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CTPYKTYPA U CBOMCTBA TOBEPXHOCTHOI'O CILTABA, ®OPMUPYEMOI'O
TP OBPABOTKE BBICOKOUMHTEHCHUBHbBIM JIEKTPOHHBIM I1YYKOM
CUCTEMBI IIEHKA — IIOJJIOXKKA'

BeimonHena o0paboTKa CHCTEM IUICHKa — IMOJUI0KKA BBICOKOMHTCHCHBHBIM 3JIEKTPOHHBIM ITyYKOM CyOMMILIHCe-
KyHIHOU JUIUTENILHOCTH BO3/ieicTBHs. OCYIIeCTBICHBI HCCIIEIOBAaHUS U TIOKa3aHO, YTO JIEKTPOHHO-ITyYKOBasi 00paboT-
Ka CHCTEMBI IIJIEHKAa — MOJUI0XKKA COIMPOBOXKIAETCS JIETUPOBAHUEM MOBEPXHOCTHOTO CJIOSI MaTepuaia Ha IIyOMHY pac-
iasa ¢ GpopmupoBaHueM (a3 HAHOPa3MEPHOT'O ANAIIA30HA.

Kniouesnie cnosa: r1ekmponnblil ny4oK, NieHKa — ROO0JCKA, CIMPYKMYPA, C80LCMEd.

BBenenue

O0beMHOE JIETHPOBaHNE MAaTEPUANIOB, SIBISSACH A0 CHX MOP OCHOBHBIM CIIOCOOOM ITOBBIIICHHS Ha-
JEKHOCTH H JTOJITOBEYHOCTH JIeTajield MEXaHU3MOB M MalllMH, U3-32 JAe(UINTA U JOPOTOBU3HEI JICTHPYIO-
IIMX 3JIEMEHTOB CYIIECTBEHHO MOBBIIIAET CTOMMOCTH CIIJIaBOB U, CIEAOBATENBbHO, M3JENUN U3 HUX. B
3THX YCIIOBHSIX OKAa3bIBaeTCS SKOHOMHYECKH U TEXHUYECKH IIeJIeco00pa3HO pa3BHUBATh MPHHIUITHAIBHO
WHOW TOIXOJ K CO3/aHWI0 MaTepHaNOB HOBOTO MOKOJEHHS, IIPH KOTOPOM CITy>KEOHBIE XapaKTepHUCTHKH
Jetand o0ecleunBalOTCS MPUMEHEHHEM SKOHOMUYHBIX HHU3KOJICTHMPOBAHHBIX CIUIABOB, @ CIECLUANbHBIC
CBOICTBa TIOBEPXHOCTH — (POPMHUPOBAHHEM CILIOIIHBIX MJIM JOKAJIU30BAaHHBIX CPaBHUTEIBHO TOHKHX JIe-
THPOBAHHBIX CJIOEB WA MOKPBITHHA, CBOMCTBAa KOTOPBIX OTBEYAIOT JKCIUTyaTallMOHHBIM TpeOoBaHUAM. B
CBSI3U C OTUM B IOCJICTHHE TOJbl CYNIECTBEHHO BO3POC MHTEpPEC K MPUMECHEHHIO BBICOKOI()(EKTUBHBIX
TEXHOJIOTUH HAHECCHWs Pa3IMYHOTO TUMA W HA3HAYCHUS IMOKPBITHHA, a TaKKe MOAU(DUIMPOBAHUS TO-
BEPXHOCTHBIX CIIOEB MaTepHaja IyTeM TEePMHYECKOTO (BBICOKOCKOPOCTHAS 3aKajKa ¥ Iepe3akaika W3
KHUJIKOW WK TBEPAOH (a3bl) H XUMUKO-TEPMHUUECKOTO (JIETHPOBAHUE C TTOCIEIYIOIIUM HIIH OJHOBPEMEH-
HBIM OTUIABJICHUEM BBICOKOCKOPOCTHBIMHU IIJIA3MEHHBIMU IMOTOKAMH WM ITyYKaMH 3apsSKCHHBIX YacCTHII)
Bo3zeiicTBus [1-4]. OqHako Hanbolee BIIEYATISIONIMX YCIIEXOB YIAIOCh JOCTHYb MPH PA3INIHOM COYe-
TaHUH HEKOTOPOTO KOJIMYECTBA TEXHOJIOTHH, KOTOPHIE OKAa3bIBAIOT HA MMOBEPXHOCTH (PYHKIIMOHAIBHO pa3-
nuuHbie AercTBUsA [5-9]. Ilpy MCMONB30BaHUU TaKMX KOMOWMHHMPOBAHHBIX TEXHOJOTHH 3a()MKCHPOBAHO
HOBBIIEHNE YCTATOCTHOW npoyHocTy (10 40 %), Koppo3uoHHOi cToiikocTH (10 200 %), H3HOCOCTOMKO-
cti (mo 1000 %) u TemmmocroiikoctH (10 200 %).

B nHacrosmeli padore mist GopMHpOBaHHs MOBEPXHOCTHBIX CIUTABOB UCIOJIB30BAH METOM UMITYJIbC-
HOTO AJIEKTPOHHO-ITYYKOBOTO IUIABJICHUS CUCTEM IUIeHKa — Mo 10kKKa [10—13]. OCHOBHBIM IpEeUMYIIECT-
BOM JIaHHOTO METO/Ia, [0 CPAaBHEHHIO ¢ 00pabOTKON Ja3epoM, TOTOKAMH MMITYJIbCHOM TIIa3Mbl, MOIITHBIM
WOHHBIM ITYYKOM | T.[., SIBISIETCS BO3MOXKHOCTb MOIYYEHHS OJHOPOIHON MUKPOCTPYKTYPHI B TIOBEPXHO-
cTHOM cioe. JKunkodasHoe nepemMennBaHiue CHCTEMBI TUIEHKA — ITOAJIOKKA, BBICOKAE CKOPOCTH 3aKaIKH
u3 xuaKoro cocrosuus (1o 10° K/c) mosBomsior (GpopMupoBaTh HOBBIE (Basbl ¢ CyOMHKPO- M HAHOKPH-
cTajmmaeckoit crpykrypoit [10—-13].

Lenpto HacTosmiel paboTsl ABIseTCS OOHApy)KEHHE 3aKOHOMepHOCTeH (pOopMHUpOBaHHUS MMOBEPXHO-
CTHBIX CIUIABOB P 00pabOTKE CHUCTEMBbI TUICHKA — MOJJI0KKA BRICOKOMHTEHCHBHBIM 3JICKTPOHHBIM ITy4-
KOM CYyOMIJUTHCEKYHIHOM JUTUTETHbHOCTH BO3EHCTBHS.

