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B kmure ofo0meds mOBeifline [IOCTHKEHHs DIAEKTPOHHOIT
MUKDPOCKOIMH, B YACTHOCTH, IPUBEJCHL CBeJIEHUS O €8 IpHaMe-
HEHHI B MUHEDPAJOrHM. ABTOPH KHHIH — HAMOOJEe ARTOPHTET-
HEIE CIeMEATHCTE IO OT/EJTBHEIM BOHPOCAM TEOPUH, BKCHIEpI-
MEHTA U NPUMEHEHUA HIeKTPOHHON MIKPOCKONMMM B DPasiviHAIX
ofmacraAx mecmefoBaHUil. PaccMaTPHBAIOTCA TPaHCMHUCCHOHHAA
OIEKTPOHHAA MHKPOCKOIMA BHICOKOTO pa3peuieHis, BBICOKO-
BOJBTHAS W CKAHHDYON@A HIeKTPOHHAA MUKPOCKOMAA, nudpar-
1uA IeKTPOHOB, MAKPOPEHTIEHOCIOKTPAJIBHbIT AHATA3, TEOPUA
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MNpepucnosue pepaktopa nepesopa

IIpepnaraemas BHEUMAHWIO YHTATENEd KHHUTA NIpEMeYaTelbHAa BO MHOIHUX
ornomenuaXx. OHa oTIWYAeTCA HOBHBHOU W OPUTHHAJLHBEIM CONepiKaHHEM,
HeOOBYHLIM COCTaBOM aBTOPOB, YTO OKABaJI0 OIpeJleJleHHOE BIUAHHWE Ha ee II0-
CTPOeHUE W XapaKTep M3JI0KeHHA. B Kuure Hamel oTpakeHHe TOT KadeCTBeHHE
CKAYO0K B Pas3BHTUH JIeKTPOHHOM MuKpockonnn (9M) Boobine u B ee npuMeHEHHAX
B MHHEDAaJIOTHH B YaCTHOCTH, KOTOPHU IPON30IIEN B HAa4Yaje CeMHECATHX TOJI0B.
3mecs cobpan cBesRHil Hay4YHBIA W (PaKTHYECKHil MaTepmas, KOTOPOTO IOKa eme
HET B JIPYTHX KHUTAX IO 9JeKTPOHHOH MHKPOCKOIHH,— €r0 MOKHO HAHTH JIHIIH
B OTHEJNBHBIX HyOIWKAIHAX, PACCEAHHBIX II0 MHOTOYMCJIEHHHIM HepHOIHIeCKAM
H3MAHUAM H COOPHHKAM MOCIeIHUX JeT.

[To6yauTe i bHEIME TPUYWHAME PE3KOT0 M3MeHEHHA CONEpPKAHUA U TJYOHHB
HCCAe0BaHMil, Mpeo0pasuBmuMn OGIUK COBPEMEHHOH BIEKTPOHHOI MUKPOCKO-
IINH, ABWIHCH PEaJm3amus BO3MOKHOCTEH HONYYeHHA KAPTUH BEICOKOIO paspe-
menusa (BP), paspaGorka MeroJuKu HOHHOrO yTOHEHHA B HpeNapupOBaHUH,
COUETAHME HIEKTPOHHON MHKPOCKONMH CO CIeKTPaJbHO-XHMHYECKHMU BHIAMHE
amanmsa, Bce Gojiee MHEPOKOE PACOPOCTPAHEHHE BBICOKOBOJBTHHIX HIeKTPOHHEIX
MuEpockonos. Iloj BamsaHmeM OTMEYeHHEIX (JAKTOPOB 3JIEKTPOHHAA MUKPOCKOIHSI
MHEHEpaJI0B BEIIJIA 32 NPeJeds TPAJUINUOHHEIX 3ajad U 00BEeKTOB, W JEMOHCTPa-
IHA HTOI0 TPOIecca, MOMKAIYH, COCTABIAET OCHOBHON CMEICH JAHHON KHHIH.

B xrawecTBe caMOro 3HAYMTENBHOTO SABJIEHHA B COBPEMEHHOH HIEKTPOHHON
MHKPOCKOIHNY, Hanbosee MePCIEKTHBHOTO s ee OyAYIero, cieayer paccMaTph-
BaTh IOCTHKEHNE TAKUX BRICOKHX pagpenienuil, KOTOphie NO3BOIMINA 0CYIeCTBATE
Hepexos OT MBYYEHHA JAETAIBLHBHIX MOPHOIOruYecKux 0Co0eHHOCTeH MHKPOOGHEK-
TOB K IPAMOMY HaGI0[eHNI0 CHAYAIA KPUCTANINYECKUX PEIIeTOR U uX AedeKToR,
a 3aTeM M peajbHBIX 0coGeHHOCTell PacmoJ0KeHNsA aTOMOB B pelleTKaX U He3aBl-
CHMO OT pemeTok ¢ pazpemenueM nmopagka 1 A. Ocymecrsienne TaKHX BOBMOFK-
HOCTei MOKa elle OTHOCHTCA K HeMHOTOYHCIEHHEM oOnmeKTaM m paboram, HO yike
HOJIyueHHEIe Pe3yIbTaThl (JJIA TYyPMalHHOB, B CHCTEME OKHCIOB HUOOMA U THTAHA
| JIp.) BBHI3BIBAIOT M3YMJIEHHE W TOP/OCTH, UTO, BOSMOMKHO, ABJISETCS BPEeMEHHBIM
TYBCTBOM, TAK KaK, BEPOATHO, yike B HeJaleKoM OyaymeM mofo0ubie GaKTH cTa-
Hyr oppuHapubvMu. Jloctmzenus IMBP me sBasiores aBroMaTmuecKuM ciefl-
CTBHEM MCIIOJBL30BAHHA COBEPIIEHHHIX TPHOOPOB U JEHCTBUA MCKYCHEIX OIEpa-
ropos. OHE mojpasyMeBarT HeOOXOAMMOCTH TAYOOKOr0 BHAHHA TeOpHH (HOpMH-
poBanmA M300pasKeHU BHICOKOT0 PA3PENIEHHS W YMEHHWS WX PACIETHO MOJIeINH-
pOBaTh JUIA 3a/laHHBIX SKCOEPHMEHTAJAbHBIX yciaoBuit. IlosTromy BmonHe 3aroHO-
MepHO, YTO IpOrpecc B TEXHHKe HJIEKTPOHHON MHUKPOCKONHH COIPOBORAAJICSH
Pa3BATHEM TeOPHH KOHTpacTa M paspemenus u naoGopor. Ypessruaiino meHHO,
4T0 B KHHUTe YyJleJleHO BHEMaHHe MeTOJUIeCKUM 1 TeopeTndeckum acnexram JMBP,
0e3 KOTOpDHIX B HacTOAINlee BpeMs HeMEICIMMa BHICOKAS KBaaum(uKamus clemua-
JHCTOB B JaHHOH o0lacTH.

