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IloBpeskaeHue TUOKCHIA TUTAHA BOJIM3H MOBEPXHOCTH
nocJjie 001y4eHusl ObICTPHIMU THAKEJIbIMH HOHAMH

Peaxuus mMarepmana Ha oOirydeHHe OBICTPHIMH TSDKEJIBIMH HOHAMH HMPOCTBIX OKCHIOB, Takux kak TiO,, 3a-
METHO OTJIMYaeTcsi BOJU3M MOBEPXHOCTU KPUCTALIA, YeM B oObeMe. B 3Toi NmpUnoBepXHOCTHOI obOnactu
TOJIIIMHON HECKOJIbKO JICCATKOB HAaHOMETPOB Marepual 00JafaeT 3HaYMTeNbHO 0oJee BBICOKOW YyBCTBHU-
TEIBHOCTBIO K TMOBpexAeHUsM. [IOBBIIICHHAs YyBCTBUTENBHOCTh MaTepuala B 3TOH 00iacTH CBf3aHa
¢ GJIM30CTHIO CBOOOHOM TTOBEPXHOCTH M €200 3aBHUCHUT OT JJIEKTPOHHOTO TopMoXkeHus. [lo kpaiiHeil mepe,
JUISL 3TUX MaTepUajoB MPEAOIIOKEHHE O IIIHHAPUIECKHUX JIATEHTHBIX TPEKax SBISICTCS HEOMHO3HAYHBIM U
OoJIbIIOC BHMMAHHE CIIENyeT YAENIUTh MM IPH OIpeNeleHHN PaInyCcOB TPEKOB KOCBEHHBIMH METOJAMHU.
IIpsimoe HabMrOAEHNE C TOMOIIBIO IPOCBEUNBAIOIIEH IEKTPOHHOH MHKPOCKOIIMU MOXKET TakKe JIETKO HpH-
BECTH K CHIILHOH MEpPEOneHKe PaJNyCOB TPEKOB, KOT[a IPUMEHSIOTCS CTAHIapTHBIE METOABI IIOATOTOBKH 00-
pasna. Mbl IpeanosiaraeM, 4To MOHIKEHHOE BHYTPEHHEE JaBJICHUE B KPUCTAJUIE B OKPECTHOCTH CBOOOIHOM
HOBEPXHOCTH AEHCTBYET KaK CTUMYJIMPYIOIMI (hakTOp I YCHWIICHHs YyBCTBHTENbHOCTH. boiee HH3koe
JIaBJICHUE TPUBOAUT K YBEIMYEHUIO BEPOSTHOCTH (Da30BbIX M3MEHEHMH M3-3a MOBBIICHHBIX TEMIIEPaTyp B
A1pe TPeKa, U yBeJIMYeHHe 00beMa IIPUBOAUT K 00Pa30BaHUIO XHIJIOKOB Ha TIOBEPXHOCTH KPHCTAILIA.

Kniouesvie cnoea: XWIIOKH, TATEHTHBIE TPEKH, OBICTPHIE TSHKENBIC MOHBI, aMOp(U3aIys, 7IeKTPOHHAS MHUK-
POCKONHS, TOTEPH SHEPTUH, PaJHyC TPEKOB, IPOOET HOHA.

1 Beeoenue

Habmronenne Mophosioruu TaTeHTHRIX TPEKOB OBICTPHIX Tspkenblx noHOB (BTU) ocymectBisieTcs mpu
MMOMOIIM Pa3HOOOPa3HBIX METOJOB, CPEON KOTOPBIX MOKHO BBIAETHUTH MPOCBEYHUBAIONIYIO SJIEKTPOHHYIO
MHUKPOCKOITHIO, pe3ephopaoBCKOe 00paTHOE paccessHUEe B peKUME KaHAITUPOBaHHs, MECCOAYIPOBCKYIO CIIEK-
TPOCKOIIUIO JIEKTPOHOB KOHBEPCHH, WIH MAJIOYIJIOBOE paccesHUE PEHTIEHOBCKUX Jyded. EauHCTBEHHBIM
METO/IOM, TO3BOJIIOLINM HETIOCPEICTBEHHO MPSIMOE HaONIO/IEHHE JIATEHTHBIX TPEKOB, SBJSIETCS MPOCBEYH-
Baromas AneKTpoHHas Mukpockonus (II9M), B To BpeMs Kak BCe OCTalbHbIE METOABI CUUTAIOTCS KOCBEH-
HBIMH ¥ OCHOBaHBI Ha TPEIIOJIOKEHHH O TOM, YTO JIATCHTHBIC TPEKH HEMPEPHIBHBI M 110 CBOSH MPUPOJE
UMEIOT LWIMHAPUYECKYIO (opMy. DTO TPEANOOKEHHE B 3HAYUTEIBHOM CTENEHUW OBLIO IMOITBEPKIACHO
MHOTOUYHCIICHHBIMHA HAONIOIEHUSIMH JTATEHTHBIX TPEKOB C UCIIOIF30BaHUEM IIPOCBEUNBAIOIIEH AIIEKTPOHHOM
MuKpockorui. OHAKO MOCKONBKY JIJIS MpoBeaeHus Ha0moaeHuit [I9M HeoOxoauMo, YTOOkI ITy4YOK dJIeK-
TPOHOB OB cIOcOOEH HACKBO3b MPOXOJUTH Yepe3 o0pasel, TOJIIMHA HCCIEAYEMbIX MaTepraaoB 0OBIYHO
cocranisieT ~100 HM WK MeHbIe. ITO TpeOOBaHKE MPUBOAUT K JIBYyM BO3MOXKHBIM cUTyanusM: 1) obmyda-
10TCs1 00BEMHBIE 00pA3IIbI U 3aTEM YTOHSIOTCS JIJIS IPOBEICHUS SJIEKTPOHHON MUKPOCKOIINY; 2) 00Iy9aroTcst
MpeIBapUTEIbHO YTOHEHHBIE 00pa3ipl. Mopdoiaorus TpeKoB, MOIyueHHas: 7Sl STHX JBYX PEKUMOB, Mpell-
MoJIaraeTcsl HACHTUYHON, IOATOMY MPU cOOpe NaHHBIX C LIENbIO BBISICHEHUS OOIIMX TEHAEHIMH B 00pa3oBa-
HuU noBpexaeHui BT He BbLAENIAETCS HUKAKUX Pa3Iuduid MEXAY JAHHBIMU, [OJIYYEHHBIMU B PE3yJIbTaTe
SKCHEPUMEHTOB C Pa3IMYHON MOATrOTOBKOW 00pa3noB. JIOBOJBHO YacTo HE COOOIIAETCS TOYHO, HA KaKOH
rIIyOMHE OT OOJy4YEeHHOH TTOBEPXHOCTH OBUIM MOJIyYeHbI AaHHBIE i1l 00pa3uoB [IOM B mianapHoi reomeT-
pHH.