MarepuaJl 1 METOJUKA MCCIEAOBAHUS

B kagecTtBe Marepmarna moanoXku ObUTH McToNb30BaHbl 00pasmsl ctamn 40X (Fe — 0,4 Bec. % C —
1 Bec. % Cr) [14] (OTOXOKEHHOE COCTOSHHME) W CHJIYMHHa 3BTeKToMmHoro coctaBa (12,49 % Si,
2,36 % Mg, 0,6 % Cu, 0,35 % Ni, 0,3 % Fe, oct. Al (B at. %)) [15] (;tuToe cocrosHue). OOpa3ibl UMEIU

! PaBoTa BEIMIOTHEHA IPH YaCTHYHOMN hHHAHCOBOI MogIepx ke rpanTa BODU Ne T10CO-032 1 rpanta CO PAH (mpoekt Ne 7).
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dbopmy nunuHApa AuameTpoM 15 MM u TommmHONH 10 MM. Ha moBepXHOCTh 00pa3IioB HANBUISUIN THTAH
(TommuHa TUTeHKH ~ 1 MkM). HambiieHwne ocyInecTBIsUTM Ha Ta0OpaTOpHOM yCTaHOBKE, CO3MaHHOHN Ha
6aze ycranoskn HHB-6.6-11. Cuctemy 1ieHKa — oIj105KKa 00pabaThIBaIl BEICOKOMHTCHCHBHBIM JJICK-
TPOHHBIM ITy4KkoM Ha yctaHoBke «COJIO» B mmpokoM anamna3zoHe MapaMeTpoB BO3AeHCTBUA (IIJIOTHOCTh
SHEprHH IydKa 31eKTpoHOB — 10—-30 JIk/CM’, JIUTEIBHOCTD UMIyIbca Bo3aeiicTers — 50-200 MKC; Ko-
JITYECTBO UMITYJILCOB BO3JIEHCTBYS — 3—5; yacTora criefgoBanus umiyibcoB 0,3 ['m, cpema oOmydeHus —
aproH npu ocratouyHoM nasiieHuu ~ 0,02 I1a) [16]. UccaenoBanus ha3oBoro cocraBa U AePEeKTHOH CcyO-
CTPYKTYPBI (JOPMHUPYIOIIETOCS MaTeprana OCyIISCTRISLIA METO/JaMH CKaHUPYIOIICH U MPOCBEYHBAIOIICH
ANIEKTPOHHOHN MUGPAKIIMOHHOW MHUKPOCKOIHH, PEHTI€HOCIIEKTPAIIEHOTO W PEHTTCHOCTPYKTYPHOTO aHa-
N33, MEXaHNYECKHEe CBOMCTBA MOBEPXHOCTHOTO CJIOS aHAIM3WPOBAJH ITYyTEM OIPEEIeHNs MUKPOTBEp-
JOCTH.

Onucanue ycranopku «COJIO»

OnHMM U3 HampaBJIeHWH MOAM(HKAIMKA TOBEPXHOCTH PA3JIMYHBIX METAUIMYECKUX, METAJUIOKEpa-
MUYECKHX M KepaMUYEeCKUX MATEPHAJIOB W W3JENINH, HHTEHCHUBHO Pa3BUBAIOIINXCS B HACTOSIIEE BPEMs,
ABIISIETCSl OONydeHHe IUIOTHBIMA HMIYJIBCHBIMH 3JIEKTPOHHBIMH ITyYKaMH CYOMHJUIMCEKYHIHOW [TH-
TenbHOCTH. OTHOCHTENIFHO Mallasi CTOMMOCTh Tporiecca 00paboTKK MOBEPXHOCTH MaTepHaliOB, a TAKKe
YHUBEPCAIBHOCTD JCNAI0T JAaHHYI0 TEXHOJOTHIO NEPCIIEKTUBHOMN NIl BHEAPECHUS Ha COBPEMEHHBIX MPO-
MBIIUICHHBIX TpeanpusITuax. [lapamienpHo ¢ TEXHOJOTHEH 3JeKTPOHHO-ITYYKOBOW 00pabOTKH TOBEPX-
HOCTH pa3BUBAIOTCA JJICKTPOHHBLIC HCTOYHUKH, O6CCHC‘II/IBa}OHII/Ie paHeC HEAOCTUTACMBIC MapaMETPhI
3JIEKTPOHHOTO My4Ka, U Ha 3TOM OCHOBE CO3JAIOTCS HOBBIE BaKyyMHBIE 3JIEKTPOHHO-ITYYKOBBIE YCTAHOB-
ku. Huke npuBeeHo onmucanne Takoi YCTaHOBKH, CO3aHHOW B IHCTUTYTE CHIIBHOTOYHOH 3IIEKTPOHUKH
CO PAH.

B ocnose ZIaHHOi/’I YCTAaHOBKH JICKUT SHCKTpOHHI)IP'I HCTOYHUK C IINITa3BMCHHBIM KAaTOAOM Ha OCHOBEC
AMITYJILCHOTO JYTOBOTO pPa3psa HU3KOTO NaBJICHHS C CETOYHOW cTa0Min3aluedl TpaHWIbl KaTOTHOU
SMUTHUPYIONIEH TIa3Mbl, YIPOIIEHHAs CXeMa M BHEITHUN BHJ KOTOPOTO MpHBEAEHBI Ha puc. 1. ['azopasz-
pdaaHass CUCTEMaA IJIa3SMCHHOI'0 KaTtoaa COCTOUT M3 ABYX Ia30paspAaAHbIX CUCTEM: MHUIUUPYIOMICTO pas-
psa MEeXIy 3JEeKTpoJaMu / U 2 U OCHOBHOTO AYTOBOT'O paspsiia HU3KOIO AABICHUS MEXKIY dICKTPOa-
MU 2 U 3, pa3len€HHBIX KOHTPArupyIUM KaHaJIOM, POJb KOTOPOTO BBITIONHSIET MarHueBas BCTaBKa,
ClIy’Kaias Ijid yIy4YlICHHU 3a)KUraHus KaTOAHOI'O IATHA U CTaOMIILHOTIO €ro CYHI€CTBOBAHUA B TCUCHUC