CoBpemenHas 9IEKTPOHHAA MHKPOCKONNA (DaKTHYECKH CTajla YHHBEpPCAILHO
OpEMeHPMOIl Ko BeceM MUHepallormIecKuM ofbpeKTaM Grarofaps TOMY, 9TO MEeTOJbI



5] [TpemuciaoBue pefakropa nepesojia

CyCHOeH3Mil, PeIIMK, [eKOPHPOBANNS JOMOINAIUCH MOHHLIM YTOHEHHEeM IIOJHpO-
BaHEHLIX NuIMPOB B salanpoil kpucrasrorpaduueckoil opuenrupoBre. B cdepy
HOeicTBUA HAeKTPOHHOR MHKPOCKOOHH IIOMHUMO CJIOHCTHIX H BOJOKHHCTHIX MHMe-
pamos, 00IafaioHX BEICOKOH TUCITEPCHOCTHI0 MM XOPOLIel CIAfiHOCThIO, BOULIN
coe/lHHeHnA, PasMepnl KPHCTAJIOB U CTeNeHb AHUBOTPOIHMH CBORCTB KOTOPHIX
ysEe Doaee He BRCTYIANE orpanmyenneM npaMomy npuMmenennio TOM (rpancmue-
CHOHHOH piaexTponHoil Mukpockomnu). [IparkTuka TOM oforarumacs orpoMubIM
pasnoobpasmeM CTPYRTYPHHX H XUMHIECKUX THIOB MHHEPAIOB — KapKACHEIX
M OCTPOBHEIX CHANKATOB, Kap6oHATOB, OKHCIOB, CYJLHHUI0B, HPOCTHIX COeIu-
HeHmit 1 1. A. Bo Beex cayuamx adeKTHBHOCTH MCCAETOBAHUSA BO3pacrTaga IpU
COYETaHUHM METOIHKM MOHHOI'O0 YTOHEHHS C WUCIOJIb30BAHHEM BBICOKOBOJBTHBIX
DIEKTPOHEKX MIKDPOCKOTOB GIarofapa yBeIHYeHT0 TPOHANAEMOCTH TPeIapaTos
LA adeKTPOHOB.

Yrasausse gBa arTopa (npemapuposanue ¢ HOHHBIM YTOHEHHEM U IOBEINTE-
HHEE YCKODAWI[NX HANpsKeHUi N0 3HATCHWIT, M3MepAEMHIX MeraBoJbTamMm) Ipu-
BeJ He TOJIhKO K YHCTO KOJIMIeCTBEHHOMY PACIINPEHHMI0 Kpyra 00BeKToB (B ToM
qncie MAEepaXoradecKux), nocrynaex THOM. HoBie Munepamormaeckue 06beRTEL
BRI3BAIN K JKUBHH HOBble TPOOIEMEHI, OTHOCAINHECA K cueuudure mx ¢muanko-
XHMAYECKAX M (U3HKO-MeXaHHIECKUX CBOitcTB. B mTOre HieKTpOHHAA MUKDPOCKO-
nus MEHEePaJa0B HAmOJHHIACHh HOBHM CONepsKaHmeM, & CyIIeCTBYIOIHe HaydIHbe
HALpaBISHHA 000TaTHINCh TEMH MCKIYATEIBHBIME BO3MOMKHOCTAMUI B paspe-
MIeHUN MEKPOOCODEHHOCTEH 00BEKTOB, KOTOPHME pPacHolaraeT aJieRTpOHHAaA
MHKDOCKOIOHUA, N [OIOTHUTEILHEIMEI, pafee HeJOCTYIHEIME dKCIeDIMeHTaTbHLIME
JaHUEIMHA.

WUmenno raxuMm o0pasoM BOBHHK HOBEIA pasfiesl 2JIeKTPOHHON MWKDOCKOTHN
MUHEPaJoB, HalpaBJeHHBIA Ha WM3ydYeHme IPOCTPAHCTBEHHOrO pasMEeIleHus
KPHCTAIOrPahMIeCKOT0 COOTHOIIEHUA CTPYKTYPHO-XUMHYCCKHX H KPHCTAJIO-
TpagUuecKHX HEOIHOPOAHOCTeil B mopomax. B camoii obmeit dopme ero MoxrHO
65110 G0 0003HATHTS KaK (AIEKTPOHHY Herporpadumion, Ho OJimKe BCEro om
orHOCHTCA K (osiee yaKoil mpobiaeme pacmaja TBePAHX PacTBOPOB. JJIeKTPOHHAA
MEKDOCKOIHS BO3BeJa Ty 0BaacTh HAYYHOTO HccaefoBanmd Ha 0ojee BHICORHI,
HEMBICJIMMbIEL paHee YpPOBeHbL, TAK KAaK TPEJOCTABHIA BO3MOKHOCTH TOYHOTO
aHajImsa BCEro HEMpPepPLIBHOTO HHTEepBala COCTOAHMI BellecTBa — OT paBHOMEp-
HOrO pacmpefenesus H3oMopHHO 3aMellalouX APyl Apyra aToMoB 4yepes CImHO-
JANBHBIE CTPYKTYDPHL /10 COMeTaHU{l MHKDOBEIIEJCGHHI CAMOCTOATENbHBIX (as.
B aroii obiractu sIeKTPOHHAA MUKDPOCKOUMS CTAJNA HCTOYHAKOM NEHHHIX TaHHBIX,
VTOYHAIOMAX IOJ0jKeHHe MUHEPaJbLHLIX BeIlecTs Ha JuarpaMMmax COCTOAHHA
1 MO3BOJIAMILAX BOCCTAHABIHBATH TePMOTHEHAMEIECKYI0 ucTopmio GopMupoBanua
mopof.

PacmupuBmunecs MerofuyecKue BO3MOMHOCTH HISKTPOHHOR MHKPOCKOINH
HO3BOJHIN PACHPOCTPAHATDL HA MHHEPAJIEL ONEIT MCCIETOBAaHUA NOMEHHOIO CTPOe-
HOSA U JleeKTOB KPHCTAJIO0B, KOTOPHE GHI HAKOWIEH B METAJNIOBEIEHHH. JTOT
OpPONecC OKasajicsd HeTPHBHAJBHLIM M3-3a CBOHCTBEHHEIX MHHEpajaM CyINecTBeH-
HEIX OTIMYWl B YCIOBUAX CYUIECTBOBAHUA B HpHUpole, (U3MKO-XHEMHUYIECKUX
CBOCTBAX, THOAX KPUCTANIMNICCKHX pEmeToKk H BHIax cmmmerpud. OgHako
CBSIBAHHEIE C HTHM TPYAHOCTH C JIMXBOH OKyIHIUCh TOH OpATrHHAJIBHON mHOpMa-
el 0 peajbHOM CTPOSHHN MEHEPaJIOTHIeCKHX 00BEKTOB, KoTopas Ohia moixyie-
1Ha B pesyibraTe aHaJHMsa Bapuanuil AudpaRIHOHHOT0 KOHTPACTa B 9JIeKTPOHHO-
MHUKpoOCcKonuueckux usodpamenuax. OcobeHHocTH pacmpe/leleHHA JOMEHOB, HX
pasMepH, KpucTajsiorpa@uiecKas OpHEHTHPOBKA I'DAHUI] U PENIETOYHLIe COOTHO-
MIGHWA, TANLL JHCA0KALMIL, CIOKHaA KApTHHA UX POEIEHAA, IBIKEHAA U CKOILIe-
HUs COCTABM/IM HOBHIAL, JOCTYLUHEIX aHaJu3y U HHTepUperanud (akradecKmi
MaTepHa, 3amevaTeBIIN IIOCHeNCTBUA MeXaHUISCKHX, TEPMUICCKHUX M XHMH-
TeCKAX BO3AEHCTBUI, WCOBTAHHLX OpOgaMit, H TeM CaMbIM pacKpHBaOIHid
CYIIeCTBeHHEE IeDTH MCTOPHE BO3HUKHOBEHUS M YCJIOBHIL CyIECTBOBAHUA MUHE-
panxoB. B mMmuepasormio u3 obJacTH MaTepHaJOBe[eHHsd BONLIH HOBLe MOHATHA
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U TpeACTaBIEHNA, HO U MATEPHAJOBEIeHHE, KAK HayKa, HATOJHHIOCH HOBEIM
cofiep:raHueM daarogapA GoapiroMy 00beMy JaHHEIX IO METepajiaM, ABIAOIUIMCA
TIPOIYKTAMH OTPOMHOTO Pasno00pasmsa TPHUPOJHBIX IPOIECCOB,