OnHMM M3 TaKUX IIPUMEPOB MOXKET OBITh paboTa [1], rae npeacTaBicHbl H300pakeHUs JJaTCHTHBIX Tpe-
KOB OBICTPBIX TsDKENBIX HOHOB B Ti0,, momydeHHbIE METOAOM NMPOCBEUMBAIOIICH 3JIEKTPOHHOW MUKPOCKO-
MUK BBICOKOTO pa3pellieHus B TUIaHAPHON reoMeTpur. JlaHHBIE STOH paboThl CBUAETEILCTBYIOT O TOM, UTO
MO CBOEH MPHUPOJIC TPEKH SIBISIOTCS aMOP(QHBIMHE, & UX JIMAMETP B MpeJieaXx HeCKOJIbKUX HAHOMETPOB 3aBH-
CHT OT IVTOTHOCTH HOHH3AIIHOHHEIX IOTEPh YHEPruu S, (B uHTepBaie 13,54-27,9 xoB-uM'). OgHako B 9Toit
paboTe MBI MPOAEMOHCTPUPYEM, UTO JIUIIL HECKOIBKO AECATKOB HAHOMETPOB HIXKE O0Iy4YEeHHOH IMOBEPXHO-
ctu TiO, sBIsIOTCS aMOPGhHBIME JaKe TPH 3HaueHMsIX S, Bbiure 40,1 kaB-uM' 115 HonoB Bi ¢ sHeprueii 1
IB. Xots aBrophl paboTsl [1] HE cOOOmMAIOT 00 3TOM B SIBHOM BHJIE, MOXKHO JOTaIaThCsl M3 IKCIIEPUMECH-
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TaJHHOTO OMHCAHUS, YTO OHH OEpyT Ha MPOOY TOIBKO 00JacTh TOMIMHON ~100 HM BOJIM3H MTOBEPXHOCTH,
4TO M OOBSCHSET HAOMOAeHUEe aMOP(MHBIX TPEKOB. DTOT (DaKT CTABHT IOJI COMHEHHE OOIIYIO CIpaBeIH-
BOCTb MPEIONIOKEHHUS O HATHYNH MWIHHAPHYEcKoro Tpeka B TiO, U aHaIOrmYHBIX MaTepuanax, 0cOOEHHO
MMPUMEHUMO K KOCBEHHBIM METO/aM, TJe IMpoda OepeTcss OTHOCUTEILHO HETITyOOKO OT TIOBEPXHOCTH 00pa3-
1a, TAKUX Kak pe3epdopaoBcKoe 0OpaTHOE paccesiHue B peKuMe KaHaimupoBaHus. s moHMMaHHS Mexa-
HU3Ma TepeHoca 3Heprun Mexay bTU u ausnexTpudecKuMu KpHCTaiiaMi, TOMHMO TapaMeTpoB JIATEHT-
HBIX TPEKOB, BXHYIO POJIb TAKXKE WTPAET XapaKTePUCTHUKA XWUIUIOKOB Ha moBepxHocTH. llepBoe [IOM Ha-
OJIro/IeHIe XUILTOKOB OBLTO TpoBeieHo Ha kpuctamiax CeO, B pabote [2]. Jlo 3T0i# pabOThl XMIUTOKH Ha TIO-
BEPXHOCTH XapaKTEePHU30BAJUCH TMPEUMYIIECTBEHHO C HCIOJIh30BAHHEM ATOMHO-CHJIOBOM MHKPOCKOIHU
(ACM) [3—7]. DTOT MeTOI UMEET HEAOCTATKH 110 cpaBHeHMIO ¢ [I9M u3-3a apre)akToB, BEI3BAHHBIX (HH3H-
YECKUM Pa3MepOM KOHYMKA 30H]Ia U OTCYTCTBHEM BO3MOXKHOCTH pa3inyaTh KPUCTAIUIMYECKUE U aMOpP(hHBIC
XHJUTOKH. B 3T0#1 paboTe MBI HCOIb3yeM HHOMW TIOJIX0/] IT0 CPaBHEHUIO ¢ paboTol [2] st moaroroku [1OM
o0pasnoB Juis HabmozaeHus: XmuiokoB. ChokycupoBanHbil noHHbI mydok (CHUII), Ha KOTOpOM OCHOBaH
HaIll METOJI, UMEET MPEUMYIIECTBO B TOM, YTO OH COBMECTHM KaK C MAaCCHUBHBIMHU, TaK W MPEBAPUTEIHHO
YTOHEHHBIMHU 00pa3lamMu, XoTs aMmop(HOE YIIIepoAHOe MOKPHITHE, ueroik3yemoe B Metoge CUIL, Bo Bpems
[13M HabmoeHuit B HEKOTOPOH CTENEHN YMEHbBIAET KOHTPACT PEIIETKH.

2 Dxcnepumenm

Mownokpuctamisl TiO, (pytun) ¢ opuenranueir (110) Obumn npuoOperenst y kommnanun MTI
Corporation (CILIA). OGpasipl o6nydanuch HoHamMHu Xe ¢ sHeprueit 167 MaB (2x10" nown/cm® — 1x10"
won/cM’) 1 HoHamu Bi ¢ sueprusimu 700 MaB (1x10'° nor/em?®), 1 I'sB (1x10' mon/em?) u 2,4 THB (2x10°
Hon/cM’) Ha yekopurersix U1-100 u Y400 B JISIP, OUSIU B [ly6He (Poccus) u mukiorpone JI1[-60 B Acrane
(Kazaxcran). BenmnurHa MOHH3AIMOHHBIX MOTEPh YHEPTUN TPU JAAHHBIX YCIOBUSAX OONyUYEHHS pacCUUTHIBA-
nmack mpu nomout koma SRIM 2008 [8]. OGmydeHne BO BCeX CIIydasx MPOBOIMIOCH MPH KOMHATHOM
Temneparype. B skcnepuMeHTax MCIONB30BaCh KaK MAacCHBHBIC, TAK W MPEIBApUTENFHO YTOHEHHBIE 00-
pasupl. IlogroroBka IIOM o0O0pasmoB ocymiecTBisiach JHOO IMyTeM MEXAaHHMYECKOW —IMOJUPOBKH,
C MOCIIEAYIONIe HOHHOM MOIMPOBKON IMydKoM Ar, JIHOO MpH MOMOIIM MeTo/a ChOKYCHPOBAHHOTO HOHHOTO
my4yKa. MexaHu4ecKy yTOHEHHbIE 00pa3ibl NOJIUPOBAIKCEH A0 2 MKM, C MOCIEAYIOIEeH MOTUPOBKOM MyYKOM
noHoB Ar Ha yctanoBke Gatan PIPS c sHeprueii myuka Ha ¢unansHoM 3Tane 500 3B u yriom nagenus 4°amns
TOTO, YTOOBI CHHU3UTH NMOBPEXKICHUS, BbI3BaHHbIE MOHAMH. C(HOKYCHPOBAaHHBIM MOHHBIM ITyYKOM JIaMeln
M3roTaBIUBAINCH, Hcronb3ys FEI HeliosNanolab 650, ¢ ¢unansHol momupoBkoii nonamu 500 3B Ga. Jlns
TOTO YTOOBI 3AIIUTHTH XUJUTOKH Ha MMOBEPXHOCTH U YaCTH TpeKa BOJIM3H 0OJydEHHON MOBEPXHOCTH, 10 TOTO
KaK OCakJaTh OCHOBHOW 3aIUTHBIA YTIIEPOIHBIN CJIOW MmydkoM HOHOB (Ga, OBLI OCakKIeH HadajbHBIN 3a-
IIATHBIA CJIOW aMOp(HOro yriepojaa HpH IOMOIIM 3JIEKTPOHHOTO ITydka C YCKOPSIOIINM HampshKeHHEM
1 kB. HavanbHbli yriaepoaHslil cioi, o MeHblIed mepe, umen Tommunay ~100 HM, 9to Oosee yeM B 1Ba
pa3a mpeBhIIacT MaKCUMaIbHBIN poder noHoB 30 keVGa B amopdHOM yriiepoae. DTOT CIOH yCIenTHO 3a-
IIMIIACT TIOBEPXHOCTh OT MOBPEXICHUH HoHaMHu (Ga, KOTOpbIe B IPOTHBHOM CIIydae YHHUTOXKWIN OBl Mell-
KHe €Ty Ha MOBEPXHOCTH. B GonbimmHcTBe ciydaeB npu u3rotosieHnn [1OM obpasnos metonoM (oxy-
CHUPOBAaHHOI'O MOHHOT'O ITy4YKa MCIIOJIB3YETCS 3aIlIUTHBIA cinoil Pt, oqHaKo yriepon MMeeT MperMyIecTBO B
TOM IUTaHE, YTO OH MMEEeT MEHBIIYIO INIOTHOCTH (YJIydIIaeT 3JeKTPOHHBIH HpocBeT) M aMopdHyo (Gopmy
(cHIKaeT HeXXeNlaTeNbHbINH MU(PAKIMOHHBIA KOHTPACT y MOBEPXHOCTH 00pa3iia), YT0 B IMPOTHBHOM Ciydae
ObUTO OBl TOMEXOU MPH HAOJIOAEHUH KOHTpAcTa pemeTku B Xuiuiokax. [I9M/CIIOM ananu3 ocymiecTBisi-
csl pu noMomy 3ekTporHoro mMukpockona JEOL ARM 200F, paboratoiero npu Hanpsbkenuu 200 kB.
Cucrema 0buta ocHarieHa criektpoMerpoMm Gatan GIF Quantum EELS, ncnonb3yembIM pu OIIEHKE TOJIIIH-
HbI 00pa3ua. OOpasibl, U3rOTOBIEHHBIE TP TOMOIIH TOJIMPOBKU HOHAMHU AT, OBUTH YTOHEHBI 10 00Ty4eHUs
OBICTPBIMH TSDKENBIMA HOHAMH IS TOTO, YTOOBI M3YYUTh MOP(OJIOTHIO TPEKa B 3aBUCHMOCTH OT TOJIIHHEI
obpasna. B atux ob6pasmax [19M namenu B mpooJbHOM CEYCHUHU M3BJICKAIHCH C IIOMOIIBIO0 C(HOKYCHpPOBaH-
HOT'0 MOHHOT'O ITy4YKa yXe [0cjIe 00IyueHHUs.