OTKkayka

p—
I_

Puc. 1. YnpoménHas cxema 3J€KTPOHHOTO MCTOYHHKA C TJIa3MEHHBIM KaTOJOM W BHEIIHHWH BHUJ Ba-
KYYMHOH 3J€KTPOHHO-IIy4KOBOM YCTaHOBKHU: / — MOJBII aHOA IMOJUKUTAloIero paspsaa; 2 — MOJbIH
KaToJ MOJPKHUTAIOLIEro paspsizia; 3 — IHONbIM aHOJ OCHOBHOTO pa3psifia; 4 — ceTyarblii SMUCCUOHHBIN
3NEeKTpoJ; 5 — Tpyba apeiida; 6 — KaTylmku MarHUTHOTO MOJIs; 7 — 00Iy4aeMble 00pasibl, 8 — CTOI
JIByXKOOPJIMHATHOIO MaHUIYJISITOpa
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CyOMUILTUCEKYHTHOU JyinTeNibHOCTU. Hamyck pa®ouero raza (Ar, Np) B HICTOUHHK OCYIISCTBIIACTCS Yepe3
€ro ra3opaspsIHylo cucreMy. M3-3a KOHTparupyromero kaHajaa AUaMETpOM 5 MM co3faércs nepenaj
JaBJICHUA MEXIY Pa3psAHBIMU CHUCTEMaMH M WHULIMUPYIOIIUI pa3psal 3aXKuraercs Mmpu 0osee BBICOKOM
(~0,1 I1a) naBnenwn. B HKHEH wyacTH »iekTpoja 3 HAXOAWTCS SMUCCHOHHOE OTBEpCTHE 4 IHaMET-
pom 40 MM, 3aKpBITO€ METAIIMIECKOW MENKOCTPYKTYpHOH ceTkoi (pasmep sueiiku 0,3x0,3 MM) U3 He-
pkaBerolell cranu. M3BiaedeHne n ycKOpeHHE JIEKTPOHOB MPOUCXOAMT MOJ IEHCTBHEM IMOCTOSHHOIO
HaNpsDKEHUS, IPUIOKEHHOTO MEXIY JIEKTpotaMu 3 U 5. DIEKTPOHBI YCKOPSIIOTCS B CJI0€ MPOCTPaHCT-
BEHHOTO 3apsA/a, 00pa30BaHHOTO MEXIY IpaHUIed KaTOIHOM IIa3Mbl ¥ TIOJBUKHOM I'paHUIIEH IIa3MeH-
HOT'O aHO/1a, BOHUKAIOILETo MPH HOHM3AH paboyero ra3za yCKOPECHHBIMH 3JICKTPOHAMH B TPOCTPAHCTBE
Ipeiida. I'eHepanns 1 TPaHCIIOPTHUPOBKA JIEKTPOHHOTO MyYKa MPOUCXOIUT B MPOJOIBHOM AKCHAIBHOM
MarHuTHOM monie (20—-100 mTo), co3naBaeMoM IByMSI MarHUTHBIMH KaTyIIKaMHU 6. Y CKOPEHHBIN My4YOK
3JIEKTPOHOB Yepe3 MPOCTPAHCTBO Apeiia BRIBOANTCS B BaKyyMHYIO KaMepy, TI€ MOXKET PacHoiaraTthes
KOJUIEKTOp, 00ydaeMble 00pasLbl 7, 3aKpemIEHHbIE Ha CTOJIe-MaHUITYJISTOpE 8, WM CPelCTBa OUarHo-
CTUKH ITyuKa (Kasopumetp, munuHap Papaznes, 30H1bI U T.14.). Bce TOkH B cucTeMe n3MepsoTCs ¢ IIOMO-
mpio mosicoB Poroeckoro. OTkauka BeAETCS HEMOCPEACTBEHHO W3 BaKyyMHOM KaMephl JI0 JaBJICHUS
3-107° Ia, ¢ mocieayOIuM HamyckoM pabodero rasa (Ar, N,) B MCTOUHHK 10 Aaeierms (2—6)-107° Ia.
JaBnenue, u3mepsemMoe B paboueil kKamepe, OTJIMYAETCs OT JAaBJICHUS B 00JIaCTH T€HEPAIUU IIy4Ka IpUMep-
HO B 5 pas, 0/IHaKo Jlaniee ¥ B SKCIIEPHMEHTaX YKa3bIBAaeTCsl JaBJieHUE, H3MepsieMoe B pabodeit kamepe.

HlcTOuHMK 37IEKTPOHOB C MIa3MEHHBIM KaTOJIOM IO3BOJISIET T€HEPHUPOBATh 3JEKTPOHHBINH MYUYOK CO
CIIEIYIOIUMHU OCHOBHBIMH MapaMETpaMH: SHEPTHs YCKOPEHHBIX AIEKTPOHOB 5—25 K3B; amrunTyna Toka
nyuka 20-200 A; piautensHOCTh ummysbca 20—200 Mkc; yactota cienoBaHuss umiyiascoB 0,3—20 I'm;
MIOTHOCTH dHepruu myuka 10-100 Jlx/cv’. Bce mapaMeTphl eHepalMy IydKa MOXKHO PEryjIHpOBaTh
IUTAaBHO U HE3aBHCHMO APYT OT Apyra. Kpome 35eKTpOHHOr0 MCTOYHMKA B COCTaB BaKyyMHOH 3JIEKTPOH-
HO-IIy4KOBOM YCT@HOBKM BXOZST: BaKyyMHasl KaMepa MpsIMOYT'OJIbHOW (JOPMBI CO CMOTPOBBIM OKHOM H
JByXKOOPAMHATHBIM CTOJIOM-MaHHUITYJIATOPOM, OJOKM THUTAaHHSA O3JIEKTPOHHOIO HCTOYHHKA, CHCTEMa
yIpaBlieHHS YCTaHOBKOW Ha OCHOBE MEPCOHAIBHOTO KOMITBIOTEpPa M PaOOTAIOLINX O]l €ro yIpaBlIeHUEM
0JI0KOB Ha OCHOBE MUKPOKOHTPOJUIEPOB, CUCTEMA Ta30BOI'0 IUTAHMS, CUCTEMA JUarHOCTHKH I1apaMeTpOB
3JIEKTPOHHOTO MCTOYHHUKA U 3JIEKTPOHHOT'O ITyYKa.

BakyymHast kamepa OTKauMBaeTCsl MOCPEICTBOM IIACTUHYATO-POTOPHOTO MEXaHMUYECKOTo Hacoca
CO CKOPOCTBIO OTKAUKH 5 J1/C ¥ TypOOMOJIEKYISIPHOTO Hacoca co ckopocThio otkauku 500 ni/c. Mcnonb3o-
BaHHE TYpPOOMOJIEKYJSIPHOTO HAcoca MO3BOJIIET CTaOMIM3UPOBATh CKOPOCTh OTKAYKU CUCTEMBI M 3HAYHU-
TEJILHO CHU3UTH MOCTYIJICHUE MapoB Macia B pabounii o0beM KaMephl, 9TO HEOOXOIUMO JUIsl YCTOWYH-
BOI pabOTHI 3JIEKTPOHHOI'O UCTOYHMKA. [|JI1 KOHTPOJIS 32 BAKyyMOM B YCTAHOBKE MCIOJIB3YIOTCS LU (po-
BBIC BAaKYyMMETPHI Ha OCHOBE TEPMOITAPHBIX BaKyyMHBIX TIpeoOpa3zoBareneii [IMT-2 u MOHH3AITMOHHBIX
[IMU-51, BKITIOYEHHBIE B COCTaB CUCTEMBI yIipaBieHus. [y oOecnieueHus Hamycka pabodero rasa (Ar,
N») U peryaupoBKH €ro AaBJEHHs HMCIIONb3yeTcs ra3oBbeli HaTekartens TUna PPI-10. YcranoBieHHBIN B
BAaKyyMHOH KaMepe MaHUIyJIATOp oOecreyrBaeT nepeMerieHine oopadaTeiBaeMbIX AeTaseil Mo ABYM KO-
opAnHAaTaM ¢ momaasio ckaaupoBanus (200x200) mm. [lepemernienue crona MaHUIYISATOPA, UMEIOIIETO
OTBEPCTHSl IS 3aKperieHus: 00pabaThiBaeMbIX 00pa3loB, MPOU3BOIUTCS C TOMOLIBIO JIBYX IIArOBBIX
JIBUTATENEH, BBIHECEHHBIX 3a MpeJIeNbl BAKYYMHONW KaMephl.

[TapameTpsl 3JIEKTPOHHOTO Iy4Ka B OOJIACTH BO3ACHCTBHUS UM Ha 00pabaThiBaeMble 00pa3Lbl MOTYT
OBITh U3MEPEHBI KAIOPUMETPUIECKUM MeTooM. [l poBeAeHUs OJOOHBIX U3MEPEHUI B COCTaBe yc-
TAHOBKH HCIOJb3yETCS MHOTOKaHAIBHBIM KaTOPUMETP, C IOMOIIBI0 KOTOPOTO MOXKHO M3MEPSTh pacipe-
JICJIEHUE MJIOTHOCTH SHEPTUH 3JIEKTPOHHOTO MydYKa MO €ro CEYEHMIO 32 OJUH UMITYJIbC. JlaTuuK Kanopu-
MeTpa, IpeACTaBIomNN co00i Habop nunuHApoB Dapanes ¢ 3aKpeIUIEHHBIMU Ha HUX TEPMHUCTOPAMU,
MOJIKITIIOYAETCsl K KOHTPOJUIEPY KalopuMeTpa, paboTarolieMy Moj yIpaBIeHHWEM CIEeHUaNIbHOM Mporpam-
MBI Ha yTpaBJSIIOIIEM KoMIbloTepe. Mi3MepeHne sHepruu Mmy4dka NpOU3BOJUTCS yTEM CPaBHEHMSI TEMITE-
patypsl munHAPoB Papanes ¢ MOMOIIBIO TEPMUCTOPOB IO H MOCIIE BO3JECHCTBHSA Ha HUX UMITYJIbCa TOKa
3JIEKTPOHHOTO Iy4Ka.

