIEMEHTApPHbIC TOHEYHbIE HCTOYHHKH HA MOBEPXHOCTH BTO-

PHYHBIX HCTOYHMKOB S' 1 §", r — paccTosiHHe, HA KOTOPOE OJMH HC- OPHUCHTALHIO

TOYHMK CMELIeH OTHOCHTENIBHO Apyroro, L3 — tybycnas nunsa, FP H3Mep}ITI) pem,e(b ITOBCPXHO-

- (okanbHas ImOi}z\ﬁﬁ:’o;};:)_3\;5:1?(1?:1;3(::\—;13;;:;,B-\lcmc““ax ¢ (o- CTM 1P TOMOIIY MHKDPOMH-
TepdepoMeTpa MOMKHO HE
TOJIBKO 10 u3rudy uHTepde-
PEHIIMOHHBIX I10JIOC, HO U 10 UX
CMEIICHUI TIPU IIEPECTPOUKE
MHUKPOCKONA C OJHOIO0 y4acTkKa
MMOBEPXHOCTH HA JIPYTOM.

[Ipn ucnonap30BaHUK METOJ0B (Ha30BOTO M HHTEP(DEPEHIIMOHHOTO KOHTPACTOB
HEO0OXO0JMMO OCOOCHHO TIATEILHO TOTOBUTHh MUKpouuiudsel. s yaanenus aedop-
MHPOBAHHOTO HAKJIEIMAHHOTO CJIO0SI, MOC]Ie MEXaHMYECKOTO MOJUPOBAHUS IIEJIEC000-
Pa3HO MPUMEHSTh OKOHUYATEIIbHOE JIETKOE AJIEKTPOJIUTHIECKOE TTOJTMPOBAHHE.

Konuuecmeennsie ananuzamopvt MuKpocmpykmypol

B Hacrosimiee BpeMs i1 MeTauiorpaduueckoro KOHTPOJIs 4acTo HEIOCTATOYHO Ka-
YECTBEHHOT'O OIIMCAHUS CTPYKTYPBI.

[Ipu KOHTpOJIE U UCCIEIOBAaHUHU CTPYKTYpPBI CTaJIel U CILIaBOB OO0JIbIIOE BHUMAHUE
YAEISETCSA YCTAHOBJICHUIO CBSI3U MEXKJYy CBOWCTBAMU M KOJIMYECTBEHHBIMU XapaK-
TEPUCTUKAMH MUKPOCTPYKTYpPHI (pa3MepoM 3€pHa, COJAEpKaHUEM pa3IndHbIX (a3 u
HEMETAINTMYECKUX BKJIIOYEHHM, UX paclpeneseHueM Mo pa3MepaMm U ¢Gopmam U T.
1.).

CyniecTBYIOT pa3iMyHble METOJIMKH PYYHOU KOJMYECTBEHHOW MeTajuiorpaduu, mo-
3BOJIAIONINE ONPEACIUTh NapaMeTpbl TPEXMEPHBIX OOBEKTOB MO JABYMEPHBIM H3Me-
PEHUSIM 3aHUMAEMBbIX 3TUMU 00BbEKTaMU TUIOLIAJEH B ceYeHUH IuTMda. DT METOIbI
TPYAOEMKH, TPEOYIOT OOJIBILIOTO YHUCIa U3MEPEHUN C MOCIEAyIoUIel cTaTucTuye-
CKOM 00pabOTKOM TaHHBIX. B cucTteMe TeKylero SKCnpecCHOro aHajanu3a U KOHTPOJIS
KAaueCcTBa OHU HE UCITOJIb3YIOTCS.

B nacrosimiee BpeMs pa3paboTaHbl crieldajibHbIE MMOTyaBTOMAaTUYECKHUE U aBTOMa-
TUYECKUE TTPUOOPHI ISl KOJIMYECTBEHHOTO aHAN3a N300PayKCHHIM.
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Haubonee u3BecTHbl anrauiickue npudbopsl THna «KBaHTUMET»

N
-

-
(3N

@ | @

bnok-cxema npubopa « KBantumer»

B ocHOBy nelcTBHsS aBTOMATHYECKHX aHAJIM3aTOPOB MHUKPOCTPYKTYPHI MOJIOKEH
MIPUHITUTT €€ CKAaHNUPOBAHUS CBETOBBIM JIY4OM. PeTHCTpUpPYIOTCSI HMITYJIBCHI, TIOCTY-
naronue ot a3 ¢ pa3HoM oTpakaTeIbHON CIIOCOOHOCTHIO.

B atux mpubopax wucmoib3yeTcss MpUHIUI JHHEHHOro aHanuza. [lomydaemoe B
OOBIYHOM BEPTHKAJILHOM MUKPOCKOIE C aBTOMAaTUYECKUM TMEPEIBMKCHHEM IpeI-
METHOI'O CTOJIMKA M300pa’K€HUE CTPYKTYphl MOAAETCA Ha JETEKTOpP M JKpaH KOH-
TPOJBHOIO TEIEBU30pa. JIETEKTOP OLIEHUBAET UMITYJIbChl, COOTBETCTBYIOIINE ONTH-
YEeCKOM OTpaXkaTeJIbHOM CIOCOOHOCTH HUCCIENYEMBIX CTPYKTYPHBIX COCTABIISIOIINX,
u ¢ nomoipio OBM npeobpasyer ux B BbIOpaHHBIE HU3MEpsiEMbIE TapaMeTPbl MHUK-
POCTPYKTYPBI, KOTOpPBIE PETUCTPUPYIOTCS Ha TOKA3BIBAIOIIEM MTPUOOPE U MUTAIOIIEM
ycTporictBe. KOHTpONIbHBIN 3KpaH TeneBu3opa ( KOMIBIOTEpA) CIYKUT JJis1 HaOIIo-
JCHHSI MUKPOCTPYKTYPBI, BBIOOpa TIOJST M KOHTPOJIA pe3ybTaToB M3Mepennii Ha sk-
paHe TOoJIy4aroT M300pa)K€HHE HUCCIIeAyeMoro ydacTtka ooOpasiia. Bmecto nuimdgos
MO>KHO aHAJM3UPOBATh (hOTOrpady UM HETATUBBI C TOMOIIBIO MU IMACKOTIA.
«KBantumeTs»(360) OTIMYAlOTCS BBICOKOM MPOM3BOAMTEILHOCTHIO M MPOCTOTOM
o0CTyKMBaHUS, IUPOKO MPUMEHSIFOTCS JIs1 KOHTPOJISI KAa4eCTBAa METaNIONPOAYKIIUN
B 3aBOJICKUX YCJIOBUAX. [103BOJIAIOT C BBICOKOM TOYHOCTBIO Paclio3HaBaTh OKCHUHBIE
U Cynb(pUIHBIE BKIIOUCHUS] B CTAISAX, OMPEAENATh KOJIMYECTBO BKIIOUYEHUW M UX
00BéMHYI0 momo( ripu conepxkanusax 10 0,01% u pazmepax 10 1MKM)

Haubonee cosepmiennsie Moaenu KBantumeroB (720) aBTOMaTWyecku BbIOUpAIOT
3aJlaHHbIE CTPYKTYPHBIE COCTABIISIONINE, OIICHUBAIOT X KOJUYECTBO, KiIacCU(PUITU-
PYIOT TI0 pa3MmepaM u ¢opme, OpueHTAIMu U T.1. Ha HUX MOXXHO KOPPEKTUPOBATh
aHAIM3UpyeMoe N300pakeHne

( uckrovaTh 1ePEeKThl MPUroTOBIEHUS NUIUda U T.1)

JlocTaTOYHO pacmpoOCTpaHEHBI CTPYKTYpPHBIE MHKPOAHAITU3ATOPhl «DIMHKBAHT
(I'epmanust). OHU TOke pabOTAlOT Ha OCHOBE JIMHEHHOro aHanu3a. YucioBble JaH-
HbIE TIOMYYalOT MyTEM aBTOMATHYECKOTO MEXaHWYECKOTO CKaHMpOBaHMs oOpasia
Npy TIEPEMEIICHUH TPEIMETHOTO CTOJHMKA. AHAIM3UPYETCs] OJMHOBPEMEHHO 25 JH-
HHUM CKaHUPOBAHHS BII0Jb KaKIOW JMHHUM MOJYyYalOT CUTHAJbI Pa3IUYHOU aMILIH-
Tyl U MPOJAODKUTEIILHOCTH OT PA3JIMYHBIX CTPYKTYPHBIX COCTABIISIONIUX. PerucT-
puUpyeTcs KaKIIbIli TIepexo Yepe3 TpaHuIly 3epHa Wik MexdasHyto rpanuiy. [Ipu-
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00p MaéT BO3MOXKHOCTH ONPENETSATh COJIEPKAHUE Pa3IUUYHBIX (a3, HeMeTauTnde-
CKHMX BKJIFOYEHHUH , MMOp U T.J1. B aHanmm3aTopax ¢ aBTOMaTU4e€CKUM CTOJIMKOM MOYKHO
MOJIYYUTh MaKCUMaJbHOE YBEIIMUCHHE Ha JKpaHe TeJeBHU30pa (KOMIBIOTEpa) 10
6500, pa3zpemraronryto crnocooHocTs 0,5 MKM, MUHUMAJIbHOE 3HAUCHUE M3MEpseMOon
mwiomanu daszel 0,005% miomaayu JTUHEHHOTO MoJs 3peHus. Bo3MoxkeH mojacuér ~
1220 nuHENHBIX IMOJIe 3pEHHS ¢ TOYHOCThIO n3MepeHus He MeHeel%. CoBpeMeHHbIC
CKaHUPYIOIIUE TEICBU3MOHHBIE KaMephl C BBICOKOM pa3periaroiield CriocOOHOCThIO
MO3BOJISIFOT Pa3JIeNIATh 4acTULBI IO 30 CBETOBBIM OTTEHKaM. MeTO1bl KOJIMYECTBEH-
HOM OIICHKH MHUKPOCTPYKTYPHI TPHUMEHSIOTCS HE TOJIBKO MpU padoTte co nutrda, He-
MOCPEACTBEHHO HAOII0JaeMOT0 B MUKPOCKOTI, HO U MIPH aHaju3e MUKpodoTorpadumii

BﬂeKTpOHHaﬂ MHUKPOCKOIINA

Cy1iecTByeT eCTeCTBEHHBIN IMpeell pa3peniaronieil CiocOOHOCTH CBETOONTHYE-
CKOr0 MMKPOCKOIIA, KOTOPBIM HE IO3BOJIIET BHMJCTH JJIEMEHTBl MHKDPOCTPYKTYPBI
menbIe 1000 - 2000A.

Jlist yBenmMueHust pa3peliaronie CnocoOHOCTH MUKPOCKOIIa HEOOXOMMO TIpUMe-
HEHUE M3JIy4eHHus: ¢ 0osee KOPOTKOU IITUHBI BOJHBI. M 3TH KOPOTKOBOJIHOBBIC JIyUH
HE00X0IUMO C(HOKYCHPOBAThH HA UCCIIETYEMBbI OOBEKT.

DneKTpoHHAsT MUKPOCKOIUS — OJIMH U3 caMbIX 3((HEKTUBHBIX MPSAMBIX METO/IOB
MCCJICIOBAHMS MaTEPHUATIOB, IPUMEHIEMBIX B COBPEMEHHOUN MeTaiutorpaduy.

®U3NYECKHEe OCHOBHBI AIEKTPOHHOMHUKPOCKOMMYECKOTO aHalin3a 3aKII0YaroTCs B
TOM, YTO TapaUICTbHBIM MyYOK 3JIEKTPOHOB, JICTSIIUX C IOCTOSHHOW CKOPOCTHIO,
B3aMMOJICCTBYET C BEIICCTBOM KakK IJIOCKash MOHOXpoMaTuhdeckas BojHa. [[nmHa
BOJIHBI DJIEKTPOHHOTO Jiy4a (A) 3aBUCUT OT CKOPOCTH JICTSIIUX DJIEKTPOHOB U OMpe-
JeIsIETCS YPaBHCHHEM

i i @

rie h - mocrosiuaas [Tnanka; M- Macca 3JIeKTpoHa;
V - CKOPOCTb 3JIEKTPOHA; C — CKOPOCTb CBETA.
st yckopeHus 3JIEKTPOHOB MCTOJIb3YIOT AJIEKTPOMAarHUTHBIE MOJIS.
CKOpOCTh 2JIEKTPOHOB Majia M0 CPABHEHUIO CO CKOPOCTBHIO CBETA, B 3aBUCUMOCTH OT

pa3zHoctu noreHuuanoB (U), 1uirHa BOJHBI ONPEAENIeTCsS ypaBHEHUEM
12,225

A= (2)

0
r7ie A BeIpakeHO B aHrcTpemMax (4 ), a U - B BosbTax.
[Tpu n3menennu pazHoctu noreHuanos ot 30 B no 100xB, qnuHa BoJIHBI n3Me-

HAETCS OT 2131 bie} 0,05;1 )

beicTpo neTsnme 37aeKTPOHBI, KaK U BCE AJIEKTPOMATHUTHBIE BOJIHBI, MOTYT HH-
TepdepupoBaTh U AUGParupoBaTh.
C mnoMompblO  CHEUUATbHBIX 3JIEKTPOHHBIX JIMH3 (BJEKTPUYECKUX W MArHUTHBIX )
AJNIEKTPOHHBIE JIyYH MOXHO (POKycupoBaTh. B3anmonelicTBre 3J€KTPOHOB C BEILECT-
BOM COIIPOBOKJAETCS UX MOTJIOMIEHUEM, PACCESTHUEM U OTPAXKEHUEM, YTO MPUBOAUT
K BOSHUKHOBEHHUIO KOHTPACTa B MOJIy4aeMOM H300paKEHUU.
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Hpoceeltuealomaﬂ INEKMPOHHAA MUKDOCKORUA

[19M paboTaeT 1o cxeme MPOXOASIIUX ICKTPOHHBIX Jy4Yel B OTIMYUE OT CBe-
TOBOTO METAJUIOrpapUUIeCcKOro MUKpPOCKOIA, B KOTOPOM H300pakeHrue (popMUpYETCs
OTPaXECHHBIMH CBETOBBIMHU JiydamMHu. MICTOYHMK cBeTa B 3JIEKTPOHHOM MHKPOCKOIIE
3aMEHEH UCTOYHHKOM 3JIEKTPOHOB, BMECTO CTEKJITHHON ONTUKU MCIOJIBb3YIOTCS DJICK-
TPOMArHUTHBIE JIMH3BI (JJIs1 MPEIOMIIEHUS AJIEKTPOHHBIX Jiyueil). [I9M cocrout u3
AJIEKTPOHHOM MYIIKU-YCTPOICTBA AJISl MOTyYEHUs MydKa OBICTPBIX IEKTPOHOB M CHC-
TEMBI 3JIEKTPOMArHUTHBIX JIMH3. DJIEKTPOHHAS MYIIKA U CUCTEMA 3JIEKTPOMArHUTHBIX
JIMH3 pa3MelIeHbl B KOJIOHHE MUKPOCKOIIa, B KOTOPOU B mpolecce paboThl MUKPOCKO-
na nojjaep:xkuBaetcs Bakyym 10-2-10-3 Ila.

Manas JyiMHa BOJIHBI 3JIEKTPOHOB MPEANOJAraeT, YT0 TEOPETUUECKUI MPEeAeIT pas-
pelIeHuUs 3JIEKTPOHHOIO MUKPOCKOIIA OYE€Hb BBICOK, OJTHAKO, IIPAKTUYECKHU 3TO HE pea-
JU3yeTCs M3-3a TaKUX A€(PEKTOB 3JIEKTPOHHOM ONTUKU, KAK XpomaThyeckas u chepu-
yeckas ab0epalvy U aCTUTMaTU3M JIMH3.

Xpomartuyeckass abbepaiysi BOZHUKAET M3-3a Pa3IU4HON CKOPOCTH (JJIMHBI BOJI-
HBI) 3JIEKTPOHOB (HOPMUPYIOUIUX MU300pa’keHHEe, HETTOCTOSIHCTBO(BO BpeMeHH) (OKYC-
HBIX PACCTOSIHUM D3JIEKTPOMArHUTHBIX JIMH3, & TaKXE U3-3a IIOTEPb 3HEPIUU AIIEKTPO-
HOB IIPU IPOXO0KJIEHUU 00BEKTA

Cdepuueckas abbepanysi BO3HUKAET M3-3a TOTO, YTO M300pakeHHe (HopMupyeTcs
AIEKTPOHAMH, TPOXOJAIIMMUA Ha PA3HBIX YTIOBBIX PACCTOSHUSX OT ONTHYECKOW OCH
auH3. BO3HUMKHOBEHHME acTHUIMaTh3Ma CBS3aHO C HapyUIEHUEM MAarHUTHOM WM reo-
METPUYECKOW CUMMETPHUHU JUH3bI HecoBepIIEHCTBA 3IEKTPOHHON ONTUKH 3aCTaBIISIIOT
PE3KO OrpaHUYMBATh alepTypHbIC YIIIbI(T.€. UCHOJIb30BaTh JUisl (POPMHUPOBAHUS H30-
OpakeHUsl TOJIBKO MPUOCEBBIE IMYYKU AJIEKTPOHOB).ITO MPUBOAUT K TOMY, YTO peajib-
Hasl paspeliarolas CIoCOOHOCTh 3JEKTPOHHBIX MHUKPOCKONOB Ja 2-3 MopsiiKa HUXKE
TEOPETHUYECKON. B HEKOTOPBIX 3JIEKTPOHHBIX MUKPOCKOIIAX METOAOM IPSIMOrO paspe-
LIEHUS y1aJI0Ch MOJyYUTh PEKOPAHOE pa3pelIeHue < IA, KOTOPOE MO3BOJIMIIO TIPSIMO «
BHJIETb» aTOMBI Meau U 3o0ii0Ta. [lacnopTHOE pa3pelieHre Jy4lImX MUKPOCKOIOB 2-
IOA, oJiHaKo, pabouee Heckodbko Xyxke 20- 30 A u 3aBucuT oTpsiga GakTopoB: TUIA
00BEKTa, MEXaHUYECKON yCTOMYMBOCTH NMPUOOpPaA, €ro FOCTUPOBKH, HAMUUS 3arpsi3He-
HUU U T.JI.

C noMomIbIO 3JIEKTPOHHBIX MUKPOCKOIIOB CTAJI0 BO3MOKHBIM M3y4Y€HHE CyOMMK-
POCKONMYECKUX BbIICJICHUN YIIPOUHAIOMMX (a3, UX JUCHEPCHOCTH, POPMBI U pacipe-
JIeJIeHUs], UCCIEAOBAaHUS TOHKOTO CTPOEHHUSI (HA aTOMHOM YPOBHE )IpaHHMI] 3EPEH U UX
dbparmMeHTOB, HaOIOIEHUE AeTallel CTPYKTYpPbI CIUIABOB B 3aBUCUMOCTH OT JIETUPOBA-
HUSI, TEPMUUECKOI 00paboTKU U aedopmaruu.

B snekTponHOil mymike 1 karoj - packaineHHas BOJIb(PpaMOBasi HUTh HUCITYCKAET
AJIEKTPOHBI, KOTOPBIE YCKOPSIIOTCSA HA MYTH K aHOAY MOILIHBIM 3JIEKTPUYECKUM II0JIEM,
MPOXOMSIT Yepe3 oTBepcTue anoja. [lomydeHHbIN y3Kiil HHTEHCUBHBIN MTy4YOK OBICTPO
JETSAIIMX AJIEKTPOHOB BBOJUTCS B CHCTEMY 3JIEKTPOMArHUTHBIX JIMH3 3JIEKTPOHHOTO
mukpockorna. Ilocie dhokycupoBaHusi ABYXCTYNEHYATONW AIEKTPOMATHUTHOW JIMH30U
(KOHIAEHCOPOM) 2 BJIEKTPOHHBIE JIy4H, TTPOXOs Yepe3 00BEKT 3, paccenBaroTCs U Ja-
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aee (HOKyCHPYIOTCS OOBEKTHUBHOW JHMH30M 4, GOpMHUpYIOIIEH MepBHYHOE HM300paxe-
HUE 5 mpocBeunBaeMoi | aiekTpoHaMu 4acTd 00bekTa. OOBEKTHUBHAS JIMH3A JaeT
yBennueHue npumepHo B 100 pa3. Cnepyromas 3a OOBEKTUBHOM IMPOMEKYTOUHAs
JWH3a TepedpachiBaeT MPOMEKYTOUHOE H300pa’keHHe C HEOOJIBIIMM YBEIHYECHUEM
(oObryHO 110 10 pa3) 6 B mpeIMETHYIO
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OCHOBHBIE Y3JIbI IPOCBEUMBAIOMIETO (a) ¥ CBETOBOTO (0) MUKPOCKOTIOB

MJI0CKOCTh MPOEKIIMOHHOM JIMH3bI 7, @ MPOECKIIMOHHAS JIMH3a POPMHUPYET OKOHYATEb-
HOE CWJIbHO YBEIMYEHHOE H300paxeHue (MpOeKIMOHHAs JIMH3a JAAeT YBEJIUYEHHUE 10
100 pa3). Takum oOpa3om, oOIIee yBeIWYEHHE SJEKTPOHHOTO MHKPOCKOIA MOKET
nocturatb 100 000 pa3. B cBs3u ¢ TeM, 4TO 0OBIYHBIE MUKPOILTU(DBI 1151 KCCIIE0BA-
HUS CTPYKTYpPbl METAIUIOB U CILIABOB C IOMOIIBI TPOCBEYUBAIOIIETO 3JIEKTPOHHOIO
MUKPOCKOIIa HEMPUTOAHbI, HEOOXOAUMO MPUTOTOBIIATH CIIEUANbHBIE OUE€Hb TOHKUE,
Ipo3payHble ISl 3JIEKTPOHOB, OOBEKThl. TakuMu OOBEKTAMH SBISIOTCS PEIIMKU
(cmenku) ¢ MOBEPXHOCTH XOPOIIO OTMOJIMPOBAHHBIX U MPOTPABIEHHBIX MHUKPOILIH-
($oB (KOCBEHHBI METOJ] NEKTPOHHOMUKPOCKOIIUYECKUX HCCIIEIOBAaHUI METaJIOB U
CIUIaBOB) WJIM METaJuInYecKue (hosbru, NoJyyeHHbIE IMMyTeM YTOHEHMs MCCIEoyEeMbIX
MacCCHUBHBIX 00pa3loB (MPSMON METOJ 3JIEKTPOHHOMHKPOCKOIMMYECKUX HCCIE0Ba-

Pennuka AokKHA TMOJHOCTBIO BOCIHPOU3BOAUTH pENbed) MOBEPXHOCTH MHUKPO-
nuida. Cxema BoOcmpou3BeleHUsl penbeda MOBEPXHOCTH MHUKPOLUIH(A pEerIuKon
nokazaHa Ha puc. 2. TommuHa permku AojkHa ObITh mopsnaka 0,01 mxm. Pernku
MOTYT OBITh OJTHOCTYTIEHYATHIMU (CJIETIKK HETOCPEACTBEHHO C UCCIEeNyeMOM MOoBepX-
HOCTH) WJIM JIByXCTYTIE€HUAThIMU (CHAYasia MoJy4yaloT OTIEYAaTOK MOBEPXHOCTH, HA KO-
TOPBIM HAHOCAT PEIUIMKY, KOMUPYIOUIYIO pefibe(d MOBEPXHOCTH MEPBOTO OTIIEYATKA).
OpHocTyneH4aTsle PEIUVIMKY IPUTOTOBJISIOT IyTEM paclbUIEHUs BellecTBa (yriepoaa,
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KBapla, TATAHA U JPYTHX BEILIECTB) B BaKyyMHPOBAaHHOW HCHApUTENbHOU Kamepe (B
BVTIle) u ocaxxieHust ero Ha MOBEPXHOCTH HITU(A.