Y}{aaanume ACIHeKThI 3JIGHTp0HHOﬁ MI/IHI)OCKOIIE[IZ[ B MUHEpPaJOrH{d 3aHUMAIioT
B KHuTe MeHTpaixbHoe Mecto. Ho B Heil Taksme HMeOTCS paslielnl, IMOCBAMCHHBE
00IIHM OCHOBAM 3JIECKTPOHHON MUKPOCKOIHH, MU(PAKINAU HIEKTPOHOB, IPUHIU-
IaM aHAIHTHYCCKON 2JIEKTPOHHON MHKPOCKOIHH, METOIMKAM IpelapupoBAHMA,
HCIOTB30BAHNIO Pasiioo0pasHLX npucTaBoK. Takum o6pasoM, ee 0CHOBHOE COJiep-
JRAHHEe MONKpenasercs HeoOGXOOMMBIM BCIIOMOTATeIBHBIM MaTepualom. B To ke
BpeMs MO0 XapaKTepy H IMOJMHOTE PACCMOTPEHHA OTHEABHEIX BOIPOCOB M3M0/KCHHE
OKA3aJI0Ch PA3HOPOAHBIM, W 9TO CBA3AHO C JPYroil ee XapakTepHOR locofen-
HOCTHI0 — GOJBIIEM ABTOPCKHM KOJUIEKTHBOM.

IlpuBnenenne Aas cosfanmd KHATH MEKIYHAponHoro KoiarexraBa us 60 asro-
poB m3 9 CTpaH UMeJIO CBOM 3HAYATeIbHBIE IIPEHMYIIecTBa. OHO IMO3BOJHAIIO B 'K'paT-
qafilipit CPOR pemurs OONBMIYI0 W TPYRAOEMKYI0 3agady — cofparh BOJUHO
¥ onyOJHKOBATHL AKRTYAJBHEIH MaTepHal B YCJHOBHAX, KOIJIA BpeMeHHO# (akrop
UrpaerT NePBOCTEICHHYIO POJb. J{aK mpaBmio, pasfiensl COCTABIAINCH aBTOPH-
TeTHEIME W KOMIETEHTHHMH CHeIUAJHCTAMH, ONHDPABOINMHUCA Ha pPe3yIbTaTh
coOCTBEHNBIX MCCAETOBAHNAI, B KOTOPHX OHN, €CTECTBEHHO, NOJGKHLL pasbmparses
aydime, 9eM mocTopoHnme pedepentii. Cpem aBTOPOB — BRIIAIONIHECS YIEHEIE,
OCHOBOHOJIO;KHUKY TensX Hayunkx manpasiennit (C. Amenunnke, [k, M. Kayan),
Grecrsinue COenuaInCThl, TPOCIABABIIAECS BECIINME JOCTIKEHASIME B BIEKTPOH-
poii mukpockomun (C. Mupsnma, X. XacumoTo), pAl y4eHEIX-HOBATOPOB, BHEJ-
pAlomx B chepy HayK 0 3eMie u 0 BEIecTBe 3eMHOMl KOpPH HASH W TOCTHREHUA
CMEKHBIX HayK M MeT0JIoB anerrpornoil Mukpockomun (I'.-P. Benx, II. 3. YaMmn-
Hece u Ap.).

Crenyer, ofHAKO, OPU3HATH, 9TO LPU TAKOM KOJJIEKTABHOM COTDYIHHIECTBE
Hen36e/KHE W HeROTOpHe mafeprkku. LIlpm Beex cBOMX JOCTOMHCTBAX OTHEILHEIE
aBTOPH HE MOTJIN HE OTAMYATHCA HAYIHBIM BOCHUTAHUEM, HHIUBHIYAIbLHEIM
OILITOM, BRycaMu W jajie cBo0OI0il BIaJieHHA aHTIMHCKAM A3EKOM. CocTaBieH-
HBEIE IMJ TEKCTH He OHHAKOBH 10 MOJIHOTE, [eTaJIbH0CTH, CTHII H ACHOCTH M3I0-
skenmst. [{pome Toro, Ha XapaKTep W3I0KEHUA HATOMRHIO OTIHEIATOK TO 00CTOS-
TeILCTBO, YTO HEKOTODHE aBTOPHI, OyJIydd IpefcTaBUTEIAMH IPYTHX OTpaciei
HAYKHM W TeXHUKH, IPAMIAA B KPyTr MAHEPAJIOTAYeCKIX IpobileM CO CBOUM CIIeIH-
(rgecKnM ASEIKOM H TePMHHOJOTHEI, He CIeJaB JO/IKHEX ITONKTOK JaTh HOHATH
cels IUTATENAM, He HMEIIUM ClIeNUAABHOR ToAroToBrn. Pagymeercsa, ¢ reuenn-
eM BpeMenu 1o o0HEe TPYLHOCTH HCYe3HyT M BOSHHKHET OOImil HAYYHEIN A3HK,
HO 3ro 6yjer pesyiAbTaToM B3aWMHOTO UPOHUKHOBOHHA H B3AUMHOrO BIHAWKA
CTHKYIOIIEXCSA HAYIHBIX Hampabjgenuil. B 2ToM cBeTe JamHyl0 KHUTY MOKHO pac-
CMaTpuBaTh KaK OJWH W3 IepBHX INAr0B B peajmWsallni yKa3aHHOTO IIpoIecca.
Jlas yesoenus ee cofep/KaHus B OTAEALIBIX CIYIaAX HYKHO OyaeT o0pamaThes
K JOTOJHATETHHEIM HCTOYHHKAM Haydinod WHopMarum.

Rar yme orMeganoch BhIme, TiaBHOEJOCTOMHCIBO KHUTH — HOBHSHA H3Jja-
raeMoro Marepmaia. B artmx yCmoBmAX 9HTATENI0 HANO OHTH CHHCXOOUTENLHEM
1 K TOMY, 94TO M3JI0KEHNe MeCTaMum HOCHT (jparmMenTapmmit xapakrep. Ilo camoit
CBEOEl CYTH HA HAYaJbHOM CcTAlud Pa3BUTHA HAYIHHIX HaIpPAaBICHUI HOBLE IP0G-
JeMBl He MOryT OnTh paspaboTannl B OJHHAKOBOH CTeIEHH IOCIENOBATEILHO
n 3apepmenno. Camsnane YaCTHEIX MOMEHTOB B TAPMOHNYHOE €AIHOE HeJI0e JIONKHO
€II¢ TOJLKO NPOUBONTH B Gy/ylieM, HO TOT[A U CTeIeHL HOBUSHL B 8HAYNTE]HHOK
mepe Oymer yTpagwena, a mudopmarus, HecOMas KHATOI, ycTrapeer.

C I0JIHEIM OCHOBAMIEM MOFKHO IIOJATATE, YT0 KHUTA 10 IPUMEHEHUIO HIeKTDOH-
HOIl MUKDPOCKOINHN B MHHEpPAJOTHU OKAMKETCA IMOJE3HOH He TOJHKO MHHEepAIoraM
M Te0J0raM, KOTOpHIM OHAa PACKpHIBAET HOBHIC TOPHM3OHTH, HO M BCeM CHEINalImnC-
TaM, 3aMHTePeCOBAHHEIM B COBeDIIEHCTBOBANNM I IOBEIICHHA YPOBHA DIEKTPOH-
HO-MUKPOCKOIMIECKAX MCCIELOBAHMTIL.

B. 3saeun



MNpegucnoene K PyccKOMy U3AAHMIO

Mue Gnilo UPUATHO HANHCATH INPEJUCIOBHE K pPYCCKOMY HMBJAHHI0 KHHIH
«JIeRTPOHHAS MHKDOCKONHA B MHHEPAJOrHu», 60 cam (aKT HepeBoia ecrb
Jydmee CBUAETENLCTBO TOT0, 9TO HANIe CTPEMJenne BHEAPHATH MOHIHLIA aHaJmTH-
YEeCKHil MEeToJ B 00JACTH HAYK 0 3eMmje He OBII0 0ecILIOLHBIM.