Cucrtema ynpaBieHHS Ha OCHOBE YIPABIISIONIETO KOMIIbIOTEpa oOeclieynBaeT aBTOMATHYECKYIO
OTKa4YKy BaKyyMHON CHUCTEMBI U NPEAOTBpAIlAeT BO3HUKHOBEHUE aBapHUIHBIX CUTyalluid, B TOM YHCIE
OJOKUpyeT OoMMOOYHbIC AEUCTBUS onepaTopa. B paboyem pexxume mporpaMmHoe obecrieueHue mepco-
HAJILHOTO KOMIIbIOTepa 00ecreunBaeT yCTaHOBJICHUE 3aJaHHOTO pabodero NaBieHHA, 3aJaHUE PEXKHU-
MOB pabOTHI 3JIEKTPOHHOTO MCTOYHUKA U YIPaBJICHHE OBM)KCHUEM CTOJIa MaHUITYJIATOpPA MO 3aJaHHOM
IIpOrpaMMe.
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Pe3y.]'leaT]>l HCCJICAOBAHUA U UX oﬁcym,uelme

Cuctrema tutad — ctanb 40X

CornacHo auarpaMMe cocTosiHHsL [17], THUTaH sBIsSeTCS 3JIEMEHTOM, KOTOPBIH CTaOWIHM3HUpyeT
a-azy. MakcumanbsHas pactBopuMocTb Ti B a-Fe cocraBusier ~ 9 ar. % npu 1289 °C. [Ipu noHMkeHUH
TeMreparypsl pactBopumocth Ti B o-Fe cHmkaercs mo 2,9 at. % (500 °C). PacTBopuMOCTh THTaHa
B y-xKene3e gocturaer Makcumyma 1,1 at. % npu temmneparype 1100 °C. MakcumanpHasi IIMPUHA JBYX-
¢azHoit obnactu (o-Fe + y-Fe) cocrasnser 0,58 ar. %. B cucreme Fe—Ti obpa3yercst nBa coequHeHUs
TiFe, u TiFe. Tutan umeer Temmeparypy mnasienns 1670 °C, T.e. Boime, uem y cramu (1536 °C). Ilo-
3TOMY MOKHO O’KHAATh, YTO MpH 00IydeHuu cuctembl Ti — cT.40X cHadana HaYHET TUIAaBUTHCS MOJIOXK-
Ka, a 3aTeM IMOKPBITHE. DIEKTPOHHO-ITyYKOBYIO 00paboTKy 00pasmoB cucteMsl Ti — cT.40X mpoBoamim
BHICOKOMHTEHCHBHBIM 3JIEKTPOHHBIM TIy4KOM C IUIOTHOCTBIO dHepruu £, = 10, 15 u 20 [i/cm’, [iuTers-
HOCTBIO U YHCIIOM UMITYJIHCOB Bo3zeicTBusa T = 50 mxc u N =5 u 10.

WccnenoBanusi MOBEPXHOCTH 00iyueHHst cucteMbl Ti — ¢T.40X MeTOJaMU CKaHUPYIOMIEH 3JIeK-
TPOHHOW MHKPOCKOITMHY TTOKA3aJIH, 9TO JJIEKTPOHHO-TIYYKOBas 00paboTKa B BERIOPAaHHOM peXXuMe 00my-
YEHUs COIPOBOXKAAETCS Pa3HBIMHU CTaJUsAMM IepeMELIMBaHUs MOKPBITUS C MOJI0KKOH. Ilpu mioTHO-
CTH SHEPTMH IydKa 3EKTPOHOB ~ 10 JIk/cM” MPOMCXOUT CIIAXUBAHEE HCXOIHOTO pebeda moBepX-
HOCTH, UMEIOIIErocs y UCXOHOTO oOpasua (puc. 2, a), MOSBISAIOTCS MUKPOTPEIINHBI, BBISBISIETCS Ha-
YanpHas CTAAMs CIUIaBICHHS MOKPBITUS C MOMIOXKOU (puc. 2, 6, 8). C yBeIHYeHneM IUIOTHOCTH JHEp-
run myuka (15 Jlx/cM®) mepeMelnBanye TOKPBITHS C MOIOKKOM YCHIMBACTCS, IOKPHITHE THTAHA CO-
OupaeTcs Ha IOBEPXHOCTU CTAIM B OTIACJIBHO PACIIONIOKEHHBIE OCTPOBKH (pUC. 2, 2, 0), IPH 3TOM MHK-
pOTpeIuHBl HE BBIABIAIOTCA. OOJydeHHE CUCTEMbI JJEKTPOHHBIM IIyYKOM C IJIOTHOCTBIO 3HEPTUU
20 JIx/cM COIPOBOKIACTCS TOTHBIM TIEPEMEIINBAHACM IUICHKH THTAHA C TIOUIOKKOM (PHC. 2, e, iic).
Ha noBepxHocTu 001y4eHHS B pEIKHX Clydasx GopMUPYIOTCS KpaTepsl, BOIU3HU KOTOPHIX BBISBISIOTCS
SIMEUKH KPUCTAIUTM3ALUH.

Puc. 2. Mopdomnorus nosepxaoctu cucremsl Ti — c1.40X 10 (@) 1 nmociie 06pabOTKH MEKTPOHHBIM
nyuxom (50 mkc, 10 ummn.) u mroTHOCTHIO SHepruu E, = 10 (6, ), 15 (2, 0) u 20 Jix/cm? (e, o)
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[lo maHHBIM PEHTTEHOCHEKTPANBEHOTO aHAIN3a MPU YBEIUUYECHUH SHEPTHU DJIEKTPOHHOTO ITyYKa OT
10 1o 20 JIx/cM® HAGMIONACTCS OTHOCHTENBHOE CHIDKEHHE KOJNMYECTBA THTAHA B IIOBEPXHOCTHOM CIIOE
cucrembl Ti — ¢1.40X ¢ 20 mo 10 at. %. IlockonbKy TUTaH HMEET BBICOKYIO TEMIIEPaTypy KHIICHHS
(3287 °C), MOXHO TIPEeNIONIOKUTh, YTO YMEHBIIEHHE KOIWYECTBa TUTAaHA B MMOBEPXHOCTHOM CJIO€ B OC-
HOBHOM CBSI3aHO C €r0 MPOHUKHOBEHHEM B TTyOb MOAJIOKKH (HE CIeNyeT, OJHAKO, OTPULATh YACTHYHOTO
HcnapeHus: MOKpbIThs). OUeBUIHO, YTO JIETUPOBAHKE MOBEPXHOCTHOTO CJIOS CTAIN NMPEUMYIIECTBEHHO
MIPOMCXONT 32 CUET IepepacipeieIeHrs] aTOMOB ITOKPHITHS M TIOJUIOKKH B XKHUAKOH (haze. CreqoBaTenb-
HO, C MOBBIIICHHEM IUIOTHOCTU SHEPTUHU IMy4Ka JIEKTPOHOB U3-3a pOCTa TIyOHHBI OIUIaBIEHHOTO CIOS
YBEIUYHTCS TTyOnHA JernpoBaHus. Tak Kak TOJIIMHA TUHTAHOBOTO MOKPHITUA (~ 1 MKM) BO BCeX CIIydasx
ObUIa OJJMHAKOBOM, TO MOJKHO CBSI3aTh YMEHBLICHNE KOJIMYECTBA TUTAHA HA IOBEPXHOCTHU C YBEIUYCHUEM
TOJIIUHBI JIETUPOBAHHOTO CIIOSL.