JI71st U3roTOBJICHUS YTIAEPOIHBIX PEIUIMK Ha MOBEPXHOCTh NUIHM(DA B UCIAPUTETb-
HOM Kamepe HaNbUISIOT YroJib C YTOJbHBIX CTEPIKHEH, HArpeThIX MPOMYCKaHWEM TOKa.
[Taps! yriaepoja KOHJIEHCUPYIOTCSl Ha MMOBEPXHOCTH 1uu(a, 1 00pa3yercs TOHKas yr-
JaepoaHasi mieHka (peruinka). [loiydeHHble MyTeM pacHbUICHUS BEIIECTBA PEIUIMKHU
MO3BOJISIIOT BOCITPOU3BOAUTH JIaXK€ caMble MENIKHE JIeTalu peibeda MOBEPXHOCTH HC-
cienyemMoro oOpasua. B kauecTBe peruiMkuy Uil psjla MaTepuanoB (JIIOMHHHS U €ro
CIJIABOB, MEJIU U JIP.) MO>KHO HCIIOJIb30BaTh OKCUIHYIO IJICHKY, KOTOpasi CO3AaeTCs Ha
MOJITOTOBJICHHOM MOBEPXHOCTH OOpa3la MyTeM aHOAWPOBAHHUS B COOTBETCTBYIOIIEM
pactBope. [IpuMeHsI0T TaKkke JTaKOBbIe PEIINKU, KOTOPBIC MOTYYat0T HAHECEHUEM Ha
MOBEPXHOCTH HUIM(]a TOHKOTO ci1os Jaka (4%-HOoro pacTBOpa KOJUIOAUS B aMHIIaleTa-
Te). 2

[Ipu U3rOTOBICHUH ABYXCTYNEHYATON peruinku (puc. 3,a) B KauecTBe MaTepHalia
JUISL TIEPBOM CTYNEHM MO>KHO HCHOJIb30BaTh, HAIIPUMEP, OTMBITYIO OT (POTO3MYIIbCUU
¢doTorpaduyeckyro WiIM peHTI€HOBCKYIO IUIeHKY. Ee pa3msruaror B alieToHe U HaKja-
JBIBAIOT HA MCCIEAYEMYIO MOBEPXHOCTh 00pa3lia Moj HEKOTOphIM AaBieHueM. [locie
BBICBIXaHHUS TaKOW OTMEYATOK OCTOPOKHO MEXAHWYECKU CHUMAIOT C MOBEPXHOCTH U
Ha TMOJIYYEHHBIM OTTUCK HANBUIAIOT B BaKyyM€ OIPEICICHHOE BEIEeCTBO, HAIPUMED,
yriaepoa. 3aTeM NoAJI0KKY ((OTOIUIEHKY) pacTBOPSIOT B alleTOHE, a PEIIUKY IPOMBbI-
BAIOT U MOJBEPTatOT UCCIEI0BAHUIO.

HaunOosnpiryro HHpOpMaLMIO O CTPYKTYpE MeTajla AaeT MPsMOMl METOJ 3JIeK-
TPOHHOMHKPOCKOITUYECKOTO MCCIEAOBAaHUSA, KOTAa OOBEKTOM HCCIIECOBAHUS CITY>KHUT
TOHKasi MeTajindeckas gombra (puc. 3,a).

@dosibry yarie BCEro MpUroTOBISIOT ClAeAyIOIUM obOpazoM. M3 oOpasiia, moase-
JKAIETO M3YYEHHIO, BBIPE3AIOT KPYTIIYIO 3arOTOBKY JHAMETPOM 3 MM M TOJIIIMHOMN
0,2-0,3 MM, KoTOpYIO 3aTeM yTOHAIOT nundoBanuem a0 0,1-0,15 mm. OkoHuaTenbHOE
YTOHEHHE TIACTUHKUA OCYIIECTBISIOT XUMHUYECKUM HIIA AJIEKTPOJIUTHYECKUM (Hanbo-
jJee yacTbli cilydail) MOJMPOBAHUEM B MOAXOJAIIEM peaKkTHUBE (IO XUMUYECKOMY CO-
cTaBy, Temneparype). [1oAroToBiIeHHYI0 MIACTUHKY MOTPYXAIOT B DJIEKTPOJIUT B Ka-
yecTBe aHoja. Karogamu ciiy>kaTr JB€ METAUTMYECKUE TUTACTUHKH, PACIIOJIOKEHHBIC
1o 006e CTOpoHBI OT 00pasna (hoabru). DNEKTPONOIUPOBAHUE, TTPH ONTUMATHLHOM CO-
OTHOIIECHUHU TOKAa M HANPSDKEHHS, MPOJODKAIOT J0 TMOSBIEHUS B IIEHTPAIbHOM YacTu
MOJIUPYEMON TJIACTHHKU OJHOTO WJIM HECKOJBKUX HEOOJBIINX OTBEPCTHH (IuameT-
pom 0,2-0,8 mm). Tlo kpasm Takux OTBEpCTUN YUacCTKU (POJBIH MOJTydarOTCsl HauboJee
TOHKUMH ¥ MOTYT OBITh HCIIOJI30BAHBI IS IPOCMOTPA B 3JICKTPOHHOM MHKPOCKOTIE.

[Ipu paccMoTpeHun peruK U (QOJBI TOJ AIEKTPOHHBIM MHKPOCKOTIOM TIpU
OONBIINX YBENIWYCHUSIX BUJ MHUKPOCTPYKTYPHI 3HAUUTEIbHO M3MeHseTcs. [loaromy
JUTS. TIPaBUIILHOM pacIM(PPOBKH CTPYKTYPHI HEOOXOAMMO HAaYMHATH MCCIEIOBAHUE C
HEOOJBIINX YBEIMYEHUH, MOCTENIEHHO Mepexoas K OoibmuM. s meramnopusnde-
CKUX HCCJIEeI0BaHUN OOBIYHO UCHOJIB3YIOT MUKPOCKOIIBI C YCKOPSIOUIMM HAIpPSKEHU-
em 100-200 kB, mo3BosstoNME TPOCBEUNBATH YJIEKTPOHHBIMH JTydaMU OOBEKTHI TOJI-
nHoi 0,2-0,4 MM (TIpeienibHasi TOJIIMHA 3aBUCUT OT aTOMHOM 3 MacChl MaTepuaa).
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C yBenM4eHHEM YCKOPSIOUIETO HaIpsDKEHUs BO3pacTaeT MPOHMUKAIOIAsh CIOCOOHOCTD
AJIIEKTPOHOB, YTO AAET BO3MOXKHOCTh U3y4aTh OOBEKTHI OOJBIIEH TOIIIMHABI.

[[Iupokoe mnNpUMEHEHHE TMOJYYUIN DIEKTPOHHBbIE MHKpockonbl YOMB-100,
[I9M-100, 5M-200 u np. M3BECTHBI IEKTPOHHBIE MUKPOCKOIIBI C YCKOPSIOIIUM Ha-
npspkenueM 500, 1000, 1500 u naxxe 3500 kB. Takue MHUKpPOCKOMBI TTO3BOJISIOT U3Y-
4aTh OOBEKTHI TOJIIIMHON JJO HECKOJIBKUX MUKPOMETPOB.

Meton npocBEUYHMBAONIECH 3JIEKTPOHHON MUKPOCKOIUHU MO3BOJISIET U3y4aTh BHYT-
PEHHIOIO CTPYKTYPY UCCIEAYEMBIX METAJUIOB U CILIABOB, B YACTHOCTH:

* OMPEACIATH TUIT U TAPaMETPhl KPUCTAIUTMIECKON PEIICTKH MaTPHUIIBI U (a3;

* OIPEIEISITh OPUEHTAIMOHHBIE COOTHOIICHUS MEX Iy (a3oil U MaTpHIICH;

* U3y4aTh CTPOCHHUE IPAHMUI] 3EPEH;

* OIPEIEISITh KPUCTAILIOTpapUUECKYI0 OPUEHTAIUIO OTJEIbHBIX 3epEH, CYO3€epeH;

* OIIPEACIIATH YIJIbl Pa30PUEHTUPOBKHA MEXIY 3€pHAMH, CyO3€pHaAMU;

* OMPECIATH IIIOCKOCTH 3aeraHus 1e(HeKTOB KPUCTAILUTUYECKOTO CTPOCHHUS;

* U3y4aTh IUIOTHOCTh U PACTIPE/ICTICHAE TUCIOKAIIMI B MaTepHUaliax U3JIeIINii;

* U3y4aThb MPOIIECCHl CTPYKTYPHBIX U (ha30BHIX MPEBpAICHUH B CIUIaBaX;

* U3y4aTh BIIMSIHUE HA CTPYKTYPY KOHCTPYKIIMOHHBIX MaTE€pPUAIOB TEXHOJIOTUYECKHUX
(bakTopoB (MPOKATKH, KOBKU, NUIU(POBKHU, CBAPKU U T.1.).

Bce mnepeurciieHHbIE BBINIE 33Ja4d MOCTOSHHO BCTPEUYAIOTCS B MPAKTUYECKOU
JEATEIIbHOCTH UCCIEA0BATEIEH METAIUIOB U CIUIaBOB. [ TaBHOW U3 HUX SIBIISIETCS 3a/a-
ya BpIOOpa Marepuasga KOHCTPYKLUHH C 3alaHHBIMU MEXaHUYECKUMU CBOMCTBAaMH, Ta-
KHUMH 4YTOOBI TOTOBasi KOHCTPYKLHMSI CMOIJIAa CTa0MJIBHO paboTaTh B YCIOBHUSX Jalb-
Hellel ee 3KCIulyaTaluu. DTy 3a/layy MOXHO PEIIMTh TOJBKO COBMECTHBIMU YCH-
JUSIMU KPUCTAJUIOrpadoB, METAIJIOBEAOB U TEXHOJIOTOB. Y CIIEX €€ pelIeHUs] 3aBUCUT:
* OT MPABUJIBHOTO BBIOOpA METaJJIa OCHOBBI C HY)KHBIM THUIIOM KPUCTAJNIMYECKOH pe-
metku (OLK, 'K, I'TIY) - a0 065nacte kpuctamiorpaduu;

* OT JIETUPOBAHUS M TEPMOILIACTUYECKON 00pabOTKM MeTasuia ¢ 1eyibio (hopMupoBa-
HUS B HEM 33/IaHHOU CTPYKTYPHI - 3TO 00JIaCTh METAJIIIOBE/ICHHUS,

* OT pa3pabOTKH TEXHOJOTUYECKUX MPOLIECCOB M3rOTOBJIECHUS KOHCTPYKLIUU- 3TO 00-
JACTh TEXHOJIOTHH. 3a/laya CO3/JaHusl CIUIaBa C 3aJaHHBIMU MEXAHUYECKHUMU CBOWCT-
BAMHU IOAPA3yMEBAECT CO3JaHHE MaTepualia ¢ HYy>KHOM BHYTPEHHEU CTPYKTYpPOH, IT0O-
CKOJIbKY TMpPAaKTUYECKM BCE MEXAHMYECKHUE CBOICTBA SBIAIOTCS CTPYKTYpPHO-
YyBCTBUTEIbHBIMU. Bce 6€3 UCKITIOUeHUST U3MEHEHUS CBOMCTB METAJNIOB M CILJIABOB B
[NIyOMHHBIX UK 4 TIOBEPXHOCTHBIX CIIOSX 3TO OTKJIMK HAa UBMEHEHUE UX BHYTPEHHETO
CTPOCHHSI HA MaKpO-, MUKPO- U CYOMUKPO-CKOMTUYECKOM ypOBHsX. M3ydeHue MUKpO-
Tonorpadguu MOBEPXHOCTU U BHYTPEHHEN CTPYKTYPhl KOHCTPYKIITMOHHBIX MaTEepUaIOB
SBJISIETCS OAHUM U3 Hanbosee F(HPEKTUBHBIX MPUIIOKEHUN MOITHBIX COBPEMEHHBIX U
OBICTPO Pa3BUBAIOIIMXCS METOJIOB PACTPOBOM M MPOCBEUMBAIOLIEH 3JIEKTPOHHOM
MUKPOCKOTIUHU

OueHp OOJbIIOE 3HAUEHHUE MPHU JIOOOM METOJAE 3IEKTPOHHOMUKPOCITHUECKOTO
WCCJIEIOBAHMSI UMEET U3TOTOBJICHHE MHUKpouuiuda. ITo caMmasi TpyAoEMKasi U OTBET-
CTBEHHAs Ollepalnsi, UIMEHHO OHa ONpeAeIsieT ycnex uccienoBanus. [Ilpeanoururens-
HBIM SIBJISIETCS €r0 AJIEKTPOJIUTHYECKOE UM XUMUYECKOE MOJIMPOBAHKE ISl YAATICHUS
HAKJIEMAaHHOTO MOBEPXHOCTHOTO CJIOS , OOPa3yIoIIerocs B MPOLECCe MEXaHWYECKOU
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oOpaboTku. Hampumep, npu u3rotoBieHu NUIM(OB U3 ayCTEHUTHBIX CTajei B Mpo-
1ecce MexaHM4ecKoi o0pabOTKM MOXKET 00pa3oBaThCsd MAPTEHCUT Aedopmaliuu ,ero
HEOOXOJAMMO YAAJIUTh, YTOOBI BBIIBUTh MCTHHHYIO ayCTEHUTHYIO CTPYKTYpPY CTaJH.
MeToauku npuroToBiIeHUs: 00pa3lioB, PEaKTUBbI U PEKUMBI JUISI DJIEKTPOIUTHUYECKOTO
Y XMMHAYECKOT0 MTOJIMPOBAHUS MTPUBEICHBI B PA3JIMYHBIX CIIPABOYHUKAX

KocBeHHbBIE METOIBI HCHIOJIB3YIOTCS OTPAHUYEHHO M3-3a TPYAHOCTH OJHO3HAYHO WH-
TepnpeTupoBaTh 3(HHEKTH KOHTpACTa U300paKeHUs U UAECHTUDUIIUPOBATH Pe3yJIbTa-
ThI DTO CBSA3aHO C YAaCTHIMU AePOpPMAIUSIMU PEIUIUK MpHU €€ OTACIEHUU OT 00BEKTa

Pacmpoeaﬂ IJICKMPOHHAA MUKPDOCKORUA.

PacTpoBblit anekTponHslil Mukpockon (POM) popmupyert nzobpaxkenue oobexTa

IIPU CKAaHUPOBAHHWM €0 MOBEPXHOCTU 3JIEKTPOHHBIM 30HAOM. JTO HauboJiee YyHU-
BEpCAJIbHBIM U MEPCIEKTUBHBIA NpUOOp AJIs UCCIIENOBAHUS MUKPOCTPYKTYpPHI Me-
TaJUIOB U MHOTHX JAPYTHX MaTE€pPUAJIOB.
B POM noBepXHOCTb UCCIIEAyEMOT0 MacCUBHOTO 00pa3la 00y4aeTcsi CTaOMIbHBIM
BO BPEMEHHU TOHKOC(POKycHpoBaHHOM ( auamerp 5-10HM) Iy4YKOM 3IJIEKTPOHOB
(NIEKTPOHHBIM 30HJIOM). 30H]] COBEPIIACT MM BO3BPATHO IOCTYIATEILHBIC JBHKE-
HUSL WIM pa3BepThIBAIOIIMECS B pacTp (COBOKYNMHOCTh OJIM3KOPACIOIOKEHHBIX Ta-
paJIENIbHBIX JIUHUM, BI0Jb KOTOPBIX 30H]1 00€raeT BhIOPAHHBIN Ha IOBEPXHOCTH 00-
pasiia y4acTok.).

[Ipu B3auMoAeHCTBUM 30H1a BEMIECTBOM 00Opasiia B KaXJ0il TOUKE MOBEPXHOCTH
MPOUCXOAUT PsiA 3P (PEKTOB, KOTOPBIE PETUCTPUPYIOTCS COOTBETCTBYIOIIUMH JaT4YH-
KaMH.

D@ deKTsl BOZHUKAIOINE NMPU B3aUMOACHCTBUU 3JIEKTPOHHOTO IMy4YKa C BELIECT-
BOM, UCHIOJIb3yeMble sl popMUpoBaHUs n300pakeHus B POM.:

MNagaroLwuii NYYOK 3NEKTPOHOB

OXe-anekTpoub!
@ xescrexTr-ocKNAR)

ofpaTHOM HanpaeneHuu

ONEeKTPOHL!, paccenHHLIe B
M
BropuuHbie 3neKTpoHb!

HU3KOW 3HEPIUK)

2 R o

OOMMHUCLSHLIVS
M’\‘\_\—\“

MornowieHHble €
3MEKTPOHbI

(
-~ PeHITeHoRCKue nyuy .
e (PEHTTEHOS AN MUKEOBHENIAS)

—— O6pasey

y onb TSNS
BneKTpoHs!, Audparuposasiune Mpoweaume anexrpons IIDNGATIESN)

Wa ycnoeuem Bparra
A

v

3NEKTPOHEI, NOTEPABLUME 4aCTb SH%:'MM
X CEIDOHD e S 4

(crigkrpaakoriig SRebreTiieckixtrep)

Tunel u3MydeHU, BOZHUKAIONIUX B 00Jy4aeMOM AJIEKTPOHAMH 00pasiie

1 — BHeKTpPOHHBIN Ty4YOK; 2- oOpazerl; 3- oTpaxEHHBIC DJIEKTPOHBI;4- BTOPUYHBIE
ANEKTPOHBI;S- TOK MOTJIONIEHHBIX 3JIEKTPOHOB; 6—
KaTOJIOIOMUHECLIEHTOP; 7- PEHTIE€HOBCKOE H3IIyye-
Hue; 8- Oxe — ANeKTPOHbI; 9- HaBeAEHHBIN TOK; 10 —
MPOIIEIINE SJIEKTPOHBI.
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Otu 3G HEeKTHI CiIy’)KaT OCHOBOH AJIs MOJyY€HHUsI OY€Hb pa3Hoo0pa3Hoil nHpopmanuu
O BHYTPEHHEM CTPOCHHH HCCIEAYeMBIX 00BEKTOB. CHTHAJBI OT JATYUKOB IOCIIE
YCUJIEHUS! MOAYJIUPYIOT JIOKAIBbHYIO SIPKOCTh 3JIEKTPOHHO-ITyueBoM TpyOku (DJIT),
Kaxxnoli Touke Ha MOBEpPXHOCTH 0Opasila COOTBETCTBYET ONpEeIEHHAs TOYKa Ha
skpane DJIT, ApkocTh TOUKU ompenensieTcsi MHTEHCUBHOCTBIO CUTHAJIa U3 COOTBET-
cTBytouie Touku odpasia. Kourtpact Ha skpane IJIT 3aBUCUT OT UBMEHEHUS WH-
TEHCUBHOCTHU U3TYUYCHHUS 110 TUTOMIAIA CKaHUPOBAHUS.

VYBenuuenne POM onpenensercss COOTHOIIEHUEM aMIUTATYL Pa3BEPTKH JIyda IO
skpany DJIT u 30842 MO MOBEPXHOCTU 00Opa3Ia.
C Touku 3peHus ppakrorpaduy HAUOOJBIITUN HWHTEPEC MPEICTABISIOT BTOPUYHBIC
AIIEKTPOHBI M YIPYTrOOTPaKEHHBIE (3JIEKTPOHBI, pacCeIHHbIE B 0OpaTHOM HarpasJe-
HHH).

Bropuukeie Lunuwap Mepeakss ®oTo
ANeKTPOHbI ®apapen . certka YMHOXUTENE
/ Konnekropa

HAwadpparma
ONEeKTPOHHBIA
30HA

O6paszey

K ycunureno
p—

/.'
3nexrpo- Cuwntunnatop CeetoBop
craTudeckan
nuH3a

Cxema ACTCKTOPA BTOPHUYHBIX 3JICKTPOHOB

OTHOCUTENBHOE KOJIMYECTBO BTOPUYHBIX M OTPAXKEHHBIX 3JIEKTPOHOB, YJIaBIIH-
BAaEMBbIX JETEKTOPOM, PETyJIHpYeTCs HANpsHKEHHMEM CMEIIeHUs Ha aerekrope. Tu-
NUYHBINA JETEKTOP BTOPUYHBIX 3JEKTPOHOB IpEJCTaBiIeH Ha pucyHke. OH COCTOUT
u3 munuHapa Papanes (3a3eMIIEHHOTO METAJUIMYECKOTO 3KpaHa, MOJHOCTHIO 3alllu-
IAFOIIET0 BHYTPEHHEE MPOCTPAHCTBO OT MOCTOPOHHUX AJIEKTPOCTATUYCCKUX BIIHSI-
HUI) C CETKOM, K KOTOPOW MPHIIOKEHO HaNpshKeHUE cMellleHus B uHTepBaiie (+250)
... (-30) B.