JleitcTBuTebHO, CO BpeMenn onybamrosanua aroii kamrm B 1976 r. mannmas
ofjlacTh HAYKM PasBUBAJIACh YPe3BHYAHHO aKTHBHO. MHorne MEHEpPaJOrH IOIY-
YHIH JOCTYI K 2JIeKTPOHHEIM MEKPOCKOIAM, a4 B PALe HAYIHO-UCCIENOBATEIBCKAX
yapeRaenuil noasuauch codbersennsie npubopsl. Bo MEOrnx paborax, omydamko-
BAHHBIX B PA3JAYHBIX jRYpHAAAX, OBUIH MCIOIB30BAHLI 00IHe NPHHEOUIEL WCCIe-
N0BaH\A, U3JI0KEHHRe B KHUTE, a DKCIEPMMEHTAJIbHEE METONUKN IPHMeHAIHCH
A M3y9eHus JPYyruX MHUHEpPAJAbHBIX CHCTEM, YTO IO3BOJMIO IIy0:Ke HOHATH
HEKOTOpHIE aCHeKThl KPHCTANJOXHMHH, (ha30BHIX COOTHOMEHUI, KNHETHKH Deak-
it u MexanmmsmoB Redopmanmii. Ogpako B To Bpems KaK 06JacTh IpPUMECHEHIS
METO/I0B pacimupuiach, TeXHMYECKas CTOPOHA HMCCHeL0Baumii ocrajach IPAKTH-
JecKd HEM3MEHHOM, B cOoJlep/Kanue KHUIH BIOJNHE OTPaKaeT COBPeMeHnHnoe COCToMA-
HEE HIEKTPOHHON MHKpPOCKONIMH, 3a mcrimodenuem, moskanyii, CTOM u amanmza
CTIEKTPOB DHEPTeTHYECKAX HOTEPH JAAA HIEMEHTOB € HUSKHME 2TOMHLIME HOMEpa-
MI — METO[l0B, KOTOpLIe B Iociaefnee Bpems mpmoOpenn GoJaBIIOe 3madenue,
HO B 2TOH KHHUTe JUIIh YIOMAHYTHL. B OpefucioBum K OPUIMHAIBHOMY M3TaHIIO
YKAaskBAIOCE, YTO YIOp OB CHeIaH HA TPAHCMHCCHOHHYIO JIEKTPOHHYI0 MHKPO-
CKONHIO W MeTONMKHN IojydeHuA maobpaskenmii. VaBectmo, uro craHupylomumii
DIAEKTPOHHBII MHKDOCKON HpejcTasiger cofoil YpesBmdailHO MOIIHOE CPEICTBO
MACCAeIOBAHMNA, 00JIa/1ai0Mlee BHICOKHM PaspenieHneM W II03BOIUBIIES TOCTHIHYTh
OTPOMHBIX YCHOEXO0B, HaupuMep B HAaJeOHTOMOTHH W B H3y4eHHNW MHKpPOTPeUUH,
HO 0YeHBb PEeKO HCIOIL30BABIICECs s KOJHIeCTBeHHLIX HCCAeJ0BANNN B MUHE-
pajloruu.

Boamosgno, mudpaknun sIreKTPoOHOB GBIIO yEJEHO MEHBIIe BHUMAHHIA, YeM
ATOT BasKHELL METOJ] RBaCAY/KHBAET, O B JaHHOH 06JacTH CYLNIeCTBYIOT IPEeKPACHEIe
kuurn (Hanpumep, paborst . A. lapna u B. B. 3Baruna), u He 0110 HeoOXou-
MOCTU LyOIHpOBaTh MX cojiep:RaHue. B mpejenax IpefocTaBIeHHOTO HAM RECTRO-
ro ofbeMa Mbl CTPEMHJINCH IOMECTHTh B KHHIe KaK MOKHO (OJbIIe TAKOTO MaTe-
pHaja, KOTOpOTO HeT B APYTEX M3JTAHMAX.

Baaropapsi alleKTpOHHOM MUKPOCKONME NPOM30ILI0 COIMKeHHe MUHEPAIOr Il
u MarepmasoBefenns. Muuepamoram mpHIIIOCE 03HAKOMHUTLCA € HOBHM A3LIKOM
H HOBEIMHU, OTCYTCTBYIOIIEMHI BO MHOTHX MIHEPAJOTHIECKN X CIPABOYHAKAX TepMU-
HAMH, TAKAME, KaK (IACAOKAIIANY, (KPUIY, «MeK(pasHbie TPAHUIEY, «CIHHONAND-
HEI pacnajy. Ho crynenTs-reosorn GHCTPO 0BIACIOT 3TUMU IOHATHAMH, ¢ KOTO-
PHIME CBABAHB IIEPCUEKTHBBl Pa3BUTHs HOBEIX BajKHLIX HaIpaBlIeHHit B odlacTH
mayk o 3emiae. HeGesmarepecno nemomanth, aro 50 JjeT HazaJ MaTepualoBeJnl
OepeHsad Yy MHHepPAJIOroB-Kpumcrajnorpados Takue HOHATAA, KaK «Audparnus
PEHTTeHOBCEHX JIyYeil», «IBOHHHUKNY, (IPOCTPAHCTBEHHEIE TIpyOOEY, (IPEAMY-
MIECTBEHHAS OPHEHTHPOBKAY,

fl mapeoce, uTo pyccroe mafaaHme OyHeT cONelcTBOBATEL JlaldbHemeMy pasBu-
THI0O HAYYHOTO COTPYAHHYECTBA M SBHUTCA TOMIKOM K CO3[MaHWIO HOBHIX LOAXOII0OB
K pacmudpoBKe CTPYKTYp m cmocofoB o6pasoBaHMA MUHEpaloB, YTO B CBOIO
ouepesib Oymer coocoGeTBOBATL TAlbHEmeMy HO3HANNI0 HCTOPUE 3EeMIIH.