CocTosiHUE JIETUPOBAHHOTO CJIOSI M3ydYald IPU HCCICAOBAHUU CTPYKTYpHI MOMEPEYHBIX IUTH(OB,
XapakTepHOe M300pa’keHHe KOTOPBIX MPUBEACHO Ha pHc. 3. BBIsABIEHO, 4TO TOIIIMHA MOAU(UIIMPOBAH-
HOTO CJIOS yBEIM4HBaeTCs mpuMepHo ¢ 12 mxum (E, = 10 Ix/cm?) mo 32 mxm (E, = 20 [[x/cm?); cpemHuit
pasMep oIuIaBIeHHOTo cios — ¢ 2-3 MM (E; = 10 x/em®) mo 12 mxm (E, = 20 Jlx/cm®). Metogamu

30Ha
pacnnaea

Puc. 3. Crpykrypa nonepeunoro nutuga cucremsr Ti — c1.40X, 00paboTaHHOH 3IIeK-
TPOHHBIM TTydKoM ¢ mapamerpamu 20 Jhx/cm?, 50 mkc, 10 mm., 0,3 Tt

PEHTI€HOCHEKTPAILHOTO aHajM3a MOKa3aHo, YTO TUTAaH paclpelersieTcsl Mo Beel riyOnHe pacIulaBieH-
Horo cios (puc. 4). KonneHnrpamus THTaHa B MOBEPXHOCTHOM ciioe cocTaBisieT ~ 9—10 at. % mpu miot-
HOCTH SHEpPrUM IydKa 3nmektpoHoB 15 Jlx/cMm” u 2-3 at. % mpn 20 Jlx/cM’. TIocKONbKY KOHIIGHTPALHS
TUTaHa B 30HE IMEperiaBa BEIIIC KOHIICHTPAIIUH, IIPH KOTOPOH BO3MOXKHO O—>Y—>a-mipeBpamienue [17],
CJIEAYET OKUAATh OTCYTCTBHUS 3aKaJOYHOM CTPYKTYPbI, XapaKTePHOH IS CTPYKTYPbI BBICOKOCKOPOCTHOM
kpuctaum3anuu crann 40X.

JlelicTBUTENBHO, BHITIOJHEHHBIE METOIAMH PEHTTEHOCTPYKTYPHOTO aHalli3a uccienoBanus hazoBo-
T'0 COCTaBa MOBEPXHOCTHOTO cJiost cucteMbl T1 — cT1.40X He BhIsIBHIHN peduiekcoB y-xkene3a. Ha penTreHo-
rpaMMax CUCTEMbI, 00paOOTaHHON AIEKTPOHHBIM y4KOM, pukcupytotcs peduekce a-¢assl, TiC u FeTi.
C yBenWueHWEM IIJIOTHOCTH DHEPTHH 3JIEKTPOHHOTO ITydka WHTeHCHBHOCTH pednexcoB TiC m FeTi
YMEHBIIAETCS U3-3a CHIDKEHHsI KOHIIEHTPAlM THUTAaHa B MOBEPXHOCTHOM cioe. s peduiekcoB o-(a3bl
XapakTepHa TeKcTypa Baoub HanpasieHus [200]. C yBenudyeHneM INIOTHOCTH SHEPTHH ITydKa 3JIEKTPOHOB
CTETIeHb MTPEUMYIIIECTBEHHOW OpUECHTAINU O.-(ha3bl pacTer.

@a3oBbIi cocTaB U MOP(OJIOTHIO CTPYKTYPHBIX cOocTaBisiomMX cucteMsl Ti — c1.40X, nmoasepray-
TOH 3JIEKTPOHHO-TIYIKOBOH 00paboTKe, aHaJM3UPOBAIA METOJIAMH IIEKTPOHHOW MU(GPAKIIMOHHOW MUK-
pockonuu. [Ipu McciaeqoBaHMsIX YCTaHOBICHO, YTO B pe3yJsbTare >KUAKO(A3HOTO TepeMElINBaHUs I0-
KpBITHS ¢ Tou1oxkKoit (20 JIx/cm”) hopMmupyeTcss MHOTO(A3Has CTPYKTypa, cocTosmas u3 o-hasbl, Kap-
ouna turana cocraa TiC u, B MeHbIIel crenenu, coequHenns TiFe m kapOuma skenesa cocrasa Fe;C.
OcHoBHOI1 siBisieTcst o.-asza, Habmoparomascs B Buae 3epeH (puc. 5). CpenHue pasMmepsl 3epeH y TO-



Cmpyxkmypa u c8olicmea nogepxHoCmHo20 cniasd, Gpopmupyemozo npu 06pabonike 1eKmpoHHbIM HYYKOM

BepxHOCTH JierupoBanus (490+94) um; y nmHa BanHB pactuiaBa (360+£90) am. CrneqoBaTenbHO, B PE3YIib-
TaTe JMEKTPOHHO-NyYKOBOH 00paboTku cucteMbl Ti — cT.40X B MOBEPXHOCTHOM cilioe (hopMupyercs
CyOMMKpOKpHCTAITIMYECKasd 3epeHHast CTpyKTypa. B o0beme 3epeH (eppura NpHCYTCTBYET ceTdaTas
JMCIIOKAIMOHHas cyOcTpyKTypa. CKaaspHas IIOTHOCTh AucIoKarmit ~ 3-10'" cM 2. OTMernM, 4TO BBICO-
KOCKOPOCTHAS 3aKaJIKa U3 KHUIKOTO cOocTOsiHUs cTamu 40X 0e3 MOKPHITHS MPHUBOAUT K (OPMHPOBAHHIO
MapTEHCUTHOHN CTPYKTYpbI MMAaKETHOH M IUIAaCTHHYATOW Mopdoiornu. @opMUpOBaHUE B ITOBEPXHOCTHOM
(JTeTHPOBaHHOM) CIIOE€ CTPYKTYPHI PeppuTa 3€PEHHOTO THUIA 00YCIIOBICHO (KaK OTMEYAIOCh BBIIIE) TEM,
YTO TUTAH SIBJISETCS CTAOMIN3aTOPOM Ol-(asbl.

MHTEHCUBHOCTb, OTH. ef.

MHTEHCUBHOCTB, OTH. eq.

MHTEHCUBHOCTb, OTH. e[.