Bropurunbie oTpaxx€HHbie U OKe — IEKTPOHBI, TAKKE PEHTTEHOBCKOE U3TyYECHHE
TeHEPUPYIOTCS B ONPEEIEHHBIX 00hEMaxX BHYTPH 00paslia U HECYT Pa3IUIHYIO HH-
dopmanmio o penbede, XUMUYECKOM COCTaBe U KpUCTaiorpaduyeckoid opHeHTa-
1M1 00HEMOB, TIPUIIETAIOIINX K MMOBEPXHOCTH 00pasia. OcHOBHOE TpeboBaHME K 00-
pasily — COOTBETCTBHUE €r0 pa3MepoOB pa3MepaM KaMephbl 00pa3iioB , YTOOBI €ro MOXK-
HO OBbLIO MepeIBUTATh 110 TPEM OCSIM, BpalllaTh U HAKJIOHATH [0 OTHOIICHUIO K 3JIEK-
TPOHHOMY 30HIY ODTO TO3BOJISIET 00CIE0BaTh BCE MOBEPXHOCTHU oOpasiia, Kpome
TOW KOTOPOW OH NPHUKIIEEH K IpeaMeTHOMYy cTonuky. llepen uccinemoBanuem mo-
BEPXHOCTHh 00pasiia M0JbKHA OBITH TIIATEIHHO OYMIlieHa (YIhTPa3BYKOM, PACTBOPH-
TEJISIMH, OCTOPOKHOM MEXaHUISCKOU 00pabOTKOM).
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[Tpu uccnenoBanuy nuIMGOB U U3JIIOMOB MHOT/IA TTOJIE3HO MEHSATHh HAKJIOH 00pa3-
11a IO OTHOIICHHIO K 3JICKTPOHHOMY 30HAY M JIETEKTOPY JJIs YCUJIEHUS SIPKOCTU U
KOHTPACTHOCTU U300paKCHHS. .

Pa3zpemaromas cnocoOHocth POM |, B 3aBUCHUMOCTH OT TEXHHUYECKOT'O HCIIOJIHE-
uus, kojieonercsa ot 0,1 1o 50 HM.

POM 3aHMMaeT NpoMEXyTOYHOE MOJOKEHUE MEXKIY CBETOBBIMU U MPOCBEUMBAIO-
MMM JIEKTPOHHBIMU MUKpockonaMu. [Ipeumyiiectsa POM:

-BBICOKAS pa3peliaromas CriocCOOHOCTS;

- Oouspias T1yOnHaA (hOKyca B COYCTAHHUM C HATJISTHOCTHIO M300pakeHus ( BO BTO-
PUYHBIX 3JIEKTPOHAX ) AAET BO3MOXKHOCTh UCCIEA0BATh OOBEKTHI C SIPKO BHIPAKEH-
HBIM pelbe(OM TOBEPXHOCTH;

-IPOCTOTA MOJATOTOBKUA OOBEKTOB MCCIIEIOBAHUS, KOTOpass 00eCeYrBaeT BBICOKYIO -
-IPOU3BOIUTEIHLHOCTD U UCKITFOYACT apTe(haKThl.

-IIPOCTOTa M3MEHEHUS YBEIMYCHHUH, KOTOpas OOeCIeUYMBAET BBICOKYIO IMPHIIEIh-
HOCTb;

-BO3MOKHOCTb TIPOBEJECHUS PEHTIEHOCIEKTPAIBHOTO (XMMHUYECKOr0) aHajlu3a U -
KaTO/JOJIOMUHECIICHTHOTO aHalin3a, U3YyYE€HUE MArHUTHBIX M AJICKTPUYECKUX MHUK-
porone, -mudpakioHHbIX YPPEKTOB U T.1.;

-BO3MOKHOCTh MPOBEJCHUS HCCICAOBAaHUM B CTaTMYECKOM M JUHAMUYECKOM pe-
KUMax, 4YTO MO3BOJISIET HEMOCPEACTBEHHO B POM  wu3yudaTh Nnpoueccsl , MpoTeKaro-
1[Me MPU MEXaHUYECKOM Harpy>KeHUHU METAJJIOB, HArPEBE, OXJIXKICHUU U T.1.;
-3JICKTPOHHO-30H/I0Basi CUCTEMA M MOTOYECHHBIM MpUHIMN (HOPMUPOBAHUS H300pa-
KEeHUs 0oJiee TMOKas, 4eM OOBbIUHAsI ONTHUYECKAass M B MIPOCBEUUBAIOIIUX AJIEKTPOH-
HBIX MHUKPOCKOIIAX, MO3BOJISIET UCIOJIb30BaTh MUKPOOBM myisi aBTOMaruzamuu Ko-
JUYECTBEHHOTO aHAJIN3a U300pakeHns U 00pabOTKU Pe3yJIbTATOB U3MEPEHHUIA.

K Henocratkam POM M0XHO OTHECTH BBICOKYIO CTOMMOCTbD, OTPAHUYEHHYIO Pa3-
peIIaoIIyI0 CIIOCOOHOCTh, HEBO3MOYKHOCTD BBHISBIICHHUSI CTPYKTYPBI BHYTpH o0Opasia
,OTCYTCTBHE IIBETHOT'O CHTHajia, HCOOXOJAMMOCTh TOMEIICHUS 00pa3iia B BaKyyM,
paalaIMOHHOE TOBPEXKICHUE HEKOTOPHIX MATEpPUATIOB B MPOIIECCE HMCCICIOBAHUSA,
3aTPYIHCHHUS TIPU U3YYCHUM JIUDJICKTPHKOB ( DJCKTpU3allvs, MPUBOMSIIAs K He-
YIPaBISEMOU SMHUCCUH DJIICKTPOHOB).

Ilpumenenue POM ona ananuza memannos.

Memannoepaghus

bnarogapst Beicokoi paspemiatorieit criocooHoctu POM 1enecooOpa3HO MCIOIB30-
BaTh JIJII METAIOTPpapUIECKOro MCCIIeIOBaHUS CIIJIABOB 001adal0NIUX JUCTIEPCHBI-
MU CTPYKTypaMHu. [Ipr 3TOM YETKO BBIABISETCS CTPOCHUE DIBTEKTUUYECKUX U 3a9BTEK-
TOUHBIX CMecel, pazMepsl, (opMa U pacnpeiesieHUe 4yacTull BTopoi (as3el U T. ..
[Tpu npuroroBiaeHnu 06pa3ros st POM M0KHO UCTIONB30BaTh OOBIYHBIC METAILIO-
rpadguueckue MeTobl. OCHOBHBIE Pa3IMYMsl 3aKIIOYAIOTCS B CIIOCO0aX TPAaBJICHUS
mukponumdo st 06pasnoB POM HCHOMB3YyIOT TOJBKO PEAKTUBBI, CO3AIOIIIE
penbed Ha moBepxHOCTH MukKponumda.. B POM ycnemHo nmpuMeHsieTcs: HOHHOE
TpaBJIeHUE, 00ECTICUNBAIONIEE BHICOKYIO UYHMCTOTY TMOBEPXHOCTH M BBISBJICHHE TOH-
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KUX JeTanedl cTpyKTypbl. NOHHOE TpaBJi€HUE OCYIIECTBISIETCS B YCTAHOBKAX THUMA
BVII -2K unu HenocpenctBeHHO B POM ¢ Mcnosib30BaHHEM MOHOB MHEPTHBIX ra-
30B( aproH, HEOH, TeJINii),00MOapAMPYIOIINX TOBEPXHOCTh 00pa3iia.

[Ipn aHanu3e HEMETAUIMYECKUX BKIFOUEHHUI HCIIOJB3YETCS U KaTONOJIOMUHECIEH-
usl.

Dpaxkmoepagusi

OT10 ocHOBHas obsacTs npuMeHeHuss POM B metannoBeaennu. Opaxrorpaduueckuii
METO/]I UCCIICIOBAHMSI MPEAYCMATPUBACT MOJIyYCHUE KaueCTBEHHOW U KOJIMYECTBEH-
HOU MHpOpPMAIUU O CTPOSHUU M3JIOMOB IMPH BU3YaIbHOM HX paccMoTpeHuu. Mmen-
HO B oOmactu ¢pakrorpaduu npeumyiiectBa POM odenp 3ametHo. OCHOBHBIE 00-
nactu npuMmeHenus POM Bo ¢pakTorpaduu: KOHTPOJIh KauecTBa METAIJIOB; U3y4e-
HUE MEXaHH3Ma pa3pylICHUs MPH PA3INYHBIX BUIAX HArpyKEHUs; YCTAHOBIICHUE
NPUYUH pa3pyLICHUs B MPOIECCE IKCIUTyaTalluu JAeTajei.

[Ipu KOHTpOJE KauecTBa M3JEIUNA OUYEHb BaXXKHO, KPOME INPOYHOCTHBIX, IJIacTHYe-
CKHX M PHEPTreTUYECKUX MapaMETPOB, ONPENEIUTh XapaKTep pa3pyLIeHHs] U CONOC-
TaBUTh €T0 C 3TAJOHHBIMHU HIKAJIAMU U3JIOMOB.

Oco0EHHOCTh COBPEMEHHOTO COCTOSIHUSI pacTpoBOil (ppakTorpaduu 3akiitouaeTcs B
nepexojie OT KayeCTBEHHOI'O OIMCAaHUS H3JIOMOB K KosindecTBeHHOMY. Haubonee
94acTO MPOU3BOJAT M3MEPEHHUE JMHEWHBIX Pa3MEpOB W HM3MEpPEHHUE JOJIU TOW WU
MHOM CTPYKTYPHOW COCTaBJISIOLIEH OT 00IEel MOBEPXHOCTH U3JI0OMa
[lepcniekTHBHBIE HANIPaBIEHUs PACTPOBOM (pakTorpaduu:

- pacIIMpeHne UCIIOIb30BAHUS METO/IOB,;

- TIOBBIIIICHWE TPHUIEIHHOCTH METOJIa, MCCIIEOBAaHME COOTBETCTBYIOIIMX MECT Ha
CMEXXHBIX YaCTIX U3JIOMOB;

-aBTOMaTH3alUsl U3MEPEHUI ¢ IPUMEHEHUEM aHAJIM3aTOPOB N300paKEHU.

Jloxanvnwviu POM ananus

bonbive aHanuTH4ecKre BO3MOXKHOCTH POM cBsizaHbl C JIOKAJIBHBIM XUMHUYE-
CKUM aHaJM30M HCCIEyEMOr0 MaTepHhaia C MOMOILIBI0 OTPaXXEHHBIX IJIEKTPOHOB,
Oxe —3JEKTPOHOB U JIOKAJbHOIO0 PEHTIE€HOCHEKTPaIbHOro aHanu3a. CoOBpeMEHHBIE
POM 103B0OJISIIOT TPOBOAUTH OCIHMIUIOIPAPUUYECKYIO 3aMKUCh pacipeaeiCHUs] aHal1-
3UPYEMOTro 3JIEMEHTa Mo Jt000il cTpoke pactpa. s aHanmuza JErKMX 3JIEMEHTOB
WHTEPECHbIE JaHHBIE MOJIy4aloT UCTONb3ys Oxe- anekTpoHsbl. [Ipu 3TOM mosyyaroT
UH(OPMAIMIO O CTPOEHUU TOHKUX MOBEPXHOCTHBIX CIOEB 00bEKTa( HAMpUMep cer-
peraiuu 3JeMEHTOB Yy TpaHUI 3¢PEH NMPU MEK3EPEHHOM pa3pyIICHUH.)

Uszyuenue xpucmannocpaghuueckoti u OUCIOKAYUOHHOU CMPYKMYPbl MEMAlo ¢ HO-
Mmouvro POM

Takoro pona uccienoBanus ¢ nMoMoIibio POM Bo3MoxHBI Omaromaps 3¢hdexTy
KaHaJIUPOBAHUS AJIEKTPOHOB. D(PheKT KaHaTUPOBAHUS OCHOBAH Ha aHOMAJIbHOM aJl-
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COpOLMU 3JIEKTPOHOB IPHU ONPENEIEHHBIX HAKJIOHAX 3JIEKTPOHHOro 3oHna. llpu
ATOM 3JIEKTPOHBI IPOHUKAIOT MIYOOKO B KpucTaill. Mcnonb3ys pa3andHble YTkl Ha-
KJIOHA 30HJIa K MOBEPXHOCTU 00pasiia, MOKHO MOJIYYUTh KapTUHBI KaHAIMPOBAHUS
(nceBno — Kukyuu JTuHMM TIepeceKaronue CBETIbIA (OH. ) — CETKY TEMHBIX JIMHHI.
[Ipu omnpenenéHHBIX YCIOBUSX CKAaHUPOBAHUS MOXKHO OOHAPYKHUTH JEPEKTHI KpH-
CTAJUTMYECKON PEMIETKH W UX IJIOTHOCTh, OTJIMYUTH OoJiee MCKaKEHHBIE (PaceTKu
BHYTPU3EPEHHOTO CKOJIA OT MEHEe MCKaXEHHBIX (haceTOK MEK3EPEHHOI0 paspyliie-
HUS, BBIABUTH I'PAHULBI IJIACTUYECKU AEPOPMHPOBAHHOM 30HBI BOJIHM3U BEPUIMHBI
TPELIMHBI, BAABIMBAHUS HHICHTOPA U T. 1.

PeHTIreHOCTPYKTYPHBIN aHAJIU3
OcHo6bl pusuku penmzeHo6cKux ayueil, Ux noayuenHue

[Tocne otkpeitust Konpamom Pentrenom B 1895 1. myuei ¢ GoJblioil nmpoHU-
KaroIlie crnocoOHOCThI0, KOTOPBIE B €TI0 YECTh HA3BAJIM PEHTIC€HOBCKUMU JTydyaMu( X
— JIy4amMH), OHU HAIJIM IIMPOKOE MNPUMEHEHUE B Pa3IMYHBIX O00JIACTAX HAYKHU
,MEIULIMHBI U TEXHUKU. B MeauHe 155 BbISBICHUS] BHYTPEHHUX U3MEHEHUN 4Yeso-
BEUECKOTO OpraHu3Ma.;

B MIPOMBIIUICHHOCTH — JJIS BBISBJICHHUS] BHYTPEHHUX JCPEKTOB U3JACIUN, Oompeene-
HUSI U U3YYCHUSI KPUCTAUIMUECKON CTPYKTYPhI Pa3IMYHBIX MAaTEPUAJIOB.

B1912. Jlays nmokazan, 4TO PEHTIEHOBCKHE JIy4H 3TO KOPOTKOBOJHOBBIE JJIEK-
TPOMAarHUTHbIC BOJHBI. J[JTMHA BOJHBI PEHTTEHOBCKUX Jy4Yeil cOM3MepuMa C pa3Mme-
POM aTOMOB.

Taxum 00pa3om, OSBIIIACH BO3MOKHOCTh MIPUMEHSTh PEHTTEHOBCKUE JTyUd IS
CTPYKTYPHOTO U CIIEKTPAJIbHOTO aHaJIM3a MaTEPHUAJIOB.

PeHTreHOCTpyKTYpHBIM aHalu3 OCHOBaH Ha MOJYYEHUM W paclidu(poBKU u-
(paKIIMOHHON KapTHUHBI, BOZHHUKAIOUIEH B pe3yibTare MHTEP(EpPeHIIMH PEHTICHOB-
CKHUX JIyueH, pacCesHHBIX 3JIEKTPOHaMU aTOMOB 00JIy4aeMoro o0ObeKTa.

PeHTreHoBckHEe JTy4d BO3HHMKAIOT, KOTJA MOTOK OBICTPO JETAIIUX B BaKyyMe
AJIEKTPOHOB BCTpPEYaET Ha CBOEM MyTH MAaTEPUATIBLHOE TEJIO U PE3KO TOPMO3UTCS.

[Tpu TOpmOXxeHHH Oonbllas YacTb 3HEPTUU BJIEKTPOHOB MEPEXOJUT B TeEI-
10(=99%), a octanbHas, BO30yX/1as aTOMbl MaTe€pHalia , B SHEPTHIO0 PEHTI€HOBCKUX
JyYeHn.

Bce aTu mporecchl OCYIIECTBISIFOTCS B CHEIMANBHBIX BaKyyMHBIX MpuOopax (
PEHTTEHOBCKUX TpyOKkax). TpyOka sIBISICTCS MCTOYHMKOM PEHTTEHOBCKUX JTydeH.
J11st BO30YKJ€HUSI PEHTT€HOBCKOTO M3 IyYeHUsl B TPYOKe JIOJKHO OBITh 00€CTIeUeHO:
- TIOJTy4eHHEe CBOOOTHBIX AIEKTPOHOB;

-CcOOOICHHE CBOOOJHBIM 3JIEKTPOHAM OOJBIION KHHETUYECKOW 3Hepruu( oT He-
CKOJILKHX TBHICAY 5B 1o 1....2 M> ;

OCHOBHBIM THIIOM TPYOOK NMPUMEHSEMBIX IJIS1 MPOCBEUMBAHHUS M PEHTICHOCT-
PYKTYPHOI'O aHaju3a MaTepUaliOB, SIBJSIOTCS 3allasHHBIE 3JEKTPOHHBIE TPYOKH.
TpyOka mpesncraBiseT co00i CTEKIISTHHBIN 0ayuIOH, B KOTOPBIM BBEJCHBI JIBA DJICK-
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TpoZa: KaToJ B BUJE HAKATMBAEMOU MPOBOJOYHON BOJIH(GPAMOBOI CIUPATU U aHOJ
— B BHJIE MACCMBHOM MeIHOM TpyOKu. B Topiie aHoAa HaxonuTes « 3epkaiio» ( rJa-
CTHMHKa METaJlla U3Jy4eHHe OT KOTOPOro MOoJyd4arT) . B OamioHe, mpu M3roTosIe-
HUH TPYOKH co3madrest Beicokuit BakyyM( 107 ... 107 ITa), obecrednBaromuii cBo-
00/IHOE JIBI>KEHHE JIEKTPOHOB OT KaTO/1a K aHOLY

CxeMa 3anasiHHOM JIEKTPOHHOM peHTreHoBcKoM Tpyoku BCB st ctpyktypHOro ananmsa:
1 — xaron; 2 — doxkycupyomui Koanadok; 33 — OKHa JUIs BBIIYCKAa PEHTTEHOBCKUX Jyuell; 4 —
aHOJ; 5 — 3alUTHBINA HWJIMHJIP.

BosabdpamoBast cnmpainb, pasorperas TOKOM Hakama g0 =~ 2200°C, wmcmyckaer
ANEKTPOHBI. DIIEKTPOHBI IO BO3AECHCTBUEM BBICOKO 110 75 KB HampspkeHus, npuiio-
’KEHHOTO K IOJIFocaM TPYOKH ¢ OOJBIION CKOPOCTHIO YCTPEMIISIOTCS K aHOY U yJa-
PASACH O «3EPKATIO» aHOAA PE3KO TOPMO3STCS.. 3EPKaAJIO aHOIA CHIIBHO pPa3orpeBacTCs
IpU 3TOM. MacCUBHBINM MEAHBIN aHOX CIIY’KUT U1 0TBoJa TeIuia. [leperpes aHona 3a
CYET BBIACIAIOIIECTOCS TEIUIA MOKET BBI3BaThb HAPYIICHUE BaKyymMa , HHTCHCUBHOE
pacnbUIEHHE U JaKe pacIulaBiieHue aHo/a. YTOObI 3TO HE CIy4YHIJIOCh, aHOJ OXJIaX-
JAI0T IPOTOYHOM BOJOM.

Baxneiimielr xapakTepUCTHKON TpPYOKH SIBISETCS €€ MpeeibHas MOIIHOCTB:
P=UI, rneU —makcumansHOe BhICOKOE HampsbkeHue; | — Tok TpyOku. IIpeBbiienue
MPEAEIBbHON MOIIHOCTH HENOIYCTUMO, TaK KaK 3TO BBI3OBET meperpes anona. Ilpu-
MepHO 1% KHMHETHYECKON DHEPIHM AJIEKTPOHOB IPEBPAILACTCS B DHEPIHUIO DIICK-
TPOMArHUTHBIX KOJEOaHWl aTOMOB aHoAa (PEHTreHOBCKUE Jiyud). JliMHA BOJIHBI
PEHTI€HOBCKHUX JIy4el 3aBUCUT OT MaTepHualia 3epkajia aHoaa. TpyOkaMu st CTpyK-
TYPHOTO aHaJIW3a MCIYCKAIOTCA OTHOCUTEIBHO JIMHHOBOJHOBBIE (MSTKUE) JIy4H C
nHOoM BoJHBI 0,1 HM 1 6osee. J{7s BbITyCKa pEHTI€HOBCKUX JIydei U3 TpyOOK B MX
OaJIJIOHBI BIASHBI CMIEIMAIbHBIE OKHA M3 METANTIMYECKOTO OEpUILINS WU U3 CIUIaBa
reTaH.

Ipunyun pabomoul u ycmpoiicmeo penmeeH08CcK020 annapama

B penTrenoBckom anmnapare JOHKHO OBITh 00€CIIeYeHO; MUTaHUE PEHTTEHOBCKON
TPYOKH DJIEKTPOIHEPTUeH ¢ Majioil CHIoN TOKa ( 0 HECKOJBKUX JECSITKOB MUJIITH-
amIiep) U ¢ BbICOKUM HarpsbkeHueM (1050 75 kB) , KoTopble MOKHO PEeryJInpOBaTh;
-MUTAaHKUE KaTOJla U BBIMPAMIISIONIMX TO YCTPOUCTB;

- peructparus audparupoBaHHOTO M3IYYCHHS a) Ha (POTOIUICHKY, TOMEIIAeMYIO B
CHEeUaIbHYI0 PEHTT€HOBCKYIO KaMmepy, 0) ¢ MOMOIIbIO JETEKTOpa PEHTIEHOBCKOTO
U3ITyYEHHUSI- CHUHTUJUTSIITUOHHOTO WITM IPOMOPIIMOHATIBHOTO CUETUHKA.
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OCHOBHBIE Y3JIbI PEHTT€HOBCKOTO armapaTa:
1) UcTouHMK NUTaHUsI pEHTT€HOBCKOM TpyOKH;
2) PentrenoBckas TpyOKa;
3) Cucrema peructpanuu 1u(pakimOHHON KapTUHBI
Hcxons u3 cnocoda perucTpaluuu pasinyaroT anmnapaThl ABYX THIIOB!
-1) st poToMeTOI0B (C MCIOIB30BAaHUEM CIIELIMATIBHBIX KaMep Il ChbEMKH 00pa3-
[IOB pErucTpanueil oTpa)kEHHOTO M3IyYEHUs HAa PEHTTEHOBCKYIO IUIEHKY ( METO.
Jlays, meton [lebas Lleppepa u ap.).
-2) U1 MIOHU3AaLMOHHOM peructpauuu -qudpakromerpsl tumna JIPOH.
[Tpu paGote HpTOMETOIOM HCHONB3YIOT CIIEIUANBHBIE KaMephl ISl ChEMKU 00pas-
1oB : PKJI, PKOII PKVY- 114, KPOC . HmenHo ¢ pOTOMETOAOB HaYasl pa3BUBATHCS
peHTreHoBCcKui aHanu3. OCHOBHOE IOCTOMHCTBO (POTOMETOAOB 3aKJIIOYAETCSA B TOM,
YTO OHHU JIal0T BO3MOKHOCTH IMOJIy4Y€HHUs TMOJHOU AU(PPaKIIMOHHONW KapTHHBI, HA KO-
TOPOM MPHUCYTCTBYIOT OTPAKEHUSI OT BCEX CEMEWUCTB KpUCTaIOrpapuuecKux Iioc-
KOCTEeH. DTO HEOOXOUMO AJisl paciiu(pPOBKU CTPYKTYp HEU3BECTHBIX MATEpUaJIOB.
K Henmoctatkam (pOTOMETOMOB OTHOCUTCS IJIMTENBHOCTb SKCIIO3ULIUU MPHU ChEMKE
peHtreHorpamm, CII0KHOCTb NMPOBENEHUS TOYHOTO KOJIMYECTBEHHOTO U APYTUX BU-
JI0B aHaJIn3a, TpeOyomux (OTOMETpUPOBasL, ISl ONPEACIICHNs HUHTEHCUBHOCTH., J10-
MOJIHUTENbHASL paboTa MpU 00pabOTKE PEHTrEHOTPaMMBI(MPOSBKA, 3aKPETICHUE)
BBICYIIMBaHHUE U T.A. Bce nononHuTENbHBIE OlNEpalyy CHIXKa0T TOYHOCTh aHaIn3a
( mnéHka mpu BhICYIUMBAHMM JedopmupyeTcs, npu (poromeTpupodaHuu BHOCATCA
CyOBbEKTHUBHBIC OLIMOKH).