3. Pe3ynomamul
3.1 Ilpedsapumenvro ymoueHuvie 06pasyvl

Ha pucynke 1(a) mokazana [19M mukpodoTtorpadust B CBETIOM T0JIE B IUTAHAPHONW T€OMETPHU ISl OT-
Bepctusi B kpuctamie TiO,, KOTOpslid ObUT YTOHEH NI0 3JIEKTPOHHOH mpo3padHoctd (mpu momomu PIPS)
110 00y4YeHHsT OBICTPBIMH TSKEIIBIMA MOHAMU. 37eCh OTJICNbHEIC JTATEHTHBIC TPEeKHU OT HMOHOB 167 MaB Xe
MPEICTaBJICHBI B BHJIE SIPKUX TISITEH OKOJIO TPaHMIIBI OTBEPCTHSI U TEMHBIX TSTEH Ha OOJIBIIIEM PaCCTOSIHUU
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MoBpexaeHne anokcuaa TUTaHa. ..

OT OTBEPCTHUS B HIDKHEM JIEBOM yriry n3o0pakenus. Ha pucynke 1(b) npeacrasinen caumok [19M Bricokoro
pa3pemeHusl OJJHOTO M3 CBETJIBIX IATEH, SICHO AEMOHCTPUPYS aMopdHOe SAPO TpeKa. XapaKTEpHbIE YepThI
TpeKa Ha JaHHOM CHHMKE JIOBOJILHO ITOXO0KH Ha T€, YTO OBLIM MPEACTaBICHbBI B padoTe [1], ¥ COOTBETCTBYIOT
BCEM TpeKaM B TOHKOH 001acTH BOKpYT rpaHuLbl oTBepctusi. Ha pucynke 1(c) nzobpaxena [1OM mukpodo-
Torpadus TpEeKa M3 HIDKHETO JICBOTO yIiia pucyHKa 1(a), rae oOpasel] 3HA4YUTEIbHO TOJIIE U B KOHTPACTe
CBETJIOTO TIOJISI TEMHBIE YYaCTKH COOTBETCTBYIOT KpUCTAILTHUECKUM obacTsiM. M3 pucynka 1(c) sicHo BUIHO,
YTO COXpaHSAETCS 3HAYMTENIbHAs KPUCTAUIMYHOCTH B OCHOBAaHMU TpeKa (B IMPOEKIHH CKBO3b 00Opasel),
a TaKKe HaOJII0JaeTcsl BRICOKHI YPOBEHb HaNpshKeHUs. PrucyHoK 1(c) BOCIIPOM3BOINUT BCe U3 HAOIOJaeMBbIX
TPEKOB B OoJiee TOJICTON 0bnacTh obpasia. SICHO BUIHO, UTO CYIIECTBYET HEKOTOPBIH Mepexo]] OT aMOphHO-
IO K KPHCTAUTMIECKOMY COCTOSTHHIO JIATEHTHOTO TPEKa, B 3aBUCUMOCTH OT TOJIIUHBI 00JTydaeMoro odpasiia.
OnHako cpegHuil quaMeTp TpeKa OKa3bIBaeTCsl HEU3MEHHBIM okoJio 8 HM Aiig 167 MsB Xe, He3aBUCHMO OT
aMopHOM/KPUCTAIIIMYECKOM (POPMBI TpeKa.

Pucynoxk 1. (a) — mukpodororpadus [I9M B cBETIIOM TOJIE I OTBEPCTHUS B MPESIBAPUTEIIEHO YTOHCHHOM KPHCTAILIC
Ti0, mocne obmyuenus 167 MaB Xe no 2#10'" non/cm>. JlaTeHTHEIE TPEKH UMEIOT BUJ CBETIBIX TSTCH BOIM3U
OTBEPCTHS U TEMHBIX IIATEH B 0oJiee oTmaneHHbIX 00nacTsax. (b) — CHuMok [T3M BBICOKOTO pa3pemeHus: 0 JHOTO
U3 CBETJIBIX JIATEHTHBIX TPEKOB. (¢) — CHUMOK [IOM BBICOKOTO pa3pelicHUs OJJHOTO W3 TEMHBIX JTATCHTHBIX TPECKOB

Ha pucynke 2(a) nokazana mukpodoTorpadus B CBETIOM MOJIE TOTO ke 00pa3sia, 4YTo 1 Ha pUCyHKe 1 ¢
aMOp(HBIMU TPEKaM¥ B BEPXHEM JICBOM YTy U KPUCTAUIMISCKUMHE TPEKAMU B IMTPOTHUBOIIOJIOKHOM HIKHEM
mpaBoM yriy. Ha pucynke 2(b) mokasaHa kaprta TOJIIHMHBI, 3HEpreTuuecku ¢unbrpyemoinn [I9M, koropas
JIEMOHCTPHUPYET HaM, YTO MEPEXOJ] OT CBETIBIX KPYTIBIX aMOP(HBIX TPEKOB K TEMHBIM KPUCTAJUIMYCCKUM
MPOMCXOJNT, KOTJa TONIIMHA 00pa3ua npeBbimaet npuonu3nteasHo oT 180 no 230 aM. UtoOs oTkanudpo-
BaTh KapTy TOJIIIMHBI, HCIIOJB3YSI METOJ, IIPUBEACHHBIN paHee B padote [9], Oblia paccunTaHa HEyIpyras
nmHa cBoOotHoTOo Tpodera 200 k3B amektponoB B TiO,, moaras MUpuHY 3aNpelIeHHON 30HbI I PyTHIIA
3,3 3B [10], uTo Ha BBIXOJ¢ JaeT 3HaUeHHe 192 HM.