MHTEHCUBHOCTb, OTH. ef.
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Puc. 4. PactipeneneHust XxapakTepUCTHYSCKOTO PEHTIEHOBCKOTO M3imydeHus Ti BJodb nuHUU (puc. 3)
B cucteMe Ti— c¢1.40X 10 (a) 1 mocie o0IydeHus 3JIEKTPOHHBIM ITydKoM: 6 — E; =10 I[)K/CMZ; 6—E,=

=15 Jx/em?; 2 — E, = 20 Jix/cm®

Yactunel kapbuga TuTaHa (GOPMHPYIOTCS MPEHUMYIICCTBEHHO MO TpaHMIAM 3epeH depputa u B
MEHBIIIEH cTereHn — B 00beMe 3epeH (puc. 5). PazMeps! yacTurl, pacmoararommxcs BI0Ib TPAHUIL 3epPeH
(deppuTa, coctaBisoT 12—-20 HM; 4acTUIBI UMEIOT TIOOYIsIpHYI0 hopmy. CpenHuil pazmep 4acTHIl, pac-
MOJIOKEHHBIX BHYTPH 3€pPEH, MPUMEPHO 55 HM; YacCTHIBI UMEIOT GopMy KybousoB. Clienyer OTMETHTS,
4yto (hOpMHUPOBaHKE YACTUI] KapOuaa TUTaHA BJIOJb TPAHUI] 3ePCH QeppuTa YKa3bIBaeT Ha BHICOKUH ypo-

BEHb TEPMHUIECKON CTAOMIHBHOCTH JAHHOU CTPYKTYPHI.

OTCYTCTBUE B MOBEPXHOCTHOM clioe cucteMbl Ti — ¢T.40X, MOABEPrHYTOMU 3ICKTPOHHO-ITYYKOBOU
00paboTKe, 3aKATOYHON CTPYKTYpPHI XapaKTEPHBIM 00pa3oM OTPa3miIOCh U Ha MPpoduiie MUKPOTBEPIOCTH
ctanu (puc. 6), a UMEHHO: MUKPOTBEPOCTh JICTUPOBAHHOTO CJIOS CPaBHMMA ¢ MUKPOTBEPAOCThIO (heppu-
Ta; MAKCUMYM MHKPOTBEPIOCTH JOCTHTACTCS Ha TPAHUIIE Pa3Jiena paciuiaB — TBepoe Teio. [lopbieHue
MHUKPOTBEPIOCTH JTAHHOTO CIIOSI CTAJH, KaK MOKa3aiy UCCICIOBAHUS, BBIMOJHEHHBIC METOAaMHU TU(paK-

LIMOHHO 3JEKTPOHHON MUKPOCKOIIHH, CBSI3aHO ¢ (POPMUPOBAHNEM MAapPTEHCUTHON CTPYKTYPHI.
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Puc. 5. DneKTpoOHHO-MUKPOCKOIMYECKOE M300pa’KeHNE CTPYKTYPHI IMOBEPXHOCTHOTO CJIOSI CHCTEMBI
Ti — ¢1.40X mHoCIe 31eKTPOHHO-TTy4KOBOM 06pabotku (E, = 20 [lx/cm®, N = 10 uMm.); a — cBeTIOE
nose; 6 — TeMHoe mnode, noixy4denHoe B peduekce [110]a-Fe+[111]TiC; ¢ — MUKpO3JIEKTpOHOT paMMa
K (a), cTpesnKoii yka3aH pedJieKc, B KOTOPOM MOJIy4eHO TEMHOE ToJIe

2
HV0,5’ Kr/MM

T T T T T T T T T T T T T T T T >
0O 20 40 60 80 100 120 140 160
PaccTosiHue oT NOBEPXHOCTM 0BNYy4EHUS, MKM

Puc. 6. Pacnpenenenne MUKpPOTBEPIOCTH 1O IITyOMHE MOANGHIMPOBAHHOIO CJIOS CUC-
tembl Ti — c1.40X, 06paboTaHHOi 31eKTPOHHBIM myukoM: kp. I — E, = 10 Jlx/cm?,
N=10; xp. 2 — E;= 15 Jlx/em’, N=10; xp. 3 — E, = 20 Jlx/em*, N= 10

Takum oOpa3zoM, uccienaoBanusi cucteMbl Ti — cT.40X, BBITIOTHEHHBIC METOJIaMU CKAaHUPYIOIICH U
MIPOCBEYHBAOIIEH 3JIEKTPOHHONH MHKPOCKOIHHY, PEHTTEHOCIIEKTPAILHOTO U PEHTTeHOCTPYKTYPHOTO aHa-
nu3a, TMyTeM OIpeJeNICHUsT MUKPOTBEPIOCTH, TIOKa3alH, YTO 3JICKTPOHHO-ITYYKOBasi 00paboTKa CHCTEMBI
TUIEHKA — TIOJTO’KKA COMPOBOXKIAETCS JIETHPOBAHUEM [TOBEPXHOCTHOTO CIIOS CTAllM HA ITyOUHY pacruiaBa
(1-12 MKM, B 3aBHCHMOCTH OT IUIOTHOCTH 3HEPTUH ITy4Ka JIEKTPOHOB). HackimeHre moBepXHOCTHOTO
CJIOSI CTaJId aTOMaMH THTaHa MPUBOIUT K MOAABJICHHUIO Mpolecca MOITUMOP(HOro oL — Y — d-IpeBpa-
MIEHUS U CIIOCOOCTBYET (POPMHUPOBAHHUIO CYOMHUKPOKPHUCTAIIIMIECKOIN 3€peHHON CTPYKTYPHI, CTa0MIN3H-
POBaHHOI yacTHIIaMy KapOuja TUTaHa.

CucremMa TUTaH — CUJIYMHUH

CunymuHBI (CTIJIaBBl, OCHOBHBIMH 3JIEMEHTAMH KOTOPBIX SIBISIOTCS aJllOMHHUN M KPEMHUI) BTEK-
THYeckoro Tuma conepxar 9—13 at. % Si. CTpykrypa cuiIyMHHA, KpOME 3BTEKTHKH, MOXKET BKJIIOYATh B
ce0s TeHAPUTHI 0-TBEPOTO PacTBOPA HA OCHOBE aIOMUHUS W HEOOJBIIIOE KOJIMIECTBO MTEPBUYHBIX KPH-
crayuioB kpemHuus [18]. Inarpamma cocrostaust Al-Si uMeeT mpocToil IBTEKTHUECKUH BU: B PABHOBECUU
HaxXoAATCsl TBEPABIA pacTBOpP KPEMHHsS B aIIOMMHHMU M TBEPIBIM pacTBOp allOMHMHHS B KpeMHuu [19].
[IpenenpHas pacTBOPUMOCTH KPEMHHS B TBEPIOM PacTBOPE HA OCHOBE aTFOMUHMS cocTaBisieT 1,65 at. %,
a amoMuHug B kpemHun — meHee 0,5 at. %. CrnemoBarenbHO, TIpU KOMHATHOW TeMIIepaType 3TU NIBE
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TBEpABIC (has3bl MPEACTABISAIOT COOOM MPAKTUYECKU YHCThIE KOMIOHEHTH. [[uarpamma cocrosiaus Al-Ti
XapakTepHu3yeTcs HaIWIMEM MHPOKUX 00acTeil TBEpAbIX pacTBOPOB HA OCHOBE O- U PB-Ti u coenuHeHUs
TiAl [19]. Coenunenune TiAl; mpakTHYeCKH HE WMeeT 00JacTh TOMOTEHHOCTH. B TBEpIOM COCTOSHHH
BO3MOXKHO TPOTEKaHHE MPOIIECCOB YIMOPSIOUCHHUS, CBA3aHHBIX ¢ 00pa30BaHMEM HOBBIX MPOMEKYTOUHBIX
¢a3. Kpome nazBannbix ¢a3z TiAl, TiAl; cymectByror coenunenus TizAl, TiAl,. B cucreme Si—Ti cyme-
CTBYIOT 1saTh coenuuenmit: Ti3Si, TisSi;, Ti3Siy, TiSi u TiSi, [19]. PacTBopuMOCTs KpeMHHSI B TUTaHE CO-
crasisier Menee 0,7 at. % mpu temnepatype 800 °C, — 3,35 at. % npu temneparype 1000 °C, — 5 ar. %
pu Temmeparype 1200 °C. Turtan uMmeet TeMriepaTypy miasiaeHus 1670 °C, kpemuuit — 1414 °C, anro-
muHHi — 660,45 °C [19]. [loaTOMy MOXXHO OKHAATh, YTO MPHU OOJYYEHUH CHUCTEMbI THUTAH — CHIIyMHUH
CHayaja Ha4yHEeT IUIABUTHCA MOAJIOKKA (IpPEeXIe BCEro, aIFOMHUHMIA), a 3aTe€M IMOKpHITHE. DJIEKTPOHHO-
IIyYKOBYIO 00pabOTKy 00pa3loB CHCTEMBl THTaH — CHJIyMHUH IPOBOAMIM BBICOKOMHTCHCHUBHBIM 3JICK-
TPOHHBIM ITyYKOM IIPH IIOTHOCTH YHEPIUH TTydKa 31eKTpoHoB E; = 10-30 JIk/cM’, JNINTEIHOCTH | YHC-
JIe UMITYJIbCOB BozeicTBusA T = 200 Mkc 1 N = 3 umil.