B HacTosmiee Bpems ISl MPOBEACHUS MPHUKIATHOTO CTPYKTYPHOTO aHAlIM3a B
OCHOBHOM TOJB3YIOTCS audpakTomerpamu. [udpaktorpaMmy mpu 3TOM HOTYYarOT
HETMOCPE/ICTBEHHO Ha JIEHTE CaMOMMILIYIIEro npudopa, MOKHO BECTH MOTOYEUHYIO
ChEMKY TIpoduis TudpakiimOHHON JTUHUH. BCE 3TO CyIIECTBEHHO MOBBIIIAET TOY-
HOCTb ONPEJEICHUsS UHTEHCUBHOCTH, YTJIOBOTO MOJOXKEHHUS pediiekca u obserdaer
METOJUKY MPOBEICHUS aHAIN3A.

Ceoticmea penmeeHo8CKUX 1yvell

-JTy4d HEBUUMBI;

-pacrpoCTPaHSAIOTCS TOJIBKO MPSMOJIUHENHO;

- IPEJIOMJISFOTCS, MOJISIPUBYIOTCA U TUGPATUPYIOT, KaK U BUAUMBINA CBET;

- mpou3BoAAT hoTorpaduyeckoe aeicTBUE (3aCBEYUBAIOT (DOTOTUIACTUHKY);

- HOHU3UPYIOT Ta3bl;

- BBI3BIBAIOT JIIOMUHECIIEHTHOE CBEUCHHE MHOTHX BEIIIECTB;

- OKa3bIBAIOT HEOJIArONPUATHOE BO3ICUCTBHE HA OMOJIOTHYECKHE 06’BCKTBI

JITHHBI BOJTH PEHTI€HOBCKUX Jydeii A HaxonaTcs B mHTepBaie ot 10™ 1o 10°A.

VY CI0BHO PEHTIEHOBCKOE MU3IIy4YEHHUE JENST Ha JJIIMHHOBOIHOBOE( MSTKOE) KOTOpOE
MOTJIOIIAETCS WM PAaCCEUBAETCS BELIECTBOM M KOPOTKOBOJIHOBOE (JKECTKOE) — MpO-
HUKAIOIIIEEe Yepe3 BEIIECTBO MOJHOCThIO WM YaCcTUYHO. UeM Kopoye JjIMHA BOJHBI
(6omBIIIE IOPSAIKOBBI HOMEP dJIEMEHTa aHO/Ia) TeM OOJIbIIe TPOHUKAIOIIAS CTIOCO0-
HOCTb PEHTI€HOBCKHX JIy4€EH.
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[Ipu B3auMoneicTBUM C aTOMaMH KpUCTaIa PEHTTEHOBCKHUE JTy4d PACCEUBAIOTCH,
nudparupyroT, HHTEpGEepUpyroT (IpU ONMpeAeIEHHbBIX YCIOBUSAX) U 00pa3yroT Iu-
(GpaKIMOHHYIO KapTHHY.

XapakTepuCTUKAMHU PEHTIEHOBCKOI'O U3JIyUYE€HUs SIBJISIIOTCS JUIMHBI BOJIH, U3 KOTOPO-
0 OHO COCTOMT, U UX MHTEHCUBHOCTh. JludpakiMoOHHAs KapTHHA COJCPKUT WH-
dbopmanuio o0 pazMepax IEeMEHTApPHON SYEHKU M PacoyioKeHUU B Hell aTomoB. [lo
BEJIMYMHE OTKJIOHEHUSI MEKATOMHBIX PACCTOSHUN OT PAaBHOBECHBIX 3HAYCHUN MOX-
HO OMPENETUTh BEIUYUHY OJHOPOJHBIX YNPYTUX AeGopManuii KPUCTALIMYECKON
PELIETKH.

OcHOBHBIE 32124 PEHTT€HOCTPYKTYPHOI0 AHAJINA3a

PeHTreHoCTpyKTYpHBIN aHaIN3 MOJIYYW OYEHb HIMPOKOE NMPUMEHEHUE, C €r0 MOMO-
IIbI0 MOXXHO PEIINTH O0JBIIOE KOJTUYECTBO MPOOIIEM, TOMOTAIOIINX pa3padaThiBaTh
palMoHaIbHBIE TEXHOJIOTMUYECKUE PEXXUMBI 00pabOTKU MaTepuaioB u 0oiee riay0o-
KO M3y4aTh MPOIIECCHI, TPOUCXOSIINE B MAaTEpHAIIaX MPH BO3IECHCTBUN PA3TUIHBIX(
MEXaHUYECKUX , TEePMUYECKUX U T.JI.) BHEITHUX (DAKTOPOB.

OCHOBHOWM 3a7a4e€ll pEHTI€HOCTPYKTYPHOTO aHajv3a SIBIISIETCA OMPEICICHHUE KpHU-
CTAJJIMYECKON CTPYKTYpPHI BEIIECTBA.

[IpuknagHOl pPEeHTTEHOCTPYKTYPHBIA aHAM3, KOTOPHIM Mbl U OyJeM 3aHMMaThCH,
MOAPA3yMEBAET ONPENCIICHUE KAYECTBEHHOIO M KOJWYECTBEHHOI'O COCTaBa HCCIIE-
JIyeMoro BemecTBa( B YaCTHOCTH MeETallia), ONpeaesieHus HapylleHUH KpUCTaJIu-
YECKOI'0 CTPOEHHUS B pealibHbIX BellecTBax ( JAMCIEPCHOCTH U pa3Mepa U (PopMbl
o0JnacTell KOrepeHTHOTO paccesiHus, OJIOYHOrO CTPOEHUS KPUCTAIIUTOB, TUIOTHOCTH
JUCIIOKaIui, Me(eKTOB YMakoBKHA W T.1.). s ¢usnueckoro mMarepuanoBeICHUS
u3ydeHue 1e(PeKTOB KPUCTAIUIMUECKOrO CTPOCHUsA( HalpUMep, OMpeleieHne IIoT-
HOCTH JUCJIOKAINI MPEACTABIISIET) MPECTABISET OYeHb 0O0JbION nHTEpec. Tak Kak
MMEHHO NMPUCYTCTBUE B CTPYKTYpE ACPEKTOB ONpPEAEIEHHOIO KOJTUUYECTBA 1e(PEKTOB
00BSCHSIET MHOTHE CBOMCTBA MaTEPHAJIOB.

JIOCTOMHCTBOM PEHTT€HOBCKUX METOJIOB SIBJISIETCSI BO3MOKHOCTD OIpeieieHus B 00-
pasiie NPaKTUYECKH JII000H KpUucTaumueckon ¢asbl. YyBCTBUTENIBHOCTh METOJA OII-
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penensieTcsi MHIAUBUAYATbHBIME OCOOCHHOCTSIMU (Da3bl. Da30BbIN COCTAB MaTepua-
JIOB MOKHO TIPOBEPSATH B MPOIECCE €ro MONTYYCHUs, IKCILTyaTalllH, MTOCIe pa3ind-
HBIX BUJIOB 00paO0TKM (MEXaHUYECKOH, TePMHUCCKON, XUMUKO-TCPMHUICCKOH H T.1.).
MeToabl PEHTTEHOCTPYKTYPHOTO aHaIM3a UCIOJIB3YIOTCS IS PEIICHUS MHOTHX 3a-
nad ¢u3uku TBEpAOro Tena. [Ipu mcciaenoBaHUKM CTPYKTYPhl METAJUIOB Yalle BCEro
MOJIB3YIOTCS XapaKTEPUCTUUECKUM PEHTTCHOBCKMM H3JydeHHEM. 3epKajia aHOJOB
TPyOOK OOBIYHO H3rOTOBJICHBI U3 TyromiaBkux metamios Cr, Fe, Co, Ni Mo.

Memoobt ougppakmomempuyeckozo penmzeHoCmpyKmypHoz2o anaiusa
Kauecmeennwiti penmeenocmpykmyphuvii ananus

PeHTreHoCTpyKTypHbIE METO/bI SIBJSIIOTCS BaKHEHUIIMMH (DyHIaMEHTaIbHBIMU Me-
TOJIOB YCTAaHOBJICHHS M UCCIEAOBAHUS KPUCTALUTMYECKON CTPYKTYpPhl Pa3IMYHbIX MaTe-
puasioB. JlelcTBUTEIHHO MAacCOBBIMU OHHM CTajiu OJjaroaapsi UCIoiIb30BaHHUIO TUpak-
TOMETPOB.

PeHTreHOCTpYKTYypHBIH TU(PPAKTOMETPUICCKUN aHAIHU3 SBISCTCS TPSIMBIM  aHAJIH-
30M U XapaKTEepU3YeTCs] BBICOKOM JOCTOBEPHOCTBIO PE3YJbTATOB, SKCIPECCHOCTHIO U
OTHOCHUTENbHOU AemeBu3HON. He Tpebyer OonblIOro KojauuecTBa marepuana Jjis Hc-
clieIoBaHMs1, 0Opa3ell (J1eTaib) B POLEcce UCCAEA0BAHUS HE pa3pyILIaeTCs.

[lenbro KaueCTBEHHOIO PEHTTEHOBCKOTO (Pa30BOro aHaiM3a ABJISIETCA WICHTU(UKA-
1Ml BeecTBa (OTEIbHO WM B CMECH) 1O HAabOpy €ro MEXKIJIOCKOCTHBIX PAaCCTOSHHMA
(d). O6macTi mpUMeHEeHHsI Ka4eCTBEHHOTO (Pa30BOT0O aHAIN3a Pa3HOOOPA3HbBI U ISl Ha-
YYHO- HCCIIEIOBATENbCKUX PaboT, U I KOHTPOJISI KaueCTBa MaTEPHUAJIOB.

JIOCTOMHCTBOM PEHTTEHOBCKUX METOJIOB SIBJISIETCSI BO3MOKHOCTh OIpeIeJICHHs B 00-
pasiie IpaKTHUECKU JTF000H KpUCTaIuTMUecKoi ¢a3bl. UyBCTBUTEIBHOCTh METOA OMpe-
JeNAeTCs NHANBUAYAIbHBIMU 0COOEHHOCTAMU (pa3bl. OOBIYHO OHA yJOBJIETBOPUTEIbHA
u coctaBnsieT 1-3%, nnorna nocturaet 0,1%.

®a30BbIll COCTaB MATEPUAIIOB MOKHO MPOBEPSTH B MPOILIECCE €ro MOJyuYeHUs, IKC-
IUTyaTally, MOoCcje pa3InYHbIX BUJOB 00pabOTKH (MEXaHUYECKOM, TEPMUUYECKON, XUMU-
KO-TEPMHUYECKOU U T.1.)

PenTreHoau(ppakiOHHbIE METO bl KAUECTBEHHOTO aHaju3a 00J1a/1aloT, 0 CpaBHe-
HUIO C IPYTUMH, OOJIBIIMMH BO3MOXHOCTSIMU aBTOMATHU3ALIHH.

Hoenmuguxayus ooHogasnwix 6ewjecmes no OAHHbIM 0 MENCNAOCKOCMHBIX PACCIO -
HUSX

Omnpenenenue daszpl (MaeHTUGUKALIMSI MaTepUasa) — OJHa U3 OCHOBHBIX 33/1a4 PEHT-
TreHOCTPYKTYPHOI'O aHaJIU3a.

Kaxxnoe kpucrammueckoe BEIIECTBO 007Ia1aeT MPUCYIIEH TOJILKO €My KpH-
CTAUTMYECKON PEMIETKOW W XapaKTepus3yeTcsl MPUCYIIMM TOJIBKO €My HaOOpOM Ju-
(pakIMOHHBIX TUHUHN HA OU]pakTOorpamMme
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Kaxmoit muppakinoOHHON JTUHUKA COOTBETCTBYET ompenenéHHoe 3Hadenue d/n, rae d -
MEXIUIOCKOCTHOE PACCTOSIHUE CEPUU OTPa)KaroluX IUIOCKOCTEH, N- MOPSAIOK OTpaxe-
HUSL.

OmnpenenuB MECTONOIOXKECHNUE JTMHAN HA PeHTreHorpamMmMe (yroi 260) v 3Has UIMHY BOJI-
HBI u3nydeHus (4 ), no dhopmyne Bynbda — bparros

d/n=21/2sin0 (1)

MOKHO OMPENEINTh 3HAYCHHSI MEXKIUIOCKOCTHBIX paccTostHui. C IEIbl0 COKpaIieHus
BpPEMEHH Ha pacdéThl Ui onpeneiacHus d/N, B 3aBUCUMOCTH OT yriia @, MOYKHO BOC-
MOJIB30BATHCS CIIEIIMATLHBIME TaOIUIIAMY ..
3Has MEKIIJIOCKOCTHBIC PACCTOSHUS, MOKHO ONPEACIIUTh MapaMeTPhl KPUCTATUTMYECKON
peméTku. [[s 3TOr0, MpOaHATU3UPOBAB PACIIOIOKEHNE JIMHUKN Ha TudpakTorpaMme ¢
MIOMOIIIBIO CXEMBI, ONPEICIIAIOT KPUCTAIUTNYECKYIO CTpYKTYpy U uHAekchl (hkl) kaxmoit
JTMHUH.
[ToroM 1O KBajpaTHYHBIM (hOpMaM OIPEIEIAIOT MapaMeTPhl KPUCTATUIMISCKON pe-
mérku. [Ipu nnenredukamuu Bemectsa ((as3pl), KpoMe 3HAYCHUN MEKITTIOCKOCTHBIX
paccTosiHU, OOJBIIOE 3HAYCHUE UMEIOT OTHOCUTENIbHbIE MHTEHCUBHOCTH JIMHUM, KO-
TOpbIE B MEPBYIO OUEPE/Ib 3aBUCAT OT KPUCTAJUIMUECKOU CTpYKTYphl dasbl. Hanbonee
WHTCHCUBHBIMU OyIyT OTPaXKEHUSW OT CEMEHCTB IUIOTHOYIAKOBAHHBIX ATOMHBIX
IJIOCKOCTEHN.

3Ha4YeHHS] MEKIUIOCKOCTHBIX PACCTOSHUM, OTHOCUTEIHHBIX WHTEHCUBHOCTEH W WH-
nekcel (hkl) kpucrammorpagudeckux mIoCcKOCTeH I W3YYCHHBIX BEINECTB M COCIH-
HEHUU eCTh B CIICIIUATLHBIX CITPABOYHUKAX.
DKCnepUMEHTATBHBIC PE3YIhTAThl CPABHUBAIOT CO CIPABOYHBIMH M OTIPEICIISIOT HCCIIe-
JTyeMO€ BEIeCTBO.
Jyist moka3aTeabCTBa MPUCYTCTBUS TOW WM UHOM (Da3bl HEOOXOIUMO 3apErUCTPUPOBATH
HECKOJIbKO HanboJiee HHTEHCUBHBIX OTpakeHui ¢asbl ( He MeHee TpEX uHui) JlaHHbIe
A uaeHTeuKanuu (a3 HaxXomATCS B CIPABOYHHKAX M MEKIYHAPOIHOW KapTOTEKe
ASTM. [Ins naubosnee ToyHOUM MaeHTePUKAUU (Pa3bl HEOOXOAUMO HUMETH XOPOIIO
OTBIOCTUPOBAHHBIN TIPUOOP, U ¢ OOJIBIION TOYHOCTBHIO OMPEACIUTh YTOJ OTPAKEHUS U
WHTEHCUBHOCTH JUGPAKIIMOHHOTO pediiekca.

Konuuecmeennwiti penmeenocmpykmypHwii anaius

Ecnau nys kauecTBeHHOro (ha30BOTO aHA/IM3a TJIaBHBIM YCJIOBHUEM SIBJISETCS TOY-
HOCTb ONPEACIICHUS MEXIUIOCKOCTHBIX PAaCCTOSIHUM, TO B Clydae KOJUYECTBEHHOTO
aHajiM3a CMECH TOCJIe PEIICHUs 3ajlaud KaueCTBEHHOIo aHaju3a TpeOyroTcs Oolee
TOYHBIC M3MEPCHHS HHTCHCUBHOCTEH JTUHUM, 0COOSHHO TS (ha3bl, KOJUYECTBO KOTOPOI
Majo. SIcHo, 4TO YeM MeHbIle 00BEMHAs 0 (Pa3bl, TEM MEHEe NHTCHCUBHBIMH OYIyT
€€ JIMHUU Ha PEHTIEHOTPaMME..

Jlst omHO3HAauHOM uAeHTHUUKAIK (a3bl HEOOXOAUMO UMETh HE MEHee TPEX HH-
TEHCUBHBIX JIMHUM.
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Jlnst unenredukanuu a3, MPUCYTCTBYIONTUX B CJIaBaX B MAJIIX KOJUYECTBAX, YACTO
UCIOJIb3YIOT METO/Ibl XUMHUUYECKOTO UITU AJIEKTPOIUTHUYECKOTO pACTBOPEHUS U COOTBET-
CTByMo1Iel 00paboTku ocanka. [Ipu mpoBeieHnH KOTUYECTBEHHOTO PEHTTEHOCTPYK-
TYpHOT'O aHal3a MPUOETAIOT K TOCTPOSHUIO IPayHPOBOYHBIX KPUBBI MO pe3yjIbTaTaM
aHann3a o0pasiloB C U3BECTHBIM KOJIUYECTBOM (ha3.

Cy1iecTBYIOT pa3IMuHbIE METO/IbI KOJIMUYECTBEHHOTO aHaJN3a:

-METO/] TIOJIMEIIIMBAHUS — OCHOBAH Ha COMOCTAaBJICHUN UHTEHCUBHOCTEH JIMHUN HcCe-
AyeMoil (a3bl ¥ STAIOHHOTO BELIECTBA, TOOABJICHHOTO B CMECh B U3BECTHOM KOJIMYECT-
BE;

- METOJ] HAJIOKEHUS — COCTOUT B B CPABHEHUH a0COTIOTHBIX HHTEHCUBHOCTEH JTMHUIN
uccaeayeMon ¢haspl ¢ JIMHUSIMH, TIOTYy4YEeHHBIMU OT (pa3 B CBOOOTHOM COCTOSIHHH( HE B
CMeECH;

- METOJ] HE3aBUCUMOT0 3TajoHa pa3padoran Tamapu u CeKUTO ISl ONpEeAEIICHUs KOJIU-
YeCTBa OCTATOYHOI'O ayCTEHUTA. ITOT METO/I I1eJIECO00Pa3HO MPUMEHSTH ISl MOHO-
JUTHBIX 00pa3lloB — MPUMEHSIETCS JJIs UCCIIEOBaHUS TOPOIIKOOOpa3HbIX (a3 ;

- 0€33TaIOHHBIA METO - IPUMEHSETCS I UCCIIEOBAHUS TOPOIIKOOOpa3HbIX (a3 B
CBOOOJTHOM COCTOSIHUH, JJIS ONpeieNIeHUs: KoJu4ecTBa ¢a3 CTPOSIT rpagyupOBOUYHYIO
KPUBYIO;

- 0€33TaIOHHBIA METO/] TOMOJIOTUYECKUX Tap — MPUMEHSIOT JIJIsl OTIPECIICHUS] B CTAIIAX
KOJIMYECTBA ayCTEHUTa OCTATOYHOTO, CPAaBHUBASI MNHTEHCUBHOCTH CIIEIMATIBLHO BHIOpaH-
HBIX JIUHUM o0eux (pa3. HaxoasT TMHUM paBHOW MHTEHCUBHOCTHU U 1O CIIEIIMATBHBIM
[IKaJIaM TOMOJIOTUYECKUX Map JIMHUM ONpeessitoT KOJIMYECTBO OCTATOUHOTO ayCTCHH-
Ta. OTOT METOJI TOCTATOYHO SKCIIPECCEH, €ro YyBCTBUTEIBHOCTb, OJIHAKO HE MPEBbIIIA-
eT 4% aycrteHura, NOrpemHoCcTs MeToaa 5%

Hpumeuenue PEHMCEHOCMPYKMYPHO20 AHAIU3A 6 ¢u3ulleCKOM MemasnioeeoeHuu

[ToMuMO KOJIMYECTBEHHOTO U KaU€CTBEHHOTO (Da30BOTO CTPYKTYPHOT'O PEHTIe-
HOBCKOT'O aHalin3a B PU3NYECKOM METaJUIOBEIEHUU TUPOKOE TPUOOPETH PEHTI€HOB-
CKHE METOJIbl aHAIM3a CTPYKTYPHI CTAJIM U IPYTUX METAILIOB U CIIJIABOB IIPU ITOCTPOE-
HHUU AUArpaMM COCTOSIHUM ,aHajiM3a CTPYKTYPHOT'O COCTOSIHUSA MOCIIE PAa3JIMYHbIX BUIOB
TEPMUYECKON ,MEXaHUUECKON, XUMUKO- TEPMUUECKON U APYTHX 00pabOTOK.

Peumeenocmpykxmypuolil ananuz cmanu nocie mepmuieckot oopabomru.