0.5 . .
N - S

Pucynoxk 2. (a) — IIOM cHUMOK pa3nHYHBIX 00JacTell TOro ke obpasiia, 4YTo U Ha pUCyHKe 1.
(b) — xapra TONMIMHEI OTGUIBTPOBAHHOTO N0 YHEPrusAM [IOM CHIMOK yJacTka, TOKa3aHHOTO Ha (a)

Muxkporpamma [I9M B KOJIBIIEBOM TEMHOM II0JIE TI0]T BRBICOKAM YTJIOM Ha PUCYHKE 3 YETKO IMTOKa3bIBACT
HU3KYIO IIOTHOCTh KOHHYECKHUX CTPYKTYP, TPOCTUPAIOIIUXCS OT TOBEPXHOCTH 00pasiia 10 MPHOIN3UTEIEHO
80 HM BHYTpPb (yKa3aHO IITPUXOBAHHBIMH JIMHUSMHU) B 00JI€€ TOJCTHIX oOnacTsax obOpa3mna. B Oonee ToHKMX
MecTax 00paslia BOZHUKAIOT Y9acTKH 0oJiee HU3KOH TUIOTHOCTH, HEMPEPHIBHO MPOXOISAIINE CKBO3b 00pa3etl.
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[loHmwKkeHHas TUIOTHOCTh 3TUX CTPYKTYp MOATBEpXKIAeTcs Ooyiee Cl1ab0d WHTCHCHBHOCTBIO CHTHAJIA
TIPH JIEKTPOHHON MHUKPOCKONHUU B TEMHOM ToJie. OGIacTH C MEHbIIEeH MIOTHOCTHI0 UMEIOT PUKPEIUICHHBIE
K HAM XWJIJIOKM Ha IMMOBEPXHOCTH — KaK Ha TIOBEPXHOCTH BX0JIa, TAK U Ha MOBEPXHOCTH BBIXOJIAa HOHA U3 00-
pasua. [lockonbky TunmuHBIA oOpasen [IOM umeer tommuay meHee 100 HM, JETKO MOHSTH, MMOYEMY Ha-
OmtojieHus, CJeTIaHHbIe Ha MPEIBApUTENFHO YTOHEHHBIX 00pasiax, MPUBOJAT K BBIBOLY 00 aMOp(dHBIX Jia-
TEHTHBIX Tpekax. Takke 3TO OTHOCHTCS U K 00pa3iiaM, yTOHEHHBIM Iocyie O0IyUeHHs, Te o0pa3el] yToHs-
€TCsl OT HeOOIYyYeHHO!N CTOPOHBI B HAIPABICHUN K OOITyIEHHOM MOBEPXHOCTH.

Typical TEM foil

Pucynox 3. [I3M Mukporpamma, IeMOHCTPHUPYIOIIasi HEMPEPhIBHBIC TPEKH HU3KOH IUIOTHOCTH B 00JIee TOHKHX
ydJacTkax o0Opasia, KOTOpbIE CTAHOBSATCS NPEPHIBUCTHIMU B LICHTPAIBHON YacTH 00pa3nia ¢ pOCTOM TOJIIIUHEI

3.2 Obpas3zywi, ymoreHHvle nocie 00ayYeHuUs

Panee yxe nemonctpupoBaiiocs B padote [11], uro IIDM B cBeTsioM 1OJIe B CEYEHUH BIOJIb TPACKTO-
pun noHoB st TiO,, oGiyueHHoro nonamu 700 MaB Bi, moka3piBaeT HU3KYIO MIIOTHOCTh KOHUYECKUX 00b-
€KTOB, [TOXOXHX Ha Te, YTO Ha PUCYHKE 3. DTH KOHUYECKHUE OOBEKTHI TAKXKE MPUCOEANHEHBI K TIOBEPXHOCT-
HBIM XHWJUIOKaM M MPOCTHPAIOTCS BHYTPh KpucTauia A0 riayounsl 70-80 M. Ilocie 3Toli riyOMHBI TpeKu
CTAQHOBSITCS NPEPHIBUCTBIMH, a TEMHBIN AN(PPAKIIMOHHBII KOHTPACT TOBOPUT O TOM, YTO 3TH 00JACTH COCTO-
AT U3 HAIPSHKEHHOTO KPHCTAJUIMYECKOro MaTepuana. PachokycupoBanabie MukpodoTorpagun Takxke rmoxa-
3BIBAIOT, YTO CAMH KOHUYECKUE CTPYKTYPHI COCTOST U3 HeOonmpmmx 1-2 HM wyactuuek. Ha pucynke 4(a) mo-
Ka3aH cHUMOK [IOM B cBeTnioM mone obnactu BOIM3U noBepxHocTH KpucTamuia Ti0O,, o6aydeHHoro nox yr-
oM 45° ronamu 700 M»B Bi, 1o dumroerca 10" mon/cm’.