MeronamMu CKaHUPYIOIIEH AJIEKTPOHHOW MHKPOCKONHUHU HCcienoBaHa MOpQOJIOrus MOBEPXHOCTH,
(opMupyIOLIEHCS B pe3yIbTaTe BEICOKOCKOPOCTHOTO OXJIAKACHUSI CUCTEMBI IUIEHKA — IOAJI0XKKaA, 00pa-
00TaHHON UMITYJIBCHBIM JIEKTPOHHBIM Iy4KoM. [Toka3zaHO, YTO MpH MaJbIX BEIWYMHAX MIOTHOCTH DHEp-
MM TydKa 31eKTPoHoB (~ 10 JIx/cM’) HAGTIOMACTCS YACTHYHOE MEXaHHUECKOE Pa3pyLICHHE TICHKH TH-
TaHa BCIEICTBHE BCKHIIAHMS IMOMIOKKH. IIPH IUIOTHOCTH SHEPTHH Iydka 1eKTpoHoB 20-30 J[x/cm’
(puKcHpyeTcs MIaBJIeHNE CUCTEMBbI TNIEHKA — MOAJI0KKA U (POPMUPOBAHUE CTPYKTYPHI TUEUCTON KpUCTaI-
au3anuu ¢ pazmepom kpuctautoB 0,5—1,0 mxm. MccnenoBanusi, BEIOTHEHHBIE METOAAMH MHKPOPEHT-
TCHOCIIEKTPAIbHOTO aHaJN3a, MO3BOJIIN YCTAHOBHUTBH, YTO IO MEpE YBEIMYEHHS IJIOTHOCTH SHEPTUHU
IIy4YKa JIEKTPOHOB B IIOBEPXHOCTHOM CJIO€ BO3PACTAET KOHIICHTPALMS AIIOMUHMS U CHUYKACTCS! KOHIICH-
Tpalysi KpEMHUS ¥ TUTaHa, CIEA0BaTeIbHO, IPOUCXOANT MePEeMEIINBAaHIE CHCTEMBI MJICHKA — MOJIOKKA.

N3zyuenne $ha3o0Boro cocraBa MOBEPXHOCTHOIO CJIOSI CHCTEMBI TUTAH — CHIYMHH, [TOJBEPrHYTOH 00-
paboOTKe AIEKTPOHHBIM IIyYKOM, OCYIIECTBIISIIM METOJaMU PEHTTEHOCTPYKTYpHOro aHanu3a. B pesynbra-
T€ BBINIOJHEHHBIX HMCCIEIOBaHUI BBISABIEHO (OPMUPOBAHHE B MOBEPXHOCTHOM CJIOE CHIIyMHHAa MHOTO-
(a3HOl CTPYKTYpBI; HapsiLy ¢ ocHOBHBIME (hazamu (Al u Si) oOHapyskeno npucytctBue TiAl, TiAl;.

BeinonHeH aHaiu3 MUKPOTBEPIOCTH CUCTEMBl TUTaH — CHIYMHH H BBISABJICHO YNIPOYHEHHE HOBEPX-
HOCTHOTO CJI0SI; MUKPOTBEPAOCTH MMOBEPXHOCTH O0JTy4EHHUS YBETUYHNBAETCS C POCTOM IIJIOTHOCTH SHEPTUU
Iyuka >MeKTpoHOB. Ilocie 0OpaGOTKH SIEKTPOHHEIM IMyukoMm ¢ mapamerpamu 30 Jix/cm?, 200 MKc,
3 um., 0,3 I'n MUKPOTBEpAOCTH MOBEPXHOCTH CUIYMHHA MIPEBBIIAET MUKPOTBEPAOCTh HCXOIHOTO Mate-
puana npumepHo Ha 10 %. Iloctpoensl npodmiin MUKpOTBEpAOCTH 00Pa31OB CUCTEMbI TUTAH — CHIIYMHUH,
00pabOTaHHOW 3JEKTPOHHBIM IYYKOM. Y CTAHOBJIEHO, YTO 3JIEKTPOHHO-ITy4KOBasi 00paboTKa mpH IJIOT-
HOCTH SHEPIHH IyuKa 3eKTPOHOB ~ 10 [I/cM” IPUBOAUT K HOPMUPOBAHMIO MPHIIOBEPXHOCTHOTO CIIOS
TOMIIUHON ~ 80 MKM, MHUKPOTBEPAOCTh KOTOPOTO TO-

CTETICHHO CHIDKAETCS M0 Mepe YIaJleHHsl OT TOBEpX- 2_0_A a-10 Dk/cm?
HocTH 00paGorku. TBepaocTs mpumoBepxHOCTHOrO o | / N - *15.U.>K/CM2
CI0A TONIIMHOM ~ 60 MKM MpEBBHIIIAET TBEPAOCTh E 184 \ +§gﬁ>«;cm2
o0bemMa marepuana mpuMepHo Ha 54 %. OOmydenne g :30 uﬁféxz
9NIEKTPOHHBIM ITYYKOM MpHU OOJbLICH BETUYMHE TIOT- g 16
HOCTH SHEPIHH Iyuka s71ektpoHos (15-30 JIx/em®) =
MIPaKTHYECKH HE HM3MEHSET MUKPOTBEPAOCTH IIPHUIIO- l‘.?!?
BEPXHOCTHOTO CJIOS CIUIyMUHa (puc. 7). 3 141 4

BBINOTHEHBI MOCIOWHBIC AIEKTPOHHO-MUKPOCKO- = |72 B
IIHYECKUe HCCIeI0BaHus (ha30BOro cocTaBa u cocrosi- = 127 3