ODKCIUTyaTallHOHHBIE CBOMCTBA JAETAJEH MAIllMH, KOHCTPYKIIMNA U UHCTPYMEHTA U3
cTajeit (opMUPYIOTCS B Ipollecce TEPMHUUECKON 00paboTKu. YacTo cTaiu mojasepraror
TepMo0oOpaboOTKe, 3aKIIOYAIONIEIICS B 3aKalIKe U MOCIEAYI0IIeM oTiycke. B ocHoBe 3a-
KAJIKH JIEKUT ayCTEHUTHO-MapPTEHCUTHOE MIPEBpaIllCHHE

[Ipn BBICOKOM COAEpPKaHHUU YIJIEPOAA B CTPYKTYpE 3aKaJEHHOW CTAJIM COXPaHs-

eTcs 3HauuTeapHOoe (10 25%) KOTUYECTBO OCTATOYHOTO aycTeHuTa ( A ocT.).

37



OnHOM U3 TIaBHBIX 33/1a4 CIEAYIONMIETO MOCIe 3aKAJIKK OTIYCKa CTajeil sSBIsCT-
csi OoJiee MOJIHOE MPEBpAIICHUE OCTATOYHOTO ayCTEHUTa B MAPTEHCHUT (TOM ke Ienu
CIIY)KUT U 00paboTKa CTaIu XOJOA0M).

OnpeneneHne KOJIMYECTBA OCTATOYHOTO ayCTEHUTA, U ONPEIECICHUE CONCPHKAHUS
yriaepoaa B MapTEHCUTE— Ba)KHBIC STalbl B pa3paboTKe TEXHOJOTHMH TEPMHUECKON 00-
paboTKu

Haubonee npeanoYTUTENbHBIM U JOCTOBEPHBIM B 3TOM Cllydae SBIJISIETCS METOJ
PEHTTEHOCTPYKTYPHOTO TU(PAKTOMETPHUUECKOIO aHAIN3A.

3amaya omnpeaencHuss KOIMYecTBa A OCT.— YacCTHBIM Ciay4ail KOJIMYECTBEHHOIO
($a30BOT0 PEHTTEHOBCKOr0 aHaiu3a. Ba)xHbIM, J1s1 BBIOOpA METOIMKHU U BBIIOJIHEHMS
HEOOXOAUMBIX 3KCIIEPUMEHTOB U PAaCU€TOB, SIBJISIETCSI 3HAHHE TOYHOI'O TEOPETHUECKOTIO
YIJI0BOTO MOJIOKEHUSI HAa PEHTIEHOIpaMMe JU(PPAKIIMOHHBIX MAaKCUMYMOB (a3bl U UX
WHJICKCHI.

[Ipu mpoBeneHnU HCCIEAOBAHUSA MPUMEHSIOT METOJ COTMOCTaBICHUS TEOPETHUECKUX
WHTCHCHUBHOCTEH C AKCIIEPUMEHTAIbHBIMU. | TaBHBIM YCIIOBHEM IPU BBIOOpPE CPaBHU-
BAaEGMbIX JIMHUNA SIBIISIETCS OTCYTCTBHE WX MEPEKPBHITUS WM HAJOXKEHUS HA IPYTHE JU-
HUM.

PeHTreHocTpyKkTypHOE ONpeiesieHue KOJIMYECTBA OCTATOYHOIO ayCTEHUTA B OTJIMYKE OT
MarHMTHOTO U MeTaJIorpapuueckoro Aa€t BO3MOKHOCTb ONPEEISTh €ro B CJIOE OIpe-
JEJIEHHOM TOJIIMHBI 00pa3iia (JeTanu) NPou3BOJIbHON (POPMBI, P MArHUTHOM METOJIE
OTIPE/IEIISAIOT CPEAHEE COACpKAHUE ayCTEHUTa BO BCEM 00bEME, CTIeUaIbHO MOATOTOB-
JIeHHOro o0pasla, a Mpu MeTauIorpaduyeckoM UCCIENYIOT TOIbKO MOoBEepXHOCTh [Ipu
PEHTTEHOBCKOM METO/]I€ MCCIIEA0BaHUs TOTIOTHUTEIBLHO ONPEAEIseTCsl CoAepKaHUe yT-
Jeposa B ayCTeHUTE. DTO UMEET OOJIbIIOE 3HAUEHUE I BRIOOpa U KOPPEKTHUPOBKU pe-
’KHUMOB 3aKaJIKH, 00€3yTJIepOKUBAaHUS IOBEPXHOCTHOTO CJIOSl U IIPU aHAJIM3€ pPe3yJIbTa-
TOB XMMHUKO- TEPMUUYECKONH 00paOOTKH.

OnpeneneHue coaep:KaHus yriepojia B MapTEHCUTE OCHOBAHO Ha 3aBUCHMOCTH
MEPUOJIOB €ro PelETKH OT COoAepKaHus yriepoja. B mobOom MmeTone ucciienoBaHus
BAKHO KaK MO>XHO 00Jie€ TOYHO OINpPEAENIUTh Yroj OTpa)KeHUs IU(PPaKIMOHHOIO MaK-
cuMyMma M napameTp Kpucramindeckoil.(boiee mogpoOHO BbI MO3HAKOMUTECH C ITUMU
METOJaMH aHaJIW3a NPU BBINIOJIHEHUH Ja00PaTOPHOI pabOTHI)

Penmeenocmpykmypuoii ananusz uckasicenuu KpucmaiiuiecKkou peuémxu

HckaxeHns peméTky, BOZHUKAIOIIME B CTPYKTYpE IOCIE MEXaHUYECKOIro, Tep-
MHUYECKOTO U IPYTUX BUJIOB BO3JACHUCTBUSA, BBI3BIBAIOT NOSIBJICHUE HEOAHOPOIAHBIX YIIPY-
rux nedopManuil 1 yMeHbIIEHUEe 00J1acTeil KOTE€PEHTHOTO paccesiHusl. DTO MPUBOJIUT Y
YIIMPEHUIO YII0BOIO MHTEPBAa OTPAKEHUS, CMEIECHUIO PEHTTEHOBCKMX MaKCUMYMOB,
M3MEHEHUIO OTHOCUTENIbHBIX MHTEHCUBHOCTEW JIMHUM AUPPAKTOIpPaMMBbI, [0 CpaBHE-
HUIO ¢ JUu(dpaKTOrpaMMaMu MOJTYyYeHHBIMH OT 00pa3loB, HAXOASIINXCS B PABHOBECHOM
COCTOSIHUMU.

AHaJIM3 BCEX ITUX U3MEHEHUW MO3BOJISET IMOJIYYUTHh JAHHBIE O CTPYKTypE Je-
(dbopmupoBaHHOro mMarepuana. O4eHb BaKHBIM IPHU 3TOM SIBJISIETCSI KaK MOXHO OoJjiee
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TOYHOE ONpEeeIeHNe UCTUHHON IIMPUHBI U UCTUHHOTO (PU3MUECKOTO YIIUPEHUS PEHT-
TCHOBCKHX JIMHUH, y4eCTh BCE MOTPEIIHOCTH ChEMKH. JTOTO JOOWBAIOTCS MCTIOIB30Ba-
HUEM STAJIOHOB U MPUMEHEHHEM COBPEMEHHOW BBIYMCIUTEIHLHOW TEXHUKH TIpHU OOpa-
00TKe pe3ybTaToB. AHOMAaJIbHOE H3MEHEHHE WHTCHCHBHOCTEH PEHTICHOBCKHUX JTMHHMA
TI03BOJISIET KAUECTBEHHO M KOJMYSCTBEHHO CYJIUTh O CTETICHH TEKCTYPHhI, BOZHUKAIOIICH
B IIpo1ecce 00paboTKH.

B nocnennee Bpems, ¢ pa3BUTHEM TCOPHUH JAUCIOKAIUH, CTAJ0 SICHO, 4TO Aedop-
MaIluu PEIETKN CO3AAI0NINe PEHTTeHOBCKUN 3((EKT HaTU4Ms MUKPOHAIPSHKEHUN (
pa3MBbIThHIE JIMHUU) CBSI3aHBI C YIIPYTUMU TOJISIMU B3aUMOICUCTBUS JUCIOKAIUH.

[ToaTromy B HacTosiiee BpeMsi MPaBUIBHBIM CUHTAETCA OMPEACNATh MHUKPOJIe-
dbopMaruio peméTky, uMesi B BUAY TOJie ynpyrux aedopManuii oT AUCIOKAIUH, WK
BBIp@XKaTh 3Ty XapaKTEPHUCTUKY Yepe3 IJIOTHOCTh IucioKanuid. Pentrenorpaduyeckue
JaHHBIE O XapaKTEPUCTHUKAX TOHKON CTPYKTYPHI MO3BOJISIOT PACCUUTHIBATH MIOTHOCTD
JUCIIOKAIINH p, m.e. YUCNIO TUHUL OUCTIOKAYUL NPOXOOAWUX Yepe3 eOUHUYY NI0uaouU.

PeHTreHoBckuii METOA ONpeAeieHUs] 30HANbHBIX HANPSXKEHUH U IMJIOTHOCTHU JIUC-
JIOKAIMH BBITOJIHO OTJIMYAETCA OTO BCEX OCTAJBHBIX, IPEXKJIE BCETO TEM, YTO OH OTHO-
CUTCSI K UUCITY HEPa3pyIIAIOIINX.

JuekTpoHorpa¢um u HeWTpoHOTrpadum.

JUIst CTPYKTYpPHOTO aHaiu3a, KpoMe AU(PPAKUUK PEHTIEHOBCKUX JIy4ed, UCIOIb3YIOT
TaKXe NTU(PPAKIUIO FJIEKTPOHOB M HEUTPOHOB AJIEKTPOHHO- U HEUTPOHOTpa(UUECKHE.
MeTtoapl CTPYKTYpHOIO aHaiau3a MO3BOJSAIOT MOJYYUTh TaKUE CBEACHUS O CTPYKTypE
METAJUIMYECKUX CIUIaBOB, KOTOPBIE HE NAET PEHTTEHOCTPYKTYPHBIN aHan3. PEHTreHoB-
CKHME Jy4YHd PACCEMBAIOTCSA TOJBKO JJIEKTPOHAMU ATOMOB, JJIEKTPOHBI PaCcCEUBAIOTCS
ANEKTPUYECKUMHU TOISIMHA BJIEKTPOHOB aTOMOB M AaTOMHBIX SIAEP, @ HEUTPOHBI, HE
MMEIOLIME IEKTPUYECKOr0 3apsifa, pacCeMBAIOTCS TOJBKO IIOJ IEUCTBUEM SIECPHBIX
cwl. B mapamMarHuTHBIX U (PepPOMAarHUTHBIX KPUCTAJIIaX HEUTPOHBI B3aUMOCHCTBYIOT
TaK)K€ C MarHUTHBIMU NOJIIMU aTOMOB, T.K. OHM 00JIaJ]al0T MarHUTHBIM MOMEHTOM.

Inexmponozpaghus ( pusuueckue ocrnoswt)

JIBMOKyIIrecs 3JIEKTPOHBI 00Jaat0T BOJTHOBBIMH CBOMCTBaMHU, OHU CIIOCOOHBI mudpa-
TUpOBaTh U MHTEPHEPUPOBATH, TAKIKE KaK U JIFOOBIC DJICKTPOMArHUTHBIC BOJTHBI.

DnekTpoHorpaduuecKuil aHaau3 OCHOBAH Ha TOM, YTO NapaUlebHBIA My4OK 3JIEK-
TPOHOB, JICTAIIUX C IMOCTOSTHHOW CKOPOCTBIO, B3aUMOJICHCTBYET C BEIIECTBOM Kak ILIO-
CKasi MOHOXpOMaTH4YecKasl BOJiHA. J[JTMHA BOJHBI AJIEKTPOHHOTO Jiyda (A) 3aBUCHUT OT
CKOPOCTH JICTAIINX JICKTPOHOB U OTIPEICIACTCS ypaBHCHUEM

i i @

rae h - mocrostuaas [Tnanka; M- Macca 3JIeKTpoHa;
V - CKOPOCTb 3JIEKTPOHA; C — CKOPOCTb CBETA.
Jnst yckopeHus 3JIEKTPOHOB UCHOJIBb3YIOT AIEKTPUUECKUE TTOJIS.
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Ecnu cKopoCTh 3J€KTPOHOB Maja [0 CPaBHEHHMIO CO CKOPOCTBIO CBETA, TO, B 3aBUCHMO-
CTH OT pazHocTu noteHmanos (U), 6e3 yuéra peiasiTUBUCTCKON MOMpPaBKH, IJIMHA BOJIHbI

OIIpCACIIACTCA YPABHCHHUCM
12,225

A= (2)
0
r7ie A BeIpaxeHo B aHrcrpemax (4 ), a U - B BosbTax.
[Tpu n3menennu pazHocTu noreHuanos ot 30B 1o 100xB, qiuHa BOJIHBI U3MEHSIET-

o 0T 24 10 0,05 4.

B3anmoeicTBYs ¢ KpUCTAJUTMUECKUMHU BEIIECTBAMHU, dJICKTPOHHBIC BOJHBI HCIIBITHI-
BalOT AU(GPAKIIMOHHOE pacCeuBaHME (M0I00HO PEHTTEHOBCKUM JIydaMm).
MeTtobl 37eKTpoHOTpadui OOBIYHO MPUMEHSIOT ISl CTPYKTYPHOTO aHaJIM3a O4YeHb
TOHKUX TUIEHOK (=0,01 MmKxM) U IOPOIITKOB, a TAK)KE TTOBEPXHOCTHBIX CJIOEB MACCHUBHBIX
00pasIoB.
Kaptuny s5ekTpoHHON AU(PAKIIUK U3YdalOT MO JIEKTPOHOTpaMMaM, MOJTYyYEHHBIM Ha
(doTOIIACTUHKAX B CIEIHMAIBHBIX BBHICOKOBAKYYMHBIX MPUOOpax - AJeKTpoHOrpadax.
MO>XHO TIOJIYYHTh JIEKTPOHOTPAMMBI M B JTFOOOM COBPEMEHHOM 3JIEKTPOHHOM MHKPO-
CKOTIE.

OnexTpoHorpamma

B coBpeMeHHBIX 3EKTPOHHBIX MHKPOCKOIIAX UMEETCS BO3MOXKHOCTH MOTYUYCHUS
IU(PaKIIMOHHBIX KapTHH C YYaCTKOB OOBEKTa OKOJIO IMKM (3JIEKTpOHHAs MHUKPO.IH-
dbpakius).

Yamie Bcero 3agaun 3JeKTpoHOrpadvy aHaJIOTUYHBI 33]]a4aM PEHTTeHOCTPYKTYPHO-
ro a”ajinza: ONpeleNieHue KPUCTAIUTMYECKOW CTPYKTYpBI, MEepUoaa KPUCTAILUTNUECKON
pPEmETKH, KAaYeCTBEHHOTO M KOJIMYECTBEHHOTO (Da30BOro aHaIM3a.

[IpuHiunuanpHas onmTUYecKas cxema dJeKTpoHorpada MPAKTUYECKH Takas e
KaK ¥ y 3JEKTPOHHOTO MHKPOCKOIIa, HECKOJIBKO U3MEHEHA TOJIbKO cxema (hOKYCHPOBKH
My4Ka 3JEKTPOHOB ( 0oJiee MOoJIPOOHO B JIaOOpaTOpHOU paboTe). DJIEKTPOHHBIE BOJIHBI
MaJIOW JIJTMHBI BOJIHBI MICTIONB3YIOT JJISI OMPEAENICHUS CTPYKTYPhl BBICOKOIMCIIEPCHBIX
¢da3, Ha peHTreHorpaMMax KOTOPBIX JIMHUW Pa3MbBIBAIOTCS HACTOJIBKO, YTO MX HEBO3-
MOKHO MPOMEPHUTH. B3anMOJEHCTBYS ¢ KPUCTAUIMUSCKUMH BEIIECTBAMH, JICKTPOHHBIC
BOJIHBI UCITBITBIBAIOT TU(PPAKIIMOHHOE paccenBaHue (MOJ0OHO PEHTICHOBCKUM JIydaM).

CymiecTByeT Ba MeToJ1a pabOThI IPU MPOBEAECHUU AJNEKTPOHOTPAPUUECKOro aHAIH-
3a:
« Ha TIPOCBET» U HA «HA OTPAKECHUE.
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[Ipu mpoBeaeHHH >IEKTPOHOTpapUUECKUX HCCIENOBAaHUI Oojblnre TpeOOBaHUS
OPEIBABISIIOTCS K YUCTOTE HMCCIEAYEMOM MOBEPXHOCTH, MOITOMY 00pas3ibl OOBIYHO
IPEIBAPUTEIBHO MOJBEPTalOT MEXAHUYECKOMN MM AJIEKTPOMEXAHUYECKOW MOJIMPOBKE,
3aTeM TPABJICHUIO XMMHUYECKHMMM peareHTamMH. TpaBlieHHE CHOCOOCTBYET CO3aHMIO
0osee Tpy0oil MOBEPXHOCTU C MaJEHBKMMHU BBICTYIaMH, IPOHHUKAas 4epe3 KOTOpHIE,
AJIEKTPOHBI U CO3JAI0T JUPPAKIUOHHYIO KApTUHY (IUPPAKIUSI «HA MPOCBET» TOHKUX
BBICTYIIOB).

OdeHpb YacTo UcciexryeMble 00pasiibl U3rOTABIUBAIOT B BUIE TOHKHX IUIEHOK, KOTO-
pBIE€ UCCIIEIYIOTCA HAa MPOCBET. DIEKTPOHOTPAMMBI B 3TOM ClIydae MoJIy4aroTcs Ooiee
4ETKUMH U pacmudpoBka ux Ooinee mpocra. Mccneayemple mI€HKH TOKHBI OBITh OYCHB
Torkumu ~107 eu.

Cy1iecTByeT HECKOJIBKO METOAOB MOTyUEHHUs TAKUX MIIEHOK:

CymiecTByeT HECKOJIBKO METOJOB MOJYyYEHUS TaKUX MIEHOK:

-TpaBJICHUE METAININYECKON (hOJIbIry;

- HaHECEHHE BEILECTBA B MapOOOpPa3HOM COCTOSHUM Ha KaKylo — JMOO0 MOAKIAJKY, KO-
TOPYIO MOKHO YAQJIUTh MOCIEAYIOIINM PACTBOPEHUEM.

Mertannorpaduueckue MIUQBI 11 UCCIEIOBAHUS «HA OTPAKEHHE» TOTOBAT OOBIU-
HBIM CIIOCOOOM, HO C COOJIIOIEHHEM OCOOBIX MPEIOCTOPOKHOCTEN, HE JOIYCKAIOIIUX
3arpsiI3HEHUS] TIOBEPXHOCTH WJIM UCKaXEHHsSI CTPYKTYpbl MOBEPXHOCTHOrO ciosi. s
CHSITHS )KMPOBBIX, OKMCHBIX, THAPOOKCHIHBIX IJIEHOK M MPOUYUX 3arpsA3HEHUN MpuMe-
HSIOT AJIEKTPOJIMTUIECKYIO MTOJIMPOBKY U MTPOMBIBKY B Pa3IMUYHBIX CPEAax.

[Ipu uccnenoBanun JByx(a3HbIX U MHOro¢a3HbIX O0O0pa3lOB CIEAYET MOA0UpPaTh
PEXUMBI TPABJICHUS TakK, YTOOBI uccienyeMas (asza pacTBOpsIaCh B MEHBIIEH CTENEHU
U TIOCJIC TPABJICHUS JaBaja BBICTYMHI (MM CKOIJICHHE YacTHUI] B BHJE OCaJKa) Ha IO-
BEPXHOCTH LUK (a.

Kauecmeennuiii hazoswiii snekmpoHocpaguueckuii aHaius

KauectBenHslii (pa3oBbIif aHAN3 MPOBOAAT CPABHEHUEM MU3MEPEHHBIX MEKIIIOCKO-
CTHBIX PACCTOSIHUN C MEXKIJIOCKOCTHBIMU PACCTOSTHUSIMU, B3SITBIMU U3 CIIPABOYHUKOB.

YTOuHEHHE PEe3yJIbTATOB OIPEACIICHUS CTPYKTYpPbI NMPOBOJST, AHAIU3UPYS WHTECH-
CUBHOCTH TU(PPaKIIMOHHON KapTUHBI. THTEeHCUBHOCTH pedIeKCOB Ha JIEKTPOHOTpaMMe
OTIPEENSAIOT OOBIYHO U3MEPEHUEM TOYepHEHUsl Ha Heratuse. J[Ji1 0OBEKTUBHOM peru-
CTpali MHTEHCUBHOCTH HCMOJIB3YIOT CHEIUAIbHBIE TPUOOPHI — MUKpodoToMeTphl. B
psane ciaydaeB mpu (a3oBOM aHAM3€ MPOCTHIX CTPYKTYP MOXKHO OTPAaHUUUTHCS BU3Y-
aJIbHOM OIICHKOW MHTEHCUBHOCTH, UCTIOJNB3YSI IEBATUOAIIILHYIO IIKATY.