Konnueckue cTpyKTyphl XOpOIIO BUIHBI B MPUMIOBEPXHOCTHOM 00JACTH, MPU 3TOM OHH 3HAYUTEIHHO
JUIMHHEE, YeM NPy HOpMalibHOM 00aydeHur. OIHaKO MPOEKUHUsI Ha HOPMAJIbHYIO TITyOMHY POHUKHOBEHUS
OT TIOBEPXHOCTH CHOBa cocTasisieT 70—80 HM, yKa3bIBas Ha TO, 4YTO 00pa30BaHUE ITUX OOBEKTOB, BEPOSATHO,
CBSI3aHO C HAJMYHMEM PAIOM CBOOOIHOI MOBepXHOCTH. CHUMOK TaKKe MOKa3bIBAET, YTO XMJUIOKH PacIiojio-
KEHBI BJIOJIb IyTH MOHOB, TIOJICPKUBAs UICIO O TOM, YTO XHJUIOKK 00pa3yloTcsl B pe3yJbTaTe BBIXOAa MaTe-
pHana Ha MOBEPXHOCTb U3 KOHHYECKOTO Y4acTKa, KOTOPBIM IIOC/IE 3TOr0 MMEET NOHM)KEHHYIO IJIOTHOCTb.
[13M mukpodotorpadust Ha pucyHke 4(b) Moka3pIBaeT, YTO XUUTOKH HMEIOT KPHCTAIUTHYECKYIO CTPYKTYPY
W 3MUTAKCUANBHO CBS3aHBI C MCXOOHBIM KpucTamioM. Ha pucynke 4(c) nzoOpaxkeHa yBeJIWYEHHasl 4acTh
oobema TiO, ¢ pucynka 4(b), co cxeMaTH4ecKuM HaJIOKEHUEM CTPYKTYpPbI pyTHIIa BAOJIb HAOII01aeMOM OCH
30HbI [-110] ¢ KpacHBIMH TOYKaMH, 0003HAYAOIIUMH KOJIOHKUA Ti, © CHHUMH TOYKaMH, 0003HAYaIOIIMMU
kooHKH O. SIcHO, 4TO U3MEHEHHE CBETIBIX U TEMHBIX aTOMHBIX KOJOHOK B CHTHaJle MUKPOCKOITUH B TEM-
HOM moe riepenaeT koyoHku Ti u Ti + O cootBercTBeHHO. [Ipodumm naTeHCHBHOCTH Ha prucyHKe 4(d) 1 (€)
ObUIH 3amicaHbl B 00beMe M B 00JIaCTH XWIIJIOKOB COOTBETCTBEHHO, M 00a COZEpXKAT 3TOT PUCYHOK H3Me-
HSIOIIETOCS] KOHTPACTA, KOTOPBIH MOKA3bIBAET, YTO KPUCTAUINYECKAs CTPYKTYpa o0pasiia COAEepKUTCS BHYT-
PH XWIJIOKA. 3aHMKEHHBIN KOHTPACT B XWJUIOKE CBSA3aH C OTHOCHUTEIHLHO TOHKUM aMOP(HBIM CIIOEM YIJepo-
712, KOTOPBIN 3aKJIF0YaeT B ce0sl XMIUIOKU M3-3a MTOArOTOBKH 00pa3ia (OKyCHPOBAaHHBIM HOHHBIM ITy4KOM, HO
BCE K€ €CTh BOSMOXXHOCTb Pa3IMYNUTh 3aHIKECHHbIE IIMKH MEXAy KoloHkamu uuctoro Ti. Ha pucynke 5(a)
nokazana Mukpodotorpadus [I9M B cBeTsioM none yyactka BOIM3M rpaHuipl kpuctamwia Ti0,, 00mydeHHo-
ro 167 MasB Xe no 10" non/cm’. Obpaser U3BIEKANCS U3 MACCHBHOTO OOIYYEHHOTO KPUCTALIA METOIOM
(hOKYCHMpPOBAHHOTO MOHHOTO TTy4Ka, PACIIOIOKHB KPHCTAILT Ha OOKOBOM CTOpPOHE TaK, YTOOBI OOIydeHHast
MOBEPXHOCTH ObLIA B TNIOCKOCTH U300pasKEeHUSL.

Jlamenu n3BNeKanuch U3 TIyOMHBI HOpsiaka 1,5 MKM OT 0OJy4eHHON NMOBEPXHOCTH B IIOCKOCTH, Ia-
paiuiensHOM 00srydeHHOl moBepxHOCTH. IlepBoHavanpHas TpaHuNa KpUCTaJla H300paXkeHa CieBa HalpaBo
BJIOJIb M300pa)KeHUsI ¢ HEOONMBIIUM KOJIMIECTBOM aMOp(HOTO Yriiepo/ia, KOTOPhId ObLT OCaXKIeH mepe]] 00-
paboTkoil (HOKYCHpOBaHHBIM MOHHBIM ITy4KOM BBepxy. OOnacTb BONMM3M Kpasl KpHCTaJUIa JIEMOHCTPUPYET
CBETJIBI KOHTPACT HAa MOHHBIX TPEKax, U AUAMETP TPEKOB YMEHBIIAETCS] C PACCTOSHUEM OT TPaHUIBI KpU-
craia B riry0b Matepuania. Ha rirybune okono 70—80 HM mepexo]] KOHTpacTa JIATEHTHBIX TPEKOB CO CBETIIOTO
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Ha TEMHBIH yKa3bIBaeT Ha CMEHY aMOP(HOTO MaTepraa Ha KPUCTAUIMIECKUN ¢ HEKOTOPBIM HalpsDKEHHEM.
Cuumoxk [1OM BbIcokoro paspemnienns Ha pucyHke 5(b) ObIT CHST Ha YYaCTKe, BBIJEIICHHOM Ha PUCYHKE 5(a).

Pucynok 4. II9M muxpodororpadus B mpoaoapHOM cedeHnH Tpeka B Ti0,, obmyaerrnom 700 MaB Bi, mox yriom
45 rpanycos (a), u mukpodoTorpadus [I9M oqHOro 13 XWIIIOKOB Ha MOBEPXHOCTH (b) B YBEIHUYCHHOM BHJIC MACCHB-
HOH yactH obpasua (c). [Ipoexmms pyruna [-110], HanoxxeHHast Ha U300pakeHue, B To Bpems kak (d) u (e) — npoduu
MHTEHCUBHOCTH, IIOJIy4eHHBIC U3 001acTeif MaCCHBHOrO 00pa3lia ¥ XHIUIOKAa COOTBETCTBEHHO

Pucynok 5. (a) — caumok I[1OM B mnanapHo# reomerpuu kpucrayuia TiO,, o6aydeHHOoro HoHamu 167 MaB Xe.
Jlamens u3BNIEKaNack U3 IIOCKOCTH NapallIeIbHO O0IydeHHOH IIOCKOCTH C TIIyOHHBI 1,5 MKM OT TOBEPXHOCTH.
(b) — I[IOM CcHHUMOK BBICOKOTO pa3penIeHns yIacTKa, BEIACICHHOTO HA PUCYHKE (), IeMOHCTPHP YOI
amMopdHyI0 (GOpMyY JTATCHTHBIX TPEKOB OKOJIO IPaHHIIBI KPUCTAIIIA

AmopdHas CTpyKTypa HOHHOTO TpeKa SIBHO BHAHA Ha 3TOM CHHMKE. TpeKH, UMerolue TeMHBIH KOH-
TpacT, CHOBA OKa3aJlCh KPUCTAUTUUECKUMH, HO CHIILHOHAIIPSKEHHBIMHU, Kak Ha puUcyHKe 1(c). DTo Habmo-
JICHUE CHOBa MOATBEPKIAET, YTO KpUCTaIH4YecKas/amopdHas ¢popma JIATEHTHBIX TPEKOB OIpeenseTcs: Ha-
JUYUEeM MOOIHM30CTH CBOOOAHOM MOBEpXHOCTH. IIOCKONBKY MIOTHOCTH MOHM3ALMOHHBIX MOTEPh SHEPTUU
nu3Mensiercst ot 24,3 ka3B/aM y nmoBepxnoctu 10 23,2 k3B/HM Ha riryOuHe 1,5 MKM OT moBepxHOCTH H 21, 5
k3B/HM Ha ryOrHE 3 MKM, MBI TaK)Ke MOYKEM 3aKIIIOUHTh, YTO aMOp(hHAas/KPUCTAIUINYECKasi CTPYKTypa He
3aBHCUT CHJIBHO OT S, BO3MOKHO, KDOME HEKOTOPOTO MEHBIIEro IOPOroBOTr0O 3HA4YEHHs Il 00pa3oBaHUs
TpekoB. B melcTBUTENBHOCTH, MPEABIAYIINE PEe3YIbTaThl [3] yKe yKa3bIBald, YTO MOPOT MOHWU3ALMOHHBIX
MOTEeph PHEPTUU I MOBpPEXKACHUS, HaOmonaemoro npu nomomu [1OM, B TiO, Haxomutcs B obmactu 7,3
k3B/HM. Ha pucynkax 6(a-e) mokazanel [I9M CHUMKH B CBETJIOM TIOJI€ B CEUYEHHH BJIOJIb TPEKa BOJIU3M TO-
BepxHocTH TiO,, obmyuennoro 1 I'3B Bi (nmoBepxuocts Bxoza), 700 MsB Bi (nmoBepxuocts Bxoza), 700
M5B Bi (moBepxHOCTH BBIXOa U3 00pa3ia TommuHoi 14 mxMm), u 167 MaB Xe (moBepXHOCTH BX0J1a) COOT-
BETCTBEHHO. JTH M300paKEHHSI COOTBETCTBYIOT IUIOTHOCTSM HMOHHU3AIIMOHHBIX NoTeph 3Hepruu 40,1, 39,2,
34,7, 29,9 u 24,3 x3B/HM COOTBETCTBEHHO.