HUS JIe(eKTHOW CYOCTPYKTYpHI HPUIIOBEPXHOCTHOTO y - - - —»
CJIosi 00pa3IoB CUCTEMBI TUTaH — CHIIYMHH, 00pa0o-
TaHHBIX DJIEKTPOHHBIM ITyYKOM TPH TIOTHOCTH HEp- X, MKM
MM TIydKa SIeKTpoHoB ~ 10 I[)K/CMZ (200 MKc, Puc. 7. TIpodwuns MI/IKpOTBevp,Z[OCTI/I CUIIyMHHA,
3 umn., 0,3 T'm). YCTaHOBIEHO, Y4TO MOBEPXHOCTHpIi ~ MOABEPTHYTOTO KOMILICKCHOM obpabotke, cote-
o 9 o TAarOII€HW HAaIIbUJICHUEC INNICHKHM THTAHA W II0CJIC-
CIIOi (CIIOW, TPUMBIKAIOMIMA K TOBEPXHOCTH JJIEK-
N IYIOIIYI0  3JIEKTPOHHO-IYYKOBYKD  00paboOTKy
TPOHHO-ITyYKOBOW 00pabOTKH CHCTEMBI IUICHKA — TIOA-

(200 mkc, 5 um., 0,3 ') npu WIOTHOCTH 3HEP-
JIOKKa) SBIAETCS MOP(OIOIUIECKH IByXOCHOBHBIM, & .- nyuka sextporos: 10 (kp. 1), 15 (kp. 2), 20

MMEHHO COJIEPUT HAaHOKPHUCTAJUIMYECKUH cio (pas- (xp. 3), 25 (xp. 4) u 30 Ix/cm” (xp. 5). [opuzon-
Mep KPUCTAJUTUTOB u3MeHseTcs B npenenax 10-20 HM)  rtanproil nmHMeil ykasaHa MHKPOTBEPIOCTH HC-
(puc. 8, a, 6) u cnol TONUKPUCTALIHYECKUNA. AHAIN3  XOJHOro MaTepuana
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MHUKPO3JIEKTPOHOTPAMMBI, TTIOJYYEHHOW ¢ IaHHOTO Y4acTKa (OJBIH, BHISABISECT HATMYNE AUPPAKIHOHHBIX
KOJIeIl, TPUHA IeKAINX TUTaHy U CHIINIUAY TUTaHa coctaBa TiSi,, ¥ TOUeuHBIX pediiekcoB, He (HopMu-
pYyIOMUX TUQPPAKITNOHHBIE KOJIBIIA, MPUHAIICKAIINX ATIOMUHUIO (puc. 8, ¢). CiaemoBarensHO, B TIOBEPX-
HOCTHOM CJIO€ CHCTEMBI THTAH — CHIIMHH TI0CJIe 06paGOTKH 3IeKTPOHHEIM myukoM mpu 10 Jlx/em® (200
MKc, 3 umit., 0,3 T'11) npenBapuTeTbHO HAHECCHHAS TJICHKA TUTaHa coxpaHseTcs. [Ipu OoNbIX 3HaYCHH-
X TUIOTHOCTH SHEPIUHU MydKa 3ekTpoHoB (20 x/cM” i Gosee) HaGMOIaeTCs TIePeriaB CHCTEMbI THTAH
— curymuH. Ha OonpIlieM ymajaeHu# OT MOBEPXHOCTH OONydeHHS (B CIIOE, pacIlOIOKEHHOM Ha TITyOMHE
~ 30 MKM, T.e. B CJIO€ C MOBBIIICHHBIMU 3HAYCHHUSIMH MHKPOTBEPJOCTH) HAPSAIY C OCHOBHBIMH (hazaMu
(amoMuHUI ¥ KpeMHHUI) BBIABIEHO (OpPMHpPOBaHHWE HaHOpa3MepHBIX YacTull (7—12 HM) aTrOMUHHIOB
(Al;Ti) u cunmummnos (TiSi,) Turana.

Puc. 8. DieKTpOHHO-MHUKPOCKONMYECKOE W300paKEHHE CTPYKTYpPbI IPUIOBEPXHOCTHOTO CJIOSI CHUCTEMBI
THTaH — CHIIyMHH TI0CJI¢ 3JIeKTPOHHO-TTy4K0BOM 06paboTku (10 Ix/cm?, 200 MKC, 3 MMIL); @ — CBETJIOE TI0-
Jie; 6 — TeMHOE TIoJIe, MOJIy4eHHoe B Oim3kopacnonoxeHHbIx pedaekcax [111]AI+[022]TiSi,; 6 — Mukpo-
9JIEKTPOHOTpaMMa K (@), CTPESIKON yKa3aH pediekc, B KOTOPOM IOIYy4E€HO TEMHOE I10JIe

Takum 00pa3oM, BBHITOTHEHBI UCCIEAOBAHUS M BBISABICH PEKHUM AIIEKTPOHHO-ITYYKOBOH 00pabOTKH
(10 x/em?, 200 mkc, 3 um., 0,3 ['ix) CHCTEMbI IICHKA (THTAH) — MOIOKKA (CHTyMHH), TTO3BOJISIFOLIIHIL
c(OpMHPOBATh MMOBEPXHOCTHBIN clod TonmmHOoi 60—80 MKM, MHKPOTBEPJOCTh KOTOPOTO MPEBBIIIACT
MUKPOTBEpIOCTh 00BeMa obpasma B 1,5 pasa.

3akiouenune

[TyTem HampUIeHUS TOKPBITUS TUTaHA TOJIIMHON ~ 1 MKM Ha MOBEpXHOCTHh 00pa3ios ctanm 40X u
CHJIyMUHA 3BTEKTOUJHOIO cOcTaBa COPMUPOBAHBI CHCTEMBI IUIEHKA — ITOJUI0KKA. BhinonHena obpabort-
Ka JIaHHBIX CHCTEM BBICOKOMHTEHCHBHBIM JJIEKTPOHHBIM ITy4YKOM CYOMMJUIMCEKYHIHOM AIUTEIHLHOCTH
Bo3AeHCTBHUA. MeTogamMu (U3MUECKOT0 MaTepranoBeleHHs (CKaHUPYIOIIEH W MPOCBEYMBAIOLICH 3IIEK-
TPOHHOM MHUKPOCKOIIMH, MUKPOPEHTT€HOCIIEKTPAJIbHOTO U PEHTI€HOCTPYKTYPHOI'O aHaIN3a, MUKPOTBEp-
JOMETPHH) OCYLIECTBICHBI UCCIEOBaHMUs CUCTEMBI TuieHKa — noanoxka (Ti — cr.40X u TutaH — cuiy-
MmuH). [TokazaHo, 4TO ANEKTPOHHO-ITyYKOBas 00pabOTKa CUCTEMBI IJIEHKA — MOJJIOKKA COMPOBOXKIAAETCS
JIETUPOBAHUEM TOBEPXHOCTHOTO CJIOS MaTepHaja Ha IIyOuHy paciuiaBa. HaceleHne moBepXHOCTHOTO
CJIOSl CTaly aTOMaMM THTaHa NPUBOIUT K TOAABICHUIO IpoLecca HOIUMOPHHOTO o — Y —> O-
MpeBpalIeHUs] 1 CrIOCcOOCTBYET (POPMHUPOBAHUIO CYOMUKPOKPHCTAIUINYECKON 36pEHHOM CTPYKTYPHI, CTa-
OMIM3UPOBAaHHON YacTHLAMH KapOuaa TuTaHa. HacellieHne MOBEPXHOCTHOTO CJIOSI CHIYMHHA aTOMaMH
TUTaHa NPUBOIUT K (HOPMUPOBAHHUIO HAHOPA3MEPHBIX YACTHI aJIOMHHHAOB M CHIMLUAOB THTaHA, YTo,
OYEBHJHO, SIBISETCA OJHOH M3 OCHOBHBIX IPUYMH IOBBIIIEHUS MHUKPOTBEPIOCTH IPUIOBEPXHOCTHOTO
CJ10s MaTepHana.
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