I'. P. Beug
OkraGps 1978 r. Beprau, |Kaugophus



Mpegucnosue

B reuenme mocacanux MHTH AeT NPEMEHEHNE TPAHCMUCCHOHHON 3IeKTPONHOM
mukpockonuz (19M) mHo3BomMI0 HOTYIATH OTPOMHBIE OGBEM HOBBIX BajKHLIX
MEHEPAJTOrHICCKAX JIAHHBIX. OTO 00CTOATENBCTBO WACTHYHO OOYCJIOBIEHO TeM,
4T0 METANIYPTH W KPHCTALIOPU3HKHE, pemHB OOJBIIMHCTBO CTPYKTYPHELX
A KpueTamrorpaguiaeckKux HpoGJaeM B HCCAe[0BAHHHN MeTAJI0B, Hadald IIpPOSB-
AATH BO3PACTAIONUI WHTepec K ropasfo fomee CHOMKHLM HO CTPOCHWIO MuHepa-
naM, 8 TacTHIHO — COBPEMEHHBIM IPOTPeccoM B TeXHHKEe sKcHepuMenTa, ocober-
HO CO3/laHieM MeTOANKH M anllapaTypsl moHHOTO yroHenma. Ilo Mepe Toro kax
cren@aJncThl B 00;1aCTH IEKTPOHHON MAKPOCKOIMI CTAJM IIPOHBIATE BCE GONb-
muil uATEpec K MmHepajaM (CBHACTEILCTBO TOMY — CHEIMAJBHBIE CHMIO3HYMEL
HA TAKAX HEAABHO NPOMIEINHX COBOMANUAX, KaR D-i EEpOB@ﬁGHHﬁ Kourpece uo
2IeKTPOHHOK Mukpockomnn, Mangecrep, 1972 r., 8-it MeskuyHapoiHeLi KoHrpece
10 pJAeKTPOHHOI Mukpockomnu, Ranbeppa, 1974 r.), Munepaxoru B cBoK 04epefs
yOenuiamch B IpenMyLniecTBaX HOBBIX METOAHK W HAYaJ H MCI0JB30BATH UX BO BCe
GonpmeM macmTabe. C Heabio KOOPIHHAPOBAHHA BO3ZPACTAOIIEr0 WHCIA HCCIe-
NORAHKE B 9T0H 061aCTU B UPOrPAMMLL COBSIANUE MUHEPATOTOB OHAA BRIIOYEHE
JOKIafbl 110 BIEKTPOHNON MHKpOCKONHE (Hampumep, Ha coBemanusax l'eomorm—
geckoro obujecrBa Amepuru, Munneanomuce, 1972 r., m AMepnranckoit Kpucra-
aorpaduyeckoit accoruanum, Beprau, 1974 r.). Tor orpoMustii pesoHanc, KOTOp LIl
BeigBas cmmuozuym no TOM, opranusosamuwit I'.-P. Bemxom u I'. Tomacom na
xondepennun AMepUKAHCKON KpucTannorpagmueckoir accomuanumu B Bepwam,
HOCAYKHJI OCHOBHOH IpHUHNol cosfanus s7Toii kuuru. Cramna oueBHIHON Ieaeco-
00pa3HOCThH HONBECHAA UTOIOB NOCTHKOHUI 9/IeKTPOHHON MUKDOCKOIHMHE Ha [aH-
HOl CTajiu ee PA3BUTHA U 03HAKOMIICHHA ¢ HEMH MHHEDAJIOIOB.

I'pynnma ywacramkoB cummosuyma B Bepkam chopmmposana Pegaknmonnbii
KOMHUTET ¥ oUpejennia CofepRanue aToi kuury. 0030p CORPEMEHHOTO COCTOR NI
TPAHCMBCCHOHTON 2ICKTPOHHOH MUMKDOCKOIHH JaH B 00IHUX TaaBax; 34 HAMH
caenyror Dojee KopoTkne cOODIEHAS 110 OPATHHAJBHBIM HCCIEL0BAHMAM.,

Taxmm oOpasom MBI HaJeeMCHA CO3[aTh KHEBOE COPABOYHOE PYKOBOACTBO)-
0 HJIEKTPOHHOH MHKPOCKOIMA B MuHepamormu. buimo O Helleaecoobpasmo
CTPONTHL KHUTY, HOCBAIIGHHAYI0 Takoit OmeTpo pasBumBapnleiics odaacTum Hayku,
TOARKO HA YCTaHOBIEHHHX (aKTaX, He NMpPHHUMAA BO BHUMAHHE COBpPEMEHHLIE:
paspaboTKHl U He YKaskBad HOBBIX Halpasiennit passuTusi. 1lpu Beibope aBTopos
MBIl OHETAJIHCH 00ecHeTUTh CKOpee IpPelcTaBUTe]LHOCTH, YeM BCeOOHEMIEMOCTE.
AaHHOH KHUTH, ¥ HCIOIb30BaTH PaboTEH, mpejcTaBieHabe Ha cuMuosuyM B Bep-
KIX R TOH CTeNeHW, HACKOJIBKO OHE BOUCLBAJAUCH B PAMRH HACTOSANCIT
KHUTH.

Mer majeeMces, aTo «DIeKTPOHHAA MHKPOCKONUS B MUHEDAJOTHH» DyHeT ClIy-
SRUTH MHOTHM TeJisiM. Bo-IepBEIX, KaK CBOLKA COBPEeMeHHLIX TOCTHHEHTI ¢ JocTa-
TOYHO DOTHBMHA CCHIIKAMHI HA IpeALIymue paboTH, T. €. KaK T0CTATOYHO HOJHBIT
CIPABOYHMK LIS CHENUaIUCTOR B 00MACTH 3IeKTPOMIOE MEKPOCKOIIMH; BO-RTOPBIX .
Rak BBeJienue B 00JacTh 9JIEKTPOHHOI MHKDOCKONINH A «KIaCCHTECKIX) MHUHe-
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pajioros; HaKOHEI[, KaK DPYKOBOJCTBO [ CTYAEHTOB HpHU M3YICHUH KypCOB
MUHEPANOrUN B Kpuertajuorpaduu NOBHINEHHOTO THIA.

Pasznuuyupie TIaBH KHUTH PeJAKTHPOBAINCH CEKIHOHHBIMH peTaKTOpaMu
(I'. Tomac penaxrtuposax wactm | u III, ra. 2.2, 2.5 II. Ysmmmece — ri1. 4.2,
4.3, 4.4, 4.5 1 411, A. Xeitep — ta. 5.2, 5.3, 5.4, 5.5, 5.8 1 5.9, II:x. M. Kpn-
ctw — 1. 6.2, 6.4, 6.5, 6.6 = 6.7 m I'.-P. Besx — ra. 2.1, 2.3, 4.4, 4.6, 4.7,
4.8, 4.9, 410, 5.1, 5.6, 5:7, 6:1; 6.8; T4, 7.2, 7.3, T4, 7.5, 7.6; 1.7 u 7.8),
HO KasRjILIA aBTOP OTBeYAT 32 MPEJCTABIEHHBIA TeKeT W mimocTpanun. Cermmon-
Hble PEJAKTOPH MOJB30BAJNCH YCIYIaMH BHEITHHX DPEIeH3eHTOB A JIOLLOJIHI-
TeILHOM OmeHKNM pykonuceii. [loMHM0 aBTOpOB KHUTH B ee BEITYCKe IPHHUMAJM
yaactue A. E. Bene, [Ix. Bomang, E. II. Baraep, M. C. Xamnep, M. Roperana,
@, Jlavec, ¥. C. Max-Hensu, Jlx. . C. Mak-Hommex, A. C. Max-Jlapen,
M. Mionp, T1. X. Pu6be, P. Pobuncon, X. Ilyusy u Ji;K. 3ycMaH, KOTOphE JII0-
fesno corjacuauck mpocMorpers pykommeu. I'.-P. Benr ocymecrBaan oGniyio
roopiuuanuio. Bee pykomuen Guuin monyueHs K KoHuy gespaist 1975 r.

Mpur BripaskaeM G0abnryio GaarogapHocTs B HepBYI0 odepedb aBTOpaM craTei
34 0KasaHHYI0 IIOMOIIL B OCYIIECTBJIEHHH HaMeudeHHoro majammsa. Mu Tawxske
Gaaronapun usnareabersy «Illnpuarepy m ocobemno mokropy H. @. Ulupunrepy
3a ero jguynblii mHTEpec K pabore. Tmareapnasa moAroToBKa U3TAHUA H BEICOKOE
KAYeCTBO PedpORyKIui HeMaJ0 cIocoOCTBOBAIN TOMY, 4TOOL CEIATh 9Ty KHUTY
Gounee npuBaerateabnoii. I'.-P. Bemk Gmaromapen MccinegoBaTelrscKoil mikoe
HAYK 0 3eMie Ipu ABCTPATMICKOM HANHOHAJILHOM yHEBepcmTeTe B HamGeppe
u Unacraryry kpuerammorpadguu Bo Ppanrdypre 3a UX TOCTEOIPHEMCTBO W IO-
MOMIE.