b

Pucynox 6. Ot (a) o (€) — KoHH4Yeckue Tpeku BOIM3M nmoBepxHoctu Ti0,, 06IydIeHHOTr0 OBICTPBIMU TSKEIBIMA
HWOHaMU TpH 3HaYeHUAX S, 40,1, 39,2, 34,7, 29,9, u 24,3 k3B/HM COOTBETCTBEHHO
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Bo Bcex cmyuasix obmias cTpyKTypa KOHHYECKOH OOJIACTH OCTAeTCS HEM3MEHHOW B TOM CMBICIE, YTO
BCE KOHYCHI IEMOHCTPHUPYIOT KOHTpacT DpeHens HU3KO! TUIOTHOCTH, YKA3bIBAIOIINN, YTO CTPYKTYPBI COCTO-
ST U3 HEOONBIINX TUaMeTpoM 1—2 HM 30H HU3KOH MJIOTHOCTU. TOUYHAs MPUPOIa ITUX 30H HU3KOM TUIOTHOCTH
U OKpPY’KaIOIIEro MaTepuaia He OmpenesieHa U BO3MOXKHO, YTO OOJIACTH MEXK/y HU3KOIUIOTHBIMU y4acTKaMHU
UMEIOT KPUCTALTHYECKYIO CTPYKTYpy. OHAKO B CHITY TOTO, YTO TOJIIIMHA 00pa3iia CpaBHUMA C pazMepoM
CTPYKTYP, HEBO3MOXKHO HANPSMYIO U300pa3uTh TPAHUIY MEXIY dTUMH 30HAMH, U MPOCKIHS JOMUHHPYET
BKJIQ/IOM OTHOCHTEJIFHO BBICOKOTO 00BbEMa 30H HU3KOM IUIOTHOCTH, KOTOpBIe aMop(dHBL. Bece KOoHyCH mpu-
COEMHEHBI Ha MIOBEPXHOCTH K XWJUIOKaM cheprudeckoit popmel ¢ quamerpom okoio 10 + 1 am. Kaxkapiit ko-
HYC IIPOHUKAET B ITy0b KpucTasua o 70—80 HM, 4To, KayKeTcsl, He 3aBHCHT OT S,.

Ha pucynke 7(a) npencraner cauMok [I3M B cBetsioMm mosie B mpogosibHoM cedenuu st Al,Os, 00-
mygenHoro 700 MaB Bi, u Ha pucynke 7(b) npeacrasnena nogobnas mukpodororpadus ans YSZ, obmy-
YeHHOTo MoHaMHu Bi ¢ aHeprueii 2,4 ['9B. DT MaTepranbl IEMOHCTPUPYIOT TIOXO0XKYIO KOHHUYECKYIO CTPYK-
Typy Tpeka, kak u Ti0,. B cnyuae Al,Os3, moxoxe, 4TO COCTABIISIFOIINE KOHYC OOJIACTU ¢ HU3KOW TUIOT-
HOCTBIO MUMEIOT OOJBIIUI pazMep U BO3MOXKHO MMEIOT MHOTOTPAaHHBIA xapaktep. DPQeKTsl, u3ydaeMble B
pabote [12], B YSZ nocne o6myuenus 940 M»B Pb nMmeroT noxoxue KOHUYECKUE CTPYKTYPBI CPEAr Tpe/l-
CTaBJICHHBIX JIAHHBIX, OJIHAKO aBTOPBI paOOTHI HE YACISIOT 0cO00r0 BHUMAHHS 3TOMY BOTIPOCY.

Pucynox 7. I[I9M CHEMOK B CBETIIOM II0JIE B TEOMETPHH MPOJOIBHOTO cedeHus Tpeka B Al,O3, 00ryueHHOM
700 M5B Bi (a) u YSZ, o6myuennom 2,4 I'3B Bi (b)

[I5M mukpodororpaduu B cBeTsioM nose u3 padotsl [2] ans ciaydas CeO,, obmyuennoro 200 MsB Au,
TaKXKe JIEMOHCTPUPYIOT MPU3HAKH KOHUYHOCTH BOJIHM3H MOBEpXHOCTH. VX 00pa3iibl ObUTH YTOHEHBI 10 00ITy-
4YeHus. B cBs3u ¢ 3TUM MOXHO pa3inn4uTh (HOpMY ABOHHOTO KOHYCA AJISl HOHHBIX TPEKOB, MPUKPEIUIEHHBIX K
cepuuecKuM XMJUIOKaM Ha BEPXHEHW M HWKHEH MOBEPXHOCTAX o0pasua. Ota ¢opMa OCOOCHHO pa3indrMma
JUISL TPEKOB, PacIioOKEHHBIX HAa PACCTOSHUM OT Kpast oOpasia, rie IieHka oosee ToHkas. [loxoxe, 4To KO-
HUYecKas opMa Tpeka BOJIHM3HM IOBEPXHOCTH MOXKET ObITh OOIIMM SIBJICHUEM JUIS 3TUX OKCHJIOB U HE SIBJIS-
eTca JUIb 4yacTHeIM cimydaeM anst TiO,. Paszymeercs, B cinyuae CeO, 3TO SIBISIETCS MPEATNOJIOKECHHEM.
JI0JKHBI MCCIIeIOBAaThCS TOINBKO MacCHBHBIE 00pa3Ilbl AJIsl TOTO, YTOOBI MOATBEPAUTH HATTMYME KOHUIECKUX
CTPYKTYp BOIU3U MOBepXHOCTH. OJTHAKO HE MOX0XKeE, YTO OoJiee ClokKHbIe cucTeMsl, Takue kak Gd,Ti,O,[13]
u Gd,Zr,0,[14], uMeIOT Takue CTPYKTYPbl OKOJIO MOBEPXHOCTU TOCHE OOMYYEeHHUsS! OBICTPHIMU TSKEIIBIMU
HMOHAMM, ¥ TPEKH B 3TUX KPUCTAIIAX BBITJSIIAT LMIMHAPHYECKUMH.

Astopsl B pabote [13] uccienoBanu Mopdonoruto HoHHBIX TpekoB Gd,Ti,07, 0O6Iy4eHHOTO HOHAMHU
120 M»B U mo Bcell 1MHe Tpeka, UCHOIb3ys METobl, BKIto4as [IOM Beicokoro paspemenus. OHu 3aMe-
TUJIM YETHIPE Pa3IMuMMBIX OOJIACTH BIOJb JUIMHBI TPEKa, OTBEUYAIOIIUE PA3IMYHBIM PEXUMaM MOTEPh dHEP-
ruu. B pamkax Hamero mcciemoBaHUs MHTEpECHA repBasi 001acTh cpasy 1oJ 0OIy4eHHONW MOBEPXHOCTHIO,
r7ie MOHU3AI[MOHHBIE IOTEPH SHEPTUH HAMHOTO OOJIbIIe YIPYTUX MOTEph SHEPruu. B 3T0i 061acTi aBTOpPEI
CO00IIAIOT 0 HMIMHAPHUECKIX aMOP(HBIX JTATEHTHBIX TPEKaX, XOTs JaHHbIE HA UX H300paKEHUSIX HE BKIIIO-
YarT B ce0sl XHJUIOKH Ha MOBEPXHOCTH, IPUBOJS K HEKOTOPO HEONPeneIeHHOCTH TOYHON TTyOHHBI OT 00-
JIyY€HHOH IOBEPXHOCTH.