Heumponozpagusn

VICTOYHHKOM TEIUTOBBIX HEUTPOHOB SIBIISIFOTCS SI/ICPHBIC PEAKTOPHI.
Pa3zBuTHe siiepHBIX PEaKkTOpOB AaET BOZMOXKHOCTH MOJy4aTh UHTCHCUBHBIC TTyYKH HEH-
TPOHOB, KOTOpHIE 00J1aal0T SHEPTUSIMH, SKBUBAJICHTHBIMH JIJIMHAM BOJIH <1 A, I03TO-
My MX TOXE MOKHO HCIOJIb30BaTh ISl HCCIICIOBAHUS aTOMHOW CTPYKTYpPHI BEIIECTBA.
XapakTrep paccessHus HEHTPOHOB BEIICCTBOM OUYCHb OTJIMYACTCS OT PACCESHHS PEHTIe-
HOBCKHMX Jy4yed. PEHTr€HOBCKHE JIydH pPacCEeUBAIOTCS TOJBKO AJIEKTPOHAMH aTOMOB,
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HeWuTpoHb! MpakTU4ECKHU € 3JIEKTPOHAMH HE B3aUMOJEUCTBYIOT U PACCENBAIOTCS TOJIBKO
AnpoM. JIErkue atoMel paccenBarOT HEUTPOHBI TAKXKE XOPOWIO, Kak M TspkEnbie. OT-
JIEJIbHBIE W30TOIBI OJHOTO M TOTO K€ 3JIEMEHTAa MOT'YT 3HAQYMTEIBHO OTINYAaThCA IIO
pacceuBaroliei cnocoOHOCTU. BOIHBI HEHTPOHOB MOYKHO MCIIONB30BaTh JJIs ONpee-
JICHUS TIOJIOKEHUSI aTOMOB B KPUCTANIMYECKON PEIIETKE BELIECTBA, UMEIOIIETO OYEHb
HEOOIBIION aTOMHBIN HOMEp ( MOAOOHO BOJOPOAY), A TakKe JUIsl ONPEAENICHUs CTPYK-
Typbl METAJUIOB, UMEIOIIMX OUYEHb OJIM3KHE aTOMHBbIE HOMEpa. B Takux ciryyasix peHT-
T€HOBCKOE U HEUTPOHOIpahuuecKoe HCCIEOBAHUSA XOPOILIO JOMOIHSIOT IpYT ApyTra.
Heiitponorpadust mpuMeHsieTcs mpH ONpeAesieHU MarHUTHBIX CTpYKTyp. Heii-
TPOHBI, OJaroaapsi HAIMYUIO COOCTBEHHBIX MATHUTHBIX MOMEHTOB, MOTYT B3aUMO/ICH-
CTBOBAaTh C MAarHUTHBIMA MOMEHTAaMHU aTOMOB, YTO BJIHSET Ha TU(PAKIMOHHYIO KapTH-
Hy.. KpoMme 3TOro Hy’kHO OTMETHUTH TO, YTO HEUTPOHBI UMEIOT OUYEHb BBICOKYIO IPOHU-
KaloIyl0 CIIOCOOHOCTb, HMHOTJA 3TO SBJIAETCS OUYEHb BAXXHBIM OOCTOSTENBCTBOM.(
NPUHLIMIIKATIbHAS CXeMa HEMTPOHHOTO AU(PPAKIIMOHHOTO CIIEKTPOMETPA)

VY3KHi My4OK HEUTPOHOB, BBIXOJAIINNM M3 SAEPHOTO KOTia 1, rmomagaer Ha MOHOKpH-
CTAJUIMYECKU MOHOXPOMATOp 2, M3TOTOBJIEHHBIA U3 MEIHW WIA U3 CBUHIA U YCTaHOB-
JICHHBIN NOJT ONIPEAENIEHHBIM YIJIOM, 00€CIIEUHNBAIOIIUM MOJIYyYE€HUE HEOOXOAMMON JTH-
HBI BOJIHbI. MOHOXpOMATUYECKUI My4YOK IOIMAJAET Y€PE3 KOHTPOJIbHBIN CYETYMK 5 HA
uccienyembiii oopazer; 3. .JIHTEHCUBHOCTh PACCEIHHOTO W3JY4YCHUS OMNpeAeisieTcs
CYETYMKOM HEUTPOHOB 4.

CrnekTpajbHbIi aHAJIN3 MATEPUAJIOB

Onmuueckasa cnekmpockonus (puzuyeckue 0CHO8bl)

Hapsiny ¢ onpenenenreM aTOMHONU KPUCTAITUYECKON CTPYKTYPHI U (ha30BOTO CO-
CTaBa MaTepuaia JUisl €ro MOJHOM XapaKTePUCTUKH O00S3aTEIbHBIM SIBJISICTCS OIIpeiere-
HUE €r0 XMMUYECKOT0 COCTaBa. IJTH BOIMPOCHI YCHEUIHO PELIAIOTCS C UCIOIb30BaHUEM
METOJIOB CIIEKTPaJIbHOI'0 aHAJIN3A.

BemiecTBo, mpuBeI€éHHOE B COCTOSIHUE CBEUCHHUsI, NA€T LIEHHYI UH(POPMAIUIO O
CBOEM COCTaBe, U3Jly4asi XapaKTEPUCTUUECKOE U3TyUYCHUE.

B yacTHOCTH, METaILJI, HATPETHIM 10 BBICOKOW TEMIIEPATYPbI, TEPEBOISIIEH €r0 B
napooOpa3zHOe COCTOsIHUE, Na€T CBOMCTBEHHOE TOJIBKO eMy cBeueHue. Hampumep, cBe-
TSLIUECS Mapbl aTOMOB HATPUS U3JIy4YarOT KEINTHIM CBET, MEAU — 3€JIEHBIN, JINTUS Kpac-
HBIM U T.J. 3Has 3TO JaXe€ MO OKPACKE CBEUYECHUS YK€ MOXKHO CYIUTh O BEIIECTBE, BXO-
JSIIET0 B COCTAB aHAIM3UpyeMoro martepuana. OIHaKo, U3JIy4YeHUE BOCIPUHUMAEMOE
HEBOOPYKEHHBIM TJIa30M, HE BCET1a O3BOJISAET OLEHUTH COCTAB CBETALIUXCS M1APOB.
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JJ1s 3TOTO CyIIEeCTBYET LENbIil psii MPpUOOPOB ( CTHUIIOCKOIBI, CTUIOMETPHI, CIIEK-
Tporpadsl U Jip.), KOTOpHIE pa3jiaraloT CBET IO JUIMHAM BOJIH. B 3TOoM citydae uziyde-
HHUC MOXHO Ha6J'IIOI[aTI) B BUAC CH@KTpa, T.C. B BUAC COBOKYHHOCTI/I CBCTAILLIUXCSA J'II/IHI/H?I
paBHBIX IIBCTOB. HO HAJINYUIO OHpGI[eJ'IéHHI)IX CHGKTpaJIBHBIX J'II/IHI/Iﬁ MOKHO Cy,ZII/ITB (6]
COCTAaBC I/IBJIyanOHII/IX H&pOB (0 XUMHUYCCKOM COCTAaBC I/ICCJIe,ZIyeMOFO BCHICCTB&). 9T0 nu
CCThb CHGKTp&JIBHBIfI AdHaJIN3.

B OCHOBC CHCKTpaJ'IBHOI‘O dHaJIn3a JIC)KUT HSHy‘{CHI/Ie (BMI/ICCI/IOHHHﬁ aHaJ'II/I3)
WM TIOTJIONICHHE (aCOPOIMOHHBIA aHAIN3) aHATU3UPYEMBIM BEIIECTBOM ,IIPU 030Y-
KACHUN €TI0 aTOMOB OHpCI[eJ'IéHHOFO cneKTpa I/ISJ'Iy‘-IeHI/IH. I[J'DI MECTAJIJIOB ,TaAK KaK OHHU
HGHpOBpa‘-IHBI JJIA BUAUMOTI'O CBETA, HpI/IMCHHIOT OMUCCHOHHBIC MCTOBbI.

W3BecTHO, YTO MPOUCXOKICHUE CIEKTPOB U3TYUYCHHS B BUIUMON U yIbTpa Guo-
JIETOBOM 00JacTsIX 00YCIOBIECHO MEPEX0JaMH AJIEKTPOHOB BO BHEIIHUX IJIEKTPOHHBIX
000J109Kax aToMOB. Takue rnepexo/bl BOZHUKAIOT IPU HAJTUYUH JOCTATOYHOW YHEPTHUU.
JlnmuHbl BoH  OOJIbIEH YacTH HCIYIIEHHOTO H3JIy4YeHUs JexaT B auamnazone 1000-
10 000 A.

B YCTaHOBKaX IJIs1 OSOMUCCHUOHHOI'O CHGKTpaJ'II:HOI‘O dHaJIn3a HpOHCXO,[[I/IT DJICK-
TpI/I‘-ICCKOC B036Y)KI[GHI/I€ aTOMOB, C ITIOMOIIIBIO BHGKTqueCKOﬁ I[ym nimn I/ICKpI:I. B pe-
3y.]'II>TaTe TaKUX pa3p5111013 aHaJ]I/IBI/IpyeMI:olf/'I MaTepI/IaJI I/ICHapHCTCH, HpOI/ICXOIII/IT B036y-
KIACHUC aTOMOB U I/ICHYCK&CTCH CBCTOBOC I/ISJIyLIeHI/IG, xapaKTepmy}omee 9THU ATOMBI.

N3nydenue pasznaraercsi IpU3MON WM TUPPAKIIMOHHON PEHIETKON Ha OTIEIbHbIC
CHCKTpaJ'IBHBIG JIMHHUH, KOTOpBIG O6’BCI[I/IH5HOTCSI B CHCKTpaHBHBIe CCpI/II/I. 9TI/I JIMHUN
pacnonararorcst Ha IpuEMHON poTommacTuHke win GOTOINIEHKE B OPAIKE CIEAOBAHUS JUTUH BOJIH.
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I10CKOJIBKY COOTHOILIEHUE MEXKAY KOHLEHTPALUEN JIEMEHTA B UCCIEAYEMOM Ma-
TepUAJIC U MHTECHCUBHOCTBIO CIIEKTPA €ro0 M3Jy4YEeHHUs HEHU3BECTHO, OTO COOTHOILIECHUE
HEO0OXOMMO HAXOJUTh SMIIMPUYECKUM IMYTEM COIMOCTABICHUS C MPEABAPUTEIBHO I0-
CTPOEHHOU KamnOpoBOYHOU KpuBOoW. KanmnbGpoBouHas kpuBasi CTpOUTCS IO pe3yibTaTam
aHAJIOTUYHOr0 BO30YKIECHMSI CTaHJAPTHBIX OOpPa3LOB C W3BECTHBIM XHMHYECKUM CO-
ctaBoM. Hanuuue B nmabopaTopuy CHEKTPAIBHOIO aHalu3a KaJIMOPOBOYHON KPUBOM
00s3aTeNBHO

JIns KaxkIoro sJeMeHTa XapaKTEPHBIMHU SIBIIAIOTCA CTOJBKO CIIEKTPOB, CKOJIBKO
AIEKTPOHOB UMEET aTOM. Pa3nuaroT cienyromme CeKTpsbl:

- IyTOBOM- CIEKTP U3IyYEHUs HEUTPAIbHOrO0 ( HEMOHU3MPOBAHHOTO aTOMa) aTOMa;
- IEPBBIN HCKPOBOM — CIIEKTP U3ITYUYEHHUsI OJJHOKPATHO NOHU3UPOBAHHBIX ATOMOB;
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- BTOPOW MCKPOBOM — CHEKTP M3IMyYEHHUS TBYKPATHO MOHU3HPOBAHHBIX aTOMOB.. O00-
3HAYal0TCs CIIEKTPhl COOTBETCTBEHHO puMcKuMU Iudpamu 1, 11, 111, koTopkie cTa-
BATCS Tociie cuMBouta djeMenTa. Hanpumep ,Fe 1 2929,008 - nyropas nunms, Fe 11
2926,587 — uckpoBas JUHUS.

BaxxHbIMU MMapaMeTpamu, XapakTEepPU3YIOIIUMU aTOMHBIE CIIEKTPBI, SBISIOTCS O~
TEHLIUAJBI BO30YK/IEHUS aTOMa - JHEpruei( B AJIEKTPOHBOJIbTAX), KOTOPYIO HEOOXO01H-
MO TepeJaTh aToMy JJIs MepeBojia ero U3 OCHOBHOTO COCTOSIHUS Ha 0oJiee BBICOKUI
SHEPreTUYECKUil ypoBeHb. IMEHHO 3Ta 3Heprusi O0O0EeCIeYMBaeT I'eHEepalUIo U3Iyde-
Hus. [loTeHnMan MOHM3AaMKU — TO PHEPTUs ,He0OXoauMas JIJIsl OTPhIBAa JIEKTPOHA OT
HEUTpaIbHOro atomMa. B pe3ynprare perucTpupyercst IyroBOu CIEKTp.

Coo0muB aToMy OOJBITYIO YHEPTHIO, MOYKHO BBI3BaTh CHEKTP UCIYCKAHUS WO-
HU3UPOBAHHOTO aTOMa — MEPBBI MCKpoBOoU. Emié Oonbiias sHeprusi MpuBEAET K reHe-
paluy CIEeKTpa UCMYCKAHUSI JBYKPATHOMOHU3UPOBAHHOTO aTOMa - BTOPOMl MCKPOBOM
CIEKTP.

Ipubopwi 0na cnekmpanvHo2o anaiuza

[TpoBoasT onTUYECKU CHEKTpajbHBIA aHAJIW3 Ha MpUOOpax, KOTOpbIE Ha3bIBa-
I0TCSI — CIIEKTpOTpadbl.

pacnpoCcTpaHEeHbl IPU3MEHHBIE CIEKTporpadbl, KOTOpbIEe KIAaCCU(PULUPYIOT B 3a-
BHCHMOCTHU OT BEJIMYMHBI UX JTUCIEPCUU:
-nIpuOOpPEI CO CpeJHEH IMCIepcred OXBaThIBAIOT CleKTpanbHbli auamazon 2000- 10
000A. CriekTp perucTpupyercs Ha CTEKISHHBIX (oTomnacTuHKax. OnTuka mpuoopa,
ONPEAETSAIONIAs €ro TUCIEPCUI0, COCTOUT U3 60 — rpagycHOM KBapieBou npusMsl Kop-
HIO ¥ KBapII€BOM JIMH3BI, JAIOIICH MI0CKoe n300paxeHue cnekrpa. Jucnepcus npudopa
MO3BOJISIET aHAIM3UPOBATH JIUIIb AJIEMEHTBl C OTHOCUTEIBHO MPOCTHIMU CIEKTPAMH.
OO6nacTh IPUMEHEHUSI TAaKUX CHEKTpOorpadoB OrpaHUYMBAETCS UCCIIEIOBAaHUSIMU IIBET-
HBIX METAJUIOB U CILIABOB.;
- IprOOPHI C BHICOKOM TUCIIEPCUE UMEIOT CTIEKTPAJIbHBIN TUara3oH 2000-8000A , KO-
TOPBIN MepeKpbIBacTCs MO 4acTsIM [10MHOCTEI0 aBTOMAaTU3UPOBAHHBIE KBAPLIEBBIE CIIEK-
Tporpadbl MNpeaHa3HAUYEHbI IS Pa3peICHUs CIOXKHBIX CIIEKTPOB, TAKUX KaK CIIEKTPHI
YYI'YHOB, JIETMPOBAHHBIX CTajei, HUKES ,XpoMa, KoOanbTa, BoJib(ppama ,MHUHEPAJIOB,
Py, PEIKO3EMENBHBIX METAJIO U T.J.
OnTUKOCIIEKTPATIbHBIN aHAJIW3 MPOBOASAT, TAKXKE Ha CTUIIOCKONax ( HauboJiee pacnpo-
ctpanéunbie CJI-10, CJI -11). D10 TOXE ONTHYECKUE MPUOOPHI, HMEIOIINE aBTOKOJLIH-
MalMOHHYIO ONITHYECKYIO CUCTEMY.

Crunockon CJI-11
[Tpubop cHaOkEH ABYMsI CMEHHBIMHU OKyJsipamu 23,5 u20™ . TIpu 6osiee HU3KOM yBe-
JUYEHUH YBEIIMYUBAETCA MOJI€ 3PEHUS , YTO OCOOCHHO LIEHHO MPU HAOIIOACHUH CIIEK-
TpOB OeAHBIX TUHUSAMH. CTUIIOCKOI OY€Hb Y100€H AJIs MPOBEACHUS MOTYKOIMYECTBEH-
HOTO aHAJIM3a CIUIABOB..

Kpome crammoHapHbIX CYIIECTBYIOT nepeHocHbie ctusockomnsl ( CJIII-1, CIIII-2,
CJIII-3)

44



Ocrognvie mMemoobl ONMUYECKO20 CneKkmpalbHoco anaiusda.

C nmoMOIIbI0 YMUCCHOHHOM CIIEKTPOCKOIMHU PEMIAIOT TPU TUIA AHAIUTHYECKUX 33/1a4.
-Ka4eCTBEHHBIN aHaIN3 MaTepruanoB ( yCTaHOBJICHUE MPUCYTCTBUS WU OTCYTCTBHS OII-
peneaEHHON CIIeKTPAIbHOM JINHKHM ),

- MOJYKOJIMYECTBEHHBIN aHainu3 ( MpUOJIMKEHHAS OLIEHKA OTHOCUTEIbHON MHTECUBHO-
CTH JIBYX CHEKTPaJIbHBIX JUHUI BU3yalbHO, O€3 MPUMEHEHUSI TPUOOPOB);

- KOJIMYECTBEHHBIN aHanu3 ( (poToMeTpupoBaHUE CIIEKTPATBLHOMN JTHHUH, C OPEACIICHUEM
MJIOTHOCTH TIOYEpHEHUS Ha GOTOIIIEHKE). ).

Kauecmeennwviti onmuxocnekmpanbuslil aHaiu3.

['maBHas 3ajaya Ka4eCTBEHHOIO AaHANIW3a — YCTAHOBIICHUE NPUHAJJIEKHOCTH CIEK-
TPaJIbHBIX JIMHUN TOMY WJIA UHOMY 3JIEMEHTY, T.€. OTBICKAHME JJIMH BOJIH 3TUX JIMHUI
[Ipu npoBeeHUM KaueCTBEHHOTO aHAJIM3a JOCTATOYHO MPOBOJIUTH BO30YKJICHHE aTO-
MOB 00pa3iia B Jyre IMOCTOSHHOTO TOKAa C COOTBETCTBYIOIICH NaHHOMY THITy 0Opaslia
AJIEKTPOJHOM CHUCTEMOML., a 3aTeM H3Yy4UTh CHeKTp. I[IpaBUIIBHBIM OTOXIECTBICHUEM
CIIEKTpa 3JIEMEHTa, BXOJIAIIETO B aHAJTU3UPYEMbId MaTepuall, MOXKET OBITh OCYIICCTB-
JICHO KaK MUHUMYM MO TPEM JIMHUSIM 3JIeMEHTA.. YUCIIO0 JIMHUN U IUIOTHOCTh UX MOYEp-
HEHMS YKa3bIBAalOT Ha TO, MPHUCYTCTBYET AJIEMEHT B MPOOE B BUJIC CJICIOB, Maja €ro
KOHIICHTPAIUS WIIK BEJIMKA.

Bo Bcex BapuaHTax KauyeCTBEHHOTO aHaJIM3a HEOOXOJUMO COIMOCTABIATH MCCIEIyEMbIC
CIIEKTPBI CO CTaHIAPTHBIMU. Yanie BCEro KaYeCTBEHHbIM ONTUKOCHKTPAIbHBIN aHAIN3
MpOU3BOAAT MO Qororpadusim ynpTpaduoIETOBOM WM BUAUMON OOJACTH CHEKTpa.
Camo mosiBJieHHUE€ JIMHUM TIPU OTPENCIEHHBIX YCIOBUSAX HAOIIOCHUS YK€ MOXET CIy-
KUTb MPUOTUZUTEIHHBIM YKa3aHUEM KOHIICHTPAI[UU TPUMECH.

TonykonuuecmseeHuvlll ONMUKOCNEKMPATbHBIU AHAAU3. ( NPUOIUINCEHHBLU KOIUYECT-
BEHHDLI AHATU3)

Meronnka npoBeACHUS MOTYKOIUYSCTBEHHOTO aHaliu3a CJOoXKHEee U TpeOyeT OoJiee co-
BEPILICHHOW ammaparypbl. YCJIOBUSA ChEMOK CIEKTPOB (TEXHOJOTHS MPUTOTOBJICHUS
00pasiioB, BEJIMYMHA MEXKDIJIEKTPOJIHOTO MPOMEXKYTKA, TUIOTHOCTh TOKA, JUTUTEILHOCTh
€ro MPOTEeKaHUsI) JOJKHBI TIIATETLHO KOHTPOJUPOBAThCs. CHEKTPhI ATaJOHHBIX 00pa3-
110B (potorpadupyroT Ha TOH xe (HOTOIITACTUHKE.

Konuuecmeennwiti onmuxocnekmpanbHoli aHaniu3.
[Ipu mpoBeAeHUN KOMMYECTBEHHOTO aHAIM3a MHUPOKO MPUMEHSIETCS METOJI BHYTpEHHeE-
ro crangapra. OQHako BHU3yaJbHOE CPaBHEHHE MOYEPHEHUS Map JMHUN 3aMEHSETCS

MUKPO()OTOMETPUUECKUM H3MEPEHUEM TIIIOTHOCTEN TTOUYEPHEHHUS.

Hcemounuxu ouubok npu npoee()eﬂuu ONMuKoCneKmpajilbHoco anaiu3d.
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1. OGpaszers - H0mKeH ObITh OJHOPOJIEH MO COCTaBY M TOUYHO MEpeaaBaTh CBONCTBA MC-
cieayemMoro mareprana. ONTUKOCHEKTPAJIbHBIA aHAIU3 B NPUMEHEHUH K HCCIIEIOBA-
HUIO METaJUIOB U CIUIABOB IMPEACTABISET COOOW MO CYIIECTBY MHUKpPOAHAJIU3, TaK Kak
UCKpa BO3CHCTBYET JIMIIb JIOKAIBHO Ha MaJblii MHUKPOOOBEM MaTepHuaia y MOBEPXHO-
cTH oOpasna. Meramnyprudeckasi mpeapICTOpUsl 00pasiia MOXKET CUJIBHO BIUSATH Ha pe-
3yJbTaThl aHaiau3a( Hampumep, IMPH HUCCIEJOBAaHUU CIUIABOB HA OCHOBE QJIOMUHUSA |,
MOJIBEPTHYTHIX TEPMUYECKON 00padOTKe, HENb3sl MOJb30BAThCS ATAJOHAMH H3TOTOB-
JICHHBIMHU JIUTHEM U T.I.

2. 3arpsi3HEHUs — B METaJUIbl U CIUIABBI MOTYT MOCTYNAaTh B MPOLIECCE TPUTOTOBICHUS
00pasioB u3 NG OBaATBHBIX KPYTrOB, HATMILHUKOB, A0pa3UBHBIX TUCKOB.
HesnauutenbHoe 3arps3HeHNE MaTepHAIOB JIEKTPOA0B( 0OCOOCHHO B paduTe U yriepo-
7I€) MOYET MPHUBECTH K OIIMOOYHBIM PE3yJIbTaTaM.

3. CocrostHue oOpasia — OKUCIeHHe NoBepXHOCTH. Ilpuctynas k paboTre NOBEPXHOCTh
JKeJaTelIbHO 3aHOBO 00paboTaTh.

4. IlepenanoxeHue JIMHUM - HEOOXOJMMO CIIEUThH 3aTe€M, 4TOObl HE ObUIO HE JIMHUU
Pa3HBIX 2JIEMEHTOB C OJIMHAKOBOW WJIM OJU3KUMU JUTMHAMH BOJIH.

5 ®otomeTpus - OMMOKH TalbBAaHOMETPA, (IYKTYallMH SIPKOCTU JIAMIIbI, JIOKAJIbHbBIE
AIEKTPOMArHUTHBIE TIOJIS U T.J.

6. Henw3s ananu3upoBaTh OYEHb TOHKHE JieTainu( MPOBOJIOKY, TOHKUHN JHCT, (POJBTY),
KOTOPBIE CTOPAIOT B IYT'€ U TEM CaMbIM MCKaXKarOT PE3YJIbTaThl ONPEAECICHUN.