Mur Hageemcs, 49TO aTa KHHUra II0 HIEKTPOHHOR MHKPOCKONHH O3HAKOMHT
MHOTHX CIEIHaJHCTOB B 00JACTH HAYK 0 3eMile ¢ HOBEIMEH METOIHKAMH, KOTOPEIe
OHI CMOTYT MCHOJAB30BATH LPHU PEIIeHWH Te0JormuecKmx mpoduaem. Mul raxie
HajleeMes, 9T0 KHUATA IPUBJIEYeT CTYAHTOB K JajbHeiimei cepbeanoil paspaboTke
Kakoro-iufo 13 MHOPOYUCIEHHHIX IIOMOTBOPHEIX HANpPABIEHWUil, KOTOpPHE MEL
o0CYniM WIH TOJABKO NPEJCTABHIN B HTOH KHHUTE.

Hoa6ps 1975 . Pedarmopu
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PHcC. I. Rannonuporcen u3 ayanoro dasaabra 15058.

CIIOKHAA CTPYKTYPA € TOHKONJIACTHHYATHIMM TIPOPACTAHMAMM IMMHOHATA W 4BrHTa 10 IjaockocTam (100)
u (001). Jlamesm TWKOHNTA (CBeTape 00sACTH B MPaBOif ¥ACT PUCYHKA) HAXOXATCA B KOHTpAcre OTHOCH-
TeIbHO ARTH(A3HBIX JOMEHOB C BEKTOPOM CMelleHust 1/, [gn + bl. OGhemHOe OTHOmMEHWE NTUHKOHHTA K ABTATY
M3MeHseTCA Ha rpanuie pasnena (100). Temuoe noje, X 6200 (Rotorpadusa mobesno npegocrasiena B, . Miod-
Jiepom. )




BBEOEHWE

I'.-P. Beur

Ilo cpaBHATENBNO HEJABHEI'0 BPEMEHH B PYKaX MUHEPAJOroB HaXOJAHIHACH
[BA RIACCHYECKNX WHCTPYMENTA — NONAPH3ANUOHIET MEKPOCKOI 1 aNIaparypa
nas penrrenoBekoil udparnun. C moMomblo 0nmuYeck020 MUKDOCKONA MEL MOZKEM
HCCIEO0BATE MOP(OJIOTHIO U ONTHYECKHE CBOMCTEA MHHEDPAJOB, H3YYaTh IBOUHI-
KII 1 JlaMeJiH, ecJu OHHM N0 PasMepy IpeBHMAlT JIuHY BOJHE HaJalomero cBeTa.
Jlanneie o peHmeeHo6CkOL 6ugﬁpam;uu NO3BOJAIOT TOYHO ONIPEIeldTh MOJ0Ke-
HUe aTOMOB B piaeMeHTapHoil Aueiike B MacmraGe 1—100 A. Onmako Takoe ompe-
JlelleHEe KPUCTALIUYeCKOTO CTPOSHHSA [JaeT HaM HeKYI0 CTPYKTYPY, YCPeTHEHHYIO
[0 MHOTHM ThICS9aM 9JIEeMEHTADHBIX S4EeK; CHe0BaTeIbHO, MEl 3apamee IPUIH-
MaeMm, 9TO BCe DJIEMEHTAPHEIE AYCHKE MACHTUIHEL

B 10 ;¢e Bpemsa cramoBUTCA Bce (ojee OYEBHIAHON BAMKHOCTE CTPYKTYDPHEIX
jeraneii, xapakTepuaylomux MrHepans B macmrabe 100—10 000 A. (uddyzune
pedieKcH Ha pPEHTreHorpaMMax OBLIH HHTEPUpPETHPOBAHB KaK CBHJETEILCTBO
CYIIeCTBOBAHHESA MAJIEIX IOMEHOB; acTepmusM, Ha0aoJaeMEll Ha JaysrpaMMax, nmiu
meboapmne 3HaYeHnA KOAQQUIHEHTOB 9KCTHHKIMH NPH yTOUYHEHHM CTPYKTYPHI,
yKa3aJm Ha TO, YTO KPHCTAJIH HECOBEPIIEHHE! 10 CBOEMY CTPOCHHIO W COJEpsKAT
pasiamanbie JdederTh. [{nda mccleqoBaH@s HEOJHOPOAHOCTeH, pasMephl KOTOPhIX
HAXOMATCA B YKA3AHHEIX Ipeflelax, ueaJLHEIM HHCTPDYMEHTOM fBJIAETCA Jack-
MPOHHHLL MUKpockon. Takue HCCISIOBAHUA — BayKHEIL HCTOYHHK I'e0JI0rMTIeCKOil
nHPOPMATHE, XapaKTepHayoliel TapaMeTpsl OXJIaRICHAA I 06pasoBaHuA MuHe-
PaJloB B TOPHHIX TOPOJ MIN yca0BuA ux Aedopmanuu. Heas nacroameit kanrn —
cllesaTh HTY HOBYIO 00JaCTh HCCIENOBaAHWEA AOCTYIHON [ MHHEPaJoroB, MOKa-
32TH OCHOBHEE IPENMYINECTBA DIEKTPONIOE MHKDPOCKOIMN ¥ nambolee Barkubie
ee NPUJIOMKEeHNsA, TPOMIIIOCTPHPOBATH HA KOHKPETHHIX IpHEMEPaxX BO3MOKHOCTH
PACKPEITHS CMEICIA MEUKDPOCTPYKTYPHEIX ocofeHHOCTed KaK TUIOMOp(HBIX mOKA-
sarelneil reosorngeckoii neropnn. OcHoBnoe BHEManme OYIET yHAEJeHO IIPOCBEUH-
BRIOWEH (TpPaHCMUCCHOHNOM) srneKTponnoit Mukpockonuu (TIM) Tomrnx xpucran-
JAMYECKUX INIEHOK — MeTO/ly, PasBUTHe KOTOPOro MoKa Aaao HamOoJdbIIMid TOJII0K
MEHEepAN0rAYecKIM UCCIe/0BaHTAM. [[0MoNuuTenbHO K 9TOMY OYAeT paccMoTpero
HECKOJbKO IPHMEPOB, MJLIIOCTPUPYIONMX COBpPeMeHHEe YCOeXH CKAHHpYIONei
anexTpoHnoil Muakpockonmu (COM),— merojia, KOTODHIA MOMKeT CTATh CTOIL e
BAJKHLIM JUJIA M3YUEHUS MUHEPAIoB, Kak U IPOCBeYHBATOIMAS DICKTPOHHAN MUKDO-
cKOIMA.

B mporyBOmOT0;RHOCT PEHTIEHOBCKOU Tu(lpaknuy, KOTOPYI HAYAIH HCIIOJb-
30BATH B MEHEPAJOIHH HeMeJJIEHHO IIOCJe ee OTKPHITUA, DIeKTPOHHAS MIKPOCKO-
i BHa"ajle IoJdyymia HamGolbliee pasBuTHEe W NPHMEHEHHe B MeTaJuypTHH.
Tocae cospanms IpoMbDIIeHHHX npubopor B 1939 r. morpeGosainocn Goaee
30 aer, 9To0BI HIAEKTPOHHBIH MAKDOCKOI CTaj OGBIYHEIM HHCTPYMEHTOM B MHHEpa-
aormu u merporpaduu. ITo 00BACHAETCS PANXOM HPHYUH.