4 Bv1600b1

M-EI npOoAEMOHCTPUPOBAIM CYIIECTBOBAHUE YETKO OTIIMYAOIIECHCS MUKPOCTPYKTYPHI JIATEHTHBIX Tpe-
KOB, BBI3BaHHBIX OBICTPHIMH TSIKEIBIMH MOHAMH B TIPUTNIOBEpXHOCTHOW 0oOnactu TiO,. Hackonbko HaM u3-
BECTHO, MEPBBIM YIIOMHUHAHUEM O TAKHX 3HAYUMBIX OTIMUYHUSIX B MOP(OJIOTHU TPEKOB OKOJIO IMOBEPXHOCTH
cuutaeTcs pabora [11], u B maHHON paboTe MBI COOOMIMIN O pe3ylbTaTax Oojee JAeTATLHOTO H3ydeHUS
sBIIeHHS. BeposSTHBIM 00BsICHEHHEM MTPUITOBEPXHOCTHON aMOphU3aIM MOXKET ObITh TIOHIKEHHOE BHYTPEH-
Hee JIaBJIeHUe B KpUCTaJlle BOIHM3M cBOOOIHON noBepxHOCTH. [Tocie mpoxokaeHus: ObICTPOTO TSHKEIOTO HO-
Ha KpUCTAJUIMYECKas PEIICTKAa HAarpeBaeTcsl 1O BHICOKOM TeMIlepaTyphl BAOJb LIEHTpa TPEKa U3-3a SHEPTUU,
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MepesIaHHON OBICTPBIM TSHKETBIM HOHOM. OJTHAKO TeMIepaTyphl TUIABJICHUS ¥ UCTIApEHUS OyIyT 3HAYUTEIb-
HO BBIIIIE BHYTPU KpHCTAJUIA IO MPHYHHE 0OJiee BBICOKOTO JaBIICHUSI BOKPYT TPEKa, MOCKOJIBKY HArpeThiid
MaTepHual HauMHAET PacIIUpsAThCS. DTO BHYTPEHHEE JaBJeHUE OyNeT Craaarh JO MUHAMYyMa BOJU3U CBO-
0OHOW TOBEPXHOCTH M OBICTPO BO3PACTATh B 3aBUCUMOCTH OT MITyOMHBI. BONMM3M MOBEPXHOCTH, TJC JaB-
JIEHWE JIOCTATOYHO Majlo, MOKET BO3HUKATh (PaKTHYECKOE IIaBICHHE B TPEKE, MPHUBOS K BBHIAABIMBAHUIO
MaTepHala Ha TIOBEpPXHOCTb, IJie OH OyJleT 00pa3oBhIBaTh XWIIIOK. [10CKONBKY YacTh MaTepuana Obuia yaa-
JICHa U3 TpeKa, JAaBicHue OyeT YMEHBIIATHCS AAJbIIe BHYTPH MPUIIOBEPXHOCTHOTO 00BEMA.

B [1] npuBOASTCS pacCUMTAHHBIC TEMITEPATYPHI PEIIECTKH BHYTPH TPeKa JIs pyTHia, 00ydeHHOTO pas-
JUYHBIMH MOHAMH C S, MEHSIOIUMCS B auanazone 6,33-27,9 kaB/HM, neMOHCTpUpys, 4TO 1Jisi S, BBIIIIE
21,46 x3B/HM Temmeparypa B IIEHTpe TpeKa MOXKET JoCTHraTh To4kH ruiaBienus Ti0, (3200 K). Munu-
MaJIbHOE 3HAUCHHE DIICKTPOHHBIX MOTEPh YHEPIUH, MOJYYCHHOE B MCCICIOBAHUM, COCTaBHIO 24,3 kaB/HM.
C yderoM 3TOr0, a TakKe MOHMKXEHHOTO BHYTPEHHETO JIABJICHUS OKOJO MOBEPXHOCTH KPHUCTAIIA, MOXKHO
MPEIONIOKUTh, YTO HAOIIOMaeMasi CTPYKTypa KOHUYECKOTO TPeKa MOXKET OBITh Pe3yJIbTATOM JIOKAILHOTO
OBICTPOITPOTEKAIOIIECTO KUIeHHsI Matepuana. Eie riyoke B MaTepuane BHICOKOE JaBICHUE MPEAOTBPAIaeT
CYIIIECTBEHHOE PACIIMPEHUE U Pa3yHopsI0oUYCHUE aToMOB. M3-3a 3TOro CTPyKTypa BHYTPH TpeKa CYIIEeCT-
BEHHO HE MeHseTcs. B 9ToM ciydae JoKanbHble KPUCTAIMYECKIE HCKaXECHHUS, BO3MOXKHO, 3aKalsStoTCs, 00-
pasys HaOJIroJaeMbIe TIONIS HAMPSDKCHUN BIOJBL IEHTpa Tpeka. [Toxoxkue HaOMoAeHUS CACTaHbl JAJIs1 OPUCH-
TaIMid BIOJb Kpash KPUCTAIUIA, MEPIEHINKYIIPHOTO HANPABICHUIO HOHHOTO My4yka. BOim3u ¢cBo0O0IHOM MMo-
BEPXHOCTH BHYTPEHHEE JaBJICHHE MOHMKEHO B CBSI3U C BOBMOXKHOCTHIO TIOBEPXHOCTH CBOOOIHO PACIIMPSITh-
cs. B aToM npumnoBepXHOCTHOM 00BbEME CEepIIEBUHA TPEKa MOXKET PacHIupsIThest Ooliee cBOOOHO, U (a3o-
BBII Mepexoj] B MaTepuaie 60jee BEpOATeH. DTO OOBACHICT HAOIIOIAEMYIO TCHICHIIUIO MOHUKEHHOTO Ji1a-
MeTpa aMOp(HOTo TpeKa B 3aBUCHMOCTH OT PACCTOSIHUSI /IO TPAHUIIBI KPHCTAIUIA.