B mpousBoacTBe Hanbosiee MIMPOKOE PaCHpPOCTPAHEHUE MOMYYUII MOITYKOJIUYECTBEH-
HBIA ONTHUKOCHIEKTPAIbHBIN aHanmu3 Ha ctuiockone ( C-11) DToT MeTo1 Mo3BOJIsSET ObI-
CTpO, HAAEXKHO, C JOCTATOYHOM TOYHOCTBIO aHAJU3HPOBATH METAJUIMYECKUE CIUIABBI U
JIpyryue MaTepualibl IO UX CIEKTPaM U3TyUCHHUS.

HaOnronenue cnekTpa npu aHaJIn3e He MPEJCTaBIISIeT OOIBIINX 3aTPyAHEH UM, 3aHUMACT
MpU aHaIu3e Ha 5-6 35eMeHToB He Oojee 2-3- MuHYT. CTHIIOCKON MPUMEHSETCS IS
HKCIIPECCHOTO aHaJIN3a B CAaMBIX Pa3HOOOPAa3HBIX 3BEHBSIX TEXHOJIOTHUYECKOTO MpOoIecca.
B okynsap ctunmockona MOXHO pacCMOTPETh BECh BUIUMBIN CIIEKTP) OT KpacHO# obiac-
TH 10 (UONETOBOM ( KaKIbIil OXOTHHUK >KEJIAeT 3HATh, e CUIUT da3aH — 3TO CHEKTP).
Bcerna HeoOxonumo 100MBaThCsI MAaKCUMATBHON PE3KOCTH CHIEKTPATbHBIX JTMHHM.

Takum oOpa3zoM, OJHHM U3 TIABHEUIIUX ATANOB MOJYKOJIMYECTBEHHOTO ONMTHKOCIEK-
TPaJbHOTO AaHANIM3a SBJISETCA YCTAHOBJICHUE MPUHAIJICHKHOCTH CIEKTPAIbHBIX JIMHUM
TOMY WJIM MHOMY 3JeMeHTy, [locae 3Toro oneHHBaroT NPOLIEHTHOE COJIEPKAHUE JIaH-
HOT'O AJIEMEHTAa, CPaBHUBAsI MHTEHCUBHOCTH JKCIIEPUMEHTAIBHBIX JMHUN C UHTCHCHB-
HOCTSIMU JIMHUU CTaHAapTa.

[Ipu mpoBeneHUM aHaNIM3a UCIBITYEMBINM 00pa3ell SBISIETCS OJHUM U3 AJIEKTPOJOB,
JIPYTUM SJIEKTPOJOM CITY>KUT MEIHBIM WM JKEJIe3HBIM JUCK, YTOJIbHBIN CTEP>KEHb, I'pa-
(UTOBBIN CTEPKEHB.

Penmezenocnekmpansustii ananusz mamepuanos (pusuveckue 0cHoewt)

XapakTEepUCTUUYECKUIN CIEKTP PEHTIEHOBCKOTO HW3ITyYEHUS, UCIYCKA€MOro aTo-
MaMu 00pasiia, MOKHO MCIOJIb30BaTh ISl OTIPEIEICHHS ero 3JIeMeHTHOTO cocTaBa. Co-
BPEMEHHBIE MPUOOPHI JJII PEHTTEHOCHEKTPAIHHOTO aHAIN3a MO3BOJIIOT OMPEETUTh
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AJIEMEHTHBINA COCTAaB MPOOBI B TEUEHNE HECKOJIBKUX MHUHYT, UTO 3HAYUTEILHO OBICTpEe,
YEM MPU UCIIOJIb30BAHUU XUMUYECKUX METOJIOB.

OT0 HE0OXOAMMO NPU U3YYECHHUH JACHAPUTHOMN JMKBALMH, MUKpocerperamuu, Aaupdy-
3UM, UJEHTEe(HUKAIIMN BKIIFOUEHUH U (PA30BBIX COCTABJISIONIMX B CIUIaBaX.

Jns omnpeneneHus 3IEMEHTHOTO COCTaBa MOXKHO MCIOJIb30BATh aHAJIN3 CIIEKTPa
PEHTIC€HOBCKOTO M3JIy4YeHHUs MPOObI, MOMEMIEHHOW Ha aHOJl PEHTT€HOBCKOW TpyOKH-
SMUCCUOHHBIN METOJ], UJIM aHATU3UPYSI CIIEKTP BTOPUUYHOTO( (DIyOpPECHEHTHOTO) PEHT-
T€HOBCKOT'O M3JICUECHHS TIPOOBI , TOABEPTHYTOM OOJIYyUECHHIO KECTKUMHU PEHTTE€HOBCKHU-
MU JTy4aMu —hIyOpPEeCIICHTHBIA METO/I.

bonee mmpokoe mpuMeHeHne mMeeT (BIyopecieHTHBIM MmeTon. Hemocratkammu

OMHUCCHOHHOTO METOJIa SBIIICTCS HEOOXOAMMOCTh MOMEMIATh MPo0y Ha aHOJ PEHTTe-
HOBCKOM TpyOKH, OCTEAYIOMIEH OTKAYKO €€ BaKyyMHBIMU HACOCAMH, HETIPUTOAHOCTh
METO/a JJISI JIETKOIIABKHUX U JIETYYMX BEIIECTB U TO, YTO AK€ TYTOIJIABKHUE BEIIECTBA ,
MOMENIEHHBIE HAa aHOJ TMOJ| JeHCTBUEM OOMOApAMPOBKH AJIEKTPOHAMH Pa3pyIIAtOTCs
.DII00pECIeHTHBIA METO/ OT ATUX HEIOCTaTKOB cBOOOMeH. [IpenmMyliecTBoM ero siB-
JSIETCS TaKXKE€ OTCYTCTBHE TOPMO3HOIO M3JIY4YEHHS, 3TO CHOCOOCTBYET MOBBIIICHUIO
YyBCTBUTEIIbHOCTH AHAJIU3A. .
Metona ¢ryopeclieHTHOTO PEHTIC€HOCIIEKTPAIILHOTO aHallM3a OCHOBAH Ha MPOHUKHOBE-
HUE B aHAJU3UPYEMbId OOBEKT >KECTKOTO PEHTIC€HOBCKOTO M3IIY4eHHS (OT PEHTI€HOB-
CKOM TpyOKH), MPOHUKAIOIIETO B CIOW TOJIIUHON MOPSIAKAa HECKOJIBKUX MUKPOMETPOB.
[Ipu »TOM B 00;1ydyaeMOM OOBEKTE BOSHUKAET XapaKTEPUCTUUECKOE PEHTI€HOBCKOE U3-
nydyenue. CpaBHUBas 3aperMCTPUPOBAHHBIC JIJIMHBI BOJH C TAOJWYHBIMHU, MOJIy4aroT
MH(}OpMAMI0O 0 XUMUYECKOM COCTaBE HUCCIEAYEMOIr0 MaTepuaia. JTO JIEKUT B OCHOBE
Ka4€CTBEHHOTO PEHTICHOCTIEKTPAIIBHOTO aHAIU3a.

OCHOBOUM KOJIMYECTBEHHOTO aHAIU3a SBJSETCS COMOCTABICHUE MHTECHCUBHOCTEU
CIIEKTPAIbHBIX JIMHUM Pa3IUYHBIX 3JIEMEHTOB, BXOJSIIUX B COCTaB MPOOBI. YUUTHIBAs
MEXaHU3M BO30YXKJIEHUS XapaKTEPUCTUUYECKOTO PEHTTEHOBCKOIO M3JIYUYEHUS SCHO, YTO
usnydenns Bcex cepuit (K.L,M u T.1.) BOSHUKAIOT OJHOBPEMEHHO, MPUYEM COOTHOIIIE-
HUSI HHTEHCUBHOCTEH JIMHUU B IIPEAEIIax CEpUM BCerja NOoCTOSSHHO. Hanmnune B anHanu-
3UPyEMOM 00pasIie TOro WJIM UWHOTO DJIEMEHTA YCTAaHABIMBACTCS HE MO OTACIIbHBIM JIU-
HHUSIM, a 10 IPUCYTCTBUIO HA CIIEKTPOTrPaMME BCEU CEPUU JIMHUU B LETIOM.

JIns1 cpaBHUTENBHO JIETKUX 3JIEMEHTOB MCIIOJB3YIOT MPU MPOBEACHUU aHAJIW3a JIUHUU
K- cepun, nnst tsoxénbix — auHUM L- cepuu .

['maBHBIE TOCTOMHCTBA PEHTIEHOCIIEKTPAIIBHOTO aHAIN3A:

- MIPOCTOTA XapPaKTEPUCTUUECKUX PEHTIEHOBCKHUX CIEKTPOB AAXKE JJISI TSKEIBIX dJe-
MEHTOB ( IO CPABHCHMIO C ONITHYCCKHMHM CIIEKTPaMH);

- HE3aBUCHUMOCThH JIJIMH BOJIH OT COCTOSIHHS aTOMOB aHAJIM3UPYEMOTO 3JjieMeHTa.( CBO-
00JIHO€ WUJIM B XUMHYECKOM coeMHeHNH).[loToMy 4TO BOZHMKHOBEHHUE XapaKTEPUCTH-
YECKOT0 PEHTIEHOBCKOTO M3IYyUCHHS CBSI3aHO C BO30YKJICHUEM BHYTPEHHUX DJICKTPOH-
HBIX YPOBHEH, KOTOPHIC B OOJIBIIIMHCTBE CIy4aeB MPAKTUYECKH HE U3MEHSIOTCS OT CTe-
[E€HU MOHU3ALUU aTOMA.;

- BO3MOXHOCTb ONIPEAEICHUS PEAKO3ZEMENBHBIX U HEKOTOPBIX APYTUX 3JIEMEHTOB, CIICK-
TPBI KOTOPBIX UMEIOT B ONITHYECKOM JMANA30HE MAJIOE Pa3Indyue CIEKTPOB, U3-3a MOJ0-
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Ous SIEKTPOHHOTO CTPOCHHMS BHENTHUX O0O0JIOYEK M MAJIOTO PA3HYUS 110 XUMHYECKUM
CBOMCTBAM;

-METO/J PEHTT€HOBCKOU (PIIyOpECLIEHTHON CIEKTPOCKONUM SIBJSIETCS B OTJIMYUE OT OIl-
TUYECKOM CIIEKTPOCKOIUU «HEPa3pyLIAIONIUA», YTO OY€Hb BaXKHO MPHU aHAJIU3€ TOHKUX
00pa31oB (¢hospra, TOHKUH METALTHYECKUH JIUCT U T.J1.)

Annapamypa 015 peHmeeHOCneKmpaibHO20 AHAIU3A.

[IpoBOIAT PEHTI€HOCHIEKTPAIbHBIM aHaIU3 Ha IpUOOpax , KOTOPbIE HAa3bIBAIOTCA
PEHTTEHOBCKUMU CIIeKTporpadaMu. YCTaHOBKA COCTOUT U3 CJIEAYIONIMX OCHOBHBIX
AJIEMEHTOB!

-UCTOYHUKA PEHTT€HOBCKOTO M3JIyUEHUS, AaHAIN3ATOPa U3Iy4EHUs, JETEKTOpA M pEeru-
CTpaTopa MHTEHCUBHOCTH M3JIy4eHHUs. Perucrpatopamu u3inydeHus ciayxar (ororuia-
CTUHKH, (DOTOIUIEHKA M Pa3IMyYHble MOHU3ALMOHHBIE JETEKTOphI (cuéTunku [eiirepa,
(OTORNIEKTPOHHBIE YMHOXKUTEIH, IPOTIOPLIMOHAIBHBIE CUETYUKH U T.1.)

Kak npaBuiio, peHTreHOBCKHE CIIEKTpOrpadbl Jal0T BO3MOXHOCTh IPOBOJUTH CKaHU-
pOBaHUE BIOJIb CIIEKTPA.

Ha npoMblIuIeHHBIX NPEeANpUATHIX 0COOEHHO MIMPOKOE NPUMEHEHUE IPUOOPETN MHO-
rOKaHAJIbHBIE PEHTI€HOBCKUE CIIEKTPOMETPhI( KBaHTOMETphI). OHU 0OeCcreunBaroT 3Kc-
MIPECCHBIN KOJUUCCTBCHHBIN aHayin3 syieMeHToB ( oT Na wmm Mg 1o U) ¢ ommbkoit
Mernee 1% OT ompesensieMoil BelTHYMHEI, mopor uyBcTBurensHoctn 107°....10 . B
KBAaHTOMETPAxX KaKJIblil KaHAJ 3apaHee HACTPAaUBAETCs Ha BBIOpaHHBIN AneMeHT. OaHOoU
U3 CaMbIX CJIOXHBIX MPOOJEM PEHTTCHOCHEKTPAIbHOTO aHAIM3a SIBJIETCS aHAIIN3 JIET-
KHX 3JIEMEHTOB.

Penmezenocnekmpanoustit mukpoananu3 (PCMA), eco npumenenue u ¢puzuueckue
OCHOGbL

PenTrenocnekTpaabHblii MUKPOAHAIIN3 UCIIOJIB3YETCs I UCCIEA0BAHNUs KOMIIOHEHTOB
U IIPUMECEN B CTAJAX, CIUIABAX U APYIUX MaTepuaiax

Meronamu PCMA onpenensitoT XUMHUYECKUN COCTaB MUKPOOOIacTel Ha MHUKPOILIH-
bax.

( XuMHUYECKHI cocTaB OTAENbHBIX (ha3, pacHpeesieHne aTOMOB 3JIEMEHTa CIUIaBa Mo
3épHaM, MO TpaHULIAM 3EpPEH, XapaKTepUCTUKH TU((Y3MOHHON MOJBUKHOCTH aTOMOB
MIPU XUMUKO- TEPMUYECKON 00paboTKe, B Mpoliecce crapeHus aedopmaiiu 1 T.1.
Pa3mepsl MukpooOnacTelt uccienoBanus aexat B uHTepBasie ot 100 mo 1,01Mxm.
OcHoBan PCMA Ha perucrpanii peHTT€HOBCKHUMH CHEKTPOMETPAMH 3MHUCCUOHHOTO
PEHTI€HOBCKOTO M3ITyY€HHUs, BO30YKJACHHOTO IMyYKOM 3JIEKTPOHOB, C(HOKYCUPOBAHHBIX
Ha o0Opa3iie.

[To moBepxHOCTH OOpasma, kak W meTomax POM. mpoaBuraeTcs B JaHHOM Ciydyae
PEHTTEHOBCKUM 30HJ. DJEMEHTHl BXOJAIIME B COCTaB 00paslia MOJ BO3JACHCTBHEM
PEHTTEHOBCKOTO M3Iy4eHHsI BO30YK/Ial0TCA U U3Iy4yaloT BTOPUYHBIE XapaKTepUCTHUE-
CKHME PEHTI€HOBCKHME BOJIHBI, ONPEAEIICHHOW JUIMHBIL. /[7TMHA BOJIHBI BTOPUYHOTO H3I1Y-
YEHUs 3aBUCUT OT ITOPSAKOBOrO HOMEpPA eMeHTa. 3Mepsast SKCIEpUMEHTAIIBHO JJIMHY
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BOJIHbI U MHTCHCHUBHOCTB XapPAKTCPUCTUUICCKOI'O M3JIIYUYCHHUA U 3HAA 110 CIIPAaBOYHUKAM
JJIMHBI BOJIH 1 HHTCHCHUBHOCTH I/IBHY‘IGHI/Iﬁ PA3JIMYHBIX XUMHUYCCKHUX 3JICMCHTOB MOKHO
OIIPCACIINTD XUMHYECKHUH COCTaB HCCJICaAyecMoro MI/IKpOO6T)éMa..

['maBHBIE OCOOEHHOCTH PEHTTEHOCTIEKTPaIbHOTO MUKPOAHAN3A:
-IPOCTOTa PEHTICHOBCKHUX XapaKTEPUCTHUECKUX CHEKTPOB ( Jake sl TSHKENBIX dJie-
MEHTOB);

- HE3aBUCUMOCTbD JIJIMH BOJIH OT COCTOSIHHS aHAIM3UPYEMOT0 3JieMeHTa( CBOOOIHOE WU
B XUM.COCIHHCHHH);

-BO3MOKHOCTb Pa3/ICJICHMs B aHAIN3E PEIKO3EMENBHBIX 3JIEMEHTOB4

- METOJl PEHTTE€HOBCKOM (hIyOpecleHTHOW MHKPOCKOIUU SIBISIETCS « HEpaspyllaro-
M.

Ha wmertamnyprudyeckux nOpeanpuaTUsiX B OCHOBHOM UCIOJB3YIOT MHOTOKaHAJIbHbBIC
PEHTICHOBCKHE (DIIyOpECIIEHTHBIE CIEKTPOMETPHl WM KBAHTOMETPHL. OTH TPHOOPHI
00ecIreunBalOT HKCIPECCHBIN XUMUYecKui ananu3 aneMeHToB (otNa -Mg 10 U) ¢
omubkoit menee 1%..B mpubopax Takke MMeeTcss BO3MOXKHOCTh CKaHUPOBAThH DJICK-
TPOHHBIN JIy4 B JIByX B3aMMHO MEPIEHIUKYJAPHBIX W MOAABaTh CUTHAN C KaXIOW TOY-
KM HCCIeAyeMOoH Tuionaau numda Ha 3JIeKTpOHHOIYy4YeBYI0 TpyOky . doTtorpadupona-
HUE C dKpaHa 3JIEKTPOHHO-TYYEBON TPYOKH B Mpollecce CKaHUPOBAHUS MO3BOJISIET I1O-
Jy4aTh pacnpeiesicHue MHTEHCUBHOCTU XapaKTEPUCTUYECKOrO M3IIYyUEHUs, a CJEeI0Ba-
TEJIbHO, KapTUHY pacCIpeiesIeHHs] TOTO WM MHOTO 3JIEMEHTA MO BHIOPAHHOM MIIONIAINA
nunda.

IIpn mpoBenennn PCMA miisl MOBBIIEHHWS TOYHOCTH YacTO IOJIB3YIOTCS METOJaMU
BHYTPEHHETO M BHEIIHETO CTaHJAApTOB ( MCIOJB3YIOT 3TAJIOHHBIE 00pa3iibl, U3TOTOBJIE-
HUE KOTOPBIX AEJO JOCTATOYHO CII0KHOE) MUKpOPEHTT€eHOCHEKTpalbHble MPUOOPHI,
KakK MPaBUJIO, SABJISIOTCS OJTHOBPEMEHHO U PACTPOBBIMU 3JIEKTPOHHBIMUA MUKPOCKOIIAMH.
DTO0 MO3BOJISIET U3yYaTh NOBEPXHOCTH U3JIIOMOB C OJIHOBPEMEHHBIM KaYECTBEHHBIM WJIU
nonykonndecTBeHHOM PCMA CTpyKTYpHBIX COCTaBIISFOIINX

JlokanbHBII MUKPOPEHTIE€HOCIIEKTPAIIBHBIN aHAIU3 MPUMEHSIOT U1l ITOCTPOCHHUS J1Hha-
rpaMM COCTOSIHUM JBOMHBIX CILIABOB

OpHoit U3 OYeHBb BAXKHBIX U CIOXKHBIX MpodieM PCMA sBisitoTcs aHanu3 JErKUX dJ1e-
MEHTOB

HaunGoinee cnoxHBIMU SIBISIOTCS 33J]a4l KOJIMYECTBEHHOTO MHUKPOPEHTIC€HOCIIEKTPAIIb-
HOT'O aHAJIN3a.

Kauecmeennwtit u KoiuuecmeeHHbvlil AHAIU3 XUMUYECKO20 COCMABA noeepxnocmu
mamepuainos memooam Qoice — 3Jlel<mp0HHOﬁ MUKDOCKOnRUuU

du3nKa MOBEPXHOCTHBIX SIBJICHUN — B HACTOAIIEE BpPEMsl OJIHA U3 CaMbIX 3J1000-
JHEBHBIX M OBICTpOpa3BUBAIOIIUXCS OOJacTedl (U3MYECKOro MeTaioBeAeHus. Peub
371€Ch UIET O MOBEPXHOCTAX pa3zena:
- TBEpaoe Teno — ra3(aacopOuus, Kartaau3, aTMoc(epHas KOppo3us, MOBEPXHOCTHAs
muddy3us 1 pacTekaHue, U3HOC);
-TBEPIOE TEIJIO — KUAKOCTh (KOPPO3US , )KUJIKOMETAINYECKAs XPYIIKOCTb);
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- BHYTPEHHHUE MMOBEPXHOCTH paszfena B Metauiax (auddys3us mo rpanumnam 3épeH u ¢das,
MUKPOJIETUPOBAHUE, XPYNKOCTh, MEKKPUCTAITUTHAS Koppo3usi. [IporpeccuBHOCTh UC-
CJIeIOBaHUi B 00JIBIIION Mepe 00yCIoBIeHa MPUMEHEHUEM HOBBIX METOIOB.

OT0 ¥ MPOCBEUYMBAIOLIAS AJIEKTPOHHASI MUKPOCKOIHS, O KOTOPOM MBI YK€ TOBOPHIIU pa-
Hee,

B nacrosimiee BpeMst 00JIbI110€ pacpocTpaHeHne noaydt Metoa Oxe — 3JeKTPOHHOU
MUKPOCKOIUU JJI ONPeIeNICHUs 3JIEMEHTHOTO COCTaBa MOBEPXHOCTH.

Meton Oxe — 51IEKTPOHHOM CIIEKTPOCKOIMHK TTO3BOJISIET HCCIIEA0BATh COCTAB M0~
BEPXHOCTH TBEPIOIO Tela M IPUNOBEPXHOCTHBIX CIOEB TonmuHoi 5 -30 A co cpenneit
YyBCTBUTEJIBHOCTBIO K 35ieMeHTaM 0koio 0,1%. Metoa ocHoBaH Ha peructpanuu Oxe
— DIJIEKTPOHOB, KOTOPBIE UCIYCKAIOTCS aTOMaMu Ipu UX 00MOapAHpOBKE BHICOKOIHEP-
TeTUYECKUMU DJICKTPOHAMHU.