Meronuka npueomosienus 06pasyos, NCIMONB3yCMasd B METAIIYPTHH (DIEKTpO-
MOIUPOBKA HWIH XUMUIECKOe YTOHEHHe), HeIPUTOAHA JUIA CHIMKATHEIX MEHEPAIOB.
VecenepoBaynsa MEHEPaJIoB OTPAHNYMBAINCH AHAJIM30M PEIUIAK WJH IODOMKOBBIX
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obpasnos. Toabko mociae NoABICHAA COOTBETCTBYIONIEH aNIapaTypsl H paapabor-
KN METOJIMKA MOHHOTO YTOHEHHA (CM. TVI. 3 HACTOAMIEH KHUTH) CTAJI0 BO3ZMONKHBIM
OpPUTOTOBJIEHHe TOHKAX MpenaparoB [IA CHeOU(PHIECKHX YIACTKOB 00pasma
B CTAHAAPTHEIX ITOJTUPOBAHHBIX NuIH(ax, 9TO MO3BONMUIO HCIHOAB30BATE DIEKTPOH-
HBI MAKPOCKOII Kak IOJADPH3AINHOHHBI [JIA OUYeHb MaJeHbKHX 00beKToB. Baik-
HOE HPeHMYNIecTBO MeT0la HOHHOTO YTOHeHHA COCTOMT B TOM, YTO OIPHTOTOBIEHHE
-0fpasna He JUMHTHPYETCHA HAJMYUEM INIOCKOCTeH CHAHHOCTH M IIpermapaT MOFKHO
IPUTOTOBATE B Ji0DOiT KpHCTANIOrpa@uIecKoi OpHEeHTANHN.

[pyrum orpanudenueM >(PPeKTHBHOrO MCHOIB30BAHHA HIEKTPOHHON MHKpPO-
‘CKOIIMA JIIA pellenusa KOJMIeCTBeHHEIX 3a7ad SABIAETCA TO 00CTOATENBCTBO, UTO
meopus KOHRMpacma sIeKTPOHHOM Tufpaknun, pa3BUTasd BOepPBEe MeTaLIypraMu
n UHKaMHU 1A OPOCTHX CTPYKTYD (Cpeau NMOHEpOB MO;KHO HazBath Dosima-
ua [4], Xupma u gp. [10]), He upurmMana Bo BEEMaHe HEKOTOPHIE YCIORHEHHA,
BOBHUKAWIIAE DX MCCHE0BAHNH MHHEDPAIOB, HATIPEMED TPY/AHOCTh HMOIYYeHU
IOBYJYYeBHX YCJAOBHII wiu yOpyryio apmsorponmio. Hak Oyner mokasano B cie-
IVIOIHX pasfiellax, MCCAEeA0BaHEA B 9TUX (YHIAMEHTAJILHO Ba;RHBIX 00JacTAX
HUKOUM 00pasoM HeJIb3SI CYATATH 3aBEPINCHHLIMHE.

HeeanepoBanns MuHEpaJoB METOOM pPeINIIK HAYalnCh HECKOJbRO JIECATHOB
aer nasap [9]. HemocpencrBenHO MeTooM IpOoCBeYABAIOMIEil HISKTPOHHOM MIKDO-
‘CROIMY MEePBRIMU OhIIH usyueHsl caofa [2] m raunucraie Munepans: [11]. Nmeerca
ofmupHasA JIUTepaTypa OO0 IIHHWCTHIM MEHEepajaaM, KacalomadAcA riaaBHEIM obpa-
30M uccHeZoBanuA MOPQPONOTHN YacTHH X NACHTHQUKAINHA MHHEPAJOB, ONyOan-
KOBAHBI TaKke 0630pHEe paGoThl 10 5aeKTpOoHHO# MUKpocKomnn raun (3], moaro-
My 9TH BOIPOCH B TAHHOI KHHIe He paccMarpuBalorcda. Cpeln mepBHX MuHepaJo-
roB, KOTODHe HCIOJb30BAJH HAEKTPOHHYI0 MHKDOCKONUIO B CROHX HCCIEN0Ba-
HOAX, MOKHO HazpaTth Pubbe [24], Mar-Konnmena m @uura [18]. Boabmoe Bams-
HEe Ha PasBHTHe 5JEKTPOHHON MHKPOCKOINN HOPHMEHHTEIHBHO K MHIHEPAIOrHH
oxasann paborsl Mak-Jlapena u @eitkn (¢ 1965 r.) m Huccena (c 1967 r.); npo-
rpaMma BX MCCHe0oBaHui OBLIA LeJHKOoM HOCBANIEHA 9IEKTPO-MHEDOCKOIHILCKO-
My wucciefoBanuio MuuepasnoB. B 1970 r. paGore mo mecaefoBaHMIO JIYHHEIX
matepmaynos Metofamu TOM cmocoGerBoBain BOBHMKHOBEHNIO HeOORKHOBEHHOTO
6yMa B aIeKTPOHHOM MUKPOCKOIIMA MUHEPAJIOB, B KOTOPHIL HApPA/ly ¢ MEHepajIora-
Mu OHIIIH BOBJIe4yeHH MaTepmanoBefsl ¥ (uanku. Ilomydennme uMm B Tedenme
IATH JIeT DPesyJbTaTH, OKA3aBmime KOJOCCAJIbHOEe BIUAHHE Ha COBPEMEHHYIO
MUHEpPAJIOTHIO, IOKAZAIH, YTO HIEKTPOHHAA MHUKDPOCKONHA HABIACTCA O0YCHD
MOIIHEIM HHCTDYMEHTOM B PYKaX y4enoro. i HacTosAlleMy BpeMeByr HOBEE JaHHEIE
BHEC/IM BECOMBIH BKJIAK B pacmu@poBKY CTPOEHHA IIOJEeBHIX INNATOB M OUPOKCe-
OB, M TMOYTH B KayKAOH I'pYyIIe MUHEPAJIOB HCCIEOBAHHUA ¢ MOMOMIBIO HIACKTPOH-
HOM MHKPOCKOIMH PACKPHIBAIOT PAJ HEOKUIAHHBIX CBOIMCTB.

Jlygame Bcero BajRHOCTH BIEKTPOHHON MHKDOCKOINE MOKeT OBITH IIpoje-
MOHCTPHpOBaHA HA HEKOTODPHIX mpmMepax. HpaTkmit 0030p TeX KIacCHUECKHX
NPUIOKEHNI HIEKTPOHHO MUKpOCKONNM, KoTopeie Goxee moipodro GynyT pac-
CMOTPEHH! B CHeIyIIIHX pasielax, CTABUT CBOEH IeAbI0 yOeJHTh YHTATENA, 9TO
DJIEKTPOHHAA MHKPOCKOIMS NOJ/KHA OBLITh BRIYEHA B KypC o0ydYeHHA KaKI0TO
COBPEMEHHOTO MHHEpPAaJora.