Kak oGcyxnanock panee B pabote [2], hopMma U CTPYKTypa XHIIOKOB Ha TTOBEPXHOCTH — 3TO BasKHAs
uHpOpPMAITUS IS TOHUMAHUS MEXaHU3Ma Mepefiaddl SHEPTUU OT OBICTPBIX TSHKETIBIX WOHOB KPHCTAIIIAM,
MOCKOJIBKY XapaKkTep XU/UTOKOB TECHO CBSI3aH ¢ MEXaHW3MOM OOpPa30BaHUs KaK CaMHX XHMJUIOKOB, TaK W Jia-
TEHTHBIX TPEKOB. DIMUTAKCUAIBHBIA KPUCTAIUTHUECKUIA XapaKTep XMIIOKOB YKa3bIBaeT HA TO, UYTO CKOPOCTh
OCTBIBAHHSI JIOCTATOYHO MaJia, YTOOBI MPOUCXOIIIA PEKPUCTALIN3ANUA. [I0CKOIBKY XHUIIJIOKH SMTUTAKCHAITb-
HBIC, CKOPEE BCEr0, OHU PEKPUCTALIM3YIOTCS CO CTOPOHBI MOBEPXHOCTH KPUCTAIa, & HE CO CTOPOHBI Ba-
KyyMa. DTO, BEpOsiTHEE BCETO, TaK, MOCKOJIbKY KPUCTAUTMYECKas MOBEPXHOCTh OYJIET OTBOAMTH TEIUIO Ha-
MHOTO ObicTpee, YeM BakyyM. CyIecTByeT HEKOTOpasi HEONPEISIEHHOCTh B TOM, KaK XWJIJIOKA MOTYT peK-
PHUCTAIITM30BATLCS HA MPEAMOJIOKUTEIBHO aMOP@HBIX Tpekax. OIHAKO OTBET MOXKET ObITh HaiiiecH B Ha-
OIoaeMoOM pa3Mepe XUIUIOKOB, KOTOPBI HEMHOTO OOJbIIe, YeM JUaMeTp aMOPQHBIX JaTEHTHBIX TPEKOB
MOJT HUMH. DTO MOTJIO OBl TIO3BOJIUTH PACTIABIEHHOMY MaTepHaly peKpUCTALIN30BaThCs Ha IMA0IOHE, IMpe-
JOCTABIIICMOM KPUCTALIMYCCKHM MaTEPUAIOM, OKPYXKAIOIIMM CEpIIeBUHY Tpeka. [[ToTHOCTh MaTepuana
BHYTPH TpeKa CJIMIIKOM Maja i (GOpPMHUPOBAHUS MOJHOCTHIO KPUCTAIUTHUECKONW CTPYKTYPBI, TOCKOJIBKY
HEKOTOpasi 4acTh MaTepualia BhIIIIA Ha TOBEPXHOCTh. JTa 00JIACTH COJEPKHUT BBICOKYIO KOHIICHTPAITUIO Ma-
JIEHBKHUX KapMAIllKOB ¢ HU3KOU IUIOTHOCTHIO, 00pa30BaHHBIX M3-3a M3BJICUEHHOr0 Marepuaia. Kak yxe ObiIo
YIOMSIHYTO paHee, TOUHBIH XapakTep 3THX YY4aCTKOB He W3BeCTeH, HO [IDM uccrnenoBaHus Mpeanosararor,
YTO OHH B OCHOBHOM aMOp(HBIE, KOTJ]a HaOII0IAI0TCS B MPOEKIIUH, XOTS OTHOCHTEIBHO HEOOJbIIHNE 00be-
MBI KPUCTATHYECKUX YIaCTKOB ObLIH OBl He3aMeTHBI. TOT (akT, YTO XMILIOKH, 00pa30BaHHBIE B pe3ybTaTe
MaJCHUS] HOHOB MO YoM 45°, OpUEHTUPOBAHBI BJIOJb HAMIPABJICHUS TPACKTOPHU MOHOB, TAK)KE TOBOPHUT B
MOJIB3Y WU O TOM, YTO XUJUTOKH 00Pa3yIOTCs U3 BEIIECTRA, BBIICIIICTO Ha MOBEPXHOCTh U3 MPUITOBEPXHO-
CTHOM 00JIaCTH MOHHOTO TpeKa.
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KbL11aM aybIp HOHAAPMEH COYyJIeHAIpreHHeH KelliH TUTaH
AUOKCHUJ OeTiHIH 3aKbIMIAHYbI

TiO, cusKTBI, KapamaibiM OKCHATEPl JKbUIAAM ayblp HOHIApMEH CAyJeJeHAIpY Ke3iHAe MaTephajgapblH
peakIMsIChl KoJeMiHe KaparaHna KpHUCTaul OeTKi MaHbIHAA efdyip aifbipmaibuibikrap Oiminmi. Ocel GeTki
aliMarblHa KaJbIHABIFEl OIpHEIle OHJaraH HAaHOMETp OOJaThIH Marepuan OyJliHyre oyieKaiifia KOrapsl
ce3iMTaa exeHiH kopceTTi. Ce3iMTaIabIFEI )KOFaphl MaTepHan Oyl alfMaKTarsl epKiH OCTiHIH JKaKbIH MaHbIHA
0ailTaHBICTBI XKOHE OJI AJICKTPOHBIK TEKEyre dJICi3 Tayeni bonansl. Kem nereHne, ocsl MaTepuaniap yIiiH,
IIMHAPIL JIATeHTTI TpekTep OoipkaMbl OoibIHINA, Oipheil koHe Ha3apAbl JKaHaMa oIicTep apKbUIBI
TPEeKTEepIiH pagnychl aHbIKTaXysl tumic. Tikemed IIOM apkputel Oakpulay, coHmaii-ak —yirinepmi
(ceiHaManapapl) AaiiblHAayda CTAHAAPTTHI SJiCTepi KONJAaHy apKbUIbI KYIITI TPEKTep paAnychiH Oaramay
oHaii Gonanel. Bi3 epkin OeTiHiH MaHBIHIA KPHCTAN/A ilIKi KBICBIMBIHBIH TOMEH/CYIHEH Ce3iMTalIbIFbIH
apTTHIPY YIIiH BIHTAJAHABIPYLIBl (aKTOPIAPIBIH SCepiH YChIHAMBI3. TOMEHI1 KBICHIM TPEK SIIPOCHIHIA
TeMIlepaTypaHbIH JKOFapiaybiHa OainaHbICThl (a3ajblK e3repicTepli apThIpyFa BIKTHMal >KOHE KOJIeMiHiH
WIFAIOBl KPUCTAII OETiH/Ee XMIUTOKTAPIBIH Iaiia O0IybIHA OKeTIe].

Kinm ce30ep: XUmIokrap, TaTeHTT] TPEKTep, KbULAAM aybIp HOH, aMOp(hHU3anus, EKTPOH/IBI MUKPOCKOIIHS,
SHEPreTHKANBIK MIBFBIHAAP, TPEKTEP pagiyChl, HOHAAPABIH XYpici.

V.A. Skuratov, M.M. Saifulin, G.M. Aralbayeva, J.H. O’Connell, A.J. van Vuuren

Near-surface titanium dioxide damage after irradiation with swift heavy ions

The material response to SHI irradiation of simple oxides such as TiO2 is markedly different in the near sur-
face volume than in the bulk. In this subsurface region, several tens of nanometers in thickness, the material
exhibits a much higher sensitivity to damage creation. The enhanced sensitivity of the material in this region
is related to the proximity of a free surface and not strongly dependent on electronic stopping power. At least
for these materials, the assumption of cylindrical latent tracks is dubious and great care should be taken when
inferring track radii from indirect techniques. Direct observation by TEM can also easily lead to grossly over
estimated track radii when most standard specimen preparation techniques are employed. We suggest reduced
internal pressure in the crystal in the vicinity of a free surface as the enabling factor for this enhanced sensi-
tivity. Lower pressure leads to increased probability of a phase change due to elevated temperatures in the
track core and volume expansion leads to the formation of hillock on the surface of the crystal.

Keywords: Hilloki, latent tracks, fast heavy ions, amorphization, electron microscopy,ionization energy loss-
es, tracks range, mileage ions.
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