Ecnu snexkTpoH mepBUYHOTO My4yka BHIOMBAET 3JEKTPOH KaKOro- JIMOO YPOBHS
(K,L,D T.1.) 00pa3oBaBiiasics BakaHCHsS OYEHb OBICTPO 3aIOJHICTCS aTOMOM C JIPYTro-
IO YpOBHSA. DHEPrusi, KOTOpasi BBICBOOOKIAAETCS IPU 3TOM IEPEX0Je, JINOO UCITyCKaeT-
Csl B BUJIE XapaKTEPUCTHUUECKOTO M3IYUYEHUs, JINOO MepeqaéTcsi «TPETHEMY» IIIEKTPOHY
Ha OJIHOM M3 000JI0YEK aToma.. DTOT IJIEKTPOH BbUIETAeT B BakyyM .MIMEHHO OH U Ha-
3b1BaeTcst OKe — 3JIEKTPOHOM.
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T.e. aT0 mpornecc «0e3bI3mydaresibHbIiy. JHeprus Oxe- 2JIeKTPOHA B ATOM ClIydae OIl-
penensieTcs U3 COOTHOIICHUS

E())Ke: EK' ELl - EL2.

Paccmotpennslii ipouecc HazbiBaeTcs: Oxe- nepexoaoM.KL;L,. B atome ogHOoBpemeH-
HO BO3MOKEH LICJIbIN psii TakKuX mepexonoB, Hanpumep L;M13Viy, MoMiiMiy 1 1.1, €
Pa3HBIMU BEPOSTHOCTSIMM KaXKJIOTo Tepexoja.. JHepruu Oxe- Mepexoji0B OIpeess-
IOTCS HAOOPOM DHEPIeTUYCCKUX YPOBHEH B aTOME , SBJISIOTCS XapaKTECPUCTUKOW Mare-
puanga U He 3aBHCAT OT SHEPTUU MEpBUYHOTO TMyuka. HamGonee mHTEeHCHMBHBIE OXe —
nuku it aneMeHToB ¢ 3</<14 cootBerctBytor KLL mnepexona, mjisa 31e€MEHTOB
cl5<Z<41 - LMM mnepexonam, ais anemenToB ¢ Z >43 —MNN nepexonam. CiegoBa-
TEJIbHO, TI0 3aPErUCTPUPOBAHHBIM 3HEPrUsiM OxKe AIEKTPOHOB MOKHO OJJHO3HAYHO yC-
TaHOBUThH, aTOMAaM KaKOr0 3JJIEMEHTa OHM COOTBETCTBYIOT. T.e. IPOBECTHU KayeCTBEH-
HBIM aHAIN3.

OTUM METOJIOM MOKHO aHaJIM3UPOBATh TOJBKO IMOBEPXHOCTH WJIM TOHKHE MPUIIOBEPX-
HOCTHBIE CJIOM TOJIIIUHOM 110 2....3 HM. DTO 00YCJIOBJICHO MaJIOW CPeIHEN JJIMHOU CBO-
6oHOTrO Mpobera Oxe- JIEKTPOHA, T.€. MAJION ITYOMHOM UX BBIXOJIa
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JIst IpOBEAEH S TOYHOIO KOJIMYECTBEHHOIO aHAIN3a XMMUUECKOIO COCTaBa I10-
BEPXHOCTH MeTOAOM OKe-3IIEKTPOHHOM CIIEKTPOCKONUHM HEOOXOIUMO 3HATh IIIyOHHY
BeIxona Oxe — DEIEKTPOHOB B HCCIEAYEMOM Marepuaie u Kod(pGHUIHEHT 0OpaTHOro
paccesHus IEPBUYHBIX 2JIEKTPOHOB R (Tak kak Oxe —>IeKTPOHBI MOTYT BO30YKIaThCs
¥ OOpaTHBEIMU DJIEKTPOHAMH €CJIM 3TU JIEKTPOHBI MMEIOT AOCTATOUHYIO IS HMOHU3a-
LIMK aTOMA DHEPIHIO)..

Cocras o0pasia [0 aHajiM3a HEM3BECTEH, TEOPETHUECKUM pacyeT BceX HEO0OXO-
JIMMBIX yYKa3aHHBIX IapaMeTPoB 3aTpyAHéH. Ha npakTuke 0OBIYHO UCIOIB3YIOT YIIPO-
IEHHBIE METOABI KOJIMYECTBEHHOTO aHAJIN3A .

Camblil pacnipoCTpaHEHHBIM U3 HUX - METOJ ATAIOHOB. B MeTone staioHoB Oxe
— CIIEKTPHI OT HEU3BECTHOI'O 00pa3lia CPABHUBAIOT CO CIIEKTPAMM ITAJIOHA, COIEPKAHME
AHAJIM3UPYEMOrO >JIEMEHTA B KOTOPOM HM3BeCTHO. KoHLEHTpalws i-mozo >1IeMeHTa B
o0pasiie onpenenseTcs mo Gopmylie
C°® = C7I°” | 1™, 20e C — KOHICHTPALUH JIEMEHTA B TalOHe 1 0bpasie, | Be-
JIMYMHBI
Oke — TOKOB IIEPEXOJIOB /IS DJIEMEHTA B dTAIOHE M 00pasLe.

HpnMeHeHne METOA0OB H3MEPCHUA MATIHUTHBIX CBOMCTB IIpu HCCJICA0BAHUA
CTPYKTYPhbI METAJLJIOB H CILJIABOB.

Xapakmepucmuku Maz2HUmMHbLE CBOUCME

. 2 < o
j@[ A-Mm ] - MAarHuTHbBIM MOMCHT, XapPaKTCPUCTUKa HWHTCHCHUBHOCTH B3aUMOACUCTBUA

TeJla ¢ MAarHUTHBIM T10JIeM .MarHuTHBIH MOMEHT TeJa SIBJISICTCS CyMMOM 3JIeMEeHTap-
HBIX MAarHUTHBIX MOMEHTOB: M = ¥ iMi

& ¥y M - HaMarHM4eHHOCTh, MATHUTHBIA MOMEHT eIUHULBI 00béMa |, 4/m, tne V —
00BEM Te1a.

CBs13b MEXy HAMarHWYEHHOCTHIO M MAarHUTHBIM TIOJIEM yCTaHABIIMBACTCS COOTHOIIIE-
HHEM

#=Kwm ¥, rnie KM - MarHuTHass BOCOPUUMYUBOCTb.

®=S 1o (1 + Hy— MATHUTHBIA NOTOK- CyMMa MarHUTHBIX IIOTOKOB, CO3/1aBAEMbIX BHELIHUM
nosieM H u HamMarHu4deHHOCTH | , T o . MAarHUTHAS TIOCTOSTHHAS.

B=®/S = u( | +H)- uaaykuus — MarHUTHBIH TOTOK, MPOXOAIIMIA Yepe3 eAUHHILY
TUIOIIA TN

Memoowt U3MeperHUsd HanpANCEeHUS MACHUMHO2O0 NOJiA

B 3aBucHMOCTH OT 11€51eil hcclieIoBaHus, HHTEpBajla MAarHUTHBIX MOJIEH U TEMIIeparyp,
B KauyeCTBE MCTOYHUKOB MArHUTHOIO TMOJIS CIIYXaT COJEHOUIbl MOCTOSIHHOTO TOKa,
AJEKTPOMArHUThl, TOCTOSTHHBIE MAarHUTHI, CBEPX MPOBOASIIME cOieHOUAbL. Mmmylbc-
HbI€ MAarHUTHBIE TTOJISI HAMIPSYKEHHOCTHIO 710

8:10 " A/m MOJIy4aroT B PE3YJIbTATE KPATKOBPEMEHHOT'O TOKOBOT'O pa3psaa.
CyliecTBYIOT pa3iMuHbIe METOAbl U3MEPEHUS HANPSKEHHOCTU MArHUTHOTO TOJISI, KO-
TOpbIE€ M3BECTHBI U3 Kypca (U3UKU: -0aUIMCTUYECKUM;- C UCIOIb30BaHUuEM 3(]dekTa
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Xonna; METo IAEPHOr0 MarHUTHOTO PE30HAHCA; - ANEKTPOJAUHAMUYECKUIN; METO/ TO-
TEHLIUOMETPOB ;- METOJ (PEPPO30OHIOB

Onpedeﬂeﬂue MACHUMHBIX CBOUCNE mamepuailos.

Pasnuynbie METOABI CYLIECTBYIOT U I OIPEIEICHUS] MarHUTHBIX CBOWCTB MaTepHa-
710B . Takue Kak: --u3MepeHue rnapa -u JMaMarHuTHOW BOCIIPUMMYUBOCTH , OCHOBAHHBIE
Ha ONpECICHUN U3MEHEHHS KOA(PGUIIMEHTOB B3aUMHO - WJIM CAMOMHAYKIIMH, U METO-
Ibl, TIPH KOTOPBIX m3Mepsiercs cuia f, nelictByromas Ha oOpaser MoOMemEHHbIH B Tie-
PEMEHHOE MarHUTHOE TOJIE.;

-nu3Mepenne GeppoOMarHUTHBIX CBOWCTB MaTepUaIOB;

-U3MEPEHUE MAarHUTHON aHU30TPOIINN.;

-U3MEPEHUE MAarHUTHBIX CBOMCTB B IEPEMEHHBIX MOJIAX.

Meroabl U3MEPEHNSI MATHUTHBIX CBOMCTB IPUMEHSIOTCS IPU UCCIEIOBAaHUN METAIIOB
Y CIUIaBOB.

OCHOBHBIM ITPEUMYILECTBOM METOJI0OB MAarHUTHOI'O aHAJIN3a SIBJIIETCSI UX BBICOKAs 1yB-
CTBUTEJIBHOCTb, B OCOOEHHOCTH IPU HCCIEIOBAHUU MPOIIECCOB CBSI3aHHBIX C MEPEXO-
JIOM W3 MapaMaHUTHOTO B (P€PPOMArHUTHOE COCTOSIHUE DTU MPOLECCH HMEIOT MECTO
IpU TEPMUYECKON 00paboTKe cTajei, Korja M3MEHSIOTCS KPUCTAIIIMYECKHE PELIETKU
a<>y (0-OlK — deppomarnutha, y-I'lIK napamarautHa. MarHUTHBI METOJT HCIOJb-
3y€TCs JIsl U3YUYEHHUS STOTO MPOLECCa C KOJIMYECTBEHHON OLIEHKOM.

MarnuTHble METObI IPUMEHSIIOTCS MPU UCCIEA0OBAHUM BIMSHUS HA CTPYKTYpPY JIETUPO-
BaHMUsI, peKUMa TEPMOOOpadOTKH, 1ePopMali U T.J..

Tepmomacnumubslu ananus.

Jliisa onpezaeneHust coctaBa U ()a30BOro aHaM3a UCHOJIB3YIOT CTPYKTYPHO- HEUYBCTBHU-
TEJIBbHOE CBOMCTBO — HAMAarHMYEHHOCTh. Y CTAHOBKA JJISl IPOBEACHUS TEPMOMArHUTHO-
ro aHajiv3a JOoJhKHa oOecreuuBaTh OBICTPHIN HarpeB oOpasiia, 4ToObl, B MpoOIlecce Ha-
rpeBa M M3MepeHui, (ha30BbIi COCTaB CIJIaBa HE U3MEHSJICA. B cirydae cyiiecTBoBaHUS
B CIJIaB€ MarHWTHOM (ha3bl HAMarHWYEHHOCTh €UHUIIBI MacChl Gy CIUIaBa OyJeT Mpo-
NOpPLUMOHANIbHA KOJIMYECTBY (pa3pl, a MCUE3HOBEHHE (PEPPOMArHUTHBIX CBOMCTB COOT-
BeTcTByeT Temneparype Kiopu ¢asbl. YcraHoBKa sl MPOBEIEHUS TEPMOMATHUTHOTO
aHanu3a J0JDKHA oOecrneunBaTh ObICTPBIN HarpeB oOpasla, 4ToObl B IPOLIECCE HArpeBa
U U3MEpEeHUil He u3MeHwiIca (a3oBbli cocTaB criaBa. [Ipu Hammuuu aByx (eppomar-
HUTHBIX (Pa3 C pa3IMUHBIMU HAMAarHUYEHHOCTSIMU Gs; U Gs; U Pa3HBIMU TEMIIepaTypaMu
Kropu Ha xpusoit o(T) Oyaer nepern®. Yacto isi TEpPMOMArHUTHOTO aHAIN3a UCIOJb-
3ytoTcs Becbl CeKkcMuTa.

Hccneoosanue uzomepmudecKkoco npeepaiierHusl 6 Cmajix.

s nccnenoBaHus KWHETUKHM paciiajia MepeoXIaKIEHHOIO ayCTEHUTA MCIOJIb3yeTCA
anuzoMeTp AkynoBa. OH IPUMEHSETCS JJI1 UCCIIENOBaHUS JTH000TO MPEBPAIICHUS , KO-
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TOpPOE COMPOBOXKAAECTCA M3MEHEHHEM HamarHudeHHOcTH |l; oOpasua. KommuectBo pac-
naBIlIerocs aycreHurta( OH IMpeBpalaercs B cMech peppuTa U LIEMEHTUTA WK B Map-
TEHCHT) MPONOPIMOHAILHO HAMAarHMYCHHOCTH oOpasna. JIyis ObICTPOrO JOCTHXKEHUS
o0OpaslioM TeMmrepaTypbl U30TE€PMUYECKOTO MPEBPAIICHUS] aHU30METP CHAOXKEH CMEH-
HBIMHM BaHHAMU, HATPETHIMU JI0 Pa3JIMYHBIX TEMIIEPaTyp.

U3zyuenue ouazpamm ¢pazoeo2o pasHosecus.

B onnodaszHoit o061acT HaMarHUYEHHOCTh MOHOTOHHO HM3MEHSETCS C W3MEHEHUEM
KOHIICHTPAIIMX KOMIIOHEHTOB, a B IBYX(ha3HBIX 00JIacTaX HabOIt01aeTcs neperud 3aBu-
cumocTH g oT xoHmeHTpamuu. KospuuTuBHas cuiia. SIBISETCS CTPYKTYPHO- UyBCTBHU-
TEJTBLHBIM CBOMCTBOM U PE3KO M3MEHSETCS MPH MOSBICHUH B CIIaBe BTOpol (a3wl. Ciie-
JIOBATEJIPHO, aHAIN3 U3MEHECHUSI KOIPIUTUBHON CHJIBI OT KOHIICHTPAIIUH TAaKXKE MO3BO-
JISIeT YCTAaHOBUTH TpaHUIly (pa3oBbIX 00J1acTEel.

Onpedenenue pazmepa uacmuy OUCNEPCHOU GeppomMasHUMHOL Gpakyuu.

DTO U3MEPEHNUE OCHOBAHO HA SIBJIEHUU CyIlEpMarHeTu3Ma.
Hannuune cynepmarseTusma Mo3BOJISIET ONPEAEIUTh Pa3MEP U KOJIMYECTBO MEJIKOJIHC-
MIEPCHBIX BBIJICIICHUN BTOPO (pa3bl.

Hccneoosanue mexcmypui.

MarHuTHbIA aHaIU3 UCIOJIB3YETCS ISl OOHAPYKEHUs KpUCTAIOrpaduuecKoi TeKCTy-
pBl, MOJyYaroIIeics, HaIpuMep, MpU MpokaTe U Jyis €€ KoJnuecTBeHHOU oreHku. C
ATOM 11€JIbI0 MCTOJIB3YIOT TPUOOp TUMA KPYTUIBHBIX BecOB. [IpeasioxkeHn MeTon, mo3Bo-
JSIOMIMNA  OIEHWBATh aHU3O0TPOIMIO JIUCTOB 0€3 MX pas3pylIeHHs] ¢ TTOMOIIbI0 dheppo-
30H/IOBOr0 JaTYMKAa. DTUM METOJIOM OILICHUBAETCSl TaKK€ HEOJHOPOAHOE pacmpeiese-
HUE BHYTPEHHUX HANPSKEHUN.

Takum 00pa3om, BIMSHHUE CTPYKTYPhI, XHMUYECKOTO U ()a30BOr0 COCTaBa Ha MarHUT-
HBIE XapAaKTEPUCTUKU MO3BOJIAET HCIOJIb30BaTh MAarHUTHBIE METOMABI JUIsl U3YYEHUS U
KOHTPOJISI CTPYKTYPbI CILIABOB.

IIpyuMeHeHne MeTOAOB H3MEPEHUA JJICKTPUYECKUX CBOMCTB NPH HCCIACA0BAHMU
CTPYKTYPbI METAJVIOB U CILJIABOB.

Hccnedosanue ouacpamm pazoeoeo cocmosHusl.

DIEKTPOCONPOTHRIICHUE CIUIaBa OT €0 KPUCTALTHYCCKON CTPYKTYPHI ( TBEPIOTO pac-
TBOpa Pa3IUYHON KOHIICHTPAIIMH, HAIMYUS IBYX WU TPEX (a3, XUMUUECKOTO COCIH-
HeHMs). B miepBoM MpHOIMIKEHHH 3aBHCUMOCTD 3JIEKTPOCONIPOTUBIICHUS OT COCTaBa B
00JyacTu TBEPABIX PACTBOPOB OMHUCKHIBAETCS MAapabOIMIECKUM 3aKOHOM, a B ABYX(azHoi
00J1aCTH —JTMHEHWHBIM.
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Uccnenys n3MeHeHHe CONMPOTHUBIICHUS B 3aBUCMMOCTH OT COCTaBa CIUIABOB MPU pas3-
JUYHBIX TEMIEpaTypax, MOXKHO YCTAHOBUTH MOJIOKEHUE TPAHUIl OAHO(DA3HBIX U JABYX-
(da3HbIX oOyacTeil HAa auarpaMme COcTosiHUSl. B o0nacTu cyliecTBOBaHUSI TpaHUYHBIX
PacTBOPOB AJIEKTPOIPOBOJHOCTh U3MEHSETCA.

DJIEKTPUYECKUMH METOJIaMH HCCIIEIYIOTCSI MPOLIECCHl YIOPSIOYMBAHUS TBEPABIX pac-
TBOPOB, IPOLIECCHI CTAPEHUS CILUIABOB U MPOLECCHI MPOUCXOASIINE IPU 3aKAIKE U
OTITYCKE CTaJIeH.

B mporecce oTmycka MpOMCXOAMUT pacmaj, MapTeHCHTAa ¢ 0O0pa30BAHMEM YaCTHUIl Kap-
OuHOM (pa3bl U pacnaj] OCTaTOYHOTO aAyCTEHUTA, SJIEKTPOCONPOTHBICHUE MTPHU 3TOM Ta-
JaerT.

AKyCTI/l‘IeCKI/Ie METOAbI CTPYKTYPHOI'0O aHA/IN3a MaTEPHUaJIoB.

Jns uccnenoBaHusi CTPYKTYpbl MaTEpUAJIOB M KOHTPOJISI Ka4ecTBa JETeJIe MCIOIb3Y-
10T SIBJICHUE aKyCTUYECKOW SIMHUCCHM.

AKyCTHYECKasi SMHUCCHS — OTO SIBJICHHE, BO3HUKAIOIIEE BCIICICTBHE OCBOOOKICHUS
DHEPruu B TBEPJBIX TelaX, IMOJBEPTHYTHIX IIACTHUECKON AchopMaIiid WA U3JIOMY.
YacTp 3TOM 3HEpruu mpeodpa3yeTcss B yIPyrue BOJHBI, KOTOPHIE PAaCIPOCTPAHSIIOTCS B
Marepualiec U MOTyT ObITh OOHAPYKEHBI Ha €r0 MTOBEPXHOCTH C TTOMOIIBIO BHICOKOUYB-
CTBHUTEJIBHBIX ITPE0Opa3oBaTeieH.

AxkycTudeckuMu ( yIpyruMu) BOJTHAMU HA3bIBAIOT PACIPOCTPAHSIONINECS B B YIIPYTOM
TeJIE MEXAaHUYECKUE BO3MYILEHHUS ( AedOpMAaLIHH)

[Ipu pactipocTpaHeHUN yIPYTUX BOJIH YaCTUIILI CPEJIbI HE IEPEHOCSTCS, a JUIIb CO-
BEPILIAIOT KOJeOaHUsi OTHOCUTEIHLHO TOUEK PAaBHOBECHS.

Jst aKyCTUYECKOro KOHTPOJISI MPUMEHSIOT KoJIeOaHUs YIbTPa3BYKOBOTO M 3BYKOBOIO
nuara3zoHoB yactoTou ot 50 I'iy o 50 MI'u. THTEHCUBHOCTH KoJieO0aHU OOBIYHO HEBe-
nvKa, He mpesblmaer 1kBr/cm® . Takue KoneGaHMs MPOMCXOOIT B OOIACTH YIPYTHX
nedopManmii cpepl, rae HanpsbKeHUs U aedopMaliiy CBSI3aHbl MPOIIOPIIMOHATILHOM 3a-
BUCHUMOCTHI0. CyIIeCTBYIOT pa3IMUHbIC BUJIbl aKyCTUUECKOW YMUCCUM:

AKyCTHYECKas YMHUCCHS, BbI3bIBAEMAsl JIOKAJIbHOW JTUHAMUYECKOU MEPECTPOUKON CTPYK-
Typbl MaTepuania;

aKyCTHUYeCKasi DMHUCCHs, CBs3aHHas C ()a30BBIMHU IPEBPAIICHUSIMHU B BEIIECTBAX U Ma-
Tepuaiax,

aKyCTUUYECKasi SMUCCHSI, BO3HUKAIOIIAS B PE3yJIbTaTe MPOTEKaAHUS XUMUYECKUX U AJICK-
TPOXMUMHUYECKUX PEaKIui, BKIII0Yask pa3HOOOpa3HbIe KOPPO3UOHHBIE TTPOIIECCHI;
aKyCTUUYECKas DMUCCHS, CBSI3aHHAs C JBMYKEHHUEM JIUCIIOKAIUH.

Bo Bcex 3THX ciiydyasx B MaTepualie BOSHUKAIOT 3BYKOBBIE KOJeOaHUs, KOTOPhIC Ha3bI-
BAIOTCS CUTHAJIOM aKyCTUUYECKON SMHCCHUU U KOTOPbIC YJIABJIMBAIOTCS CIEIUATbHBIMU
JaTYAKaAMH.

Tak kak OOBIYHO MHOTHE CHTHAJBI aKyCTUYECKOW DMHUCCHUH MUMEIOT MAIyI0 WHTCH-
CUBHOCTBH, OCOOCHHO B)XHO YMEHBIIIUTH O MUHHUMYMa AJICKTPOHHBIE ITyMbI U BBIJIC-
JIUTh aKyCTUYECKUM CUTHAI.

DTO0 CBS3aHO C TEM, YTO CUTHAIIBI SBJSIOTCS IITyMOIIOAOOHBIMH, TTIOCKOJIBKY aKyCTHYe-
CKasi BMUCCHUSI SIBIISICTCS CIIy4YalHbIM UMIYJIbCHBIM MPOLIECCOM..
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