Onpedeaenue amomMHOU cmMpyrkmypst D0 PEHTTEHOBCKAM [JaHHEIM OCHOBAHO
HA W3MEPeHMH aMILIHTYJH pacCesiHHEIX BojH. Tak Kak JJMHA BOXHBI PEHTrE-
HOBCKUX jayueii gocturaer seero 0,5—2 A, 1o cxsur nmo gase, nadiaogaomuiica
IpHU pacceAHNE aToOMaMii, HEJIb3s ONpeJeJnTh DKCIePUMEHTANBHO; I03TOMY pac-
npejieJeHne HICKTPOHHON IVIOTHOCTH B »JIEMEHTApHOH AYeHKe HeJb3dA paccyi-
TATL HEIOCPe[ICTBeHHO, KakK ¢ypbe-TpanchopMauTy CTPYRTIYPHHX (HaKTOpOB.
B anexrponnoil MuKpockonnn JupaKIHoONHYI0 KapPTHHY IOJYYaoT B 00paTHOi
doranpHoil mIockocTm JWH3 oOpexrTuBa (cM. pme. I1). 3mech, ®ak u B caydgae
NCIOJIB30BAHNA PEHTreHOBCKNX Jyueil, Mul moaydaeM Qypbe-rpanchopmanty
paspocTeil 2JEKTPOCTATHYECKOI0 MOTEHIHWAJA B CTPYKType, KOTopad COOTBET-
CTByeT pacHpefiesieHmio siexrponnoii maoruocru (puc. 1, ¢). Ho B oramuame or
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JE(pakium PEHTTeHOBCKHX JYYell SJIEKTPOHHAS MHKPOCKOIHNA MOKeT OBTB
HCIOJB30BAHA B MICAJBHOM Cjydae s mojyueHus ofpaTHOTO IpeobpasoBaHHA
KapTuHb Judpaknuu B MJIOCKOCTH H300pakKeHnA sKCIepUMeHTaIbHo, Ge3 moTepn
¢daszopoit uudopmamun (pue. 1, ). 3a mociexgHee BpeMa Orarogapda HCIOJIb30BA-
HUI) CTOIbh TOHKOIO METONA WCCAeI0BAHHUA, KaK JICKTPOHHAA MHKDOCKOIHA
BHICOKOTO paspelnenusa, CTAJ0 BO3MO/KHHIM DerHCTPHPOBATH ABYMepHbe m300pa-
FReHUA 3TEKTPOHHON IIOTHOCTH C PaspemIeHmeM OKOJ0 3 A, B KOTOPHIX MOKHO
pacuosHath s(PeRTH KOHTpacTa OT OJHHOIHBIX aToMoB (cM. ri. 2.4 Hacrosmeit
KHUTH 1, HaupuMep, pabory [6]). Beanmguna paspemenns TuMATHPYeTCA HOCKOIb-
kuME dakTopaMu, npuuyeM Hau(ollee cepbesHBe HKCIEPHMEHTATbHEEe 3aTPY/He-
HusA BusbiBaer cepmueckas aGeppaums [1]. Toapko Auns o4eHb TOHKHX IUIEHOK
MOMKHO HOTYIATH Xopouine naobpamenus crpykrypsl. Baaroopuarasm gaxropon
ABJIAETCA NCHONB30BAHNE BEICOKOTO HAUOpsAMeHHA (IPH YCIOBHH obecmedeHHA
JOCTATOYHON CTAGHIBHOCTH), TOCKOJILKY B BTOM CJIy9ae 3JICKTPOHHBIC BOJHBL
HMEIOT MEHBIOYIO JAJUHY M, CHeL0BATEeNbHO, THQPAKIHOHHAA KAPTHHA CONEpHHHT
Goapiree Iuca0 pedaeKcos, gTo yBeamumBaer umciao uieHoB B cuHTeze Dypne.

Ha pme. 1, 6, ma KoropoM m300paskeHa z-IPOERIHUA PAsHOCTEH AIeKTpPOCTATH-
4ecKOro noTeHnmaga B Typmaaune [14], BugHo Ganakoe cOOTBETCTBHE IOIYISHHOIT
KAPTHHEL ¢ OHpeJeeHHON PeHTTeHOrpaguiIeckH RPHCTATINICCKOH CTPYKTYpOil
(puc. 1, 6). OGpamaer Ha ce6a BHEMaHHE BapHANHA PACIpPeeJeHHS HHTEHCHB-
HOCTH 0T AYeiikn K Aueiike. Munsuma [14] o6bscuan Taxme naMeHEHNs HHTEHCHB-
HocTn apferraMu GIHAHET0 MOPAAKA, KOTOpPHE HEAb3fA BBEIABATH C IIOMOIIBLIO
pPeHTTeHOBCKAX Jydeil. JTOT npuMep MAeMOHCTpupyeT OJIu3Koe COOTBETCTBUE
MEKIY PEHTTeHOBCKOH M »IeKTPOHHOHE AmppakmmaMu. PeHTremoBckme faHHBe
MO3BOJAIOT OCYIECTBHTH (OJiee TOYHOE OIpefeJenne CpegHeill dIeKTPOHHOI

{n IIOTHOCTH B AYeiiKe JAaHHOM CTPYKTYPHI, TOIAA KAK HIEKTPOHHAA MUKDOCKOLIA
o> /lAeT BO3MOKHOCTH BHUIBHTH B pelIeTKe Takue HeCOBEPHIEHCTBA, KAK JORAJIbHAA
CTEIeHb 3aCeIeHHA OTAEIBHEIME aTOMaMH TIOI0MKeHHE B pelIeTke.

Jra ob1acTh MCCHETOBAHHSA, LeIh KOTOPOH — paspemieHne OT/IeAbHBIX aTo-
MOB, B HACTOfllee BpeMA HAXOQUTCHA Ha NepejHeM Kpae HayKH dJIeKTPOHHOI
Mukpockomnn. HecROIBKO TpagEIHONHLIX IPAMEPOB, KOTOPHIS DYAYT IPHBEACHE
HHFRe, TAKKE MOILYT CIY/RHATH HIJIOCTpanueil OAWM3KOH CBASH MEHAY [BYMA
METOMAME — PEHTTeHOBCKOM M aJeKTPOHMOM TupakmuaMa, JeMOHCTPUPYA HERO-
TOpEIe YHURAJTbHBE TOCTHEHHSA BIEKTPOHHOR MUKPOCKOIHH.

W3 perTreHOCTpYRTYPHBIX HCCAETOBAHMIL CJaelyer, 4T0 HeKOTOPEe MUHEpaJIbl
COMep:RAT cyOMUKRPOCKORUYECKUe J6OUHUKL W aaMeal pacnada meepowr pacmeo-
pos. PenTreHorpaMMEl, TOJIyIeHHLIe METOXOM TIPENeCcCHH, 0T ONTHIECKHI TOMOTeH-
HOTO IHEJ0YHOr0 I0JeBoro mnarta (pue. 2, a) MOMKHO, HallpuMe]p, WHTePIPeTHpo-
BATh KaK PEHTTeHOTPAMMEL CMecH AalIb0HTAa M MUKPOKIHMHA, CIBOMHHKOBAHHBIX
0 aneONTOBOMY 3aKOHY. VIX 06BeMHEIE COOTHOIIOHHSA MORHO OIEHHTDL IO WHTEH-
CHBHOCTAM PEHITeHOBCKAX pediekcos. Mcmoap3ya sleKTPOHHYIO MHKDOCKOIHIO
1 0CO0BHHO TeMHOIOJBHBIE METONUKM, ME Cejidac B COCTOAHUN HCCJIE0BATH
MOpdOIOTHIO W TeRCTYpY Takux AoMmeHos (puc. 2 mz pabore [5]). Max-Komuen
[17] m Huccen [23] ma ocHOBaHMH JaHHBIX IO DPOCBeYHBAIOIIEH 2JIEKTPOHHOIL
MHKPOCKOINHA TOJTBepAMIn BhCKazaHHylo pamee JlaBecom [15] rumoresy o Tom,
YTO OPTORIAZEL COJIEPIRAT OYEHb MaJeHbKiUe JOMEeHEI ¢ pasHOil Kpuerajamorpadim-
uecKoii opuentammeif, koropsie Max-Hourex [17] naTepmperupoBan Kak «Boaunt
nekazkeHusy. Eeauw oTu SOMeHE GoabIme 1O pasMepy, TO OHH COOTBETCTBYIOT
JABOIHHKOBOI CTPYKTYype MHKDOKIHHA.

B nnarmowraszax, mmpokcenax m MHOTHX JPYTHX MHHepaiax (4acTh ), KOTO-
pHIe 0 HeTABHEr0 BPeMEeHH CYMTAJICH IOMOTeHHBIME, OBLIN OOHADYKEHE JaMean
pacmaja TBepAEX PacTBOPOB. JTH HOBLIe (AKTH 0KA3aIHCh OYOHD BAKHBIMIL

WK HjeaJbHbe TBEp/Le PACTBOPHL B HacTOsAIIee BpeMs ¢ IOMOIIBI0
MAKDPOCKOTHIECKOTO aHaJM3aTOpa MOMKHO KOJIHYECTBEHHO IIpoa
cocraB aameneit mupuuoir me Goxee 1000 A (em. ra. 7.3 macro
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